
From: sjackson03@fs.fed.us
To: anne_vandehey@fws.gov; nancy.mtns@gmail.com; naney@methownet.com; jim_zelenak@fws.gov;

shawn_sartorius@fws.gov
Subject: LCAS discussion - call 9/25/12
Date: Thursday, September 20, 2012 3:29:40 PM

Hi Folks,

I’ve talked to most of you about this today and wanted to let you know that we’ll be following

up with a call next Tuesday, Sept. 25th at 1:00 MDT to discuss some aspects of the LCAS
revision, primarily some of the Ch. 5 discussion about how things like core, secondary and
peripheral areas, key areas, LAU buffer, CH, etc. relate to each other.

Please use the following call-in information:

Call-in Number: 888-858-2144
Access Code: 7008950#

I will try to find out the status of the LAU map that Cay was trying to pull together about the
time she retired (I’ve asked Mike Wrigley, new NPS Bio-Team and Steering Committee rep, to
see if he can find out). I’ve also attached a draft matrix that Cay had prepared (with Nancy’s
comments in red) with thoughts on how we might proceed. If you want to check your own
inboxes for previous email exchanges on this topic that followed our spring Bio-Team meeting,
it looks like they occurred around May 8-10, 2012. 

Bob – You would be valuable to this discussion, but early next week was the only time we
could do this before Thursday’s Bio-Team mtg. I know you will be out doing g.bear field work
and won’t be able to participate, but imagine other discussions will follow. Sorry.

Thank you all for your time. I know you’re all very busy, but these are good discussions to
have. I’ll be out of town tomorrow, but will be in next week. My cell number is 406-552-2934
if you want to try and catch me on the road tomorrow.

Scott Jackson
National Carnivore Program Leader
US Forest Service
PO Box 7669
Missoula, Montana 59807
406-329-3664
sjackson03@fs.fed.us
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This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or
disclosure of the information it contains may violate the law and subject the violator
to civil or criminal penalties. If you believe you have received this message in error,
please notify the sender and delete the email immediately. [attachment
"draft_matrix_re_LCAS_Options_nwarren.xls" deleted by Jim
Zelenak/R6/FWS/DOI]



From: Nathan Hostetter
To: Timothy Catton; Ryan, Daniel C -FS; Grosshuesch, David A -FS; Beth Gardner; Catton, Susan J -FS;

Tamara_Smith@fws.gov
Subject: Re: Lynx Conference Call
Date: Monday, November 17, 2014 2:01:49 PM

Hi everyone,

Call-in information for our conference call is below:

Date: Tuesday, November 18
Time: 2PM central (3PM eastern) 
Phone number: 1-919-512-6303

Best,

-Nathan J. Hostetter

Ph.D. student

North Carolina State University

Department of Forestry and Environmental Resources

Box 8001

Raleigh, NC  27695

(p) 1-541-410-1453

On Fri, Nov 14, 2014 at 8:57 AM, Nathan Hostetter <njhostet@ncsu.edu> wrote:
Hi Everyone,

Thank you for the feedback. Tuesday, 18 November at 2PM central (3PM eastern) appears
to work best for a conference call. I will send an email with call-in details on Monday.

Looking forward to it. Best,

-Nathan J. Hostetter

Ph.D. student

North Carolina State University

Department of Forestry and Environmental Resources

Box 8001

Raleigh, NC  27695

(p) 1-541-410-1453

 

On Mon, Nov 10, 2014 at 5:27 PM, Nathan Hostetter <njhostet@ncsu.edu> wrote:
Hi Everyone,
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Winter is fast approaching! It would be great to get folks together to discuss objectives,
goals, and logistics for Lynx surveys this winter. Tim and Dan have provided a host of
helpful background data for us to work though. Updates on insights gained from those
data and options for this winter will help this project move forward.  

A doodle poll is at (times listed as central time)
http://doodle.com/zchbacbvsuks6py5

Please pass this along to anyone I accidentally left off the list. Thanks,

-Nathan J. Hostetter

Ph.D. student

North Carolina State University

Department of Forestry and Environmental Resources

Box 8001

Raleigh, NC  27695

(p) 1-541-410-1453

http://doodle.com/zchbacbvsuks6py5
tel:1-541-410-1453


From: Holt, Bryon
To: Zelenak, Jim
Subject: Re: Lynx Capture
Date: Wednesday, December 17, 2014 9:16:00 AM

A rough guestimate would put it approximately 12 miles (give or take a mile or two)
southwest of CH.

On Wed, Dec 17, 2014 at 7:54 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
That would put her on a home range a little ways southwest of designated critical habitat, yes?  About how far is
her home range from CH? 

On Wed, Dec 17, 2014 at 8:48 AM, Holt, Bryon <bryon_holt@fws.gov> wrote:
Thanks Jim.  We were aware of these incidences.  In fact, one of the lynx was a female
that was outfitted with a GPS collar that we are getting data on; it appears she is a resident
lynx with a home range in the area were she was trapped, which was just southeast of
Bonners Ferry, ID.   My bad, I forgot to inform you.

Bryon

On Wed, Dec 17, 2014 at 7:34 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
FYI. Two lynx reported incidentally trapped and released in northern Idaho this past year, including one
trapped in a wolf set.  This is the first lynx trapped in a wolf set that I've heard about.
 
---------- Forwarded message ----------
From: Fahey, Bridget <bridget_fahey@fws.gov>
Date: Wed, Dec 17, 2014 at 8:21 AM
Subject: Fwd: Lynx Capture
To: Jim Zelenak <jim_zelenak@fws.gov>, Doug Laye <Doug_Laye@fws.gov>

---------- Forwarded message ----------
From: Horton, Clifton <clifton_horton@fws.gov>
Date: Wednesday, December 17, 2014
Subject: Lynx Capture
To: Bridget Fahey <bridget_fahey@fws.gov>, Craig Hoover <craig_hoover@fws.gov>

Idaho's annual CITES report (attached) for for the 2013-2014 harvest season reports one
lynx captured alive and released by a bobcat trapper (reported to Hilary at the time).

The report also notes a lynx was caught and released from a wolf set on November 25.

-- 
Clifton A. Horton
U.S. Fish & Wildlife Service 
5275 Leesburg Pike
MS: IA
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Falls Church, VA 22041-3803

(703) 358-1908
clifton_horton@fws.gov

-- 
Bridget Fahey
Chief of Endangered Species
Mountain Prairie Region
(303) 236-4258

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
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**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Holt, Bryon
To: Zelenak, Jim
Subject: Re: Lynx Capture
Date: Wednesday, December 17, 2014 4:46:58 PM

The collard female was caught in the bobcat set.  Also, it is possible that the lynx caught and
released from the wolf set is the same animal that was caught in the bobcat set - the sets were
in the same general area and similar time frame.  We just don't know.  But, I promise I will
keep you in the loop on developments with the collared female - and any other lynx for that
matter.

So, in that regard, have you heard about the picture of a suspected lynx that was obtained by a
game camera set on the Nez Perce Forest.  Evidently, the animal was seen in the same location
the previous year - although I don't have a picture from the previous year's observation.  John
Squires has seen the picture, and agrees it could be a lynx.  I've discussed the idea of doing
some winter snow surveys in the area with the Nez Perce - we'll see.

Bryon

On Wed, Dec 17, 2014 at 8:38 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Also - will be interesting to see if/where she dens this spring and if so whether she produces kittens.  Keep me in
the loop.

On Wed, Dec 17, 2014 at 9:33 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Was she the one caught in the wolf set?  Or was it a bobcat set and the other lynx that was caught in wolf set? 

On Wed, Dec 17, 2014 at 9:15 AM, Holt, Bryon <bryon_holt@fws.gov> wrote:
A rough guestimate would put it approximately 12 miles (give or take a mile or two)
southwest of CH.

On Wed, Dec 17, 2014 at 7:54 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
That would put her on a home range a little ways southwest of designated critical habitat, yes?  About how
far is her home range from CH? 

On Wed, Dec 17, 2014 at 8:48 AM, Holt, Bryon <bryon_holt@fws.gov> wrote:
Thanks Jim.  We were aware of these incidences.  In fact, one of the lynx was a
female that was outfitted with a GPS collar that we are getting data on; it appears
she is a resident lynx with a home range in the area were she was trapped, which
was just southeast of Bonners Ferry, ID.   My bad, I forgot to inform you.

Bryon

On Wed, Dec 17, 2014 at 7:34 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
FYI. Two lynx reported incidentally trapped and released in northern Idaho this past year, including
one trapped in a wolf set.  This is the first lynx trapped in a wolf set that I've heard about.
 
---------- Forwarded message ----------
From: Fahey, Bridget <bridget_fahey@fws.gov>
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Date: Wed, Dec 17, 2014 at 8:21 AM
Subject: Fwd: Lynx Capture
To: Jim Zelenak <jim_zelenak@fws.gov>, Doug Laye <Doug_Laye@fws.gov>

---------- Forwarded message ----------
From: Horton, Clifton <clifton_horton@fws.gov>
Date: Wednesday, December 17, 2014
Subject: Lynx Capture
To: Bridget Fahey <bridget_fahey@fws.gov>, Craig Hoover
<craig_hoover@fws.gov>

Idaho's annual CITES report (attached) for for the 2013-2014 harvest season
reports one lynx captured alive and released by a bobcat trapper (reported to
Hilary at the time).

The report also notes a lynx was caught and released from a wolf set on
November 25.

-- 
Clifton A. Horton
U.S. Fish & Wildlife Service 
5275 Leesburg Pike
MS: IA
Falls Church, VA 22041-3803

(703) 358-1908
clifton_horton@fws.gov

-- 
Bridget Fahey
Chief of Endangered Species
Mountain Prairie Region
(303) 236-4258

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220

mailto:jim_zelenak@fws.gov
mailto:Doug_Laye@fws.gov
mailto:clifton_horton@fws.gov
mailto:bridget_fahey@fws.gov
mailto:craig_hoover@fws.gov


jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
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Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Ryan Moehring
To: Jodi Bush
Subject: RE: FW: 10(j) materials
Date: Friday, December 19, 2014 1:43:30 PM

You forgot to attach. J
 
From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Friday, December 19, 2014 1:11 PM
To: Ryan Moehring
Subject: Re: FW: 10(j) materials
 
Here you go.  Jim Z and I have reviewed and made revisions.   I think its good to go through
ES RO staff.  
 
I would be happy if we could post it to the Lynx webpage after the first of the year.  We have
already sent out the interested party letters.  JB
 
 

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 
On Fri, Dec 19, 2014 at 11:10 AM, Ryan Moehring <ryan_moehring@fws.gov> wrote:
Here are a few thoughts/proposed edits for your consideration. Remind me when you wanted to get
this out? Thanks, -Ryan
 
From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Thursday, December 18, 2014 4:10 PM
To: Ryan Moehring
Subject: Re: FW: 10(j) materials
 
Okay -here is first draft. JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 
On Thu, Dec 18, 2014 at 3:42 PM, Ryan Moehring <ryan_moehring@fws.gov> wrote:
Jodi,
 
This is the most current NR template I have (just used it today, in fact!). Feel free to swap out
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the text with your content and send back to me at your convenience.
 
Best,
 
-Ryan
 
From: Ryan Moehring [mailto:ryan_moehring@fws.gov] 
Sent: Wednesday, December 17, 2014 12:02 PM
To: seth_willey@fws.gov
Cc: clark_mccreedy@fws.gov
Subject: 10(j) materials
 
Seth,
 
Thanks to you and Bridget for the close read of the attached. I’ve spent some time with the
documents, and with your comments, and reworked the products. I spent the most time on the
FAQs. Could you please review the electronic versions to keep me honest and track change
anything that sticks out at you? Also, please see the two comments in the NR. Once finalized,
I’ll reintroduce into surname.
 
Thanks,
-Ryan 
 
Ryan Moehring
Public Affairs Specialist (ND, SD, WY, MT)
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-0345
Ryan_Moehring@fws.gov
 
Facebook | Twitter | Flickr | YouTube 
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From: Ryan Moehring
To: Jodi Bush
Subject: FW: FW: FW: 10(j) materials
Date: Friday, December 19, 2014 3:17:34 PM

FYI. I’ll put this into surname on Monday, but it will likely sit until the new year b/c no one will be
around to review it.
 
From: Willey, Seth [mailto:seth_willey@fws.gov] 
Sent: Friday, December 19, 2014 3:16 PM
To: Ryan Moehring
Subject: Re: FW: FW: 10(j) materials
 
Looks good.  Thanks

****************************************
Seth L. Willey
Assistant Regional ESA Chief &
Regional Recovery Coordinator
USFWS, Mountain-Prairie Region
Seth_Willey@fws.gov 
303-236-4257 
****************************************
 
On Fri, Dec 19, 2014 at 2:03 PM, Ryan Moehring <ryan_moehring@fws.gov> wrote:
Seth,
 
Would you like to review the attached prior to surname?
 
Thanks,
 
-Ryan
 
From: Ryan Moehring [mailto:ryan_moehring@fws.gov] 
Sent: Friday, December 19, 2014 2:02 PM
To: Jodi Bush
Subject: RE: FW: 10(j) materials
 
Thanks. Attached is the updated version I’ll submit for review.
 
From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Friday, December 19, 2014 1:52 PM
To: Ryan Moehring
Subject: Re: FW: 10(j) materials
 
Friday

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
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Helena, MT  59601
(406) 449-5225, ext.205
 
 
On Fri, Dec 19, 2014 at 1:43 PM, Ryan Moehring <ryan_moehring@fws.gov> wrote:
You forgot to attach. J
 
From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Friday, December 19, 2014 1:11 PM
To: Ryan Moehring
Subject: Re: FW: 10(j) materials
 
Here you go.  Jim Z and I have reviewed and made revisions.   I think its good to go through
ES RO staff.  
 
I would be happy if we could post it to the Lynx webpage after the first of the year.  We have
already sent out the interested party letters.  JB
 
 

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 
On Fri, Dec 19, 2014 at 11:10 AM, Ryan Moehring <ryan_moehring@fws.gov> wrote:
Here are a few thoughts/proposed edits for your consideration. Remind me when you wanted to get
this out? Thanks, -Ryan
 
From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Thursday, December 18, 2014 4:10 PM
To: Ryan Moehring
Subject: Re: FW: 10(j) materials
 
Okay -here is first draft. JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 
On Thu, Dec 18, 2014 at 3:42 PM, Ryan Moehring <ryan_moehring@fws.gov> wrote:
Jodi,
 
This is the most current NR template I have (just used it today, in fact!). Feel free to swap out
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the text with your content and send back to me at your convenience.
 
Best,
 
-Ryan
 
 



From: Bush, Jodi
To: Ryan Moehring
Subject: Re: FW: FW: FW: 10(j) materials
Date: Monday, December 22, 2014 10:50:01 AM

thanks Ryan.  Appreciate your help. JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Dec 19, 2014 at 3:17 PM, Ryan Moehring <ryan_moehring@fws.gov> wrote:

FYI. I’ll put this into surname on Monday, but it will likely sit until the new year b/c no one will be
around to review it.

 

From: Willey, Seth [mailto:seth_willey@fws.gov] 
Sent: Friday, December 19, 2014 3:16 PM
To: Ryan Moehring
Subject: Re: FW: FW: 10(j) materials

 

Looks good.  Thanks

****************************************

Seth L. Willey

Assistant Regional ESA Chief &

Regional Recovery Coordinator

USFWS, Mountain-Prairie Region

Seth_Willey@fws.gov 

303-236-4257 

****************************************

 

On Fri, Dec 19, 2014 at 2:03 PM, Ryan Moehring <ryan_moehring@fws.gov> wrote:
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Seth,

 

Would you like to review the attached prior to surname?

 

Thanks,

 

-Ryan

 

From: Ryan Moehring [mailto:ryan_moehring@fws.gov] 
Sent: Friday, December 19, 2014 2:02 PM
To: Jodi Bush
Subject: RE: FW: 10(j) materials

 

Thanks. Attached is the updated version I’ll submit for review.

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Friday, December 19, 2014 1:52 PM
To: Ryan Moehring
Subject: Re: FW: 10(j) materials

 

Friday

Jodi L. Bush

Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205
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On Fri, Dec 19, 2014 at 1:43 PM, Ryan Moehring <ryan_moehring@fws.gov> wrote:

You forgot to attach. J

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Friday, December 19, 2014 1:11 PM
To: Ryan Moehring
Subject: Re: FW: 10(j) materials

 

Here you go.  Jim Z and I have reviewed and made revisions.   I think its good to go through
ES RO staff.  

 

I would be happy if we could post it to the Lynx webpage after the first of the year.  We
have already sent out the interested party letters.  JB

 

 

Jodi L. Bush

Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Fri, Dec 19, 2014 at 11:10 AM, Ryan Moehring <ryan_moehring@fws.gov> wrote:

Here are a few thoughts/proposed edits for your consideration. Remind me when you wanted to
get this out? Thanks, -Ryan

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
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Sent: Thursday, December 18, 2014 4:10 PM
To: Ryan Moehring
Subject: Re: FW: 10(j) materials

 

Okay -here is first draft. JB

Jodi L. Bush

Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Thu, Dec 18, 2014 at 3:42 PM, Ryan Moehring <ryan_moehring@fws.gov> wrote:

Jodi,

 

This is the most current NR template I have (just used it today, in fact!). Feel free to swap
out the text with your content and send back to me at your convenience.

 

Best,

 

-Ryan

 

 

mailto:ryan_moehring@fws.gov


From: Racey, Meagan
To: Zicari, Laury
Cc: Jim Zelenak; Mark McCollough
Subject: Re: characterizing Maine lynx population relative to population in other lower 48 states where listed
Date: Tuesday, December 23, 2014 11:42:34 AM

Thanks, Laury! Jim, this came up when Laury and I were talking about the status review
because we wondered if this might be of interest to reporters responding to the announcement.

On Tue, Dec 23, 2014 at 11:23 AM, Zicari, Laury <laury_zicari@fws.gov> wrote:
As you are aware there has been some recent local press about the population in Maine, with
anecdotal information based on personal views that we have many lynx.  I recall being told
that we have the largest lower 48 state population tho I also know that estimates of lynx
populations are difficult to make, based on the remote habitat where they live, their elusive
nature, and their large home ranges. 

If we use the most conservative of estimates which we used in the lynx ITP biological
opinion, N=500, isn't that still larger than, say, the population estimate for Wyoming,
Montana, etc?

Or should we avoid this line of discussion as the decision to list was not about a decline in
population but a lack of forest management regulations to ensure that their habitat can
persist?

thanks, Jim

-- 

Laury Zicari
Field Supervisor
Maine Field Office
17 Godfrey Drive, Suite 2
Orono, ME   04473
207-866-3344 x 111
Fax  866-3351
Cell 207-949-0561

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast
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From: Smith, Tamara
To: Laura Ragan
Cc: Jessica Hogrefe
Subject: Re: FW: ACTION NEEDED: Next steps for lynx recovery
Date: Monday, December 29, 2014 12:00:49 PM

Okay - I'll coordinate with Walt for the Tribal contacts. Thanks!

On Mon, Dec 29, 2014 at 11:43 AM, Laura Ragan <laura_ragan@fws.gov> wrote:

Tam -  Regarding Tribal contacts, I guess it is not necessarily standard practice to have the RD sign
those letters.  I talked with Chuck and he said it is more on a case-by-case basis, and that for this
situation, it is fine to just make the contacts yourself.  You may want to coordinate with Walt Ford,
who is the Tribal zone liaison for MN, however, as he has good contacts and can make sure the
appropriate people get the notifications.

 

-Laura

 

From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Monday, December 29, 2014 11:39 AM

To: Laura Ragan
Cc: Jessica Hogrefe
Subject: Re: FW: ACTION NEEDED: Next steps for lynx recovery

 

Okay sounds good. Thanks!

 

On Mon, Dec 29, 2014 at 11:38 AM, Laura Ragan <laura_ragan@fws.gov> wrote:

Tam -  For State and Federal folks, I think whatever contact method you normally use will be fine. 
For tribal stuff, EA may have a process they want to use - -I believe they have been having the
tribal letters go out under RD signature lately.  I’ll check with them and get back to you.

 

-Laura

 

From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Monday, December 29, 2014 11:26 AM
To: Laura Ragan
Cc: Jessica Hogrefe

mailto:tamara_smith@fws.gov
mailto:laura_ragan@fws.gov
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Subject: Re: FW: ACTION NEEDED: Next steps for lynx recovery

 

Thanks for forwarding this, Laura. 

 

I'll plan to send the letters out to WI/MN partners asap. Do you think emails are okay or
should this be paper copies sent via snail mail?  

 

Thanks!

 

On Mon, Dec 29, 2014 at 10:36 AM, Laura Ragan <laura_ragan@fws.gov> wrote:

Tam -  I forwarded this to Jessica, but should have included you too.  I expect Jessica will be the RO
lead for R3.

 

-Laura

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Monday, December 08, 2014 12:30 PM
To: Beth Forbus; Justin Shoemaker; Bridget Fahey; Sarah Fierce; Kit Hershey; Bryon Holt; Jeff Krupka;
Michelle Eames; Steve Duke; Rebecca Toland; Sarah Quamme; Eric Hein; Laura Ragan; Tamara Smith;
Krishna Gifford; Mark McCollough; Anthony Tur; Ann Belleman; Tyler Abbott; Ben Conard; Leslie
Ellwood; Kurt Broderdorp; Kate Novak
Subject: ACTION NEEDED: Next steps for lynx recovery

 

ALL>  This email is specific to Lynx Recovery: the 5-year Review and Recovery
Planning.  If you are NOT the appropriate person for this email please forward this email
and reply to me so I may correct our mailing list for these topics.  

________________________________________________

 

The Service is moving forward on the court's order to complete Lynx Recovery by
January 2018. Prior to initiation of the recovery planning process, we will be
completing a Five-year Review. This Review will update the status and revise the
threat assessment and determine whether the status of the DPS has changed since
the time of its listing.  
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Since a 5-year review begins with gathering the best available scientific and commercial
data regarding the species, we intend to disseminate interested party letters to our State,
Federal and Tribal partners.  An example is attached.  I am requesting that you send this
letter out to your Office's specific State, Tribal and Federal partners.  You may send out
the pdf version with my signature or edit the letterhead and signature for your area.  Please
leave the contact information the same.

 

In addition, in order to facilitate this process, we will post a NEWS RELEASE on our
Regional Lynx page notifying the public that the Canada Lynx DPS is under review and we
are requesting any relevant information we should consider in that Review. 

 

After reviewing and considering the best available scientific and commercial data regarding
the species, the Service will recommend whether a change in the Federal classification of the
listed species is warranted.

 

Upon completion of a 5-year review, the Service could make four possible
recommendations:

• Reclassify the species from threatened to endangered (uplist);

• Remove the species from the List (delist); or

• Maintain the species’ current classification.

 

If the species is uplisted or maintained in its current classification, we will immediately
proceed with the recovery planning process.   

 

If delisting is found to be warranted and we determine such a plan will not promote the conservation of
the species, we may consider whether the species is exempt from the Act's recovery planning requirement.  Such
a determination would require a finding signed by the Director.

 

As we move forward in the process, we will engage you all (or other appropriate contacts
identified by your office) in monthly calls to keep you updated on our progress.  In addition,
we will provide an opportunity for each office to review the draft document and provide
clarifications and edits.  We have drafted a Project Plan which includes both the 5-year
Review process as well as the Recovery Planning.  We expect to finalize this by the end of
January 2015. 

 



We expect to wrap-up the 5-Year Review process by early June 2015.  Thank you for your
prompt action on these Interested party letters.  If you have questions or require
clarifications please give me a call.     Thanks again.  JB 

Jodi L. Bush

Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

--

Tamara Smith

U.S. Fish and Wildlife Service

Twin Cities Field Office

4101 American Boulevard East

Bloomington, MN 55425

612-725-3548 ext. 2219

612-600-1599 cell 

 

--

Tamara Smith

U.S. Fish and Wildlife Service

Twin Cities Field Office



4101 American Boulevard East

Bloomington, MN 55425

612-725-3548 ext. 2219

612-600-1599 cell 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Boyle, Owen D - DNR
To: Smith, Tamara
Subject: RE: Canada lynx - seeking information for 5 year review
Date: Monday, December 29, 2014 2:45:57 PM

Thanks Tam—you too!
 
Owen
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Monday, December 29, 2014 2:45 PM
To: Boyle, Owen D - DNR
Subject: Re: Canada lynx - seeking information for 5 year review
 
Hi Owen - Yes. I sent this to Rori Paloski and Erin Crain. 
 
Happy New Year!
-Tam
 
On Mon, Dec 29, 2014 at 2:41 PM, Boyle, Owen D - DNR <Owen.Boyle@wisconsin.gov>
wrote:
Hi Tam,
 
Did you send this request to anyone else at Wisconsin DNR? Just trying to determine who to
coordinate with in my agency.
 
Thanks and I hope you’re having a great holiday season.
 
Owen
 
We are committed to service excellence.
Visit our survey at http://dnr.wi.gov/customersurvey to evaluate how I did.
 

Owen D. Boyle, PhD
Chief, Species Management Section
Bureau of Natural Heritage Conservation
Wisconsin Department of Natural Resources
101 S Webster St, Madison, WI 53703
Phone: (608) 266-5244
Cell Phone: (414) 750-3198
owen.boyle@wisconsin.gov

 dnr.wi.gov

    
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Monday, December 29, 2014 2:01 PM
Subject: Canada lynx - seeking information for 5 year review
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Dear State, Federal, and Nongovernmental partners:
 
We are requesting any relevant information we should consider in our five-year review of the
distinct population segment of the Canada lynx (Lynx canadensis). The attached letter details
the type of information we are seeking. Please submit relevant information to Jim Zelenak of
the Montana Ecological Services Field Office (contact information is in the attached letter). 
 
Thank you, 
Tam
 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Smith, Tamara
To: Ron Moen
Subject: Re: Canada lynx - seeking information for 5 year review
Date: Tuesday, December 30, 2014 4:17:20 PM

Hi Ron, 

Good to hear from you. Yes, we are working with Dr. Beth Gardner from NCSU and her
student Nathan Hostetter- to standardize the lynx data collection to (hopefully) get occupancy
and density estimates - kind of a hybrid of those two objectives. The Forest is trying out
tweaking their surveys/data collection a bit to get a better handle on effort - we'll see how it
goes this year.  The project was delayed a few times due to funding...but it is finally underway.

Hope all is well with you. Happy New Year.
-Tam

On Mon, Dec 29, 2014 at 3:59 PM, Ron Moen <rmoen@d.umn.edu> wrote:
Hi Tam,

   Your message reminded me that a couple years ago (I think) you
were contracting with someone from South Carolina? to do some
analysis of genetics of Minnesota lynx samples. Did anything ever
come of that effort? Not sure if I got the content right, but I just
remember an email, or a conversation with Tim Catton.

    In part out of curiousity, and also because we've got a paper on lynx
and Isle Royale that needs some revisions.

Thanks,
Ron

On 29 Dec 2014 at 14:01, Smith, Tamara wrote:

> Dear State, Federal, and Nongovernmental partners:
>
> We are requesting any relevant information we should consider in our
> five-year review of the distinct population segment of the Canada lynx
> (*Lynx canadensis*). The attached letter details the type of
> information we are seeking. Please submit relevant information to Jim
> Zelenak of the Montana Ecological Services Field Office (contact
> information is in the attached letter).
>
> Thank you,
> Tam
>
> --
> Tamara Smith
> U.S. Fish and Wildlife Service
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> Twin Cities Field Office
> 4101 American Boulevard East
> Bloomington, MN 55425
> 612-725-3548 ext. 2219
> 612-600-1599 cell
>

--
Ron Moen
Center for Water and Environment
Natural Resources Research Institute
University of Minnesota Duluth

www.d.umn.edu/~rmoen
www.nrri.umn.edu/lynx

Voice: 218-720-4372             Fax:   218-720-4328

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

http://www.d.umn.edu/~rmoen
http://www.nrri.umn.edu/lynx


From: Jessica Hogrefe
To: jodi_bush@fws.gov
Subject: FW: FW: ACTION NEEDED: Next steps for lynx recovery
Date: Wednesday, December 31, 2014 10:07:47 AM

Hi Jodi-
 
Please include me as your contact for region 3 on this.  Thanks!
 
----
Jessica Hogrefe
USFWS, Region 3
Division of Endangered Species
5600 American Blvd W. Suite 990
Bloomington, MN  55437
Phone: 612-713-5346
From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Monday, December 08, 2014 12:30 PM
To: Beth Forbus; Justin Shoemaker; Bridget Fahey; Sarah Fierce; Kit Hershey; Bryon Holt; Jeff Krupka;
Michelle Eames; Steve Duke; Rebecca Toland; Sarah Quamme; Eric Hein; Laura Ragan; Tamara Smith;
Krishna Gifford; Mark McCollough; Anthony Tur; Ann Belleman; Tyler Abbott; Ben Conard; Leslie Ellwood;
Kurt Broderdorp; Kate Novak
Subject: ACTION NEEDED: Next steps for lynx recovery
 
ALL>  This email is specific to Lynx Recovery: the 5-year Review and Recovery
Planning.  If you are NOT the appropriate person for this email please forward this email and
reply to me so I may correct our mailing list for these topics.  
________________________________________________
 
The Service is moving forward on the court's order to complete Lynx Recovery by
January 2018. Prior to initiation of the recovery planning process, we will be
completing a Five-year Review. This Review will update the status and revise the
threat assessment and determine whether the status of the DPS has changed since
the time of its listing.  
 
Since a 5-year review begins with gathering the best available scientific and commercial data
regarding the species, we intend to disseminate interested party letters to our State, Federal
and Tribal partners.  An example is attached.  I am requesting that you send this letter out
to your Office's specific State, Tribal and Federal partners.  You may send out the pdf
version with my signature or edit the letterhead and signature for your area.  Please leave the
contact information the same.
 
In addition, in order to facilitate this process, we will post a NEWS RELEASE on our
Regional Lynx page notifying the public that the Canada Lynx DPS is under review and we
are requesting any relevant information we should consider in that Review. 
 
After reviewing and considering the best available scientific and commercial data regarding
the species, the Service will recommend whether a change in the Federal classification of the
listed species is warranted.
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Upon completion of a 5-year review, the Service could make four possible recommendations:
• Reclassify the species from threatened to endangered (uplist);
• Remove the species from the List (delist); or
• Maintain the species’ current classification.
 
If the species is uplisted or maintained in its current classification, we will immediately
proceed with the recovery planning process.   
 
If delisting is found to be warranted and we determine such a plan will not promote the conservation of the
species, we may consider whether the species is exempt from the Act's recovery planning requirement.  Such a
determination would require a finding signed by the Director.
 
As we move forward in the process, we will engage you all (or other appropriate contacts
identified by your office) in monthly calls to keep you updated on our progress.  In addition,
we will provide an opportunity for each office to review the draft document and provide
clarifications and edits.  We have drafted a Project Plan which includes both the 5-year
Review process as well as the Recovery Planning.  We expect to finalize this by the end of
January 2015. 
 
We expect to wrap-up the 5-Year Review process by early June 2015.  Thank you for your
prompt action on these Interested party letters.  If you have questions or require clarifications
please give me a call.     Thanks again.  JB 

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425



612-725-3548 ext. 2219
612-600-1599 cell 

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Smith, Tamara
To: Ford, Walt
Cc: Ted Koehler
Subject: Re: ACTION NEEDED: Next steps for lynx recovery
Date: Monday, January 05, 2015 4:15:45 PM

Hi Walt, 

I think this can go out to any of the tribes that may have an interest in Canada lynx, but
especially those that may have some information to provide for the five-year review. The
types of information that we are looking for are outlined in the "Dear Interested Party" letter. 

So, to answer your question, no -this is not specific to those with lands within lynx critical
habitat. 

Please provide me a list of folks that you send this to or copy me on the email(s) so that I can
tell R6 who we contacted. 

Thank you!
-Tam
 

On Mon, Jan 5, 2015 at 4:05 PM, Ford, Walt <walt_ford@fws.gov> wrote:
Hi Tam,

By way of this reply I'm also sending it to Ted Koehler, my WI Tribal Liaison counterpart
so he can send it out to any affected tribes there. Correct me if I'm wrong, this only goes out
to tribes that have lands in designated critical habitat areas of the state? 

For MN I'll be happy to send out to my tribes (only 2) and also to my contacts at GLIFWC. I
wont send anything out until I hear back from you. Thanks.

Walt Ford
Tribal Liaison to MN / IA &
Refuge Manager at Rice Lake & Mille Lacs NWR
36289 State Hwy. 65
McGregor, MN  55760
218-768-2402 office
218-821-6794 cell
walt_ford@fws.gov

On Mon, Dec 29, 2014 at 1:02 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Walt, 

I just received this from Laura Ragan in the RO and she suggested that I coordinate with
you regarding Tribal contacts in MN and WI. Will you please email or mail the attached
pdf letter about Canada lynx to your Tribal contacts or give me the appropriate contact
information so I may send the letter out to them?

Thank you, 
Tam 
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---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Mon, Dec 8, 2014 at 12:30 PM
Subject: ACTION NEEDED: Next steps for lynx recovery
To: Beth Forbus <beth_forbus@fws.gov>, Justin Shoemaker
<justin_shoemaker@fws.gov>, Bridget Fahey <bridget_fahey@fws.gov>, Sarah Fierce
<sarah_fierce@fws.gov>, Kit Hershey <kit_hershey@fws.gov>, Bryon Holt
<bryon_holt@fws.gov>, Jeff Krupka <jeff_krupka@fws.gov>, Michelle Eames
<michelle_eames@fws.gov>, Steve Duke <steve_duke@fws.gov>, Rebecca Toland
<rebecca_toland@fws.gov>, Sarah Quamme <sarah_quamme@fws.gov>, Eric Hein
<Eric_Hein@fws.gov>, Laura Ragan <Laura_Ragan@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Krishna Gifford <krishna_gifford@fws.gov>, Mark
McCollough <mark_mccollough@fws.gov>, Anthony Tur <Anthony_Tur@fws.gov>,
Ann Belleman <ann_belleman@fws.gov>, Tyler Abbott <Tyler_Abbott@fws.gov>, Ben
Conard <ben_conard@fws.gov>, Leslie Ellwood <leslie_ellwood@fws.gov>, Kurt
Broderdorp <kurt_broderdorp@fws.gov>, Kate Novak <kate_novak@fws.gov>

ALL>  This email is specific to Lynx Recovery: the 5-year Review and Recovery
Planning.  If you are NOT the appropriate person for this email please forward this email
and reply to me so I may correct our mailing list for these topics.  
________________________________________________

The Service is moving forward on the court's order to complete Lynx Recovery by
January 2018. Prior to initiation of the recovery planning process, we will be
completing a Five-year Review. This Review will update the status and revise the
threat assessment and determine whether the status of the DPS has changed
since the time of its listing.  

Since a 5-year review begins with gathering the best available scientific and commercial
data regarding the species, we intend to disseminate interested party letters to our State,
Federal and Tribal partners.  An example is attached.  I am requesting that you send this
letter out to your Office's specific State, Tribal and Federal partners.  You may send
out the pdf version with my signature or edit the letterhead and signature for your area. 
Please leave the contact information the same.

In addition, in order to facilitate this process, we will post a NEWS RELEASE on our
Regional Lynx page notifying the public that the Canada Lynx DPS is under review and
we are requesting any relevant information we should consider in that Review. 

After reviewing and considering the best available scientific and commercial data
regarding the species, the Service will recommend whether a change in the Federal
classification of the listed species is warranted.

Upon completion of a 5-year review, the Service could make four possible
recommendations:
• Reclassify the species from threatened to endangered (uplist);
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• Remove the species from the List (delist); or
• Maintain the species’ current classification.

If the species is uplisted or maintained in its current classification, we will immediately
proceed with the recovery planning process.   

If delisting is found to be warranted and we determine such a plan will not promote the conservation of
the species, we may consider whether the species is exempt from the Act's recovery planning requirement. 
Such a determination would require a finding signed by the Director.

As we move forward in the process, we will engage you all (or other appropriate contacts
identified by your office) in monthly calls to keep you updated on our progress.  In
addition, we will provide an opportunity for each office to review the draft document and
provide clarifications and edits.  We have drafted a Project Plan which includes both the
5-year Review process as well as the Recovery Planning.  We expect to finalize this by the
end of January 2015. 

We expect to wrap-up the 5-Year Review process by early June 2015.  Thank you for your
prompt action on these Interested party letters.  If you have questions or require
clarifications please give me a call.     Thanks again.  JB 

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219



612-600-1599 cell 



From: Zicari, Laury
To: Zelenak, Jim; Mark McCollough
Subject: Re: characterizing Maine lynx population relative to population in other lower 48 states where listed
Date: Monday, January 12, 2015 7:47:00 AM

welcome back and thanks for the note.  Mark will be in touch and happy new year back at you

On Mon, Jan 12, 2015 at 9:37 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Lauri,

Sorry about the delayed response - just back from vacation this AM.

Yes, 500 lynx (conservatively) in Maine is very likely more lynx than in any of the other distinct sub-populations
of the DPS (1. northeast Minn., 2. northwest Montana plus a little bit of northeast Idaho, 3. north central
Washington, 4. northwest Wyoming and a bit of southwest Montana, 5. western Colorado [introduced
population]).

I was recently asked by my RO to provide status numbers of lynx in Montana for a BO on Montana's trapping
program, currently the subject of a lawsuit regarding incidental trapping of lynx.  I informed the RO that we really
don't have any good estimates of population size for most subpops in the DPS, including those in Montana, but
the RO insisted it needed something, so I put together the attached, where I tried to present all the caveats and to
caution against leaning too heavily on the numbers provided.

I later did a similar exercise (but not a similar write-up) using what we know from the lit. regarding home range
sizes in northern Maine and the other CH units relative to the amount of designated CH.  Let me know if you
would like me to share those results.  Also let me know if you have any questions or concerns about the attached.

Mark - I'd also appreciate your take on the attachment if you have time.

Thanks.

Happy New Year!

Jim 

On Tue, Dec 23, 2014 at 9:23 AM, Zicari, Laury <laury_zicari@fws.gov> wrote:
As you are aware there has been some recent local press about the population in Maine,
with anecdotal information based on personal views that we have many lynx.  I recall
being told that we have the largest lower 48 state population tho I also know that estimates
of lynx populations are difficult to make, based on the remote habitat where they live,
their elusive nature, and their large home ranges. 

If we use the most conservative of estimates which we used in the lynx ITP biological
opinion, N=500, isn't that still larger than, say, the population estimate for Wyoming,
Montana, etc?

Or should we avoid this line of discussion as the decision to list was not about a decline in
population but a lack of forest management regulations to ensure that their habitat can
persist?

thanks, Jim

-- 
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Laury Zicari
Field Supervisor
Maine Field Office
17 Godfrey Drive, Suite 2
Orono, ME   04473
207-866-3344 x 111
Fax  866-3351
Cell 207-949-0561

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 

Laury Zicari
Field Supervisor
Maine Field Office
17 Godfrey Drive, Suite 2
Orono, ME   04473
207-866-3344 x 111
Fax  866-3351
Cell 207-949-0561
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From: Racey, Meagan
To: Zelenak, Jim
Subject: Re: Checking in on lynx assessment announcement
Date: Monday, January 12, 2015 3:33:34 PM

Ok!

On Mon, Jan 12, 2015 at 5:30 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
On phone and need to boogie in a few minutes (new schedule, kindergarten pick-up for daughter).  Go with what
you have!

On Mon, Jan 12, 2015 at 3:15 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Thanks Jim! Want to take one more look? We had a couple suggestions and a question
from Mary Parkin.

On Mon, Jan 12, 2015 at 4:14 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Just a few thoughts, Megan.  Let me know if you need anything else.

Jim

On Mon, Jan 12, 2015 at 12:49 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi Jim! Thanks for reviewing this. Would you like to take another look? I made some
additional changes to avoid adding too much length to the news release. Give me a
call if you'd like to talk it through. I'm on my cell today. 

Thanks again!

On Mon, Jan 12, 2015 at 1:20 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Attached are my comments/edits.  Let me know if you have questions.

Thanks,

Jim

On Mon, Jan 12, 2015 at 7:16 AM, Racey, Meagan <meagan_racey@fws.gov>
wrote:

Hi all - Here is the R5 version of the press release. We wouldn't usually add
quotes, but feel that this will emphasize our partnership with the state. Let me
know if you have any concerns. 

Thanks so much for your flexibility. What time should we release this tomorrow? 

Meagan

On Thu, Jan 8, 2015 at 11:41 AM, Ryan Moehring <ryan_moehring@fws.gov>
wrote:

Sure, my gut tells me that is a pretty hard deadline, but I’ll let Jim say one way or the
other when he returns. I’m copying him. -Ryan
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From: Racey, Meagan [mailto:meagan_racey@fws.gov] 
Sent: Thursday, January 08, 2015 9:34 AM
To: Ryan Moehring

Subject: Re: Checking in on lynx assessment announcement

 

Definitely. Thanks! I noticed there's a Feb. 1 deadline at the bottom of the news
release. Could you help me find out if that's a hard and fast deadline? I could see
a reporter or trapper asking us if people can get a little more time to get in
information, and just want to be prepared to respond "if someone has
significant/substantive info, we'd still like to get it" or "sorry, our timeline is tight in order to meet
the deadline."

 

On Thu, Jan 8, 2015 at 11:29 AM, Ryan Moehring <ryan_moehring@fws.gov>
wrote:

Thanks, Meagan. It sounds like Jodi wants to get this out the door, so if we could
shoot for next Tuesday, I think we can keep everyone happy. Sound do-able? Cheers,
-Ryan

 

From: Racey, Meagan [mailto:meagan_racey@fws.gov] 
Sent: Wednesday, January 07, 2015 4:05 PM
To: Bush, Jodi
Cc: Ryan Moehring; Jim Zelenak
Subject: Re: Checking in on lynx assessment announcement

 

Thank you, Jodi and Ryan! We really appreciate your flexibility on this. We
should be ready early next week. It sounds like Jim will be back then, too. I'll
check back with Ryan when we're ready.

 

On Wed, Jan 7, 2015 at 5:44 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:

We can wait but I would like to get it out as soon as the Northeast Region is
ready. Thanks. JB

Jodi L. Bush

Field Supervisor
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Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Wed, Jan 7, 2015 at 3:25 PM, Ryan Moehring <ryan_moehring@fws.gov>
wrote:

Hi Meagan,

 

Apologies for the delay, but I just received the final, surnamed product from our
regional director’s office (attached). Our species lead for the region, Jim Zelenak, is
on leave this week. My memory is a little foggy, as we last discussed this well before
the holidays, but we were initially shooting for a release date of 1/5, which has since
passed. I try not to put out releases when my SME is out of the office, so unless Jim’s
boss, Jodi, has a pressing reason why we should get this release out the door this
week, I don’t think there is a problem waiting until sometime next week after you’ve
had time to confer with your state partners.

 

Jodi, does that sound OK to you?

 

Thanks all,

 

-Ryan

 

Ryan Moehring

Public Affairs Specialist (ND, SD, WY, MT)

Mountain-Prairie Region
U.S. Fish and Wildlife Service

303-236-0345

mailto:ryan_moehring@fws.gov


Ryan_Moehring@fws.gov

 

Facebook | Twitter | Flickr | YouTube 

 

 

From: Racey, Meagan [mailto:meagan_racey@fws.gov] 
Sent: Tuesday, January 06, 2015 3:19 PM
To: Ryan Moehring
Subject: Checking in on lynx assessment announcement

 

Hi Ryan! 

 

Just wanted to follow up on my voicemail, as I'll keep checking email through
the evening. I didn't realize that you were the lead on this announcement, so I'd
been sending periodic messages to Leith and Steve to check in on the status.
Sorry about that!

 

I'm hoping you can update me on the timeline for the announcement. A couple
lynx deaths caused by legally set traps in December set off a media chain in
Maine that has us coordinating closely with the state agency to ensure we have
aligned messaging on lynx management in the state. We're expecting that the
announcement will bring up questions on issues that we and the state have held
different perspectives, and we're hoping that aligned messaging will help us use
this announcement as an opportunity to show a united conservation effort for the
species.

 

After hearing from the state that they need a few days to wrap up the messaging,
I called Steve to check in, and it sounds like this announcement might be
happening really soon. If so, is there any flexibility in that timeline? 

 

Thanks for your help!
Meagan

 

--

Meagan Racey
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Public affairs specialist

U.S. Fish and Wildlife Service, Northeast Region

(o) 413-253-8558

(c) 413-658-4386

 

Check out our blog, Conserving the nature of the Northeast

 

 

 

--

Meagan Racey

Public affairs specialist

U.S. Fish and Wildlife Service, Northeast Region

(o) 413-253-8558

(c) 413-658-4386

 

Check out our blog, Conserving the nature of the Northeast

 

 

--

Meagan Racey

Public affairs specialist

U.S. Fish and Wildlife Service, Northeast Region

http://usfwsnortheast.wordpress.com/
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(o) 413-253-8558

(c) 413-658-4386

 

Check out our blog, Conserving the nature of the Northeast

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
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Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast
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From: Racey, Meagan
To: Ryan Moehring
Cc: Jim Zelenak
Subject: Re: Lynx 5-year NR
Date: Tuesday, January 13, 2015 9:52:42 AM

Thanks! I'm swamped with NLEB, so later works for me too. 2 pm MT, 4 pm ET sounds
good. I'll let our folks know.

On Tue, Jan 13, 2015 at 11:50 AM, Ryan Moehring <ryan_moehring@fws.gov> wrote:

Maybe 2PM Mountain? I’m swamped this morning w/ NLEB stuff. Copying Meagan, as she was
also inquiring about the distribution time. Thanks, -Ryan

 

From: Ryan Moehring [mailto:ryan_moehring@fws.gov] 
Sent: Tuesday, January 13, 2015 9:19 AM
To: Jim Zelenak
Subject: RE: Lynx 5-year NR

 

Hi Jim,

 

Apologies for the delay; I was out ill. I can send this anytime. I was waiting for you to return to the
office. How does this afternoon sound?

 

-Ryan

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Monday, January 12, 2015 2:59 PM
To: Ryan Moehring
Subject: Lynx 5-year NR

 

Hi Ryan,

 

Can you send me the current version and let me know the time line for publishing?

 

Thanks,
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Jim

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast
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From: Ryan Moehring
To: Jim Zelenak
Cc: Brent Esmoil
Subject: RE: Lynx 5-year NR
Date: Tuesday, January 13, 2015 10:18:13 AM

Sounds good, Jim. 2PM it is. Cheers, -Ryan
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, January 13, 2015 10:17 AM
To: Ryan Moehring
Cc: Brent Esmoil
Subject: Re: Lynx 5-year NR
 
I don't care what time it goes out - the letter announcing the review has already been sent to
our partners here, and also in Maine, Minn., and Wyoming (that I know of).  I think Jodi's
position (she's out today - down there for Sage Grouse meeting I think) was that the sooner the
better for the NR, given that we are asking in it that folks get any info to us by Feb. 1.
 
Thanks Ryan.
 
Jim
 
On Tue, Jan 13, 2015 at 10:12 AM, Ryan Moehring <ryan_moehring@fws.gov> wrote:
I’m sure we can benefit from those updates somehow in the future. Does 2PM Mountain work for
you? Meagan said that works for her. -Ryan
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, January 13, 2015 10:04 AM
To: Ryan Moehring
Cc: Brent Esmoil
Subject: Re: Lynx 5-year NR
 
Figured so, but here it is anyway - for future use somehow?
 
On Tue, Jan 13, 2015 at 10:00 AM, Ryan Moehring <ryan_moehring@fws.gov> wrote:
Sorry, but the RD’s office doesn’t want us changing things once they’ve been through surname…If
we missed something crucial we can take a look at changing it; otherwise, we should probably leave
it as-is. Happy to discuss over the phone if you like. -Ryan
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, January 13, 2015 9:53 AM
To: Ryan Moehring
Subject: Re: Lynx 5-year NR
 
I'm looking at it now, have a few minor concerns/edits.  Iknow it's been thru review/surname,
but I was so swamped with lawsuit/admin. record stuff right before I left for the holidays that I
didn't have a chance to look carefully.  I think it would benefit from a little tightening up.
 
Will send it to you shortly.  If it's too late for revisions, then I guess we go with what we have.
 
On Tue, Jan 13, 2015 at 9:50 AM, Ryan Moehring <ryan_moehring@fws.gov> wrote:
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Maybe 2PM Mountain? I’m swamped this morning w/ NLEB stuff. Copying Meagan, as she was also
inquiring about the distribution time. Thanks, -Ryan
 
From: Ryan Moehring [mailto:ryan_moehring@fws.gov] 
Sent: Tuesday, January 13, 2015 9:19 AM
To: Jim Zelenak
Subject: RE: Lynx 5-year NR
 
Hi Jim,
 
Apologies for the delay; I was out ill. I can send this anytime. I was waiting for you to return to the
office. How does this afternoon sound?
 
-Ryan
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Monday, January 12, 2015 2:59 PM
To: Ryan Moehring
Subject: Lynx 5-year NR
 
Hi Ryan,
 
Can you send me the current version and let me know the time line for publishing?
 
Thanks,
 
Jim
 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
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Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Jodi Bush; Brent Esmoil
Cc: Justin Shoemaker; Bridget Fahey; Seth Willey
Subject: Fwd: USFWS Conducting Five-Year Review for Canada Lynx in Preparation for Recovery Planning
Date: Wednesday, January 14, 2015 8:50:02 AM

In case you haven't seen via other channels.

---------- Forwarded message ----------
From: Ryan Moehring <ryan_moehring@fws.gov>
Date: Wed, Jan 14, 2015 at 8:46 AM
Subject: USFWS Conducting Five-Year Review for Canada Lynx in Preparation for Recovery
Planning
To: marla_trollan@fws.gov, john_bryan@fws.gov
Cc: Robert Segin <robert_segin@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>

Wednesday, January 14, 2015

USFWS Conducting Five-Year Review for Canada Lynx in Preparation for
Recovery Planning

HELENA, Mont. - The U.S. Fish and Wildlife Service (Service) announced yesterday that it
will be conducting a Five-Year Status Review under the Endangered Species Act (ESA) for
the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx
canadensis). The Five-Year Status Review will clarify the extent, magnitude, and nature of
the threats to the lynx DPS so that recovery planning may target those specific threats.

Lynx are highly specialized predators that are dependent on snowshoe hares as a food
source. The North American distribution of the lynx overlaps much of the range of the
snowshoe hare, and both are strongly associated with boreal forests.

Over the next several months, the Service will gather and analyze available information on
the lynx as part of its Five-Year Status Review process for the species in the contiguous
United States. The Service will use the best-available scientific and commercial data in
developing its report, which will ensure that its review will be as accurate and complete as
possible. We plan to complete the Five-Year Review by June of 2015.

At this time, the Service is seeking additional information and data from the scientific
community and the public in the following areas:

General information concerning the taxonomy, biology, ecology, genetics, and status of the
lynx in the contiguous United States;
Specific information on the conservation status of lynx, including information on
distribution, abundance, and population trends;
Specific information on threats to the lynx DPS, including: (1) the present or threatened
destruction, modification, or curtailment of its habitat or range; (2) overutilization for
commercial, recreational, scientific, or educational purposes; (3) disease or predation; (4)
the inadequacy of existing regulatory mechanisms; and (5) other natural or manmade
factors affecting its continued existence;
Specific information on conservation actions that have improved lynx habitat or reduced
threats to lynx in the contiguous United States and in southern Canada;
Habitat selection, use, and any changes or trends in the amount and distribution of lynx and
snowshoe hare habitat in the contiguous United States and in southern Canada.
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The Service requests that pertinent information be provided as soon as possible, and not
later than February 1, 2015, to ensure we have adequate time to consider it during the
review. All data and information submitted to the Service - including names and addresses -
will become part of the record for this review, and may be made public. Information should
be submitted to Jim Zelenak of the Service's Montana Ecological Services Field Office at:

U.S. Fish and Wildlife Service

Montana Ecological Services Field Office

Attn: Jim Zelenak

585 Shepard Way, Suite 1

Helena, MT 59601

Detailed information about the Canada lynx may be found
here: http://bit.ly/CanadaLynxUSFWS

The mission of the U.S. Fish and Wildlife Service is working with others to conserve, protect,
and enhance fish, wildlife, plants, and their habitats for the continuing benefit of the
American people. We are both a leader and trusted partner in fish and wildlife conservation,
known for our scientific excellence, stewardship of lands and natural resources, dedicated
professionals, and commitment to public service.

For more information on our work and the people who make it happen,
visit http://www.fws.gov/mountain-prairie/. Connect with our Facebook page
at http://www.facebook.com/USFWSMountainPrairie, follow our tweets
at http://twitter.com/USFWSMtnPrairie, watch our YouTube Channel
at http://www.youtube.com/usfws and download photos from our Flickr page
at http://www.flickr.com/photos/usfwsmtnprairie/

- FWS -

Contacts:

Jim Zelenak, 406-449-5225, ext. 220; Jim_Zelenak@fws.gov

Ryan Moehring, 303-236-0345; Ryan_Moehring@fws.gov

 

 

http://www.theoutdoorwire.com/story/1421206446zhkqewsrh0v

 

Thanks,

-Ryan 

 

Ryan Moehring
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Public Affairs Specialist (ND, SD, WY, MT)

Mountain-Prairie Region
U.S. Fish and Wildlife Service

303-236-0345

Ryan_Moehring@fws.gov

 

Facebook | Twitter | Flickr | YouTube 

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Ryan Moehring
To: Jim Zelenak
Subject: FW: Lynx questions (Deadline 2PM Today)
Date: Wednesday, January 14, 2015 9:58:37 AM
Importance: High

Hi Jim,

Hoping you can assist here.

Number one is easy. "Yes, 5-year reviews are required by section 4(c)(2)
of the Endangered Species Act."  Right?

Number two seems more nuanced. My first reaction is something like: "No,
we don't necessarily expect less information from Colorado. While the
state has ended its reintroduction program and eliminated electronic
monitoring (is that true?), Colorado Parks and Wildlife has done an
outstanding job developing a self-sustaining lynx population in Colorado,
and the insights they gained throughout that process may prove to be
valuable to the overall recovery of the species." ...or something like
that.

Can you help me massage this/keep me honest?

Thanks,

-Ryan

-----Original Message-----
From: Matt Hildner [mailto:mhildner@yahoo.com]
Sent: Wednesday, January 14, 2015 9:40 AM
To: ryan_moehring@fws.gov
Subject: Lynx questions

Ryan,
Below are the questions. As we discussed, my deadline is 3 p.m.

1) Is the five-year status review required for all species listed under
the ESA?

2) Does the USFWS expect less information on the lynx in Colorado since
Colorado Parks and Wildlife ended its reintroduction program and
eliminated electronic monitoring?

Thanks,
Matt Hildner
San Luis Valley Correspondent
Pueblo Chieftain
cell - 719-580-6896
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From: Ryan Moehring
To: Jim Zelenak
Subject: RE: FW: Lynx questions (Deadline 2PM Today)
Date: Wednesday, January 14, 2015 11:55:47 AM

Thanks, Jim. Now that you say that, I might remove it. Also, check it out – 2nd best in all of
government yesterday: http://shiningsea.measuredvoice.com/top/2015-01-13/.
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Wednesday, January 14, 2015 10:55 AM
To: Ryan Moehring
Subject: Re: FW: Lynx questions (Deadline 2PM Today)
 
And if you are concerned about being PC, you can delete the word "introduced" from my
previous response in red text.  Really not necessary there on second look.
 
On Wed, Jan 14, 2015 at 10:50 AM, Ryan Moehring <ryan_moehring@fws.gov> wrote:
Thanks for letting us know, Jim. I’m copying Meagan Racey in our NE regional office, as she’s the
public affairs POC for lynx in Maine and will likely be interested in your encounter with David Sharp. -
Ryan
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Wednesday, January 14, 2015 10:45 AM

To: Ryan Moehring
Cc: Jodi Bush; Brent Esmoil; Bridget Fahey; Justin Shoemaker; Seth Willey
Subject: Re: FW: Lynx questions (Deadline 2PM Today)
 
FYI - I had a call this AM from David Sharp with AP in Maine.  I responded to his questions
on the 5-year review and general questions about lynx in Maine, the listing, critical habitat,
etc. and pointed him to Mark McCollough if he needs more detailed info on lynx in Maine.
 
Cheers,
 
Jim
 
On Wed, Jan 14, 2015 at 10:38 AM, Ryan Moehring <ryan_moehring@fws.gov> wrote:
Thanks, Jim. I’ll wait a couple of hours before responding to the reporter, in case anyone copied here
has additional thoughts. Appreciate the quick turnaround. Best, -Ryan
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Wednesday, January 14, 2015 10:28 AM
To: Ryan Moehring
Cc: Jodi Bush; Brent Esmoil; Bridget Fahey; Justin Shoemaker; Seth Willey
Subject: Re: FW: Lynx questions (Deadline 2PM Today)
 
Here are my thoughts, Ryan.
 
1.  Yes.  This might be useful for Mr. Hildner:
 
https://www.fws.gov/endangered/what-we-do/pdf/5-yr_review_factsheet.pdf
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2.  "No, we don't expect less information from Colorado. While the 
S
tate has ended its program
 of trans-locating lynx from Alaska and Canada to Colorado 
 and
is no longer 
intensively monitoring lynx in the State via radio-telemetry
,
Colorado Parks and Wildlife (CPW) continues to monitor lynx using non-invasive
techniques it hopes will provide information on the status and trend of the introduced
population.  CPW
 has done an outstanding job
gathering and sharing information related to its lynx program, and we look forward to
continuing collaboration with the State as we prepare our Five-Year Status Review for
the contiguous United States distinct population segment of the lynx
." 
 
...or something like that.
 
Let me know if you need other
 
On Wed, Jan 14, 2015 at 9:58 AM, Ryan Moehring <ryan_moehring@fws.gov> wrote:
Hi Jim,

Hoping you can assist here.

Number one is easy. "Yes, 5-year reviews are required by section 4(c)(2)
of the Endangered Species Act."  Right?

Number two seems more nuanced. My first reaction is something like: "No,
we don't necessarily expect less information from Colorado. While the
state has ended its reintroduction program and eliminated electronic
monitoring (is that true?), Colorado Parks and Wildlife has done an
outstanding job developing a self-sustaining lynx population in Colorado,
and the insights they gained throughout that process may prove to be
valuable to the overall recovery of the species." ...or something like
that.

Can you help me massage this/keep me honest?

Thanks,

-Ryan

-----Original Message-----
From: Matt Hildner [mailto:mhildner@yahoo.com]
Sent: Wednesday, January 14, 2015 9:40 AM
To: ryan_moehring@fws.gov
Subject: Lynx questions
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Ryan,
Below are the questions. As we discussed, my deadline is 3 p.m.

1) Is the five-year status review required for all species listed under
the ESA?

2) Does the USFWS expect less information on the lynx in Colorado since
Colorado Parks and Wildlife ended its reintroduction program and
eliminated electronic monitoring?

Thanks,
Matt Hildner
San Luis Valley Correspondent
Pueblo Chieftain
cell - 719-580-6896

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Racey, Meagan
To: Ryan Moehring
Cc: Jim Zelenak
Subject: Re: FW: Lynx questions (Deadline 2PM Today)
Date: Wednesday, January 14, 2015 1:16:13 PM

Thank you! We heard from another AP reporter yesterday that his Maine counterpart would be
in touch with FWS.

On Wed, Jan 14, 2015 at 12:50 PM, Ryan Moehring <ryan_moehring@fws.gov> wrote:

Thanks for letting us know, Jim. I’m copying Meagan Racey in our NE regional office, as she’s the
public affairs POC for lynx in Maine and will likely be interested in your encounter with David
Sharp. -Ryan

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Wednesday, January 14, 2015 10:45 AM
To: Ryan Moehring
Cc: Jodi Bush; Brent Esmoil; Bridget Fahey; Justin Shoemaker; Seth Willey
Subject: Re: FW: Lynx questions (Deadline 2PM Today)

 

FYI - I had a call this AM from David Sharp with AP in Maine.  I responded to his
questions on the 5-year review and general questions about lynx in Maine, the listing,
critical habitat, etc. and pointed him to Mark McCollough if he needs more detailed info on
lynx in Maine.

 

Cheers,

 

Jim

 

On Wed, Jan 14, 2015 at 10:38 AM, Ryan Moehring <ryan_moehring@fws.gov> wrote:

Thanks, Jim. I’ll wait a couple of hours before responding to the reporter, in case anyone copied
here has additional thoughts. Appreciate the quick turnaround. Best, -Ryan

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Wednesday, January 14, 2015 10:28 AM
To: Ryan Moehring
Cc: Jodi Bush; Brent Esmoil; Bridget Fahey; Justin Shoemaker; Seth Willey
Subject: Re: FW: Lynx questions (Deadline 2PM Today)
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mailto:ryan_moehring@fws.gov
mailto:jim_zelenak@fws.gov
mailto:ryan_moehring@fws.gov
mailto:jim_zelenak@fws.gov
mailto:ryan_moehring@fws.gov
mailto:jim_zelenak@fws.gov


 

Here are my thoughts, Ryan.

 

1.  Yes.  This might be useful for Mr. Hildner:

 

https://www.fws.gov/endangered/what-we-do/pdf/5-yr_review_factsheet.pdf

 

2.  "No, we don't expect less information from Colorado. While the 

S

tate has ended its program

 of trans-locating lynx from Alaska and Canada to Colorado 

 and

is no longer 

intensively monitoring lynx in the State via radio-telemetry

,

Colorado Parks and Wildlife (CPW) continues to monitor lynx using non-invasive
techniques it hopes will provide information on the status and trend of the introduced
population.  CPW

 has done an outstanding job

gathering and sharing information related to its lynx program, and we look forward to
continuing collaboration with the State as we prepare our Five-Year Status Review for
the contiguous United States distinct population segment of the lynx

." 

 

...or something like that.

 

Let me know if you need other

 

On Wed, Jan 14, 2015 at 9:58 AM, Ryan Moehring <ryan_moehring@fws.gov> wrote:

https://www.fws.gov/endangered/what-we-do/pdf/5-yr_review_factsheet.pdf
mailto:ryan_moehring@fws.gov


Hi Jim,

Hoping you can assist here.

Number one is easy. "Yes, 5-year reviews are required by section 4(c)(2)
of the Endangered Species Act."  Right?

Number two seems more nuanced. My first reaction is something like: "No,
we don't necessarily expect less information from Colorado. While the
state has ended its reintroduction program and eliminated electronic
monitoring (is that true?), Colorado Parks and Wildlife has done an
outstanding job developing a self-sustaining lynx population in Colorado,
and the insights they gained throughout that process may prove to be
valuable to the overall recovery of the species." ...or something like
that.

Can you help me massage this/keep me honest?

Thanks,

-Ryan

-----Original Message-----
From: Matt Hildner [mailto:mhildner@yahoo.com]
Sent: Wednesday, January 14, 2015 9:40 AM
To: ryan_moehring@fws.gov
Subject: Lynx questions

Ryan,
Below are the questions. As we discussed, my deadline is 3 p.m.

1) Is the five-year status review required for all species listed under
the ESA?

2) Does the USFWS expect less information on the lynx in Colorado since
Colorado Parks and Wildlife ended its reintroduction program and
eliminated electronic monitoring?

Thanks,
Matt Hildner
San Luis Valley Correspondent
Pueblo Chieftain
cell - 719-580-6896

 

--

mailto:mhildner@yahoo.com
mailto:ryan_moehring@fws.gov


Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
http://usfwsnortheast.wordpress.com/


From: Zelenak, Jim
To: Ryan Moehring
Subject: Re: Missoulian Inquiry
Date: Thursday, January 15, 2015 11:30:43 AM

Yep - saw it.  I should be available.

On Thu, Jan 15, 2015 at 11:23 AM, Ryan Moehring <ryan_moehring@fws.gov> wrote:

Thanks, Jim. I just cc’d you on an email to Rob Cheney. Hopefully he can make one of those times.

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Thursday, January 15, 2015 7:54 AM
To: Ryan Moehring
Subject: Re: Missoulian Inquiry

 

I've got a conf. call from 8:30 - 10 this morning,and one from 10 - 11 tomorrow.  Otherwise,
I'm here both days until 3:30 (new, earlier departure time to pick up my daughter from
Kindergarten now that my wife has gone back to full-time work  - new office hours for me
are 7:00 - 3:30).

 

Let me know what day/time you'd like to do this. 

 

On Wed, Jan 14, 2015 at 4:08 PM, Ryan Moehring <ryan_moehring@fws.gov> wrote:

Hi Jim,

 

I spoke today with Rob Cheney at the Missoulian about the lynx 5-year review and there
were a couple of questions of his that I wasn’t able to answer with confidence. I can briefly
walk you through them over the phone, but in the meantime I’d like to try to schedule an
interview - are you available any time tomorrow or Friday to hop on the phone with Rob and
I? He’s trying to write the story this weekend for publication early next week.

 

Thanks,

-Ryan 

 

Ryan Moehring
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Public Affairs Specialist (ND, SD, WY, MT)

Mountain-Prairie Region
U.S. Fish and Wildlife Service

303-236-0345

Ryan_Moehring@fws.gov

 

Facebook | Twitter | Flickr | YouTube 

 

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Patty Perry
To: Bob Blanford; Boundary Co. Commissioners; Brad Corkill; Chip Corsi; Dan Dinning; Dave Anderson; Dave Gray;

Dave Wattenbarger; Don Allenberg; Ed Atkins, Jr.; GaryJr Aitken; Jennifer Porter; Jim Cadnum, Forest Capital;
Kennon McClintock; Kevin S. Knauth; LeAlan Pinkerton; Mary Farnsworth, USFS; Patty Perry; Robyn Miller; Sandy
Ashworth; Shandee Alexander; Tim Dillin; Tom Mayo; A.J. Helgenberg; Aaron Calkins; Alan Flory; Amy Reese;
Andrew Price; Ann Brezina; Barry Dexter, Stimson Lumber Company; Barry Wynsma, Home; Bas Hargrove; Ben
Conard, USFWS; Bob Boeh; Bob Graham; Bob Hobbs; Bob Olson; Bob Steed; Bob Unnasch, TNC; Bob
Wynhausen; Brad Smith; Brandon Glaza; Brett Lyndaker; Bryon Holt; Cathi Gidley; City of Moyie Springs; Cleve
Shearer; Colet Allen; Colleen Trese; Connie Decoe-Munier; Dale Adickes; Dan Scaife, USFS; Dan Studer; Darcey
Smith; Dave Bonasera; Dave Cobb, FS; Dave Lefebvre; Dave Sims; David West ; Debbie Miley, NEFA; Deborah
Davis; Dennis E. Johnson; Dianna Ellis; Don Banning; Don Dinning; Don Dozier; Don Gay; Don Vickaryous; Doug
Evans, Mayor City of Moyie; Dustin Miller; Ed Robinson; Edna Runyan; Eric Anderson; Eric Sjoquist; Frank
McCormick; George Eskridge; Greg Hoffman; Jason Flory; Jenifer Jensen; Jerry Garten; Jessie Grossman; Jim
Greenslit; Jim Kibler; Jodi Hubbard; Joe Kenz; Joel Fenolio; John & Linda Alt; John Cranor; John Lefebvre; John
O"Connor; Jonathan Luhnow; Jonathan Oppenheimer; Judy Morbeck; Julie Everson, Back Country Horsemen ID;
Karen Roetter; Karen Sjoquist; Katherine Cousins; Kathy; Katie Brodie; Ken Homik; Kevin Greenleaf; Kevin Kimp;
Kim Annis; Kurt Pavlat; Laci Click, BF Chamber; Larry Davis; Larry Kaiser ; Laura Roady; Laura Roady; Lee
Colson; Leigh Woodruff; Liz Johnson-Gebhardt; Lon Postulka; Lynda Fioravanti; Mac Lefebvre; Mac McLaughlin;
Manuel Figueroa; Mark Reller; Mark Sprengel; Matt Roetter; Michael Lucid; Mike Faler, USFWS; Mike Gondek;
Mike Hartz; Mike Herrin; Mike Hubbard, KVFR; Mike Petersen; Mike Richardson; Mike Ripatti; Mike Roach ; Mike
Sudnikovich; Mike Tymrak, USFS; Mitch Silvers; Nancy Hadley; Nancy Russell; Nola Leyde; Norm Merz; Pam
Stout; Pat Behrens; Pat Hart; Pat Lambert; Patrick Seymour; Pete Rust; Phil Allegretti; Randy Beacham; Ray
Hinthorn; Ray Jones; Rebecca Lloyd, Y2Y; Ree Brannon, USDA-NRCS; Rene Riddle; Robert Manley; Robyn King;
Ron Smith; Russ Hegedus, IDFG; Ryan Hardy, IDFG; Ryan Lutey; Sara Hall; Sarah Canepa; Sarah Richardson;
Scott Bauer; Scott Bettin; Scott Carlton, Congressman Labrador; Scott Lawrence; Scott Soults; Scott Thompson;
Shaun Lacy, IDFG; Shawn Keough; Sheena Hunt; Sid Smith; Stacy Kassover; Stan Galloway, IDL; Stephanie
Mitchell; Stephen Boorman; Steve McNulty; Sue Ireland; Susan Drumheller; Susanna Danner, TNC; T.J. Ross,
IDFG; Tabitha Graves; Tania Ellersick; Terry Guthrie; Tim Dougherty; Tina Wilson; Tom Daniel; Tom Dinning;
Tom Iverson; Tony Berget; Tony McDermott; Vaughn Paragamian; Walt Kirby, Boundary County Commissioner;
Wayne Kasworm; Wayne Nishek ; Wayne Wakkinen; Wayne Wilkerson

Subject: FW: USFWS Conducting Five-Year Review for Canada Lynx in Preparation for Recovery Planning
Date: Thursday, January 15, 2015 3:11:48 PM

FYI - Patty
 
From: Conard, Ben [mailto:ben_conard@fws.gov] 
Sent: Thursday, January 15, 2015 9:58 AM
To: Patty Perry; Dan Dinning; Glen L. Bailey
Subject: Fwd: USFWS Conducting Five-Year Review for Canada Lynx in Preparation for Recovery
Planning
 
FYI. This is effectively a call for new information on Canada lynx. This process is being
managed out of the Montana Field Office but let me know if I can answer any questions or
help you track down what you need.  Thank you. - Ben
 
---------- Forwarded message ----------
From: Edgar, Leith <leith_edgar@fws.gov>
Date: Tue, Jan 13, 2015 at 9:03 PM
Subject: USFWS Conducting Five-Year Review for Canada Lynx in Preparation for Recovery
Planning
To: "Oneale,Evin" <evin.oneale@idfg.idaho.gov>
Cc: Dennis Mackey <dennis_mackey@fws.gov>, Michael Carrier
<michael_carrier@fws.gov>, Ben Conard <ben_conard@fws.gov>, Bryon Holt
<bryon_holt@fws.gov>

Evin,

Please find an announcement on a five-year review of Canada lynx for which the Service is requesting
information to inform recovery planning. Should you have any questions, please feel free to contact me at
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your convenience.

My apologies that I did not provide this information to you earlier today,

Leith
 

NEWS RELEASE
 U.S. FISH AND WILDLIFE SERVICE

Mountain-Prairie Region

134 Union Boulevard

Lakewood, Colorado 80228

For Immediate Release

January 13, 2015

USFWS Conducting Five-Year Review for Canada Lynx in

Preparation for Recovery Planning

HELENA, Mont. – The U.S. Fish and Wildlife Service (Service) announced today that it will be conducting a Five-
Year Status Review under the Endangered Species Act (ESA) for the contiguous United States distinct population
segment (DPS) of the Canada lynx (Lynx canadensis). The Five-Year Status Review will clarify the extent,
magnitude, and nature of the threats to the lynx DPS so that recovery planning may target those specific threats.
 
Lynx are highly specialized predators that are dependent on snowshoe hares as a food source. The North American
distribution of the lynx overlaps much of the range of the snowshoe hare, and both are strongly associated with
boreal forests.
 
Over the next several months, the Service will gather and analyze available information on the lynx as part of its
Five-Year Status Review process for the species in the contiguous United States. The Service will use the best-
available scientific and commercial data in developing its report, which will ensure that its review will be as
accurate and complete as possible. We plan to complete the Five-Year Review by June of 2015.
 
At this time, the Service is seeking additional information and data from the scientific community and the public in
the following areas:

General information concerning the taxonomy, biology, ecology, genetics, and status of the lynx in the
contiguous United States;

Specific information on the conservation status of lynx, including information on distribution, abundance,
and population trends;

Specific information on threats to the lynx DPS, including: (1) the present or threatened destruction,
modification, or curtailment of its habitat or range; (2) overutilization for commercial, recreational,
scientific, or educational purposes; (3) disease or predation; (4) the inadequacy of existing regulatory
mechanisms; and (5) other natural or manmade factors affecting its continued existence;



Specific information on conservation actions that have improved lynx habitat or reduced threats to lynx in
the contiguous United States and in southern Canada;

Habitat selection, use, and any changes or trends in the amount and distribution of lynx and snowshoe hare
habitat in the contiguous United States and in southern Canada.

The Service requests that pertinent information be provided as soon as possible, and not later than February 1, 2015,
to ensure we have adequate time to consider it during the review.  All data and information submitted to the Service
— including names and addresses — will become part of the record for this review, and may be made public. 
Information should be submitted to Jim Zelenak of the Service’s Montana Ecological Services Field Office at:

U.S. Fish and Wildlife Service

Montana Ecological Services Field Office

Attn: Jim Zelenak

585 Shepard Way, Suite 1

Helena, MT 59601

Detailed information about the Canada lynx may be found here: http://bit.ly/CanadaLynxUSFWS
 
 
 

http://bit.ly/CanadaLynxUSFWS


From: Ryan Moehring
To: Jim Zelenak
Subject: FW: lynx
Date: Thursday, January 15, 2015 5:12:16 PM

Jim,
 
Below are some quick notes I took when I first spoke with Rob – Since we probably won’t have an
opportunity to discuss prior to the call, I wanted to give you an idea of what he’ll likely ask you
tomorrow.
 
Thanks,
 
-Ryan
 

From: Ryan Moehring [mailto:ryan_moehring@fws.gov] 
Sent: Wednesday, January 14, 2015 10:28 PM
To: ryan_moehring@fws.gov
Subject: lynx
 

·         Factors that govern lynx survival have been in flux – climate, policy, habitat, hare
populations, etc. – if we’re taking a new look at the data/requesting new data, what are the
questions that we want answered? How will this new information/our analysis of same
affect the lynx’s listing designation?
·         Where are the holes in our understanding?
·         Forestry projects in MT are being delayed or cancelled b/c of lynx – do we have any
insight?

 
 
Thanks,
-Ryan 
 
Ryan Moehring
Public Affairs Specialist (ND, SD, WY, MT)
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-0345
Ryan_Moehring@fws.gov
 
Facebook | Twitter | Flickr | YouTube 
 

mailto:ryan_moehring@fws.gov
mailto:jim_zelenak@fws.gov
mailto:ryan_moehring@fws.gov
mailto:ryan_moehring@fws.gov
mailto:Ryan_Moehring@fws.gov
https://www.facebook.com/USFWSMountainPrairie
https://twitter.com/USFWSMtnPrairie
http://www.flickr.com/photos/usfwsmtnprairie/
http://www.youtube.com/user/USFWS


From: Zelenak, Jim
To: Kylie Paul
Subject: Re: Lynx 5-year review
Date: Friday, January 16, 2015 9:45:53 AM

Hi Kylie,

I likewise hope you and yours had a nice holiday.

I'm actually still working on FOIA responses and records for the critical habitat lawsuits but, yes, it appears I will
move onto the 5-year review soon, with an ambitious deadline to complete it by June.  I've been assured that we
have a new, streamlined process that will make that possible....we'll see.

I've not done one of these before, but my understanding is that we do not open a regulations.gov portal to
submit/receive information for 5-year reviews, and that is also the guidance I just got from my Field Supervisor.  So
please submit anything you have that you'd like to be considered in the review to me either by email or by snail
mail.

Let me know if you need any other information.

Thanks,

Jim 

On Fri, Jan 16, 2015 at 8:36 AM, Kylie Paul <kpaul@defenders.org> wrote:

Hi Jim! I hope all is well with you and that you enjoyed your holiday season!

I saw that you’re working on the 5-year review for lynx and that there is a Feb 1 deadline for
delivering information to FWS. Is there a regulations.gov page for those comments, or do
people just send information to you via email?

If there is any additional information regarding the prompting of this review, I’d love to hear
of it.

Thanks much!
Kylie

 

 

 

Kylie Paul
Rockies and Plains Representative

259 W. Front Street, Suite B

Missoula, Montana 59802
Tel: 406-728-8800        Cell: 406-370-6979  
kpaul@defenders.org  |  www.defenders.org

 

 

mailto:jim_zelenak@fws.gov
mailto:kpaul@defenders.org
http://regulations.gov/
mailto:kpaul@defenders.org
http://regulations.gov/
mailto:kpaul@defenders.org
http://www.defenders.org/


-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Ryan Moehring
Subject: Re: FW: lynx
Date: Friday, January 16, 2015 10:06:50 AM

My other call was actually 09:00 (10:00 Central Time). So I'm available now if you want to talk about any of this
before we talk to Rob.

And of course, I'm available any time for the call with Rob.

Let me know.

On Thu, Jan 15, 2015 at 5:12 PM, Ryan Moehring <ryan_moehring@fws.gov> wrote:

Jim,

 

Below are some quick notes I took when I first spoke with Rob – Since we probably won’t
have an opportunity to discuss prior to the call, I wanted to give you an idea of what he’ll
likely ask you tomorrow.

 

Thanks,

 

-Ryan

 

From: Ryan Moehring [mailto:ryan_moehring@fws.gov] 
Sent: Wednesday, January 14, 2015 10:28 PM
To: ryan_moehring@fws.gov
Subject: lynx

 

·         Factors that govern lynx survival have been in flux – climate, policy, habitat, hare
populations, etc. – if we’re taking a new look at the data/requesting new data, what are the
questions that we want answered? How will this new information/our analysis of same affect
the lynx’s listing designation?

·         Where are the holes in our understanding?

·         Forestry projects in MT are being delayed or cancelled b/c of lynx – do we have any
insight?

 

 

mailto:jim_zelenak@fws.gov
mailto:ryan_moehring@fws.gov
mailto:ryan_moehring@fws.gov
mailto:ryan_moehring@fws.gov
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Thanks,

-Ryan 

 

Ryan Moehring

Public Affairs Specialist (ND, SD, WY, MT)

Mountain-Prairie Region
U.S. Fish and Wildlife Service

303-236-0345

Ryan_Moehring@fws.gov

 

Facebook | Twitter | Flickr | YouTube 

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:Ryan_Moehring@fws.gov
https://www.facebook.com/USFWSMountainPrairie
https://twitter.com/USFWSMtnPrairie
http://www.flickr.com/photos/usfwsmtnprairie/
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From: Ryan Moehring
To: Jim Zelenak
Subject: Denver Post
Date: Friday, January 16, 2015 1:33:04 PM

Jim,
 
FYI, I just got off the phone with Bruce Finley, the environmental reporter for the Denver Post, and
he wants to do a story about the 5-year review for lynx. I answered many of his questions, but he
had a few, particularly about critical habitat, that I was unable to answer. I told him to call you for
the rest. He’s a straight shooter and will treat you right; feel free to say anything you said to Rob
today. Thanks again for all of your help, and happy weekend!
 
Thanks,
-Ryan 
 
Ryan Moehring
Public Affairs Specialist (ND, SD, WY, MT)
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-0345
Ryan_Moehring@fws.gov
 
Facebook | Twitter | Flickr | YouTube 
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From: Zelenak, Jim
To: Karen Sjoquist
Subject: Re: lynx study
Date: Tuesday, January 20, 2015 11:16:09 AM

Hi Karen,

Thanks very much for your email.  I would appreciate it if you could send me what information you can regarding
the Forest Legacy Program (a summary of the program's goals, objectives, etc. would be fine) and the purposes,
locations, and sizes of the conservation easements in Bonner and Boundary Counties.  Were these easements
purchased specifically for lynx conservation?

You can email the information or send it to me at the address below.

Thanks very much.

Let me know if you have questions or need more information.

Jim

On Tue, Jan 20, 2015 at 10:56 AM, Karen Sjoquist <ksjoquist@idl.idaho.gov> wrote:

Jim,

 

I am the Forest Legacy Program Coordinator for Idaho. I recently received a press release
announcing a 5-year review for Canada Lynx recovery planning.  The State of Idaho,
through Forest Legacy, has purchased several conservation easements in Bonner and
Boundary County, Idaho over the past 8 years.  If you would find this information useful for
your study, feel free to contact me at the contact information below.

 

Thank you,

Karen

 

Karen Sjoquist

Forest Legacy Program Coordinator

Idaho Department of Lands

2550 Highway 2 West

Sandpoint, ID 83864

Office: (208) 263-5104 (x5120)

ksjoquist@idl.idaho.gov

mailto:jim_zelenak@fws.gov
mailto:ksjoquist@idl.idaho.gov
mailto:ksjoquist@idl.idaho.gov
mailto:ksjoquist@idl.idaho.gov


 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Shoemaker, Justin
To: Zelenak, Jim
Subject: Re: Border News Clips
Date: Tuesday, January 20, 2015 12:46:26 PM

"Better to be misquoted, than not quoted at all." - Confucius. That's probably a misquote of
Confucius.  

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov

On Tue, Jan 20, 2015 at 12:40 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
FYI.

Pretty sure I've been misquoted again - particularly by the Maine AP guy.....

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Tue, Jan 20, 2015 at 11:13 AM
Subject: Fwd: Border News Clips
To: Jim Zelenak <jim_zelenak@fws.gov>

What???? see NR

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Andrew, Jonathan <jonathan_andrew@ios.doi.gov>
Date: Tue, Jan 20, 2015 at 11:08 AM
Subject: Border News Clips
To: 

FWS LAUNCHES REVIEW OF THREATENED CANADA LYNX. The AP(1/17, Sharp) reports that the
FWS is “starting a review of federally protected Canada lynx at a time when the largest population of
the cats in the Lower 48 appears to be poised for a decline.” According to Jim Zelenak, a biologist with
the FWS in Montana, “the end of clear-cutting in Maine with the Forest Practices Act of 1989 has
allowed forests to fill in, taking away some of the habitat preferred by snowshoe hares upon which lynx
feed, potentially reducing populations of both species.” The article notes that “the latest estimates from
federal scientists put the number of Canada lynx in Maine at about 500; that’s fewer than a state

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jonathan_andrew@ios.doi.gov
http://www.startribune.com/nation/288920671.html


estimate of 750 to 1,000 lynx five years ago.”

Coverage by the AP was also picked up by the Lewiston (ME) Sun Journal(1/19, 20K), the Deseret
(UT) News (1/19, 538K), the Houston Chronicle(1/17, Sharp, 2.28M), the Valley News (VT) (1/19, 11K),
the Spokane (WA) Spokesman-Review (1/19, 167K), the Times Colonist (CAN) (1/19, 1K),
theMississauga News (CAN) (1/19), and Yahoo! (CAN) (1/19, 171K).

Also reporting on the story are the Denver Post (1/20, Finley, 804K), theHelena (MT) Independent
Record (1/19, 38K) and the Central Maine(1/17).

GROUPS SUE OVER CHANGE TO REINTRODUCTION PROGRAM FOR MEXICAN
WOLVES. The AP (1/16) reports that “conservationists sued the federal government Friday over
changes to a reintroduction program for the endangered Mexican gray wolf.” The FWS “recently
announced the first major changes to the program since 1998.” The Center for Biological Diversity and
Defenders of Wildlife say “limiting wolves that are reintroduced into the wild to 325 doesn’t allow for
recovery of the species.”

Coverage by the AP was also picked up by the Washington Post (1/16, 5.17M), the Houston
Chronicle (1/16, 2.28M), the Daily Mail (UK) (1/19, 4.78M), and KOB-TV Albuquerque, NM (1/19, 46K).

Also reporting on the story is the Courthouse News (1/16, 7K).

The Arizona Republic (1/16, 1.14M) editorializes that the FWS’ “new rules for Mexican gray wolf
recovery offers a frustrating one-step-forward, two-steps-back approach.” According to the editorial, the
FWS would have been “wiser to do right by the wolves instead of bowing to those who have long
opposed reintroduction.”

CANADA TO STAGE HELICOPTER WOLF HUNT TO SAVE CARIBOU. The AP (1/17) reports that
“officials in British Columbia will use helicopter gunners to shoot up to 24 wolves just north of the Idaho border
this winter in an effort to save the 18 remaining southern Selkirk Mountains woodland caribou in a herd from
extinction.” According to Canadian officials, “Idaho and Washington wildlife officials were consulted, as well as
First Nations, the US Forest Service and the US Fish and Wildlife Service.”

-- 
Jon Andrew 
Interagency Borderlands Coordinator 
Office of the Secretary
Department of the Interior

202-208-7431
202-320-0718 (cell)

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220

http://www.sunjournal.com/news/0001/11/30/us-fish-and-wildlife-service-launches-review-threatened-canada-lynx/1643877
http://www.deseretnews.com/article/765666555/Feds-begin-review-of-Canada-lynx.html
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http://www.spokesman.com/blogs/outdoors/2015/jan/19/canada-lynx-reviewed-endangered-status/
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http://www.charlotteobserver.com/2015/01/16/5452719/groups-sue-over-mexican-wolf-reintroduction.html
http://www.washingtonpost.com/national/energy-environment/groups-sue-over-mexican-wolf-reintroduction-program-changes/2015/01/16/6b3595a6-9de0-11e4-86a3-1b56f64925f6_story.html
http://www.chron.com/news/science/article/Groups-sue-over-Mexican-wolf-reintroduction-6020956.php
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http://www.courthousenews.com/2015/01/16/greens-sue-usa-to-protect-gray-wolves.htm
http://www.azcentral.com/story/opinion/editorial/2015/01/16/mexican-gray-wolf-rules/21836799/
http://www.chron.com/news/science/article/Canadian-officials-OK-wolf-shoot-to-save-6022427.php


jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Mark McCollough
Subject: This one"s better.....
Date: Tuesday, January 20, 2015 12:54:13 PM

...except for the"more open forests" bit...

https://www.centralmaine.com/2015/01/17/u-s-wildlife-agency-reviewing-canada-lynx-status/

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
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From: Ryan Moehring
To: Jim Zelenak
Cc: Bridget Fahey; Justin Shoemaker
Subject: RE: Border News Clips
Date: Tuesday, January 20, 2015 12:59:39 PM

Jim,
 
I finally caught my breath from all of the Yellowstone oil spill business and wanted to discuss this
with you, but you were away when I called. Let’s discuss how egregious the misquote(s) was and
whether it’s a good idea to pursue a retraction or edit.
 
Thanks,
 
-Ryan
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, January 20, 2015 11:40 AM
To: Ryan Moehring
Cc: Bridget Fahey; Justin Shoemaker
Subject: Fwd: Border News Clips
 
FYI.
 
Pretty sure I've been misquoted again - particularly by the Maine AP guy.....
 
---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Tue, Jan 20, 2015 at 11:13 AM
Subject: Fwd: Border News Clips
To: Jim Zelenak <jim_zelenak@fws.gov>

What???? see NR

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 
---------- Forwarded message ----------
From: Andrew, Jonathan <jonathan_andrew@ios.doi.gov>
Date: Tue, Jan 20, 2015 at 11:08 AM
Subject: Border News Clips
To: 
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FWS LAUNCHES REVIEW OF THREATENED CANADA LYNX. The AP(1/17, Sharp) reports that the
FWS is “starting a review of federally protected Canada lynx at a time when the largest population of the
cats in the Lower 48 appears to be poised for a decline.” According to Jim Zelenak, a biologist with the
FWS in Montana, “the end of clear-cutting in Maine with the Forest Practices Act of 1989 has allowed
forests to fill in, taking away some of the habitat preferred by snowshoe hares upon which lynx feed,
potentially reducing populations of both species.” The article notes that “the latest estimates from federal
scientists put the number of Canada lynx in Maine at about 500; that’s fewer than a state estimate of 750
to 1,000 lynx five years ago.”

Coverage by the AP was also picked up by the Lewiston (ME) Sun Journal(1/19, 20K), the Deseret (UT)
News (1/19, 538K), the Houston Chronicle(1/17, Sharp, 2.28M), the Valley News (VT) (1/19, 11K),
the Spokane (WA) Spokesman-Review (1/19, 167K), the Times Colonist (CAN) (1/19, 1K),
theMississauga News (CAN) (1/19), and Yahoo! (CAN) (1/19, 171K).

Also reporting on the story are the Denver Post (1/20, Finley, 804K), theHelena (MT) Independent
Record (1/19, 38K) and the Central Maine(1/17).
 
GROUPS SUE OVER CHANGE TO REINTRODUCTION PROGRAM FOR MEXICAN
WOLVES. The AP (1/16) reports that “conservationists sued the federal government Friday over changes
to a reintroduction program for the endangered Mexican gray wolf.” The FWS “recently announced the
first major changes to the program since 1998.” The Center for Biological Diversity and Defenders of
Wildlife say “limiting wolves that are reintroduced into the wild to 325 doesn’t allow for recovery of the
species.”

Coverage by the AP was also picked up by the Washington Post (1/16, 5.17M), the Houston
Chronicle (1/16, 2.28M), the Daily Mail (UK) (1/19, 4.78M), and KOB-TV Albuquerque, NM (1/19, 46K).

Also reporting on the story is the Courthouse News (1/16, 7K).

The Arizona Republic (1/16, 1.14M) editorializes that the FWS’ “new rules for Mexican gray wolf recovery
offers a frustrating one-step-forward, two-steps-back approach.” According to the editorial, the FWS
would have been “wiser to do right by the wolves instead of bowing to those who have long opposed
reintroduction.”
 
CANADA TO STAGE HELICOPTER WOLF HUNT TO SAVE CARIBOU. The AP (1/17) reports that
“officials in British Columbia will use helicopter gunners to shoot up to 24 wolves just north of the Idaho border this
winter in an effort to save the 18 remaining southern Selkirk Mountains woodland caribou in a herd from
extinction.” According to Canadian officials, “Idaho and Washington wildlife officials were consulted, as well as
First Nations, the US Forest Service and the US Fish and Wildlife Service.”
 
 
--
Jon Andrew 
Interagency Borderlands Coordinator 
Office of the Secretary
Department of the Interior
 
202-208-7431
202-320-0718 (cell)
 

 
--
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Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Zicari, Laury
To: Connolly, James
Subject: Re: Lynx/Maine Trappers Association
Date: Tuesday, January 20, 2015 1:38:40 PM

Great.  We are going to go back over all the guidance and policy docs that govern this stuff
and will be well prepared to answer questions, we HOPE!

On Tue, Jan 20, 2015 at 1:27 PM, Connolly, James <James.Connolly@maine.gov> wrote:

I think on the issue of the ESA and Canada lynx that it is best if the Service speaks to the issue.   Jim

 

From: Zicari, Laury [mailto:laury_zicari@fws.gov] 
Sent: Tuesday, January 20, 2015 10:24 AM
To: James Cote
Cc: Connolly, James; Mark McCollough
Subject: Fwd: Lynx/Maine Trappers Association

 

Jim -- with your concurrence, I would like to have both Mark McCollough, our senior
Endangered Species Act biologist and me attend this meeting.  

 

As supervisor, I would very much like to hear directly from members of your organization's
comments, concerns, ideas and Mark will have the most up to date information on the
listing/recovery planning/status review process and on forest management planning he has
done to help promote recovery.

 

Would that be OK?

 

many thanks.  

---------- Forwarded message ----------
From: Zicari, Laury <laury_zicari@fws.gov>
Date: Thu, Jan 15, 2015 at 4:48 PM
Subject: Re: Lynx/Maine Trappers Association
To: James Cote <jmcotecompany@gmail.com>

We would very much like to help.  I will get back to you asap with a name.  And don't feel
bad if you find the endangered species act and its policies and regulations difficult to
follow.  We can help!

 

mailto:James.Connolly@maine.gov
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mailto:jmcotecompany@gmail.com


On Wed, Jan 14, 2015 at 8:46 PM, James Cote <jmcotecompany@gmail.com> wrote:

Hi Laury, 

 

Jim Connolly at MDIFW suggested I contact you. I represent the Maine Trappers Association (legislative and
regulatory issues) and we were hoping that you might be willing to help us identify a representative from
USFWS to attend the Maine Trappers Association Board meeting on Sunday, February 1 in Bangor. 

 

The membership has a lot of questions about delisting, distinct population segments, and the ITP, that we
thought it would be most appropriate to have someone from USFWS answer and provide guidance on.
Representatives from MDIFW will also be attending. 

 

Can you let me know if that might be a possibility? 

 

Thank you!

 

James Cote

JM Cote Company 

Mobile: (207) 860-6600

Email: jmcotecompany@gmail.com 

 

--

 

 

Laury Zicari

Field Supervisor

Maine Field Office

17 Godfrey Drive, Suite 2

Orono, ME   04473

mailto:jmcotecompany@gmail.com
mailto:jmcotecompany@gmail.com


207-866-3344 x 111

Fax  866-3351

Cell 207-949-0561

 

--

 

 

Laury Zicari

Field Supervisor

Maine Field Office

17 Godfrey Drive, Suite 2

Orono, ME   04473

207-866-3344 x 111

Fax  866-3351

Cell 207-949-0561

-- 

Laury Zicari
Field Supervisor
Maine Field Office
17 Godfrey Drive, Suite 2
Orono, ME   04473
207-866-3344 x 111
Fax  866-3351
Cell 207-949-0561



From: Ford, Walt
To: Zelenak, Jim
Cc: Tamara Smith; Charles Traxler; Garrett Peterson; Ann Belleman; Justin Shoemaker; Brent Esmoil; Jodi Bush
Subject: Re: Canada Lynx
Date: Wednesday, January 21, 2015 7:27:41 AM

Hi Jim,

Thanks for the prompt reply. I do think there would be value in contacting Mr. Mortensen and
explaining the situation in much the same way you did for me. I'm sure he is unaware of the
condensed timeline you described. I encourage you to reach out to Mr. Mortensen. By you
doing so it could go a long way in maintaining or even improving relationships that I've
worked hard to establish with an important Tribal partner. If you wish to call him his office
number is 218-335-7421. Thanks in advance for the extra effort.

walt

Walt Ford
Tribal Liaison to MN / IA &
Refuge Manager at Rice Lake & Mille Lacs NWR
36289 State Hwy. 65
McGregor, MN  55760
218-768-2402 office
218-821-6794 cell
walt_ford@fws.gov

On Tue, Jan 20, 2015 at 4:36 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Walt.

I was very concerned about the "lumping" of some comment responses in the final lynx critical habitat rule that
became necessary as I tried to adhere to the court-required deadline for the rule while meeting other recent HQ-
mandated and late-decided changes in the way that the economic analyses for CH rules are done.

I was, in fact, particularly troubled about the lack of time to thoroughly address the complex issues raised by Mr.
Mortensen in his comments.  Both Tam Smith and later Ann Belleman even contacted Ron Moen, who graciously
provided his thoughts on potential responses to those comments.  However, in the end, we just plain ran out of
time to individually address all the comments we got regarding requests to consider specific additional areas for
CH designation or requests to specifically defend our decision regarding those and other places.

I wish that our listing time lines were more flexible, especially for widely dispersed species that require
substantial interactions among several Service regions and our partners in all those places, but that's not up to me.

Thanks for passing along Mr. Mortensen's message.  I'm not certain there is much we can do about it at this point,
but if time allows I would be happy to contact Mr. Mortensen and discuss this with him, if you and others think
that would be helpful.

Regards,

Jim

On Tue, Jan 20, 2015 at 3:17 PM, Ford, Walt <walt_ford@fws.gov> wrote:
Hi Jim,
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I'm not sure if you have already received the following attachment from the Leech Lake
Band of Ojibwe? Regardless, Steve Mortenson, Program Director for Fish, Wildlife, and
Plant Resources has requested of me to pass on his displeasure about the way previous
comments he provided during the earlier review were essentially ignored. Please read his
entire email below. 

I ask that you please keep me in the loop on any communication you may have with Mr.
Mortenson. If there is anything that I can do to help you with that I'm available as needed.

Walt Ford
Tribal Liaison to MN / IA &
Refuge Manager at Rice Lake & Mille Lacs NWR
36289 State Hwy. 65
McGregor, MN  55760
218-768-2402 office
218-821-6794 cell
walt_ford@fws.gov

---------- Forwarded message ----------
From: <SMortensen@lldrm.org>
Date: Tue, Jan 20, 2015 at 7:41 AM
Subject: Canada Lynx
To: walt_ford@fws.gov
Cc: Rich.Robinson@llojibwe.org

Hi Walt,

Attached you will find comments we made to FWS on Canada Lynx. We sent in
comments during the earlier review and for the most part they were ignored and lumped in
with other comments. This is not how "Trust Responsibility" is supposed to be handled.
Please pass this remark up the line to the folks in Montana who are doing the review in the
hope they can do a better job with these comments.

Thanks,

Steve Mortensen
Fish, Wildlife, and Plant Resources Program Director
Division of Resources Management
Leech Lake Band of Ojibwe
115, 6th St. NW, Suite E
Cass Lake, MN 56633

218-335-7421 (office)
218-766-6574 (cell)

mailto:walt_ford@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Boyle, Owen D - DNR
To: Smith, Tamara; jim_zelenak@fws.gov
Cc: Crain, Erin E - DNR; Paloski, Rori A - DNR
Subject: RE: Canada lynx - seeking information for 5 year review
Date: Wednesday, January 21, 2015 12:25:15 PM

Hi Tam and Jim,
 
I’ve checked with our Wildlife Management and Science Services programs within Wisconsin DNR
and we have had no verified reports of Canada lynx in Wisconsin since 2005 and that was just a lone
individual. We have no breeding records for this species in the state.
 
Thanks,
Owen
 
We are committed to service excellence.
Visit our survey at http://dnr.wi.gov/customersurvey to evaluate how I did.
 

Owen D. Boyle, PhD
Chief, Species Management Section
Bureau of Natural Heritage Conservation
Wisconsin Department of Natural Resources
101 S Webster St, Madison, WI 53703
Phone: (608) 266-5244
Cell Phone: (414) 750-3198
owen.boyle@wisconsin.gov

 dnr.wi.gov

    
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Monday, December 29, 2014 2:01 PM
Subject: Canada lynx - seeking information for 5 year review
 
Dear State, Federal, and Nongovernmental partners:
 
We are requesting any relevant information we should consider in our five-year review of the
distinct population segment of the Canada lynx (Lynx canadensis). The attached letter details
the type of information we are seeking. Please submit relevant information to Jim Zelenak of
the Montana Ecological Services Field Office (contact information is in the attached letter). 
 
Thank you, 
Tam
 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
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Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Zelenak, Jim
To: Willey, Seth
Subject: Re: fws-copao Digest, Vol 95, Issue 10
Date: Wednesday, January 21, 2015 1:05:32 PM

Yes - about the program and the plan to get the monitoring program going - but not about the details.  I spoke briefly
last week with Jake Ivan and Eric Odell about the program.  They agreed to share their results, but what will be
available for the 5-year review will likely be too limited to provide much info on the status of the introduced lynx
pop.

Still, I wish similar monitoring was going on elsewhere in the other subpopulations of the DPS.  Maine wants to
start some surveys, and R5 and MEFO are trying to work with them to design their surveys in a way that may
provide pop. trend info.  We'll see where that goes. 

Thanks,

Jim

On Wed, Jan 21, 2015 at 12:30 PM, Willey, Seth <seth_willey@fws.gov> wrote:
Assume you know this... 

*********************************************
Seth L. Willey, Acting Field Supervisor
Colorado Ecological Services Office
USFWS, Mountain-Prairie Region
Seth_Willey@fws.gov 
phone: 303-236-4774
*********************************************

---------- Forwarded message ----------
From: <fws-copao-request@lists.fws.gov>
Date: Wed, Jan 21, 2015 at 12:00 PM
Subject: fws-copao Digest, Vol 95, Issue 10
To: fws-copao@lists.fws.gov

Send fws-copao mailing list submissions to
        fws-copao@lists.fws.gov

To subscribe or unsubscribe via the World Wide Web, visit
        https://www.fws.gov/lists/listinfo/fws-copao
or, via email, send a message with subject or body 'help' to
        fws-copao-request@lists.fws.gov

You can reach the person managing the list at
        fws-copao-owner@lists.fws.gov

When replying, please edit your Subject line so it is more specific
than "Re: Contents of fws-copao digest..."

Today's Topics:
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   1. CPW biologists starting long-term lynx monitoring project
      (joe.lewandowski@state.co.us)
   2. Dogs chasing wildlife: an ongoing problem in Colorado
      (joe.lewandowski@state.co.us)

----------------------------------------------------------------------

Message: 1
Date: Tue, 20 Jan 2015 13:51:43 -0700
From: <joe.lewandowski@state.co.us>
Subject: [fws-copao] CPW biologists starting long-term lynx monitoring
        project
To: <fws-copao@lists.fws.gov>
Message-ID:
        <DNRDENIISSTGLYCT4aJ000001b5@dnrdeniisstg.Naturenet.state.co.us>
Content-Type: text/plain; charset="iso-8859-1"

 News from Colorado Parks and Wildlife

Contact Name: Joe Lewandowski, PIO southwest region
Contact Phone: 970-375-6708

CPW BIOLOGISTS STARTING LONG-TERM LYNX MONITORING PROJECT

DURANGO, Colo. ? Biologists and field staff from Colorado Parks and
Wildlife have started a long-term monitoring program for lynx aimed at
determining how the big-footed felines are faring in the southern
Rockies.

The monitoring effort, which began last fall, will occur in the San Juan
Mountains in southwest Colorado over a swath of about 14,000 square
kilometers (5,400 square miles). Within the study area are six
wilderness areas: Weminuche, Uncompahgre, Lizard Head, Powderhorn, La
Garita Mount Sneffels, and South San Juan.

"Our broad objective with this work is to determine if the general
population trend of lynx is increasing or decreasing in Colorado," said
Scott Wait, the senior terrestrial biologist for CPW's southwest region
in Durango.

The project is being led by Wait, Jake Ivan, a CPW mammals researcher,
and Eric Odell, a species conservation coordinator. Ivan and Odell are
based in Fort Collins. Also assisting with the project are the U.S.
Forest Service and the Bureau of Land Management.

The state agency started reintroducing the lynx in Colorado in 1999. The
high-country cats, native to Colorado, had not been detected in the
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state since the late 1970s. For the reintroduction effort, lynx were
trapped in Canada and Alaska and released in the San Juan Mountains. The
area was chosen because it has the fewest number of roads in the state,
provides a large swath of high-altitude forest with good winter snow
cover, and supports a sizeable population of snowshoe hares-the primary
food source for lynx.

>From 1999 through 2006 the agency released 218 lynx and all were
equipped with radio collars to allow the animals to be monitored.
Monitoring of the animals and spring den searches continued through
2010. But by then most of the radio collars had stopped functioning.

By 2010 the agency had documented multiple generations of Colorado-born
lynx. Biologists also found that reproduction was steady, lynx were
finding adequate amounts of food and that the offspring of transplanted
lynx had reproduced and were surviving. Later that year the agency
announced that the reintroduction was successful.

"Reintroducing lynx was one of the most significant projects of this
agency and it's important that we continue with this follow-up work,"
Wait said. "Because the radio collars stopped working years ago we can
no longer intensively monitor individual animals. Without radio collars,
this is the best way to take a look at the population."

The monitoring program, designed to last 10 years, will begin initially
with a two-year pilot phase that will test the field methods. If the
methodology proves workable the study will continue. The field work for
the study is being done during winter because that's the best time to
find lynx tracks and to photograph the animals. The field work will
include the use of remote cameras and snow-tracking surveys by field
staff.

Within the monitoring area 50 randomly selected plots have been chosen
as survey sites. Each plot is 75 square kilometers (about 30 square
miles) which is the approximate size of a lynx home range. Within 32 of
those plots, most of which are inaccessible during the winter, 128
cameras-four per plot-have been placed by survey crews. The cameras,
which were put in place in the fall, are motion and heat sensitive and
are effective at photographing animals. Next summer the cameras will be
retrieved and the images will be examined. The cameras will then be
returned to the same plots in subsequent years

The winter snow-tracking work during the winter by field staff will be
the most grueling and time-consuming part of the operation. Crews will
visit the 18 accessible plots three times every winter to search for
lynx tracks, and genetic samples from hair and skat. The hair and feces
will be tested genetically to assure positive identification of the
species and to assemble a database of individual animals. Field crews
will examine the plots on skis, snow shoes, or snowmobiles.



The winter study period will be from January through March.

This method of wildlife monitoring is known as an "occupancy study."
Biologists won't attempt to count individual animals. Rather, they'll
examine detection data to determine the proportion of the study area
occupied by lynx. Using the collected data, biologists will be able to
determine if the population trend is stable, increasing or decreasing.
As the program progresses, biologists will see if lynx are finding
adequate habitat, food, mates and attempt to detect any cyclic
variations of the population.

In the boreal forests of Canada and Alaska, the population of lynx
trends with the population of snowshoe hares that have occasional
die-offs. CPW biologists have anecdotal evidence that snowshoe hare
populations also fluctuate in Colorado.

"This type of long-term monitoring program has never been done in the
United States. This may give us information that no one has ever had,"
Wait said

While the study, initially, will be restricted to southwest Colorado, it
might eventually be expanded to include other areas of the state.

"Long-term studies such as this are necessary to gain a better
understanding of wildlife and the variety of environments in Colorado
where they live. This type of work helps us to sustain Colorado's
invaluable wildlife resources."

For more information about lynx in Colorado, see:
http://cpw.state.co.us/learn/Pages/SpeciesProfiles.aspx.

EDITORS: Click on these URLs for file photos of lynx.
http://dnr.state.co.us/ImageDBImages/22266.jpg
http://dnr.state.co.us/ImageDBImages/22263.jpg
http://dnr.state.co.us/ImageDBImages/22257.jpg

For more news about Colorado Parks and Wildlife go to:
http://cpw.state.co.us

For more information about Colorado Parks and Wildlife go to:
http://cpw.state.co.us.
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To: <fws-copao@lists.fws.gov>
Message-ID:
        <DNRDENIISSTG184iS9q0000b76a@dnrdeniisstg.Naturenet.state.co.us>
Content-Type: text/plain; charset="iso-8859-1"

 News from Colorado Parks and Wildlife

Contact Name: Joe Lewandowski, PIO southwest region
Contact Phone: 970-375-6708

DOGS CHASING WILDLIFE: AN ONGOING PROBLEM IN COLORADO

DURANGO, Colo. ? Dogs chasing wildlife is nearly a constant problem in
Colorado. The issue is particularly serious during the winter when dogs
can easily rundown deer and elk in the snow and injure or kill them.

So far this winter, wildlife officers in every corner of the state have
filed reports of chasing incidents. During the first week of January
just north of Durango, one dog chased a herd of about 20 elk into the
Animas River, explained Matt Thorpe, area wildlife manager in Durango.

"On a cold day those elk should have been bedding down so they could
conserve energy," Thorpe said. "But because of that dog they stood in
the cold water of the river for most of the rest of the day burning up
calories they couldn't afford to lose."

The owner of the dog was located and ticketed. He paid a fine of
$276.50.

During winter deer and elk can lose up to 40 percent of their body
weight. The animals continue to feed on dormant grass and woody plant
material, but dry vegetation holds little nutritional value.

"Deer and elk are barely surviving during the winter," Thorpe said.
"They store up fat during the summer, but most of it gets burned off
during the winter. If an animal has to run from a dog, it's using up
calories that can't be replaced."

In another incident, four dogs recently killed three elk near Crestone
in the San Luis Valley. Fortunately, CPW officers found the owners and
wrote three tickets for $275 each. Colorado law also allows CPW to
impose a fine to compensate the state for the loss of an animal.

Rick Basagoitia, area wildlife manager in Monte Vista, said that big
game animals suffer horribly when they're attacked by dogs.

"So often we see injured and mangled deer that survived the initial
attack. They are barely clinging to life and have no chance of making it

mailto:fws-copao@lists.fws.gov
mailto:DNRDENIISSTG184iS9q0000b76a@dnrdeniisstg.Naturenet.state.co.us


through the winter," Basagoitia said. "Then we have to do something we
hate to do, we put them down."

Many pet owners believe that their dogs would never chase wildlife. The
fact is that most dogs, given the chance, follow their ancient predator
instincts and will chase wildlife.
     '
"Once a dog or group of dogs starts this behavior they rarely stop
because they quickly learn to enjoy the chase," Basagoitia said.

But this behavior can also lead to a dog's demise. If a wildlife officer
or other law enforcement officer sees dogs chasing deer or elk, Colorado
law allows the dog to be shot.

"We don?t like to take drastic action against dogs. Dealing with the dog
owners is the best way to prevent these types of incidents," Basagoitia
said.

There are many reasons dogs should be kept on a leash when walking in
areas where wildlife are present. One dog owner in the Gunnison area
found out the hard way early in January while walking his pet in the
popular Hartman Rocks recreation area.

The dog was running free and disappeared over a rise. A couple of
minutes later the dog reappeared ?- running from a mountain lion. The
cougar caught the dog and injured it slightly before being chased off by
the owner. The dog survived and the pet owner learned a lesson.

"I believe that the lion was protecting a food cache nearby, probably a
deer that it had killed," said J Wenum, area wildlife manager in
Gunnison. "The lion was being a lion. There's a reason why dogs should
be on a leash."

Even in seemingly controlled environments like state parks, dogs are
required to be on a leash. At Ridgway State Park dogs often chase
wildlife, other dogs and even people.

"When we contact owners whose dogs have attacked wildlife or bitten
someone, they always insist that their dog has never behaved like that,"
said Kirstin Copeland, Ridgway park manager. "But we know that dogs act
differently when they're taken out of their normal environment."

CPW officials know that people in Colorado love their dogs. But they
also have a responsibility to assure that their animals don't become a
hazard to wildlife, people and other dogs.

"It's not difficult to keep a dog under control and to train it
properly," said Patt Dorsey, southwest regional manager for Colorado
Parks and Wildlife. "Keep your dogs secure when you're at work during
the day. Let's give wildlife a chance"



For more news about Colorado Parks and Wildlife go to:
http://cpw.state.co.us

For more information about Colorado Parks and Wildlife go to:
http://cpw.state.co.us.
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_______________________________________________
fws-copao mailing list
fws-copao@lists.fws.gov
https://www.fws.gov/lists/listinfo/fws-copao

End of fws-copao Digest, Vol 95, Issue 10
*****************************************

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Odell - DNR, Eric
To: Zelenak, Jim
Subject: Re: Lynx Incidental Take
Date: Thursday, January 22, 2015 1:58:09 PM

Hi Jim-
Sorry for the delay in responding - I heard back from our Wildlife Health group
about carcass disposal. Here is what they had to say about what we do with
carcasses:

After we perform necropsies and collect whatever tissue samples we may want to test or archive, we
dispose of carcasses by appropriate means at the landfill or via chemical digestion.  Those are the
standards for the Wildlife Health Group.

Thanks,
Eric

On Thu, Jan 15, 2015 at 9:47 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Eric,

Got your later voice mail re: deadline for submitting info for the lynx 5-year review.  Earlier is always better, but
we will accept and incorporate whatever you can share whenever you can send it.

As I said, I'm still trying to get a handle on the process, but priority right now is responding to a couple FOIA
requests on the critical habitat designation and working with our solicitors to build the administrative records for
the two lawsuits on the critical habitat. Fun.

Still trying to get final word on the question you and Jake had yesterday - agree with Jake that the letter he sent
says no permit needed.  Bridget said our current guidance nationally is that the States have wide latitude on
capture/handling/euthanization, but that there may be some need to inform our Law Enforcement folks, and there
was some question about the final disposition of any euthanized animals.  What do you typically do with lynx
carcasses recovered during your program there?

Jim    

On Wed, Jan 14, 2015 at 12:41 PM, Odell - DNR, Eric <eric.odell@state.co.us> wrote:
Hi Jim-
Good talking with you. Here is the memo I mentioned regarding incidental take
in Colorado.
Eric

-- 
Eric Odell
Species Conservation Program Manager ~ Carnivores
Terrestrial Section

P 970.472.4340  |  F 970.472.4458  |  C 970.217.3915
317 West Prospect Road, Fort Collins, CO 80526
eric.odell@state.co.us  |  cpw.state.co.us

-- 
Jim Zelenak, Biologist
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U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Eric Odell
Species Conservation Program Manager ~ Carnivores
Terrestrial Section

P 970.472.4340  |  F 970.472.4458  |  C 970.217.3915
317 West Prospect Road, Fort Collins, CO 80526
eric.odell@state.co.us  |  cpw.state.co.us
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From: Erb, John D (DNR)
To: Williams, John F (DNR); Cornicelli, Lou (DNR); Baker, Richard (DNR); Abraham, Jason (DNR);

Tamara_smith@fws.gov
Cc: Iverson, Dave (DNR); Provost, Tom (DNR)
Subject: incidental lynx take
Date: Thursday, January 22, 2015 3:02:54 PM

Hi All:
 
Some of you already know the basics of this, but per our formal protocol I am notifying you of an
incidental lynx take.  The incident apparently occurred on 11/30/14 when a licensed wolf trapper
incidentally caught and released a lynx.  Trapper was using an LPC #4 offset jaw foothold trap set for
wolves.  Location is Roseau county, T163 R38 S19 (don’t have precise UTM).  I believe we first

became aware of the incident on January 13th when a video of the animal release was forwarded to
DNR staff.   DNR Enforcement has now followed up (ICR # N15000046) – any questions on that,
inquire with Captain Provost.   The animal was released with no apparent injury.
 
Dave/Tom:  I’ll assume you’ll finish any other required notifications.
 
John Erb
Furbearer/Wolf Research Scientist
Minnesota DNR
Forest Wildlife Populations and Research Group
1201 E. Hwy 2
Grand Rapids, MN 55744
218-999-7930
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From: Catton, Timothy J -FS
To: Tamara_Smith@fws.gov
Subject: RE: Lynx Take database
Date: Thursday, January 22, 2015 4:01:24 PM
Attachments: image001.png

image002.png
image003.png
image004.png

Your timing is impeccable!  John Erb just forwarded the email from the trapping incident in Roseau
County that occurred last November about 15 minutes ago!  If you have any details other than what
was in the email I would interested.  Bummer about no DNA though.
 
Thanks for letting me know!
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Thursday, January 22, 2015 3:56 PM
To: Catton, Timothy J -FS
Subject: Re: Lynx Take database
 
Hi Tim - Thank you and sorry for the delayed response!  I just heard about another incident
(released alive) that occurred back at the end of November. If you haven't heard about that yet
and want more details, let me know!  
 
Hope all is well with you. 
-Tam
 
On Mon, Jan 5, 2015 at 3:06 PM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:
Hiya Tam!  I hope your holidays were enjoyable.  I had a number of days off which was great.  Susan
still has a couple more use or lose so she’s not in until Wednesday!
 
Attached is an updated version of the database.  I filled in missing info where I could, corrected a
couple of locations, and changed the “DNA_Verif_to_Indiv?” column to reflect the identifier the
genetics lab uses when getting us the results back from our DNA samples.  When I had first set this
database up they were not consistent in how they referred to individuals so I had come up with a
new naming convention (a GLGA number).  We have all that worked out now and the old naming
convention is obsolete, so this should stay current.  I should be able to give you a couple of more
individual IDs (listed as “Pending”) in the not too distant future, we have the carcass from Incident
Number 108 that Dan Ryan is going to get mounted.  Once the carcass thaws out at the taxidermist
we’ll get a tissue sample and send it in with the rest of our DNA samples.  For Incident Number 98 I
contacted Ron Moen who said he does have the individual ID’d somewhere in his archives.  He said
he would get that to me after the Christmas break, I’ll send him a reminder if it gets to be too long. 
I’ll get you those IDs as soon as I get them.
 
Hope all is well, I’ll bet you’re glad you’re not on the wolf team!
 
Tim
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Monday, December 22, 2014 2:52 PM
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To: Catton, Timothy J -FS
Subject: Re: Lynx Take database
 
Hi Tim - If you could make the changes in the database, that would work best, I think.
Thanks!
 
On Mon, Dec 22, 2014 at 1:41 PM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:
Thanks, Tam, thanks for sending these.  I can see there are some updates in locations and a changing
individual ID from the GLGA number to the reference used by the genetics lab.  I can provide these if
you want, it would be just how you would like me to do it?  To the database?  Or the spreadsheet?
 
Just let me know.
 
Tim
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Monday, December 22, 2014 10:02 AM
To: Catton, Timothy J -FS
Subject: Re: Lynx Take database
 
Hi Tim, 
 
I've attached the latest copy of the lynx take database and also an excel export.  I haven't heard
of any funds available lately, but I will ask if there is anything out there. 
 
Happy Holidays!
-Tam
 
On Thu, Dec 18, 2014 at 8:36 AM, Catton, Timothy J -FS <tcatton@fs.fed.us> wrote:
Hi Tam,
 
When you get a chance could you send me the latest lynx take database?  I would like to make
a shapefile of it and provide it to the Forest Biologists for their internal use.  I know that you
are working on some other stuff, no hurry, just whenever is convenient. 
 
Hope you have a Happy Holidays!
 
Tim
 
P.S. I’m sure you still have it in the back of your mind, but if you are ever aware of any
monies available to help with our lynx DNA work please let me know.  Thanks!
 

Timothy J. Catton
Biological Science Technician 
Wildlife/Reforestation

Forest Service
Superior National Forest, Kawishiwi Ranger District

p: 218-365-7637 
tcatton@fs.fed.us
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1393 Highway 169 
Ely, MN 55731
www.fs.fed.us 

Caring for the land and serving people

 
 

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.

 
--
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 
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Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 
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Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
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612-725-3548 ext. 2219
612-600-1599 cell 
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From: Ryan Moehring
To: Jim Zelenak
Subject: FW: Lynx news items in Maine
Date: Thursday, January 22, 2015 5:36:29 PM

I’m inclined to let sleeping dogs lie unless you’re otherwise inclined.
 
From: Racey, Meagan [mailto:meagan_racey@fws.gov] 
Sent: Wednesday, January 21, 2015 3:47 PM
To: Ryan Moehring
Cc: Jim Zelenak; Laury Zicari; Mark McCollough
Subject: Re: Lynx news items in Maine
 
Actually, just found out their public affairs person is out for some time, so if we want to take
any steps with this, we should go directly to the staff.
 
On Wed, Jan 21, 2015 at 5:44 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Thanks Jim and Ryan. Sorry that I'm just now responding to this. I have not heard any
concern, but could check with my public affairs contact at IFW. I wonder if it would behoove
us to proactively go ahead and directly reach out to biological staff at IFW & the state forestry
department to let them know about this mistake. 
 
Mark and Laury, do you think that would help us circumvent some bump down the road or
hinderance of our relationships with those partners?  
 
Thanks!
 
On Tue, Jan 20, 2015 at 5:12 PM, Ryan Moehring <ryan_moehring@fws.gov> wrote:
Well said, Jim. FYI, here’s the link to that Rob Cheney piece we worked on:
http://missoulian.com/news/local/fws-begins-report-on-lynx-that-doesn-t-easily-
give/article_7cc40c9e-f3f4-57c2-b99b-75a7ca5061b0.html. -Ryan
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, January 20, 2015 3:09 PM
To: Meagan Racey
Cc: Laury Zicari; Mark McCollough; Ryan Moehring
Subject: Lynx news items in Maine
 
Hi Meagan,
 
I've discussed this with both Mark McCollough at Maine Field Office and with Ryan in my
RO.  I'm fairly certain that I did not say what is attributed to me here and in the attached
article:
 
"The end of clear-cutting in Maine with the Forest Practices Act of 1989 has allowed forests to fill
in, taking away some of the habitat preferred by snowshoe hares upon which lynx feed, potentially
reducing populations of both species, said Jim Zelenak, a biologist with the U.S. Fish and Wildlife
Service in Montana."
 
http://www.startribune.com/nation/288920671.html
 
I did discuss the upcoming lynx 5-year review with the author, AP reporter David Sharp, last week,
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and Mark said he also spoke with the author last week.  In fact I pointed him to Mark because
Mark knows lynx in ME much better than I do.  I also did discuss the influence of past clear-cutting
on the amount of lynx habitat in the State and the general agreement that habitat will likely decline
as old clear-cuts mature and few clear-cuts currently occur, but I did not imply that the Maine
Forest Practices Act has "ended" clear-cutting or that it alone is responsible for "taking away"
preferred habitat.
 
Just below the quote above, there is also this:
 
"The latest estimates from federal scientists put the number of Canada lynx in Maine at about
500;..." 
 
I told the reporter that the USFWS doesn't know how many lynx are currently in Maine, although
the State has made some estimates. I did NOT tell him that "federal scientists" estimate 500.
 
Regardless, I can imagine that the initial attribution regarding the Forest Practices Act might not
be welcomed by the State Forestry Department there, perhaps not by MIFW either.
 
Ryan and I (and Mark, too, I think) agreed that although the story is poorly written and misses
much of the nuance and context I tried to provide regarding lynx and habitat in Maine, that
seeking a retraction or correction is probably not warranted.  However, if you hear any concern
from the State Forestry Department of IFW, I'd be happy to talk to them.
 
There are other, more accurate pieces also out in the last few days, but unfortunately, it appears
as though Mr. Sharp's article has receviced the widest distribution.  Kevin Miller's piece is much
more accurate:
 
https://www.centralmaine.com/2015/01/17/u-s-wildlife-agency-reviewing-canada-lynx-status/
 
Also see Rob Chaney's piece in the Missoulian - I can't get to the link because I've used up my 10
free stories for the month....
 
Anyway - let me know if you have questions or concern, or if you hear any blowback that we might
need to address.
 
Thanks,
 
Jim
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
Meagan Racey
Public affairs specialist
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U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386
 
Check out our blog, Conserving the nature of the Northeast
 

 
--
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386
 
Check out our blog, Conserving the nature of the Northeast
 

http://usfwsnortheast.wordpress.com/
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From: Belleman, Ann
To: Zelenak, Jim
Subject: Re: available for a call?
Date: Friday, January 23, 2015 1:44:32 PM

I'll do that; appreciate your response.  Sounds like you're doing some damage control.  Ugh!

Re: the 5-yr. review, would you please add Lisa Solberg Schwab (new FWS WY FO hire) to
any data requests, etc. in the future.  Lisa will transition into all things related to lynx in
WY by June although I'll stay involved as needed after that.

You have a good weekend too!

Ann 

 
Ann Belleman
U.S. Fish and Wildlife Service
Wyoming Ecological Svcs. Field Office
5353 Yellowstone Rd., Suite 308A
Cheyenne, WY 82009

Minnesota/Wisconsin Field Office Complex
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
307-421-5839 (work cell)
307-772-2374 (FWS-Cheyenne, WY)
(612) 725-3548 (FWS-Bloomington, MN)

On Fri, Jan 23, 2015 at 1:38 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I'd be the wrong person to talk to about that - if I were you, I'd call or email Katrina Dixon here.  Think she has
also spoken recently with Luke, and I know he was on the Level 1 call with her and others yesterday.

I'm trying to wrap up the lynx FOIAs and admin record construction and get ready for the 5-year review, while
simultaneously being misquoted-misattributed regarding lynx habitat in Maine......

Hope all is well there and that you have a great weekend.

Jim

On Fri, Jan 23, 2015 at 1:31 PM, Belleman, Ann <ann_belleman@fws.gov> wrote:
Hi Jim,

I hope you're well!  It's been a while since we last spoke and I was hoping to talk to you
about the ID/MT court cases and lynx consultation.  Luke Becker, Bighorn NF mentioned
he'd called you to discuss and indicated you suggested he talk to me.  I admit that I'm not
up-to-speed and would appreciate a 5-min update if you have the time, maybe early next
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week?  I'm swamped with grizz-related litigation so haven't been paying any attention to
lynx lately.

If you're too busy, I completely understand and I'll figure it out.  Thanks - Ann
 
Ann Belleman
U.S. Fish and Wildlife Service
Wyoming Ecological Svcs. Field Office
5353 Yellowstone Rd., Suite 308A
Cheyenne, WY 82009

Minnesota/Wisconsin Field Office Complex
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
307-421-5839 (work cell)
307-772-2374 (FWS-Cheyenne, WY)
(612) 725-3548 (FWS-Bloomington, MN)

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:ann_belleman@fws.gov
mailto:jim_zelenak@fws.gov


From: Bush, Jodi
To: Zelenak, Jim
Subject: Re: Lynx Recovery Contact list
Date: Monday, January 26, 2015 8:26:16 AM

yes. done

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Jan 23, 2015 at 1:49 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Ann Belleman (WYFO by way of Minn.) asked today that we include Lisa Solberg Schwab (new WYFO hire) to
any data requests, etc. in the future; that Lisa will transition into all things related to lynx in WY by June.

Could you add her to your list and email group?

On Fri, Jan 16, 2015 at 10:49 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Attached. 

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Hein, Eric
Cc: Quamme, Sarah; Wally Murphy
Subject: Re: Lynx CH 4(i) Letter for NM?
Date: Monday, January 26, 2015 10:20:02 AM

Thanks very much Eric!

On Mon, Jan 26, 2015 at 11:01 AM, Hein, Eric <eric_hein@fws.gov> wrote:
Here you go Jim.  

Thanks for your patience.  I thought they were scanned and forwarded to you, but also could
not find the email.  

Eric

On Fri, Jan 23, 2015 at 1:38 PM, Quamme, Sarah <sarah_quamme@fws.gov> wrote:
Hi Jim - I just dug up a 9/15/14 email from Eric where he confirmed that the letters were
sent, but I was not cc:ed on them.  It sounds like Eric will be back on Monday and I'm sure
he'll be able to provide them then.

On Fri, Jan 23, 2015 at 9:33 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Wally and Sarah,

Got an "out-of-office" message from Eric; wondering if either of you can help.

Thanks,

Jim
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Fri, Jan 23, 2015 at 9:28 AM
Subject: Lynx CH 4(i) Letter for NM?
To: Eric Hein <Eric_Hein@fws.gov>

Hi Eric,

I'm still working on FOIAs and lawsuits over lynx CH - can't seem to track down a 4(i) letter from either
NMFO or R2RO in response to the two NM State Agency (Dept. of Ag. and Dept. of Game and Fish)
comment letters we received on the proposed rule.

Can you remind me if those ever went out and, if so, could you resend.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
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Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Sarah Joan Quamme, Listing Coordinator
U.S. Fish & Wildlife Service
P.O. Box 1306, Albuquerque, NM 87103
505/248-6419; 505/379-5909 (cell)

-- 
Eric W. Hein
U.S. Fish and Wildlife Service
New Mexico Ecological Services Field Office
2105 Osuna NE
Albuquerque, New Mexico  87113
505-761-4735

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Matt Bishop
To: "Zelenak, Jim"
Subject: RE: lynx 5-year
Date: Monday, January 26, 2015 11:25:53 AM

Okay – thanks for the helpful clarification Jim. By the way, I think my wife (“Miss Kristin” at
Childrens’ World Montessori  - now Mountainside) may have be your child’s teacher. Small
world. Cheers, Matt
 
Matthew Bishop
Western Environmental Law Center
103 Reeder's Alley
Helena, Montana 59601
(406) 324-8011 (tel.)
(406) 443-6305 (fax)
bishop@westernlaw.org
www.westernlaw.org
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Monday, January 26, 2015 11:16 AM
To: bishop@westernlaw.org
Subject: Re: lynx 5-year
 
Hi Matt - sooner is always better, but we welcome any information you'd like to submit, even
if it arrives after Feb. 1. 
 
You refer to comments, but we are not specifically seeking comments at this time because we
have not yet written the 5-year-review; rather, we are seeking information on the status and/or
trends of lynx populations and habitats in the range of the DPS, as well as any information you
may have on the nature, magnitude, and imminence of potential threats to lynx and their
habitats in the Lower 48 (or in southern Canada).
 
Thanks,
 
Jim   
 
On Mon, Jan 26, 2015 at 10:13 AM, Matt Bishop <bishop@westernlaw.org> wrote:
Hi Jim – any chance USFWS would extend the deadline for submitting comments on the 5-
year status review? A few weeks notice isn’t much time. Thanks, Matt
 
Matthew Bishop
Western Environmental Law Center
103 Reeder's Alley
Helena, Montana 59601
(406) 324-8011 (tel.)
(406) 443-6305 (fax)
bishop@westernlaw.org
www.westernlaw.org
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--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Willey, Seth
To: Zelenak, Jim
Cc: Bridget Fahey; Jodi Bush
Subject: Re: Feb 1 is deadline to provide info to FWS on upcoming 5-year review on Canada lynx
Date: Monday, January 26, 2015 11:58:29 AM

We are required  to notice the initiation of 5-year reviews in the FR (per our regulations).  We
noticed this one in 2007.  The current solicitation for input is part of the review that started in
2007.  Drop me a line if you want to chat further.  

Seth

*********************************************
Seth L. Willey, Acting Field Supervisor
Colorado Ecological Services Office
USFWS, Mountain-Prairie Region
Seth_Willey@fws.gov 
phone: 303-236-4774
*********************************************

On Mon, Jan 26, 2015 at 11:54 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Seth,

I briefly discussed the question below with Jodi, who wanted me to check with you.  It is her understanding that
we are not required to notice 5-year reviews in the Fed. Reg.

If that is the case, my response to Tara would be (unless you recommend otherwise) something like:

"The Service is not required to announce 5-year reviews in the Federal Register.  Although we announced the
initiation of a 5-year review for lynx in 2007, we were unable to complete that review because of the need to
revise the critical habitat designation for lynx, which we completed in 2009 and again in 2014."

Welcome any edits/thoughts.

Also, we have not updated the 5-year-review page at our R6 lynx web site:  https://www.fws.gov/mountain-
prairie/species/mammals/lynx/5yearreview.htm

Who could I contact to post our most recent interested party letter and news release?

Thanks,

Jim 
---------- Forwarded message ----------
From: Tara Zuardo <tara@awionline.org>
Date: Mon, Jan 26, 2015 at 10:41 AM
Subject: Re: Feb 1 is deadline to provide info to FWS on upcoming 5-year review on
Canada lynx
To: "Jim_Zelenak@fws.gov" <Jim_Zelenak@fws.gov>

Hi Jim,
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I wanted to get in touch with you about the Feb 1 commenting deadline re: the 5-year review for
Canada lynx. I noticed there wasn’t anything published in the federal register about this. I wanted to
ask you – is this because a 5-year review was initiated in 2007? And did you already conclude that first
five year review, or is the current solicitation for input part of the review that started in 2007?

 

Many thanks for your help,

 

Tara

 

  

Tara C. Zuardo

Wildlife Attorney

Animal Welfare Institute

900 Pennsylvania Avenue, S.E.

Washington D.C. 20003

Tel: 202-446-2148

Fax: 202-446-2131

Visit us at https://awionline.org/content/wildlife
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The U.S. Fish and Wildlife Service is reviewing the status of the Canada lynx to
determine whether there are adequate protections for the “threatened” wildcat
whose only East Coast foothold is in northern Maine.

At the end of the review, the U.S. Fish and Wildlife Service will decide whether
to maintain the lynx’s current status as a “threatened” species, to bump it up to
“endangered” or to remove the cats from the endangered species list.

The finding will then inform the agency’s next step as it creates a recovery plan
for lynx.

The review is taking place at a time when Maine’s management of lynx is coming
under closer federal scrutiny following two lynx deaths late last year in traps set
for other species, although the nationwide federal review and the Maine lynx
deaths are not directly related.

The Maine Department of Inland Fisheries & Wildlife shut down trapping for
most above-ground species throughout northern Maine in early December in
response to the incidents.

Laury Zicari, supervisor of the U.S. Fish and Wildlife Service’s Maine Field
Office in Orono, said the federal review will examine, among other factors, the
latest lynx population trends throughout its range as well as whether there is
adequate habitat protection. The cats are also found in the Rocky Mountains and
Great Lakes regions.

“It will not be based on the population size alone,” Zicari said of the final
recommendation.

Maine wildlife officials have said that the state’s lynx population – estimated at
between 750 and 1,000 adults – is growing and helps explain the record 20-plus
lynx inadvertently caught in traps during last year’s season.

All but the two dead lynx were re-released with minimal or no injuries, according
to DIFW.

Department officials said they look forward to sharing their latest data with
federal biologists.



“We certainly feel there is a healthy population of lynx in the state of Maine,” said
Jim Connolly, director of resource management at Maine DIFW. “But we
recognize that the listing process is a national process.”

habitat privately owned

Habitat is a key consideration in Maine because the vast majority of the state’s
forests are privately owned and managed for timberland. That makes managing
for lynx habitat more challenging in Maine than out West, where many of the
forests inhabited by lynx are federally owned.

Weighing up to 30 pounds, lynx are similar in size and appearance to the much
more common bobcats but have large, padded feet that allow them to pursue their
favorite prey, the snowshoe hare, in deep snow. Lynx populations are often tied to
hare abundance, with its cyclical population spikes and collapses.

Snowshoe hares thrive in younger, more open forests often found after large
harvests – such as the clearcuts that were common following Maine’s last spruce
budworm outbreak in the 1970s and 1980s. Today, many Maine forest managers
use “pre-commercial thinning” to improve the growth of trees that will eventually
be harvested, a practice that Zicari said does not create ideal snowshoe habitat.

But with another cyclical outbreak of the spruce budworm potentially looming,
there is talk in Augusta and within Maine’s forestry industry about the need to
change harvesting practices to minimize the impact in an outbreak. Those
management practices could, in turn, affect hare and lynx populations.

Trappers and animal welfare groups will be closely watching the federal status
review of the lynx.

As a threatened species, lynx are protected from harassment or harm under federal
law. But in November, the U.S. Fish and Wildlife Service issued Maine a permit –
known as an “incidental take permit” – that allows trapping for other species to
continue in areas of the state inhabited by the wildcats.

That permit requires Maine to modify its regulations if two lynx are killed in
legally set traps over the 15-year permit period. Additionally, the permit specifies



that up to 192 lynx can be inadvertently caught but not killed during that time.

Deaths force RULE revisions

Roughly one month after receiving the permit, however, the state was forced to
significantly restrict trapping throughout northern Maine because two lynx were
found dead in legally set traps. DIFW is working with federal wildlife officials
and trappers to revise trapping regulations before the next season begins this fall.

Brian Cogill, president of the Maine Trappers Association, said the federal review
was “long overdue.” Cogill said sportsmen in northern Maine tell him “they see
lynx tracks everywhere.” While he hopes the cats will eventually be de-listed, he
said he wants to hear the agency’s findings.

“At this point, we think the more information the better,” added James Cote, a
lobbyist who represents the Maine Trappers Association on policy issues. “We are
obviously trying to protect as many trapping opportunities as we can. And to do
that, you have to make sure the best available science is what (the agencies) are
looking at.”

Daryl DeJoy, an outspoken critic of Maine’s trapping regulations who serves as
executive director with the Wildlife Alliance of Maine, said he believes DIFW
wants the lynx de-listed.

“I believe that, at the very least, they should keep the status quo or even up-list it”
to endangered, DeJoy said. “I can’t imagine that the feds will de-list the lynx.
There just aren’t enough of them.”

The U.S. Fish and Wildlife Service is seeking comments from the scientific
community and the public on the Canada lynx as part of the review. Comments
should be sent by Feb. 1 to: U.S. Fish and Wildlife Service, Montana Ecological
Services Field Office, Attn: Jim Zelenak, 585 Shepard Way, Suite 1, Helena, MT
59601.

http://www.pressherald.com/2015/01/17/lynx-status-in-maine-under-federal-review/
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----
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c5b2-5b14-be6b-7cb066f0b8a0.html

The U.S. Fish and Wildlife Service is planning a five-year review under the Endangered
Species Act for the Canada lynx. The review will look at the extent, magnitude, and nature
of threats to the lynx.

Lynx are specialized predators dependent on snowshoe hares as a food source. The North
American distribution of the lynx overlaps much of the range of the snowshoe hare, and
both are associated with boreal forests.

The Fish and Wildlife Service is looking for specific information on the lynx including
general biological information, threats to habitat, and conservation actions. The information
is due to the Fish and Wildlife Service by Feb. 1.

The plan will be finished in June.

Send information, to U.S. Fish and Wildlife Service, Montana Ecological Services Field
Office, Attn: Jim Zelenak, 585 Shepard Way, Suite 1, Helena, MT 59601.

For more information go to bit.ly/CanadaLynxUSFWS

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

http://trib.com/lifestyles/recreation/feds-seek-information-on-canada-lynx/article_0efa03ed-c5b2-5b14-be6b-7cb066f0b8a0.html
http://bit.ly/CanadaLynxUSFWS
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From: steve kelly
To: Zelenak, Jim
Subject: Re: Canada lynx 5-year Review
Date: Tuesday, January 27, 2015 9:12:23 AM

Thanks for the clarification.  I'll try to get you our information by the Feb. 1 deadline.

- steve kelly, bozeman

On Tue, Jan 27, 2015 at 8:12 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Steve,

I got your 1/26/2015 voice mail regarding the Service's recent announcement to conduct a 5-year review for the
threatened contiguous U.S. distinct population segment (DPS) of the Canada lynx.

I was confused by your reference to "lynx delisting procedures" - the 5-year review is an assessment of the status
of the lynx DPS and an evaluation of the nature, magnitude, and imminence of potential threats to the DPS. 
Although one possible outcome of the review could be a recommendation to delist the DPS, it is also possible that
the review could indicate that the DPS ought to remain listed as threatened, or that it might warrant uplisting to
endangered.

Similarly, because we have not yet written the review, we are not seeking comments on it.  Rather, we are asking
for any information/data/science regarding (1) the status and/or trend of the various subpopulations of the DPS;
(2) the amount, distribution, and quality of lynx habitat; (3) the extent to which the factor for which the DPS was
listed (the inadequacy, at the time of listing [2000], of regulatory mechanisms on federal lands) remains a threat
or whether that threat has been addressed and ameliorated; and (4) whether there are any new or additional factors
that may threaten the health and persistence of the DPS.

We recognize the short time frame for submission of information, which is partly due to litigation and a court-
ordered deadline for completing a recovery plan if the 5 year-review indicates that one is necessary.  While
sooner is always better, we will welcome and consider any information your organization submits, even if you do
so after Feb. 1.

Please email me any information that the Alliance for the Wild Rockies would like the Service to consider in the
5-year review or mail it to me at the address below.

Thanks for your continued interest in lynx conservation, and don't hesitate to call or email if you have any
questions or require additional information.     

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
tel:%28406%29%20449-5225%20ext.%20220
mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: arlene@wildswan.org
Cc: Jodi Bush
Subject: Re: lynx status review
Date: Tuesday, January 27, 2015 11:44:34 AM

Hi Arlene,

As we noted in our news release ( http://www.fws.gov/mountain-
prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php), the 5-year review is an
assessment of the status of the lynx DPS and an evaluation of the nature, magnitude, and imminence of potential
threats to the DPS.

Because we have not yet written the review, we are not seeking comments on it.  Rather, we
are asking for any information/data/science regarding (1) the status and/or trend of the various
subpopulations of the DPS; (2) the amount, distribution, and quality of lynx habitat; (3) the
extent to which the factor for which the DPS was listed (the inadequacy, at the time of listing
[2000], of regulatory mechanisms on federal lands) remains a threat or whether that threat has
been addressed and ameliorated; and (4) whether there are any new or additional factors that
may threaten the health and persistence of the DPS.

We recognize the short time frame for submission of information, which is partly due to
litigation and a court-ordered deadline for completing a recovery plan if the 5 year-review
indicates that one is necessary.  While we have requested information within the next several weeks, as
stated in the 2007 notice, 'we will continue to accept new information about any listed species at any time'.  That
said, the sooner the better to ensure we have time to adequately evaluate the information as part of the review
process.

Also, the Service has determined that this recent announcement is a continuation of the yet to be completed
2007 status review and, therefore, that a new Federal Register notice is not required.

Finally, we are updating our Region 6 lynx web page (https://www.fws.gov/mountain-
prairie/species/mammals/lynx/index.htm) and hope to have the 5-year review news release
posted there soon.  

Please email me any information that the Friends of the Wild Swan would like the Service to
consider in the 5-year review or mail it to me at the address below.

Thanks for your continued interest in lynx conservation, and don't hesitate to call or email if
you have any questions or require additional information.

Jim

On Tue, Jan 27, 2015 at 10:32 AM, <arlene@wildswan.org> wrote:
Hello Jim
Could you please clarify the five year status review for lynx. There was a news article about
the status review but there is no information on the FWS webpage other than the 2007
federal register notice.  I am on the e-mail list for FWS activities yet I did not receive
anything. You have only given the public 2 weeks to comment on this very important issue
that was not widely distributed. I request that you extend the comment deadline and initiate
an official public notice.

mailto:jim_zelenak@fws.gov
mailto:arlene@wildswan.org
mailto:jodi_bush@fws.gov
http://www.fws.gov/mountain-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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https://www.fws.gov/mountain-prairie/species/mammals/lynx/index.htm
https://www.fws.gov/mountain-prairie/species/mammals/lynx/index.htm
mailto:arlene@wildswan.org


-- 
Arlene Montgomery, Program Director
Friends of the Wild Swan
P.O. Box 103
Bigfork, MT  59911
arlene@wildswan.org

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:arlene@wildswan.org
mailto:jim_zelenak@fws.gov


From: Ryan Moehring
To: Jim Renne
Cc: Jim Zelenak
Subject: RE: lynx status review
Date: Tuesday, January 27, 2015 12:09:13 PM

Thanks, Jim. Looks good to me.
 
Jim Z., does that look good to you?
 
From: Jim Renne [mailto:jim_renne@fws.gov] 
Sent: Tuesday, January 27, 2015 12:07 PM
To: Ryan Moehring
Subject: RE: lynx status review
 
Posted to Region 6 Lynx Review page. Please review.
 
U.S. Fish and Wildlife Service
(303) 236-4487
Jim_Renne@fws.gov
134 Union Blvd
Suite 470
Lakewood, Co 80228
 
From: Ryan Moehring [mailto:ryan_moehring@fws.gov] 
Sent: Tuesday, January 27, 2015 11:44 AM
To: Jim Renne; Jim Zelenak
Cc: Seth Willey; Jodi Bush
Subject: RE: lynx status review
 
Thanks, Jim Renne.  Could you please add the following text:  “News Release Announcing 5-Year
Review” with that text hyperlinking to this news release: http://www.fws.gov/mountain-
prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php on both of the
following pages: https://www.fws.gov/mountain-prairie/species/mammals/lynx/5yearreview.htm
(above the text: “Notice announcing 5-year review) and
http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=A073 (under the “Recovery”
heading).
 
From: Jim Renne [mailto:jim_renne@fws.gov] 
Sent: Tuesday, January 27, 2015 11:29 AM
To: Ryan Moehring; Jim Zelenak
Cc: Seth Willey; Jodi Bush
Subject: RE: lynx status review
 
Yes, I’m helping out until ES finds someone else.  I’m a little confused on the previous emails as there
are two Jims.  What would you like me to do?
 
U.S. Fish and Wildlife Service
(303) 236-4487
Jim_Renne@fws.gov

mailto:ryan_moehring@fws.gov
mailto:jim_renne@fws.gov
mailto:jim_zelenak@fws.gov
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134 Union Blvd
Suite 470
Lakewood, Co 80228
 
From: Ryan Moehring [mailto:ryan_moehring@fws.gov] 
Sent: Tuesday, January 27, 2015 11:12 AM
To: Jim Zelenak
Cc: Seth Willey; Jodi Bush; Jim Renne
Subject: RE: lynx status review
 
That shouldn’t be a problem, Jim.  

Jim Renne,
 
Are you now updating those ES pages? I know Kris Olson used to do that, but I’m not sure if she was
ever replaced…
 
-Ryan
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, January 27, 2015 11:10 AM
To: Ryan Moehring
Cc: Seth Willey; Jodi Bush; Jim Renne
Subject: Re: lynx status review
 
Great - can we also get it on the R6 lynx webpage?  I think that is where Arlene looked and
found only the 2007 FR notice.  Thanks. 
 
On Tue, Jan 27, 2015 at 11:07 AM, Ryan Moehring <ryan_moehring@fws.gov> wrote:
Jim,
 
Here is the link to the recent lynx NR: http://www.fws.gov/mountain-
prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php.
 
I’m copying Jim to see if he can help us get a link to that NR posted to the ECOS link you provided.
 
Thanks,
 
-Ryan
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, January 27, 2015 11:05 AM
To: Seth Willey
Cc: Jodi Bush; Ryan Moehring
Subject: Fwd: lynx status review
 
Seth,
 
As we discussed yesterday, I understand you made the call that because we published a notice
in the FR in 2007 announcing initiation of the 5-year review for lynx that we do not need to
publish another one now.  Below we have a request to do so.  Does that change anything, or

mailto:ryan_moehring@fws.gov
mailto:jim_zelenak@fws.gov
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http://www.fws.gov/mountain-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
mailto:jim_zelenak@fws.gov


can I just reply again in accordance with your message yesterday that the current review is a
continuation of the review announced in 2007 but not yet completed?
 
I have had other requests for clarification of the process, and I can respond in kind to this one
along with a note that the Service has determined that an FR notice is not necessary now
(unless a request for a notice like that below requires a more formal response - let me know).
 
 
Ryan - could you please see that the recent news release for the 5-year review is uploaded to
our R6 lynx web page (https://www.fws.gov/mountain-
prairie/species/mammals/lynx/5yearreview.htm)?  Or let me know who to contact to make that
happen?  Also - should we ask that the news release be posted under the "Recovery" heading
at the species profile (national) web site
(http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=A073)?  Thanks.
 
Jim 
 
 
---------- Forwarded message ----------
From: <arlene@wildswan.org>
Date: Tue, Jan 27, 2015 at 10:32 AM
Subject: lynx status review
To: Jim_Zelenak@fws.gov

Hello Jim
Could you please clarify the five year status review for lynx. There was a news article about
the status review but there is no information on the FWS webpage other than the 2007 federal
register notice.  I am on the e-mail list for FWS activities yet I did not receive anything. You
have only given the public 2 weeks to comment on this very important issue that was not
widely distributed. I request that you extend the comment deadline and initiate an official
public notice.
-- 
Arlene Montgomery, Program Director
Friends of the Wild Swan
P.O. Box 103
Bigfork, MT  59911
arlene@wildswan.org

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

https://www.fws.gov/mountain-prairie/species/mammals/lynx/5yearreview.htm
https://www.fws.gov/mountain-prairie/species/mammals/lynx/5yearreview.htm
http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=A073
mailto:arlene@wildswan.org
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--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Ryan Moehring
Cc: Jim Renne
Subject: Re: lynx status review
Date: Tuesday, January 27, 2015 1:58:00 PM

Looks good to me.  Thanks Jim!

On Tue, Jan 27, 2015 at 12:09 PM, Ryan Moehring <ryan_moehring@fws.gov> wrote:

Thanks, Jim. Looks good to me.

 

Jim Z., does that look good to you?

 

From: Jim Renne [mailto:jim_renne@fws.gov] 
Sent: Tuesday, January 27, 2015 12:07 PM
To: Ryan Moehring
Subject: RE: lynx status review

 

Posted to Region 6 Lynx Review page. Please review.

 

U.S. Fish and Wildlife Service

(303) 236-4487

Jim_Renne@fws.gov

134 Union Blvd

Suite 470

Lakewood, Co 80228

 

From: Ryan Moehring [mailto:ryan_moehring@fws.gov] 
Sent: Tuesday, January 27, 2015 11:44 AM
To: Jim Renne; Jim Zelenak
Cc: Seth Willey; Jodi Bush
Subject: RE: lynx status review

 

mailto:jim_zelenak@fws.gov
mailto:ryan_moehring@fws.gov
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Thanks, Jim Renne.  Could you please add the following text:  “News Release Announcing 5-Year
Review” with that text hyperlinking to this news release: http://www.fws.gov/mountain-
prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php on both of
the following pages: https://www.fws.gov/mountain-
prairie/species/mammals/lynx/5yearreview.htm (above the text: “Notice announcing 5-year
review) and http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=A073 (under
the “Recovery” heading).

 

From: Jim Renne [mailto:jim_renne@fws.gov] 
Sent: Tuesday, January 27, 2015 11:29 AM
To: Ryan Moehring; Jim Zelenak
Cc: Seth Willey; Jodi Bush
Subject: RE: lynx status review

 

Yes, I’m helping out until ES finds someone else.  I’m a little confused on the previous emails as
there are two Jims.  What would you like me to do?

 

U.S. Fish and Wildlife Service

(303) 236-4487

Jim_Renne@fws.gov

134 Union Blvd

Suite 470

Lakewood, Co 80228

 

From: Ryan Moehring [mailto:ryan_moehring@fws.gov] 
Sent: Tuesday, January 27, 2015 11:12 AM
To: Jim Zelenak
Cc: Seth Willey; Jodi Bush; Jim Renne
Subject: RE: lynx status review

 

That shouldn’t be a problem, Jim.  

Jim Renne,

http://www.fws.gov/mountain-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Are you now updating those ES pages? I know Kris Olson used to do that, but I’m not sure if she
was ever replaced…

 

-Ryan

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, January 27, 2015 11:10 AM
To: Ryan Moehring
Cc: Seth Willey; Jodi Bush; Jim Renne
Subject: Re: lynx status review

 

Great - can we also get it on the R6 lynx webpage?  I think that is where Arlene looked and
found only the 2007 FR notice.  Thanks. 

 

On Tue, Jan 27, 2015 at 11:07 AM, Ryan Moehring <ryan_moehring@fws.gov> wrote:

Jim,

 

Here is the link to the recent lynx NR: http://www.fws.gov/mountain-
prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php.

 

I’m copying Jim to see if he can help us get a link to that NR posted to the ECOS link you provided.

 

Thanks,

 

-Ryan

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, January 27, 2015 11:05 AM
To: Seth Willey
Cc: Jodi Bush; Ryan Moehring
Subject: Fwd: lynx status review

mailto:jim_zelenak@fws.gov
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Seth,

 

As we discussed yesterday, I understand you made the call that because we published a
notice in the FR in 2007 announcing initiation of the 5-year review for lynx that we do not
need to publish another one now.  Below we have a request to do so.  Does that change
anything, or can I just reply again in accordance with your message yesterday that the
current review is a continuation of the review announced in 2007 but not yet completed?

 

I have had other requests for clarification of the process, and I can respond in kind to this
one along with a note that the Service has determined that an FR notice is not necessary now
(unless a request for a notice like that below requires a more formal response - let me know).

 

 

Ryan - could you please see that the recent news release for the 5-year review is uploaded to
our R6 lynx web page (https://www.fws.gov/mountain-
prairie/species/mammals/lynx/5yearreview.htm)?  Or let me know who to contact to make
that happen?  Also - should we ask that the news release be posted under the "Recovery"
heading at the species profile (national) web site
(http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=A073)?  Thanks.

 

Jim 

 

 

---------- Forwarded message ----------
From: <arlene@wildswan.org>
Date: Tue, Jan 27, 2015 at 10:32 AM
Subject: lynx status review
To: Jim_Zelenak@fws.gov

Hello Jim
Could you please clarify the five year status review for lynx. There was a news article about
the status review but there is no information on the FWS webpage other than the 2007
federal register notice.  I am on the e-mail list for FWS activities yet I did not receive
anything. You have only given the public 2 weeks to comment on this very important issue
that was not widely distributed. I request that you extend the comment deadline and initiate
an official public notice.
-- 

https://www.fws.gov/mountain-prairie/species/mammals/lynx/5yearreview.htm
https://www.fws.gov/mountain-prairie/species/mammals/lynx/5yearreview.htm
http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=A073
mailto:arlene@wildswan.org
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Arlene Montgomery, Program Director
Friends of the Wild Swan
P.O. Box 103
Bigfork, MT  59911
arlene@wildswan.org

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist

mailto:arlene@wildswan.org
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Bush, Jodi
To: Ryan Moehring
Cc: Jim Zelenak; Seth Willey; jim_renne@fws.gov
Subject: Re: lynx status review
Date: Tuesday, January 27, 2015 11:09:35 AM

Thanks Ryan.  We also need it posted at the other link.  Thats where folks who are interested
in Lynx -look. JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Jan 27, 2015 at 11:07 AM, Ryan Moehring <ryan_moehring@fws.gov> wrote:

Jim,

 

Here is the link to the recent lynx NR: http://www.fws.gov/mountain-
prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php.

 

I’m copying Jim to see if he can help us get a link to that NR posted to the ECOS link you provided.

 

Thanks,

 

-Ryan

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, January 27, 2015 11:05 AM
To: Seth Willey
Cc: Jodi Bush; Ryan Moehring
Subject: Fwd: lynx status review

 

Seth,

 

As we discussed yesterday, I understand you made the call that because we published a
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notice in the FR in 2007 announcing initiation of the 5-year review for lynx that we do not
need to publish another one now.  Below we have a request to do so.  Does that change
anything, or can I just reply again in accordance with your message yesterday that the
current review is a continuation of the review announced in 2007 but not yet completed?

 

I have had other requests for clarification of the process, and I can respond in kind to this
one along with a note that the Service has determined that an FR notice is not necessary now
(unless a request for a notice like that below requires a more formal response - let me know).

 

 

Ryan - could you please see that the recent news release for the 5-year review is uploaded to
our R6 lynx web page (https://www.fws.gov/mountain-
prairie/species/mammals/lynx/5yearreview.htm)?  Or let me know who to contact to make
that happen?  Also - should we ask that the news release be posted under the "Recovery"
heading at the species profile (national) web site
(http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=A073)?  Thanks.

 

Jim 

 

 

---------- Forwarded message ----------
From: <arlene@wildswan.org>
Date: Tue, Jan 27, 2015 at 10:32 AM
Subject: lynx status review
To: Jim_Zelenak@fws.gov

Hello Jim
Could you please clarify the five year status review for lynx. There was a news article about
the status review but there is no information on the FWS webpage other than the 2007
federal register notice.  I am on the e-mail list for FWS activities yet I did not receive
anything. You have only given the public 2 weeks to comment on this very important issue
that was not widely distributed. I request that you extend the comment deadline and initiate
an official public notice.
-- 
Arlene Montgomery, Program Director
Friends of the Wild Swan
P.O. Box 103
Bigfork, MT  59911
arlene@wildswan.org

https://www.fws.gov/mountain-prairie/species/mammals/lynx/5yearreview.htm
https://www.fws.gov/mountain-prairie/species/mammals/lynx/5yearreview.htm
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--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Lynx 5-year review letter from ME
Date: Wednesday, January 28, 2015 8:32:46 AM

Thanks Jim.  Interesting comments.  Mark

On Wed, Jan 28, 2015 at 10:15 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
FYI

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Zelenak, Jim
To: Tara Zuardo
Subject: Re: Feb 1 is deadline to provide info to FWS on upcoming 5-year review on Canada lynx
Date: Wednesday, January 28, 2015 11:44:25 AM

Hi Tara,

As we noted in our news release (http://www.fws.gov/mountain-
prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php), the 5-
year review is an assessment of the status of the lynx DPS and an evaluation of the nature,
magnitude, and imminence of potential threats to the DPS.

Because we have not yet written the review, we are not seeking comments on it.  Rather, we
are asking for any information/data/science regarding (1) the status and/or trend of the various
subpopulations of the DPS; (2) the amount, distribution, and quality of lynx habitat; (3) the
extent to which the factor for which the DPS was listed (the inadequacy, at the time of listing
[2000], of regulatory mechanisms on federal lands) remains a threat or whether that threat has
been addressed and ameliorated; and (4) whether there are any new or additional factors that
may threaten the health and persistence of the DPS.

We are particularly interested in any new information that would help us determine if there
have been any changes in the status of or threats to the lynx DPS since it was listed as
threatened under the Act in 2000.  Opinions or preferences regarding the DPS's listing status
are not helpful if they are not substantiated by reliable scientific information.  

We recognize the short time frame for submission of information, which is partly due to
litigation and a court-ordered deadline for completing a recovery plan if the 5 year-review
indicates that one is necessary.  While we have requested information within the next several
weeks, as stated in the 2007 notice, 'we will continue to accept new information about any
listed species at any time'.  That said, the sooner the better to ensure we have time to
adequately evaluate the information as part of the review process.

Please email me any information that the Animal Welfare Institute would like the Service to
consider in the 5-year review or mail it to me at the address below.

Thanks for your continued interest in lynx conservation, and don't hesitate to call or email if
you have any questions or require additional information.

Jim

On Wed, Jan 28, 2015 at 10:28 AM, Tara Zuardo <tara@awionline.org> wrote:

Thank you so much for your response, Jim. Is there any chance of getting an extension to submit
comments past Feb 1?

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Monday, January 26, 2015 3:13 PM
To: Tara Zuardo
Subject: Re: Feb 1 is deadline to provide info to FWS on upcoming 5-year review on Canada lynx

mailto:jim_zelenak@fws.gov
mailto:tara@awionline.org
http://www.fws.gov/mountain-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
http://www.fws.gov/mountain-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
mailto:tara@awionline.org
mailto:jim_zelenak@fws.gov


 

Hi Tara,

 

Others more familiar than I am with how these things work said that we are required, per our
regulations, to provide notice of the initiation of 5-year reviews in the Federal Register.  As you noted, we
announced the lynx 5-year-review in 2007.  The current solicitation for input is part of the review that the Service
initiated but did not complete in 2007.

 

Hope this helps.

 

Jim

 

On Mon, Jan 26, 2015 at 10:41 AM, Tara Zuardo <tara@awionline.org> wrote:

Hi Jim,

 

I wanted to get in touch with you about the Feb 1 commenting deadline re: the 5-year review for
Canada lynx. I noticed there wasn’t anything published in the federal register about this. I wanted to
ask you – is this because a 5-year review was initiated in 2007? And did you already conclude that first
five year review, or is the current solicitation for input part of the review that started in 2007?

 

Many thanks for your help,

 

Tara

 

  

Tara C. Zuardo

Wildlife Attorney

Animal Welfare Institute

900 Pennsylvania Avenue, S.E.

mailto:tara@awionline.org


Washington D.C. 20003

Tel: 202-446-2148

Fax: 202-446-2131

Visit us at https://awionline.org/content/wildlife

 

Lynx status in Maine under
federal review
Habitat and population are factors in deciding whether the
wildcat remains listed as 'threatened.'

BY KEVIN MILLER STAFF WRITER

kmiller@pressherald.com | @KevinMillerPPH | 207-791-6312

The U.S. Fish and Wildlife Service is reviewing the status of the Canada lynx to
determine whether there are adequate protections for the “threatened” wildcat
whose only East Coast foothold is in northern Maine.

At the end of the review, the U.S. Fish and Wildlife Service will decide whether
to maintain the lynx’s current status as a “threatened” species, to bump it up to
“endangered” or to remove the cats from the endangered species list.

The finding will then inform the agency’s next step as it creates a recovery plan
for lynx.

The review is taking place at a time when Maine’s management of lynx is coming
under closer federal scrutiny following two lynx deaths late last year in traps set
for other species, although the nationwide federal review and the Maine lynx
deaths are not directly related.

The Maine Department of Inland Fisheries & Wildlife shut down trapping for
most above-ground species throughout northern Maine in early December in
response to the incidents.

https://awionline.org/content/wildlife
mailto:kmiller@pressherald.com
http://twitter.com/intent/follow?screen_name=%40KevinMillerPPH


Laury Zicari, supervisor of the U.S. Fish and Wildlife Service’s Maine Field
Office in Orono, said the federal review will examine, among other factors, the
latest lynx population trends throughout its range as well as whether there is
adequate habitat protection. The cats are also found in the Rocky Mountains and
Great Lakes regions.

“It will not be based on the population size alone,” Zicari said of the final
recommendation.

Maine wildlife officials have said that the state’s lynx population – estimated at
between 750 and 1,000 adults – is growing and helps explain the record 20-plus
lynx inadvertently caught in traps during last year’s season.

All but the two dead lynx were re-released with minimal or no injuries, according
to DIFW.

Department officials said they look forward to sharing their latest data with
federal biologists.

“We certainly feel there is a healthy population of lynx in the state of Maine,” said
Jim Connolly, director of resource management at Maine DIFW. “But we
recognize that the listing process is a national process.”

habitat privately owned

Habitat is a key consideration in Maine because the vast majority of the state’s
forests are privately owned and managed for timberland. That makes managing
for lynx habitat more challenging in Maine than out West, where many of the
forests inhabited by lynx are federally owned.

Weighing up to 30 pounds, lynx are similar in size and appearance to the much
more common bobcats but have large, padded feet that allow them to pursue their
favorite prey, the snowshoe hare, in deep snow. Lynx populations are often tied to
hare abundance, with its cyclical population spikes and collapses.

Snowshoe hares thrive in younger, more open forests often found after large
harvests – such as the clearcuts that were common following Maine’s last spruce
budworm outbreak in the 1970s and 1980s. Today, many Maine forest managers



use “pre-commercial thinning” to improve the growth of trees that will eventually
be harvested, a practice that Zicari said does not create ideal snowshoe habitat.

But with another cyclical outbreak of the spruce budworm potentially looming,
there is talk in Augusta and within Maine’s forestry industry about the need to
change harvesting practices to minimize the impact in an outbreak. Those
management practices could, in turn, affect hare and lynx populations.

Trappers and animal welfare groups will be closely watching the federal status
review of the lynx.

As a threatened species, lynx are protected from harassment or harm under federal
law. But in November, the U.S. Fish and Wildlife Service issued Maine a permit –
known as an “incidental take permit” – that allows trapping for other species to
continue in areas of the state inhabited by the wildcats.

That permit requires Maine to modify its regulations if two lynx are killed in
legally set traps over the 15-year permit period. Additionally, the permit specifies
that up to 192 lynx can be inadvertently caught but not killed during that time.

Deaths force RULE revisions

Roughly one month after receiving the permit, however, the state was forced to
significantly restrict trapping throughout northern Maine because two lynx were
found dead in legally set traps. DIFW is working with federal wildlife officials
and trappers to revise trapping regulations before the next season begins this fall.

Brian Cogill, president of the Maine Trappers Association, said the federal review
was “long overdue.” Cogill said sportsmen in northern Maine tell him “they see
lynx tracks everywhere.” While he hopes the cats will eventually be de-listed, he
said he wants to hear the agency’s findings.

“At this point, we think the more information the better,” added James Cote, a
lobbyist who represents the Maine Trappers Association on policy issues. “We are
obviously trying to protect as many trapping opportunities as we can. And to do
that, you have to make sure the best available science is what (the agencies) are
looking at.”



Daryl DeJoy, an outspoken critic of Maine’s trapping regulations who serves as
executive director with the Wildlife Alliance of Maine, said he believes DIFW
wants the lynx de-listed.

“I believe that, at the very least, they should keep the status quo or even up-list it”
to endangered, DeJoy said. “I can’t imagine that the feds will de-list the lynx.
There just aren’t enough of them.”

The U.S. Fish and Wildlife Service is seeking comments from the scientific
community and the public on the Canada lynx as part of the review. Comments
should be sent by Feb. 1 to: U.S. Fish and Wildlife Service, Montana Ecological
Services Field Office, Attn: Jim Zelenak, 585 Shepard Way, Suite 1, Helena, MT
59601.

http://www.pressherald.com/2015/01/17/lynx-status-in-maine-under-federal-review/

-----------------------------------------------------------------------------------------------------------------------------
----

http://trib.com/lifestyles/recreation/feds-seek-information-on-canada-lynx/article_0efa03ed-
c5b2-5b14-be6b-7cb066f0b8a0.html

The U.S. Fish and Wildlife Service is planning a five-year review under the Endangered
Species Act for the Canada lynx. The review will look at the extent, magnitude, and nature
of threats to the lynx.

Lynx are specialized predators dependent on snowshoe hares as a food source. The North
American distribution of the lynx overlaps much of the range of the snowshoe hare, and
both are associated with boreal forests.

The Fish and Wildlife Service is looking for specific information on the lynx including
general biological information, threats to habitat, and conservation actions. The information
is due to the Fish and Wildlife Service by Feb. 1.

The plan will be finished in June.

Send information, to U.S. Fish and Wildlife Service, Montana Ecological Services Field
Office, Attn: Jim Zelenak, 585 Shepard Way, Suite 1, Helena, MT 59601.

For more information go to bit.ly/CanadaLynxUSFWS

 

--
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Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Ryan Moehring
To: Stephanie Belarde; Michael Franz
Cc: Jennifer Hennessey; Kelly Geer; Jim Zelenak
Subject: RE: FW: lynx status review
Date: Wednesday, January 28, 2015 1:07:33 PM

Thanks, all, for your help! We’re very appreciative. Best, -Ryan
 
From: Belarde, Stephanie [mailto:stephanie_belarde@fws.gov] 
Sent: Wednesday, January 28, 2015 11:57 AM
To: Franz, Michael
Cc: Hennessey, Jennifer; Geer, Kelly; Ryan Moehring
Subject: Re: FW: lynx status review
 
All,
 
To add to what Michael already did, I went ahead and added the link to the news release to the
profile page.  Though it is a bit disconnected from the announcement.  I referenced it, but
users will have to look a bit further down the page to see the link.  Users can make these
modifications via the ECOS Species Information module interface on their own (that way you
won't have to rely on us to make changes).  I can provide instructions on how to do that if
needed.
 
Thanks!
Stephanie
 
 
 
On Wed, Jan 28, 2015 at 10:25 AM, Franz, Michael <michael_franz@fws.gov> wrote:
I can update the species profile page, but as far as I know we can't add links to websites. I did
add a headline referencing the 5 year review. If you wish it to say something different, please
let me know...
 
On Wed, Jan 28, 2015 at 9:57 AM, Hennessey, Jennifer <jennifer_hennessey@fws.gov>
wrote:
HI Kelly,
 
I am not sure who does updates ECOS pages, perhaps Michael or Stephanie can direct to the right
person.

Jennifer
 
On Wed, Jan 28, 2015 at 9:42 AM, Geer, Kelly <kelly_geer@fws.gov> wrote:
If I remember correctly, the entire species page is dynamic. It pulls from information that is
entered into ECOS by the species lead. However, I have no idea who is the lead for the lynx.
K-
 
On Tue, Jan 27, 2015 at 2:07 PM, Ryan Moehring <ryan_moehring@fws.gov> wrote:
Kelly/David,
 
Please see below. Any idea who updates ECOS pages? Any insight would be most helpful.
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Best,
 
-Ryan
 
From: Jim Renne [mailto:jim_renne@fws.gov] 
Sent: Tuesday, January 27, 2015 11:55 AM
To: Ryan Moehring; Jim Zelenak
Cc: Seth Willey; Jodi Bush
Subject: RE: lynx status review
 
I can add the link into the 5yearreview.htm page on the Region 6 web site.
 
I do not have access to Ecos for updating – not sure who does those.
 
Jim
 
U.S. Fish and Wildlife Service
(303) 236-4487
Jim_Renne@fws.gov
134 Union Blvd
Suite 470
Lakewood, Co 80228
 
From: Ryan Moehring [mailto:ryan_moehring@fws.gov] 
Sent: Tuesday, January 27, 2015 11:44 AM
To: Jim Renne; Jim Zelenak
Cc: Seth Willey; Jodi Bush
Subject: RE: lynx status review
 
Thanks, Jim Renne.  Could you please add the following text:  “News Release Announcing 5-Year
Review” with that text hyperlinking to this news release: http://www.fws.gov/mountain-
prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php on both of the
following pages: https://www.fws.gov/mountain-prairie/species/mammals/lynx/5yearreview.htm
(above the text: “Notice announcing 5-year review) and
http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=A073 (under the “Recovery”
heading).
 
From: Jim Renne [mailto:jim_renne@fws.gov] 
Sent: Tuesday, January 27, 2015 11:29 AM
To: Ryan Moehring; Jim Zelenak
Cc: Seth Willey; Jodi Bush
Subject: RE: lynx status review
 
Yes, I’m helping out until ES finds someone else.  I’m a little confused on the previous emails as there
are two Jims.  What would you like me to do?
 
U.S. Fish and Wildlife Service
(303) 236-4487
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Jim_Renne@fws.gov
134 Union Blvd
Suite 470
Lakewood, Co 80228
 
From: Ryan Moehring [mailto:ryan_moehring@fws.gov] 
Sent: Tuesday, January 27, 2015 11:12 AM
To: Jim Zelenak
Cc: Seth Willey; Jodi Bush; Jim Renne
Subject: RE: lynx status review
 
That shouldn’t be a problem, Jim.  

Jim Renne,
 
Are you now updating those ES pages? I know Kris Olson used to do that, but I’m not sure if she was
ever replaced…
 
-Ryan
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, January 27, 2015 11:10 AM
To: Ryan Moehring
Cc: Seth Willey; Jodi Bush; Jim Renne
Subject: Re: lynx status review
 
Great - can we also get it on the R6 lynx webpage?  I think that is where Arlene looked and
found only the 2007 FR notice.  Thanks. 
 
On Tue, Jan 27, 2015 at 11:07 AM, Ryan Moehring <ryan_moehring@fws.gov> wrote:
Jim,
 
Here is the link to the recent lynx NR: http://www.fws.gov/mountain-
prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php.
 
I’m copying Jim to see if he can help us get a link to that NR posted to the ECOS link you provided.
 
Thanks,
 
-Ryan
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, January 27, 2015 11:05 AM
To: Seth Willey
Cc: Jodi Bush; Ryan Moehring
Subject: Fwd: lynx status review
 
Seth,
 
As we discussed yesterday, I understand you made the call that because we published a notice
in the FR in 2007 announcing initiation of the 5-year review for lynx that we do not need to

mailto:Jim_Renne@fws.gov
mailto:ryan_moehring@fws.gov
mailto:jim_zelenak@fws.gov
mailto:ryan_moehring@fws.gov
http://www.fws.gov/mountain-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
http://www.fws.gov/mountain-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
mailto:jim_zelenak@fws.gov


publish another one now.  Below we have a request to do so.  Does that change anything, or
can I just reply again in accordance with your message yesterday that the current review is a
continuation of the review announced in 2007 but not yet completed?
 
I have had other requests for clarification of the process, and I can respond in kind to this one
along with a note that the Service has determined that an FR notice is not necessary now
(unless a request for a notice like that below requires a more formal response - let me know).
 
 
Ryan - could you please see that the recent news release for the 5-year review is uploaded to
our R6 lynx web page (https://www.fws.gov/mountain-
prairie/species/mammals/lynx/5yearreview.htm)?  Or let me know who to contact to make that
happen?  Also - should we ask that the news release be posted under the "Recovery" heading
at the species profile (national) web site
(http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=A073)?  Thanks.
 
Jim 
 
 
---------- Forwarded message ----------
From: <arlene@wildswan.org>
Date: Tue, Jan 27, 2015 at 10:32 AM
Subject: lynx status review
To: Jim_Zelenak@fws.gov

Hello Jim
Could you please clarify the five year status review for lynx. There was a news article about
the status review but there is no information on the FWS webpage other than the 2007 federal
register notice.  I am on the e-mail list for FWS activities yet I did not receive anything. You
have only given the public 2 weeks to comment on this very important issue that was not
widely distributed. I request that you extend the comment deadline and initiate an official
public notice.
-- 
Arlene Montgomery, Program Director
Friends of the Wild Swan
P.O. Box 103
Bigfork, MT  59911
arlene@wildswan.org

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
Kelly Geer
U.S. Fish and Wildlife Service
Assistant National Web Manager
5275 Leesburg Pike
MS: EA
Falls Church, VA 22041-3803
(703) 358-1907
kelly_geer@fws.gov
 

 
--
Jennifer Hennessey
Ecological Services - Headquarters Office
U.S. Fish and Wildlife Service
 
Phone: 703.358.1861
jennifer_hennessey@fws.gov

 
--
Michael Franz
U.S. Fish & Wildlife Service
HQ Ecological Services Program
Branch of Conservation Integration

 
--
Stephanie Belarde
Project Manager
ECOS Development Team
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Cherokee Nation Technologies, LLC (CNT)
Contractor to DOI, U.S. Fish & Wildlife
2150 Centre Ave., Bldg C
Fort Collins, CO 80526
970-226-9296 office
970-226-9212 fax
stephanie_belarde@fws.gov
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From: Ryan Moehring
To: Seth Willey
Cc: Jim Renne; Jim Zelenak; Jodi Bush
Subject: RE: lynx status review
Date: Wednesday, January 28, 2015 2:29:15 PM

FYI, HQ posted the NR to the ECOS page today. Thanks, all. -Ryan
 
From: Ryan Moehring [mailto:ryan_moehring@fws.gov] 
Sent: Tuesday, January 27, 2015 2:41 PM
To: Seth Willey
Cc: Jim Renne; Jim Zelenak; Jodi Bush
Subject: RE: lynx status review
 
You might be right, Seth. I’ll talk it over with HQ and let you know what they say. -Ryan
 
From: Willey, Seth [mailto:seth_willey@fws.gov] 
Sent: Tuesday, January 27, 2015 1:19 PM
To: Ryan Moehring
Cc: Jim Renne; Jim Zelenak; Jodi Bush
Subject: Re: lynx status review
 
To the best of my knowledge, we don't post press releases or letters or things like that on the
ECOS pages.  Mostly FR notices and the like.  
 
Seth

*********************************************
Seth L. Willey, Acting Field Supervisor
Colorado Ecological Services Office
USFWS, Mountain-Prairie Region
Seth_Willey@fws.gov 
phone: 303-236-4774
*********************************************
 
On Tue, Jan 27, 2015 at 12:07 PM, Ryan Moehring <ryan_moehring@fws.gov> wrote:
Thanks, Jim. I just reached out to HQ to see who does that.
 
From: Jim Renne [mailto:jim_renne@fws.gov] 
Sent: Tuesday, January 27, 2015 11:55 AM

To: Ryan Moehring; Jim Zelenak
Cc: Seth Willey; Jodi Bush
Subject: RE: lynx status review
 
I can add the link into the 5yearreview.htm page on the Region 6 web site.
 
I do not have access to Ecos for updating – not sure who does those.
 
Jim
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U.S. Fish and Wildlife Service
(303) 236-4487
Jim_Renne@fws.gov
134 Union Blvd
Suite 470
Lakewood, Co 80228
 
From: Ryan Moehring [mailto:ryan_moehring@fws.gov] 
Sent: Tuesday, January 27, 2015 11:44 AM
To: Jim Renne; Jim Zelenak
Cc: Seth Willey; Jodi Bush
Subject: RE: lynx status review
 
Thanks, Jim Renne.  Could you please add the following text:  “News Release Announcing 5-Year
Review” with that text hyperlinking to this news release: http://www.fws.gov/mountain-
prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php on both of the
following pages: https://www.fws.gov/mountain-prairie/species/mammals/lynx/5yearreview.htm
(above the text: “Notice announcing 5-year review) and
http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=A073 (under the “Recovery”
heading).
 
From: Jim Renne [mailto:jim_renne@fws.gov] 
Sent: Tuesday, January 27, 2015 11:29 AM
To: Ryan Moehring; Jim Zelenak
Cc: Seth Willey; Jodi Bush
Subject: RE: lynx status review
 
Yes, I’m helping out until ES finds someone else.  I’m a little confused on the previous emails as there
are two Jims.  What would you like me to do?
 
U.S. Fish and Wildlife Service
(303) 236-4487
Jim_Renne@fws.gov
134 Union Blvd
Suite 470
Lakewood, Co 80228
 
From: Ryan Moehring [mailto:ryan_moehring@fws.gov] 
Sent: Tuesday, January 27, 2015 11:12 AM
To: Jim Zelenak
Cc: Seth Willey; Jodi Bush; Jim Renne
Subject: RE: lynx status review
 
That shouldn’t be a problem, Jim.  

Jim Renne,
 
Are you now updating those ES pages? I know Kris Olson used to do that, but I’m not sure if she was
ever replaced…
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-Ryan
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, January 27, 2015 11:10 AM
To: Ryan Moehring
Cc: Seth Willey; Jodi Bush; Jim Renne
Subject: Re: lynx status review
 
Great - can we also get it on the R6 lynx webpage?  I think that is where Arlene looked and
found only the 2007 FR notice.  Thanks. 
 
On Tue, Jan 27, 2015 at 11:07 AM, Ryan Moehring <ryan_moehring@fws.gov> wrote:
Jim,
 
Here is the link to the recent lynx NR: http://www.fws.gov/mountain-
prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php.
 
I’m copying Jim to see if he can help us get a link to that NR posted to the ECOS link you provided.
 
Thanks,
 
-Ryan
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, January 27, 2015 11:05 AM
To: Seth Willey
Cc: Jodi Bush; Ryan Moehring
Subject: Fwd: lynx status review
 
Seth,
 
As we discussed yesterday, I understand you made the call that because we published a notice
in the FR in 2007 announcing initiation of the 5-year review for lynx that we do not need to
publish another one now.  Below we have a request to do so.  Does that change anything, or
can I just reply again in accordance with your message yesterday that the current review is a
continuation of the review announced in 2007 but not yet completed?
 
I have had other requests for clarification of the process, and I can respond in kind to this one
along with a note that the Service has determined that an FR notice is not necessary now
(unless a request for a notice like that below requires a more formal response - let me know).
 
 
Ryan - could you please see that the recent news release for the 5-year review is uploaded to
our R6 lynx web page (https://www.fws.gov/mountain-
prairie/species/mammals/lynx/5yearreview.htm)?  Or let me know who to contact to make that
happen?  Also - should we ask that the news release be posted under the "Recovery" heading
at the species profile (national) web site
(http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=A073)?  Thanks.
 
Jim 
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---------- Forwarded message ----------
From: <arlene@wildswan.org>
Date: Tue, Jan 27, 2015 at 10:32 AM
Subject: lynx status review
To: Jim_Zelenak@fws.gov

Hello Jim
Could you please clarify the five year status review for lynx. There was a news article about
the status review but there is no information on the FWS webpage other than the 2007 federal
register notice.  I am on the e-mail list for FWS activities yet I did not receive anything. You
have only given the public 2 weeks to comment on this very important issue that was not
widely distributed. I request that you extend the comment deadline and initiate an official
public notice.
-- 
Arlene Montgomery, Program Director
Friends of the Wild Swan
P.O. Box 103
Bigfork, MT  59911
arlene@wildswan.org

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Willey, Seth
To: Ryan Moehring
Cc: Jim Renne; Jim Zelenak; Jodi Bush
Subject: Re: lynx status review
Date: Wednesday, January 28, 2015 2:37:01 PM

Cool!  A first for R6 as far as I know!  Nice job

Seth 

On Wednesday, January 28, 2015, Ryan Moehring <ryan_moehring@fws.gov> wrote:

FYI, HQ posted the NR to the ECOS page today. Thanks, all. -Ryan

 

From: Ryan Moehring [mailto:ryan_moehring@fws.gov] 
Sent: Tuesday, January 27, 2015 2:41 PM
To: Seth Willey
Cc: Jim Renne; Jim Zelenak; Jodi Bush
Subject: RE: lynx status review

 

You might be right, Seth. I’ll talk it over with HQ and let you know what they say. -Ryan

 

From: Willey, Seth [mailto:seth_willey@fws.gov] 
Sent: Tuesday, January 27, 2015 1:19 PM
To: Ryan Moehring
Cc: Jim Renne; Jim Zelenak; Jodi Bush
Subject: Re: lynx status review

 

To the best of my knowledge, we don't post press releases or letters or things like that on the
ECOS pages.  Mostly FR notices and the like.  

 

Seth

*********************************************

Seth L. Willey, Acting Field Supervisor

Colorado Ecological Services Office

USFWS, Mountain-Prairie Region
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Seth_Willey@fws.gov 

phone: 303-236-4774

*********************************************

 

On Tue, Jan 27, 2015 at 12:07 PM, Ryan Moehring <ryan_moehring@fws.gov> wrote:

Thanks, Jim. I just reached out to HQ to see who does that.

 

From: Jim Renne [mailto:jim_renne@fws.gov] 
Sent: Tuesday, January 27, 2015 11:55 AM

To: Ryan Moehring; Jim Zelenak
Cc: Seth Willey; Jodi Bush
Subject: RE: lynx status review

 

I can add the link into the 5yearreview.htm page on the Region 6 web site.

 

I do not have access to Ecos for updating – not sure who does those.

 

Jim

 

U.S. Fish and Wildlife Service

(303) 236-4487

Jim_Renne@fws.gov

134 Union Blvd

Suite 470

Lakewood, Co 80228
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From: Ryan Moehring [mailto:ryan_moehring@fws.gov] 
Sent: Tuesday, January 27, 2015 11:44 AM
To: Jim Renne; Jim Zelenak
Cc: Seth Willey; Jodi Bush
Subject: RE: lynx status review

 

Thanks, Jim Renne.  Could you please add the following text:  “News Release Announcing 5-Year
Review” with that text hyperlinking to this news release: http://www.fws.gov/mountain-
prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php on both of
the following pages: https://www.fws.gov/mountain-
prairie/species/mammals/lynx/5yearreview.htm (above the text: “Notice announcing 5-year
review) and http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=A073 (under
the “Recovery” heading).

 

From: Jim Renne [mailto:jim_renne@fws.gov] 
Sent: Tuesday, January 27, 2015 11:29 AM
To: Ryan Moehring; Jim Zelenak
Cc: Seth Willey; Jodi Bush
Subject: RE: lynx status review

 

Yes, I’m helping out until ES finds someone else.  I’m a little confused on the previous emails as
there are two Jims.  What would you like me to do?

 

U.S. Fish and Wildlife Service

(303) 236-4487

Jim_Renne@fws.gov

134 Union Blvd

Suite 470

Lakewood, Co 80228

 

From: Ryan Moehring [mailto:ryan_moehring@fws.gov] 
Sent: Tuesday, January 27, 2015 11:12 AM
To: Jim Zelenak
Cc: Seth Willey; Jodi Bush; Jim Renne
Subject: RE: lynx status review
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That shouldn’t be a problem, Jim.  

Jim Renne,

 

Are you now updating those ES pages? I know Kris Olson used to do that, but I’m not sure if she
was ever replaced…

 

-Ryan

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, January 27, 2015 11:10 AM
To: Ryan Moehring
Cc: Seth Willey; Jodi Bush; Jim Renne
Subject: Re: lynx status review

 

Great - can we also get it on the R6 lynx webpage?  I think that is where Arlene looked and
found only the 2007 FR notice.  Thanks. 

 

On Tue, Jan 27, 2015 at 11:07 AM, Ryan Moehring <ryan_moehring@fws.gov> wrote:

Jim,

 

Here is the link to the recent lynx NR: http://www.fws.gov/mountain-
prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php.

 

I’m copying Jim to see if he can help us get a link to that NR posted to the ECOS link you provided.

 

Thanks,

 

-Ryan
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From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, January 27, 2015 11:05 AM
To: Seth Willey
Cc: Jodi Bush; Ryan Moehring
Subject: Fwd: lynx status review

 

Seth,

 

As we discussed yesterday, I understand you made the call that because we published a
notice in the FR in 2007 announcing initiation of the 5-year review for lynx that we do not
need to publish another one now.  Below we have a request to do so.  Does that change
anything, or can I just reply again in accordance with your message yesterday that the
current review is a continuation of the review announced in 2007 but not yet completed?

 

I have had other requests for clarification of the process, and I can respond in kind to this
one along with a note that the Service has determined that an FR notice is not necessary now
(unless a request for a notice like that below requires a more formal response - let me know).

 

 

Ryan - could you please see that the recent news release for the 5-year review is uploaded to
our R6 lynx web page (https://www.fws.gov/mountain-
prairie/species/mammals/lynx/5yearreview.htm)?  Or let me know who to contact to make
that happen?  Also - should we ask that the news release be posted under the "Recovery"
heading at the species profile (national) web site
(http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=A073)?  Thanks.

 

Jim 

 

 

---------- Forwarded message ----------
From: <arlene@wildswan.org>
Date: Tue, Jan 27, 2015 at 10:32 AM
Subject: lynx status review
To: Jim_Zelenak@fws.gov

Hello Jim
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Could you please clarify the five year status review for lynx. There was a news article about
the status review but there is no information on the FWS webpage other than the 2007
federal register notice.  I am on the e-mail list for FWS activities yet I did not receive
anything. You have only given the public 2 weeks to comment on this very important issue
that was not widely distributed. I request that you extend the comment deadline and initiate
an official public notice.
-- 
Arlene Montgomery, Program Director
Friends of the Wild Swan
P.O. Box 103
Bigfork, MT  59911
arlene@wildswan.org

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220
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jim_zelenak@fws.gov

 

-- 
*********************************************
Seth L. Willey, Acting Field Supervisor
Colorado Ecological Services Office
USFWS, Mountain-Prairie Region
Seth_Willey@fws.gov 
phone: 303-236-4774
*********************************************
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From: Ryan Moehring
To: Jim Zelenak
Subject: FW: Canada Lynx Data Request
Date: Friday, January 30, 2015 12:16:55 PM

FYI: Chris called me yesterday asking if our deadline was fixed. I told him that was a question for you,
but given that he’s only talking about an extension until Monday I believe we’ll be able to accept his
data. We had a nice conversation and it sounds like he may have some useful information to share. -
Ryan
 

From: Bernier, Chris [mailto:Chris.Bernier@state.vt.us] 
Sent: Thursday, January 29, 2015 12:42 PM
To: 'jim_zelenak@fws.gov'; 'ryan_moehring@fws.gov'
Subject: Canada Lynx Data Request
 
Jim and Ryan,
 
I’m sending this quick email just to let you know that Vermont will be submitting data with respect

to your January 5th request.  Unfortunately, I did not receive your request until January 13th and
have not had the time to compile any meaningful response as of yet (in part because of completing
lynx surveys!!).  The first opportunity I’ll have to gather our data and prepare a response will be this

Monday.  Although this is after your February 1st deadline, I hope you’ll accept Vermont’s
contribution and consider such in your five-year review.  Any flexibility in this regard will be
appreciated.  Thanks.

Chris
 

Chris Bernier, Furbearer Project Leader
[phone]      802-885-8833      [fax]      802-885-8890
[email]        chris.bernier@state.vt.us
[website]    www.vtfishandwildlife.com
 
Fish & Wildlife Department
100 Mineral Street, Suite 302
Springfield, VT  05156-3168
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From: Zelenak, Jim
To: arlene@wildswan.org
Subject: Re: lynx status review comments
Date: Monday, February 02, 2015 8:45:13 AM

Thanks, Arlene, for your comments and continued interest in and support of lynx conservation.

On Thu, Jan 29, 2015 at 12:15 PM, <arlene@wildswan.org> wrote:
Hello Jim,
Attached are comments from Friends of the Wild Swan and Friends of the Clearwater for the
lynx 5-year status review. Please let me know that you received them.
Thank you,
Arlene
-- 
Arlene Montgomery, Program Director
Friends of the Wild Swan
P.O. Box 103
Bigfork, MT  59911
arlene@wildswan.org

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Mary Flanderka
To: Zelenak, Jim
Subject: Re: USFWS Canada lynx 5-year Status Review Initiation and Information Request
Date: Monday, February 02, 2015 9:45:21 AM

Thanks!

On Mon, Feb 2, 2015 at 9:09 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Mary,

Good talking with you on the phone.  As we discussed, the letter announcing the 5-year review for Canada lynx is
attached below.  It was sent on December 9, 2014, from our Wyoming Field Office to Zack Walker, Susan Patla,
and Bob Lanka with the State of Wyoming.  It details the kinds of information we are looking for to inform the
review.  The news release announcing the current  review is here:

https://www.fws.gov/mountain-
prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php#.VM-
fkzHF9wY

The 2007 Federal Register notice announcing initiation of the review is here:

https://www.fws.gov/mountain-prairie/species/mammals/lynx/FRnotice-apr18-07.pdf

We welcome any information you can provide regarding status of and threats to lynx in
Wyoming.  As always, sooner is better, but we will gladly accept anything you care to
contribute at any time during the reveiw process, which we hope to complete by June.

Please let me know if you have questions or need additional information, and please reply to
let me know you received this information.

Thanks,

Jim

---------- Forwarded message ----------
From: Belleman, Ann <ann_belleman@fws.gov>
Date: Tue, Dec 9, 2014 at 3:54 PM
Subject: USFWS Canada lynx 5-year Status Review Initiation and Information Request
To: Zack Walker <zack.walker@wyo.gov>, Susan Patla <Susan.Patla@wyo.gov>,
bob.lanka@wyo.gov, Dan Wenk <dan_wenk@nps.gov>, Raymond Vela
<david_vela@nps.gov>, Daniel Stahler <dan_stahler@nps.gov>, Alex Schubert
<alex_schubert@fws.gov>, Andy Pils <apils@fs.fed.us>, Ann Belleman
<ann_belleman@fws.gov>, Ann Roberts <annrroberts@fs.fed.us>, Brandon Houck
<brandonjhouck@fs.fed.us>, Christopher Keefe <ckeefe@blm.gov>, Dennis Saville
<dsaville@blm.gov>, Don DeLong <ddelong@fs.fed.us>, Eric Cole
<Eric_Cole@fws.gov>, Gary Hanvey <ghanvey@fs.fed.us>, "Harrell, Destin"
<dharrell@blm.gov>, Jessup Weichelt <jweichelt@blm.gov>, Jim Wilder
<jamesmwilder@fs.fed.us>, Kerry Murphy <kmmurphy02@fs.fed.us>, Lawrence Ashton
<lashton@blm.gov>, Mark Thonhoff <mthonhof@blm.gov>, Nathan Darnall
<nathan_darnall@fws.gov>, Peter McDonald <petermcdonald@fs.fed.us>, Sarah Dewey
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<sarah_dewey@nps.gov>, "Stephens, Timothy" <t75steph@blm.gov>, Susan Oberlie
<soberlie@blm.gov>, Timothy Vosburgh <tvosburgh@blm.gov>, Tyler Abbott
<tyler_abbott@fws.gov>, "Loose, Steve S -FS" <sloose@fs.fed.us>, "Grant, Alex B -FS"
<abgrant@fs.fed.us>, Rebecca Good <rgood@blm.gov>, wmagwire@fs.fed.us,
djaeger01@fs.fed.us, Steve Kallin <steve_kallin@fws.gov>, Shane DeForest
<sdefores@blm.gov>, Richard VanderVoet <rvandervoet@blm.gov>, "William (Aaron)
Mier" <wmier@blm.gov>, Delissa Minnick <dminnick@blm.gov>, bbass@fs.fed.us,
bbornong@fs.fed.us, jalexander@fs.fed.us, kconant@fs.fed.us
Cc: Lisa Solberg Schwab <lisa_solbergschwab@fws.gov>, Jim Zelenak
<jim_zelenak@fws.gov>

Hello all,

The USFWS is initiating a 5-year status review for the Canada lynx, which includes a
request for new scientific and commercial information.  The attached letter from
our USFWS Montana Field Office discusses this effort and provides additional information. 
While I've tried to include managers and biologists in this email, I would greatly appreciate
your assistance in forwarding this to others in your forest or unit as appropriate. 

Please note that any questions and information submittals be sent to Jim Zelenak of the
USFWS Helena, Montana Field Office (jim_zelenak@fws.gov; 406-449-5225, ext. 220).

If you have general questions, I may be able to help you.

Thank you - Ann
 
Ann Belleman
U.S. Fish and Wildlife Service
Wyoming Ecological Svcs. Field Office
5353 Yellowstone Rd., Suite 308A
Cheyenne, WY 82009
 
ann_belleman@fws.gov
 
307-421-5839 (work cell)
307-772-2374 (FWS-Cheyenne)
218-529-5171 (EPA-MN)

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 

Mary Flanderka
WGFD
Habitat Protection Supervisor
5400 Bishop Blvd.
307-777-4587
307-290-0069
mary.flanderka@wyo.gov

E-Mail to and from me, in connection with the transaction 
of public business, is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.
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From: Zelenak, Jim
To: steve kelly
Cc: Michael Garrity
Subject: Re: 5-year status review info from AWR
Date: Monday, February 02, 2015 10:00:11 AM

Thanks Steve.

As I said in my email of Jan. 27, we will gladly accept and consider information from you or others even after the
Feb. 1 deadline.  It is certainly not our intent to exclude you or anyone else from providing pertinent information for
us to consider and evaluate as part of the lynx 5-year review process.  So, send me what you can when you can, and
encourage any of your colleagues who you suggest may have felt excluded to do the same.  As always, sooner is
better.

Regards,

Jim  

On Fri, Jan 30, 2015 at 12:55 PM, steve kelly <troutcheeks@gmail.com> wrote:
Hi Jim,

Attached are our thoughts -- from the Alliance for the Wild Rockies.  A little more time
would be nice.  I think we would like to add some things if given the opportunity.  And for
those excluded by the tight time frame, we will do our best to keep them informed.  Please
keep us on your mailing list.

- Steve Kelly, Bozeman
for Michael Garrity, Helena 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Sally Stockwell
Cc: Mark McCollough
Subject: Re: Maine Audubon comments on lynx listing
Date: Monday, February 02, 2015 10:24:10 AM

Sally,

Thanks very much for your thoughtful comments for our consideration during the lynx 5-year review process.

Jim

On Fri, Jan 30, 2015 at 1:01 PM, Sally Stockwell <sstockwell@maineaudubon.org> wrote:
Dear Jim and Mark:

Please accept these comments from Maine Audubon regarding the status of the
listing of Canada lynx.

Sincerely,
Sally Stockwell

-- 
Sally Stockwell II Maine Audubon
Director of Conservation
_______________________________
20 Gilsland Farm Road, Falmouth, ME  04105
tel (207) 781-2330 x227
mobile (207) 318-5629

web maineaudubon.org 

 
Maine Audubon conserves wildlife and wildlife habitat by engaging people of all ages in
education, conservation and action.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Roberta Scruggs
Cc: Laury Zicari; Mark McCollough
Subject: Re: Status review of the Canada Lynx, Docket No. FWS–R6–ES–2013–0101
Date: Monday, February 02, 2015 10:35:50 AM

Thanks very much, Roberta!

Jim

On Fri, Jan 30, 2015 at 3:23 PM, Roberta Scruggs <robertascruggs@gmail.com> wrote:
I am sending the attached documents regarding the status review of the Canada Lynx,
Docket No. FWS–R6–ES–2013–0101, on behalf of Patrick Strauch, Executive Director of
the Maine Forest Products Council.

Roberta Scruggs Comments from the Maine Forest Products Council
Communications Director
Maine Forest Products Council
535 Civic Center Drive
Augusta ME 04330
207-622-9288

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Canada lynx
Date: Tuesday, February 03, 2015 9:38:51 AM

Thanks Jim.  I hope we can talk once all the comments come in.  Mark  

On Tue, Feb 3, 2015 at 11:31 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
FYI
---------- Forwarded message ----------
From: Sarah J Medina <smedina@sevenislands.com>
Date: Fri, Jan 30, 2015 at 3:56 PM
Subject: Canada lynx
To: Jim_Zelenak@fws.gov

Re: Endangered species listing, recovery planning.

Please accept the attached.

 

 

Sarah J. Medina

Seven Islands Land Company

P. O. Box 1168

Bangor ME 04402-1168

smedina@sevenislands.com

207-947-0541

 

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Zelenak, Jim
To: Tur, Anthony
Subject: Re: 5 year review documents for Canada Lynx in NH
Date: Tuesday, February 03, 2015 9:45:51 AM

Thanks Tony!

On Tue, Feb 3, 2015 at 9:35 AM, Tur, Anthony <anthony_tur@fws.gov> wrote:
from NH.

---------- Forwarded message ----------
From: Kilborn, Jillian <jillian.kilborn@wildlife.nh.gov>
Date: Mon, Feb 2, 2015 at 2:33 PM
Subject: 5 year review documents for Canada Lynx in NH
To: Tony Tur <Anthony_Tur@fws.gov>
Cc: "Ellingwood, Mark" <Mark.Ellingwood@wildlife.nh.gov>, "Kanter, John"
<John.Kanter@wildlife.nh.gov>, "Gustafson, Kent" <Kent.Gustafson@wildlife.nh.gov>,
"Tate, Patrick" <Patrick.Tate@wildlife.nh.gov>, Alexej Siren <alexejpksiren@gmail.com>

Hi Tony

Attached are the two reports that would summarize information on lynx
and the survey work in NH for the 5yr lynx review.

Please note that Alexej has updated the reports with some additional
habitat modeling so you should use these as the most recent documents.

Thanks
Jill

Jillian Kilborn
Wildlife Biologist
NH Fish and Game, Region 1
629B Main Street
Lancaster NH 03584
(603) 788 3164, jillian.kilborn@wildlife.nh.gov
NH Fish and Game...connecting you to life outdoors
www.wildnh.com, www.facebook.com/nhfishandgame

Did you know?  New Hampshire Fish and Game has been conserving New
Hampshire's wildlife and their habitats since 1865

-- 
 (V)
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( . . )
(") (")

Anthony Tur
Endangered Species Biologist
U.S. Fish and Wildlife Service
New England Field Office
70 Commercial Street, Suite 300
Concord, New Hampshire 03301

Phone (603) 223-2541 x.24
Anthony_Tur@fws.gov

http://www.fws.gov/newengland/

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Laury Zicari; Mark McCollough; Anthony Tur
Subject: Fwd: Canada Lynx Data Request
Date: Tuesday, February 03, 2015 10:24:38 AM

FYI - data from VT coming for lynx 5-year review.
---------- Forwarded message ----------
From: Bernier, Chris <Chris.Bernier@state.vt.us>
Date: Thu, Jan 29, 2015 at 12:41 PM
Subject: Canada Lynx Data Request
To: "jim_zelenak@fws.gov" <jim_zelenak@fws.gov>, "ryan_moehring@fws.gov"
<ryan_moehring@fws.gov>

Jim and Ryan,

 

I’m sending this quick email just to let you know that Vermont will be submitting data with
respect to your January 5th request.  Unfortunately, I did not receive your request until January
13th and have not had the time to compile any meaningful response as of yet (in part because
of completing lynx surveys!!).  The first opportunity I’ll have to gather our data and prepare a
response will be this Monday.  Although this is after your February 1st deadline, I hope you’ll
accept Vermont’s contribution and consider such in your five-year review.  Any flexibility in
this regard will be appreciated.  Thanks.

Chris

 

Chris Bernier, Furbearer Project Leader

[phone]      802-885-8833      [fax]      802-885-8890

[email]        chris.bernier@state.vt.us

[website]    www.vtfishandwildlife.com

 

Fish & Wildlife Department

100 Mineral Street, Suite 302

Springfield, VT  05156-3168
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Laury Zicari; Mark McCollough
Subject: Fwd: Canada lynx
Date: Tuesday, February 03, 2015 12:05:32 PM
Attachments: Lynx info to USFWS, Jan 2015.docx

FYI
---------- Forwarded message ----------
From: Sarah J Medina <smedina@sevenislands.com>
Date: Fri, Jan 30, 2015 at 3:56 PM
Subject: Canada lynx
To: Jim_Zelenak@fws.gov

Re: Endangered species listing, recovery planning.

Please accept the attached.

 

 

Sarah J. Medina

Seven Islands Land Company

P. O. Box 1168

Bangor ME 04402-1168

smedina@sevenislands.com

207-947-0541

 

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Seven Islands Land Company 
P. O. Box 1168 

Bangor ME 04402-1168 
 

January 30, 2015 
Mr. Jim Zelenak Jim_Zelenak@fws.gov 
US Fish & Wildlife Service 
 
Dear Mr. Zelenak, 
 
Seven Islands Land Company thanks the US Fish and Wildlife Service for reviewing the status 
of Canada lynx.  We and our subsidiary, Orion Timberlands, manage over 1.1 million acres of 
privately owned timberlands in northern Maine, most of which has been owned and sustainably 
managed by the same family for 173 years. The Maine lynx population is abundant and healthy. 
Favorable lynx habitat is plentiful. Timber harvesting, the primary tool for maintaining healthy 
forests/ healthy habitat, is on-going. We believe lynx in Maine do not need protection under the 
Endangered Species Act. If the same is not found to be true across the country, we suggest that 
Maine lynx be considered a Distinct Population Segment and be de-listed. 
 
A spruce budworm epidemic and subsequent timber salvage (clear cutting) in the 1980’s was a 
key factor in creating lynx habitat in Maine. Since then, clear-cuts have declined in favor of 
shelterwood and partial harvests.  Nonetheless, early and mid-succession softwood stands 
(ideal hare habitat) are prevalent.   
 
Lynx sightings have become more and more common. Foresters and others who work in the 
woods see them several times a winter in many areas. Snowmobilers (including myself) see 
them from/on the trail on occasion. Lynx have spread farther east and south than when they 
were first sighted in NW Maine. We’re certain some wander back and forth across the US-
Canada border as well. Just this month a lynx collared in Maine was tracked in New Brunswick 
(where it could legally be trapped in-season.) 
 
There is no real threat to lynx habitat in Maine.  Maine is a huge “wood basket” with vast 
undeveloped acreages. Over 3.5 million acres are encumbered by “no-development” 
conservation easements. 9.4 million acres are “green” certified by independent auditors. Forest 
products is the state’s largest manufacturing industry. Maine’s forest economy provides $1 out 
of every$16 in Maine’s gross state product. The Maine forest is not under threat, rather it is a 
vital part of our economy as forestland.   
 
When lynx were under consideration for listing, landowners pooled their modelling information 
through an independent consultant. As a group we were able to show that we will have more 
than adequate lynx habitat over millions of acres over tens of years. Our lynx population is 
thriving. There is no need for “recovery planning” here. Please take into account the uniqueness 
of Maine as you review the status of Canada lynx. 
 
Thank you  
 
Sarah J. Medina 
Land Use Director 
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From: Zicari, Laury
To: McCollough, Mark
Cc: Jim Zelenak
Subject: Re: lynx listing responses from Maine
Date: Tuesday, February 03, 2015 12:49:33 PM

Also I assume that since the listing identified absence of regulations or long term plans to
protect habitat as a/the primary reason for listing...and most of Maine is in private hands and
there are a limited number of conservation plans, (e.g. Healthy Forest Initiative plans) in
place.... that that would be taken into account?  Thing is,  USFS forest protection plans are all
in effect out West, and the basis for the listing leaned heavily on the situation out West, does
that influence the decision?

On Tue, Feb 3, 2015 at 12:47 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Jim:  

Laury and I would like to talk to you once we have all the responses from Maine.  

I read the comments from the Seven Islands and Maine Forest Products Council.  They are
quite interesting and contain some beautiful pictures, but I hope that the Service does not
make population inferences or listing decisions based on anecdote.  Based on the best
available science from UMaine, we know that lynx habitat is peaking or recently peaked and
based on MDIFW's telemetry research that lynx populations can be reach 10 lynx/100 km2
in the very best quality habitat.  But high quality lynx habitat is a relatively small portion of
the landscape.  Erin is under contract by our office to apply her habitat model to the
remainder of the lynx critical habitat, and in a few months we could actually calculate that.

I recognize many of the lynx reports from foresters as coming from areas identified by
UMaine lynx modeling as high quality habitats.  Lynx are readily approachable, curious,
relatively tame and thus, a number of beautiful photographs are provided.  

However, we cannot make listing decisions based on anecdote.  If someone in 1985 said, "I
see bald eagles everywhere, therefore we should delist," would we have?  If someone says,
"I see piping plovers every time I visit beaches in southern Maine, therefore we should
delist"  should we?  If someone reports that "Furbish's lousewort occurs all along the banks
of the St. John River, so we should delist" should we?  

We can discuss the science concerning Maine habitat and habitat trends and make some
scientifically-based projections on lynx trends past, present, and future (see Erin Simon's
dissertation and ms in JWM).  We can discuss the validity of MDIFW's population estimate
of 750 to 1000 adults that peaked in about 2010.  We could even have Erin Simons develop
population estimates past, present, and future based on her habitat analysis.

Curiously, since the two lynx were killed in traps last fall there seems to be a lot of claims
made concerning lynx numbers and population trends.

We heard similar comments about lynx numbers at the Maine Trappers Association meeting
on Sunday. I suspect there is a reason why we are hearing similar comments from several
sectors...

Mark 
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-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 

Laury Zicari
Field Supervisor
Maine Field Office
17 Godfrey Drive, Suite 2
Orono, ME   04473
207-866-3344 x 111
Fax  866-3351
Cell 207-949-0561
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From: Zelenak, Jim
To: Becker, Penny A (DFW)
Cc: Thorson, Kristopher R (DFW); Gardner, Eric S (DFW); Lewis, Jeffrey C (DFW)
Subject: Re: Canada Lynx 5-Year Review
Date: Tuesday, February 03, 2015 1:10:25 PM

Thanks very much Penny!

On Fri, Jan 30, 2015 at 5:44 PM, Becker, Penny A (DFW) <Penny.Becker@dfw.wa.gov>
wrote:

Mr. Zelenak,

Please accept the attached letter and references to be included in the USFWS’s 5-year
review of the Canada Lynx.

We have also mailed the attached documents to your office.

Regards,

Penny Becker

 

Penny A. Becker, Ph.D.

Acting Diversity Division Manager

Washington Department of Fish and Wildlife

penny.becker@dfw.wa.gov

office: 360-902-2694

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: activist@midmaine.com
Cc: Laury Zicari; Mark McCollough
Subject: Re: Comments for review ie Canada Lynx
Date: Tuesday, February 03, 2015 1:35:43 PM

Thanks again, Daryl.

I will add these to the other comments we received, and I will consider these the official comments of the Wildlife
Alliance of Maine.

Jim

On Sat, Jan 31, 2015 at 10:01 AM, <activist@midmaine.com> wrote:
Hi Jim,
   Please consider this our official comments. I cleaned up the original a
bit.

Daryl DeJoy
Executive Director
Wildlife alliance of Maine

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: sympa@npogroups.org
Cc: Laury Zicari; Mark McCollough
Subject: Re: Comments for review ie: Canada Lynx
Date: Tuesday, February 03, 2015 1:39:59 PM

Thanks for your comments, Daryl, and your continuing interest in lynx conservation.

No decisions have yet been made, and when we complete the 5-year review, we will certainly make it available to
the public.  A recommendation to delist is just one of three possible outcomes of the review; the other two are a
recommendation to maintain the DPS's current threatened status or to uplist it to endangered.  Despite the variety of
opinions expressed recently in the media, especially with regard to trapping issues in Maine, I have not become
aware of any "political full court press" to delist.

Jim  

On Sat, Jan 31, 2015 at 7:08 AM, Daryl DeJoy <activist@midmaine.com> wrote:
Hello Jim,
   I am hoping there will be a process for the public to review as to how
the decisions made here were arrived at. We can find little reason to
de-list lynx, and yet we are concerned that your review is the first
step in what seems to be a political full court press to do so.
   Thank you for considering our comments, attached.

Daryl DeJoy
Executive Director
Wildlife Alliance of Maine

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Laury Zicari; Mark McCollough
Subject: Fwd: Comments for review ie: Canada Lynx
Date: Tuesday, February 03, 2015 2:13:14 PM
Attachments: LynxReview-commentstoFWS.doc

Another submission from Maine.  Not sure exactly what decisions he's referring to or how he's come to believe that
the 5-year review is the 1st step in a "political full court press" to delist.  Also, having not yet read the comments,
I'm guessing they contain little in the way of useful science/data to help us assess the status of or threats to the
DPS....
---------- Forwarded message ----------
From: Daryl DeJoy <activist@midmaine.com>
Date: Sat, Jan 31, 2015 at 7:08 AM
Subject: Comments for review ie: Canada Lynx
To: jim_zelenak@fws.gov

Hello Jim,
   I am hoping there will be a process for the public to review as to how
the decisions made here were arrived at. We can find little reason to
de-list lynx, and yet we are concerned that your review is the first
step in what seems to be a political full court press to do so.
   Thank you for considering our comments, attached.

Daryl DeJoy
Executive Director
Wildlife Alliance of Maine

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:Laury_Zicari@fws.gov
mailto:mark_mccollough@fws.gov
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Wildlife Alliance of Maine                          Daryl DeJoy, Executive Director 
615 Back Ridge Rd.                     
Penobscot, Maine 04476              Christina Perkins, Assistant Director   
(207) 479-2252                                    
                                                                                                                                  
 
 
 

 
Response to review of ESA Listing for Canada Lynx 

 
 
            Jan.31, 2015 

To: U.S. Fish and Wildlife Service, Montana Ecological Services Field Office, Attn: Jim Zelenak, 585 
Shepard Way, Suite 1, Helena, MT 59601 
 
 
Mr. Zelenak, 
       On behalf of the Wildlife Alliance of Maine and its 1600 members, I would like to submit reasons 
which should encourage USFWS to continue to offer the protection of the Endangered Species Act for the 
Canada Lynx. We base this request on the best and most recent available science from the University of 
Maine on the current and future status of the lynx population here in Maine, as well as other peer reviewed 
and published science. 
        We realize there is considerable pressure from those who choose to exploit wildlife as a recreational 
activity. We do not believe that this pressure should effect the results of your review and ask you to look 
only at the facts, concerns and best available science when it comes to lynx. It is fair to mention the amount 
of political pressure brought to bear on USFWS and the resulting poor ITP which resulted in mortality of 
two lynx within three weeks of the ITP being issued. It is this pressure that will effect species like the lynx 
whose future will be tenuous without (at least) the current protections offered by the ESA. We need to 
apply the principles of good science as well as the precautionary principle. Once we remove protections for 
the lynx, what happened here in Maine will likely increase many-fold, with trappers regularly catching and 
killing Canada Lynx in their traps set for  Pine Marten and Fisher. This is not simply an assumption. It is 
reality, and the Service is the only mechanism we have to ensure that this finite population will remain 
viable here in Maine. It is interesting to note that our state agency disagrees both with Regional FWS and 
the University of Maine in their own assessment of the lynx population and its future here, regardless of the 
fact that they have no peer reviewed science (or any other type that I know of) to back up those assertions. 
        Erin Simons, UM, in her PhD dissertation in 2009 titled "Influences of Past and Future  Forest 
Management on the Spatiotemporal Dynamics of Habitat Supply for Canada Lynx and American Martens 
in Northern Maine" points out, on page 132, that habitat for lynx in Maine is expected to "decline over the 
next 20-30 years", with an accuracy of the method (NDMI) the data was obtained measurable at 87-91% 
accurate over previously used methods. She also points out that her results "suggest that lynx densities in 
northern Maine could decline rapidly in townships where young regenerating forest is not available"  on 
page 133. The entire peer reviewed thesis paints a less-than-rosy picture for the Canada Lynx in the future 
if they are not offered adequate protections such as those currently offered by the ESA.  
      Simons, LeGard et al, 2013, "Canada Lynx Occurrence and Forest Management in the Acadian Forest" 
is another University of Maine study which  supports our contention that protections for lynx should remain 
in place, and perhaps even enhanced by up listing to endangered. They point out that the current lynx 
population is probably a result of high clear cutting rates due to spruce budworm outbreaks in Maine in the 
70's. These stands are now reaching maturity and no longer support high hare populations throughout. They 
go on to point out that cutting practices have changed (they are practicing pro-active budworm forestry) 
resulting in  partial harvesting and less good hare habitat (lower hare densities per acre). They estimate a 
>40% decline in number of acres harvested by clearcut. This does not bode well for long term growth of 
the lynx population, especially when combined with other concerns expressed below. 
      Given that 24% of all federally designated critical lynx habitat occurs in northern and western Maine, 
the available science leads us to believe that forest management by private entities, which make up the bulk 
of northern Maine forests will not favor snowshoe hare and Canada Lynx. We believe the bulk of and best 



scientific evidence supports that. The recommendations of the above mentioned study are that private 
entities maintain a 27% high quality hare habitat within 100 km squared areas. This recommendation so far 
has not been implemented, nor is it being seriously considered as far as we can ascertain as it would 
involve unacceptable (to shareholders) loss of profits. This large scale private ownership of land in Maine 
in areas that could potentially support snowshoe hare and lynx is only one of the major obstacles lynx face, 
now and in the near future. 
    
      We are concerned that there is little to no accurate and up to date information on lynx populations 
available. Some of the most recent hard data we can find indicates that there are less lynx than previously 
thought in areas in the West and that they exist in isolated "patches". Without additional protections, we 
cannot see how their viability as a species will increase. (LCAS revision) 

      Climate change is viewed as another major obstacle which can clearly define the future of lynx in 
Maine. Carlos Carroll, in his peer reviewed study in 2007, "Interacting Effects of Climate Change, 
Landscape Conversion, and Harvest on Carnivore Populations at the Range Margin: Marten and Lynx in 
the Northern Appalachians" points out that "Lynx populations declined 59% because of climate change, 
36% because of trapping, and 20% in scenarios evaluating the effects of population cycles. Climate change 
interacted with logging in its effects on the marten and with trapping in its effects on the lynx, increasing 
overall vulnerability."   There needs to be a clearer understanding of the overall results of climate change 
alone, but with the combination of factors we are currently looking at in Maine, it is a necessity if we care 
about the future of the species that we take a more cautious approach to protections for Canada Lynx than 
playing fast and loose with political decisions based more on recreational concerns than any practical 
science. One clear example of how climate change will effect lynx is in how the ranges of lynx and bobcat 
overlap. With climate change comes unpredictability of snowpack. In Maine the snowline clearly 
differentiates the two species. While the bobcat is the more aggressive of the two cats, it cannot effectively 
hunt in the deep snows of northern Maine. If we see less snow in northern Maine we will likely see more 
inter-species competition between the two, with the more dominant personality of the bobcat effecting lynx 
range.( Hoving,et al, 2003) 

       Lungworm,  (Aelurostongylus abstrusus) is another concern for lynx. There are documented cases, 
originating in or about 2005, of lynx dying from this parasite in Maine. While it is known to occur in 
domestic cats, there is little currently known about the overall effect of lungworm on a population the size 
we have in Maine (estimated by FWS at about 500 adult individuals). Until there is a well documented and 
peer reviewed study on the effects of lungworm on lynx, we again recommend taking the precautions the 
lynx deserves to ensure its longevity as a species in Maine and elsewhere. 
 
        Trapping is an additive mortality for lynx, and should be included as one of the multiple  obstacles this 
species faces in the north woods of Maine. As you well know, within three weeks of the issuance of an ITP 
for incidental trapping of lynx here, there were two (reported) mortalities. Without the protections of the 
ESA  the concept that many, many more lynx will be killed due to trapping is a foregone conclusion in our 
minds, and should be of concern to anyone who actually cares about the species. I would like to assume 
that USFWS does care about the species. I must admit that when I heard that Dan Ashe told a group of 
conservations in MT that he believed that "we must accept a world with fewer wolves, salmon and spotted 
owls" and that there must be compromise which will result "in less biodiversity", I questioned the motives 
and intentions of those who we have appointed as overseer for the protections needed by so many of these 
species. We are concerned that political pressure brought to bear on the FWS (by those whose recreational 
activities will be effected by the current ESA listing) might prevail with those in charge at FWS to remove 
those protections, to the detriment of the species. We do consider this (political motivations) a legitimate 
concern for Canada Lynx, as well as other listed species.  
 
        We also believe that recreational activities like snowmobiling can effect lynx by creating trails for 
competitors like coyotes. While there has not been enough study for this assumption to be proven in Maine, 
it is another unknown that must be considered as a secondary impact, along with road mortality, a primary 
cause of mortality for lynx in Maine. There is clear evidence in other states where lynx live that 



snowmobile trails contribute to competition for food to some degree. Again, with adequate protections in 
place, we can help mitigate these effects. 
 
        Fragmented habitat, along with forestry practices which do not always benefit the species are clearly 
the dominant factors effecting lynx, but none of the above-mentioned secondary effects should be taken 
lightly. Where there is not enough study done on some issues addressed previously, it is foolhardy to 
assume that  because we have no direct evidence , that they have no impact on lynx. It is the cumulative 
effect of all these potential pitfalls for lynx we are concerned with. On other issues mentioned above, there 
is more than enough peer reviewed science to back our belief that the current protections offered for lynx, 
at least here in Maine, are barely enough to actually ensure viable lynx populations into the future. Indeed, 
the available science points out the obvious holes in management and protections for the species that are 
ongoing and current. Being a state organization, I cannot speak to the larger lynx population in the US. I do 
believe all the different state populations face similar issues affecting this species future, though, as well as 
challenges unique to the different states habitats and forestry practices. Trapping, vehicle mortality, 
poaching and climate change are all worrisome for this species. 
 
As a non-profit, 501c3 all volunteer organization here in the state of Maine, we work hard to ensure that the 
right thing is done as much as possible in protecting the species here. These species are not only valuable to 
the residents of Maine, but also exist here as part of what makes Maine the state it is. Without this wildlife, 
and the protections merited them in the name of historical presence, we are only another sad representation 
of what seems to be happening throughout the country in a war against various predators . With so little 
available information on habitat, populations and  impacts from disease and other human related causes, we 
urge you to continue to protect the Canada Lynx under the Endangered Species Act. The lynx was here 
long before we were, and I hope you will choose in this process to continue to ensure, by providing the 
protections offered by the ESA, that they will be here for the foreseeable future. Their future demands those 
protections.  
 
 
                  Thank you, 
                   Daryl DeJoy 
                   Executive Director 
                   Wildlife Alliance of Maine 

 

 
 
 



From: Belleman, Ann
To: Zelenak, Jim
Subject: Re: Lynx Five Year Review
Date: Tuesday, February 03, 2015 2:29:12 PM

Ohhhh, the pain of another seemingly imminent deadline.  Hard not to get burned out again. 

All's well here other than little snow to speak of.  And I'm still mired in the lynx and grizz
world in WY. 

Will be in touch, I'm sure.

 
Ann Belleman
U.S. Fish and Wildlife Service
Wyoming Ecological Svcs. Field Office
5353 Yellowstone Rd., Suite 308A
Cheyenne, WY 82009

Minnesota/Wisconsin Field Office Complex
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
307-421-5839 (work cell)
307-772-2374 (FWS-Cheyenne, WY)
(612) 725-3548 (FWS-Bloomington, MN)

On Tue, Feb 3, 2015 at 2:25 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Ann,

I also sent it to Kurt, Leslie, and Lisa.  And, yes, I was aware that he represents the forest products industry.

I want to know who decided that we could have this 5-year review done by June...(wasn't me!).

Hope all is well there in the Midwest.

Jim

On Tue, Feb 3, 2015 at 2:08 PM, Belleman, Ann <ann_belleman@fws.gov> wrote:
Hi Jim,

Thanks for including me in the email.  Guessing this should go to Kurt or Leslie. 

Tom Troxel has been inserting himself into the lynx arena, including through WY Game
and Fish, which shouldn't be a surprise, as he's in the Black Hills and IFA members appear
to be from forest products industries (checked their website).

mailto:ann_belleman@fws.gov
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Hope you're well - Ann

 
Ann Belleman
U.S. Fish and Wildlife Service
Wyoming Ecological Svcs. Field Office
5353 Yellowstone Rd., Suite 308A
Cheyenne, WY 82009

Minnesota/Wisconsin Field Office Complex
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
307-421-5839 (work cell)
307-772-2374 (FWS-Cheyenne, WY)
(612) 725-3548 (FWS-Bloomington, MN)

On Tue, Feb 3, 2015 at 1:44 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks very much for your letter, Tom, and for your continued interest in lynx conservation.

Jim

On Sun, Feb 1, 2015 at 8:35 AM, Tom Troxel <t_troxel@hills.net> wrote:

Mr. Zelenak,

Attached is IFA’s input to the Lynx Five Year Review.

Thank you.

Tom Troxel

 

 

Tom Troxel

Intermountain Forest Association

2218 Jackson Blvd, Ste 10

Rapid City, SD  57702

605-341-0875

605-341-8651 (fax)

605-390-7457 (mobile)

mailto:ann_belleman@fws.gov
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t_troxel@hills.net

 

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:t_troxel@hills.net
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From: Zelenak, Jim
To: Laury Zicari; Mark McCollough
Subject: Re: Comments for review ie: Canada Lynx
Date: Tuesday, February 03, 2015 2:29:59 PM

OK, my bad - he actually cited some science!  Along with plenty of speculation....

On Tue, Feb 3, 2015 at 1:16 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Another submission from Maine.  Not sure exactly what decisions he's referring to or how he's come to believe
that the 5-year review is the 1st step in a "political full court press" to delist.  Also, having not yet read the
comments, I'm guessing they contain little in the way of useful science/data to help us assess the status of or
threats to the DPS....
---------- Forwarded message ----------
From: Daryl DeJoy <activist@midmaine.com>
Date: Sat, Jan 31, 2015 at 7:08 AM
Subject: Comments for review ie: Canada Lynx
To: jim_zelenak@fws.gov

Hello Jim,
   I am hoping there will be a process for the public to review as to how
the decisions made here were arrived at. We can find little reason to
de-list lynx, and yet we are concerned that your review is the first
step in what seems to be a political full court press to do so.
   Thank you for considering our comments, attached.

Daryl DeJoy
Executive Director
Wildlife Alliance of Maine

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:Laury_Zicari@fws.gov
mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:activist@midmaine.com
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Zicari, Laury
Subject: Re: Canada lynx
Date: Tuesday, February 03, 2015 3:01:40 PM

Sure - I'll forward this and others from ME.  Forgot that by including you in a reply, that the doc would not be
attached....

On Tue, Feb 3, 2015 at 9:12 AM, Zicari, Laury <laury_zicari@fws.gov> wrote:
Would we be able to get a gander at this?  The Maine Forest Products Council and other
Maine comments would be good to see.

On Mon, Feb 2, 2015 at 12:55 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks very much, Sarah!

Jim

On Fri, Jan 30, 2015 at 3:56 PM, Sarah J Medina <smedina@sevenislands.com> wrote:

Re: Endangered species listing, recovery planning.

Please accept the attached.

 

 

Sarah J. Medina

Seven Islands Land Company

P. O. Box 1168

Bangor ME 04402-1168

smedina@sevenislands.com

207-947-0541

 

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
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(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 

Laury Zicari
Field Supervisor
Maine Field Office
17 Godfrey Drive, Suite 2
Orono, ME   04473
207-866-3344 x 111
Fax  866-3351
Cell 207-949-0561

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Jake Kreilick
To: Zelenak, Jim; Broberg, Len
Subject: Re:
Date: Tuesday, February 03, 2015 5:15:38 PM

Jim,

Thanks for your reply and it does help me and the LRC better understand how the critical
habitat designations were established. I've also had a chance to talk further with th biologist on
the Superior District who said that lynx were present in the area up until the 1990s due to more
abundant snowshoe hare populations. She said that the consultation on lynx occurred in 2010-
11. She also said that occasional lynx activity does occur from cats moving from more
established populations on the Idaho side (Idaho Panhandle and Clearwater N.F.'s.) I do think
that lynx could reoccupy some of the roadless areas up on the Bitterroot Divide if habitat
conditions change enough to allow snowshoe hare populations to increase.

I've heard John Squires presentation about their survey work in the Crown of the Continent
and so am aware of his studies. I understand how his studies have shown the high
concentration of lynx in the SWCC zone and he pretty much told me that draw the line on I-90
for the lynx boundary. I told him that the only lynx I've ever seen in the wild was over on the
Nez Perce N.F. in the summer of 1995 in the Cove/Mallard timber sale in Central Idaho and
he said that Idaho's population has been in decline for decades. Trapping certainly was a factor
but habitat changes is what he attributed most of the decline to. That said, it still doesn't make
sense to me why you guys wouldn't be conducting your own population surveys to detect "the
various lynx sub-populations and habitats in the DPS". I'm not sure what DPS stands for and
when I opened your attachment, it only showed the map. The table and text were all blank.
What is DPS?

How much designated critical habitat is in Idaho? I know the article in the Missoulian talked
about areas around the Greater Yellowstone Ecosystem but is there any in other parts of the
state? I get that you can't do surveys it for all projects (though this is a 60,000 acre project) but
there are lynx who are traveling back and forth along the Bitterroot Divide between Idaho and
Montana and for us that remains a concern. The LRC will be monitoring a number of activities
in the Cedar-Thom project area over the course of this project's lifespan and I can assure you
that process will take over a decade. This is the main reason that we'd like to see more
attention paid to the impacts as well as the potential habitat changes from the project (i.e. some
of the logging and thinning may allow more hare reproduction due to more forage).

Just so you're aware, the primary issue holding up completion of the project NEPA was bull
trout. Thus the water quality and aquatic species' components remain the biggest concerns
from the LRC from this project but, given our involvement in other landscape-level projects
on the Lolo (Center Horse,) I would hope that over the course of the next five years you could
make some time to educate our members further about the dynamics associated with
surveying, managing and keeping lynx on the landscape in the Northern Rockies. We meet in
the evenings for about two hours and, for the most part, are volunteers, citizen activists who
want to protect and restore our forests, wildlife and waters. While much has changed for the
positive in the last 10 years or so, the recovery of and restoration of said forests, wildlife and
waters is going to take several generations -- all happening with a fluctuating climate and an
increasingly conservative and hostile Congress. 

mailto:jkreilick@wildrockies.org
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All the best,

Jake Kreilick
Lolo Restoration Committee
544-4962

P.S. I tried to find your office on campus because I wanted to deliver this to you in person but
nobody on campus had any idea where you're office is located and the UM map showed you
residing next to the tennis courts.

On 2/2/15 2:08 PM, Zelenak, Jim wrote:

Thanks, Jake.

The 5-year review is separate from critical habitat (CH) designation.  We recently
revised the CH designation, where we designated all areas that historically and
currently have supported lynx populations over time.  All parts of the Lolo
National Forest are considered occupied by lynx (lynx "may be present") for
purposes of section 7 consultation under the Endangered Species Act (ESA), but
only portions of the forest met our criteria for critical habitat.  The other places on
the forest appear, based on the best available science, to support only occasional
transient lynx for short time periods. The ESA does not require us to designate
CH in every place potentially occupied by lynx or in which lynx occur only rarely
and temporarily - like those portions of the Lolo and other national forests that we
did not designate as CH.

Interestingly, during three years (2010-2013) of forest carnivore surveys
associated with the Southwest Crown of the Continent project that occurred on
and off the Lolo and in and out of lynx critical habitat, 198 out of 199 total lynx
detections (99.5%) were in the areas we designated as critical habitat; the one that
was not in CH was just outside the CH boundary.  See Table 1 in the attached
document, which we cited in our critical habitat designation - we find this a very
compelling indication that we put the CH boundary in the right place!

We are not currently proposing to conduct population surveys, and we generally
don't do these for specific projects. Rather, the ESA directs that we must use the
best available scientific and commercial data when making listing and critical
habitat decisions.  In this 5-year review, we will look at all the information
provided to determine what we are able regarding the status and trend of the
various lynx sub-populations and habitats in the DPS, and about what factors, if
any, may continue to threaten the DPS.

Lynx were listed as threatened in 2000 due to the inadequacy, at that time, of
existing regulatory mechanisms for lynx conservation on federal lands,
particularly U.S. Forest Service lands, which include most lynx habitats and
populations. Since then, almost every federal land manager within the range of the
lynx DPS has formally amended their forest and/or land-use management plans,
in consultation with the U.S. Fish and Wildlife Service, to conserve lynx and their



habitats.

We are also glad, after past and ongoing litigation over our critical habitat
designations, to be able to move forward again on this 5-year review.  Because of
the ambitions schedule for completing the review, and the court-ordered deadline
for a finalized recovery plan if the review indicates that one is needed, it is
unlikely that I will be able to attend the LRC monthly meeting. 

There's lots of other information on lynx CH and the 5-year review at our regional
lynx web page:

https://www.fws.gov/mountain-prairie/species/mammals/lynx/index.htm

  
Jim

  

On Fri, Jan 30, 2015 at 4:10 PM, Jake F. Kreilick <jfkreilick@mcps.k12.mt.us>
wrote:

Jim,

Enclosed is a letter from the Lolo Restoration Committee regarding
your 5 year status review of Canada Lynx. We are engaged with the
Superior District of the Lolo National Forest in a project that contains
occupied lynx. We would like to connect with at some point in the
near future regarding the impacts of proposed road building and
logging activities on lynx.

Thanks much,

Jake Kreilick
Lolo Restoration Committee Chair

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Kurt Broderdorp
To: Jim Zelenak; Leslie Ellwood; Ann Belleman; Lisa Solberg Schwab
Cc: Peter McDonald
Subject: RE: Lynx Five Year Review
Date: Wednesday, February 04, 2015 8:32:04 AM

I recommend that we forward the letter to Peter McDonald and request confirmation of Mr. Troxel’s
calculations. 
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, February 03, 2015 1:43 PM
To: Kurt Broderdorp; Leslie Ellwood; Ann Belleman; Lisa Solberg Schwab
Subject: Fwd: Lynx Five Year Review
 
FYI.  Anyone want to volunteer with helping to track down the numbers Mr. Troxel suggests
in his letter?
 
Thanks in advance....:-)
 
Jim
 
---------- Forwarded message ----------
From: Tom Troxel <t_troxel@hills.net>
Date: Sun, Feb 1, 2015 at 8:35 AM
Subject: Lynx Five Year Review
To: Jim Zelenak <jim_zelenak@fws.gov>

Mr. Zelenak,
Attached is IFA’s input to the Lynx Five Year Review.
Thank you.
Tom Troxel
 
 
Tom Troxel
Intermountain Forest Association
2218 Jackson Blvd, Ste 10
Rapid City, SD  57702
605-341-0875
605-341-8651 (fax)
605-390-7457 (mobile)
t_troxel@hills.net
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--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Leigh Robertson
Cc: Kurt Broderdorp; Leslie Ellwood
Subject: Re: NEW Info for Lynx 5-year Review
Date: Wednesday, February 04, 2015 8:41:23 AM

Thanks very much, Leigh!

On Tue, Feb 3, 2015 at 3:24 PM, Leigh Robertson <leigh@sheepmountainalliance.org>
wrote:

Hi Jim,

I know this is a little late, but thought you might be interested in the attachment. It's updated
info on spruce, aspen and climate change.

Leigh

On Mon, Feb 2, 2015 at 10:51 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks very much, Leigh!

Jim

On Fri, Jan 30, 2015 at 3:48 PM, Leigh Robertson <leigh@sheepmountainalliance.org>
wrote:

Hi Jim,

Let me introduce myself and my organization. I'm Leigh Robertson, the Executive
Director of Sheep Mountain Alliance in Telluride, CO.  SMA strives to preserve and
protect ecosystems, wildlife and watersheds in southwestern Colorado. We
currently have over 600 people who’ve signed up for our email list. Our Board
and members appreciate your consideration of the attached information in your
Canada Lynx 5-year Review.    

Thank you!

Sincerely,

Leigh Robertson
Executive Director
Sheep Mountain Alliance
PO Box 389
Telluride, CO 81435
970.728.3729
www.sheepmountainalliance.org

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office

mailto:jim_zelenak@fws.gov
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http://www.sheepmountainalliance.org/


585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Sincerely,

Leigh Robertson
Executive Director
Sheep Mountain Alliance
PO Box 389
Telluride, CO 81435
970.728.3729
www.sheepmountainalliance.org

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Bernier, Chris
Cc: ryan_moehring@fws.gov; Darling, Scott; Scott, Mark; Royar, Kim; Anthony Tur; Mark McCollough
Subject: Re: Canada Lynx Data Request - Five-Year Review
Date: Wednesday, February 04, 2015 8:43:41 AM

Thanks very much Chris!  This is excellent information - wish all of the stuff we've received for the 5-year review
was as thorough and thoughtful.

Jim 

On Wed, Feb 4, 2015 at 8:20 AM, Bernier, Chris <Chris.Bernier@state.vt.us> wrote:

Jim,

 

As per your request, please see the attached document outlining the Vermont Fish & Wildlife
Department’s current understanding of Canada lynx in Vermont.  I did not include any of the
documents referenced in the text but am happy to provide such at your request.  Please let me
know if you have any additional questions.  I look forward to your review.  Thanks again.

Chris

 

 

Chris Bernier, Furbearer Project Leader

[phone]      802-885-8833      [fax]      802-885-8890

[email]        chris.bernier@state.vt.us

[website]    www.vtfishandwildlife.com

 

Fish & Wildlife Department

100 Mineral Street, Suite 302

Springfield, VT  05156-3168

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Monday, February 02, 2015 10:49 AM
To: Bernier, Chris
Cc: ryan_moehring@fws.gov
Subject: Re: Canada Lynx Data Request
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Thanks, Chris.  We will gladly accept and consider in the 5-year review for lynx any
information you are able to share.  Sooner is always better, but we will consider any/all info
provided up until we complete the review.  I look forward to seeing the results of your
surveys!

 

Jim

 

On Thu, Jan 29, 2015 at 12:41 PM, Bernier, Chris <Chris.Bernier@state.vt.us> wrote:

Jim and Ryan,

 

I’m sending this quick email just to let you know that Vermont will be submitting data with
respect to your January 5th request.  Unfortunately, I did not receive your request until
January 13th and have not had the time to compile any meaningful response as of yet (in part
because of completing lynx surveys!!).  The first opportunity I’ll have to gather our data and
prepare a response will be this Monday.  Although this is after your February 1st deadline, I
hope you’ll accept Vermont’s contribution and consider such in your five-year review.  Any
flexibility in this regard will be appreciated.  Thanks.

Chris

 

Chris Bernier, Furbearer Project Leader

[phone]      802-885-8833      [fax]      802-885-8890

[email]        chris.bernier@state.vt.us

[website]    www.vtfishandwildlife.com

 

Fish & Wildlife Department

100 Mineral Street, Suite 302

Springfield, VT  05156-3168
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--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: McDonald, Peter M -FS
Cc: kurt_broderdorp@fws.gov; Leslie Ellwood; Ann Belleman; Lisa Solberg Schwab
Subject: Re: Lynx Five Year Review
Date: Wednesday, February 04, 2015 11:21:13 AM
Attachments: image002.png
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Hi Peter,

I've attached the letter from Mr. Troxel, which he submitted for our 5-year review of lynx.  Would appreciate your
thoughts.  Let me know if you'd like to discuss.

Thanks,

Jim    

On Wed, Feb 4, 2015 at 10:02 AM, McDonald, Peter M -FS <petermcdonald@fs.fed.us>
wrote:

I wish I could share in the enthusiasm. I can’t guarantee I can validate any calculations by IFA. It
depends on what you’re referring to. Go ahead and send me the letter and let me know the question
and I’ll do what I can. May be later this week at best, how soon do you need something?

 

 

Peter McDonald 
Regional Program Leader
Threatened, Endangered and Sensitive Species

Forest Service

Rocky Mountain Region

p: 303-275-5029 
c: 303-475-3515 
f: 303-275-5075 
petermcdonald@fs.fed.us

740 Simms Street 
Golden, CO 80227
www.fs.usda.gov/goto/r2/projects/scp
http://fsweb.r2.fs.fed.us/rr/R2_TES_Site_2007 

Caring for the land and serving people

 

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Wednesday, February 04, 2015 8:37 AM
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To: kurt_broderdorp@fws.gov
Cc: Leslie Ellwood; Ann Belleman; Lisa Solberg Schwab; McDonald, Peter M -FS
Subject: Re: Lynx Five Year Review

 

That would be excellent, Kurt.  Thanks!

 

On Wed, Feb 4, 2015 at 8:32 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov>
wrote:

I recommend that we forward the letter to Peter McDonald and request confirmation of
Mr. Troxel’s calculations. 

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, February 03, 2015 1:43 PM
To: Kurt Broderdorp; Leslie Ellwood; Ann Belleman; Lisa Solberg Schwab
Subject: Fwd: Lynx Five Year Review

 

FYI.  Anyone want to volunteer with helping to track down the numbers Mr. Troxel
suggests in his letter?

 

Thanks in advance....:-)

 

Jim

 

---------- Forwarded message ----------
From: Tom Troxel <t_troxel@hills.net>
Date: Sun, Feb 1, 2015 at 8:35 AM
Subject: Lynx Five Year Review
To: Jim Zelenak <jim_zelenak@fws.gov>

Mr. Zelenak,

mailto:kurt_broderdorp@fws.gov
mailto:Kurt_Broderdorp@fws.gov
mailto:jim_zelenak@fws.gov
mailto:t_troxel@hills.net
mailto:jim_zelenak@fws.gov


Attached is IFA’s input to the Lynx Five Year Review.

Thank you.

Tom Troxel

 

 

Tom Troxel

Intermountain Forest Association

2218 Jackson Blvd, Ste 10

Rapid City, SD  57702

605-341-0875

605-341-8651 (fax)

605-390-7457 (mobile)

t_troxel@hills.net

 

 

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

mailto:t_troxel@hills.net
mailto:jim_zelenak@fws.gov


 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender
and delete the email immediately.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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February 1, 2015 

  
U.S. Fish and Wildlife Service 
Montana Ecological Services Field Office 
Attn: Jim Zelenak 
585 Shepard Way, Suite 1 
Helena, MT 59601 
 
Dear Mr. Zelenak: 
 
Following are the Intermountain Forest Association’s comments regarding the Canada Lynx Five 
Year Review: 
 
The March 24, 2000 Final Rule to list the Canada Lynx as Threatened estimated that 
approximately 75% of the federally managed lynx forest types in the Southern Rockies were in 
“developmental status” where management for multiple uses may, on local scales, conflict with 
lynx conservation (Federal Register, page 16073, 3rd paragraph and Table 1).  That estimate 
grossly overestimated the number of acres in the Southern Rockies where development would 
likely ever occur.   
 
Since then, the Forest Service adopted the Roadless Area Conservation Rule (January 12, 2001) 
and the Colorado Roadless Rule (July 3, 2012).  Those rules significantly reduced the acres in 
the Southern Rockies Geographic Area in “development status”.  According to my best 
information for the national forests in the Southern Rockies Geographic Area (Colorado, plus the 
Medicine Bow NF in Wyoming), only about 30% of the forested acres are currently in 
“development status”.   
 

Total Forested Acres  11,051,983 
 
Designated Wilderness   3,168,824 
Roadless     4,572,600 

 Total      7,741,424  
 
 7,741,424 / 11,051,983 = 70% in non-development status = 30% in development status  

 
Intermountain Forest Association 

2218 Jackson Blvd, Ste 10, Rapid City, SD  57702    
605-341-0875     Fax  605-341-8651  



The actual percentage of lynx forest type acres in development / non-development status will be 
slightly different.  There are fewer lynx forest type acres than total forested acres, some acres of 
designated Wilderness or Roadless Areas are not lynx forest type, and there are other forest plan 
allocations such as Research Natural Areas, Big Game Winter Range, Non-motorized 
Recreation, etc. that are non-development.   
 
The Forest Service will have more precise numbers.  I urge you to request those acreages from 
the Forest Service and to incorporate those into the Five Year Review.  If it would be helpful, I 
would be happy to discuss my calculations with you at your convenience.   
 
Thank you for your consideration of these comments. 
 
Sincerely, 
 

Thomas A. Troxel 

 
Thomas A. Troxel 
Executive Director  
 
 



From: Kurt Broderdorp
To: Jim Zelenak
Cc: Leslie Ellwood
Subject: RE: IFA input
Date: Wednesday, February 04, 2015 2:59:59 PM

Yes, I received the letter, and thanks for letting us know.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Wednesday, February 04, 2015 11:07 AM
To: Kurt Broderdorp
Cc: Leslie Ellwood
Subject: Re: IFA input
 
I can do that.  I did forward the letter from Troxel to you,though, right?  Just want to keep you
and Leslie in the loop on CO-specific stuff.  
 
On Wed, Feb 4, 2015 at 10:55 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:
Jim, I am assuming that you would send the review request to Peter.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: arlene@wildswan.org
To: Zelenak, Jim
Subject: Re: GYA Lynx Literature
Date: Thursday, February 05, 2015 3:04:40 PM

Thanks!

Think you also mentioned this one (attached).

On Thu, Feb 5, 2015 at 12:21 PM, <arlene@wildswan.org> wrote:

Thank you!

Arlene

Hi Arlene,

Nice chatting with you.  I've attached the documents we
discussed; please reply to let me know that you received
them.

My review of the Gallatin National Forest winter track
surveys showed that a single lynx track was picked up in
the Madison Mountains in winter 1997-98, but zero in
the Gallatin Mtns.  No lynx were detected in either range
in 1998-99, 1999-2000, 2001-02.  They began picking up
the Mill Creek (Absoroka Mtns.) female lynx in 2003-04
and continued to document her presence through 2008-
2009, but did not pick her up again in subsequent years
(2009-10 and 2010-11).  In the 6 winters they found her,
there was never any indication of a mate or of any
offspring produced.  Her detected activity in all years
was concentrated in a relatively small area between
Colley and Lambert Creeks (tributaries to Mill Creek). 
I've attached the 2010-11 report which has a table
summarizing the Mill Creek lynx detections.

In addition to the 97-98 lynx track in Madison Range,
they also picked up a trail of at least two lynx traveling
together in the Rock Creek Drainage in the Gallatin
Mtns. on west side of Paradise Valley in 2004-05

mailto:arlene@wildswan.org
mailto:jim_zelenak@fws.gov
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(though none the previous or following year, then a
single track again in 2006-07, then none again in 2007-
08).   Authors concluded that evidence suggested "lynx
have been transient users of this portion of the Gallatin
Range" - from 2006-07 report).

Hope this helps.  Let me know if you have questions or
need additional information.

Jim

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

Content-Type: application/pdf; name="Murphy et al
2006.pdf"
Content-Disposition: attachment; filename="Murphy et
al 2006.pdf"
X-Attachment-Id: f_i5sho55y0

Attachment converted: Macintosh HD:Murphy et al
2006.pdf (PDF /«IC») (0211A66C)
Content-Type: application/pdf; name="Squires and
Laurion 2000.pdf"
Content-Disposition: attachment; filename="Squires and
Laurion 2000.pdf"
X-Attachment-Id: f_i5sho56d1

Attachment converted: Macintosh HD:Squires and
Laurion 2000.pdf (PDF /«IC») (0211A674)
Content-Type: application/pdf; name="Squires et al
2001.pdf"
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Content-Disposition: attachment; filename="Squires et al
2001.pdf"
X-Attachment-Id: f_i5sho56u2

Attachment converted: Macintosh HD:Squires et al
2001.pdf (PDF /«IC») (0211A675)
Content-Type: application/pdf; name="GNF14_10-
11_fullreport.pdf"
Content-Disposition: attachment; filename="GNF14_10-
11_fullreport.pdf"
X-Attachment-Id: f_i5shqall3

Attachment converted: Macintosh HD:GNF14_10-
11_fullreport.pdf (PDF /«IC») (0211A6A2)

--

Arlene Montgomery, Program Director
Friends of the Wild Swan
P.O. Box 103
Bigfork, MT  59911
arlene@wildswan.org

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

Content-Type: application/pdf; name="Hodges et al 2009.pdf"
Content-Disposition: attachment; filename="Hodges et al 2009.pdf"
X-Attachment-Id: f_i5sopqn00
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Attachment converted: Macintosh HD:Hodges et al 2009.pdf (PDF /«IC»)
(0211FA9F)

-- 

Arlene Montgomery, Program Director
Friends of the Wild Swan
P.O. Box 103
Bigfork, MT  59911
arlene@wildswan.org



From: Miller, Martin
To: Zicari, Laury
Subject: Re: Extraordinary expenses - spatially explicit lynx population viability to support recovery
Date: Friday, February 06, 2015 9:00:54 AM

I would start selling the idea to Andrew now.  Identifying benefits beyond Maine would help. 
The LCCs are interested in long-term habitat analysis (especially to understand climate change
effects) - so, even though this is Maine-focused, perhaps it could serve as a model for similar
analyses needed elsewhere in the LCC.

On Fri, Feb 6, 2015 at 8:58 AM, Zicari, Laury <laury_zicari@fws.gov> wrote:
Thanks for the note, Marty.  It is odd that at the trapper meeting this week, Jen again
insinuated that their tracking studies would give pop estimates (they will not) but at the
actual research discussion meeting in December, her supervisor and Wally Jakubas both
agreed with Mark that tracking studies give you distribution, not population.

I agree that the LCC would be a good source of funds -- it is a landscape scale thing, isn't it
and it could be extended to the NH and VT range too.  What does one do, send a note to
Andrew Milliken or do we await the annual request for proposals if any?

thanks again

On Thu, Feb 5, 2015 at 5:25 PM, Miller, Martin <martin_miller@fws.gov> wrote:
Sounds like a solid proposal.  Do you think MDIFW would still agree that this is the
highest priority?  Or do they see the surveys they are planning as as substitute for this?

Coming up with a population estimate for this instant in time (assuming it is a good
estimate) could help explain why trappers are catching as many lynx as they are, but it is
not very helpful to assessing status.  We won't have an older estimate using the same
methodology to compare it to, so we can't come up with a past trend.  And looking to the
future, without a habitat projection we can't project a population estimate.  Seems like we
need to try to get on the same page with MDIFW on the merits of this.

I can say it's highly unlikely we could fund this out of ES.   LCC is worth a try.  I'm not
sure what other options might be worth considering.

On Wed, Feb 4, 2015 at 9:31 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Marty and Laury:  I'll add a few more thoughts for justifying this research.  The idea for
this research goes back about 5 years ago when our Maine lynx team (MDIFW, John
Organ, MEFO, UMaine, Coop Unit) last met to discuss the status of lynx research,
listing, and next steps.  At that time, we collectively identified a habitat-based
population viability analysis as our highest research need.  But, we needed to have Erin
Simons complete her new lynx model and assemble the satellite habitat data for all of
northern Maine.  This has been done, and Erin is on contract from MEFO to extend the
habitat model analysis to the entire critical habitat area.

Laury did not mention, but in addition to the trappers and MDIFW we have been
hearing from Maine Forest Products Council and landowners, "what do we need to do
[concerning habitat] to recover the lynx?"  They too want a recovery plan and want to do
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what is needed in Maine to delist the lynx.  The Forest Products Council submitted a
lengthy letter to the Service this week concerning the 5-year review.  They are picking
up the concept that lynx are seen often so they should be delisted.

Research of this type would give us confidence on how much habitat (and strategically
where) needs to be in some sort of long-term management agreements to assure a viable
population of lynx persists in Maine.  The research would further enable us to evaluate
potential threats - climate change, budworm, the Forest Practice Act - and guide
recovery.  Our court-mandated recovery plan is due January 2018.  I think if we start
this research in the fall of 2015, we could have work products available (but perhaps not
the final product if a Ph.D. project) to inform the recovery plan.

Let me know if you have further questions or any other way I could help.

thanks,  Mark

On Wed, Feb 4, 2015 at 9:15 AM, Zicari, Laury <laury_zicari@fws.gov> wrote:
Hi Marty.  What do we do about a need like this?  

Mark and I attended the Maine Trappers Association meeting on Sunday with Maine
IFW staff and a great deal of the almost three hour conversation was about how folks
in the North Woods think that there are beaucoup lynx and that they should be
delisted.  IFW also continues to say that there are many many lynx, but is not
proposing a survey protocol that would provide strong evidence of a population
number, rather focusing on distribution, occurrence data based on track surveys.  We
are being sued over the ITP by FOA and will likely be hearing from CBD soon.

 Assuming that the status review will maintain their status as threatened, how could
we get this funded?  You know the controversies around trapping impacts on lynx, the
link to forest practices and the trend towards pre-commercial thinning...and this iconic
species is likely to be impacted by climate change as forest composition changes.  All
these conversations would greatly benefit if we had a solid population number.  The
recovery outline that is the only document we have to direct recovery actions
acknowledges a lack of methodologies to estimate population.

Any thoughts?  I could put in for one year through "extraordinary expenses" but one
year doesn't get you to project completion.

---------- Forwarded message ----------
From: McCollough, Mark <mark_mccollough@fws.gov>
Date: Tue, Feb 3, 2015 at 11:12 AM
Subject: Extraordinary expenses - spatially explicit lynx population viability to
support recovery
To: Laury Zicari <laury_zicari@fws.gov>

Laury:  What would you think about submitting a request for funding to conduct a
population viability assessment of Canada lynx in Maine's northwoods?  Assuming
that we proceed beyond the status review to recovery planning, this will be THE
questions as it relates to recovery in Maine.  
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UMaine would be uniquely positions to conduct this research.  Under our current
contract, Erin will have completed a habitat assessment for all of northern Maine by
late spring.  We could work with UMaine (and MDIFW) to agree on means to assess
the population that could be supported by current habitat and reassess at a larger scale
how habitat trends (extensive use of partial harvesting) and the coming budworm
could affect habitat.  On the population side, there are a number of experts on
population modeling on campus who could evaluate the viability of the current and
future populations, especially considering hare population cycles, forestry trends,
budworm, and even climate change.

These are called spatially explicit population models because they are based on
current and future habitat projections.  Carlos Carroll (Wildlands Project) published a
similar model for lynx and marten in Maine and the Northeast in Conservation
Biology about a decade a go.  I would want to see a robust model developed based on
all the new data and analyses that have been published since.

I talked to Cyndy Loftin.  The Unit would be very interested in supporting this
project.  There are several faculty on campus, including Erin Simons and Eric
Blomburg, who would be qualified to participate and advise a student.

 Year 1 Year 2 Year 3 Year 4
Assistantship $25,000 $25,000 $25,000 $15,000
Tuition $5,500 $5,500 $5,500 $5,500
Health insurance $1,500 $1,500 $1,500 $1,500
Travel $1,000 $2,500 $2,500 $2,500
Computer support $2,500 $1000 $1,000 $1,000
Remote sensing $5,000 $5,000 $5,000 $5,000
Publication costs    $1,000
subtotal $40,500 $40,500 $40,500 $31,500
Indirect costs
(17%)

$6,885 $6,885 $6,885 $5,355

TOTAL $47,385 $47,385 $47,385 $36,855

This would greatly inform the recovery process.  This would answer THE most
important questions concerning recovery. For example, how much habitat should be
be developed and conserving with northern Maine landowners to recover the lynx? 
Will the budworm help or hinder creating habitat?  How will climate change affect
lynx recovery?  

This seems a bargain at $50,000/year.  Could we get help from the LCCs if the funds
are not available in ES.  How can we get Marty's support?

Thanks for your ideas and consideration of this.

Mark
-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office



U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 

Laury Zicari
Field Supervisor
Maine Field Office
17 Godfrey Drive, Suite 2
Orono, ME   04473
207-866-3344 x 111
Fax  866-3351
Cell 207-949-0561

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 

Laury Zicari
Field Supervisor
Maine Field Office
17 Godfrey Drive, Suite 2
Orono, ME   04473

mailto:mark_mccollough@fws.gov
mailto:mark_mccollough@fws.gov


207-866-3344 x 111
Fax  866-3351
Cell 207-949-0561

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615



From: Zelenak, Jim
To: Kurt Broderdorp
Subject: Re: Lynx 5-year reveiw
Date: Friday, February 06, 2015 3:29:07 PM

Thanks, Kurt.  I agree with your assessment.  Also, I believe in one of her last reports for CPW, Tanya Shenk said
an estimate of 100 lynx might be reasonable for CO (with similar uncertainties/caveats).  I'll see if I can find that
one.

Have a great weekend!

On Fri, Feb 6, 2015 at 3:14 PM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

Hmm.  I do not know what information Jake or Eric bring to the question, so I can’t really refute
their estimate.  Since I am not privy to any of the reports that may come in, I wouldn’t even be
able to ball park an estimate.  However, I would think that if we had 300 lynx wandering around
there would be a fairly high number of reported sightings, and those sightings would be fairly well
distributed across lynx habitat.  So I guess my answer is, until a census is taken (unlikely), and the
camera trap locations are isolated to the San Juan Mountains, I would say the any estimate is
guesswork and should not be considered in any way accurate and probably should not be reported
in the 5-year review. 

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, February 06, 2015 12:51 PM
To: Eric Hein
Cc: Kurt Broderdorp
Subject: Fwd: Lynx 5-year reveiw

 

See below.  Anyone have any idea if there are any lynx in New Mexico at the moment and,
if so, how many?

 

Kurt - what's your take on the 200-300 guesstimate for CO?

 

Thanks,

 

mailto:jim_zelenak@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:Kurt_Broderdorp@fws.gov
mailto:jim_zelenak@fws.gov


Jim

---------- Forwarded message ----------
From: Odell - DNR, Eric <eric.odell@state.co.us>
Date: Fri, Feb 6, 2015 at 12:37 PM
Subject: Re: Lynx 5-year reveiw
To: "Zelenak, Jim" <jim_zelenak@fws.gov>
Cc: Jake Ivan - DNR <Jake.ivan@state.co.us>

Hi Jim-

No way to know how many Lynx in the state and we will never have a good estimate. What
we say to media is somewhere between 200 and 300, although this is not a statistically
derived estimate. You'd have to ask NM - we have no guess there. Our cameras will be
retrieved this spring, when snow allows. We'll then go through the 1000's of photos (132
cameras deployed for 3+ months). Hope to have a chance to do some analyses before
cameras are deployed again next fall.  Have a good weekend.

Eric 

On Friday, February 6, 2015, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

Hi Eric and Jake,

 

I received the CPW's information for the 5-year review signed by Craig McLaughlin. 
Thanks.

 

Can either of you provide and estimate/ballpark for how many lynx you think there currently
are in Colorado?  In New Mexico?

 

Any idea when the first results from the snow-tracking and trail camera work will be
available?

 

Jim

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

mailto:eric.odell@state.co.us
mailto:jim_zelenak@fws.gov
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Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

--

Eric Odell
Species Conservation Program Manager ~ Carnivores

Terrestrial Section

P 970.472.4340  |  F 970.472.4458  |  C 970.217.3915

317 West Prospect Road, Fort Collins, CO 80526

eric.odell@state.co.us  |  cpw.state.co.us

 

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Hein, Eric
To: Zelenak, Jim
Cc: Kurt Broderdorp
Subject: Re: Lynx 5-year reveiw
Date: Monday, February 09, 2015 5:43:29 AM

No idea on how many lynx might be in New Mexico.  We have no monitoring info since the
Colorado studies ceased...

Thanks,

Eric

On Fri, Feb 6, 2015 at 12:51 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
See below.  Anyone have any idea if there are any lynx in New Mexico at the moment and, if so, how many?

Kurt - what's your take on the 200-300 guesstimate for CO?

Thanks,

Jim
---------- Forwarded message ----------
From: Odell - DNR, Eric <eric.odell@state.co.us>
Date: Fri, Feb 6, 2015 at 12:37 PM
Subject: Re: Lynx 5-year reveiw
To: "Zelenak, Jim" <jim_zelenak@fws.gov>
Cc: Jake Ivan - DNR <Jake.ivan@state.co.us>

Hi Jim-
No way to know how many Lynx in the state and we will never have a good estimate. What
we say to media is somewhere between 200 and 300, although this is not a statistically
derived estimate. You'd have to ask NM - we have no guess there. Our cameras will be
retrieved this spring, when snow allows. We'll then go through the 1000's of photos (132
cameras deployed for 3+ months). Hope to have a chance to do some analyses before
cameras are deployed again next fall.  Have a good weekend.
Eric 

On Friday, February 6, 2015, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Eric and Jake,

I received the CPW's information for the 5-year review signed by Craig McLaughlin.  Thanks.

Can either of you provide and estimate/ballpark for how many lynx you think there currently are in Colorado? 
In New Mexico?

Any idea when the first results from the snow-tracking and trail camera work will be available?

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
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Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Eric Odell
Species Conservation Program Manager ~ Carnivores
Terrestrial Section

P 970.472.4340  |  F 970.472.4458  |  C 970.217.3915
317 West Prospect Road, Fort Collins, CO 80526
eric.odell@state.co.us  |  cpw.state.co.us

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Eric W. Hein
U.S. Fish and Wildlife Service
New Mexico Ecological Services Field Office
2105 Osuna NE
Albuquerque, New Mexico  87113
505-761-4735

mailto:eric.odell@state.co.us
http://www.cpw.state.co.us/
mailto:jim_zelenak@fws.gov


From: Broderdorp, Kurt
To: Zelenak, Jim
Subject: Re: CO Forest Reports
Date: Monday, February 09, 2015 8:07:10 AM

Thanks Jim, They had the articles in the local paper over the weekend.  The quick guide may
be very useful in explaining this issues to others.

On Mon, Feb 9, 2015 at 8:01 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
In case you haven't seen these yet, of interest regarding CO (& maybe NM?) potential lynx habitats.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Kurt Broderdorp
Acting Western Colorado Supervisor
445 West Gunnison Avenue
Suite 240
Grand Junction, CO  81501-5720
(970) 628-7186

mailto:kurt_broderdorp@fws.gov
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From: McCollough, Mark
To: Miller, Martin
Cc: Zicari, Laury; Anne Hecht
Subject: Re: Extraordinary expenses - spatially explicit lynx population viability to support recovery
Date: Monday, February 09, 2015 9:12:21 AM

Thanks for considering this request Marty.  I would appreciate information on how, when, etc.
to present a proposal to the LCC.

The objective of MDIFW's survey, as we understand it, is to reconfirm the distribution of
lynx.  We attended an meeting about the survey with MDIFW prior to Christmas and there
was no mention of using the survey to evaluate or estimate populations.  Shawn Haskell (head
of MDIFW research section) highly recommended that Jen Vashon develop a research
prospectus, so all could better understand the objectives, scientific design, and outcomes
expected from new lynx surveys.

I believe MDIFW would stil be supportive of this research, particularly because a spatially
explicit population model would support identifying the population (or habitat needed to
support a population) for recovery.

Although we do not have information on past populations or trends, the UMaine research has
modeled lynx habitat in Maine going back to 1970s.  We have good information on trends
past-present-future on lynx habitat trends.

Mark

On Thu, Feb 5, 2015 at 5:25 PM, Miller, Martin <martin_miller@fws.gov> wrote:
Sounds like a solid proposal.  Do you think MDIFW would still agree that this is the highest
priority?  Or do they see the surveys they are planning as as substitute for this?

Coming up with a population estimate for this instant in time (assuming it is a good
estimate) could help explain why trappers are catching as many lynx as they are, but it is not
very helpful to assessing status.  We won't have an older estimate using the same
methodology to compare it to, so we can't come up with a past trend.  And looking to the
future, without a habitat projection we can't project a population estimate.  Seems like we
need to try to get on the same page with MDIFW on the merits of this.

I can say it's highly unlikely we could fund this out of ES.   LCC is worth a try.  I'm not sure
what other options might be worth considering.

On Wed, Feb 4, 2015 at 9:31 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Marty and Laury:  I'll add a few more thoughts for justifying this research.  The idea for
this research goes back about 5 years ago when our Maine lynx team (MDIFW, John
Organ, MEFO, UMaine, Coop Unit) last met to discuss the status of lynx research, listing,
and next steps.  At that time, we collectively identified a habitat-based population viability
analysis as our highest research need.  But, we needed to have Erin Simons complete her
new lynx model and assemble the satellite habitat data for all of northern Maine.  This has
been done, and Erin is on contract from MEFO to extend the habitat model analysis to the
entire critical habitat area.

mailto:martin_miller@fws.gov
mailto:laury_zicari@fws.gov
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mailto:mark_mccollough@fws.gov


Laury did not mention, but in addition to the trappers and MDIFW we have been hearing
from Maine Forest Products Council and landowners, "what do we need to do [concerning
habitat] to recover the lynx?"  They too want a recovery plan and want to do what is
needed in Maine to delist the lynx.  The Forest Products Council submitted a lengthy letter
to the Service this week concerning the 5-year review.  They are picking up the concept
that lynx are seen often so they should be delisted.

Research of this type would give us confidence on how much habitat (and strategically
where) needs to be in some sort of long-term management agreements to assure a viable
population of lynx persists in Maine.  The research would further enable us to evaluate
potential threats - climate change, budworm, the Forest Practice Act - and guide recovery. 
Our court-mandated recovery plan is due January 2018.  I think if we start this research in
the fall of 2015, we could have work products available (but perhaps not the final product
if a Ph.D. project) to inform the recovery plan.

Let me know if you have further questions or any other way I could help.

thanks,  Mark

On Wed, Feb 4, 2015 at 9:15 AM, Zicari, Laury <laury_zicari@fws.gov> wrote:
Hi Marty.  What do we do about a need like this?  

Mark and I attended the Maine Trappers Association meeting on Sunday with Maine
IFW staff and a great deal of the almost three hour conversation was about how folks in
the North Woods think that there are beaucoup lynx and that they should be delisted. 
IFW also continues to say that there are many many lynx, but is not proposing a survey
protocol that would provide strong evidence of a population number, rather focusing on
distribution, occurrence data based on track surveys.  We are being sued over the ITP by
FOA and will likely be hearing from CBD soon.

 Assuming that the status review will maintain their status as threatened, how could we
get this funded?  You know the controversies around trapping impacts on lynx, the link
to forest practices and the trend towards pre-commercial thinning...and this iconic
species is likely to be impacted by climate change as forest composition changes.  All
these conversations would greatly benefit if we had a solid population number.  The
recovery outline that is the only document we have to direct recovery actions
acknowledges a lack of methodologies to estimate population.

Any thoughts?  I could put in for one year through "extraordinary expenses" but one
year doesn't get you to project completion.

---------- Forwarded message ----------
From: McCollough, Mark <mark_mccollough@fws.gov>
Date: Tue, Feb 3, 2015 at 11:12 AM
Subject: Extraordinary expenses - spatially explicit lynx population viability to support
recovery
To: Laury Zicari <laury_zicari@fws.gov>

Laury:  What would you think about submitting a request for funding to conduct a

mailto:laury_zicari@fws.gov
mailto:mark_mccollough@fws.gov
mailto:laury_zicari@fws.gov


population viability assessment of Canada lynx in Maine's northwoods?  Assuming that
we proceed beyond the status review to recovery planning, this will be THE questions as
it relates to recovery in Maine.  

UMaine would be uniquely positions to conduct this research.  Under our current
contract, Erin will have completed a habitat assessment for all of northern Maine by late
spring.  We could work with UMaine (and MDIFW) to agree on means to assess the
population that could be supported by current habitat and reassess at a larger scale how
habitat trends (extensive use of partial harvesting) and the coming budworm could affect
habitat.  On the population side, there are a number of experts on population modeling
on campus who could evaluate the viability of the current and future populations,
especially considering hare population cycles, forestry trends, budworm, and even
climate change.

These are called spatially explicit population models because they are based on current
and future habitat projections.  Carlos Carroll (Wildlands Project) published a similar
model for lynx and marten in Maine and the Northeast in Conservation Biology about a
decade a go.  I would want to see a robust model developed based on all the new data
and analyses that have been published since.

I talked to Cyndy Loftin.  The Unit would be very interested in supporting this project. 
There are several faculty on campus, including Erin Simons and Eric Blomburg, who
would be qualified to participate and advise a student.

 Year 1 Year 2 Year 3 Year 4
Assistantship $25,000 $25,000 $25,000 $15,000
Tuition $5,500 $5,500 $5,500 $5,500
Health insurance $1,500 $1,500 $1,500 $1,500
Travel $1,000 $2,500 $2,500 $2,500
Computer support $2,500 $1000 $1,000 $1,000
Remote sensing $5,000 $5,000 $5,000 $5,000
Publication costs    $1,000
subtotal $40,500 $40,500 $40,500 $31,500
Indirect costs
(17%)

$6,885 $6,885 $6,885 $5,355

TOTAL $47,385 $47,385 $47,385 $36,855

This would greatly inform the recovery process.  This would answer THE most
important questions concerning recovery. For example, how much habitat should be be
developed and conserving with northern Maine landowners to recover the lynx?  Will
the budworm help or hinder creating habitat?  How will climate change affect lynx
recovery?  

This seems a bargain at $50,000/year.  Could we get help from the LCCs if the funds are
not available in ES.  How can we get Marty's support?

Thanks for your ideas and consideration of this.

Mark
-- 



Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 

Laury Zicari
Field Supervisor
Maine Field Office
17 Godfrey Drive, Suite 2
Orono, ME   04473
207-866-3344 x 111
Fax  866-3351
Cell 207-949-0561

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
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17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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DRAFT February 11, 2015 

Maine Field Office DRAFT 3-5 goals for next 3-5 years: 
2015 PRIORITIES IN BOLD 
 
GREATLY simplified focal areas:  1)  Lynx occurrence area, 2)  the DPS plus Saco and 
St. Croix watersheds, 3) PIPL and NEC occurrence area including very southern 
Cumberland and York counties and for NEC, see range; 4) St. John’s River for 
Furbishes, 5)  colonial waterbird breeding islands 
 
 - 1.  Positive movement towards lynx recovery and long term conservation of the 
northern forest wildlife and their habitats. 
 
LOCATION:  Northern Maine, lynx occurrence area 
    objectives:   

• completion of lynx status review for population in Maine;  
• depending on Region 6’s schedule, completion of recovery plan portion that 

covers lynx population in the east;  
• completion of a spruce budworm response document that anticipates 

neotropical bird, endangered species and other rare species needs;  
• revival of work on Healthy Forest Plans consistent with recommendations in the 

lynx recovery outline on how to address the sole lynx listing factor (lack of 
regulatory mechanisms to ensure long term viability of habitat); 

• implementation of the lynx incidental take permit, especially the mitigation 
component; an approach to consultation and conservation of listed bats for the 
forest products industry and wind power industry; 

• working with RW and GOMCP, further develop Northern Forest and Rivers 
AGO proposal as a start at a one-Service vision for Maine. 

• Assist Maine DIFW with regulations changes to prevent further lethal take 
of lynx. 

 
 - 2.  Piping plover and recreational activity harmony in Saco Bay, Maine and in the rest 
of the species range in Maine 
 
LOCATION:  PIPL habitat, Cumberland and York Counties 
  objective:   

• completion with our key partners/stakeholders a conservation strategy for 
piping plover breeding areas consistent with species recovery for Maine 

• completing of the next round of beach recreational activity management 
agreements 

• providing technical assistance to Kennebunkport and Scarborough when 
requested. 

 
 - 3.  Positive movement towards coevolved sea run fish restoration in Maine 
 
LOCATION:  Washington and York Counties for work outside the DPS; for salmon and 
co-evolved species, the DPS 
    objectives:   
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• participation in relicensing and license compliance monitoring for FERC licensed 
hydroelectric projects in Maine (see list of projects that are priorities for FY 
15);  

• development of programmatic approaches to consultation on effects to 
Atlantic salmon with the Corps, FEMA, FHWA and  

• a revised intraservice formal and informal biological opinion/conservation 
strategy for Service habitat restoration projects;  

• completion of the Atlantic salmon recovery plan;  
• completion of work on the Atlantic salmon recovery website and active use of it 

by the teams;  
• significant movement towards addressing threats to the species beyond 

connectivity reestablishment; 
•  identification of priority watersheds for restoration and completion of restoring 

one. 
• Develop priorities for sea run fish connectivity restoration using SHRU based 

strategic planning approach. 
 
 - 4.  Open and positive communication with our delegation and stakeholders. 
    objectives:   
 
LOCATION:  Depends on species of focus.  If sea run fish, the Gulf of Maine 
watersheds; if lynx, the lynx occurrence area; if NEC, York and Cumberland Counties. 
 

• Convene a summit with the Stateside based delegation staff to discuss all 
aspects of lynx listing, recovery, consultation, etc.   

• Convene a summit later in the year to "show and tell" interested staff both sea 
run fish connectivity restoration and lynx recovery projects 

• Develop a newsletter/blog to continually keep stakeholders including the 
delegation informed of our office’s work. 

• Develop a proposal for an urban focused education program with Maine 
Audubon, Sunkhaze NWR, and Youth Outdoor Education Center in Milford, as a 
start at a one-Service vision for Maine. 
 

-5.  Other collaborations with RW and GOMCP for listed/candidate  species 
conservation including Furbishes lousewort protection, NEC  habitat restoration, ROTE 
and PIPL work. 
 
LOCATION:  York and Cumberland County, Furbishes range, Coastal breeding bird 
islands. 
 



From: Zelenak, Jim
To: Nancy Stange
Cc: Zack Walker; Bob Lanka; Matthew Fry
Subject: Re: WER 9074.00 Canada Lynx 5 Year Review
Date: Thursday, February 12, 2015 9:49:17 AM

Thanks very much!

On Thu, Feb 12, 2015 at 9:18 AM, Nancy Stange <nancy.stange@wyo.gov> wrote:
Mr. Zelenak,
The comments for WER 9074.00 Canada Lynx 5 Year Review are attached. 
Thank you,

-- 
Nancy Stange
Wyoming Game and Fish Department
Habitat Protection Secretary
5400 Bishop Blvd.
307-777-4506
nancy.stange@wyo.gov

E-Mail to and from me, in connection with the transaction 
of public business, is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Tyler Abbott; Ann Belleman; Lisa Solberg Schwab
Cc: Jodi Bush
Subject: Fwd: WER 9074.00 Canada Lynx 5 Year Review
Date: Thursday, February 12, 2015 10:55:17 AM
Attachments: wer9074.00i_Signed Letter.pdf

FYI - 5-year review comments from WY F&G.

---------- Forwarded message ----------
From: Nancy Stange <nancy.stange@wyo.gov>
Date: Thu, Feb 12, 2015 at 9:18 AM
Subject: WER 9074.00 Canada Lynx 5 Year Review
To: jim_zelenak@fws.gov
Cc: Zack Walker <zack.walker@wyo.gov>, Bob Lanka <bob.lanka@wyo.gov>, Matthew Fry
<matthew.fry@wyo.gov>

Mr. Zelenak,
The comments for WER 9074.00 Canada Lynx 5 Year Review are attached. 
Thank you,

-- 
Nancy Stange
Wyoming Game and Fish Department
Habitat Protection Secretary
5400 Bishop Blvd.
307-777-4506
nancy.stange@wyo.gov

E-Mail to and from me, in connection with the transaction 
of public business, is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Belleman, Ann
To: Zelenak, Jim
Cc: Lisa Solberg Schwab
Subject: Re: WER 9074.00 Canada Lynx 5 Year Review
Date: Friday, February 13, 2015 7:15:05 AM

Thanks Jim.  Please let us know if you need a response to this.

FYI - Tyler, Gary Hanvey, and I had a call w/two WGFD program leads yesterday to discuss
the same topic they mentioned in their letter.  We (Tyler, Gary H, Lisa SS, and I - and we
invited Jim Sparks) are planning to hold a 1/2-day workshop most likely in early August to
explain the NRLMD and LCAS, what the Fed agencies consider in project analyses  and FWS
during consultation (including critical habitat), the importance of multi-storied habitat, and
touch on identifying where projects in lynx habitat are best suited.

Hopefully this workshop will help other Fed and state agency staff to understand more about
lynx and lynx habitat management in WY.  You are, of course, always welcome to join us!  I'll
be sending out a draft agenda to WGFD next week and identify some dates and locations
(likely Lander or Pinedale).  If you want to review the agenda and/or be cc'ed about the
workshop, just let me know.

Ann

 
Ann Belleman
U.S. Fish and Wildlife Service
Wyoming Ecological Svcs. Field Office
5353 Yellowstone Rd., Suite 308A
Cheyenne, WY 82009

Minnesota/Wisconsin Field Office Complex
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
307-421-5839 (work cell)
307-772-2374 (FWS-Cheyenne, WY)
(612) 725-3548 (FWS-Bloomington, MN)

On Thu, Feb 12, 2015 at 9:50 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
FYI - 5-year review comments from WY F&G.

---------- Forwarded message ----------
From: Nancy Stange <nancy.stange@wyo.gov>
Date: Thu, Feb 12, 2015 at 9:18 AM
Subject: WER 9074.00 Canada Lynx 5 Year Review
To: jim_zelenak@fws.gov
Cc: Zack Walker <zack.walker@wyo.gov>, Bob Lanka <bob.lanka@wyo.gov>, Matthew
Fry <matthew.fry@wyo.gov>
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Mr. Zelenak,
The comments for WER 9074.00 Canada Lynx 5 Year Review are attached. 
Thank you,

-- 
Nancy Stange
Wyoming Game and Fish Department
Habitat Protection Secretary
5400 Bishop Blvd.
307-777-4506
nancy.stange@wyo.gov

E-Mail to and from me, in connection with the transaction 
of public business, is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:nancy.stange@wyo.gov
mailto:jim_zelenak@fws.gov


From: Willey, Seth
To: Bush, Jodi
Cc: Michael Thabault; Jim Zelenak
Subject: Re: draft project plan
Date: Thursday, February 19, 2015 5:03:43 PM

Mike, can we chat at 1pm tomorrow about lynx recovery planning.  

Seth

On Thursday, February 19, 2015, Bush, Jodi <jodi_bush@fws.gov> wrote:
Haven't heard back and looks like you and Mike are both scheduled up now.  Do we still
have call tomorrow or no?  JB

I am free all day as is Jim.  I am working on reviewing a BO (thats the block in the am but
can move that time around). 

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Feb 17, 2015 at 8:17 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
That sounds good.  Either time works for us.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Feb 13, 2015 at 3:39 PM, Willey, Seth <seth_willey@fws.gov> wrote:
That could be tough.  I think Bridget is not in the office again until the 27th.  So, I"m
changing my recommendation.  

I would propose we try to fit it in on the 20th.  The three of us and Mike seem to be
available the 20th between 8:30-10am, or noon-2pm.  Would one of these times work
for folks?  After Friday, Mike is out a bit too.  

Seth

****************************************
Seth L. Willey
Assistant Regional ESA Chief &
Regional Recovery Coordinator
USFWS, Mountain-Prairie Region

mailto:seth_willey@fws.gov
mailto:jodi_bush@fws.gov
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mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
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javascript:_e(%7B%7D,'cvml','seth_willey@fws.gov');


Seth_Willey@fws.gov 
303-236-4257 
****************************************

On Thu, Feb 12, 2015 at 9:02 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Seth,  As we discussed -Can you set up a call with Bridget so we can talk about steps
forward? 

Particularly SSA or some other expert elicitation for 5YR RVW, and the project plan.
 

Thanks.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Feb 4, 2015 at 11:29 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
For your preliminary review.   It needs work.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Mon, Jan 26, 2015 at 10:24 AM
Subject: draft project plan
To: Jim Zelenak <jim_zelenak@fws.gov>

here is the draft.  we need to finalize this....JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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-- 
****************************************
Seth L. Willey
Assistant Regional ESA Chief &
Regional Recovery Coordinator
USFWS, Mountain-Prairie Region
Seth_Willey@fws.gov 
303-236-4257 
****************************************

mailto:Seth_Willey@fws.gov


From: Bush, Jodi
To: Willey, Seth
Cc: Michael Thabault; Jim Zelenak
Subject: Re: draft project plan
Date: Friday, February 20, 2015 10:12:02 AM

great thanks.  Should we call Mike's office?  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Feb 20, 2015 at 9:46 AM, Willey, Seth <seth_willey@fws.gov> wrote:
We are on for 1:30.  

****************************************
Seth L. Willey
Assistant Regional ESA Chief &
Regional Recovery Coordinator
USFWS, Mountain-Prairie Region
Seth_Willey@fws.gov 
303-236-4257 
****************************************

On Thu, Feb 19, 2015 at 4:22 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Haven't heard back and looks like you and Mike are both scheduled up now.  Do we still
have call tomorrow or no?  JB

I am free all day as is Jim.  I am working on reviewing a BO (thats the block in the am but
can move that time around). 

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Feb 17, 2015 at 8:17 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
That sounds good.  Either time works for us.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
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(406) 449-5225, ext.205

On Fri, Feb 13, 2015 at 3:39 PM, Willey, Seth <seth_willey@fws.gov> wrote:
That could be tough.  I think Bridget is not in the office again until the 27th.  So, I"m
changing my recommendation.  

I would propose we try to fit it in on the 20th.  The three of us and Mike seem to be
available the 20th between 8:30-10am, or noon-2pm.  Would one of these times work
for folks?  After Friday, Mike is out a bit too.  

Seth

****************************************
Seth L. Willey
Assistant Regional ESA Chief &
Regional Recovery Coordinator
USFWS, Mountain-Prairie Region
Seth_Willey@fws.gov 
303-236-4257 
****************************************

On Thu, Feb 12, 2015 at 9:02 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Seth,  As we discussed -Can you set up a call with Bridget so we can talk about
steps forward? 

Particularly SSA or some other expert elicitation for 5YR RVW, and the project
plan.  

Thanks.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Feb 4, 2015 at 11:29 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
For your preliminary review.   It needs work.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

mailto:seth_willey@fws.gov
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---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Mon, Jan 26, 2015 at 10:24 AM
Subject: draft project plan
To: Jim Zelenak <jim_zelenak@fws.gov>

here is the draft.  we need to finalize this....JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
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Cardinal Questions/ Topics for Species Status Assessments 
 

 
The questions in the table are representative of most categories of information that are likely to be assessed during an SSA and 
included in the results of an SSA.  The purpose of the table is to help identify those questions that are relevant to the decision and are 
not already known.  This then is where to focus further investigation, and consider whether and expert meeting might be beneficial.  
These could then serve as candidate questions for such a meeting.  Revise questions as needed to best fit the species and situation.  At 
the start of an SSA process, we don’t always know the specific knowledge gaps for each species.  Also, the relevance of the questions 
will depend on the species and situation.  Thus, for each question, indicate its relevance to the decision and if relevant, characterize the 
level of certainty.  A question would only be asked at an expert meeting if it is relevant and if the answer to the question was not 
already known and well documented.  It may be important, however, to give an overview of the current state of our knowledge to 
inform experts of what we already know, and make sure all participants have the same understanding of that knowledge.   
 
Main Questions Characterize relevance of this 

information to the decision  
(e.g., essential, relevant as 
background information, or not 
relevant) 

Characterize level of certainty 
(e.g., known and well 
documented, some data and 
moderate uncertainty, little to 
no data and high uncertainty) 

References and data 
sources.  

What is the accepted taxonomy for the species? 
Is the taxonomic nomenclature for the 
species well accepted? 

   

If not, what are the competing theories?    
Is one theory better supported than the 
others? 

   

What is the species’ range and distribution? 
What was the species’ historical range and 
distribution? 

   

What is the species’ current range and 
distribution?   
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Main Questions Characterize relevance of this 
information to the decision  
(e.g., essential, relevant as 
background information, or not 
relevant) 

Characterize level of certainty 
(e.g., known and well 
documented, some data and 
moderate uncertainty, little to 
no data and high uncertainty) 

References and data 
sources.  

What is known about the species’ natural life history?  Specific questions would be species-specific, but may include: 
What is the age structure: max age, age to 
maturity, life stages? 

   

What is the natural sex ratio?  
And what is the current sex ratio? 

   

What is the natural fecundity? And what is 
the current fecundity? 

   

What are the age/stage specific annual 
survival rates? 

   

Is there seasonal variation in survival rates?    
Are life stages/ages particularly sensitive to 
anthropogenic activity (e.g., disturbance)?  If 
so, what and how? 

   

Are there differences in survivorship or 
fecundity in different parts of the range or 
different habitat types? 
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What are the species’ biological and ecological requisites? Consider the requisites at the individual, population, and species 
level. (What the species needs) 
What are the requirements of individuals?  Specific questions would be species-specific, but may include: 

What are the individuals’ resource 
requirements for breeding.   

   

What are the individuals’ resource 
requirements for feeding.  Consider these 
requirements for all life stages/ages and 
seasons (e.g., wintering, migratory, 
breeding). 

   

What are the individuals’ resource 
requirements for sheltering.  Consider these 
requirements for all life stages/ages and 
seasons (e.g., wintering, migratory, 
breeding). 

   

Is there a space or area requirement for 
individuals (e.g., home range)?  Consider 
these requirements for all life stages/ages and 
seasons (e.g., wintering, migratory, 
breeding). 

   

Are there other individual requirements 
specific to you species? 

   

What are the requirements of populations? Specific questions would be species-specific, but may include: 

Describe or define what constitutes a 
population of the species and how 
populations are structured (e.g., the species is 
one population, multiple individual 
populations, meta-population, source vs. 
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sink, core vs. non-core). 
Are there different life forms (e.g., 
behavioral or niche related)? 

   

What are the characteristics of the resources 
within the habitat needed by a population?  
(Habitat could be described by quantity, 
quality, and connectedness at different spatial 
scales – local and landscape.) 

   

How much area (e.g., patch size) is needed 
for a population to be highly resilient?  (How 
does patch size relate to the ability of the 
species’ to bounce back from 
environmental/demographic events?  Is there 
information on minimum patch size?) 

   

What is the relationship between patch size 
and population growth/persistence? 

   

What are the characteristics of a resilient 
population, in terms of abundance, 
demographics, and habitat (or, how do 
changes in these demographics affect the 
level of resilience?)?  What are the 
stochastic events that could put populations 
at risk and how likely are they to occur? 
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What are the requirements of the species?  Primary objective is to define/describe what the species requires to have adequate 
representation, resiliency, and redundancy.  Specific questions would be species-specific, but may include: 
Are the populations distributed in a way that 
parts of the distribution or some populations 
are likely to be independently effected by 
catastrophic events (i.e., is there redundancy 
in the species’ distribution and population 
structure such that a single catastrophic event 
is unlikely to impact the entire species)? 

   

What is the species genetic structure? 
(genetic diversity is one form of 
representation) 

   

How is the species distributed geographically 
(is it clustered, is it evenly distributed 
throughout its range, is it in small, isolated 
areas)? 

   

What is the best estimate of current 
population trend (declining, stable, 
increasing)?  Do trends vary geographically? 

   

Do population trends indicate the species 
does not have what it requires for 
persistence? 

   

Comparing the species’ current range to its 
historical range, can we quantify levels of 
loss and probable affects to the species from 
that loss (e.g., has range loss reduced the 
species’ adaptive potential?)? 

   

What are the characteristics of a resilient 
species, in terms of abundance, 
demographics, and habitat? 
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What is the species’ current condition?  Consider the current condition at the individual, population, and species level.  (What 
the species has). 
What is the state of the resources currently available to individuals?  Specific questions would be species-specific and should 
mimic those asked for requisites.  Questions may include: 
Is current survivorship and fecundity the 
same as natural rates? 

   

What is the current condition (quality) of 
available resources for breeding, 
reproduction, or rearing (or development) of 
young? 

   

Is food and other nutritional or physiological 
requirements available in sufficient quality 
and quantity? 

   

Do individuals have sufficient space to fulfil 
their needs? 

   

Do individuals have sufficient resources for 
cover or shelter? 

   

What is the current condition of populations?  Specific questions would be species-specific and should mimic those asked for 
requisites.  Questions may include: 
What are the current conditions of the habitat 
resources needed by a population?  (Habitat 
could be described by quantity, quality, and 
connectedness at different spatial scales – 
local and landscape.) 

   

Characterize the level of resiliency for each 
population? 
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What is the current condition of the species?  Specific questions would be species-specific and should mimic those asked for 
requisites.  Questions may include: 
How much habitat is available? Where and 
when (spatial and temporal availability)? 

   

How many populations have high resiliency?    
How are the current populations distributed 
on the landscape?  How are the populations 
with high resiliency distributed?  

   

What are the biggest historical, current, and likely future factors affecting the species? (i.e., what are the main factor that 
effect levels of resiliency, representation, and redundancy as determined by cause and effect and exposure analyses.)  
Including conceptual models (e.g., causal pathways/influence diagrams). Questions would be species-specific, but may include: 
What were the historical causes of decline?  
Are those factors still acting on the species? 

   

What are the factors currently acting on the 
species? Which of those factors are likely to 
have population-level effects? 
 

   

For those factors likely to have population-
level effects:  
How does the species respond?  
What is the spatial and temporal scale? 
What is the relative magnitude of effect? 
(See “Evaluating Cause and Effects” for 
more specific questions.) 

   

Are there factors that are likely to affect the 
species in the future (emerging threats)? 

   

Are there regulatory mechanisms that address 
any of the factors affecting the species? 
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What conservation efforts are underway or planned and how do they affect the species? 
What conservation efforts are currently 
happening?  Where are they happening? 
What are the effects of the actions (how are 
those actions affecting individuals, 
populations, and the species)? 

   

What conservation efforts are likely to occur 
in the near future? 

   

What additional conservation actions are 
recommended? 

   

Characterize the species viability. 
Viability is the probability of persistence at 
some demographic status over some time 
period.  Given current knowledge of species 
requirements, environmental conditions 
(including stressors and conservation efforts 
for individuals and their habitat), and 
definition of viability (including 
demographic and temporal parameters), 
characterize the viability of the species. 

Essential   

 



From: Staats, William
To: McCollough, Mark; Anthony Tur; Mark Maghini; Ian Drew; Alexej Siren; John Kanter; Bernier, Chris
Cc: Laury Zicari; Kilborn, Jillian; Alexej Siren
Subject: RE: Winter 2014-15 status of lynx in NH and VT
Date: Friday, April 17, 2015 6:36:35 AM

Hi Mark! Yes we did conduct some limited snow track surveys this winter. I will forward this to Jill
Kilborn and Alexej Siren who are keeping the data base on our siting’s. We did encounter tracks on a
number of our surveys this winter in Pittsburg  and currently have many cameras out in an effort to
detect lynx and other forest carnivores. No lynx pics yet but these cameras will be deployed long
term under a project that Alexej is doing for his doctorate work out of UMass. Have a great spring!
will
 
From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: Thursday, April 16, 2015 1:44 PM
To: Anthony Tur; Mark Maghini; Ian Drew; Alexej Siren; John Kanter; Bernier, Chris; Staats, William
Cc: Laury Zicari
Subject: Winter 2014-15 status of lynx in NH and VT
 
Hi all:
 
I understand that several of you may have been involved with lynx surveys this past winter.
 
Could you please forward me information (both positive and negative) on lynx occurrences
documented in your areas in VT and NH this past winter?   Please copy Tony Tur on your
responses.  I would greatly appreciate any reports that may be available.
 
Tony, I believe you were keeping a list of lynx occurrences in VT and NH.  Can you please
send an update of this table?
 
The USFWS is revising our timeline for the 5-year status review and recovery plan.  Region 6,
the lead for lynx listing, will soon distribute details of the process.  In short, the Service will
first develop a a Species Status Assessment, then a 5-year review, and finally a recovery plan,
if needed.  The preparation of the Species Status Assessment will delay the timeline for
completion of a 5-year review, but will greatly facilitate preparing a recovery plan.  Details
will be distributed to Federal and State folks soon.
 
Thanks,  Mark
 
--
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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mailto:alexejpksiren@gmail.com
mailto:mark_mccollough@fws.gov


From: Zelenak, Jim
To: Szymanski, Jennifer
Cc: Seth Willey; Justin Shoemaker; Tara Nicolaysen; Mary Parkin; Heather Bell; David Smith
Subject: Re: DRAFT Project Plan - Lynx SSA, 5-year review, recovery planning
Date: Friday, April 17, 2015 9:03:38 AM

Thanks Jennifer!

On Fri, Apr 17, 2015 at 8:41 AM, Szymanski, Jennifer <jennifer_szymanski@fws.gov>
wrote:

Hello Jim,

Thank you for sharing the project plan; it was informative and will be useful in guiding our team in
developing a strategy for the lynx SSA.  I have inserted a few comments/questions, which we will
discuss on our call today.

Thanks again,
Jennifer

On Tue, Apr 14, 2015 at 3:18 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Jodi,

Attached is a CLEAN version of the Draft Project Plan.

I've made some additional changes based on a recent conversation with Seth.  If you believe this is ready, Seth
thought the next step would be for you to send it to Mike T. (cc Seth) and let him know we'd like to send it out
as soon as possible to the other affected regions for their reviews.

I've copied folks who are helping with the SSA workshop Apr. 29-30 in the RO.

Let me know if you have questions/concerns or if you'd like the Track Changes version, too.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jennifer Szymanski
U.S. Fish and Wildlife Service
Division of Endangered Species
   Remotely located at:
U.S. Fish and Wildlife Service Resource Center
555 Lester Avenue
Onalaska, WI 54650
Tel: 608-783-8455; Fax: 608-783-8450
Cell: 608-799-3899
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jennifer_szymanski@fws.gov
***My work schedule is:  M, W, Th 6:30 -4:30pm*** 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jennifer_szymanski@fws.gov
mailto:jim_zelenak@fws.gov


From: Alexej Siren
To: McCollough, Mark
Cc: Anthony Tur; Mark Maghini; Ian Drew; Bernier, Chris; william.staats@wildlife.nh.gov; Laury Zicari; Kilborn, Jillian;

John.Kanter@wildlife.nh.gov
Subject: RE: Winter 2014-15 status of lynx in NH and VT
Date: Monday, April 20, 2015 7:21:10 AM

Hello Mark,
 
We can make a map for you that shows the survey routes and camera traps, and the detection/non-
detection data for lynx.  However, we still need to check the majority of the cameras in northern
New Hampshire, which we hope to do in the coming weeks.  I can provide a summary map for both
states as well.  I should receive a shapefile of the VFWD surveys today and I believe I already have
the data from Nulhegan.  If you need something earlier I can provide what we have thus far.    
 
Thanks,
 
Alexej
 
From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: Monday, April 20, 2015 9:12 AM
To: Alexej Siren
Cc: Anthony Tur; Mark Maghini; Ian Drew; John Kanter; Bernier, Chris;
william.staats@wildlife.nh.gov; Laury Zicari; Kilborn, Jillian
Subject: Re: Winter 2014-15 status of lynx in NH and VT
 
Thanks so much Alexej.  This is very helpful.
 
Do you have a map showing "negative" locations, i.e., areas you surveyed this past winter, but
had no lynx occurrences.  I'm trying to get an understanding of your search locations this
winter compared to last.
 
Thanks,  Mark
 
On Fri, Apr 17, 2015 at 3:04 PM, Alexej Siren <asiren@wildcats.unh.edu> wrote:

Hello Mark,
 
Attached is a GIS shapefile that contains lynx location data from this winter.  We intercepted lynx
tracks 34 times during formal surveys, 2 times during non-survey work, and a forester saw a lynx
in the vicinity where we regularly located tracks.  These detections are categorized in the
shapefile.  I have also attached a map of the sightings, which includes the habitat model described
in last year’s report.  As you will see, they are still clumped in the northernmost part of the state. 
However, we detected lynx in areas further to the south and west compared to previous years. 
We are still collecting and processing data and will send a report to you this summer. 
 
I hope you are well.  Let us know if you need anything else! 
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Alexej
 
 
From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: Thursday, April 16, 2015 1:44 PM
To: Anthony Tur; Mark Maghini; Ian Drew; Alexej Siren; John Kanter; Bernier, Chris;
william.staats@wildlife.nh.gov
Cc: Laury Zicari
Subject: Winter 2014-15 status of lynx in NH and VT
 
Hi all:
 
I understand that several of you may have been involved with lynx surveys this past winter.
 
Could you please forward me information (both positive and negative) on lynx occurrences
documented in your areas in VT and NH this past winter?   Please copy Tony Tur on your
responses.  I would greatly appreciate any reports that may be available.
 
Tony, I believe you were keeping a list of lynx occurrences in VT and NH.  Can you please
send an update of this table?
 
The USFWS is revising our timeline for the 5-year status review and recovery plan.  Region
6, the lead for lynx listing, will soon distribute details of the process.  In short, the Service
will first develop a a Species Status Assessment, then a 5-year review, and finally a
recovery plan, if needed.  The preparation of the Species Status Assessment will delay the
timeline for completion of a 5-year review, but will greatly facilitate preparing a recovery
plan.  Details will be distributed to Federal and State folks soon.
 
Thanks,  Mark
 
--
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

 
--
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
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From: Conard, Ben
To: Bush, Jodi
Cc: Michael Carrier; Dennis Mackey; Russ Holder; Kim Garner; Mark Robertson; Bryon Holt; Michelle Eames; Russ

MacRae
Subject: Re: FOR YOUR QUICK REVIEW: DRAFT Project Plan - Lynx SSA, 5-year review, recovery planning
Date: Thursday, April 23, 2015 2:31:06 PM
Attachments: 2015 04 15 DRAFT Proj Plan Canada Lynx 5-YR_bc edits .docx

Jodi, here are Idaho's edits and comments. Let me know if you need anything more. - Ben 

On Wed, Apr 15, 2015 at 11:58 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Hello.   

Attached please find our DRAFT project plan for Canada lynx.  We are requesting your
review of the draft document with any suggested revisions or comments by April 24 COB.  

The Project Plan discusses our intention to apply the Species Status Assessment (SSA)
framework and complete an SSA report to inform and streamline the five-year review for
the lynx DPS as well as subsequent recovery plan and future listing rules as needed based on
the SSA and five-year review.

The Project Plan also specifically identifies the level of involvement that we are requesting
from each involved office.  Committed participation and assistance from the other regions
and field offices within the DPS range will be essential to completing the tasks outlined in
the draft plan particularly given the broad geographic distribution of the DPS, the differing
management and conservation issues facing the various subpopulations, and the need to
coordinate with States, Tribes, other Federal agencies, and our counterparts in southern
Canada, 

Please review the attached draft and provide Jim Zelenak with your comments/concerns no
later than April 24.  If you require additional time for your review, please contact us to
discuss this.  

Thank you for your time.  JB

As an aside, if anyone is interested in attending the SSA workshop April 29-30 in Denver
please contact Jim Zelanak.  This is pretty short notice, but knowledgeable staff may find it
worthwhile.   

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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-- 
Ben Conard, Field Supervisor
U.S. Fish and Wildlife Service
Northern Idaho Field Office
11103 E. Montgomery Drive
Spokane Valley, WA 99206
Phone: (509) 893-8030
Fax: (509) 891-6748



 

DRAFT CANADA LYNX PROJECT PLAN TO COMPLETE 
A SPECIES STATUS ASSESSMENT, FIVE-YEAR REVIEW, AND RECOVERY PLAN 

 
April 2015 

 
Action:  The Service will conduct a species status assessment (SSA) as a first step to understand 
the current status of the contiguous United States distinct population segment (DPS) of the 
Canada lynx (Lynx canadensis), currently listed as threatened under the Endangered Species Act 
(Act).  This SSA will serve as the basis for the five-year status review (initiated in 2007; 72 FR 
19549) required under the Act and to inform and streamline the court-ordered recovery plan (due 
January15, 2018), assuming such a plan necessary1. The SSA report would also provide the 
scientific foundation to support future rulemaking in accordance with the Act should the five-
year review indicate that a change in the DPS’s listing status is warranted.   
 
Goals of the Project Plan:  (1) To facilitate application of the SSA framework to produce a 
scientifically defensible five-year review of the status of the lynx DPS and a subsequent recovery 
plan if one is deemed necessary; and (2) to ensure that expectations for these processes are clear 
including approach, roles and responsibilities, and schedule, and for managers to be aware of and 
have agreed to these expectations. 
  
Project Approach:  We intend to apply the SSA framework to the lynx DPS and use the SSA 
results to inform both the five-year review and the recovery planning process.  The lead field 
office (FO) will work with other regions and FOs in the DPS range to gather and evaluate all 
relevant information that has become available since our March 2000 listing rule (65 FR 16053) 
and our July 2003 Remanded Determination of Status (68 FR 40076) for the lynx DPS.  We will 
avail ourselves of recent efforts to summarize the available scientific literature for lynx, 
including the September 2014 final revised critical habitat designation for the DPS (79 FR 
54781) and the 2013 revised interagency Lynx Conservation Assessment and Strategy (LCAS; 
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf).  The FOs 
will keep partner agencies informed about progress and request their participation and reviews as 
appropriate.  
 

Species Status Assessment:  The SSA framework is national Service guidance providing 
a new methodology for assessing the status of species which can help inform species listing, 
status, and recovery determinations the Service is required to make in accordance with section 
4(c)(2) of the Act (https://sites.google.com/a/fws.gov/ssa/about-SSA).  Using the SSA 
framework, we will evaluate the viability of the lynx DPS and potential threats to its viability 
using the principles of representation, resilience, and redundancy.  The SSA also will provide 
critical information needed to guide the recovery planning process including identification of the 

                                                           
1 The Act requires recovery plans for listed species unless a determination is made that such plan will not promote 
the conservation of the species.  If the DPS warrants delisting, we would likely pursue a formal determination that 
the species is exempt from recovery planning as such a plan would be unnecessary (if the species is already 
recovered, a plan is not needed to move the species to the point of recovery and would therefore not promote the 
conservation of the species).  Although the five-year review is not a final agency action, the memorandum 
exempting the species from recovery planning (should we reach that conclusion) would be. 



 

primary threats to the lynx DPS that remain to be resolved, if any.  Completion of the SSA is the 
first step in this process.  We anticipate that the SSA will be completed by October 2015.   
 

Five-year Review:  The five-year review, required by statute, is envisioned as the second 
step in this process.  We anticipate that the five-year review would be a streamlined document 
relying heavily on and referring to the SSA.  The five-year review will consider the SSA’s 
scientific determinations and make recommendations regarding the status of the DPS in 
accordance with the Act.  The three possible outcomes of the five-year review are that the lynx 
DPS should: (1) remain listed as threatened; (2) be uplisted to endangered; or (3) be 
delisted.  Outcome (1) would indicate the need to next complete a recovery plan by the court-
ordered deadline; outcome (2) would indicate that both a recovery plan and a future listing rule 
are needed; and outcome (3) would require both a formal determination via memorandum that 
the DPS is exempt from recovery planning and a future listing rule.  We anticipate the five-year 
review will be drafted by November 2015 and finalized by January 2016.   
 

Recovery Plan:  If a recovery plan is necessary, it will be informed by both the SSA and 
the five-year review.  The recovery plan would include an introduction summarizing the 
recovery vision (what a recovered DPS would “look” like) and recovery strategy (the route 
selected to get the species to recovery).  It also would include: (1) objective and measurable 
criteria that when met would allow delisting (including, to the extent feasible, demographic and 
threats-based recovery criteria); (2) site-specific management actions needed to achieve the 
criteria; and (3) time and cost estimates to achieve delisting.  Pursuant to the Service’s new 
recovery paradigm, the Recovery Enhancement Vision (REV; USFWS 2014, 
https://sites.google.com/a/fws.gov/rev/), the SSA will facilitate development of a streamlined 
recovery plan that focuses on these three statutory requirements.  We intend to complete the draft 
recovery plan by October 2016.  The recovery planning process will include peer review and 
opportunities for public review and comment on the draft recovery plan prior to completion of a 
final recovery plan.  The recovery plan, if necessary, will be finalized prior to the January 15, 
2018 court deadline.   
 

Project Lead:  This project will be led by the Montana Ecological Services Field Office 
(MTFO).  Within this office, Jim Zelenak is the species lead and will serve as the project and 
team lead.  This role includes cross-regional intra-Service organizing, coordinating with outside 
partners and experts as appropriate, and developing a project schedule and ensuring adherence to 
associated deadlines.  It also includes primary authorship of the SSA report, five-year review 
and, if necessary, the recovery plan.   
 

Project Team:  The Mountain-Prairie Region (6) is the lead region for lynx.  However, 
within the DPS range, lynx subpopulations currently occur in parts of 9 states (CO, ID, ME, MN, 
MT, NH, VT, WA, and WY).  Lynx associated with these subpopulations or other lynx 
populations in southern Canada also may occur (usually rarely, intermittently, and temporarily) 
in other states (MI, ND, NE, NM, NY, OR, SD, UT, and WI), and dispersing lynx also have 
occurred very rarely in CT, IA, IL, IN, MA, PA, and NV.  Because the DPS spans parts of four 
other Service regions (1, 2, 3, and 5), it will be especially important that field biologists most 
familiar with the status of lynx in the various subpopulations within the DPS assist with (1) 
collection and interpretation of information relating to the status of and potential threats to those 



 

subpopulations; (2) contacting and arranging participation by lynx experts most familiar with the 
status, ecology, population dynamics, and habitat needs of those subpopulations; and (3) writing, 
editing, and reviewing relevant parts of the SSA report, five-year review, and recovery plan, if 
needed.  We expect that the appropriate biologists from the Maine, Twin Cities, Northern Idaho, 
Wenatchee, Wyoming, Colorado, and Western Colorado FOs will receive supervisory approval 
to participate consistently on the Project Team and contribute meaningfully to the development, 
review, and completion of the SSA report, five-year review, and recovery plan.  We further 
expect that biologists from the New England, New York, Michigan, Wisconsin, Idaho, Eastern 
Idaho, Spokane, Oregon, Utah, and New Mexico FOs will receive supervisory approval to 
participate as needed in the development, review and completion of these documents.  

 
Management Team:  In addition to field biologists, we expect that Field Supervisors from 

the Maine, Twin Cities, Northern Idaho, Wenatchee, Wyoming, Colorado, and Western 
Colorado FOs will assist with coordination with State and Tribal and other federal stakeholders, 
participate in document review, and obtain regional office (RO) concurrence with status 
determinations and final decisions/documents.  RO representation from affected regions also is 
essential to this process, as is headquarters (HQ) participation and guidance.  We expect that 
regional ESA Branch Chiefs and/or regional Recovery Coordinators from regions 1, 2, 3, and 5 
and HQ Listing and/or Recovery staff will participate in document review and concurrence 
processes.  Legal staff may also engage or be consulted at various points in this process. 
 

Focus on Science First – We intend to conduct a thorough scientific review of the lynx 
DPS and to work with our partners to make sure we have and use the best available information 
to develop the SSA report, the five-year review, and to guide any subsequent recovery 
planning.  During the SSA and development of the five-year review, we will conduct a structured 
threats assessment using outlines, webinars, expert elicitation, and other intermediate products, 
and will brief the Management Team as necessary throughout the process.  During the recovery 
planning process, we will also bring together experts from the lynx research and management 
arenas. 
 

SSA, five-year Review, and Recovery Planning Collaborative Process:  We have broken 
the SSA, five-year review, and recovery planning/listing processes down into the following 
seven phases: 

 
• Phase 1 – Information Collection.  The lynx’s current distribution in the contiguous U.S. 

and some aspects of its habitat requirements are fairly well-understood; however, we will 
seek to better understand and analyze its historic and current distributions, subpopulation 
sizes and status, and the degree to which DPS subpopulations rely on immigration from 
populations in Canada.  Additionally, we will focus on the numbers and productivity of 
lynx in each of the DPS subpopulations, how these vary over time, the causes of the 
variation, and the quality and conservation status of lynx and hare habitats within the 
DPS range.  We will collect and evaluate all relevant information that has become 
available since the 2000 Final Rule listing the DPS as threatened and subsequent 
determinations.  We expect available information to be primarily in the form of 
published, peer-reviewed literature obtainable through academic search engines.  We will 
also gather government reports (e.g., the recently-revised LCAS and survey and 



 

monitoring reports from federal, State and Tribal partners) and review legal and policy 
considerations. 

• Phase 2 – Assessment of the DPS’s Conservation Status and Relevant Threats, and 
Completion of the SSA Report.  With the information gathered in Phase 1, we will 
identify and evaluate historical, current, and future threats to lynx and their magnitude 
and relative impact on the viability of the subpopulations that constitute the DPS.  We 
will conduct a structured threats assessment, using outlines, webinars and other 
intermediate products, and brief the Project and Management teams as necessary through 
the process.  We will compile and analyze this information in the SSA report.  We expect 
Project Team members to participate actively in the collection and interpretation of 
information specific to DPS subpopulations and potential threats to them in their 
geographic areas and to coordinate locally with state and federal agencies, Tribes, 
conservation organizations, the media and the public.  We expect Management Team 
members from each region to review, edit, and approve materials provided by their 
Project Team members in a timely manner.     

• Phase 3 – Decision Making.  The FO will make a preliminary recommendation about the 
DPS’s legal status (threatened, endangered, or recovered), brief R6 leadership, and then 
provide it for review and comment by the rest of the Project and Management teams.  A 
final decision on the status of the DPS will be made by R6 Regional Director.  

• Phase 4 – Drafting and disseminating the five-year Review.  Based on the SSA report 
and the R6RD decision on the DPS’s status, the lead FO biologist will draft the five-year 
review with input from and review by the Project and Management teams.  We will work 
with R6 EA staff, who will work with their counterparts in the affected regions, to draft a 
news release announcing results and availability of the five-year review and supporting 
SSA report.  We will post both documents at the ECOS Species Profile web page 
(http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073).   

• Phase 5 – Next Steps.  There are three possible outcomes of the five-year review, each 
with different listing and recovery requirements and time lines. 

o Outcome 1:  The lynx DPS continues to warrant listing as threatened under the 
Act (i.e., the threat for which the DPS was listed has not been adequately 
addressed and/or a new threat[s] has been identified such that the DPS remains 
likely to become endangered within the foreseeable future throughout all or a 
significant portion of its range).  In this case, a recovery plan would be necessary, 
so we would convene a Recovery Team and implement the REV process to 
develop draft and final recovery plans consistent with the court-ordered time line 
for completing the final plan by January 2018.  We expect that a streamlined 
recovery plan would be completed that relies heavily on and references the SSA 
report and the five-year review; 

o Outcome 2:  The DPS warrants uplisting to endangered status (i.e., the threat for 
which the DPS was listed remains unresolved or has increased and/or a new 
threat[s] has been identified such that the DPS is now determined to be in danger 
of extinction throughout all or a significant portion of its range).  In this case, both 
a recovery plan and a future listing rule would be necessary.  As above, we would 
develop draft and final recovery plans that would rely heavily on and reference 
the SSA report and the five-year review; 

Comment [ZJ1]: Yes? 



 

o Outcome 3:  The DPS is deemed recovered and warrants delisting (i.e., the threat 
for which the DPS was listed is found to have been adequately addressed and no 
new threat[s] has been identified that is expected to endanger the DPS throughout 
all or a significant portion of its range now or in the reasonably foreseeable 
future).  In this case, we would recommend a formal determination that the 
species is exempt from recovery planning and we would draft a memorandum to 
that effect.  This outcome would also indicate the need for a future listing rule. 

• Phase 6 – Document Review, Concurrence, Surnaming, and Federal Register 
Publication.  We expect that the SSA report, five-year review, and recovery plan will all 
be reviewed by each member of the Project and Management teams and that all final 
documents will receive concurrence from the other regions.  Each reviewer will focus on 
their role and refrain from word-smithing or second guessing issues outside their area of 
expertise.  Each review will be completed in a timely manner.  For Federal Register 
documents, we anticipate surnaming by R6RD, RSOL, and HQ prior to publication.   

• Phase 7 – Outreach.  We will work with R6 EA staff and their counterparts in the other 
regions to develop communications plans for the SSA, five-year review, and/or recovery 
plan as needed.  We will communicate to all affected stakeholders and the public about 
the action we are taking and what it means for them, as laid out in the communications 
plan. 

 
Roles and Responsibilities:  Staff from FOs, ROs, and HQ offices will be expected to work 
together collaboratively to collect information, conduct analyses, and assist in developing 
products necessary to complete the actions identified in this project plan.  Management of the 
process and completion of these actions, though led by the MTFO, will be the shared 
responsibility of the ROs and FOs within the DPS range.  Further, we expect that the individuals 
responsible for these products will be free to communicate and share work products as needed to 
facilitate an efficient process.  However, we also expect that all team members will keep their 
supervisors apprised of progress and any issues that arise.  If necessary to resolve significant 
issues of disagreement, we will follow the elevation process outlined in the August 13, 2009 
“Section 4 Process Memo” (available on the R6 Listing Sharepoint site) until an updated process 
is developed.  Other specific roles and responsibilities are described above in “Project Lead,” 
“Project Team,” “Management Team,” and “SSA, five-year Review, and Recovery Planning 
Collaborative Process.”   
 
Schedule:  The Service announced initiation of the lynx DPS five-year review in April 2007 (72 
FR 19549 19551) but was unable to complete a review then because of court deadlines requiring 
that we revise the 2006 and 2009 critical habitat designations.  The initial notice requested 
information by June 18, 2007, but it was not a formal comment period and noted that we accept 
new information about all listed species at any time.  At that time, we received comments or 
information from seven respondents; two State agencies and five environmental/conservation 
Non-governmental organizations (NGOs).  The status review portion of the current project was 
re-initiated in October 2014, when a biologist was assigned by the MTFO to begin gathering 
information to evaluate threats to the lynx DPS and update its status accordingly.  In December 
2014, the MTFO drafted a “Dear Interested Party” letter announcing the renewed five-year 
review effort, which was sent to federal, State, and Tribal partners in Montana, as well as to 
other Service regions and FOs within the DPS range as a template for use in notifying their 



 

partners of the effort.  In January 2015, the Service prepared and distributed a news release 
announcing the five-year review and proposed completion date of June 2015, and soliciting 
information for consideration in the review.  To date, we have received responsive information 
from several federal, State and Tribal agencies, industry organizations, and environmental/ 
conservation NGOs.  In March 2015, it was determined that application the SSA Framework to 
the lynx DPS should precede (and facilitate streamlining of) the five-year review and subsequent 
recovery plan, if needed.   
 
Ultimately, the above goals are intended to inform the need for and content within a recovery 
plan.  We have a court order to complete a recovery plan by January 2018 unless the Service 
determines that the DPS warrants delisting and, therefore, that a recovery plan is not necessary.  
To meet this goal, we anticipate having a draft recovery plan written and beginning the formal 
review process by July 2016.  A list and timing of larger milestones associated with these actions 
can be found in the attached Appendix A.   
 
Coordination:  A range-wide kick-off call will be held in April or May 2015 to seek 
commitments from relevant ROs and FOs, to familiarize team members with the process and 
timeline, and respond to any issues relevant to the SSA, five-year review, and future recovery 
planning.  Subsequent coordination calls with the Project Team, coordinated by the MTFO, will 
be held on a monthly basis.  More frequent calls may be organized around particularly 
challenging issues or during particularly challenging points (such as when a deadline is 
approaching).  These calls will include other Service offices and regions as necessary.  
Additional calls or meetings with affected State, Tribal, and other federal agencies will be 
scheduled as needed.  Meeting internal and court-ordered deadlines for the SSA, five-year 
review, and recovery plan is dependent on all parties fulfilling their roles according to the 
timeline herein.  This project plan may also inform partner and stakeholder expectations. 
 
        Other FWS Regions and Programs:  The lynx DPS occurs (or lynx “may occur”) within 
parts of Service regions 1, 2, 3, 5, and 6, and this effort will require participation by the ROs and 
Ecological Services FOs in those regions, along with potential participation by other programs 
such as Refuges and Partners for Fish and Wildlife.  FO participation will be needed from the 
following states:  R1 (ID, OR, WA); R2 (NM), R3 (MI, MN, WI), R5 (ME, NH, NY [?], VT), 
and R6 (CO, MT, UT, WY). 
   
        Affected State Agencies:  It will be necessary and helpful to coordinate with the wildlife 
and natural resources management agencies of each of the states listed above.  Coordination will 
be especially important with the following state agencies:  Maine Department of Inland Fisheries 
and Wildlife; Minnesota Department of Natural Resources; Montana Fish, Wildlife and Parks; 
Montana Department of Natural Resources and Conservation; Idaho Fish and Game; Washington 
State Department of Fish and Wildlife; Washington State Department of Natural Resources; 
Wyoming Game and Fish Department; Colorado Division of Wildlife; and New Mexico 
Department of Game and Fish.  State agencies within the DPS range were notified of the 
renewed five-year review effort in December 2014 and January 2015, and they will be contacted 
as appropriate by FOs and/or ROs during development of the SSA, five-year review, and 
recovery planning efforts.  We anticipate at least one meeting with affected states during 



 

development of the SSA and at least one during recovery planning.  We may also solicit 
participation by State biologists and/or wildlife managers on a recovery team if one is convened.   
      
        Other Federal Agencies:  Federal agency coordination will follow the July 3, 2013 
Interagency Coordination for Rule Development memo and will include the USDA Forest 
Service, Bureau of Land Management, National Park Service, and Bureau of Indian 
Affairs.  Federal agencies within the DPS range were notified of the renewed five-year review 
effort in December 2014 and January 2015, and they will be contacted as appropriate by FOs 
and/or ROs during development of the SSA, five-year review, and recovery planning efforts. 
   
        Affected Tribes:  Tribal lands within the DPS range include those of the Aroostook Band 
of Micmac Indians, the Houlton Band of Maliseets, the Passamaquoddy Tribe, and the Penobscot 
Indian Nation in Maine; the Bois Forte Band of Chippewa, Fond du Lac Band of Lake Superior 
Chippewa,  Grand Portage Chippewa, Leech Lake Band of Ojibwe, Mille Lacs Band of Ojibwe, 
Red Lake Band of Chippewa, and White Earth Nation in Minnesota; the Confederated Salish and 
Kootenai Tribes of the Flathead Indian Reservation and the Blackfeet Tribe of the Blackfeet 
Reservation in Montana; the Kootenai Tribe of Idaho, Coeur d'Alene Tribe, Nez Perce Tribe, and 
Shoshone-Bannock Tribes in Idaho; the Confederated Tribes of the Colville Reservation, the 
Kalispel Tribe of Indians, and the Spokane Tribe of Indians in Washington; the Wind River 
Indian Reservation in Wyoming; the Uintah and Ouray Indian Reservation in Utah; and the Ute 
Mountain and Southern Ute Indian Reservations in Colorado.  Tribes within the DPS range were 
notified of the renewed five-year review effort in December 2014 and January 2015, and they 
will be contacted as appropriate by regional Tribal Liaisons during development of the SSA, 
five-year review, and recovery planning efforts. 
 
 International Coordination:  Because of the suspected importance of connectivity 
between DPS subpopulations and lynx populations in southern Canada in the persistence of the 
DPS subpopulations, it will be important that we coordinate with and seek information from our 
counterparts in the Canadian conservation, management, and lynx research communities.  We 
will seek information on the status of and threats, if any, to lynx populations in Canada that are 
adjacent to and interact with DPS subpopulations. 
 
Budget: No additional funding is available to assist in this effort.  Participating offices should 
fund their participation through existing base funding.  We will likely need GIS support for these 
actions, including high-quality digital maps and hard copy maps.     
 
Project Plan Revisions:  In light of the court deadline for the final recovery plan, we expect that 
we will meet deadlines for all products and any quality benchmarks associated with those 
products.  However, this project plan and the Project Overview can be revised at any time with 
the agreement of the ARD and Project Leader.  If there are unexpected changed circumstances 
due to competing workloads, budgets, resources, etc., we expect early communication about the 
delay and discussion with the Project Lead, Project Team, and Management Team about 
resolution.  Lead time on potential delays should be commensurate with expected delay.  For 
example, a request for two additional months should not be made the week before a project is 
due.  Further, whatever the results of the five-year review, we expect this project plan will need 
to be revisited soon after the five-year review is signed. 
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was missing above, were they notified during this 
outreach? 

Comment [BC6]: Let me know if we want to line 
up GIS Specialist Kathleen Fulmer, who is a shared 
employee of Washington/Idaho located in Spokane. 
– Ben Conard 



 

 
Post-Project Debriefing:  The Project Team and Management Team commit to having a 
conversation after the completion of the project to discuss how this process was implemented, 
what went well, and what can be done better in the future.  This feedback on the process is 
necessary to ensure we are always using the best available practices and working towards greater 
efficiencies. 
 
Project Overview: 
 
Guidance, policy, and template documents can be found 
at: https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/ 
 
Personnel involved in the completion of the Canada lynx SSA, Five-Year Review,  
and Recovery Plan (if necessary) 
Roles Field Office Regional Office HQ RSOL 
Project 
Leads 

Lead FO Biologist 
Jim Zelenak 

Lead RO Biologist 
Seth Willey 

Lead HQ Biologists 
Heather Bell 
Tara Nicolaysen 

Lead 
SOL 
Dana 
Jacobsen 

Project 
Team 

Biologists from the Maine, Twin Cities, Northern 
Idaho, Wenatchee, Wyoming, Colorado, and 
Western Colorado FOs.   

   

Management 
Team 

Jodi Bush, MTFO, Brent Esmoil MTFO; Field 
Supervisors from the Maine, Twin Cities, 
Northern Idaho, Wenatchee, Wyoming, Colorado, 
and Western Colorado FOs.  
 

Bridget Fahey, R6 
TE Chief 
Nicole Alt, R6 
Geographic 
Supervisor 
Mike Thabault, R6 
ARD-ES 
Matt Hogan, R6 
Deputy RD 
Noreen Walsh, R6 
RD 
Recovery 
Coordinators, TE 
Chiefs, and ARDs-
ES - R1, R2, R3, and 
R5 
 

??  

Others 
Involved 

Biologists from the New England, New York, 
Michigan, Wisconsin, Idaho, Eastern Idaho, 
Eastern WashingtonSpokane, Oregon, Utah, and 
New Mexico FOs as needed 

Ext Affairs 
Specialists, 
ARDs-Ext Affairs, 
and Tribal Liaisons -  
R6, R1, R2, R3, and 
R5 
 
 

  

 

Document Review: 
 
Jim Zelenak is the lead author for these actions.  Other MTFO reviewers include Brent Esmoil 
and Jodi Bush.  All members of the Project Team are expected to provide appropriate scientific 
review of draft documents.  Management Team members are expected to review final documents 

Comment [BC7]: No need to specify eastern 
Idaho; biologists from other parts of Idaho will 
contribute as needed. 

Comment [BC8]: Specify Eastern Washington FO 
since ‘Spokane’ currently houses both Northern 
Idaho FO and Eastern Washington FO. 

https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/


 

and provide regional concurrence with them as needed.  Seth Willey and Bridget Fahey are 
expected to provide appropriate policy review for the drafts.  Dana Jacobsen will provide an 
assessment of legal risk.  Mike Thabault will provide an abbreviated review for “big picture” 
issues. 
 
 
Signed: 
 

______________________________                       ______________________________ 
Assistant Regional Director, R6   Project Leader, Montana Field Office 
 
       ______________________________ 
       Project Leader, Wyoming Field Office 
 
       ______________________________ 
       Project Leader, Colorado Field Office 
 
       ______________________________ 
       Project Leader, W. Colorado Field Office 
 
__________________________   ______________________________ 
Assistant Regional Director, R1   Project Leader, Wenatchee Field Office 
 
       ______________________________ 
       Project Leader, E. Washington Field Office 
 
       ______________________________ 
       Project Leader, N. Idaho Field Office 
 
______________________________  ______________________________ 
Assistant Regional Director, R2   Project Leader, New Mexico Field Office 
 
______________________________  ______________________________ 
Assistant Regional Director, R3   Project Leader, Twin Cities Field Office 
 
______________________________  ______________________________ 
Assistant Regional Director, R5   Project Leader, Maine Field Office 
 
       ______________________________ 
       Project Leader, New England Field Office   

Comment [SLW9]:  Should we list the offices we 
envision signing?  
 
JZ – All listed from whom we will require 
commitment/participation.  May also need to reach 
out to Oregon, Utah, Michigan, Wisconsin, Vermont, 
perhaps New York… 



 

Appendix A 
Schedule for Canada Lynx Five-Year Review and, if necessary, Recovery Plan 

 
Date Milestone 
April 18, 2007 FWS announced initiation of five-year review of lynx DPS (72 FR 19549). 
Dec. 8, 2014 “Dear Interested Party” letter sent to Montana State, Federal, Tribal partners and to 

other FWS ROs and FOS announcing the re-initiation of the five-year review for lynx. 
Jan. 13, 2015 FWS news release announcing five-year review and soliciting information to consider 

in the review. 
Ongoing 
beginning 
January  2015 

Work with partners to collect and evaluate available data and information and assess 
threat factors (USFS, BLM, NPS, BIA, State wildlife/natural resources agencies, and 
Tribes). 

April or May, 
2015 

Kick-off call with relevant team members.  Additional coordination calls to be held 
monthly.  The MTFO lead will coordinate the monthly calls.  These calls will include 
other FWS offices. 

  Apr. 29-30, 
2015 

SSA workshop to include lynx discussion/case study (R6 RO). 

May – July 
2015 

Set up meetings, develop and conduct a structured threats assessment, using outlines, 
webinars and other intermediate products, and brief the Management Team as 
necessary through the process.  Draft SSA report with assistance from other regions 
and FOs. 

May 20, 2015 Workshop(s) with State agencies to discuss SSA process and DPS status and threats. 
June 3, 2015 Expert elicitation meeting(s) on distribution, status, and threats (including climate 

change). 
July – Sept. 
2015 

Brief ROs and HQ on findings; submit SSA report for RO/HQ review and 
concurrence. 

Oct. – Dec. 
2015 

Draft streamlined five-year review; submit for RO/HQ/RSOL 
review/concurrence/surname; publish five-year review in FR. 

Jan. 2016 Begin recovery planning processes if necessary; select and invite Recovery Team 
members. 

  Jan. – June 
2016 

Develop DRAFT recovery plan including goals and objectives, implementation plan.   

July – Sept. 
2016 

RO/HQ/RSOL review/surname of DRAFT recovery plan.  Review and concurrence 
from R1, R2, R3, and R5 as needed. 

October 2016 Release DRAFT recovery plan to public and commence peer review and/or publish 
proposed listing rule. 

December 2016 60-day comment period closes on DRAFT recovery plan; peer review also complete. 
January –June 
2017 

Revise DRAFT recovery plan; draft the FINAL recovery plan.  

July-Sept. 2017 RO/HQ/RSOL review/surname of FINAL recovery.  Review and concurrence from 
R1, R2, R3, and R5. 

  December 2017 Finalize recovery plan, publish in FR, and post on webpage; conduct appropriate 
outreach.  Communicate with court as necessary regarding completion and submission 
of FINAL recovery plan in accordance with court-ordered deadline. 

 



From: Smith, Tamara
To: Jim Zelenak
Cc: Lisa Mandell; Peter Fasbender; Jessica Hogrefe; Ann Belleman
Subject: Re: FOR YOUR QUICK REVIEW: DRAFT Project Plan - Lynx SSA, 5-year review, recovery planning
Date: Friday, April 24, 2015 9:05:00 AM
Attachments: 2015 04 15 DRAFT Proj Plan Canada Lynx 5-YR_TSmith .docx

Hi Jim - 

I reviewed this document an had only a few suggested minor changes - I think it is a solid
plan.  I also included a comment regarding the Wisconsin Field Office, which was merged
with the Twin Cities Field Office a while back, so I am not sure if they should be separated as
they are in this document.  I'm not certain that issue deserves to be corrected in your
document, but thought I should mention it since it will likely be one person who is fulfilling
both the WI and MN duties (me, for now). I think Ann Belleman is still fulfilling the lynx
duties for WYFO for now, although that may change, since she is now part-time for our office
- so we may split the duties for TCFO. Clear as mud? 

Hope all is well with you! 

Have a good weekend,
-Tam

On Wed, Apr 15, 2015 at 1:58 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Hello.   

Attached please find our DRAFT project plan for Canada lynx.  We are requesting your
review of the draft document with any suggested revisions or comments by April 24 COB.  

The Project Plan discusses our intention to apply the Species Status Assessment (SSA)
framework and complete an SSA report to inform and streamline the five-year review for
the lynx DPS as well as subsequent recovery plan and future listing rules as needed based on
the SSA and five-year review.

The Project Plan also specifically identifies the level of involvement that we are requesting
from each involved office.  Committed participation and assistance from the other regions
and field offices within the DPS range will be essential to completing the tasks outlined in
the draft plan particularly given the broad geographic distribution of the DPS, the differing
management and conservation issues facing the various subpopulations, and the need to
coordinate with States, Tribes, other Federal agencies, and our counterparts in southern
Canada, 

Please review the attached draft and provide Jim Zelenak with your comments/concerns no
later than April 24.  If you require additional time for your review, please contact us to
discuss this.  

Thank you for your time.  JB

As an aside, if anyone is interested in attending the SSA workshop April 29-30 in Denver

mailto:jim_zelenak@fws.gov
mailto:lisa_mandell@fws.gov
mailto:peter_fasbender@fws.gov
mailto:jessica_hogrefe@fws.gov
mailto:ann_belleman@fws.gov
mailto:jodi_bush@fws.gov


please contact Jim Zelanak.  This is pretty short notice, but knowledgeable staff may find it
worthwhile.   

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



 

DRAFT CANADA LYNX PROJECT PLAN TO COMPLETE 
A SPECIES STATUS ASSESSMENT, FIVE-YEAR REVIEW, AND RECOVERY PLAN 

 
April 2015 

 
Action:  The Service will conduct a species status assessment (SSA) as a first step to understand 
the current status of the contiguous United States distinct population segment (DPS) of the 
Canada lynx (Lynx canadensis), currently listed as threatened under the Endangered Species Act 
(Act).  This SSA will serve as the basis for the five-year status review (initiated in 2007; 72 FR 
19549) required under the Act and to inform and streamline the court-ordered recovery plan (due 
January15, 2018), assuming such a plan necessary1. The SSA report would also provide the 
scientific foundation to support future rulemaking in accordance with the Act should the five-
year review indicate that a change in the DPS’s listing status is warranted.   
 
Goals of the Project Plan:  (1) To facilitate application of the SSA framework to produce a 
scientifically defensible five-year review of the status of the lynx DPS and a subsequent recovery 
plan if one is deemed necessary; and (2) to ensure that expectations for these processes are clear 
including approach, roles and responsibilities, and schedule, and for managers to be aware of and 
have agreed to these expectations. 
  
Project Approach:  We intend to apply the SSA framework to the lynx DPS and use the SSA 
results to inform both the five-year review and the recovery planning process.  The lead field 
office (FO) will work with other regions and FOs in the DPS range to gather and evaluate all 
relevant information that has become available since our March 2000 listing rule (65 FR 16053) 
and our July 2003 Remanded Determination of Status (68 FR 40076) for the lynx DPS.  We will 
avail ourselves of recent efforts to summarize the available scientific literature for lynx, 
including the September 2014 final revised critical habitat designation for the DPS (79 FR 
54781) and the 2013 revised interagency Lynx Conservation Assessment and Strategy (LCAS; 
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf).  The FOs 
will keep partner agencies informed about progress and request their participation and reviews as 
appropriate.  
 

Species Status Assessment:  The SSA framework is national Service guidance providing 
a new methodology for assessing the status of species which can help inform species listing, 
status, and recovery determinations the Service is required to make in accordance with section 
4(c)(2) of the Act (https://sites.google.com/a/fws.gov/ssa/about-SSA).  Using the SSA 
framework, we will evaluate the viability of the lynx DPS and potential threats to its viability 
using the principles of representation, resilience, and redundancy.  The SSA also will provide 
critical information needed to guide the recovery planning process including identification of the 

                                                           
1 The Act requires recovery plans for listed species unless a determination is made that such plan will not promote 
the conservation of the species.  If the DPS warrants delisting, we would likely pursue a formal determination that 
the species is exempt from recovery planning as such a plan would be unnecessary (if the species is already 
recovered, a plan is not needed to move the species to the point of recovery and would therefore not promote the 
conservation of the species).  Although the five-year review is not a final agency action, the memorandum 
exempting the species from recovery planning (should we reach that conclusion) would be. 



 

primary threats to the lynx DPS that remain to be resolved, if any.  Completion of the SSA is the 
first step in this process.  We anticipate that the SSA will be completed by October 2015.   
 

Five-year Review:  The five-year review, required by statute, is envisioned as the second 
step in this process.  We anticipate that the five-year review would be a streamlined document 
relying heavily on and referring to the SSA.  The five-year review will consider the SSA’s 
scientific determinations and make recommendations regarding the status of the DPS in 
accordance with the Act.  The three possible outcomes recommendations of the five-year review 
are that the lynx DPS should: (1) remain listed as threatened; (2) be uplisted to endangered; or 
(3) be delisted.  Outcome Recommendation (1) would indicate the need to next complete a 
recovery plan by the court-ordered deadline; outcome recommendation (2) would indicate that 
both a recovery plan and a future listing rule are needed; and outcome recommendation (3) 
would require both a formal determination via memorandum that the DPS is exempt from 
recovery planning and a future listing rule.  We anticipate the five-year review will be drafted by 
November 2015 and finalized by January 2016.   
 

Recovery Plan:  If a recovery plan is necessary, it will be informed by both the SSA and 
the five-year review.  The recovery plan would include an introduction summarizing the 
recovery vision (what a recovered DPS would “look” like) and recovery strategy (the route 
selected to get the species to recovery).  It also would include: (1) objective and measurable 
criteria that when met would allow delisting (including, to the extent feasible, demographic and 
threats-based recovery criteria); (2) site-specific management actions needed to achieve the 
criteria; and (3) time and cost estimates to achieve delisting.  Pursuant to the Service’s new 
recovery paradigm, the Recovery Enhancement Vision (REV; USFWS 2014, 
https://sites.google.com/a/fws.gov/rev/), the SSA will facilitate development of a streamlined 
recovery plan that focuses on these three statutory requirements.  We intend to complete the draft 
recovery plan by October 2016.  The recovery planning process will include peer review and 
opportunities for public review and comment on the draft recovery plan prior to completion of a 
final recovery plan.  The recovery plan, if necessary, will be finalized prior to the January 15, 
2018 court deadline.   
 

Project Lead:  This project will be led by the Montana Ecological Services Field Office 
(MTFO).  Within this office, Jim Zelenak is the species lead and will serve as the project and 
team lead.  This role includes cross-regional intra-Service organizing, coordinating with outside 
partners and experts as appropriate, and developing a project schedule and ensuring adherence to 
associated deadlines.  It also includes primary authorship of the SSA report, five-year review 
and, if necessary, the recovery plan.   
 

Project Team:  The Mountain-Prairie Region (6) is the lead region for lynx.  However, 
within the DPS range, lynx subpopulations currently occur in parts of 9 states (CO, ID, ME, MN, 
MT, NH, VT, WA, and WY).  Lynx associated with these subpopulations or other lynx 
populations in southern Canada also may occur (usually rarely, intermittently, and temporarily) 
in other states (MI, ND, NE, NM, NY, OR, SD, UT, and WI), and dispersing lynx also have 
occurred very rarely in CT, IA, IL, IN, MA, PA, and NV.  Because the DPS spans parts of four 
other Service regions (1, 2, 3, and 5), it will be especially important that field biologists most 
familiar with the status of lynx in the various subpopulations within the DPS assist with (1) 



 

collection and interpretation of information relating to the status of and potential threats to those 
subpopulations; (2) contacting and arranging participation by lynx experts most familiar with the 
status, ecology, population dynamics, and habitat needs of those subpopulations; and (3) writing, 
editing, and reviewing relevant parts of the SSA report, five-year review, and recovery plan, if 
needed.  We expect that the appropriate biologists from the Maine, Twin Cities, Northern Idaho, 
Wenatchee, Wyoming, Colorado, and Western Colorado FOs will receive supervisory approval 
to participate consistently on the Project Team and contribute meaningfully to the development, 
review, and completion of the SSA report, five-year review, and recovery plan.  We further 
expect that biologists from the New England, New York, Michigan, Wisconsin, Idaho, Eastern 
Idaho, Spokane, Oregon, Utah, and New Mexico FOs will receive supervisory approval to 
participate as needed in the development, review and completion of these documents.  

 
Management Team:  In addition to field biologists, we expect that Field Supervisors from 

the Maine, Twin Cities, Northern Idaho, Wenatchee, Wyoming, Colorado, and Western 
Colorado FOs will assist with coordination with State and Tribal and other federal stakeholders, 
participate in document review, and obtain regional office (RO) concurrence with status 
determinations and final decisions/documents.  RO representation from affected regions also is 
essential to this process, as is headquarters (HQ) participation and guidance.  We expect that 
regional ESA Branch Chiefs and/or regional Recovery Coordinators from regions 1, 2, 3, and 5 
and HQ Listing and/or Recovery staff will participate in document review and concurrence 
processes.  Legal staff may also engage or be consulted at various points in this process. 
 

Focus on Science First – We intend to conduct a thorough scientific review of the lynx 
DPS and to work with our partners to make sure we have and use the best available information 
to develop the SSA report, the five-year review, and to guide any subsequent recovery 
planning.  During the SSA and development of the five-year review, we will conduct a structured 
threats assessment using outlines, webinars, expert elicitation, and other intermediate products, 
and will brief the Management Team as necessary throughout the process.  During the recovery 
planning process, we will also bring together experts from the lynx research and management 
arenas. 
 

SSA, five-year Review, and Recovery Planning Collaborative Process:  We have broken 
the SSA, five-year review, and recovery planning/listing processes down into the following 
seven phases: 

 
• Phase 1 – Information Collection.  The lynx’s current distribution in the contiguous U.S. 

and some aspects of its habitat requirements are fairly well-understood; however, we will 
seek to better understand and analyze its historic and current distributions, subpopulation 
sizes and status, and the degree to which DPS subpopulations rely on immigration from 
populations in Canada.  Additionally, we will focus on the numbers and productivity of 
lynx in each of the DPS subpopulations, how these vary over time, the causes of the 
variation, and the quality and conservation status of lynx and hare habitats within the 
DPS range.  We will collect and evaluate all relevant information that has become 
available since the 2000 Final Rule listing the DPS as threatened and subsequent 
determinations.  We expect available information to be primarily in the form of 
published, peer-reviewed literature obtainable through academic search engines.  We will 

Comment [TAS1]: The Twin Cities Field Office 
and Wisconsin Field Office have merged.  So, it is 
highly likely that there will be one person who will 
serve in both roles for MN and WI. 



 

also gather government reports (e.g., the recently-revised LCAS and survey and 
monitoring reports from federal, State and Tribal partners) and review legal and policy 
considerations. 

• Phase 2 – Assessment of the DPS’s Conservation Status and Relevant Threats, and 
Completion of the SSA Report.  With the information gathered in Phase 1, we will 
identify and evaluate historical, current, and future threats to lynx and their magnitude 
and relative impact on the viability of the subpopulations that constitute the DPS.  We 
will conduct a structured threats assessment, using outlines, webinars and other 
intermediate products, and brief the Project and Management teams as necessary through 
the process.  We will compile and analyze this information in the SSA report.  We expect 
Project Team members to participate actively in the collection and interpretation of 
information specific to DPS subpopulations and potential threats to them in their 
geographic areas and to coordinate locally with state and federal agencies, Tribes, 
conservation organizations, the media and the public.  We expect Management Team 
members from each region to review, edit, and approve materials provided by their 
Project Team members in a timely manner.     

• Phase 3 – Decision Making.  The FO will make a preliminary recommendation about the 
DPS’s legal status (threatened, endangered, or recovered), brief R6 leadership, and then 
provide it for review and comment by the rest of the Project and Management teams.  A 
final decision on the status of the DPS will be made by R6 Regional Director.  

• Phase 4 – Drafting and disseminating the five-year Review.  Based on the SSA report 
and the R6RD decision on the DPS’s status, the lead FO biologist will draft the five-year 
review with input from and review by the Project and Management teams.  We will work 
with R6 EA staff, who will work with their counterparts in the affected regions, to draft a 
news release announcing results and availability of the five-year review and supporting 
SSA report.  We will post both documents at the ECOS Species Profile web page 
(http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073).   

• Phase 5 – Next Steps.  There are three possible outcomes recommendations of the five-
year review, each with different listing and recovery requirements and time lines. 

o Outcome 1:  The lynx DPS continues to warrant listing as threatened under the 
Act (i.e., the threat for which the DPS was listed has not been adequately 
addressed and/or a new threat[s] has been identified such that the DPS remains 
likely to become endangered within the foreseeable future throughout all or a 
significant portion of its range).  In this case, a recovery plan would be necessary, 
so we would convene a Recovery Team and implement the REV process to 
develop draft and final recovery plans consistent with the court-ordered time line 
for completing the final plan by January 2018.  We expect that a streamlined 
recovery plan would be completed that relies heavily on and references the SSA 
report and the five-year review; 

o Outcome 2:  The DPS warrants uplisting to endangered status (i.e., the threat for 
which the DPS was listed remains unresolved or has increased and/or a new 
threat[s] has been identified such that the DPS is now determined to be in danger 
of extinction throughout all or a significant portion of its range).  In this case, both 
a recovery plan and a future listing rule would be necessary.  As above, we would 
develop draft and final recovery plans that would rely heavily on and reference 
the SSA report and the five-year review; 

Comment [ZJ2]: Yes? 



 

o Outcome 3:  The DPS is deemed recovered and warrants delisting (i.e., the threat 
for which the DPS was listed is found to have been adequately addressed and no 
new threat[s] has been identified that is expected to endanger the DPS throughout 
all or a significant portion of its range now or in the reasonably foreseeable 
future).  In this case, we would recommend a formal determination that the 
species is exempt from recovery planning and we would draft a memorandum to 
that effect.  This outcome would also indicate the need for a future delisting rule. 

• Phase 6 – Document Review, Concurrence, Surnaming, and Federal Register 
Publication.  We expect that the SSA report, five-year review, and recovery plan will all 
be reviewed by each member of the Project and Management teams and that all final 
documents will receive concurrence from the other regions.  Each reviewer will focus on 
their role and refrain from word-smithing or second guessing issues outside their area of 
expertise.  Each review will be completed in a timely manner.  For Federal Register 
documents, we anticipate surnaming by R6RD, RSOL, and HQ prior to publication.   

• Phase 7 – Outreach.  We will work with R6 EA staff and their counterparts in the other 
regions to develop communications plans for the SSA, five-year review, and/or recovery 
plan as needed.  We will communicate to all affected stakeholders and the public about 
the action we are taking and what it means for them, as laid out in the communications 
plan. 

 
Roles and Responsibilities:  Staff from FOs, ROs, and HQ offices will be expected to work 
together collaboratively to collect information, conduct analyses, and assist in developing 
products necessary to complete the actions identified in this project plan.  Management of the 
process and completion of these actions, though led by the MTFO, will be the shared 
responsibility of the ROs and FOs within the DPS range.  Further, we expect that the individuals 
responsible for these products will be free to communicate and share work products as needed to 
facilitate an efficient process.  However, we also expect that all team members will keep their 
supervisors apprised of progress and any issues that arise.  If necessary to resolve significant 
issues of disagreement, we will follow the elevation process outlined in the August 13, 2009 
“Section 4 Process Memo” (available on the R6 Listing Sharepoint site) until an updated process 
is developed.  Other specific roles and responsibilities are described above in “Project Lead,” 
“Project Team,” “Management Team,” and “SSA, five-year Review, and Recovery Planning 
Collaborative Process.”   
 
Schedule:  The Service announced initiation of the lynx DPS five-year review in April 2007 (72 
FR 19549 19551) but was unable to complete a review then because of court deadlines requiring 
that we revise the 2006 and 2009 critical habitat designations.  The initial notice requested 
information by June 18, 2007, but it was not a formal comment period and noted that we accept 
new information about all listed species at any time.  At that time, we received comments or 
information from seven respondents; two State agencies and five environmental/conservation 
Non-governmental organizations (NGOs).  The status review portion of the current project was 
re-initiated in October 2014, when a biologist was assigned by the MTFO to begin gathering 
information to evaluate threats to the lynx DPS and update its status accordingly.  In December 
2014, the MTFO drafted a “Dear Interested Party” letter announcing the renewed five-year 
review effort, which was sent to federal, State, and Tribal partners in Montana, as well as to 
other Service regions and FOs within the DPS range as a template for use in notifying their 



 

partners of the effort.  In January 2015, the Service prepared and distributed a news release 
announcing the five-year review and proposed completion date of June 2015, and soliciting 
information for consideration in the review.  To date, we have received responsive information 
from several federal, State and Tribal agencies, industry organizations, and environmental/ 
conservation NGOs.  In March 2015, it was determined that application the SSA Framework to 
the lynx DPS should precede (and facilitate streamlining of) the five-year review and subsequent 
recovery plan, if needed.   
 
Ultimately, the above goals are intended to inform the need for and content within a recovery 
plan.  We have a court order to complete a recovery plan by January 2018 unless the Service 
determines that the DPS warrants delisting and, therefore, that a recovery plan is not necessary.  
To meet this goal, we anticipate having a draft recovery plan written and beginning the formal 
review process by July 2016.  A list and timing of larger milestones associated with these actions 
can be found in the attached Appendix A.   
 
Coordination:  A range-wide kick-off call will be held in April or May 2015 to seek 
commitments from relevant ROs and FOs, to familiarize team members with the process and 
timeline, and respond to any issues relevant to the SSA, five-year review, and future recovery 
planning.  Subsequent coordination calls with the Project Team, coordinated by the MTFO, will 
be held on a monthly basis.  More frequent calls may be organized around particularly 
challenging issues or during particularly challenging points (such as when a deadline is 
approaching).  These calls will include other Service offices and regions as necessary.  
Additional calls or meetings with affected State, Tribal, and other federal agencies will be 
scheduled as needed.  Meeting internal and court-ordered deadlines for the SSA, five-year 
review, and recovery plan is dependent on all parties fulfilling their roles according to the 
timeline herein.  This project plan may also inform partner and stakeholder expectations. 
 
        Other FWS Regions and Programs:  The lynx DPS occurs (or lynx “may occur”) within 
parts of Service regions 1, 2, 3, 5, and 6, and this effort will require participation by the ROs and 
Ecological Services FOs in those regions, along with potential participation by other programs 
such as Refuges and Partners for Fish and Wildlife.  FO participation will be needed from the 
following states:  R1 (ID, OR, WA); R2 (NM), R3 (MI, MN, WI), R5 (ME, NH, NY [?], VT), 
and R6 (CO, MT, UT, WY). 
   
        Affected State Agencies:  It will be necessary and helpful to coordinate with the wildlife 
and natural resources management agencies of each of the states listed above.  Coordination will 
be especially important with the following state agencies:  Maine Department of Inland Fisheries 
and Wildlife; Minnesota Department of Natural Resources; Montana Fish, Wildlife and Parks; 
Montana Department of Natural Resources and Conservation; Idaho Fish and Game; Washington 
State Department of Fish and Wildlife; Washington State Department of Natural Resources; 
Wyoming Game and Fish Department; Colorado Division of Wildlife; and New Mexico 
Department of Game and Fish.  State agencies within the DPS range were notified of the 
renewed five-year review effort in December 2014 and January 2015, and they will be contacted 
as appropriate by FOs and/or ROs during development of the SSA, five-year review, and 
recovery planning efforts.  We anticipate at least one meeting with affected states during 



 

development of the SSA and at least one during recovery planning.  We may also solicit 
participation by State biologists and/or wildlife managers on a recovery team if one is convened.   
      
        Other Federal Agencies:  Federal agency coordination will follow the July 3, 2013 
Interagency Coordination for Rule Development memo and will include the USDA Forest 
Service, Bureau of Land Management, National Park Service, and Bureau of Indian 
Affairs.  Federal agencies within the DPS range were notified of the renewed five-year review 
effort in December 2014 and January 2015, and they will be contacted as appropriate by FOs 
and/or ROs during development of the SSA, five-year review, and recovery planning efforts. 
   
        Affected Tribes:  Tribal lands within the DPS range include those of the Aroostook Band 
of Micmac Indians, the Houlton Band of Maliseets, the Passamaquoddy Tribe, and the Penobscot 
Indian Nation in Maine; the Bois Forte Band of Chippewa, Fond du Lac Band of Lake Superior 
Chippewa,  Grand Portage Chippewa, Leech Lake Band of Ojibwe, Mille Lacs Band of Ojibwe, 
Red Lake Band of Chippewa, and White Earth Nation in Minnesota; the Confederated Salish and 
Kootenai Tribes of the Flathead Indian Reservation and the Blackfeet Tribe of the Blackfeet 
Reservation in Montana; the Coeur d'Alene Tribe, Nez Perce Tribe, and Shoshone-Bannock 
Tribes in Idaho; the Confederated Tribes of the Colville Reservation, the Kalispel Tribe of 
Indians, and the Spokane Tribe of Indians in Washington; the Wind River Indian Reservation in 
Wyoming; the Uintah and Ouray Indian Reservation in Utah; and the Ute Mountain and 
Southern Ute Indian Reservations in Colorado.  Tribes within the DPS range were notified of the 
renewed five-year review effort in December 2014 and January 2015, and they will be contacted 
as appropriate by regional Tribal Liaisons during development of the SSA, five-year review, and 
recovery planning efforts. 
 
 International Coordination:  Because of the suspected importance of connectivity 
between DPS subpopulations and lynx populations in southern Canada in the persistence of the 
DPS subpopulations, it will be important that we coordinate with and seek information from our 
counterparts in the Canadian conservation, management, and lynx research communities.  We 
will seek information on the status of and threats, if any, to lynx populations in Canada that are 
adjacent to and interact with DPS subpopulations. 
 
Budget: No additional funding is available to assist in this effort.  Participating offices should 
fund their participation through existing base funding.  We will likely need GIS support for these 
actions, including high-quality digital maps and hard copy maps.     
 
Project Plan Revisions:  In light of the court deadline for the final recovery plan, we expect that 
we will meet deadlines for all products and any quality benchmarks associated with those 
products.  However, this project plan and the Project Overview can be revised at any time with 
the agreement of the ARD and Project Leader.  If there are unexpected changed circumstances 
due to competing workloads, budgets, resources, etc., we expect early communication about the 
delay and discussion with the Project Lead, Project Team, and Management Team about 
resolution.  Lead time on potential delays should be commensurate with expected delay.  For 
example, a request for two additional months should not be made the week before a project is 
due.  Further, whatever the results of the five-year review, we expect this project plan will need 
to be revisited soon after the five-year review is signed. 

Comment [ZJ3]: NRCS? 
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Post-Project Debriefing:  The Project Team and Management Team commit to having a 
conversation after the completion of the project to discuss how this process was implemented, 
what went well, and what can be done better in the future.  This feedback on the process is 
necessary to ensure we are always using the best available practices and working towards greater 
efficiencies. 
 
Project Overview: 
 
Guidance, policy, and template documents can be found 
at: https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/ 
 
Personnel involved in the completion of the Canada lynx SSA, Five-Year Review,  
and Recovery Plan (if necessary) 
Roles Field Office Regional Office HQ RSOL 
Project 
Leads 

Lead FO Biologist 
Jim Zelenak 

Lead RO Biologist 
Seth Willey 

Lead HQ Biologists 
Heather Bell 
Tara Nicolaysen 

Lead 
SOL 
Dana 
Jacobsen 

Project 
Team 

Biologists from the Maine, Twin Cities, Northern 
Idaho, Wenatchee, Wyoming, Colorado, and 
Western Colorado FOs.   

   

Management 
Team 

Jodi Bush, MTFO, Brent Esmoil MTFO; Field 
Supervisors from the Maine, Twin Cities, 
Northern Idaho, Wenatchee, Wyoming, Colorado, 
and Western Colorado FOs.  
 

Bridget Fahey, R6 
TE Chief 
Nicole Alt, R6 
Geographic 
Supervisor 
Mike Thabault, R6 
ARD-ES 
Matt Hogan, R6 
Deputy RD 
Noreen Walsh, R6 
RD 
Recovery 
Coordinators, TE 
Chiefs, and ARDs-
ES - R1, R2, R3, and 
R5 
 

??  

Others 
Involved 

Biologists from the New England, New York, 
Michigan, Wisconsin, Idaho, Eastern Idaho, 
Spokane, Oregon, Utah, and New Mexico FOs as 
needed 

Ext Affairs 
Specialists, 
ARDs-Ext Affairs, 
and Tribal Liaisons -  
R6, R1, R2, R3, and 
R5 
 
 

  

 

Document Review: 
 
Jim Zelenak is the lead author for these actions.  Other MTFO reviewers include Brent Esmoil 
and Jodi Bush.  All members of the Project Team are expected to provide appropriate scientific 
review of draft documents.  Management Team members are expected to review final documents 

https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/


 

and provide regional concurrence with them as needed.  Seth Willey and Bridget Fahey are 
expected to provide appropriate policy review for the drafts.  Dana Jacobsen will provide an 
assessment of legal risk.  Mike Thabault will provide an abbreviated review for “big picture” 
issues. 
 
 
Signed: 
 

______________________________                       ______________________________ 
Assistant Regional Director, R6   Project Leader, Montana Field Office 
 
       ______________________________ 
       Project Leader, Wyoming Field Office 
 
       ______________________________ 
       Project Leader, Colorado Field Office 
 
       ______________________________ 
       Project Leader, W. Colorado Field Office 
 
__________________________   ______________________________ 
Assistant Regional Director, R1   Project Leader, Wenatchee Field Office 
 
       ______________________________ 
       Project Leader, E. Washington Field Office 
 
       ______________________________ 
       Project Leader, N. Idaho Field Office 
 
______________________________  ______________________________ 
Assistant Regional Director, R2   Project Leader, New Mexico Field Office 
 
______________________________  ______________________________ 
Assistant Regional Director, R3   Project Leader, Twin Cities Field Office 
 
______________________________  ______________________________ 
Assistant Regional Director, R5   Project Leader, Maine Field Office 
 
       ______________________________ 
       Project Leader, New England Field Office   

Comment [SLW5]:  Should we list the offices we 
envision signing?  
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Appendix A 
Schedule for Canada Lynx Five-Year Review and, if necessary, Recovery Plan 

 
Date Milestone 
April 18, 2007 FWS announced initiation of five-year review of lynx DPS (72 FR 19549). 
Dec. 8, 2014 “Dear Interested Party” letter sent to Montana State, Federal, Tribal partners and to 

other FWS ROs and FOS announcing the re-initiation of the five-year review for lynx. 
Jan. 13, 2015 FWS news release announcing five-year review and soliciting information to consider 

in the review. 
Ongoing 
beginning 
January  2015 

Work with partners to collect and evaluate available data and information and assess 
threat factors (USFS, BLM, NPS, BIA, State wildlife/natural resources agencies, and 
Tribes). 

April or May, 
2015 

Kick-off call with relevant team members.  Additional coordination calls to be held 
monthly.  The MTFO lead will coordinate the monthly calls.  These calls will include 
other FWS offices. 

  Apr. 29-30, 
2015 

SSA workshop to include lynx discussion/case study (R6 RO). 

May – July 
2015 

Set up meetings, develop and conduct a structured threats assessment, using outlines, 
webinars and other intermediate products, and brief the Management Team as 
necessary through the process.  Draft SSA report with assistance from other regions 
and FOs. 

May 20, 2015 Workshop(s) with State agencies to discuss SSA process and DPS status and threats. 
June 3, 2015 Expert elicitation meeting(s) on distribution, status, and threats (including climate 

change). 
July – Sept. 
2015 

Brief ROs and HQ on findings; submit SSA report for RO/HQ review and 
concurrence. 

Oct. – Dec. 
2015 

Draft streamlined five-year review; submit for RO/HQ/RSOL 
review/concurrence/surname; publish five-year review in FR. 

Jan. 2016 Begin recovery planning processes if necessary; select and invite Recovery Team 
members. 

  Jan. – June 
2016 

Develop DRAFT recovery plan including goals and objectives, implementation plan.   

July – Sept. 
2016 

RO/HQ/RSOL review/surname of DRAFT recovery plan.  Review and concurrence 
from R1, R2, R3, and R5 as needed. 

October 2016 Release DRAFT recovery plan to public and commence peer review and/or publish 
proposed listing rule. 

December 2016 60-day comment period closes on DRAFT recovery plan; peer review also complete. 
January –June 
2017 

Revise DRAFT recovery plan; draft the FINAL recovery plan.  

July-Sept. 2017 RO/HQ/RSOL review/surname of FINAL recovery.  Review and concurrence from 
R1, R2, R3, and R5. 

  December 2017 Finalize recovery plan, publish in FR, and post on webpage; conduct appropriate 
outreach.  Communicate with court as necessary regarding completion and submission 
of FINAL recovery plan in accordance with court-ordered deadline. 

 



From: Smith, Tamara
To: Jim Zelenak
Cc: Lisa Mandell; Peter Fasbender; Jessica Hogrefe; Ann Belleman
Subject: Re: FOR YOUR QUICK REVIEW: DRAFT Project Plan - Lynx SSA, 5-year review, recovery planning
Date: Friday, April 24, 2015 10:04:32 AM
Attachments: 2015 04 15 DRAFT Proj Plan Canada Lynx 5-YR_TSmith .docx

Hi Jim - 

I reviewed this document an had only a few suggested minor changes - I think it is a solid
plan.  I also included a comment regarding the Wisconsin Field Office, which was merged
with the Twin Cities Field Office a while back, so I am not sure if they should be separated as
they are in this document.  I'm not certain that issue deserves to be corrected in your
document, but thought I should mention it since it will likely be one person who is fulfilling
both the WI and MN duties (me, for now). I think Ann Belleman is still fulfilling the lynx
duties for WYFO for now, although that may change, since she is now part-time for our office
- so we may split the duties for TCFO. Clear as mud? 

Hope all is well with you! 

Have a good weekend,
-Tam

On Wed, Apr 15, 2015 at 1:58 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Hello.   

Attached please find our DRAFT project plan for Canada lynx.  We are requesting your
review of the draft document with any suggested revisions or comments by April 24 COB.  

The Project Plan discusses our intention to apply the Species Status Assessment (SSA)
framework and complete an SSA report to inform and streamline the five-year review for
the lynx DPS as well as subsequent recovery plan and future listing rules as needed based on
the SSA and five-year review.

The Project Plan also specifically identifies the level of involvement that we are requesting
from each involved office.  Committed participation and assistance from the other regions
and field offices within the DPS range will be essential to completing the tasks outlined in
the draft plan particularly given the broad geographic distribution of the DPS, the differing
management and conservation issues facing the various subpopulations, and the need to
coordinate with States, Tribes, other Federal agencies, and our counterparts in southern
Canada, 

Please review the attached draft and provide Jim Zelenak with your comments/concerns no
later than April 24.  If you require additional time for your review, please contact us to
discuss this.  

Thank you for your time.  JB

As an aside, if anyone is interested in attending the SSA workshop April 29-30 in Denver

mailto:tamara_smith@fws.gov
mailto:jim_zelenak@fws.gov
mailto:lisa_mandell@fws.gov
mailto:peter_fasbender@fws.gov
mailto:jessica_hogrefe@fws.gov
mailto:ann_belleman@fws.gov
mailto:jodi_bush@fws.gov


please contact Jim Zelanak.  This is pretty short notice, but knowledgeable staff may find it
worthwhile.   

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



 

DRAFT CANADA LYNX PROJECT PLAN TO COMPLETE 
A SPECIES STATUS ASSESSMENT, FIVE-YEAR REVIEW, AND RECOVERY PLAN 

 
April 2015 

 
Action:  The Service will conduct a species status assessment (SSA) as a first step to understand 
the current status of the contiguous United States distinct population segment (DPS) of the 
Canada lynx (Lynx canadensis), currently listed as threatened under the Endangered Species Act 
(Act).  This SSA will serve as the basis for the five-year status review (initiated in 2007; 72 FR 
19549) required under the Act and to inform and streamline the court-ordered recovery plan (due 
January15, 2018), assuming such a plan necessary1. The SSA report would also provide the 
scientific foundation to support future rulemaking in accordance with the Act should the five-
year review indicate that a change in the DPS’s listing status is warranted.   
 
Goals of the Project Plan:  (1) To facilitate application of the SSA framework to produce a 
scientifically defensible five-year review of the status of the lynx DPS and a subsequent recovery 
plan if one is deemed necessary; and (2) to ensure that expectations for these processes are clear 
including approach, roles and responsibilities, and schedule, and for managers to be aware of and 
have agreed to these expectations. 
  
Project Approach:  We intend to apply the SSA framework to the lynx DPS and use the SSA 
results to inform both the five-year review and the recovery planning process.  The lead field 
office (FO) will work with other regions and FOs in the DPS range to gather and evaluate all 
relevant information that has become available since our March 2000 listing rule (65 FR 16053) 
and our July 2003 Remanded Determination of Status (68 FR 40076) for the lynx DPS.  We will 
avail ourselves of recent efforts to summarize the available scientific literature for lynx, 
including the September 2014 final revised critical habitat designation for the DPS (79 FR 
54781) and the 2013 revised interagency Lynx Conservation Assessment and Strategy (LCAS; 
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf).  The FOs 
will keep partner agencies informed about progress and request their participation and reviews as 
appropriate.  
 

Species Status Assessment:  The SSA framework is national Service guidance providing 
a new methodology for assessing the status of species which can help inform species listing, 
status, and recovery determinations the Service is required to make in accordance with section 
4(c)(2) of the Act (https://sites.google.com/a/fws.gov/ssa/about-SSA).  Using the SSA 
framework, we will evaluate the viability of the lynx DPS and potential threats to its viability 
using the principles of representation, resilience, and redundancy.  The SSA also will provide 
critical information needed to guide the recovery planning process including identification of the 

                                                           
1 The Act requires recovery plans for listed species unless a determination is made that such plan will not promote 
the conservation of the species.  If the DPS warrants delisting, we would likely pursue a formal determination that 
the species is exempt from recovery planning as such a plan would be unnecessary (if the species is already 
recovered, a plan is not needed to move the species to the point of recovery and would therefore not promote the 
conservation of the species).  Although the five-year review is not a final agency action, the memorandum 
exempting the species from recovery planning (should we reach that conclusion) would be. 



 

primary threats to the lynx DPS that remain to be resolved, if any.  Completion of the SSA is the 
first step in this process.  We anticipate that the SSA will be completed by October 2015.   
 

Five-year Review:  The five-year review, required by statute, is envisioned as the second 
step in this process.  We anticipate that the five-year review would be a streamlined document 
relying heavily on and referring to the SSA.  The five-year review will consider the SSA’s 
scientific determinations and make recommendations regarding the status of the DPS in 
accordance with the Act.  The three possible outcomes recommendations of the five-year review 
are that the lynx DPS should: (1) remain listed as threatened; (2) be uplisted to endangered; or 
(3) be delisted.  Outcome Recommendation (1) would indicate the need to next complete a 
recovery plan by the court-ordered deadline; outcome recommendation (2) would indicate that 
both a recovery plan and a future listing rule are needed; and outcome recommendation (3) 
would require both a formal determination via memorandum that the DPS is exempt from 
recovery planning and a future listing rule.  We anticipate the five-year review will be drafted by 
November 2015 and finalized by January 2016.   
 

Recovery Plan:  If a recovery plan is necessary, it will be informed by both the SSA and 
the five-year review.  The recovery plan would include an introduction summarizing the 
recovery vision (what a recovered DPS would “look” like) and recovery strategy (the route 
selected to get the species to recovery).  It also would include: (1) objective and measurable 
criteria that when met would allow delisting (including, to the extent feasible, demographic and 
threats-based recovery criteria); (2) site-specific management actions needed to achieve the 
criteria; and (3) time and cost estimates to achieve delisting.  Pursuant to the Service’s new 
recovery paradigm, the Recovery Enhancement Vision (REV; USFWS 2014, 
https://sites.google.com/a/fws.gov/rev/), the SSA will facilitate development of a streamlined 
recovery plan that focuses on these three statutory requirements.  We intend to complete the draft 
recovery plan by October 2016.  The recovery planning process will include peer review and 
opportunities for public review and comment on the draft recovery plan prior to completion of a 
final recovery plan.  The recovery plan, if necessary, will be finalized prior to the January 15, 
2018 court deadline.   
 

Project Lead:  This project will be led by the Montana Ecological Services Field Office 
(MTFO).  Within this office, Jim Zelenak is the species lead and will serve as the project and 
team lead.  This role includes cross-regional intra-Service organizing, coordinating with outside 
partners and experts as appropriate, and developing a project schedule and ensuring adherence to 
associated deadlines.  It also includes primary authorship of the SSA report, five-year review 
and, if necessary, the recovery plan.   
 

Project Team:  The Mountain-Prairie Region (6) is the lead region for lynx.  However, 
within the DPS range, lynx subpopulations currently occur in parts of 9 states (CO, ID, ME, MN, 
MT, NH, VT, WA, and WY).  Lynx associated with these subpopulations or other lynx 
populations in southern Canada also may occur (usually rarely, intermittently, and temporarily) 
in other states (MI, ND, NE, NM, NY, OR, SD, UT, and WI), and dispersing lynx also have 
occurred very rarely in CT, IA, IL, IN, MA, PA, and NV.  Because the DPS spans parts of four 
other Service regions (1, 2, 3, and 5), it will be especially important that field biologists most 
familiar with the status of lynx in the various subpopulations within the DPS assist with (1) 



 

collection and interpretation of information relating to the status of and potential threats to those 
subpopulations; (2) contacting and arranging participation by lynx experts most familiar with the 
status, ecology, population dynamics, and habitat needs of those subpopulations; and (3) writing, 
editing, and reviewing relevant parts of the SSA report, five-year review, and recovery plan, if 
needed.  We expect that the appropriate biologists from the Maine, Twin Cities, Northern Idaho, 
Wenatchee, Wyoming, Colorado, and Western Colorado FOs will receive supervisory approval 
to participate consistently on the Project Team and contribute meaningfully to the development, 
review, and completion of the SSA report, five-year review, and recovery plan.  We further 
expect that biologists from the New England, New York, Michigan, Wisconsin, Idaho, Eastern 
Idaho, Spokane, Oregon, Utah, and New Mexico FOs will receive supervisory approval to 
participate as needed in the development, review and completion of these documents.  

 
Management Team:  In addition to field biologists, we expect that Field Supervisors from 

the Maine, Twin Cities, Northern Idaho, Wenatchee, Wyoming, Colorado, and Western 
Colorado FOs will assist with coordination with State and Tribal and other federal stakeholders, 
participate in document review, and obtain regional office (RO) concurrence with status 
determinations and final decisions/documents.  RO representation from affected regions also is 
essential to this process, as is headquarters (HQ) participation and guidance.  We expect that 
regional ESA Branch Chiefs and/or regional Recovery Coordinators from regions 1, 2, 3, and 5 
and HQ Listing and/or Recovery staff will participate in document review and concurrence 
processes.  Legal staff may also engage or be consulted at various points in this process. 
 

Focus on Science First – We intend to conduct a thorough scientific review of the lynx 
DPS and to work with our partners to make sure we have and use the best available information 
to develop the SSA report, the five-year review, and to guide any subsequent recovery 
planning.  During the SSA and development of the five-year review, we will conduct a structured 
threats assessment using outlines, webinars, expert elicitation, and other intermediate products, 
and will brief the Management Team as necessary throughout the process.  During the recovery 
planning process, we will also bring together experts from the lynx research and management 
arenas. 
 

SSA, five-year Review, and Recovery Planning Collaborative Process:  We have broken 
the SSA, five-year review, and recovery planning/listing processes down into the following 
seven phases: 

 
• Phase 1 – Information Collection.  The lynx’s current distribution in the contiguous U.S. 

and some aspects of its habitat requirements are fairly well-understood; however, we will 
seek to better understand and analyze its historic and current distributions, subpopulation 
sizes and status, and the degree to which DPS subpopulations rely on immigration from 
populations in Canada.  Additionally, we will focus on the numbers and productivity of 
lynx in each of the DPS subpopulations, how these vary over time, the causes of the 
variation, and the quality and conservation status of lynx and hare habitats within the 
DPS range.  We will collect and evaluate all relevant information that has become 
available since the 2000 Final Rule listing the DPS as threatened and subsequent 
determinations.  We expect available information to be primarily in the form of 
published, peer-reviewed literature obtainable through academic search engines.  We will 

Comment [TAS1]: The Twin Cities Field Office 
and Wisconsin Field Office have merged.  So, it is 
highly likely that there will be one person who will 
serve in both roles for MN and WI. 



 

also gather government reports (e.g., the recently-revised LCAS and survey and 
monitoring reports from federal, State and Tribal partners) and review legal and policy 
considerations. 

• Phase 2 – Assessment of the DPS’s Conservation Status and Relevant Threats, and 
Completion of the SSA Report.  With the information gathered in Phase 1, we will 
identify and evaluate historical, current, and future threats to lynx and their magnitude 
and relative impact on the viability of the subpopulations that constitute the DPS.  We 
will conduct a structured threats assessment, using outlines, webinars and other 
intermediate products, and brief the Project and Management teams as necessary through 
the process.  We will compile and analyze this information in the SSA report.  We expect 
Project Team members to participate actively in the collection and interpretation of 
information specific to DPS subpopulations and potential threats to them in their 
geographic areas and to coordinate locally with state and federal agencies, Tribes, 
conservation organizations, the media and the public.  We expect Management Team 
members from each region to review, edit, and approve materials provided by their 
Project Team members in a timely manner.     

• Phase 3 – Decision Making.  The FO will make a preliminary recommendation about the 
DPS’s legal status (threatened, endangered, or recovered), brief R6 leadership, and then 
provide it for review and comment by the rest of the Project and Management teams.  A 
final decision on the status of the DPS will be made by R6 Regional Director.  

• Phase 4 – Drafting and disseminating the five-year Review.  Based on the SSA report 
and the R6RD decision on the DPS’s status, the lead FO biologist will draft the five-year 
review with input from and review by the Project and Management teams.  We will work 
with R6 EA staff, who will work with their counterparts in the affected regions, to draft a 
news release announcing results and availability of the five-year review and supporting 
SSA report.  We will post both documents at the ECOS Species Profile web page 
(http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073).   

• Phase 5 – Next Steps.  There are three possible outcomes recommendations of the five-
year review, each with different listing and recovery requirements and time lines. 

o Outcome 1:  The lynx DPS continues to warrant listing as threatened under the 
Act (i.e., the threat for which the DPS was listed has not been adequately 
addressed and/or a new threat[s] has been identified such that the DPS remains 
likely to become endangered within the foreseeable future throughout all or a 
significant portion of its range).  In this case, a recovery plan would be necessary, 
so we would convene a Recovery Team and implement the REV process to 
develop draft and final recovery plans consistent with the court-ordered time line 
for completing the final plan by January 2018.  We expect that a streamlined 
recovery plan would be completed that relies heavily on and references the SSA 
report and the five-year review; 

o Outcome 2:  The DPS warrants uplisting to endangered status (i.e., the threat for 
which the DPS was listed remains unresolved or has increased and/or a new 
threat[s] has been identified such that the DPS is now determined to be in danger 
of extinction throughout all or a significant portion of its range).  In this case, both 
a recovery plan and a future listing rule would be necessary.  As above, we would 
develop draft and final recovery plans that would rely heavily on and reference 
the SSA report and the five-year review; 

Comment [ZJ2]: Yes? 



 

o Outcome 3:  The DPS is deemed recovered and warrants delisting (i.e., the threat 
for which the DPS was listed is found to have been adequately addressed and no 
new threat[s] has been identified that is expected to endanger the DPS throughout 
all or a significant portion of its range now or in the reasonably foreseeable 
future).  In this case, we would recommend a formal determination that the 
species is exempt from recovery planning and we would draft a memorandum to 
that effect.  This outcome would also indicate the need for a future delisting rule. 

• Phase 6 – Document Review, Concurrence, Surnaming, and Federal Register 
Publication.  We expect that the SSA report, five-year review, and recovery plan will all 
be reviewed by each member of the Project and Management teams and that all final 
documents will receive concurrence from the other regions.  Each reviewer will focus on 
their role and refrain from word-smithing or second guessing issues outside their area of 
expertise.  Each review will be completed in a timely manner.  For Federal Register 
documents, we anticipate surnaming by R6RD, RSOL, and HQ prior to publication.   

• Phase 7 – Outreach.  We will work with R6 EA staff and their counterparts in the other 
regions to develop communications plans for the SSA, five-year review, and/or recovery 
plan as needed.  We will communicate to all affected stakeholders and the public about 
the action we are taking and what it means for them, as laid out in the communications 
plan. 

 
Roles and Responsibilities:  Staff from FOs, ROs, and HQ offices will be expected to work 
together collaboratively to collect information, conduct analyses, and assist in developing 
products necessary to complete the actions identified in this project plan.  Management of the 
process and completion of these actions, though led by the MTFO, will be the shared 
responsibility of the ROs and FOs within the DPS range.  Further, we expect that the individuals 
responsible for these products will be free to communicate and share work products as needed to 
facilitate an efficient process.  However, we also expect that all team members will keep their 
supervisors apprised of progress and any issues that arise.  If necessary to resolve significant 
issues of disagreement, we will follow the elevation process outlined in the August 13, 2009 
“Section 4 Process Memo” (available on the R6 Listing Sharepoint site) until an updated process 
is developed.  Other specific roles and responsibilities are described above in “Project Lead,” 
“Project Team,” “Management Team,” and “SSA, five-year Review, and Recovery Planning 
Collaborative Process.”   
 
Schedule:  The Service announced initiation of the lynx DPS five-year review in April 2007 (72 
FR 19549 19551) but was unable to complete a review then because of court deadlines requiring 
that we revise the 2006 and 2009 critical habitat designations.  The initial notice requested 
information by June 18, 2007, but it was not a formal comment period and noted that we accept 
new information about all listed species at any time.  At that time, we received comments or 
information from seven respondents; two State agencies and five environmental/conservation 
Non-governmental organizations (NGOs).  The status review portion of the current project was 
re-initiated in October 2014, when a biologist was assigned by the MTFO to begin gathering 
information to evaluate threats to the lynx DPS and update its status accordingly.  In December 
2014, the MTFO drafted a “Dear Interested Party” letter announcing the renewed five-year 
review effort, which was sent to federal, State, and Tribal partners in Montana, as well as to 
other Service regions and FOs within the DPS range as a template for use in notifying their 



 

partners of the effort.  In January 2015, the Service prepared and distributed a news release 
announcing the five-year review and proposed completion date of June 2015, and soliciting 
information for consideration in the review.  To date, we have received responsive information 
from several federal, State and Tribal agencies, industry organizations, and environmental/ 
conservation NGOs.  In March 2015, it was determined that application the SSA Framework to 
the lynx DPS should precede (and facilitate streamlining of) the five-year review and subsequent 
recovery plan, if needed.   
 
Ultimately, the above goals are intended to inform the need for and content within a recovery 
plan.  We have a court order to complete a recovery plan by January 2018 unless the Service 
determines that the DPS warrants delisting and, therefore, that a recovery plan is not necessary.  
To meet this goal, we anticipate having a draft recovery plan written and beginning the formal 
review process by July 2016.  A list and timing of larger milestones associated with these actions 
can be found in the attached Appendix A.   
 
Coordination:  A range-wide kick-off call will be held in April or May 2015 to seek 
commitments from relevant ROs and FOs, to familiarize team members with the process and 
timeline, and respond to any issues relevant to the SSA, five-year review, and future recovery 
planning.  Subsequent coordination calls with the Project Team, coordinated by the MTFO, will 
be held on a monthly basis.  More frequent calls may be organized around particularly 
challenging issues or during particularly challenging points (such as when a deadline is 
approaching).  These calls will include other Service offices and regions as necessary.  
Additional calls or meetings with affected State, Tribal, and other federal agencies will be 
scheduled as needed.  Meeting internal and court-ordered deadlines for the SSA, five-year 
review, and recovery plan is dependent on all parties fulfilling their roles according to the 
timeline herein.  This project plan may also inform partner and stakeholder expectations. 
 
        Other FWS Regions and Programs:  The lynx DPS occurs (or lynx “may occur”) within 
parts of Service regions 1, 2, 3, 5, and 6, and this effort will require participation by the ROs and 
Ecological Services FOs in those regions, along with potential participation by other programs 
such as Refuges and Partners for Fish and Wildlife.  FO participation will be needed from the 
following states:  R1 (ID, OR, WA); R2 (NM), R3 (MI, MN, WI), R5 (ME, NH, NY [?], VT), 
and R6 (CO, MT, UT, WY). 
   
        Affected State Agencies:  It will be necessary and helpful to coordinate with the wildlife 
and natural resources management agencies of each of the states listed above.  Coordination will 
be especially important with the following state agencies:  Maine Department of Inland Fisheries 
and Wildlife; Minnesota Department of Natural Resources; Montana Fish, Wildlife and Parks; 
Montana Department of Natural Resources and Conservation; Idaho Fish and Game; Washington 
State Department of Fish and Wildlife; Washington State Department of Natural Resources; 
Wyoming Game and Fish Department; Colorado Division of Wildlife; and New Mexico 
Department of Game and Fish.  State agencies within the DPS range were notified of the 
renewed five-year review effort in December 2014 and January 2015, and they will be contacted 
as appropriate by FOs and/or ROs during development of the SSA, five-year review, and 
recovery planning efforts.  We anticipate at least one meeting with affected states during 



 

development of the SSA and at least one during recovery planning.  We may also solicit 
participation by State biologists and/or wildlife managers on a recovery team if one is convened.   
      
        Other Federal Agencies:  Federal agency coordination will follow the July 3, 2013 
Interagency Coordination for Rule Development memo and will include the USDA Forest 
Service, Bureau of Land Management, National Park Service, and Bureau of Indian 
Affairs.  Federal agencies within the DPS range were notified of the renewed five-year review 
effort in December 2014 and January 2015, and they will be contacted as appropriate by FOs 
and/or ROs during development of the SSA, five-year review, and recovery planning efforts. 
   
        Affected Tribes:  Tribal lands within the DPS range include those of the Aroostook Band 
of Micmac Indians, the Houlton Band of Maliseets, the Passamaquoddy Tribe, and the Penobscot 
Indian Nation in Maine; the Bois Forte Band of Chippewa, Fond du Lac Band of Lake Superior 
Chippewa,  Grand Portage Chippewa, Leech Lake Band of Ojibwe, Mille Lacs Band of Ojibwe, 
Red Lake Band of Chippewa, and White Earth Nation in Minnesota; the Confederated Salish and 
Kootenai Tribes of the Flathead Indian Reservation and the Blackfeet Tribe of the Blackfeet 
Reservation in Montana; the Coeur d'Alene Tribe, Nez Perce Tribe, and Shoshone-Bannock 
Tribes in Idaho; the Confederated Tribes of the Colville Reservation, the Kalispel Tribe of 
Indians, and the Spokane Tribe of Indians in Washington; the Wind River Indian Reservation in 
Wyoming; the Uintah and Ouray Indian Reservation in Utah; and the Ute Mountain and 
Southern Ute Indian Reservations in Colorado.  Tribes within the DPS range were notified of the 
renewed five-year review effort in December 2014 and January 2015, and they will be contacted 
as appropriate by regional Tribal Liaisons during development of the SSA, five-year review, and 
recovery planning efforts. 
 
 International Coordination:  Because of the suspected importance of connectivity 
between DPS subpopulations and lynx populations in southern Canada in the persistence of the 
DPS subpopulations, it will be important that we coordinate with and seek information from our 
counterparts in the Canadian conservation, management, and lynx research communities.  We 
will seek information on the status of and threats, if any, to lynx populations in Canada that are 
adjacent to and interact with DPS subpopulations. 
 
Budget: No additional funding is available to assist in this effort.  Participating offices should 
fund their participation through existing base funding.  We will likely need GIS support for these 
actions, including high-quality digital maps and hard copy maps.     
 
Project Plan Revisions:  In light of the court deadline for the final recovery plan, we expect that 
we will meet deadlines for all products and any quality benchmarks associated with those 
products.  However, this project plan and the Project Overview can be revised at any time with 
the agreement of the ARD and Project Leader.  If there are unexpected changed circumstances 
due to competing workloads, budgets, resources, etc., we expect early communication about the 
delay and discussion with the Project Lead, Project Team, and Management Team about 
resolution.  Lead time on potential delays should be commensurate with expected delay.  For 
example, a request for two additional months should not be made the week before a project is 
due.  Further, whatever the results of the five-year review, we expect this project plan will need 
to be revisited soon after the five-year review is signed. 

Comment [ZJ3]: NRCS? 

Comment [ZJ4]: We will need each RO/FO or 
regional Tribal Liaison to help us verify these Tribal 
lands that are in the DPS “range.”  This is the best I 
could do using maps/info readily available on line.  
Includes Tribal lands within critical habitat as well as 
those where occasional lynx occurrence would not 
be surprising.  Does not include all tribal lands in all 
the 14 states originally defined as the DPS range. 



 

 
Post-Project Debriefing:  The Project Team and Management Team commit to having a 
conversation after the completion of the project to discuss how this process was implemented, 
what went well, and what can be done better in the future.  This feedback on the process is 
necessary to ensure we are always using the best available practices and working towards greater 
efficiencies. 
 
Project Overview: 
 
Guidance, policy, and template documents can be found at: 
https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/ 
 
Personnel involved in the completion of the Canada lynx SSA, Five-Year Review,  
and Recovery Plan (if necessary) 
Roles Field Office Regional Office HQ RSOL 
Project 
Leads 

Lead FO Biologist 
Jim Zelenak 

Lead RO Biologist 
Seth Willey 

Lead HQ Biologists 
Heather Bell 
Tara Nicolaysen 

Lead 
SOL 
Dana 
Jacobsen 

Project 
Team 

Biologists from the Maine, Twin Cities, Northern 
Idaho, Wenatchee, Wyoming, Colorado, and 
Western Colorado FOs.   

   

Management 
Team 

Jodi Bush, MTFO, Brent Esmoil MTFO; Field 
Supervisors from the Maine, Twin Cities, 
Northern Idaho, Wenatchee, Wyoming, Colorado, 
and Western Colorado FOs.  
 

Bridget Fahey, R6 
TE Chief 
Nicole Alt, R6 
Geographic 
Supervisor 
Mike Thabault, R6 
ARD-ES 
Matt Hogan, R6 
Deputy RD 
Noreen Walsh, R6 
RD 
Recovery 
Coordinators, TE 
Chiefs, and ARDs-
ES - R1, R2, R3, and 
R5 
 

??  

Others 
Involved 

Biologists from the New England, New York, 
Michigan, Wisconsin, Idaho, Eastern Idaho, 
Spokane, Oregon, Utah, and New Mexico FOs as 
needed 

Ext Affairs 
Specialists, 
ARDs-Ext Affairs, 
and Tribal Liaisons -  
R6, R1, R2, R3, and 
R5 
 
 

  

 

Document Review: 
 
Jim Zelenak is the lead author for these actions.  Other MTFO reviewers include Brent Esmoil 
and Jodi Bush.  All members of the Project Team are expected to provide appropriate scientific 
review of draft documents.  Management Team members are expected to review final documents 

https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/


 

and provide regional concurrence with them as needed.  Seth Willey and Bridget Fahey are 
expected to provide appropriate policy review for the drafts.  Dana Jacobsen will provide an 
assessment of legal risk.  Mike Thabault will provide an abbreviated review for “big picture” 
issues. 
 
 
Signed: 
 

______________________________                       ______________________________ 
Assistant Regional Director, R6   Project Leader, Montana Field Office 
 
       ______________________________ 
       Project Leader, Wyoming Field Office 
 
       ______________________________ 
       Project Leader, Colorado Field Office 
 
       ______________________________ 
       Project Leader, W. Colorado Field Office 
 
__________________________   ______________________________ 
Assistant Regional Director, R1   Project Leader, Wenatchee Field Office 
 
       ______________________________ 
       Project Leader, E. Washington Field Office 
 
       ______________________________ 
       Project Leader, N. Idaho Field Office 
 
______________________________  ______________________________ 
Assistant Regional Director, R2   Project Leader, New Mexico Field Office 
 
______________________________  ______________________________ 
Assistant Regional Director, R3   Project Leader, Twin Cities Field Office 
 
______________________________  ______________________________ 
Assistant Regional Director, R5   Project Leader, Maine Field Office 
 
       ______________________________ 
       Project Leader, New England Field Office   

Comment [SLW5]:  Should we list the offices we 
envision signing?  
 
JZ – All listed from whom we will require 
commitment/participation.  May also need to reach 
out to Oregon, Utah, Michigan, Wisconsin, Vermont, 
perhaps New York… 



 

Appendix A 
Schedule for Canada Lynx Five-Year Review and, if necessary, Recovery Plan 

 
Date Milestone 
April 18, 2007 FWS announced initiation of five-year review of lynx DPS (72 FR 19549). 
Dec. 8, 2014 “Dear Interested Party” letter sent to Montana State, Federal, Tribal partners and to 

other FWS ROs and FOS announcing the re-initiation of the five-year review for lynx. 
Jan. 13, 2015 FWS news release announcing five-year review and soliciting information to consider 

in the review. 
Ongoing 
beginning 
January  2015 

Work with partners to collect and evaluate available data and information and assess 
threat factors (USFS, BLM, NPS, BIA, State wildlife/natural resources agencies, and 
Tribes). 

April or May, 
2015 

Kick-off call with relevant team members.  Additional coordination calls to be held 
monthly.  The MTFO lead will coordinate the monthly calls.  These calls will include 
other FWS offices. 

  Apr. 29-30, 
2015 

SSA workshop to include lynx discussion/case study (R6 RO). 

May – July 
2015 

Set up meetings, develop and conduct a structured threats assessment, using outlines, 
webinars and other intermediate products, and brief the Management Team as 
necessary through the process.  Draft SSA report with assistance from other regions 
and FOs. 

May 20, 2015 Workshop(s) with State agencies to discuss SSA process and DPS status and threats. 
June 3, 2015 Expert elicitation meeting(s) on distribution, status, and threats (including climate 

change). 
July – Sept. 
2015 

Brief ROs and HQ on findings; submit SSA report for RO/HQ review and 
concurrence. 

Oct. – Dec. 
2015 

Draft streamlined five-year review; submit for RO/HQ/RSOL 
review/concurrence/surname; publish five-year review in FR. 

Jan. 2016 Begin recovery planning processes if necessary; select and invite Recovery Team 
members. 

  Jan. – June 
2016 

Develop DRAFT recovery plan including goals and objectives, implementation plan.   

July – Sept. 
2016 

RO/HQ/RSOL review/surname of DRAFT recovery plan.  Review and concurrence 
from R1, R2, R3, and R5 as needed. 

October 2016 Release DRAFT recovery plan to public and commence peer review and/or publish 
proposed listing rule. 

December 2016 60-day comment period closes on DRAFT recovery plan; peer review also complete. 
January –June 
2017 

Revise DRAFT recovery plan; draft the FINAL recovery plan.  

July-Sept. 2017 RO/HQ/RSOL review/surname of FINAL recovery.  Review and concurrence from 
R1, R2, R3, and R5. 

  December 2017 Finalize recovery plan, publish in FR, and post on webpage; conduct appropriate 
outreach.  Communicate with court as necessary regarding completion and submission 
of FINAL recovery plan in accordance with court-ordered deadline. 

 



From: Smith, Tamara
To: Zelenak, Jim
Subject: Re: FOR YOUR QUICK REVIEW: DRAFT Project Plan - Lynx SSA, 5-year review, recovery planning
Date: Friday, April 24, 2015 10:27:30 AM

Hi Jim - I'm glad spring has sprung in MT and especially glad that you have been able to get
out and enjoy it! Great photos - thanks for sharing!  Spring is finally emerging here too - it is
so nice to see hints of green again!  Cheers, -Tam

On Fri, Apr 24, 2015 at 10:22 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks, Tam - appreciate you taking a look and providing feedback.  I hope it is a solid plan and, more
importantly, that all the tasks are doable given court and self-imposed deadlines.....

It is springtime here - my favorite time of year, and my appreciation seems amplified with every passing year. 
Leaves are unfurling; mountain bluebirds have been back a few weeks, first swallows showed up a couple days
ago, waterfowl are moving; pasque flowers, Wyoming kitten tails, yellow bells, phlox (?), shooting stars are
blooming on Mount Helena; I've even been able to sneak out fishing a few times already ....life is good!

Hope all is well there, too.

Cheers!

Jim

On Fri, Apr 24, 2015 at 9:04 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim - 

I reviewed this document an had only a few suggested minor changes - I think it is a solid
plan.  I also included a comment regarding the Wisconsin Field Office, which was merged
with the Twin Cities Field Office a while back, so I am not sure if they should be
separated as they are in this document.  I'm not certain that issue deserves to be corrected
in your document, but thought I should mention it since it will likely be one person who is
fulfilling both the WI and MN duties (me, for now). I think Ann Belleman is still fulfilling
the lynx duties for WYFO for now, although that may change, since she is now part-time
for our office - so we may split the duties for TCFO. Clear as mud? 

Hope all is well with you! 

Have a good weekend,
-Tam

On Wed, Apr 15, 2015 at 1:58 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Hello.   

Attached please find our DRAFT project plan for Canada lynx.  We are requesting your
review of the draft document with any suggested revisions or comments by April 24
COB.  

The Project Plan discusses our intention to apply the Species Status Assessment (SSA)
framework and complete an SSA report to inform and streamline the five-year review

mailto:tamara_smith@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:tamara_smith@fws.gov
mailto:jodi_bush@fws.gov


for the lynx DPS as well as subsequent recovery plan and future listing rules as needed
based on the SSA and five-year review.

The Project Plan also specifically identifies the level of involvement that we are
requesting from each involved office.  Committed participation and assistance from the
other regions and field offices within the DPS range will be essential to completing the
tasks outlined in the draft plan particularly given the broad geographic distribution of
the DPS, the differing management and conservation issues facing the various
subpopulations, and the need to coordinate with States, Tribes, other Federal agencies,
and our counterparts in southern Canada, 

Please review the attached draft and provide Jim Zelenak with your comments/concerns
no later than April 24.  If you require additional time for your review, please contact us
to discuss this.  

Thank you for your time.  JB

As an aside, if anyone is interested in attending the SSA workshop April 29-30 in
Denver please contact Jim Zelanak.  This is pretty short notice, but knowledgeable staff
may find it worthwhile.   

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601



(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

mailto:jim_zelenak@fws.gov


From: Bush, Jodi
To: McDowell, Tom
Cc: Jim Zelenak
Subject: Re: Feedback on Lynx Project Plan
Date: Friday, April 24, 2015 10:55:52 AM

I should have caught those Tom.  Thanks we will do.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Apr 24, 2015 at 10:47 AM, McDowell, Tom <tom_mcdowell@fws.gov> wrote:
Jim,

Thanks for the opportunity to provide feedback on the Lynx Project Plan.  Our team feels
the plan is sound and support the outlined process.

I would like to request a few minor changes to the document.  

Please change the signature page to so there is one signature from the "Washington Field
Office."  Currently it has places for signatures from each of our sub-offices.

Additionally, please adjust the table to say "Washington" rather than "Wenatchee" in the list
of both Project and Management Team rows and make any changes in the text that would
follow from this adjustment in the table.

These changes are intended to reflect the management flexibility we will retain in assigning
this work among our teams in Wenatchee, Spokane, or Lacey.

Thanks so Much,

Tom

Thomas L. McDowell
Deputy State Supervisor, Washington Fish and Wildlife Office
U.S. Fish and Wildlife Service
510 Desmond Dr. SE, Suite 102
Lacey, WA  98503
Office:  360-753-4652
Cell:  360-951-3756

mailto:jodi_bush@fws.gov
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From: Zelenak, Jim
To: McDowell, Tom
Cc: Jodi Bush; Eric Rickerson; Jessica Gonzales; Russ MacRae; Sarah Hall
Subject: Re: Feedback on Lynx Project Plan
Date: Friday, April 24, 2015 10:56:24 AM

Thanks Tom.

I'll make those changes.

I appreciate your review.

Jim

On Fri, Apr 24, 2015 at 10:47 AM, McDowell, Tom <tom_mcdowell@fws.gov> wrote:
Jim,

Thanks for the opportunity to provide feedback on the Lynx Project Plan.  Our team feels
the plan is sound and support the outlined process.

I would like to request a few minor changes to the document.  

Please change the signature page to so there is one signature from the "Washington Field
Office."  Currently it has places for signatures from each of our sub-offices.

Additionally, please adjust the table to say "Washington" rather than "Wenatchee" in the list
of both Project and Management Team rows and make any changes in the text that would
follow from this adjustment in the table.

These changes are intended to reflect the management flexibility we will retain in assigning
this work among our teams in Wenatchee, Spokane, or Lacey.

Thanks so Much,

Tom

Thomas L. McDowell
Deputy State Supervisor, Washington Fish and Wildlife Office
U.S. Fish and Wildlife Service
510 Desmond Dr. SE, Suite 102
Lacey, WA  98503
Office:  360-753-4652
Cell:  360-951-3756

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office

mailto:jim_zelenak@fws.gov
mailto:tom_mcdowell@fws.gov
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mailto:eric_rickerson@fws.gov
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585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Zicari, Laury
To: Martin Miller; Mary Parkin
Subject: Fwd: Lynx SSA, review, recovery plan doc
Date: Friday, April 24, 2015 12:41:13 PM
Attachments: MEFO comments on 2015 04 15 DRAFT Proj Plan Canada Lynx 5-YR .docx

As I recall, Marty asked for us to consolidate region 5 comments so here are ours from MEFO.    THANKS
---------- Forwarded message ----------
From: McCollough, Mark <mark_mccollough@fws.gov>
Date: Thu, Apr 16, 2015 at 1:21 PM
Subject: Lynx SSA, review, recovery plan doc
To: Laury Zicari <laury_zicari@fws.gov>

Laury:  I've carefully gone through the attached document and made a few comments.  You
may have some comments given your experience with the SSA and recovery plan for salmon.

Please add any comments and forward back to Jody Bush at the MTFO.  

Mark

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 

Laury Zicari
Field Supervisor
Maine Field Office
17 Godfrey Drive, Suite 2
Orono, ME   04473
207-866-3344 x 1111
Fax  866-3351
Cell 207-949-0561

mailto:Martin_Miller@fws.gov
mailto:mary_parkin@fws.gov
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DRAFT CANADA LYNX PROJECT PLAN TO COMPLETE 
A SPECIES STATUS ASSESSMENT, FIVE-YEAR REVIEW, AND RECOVERY PLAN 

 
April 2015 

 
Action:  The Service will conduct a species status assessment (SSA) as a first step to understand 
the current status of the contiguous United States distinct population segment (DPS) of the 
Canada lynx (Lynx canadensis), currently listed as threatened under the Endangered Species Act 
(Act).  This SSA will serve as the basis for the five-year status review (initiated in 2007; 72 FR 
19549) required under the Act and to inform and streamline the court-ordered recovery plan (due 
January15, 2018), assuming such a plan necessary1. The SSA report would also provide the 
scientific foundation to support future rulemaking in accordance with the Act should the five-
year review indicate that a change in the DPS’s listing status is warranted.   
 
Goals of the Project Plan:  (1) To facilitate application of the SSA framework to produce a 
scientifically defensible five-year review of the status of the lynx DPS and a subsequent recovery 
plan if one is deemed necessary; and (2) to ensure that expectations for these processes are clear 
including approach, roles and responsibilities, and schedule, and for managers to be aware of and 
have agreed to these expectations. 
  
Project Approach:  We intend to apply the SSA framework to the lynx DPS and use the SSA 
results to inform both the five-year review and the recovery planning process.  The lead field 
office (FO) will work with other regions and FOs in the DPS range to gather and evaluate all 
relevant information that has become available since our March 2000 listing rule (65 FR 16053) 
and our July 2003 Remanded Determination of Status (68 FR 40076) for the lynx DPS.  We will 
avail ourselves of recent efforts to summarize the available scientific literature for lynx, 
including the September 2014 final revised critical habitat designation for the DPS (79 FR 
54781) and the 2013 revised interagency Lynx Conservation Assessment and Strategy (LCAS; 
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf).  The FOs 
will keep partner agencies informed about progress and request their participation and reviews as 
appropriate.  
 

Species Status Assessment:  The SSA framework is national Service guidance providing 
a new methodology for assessing the status of species, which can help inform species listing, 
status, and recovery determinations the Service is required to make in accordance with section 
4(c)(2) of the Act (https://sites.google.com/a/fws.gov/ssa/about-SSA).  Using the SSA 
framework, we will evaluate the viability of the lynx DPS and potential threats to its viability 
using the principles of representation, resilience, and redundancy.  The SSA also will provide 
critical information needed to guide the recovery planning process including identification of the 
primary threats to the lynx DPS that remain to be resolved, if any.  Completion of the SSA is the 
                                                           
1 The Act requires recovery plans for listed species unless a determination is made that such plan will not promote 
the conservation of the species.  If the five-year status review concludes that the DPS warrants delisting, we would 
likely pursue a formal determination that the species is exempt from recovery planning as such a plan would be 
unnecessary (if the species is already recovered, a plan is not needed to move the species to the point of recovery 
and would therefore not promote the conservation of the species).  Although the five-year review is not a final 
agency action, the memorandum exempting the species from recovery planning (should we reach that conclusion) 
would be. 



 

first step in theis process of reviewing the status of the Canada lynx.  We anticipate that the SSA 
will be completed by October 2015.   
 

Five-year Review:  The five-year review, required by statute, is envisioned as the second 
step in this process.  We anticipate that the five-year review would be a streamlined document 
relying heavily on and referring to the SSA.  The five-year review will consider the SSA’s 
scientific determinations and make recommendations regarding the status of the DPS in 
accordance with the Act.  The three possible outcomes of the five-year review are that the lynx 
DPS should: (1) remain listed as threatened; (2) be uplisted to endangered; or (3) be 
delisted.  Outcome (1) would indicate the need to next complete a recovery plan by the court-
ordered deadline; outcome (2) would indicate that both a recovery plan and a future listing rule 
are needed; and outcome (3) would require both a formal determination via memorandum that 
the DPS is exempt from recovery planning and a future listing rule.  We anticipate the five-year 
review will be drafted by November 2015 and finalized by January 2016.   
 

Recovery Plan:  If a recovery plan is necessary, it will be informed by both the SSA and 
the five-year review.  The recovery plan would include an introduction summarizing the 
recovery vision (what a recovered DPS would “look” like) and recovery strategy (the route 
selected to get the species to recovery).  It also would include: (1) objective and measurable 
criteria that when met would allow delisting (including, to the extent feasible, demographic and 
threats-based recovery criteria); (2) site-specific management actions needed to achieve the 
criteria; and (3) time and cost estimates to achieve delisting.  Pursuant to the Service’s new 
recovery paradigm, the Recovery Enhancement Vision (REV; USFWS 2014, 
https://sites.google.com/a/fws.gov/rev/), the SSA will facilitate development of a streamlined 
recovery plan that focuses on these three statutory requirements.  We intend to complete the draft 
recovery plan by October 2016.  The recovery planning process will include peer review and 
opportunities for public review and comment on the draft recovery plan prior to completion of a 
final recovery plan.  The recovery plan, if necessary, will be finalized prior to the January 15, 
2018 court deadline.   
 

Project Lead:  This project will be led by the Montana Ecological Services Field Office 
(MTFO).  Within this office, Jim Zelenak is the species lead and will serve as the project and 
team lead.  This role includes cross-regional intra-Service organizing, coordinating with outside 
partners and experts as appropriate, and developing a project schedule and ensuring adherence to 
associated deadlines.  It also includes primary authorship of the SSA report, five-year review 
and, if necessary, the recovery plan.   
 

Project Team:  The Mountain-Prairie Region (6) is the lead region for lynx.  However, 
within the DPS range, lynx subpopulations currently occur in parts of 9 states (CO, ID, ME, MN, 
MT, NH, VT, WA, and WY).  Lynx associated with these subpopulations or other lynx 
populations in southern Canada also may occur (usually rarely, intermittently, and temporarily) 
in other states (MI, ND, NE, NM, NY, OR, SD, UT, and WI), and dispersing lynx also have 
occurred very rarely in CT, IA, IL, IN, MA, PA, and NV.  Because the DPS spans parts of four 
other Service regions (1, 2, 3, and 5), it will be especially important that field biologists most 
familiar with the status of lynx in the various subpopulations within the DPS assist with (1) 
collection and interpretation of information relating to the status of and potential threats to those 



 

subpopulations; (2) contacting and arranging participation by lynx experts most familiar with the 
status, ecology, population dynamics, and habitat needs of those subpopulations; and (3) writing, 
editing, and reviewing relevant parts of the SSA report, five-year review, and recovery plan, if 
needed.  We expect that the appropriate biologists from the Maine, Twin Cities, Northern Idaho, 
Wenatchee, Wyoming, Colorado, and Western Colorado FOs will receive supervisory approval 
to participate consistently on the Project Team and contribute meaningfully to the development, 
review, and completion of the SSA report, five-year review, and recovery plan.  We further 
expect that biologists from the New England, New York, Michigan, Wisconsin, Idaho, Eastern 
Idaho, Spokane, Oregon, Utah, and New Mexico FOs will receive supervisory approval to 
participate as needed in the development, review and completion of these documents.  

 
Management Team:  In addition to field biologists, we expect that Field Supervisors from 

the Maine, Twin Cities, Northern Idaho, Wenatchee, Wyoming, Colorado, and Western 
Colorado FOs will assist with coordination with State and Tribal and other federal stakeholders, 
participate in document review, and obtain regional office (RO) concurrence with status 
determinations and final decisions/documents.  RO representation from affected regions also is 
essential to this process, as is headquarters (HQ) participation and guidance.  We expect that 
regional ESA Branch Chiefs and/or regional Recovery Coordinators from regions 1, 2, 3, and 5 
and HQ Listing and/or Recovery staff will participate in document review and concurrence 
processes.  Legal staff may also engage or be consulted at various points in this process. 
 

Focus on Science First – We intend to conduct a thorough scientific review of the lynx 
DPS and to work with our partners to make sure we have and use the best available information 
to develop the SSA report, the five-year review, and to guide any subsequent recovery 
planning.  During the SSA and development of the five-year review, we will conduct a structured 
threats assessment using outlines, webinars, expert elicitation, and other intermediate products, 
and we will brief the Management Team as necessary throughout the process.  During the 
recovery planning process, we will also bring together experts from the lynx research and 
management arenas. 
 

SSA, five-year Review, and Recovery Planning Collaborative Process:  We have broken 
the SSA, five-year review, and recovery planning/listing processes down into the following 
seven phases: 

 
• Phase 1 – Information Collection.  The lynx’s current distribution in the contiguous U.S. 

and some aspects of its habitat requirements are fairly well-understood; however, we will 
seek to better understand and analyze its historic and current distributions, subpopulation 
sizes and status, and the degree to which DPS subpopulations rely on immigration from 
populations in Canada.  Additionally, we will focus on the numbers and productivity of 
lynx in each of the DPS subpopulations, how these vary over time, the causes of the 
variation, and the quality and conservation status of lynx and hare habitats within the 
DPS range.  We will collect and evaluate all relevant information that has become 
available since the 2000 Final Rule listing the DPS as threatened and subsequent 
determinations.  We expect available information to be primarily in the form of 
published, peer-reviewed literature, dissertations and theses obtainable through academic 
search engines.  We will also gather government reports (e.g., the recently-revised LCAS 

Comment [MM1]: Would these be considered as 
peer-reviewed?  They are an important source of 
scientific information. 



 

and survey and monitoring reports from federal, State and Tribal partners) and review 
legal and policy considerations. 

• Phase 2 – Assessment of the DPS’s Conservation Status and Relevant Threats, and 
Completion of the SSA Report.  With the information gathered in Phase 1, we will 
identify and evaluate historical, current, and future threats to lynx and their magnitude 
and relative impact on the viability of the subpopulations that constitute the DPS.  We 
will conduct a structured threats assessment, using outlines, webinars and other 
intermediate products, and brief the Project and Management teams as necessary through 
the process.  We will compile and analyze this information in the SSA report.  We expect 
Project Team members to participate actively in the collection and interpretation of 
information specific to DPS subpopulations and potential threats to them in their 
geographic areas and to coordinate locally with state and federal agencies, Tribes, 
conservation organizations, the media and the public.  We expect Management Team 
members from each region to review, edit, and approve materials provided by their 
Project Team members in a timely manner.     

• Phase 3 – Decision Making.  The FO will make a preliminary recommendation about the 
DPS’s legal status (threatened, endangered, or recovered), brief R6 leadership, and then 
provide it for review and comment by the rest of the Project and Management teams.  A 
final decision on the status of the DPS will be made by R6 Regional Director.  

• Phase 4 – Drafting and disseminating the five-year Review.  Based on the SSA report 
and the R6RD decision on the DPS’s status, the lead FO biologist will draft the five-year 
review with input from and review by the Project and Management teams.  We will work 
with R6 EA staff, who will work with their counterparts in the affected regions, to draft a 
news release announcing results and availability of the five-year review and supporting 
SSA report.  We will post both documents at the ECOS Species Profile web page 
(http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073).   

• Phase 5 – Next Steps.  There are three possible outcomes of the five-year review, each 
with different listing and recovery requirements and time lines. 

o Outcome 1:  The lynx DPS continues to warrant listing as threatened under the 
Act (i.e., the threat for which the DPS was listed has not been adequately 
addressed and/or a new threat[s] has been identified such that the DPS remains 
likely to become endangered within the foreseeable future throughout all or a 
significant portion of its range).  In this case, a recovery plan would be necessary, 
so we would convene a Recovery Team and implement the REV process to 
develop draft and final recovery plans consistent with the court-ordered time line 
for completing the final plan by January 2018.  We expect that a streamlined 
recovery plan would be completed that relies heavily on and references the SSA 
report and the five-year review; 

o Outcome 2:  The DPS warrants uplisting to endangered status (i.e., the threat for 
which the DPS was listed remains unresolved or has increased and/or a new 
threat[s] has been identified such that the DPS is now determined to be in danger 
of extinction throughout all or a significant portion of its range).  In this case, both 
a recovery plan and a future listing rule would be necessary.  As above, we would 
develop draft and final recovery plans that would rely heavily on and reference 
the SSA report and the five-year review; 

Comment [MM2]: Can you clarify whether each 
of the FOs will make a preliminary recommendation 
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o Outcome 3:  The DPS is deemed recovered and warrants delisting (i.e., the threat 
for which the DPS was listed is found to have been adequately addressed and no 
new threat[s] has been identified that is expected to endanger the DPS throughout 
all or a significant portion of its range now or in the reasonably foreseeable 
future).  In this case, we would recommend a formal determination that the 
species is exempt from recovery planning and we would draft a memorandum to 
that effect.  This outcome would also indicate the need for a future listing rule. 

• Phase 6 – Document Review, Concurrence, Surnaming, and Federal Register 
Publication.  We expect that the SSA report, five-year review, and recovery plan will all 
be reviewed by each member of the Project and Management teams and that all final 
documents will receive concurrence from the other regions.  Each reviewer will focus on 
their role and refrain from word-smithing or second guessing issues outside their area of 
expertise.  Each review will be completed in a timely manner.  For Federal Register 
documents, we anticipate surnaming by R6RD, RSOL, and HQ prior to publication.   

• Phase 7 – Outreach.  We will work with R6 EA staff and their counterparts in the other 
regions to develop communications plans for the SSA, five-year review, and/or recovery 
plan as needed.  We will communicate to all affected stakeholders and the public about 
the action we are taking and what it means for them, as laid out in the communications 
plan. 

 
Roles and Responsibilities:  Staff from FOs, ROs, and HQ offices will be expected to work 
together collaboratively to collect information, conduct analyses, and assist in developing 
products necessary to complete the actions identified in this project plan.  Management of the 
process and completion of these actions, though led by the MTFO, will be the shared 
responsibility of the ROs and FOs within the DPS range.  Further, we expect that the individuals 
responsible for these products will be free to communicate and share work products as needed to 
facilitate an efficient process.  However, we also expect that all team members will keep their 
supervisors apprised of progress and any issues that arise.  If necessary to resolve significant 
issues of disagreement, we will follow the elevation process outlined in the August 13, 2009 
“Section 4 Process Memo” (available on the R6 Listing Sharepoint site) until an updated process 
is developed.  Other specific roles and responsibilities are described above in “Project Lead,” 
“Project Team,” “Management Team,” and “SSA, five-year Review, and Recovery Planning 
Collaborative Process.”   
 
Schedule:  The Service announced initiation of the lynx DPS five-year review in April 2007 (72 
FR 19549 19551) but was unable to complete a review then because of court deadlines requiring 
that we revise the 2006 and 2009 critical habitat designations.  The initial notice requested 
information by June 18, 2007, but it was not a formal comment period and noted that we accept 
new information about all listed species at any time.  At that time, we received comments or 
information from seven respondents; two State agencies and five environmental/conservation 
Non-governmental organizations (NGOs).  The status review portion of the current project was 
re-initiated in October 2014, when a biologist was assigned by the MTFO to begin gathering 
information to evaluate threats to the lynx DPS and update its status accordingly.  In December 
2014, the MTFO drafted a “Dear Interested Party” letter announcing the renewed five-year 
review effort, which was sent to federal, State, and Tribal partners in Montana, as well as to 
other Service regions and FOs within the DPS range as a template for use in notifying their 



 

partners of the effort.  In January 2015, the Service prepared and distributed a news release 
announcing the five-year review and proposed completion date of June 2015, and soliciting 
information for consideration in the review.  To date, we have received responsive information 
from several federal, State and Tribal agencies, industry organizations, and environmental/ 
conservation NGOs.  In March 2015, it was determined that application the SSA Framework to 
the lynx DPS should precede (and facilitate streamlining of) the five-year review and subsequent 
recovery plan, if needed.   
 
Ultimately, the above goals are intended to inform the need for and content within a recovery 
plan.  We have a court order to complete a recovery plan by January 2018 unless the Service 
determines that the DPS warrants delisting and, therefore, that a recovery plan is not necessary.  
To meet this goal, we anticipate having a draft recovery plan written and beginning the formal 
review process by July 2016.  A list and timing of larger milestones associated with these actions 
can be found in the attached Appendix A.   
 
Coordination:  A range-wide kick-off call will be held in April or May 2015 to seek 
commitments from relevant ROs and FOs, to familiarize team members with the process and 
timeline, and respond to any issues relevant to the SSA, five-year review, and future recovery 
planning.  Subsequent coordination calls with the Project Team, coordinated by the MTFO, will 
be held on a monthly basis.  More frequent calls may be organized around particularly 
challenging issues or during particularly challenging points (such as when a deadline is 
approaching).  These calls will include other Service offices and regions as necessary.  
Additional calls or meetings with affected State, Tribal, and other federal agencies will be 
scheduled as needed.  Meeting internal and court-ordered deadlines for the SSA, five-year 
review, and recovery plan is dependent on all parties fulfilling their roles according to the 
timeline herein.  This project plan may also inform partner and stakeholder expectations. 
 
        Other FWS Regions and Programs:  The lynx DPS occurs (or lynx “may occur”) within 
parts of Service regions 1, 2, 3, 5, and 6, and this effort will require participation by the ROs and 
Ecological Services FOs in those regions, along with potential participation by other programs 
such as Refuges and Partners for Fish and Wildlife.  FO participation will be needed from the 
following states:  R1 (ID, OR, WA); R2 (NM), R3 (MI, MN, WI), R5 (ME, NH, NY [?], VT), 
and R6 (CO, MT, UT, WY). 
   
        Affected State Agencies:  It will be necessary and helpful to coordinate with the wildlife 
and natural resources management agencies of each of the states listed above.  Coordination will 
be especially important with the following state agencies:  Maine Department of Inland Fisheries 
and Wildlife; Minnesota Department of Natural Resources; Montana Fish, Wildlife and Parks; 
Montana Department of Natural Resources and Conservation; Idaho Fish and Game; Washington 
State Department of Fish and Wildlife; Washington State Department of Natural Resources; 
Wyoming Game and Fish Department; Colorado Division of Wildlife; and New Mexico 
Department of Game and Fish.  State agencies within the DPS range were notified of the 
renewed five-year review effort in December 2014 and January 2015, and they will be contacted 
as appropriate by FOs and/or ROs during development of the SSA, five-year review, and 
recovery planning efforts.  We anticipate at least one meeting with affected states during 



 

development of the SSA and at least one during recovery planning.  We may also solicit 
participation by State biologists and/or wildlife managers on a recovery team if one is convened.   
      
        Other Federal Agencies:  Federal agency coordination will follow the July 3, 2013 
Interagency Coordination for Rule Development memo and will include the USDA Forest 
Service, Bureau of Land Management, National Park Service, and Bureau of Indian 
Affairs.  Federal agencies within the DPS range were notified of the renewed five-year review 
effort in December 2014 and January 2015, and they will be contacted as appropriate by FOs 
and/or ROs during development of the SSA, five-year review, and recovery planning efforts. 
   
        Affected Tribes:  Tribal lands within the DPS range include those of the Aroostook Band 
of Micmac Indians, the Houlton Band of Maliseets, the Passamaquoddy Tribe, and the Penobscot 
Indian Nation in Maine; the Bois Forte Band of Chippewa, Fond du Lac Band of Lake Superior 
Chippewa,  Grand Portage Chippewa, Leech Lake Band of Ojibwe, Mille Lacs Band of Ojibwe, 
Red Lake Band of Chippewa, and White Earth Nation in Minnesota; the Confederated Salish and 
Kootenai Tribes of the Flathead Indian Reservation and the Blackfeet Tribe of the Blackfeet 
Reservation in Montana; the Coeur d'Alene Tribe, Nez Perce Tribe, and Shoshone-Bannock 
Tribes in Idaho; the Confederated Tribes of the Colville Reservation, the Kalispel Tribe of 
Indians, and the Spokane Tribe of Indians in Washington; the Wind River Indian Reservation in 
Wyoming; the Uintah and Ouray Indian Reservation in Utah; and the Ute Mountain and 
Southern Ute Indian Reservations in Colorado.  Tribes within the DPS range were notified of the 
renewed five-year review effort in December 2014 and January 2015, and they will be contacted 
as appropriate by regional Tribal Liaisons during development of the SSA, five-year review, and 
recovery planning efforts. 
 
 International Coordination:  Because of the suspected importance of connectivity 
between DPS subpopulations and lynx populations in southern Canada in the persistence of the 
DPS subpopulations, it will be important that we coordinate with and seek information from our 
counterparts in the Canadian conservation, management, and lynx research communities.  We 
will seek information on the status of and threats, if any, to lynx populations in Canada that are 
adjacent to and interact with DPS subpopulations. 
 
Budget: No additional funding is available to assist in this effort.  Participating offices should 
fund their participation through existing base funding.  We will likely need GIS support for these 
actions, including high-quality digital maps and hard copy maps.     
 
Project Plan Revisions:  In light of the court deadline for the final recovery plan, we expect that 
we will meet deadlines for all products and any quality benchmarks associated with those 
products.  However, this project plan and the Project Overview can be revised at any time with 
the agreement of the ARD and Project Leader.  If there are unexpected changed circumstances 
due to competing workloads, budgets, resources, etc., we expect early communication about the 
delay and discussion with the Project Lead, Project Team, and Management Team about 
resolution.  Lead time on potential delays should be commensurate with expected delay.  For 
example, a request for two additional months should not be made the week before a project is 
due.  Further, whatever the results of the five-year review, we expect this project plan will need 
to be revisited soon after the five-year review is signed. 
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Post-Project Debriefing:  The Project Team and Management Team commit to having a 
conversation after the completion of the project to discuss how this process was implemented, 
what went well, and what can be done better in the future.  This feedback on the process is 
necessary to ensure we are always using the best available practices and working towards greater 
efficiencies. 
 
Project Overview: 
 
Guidance, policy, and template documents can be found 
at: https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/ 
 
Personnel involved in the completion of the Canada lynx SSA, Five-Year Review,  
and Recovery Plan (if necessary) 
Roles Field Office Regional Office HQ RSOL 
Project 
Leads 

Lead FO Biologist 
Jim Zelenak 

Lead RO Biologist 
Seth Willey 

Lead HQ Biologists 
Heather Bell 
Tara Nicolaysen 

Lead 
SOL 
Dana 
Jacobsen 

Project 
Team 

Biologists from the Maine, Twin Cities, Northern 
Idaho, Wenatchee, Wyoming, Colorado, and 
Western Colorado FOs.   

   

Management 
Team 

Jodi Bush, MTFO, Brent Esmoil MTFO; Field 
Supervisors from the Maine, Twin Cities, 
Northern Idaho, Wenatchee, Wyoming, Colorado, 
and Western Colorado FOs.  
 

Bridget Fahey, R6 
TE Chief 
Nicole Alt, R6 
Geographic 
Supervisor 
Mike Thabault, R6 
ARD-ES 
Matt Hogan, R6 
Deputy RD 
Noreen Walsh, R6 
RD 
Recovery 
Coordinators, TE 
Chiefs, and ARDs-
ES - R1, R2, R3, and 
R5 
 

??  

Others 
Involved 

Biologists from the New England, New York, 
Michigan, Wisconsin, Idaho, Eastern Idaho, 
Spokane, Oregon, Utah, and New Mexico FOs as 
needed 

Ext Affairs 
Specialists, 
ARDs-Ext Affairs, 
and Tribal Liaisons -  
R6, R1, R2, R3, and 
R5 
 
 

  

 

Document Review: 
 
Jim Zelenak is the lead author for these actions.  Other MTFO reviewers include Brent Esmoil 
and Jodi Bush.  All members of the Project Team are expected to provide appropriate scientific 
review of draft documents.  Management Team members are expected to review final documents 

https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/


 

and provide regional concurrence with them as needed.  Seth Willey and Bridget Fahey are 
expected to provide appropriate policy review for the drafts.  Dana Jacobsen will provide an 
assessment of legal risk.  Mike Thabault will provide an abbreviated review for “big picture” 
issues. 
 
 
Signed: 
 

______________________________                       ______________________________ 
Assistant Regional Director, R6   Project Leader, Montana Field Office 
 
       ______________________________ 
       Project Leader, Wyoming Field Office 
 
       ______________________________ 
       Project Leader, Colorado Field Office 
 
       ______________________________ 
       Project Leader, W. Colorado Field Office 
 
__________________________   ______________________________ 
Assistant Regional Director, R1   Project Leader, Wenatchee Field Office 
 
       ______________________________ 
       Project Leader, E. Washington Field Office 
 
       ______________________________ 
       Project Leader, N. Idaho Field Office 
 
______________________________  ______________________________ 
Assistant Regional Director, R2   Project Leader, New Mexico Field Office 
 
______________________________  ______________________________ 
Assistant Regional Director, R3   Project Leader, Twin Cities Field Office 
 
______________________________  ______________________________ 
Assistant Regional Director, R5   Project Leader, Maine Field Office 
 
       ______________________________ 
       Project Leader, New England Field Office   
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Appendix A 
Schedule for Canada Lynx Five-Year Review and, if necessary, Recovery Plan 

 
Date Milestone 
April 18, 2007 FWS announced initiation of five-year review of lynx DPS (72 FR 19549). 
Dec. 8, 2014 “Dear Interested Party” letter sent to Montana State, Federal, Tribal partners and to 

other FWS ROs and FOS announcing the re-initiation of the five-year review for lynx. 
Jan. 13, 2015 FWS news release announcing five-year review and soliciting information to consider 

in the review. 
Ongoing 
beginning 
January  2015 

Work with partners to collect and evaluate available data and information and assess 
threat factors (USFS, BLM, NPS, BIA, State wildlife/natural resources agencies, and 
Tribes). 

April or May, 
2015 

Kick-off call with relevant team members.  Additional coordination calls to be held 
monthly.  The MTFO lead will coordinate the monthly calls.  These calls will include 
other FWS offices. 

  Apr. 29-30, 
2015 

SSA workshop to include lynx discussion/case study (R6 RO). 

May – July 
2015 

Set up meetings, develop and conduct a structured threats assessment, using outlines, 
webinars and other intermediate products, and brief the Management Team as 
necessary through the process.  Draft SSA report with assistance from other regions 
and FOs. 

May 20, 2015 Workshop(s) with State agencies to discuss SSA process and DPS status and threats. 
June 3, 2015 Expert elicitation meeting(s) on distribution, status, and threats (including climate 

change). 
July – Sept. 
2015 

Brief ROs and HQ on findings; submit SSA report for RO/HQ review and 
concurrence. 

Oct. – Dec. 
2015 

Draft streamlined five-year review; submit for RO/HQ/RSOL 
review/concurrence/surname; publish five-year review in FR. 

Jan. 2016 Begin recovery planning processes if necessary; select and invite Recovery Team 
members. 

  Jan. – June 
2016 

Develop DRAFT recovery plan including goals and objectives, implementation plan.   

July – Sept. 
2016 

RO/HQ/RSOL review/surname of DRAFT recovery plan.  Review and concurrence 
from R1, R2, R3, and R5 as needed. 

October 2016 Release DRAFT recovery plan to public and commence peer review and/or publish 
proposed listing rule. 

December 2016 60-day comment period closes on DRAFT recovery plan; peer review also complete. 
January –June 
2017 

Revise DRAFT recovery plan; draft the FINAL recovery plan.  

July-Sept. 2017 RO/HQ/RSOL review/surname of FINAL recovery.  Review and concurrence from 
R1, R2, R3, and R5. 

  December 2017 Finalize recovery plan, publish in FR, and post on webpage; conduct appropriate 
outreach.  Communicate with court as necessary regarding completion and submission 
of FINAL recovery plan in accordance with court-ordered deadline. 

 



From: Parkin, Mary
To: Zicari, Laury
Cc: Martin Miller
Subject: Re: Lynx SSA, review, recovery plan doc
Date: Friday, April 24, 2015 2:30:37 PM

Thanks!  I'll add these with mine and get it to Jodi in the next few hours.

Have a great weekend,
Mary

On Fri, Apr 24, 2015 at 2:40 PM, Zicari, Laury <laury_zicari@fws.gov> wrote:
As I recall, Marty asked for us to consolidate region 5 comments so here are ours from MEFO.    THANKS
---------- Forwarded message ----------
From: McCollough, Mark <mark_mccollough@fws.gov>
Date: Thu, Apr 16, 2015 at 1:21 PM
Subject: Lynx SSA, review, recovery plan doc
To: Laury Zicari <laury_zicari@fws.gov>

Laury:  I've carefully gone through the attached document and made a few comments.  You
may have some comments given your experience with the SSA and recovery plan for
salmon.

Please add any comments and forward back to Jody Bush at the MTFO.  

Mark

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 

Laury Zicari
Field Supervisor
Maine Field Office
17 Godfrey Drive, Suite 2
Orono, ME   04473
207-866-3344 x 1111
Fax  866-3351
Cell 207-949-0561

mailto:laury_zicari@fws.gov
mailto:Martin_Miller@fws.gov
mailto:laury_zicari@fws.gov
mailto:mark_mccollough@fws.gov
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mailto:mark_mccollough@fws.gov


-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

mailto:mary_parkin@fws.gov


From: Parkin, Mary
To: Jim Zelenak
Cc: Jodi Bush; Seth Willey; Martin Miller; Laury Zicari; Mark McCollough
Subject: Re: FOR YOUR QUICK REVIEW: DRAFT Project Plan - Lynx SSA, 5-year review, recovery planning
Date: Friday, April 24, 2015 4:04:15 PM
Attachments: R5 comments on 2015 04 15 DRAFT Proj Plan Canada Lynx 5-YR.docx

Hi Jim and all,

Attached are Region 5's suggested edits and comments on the lynx project plan.  It's great to
see your intentions laid out so explicitly.  Our comments address a few things that could be
clarified regarding the SSA process and phasing of the assessment and decision-making
process, but we didn't see anything major that needs to be changed.

Thanks for the opportunity to comment, and I look forward to seeing you next week, Jim and
Seth!
Mary

On Wed, Apr 15, 2015 at 2:58 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Hello.   

Attached please find our DRAFT project plan for Canada lynx.  We are requesting your
review of the draft document with any suggested revisions or comments by April 24 COB.  

The Project Plan discusses our intention to apply the Species Status Assessment (SSA)
framework and complete an SSA report to inform and streamline the five-year review for
the lynx DPS as well as subsequent recovery plan and future listing rules as needed based on
the SSA and five-year review.

The Project Plan also specifically identifies the level of involvement that we are requesting
from each involved office.  Committed participation and assistance from the other regions
and field offices within the DPS range will be essential to completing the tasks outlined in
the draft plan particularly given the broad geographic distribution of the DPS, the differing
management and conservation issues facing the various subpopulations, and the need to
coordinate with States, Tribes, other Federal agencies, and our counterparts in southern
Canada, 

Please review the attached draft and provide Jim Zelenak with your comments/concerns no
later than April 24.  If you require additional time for your review, please contact us to
discuss this.  

Thank you for your time.  JB

As an aside, if anyone is interested in attending the SSA workshop April 29-30 in Denver
please contact Jim Zelanak.  This is pretty short notice, but knowledgeable staff may find it
worthwhile.   

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
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585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

mailto:mary_parkin@fws.gov


 

DRAFT CANADA LYNX PROJECT PLAN TO COMPLETE 
A SPECIES STATUS ASSESSMENT, FIVE-YEAR REVIEW, AND RECOVERY PLAN 

 
April 2015 

 
Action:  The U.S. Fish and Wildlife Service (Service) will conduct a species status assessment 
(SSA) as a first step to understand the current status of the contiguous United States distinct 
population segment (DPS) of the Canada lynx (Lynx canadensis), currently listed as threatened 
under the Endangered Species Act (Act).  This SSA will serve as the basis for the five-year status 
review (initiated in 2007; 72 FR 19549) required under the Act and to inform and streamline the 
court-ordered recovery plan (due January15, 2018), assuming such a plan is deemed necessary1. 
The SSA report would also provide the scientific foundation to support future rulemaking in 
accordance with the Act should the five-year review indicate that a change in the DPS’s listing 
status is warranted.   
 
Goals of the Project Plan:  (1) To facilitate application of the SSA framework to produce a 
scientifically defensible five-year review of the status of the lynx DPS and a subsequent recovery 
plan,  if neededone is deemed necessary; and (2) to ensure that expectations for these processes, 
are clear including approach, roles and responsibilities, and schedule, are clear and for that 
managers to beare aware of and have agreed to these expectations. 
  
Project Approach:  We intend to apply the SSA framework to the lynx DPS and use the SSA 
results to inform both the five-year review and the recovery planning process.  The lead field 
office (FO) will work with other Service Rregions and FOs in the DPS range to gather and 
evaluate all relevant information that has become available since our March 2000 listing rule (65 
FR 16053) and our July 2003 Remanded Determination of Status (68 FR 40076) for the lynx 
DPS.  We will avail ourselves of recent efforts to summarize the available scientific literature for 
lynx, including the September 2014 final revised critical habitat designation for the DPS (79 FR 
54781) and the 2013 revised interagency Lynx Conservation Assessment and Strategy (LCAS; 
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf).  The FOs 
will keep partner agencies informed about progress and request their participation and reviews as 
appropriate.  
 

Species Status Assessment:  The SSA framework is a new national Service guidance 
providing a new methodology for assessing the status of species, which can help inform species 
listing, status, and recovery determinations that the Service is required to make in accordance 
with section 4(c)(2) of the Act (https://sites.google.com/a/fws.gov/ssa/about-SSA).  Using the 
SSA framework, we will evaluate the viability of the lynx DPS and potential threats to its 
viability using the principles of representation, resilience, and redundancy.  The SSA also will 
provide critical information needed to guide the recovery planning process, including 
                                                           
1 The Act requires recovery plans for listed species unless a determination is made that such plan will not promote 
the conservation of the species.  If the five-year status review concludes that the DPS warrants delisting, we would 
likely pursue a formal determination that the species is exempt from recovery planning as such a plan would be 
unnecessary (if the species is already recovered, a plan is not needed to move the species to the point of recovery 
and would therefore not promote the conservation of the species).  Although the five-year review is not a final 
agency action, the memorandum exempting the species from recovery planning (should we reach that conclusion) 
would be. 



 

identification of the primary threats to the lynx DPS that remain to be resolved, if any.  
Completion of the SSA is the first step in theis process of reviewingdetermining the current 
status of the Canada lynx.  We anticipate that the SSA will be completed by October 2015.   
 

Five-year Review:  The five-year review, required by statute,  is envisioned as the second 
step in this process.  We anticipate that the five-year review would will be a streamlined 
document relying heavily on and referring to the SSA.  The five-year review will consider the 
SSA’s scientific determinations and make recommendations regarding the status of the DPS in 
accordance with the Act.  The three possible outcomes of the five-year review are that the lynx 
DPS should: (1) remain listed as threatened; (2) be uplisted to endangered; or (3) be 
delisted.  Outcome (1) would indicate the need to next complete a recovery plan by the court-
ordered deadline; outcome (2) would indicate that both a recovery plan and a future listing rule 
are needed; and outcome (3) would require both a formal determination via memorandum that 
the DPS is exempt from recovery planning and a future listing rule.  We anticipate the five-year 
review will be drafted by November 2015 and finalized by January 2016.   
 

Recovery Plan:  If a recovery plan is necessary, it will be informed by both the SSA and 
the five-year review.  The recovery plan would include an introduction summarizing the 
recovery vision (what a recovered DPS would “look” like) and recovery strategy (the route 
selected to get the species to recovery).  It also would include: (1) objective and measurable 
criteria that when met would allow delisting (including, to the extent feasibleas practicable, 
demographic and threats-based recovery criteria); (2) site-specific management actions needed to 
achieve the criteria; and (3) time and cost estimates to achieve delisting.  Pursuant to the 
Service’s new recovery planning paradigm – , the Recovery Enhancement Vision (REV; 
USFWS 2014, https://sites.google.com/a/fws.gov/rev/) – , the SSA will facilitate development of 
a streamlined recovery plan that focuses on these three statutory requirements.  If planning is 
needed, wWe intend to complete the draft recovery plan by October 2016.  The recovery 
planning process will include peer review and opportunities for public review and comment on 
the draft recovery plan prior to completion of a final recovery plan.  If undertaken, tThe recovery 
plan, if necessary,  will be finalized prior to the January 15, 2018, court deadline.   
 

Project Lead:  This project will be led by the Montana Ecological Services Field Office 
(MTFO).  Within this office, Jim Zelenak is the species lead and will serve as the project and 
team lead.  This role includes cross-regional intra-Service organizing, coordinating with outside 
partners and experts as appropriate, and developing a project schedule and ensuring adherence to 
associated deadlines.  It also includes primary authorship of the SSA report, five-year review, 
and, if necessary, the recovery plan.   
 

Project Team:  The Mountain-Prairie Region (6) is the lead Service Rregion for 
lynx.  However, within the DPS range, lynx subpopulations currently occur in parts of 9 states 
(CO, ID, ME, MN, MT, NH, VT, WA, and WY).  Lynx associated with these subpopulations or 
other lynx populations in southern Canada also may occur (usually rarely, intermittently, and 
temporarily) in other states (MI, ND, NE, NM, NY, OR, SD, UT, and WI), and dispersing lynx 
also have occurred very rarely in CT, IA, IL, IN, MA, PA, and NV.  Because the DPS spans 
parts of four other Service regions (1, 2, 3, and 5), it will be especially important that field 
biologists most familiar with the status of lynx in the various subpopulations within the DPS 

https://sites.google.com/a/fws.gov/rev/


 

assist with (1) collection and interpretation of information relating to the status of and potential 
threats to those subpopulations; (2) contacting and arranging participation by lynx experts most 
familiar with the status, ecology, population dynamics, and habitat needs of those 
subpopulations; and (3) writing, editing, and reviewing relevant parts of the SSA report, five-
year review, and recovery plan, if needed.  We expect that the appropriate biologists from the 
Maine, Twin Cities, Northern Idaho, Wenatchee, Wyoming, Colorado, and Western Colorado 
FOs will receive supervisory approval to participate consistently on the Project Team and 
contribute meaningfully to the development, review, and completion of the SSA report, five-year 
review, and recovery plan.  We further expect that biologists from the New England, New York, 
Michigan, Wisconsin, Idaho, Eastern Idaho, Spokane, Oregon, Utah, and New Mexico FOs will 
receive supervisory approval to participate as needed in the development, review, and 
completion of these documents.  

 
Management Team:  In addition to field biologists, we expect that Field Supervisors from 

the Maine, Twin Cities, Northern Idaho, Wenatchee, Wyoming, Colorado, and Western 
Colorado FOs will assist with coordination with State and Tribal and other federal stakeholders, 
participate in document review, and obtain Rregional Ooffice (RO) concurrence with status 
determinations and final decisions/documents.  RO representation from affected regions also is 
essential to this process, as is headquarters (HQ) participation and guidance.  We expect that 
regional ESA Branch Chiefs and/or regional Recovery Coordinators from Rregions 1, 2, 3, and 
5, and HQ Listing and/or Recovery staff will participate in document review and concurrence 
processes.  Legal staff may also engage or be consulted at various points in this process. 
 

Focus on Science First – We intend to conduct a thorough scientific review of the lynx 
DPS and to work with our partners to make sure we have and use the best available information 
to develop the SSA report, the five-year review, and to guide any subsequent recovery 
planning.  During the SSA and development of the five-year review, we will conduct a structured 
threats assessment using outlines, webinars, expert elicitation, and other intermediate products, 
and we will brief the Management Team as necessary throughout the process.  During the 
recovery planning process, we will also bring together experts from the lynx research and 
management arenas. 
 

SSA, five-year Review, and Recovery Planning Collaborative Process:  We have broken 
the SSA, five-year review, and recovery planning/listing processes down into the following 
seven phases: 

 
• Phase 1 – Information Collection.  The lynx’s current distribution in the contiguous U.S. 

and some aspects of its habitat requirements are fairly well-understood; however, we will 
seek to better understand and analyze its historic and current distributions, subpopulation 
sizes and status, and the degree to which DPS subpopulations rely on immigration from 
populations in Canada.  Additionally, we will focus on the numbers and productivity of 
lynx in each of the DPS subpopulations, how these vary over time, the causes of the 
variation, and the quality and conservation status of lynx and hare habitats within the 
DPS range.  In addition to the information upon which the 2000 Final Rule listing the 
DPS as threatened was based, Wwe will collect and evaluate all relevant information that 
has become available since the 2000 Final Rule listing the DPS as threatened and 



 

subsequent determinationsthen.  We expect available information to be primarily in the 
form of published, peer-reviewed literature, dissertations and theses obtainable through 
academic search engines.  We will also gather government reports (e.g., the recently-
revised LCAS and survey and monitoring reports from federal, State and Tribal partners) 
and review legal and policy considerations. 

• Phase 2 – Assessment of the DPS’s Conservation Status and Relevant Threats, and 
Completion of the SSA Report.  With the information gathered in Phase 1, we will 
identify and evaluate historical, current, and future threats to lynx and their magnitude 
and relative impact on the viability of the subpopulations that constitute the DPS.  As part 
of the SSA process, wWe will conduct a structured threats assessment, using outlines, 
webinars, and other intermediate products, and brief the Project and Management teams 
as necessary through the processat appropriate junctions.  We will then produce a report 
outlining SSA methods and results. We will compile and analyze this information in the 
SSA report.  We expect Project Team members to participate actively in the collection 
and interpretation of information specific to DPS subpopulations and potential threats to 
them in their geographic areas and to coordinate locally with state and federal agencies, 
Tribes, conservation organizations, the media and the public.  We expect Management 
Team members from each region to review, edit, and approve materials provided by their 
Project Team members in a timely manner.     

• Phase 3 – Decision Making.  The FO will make a preliminary recommendation about the 
DPS’s legal status (threatened, endangered, or recovered), brief R6 leadership, and then 
provide it the recommendation for review and comment by the rest of the Project and 
Management teams.  A final decision on the status of the DPS will be made by R6 
Regional Director.  

• Phase 4 – Drafting and Ddisseminating the Ffive-year Review.  Based on the SSA report 
and the R6RD decision on the DPS’s status, the lead FO biologist will draft the five-year 
review with input from and review by the Project and Management teams.  We will work 
with R6 EA staff, who will work with their counterparts in the affectedother R regions, to 
draft a news release announcing results and availability of the five-year review and 
supporting SSA report.  We will post both documents at the ECOS Species Profile web 
page (http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073).   

• Phase 5 – Next Steps.  As mentioned above, tThere are three possible outcomes of the 
five-year review, each with different listing and recovery requirements and time lines. 

o Outcome 1:  The lynx DPS continues to warrant listing as threatened under the 
Act (i.e., the threat for which the DPS was listed has not been adequately 
addressed and/or a new threat[s] has been identified such that the DPS remains 
likely to become endangered within the foreseeable future throughout all or a 
significant portion of its range).  In this case, a recovery plan would be necessary, 
so we would convene a Recovery Team and implement the REV process to 
develop draft and final recovery plans consistent with the court-ordered time line 
for completing the final plan by January 2018.  We expect that a streamlined 
recovery plan would be completed that relies heavily on and references the SSA 
report and the five-year review; 

o Outcome 2:  The DPS warrants uplisting to endangered status (i.e., the threat for 
which the DPS was listed remains unresolved or has increased and/or a new 
threat[s] has been identified such that the DPS is now determined to be in danger 
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of extinction throughout all or a significant portion of its range).  In this case, both 
a recovery plan and a future listing rule would be necessary.  As above, we would 
develop draft and final recovery plans that would rely heavily on and reference 
the SSA report and the five-year review; 

o Outcome 3:  The DPS is deemed recovered and warrants delisting (i.e., the threat 
for which the DPS was listed is found to have been adequately addressed and no 
new threat[s] has been identified that is expected to endanger the DPS throughout 
all or a significant portion of its range now or in the reasonably foreseeable 
future).  In this case, we would recommend a formal determination that the 
species is exempt from recovery planning and we would draft a memorandum to 
that effect.  This outcome would also indicate the need for a future listing rule. 

• Phase 6 – Document Review, Concurrence, Surnaming, and Federal Register 
Publication.  We expect that the SSA report, five-year review, and recovery plan will all 
be reviewed by each member of the Project and Management teams and that all final 
documents will receive concurrence from the other regions.  Each reviewer will focus on 
their role and refrain from word-smithing or second guessing issues outside their area of 
expertise.  Each review will be completed in a timely manner.  For Federal Register 
documents, we anticipate surnaming by R6RD, RSOL, and HQ prior to publication.   

• Phase 7 – Outreach.  We will work with R6 EA staff and their counterparts in the other 
regions to develop communications plans for the SSA, five-year review, and/or recovery 
plan as needed.  We will communicate to all affected stakeholders and the public about 
the action we are taking and what it means for them, as laid out in the communications 
plan. 

 
Roles and Responsibilities:  Staff from FOs, ROs, and HQ offices will be expected to work 
together collaboratively to collect information, conduct analyses, and assist in developing 
products necessary to complete the actions identified in this project plan.  Management of the 
process and completion of these actions, though led by the MTFO, will be the shared 
responsibility of the ROs and FOs within the DPS range.  Further, we expect that the individuals 
responsible for these products will be free to communicate and share work products as needed to 
facilitate an efficient process.  However, we also expect that all team members will keep their 
supervisors apprised of progress and any issues that arise.  If necessary to resolve significant 
issues of disagreement, we will follow the elevation process outlined in the August 13, 2009 
“Section 4 Process Memo” (available on the R6 Listing Sharepoint site) until an updated process 
is developed.  Other specific roles and responsibilities are described above in “Project Lead,” 
“Project Team,” “Management Team,” and “SSA, five-year Review, and Recovery Planning 
Collaborative Process.”   
 
Schedule:  The Service announced initiation of the lynx DPS five-year review in April 2007 (72 
FR 19549 19551) but was unable to complete a review then because of court deadlines requiring 
that we revise the 2006 and 2009 critical habitat designations.  The initial notice requested 
information by June 18, 2007, but it was not a formal comment period and noted that we accept 
new information about all listed species at any time.  At that time, we received comments or 
information from seven respondents; two State agencies and five environmental/conservation 
Non-governmental organizations (NGOs).  The status review portion of the current project was 
re-initiated in October 2014, when a biologist was assigned by the MTFO to begin gathering 
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information to evaluate threats to the lynx DPS and update its status accordingly.  In December 
2014, the MTFO drafted a “Dear Interested Party” letter announcing the renewed five-year 
review effort, which was sent to federal, State, and Tribal partners in Montana, as well as to 
other Service regions and FOs within the DPS range as a template for use in notifying their 
partners of the effort.  In January 2015, the Service prepared and distributed a news release 
announcing the five-year review and proposed completion date of June 2015, and soliciting 
information for consideration in the review.  To date, we have received responsive information 
from several federal, State and Tribal agencies, industry organizations, and environmental/ 
conservation NGOs.  In March 2015, it was determined that application the SSA Framework to 
the lynx DPS should precede (and facilitate streamlining of) the five-year review and subsequent 
recovery plan, if needed.   
 
Ultimately, the above goals are intended to inform the need for and content within a recovery 
plan.  We have a court order to complete a recovery plan by January 2018 unless the Service 
determines that the DPS warrants delisting and, therefore, that a recovery plan is not necessary.  
To meet this goal, we anticipate having a draft recovery plan written and beginning the formal 
review process by July 2016.  A list and timing of larger milestones associated with these actions 
can be found in the attached Appendix A.   
 
Coordination:  A range-wide kick-off call will be held in April or May 2015 to seek 
commitments from relevant ROs and FOs, to familiarize team members with the process and 
timeline, and respond to any issues relevant to the SSA, five-year review, and future recovery 
planning.  Subsequent coordination calls with the Project Team, coordinated by the MTFO, will 
be held on a monthly basis.  More frequent calls may be organized around particularly 
challenging issues or during particularly challenging points (such as when a deadline is 
approaching).  These calls will include other Service offices and regions as necessary.  
Additional calls or meetings with affected State, Tribal, and other federal agencies will be 
scheduled as needed.  Meeting internal and court-ordered deadlines for the SSA, five-year 
review, and recovery plan is dependent on all parties fulfilling their roles according to the 
timeline herein.  This project plan may also inform partner and stakeholder expectations. 
 
        Other FWS Regions and Programs:  The lynx DPS occurs (or lynx “may occur”) within 
parts of Service regions 1, 2, 3, 5, and 6, and this effort will require participation by the ROs and 
Ecological Services FOs in those regions, along with potential participation by other programs 
such as Refuges and Partners for Fish and Wildlife.  FO participation will be needed from the 
following states:  R1 (ID, OR, WA); R2 (NM), R3 (MI, MN, WI), R5 (ME, NH, NY [?], VT), 
and R6 (CO, MT, UT, WY). 
   
        Affected State Agencies:  It will be necessary and helpful to coordinate with the wildlife 
and natural resources management agencies of each of the states listed above.  Coordination will 
be especially important with the following state agencies:  Maine Department of Inland Fisheries 
and Wildlife; Minnesota Department of Natural Resources; Montana Fish, Wildlife and Parks; 
Montana Department of Natural Resources and Conservation; Idaho Fish and Game; Washington 
State Department of Fish and Wildlife; Washington State Department of Natural Resources; 
Wyoming Game and Fish Department; Colorado Division of Wildlife; and New Mexico 
Department of Game and Fish.  State agencies within the DPS range were notified of the 

Comment [PM13]: Is it correct to assume that 
next week’s SSA workshop may further inform this 
Coordination section?  In particular, we may want to 
outline how expert vs. stakeholder (non-expert but 
interested parties) may provide input in the 
assessment and decision-making processes, 
respectively. 



 

renewed five-year review effort in December 2014 and January 2015, and they will be contacted 
as appropriate by FOs and/or ROs during development of the SSA, five-year review, and 
recovery planning efforts.  We anticipate at least one meeting with affected states during 
development of the SSA and at least one during recovery planning.  We may also solicit 
participation by State biologists and/or wildlife managers on a recovery team if one is convened.   
      
        Other Federal Agencies:  Federal agency coordination will follow the July 3, 2013 
Interagency Coordination for Rule Development memo and will include the USDA Forest 
Service, Bureau of Land Management, National Park Service, and Bureau of Indian 
Affairs.  Federal agencies within the DPS range were notified of the renewed five-year review 
effort in December 2014 and January 2015, and they will be contacted as appropriate by FOs 
and/or ROs during development of the SSA, five-year review, and recovery planning efforts. 
   
        Affected Tribes:  Tribal lands within the DPS range include those of the Aroostook Band 
of Micmac Indians, the Houlton Band of Maliseets, the Passamaquoddy Tribe, and the Penobscot 
Indian Nation in Maine; the Bois Forte Band of Chippewa, Fond du Lac Band of Lake Superior 
Chippewa,  Grand Portage Chippewa, Leech Lake Band of Ojibwe, Mille Lacs Band of Ojibwe, 
Red Lake Band of Chippewa, and White Earth Nation in Minnesota; the Confederated Salish and 
Kootenai Tribes of the Flathead Indian Reservation and the Blackfeet Tribe of the Blackfeet 
Reservation in Montana; the Coeur d'Alene Tribe, Nez Perce Tribe, and Shoshone-Bannock 
Tribes in Idaho; the Confederated Tribes of the Colville Reservation, the Kalispel Tribe of 
Indians, and the Spokane Tribe of Indians in Washington; the Wind River Indian Reservation in 
Wyoming; the Uintah and Ouray Indian Reservation in Utah; and the Ute Mountain and 
Southern Ute Indian Reservations in Colorado.  Tribes within the DPS range were notified of the 
renewed five-year review effort in December 2014 and January 2015, and they will be contacted 
as appropriate by regional Tribal Liaisons during development of the SSA, five-year review, and 
recovery planning efforts. 
 
 International Coordination:  Because of the suspected importance of connectivity 
between DPS subpopulations and lynx populations in southern Canada in the persistence of the 
DPS subpopulations, it will be important that we coordinate with and seek information from our 
counterparts in the Canadian conservation, management, and lynx research communities.  We 
will seek information on the status of and threats, if any, to lynx populations in Canada that are 
adjacent to and interact with DPS subpopulations. 
 
Budget: No additional funding is available to assist in this effort.  Participating offices should 
fund their participation through existing base funding.  We will likely need GIS support for these 
actions, including high-quality digital maps and hard copy maps.     
 
Project Plan Revisions:  In light of the court deadline for the final recovery plan, we expect that 
we will meet deadlines for all products and any quality benchmarks associated with those 
products.  However, this project plan and the Project Overview can be revised at any time with 
the agreement of the ARD and Project Leader.  If there are unexpected changed circumstances 
due to competing workloads, budgets, resources, etc., we expect early communication about the 
delay and discussion with the Project Lead, Project Team, and Management Team about 
resolution.  Lead time on potential delays should be commensurate with expected delay.  For 
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example, a request for two additional months should not be made the week before a project is 
due.  Further, whatever the results of the five-year review, we expect this project plan will need 
to be revisited soon after the five-year review is signed. 
 
Post-Project Debriefing:  The Project Team and Management Team commit to having a 
conversation after the completion of the project to discuss how this process was implemented, 
what went well, and what can be done better in the future.  This feedback on the process is 
necessary to ensure we are always using the best available practices and working towards greater 
efficiencies. 
 
Project Overview: 
 
Guidance, policy, and template documents can be found 
at: https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/ 
 
Personnel involved in the completion of the Canada lynx SSA, Five-Year Review,  
and Recovery Plan (if necessary) 
Roles Field Office Regional Office HQ RSOL 
Project 
Leads 

Lead FO Biologist 
Jim Zelenak 

Lead RO Biologist 
Seth Willey 

Lead HQ Biologists 
Heather Bell 
Tara Nicolaysen 

Lead 
SOL 
Dana 
Jacobsen 

Project 
Team 

Biologists from the Maine, Twin Cities, Northern 
Idaho, Wenatchee, Wyoming, Colorado, and 
Western Colorado FOs.   

   

Management 
Team 

Jodi Bush, MTFO, Brent Esmoil MTFO; Field 
Supervisors from the Maine, Twin Cities, 
Northern Idaho, Wenatchee, Wyoming, Colorado, 
and Western Colorado FOs.  
 

Bridget Fahey, R6 
TE Chief 
Nicole Alt, R6 
Geographic 
Supervisor 
Mike Thabault, R6 
ARD-ES 
Matt Hogan, R6 
Deputy RD 
Noreen Walsh, R6 
RD 
Recovery 
Coordinators, TE 
Chiefs, and ARDs-
ES - R1, R2, R3, and 
R5 
 

??  

Others 
Involved 

Biologists from the New England, New York, 
Michigan, Wisconsin, Idaho, Eastern Idaho, 
Spokane, Oregon, Utah, and New Mexico FOs as 
needed 

Ext Affairs 
Specialists, 
ARDs-Ext Affairs, 
and Tribal Liaisons -  
R6, R1, R2, R3, and 
R5 
 
 

  

 

Document Review: 
 

https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/


 

Jim Zelenak is the lead author for these actions.  Other MTFO reviewers include Brent Esmoil 
and Jodi Bush.  All members of the Project Team are expected to provide appropriate scientific 
review of draft documents.  Management Team members are expected to review final documents 
and provide regional concurrence with them as needed.  Seth Willey and Bridget Fahey are 
expected to provide appropriate policy review for the drafts.  Dana Jacobsen will provide an 
assessment of legal risk.  Mike Thabault will provide an abbreviated review for “big picture” 
issues. 
 
 
Signed: 
 

______________________________                       ______________________________ 
Assistant Regional Director, R6   Project Leader, Montana Field Office 
 
       ______________________________ 
       Project Leader, Wyoming Field Office 
 
       ______________________________ 
       Project Leader, Colorado Field Office 
 
       ______________________________ 
       Project Leader, W. Colorado Field Office 
 
__________________________   ______________________________ 
Assistant Regional Director, R1   Project Leader, Wenatchee Field Office 
 
       ______________________________ 
       Project Leader, E. Washington Field Office 
 
       ______________________________ 
       Project Leader, N. Idaho Field Office 
 
______________________________  ______________________________ 
Assistant Regional Director, R2   Project Leader, New Mexico Field Office 
 
______________________________  ______________________________ 
Assistant Regional Director, R3   Project Leader, Twin Cities Field Office 
 
______________________________  ______________________________ 
Assistant Regional Director, R5   Project Leader, Maine Field Office 
 
       ______________________________ 
       Project Leader, New England Field Office   

Comment [SLW17]:  Should we list the offices 
we envision signing?  
 
JZ – All listed from whom we will require 
commitment/participation.  May also need to reach 
out to Oregon, Utah, Michigan, Wisconsin, Vermont, 
perhaps New York… 



 

Appendix A 
Schedule for Canada Lynx Five-Year Review and, if necessary, Recovery Plan 

 
Date Milestone 
April 18, 2007 FWS announced initiation of five-year review of lynx DPS (72 FR 19549). 
Dec. 8, 2014 “Dear Interested Party” letter sent to Montana State, Federal, Tribal partners and to 

other FWS ROs and FOS announcing the re-initiation of the five-year review for lynx. 
Jan. 13, 2015 FWS news release announcing five-year review and soliciting information to consider 

in the review. 
Ongoing 
beginning 
January  2015 

Work with partners to collect and evaluate available data and information and assess 
threat factors (USFS, BLM, NPS, BIA, State wildlife/natural resources agencies, and 
Tribes). 

April or May, 
2015 

Kick-off call with relevant team members.  Additional coordination calls to be held 
monthly.  The MTFO lead will coordinate the monthly calls.  These calls will include 
other FWS offices. 

  Apr. 29-30, 
2015 

SSA workshop to include lynx discussion/case study (R6 RO). 

May – July 
2015 

Set up meetings, develop and conduct a structured threats assessment, using outlines, 
webinars and other intermediate products, and brief the Management Team as 
necessary through the process.  Draft SSA report with assistance from other regions 
and FOs. 

May 20, 2015 Workshop(s) with State agencies to discuss SSA process and DPS status and threats. 
June 3, 2015 Expert elicitation meeting(s) on distribution, status, and threats (including climate 

change). 
July – Sept. 
2015 

Brief ROs and HQ on findings; submit SSA report for RO/HQ review and 
concurrence. 

Oct. – Dec. 
2015 

Draft streamlined five-year review; submit for RO/HQ/RSOL 
review/concurrence/surname; publish five-year review in FR. 

Jan. 2016 Begin recovery planning processes if necessary; select and invite Recovery Team 
members. 

  Jan. – June 
2016 

Develop DRAFT recovery plan including goals and objectives, implementation plan.   

July – Sept. 
2016 

RO/HQ/RSOL review/surname of DRAFT recovery plan.  Review and concurrence 
from R1, R2, R3, and R5 as needed. 

October 2016 Release DRAFT recovery plan to public and commence peer review and/or publish 
proposed listing rule. 

December 2016 60-day comment period closes on DRAFT recovery plan; peer review also complete. 
January –June 
2017 

Revise DRAFT recovery plan; draft the FINAL recovery plan.  

July-Sept. 2017 RO/HQ/RSOL review/surname of FINAL recovery.  Review and concurrence from 
R1, R2, R3, and R5. 

  December 2017 Finalize recovery plan, publish in FR, and post on webpage; conduct appropriate 
outreach.  Communicate with court as necessary regarding completion and submission 
of FINAL recovery plan in accordance with court-ordered deadline. 

 



From: Belleman, Ann
To: Jim Zelenak
Subject: Fwd: FOR YOUR QUICK REVIEW: DRAFT Project Plan - Lynx SSA, 5-year review, recovery planning
Date: Monday, April 27, 2015 9:24:03 AM
Attachments: 2015 04 15 DRAFT Proj Plan Canada Lynx 5-YR_TSmith .docx

Jim - I apologize for not providing input into this; unfortunately, I have other higher priorities
w/imminent deadlines.  Will be in touch - A
 
Ann Belleman
U.S. Fish and Wildlife Service
Wyoming Ecological Svcs. Field Office
5353 Yellowstone Rd., Suite 308A
Cheyenne, WY 82009

Minnesota/Wisconsin Field Office Complex
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
307-421-5839 (work cell)
307-772-2374 (FWS-Cheyenne, WY)
(612) 725-3548 (FWS-Bloomington, MN)

---------- Forwarded message ----------
From: Smith, Tamara <tamara_smith@fws.gov>
Date: Fri, Apr 24, 2015 at 9:04 AM
Subject: Re: FOR YOUR QUICK REVIEW: DRAFT Project Plan - Lynx SSA, 5-year review,
recovery planning
To: Jim Zelenak <jim_zelenak@fws.gov>
Cc: Lisa Mandell <lisa_mandell@fws.gov>, Peter Fasbender <peter_fasbender@fws.gov>,
Jessica Hogrefe <jessica_hogrefe@fws.gov>, Ann Belleman <ann_belleman@fws.gov>

Hi Jim - 

I reviewed this document an had only a few suggested minor changes - I think it is a solid
plan.  I also included a comment regarding the Wisconsin Field Office, which was merged
with the Twin Cities Field Office a while back, so I am not sure if they should be separated as
they are in this document.  I'm not certain that issue deserves to be corrected in your
document, but thought I should mention it since it will likely be one person who is fulfilling
both the WI and MN duties (me, for now). I think Ann Belleman is still fulfilling the lynx
duties for WYFO for now, although that may change, since she is now part-time for our office
- so we may split the duties for TCFO. Clear as mud? 

Hope all is well with you! 

Have a good weekend,
-Tam

mailto:jim_zelenak@fws.gov
mailto:ann_belleman@fws.gov
mailto:tamara_smith@fws.gov
mailto:jim_zelenak@fws.gov
mailto:lisa_mandell@fws.gov
mailto:peter_fasbender@fws.gov
mailto:jessica_hogrefe@fws.gov
mailto:ann_belleman@fws.gov


On Wed, Apr 15, 2015 at 1:58 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Hello.   

Attached please find our DRAFT project plan for Canada lynx.  We are requesting your
review of the draft document with any suggested revisions or comments by April 24 COB.  

The Project Plan discusses our intention to apply the Species Status Assessment (SSA)
framework and complete an SSA report to inform and streamline the five-year review for
the lynx DPS as well as subsequent recovery plan and future listing rules as needed based on
the SSA and five-year review.

The Project Plan also specifically identifies the level of involvement that we are requesting
from each involved office.  Committed participation and assistance from the other regions
and field offices within the DPS range will be essential to completing the tasks outlined in
the draft plan particularly given the broad geographic distribution of the DPS, the differing
management and conservation issues facing the various subpopulations, and the need to
coordinate with States, Tribes, other Federal agencies, and our counterparts in southern
Canada, 

Please review the attached draft and provide Jim Zelenak with your comments/concerns no
later than April 24.  If you require additional time for your review, please contact us to
discuss this.  

Thank you for your time.  JB

As an aside, if anyone is interested in attending the SSA workshop April 29-30 in Denver
please contact Jim Zelanak.  This is pretty short notice, but knowledgeable staff may find it
worthwhile.   

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425

mailto:jodi_bush@fws.gov


612-725-3548 ext. 2219
612-600-1599 cell 



 

DRAFT CANADA LYNX PROJECT PLAN TO COMPLETE 
A SPECIES STATUS ASSESSMENT, FIVE-YEAR REVIEW, AND RECOVERY PLAN 

 
April 2015 

 
Action:  The Service will conduct a species status assessment (SSA) as a first step to understand 
the current status of the contiguous United States distinct population segment (DPS) of the 
Canada lynx (Lynx canadensis), currently listed as threatened under the Endangered Species Act 
(Act).  This SSA will serve as the basis for the five-year status review (initiated in 2007; 72 FR 
19549) required under the Act and to inform and streamline the court-ordered recovery plan (due 
January15, 2018), assuming such a plan necessary1. The SSA report would also provide the 
scientific foundation to support future rulemaking in accordance with the Act should the five-
year review indicate that a change in the DPS’s listing status is warranted.   
 
Goals of the Project Plan:  (1) To facilitate application of the SSA framework to produce a 
scientifically defensible five-year review of the status of the lynx DPS and a subsequent recovery 
plan if one is deemed necessary; and (2) to ensure that expectations for these processes are clear 
including approach, roles and responsibilities, and schedule, and for managers to be aware of and 
have agreed to these expectations. 
  
Project Approach:  We intend to apply the SSA framework to the lynx DPS and use the SSA 
results to inform both the five-year review and the recovery planning process.  The lead field 
office (FO) will work with other regions and FOs in the DPS range to gather and evaluate all 
relevant information that has become available since our March 2000 listing rule (65 FR 16053) 
and our July 2003 Remanded Determination of Status (68 FR 40076) for the lynx DPS.  We will 
avail ourselves of recent efforts to summarize the available scientific literature for lynx, 
including the September 2014 final revised critical habitat designation for the DPS (79 FR 
54781) and the 2013 revised interagency Lynx Conservation Assessment and Strategy (LCAS; 
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf).  The FOs 
will keep partner agencies informed about progress and request their participation and reviews as 
appropriate.  
 

Species Status Assessment:  The SSA framework is national Service guidance providing 
a new methodology for assessing the status of species which can help inform species listing, 
status, and recovery determinations the Service is required to make in accordance with section 
4(c)(2) of the Act (https://sites.google.com/a/fws.gov/ssa/about-SSA).  Using the SSA 
framework, we will evaluate the viability of the lynx DPS and potential threats to its viability 
using the principles of representation, resilience, and redundancy.  The SSA also will provide 
critical information needed to guide the recovery planning process including identification of the 

                                                           
1 The Act requires recovery plans for listed species unless a determination is made that such plan will not promote 
the conservation of the species.  If the DPS warrants delisting, we would likely pursue a formal determination that 
the species is exempt from recovery planning as such a plan would be unnecessary (if the species is already 
recovered, a plan is not needed to move the species to the point of recovery and would therefore not promote the 
conservation of the species).  Although the five-year review is not a final agency action, the memorandum 
exempting the species from recovery planning (should we reach that conclusion) would be. 



 

primary threats to the lynx DPS that remain to be resolved, if any.  Completion of the SSA is the 
first step in this process.  We anticipate that the SSA will be completed by October 2015.   
 

Five-year Review:  The five-year review, required by statute, is envisioned as the second 
step in this process.  We anticipate that the five-year review would be a streamlined document 
relying heavily on and referring to the SSA.  The five-year review will consider the SSA’s 
scientific determinations and make recommendations regarding the status of the DPS in 
accordance with the Act.  The three possible outcomes recommendations of the five-year review 
are that the lynx DPS should: (1) remain listed as threatened; (2) be uplisted to endangered; or 
(3) be delisted.  Outcome Recommendation (1) would indicate the need to next complete a 
recovery plan by the court-ordered deadline; outcome recommendation (2) would indicate that 
both a recovery plan and a future listing rule are needed; and outcome recommendation (3) 
would require both a formal determination via memorandum that the DPS is exempt from 
recovery planning and a future listing rule.  We anticipate the five-year review will be drafted by 
November 2015 and finalized by January 2016.   
 

Recovery Plan:  If a recovery plan is necessary, it will be informed by both the SSA and 
the five-year review.  The recovery plan would include an introduction summarizing the 
recovery vision (what a recovered DPS would “look” like) and recovery strategy (the route 
selected to get the species to recovery).  It also would include: (1) objective and measurable 
criteria that when met would allow delisting (including, to the extent feasible, demographic and 
threats-based recovery criteria); (2) site-specific management actions needed to achieve the 
criteria; and (3) time and cost estimates to achieve delisting.  Pursuant to the Service’s new 
recovery paradigm, the Recovery Enhancement Vision (REV; USFWS 2014, 
https://sites.google.com/a/fws.gov/rev/), the SSA will facilitate development of a streamlined 
recovery plan that focuses on these three statutory requirements.  We intend to complete the draft 
recovery plan by October 2016.  The recovery planning process will include peer review and 
opportunities for public review and comment on the draft recovery plan prior to completion of a 
final recovery plan.  The recovery plan, if necessary, will be finalized prior to the January 15, 
2018 court deadline.   
 

Project Lead:  This project will be led by the Montana Ecological Services Field Office 
(MTFO).  Within this office, Jim Zelenak is the species lead and will serve as the project and 
team lead.  This role includes cross-regional intra-Service organizing, coordinating with outside 
partners and experts as appropriate, and developing a project schedule and ensuring adherence to 
associated deadlines.  It also includes primary authorship of the SSA report, five-year review 
and, if necessary, the recovery plan.   
 

Project Team:  The Mountain-Prairie Region (6) is the lead region for lynx.  However, 
within the DPS range, lynx subpopulations currently occur in parts of 9 states (CO, ID, ME, MN, 
MT, NH, VT, WA, and WY).  Lynx associated with these subpopulations or other lynx 
populations in southern Canada also may occur (usually rarely, intermittently, and temporarily) 
in other states (MI, ND, NE, NM, NY, OR, SD, UT, and WI), and dispersing lynx also have 
occurred very rarely in CT, IA, IL, IN, MA, PA, and NV.  Because the DPS spans parts of four 
other Service regions (1, 2, 3, and 5), it will be especially important that field biologists most 
familiar with the status of lynx in the various subpopulations within the DPS assist with (1) 



 

collection and interpretation of information relating to the status of and potential threats to those 
subpopulations; (2) contacting and arranging participation by lynx experts most familiar with the 
status, ecology, population dynamics, and habitat needs of those subpopulations; and (3) writing, 
editing, and reviewing relevant parts of the SSA report, five-year review, and recovery plan, if 
needed.  We expect that the appropriate biologists from the Maine, Twin Cities, Northern Idaho, 
Wenatchee, Wyoming, Colorado, and Western Colorado FOs will receive supervisory approval 
to participate consistently on the Project Team and contribute meaningfully to the development, 
review, and completion of the SSA report, five-year review, and recovery plan.  We further 
expect that biologists from the New England, New York, Michigan, Wisconsin, Idaho, Eastern 
Idaho, Spokane, Oregon, Utah, and New Mexico FOs will receive supervisory approval to 
participate as needed in the development, review and completion of these documents.  

 
Management Team:  In addition to field biologists, we expect that Field Supervisors from 

the Maine, Twin Cities, Northern Idaho, Wenatchee, Wyoming, Colorado, and Western 
Colorado FOs will assist with coordination with State and Tribal and other federal stakeholders, 
participate in document review, and obtain regional office (RO) concurrence with status 
determinations and final decisions/documents.  RO representation from affected regions also is 
essential to this process, as is headquarters (HQ) participation and guidance.  We expect that 
regional ESA Branch Chiefs and/or regional Recovery Coordinators from regions 1, 2, 3, and 5 
and HQ Listing and/or Recovery staff will participate in document review and concurrence 
processes.  Legal staff may also engage or be consulted at various points in this process. 
 

Focus on Science First – We intend to conduct a thorough scientific review of the lynx 
DPS and to work with our partners to make sure we have and use the best available information 
to develop the SSA report, the five-year review, and to guide any subsequent recovery 
planning.  During the SSA and development of the five-year review, we will conduct a structured 
threats assessment using outlines, webinars, expert elicitation, and other intermediate products, 
and will brief the Management Team as necessary throughout the process.  During the recovery 
planning process, we will also bring together experts from the lynx research and management 
arenas. 
 

SSA, five-year Review, and Recovery Planning Collaborative Process:  We have broken 
the SSA, five-year review, and recovery planning/listing processes down into the following 
seven phases: 

 
• Phase 1 – Information Collection.  The lynx’s current distribution in the contiguous U.S. 

and some aspects of its habitat requirements are fairly well-understood; however, we will 
seek to better understand and analyze its historic and current distributions, subpopulation 
sizes and status, and the degree to which DPS subpopulations rely on immigration from 
populations in Canada.  Additionally, we will focus on the numbers and productivity of 
lynx in each of the DPS subpopulations, how these vary over time, the causes of the 
variation, and the quality and conservation status of lynx and hare habitats within the 
DPS range.  We will collect and evaluate all relevant information that has become 
available since the 2000 Final Rule listing the DPS as threatened and subsequent 
determinations.  We expect available information to be primarily in the form of 
published, peer-reviewed literature obtainable through academic search engines.  We will 

Comment [TAS1]: The Twin Cities Field Office 
and Wisconsin Field Office have merged.  So, it is 
highly likely that there will be one person who will 
serve in both roles for MN and WI. 



 

also gather government reports (e.g., the recently-revised LCAS and survey and 
monitoring reports from federal, State and Tribal partners) and review legal and policy 
considerations. 

• Phase 2 – Assessment of the DPS’s Conservation Status and Relevant Threats, and 
Completion of the SSA Report.  With the information gathered in Phase 1, we will 
identify and evaluate historical, current, and future threats to lynx and their magnitude 
and relative impact on the viability of the subpopulations that constitute the DPS.  We 
will conduct a structured threats assessment, using outlines, webinars and other 
intermediate products, and brief the Project and Management teams as necessary through 
the process.  We will compile and analyze this information in the SSA report.  We expect 
Project Team members to participate actively in the collection and interpretation of 
information specific to DPS subpopulations and potential threats to them in their 
geographic areas and to coordinate locally with state and federal agencies, Tribes, 
conservation organizations, the media and the public.  We expect Management Team 
members from each region to review, edit, and approve materials provided by their 
Project Team members in a timely manner.     

• Phase 3 – Decision Making.  The FO will make a preliminary recommendation about the 
DPS’s legal status (threatened, endangered, or recovered), brief R6 leadership, and then 
provide it for review and comment by the rest of the Project and Management teams.  A 
final decision on the status of the DPS will be made by R6 Regional Director.  

• Phase 4 – Drafting and disseminating the five-year Review.  Based on the SSA report 
and the R6RD decision on the DPS’s status, the lead FO biologist will draft the five-year 
review with input from and review by the Project and Management teams.  We will work 
with R6 EA staff, who will work with their counterparts in the affected regions, to draft a 
news release announcing results and availability of the five-year review and supporting 
SSA report.  We will post both documents at the ECOS Species Profile web page 
(http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073).   

• Phase 5 – Next Steps.  There are three possible outcomes recommendations of the five-
year review, each with different listing and recovery requirements and time lines. 

o Outcome 1:  The lynx DPS continues to warrant listing as threatened under the 
Act (i.e., the threat for which the DPS was listed has not been adequately 
addressed and/or a new threat[s] has been identified such that the DPS remains 
likely to become endangered within the foreseeable future throughout all or a 
significant portion of its range).  In this case, a recovery plan would be necessary, 
so we would convene a Recovery Team and implement the REV process to 
develop draft and final recovery plans consistent with the court-ordered time line 
for completing the final plan by January 2018.  We expect that a streamlined 
recovery plan would be completed that relies heavily on and references the SSA 
report and the five-year review; 

o Outcome 2:  The DPS warrants uplisting to endangered status (i.e., the threat for 
which the DPS was listed remains unresolved or has increased and/or a new 
threat[s] has been identified such that the DPS is now determined to be in danger 
of extinction throughout all or a significant portion of its range).  In this case, both 
a recovery plan and a future listing rule would be necessary.  As above, we would 
develop draft and final recovery plans that would rely heavily on and reference 
the SSA report and the five-year review; 
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o Outcome 3:  The DPS is deemed recovered and warrants delisting (i.e., the threat 
for which the DPS was listed is found to have been adequately addressed and no 
new threat[s] has been identified that is expected to endanger the DPS throughout 
all or a significant portion of its range now or in the reasonably foreseeable 
future).  In this case, we would recommend a formal determination that the 
species is exempt from recovery planning and we would draft a memorandum to 
that effect.  This outcome would also indicate the need for a future delisting rule. 

• Phase 6 – Document Review, Concurrence, Surnaming, and Federal Register 
Publication.  We expect that the SSA report, five-year review, and recovery plan will all 
be reviewed by each member of the Project and Management teams and that all final 
documents will receive concurrence from the other regions.  Each reviewer will focus on 
their role and refrain from word-smithing or second guessing issues outside their area of 
expertise.  Each review will be completed in a timely manner.  For Federal Register 
documents, we anticipate surnaming by R6RD, RSOL, and HQ prior to publication.   

• Phase 7 – Outreach.  We will work with R6 EA staff and their counterparts in the other 
regions to develop communications plans for the SSA, five-year review, and/or recovery 
plan as needed.  We will communicate to all affected stakeholders and the public about 
the action we are taking and what it means for them, as laid out in the communications 
plan. 

 
Roles and Responsibilities:  Staff from FOs, ROs, and HQ offices will be expected to work 
together collaboratively to collect information, conduct analyses, and assist in developing 
products necessary to complete the actions identified in this project plan.  Management of the 
process and completion of these actions, though led by the MTFO, will be the shared 
responsibility of the ROs and FOs within the DPS range.  Further, we expect that the individuals 
responsible for these products will be free to communicate and share work products as needed to 
facilitate an efficient process.  However, we also expect that all team members will keep their 
supervisors apprised of progress and any issues that arise.  If necessary to resolve significant 
issues of disagreement, we will follow the elevation process outlined in the August 13, 2009 
“Section 4 Process Memo” (available on the R6 Listing Sharepoint site) until an updated process 
is developed.  Other specific roles and responsibilities are described above in “Project Lead,” 
“Project Team,” “Management Team,” and “SSA, five-year Review, and Recovery Planning 
Collaborative Process.”   
 
Schedule:  The Service announced initiation of the lynx DPS five-year review in April 2007 (72 
FR 19549 19551) but was unable to complete a review then because of court deadlines requiring 
that we revise the 2006 and 2009 critical habitat designations.  The initial notice requested 
information by June 18, 2007, but it was not a formal comment period and noted that we accept 
new information about all listed species at any time.  At that time, we received comments or 
information from seven respondents; two State agencies and five environmental/conservation 
Non-governmental organizations (NGOs).  The status review portion of the current project was 
re-initiated in October 2014, when a biologist was assigned by the MTFO to begin gathering 
information to evaluate threats to the lynx DPS and update its status accordingly.  In December 
2014, the MTFO drafted a “Dear Interested Party” letter announcing the renewed five-year 
review effort, which was sent to federal, State, and Tribal partners in Montana, as well as to 
other Service regions and FOs within the DPS range as a template for use in notifying their 



 

partners of the effort.  In January 2015, the Service prepared and distributed a news release 
announcing the five-year review and proposed completion date of June 2015, and soliciting 
information for consideration in the review.  To date, we have received responsive information 
from several federal, State and Tribal agencies, industry organizations, and environmental/ 
conservation NGOs.  In March 2015, it was determined that application the SSA Framework to 
the lynx DPS should precede (and facilitate streamlining of) the five-year review and subsequent 
recovery plan, if needed.   
 
Ultimately, the above goals are intended to inform the need for and content within a recovery 
plan.  We have a court order to complete a recovery plan by January 2018 unless the Service 
determines that the DPS warrants delisting and, therefore, that a recovery plan is not necessary.  
To meet this goal, we anticipate having a draft recovery plan written and beginning the formal 
review process by July 2016.  A list and timing of larger milestones associated with these actions 
can be found in the attached Appendix A.   
 
Coordination:  A range-wide kick-off call will be held in April or May 2015 to seek 
commitments from relevant ROs and FOs, to familiarize team members with the process and 
timeline, and respond to any issues relevant to the SSA, five-year review, and future recovery 
planning.  Subsequent coordination calls with the Project Team, coordinated by the MTFO, will 
be held on a monthly basis.  More frequent calls may be organized around particularly 
challenging issues or during particularly challenging points (such as when a deadline is 
approaching).  These calls will include other Service offices and regions as necessary.  
Additional calls or meetings with affected State, Tribal, and other federal agencies will be 
scheduled as needed.  Meeting internal and court-ordered deadlines for the SSA, five-year 
review, and recovery plan is dependent on all parties fulfilling their roles according to the 
timeline herein.  This project plan may also inform partner and stakeholder expectations. 
 
        Other FWS Regions and Programs:  The lynx DPS occurs (or lynx “may occur”) within 
parts of Service regions 1, 2, 3, 5, and 6, and this effort will require participation by the ROs and 
Ecological Services FOs in those regions, along with potential participation by other programs 
such as Refuges and Partners for Fish and Wildlife.  FO participation will be needed from the 
following states:  R1 (ID, OR, WA); R2 (NM), R3 (MI, MN, WI), R5 (ME, NH, NY [?], VT), 
and R6 (CO, MT, UT, WY). 
   
        Affected State Agencies:  It will be necessary and helpful to coordinate with the wildlife 
and natural resources management agencies of each of the states listed above.  Coordination will 
be especially important with the following state agencies:  Maine Department of Inland Fisheries 
and Wildlife; Minnesota Department of Natural Resources; Montana Fish, Wildlife and Parks; 
Montana Department of Natural Resources and Conservation; Idaho Fish and Game; Washington 
State Department of Fish and Wildlife; Washington State Department of Natural Resources; 
Wyoming Game and Fish Department; Colorado Division of Wildlife; and New Mexico 
Department of Game and Fish.  State agencies within the DPS range were notified of the 
renewed five-year review effort in December 2014 and January 2015, and they will be contacted 
as appropriate by FOs and/or ROs during development of the SSA, five-year review, and 
recovery planning efforts.  We anticipate at least one meeting with affected states during 



 

development of the SSA and at least one during recovery planning.  We may also solicit 
participation by State biologists and/or wildlife managers on a recovery team if one is convened.   
      
        Other Federal Agencies:  Federal agency coordination will follow the July 3, 2013 
Interagency Coordination for Rule Development memo and will include the USDA Forest 
Service, Bureau of Land Management, National Park Service, and Bureau of Indian 
Affairs.  Federal agencies within the DPS range were notified of the renewed five-year review 
effort in December 2014 and January 2015, and they will be contacted as appropriate by FOs 
and/or ROs during development of the SSA, five-year review, and recovery planning efforts. 
   
        Affected Tribes:  Tribal lands within the DPS range include those of the Aroostook Band 
of Micmac Indians, the Houlton Band of Maliseets, the Passamaquoddy Tribe, and the Penobscot 
Indian Nation in Maine; the Bois Forte Band of Chippewa, Fond du Lac Band of Lake Superior 
Chippewa,  Grand Portage Chippewa, Leech Lake Band of Ojibwe, Mille Lacs Band of Ojibwe, 
Red Lake Band of Chippewa, and White Earth Nation in Minnesota; the Confederated Salish and 
Kootenai Tribes of the Flathead Indian Reservation and the Blackfeet Tribe of the Blackfeet 
Reservation in Montana; the Coeur d'Alene Tribe, Nez Perce Tribe, and Shoshone-Bannock 
Tribes in Idaho; the Confederated Tribes of the Colville Reservation, the Kalispel Tribe of 
Indians, and the Spokane Tribe of Indians in Washington; the Wind River Indian Reservation in 
Wyoming; the Uintah and Ouray Indian Reservation in Utah; and the Ute Mountain and 
Southern Ute Indian Reservations in Colorado.  Tribes within the DPS range were notified of the 
renewed five-year review effort in December 2014 and January 2015, and they will be contacted 
as appropriate by regional Tribal Liaisons during development of the SSA, five-year review, and 
recovery planning efforts. 
 
 International Coordination:  Because of the suspected importance of connectivity 
between DPS subpopulations and lynx populations in southern Canada in the persistence of the 
DPS subpopulations, it will be important that we coordinate with and seek information from our 
counterparts in the Canadian conservation, management, and lynx research communities.  We 
will seek information on the status of and threats, if any, to lynx populations in Canada that are 
adjacent to and interact with DPS subpopulations. 
 
Budget: No additional funding is available to assist in this effort.  Participating offices should 
fund their participation through existing base funding.  We will likely need GIS support for these 
actions, including high-quality digital maps and hard copy maps.     
 
Project Plan Revisions:  In light of the court deadline for the final recovery plan, we expect that 
we will meet deadlines for all products and any quality benchmarks associated with those 
products.  However, this project plan and the Project Overview can be revised at any time with 
the agreement of the ARD and Project Leader.  If there are unexpected changed circumstances 
due to competing workloads, budgets, resources, etc., we expect early communication about the 
delay and discussion with the Project Lead, Project Team, and Management Team about 
resolution.  Lead time on potential delays should be commensurate with expected delay.  For 
example, a request for two additional months should not be made the week before a project is 
due.  Further, whatever the results of the five-year review, we expect this project plan will need 
to be revisited soon after the five-year review is signed. 

Comment [ZJ3]: NRCS? 

Comment [ZJ4]: We will need each RO/FO or 
regional Tribal Liaison to help us verify these Tribal 
lands that are in the DPS “range.”  This is the best I 
could do using maps/info readily available on line.  
Includes Tribal lands within critical habitat as well as 
those where occasional lynx occurrence would not 
be surprising.  Does not include all tribal lands in all 
the 14 states originally defined as the DPS range. 



 

 
Post-Project Debriefing:  The Project Team and Management Team commit to having a 
conversation after the completion of the project to discuss how this process was implemented, 
what went well, and what can be done better in the future.  This feedback on the process is 
necessary to ensure we are always using the best available practices and working towards greater 
efficiencies. 
 
Project Overview: 
 
Guidance, policy, and template documents can be found 
at: https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/ 
 
Personnel involved in the completion of the Canada lynx SSA, Five-Year Review,  
and Recovery Plan (if necessary) 
Roles Field Office Regional Office HQ RSOL 
Project 
Leads 

Lead FO Biologist 
Jim Zelenak 

Lead RO Biologist 
Seth Willey 

Lead HQ Biologists 
Heather Bell 
Tara Nicolaysen 

Lead 
SOL 
Dana 
Jacobsen 

Project 
Team 

Biologists from the Maine, Twin Cities, Northern 
Idaho, Wenatchee, Wyoming, Colorado, and 
Western Colorado FOs.   

   

Management 
Team 

Jodi Bush, MTFO, Brent Esmoil MTFO; Field 
Supervisors from the Maine, Twin Cities, 
Northern Idaho, Wenatchee, Wyoming, Colorado, 
and Western Colorado FOs.  
 

Bridget Fahey, R6 
TE Chief 
Nicole Alt, R6 
Geographic 
Supervisor 
Mike Thabault, R6 
ARD-ES 
Matt Hogan, R6 
Deputy RD 
Noreen Walsh, R6 
RD 
Recovery 
Coordinators, TE 
Chiefs, and ARDs-
ES - R1, R2, R3, and 
R5 
 

??  

Others 
Involved 

Biologists from the New England, New York, 
Michigan, Wisconsin, Idaho, Eastern Idaho, 
Spokane, Oregon, Utah, and New Mexico FOs as 
needed 

Ext Affairs 
Specialists, 
ARDs-Ext Affairs, 
and Tribal Liaisons -  
R6, R1, R2, R3, and 
R5 
 
 

  

 

Document Review: 
 
Jim Zelenak is the lead author for these actions.  Other MTFO reviewers include Brent Esmoil 
and Jodi Bush.  All members of the Project Team are expected to provide appropriate scientific 
review of draft documents.  Management Team members are expected to review final documents 

https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/


 

and provide regional concurrence with them as needed.  Seth Willey and Bridget Fahey are 
expected to provide appropriate policy review for the drafts.  Dana Jacobsen will provide an 
assessment of legal risk.  Mike Thabault will provide an abbreviated review for “big picture” 
issues. 
 
 
Signed: 
 

______________________________                       ______________________________ 
Assistant Regional Director, R6   Project Leader, Montana Field Office 
 
       ______________________________ 
       Project Leader, Wyoming Field Office 
 
       ______________________________ 
       Project Leader, Colorado Field Office 
 
       ______________________________ 
       Project Leader, W. Colorado Field Office 
 
__________________________   ______________________________ 
Assistant Regional Director, R1   Project Leader, Wenatchee Field Office 
 
       ______________________________ 
       Project Leader, E. Washington Field Office 
 
       ______________________________ 
       Project Leader, N. Idaho Field Office 
 
______________________________  ______________________________ 
Assistant Regional Director, R2   Project Leader, New Mexico Field Office 
 
______________________________  ______________________________ 
Assistant Regional Director, R3   Project Leader, Twin Cities Field Office 
 
______________________________  ______________________________ 
Assistant Regional Director, R5   Project Leader, Maine Field Office 
 
       ______________________________ 
       Project Leader, New England Field Office   

Comment [SLW5]:  Should we list the offices we 
envision signing?  
 
JZ – All listed from whom we will require 
commitment/participation.  May also need to reach 
out to Oregon, Utah, Michigan, Wisconsin, Vermont, 
perhaps New York… 



 

Appendix A 
Schedule for Canada Lynx Five-Year Review and, if necessary, Recovery Plan 

 
Date Milestone 
April 18, 2007 FWS announced initiation of five-year review of lynx DPS (72 FR 19549). 
Dec. 8, 2014 “Dear Interested Party” letter sent to Montana State, Federal, Tribal partners and to 

other FWS ROs and FOS announcing the re-initiation of the five-year review for lynx. 
Jan. 13, 2015 FWS news release announcing five-year review and soliciting information to consider 

in the review. 
Ongoing 
beginning 
January  2015 

Work with partners to collect and evaluate available data and information and assess 
threat factors (USFS, BLM, NPS, BIA, State wildlife/natural resources agencies, and 
Tribes). 

April or May, 
2015 

Kick-off call with relevant team members.  Additional coordination calls to be held 
monthly.  The MTFO lead will coordinate the monthly calls.  These calls will include 
other FWS offices. 

  Apr. 29-30, 
2015 

SSA workshop to include lynx discussion/case study (R6 RO). 

May – July 
2015 

Set up meetings, develop and conduct a structured threats assessment, using outlines, 
webinars and other intermediate products, and brief the Management Team as 
necessary through the process.  Draft SSA report with assistance from other regions 
and FOs. 

May 20, 2015 Workshop(s) with State agencies to discuss SSA process and DPS status and threats. 
June 3, 2015 Expert elicitation meeting(s) on distribution, status, and threats (including climate 

change). 
July – Sept. 
2015 

Brief ROs and HQ on findings; submit SSA report for RO/HQ review and 
concurrence. 

Oct. – Dec. 
2015 

Draft streamlined five-year review; submit for RO/HQ/RSOL 
review/concurrence/surname; publish five-year review in FR. 

Jan. 2016 Begin recovery planning processes if necessary; select and invite Recovery Team 
members. 

  Jan. – June 
2016 

Develop DRAFT recovery plan including goals and objectives, implementation plan.   

July – Sept. 
2016 

RO/HQ/RSOL review/surname of DRAFT recovery plan.  Review and concurrence 
from R1, R2, R3, and R5 as needed. 

October 2016 Release DRAFT recovery plan to public and commence peer review and/or publish 
proposed listing rule. 

December 2016 60-day comment period closes on DRAFT recovery plan; peer review also complete. 
January –June 
2017 

Revise DRAFT recovery plan; draft the FINAL recovery plan.  

July-Sept. 2017 RO/HQ/RSOL review/surname of FINAL recovery.  Review and concurrence from 
R1, R2, R3, and R5. 

  December 2017 Finalize recovery plan, publish in FR, and post on webpage; conduct appropriate 
outreach.  Communicate with court as necessary regarding completion and submission 
of FINAL recovery plan in accordance with court-ordered deadline. 

 



From: Zelenak, Jim
To: Szymanski, Jennifer
Cc: Seth Willey; Mary Parkin
Subject: Re: Lynx plan and prototype
Date: Friday, May 01, 2015 8:20:31 AM

Thanks very much, Jennifer!  I really appreciate you putting these together while I was rambling on and on about
lynx ecology uncertainties, etc.

And I want to thank all 3 of you for helping (forcing?) me to try to organize my thinking about how to proceed with
the SSA and subsequent decision documents.  I feel considerably better informed about the process and key
elements, though no less daunted by the timeline and scope of necessary coordination.

I look forward to working with all of you as we move this thing forward.

Cheers!

Jim

On Thu, Apr 30, 2015 at 4:11 PM, Szymanski, Jennifer <jennifer_szymanski@fws.gov>
wrote:

Hello Friends,

Here you go.  It was a pleasure to work with you all.  I also attached a template worksheet for
REV planning, just for fun!

Have a lovely weekend,
Jennifer

-- 
Jennifer Szymanski
U.S. Fish and Wildlife Service
Division of Endangered Species
   Remotely located at:
U.S. Fish and Wildlife Service Resource Center
555 Lester Avenue
Onalaska, WI 54650
Tel: 608-783-8455; Fax: 608-783-8450
Cell: 608-799-3899
jennifer_szymanski@fws.gov
***My work schedule is:  M, W, Th 6:30 -4:30pm*** 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jennifer_szymanski@fws.gov
mailto:seth_willey@fws.gov
mailto:mary_parkin@fws.gov
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From: Bush, Jodi
To: Zelenak, Jim
Subject: Re: Lynx SSA etc call
Date: Friday, May 01, 2015 2:07:22 PM

please use my calendar availability. 

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, May 1, 2015 at 2:04 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I've heard from both of you that we need a call soon and I agree.  Please let me know which times work or do not
work for you, and I will get the call on our calendars for early next week.

Mon. May 4, 3-4 PM
Tues., May 5, 3-4 PM
Wed., May 6, 3-4 PM

Thanks

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
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From: Belleman, Ann
To: Zelenak, Jim
Subject: Re: Lynx Question
Date: Friday, May 01, 2015 4:10:01 PM

Thanks Jim,

This was an interesting and thoughtful discussion and it definitely articulates some very
important points that I was never fully aware of.  Jake raises an interesting hypothesis and you
did a good job of responding to it.

Thanks again - A

 
Ann Belleman
U.S. Fish and Wildlife Service
Wyoming Ecological Svcs. Field Office
5353 Yellowstone Rd., Suite 308A
Cheyenne, WY 82009

Minnesota/Wisconsin Field Office Complex
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
307-421-5839 (work cell)
307-772-2374 (FWS-Cheyenne, WY)
(612) 725-3548 (FWS-Bloomington, MN)

On Fri, May 1, 2015 at 3:00 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Tyler - as we discussed in Denver, below is the correspondence I had with Jake Ivan in Colorado regarding
lynx in the Southern Rockies.  I've copied Ann, as we just discussed this and your upcoming lynx meeting on the
phone, and I thought maybe this background info would be helpful (because S. Rockies includes south central
WY).  Shawn and I discussed this before I sent it, and I asked Bridget and Justin for their thoughts, but neither
responded, so I sent it to Jake.

I've had Bryon Holt, Kurt Broderdorp, and Gary H. look at it after the fact and none took issue with my response.

I'll leave it to you both to discuss whether it is something you want to share with Lisa, but otherwise please don't
distribute widely.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Mon, Feb 23, 2015 at 7:56 AM
Subject: Re: Lynx Question
To: "Ivan - DNR, Jake" <jake.ivan@state.co.us>

Hi Jake,

mailto:ann_belleman@fws.gov
mailto:jim_zelenak@fws.gov
mailto:ann_belleman@fws.gov
mailto:jim_zelenak@fws.gov
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Sorry about the delay getting back to you.

All good questions and none that I can answer definitively or perhaps even compellingly. 
But I'll try.

I think there is doubt about hare cycles in most of the range of the DPS - that they may be
acyclic or exhibit only low-amplitude cycles in most of the Lower 48, not just in the
Southern Rockies.  Regardless, landscape-level hare densities in most of the DPS range are
much lower than those in boreal forests of Canada and Alaska, and lynx in the DPS have a
con-generic competitor to deal with.  Whether or not hare populations in Colorado/Southern
Rockies cycle does not drive the USFWS position on lynx there.    

I doubt there is consensus that even the Northern Rockies, North Cascades, Great Lakes and
Northeast lynx sub-populations are stable and independent.  For your alternative hypothesis
to be correct, it seems it would require that we think habitat in Colorado is BETTER than
habitat in the Northern Rockies, North Cascades, Great Lakes, and pre-settlement Northeast
- that it could sustain a stable and independent sub-population even when we doubt the
ability of those other places to do so.  Habitat quality and hare densities in parts of
CO/Southern Rockies may be similar to some parts of the rest of the DPS range (though
patchier in distribution than most other parts of the DPS and, of course, more isolated), but I
think it would be a stretch to argue that it is generally better than those other places and
perhaps capable of supporting a stable, independent lynx population when the ability of
those other places to do so remains questionable.

Also, in the absence of genetic evidence indicating that lynx from the Southern Rockies
were any different than those from elsewhere in the Lower 48, and given the well-known
dispersal capabilities of lynx, it seems more likely that the Southern Rockies, like elsewhere
in the DPS range, were influenced by and perhaps dependent on (at least demographically if
not both demographically and genetically), cyclic flushes of lynx out of Canada.  The
greater distance and isolation of potential lynx habitats in the Southern Rockies from source
populations may have, despite the lynx's dispersal capabilities, reduced the likelihood of
demographic rescue of Southern Rockies lynx, resulting in the "blinked off more than
blinked on" status of lynx there suggested by the historical record.

It also seems possible, based on interpretation of the historic record of verified occurrences -
and McKelvey et al. 2008 make a compelling case for why it would be scientifically
inappropriate to use anything but verified data when assessing lynx distribution - that
Colorado and the Southern Rockies never had a persistent, resident lynx population at all. 
The very few verified records might just as easily have been occasional transients associated
with irruptions of lynx out of the north when hare populations crashed, and these individuals
were most likely going to be lost from the population whether they ended up in traps or not. 
I've looked again over Meaney's 2002 evaluation and do not conclude that it demonstrates a
persistent or even semi-persistent lynx sub-population occurred in the Southern Rockies at
the beginning of the last century (when McKelvey et al. 2000 show 4 verified records in the
late 1800s, 1 in 1904-05, 1 in 1925, 1 in 1929, 1 in 1931, and 3 other "reliable" occurrences
in 1930-1936).  I think it provides additional compelling reason to avoid reliance on
anecdotal or questionable occurrence data.  And, as I said in the critical habitat rule, I think
it is compelling that when lynx were occurring in unprecedentedly high numbers elsewhere
in the northern states in the early 1960s and again in the early 1970s, few or none appeared



to be showing up or taking up residence in the Southern Rockies.  

I also have trouble understanding how human-caused factors would have resulted in
decline/extirpation of lynx in Colorado/Southern Rockies while lynx persisted in other
places exposed to the same (or at least similar) anthropogenic factors.  If we assume for the
sake of argument that habitat quality is as good (maybe better?) in the Southern Rockies as
elsewhere within the DPS range, we would have to conclude that the area's apparent
inability to support a persistent lynx population must then be driven by its distance and
isolation from source populations.

Either way, it seems that the most plausible best case scenario is that the Southern Rockies
may have historically supported a small sub-population that was blinked off more than on,
and that the most likely scenario, absent additional translocations of lynx from elsewhere, is
that it will do the same or similar in the future.  As such, how can we conclude that it was or
is essential to the conservation of the DPS?

Like you said, we can never really know for sure, but for the purposes of designating critical
habitat (and recognizing the regulatory measures that flow from such a decision), USFWS
does not have the luxury of sitting on the fence.  We had to adopt a hypothesis based on our
evaluation of the best available information.  Many others (including Tanya, who peer-
reviewed the proposed critical habitat rule for us) surely disagree with our determination,
but in our view it would have been irresponsible to make a determination that would have
imposed regulations on those millions of acres you mentioned because of a plausible
alternative hypothesis that we feel is not as well supported by the evidence as the one we
chose. 

Like you, I imagine there are other reasons/lines of evidence that I may have failed to
consider.  If I had a bigger brain and all the time in the world (pesky court-driven
deadlines!), I may have come to different conclusions.  However, I do feel that the critical
habitat designation is as rational and defensible as it can be.  I'm not particularly confident
the courts will see it the same way, but I am confident we will find out before too long.

Cheers!

Jim

On Tue, Feb 17, 2015 at 10:04 PM, Ivan - DNR, Jake <jake.ivan@state.co.us> wrote:
Hi Jim,

Bob Lanka and I have exchanged emails recently regarding wolverine, lynx, lynx
in WY, etc.  One of them contained an email forwarded from you in which you
said:

"Unfortunate timing with the CO introduction, because it really is an experimental
population in a place that the historical record suggests most likely did not support
a persistent resident lynx population for much of the century prior to listing (and
probably for much longer than that)."

I've always been struck by the USFWS position that lynx were likely never
persistent in the Southern Rockies.  I think this line of thought stems from the idea

mailto:jake.ivan@state.co.us


that lynx populations in the northern contiguous U.S. seem to ebb over time, then
get replenished by the wave of animals that emanates from Canada when the
cycle hits its high points.  Given that the Southern Rockies are far from the wave
of lynx emanating from the north, and the habitat is discontinuous between the
two, it seems unlikely that the wave would ever substantially contribute to lynx
populations in the Southern Rockies, so they probably blinked out more often than
they blinked on.

This hypothesis could well be correct.  However, that line of reasoning assumes
that lynx dynamics in the Southern Rockies are (and have been) dictated by cyclic
activity.  The current thinking in the literature is that snowshoe hares don't cycle in
the Southern Rockies, or if they do it is at a very low amplitude.  Caron Meaney's
papers certainly indicate that lynx were present in the Southern Rockies at the
turn of the 20th century.  Therefore, doesn't it also seem plausible that a relatively
stable post-glacial lynx population persisted in the Southern Rockies
(disconnected from northern populations, but also not reliant on them) until a
variety of human-caused factors caused their decline in the mid-20th century? 
There are millions of acres of suitable habitat, and stable hare populations -
enough to support a few hundred lynx at least.  Why is the prevailing USFWS
hypothesis the one outlined above, when there are other hypotheses that seem
plausible and may line up better with contemporary evidence of lynx-hare-latitude
dynamics?   

I suppose the truth of the matter is we can never know for sure.  I don't bring
this up to cause trouble or instigate an argument.  I'm really simply interested in
a purely scientific discussion, trying to to understand the USFWS perspective on
the issue, and why it seems to have landed on one hypothesis over another.  I'm
guessing there are good reasons and/or lines of evidence that I am unaware of. 
I know you're busy and this isn't pressing at all.  I meant to inquire about this
several times in the past - this recent email string jarred my mind again.  

Jake

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601

mailto:jake.ivan@state.co.us
http://cpw.state.co.us/


(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
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From: Ellwood, Leslie
To: Zelenak, Jim
Subject: Re: Lynx Question
Date: Friday, May 01, 2015 4:26:38 PM

Hi Jim,

Thanks for sharing - I look forward to reading it shortly.

It was good to see you this week.

Leslie

On Fri, May 1, 2015 at 3:54 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Leslie,

Good to see you in Lakewood.  Below is the email exchange I mentioned.  I believe I've already shared this also
with Kurt and a few folks in Wyoming.  I also discussed it with Shawn before sending it.  I'd prefer that you don't
distribute it widely, or talk to me if yuo think others would benefit by seeing it.

Hope you have a great weekend.

Jim
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Mon, Feb 23, 2015 at 7:56 AM
Subject: Re: Lynx Question
To: "Ivan - DNR, Jake" <jake.ivan@state.co.us>

Hi Jake,

Sorry about the delay getting back to you.

All good questions and none that I can answer definitively or perhaps even compellingly. 
But I'll try.

I think there is doubt about hare cycles in most of the range of the DPS - that they may be
acyclic or exhibit only low-amplitude cycles in most of the Lower 48, not just in the
Southern Rockies.  Regardless, landscape-level hare densities in most of the DPS range are
much lower than those in boreal forests of Canada and Alaska, and lynx in the DPS have a
con-generic competitor to deal with.  Whether or not hare populations in Colorado/Southern
Rockies cycle does not drive the USFWS position on lynx there.    

I doubt there is consensus that even the Northern Rockies, North Cascades, Great Lakes and
Northeast lynx sub-populations are stable and independent.  For your alternative hypothesis
to be correct, it seems it would require that we think habitat in Colorado is BETTER than
habitat in the Northern Rockies, North Cascades, Great Lakes, and pre-settlement Northeast
- that it could sustain a stable and independent sub-population even when we doubt the
ability of those other places to do so.  Habitat quality and hare densities in parts of
CO/Southern Rockies may be similar to some parts of the rest of the DPS range (though
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patchier in distribution than most other parts of the DPS and, of course, more isolated), but I
think it would be a stretch to argue that it is generally better than those other places and
perhaps capable of supporting a stable, independent lynx population when the ability of
those other places to do so remains questionable.

Also, in the absence of genetic evidence indicating that lynx from the Southern Rockies
were any different than those from elsewhere in the Lower 48, and given the well-known
dispersal capabilities of lynx, it seems more likely that the Southern Rockies, like elsewhere
in the DPS range, were influenced by and perhaps dependent on (at least demographically if
not both demographically and genetically), cyclic flushes of lynx out of Canada.  The
greater distance and isolation of potential lynx habitats in the Southern Rockies from source
populations may have, despite the lynx's dispersal capabilities, reduced the likelihood of
demographic rescue of Southern Rockies lynx, resulting in the "blinked off more than
blinked on" status of lynx there suggested by the historical record.

It also seems possible, based on interpretation of the historic record of verified occurrences -
and McKelvey et al. 2008 make a compelling case for why it would be scientifically
inappropriate to use anything but verified data when assessing lynx distribution - that
Colorado and the Southern Rockies never had a persistent, resident lynx population at all. 
The very few verified records might just as easily have been occasional transients associated
with irruptions of lynx out of the north when hare populations crashed, and these individuals
were most likely going to be lost from the population whether they ended up in traps or not. 
I've looked again over Meaney's 2002 evaluation and do not conclude that it demonstrates a
persistent or even semi-persistent lynx sub-population occurred in the Southern Rockies at
the beginning of the last century (when McKelvey et al. 2000 show 4 verified records in the
late 1800s, 1 in 1904-05, 1 in 1925, 1 in 1929, 1 in 31, and 3 other "reliable" occurrences in
1930-1936).  I think it provides additional compelling reason to avoid reliance on anecdotal
or questionable occurrence data.  And, as I said in the critical habitat rule, I think it is
compelling that when lynx were occurring in unprecedentedly high numbers elsewhere in
the northern states in the early 1960s and again in the early 1970s, few or none appeared to
be showing up or taking up residence in the Southern Rockies.  

I also have trouble understanding how human-caused factors would have resulted in
decline/extirpation of lynx in Colorado/Southern Rockies while lynx persisted in other
places exposed to the same (or at least similar) anthropogenic factors.  If we assume for the
sake of argument that habitat quality is as good (maybe better?) in the Southern Rockies as
elsewhere within the DPS range, we would have to conclude that the area's apparent
inability to support a persistent lynx population must then be driven by its distance and
isolation from source populations.

Either way, it seems that the most plausible best case scenario is that the Southern Rockies
may have historically supported a small sub-population that was blinked off more than on,
and that the most likely scenario, absent additional translocations of lynx from elsewhere, is
that it will do the same or similar in the future.  As such, how can we conclude that it was or
is essential to the conservation of the DPS?

Like you said, we can never really know for sure, but for the purposes of designating critical
habitat (and recognizing the regulatory measures that flow from such a decision), USFWS
does not have the luxury of sitting on the fence.  We had to adopt a hypothesis based on our
evaluation of the best available information.  Many others (including Tanya, who peer-



reviewed the proposed critical habitat rule for us) surely disagree with our determination,
but in our view it would have been irresponsible to make a determination that would have
imposed regulations on those millions of acres you mentioned because of a plausible
alternative hypothesis that we feel is not as well supported by the evidence as the one we
chose. 

Like you, I imagine there are other reasons/lines of evidence that I may have failed to
consider.  If I had a bigger brain and all the time in the world (pesky court-driven
deadlines!), I may have come to different conclusions.  However, I do feel that the critical
habitat designation is as rational and defensible as it can be.  I'm not particularly confident
the courts will see it the same way, but I am confident we will find out before too long.

Cheers!

Jim

On Tue, Feb 17, 2015 at 10:04 PM, Ivan - DNR, Jake <jake.ivan@state.co.us> wrote:
Hi Jim,

Bob Lanka and I have exchanged emails recently regarding wolverine, lynx, lynx
in WY, etc.  One of them contained an email forwarded from you in which you
said:

"Unfortunate timing with the CO introduction, because it really is an experimental
population in a place that the historical record suggests most likely did not support
a persistent resident lynx population for much of the century prior to listing (and
probably for much longer than that)."

I've always been struck by the USFWS position that lynx were likely never
persistent in the Southern Rockies.  I think this line of thought stems from the idea
that lynx populations in the northern contiguous U.S. seem to ebb over time, then
get replenished by the wave of animals that emanates from Canada when the
cycle hits its high points.  Given that the Southern Rockies are far from the wave
of lynx emanating from the north, and the habitat is discontinuous between the
two, it seems unlikely that the wave would ever substantially contribute to lynx
populations in the Southern Rockies, so they probably blinked out more often than
they blinked on.

This hypothesis could well be correct.  However, that line of reasoning assumes
that lynx dynamics in the Southern Rockies are (and have been) dictated by cyclic
activity.  The current thinking in the literature is that snowshoe hares don't cycle in
the Southern Rockies, or if they do it is at a very low amplitude.  Caron Meaney's
papers certainly indicate that lynx were present in the Southern Rockies at the
turn of the 20th century.  Therefore, doesn't it also seem plausible that a relatively
stable post-glacial lynx population persisted in the Southern Rockies
(disconnected from northern populations, but also not reliant on them) until a
variety of human-caused factors caused their decline in the mid-20th century? 
There are millions of acres of suitable habitat, and stable hare populations -
enough to support a few hundred lynx at least.  Why is the prevailing USFWS
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hypothesis the one outlined above, when there are other hypotheses that seem
plausible and may line up better with contemporary evidence of lynx-hare-latitude
dynamics?   

I suppose the truth of the matter is we can never know for sure.  I don't bring
this up to cause trouble or instigate an argument.  I'm really simply interested in
a purely scientific discussion, trying to to understand the USFWS perspective on
the issue, and why it seems to have landed on one hypothesis over another.  I'm
guessing there are good reasons and/or lines of evidence that I am unaware of. 
I know you're busy and this isn't pressing at all.  I meant to inquire about this
several times in the past - this recent email string jarred my mind again.  

Jake

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Leslie Ellwood
Fish and Wildlife Biologist
USFWS/ES/Colorado Field Office
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134 Union Blvd, Suite 670, Lakewood, CO 80228
P.O. Box 25486, DFC (MS 65412), Denver, CO 80225 
Ph: (303) 236-4747



From: Parkin, Mary
To: Smith, David
Cc: Jennifer Szymanski; Jim Zelenak; Seth Willey; Heather Bell; Jonathan Cummings
Subject: Re: Please include Jonathan when scheduling a call on the lynx SSA
Date: Monday, May 04, 2015 9:21:05 AM

Definitely will do.  In a few minutes, I'm about to set up a doodle poll for a call this week,
with a sidenote: So good to see you all last week ... inspiring!

I'm in the funny position of considering everyone indispensable except me, but I do have the
go-ahead to lend some time to SSA prep and facilitation/elicitation.  We definitely need a
partnership with technical folks, so it'll be imperative to partner with Jennifer, Dave, and/or
Jonathan to achieve the rigor needed in the SSA process.  
Sound ok?

Look for the doodle poll shortly,
Mary

On Mon, May 4, 2015 at 9:49 AM, Smith, David <drsmith@usgs.gov> wrote:
Please include Jonathan when scheduling a call on the lynx SSA for this week.

David R. Smith
USGS - Leetown Science Center
11649 Leetown Road
Kearneysville, WV 25430
drsmith@usgs.gov
304-724-4467
https://profile.usgs.gov/drsmith

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov
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From: Abbott, Tyler
To: Zelenak, Jim
Subject: Re: Lynx Question
Date: Monday, May 04, 2015 12:13:52 PM

thanks Jim!

Tyler

On Fri, May 1, 2015 at 3:00 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Tyler - as we discussed in Denver, below is the correspondence I had with Jake Ivan in Colorado regarding
lynx in the Southern Rockies.  I've copied Ann, as we just discussed this and your upcoming lynx meeting on the
phone, and I thought maybe this background info would be helpful (because S. Rockies includes south central
WY).  Shawn and I discussed this before I sent it, and I asked Bridget and Justin for their thoughts, but neither
responded, so I sent it to Jake.

I've had Bryon Holt, Kurt Broderdorp, and Gary H. look at it after the fact and none took issue with my response.

I'll leave it to you both to discuss whether it is something you want to share with Lisa, but otherwise please don't
distribute widely.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Mon, Feb 23, 2015 at 7:56 AM
Subject: Re: Lynx Question
To: "Ivan - DNR, Jake" <jake.ivan@state.co.us>

Hi Jake,

Sorry about the delay getting back to you.

All good questions and none that I can answer definitively or perhaps even compellingly. 
But I'll try.

I think there is doubt about hare cycles in most of the range of the DPS - that they may be
acyclic or exhibit only low-amplitude cycles in most of the Lower 48, not just in the
Southern Rockies.  Regardless, landscape-level hare densities in most of the DPS range are
much lower than those in boreal forests of Canada and Alaska, and lynx in the DPS have a
con-generic competitor to deal with.  Whether or not hare populations in Colorado/Southern
Rockies cycle does not drive the USFWS position on lynx there.    

I doubt there is consensus that even the Northern Rockies, North Cascades, Great Lakes and
Northeast lynx sub-populations are stable and independent.  For your alternative hypothesis
to be correct, it seems it would require that we think habitat in Colorado is BETTER than
habitat in the Northern Rockies, North Cascades, Great Lakes, and pre-settlement Northeast
- that it could sustain a stable and independent sub-population even when we doubt the
ability of those other places to do so.  Habitat quality and hare densities in parts of
CO/Southern Rockies may be similar to some parts of the rest of the DPS range (though
patchier in distribution than most other parts of the DPS and, of course, more isolated), but I
think it would be a stretch to argue that it is generally better than those other places and
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perhaps capable of supporting a stable, independent lynx population when the ability of
those other places to do so remains questionable.

Also, in the absence of genetic evidence indicating that lynx from the Southern Rockies
were any different than those from elsewhere in the Lower 48, and given the well-known
dispersal capabilities of lynx, it seems more likely that the Southern Rockies, like elsewhere
in the DPS range, were influenced by and perhaps dependent on (at least demographically if
not both demographically and genetically), cyclic flushes of lynx out of Canada.  The
greater distance and isolation of potential lynx habitats in the Southern Rockies from source
populations may have, despite the lynx's dispersal capabilities, reduced the likelihood of
demographic rescue of Southern Rockies lynx, resulting in the "blinked off more than
blinked on" status of lynx there suggested by the historical record.

It also seems possible, based on interpretation of the historic record of verified occurrences -
and McKelvey et al. 2008 make a compelling case for why it would be scientifically
inappropriate to use anything but verified data when assessing lynx distribution - that
Colorado and the Southern Rockies never had a persistent, resident lynx population at all. 
The very few verified records might just as easily have been occasional transients associated
with irruptions of lynx out of the north when hare populations crashed, and these individuals
were most likely going to be lost from the population whether they ended up in traps or not. 
I've looked again over Meaney's 2002 evaluation and do not conclude that it demonstrates a
persistent or even semi-persistent lynx sub-population occurred in the Southern Rockies at
the beginning of the last century (when McKelvey et al. 2000 show 4 verified records in the
late 1800s, 1 in 1904-05, 1 in 1925, 1 in 1929, 1 in 1931, and 3 other "reliable" occurrences
in 1930-1936).  I think it provides additional compelling reason to avoid reliance on
anecdotal or questionable occurrence data.  And, as I said in the critical habitat rule, I think
it is compelling that when lynx were occurring in unprecedentedly high numbers elsewhere
in the northern states in the early 1960s and again in the early 1970s, few or none appeared
to be showing up or taking up residence in the Southern Rockies.  

I also have trouble understanding how human-caused factors would have resulted in
decline/extirpation of lynx in Colorado/Southern Rockies while lynx persisted in other
places exposed to the same (or at least similar) anthropogenic factors.  If we assume for the
sake of argument that habitat quality is as good (maybe better?) in the Southern Rockies as
elsewhere within the DPS range, we would have to conclude that the area's apparent
inability to support a persistent lynx population must then be driven by its distance and
isolation from source populations.

Either way, it seems that the most plausible best case scenario is that the Southern Rockies
may have historically supported a small sub-population that was blinked off more than on,
and that the most likely scenario, absent additional translocations of lynx from elsewhere, is
that it will do the same or similar in the future.  As such, how can we conclude that it was or
is essential to the conservation of the DPS?

Like you said, we can never really know for sure, but for the purposes of designating critical
habitat (and recognizing the regulatory measures that flow from such a decision), USFWS
does not have the luxury of sitting on the fence.  We had to adopt a hypothesis based on our
evaluation of the best available information.  Many others (including Tanya, who peer-
reviewed the proposed critical habitat rule for us) surely disagree with our determination,
but in our view it would have been irresponsible to make a determination that would have



imposed regulations on those millions of acres you mentioned because of a plausible
alternative hypothesis that we feel is not as well supported by the evidence as the one we
chose. 

Like you, I imagine there are other reasons/lines of evidence that I may have failed to
consider.  If I had a bigger brain and all the time in the world (pesky court-driven
deadlines!), I may have come to different conclusions.  However, I do feel that the critical
habitat designation is as rational and defensible as it can be.  I'm not particularly confident
the courts will see it the same way, but I am confident we will find out before too long.

Cheers!

Jim

On Tue, Feb 17, 2015 at 10:04 PM, Ivan - DNR, Jake <jake.ivan@state.co.us> wrote:
Hi Jim,

Bob Lanka and I have exchanged emails recently regarding wolverine, lynx, lynx
in WY, etc.  One of them contained an email forwarded from you in which you
said:

"Unfortunate timing with the CO introduction, because it really is an experimental
population in a place that the historical record suggests most likely did not support
a persistent resident lynx population for much of the century prior to listing (and
probably for much longer than that)."

I've always been struck by the USFWS position that lynx were likely never
persistent in the Southern Rockies.  I think this line of thought stems from the idea
that lynx populations in the northern contiguous U.S. seem to ebb over time, then
get replenished by the wave of animals that emanates from Canada when the
cycle hits its high points.  Given that the Southern Rockies are far from the wave
of lynx emanating from the north, and the habitat is discontinuous between the
two, it seems unlikely that the wave would ever substantially contribute to lynx
populations in the Southern Rockies, so they probably blinked out more often than
they blinked on.

This hypothesis could well be correct.  However, that line of reasoning assumes
that lynx dynamics in the Southern Rockies are (and have been) dictated by cyclic
activity.  The current thinking in the literature is that snowshoe hares don't cycle in
the Southern Rockies, or if they do it is at a very low amplitude.  Caron Meaney's
papers certainly indicate that lynx were present in the Southern Rockies at the
turn of the 20th century.  Therefore, doesn't it also seem plausible that a relatively
stable post-glacial lynx population persisted in the Southern Rockies
(disconnected from northern populations, but also not reliant on them) until a
variety of human-caused factors caused their decline in the mid-20th century? 
There are millions of acres of suitable habitat, and stable hare populations -
enough to support a few hundred lynx at least.  Why is the prevailing USFWS
hypothesis the one outlined above, when there are other hypotheses that seem
plausible and may line up better with contemporary evidence of lynx-hare-latitude
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dynamics?   

I suppose the truth of the matter is we can never know for sure.  I don't bring
this up to cause trouble or instigate an argument.  I'm really simply interested in
a purely scientific discussion, trying to to understand the USFWS perspective on
the issue, and why it seems to have landed on one hypothesis over another.  I'm
guessing there are good reasons and/or lines of evidence that I am unaware of. 
I know you're busy and this isn't pressing at all.  I meant to inquire about this
several times in the past - this recent email string jarred my mind again.  

Jake

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tyler Abbott, Deputy Field Supervisor
U.S. Fish and Wildlife Service
Wyoming Ecological Services Field Office
5353 Yellowstone Road, Suite 308A
Cheyenne, WY  82009
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Office: (307) 772-2374 x 231
Cell: (307) 286-7242
tyler_abbott@fws.gov

mailto:tyler_abbott@fws.gov
http://www.facebook.com/USFWSMountainPrairie
http://twitter.com/USFWSMtnPrairie
http://www.flickr.com/photos/usfwsmtnprairie/


From: Zelenak, Jim
To: Jodi Bush
Subject: Fwd: Setting up a lynx SSA call for this week
Date: Monday, May 04, 2015 4:01:16 PM

---------- Forwarded message ----------
From: Parkin, Mary <mary_parkin@fws.gov>
Date: Mon, May 4, 2015 at 2:16 PM
Subject: Re: Setting up a lynx SSA call for this week
To: "Willey, Seth" <seth_willey@fws.gov>
Cc: Jim Zelenak <jim_zelenak@fws.gov>, Jennifer Szymanski
<jennifer_szymanski@fws.gov>, David Smith <drsmith@usgs.gov>, Jonathan Cummings
<jwcummings@usgs.gov>, Heather Bell <heather_bell@fws.gov>

Hi Seth et al., 

In looking at the poll, I'm thinking that even though we're going to miss some valuable
participants, we should go ahead and touch base on Thursday.  The quorum would include
Jim, Jonathan, Jennifer, and me, and I hope that others might find time to join.  Whatever the
case, let's keep the momentum going.  

Looking at time zones, could we confirm 11 am edt (10 am cdt/9 am mdt) this Thursday?   If
so, I'll send out call-in info tomorrow.

Thanks,
Mary

On Mon, May 4, 2015 at 2:35 PM, Willey, Seth <seth_willey@fws.gov> wrote:
After looking at the doodle poll options, you might want to go without me.  What works for
me does not work for others.  Jim, Jodi and I will be discussing our plan today (similar to
the conversation we had at the end of the SSA meeting last week, after Jim left), so Jim can
carry the water from that conversation.  

Seth 

****************************************
Seth L. Willey
Assistant Regional ESA Chief &
Regional Recovery Coordinator
USFWS, Mountain-Prairie Region
Seth_Willey@fws.gov 
303-236-4257 
****************************************

On Mon, May 4, 2015 at 12:28 PM, Willey, Seth <seth_willey@fws.gov> wrote:
My Thursday is crazy and I cannot do that time slot (9am mountain, thurs).    I could do
tomorrow afternoon (pretty open), Wed or Thur after 2 pm mountain, or most any time
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Friday.

Seth 

****************************************
Seth L. Willey
Assistant Regional ESA Chief &
Regional Recovery Coordinator
USFWS, Mountain-Prairie Region
Seth_Willey@fws.gov 
303-236-4257 
****************************************

On Mon, May 4, 2015 at 11:20 AM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Checking the rapid feedback from you all (THNX!), it looks like our best bet is
Thursday morning.  I see this doesn't conform to your schedules, Dave and Heather,
with apologies and hopes that you can serendipitously (??) join us.

Let's try for a 11 am (EDT) call time this Thursday.  If we need to move it forward or
back, please suggest a better time and we'll take it from there.

Cheers,
Mary

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

-- 
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Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Parkin, Mary
To: Zelenak, Jim
Subject: Re: Setting up a lynx SSA call for this week
Date: Monday, May 04, 2015 10:02:12 PM

Hi Jim,

First thing tomorrow I'll check to see if our regional TE line is available for this call.  If so, I'll
send out the call-in info before noon ... and if not, we'd certainly welcome your line.  

Be back in touch tomorrow morning, with thanks!
Mary

On Mon, May 4, 2015 at 6:03 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Mary,

Do you have call-in info?  I have a line if we need - let me know.

Jim

On Mon, May 4, 2015 at 2:16 PM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Hi Seth et al., 

In looking at the poll, I'm thinking that even though we're going to miss some valuable
participants, we should go ahead and touch base on Thursday.  The quorum would include
Jim, Jonathan, Jennifer, and me, and I hope that others might find time to join.  Whatever
the case, let's keep the momentum going.  

Looking at time zones, could we confirm 11 am edt (10 am cdt/9 am mdt) this Thursday?  
If so, I'll send out call-in info tomorrow.

Thanks,
Mary

On Mon, May 4, 2015 at 2:35 PM, Willey, Seth <seth_willey@fws.gov> wrote:
After looking at the doodle poll options, you might want to go without me.  What works
for me does not work for others.  Jim, Jodi and I will be discussing our plan today
(similar to the conversation we had at the end of the SSA meeting last week, after Jim
left), so Jim can carry the water from that conversation.  

Seth 

****************************************
Seth L. Willey
Assistant Regional ESA Chief &
Regional Recovery Coordinator
USFWS, Mountain-Prairie Region
Seth_Willey@fws.gov 
303-236-4257 
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****************************************

On Mon, May 4, 2015 at 12:28 PM, Willey, Seth <seth_willey@fws.gov> wrote:
My Thursday is crazy and I cannot do that time slot (9am mountain, thurs).    I could
do tomorrow afternoon (pretty open), Wed or Thur after 2 pm mountain, or most any
time Friday.

Seth 

****************************************
Seth L. Willey
Assistant Regional ESA Chief &
Regional Recovery Coordinator
USFWS, Mountain-Prairie Region
Seth_Willey@fws.gov 
303-236-4257 
****************************************

On Mon, May 4, 2015 at 11:20 AM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Checking the rapid feedback from you all (THNX!), it looks like our best bet is
Thursday morning.  I see this doesn't conform to your schedules, Dave and Heather,
with apologies and hopes that you can serendipitously (??) join us.

Let's try for a 11 am (EDT) call time this Thursday.  If we need to move it forward
or back, please suggest a better time and we'll take it from there.

Cheers,
Mary

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
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Email  mary_parkin@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov
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Tasks & due dates provided in the Tasks & time tab
For the 5YSR - complete species level ecology tab

complete current conditions tab
threats analysis tab 
Projections tab - resiliency assessment 
Synopsis tab - the characterization of status via 3Rs

For REV
SSA version 2



Revised
DATE

Activities/Products                                       (Quarters) Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Notes

Form SSA Team Jim & Seth - call Heather
Complete Species Needs SSA Team
Identify Model Scenarios SSA Team
Model development

Identify model framework & scientifically validity

Build Model (e.g., BBN - Bayseian Belief Network)
Prototype model structure
Expert Elicitation -planning

Expert Elicitation - structure & inputs
Run model scenario

Evaluate degree of 3Rs (e.g., I-P table)/Finalize SSA Report

Set up decision process

5 YSR decision

SSA  version 2  - for recovery planning

SSA Peer review
Draft RP
Comments 
Final RP

Finalize RP and RIS

SSA Analysis and Documentation
5 Year Review (to Final Notice/Determination)
Recovery Planning (to Final Plan)

* Schedules and scope of work may be adjusted as the expectations for application of the model are refined through discussions with experts and FWS.

Project Plan - DRAFT [Replace with YOUR information]
Canada lynx  - Species (DPS) Status Assessment Conceptual Schedule; [current action(s)]

(Calendar Years) 2015 2016 2017 2018

Species Status Assessment (SSA)

5 Year Review

REV

Summary



0 0

Resiliency
(population health to withstand annual 
stochasticity)

For RES, we are assuming current conditions set what is 
needed in terms of:
Habitat- boreal forest, structure, hare density, matrix habitat
N - multiple homeranges (but min #s needed to ensure 
persistence of individuals and recruitment given reasonable 
prediction of hare fluctuations)
Connectivity with CA - historically, connectivity in west, but the 
degree of connectivity needed (experts say it is important but 
not sure what the evidence suggests).  Is the connectivity 
necessary among subpopulations?

May not be able establish survival and recruitment rates; just 
establish what conditions are necessary to support multiple hr.

0 0 0 No evidence of genetic diversity; no inherited adapted diversity.  

0

0

0

Gene flow, natural selection, genetic drift to mimic historical 
patterns - gene flow between Canada and US populations;  
uncertainty of whether this historical connectivity is needed to 
maintain genetic diversity

0

0 0

Need to populations distributed to minimize risk to fire & insect 
outbreak, climate change (insect outbreaks, snow cover, fire) - 
MN&GYA differ in vulnerability to CC in terms of lynx habitat.  
Fire is a concern in WA and CO - need pops distributed beyond 
the typical (now and into the future) reach of a catastrophic fire 
and insect outbreak.

0 0 # will be sufficient if the distribution conditions above

0 0 0 0

0 0

0

0

0

0 0
0 0

0 0

0 0 0
0 0

0
0
0
0
0

0

0

SpeciesIndividual

0

[Meta]Population

0

Representation
(genetic & ecological diversity to maintain 
evolutionary potential)

Redundancy
(number & distribution of populations to 
withstand catastrophic events)



Individual Level Ecology
Life Stage Requisites for S&R Decsription



Population Level Ecology
What is need to support healthy populations?

Population Decsription Definition, details

key population parameters likely to affect rates of genetic drift (e.g., abundance, recruitment, survivorship

Pittman
Population declined from 1994-2007 from 36 to 11 indivduals with adult S=0.893
A spotted turtle study found As=0.934 and Js=0.686, declined
Still had good genetic diversity; long generations buffer against losses via bottlenecks.  Having multi-gen adults in the population maintains GD.



Species Level Ecology
The question is what they want to accomplish?  Persistence vs viability; it's persistence of resident, breeding populations.
Current Conditions are define what the species needs…assume lynx persistence indicates that it has what it needs.

Species Decsription Metric

Resiliency
(population health to withstand annual 
stochasticity)

             
Habitat- boreal forest, structure, hare density, matrix habitat
N - multiple homeranges (but min #s needed to ensure persistence of individuals and 
recruitment given reasonable prediction of hare fluctuations)
Connectivity with CA - historically, connectivity in west, but the degree of connectivity 
needed (experts say it is important but not sure what the evidence suggests).  Is the 
connectivity necessary among subpopulations?

May not be able establish survival and recruitment rates; just establish what conditions are 
necessary to support multiple hr.

         
regeneration to protube through snow depths).   Structural Complexity - 
Measure the proportion of core area in the dense regeneration stage (e.g., 
for ME it is 15-45 yr regeneration) and/or mature, multi-story with 
complexity.   Snow cover - persistent, deep fluffy snow ---annual snow fall. 
Matrix habitat - [did not discuss]
N- using the existing methodology for LAU
Connectivity with CA - unsure how to measure it (no longer have a way of 
tracking booms in CA)

No evidence of genetic diversity; no inherited adapted diversity.  
NA

Gene flow, natural selection, genetic drift to mimic historical patterns - gene flow between 
Canada and US populations;  uncertainty of whether this historical connectivity is needed to 
maintain genetic diversity

not sure how to measure rate of dispersers from Can

Need to populations distributed to minimize risk to fire & insect outbreak, climate change 
(insect outbreaks, snow cover, fire) - MN&GYA differ in vulnerability to CC in terms of lynx 
habitat.  Fire is a concern in WA and CO - need pops distributed beyond the typical (now and 
into the future) reach of a catastrophic fire and insect outbreak.

# will be sufficient if the distribution conditions above

Redundancy
(number & distribution of populations to 
withstand catastrophic events)

Representation
(genetic & ecological diversity to 
maintain evolutionary potential)

evidence of persistence in ecological refugia range for CC (MN&GYA) and a 
spatial dispersion beyond a the typical (now and future) reach of a 
catastrophic fire & insect outbreaks. [need to establish the typical reach]

not sure of a tool to 
measure this level of 

regeneration & 
feasibility of getting 
the information in 

the timeframe



Species Level

Species Decsription Metric Current Conditions Assessment Needs

Resiliency
(population health to 
withstand annual 
stochasticity)

For RES, we are assuming current conditions set what is needed in 
terms of:
Habitat- boreal forest, structure, hare density, matrix habitat
N - multiple homeranges (but min #s needed to ensure persistence 
of individuals and recruitment given reasonable prediction of hare 
fluctuations)
Connectivity with CA - historically, connectivity in west, but the 
degree of connectivity needed (experts say it is important but not 
sure what the evidence suggests).  Is the connectivity necessary 
among subpopulations?

May not be able establish survival and recruitment rates; just 

Habitat Conditions- hare habitat Q&Q (structural complexity of conifers -
regeneration to protube through snow depths).   Structural Complexity - 
Measure the proportion of core area in the dense regeneration stage (e.g., 
for ME it is 15-45 yr regeneration) and/or mature, multi-story with 
complexity.   Snow cover - persistent, deep fluffy snow ---annual snow fall. 
Matrix habitat - [did not discuss]
N- using the existing methodology for LAU
Connectivity with CA - unsure how to measure it (no longer have a way of 
tracking booms in CA)

Assumption: hares there, thus, have what it is needs to be resilient
Habitat Conditions - 5 lasting pops: all meet the habitat conditions, but 
concerned declining in the greater GYA (CO) & ME (but may be returning 
natural conditions); other areas across DPS do not meet all requisites
N - all 5 lasting populations continue to suppport multiple HR, except for 
perhaps GYA
Connectivity with CA - 4 of 5 directly connected historically and now, but 
some thought that may not be as strong as in the past 
Connectivity among subpopulations - connectivity between MT/ID and 
GYA

• Determine if able to measure/map dense 
regeneration stages and multi-story stage
• Determine the annual snow level that meets the 
"persistent, deep, fluffy snow"
•Calculate the annual snow falls in the lynx pops
• Expert input to determine how to measure 
connectivity from Can
•Matrix habitat - need to develop a metric

No evidence of genetic diversity; no inherited adapted diversity.  

NA

NA
Gene flow, natural selection, genetic drift to mimic historical 
patterns - gene flow between Canada and US populations;  
uncertainty of whether this historical connectivity is needed to 
maintain genetic diversity

not sure how to measure rate of dispersers from Can

Level of gene flow  - 

•model spatial extent of past fire and insect outbreaks 
(may exist in some places but not readily available to 
Jim)
•develop the spatial distribution requirement (review 
newer CC predictions)
•see assessment needs of RES above to document the 
persistence of lynx
•overlay populations with distribution requirements

•need expert input of how to measure and what range o    

Need to populations distributed to minimize risk to fire & insect 
outbreak, climate change (insect outbreaks, snow cover, fire) - 
MN&GYA differ in vulnerability to CC in terms of lynx habitat.  Fire is 
a concern in WA and CO - need pops distributed beyond the typical 
(now and into the future) reach of a catastrophic fire and insect 
outbreak.

Representation
(genetic & ecological 
diversity to maintain 
evolutionary potential)

Redundancy
(number & distribution 
of populations to 
withstand catastrophic 
events)

evidence of persistence in ecological refugia range for CC (MN&GYA) and a 
spatial dispersion beyond a the typical (now and future) reach of a 
catastrophic fire & insect outbreaks. [need to establish the typical reach]

evidence of persistence in ecological refugia range for CC (MN&GYA) and a 
spatial dispersion beyond a the typical (now and future) reach of a catastrophic 
fire & insect outbreaks. [need to establish the typical reach]



Low no or little noticeable effect on populations persistence
Population #1 - NE p (likelihood) = low or notably low or hig High noticeable effect on the prob of maintaining required RES conditions

Stressor Causes Past/Ongoing Future Current Future Assessment Needs
habitat Q degradation Forestry management Complete the table with experts
increased catastrophic fire extent, frequency, and 
intensity (becoming a permanent loss of habitat 
availability) CC
increased insect outbreak extent, frequency, and 
intensity
decrease snow cover and composition (deep & 
fluffy or shallow & crusty) and the duration of 
favorable conditions-->loss of suitable habitat CC

Population #2 - MW

Stressor Causes Past/Ongoing Future Past Future
habitat Q degradation Forestry management
increased catastrophic fire extent and intensity CC
increased insect outbreak extent, frequency, and 
intensity CC
decrease snow cover and conditions-->loss of 
suitable habitat CC

Population #3 - MT/ID

Stressor Causes Past/Ongoing Future Past Future
habitat Q degradation Forestry management
increased catastrophic fire extent and intensity CC
increased insect outbreak extent, frequency, and 
intensity CC
decrease snow cover and composition (deep & 
fluffy or shallow & crusty) and the duration of 
favorable conditions-->loss of suitable habitat CC

Population #4 - Cascades

Stressor Causes Past/Ongoing Future Past Future
habitat Q degradation Forestry management N N
increased catastrophic fire extent and intensity
increased insect outbreak extent, frequency, and 
intensity
decrease snow cover and composition (deep & 
fluffy or shallow & crusty) and the duration of 
favorable conditions-->loss of suitable habitat CC

Population #5 - GYA

Stressor Causes Past/Ongoing Future Past Future
habitat Q degradation Forestry management N N
increased catastrophic fire extent and intensity
increased insect outbreak extent and intensity
decrease snow cover and composition (deep & 
fluffy or shallow & crusty) and the duration of 
favorable conditions-->loss of suitable habitat CC

CC

Threats  Occurrence Magnitude of Impact on Population

CC

Threats  Occurrence Magnitude of Impact on Population

Threats  Occurrence Magnitude of Impact on Population

Threats  Occurrence Magnitude of Impact on Population

Threats  Occurrence Magnitude of Impact on Population



Future Conditions

Species Decsription Metric Future Conditions - 10 years Future Conditions - N years
Resiliency For RES, we are assuming current conditions set Habitat Conditions- hare habitat Q&Q (structural 

No evidence of genetic diversity; no inherited NA        
historical patterns - gene flow between Canada 

         
Can

Redundancy
(number & 
distribution of 
populations to 
withstand 
catastrophic 
events)

Need to populations distributed to minimize risk to 
fire & insect outbreak, climate change (insect 
outbreaks, snow cover, fire) - MN&GYA differ in 
vulnerability to CC in terms of lynx habitat.  Fire is a 
concern in WA and CO - need pops distributed 
beyond the typical (now and into the future) reach 
of a catastrophic fire and insect outbreak.

evidence of persistence in ecological refugia 
range for CC (MN&GYA) and a spatial dispersion 
beyond a the typical (now and future) reach of a 
catastrophic fire & insect outbreaks. [need to 
establish the typical reach]

Representation
(genetic & 



Modeling efforts Spatial scale Timeliness

(Name and author)

(Coverage: what is the 
full extent; Resolution: 
minimum size of 
mapping units)

(completion date)

Model structure 
(What are the data, 
how are data handled, 
and how are 
predictions made?)

Model output (what 
is predicted?)

Temporal scale (model 
duration)

Scenarios of threats and 
conservation actions

Key assumptions; 
strengths and 
weaknesses



Resiliency projections

Output: p(persistence) = breeding population is maintained over time (evidence of breeding through time but not necessarily every year; lynx presence yearly or nearly so)
Inputs: CC scenarios
Parameters: Resiliency metrics

CC Scenarios p(Persistence)

N (# homeranges0

Canada connectivity

Habitat Conditions

Other Stressor

Federal Mgmt 
Actions



Given the resiliency projections, how well are RED and REP met?

Very high

High Resilience

Medium
Redundan

cy

Low
Represent

ation
Very low

Very low Low Medium High Very high

Probability-Impact (P-I) Table (Scenario 1: high habitat loss, high climate 
change)

Im
pa

ct

Probability



From: Zelenak, Jim
To: Squires, John -FS; McKelvey, Kevin -FS; Schwartz, Michael K -FS; Jackson, Scott -FS; James Sparks; Mark

McCollough; Tamara Smith; Bryon Holt; Jeff Krupka; Michelle Eames; Eric Hein; Ann Belleman; Lisa Solberg
Schwab; Megan Kosterman; Kurt Broderdorp; Leslie Ellwood

Subject: Fire suppression consequences and feedbacks
Date: Friday, May 08, 2015 12:25:27 PM

Calkin et al. 2015:

http://www.forestecosyst.com/content/pdf/s40663-015-0033-8.pdf

Interesting implications for lynx management perhaps?  I wonder if it's possible to tease apart
the relative contributions of climate change vs. fire suppression to recent increases in the sizes
and intensities of both wildfires and forest insect outbreaks.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Ellwood, Leslie
Cc: Kurt Broderdorp
Bcc: Sartorius, Shawn S -FS
Subject: Re: SSP
Date: Friday, May 08, 2015 1:02:48 PM

I think it would be interesting, but I'm not sure how relevant it is with regard to conservation of the DPS.  I suppose
it could be a sort of test of our current understanding that, genetically speaking, "a lynx is a lynx is a lynx" - that is,
there is little genetic differentiation across the species' entire range, and no indication that lynx in the DPS are
currently at risk of genetic isolation, inbreeding, or other "bottleneck."

If they did find genetic fitness issues among the introduced lynx that continue to be absent in the other DPS
subpopulations, that might be another indication that the introduced population is unlikely to persist there over the
long-term in the absence of additional translocations of lynx from elsewhere.  That such issues, if they occur, may
be related to the Southern Rockies relative isolation from other lynx pops.

I suppose I think it would be more useful if genetic info from the CO lynx could be compared with that of the
natural DPS subpopulations, but I don't know if there is enough of an exisitng database from the others, or if similar
samples would need to be collected from the other subpops.

I've forwarded this to Drs. Michael Schwartz and John Squires at the Rocky Mountain Research Station to get their
takes on how they think this work would contribute to the conservation/recovery of the DPS.  I'll let you know what
I hear back from them.  

On Fri, May 8, 2015 at 11:37 AM, Ellwood, Leslie <leslie_ellwood@fws.gov> wrote:
Hi Kurt and Jim,

We've been sent a lynx research idea and they are requesting our feedback.  Would you guys
have a chance to give this a quick look?

Thanks,
Leslie

---------- Forwarded message ----------
From: Hansen, Craig <craig_hansen@fws.gov>
Date: Fri, May 8, 2015 at 10:52 AM
Subject: Fwd: SSP
To: Leslie Ellwood <leslie_ellwood@fws.gov>

More information. 

---------- Forwarded message ----------
From: Oyler-McCance, Sara <sara_oyler-mccance@usgs.gov>
Date: Fri, May 8, 2015 at 10:51 AM
Subject: Re: SSP
To: "Hansen, Craig" <craig_hansen@fws.gov>

Hi Craig,

mailto:jim_zelenak@fws.gov
mailto:leslie_ellwood@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:shawnssartorius@fs.fed.us
mailto:leslie_ellwood@fws.gov
mailto:craig_hansen@fws.gov
mailto:leslie_ellwood@fws.gov
mailto:sara_oyler-mccance@usgs.gov
mailto:craig_hansen@fws.gov


Attached is a very brief summary of what we would like to do.  This may or may not be
anything that FWS is interested in, and if not, that is OK.  Let me know what you (and
Leslie) think. If it is not a good fit we will shop this elsewhere.

Thanks,
Sara

-- 
Leslie Ellwood
Fish and Wildlife Biologist
USFWS/ES/Colorado Field Office
134 Union Blvd, Suite 670, Lakewood, CO 80228
P.O. Box 25486, DFC (MS 65412), Denver, CO 80225 
Ph: (303) 236-4747

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Ellwood, Leslie
To: Zelenak, Jim; Craig Hansen; Kurt Broderdorp
Subject: Re: SSP
Date: Friday, May 08, 2015 2:05:10 PM

Jim,

Thanks for your timely review - I'm sure this information will prove to be very helpful for the
USGS!

Thanks,
Leslie

On Fri, May 8, 2015 at 2:02 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Dr. Schwartz's reply below.

---------- Forwarded message ----------
From: Schwartz, Michael K -FS <michaelkschwartz@fs.fed.us>
Date: Fri, May 8, 2015 at 1:28 PM
Subject: RE: SSP
To: "Zelenak, Jim" <jim_zelenak@fws.gov>, "Squires, John -FS" <jsquires@fs.fed.us>,
"Sartorius, Shawn S -FS" <shawnssartorius@fs.fed.us>

Hi Jim,

I believe we have all the data already for question 1 .  Sara’s lab and our lab have genotypes from
the initial efforts and we have all of John’s recent individuals genotyped (and maybe a group from
2004-2005 as well).   John and I can quantify this drift if its helpful, and work with Sara to get this
answer.

 

The second question is interesting but complicated.  Are there more details than just 1 sentence
methods section?  Part of my concern is that drift is likely so large, that selection won’t be
efficient, thus making detection of selection on genes difficult to assess.  Its an interesting idea,
but won’t be inexpensive.  Of course some of this selection can be inferred from the pedigrees
(e.g., which females had kits, and where were they from).  The bottom line is there isn’t enough
information for me to evaluate the second question, but the concept is interesting.

 

If you want I can contact Sara and see what she is thinking.  Let me know.

Mike
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From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, May 08, 2015 12:02 PM
To: Schwartz, Michael K -FS; Squires, John -FS; Sartorius, Shawn S -FS
Subject: Fwd: SSP

 

I would appreciate any thoughts any of you might care to share regarding the brief research
proposal (for Service SSP funding) attached below.  How important would you say this
work is to the conservation and recovery of lynx in the contiguous U.S.?

 

Thanks,

 

Jim  

---------- Forwarded message ----------
From: Ellwood, Leslie <leslie_ellwood@fws.gov>
Date: Fri, May 8, 2015 at 11:37 AM
Subject: Fwd: SSP
To: Kurt Broderdorp <kurt_broderdorp@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>

Hi Kurt and Jim,

 

We've been sent a lynx research idea and they are requesting our feedback.  Would you guys
have a chance to give this a quick look?

 

Thanks,

Leslie

 

---------- Forwarded message ----------
From: Hansen, Craig <craig_hansen@fws.gov>
Date: Fri, May 8, 2015 at 10:52 AM
Subject: Fwd: SSP
To: Leslie Ellwood <leslie_ellwood@fws.gov>

More information. 
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---------- Forwarded message ----------
From: Oyler-McCance, Sara <sara_oyler-mccance@usgs.gov>
Date: Fri, May 8, 2015 at 10:51 AM
Subject: Re: SSP
To: "Hansen, Craig" <craig_hansen@fws.gov>

Hi Craig,

 

Attached is a very brief summary of what we would like to do.  This may or may not be
anything that FWS is interested in, and if not, that is OK.  Let me know what you (and
Leslie) think. If it is not a good fit we will shop this elsewhere.

 

Thanks,

Sara

 

--

Leslie Ellwood

Fish and Wildlife Biologist

USFWS/ES/Colorado Field Office

134 Union Blvd, Suite 670, Lakewood, CO 80228

P.O. Box 25486, DFC (MS 65412), Denver, CO 80225 

Ph: (303) 236-4747

 

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

mailto:sara_oyler-mccance@usgs.gov
mailto:craig_hansen@fws.gov


Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Leslie Ellwood
Fish and Wildlife Biologist
USFWS/ES/Colorado Field Office
134 Union Blvd, Suite 670, Lakewood, CO 80228
P.O. Box 25486, DFC (MS 65412), Denver, CO 80225 
Ph: (303) 236-4747

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


From: Kurt Broderdorp
To: Jim Zelenak; Craig Hansen
Cc: Leslie Ellwood
Subject: RE: SSP
Date: Friday, May 08, 2015 2:33:21 PM

All, Generally, I agree with Jim on the issue.  In addition, it is not immediately clear to me how land
management may be affected by the information acquired by the study, but I have not had much
time to think about that.  Too much grouse on the brain.
 
Have a good weekend.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, May 08, 2015 1:22 PM
To: Hansen, Craig
Cc: Leslie Ellwood; Kurt Broderdorp
Subject: Re: SSP
 
Hi Craig,
 
Here's what I replied to Leslie and Kurt a few minutes ago:
 
"I think it would be interesting, but I'm not sure how relevant it is with regard to conservation
of the DPS.  I suppose it could be a sort of test of our current understanding that, genetically
speaking, "a lynx is a lynx is a lynx" - that is, there is little genetic differentiation across the
species' entire range, and no indication that lynx in the DPS are currently at risk of genetic
isolation, inbreeding, or other "bottleneck."
 
If they did find genetic fitness issues among the introduced lynx that continue to be absent in
the other DPS subpopulations, that might be another indication that the introduced population
is unlikely to persist there over the long-term in the absence of additional translocations of
lynx from elsewhere.  That such issues, if they occur, may be related to the Southern Rockies
relative isolation from other lynx pops.
 
I suppose I think it would be more useful if genetic info from the CO lynx could be compared
with that of the natural DPS subpopulations, but I don't know if there is enough of an exisitng
database from the others, or if similar samples would need to be collected from the other
subpops.
 
I've forwarded this to Drs. Michael Schwartz and John Squires at the Rocky Mountain
Research Station to get their takes on how they think this work would contribute to the
conservation/recovery of the DPS.  I'll let you know what I hear back from them."
 
 
And here is our former colleague Shawn's assessment of my reply:
 
"I agree with your assessment.  Results from this, if they showed loss of genetic diversity, would

mailto:kurt_broderdorp@fws.gov
mailto:jim_zelenak@fws.gov
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reinforce to some that we need to translocate more, and would reinforce to others that
translocation was a mistake because lynx can’t make it in the DPS.  I don’t see the point.  Historic
lynx in CO were part of the larger lynx population emanating from central Canada.  They were not
isolated.  If lynx in CO are isolated now, I don’t see how they are supporting conservation of the
DPS…but I digress…."
 
On Fri, May 8, 2015 at 1:13 PM, Hansen, Craig <craig_hansen@fws.gov> wrote:
Hey Jim:
 
See attached research idea from USGS for lynx in Colorado.  Your thoughts on need and
relevance for SSP funding?
 
Thanks, 
 
Craig. 
 
---------- Forwarded message ----------
From: Oyler-McCance, Sara <sara_oyler-mccance@usgs.gov>
Date: Fri, May 8, 2015 at 10:51 AM
Subject: Re: SSP
To: "Hansen, Craig" <craig_hansen@fws.gov>

Hi Craig,
 
Attached is a very brief summary of what we would like to do.  This may or may not be
anything that FWS is interested in, and if not, that is OK.  Let me know what you (and Leslie)
think. If it is not a good fit we will shop this elsewhere.
 
Thanks,
Sara
 

 

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:craig_hansen@fws.gov
mailto:sara_oyler-mccance@usgs.gov
mailto:craig_hansen@fws.gov
mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Schwartz, Michael K -FS
Cc: Squires, John -FS; Sartorius, Shawn S -FS
Subject: Re: SSP
Date: Friday, May 08, 2015 2:53:04 PM

Thanks, Mike.

Has enough time elapsed since the introduction that loss of genetic diversity could be detected if it is occurring? 
The proposal says 18 years, but the first release was in 1999 - 16 years ago.  They released 96 lynx in 1999 - 2000
(41 in 1999, 55 in 2000), then they halted releases for two years to assess the protocol - I think because they were
having fairly high post-release mortality.  Then they resumed releases 2003 - 2006 (33 lynx in 2003, 37 in 2004, 38
in 2005, and 14 in 2006).

If some loss of genetic diversity is shown, would that imply that the introduced population would be unlikely to
persist over the long-term (and if so, how long a term?) in the absence of additional translocations of lynx from
elsewhere? 

Also, what is the likelihood of detecting unique alleles suggesting immigration if immigration is happening?  Could
the level of immigration potentially be inferred?

Sorry I can't answer your question regarding research question #2 - I have only that info.  I have no objection to you
contacting Sara to get a clearer understanding of what she's after.  This SSP funding pot is usually not very large, so
it may be inadequate to address that question.

Finally - would there be additional benefit to comparing the Colorado genetic data to that of other subpopulations
within the DPS (Maine, Minnesota, MT/ID, WA, GYA [if any lynx can be found in the GYA...]).  Are adequate
samples already available from those other places?  Or would collection of new samples be needed?

I appreciate your thoughts on this.

Jim 

 

On Fri, May 8, 2015 at 1:28 PM, Schwartz, Michael K -FS <michaelkschwartz@fs.fed.us>
wrote:

Hi Jim,

I believe we have all the data already for question 1 .  Sara’s lab and our lab have genotypes from
the initial efforts and we have all of John’s recent individuals genotyped (and maybe a group from
2004-2005 as well).   John and I can quantify this drift if its helpful, and work with Sara to get this
answer.

 

The second question is interesting but complicated.  Are there more details than just 1 sentence
methods section?  Part of my concern is that drift is likely so large, that selection won’t be
efficient, thus making detection of selection on genes difficult to assess.  Its an interesting idea,
but won’t be inexpensive.  Of course some of this selection can be inferred from the pedigrees
(e.g., which females had kits, and where were they from).  The bottom line is there isn’t enough
information for me to evaluate the second question, but the concept is interesting.
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If you want I can contact Sara and see what she is thinking.  Let me know.

Mike

 

 

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, May 08, 2015 12:02 PM
To: Schwartz, Michael K -FS; Squires, John -FS; Sartorius, Shawn S -FS
Subject: Fwd: SSP

 

I would appreciate any thoughts any of you might care to share regarding the brief research
proposal (for Service SSP funding) attached below.  How important would you say this
work is to the conservation and recovery of lynx in the contiguous U.S.?

 

Thanks,

 

Jim  

---------- Forwarded message ----------
From: Ellwood, Leslie <leslie_ellwood@fws.gov>
Date: Fri, May 8, 2015 at 11:37 AM
Subject: Fwd: SSP
To: Kurt Broderdorp <kurt_broderdorp@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>

Hi Kurt and Jim,

 

We've been sent a lynx research idea and they are requesting our feedback.  Would you guys
have a chance to give this a quick look?

 

Thanks,

Leslie

 

mailto:jim_zelenak@fws.gov
mailto:leslie_ellwood@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:jim_zelenak@fws.gov


---------- Forwarded message ----------
From: Hansen, Craig <craig_hansen@fws.gov>
Date: Fri, May 8, 2015 at 10:52 AM
Subject: Fwd: SSP
To: Leslie Ellwood <leslie_ellwood@fws.gov>

More information. 

 

---------- Forwarded message ----------
From: Oyler-McCance, Sara <sara_oyler-mccance@usgs.gov>
Date: Fri, May 8, 2015 at 10:51 AM
Subject: Re: SSP
To: "Hansen, Craig" <craig_hansen@fws.gov>

Hi Craig,

 

Attached is a very brief summary of what we would like to do.  This may or may not be
anything that FWS is interested in, and if not, that is OK.  Let me know what you (and
Leslie) think. If it is not a good fit we will shop this elsewhere.

 

Thanks,

Sara

 

--

Leslie Ellwood

Fish and Wildlife Biologist

USFWS/ES/Colorado Field Office

134 Union Blvd, Suite 670, Lakewood, CO 80228

P.O. Box 25486, DFC (MS 65412), Denver, CO 80225 

Ph: (303) 236-4747

 

mailto:craig_hansen@fws.gov
mailto:leslie_ellwood@fws.gov
mailto:sara_oyler-mccance@usgs.gov
mailto:craig_hansen@fws.gov


 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


From: Bush, Jodi
To: Mary Parkin
Cc: Jim Zelenak
Subject: Re: Canada lynx SSA call
Date: Tuesday, May 12, 2015 9:40:56 AM

I'm pretty tied up this week so feel free to go ahead without me. JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, May 11, 2015 at 10:05 AM, Mary Parkin (via Doodle) <mailer@doodle.com>
wrote:

Hi there,
Mary Parkin (mary_parkin@fws.gov) invites you to participate
in the Doodle poll "Canada lynx SSA call."

Mary Parkin says:

Hi all,

Just checking to see who has time to talk this

week about the SSA team and scheduling, with the

hope of resolving these logistical issues. If

you could fill out this poll today, I'll send

out a Google Calendar invitation asap. 

Thanks,

Mary

Participate now

What is Doodle? Doodle is a web service that helps Mary Parkin to find a

suitable date for meeting with a group of people. Learn more about how

mailto:jodi_bush@fws.gov
mailto:mary_parkin@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mailer@doodle.com
https://doodle.com/?tmail=poll_invitecontact_participant_invitation_with_message&tlink=logo
mailto:mary_parkin@fws.gov
https://doodle.com/2rzg3r4ht5myp5anu22afuim/private?tmail=poll_invitecontact_participant_invitation_with_message&tlink=pollbtn
https://doodle.com/main.html?tlink=checkOutLink&tmail=poll_invitecontact_participant_invitation_with_message


Doodle works.

You have received this e-mail because "Mary Parkin" has invited you to participate
in the Doodle poll "Canada lynx SSA call."

Please note that this is a personal invitation that cannot be shared with other poll
participants.

Doodle is also available for iOS
and Android.  

Doodle AG, Werdstrasse 21, 8021 Zürich

https://doodle.com/main.html?tlink=checkOutLink&tmail=poll_invitecontact_participant_invitation_with_message
https://app.adjust.io/9wf3k9
http://play.google.com/store/apps/details?id=ch.neoos.doodle


From: Parkin, Mary
To: Smith, David
Cc: Jim Zelenak; Jodi Bush; Seth Willey; Jonathan Cummings; Jennifer Szymanski
Subject: Re: Lynx SSA call tomorrow
Date: Tuesday, May 12, 2015 3:41:24 PM

Thanks for letting us know, Dave.  Fortunately, Jonathan has responded in the affirmative. 
We look forward to talking with you again down the road.  

Cheers,
Mary

On Tue, May 12, 2015 at 2:04 PM, Smith, David <drsmith@usgs.gov> wrote:
unfortunately, I have a conflict tomorrow and won't be able to join you.  Hopefully,
Jonathan will continue to be available to join the discussion and I will catch up later. /Dave

David R. Smith
USGS - Leetown Science Center
11649 Leetown Road
Kearneysville, WV 25430
drsmith@usgs.gov
304-724-4467
https://profile.usgs.gov/drsmith

On Tue, May 12, 2015 at 1:18 PM, Parkin, Mary <mary_parkin@fws.gov> wrote:
P.S.  I hope you all understood that the doodle poll was MDT.  If not, and this creates a
problem for folks in other time zones, please let me know!
Thanks,
Mary

On Tue, May 12, 2015 at 12:06 PM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Hi folks,

Well, tomorrow, 5/13, from 1-2 pm MDT is the clear winner on the doodle poll.  Jodi, if
this time still works for you, that'd be great!

I'll send out a Google invitation now.  Jim, can we use your call-in info again?  I'll
include it on the invitation, but we can revert to my TE line if needed.

Cheers,
Mary

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331

mailto:mary_parkin@fws.gov
mailto:drsmith@usgs.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:seth_willey@fws.gov
mailto:jwcummings@usgs.gov
mailto:jennifer_szymanski@fws.gov
mailto:drsmith@usgs.gov
mailto:drsmith@usgs.gov
https://profile.usgs.gov/drsmith
mailto:mary_parkin@fws.gov
mailto:mary_parkin@fws.gov


Email  mary_parkin@fws.gov

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

mailto:mary_parkin@fws.gov
mailto:mary_parkin@fws.gov
mailto:mary_parkin@fws.gov


 

DRAFT CANADA LYNX PROJECT PLAN TO COMPLETE 
A SPECIES STATUS ASSESSMENT, FIVE-YEAR REVIEW, AND RECOVERY PLAN 

 
April 2015 

 
Action:  The U.S. Fish and Wildlife Service (Service) will conduct a species status assessment 
(SSA) as a first step to understand the current status of the contiguous United States distinct 
population segment (DPS) of the Canada lynx (Lynx canadensis), currently listed as threatened 
under the Endangered Species Act (Act).  This SSA will serve as the basis for the five-year status 
review (initiated in 2007; 72 FR 19549) required under the Act and to inform and streamline the 
court-ordered recovery plan (due January15, 2018), assuming such a plan is deemed necessary1. 
The SSA report would also provide the scientific foundation to support future rulemaking in 
accordance with the Act should the five-year review indicate that a change in the DPS’s listing 
status is warranted.   
 
Goals of the Project Plan:  (1) To facilitate application of the SSA framework to produce a 
scientifically defensible five-year review of the status of the lynx DPS and a subsequent recovery 
plan, if needed; and (2) to ensure that expectations for these processes, including approach, roles 
and responsibilities, and schedule, are clear and that managers are aware of and have agreed to 
these expectations. 
  
Project Approach:  We intend to apply the SSA framework to the lynx DPS and use the SSA 
results to inform both the five-year review and the recovery planning process.  The lead field 
office (FO) will work with other Service Regions and FOs in the DPS range to gather and 
evaluate all relevant information that has become available since our March 2000 listing rule (65 
FR 16053) and our July 2003 Remanded Determination of Status (68 FR 40076) for the lynx 
DPS.  We will avail ourselves of recent efforts to summarize the available scientific literature for 
lynx, including the September 2014 final revised critical habitat designation for the DPS (79 FR 
54781) and the 2013 revised interagency Lynx Conservation Assessment and Strategy (LCAS; 
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf).  The FOs 
will keep partner agencies informed about progress and request their participation and reviews as 
appropriate.  
 

Species Status Assessment:  The SSA framework is a new, standardized  Service 
methodology for assessing the status of species, which can help inform species listing, status, 
and recovery determinations that the Service is required to make in accordance with section 
4(c)(2) of the Act (https://sites.google.com/a/fws.gov/ssa/about-SSA).  Using the SSA 
framework, we will evaluate the viability of the lynx DPS and potential threats to its viability 
using the principles of representation, resilience, and redundancy.  The SSA also will provide 
critical information needed to guide the recovery planning process, including identification of the 
                                                           
1 The Act requires recovery plans for listed species unless a determination is made that such plan will not promote 
the conservation of the species.  If the five-year status review concludes that the DPS warrants delisting, we would 
likely pursue a formal determination that the species is exempt from recovery planning as such a plan would be 
unnecessary (if the species is already recovered, a plan is not needed to move the species to the point of recovery 
and would therefore not promote the conservation of the species).  Although the five-year review is not a final 
agency action, the memorandum exempting the species from recovery planning (should we reach that conclusion) 
would be. 



 

primary threats to the lynx DPS that remain to be resolved, if any.  Completion of the SSA is the 
first step in the process of determining the current status of the lynx DPS.  We anticipate that the 
SSA will be completed by October 2015.   
 

Five-year Review:  The five-year review is envisioned as the second step in this process.  
We anticipate that the five-year review will be a streamlined document relying heavily on and 
referring to the SSA.  The five-year review will consider the SSA’s scientific determinations and 
make recommendations regarding the status of the DPS in accordance with the Act.  The three 
possible recommendations of the five-year review are that the lynx DPS should: (1) remain listed 
as threatened; (2) be uplisted to endangered; or (3) be delisted.  Recommendation (1) would 
indicate the need to next complete a recovery plan by the court-ordered deadline; 
recommendation (2) would indicate that both a recovery plan and a future listing rule are needed; 
and recommendation (3) would require both a formal determination via memorandum that the 
DPS is exempt from recovery planning and a future listing rule.  We anticipate the five-year 
review will be drafted by November 2015 and finalized by January 2016.   
 

Recovery Plan:  If a recovery plan is necessary, it will be informed by both the SSA and 
the five-year review.  The recovery plan would include an introduction summarizing the 
recovery vision (what a recovered DPS would “look” like) and recovery strategy (the route 
selected to get the species to recovery).  It also would include: (1) objective and measurable 
criteria that when met would allow delisting (including, as practicable, demographic and threats-
based recovery criteria); (2) broad management actions needed to achieve the recovery vision; 
and (3) time and cost estimates to achieve delisting.  Pursuant to the Service’s new recovery 
planning paradigm – the Recovery Enhancement Vision (REV; USFWS 2014, 
https://sites.google.com/a/fws.gov/rev/) – the SSA will facilitate development of a streamlined 
recovery plan that focuses on these three statutory requirements.  A supplemental document, the 
Recovery Implementation Strategy (RIS), details short-term but detailed (site-specific) step 
down activities needed to achieve the recovery vision.  If planning is needed, we intend to 
complete the draft recovery plan by October 2016.  The recovery planning process will include 
peer review and opportunities for public review and comment on the draft recovery plan prior to 
completion of a final recovery plan.  If undertaken, the recovery plan will be finalized prior to 
the January 15, 2018, court deadline.   
 

Project Lead:  This project will be led by the Montana Ecological Services Field Office 
(MTFO).  Within this office, Jim Zelenak is the species lead and will serve as the project and 
team lead.  This role includes cross-regional intra-Service organizing, coordinating with outside 
partners and experts as appropriate, and developing a project schedule and ensuring adherence to 
associated deadlines.  It also includes primary authorship of the SSA report, five-year review, 
and, if necessary, the recovery plan.   
 

Project Team:  The Mountain-Prairie Region (6) is the lead Service Region for 
lynx.  However, within the DPS range, lynx subpopulations currently occur in parts of 9 states 
(CO, ID, ME, MN, MT, NH, VT, WA, and WY).  Lynx associated with these subpopulations or 
other lynx populations in southern Canada also may occur (usually rarely, intermittently, and 
temporarily) in other states (MI, ND, NE, NM, NY, OR, SD, UT, and WI), and dispersing lynx 
also have occurred very rarely in CT, IA, IL, IN, MA, PA, and NV.  Because the DPS spans 



 

parts of four other Service Regions (1, 2, 3, and 5), it will be especially important that field 
biologists most familiar with the status of each of the lynx subpopulations within the DPS assist 
with (1) collection and interpretation of information relating to the status of and potential threats 
to those subpopulations; (2) contacting and arranging participation by lynx experts most familiar 
with the status, ecology, population dynamics, and habitat needs of those subpopulations; and (3) 
writing, editing, and reviewing relevant parts of the SSA report, five-year review, and recovery 
plan, if needed.  We expect that the appropriate biologists from the Maine, Twin Cities, Northern 
Idaho, Washington, Wyoming, Colorado, and Western Colorado FOs will receive supervisory 
approval to participate consistently on the Project Team and contribute meaningfully to the 
development, review, and completion of the SSA report, five-year review, and recovery plan.  
We further expect that biologists from the New England, New York, Michigan, Wisconsin, 
Idaho, Eastern Idaho, Oregon, Utah, and New Mexico FOs will receive supervisory approval to 
participate as needed in the development, review and completion of these documents.  

 
Management Team:  In addition to field biologists, we expect that Field Supervisors from 

the Maine, Twin Cities, Northern Idaho, Washington, Wyoming, Colorado, and Western 
Colorado FOs will assist with coordination with State and Tribal and other federal stakeholders, 
participate in document review, and obtain Regional Office (RO) concurrence with status 
determinations and final decisions/documents.  RO representation from affected Service Regions 
also is essential to this process, as is headquarters (HQ) participation and guidance.  We expect 
that Regional ESA Branch Chiefs and/or Regional Recovery Coordinators from Regions 1, 2, 3, 
and 5, and HQ Listing and/or Recovery staff will participate in document review and 
concurrence processes.  Legal staff may also engage or be consulted at various points in this 
process. 
 

Focus on Science First – We intend to conduct a thorough scientific review of the lynx 
DPS and to work with our partners to make sure we have and use the best available information 
to develop the SSA report, the five-year review, and to guide any subsequent recovery 
planning.  During the SSA and development of the five-year review, we will conduct a structured 
threats assessment using outlines, webinars, expert elicitation, and other intermediate products, 
and we will brief the Management Team as necessary throughout the process.  During the 
recovery planning process, we will also bring together experts from the lynx research and 
management arenas. 
 

SSA, five-year Review, and Recovery Planning Collaborative Process:  We have broken 
the SSA, five-year review, and recovery planning/listing processes down into the following 
seven phases: 

 
• Phase 1 – Information Collection.  The lynx’s current distribution in the contiguous U.S. 

and some aspects of its habitat requirements are fairly well-understood; however, we will 
seek to better understand and analyze its historic and current distributions, subpopulation 
sizes and status, and the degree to which DPS subpopulations rely on immigration from 
populations in Canada.  Additionally, we will focus on the numbers and productivity of 
lynx in each of the DPS subpopulations, how these vary over time, the causes of the 
variation, and the quality and conservation status of lynx and hare habitats within the 
DPS range.  In addition to the information upon which the 2000 Final Rule listing the 

Comment [ZJ1]: Jennifer suggested a caveat 
here: “—to the extent the timeline allows—“ 
 
JZ - While I agree that the time line is challenging, 
I’m not sure that I agree that a tight timeline allows 
us to do less than a thorough scientific review. 



 

DPS as threatened was based, we will collect and evaluate all relevant information that 
has become available since then.  We expect available information to be primarily in the 
form of published, peer-reviewed literature and academic dissertations and theses 
obtainable through academic search engines.  We will also gather government reports 
(e.g., the recently-revised LCAS and survey and monitoring reports from federal, State 
and Tribal partners) and review legal and policy considerations. 

• Phase 2 – Assessment of the DPS’s Current and Future Conservation Status and Relevant 
Threats, and Completion of the SSA Report.  With the information gathered in Phase 1, 
we will identify and evaluate historical, current, and future threats to lynx and their 
magnitude and relative impact on the viability of the subpopulations that constitute the 
DPS.  As part of the SSA process, we will conduct a structured threats assessment, using 
outlines, webinars and other intermediate products, and we will brief the Project and 
Management teams at appropriate junctions.  We will produce a draft report outlining 
SSA methods and results; the draft SSA report will undergo peer review.  We will revise 
the draft report as needed based on peer review and review/edits/comments provided by 
the Management Team and appropriate partners.  We expect Project Team members to 
participate actively in the collection and interpretation of information specific to DPS 
subpopulations and potential threats to them in their geographic areas and to coordinate 
locally with state and federal agencies, Tribes, conservation organizations, the media and 
the public.  We expect Management Team members from each region to review, edit, and 
approve materials provided by their Project Team members in a timely manner.      

• Phase 3 – Decision Making.  In coordination with the Project Team, the MTFO will 
make a preliminary recommendation about the DPS’s legal status (threatened, 
endangered, or recovered), brief R6 leadership, and then provide the recommendation for 
review, comment, and concurrence by the rest of the Management Team.  A final 
decision on the status of the DPS will be made by R6 Regional Director.  

• Phase 4 – Drafting and Disseminating the Five-year Review.  Based on the SSA report 
and the R6RD decision on the DPS’s status, the Project Lead will draft the five-year 
review with input from and review by the Project and Management teams, and 
concurrence from cooperating Regions.  We will work with R6 EA staff, who will work 
with their counterparts in the other Regions, to draft a news release announcing results 
and availability of the five-year review and supporting SSA report.  We will post both 
documents at the ECOS Species Profile web page 
(http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073).   

• Phase 5 – Next Steps.  As mentioned above, there are three possible recommendations of 
the five-year review, each with different listing and recovery requirements and time lines. 

o Recommendation 1:  The lynx DPS continues to warrant listing as threatened 
under the Act (i.e., the threat for which the DPS was listed has not been 
adequately addressed and/or a new threat[s] has been identified such that the DPS 
remains likely to become endangered within the foreseeable future throughout all 
or a significant portion of its range).  In this case, a recovery plan would be 
necessary, so we would convene a Recovery Team and implement the REV 
process to develop draft and final recovery plans consistent with the court-ordered 
time line for completing the final plan by January 2018.  We expect that a 
streamlined recovery plan would be completed that relies heavily on and 
references the SSA report and the five-year review; 

Comment [ZJ2]: Jennifer commented: “Not sure 
what this means?” 
 
JZ - I think it was carried over from the template I 
used, but in context of lynx, I think it means we 
consider whether anything has changed significantly 
(i.e., lynx management in southern Canada) such 
that we would reconsider the DPS designation for 
lynx in the contiguous U.S.  Or if, given what we 
know about lynx in Maine (and perhaps Minn.) that 
we apparently did not know in 2000-2003/2007, 
whether our thoughts on SPR have changed. 

Comment [ZJ3]: Jennifer commented: “If you 
are separating the threats assessment from the 
species needs and current conditions evaluations, I 
think you need an intervening Phase between Phase 
2 and the Decision Making Phase.  This intervening 
Phase is projecting the species future condition 
given its current condition (Phase 1) and the current 
& future threats (Phase 2).  The intervening Phase is 
providing the projected conservation status of the 
species.” 
 
JZ – What do others think?   I think the 
future/projected status should be part of the SSA 
report.  I’ve accordingly added “Current and Future” 
to the Phase 2 title, and I’ve added peer-review to 
address Jennifer’s comment below. 

Comment [ZJ4]: Jennifer commented: “Peer 
review of the SSA prior to this Phase?” 
 
JZ - I’ve added under Phase 2 above. 

Comment [ZJ5]: Yes? 
 
R5 (MM) questions whether this is the appropriate 
place on the time line for this decision to be made 
(vs. at the conclusion of Phase 4 after the 5-year 
review is nearing completion).   
 
JZ – I’ve tried to address this concern in Phase 3 
text. 

Comment [ZJ6]: Jennifer commented: “Do you 
consider intrinsic issues as potential threats?  
Perhaps not likely for lynx, but for some species, 
past threats have impaired the demography of its 
populations such that it does not have sufficient 
resiliency, redundancy, or representation to sustain 
populations into the future.  Thus, even if past 
extrinsic threats are ameliorated and new threats 
are not anticipated, the species’ viability could still 
be impaired.  Again, maybe this is not the case for 
lynx, but I wanted to broach this idea.” 
 
JZ – I don’t think we have any compelling evidence 
that lynx demography has been substantially 
impaired to an extent that would preclude the 3 Rs. 



 

o Recommendation 2:  The DPS warrants uplisting to endangered status (i.e., the 
threat for which the DPS was listed remains unresolved or has increased and/or a 
new threat[s] has been identified such that the DPS is now determined to be in 
danger of extinction throughout all or a significant portion of its range).  In this 
case, both a recovery plan and a future listing rule would be necessary.  As above, 
we would develop draft and final recovery plans that would rely heavily on and 
reference the SSA report and the five-year review, and complete the final 
recovery plan by the court-ordered deadline.  Work on the uplisting rule would 
commence after the final recovery plan, though a date has not been specified; 

o Recommendation 3:  The DPS is deemed recovered and warrants delisting (i.e., 
the threat for which the DPS was listed is found to have been adequately 
addressed and no new threat[s] has been identified that is expected to endanger 
the DPS throughout all or a significant portion of its range now or in the 
reasonably foreseeable future).  In this case, we would recommend a formal 
determination that the species is exempt from recovery planning and we would 
draft a memorandum to that effect.  This outcome would also indicate the need for 
a future delisting rule, with work on the delisting rule commencing after the 
memorandum has been finalized and submitted to the court, though a date for the 
rule has not been specified. 

 
Document Review, Concurrence, Surnaming, and Federal Register Publication.  We 

expect that the SSA report, five-year review, and recovery plan will all be reviewed by each 
member of the Project and Management teams and that all final documents will receive 
concurrence from the other Service Regions.  Each reviewer will focus on their role and refrain 
from wordsmithing or second guessing issues outside their area of expertise.  Each review will 
be completed in a timely manner.  For Federal Register documents, we anticipate surnaming by 
R6RD, RSOL, and HQ prior to publication.   
 

Outreach.  We will work with R6 EA staff and their counterparts in the other Service 
Regions to develop communications plans for the SSA, five-year review, and/or recovery plan as 
needed.  We will communicate to all affected stakeholders and the public about the action we are 
taking and what it means for them, as laid out in the communications plan. 
 
Roles and Responsibilities:  Staff from FOs, ROs, and HQ offices will be expected to work 
together collaboratively to collect information, conduct analyses, and assist in developing 
products necessary to complete the actions identified in this project plan.  Management of the 
process and completion of these actions, though led by the MTFO, will be the shared 
responsibility of the ROs and FOs within the DPS range.  Further, we expect that the individuals 
responsible for these products will be free to communicate and share work products as needed to 
facilitate an efficient process.  However, we also expect that all team members will keep their 
supervisors apprised of progress and any issues that arise.  If necessary to resolve significant 
issues of disagreement, we will follow the elevation process outlined in the August 13, 2009 
“Section 4 Process Memo” (available on the R6 Listing Sharepoint site) until an updated process 
is developed.  Other specific roles and responsibilities are described above in “Project Lead,” 
“Project Team,” “Management Team,” and “SSA, five-year Review, and Recovery Planning 
Collaborative Process.”   

Comment [ZJ7]: Jennifer commented: 
“Something to discuss…is there a signature 
authority for SSAs?” 
 
JZ – others? 



 

 
Schedule:  The Service announced initiation of the lynx DPS five-year review in April 2007 (72 
FR 19549 19551) but was unable to complete a review then because of court deadlines requiring 
that we revise the 2006 and 2009 critical habitat designations.  The initial notice requested 
information by June 18, 2007, but it was not a formal comment period and noted that we accept 
new information about all listed species at any time.  At that time, we received comments or 
information from seven respondents; two State agencies and five environmental/conservation 
Non-governmental organizations (NGOs).  The status review portion of the current project was 
re-initiated in October 2014, when a biologist was assigned by the MTFO to begin gathering 
information to evaluate threats to the lynx DPS and update its status accordingly.  In December 
2014, the MTFO drafted a “Dear Interested Party” letter announcing the renewed five-year 
review effort, which was sent to federal, State, and Tribal partners in Montana, as well as to 
other Service Regions and FOs within the DPS range as a template for use in notifying their 
partners of the effort.  In January 2015, the Service prepared and distributed a news release 
announcing the five-year review and proposed completion date of June 2015, and soliciting 
information for consideration in the review.  To date, we have received responsive information 
from several federal, State and Tribal agencies, industry organizations, and environmental/ 
conservation NGOs.  In March 2015, it was determined that application the SSA Framework to 
the lynx DPS should precede (and facilitate streamlining of) the five-year review and subsequent 
recovery plan, if needed.   
 
Ultimately, the above goals are intended to inform the need for and content within a recovery 
plan.  We have a court order to complete a recovery plan by January 2018 unless the Service 
determines that the DPS warrants delisting and, therefore, that a recovery plan is not necessary.  
To meet this goal, we anticipate having a draft recovery plan written and beginning the formal 
review process by July 2016.  A list and timing of larger milestones associated with these actions 
can be found in the attached Appendix A.   
 
Coordination:  A range-wide kick-off call will be held in April or May 2015 to seek 
commitments from relevant ROs and FOs, to familiarize team members with the process and 
timeline, and respond to any issues relevant to the SSA, five-year review, and future recovery 
planning.  Subsequent coordination calls with the Project Team, coordinated by the MTFO, will 
be held on a monthly basis.  More frequent calls may be organized around particularly 
challenging issues or during particularly challenging points (such as when a deadline is 
approaching).  These calls will include other Service offices and Regions as necessary.  
Additional calls or meetings with affected State, Tribal, and other federal agencies will be 
scheduled as needed.  Meeting internal and court-ordered deadlines for the SSA, five-year 
review, and recovery plan is dependent on all parties fulfilling their roles according to the 
timeline herein.  This project plan may also inform partner and stakeholder expectations. 
 
        Other FWS Regions and Programs:  The lynx DPS occurs (or lynx “may occur”) within 
parts of Service Regions 1, 2, 3, 5, and 6, and this effort will require participation by the ROs and 
Ecological Services FOs in those regions, along with potential participation by other programs 
such as Refuges and Partners for Fish and Wildlife.  FO participation will be needed from the 
following states:  R1 (ID, OR, WA); R2 (NM), R3 (MI, MN, WI), R5 (ME, NH, NY [?], VT), 
and R6 (CO, MT, UT, WY). 



 

   
        Affected State Agencies:  It will be necessary and helpful to coordinate with the wildlife 
and natural resources management agencies of each of the states listed above.  Coordination will 
be especially important with the following state agencies:  Maine Department of Inland Fisheries 
and Wildlife; Minnesota Department of Natural Resources; Montana Fish, Wildlife and Parks; 
Montana Department of Natural Resources and Conservation; Idaho Fish and Game; Washington 
State Department of Fish and Wildlife; Washington State Department of Natural Resources; 
Wyoming Game and Fish Department; Colorado Division of Wildlife; and New Mexico 
Department of Game and Fish.  State agencies within the DPS range were notified of the 
renewed five-year review effort in December 2014 and January 2015, and they will be contacted 
as appropriate by FOs and/or ROs during development of the SSA, five-year review, and 
recovery planning efforts.  We anticipate at least one meeting with affected states during 
development of the SSA and at least one during recovery planning.  We may also solicit 
participation by State biologists and/or wildlife managers on a recovery team if one is convened.   
      
        Other Federal Agencies:  Federal agency coordination will follow the July 3, 2013 
Interagency Coordination for Rule Development memo and will include the USDA Forest 
Service and Natural Resources Conservation Service, Bureau of Land Management, National 
Park Service, Bureau of Indian Affairs, and Department of Homeland Security - Customs and 
Border Protection.  Federal agencies within the DPS range were notified of the renewed five-
year review effort in December 2014 and January 2015, and they will be contacted as appropriate 
by FOs and/or ROs during development of the SSA, five-year review, and recovery planning 
efforts. 
   
        Affected Tribes:  Tribal lands within the DPS range include those of the Aroostook Band 
of Micmac Indians, the Houlton Band of Maliseets, the Passamaquoddy Tribe, and the Penobscot 
Indian Nation in Maine; the Bois Forte Band of Chippewa, Fond du Lac Band of Lake Superior 
Chippewa,  Grand Portage Chippewa, Leech Lake Band of Ojibwe, Mille Lacs Band of Ojibwe, 
Red Lake Band of Chippewa, and White Earth Nation in Minnesota; the Confederated Salish and 
Kootenai Tribes of the Flathead Indian Reservation and the Blackfeet Tribe of the Blackfeet 
Reservation in Montana; the Coeur d'Alene Tribe, Kootenai Tribe of Idaho, Nez Perce Tribe, and 
Shoshone-Bannock Tribes in Idaho; the Confederated Tribes of the Colville Reservation, the 
Kalispel Tribe of Indians, and the Spokane Tribe of Indians in Washington; the Wind River 
Indian Reservation in Wyoming; the Uintah and Ouray Indian Reservation in Utah; and the Ute 
Mountain and Southern Ute Indian Reservations in Colorado.  Tribes within the DPS range were 
notified of the renewed five-year review effort in December 2014 and January 2015, and they 
will be contacted as appropriate by Regional Tribal Liaisons during development of the SSA, 
five-year review, and recovery planning efforts. 
 
 International Coordination:  Because of the suspected importance of connectivity 
between DPS subpopulations and lynx populations in southern Canada in the persistence of the 
DPS subpopulations, it will be important that we coordinate with and seek information from our 
counterparts in the Canadian conservation, management, and lynx research communities.  We 
will seek information on the status of and threats, if any, to lynx populations in Canada that are 
adjacent to and interact with DPS subpopulations. 
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Budget: No additional funding is available to assist in this effort.  Participating offices should 
fund their participation through existing base funding.  We will likely need GIS support for these 
actions, including high-quality digital maps and hard copy maps.     
 
Project Plan Revisions:  In light of the court deadline for the final recovery plan, we expect that 
we will meet deadlines for all products and any quality benchmarks associated with those 
products.  However, this project plan and the Project Overview can be revised at any time with 
the agreement of the ARD and Project Leader.  If there are unexpected changed circumstances 
due to competing workloads, budgets, resources, etc., we expect early communication about the 
delay and discussion with the Project Lead, Project Team, and Management Team about 
resolution.  Lead time on potential delays should be commensurate with expected delay.  For 
example, a request for two additional months should not be made the week before a project is 
due.  Further, whatever the results of the five-year review, we expect this project plan will need 
to be revisited soon after the five-year review is signed. 
 
Post-Project Debriefing:  The Project Team and Management Team commit to having a 
conversation after the completion of the project to discuss how this process was implemented, 
what went well, and what can be done better in the future.  This feedback on the process is 
necessary to ensure we are always using the best available practices and working towards greater 
efficiencies. 
 
Project Overview: 
 
Guidance, policy, and template documents can be found at: 
https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/ 
 
Personnel involved in the completion of the Canada lynx SSA, Five-Year Review,  
and Recovery Plan (if necessary) 
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Project 
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Lead FO Biologist 
Jim Zelenak 
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Project 
Team 

Biologists from the Maine, Twin Cities, Northern 
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Western Colorado FOs.   

   

Management 
Team 

Jodi Bush, MTFO, Brent Esmoil MTFO; Field 
Supervisors from the Maine, Twin Cities, 
Northern Idaho, Washington, Wyoming, 
Colorado, and Western Colorado FOs.  
 

R6 TE Chief 
Nicole Alt, R6 
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Supervisor 
Mike Thabault, R6 
ARD-ES 
Matt Hogan, R6 
Deputy RD 
Noreen Walsh, R6 
RD 
Recovery 
Coordinators, TE 
Chiefs, and ARDs-
ES - R1, R2, R3, and 
R5 
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Others 
Involved 

Biologists from the New England, New York, 
Michigan, Wisconsin, Idaho, Oregon, Utah, and 
New Mexico FOs as needed 

Ext Affairs 
Specialists, 
ARDs-Ext Affairs, 
and Tribal Liaisons -  
R6, R1, R2, R3, and 
R5 
 
 

  

 

Document Review: 
 
Jim Zelenak is the lead author for these actions.  Other MTFO reviewers include Brent Esmoil 
and Jodi Bush.  All members of the Project Team are expected to provide appropriate scientific 
review of draft documents.  Management Team members are expected to review final documents 
and provide Regional concurrence with them as needed.  Seth Willey and Bridget Fahey are 
expected to provide appropriate policy review for the drafts.  Dana Jacobsen will provide an 
assessment of legal risk.  Mike Thabault will provide an abbreviated review for “big picture” 
issues. 
 
 
Signed: 
 

______________________________                       ______________________________ 
Assistant Regional Director, R6   Project Leader, Montana Field Office 
 
       ______________________________ 
       Project Leader, Wyoming Field Office 
 
       ______________________________ 
       Project Leader, Colorado Field Office 
 
       ______________________________ 
       Project Leader, W. Colorado Field Office 
 
 
__________________________   ______________________________ 
Assistant Regional Director, R1   Project Leader, Washington Field Office 
 
       ______________________________ 
       Project Leader, N. Idaho Field Office 
 
 
______________________________  ______________________________ 
Assistant Regional Director, R2   Project Leader, New Mexico Field Office 
 
 



 

______________________________  ______________________________ 
Assistant Regional Director, R3   Project Leader, Twin Cities Field Office 
 
 
______________________________  ______________________________ 
Assistant Regional Director, R5   Project Leader, Maine Field Office 
 
       ______________________________ 
       Project Leader, New England Field Office   



 

Appendix A 
Schedule for Canada Lynx Five-Year Review and, if necessary, Recovery Plan 

 
Date Milestone 
April 18, 2007 FWS announced initiation of five-year review of lynx DPS (72 FR 19549). 
Dec. 8, 2014 “Dear Interested Party” letter sent to Montana State, Federal, Tribal partners and to 

other FWS ROs and FOS announcing the re-initiation of the five-year review for lynx. 
Jan. 13, 2015 FWS news release announcing five-year review and soliciting information to consider 

in the review. 
Ongoing 
beginning 
January  2015 

Work with partners to collect and evaluate available data and information and assess 
threat factors (USFS, BLM, NPS, BIA, State wildlife/natural resources agencies, and 
Tribes). 

April or May, 
2015 

Kick-off call with relevant team members.  Additional coordination calls to be held 
monthly.  The MTFO lead will coordinate the monthly calls.  These calls will include 
other FWS offices. 

  Apr. 29-30, 
2015 

SSA workshop to include lynx discussion/case study (R6 RO). 

May – July 
2015 

Set up meetings, develop and conduct a structured threats assessment, using outlines, 
webinars and other intermediate products, and brief the Management Team as 
necessary through the process.  Draft SSA report with assistance from other Service 
Regions and FOs. 

May 20, 2015 Workshop(s) with State agencies to discuss SSA process and DPS status and threats. 
June 3, 2015 Expert elicitation meeting(s) on distribution, status, and threats (including climate 

change). 
July – Sept. 
2015 

Brief ROs and HQ on findings; submit SSA report for RO/HQ review and 
concurrence. 

Oct. – Dec. 
2015 

Draft streamlined five-year review; submit for RO/HQ/RSOL 
review/concurrence/surname; publish five-year review in FR. 

Jan. 2016 Begin recovery planning processes if necessary; select and invite Recovery Team 
members. 

  Jan. – June 
2016 

Develop DRAFT recovery plan including goals and objectives, implementation plan.   

July – Sept. 
2016 

RO/HQ/RSOL review/surname of DRAFT recovery plan.  Review and concurrence 
from R1, R2, R3, and R5 as needed. 

October 2016 Release DRAFT recovery plan to public and commence peer review and/or publish 
proposed listing rule. 

December 2016 60-day comment period closes on DRAFT recovery plan; peer review also complete. 
January –June 
2017 

Revise DRAFT recovery plan; draft the FINAL recovery plan.  

July-Sept. 2017 RO/HQ/RSOL review/surname of FINAL recovery.  Review and concurrence from 
R1, R2, R3, and R5. 

  December 2017 Finalize recovery plan, publish in FR, and post on webpage; conduct appropriate 
outreach.  Communicate with court as necessary regarding completion and submission 
of FINAL recovery plan in accordance with court-ordered deadline. 

 



 

DRAFT CANADA LYNX PROJECT PLAN TO COMPLETE 
A SPECIES STATUS ASSESSMENT, FIVE-YEAR REVIEW, AND RECOVERY PLAN 

 
April 2015 

 
Action:  The U.S. Fish and Wildlife Service (Service) will conduct a species status assessment 
(SSA) as a first step to understand the current status of the contiguous United States distinct 
population segment (DPS) of the Canada lynx (Lynx canadensis), currently listed as threatened 
under the Endangered Species Act (Act).  This SSA will serve as the basis for the five-year status 
review (initiated in 2007; 72 FR 19549) required under the Act and to inform and streamline the 
court-ordered recovery plan (due January15, 2018), assuming such a plan is deemed necessary1. 
The SSA report would also provide the scientific foundation to support future rulemaking in 
accordance with the Act should the five-year review indicate that a change in the DPS’s listing 
status is warranted.   
 
Goals of the Project Plan:  (1) To facilitate application of the SSA framework to produce a 
scientifically defensible five-year review of the status of the lynx DPS and a subsequent recovery 
plan, if one is deemed necessaryneeded; and (2) to ensure that expectations for these processes, 
are clear including approach, roles and responsibilities, and schedule, are clear and for that 
managers to beare aware of and have agreed to these expectations. 
  
Project Approach:  We intend to apply the SSA framework to the lynx DPS and use the SSA 
results to inform both the five-year review and the recovery planning process.  The lead field 
office (FO) will work with other Service Rregions and FOs in the DPS range to gather and 
evaluate all relevant information that has become available since our March 2000 listing rule (65 
FR 16053) and our July 2003 Remanded Determination of Status (68 FR 40076) for the lynx 
DPS.  We will avail ourselves of recent efforts to summarize the available scientific literature for 
lynx, including the September 2014 final revised critical habitat designation for the DPS (79 FR 
54781) and the 2013 revised interagency Lynx Conservation Assessment and Strategy (LCAS; 
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf).  The FOs 
will keep partner agencies informed about progress and request their participation and reviews as 
appropriate.  
 

Species Status Assessment:  The SSA framework is a new, standardized national Service 
guidance providing a new methodology for assessing the status of species, which can help 
inform species listing, status, and recovery determinations that the Service is required to make in 
accordance with section 4(c)(2) of the Act (https://sites.google.com/a/fws.gov/ssa/about-
SSA).  Using the SSA framework, we will evaluate the viability of the lynx DPS and potential 
threats to its viability using the principles of representation, resilience, and redundancy.  The 
SSA also will provide critical information needed to guide the recovery planning process, 
                                                           
1 The Act requires recovery plans for listed species unless a determination is made that such plan will not promote 
the conservation of the species.  If the five-year status review concludes that the DPS warrants delisting, we would 
likely pursue a formal determination that the species is exempt from recovery planning as such a plan would be 
unnecessary (if the species is already recovered, a plan is not needed to move the species to the point of recovery 
and would therefore not promote the conservation of the species).  Although the five-year review is not a final 
agency action, the memorandum exempting the species from recovery planning (should we reach that conclusion) 
would be. 
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including identification of the primary threats to the lynx DPS that remain to be resolved, if any.  
Completion of the SSA is the first step in theis process of determining the current status of the 
lynx DPS.  We anticipate that the SSA will be completed by October 2015.   
 

Five-year Review:  The five-year review, required by statute, is envisioned as the second 
step in this process.  We anticipate that the five-year review would will be a streamlined 
document relying heavily on and referring to the SSA.  The five-year review will consider the 
SSA’s scientific determinations and make recommendations regarding the status of the DPS in 
accordance with the Act.  The three possible outcomes recommendations of the five-year review 
are that the lynx DPS should: (1) remain listed as threatened; (2) be uplisted to endangered; or 
(3) be delisted.  Outcome Recommendation (1) would indicate the need to next complete a 
recovery plan by the court-ordered deadline; outcome recommendation (2) would indicate that 
both a recovery plan and a future listing rule are needed; and outcome recommendation (3) 
would require both a formal determination via memorandum that the DPS is exempt from 
recovery planning and a future listing rule.  We anticipate the five-year review will be drafted by 
November 2015 and finalized by January 2016.   
 

Recovery Plan:  If a recovery plan is necessary, it will be informed by both the SSA and 
the five-year review.  The recovery plan would include an introduction summarizing the 
recovery vision (what a recovered DPS would “look” like) and recovery strategy (the route 
selected to get the species to recovery).  It also would include: (1) objective and measurable 
criteria that when met would allow delisting (including, as practicableto the extent feasible, 
demographic and threats-based recovery criteria); (2) site-specificbroad management actions 
needed to achieve the recovery visioncriteria; and (3) time and cost estimates to achieve 
delisting.  Pursuant to the Service’s new recovery planning paradigm –, the Recovery 
Enhancement Vision (REV; USFWS 2014, https://sites.google.com/a/fws.gov/rev/) – , the SSA 
will facilitate development of a streamlined recovery plan that focuses on these three statutory 
requirements.  A supplemental document, the Recovery Implementation Strategy (RIS), details 
short-term but detailed (site-specific) step down activities needed to achieve the recovery vision.  
If planning is needed, wWe intend to complete the draft recovery plan by October 2016.  The 
recovery planning process will include peer review and opportunities for public review and 
comment on the draft recovery plan prior to completion of a final recovery plan.  If undertaken, 
tThe recovery plan, if necessary, will be finalized prior to the January 15, 2018, court deadline.   
 

Project Lead:  This project will be led by the Montana Ecological Services Field Office 
(MTFO).  Within this office, Jim Zelenak is the species lead and will serve as the project and 
team lead.  This role includes cross-regional intra-Service organizing, coordinating with outside 
partners and experts as appropriate, and developing a project schedule and ensuring adherence to 
associated deadlines.  It also includes primary authorship of the SSA report, five-year review, 
and, if necessary, the recovery plan.   
 

Project Team:  The Mountain-Prairie Region (6) is the lead Service Rregion for 
lynx.  However, within the DPS range, lynx subpopulations currently occur in parts of 9 states 
(CO, ID, ME, MN, MT, NH, VT, WA, and WY).  Lynx associated with these subpopulations or 
other lynx populations in southern Canada also may occur (usually rarely, intermittently, and 
temporarily) in other states (MI, ND, NE, NM, NY, OR, SD, UT, and WI), and dispersing lynx 



 

also have occurred very rarely in CT, IA, IL, IN, MA, PA, and NV.  Because the DPS spans 
parts of four other Service Rregions (1, 2, 3, and 5), it will be especially important that field 
biologists most familiar with the status of each of the lynx in the various subpopulations within 
the DPS assist with (1) collection and interpretation of information relating to the status of and 
potential threats to those subpopulations; (2) contacting and arranging participation by lynx 
experts most familiar with the status, ecology, population dynamics, and habitat needs of those 
subpopulations; and (3) writing, editing, and reviewing relevant parts of the SSA report, five-
year review, and recovery plan, if needed.  We expect that the appropriate biologists from the 
Maine, Twin Cities, Northern Idaho, WenatcheeWashington, Wyoming, Colorado, and Western 
Colorado FOs will receive supervisory approval to participate consistently on the Project Team 
and contribute meaningfully to the development, review, and completion of the SSA report, five-
year review, and recovery plan.  We further expect that biologists from the New England, New 
York, Michigan, Wisconsin, Idaho, Eastern Idaho, Spokane, Oregon, Utah, and New Mexico 
FOs will receive supervisory approval to participate as needed in the development, review and 
completion of these documents.  

 
Management Team:  In addition to field biologists, we expect that Field Supervisors from 

the Maine, Twin Cities, Northern Idaho, WenatcheeWashington, Wyoming, Colorado, and 
Western Colorado FOs will assist with coordination with State and Tribal and other federal 
stakeholders, participate in document review, and obtain Rregional Ooffice (RO) concurrence 
with status determinations and final decisions/documents.  RO representation from affected 
Service Rregions also is essential to this process, as is headquarters (HQ) participation and 
guidance.  We expect that Rregional ESA Branch Chiefs and/or Rregional Recovery 
Coordinators from Rregions 1, 2, 3, and 5, and HQ Listing and/or Recovery staff will participate 
in document review and concurrence processes.  Legal staff may also engage or be consulted at 
various points in this process. 
 

Focus on Science First – We intend to conduct a thorough scientific review of the lynx 
DPS and to work with our partners to make sure we have and use the best available information 
to develop the SSA report, the five-year review, and to guide any subsequent recovery 
planning.  During the SSA and development of the five-year review, we will conduct a structured 
threats assessment using outlines, webinars, expert elicitation, and other intermediate products, 
and we will brief the Management Team as necessary throughout the process.  During the 
recovery planning process, we will also bring together experts from the lynx research and 
management arenas. 
 

SSA, five-year Review, and Recovery Planning Collaborative Process:  We have broken 
the SSA, five-year review, and recovery planning/listing processes down into the following 
seven phases: 

 
• Phase 1 – Information Collection.  The lynx’s current distribution in the contiguous U.S. 

and some aspects of its habitat requirements are fairly well-understood; however, we will 
seek to better understand and analyze its historic and current distributions, subpopulation 
sizes and status, and the degree to which DPS subpopulations rely on immigration from 
populations in Canada.  Additionally, we will focus on the numbers and productivity of 
lynx in each of the DPS subpopulations, how these vary over time, the causes of the 
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variation, and the quality and conservation status of lynx and hare habitats within the 
DPS range.  In addition to the information upon which the 2000 Final Rule listing the 
DPS as threatened was based, wWe will collect and evaluate all relevant information that 
has become available since the 2000 Final Rule listing the DPS as threatened and 
subsequent determinationsthen.  We expect available information to be primarily in the 
form of published, peer-reviewed literature and academic dissertations and theses 
obtainable through academic search engines.  We will also gather government reports 
(e.g., the recently-revised LCAS and survey and monitoring reports from federal, State 
and Tribal partners) and review legal and policy considerations. 

• Phase 2 – Assessment of the DPS’s Current and Future Conservation Status and Relevant 
Threats, and Completion of the SSA Report.  With the information gathered in Phase 1, 
we will identify and evaluate historical, current, and future threats to lynx and their 
magnitude and relative impact on the viability of the subpopulations that constitute the 
DPS.  As part of the SSA process, wWe will conduct a structured threats assessment, 
using outlines, webinars and other intermediate products, and we will brief the Project 
and Management teams at appropriate junctionsas necessary through the process.  We 
will produce a draft report outlining SSA methods and results; the draft SSA report will 
undergo peer review.  We will revise the draft report as needed based on peer review and 
review/edits/comments provided by the Management Team and appropriate partners.We 
will compile and analyze this information in the SSA report.  We expect Project Team 
members to participate actively in the collection and interpretation of information 
specific to DPS subpopulations and potential threats to them in their geographic areas and 
to coordinate locally with state and federal agencies, Tribes, conservation organizations, 
the media and the public.  We expect Management Team members from each region to 
review, edit, and approve materials provided by their Project Team members in a timely 
manner.      

• Phase 3 – Decision Making.  The In coordination with the Project Team, the MTFO will 
make a preliminary recommendation about the DPS’s legal status (threatened, 
endangered, or recovered), brief R6 leadership, and then provide it the recommendation 
for review, and comment, and concurrence by the rest of the Project and Management 
Tteams.  A final decision on the status of the DPS will be made by R6 Regional Director.  

• Phase 4 – Drafting and Ddisseminating the Ffive-year Review.  Based on the SSA report 
and the R6RD decision on the DPS’s status, the Project Llead FO biologist will draft the 
five-year review with input from and review by the Project and Management teams, and 
concurrence from cooperating Regions.  We will work with R6 EA staff, who will work 
with their counterparts in the affected other Rregions, to draft a news release announcing 
results and availability of the five-year review and supporting SSA report.  We will post 
both documents at the ECOS Species Profile web page 
(http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073).   

• Phase 5 – Next Steps.  As mentioned above, tThere are three possible outcomes 
recommendations of the five-year review, each with different listing and recovery 
requirements and time lines. 

o Outcome Recommendation 1:  The lynx DPS continues to warrant listing as 
threatened under the Act (i.e., the threat for which the DPS was listed has not 
been adequately addressed and/or a new threat[s] has been identified such that the 
DPS remains likely to become endangered within the foreseeable future 
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throughout all or a significant portion of its range).  In this case, a recovery plan 
would be necessary, so we would convene a Recovery Team and implement the 
REV process to develop draft and final recovery plans consistent with the court-
ordered time line for completing the final plan by January 2018.  We expect that a 
streamlined recovery plan would be completed that relies heavily on and 
references the SSA report and the five-year review; 

o Outcome Recommendation 2:  The DPS warrants uplisting to endangered status 
(i.e., the threat for which the DPS was listed remains unresolved or has increased 
and/or a new threat[s] has been identified such that the DPS is now determined to 
be in danger of extinction throughout all or a significant portion of its range).  In 
this case, both a recovery plan and a future listing rule would be necessary.  As 
above, we would develop draft and final recovery plans that would rely heavily on 
and reference the SSA report and the five-year review, and complete the final 
recovery plan by the court-ordered deadline.  Work on the uplisting rule would 
commence after the final recovery plan, though a date has not been specified; 

o Outcome Recommendation 3:  The DPS is deemed recovered and warrants 
delisting (i.e., the threat for which the DPS was listed is found to have been 
adequately addressed and no new threat[s] has been identified that is expected to 
endanger the DPS throughout all or a significant portion of its range now or in the 
reasonably foreseeable future).  In this case, we would recommend a formal 
determination that the species is exempt from recovery planning and we would 
draft a memorandum to that effect.  This outcome would also indicate the need for 
a future delisting rule, with work on the delisting rule commencing after the 
memorandum has been finalized and submitted to the court, though a date for the 
rule has not been specified. 

 
Document Review, Concurrence, Surnaming, and Federal Register Publication.  We 

expect that the SSA report, five-year review, and recovery plan will all be reviewed by each 
member of the Project and Management teams and that all final documents will receive 
concurrence from the other Service Rregions.  Each reviewer will focus on their role and refrain 
from word-smithing or second guessing issues outside their area of expertise.  Each review will 
be completed in a timely manner.  For Federal Register documents, we anticipate surnaming by 
R6RD, RSOL, and HQ prior to publication.   
 

Outreach.  We will work with R6 EA staff and their counterparts in the other Service 
Rregions to develop communications plans for the SSA, five-year review, and/or recovery plan 
as needed.  We will communicate to all affected stakeholders and the public about the action we 
are taking and what it means for them, as laid out in the communications plan. 
 
Roles and Responsibilities:  Staff from FOs, ROs, and HQ offices will be expected to work 
together collaboratively to collect information, conduct analyses, and assist in developing 
products necessary to complete the actions identified in this project plan.  Management of the 
process and completion of these actions, though led by the MTFO, will be the shared 
responsibility of the ROs and FOs within the DPS range.  Further, we expect that the individuals 
responsible for these products will be free to communicate and share work products as needed to 
facilitate an efficient process.  However, we also expect that all team members will keep their 



 

supervisors apprised of progress and any issues that arise.  If necessary to resolve significant 
issues of disagreement, we will follow the elevation process outlined in the August 13, 2009 
“Section 4 Process Memo” (available on the R6 Listing Sharepoint site) until an updated process 
is developed.  Other specific roles and responsibilities are described above in “Project Lead,” 
“Project Team,” “Management Team,” and “SSA, five-year Review, and Recovery Planning 
Collaborative Process.”   
 
Schedule:  The Service announced initiation of the lynx DPS five-year review in April 2007 (72 
FR 19549 19551) but was unable to complete a review then because of court deadlines requiring 
that we revise the 2006 and 2009 critical habitat designations.  The initial notice requested 
information by June 18, 2007, but it was not a formal comment period and noted that we accept 
new information about all listed species at any time.  At that time, we received comments or 
information from seven respondents; two State agencies and five environmental/conservation 
Non-governmental organizations (NGOs).  The status review portion of the current project was 
re-initiated in October 2014, when a biologist was assigned by the MTFO to begin gathering 
information to evaluate threats to the lynx DPS and update its status accordingly.  In December 
2014, the MTFO drafted a “Dear Interested Party” letter announcing the renewed five-year 
review effort, which was sent to federal, State, and Tribal partners in Montana, as well as to 
other Service Rregions and FOs within the DPS range as a template for use in notifying their 
partners of the effort.  In January 2015, the Service prepared and distributed a news release 
announcing the five-year review and proposed completion date of June 2015, and soliciting 
information for consideration in the review.  To date, we have received responsive information 
from several federal, State and Tribal agencies, industry organizations, and environmental/ 
conservation NGOs.  In March 2015, it was determined that application the SSA Framework to 
the lynx DPS should precede (and facilitate streamlining of) the five-year review and subsequent 
recovery plan, if needed.   
 
Ultimately, the above goals are intended to inform the need for and content within a recovery 
plan.  We have a court order to complete a recovery plan by January 2018 unless the Service 
determines that the DPS warrants delisting and, therefore, that a recovery plan is not necessary.  
To meet this goal, we anticipate having a draft recovery plan written and beginning the formal 
review process by July 2016.  A list and timing of larger milestones associated with these actions 
can be found in the attached Appendix A.   
 
Coordination:  A range-wide kick-off call will be held in April or May 2015 to seek 
commitments from relevant ROs and FOs, to familiarize team members with the process and 
timeline, and respond to any issues relevant to the SSA, five-year review, and future recovery 
planning.  Subsequent coordination calls with the Project Team, coordinated by the MTFO, will 
be held on a monthly basis.  More frequent calls may be organized around particularly 
challenging issues or during particularly challenging points (such as when a deadline is 
approaching).  These calls will include other Service offices and Rregions as necessary.  
Additional calls or meetings with affected State, Tribal, and other federal agencies will be 
scheduled as needed.  Meeting internal and court-ordered deadlines for the SSA, five-year 
review, and recovery plan is dependent on all parties fulfilling their roles according to the 
timeline herein.  This project plan may also inform partner and stakeholder expectations. 
 



 

        Other FWS Regions and Programs:  The lynx DPS occurs (or lynx “may occur”) within 
parts of Service Rregions 1, 2, 3, 5, and 6, and this effort will require participation by the ROs 
and Ecological Services FOs in those regions, along with potential participation by other 
programs such as Refuges and Partners for Fish and Wildlife.  FO participation will be needed 
from the following states:  R1 (ID, OR, WA); R2 (NM), R3 (MI, MN, WI), R5 (ME, NH, NY 
[?], VT), and R6 (CO, MT, UT, WY). 
   
        Affected State Agencies:  It will be necessary and helpful to coordinate with the wildlife 
and natural resources management agencies of each of the states listed above.  Coordination will 
be especially important with the following state agencies:  Maine Department of Inland Fisheries 
and Wildlife; Minnesota Department of Natural Resources; Montana Fish, Wildlife and Parks; 
Montana Department of Natural Resources and Conservation; Idaho Fish and Game; Washington 
State Department of Fish and Wildlife; Washington State Department of Natural Resources; 
Wyoming Game and Fish Department; Colorado Division of Wildlife; and New Mexico 
Department of Game and Fish.  State agencies within the DPS range were notified of the 
renewed five-year review effort in December 2014 and January 2015, and they will be contacted 
as appropriate by FOs and/or ROs during development of the SSA, five-year review, and 
recovery planning efforts.  We anticipate at least one meeting with affected states during 
development of the SSA and at least one during recovery planning.  We may also solicit 
participation by State biologists and/or wildlife managers on a recovery team if one is convened.   
      
        Other Federal Agencies:  Federal agency coordination will follow the July 3, 2013 
Interagency Coordination for Rule Development memo and will include the USDA Forest 
Service and Natural Resources Conservation Service, Bureau of Land Management, National 
Park Service, and Bureau of Indian Affairs, and Department of Homeland Security - Customs 
and Border Protection.  Federal agencies within the DPS range were notified of the renewed five-
year review effort in December 2014 and January 2015, and they will be contacted as appropriate 
by FOs and/or ROs during development of the SSA, five-year review, and recovery planning 
efforts. 
   
        Affected Tribes:  Tribal lands within the DPS range include those of the Aroostook Band 
of Micmac Indians, the Houlton Band of Maliseets, the Passamaquoddy Tribe, and the Penobscot 
Indian Nation in Maine; the Bois Forte Band of Chippewa, Fond du Lac Band of Lake Superior 
Chippewa,  Grand Portage Chippewa, Leech Lake Band of Ojibwe, Mille Lacs Band of Ojibwe, 
Red Lake Band of Chippewa, and White Earth Nation in Minnesota; the Confederated Salish and 
Kootenai Tribes of the Flathead Indian Reservation and the Blackfeet Tribe of the Blackfeet 
Reservation in Montana; the Coeur d'Alene Tribe, Kootenai Tribe of Idaho, Nez Perce Tribe, and 
Shoshone-Bannock Tribes in Idaho; the Confederated Tribes of the Colville Reservation, the 
Kalispel Tribe of Indians, and the Spokane Tribe of Indians in Washington; the Wind River 
Indian Reservation in Wyoming; the Uintah and Ouray Indian Reservation in Utah; and the Ute 
Mountain and Southern Ute Indian Reservations in Colorado.  Tribes within the DPS range were 
notified of the renewed five-year review effort in December 2014 and January 2015, and they 
will be contacted as appropriate by Rregional Tribal Liaisons during development of the SSA, 
five-year review, and recovery planning efforts. 
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 International Coordination:  Because of the suspected importance of connectivity 
between DPS subpopulations and lynx populations in southern Canada in the persistence of the 
DPS subpopulations, it will be important that we coordinate with and seek information from our 
counterparts in the Canadian conservation, management, and lynx research communities.  We 
will seek information on the status of and threats, if any, to lynx populations in Canada that are 
adjacent to and interact with DPS subpopulations. 
 
Budget: No additional funding is available to assist in this effort.  Participating offices should 
fund their participation through existing base funding.  We will likely need GIS support for these 
actions, including high-quality digital maps and hard copy maps.     
 
Project Plan Revisions:  In light of the court deadline for the final recovery plan, we expect that 
we will meet deadlines for all products and any quality benchmarks associated with those 
products.  However, this project plan and the Project Overview can be revised at any time with 
the agreement of the ARD and Project Leader.  If there are unexpected changed circumstances 
due to competing workloads, budgets, resources, etc., we expect early communication about the 
delay and discussion with the Project Lead, Project Team, and Management Team about 
resolution.  Lead time on potential delays should be commensurate with expected delay.  For 
example, a request for two additional months should not be made the week before a project is 
due.  Further, whatever the results of the five-year review, we expect this project plan will need 
to be revisited soon after the five-year review is signed. 
 
Post-Project Debriefing:  The Project Team and Management Team commit to having a 
conversation after the completion of the project to discuss how this process was implemented, 
what went well, and what can be done better in the future.  This feedback on the process is 
necessary to ensure we are always using the best available practices and working towards greater 
efficiencies. 
 
Project Overview: 
 
Guidance, policy, and template documents can be found at: 
https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/ 
 
Personnel involved in the completion of the Canada lynx SSA, Five-Year Review,  
and Recovery Plan (if necessary) 
Roles Field Office Regional Office HQ RSOL 
Project 
Leads 

Lead FO Biologist 
Jim Zelenak 

Lead RO Biologist 
Seth Willey 

Lead HQ Biologists 
Heather Bell 
Tara Nicolaysen 

Lead 
SOL 
Dana 
Jacobsen 

Project 
Team 

Biologists from the Maine, Twin Cities, Northern 
Idaho, WenatcheeWashington, Wyoming, 
Colorado, and Western Colorado FOs.   

   

Management 
Team 

Jodi Bush, MTFO, Brent Esmoil MTFO; Field 
Supervisors from the Maine, Twin Cities, 
Northern Idaho, WenatcheeWashington, 
Wyoming, Colorado, and Western Colorado FOs.  
 

Bridget Fahey, R6 
TE Chief 
Nicole Alt, R6 
Geographic 
Supervisor 
Mike Thabault, R6 
ARD-ES 

??  

https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/


 

Matt Hogan, R6 
Deputy RD 
Noreen Walsh, R6 
RD 
Recovery 
Coordinators, TE 
Chiefs, and ARDs-
ES - R1, R2, R3, and 
R5 
 

Others 
Involved 

Biologists from the New England, New York, 
Michigan, Wisconsin, Idaho, Eastern Idaho, 
Spokane, Oregon, Utah, and New Mexico FOs as 
needed 

Ext Affairs 
Specialists, 
ARDs-Ext Affairs, 
and Tribal Liaisons -  
R6, R1, R2, R3, and 
R5 
 
 

  

 

Document Review: 
 
Jim Zelenak is the lead author for these actions.  Other MTFO reviewers include Brent Esmoil 
and Jodi Bush.  All members of the Project Team are expected to provide appropriate scientific 
review of draft documents.  Management Team members are expected to review final documents 
and provide Rregional concurrence with them as needed.  Seth Willey and Bridget Fahey are 
expected to provide appropriate policy review for the drafts.  Dana Jacobsen will provide an 
assessment of legal risk.  Mike Thabault will provide an abbreviated review for “big picture” 
issues. 
 
 
Signed: 
 

______________________________                       ______________________________ 
Assistant Regional Director, R6   Project Leader, Montana Field Office 
 
       ______________________________ 
       Project Leader, Wyoming Field Office 
 
       ______________________________ 
       Project Leader, Colorado Field Office 
 
       ______________________________ 
       Project Leader, W. Colorado Field Office 
 
__________________________   ______________________________ 
Assistant Regional Director, R1   Project Leader, Wenatchee Washington 
Field Office 
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       ______________________________ 
       Project Leader, E. Washington Field Office 
 
       ______________________________ 
       Project Leader, N. Idaho Field Office 
 
______________________________  ______________________________ 
Assistant Regional Director, R2   Project Leader, New Mexico Field Office 
 
______________________________  ______________________________ 
Assistant Regional Director, R3   Project Leader, Twin Cities Field Office 
 
______________________________  ______________________________ 
Assistant Regional Director, R5   Project Leader, Maine Field Office 
 
       ______________________________ 
       Project Leader, New England Field Office   



 

Appendix A 
Schedule for Canada Lynx Five-Year Review and, if necessary, Recovery Plan 

 
Date Milestone 
April 18, 2007 FWS announced initiation of five-year review of lynx DPS (72 FR 19549). 
Dec. 8, 2014 “Dear Interested Party” letter sent to Montana State, Federal, Tribal partners and to 

other FWS ROs and FOS announcing the re-initiation of the five-year review for lynx. 
Jan. 13, 2015 FWS news release announcing five-year review and soliciting information to consider 

in the review. 
Ongoing 
beginning 
January  2015 

Work with partners to collect and evaluate available data and information and assess 
threat factors (USFS, BLM, NPS, BIA, State wildlife/natural resources agencies, and 
Tribes). 

April or May, 
2015 

Kick-off call with relevant team members.  Additional coordination calls to be held 
monthly.  The MTFO lead will coordinate the monthly calls.  These calls will include 
other FWS offices. 

  Apr. 29-30, 
2015 

SSA workshop to include lynx discussion/case study (R6 RO). 

May – July 
2015 

Set up meetings, develop and conduct a structured threats assessment, using outlines, 
webinars and other intermediate products, and brief the Management Team as 
necessary through the process.  Draft SSA report with assistance from other Service 
Rregions and FOs. 

May 20, 2015 Workshop(s) with State agencies to discuss SSA process and DPS status and threats. 
June 3, 2015 Expert elicitation meeting(s) on distribution, status, and threats (including climate 

change). 
July – Sept. 
2015 

Brief ROs and HQ on findings; submit SSA report for RO/HQ review and 
concurrence. 

Oct. – Dec. 
2015 

Draft streamlined five-year review; submit for RO/HQ/RSOL 
review/concurrence/surname; publish five-year review in FR. 

Jan. 2016 Begin recovery planning processes if necessary; select and invite Recovery Team 
members. 

  Jan. – June 
2016 

Develop DRAFT recovery plan including goals and objectives, implementation plan.   

July – Sept. 
2016 

RO/HQ/RSOL review/surname of DRAFT recovery plan.  Review and concurrence 
from R1, R2, R3, and R5 as needed. 

October 2016 Release DRAFT recovery plan to public and commence peer review and/or publish 
proposed listing rule. 

December 2016 60-day comment period closes on DRAFT recovery plan; peer review also complete. 
January –June 
2017 

Revise DRAFT recovery plan; draft the FINAL recovery plan.  

July-Sept. 2017 RO/HQ/RSOL review/surname of FINAL recovery.  Review and concurrence from 
R1, R2, R3, and R5. 

  December 2017 Finalize recovery plan, publish in FR, and post on webpage; conduct appropriate 
outreach.  Communicate with court as necessary regarding completion and submission 
of FINAL recovery plan in accordance with court-ordered deadline. 

 



From: Zelenak, Jim
To: Heather Bell
Subject: Lynx SSA Draft Project Plan
Date: Wednesday, May 13, 2015 2:30:22 PM

Hi Heather,

Thanks for your time and input on the call.  Let me know if you have any comments/edits/recommendations on the
draft plan - I'll incorporate them before sending out to the larger group.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:heather_bell@fws.gov
mailto:jim_zelenak@fws.gov


From: Bell, Heather
To: Zelenak, Jim
Subject: Re: Lynx SSA Draft Project Plan
Date: Wednesday, May 13, 2015 3:40:05 PM
Attachments: 2015 05 13 DRAFT Proj Plan Canada Lynx 5-YR TRACK v2.docx

call me if you have any questions....rather a rush job on my part!  

Hopefully i didn't make things more complicated on the call......When you get to the point
where you really know what kind of FIT support you are going to need please don't hesitate to
let me know.  I will do my best to get it/them for you!  you are not alone....

Heather Bell
Ecological Services HQ
Branch of Conservation Integration
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff
at https://sites.google.com/a/fws.gov/ssa/

On Wed, May 13, 2015 at 2:30 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Heather,

Thanks for your time and input on the call.  Let me know if you have any comments/edits/recommendations on
the draft plan - I'll incorporate them before sending out to the larger group.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:heather_bell@fws.gov
mailto:jim_zelenak@fws.gov
https://sites.google.com/a/fws.gov/ssa/
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


 

DRAFT CANADA LYNX PROJECT PLAN TO COMPLETE 
A SPECIES STATUS ASSESSMENT, FIVE-YEAR REVIEW, AND RECOVERY PLAN 

 
April 2015 

 
Action:  The U.S. Fish and Wildlife Service (Service) will conduct a species status assessment 
(SSA) as a first step to understand the current status of the contiguous United States distinct 
population segment (DPS) of the Canada lynx (Lynx canadensis), currently listed as threatened 
under the Endangered Species Act (Act).  This SSA will serve as the basis for the five-year status 
review (initiated in 2007; 72 FR 19549) required under the Act and to inform and streamline the 
court-ordered recovery plan (due January15, 2018), assuming such a plan is deemed necessary1. 
The SSA report would also provide the scientific foundation to support future rulemaking in 
accordance with the Act should the five-year review indicate that a change in the DPS’s listing 
status is warranted.   
 
Goals of the Project Plan:  (1) To facilitate application of the SSA framework to produce a 
scientifically defensible five-year review of the status of the lynx DPS and a subsequent recovery 
plan, if one is deemed necessaryneeded; and (2) to ensure that expectations for these processes, 
are clear including approach, roles and responsibilities, and schedule, are clear and for that 
managers to beare aware of and have agreed to these expectations. 
  
Project Approach:  We intend to apply the SSA framework to the lynx DPS and use the SSA 
results to inform both the five-year review and the recovery planning process.  The lead field 
office (FO) will work with other Service Rregions and FOs in the DPS range to gather and 
evaluate all relevant information that has become available since our March 2000 listing rule (65 
FR 16053) and our July 2003 Remanded Determination of Status (68 FR 40076) for the lynx 
DPS.  We will avail ourselves of recent efforts to summarize the available scientific literature for 
lynx, including the September 2014 final revised critical habitat designation for the DPS (79 FR 
54781) and the 2013 revised interagency Lynx Conservation Assessment and Strategy (LCAS; 
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf).  The FOs 
will keep partner agencies informed about progress and request their participation and reviews as 
appropriate.  
 

Species Status Assessment:  The SSA framework is a new, standardized national Service 
guidance providing a new methodology for assessing the status of species, which can help 
inform species listing, status, and recovery determinations that the Service is required to make in 
accordance with section 4(c)(2) of the Act (https://sites.google.com/a/fws.gov/ssa/about-
SSA).  Using the SSA framework, we will evaluate the viability of the lynx DPS and potential 
threats to its viability using the principles of representation, resilience, and redundancy.  The 
SSA also will provide critical information needed to guide the recovery planning process, 
                                                           
1 The Act requires recovery plans for listed species unless a determination is made that such plan will not promote 
the conservation of the species.  If the five-year status review concludes that the DPS warrants delisting, we would 
likely pursue a formal determination that the species is exempt from recovery planning as such a plan would be 
unnecessary (if the species is already recovered, a plan is not needed to move the species to the point of recovery 
and would therefore not promote the conservation of the species).  Although the five-year review is not a final 
agency action, the memorandum exempting the species from recovery planning (should we reach that conclusion) 
would be. 
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including identification of the primary threats to the lynx DPS that remain to be resolved, if any.  
Completion of the SSA is the first step in theis process of determining the current status of the 
lynx DPS.  We anticipate that the SSA will be completed by October 2015.   
 

Five-year Review:  The five-year review, required by statute, is envisioned as the second 
step in this process.  We anticipate that the five-year review would will be a streamlined 
document relying heavily on and referring to the SSA.  The five-year review will consider the 
SSA’s scientific determinations and make recommendations regarding the status of the DPS in 
accordance with the Act.  The three possible outcomes recommendations of the five-year review 
are that the lynx DPS should: (1) remain listed as threatened; (2) be uplisted to endangered; or 
(3) be delisted.  Outcome Recommendation (1) would indicate the need to next complete a 
recovery plan by the court-ordered deadline; outcome recommendation (2) would indicate that 
both a recovery plan and a future listing rule are needed; and outcome recommendation (3) 
would require both a formal determination via memorandum that the DPS is exempt from 
recovery planning and a future listing rule.  We anticipate the five-year review will be drafted by 
November 2015 and finalized by January 2016.   
 

Recovery Plan:  If a recovery plan is necessary, it will be informed by both the SSA and 
the five-year review.  The recovery plan would include an introduction summarizing the 
recovery vision (what a recovered DPS would “look” like) and recovery strategy (the route 
selected to get the species to recovery).  It also would include: (1) objective and measurable 
criteria that when met would allow delisting (including, as practicableto the extent feasible, 
demographic and threats-based recovery criteria); (2) site-specificbroad management actions 
needed to achieve the recovery visioncriteria; and (3) time and cost estimates to achieve 
delisting.  Pursuant to the Service’s new recovery planning paradigm –, the Recovery 
Enhancement Vision (REV; USFWS 2014, https://sites.google.com/a/fws.gov/rev/) – , the SSA 
will facilitate development of a streamlined recovery plan that focuses on these three statutory 
requirements.  A supplemental document, the Recovery Implementation Strategy (RIS), details 
short-term but detailed (site-specific) step down activities needed to achieve the recovery vision.  
If planning is needed, wWe intend to complete the draft recovery plan by October 2016.  The 
recovery planning process will include peer review and opportunities for public review and 
comment on the draft recovery plan prior to completion of a final recovery plan.  If undertaken, 
tThe recovery plan, if necessary, will be finalized prior to the January 15, 2018, court deadline.   
 

Project Lead:  This project will be led by the Montana Ecological Services Field Office 
(MTFO).  Within this office, Jim Zelenak is the species lead and will serve as the project and 
team lead.  This role includes cross-regional intra-Service organizing, coordinating with outside 
partners and experts as appropriate, and developing a project schedule and ensuring adherence to 
associated deadlines.  It also includes primary authorship of the SSA report, five-year review, 
and, if necessary, the recovery plan.   
 

Project Team:  The Mountain-Prairie Region (6) is the lead Service Rregion for 
lynx.  However, within the DPS range, lynx subpopulations currently occur in parts of 9 states 
(CO, ID, ME, MN, MT, NH, VT, WA, and WY).  Lynx associated with these subpopulations or 
other lynx populations in southern Canada also may occur (usually rarely, intermittently, and 
temporarily) in other states (MI, ND, NE, NM, NY, OR, SD, UT, and WI), and dispersing lynx 



 

also have occurred very rarely in CT, IA, IL, IN, MA, PA, and NV.  Because the DPS spans 
parts of four other Service Rregions (1, 2, 3, and 5), it will be especially important that field 
biologists most familiar with the status of each of the lynx in the various subpopulations within 
the DPS assist with (1) collection and interpretation of information relating to the status of and 
potential threats to those subpopulations; (2) contacting and arranging participation by lynx 
experts most familiar with the status, ecology, population dynamics, and habitat needs of those 
subpopulations; and (3) writing, editing, and reviewing relevant parts of the SSA report, five-
year review, and recovery plan, if needed.  We expect that the appropriate biologists from the 
Maine, Twin Cities, Northern Idaho, WenatcheeWashington, Wyoming, Colorado, and Western 
Colorado FOs will receive supervisory approval to participate consistently on the Project Team 
and contribute meaningfully to the development, review, and completion of the SSA report, five-
year review, and recovery plan.  We further expect that biologists from the New England, New 
York, Michigan, Wisconsin, Idaho, Eastern Idaho, Spokane, Oregon, Utah, and New Mexico 
FOs will receive supervisory approval to participate as needed in the development, review and 
completion of these documents.  

 
Management Team:  In addition to field biologists, we expect that Field Supervisors from 

the Maine, Twin Cities, Northern Idaho, WenatcheeWashington, Wyoming, Colorado, and 
Western Colorado FOs will assist with coordination with State and Tribal and other federal 
stakeholders, participate in document review, and obtain Rregional Ooffice (RO) concurrence 
with status determinations and final decisions/documents.  RO representation from affected 
Service Rregions also is essential to this process, as is headquarters (HQ) participation and 
guidance.  We expect that Rregional ESA Branch Chiefs and/or Rregional Recovery 
Coordinators from Rregions 1, 2, 3, and 5, and HQ Listing and/or Recovery staff will participate 
in document review and concurrence processes.  Legal staff may also engage or be consulted at 
various points in this process. 
 

Focus on Science First – We intend to conduct a thorough scientific review of the lynx 
DPS and to work with our partners to make sure we have and use the best available information 
to develop the SSA report, the five-year review, and to guide any subsequent recovery 
planning.  During the SSA and development of the five-year review, we will conduct a structured 
threats assessment using outlines, webinars, expert elicitation, and other intermediate products, 
and we will brief the Management Team as necessary throughout the process.  During the 
recovery planning process, we will also bring together experts from the lynx research and 
management arenas. 
 

SSA, five-year Review, and Recovery Planning Collaborative Process:  We have broken 
the SSA, five-year review, and recovery planning/listing processes down into the following 
seven phases: 

 
• Phase 1 – Information Collection.  The lynx’s current distribution in the contiguous U.S. 

and some aspects of its habitat requirements are fairly well-understood; however, we will 
seek to better understand and analyze its historic and current distributions, subpopulation 
sizes and status, and the degree to which DPS subpopulations rely on immigration from 
populations in Canada.  Additionally, we will focus on the numbers and productivity of 
lynx in each of the DPS subpopulations, how these vary over time, the causes of the 
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variation, and the quality and conservation status of lynx and hare habitats within the 
DPS range.  In addition to the information upon which the 2000 Final Rule listing the 
DPS as threatened was based, wWe will collect and evaluate all relevant information that 
has become available since the 2000 Final Rule listing the DPS as threatened and 
subsequent determinationsthen.  We expect available information to be primarily in the 
form of published, peer-reviewed literature and academic dissertations and theses 
obtainable through academic search engines.  We will also gather government reports 
(e.g., the recently-revised LCAS and survey and monitoring reports from federal, State 
and Tribal partners) and review legal and policy considerations. 

• Phase 2 – Assessment of the DPS’s Current and Future Conservation Status and Relevant 
Threats, and Completion of the SSA Report.  With the information gathered in Phase 1, 
we will identify and evaluate historical, current, and future threats to lynx and their 
magnitude and relative impact on the viability of the subpopulations that constitute the 
DPS.  As part of the SSA process, wWe will conduct a structured threats assessment, 
using outlines, webinars and other intermediate products, and we will brief the Project 
and Management teams at appropriate junctionsas necessary through the process.  We 
will produce a draft report outlining SSA methods and results; the draft SSA report will 
undergo peer review.  We will revise the draft report as needed based on peer review and 
review/edits/comments provided by the Management Team and appropriate partners.We 
will compile and analyze this information in the SSA report.  We expect Project Team 
members to participate actively in the collection and interpretation of information 
specific to DPS subpopulations and potential threats to them in their geographic areas and 
to coordinate locally with state and federal agencies, Tribes, conservation organizations, 
the media and the public.  We expect Management Team members from each region to 
review, edit, and approve materials provided by their Project Team members in a timely 
manner.      

• Phase 3 – Decision Making.  The In coordination with the Project Team, the MTFO will 
make a preliminary recommendation about the DPS’s legal status (threatened, 
endangered, or recovered), brief R6 leadership, and then provide it the recommendation 
for review, and comment, and concurrence by the rest of the Project and Management 
Tteams.  A final decision on the status of the DPS will be made by R6 Regional Director.  

• Phase 4 – Drafting and Ddisseminating the Ffive-year Review.  Based on the SSA report 
and the R6RD decision on the DPS’s status, the Project Llead FO biologist will draft the 
five-year review with input from and review by the Project and Management teams, and 
concurrence from cooperating Regions.  We will work with R6 EA staff, who will work 
with their counterparts in the affected other Rregions, to draft a news release announcing 
results and availability of the five-year review and supporting SSA report.  We will post 
both documents at the ECOS Species Profile web page 
(http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073).   

• Phase 5 – Next Steps.  As mentioned above, tThere are three possible outcomes 
recommendations of the five-year review, each with different listing and recovery 
requirements and time lines. 

o Outcome Recommendation 1:  The lynx DPS continues to warrant listing as 
threatened under the Act (i.e., the threat for which the DPS was listed has not 
been adequately addressed and/or a new threat[s] has been identified such that the 
DPS remains likely to become endangered within the foreseeable future 
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throughout all or a significant portion of its range).  In this case, a recovery plan 
would be necessary, so we would convene a Recovery Team and implement the 
REV process to develop draft and final recovery plans consistent with the court-
ordered time line for completing the final plan by January 2018.  We expect that a 
streamlined recovery plan would be completed that relies heavily on and 
references the SSA report and the five-year review; 

o Outcome Recommendation 2:  The DPS warrants uplisting to endangered status 
(i.e., the threat for which the DPS was listed remains unresolved or has increased 
and/or a new threat[s] has been identified such that the DPS is now determined to 
be in danger of extinction throughout all or a significant portion of its range).  In 
this case, both a recovery plan and a future listing rule would be necessary.  As 
above, we would develop draft and final recovery plans that would rely heavily on 
and reference the SSA report and the five-year review, and complete the final 
recovery plan by the court-ordered deadline.  Work on the uplisting rule would 
commence after the final recovery plan, though a date has not been specified; 

o Outcome Recommendation 3:  The DPS is deemed recovered and warrants 
delisting (i.e., the threat for which the DPS was listed is found to have been 
adequately addressed and no new threat[s] has been identified that is expected to 
endanger the DPS throughout all or a significant portion of its range now or in the 
reasonably foreseeable future).  In this case, we would recommend a formal 
determination that the species is exempt from recovery planning and we would 
draft a memorandum to that effect.  This outcome would also indicate the need for 
a future delisting rule, with work on the delisting rule commencing after the 
memorandum has been finalized and submitted to the court, though a date for the 
rule has not been specified. 

 
Document Review, Concurrence, Surnaming, and Federal Register Publication.  We 

expect that the SSA report, five-year review, and recovery plan will all be reviewed by each 
member of the Project and Management teams and that all final documents will receive 
concurrence from the other Service Rregions.  Each reviewer will focus on their role and refrain 
from word-smithing or second guessing issues outside their area of expertise.  Each review will 
be completed in a timely manner.  For Federal Register documents, we anticipate surnaming by 
R6RD, RSOL, and HQ prior to publication.   
 

Outreach.  We will work with R6 EA staff and their counterparts in the other Service 
Rregions to develop communications plans for the SSA, five-year review, and/or recovery plan 
as needed.  We will communicate to all affected stakeholders and the public about the action we 
are taking and what it means for them, as laid out in the communications plan. 
 
Roles and Responsibilities:  Staff from FOs, ROs, and HQ offices will be expected to work 
together collaboratively to collect information, conduct analyses, and assist in developing 
products necessary to complete the actions identified in this project plan.  Management of the 
process and completion of these actions, though led by the MTFO, will be the shared 
responsibility of the ROs and FOs within the DPS range.  Further, we expect that the individuals 
responsible for these products will be free to communicate and share work products as needed to 
facilitate an efficient process.  However, we also expect that all team members will keep their 
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supervisors apprised of progress and any issues that arise.  If necessary to resolve significant 
issues of disagreement, we will follow the elevation process outlined in the August 13, 2009 
“Section 4 Process Memo” (available on the R6 Listing Sharepoint site) until an updated process 
is developed.  Other specific roles and responsibilities are described above in “Project Lead,” 
“Project Team,” “Management Team,” and “SSA, five-year Review, and Recovery Planning 
Collaborative Process.”   
 
Schedule:  The Service announced initiation of the lynx DPS five-year review in April 2007 (72 
FR 19549 19551) but was unable to complete a review then because of court deadlines requiring 
that we revise the 2006 and 2009 critical habitat designations.  The initial notice requested 
information by June 18, 2007, but it was not a formal comment period and noted that we accept 
new information about all listed species at any time.  At that time, we received comments or 
information from seven respondents; two State agencies and five environmental/conservation 
Non-governmental organizations (NGOs).  The status review portion of the current project was 
re-initiated in October 2014, when a biologist was assigned by the MTFO to begin gathering 
information to evaluate threats to the lynx DPS and update its status accordingly.  In December 
2014, the MTFO drafted a “Dear Interested Party” letter announcing the renewed five-year 
review effort, which was sent to federal, State, and Tribal partners in Montana, as well as to 
other Service Rregions and FOs within the DPS range as a template for use in notifying their 
partners of the effort.  In January 2015, the Service prepared and distributed a news release 
announcing the five-year review and proposed completion date of June 2015, and soliciting 
information for consideration in the review.  To date, we have received responsive information 
from several federal, State and Tribal agencies, industry organizations, and environmental/ 
conservation NGOs.  In March 2015, it was determined that application the SSA Framework to 
the lynx DPS should precede (and facilitate streamlining of) the five-year review and subsequent 
recovery plan, if needed.   
 
Ultimately, the above goals are intended to inform the need for and content within a recovery 
plan.  We have a court order to complete a recovery plan by January 2018 unless the Service 
determines that the DPS warrants delisting and, therefore, that a recovery plan is not necessary.  
To meet this goal, we anticipate having a draft recovery plan written and beginning the formal 
review process by July 2016.  A list and timing of larger milestones associated with these actions 
can be found in the attached Appendix A.   
 
Coordination:  A range-wide kick-off call will be held in April or May 2015 to seek 
commitments from relevant ROs and FOs, to familiarize team members with the process and 
timeline, and respond to any issues relevant to the SSA, five-year review, and future recovery 
planning.  Subsequent coordination calls with the Project Team, coordinated by the MTFO, will 
be held on a monthly basis.  More frequent calls may be organized around particularly 
challenging issues or during particularly challenging points (such as when a deadline is 
approaching).  These calls will include other Service offices and Rregions as necessary.  
Additional calls or meetings with affected State, Tribal, and other federal agencies will be 
scheduled as needed.  Meeting internal and court-ordered deadlines for the SSA, five-year 
review, and recovery plan is dependent on all parties fulfilling their roles according to the 
timeline herein.  This project plan may also inform partner and stakeholder expectations. 
 



 

        Other FWS Regions and Programs:  The lynx DPS occurs (or lynx “may occur”) within 
parts of Service Rregions 1, 2, 3, 5, and 6, and this effort will require participation by the ROs 
and Ecological Services FOs in those regions, along with potential participation by other 
programs such as Refuges and Partners for Fish and Wildlife.  FO participation will be needed 
from the following states:  R1 (ID, OR, WA); R2 (NM), R3 (MI, MN, WI), R5 (ME, NH, NY 
[?], VT), and R6 (CO, MT, UT, WY). 
   
        Affected State Agencies:  It will be necessary and helpful to coordinate with the wildlife 
and natural resources management agencies of each of the states listed above.  Coordination will 
be especially important with the following state agencies:  Maine Department of Inland Fisheries 
and Wildlife; Minnesota Department of Natural Resources; Montana Fish, Wildlife and Parks; 
Montana Department of Natural Resources and Conservation; Idaho Fish and Game; Washington 
State Department of Fish and Wildlife; Washington State Department of Natural Resources; 
Wyoming Game and Fish Department; Colorado Division of Wildlife; and New Mexico 
Department of Game and Fish.  State agencies within the DPS range were notified of the 
renewed five-year review effort in December 2014 and January 2015, and they will be contacted 
as appropriate by FOs and/or ROs during development of the SSA, five-year review, and 
recovery planning efforts.  We anticipate at least one meeting with affected states during 
development of the SSA and at least one during recovery planning.  We may also solicit 
participation by State biologists and/or wildlife managers on a recovery team if one is convened.   
      
        Other Federal Agencies:  Federal agency coordination will follow the July 3, 2013 
Interagency Coordination for Rule Development memo and will include the USDA Forest 
Service and Natural Resources Conservation Service, Bureau of Land Management, National 
Park Service, and Bureau of Indian Affairs, and Department of Homeland Security - Customs 
and Border Protection.  Federal agencies within the DPS range were notified of the renewed five-
year review effort in December 2014 and January 2015, and they will be contacted as appropriate 
by FOs and/or ROs during development of the SSA, five-year review, and recovery planning 
efforts. 
   
        Affected Tribes:  Tribal lands within the DPS range include those of the Aroostook Band 
of Micmac Indians, the Houlton Band of Maliseets, the Passamaquoddy Tribe, and the Penobscot 
Indian Nation in Maine; the Bois Forte Band of Chippewa, Fond du Lac Band of Lake Superior 
Chippewa,  Grand Portage Chippewa, Leech Lake Band of Ojibwe, Mille Lacs Band of Ojibwe, 
Red Lake Band of Chippewa, and White Earth Nation in Minnesota; the Confederated Salish and 
Kootenai Tribes of the Flathead Indian Reservation and the Blackfeet Tribe of the Blackfeet 
Reservation in Montana; the Coeur d'Alene Tribe, Kootenai Tribe of Idaho, Nez Perce Tribe, and 
Shoshone-Bannock Tribes in Idaho; the Confederated Tribes of the Colville Reservation, the 
Kalispel Tribe of Indians, and the Spokane Tribe of Indians in Washington; the Wind River 
Indian Reservation in Wyoming; the Uintah and Ouray Indian Reservation in Utah; and the Ute 
Mountain and Southern Ute Indian Reservations in Colorado.  Tribes within the DPS range were 
notified of the renewed five-year review effort in December 2014 and January 2015, and they 
will be contacted as appropriate by Rregional Tribal Liaisons during development of the SSA, 
five-year review, and recovery planning efforts. 
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 International Coordination:  Because of the suspected importance of connectivity 
between DPS subpopulations and lynx populations in southern Canada in the persistence of the 
DPS subpopulations, it will be important that we coordinate with and seek information from our 
counterparts in the Canadian conservation, management, and lynx research communities.  We 
will seek information on the status of and threats, if any, to lynx populations in Canada that are 
adjacent to and interact with DPS subpopulations. 
 
Budget: No additional funding is available to assist in this effort.  Participating offices should 
fund their participation through existing base funding.  We will likely need GIS support for these 
actions, including high-quality digital maps and hard copy maps.     
 
Project Plan Revisions:  In light of the court deadline for the final recovery plan, we expect that 
we will meet deadlines for all products and any quality benchmarks associated with those 
products.  However, this project plan and the Project Overview can be revised at any time with 
the agreement of the ARD and Project Leader.  If there are unexpected changed circumstances 
due to competing workloads, budgets, resources, etc., we expect early communication about the 
delay and discussion with the Project Lead, Project Team, and Management Team about 
resolution.  Lead time on potential delays should be commensurate with expected delay.  For 
example, a request for two additional months should not be made the week before a project is 
due.  Further, whatever the results of the five-year review, we expect this project plan will need 
to be revisited soon after the five-year review is signed. 
 
Post-Project Debriefing:  The Project Team and Management Team commit to having a 
conversation after the completion of the project to discuss how this process was implemented, 
what went well, and what can be done better in the future.  This feedback on the process is 
necessary to ensure we are always using the best available practices and working towards greater 
efficiencies. 
 
Project Overview: 
 
Guidance, policy, and template documents can be found at: 
https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/ 
 
Personnel involved in the completion of the Canada lynx SSA, Five-Year Review,  
and Recovery Plan (if necessary) 
Roles Field Office Regional Office HQ RSOL 
Project 
Leads 

Lead FO Biologist 
Jim Zelenak 

Lead RO Biologist 
Seth Willey 

Lead HQ Biologists 
Heather Bell 
Tara Nicolaysen 

Lead 
SOL 
Dana 
Jacobsen 

Project 
Team 

Biologists from the Maine, Twin Cities, Northern 
Idaho, WenatcheeWashington, Wyoming, 
Colorado, and Western Colorado FOs.   

   

Management 
Team 

Jodi Bush, MTFO, Brent Esmoil MTFO; Field 
Supervisors from the Maine, Twin Cities, 
Northern Idaho, WenatcheeWashington, 
Wyoming, Colorado, and Western Colorado FOs.  
 

Bridget Fahey, R6 
TE Chief 
Nicole Alt, R6 
Geographic 
Supervisor 
Mike Thabault, R6 
ARD-ES 

??  

Comment [HB8]: ADD your FIT members  

https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/


 

Matt Hogan, R6 
Deputy RD 
Noreen Walsh, R6 
RD 
Recovery 
Coordinators, TE 
Chiefs, and ARDs-
ES - R1, R2, R3, and 
R5 
 

Others 
Involved 

Biologists from the New England, New York, 
Michigan, Wisconsin, Idaho, Eastern Idaho, 
Spokane, Oregon, Utah, and New Mexico FOs as 
needed 

Ext Affairs 
Specialists, 
ARDs-Ext Affairs, 
and Tribal Liaisons -  
R6, R1, R2, R3, and 
R5 
 
 

  

 

Document Review: 
 
Jim Zelenak is the lead author for these actions.  Other MTFO reviewers include Brent Esmoil 
and Jodi Bush.  All members of the Project Team are expected to provide appropriate scientific 
review of draft documents.  Management Team members are expected to review final documents 
and provide Rregional concurrence with them as needed.  Seth Willey and Bridget Fahey are 
expected to provide appropriate policy review for the drafts.  Dana Jacobsen will provide an 
assessment of legal risk.  Mike Thabault will provide an abbreviated review for “big picture” 
issues. 
 
 
Signed: 
 

______________________________                       ______________________________ 
Assistant Regional Director, R6   Project Leader, Montana Field Office 
 
       ______________________________ 
       Project Leader, Wyoming Field Office 
 
       ______________________________ 
       Project Leader, Colorado Field Office 
 
       ______________________________ 
       Project Leader, W. Colorado Field Office 
 
__________________________   ______________________________ 
Assistant Regional Director, R1   Project Leader, Wenatchee Washington 
Field Office 
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       ______________________________ 
       Project Leader, E. Washington Field Office 
 
       ______________________________ 
       Project Leader, N. Idaho Field Office 
 
______________________________  ______________________________ 
Assistant Regional Director, R2   Project Leader, New Mexico Field Office 
 
______________________________  ______________________________ 
Assistant Regional Director, R3   Project Leader, Twin Cities Field Office 
 
______________________________  ______________________________ 
Assistant Regional Director, R5   Project Leader, Maine Field Office 
 
       ______________________________ 
       Project Leader, New England Field Office   



 

Appendix A 
Schedule for Canada Lynx Five-Year Review and, if necessary, Recovery Plan 

 
Date Milestone 
April 18, 2007 FWS announced initiation of five-year review of lynx DPS (72 FR 19549). 
Dec. 8, 2014 “Dear Interested Party” letter sent to Montana State, Federal, Tribal partners and to 

other FWS ROs and FOS announcing the re-initiation of the five-year review for lynx. 
Jan. 13, 2015 FWS news release announcing five-year review and soliciting information to consider 

in the review. 
Ongoing 
beginning 
January  2015 

Work with partners to collect and evaluate available data and information and assess 
threat factors (USFS, BLM, NPS, BIA, State wildlife/natural resources agencies, and 
Tribes). 

April or May, 
2015 

Kick-off call with relevant team members.  Additional coordination calls to be held 
monthly.  The MTFO lead will coordinate the monthly calls.  These calls will include 
other FWS offices. 

  Apr. 29-30, 
2015 

SSA workshop to include lynx discussion/case study (R6 RO). 

May – July 
2015 

Set up meetings, develop and conduct a structured threats assessment, using outlines, 
webinars and other intermediate products, and brief the Management Team as 
necessary through the process.  Draft SSA report with assistance from other Service 
Rregions and FOs. 

May 20, 2015 Workshop(s) with State agencies to discuss SSA process and DPS status and threats. 
June 3, 2015 Expert elicitation meeting(s) on distribution, status, and future threats (including 

climate change). 
July – Sept. 
2015 

Brief ROs and HQ on findingsexpert elicitation results; Draft and submit SSA report 
for for Peer Review, Followed by RO/HQ review and concurrence. 

Oct. – Dec. 
2015 

Draft streamlined five-year review; submit for RO/HQ/RSOL 
review/concurrence/surname; publish five-year review in FR. 

Jan. 2016 Begin development of recovery strategy, critieria and broad actions planning processes 
if necessary; select and invite Recovery Team members. 

  Jan. – June 
2016 

Develop DRAFT recovery plan including goals and objectives, implementation plan.   

July – Sept. 
2016 

RO/HQ/RSOL review/surname of DRAFT recovery plan.  Review and concurrence 
from R1, R2, R3, and R5 as needed. 

October 2016 Release DRAFT recovery plan to public and commence peer review and/or publish 
proposed listing rule. 

December 
2016 

60-day comment period closes on DRAFT recovery plan; peer review also complete. 

January –June 
2017 

Revise DRAFT recovery plan; draft the FINAL recovery plan.  

July-Sept. 2017 RO/HQ/RSOL review/surname of FINAL recovery.  Review and concurrence from R1, 
R2, R3, and R5. 

  December 
2017 

Finalize recovery plan, publish in FR, and post on webpage; conduct appropriate 
outreach.  Communicate with court as necessary regarding completion and submission 
of FINAL recovery plan in accordance with court-ordered deadline. 
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From: Zelenak, Jim
To: Mark McCollough; Anthony Tur; Tamara Smith; Bryon Holt; Jeff Krupka; Eric Hein; Michelle Eames; Leslie

Ellwood; Ann Belleman; Kurt Broderdorp; Kate Novak; Lisa Solberg Schwab
Cc: Jodi Bush; Seth Willey; Mary Parkin
Subject: Lynx SSA, 5-YR & Recovery Plan Contacts
Date: Friday, May 15, 2015 3:41:58 PM
Attachments: 2015 05 15 DRAFT Canada lynx SSA and Recovery Planning Contacts.docx

Hi All,

Please add or correct (in Track Changes) the entries in the attached table for your area and send back to me.

Trying to identify folks who will need to be involved in the lynx DPS status assessment and who can best help us
understand current and future status/trends of lynx and habitats within each of the DPS subpopulations, the
adequacy of current regulatory mechanisms, current/future threats and their potential magnitudes, lynx
status/trends/management on the Canadian side of the border, etc.

Let me know if you have questions.

thanks,

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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DRAFT - Canada lynx SSA and Recovery Planning Contacts/Participants  

State 
USFWS State USFS BLM NPS Canada 

Academia 
Biologist Manager Biologist Manager Biologist Manager Biologist Manager Biologist Manager Biologist Manager 

CO 

K. 
Broderdorp/ 
Leslie 
Ellwood 

 E. Odell/ 
J. Ivan 

     T. Shenk  NA NA  

ID B. Holt B. Conard            

ME 

M. 
McCollough 

L. Zicari J. Vashon  NA NA NA NA NA NA   D. 
Harrison/ 
E. 
Simons-
Legaard 

MN T. Smith     S. Catton       R. Moen 

MT 

J. Zelenak J. Bush J. Kolbe K. 
McDonald 

J. Squires/ 
K. 
McKelvey/ 
M. 
Schwartz 

S. Jackson J. Sparks  Glacier 
N.P. 
Biologist 

Glacier 
N.P. 
Manager 

B.C.: 
 
Alb.: 

B.C.: 
 
Alb.: 

 

NH A. Tur T. Chapman            
VT   C. Bernier           

WA J. Krupka/ 
M. Eames 

J. Gonzales/ 
R. MacRea 

           

WY 

A. 
Belleman/ 
L. Solberg-
Schwab 

M. 
Sattleberg 

B. Lanka?      YNP and/ 
or GTNP 
Biologist 

YNP and/ 
or GTNP 
Manager 

NA NA  

              
MI              

NM E. Hein W. Murphy    S. 
Sartorius? 

    NA NA  

NY              
OR           NA NA  
UT K. Novak L. Crist         NA NA  
WI           NA NA  

              
 



From: Belleman, Ann
To: Mark Sattelberg; Tyler Abbott; Nathan Darnall
Cc: Lisa Solberg Schwab
Subject: Fwd: Lynx SSA, 5-YR & Recovery Plan Contacts
Date: Monday, May 18, 2015 7:46:53 AM
Attachments: 2015 05 15 DRAFT Canada lynx SSA and Recovery Planning Contacts.docx

2015 05 15 DRAFT Canada lynx SSA and Recovery Planning Contacts_WY ab.docx

Hi all,

Jim Zelenak - lynx lead in MT FO - is requesting our input on the attached table (both Jim's
and my version are attached).  He filled out everything except what I added on yellow
highlight.  Do you have thoughts or suggestions? 

Notice I crossed out my name for WY.  I'll be available for the next year but haven't spoken to
MN/WI FO re: my involvement in WY work except for grizz litigation.
 
Ann Belleman
U.S. Fish and Wildlife Service
Wyoming Ecological Svcs. Field Office
5353 Yellowstone Rd., Suite 308A
Cheyenne, WY 82009

Minnesota/Wisconsin Field Office Complex
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
307-421-5839 (work cell)
307-772-2374 (FWS-Cheyenne, WY)
(612) 725-3548 (FWS-Bloomington, MN)

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Fri, May 15, 2015 at 3:41 PM
Subject: Lynx SSA, 5-YR & Recovery Plan Contacts
To: Mark McCollough <mark_mccollough@fws.gov>, Anthony Tur
<Anthony_Tur@fws.gov>, Tamara Smith <tamara_smith@fws.gov>, Bryon Holt
<bryon_holt@fws.gov>, Jeff Krupka <jeff_krupka@fws.gov>, Eric Hein
<Eric_Hein@fws.gov>, Michelle Eames <michelle_eames@fws.gov>, Leslie Ellwood
<leslie_ellwood@fws.gov>, Ann Belleman <ann_belleman@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>, Kate Novak <kate_novak@fws.gov>, Lisa Solberg Schwab
<lisa_solbergschwab@fws.gov>
Cc: Jodi Bush <jodi_bush@fws.gov>, Seth Willey <seth_willey@fws.gov>, Mary Parkin
<mary_parkin@fws.gov>

Hi All,

Please add or correct (in Track Changes) the entries in the attached table for your area and send back to me.
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Megan’s thesis…
 
From: Kosterman, Megan [mailto:megan_kosterman@fws.gov] 
Sent: Friday, May 15, 2015 4:29 PM
To: Swisher, Kristi -FS
Subject: Re: Next meeting is on Thursday
 
Hi Kristi,
 
As promised, attached is my thesis.   Feel free to share with anyone who is interested.  I am
looking forward to presenting my results at the meeting in September!  
 
On Wed, May 13, 2015 at 3:28 PM, Swisher, Kristi -FS <kswisher@fs.fed.us> wrote:
Great! 
 
From: Williams, Laura [mailto:laura_williams@fws.gov] 
Sent: Wednesday, May 13, 2015 4:01 PM
To: Swisher, Kristi -FS
Cc: Megan Kosterman
Subject: Re: Next meeting is on Thursday
 
HI Kristi, just want to give you an update, Megan Kosterman, a wildlife biologist with the
Northern Idaho Section 7 team will be able to attend the meeting in person tomorrow morning.
I will still attend most of the meeting via phone. 
 
Regards, 
 
Laura
 
On Mon, May 11, 2015 at 1:20 PM, Swisher, Kristi -FS <kswisher@fs.fed.us> wrote:
Hello all,
 
This coming Thursday, May 14th is our face-to-face Level I here at the RO in
Missoula.  We will meet from 10 a.m. to 5 p.m. in the basement in G-35. 
Please attend in person if you can.  If the only way we can hear your lovely
voice is for you to call in, then please use the following:
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Number:  888-844-9904
Passcode:  7008950
 

Agenda
 

Homework from last Level I that I will send out on Wednesday:
 

·        WUI boundaries

·        Minimum patch size

·        Classifying lynx habitat

·        Dead over-story

 
Other topics:
 

·        Broader context for standards and looking at the trend of the entire LAU in
project analysis

·        Snowshoe hare vs. lynx habitat

·        Overview of ESA training

 
Several of you have raised issues/questions for discussion…please send those
to me by Wednesday at noon.
 
Remember, our work will result in Regional direction…these discussions and
decisions are critical for better understanding and consistency across the
Region.
 
Looking forward to seeing you on Thursday!  I will bring cookies and fruit, so
have your coffee ready.  J
 
Kristi
 



Kristi Swisher 
Threatened and Endangered Species Program Leader

Forest Service
Northern Region Headquarters

p: 406-329-3558 
kswisher@fs.fed.us

200 East Broadway 
Missoula, MT 59802
www.fs.fed.us 

Caring for the land and serving people

 
 

 
--
Laura L. Williams
U.S. Fish and Wildlife Service
Northern Idaho Field Office
11103 E. Montgomery Drive
Spokane Valley, WA 99206

 
--
Megan Kosterman
Endangered Species Biologist
U.S. Fish and Wildlife Service
Northern Idaho Field Office
11103 East Montgomery Drive
Spokane Valley, WA 99206
megan_kosterman@fws.gov
Office: 509-893-8013
Cell: 608-695-8492

mailto:kswisher@fs.fed.us
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ABSTRACT 

 

Habitat loss and fragmentation continue to threaten the persistence of forest carnivores in 

the contiguous US. The recovery of federally threatened species, such as the Canada lynx (Lynx 

canadensis), will be greatly enhanced by identifying a demographic-based definition of lynx 

habitat based on habitat analyses of animals with differential reproductive success. We collected 

field data on denning and offspring survival in northwestern Montana from 1998–2012. We used 

these data to define four response variables as measures of female Canada lynx reproductive 

success: (1) potential reproductive events, (2) initial litter size, (3) litter success (≥1 survivor), 

and (4) surviving litter size. We used mixed models to evaluate the effects of habitat and 

maternal condition on these response variables. Specifically, we tested a-priori hypotheses of 

relationships between reproductive success parameters and various habitat covariates 

representing the abundance and spatial configuration of five simplified forest structure types 

within occupied female lynx home ranges. Additional a-priori hypotheses were tested on the 

relationships between reproductive success parameters and maternal covariates, including female 

body condition, age, and previous reproductive performance. The most important predictors for 

overall lynx reproductive success within occupied female home ranges were the connectivity of 

mature forest, intermediate (10–15%) amounts of young regenerating forest, young regenerating 

forest patches with low perimeter-area ratios, and the adjacency of mature forest to young 

regenerating forest types. Female lynx home ranges that contain greater than 50% mature forest 

and approximately 10–15% young regenerating forest appear to be the optimal composition of 

forest structure types. Additionally, greater connectivity of mature forest, when combined with 

young regenerating forest patches with low perimeter-area ratios, appears to be the optimal 

configuration of forest structure types. Incorporating these results into current and long-term land 

management plans will provide a valuable conservation tool to ensure the persistence of 

threatened Canada lynx populations in the western US.  
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INTRODUCTION 

Habitat loss and fragmentation threaten the persistence of wildlife (Wilcove et al. 1998, Fahrig 

2003, Yiming and Wilcove 2005, Hanski 2011) by negatively affecting species’ abundance and 

distribution (Gehring and Swihart 2002, Crooks and Sanjayan 2006). Species with naturally low 

population densities and fecundity, and large individual and population-level ranges, such as 

forest carnivores, are especially sensitive to habitat loss and fragmentation (Andrén 1994, Noss 

et al. 1996, Weaver et al. 1996, Crooks 2002). In the northern US Rocky Mountains, 

anthropogenic habitat fragmentation has altered the spatial configuration of historical habitats, 

resulting in a mosaic of remnant forest patches interspersed with altered patches of various forest 

successional stages (USFWS 2000). Forest mosaics can impact the biotic and abiotic 

characteristics of remnant forest patches (Saunders et al. 1991) by increasing edge-to-area ratios 

of forested patches and decreasing connectivity and proximity between remnant patches 

(Saunders et al. 1991, Prugh et al. 2008). Changes to forest connectivity can directly impact the 

ability of wildlife to move within and across the landscape to access resources necessary for 

survival and reproduction (Taylor et al. 1993).   

Wildlife habitat quality has primarily been evaluated using estimates of species 

occurrence, abundance, or habitat selection (VanHorne 1983, Garshelis 2000, Bock and Jones 

2004, Prugh et al. 2008). However, these metrics can sometimes be misleading measures of 

population performance, especially in systems with strong source-sink dynamics (Murphy 2001, 

Kreuzer and Huntley 2003, Mosser et al. 2009). Instead, measures of reproductive success (i.e. 

probability of reproducing, number of offspring, offspring survival) are considered better 

indicators of source-sink dynamics and overall habitat quality (Beckmann and Berger 2003a, 

2003b), based on the assumption that an individual’s reproductive success will be higher in 
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better quality habitats. For example, for lions (Panthera leo) in Serengeti National Park, 

reproductive success (yearling cubs per female) proved a more sensitive and accurate measure of 

“source” habitats than measures of density, which included “sink” habitats occupied by non-

reproductive females (Mosser et al. 2009).  

Reproductive success is often easier to measure for smaller organisms (i.e. birds); 

assessing reproductive success for mammalian carnivores poses a significant challenge because 

long-term data collection is expensive, time intensive, and often yields small sample sizes. As a 

result, few long-term datasets containing multiple reproductive success parameters have been 

incorporated into habitat evaluations for most species of mammalian carnivores. While 

reproductive success of mammalian carnivores can be difficult to measure, it is essential for 

highly effective management to relate reproductive success to habitat quality, especially in the 

recovery of threatened and endangered species.  

In the contiguous US, the Canada lynx (Lynx canadensis) is a federally threatened, rare 

forest carnivore. Canada lynx, as well as their primary prey species, the snowshoe hare (Lepus 

americanus), are predominantly associated with dense mature subalpine coniferous forest types 

in the western US (Koehler et al. 2008, Squires et al. 2010, Ivan et al. 2014) and dense young 

mixed conifer/deciduous forest types in the eastern US (Burdett 2008, Vashon et al. 2008, 

McCann and Moen 2011). At the southern extent of their range, Canada lynx habitat is 

historically patchy and is subject to loss and fragmentation by some forest management practices 

(i.e. regeneration harvests, pre-commercial and commercial thins, prescribed burns), wildfires 

and insect infestations, and climate change (Aubrey et al. 2000, Hornseth et al. 2014, Koen et al. 

2014). Research on Canada lynx (hereafter lynx) habitat has considered abundance, occurrence, 

habitat selection, and movement, but has yet to connect habitat with reproductive success. There 
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is a pressing management need to understand this connection and gain further insight into the 

particular habitat resources and spatial configurations that support and enhance lynx populations.  

Occupied lynx habitat in the western US occurs primarily on National Forest System 

(NFS) lands managed by the United States Forest Service (USFS). Within NFS lands, current 

conservation measures for managing lynx habitat limit the amount of combined human and 

natural disturbance within areas that represent approximate female lynx home ranges (USFS 

2007). However, data gaps remain regarding the abundance and spatial arrangement of lynx 

habitat and how these habitats contribute to reproductive success and population persistence. The 

recovery of imperiled species, such as the lynx, will be greatly enhanced by land management 

practices supported by demographic-based definitions of habitat.  

Our objective was to evaluate the effects of habitat and maternal covariates on 

reproductive success of female lynx within a portion of the species’ southern range in 

northwestern Montana. Specifically, we (1) tested a-priori hypotheses (Table 1) of relationships 

between reproductive success parameters and habitat covariates representing the abundance and 

configuration of forest structure types and vegetation density within occupied female lynx home 

ranges. In addition to habitat, we (2) tested a-priori hypotheses (Table 1) of relationships 

between reproductive success parameters and maternal covariates representing female body 

condition, age category, and previous reproductive performance. 

STUDY AREA 

Our research focused on two primary study areas in northwestern Montana located in the 

Swan and Mission Mountains near Seeley Lake, MT and in the Purcell Mountains near Libby, 

MT (Figure 1). Elevations ranged from 1200 to 2400 m in the Seeley Lake study area (hereafter 

Seeley) and 800 to 2300 m in the Purcell Mountain study area (hereafter Purcells). Both study 
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areas featured a diversity of montane habitats ranging from low to mid-elevation ponderosa pine 

(Pinus ponderosa) and dry Douglas-fir (Pseudotsuga menziesii) forests to high-elevation forests 

dominated by subalpine fir (Abies lasiocarpa), Engelmann spruce (Picea engelmanii), and 

lodgepole pine (Pinus contorta). The Purcells consisted almost entirely (>95%) of NFS lands, 

whereas Seeley contained approximately 48% NFS lands, 37% Plum Creek Timber Company 

lands [ownership of most Plum Creek Timber Company lands was transferred to state and 

federal agencies during the study in 2009–2010 (www.themontanalegacyproject.org, accessed 

06/05/2014)], and lesser amounts of state, tribal, Bureau of Land Management, and private land 

(Squires et al. 2010).  

METHODS 

Field Data Collection and Response Variables 

We trapped and collared female lynx in Seeley from 1998–2012, and in the Purcells from 2003–

2012. We captured, handled, and collected morphological data, including body mass, from 

female lynx according to Squires et al. (2008), using methods approved by the Institutional 

Animal Care and Use Committee (IACUC permits 4–2008 and TE053737–1). We collared 

females with Very High Frequency (VHF) radio collars (Advanced Telemetry Solutions, Isanti, 

MN) from 1998–2004, and with store-on-board GPS collars (Lotek Wireless, Newmarket, 

Ontario, Canada and Sirtrack Ltd., Havelock North, New Zealand) from 2005–2012. We located 

females with VHF collars every 1–2 weeks using aerial telemetry, and GPS collars collected a 

location every 30 minutes for 24 hours, every other day for 6–8 months. We monitored females 

until they died, disappeared from the study area, radio collars failed, or until the end of the study 

period. We used telemetry to locate natal dens of females within 1–2 weeks of parturition and 

http://www.the/
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recorded the number of kittens per litter. Females exhibit central place foraging behavior from 

natal (parturition) and maternal (rearing) dens during the first 6–8 weeks of kittens’ lives (Olson 

et al. 2011, Vashon et al. 2012); therefore, we likely detected all reproductive events of radio 

collared females where kittens survived the perinatal period. When possible, we backtracked 

females with known litters to determine survival of kittens to 8–10 months old 

(January/February).  

We used denning and backtracking data to define four response variables as measures of 

reproductive success: (1) potential reproductive events, (2) initial litter size, (3) litter success, 

and (4) surviving litter size. We defined potential reproductive events as a binary variable where 

a female either produced a litter or did not produce a litter that year. We then removed all 

observations in which a female did not produce a litter and subsequently defined initial litter size 

as the number of offspring in natal dens. We defined litter success as a binary variable where at 

least one offspring survived until 8–10 months old (January or February), or where none of the 

offspring survived to this age. We then removed all observations in which none of the offspring 

survived until 8–10 months old to define surviving litter size, which is the number of offspring 

that survived to 8–10 months old.  

Covariate Data Collection and Predictions 

We created female home ranges using location data to analyze habitat composition and spatial 

configuration within female home ranges. Because core areas represent the most intensively used 

portions of a home range (Bingham and Noon 1997, Seaman et al. 1999), we estimated home 

ranges at two spatial extents to determine whether 50% annual core areas (hereafter core areas) 

were potentially more predictive of lynx reproductive success than 90% annual home ranges 

(hereafter home ranges). We used ArcGIS® 9.3.1 [Environmental Systems Research Institute 
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(ESRI), Inc., Redlands, CA, USA] and the Home Range Tools Extension (HRT; Rodgers et al. 

2007) to estimate core areas and home ranges using the fixed-kernel density method (Worton 

1989) and a reference smoothing factor (href, Worton 1995) of 1.0. We considered females with 

sufficient location data (≥30 locations, Seaman et al. 1999) and whose home ranges were 

covered by our vegetation data layer. Detailed methods for core area and home range estimation 

are included in Appendix A.  

We used the US Forest Service’s Vegetation Mapping Program (VMap) layer (Brewer et 

al. 2004) as a repeatable method to delineate forest patches within female home ranges based on 

their spectral signature and we visually assigned 5 forest structural types to these patches: 1) 

open—trees not present; 2) thin forest—naturally sparsely stocked or mechanically thinned 

stands with a discontinuous canopy and a visible forest floor; 3) young regenerating forest—trees 

generally <10 cm diameter at breast height (DBH), with continuous canopy or dense deciduous 

shrub understory; 4) old regenerating forest—previously harvested or thinned with trees 

generally >10 cm DBH, continuous canopy or dense deciduous shrub understory; and 5) mature 

forest—large trees, continuous canopy, and no evidence of recent disturbance. We tested the 

accuracy of the layer by ground-truthing 187 random test locations stratified by study area and 

forest structure type. Overall accuracy was 93% with 87 of 93 locations classified correctly in 

Seeley and 87 of 94 locations classified correctly in the Purcells. We used the raster version of 

Fragstats software (v.4.2; McGarigal et al. 2012) to quantify all habitat covariates that described 

forest structure type composition and spatial configuration within female home ranges.  

Home range composition describes the variety and abundance of forest structure types, 

whereas home range configuration describes the spatial character and arrangement of forest 

structure types within a home range (McGarigal and Marks 1994). We estimated two covariates 
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representing home range composition (Table 2): percent composition, and area-weighted mean 

patch size; and five covariates representing home range configuration (Table 2): patch density, 

edge-contrast, contagion (fragmentation), correlation length (connectivity), and area-weighted 

mean perimeter-area ratio (patch area and shape).  

Because we did not assess snowshoe hare abundances or densities within female home 

ranges, we assumed snowshoe hare densities varied by forest structure type. Dense mature forest 

and dense young forest types in the western US have been consistently identified as capable of 

supporting the highest snowshoe hare densities relative to other forest types across multiple 

regions and seasons (Griffin 2004, Griffin and Mills 2009, Berg et al. 2012, Ivan et al. 2014). 

Therefore, based on existing knowledge of important forest types for lynx and snowshoe hares, 

we predicted (Table 1) reproductive success would be positively related to mature forest 

(Koehler et al. 2008, Squires et al. 2008, 2010), old regenerating forest (Squires et al. 2008, 

2010) and young regenerating forest (Burdett 2008, Griffin and Mills 2009, McCann and Moen 

2011); and negatively related to thin forest and open areas (Squires et al. 2010). 

We considered percent composition for all five forest structure types and also considered 

collapsed categories [i.e. forest (mature + old regenerating), open/sparse (open + thin)], because 

percent composition is often the most useful information that can be derived for fragmentation 

analyses (McGarigal and Marks 1994). For all other habitat covariates, unless otherwise 

specified, we only included mature forest and young regenerating forest structure types because 

of their known importance to lynx and snowshoe hares in the contiguous US (Ruggiero et al. 

2000, Burdett 2008, Koehler et al. 2008, Squires et al. 2010, McCann and Moen 2011). We 

selected area-normalized metrics or area-normalized the data before analysis because occupied 

core areas and home ranges varied in total area.  
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We considered connectivity of mature forest patches within each female home range 

using “correlation length”, a landscape metric based on the average extensiveness of connected 

patches of a focal habitat type within a given landscape (Fragstats; McGarigal and Marks 1994). 

This can be interpreted as the average distance a female lynx can traverse her home range 

without exiting mature forest, starting from a random point and moving in a random direction 

(Keitt et al. 1997). Because this metric is sensitive to area, we area-normalized correlation length 

(Kevin McGarigal, University of Minnesota, personal communication) by (1) quantifying the 

“potential” correlation length for each home range if the entire home range was one contiguous 

patch of mature forest; (2) quantifying “realized” correlation length for each home range, or the 

ability for the female to traverse her home range without exiting mature forest given the existing 

forest mosaic within the home range; (3) dividing the “realized” correlation length by the 

“potential” correlation length for each home range, resulting in a traversability index scaled 0–1, 

with values closer to 0 representing low traversability of home ranges and values closer to 1 

representing high traversability. We predicted reproductive success would be positively related 

to home ranges with high traversability (hereafter connectivity) of mature forest. We also 

evaluated connectivity of mature and old regenerating forest patches combined to test the 

importance of overall forest connectivity within female home ranges.  

We considered perimeter-area ratio for mature forest and young regenerating forest types 

because patches of equal area may vary significantly in the amount of their area exposed to edge. 

Patches with elongated or irregular shapes have higher perimeter-area ratios than patches of the 

same area with simple compact shapes (i.e. circle or square). Additionally, small patches 

generally have higher perimeter-area ratios than larger patches (Helzer and Jelinski 1999). We 

predicted reproductive success would be negatively correlated to perimeter-area ratio, a strong 
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correlate of fragmentation (McGarigal and Marks 1994). Additionally, we considered edge-

contrast density for forest (mature and old regenerating forest combined) and non-forest (open 

and thin forest combined). We predicted reproductive success would be negatively related to 

forest and non-forest edge density. We considered the potential importance of edge density 

between mature forest and young regenerating forest (Griffin and Mills 2009, Lewis et al. 2011). 

We predicted reproductive success would be positively related to mature forest and young 

regenerating forest edge density because these forest structure types are considered “source” 

populations for snowshoe hares (Griffin and Mills 2009). Additionally, the adjacency of these 

forest structure types could enhance snowshoe hare population growth (Griffin and Mills 2009, 

Lewis et al. 2011).  

Dense vegetation is an important habitat component for both lynx (Murray 2003, Moen et 

al. 2008, Fuller and Harrison 2010, Squires et al. 2010) and snowshoe hares (Griffin 2004, Fuller 

and Harrison 2005, Griffin and Mills 2009, Scott 2009). Therefore, we predicted reproductive 

success would be positively related to vegetation density in female home ranges. To assess 

vegetation density, we used the normalized difference vegetation index (NDVI) using ArcGIS® 

9.3.1 [Environmental Systems Research Institute (ESRI), Inc., Redlands, CA, USA]. This index 

is constructed from remotely sensed data that measures reflected light from the earth’s surface, 

and provides an assessment of the relative density and condition of vegetation. As such, Squires 

et al. (2013) suggested NDVI is a potential surrogate for horizontal cover. The advantage to 

using NDVI is that the entirety of each home range’s vegetative cover could be assessed without 

the extensive cost and effort of performing surveys on the ground. Low values of NDVI correlate 

with open, non-vegetated or low-productivity areas, whereas high values of NDVI correlate with 

densely vegetated areas, such as thick shrubs and intact forests (Gamon et al. 1995). We 
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estimated mean NDVI values for each female home range using composites derived from 

NASA’s Moderate Resolution Imaging Spectroradiometer (MODIS) during the peak-growing 

season (July 9–July 30, 2007). 

Additionally, another habitat covariate we utilized to assess vegetation density was the 

Compound Topographic Index (CTI), a steady state wetness index that is strongly correlated 

with soil moisture (Moore et al. 1991). We assumed vegetation in more moist areas would 

regenerate and produce more biomass (i.e. potential horizontal cover) than drier areas following 

disturbances. Therefore, we predicted reproductive success would be positively related to mean 

soil moisture. We estimated the mean and range of CTI values for each home range using the 

Geomorphometry and Gradient Metrics extension (version1.01; Evans and Oakleaf accessed 

02/20/2013) for ArcGIS® 9.3.1.  

We analyzed variation in lynx reproductive success parameters relative to three measures 

of maternal condition: body mass, maternal age category, and an individual’s reproductive 

performance the previous year (reproductive event, initial litter size, litter success, and surviving 

litter size).  

We chose body mass as a surrogate for maternal fitness because starvation is a leading 

cause of mortality for lynx in both northern (Poole et al. 1996, Slough and Mowat 1996) and 

southern populations (Devineau et al. 2010, John Squires personal communication, Vashon et al. 

2012) and generally occurs during the winter in our study areas (John Squires, USFS-Rocky 

Mountain Research Station, personal communication). We only considered body mass 

measurements that were collected during the winter prior to each reproductive event, when the 

potential effect of diminished body condition on the reproductive capacity of an individual 

would be most pronounced. Body mass has been positively correlated with various reproductive 
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success parameters in other mammals (Stearns 1992); therefore, we predicted lynx reproductive 

success would be positively related to body mass. We also considered a standardized measure of 

body mass by dividing body mass by body length (tip of the nose to tip of the tail) to account for 

potential physiological differences between female lynx.  

We assigned females to three age categories (2, 3, and >3 years old) based on known age 

for females first observed as kittens and/or an analysis of tooth annuli collected from mortalities, 

and assigned unknown aged females to the >3 years old age category after we had monitored a 

female >3 years. We selected these age categories based on our ability to distinguish age in the 

field and for comparison with other studies (Mowat et al. 1996, Palomares et al. 2005, Nilsen et 

al. 2012, Gaillard et al. 2014). We predicted reproductive success would be positively related to 

female age categories and reproductive performance the previous year, a common relationship in 

mammals (Fisher 1930, Pianka and Parker 1975, Clutton-Brock 1984, Sydeman et al. 1991, 

Hadley et al. 2007).  

Statistical Analysis 

We used generalized linear mixed models (GLMM; Bolker et al. 2009) with a binomial 

distribution and a logit link function to test the effects of all covariates on 1) potential 

reproductive events and 2) litter success. We used linear mixed models with a normal Gaussian 

distribution to test the effects of all covariates on 3) initial litter size and 4) surviving litter size. 

All statistical analyses were performed in R version 2.15.2 (R Core Team 2013) using the lme4 

package (Bates et al. 2014). We included the identity of individual females as a random effect to 

control for repeated measures of the same individuals over time. We constructed candidate 

models from important (P <0.25) habitat covariates (Appendix B) that we identified using 

univariate linear regression (following Hosmer and Lemeshow 2000). For comparison and 
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consistency, we used the same set of candidate models for all four reproductive success analyses. 

For maternal covariate analysis, we used univariate models only due to high variation in sample 

sizes (Table 3). We evaluated covariates for normality and tested covariates for collinearity, 

retaining the covariate with greater univariate significance when variables were correlated (| r | > 

0.7; Menard 1995). For example, connectivity of mature forest was correlated with connectivity 

of all forest (mature and old regenerating forest combined, r = 0.76) and percent composition of 

mature forest (r = 0.92). We retained connectivity of mature forest in our models because it was 

more significant in all analyses. Perimeter-area ratio of young regenerating forest patches was 

inversely correlated with mean area of young regenerating forest patches (r = –0.71). We 

retained perimeter-area ratio because it reflects both area and shape of patches and it was more 

significant in all analyses.  

We used the Akaike Information Criterion corrected for small sample sizes (AICc: 

Burnham and Anderson 2002) to rank models. We interpreted models with 2 AICc of the top 

model to have similar support, and evaluated Akaike weights (wi) as evidence of the relative 

likelihood of the model given the set of candidate models (Burnham and Anderson 2002). We 

provide coefficient estimates (β), standard errors (SE), and 95% confidence intervals (CI) as 

indicators of direction and strength of covariate relationships.   

RESULTS 

We monitored 36 females (Purcells = 17, Seeley = 19) of reproductive age (≥2 years old) for an 

average of 2.7 ± 1.9 years (mean ± SD, range = 1–7) from 1998–2012. These females produced 

61 litters (150 kittens) out of 97 potential reproductive events, a proportion of 0.63. Older 

females (>3 years) were more likely to produce a litter than 2 year olds (β = 1.482, SE = 0.723, P 

= 0.055) with a proportion of 0.71 (n = 61) of older females producing a litter, but were only 
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marginally more likely to produce a litter than 3 year olds (β = 1.148, SE = 0.855, P = 0.161). 

The proportion of 3 year olds producing a litter was 0.5 (n = 12), and 2 year olds was 0.42 (n = 

12), which was not statistically different (β = 0.338, SE = 0.908, P = 0.709).  

Average litter size was 2.46 ± 0.8 kittens (mean ± SD, n = 61 litters). Litter sizes varied 

from 1 to 5 kittens per litter with 2 or 3 kittens being the most frequently observed in both study 

areas (Table 4). Average female body mass was 9.04 ± 0.8 kg (mean ± SE, n = 65, range = 7.25–

11). Body mass, and body mass divided by body length, were not strong correlates of 

reproductive success in any analyses (Tables 5–8). 

Our analysis of litter success consisted of 16 females that produced 40 litters (98 kittens) 

with known survival data. Thirty-two litters had ≥1 kitten survive to 8–10 months old resulting in 

an overall litter success rate of 80%. Fifty-seven of the 98 kittens survived to 8–10 months old, 

resulting in an individual survival rate of 58.2%. Females that produced a litter the previous year 

were marginally more likely to have ≥1 kitten survive to 8–10 months old the present year (β = 

0.703, SE = 0.385, P = 0.077). 

Mature forest was the dominant forest structure type in both annual core areas and annual 

home ranges. Mature forest comprised an average 49 ± 13% (mean ± SD, range = 7–79, n = 23) 

of core areas and an average 50 ± 15% (range = 18–69) of home ranges. Young regenerating 

forests comprised an average 13 ± 6% (range = 1–26) of core areas and an average 11 ± 4% 

(range = 4–24) of home ranges. Old regenerating, naturally or mechanically thinned, and open 

forest structure types comprised the remaining area. Average percent compositions of the 

different forest structure types did not vary substantially by study area or spatial extent 

(Appendix C).   
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Females that produced litters had core areas with intermediate amounts of young 

regenerating forest (10–15%, Figure 3), greater connectivity of mature forest (Figure 2), and 

greater edge density between mature and young regenerating forest (Figure 2) than core areas of 

females that did not produce litters (Tables 9–10). Specifically, the percentage of young 

regenerating forest had a strong positive linear appearance until the composition reached 

approximately 10–15% of the core area. Above this level of composition, the probability of 

producing a litter declined (Figure 3). Hereafter, we refer to this relationship as “intermediate 

amounts of young regenerating forest”. Similar to our core area results, females that produced 

litters had home ranges with intermediate amounts of young regenerating forest, greater 

connectivity of mature forest, and greater edge density between mature and young regenerating 

forest than home ranges of females that did not produce litters (Tables 11–12).  

Females with larger initial litter sizes had core areas with greater connectivity of mature 

forest, and young regenerating forest patches with low perimeter-area ratio as compared to core 

areas of females with smaller initial litter sizes (Figure 4, Tables 13–14). At the home range 

extent, females with larger initial litter sizes had home ranges with higher densities of young 

regenerating forest patches, higher percent composition of mature forest, lower percent 

composition of old regenerating forest, young regenerating forest patches with low perimeter-

area ratios, lower moisture variance and were less fragmented than home ranges of females with 

smaller initial litter sizes (Tables 15–16).  

For litter success, at both spatial extents, all 95% confidence intervals for model 

covariates overlapped zero, indicating that no habitat covariates were strongly significant at the 

given confidence level (Table 18; Table 20). This suggests either high model selection 

uncertainty, none of the covariates were important predictors for litter success, or our limited 
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sample size (n = 38) constrained opportunities to evaluate the robustness of factors that affected 

litter success (Tables 17–20).  

Females with larger surviving litter sizes had core areas with higher mean vegetation 

density (NDVI), young regenerating forest patches with low perimeter-area ratio, and lower 

moisture variance than core areas of females with smaller surviving litter sizes (Figure 5, Tables 

21–22). At the home range extent, females with larger surviving litter sizes had less fragmented 

home ranges, lower moisture variance, young regenerating forest patches with low perimeter-

area ratio, and lower percent composition of old regenerating forest than home ranges of females 

with smaller surviving litter sizes (Tables 23–24).  

Habitat covariates were better predictors of reproductive events at the core area (AICc = 

74.53, Table 9) than at the home range (AICc = 83.18, Table 11) extent. To a lesser degree, 

habitat covariates were better predictors of initial litter sizes at the core area (AICc = 124.44, 

Table 13) than at the home range (AICc = 126.62, Table 15) extent. Habitat covariates were 

similarly predictive of litter success at the core area (AICc = 39.21, Table 17) and the home range 

(AICc = 38.32, Table 19) extent, and also similarly predictive of surviving litter sizes at the core 

area (AICc = 75.59, Table 21) and the home range (AICc = 75.07, Table 23) extent. 

DISCUSSION 

Our results supported our hypotheses about the effects of maternal age category on lynx 

reproductive success (Table 1) in that older females (>3 years) had a higher probability of 

producing a litter than 2 year old females. This suggests that female lynx in our study areas may 

delay reproduction similar to northern lynx populations when snowshoe hare abundances are low 

(Brand and Keith 1979, Poole 1994, Slough and Mowat 1996). The average litter size in our 
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study (2.46 kittens; Squires in prep) was similar to average litter sizes for lynx in other areas of 

the contiguous US (Vashon et al. 2005, Moen et al. 2008, Shenk 2008, Vashon et al. 2012).  

Contrary to our predictions, maternal body mass was not a good predictor for 

reproductive success possibly because body mass measurements were recorded whenever 

females were captured in the winter, when lynx are potentially more resource-limited and female 

body mass may vary naturally (i.e. higher body mass in early winter, lower body mass in late 

winter). Similarly, maternal body mass was not predictive of litter size in Eurasian lynx (Lynx 

lynx) (Gaillard et al. 2014).  

Many of our hypotheses about the effects of forest structure type composition and 

configuration on female lynx reproductive success were supported (Table 1). We found that 

connectivity of mature forest, percent composition of young regenerating forest and young 

regenerating forest patches with low perimeter-area ratio, and adjacency of mature to young 

regenerating forest types were the most important predictors for overall lynx reproductive 

success in our study areas.  

Landscapes containing a heterogeneous mix of forest structure types provide lynx 

foraging habitat throughout the year (Poole et al. 1996, McKelvey et al. 2000, Hoving et al. 

2004, Squires et al. 2010). We found production of litters, larger initial litter sizes, and larger 

surviving litter sizes occurred where home ranges contained a relatively contiguous mature forest 

background with intermediate amounts (10–15%) of young forest patches with low perimeter-

area ratio. 

All female home ranges within our study areas were altered to a large degree by land 

management actions (i.e. regeneration harvests, pre-commercial and commercial thinning, 

prescribed burns, etc.). Female home ranges ranged from relatively contiguous mature forest 
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background among a mixture of different forest structure types (Figure 2), to those with smaller 

and more isolated mature forest patches surrounded by different forest structure types. The 

contiguous mature forest component, which we have referred to as greater connectivity of mature 

forest within female home ranges, was the only home range configuration metric that was 

strongly related to both successful reproduction and larger initial litter sizes.  

We suggest a threshold may exist for the positive effect of young regenerating forest, and 

that intermediate amounts (10–15%) are most conducive for lynx reproductive events (Figure 3). 

This positive relationship may be related to higher densities of snowshoe hares in young 

regenerating forest patches during summer (Griffin and Mills 2009). However, home ranges with 

greater proportions of young forest (i.e. >15%) may compromise foraging habitat for lynx in the 

winter. Mature forest is the most stable and consistent annual forest structure type for snowshoe 

hares and lynx in the western U.S. (Griffin 2004, Griffin and Mills 2009, Squires et al. 2010, 

Berg et al. 2012, Ivan et al. 2014).  

Although mature forest is the most crucial and limiting forest structure type for lynx (due 

to its long regeneration time) and provides high-quality, year-round snowshoe hare habitat, our 

findings suggest young regenerating forest in conjunction with mature forest may further 

enhance the reproductive success of lynx. Mature forest with low tree limbs and a substantial 

understory can provide lynx foraging habitat for long periods of time (Murray et al. 1994, 

Koehler et al. 2008, Squires et al. 2010), whereas habitat for hares in young regenerating forest 

habitat is temporary; trees eventually grow taller and become inaccessible to snowshoe hares. 

When this happens, the trees shade out the understory, resulting in unsuitable habitat for an 

extended period of time before the stand develops mature forest charachteristics. The duration of 



18 

 

time in suitable versus unsuitable habitat will vary, depending on the species composition of the 

regenerating stand and site characteristics.  

We further suggest the potential benefit of the adjacency of “source” forest structure 

types (i.e. mature forest and young regenerating forest) for snowshoe hares and thus lynx 

foraging. Female home ranges with greater adjacency of mature and young regenerating forest 

types were positively associated with both probability of producing a litter and litter success. 

Overall population growth of snowshoe hares in Montana was higher in dense mature and dense 

young forest types and in open young and open mature forest types (Griffin and Mills 2009). 

They further proposed that dense mature forest adjacent to dense young forest would likely be 

more valuable than the adjacency of either forest structure type to an open or thin forest structure 

type. In Washington, landscapes with contiguous snowshoe hare habitat or those surrounded by a 

mosaic of similar habitat quality supported higher snowshoe hares abundances than more 

fragmented landscapes (Lewis et al. 2011). Potential explanations for the importance of the 

adjacency between mature forest and young regenerating forest could be related to snowshoe 

hare daily movements among forest structure types (Walker 2005, Griffin and Mills 2009), 

dispersal (Griffin and Mills 2009), or seasonal shifts of snowshoe hares between mature forests 

and adjacent young regenerating forests (Ivan et al. 2014). Ivan et al. (2014) evaluated intra- and 

inter-seasonal snowshoe hare movement patterns in Colorado for 3 forest types (young 

lodgepole, old lodgepole, and mature spruce-fir forest). They discovered that snowshoe hares 

shifted from young lodgepole forests into older adjacent forests during winter and reversed this 

movement in the summer. Similar to previous studies of snowshoe hare movement, the authors 

proposed this seasonal shift could be due to an interaction between snow depth and tree canopy, 
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suggesting that snow could make younger forests less available or less secure for hares in the 

winter (Ivan et al. 2014). 

We found that female lynx with home ranges containing 10–15% composition of young 

regenerating forest patches with low perimeter-area ratio had larger litter sizes. These patches of 

young regenerating forest may provide higher densities of prey for female lynx and kittens 

during the summer, especially when females are strongly associated with den sites and are 

restricted in foraging movements. For example, female lynx use natal (parturition) and multiple 

maternal den locations for rearing their offspring over a period of 6–8 weeks during early 

summer (mid-May–mid July) (Slough 1999, Moen et al. 2008, Olson et al. 2011) and exhibit a 

central place foraging behavior with movement restricted to a small foraging radius [2–3 km 

from den sites in Minnesota (Moen et al. 2008); 2.1 km in Montana (Olson et al. 2011)]. Lynx 

den most frequently in mature forest stands in the western US; for example, all lynx dens in 

Washington (n = 3) and 80% of lynx dens in Montana (n = 55) were located in mature forest 

stands (Koehler et al. 2008, Squires et al. 2008). We suggest female lynx may benefit from 

“source” patches of young regenerating forest adjacent to mature forest within their home ranges. 

Existing literature regarding the importance of old regenerating forest to lynx is 

equivocal, suggesting old regenerating forest without a dense understory (i.e. during stem-

exclusion period) will only become high quality lynx habitat once a dense understory develops 

(USFS 2007). We suggest that higher amounts of old regenerating forest with lesser amounts of 

mature forest may be negatively associated with lynx reproductive success. Females with home 

ranges containing higher amounts of old regenerating forest had smaller initial litter sizes than 

females with home ranges containing lesser amounts of old regenerating forest. However, we 

interpret these results with caution because our sample size was small and because once a dense 
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understory has developed, older regenerating forests will transition into snowshoe hare and thus 

lynx foraging habitat once again (USFS 2007).   

Future Research Recommendations   

To improve and expand upon these findings, we recommend future studies consider tree species 

composition within female home ranges to refine our current understanding of lynx habitat. For 

example, within the mature forest component of a female’s home range, the amount of spruce-fir 

forest is likely more important than other tree species compositions (Squires and Ruggiero 2007, 

Squires et al. 2008, 2010).  

Furthermore, future investigations that incorporate a continuous landscape gradient 

framework (i.e. pixels) instead of the classic categorical patch-mosaic framework may provide 

additional insight into the realized niche (McGarigal et al. 2009, Cushman et al. 2010) of lynx in 

the contiguous U.S. For example, the frequency and distribution of dense pockets of high quality 

lynx habitat within forested stands could be an important consideration. Finally, developing 

models that project forest structure types through time may provide valuable guidance for current 

and future land management actions. This would ensure these actions are sensitive to lynx 

habitat needs, a critical step for recovery planning.   

MANAGEMENT IMPLICATIONS 

We suggest that lynx reproductive success is related to forest structure type abundance and 

spatial configuration within female home ranges. A habitat mosaic comprised of higher 

percentages and connectivity of mature forest interspersed with patches of young regenerating 

forest will likely support and enhance lynx reproductive success within our study areas. Female 

lynx home ranges consisting of >50% mature forest and approximately 10–15% young 

regenerating forest at both home range extents appears to be the optimal composition of forest 
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structure types. Additionally, greater connectivity of mature forest combined with young 

regenerating forest patches with low perimeter-area ratios appears to be the optimal 

configuration of forest structure types.       

Current management of US Forest Service lands that contain lynx habitat allows for no 

greater than 30% young forest within a predefined lynx analysis unit (Ruediger et al. 2000, 

USFS 2007). We suggest 10–15% composition of young regenerating forest may be more 

appropriate, and suggest that lesser amounts (<10%) and greater amounts (>15%) may 

negatively affect lynx reproductive output.  

In the short term, timber harvest and natural disturbances can create high quality summer 

habitat for snowshoe hares. However, there is also a long period of time when these stands will 

no longer retain high quality snowshoe hare/lynx habitat characteristics, as they progress through 

seral stages from young regenerating to mature stands. Therefore, we suggest current forest 

management practices retain existing mature forest patches that provide year-round snowshoe 

hare habitat, and maintain connectivity of those patches within lynx habitat by avoiding further 

fragmentation. Land management practices should be carefully evaluated and planned at the 

home range level; long-term management plans should be developed that will favor maintaining 

and enhancing the connectivity and abundance of mature forest spatially and temporally within 

lynx habitat.   
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Figure 1.  Purcell Mountains and Seeley Lake study areas in the range of Canada lynx (Lynx canadensis) 

in northwestern Montana, USA. Region is highlighted in grey in the inset map.  
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Figure 2.  Two female Canada lynx (Lynx canadensis) home ranges (left) with associated core areas 

(right) in the Purcell Mountains and Seeley Lake study areas in northwestern Montana, USA which 

illustrate the importance of connectivity of mature forest (dark green) and the importance of young 

regenerating forest (yellow) adjacency to mature forest. Core areas of females that produced litters had 

higher connectivity of mature forest and higher adjacency between mature forest and young regenerating 

forest types. Forest structure categories include: mature forest (dark green), old regenerating forest (light 

green), young regenerating forest (yellow), thin (orange), and open areas (red).  
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Figure 3.  Predicted probability plots for potential reproductive events as functions of individual 

covariates from generalized linear mixed effects models of Canada lynx (Lynx canadensis) reproductive 

success in northwestern Montana, USA, 1998–2012. Plots depict relationships between individual 

covariates and parameters with other covariates fixed at mean values. Numerical covariate relationships 

are illustrated as functions (black lines) with 95% CIs (gray shading). Model selection results are 

presented in Tables 9–12. Covariates are defined in Table 2.  
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Figure 4.  Predicted probability plots for initial litter size as functions of individual covariates from linear 

mixed effects models of Canada lynx (Lynx canadensis) reproductive success in northwestern Montana, 

USA, 1998–2012. Plots depict relationships between individual covariates and parameters with other 

covariates fixed at mean values. Numerical covariate relationships are illustrated as functions (black lines) 

with 95% CIs (gray shading). Model selection results are presented in Tables 13–16. Covariates are 

defined in Table 2.  
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Figure 5.  Predicted probability plots for surviving litter size as functions of individual covariates from 

linear mixed effects models of Canada lynx (Lynx canadensis) reproductive success in northwestern 

Montana, USA, 1998–2012. Plots depict relationships between individual covariates and parameters with 

other covariates fixed at mean values. Numerical covariate relationships are illustrated as functions (black 

lines) with 95% CIs (gray shading). Model selection results are presented in Tables 21–24. Covariates are 

defined in Table 2. 
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Table 1.  Summary of hypotheses and predictions for all response variables representing measures of 

reproductive success: Covariates included in top models are identified in bold and covariates with 

confidence intervals that did not overlap zero are identified by an asterisk (*). Definitions of maternal 

covariates
a 

are provided below and definitions of habitat covariates are provided in Table 2.  

Covariates
 a

 Predictions Summary of major findings 

Maternal   

body mass β >0  

mass_body length β >0  

age category β >0 >3 years old compared to 2 year olds 

reproductive event previous year β >0  

litter size previous year β >0  

litter success previous year β >0  

survival size previous year β >0  

Forest structural types   

open β <0  

thin β <0  

young β >0* %*, patch density*, patch shape* 

old β >0* %* 

mature β >0* %*, connectivity* 

forest (mature +old) β >0  

sparse (thin +open) β <0  

young and mature β >0* edge density* 

all forest types combined β <0* contagion* (fragmentation) 

Vegetation density   

mean NDVI β >0* vegetation density* 

mean CTI (soil moisture) β >0  

range CTI (soil moisture) β <0* moisture variance* 

a

Maternal covariates are defined as follows: body mass, female weight in kilograms; mass_body length, 

body mass in kilograms divided by body length in centimeters; age category, categorical variable [2 year 

olds, 3 year olds or >3 year olds]; reproductive event previous year, reproductive event recorded the 

previous year (binary); litter size previous year, initial litter size recorded the previous year; litter success 

previous year, litter survival (≥1 survivor) recorded the previous year (binary); survival size previous 

year, the number of kittens that survived to 8–10 months old the previous year. 
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Table 2.  Landscape metrics used to analyze home range composition and configuration by forest 

structure types within female Canada lynx (Lynx canadensis) home ranges in northwestern Montana, 

USA, from 1998−2012.  

Covariates Units Description 

   

percent composition  % Percentage of the home range comprised of the 

corresponding habitat type 

   

area-weighted mean patch  ha Similar to mean patch area, however emphasis is 

placed on the mean patch area of larger patches  

   

correlation length (connectivity) 0−1 index A measure of patch extent, how far across the 

landscape a patch extends until it reaches a boundary 

with another patch type 

   

patch density  # per  

100 ha 
Number of patches per hectare (class level) 

   

patch shape edge/ha Shape complexity of patches, where shape is defined 

by perimeter-area relationships 

   

edge contrast  m/ha The total length of edge per hectare, weighted by the 

contrast between different habitat types  

   

contagion   % Measure of the aggregation of habitat types, 

approaches 100 when all patch types are equally 

adjacent to other patch types 

 

*For complete descriptions and algorithms see McGarigal and Marks (1994). 
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Table 3.  Number of observations and unique females included in statistical analyses for Canada lynx 

(Lynx canadensis) in northwestern Montana, USA, from 1998–2012.  Definitions of maternal covariates
a 

are provided below. Sample sizes (n) and number of females included in each analysis are identified. 

Covariates
a 
 

Potential 

reproductive 

events 

Initial litter 

size 
Litter success 

Surviving 

litter size 

 n Females n Females n Females n Females 

         

body mass 65 33 42 20 26 13 19 10 

         

mass_body length 52 30 33 18 20 12 15 9 

         

age category 85 34 54 21 36 16 28 14 

         

litter size present year 61 22 61 22 40 16 32 14 

         

litter previous year 61 23 45 18 29 13 23 12 

         

litter size previous year 61 23 45 18 29 13 23 12 

         

survival previous year 35 14 29 12 25 11 20 10 

         

survival size previous year 29 13 24 11 21 10 17 9 

         

all habitat covariates 78 23 54 17 38 15 32 13 

         
a

Maternal covariates are defined as follows: body mass, female weight in kilograms; mass_body length, 

body mass in kilograms divided by body length in centimeters; age category, categorical variable [2 year 

olds, 3 year olds or >3 year olds]; reproductive event previous year, reproductive event recorded the 

previous year (binary); litter size previous year, initial litter size recorded the previous year; litter success 

previous year, litter survival (≥1 survivor) recorded the previous year (binary); survival size previous 

year, the number of kittens that survived to 8−10 months old the previous year.  
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Table 4.  Baseline information for initial litter sizes and initial litter sizes subset by litters with known 

survival data for female Canada lynx (Lynx canadensis) in northwestern Montana, USA, from 

1998−2012.   

Litter sizes Litter sizes with known survival 

Litter 

size 
n 

Total 

kittens 

Litter 

size 
n 

Total 

kittens 

Total 

survivors 

Probability of 

survival 

Number of kittens 

that survive at each 

litter size 

1 6 6 1 4 4 4 1.000 1.00 

2 27 54 2 20 40 23 0.575 1.15 

3 24 72 3 12 36 17 0.472 1.42 

4 2 8 4 2 8 7 0.875 3.50 

5 2 10 5 2 10 6 0.600 3.00 

Total 61 150 Total 40 98 57 0.582  
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Table 5.  Univariate models tested to explain variation in *potential reproductive events (binary) for 

female Canada lynx (Lynx canadensis) in northwestern Montana, USA, from 1998−2012. Definitions of 

maternal covariates
a 
are provided below. Beta coefficients (β), standard errors (SE), 95% confidence 

intervals (95% CI), p-values, sample size (n) and number of females are identified.  

Covariates
a
 β SE 95% CI p-value n Females 

body mass  0.184 0.4427 −0.838, 1.211 0.677 65 33 

mass_body length −18.227 16.379 −57.701, 16.539 0.266 52 30 

age category          2 yr (dummy) −0.619 0.6875 −2.333, 0.824 0.368 85 34 

                        3 yr: 2 yr 0.338 0.9083 −1.624, 2.364 0.709   

                      >3 yr: 2yr 1.482 0.7232 −0.125, 3.393 0.055   

                        3 yr: >3 yr −1.148 0.8547 −2.94, 0.434 0.161   

reproductive event previous year 0.455 0.7172 −2.075, 2.076 0.526 61 23 

litter size previous year  0.079 0.5239 −1.036, 1.265 0.881 44 17 

litter success previous year  −0.142 1.3630 −4.459, 3.393 0.917 35 14 

survival size previous year −0.248 0.6407 −1.628 1.636 0.699 29 13 
a

Maternal covariates are defined as follows: body mass, female weight in kilograms; mass_body length, 

body mass in kilograms divided by body length in centimeters; age category, categorical variable [2 year 

olds, 3 year olds or >3 year olds]; reproductive event previous year, reproductive event recorded the 

previous year (binary); litter size previous year, initial litter size recorded the previous year; litter success 

previous year, litter survival (≥1 survivor) recorded the previous year (binary); survival size previous 

year, the number of kittens that survived to 8−10 months old the previous year.  
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Table 6.  Univariate models tested to explain variation in *initial litter size for female Canada lynx (Lynx 

canadensis) in northwestern Montana, USA, from 1998−2012. Beta coefficients (β), standard errors (SE), 

95% confidence intervals (95% CI), p-values, sample size (n), and number of females are identified. 

Definitions of maternal covariates
a 
are provided below.   

 

Covariates
a 
 β SE 95% CI p-value n Females 

body mass  −0.113 0.1657 −0.446, 0.275 0.500 42 20 

mass_body length −5.908 6.4390 −18.904, 7.086 0.362 33 18 

age category          2 yr (dummy) 2.817 0.3556 2.107, 3.527 ≤0.001 54 21 

                        3 yr: 2 yr −0.463 0.4642 −1.395, 0.465 0.321   

                      >3 yr: 2yr −0.415 0.3742 −1.161, 0.333 0.271   

                        3 yr: >3 yr −0.048 0.3439 −0.739, 0.639 0.889   

reproductive event previous year 0.385 0.2599 −0.139, 0.906 0.143 45 18 

litter size previous year  −0.038 0.1244 −0.364, 0.226 0.803 35 15 

litter success previous year  0.542 0.3411 −0.157, 1.233 0.124 29 12 

survival size previous year −0.072 0.1659 −0.462, 0.267 0.665 24 11 
a

Maternal covariates are defined as follows: body mass, female weight in kilograms; mass_body length, 

body mass in kilograms divided by body length in centimeters; age category, categorical variable [2 year 

olds, 3 year olds or >3 year olds]; reproductive event previous year, reproductive event recorded the 

previous year (binary); litter size previous year, initial litter size recorded the previous year; litter success 

previous year, litter survival (≥1 survivor) recorded the previous year (binary); survival size previous 

year, the number of kittens that survived 8−10 months old the previous year.  
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Table 7.  Univariate models tested to explain variation in the probability of *litter success for female 

Canada lynx (Lynx canadensis) in northwestern Montana (1998−2012).  Beta coefficients (β), standard 

errors (SE), and 95% confidence intervals (95% CI), p-values, sample size (n), and number of females are 

identified. Definitions of maternal covariates
a 
are provided below. 

Covariates
a 
 β SE 95% CI p-value n Females 

body mass  −0.187 0.5590 −1.720, 1.197 0.738 26 13 

mass_body length −2.986 19.502 −83.152, 101.46 0.878 20 12 

age category          2 yr (dummy) 1.119 1.1682 −1.014, −4.765 0.338 36 16 

                        3 yr: 2 yr −1.156 1.5349 −6.566, 1.813 0.451   

                      >3 yr: 2yr 0.428 1.2718 −2.758, 3.217 0.737   

                        3 yr: >3 yr −1.584 1.3825 −6.836, 0.766 0.252   

reproductive event previous year 0.288 1.2583 −2.829, 2.589 0.819 29 13 

litter size previous year  −0.229 0.4699 −1.246, 0.781 0.626 25 11 

litter success previous year  0.348 1.2815 −2.808, 2.739 0.786 25 11 

survival size previous year 0.091 0.6268 −1.086, 1.607 0.884 21 10 
a
Maternal covariates are defined as follows: body mass, female weight in kilograms; mass_body length, 

body mass in kilograms divided by body length in centimeters; age category, categorical variable [2 year 

olds, 3 year olds or >3 year olds]; reproductive event previous year, reproductive event recorded the 

previous year (binary); litter size previous year, initial litter size recorded the previous year; litter success 

previous year, litter survival (≥1 survivor) recorded the previous year (binary); survival size previous 

year, the number of kittens that survived to 8−10 months old the previous year.  
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Table 8.  Univariate models tested to explain variation in *surviving litter size per litter for female 

Canada lynx (Lynx canadensis) in northwestern Montana, USA, from 1998−2012.  Beta coefficients (β), 

standard errors (SE), and 95% confidence intervals (95% CI), p-values, sample size (n), and number of 

females are identified. Definitions of maternal covariates
a 
are provided below. 

 

Covariate
a 
 β SE 95% CI p-value n Females 

body mass  0.054 0.2545 −0.571, 0.589 0.845 19 10 

mass_body length −4.584 9.229 −23.957, 14.727 0.621 15 9 

age category  2 yr (dummy) 2.044 0.3920 1.249, 2.839 ≤0.001 28 14 

                        3 yr: 2 yr −0.363 0.5404 −1.528, 0.734 0.505   

                      >3 yr: 2yr −0.364 0.4088 −1.197, 0.464 0.376   

                        3 yr: >3 yr 0.002 0.4537 −0.967, 0.922 0.997   

reproductive event previous year 0.703 0.3845 −0.083, 1.490 0.077 23 12 

litter size previous year  −0.081 0.1415 −0.376, 0.294 0.613 20 10 

litter success previous year  0.536 0.4410 −0.391, 1.469 0.244 20 10 

survival size previous year −0.144 0.1825 −0.556, 0.339 0.507 17 9 
a
Maternal covariates are defined as follows: body mass, female weight in kilograms; mass_body length, 

body mass in kilograms divided by body length in centimeters; age category, categorical variable [2 year 

olds, 3 year olds or >3 year olds]; reproductive event previous year, reproductive event recorded the 

previous year (binary); litter size previous year, initial litter size recorded the previous year; litter success 

previous year, litter survival (≥1 survivor) recorded the previous year (binary); survival size previous 

year, the number of kittens that survived to 8−10 months old the previous year.  
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Table 9.  Model selection results for predicting potential reproductive events (binary) for female Canada 

lynx (Lynx canadensis) at the 50% core area extent in northwestern Montana, 1998−2012. Provided are 

number of parameters (K), Akaike Information Criterion corrected for small sample sizes (AICc), ΔAICc, 

Akaike weights (wi), and log-likelihood (LL) for all models within 10 AICc of the top model. Covariates 

are described in Table 2. Analysis included 78 total observations from 23 female lynx.  

Model  K AICc ΔAICc wi LL 

connectivity of mature forest + 

percent young forest
2
 

5 74.53 0.00 0.72 −31.85 

edge density mature to young + 

percent young forest
2
  

5 76.46 1.93 0.27 −32.81 

percent young forest
2
  5 83.70 9.18 0.01 −37.58 
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Table 10.  Top model parameter estimates for predicting potential reproductive events (binary) of female 

Canada lynx (Lynx canadensis) at the 50% core area extent in northwestern Montana, 1998−2012. 

Provided are coefficients (β), standard errors (SE), 95% confidence intervals (95% CI), and p-values for 

all models within 2 AICc of the top model. Covariates are described in Table 2. Analysis included 78 

observations from 23 female lynx.  

Top models β SE 95% CI p-value 

connectivity of mature forest + percent 

young forest
2
  

    

     connectivity of mature forest 4.560 1.5345 1.552, 7.568 0.003 

     percent young forest 1.019 0.2614 0.507, 1.532 ≤0.001 

     percent young forest
2
  –0.029 0.0081 −0.045, −0.014 ≤0.001 

edge density mature to young + percent 

young forest
2
  

    

     edge density mature to young 0.093 0.0322 0.030, 0.156 0.004 

     percent young forest  0.875 0.2359 0.412, 1.337 ≤0.001 

     percent young forest
2
  –0.030 0.0082 −0.046, −0.014 ≤0.001 
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Table 11.  Model selection results for predicting potential reproductive events (binary) for female Canada 

lynx (Lynx canadensis) at the 90% home range extent in northwestern Montana, 1998−2012. Provided are 

number of parameters (K), Akaike Information Criterion corrected for small sample sizes (AICc), ΔAICc, 

Akaike weights (wi), and log-likelihood (LL) for all models within 10 AICc of the top model. Covariates 

are described in Table 2. Analysis included 78 observations from 23 female lynx.  

Models K AICc ΔAICc wi LL 

connectivity of mature forest + percent 

young forest
2
  

5 83.18 0.00 0.38 −36.17 

edge density mature to young + 

percent young forest
2
  

5 84.51 1.34 0.19 −36.84 

percent young forest
2
  4 84.60 1.42 0.19 −38.02 

contagion + percent young forest
2
   5 86.67 3.49 0.07 −37.92 

edge density mature to young + shape 

of mature forest patches 
4 89.60 6.42 0.01 −40.52 

patch density young forest + shape of 

young forest patches 
4 89.97 6.79 0.01 −40.71 

patch density young forest 5 90.22 7.04 0.03 −41.95 

edge density mature to young 3 90.64 7.47 0.03 −42.16 

mean moisture 3 90.74 7.56 0.03 −42.21 

mean moisture + moisture variance 3 90.77 7.72 0.03 −42.22 

intercept only 2 92.29 9.11 0.00 −44.06 
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Table 12.  Top model parameter estimates for predicting potential reproductive events (binary) of female 

Canada lynx (Lynx canadensis) at the 90% home range extent in northwestern Montana, 1998−2012. 

Provided are coefficients (β), standard errors (SE), 95% confidence intervals (95% CI), and p-values for 

all models within 2 AICc of the top model. Covariates are described in Table 2. Analysis included 78 

observations from 23 female lynx.  

Top models β SE 95% CI p-value 

connectivity of mature forest + percent 

young forest
2
  

    

     connectivity of mature forest  3.038 1.6227 −0.143, 6.218    0.061 

     percent young forest  1.336 0.3759 0.599, 2.073  ≤0.001 

     percent young forest
2
  −0.047 0.0136 −0.073, −0.019  ≤0.001 

edge density mature and young + percent 

young forest
2
  

    

     edge density mature to young  0.066 0.0434 −0.019, 0.151    0.129 

     percent young forest   0.969 0.3011 0.379, 1.559    0.001 

     percent young forest
2
  −0.038 0.0116 −0.061, −0.015    0.001 

percent young forest
2
      

     percent young forest   1.121 0.3203 0.493, 1.748  ≤0.001 

     percent young forest
2
  −0.039 0.0119 −0.076, −0.016    0.001 
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Table 13.  Model selection results for predicting initial litter size (range = 1−5 kittens) for female Canada 

lynx (Lynx canadensis) at the 50% core area extent in northwestern Montana, 1998−2012. Provided are 

number of parameters (K), Akaike Information Criterion corrected for small sample sizes (AICc), ΔAICc, 

Akaike weights (wi), and log-likelihood (LL) for all models within 10 AICc of the top model. Covariates 

are described in Table 2. Analysis included 54 observations from 23 female lynx.  

Models K AICc ΔAICc wi  LL 

connectivity of mature forest + shape of 

young forest patches 
5 124.44 0.00 0.67 −56.60 

shape of young forest patches 4 128.22 3.78 0.10 −59.70 

percent old regenerating forest + shape 

of young forest patches 
5 128.55 4.11 0.09 −58.65 

vegetation productivity (NDVI) + shape 

of young forest patches 
5 129.03 4.58 0.07 –58.89 

edge density mature to young + shape of 

young forest patches 
5 129.57 5.13 0.05 −59.16 

vegetation productivity (NDVI) 4 133.19 8.74 0.01 −62.18 
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Table 14.  Top model parameter estimates for predicting initial litter size (range = 1−5 kittens) for female 

Canada lynx (Lynx canadensis) at the 50% core area extent in northwestern Montana, 1998−2012. 

Provided are coefficients (β), standard errors (SE), 95% confidence intervals (95% CI), and p-values for 

all models within 2 AICc of the top model. Covariates are described in Table 2. Analysis included 54 

observations from 23 female lynx.  

Top models β SE 95% CI p-value 

connectivity of mature forest + shape of 

young forest patches 
    

     connectivity of mature forest 0.959 0.3739 0.214, 1.705 0.013 

     shape of young forest patches −0.006 0.0011 −0.008, −0.003 ≤0.001 
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Table 15.  Model selection results for predicting initial litter size (range = 1−5 kittens) for female Canada 

lynx (Lynx canadensis) at the 90% home range extent in northwestern Montana, 1998−2012. Provided are 

number of parameters (K), Akaike Information Criterion corrected for small sample sizes (AICc), ΔAICc, 

Akaike weights (wi), and log-likelihood (LL) for all models within 10 AICc of the top model. Covariates 

are described in Table 2. Analysis included 54 total observations from 23 female lynx.  

Models K AICc ΔAICc wi LL 

contagion + percent mature forest 5 126.62 0.00 0.18 −57.68 

shape of young forest patches + 

moisture variance 
5 126.67 0.05 0.18 −57.71 

shape of young forest patches + patch 

density young forest  
5 127.10 0.48 0.14 −57.93 

contagion + percent old regenerating 

forest 
5 127.18 0.56 0.14 −57.96 

shape of young forest patches 4 128.99 2.38 0.06 −60.09 

contagion  4 133.09 5.98 0.01 −62.13 

percent mature forest + percent open 

areas 
5 133.30 6.20 0.01 −61.03 

vegetation productivity (NDVI) 4 134.21 7.11 0.01 −62.70 
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Table 16.  Top model parameter estimates for predicting initial litter size (range = 1−5 kittens) for female 

Canada lynx (Lynx canadensis) at the 90% home range extent in northwestern Montana, 1998−2012. 

Provided are coefficients (β), standard errors (SE), 95% confidence intervals (95% CI), and p-values for 

all models within 2 AICc of the top model. Covariates are described in Table 2. Analysis included 54 

observations from 23 female lynx.  

Top models β SE 95% CI p-value 

contagion + percent mature forest     

          contagion  −0.078 0.0167 −0.111, −0.044 ≤0.001 

          percent mature forest 0.026 0.0084 0.009, 0.043 0.003 

shape of young forest patches + moisture 

variance 
    

          shape of young forest patches −0.004 0.0011 −0.007, −0.002 ≤0.001 

          moisture variance −0.149 0.0671 −0.284, −0.016 0.029 

shape and density of young forest patches     

          patch density young forest 0.463 0.2184 0.028, 0.910 0.038 

          shape of  young forest patches −0.006 0.0012 −0.008, −0.003 ≤0.001 

contagion + percent old regenerating forest     

          contagion   −0.053 0.0129 −0.079, −0.027 ≤0.001 

          percent old regenerating forest −0.033 0.0109 −0.055, −0.011 0.004 
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Table 17.  Model selection results for predicting litter success (binary) for female Canada lynx (Lynx 

canadensis) at the 50% core area extent in northwestern Montana, 1998−2012. Provided are number of 

parameters (K), Akaike Information Criterion corrected for small sample sizes (AICc), ΔAICc, Akaike 

weights (wi), and log-likelihood (LL) for all models within 10 AICc of the top model. Covariates are 

described in Table 2. Analysis included 38 total observations from 15 female lynx.  

Models K AICc ΔAICc wi LL 

edge density mature to young + shape of 

mature forest patches 
4 39.21 0.00 0.11 −15.00 

edge density mature to young + 

connectivity of mature forest 
4 39.88 0.67 0.08 −15.33 

percent young forest 3 40.52 1.31 0.06 −16.91 

intercept only 2 40.65 1.44 0.05 −18.15 

edge density mature to young  3 40.86 1.65 0.04 −17.07 

shape of mature forest patches 3 41.23 2.02 0.04 −17.26 
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Table 18.  Top model parameter estimates for predicting litter success (binary) of female Canada lynx 

(Lynx canadensis) at the 50% core area extent in northwestern Montana, 1998−2012. Provided are 

coefficients (β), standard errors (SE), 95% confidence intervals (95% CI), and p-values for all models 

within 2 AICc of the top model. Covariates are described in Table 2. Analysis included 38 total 

observations from 15 female lynx.  

Top models β SE 95% CI p-value 

edge density mature to young + shape of 

mature forest patches 
    

          edge density mature to young 0.123 0.0686 −0.011, 0.258 0.072 

          shape of mature forest patches 0.012 0.0087 −0.005, 0.029 0.168 

edge density mature to young + connectivity 

of mature forest 
    

          edge density mature to young 0.118 0.0634 −0.006, 0.242 0.062 

          connectivity of mature forest −3.541 2.0852 −7.628, 0.546 0.089 

percent young forest 0.149 0.1062 −0.032, 0.462 0.160 

intercept only 1.488 0.4185 0.727, 2.393 ≤0.001 

edge density mature to young 0.061 0.0434 −0.021, 0.164 0.157 

shape of mature forest patches 0.009 0.0084 −0.003, 0.035 0.305 
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Table 19.  Model selection results for predicting litter success (binary) for female Canada lynx (Lynx 

canadensis) at the 90% home range extent in northwestern Montana, 1998−2012. Provided are number of 

parameters (K), Akaike Information Criterion corrected for small sample sizes (AICc), ΔAICc, Akaike 

weights (wi), and log-likelihood (LL) for all models within 10 AICc of the top model. Covariates are 

described in Table 2. Analysis included 38 total observations from 15 female lynx.  

Models K AICc ΔAICc wi  LL 

connectivity of mature forest 3 38.32 0.00 0.11 −15.81 

edge density mature to young + 

connectivity of mature forest 
4 38.70 0.37 0.08 −14.74 

edge density mature to young + shape of 

mature forest patches 
4 39.21 0.88 0.07 −15.00 

connectivity of mature forest + percent 

young forest 
4 39.53 1.20 0.06 −15.16 

percent young forest 3 40.27 1.94 0.04 −16.78 
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Table 20.  Top model parameter estimates for predicting litter success (binary) of female Canada lynx 

(Lynx canadensis) at the 90% home range extent in northwestern Montana, 1998−2012. Provided are 

coefficients (β), standard errors (SE), 95% confidence intervals (95% CI), and p-values for all models 

within 2 AICc of the top model. Covariates are described in Table 2. Analysis included 38 total 

observations from 15 female lynx.  

Top models β SE 95% CI p-value 

connectivity of mature forest −7.365 4.801 −19.894, −0.494 0.125 

edge density mature to young + connectivity 

of mature forest  
    

     edge density mature to young 0.059 0.046 −0.029, 0.149 0.191 

     connectivity of  mature forest −8.075 5.259 −18.385, 2.234 0.125 

edge density mature to young + shape of 

mature forest patches 
    

     edge density mature to young 0.064 0.0476 −0.029, 0.157 0.177 

     shape of mature forest patches 0.012 0.0128 −0.007, 0.044 0.148 

connectivity of mature forest + percent 

young forest 
    

     connectivity of mature forest −7.159 5.355 −17.655, 3.337 0.181 

     percent young forest 0.148 0.134 −0.115, 0.412 0.269 

percent young forest 0.211 0.133 −0.049, 0.472 0.112 
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Table 21.  Model selection results for predicting surviving litter size (range = 1−4 kittens) for female 

Canada lynx (Lynx canadensis) at the 50% core area extent in northwestern Montana, 1998−2012. 

Provided are number of parameters (K), Akaike Information Criterion corrected for small sample sizes 

(AICc), ΔAICc, Akaike weights (wi), and log-likelihood (LL) for all models within 10 AICc of the top 

model. Covariates are described in Table 2. Analysis included 31 total observations from 13 female lynx.  

Models K AICc ΔAICc wi LL 

shape of young forest patches + 

moisture variance  
5 75.59 0.00 0.31 −31.60 

vegetation productivity (NDVI) + 

moisture variance 
5 77.59 2.00 0.12 −32.60 

contagion+ moisture variance 5 78.61 3.02 0.08 −33.11 

moisture variance 4 78.86 3.27 0.06 −34.66 

shape of young forest patches 4 79.09 3.50 0.05 −34.78 

intercept only  3 82.68 7.09 0.01 −37.90 
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Table 22.  Top model parameter estimates for predicting surviving litter size (range = 1−4 kittens) for 

female Canada lynx (Lynx canadensis) at the 50% core area extent in northwestern Montana, 1998−2012. 

Provided are coefficients (β), standard errors (SE), 95% confidence intervals (95% CI), and p-values for 

all models within 2 AICc of the top model. Covariates are described in Table 2. Analysis included 31 total 

observations from 13 female lynx.  

Top models β SE 95% CI p-value 

shape of young forest patches + moisture 

variance 
    

     shape of young forest patches −0.003 0.0013 −0.006, −0.0008 0.013 

     moisture variance −0.309 0.1166 −0.546, −0.074 0.012 

vegetation productivity + moisture variance     

     vegetation productivity (NDVI) 7.827 3.7248 0.296, 15.359 0.042 

     moisture variance −0.286 0.1240 −0.537, −0.035 0.027 
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Table 23.  Model selection results for predicting surviving litter size (range = 1−4 kittens) for female 

Canada lynx (Lynx canadensis) at the 90% home range extent in northwestern Montana, 1998−2012. 

Provided are number of parameters (K), Akaike Information Criterion corrected for small sample sizes 

(AICc), ΔAICc, Akaike weights (wi), and log-likelihood (LL) for all models within 10 AICc of the top 

model. Covariates are described in Table 2. Analysis included 31 total observations from 13 female lynx.  

Models K AICc ΔAICc wi LL 

contagion + moisture variance 5 75.07 0.00 0.33 −31.33 

shape of young forest patches + 

moisture variance 
5 76.77 1.70 0.14 −32.19 

contagion  4 77.42 2.35 0.10 −33.94 

moisture variance 4 78.20 3.13 0.07 −34.33 
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Table 24.  Top model parameter estimates for predicting surviving litter size (range = 1−4 kittens) for 

female Canada lynx (Lynx canadensis) at the 90% home range extent in northwestern Montana, 

1998−2012. Provided are coefficients (β), standard errors (SE), 95% confidence intervals (95% CI), and 

p-values for all models within 2 AICc of the top model. Covariates are described in Table 2. Analysis 

included 31 total observations from 13 female lynx.  

Top models β SE 95% CI p-value 

contagion + moisture variance     

     contagion −0.043 0.0166 −0.076, −0.009 0.014 

     moisture variance −0.225 0.0945 −0.416, −0.033 0.022 

shape of young forest patches + moisture 

variance  
    

     shape of  young forest patches −0.003 0.0014 −0.006, −0.0001 0.008 

     moisture variance −0.262 0.0943 −0.454, −0.071 0.038 
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APPENDIX A 

Home Range Estimation  

We used ArcGIS®  9.3.1 (Environmental Systems Research Institute (ESRI), Inc., Redlands, CA, USA) 

and the Home Range Tools Extension (HRT; Rodgers et al. 2007) to estimate annual home ranges using 

the fixed-kernel density method (Worton 1989). We used a grid cell size of 100 m and an href smoothing 

parameter (Worton 1995) of 1.0.  We estimated multi-annual home ranges for 23 female lynx using GPS 

and VHF telemetry data.  We used 43,539 GPS locations and 1,057 VHF locations to estimate 90% and 

50% kernel multi-annual home ranges for 23 female lynx. We used 50% kernel home ranges to evaluate 

the importance of core use areas. We used the kernel method to minimize inclusion of unused areas in the 

analysis (Girard et al. 2002) and to minimize home range overestimation concerns (Seaman et al. 1999). 

When available, multi-annual home ranges were constructed combining GPS and VHF telemetry data for 

each female over multiple years. Only females whose home range size had become asymptotic given their 

number of locations were included in the analysis.  The average number of locations per female was 

1,893 (range = 36−3,416). Telemetry locations that were recorded during the process of initializing GPS 

collars, and locations after the collar dropped were removed.  Additionally, locations that were considered 

outside of the animals normal movements such as exploratory movements were removed. To validate the 

use of annual home ranges as representative for each female lynx, we subset winter and summer home 

range and annual home ranges by year for females with multiple years of telemetry data. Consistent with 

existing literature (Ruediger et al. 2000), these home ranges did not vary substantially by year. Two 

young females utilized a larger than average geographical area until their first reproductive event in which 

the home range area became much smaller and stabilized. We checked all females’ telemetry data for this 

type of behavior and removed locations that were collected prior to first reproductive events.     
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APPENDIX B 

 

Home Range Composition by Forest Structure Type 

Table B.1.  Mean composition (%) by forest structure type in home ranges and core areas for female 

Canada lynx (Lynx canadensis) in northwestern Montana, 1998−2012. Presented are mean percent values 

for Purcell Mountains and Seeley Lake study areas combined, and for each study area individually by 

forest structure type. Median percent composition is presented in parentheses and standard deviation (SD) 

is provided.   

Forest structure type 
% Composition 

(50% core area) SD 

% Composition 

(90% home range) SD 

Forest (mature forest + 

old regenerating forest) 
73  13 73  10 

          Seeley 76  14 74  12 

          Purcells 69  12 72  9 

     Mature forest 49  18 50  15 

          Seeley 50  22 52  15 

          Purcells 48  14 48  16 

     Old regenerating forest 24  13 23  10 

          Seeley 26  10 22  4 

          Purcells 22  15 24  14 

Sparse (Young forest + 

Thin + Open) 
27  13 27  10 

          Seeley 24  13 26  12 

          Purcells 31  12 28  9 

     Young forest 13  6 11  4 

          Seeley 11  4 9  4  

          Purcells 15  7 12  5 

     Thin 10  7 11  5 

          Seeley 10  7 12  6 

          Purcells 10  7 9  4 

      Open 4  4 6  4 

          Seeley 3  4 5  5 

          Purcells 5  4 7  3 

 



54 

 

APPENDIX C 

 

Complete Univariate Analysis for Reproductive Success Models 

Table C.1.  Parameter estimates for univariate models from a mixed effects logistic regression analysis of 

the effects of habitat composition and configuration on potential reproductive events for female Canada 

lynx (Lynx canadensis) in northwestern Montana from 1998−2012. Beta coefficients (β), standard errors 

(SE), and 95% confidence intervals (95% CI) are identified. Parameters include a variety of landscape 

metrics at the core area extent (50% KDE). Covariates are described in Table 2. Confidence intervals that 

do not overlap zero are identified in bold. Analysis included 78 total observations from 23 female lynx. 

 50% core areas β SE p-value 95% CI 

 percent mature forest 0.024 0.0258 0.360 −0.032, 0.096 

 percent old regenerating forest −0.076 0.0354 0.031 −0.179, −0.007 

 
percent young + percent young 

forest
2
 

    

               percent young  0.832 0.2224 0.0002 0.412, 1.337 

               percent young forest
2
 −0.026 0.0073 0.0004 −0.049, −0.012 

 percent thin −0.004 0.0766 0.959 −0.198, 0.173 

 percent open 0.054 0.1248 0.667 −0.252, 0.344 

 
percent forest (mature forest + old 

regenerating forest) 
−0.029 0.0345 0.394 −0.111, 0.053 

 percent thin/open 0.008 0.0540 0.885 −0.128, 0.133 

 percent thin/open/young  0.029 0.0345 0.393 −0.053, 0.112 

 edge density mature to young  0.093 0.0345 0.007 0.026, 0.195 

 edge density forest to non-forest 0.002 0.0167 0.907 −0.041, 0.039 

 patch density young forest 1.684 0.7069 0.017 0.525, 3.721 

 patch density mature forest −0.156 0.3664 0.671 −0.998, 0.748 

 mean moisture  3.529 1.655 0.033 0.214, 8.307 

 moisture variance −0.676 0.3732 0.070 −1.776, 0.066 

 vegetation productivity (NDVI) 6.950 13.561 0.608 −23.208, 41.351 

 connectivity of mature forest  2.628 1.602 0.101 −0.659, 7.452 

 shape of young forest patches −0.008 0.0047 0.105 −0.020, 0.002 

 contagion −0.045 0.0433 0.301 −0.149, 0.057 
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Table C.2.  Parameter estimates for univariate models from a mixed effects logistic regression analysis of 

the effects of habitat composition and configuration on potential reproductive events for female Canada 

lynx (Lynx canadensis) in northwestern Montana from 1998−2012. Beta coefficients (β), standard errors 

(SE), and 95% confidence intervals (95% CI) are identified.  Parameters include a variety of landscape 

metrics at the home range (90% KDE) extent. Covariates are described in Table 2. Confidence intervals 

that do not overlap or barely overlap zero are identified in bold. Analysis included 78 total observations 

from 23 female lynx. 

90% home range  β SE p-value 95% CI 

percent mature forest 0.006 0.0313 0.851 −0.066, 0.083 

percent old regenerating forest −0.041 0.0419 0.330 −0.149, 0.053 

percent young forest + percent young 

forest
2
  

    

              percent young forest 1.121 0.3203 0.0005  

              percent young forest
2
 −0.039 0.0119 0.001 −0.076, −0.016 

percent thin −0.049 0.0951 0.602 −0.293, 0.164 

percent open 0.113 0.1070 0.289 −0.121, 0.382 

percent forest (mature forest + old 

regenerating forest) 
−0.032 0.0438 0.463 −0.138, 0.069 

percent thin/open 0.013 0.0571 0.820 −0.122, 0.149 

percent thin/open/young 0.034 0.0438 0.438 −0.068, 0.140 

edge density mature to young 0.074 0.0375 0.049 −0.0004, 0.175 

edge density forest to non-forest 0.012 0.0232 0.590 −0.041, 0.071 

patch density young forest 2.192 1.0930 0.045 0.114, 5.000 

patch density mature forest −0.289 1.0515 0.783 −2.957, 2.094 

mean moisture  3.562 1.7960 0.047 −0.68, 8.868 

moisture variance −0.392 0.3294 0.234 −1.325, 0.298 

vegetation productivity (NDVI) 11.249 14.907 0.450 −21.313, 50.847 

connectivity of mature forest  1.028 1.9739 0.602 −3.396, 6.140 

shape of young forest patches −0.006 0.0054 0.267 −0.019, 0.006 

contagion −0.075 0.0532 0.158 −0.209, 0.041 
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Table C.3.  Parameter estimates for univariate models from a mixed effects linear regression analysis for 

the effects of habitat composition and configuration on litter size for female Canada lynx (Lynx 

canadensis) in northwestern Montana from 1998−2012. Beta coefficients (β), standard errors (SE), and 

95% confidence intervals (95% CI) are identified.  Parameters include a variety of landscape metrics at 

the core area extent (50% KDE). Covariates are described in Table 2. Confidence intervals that do not 

overlap zero are identified in bold. Analysis included 54 total observations from 23 female lynx. 

 50% core areas β SE p-value 95% CI 

 percent mature forest 0.003 0.0078 0.738 −0.015, 0.019 

 percent old regenerating forest −0.022 0.0108 0.052 −0.047, 0.0002 

 percent young forest 0.039 0.0221 0.082 −0.005, 0.088 

 percent thin 0.006 0.0207 0.770 −0.038, 0.053 

 percent open 0.030 0.0378 0.427 −0.046, 0.118 

 
percent forest (mature forest + old 

regenerating forest) 
−0.013 0.0111 0.252 −0.039, 0.009 

 percent thin/open 0.008 0.0146 0.607 −0.023, 0.042 

 percent thin/open/young 0.015 0.0111 0.191 −0.008, 0.041 

 edge density mature to young 0.015 0.0123 0.238 −0.012, 0.042 

 edge density forest to non-forest −0.007 0.0050 0.162 −0.018, 0.003 

 patch density young forest 0.279 0.2034 0.181 −0.151, 0.739 

 patch density mature forest −0.039 0.1155 0.738 −0.295, 0.194 

 mean moisture  0.783 0.5113 0.138 −0.287, 1.941 

 moisture variance −0.192 0.0933 0.063 −0.400, 0.012 

 vegetation productivity (NDVI) 10.121 3.1990 0.004 3.742, 16.907 

 connectivity of mature forest  0.172 0.4941 0.729 −0.907, 1.232 

  shape young forest patches −0.004 0.0011 0.0002 −0.007, −0.002 

 contagion −0.031 0.0138 0.028 −0.064, −0.004 
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Table C.4.  Parameter estimates for univariate models from a mixed effects linear regression analysis for 

the effects of habitat composition and configuration on litter size for female Canada lynx (Lynx 

canadensis) in northwestern Montana from 1998−2012. Beta coefficients (β), standard errors (SE), and 

95% confidence intervals (95% CI) are identified.  Parameters include a variety of landscape metrics at 

the home range extent (90% KDE). Covariates are described in Table 2. Confidence intervals that do not 

overlap zero are identified in bold. Analysis included 54 total observations from 23 female lynx. 

 90% home range β SE p-value 95% CI 

 percent mature forest −0.0003 0.0090 0.970 −0.021, 0.019 

 percent old regenerating forest −0.023 0.0134 0.099 −0.052, 0.005 

 percent young forest 0.073 0.0315 0.028 0.009, 0.142 

 percent thin −0.005 0.0258 0.855 −0.059, 0.053 

 percent open 0.065 0.0297 0.033 0.006, 0.134 

 
percent forest (mature forest + old 

regenerating forest) 
−0.022 0.0135 0.114 −0.053, 0.005 

 percent thin/open 0.015 0.0159 0.355 −0.017, 0.052 

 percent thin/open/young 0.022 0.0135 0.103 −0.005, 0.054 

 edge density mature to young 0.012 0.0113 0.316 −0.013, 0.037 

 edge density forest to non-forest −0.007 0.0069 0.341 −0.022, 0.009 

 patch density young forest 0.079 0.3032 0.795 −0.588, 0.750 

 patch density mature forest −0.110 0.3202 0.732 −0.832, 0.549 

 mean moisture 0.478 0.6038 0.434 −0.813, 1.790 

 moisture variance −0.187 0.0742 0.022 −0.356, −0.033 

 vegetation productivity (NDVI) 10.345 3.4850 0.006 3.381, 18.595 

 connectivity of mature forest  0.097 0.5509 0.860 −1.100, 1.305 

 shape of young forest patches −0.005 0.0012 0.0004 −0.007, −0.002 

 contagion −0.044 0.0142 0.003 −0.078, −0.016 
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Table C.5.  Parameter estimates for univariate models from a mixed effects logistic regression analysis of 

the effects of habitat composition and configuration on litter success (binary) for female Canada lynx 

(Lynx canadensis) in northwestern Montana from 1998−2012. Beta coefficients (β), standard errors (SE), 

and 95% confidence intervals (95% CI) are identified.  Parameters include a variety of landscape metrics 

at the core area extent (50% KDE). Covariates are described in Table 2. Confidence intervals that do not 

overlap zero are identified in bold. Analysis included 38 total observations from 15 female lynx. 

 50% core areas β SE p-value 95% CI 

 percent mature forest −0.015 0.0269 0.566 −0.110, 0.035 

 percent old regenerating forest −0.009 0.0399 0.817 −0.092, 0.092 

 percent young forest 0.149 0.1062 0.160 −0.032, 0.462 

 percent thin 0.022 0.0742 0.764 −0.124, 0.249 

 percent open 0.094 0.1422 0.508 −0.157, 0.505 

 
percent forest (mature forest + old 

regenerating forest) 
−0.052 0.0499 0.295 −0.215, 0.031 

 percent thin/open 0.026 0.0548 0.638 −0.075, 0.200 

 percent thin/open/young 0.053 0.0494 0.286 −0.030, 0.219 

 edge density mature to young 0.061 0.0434 0.157 −0.021, 0.164 

 edge density forest to non-forest 0.025 0.0232 0.285 −0.017, 0.105 

 patch density young forest 0.465 0.6985 0.506 −1.076, 2.051 

 patch density mature forest 0.283 0.3970 0.477 −0.446, 1.233 

 mean moisture −0.155 1.7841 0.931 −4.258, 3.822 

 moisture variance −0.126 0.3804 0.741 −1.019, 0.633 

 vegetation productivity (NDVI) 2.300 12.7549 0.857 −26.811, 31.427 

 connectivity of mature −2.046 1.8470 0.268 −9.437, 1.382 

  shape of young forest patches −0.003 0.0044 0.557 −0.013, 0.006 

 shape of mature forest patches 0.009 0.0085 0.305 −0.003, 0.035 

 contagion −0.036 0.0516 0.482 −0.186, 0.064 
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Table C.6.  Parameter estimates for univariate models from a mixed effects logistic regression analysis of 

the effects of habitat composition and configuration on litter success (binary) for female Canada lynx 

(Lynx canadensis) in northwestern Montana from 1998−2012. Beta coefficients (β), standard errors (SE), 

and 95% confidence intervals (95% CI) are identified.  Parameters include a variety of landscape metrics 

at the home range extent (90% KDE). Covariates are described in Table 2. Confidence intervals that do 

not overlap zero are identified in bold. Analysis included 38 total observations from 15 female lynx. 

90% home range  β SE p-value 95% CI 

percent mature forest −0.054 0.0458 0.240 −0.219, 0.019 

percent old regenerating forest 0.055 0.0647 0.396 −0.052, 0.287 

percent young forest 0.211 0.1330 0.112 −0.038, 0.508 

percent thin 0.021 0.0916 0.818 −0.149, 0.347 

percent open 0.083 0.1133 0.465 −0.121, 0.397 

percent forest (mature forest + old 

regenerating forest) 
−0.067 0.0629 0.285 −0.236, 0.038 

percent thin/open 0.030 0.0581 0.604 −0.073, 0.229 

percent thin/open/young 0.068 0.0629 0.281 −0.038, 0.235 

edge density mature to young 0.040 0.0401 0.320 −0.041, 0.131 

edge density forest to non-forest 0.033 0.0334 0.318 −0.027, 0.125 

patch density young forest 0.751 0.9688 0.438 −1.359, 3.111 

patch density mature forest 1.663 1.1820 0.159 −0.503, 4.327 

mean moisture  −0.444 1.9828 0.823 −5.336, 3.820 

moisture variance 0.010 0.3272 0.975 −0.674, 0.783 

vegetation productivity (NDVI) 8.259 14.6430 0.573 −22.880, 41.869 

connectivity of mature forest  −7.365 4.8010 0.125 −19.894, −0.494 

shape of young forest patches −0.0003 0.0049 0.951 −0.012, 0.010 

shape of mature forest patches 0.015 0.0123 0.220 −0.004, 0.048 

contagion −0.065 0.0612 0.284 −0.229, 0.048 
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Table C.7.  Parameter estimates for univariate models from a mixed effects linear regression analysis of 

the effects of habitat composition and configuration on surviving litter size (range=1−4 kittens) for female 

Canada lynx (Lynx canadensis) in northwestern Montana from 1998−2012. Beta coefficients (β), standard 

errors (SE), and 95% confidence intervals (95% CI) are identified.  Parameters include a variety of 

landscape metrics at the core area extent (50% KDE). Covariates are described in Table 2. Confidence 

intervals that do not overlap zero are identified in bold. Analysis included 31 total observations from 13 

female lynx.  

 50% core area β SE p-value 95% CI 

 percent mature forest −0.0002 0.0095 0.984 −0.020, 0.021 

 percent old regenerating forest −0.016 0.0158 0.331 −0.051, 0.017 

 percent young forest 0.058 0.0248 0.038 0.004, 0.108 

 percent thin −0.004 0.0253 0.873 −0.058, 0.050 

 percent open 0.028 0.0449 0.531 −0.065, 0.126 

 
percent forest (mature forest + old 

regenerating forest) 
−0.013 0.0135 0.367 −0.041, 0.017 

 percent thin/open 0.002 0.0178 0.895 −0.035, 0.041 

 percent thin/open/young 0.016 0.0134 0.239 −0.012, 0.046 

 edge density mature to young 0.022 0.0149 0.153 −0.009, 0.054 

 edge density forest to non-forest −0.007 0.0079 0.404 −0.024, 0.009 

 patch density young forest 0.240 0.2641 0.367 −0.306, 0.825 

 patch density mature forest 0.193 0.1121 0.146 −0.097, 0.420 

 mean moisture 1.239 0.6472 0.098 −0.300, 2.761 

 moisture variance −0.361 0.1269 0.011 −0.621, −0.098 

 vegetation productivity (NDVI) 10.305 3.8600 0.017 2.284, 18.112 

 connectivity of mature forest  −0.092 0.6052 0.883 −1.329, 1.296 

  shape of young forest patches −0.004 0.0014 0.012 −0.007, −0.001 

  shape of mature forest patches −0.0002 0.0014 0.879 −0.003, 0.003 

 contagion −0.027 0.0165 0.118 −0.063, 0.008 

 

 

 

 

 



61 

 

Table C.8.  Parameter estimates for univariate models from a mixed effects linear regression analysis of 

the effects of habitat composition and configuration on surviving litter size (range=1−4 kittens) for female 

Canada lynx (Lynx canadensis) in northwestern Montana from 1998−2012. Beta coefficients (β), standard 

errors (SE), and 95% confidence intervals (95% CI) are identified.  Parameters include a variety of 

landscape metrics at the home range extent (90% KDE). Covariates are described in Table 2. Confidence 

intervals that do not overlap zero are identified in bold. Analysis included 31 total observations from 13 

female lynx.  

 90% home range β SE p-value 95% CI 

 percent mature forest −0.008 0.0112 0.511 −0.031, 0.017 

 percent old regenerating forest −0.008 0.0187 0.675 −0.048. 0.031 

 percent young forest 0.085 0.0488 0.092 −0.015, 0.194 

 percent thin 0.0002 0.0336 0.995 −0.072, 0.071 

 percent open 0.074 0.0312 0.036 0.006, 0.138 

 
percent forest (mature forest + old 

regenerating forest) 
−0.026 0.0162 0.137 −0.059, 0.009 

 percent thin/open 0.019 0.0189 0.317 −0.021, 0.059 

 percent thin/open/young 0.027 0.0162 0.125 −0.009, 0.060 

 edge density mature to young 0.009 0.0149 0.553 −0.022, 0.044 

 edge density forest to non-forest −0.007 0.0114 0.572 −0.030, 0.018 

 patch density young forest 0.155 0.3556 0.668 −0.587, 1.009 

 patch density mature forest 0.220 0.3971 0.588 −0.666, 1.045 

 mean moisture  0.642 0.7847 0.430 −1.091, 2.294 

 moisture variance −0.299 0.1030 0.008 −0.516, −0.089 

 vegetation productivity (NDVI) 10.944 4.4250 0.027 1.500, 19.912 

 connectivity of mature forest  −0.445 0.7176 0.550 −1.925, 1.159 

 shape of young forest patches −0.004 0.0016 0.034 −0.007, −0.0004 

 shape of mature forest patches 0.0007 0.0027 0.809 −0.005, 0.006 

 contagion  −0.055 0.0173 0.005 −0.089, −0.019 
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Lynx SSA, 5-YR & Recovery Plan Contacts
Date: Monday, May 18, 2015 12:04:51 PM

Jim:  Maine contacts look good.  

USFS contact for ME and NH (White Mountain NF) is Leighlan Prout.

NH academic contact is John and Marian Litvaitis who have done lynx and bobcat habitat
modeling and snowshoe hare research.
NH furbearer biologist is Patrick Tate.  NH nongame biologist that is lead on lynx is Jill
Killborn.  Will Staats is the biologist in northern NH where lynx occur and is very
knowledgeable.

Quebec furbearer biologist who would know about southern Quebec (Gaspe) populations
would be Serge Larivierre.  Furbearer biologist in New Brunswick is Cade Libby.

Anything else????????    Mark

On Fri, May 15, 2015 at 5:41 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All,

Please add or correct (in Track Changes) the entries in the attached table for your area and send back to me.

Trying to identify folks who will need to be involved in the lynx DPS status assessment and who can best help us
understand current and future status/trends of lynx and habitats within each of the DPS subpopulations, the
adequacy of current regulatory mechanisms, current/future threats and their potential magnitudes, lynx
status/trends/management on the Canadian side of the border, etc.

Let me know if you have questions.

thanks,

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: Holt, Bryon
To: Zelenak, Jim
Subject: Re: Lynx SSA, 5-YR & Recovery Plan Contacts
Date: Tuesday, May 19, 2015 7:07:00 AM

Oops, missed that part of it.  Will do.

On Tue, May 19, 2015 at 6:40 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Bryon - I need you to fill out the rest of the columns for ID: State/Fed/Canadian and Academic contacts most
familiar with status and distribution of lynx in Idaho, threats to them, effectiveness of regulatory mechanisms
since lisitng, etc.

On Mon, May 18, 2015 at 8:22 AM, Holt, Bryon <bryon_holt@fws.gov> wrote:
Jim,

Looks OK to me for ID.

Bryon

On Fri, May 15, 2015 at 2:41 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All,

Please add or correct (in Track Changes) the entries in the attached table for your area and send back to me.

Trying to identify folks who will need to be involved in the lynx DPS status assessment and who can best
help us understand current and future status/trends of lynx and habitats within each of the DPS
subpopulations, the adequacy of current regulatory mechanisms, current/future threats and their potential
magnitudes, lynx status/trends/management on the Canadian side of the border, etc.

Let me know if you have questions.

thanks,

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service

mailto:bryon_holt@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:bryon_holt@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

mailto:bryon_holt@fws.gov
mailto:jim_zelenak@fws.gov
mailto:bryon_holt@fws.gov


From: Zelenak, Jim
To: Mark McCollough; Anthony Tur; Tamara Smith; Bryon Holt; Jeff Krupka; Eric Hein; Michelle Eames; Leslie

Ellwood; Ann Belleman; Kurt Broderdorp; Kate Novak; Lisa Solberg Schwab
Cc: Jodi Bush; Seth Willey; Mary Parkin
Subject: Re: Lynx SSA, 5-YR & Recovery Plan Contacts
Date: Tuesday, May 19, 2015 8:00:00 AM

To clarify, I need each of you to fill in as many of the columns as you can for your state/area.

Also, the draft project plan indicated a call/webinar for May 20 - tomorrow.  That is not happening, but I will let you
all know as soon as it is scheduled, hopefully soon.

Thanks,

Jim

On Fri, May 15, 2015 at 3:41 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All,

Please add or correct (in Track Changes) the entries in the attached table for your area and send back to me.

Trying to identify folks who will need to be involved in the lynx DPS status assessment and who can best help us
understand current and future status/trends of lynx and habitats within each of the DPS subpopulations, the
adequacy of current regulatory mechanisms, current/future threats and their potential magnitudes, lynx
status/trends/management on the Canadian side of the border, etc.

Let me know if you have questions.

thanks,

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Willey, Seth
Subject: Re: Lynx SSA, 5-YR & Recovery Plan Contacts
Date: Tuesday, May 19, 2015 8:48:39 AM

Thanks, Seth.  Hope she will still be involved at some point (though I question why someone would leave Colorado
to go live in Nebraska....).

I haven't seen anything from Mary - are we having a lynx SSA call this week?  I was out unexpectedly with a sick
child yesterday, and I think we have a warehouse cleaning event here tomorrow.  Will have the next draft of the
project plan with corrected (I hope) schedule/time line out to the group shortly. Then we need to schedule a kick-off
call/webinar I guess.  that should happen soon, and I will put together a quick .ppt for it.

On Tue, May 19, 2015 at 8:42 AM, Willey, Seth <seth_willey@fws.gov> wrote:
One note is that Tanya Shenk now lives in Lincoln, NE.  She still works for NPS, but now in
a new location.  Not sure if (or how) this affects her participation, but thought you should
know.  

****************************************
Seth L. Willey
Assistant Regional ESA Chief &
Regional Recovery Coordinator
USFWS, Mountain-Prairie Region
Seth_Willey@fws.gov 
303-236-4257 
****************************************

On Tue, May 19, 2015 at 7:59 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
To clarify, I need each of you to fill in as many of the columns as you can for your state/area.

Also, the draft project plan indicated a call/webinar for May 20 - tomorrow.  That is not happening, but I will
let you all know as soon as it is scheduled, hopefully soon.

Thanks,

Jim

On Fri, May 15, 2015 at 3:41 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All,

Please add or correct (in Track Changes) the entries in the attached table for your area and send back to me.

Trying to identify folks who will need to be involved in the lynx DPS status assessment and who can best
help us understand current and future status/trends of lynx and habitats within each of the DPS
subpopulations, the adequacy of current regulatory mechanisms, current/future threats and their potential
magnitudes, lynx status/trends/management on the Canadian side of the border, etc.

Let me know if you have questions.

thanks,

Jim 

-- 
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Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
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From: Sattelberg, Mark
To: Belleman, Ann
Subject: Re: Question re: Zelenak"s request for info on lynx SSA and 5-yr Recov. Plan
Date: Tuesday, May 19, 2015 10:00:44 AM

Yes, put Lisa in there.  Your other changes are good.

Mark

------
R. Mark Sattelberg
Field Supervisor
U.S. Fish and Wildlife Service
Wyoming Ecological Services Field Office
5353 Yellowstone Boulevard, Suite 308A
Cheyenne, Wyoming 82009

Phone:  307.772.2374  ext.234
Cell Phone:  307.631.8186
Fax: 307.772.2358
mark_sattelberg@fws.gov 

On Tue, May 19, 2015 at 8:23 AM, Belleman, Ann <ann_belleman@fws.gov> wrote:
Hi Mark,

Looks like Jim needs this info soon.  I forwarded his request to you, Tyler, Nathan and Lisa
a few days ago, but haven't heard back from anyone yet (I know everyone's swamped).  I
didn't expect to hear from anyone except maybe you. Your input would help me to
understand whether Lisa SS is going to be thoroughly engaged in lynx or not in WY.  If so,
she probably needs to be involved in these discussions, etc. at a minimum, yet it's not my
place to identify what or how much she needs to do re: lynx.   

As you know, there's really no Fed bio left in WY who has knowledge of lynx, as Hanvey is
officially done at the BTNF (and except for me and I'll supposedly be done w/WY in 6
weeks).  So I'm stuck on what additional info to provide to Jim and whether Lisa SS should
take on this responsibility.  (I know, I know, GSG!)

Thanks for any input you have - Ann 
 
Ann Belleman
U.S. Fish and Wildlife Service
Wyoming Ecological Svcs. Field Office
5353 Yellowstone Rd., Suite 308A
Cheyenne, WY 82009

Minnesota/Wisconsin Field Office Complex
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
307-421-5839 (work cell)
307-772-2374 (FWS-Cheyenne, WY)
(612) 725-3548 (FWS-Bloomington, MN)
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From: Zelenak, Jim
To: Parkin, Mary
Cc: Jennifer Szymanski; Seth Willey; Jodi Bush
Subject: Re: SSA call tomorrow
Date: Tuesday, May 19, 2015 1:03:09 PM

Thanks Mary.

I was also out yesterday with my sick daughter, who also got a bad case of the goombah....

I think a call tomorrow would be good.  I'm available all day, but 10-11 or after 1 PM Mountain Time might work
best.  I've gotten a little feedback from a few folks on my request from last week.

On Tue, May 19, 2015 at 12:18 PM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Hi Jim,

I've just returned to the office after sick leave (some sort of goombah that left me flat in bed
for a few days) so wanted to check with you to see if you'd still like to proceed with a call
tomorrow.  I'm totally up for it and can send out the invitation immediately based on your
preference.

The aim of the call would be to discuss any returns you've gotten on the SSA team
worksheet, maybe to delve into first steps for that team, and to do a final walk-through of the
proposed SSA project schedule.

Regarding last week's call, I fear it left you and others feeling ... ambivalent?  In particular,
how to best deal with a formal 5-year review recommendation seemed to be left hanging.  In
thinking further about this and about synchronizing the SSA and a listing recommendation,
here's my suggestion for your consideration:

1.  Proceed with the SSA with the intent of making a listing recommendation at the
conclusion of "projecting current conditions into the foreseeable future" (the first modeling
effort in Stage 3 of the SSA process).  Based on those modeling results,  you could move
straight to a "1-page" synthesis and status recommendation.  Model inputs would be
confined to factors that appreciably affect extinction risk.

Thus, in your communications with partners and stakeholders, you'd convey a commitment
to make a status recommendation in the first quarter of 2016.

2.  If needed based upon the 5-year review recommendation, the model would then be
expanded to incorporate inputs that allow analysis of alternative conservation strategies in
order to develop a REV recovery plan.

This isn't much of a departure from what's already in the project schedule, but I've tried to
clarify the breakdown of decision points in the attached version.  I've also made some edits
based on peer review timing, etc.  Hope this helps rather than hinders.

Cheers,
Mary
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-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: David Stilwell
To: Zelenak, Jim
Subject: Re: Lynx SSA, 5-YR & Recovery Plan Contacts
Date: Tuesday, May 19, 2015 1:45:09 PM

Jim,

I happen to be sitting next to Gordon Batchelor, Wildlife Chief for NY DEC, he is interested
in having someone on his staff participate  gordon.batcheller@dec.ny.gov

Please contact him soon as he is retiring very soon.

David

On May 19, 2015, at 2:33 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

Thanks, David.

Is there anyone there with the State or other agencies that you think we should maybe reach out to at
some point in the SSA/Recovery Planning efforts?

On Tue, May 19, 2015 at 12:21 PM, David Stilwell <david_stilwell@fws.gov>
wrote:

Jim,

Thanks for the opportunity, however since lynx are not a priority for our office
at this time we will not be able to be involved in this important effort.

Thanks,

David

On May 19, 2015, at 1:56 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

Thanks Tony.

 - David - let me know if anyone (USFWS or other) from NY wants to be involved
in lynx SSA/Recovery planning over next couple years.

Thanks,

Jim

On Tue, May 19, 2015 at 11:46 AM, Tur, Anthony
<anthony_tur@fws.gov> wrote:

Jim,
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I filled out the contact information for Vermont and New
Hampshire.

I'm copying David Stilwell, Project Leader at the New York Field
Office, since he is the most appropriate person to fill in the New
York information.

Hope all is well.
Tony 

On Tue, May 19, 2015 at 9:59 AM, Zelenak, Jim
<jim_zelenak@fws.gov> wrote:

To clarify, I need each of you to fill in as many of the columns as you can for
your state/area.

Also, the draft project plan indicated a call/webinar for May 20 - tomorrow. 
That is not happening, but I will let you all know as soon as it is scheduled,
hopefully soon.

Thanks,

Jim

On Fri, May 15, 2015 at 3:41 PM, Zelenak, Jim
<jim_zelenak@fws.gov> wrote:

Hi All,

Please add or correct (in Track Changes) the entries in the attached table for
your area and send back to me.

Trying to identify folks who will need to be involved in the lynx DPS status
assessment and who can best help us understand current and future
status/trends of lynx and habitats within each of the DPS subpopulations,
the adequacy of current regulatory mechanisms, current/future threats and
their potential magnitudes, lynx status/trends/management on the Canadian
side of the border, etc.

Let me know if you have questions.

thanks,

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Anthony Tur
Endangered Species Biologist
U.S. Fish and Wildlife Service
New England Field Office
70 Commercial Street, Suite 300
Concord, New Hampshire 03301

Phone (603) 223-2541
Anthony_Tur@fws.gov

http://www.fws.gov/newengland/

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Smith, Tamara
To: Baker, Richard (DNR)
Subject: Lynx SSA and Recovery Planning contacts for MNDNR
Date: Tuesday, May 19, 2015 1:55:20 PM

Hi Rich,

Who from the MNDNR should I add to Jim Zelenak's (USFWS MT FO)  list of contacts
regarding MNDNR for lynx recovery planning?  He has two empty spaces for MNDNR -
 Would your name be appropriate for  "manager" and John Erb as the "biologist" contact (each
slot could be one or two people)?  This isn't an official "recovery team" but would be people
who would be involved in in the lynx DPS status assessment and who can best help us
understand current and future status/trends of lynx and habitats within each of the DPS
subpopulations, the adequacy of current regulatory mechanisms, current/future threats and
their potential magnitudes, etc.

Do you know of a good contact for population trends etc. in Canada?

Thanks, 
Tam

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

mailto:tamara_smith@fws.gov
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From: Willey, Seth
To: Zelenak, Jim
Cc: Parkin, Mary; Jennifer Szymanski; Jodi Bush
Subject: Re: SSA call tomorrow
Date: Tuesday, May 19, 2015 2:05:48 PM

Perfect.  thanks!  

****************************************
Seth L. Willey
Assistant Regional ESA Chief &
Regional Recovery Coordinator
USFWS, Mountain-Prairie Region
Seth_Willey@fws.gov 
303-236-4257 
****************************************

On Tue, May 19, 2015 at 2:04 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
That works for me.  Thanks.

On Tue, May 19, 2015 at 1:58 PM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Last week we did 1-2 pm -- sounds like that'll work for tomorrow, too (or is that cutting it
too close for you, Jim?).  We can adjust the invite, forthcoming, by a bit if need be.

On Tue, May 19, 2015 at 2:58 PM, Willey, Seth <seth_willey@fws.gov> wrote:
I'd like to have a call tomorrow, if we can make it work.  

Thanks,
Seth 

****************************************
Seth L. Willey
Assistant Regional ESA Chief &
Regional Recovery Coordinator
USFWS, Mountain-Prairie Region
Seth_Willey@fws.gov 
303-236-4257 
****************************************

On Tue, May 19, 2015 at 12:18 PM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Hi Jim,

I've just returned to the office after sick leave (some sort of goombah that left me flat
in bed for a few days) so wanted to check with you to see if you'd still like to proceed
with a call tomorrow.  I'm totally up for it and can send out the invitation immediately
based on your preference.

The aim of the call would be to discuss any returns you've gotten on the SSA team
worksheet, maybe to delve into first steps for that team, and to do a final walk-through
of the proposed SSA project schedule.
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Regarding last week's call, I fear it left you and others feeling ... ambivalent?  In
particular, how to best deal with a formal 5-year review recommendation seemed to be
left hanging.  In thinking further about this and about synchronizing the SSA and a
listing recommendation, here's my suggestion for your consideration:

1.  Proceed with the SSA with the intent of making a listing recommendation at the
conclusion of "projecting current conditions into the foreseeable future" (the first
modeling effort in Stage 3 of the SSA process).  Based on those modeling results,  you
could move straight to a "1-page" synthesis and status recommendation.  Model inputs
would be confined to factors that appreciably affect extinction risk.

Thus, in your communications with partners and stakeholders, you'd convey a
commitment to make a status recommendation in the first quarter of 2016.

2.  If needed based upon the 5-year review recommendation, the model would then be
expanded to incorporate inputs that allow analysis of alternative conservation
strategies in order to develop a REV recovery plan.

This isn't much of a departure from what's already in the project schedule, but I've
tried to clarify the breakdown of decision points in the attached version.  I've also
made some edits based on peer review timing, etc.  Hope this helps rather than
hinders.

Cheers,
Mary

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Sattelberg, Mark
To: Belleman, Ann
Subject: Re: Lynx SSA, 5-YR & Recovery Plan Contacts
Date: Tuesday, May 19, 2015 2:09:37 PM

Zack would probably be better, I think they just hired or are in the process of hiring a non-
game mammalogist.  Put Zack down and we can figure out who best fits later.

Mark

------
R. Mark Sattelberg
Field Supervisor
U.S. Fish and Wildlife Service
Wyoming Ecological Services Field Office
5353 Yellowstone Boulevard, Suite 308A
Cheyenne, Wyoming 82009

Phone:  307.772.2374  ext.234
Cell Phone:  307.631.8186
Fax: 307.772.2358
mark_sattelberg@fws.gov 

On Tue, May 19, 2015 at 1:18 PM, Belleman, Ann <ann_belleman@fws.gov> wrote:
Mark - Jim Zelenak would like the name of Bob Lanka's supervisor/manager who might be
involved in the lynx SSA and recov. plan effort.  I was wondering if Zack Walker would
be the better primary contact than Bob (and Bob as secondary)?  Thoughts?
 
Ann Belleman
U.S. Fish and Wildlife Service
Wyoming Ecological Svcs. Field Office
5353 Yellowstone Rd., Suite 308A
Cheyenne, WY 82009

Minnesota/Wisconsin Field Office Complex
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
307-421-5839 (work cell)
307-772-2374 (FWS-Cheyenne, WY)
(612) 725-3548 (FWS-Bloomington, MN)

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, May 19, 2015 at 9:19 AM
Subject: Re: Lynx SSA, 5-YR & Recovery Plan Contacts
To: "Belleman, Ann" <ann_belleman@fws.gov>

Thanks Ann.

I'd definitely like to have Gary involved, and think it would still be OK to ask for his input on GYA lynx issues. 
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That said, I also think we will need to include Kerry at some point.

What about Bob Lanka's supervisor/manager?  And is Oakleaf officially retired now?

Can you get the names of appropriate biologists and managers from both YNP and GTNP?

Talk to you soon.

Jim 

On Tue, May 19, 2015 at 8:13 AM, Belleman, Ann <ann_belleman@fws.gov> wrote:
Hi Jim,

I've filled in a little of the WY info (for BLM) but asked for input from coworkers (haven't
heard back from anyone yet). 

Q?:  G. Hanvey is officially done at the BTNF and headed to the Flathead NF.  The only
USFS person on either the BTNF or SNF that has knowledge of lynx in the GYA is Kerry
Murphy.  However, I have some concerns about Kerry's support of anything lynx-related
these days and am reluctant to discuss his input in this effort.

Do you have any suggestions?  I acknowledge the potential importance of including at
least one USFS bio from WY, yet choices are almost zero.  I haven't discussed this with
Hanvey and whether or not he'll be involved in this effort in MT (and thus would
also have WY knowledge).

Thanks - Ann

 
Ann Belleman
U.S. Fish and Wildlife Service
Wyoming Ecological Svcs. Field Office
5353 Yellowstone Rd., Suite 308A
Cheyenne, WY 82009

Minnesota/Wisconsin Field Office Complex
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
307-421-5839 (work cell)
307-772-2374 (FWS-Cheyenne, WY)
(612) 725-3548 (FWS-Bloomington, MN)

On Tue, May 19, 2015 at 7:59 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
To clarify, I need each of you to fill in as many of the columns as you can for your state/area.

Also, the draft project plan indicated a call/webinar for May 20 - tomorrow.  That is not happening, but I will
let you all know as soon as it is scheduled, hopefully soon.
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Thanks,

Jim

On Fri, May 15, 2015 at 3:41 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All,

Please add or correct (in Track Changes) the entries in the attached table for your area and send back to
me.

Trying to identify folks who will need to be involved in the lynx DPS status assessment and who can best
help us understand current and future status/trends of lynx and habitats within each of the DPS
subpopulations, the adequacy of current regulatory mechanisms, current/future threats and their potential
magnitudes, lynx status/trends/management on the Canadian side of the border, etc.

Let me know if you have questions.

thanks,

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Eklund, Daniel A -FS
To: Tamara_Smith@fws.gov
Cc: StPierre, Matthew -FS
Subject: RE: Lynx SSA and Recovery Planning contacts for CNNF
Date: Tuesday, May 19, 2015 2:22:23 PM
Attachments: image001.png

image002.png
image003.png
image004.png

Tamara:  You can put Matt St.Pierre in for the Manager and Myself in as the Biologist.
 

Daniel Eklund, Biologist 
Forest Biologist

Forest Service
Chequamegon Nicolet National Forest

p: 715-762-5194 
f: 715-762-5179 
deklund@fs.fed.us

1170 4th Avenue South 
Park Falls, WI 54552
www.fs.fed.us 

Caring for the land and serving people

 
 
From: Smith, Tamara [mailto:tamara_smith@fws.gov] 
Sent: Tuesday, May 19, 2015 2:18 PM
To: Eklund, Daniel A -FS
Subject: Lynx SSA and Recovery Planning contacts for CNNF
 
Hi Dan,
 
Who from the CNNF should I add to Jim Zelenak's (USFWS MT FO)  list of contacts for
CNNF regarding lynx recovery planning?  He has two empty spaces for CNNF -one
"manager" and the other a "biologist". Who from CNNF would appropriate for  "manager" and
as the "biologist" contact (each slot could be one or two people)?  
 
This isn't an official "recovery team" but would be people who would be involved in in the
lynx DPS status assessment and who can best help us understand current and future
status/trends of lynx and habitats within each of the DPS subpopulations, the adequacy of
current regulatory mechanisms, current/future threats and their potential magnitudes, etc. 
Given the situation with lynx in WI, I doubt there will be much work associated with this on
your end.
 
Do you know who would be the appropriate contacts for WI DNR?
 
Thanks, 
Tam
 
--

mailto:deklund@fs.fed.us
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Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



From: Zelenak, Jim
To: Parkin, Mary
Subject: Re: Accepted: Weekly lynx SSA coordination call: 11-12 MT @ Mon Jun 1, 2015 1pm - 2pm

(mary_parkin@fws.gov)
Date: Friday, May 29, 2015 8:55:40 AM

Thanks Mary,

Well, there was a lot of silence on the phone - not quite sure how to interpret that.  I'll finish up the final project plan
and get it to Jodi and Seth (will cc you also) so they can shepherd it through R6 signature and send out to other
regions/offices.

I will be doodle-polling the core team to see what day/time works best for most for the biweekly calls, and I will set
a day/time for the monthly coordination calls after checking against other recurring calls to avoid most conflicts.

I was thinking to send the "Cardinal SSA Questions" table out to core members and ask them to fill in relevant
portions for their lynx subpopulations - what do you think?  I was thinking to send along the one I attempted to
complete for the SSA workshop, but then I thought maybe it would be better to have them try it without being
biased by my notes.

Anyway, I'm trying to get myself belted-in and geared-up for what promises to be a wild ride.  Hard to imagine
getting everything done that we need to in the next 6-8 months, but no choice to aim for it.

You have a great weekend, too, and travel safe if you head back east next week.  I will forward you a little light
reading for the trip by separate email - something I remember thinking you might like based on the conversation we
were having at lunch in Denver on the final day of the workshop.

Jim

On Fri, May 29, 2015 at 8:35 AM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Hey both,

Great job on the kickoff call yesterday!  What came across to me is that a lot of thought and
preparation has gone into organizing the process, and I'm surmising that folks are going to
take it seriously because of that (and the court-ordered deadline, of course).  

We'll talk on Monday, Jim.  In the meantime, have a great weekend,
Mary

On Fri, May 29, 2015 at 9:39 AM, Jim Zelenak <jim_zelenak@fws.gov> wrote:

Jim Zelenak has accepted this invitation.

Weekly lynx SSA coordination call: 11-12 MT
When Mon Jun 1, 2015 1pm – 2pm Eastern Time

Video call https://plus.google.com/hangouts/_/doi.gov/mary-parkin

Calendar mary_parkin@fws.gov

Who • Mary Parkin - organizer

• Jim Zelenak
• Heather Bell

mailto:jim_zelenak@fws.gov
mailto:mary_parkin@fws.gov
mailto:mary_parkin@fws.gov
mailto:jim_zelenak@fws.gov
https://plus.google.com/hangouts/_/doi.gov/mary-parkin?hceid=bWFyeV9wYXJraW5AZndzLmdvdg.k29eq9e56od15grb25hjof43j8
mailto:mary_parkin@fws.gov


Invitation from Google Calendar

You are receiving this email at the account mary_parkin@fws.gov because you are subscribed for invitation replies
on calendar mary_parkin@fws.gov.

To stop receiving these emails, please log in to https://www.google.com/calendar/ and change your notification
settings for this calendar.

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Smith, Tamara
To: Peter Fasbender; Lisa Mandell
Subject: Fwd: SIGNATURE NEEDED: Final Lynx Project Plan
Date: Friday, June 26, 2015 10:06:06 AM
Attachments: 2015 06 25 Proj Plan Canada Lynx SSA FINAL.pdf

Signature Page Only_2015 06 25 Proj Plan Canada Lynx SSA FINAL.docx
2015 06 25 Proj Plan Canada Lynx SSA FINAL.docx

Hi Pete and Lisa -  I didn't see Pete's name on Jodi's email list - I am not sure which one of
you wants to sign this plan. 

Thanks, 
Tam

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Fri, Jun 26, 2015 at 9:59 AM
Subject: SIGNATURE NEEDED: Final Lynx Project Plan
To: Eric Rickerson <eric_rickerson@fws.gov>, Michael Carrier <michael_carrier@fws.gov>,
Mark Sattelberg <mark_sattelberg@fws.gov>, Ann Timberman <ann_timberman@fws.gov>,
Drue DeBerry <drue_deberry@fws.gov>, Laury Zicari <laury_zicari@fws.gov>, Tom
Chapman <Tom_Chapman@fws.gov>, Michael Thabault <michael_thabault@fws.gov>,
Theresa Rabot <theresa_rabot@fws.gov>, Paul Phifer <paul_phifer@fws.gov>, Lisa Mandell
<lisa_mandell@fws.gov>, Michelle Shaughnessy <michelle_shaughnessy@fws.gov>, Lynn
Lewis <lynn_lewis@fws.gov>, Wally Murphy <wally_murphy@fws.gov>
Cc: Jeff Krupka <Jeff_Krupka@fws.gov>, Bryon Holt <Bryon_Holt@fws.gov>, Kurt
Broderdorp <Kurt_Broderdorp@fws.gov>, Tamara Smith <Tamara_Smith@fws.gov>, Ann
Belleman <ann_belleman@fws.gov>, Mark McCollough <Mark_McCollough@fws.gov>,
Jim Zelenak <jim_zelenak@fws.gov>, Anthony Tur <Anthony_Tur@fws.gov>, Seth Willey
<seth_willey@fws.gov>, Kit Hershey <Kit_Hershey@fws.gov>, Sarah Quamme
<Sarah_Quamme@fws.gov>, Laura Ragan <Laura_Ragan@fws.gov>, Krishna Gifford
<krishna_gifford@fws.gov>, Eric Hein <Eric_Hein@fws.gov>

Attached is the final Lynx Project Plan for the SSA, Recovery Planning and Five-year Review
in both word and pdf format.  I am requesting via this email your signature on page 10 of that
document. Comments on the draft project plan were received in late April and early May and
we have incorporated those changes into the attached document.

For ease of collating signatures please use any of the following methods to add your signature
to the document.    

1. Open the attached pdf document in Adobe Reader.  Click on the fill and sign tab and make a
selection for your signature of the document.  Save and send back to Jim Zelenak.  

2.  Sign a hardopy of the signature page (10), scan and send back to Jim Zelenak.

3.  Add your signature in the word document by adding   /s/ Your Name. Save and send back
to Jim Zelenak. 
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You should have also received notice of what will be our monthly internal FWS coordination
calls on the process from Jim Zelanak.  
We will be conducting these calls the first tuesday of every month at 10am Mtn time.  
Call in information is as follows: 866-857-8504, passcode: 7620543.

Shortly I will also be sending out another letter for our state partners.  As we know, the States
are particularly interested in being engaged in our Lynx recovery planning process.  To that
end, the letter updates where we are now and identifies a monthly coordination call with our
state partners to keep them appraised of our progress.  It would be helpful if versions of this
state letter were sent out from your offices.  Please use the version I provide to you as a
template.  

Thank you for your help and as always feel free to give me a call if you have questions or
concerns.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 



CANADA LYNX PROJECT PLAN TO COMPLETE 
A SPECIES STATUS ASSESSMENT, RECOVERY PLAN, AND FIVE-YEAR REVIEW 

 
June 25, 2015 

 
Action:  The U.S. Fish and Wildlife Service (Service) will conduct a species status assessment 
(SSA) as a first step to understand the current status of the contiguous United States distinct 
population segment (DPS) of the Canada lynx (Lynx canadensis), currently listed as threatened 
under the Endangered Species Act (Act).  This SSA is intended to inform and streamline the 
court-ordered recovery plan (due January15, 2018), assuming such a plan is deemed necessary1. 
The SSA report will also serve as the basis for the five-year status review (initiated in 2007; 72 
FR 19549) required under the Act and would also provide the scientific foundation to support 
future rulemaking in accordance with the Act should the five-year review indicate that a change 
in the DPS’s listing status is warranted. 
 
Goals of the Project Plan: (1) To facilitate application of the SSA framework to produce a 
scientifically defensible assessment of the status of the lynx DPS, a subsequent recovery plan, if 
needed, and future five-year review and listing rules as necessary; and (2) to ensure that 
expectations for these processes, including approach, roles and responsibilities, and schedule, are 
clear and that managers are aware of and have agreed to these expectations. 
  
Project Approach:  We intend to apply the SSA framework to the lynx DPS and use the SSA 
results to inform the recovery planning process, the five-year review, and future listing 
rules.  The lead field office (FO) will work with other Service Regions and FOs in the DPS range 
to gather and evaluate all relevant information that has become available since our March 2000 
listing rule (65 FR 16053) and our July 2003 Remanded Determination of Status (68 FR 40076) 
for the lynx DPS.  We will avail ourselves of recent efforts to summarize the available scientific 
literature for lynx, including the September 2014 final revised critical habitat designation for the 
DPS (79 FR 54781) and the 2013 revised interagency Lynx Conservation Assessment and 
Strategy (LCAS; 
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf).  The FOs 
will keep partner agencies informed about progress and request their participation and reviews as 
appropriate.  
 

Species Status Assessment:  The SSA framework is a new, standardized  Service 
methodology for assessing the status of species, which can help inform species listing, status, 
and recovery determinations that the Service is required to make in accordance with section 
4(c)(2) of the Act (https://sites.google.com/a/fws.gov/ssa/about-SSA).  Using the SSA 
framework, we will evaluate the viability of the lynx DPS and potential threats to its viability 
using the principles of representation, resilience, and redundancy.  The SSA also will provide 
                                                           
1 The Act requires recovery plans for listed species unless a determination is made that such plan will not promote 
the conservation of the species.  If the five-year status review concludes that the DPS warrants delisting, we would 
likely pursue a formal determination that the species is exempt from recovery planning as such a plan would be 
unnecessary (if the species is already recovered, a plan is not needed to move the species to the point of recovery 
and would therefore not promote the conservation of the species).  Although the five-year review is not a final 
agency action, the memorandum exempting the species from recovery planning (should we reach that conclusion) 
would be. 



critical information needed to guide the recovery planning process, including identification of the 
primary threats to the lynx DPS that remain to be resolved, if any.  Completion of the SSA is the 
first step in the process of determining the current status of the lynx DPS.  We anticipate that the 
SSA will be completed by December 2015.   
 

Recovery Plan:  If a recovery plan is necessary, it will be informed by the SSA.  The 
recovery plan would include an introduction summarizing the recovery vision (what a recovered 
DPS would “look” like) and recovery strategy (the route selected to get the species to recovery).  
It also would include: (1) objective and measurable criteria that when met would allow delisting 
(including, as practicable, demographic and threats-based recovery criteria); (2) broad 
management actions needed to achieve the recovery vision; and (3) time and cost estimates to 
achieve delisting.  Pursuant to the Service’s new recovery planning paradigm – the Recovery 
Enhancement Vision (REV; USFWS 2014, https://sites.google.com/a/fws.gov/rev/) – the SSA 
will facilitate development of a streamlined recovery plan that focuses on these three statutory 
requirements.  A supplemental document, the Recovery Implementation Strategy (RIS), details 
short-term but detailed (site-specific) step down activities needed to achieve the recovery vision.  
If planning is needed, we intend to complete the draft recovery plan by January 2017.  The 
recovery planning process will include peer review and opportunities for public review and 
comment on the draft recovery plan prior to completion of a final recovery plan.  If undertaken, 
the recovery plan will be finalized prior to the January 15, 2018, court deadline. 

 
Five-year Review:  We anticipate that the five-year review will be a streamlined 

document relying heavily on and referring to the SSA.  The five-year review will consider the 
SSA’s scientific determinations and make recommendations regarding the status of the DPS in 
accordance with the Act.  The three possible recommendations of the five-year review are that 
the lynx DPS should: (1) remain listed as threatened; (2) be uplisted to endangered; or (3) be 
delisted.  Recommendation (1) would indicate the need to next complete a recovery plan by the 
court-ordered deadline; recommendation (2) would indicate that both a recovery plan and a 
future listing rule are needed; and recommendation (3) would require both a formal 
determination via memorandum that the DPS is exempt from recovery planning and a future 
listing rule.   
 

Project Lead:  This project will be led by the Montana Ecological Services Field Office 
(MTFO).  Within this office, Jim Zelenak is the species lead and will serve as the project and 
team lead.  This role includes cross-regional intra-Service organizing, coordinating with outside 
partners and experts as appropriate, and developing a project schedule and ensuring adherence to 
associated deadlines.  It also includes primary authorship of the SSA report, recovery plan, five-
year review, and, if necessary, future listing rules.  
 

Project Team:  The Mountain-Prairie Region (6) is the lead Service Region for lynx.  
However, within the DPS range, lynx subpopulations currently occur in parts of 9 states (CO, ID, 
ME, MN, MT, NH, VT, WA, and WY).  Lynx associated with these subpopulations or other 
lynx populations in southern Canada also may occur (usually rarely, intermittently, and 
temporarily) in other states (MI, ND, NE, NM, NY, OR, SD, UT, and WI), and dispersing lynx 
also have occurred very rarely in CT, IA, IL, IN, MA, PA, and NV.  Because the DPS spans 
parts of four other Service Regions (1, 2, 3, and 5), it is especially important that field biologists 



most familiar with the status of each of the lynx subpopulations within the DPS assist with (1) 
collection and interpretation of information relating to the status of and potential threats to those 
subpopulations; (2) contacting and arranging participation by lynx experts most familiar with the 
status, ecology, population dynamics, and habitat needs of those subpopulations; (3) coordinating 
with our local state, federal and tribal stakeholders, and (4) writing, editing, and reviewing 
relevant parts of the SSA report, recovery plan, and five-year review, as needed.   

 
• Identified biologists from the Maine, Twin Cities, Northern Idaho, and Western 

Colorado FOs will participate consistently on the Project Team and contribute 
meaningfully to the development, review, and completion of the SSA report, recovery 
plan, and five-year review.   

 
• Further, biologists from the New England, New York, Michigan, Wisconsin, Idaho, 

Eastern Idaho, Washington, Oregon, Utah, Wyoming, and New Mexico FOs will 
participate as needed in the development, review and completion of these documents.   

 
• SSA practitioners from the Service and USGS will provide guidance on implementing the 

SSA framework, conceptual modeling, and expert elicitation, and Service ECOS staff 
will provide GIS support including spatial analysis and mapmaking. 
 
Management Team:  In addition to field biologists and SSA and GIS support: 
 

• Field Supervisors from the Maine, Twin Cities, Northern Idaho, Washington, Wyoming, 
Colorado, and Western Colorado FOs will assist with coordination with State and Tribal 
and other federal stakeholders, participate in document review, and obtain Regional 
Office (RO) concurrence with status determinations and final decisions/documents.   
 

• RO representation from affected Service Regions is essential to this process, as is 
headquarters (HQ) participation and guidance.   
 

• Regional ESA Branch Chiefs and/or Regional Recovery Coordinators from Regions 1, 2, 
3, and 5, and HQ Listing and/or Recovery staff will participate in document review and 
concurrence processes.   
 

• Legal staff will engage or be consulted at various points throughout this process. 
 

Focus on Science First – We intend to conduct a thorough scientific review of the lynx 
DPS and to work with our partners to make sure we have and use the best available information 
to develop the SSA report and to guide subsequent recovery planning, five-year review, and/or 
rulemaking.  During the SSA, we will conduct a structured threats assessment using outlines, 
webinars, expert elicitation, and other intermediate products, and we will brief the Management 
Team as necessary throughout the process.  During the recovery planning process, we will also 
bring together experts from the lynx research and management arenas. 
 



SSA, Recovery Planning, and Five-year Review Collaborative Process:  We have broken 
the SSA, recovery planning, and five-year review /listing processes down into the following five 
phases: 

 
• Phase 1 – Information Collection.  The lynx’s current distribution in the contiguous U.S. 

and some aspects of its habitat requirements are fairly well-understood; however, we will 
seek to better understand and analyze its historic and current distributions, subpopulation 
sizes and status, and the degree to which DPS subpopulations rely on immigration from 
populations in Canada.  Additionally, to the extent possible, we will focus on the 
numbers and productivity of lynx in each of the DPS subpopulations, how these vary 
over time, the causes of the variation, and the quality and conservation status of lynx and 
hare habitats within the DPS range.  In addition to the information upon which the 2000 
Final Rule listing the DPS as threatened was based, we will collect and evaluate all 
relevant information that has become available since then.  We expect available 
information to be primarily in the form of published, peer-reviewed literature and 
academic dissertations and theses obtainable through academic search engines.  We will 
also gather government reports (e.g., the recently-revised LCAS and survey and 
monitoring reports from federal, State and Tribal partners) and review legal and policy 
considerations. 
 

• Phase 2 – Assessment of the DPS’s Current and Future Conservation Status and Relevant 
Threats, and Completion of the SSA Report.  With the information gathered in Phase 1, 
we will identify and evaluate historical, current, and future threats to lynx and their 
magnitude and relative impact on the viability of the subpopulations that constitute the 
DPS.  As part of the SSA process, we will conduct a structured threats assessment, using 
outlines, webinars and other intermediate products, and we will brief the Project and 
Management teams at appropriate junctions.  We will produce a draft report outlining 
SSA methods and results; the draft SSA report will undergo peer review.  We will revise 
the draft report as needed based on peer review and review/edits/comments provided by 
the Management Team and appropriate partners.  We expect Project Team members to 
participate actively in the collection and interpretation of information specific to DPS 
subpopulations and potential threats to them in their geographic areas and to coordinate 
locally with state and federal agencies, Tribes, conservation organizations, the media and 
the public.  We expect Management Team members from each region to review, edit, and 
approve materials provided by their Project Team members in a timely manner. 
 

• Phase 3 – Decision Making.  In coordination with the Project Team, the MTFO will 
make a preliminary recommendation about the DPS’s legal status (threatened, 
endangered, or recovered), brief R6 leadership, and then provide the recommendation for 
review, comment, and concurrence by the rest of the Management Team.  A final 
decision on the status of the DPS will be made by R6 Regional Director. 

 
• Phase 4 – Unless the SSA report strongly suggests that the DPS no longer needs the 

protection of the Act, the Service will initiate the recovery planning process so that we 
can meet the court’s deadline for finalizing a recovery plan. 
 



• Phase 5 – Drafting and Disseminating the Five-year Review.  Based on the SSA report 
and the R6RD decision on the DPS’s status, the Project Lead will draft the five-year 
review with input from and review by the Project and Management teams, and 
concurrence from cooperating Regions.  We will work with R6 EA staff, who will work 
with their counterparts in the other Regions, to draft a news release announcing results 
and availability of the five-year review and supporting SSA report.  We will post both 
documents at the ECOS Species Profile web page 
(http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073). 

    
• Phase 6 – Next Steps.  As mentioned above, there are three possible recommendations of 

the five-year review, each with different listing and recovery requirements and time lines. 
 

o Recommendation 1:  The lynx DPS continues to warrant listing as threatened 
under the Act (i.e., the threat for which the DPS was listed has not been 
adequately addressed and/or a new threat[s] has been identified such that the DPS 
remains likely to become endangered within the foreseeable future throughout all 
or a significant portion of its range).  In this case, a recovery plan would be 
necessary, so we would convene a Recovery Team and implement the REV 
process to develop draft and final recovery plans consistent with the court-ordered 
time line for completing the final plan by January 2018.  We expect that a 
streamlined recovery plan would be completed that relies heavily on and 
references the SSA report and the five-year review; 

 
o Recommendation 2:  The DPS warrants uplisting to endangered status (i.e., the 

threat for which the DPS was listed remains unresolved or has increased and/or a 
new threat[s] has been identified such that the DPS is now determined to be in 
danger of extinction throughout all or a significant portion of its range).  In this 
case, both a recovery plan and a future listing rule would be necessary.  As above, 
we would develop draft and final recovery plans that would rely heavily on and 
reference the SSA report and the five-year review, and complete the final 
recovery plan by the court-ordered deadline.  Work on the uplisting rule would 
commence after the final recovery plan, though a date has not been specified; 

 
o Recommendation 3:  The DPS is deemed recovered and warrants delisting (i.e., 

the threat for which the DPS was listed is found to have been adequately 
addressed and no new threat[s] has been identified that is expected to endanger 
the DPS throughout all or a significant portion of its range now or in the 
reasonably foreseeable future).  In this case, we would recommend a formal 
determination that the species is exempt from recovery planning and we would 
draft a memorandum to that effect.  This outcome would also indicate the need for 
a future delisting rule, with work on the delisting rule commencing after the 
memorandum has been finalized and submitted to the court, though a date for the 
rule has not been specified. 

 
Document Review, Concurrence, Surnaming, and Federal Register Publication.  Jim 

Zelenak is the lead author for these actions.  All members of the Project Team are expected to 

http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073


provide appropriate scientific review of draft documents.  Management Team members are 
expected to review final documents and provide Regional concurrence with them as needed.  
Seth Willey is expected to provide appropriate policy review for the drafts.  Dana Jacobsen will 
provide an assessment of legal risk.  Mike Thabault will provide an abbreviated review for “big 
picture” issues.  For Federal Register documents, we anticipate surnaming by R6RD, RSOL, and 
HQ prior to publication.   
 

Outreach.  We will work with R6 EA staff and their counterparts in the other Service 
Regions to develop communications plans for the SSA, five-year review, and/or recovery plan as 
needed.  We will communicate to all affected stakeholders and the public about the action we are 
taking and what it means for them, as laid out in the communications plan. 
 
Roles and Responsibilities:  Staff from FOs, ROs, and HQ offices are expected to work together 
collaboratively to collect information, conduct analyses, and assist in developing products 
necessary to complete the actions identified in this project plan.  Management of the process and 
completion of these actions, though led by the MTFO, will be the shared responsibility of the 
ROs and FOs within the DPS range.  Further, individuals responsible for these products will 
communicate and share work products as needed to facilitate an efficient process.  However, all 
team members will keep their supervisors apprised of progress and any issues that arise.  If 
necessary to resolve significant issues of disagreement, we will follow the elevation process 
outlined in the August 13, 2009 “Section 4 Process Memo” (available on the R6 Listing 
Sharepoint site) until an updated process is developed.  Other specific roles and responsibilities 
are described above in “Project Lead,” “Project Team,” “Management Team,” and “SSA, five-
year Review, and Recovery Planning Collaborative Process.”   
 
Schedule:  The Service announced initiation of the lynx DPS five-year review in April 2007 (72 
FR 19549) but was unable to complete a review then because of court deadlines requiring that 
we revise the 2006 (and, subsequently, the 2009) critical habitat designation.  The initial notice 
requested information by June 18, 2007, but it was not a formal comment period and noted that 
we accept new information about all listed species at any time.  At that time, we received 
comments or information from seven respondents; two State agencies and five environmental/ 
conservation Non-governmental organizations (NGOs).  The status review portion of the current 
project was re-initiated in October 2014, when a biologist was assigned by the MTFO to begin 
gathering information to evaluate threats to the lynx DPS and update its status accordingly.  In 
December 2014, the MTFO drafted a “Dear Interested Party” letter announcing the renewed five-
year review effort, which was sent to federal, State, and Tribal partners in Montana, as well as to 
other Service Regions and FOs within the DPS range as a template for use in notifying their 
partners of the effort.  In January 2015, the Service prepared and distributed a news release 
announcing the five-year review and proposed completion date of June 2015, and soliciting 
information for consideration in the review.  To date, we have received responsive information 
from several federal, State and Tribal agencies, industry organizations, and environmental/ 
conservation NGOs.  In March 2015, it was determined that application the SSA Framework to 
the lynx DPS should precede (and facilitate streamlining of) the five-year review and subsequent 
recovery plan, if needed, although it was recognized that in the near term this would push back 
the completion date for the five-year review.     



Ultimately, the above goals are intended to inform the need for and content within a recovery 
plan.  We have a court order to complete a recovery plan by January 2018 unless the Service 
determines that the DPS warrants delisting and, therefore, that a recovery plan is not necessary.  
To meet this goal, we anticipate having a draft recovery plan written and beginning the formal 
review process by July 2016.  Appendix A illustrates the proposed time line for this process and 
Appendix B provides a list and timing of larger milestones associated with these actions.  
 
Coordination:  A range-wide kick-off call was held on May 28, 2015 to seek commitments from 
relevant ROs and FOs, to familiarize team members with the process and timeline, and respond 
to any issues relevant to the SSA, five-year review, and future recovery planning.  The MTFO 
will schedule and conduct subsequent biweekly calls with the Project Team and monthly 
coordination calls with the Project and Management Teams.  More frequent calls may be 
organized around particularly challenging issues or during particularly challenging points (such 
as when a deadline is approaching).  These calls will include other Service offices and Regions 
as necessary.  Additional calls or meetings with affected State, Tribal, and other federal agencies 
will be scheduled as needed.  Meeting internal and court-ordered deadlines for the SSA, five-
year review, and recovery plan is dependent on all parties fulfilling their roles according to the 
timeline herein.  This project plan may also inform partner and stakeholder expectations. 
 
 Other FWS Regions and Programs:  The lynx DPS occurs (or lynx “may occur”) within 
parts of Service Regions 1, 2, 3, 5, and 6, and this effort will require participation by the ROs and 
Ecological Services FOs in those regions, along with potential participation by other programs 
such as Refuges and Partners for Fish and Wildlife.  FO participation will be needed from the 
following states:  R1 (ID, OR, WA); R2 (NM), R3 (MI, MN, WI), R5 (ME, NH, VT), and R6 
(CO, MT, UT, WY). 
 
 Affected State Agencies:  It will be necessary and helpful to coordinate with the wildlife 
and natural resources management agencies of each of the states listed above.  Coordination will 
be especially important with the following state agencies:  Maine Department of Inland Fisheries 
and Wildlife; Minnesota Department of Natural Resources; Montana Fish, Wildlife and Parks; 
Montana Department of Natural Resources and Conservation; Idaho Fish and Game; Washington 
State Department of Fish and Wildlife; Washington State Department of Natural Resources; 
Wyoming Game and Fish Department; Colorado Division of Wildlife; and New Mexico 
Department of Game and Fish.  State agencies within the DPS range were notified of the 
renewed five-year review effort in December 2014 and January 2015, and they will be contacted 
as appropriate by FOs and/or ROs during development of the SSA, five-year review, and 
recovery planning efforts.  We anticipate at least one meeting with affected states during 
development of the SSA and at least one during recovery planning.  To keep State partners 
informed of progress on the SSA and subsequent recovery planning efforts, we intend to hold 
monthly update calls with State wildlife management agencies.  We may also solicit participation 
by State biologists and/or wildlife managers on a recovery team if one is convened.   
 
 Other Federal Agencies:  Federal agency coordination will follow the July 3, 2013 
Interagency Coordination for Rule Development memo and will include the USDA Forest 
Service and Natural Resources Conservation Service, Bureau of Land Management, National 
Park Service, Bureau of Indian Affairs, and Department of Homeland Security - Customs and 



Border Protection.  Federal agencies within the DPS range were notified of the renewed five-
year review effort in December 2014 and January 2015, and they will be contacted as appropriate 
by FOs and/or ROs during development of the SSA, five-year review, and recovery planning 
efforts. 
 
 Affected Tribes:  Tribal lands within the DPS range include those of the Aroostook Band 
of Micmac Indians, the Houlton Band of Maliseets, the Passamaquoddy Tribe, and the Penobscot 
Indian Nation in Maine; the Bois Forte Band of Chippewa, Fond du Lac Band of Lake Superior 
Chippewa,  Grand Portage Chippewa, Leech Lake Band of Ojibwe, Mille Lacs Band of Ojibwe, 
Red Lake Band of Chippewa, and White Earth Nation in Minnesota; the Confederated Salish and 
Kootenai Tribes of the Flathead Indian Reservation and the Blackfeet Tribe of the Blackfeet 
Reservation in Montana; the Coeur d'Alene Tribe, Kootenai Tribe of Idaho, Nez Perce Tribe, and 
Shoshone-Bannock Tribes in Idaho; the Confederated Tribes of the Colville Reservation, the 
Kalispel Tribe of Indians, and the Spokane Tribe of Indians in Washington; the Wind River 
Indian Reservation in Wyoming; the Uintah and Ouray Indian Reservation in Utah; and the Ute 
Mountain and Southern Ute Indian Reservations in Colorado.  Tribes within the DPS range were 
notified of the renewed five-year review effort in December 2014 and January 2015, and they 
will be contacted as appropriate by Regional Tribal Liaisons during development of the SSA, 
five-year review, and recovery planning efforts. 
 
 International Coordination:  Because of the suspected importance of connectivity 
between DPS subpopulations and lynx populations in southern Canada in the persistence of the 
DPS subpopulations, it will be important that we coordinate with and seek information from our 
counterparts in the Canadian conservation, management, and lynx research communities.  We 
will seek information on the status of and threats, if any, to lynx populations in Canada that are 
adjacent to and known or believed to interact with DPS subpopulations. 
 
Budget:  No additional funding is available to assist in this effort.  Participating offices should 
fund their participation through existing base funding.  We anticipate that Service ECOS staff 
will provide GIS support for these actions, including spatial analysis and high-quality digital and 
hard copy maps.  
 
Project Plan Revisions:  In light of the court deadline for the final recovery plan, we expect that 
we will meet deadlines for all products and any quality benchmarks associated with those 
products.  However, this project plan and the Project Overview can be revised at any time with 
the agreement of the ARD and Project Leader.  If there are unexpected changed circumstances 
due to competing workloads, budgets, resources, etc., we expect early communication about the 
delay and discussion with the Project Lead, Project Team, and Management Team about 
resolution.  Lead time on potential delays should be commensurate with expected delay.  For 
example, a request for two additional months should not be made the week before a project is 
due.  Further, whatever the results of the five-year review, we expect this project plan will need 
to be revisited soon after the five-year review is signed. 
 
Post-Project Debriefing:  The Project Team and Management Team commit to having a 
conversation after the completion of the project to discuss how this process was implemented, 
what went well, and what can be done better in the future.  This feedback on the process is 



necessary to ensure we are always using the best available practices and working towards greater 
efficiencies. 
 
 
Project Overview: 
 
Guidance, policy, and template documents can be found at: 
https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/ 
 
Personnel involved in the completion of the Canada lynx SSA, Five-Year Review, and Recovery 
Plan  

Roles Field Office Regional Office HQ RSOL 
Project 
Leads Jim Zelenak Seth Willey Heather Bell 
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Jodi Bush, MTFO; Field Supervisors from 
the Maine, Twin Cities, Northern Idaho, 
Washington, Wyoming, Colorado, and 
Western Colorado FOs 

R6 TE Chief; 
Nicole Alt, R6 
Geographic Supervisor; 
Mike Thabault, R6 ARD-
ES; 
Matt Hogan, R6 Deputy 
RD; 
Noreen Walsh, R6 RD; 
Recovery Coordinators, 
TE Chiefs, and ARDs-ES 
- R1, R2, R3, and R5; 

  

Others 
Involved 

Biologists and Managers from the New 
England, Michigan, Wisconsin, Idaho, 
Washington, Oregon, Utah, Colorado, and 
New Mexico FOs as needed 
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Mary Parkin (R5), 
Jennifer Szymanski (R3), 
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(USGS) 
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_______________________________________   
Assistant Regional Director,     Project Leader, 
Ecological Services, R6    Montana Ecological Services Field Office 
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       Project Leader, 

Colorado Ecological Services Field Office 
 

 
       _____________________________________ 
       Project Leader, 

Wyoming Ecological Services Field Office 
 

 
_______________________________________ _____________________________________ 
Assistant Regional Director,    Project Leader, 
Ecological Services, R1    Washington Fish and Wildlife Office 
 
 
       _____________________________________ 
       Project Leader,  

Idaho Fish and Wildlife Office 
 

 
_______________________________________ _____________________________________ 
Assistant Regional Director,    Project Leader, 
Ecological Service, R2    New Mexico Ecological Services Field Office 
 
 
_______________________________________ _____________________________________ 
Assistant Regional Director,    Project Leader, 
Ecological Services, R3    Twin Cities Ecological Services Field Office 
 
 
_______________________________________ _____________________________________ 
Assistant Regional Director,    Project Leader,  
Ecological Services, R5    Maine Ecological Services Field Office 
 
 
       _____________________________________ 
       Project Leader, 

New England Ecological Services Field Office 



Appendix A 
Schedule for Canada Lynx SSA, Five-Year Review and Recovery Plan (if necessary) 

 

 

Activities/Products                                                                              (Quarters**) Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Form SSA Team
Complete Species Needs 
Identify Model Scenarios***
Model development

Identify model framework & scientific validity
Build model (e.g., BBN - Bayesian Belief Network)

Prototype model structure
Expert elicitation for "current conditions into future" scenario****

Run "current conditions into future" scenario 
Evaluate 3Rs for first scenario/determine need for additional scenarios
SSA Peer review
If needed, run additional management scenarios, including EE, for REV

5-year review recommendation

Draft RP
Comments/peer review
Fina l  RP
Develop RIS

SSA Analysis and Documentation
5-year Review (to final recommendation)
Recovery Planning (to Final Plan)

Project Plan - DRAFT Canada lynx DPS - SSA/ 5-Year Review/ Recovery Plan Conceptual Schedule*

(Calendar Years) 2015 2016 2017 2018

SPECIES STATUS ASSESSMENT (SSA)

5-YEAR REVIEW

REV, IF NEEDED

Summary

* Schedules  and scope of work may be adjusted as  the expectations  for appl ication of the model  are refined through discuss ions  with experts  and FWS.
** Q1 = Jan-Mar, Q2 = Apr-June, Q3 = July-Sept, Q4 = Oct-Dec.
***  Scenarios  include projecting current conditions  into the foreseeable future without further intervention, to be completed in order to make 5-year 
review recommendation, and, i f needed, future conditions  based on a l ternative management scenarios .
**** Includes  planning and actual  el i ci tation.



Appendix B 
Milestones for Canada Lynx SSA, Five-Year Review and Recovery Plan (if necessary) 

 
Date Milestone 
Apr. 18, 2007 FWS announced initiation of five-year review of lynx DPS (72 FR 19549). 
Dec. 8, 2014 “Dear Interested Party” letter sent to Montana State, Federal, Tribal partners and to other FWS 

ROs and FOS announcing the re-initiation of the five-year review for lynx. 
Jan. 13, 2015 FWS news release announcing five-year review and soliciting information to consider in the 

review. 
Ongoing 
beginning 
Jan.  2015 

Work with partners to collect and evaluate available data and information and assess threat 
factors (USFS, BLM, NPS, BIA, State wildlife/natural resources agencies, and Tribes). 

  Apr. 29 – 30, 
2015 

SSA workshop to include lynx discussion/case study (R6 RO). 

May 28, 2015 Kick-off call with Project and Management team members.  Additional Project “Core” Team 
calls will be held biweekly, and general coordination calls monthly, beginning June 2015.  The 
MTFO lead will coordinate both calls.  These calls will include other FWS offices and may be 
opened to other parties/stakeholders as necessary/appropriate. 

June – Oct.  
2015 

Set up meetings, develop and conduct a structured threats assessment, using outlines, webinars 
and other intermediate products, and brief the Management Team as necessary through the 
process.  Draft SSA report with assistance from other Service Regions and FOs. 

July 2015 Initiate monthly update calls with affected State wildlife management agencies. 
Aug. – Sept. 
2015 

Expert elicitation meeting(s) on distribution, status, and threats (including climate change).  
Workshop(s) with State agencies to discuss SSA process and DPS status and threats. 

Dec. 2015 Brief ROs and HQ on findings; submit SSA report for RO/HQ review.  Complete peer review 
of SSA report. 

Jan. 2016 Begin recovery planning processes if necessary; select and invite Recovery Team members. 
  Jan. – June 
2016 

Develop DRAFT recovery plan including goals and objectives, implementation plan.   

July – Sept. 
2016 

RO/HQ/RSOL review/surname of DRAFT recovery plan.  Review and concurrence from R1, 
R2, R3, and R5 as needed. 

Oct. 2016 Release DRAFT recovery plan to public and commence peer review and/or publish proposed 
listing rule. 

Dec. 2016 60-day comment period closes on DRAFT recovery plan; peer review also complete. 
Jan. – June 
2017 

Revise DRAFT recovery plan; draft the FINAL recovery plan.  

July – Sept. 
2017 

RO/HQ/RSOL review/surname of FINAL recovery.  Review and concurrence from R1, R2, 
R3, and R5. 

  Dec. 2017 Finalize recovery plan, publish in FR, and post on webpage; conduct appropriate outreach.  
Communicate with court as necessary regarding completion and submission of FINAL 
recovery plan in accordance with court-ordered deadline. 

 



Signed: 

_______________________________________   
Assistant Regional Director,     Project Leader, 
Ecological Services, R6    Montana Ecological Services Field Office 
 
 
       _____________________________________ 
       Project Leader, 

Colorado Ecological Services Field Office 
 

 
       _____________________________________ 
       Project Leader, 

Wyoming Ecological Services Field Office 
 

 
_______________________________________ _____________________________________ 
Assistant Regional Director,    Project Leader, 
Ecological Services, R1    Washington Fish and Wildlife Office 
 
 
       _____________________________________ 
       Project Leader,  

Idaho Fish and Wildlife Office 
 

 
_______________________________________ _____________________________________ 
Assistant Regional Director,    Project Leader, 
Ecological Service, R2    New Mexico Ecological Services Field Office 
 
 
_______________________________________ _____________________________________ 
Assistant Regional Director,    Project Leader, 
Ecological Services, R3    Twin Cities Ecological Services Field Office 
 
 
_______________________________________ _____________________________________ 
Assistant Regional Director,    Project Leader,  
Ecological Services, R5    Maine Ecological Services Field Office 
 
 
       _____________________________________ 
       Project Leader, 

New England Ecological Services Field Office 
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CANADA LYNX PROJECT PLAN TO COMPLETE 

A SPECIES STATUS ASSESSMENT, RECOVERY PLAN, AND FIVE-YEAR REVIEW 
 

June 25, 2015 
 

Action:  The U.S. Fish and Wildlife Service (Service) will conduct a species status assessment 

(SSA) as a first step to understand the current status of the contiguous United States distinct 

population segment (DPS) of the Canada lynx (Lynx canadensis), currently listed as threatened 

under the Endangered Species Act (Act).  This SSA is intended to inform and streamline the 

court-ordered recovery plan (due January15, 2018), assuming such a plan is deemed necessary
1
. 

The SSA report will also serve as the basis for the five-year status review (initiated in 2007; 72 

FR 19549) required under the Act and would also provide the scientific foundation to support 

future rulemaking in accordance with the Act should the five-year review indicate that a change 

in the DPS’s listing status is warranted. 

 

Goals of the Project Plan: (1) To facilitate application of the SSA framework to produce a 

scientifically defensible assessment of the status of the lynx DPS, a subsequent recovery plan, if 

needed, and future five-year review and listing rules as necessary; and (2) to ensure that 

expectations for these processes, including approach, roles and responsibilities, and schedule, are 

clear and that managers are aware of and have agreed to these expectations. 

  

Project Approach:  We intend to apply the SSA framework to the lynx DPS and use the SSA 

results to inform the recovery planning process, the five-year review, and future listing 

rules.  The lead field office (FO) will work with other Service Regions and FOs in the DPS range 

to gather and evaluate all relevant information that has become available since our March 2000 

listing rule (65 FR 16053) and our July 2003 Remanded Determination of Status (68 FR 40076) 

for the lynx DPS.  We will avail ourselves of recent efforts to summarize the available scientific 

literature for lynx, including the September 2014 final revised critical habitat designation for the 

DPS (79 FR 54781) and the 2013 revised interagency Lynx Conservation Assessment and 

Strategy (LCAS; 

http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf).  The FOs 

will keep partner agencies informed about progress and request their participation and reviews as 

appropriate.  

 

Species Status Assessment:  The SSA framework is a new, standardized  Service 

methodology for assessing the status of species, which can help inform species listing, status, 

and recovery determinations that the Service is required to make in accordance with section 

4(c)(2) of the Act (https://sites.google.com/a/fws.gov/ssa/about-SSA).  Using the SSA 

framework, we will evaluate the viability of the lynx DPS and potential threats to its viability 

using the principles of representation, resilience, and redundancy.  The SSA also will provide 

                                                           
1
 The Act requires recovery plans for listed species unless a determination is made that such plan will not promote 

the conservation of the species.  If the five-year status review concludes that the DPS warrants delisting, we would 

likely pursue a formal determination that the species is exempt from recovery planning as such a plan would be 

unnecessary (if the species is already recovered, a plan is not needed to move the species to the point of recovery 

and would therefore not promote the conservation of the species).  Although the five-year review is not a final 

agency action, the memorandum exempting the species from recovery planning (should we reach that conclusion) 

would be. 
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critical information needed to guide the recovery planning process, including identification of the 

primary threats to the lynx DPS that remain to be resolved, if any.  Completion of the SSA is the 

first step in the process of determining the current status of the lynx DPS.  We anticipate that the 

SSA will be completed by December 2015.   

 

Recovery Plan:  If a recovery plan is necessary, it will be informed by the SSA.  The 

recovery plan would include an introduction summarizing the recovery vision (what a recovered 

DPS would “look” like) and recovery strategy (the route selected to get the species to recovery).  

It also would include: (1) objective and measurable criteria that when met would allow delisting 

(including, as practicable, demographic and threats-based recovery criteria); (2) broad 

management actions needed to achieve the recovery vision; and (3) time and cost estimates to 

achieve delisting.  Pursuant to the Service’s new recovery planning paradigm – the Recovery 

Enhancement Vision (REV; USFWS 2014, https://sites.google.com/a/fws.gov/rev/) – the SSA 

will facilitate development of a streamlined recovery plan that focuses on these three statutory 

requirements.  A supplemental document, the Recovery Implementation Strategy (RIS), details 

short-term but detailed (site-specific) step down activities needed to achieve the recovery vision.  

If planning is needed, we intend to complete the draft recovery plan by January 2017.  The 

recovery planning process will include peer review and opportunities for public review and 

comment on the draft recovery plan prior to completion of a final recovery plan.  If undertaken, 

the recovery plan will be finalized prior to the January 15, 2018, court deadline. 

 

Five-year Review:  We anticipate that the five-year review will be a streamlined 

document relying heavily on and referring to the SSA.  The five-year review will consider the 

SSA’s scientific determinations and make recommendations regarding the status of the DPS in 

accordance with the Act.  The three possible recommendations of the five-year review are that 

the lynx DPS should: (1) remain listed as threatened; (2) be uplisted to endangered; or (3) be 

delisted.  Recommendation (1) would indicate the need to next complete a recovery plan by the 

court-ordered deadline; recommendation (2) would indicate that both a recovery plan and a 

future listing rule are needed; and recommendation (3) would require both a formal 

determination via memorandum that the DPS is exempt from recovery planning and a future 

listing rule.   

 

Project Lead:  This project will be led by the Montana Ecological Services Field Office 

(MTFO).  Within this office, Jim Zelenak is the species lead and will serve as the project and 

team lead.  This role includes cross-regional intra-Service organizing, coordinating with outside 

partners and experts as appropriate, and developing a project schedule and ensuring adherence to 

associated deadlines.  It also includes primary authorship of the SSA report, recovery plan, five-

year review, and, if necessary, future listing rules.  

 

Project Team:  The Mountain-Prairie Region (6) is the lead Service Region for lynx.  

However, within the DPS range, lynx subpopulations currently occur in parts of 9 states (CO, ID, 

ME, MN, MT, NH, VT, WA, and WY).  Lynx associated with these subpopulations or other 

lynx populations in southern Canada also may occur (usually rarely, intermittently, and 

temporarily) in other states (MI, ND, NE, NM, NY, OR, SD, UT, and WI), and dispersing lynx 

also have occurred very rarely in CT, IA, IL, IN, MA, PA, and NV.  Because the DPS spans 

parts of four other Service Regions (1, 2, 3, and 5), it is especially important that field biologists 
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most familiar with the status of each of the lynx subpopulations within the DPS assist with (1) 

collection and interpretation of information relating to the status of and potential threats to those 

subpopulations; (2) contacting and arranging participation by lynx experts most familiar with the 

status, ecology, population dynamics, and habitat needs of those subpopulations; (3) coordinating 

with our local state, federal and tribal stakeholders, and (4) writing, editing, and reviewing 

relevant parts of the SSA report, recovery plan, and five-year review, as needed.   

 

 Identified biologists from the Maine, Twin Cities, Northern Idaho, and Western 

Colorado FOs will participate consistently on the Project Team and contribute 

meaningfully to the development, review, and completion of the SSA report, recovery 

plan, and five-year review.   

 

 Further, biologists from the New England, New York, Michigan, Wisconsin, Idaho, 

Eastern Idaho, Washington, Oregon, Utah, Wyoming, and New Mexico FOs will 

participate as needed in the development, review and completion of these documents.   

 

 SSA practitioners from the Service and USGS will provide guidance on implementing the 

SSA framework, conceptual modeling, and expert elicitation, and Service ECOS staff 

will provide GIS support including spatial analysis and mapmaking. 

 

Management Team:  In addition to field biologists and SSA and GIS support: 

 

 Field Supervisors from the Maine, Twin Cities, Northern Idaho, Washington, Wyoming, 

Colorado, and Western Colorado FOs will assist with coordination with State and Tribal 

and other federal stakeholders, participate in document review, and obtain Regional 

Office (RO) concurrence with status determinations and final decisions/documents.   

 

 RO representation from affected Service Regions is essential to this process, as is 

headquarters (HQ) participation and guidance.   

 

 Regional ESA Branch Chiefs and/or Regional Recovery Coordinators from Regions 1, 2, 

3, and 5, and HQ Listing and/or Recovery staff will participate in document review and 

concurrence processes.   

 

 Legal staff will engage or be consulted at various points throughout this process. 

 

Focus on Science First – We intend to conduct a thorough scientific review of the lynx 

DPS and to work with our partners to make sure we have and use the best available information 

to develop the SSA report and to guide subsequent recovery planning, five-year review, and/or 

rulemaking.  During the SSA, we will conduct a structured threats assessment using outlines, 

webinars, expert elicitation, and other intermediate products, and we will brief the Management 

Team as necessary throughout the process.  During the recovery planning process, we will also 

bring together experts from the lynx research and management arenas. 

 



4 
 

SSA, Recovery Planning, and Five-year Review Collaborative Process:  We have broken 

the SSA, recovery planning, and five-year review /listing processes down into the following five 

phases: 

 

 Phase 1 – Information Collection.  The lynx’s current distribution in the contiguous U.S. 

and some aspects of its habitat requirements are fairly well-understood; however, we will 

seek to better understand and analyze its historic and current distributions, subpopulation 

sizes and status, and the degree to which DPS subpopulations rely on immigration from 

populations in Canada.  Additionally, to the extent possible, we will focus on the 

numbers and productivity of lynx in each of the DPS subpopulations, how these vary 

over time, the causes of the variation, and the quality and conservation status of lynx and 

hare habitats within the DPS range.  In addition to the information upon which the 2000 

Final Rule listing the DPS as threatened was based, we will collect and evaluate all 

relevant information that has become available since then.  We expect available 

information to be primarily in the form of published, peer-reviewed literature and 

academic dissertations and theses obtainable through academic search engines.  We will 

also gather government reports (e.g., the recently-revised LCAS and survey and 

monitoring reports from federal, State and Tribal partners) and review legal and policy 

considerations. 

 

 Phase 2 – Assessment of the DPS’s Current and Future Conservation Status and Relevant 

Threats, and Completion of the SSA Report.  With the information gathered in Phase 1, 

we will identify and evaluate historical, current, and future threats to lynx and their 

magnitude and relative impact on the viability of the subpopulations that constitute the 

DPS.  As part of the SSA process, we will conduct a structured threats assessment, using 

outlines, webinars and other intermediate products, and we will brief the Project and 

Management teams at appropriate junctions.  We will produce a draft report outlining 

SSA methods and results; the draft SSA report will undergo peer review.  We will revise 

the draft report as needed based on peer review and review/edits/comments provided by 

the Management Team and appropriate partners.  We expect Project Team members to 

participate actively in the collection and interpretation of information specific to DPS 

subpopulations and potential threats to them in their geographic areas and to coordinate 

locally with state and federal agencies, Tribes, conservation organizations, the media and 

the public.  We expect Management Team members from each region to review, edit, and 

approve materials provided by their Project Team members in a timely manner. 

 

 Phase 3 – Decision Making.  In coordination with the Project Team, the MTFO will 

make a preliminary recommendation about the DPS’s legal status (threatened, 

endangered, or recovered), brief R6 leadership, and then provide the recommendation for 

review, comment, and concurrence by the rest of the Management Team.  A final 

decision on the status of the DPS will be made by R6 Regional Director. 

 

 Phase 4 – Unless the SSA report strongly suggests that the DPS no longer needs the 

protection of the Act, the Service will initiate the recovery planning process so that we 

can meet the court’s deadline for finalizing a recovery plan. 
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 Phase 5 – Drafting and Disseminating the Five-year Review.  Based on the SSA report 

and the R6RD decision on the DPS’s status, the Project Lead will draft the five-year 

review with input from and review by the Project and Management teams, and 

concurrence from cooperating Regions.  We will work with R6 EA staff, who will work 

with their counterparts in the other Regions, to draft a news release announcing results 

and availability of the five-year review and supporting SSA report.  We will post both 

documents at the ECOS Species Profile web page 

(http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073). 

    

 Phase 6 – Next Steps.  As mentioned above, there are three possible recommendations of 

the five-year review, each with different listing and recovery requirements and time lines. 

 

o Recommendation 1:  The lynx DPS continues to warrant listing as threatened 

under the Act (i.e., the threat for which the DPS was listed has not been 

adequately addressed and/or a new threat[s] has been identified such that the DPS 

remains likely to become endangered within the foreseeable future throughout all 

or a significant portion of its range).  In this case, a recovery plan would be 

necessary, so we would convene a Recovery Team and implement the REV 

process to develop draft and final recovery plans consistent with the court-ordered 

time line for completing the final plan by January 2018.  We expect that a 

streamlined recovery plan would be completed that relies heavily on and 

references the SSA report and the five-year review; 

 

o Recommendation 2:  The DPS warrants uplisting to endangered status (i.e., the 

threat for which the DPS was listed remains unresolved or has increased and/or a 

new threat[s] has been identified such that the DPS is now determined to be in 

danger of extinction throughout all or a significant portion of its range).  In this 

case, both a recovery plan and a future listing rule would be necessary.  As above, 

we would develop draft and final recovery plans that would rely heavily on and 

reference the SSA report and the five-year review, and complete the final 

recovery plan by the court-ordered deadline.  Work on the uplisting rule would 

commence after the final recovery plan, though a date has not been specified; 

 

o Recommendation 3:  The DPS is deemed recovered and warrants delisting (i.e., 

the threat for which the DPS was listed is found to have been adequately 

addressed and no new threat[s] has been identified that is expected to endanger 

the DPS throughout all or a significant portion of its range now or in the 

reasonably foreseeable future).  In this case, we would recommend a formal 

determination that the species is exempt from recovery planning and we would 

draft a memorandum to that effect.  This outcome would also indicate the need for 

a future delisting rule, with work on the delisting rule commencing after the 

memorandum has been finalized and submitted to the court, though a date for the 

rule has not been specified. 

 

Document Review, Concurrence, Surnaming, and Federal Register Publication.  Jim 

Zelenak is the lead author for these actions.  All members of the Project Team are expected to 

http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073
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provide appropriate scientific review of draft documents.  Management Team members are 

expected to review final documents and provide Regional concurrence with them as needed.  

Seth Willey is expected to provide appropriate policy review for the drafts.  Dana Jacobsen will 

provide an assessment of legal risk.  Mike Thabault will provide an abbreviated review for “big 

picture” issues.  For Federal Register documents, we anticipate surnaming by R6RD, RSOL, and 

HQ prior to publication.   

 

Outreach.  We will work with R6 EA staff and their counterparts in the other Service 

Regions to develop communications plans for the SSA, five-year review, and/or recovery plan as 

needed.  We will communicate to all affected stakeholders and the public about the action we are 

taking and what it means for them, as laid out in the communications plan. 

 

Roles and Responsibilities:  Staff from FOs, ROs, and HQ offices are expected to work together 

collaboratively to collect information, conduct analyses, and assist in developing products 

necessary to complete the actions identified in this project plan.  Management of the process and 

completion of these actions, though led by the MTFO, will be the shared responsibility of the 

ROs and FOs within the DPS range.  Further, individuals responsible for these products will 

communicate and share work products as needed to facilitate an efficient process.  However, all 

team members will keep their supervisors apprised of progress and any issues that arise.  If 

necessary to resolve significant issues of disagreement, we will follow the elevation process 

outlined in the August 13, 2009 “Section 4 Process Memo” (available on the R6 Listing 

Sharepoint site) until an updated process is developed.  Other specific roles and responsibilities 

are described above in “Project Lead,” “Project Team,” “Management Team,” and “SSA, five-

year Review, and Recovery Planning Collaborative Process.”   

 

Schedule:  The Service announced initiation of the lynx DPS five-year review in April 2007 (72 

FR 19549) but was unable to complete a review then because of court deadlines requiring that 

we revise the 2006 (and, subsequently, the 2009) critical habitat designation.  The initial notice 

requested information by June 18, 2007, but it was not a formal comment period and noted that 

we accept new information about all listed species at any time.  At that time, we received 

comments or information from seven respondents; two State agencies and five environmental/ 

conservation Non-governmental organizations (NGOs).  The status review portion of the current 

project was re-initiated in October 2014, when a biologist was assigned by the MTFO to begin 

gathering information to evaluate threats to the lynx DPS and update its status accordingly.  In 

December 2014, the MTFO drafted a “Dear Interested Party” letter announcing the renewed five-

year review effort, which was sent to federal, State, and Tribal partners in Montana, as well as to 

other Service Regions and FOs within the DPS range as a template for use in notifying their 

partners of the effort.  In January 2015, the Service prepared and distributed a news release 

announcing the five-year review and proposed completion date of June 2015, and soliciting 

information for consideration in the review.  To date, we have received responsive information 

from several federal, State and Tribal agencies, industry organizations, and environmental/ 

conservation NGOs.  In March 2015, it was determined that application the SSA Framework to 

the lynx DPS should precede (and facilitate streamlining of) the five-year review and subsequent 

recovery plan, if needed, although it was recognized that in the near term this would push back 

the completion date for the five-year review.     
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Ultimately, the above goals are intended to inform the need for and content within a recovery 

plan.  We have a court order to complete a recovery plan by January 2018 unless the Service 

determines that the DPS warrants delisting and, therefore, that a recovery plan is not necessary.  

To meet this goal, we anticipate having a draft recovery plan written and beginning the formal 

review process by July 2016.  Appendix A illustrates the proposed time line for this process and 

Appendix B provides a list and timing of larger milestones associated with these actions.  

 

Coordination:  A range-wide kick-off call was held on May 28, 2015 to seek commitments from 

relevant ROs and FOs, to familiarize team members with the process and timeline, and respond 

to any issues relevant to the SSA, five-year review, and future recovery planning.  The MTFO 

will schedule and conduct subsequent biweekly calls with the Project Team and monthly 

coordination calls with the Project and Management Teams.  More frequent calls may be 

organized around particularly challenging issues or during particularly challenging points (such 

as when a deadline is approaching).  These calls will include other Service offices and Regions 

as necessary.  Additional calls or meetings with affected State, Tribal, and other federal agencies 

will be scheduled as needed.  Meeting internal and court-ordered deadlines for the SSA, five-

year review, and recovery plan is dependent on all parties fulfilling their roles according to the 

timeline herein.  This project plan may also inform partner and stakeholder expectations. 

 

 Other FWS Regions and Programs:  The lynx DPS occurs (or lynx “may occur”) within 

parts of Service Regions 1, 2, 3, 5, and 6, and this effort will require participation by the ROs and 

Ecological Services FOs in those regions, along with potential participation by other programs 

such as Refuges and Partners for Fish and Wildlife.  FO participation will be needed from the 

following states:  R1 (ID, OR, WA); R2 (NM), R3 (MI, MN, WI), R5 (ME, NH, VT), and R6 

(CO, MT, UT, WY). 

 

 Affected State Agencies:  It will be necessary and helpful to coordinate with the wildlife 

and natural resources management agencies of each of the states listed above.  Coordination will 

be especially important with the following state agencies:  Maine Department of Inland Fisheries 

and Wildlife; Minnesota Department of Natural Resources; Montana Fish, Wildlife and Parks; 

Montana Department of Natural Resources and Conservation; Idaho Fish and Game; Washington 

State Department of Fish and Wildlife; Washington State Department of Natural Resources; 

Wyoming Game and Fish Department; Colorado Division of Wildlife; and New Mexico 

Department of Game and Fish.  State agencies within the DPS range were notified of the 

renewed five-year review effort in December 2014 and January 2015, and they will be contacted 

as appropriate by FOs and/or ROs during development of the SSA, five-year review, and 

recovery planning efforts.  We anticipate at least one meeting with affected states during 

development of the SSA and at least one during recovery planning.  To keep State partners 

informed of progress on the SSA and subsequent recovery planning efforts, we intend to hold 

monthly update calls with State wildlife management agencies.  We may also solicit participation 

by State biologists and/or wildlife managers on a recovery team if one is convened.   

 

 Other Federal Agencies:  Federal agency coordination will follow the July 3, 2013 

Interagency Coordination for Rule Development memo and will include the USDA Forest 

Service and Natural Resources Conservation Service, Bureau of Land Management, National 

Park Service, Bureau of Indian Affairs, and Department of Homeland Security - Customs and 
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Border Protection.  Federal agencies within the DPS range were notified of the renewed five-

year review effort in December 2014 and January 2015, and they will be contacted as appropriate 

by FOs and/or ROs during development of the SSA, five-year review, and recovery planning 

efforts. 

 

 Affected Tribes:  Tribal lands within the DPS range include those of the Aroostook Band 

of Micmac Indians, the Houlton Band of Maliseets, the Passamaquoddy Tribe, and the Penobscot 

Indian Nation in Maine; the Bois Forte Band of Chippewa, Fond du Lac Band of Lake Superior 

Chippewa,  Grand Portage Chippewa, Leech Lake Band of Ojibwe, Mille Lacs Band of Ojibwe, 

Red Lake Band of Chippewa, and White Earth Nation in Minnesota; the Confederated Salish and 

Kootenai Tribes of the Flathead Indian Reservation and the Blackfeet Tribe of the Blackfeet 

Reservation in Montana; the Coeur d'Alene Tribe, Kootenai Tribe of Idaho, Nez Perce Tribe, and 

Shoshone-Bannock Tribes in Idaho; the Confederated Tribes of the Colville Reservation, the 

Kalispel Tribe of Indians, and the Spokane Tribe of Indians in Washington; the Wind River 

Indian Reservation in Wyoming; the Uintah and Ouray Indian Reservation in Utah; and the Ute 

Mountain and Southern Ute Indian Reservations in Colorado.  Tribes within the DPS range were 

notified of the renewed five-year review effort in December 2014 and January 2015, and they 

will be contacted as appropriate by Regional Tribal Liaisons during development of the SSA, 

five-year review, and recovery planning efforts. 

 

 International Coordination:  Because of the suspected importance of connectivity 

between DPS subpopulations and lynx populations in southern Canada in the persistence of the 

DPS subpopulations, it will be important that we coordinate with and seek information from our 

counterparts in the Canadian conservation, management, and lynx research communities.  We 

will seek information on the status of and threats, if any, to lynx populations in Canada that are 

adjacent to and known or believed to interact with DPS subpopulations. 

 

Budget:  No additional funding is available to assist in this effort.  Participating offices should 

fund their participation through existing base funding.  We anticipate that Service ECOS staff 

will provide GIS support for these actions, including spatial analysis and high-quality digital and 

hard copy maps.  

 

Project Plan Revisions:  In light of the court deadline for the final recovery plan, we expect that 

we will meet deadlines for all products and any quality benchmarks associated with those 

products.  However, this project plan and the Project Overview can be revised at any time with 

the agreement of the ARD and Project Leader.  If there are unexpected changed circumstances 

due to competing workloads, budgets, resources, etc., we expect early communication about the 

delay and discussion with the Project Lead, Project Team, and Management Team about 

resolution.  Lead time on potential delays should be commensurate with expected delay.  For 

example, a request for two additional months should not be made the week before a project is 

due.  Further, whatever the results of the five-year review, we expect this project plan will need 

to be revisited soon after the five-year review is signed. 

 

Post-Project Debriefing:  The Project Team and Management Team commit to having a 

conversation after the completion of the project to discuss how this process was implemented, 

what went well, and what can be done better in the future.  This feedback on the process is 
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necessary to ensure we are always using the best available practices and working towards greater 

efficiencies. 

 

 

Project Overview: 
 

Guidance, policy, and template documents can be found at: 

https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/ 

 

Personnel involved in the completion of the Canada lynx SSA, Five-Year Review, and Recovery 

Plan  

Roles Field Office Regional Office HQ RSOL 
Project 

Leads 
Jim Zelenak Seth Willey 

Heather Bell 

Tara Nicolaysen 

Dana 

Jacobsen 

Project 

Team 

Biologists from the Maine, Twin Cities, 

Northern Idaho, and Western Colorado FOs   
   

Management 

Team 

Jodi Bush, MTFO; Field Supervisors from 

the Maine, Twin Cities, Northern Idaho, 

Washington, Wyoming, Colorado, and 

Western Colorado FOs 

R6 TE Chief; 

Nicole Alt, R6 

Geographic Supervisor; 

Mike Thabault, R6 ARD-

ES; 

Matt Hogan, R6 Deputy 

RD; 

Noreen Walsh, R6 RD; 

Recovery Coordinators, 

TE Chiefs, and ARDs-ES 

- R1, R2, R3, and R5; 

  

Others 

Involved 

Biologists and Managers from the New 

England, Michigan, Wisconsin, Idaho, 

Washington, Oregon, Utah, Colorado, and 

New Mexico FOs as needed 

Ext Affairs Specialists, 

ARDs-Ext Affairs, and 

Tribal Liaisons -  R6, R1, 

R2, R3, and R5 

 

SSA Framework 

Implementation Team: 

Mary Parkin (R5), 

Jennifer Szymanski (R3), 

David Smith (USGS), 

Jonathan Cummings 

(USGS) 

ECOS GIS/Spatial 

Analysis/Mapmaking 

Support 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/
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Signed: 

_______________________________________   

Assistant Regional Director,     Project Leader, 

Ecological Services, R6    Montana Ecological Services Field Office 

 

 

       _____________________________________ 

       Project Leader, 

Colorado Ecological Services Field Office 

 

 

       _____________________________________ 

       Project Leader, 

Wyoming Ecological Services Field Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader, 

Ecological Services, R1    Washington Fish and Wildlife Office 

 

 

       _____________________________________ 

       Project Leader,  

Idaho Fish and Wildlife Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader, 

Ecological Service, R2    New Mexico Ecological Services Field Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader, 

Ecological Services, R3    Twin Cities Ecological Services Field Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader,  

Ecological Services, R5    Maine Ecological Services Field Office 

 

 

       _____________________________________ 

       Project Leader, 

New England Ecological Services Field Office 
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Appendix A 

Schedule for Canada Lynx SSA, Five-Year Review and Recovery Plan (if necessary) 

 

 

Activities/Products                                                                              (Quarters**) Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Form SSA Team

Complete Species Needs 

Identify Model Scenarios***

Model development

Identify model framework & scientific validity

Build model (e.g., BBN - Bayesian Belief Network)

Prototype model structure

Expert elicitation for "current conditions into future" scenario****

Run "current conditions into future" scenario 

Evaluate 3Rs for first scenario/determine need for additional scenarios

SSA Peer review

If needed, run additional management scenarios, including EE, for REV

5-year review recommendation

Draft RP

Comments/peer review

Final  RP

Develop RIS

SSA Analysis and Documentation

5-year Review (to final recommendation)

Recovery Planning (to Final Plan)

Project Plan - DRAFT Canada lynx DPS - SSA/ 5-Year Review/ Recovery Plan Conceptual Schedule*

(Calendar Years) 2015 2016 2017 2018

SPECIES STATUS ASSESSMENT (SSA)

5-YEAR REVIEW

REV, IF NEEDED

Summary

* Schedules  and scope of work may be adjusted as  the expectations  for appl ication of the model  are refined through discuss ions  with experts  and FWS.

** Q1 = Jan-Mar, Q2 = Apr-June, Q3 = July-Sept, Q4 = Oct-Dec.

***  Scenarios  include projecting current conditions  into the foreseeable future without further intervention, to be completed in order to make 5-year 

review recommendation, and, i f needed, future conditions  based on a l ternative management scenarios .

**** Includes  planning and actual  el ici tation.
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Appendix B 

Milestones for Canada Lynx SSA, Five-Year Review and Recovery Plan (if necessary) 
 

Date Milestone 

Apr. 18, 2007 FWS announced initiation of five-year review of lynx DPS (72 FR 19549). 

Dec. 8, 2014 “Dear Interested Party” letter sent to Montana State, Federal, Tribal partners and to other FWS 

ROs and FOS announcing the re-initiation of the five-year review for lynx. 

Jan. 13, 2015 FWS news release announcing five-year review and soliciting information to consider in the 

review. 

Ongoing 

beginning 

Jan.  2015 

Work with partners to collect and evaluate available data and information and assess threat 

factors (USFS, BLM, NPS, BIA, State wildlife/natural resources agencies, and Tribes). 

Apr. 29 – 30, 

2015 

SSA workshop to include lynx discussion/case study (R6 RO). 

May 28, 2015 Kick-off call with Project and Management team members.  Additional Project “Core” Team 

calls will be held biweekly, and general coordination calls monthly, beginning June 2015.  The 

MTFO lead will coordinate both calls.  These calls will include other FWS offices and may be 

opened to other parties/stakeholders as necessary/appropriate. 

June – Oct.  

2015 

Set up meetings, develop and conduct a structured threats assessment, using outlines, webinars 

and other intermediate products, and brief the Management Team as necessary through the 

process.  Draft SSA report with assistance from other Service Regions and FOs. 

July 2015 Initiate monthly update calls with affected State wildlife management agencies. 

Aug. – Sept. 

2015 

Expert elicitation meeting(s) on distribution, status, and threats (including climate change).  

Workshop(s) with State agencies to discuss SSA process and DPS status and threats. 

Dec. 2015 Brief ROs and HQ on findings; submit SSA report for RO/HQ review.  Complete peer review 

of SSA report. 

Jan. 2016 Begin recovery planning processes if necessary; select and invite Recovery Team members. 

Jan. – June 

2016 

Develop DRAFT recovery plan including goals and objectives, implementation plan.   

July – Sept. 

2016 

RO/HQ/RSOL review/surname of DRAFT recovery plan.  Review and concurrence from R1, 

R2, R3, and R5 as needed. 

Oct. 2016 Release DRAFT recovery plan to public and commence peer review and/or publish proposed 

listing rule. 

Dec. 2016 60-day comment period closes on DRAFT recovery plan; peer review also complete. 

Jan. – June 

2017 

Revise DRAFT recovery plan; draft the FINAL recovery plan.  

July – Sept. 

2017 

RO/HQ/RSOL review/surname of FINAL recovery.  Review and concurrence from R1, R2, 

R3, and R5. 

Dec. 2017 Finalize recovery plan, publish in FR, and post on webpage; conduct appropriate outreach.  

Communicate with court as necessary regarding completion and submission of FINAL 

recovery plan in accordance with court-ordered deadline. 

 



CANADA LYNX PROJECT PLAN TO COMPLETE 
A SPECIES STATUS ASSESSMENT, RECOVERY PLAN, AND FIVE-YEAR REVIEW 

 
June 25, 2015 

 
Action:  The U.S. Fish and Wildlife Service (Service) will conduct a species status assessment 
(SSA) as a first step to understand the current status of the contiguous United States distinct 
population segment (DPS) of the Canada lynx (Lynx canadensis), currently listed as threatened 
under the Endangered Species Act (Act).  This SSA is intended to inform and streamline the 
court-ordered recovery plan (due January15, 2018), assuming such a plan is deemed necessary1. 
The SSA report will also serve as the basis for the five-year status review (initiated in 2007; 72 
FR 19549) required under the Act and would also provide the scientific foundation to support 
future rulemaking in accordance with the Act should the five-year review indicate that a change 
in the DPS’s listing status is warranted. 
 
Goals of the Project Plan: (1) To facilitate application of the SSA framework to produce a 
scientifically defensible assessment of the status of the lynx DPS, a subsequent recovery plan, if 
needed, and future five-year review and listing rules as necessary; and (2) to ensure that 
expectations for these processes, including approach, roles and responsibilities, and schedule, are 
clear and that managers are aware of and have agreed to these expectations. 
  
Project Approach:  We intend to apply the SSA framework to the lynx DPS and use the SSA 
results to inform the recovery planning process, the five-year review, and future listing 
rules.  The lead field office (FO) will work with other Service Regions and FOs in the DPS range 
to gather and evaluate all relevant information that has become available since our March 2000 
listing rule (65 FR 16053) and our July 2003 Remanded Determination of Status (68 FR 40076) 
for the lynx DPS.  We will avail ourselves of recent efforts to summarize the available scientific 
literature for lynx, including the September 2014 final revised critical habitat designation for the 
DPS (79 FR 54781) and the 2013 revised interagency Lynx Conservation Assessment and 
Strategy (LCAS; 
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf).  The FOs 
will keep partner agencies informed about progress and request their participation and reviews as 
appropriate.  
 

Species Status Assessment:  The SSA framework is a new, standardized  Service 
methodology for assessing the status of species, which can help inform species listing, status, 
and recovery determinations that the Service is required to make in accordance with section 
4(c)(2) of the Act (https://sites.google.com/a/fws.gov/ssa/about-SSA).  Using the SSA 
framework, we will evaluate the viability of the lynx DPS and potential threats to its viability 
using the principles of representation, resilience, and redundancy.  The SSA also will provide 
                                                            
1 The Act requires recovery plans for listed species unless a determination is made that such plan will not promote 
the conservation of the species.  If the five-year status review concludes that the DPS warrants delisting, we would 
likely pursue a formal determination that the species is exempt from recovery planning as such a plan would be 
unnecessary (if the species is already recovered, a plan is not needed to move the species to the point of recovery 
and would therefore not promote the conservation of the species).  Although the five-year review is not a final 
agency action, the memorandum exempting the species from recovery planning (should we reach that conclusion) 
would be. 



critical information needed to guide the recovery planning process, including identification of the 
primary threats to the lynx DPS that remain to be resolved, if any.  Completion of the SSA is the 
first step in the process of determining the current status of the lynx DPS.  We anticipate that the 
SSA will be completed by December 2015.   
 

Recovery Plan:  If a recovery plan is necessary, it will be informed by the SSA.  The 
recovery plan would include an introduction summarizing the recovery vision (what a recovered 
DPS would “look” like) and recovery strategy (the route selected to get the species to recovery).  
It also would include: (1) objective and measurable criteria that when met would allow delisting 
(including, as practicable, demographic and threats-based recovery criteria); (2) broad 
management actions needed to achieve the recovery vision; and (3) time and cost estimates to 
achieve delisting.  Pursuant to the Service’s new recovery planning paradigm – the Recovery 
Enhancement Vision (REV; USFWS 2014, https://sites.google.com/a/fws.gov/rev/) – the SSA 
will facilitate development of a streamlined recovery plan that focuses on these three statutory 
requirements.  A supplemental document, the Recovery Implementation Strategy (RIS), details 
short-term but detailed (site-specific) step down activities needed to achieve the recovery vision.  
If planning is needed, we intend to complete the draft recovery plan by January 2017.  The 
recovery planning process will include peer review and opportunities for public review and 
comment on the draft recovery plan prior to completion of a final recovery plan.  If undertaken, 
the recovery plan will be finalized prior to the January 15, 2018, court deadline. 

 
Five-year Review:  We anticipate that the five-year review will be a streamlined 

document relying heavily on and referring to the SSA.  The five-year review will consider the 
SSA’s scientific determinations and make recommendations regarding the status of the DPS in 
accordance with the Act.  The three possible recommendations of the five-year review are that 
the lynx DPS should: (1) remain listed as threatened; (2) be uplisted to endangered; or (3) be 
delisted.  Recommendation (1) would indicate the need to next complete a recovery plan by the 
court-ordered deadline; recommendation (2) would indicate that both a recovery plan and a 
future listing rule are needed; and recommendation (3) would require both a formal 
determination via memorandum that the DPS is exempt from recovery planning and a future 
listing rule.   
 

Project Lead:  This project will be led by the Montana Ecological Services Field Office 
(MTFO).  Within this office, Jim Zelenak is the species lead and will serve as the project and 
team lead.  This role includes cross-regional intra-Service organizing, coordinating with outside 
partners and experts as appropriate, and developing a project schedule and ensuring adherence to 
associated deadlines.  It also includes primary authorship of the SSA report, recovery plan, five-
year review, and, if necessary, future listing rules.  
 

Project Team:  The Mountain-Prairie Region (6) is the lead Service Region for lynx.  
However, within the DPS range, lynx subpopulations currently occur in parts of 9 states (CO, ID, 
ME, MN, MT, NH, VT, WA, and WY).  Lynx associated with these subpopulations or other 
lynx populations in southern Canada also may occur (usually rarely, intermittently, and 
temporarily) in other states (MI, ND, NE, NM, NY, OR, SD, UT, and WI), and dispersing lynx 
also have occurred very rarely in CT, IA, IL, IN, MA, PA, and NV.  Because the DPS spans 
parts of four other Service Regions (1, 2, 3, and 5), it is especially important that field biologists 



most familiar with the status of each of the lynx subpopulations within the DPS assist with (1) 
collection and interpretation of information relating to the status of and potential threats to those 
subpopulations; (2) contacting and arranging participation by lynx experts most familiar with the 
status, ecology, population dynamics, and habitat needs of those subpopulations; (3) coordinating 
with our local state, federal and tribal stakeholders, and (4) writing, editing, and reviewing 
relevant parts of the SSA report, recovery plan, and five-year review, as needed.   

 
• Identified biologists from the Maine, Twin Cities, Northern Idaho, and Western 

Colorado FOs will participate consistently on the Project Team and contribute 
meaningfully to the development, review, and completion of the SSA report, recovery 
plan, and five-year review.   

 
• Further, biologists from the New England, New York, Michigan, Wisconsin, Idaho, 

Eastern Idaho, Washington, Oregon, Utah, Wyoming, and New Mexico FOs will 
participate as needed in the development, review and completion of these documents.   

 
• SSA practitioners from the Service and USGS will provide guidance on implementing the 

SSA framework, conceptual modeling, and expert elicitation, and Service ECOS staff 
will provide GIS support including spatial analysis and mapmaking. 
 
Management Team:  In addition to field biologists and SSA and GIS support: 
 

• Field Supervisors from the Maine, Twin Cities, Northern Idaho, Washington, Wyoming, 
Colorado, and Western Colorado FOs will assist with coordination with State and Tribal 
and other federal stakeholders, participate in document review, and obtain Regional 
Office (RO) concurrence with status determinations and final decisions/documents.   
 

• RO representation from affected Service Regions is essential to this process, as is 
headquarters (HQ) participation and guidance.   
 

• Regional ESA Branch Chiefs and/or Regional Recovery Coordinators from Regions 1, 2, 
3, and 5, and HQ Listing and/or Recovery staff will participate in document review and 
concurrence processes.   
 

• Legal staff will engage or be consulted at various points throughout this process. 
 

Focus on Science First – We intend to conduct a thorough scientific review of the lynx 
DPS and to work with our partners to make sure we have and use the best available information 
to develop the SSA report and to guide subsequent recovery planning, five-year review, and/or 
rulemaking.  During the SSA, we will conduct a structured threats assessment using outlines, 
webinars, expert elicitation, and other intermediate products, and we will brief the Management 
Team as necessary throughout the process.  During the recovery planning process, we will also 
bring together experts from the lynx research and management arenas. 
 



SSA, Recovery Planning, and Five-year Review Collaborative Process:  We have broken 
the SSA, recovery planning, and five-year review /listing processes down into the following five 
phases: 

 
• Phase 1 – Information Collection.  The lynx’s current distribution in the contiguous U.S. 

and some aspects of its habitat requirements are fairly well-understood; however, we will 
seek to better understand and analyze its historic and current distributions, subpopulation 
sizes and status, and the degree to which DPS subpopulations rely on immigration from 
populations in Canada.  Additionally, to the extent possible, we will focus on the 
numbers and productivity of lynx in each of the DPS subpopulations, how these vary 
over time, the causes of the variation, and the quality and conservation status of lynx and 
hare habitats within the DPS range.  In addition to the information upon which the 2000 
Final Rule listing the DPS as threatened was based, we will collect and evaluate all 
relevant information that has become available since then.  We expect available 
information to be primarily in the form of published, peer-reviewed literature and 
academic dissertations and theses obtainable through academic search engines.  We will 
also gather government reports (e.g., the recently-revised LCAS and survey and 
monitoring reports from federal, State and Tribal partners) and review legal and policy 
considerations. 
 

• Phase 2 – Assessment of the DPS’s Current and Future Conservation Status and Relevant 
Threats, and Completion of the SSA Report.  With the information gathered in Phase 1, 
we will identify and evaluate historical, current, and future threats to lynx and their 
magnitude and relative impact on the viability of the subpopulations that constitute the 
DPS.  As part of the SSA process, we will conduct a structured threats assessment, using 
outlines, webinars and other intermediate products, and we will brief the Project and 
Management teams at appropriate junctions.  We will produce a draft report outlining 
SSA methods and results; the draft SSA report will undergo peer review.  We will revise 
the draft report as needed based on peer review and review/edits/comments provided by 
the Management Team and appropriate partners.  We expect Project Team members to 
participate actively in the collection and interpretation of information specific to DPS 
subpopulations and potential threats to them in their geographic areas and to coordinate 
locally with state and federal agencies, Tribes, conservation organizations, the media and 
the public.  We expect Management Team members from each region to review, edit, and 
approve materials provided by their Project Team members in a timely manner. 
 

• Phase 3 – Decision Making.  In coordination with the Project Team, the MTFO will 
make a preliminary recommendation about the DPS’s legal status (threatened, 
endangered, or recovered), brief R6 leadership, and then provide the recommendation for 
review, comment, and concurrence by the rest of the Management Team.  A final 
decision on the status of the DPS will be made by R6 Regional Director. 

 
• Phase 4 – Unless the SSA report strongly suggests that the DPS no longer needs the 

protection of the Act, the Service will initiate the recovery planning process so that we 
can meet the court’s deadline for finalizing a recovery plan. 
 



• Phase 5 – Drafting and Disseminating the Five-year Review.  Based on the SSA report 
and the R6RD decision on the DPS’s status, the Project Lead will draft the five-year 
review with input from and review by the Project and Management teams, and 
concurrence from cooperating Regions.  We will work with R6 EA staff, who will work 
with their counterparts in the other Regions, to draft a news release announcing results 
and availability of the five-year review and supporting SSA report.  We will post both 
documents at the ECOS Species Profile web page 
(http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073). 

    
• Phase 6 – Next Steps.  As mentioned above, there are three possible recommendations of 

the five-year review, each with different listing and recovery requirements and time lines. 
 

o Recommendation 1:  The lynx DPS continues to warrant listing as threatened 
under the Act (i.e., the threat for which the DPS was listed has not been 
adequately addressed and/or a new threat[s] has been identified such that the DPS 
remains likely to become endangered within the foreseeable future throughout all 
or a significant portion of its range).  In this case, a recovery plan would be 
necessary, so we would convene a Recovery Team and implement the REV 
process to develop draft and final recovery plans consistent with the court-ordered 
time line for completing the final plan by January 2018.  We expect that a 
streamlined recovery plan would be completed that relies heavily on and 
references the SSA report and the five-year review; 

 
o Recommendation 2:  The DPS warrants uplisting to endangered status (i.e., the 

threat for which the DPS was listed remains unresolved or has increased and/or a 
new threat[s] has been identified such that the DPS is now determined to be in 
danger of extinction throughout all or a significant portion of its range).  In this 
case, both a recovery plan and a future listing rule would be necessary.  As above, 
we would develop draft and final recovery plans that would rely heavily on and 
reference the SSA report and the five-year review, and complete the final 
recovery plan by the court-ordered deadline.  Work on the uplisting rule would 
commence after the final recovery plan, though a date has not been specified; 

 
o Recommendation 3:  The DPS is deemed recovered and warrants delisting (i.e., 

the threat for which the DPS was listed is found to have been adequately 
addressed and no new threat[s] has been identified that is expected to endanger 
the DPS throughout all or a significant portion of its range now or in the 
reasonably foreseeable future).  In this case, we would recommend a formal 
determination that the species is exempt from recovery planning and we would 
draft a memorandum to that effect.  This outcome would also indicate the need for 
a future delisting rule, with work on the delisting rule commencing after the 
memorandum has been finalized and submitted to the court, though a date for the 
rule has not been specified. 

 
Document Review, Concurrence, Surnaming, and Federal Register Publication.  Jim 

Zelenak is the lead author for these actions.  All members of the Project Team are expected to 

http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073


provide appropriate scientific review of draft documents.  Management Team members are 
expected to review final documents and provide Regional concurrence with them as needed.  
Seth Willey is expected to provide appropriate policy review for the drafts.  Dana Jacobsen will 
provide an assessment of legal risk.  Mike Thabault will provide an abbreviated review for “big 
picture” issues.  For Federal Register documents, we anticipate surnaming by R6RD, RSOL, and 
HQ prior to publication.   
 

Outreach.  We will work with R6 EA staff and their counterparts in the other Service 
Regions to develop communications plans for the SSA, five-year review, and/or recovery plan as 
needed.  We will communicate to all affected stakeholders and the public about the action we are 
taking and what it means for them, as laid out in the communications plan. 
 
Roles and Responsibilities:  Staff from FOs, ROs, and HQ offices are expected to work together 
collaboratively to collect information, conduct analyses, and assist in developing products 
necessary to complete the actions identified in this project plan.  Management of the process and 
completion of these actions, though led by the MTFO, will be the shared responsibility of the 
ROs and FOs within the DPS range.  Further, individuals responsible for these products will 
communicate and share work products as needed to facilitate an efficient process.  However, all 
team members will keep their supervisors apprised of progress and any issues that arise.  If 
necessary to resolve significant issues of disagreement, we will follow the elevation process 
outlined in the August 13, 2009 “Section 4 Process Memo” (available on the R6 Listing 
Sharepoint site) until an updated process is developed.  Other specific roles and responsibilities 
are described above in “Project Lead,” “Project Team,” “Management Team,” and “SSA, five-
year Review, and Recovery Planning Collaborative Process.”   
 
Schedule:  The Service announced initiation of the lynx DPS five-year review in April 2007 (72 
FR 19549) but was unable to complete a review then because of court deadlines requiring that 
we revise the 2006 (and, subsequently, the 2009) critical habitat designation.  The initial notice 
requested information by June 18, 2007, but it was not a formal comment period and noted that 
we accept new information about all listed species at any time.  At that time, we received 
comments or information from seven respondents; two State agencies and five environmental/ 
conservation Non-governmental organizations (NGOs).  The status review portion of the current 
project was re-initiated in October 2014, when a biologist was assigned by the MTFO to begin 
gathering information to evaluate threats to the lynx DPS and update its status accordingly.  In 
December 2014, the MTFO drafted a “Dear Interested Party” letter announcing the renewed five-
year review effort, which was sent to federal, State, and Tribal partners in Montana, as well as to 
other Service Regions and FOs within the DPS range as a template for use in notifying their 
partners of the effort.  In January 2015, the Service prepared and distributed a news release 
announcing the five-year review and proposed completion date of June 2015, and soliciting 
information for consideration in the review.  To date, we have received responsive information 
from several federal, State and Tribal agencies, industry organizations, and environmental/ 
conservation NGOs.  In March 2015, it was determined that application the SSA Framework to 
the lynx DPS should precede (and facilitate streamlining of) the five-year review and subsequent 
recovery plan, if needed, although it was recognized that in the near term this would push back 
the completion date for the five-year review.     



Ultimately, the above goals are intended to inform the need for and content within a recovery 
plan.  We have a court order to complete a recovery plan by January 2018 unless the Service 
determines that the DPS warrants delisting and, therefore, that a recovery plan is not necessary.  
To meet this goal, we anticipate having a draft recovery plan written and beginning the formal 
review process by July 2016.  Appendix A illustrates the proposed time line for this process and 
Appendix B provides a list and timing of larger milestones associated with these actions.  
 
Coordination:  A range-wide kick-off call was held on May 28, 2015 to seek commitments from 
relevant ROs and FOs, to familiarize team members with the process and timeline, and respond 
to any issues relevant to the SSA, five-year review, and future recovery planning.  The MTFO 
will schedule and conduct subsequent biweekly calls with the Project Team and monthly 
coordination calls with the Project and Management Teams.  More frequent calls may be 
organized around particularly challenging issues or during particularly challenging points (such 
as when a deadline is approaching).  These calls will include other Service offices and Regions 
as necessary.  Additional calls or meetings with affected State, Tribal, and other federal agencies 
will be scheduled as needed.  Meeting internal and court-ordered deadlines for the SSA, five-
year review, and recovery plan is dependent on all parties fulfilling their roles according to the 
timeline herein.  This project plan may also inform partner and stakeholder expectations. 
 
 Other FWS Regions and Programs:  The lynx DPS occurs (or lynx “may occur”) within 
parts of Service Regions 1, 2, 3, 5, and 6, and this effort will require participation by the ROs and 
Ecological Services FOs in those regions, along with potential participation by other programs 
such as Refuges and Partners for Fish and Wildlife.  FO participation will be needed from the 
following states:  R1 (ID, OR, WA); R2 (NM), R3 (MI, MN, WI), R5 (ME, NH, VT), and R6 
(CO, MT, UT, WY). 
 
 Affected State Agencies:  It will be necessary and helpful to coordinate with the wildlife 
and natural resources management agencies of each of the states listed above.  Coordination will 
be especially important with the following state agencies:  Maine Department of Inland Fisheries 
and Wildlife; Minnesota Department of Natural Resources; Montana Fish, Wildlife and Parks; 
Montana Department of Natural Resources and Conservation; Idaho Fish and Game; Washington 
State Department of Fish and Wildlife; Washington State Department of Natural Resources; 
Wyoming Game and Fish Department; Colorado Division of Wildlife; and New Mexico 
Department of Game and Fish.  State agencies within the DPS range were notified of the 
renewed five-year review effort in December 2014 and January 2015, and they will be contacted 
as appropriate by FOs and/or ROs during development of the SSA, five-year review, and 
recovery planning efforts.  We anticipate at least one meeting with affected states during 
development of the SSA and at least one during recovery planning.  To keep State partners 
informed of progress on the SSA and subsequent recovery planning efforts, we intend to hold 
monthly update calls with State wildlife management agencies.  We may also solicit participation 
by State biologists and/or wildlife managers on a recovery team if one is convened.   
 
 Other Federal Agencies:  Federal agency coordination will follow the July 3, 2013 
Interagency Coordination for Rule Development memo and will include the USDA Forest 
Service and Natural Resources Conservation Service, Bureau of Land Management, National 
Park Service, Bureau of Indian Affairs, and Department of Homeland Security - Customs and 



Border Protection.  Federal agencies within the DPS range were notified of the renewed five-
year review effort in December 2014 and January 2015, and they will be contacted as appropriate 
by FOs and/or ROs during development of the SSA, five-year review, and recovery planning 
efforts. 
 
 Affected Tribes:  Tribal lands within the DPS range include those of the Aroostook Band 
of Micmac Indians, the Houlton Band of Maliseets, the Passamaquoddy Tribe, and the Penobscot 
Indian Nation in Maine; the Bois Forte Band of Chippewa, Fond du Lac Band of Lake Superior 
Chippewa,  Grand Portage Chippewa, Leech Lake Band of Ojibwe, Mille Lacs Band of Ojibwe, 
Red Lake Band of Chippewa, and White Earth Nation in Minnesota; the Confederated Salish and 
Kootenai Tribes of the Flathead Indian Reservation and the Blackfeet Tribe of the Blackfeet 
Reservation in Montana; the Coeur d'Alene Tribe, Kootenai Tribe of Idaho, Nez Perce Tribe, and 
Shoshone-Bannock Tribes in Idaho; the Confederated Tribes of the Colville Reservation, the 
Kalispel Tribe of Indians, and the Spokane Tribe of Indians in Washington; the Wind River 
Indian Reservation in Wyoming; the Uintah and Ouray Indian Reservation in Utah; and the Ute 
Mountain and Southern Ute Indian Reservations in Colorado.  Tribes within the DPS range were 
notified of the renewed five-year review effort in December 2014 and January 2015, and they 
will be contacted as appropriate by Regional Tribal Liaisons during development of the SSA, 
five-year review, and recovery planning efforts. 
 
 International Coordination:  Because of the suspected importance of connectivity 
between DPS subpopulations and lynx populations in southern Canada in the persistence of the 
DPS subpopulations, it will be important that we coordinate with and seek information from our 
counterparts in the Canadian conservation, management, and lynx research communities.  We 
will seek information on the status of and threats, if any, to lynx populations in Canada that are 
adjacent to and known or believed to interact with DPS subpopulations. 
 
Budget:  No additional funding is available to assist in this effort.  Participating offices should 
fund their participation through existing base funding.  We anticipate that Service ECOS staff 
will provide GIS support for these actions, including spatial analysis and high-quality digital and 
hard copy maps.  
 
Project Plan Revisions:  In light of the court deadline for the final recovery plan, we expect that 
we will meet deadlines for all products and any quality benchmarks associated with those 
products.  However, this project plan and the Project Overview can be revised at any time with 
the agreement of the ARD and Project Leader.  If there are unexpected changed circumstances 
due to competing workloads, budgets, resources, etc., we expect early communication about the 
delay and discussion with the Project Lead, Project Team, and Management Team about 
resolution.  Lead time on potential delays should be commensurate with expected delay.  For 
example, a request for two additional months should not be made the week before a project is 
due.  Further, whatever the results of the five-year review, we expect this project plan will need 
to be revisited soon after the five-year review is signed. 
 
Post-Project Debriefing:  The Project Team and Management Team commit to having a 
conversation after the completion of the project to discuss how this process was implemented, 
what went well, and what can be done better in the future.  This feedback on the process is 



necessary to ensure we are always using the best available practices and working towards greater 
efficiencies. 
 
 
Project Overview: 
 
Guidance, policy, and template documents can be found at: 
https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/ 
 
Personnel involved in the completion of the Canada lynx SSA, Five-Year Review, and Recovery 
Plan  

Roles Field Office Regional Office HQ RSOL 
Project 
Leads Jim Zelenak Seth Willey Heather Bell 

Tara Nicolaysen 
Dana 
Jacobsen 

Project 
Team 

Biologists from the Maine, Twin Cities, 
Northern Idaho, and Western Colorado FOs      

Management 
Team 

Jodi Bush, MTFO; Field Supervisors from 
the Maine, Twin Cities, Northern Idaho, 
Washington, Wyoming, Colorado, and 
Western Colorado FOs 

R6 TE Chief; 
Nicole Alt, R6 
Geographic Supervisor; 
Mike Thabault, R6 ARD-
ES; 
Matt Hogan, R6 Deputy 
RD; 
Noreen Walsh, R6 RD; 
Recovery Coordinators, 
TE Chiefs, and ARDs-ES 
- R1, R2, R3, and R5; 

  

Others 
Involved 

Biologists and Managers from the New 
England, Michigan, Wisconsin, Idaho, 
Washington, Oregon, Utah, Colorado, and 
New Mexico FOs as needed 

Ext Affairs Specialists, 
ARDs-Ext Affairs, and 
Tribal Liaisons -  R6, R1, 
R2, R3, and R5 
 
SSA Framework 
Implementation Team: 
Mary Parkin (R5), 
Jennifer Szymanski (R3), 
David Smith (USGS), 
Jonathan Cummings 
(USGS) 

ECOS GIS/Spatial 
Analysis/Mapmaking 
Support  
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Signed: 

_______________________________________   
Assistant Regional Director,     Project Leader, 
Ecological Services, R6    Montana Ecological Services Field Office 
 
 
       _____________________________________ 
       Project Leader, 

Colorado Ecological Services Field Office 
 

 
       _____________________________________ 
       Project Leader, 

Wyoming Ecological Services Field Office 
 

 
_______________________________________ _____________________________________ 
Assistant Regional Director,    Project Leader, 
Ecological Services, R1    Washington Fish and Wildlife Office 
 
 
       _____________________________________ 
       Project Leader,  

Idaho Fish and Wildlife Office 
 

 
_______________________________________ _____________________________________ 
Assistant Regional Director,    Project Leader, 
Ecological Service, R2    New Mexico Ecological Services Field Office 
 
 
_______________________________________ _____________________________________ 
Assistant Regional Director,    Project Leader, 
Ecological Services, R3    Twin Cities Ecological Services Field Office 
 
 
_______________________________________ _____________________________________ 
Assistant Regional Director,    Project Leader,  
Ecological Services, R5    Maine Ecological Services Field Office 
 
 
       _____________________________________ 
       Project Leader, 

New England Ecological Services Field Office 



Appendix A 
Schedule for Canada Lynx SSA, Five-Year Review and Recovery Plan (if necessary) 

 

 

Activities/Products                                                                              (Quarters**) Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Form SSA Team
Complete Species Needs 
Identify Model Scenarios***
Model development

Identify model framework & scientific validity
Build model (e.g., BBN - Bayesian Belief Network)

Prototype model structure
Expert elicitation for "current conditions into future" scenario****

Run "current conditions into future" scenario 
Evaluate 3Rs for first scenario/determine need for additional scenarios
SSA Peer review
If needed, run additional management scenarios, including EE, for REV

5-year review recommendation

Draft RP
Comments/peer review
Fina l  RP
Develop RIS

SSA Analysis and Documentation
5-year Review (to final recommendation)
Recovery Planning (to Final Plan)

Project Plan - DRAFT Canada lynx DPS - SSA/ 5-Year Review/ Recovery Plan Conceptual Schedule*

(Calendar Years) 2015 2016 2017 2018

SPECIES STATUS ASSESSMENT (SSA)

5-YEAR REVIEW

REV, IF NEEDED

Summary

* Schedules  and scope of work may be adjusted as  the expectations  for appl ication of the model  are refined through discuss ions  with experts  and FWS.
** Q1 = Jan-Mar, Q2 = Apr-June, Q3 = July-Sept, Q4 = Oct-Dec.
***  Scenarios  include projecting current conditions  into the foreseeable future without further intervention, to be completed in order to make 5-year 
review recommendation, and, i f needed, future conditions  based on a l ternative management scenarios .
**** Includes  planning and actual  el i ci tation.



Appendix B 
Milestones for Canada Lynx SSA, Five-Year Review and Recovery Plan (if necessary) 

 
Date Milestone 
Apr. 18, 2007 FWS announced initiation of five-year review of lynx DPS (72 FR 19549). 
Dec. 8, 2014 “Dear Interested Party” letter sent to Montana State, Federal, Tribal partners and to other FWS 

ROs and FOS announcing the re-initiation of the five-year review for lynx. 
Jan. 13, 2015 FWS news release announcing five-year review and soliciting information to consider in the 

review. 
Ongoing 
beginning 
Jan.  2015 

Work with partners to collect and evaluate available data and information and assess threat 
factors (USFS, BLM, NPS, BIA, State wildlife/natural resources agencies, and Tribes). 

  Apr. 29 – 30, 
2015 

SSA workshop to include lynx discussion/case study (R6 RO). 

May 28, 2015 Kick-off call with Project and Management team members.  Additional Project “Core” Team 
calls will be held biweekly, and general coordination calls monthly, beginning June 2015.  The 
MTFO lead will coordinate both calls.  These calls will include other FWS offices and may be 
opened to other parties/stakeholders as necessary/appropriate. 

June – Oct.  
2015 

Set up meetings, develop and conduct a structured threats assessment, using outlines, webinars 
and other intermediate products, and brief the Management Team as necessary through the 
process.  Draft SSA report with assistance from other Service Regions and FOs. 

July 2015 Initiate monthly update calls with affected State wildlife management agencies. 
Aug. – Sept. 
2015 

Expert elicitation meeting(s) on distribution, status, and threats (including climate change).  
Workshop(s) with State agencies to discuss SSA process and DPS status and threats. 

Dec. 2015 Brief ROs and HQ on findings; submit SSA report for RO/HQ review.  Complete peer review 
of SSA report. 

Jan. 2016 Begin recovery planning processes if necessary; select and invite Recovery Team members. 
  Jan. – June 
2016 

Develop DRAFT recovery plan including goals and objectives, implementation plan.   

July – Sept. 
2016 

RO/HQ/RSOL review/surname of DRAFT recovery plan.  Review and concurrence from R1, 
R2, R3, and R5 as needed. 

Oct. 2016 Release DRAFT recovery plan to public and commence peer review and/or publish proposed 
listing rule. 

Dec. 2016 60-day comment period closes on DRAFT recovery plan; peer review also complete. 
Jan. – June 
2017 

Revise DRAFT recovery plan; draft the FINAL recovery plan.  

July – Sept. 
2017 

RO/HQ/RSOL review/surname of FINAL recovery.  Review and concurrence from R1, R2, 
R3, and R5. 

  Dec. 2017 Finalize recovery plan, publish in FR, and post on webpage; conduct appropriate outreach.  
Communicate with court as necessary regarding completion and submission of FINAL 
recovery plan in accordance with court-ordered deadline. 
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CANADA LYNX PROJECT PLAN TO COMPLETE 

A SPECIES STATUS ASSESSMENT, RECOVERY PLAN, AND FIVE-YEAR REVIEW 
 

June 25, 2015 
 

Action:  The U.S. Fish and Wildlife Service (Service) will conduct a species status assessment 

(SSA) as a first step to understand the current status of the contiguous United States distinct 

population segment (DPS) of the Canada lynx (Lynx canadensis), currently listed as threatened 

under the Endangered Species Act (Act).  This SSA is intended to inform and streamline the 

court-ordered recovery plan (due January15, 2018), assuming such a plan is deemed necessary
1
. 

The SSA report will also serve as the basis for the five-year status review (initiated in 2007; 72 

FR 19549) required under the Act and would also provide the scientific foundation to support 

future rulemaking in accordance with the Act should the five-year review indicate that a change 

in the DPS’s listing status is warranted. 

 

Goals of the Project Plan: (1) To facilitate application of the SSA framework to produce a 

scientifically defensible assessment of the status of the lynx DPS, a subsequent recovery plan, if 

needed, and future five-year review and listing rules as necessary; and (2) to ensure that 

expectations for these processes, including approach, roles and responsibilities, and schedule, are 

clear and that managers are aware of and have agreed to these expectations. 

  

Project Approach:  We intend to apply the SSA framework to the lynx DPS and use the SSA 

results to inform the recovery planning process, the five-year review, and future listing 

rules.  The lead field office (FO) will work with other Service Regions and FOs in the DPS range 

to gather and evaluate all relevant information that has become available since our March 2000 

listing rule (65 FR 16053) and our July 2003 Remanded Determination of Status (68 FR 40076) 

for the lynx DPS.  We will avail ourselves of recent efforts to summarize the available scientific 

literature for lynx, including the September 2014 final revised critical habitat designation for the 

DPS (79 FR 54781) and the 2013 revised interagency Lynx Conservation Assessment and 

Strategy (LCAS; 

http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf).  The FOs 

will keep partner agencies informed about progress and request their participation and reviews as 

appropriate.  

 

Species Status Assessment:  The SSA framework is a new, standardized  Service 

methodology for assessing the status of species, which can help inform species listing, status, 

and recovery determinations that the Service is required to make in accordance with section 

4(c)(2) of the Act (https://sites.google.com/a/fws.gov/ssa/about-SSA).  Using the SSA 

framework, we will evaluate the viability of the lynx DPS and potential threats to its viability 

using the principles of representation, resilience, and redundancy.  The SSA also will provide 

                                                           
1
 The Act requires recovery plans for listed species unless a determination is made that such plan will not promote 

the conservation of the species.  If the five-year status review concludes that the DPS warrants delisting, we would 

likely pursue a formal determination that the species is exempt from recovery planning as such a plan would be 

unnecessary (if the species is already recovered, a plan is not needed to move the species to the point of recovery 

and would therefore not promote the conservation of the species).  Although the five-year review is not a final 

agency action, the memorandum exempting the species from recovery planning (should we reach that conclusion) 

would be. 
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critical information needed to guide the recovery planning process, including identification of the 

primary threats to the lynx DPS that remain to be resolved, if any.  Completion of the SSA is the 

first step in the process of determining the current status of the lynx DPS.  We anticipate that the 

SSA will be completed by December 2015.   

 

Recovery Plan:  If a recovery plan is necessary, it will be informed by the SSA.  The 

recovery plan would include an introduction summarizing the recovery vision (what a recovered 

DPS would “look” like) and recovery strategy (the route selected to get the species to recovery).  

It also would include: (1) objective and measurable criteria that when met would allow delisting 

(including, as practicable, demographic and threats-based recovery criteria); (2) broad 

management actions needed to achieve the recovery vision; and (3) time and cost estimates to 

achieve delisting.  Pursuant to the Service’s new recovery planning paradigm – the Recovery 

Enhancement Vision (REV; USFWS 2014, https://sites.google.com/a/fws.gov/rev/) – the SSA 

will facilitate development of a streamlined recovery plan that focuses on these three statutory 

requirements.  A supplemental document, the Recovery Implementation Strategy (RIS), details 

short-term but detailed (site-specific) step down activities needed to achieve the recovery vision.  

If planning is needed, we intend to complete the draft recovery plan by January 2017.  The 

recovery planning process will include peer review and opportunities for public review and 

comment on the draft recovery plan prior to completion of a final recovery plan.  If undertaken, 

the recovery plan will be finalized prior to the January 15, 2018, court deadline. 

 

Five-year Review:  We anticipate that the five-year review will be a streamlined 

document relying heavily on and referring to the SSA.  The five-year review will consider the 

SSA’s scientific determinations and make recommendations regarding the status of the DPS in 

accordance with the Act.  The three possible recommendations of the five-year review are that 

the lynx DPS should: (1) remain listed as threatened; (2) be uplisted to endangered; or (3) be 

delisted.  Recommendation (1) would indicate the need to next complete a recovery plan by the 

court-ordered deadline; recommendation (2) would indicate that both a recovery plan and a 

future listing rule are needed; and recommendation (3) would require both a formal 

determination via memorandum that the DPS is exempt from recovery planning and a future 

listing rule.   

 

Project Lead:  This project will be led by the Montana Ecological Services Field Office 

(MTFO).  Within this office, Jim Zelenak is the species lead and will serve as the project and 

team lead.  This role includes cross-regional intra-Service organizing, coordinating with outside 

partners and experts as appropriate, and developing a project schedule and ensuring adherence to 

associated deadlines.  It also includes primary authorship of the SSA report, recovery plan, five-

year review, and, if necessary, future listing rules.  

 

Project Team:  The Mountain-Prairie Region (6) is the lead Service Region for lynx.  

However, within the DPS range, lynx subpopulations currently occur in parts of 9 states (CO, ID, 

ME, MN, MT, NH, VT, WA, and WY).  Lynx associated with these subpopulations or other 

lynx populations in southern Canada also may occur (usually rarely, intermittently, and 

temporarily) in other states (MI, ND, NE, NM, NY, OR, SD, UT, and WI), and dispersing lynx 

also have occurred very rarely in CT, IA, IL, IN, MA, PA, and NV.  Because the DPS spans 

parts of four other Service Regions (1, 2, 3, and 5), it is especially important that field biologists 
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most familiar with the status of each of the lynx subpopulations within the DPS assist with (1) 

collection and interpretation of information relating to the status of and potential threats to those 

subpopulations; (2) contacting and arranging participation by lynx experts most familiar with the 

status, ecology, population dynamics, and habitat needs of those subpopulations; (3) coordinating 

with our local state, federal and tribal stakeholders, and (4) writing, editing, and reviewing 

relevant parts of the SSA report, recovery plan, and five-year review, as needed.   

 

 Identified biologists from the Maine, Twin Cities, Northern Idaho, and Western 

Colorado FOs will participate consistently on the Project Team and contribute 

meaningfully to the development, review, and completion of the SSA report, recovery 

plan, and five-year review.   

 

 Further, biologists from the New England, New York, Michigan, Wisconsin, Idaho, 

Eastern Idaho, Washington, Oregon, Utah, Wyoming, and New Mexico FOs will 

participate as needed in the development, review and completion of these documents.   

 

 SSA practitioners from the Service and USGS will provide guidance on implementing the 

SSA framework, conceptual modeling, and expert elicitation, and Service ECOS staff 

will provide GIS support including spatial analysis and mapmaking. 

 

Management Team:  In addition to field biologists and SSA and GIS support: 

 

 Field Supervisors from the Maine, Twin Cities, Northern Idaho, Washington, Wyoming, 

Colorado, and Western Colorado FOs will assist with coordination with State and Tribal 

and other federal stakeholders, participate in document review, and obtain Regional 

Office (RO) concurrence with status determinations and final decisions/documents.   

 

 RO representation from affected Service Regions is essential to this process, as is 

headquarters (HQ) participation and guidance.   

 

 Regional ESA Branch Chiefs and/or Regional Recovery Coordinators from Regions 1, 2, 

3, and 5, and HQ Listing and/or Recovery staff will participate in document review and 

concurrence processes.   

 

 Legal staff will engage or be consulted at various points throughout this process. 

 

Focus on Science First – We intend to conduct a thorough scientific review of the lynx 

DPS and to work with our partners to make sure we have and use the best available information 

to develop the SSA report and to guide subsequent recovery planning, five-year review, and/or 

rulemaking.  During the SSA, we will conduct a structured threats assessment using outlines, 

webinars, expert elicitation, and other intermediate products, and we will brief the Management 

Team as necessary throughout the process.  During the recovery planning process, we will also 

bring together experts from the lynx research and management arenas. 

 



4 
 

SSA, Recovery Planning, and Five-year Review Collaborative Process:  We have broken 

the SSA, recovery planning, and five-year review /listing processes down into the following five 

phases: 

 

 Phase 1 – Information Collection.  The lynx’s current distribution in the contiguous U.S. 

and some aspects of its habitat requirements are fairly well-understood; however, we will 

seek to better understand and analyze its historic and current distributions, subpopulation 

sizes and status, and the degree to which DPS subpopulations rely on immigration from 

populations in Canada.  Additionally, to the extent possible, we will focus on the 

numbers and productivity of lynx in each of the DPS subpopulations, how these vary 

over time, the causes of the variation, and the quality and conservation status of lynx and 

hare habitats within the DPS range.  In addition to the information upon which the 2000 

Final Rule listing the DPS as threatened was based, we will collect and evaluate all 

relevant information that has become available since then.  We expect available 

information to be primarily in the form of published, peer-reviewed literature and 

academic dissertations and theses obtainable through academic search engines.  We will 

also gather government reports (e.g., the recently-revised LCAS and survey and 

monitoring reports from federal, State and Tribal partners) and review legal and policy 

considerations. 

 

 Phase 2 – Assessment of the DPS’s Current and Future Conservation Status and Relevant 

Threats, and Completion of the SSA Report.  With the information gathered in Phase 1, 

we will identify and evaluate historical, current, and future threats to lynx and their 

magnitude and relative impact on the viability of the subpopulations that constitute the 

DPS.  As part of the SSA process, we will conduct a structured threats assessment, using 

outlines, webinars and other intermediate products, and we will brief the Project and 

Management teams at appropriate junctions.  We will produce a draft report outlining 

SSA methods and results; the draft SSA report will undergo peer review.  We will revise 

the draft report as needed based on peer review and review/edits/comments provided by 

the Management Team and appropriate partners.  We expect Project Team members to 

participate actively in the collection and interpretation of information specific to DPS 

subpopulations and potential threats to them in their geographic areas and to coordinate 

locally with state and federal agencies, Tribes, conservation organizations, the media and 

the public.  We expect Management Team members from each region to review, edit, and 

approve materials provided by their Project Team members in a timely manner. 

 

 Phase 3 – Decision Making.  In coordination with the Project Team, the MTFO will 

make a preliminary recommendation about the DPS’s legal status (threatened, 

endangered, or recovered), brief R6 leadership, and then provide the recommendation for 

review, comment, and concurrence by the rest of the Management Team.  A final 

decision on the status of the DPS will be made by R6 Regional Director. 

 

 Phase 4 – Unless the SSA report strongly suggests that the DPS no longer needs the 

protection of the Act, the Service will initiate the recovery planning process so that we 

can meet the court’s deadline for finalizing a recovery plan. 
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 Phase 5 – Drafting and Disseminating the Five-year Review.  Based on the SSA report 

and the R6RD decision on the DPS’s status, the Project Lead will draft the five-year 

review with input from and review by the Project and Management teams, and 

concurrence from cooperating Regions.  We will work with R6 EA staff, who will work 

with their counterparts in the other Regions, to draft a news release announcing results 

and availability of the five-year review and supporting SSA report.  We will post both 

documents at the ECOS Species Profile web page 

(http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073). 

    

 Phase 6 – Next Steps.  As mentioned above, there are three possible recommendations of 

the five-year review, each with different listing and recovery requirements and time lines. 

 

o Recommendation 1:  The lynx DPS continues to warrant listing as threatened 

under the Act (i.e., the threat for which the DPS was listed has not been 

adequately addressed and/or a new threat[s] has been identified such that the DPS 

remains likely to become endangered within the foreseeable future throughout all 

or a significant portion of its range).  In this case, a recovery plan would be 

necessary, so we would convene a Recovery Team and implement the REV 

process to develop draft and final recovery plans consistent with the court-ordered 

time line for completing the final plan by January 2018.  We expect that a 

streamlined recovery plan would be completed that relies heavily on and 

references the SSA report and the five-year review; 

 

o Recommendation 2:  The DPS warrants uplisting to endangered status (i.e., the 

threat for which the DPS was listed remains unresolved or has increased and/or a 

new threat[s] has been identified such that the DPS is now determined to be in 

danger of extinction throughout all or a significant portion of its range).  In this 

case, both a recovery plan and a future listing rule would be necessary.  As above, 

we would develop draft and final recovery plans that would rely heavily on and 

reference the SSA report and the five-year review, and complete the final 

recovery plan by the court-ordered deadline.  Work on the uplisting rule would 

commence after the final recovery plan, though a date has not been specified; 

 

o Recommendation 3:  The DPS is deemed recovered and warrants delisting (i.e., 

the threat for which the DPS was listed is found to have been adequately 

addressed and no new threat[s] has been identified that is expected to endanger 

the DPS throughout all or a significant portion of its range now or in the 

reasonably foreseeable future).  In this case, we would recommend a formal 

determination that the species is exempt from recovery planning and we would 

draft a memorandum to that effect.  This outcome would also indicate the need for 

a future delisting rule, with work on the delisting rule commencing after the 

memorandum has been finalized and submitted to the court, though a date for the 

rule has not been specified. 

 

Document Review, Concurrence, Surnaming, and Federal Register Publication.  Jim 

Zelenak is the lead author for these actions.  All members of the Project Team are expected to 

http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073
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provide appropriate scientific review of draft documents.  Management Team members are 

expected to review final documents and provide Regional concurrence with them as needed.  

Seth Willey is expected to provide appropriate policy review for the drafts.  Dana Jacobsen will 

provide an assessment of legal risk.  Mike Thabault will provide an abbreviated review for “big 

picture” issues.  For Federal Register documents, we anticipate surnaming by R6RD, RSOL, and 

HQ prior to publication.   

 

Outreach.  We will work with R6 EA staff and their counterparts in the other Service 

Regions to develop communications plans for the SSA, five-year review, and/or recovery plan as 

needed.  We will communicate to all affected stakeholders and the public about the action we are 

taking and what it means for them, as laid out in the communications plan. 

 

Roles and Responsibilities:  Staff from FOs, ROs, and HQ offices are expected to work together 

collaboratively to collect information, conduct analyses, and assist in developing products 

necessary to complete the actions identified in this project plan.  Management of the process and 

completion of these actions, though led by the MTFO, will be the shared responsibility of the 

ROs and FOs within the DPS range.  Further, individuals responsible for these products will 

communicate and share work products as needed to facilitate an efficient process.  However, all 

team members will keep their supervisors apprised of progress and any issues that arise.  If 

necessary to resolve significant issues of disagreement, we will follow the elevation process 

outlined in the August 13, 2009 “Section 4 Process Memo” (available on the R6 Listing 

Sharepoint site) until an updated process is developed.  Other specific roles and responsibilities 

are described above in “Project Lead,” “Project Team,” “Management Team,” and “SSA, five-

year Review, and Recovery Planning Collaborative Process.”   

 

Schedule:  The Service announced initiation of the lynx DPS five-year review in April 2007 (72 

FR 19549) but was unable to complete a review then because of court deadlines requiring that 

we revise the 2006 (and, subsequently, the 2009) critical habitat designation.  The initial notice 

requested information by June 18, 2007, but it was not a formal comment period and noted that 

we accept new information about all listed species at any time.  At that time, we received 

comments or information from seven respondents; two State agencies and five environmental/ 

conservation Non-governmental organizations (NGOs).  The status review portion of the current 

project was re-initiated in October 2014, when a biologist was assigned by the MTFO to begin 

gathering information to evaluate threats to the lynx DPS and update its status accordingly.  In 

December 2014, the MTFO drafted a “Dear Interested Party” letter announcing the renewed five-

year review effort, which was sent to federal, State, and Tribal partners in Montana, as well as to 

other Service Regions and FOs within the DPS range as a template for use in notifying their 

partners of the effort.  In January 2015, the Service prepared and distributed a news release 

announcing the five-year review and proposed completion date of June 2015, and soliciting 

information for consideration in the review.  To date, we have received responsive information 

from several federal, State and Tribal agencies, industry organizations, and environmental/ 

conservation NGOs.  In March 2015, it was determined that application the SSA Framework to 

the lynx DPS should precede (and facilitate streamlining of) the five-year review and subsequent 

recovery plan, if needed, although it was recognized that in the near term this would push back 

the completion date for the five-year review.     
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Ultimately, the above goals are intended to inform the need for and content within a recovery 

plan.  We have a court order to complete a recovery plan by January 2018 unless the Service 

determines that the DPS warrants delisting and, therefore, that a recovery plan is not necessary.  

To meet this goal, we anticipate having a draft recovery plan written and beginning the formal 

review process by July 2016.  Appendix A illustrates the proposed time line for this process and 

Appendix B provides a list and timing of larger milestones associated with these actions.  

 

Coordination:  A range-wide kick-off call was held on May 28, 2015 to seek commitments from 

relevant ROs and FOs, to familiarize team members with the process and timeline, and respond 

to any issues relevant to the SSA, five-year review, and future recovery planning.  The MTFO 

will schedule and conduct subsequent biweekly calls with the Project Team and monthly 

coordination calls with the Project and Management Teams.  More frequent calls may be 

organized around particularly challenging issues or during particularly challenging points (such 

as when a deadline is approaching).  These calls will include other Service offices and Regions 

as necessary.  Additional calls or meetings with affected State, Tribal, and other federal agencies 

will be scheduled as needed.  Meeting internal and court-ordered deadlines for the SSA, five-

year review, and recovery plan is dependent on all parties fulfilling their roles according to the 

timeline herein.  This project plan may also inform partner and stakeholder expectations. 

 

 Other FWS Regions and Programs:  The lynx DPS occurs (or lynx “may occur”) within 

parts of Service Regions 1, 2, 3, 5, and 6, and this effort will require participation by the ROs and 

Ecological Services FOs in those regions, along with potential participation by other programs 

such as Refuges and Partners for Fish and Wildlife.  FO participation will be needed from the 

following states:  R1 (ID, OR, WA); R2 (NM), R3 (MI, MN, WI), R5 (ME, NH, VT), and R6 

(CO, MT, UT, WY). 

 

 Affected State Agencies:  It will be necessary and helpful to coordinate with the wildlife 

and natural resources management agencies of each of the states listed above.  Coordination will 

be especially important with the following state agencies:  Maine Department of Inland Fisheries 

and Wildlife; Minnesota Department of Natural Resources; Montana Fish, Wildlife and Parks; 

Montana Department of Natural Resources and Conservation; Idaho Fish and Game; Washington 

State Department of Fish and Wildlife; Washington State Department of Natural Resources; 

Wyoming Game and Fish Department; Colorado Division of Wildlife; and New Mexico 

Department of Game and Fish.  State agencies within the DPS range were notified of the 

renewed five-year review effort in December 2014 and January 2015, and they will be contacted 

as appropriate by FOs and/or ROs during development of the SSA, five-year review, and 

recovery planning efforts.  We anticipate at least one meeting with affected states during 

development of the SSA and at least one during recovery planning.  To keep State partners 

informed of progress on the SSA and subsequent recovery planning efforts, we intend to hold 

monthly update calls with State wildlife management agencies.  We may also solicit participation 

by State biologists and/or wildlife managers on a recovery team if one is convened.   

 

 Other Federal Agencies:  Federal agency coordination will follow the July 3, 2013 

Interagency Coordination for Rule Development memo and will include the USDA Forest 

Service and Natural Resources Conservation Service, Bureau of Land Management, National 

Park Service, Bureau of Indian Affairs, and Department of Homeland Security - Customs and 
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Border Protection.  Federal agencies within the DPS range were notified of the renewed five-

year review effort in December 2014 and January 2015, and they will be contacted as appropriate 

by FOs and/or ROs during development of the SSA, five-year review, and recovery planning 

efforts. 

 

 Affected Tribes:  Tribal lands within the DPS range include those of the Aroostook Band 

of Micmac Indians, the Houlton Band of Maliseets, the Passamaquoddy Tribe, and the Penobscot 

Indian Nation in Maine; the Bois Forte Band of Chippewa, Fond du Lac Band of Lake Superior 

Chippewa,  Grand Portage Chippewa, Leech Lake Band of Ojibwe, Mille Lacs Band of Ojibwe, 

Red Lake Band of Chippewa, and White Earth Nation in Minnesota; the Confederated Salish and 

Kootenai Tribes of the Flathead Indian Reservation and the Blackfeet Tribe of the Blackfeet 

Reservation in Montana; the Coeur d'Alene Tribe, Kootenai Tribe of Idaho, Nez Perce Tribe, and 

Shoshone-Bannock Tribes in Idaho; the Confederated Tribes of the Colville Reservation, the 

Kalispel Tribe of Indians, and the Spokane Tribe of Indians in Washington; the Wind River 

Indian Reservation in Wyoming; the Uintah and Ouray Indian Reservation in Utah; and the Ute 

Mountain and Southern Ute Indian Reservations in Colorado.  Tribes within the DPS range were 

notified of the renewed five-year review effort in December 2014 and January 2015, and they 

will be contacted as appropriate by Regional Tribal Liaisons during development of the SSA, 

five-year review, and recovery planning efforts. 

 

 International Coordination:  Because of the suspected importance of connectivity 

between DPS subpopulations and lynx populations in southern Canada in the persistence of the 

DPS subpopulations, it will be important that we coordinate with and seek information from our 

counterparts in the Canadian conservation, management, and lynx research communities.  We 

will seek information on the status of and threats, if any, to lynx populations in Canada that are 

adjacent to and known or believed to interact with DPS subpopulations. 

 

Budget:  No additional funding is available to assist in this effort.  Participating offices should 

fund their participation through existing base funding.  We anticipate that Service ECOS staff 

will provide GIS support for these actions, including spatial analysis and high-quality digital and 

hard copy maps.  

 

Project Plan Revisions:  In light of the court deadline for the final recovery plan, we expect that 

we will meet deadlines for all products and any quality benchmarks associated with those 

products.  However, this project plan and the Project Overview can be revised at any time with 

the agreement of the ARD and Project Leader.  If there are unexpected changed circumstances 

due to competing workloads, budgets, resources, etc., we expect early communication about the 

delay and discussion with the Project Lead, Project Team, and Management Team about 

resolution.  Lead time on potential delays should be commensurate with expected delay.  For 

example, a request for two additional months should not be made the week before a project is 

due.  Further, whatever the results of the five-year review, we expect this project plan will need 

to be revisited soon after the five-year review is signed. 

 

Post-Project Debriefing:  The Project Team and Management Team commit to having a 

conversation after the completion of the project to discuss how this process was implemented, 

what went well, and what can be done better in the future.  This feedback on the process is 
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necessary to ensure we are always using the best available practices and working towards greater 

efficiencies. 

 

 

Project Overview: 
 

Guidance, policy, and template documents can be found at: 

https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/ 

 

Personnel involved in the completion of the Canada lynx SSA, Five-Year Review, and Recovery 

Plan  

Roles Field Office Regional Office HQ RSOL 
Project 

Leads 
Jim Zelenak Seth Willey 

Heather Bell 

Tara Nicolaysen 

Dana 

Jacobsen 

Project 

Team 

Biologists from the Maine, Twin Cities, 

Northern Idaho, and Western Colorado FOs   
   

Management 

Team 

Jodi Bush, MTFO; Field Supervisors from 

the Maine, Twin Cities, Northern Idaho, 

Washington, Wyoming, Colorado, and 

Western Colorado FOs 

R6 TE Chief; 

Nicole Alt, R6 

Geographic Supervisor; 

Mike Thabault, R6 ARD-

ES; 

Matt Hogan, R6 Deputy 

RD; 

Noreen Walsh, R6 RD; 

Recovery Coordinators, 

TE Chiefs, and ARDs-ES 

- R1, R2, R3, and R5; 

  

Others 

Involved 

Biologists and Managers from the New 

England, Michigan, Wisconsin, Idaho, 

Washington, Oregon, Utah, Colorado, and 

New Mexico FOs as needed 

Ext Affairs Specialists, 

ARDs-Ext Affairs, and 

Tribal Liaisons -  R6, R1, 

R2, R3, and R5 

 

SSA Framework 

Implementation Team: 

Mary Parkin (R5), 

Jennifer Szymanski (R3), 

David Smith (USGS), 

Jonathan Cummings 

(USGS) 

ECOS GIS/Spatial 

Analysis/Mapmaking 

Support 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/
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Signed: 

_______________________________________   

Assistant Regional Director,     Project Leader, 

Ecological Services, R6    Montana Ecological Services Field Office 

 

 

       _____________________________________ 

       Project Leader, 

Colorado Ecological Services Field Office 

 

 

       _____________________________________ 

       Project Leader, 

Wyoming Ecological Services Field Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader, 

Ecological Services, R1    Washington Fish and Wildlife Office 

 

 

       _____________________________________ 

       Project Leader,  

Idaho Fish and Wildlife Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader, 

Ecological Service, R2    New Mexico Ecological Services Field Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader, 

Ecological Services, R3    Twin Cities Ecological Services Field Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader,  

Ecological Services, R5    Maine Ecological Services Field Office 

 

 

       _____________________________________ 

       Project Leader, 

New England Ecological Services Field Office 
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Appendix A 

Schedule for Canada Lynx SSA, Five-Year Review and Recovery Plan (if necessary) 

 

 

Activities/Products                                                                              (Quarters**) Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Form SSA Team

Complete Species Needs 

Identify Model Scenarios***

Model development

Identify model framework & scientific validity

Build model (e.g., BBN - Bayesian Belief Network)

Prototype model structure

Expert elicitation for "current conditions into future" scenario****

Run "current conditions into future" scenario 

Evaluate 3Rs for first scenario/determine need for additional scenarios

SSA Peer review

If needed, run additional management scenarios, including EE, for REV

5-year review recommendation

Draft RP

Comments/peer review

Final  RP

Develop RIS

SSA Analysis and Documentation

5-year Review (to final recommendation)

Recovery Planning (to Final Plan)

Project Plan - DRAFT Canada lynx DPS - SSA/ 5-Year Review/ Recovery Plan Conceptual Schedule*

(Calendar Years) 2015 2016 2017 2018

SPECIES STATUS ASSESSMENT (SSA)

5-YEAR REVIEW

REV, IF NEEDED

Summary

* Schedules  and scope of work may be adjusted as  the expectations  for appl ication of the model  are refined through discuss ions  with experts  and FWS.

** Q1 = Jan-Mar, Q2 = Apr-June, Q3 = July-Sept, Q4 = Oct-Dec.

***  Scenarios  include projecting current conditions  into the foreseeable future without further intervention, to be completed in order to make 5-year 

review recommendation, and, i f needed, future conditions  based on a l ternative management scenarios .

**** Includes  planning and actual  el ici tation.
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Appendix B 

Milestones for Canada Lynx SSA, Five-Year Review and Recovery Plan (if necessary) 
 

Date Milestone 

Apr. 18, 2007 FWS announced initiation of five-year review of lynx DPS (72 FR 19549). 

Dec. 8, 2014 “Dear Interested Party” letter sent to Montana State, Federal, Tribal partners and to other FWS 

ROs and FOS announcing the re-initiation of the five-year review for lynx. 

Jan. 13, 2015 FWS news release announcing five-year review and soliciting information to consider in the 

review. 

Ongoing 

beginning 

Jan.  2015 

Work with partners to collect and evaluate available data and information and assess threat 

factors (USFS, BLM, NPS, BIA, State wildlife/natural resources agencies, and Tribes). 

Apr. 29 – 30, 

2015 

SSA workshop to include lynx discussion/case study (R6 RO). 

May 28, 2015 Kick-off call with Project and Management team members.  Additional Project “Core” Team 

calls will be held biweekly, and general coordination calls monthly, beginning June 2015.  The 

MTFO lead will coordinate both calls.  These calls will include other FWS offices and may be 

opened to other parties/stakeholders as necessary/appropriate. 

June – Oct.  

2015 

Set up meetings, develop and conduct a structured threats assessment, using outlines, webinars 

and other intermediate products, and brief the Management Team as necessary through the 

process.  Draft SSA report with assistance from other Service Regions and FOs. 

July 2015 Initiate monthly update calls with affected State wildlife management agencies. 

Aug. – Sept. 

2015 

Expert elicitation meeting(s) on distribution, status, and threats (including climate change).  

Workshop(s) with State agencies to discuss SSA process and DPS status and threats. 

Dec. 2015 Brief ROs and HQ on findings; submit SSA report for RO/HQ review.  Complete peer review 

of SSA report. 

Jan. 2016 Begin recovery planning processes if necessary; select and invite Recovery Team members. 

Jan. – June 

2016 

Develop DRAFT recovery plan including goals and objectives, implementation plan.   

July – Sept. 

2016 

RO/HQ/RSOL review/surname of DRAFT recovery plan.  Review and concurrence from R1, 

R2, R3, and R5 as needed. 

Oct. 2016 Release DRAFT recovery plan to public and commence peer review and/or publish proposed 

listing rule. 

Dec. 2016 60-day comment period closes on DRAFT recovery plan; peer review also complete. 

Jan. – June 

2017 

Revise DRAFT recovery plan; draft the FINAL recovery plan.  

July – Sept. 

2017 

RO/HQ/RSOL review/surname of FINAL recovery.  Review and concurrence from R1, R2, 

R3, and R5. 

Dec. 2017 Finalize recovery plan, publish in FR, and post on webpage; conduct appropriate outreach.  

Communicate with court as necessary regarding completion and submission of FINAL 

recovery plan in accordance with court-ordered deadline. 

 



 

Signed: 

_______________________________________   

Assistant Regional Director,     Project Leader, 

Ecological Services, R6    Montana Ecological Services Field Office 

 

 

       _____________________________________ 

       Project Leader, 

Colorado Ecological Services Field Office 

 

 

       _____________________________________ 

       Project Leader, 

Wyoming Ecological Services Field Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader, 

Ecological Services, R1    Washington Fish and Wildlife Office 

 

 

       _____________________________________ 

       Project Leader,  

Idaho Fish and Wildlife Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader, 

Ecological Service, R2    New Mexico Ecological Services Field Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader, 

Ecological Services, R3    Twin Cities Ecological Services Field Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader,  

Ecological Services, R5    Maine Ecological Services Field Office 

 

 

       _____________________________________ 

       Project Leader, 

New England Ecological Services Field Office 



 

  



 

 





From: Bush, Jodi
To: Eric Rickerson; Michael Carrier; Mark Sattelberg; Ann Timberman; Drue DeBerry; Laury Zicari; Tom Chapman;

Wally Murphy; Peter Fasbender
Cc: Jeff Krupka; Bryon Holt; Kurt Broderdorp; Tamara Smith; Ann Belleman; Mark McCollough; Jim Zelenak; Anthony

Tur; Seth Willey; Sarah Quamme; Laura Ragan; Krishna Gifford; Eric Hein; Sarah Hall; Michael Thabault; Lisa
Mandell

Subject: Updated State Coordination Letter
Date: Wednesday, July 01, 2015 11:00:19 AM
Attachments: 2015 06 25 LTR Bush_Hagener Lynx SSA Letter to States.pdf

SSA Fact Sheet.pdf
2015 0701 TEMPLATE Lynx SSA Letter to States.docx

Hello. State Project Leaders.  As I mentioned in my last email (June 26), regarding the Project
Plan, we have updated the State coordination letter based on the addition of the SSA process
and the subsequent altered timeline.  

As you are aware, the States are particularly interested in being engaged in our Lynx recovery planning process.  To that end,
the letter updates where we are now and identifies a monthly coordination call with our state partners to keep them appraised
of our progress.  

I am requesting that each state send out versions of this letter and attachment from their offices, preferably within the
next several weeks.  Feel free to use the version I provided (ATTACHED) as a template. 

Please cc Gary Frazer (FWS), Jonathan Mawdsley (AFWA-Fish and Wildlife Science
Coordinator) jmawdsley@fishwildlife.org and Nick Wiley (AFWA Threatened and Endangered Species Policy
Committee Chair)  Nick.Wiley@myfwc.com and provide a copy to Jim Zelanak -our Service lynx Lead.  

You'll note that we have identified the last wednesday of the month at 1pm MTN time as our standing coordination call with
our State partners.  It seemed appropriate to get this date identified upfront so could keep moving forward.  

As always -thanks for your help.  Please call if you have questions.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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United States Department of the Interior 
Fish and Wildlife Service 

Ecological Services 
Montana Field Office 

585 Shepard Way, Suite 1 
Helena, Montana 59601-6287 

Phone: (406) 449-5225  Fax: (406) 449-5339 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
In Reply Refer To: 
FILE CODE 

DATE, 2015 
 
Dear (Title): 
 
As you know, the U.S. Fish and Wildlife Service (Service) is conducting a status assessment for 
the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
canadensis).  The lynx DPS was listed as threatened under the Endangered Species Act (Act) in 
2000 (Federal Register, 65:16502; March 24, 2000).  We published a Recovery Outline for the 
DPS in 2005, and we revised the critical habitat designation for the DPS in 2014 (Federal 
Register, 79:54782; September 12, 2014). 
 
Although we intended to complete a five-year status review of the lynx DPS by this month, the 
Service determined that we would first implement a relatively new framework, a Species Status 
Assessment (SSA; see enclosed fact sheet).  The SSA is a structured, transparent, and 
scientifically-robust status, threat, and viability assessment that is intended to provide the 
scientific underpinnings for all determinations the Service is required to make in accordance with 
the Act (e.g., listing decisions, status reviews, critical habitat designations, and recovery plans).  
By providing all the species-specific science in a single document that can be updated as new 
information becomes available, the SSA report is intended to streamline, expedite, and reduce 
the size and complexity of Federal Register notices associated with determinations required by 
the Act.   
 
Over the next several months, we will be coordinating with States and other partners and seeking 
input from objective, independent experts in lynx ecology, habitat, management, and climate 
modeling to assess the current status and likely future viability of lynx populations within the 
DPS.  We are scheduling monthly calls with your department and the wildlife management 
agencies from other states within the range of the DPS to provide updates on SSA progress and 
to seek input at appropriate times during the process regarding the biological status of, and 
potential threats to, lynx populations within the DPS.  Those calls are scheduled for the last 
Wednesday of every month (starting July 29) at 1pm, MTN time.  Call in information is 
866.822.7385, passcode: 5396168.  
 
To ensure that our assessment will be as accurate and complete as possible, we will use the best 
scientific and commercial data available in the development of the SSA report.  We hope to 
complete the SSA report by December of 2015 and then begin the recovery planning process so 
that we can meet the court-ordered January 15, 2018, deadline to complete a recovery plan for 
the lynx DPS.   
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We continue to welcome any scientific information (e.g., survey results, habitat assessments, 
modeling efforts, implementation and/or monitoring of conservation measures, verified 
observations) you wish to provide for our consideration regarding the status, distribution, and 
likely future condition of lynx and snowshoe hare (Lepus americanus) populations and habitats 
in Montana.  Please be aware that all data and information submitted to us including names and 
addresses will become part of the record for this status assessment and may be made public.  
Information should be submitted to: 

 
U.S. Fish and Wildlife Service 
Montana Ecological Services Field Office 
Attn: Jim Zelenak 
585 Shepard Way, Suite 1 
Helena, MT 59601 

 
Thank you for your continued interest in Canada lynx conservation.  We look forward to 
continued collaboration with your department throughout this process.  If you would like 
additional information or have questions about the lynx DPS or the SSA framework, please 
contact LOCAL NAME at (NUMBER) (EMAIL). 

 
 

Sincerely, 
 
       
 

NAME 
TITLE 
 

 
Enclosure 
Cc: Nick Wiley, Chair, Threatened and Endangered Species Policy Committee, AFWA 

Jonathon Mawdsley, Fish and Wildlife Science Coordinator, AFWA 
Gary Fraser, HQ 



U.S. Fish & Wildlife Service

The Species Status 
Assessment Framework
An Integrated Framework for Conservation

“The greatest danger in times of turbulence 
is not the turbulence; it is to act with 
yesterday’s logic.”  
— Peter Drucker

Although significant progress has been made in safeguarding 
species and their habitats, limited resources and an ever-increasing 
workload jeopardize our long-term effectiveness at fulfilling our 
responsibilities.  In addition, novel and significant conservation 
challenges lie ahead, including a changing climate.  While we 
continue to build on our successes, ensuring successful conservation 
and recovery of the nation’s species requires an increasing 
commitment to new ways of thinking, working, and sharing.  
From a budgetary and conservation standpoint, we simply cannot 
afford business as usual.  The Species Status Assessment (SSA) 
Framework, in concert with other transformative efforts, better 
allows us to meet the complex challenges ahead and guide our 
efforts to continually enhance our conservation success.

The SSA Framework
The SSA Framework is an analytical framework for assessing 
a species’ biological condition and level of viability.  Building on 
the best of our current analytical processes and the latest in 
conservation biology, this framework integrates analyses that are 
common to all ESA functions, eliminates duplicative and costly 
processes, and allows us to strategically focus on our core mission 
of preventing extinction and achieving recovery.  In addition, the 
SSA Framework provides a structure for effectively engaging with 
our State partners and soliciting peer review.

Our Vision
Our vision is a common, consistent, repeatable, scientifically sound 
approach that will serve as the basis for future ESA decisions.  
Using the SSA Framework early provides the context for a decision 
on whether protections are warranted, then for decisions regarding 
what is needed for its conservation and recovery, what the greatest 
research needs are, and how public or private actions may affect 
the species.  Staff in each region are available to provide support 
and training to help ensure we continue to build on the successes 
the SSA Framework has already delivered.  

“The Species Status Assessment offers a 
unique opportunity to transform how the 
U.S. Fish and Wildlife Service delivers 
conservation.”   
–  Gary Frazer, Assistant Director  
    Ecological Services Program

     Realized Benefits  
By having the biological analyses in 
the SSA report, and referencing it in 
the proposed listing rule, we saved an 
estimated 65 pages of Federal Register 
printing – a $30,000 cost saving – for the 
New Mexico meadow jumping mouse 
proposed rule alone.

Efficiency – structured and repeatable 
biological analysis saves time 

Defensibility – analysis grounded in 
accepted science and a logical process 
with explicit assumptions and complete 
reasoning will inform our statutory 
decisions

Consistency – consistent framework and 
terminology will be used across all ESA 
functions and across regions and field 
offices

Effectiveness – clearly articulated 
reasoned decisions will foster effective 
communication and make for better 
conservation

Collaboration – a better forum for being 
inclusive; partners, particularly States, 
are more likely to understand and support

New Mexico meadow jumping mouse.  
Credit: USFWS



U. S. Fish and Wildlife Service
Endangered Species Program
4401 N. Fairfax Drive, Room 420
Arlington, VA 22203
703-358-2171
 
March 2014

Species Status Assessement Framework

SPECIES VIABILITY

SPECIES CURRENT CONDITION

SPECIES NEEDS

Current Availability
or Condition of those Needs

Future Availability
or Condition of those Needs

Assessing the species level of viability is achieved by completing the above 
assessment framework. Credit: USFWS

Gunnison’s prairie dog. Credit: USFWS 

Applying SSA
We begin an SSA with an 
understanding of the species’ unique 
life history, and from that evaluate 
a species’ needs or biological 
requirements at the scales of 
individuals, populations, and species.  
We then consider the current and 
future availability or condition of those 
needs and investigate the reasons those 
needs are missing.  The consequences 
of any missing needs are assessed 
to describe the current condition of 
the species, and project the future 
species condition over time.  Using the 
principles of resilience, representation, 
and redundancy, the species’ level of 
viability and risks to its viability are 
evaluated and characterized.  Generally, 
the more redundant, representative, 
and resilient a species is, the more 
likely it is to persist over time, even 
under changing environmental 
conditions.  The characterization of 
viability is enhanced by estimates at 
multiple time intervals under a range 
of probable scenarios to describe the 
possible changes in viability over time 
and to characterize the uncertainty.  

Where to Learn More  
Visit https://sites.google.com/a/
fws.gov/ssa/ to see examples of SSA 
reports, connect with others who have 
applied the Framework, get answers 
to frequently asked questions, find 
contact information for your Region’s 
SSA Framework Implementation Team 
member, and access the guidance on 
applying the draft SSA Framework.  

“The SSA is an intuitive 
framework that, once 
completed, allowed 
me to more clearly and 
quickly develop, explain, 
and write my listing 
argument.”  
– Craig Hansen, Species Lead for  
   Gunnison’s prairie dog

https://sites.google.com/a/fws.gov/ssa/


United States Department of the Interior 
Fish and Wildlife Service 

Ecological Services 

Montana Field Office 

585 Shepard Way, Suite 1 

Helena, Montana 59601-6287 

Phone: (406) 449-5225  Fax: (406) 449-5339 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
In Reply Refer To: 
FWS/R6/MTESO/Canada Lynx Status Assessment 

July 1, 2015 

 

Dear Director Hagener: 

 

As you know, the U.S. Fish and Wildlife Service (Service) is conducting a status assessment for 

the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 

canadensis).  The lynx DPS was listed as threatened under the Endangered Species Act (Act) in 

2000 (Federal Register, 65:16502; March 24, 2000).  We published a Recovery Outline for the 

DPS in 2005, and we revised the critical habitat designation for the DPS in 2014 (Federal 

Register, 79:54782; September 12, 2014). 

 

Although we intended to complete a five-year status review of the lynx DPS by this month, the 

Service determined that we would first implement a relatively new framework, a Species Status 

Assessment (SSA; see enclosed fact sheet).  The SSA is a structured, transparent, and 

scientifically-robust status, threat, and viability assessment that is intended to provide the 

scientific underpinnings for all determinations the Service is required to make in accordance with 

the Act (e.g., listing decisions, status reviews, critical habitat designations, and recovery plans).  

By providing all the species-specific science in a single document that can be updated as new 

information becomes available, the SSA report is intended to streamline, expedite, and reduce 

the size and complexity of Federal Register notices associated with determinations required by 

the Act.   

 

Over the next several months, we will be coordinating with States and other partners and seeking 

input from objective, independent experts in lynx ecology, habitat, management, and climate 

modeling to assess the current status and likely future viability of lynx populations within the 

DPS.  We are scheduling monthly calls with your department and the wildlife management 

agencies from other states within the range of the DPS to provide updates on SSA progress and 

to seek input at appropriate times during the process regarding the biological status of, and 

potential threats to, lynx populations within the DPS.  Those calls are scheduled for the last 

Wednesday of every month (starting July 29) at 1pm, MTN time.  Call in information is 

866.822.7385, passcode: 5396168.  

 

To ensure that our assessment will be as accurate and complete as possible, we will use the best 

scientific and commercial data available in the development of the SSA report.  We hope to 

complete the SSA report by December of 2015 and then begin the recovery planning process so 

that we can meet the court-ordered January 15, 2018, deadline to complete a recovery plan for 

the lynx DPS.   
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We continue to welcome any scientific information (e.g., survey results, habitat assessments, 

modeling efforts, implementation and/or monitoring of conservation measures, verified 

observations) you wish to provide for our consideration regarding the status, distribution, and 

likely future condition of lynx and snowshoe hare (Lepus americanus) populations and habitats 

in Montana.  Please be aware that all data and information submitted to us including names and 

addresses will become part of the record for this status assessment and may be made public.  

Information should be submitted to: 

 

U.S. Fish and Wildlife Service 

Montana Ecological Services Field Office 

Attn: Jim Zelenak 

585 Shepard Way, Suite 1 

Helena, MT 59601 

 

Thank you for your continued interest in Canada lynx conservation.  We look forward to 

continued collaboration with your department throughout this process.  If you would like 

additional information or have questions about the lynx DPS or the SSA framework, please 

contact Jim Zelenak at (406) 449-5225, extension 220 (jim_zelenak@fws.gov). 

 

 

Sincerely, 

 

       
 

Jodi Bush 

Field Office Supervisor 

 

 

Enclosure 

Cc: Nick Wiley, Chair, Threatened and Endangered Species Policy Committee, AFWA 

Jonathon Mawdsley, Fish and Wildlife Science Coordinator, AFWA 

Gary Fraser, HQ 



From: Parkin, Mary
To: Bush, Jodi
Cc: Heather Bell; Jim Zelenak
Subject: Re: Consistent State Coordination Message - Lynx SSA
Date: Wednesday, July 01, 2015 11:03:47 AM
Attachments: Talking points for States_SSA_Lynx.docx

Talking points for States_SSA_Lynx_abbreviated.docx

Hi Jodi,

I've done what I can, hastily.  Two versions are attached:  a longer one and a shorter one, so
you can choose (I'll place a wager on which one you prefer!).  And please edit as you see fit;
I'm not invested in the final language.

This is meant for internal consumption, but if your intent is to provide these points directly to
the States, please modify accordingly.

Heather, I've also pulled this together with a view to the bigger FIT application, so your input
is vital.  It's basically the start of a conversation about clear and consistent messaging.

I'm heading out for AL soon but will be at my desk for another hour or so in case you have
questions.  I'm also reserving some time for the lynx calls next week, so we'll talk then!

Cheers and happy 4th,
Mary

On Wed, Jul 1, 2015 at 10:41 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Mary.  Do you have those points pulled together yet?  I'd like to get the state letters out
today.  Thanks JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Jun 29, 2015 at 10:01 PM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Sounds good, Jim.  I'll (hopefully) get the draft talking points off my desk tomorrow, or at
the very latest, Wednesday before I head out on annual leave.

Cheers,
Mary

On Mon, Jun 29, 2015 at 5:09 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Mary,

Jodi thinks it would be a good idea to forward the bullets/talking points that you are working on for ARDs
along with the template letter to states that we are finalizing here and hope to send out soon to ARDs and ES
offices within the DPS range.

mailto:mary_parkin@fws.gov
mailto:jodi_bush@fws.gov
mailto:heather_bell@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:mary_parkin@fws.gov
mailto:jim_zelenak@fws.gov


Could you please copy Jodi on those when you send them around?

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

mailto:jim_zelenak@fws.gov
mailto:mary_parkin@fws.gov
mailto:mary_parkin@fws.gov


COMMUNICATING WITH STATES AND OTHER PARTNERS 
ABOUT THEIR ROLE IN THE SSA PROCESS 

U.S. Fish and Wildlife Service Talking Points 
(Preliminary version, July 1, 2015) 

 

The following talking points have been prepared in order to convey a clear and consistent 
message to the States and other conservation partners (in this case, for the Canada lynx DPS) 
regarding their prospective involvement in the Species Status Assessment (SSA) process. 

 
• The SSA process is focused exclusively on a science-based analysis of species’ viability 

using empirical data, expert opinion, and forecasting based on appropriate application of 
models 
 

• SSA results will inform ESA decisions, but decision making is not a component of the SSA 
framework 
 

• We are seeking the participation of scientists who can provide the best available information 
on aspects of lynx biology, ecology, and/or environmental conditions that are likely to 
influence its long-term viability  

 
• We will also need the input of those experts who are most qualified to predict the effects of 

various stressors on the lynx and its habitat over given time frames and in given portions of 
the range (i.e., help with cause-effect analyses) 
 

• We will engage professionals with on-the-ground knowledge of past/ongoing effects of 
various management scenarios as needed 
 

• We need to reasonably limit the number of experts we engage in order to meet deadlines and 
avoid confusion 
 

• The SSA will be conducted transparently, with both expert input and assessment results 
being made available for informational purposes and, whenever appropriate, agency and peer 
review 
 

• The lynx SSA is time-sensitive in that it must be completed as a precursor to making 
decisions about the appropriate listing classification of the DPS and, if called for, completing 
a recovery plan by the court-ordered deadline of January 2018.  We are therefore 
endeavoring to complete the SSA this calendar year 



 
• We have structured involvement in the lynx SSA to achieve the most robust analysis possible 

in the time available.  This requires active support from both the Service and our partners.  
Production of the assessment will rely upon: 

 
1. A core team of Service biologists who represent the geographic areas that contain 

resident lynx populations  
2. A coordination team, who will ensure that the assessment conforms to the SSA 

framework and that project time frames are met 
3. Invited experts, both within and outside the Service   

 
• Core team members are in the process of identifying key experts, but we also invite States to 

suggest experts in lynx biology and management.  We hasten to add, however, that we 
reserve our prerogative to make final selections about expert involvement in the assessment 

 
• Along with direct input, the lynx SSA will involve close coordination among the Service, 

States, and other partners via monthly conference calls and/or webinars.  This will allow us 
to provide updates, hear your concerns, and address questions . 
 

• We look forward to working closely with the States and other partners throughout the SSA 
process and as SSA results are applied to future ESA decisions 

 



COMMUNICATING WITH STATES AND OTHER PARTNERS 
ABOUT THEIR ROLE IN THE SSA PROCESS 

U.S. Fish and Wildlife Service Talking Points 
(Preliminary version, July 1, 2015) 

 

The following talking points have been prepared in order to convey a clear and consistent 
message to our conservation partners (in this case, for the Canada lynx DPS) regarding their 
prospective involvement in status assessments conducted using the Species Status Assessment 
(SSA) framework. 

 
• The SSA process is focused exclusively on a science-based analysis of a given species’ 

viability using empirical data, expert opinion, and forecasting based on appropriate 
application of models 
 

• SSA results will inform ESA decisions, but decision making is not a component of the SSA 
framework 
 

• Our objectives with respect to expert involvement in the SSA process are:   
 
1. To solicit input from the most qualified experts we can find for each important 

assessment question  
2. To be appropriately inclusive 
3. To promote open but cooperative interactions among experts (i.e., to work productively 

together)  
4. To complete the assessment in a timely way 
5. Most importantly, to ensure the objectivity, neutrality, and robustness of the assessment 

 
• Given these objectives:  

1.   We are seeking the participation of scientists who can provide the best available 
information on those aspects of lynx biology, ecology, and/or environmental conditions 
that are likely to influence viability at the population and species levels. 

2.   At certain points in the process, we will need the input of those experts who are most 
qualified to predict the effects of various stressors on the lynx and its habitat over given 
time frames and in given portions of the range (i.e., help with cause-effect analyses). 

3.   We will engage professionals with on-the-ground knowledge of past/ongoing effects of 
various management scenarios as needed. 



4.   We need to reasonably limit the number of experts we engage in order to meet deadlines 
and avoid confusion. 

5. The SSA will be conducted transparently, with both expert input and assessment results 
being made available for informational purposes and, whenever appropriate, agency and 
peer review. 

• The lynx SSA is time-sensitive in that it must be completed as a precursor to making 
decisions about the appropriate listing classification of the DPS and, if called for, completing 
a recovery plan by the court-ordered deadline of January 2018.  We are therefore 
endeavoring to complete the SSA this calendar year. 
 

• We have structured involvement in the lynx SSA to achieve the most robust analysis possible 
in the time available.  This requires active support from both the Service and our partners.  
Production of the assessment will rely upon: 

 
1. A core team of Service biologists who represent the geographic areas that contain 

resident lynx populations.  The functions of this team are to provide information and 
expertise for the assessment, identify experts, and liaison with their respective States and 
other partners. 

2. A coordination team.  This team is highly conversant in the SSA process and is charged 
with ensuring that the assessment conforms to the SSA framework and that project time 
frames are met. 

3. Invited experts, both within and outside the Service.  Experts may be involved at various 
points or throughout the process, depending on need. 
 

• As core team members are identifying key experts, we invite States to suggest individuals 
who may have strong expertise in lynx biology and management.  We hasten to add, 
however, that we reserve our prerogative to make final selections about expert involvement 
in the assessment. 

 
• Along with direct input, the lynx SSA will involve close coordination among the Service, 

States, and other partners.  We plan to hold monthly conference calls and/or webinars with 
all involved States to provide updates, air concerns, and address questions.  The first monthly 
call with States is being scheduled for July, with the date to be announced. 
 

• We look forward to working closely with the States and other partners throughout the SSA 
process and as SSA results are applied to future ESA decisions. 

 



From: Zelenak, Jim
To: Eric Rickerson; Michael Carrier; Mark Sattelberg; Ann Timberman; Laury Zicari; Drue DeBerry; Tom Chapman;

Wally Murphy; Peter Fasbender; Jeff Krupka; Bryon Holt; Kurt Broderdorp; Tamara Smith; Ann Belleman; Mark
McCollough; Anthony Tur; Sarah Quamme; Laura Ragan; Eric Hein; Sarah Hall; Lisa Mandell

Subject: Re: Updated State Coordination Letter
Date: Tuesday, July 07, 2015 2:02:58 PM
Attachments: 2015 0707 corrected TEMPLATE Lynx SSA Letter to States.docx

Attached is a corrected version of the template letter for your use.

1.  Also highlights top of page 2 where you need to delete "Montana" and put your state;

2.  Corrects cc list from "Jonathon"  to "Jonathan" Mawdsley

3. Also highlights need to change header from "Dear Director Hagener" to Dear Director (yours).

Let me know if you have questions.  Thanks for getting these out.

Jim

On Wed, Jul 1, 2015 at 11:00 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Hello. State Project Leaders.  As I mentioned in my last email (June 26), regarding the
Project Plan, we have updated the State coordination letter based on the addition of the SSA
process and the subsequent altered timeline.  

As you are aware, the States are particularly interested in being engaged in our Lynx recovery planning process.  To that
end, the letter updates where we are now and identifies a monthly coordination call with our state partners to keep them
appraised of our progress.  

I am requesting that each state send out versions of this letter and attachment from their offices, preferably within
the next several weeks.  Feel free to use the version I provided (ATTACHED) as a template. 

Please cc Gary Frazer (FWS), Jonathan Mawdsley (AFWA-Fish and Wildlife Science
Coordinator) jmawdsley@fishwildlife.org and Nick Wiley (AFWA Threatened and Endangered Species Policy
Committee Chair)  Nick.Wiley@myfwc.com and provide a copy to Jim Zelanak -our Service lynx Lead.  

You'll note that we have identified the last wednesday of the month at 1pm MTN time as our standing coordination call
with our State partners.  It seemed appropriate to get this date identified upfront so could keep moving forward.  

As always -thanks for your help.  Please call if you have questions.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

mailto:jim_zelenak@fws.gov
mailto:eric_rickerson@fws.gov
mailto:michael_carrier@fws.gov
mailto:mark_sattelberg@fws.gov
mailto:ann_timberman@fws.gov
mailto:laury_zicari@fws.gov
mailto:drue_deberry@fws.gov
mailto:tom_chapman@fws.gov
mailto:wally_murphy@fws.gov
mailto:peter_fasbender@fws.gov
mailto:jeff_krupka@fws.gov
mailto:bryon_holt@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:tamara_smith@fws.gov
mailto:ann_belleman@fws.gov
mailto:mark_mccollough@fws.gov
mailto:mark_mccollough@fws.gov
mailto:anthony_tur@fws.gov
mailto:sarah_quamme@fws.gov
mailto:laura_ragan@fws.gov
mailto:eric_hein@fws.gov
mailto:sarah_hall@fws.gov
mailto:lisa_mandell@fws.gov
mailto:jodi_bush@fws.gov
mailto:jmawdsley@fishwildlife.org
mailto:Nick.Wiley@myfwc.com


-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


United States Department of the Interior 
Fish and Wildlife Service 

Ecological Services 
Montana Field Office 

585 Shepard Way, Suite 1 
Helena, Montana 59601-6287 

Phone: (406) 449-5225  Fax: (406) 449-5339 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
In Reply Refer To: 
FILE CODE 

DATE, 2015 
 
Dear (Title): 
 
As you know, the U.S. Fish and Wildlife Service (Service) is conducting a status assessment for 
the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
canadensis).  The lynx DPS was listed as threatened under the Endangered Species Act (Act) in 
2000 (Federal Register, 65:16502; March 24, 2000).  We published a Recovery Outline for the 
DPS in 2005, and we revised the critical habitat designation for the DPS in 2014 (Federal 
Register, 79:54782; September 12, 2014). 
 
Although we intended to complete a five-year status review of the lynx DPS by this month, the 
Service determined that we would first implement a relatively new framework, a Species Status 
Assessment (SSA; see enclosed fact sheet).  The SSA is a structured, transparent, and 
scientifically-robust status, threat, and viability assessment that is intended to provide the 
scientific underpinnings for all determinations the Service is required to make in accordance with 
the Act (e.g., listing decisions, status reviews, critical habitat designations, and recovery plans).  
By providing all the species-specific science in a single document that can be updated as new 
information becomes available, the SSA report is intended to streamline, expedite, and reduce 
the size and complexity of Federal Register notices associated with determinations required by 
the Act.   
 
Over the next several months, we will be coordinating with States and other partners and seeking 
input from objective, independent experts in lynx ecology, habitat, management, and climate 
modeling to assess the current status and likely future viability of lynx populations within the 
DPS.  We are scheduling monthly calls with your department and the wildlife management 
agencies from other states within the range of the DPS to provide updates on SSA progress and 
to seek input at appropriate times during the process regarding the biological status of, and 
potential threats to, lynx populations within the DPS.  Those calls are scheduled for the last 
Wednesday of every month (starting July 29) at 1pm, MTN time.  Call in information is 
866.822.7385, passcode: 5396168.  
 
To ensure that our assessment will be as accurate and complete as possible, we will use the best 
scientific and commercial data available in the development of the SSA report.  We hope to 
complete the SSA report by December of 2015 and then begin the recovery planning process so 
that we can meet the court-ordered January 15, 2018, deadline to complete a recovery plan for 
the lynx DPS.   



Dear Director HagenerXXXXXX 
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We continue to welcome any scientific information (e.g., survey results, habitat assessments, 
modeling efforts, implementation and/or monitoring of conservation measures, verified 
observations) you wish to provide for our consideration regarding the status, distribution, and 
likely future condition of lynx and snowshoe hare (Lepus americanus) populations and habitats 
in MontanaYour State.  Please be aware that all data and information submitted to us including 
names and addresses will become part of the record for this status assessment and may be made 
public.  Information should be submitted to: 

 
U.S. Fish and Wildlife Service 
Montana Ecological Services Field Office 
Attn: Jim Zelenak 
585 Shepard Way, Suite 1 
Helena, MT 59601 

 
Thank you for your continued interest in Canada lynx conservation.  We look forward to 
continued collaboration with your department throughout this process.  If you would like 
additional information or have questions about the lynx DPS or the SSA framework, please 
contact LOCAL NAME at (NUMBER) (EMAIL). 

 
 

Sincerely, 
 
       
 

NAME 
TITLE 
 

 
Enclosure 
Cc: Nick Wiley, Chair, Threatened and Endangered Species Policy Committee, AFWA 

Jonathaon Mawdsley, Fish and Wildlife Science Coordinator, AFWA 
Gary Fraser, HQ 



Lynx SSA Coordination Call – July 7, 2015 
 
 
1)  State Coordination Letter: 

- Use template or other as needed; 
- Once completed, please share with Jim Zelenak; by next week; 
- Letter changes:  paragraph top p. 2 – change location appropriately and typo in “cc” list 

(”Jonathon” to “Jonathan” Mawsley); also change header to your State agency director. 
- Background to letter:  AFWA letter identified many states interested in lynx DPS, 5-year 

review, and recovery planning, etc. so JZ and others working on talking points re: states 
and others’ involvement in SSA; will work with invited experts on lynx, climate change, 
boreal forest, forest ecology, conservation genetics, etc.; will reach out to states to help 
ID experts but not about policy or state agency representation; will require careful FWS 
coordination with states; 

- Core SSA Team members: Zelenak, B. Holt (R1/ID, WA, OR), K. Broderdorp (R6/CO, 
also NM), T. Smith (R3/MN, MI, WI), M. McCollough (R5/ME, NH, VT). 
 

2) Expert Elicitation Meeting: 
- Identify most needed expertise and core team developing Google Drive site; putting 

together matrix to address; 
- Hope to have prioritized list of experts by next week. 
- Tentative meeting in Minneapolis, MN some time mid-Sept. to mid-Oct.; probably a 3-

day meeting w/Day 1 - expert presentations (climate, boreal forest, fire/insect/disturbance 
regimes and Days 2 & 3 – primarily structured Q&A w/lynx experts; seeking 
independent opinion rather than consensus; good process for future predictions and 
typically involves issues with little available data; 

- 10 (+/- 3) lynx experts from across DPS range to address current status and likely 
viability of each lynx population/subpopulation in DPS; 

- Also contacting Canadian counterparts, as DPS populations interact with southern 
Canada  lynx pops. 
 

3) Questions/Concerns/Other: 
- Squires collaring lynx on Rio Grande NF in CO.; working on publishing new lynx habitat 

map for MT/northern Rockies; 
- loss of G. Hanvey (USFS) from GYA but will tap into him on Flathead NF in MT;  
- ME has new snowshoe hare and lynx habitat modeling info that will be ready for E.E. 

Mtg. in Sept.-Oct.; 
- Trapping HCP in ME developed last fall and several lynx trapped & killed, so State 

revising trapping regs and amendments to HCP; 



- How to handle media questions re: lynx recovery --- Maybe engage FWS External 
Affairs as we’ll need consistent message; in meantime, go through J. Zelenak; also HQ 
(?) has some 1-page info sheets they can share;  

- In addition to coordinating with States, need to keep USFS, BLM and Tribal partners 
updated too; 

- Hope to complete SSA Report by end of 2015; anticipate doing Recovery Planning 
beginning Jan. 2016; court-ordered deadline for final recovery plan by Jan. 2018. 



From: Bush, Jodi
To: Drue DeBerry; Michael Carrier; Laury Zicari; Scott Hicks; Peter Fasbender; Tom Chapman; Wally Murphy; David

Stilwell; Paul Henson; Larry Crist; Eric Rickerson; Mark Sattelberg
Cc: Tyler Abbott; Lisa Solberg Schwab; Lisa Mandell; Jeff Krupka; Karl Halupka; Michelle Eames; Anthony Tur; Mark

Maghini; Kate Novak; Rollie White; Gary Miller; Jeffrey Dillon; Grant Canterbury; Sarah Hall; Eric Hein; Brady
McGee; Paul Casey; Jim Zelenak; Jessica Hogrefe; Laura Ragan; Ann Belleman; Tamara Smith; Chris Mensing;
Mark McCollough; Mary Parkin; Martin Miller; Steve Duke; Kim Garner; Bryon Holt; Megan Kosterman; Seth
Willey; Leslie Ellwood; Kurt Broderdorp; Ann Timberman

Subject: FOR YOUR INFORMATION ONLY: SSA and State Coordination Letter
Date: Thursday, July 16, 2015 7:38:08 AM
Attachments: 2015 07 14_Talking points for State involvement in SSAs_with lynx.docx

The attached is an internal only talking points document on SSAs.  We share it with you to
help with conversations you may be having or will have with our state counterparts.  Feel free
to give Jim Zelanak or I a call if you have additional questions or concerns thanks.  JB

On Wed, Jul 1, 2015 at 11:00 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Hello. State Project Leaders.  As I mentioned in my last email (June 26), regarding the
Project Plan, we have updated the State coordination letter based on the addition of the SSA
process and the subsequent altered timeline.  

As you are aware, the States are particularly interested in being engaged in our Lynx recovery planning process.  To that
end, the letter updates where we are now and identifies a monthly coordination call with our state partners to keep them
appraised of our progress.  

I am requesting that each state send out versions of this letter and attachment from their offices, preferably within
the next several weeks.  Feel free to use the version I provided (ATTACHED) as a template. 

Please cc Gary Frazer (FWS), Jonathan Mawdsley (AFWA-Fish and Wildlife Science
Coordinator) jmawdsley@fishwildlife.org and Nick Wiley (AFWA Threatened and Endangered Species Policy
Committee Chair)  Nick.Wiley@myfwc.com and provide a copy to Jim Zelanak -our Service lynx Lead.  

You'll note that we have identified the last wednesday of the month at 1pm MTN time as our standing coordination call
with our State partners.  It seemed appropriate to get this date identified upfront so could keep moving forward.  

As always -thanks for your help.  Please call if you have questions.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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COMMUNICATING A CONSISTENT MESSAGE TO  

STATES AND OTHER PARTNERS 
ABOUT THEIR ROLES IN THE SSA PROCESS 

U.S. Fish and Wildlife Service  
July 2015 

 
 
 
The U.S. Fish and Wildlife Service has adopted an integrated and conservation-focused 
analytical approach, the Species Status Assessment (SSA) Framework, to assess a species’ 
biological status for the purpose of informing decisions and activities under the Endangered 
Species Act.  When applying the SSA Framework, the Service will collaborate fully and 
appropriately with our State partners, as well as Tribes and other governmental and 
nongovernmental partners, to ensure that we are using the best available information and valid 
analytical methods.   
 
We emphasize that SSAs are strictly science-based.  They provide the scientific foundation for 
subsequent ESA decisions (which also incorporate policy considerations) such as listing 
determinations and recovery recommendations.  Given the focus on science, with each SSA we 
are aiming for a structured collaboration that centers on working with species experts and other 
scientific experts to produce rigorous analyses using consistent and transparent procedures. 
  



  
 

U.S. Fish and Wildlife Service:  
Talking Points for All SSAs 

July 2015 
 

(FOR INTERNAL USE – NOT FOR FURTHER DISTRIBUTION) 
 

 

The following talking points have been prepared to convey a clear and consistent message to our 
conservation partners regarding their prospective involvement in status assessments using the 
SSA Framework. 

 
• The SSA process is focused exclusively on a scientific analysis of a given species’ viability 

using empirical data, expert opinion, and forecasting (using conceptual and/or mathematical 
models) that incorporates best available biological and threats-based information. 
 

• SSA results will inform ESA decisions, but decision making with regard to threatened or 
endangered species is not a component of the SSA Framework. 
 

• Our objectives with respect to expert involvement in the SSA process are to:   
 
1. Solicit knowledge (information and judgment) from the most qualified experts with 

regard to the species’ current and future status;  
2. Represent the diversity of expert judgment within the scientific community; 
3. Facilitate open discussion and independent input in a cooperative manner; 
4. Ensure timeliness and efficiency in conducting the assessment; and 
5. Safeguard the objectivity, neutrality, and scientific rigor of the assessment. 

 
• Given these objectives:  

1.   We will seek the participation of scientists who can provide the best available 
information on those aspects of species’ biology, ecology, and/or environmental 
conditions that are likely to influence viability at the population and species levels. 

2.   At certain points in the assessment, we may need the input of those experts who are most 
qualified to characterize the effects of various threats or stressors on the species and its 
habitat over given future time frames and in given portions of the range (i.e., help with 
cause-effect analyses). 



3.   If needed to assess past management efforts and the species’ response to those efforts,  
we may engage professionals with on-the-ground management experience. 

4.   Consistent with best practices for expert elicitation, we will limit the number of 
participants (both experts and observers) in order to meet deadlines, avoid redundancy, 
and foster open, technical discussions among all participants.  

5. Participation may take a variety of forms, including group meetings, individual meetings, 
conference calls, one-on-one discussions, or written correspondence. 

6. The SSA will be conducted transparently, with both expert input and assessment results 
being made available for informational purposes and, as appropriate, agency and peer 
review.  We should note that the name and affiliation of participating experts will be on 
record, although individual input may be kept anonymous to facilitate candid responses.  

7.  We will seek individual input knowledge on specific topics but will not seek or obtain any 
group consensus from the participants. 

8. Based on expertise and need, the role of each expert and the input solicited from each 
individual may vary at different times during the SSA process. 

• We intend to structure involvement in each SSA to achieve the most scientifically rigorous 
analysis possible in the time available.  This requires active support from both the Service 
and our partners.  In general, SSAs will involve: 

 
1. Participants from the Service who are experts on the species and other relevant subjects;  
2. Service and/or USGS facilitators who are trained in the SSA process and expert 

elicitation; and 
3. Invited participants from outside the Service who are experts on the species and other 

relevant subjects.  
 

• We invite States and other partners to suggest individuals who may have relevant expertise.  
Selection of experts will be transparent and geared toward engaging a diversity of qualified 
expert judgment.  Selection criteria will relate to scientific qualifications, familiarity with 
relevant subject matter, and diversity of scientific expertise. 

 
• Along with direct input from experts, the Service will coordinate closely with States and 

other partners during the SSA process.  The form of this coordination will be determined on a 
case-by-case basis. 
 

• We look forward to working with the States and other partners during the SSA process and as 
SSA results are applied to future ESA decisions. 



Specific Talking Points for the Canada Lynx SSA 

July 2015 
 

(FOR INTERNAL USE – NOT FOR FURTHER DISTRIBUTION) 
 

 
In addition to the general talking points provided above, the following points apply specifically 
to the Canada lynx SSA: 

 
• The lynx SSA is time-sensitive in that it must be completed as a precursor to making 

decisions about the appropriate listing classification of the DPS and, if called for, completing 
a recovery plan by the court-ordered deadline of January 2018.  We are therefore 
endeavoring to complete the SSA this calendar year. 
 

• To achieve the most rigorous analysis possible in the time available, we have structured 
involvement in the lynx SSA as follows:  

 
1. A core team of Service biologists representing the geographic areas occupied by the lynx 

DPS will provide information and expertise for the assessment, identify experts, and act 
as liaisons with their respective States and other partners; 

2. An SSA facilitation team that is highly conversant in the SSA process will ensure that the 
assessment conforms to the SSA framework and that project time frames are met; and 

3. Invited experts, both within and outside the Service, will provide information and/or 
expert opinion at various points of the process, depending on need. 
 

• As core team members identify and select experts using explicit selection criteria, we will be 
receptive to suggestions regarding individuals who may have strong expertise in the scientific 
questions surrounding lynx conservation.  We reiterate, however, that we reserve the right to 
make final selections for expert involvement in the assessment. 
 

• Along with direct expert input, the lynx SSA will include close coordination among the 
Service, States, and other partners. With regard to all involved States, we have scheduled 
monthly conference calls and/or webinars to provide updates and answer questions.  The first 
monthly call with States has been scheduled for July 29th, and subsequent calls will be held 
on the last Wednesday of each month until the SSA report is completed and distributed for 
agency and peer review. 
 



From: Bush, Jodi
To: Drue DeBerry; Michael Carrier; Laury Zicari; Scott Hicks; Peter Fasbender; Tom Chapman; Wally Murphy; David

Stilwell; Paul Henson; Larry Crist; Eric Rickerson; Mark Sattelberg
Cc: Tyler Abbott; Lisa Solberg Schwab; Lisa Mandell; Jeff Krupka; Karl Halupka; Michelle Eames; Anthony Tur; Mark

Maghini; Kate Novak; Rollie White; Gary Miller; Jeffrey Dillon; Grant Canterbury; Sarah Hall; Eric Hein; Brady
McGee; Paul Casey; Jim Zelenak; Jessica Hogrefe; Laura Ragan; Ann Belleman; Tamara Smith; Chris Mensing;
Mark McCollough; Mary Parkin; Martin Miller; Steve Duke; Kim Garner; Bryon Holt; Megan Kosterman; Seth
Willey; Leslie Ellwood; Kurt Broderdorp; Ann Timberman

Subject: FOR YOUR INFORMATION ONLY: SSA and State Coordination Letter
Date: Thursday, July 16, 2015 10:38:08 AM
Attachments: 2015 07 14_Talking points for State involvement in SSAs_with lynx.docx

The attached is an internal only talking points document on SSAs.  We share it with you to
help with conversations you may be having or will have with our state counterparts.  Feel free
to give Jim Zelanak or I a call if you have additional questions or concerns thanks.  JB

On Wed, Jul 1, 2015 at 11:00 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Hello. State Project Leaders.  As I mentioned in my last email (June 26), regarding the
Project Plan, we have updated the State coordination letter based on the addition of the SSA
process and the subsequent altered timeline.  

As you are aware, the States are particularly interested in being engaged in our Lynx recovery planning process.  To that
end, the letter updates where we are now and identifies a monthly coordination call with our state partners to keep them
appraised of our progress.  

I am requesting that each state send out versions of this letter and attachment from their offices, preferably within
the next several weeks.  Feel free to use the version I provided (ATTACHED) as a template. 

Please cc Gary Frazer (FWS), Jonathan Mawdsley (AFWA-Fish and Wildlife Science
Coordinator) jmawdsley@fishwildlife.org and Nick Wiley (AFWA Threatened and Endangered Species Policy
Committee Chair)  Nick.Wiley@myfwc.com and provide a copy to Jim Zelanak -our Service lynx Lead.  

You'll note that we have identified the last wednesday of the month at 1pm MTN time as our standing coordination call
with our State partners.  It seemed appropriate to get this date identified upfront so could keep moving forward.  

As always -thanks for your help.  Please call if you have questions.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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COMMUNICATING A CONSISTENT MESSAGE TO  

STATES AND OTHER PARTNERS 
ABOUT THEIR ROLES IN THE SSA PROCESS 

U.S. Fish and Wildlife Service  
July 2015 

 
 
 
The U.S. Fish and Wildlife Service has adopted an integrated and conservation-focused 
analytical approach, the Species Status Assessment (SSA) Framework, to assess a species’ 
biological status for the purpose of informing decisions and activities under the Endangered 
Species Act.  When applying the SSA Framework, the Service will collaborate fully and 
appropriately with our State partners, as well as Tribes and other governmental and 
nongovernmental partners, to ensure that we are using the best available information and valid 
analytical methods.   
 
We emphasize that SSAs are strictly science-based.  They provide the scientific foundation for 
subsequent ESA decisions (which also incorporate policy considerations) such as listing 
determinations and recovery recommendations.  Given the focus on science, with each SSA we 
are aiming for a structured collaboration that centers on working with species experts and other 
scientific experts to produce rigorous analyses using consistent and transparent procedures. 
  



  
 

U.S. Fish and Wildlife Service:  
Talking Points for All SSAs 

July 2015 
 

(FOR INTERNAL USE – NOT FOR FURTHER DISTRIBUTION) 
 

 

The following talking points have been prepared to convey a clear and consistent message to our 
conservation partners regarding their prospective involvement in status assessments using the 
SSA Framework. 

 
• The SSA process is focused exclusively on a scientific analysis of a given species’ viability 

using empirical data, expert opinion, and forecasting (using conceptual and/or mathematical 
models) that incorporates best available biological and threats-based information. 
 

• SSA results will inform ESA decisions, but decision making with regard to threatened or 
endangered species is not a component of the SSA Framework. 
 

• Our objectives with respect to expert involvement in the SSA process are to:   
 
1. Solicit knowledge (information and judgment) from the most qualified experts with 

regard to the species’ current and future status;  
2. Represent the diversity of expert judgment within the scientific community; 
3. Facilitate open discussion and independent input in a cooperative manner; 
4. Ensure timeliness and efficiency in conducting the assessment; and 
5. Safeguard the objectivity, neutrality, and scientific rigor of the assessment. 

 
• Given these objectives:  

1.   We will seek the participation of scientists who can provide the best available 
information on those aspects of species’ biology, ecology, and/or environmental 
conditions that are likely to influence viability at the population and species levels. 

2.   At certain points in the assessment, we may need the input of those experts who are most 
qualified to characterize the effects of various threats or stressors on the species and its 
habitat over given future time frames and in given portions of the range (i.e., help with 
cause-effect analyses). 



3.   If needed to assess past management efforts and the species’ response to those efforts,  
we may engage professionals with on-the-ground management experience. 

4.   Consistent with best practices for expert elicitation, we will limit the number of 
participants (both experts and observers) in order to meet deadlines, avoid redundancy, 
and foster open, technical discussions among all participants.  

5. Participation may take a variety of forms, including group meetings, individual meetings, 
conference calls, one-on-one discussions, or written correspondence. 

6. The SSA will be conducted transparently, with both expert input and assessment results 
being made available for informational purposes and, as appropriate, agency and peer 
review.  We should note that the name and affiliation of participating experts will be on 
record, although individual input may be kept anonymous to facilitate candid responses.  

7.  We will seek individual input knowledge on specific topics but will not seek or obtain any 
group consensus from the participants. 

8. Based on expertise and need, the role of each expert and the input solicited from each 
individual may vary at different times during the SSA process. 

• We intend to structure involvement in each SSA to achieve the most scientifically rigorous 
analysis possible in the time available.  This requires active support from both the Service 
and our partners.  In general, SSAs will involve: 

 
1. Participants from the Service who are experts on the species and other relevant subjects;  
2. Service and/or USGS facilitators who are trained in the SSA process and expert 

elicitation; and 
3. Invited participants from outside the Service who are experts on the species and other 

relevant subjects.  
 

• We invite States and other partners to suggest individuals who may have relevant expertise.  
Selection of experts will be transparent and geared toward engaging a diversity of qualified 
expert judgment.  Selection criteria will relate to scientific qualifications, familiarity with 
relevant subject matter, and diversity of scientific expertise. 

 
• Along with direct input from experts, the Service will coordinate closely with States and 

other partners during the SSA process.  The form of this coordination will be determined on a 
case-by-case basis. 
 

• We look forward to working with the States and other partners during the SSA process and as 
SSA results are applied to future ESA decisions. 



Specific Talking Points for the Canada Lynx SSA 

July 2015 
 

(FOR INTERNAL USE – NOT FOR FURTHER DISTRIBUTION) 
 

 
In addition to the general talking points provided above, the following points apply specifically 
to the Canada lynx SSA: 

 
• The lynx SSA is time-sensitive in that it must be completed as a precursor to making 

decisions about the appropriate listing classification of the DPS and, if called for, completing 
a recovery plan by the court-ordered deadline of January 2018.  We are therefore 
endeavoring to complete the SSA this calendar year. 
 

• To achieve the most rigorous analysis possible in the time available, we have structured 
involvement in the lynx SSA as follows:  

 
1. A core team of Service biologists representing the geographic areas occupied by the lynx 

DPS will provide information and expertise for the assessment, identify experts, and act 
as liaisons with their respective States and other partners; 

2. An SSA facilitation team that is highly conversant in the SSA process will ensure that the 
assessment conforms to the SSA framework and that project time frames are met; and 

3. Invited experts, both within and outside the Service, will provide information and/or 
expert opinion at various points of the process, depending on need. 
 

• As core team members identify and select experts using explicit selection criteria, we will be 
receptive to suggestions regarding individuals who may have strong expertise in the scientific 
questions surrounding lynx conservation.  We reiterate, however, that we reserve the right to 
make final selections for expert involvement in the assessment. 
 

• Along with direct expert input, the lynx SSA will include close coordination among the 
Service, States, and other partners. With regard to all involved States, we have scheduled 
monthly conference calls and/or webinars to provide updates and answer questions.  The first 
monthly call with States has been scheduled for July 29th, and subsequent calls will be held 
on the last Wednesday of each month until the SSA report is completed and distributed for 
agency and peer review. 
 



Signed: 

_______________________________________   
Assistant Regional Director,     Project Leader, 
Ecological Services, R6    Montana Ecological Services Field Office 
 
 
       _____________________________________ 
       Project Leader, 

Colorado Ecological Services Field Office 
 

 
       _____________________________________ 
       Project Leader, 

Wyoming Ecological Services Field Office 
 

 
_______________________________________ _____________________________________ 
Assistant Regional Director,    Project Leader, 
Ecological Services, R1    Washington Fish and Wildlife Office 
 
 
       _____________________________________ 
       Project Leader,  

Idaho Fish and Wildlife Office 
 

 
_______________________________________ _____________________________________ 
Assistant Regional Director,    Project Leader, 
Ecological Service, R2    New Mexico Ecological Services Field Office 
 
 
_______________________________________ _____________________________________ 
Assistant Regional Director,    Project Leader, 
Ecological Services, R3    Twin Cities Ecological Services Field Office 
 
 
____/s/ Paul Phifer________________________ _____________________________________ 
Assistant Regional Director,    Project Leader,  
Ecological Services, R5    Maine Ecological Services Field Office 
 
 
       _____________________________________ 
       Project Leader, 

New England Ecological Services Field Office 



  



 



FWS Lynx SSA Managers and Biologists by State – V2 

Lynx DPS 
State 

FWS State ES 
Field Supervisor 

FWS Biologists and 
Others Involved State Agency Contact State Biologists 

Colorado Drue DeBerry 
(Acting, 7/2015) 

Ann Timberman 
Kurt Broderdorp 

Leslie Ellwood 
Seth Willey (R6RO) 

Bob Broscheid, Director - Colorado 
Parks and Wildlife 

bob.broscheid@state.co.us 
303-297-1192 

Jake Ivan 
Eric Odell 

Idaho Mike Carrier 

Bryon Holt 
Megan Kosterman 

Kim Garner 
Steve Duke 

Virgil Moore, Director - Idaho Dept. 
Fish and Game 

virgil.moore@idfg.idaho.gov  
208-334-3771; 

Dustin Miller, Administrator – 
Office of Species Conservation 
dustin.miller@osc.idaho.gov 

208-334-2189 ext. 3 

Rex Sallabanks 
(?) 

Maine Laury Zicari 

Mark McCollough 
Mary Parkin (R5RO) 

Martin Miller 
(R5RO) 

Chandler Woodcock, Commissioner 
– Dept. of Inland Fisheries and 

Wildlife 
Chandler.woodcock@maine.gov 

207-287-8000 

Jennifer 
Vashon 

Michigan Scott Hicks Chris Mensing 

William Moritz – Natural Resources 
Deputy, Dept. of Natural Resources 

moritzw@michigan.gov 
517-284-6367 

 

Minnesota Pete Fasbender 

Lisa Mandell 
Tamara Smith 
Ann Belleman 

Laura Ragan (R3RO) 
Jessica Hogrefe 

(R3RO) 

Ed Boggess, Director – Division of 
Fish and Wildlife, Dept. of Natural 

Resources 
Ed.Boggess@state.mn.us 

651-259-5180; 
Tom Landwehr, Commissioner – 

Dept. of Natural Resources 
commissioner.dnr@state.mn.us 

651-296-6157 

 

Montana Jodi Bush Jim Zelenak 

Jeff Hagener, Director – Fish, 
Wildlife and Parks 
jhagener@mt.gov 

406-444-3186; 
John Tubbs, Director – Dept. of 

Natural Resources and 
Conservation 
406-444-1948 

Bob Inman, 
Jay Kolbe, 

Scott Eggman 

New 
Hampshire 

Tom Chapman 
(NEFO) 

Anthony Tur 
Paul Casey (NWR) 

Mark Maghini 
(NWR) 

Glenn Normandeau, Executive 
Director – Fish and Game Dept. 

glenn.normandeau@wildlife.nh.gov 
603-271-3511 

 

New Mexico Wally Murphy 
Eric Hein 

Brady McGee 
(R2RO) 

Alexandra Sandoval, Director – 
Dept. of Fish and Game 

alexandra.sandoval@state.nm.us 
505-476-8000 

 

New York David Stilwell  Patricia Riexinger, Director - 
Division of Fish, Wildlife, and  
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Marine Resources, Dept. of 
Environmental Conservation, 
patricia.riexinger@dec.ny.gov 

518-402-8924 

Oregon Paul Henson 

Rollie White 
Gary Miller 
Jeff Dillon 

Grant Canterbury 
(R1RO) 

Sarah Hall (R1RO) 
Sue Livingston 

(R1RO?) 

Curt Melcher, Director - Dept. of 
Fish and Wildlife 

curt.melcher@state.or.us 
503-947-6044 

 

Utah Larry Crist Kate Novak 

Greg Sheehan, Director – Division 
of Wildlife Resources 

GregSheehan@utah.gov 
801-538-4700 

 

Vermont Tom Chapman 
(NEFO) 

Anthony Tur 
Mark Maghini 

(NWR) 

Louis Porter, Commissioner for Fish 
and Wildlife, Fish and Wildlife 

Department, Agency of Natural 
Resources 

louis.porter@state.vt.us 
802-828-1454 

Mark Scott, Director of Wildlife – 
Agency of Natural Resources 

mark.scott@state.vt.us 
802-828-1478 

Chris Bernier 

Washington Eric Rickerson 
Jeff Krupka 

Michelle Eames 
Karl Halupka 

Jim Unsworth, Director – Dept. of 
Fish and Wildlife  

director@dfw.wa.gov 
360-902-2200; 

Peter Goldmark, Commissioner of 
Public Lands – Dept. of Natural 

Resources 
cpl@dnr.wa.gov 

360-902-1001 

Jeff Lewis 

Wisconsin Pete Fasbender 
(MNFO) Lisa Mandell 

Cathy Stepp, Secretary – Dept. of 
Natural Resources 

cathy.stepp@wisconsin.gov, 
DNRSecretary@Wisconsin.gov 

608-266-2121 

 

Wyoming Mark Sattleberg Tyler Abbott 
Lisa Solberg-Schwab 

Scott Talbot, Director – Game and 
Fish Dept. 

scott.talbot@wyo.gov 
307-777-4600 

Bob Lanka 
Zack Walker 
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From: Zelenak, Jim
To: Jodi Bush
Subject: State lynx coordination letters
Date: Monday, July 27, 2015 3:43:35 PM
Attachments: 2015 07 27 FWS and State Lynx SSA-Recovery Planning Managers and Biologists by State.docx

I have not yet received letters for Wyoming (just emailed Lisa and copied you), New York, or Michigan.

I've attached the latest version of the contacts list, with email addresses and phone numbers for State agency
directors, etc.

Heather and I tried to test the webex, and we are having the issues Jim Renne noted, so we have to consider the
possibility that we won't have it for the State coordination call on Wed.  I'll keep working in it tomorrow.  Also will
send you a draft Powerpoint tomorrow AM with my slides for the call and maybe-webinar on Wed.

I have an SSA core team call from 10-11 tomorrow.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Bush, Jodi
To: Hagener, Jeff; Scott Talbott; bob.broscheid@state.co.us; virgil.moore@idfg.idaho.gov;

dustin.miller@osc.idaho.gov; Chandler.woodcock@maine.gov; moritzw@michigan.gov; Ed.Boggess@state.mn.us;
glenn.normandeau@wildlife.nh.gov; Lexi J., Sandoval; patricia.riexinger@dec.ny.gov; curt.melcher@state.or.us;
GregSheehan@utah.gov; louis.porter@state.vt.us; director@dfw.wa.gov; cathy.stepp@wisconsin.gov; Jonathan
Mawdsley; Nick.Wiley@myfwc.com

Cc: McDonald, Ken; bobinman@mt.gov; Bob Lanka; Jeff Lewis; Jim Zelenak; Gary Frazer
Subject: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery Planning
Date: Tuesday, July 28, 2015 4:19:04 PM
Attachments: 2015 07 29 Lynx SSA State Coordination.pdf

Tomorrow (July 29, 2015), the Service will be hosting a conference call to update our
state partners on where we are at in the Lynx Status Review and Recovery Planning
process.  

You should have received notification of this call in a letter received from the Service
within the last several weeks.

We were also intending to have a webinar but are unable to achieve that lofty goal
due to computer issues.  Instead we are providing an attached powerpoint in pdf that
we will walk through over the phone.  

During the call, we expect to provide updates on SSA progress and to seek input at
appropriate times during the process regarding the biological status of, and potential
threats to, lynx populations within the DPS.

We will proceed with these calls on the last weds of every month at 1pm MTN. 
Please retain the following call information for your ongoing use.  

Call in information is 866.822.7385, passcode: 5396168.      Thank you.  JB

<PLEASE FORWARD AND SHARE WITH APPROPRIATE STAFF>

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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From: Bush, Jodi
To: Drue DeBerry; Michael Carrier; Laury Zicari; Scott Hicks; Peter Fasbender; Tom Chapman; Wally Murphy; David

Stilwell; Paul Henson; Larry Crist; Eric Rickerson; Mark Sattelberg; Lisa Mandell; Ann Timberman
Cc: Kurt Broderdorp; Bryon Holt; Mark McCollough; Chris Mensing; Tamara Smith; Anthony Tur; Eric Hein; Jeffrey

Dillon; Kate Novak; Jeff Krupka; Lisa Solberg Schwab; Ann Belleman; Jim Zelenak; Mary Parkin; Seth Willey
Subject: Fwd: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery Planning
Date: Tuesday, July 28, 2015 6:26:58 PM
Attachments: 2015 07 29 Lynx SSA State Coordination.pdf

Just reminding you that we are having the state fish and game agency coordination call
tomorrow. You are not required to call in but may wish to, to be more aware of what the
State's are hearing about the process and what issues they bring up.  We will provide a brief
summary of any issues after the call.  

Also, since the forwarded email is mostly being sent to State directors, if you have specific
contacts with the States that your work with on Lynx issues and think they should be on the
call -please forward the message.  Thank you.   JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Tue, Jul 28, 2015 at 4:19 PM
Subject: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery Planning
To: "Hagener, Jeff" <jhagener@mt.gov>, Scott Talbott <scott.talbott@wyo.gov>,
bob.broscheid@state.co.us, virgil.moore@idfg.idaho.gov, dustin.miller@osc.idaho.gov,
Chandler.woodcock@maine.gov, moritzw@michigan.gov, Ed.Boggess@state.mn.us,
glenn.normandeau@wildlife.nh.gov, "Lexi J., Sandoval" <alexandra.sandoval@state.nm.us>,
patricia.riexinger@dec.ny.gov, curt.melcher@state.or.us, GregSheehan@utah.gov,
louis.porter@state.vt.us, director@dfw.wa.gov, cathy.stepp@wisconsin.gov, Jonathan
Mawdsley <jmawdsley@fishwildlife.org>, Nick.Wiley@myfwc.com
Cc: "McDonald, Ken" <kmcdonald@mt.gov>, bobinman@mt.gov, Bob Lanka
<bob.lanka@wyo.gov>, Jeff Lewis <lewisjcl@dfw.wa.gov>, Jim Zelenak
<jim_zelenak@fws.gov>, Gary Frazer <gary_frazer@fws.gov>

Tomorrow (July 29, 2015), the Service will be hosting a conference call to update our
state partners on where we are at in the Lynx Status Review and Recovery Planning
process.  

You should have received notification of this call in a letter received from the Service
within the last several weeks.

We were also intending to have a webinar but are unable to achieve that lofty goal
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due to computer issues.  Instead we are providing an attached powerpoint in pdf that
we will walk through over the phone.  

During the call, we expect to provide updates on SSA progress and to seek input at
appropriate times during the process regarding the biological status of, and potential
threats to, lynx populations within the DPS.

We will proceed with these calls on the last weds of every month at 1pm MTN. 
Please retain the following call information for your ongoing use.  

Call in information is 866.822.7385, passcode: 5396168.      Thank you.  JB

<PLEASE FORWARD AND SHARE WITH APPROPRIATE STAFF>

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205



From: Bob Lanka
To: Bush, Jodi
Cc: Zack Walker; Nichole Cudworth
Subject: Fwd: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery Planning
Date: Wednesday, July 29, 2015 7:39:16 AM
Attachments: 2015 07 29 Lynx SSA State Coordination.pdf

Jodi,

You can remove Scott Talbott's name from your mailing list.  Nichole Cudworth, copied with
my reply, will be the main contact for the state of WY.

Hope all is well.
Bob

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Tue, Jul 28, 2015 at 4:19 PM
Subject: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery Planning
To: "Hagener, Jeff" <jhagener@mt.gov>, Scott Talbott <scott.talbott@wyo.gov>,
bob.broscheid@state.co.us, virgil.moore@idfg.idaho.gov, dustin.miller@osc.idaho.gov,
Chandler.woodcock@maine.gov, moritzw@michigan.gov, Ed.Boggess@state.mn.us,
glenn.normandeau@wildlife.nh.gov, "Lexi J., Sandoval" <alexandra.sandoval@state.nm.us>,
patricia.riexinger@dec.ny.gov, curt.melcher@state.or.us, GregSheehan@utah.gov,
louis.porter@state.vt.us, director@dfw.wa.gov, cathy.stepp@wisconsin.gov, Jonathan
Mawdsley <jmawdsley@fishwildlife.org>, Nick.Wiley@myfwc.com
Cc: "McDonald, Ken" <kmcdonald@mt.gov>, bobinman@mt.gov, Bob Lanka
<bob.lanka@wyo.gov>, Jeff Lewis <lewisjcl@dfw.wa.gov>, Jim Zelenak
<jim_zelenak@fws.gov>, Gary Frazer <gary_frazer@fws.gov>

Tomorrow (July 29, 2015), the Service will be hosting a conference call to update our
state partners on where we are at in the Lynx Status Review and Recovery Planning
process.  

You should have received notification of this call in a letter received from the Service
within the last several weeks.

We were also intending to have a webinar but are unable to achieve that lofty goal
due to computer issues.  Instead we are providing an attached powerpoint in pdf that
we will walk through over the phone.  

During the call, we expect to provide updates on SSA progress and to seek input at
appropriate times during the process regarding the biological status of, and potential
threats to, lynx populations within the DPS.

We will proceed with these calls on the last weds of every month at 1pm MTN. 
Please retain the following call information for your ongoing use.  

Call in information is 866.822.7385, passcode: 5396168.      Thank you.  JB
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<PLEASE FORWARD AND SHARE WITH APPROPRIATE STAFF>

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Bob Lanka, Certified Wildlife Biologist®
Statewide Wildlife and Habitat Management Supervisor
Wyoming Game and Fish Department
5400 Bishop Blvd.
Cheyenne, WY 82006
307-777-4580
307-777-4650 fax
bob.lanka@wyo.gov

           

E-Mail to and from me, in connection with the transaction 
of public business, is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.

 

E-Mail to and from me, in connection with the transaction 
of public business, is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.

tel:%28406%29%20449-5225%2C%20ext.205
mailto:bob.lanka@wyo.gov
http://wgfd.wyo.gov/web2011/news-1001278.aspx
http://youtube.com/wygameandfish
https://www.facebook.com/WyoGFD
https://twitter.com/WGFD


From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: lynx SSA presentation for tomorrow"s state call.
Date: Wednesday, July 29, 2015 8:02:34 AM

Yes, makes sense...when we bring up recovery planning for lynx here, the State often asks
whether there will be a recovery team and who will be on it.  They also want to know if they
will be involved in writing the recovery plan.  Perhaps we are starting to think about what
group of people would write a plan and if we will have a recovery team.  Until those decisions
are made, it would be wise to be careful not to say anything that commits us to a particular
option.

Mark

On Tue, Jul 28, 2015 at 4:53 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Good catch onthe bullet Mark - thanks.

On the other - we have not decided if there will be a recovery team - that's why I said "if necessary"  Highlighting
that the SSA will help us determine if a recovery team needs to be formed - my thinking was to let the states
know that we are not now forming/convening a recovery team, but that if we determine one is necessary, we will
coordinate with them in the future about it.

Make sense?

On Tue, Jul 28, 2015 at 2:18 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Jim:

Slide 4 5th bullet = 2014

Last bullet in presentation:  Convene recovery planning team if necessary....Have we
determined if there will be a recovery planning team, and if so, who may be on the "team."
 States will take this literally, i.e. there will be a recovery planning team.  Is there another
way to word?

Mark

On Tue, Jul 28, 2015 at 3:20 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi all - please take a look at the attached power point for tomorrow's call and let me know if you see any red
flags.  If so, let me know ASAP.

Thanks.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, Jul 28, 2015 at 1:17 PM
Subject: lynx SSA presentation for tomorrow's state call.
To: Heather Bell <heather_bell@fws.gov>

Take a look and let me know i fyou are OK with this as a whole and your slides (8-24) in particular.  I
moved one of the REV slides up (now #22), but it may now be redundant with #23 - you can decide to either
leave both or pick one and let me know.
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Jodi also will review today.

Then we will make a pdf (without notes) to send to State contacts this afternoon or tomorrow morning.

Thanks

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Laury Zicari; Jen Vashon; Judy Camuso; Wally Jakubas; Connolly, James; Charlie Todd
Subject: Fwd: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery Planning
Date: Wednesday, July 29, 2015 8:08:25 AM
Attachments: 2015 07 29 Lynx SSA State Coordination.pdf

Dear MDIFW staff:  

As indicated in the letter that you recently received from the Service, we will be having our
first conference call today to update state partners on the Lynx Status Assessment and
recovery planning process.

The call-in details are below with a power point presentation that will be part of the
presentation.

The call is at 3:00 PM eastern time today.  We hope you can join us.

Mark McCollough

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Tue, Jul 28, 2015 at 4:19 PM
Subject: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery Planning
To: "Hagener, Jeff" <jhagener@mt.gov>, Scott Talbott <scott.talbott@wyo.gov>,
bob.broscheid@state.co.us, virgil.moore@idfg.idaho.gov, dustin.miller@osc.idaho.gov,
Chandler.woodcock@maine.gov, moritzw@michigan.gov, Ed.Boggess@state.mn.us,
glenn.normandeau@wildlife.nh.gov, "Lexi J., Sandoval" <alexandra.sandoval@state.nm.us>,
patricia.riexinger@dec.ny.gov, curt.melcher@state.or.us, GregSheehan@utah.gov,
louis.porter@state.vt.us, director@dfw.wa.gov, cathy.stepp@wisconsin.gov, Jonathan
Mawdsley <jmawdsley@fishwildlife.org>, Nick.Wiley@myfwc.com
Cc: "McDonald, Ken" <kmcdonald@mt.gov>, bobinman@mt.gov, Bob Lanka
<bob.lanka@wyo.gov>, Jeff Lewis <lewisjcl@dfw.wa.gov>, Jim Zelenak
<jim_zelenak@fws.gov>, Gary Frazer <gary_frazer@fws.gov>

Tomorrow (July 29, 2015), the Service will be hosting a conference call to update our
state partners on where we are at in the Lynx Status Review and Recovery Planning
process.  

You should have received notification of this call in a letter received from the Service
within the last several weeks.

We were also intending to have a webinar but are unable to achieve that lofty goal
due to computer issues.  Instead we are providing an attached powerpoint in pdf that
we will walk through over the phone.  

During the call, we expect to provide updates on SSA progress and to seek input at
appropriate times during the process regarding the biological status of, and potential
threats to, lynx populations within the DPS.
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We will proceed with these calls on the last weds of every month at 1pm MTN. 
Please retain the following call information for your ongoing use.  

Call in information is 866.822.7385, passcode: 5396168.      Thank you.  JB

<PLEASE FORWARD AND SHARE WITH APPROPRIATE STAFF>

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: Vashon, Jennifer
To: McCollough, Mark
Subject: RE: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery Planning
Date: Wednesday, July 29, 2015 9:16:41 AM

Thanks Mark,
 

I wasn’t aware, but will participate for at least the 1st 45 minutes. 
 
From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: Wednesday, July 29, 2015 8:08 AM
To: Laury Zicari; Vashon, Jennifer; Camuso, Judy; Jakubas, Walter; Connolly, James; Todd, Charlie
Subject: Fwd: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery Planning
 
Dear MDIFW staff:  
 
As indicated in the letter that you recently received from the Service, we will be having our
first conference call today to update state partners on the Lynx Status Assessment and
recovery planning process.
 
The call-in details are below with a power point presentation that will be part of the
presentation.
 
The call is at 3:00 PM eastern time today.  We hope you can join us.
 
Mark McCollough
 
 
---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Tue, Jul 28, 2015 at 4:19 PM
Subject: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery Planning
To: "Hagener, Jeff" <jhagener@mt.gov>, Scott Talbott <scott.talbott@wyo.gov>,
bob.broscheid@state.co.us, virgil.moore@idfg.idaho.gov, dustin.miller@osc.idaho.gov,
Chandler.woodcock@maine.gov, moritzw@michigan.gov, Ed.Boggess@state.mn.us,
glenn.normandeau@wildlife.nh.gov, "Lexi J., Sandoval" <alexandra.sandoval@state.nm.us>,
patricia.riexinger@dec.ny.gov, curt.melcher@state.or.us, GregSheehan@utah.gov,
louis.porter@state.vt.us, director@dfw.wa.gov, cathy.stepp@wisconsin.gov, Jonathan
Mawdsley <jmawdsley@fishwildlife.org>, Nick.Wiley@myfwc.com
Cc: "McDonald, Ken" <kmcdonald@mt.gov>, bobinman@mt.gov, Bob Lanka
<bob.lanka@wyo.gov>, Jeff Lewis <lewisjcl@dfw.wa.gov>, Jim Zelenak
<jim_zelenak@fws.gov>, Gary Frazer <gary_frazer@fws.gov>

Tomorrow (July 29, 2015), the Service will be hosting a conference call to update our
state partners on where we are at in the Lynx Status Review and Recovery Planning
process.  
 
You should have received notification of this call in a letter received from the Service
within the last several weeks.
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We were also intending to have a webinar but are unable to achieve that lofty goal
due to computer issues.  Instead we are providing an attached powerpoint in pdf that
we will walk through over the phone.  
 
During the call, we expect to provide updates on SSA progress and to seek input at
appropriate times during the process regarding the biological status of, and potential
threats to, lynx populations within the DPS.
 
We will proceed with these calls on the last weds of every month at 1pm MTN. 
Please retain the following call information for your ongoing use.  
 
Call in information is 866.822.7385, passcode: 5396168.      Thank you.  JB
 
 
<PLEASE FORWARD AND SHARE WITH APPROPRIATE STAFF>

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 

 
--
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


Canada Lynx Status Assessment 
and 

Recovery Planning 

July 29, 2015 



Outline 
 Brief review of lynx listing history 
 

 Update on lynx status assessment and recovery 
planning  

 

 Strategy and schedule for meeting court-ordered 
recovery plan deadline 

 

 Overview of Species Status Assessment (SSA) 
 

 Questions/discussion 

 
 

 
 

 



Brief Listing History 
 2000 (& 2003) - Contiguous U.S. DPS listed as 

threatened (Factor D) 
 

 2005 - Recovery Outline 
 

 2006 - CH designated 
 

 2007 - SPR Clarification 

   - Service withdrew 2006 CH 
 

 2009 & 2014  - Revised CH 
 

 June 25, 2014 – Court order to complete Recovery 
   Plan by Jan. 15, 2018 



Lynx DPS Subpopulations 



Schedule 
 Court order to finalize recovery plan by Jan. 2018 
 

 Dec. 2014/Jan. 2015 – announced re-initiation of 5-year 
status review 

 

 Mar. 2015 – Decision to implement SSA framework 
 

 Dec. 2015 – Finish SSA to allow completion of final 
recovery plan by court-ordered deadline 

 

 Jan. 2016 to Jan. 2017 – Draft recovery plan 
 

 Jan. 2017 to Jan. 2018 – Final recovery plan 
 

 



SSA Objectives 

 Assess current status, threats, and future viability of 
each DPS subpopulation 

 

 Prioritize information and modeling needed to best 
evaluate potential future conditions and viability of 
DPS populations 

 

 Engage State, Tribal, other Federal, Canadian, and 
other stakeholders, partners, and managers, and elicit 
information from experts 



Welcome to the 
Species Status Assessment  

(SSA) Framework  
Overview 



Science         Policy  

A short history 



Species Status Assessment  - Overview 
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Species Status Assessment – Overview 

Cause and Effect 
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Anticipated Workflow 

Resiliency 
Representation 
Redundancy 



Viability – 3 R’s 

Resiliency:  ability of   
populations to withstand stochastic events 

Redundancy:  ability to  
withstand catastrophic events 

Representation: ability to   
adapt to changing environment 
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Recovery Plan 

Criteria Actions Time and 
Cost 

SSA 
Framework 

Informs 

Informs 

Recovery 
Implementation 
Strategy 

Concise 
Introduction 

SSA in REV 



Individual Project Planning  
- Project Manager responsible for identifying staff and the roles and 

responsibilities of Project Manager, Core Team, SSA Team, Reviewers, 
Recommendations team 

- Scoping on complexity of SSA analysis 
- With SSA Team, IDs methodologies /expertise needed for SSA 
- Role of State(s) identified; role of peer review identified 
Document: Listing Project Plan 
Approvals required:  RD(s) reviews Listing Project Plan 

Species Status Assessment  
SSA Team responsible for: Information Collection, Analysis , Characterization of Results: Needs, Current, Future Condition – 3Rs 
- Transparent - Shows how information was considered; Recognizes and explains uncertainty  
- Efficient and Effective: Focuses discussion on major issues; peer reviewable 
-    Consistent : Standardizes status reviews across program (listing, recovery, and consultation) 
- Collaborative: Facilitates appropriate State (and others) involvement  
Document: SSA, and Executive Summary for use in the FR notice 

Approvals required:  none (briefings for/review by Core Team, Managers, RD, solicitor prior to Recommendation meeting) 

Recommendation 
Recommendation Team  responsible for knowledge of and interpretation of policy and statute   
- Interpretation and application of statues and policies to the  information in SSA to produces a 

recommendation 
- Facilitation  and appropriate documentation  
Document: Recommendation documentation for Admin Record  

Approvals required:  none – Recommendation forwarded to AES etc. 

Finding 
Core Team develops the Finding 
-    Focus on connecting the logic, brief 
-    Executive Summary from SSA, boilerplate language, determination 
Document: FR Notice 
Approvals required: PM-ARD(s)-RSOL(s)-RD(s) – PPM-ULT Manager- HQ?-
AES-Director-Assistant Secretary-Executive Secretary-OMB if applicable 
 
 



Potential Findings 

DPS remains T 

DPS warrants 
Delisting 

DPS warrants E 

Final Recovery 
Plan due 

1/15/2018 

Future Listing 
Rule 

Formal Memo 
Exempting DPS 
from Recovery 

Planning 



Progress to Date 

 Designated SSA teams 
 Core team of USFWS biologists covering the DPS range 
  USFWS and USGS SSA and expert elicitation practitioners 
 

 Coordination with States and other partners 
 Requests for lynx status, monitoring data, other information 
 Coordination letter 
 Monthly update calls 
 

 Drafted criteria and list of potential candidates for 
expert elicitation 

 



Next Steps 

 Identify key information gaps (e.g., population 
sizes/status, efficacy of current regulatory mechanisms, 
range of reasonable future climate scenarios) and the 
experts most able to help fill them  

 

 Schedule and plan expert elicitation meeting this fall and 
invite attendees 

 

 Complete SSA report by end of 2015 
 

 Convene recovery planning team if necessary 



Questions? 



From: Zicari, Laury
To: Shay White
Cc: Mark McCollough
Subject: Fwd: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery Planning
Date: Wednesday, July 29, 2015 11:18:47 AM
Attachments: 2015 07 29 Lynx SSA State Coordination.pdf

Shay would you kindly figure out if there is a way I can print this without using GALLONS of ink, either in color or
black and white?  They save it as a PDF and if it had been saved in powerpoint, I could print multiple screens per
page AND as text only, and avoid all the wasted blue ink.

thanks
---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Tue, Jul 28, 2015 at 6:26 PM
Subject: Fwd: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery
Planning
To: Drue DeBerry <drue_deberry@fws.gov>, Michael Carrier <michael_carrier@fws.gov>,
Laury Zicari <laury_zicari@fws.gov>, Scott Hicks <scott_hicks@fws.gov>, Peter Fasbender
<peter_fasbender@fws.gov>, Tom Chapman <Tom_Chapman@fws.gov>, Wally Murphy
<wally_murphy@fws.gov>, David Stilwell <david_stilwell@fws.gov>, Paul Henson
<paul_henson@fws.gov>, Larry Crist <Larry_Crist@fws.gov>, Eric Rickerson
<eric_rickerson@fws.gov>, Mark Sattelberg <mark_sattelberg@fws.gov>, Lisa Mandell
<lisa_mandell@fws.gov>, Ann Timberman <ann_timberman@fws.gov>
Cc: Kurt Broderdorp <Kurt_Broderdorp@fws.gov>, Bryon Holt <Bryon_Holt@fws.gov>,
Mark McCollough <Mark_McCollough@fws.gov>, Chris Mensing
<chris_mensing@fws.gov>, Tamara Smith <Tamara_Smith@fws.gov>, Anthony Tur
<Anthony_Tur@fws.gov>, Eric Hein <Eric_Hein@fws.gov>, Jeffrey Dillon
<jeffrey_dillon@fws.gov>, Kate Novak <kate_novak@fws.gov>, Jeff Krupka
<Jeff_Krupka@fws.gov>, Lisa Solberg Schwab <lisa_solbergschwab@fws.gov>, Ann
Belleman <ann_belleman@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Mary Parkin
<mary_parkin@fws.gov>, Seth Willey <seth_willey@fws.gov>

Just reminding you that we are having the state fish and game agency coordination call
tomorrow. You are not required to call in but may wish to, to be more aware of what the
State's are hearing about the process and what issues they bring up.  We will provide a brief
summary of any issues after the call.  

Also, since the forwarded email is mostly being sent to State directors, if you have specific
contacts with the States that your work with on Lynx issues and think they should be on the
call -please forward the message.  Thank you.   JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Tue, Jul 28, 2015 at 4:19 PM
Subject: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery Planning
To: "Hagener, Jeff" <jhagener@mt.gov>, Scott Talbott <scott.talbott@wyo.gov>,
bob.broscheid@state.co.us, virgil.moore@idfg.idaho.gov, dustin.miller@osc.idaho.gov,
Chandler.woodcock@maine.gov, moritzw@michigan.gov, Ed.Boggess@state.mn.us,
glenn.normandeau@wildlife.nh.gov, "Lexi J., Sandoval" <alexandra.sandoval@state.nm.us>,
patricia.riexinger@dec.ny.gov, curt.melcher@state.or.us, GregSheehan@utah.gov,
louis.porter@state.vt.us, director@dfw.wa.gov, cathy.stepp@wisconsin.gov, Jonathan
Mawdsley <jmawdsley@fishwildlife.org>, Nick.Wiley@myfwc.com
Cc: "McDonald, Ken" <kmcdonald@mt.gov>, bobinman@mt.gov, Bob Lanka
<bob.lanka@wyo.gov>, Jeff Lewis <lewisjcl@dfw.wa.gov>, Jim Zelenak
<jim_zelenak@fws.gov>, Gary Frazer <gary_frazer@fws.gov>

Tomorrow (July 29, 2015), the Service will be hosting a conference call to update our
state partners on where we are at in the Lynx Status Review and Recovery Planning
process.  

You should have received notification of this call in a letter received from the Service
within the last several weeks.

We were also intending to have a webinar but are unable to achieve that lofty goal
due to computer issues.  Instead we are providing an attached powerpoint in pdf that
we will walk through over the phone.  

During the call, we expect to provide updates on SSA progress and to seek input at
appropriate times during the process regarding the biological status of, and potential
threats to, lynx populations within the DPS.

We will proceed with these calls on the last weds of every month at 1pm MTN. 
Please retain the following call information for your ongoing use.  

Call in information is 866.822.7385, passcode: 5396168.      Thank you.  JB

<PLEASE FORWARD AND SHARE WITH APPROPRIATE STAFF>

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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-- 

Laury Zicari
Field Supervisor
Maine Field Office
17 Godfrey Drive, Suite 2
Orono, ME   04473
207-866-3344 x 1111
Fax  866-3351
Cell 207-949-0561
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 Update on lynx status assessment and recovery 
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Brief Listing History 
 2000 (& 2003) - Contiguous U.S. DPS listed as 

threatened (Factor D) 
 

 2005 - Recovery Outline 
 

 2006 - CH designated 
 

 2007 - SPR Clarification 

   - Service withdrew 2006 CH 
 

 2009 & 2014  - Revised CH 
 

 June 25, 2014 – Court order to complete Recovery 
   Plan by Jan. 15, 2018 
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Schedule 
 Court order to finalize recovery plan by Jan. 2018 
 

 Dec. 2014/Jan. 2015 – announced re-initiation of 5-year 
status review 

 

 Mar. 2015 – Decision to implement SSA framework 
 

 Dec. 2015 – Finish SSA to allow completion of final 
recovery plan by court-ordered deadline 

 

 Jan. 2016 to Jan. 2017 – Draft recovery plan 
 

 Jan. 2017 to Jan. 2018 – Final recovery plan 
 

 



SSA Objectives 

 Assess current status, threats, and future viability of 
each DPS subpopulation 

 

 Prioritize information and modeling needed to best 
evaluate potential future conditions and viability of 
DPS populations 

 

 Engage State, Tribal, other Federal, Canadian, and 
other stakeholders, partners, and managers, and elicit 
information from experts 
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Cause and Effect 
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Anticipated Workflow 

Resiliency 
Representation 
Redundancy 



Viability – 3 R’s 

Resiliency:  ability of   
populations to withstand stochastic events 

Redundancy:  ability to  
withstand catastrophic events 

Representation: ability to   
adapt to changing environment 
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Recovery Plan 

Criteria Actions Time and 
Cost 

SSA 
Framework 

Informs 

Informs 

Recovery 
Implementation 
Strategy 

Concise 
Introduction 

SSA in REV 



Individual Project Planning  
- Project Manager responsible for identifying staff and the roles and 

responsibilities of Project Manager, Core Team, SSA Team, Reviewers, 
Recommendations team 

- Scoping on complexity of SSA analysis 
- With SSA Team, IDs methodologies /expertise needed for SSA 
- Role of State(s) identified; role of peer review identified 
Document: Listing Project Plan 
Approvals required:  RD(s) reviews Listing Project Plan 

Species Status Assessment  
SSA Team responsible for: Information Collection, Analysis , Characterization of Results: Needs, Current, Future Condition – 3Rs 
- Transparent - Shows how information was considered; Recognizes and explains uncertainty  
- Efficient and Effective: Focuses discussion on major issues; peer reviewable 
-    Consistent : Standardizes status reviews across program (listing, recovery, and consultation) 
- Collaborative: Facilitates appropriate State (and others) involvement  
Document: SSA, and Executive Summary for use in the FR notice 

Approvals required:  none (briefings for/review by Core Team, Managers, RD, solicitor prior to Recommendation meeting) 

Recommendation 
Recommendation Team  responsible for knowledge of and interpretation of policy and statute   
- Interpretation and application of statues and policies to the  information in SSA to produces a 

recommendation 
- Facilitation  and appropriate documentation  
Document: Recommendation documentation for Admin Record  

Approvals required:  none – Recommendation forwarded to AES etc. 

Finding 
Core Team develops the Finding 
-    Focus on connecting the logic, brief 
-    Executive Summary from SSA, boilerplate language, determination 
Document: FR Notice 
Approvals required: PM-ARD(s)-RSOL(s)-RD(s) – PPM-ULT Manager- HQ?-
AES-Director-Assistant Secretary-Executive Secretary-OMB if applicable 
 
 



Potential Findings 

DPS remains T 

DPS warrants 
Delisting 

DPS warrants E 

Final Recovery 
Plan due 

1/15/2018 

Future Listing 
Rule 

Formal Memo 
Exempting DPS 
from Recovery 

Planning 



Progress to Date 

 Designated SSA teams 
 Core team of USFWS biologists covering the DPS range 
  USFWS and USGS SSA and expert elicitation practitioners 
 

 Coordination with States and other partners 
 Requests for lynx status, monitoring data, other information 
 Coordination letter 
 Monthly update calls 
 

 Drafted criteria and list of potential candidates for 
expert elicitation 

 



Next Steps 

 Identify key information gaps (e.g., population 
sizes/status, efficacy of current regulatory mechanisms, 
range of reasonable future climate scenarios) and the 
experts most able to help fill them  

 

 Schedule and plan expert elicitation meeting this fall and 
invite attendees 

 

 Complete SSA report by end of 2015 
 

 Convene recovery planning team if necessary 



Questions? 



From: McCollough, Mark
To: john.kanter@state.nh.gov
Subject: Fwd: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery Planning
Date: Wednesday, July 29, 2015 11:40:16 AM
Attachments: 2015 07 29 Lynx SSA State Coordination.pdf

---------- Forwarded message ----------
From: McCollough, Mark <mark_mccollough@fws.gov>
Date: Wed, Jul 29, 2015 at 11:35 AM
Subject: Fwd: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery
Planning
To: "Staats, William" <william.staats@wildlife.nh.gov>, John Kanter
<jkanter@wildlife.nh.gov>, "Bernier, Chris" <Chris.Bernier@state.vt.us>, "Kilborn, Jillian"
<jillian.kilborn@wildlife.nh.gov>
Cc: Anthony Tur <anthony_tur@fws.gov>, Tom Chapman <tom_chapman@fws.gov>, Laury
Zicari <laury_zicari@fws.gov>, mark.scott@state.vt.us

Dear VT and NH bioloigsts:  

As indicated in the letter that your wildlife agency recently received from the Service, we will
be having our first conference call today to update state partners on the Lynx Status
Assessment and recovery planning process.

The call-in details are below with a power point presentation that will be part of the
presentation.

The call is at 3:00 PM eastern time today.  We hope you can join us.

Mark McCollough

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Tue, Jul 28, 2015 at 4:19 PM
Subject: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery Planning
To: "Hagener, Jeff" <jhagener@mt.gov>, Scott Talbott <scott.talbott@wyo.gov>,
bob.broscheid@state.co.us, virgil.moore@idfg.idaho.gov, dustin.miller@osc.idaho.gov,
Chandler.woodcock@maine.gov, moritzw@michigan.gov, Ed.Boggess@state.mn.us,
glenn.normandeau@wildlife.nh.gov, "Lexi J., Sandoval" <alexandra.sandoval@state.nm.us>,
patricia.riexinger@dec.ny.gov, curt.melcher@state.or.us, GregSheehan@utah.gov,
louis.porter@state.vt.us, director@dfw.wa.gov, cathy.stepp@wisconsin.gov, Jonathan
Mawdsley <jmawdsley@fishwildlife.org>, Nick.Wiley@myfwc.com
Cc: "McDonald, Ken" <kmcdonald@mt.gov>, bobinman@mt.gov, Bob Lanka
<bob.lanka@wyo.gov>, Jeff Lewis <lewisjcl@dfw.wa.gov>, Jim Zelenak
<jim_zelenak@fws.gov>, Gary Frazer <gary_frazer@fws.gov>
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Tomorrow (July 29, 2015), the Service will be hosting a conference call to update our
state partners on where we are at in the Lynx Status Review and Recovery Planning
process.  

You should have received notification of this call in a letter received from the Service
within the last several weeks.

We were also intending to have a webinar but are unable to achieve that lofty goal
due to computer issues.  Instead we are providing an attached powerpoint in pdf that
we will walk through over the phone.  

During the call, we expect to provide updates on SSA progress and to seek input at
appropriate times during the process regarding the biological status of, and potential
threats to, lynx populations within the DPS.

We will proceed with these calls on the last weds of every month at 1pm MTN. 
Please retain the following call information for your ongoing use.  

Call in information is 866.822.7385, passcode: 5396168.      Thank you.  JB

<PLEASE FORWARD AND SHARE WITH APPROPRIATE STAFF>

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
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Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Bernier, Chris
To: "McCollough, Mark"
Subject: RE: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery Planning
Date: Wednesday, July 29, 2015 12:44:54 PM

Yes, both the Commissioner and the Wildlife Director brought this to my attention and requested
that I participate.  Mark may be joining us as well but I have not confirmed that as of yet.
 

Chris Bernier, Furbearer Project Leader
[phone]      802-885-8833      [fax]      802-885-8890
[email]        chris.bernier@state.vt.us
[website]    www.vtfishandwildlife.com
 

Fish & Wildlife Department
100 Mineral Street, Suite 302
Springfield, VT  05156-3168
 
From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: Wednesday, July 29, 2015 12:43 PM
To: Bernier, Chris
Subject: Re: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery Planning
 
Nothing to prepare for Chris...since we could not get our webinar software working it would
be helpful if you could download the power point or have it available as you listen in.  thanks
for being available.
 
Did any news of this come from your Director's office?  We sent out letters to state directors a
week or two ago.
 
Mark
 
On Wed, Jul 29, 2015 at 12:35 PM, Bernier, Chris <Chris.Bernier@vermont.gov> wrote:
I’m planning to join you.  Is there anything in particular I need to do to prepare?
 

Chris Bernier, Furbearer Project Leader
[phone]      802-885-8833      [fax]      802-885-8890
[email]        chris.bernier@state.vt.us
[website]    www.vtfishandwildlife.com
 

Fish & Wildlife Department
100 Mineral Street, Suite 302
Springfield, VT  05156-3168
 
From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: Wednesday, July 29, 2015 11:35 AM
To: Staats, William; John Kanter; Bernier, Chris; Kilborn, Jillian
Cc: Anthony Tur; Tom Chapman; Laury Zicari; Scott, Mark
Subject: Fwd: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery Planning
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Dear VT and NH bioloigsts:  
 
As indicated in the letter that your wildlife agency recently received from the Service, we will
be having our first conference call today to update state partners on the Lynx Status
Assessment and recovery planning process.
 
The call-in details are below with a power point presentation that will be part of the
presentation.
 
The call is at 3:00 PM eastern time today.  We hope you can join us.
 
Mark McCollough
 
 
---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Tue, Jul 28, 2015 at 4:19 PM
Subject: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery Planning
To: "Hagener, Jeff" <jhagener@mt.gov>, Scott Talbott <scott.talbott@wyo.gov>,
bob.broscheid@state.co.us, virgil.moore@idfg.idaho.gov, dustin.miller@osc.idaho.gov,
Chandler.woodcock@maine.gov, moritzw@michigan.gov, Ed.Boggess@state.mn.us,
glenn.normandeau@wildlife.nh.gov, "Lexi J., Sandoval" <alexandra.sandoval@state.nm.us>,
patricia.riexinger@dec.ny.gov, curt.melcher@state.or.us, GregSheehan@utah.gov,
louis.porter@state.vt.us, director@dfw.wa.gov, cathy.stepp@wisconsin.gov, Jonathan
Mawdsley <jmawdsley@fishwildlife.org>, Nick.Wiley@myfwc.com
Cc: "McDonald, Ken" <kmcdonald@mt.gov>, bobinman@mt.gov, Bob Lanka
<bob.lanka@wyo.gov>, Jeff Lewis <lewisjcl@dfw.wa.gov>, Jim Zelenak
<jim_zelenak@fws.gov>, Gary Frazer <gary_frazer@fws.gov>

Tomorrow (July 29, 2015), the Service will be hosting a conference call to update our
state partners on where we are at in the Lynx Status Review and Recovery Planning
process.  
 
You should have received notification of this call in a letter received from the Service
within the last several weeks.
 
We were also intending to have a webinar but are unable to achieve that lofty goal
due to computer issues.  Instead we are providing an attached powerpoint in pdf that
we will walk through over the phone.  
 
During the call, we expect to provide updates on SSA progress and to seek input at
appropriate times during the process regarding the biological status of, and potential
threats to, lynx populations within the DPS.
 
We will proceed with these calls on the last weds of every month at 1pm MTN. 
Please retain the following call information for your ongoing use.  
 
Call in information is 866.822.7385, passcode: 5396168.      Thank you.  JB
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<PLEASE FORWARD AND SHARE WITH APPROPRIATE STAFF>

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 

 
--
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

 
--
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

 
--
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Bernier, Chris
Subject: Re: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery Planning
Date: Wednesday, July 29, 2015 12:45:23 PM

excellent...

On Wed, Jul 29, 2015 at 12:44 PM, Bernier, Chris <Chris.Bernier@vermont.gov> wrote:

Yes, both the Commissioner and the Wildlife Director brought this to my attention and requested
that I participate.  Mark may be joining us as well but I have not confirmed that as of yet.

 

Chris Bernier, Furbearer Project Leader

[phone]      802-885-8833      [fax]      802-885-8890

[email]        chris.bernier@state.vt.us

[website]    www.vtfishandwildlife.com

 

Fish & Wildlife Department

100 Mineral Street, Suite 302

Springfield, VT  05156-3168

 

From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: Wednesday, July 29, 2015 12:43 PM
To: Bernier, Chris
Subject: Re: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery Planning

 

Nothing to prepare for Chris...since we could not get our webinar software working it would
be helpful if you could download the power point or have it available as you listen in.
 thanks for being available.

 

Did any news of this come from your Director's office?  We sent out letters to state directors
a week or two ago.

 

Mark
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On Wed, Jul 29, 2015 at 12:35 PM, Bernier, Chris <Chris.Bernier@vermont.gov> wrote:

I’m planning to join you.  Is there anything in particular I need to do to prepare?

 

Chris Bernier, Furbearer Project Leader

[phone]      802-885-8833      [fax]      802-885-8890

[email]        chris.bernier@state.vt.us

[website]    www.vtfishandwildlife.com

 

Fish & Wildlife Department

100 Mineral Street, Suite 302

Springfield, VT  05156-3168

 

From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: Wednesday, July 29, 2015 11:35 AM
To: Staats, William; John Kanter; Bernier, Chris; Kilborn, Jillian
Cc: Anthony Tur; Tom Chapman; Laury Zicari; Scott, Mark
Subject: Fwd: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery Planning

 

 

 

Dear VT and NH bioloigsts:  

 

As indicated in the letter that your wildlife agency recently received from the Service, we
will be having our first conference call today to update state partners on the Lynx Status
Assessment and recovery planning process.

 

The call-in details are below with a power point presentation that will be part of the
presentation.
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The call is at 3:00 PM eastern time today.  We hope you can join us.

 

Mark McCollough

 

 

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Tue, Jul 28, 2015 at 4:19 PM
Subject: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery
Planning
To: "Hagener, Jeff" <jhagener@mt.gov>, Scott Talbott <scott.talbott@wyo.gov>,
bob.broscheid@state.co.us, virgil.moore@idfg.idaho.gov, dustin.miller@osc.idaho.gov,
Chandler.woodcock@maine.gov, moritzw@michigan.gov, Ed.Boggess@state.mn.us,
glenn.normandeau@wildlife.nh.gov, "Lexi J., Sandoval"
<alexandra.sandoval@state.nm.us>, patricia.riexinger@dec.ny.gov,
curt.melcher@state.or.us, GregSheehan@utah.gov, louis.porter@state.vt.us,
director@dfw.wa.gov, cathy.stepp@wisconsin.gov, Jonathan Mawdsley
<jmawdsley@fishwildlife.org>, Nick.Wiley@myfwc.com
Cc: "McDonald, Ken" <kmcdonald@mt.gov>, bobinman@mt.gov, Bob Lanka
<bob.lanka@wyo.gov>, Jeff Lewis <lewisjcl@dfw.wa.gov>, Jim Zelenak
<jim_zelenak@fws.gov>, Gary Frazer <gary_frazer@fws.gov>

Tomorrow (July 29, 2015), the Service will be hosting a conference call to update
our state partners on where we are at in the Lynx Status Review and Recovery
Planning process.  

 

You should have received notification of this call in a letter received from the
Service within the last several weeks.

 

We were also intending to have a webinar but are unable to achieve that lofty goal
due to computer issues.  Instead we are providing an attached powerpoint in pdf
that we will walk through over the phone.  

 

During the call, we expect to provide updates on SSA progress and to seek input at
appropriate times during the process regarding the biological status of, and
potential threats to, lynx populations within the DPS.

 

We will proceed with these calls on the last weds of every month at 1pm MTN. 
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Please retain the following call information for your ongoing use.  

 

Call in information is 866.822.7385, passcode: 5396168.      Thank you.  JB

 

 

<PLEASE FORWARD AND SHARE WITH APPROPRIATE STAFF>

Jodi L. Bush

Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

 

--

Mark McCollough, Ph.D.

Endangered Species Specialist

Maine Field Office

U. S. Fish and Wildlife Service

17 Godfrey Drive, Suite 2

Orono, ME 04473

Phone 207 866-3344 x115

Cell Phone: 207 944-5709



mark_mccollough@fws.gov

 

--

Mark McCollough, Ph.D.

Endangered Species Specialist

Maine Field Office

U. S. Fish and Wildlife Service

17 Godfrey Drive, Suite 2

Orono, ME 04473

Phone 207 866-3344 x115

Cell Phone: 207 944-5709

mark_mccollough@fws.gov

 

--

Mark McCollough, Ph.D.

Endangered Species Specialist

Maine Field Office

U. S. Fish and Wildlife Service

17 Godfrey Drive, Suite 2

Orono, ME 04473

Phone 207 866-3344 x115

Cell Phone: 207 944-5709

mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:mark_mccollough@fws.gov
mailto:mark_mccollough@fws.gov


-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: Bush, Jodi
To: Bob Lanka
Cc: Zack Walker; Nichole Cudworth; Jim Zelenak
Subject: Re: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery Planning
Date: Thursday, July 30, 2015 9:14:51 AM

Thanks Bob.  We missed you both yesterday.  Please feel free to give me or Jim a call (406-
449-5225, x220) if you would like a run down of the call.  Mark Sattleberg of our Service
office in Wyoming, was on as well.   JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Jul 29, 2015 at 7:38 AM, Bob Lanka <bob.lanka@wyo.gov> wrote:
Jodi,

You can remove Scott Talbott's name from your mailing list.  Nichole Cudworth, copied
with my reply, will be the main contact for the state of WY.

Hope all is well.
Bob

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Tue, Jul 28, 2015 at 4:19 PM
Subject: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery
Planning
To: "Hagener, Jeff" <jhagener@mt.gov>, Scott Talbott <scott.talbott@wyo.gov>,
bob.broscheid@state.co.us, virgil.moore@idfg.idaho.gov, dustin.miller@osc.idaho.gov,
Chandler.woodcock@maine.gov, moritzw@michigan.gov, Ed.Boggess@state.mn.us,
glenn.normandeau@wildlife.nh.gov, "Lexi J., Sandoval"
<alexandra.sandoval@state.nm.us>, patricia.riexinger@dec.ny.gov,
curt.melcher@state.or.us, GregSheehan@utah.gov, louis.porter@state.vt.us,
director@dfw.wa.gov, cathy.stepp@wisconsin.gov, Jonathan Mawdsley
<jmawdsley@fishwildlife.org>, Nick.Wiley@myfwc.com
Cc: "McDonald, Ken" <kmcdonald@mt.gov>, bobinman@mt.gov, Bob Lanka
<bob.lanka@wyo.gov>, Jeff Lewis <lewisjcl@dfw.wa.gov>, Jim Zelenak
<jim_zelenak@fws.gov>, Gary Frazer <gary_frazer@fws.gov>

Tomorrow (July 29, 2015), the Service will be hosting a conference call to update
our state partners on where we are at in the Lynx Status Review and Recovery
Planning process.  

You should have received notification of this call in a letter received from the
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Service within the last several weeks.

We were also intending to have a webinar but are unable to achieve that lofty goal
due to computer issues.  Instead we are providing an attached powerpoint in pdf
that we will walk through over the phone.  

During the call, we expect to provide updates on SSA progress and to seek input at
appropriate times during the process regarding the biological status of, and
potential threats to, lynx populations within the DPS.

We will proceed with these calls on the last weds of every month at 1pm MTN. 
Please retain the following call information for your ongoing use.  

Call in information is 866.822.7385, passcode: 5396168.      Thank you.  JB

<PLEASE FORWARD AND SHARE WITH APPROPRIATE STAFF>

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Bob Lanka, Certified Wildlife Biologist®
Statewide Wildlife and Habitat Management Supervisor
Wyoming Game and Fish Department
5400 Bishop Blvd.
Cheyenne, WY 82006
307-777-4580
307-777-4650 fax
bob.lanka@wyo.gov

           

E-Mail to and from me, in connection with the transaction 
of public business, is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.

 

tel:866.822.7385
tel:%28406%29%20449-5225%2C%20ext.205
mailto:bob.lanka@wyo.gov
http://wgfd.wyo.gov/web2011/news-1001278.aspx
http://youtube.com/wygameandfish
https://www.facebook.com/WyoGFD
https://twitter.com/WGFD


E-Mail to and from me, in connection with the transaction 
of public business, is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.



From: Mandell, Lisa
To: Ann Belleman
Subject: Fwd: State Coordination Call on Lynx Recovery Planning
Date: Friday, July 31, 2015 12:10:57 PM

---------- Forwarded message ----------
From: Baker, Richard (DNR) <richard.baker@state.mn.us>
Date: Wed, Jul 29, 2015 at 3:36 PM
Subject: State Coordination Call on Lynx Recovery Planning
To: Jim Zelenak <jim_zelenak@fws.gov>
Cc: "Erb, John D (DNR)" <john.erb@state.mn.us>, Lisa Mandell <lisa_mandell@fws.gov>,
Peter Fasbender <peter_fasbender@fws.gov>, "Smith, Tamara" <tamara_smith@fws.gov>

Hi Jim,

 

Thank you for hosting today’s lynx coordination call. I want to be sure that you have both my and
John Erb’s email addresses added to your contacts list for the Minnesota DNR:

 

Rich Baker, Endangered Species Coordinator (richard.baker@state.mn.us; 651/259-5073)

John Erb, Furbearer Research Biologist (john.erb@state.mn.us; 218/999-7930)

 

Thanks also for the reminder of your call for information. I received it on December 29th, and it
never got the attention it deserves. I will work with John to prepare  updated information asap.

 

I’m pleased to hear about the fall expert elicitation meeting, and will look forward to the opportunity
to submit recommendations for participants and observers.

 

Looking forward to working with you on lynx,

 

Rich

 

<><><><><><><><><><><><><><><><><><> 
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Richard J. Baker

Minnesota Endangered Species Coordinator

Division of Ecological and Water Resources

Minnesota Department of Natural Resources

500 Lafayette Rd., Box 25

St. Paul, MN  55155

Phone: 651/259-5073

Fax: 651/296-1811

E-mail: richard.baker@state.mn.us

http://www.dnr.state.mn.us/eco/nhnrp

<><><><><><><><><><><><><><><><><><>

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Tuesday, July 28, 2015 5:19 PM
To: Hagener, Jeff; Scott Talbott; bob.broscheid@state.co.us; virgil.moore@idfg.idaho.gov;
dustin.miller@osc.idaho.gov; Chandler.woodcock@maine.gov; moritzw@michigan.gov; Boggess, Ed
(DNR); glenn.normandeau@wildlife.nh.gov; Lexi J., Sandoval; patricia.riexinger@dec.ny.gov;
curt.melcher@state.or.us; GregSheehan@utah.gov; louis.porter@state.vt.us; director@dfw.wa.gov;
cathy.stepp@wisconsin.gov; Jonathan Mawdsley; Nick.Wiley@myfwc.com
Cc: McDonald, Ken; bobinman@mt.gov; Bob Lanka; Jeff Lewis; Jim Zelenak; Gary Frazer
Subject: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery Planning

 

Tomorrow (July 29, 2015), the Service will be hosting a conference call to update our
state partners on where we are at in the Lynx Status Review and Recovery Planning
process.  

 

You should have received notification of this call in a letter received from the Service
within the last several weeks.

 

We were also intending to have a webinar but are unable to achieve that lofty goal
due to computer issues.  Instead we are providing an attached powerpoint in pdf that
we will walk through over the phone.  
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During the call, we expect to provide updates on SSA progress and to seek input at
appropriate times during the process regarding the biological status of, and potential
threats to, lynx populations within the DPS.

 

We will proceed with these calls on the last weds of every month at 1pm MTN. 
Please retain the following call information for your ongoing use.  

 

Call in information is 866.822.7385, passcode: 5396168.      Thank you.  JB

 

 

<PLEASE FORWARD AND SHARE WITH APPROPRIATE STAFF>

Jodi L. Bush

Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

-- 
Lisa Mandell
Deputy Field Supervisor
U.S. Fish and Wildlife Service
Twin Cities Ecological Services Field Office
4101 American Blvd East
Bloomington, MN 55425-1665
612-725-3548 x2201
serving Minnesota and Wisconsin



From: McCollough, Mark
To: Scott, Mark
Subject: Re: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery Planning
Date: Monday, August 03, 2015 12:42:59 PM

I will make sure you are on the list for future calls.  Usually, an email invitation for the call is
distributed a day or two before, but you can mark your calendars for the 4th Wed of the
month.  Mark

On Mon, Aug 3, 2015 at 11:47 AM, Scott, Mark <Mark.Scott@vermont.gov> wrote:

Mark

 

Greetings from Vermont!  Mark – I got the letter but your email to me was the only one I
received.   Am I on the e-mail distribution list, along with our furbearer biologist Chris Bernier?  Or
do I need to contact Jim too?

 

Mark

 

Mark E. Scott, Certified Wildlife Biologist

Director of Wildlife

Vermont Fish and Wildlife Department

1 National Life Drive, Davis 2

Montpelier, VT  05620-3905

 

802-828-1478 - work

802-777-4217 - cell

802-828-1250 – fax

 

*My email address will change on August 1, 2015 to mark.scott@vermont.gov

 

 

From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: Monday, August 03, 2015 11:35 AM
To: Staats, William
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Cc: John Kanter; Bernier, Chris; Kilborn, Jillian; Anthony Tur; Tom Chapman; Laury Zicari; Scott, Mark;
Jim Zelenak
Subject: Re: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery Planning

 

Will and others - 

 

The calls to update states on the status of the lynx status assessment and recovery planning
are the 4th Wednesday of every month at 3:00 PM.  Information about the process and calls
was sent to the Director of your state wildlife agency several weeks ago.  We tried to reach
out to others who we knew would be interested.  Some were able to participate with short
notice, others not.

 

I have copied Jim Zelenak, our national lynx coordinator, who will add you to the list for
email notification of upcoming calls.

 

In the meantime, if you or others have any questions, I would be glad to try and answer
them.

 

Thanks,  Mark

 

On Thu, Jul 30, 2015 at 7:47 AM, Staats, William <William.Staats@wildlife.nh.gov> wrote:

Far too short a notice for us here, first I heard of this when I came in from the woods yesterday-
never saw the letter-who was it sent to?  John Kantor:? Must have got short circuited in Concord.
Thank you for trying to include us.  Hopefully next time-don’t be afraid to email me a copy here
directly. Thanks. Will

 

From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: Wednesday, July 29, 2015 11:35 AM
To: Staats, William; John Kanter; Bernier, Chris; Kilborn, Jillian
Cc: Anthony Tur; Tom Chapman; Laury Zicari; mark.scott@state.vt.us
Subject: Fwd: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery Planning

 

 

 

mailto:William.Staats@wildlife.nh.gov
mailto:mark_mccollough@fws.gov
mailto:mark.scott@state.vt.us


Dear VT and NH bioloigsts:  

 

As indicated in the letter that your wildlife agency recently received from the Service, we
will be having our first conference call today to update state partners on the Lynx Status
Assessment and recovery planning process.

 

The call-in details are below with a power point presentation that will be part of the
presentation.

 

The call is at 3:00 PM eastern time today.  We hope you can join us.

 

Mark McCollough

 

 

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Tue, Jul 28, 2015 at 4:19 PM
Subject: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery
Planning
To: "Hagener, Jeff" <jhagener@mt.gov>, Scott Talbott <scott.talbott@wyo.gov>,
bob.broscheid@state.co.us, virgil.moore@idfg.idaho.gov, dustin.miller@osc.idaho.gov,
Chandler.woodcock@maine.gov, moritzw@michigan.gov, Ed.Boggess@state.mn.us,
glenn.normandeau@wildlife.nh.gov, "Lexi J., Sandoval"
<alexandra.sandoval@state.nm.us>, patricia.riexinger@dec.ny.gov,
curt.melcher@state.or.us, GregSheehan@utah.gov, louis.porter@state.vt.us,
director@dfw.wa.gov, cathy.stepp@wisconsin.gov, Jonathan Mawdsley
<jmawdsley@fishwildlife.org>, Nick.Wiley@myfwc.com
Cc: "McDonald, Ken" <kmcdonald@mt.gov>, bobinman@mt.gov, Bob Lanka
<bob.lanka@wyo.gov>, Jeff Lewis <lewisjcl@dfw.wa.gov>, Jim Zelenak
<jim_zelenak@fws.gov>, Gary Frazer <gary_frazer@fws.gov>

Tomorrow (July 29, 2015), the Service will be hosting a conference call to update
our state partners on where we are at in the Lynx Status Review and Recovery
Planning process.  

 

You should have received notification of this call in a letter received from the
Service within the last several weeks.
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We were also intending to have a webinar but are unable to achieve that lofty goal
due to computer issues.  Instead we are providing an attached powerpoint in pdf
that we will walk through over the phone.  

 

During the call, we expect to provide updates on SSA progress and to seek input at
appropriate times during the process regarding the biological status of, and
potential threats to, lynx populations within the DPS.

 

We will proceed with these calls on the last weds of every month at 1pm MTN. 
Please retain the following call information for your ongoing use.  

 

Call in information is 866.822.7385, passcode: 5396168.      Thank you.  JB

 

 

<PLEASE FORWARD AND SHARE WITH APPROPRIATE STAFF>

Jodi L. Bush

Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

 

--

Mark McCollough, Ph.D.



Endangered Species Specialist

Maine Field Office

U. S. Fish and Wildlife Service

17 Godfrey Drive, Suite 2

Orono, ME 04473

Phone 207 866-3344 x115

Cell Phone: 207 944-5709

mark_mccollough@fws.gov

 

--

Mark McCollough, Ph.D.

Endangered Species Specialist

Maine Field Office

U. S. Fish and Wildlife Service

17 Godfrey Drive, Suite 2

Orono, ME 04473

Phone 207 866-3344 x115

Cell Phone: 207 944-5709

mark_mccollough@fws.gov

 

--

Mark McCollough, Ph.D.

Endangered Species Specialist

Maine Field Office

mailto:mark_mccollough@fws.gov
mailto:mark_mccollough@fws.gov


U. S. Fish and Wildlife Service

17 Godfrey Drive, Suite 2

Orono, ME 04473

Phone 207 866-3344 x115

Cell Phone: 207 944-5709

mark_mccollough@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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DRAFT 7/27/2015 – Potential Lynx SSA Experts and Presenters 

Expert Candidate Geographic Area Affiliation Contacted by (date) 

Interested/ 
Potentially 

Available Oct-
Nov? 

Extend 
Official 

Invitation? 
Kevin McKelvey DPS-wide (distribution) Federal (USFS-RMRS) Zelenak (7/15/15) Yes/Yes  

Michael Schwartz DPS-wide (genetics) Federal (USFS-RMRS) Zelenak (7/15/15) Yes/Yes  
Dan Harrison Maine/Northeast University (U Maine) McCollough (7/20/15) Yes/Yes  

Erin Simons-Legaard Maine/Northeast University (U Maine) McCollough (7/20/15) Yes/Yes  
Jennifer Vashon Maine/Northeast State (MDIFW) McCollough (7/20/15) Yes/Yes  

Ron Moen Minnesota/Great Lakes University (U Minn.-NRRI) Smith (7/21/15) Yes/Yes  
Susan (or Tim) Catton Minnesota Federal (USFS-SNF) Smith (7/21/15) Yes/Yes  

John Squires Montana, Wyoming, Colorado Federal (USFS-RMRS) Zelenak (7/15/15) Yes/Yes  
Jay Kolbe Montana State (MFWP) Zelenak (7/21/15) Yes/Yes  

Gary Koehler Washington/Northwest State (WDFW - retired) Holt (7/14/2015) Yes/Yes  
Keith Aubry Washington/Northwest Federal (USFS - retired) Holt (7/14/2015) No NA 

Kerry Murphy GYA/Wyoming Federal (USFS) Zelenak (7/23/15) Yes/No NA 
Jake Ivan Colorado/S. Rockies State (CPW) Zelenak (7/23/15) Yes/Yes  

Clayton Apps1 Southern B.C. & Alberta Independent Researcher Holt (7/14/2015) Yes/Yes  
Karen Hodges1 S. Canada/DPS-wide (hares) University (U BC–Okanagan) Zelenak (7/17/15) Yes/Yes  
Jeff Bowman1 S. Canada/Ontario University (U Trent ON) Zelenak (7/17/15) Yes/Yes  

Dennis Murray1 S. Canada/Ontario University (U Trent ON) Zelenak (7/23/15) Yes/Yes  
Garth Mowat Southern B.C. & Alberta BC Ministry of F, L, R O Zelenak (7/20/15) No NA 

1 Potential presenters only (i.e., not participants in elicitation process). 

Presenter Candidate Geographic Area Affiliation Contacted by (date) 

Interested/ 
Potentially 

Available Oct-
Nov? 

Extend 
Official 

Invitation? 

Scott Jackson 
USFS Lands – Lynx Conservation 

Measures 
Federal (USFS-R1/National 

Carnivore Coordinator) Zelenak (7/14/15) Yes  
Climate Modeler – Boreal 

Forests and snow2 DPS-wide?     
Forest Ecologist – Boreal 

Forest, Fire, Insect 
Outbreaks  DPS-wide?     

      
      

2 Kurt Johnson, Science Applications, is reviewing climate literature and will recommended expert(s)/presenter(s). 



From: Zelenak, Jim
To: Tamara Smith; Ann Belleman
Subject: Fwd: State Coordination Call on Lynx Recovery Planning
Date: Friday, August 07, 2015 10:31:35 AM

fyi

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Jul 29, 2015 at 2:59 PM
Subject: Re: State Coordination Call on Lynx Recovery Planning
To: "Baker, Richard (DNR)" <richard.baker@state.mn.us>
Cc: john.erb@state.mn.us

Thanks Rich!

Glad you and John could join us on the call today.  I hope it was informative.  I still feel like I'm learning as I go -
both lynx biology and especially this SSA framework/process.

Looking forward to working with both of you, too.

Jim

 

On Wed, Jul 29, 2015 at 2:36 PM, Baker, Richard (DNR) <richard.baker@state.mn.us> wrote:

Hi Jim,

 

Thank you for hosting today’s lynx coordination call. I want to be sure that you have both my and
John Erb’s email addresses added to your contacts list for the Minnesota DNR:

 

Rich Baker, Endangered Species Coordinator (richard.baker@state.mn.us; 651/259-5073)

John Erb, Furbearer Research Biologist (john.erb@state.mn.us; 218/999-7930)

 

Thanks also for the reminder of your call for information. I received it on December 29th, and it
never got the attention it deserves. I will work with John to prepare  updated information asap.

 

I’m pleased to hear about the fall expert elicitation meeting, and will look forward to the
opportunity to submit recommendations for participants and observers.

mailto:tamara_smith@fws.gov
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Looking forward to working with you on lynx,

 

Rich

 

<><><><><><><><><><><><><><><><><><> 

Richard J. Baker

Minnesota Endangered Species Coordinator

Division of Ecological and Water Resources

Minnesota Department of Natural Resources

500 Lafayette Rd., Box 25

St. Paul, MN  55155

Phone: 651/259-5073

Fax: 651/296-1811

E-mail: richard.baker@state.mn.us

http://www.dnr.state.mn.us/eco/nhnrp

<><><><><><><><><><><><><><><><><><>

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Tuesday, July 28, 2015 5:19 PM
To: Hagener, Jeff; Scott Talbott; bob.broscheid@state.co.us; virgil.moore@idfg.idaho.gov;
dustin.miller@osc.idaho.gov; Chandler.woodcock@maine.gov; moritzw@michigan.gov; Boggess, Ed
(DNR); glenn.normandeau@wildlife.nh.gov; Lexi J., Sandoval; patricia.riexinger@dec.ny.gov;
curt.melcher@state.or.us; GregSheehan@utah.gov; louis.porter@state.vt.us; director@dfw.wa.gov;
cathy.stepp@wisconsin.gov; Jonathan Mawdsley; Nick.Wiley@myfwc.com
Cc: McDonald, Ken; bobinman@mt.gov; Bob Lanka; Jeff Lewis; Jim Zelenak; Gary Frazer
Subject: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery Planning

 

Tomorrow (July 29, 2015), the Service will be hosting a conference call to update
our state partners on where we are at in the Lynx Status Review and Recovery
Planning process.  
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You should have received notification of this call in a letter received from the
Service within the last several weeks.

 

We were also intending to have a webinar but are unable to achieve that lofty goal
due to computer issues.  Instead we are providing an attached powerpoint in pdf
that we will walk through over the phone.  

 

During the call, we expect to provide updates on SSA progress and to seek input at
appropriate times during the process regarding the biological status of, and
potential threats to, lynx populations within the DPS.

 

We will proceed with these calls on the last weds of every month at 1pm MTN. 
Please retain the following call information for your ongoing use.  

 

Call in information is 866.822.7385, passcode: 5396168.      Thank you.  JB

 

 

<PLEASE FORWARD AND SHARE WITH APPROPRIATE STAFF>

Jodi L. Bush

Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

-- 



Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Holt, Bryon
To: Zelenak, Jim
Subject: Re: Lynx SSA State Agency Contacts
Date: Wednesday, August 19, 2015 12:43:49 PM

Hi Jim,

I've talked to both WDFW and WA FWS - no other contacts identified for WA.

I'm still waiting to hear back from our Oregon FWS for any other contacts they might suggest
for Oregon.

For Idaho, just a comment.  Sam Eaton is an attorney for OSC.  I don't think he is a biologist. 
But, you probably already knew this.

Bryon

On Wed, Aug 19, 2015 at 7:04 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi SSA Core Team,

I've attached a table that includes all the state agency contacts I have so far for lynx SSA purposes.  Please review
and fill in any of the blank cells that you can for states in your geographic area of responsibility or have FWS
folks from other states do so if possible.

Later today I will send an email to all state contacts reminding them of next Wednesday's call and providing our
list of candidates for the expert elicitation meeting this fall for their review.

Thanks
-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Odell - DNR, Eric
To: Zelenak, Jim
Cc: Jake Ivan - DNR; Bob Broscheid - DNR; Craig McLaughlin - DNR
Subject: Re: Reminder: Lynx SSA Coordination Call
Date: Wednesday, August 19, 2015 4:04:05 PM

Thanks, Jim. Both Jake and I will be at our annual statewide meeting next week
and wont be able to be on the call. Please continue to keep us informed. 
Thanks,
Eric

On Wed, Aug 19, 2015 at 3:58 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

Just a reminder that next Wednesday, Aug. 26, from 1 - 2:30 PM Mountain Time, we will hold our 2nd monthly
coordination call with State agencies regarding the species status assessment for the Canada lynx DPS.

Call-in: 866-822-7385
Participant passcode:  5396168

If we have failed to include anyone from your agency on this distribution list, please forward this to them.

As we touched on during the July 29 call, the Service is in the process of identifying candidates to participate in
an expert elicitation workshop that will likely be held in mid-Oct., tentatively in Minneapolis, Minnesota.  Please
review the attached DRAFT (in progress) list of Canada lynx experts we've identified as candidates for
participation in the workshop.  The overarching objective of the workshop is to assess the current and likely
future status of each of the lynx populations in the DPS (contiguous U.S.).

If you believe we have overlooked any lynx experts crucial to achieving that objective, please add their names,
affiliations, and areas of expertise, and email me the revised table at your earliest convenience.  We intend to
extend formal invitation as soon as possible.

We will need to limit the number of experts to facilitate open dialog and candid discussion, and simply for
logistical reasons.  We will consider any candidates you put forth, but the Service will make the final decision on
which experts will be formally invited to participate in the workshop.

Let me know if you have questions or need more information.

Cheers!

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
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Eric Odell
Species Conservation Program Manager ~ Carnivores
Terrestrial Section

P 970.472.4340  |  F 970.472.4458  |  C 970.217.3915
317 West Prospect Road, Fort Collins, CO 80526
eric.odell@state.co.us  |  cpw.state.co.us

mailto:eric.odell@state.co.us
http://www.cpw.state.co.us/


From: Zelenak, Jim
To: bob.broscheid@state.co.us; Jake Ivan - DNR; Odell, Eric; virgil.moore@idfg.idaho.gov;

dustin.miller@osc.idaho.gov; Joshua Uriarte; Sallabanks,Rex; Sam Eaton; Chandler.woodcock@maine.gov;
Vashon, Jennifer; moritzw@michigan.gov; DNR-Wildlife@michigan.gov; commissioner.dnr@state.mn.us;
Ed.Boggess@state.mn.us; Baker, Richard (DNR); john.erb@state.mn.us; jhagener@mt.gov; JTubbs@mt.gov;
McDonald, Ken; Inman, Bob; Jay Kolbe; glenn.normandeau@wildlife.nh.gov; alexandra.sandoval@state.nm.us;
patricia.riexinger@dec.ny.gov; curt.melcher@state.or.us; GregSheehan@utah.gov; Kimberly Hersey;
louis.porter@state.vt.us; mark scott; Bernier, Chris; director@dfw.wa.gov; cpl@dnr.wa.gov; Lewis, Jeffrey C
(DFW); cathy.stepp@wisconsin.gov; kurt.thiede@wisconsin.gov; scott.talbot@wyo.gov; Bob Lanka; Zack Walker;
Nichole Cudworth

Cc: Jodi Bush; Seth Willey; Heather Bell; Mary Parkin; Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp;
David Smith; Jonathan Cummings; jmawdsley@fishwildlife.org; Nick.Wiley@myfwc.com

Subject: Reminder: Lynx SSA Coordination Call
Date: Wednesday, August 19, 2015 5:58:36 PM
Attachments: 2015 08 19 Lynx SSA Expert Workshop Candidates to States.docx

Hi All:

Just a reminder that next Wednesday, Aug. 26, from 1 - 2:30 PM Mountain Time, we will hold our 2nd monthly
coordination call with State agencies regarding the species status assessment for the Canada lynx DPS.

Call-in: 866-822-7385
Participant passcode:  5396168

If we have failed to include anyone from your agency on this distribution list, please forward this to them.

As we touched on during the July 29 call, the Service is in the process of identifying candidates to participate in an
expert elicitation workshop that will likely be held in mid-Oct., tentatively in Minneapolis, Minnesota.  Please
review the attached DRAFT (in progress) list of Canada lynx experts we've identified as candidates for participation
in the workshop.  The overarching objective of the workshop is to assess the current and likely future status of each
of the lynx populations in the DPS (contiguous U.S.).

If you believe we have overlooked any lynx experts crucial to achieving that objective, please add their names,
affiliations, and areas of expertise, and email me the revised table at your earliest convenience.  We intend to extend
formal invitation as soon as possible.

We will need to limit the number of experts to facilitate open dialog and candid discussion, and simply for logistical
reasons.  We will consider any candidates you put forth, but the Service will make the final decision on which
experts will be formally invited to participate in the workshop.

Let me know if you have questions or need more information.

Cheers!

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Smith, Tamara
To: sanjay.olson@wisconsin.gov; tom.hauge@wisconsin.gov; Crain, Erin E - DNR; Owen Boyle;

johnf.olson@wisconsin.gov; david.macfarland@wisconsin.gov; john.white@wisconsin.gov;
paul.telander@state.mn.us

Subject: Fwd: Reminder: Lynx SSA Coordination Call
Date: Thursday, August 20, 2015 8:31:48 AM
Attachments: 2015 08 19 Lynx SSA Expert Workshop Candidates to States.docx

See below - my apologies if you have received this twice. 

-Tam
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Aug 19, 2015 at 4:58 PM
Subject: Reminder: Lynx SSA Coordination Call
To: bob.broscheid@state.co.us, Jake Ivan - DNR <jake.ivan@state.co.us>, "Odell, Eric"
<eric.odell@state.co.us>, virgil.moore@idfg.idaho.gov, dustin.miller@osc.idaho.gov, Joshua
Uriarte <Joshua.Uriarte@osc.idaho.gov>, "Sallabanks,Rex"
<rex.sallabanks@idfg.idaho.gov>, Sam Eaton <Sam.Eaton@osc.idaho.gov>,
Chandler.woodcock@maine.gov, "Vashon, Jennifer" <jennifer.vashon@maine.gov>,
moritzw@michigan.gov, DNR-Wildlife@michigan.gov, commissioner.dnr@state.mn.us,
Ed.Boggess@state.mn.us, "Baker, Richard (DNR)" <richard.baker@state.mn.us>,
john.erb@state.mn.us, jhagener@mt.gov, JTubbs@mt.gov, "McDonald, Ken"
<kmcdonald@mt.gov>, "Inman, Bob" <bobinman@mt.gov>, Jay Kolbe
<jkolbe.fwp@gmail.com>, glenn.normandeau@wildlife.nh.gov,
alexandra.sandoval@state.nm.us, patricia.riexinger@dec.ny.gov, curt.melcher@state.or.us,
GregSheehan@utah.gov, Kimberly Hersey <kimberlyasmus@utah.gov>,
louis.porter@state.vt.us, mark scott <mark.scott@state.vt.us>, "Bernier, Chris"
<chris.bernier@state.vt.us>, director@dfw.wa.gov, cpl@dnr.wa.gov, "Lewis, Jeffrey C
(DFW)" <Jeffrey.Lewis@dfw.wa.gov>, cathy.stepp@wisconsin.gov,
kurt.thiede@wisconsin.gov, scott.talbot@wyo.gov, Bob Lanka <bob.lanka@wyo.gov>, Zack
Walker <zack.walker@wyo.gov>, Nichole Cudworth <nichole.cudworth@wyo.gov>
Cc: Jodi Bush <jodi_bush@fws.gov>, Seth Willey <seth_willey@fws.gov>, Heather Bell
<heather_bell@fws.gov>, Mary Parkin <mary_parkin@fws.gov>, Mark McCollough
<mark_mccollough@fws.gov>, Tamara Smith <tamara_smith@fws.gov>, Bryon Holt
<bryon_holt@fws.gov>, Kurt Broderdorp <kurt_broderdorp@fws.gov>, David Smith
<drsmith@usgs.gov>, Jonathan Cummings <jwcummings@usgs.gov>,
jmawdsley@fishwildlife.org, Nick.Wiley@myfwc.com

Hi All:

Just a reminder that next Wednesday, Aug. 26, from 1 - 2:30 PM Mountain Time, we will hold our 2nd monthly
coordination call with State agencies regarding the species status assessment for the Canada lynx DPS.

Call-in: 866-822-7385
Participant passcode:  5396168

If we have failed to include anyone from your agency on this distribution list, please forward this to them.

As we touched on during the July 29 call, the Service is in the process of identifying candidates to participate in an
expert elicitation workshop that will likely be held in mid-Oct., tentatively in Minneapolis, Minnesota.  Please
review the attached DRAFT (in progress) list of Canada lynx experts we've identified as candidates for participation
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in the workshop.  The overarching objective of the workshop is to assess the current and likely future status of each
of the lynx populations in the DPS (contiguous U.S.).

If you believe we have overlooked any lynx experts crucial to achieving that objective, please add their names,
affiliations, and areas of expertise, and email me the revised table at your earliest convenience.  We intend to extend
formal invitation as soon as possible.

We will need to limit the number of experts to facilitate open dialog and candid discussion, and simply for logistical
reasons.  We will consider any candidates you put forth, but the Service will make the final decision on which
experts will be formally invited to participate in the workshop.

Let me know if you have questions or need more information.

Cheers!

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

mailto:jim_zelenak@fws.gov


From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Reminder: Lynx SSA Coordination Call
Date: Thursday, August 20, 2015 8:56:11 AM

Jim:  I think this would be an excellent panel, and I cannot think of others that I would add
(except from a climate change perspective).  I closely read the descriptions of the Maine
experts and believe those to accurately reflect their background and expertise.  I quickly read
the others.

Mark

On Wed, Aug 19, 2015 at 5:58 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

Just a reminder that next Wednesday, Aug. 26, from 1 - 2:30 PM Mountain Time, we will hold our 2nd monthly
coordination call with State agencies regarding the species status assessment for the Canada lynx DPS.

Call-in: 866-822-7385
Participant passcode:  5396168

If we have failed to include anyone from your agency on this distribution list, please forward this to them.

As we touched on during the July 29 call, the Service is in the process of identifying candidates to participate in
an expert elicitation workshop that will likely be held in mid-Oct., tentatively in Minneapolis, Minnesota.  Please
review the attached DRAFT (in progress) list of Canada lynx experts we've identified as candidates for
participation in the workshop.  The overarching objective of the workshop is to assess the current and likely
future status of each of the lynx populations in the DPS (contiguous U.S.).

If you believe we have overlooked any lynx experts crucial to achieving that objective, please add their names,
affiliations, and areas of expertise, and email me the revised table at your earliest convenience.  We intend to
extend formal invitation as soon as possible.

We will need to limit the number of experts to facilitate open dialog and candid discussion, and simply for
logistical reasons.  We will consider any candidates you put forth, but the Service will make the final decision on
which experts will be formally invited to participate in the workshop.

Let me know if you have questions or need more information.

Cheers!

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: Holt, Bryon
To: Jeffrey Chan
Cc: Jeff Krupka; Karl Halupka
Subject: Fwd: SIGNATURE NEEDED: Final Lynx Project Plan
Date: Thursday, August 20, 2015 12:53:29 PM
Attachments: 2015 06 25 Proj Plan Canada Lynx SSA FINAL.pdf

Signature Page Only_2015 06 25 Proj Plan Canada Lynx SSA FINAL.docx
2015 06 25 Proj Plan Canada Lynx SSA FINAL.docx

Hi Jeff,

Sorry to keep pressing you on this, but do you know if Eric has signed these docs?  If they
have been signed, could I receive signed copy?

Thanks,

Bryon

---------- Forwarded message ----------
From: Krupka, Jeff <jeff_krupka@fws.gov>
Date: Tue, Jul 28, 2015 at 10:18 AM
Subject: Fwd: SIGNATURE NEEDED: Final Lynx Project Plan
To: Jeffrey Chan <jeffrey_chan@fws.gov>
Cc: Bryon Holt <bryon_holt@fws.gov>, Karl Halupka <karl_halupka@fws.gov>

Jeff:  do you know if Eric signed these?  Thanks,  jk

Jeff Krupka, Supervisory Fish and Wildlife Biologist
USFWS - Central Washington Field Office
215 Melody Lane, Suite 103
Wenatchee, WA  98801-8122
509.665.3508 x2008 (tel)
509.665.3509 (fax)
www.fws.gov/wafwo/

---------- Forwarded message ----------
From: Holt, Bryon <bryon_holt@fws.gov>
Date: Tue, Jul 28, 2015 at 10:13 AM
Subject: Fwd: SIGNATURE NEEDED: Final Lynx Project Plan
To: Jeff Krupka <Jeff_Krupka@fws.gov>, Karl Halupka <karl_halupka@fws.gov>

Hi Gentlemen,

I was advised by R-6 this morning that they have not received Eric's signature on this
document.  Do you know if Eric has signed it?  If he has or when he does could you also make
sure I receive a copy as well.  Please let me know if you or Eric or other management in WA
would like to discuss the nature of WA's involvement in this effort before Eric signs it (if he
has not already signed it).

Bryon
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---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Fri, Jun 26, 2015 at 7:59 AM
Subject: SIGNATURE NEEDED: Final Lynx Project Plan
To: Eric Rickerson <eric_rickerson@fws.gov>, Michael Carrier <michael_carrier@fws.gov>,
Mark Sattelberg <mark_sattelberg@fws.gov>, Ann Timberman <ann_timberman@fws.gov>,
Drue DeBerry <drue_deberry@fws.gov>, Laury Zicari <laury_zicari@fws.gov>, Tom
Chapman <Tom_Chapman@fws.gov>, Michael Thabault <michael_thabault@fws.gov>,
Theresa Rabot <theresa_rabot@fws.gov>, Paul Phifer <paul_phifer@fws.gov>, Lisa Mandell
<lisa_mandell@fws.gov>, Michelle Shaughnessy <michelle_shaughnessy@fws.gov>, Lynn
Lewis <lynn_lewis@fws.gov>, Wally Murphy <wally_murphy@fws.gov>
Cc: Jeff Krupka <Jeff_Krupka@fws.gov>, Bryon Holt <Bryon_Holt@fws.gov>, Kurt
Broderdorp <Kurt_Broderdorp@fws.gov>, Tamara Smith <Tamara_Smith@fws.gov>, Ann
Belleman <ann_belleman@fws.gov>, Mark McCollough <Mark_McCollough@fws.gov>,
Jim Zelenak <jim_zelenak@fws.gov>, Anthony Tur <Anthony_Tur@fws.gov>, Seth Willey
<seth_willey@fws.gov>, Kit Hershey <Kit_Hershey@fws.gov>, Sarah Quamme
<Sarah_Quamme@fws.gov>, Laura Ragan <Laura_Ragan@fws.gov>, Krishna Gifford
<krishna_gifford@fws.gov>, Eric Hein <Eric_Hein@fws.gov>

Attached is the final Lynx Project Plan for the SSA, Recovery Planning and Five-year Review
in both word and pdf format.  I am requesting via this email your signature on page 10 of that
document. Comments on the draft project plan were received in late April and early May and
we have incorporated those changes into the attached document.

For ease of collating signatures please use any of the following methods to add your signature
to the document.    

1. Open the attached pdf document in Adobe Reader.  Click on the fill and sign tab and make a
selection for your signature of the document.  Save and send back to Jim Zelenak.  

2.  Sign a hardopy of the signature page (10), scan and send back to Jim Zelenak.

3.  Add your signature in the word document by adding   /s/ Your Name. Save and send back
to Jim Zelenak. 

You should have also received notice of what will be our monthly internal FWS coordination
calls on the process from Jim Zelanak.  
We will be conducting these calls the first tuesday of every month at 10am Mtn time.  
Call in information is as follows: 866-857-8504, passcode: 7620543.

Shortly I will also be sending out another letter for our state partners.  As we know, the States
are particularly interested in being engaged in our Lynx recovery planning process.  To that
end, the letter updates where we are now and identifies a monthly coordination call with our
state partners to keep them appraised of our progress.  It would be helpful if versions of this
state letter were sent out from your offices.  Please use the version I provide to you as a
template.  
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Thank you for your help and as always feel free to give me a call if you have questions or
concerns.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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CANADA LYNX PROJECT PLAN TO COMPLETE 
A SPECIES STATUS ASSESSMENT, RECOVERY PLAN, AND FIVE-YEAR REVIEW 

 
June 25, 2015 

 
Action:  The U.S. Fish and Wildlife Service (Service) will conduct a species status assessment 
(SSA) as a first step to understand the current status of the contiguous United States distinct 
population segment (DPS) of the Canada lynx (Lynx canadensis), currently listed as threatened 
under the Endangered Species Act (Act).  This SSA is intended to inform and streamline the 
court-ordered recovery plan (due January15, 2018), assuming such a plan is deemed necessary1. 
The SSA report will also serve as the basis for the five-year status review (initiated in 2007; 72 
FR 19549) required under the Act and would also provide the scientific foundation to support 
future rulemaking in accordance with the Act should the five-year review indicate that a change 
in the DPS’s listing status is warranted. 
 
Goals of the Project Plan: (1) To facilitate application of the SSA framework to produce a 
scientifically defensible assessment of the status of the lynx DPS, a subsequent recovery plan, if 
needed, and future five-year review and listing rules as necessary; and (2) to ensure that 
expectations for these processes, including approach, roles and responsibilities, and schedule, are 
clear and that managers are aware of and have agreed to these expectations. 
  
Project Approach:  We intend to apply the SSA framework to the lynx DPS and use the SSA 
results to inform the recovery planning process, the five-year review, and future listing 
rules.  The lead field office (FO) will work with other Service Regions and FOs in the DPS range 
to gather and evaluate all relevant information that has become available since our March 2000 
listing rule (65 FR 16053) and our July 2003 Remanded Determination of Status (68 FR 40076) 
for the lynx DPS.  We will avail ourselves of recent efforts to summarize the available scientific 
literature for lynx, including the September 2014 final revised critical habitat designation for the 
DPS (79 FR 54781) and the 2013 revised interagency Lynx Conservation Assessment and 
Strategy (LCAS; 
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf).  The FOs 
will keep partner agencies informed about progress and request their participation and reviews as 
appropriate.  
 

Species Status Assessment:  The SSA framework is a new, standardized  Service 
methodology for assessing the status of species, which can help inform species listing, status, 
and recovery determinations that the Service is required to make in accordance with section 
4(c)(2) of the Act (https://sites.google.com/a/fws.gov/ssa/about-SSA).  Using the SSA 
framework, we will evaluate the viability of the lynx DPS and potential threats to its viability 
using the principles of representation, resilience, and redundancy.  The SSA also will provide 
                                                           
1 The Act requires recovery plans for listed species unless a determination is made that such plan will not promote 
the conservation of the species.  If the five-year status review concludes that the DPS warrants delisting, we would 
likely pursue a formal determination that the species is exempt from recovery planning as such a plan would be 
unnecessary (if the species is already recovered, a plan is not needed to move the species to the point of recovery 
and would therefore not promote the conservation of the species).  Although the five-year review is not a final 
agency action, the memorandum exempting the species from recovery planning (should we reach that conclusion) 
would be. 



critical information needed to guide the recovery planning process, including identification of the 
primary threats to the lynx DPS that remain to be resolved, if any.  Completion of the SSA is the 
first step in the process of determining the current status of the lynx DPS.  We anticipate that the 
SSA will be completed by December 2015.   
 

Recovery Plan:  If a recovery plan is necessary, it will be informed by the SSA.  The 
recovery plan would include an introduction summarizing the recovery vision (what a recovered 
DPS would “look” like) and recovery strategy (the route selected to get the species to recovery).  
It also would include: (1) objective and measurable criteria that when met would allow delisting 
(including, as practicable, demographic and threats-based recovery criteria); (2) broad 
management actions needed to achieve the recovery vision; and (3) time and cost estimates to 
achieve delisting.  Pursuant to the Service’s new recovery planning paradigm – the Recovery 
Enhancement Vision (REV; USFWS 2014, https://sites.google.com/a/fws.gov/rev/) – the SSA 
will facilitate development of a streamlined recovery plan that focuses on these three statutory 
requirements.  A supplemental document, the Recovery Implementation Strategy (RIS), details 
short-term but detailed (site-specific) step down activities needed to achieve the recovery vision.  
If planning is needed, we intend to complete the draft recovery plan by January 2017.  The 
recovery planning process will include peer review and opportunities for public review and 
comment on the draft recovery plan prior to completion of a final recovery plan.  If undertaken, 
the recovery plan will be finalized prior to the January 15, 2018, court deadline. 

 
Five-year Review:  We anticipate that the five-year review will be a streamlined 

document relying heavily on and referring to the SSA.  The five-year review will consider the 
SSA’s scientific determinations and make recommendations regarding the status of the DPS in 
accordance with the Act.  The three possible recommendations of the five-year review are that 
the lynx DPS should: (1) remain listed as threatened; (2) be uplisted to endangered; or (3) be 
delisted.  Recommendation (1) would indicate the need to next complete a recovery plan by the 
court-ordered deadline; recommendation (2) would indicate that both a recovery plan and a 
future listing rule are needed; and recommendation (3) would require both a formal 
determination via memorandum that the DPS is exempt from recovery planning and a future 
listing rule.   
 

Project Lead:  This project will be led by the Montana Ecological Services Field Office 
(MTFO).  Within this office, Jim Zelenak is the species lead and will serve as the project and 
team lead.  This role includes cross-regional intra-Service organizing, coordinating with outside 
partners and experts as appropriate, and developing a project schedule and ensuring adherence to 
associated deadlines.  It also includes primary authorship of the SSA report, recovery plan, five-
year review, and, if necessary, future listing rules.  
 

Project Team:  The Mountain-Prairie Region (6) is the lead Service Region for lynx.  
However, within the DPS range, lynx subpopulations currently occur in parts of 9 states (CO, ID, 
ME, MN, MT, NH, VT, WA, and WY).  Lynx associated with these subpopulations or other 
lynx populations in southern Canada also may occur (usually rarely, intermittently, and 
temporarily) in other states (MI, ND, NE, NM, NY, OR, SD, UT, and WI), and dispersing lynx 
also have occurred very rarely in CT, IA, IL, IN, MA, PA, and NV.  Because the DPS spans 
parts of four other Service Regions (1, 2, 3, and 5), it is especially important that field biologists 



most familiar with the status of each of the lynx subpopulations within the DPS assist with (1) 
collection and interpretation of information relating to the status of and potential threats to those 
subpopulations; (2) contacting and arranging participation by lynx experts most familiar with the 
status, ecology, population dynamics, and habitat needs of those subpopulations; (3) coordinating 
with our local state, federal and tribal stakeholders, and (4) writing, editing, and reviewing 
relevant parts of the SSA report, recovery plan, and five-year review, as needed.   

 
• Identified biologists from the Maine, Twin Cities, Northern Idaho, and Western 

Colorado FOs will participate consistently on the Project Team and contribute 
meaningfully to the development, review, and completion of the SSA report, recovery 
plan, and five-year review.   

 
• Further, biologists from the New England, New York, Michigan, Wisconsin, Idaho, 

Eastern Idaho, Washington, Oregon, Utah, Wyoming, and New Mexico FOs will 
participate as needed in the development, review and completion of these documents.   

 
• SSA practitioners from the Service and USGS will provide guidance on implementing the 

SSA framework, conceptual modeling, and expert elicitation, and Service ECOS staff 
will provide GIS support including spatial analysis and mapmaking. 
 
Management Team:  In addition to field biologists and SSA and GIS support: 
 

• Field Supervisors from the Maine, Twin Cities, Northern Idaho, Washington, Wyoming, 
Colorado, and Western Colorado FOs will assist with coordination with State and Tribal 
and other federal stakeholders, participate in document review, and obtain Regional 
Office (RO) concurrence with status determinations and final decisions/documents.   
 

• RO representation from affected Service Regions is essential to this process, as is 
headquarters (HQ) participation and guidance.   
 

• Regional ESA Branch Chiefs and/or Regional Recovery Coordinators from Regions 1, 2, 
3, and 5, and HQ Listing and/or Recovery staff will participate in document review and 
concurrence processes.   
 

• Legal staff will engage or be consulted at various points throughout this process. 
 

Focus on Science First – We intend to conduct a thorough scientific review of the lynx 
DPS and to work with our partners to make sure we have and use the best available information 
to develop the SSA report and to guide subsequent recovery planning, five-year review, and/or 
rulemaking.  During the SSA, we will conduct a structured threats assessment using outlines, 
webinars, expert elicitation, and other intermediate products, and we will brief the Management 
Team as necessary throughout the process.  During the recovery planning process, we will also 
bring together experts from the lynx research and management arenas. 
 



SSA, Recovery Planning, and Five-year Review Collaborative Process:  We have broken 
the SSA, recovery planning, and five-year review /listing processes down into the following five 
phases: 

 
• Phase 1 – Information Collection.  The lynx’s current distribution in the contiguous U.S. 

and some aspects of its habitat requirements are fairly well-understood; however, we will 
seek to better understand and analyze its historic and current distributions, subpopulation 
sizes and status, and the degree to which DPS subpopulations rely on immigration from 
populations in Canada.  Additionally, to the extent possible, we will focus on the 
numbers and productivity of lynx in each of the DPS subpopulations, how these vary 
over time, the causes of the variation, and the quality and conservation status of lynx and 
hare habitats within the DPS range.  In addition to the information upon which the 2000 
Final Rule listing the DPS as threatened was based, we will collect and evaluate all 
relevant information that has become available since then.  We expect available 
information to be primarily in the form of published, peer-reviewed literature and 
academic dissertations and theses obtainable through academic search engines.  We will 
also gather government reports (e.g., the recently-revised LCAS and survey and 
monitoring reports from federal, State and Tribal partners) and review legal and policy 
considerations. 
 

• Phase 2 – Assessment of the DPS’s Current and Future Conservation Status and Relevant 
Threats, and Completion of the SSA Report.  With the information gathered in Phase 1, 
we will identify and evaluate historical, current, and future threats to lynx and their 
magnitude and relative impact on the viability of the subpopulations that constitute the 
DPS.  As part of the SSA process, we will conduct a structured threats assessment, using 
outlines, webinars and other intermediate products, and we will brief the Project and 
Management teams at appropriate junctions.  We will produce a draft report outlining 
SSA methods and results; the draft SSA report will undergo peer review.  We will revise 
the draft report as needed based on peer review and review/edits/comments provided by 
the Management Team and appropriate partners.  We expect Project Team members to 
participate actively in the collection and interpretation of information specific to DPS 
subpopulations and potential threats to them in their geographic areas and to coordinate 
locally with state and federal agencies, Tribes, conservation organizations, the media and 
the public.  We expect Management Team members from each region to review, edit, and 
approve materials provided by their Project Team members in a timely manner. 
 

• Phase 3 – Decision Making.  In coordination with the Project Team, the MTFO will 
make a preliminary recommendation about the DPS’s legal status (threatened, 
endangered, or recovered), brief R6 leadership, and then provide the recommendation for 
review, comment, and concurrence by the rest of the Management Team.  A final 
decision on the status of the DPS will be made by R6 Regional Director. 

 
• Phase 4 – Unless the SSA report strongly suggests that the DPS no longer needs the 

protection of the Act, the Service will initiate the recovery planning process so that we 
can meet the court’s deadline for finalizing a recovery plan. 
 



• Phase 5 – Drafting and Disseminating the Five-year Review.  Based on the SSA report 
and the R6RD decision on the DPS’s status, the Project Lead will draft the five-year 
review with input from and review by the Project and Management teams, and 
concurrence from cooperating Regions.  We will work with R6 EA staff, who will work 
with their counterparts in the other Regions, to draft a news release announcing results 
and availability of the five-year review and supporting SSA report.  We will post both 
documents at the ECOS Species Profile web page 
(http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073). 

    
• Phase 6 – Next Steps.  As mentioned above, there are three possible recommendations of 

the five-year review, each with different listing and recovery requirements and time lines. 
 

o Recommendation 1:  The lynx DPS continues to warrant listing as threatened 
under the Act (i.e., the threat for which the DPS was listed has not been 
adequately addressed and/or a new threat[s] has been identified such that the DPS 
remains likely to become endangered within the foreseeable future throughout all 
or a significant portion of its range).  In this case, a recovery plan would be 
necessary, so we would convene a Recovery Team and implement the REV 
process to develop draft and final recovery plans consistent with the court-ordered 
time line for completing the final plan by January 2018.  We expect that a 
streamlined recovery plan would be completed that relies heavily on and 
references the SSA report and the five-year review; 

 
o Recommendation 2:  The DPS warrants uplisting to endangered status (i.e., the 

threat for which the DPS was listed remains unresolved or has increased and/or a 
new threat[s] has been identified such that the DPS is now determined to be in 
danger of extinction throughout all or a significant portion of its range).  In this 
case, both a recovery plan and a future listing rule would be necessary.  As above, 
we would develop draft and final recovery plans that would rely heavily on and 
reference the SSA report and the five-year review, and complete the final 
recovery plan by the court-ordered deadline.  Work on the uplisting rule would 
commence after the final recovery plan, though a date has not been specified; 

 
o Recommendation 3:  The DPS is deemed recovered and warrants delisting (i.e., 

the threat for which the DPS was listed is found to have been adequately 
addressed and no new threat[s] has been identified that is expected to endanger 
the DPS throughout all or a significant portion of its range now or in the 
reasonably foreseeable future).  In this case, we would recommend a formal 
determination that the species is exempt from recovery planning and we would 
draft a memorandum to that effect.  This outcome would also indicate the need for 
a future delisting rule, with work on the delisting rule commencing after the 
memorandum has been finalized and submitted to the court, though a date for the 
rule has not been specified. 

 
Document Review, Concurrence, Surnaming, and Federal Register Publication.  Jim 

Zelenak is the lead author for these actions.  All members of the Project Team are expected to 

http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073


provide appropriate scientific review of draft documents.  Management Team members are 
expected to review final documents and provide Regional concurrence with them as needed.  
Seth Willey is expected to provide appropriate policy review for the drafts.  Dana Jacobsen will 
provide an assessment of legal risk.  Mike Thabault will provide an abbreviated review for “big 
picture” issues.  For Federal Register documents, we anticipate surnaming by R6RD, RSOL, and 
HQ prior to publication.   
 

Outreach.  We will work with R6 EA staff and their counterparts in the other Service 
Regions to develop communications plans for the SSA, five-year review, and/or recovery plan as 
needed.  We will communicate to all affected stakeholders and the public about the action we are 
taking and what it means for them, as laid out in the communications plan. 
 
Roles and Responsibilities:  Staff from FOs, ROs, and HQ offices are expected to work together 
collaboratively to collect information, conduct analyses, and assist in developing products 
necessary to complete the actions identified in this project plan.  Management of the process and 
completion of these actions, though led by the MTFO, will be the shared responsibility of the 
ROs and FOs within the DPS range.  Further, individuals responsible for these products will 
communicate and share work products as needed to facilitate an efficient process.  However, all 
team members will keep their supervisors apprised of progress and any issues that arise.  If 
necessary to resolve significant issues of disagreement, we will follow the elevation process 
outlined in the August 13, 2009 “Section 4 Process Memo” (available on the R6 Listing 
Sharepoint site) until an updated process is developed.  Other specific roles and responsibilities 
are described above in “Project Lead,” “Project Team,” “Management Team,” and “SSA, five-
year Review, and Recovery Planning Collaborative Process.”   
 
Schedule:  The Service announced initiation of the lynx DPS five-year review in April 2007 (72 
FR 19549) but was unable to complete a review then because of court deadlines requiring that 
we revise the 2006 (and, subsequently, the 2009) critical habitat designation.  The initial notice 
requested information by June 18, 2007, but it was not a formal comment period and noted that 
we accept new information about all listed species at any time.  At that time, we received 
comments or information from seven respondents; two State agencies and five environmental/ 
conservation Non-governmental organizations (NGOs).  The status review portion of the current 
project was re-initiated in October 2014, when a biologist was assigned by the MTFO to begin 
gathering information to evaluate threats to the lynx DPS and update its status accordingly.  In 
December 2014, the MTFO drafted a “Dear Interested Party” letter announcing the renewed five-
year review effort, which was sent to federal, State, and Tribal partners in Montana, as well as to 
other Service Regions and FOs within the DPS range as a template for use in notifying their 
partners of the effort.  In January 2015, the Service prepared and distributed a news release 
announcing the five-year review and proposed completion date of June 2015, and soliciting 
information for consideration in the review.  To date, we have received responsive information 
from several federal, State and Tribal agencies, industry organizations, and environmental/ 
conservation NGOs.  In March 2015, it was determined that application the SSA Framework to 
the lynx DPS should precede (and facilitate streamlining of) the five-year review and subsequent 
recovery plan, if needed, although it was recognized that in the near term this would push back 
the completion date for the five-year review.     



Ultimately, the above goals are intended to inform the need for and content within a recovery 
plan.  We have a court order to complete a recovery plan by January 2018 unless the Service 
determines that the DPS warrants delisting and, therefore, that a recovery plan is not necessary.  
To meet this goal, we anticipate having a draft recovery plan written and beginning the formal 
review process by July 2016.  Appendix A illustrates the proposed time line for this process and 
Appendix B provides a list and timing of larger milestones associated with these actions.  
 
Coordination:  A range-wide kick-off call was held on May 28, 2015 to seek commitments from 
relevant ROs and FOs, to familiarize team members with the process and timeline, and respond 
to any issues relevant to the SSA, five-year review, and future recovery planning.  The MTFO 
will schedule and conduct subsequent biweekly calls with the Project Team and monthly 
coordination calls with the Project and Management Teams.  More frequent calls may be 
organized around particularly challenging issues or during particularly challenging points (such 
as when a deadline is approaching).  These calls will include other Service offices and Regions 
as necessary.  Additional calls or meetings with affected State, Tribal, and other federal agencies 
will be scheduled as needed.  Meeting internal and court-ordered deadlines for the SSA, five-
year review, and recovery plan is dependent on all parties fulfilling their roles according to the 
timeline herein.  This project plan may also inform partner and stakeholder expectations. 
 
 Other FWS Regions and Programs:  The lynx DPS occurs (or lynx “may occur”) within 
parts of Service Regions 1, 2, 3, 5, and 6, and this effort will require participation by the ROs and 
Ecological Services FOs in those regions, along with potential participation by other programs 
such as Refuges and Partners for Fish and Wildlife.  FO participation will be needed from the 
following states:  R1 (ID, OR, WA); R2 (NM), R3 (MI, MN, WI), R5 (ME, NH, VT), and R6 
(CO, MT, UT, WY). 
 
 Affected State Agencies:  It will be necessary and helpful to coordinate with the wildlife 
and natural resources management agencies of each of the states listed above.  Coordination will 
be especially important with the following state agencies:  Maine Department of Inland Fisheries 
and Wildlife; Minnesota Department of Natural Resources; Montana Fish, Wildlife and Parks; 
Montana Department of Natural Resources and Conservation; Idaho Fish and Game; Washington 
State Department of Fish and Wildlife; Washington State Department of Natural Resources; 
Wyoming Game and Fish Department; Colorado Division of Wildlife; and New Mexico 
Department of Game and Fish.  State agencies within the DPS range were notified of the 
renewed five-year review effort in December 2014 and January 2015, and they will be contacted 
as appropriate by FOs and/or ROs during development of the SSA, five-year review, and 
recovery planning efforts.  We anticipate at least one meeting with affected states during 
development of the SSA and at least one during recovery planning.  To keep State partners 
informed of progress on the SSA and subsequent recovery planning efforts, we intend to hold 
monthly update calls with State wildlife management agencies.  We may also solicit participation 
by State biologists and/or wildlife managers on a recovery team if one is convened.   
 
 Other Federal Agencies:  Federal agency coordination will follow the July 3, 2013 
Interagency Coordination for Rule Development memo and will include the USDA Forest 
Service and Natural Resources Conservation Service, Bureau of Land Management, National 
Park Service, Bureau of Indian Affairs, and Department of Homeland Security - Customs and 



Border Protection.  Federal agencies within the DPS range were notified of the renewed five-
year review effort in December 2014 and January 2015, and they will be contacted as appropriate 
by FOs and/or ROs during development of the SSA, five-year review, and recovery planning 
efforts. 
 
 Affected Tribes:  Tribal lands within the DPS range include those of the Aroostook Band 
of Micmac Indians, the Houlton Band of Maliseets, the Passamaquoddy Tribe, and the Penobscot 
Indian Nation in Maine; the Bois Forte Band of Chippewa, Fond du Lac Band of Lake Superior 
Chippewa,  Grand Portage Chippewa, Leech Lake Band of Ojibwe, Mille Lacs Band of Ojibwe, 
Red Lake Band of Chippewa, and White Earth Nation in Minnesota; the Confederated Salish and 
Kootenai Tribes of the Flathead Indian Reservation and the Blackfeet Tribe of the Blackfeet 
Reservation in Montana; the Coeur d'Alene Tribe, Kootenai Tribe of Idaho, Nez Perce Tribe, and 
Shoshone-Bannock Tribes in Idaho; the Confederated Tribes of the Colville Reservation, the 
Kalispel Tribe of Indians, and the Spokane Tribe of Indians in Washington; the Wind River 
Indian Reservation in Wyoming; the Uintah and Ouray Indian Reservation in Utah; and the Ute 
Mountain and Southern Ute Indian Reservations in Colorado.  Tribes within the DPS range were 
notified of the renewed five-year review effort in December 2014 and January 2015, and they 
will be contacted as appropriate by Regional Tribal Liaisons during development of the SSA, 
five-year review, and recovery planning efforts. 
 
 International Coordination:  Because of the suspected importance of connectivity 
between DPS subpopulations and lynx populations in southern Canada in the persistence of the 
DPS subpopulations, it will be important that we coordinate with and seek information from our 
counterparts in the Canadian conservation, management, and lynx research communities.  We 
will seek information on the status of and threats, if any, to lynx populations in Canada that are 
adjacent to and known or believed to interact with DPS subpopulations. 
 
Budget:  No additional funding is available to assist in this effort.  Participating offices should 
fund their participation through existing base funding.  We anticipate that Service ECOS staff 
will provide GIS support for these actions, including spatial analysis and high-quality digital and 
hard copy maps.  
 
Project Plan Revisions:  In light of the court deadline for the final recovery plan, we expect that 
we will meet deadlines for all products and any quality benchmarks associated with those 
products.  However, this project plan and the Project Overview can be revised at any time with 
the agreement of the ARD and Project Leader.  If there are unexpected changed circumstances 
due to competing workloads, budgets, resources, etc., we expect early communication about the 
delay and discussion with the Project Lead, Project Team, and Management Team about 
resolution.  Lead time on potential delays should be commensurate with expected delay.  For 
example, a request for two additional months should not be made the week before a project is 
due.  Further, whatever the results of the five-year review, we expect this project plan will need 
to be revisited soon after the five-year review is signed. 
 
Post-Project Debriefing:  The Project Team and Management Team commit to having a 
conversation after the completion of the project to discuss how this process was implemented, 
what went well, and what can be done better in the future.  This feedback on the process is 



necessary to ensure we are always using the best available practices and working towards greater 
efficiencies. 
 
 
Project Overview: 
 
Guidance, policy, and template documents can be found at: 
https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/ 
 
Personnel involved in the completion of the Canada lynx SSA, Five-Year Review, and Recovery 
Plan  

Roles Field Office Regional Office HQ RSOL 
Project 
Leads Jim Zelenak Seth Willey Heather Bell 

Tara Nicolaysen 
Dana 
Jacobsen 

Project 
Team 

Biologists from the Maine, Twin Cities, 
Northern Idaho, and Western Colorado FOs      

Management 
Team 

Jodi Bush, MTFO; Field Supervisors from 
the Maine, Twin Cities, Northern Idaho, 
Washington, Wyoming, Colorado, and 
Western Colorado FOs 

R6 TE Chief; 
Nicole Alt, R6 
Geographic Supervisor; 
Mike Thabault, R6 ARD-
ES; 
Matt Hogan, R6 Deputy 
RD; 
Noreen Walsh, R6 RD; 
Recovery Coordinators, 
TE Chiefs, and ARDs-ES 
- R1, R2, R3, and R5; 

  

Others 
Involved 

Biologists and Managers from the New 
England, Michigan, Wisconsin, Idaho, 
Washington, Oregon, Utah, Colorado, and 
New Mexico FOs as needed 

Ext Affairs Specialists, 
ARDs-Ext Affairs, and 
Tribal Liaisons -  R6, R1, 
R2, R3, and R5 
 
SSA Framework 
Implementation Team: 
Mary Parkin (R5), 
Jennifer Szymanski (R3), 
David Smith (USGS), 
Jonathan Cummings 
(USGS) 

ECOS GIS/Spatial 
Analysis/Mapmaking 
Support  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/


Signed: 

_______________________________________   
Assistant Regional Director,     Project Leader, 
Ecological Services, R6    Montana Ecological Services Field Office 
 
 
       _____________________________________ 
       Project Leader, 

Colorado Ecological Services Field Office 
 

 
       _____________________________________ 
       Project Leader, 

Wyoming Ecological Services Field Office 
 

 
_______________________________________ _____________________________________ 
Assistant Regional Director,    Project Leader, 
Ecological Services, R1    Washington Fish and Wildlife Office 
 
 
       _____________________________________ 
       Project Leader,  

Idaho Fish and Wildlife Office 
 

 
_______________________________________ _____________________________________ 
Assistant Regional Director,    Project Leader, 
Ecological Service, R2    New Mexico Ecological Services Field Office 
 
 
_______________________________________ _____________________________________ 
Assistant Regional Director,    Project Leader, 
Ecological Services, R3    Twin Cities Ecological Services Field Office 
 
 
_______________________________________ _____________________________________ 
Assistant Regional Director,    Project Leader,  
Ecological Services, R5    Maine Ecological Services Field Office 
 
 
       _____________________________________ 
       Project Leader, 

New England Ecological Services Field Office 



Appendix A 
Schedule for Canada Lynx SSA, Five-Year Review and Recovery Plan (if necessary) 

 

 

Activities/Products                                                                              (Quarters**) Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Form SSA Team
Complete Species Needs 
Identify Model Scenarios***
Model development

Identify model framework & scientific validity
Build model (e.g., BBN - Bayesian Belief Network)

Prototype model structure
Expert elicitation for "current conditions into future" scenario****

Run "current conditions into future" scenario 
Evaluate 3Rs for first scenario/determine need for additional scenarios
SSA Peer review
If needed, run additional management scenarios, including EE, for REV

5-year review recommendation

Draft RP
Comments/peer review
Fina l  RP
Develop RIS

SSA Analysis and Documentation
5-year Review (to final recommendation)
Recovery Planning (to Final Plan)

Project Plan - DRAFT Canada lynx DPS - SSA/ 5-Year Review/ Recovery Plan Conceptual Schedule*

(Calendar Years) 2015 2016 2017 2018

SPECIES STATUS ASSESSMENT (SSA)

5-YEAR REVIEW

REV, IF NEEDED

Summary

* Schedules  and scope of work may be adjusted as  the expectations  for appl ication of the model  are refined through discuss ions  with experts  and FWS.
** Q1 = Jan-Mar, Q2 = Apr-June, Q3 = July-Sept, Q4 = Oct-Dec.
***  Scenarios  include projecting current conditions  into the foreseeable future without further intervention, to be completed in order to make 5-year 
review recommendation, and, i f needed, future conditions  based on a l ternative management scenarios .
**** Includes  planning and actual  el i ci tation.



Appendix B 
Milestones for Canada Lynx SSA, Five-Year Review and Recovery Plan (if necessary) 

 
Date Milestone 
Apr. 18, 2007 FWS announced initiation of five-year review of lynx DPS (72 FR 19549). 
Dec. 8, 2014 “Dear Interested Party” letter sent to Montana State, Federal, Tribal partners and to other FWS 

ROs and FOS announcing the re-initiation of the five-year review for lynx. 
Jan. 13, 2015 FWS news release announcing five-year review and soliciting information to consider in the 

review. 
Ongoing 
beginning 
Jan.  2015 

Work with partners to collect and evaluate available data and information and assess threat 
factors (USFS, BLM, NPS, BIA, State wildlife/natural resources agencies, and Tribes). 

  Apr. 29 – 30, 
2015 

SSA workshop to include lynx discussion/case study (R6 RO). 

May 28, 2015 Kick-off call with Project and Management team members.  Additional Project “Core” Team 
calls will be held biweekly, and general coordination calls monthly, beginning June 2015.  The 
MTFO lead will coordinate both calls.  These calls will include other FWS offices and may be 
opened to other parties/stakeholders as necessary/appropriate. 

June – Oct.  
2015 

Set up meetings, develop and conduct a structured threats assessment, using outlines, webinars 
and other intermediate products, and brief the Management Team as necessary through the 
process.  Draft SSA report with assistance from other Service Regions and FOs. 

July 2015 Initiate monthly update calls with affected State wildlife management agencies. 
Aug. – Sept. 
2015 

Expert elicitation meeting(s) on distribution, status, and threats (including climate change).  
Workshop(s) with State agencies to discuss SSA process and DPS status and threats. 

Dec. 2015 Brief ROs and HQ on findings; submit SSA report for RO/HQ review.  Complete peer review 
of SSA report. 

Jan. 2016 Begin recovery planning processes if necessary; select and invite Recovery Team members. 
  Jan. – June 
2016 

Develop DRAFT recovery plan including goals and objectives, implementation plan.   

July – Sept. 
2016 

RO/HQ/RSOL review/surname of DRAFT recovery plan.  Review and concurrence from R1, 
R2, R3, and R5 as needed. 

Oct. 2016 Release DRAFT recovery plan to public and commence peer review and/or publish proposed 
listing rule. 

Dec. 2016 60-day comment period closes on DRAFT recovery plan; peer review also complete. 
Jan. – June 
2017 

Revise DRAFT recovery plan; draft the FINAL recovery plan.  

July – Sept. 
2017 

RO/HQ/RSOL review/surname of FINAL recovery.  Review and concurrence from R1, R2, 
R3, and R5. 

  Dec. 2017 Finalize recovery plan, publish in FR, and post on webpage; conduct appropriate outreach.  
Communicate with court as necessary regarding completion and submission of FINAL 
recovery plan in accordance with court-ordered deadline. 

 



Signed: 

_______________________________________   
Assistant Regional Director,     Project Leader, 
Ecological Services, R6    Montana Ecological Services Field Office 
 
 
       _____________________________________ 
       Project Leader, 

Colorado Ecological Services Field Office 
 

 
       _____________________________________ 
       Project Leader, 

Wyoming Ecological Services Field Office 
 

 
_______________________________________ _____________________________________ 
Assistant Regional Director,    Project Leader, 
Ecological Services, R1    Washington Fish and Wildlife Office 
 
 
       _____________________________________ 
       Project Leader,  

Idaho Fish and Wildlife Office 
 

 
_______________________________________ _____________________________________ 
Assistant Regional Director,    Project Leader, 
Ecological Service, R2    New Mexico Ecological Services Field Office 
 
 
_______________________________________ _____________________________________ 
Assistant Regional Director,    Project Leader, 
Ecological Services, R3    Twin Cities Ecological Services Field Office 
 
 
_______________________________________ _____________________________________ 
Assistant Regional Director,    Project Leader,  
Ecological Services, R5    Maine Ecological Services Field Office 
 
 
       _____________________________________ 
       Project Leader, 

New England Ecological Services Field Office 
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CANADA LYNX PROJECT PLAN TO COMPLETE 

A SPECIES STATUS ASSESSMENT, RECOVERY PLAN, AND FIVE-YEAR REVIEW 
 

June 25, 2015 
 

Action:  The U.S. Fish and Wildlife Service (Service) will conduct a species status assessment 

(SSA) as a first step to understand the current status of the contiguous United States distinct 

population segment (DPS) of the Canada lynx (Lynx canadensis), currently listed as threatened 

under the Endangered Species Act (Act).  This SSA is intended to inform and streamline the 

court-ordered recovery plan (due January15, 2018), assuming such a plan is deemed necessary
1
. 

The SSA report will also serve as the basis for the five-year status review (initiated in 2007; 72 

FR 19549) required under the Act and would also provide the scientific foundation to support 

future rulemaking in accordance with the Act should the five-year review indicate that a change 

in the DPS’s listing status is warranted. 

 

Goals of the Project Plan: (1) To facilitate application of the SSA framework to produce a 

scientifically defensible assessment of the status of the lynx DPS, a subsequent recovery plan, if 

needed, and future five-year review and listing rules as necessary; and (2) to ensure that 

expectations for these processes, including approach, roles and responsibilities, and schedule, are 

clear and that managers are aware of and have agreed to these expectations. 

  

Project Approach:  We intend to apply the SSA framework to the lynx DPS and use the SSA 

results to inform the recovery planning process, the five-year review, and future listing 

rules.  The lead field office (FO) will work with other Service Regions and FOs in the DPS range 

to gather and evaluate all relevant information that has become available since our March 2000 

listing rule (65 FR 16053) and our July 2003 Remanded Determination of Status (68 FR 40076) 

for the lynx DPS.  We will avail ourselves of recent efforts to summarize the available scientific 

literature for lynx, including the September 2014 final revised critical habitat designation for the 

DPS (79 FR 54781) and the 2013 revised interagency Lynx Conservation Assessment and 

Strategy (LCAS; 

http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf).  The FOs 

will keep partner agencies informed about progress and request their participation and reviews as 

appropriate.  

 

Species Status Assessment:  The SSA framework is a new, standardized  Service 

methodology for assessing the status of species, which can help inform species listing, status, 

and recovery determinations that the Service is required to make in accordance with section 

4(c)(2) of the Act (https://sites.google.com/a/fws.gov/ssa/about-SSA).  Using the SSA 

framework, we will evaluate the viability of the lynx DPS and potential threats to its viability 

using the principles of representation, resilience, and redundancy.  The SSA also will provide 

                                                           
1
 The Act requires recovery plans for listed species unless a determination is made that such plan will not promote 

the conservation of the species.  If the five-year status review concludes that the DPS warrants delisting, we would 

likely pursue a formal determination that the species is exempt from recovery planning as such a plan would be 

unnecessary (if the species is already recovered, a plan is not needed to move the species to the point of recovery 

and would therefore not promote the conservation of the species).  Although the five-year review is not a final 

agency action, the memorandum exempting the species from recovery planning (should we reach that conclusion) 

would be. 
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critical information needed to guide the recovery planning process, including identification of the 

primary threats to the lynx DPS that remain to be resolved, if any.  Completion of the SSA is the 

first step in the process of determining the current status of the lynx DPS.  We anticipate that the 

SSA will be completed by December 2015.   

 

Recovery Plan:  If a recovery plan is necessary, it will be informed by the SSA.  The 

recovery plan would include an introduction summarizing the recovery vision (what a recovered 

DPS would “look” like) and recovery strategy (the route selected to get the species to recovery).  

It also would include: (1) objective and measurable criteria that when met would allow delisting 

(including, as practicable, demographic and threats-based recovery criteria); (2) broad 

management actions needed to achieve the recovery vision; and (3) time and cost estimates to 

achieve delisting.  Pursuant to the Service’s new recovery planning paradigm – the Recovery 

Enhancement Vision (REV; USFWS 2014, https://sites.google.com/a/fws.gov/rev/) – the SSA 

will facilitate development of a streamlined recovery plan that focuses on these three statutory 

requirements.  A supplemental document, the Recovery Implementation Strategy (RIS), details 

short-term but detailed (site-specific) step down activities needed to achieve the recovery vision.  

If planning is needed, we intend to complete the draft recovery plan by January 2017.  The 

recovery planning process will include peer review and opportunities for public review and 

comment on the draft recovery plan prior to completion of a final recovery plan.  If undertaken, 

the recovery plan will be finalized prior to the January 15, 2018, court deadline. 

 

Five-year Review:  We anticipate that the five-year review will be a streamlined 

document relying heavily on and referring to the SSA.  The five-year review will consider the 

SSA’s scientific determinations and make recommendations regarding the status of the DPS in 

accordance with the Act.  The three possible recommendations of the five-year review are that 

the lynx DPS should: (1) remain listed as threatened; (2) be uplisted to endangered; or (3) be 

delisted.  Recommendation (1) would indicate the need to next complete a recovery plan by the 

court-ordered deadline; recommendation (2) would indicate that both a recovery plan and a 

future listing rule are needed; and recommendation (3) would require both a formal 

determination via memorandum that the DPS is exempt from recovery planning and a future 

listing rule.   

 

Project Lead:  This project will be led by the Montana Ecological Services Field Office 

(MTFO).  Within this office, Jim Zelenak is the species lead and will serve as the project and 

team lead.  This role includes cross-regional intra-Service organizing, coordinating with outside 

partners and experts as appropriate, and developing a project schedule and ensuring adherence to 

associated deadlines.  It also includes primary authorship of the SSA report, recovery plan, five-

year review, and, if necessary, future listing rules.  

 

Project Team:  The Mountain-Prairie Region (6) is the lead Service Region for lynx.  

However, within the DPS range, lynx subpopulations currently occur in parts of 9 states (CO, ID, 

ME, MN, MT, NH, VT, WA, and WY).  Lynx associated with these subpopulations or other 

lynx populations in southern Canada also may occur (usually rarely, intermittently, and 

temporarily) in other states (MI, ND, NE, NM, NY, OR, SD, UT, and WI), and dispersing lynx 

also have occurred very rarely in CT, IA, IL, IN, MA, PA, and NV.  Because the DPS spans 

parts of four other Service Regions (1, 2, 3, and 5), it is especially important that field biologists 
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most familiar with the status of each of the lynx subpopulations within the DPS assist with (1) 

collection and interpretation of information relating to the status of and potential threats to those 

subpopulations; (2) contacting and arranging participation by lynx experts most familiar with the 

status, ecology, population dynamics, and habitat needs of those subpopulations; (3) coordinating 

with our local state, federal and tribal stakeholders, and (4) writing, editing, and reviewing 

relevant parts of the SSA report, recovery plan, and five-year review, as needed.   

 

 Identified biologists from the Maine, Twin Cities, Northern Idaho, and Western 

Colorado FOs will participate consistently on the Project Team and contribute 

meaningfully to the development, review, and completion of the SSA report, recovery 

plan, and five-year review.   

 

 Further, biologists from the New England, New York, Michigan, Wisconsin, Idaho, 

Eastern Idaho, Washington, Oregon, Utah, Wyoming, and New Mexico FOs will 

participate as needed in the development, review and completion of these documents.   

 

 SSA practitioners from the Service and USGS will provide guidance on implementing the 

SSA framework, conceptual modeling, and expert elicitation, and Service ECOS staff 

will provide GIS support including spatial analysis and mapmaking. 

 

Management Team:  In addition to field biologists and SSA and GIS support: 

 

 Field Supervisors from the Maine, Twin Cities, Northern Idaho, Washington, Wyoming, 

Colorado, and Western Colorado FOs will assist with coordination with State and Tribal 

and other federal stakeholders, participate in document review, and obtain Regional 

Office (RO) concurrence with status determinations and final decisions/documents.   

 

 RO representation from affected Service Regions is essential to this process, as is 

headquarters (HQ) participation and guidance.   

 

 Regional ESA Branch Chiefs and/or Regional Recovery Coordinators from Regions 1, 2, 

3, and 5, and HQ Listing and/or Recovery staff will participate in document review and 

concurrence processes.   

 

 Legal staff will engage or be consulted at various points throughout this process. 

 

Focus on Science First – We intend to conduct a thorough scientific review of the lynx 

DPS and to work with our partners to make sure we have and use the best available information 

to develop the SSA report and to guide subsequent recovery planning, five-year review, and/or 

rulemaking.  During the SSA, we will conduct a structured threats assessment using outlines, 

webinars, expert elicitation, and other intermediate products, and we will brief the Management 

Team as necessary throughout the process.  During the recovery planning process, we will also 

bring together experts from the lynx research and management arenas. 
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SSA, Recovery Planning, and Five-year Review Collaborative Process:  We have broken 

the SSA, recovery planning, and five-year review /listing processes down into the following five 

phases: 

 

 Phase 1 – Information Collection.  The lynx’s current distribution in the contiguous U.S. 

and some aspects of its habitat requirements are fairly well-understood; however, we will 

seek to better understand and analyze its historic and current distributions, subpopulation 

sizes and status, and the degree to which DPS subpopulations rely on immigration from 

populations in Canada.  Additionally, to the extent possible, we will focus on the 

numbers and productivity of lynx in each of the DPS subpopulations, how these vary 

over time, the causes of the variation, and the quality and conservation status of lynx and 

hare habitats within the DPS range.  In addition to the information upon which the 2000 

Final Rule listing the DPS as threatened was based, we will collect and evaluate all 

relevant information that has become available since then.  We expect available 

information to be primarily in the form of published, peer-reviewed literature and 

academic dissertations and theses obtainable through academic search engines.  We will 

also gather government reports (e.g., the recently-revised LCAS and survey and 

monitoring reports from federal, State and Tribal partners) and review legal and policy 

considerations. 

 

 Phase 2 – Assessment of the DPS’s Current and Future Conservation Status and Relevant 

Threats, and Completion of the SSA Report.  With the information gathered in Phase 1, 

we will identify and evaluate historical, current, and future threats to lynx and their 

magnitude and relative impact on the viability of the subpopulations that constitute the 

DPS.  As part of the SSA process, we will conduct a structured threats assessment, using 

outlines, webinars and other intermediate products, and we will brief the Project and 

Management teams at appropriate junctions.  We will produce a draft report outlining 

SSA methods and results; the draft SSA report will undergo peer review.  We will revise 

the draft report as needed based on peer review and review/edits/comments provided by 

the Management Team and appropriate partners.  We expect Project Team members to 

participate actively in the collection and interpretation of information specific to DPS 

subpopulations and potential threats to them in their geographic areas and to coordinate 

locally with state and federal agencies, Tribes, conservation organizations, the media and 

the public.  We expect Management Team members from each region to review, edit, and 

approve materials provided by their Project Team members in a timely manner. 

 

 Phase 3 – Decision Making.  In coordination with the Project Team, the MTFO will 

make a preliminary recommendation about the DPS’s legal status (threatened, 

endangered, or recovered), brief R6 leadership, and then provide the recommendation for 

review, comment, and concurrence by the rest of the Management Team.  A final 

decision on the status of the DPS will be made by R6 Regional Director. 

 

 Phase 4 – Unless the SSA report strongly suggests that the DPS no longer needs the 

protection of the Act, the Service will initiate the recovery planning process so that we 

can meet the court’s deadline for finalizing a recovery plan. 
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 Phase 5 – Drafting and Disseminating the Five-year Review.  Based on the SSA report 

and the R6RD decision on the DPS’s status, the Project Lead will draft the five-year 

review with input from and review by the Project and Management teams, and 

concurrence from cooperating Regions.  We will work with R6 EA staff, who will work 

with their counterparts in the other Regions, to draft a news release announcing results 

and availability of the five-year review and supporting SSA report.  We will post both 

documents at the ECOS Species Profile web page 

(http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073). 

    

 Phase 6 – Next Steps.  As mentioned above, there are three possible recommendations of 

the five-year review, each with different listing and recovery requirements and time lines. 

 

o Recommendation 1:  The lynx DPS continues to warrant listing as threatened 

under the Act (i.e., the threat for which the DPS was listed has not been 

adequately addressed and/or a new threat[s] has been identified such that the DPS 

remains likely to become endangered within the foreseeable future throughout all 

or a significant portion of its range).  In this case, a recovery plan would be 

necessary, so we would convene a Recovery Team and implement the REV 

process to develop draft and final recovery plans consistent with the court-ordered 

time line for completing the final plan by January 2018.  We expect that a 

streamlined recovery plan would be completed that relies heavily on and 

references the SSA report and the five-year review; 

 

o Recommendation 2:  The DPS warrants uplisting to endangered status (i.e., the 

threat for which the DPS was listed remains unresolved or has increased and/or a 

new threat[s] has been identified such that the DPS is now determined to be in 

danger of extinction throughout all or a significant portion of its range).  In this 

case, both a recovery plan and a future listing rule would be necessary.  As above, 

we would develop draft and final recovery plans that would rely heavily on and 

reference the SSA report and the five-year review, and complete the final 

recovery plan by the court-ordered deadline.  Work on the uplisting rule would 

commence after the final recovery plan, though a date has not been specified; 

 

o Recommendation 3:  The DPS is deemed recovered and warrants delisting (i.e., 

the threat for which the DPS was listed is found to have been adequately 

addressed and no new threat[s] has been identified that is expected to endanger 

the DPS throughout all or a significant portion of its range now or in the 

reasonably foreseeable future).  In this case, we would recommend a formal 

determination that the species is exempt from recovery planning and we would 

draft a memorandum to that effect.  This outcome would also indicate the need for 

a future delisting rule, with work on the delisting rule commencing after the 

memorandum has been finalized and submitted to the court, though a date for the 

rule has not been specified. 

 

Document Review, Concurrence, Surnaming, and Federal Register Publication.  Jim 

Zelenak is the lead author for these actions.  All members of the Project Team are expected to 

http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073
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provide appropriate scientific review of draft documents.  Management Team members are 

expected to review final documents and provide Regional concurrence with them as needed.  

Seth Willey is expected to provide appropriate policy review for the drafts.  Dana Jacobsen will 

provide an assessment of legal risk.  Mike Thabault will provide an abbreviated review for “big 

picture” issues.  For Federal Register documents, we anticipate surnaming by R6RD, RSOL, and 

HQ prior to publication.   

 

Outreach.  We will work with R6 EA staff and their counterparts in the other Service 

Regions to develop communications plans for the SSA, five-year review, and/or recovery plan as 

needed.  We will communicate to all affected stakeholders and the public about the action we are 

taking and what it means for them, as laid out in the communications plan. 

 

Roles and Responsibilities:  Staff from FOs, ROs, and HQ offices are expected to work together 

collaboratively to collect information, conduct analyses, and assist in developing products 

necessary to complete the actions identified in this project plan.  Management of the process and 

completion of these actions, though led by the MTFO, will be the shared responsibility of the 

ROs and FOs within the DPS range.  Further, individuals responsible for these products will 

communicate and share work products as needed to facilitate an efficient process.  However, all 

team members will keep their supervisors apprised of progress and any issues that arise.  If 

necessary to resolve significant issues of disagreement, we will follow the elevation process 

outlined in the August 13, 2009 “Section 4 Process Memo” (available on the R6 Listing 

Sharepoint site) until an updated process is developed.  Other specific roles and responsibilities 

are described above in “Project Lead,” “Project Team,” “Management Team,” and “SSA, five-

year Review, and Recovery Planning Collaborative Process.”   

 

Schedule:  The Service announced initiation of the lynx DPS five-year review in April 2007 (72 

FR 19549) but was unable to complete a review then because of court deadlines requiring that 

we revise the 2006 (and, subsequently, the 2009) critical habitat designation.  The initial notice 

requested information by June 18, 2007, but it was not a formal comment period and noted that 

we accept new information about all listed species at any time.  At that time, we received 

comments or information from seven respondents; two State agencies and five environmental/ 

conservation Non-governmental organizations (NGOs).  The status review portion of the current 

project was re-initiated in October 2014, when a biologist was assigned by the MTFO to begin 

gathering information to evaluate threats to the lynx DPS and update its status accordingly.  In 

December 2014, the MTFO drafted a “Dear Interested Party” letter announcing the renewed five-

year review effort, which was sent to federal, State, and Tribal partners in Montana, as well as to 

other Service Regions and FOs within the DPS range as a template for use in notifying their 

partners of the effort.  In January 2015, the Service prepared and distributed a news release 

announcing the five-year review and proposed completion date of June 2015, and soliciting 

information for consideration in the review.  To date, we have received responsive information 

from several federal, State and Tribal agencies, industry organizations, and environmental/ 

conservation NGOs.  In March 2015, it was determined that application the SSA Framework to 

the lynx DPS should precede (and facilitate streamlining of) the five-year review and subsequent 

recovery plan, if needed, although it was recognized that in the near term this would push back 

the completion date for the five-year review.     
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Ultimately, the above goals are intended to inform the need for and content within a recovery 

plan.  We have a court order to complete a recovery plan by January 2018 unless the Service 

determines that the DPS warrants delisting and, therefore, that a recovery plan is not necessary.  

To meet this goal, we anticipate having a draft recovery plan written and beginning the formal 

review process by July 2016.  Appendix A illustrates the proposed time line for this process and 

Appendix B provides a list and timing of larger milestones associated with these actions.  

 

Coordination:  A range-wide kick-off call was held on May 28, 2015 to seek commitments from 

relevant ROs and FOs, to familiarize team members with the process and timeline, and respond 

to any issues relevant to the SSA, five-year review, and future recovery planning.  The MTFO 

will schedule and conduct subsequent biweekly calls with the Project Team and monthly 

coordination calls with the Project and Management Teams.  More frequent calls may be 

organized around particularly challenging issues or during particularly challenging points (such 

as when a deadline is approaching).  These calls will include other Service offices and Regions 

as necessary.  Additional calls or meetings with affected State, Tribal, and other federal agencies 

will be scheduled as needed.  Meeting internal and court-ordered deadlines for the SSA, five-

year review, and recovery plan is dependent on all parties fulfilling their roles according to the 

timeline herein.  This project plan may also inform partner and stakeholder expectations. 

 

 Other FWS Regions and Programs:  The lynx DPS occurs (or lynx “may occur”) within 

parts of Service Regions 1, 2, 3, 5, and 6, and this effort will require participation by the ROs and 

Ecological Services FOs in those regions, along with potential participation by other programs 

such as Refuges and Partners for Fish and Wildlife.  FO participation will be needed from the 

following states:  R1 (ID, OR, WA); R2 (NM), R3 (MI, MN, WI), R5 (ME, NH, VT), and R6 

(CO, MT, UT, WY). 

 

 Affected State Agencies:  It will be necessary and helpful to coordinate with the wildlife 

and natural resources management agencies of each of the states listed above.  Coordination will 

be especially important with the following state agencies:  Maine Department of Inland Fisheries 

and Wildlife; Minnesota Department of Natural Resources; Montana Fish, Wildlife and Parks; 

Montana Department of Natural Resources and Conservation; Idaho Fish and Game; Washington 

State Department of Fish and Wildlife; Washington State Department of Natural Resources; 

Wyoming Game and Fish Department; Colorado Division of Wildlife; and New Mexico 

Department of Game and Fish.  State agencies within the DPS range were notified of the 

renewed five-year review effort in December 2014 and January 2015, and they will be contacted 

as appropriate by FOs and/or ROs during development of the SSA, five-year review, and 

recovery planning efforts.  We anticipate at least one meeting with affected states during 

development of the SSA and at least one during recovery planning.  To keep State partners 

informed of progress on the SSA and subsequent recovery planning efforts, we intend to hold 

monthly update calls with State wildlife management agencies.  We may also solicit participation 

by State biologists and/or wildlife managers on a recovery team if one is convened.   

 

 Other Federal Agencies:  Federal agency coordination will follow the July 3, 2013 

Interagency Coordination for Rule Development memo and will include the USDA Forest 

Service and Natural Resources Conservation Service, Bureau of Land Management, National 

Park Service, Bureau of Indian Affairs, and Department of Homeland Security - Customs and 
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Border Protection.  Federal agencies within the DPS range were notified of the renewed five-

year review effort in December 2014 and January 2015, and they will be contacted as appropriate 

by FOs and/or ROs during development of the SSA, five-year review, and recovery planning 

efforts. 

 

 Affected Tribes:  Tribal lands within the DPS range include those of the Aroostook Band 

of Micmac Indians, the Houlton Band of Maliseets, the Passamaquoddy Tribe, and the Penobscot 

Indian Nation in Maine; the Bois Forte Band of Chippewa, Fond du Lac Band of Lake Superior 

Chippewa,  Grand Portage Chippewa, Leech Lake Band of Ojibwe, Mille Lacs Band of Ojibwe, 

Red Lake Band of Chippewa, and White Earth Nation in Minnesota; the Confederated Salish and 

Kootenai Tribes of the Flathead Indian Reservation and the Blackfeet Tribe of the Blackfeet 

Reservation in Montana; the Coeur d'Alene Tribe, Kootenai Tribe of Idaho, Nez Perce Tribe, and 

Shoshone-Bannock Tribes in Idaho; the Confederated Tribes of the Colville Reservation, the 

Kalispel Tribe of Indians, and the Spokane Tribe of Indians in Washington; the Wind River 

Indian Reservation in Wyoming; the Uintah and Ouray Indian Reservation in Utah; and the Ute 

Mountain and Southern Ute Indian Reservations in Colorado.  Tribes within the DPS range were 

notified of the renewed five-year review effort in December 2014 and January 2015, and they 

will be contacted as appropriate by Regional Tribal Liaisons during development of the SSA, 

five-year review, and recovery planning efforts. 

 

 International Coordination:  Because of the suspected importance of connectivity 

between DPS subpopulations and lynx populations in southern Canada in the persistence of the 

DPS subpopulations, it will be important that we coordinate with and seek information from our 

counterparts in the Canadian conservation, management, and lynx research communities.  We 

will seek information on the status of and threats, if any, to lynx populations in Canada that are 

adjacent to and known or believed to interact with DPS subpopulations. 

 

Budget:  No additional funding is available to assist in this effort.  Participating offices should 

fund their participation through existing base funding.  We anticipate that Service ECOS staff 

will provide GIS support for these actions, including spatial analysis and high-quality digital and 

hard copy maps.  

 

Project Plan Revisions:  In light of the court deadline for the final recovery plan, we expect that 

we will meet deadlines for all products and any quality benchmarks associated with those 

products.  However, this project plan and the Project Overview can be revised at any time with 

the agreement of the ARD and Project Leader.  If there are unexpected changed circumstances 

due to competing workloads, budgets, resources, etc., we expect early communication about the 

delay and discussion with the Project Lead, Project Team, and Management Team about 

resolution.  Lead time on potential delays should be commensurate with expected delay.  For 

example, a request for two additional months should not be made the week before a project is 

due.  Further, whatever the results of the five-year review, we expect this project plan will need 

to be revisited soon after the five-year review is signed. 

 

Post-Project Debriefing:  The Project Team and Management Team commit to having a 

conversation after the completion of the project to discuss how this process was implemented, 

what went well, and what can be done better in the future.  This feedback on the process is 
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necessary to ensure we are always using the best available practices and working towards greater 

efficiencies. 

 

 

Project Overview: 
 

Guidance, policy, and template documents can be found at: 

https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/ 

 

Personnel involved in the completion of the Canada lynx SSA, Five-Year Review, and Recovery 

Plan  

Roles Field Office Regional Office HQ RSOL 
Project 

Leads 
Jim Zelenak Seth Willey 

Heather Bell 

Tara Nicolaysen 

Dana 

Jacobsen 

Project 

Team 

Biologists from the Maine, Twin Cities, 

Northern Idaho, and Western Colorado FOs   
   

Management 

Team 

Jodi Bush, MTFO; Field Supervisors from 

the Maine, Twin Cities, Northern Idaho, 

Washington, Wyoming, Colorado, and 

Western Colorado FOs 

R6 TE Chief; 

Nicole Alt, R6 

Geographic Supervisor; 

Mike Thabault, R6 ARD-

ES; 

Matt Hogan, R6 Deputy 

RD; 

Noreen Walsh, R6 RD; 

Recovery Coordinators, 

TE Chiefs, and ARDs-ES 

- R1, R2, R3, and R5; 

  

Others 

Involved 

Biologists and Managers from the New 

England, Michigan, Wisconsin, Idaho, 

Washington, Oregon, Utah, Colorado, and 

New Mexico FOs as needed 

Ext Affairs Specialists, 

ARDs-Ext Affairs, and 

Tribal Liaisons -  R6, R1, 

R2, R3, and R5 

 

SSA Framework 

Implementation Team: 

Mary Parkin (R5), 

Jennifer Szymanski (R3), 

David Smith (USGS), 

Jonathan Cummings 

(USGS) 

ECOS GIS/Spatial 

Analysis/Mapmaking 

Support 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/
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Signed: 

_______________________________________   

Assistant Regional Director,     Project Leader, 

Ecological Services, R6    Montana Ecological Services Field Office 

 

 

       _____________________________________ 

       Project Leader, 

Colorado Ecological Services Field Office 

 

 

       _____________________________________ 

       Project Leader, 

Wyoming Ecological Services Field Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader, 

Ecological Services, R1    Washington Fish and Wildlife Office 

 

 

       _____________________________________ 

       Project Leader,  

Idaho Fish and Wildlife Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader, 

Ecological Service, R2    New Mexico Ecological Services Field Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader, 

Ecological Services, R3    Twin Cities Ecological Services Field Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader,  

Ecological Services, R5    Maine Ecological Services Field Office 

 

 

       _____________________________________ 

       Project Leader, 

New England Ecological Services Field Office 
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Appendix A 

Schedule for Canada Lynx SSA, Five-Year Review and Recovery Plan (if necessary) 

 

 

Activities/Products                                                                              (Quarters**) Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Form SSA Team

Complete Species Needs 

Identify Model Scenarios***

Model development

Identify model framework & scientific validity

Build model (e.g., BBN - Bayesian Belief Network)

Prototype model structure

Expert elicitation for "current conditions into future" scenario****

Run "current conditions into future" scenario 

Evaluate 3Rs for first scenario/determine need for additional scenarios

SSA Peer review

If needed, run additional management scenarios, including EE, for REV

5-year review recommendation

Draft RP

Comments/peer review

Final  RP

Develop RIS

SSA Analysis and Documentation

5-year Review (to final recommendation)

Recovery Planning (to Final Plan)

Project Plan - DRAFT Canada lynx DPS - SSA/ 5-Year Review/ Recovery Plan Conceptual Schedule*

(Calendar Years) 2015 2016 2017 2018

SPECIES STATUS ASSESSMENT (SSA)

5-YEAR REVIEW

REV, IF NEEDED

Summary

* Schedules  and scope of work may be adjusted as  the expectations  for appl ication of the model  are refined through discuss ions  with experts  and FWS.

** Q1 = Jan-Mar, Q2 = Apr-June, Q3 = July-Sept, Q4 = Oct-Dec.

***  Scenarios  include projecting current conditions  into the foreseeable future without further intervention, to be completed in order to make 5-year 

review recommendation, and, i f needed, future conditions  based on a l ternative management scenarios .

**** Includes  planning and actual  el ici tation.
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Appendix B 

Milestones for Canada Lynx SSA, Five-Year Review and Recovery Plan (if necessary) 
 

Date Milestone 

Apr. 18, 2007 FWS announced initiation of five-year review of lynx DPS (72 FR 19549). 

Dec. 8, 2014 “Dear Interested Party” letter sent to Montana State, Federal, Tribal partners and to other FWS 

ROs and FOS announcing the re-initiation of the five-year review for lynx. 

Jan. 13, 2015 FWS news release announcing five-year review and soliciting information to consider in the 

review. 

Ongoing 

beginning 

Jan.  2015 

Work with partners to collect and evaluate available data and information and assess threat 

factors (USFS, BLM, NPS, BIA, State wildlife/natural resources agencies, and Tribes). 

Apr. 29 – 30, 

2015 

SSA workshop to include lynx discussion/case study (R6 RO). 

May 28, 2015 Kick-off call with Project and Management team members.  Additional Project “Core” Team 

calls will be held biweekly, and general coordination calls monthly, beginning June 2015.  The 

MTFO lead will coordinate both calls.  These calls will include other FWS offices and may be 

opened to other parties/stakeholders as necessary/appropriate. 

June – Oct.  

2015 

Set up meetings, develop and conduct a structured threats assessment, using outlines, webinars 

and other intermediate products, and brief the Management Team as necessary through the 

process.  Draft SSA report with assistance from other Service Regions and FOs. 

July 2015 Initiate monthly update calls with affected State wildlife management agencies. 

Aug. – Sept. 

2015 

Expert elicitation meeting(s) on distribution, status, and threats (including climate change).  

Workshop(s) with State agencies to discuss SSA process and DPS status and threats. 

Dec. 2015 Brief ROs and HQ on findings; submit SSA report for RO/HQ review.  Complete peer review 

of SSA report. 

Jan. 2016 Begin recovery planning processes if necessary; select and invite Recovery Team members. 

Jan. – June 

2016 

Develop DRAFT recovery plan including goals and objectives, implementation plan.   

July – Sept. 

2016 

RO/HQ/RSOL review/surname of DRAFT recovery plan.  Review and concurrence from R1, 

R2, R3, and R5 as needed. 

Oct. 2016 Release DRAFT recovery plan to public and commence peer review and/or publish proposed 

listing rule. 

Dec. 2016 60-day comment period closes on DRAFT recovery plan; peer review also complete. 

Jan. – June 

2017 

Revise DRAFT recovery plan; draft the FINAL recovery plan.  

July – Sept. 

2017 

RO/HQ/RSOL review/surname of FINAL recovery.  Review and concurrence from R1, R2, 

R3, and R5. 

Dec. 2017 Finalize recovery plan, publish in FR, and post on webpage; conduct appropriate outreach.  

Communicate with court as necessary regarding completion and submission of FINAL 

recovery plan in accordance with court-ordered deadline. 

 



DRAFT 8/19/2015 – Candidates for Lynx SSA Expert Elicitation Workshop, Fall 2015, Minneapolis, Minnesota 

Expert Candidate Geographic Area Affiliation Expertise 

Kevin McKelvey DPS-wide (distribution) 
USDA Forest Service - Rocky 
Mountain Research Station, 

Missoula, MT 

A Research Ecologist, Dr. McKelvey works to develop methods to evaluate status and 
trends of organisms across broad spatial and temporal scales, including genetic 

monitoring techniques to measure population connectivity across complex landscapes.  
He was a member of the Lynx Science Team and was the Science lead for the National 

Lynx Survey, which provided reliable presence/absence data for lynx on over 50 
national forests, 5 national parks, and numerous other areas managed by the BLM and 
several Tribal Nations.  He has authored and co-authored many peer-reviewed articles 

on lynx conservation, history and distribution in the Lower 48, and population 
ecology/dynamics, and on the dangers of relying on anecdotal occurrence data for rare 

or elusive species. 

Michael Schwartz DPS-wide (genetics) 
USDA Forest Service - 

National Genomics Center for 
Wildlife and Fish Conservation 

Director of the National Genomics Center, Dr. Schwartz focuses on population, 
conservation, and landscape genetics/genomics, genetic monitoring, and the ecology 

of threatened and endangered species.  He has investigated and published peer-
reviewed results on lynx genetic variation, population structure, and population 

connectivity, including documentation of Canada lynx-bobcat (Lynx canadensis x L. 
rufus) hybrids at the southern periphery of lynx range in Maine, Minnesota and New 

Brunswick.  He and colleagues also have validated DNA collection as a means of 
documenting lynx presence and they have developed DNA markers for identifying 

individual snowshoe hares using field-collected pellets. 

Dan Harrison Maine/Northeast University of Maine 

Dr. Harrison has been the principle advisor for many University of Maine graduate 
students working on snowshoe hares and forest management, lynx history, and lynx 

spatial and habitat/occupancy models.  He and his students have published 
extensively, and he is considered one of the top hare, lynx and habitat modeling 

experts in North America. 

Erin Simons-Legaard Maine/Northeast University of Maine 

An Assistant Research Professor in forest landscape modeling, Dr. Simons-Legaard and 
her colleagues have developed a forest landscape change model to do retrospective, 
current, and future forecasts of forest conditions in northern Maine.  She has been 
refining methods for forecasting effects of spruce budworm and climate change on 

Maine's forest, which she is using to expand her lynx habitat model.  This will enable 
her to forecast future conditions for lynx in Maine considering anticipated changes 

from climate change effects on Maine's forest composition, current trends in Maine 
forestry practices, and spruce budworms. 

Jennifer Vashon Maine/Northeast Maine Department of Inland 
Fish and Wildlife 

Jennifer led a 10-year study of lynx in Maine, published two manuscripts in JWM in 
2008, and co-authored other manuscripts with Dr. Harrison's graduate students and 

other lynx researchers.  In 2012, she authored a Canada lynx assessment for the State 
of Maine, which summarizes published and unpublished data from the 10-year study 

and summarizes current knowledge of lynx in Maine. 

Ron Moen Minnesota/Great Lakes 
University of Minnesota and 
Natural Resources Research 

Institute 

Since 2003, Dr. Moen has studied lynx to understand their distribution, abundance, 
persistence, movements and habitat use in and near the Superior National Forest in 

northeastern Minnesota as well as conducting some studies in the greater Upper Great 



Lakes Region (including WI and MI). He has authored numerous reports and 
manuscripts on his studies of lynx in MN, and he and his graduate student also 

conducted studies that used pellet counts to estimate snowshoe hare numbers in MN. 

Susan or Tim Catton Minnesota/Great Lakes USDA Forest Service – 
Superior National Forest 

Susan has been working as a biologist on the Superior National Forest (SNF) since 2001 
and is an expert on lynx biology, ecology and management on the SNF.  She has 

participated in surveys for the species and is very knowledgeable about lynx and their 
habitat on the SNF.  Tim is a biologist on the SNF and for a number of years has been 
leading a lynx tracking project to detect and monitor lynx populations across the SNF. 

Tim and others (e.g.. Dan Ryan, SNF) have been collecting lynx genetic material to 
augment an existing lynx DNA database and further the knowledge of lynx presence 

and persistence on the SNF and in Minnesota. 

John Squires 
Northern and Southern 

Rocky Mountains (Montana, 
Wyoming, Colorado) 

USDA Forest Service - Rocky 
Mountain Research Station, 

Missoula, MT 

A Research Wildlife Biologist, Dr. Squires leads a team of researchers responsible for 
discovering and synthesizing information that is needed to conserve threatened, 

endangered, and sensitive forest carnivores throughout the Rocky Mountains.  Also a 
member of the Lynx Science Team, John has published many peer-reviewed articles on 
lynx conservation, habitat use/selection, dispersal, denning, developing and improving 

survey and monitoring techniques, and the effects of forest management and 
recreation on lynx. 

Jay Kolbe Northern Rocky Mountains  Montana Fish Wildlife and 
Parks 

Jay has worked for over a decade on lynx research and management in western 
Montana and has authored and co-authored numerous peer-reviewed lynx 

publications on topics including trap-design, lynx activity patterns, denning, snow-
tracking, radio-telemetry, seasonal resource selection, predicting dispersal corridors, 

and effects of recreation.   

Gary Koehler Washington/Northwest Washington Department of 
Fish and Wildlife (retired) 

Dr. Koehler, a retired Research Biologist, has conducted research on lynx and hares in 
Washington for more than 30 years.  Also a member of the Lynx Science Team, his 

research was among the earliest to investigate lynx and hare habitat relationships and 
the effects of forest management practices in the Lower 48 states.  He has published 

numerous peer-reviewed articles on lynx conservation ecology in southern boreal 
forest, lynx and hare surveys, habitat and topographic use patterns, and management 

of spruce-fir forests to conserve hares and lynx.   

Keith Aubry Washington/Northwest 
USDA Forest Service - Pacific 
Northwest Research Station, 

Olympia, WA (retired) 

Dr. Aubry has a strong ecological background coupled with his knowledge of lynx 
biology and ecology as well as boreal forest ecology.  Also a member of the Lynx 
Science Team, Keith has authored and co-authored peer-reviewed articles on the 

comparative ecology of North American lynx, lynx ecology in southern boreal forests, 
and the scientific basis for lynx conservation in the U.S.   

Kerry Murphy Wyoming/Greater 
Yellowstone USDA Forest Service Zone Wildlife Biologist, Bridger-Teton National Forest, Jackson Ranger District 

Jake Ivan Colorado/Southern Rocky 
Mountains Colorado Parks and Wildlife 

Dr. Ivan, a Wildlife Researcher with CPW’s Mammals Research Section, has conducted 
research and published peer-reviewed articles on hares and lynx in Colorado and the 

Southern Rockies and has developed a non-invasive monitoring strategy to track 
Colorado’s lynx population. 

Clayton Apps Southern British Columbia & 
Alberta Independent Researcher Knowledge of lynx populations in Canada, threats assessment and management for 

lynx in BC 



Karen Hodges Southern Canada/DPS-wide 
(hares) 

University of British 
Columbia–Okanagan 

Dr. Hodges is an Associate Professor in the Department of Biology at the University of 
British Columbia – Okanagan, where she focuses her research on how range position 

and habitat configuration affect species interactions and endangerment of at-risk 
species, understanding population dynamics at the periphery of species’ ranges, and 
on snowshoe hare population dynamics.  She has authored and co-authored many 

peer-reviewed hare articles    

Jeff Bowman Southern Canada/Ontario 
Ontario Ministry of Natural 

Resources and Forestry, and 
University of Trent, Ontario 

A Research Scientist with the Wildlife Research & Monitoring Section, Ontario Ministry 
of Natural Resources and Forestry and an Adjunct Professor in the Environmental & 

Life Sciences Graduate Program, Trent University, Dr. Bowman’s focus is on population 
and landscape ecology.  He and his colleagues and graduate students have published 

many peer-reviewed articles on lynx landscape ecology and genetics at the 
population's southern range boundary in Ontario in an effort to assess the functional 

connectivity and population dynamics of lynx at their southern range periphery. 

Dennis Murray Southern Canada/Ontario University of Trent, Ontario 

Dr. Murray is the Canada Research Chair in Integrative Wildlife Conservation, 
Bioinformatics, and Ecological Modeling and a Professor of Biology at 

Trent University.  He also serves on the Scientific Advisory Committee for the Canadian 
Institute of Ecology and Evolution, the Committee on the Status of Endangered 

Wildlife in Canada (COSEWIC), and the IUCN Lagomorph Specialist Group.  He has 
authored and co-authored many peer-reviewed articles on lynx, including conservation 
needs at the southern edge of the species’ range, genetics and functional connectivity 

among lynx populations, hare habitat and response to forestry management, lynx-
bobcat competition, and impacts of climate change on southern lynx populations. 

Garth Mowat Southern British Columbia & 
Alberta 

British Columbia Ministry of 
Forests, Lands and Resource 

Operations 

Dr. Mowat manages the Research Section for the Resource Stewardship Division in the 
Kootenay Region of British Columbia, Canada, where his current research varies from 

geomorphology to ecosystem classification and wildlife ecology, particularly 
population dynamics of mammals.  Garth has published many peer-reviewed articles 

on lynx including behavior and natural history, capture and immobilization techniques, 
lynx and hare population dynamics, and lynx pregnancy rates and litter sizes. 

    
    
    
    
    
    

 



From: McCollough, Mark
To: Jen Vashon; Connolly, James; michael.schiavone@dec.ny.gov; mark.ellingwood@wildlife.nh.gov; Kanter, John;

jill.killborn@wildlife.nh.gov; Staats, William; patrick.tate@wildlife.nh.gov; mark scott; Bernier, Chris
Cc: Anthony Tur; Laury Zicari
Subject: Fwd: Reminder: Lynx SSA Coordination Call
Date: Thursday, August 20, 2015 2:08:55 PM
Attachments: 2015 08 19 Lynx SSA Expert Workshop Candidates to States.docx

Hi all:  

Please see our invitation below to join the USFWS next Wednesday (3:00 eastern time) for
our monthly call and update with State agencies regarding the species status assessment for the
Canada lynx.  Call-in and passcode information are in the email below.

We are planning an expert elicitation workshop in October as an important part of the Species
Status Assessment process.  We have attached a list of lynx experts for your review and
comment during the call.

We look forward to working with you as we continue our process of evaluating the status of
the lynx and discuss a recovery plan.

sincerely,  Mark McCollough

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Aug 19, 2015 at 5:58 PM
Subject: Reminder: Lynx SSA Coordination Call
To: bob.broscheid@state.co.us, Jake Ivan - DNR <jake.ivan@state.co.us>, "Odell, Eric"
<eric.odell@state.co.us>, virgil.moore@idfg.idaho.gov, dustin.miller@osc.idaho.gov, Joshua
Uriarte <Joshua.Uriarte@osc.idaho.gov>, "Sallabanks,Rex"
<rex.sallabanks@idfg.idaho.gov>, Sam Eaton <Sam.Eaton@osc.idaho.gov>,
Chandler.woodcock@maine.gov, "Vashon, Jennifer" <jennifer.vashon@maine.gov>,
moritzw@michigan.gov, DNR-Wildlife@michigan.gov, commissioner.dnr@state.mn.us,
Ed.Boggess@state.mn.us, "Baker, Richard (DNR)" <richard.baker@state.mn.us>,
john.erb@state.mn.us, jhagener@mt.gov, JTubbs@mt.gov, "McDonald, Ken"
<kmcdonald@mt.gov>, "Inman, Bob" <bobinman@mt.gov>, Jay Kolbe
<jkolbe.fwp@gmail.com>, glenn.normandeau@wildlife.nh.gov,
alexandra.sandoval@state.nm.us, patricia.riexinger@dec.ny.gov, curt.melcher@state.or.us,
GregSheehan@utah.gov, Kimberly Hersey <kimberlyasmus@utah.gov>,
louis.porter@state.vt.us, mark scott <mark.scott@state.vt.us>, "Bernier, Chris"
<chris.bernier@state.vt.us>, director@dfw.wa.gov, cpl@dnr.wa.gov, "Lewis, Jeffrey C
(DFW)" <Jeffrey.Lewis@dfw.wa.gov>, cathy.stepp@wisconsin.gov,
kurt.thiede@wisconsin.gov, scott.talbot@wyo.gov, Bob Lanka <bob.lanka@wyo.gov>, Zack
Walker <zack.walker@wyo.gov>, Nichole Cudworth <nichole.cudworth@wyo.gov>
Cc: Jodi Bush <jodi_bush@fws.gov>, Seth Willey <seth_willey@fws.gov>, Heather Bell
<heather_bell@fws.gov>, Mary Parkin <mary_parkin@fws.gov>, Mark McCollough
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<mark_mccollough@fws.gov>, Tamara Smith <tamara_smith@fws.gov>, Bryon Holt
<bryon_holt@fws.gov>, Kurt Broderdorp <kurt_broderdorp@fws.gov>, David Smith
<drsmith@usgs.gov>, Jonathan Cummings <jwcummings@usgs.gov>,
jmawdsley@fishwildlife.org, Nick.Wiley@myfwc.com

Hi All:

Just a reminder that next Wednesday, Aug. 26, from 1 - 2:30 PM Mountain Time, we will hold our 2nd monthly
coordination call with State agencies regarding the species status assessment for the Canada lynx DPS.

Call-in: 866-822-7385
Participant passcode:  5396168

If we have failed to include anyone from your agency on this distribution list, please forward this to them.

As we touched on during the July 29 call, the Service is in the process of identifying candidates to participate in an
expert elicitation workshop that will likely be held in mid-Oct., tentatively in Minneapolis, Minnesota.  Please
review the attached DRAFT (in progress) list of Canada lynx experts we've identified as candidates for participation
in the workshop.  The overarching objective of the workshop is to assess the current and likely future status of each
of the lynx populations in the DPS (contiguous U.S.).

If you believe we have overlooked any lynx experts crucial to achieving that objective, please add their names,
affiliations, and areas of expertise, and email me the revised table at your earliest convenience.  We intend to extend
formal invitation as soon as possible.

We will need to limit the number of experts to facilitate open dialog and candid discussion, and simply for logistical
reasons.  We will consider any candidates you put forth, but the Service will make the final decision on which
experts will be formally invited to participate in the workshop.

Let me know if you have questions or need more information.

Cheers!

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
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From: Zelenak, Jim
To: Heather Bell; Mary Parkin; Jodi Bush; Seth Willey; David Smith; Jonathan Cummings
Subject: Fwd: Reminder: Lynx SSA Coordination Call
Date: Monday, August 24, 2015 10:56:54 AM
Attachments: 2015 08 19 Lynx SSA Expert Workshop Candidates to States.docx

FYI - this is the only response I've gotten so far to the list of expert candidates I sent out to States last week (Wed.).

I have not yet responded, but perhaps we can discuss a response on today's call.

---------- Forwarded message ----------
From: Bob Lanka <bob.lanka@wyo.gov>
Date: Thu, Aug 20, 2015 at 5:54 PM
Subject: Fwd: Reminder: Lynx SSA Coordination Call
To: "Zelenak, Jim" <jim_zelenak@fws.gov>
Cc: Zack Walker <zack.walker@wyo.gov>, Nichole Cudworth
<nichole.cudworth@wyo.gov>, Scott Smith <Scott.Smith1@wyo.gov>

Jim,

Thanks for keeping me in the loop on this.  Will there be some opportunity for the states not
represented but very interested in this process to sit in as interested observers during the
upcoming elicitation meeting so that they can report back on issues, progress and findings? 
Neither our agency nor our university have an individual with extensive lynx specific research
experience and associated long list of publications as most of your panel does.  However, my
agency believes there is a role for those with an applied and logistically practical viewpoint to
be represented in these discussions.  Maybe that is not as critical when discussing current
status but I believe it will be critical when it comes to developing then implementing recovery
for this species on the ground.  

One final thought but not based on any hard data.  Both Bob Oakleaf and Martin Grenier,
former employees with extensive experience in WY have advised me that in their professional
opinion, it is most probable that lynx as a sustaining breeding population is extirpated in WY
at least that part outside Yellowstone NP.  We have evidence of individual animals and
occasionally dispersing animals from CO giving birth in WY, but no evidence that any of
these animals survived nor any evidence from camera work done for other species of lynx in
WY.  My expectation is that you may hear other view points on this from those that will
attend.  

Let us know about interested observer attendance and thanks again.
Bob
  
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Aug 19, 2015 at 3:58 PM
Subject: Reminder: Lynx SSA Coordination Call
To: bob.broscheid@state.co.us, Jake Ivan - DNR <jake.ivan@state.co.us>, "Odell, Eric"
<eric.odell@state.co.us>, virgil.moore@idfg.idaho.gov, dustin.miller@osc.idaho.gov, Joshua
Uriarte <Joshua.Uriarte@osc.idaho.gov>, "Sallabanks,Rex"
<rex.sallabanks@idfg.idaho.gov>, Sam Eaton <Sam.Eaton@osc.idaho.gov>,
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Chandler.woodcock@maine.gov, "Vashon, Jennifer" <jennifer.vashon@maine.gov>,
moritzw@michigan.gov, DNR-Wildlife@michigan.gov, commissioner.dnr@state.mn.us,
Ed.Boggess@state.mn.us, "Baker, Richard (DNR)" <richard.baker@state.mn.us>,
john.erb@state.mn.us, jhagener@mt.gov, JTubbs@mt.gov, "McDonald, Ken"
<kmcdonald@mt.gov>, "Inman, Bob" <bobinman@mt.gov>, Jay Kolbe
<jkolbe.fwp@gmail.com>, glenn.normandeau@wildlife.nh.gov,
alexandra.sandoval@state.nm.us, patricia.riexinger@dec.ny.gov, curt.melcher@state.or.us,
GregSheehan@utah.gov, Kimberly Hersey <kimberlyasmus@utah.gov>,
louis.porter@state.vt.us, mark scott <mark.scott@state.vt.us>, "Bernier, Chris"
<chris.bernier@state.vt.us>, director@dfw.wa.gov, cpl@dnr.wa.gov, "Lewis, Jeffrey C
(DFW)" <Jeffrey.Lewis@dfw.wa.gov>, cathy.stepp@wisconsin.gov,
kurt.thiede@wisconsin.gov, scott.talbot@wyo.gov, Bob Lanka <bob.lanka@wyo.gov>, Zack
Walker <zack.walker@wyo.gov>, Nichole Cudworth <nichole.cudworth@wyo.gov>
Cc: Jodi Bush <jodi_bush@fws.gov>, Seth Willey <seth_willey@fws.gov>, Heather Bell
<heather_bell@fws.gov>, Mary Parkin <mary_parkin@fws.gov>, Mark McCollough
<mark_mccollough@fws.gov>, Tamara Smith <tamara_smith@fws.gov>, Bryon Holt
<bryon_holt@fws.gov>, Kurt Broderdorp <kurt_broderdorp@fws.gov>, David Smith
<drsmith@usgs.gov>, Jonathan Cummings <jwcummings@usgs.gov>,
jmawdsley@fishwildlife.org, Nick.Wiley@myfwc.com

Hi All:

Just a reminder that next Wednesday, Aug. 26, from 1 - 2:30 PM Mountain Time, we will hold our 2nd monthly
coordination call with State agencies regarding the species status assessment for the Canada lynx DPS.

Call-in: 866-822-7385
Participant passcode:  5396168

If we have failed to include anyone from your agency on this distribution list, please forward this to them.

As we touched on during the July 29 call, the Service is in the process of identifying candidates to participate in an
expert elicitation workshop that will likely be held in mid-Oct., tentatively in Minneapolis, Minnesota.  Please
review the attached DRAFT (in progress) list of Canada lynx experts we've identified as candidates for participation
in the workshop.  The overarching objective of the workshop is to assess the current and likely future status of each
of the lynx populations in the DPS (contiguous U.S.).

If you believe we have overlooked any lynx experts crucial to achieving that objective, please add their names,
affiliations, and areas of expertise, and email me the revised table at your earliest convenience.  We intend to extend
formal invitation as soon as possible.

We will need to limit the number of experts to facilitate open dialog and candid discussion, and simply for logistical
reasons.  We will consider any candidates you put forth, but the Service will make the final decision on which
experts will be formally invited to participate in the workshop.

Let me know if you have questions or need more information.

Cheers!

Jim 

-- 
Jim Zelenak, Biologist
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U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Bob Lanka, Certified Wildlife Biologist®
Statewide Wildlife and Habitat Management Supervisor
Central Mountains and Plains Section Representative to Council, The Wildlife Society
Wyoming Game and Fish Department
5400 Bishop Blvd.
Cheyenne, WY 82006
307-777-4580
307-777-4650 fax
bob.lanka@wyo.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
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(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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DRAFT 8/19/2015 – Candidates for Lynx SSA Expert Elicitation Workshop, Fall 2015, Minneapolis, Minnesota 

Expert Candidate Geographic Area Affiliation Expertise 

Kevin McKelvey DPS-wide (distribution) 
USDA Forest Service - Rocky 
Mountain Research Station, 

Missoula, MT 

A Research Ecologist, Dr. McKelvey works to develop methods to evaluate status and 
trends of organisms across broad spatial and temporal scales, including genetic 

monitoring techniques to measure population connectivity across complex landscapes.  
He was a member of the Lynx Science Team and was the Science lead for the National 

Lynx Survey, which provided reliable presence/absence data for lynx on over 50 
national forests, 5 national parks, and numerous other areas managed by the BLM and 
several Tribal Nations.  He has authored and co-authored many peer-reviewed articles 

on lynx conservation, history and distribution in the Lower 48, and population 
ecology/dynamics, and on the dangers of relying on anecdotal occurrence data for rare 

or elusive species. 

Michael Schwartz DPS-wide (genetics) 
USDA Forest Service - 

National Genomics Center for 
Wildlife and Fish Conservation 

Director of the National Genomics Center, Dr. Schwartz focuses on population, 
conservation, and landscape genetics/genomics, genetic monitoring, and the ecology 

of threatened and endangered species.  He has investigated and published peer-
reviewed results on lynx genetic variation, population structure, and population 

connectivity, including documentation of Canada lynx-bobcat (Lynx canadensis x L. 
rufus) hybrids at the southern periphery of lynx range in Maine, Minnesota and New 

Brunswick.  He and colleagues also have validated DNA collection as a means of 
documenting lynx presence and they have developed DNA markers for identifying 

individual snowshoe hares using field-collected pellets. 

Dan Harrison Maine/Northeast University of Maine 

Dr. Harrison has been the principle advisor for many University of Maine graduate 
students working on snowshoe hares and forest management, lynx history, and lynx 

spatial and habitat/occupancy models.  He and his students have published 
extensively, and he is considered one of the top hare, lynx and habitat modeling 

experts in North America. 

Erin Simons-Legaard Maine/Northeast University of Maine 

An Assistant Research Professor in forest landscape modeling, Dr. Simons-Legaard and 
her colleagues have developed a forest landscape change model to do retrospective, 
current, and future forecasts of forest conditions in northern Maine.  She has been 
refining methods for forecasting effects of spruce budworm and climate change on 

Maine's forest, which she is using to expand her lynx habitat model.  This will enable 
her to forecast future conditions for lynx in Maine considering anticipated changes 

from climate change effects on Maine's forest composition, current trends in Maine 
forestry practices, and spruce budworms. 

Jennifer Vashon Maine/Northeast Maine Department of Inland 
Fish and Wildlife 

Jennifer led a 10-year study of lynx in Maine, published two manuscripts in JWM in 
2008, and co-authored other manuscripts with Dr. Harrison's graduate students and 

other lynx researchers.  In 2012, she authored a Canada lynx assessment for the State 
of Maine, which summarizes published and unpublished data from the 10-year study 

and summarizes current knowledge of lynx in Maine. 

Ron Moen Minnesota/Great Lakes 
University of Minnesota and 
Natural Resources Research 

Institute 

Since 2003, Dr. Moen has studied lynx to understand their distribution, abundance, 
persistence, movements and habitat use in and near the Superior National Forest in 

northeastern Minnesota as well as conducting some studies in the greater Upper Great 



Lakes Region (including WI and MI). He has authored numerous reports and 
manuscripts on his studies of lynx in MN, and he and his graduate student also 

conducted studies that used pellet counts to estimate snowshoe hare numbers in MN. 

Susan or Tim Catton Minnesota/Great Lakes USDA Forest Service – 
Superior National Forest 

Susan has been working as a biologist on the Superior National Forest (SNF) since 2001 
and is an expert on lynx biology, ecology and management on the SNF.  She has 

participated in surveys for the species and is very knowledgeable about lynx and their 
habitat on the SNF.  Tim is a biologist on the SNF and for a number of years has been 
leading a lynx tracking project to detect and monitor lynx populations across the SNF. 

Tim and others (e.g.. Dan Ryan, SNF) have been collecting lynx genetic material to 
augment an existing lynx DNA database and further the knowledge of lynx presence 

and persistence on the SNF and in Minnesota. 

John Squires 
Northern and Southern 

Rocky Mountains (Montana, 
Wyoming, Colorado) 

USDA Forest Service - Rocky 
Mountain Research Station, 

Missoula, MT 

A Research Wildlife Biologist, Dr. Squires leads a team of researchers responsible for 
discovering and synthesizing information that is needed to conserve threatened, 

endangered, and sensitive forest carnivores throughout the Rocky Mountains.  Also a 
member of the Lynx Science Team, John has published many peer-reviewed articles on 
lynx conservation, habitat use/selection, dispersal, denning, developing and improving 

survey and monitoring techniques, and the effects of forest management and 
recreation on lynx. 

Jay Kolbe Northern Rocky Mountains  Montana Fish Wildlife and 
Parks 

Jay has worked for over a decade on lynx research and management in western 
Montana and has authored and co-authored numerous peer-reviewed lynx 

publications on topics including trap-design, lynx activity patterns, denning, snow-
tracking, radio-telemetry, seasonal resource selection, predicting dispersal corridors, 

and effects of recreation.   

Gary Koehler Washington/Northwest Washington Department of 
Fish and Wildlife (retired) 

Dr. Koehler, a retired Research Biologist, has conducted research on lynx and hares in 
Washington for more than 30 years.  Also a member of the Lynx Science Team, his 

research was among the earliest to investigate lynx and hare habitat relationships and 
the effects of forest management practices in the Lower 48 states.  He has published 

numerous peer-reviewed articles on lynx conservation ecology in southern boreal 
forest, lynx and hare surveys, habitat and topographic use patterns, and management 

of spruce-fir forests to conserve hares and lynx.   

Keith Aubry Washington/Northwest 
USDA Forest Service - Pacific 
Northwest Research Station, 

Olympia, WA (retired) 

Dr. Aubry has a strong ecological background coupled with his knowledge of lynx 
biology and ecology as well as boreal forest ecology.  Also a member of the Lynx 
Science Team, Keith has authored and co-authored peer-reviewed articles on the 

comparative ecology of North American lynx, lynx ecology in southern boreal forests, 
and the scientific basis for lynx conservation in the U.S.   

Kerry Murphy Wyoming/Greater 
Yellowstone USDA Forest Service Zone Wildlife Biologist, Bridger-Teton National Forest, Jackson Ranger District 

Jake Ivan Colorado/Southern Rocky 
Mountains Colorado Parks and Wildlife 

Dr. Ivan, a Wildlife Researcher with CPW’s Mammals Research Section, has conducted 
research and published peer-reviewed articles on hares and lynx in Colorado and the 

Southern Rockies and has developed a non-invasive monitoring strategy to track 
Colorado’s lynx population. 

Clayton Apps Southern British Columbia & 
Alberta Independent Researcher Knowledge of lynx populations in Canada, threats assessment and management for 

lynx in BC 



Karen Hodges Southern Canada/DPS-wide 
(hares) 

University of British 
Columbia–Okanagan 

Dr. Hodges is an Associate Professor in the Department of Biology at the University of 
British Columbia – Okanagan, where she focuses her research on how range position 

and habitat configuration affect species interactions and endangerment of at-risk 
species, understanding population dynamics at the periphery of species’ ranges, and 
on snowshoe hare population dynamics.  She has authored and co-authored many 

peer-reviewed hare articles    

Jeff Bowman Southern Canada/Ontario 
Ontario Ministry of Natural 

Resources and Forestry, and 
University of Trent, Ontario 

A Research Scientist with the Wildlife Research & Monitoring Section, Ontario Ministry 
of Natural Resources and Forestry and an Adjunct Professor in the Environmental & 

Life Sciences Graduate Program, Trent University, Dr. Bowman’s focus is on population 
and landscape ecology.  He and his colleagues and graduate students have published 

many peer-reviewed articles on lynx landscape ecology and genetics at the 
population's southern range boundary in Ontario in an effort to assess the functional 

connectivity and population dynamics of lynx at their southern range periphery. 

Dennis Murray Southern Canada/Ontario University of Trent, Ontario 

Dr. Murray is the Canada Research Chair in Integrative Wildlife Conservation, 
Bioinformatics, and Ecological Modeling and a Professor of Biology at 

Trent University.  He also serves on the Scientific Advisory Committee for the Canadian 
Institute of Ecology and Evolution, the Committee on the Status of Endangered 

Wildlife in Canada (COSEWIC), and the IUCN Lagomorph Specialist Group.  He has 
authored and co-authored many peer-reviewed articles on lynx, including conservation 
needs at the southern edge of the species’ range, genetics and functional connectivity 

among lynx populations, hare habitat and response to forestry management, lynx-
bobcat competition, and impacts of climate change on southern lynx populations. 

Garth Mowat Southern British Columbia & 
Alberta 

British Columbia Ministry of 
Forests, Lands and Resource 

Operations 

Dr. Mowat manages the Research Section for the Resource Stewardship Division in the 
Kootenay Region of British Columbia, Canada, where his current research varies from 

geomorphology to ecosystem classification and wildlife ecology, particularly 
population dynamics of mammals.  Garth has published many peer-reviewed articles 

on lynx including behavior and natural history, capture and immobilization techniques, 
lynx and hare population dynamics, and lynx pregnancy rates and litter sizes. 

    
    
    
    
    
    

 



From: McCollough, Mark
To: Jim Zelenak
Subject: Fwd: CPW Lynx Monitoring
Date: Tuesday, August 25, 2015 8:49:37 AM

Hi Jim:

Laury and I reviewed the Maine Inland Fisheries and Wildlife lynx snow tracking survey plan
yesterday and have many questions.  We understand how snow track surveys can provide
distribution information and help to inform an occupancy model to predict lynx distribution
over larger areas.  However, we still do not understand how these data can be used to estimate
populations of lynx.

Last January, you sent the email below about the Colorado lynx snow track survey, that does
have an objective to estimate populations.  The link contained in the email no longer seems to
work.  I seem to remember seeing a "methods" paper from the biologist in Colorado
explaining the survey design and how data will be used to estimate the Colorado population.  

Do you have any info on the Colorado lynx survey that you could share.

Thanks,  Mark
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Jan 21, 2015 at 2:57 PM
Subject: CPW Lynx Monitoring
To: Mark McCollough <mark_mccollough@fws.gov>

Hi Mark,

Thought this might be useful for you in your discussions with the State regarding their plans for lynx surveys in
Maine.  Please share with others there and in R5 as you see fit.

http://dnr.state.co.us/newsapp/press.asp?PressId=9331 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Colorado lynx survey
Date: Tuesday, August 25, 2015 11:56:40 AM

Thanks Jim.

I am reading Whittington et al. 2014 this morning (Estimating occupancy using spatially and
temporally replicated snow surveys for lynx and wolverine in Banff, BC).  They used linear
snow track (ski) surveys to document the number of 100 km2 cells and 1 km segments having
lynx (or wolverine) tracks in occupancy models to estimate proportion of the landscape that is
occupied by each species.  The models mathematically address serial correlation, i.e. if you
detect a lynx track in a 1 km segment, you have have a higher likelihood of detecting a lynx
track in the next two to four 1 km segments as you theoretically survey through a lynx home
range.  Similarly adjacent 100 km2 cells are serially correlated if a lynx home range spans two
or more adjacent cells.

They use occupancy models to estimate populations by making assumptions about average
lynx and wolverine home ranges, overlap of home ranges, and other assumptions.  For
example if lynx occupancy models estimated  40% (4,000 km2) of a 10,000 km2 study area
was occupied and lynx home ranges ranged from 100 km2 to 400 km2 (from telemetry
studies), and lynx home ranges do not overlap (not biologically realistic for lynx, but just for
illustrative purposes).  In this example, one would estimate 10 to 40 lynx occupied the study
area.

Whittington et al.caution against estimating populations using occupancy data because "they
are approximate and have inherent limitations."  For example, if lynx home ranges straddle
multiple, adjacent sample cells, occupancy data would overestimate the area occupied and the
minimum number of animals. One would underestimate the minimum number of animals for
species whose home range overlaps.

We just reviewed Maine Inland Fisheries and Wildlife's white paper on lynx surveys.  They
discussed using the snowmobile snow track surveys in an occupancy mode lwith Dr. Eric
Blomberg, a new wildlife faculty at UMaine  .  (Actually Eric sent me the Whittington et al.
publication to demonstrate how this could be done.)  MDIFW's methods paper indicate they
are using the UMaine lynx habitat models and their own staff observation of lynx to identify
townships where there is a high probability of lynx for survey "to make the surveys more
efficient."  This would seem to bias the sampling design that would potentially lead to an
overestimate of the population.  That is, if MDIFW only estimates occupancy in areas of high
habitat quality or where we know we have lynx vs. random sampling townships and avoiding
serial correlation by not having two adjacent survey units.  

I have more to learn about occupancy modeling, but am concerned that MDIFW's approach
may lead to an over-estimation of the population.  Perhaps Dr. Blomberg will advise them in
an appropriate study design.

The Whittington et al article said that power to detect small changes in occupancy was
restricted by the number of 100 km2 cells surveyed.  They estimated 100, 100 km2 sample
units were required to achieve 80% power to detect a 0.2 decrease in occupancy over a single
time period.  Colorado seems to be monitoring only "use" and not occupancy (and certainly
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not population) because several occupancy model assumptions are violated.  Nevertheless,
they believe monitoring "use" is a way to indirectly monitor trends in the population, i.e. if the
"use" metric declines, they infer population has declined.  Based on their previous data
determined a sample of 50 units would be needed to survey to be able to detect meaningful
trends in lynx use in the San Juan Mountain region.  In their 2010-2011 report, Jake indicates
"abundance estimation is not feasible logistically and present statistical difficulties even when
field logistics can be managed."

Hope this helps both of us better understand...

Mark

On Tue, Aug 25, 2015 at 9:37 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Right.  Was just about to forward a link there to the 2010-2011 paper by Ivan describing their modeling efforts for
the noninvasive monitoring protocol.  Definitely looking at occupancy and hoping for enough data to
establish/estimate population trend, but no thoughts that they will get meaningful pop. size estimates.

Eric Odell told me they don't know how many lynx they have now and will likely never have an accurate
estimate.  So they tell the public and new outlets that there are probably 200-300 lynx in the state.  I have no idea
how they arrived at that number, given that as of 2010, 122 of 218 (56%) released adults were known dead and, as
near as I can tell from the annual reports, they had 132 kittens born, with relatively low survival over the first year
or two for most cohorts except those born in 2004.  E. g., 16 kittens documented in 2003, 10 dead by April 2004;
39 kittens in 2004, 6 of 7 radioed were still alive as of June 2006; 46 kittens in 2005, only 1 of 7 radioed was still
alive by June 2007; 11 kittens in 2006, at least 2 alive by spring of 2007; no kittens in 2007 or 2008; then 10
kittens in 2009 and again 2010, but no survival info onthem that I can tell from the reports.

Anyway, I've attached a January 2015 newspaper piece describing the monitoring program, and I will forward
some preliminary results/discussion that Jake Ivan was kind enough to share.

Hope one or both may be of some help. 

On Tue, Aug 25, 2015 at 7:20 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:  Since sending you an email this morning I was able to find some of Jake Ivan's
reports on the CPW website describing the approach they are using to assess lynx
occupancy.

Do you have any results from Jake from last winter?  It would be interesting to see how
they are describing results.  It seems that they are monitoring percent of the habitat that is
occupied, and not estimating populations?

thanks,  Mark

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Bob Naney to represent Washington?
Date: Tuesday, August 25, 2015 3:02:12 PM

Jim:

I don't think that Bob would meet all of our criteria, unless we considered him an author as
one of two primary editors of the LCAS.  He is not an academic as many of the other invitees,
but wouldn't he have similar qualifications as the Catons(?) invited from Minnesota.  Without
Bryon there, it would seem some representation from Washington would be better than none.

Yes, your email jogged my memory about Bob's arguments (and perhaps others) about the
Kettle Range and uncertainties about lynx status there.

Mark

On Tue, Aug 25, 2015 at 2:11 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I thought of Naney, and I believe I even mentioned him to Bryon as a possibility during a phone conversation.  If
I remember correctly, Bryon agreed that he had good knowledge but did not consider him in the same circle as
Koehler, Aubry, and Apps.

I will keep him in mind, and if it looks like we would otherwise have no WA/Northwest representation, consider
extending him an invitation - maybe talk to Bryon again about that as a possible back-up plan.

I think it was Naney, though, who pushed for designating the Kettle-Wedge as a "core area" in the recovery
outline - even though it clearly did not/does not meet the criteria.  Causing headaches now in the CH lawsuits
("...but, but, but it's CORE AREA, you said so yourself, how can it not be essential to lynx?").

On Tue, Aug 25, 2015 at 10:31 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim: 

Any thoughts of extending the invitation to Bob Naney as a substitute expert for
Washington?  Bob was very involved with the lynx BioTeam from the start, on the small
group that developed the recovery plan outline, and recently was editor/writer for the last
LCAS update.  He is retired now...available?  Lots of fire in his area right now.  I've been
wondering how he is faring.   Mark

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Erin Simons-Legaard
To: McCollough, Mark
Cc: Laury Zicari
Subject: Re: Lynx meeting in Minneapolis Oct 13 to 15, travel expenses
Date: Tuesday, August 25, 2015 3:03:38 PM

Hi Mark,

Thanks for the update. I would need help with funding in order to attend
the meeting. 

Best,
Erin

Erin Simons-Legaard
Research Assistant Professor
School of Forest Resources
5755 Nutting Hall
University of Maine
Orono, ME 04469-5755
erin.simons@maine.edu

On Tue, Aug 25, 2015 at 2:58 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Erin, Dan, and Jen:

I wanted to let you know that we are still planning a meeting of lynx experts October 13 to
15 in the Minneapolis area.  Our sessions will begin Tuesday afternoon and conclude the
end of the day Thursday or possibly Friday morning.  The list of expert invitees was
distributed to state agencies last week and will be discussed with them on a conference call
tomorrow.  Formal invitations will be distributed to you all on about September 2.  More
information on the structure of the meetings will be forthcoming at that time.

If any of you are in need of funding for travel and hotel, could you please let me know
within the next day or two?  We may have some year-end funds to help with travel, but
those obligations must be made by this Friday.

Thanks again for your willingness to share your knowledge.  This will be a very interesting
and important meeting that will provide the basis for future listing and recovery planning for
the lynx.  We hope that you all still plan on attending.

Sincerely,

Mark McCollough 

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
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17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Jim Zelenak
Subject: Updated Northeast list of lynx contacts
Date: Tuesday, August 25, 2015 3:33:22 PM
Attachments: Maine edit 2015 08 19 Lynx DPS State Agency Contacts (2).docx

Here is our updated list with Paul added as the NY furbearer biologist contact.  Mark

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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Lynx DPS State Agency Directors, Wildlife Chiefs, and Carnivore/Furbearer Biologists – Aug. 2015, J. Zelenak 

Lynx DPS State State Agency Directors State Wildlife Chiefs State Carnivore/Furbearer Biologists 

Colorado 
Bob Broscheid, Director - CPW 

bob.broscheid@state.co.us 
303-297-1192 

 

Jake Ivan, Wildlife Researcher, 
Mammals Research Section, CPW 

jake.ivan@state.co.us 
970-472-4310 

  
Eric Odell, Species Conservation 
Program Manager – Carnivores, 

Terrestrial Section, CPW 
eric.odell@state.co.us 

970-472-4340 

Idaho 

Virgil Moore, Director - Dept. Fish and 
Game virgil.moore@idfg.idaho.gov 

208-334-3771 
 

Dustin Miller, Administrator – 
Governor’s Office of Species 

Conservation 
dustin.miller@osc.idaho.gov 

208-334-2189 ext. 3 

Joshua Uriarte, Program Manager & 
Policy Advisor - Office of Species 

Conservation 
Joshua.Uriarte@osc.idaho.gov 

208-332-1556 

Rex Sallabanks, 
Wildlife Diversity Program Manager 

Dept. Fish and Game 
rex.sallabanks@idfg.idaho.gov 

208-334-2920 
 

Sam Eaton - Office of Species 
Conservation Sam.Eaton@osc.idaho.gov 

Maine 

Chandler Woodcock, Commissioner – 
Dept. Inland Fisheries and Wildlife 
Chandler.woodcock@maine.gov 

207-287-8000 

Jim Connolly, Director, Bureau of 
Resource Management 

James.Connolly@maine.gov 
 

Jennifer Vashon, Biologist - MDIFW 
jennifer.vashon@maine.gov 

Michigan 

Keith Creagh, Director – Dept. of Natural 
Resources 

 
William Moritz – Natural Resources 

Deputy, DNR 
moritzw@michigan.gov 

517-284-6367 

Russ Mason, Wildlife Division Chief, DNR 
DNR-Wildlife@michigan.gov 

517-284-9453 
 

 

Minnesota 

Tom Landwehr, Commissioner – Dept. of 
Natural Resources 

commissioner.dnr@state.mn.us 
651-296-6157 

 
Ed Boggess, Director – Division of Fish 

and Wildlife, DNR 
Ed.Boggess@state.mn.us 

651-259-5180 

 

Richard Baker - Endangered Species 
Coordinator 

Div. Ecological and Water Resources 
DNR 

richard.baker@state.mn.us 
651-259-5073 

 
John Erb - Furbearer Research Biologist, 

DNR john.erb@state.mn.us 
218-999-7930 

Montana 

Jeff Hagener, Director – Fish, Wildlife 
and Parks 

jhagener@mt.gov 
406-444-3186 

 
John Tubbs, Director – Dept. of Natural 

Resources and Conservation 
JTubbs@mt.gov 
406-444-1948 

Ken McDonald, Chief of Wildlife -  
FWP 

kmcdonald@mt.gov 
406-444-5645 

Bob Inman, Carnivore-Furbearer 
Coordinator - FWP 
bobinman@mt.gov 

406-444-0042 
 

Jay Kolbe, Wildlife Biologist – FWP 
jkolbe.fwp@gmail.com 

 406-499-2356 
 

Scott Eggeman, Wildlife Biologist – FWP  
seggeman@mt.gov 

406-542-5542  

New 
Hampshire 

Glenn Normandeau, Executive Director – 
Fish and Game Dept. 

glenn.normandeau@wildlife.nh.gov 
603-271-3511 

Mark Ellingwood, Wildlife Division Chief 
Mark.Ellingwood@wildlife.nh.gov 

 
John Kanter, Nongame and Endangered 

Wildlife Coordinator 
John.Kanter@wildlife.nh.ov 

Jill Killborn, Regional Biologist, Region 1 
Jill.Killborn@wildlife.nh.gov 

 
Will Staats, Regional Biologists, Region 1 

William.Staats@wildlife.nh.gov 
 

Patrick Tate, Furbearer Project Leader, 
Region 3 

Patrick.Tate@wildlife.nh.gov 

mailto:bob.broscheid@state.co.us
mailto:jake.ivan@state.co.us
mailto:eric.odell@state.co.us
mailto:virgil.moore@idfg.idaho.gov
mailto:dustin.miller@osc.idaho.gov
mailto:Joshua.Uriarte@osc.idaho.gov
mailto:rex.sallabanks@idfg.idaho.gov
mailto:Sam.Eaton@osc.idaho.gov
mailto:Chandler.woodcock@maine.gov
mailto:James.Connolly@maine.gov
mailto:jennifer.vashon@maine.gov
mailto:moritzw@michigan.gov
mailto:DNR-Wildlife@michigan.gov
mailto:commissioner.dnr@state.mn.us
mailto:Ed.Boggess@state.mn.us
mailto:richard.baker@state.mn.us
mailto:john.erb@state.mn.us
mailto:jhagener@mt.gov
mailto:JTubbs@mt.gov
mailto:kmcdonald@mt.gov
mailto:bobinman@mt.gov
mailto:jkolbe.fwp@gmail.com
mailto:seggeman@mt.gov
mailto:glenn.normandeau@wildlife.nh.gov
mailto:Mark.Ellingwood@wildlife.nh.gov


New Mexico 

Alexandra Sandoval, Director – Dept. of 
Fish and Game 

alexandra.sandoval@state.nm.us 
505-476-8000 

  

New York 

Patricia Riexinger, Director - Division of 
Fish, Wildlife, and Marine Resources, 
Dept. of Environmental Conservation, 

patricia.riexinger@dec.ny.gov 
518-402-8924 

 
Paul G. Jensen 

Furbearer Specialist 
Paul.jensen@dec.ny.gov 

Oregon 

Curt Melcher, Director - Dept. of Fish 
and Wildlife 

curt.melcher@state.or.us 
503-947-6044 

  

Utah 

Greg Sheehan, Director – Division of 
Wildlife Resources 

GregSheehan@utah.gov 
801-538-4700 

 

Kimberly Asmus Hersey, Mammal 
Conservation Coordinator - Division of 

Wildlife 
kimberlyasmus@utah.gov 

801-362-0795 
 

Vermont 

Louis Porter, Commissioner for Fish and 
Wildlife, Fish and Wildlife Dept., Agency 

of Natural Resources 
louis.porter@state.vt.us 

802-828-1454 
 

Mark Scott, Director of Wildlife – Agency 
of Natural Resources 

mark.scott@state.vt.us 
802-828-1478 

Mark Scott, Director, Wildlife Division 
Mark.Scott@state.vt.us 

Chris Bernier, Furbearer Project Leader - 
Fish & Wildlife Dept. 

chris.bernier@state.vt.us 
802-885-8833 

  
 

Washington 

Jim Unsworth, Director – Dept. of Fish 
and Wildlife 

director@dfw.wa.gov 
360-902-2200 

 
Peter Goldmark, Commissioner of Public 

Lands – Dept. of Natural Resources 
cpl@dnr.wa.gov 

360-902-1001 

 

Jeff Lewis, Mesocarnivore Conservation 
Biologist -  

Dept. of Fish and Wildlife 
Jeffrey.Lewis@dfw.wa.gov 

360-902-2374 

Wisconsin 

Cathy Stepp, Secretary – Dept. of 
Natural Resources 

cathy.stepp@wisconsin.gov, 
DNRSecretary@Wisconsin.gov 

608-266-2121 
 

Kurt Thiede - Land Division 
Administrator 

kurt.thiede@wisconsin.gov 

  

Wyoming 

Scott Talbot, Director – Game and Fish 
Dept. 

scott.talbot@wyo.gov 
307-777-4600 

Bob Lanka, Statewide Wildlife and 
Habitat Management Supervisor -  

G&F Dept. 
bob.lanka@wyo.gov 

307-777-4580 

Zack Walker, Statewide Nongame Bird 
and Mammal Program Supervisor – G&F 

Dept.. 
zack.walker@wyo.gov 

307-332-7723 x239 
 

Nichole Cudworth, Nongame Mammal 
Biologist - G&F Dept. 

nichole.cudworth@wyo.gov 
307-332-7723 ext. 230  
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From: McCollough, Mark
To: Jensen, Paul G (DEC); Jim Zelenak
Subject: Re: Lynx Coordination Call
Date: Wednesday, August 26, 2015 8:03:11 AM

Paul:  We are trying to complete our contact list for the Northeast for the Canada lynx status
assessment.  Can you please provide the name and email address of your NY DEC Wildlife
Division chief, or equivalent?  We would very much appreciate that.

Can you respond to both Jim and I?

Thank you,  Mark McCollough  

On Tue, Aug 25, 2015 at 3:38 PM, Jensen, Paul G (DEC) <paul.jensen@dec.ny.gov> wrote:

Thank you Mark and Jim.  Looking forward to the call tomorrow.

 

Paul

 

From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: Tuesday, August 25, 2015 3:32 PM
To: Jensen, Paul G (DEC)
Cc: jim_zelenak@fws.gov
Subject: Re: Lynx Coordination Call

 

Paul:  Thank you very much.  We welcome your participation on the call tomorrow!  I called
NY DEC several times last week (wildlife) trying to locate the furbearer biologist, but no
one could give me information.  I'm glad we found the right person.  Mark

 

On Tue, Aug 25, 2015 at 2:42 PM, Jensen, Paul G (DEC) <paul.jensen@dec.ny.gov> wrote:

Hi Mark, Jim

 

Just a heads-up that I’ll be participating on the lynx coordination call tomorrow.  Please
add me to your distribution list for future correspondence.  Thank you.

 

Best regards,
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Paul

 

Paul G. Jensen, Ph.D. | Senior Wildlife Biologist, Furbearer Specialist

NYS Department of Environmental Conservation | Division of Fish, Wildlife & Marine Resources

232 Golf Course Road, Warrensburg, New York  12885-0220

Voice: (518) 623-1242 | Fax: (518) 623-3603 | paul.jensen@dec.ny.gov

http://pgjensen.wix.com/forest-carnivore-monitoring

 

 

--

Mark McCollough, Ph.D.

Endangered Species Specialist

Maine Field Office

U. S. Fish and Wildlife Service

17 Godfrey Drive, Suite 2

Orono, ME 04473

Phone 207 866-3344 x115

Cell Phone: 207 944-5709

mark_mccollough@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
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From: Zelenak, Jim
To: Jodi Bush
Subject: Updated Lynx Expert Candidate List
Date: Wednesday, August 26, 2015 8:25:12 AM
Attachments: 2015 08 25 Revised Lynx SSA Expert Workshop Candidates.docx

We got the last few "bio-blurbs" filled in.  I printed you a copy of this to have in front of you on the call this
afternoon, along with the attendance list.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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DRAFT 8/19/2015 – Candidates for Lynx SSA Expert Elicitation Workshop, Fall 2015, Minneapolis, Minnesota 

Expert Candidate Geographic Area Affiliation Expertise 

Kevin McKelvey DPS-wide (distribution) 
USDA Forest Service - Rocky 
Mountain Research Station, 

Missoula, MT 

A Research Ecologist, Dr. McKelvey works to develop methods to evaluate status and 
trends of organisms across broad spatial and temporal scales, including genetic 

monitoring techniques to measure population connectivity across complex landscapes.  
He was a member of the Lynx Science Team and was the Science lead for the National 

Lynx Survey, which provided reliable presence/absence data for lynx on over 50 
national forests, 5 national parks, and numerous other areas managed by the BLM and 
several Tribal Nations.  He has authored and co-authored many peer-reviewed articles 

on lynx conservation, history and distribution in the Lower 48, and population 
ecology/dynamics, and on the dangers of relying on anecdotal occurrence data for rare 

or elusive species. 

Michael Schwartz DPS-wide (genetics) 
USDA Forest Service - 

National Genomics Center for 
Wildlife and Fish Conservation 

Director of the National Genomics Center, Dr. Schwartz focuses on population, 
conservation, and landscape genetics/genomics, genetic monitoring, and the ecology 

of threatened and endangered species.  He has investigated and published peer-
reviewed results on lynx genetic variation, population structure, and population 

connectivity, including documentation of Canada lynx-bobcat (Lynx canadensis x L. 
rufus) hybrids at the southern periphery of lynx range in Maine, Minnesota and New 

Brunswick.  He and colleagues also have validated DNA collection as a means of 
documenting lynx presence and they have developed DNA markers for identifying 

individual snowshoe hares using field-collected pellets. 

Dan Harrison Maine/Northeast University of Maine 

Dr. Harrison has been the principle advisor for many University of Maine graduate 
students working on snowshoe hares and forest management, lynx history, and lynx 

spatial and habitat/occupancy models.  He and his students have published 
extensively, and he is considered one of the top hare, lynx and habitat modeling 

experts in North America. 

Erin Simons-Legaard Maine/Northeast University of Maine 

An Assistant Research Professor in forest landscape modeling, Dr. Simons-Legaard and 
her colleagues have developed a forest landscape change model to do retrospective, 
current, and future forecasts of forest conditions in northern Maine.  She has been 
refining methods for forecasting effects of spruce budworm and climate change on 

Maine's forest, which she is using to expand her lynx habitat model.  This will enable 
her to forecast future conditions for lynx in Maine considering anticipated changes 

from climate change effects on Maine's forest composition, current trends in Maine 
forestry practices, and spruce budworms. 

Jennifer Vashon Maine/Northeast Maine Department of Inland 
Fish and Wildlife 

Jennifer led a 10-year study of lynx in Maine, published two manuscripts in JWM in 
2008, and co-authored other manuscripts with Dr. Harrison's graduate students and 

other lynx researchers.  In 2012, she authored a Canada lynx assessment for the State 
of Maine, which summarizes published and unpublished data from the 10-year study 

and summarizes current knowledge of lynx in Maine. 

Ron Moen Minnesota/Great Lakes 
University of Minnesota and 
Natural Resources Research 

Institute 

Since 2003, Dr. Moen has studied lynx to understand their distribution, abundance, 
persistence, movements and habitat use in and near the Superior National Forest in 

northeastern Minnesota as well as conducting some studies in the greater Upper Great 



Lakes Region (including Wisconsin and Michigan). He has authored numerous reports 
and manuscripts on his studies of lynx in Minnesota, and he and his graduate student 
also conducted studies that used pellet counts to estimate snowshoe hare numbers. 

Susan or Tim Catton Minnesota/Great Lakes USDA Forest Service – 
Superior National Forest 

Susan has been working as a biologist on the Superior National Forest (SNF) since 2001 
and is an expert on lynx biology, ecology and management on the SNF.  She has 

participated in surveys for the species and is very knowledgeable about lynx and their 
habitat on the SNF.  Tim is a biologist on the SNF and for a number of years has been 
leading a lynx tracking project to detect and monitor lynx populations across the SNF. 

Tim and others (e.g., Dan Ryan, SNF) have been collecting lynx genetic material to 
augment an existing lynx DNA database and further the knowledge of lynx presence 

and persistence on the SNF and in Minnesota. 

John Squires 
Northern and Southern 

Rocky Mountains (Montana, 
Wyoming, Colorado) 

USDA Forest Service - Rocky 
Mountain Research Station, 

Missoula, MT 

A Research Wildlife Biologist, Dr. Squires leads a team of researchers responsible for 
discovering and synthesizing information that is needed to conserve threatened, 

endangered, and sensitive forest carnivores throughout the Rocky Mountains.  Also a 
member of the Lynx Science Team, John has published many peer-reviewed articles on 
lynx conservation, habitat use/selection, dispersal, denning, developing and improving 

survey and monitoring techniques, and the effects of forest management and 
recreation on lynx. 

Jay Kolbe Northern Rocky Mountains  Montana Fish Wildlife and 
Parks 

Jay has worked for over a decade on lynx research and management in western 
Montana and has authored and co-authored numerous peer-reviewed lynx 

publications on topics including trap-design, lynx activity patterns, denning, snow-
tracking, radio-telemetry, seasonal resource selection, predicting dispersal corridors, 

and effects of recreation.   

Gary Koehler Washington/Northwest Washington Department of 
Fish and Wildlife (retired) 

Dr. Koehler, a retired Research Biologist, has conducted research on lynx and hares in 
Washington for more than 30 years.  Also a member of the Lynx Science Team, his 

research was among the earliest to investigate lynx and hare habitat relationships and 
the effects of forest management practices in the Lower 48 states.  He has published 

numerous peer-reviewed articles on lynx conservation ecology in southern boreal 
forests, lynx and hare surveys, habitat and topographic use patterns, and management 

of spruce-fir forests to conserve hares and lynx.   

Keith Aubry Washington/Northwest 
USDA Forest Service - Pacific 
Northwest Research Station, 

Olympia, WA (retired) 

Dr. Aubry is an Emeritus Scientist (formerly Research Wildlife Biologist) with the U.S. 
Forest Service’s Pacific Northwest Research Station in Olympia, WA. He has been 

conducting research on terrestrial wildlife in the Pacific Northwest for almost 40 years. 
Recently, his research has focused on generating new information that will enable 
conservation biologists and resource managers to make more-informed decisions 
about the conservation status of rare and elusive forest carnivores, including the 

fisher, Canada lynx, Cascade and Sierra Nevada red foxes, coastal marten, and 
wolverine. A lack of reliable information on their evolutionary history, current and 

historical distributions, and ecological relations is often a significant impediment to the 
conservation of their populations. Dr. Aubry was a member of several national 

scientific teams, including the Forest Carnivore Conservation Assessment Team, the 
Lynx Science Team, and the Wolverine Science Team, and was the leader of the Fisher 

Science Team. He has directed several multi-year field studies of the Canada lynx in 



the North Cascades of Washington, and has authored or co-authored a number of 
peer-reviewed publications on lynx conservation, their distribution in the contiguous 

U.S., their ecology and population dynamics, and the risk of relying on anecdotal 
occurrence data for conserving rare or elusive species. 

Kerry Murphy Wyoming/Greater 
Yellowstone USDA Forest Service 

Dr. Murphy is the Zone Wildlife Biologist on the Bridger-Teton National Forest (B-T NF) 
stationed in Jackson, Wyoming.  He has extensive experience monitoring, managing, 

and surveying Canada lynx and their habitat, and in documenting aspects of other 
carnivore populations.  From 2000-2005, Kerry worked in Yellowstone Park 

cooperatively with the Rocky Mountain Research Laboratory, Missoula, to document 
lynx presence and distribution (1 publication), and worked with researchers to 

document snowshoe hare abundance, distribution, and habitat affinities (1 
publication) in the Park.  On the B-T NF, Kerry worked to document snowshoe hare 
abundance and population trends in different forest types, and lynx presence and 

distribution.  Kerry also recently assisted the U.S. Fish and Wildlife Service by providing 
a peer-review of the proposed rule revising the lynx critical habitat designation. 

Jake Ivan Colorado/Southern Rocky 
Mountains Colorado Parks and Wildlife 

Dr. Ivan, a Wildlife Researcher with CPW’s Mammals Research Section, has conducted 
research and published peer-reviewed articles on hares and lynx in Colorado and the 

Southern Rockies and has developed a non-invasive monitoring strategy to track 
Colorado’s lynx population. 

Clayton Apps Southern British Columbia & 
Alberta 

Independent Researcher, 
Aspen Wildlife Research Inc. 

Dr. Apps is an independent research ecologist whose work in western Canada over the 
past 24 years has focused on understanding and predicting relationships of wide-

ranging species with habitat and human influence across scales to support 
environmental assessment and conservation planning.  He is especially interested in 

spatial and temporal factors affecting species movements, habitat selection, 
abundance, distribution and survival.  Within the southern Canadian Rocky Mountains, 

Dr. Apps carried out a 5-year study of lynx ecology representing his dissertation 
research, and he has conducted several other shorter-term field and modeling projects 
pertaining to lynx.  Clayton has also recently authored British Columbia’s current lynx 

management plan. 

Karen Hodges Southern Canada/DPS-wide 
(hares) 

University of British 
Columbia–Okanagan 

Dr. Hodges is an Associate Professor in the Department of Biology at the University of 
British Columbia – Okanagan, where she focuses her research on how range position 

and habitat configuration affect species interactions and endangerment of at-risk 
species, understanding population dynamics at the periphery of species’ ranges, and 
on snowshoe hare population dynamics.  She has authored and co-authored many 

peer-reviewed hare articles.   

Jeff Bowman Southern Canada/Ontario 
Ontario Ministry of Natural 

Resources and Forestry, and 
University of Trent, Ontario 

A Research Scientist with the Wildlife Research & Monitoring Section, Ontario Ministry 
of Natural Resources and Forestry and an Adjunct Professor in the Environmental & 

Life Sciences Graduate Program, Trent University, Dr. Bowman’s focus is on population 
and landscape ecology.  He and his colleagues and graduate students have published 

many peer-reviewed articles on lynx landscape ecology and genetics at the 
population's southern range boundary in Ontario in an effort to assess the functional 

connectivity and population dynamics of lynx at their southern range periphery. 
Dennis Murray Southern Canada/Ontario University of Trent, Ontario Dr. Murray is the Canada Research Chair in Integrative Wildlife Conservation, 



Bioinformatics, and Ecological Modeling and a Professor of Biology at 
Trent University.  He also serves on the Scientific Advisory Committee for the Canadian 

Institute of Ecology and Evolution, the Committee on the Status of Endangered 
Wildlife in Canada (COSEWIC), and the IUCN Lagomorph Specialist Group.  He has 

authored and co-authored many peer-reviewed articles on lynx, including conservation 
needs at the southern edge of the species’ range, genetics and functional connectivity 

among lynx populations, hare habitat and response to forestry management, lynx-
bobcat competition, and impacts of climate change on southern lynx populations. 

Garth Mowat Southern British Columbia & 
Alberta 

British Columbia Ministry of 
Forests, Lands and Resource 

Operations 

Dr. Mowat manages the Research Section for the Resource Stewardship Division in the 
Kootenay Region of British Columbia, Canada, where his current research varies from 

geomorphology to ecosystem classification and wildlife ecology, particularly 
population dynamics of mammals.  Garth has published many peer-reviewed articles 

on lynx including behavior and natural history, capture and immobilization techniques, 
lynx and hare population dynamics, and lynx pregnancy rates and litter sizes. 

    
    
    
    
    
    

 



From: Zelenak, Jim
To: Mark McCollough
Subject: Fwd: List for SSA update calls
Date: Wednesday, August 26, 2015 9:38:55 AM

FYI.
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Aug 26, 2015 at 7:07 AM
Subject: Re: List for SSA update calls
To: "Connolly, James" <James.Connolly@maine.gov>

Will do, Jim.  I'll forward you the information for today's coordination call.

On Wed, Aug 26, 2015 at 6:05 AM, Connolly, James <James.Connolly@maine.gov> wrote:

Jim,  Can you please add me to the list for the call,   I have been working with Hadley and
the Maine field office on the lynx issue here in Maine and our HCP plan that lead to our ITP
permit for our trapping program.   Thanks  Jim

 

James M. Connolly

Director, Bureau of Resource Management

Maine Department of Inland Fisheries & Wildlife

284 State Street

41 State House Station

Augusta ME 04333-0041

(207) 287-5259

(207) 287-6395 fax

 

Correspondence to and from this

office is considered a public record

and may be subject to a request

under the Maine Freedom of Access

Act. Information that you wish to

keep confidential should not be

included in email correspondence.

mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:James.Connolly@maine.gov
mailto:James.Connolly@maine.gov


 

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


From: Bush, Jodi
To: Zelenak, Jim
Cc: McCollough, Mark; Laury Zicari; Sharon Hooley; Kaimy Marks
Subject: Re: Funding for lynx expert meeting
Date: Wednesday, August 26, 2015 11:02:38 AM

Nope. This would be helpful.  Thank you!  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Aug 26, 2015 at 8:35 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Mark and Laury.

I've copied Jodi and our Administrative Experts here.  I'm guessing any help will be welcomed, but will let
Sharon or Kaimy reply if they foresee any issues/difficulties with the Maine Field Office paying travel and
lodging costs for non-USFWS Maine participants in the Lynx SSA Expert Elicitation Workshop in Minneapolis
in mid-Oct. 

On Tue, Aug 25, 2015 at 1:07 PM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:  I just talked to Laury about our call today and sent an email to our three potential
invitees from Maine.  We have some end-of-year funds that we would like to use.  I
reminded the Maine invitees that we are still planning the Oct 13-15 meeting and that if
they need help with funding to let our field office know by Friday.  Laury supports
obligating funds for airfare and hotel for the three from Maine (perhaps they could cover
their per diem?), if needed.

Is this OK with you folks???

Mark

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:laury_zicari@fws.gov
mailto:Sharon_Hooley@fws.gov
mailto:kaimy_marks@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:mark_mccollough@fws.gov


Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Bush, Jodi
Subject: Re: Climate contacts
Date: Wednesday, August 26, 2015 2:52:50 PM
Attachments: Lynx and Climate Change --- Recomendations on Experts_KAJ_07-30-2015 (2).docx

The attachment from Kurt Johnson, HQ Science Applications...

On Wed, Aug 26, 2015 at 2:51 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Will do.

The first link is to the FWS Climate Team (Nancy Green, Kate Freund, et al.), who Kurt Johnson at Science Apps
(our contact) knows and works closely with.

The second link is to USGS National Climate Change and Wildlife Science Centers, of which I'm also certain he
is aware.

I've attached what he put together for us (but on which I haven't had time yet to delve deeply or follow-up).

Also, on the call yesterday, Jeff Gould of Idaho F&G recommended Leona Svancarra (though he was uncertain of
the spelling) who he said is (was?) with Univ. of Idaho.  

 

On Wed, Aug 26, 2015 at 2:04 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
You should send this on to our contact at science applications.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Aug 26, 2015 at 1:47 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Jonathan.

I just haven't had a chance to dig into this too deeply yet, though, as I said on the call, we've requested and
received assistance from our Science Applications folks at HQ.

On Wed, Aug 26, 2015 at 1:44 PM, Cummings, Jonathan <jwcummings@usgs.gov>
wrote:

Hi Jim, 

The sources of potential climate experts I'm aware of would be the National Climate
Team (https://fishnet.fws.doi.net/nt/nct/SitePages/Home.aspx), and then the USGS
Climate Science Centers (https://nccwsc.usgs.gov/about-nccwsc)

I'm probably providing less information than what you already know, but just in case.

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jwcummings@usgs.gov
https://fishnet.fws.doi.net/nt/nct/SitePages/Home.aspx
https://nccwsc.usgs.gov/about-nccwsc


Best,
Jonathan
-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Leetown Science Center (remotely located)
jwcummings@usgs.gov

Remote Contact Info:
802-999-8684 - cell
243 Locust St
Dover, NH 03820

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jwcummings@usgs.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
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Introduction 
 
Climate change related impacts to lynx are likely to include the following: 

1. Changes to lynx climate envelope 
o Increasing temperatures may exceed the 

temperature tolerance of the species, 
which is adapted to colder climates 

o Healy Hamilton conducted some modeling 
of lynx climate envelope for the 2050s and 
2090s, using the A2 emissions scenario.  
 Dataset represents the predicted 

distribution for Canada Lynx (Lynx 
canadensis) for the 2050s and 2090s (10-yr period average), based on the 
agreement (spatial average) of 5 niche modeling techniques (BIOCLIM, 
Climate Space Model, Envelope Score, Environmental Distance, SMV) 
and monthly precipitation and average temperature from 12 GCM's from 
the A2 emission scenario. Localities used to produce the model were 
resampled from the core area (highest probability) of the predicted 
distribution based on 48 Worldclim 1.4 climatic variables and BIOCLIM. 

 Results are posted in Data Basin.  http://databasin.org/maps/e82e8422-
f33f-4d4e-838c-204b8959dccb 

 
2. Loss of boreal forest habitat 

o Various modeling studies suggest 
that forest ecosystems and 
landscapes are likely to change as a 
result of shifting climate envelopes 
of key plant species. Much of this 
work has been done in the NE and 
Upper Midwest. Boreal forest 
habitats are likely to be greatly 
reduced or disappear from these 
areas (based on modeling results). 
See figures included here. 
 

o Observational data and modeling 
projections indicate an increase in 
disturbance in lynx forest habitats. 
These include: 

http://databasin.org/maps/e82e8422-f33f-4d4e-838c-204b8959dccb
http://databasin.org/maps/e82e8422-f33f-4d4e-838c-204b8959dccb
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 Fires – Increasing intensity nd areal extent burned, if not total number of 
fires. Especially so in Western United States. 

 Insect pests and diseases -- Increasing incidence of forest destruction due 
to insects and other pests. For example, conifer beetles in the Western 
United States and hemlock wooly adelgid in Eastern and NE United 
States.  

 Combination of disturbances – Insect pests are working in tandem with 
fire and drought to reshape landscapes in the Western United States, 
particularly Colorado, Montana, and North Cascades areas. 

 Overlaid on other disturbances (anthropogenic) 
3. Changes in snow cover 

o Both areal extent and depth of snowpack in lynx habitat has been changing, along 
with changes to snow quality and texture.  These changes affect the ability of lynx 
to secure their main prey – snowshoe hare – and to stay ahead of other carnivores 
that are potential competitors (e.g., bobcat) 
 http://www.gfdl.noaa.gov/news-app/story.79 

4. Changes in prey distribution, abundance, availability 
o Climate change will affect the climate envelope and habitat of the lynx’s principal 

prey, the snowshoe hare, thereby affecting predator-prey relationships. 
o In addition, recent research by Mills and colleagues has demonstrated an 

emerging color mismatch between snowshoe hare and their habitat due to earlier 
melting snow. This could lead to increased susceptibility to predation, thereby 
affecting predator-prey relations. 
 http://www.pnas.org/content/110/18/7360.short 

 
Identification of Experts to be Considered for Consultation 
 
Identification of lynx experts was based on my personal 
familiarity with experts and with potentially relevant 
literature, as well as through multiple internet searches using 
Google and Google Scholar. Lynx experts were 
recommended on the basis of their relevant experience in one 
or more of six lynx “units1,” including field research and/or 
management of lynx, their habitats, and/or their prey.  
 
Identification of climate change experts was also based on 
my personal familiarity with experts and potentially relevant 

                                                            
1 Six units are: Unit 1—Northern Maine; Unit 2—Upper Midwest; Unit 3—NW Montana; Unit 4—North Cascades 
and Okanogan; Unit 5—GYE; Unit 6—Colorado. 

http://www.gfdl.noaa.gov/news-app/story.79
http://www.pnas.org/content/110/18/7360.short
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literature, as well as through multiple internet searches using Google and Google Scholar. 
Climate change experts were identified on the basis of their demonstrated research and 
publication record on relevant climate change topics of regional significance (i.e., experience in 
one or more of six “units”). Two types of climate experts were identified. The first type includes 
experts on climate change itself – both observed and projected changes – including temperature 
and precipitation patterns, snowpack, changing hydrology, etc. The second type includes experts 
on ecological response to climate change, including landscape modelers, climate envelope 
modelers, etc. 
 
Results are presented by Unit, as follows: 
 
Unit 1 – Northern Maine 
 

• Lynx 
 

o Jennifer H. Vashon 
 Canada lynx and black bear biologist, Maine Department of Inland 

Fisheries and Wildlife 
 Conducted much research on lynx in Maine 

• “Spatial Ecology of a Canada Lynx Population in Northern Maine” 
--
http://www.maine.gov/ifw/wildlife/pdfs/Lynx%20spatial%20patter
ns.pdf 

• “Canada Lynx Assessment” -- 
http://www.maine.gov/ifw/wildlife/pdfs/Lynx%20Assessment%20
2012_1_Final.pdf 

 Email: jennifer.vashon@maine.gov 
 

o Christopher L. Hoving 
 Works for Michigan DNR 
 Worked on lynx in Maine and Michigan 

• “Broad-scale predictions of Canada lynx occurrence in eastern 
North America” --  http://www.bioone.org/doi/abs/10.2193/0022-
541X%282005%29069%5B0739%3ABPOCLO%5D2.0.CO%3B2
?journalCode=wild 

• “Michigan Species CCVA” (includes lynx) -- 
https://www.michigan.gov/documents/dnr/3564_Climate_Vulnera
bility_Division_Report_4.24.13_418644_7.pdf 

 Email: hovingc@michigan.gov 
 

http://www.maine.gov/ifw/wildlife/pdfs/Lynx%20spatial%20patterns.pdf
http://www.maine.gov/ifw/wildlife/pdfs/Lynx%20spatial%20patterns.pdf
http://www.maine.gov/ifw/wildlife/pdfs/Lynx%20Assessment%202012_1_Final.pdf
http://www.maine.gov/ifw/wildlife/pdfs/Lynx%20Assessment%202012_1_Final.pdf
http://www.bioone.org/doi/abs/10.2193/0022-541X%282005%29069%5B0739%3ABPOCLO%5D2.0.CO%3B2?journalCode=wild
http://www.bioone.org/doi/abs/10.2193/0022-541X%282005%29069%5B0739%3ABPOCLO%5D2.0.CO%3B2?journalCode=wild
http://www.bioone.org/doi/abs/10.2193/0022-541X%282005%29069%5B0739%3ABPOCLO%5D2.0.CO%3B2?journalCode=wild
https://www.michigan.gov/documents/dnr/3564_Climate_Vulnerability_Division_Report_4.24.13_418644_7.pdf
https://www.michigan.gov/documents/dnr/3564_Climate_Vulnerability_Division_Report_4.24.13_418644_7.pdf
mailto:hovingc@michigan.gov
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o Daniel J. Harrison 
 Professor of Wildlife Ecology, U. Maine 
 Has conducted lynx research with grad students 

• “Movement paths reveal scale-dependent habitat decisions by 
Canada lynx” --  http://www.bioone.org/doi/pdf/10.1644/10-
MAMM-A-005.1 

• “Winter habitat selection by Canada lynx in Maine: prey 
abundance or accessibility?” -- 
http://onlinelibrary.wiley.com/doi/10.2193/2006-288/pdf 

 Email:  harrison@maine.edu 
 

• Climate 
 

o Art DeGaetano 
 Professor, Earth and Atmospheric Sciences, Cornell University 
 Expert on climate and snowpack in the Northeast 

•  “A methodology for statistically downscaling seasonal snow cover 
characteristics over the Northeastern United States” --
http://onlinelibrary.wiley.com/doi/10.1002/joc.3626/abstract 

 Email: atd2@cornell.edu 
 

o Ivan Fernandez 
 Soil Scientist, University of Maine 
 Lead author on “Maine’s Climate Future: 2015 Update” 

• http://climatechange.umaine.edu/research/publications/climate-
future 

 Not a climate scientist per se, but he should know a good climate person 
for the NE and Maine owing to his role in producing this document 

 Email: ivanjf@maine.edu 
 

o Louis Iverson 
 USFS Northern Research Station 
 Landscape ecologist / impact of climate change on tree distributions 

• “Projected Tree Species Redistribution Under Climate Change: 
Implications for Ecosystem Vulnerability Across Protected Areas 
in the Eastern United States” --
http://www.fs.fed.us/nrs/pubs/jrnl/2015/nrs_2015_zolkos_001.pdf 

 Email: liverson@fs.fed.us 
 
 

http://www.bioone.org/doi/pdf/10.1644/10-MAMM-A-005.1
http://www.bioone.org/doi/pdf/10.1644/10-MAMM-A-005.1
http://onlinelibrary.wiley.com/doi/10.2193/2006-288/pdf
mailto:Harrison@umenfa.maine.edu
http://onlinelibrary.wiley.com/doi/10.1002/joc.3626/abstract
mailto:atd2@cornell.edu
http://climatechange.umaine.edu/research/publications/climate-future
http://climatechange.umaine.edu/research/publications/climate-future
mailto:ivanjf@maine.edu
http://www.fs.fed.us/nrs/pubs/jrnl/2015/nrs_2015_zolkos_001.pdf
mailto:liverson@fs.fed.us
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Unit 2 – Upper Midwest 
 

• Lynx 
 

o Christopher L. Hoving 
 Michigan DNR 
 See Maine for details 

 
o Ron Moen 

 Senior Research Associate, Natural Resources Research Institute, U 
Minnesota-Duluth 

 Lynx research 
• “Movement and Habitat Use of Canada Lynx During Denning in 

Minnesota” http://www.bioone.org/doi/abs/10.2193/2008-072 
 Email: rmoen@d.umn.edu 

 
• Climate 

 
o Stephen Handler 

 USFS Northern Research Station 
 Climate change & landscape adaptation specialist / coordinates 

the Northwoods Climate Change Response Framework 
• “Minnesota forest ecosystem vulnerability assessment and synthesis: a 

report from the Northwoods Climate Change Response Framework 
project”  http://www.nrs.fs.fed.us/pubs/45939 

 Email: sdhandler@fs.fed.us 
 

o Michael Notaro 
 Associate Director and Senior Scientist, Nelson Institute Center for 

Climatic Research, University of Wisconsin-Madison 
• “Twenty-First-Century Projections of Snowfall and Winter 

Severity across Central-Eastern North America”  
http://journals.ametsoc.org/doi/abs/10.1175/JCLI-D-13-
00520.1?journalCode=clim 

• “Forest ecosystem vulnerability assessment and synthesis for northern 
Wisconsin and western Upper Michigan: a report from the 
Northwoods Climate Change Response Framework project” 
http://www.nrs.fs.fed.us/pubs/46393 

 Email: mnotaro@wisc.edu 
 

http://www.bioone.org/doi/abs/10.2193/2008-072
mailto:rmoen@d.umn.edu
http://forestadaptation.org/northwoods
http://www.nrs.fs.fed.us/pubs/45939
mailto:sdhandler@fs.fed.us
http://journals.ametsoc.org/doi/abs/10.1175/JCLI-D-13-00520.1?journalCode=clim
http://journals.ametsoc.org/doi/abs/10.1175/JCLI-D-13-00520.1?journalCode=clim
http://www.nrs.fs.fed.us/pubs/46393
mailto:mnotaro@wisc.edu
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Unit 3 – NW Montana 
 

• Lynx 
 

o John R. Squires 
 USFS Research Wildlife Biologist 

• “Combining resource selection and movement behavior to predict 
corridors for Canada lynx at their southern range periphery” 
http://www.treesearch.fs.fed.us/pubs/43874 

• “Estimating detection probability for Canada lynx Lynx canadensis 
using snow-track surveys in the northern Rocky Mountains, 
Montana, USA” http://www.treesearch.fs.fed.us/pubs/44629 

 Email: jsquires@fs.fed.us 
 

• Climate 
 

o Dan Fagre 
 Northern Rocky Mountain Science Center, USGS 
 Climate change in the northern Rockies 

• “The Unusual Nature of Recent Snowpack Declines in the North 
American Cordillera” 
http://www.sciencemag.org/content/333/6040/332.abstract 

 
o Steven Running 

 Regents Professor of Ecology; Director, Numerical Terradynamics 
Simulation Group, University of Montana 

 Many climate change related publications 
 Email: swr@ntsg.umt.edu 

 
o Synte Peacock 

 National Center for Atmospheric Research 
 Climate modeler 

• “Projected 21st century climate change for wolverine habitats 
within the contiguous United States”  --
http://iopscience.iop.org/1748-9326/6/1/014007 

• “Projected Twenty-First-Century Changes in Temperature, 
Precipitation, and Snow Cover over North America in CCSM4” --
http://journals.ametsoc.org/doi/abs/10.1175/JCLI-D-11-00214.1 

 Email: synte@ucar.edu 
 

http://www.treesearch.fs.fed.us/pubs/43874
http://www.treesearch.fs.fed.us/pubs/44629
mailto:jsquires@fs.fed.us
http://www.sciencemag.org/content/333/6040/332.abstract
http://iopscience.iop.org/1748-9326/6/1/014007
http://journals.ametsoc.org/doi/abs/10.1175/JCLI-D-11-00214.1
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o Marketa Elsner 
 Bureau of Reclamation 
 Hydrologic engineer; experience modeling surface water hydrology, with 

a focus on climate change impacts and decision support 
• “Climate change predicted to shift wolverine distributions, 

connectivity, and dispersal corridors” --
http://www.fs.fed.us/rm/pubs_other/rmrs_2011_mckelvey_k001.p
df 

 E-mail: melsner@usbr.gov 
 
Unit 4 – North Cascades and Okanogan 
 

• Lynx 
 

o Gary M. Koehler 
 Washington Department of Fish and Wildlife (retired) 
 Many publications on lynx and large carnivores in Washington 
 Cannot locate current Email address 

 
• Climate 

 
o Josh Lawler 

 Associate Professor, School of Forest Resources, U. Washington 
 Climate change and wildlife vulnerability and adaptation planning 

• Lawler, J. J., H. D. Safford, and E. H. Girvetz.  2012.  Martens and 
fishers in a changing climate.  In: K. B. Aubry, Editors.  Biology 
and Conservation of Martens, Sables, and Fishers: a New 
Synthesis.  Cornell University Press. 

 Email: jlawler@u.washington.edu 
 

o Marketa Elsner 
 Previously worked with Climate Impacts Group at UW 

• “Implications of 21st Century Climate Change for the Hydrology 
of Washington State” -- 
http://cses.washington.edu/db/pdf/wacciach3hydrology644.pdf 

 See NW Montana for details 
 

o Jessica Lundquist 
 University of Washington 
 One of the leading experts on snowpack in PNW  

http://www.fs.fed.us/rm/pubs_other/rmrs_2011_mckelvey_k001.pdf
http://www.fs.fed.us/rm/pubs_other/rmrs_2011_mckelvey_k001.pdf
http://cses.washington.edu/db/pdf/wacciach3hydrology644.pdf
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 Research focuses on spatial patterns of snow and weather in the mountains 
and how those patterns are likely to affect streamflow and water resources 
in a changing climate. 

• “Lower forest density enhances snow retention in regions with 
warmer winters: A global framework developed from plot-scale 
observations and modeling” -- 
http://onlinelibrary.wiley.com/doi/10.1002/wrcr.20504/abstract 

 Email: jdlund@u.washington.edu 
 

o Phil Mote 
 Director, Oregon Climate Change Research Institute, OSU 
 Co-leader of the NOAA-funded Climate Impacts Research Consortium 

(CIRC) for the Northwest 
• “Detection and Attribution of Observed Changes in Northern 

Hemisphere Spring Snow Cover” --
http://journals.ametsoc.org/doi/abs/10.1175/JCLI-D-12-00563.1 

 Email: pmote@coas.oregonstate.edu  
 
Unit 5 – GYE 
 

• Lynx 
 

o Kerry M. Murphy 
 USFS, formerly Yellowstone National Park 
 Lynx research in GYE 

• “Distribution of Canada Lynx in Yellowstone National Park” --
http://halfpenny.me/PDFby/YNPLynxDistri.pdf 

 Email: kmmurphy02@fs.fed.us 
 

• Climate 
 

o Climate Change summary for GYE:  
http://www.montana.edu/lccvp/documents/GYEclimatesummary.4.pdf 
 

o Monica G. Turner 
 Ecosystem and Landscape Ecology Lab, Department of Zoology, 

University of Wisconsin-Madison 
 Decades of work in the GYE and northern Rockies on landscape ecology, 

fire and climate change 

http://onlinelibrary.wiley.com/doi/10.1002/wrcr.20504/abstract
http://journals.ametsoc.org/doi/abs/10.1175/JCLI-D-12-00563.1
http://halfpenny.me/PDFby/YNPLynxDistri.pdf
http://www.montana.edu/lccvp/documents/GYEclimatesummary.4.pdf
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• “Ecological Implications of Climate Change in Yellowstone: 
Moving into Uncharted Territory?” -- 
http://landscape.zoology.wisc.edu/PublicationsNew/Rommie_Turn
er2015.pdf 

• “Recent mountain pine beetle outbreaks, wildfire severity, and 
postfire tree regeneration in the US Northern Rockies” -- 
http://landscape.zoology.wisc.edu/PublicationsNew/Harvey_etal_2
014_PNAS.pdf 

• “Continued warming could transform Greater Yellowstone fire 
regimes by mid-21st century” -- 
http://www.pnas.org/content/108/32/13165.full.pdf+html 

 Email: turnermg@wisc.edu 
 

o Tony Chang 
 Graduate Student, Department of Ecology, Montana State University 
 Ecological effects of climate change in GYE 

• “Historic & Projected Climate Change in the Greater Yellowstone 
Ecosystem” -- 
http://www.researchgate.net/publication/275345000_Historic_and_
Projected_Climate_Change_in_the_Greater_Yellowstone_Ecosyst
em 

• “Patterns and variability of projected bioclimatic habitat for Pinus 
albicaulis in the Greater Yellowstone Area” -- 
http://www.montana.edu/hansenlab/documents/downloadables/PO
NE_chang.pdf 

 Email: tony.chang@msu.montana.edu  
  

o Gregory T. Pederson 
 USGS, Northern Rocky Mountain Science Center, Bozeman 
 Snowpack research 

• “Regional patterns and proximal causes of the recent snowpack 
decline in the Rocky Mountains, U.S.” –
http://onlinelibrary.wiley.com/doi/10.1002/grl.50424/pdf 

 Email: gpederson@usgs.gov 
 
 
 
 
 
 

http://landscape.zoology.wisc.edu/PublicationsNew/Rommie_Turner2015.pdf
http://landscape.zoology.wisc.edu/PublicationsNew/Rommie_Turner2015.pdf
http://landscape.zoology.wisc.edu/PublicationsNew/Harvey_etal_2014_PNAS.pdf
http://landscape.zoology.wisc.edu/PublicationsNew/Harvey_etal_2014_PNAS.pdf
http://www.pnas.org/content/108/32/13165.full.pdf+html
http://www.researchgate.net/publication/275345000_Historic_and_Projected_Climate_Change_in_the_Greater_Yellowstone_Ecosystem
http://www.researchgate.net/publication/275345000_Historic_and_Projected_Climate_Change_in_the_Greater_Yellowstone_Ecosystem
http://www.researchgate.net/publication/275345000_Historic_and_Projected_Climate_Change_in_the_Greater_Yellowstone_Ecosystem
http://www.montana.edu/hansenlab/documents/downloadables/PONE_chang.pdf
http://www.montana.edu/hansenlab/documents/downloadables/PONE_chang.pdf
http://onlinelibrary.wiley.com/doi/10.1002/grl.50424/pdf
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Unit 6 – Colorado 
 

• Lynx 
 

o Tanya Shenk 
 Research coordinator for Great Plains CESU (NPS); formerly Colorado 

Division of Wildlife 
 Studied reintroduced lynx in Colorado 

• “Evaluating the Canada lynx reintroduction programme in 
Colorado: patterns in mortality” -- 
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-
2664.2010.01805.x/abstract 

 Email: tanya_shenk@nps.gov 
 

• Climate 
 

o Joseph Barsugli 
 Research Scientist III, Earth System Researh Laboratory, NOAA 
 Climate modeling; connects climate science with managers who are 

informing planning for water and land management in Colorado region. 
• “Climate Change in Colorado – A synthesis to support water 

resources management and adaptation, 2nd edition” -- 
http://wwa.colorado.edu/climate/co2014report/Climate_Change_C
O_Report_2014_FINAL.pdf 

 E-mail: joseph.barsugli@noaa.gov 
 

o Thomas T. Veblen 
 Professor, Department of Geography, University of Colorado 
 Disturbance effects on forests 

• “Briefing: Climate and Wildfire in Western U.S. Forests” 
http://www.fs.fed.us/rm/pubs/rmrs_p071/rmrs_p071_081_102.pdf? 

• “Historical, Observed, and Modeled Wildfire Severity in Montane 
Forests of the Colorado Front Range” -- 
http://www.plosone.org/article/Authors/info:doi/10.1371/journal.p
one.0106971 

 Email: thomas.veblen@colorado.edu 
 
 
 
 

http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2664.2010.01805.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2664.2010.01805.x/abstract
http://wwa.colorado.edu/climate/co2014report/Climate_Change_CO_Report_2014_FINAL.pdf
http://wwa.colorado.edu/climate/co2014report/Climate_Change_CO_Report_2014_FINAL.pdf
http://www.fs.fed.us/rm/pubs/rmrs_p071/rmrs_p071_081_102.pdf?
http://www.plosone.org/article/Authors/info:doi/10.1371/journal.pone.0106971
http://www.plosone.org/article/Authors/info:doi/10.1371/journal.pone.0106971
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General 
 

o Dominique Bachelet 
 Conservation Biology Institute and Oregon State University 
 Vegetation and climate modeler with broad experience and great insight 

• “Climate change and fire effects on a prairie-woodland ecotone: projecting 
species range shifts with a dynamic global vegetation model” -- 
http://consbio.org/products/publications/climate-change-and-fire-effects-
prairie-woodland-ecotone-projecting-species-range-shifts-dynamic-global-
vegetation-model 

• “Assessing potential climate change effects on vegetation using a linked 
model approach” -- http://consbio.org/products/publications/assessing-
potential-climate-change-effects-vegetation-using-linked-model-approach 

 Email: dominique@consbio.org 

http://consbio.org/products/publications/climate-change-and-fire-effects-prairie-woodland-ecotone-projecting-species-range-shifts-dynamic-global-vegetation-model
http://consbio.org/products/publications/climate-change-and-fire-effects-prairie-woodland-ecotone-projecting-species-range-shifts-dynamic-global-vegetation-model
http://consbio.org/products/publications/climate-change-and-fire-effects-prairie-woodland-ecotone-projecting-species-range-shifts-dynamic-global-vegetation-model
http://consbio.org/products/publications/assessing-potential-climate-change-effects-vegetation-using-linked-model-approach
http://consbio.org/products/publications/assessing-potential-climate-change-effects-vegetation-using-linked-model-approach


From: Miller, Martin
To: Willey, Seth
Subject: Re: Mech letter
Date: Thursday, August 27, 2015 10:31:27 AM

I guess I was thinking our analysis would include more on how the connectivity (rate
of dispersal from Canada into the U.S.) would affect the risk of extirpation in the U.S. - apart
from maintaining genetic health.  It seems to me that, if regular dispersal is occurring from
Canada, then genetics wouldn't be an issue.  If the NRM had a population size of one
wolf, genetics wouldn't be our concern.  We would want to know how many wolves we need
in the NRM to achieve a low risk of the number going to zero simply from demographic
stochasticicty and human threats.  The only question is how much does dispersal help to
maintain a population size that achievves a low risk of extirpation (genetics is only one pice of
that equation).  Maybe dispersal is at a level too low to affect risk of extirpation from
demographic stochasticity and human threats, but I haven't seen that analysis.  Maybe I missed
it.
 
 

On Wed, Aug 26, 2015 at 10:56 AM, Willey, Seth <seth_willey@fws.gov> wrote:
Here is some pertinent text in Response 8 to our most recent wolf delisting determination
(currently under review in the appeals court, on different issues).  

http://www.fws.gov/mountain-prairie/es/species/mammals/wolf/77FR55530.pdf

"Although numerous comments offered alternative recovery goals, we do not find the
information presented to be persuasive, and do not feel revision to the recovery goals is
warranted at this time. Most of these comments indicated a need for an effective population
of at least 500 breeding individuals long term and a total population of ~1,500 to 6,000
individuals long term either within the NRM DPS or the western United States. However,
these comments were based upon minimum viable population theories and models that
assume an isolated population. This underlying premise is inappropriate within the NRM
region, because NRM wolves are not isolated and are instead genetically connected to vast
wolf populations north of the United States-Canadian border.

Specifically, the NRM DPS represents a 650-km (400-mi) southern range extension of a vast
contiguous wolf population that numbers over 12,000 wolves in western Canada and about
65,000 wolves across all of Canada and Alaska (Committee on the Status of Endangered
Wildlife in Canada 2001, pp. iii, v–vi, 13, 21–22, 30–32, 38, 42, 44–46; Boitani 2003, p.
322). This connectivity is demonstrated by the fact that recovery in the NRM DPS began
when wolves from Canada naturally dispersed into the northwestern Montana recovery area
and recolonized this area (Ream et al. 1989; Boyd et al. 1995; Pletscher et al. 1997; Boyd
and Pletscher 1999). Routine dispersal of wolves has been documented among NRM wolves
and adjacent Canadian populations since then demonstrating that wolves in these areas are
demographically and genetically linked (Pletscher et al. 1991, pp. 547–548; Boyd and
Pletscher 1999, pp. 1105–1106; Sime 2007; vonHoldt et al. 2010, p. 4412; Jimenez et al. In
review, entire). Connectivity to the GYA is discussed in
more detail below, but is also sufficient to demonstrate and maintain the region’s
metapopulation structure.

mailto:martin_miller@fws.gov
mailto:seth_willey@fws.gov
mailto:seth_willey@fws.gov
http://www.fws.gov/mountain-prairie/es/species/mammals/wolf/77FR55530.pdf


Taking into account connectivity to adjoining Canadian populations, the effective population
targets mentioned above have been greatly exceeded. While some contend that these
effective population targets should be achieved strictly within the NRM DPS or the western
United States, we conclude that it is biologically appropriate to consider the contribution of
these connected wolf populations to the NRM DPS’s long term viability. Connectivity to
Canadian wolf populations has long been a central consideration in developing, revising,
and validating our recovery goals (Service 1994, pp. 41–42 of appendix 9; Bangs 2002, p.
3)."

****************************************
Seth L. Willey
Acting Regional ESA Chief
Mountain-Prairie Region, USFWS
Seth_Willey@fws.gov 
303-236-4257 
****************************************

On Wed, Aug 26, 2015 at 7:13 AM, Miller, Martin <martin_miller@fws.gov> wrote:
Wow - somehow I missed that in my reading.  I'll go look for it.  I'm also wondering how
this was addressed for WGL.  Should be easier to make sure we address this consistently
for lynx pops since lynx is still a single listed entity being assessed in a single effort.

On Mon, Aug 24, 2015 at 5:38 PM, Willey, Seth <seth_willey@fws.gov> wrote:
Hey Marty,

We definitely did consider wolves in Canada in assessing NRM pop health.  That is why
our recovery goals could be so low (300 total in pretty conservative; only OK because it
was a 400 miles extension of a population of 12,000 wolves in adjacent parts of Canada
and connected to the 65,000 wolves or so across all areas north of the NRM).  I don't
think we erred.  I think we did just that in our rules, explicitly in multiple places.  

but, glad to discuss this and how it plays into Lynx.  

Seth

****************************************
Seth L. Willey
Acting Regional ESA Chief
Mountain-Prairie Region, USFWS
Seth_Willey@fws.gov 
303-236-4257 
****************************************

On Mon, Aug 24, 2015 at 3:15 PM, Miller, Martin <martin_miller@fws.gov> wrote:
Hi Seth - I saw this letter in Fall 2014 edition of Wildlife Professional and thought
about the conversation at the wolf SDM years ago.  I remember commenting on how
the Service erred in acknowledging the connection of the NRM wolf population with
Canada only when we assessed genetic threats and not in assessing population
demographics.  Mech is making this same point (although he seems to wrongly imply
that the requirements for delisting necessarily prohibit us from acknowledging such a
connection).

mailto:Seth_Willey@fws.gov
mailto:martin_miller@fws.gov
mailto:seth_willey@fws.gov
mailto:Seth_Willey@fws.gov
mailto:martin_miller@fws.gov


I bring this up because it seems to me this issue is relevant to the lynx review and
plan.

Hope all's well with you.
Marty

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish
and Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615



From: McCollough, Mark
To: Jim Zelenak
Subject: new climate change and boreal forest paper Gautheir et al 2015
Date: Friday, August 28, 2015 11:53:04 AM
Attachments: Science-2015-Gauthier-819-22.pdf

Traill_et_al_Pragmatic.pdf

Not sure if you have this Aug 2015 paper from science.  Was just posted on the TWS website.

I spent some time yesterday trying to compile papers related to lynx PVA.  I compiled a file
full.  Not sure what to make of them yet (several from Europe).  Did John Squires every write
up his PVA work?  I could not find anything on his website, except in the last MN Lynx
BioTeam abstract that he was working on this.  Perhaps he could prepare something for expert
elicitation mtng.

Another article on recent PVA science.  Perhaps you sent this to me?

Mark

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
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To ensure both long-term persistence and evolutionary potential, the required number of individuals in a
population often greatly exceeds the targets proposed by conservation management. We critically review
minimum population size requirements for species based on empirical and theoretical estimates made
over the past few decades. This literature collectively shows that thousands (not hundreds) of individuals
are required for a population to have an acceptable probability of riding-out environmental fluctuation
and catastrophic events, and ensuring the continuation of evolutionary processes. The evidence is clear,
yet conservation policy does not appear to reflect these findings, with pragmatic concerns on feasibility
over-riding biological risk assessment. As such, we argue that conservation biology faces a dilemma akin
to those working on the physical basis of climate change, where scientific recommendations on carbon
emission reductions are compromised by policy makers. There is no obvious resolution other than a more
explicit acceptance of the trade-offs implied when population viability requirements are ignored. We rec-
ommend that conservation planners include demographic and genetic thresholds in their assessments,
and recognise implicit triage where these are not met.

� 2009 Elsevier Ltd. All rights reserved.
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1. Introduction

Extinction is the natural endpoint in the evolutionary process,
with most species typically persisting 1–10 million years (Frank-
ham et al., 2002). Evolutionary theory and numerical simulation
of population persistence (or demise) has allowed the estimation
of thresholds, or key ‘turning points’, after which extinction is
more likely. The turning point in the trajectory of a population
ll rights reserved.

ill).
is complex, such that simplifications of the process are often used
to make conservation decisions in an imperfectly measured
world. This is why the concept (and applied use) of population
viability and minimum viable population size (MVP) gained
momentum in the early years of conservation biology (Beissinger
and McCullough, 2002), and why population thresholds remain in
use today (Traill et al., 2007), albeit concomitant with extinction
correlates such as habitat loss (Mace et al., 2008). Importantly,
these thresholds imply the moment at which a declining popula-
tion becomes a small population, with increased vulnerability to
extinction (Caughley, 1994). Small populations are uniquely
vulnerable to demographic stochasticity at this crucial stage (Mel-
bourne and Hastings, 2008). Moreover, the number of individuals

http://dx.doi.org/10.1016/j.biocon.2009.09.001
mailto:lochran.traill@gmail.com
http://www.sciencedirect.com/science/journal/00063207
http://www.elsevier.com/locate/biocon
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required to maintain the small population is generally under-
estimated.

But are people really listening to the key, inconvenient truths
that emerge here? The present-day increase in the rate of extinc-
tion is rapid and can be principally attributed to an explosion of
modern human activity (IUCN, 2008). In response to the per-
ceived biotic crisis that looms as a result (Ehrlich and Pringle,
2008), multi-lateral conservation organisations such as the World
Conservation Union (IUCN) and the scientific community have
worked hard to understand and quantify extinction risk, and
communicate this knowledge to policy-makers, governments
and the general public (Beissinger and McCullough, 2002). Here
we review the evolutionary and demographic requirements of
populations and argue that evidence-based scientific estimates
of what is required to achieve viability are (often considerably)
larger than targets outlined by conservation organisations. While
we cannot provide an exhaustive review of the practical chal-
lenges of conservation biology, we suggest that most vulnerable
species are not really being managed for viability (continued
existence under trying environmental circumstances); rather,
conservation targets in most cases merely aim to maximise
short-term persistence and fit with complex political and
financial realities (see Duffy, 2008). The problem is similar to
the dilemma faced by climate scientists, where national and
international policy seems incapable of meeting the emissions
reduction implied by the available geophysical and biological evi-
dence to avert severe anthropogenic interference with the climate
system, let alone to reverse the damage already done (Chakrav-
arty et al., 2009; Hare, 2009). Numerous socio-political impedi-
ments (IPCC, 2007; Working Group III) do not invalidate the
science behind climate change and its impacts (Working Group
I and II); rather, they capitulate to the reality of what is consid-
ered politically possible. Here we argue that preventing species
extinctions by applying knowledge derived from the discipline
of conservation biology has an analogous problem, admittedly
with no immediate resolution.
2. The scientific basis for minimum viable population sizes

Despite a good deal of empirical development of the concept of
minimum viable population size (Frankham, 1995; Franklin and
Frankham, 1998; Reed et al., 2003; Brook et al., 2006; Traill et al.,
2007), there is a disconnect between associated theory and conser-
vation practice. It is irrefutable that population size matters for
extinction risk, with small and isolated populations being particu-
larly vulnerable to: (1) demographic fluctuation due to random
variation in birth and death rates and sex ratio, (2) environmental
fluctuation in resource or habitat availability, predation, competi-
tive interactions and catastrophes, (3) reduction in co-operative
interactions and subsequent decline in fertility and survival (Allee
effects), (4) inbreeding depression reducing reproductive fitness,
and (5) loss of genetic diversity reducing the ability to evolve
and cope with environmental change (see Caughley, 1994; Frank-
ham, 1995).

The idea of a MVP has its foundation in efforts to capture, in
population viability analyses (PVA), the many and interacting
determinants of extinction risk. In this original context, MVP is de-
fined as the smallest number of individuals required for a popula-
tion to persist in its natural environment (Shaffer, 1981). The
likelihood of success is measured on a probability scale (0–1),
and projections into the future can be scaled to years or genera-
tions (Reed et al., 2003).

Alternatively, evolutionarily determined MVPs are based
solely on the maintenance of evolutionary potential, that is, the
population size required at equilibrium to balance the loss of
quantitative genetic variation with the gain from mutation
(Franklin, 1980; Franklin and Frankham, 1998). Although the
arguments are theoretically different, both recommend
similar turning points toward extinction, as we demonstrate
below.
2.1. Empirical MVP

Estimates of MVP size can be derived by empirical simulation,
experiments, or long-term monitoring. An example of long-
term census study is that by Berger (1990) who evaluated the
persistence of isolated populations of bighorn sheep (Ovis canad-
ensis) over 50 years. Populations <50 individuals went locally
extinct, while those containing P100 individuals generally
persisted.

Most empirical MVPs are probabilistic estimates of population
persistence over a stipulated period: by arbitrary convention at
least 90% certainty of persistence for at least 100 years (Shaffer,
1981). Typically, PVAs are stochastic systems models which project
changes in population abundance over time and account for demo-
graphic and environmental variation, catastrophic events, density
dependence and inbreeding depression (Gilpin and Soulé, 1986).
PVAs are used to predict population persistence in the short (a
few years) to medium term (10s–100s of years) and allow quanti-
tative comparison and qualitative ranking of alternate manage-
ment strategies. Persistence over generations (from as low as 3
to 40 or more generation spans) is used as an alternate to time
steps in years, and is seen as biologically more appropriate when
working across taxonomic groups (O’Grady et al., 2008). Simula-
tion models can be individual- or matrix/cohort-based and imple-
mented using generic computer software packages (see
Lindenmayer et al., 1995) or tailored models. Most estimates of
empirical MVP have been obtained using PVAs; indeed, a recent re-
view of MVP-related literature found that 95% of 141 published
articles used PVA as their basis for estimating extinction risk (Traill
et al., 2007).

Median estimates of the empirical MVP derived from PVAs
range from �1300 (Brook et al., 2006) to �5800 individuals (Reed
et al., 2003), depending on the method and underlying assump-
tions. The lower estimate derives from scalar population growth
models that do not include demographic stochasticity, fluctuation
in age structure or genetic deterioration. The upper estimates of
MVP (Reed et al., 2003) accounted for all major deterministic
and stochastic threats and some positive feedbacks, including
inbreeding depression. Of note, Melbourne and Hastings (2008)
find that most population analyses have under-estimated viability
by not accounting for all major factors contributing toward
stochasticity.

A recent review and meta-analysis reported that 60% of pub-
lished PVAs included genetic effects (Traill et al., 2007). Yet, even
PVAs that take genetic factors into account usually underestimate
their impacts on extinction risk. First, these only encompass the
deleterious genetic impacts of inbreeding on reproduction and sur-
vival (inbreeding depression), but do not consider the loss of genet-
ic diversity which effectively reduces a population’s ability to
evolve and cope with environmental change (Visser, 2008). Second,
all studies that include inbreeding depression underestimate its ef-
fect on population viability. Many use small impacts of inbreeding
depression based on juvenile mortality in captive populations,
rather than those for all components of reproduction and survival
in wild populations (O’Grady et al., 2006). Further, all assume Pois-
son-type variation in family size, but variation is typically much
greater leading to lower effective population sizes (Box 1), more ra-
pid inbreeding and greater reduction in reproductive fitness
(Frankham et al., 2002).



Box 1 Genetically effective population sizes.

The genetically effective population size (Ne) is a measure
of a population’s genetic behaviour relative to that of an
‘ideal’ population (Frankham et al., 2002). Technically, it is
the size of an idealised population that would result in
the same inbreeding or loss of genetic diversity as that in
the population under study. An idealised population is a
conceptual closed, random-mating population of hermaph-
rodites that have Poisson variation in family size, constant
numbers of breeding individuals in successive, non-over-
lapping generations, and no mutation or selection (Wright,
1931). Real populations deviate from the idealised popula-
tion due to fluctuations in population size, unequal sex
ratios, family size variation greater than Poisson and over-
lapping generations. The first three factors reduce Ne to
below the census size, while the effects of overlapping gen-
erations are not consistent in direction (Frankham, 1995).
Genetic impacts depend on Ne, rather than N, with genetic
diversity being lost at a rate of 1/(2Ne) per generation
within closed populations, and inbreeding increasing at this
same rate in random-mating populations. The Ne is the
‘currency’ used to describe the evolutionary MVP.
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Critics argue that PVAs are only practically useful for predicting
extinction risk where data are extensive and reliable and projec-
tion time frames are short (Fieberg and Ellner, 2000). Further, the
IUCN Red List does not base the categorisation of any threatened
species on PVAs alone (IUCN, 2008). However, Boyce (1992) and
Burgman (2006) suggest that PVAs are indispensable when done
properly because they cause assumptions regarding the processes
leading to decline to be made explicit, and bring together scientists
and policy-makers to assess the costs and benefits of alternative
approaches to population management.

2.2. Evolutionary MVP

Few conservation programs (for wild-living populations)
explicitly incorporate genetic goals or attempt to maintain wild
populations large enough to retain a substantial fraction of genet-
ic diversity (Frankham et al., 2002). Genetically viable popula-
tions are those large enough to avoid inbreeding depression,
prevent the accumulation of deleterious mutations, and maintain
evolutionary potential. Small populations can persist in the wild
for some time, but the reproductive fitness of these, and espe-
cially the ability to adapt to change (evolutionary potential) is
compromised and extirpation is likely (Spielman et al., 2004;
Kristensen et al., 2008). So what population sizes are required
to ensure genetic viability, and how do these compare to empir-
ical MVPs?

The MVP to retain evolutionary potential in perpetuity is the
equilibrium population size where loss of quantitative genetic
variation due to small population size (genetic drift) is matched
by gains through mutation. Franklin (1980) estimated this to be
a genetically effective population size (Ne) of �500 individuals
(50 to avoid inbreeding). Critically though, the mean ratio of
the Ne to the census population size (N) is �0.1 (Frankham,
1995) and therefore a census population of �5000 adults. The
concept of Ne is described in Box 1, but we note here that the
estimation of the census N allowed biologists to move on from
the 50/500 rule (after Franklin, 1980). Other estimates of the evo-
lutionary MVP have attained a Ne of �5000, corresponding to an
adult population size of 50,000 (Lande, 1988; Franklin and Frank-
ham, 1998).
Unfortunately, the population sizes of many threatened species
are likely to fall below this range (perhaps >2000 species, given the
total number of Critically Endangered populations in the Red List;
IUCN, 2008). The loss of genetic variation within these populations
can be regenerated through mutation, but this will typically take
hundreds to thousands of generations (Frankham et al., 2002).
Small populations have therefore reached a point-of-departure:
away from the ability to adapt to changing environmental circum-
stances and toward inflexible vulnerability to these same changes
(Frankham and Ralls, 1998).
3. Generalities

The bottom line is that both the evolutionary and demographic
constraints on populations require sizes to be at least 5000 adult
individuals. These seem to be large requirements, but a number
of studies across taxonomic groups have made similar findings:
the median MVP derived from PVA of 102 vertebrate species was
5816 individuals (Reed et al., 2003), and 4169 individuals from a
meta-analysis of 212 species (Traill et al., 2007). The census-based
MVP of 5500 reported by Thomas (1990) is also remarkably con-
gruent; all similar to the recommended census N of 5000 individ-
uals (Frankham, 1995). We note though that similarities are not
strictly equivalent, and are a result of evaluation of some non-over-
lapping factors, meaning minimum viable population size in many
circumstances will be larger still.
4. Conservation in the long term

The science of more than 30 years of empirical and genetic re-
search on the viability of wild-living populations thus implies that
the number of individuals (required to avoid a turning point to-
ward extinction) is greater than generally appreciated or imple-
mented within conservation management. Although our
contention that conservationists often manage below a biologically
reasonable extinction threshold is not new (see Tear et al., 1993;
Reed et al., 2003), debate persists. Disagreement hinges on two
main issues: (i) the accuracy of predictions and (ii) their real-world
applicability to conservation action (Beissinger and Westphal,
1998; Coulson et al., 2001).

Regarding accuracy, criticism centres on the general low qual-
ity of available population data and the high sensitivity of predic-
tions to assumptions made. A response to this is that the rapidity
with which the extinction crisis is unfolding means that biologists
and managers cannot afford to wait for the collection of the nec-
essary high-quality data before making decisions (Lee and Jetz,
2008) – and that given their relative simplicity, most biases are
likely to underestimate rather than over-estimate risk (though
see Brook, 2000 for a counter-example). Many conservationists
also question the real-world relevance of MVP estimates given
their high associated uncertainty bounds and the wide cross-spe-
cies range. For example, some published PVAs have specified MVP
sizes as low as 20 individuals (S�ther et al., 1998) and others as
high as 100,000 (Reed, 2005). However, variation arises in part
from the complexity, biological reality and type of PVA used,
and median confidence intervals from meta-analysis of standard-
ised MVPs still provide reasonable guidance on the most likely
targets that will be required (e.g., 3577–5129, 95% CI; Traill
et al., 2007). Further, conservationists working within developing
nations will rarely have the resources available to collect the
demographic and other data necessary to model viability for spe-
cific species or taxa; there is thus a compelling argument to
develop rules of thumb for population size extinction-risk thresh-
olds. Moreover, related species tend to have similar characteris-
tics and response.
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Differences between published MVP estimates, even for the
same species, can also be explained by the different survival
probabilities and timescales used. For example, median MVP val-
ues estimated from time series models fitted to 1198 species
(Brook et al., 2006) differed substantially (by up to 10,000 indi-
viduals) depending on whether the risk criteria specified a >50%
or >90% probability of survival (Fig. 1). The first is a ‘coin toss’
level of risk acceptance, the latter is equivalent to being listed
as Threatened by the IUCN (Criterion E). Further, median MVP
values increase by many thousands of individuals as the projec-
tion interval increases from 10 to 1000 years (Fig. 2). The impli-
cation here (of selecting a particular frame of reference) is that
conservation decision-makers must explicitly choose a period
over which they are managing for persistence, and with a spec-
ified certainty of success. Beyond that chosen frame of reference,
nothing useful can be said about the long-term persistence of a
given species.
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Fig. 1. Line plot of median minimum viable population estimates (scaled to log10) for 11
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Fig. 2. Bar chart of (log10) MVP estimates for three threatened vertebrate species from ti
Yosemite toad (Bufo canorus), black rhinoceros (Diceros bicornis) and the Puerto Rico p
probability of survival, as used by the IUCN, 2008) and 1000 years (99% probability of sur
and Yosemite toad (http://calacademy.org).
The science of integrated population biology is now clear en-
ough that we can state that if conservation practitioners purport-
edly manage for population viability with a few hundred
individuals or less, then they effectively manage at a 50:50 odds
of success on a century time scale (see Fig. 1). Clearly, any conser-
vation project that is serious about the long-term survival (and
continued ability to evolve) of a species must aim for a meta-pop-
ulation of thousands of individuals (Figs. 1 and 2), or else re-eval-
uate their stated position. Practitioners can validly take issue with
high population targets, because of the impracticality of preserv-
ing adequate contiguous habitat, especially for large-bodied spe-
cies (e.g., Armbruster and Lande, 1993). In reality, most
populations presently exist as fragmented sub-populations within
a larger meta-population (Akçakaya et al., 2004), with their suc-
cessful conservation depending on genetic exchange among units
to maintain high genetic diversity (Hoegh-Guldberg et al.,
2008).
100 1000

istence, Years 

98 species derived from time series analyses (see Brook et al., 2006) along a logged
f persistence. The dotted line is the median MVP at greater than 90% probability of

me series population viability analyses (Brook et al., 2006). Selected species are the
arrot (Amazona vittata). Data are model-averaged MVP values for 100 years (90%
vival). Images, PR parrot (http://kevinschafer.com), black rhino (http://wildcast.net)
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Recent advances in the science include ‘prioritisation
protocols’ that optimise (conservation) resource allocation
through cost-benefit analyses (Murdoch et al., 2007) and
the likelihood of management success (Joseph et al.,
2009). The authors build on the Noah’s Ark framework
(Weitzman, 1998) through consideration of conservation
costs and benefits, species utility and value; but take these
a step further by accounting for the probability of manage-
ment success. Wilson et al. (2007) developed a conserva-
tion prioritisation framework that addressed geographic
priorities, fund allocation and area-specific threats. By
applying this framework across Mediterranean ecoregions,
they found that more species could be conserved through
targeted conservation actions than through sole reliance
on acquisition of appropriate habitat.

Conservation planning uses many criteria to guide deci-
sions on conservation action, principally based on (biodi-
versity) representation and persistence (see Sarkar et al.,
2006). Among the principles relevant to biodiversity persis-
tence are population viability and evolutionary potential.
Nonetheless, the point we make is that even (conservation)
planners practice an implicit form of triage through recog-
nition that entire conservation networks are not feasible.
Conservation is one form of land use among many, and
planners optimise conservation outcomes given the con-
straints.

Criticism of triage basically comes down to ‘defeatism’.
Pimm (2000) argues that triage is inappropriately seductive
because ‘‘it combines the semblance of tough decision-
making style with the substance of doing nothing.” The
argument to let species X go will be repeated years later
for species Y. Further, triage inhibits science; saving the
very rarest pushes the technical frontiers of conservation
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5. Conclusions

We maintain that given demographic, genetic and phenomeno-
logical consensus, the concept of the minimum viable population is
a useful benchmark, and highly relevant in today’s biodiversity cri-
sis. The poor implementation of empirically derived MVP targets is
not the fault of the available data or theory arising; rather, we argue
it is more constrained by political and logistic challenges. In other
words, MVP estimates bring scientific frankness to the socio-polit-
ical arena. Geophysical scientists use climate models to advise
decision makers on the risks posed by global warming associated
with different scenarios of carbon emission reductions (IPCC,
2007). Similarly, conservation biologists have a critical role to play
in providing a scientific reality check on whether, and to what de-
gree, decisions made in the interests of threatened species manage-
ment or under the motivation of avoiding extinctions, will be
effective. This can be done openly, thereby avoiding the tag of
stealth policy (see Lackey, 2007; Wilhere, 2008). By explicit presen-
tation of threshold data at alternate probabilities of success (Fig. 1),
biologists leave the ultimate decision to the political process.

Current evidence from integrated work on population dynamics
shows that setting conservation thresholds at a few hundred indi-
viduals only is a subjective and non-scientific decision, not an evi-
dence-based biological one which properly accounts for the
synergistic impacts of deterministic threats (Brook et al., 2008; Vis-
ser, 2008). Many existing conservation programs might therefore
be managing inadvertently or implicitly for extinction – a clearly
illogical and counter-intuitive aspiration. If practitioners cannot
justify using conservation triage to alleviate problems associated
with unrealistic targets (see Box 1), where small, inbred popula-
tions are neglected in preference to more viable options, then they
must manage for biologically relevant MVPs at least 5000 adult
individuals (or 500 simply to prevent inbreeding) whilst address-
ing the concomitant mechanisms of decline (Balmford et al., 2009).
Box 2 Ecological triage.

Ecological (or conservation) triage is a concept enveloped in
an evolving, but unfortunately acrimonious, debate at the
centre of conservation biology. Polarity centres on two fun-
damentally different approaches toward conservation, viz.
‘no species extinction, at any cost’ and ‘extinction is inevi-
table for some species, let’s manage the process rationally’
(e.g., Jachowski and Kesler, 2009).

The debate has a long history. Walker (1992) advocated
the prioritisation of species (conservation status) according
to the necessary functions that species or populations
provided to ecosystem function; and the abandonment of
functionally redundant, or highly diminished species.
While few conservationists explicitly advocate extinction
of no-hopers, triage is implicit through recognition that
current threats to biodiversity outweigh the resources
available to mitigate these (Bottrill et al., 2008). Thus, a
number of approaches can be taken to optimise conserva-
tion effort, albeit acknowledging that preventing extinction
altogether is at the very least daunting. For example, Hobbs
and Kristjanson (2003) advocate adaptive management
strategies ranging from no immediate management action
(say, for non-threatened species) to urgent protection or
restoration, without stating that populations should be
abandoned. Carefully thought-out resource allocation thus
allows more efficient conservation effort, and hopefully,
better outcomes.

biology. To quote Pimm (2000) again, ‘‘nothing concen-
trates the mind like impending extinction, nor so openly
tests whether our knowledge of ecology, genetics and is
up to task.”

More recent critics point out that a shift in philosophi-
cal stance by conservation biologists will have ramifica-
tions far beyond the current debate. If conservation
biologists, the very people dedicated to prevent extinction
via scientific investigation and restorative problem solving,
sanction this, then what is there to stop others with no
sympathy for conservation from justifying extinction
(Jachowski and Kesler, 2009)? Others highlight conserva-
tion success stories such as the whooping crane (Grus amer-
icana), or indicate new funding possibilities for
conservation through carbon financing (Pimm, 2000; Parr
et al., 2009).

The debate is not likely to go away. In the interim,
and on a positive note, the explicit nature of triage-based
analyses will likely prompt funding from Government
and donor sources that may not otherwise have been
freed.
One partial remedy is for prioritisation of conservation funds to
be based on indices of the distance of species population sizes from
MVP. So for example, a small population of 50 individuals will
score 0.01 (percent of 5000), and the inverse of this can be used
as a modifier for fund allocation. A simple scoring system such as
this can be the basis of a decision-framework for threatened spe-
cies within a particular management region, and conservationists
can factor in other considerations such as likelihood of success
and economic value (see Joseph et al., 2009). Indeed, both
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demographic and evolutionary MVPs have been, and continue to
be influential to real-world conservation planning (Sarkar et al.,
2006). As with the use of biodiversity surrogates in conservation
planning (Pressey, 2004), rules of thumb on species’ demographic
and genetic requirements are often the only option when dealing
with the current crisis under conditions of great uncertainly and
severe resource constraints.

Further, minimum viable population sizes are legitimate and
concrete targets that policy-makers can digest and implement.
While scientists debate MVP variance, the extinction crisis deep-
ens. Thresholds at 500/5000 are communicated more effectively
to policy-makers who do not have the time to read the extensive
literature surrounding viability. Indeed, the lack of communication
between science and conservation policy can be improved through
dissemination of generalities (such as thresholds) that can be for-
mulated as policy (see Gibbins et al., 2008).

If, on the other hand, scientists regard MVP thresholds to be too
high to implement practically, then what are the alternatives? Is
managing for hundreds of individuals over short time-frames sen-
sible? If biologists believe that meta-populations numbering less
than a few thousand individuals are capable of survival in a glob-
ally changing world, then this needs to be argued with relevant
empirical and genetic data as support. Other than that, a more ex-
plicit and honest acceptance of the biological trade-offs implied in
ignoring MVPs on logistical grounds is needed, for credibility’s
sake.
Acknowledgements

We thank H. R. Akçakaya for comments on draft manuscripts.
The work was funded by an Australian Research Council Discovery
Grant DP0558350.
References

Akçakaya, H.R., Radeloff, V.C., Mlandenoff, D.J., He, H.S., 2004. Integrating landscape
and meta-population modeling approaches: viability of the sharp-tailed grouse
in a dynamic landscape. Conservation Biology 18, 526–537.

Armbruster, P., Lande, R., 1993. A population viability analysis for African elephant
(Loxodonta africana) – how big should reserves be? Conservation Biology 7,
602–610.

Balmford, A., Carey, P., Kapos, V., Manica, A., Rodrigues, A.S.L., Scharlemann, J.P.W.,
Green, R.E., 2009. Capturing the many dimensions of threat: comment on
Salafsky et al.. Conservation Biology 23, 482–487.

Beissinger, S.R., McCullough, D.R., 2002. Population Viability Analysis. University of
Chicago Press, Chicago, USA.

Beissinger, S.R., Westphal, M.I., 1998. On the use of demographic models of
population viability in endangered species management. Journal of Wildlife
Management 62, 821–841.

Berger, J., 1990. Persistence of different-sized populations: an empirical assessment
of rapid extinctions in bighorn sheep. Conservation Biology 4, 91–98.

Bottrill, M.C., Joseph, L.N., Carwardine, J., et al., 2008. Is conservation triage just
smart decision making? Trends in Ecology and Evolution 23, 649–654.

Boyce, M.S., 1992. Population viability analysis. Annual Review of Ecological
Systematics 23, 481–506.

Brook, B.W., 2000. Pessimistic and optimistic bias in population viability analysis.
Conservation Biology 14, 564–566.

Brook, B.W., Traill, L.W., Bradshaw, C.J.A., 2006. Minimum viable population sizes
and global extinction risk are unrelated. Ecology Letters 9, 375–382.

Brook, B.W., Sodhi, N.S., Bradshaw, C.J.A., 2008. Synergies among extinction drivers
under global change. Trends in Ecology and Evolution 23, 453–460.

Burgman, M.A., 2006. The logic of good decisions: learning from population viability
analysis. Society of Conservation Biology Newsletter 3, 17–18.

Caughley, G., 1994. Directions in conservation biology. Journal of Animal Ecology
63, 215–244.

Chakravarty, S., Chikkatur, A., de Coninck, H., Pacala, S., Socolow, R., Tavoni, M.,
2009. Sharing global CO2 emission reductions among one billion high emitters.
PNAS 106, 11884–11888.

Coulson, T., Mace, G.M., Hudson, E., Possingham, H., 2001. The use and abuse of
population viability analysis. Trends in Ecology and Evolution 16, 219–221.

Duffy, R., 2008. From wilderness vision to farm invasions: conservation and
development in Zimbabwe’s south-east lowveld. Journal of Modern African
Studies 46, 700–701.
Ehrlich, P.R., Pringle, R.M., 2008. Where does biodiversity go from here? A grim
business-as-usual forecast and a hopeful portfolio of partial solutions. PNAS
105, 11579–11586.

Fieberg, J., Ellner, S.P., 2000. When is it meaningful to estimate extinction
probability? Ecology 81, 2040–2047.

Frankham, R., 1995. Effective population-size: adult-population size ratios in
wildlife – A review. Genetical Research 66, 95–107.

Frankham, R., Ralls, K., 1998. Inbreeding leads to extinction. Nature 392, 441–442.
Frankham, R., Ballou, J.D., Briscoe, D.A., 2002. Introduction to Conservation Genetics.

Cambridge University Press, Cambridge, UK.
Franklin, I.R., 1980. Evolutionary change in small populations. In: Soulé, M.E.,

Wilcox, B.A. (Eds.), Conservation Biology: An Evolutionary-Ecological
Perspective. Sinauer, Sunderland MA, USA, pp. 135–149.

Franklin, I.R., Frankham, R., 1998. How large must populations be to retain
evolutionary potential? Animal Conservation 1, 69–73.

Gibbins, P., Zammit, C., Youngentob, K., et al., 2008. Some practical suggestions for
improving engagement between researchers and policy-makers in natural
resource management. Ecological Management and Restoration 9, 182–
186.

Gilpin, M.E., Soulé, M.E., 1986. Minimum viable populations: processes of species
extinction. In: Soulé, M.E. (Ed.), Conservation Biology: The Science of Scarcity
and Diversity. Sinauer, Sunderland MA, USA, pp. 19–34.

Hare, W., 2009. A safe landing for the Climate. In: State of the World. Worldwatch
Institute, pp. 13–29.

Hobbs, R.J., Kristjanson, L.J., 2003. Triage: how do we prioritize health care for
landscapes? Ecological Management S4, S39–45.

Hoegh-Guldberg, O., Hughes, L., McIntyre, S., Lindenmayer, D.B., Parmesan, C.P.,
Possingham, H.P., Thomas, C.D., 2008. Assisted colonization and rapid climate
change. Science 321, 345–346.

IPCC, 2007. Climate change 2007, synthesis report. In: Pachauri, R.K., Reisinger, A.
(Eds.), Contribution of Working Groups I, II and III to the Fourth Assessment
Report of the Intergovernmental Panel on Climate Change. IPCC, Geneva,
Switzerland, pp. 1–22.

IUCN, 2008. IUCN Red list of threatened species. <http://www.iucnredlist.org>.
Jachowski, D., Kesler, D., 2009. Allowing extinction: are we ready to let species go?

Trends in Ecology and Evolution 24, 180.
Joseph, L.N., Maloney, R.F., Possingham, H.P., 2009. Optimal allocation of resources

among threatened species: a project prioritization protocol. Conservation
Biology 23, 328–338.

Kristensen, T.N., Loeschcke, V., Hoffmann, A.A., 2008. Linking inbreeding effects in
captive populations with fitness in the wild: release of replicated Drosophila
melanogaster lines under different temperatures. Conservation Biology 22, 189–
199.

Lackey, R.T., 2007. Science, scientists and policy advocacy. Conservation Biology 21,
12–17.

Lande, R., 1988. Genetics and demography in biological conservation. Science 241,
1455–1460.

Lee, T.M., Jetz, W., 2008. Future battlegrounds for conservation under global change.
Proceedings of the Royal Society of London 275, 1261–1270.

Lindenmayer, D.B., Burgman, M.A., Akçakaya, H.R., Lacy, R.C., Possingham, H.P.,
1995. A review of the generic computer-programs Alex, Ramas/Space and
Vortex for modeling the viability of wildlife metapopulations. Ecological
Modelling 82, 161–174.

Mace, G.M., Collar, N.J., Gaston, K.J., et al., 2008. Quantification of extinction risk:
IUCN’s system for classifying threatened species. Conservation Biology 22,
1424–1442.

Melbourne, B.A., Hastings, A., 2008. Extinction risk depends strongly on factors
contributing to stochasticity. Nature 454, 100–103.

Murdoch, W., Polasky, S., Wilson, K.A., et al., 2007. Maximising return on investment
in conservation. Biological Conservation 139, 375–388.

O’Grady, J.J., Brook, B.W., Reed, D.H., et al., 2006. Realistic levels of inbreeding
depression strongly affect extinction risk in wild populations. Biological
Conservation 133, 42–51.

O’Grady, J.J., Reed, D.H., Brook, B.W., Frankham, R., 2008. Extinction risk scales
better to generations than years. Animal Conservation 11, 442–451.

Parr, M.J., Bennum, L., Boucher, T., et al., 2009. Why we should aim for zero
extinction. Trends in Ecology and Evolution 24, 181.

Pimm, S.L., 2000. Against triage, the California condor – A saga of natural history
and conservation. Science 289, 2289.

Pressey, R.L., 2004. Conservation planning and biodiversity: assembling the best
data for the job. Conservation Biology 18, 1677–1681.

Reed, D.H., 2005. Relationship between population size and fitness. Conservation
Biology 19, 563–568.

Reed, D.H., O’Grady, J.J., Brook, B.W., Ballou, J.D., Frankham, R., 2003. Estimates of
minimum viable population sizes for vertebrates and factors influencing those
estimates. Biological Conservation 113, 23–34.

S�ther, B.E., Engen, S., Islam, A., McCleery, R., Perrins, C., 1998. Environmental
stochasticity and extinction risk in a population of a small songbird, the great
tit. American Naturalist 151, 441–450.

Sarkar, S., Pressey, R.L., Faith, D.P., et al., 2006. Biodiversity conservation planning
tools: present status and challenges for the future. Annual Review of
Environment and Resources 31, 123–159.

Shaffer, M.L., 1981. Minimum population sizes for species conservation. BioScience
31, 131–134.

Spielman, D., Brook, B.W., Frankham, R., 2004. Most species are not driven to
extinction before genetic factors impact them. PNAS 101, 15261–15264.

http://www.iucnredlist.org


34 L.W. Traill et al. / Biological Conservation 143 (2010) 28–34
Tear, T.H., Scott, J.M., Hayward, P.H., Griffith, B., 1993. Status and prospects for
success of the endangered species act – A look at recovery plans. Science 262,
976–977.

Thomas, C.D., 1990. What do real population dynamics tell us about minimum
viable population sizes? Conservation Biology 4, 324–327.

Traill, L.W., Bradshaw, C.J.A., Brook, B.W., 2007. Minimum viable population size: a
meta-analysis of 30 years of published estimates. Biological Conservation 139,
159–166.

Visser, M.E., 2008. Keeping up with a warming world: assessing the rate of
adaptation to climate change. Proceedings of the Royal Society of London 275,
649–659.
Walker, B.H., 1992. Biodiversity and ecological redundancy. Conservation Biology 6,
18–23.

Weitzman, M.L., 1998. The Noah’s Ark problem. Econometrica 66, 1279.
Wilhere, G.F., 2008. The how-much-is-enough myth. Conservation Biology 22, 514–

517.
Wilson, K.A., Underwood, E.C., Morrison, S.A., et al., 2007. Conserving biodiversity

efficiently: what to do, where, and when. PLoS Biology 5, 1850–1861.
Wright, S., 1931. Evolution in Mendelian populations. Genetics 16, 97–159.



REVIEW

Boreal forest health and global change
S. Gauthier,1* P. Bernier,1 T. Kuuluvainen,2 A. Z. Shvidenko,3 D. G. Schepaschenko3

The boreal forest, one of the largest biomes on Earth, provides ecosystem services that
benefit society at levels ranging from local to global. Currently, about two-thirds of the area
covered by this biome is under some form of management, mostly for wood production.
Services such as climate regulation are also provided by both the unmanaged and managed
boreal forests. Although most of the boreal forests have retained the resilience to cope
with current disturbances, projected environmental changes of unprecedented speed
and amplitude pose a substantial threat to their health. Management options to reduce
these threats are available and could be implemented, but economic incentives and
a greater focus on the boreal biome in international fora are needed to support further
adaptation and mitigation actions.

T
he boreal forest encompasses ~30% of the
global forest area (1), containsmore surface
freshwater than any other biome (2), and
has large tracts of unmanaged forests,
mostly in lower-productivity, high-latitude

regions of Canada, Russia, and Alaska (3) (Fig. 1,
A and B). Spread across only a few countries, the
biome is characterized by a very low population
density and generally low human impacts, al-
though extraction of natural resources is also
taking place regionally (Fig. 1C).
Boreal forests provide critical services to local,

regional, and global populations. Communities,
including those of indigenous people, benefit
from ecosystem services provided by the forest
for fishing, hunting, leisure, spiritual activities,
and economic opportunities (2). Countries such
as Canada, Finland, Sweden, and Russia (2) ex-
tract wood from boreal regions for their forest
industries. More than 33% of the lumber and
25% of the paper on the export market orig-
inate from boreal regions (2). Globally, boreal
forests help regulate climate through the ex-
change of energy and water (4). They are also a
large reservoir of biogenic carbon—on a level
comparable to, if not greater than, that of trop-
ical forests—with a likely underestimated 32%
of global terrestrial carbon (C) stocks mostly in
climate-sensitive peat, soils, and permafrost de-
posits (5, 6). The boreal forest is estimated to
sequester ~20% of the total C sink generated by
the world’s forests (5). Because of these multiple
roles, the fate of boreal forests should be a
global concern (4, 7).
Global change, which is the combination of

climate change and other changes linked to
human activities, is rapidly altering the boreal
forest environment (4, 8). The rate of these alter-
ations and their cumulative impacts will deter-
mine the future health of this biome, including

its potential to shift to new undesirable equi-
librium states (9). In this Review, we evaluate
the current status of boreal forest health and
discuss the increasing threats these forests face
under global change. Based on (1), we define
forest health as the capacity of forest ecosys-
tems to adjust to changing environmental con-
ditions and to maintain the generation of a
wide range of goods and services for society.
We assess forest health as a function of two
related ecosystem properties: (i) biodiversity at
scales from genes to landscapes and (ii) re-
silience, or the ability to recover from distur-
bances. We focus our assessment on services
linked to wood production and climate regu-
lation, and on forest dynamics and produc-
tivity. Finally,we provide examples of the potential
impacts of global change and propose options
for the long-term maintenance of boreal forest
health.

The character of boreal forests

Boreal forests are defined as forests growing
in high-latitude environments where freezing
temperatures occur for 6 to 8 months (2) and
in which trees are capable of reaching a mini-
mum height of 5 m and a canopy cover of 10%
(10). Boreal forest ecosystems have evolved un-
der the constraints imposed by a short grow-
ing season and severe winters during which
snow cover may last for several months (2, 11).
About one-third of their extent is underlain by
permafrost (Fig. 1A) (12, 13). Boreal forests
have a low diversity of tree species, of which
gymnosperms such as Abies, Larix, Pinus, and
Picea species usually dominate, with varying
proportions of angiosperm Populus, Betula, and
Alnus species (2, 11, 14) in stands that may never-
theless support thousands of species of living
organisms (15).
Different types of disturbances (fire, insects,

wind, etc.) have been an essential part of the dy-
namics of boreal forest landscapes, with events
that affect several squaremeters tomillions of hec-
tares (14, 16). Severe stand-replacing crown fires
have historically been common in North America
andparts of Russia, whereas nonlethal surface fires
have been prevalent in Eurasia (11, 14, 17). Insect

outbreaks have also been recurrent in North
America and eastern Russia, but windstorms
may have been a more important disturbance
type in Fennoscandia and western Russia (14).
Despite these regional differences, the combi-
nation of large- and small-scale disturbances
over millennia has shaped the biodiversity of all
boreal forests through themaintenance of a high
landscape-level diversity of stands varying in
size, age, structure, and composition, whose prox-
imity creates a large array of habitats for native
species (15, 18).
Because of the recurrent nature of disturban-

ces, boreal plant species are generally less af-
fected by fragmentation than tropical forest
species (19), although specialized species from
other groups can be sensitive to fragmentation
or change in habitat representation (15, 18). Bo-
real tree species in particular have evolvedmech-
anisms to survive or recover from disturbances,
although the recovery process can be slow (20).
They also have a generally high adaptive capac-
ity expressed through large environmental tol-
erance ranges, large population sizes, and high
population-level genetic diversity (21, 22). The
resilience of these systems is well illustrated in
the boreal forest of eastern North America, where
the regional tree species pool has remainedmostly
unchanged over the past 8000 years despite large
fluctuations in climate and regional disturbance
regimes (23).

Is boreal forest health compromised by
forest management?

Nearly two-thirds of boreal forests are consid-
ered to be managed (24), largely for industrial
wood production [35 to 40% in Canada (2, 25),
58% in Russia (26), and 90% in Fennoscandia
(2)]. Management intensity ranges from low-
input extensive in Canada and Russia to high-
input intensive in Fennoscandian forests that
represent ~5% of the global boreal forest (2).
It is estimated that more than 60% of the stands
within the managed forest have been harvested
at least once (25, 27), although this percentage
varies regionally.
Managed forests in Sweden and Finland have

been heavily homogenized as a result of long-
term use and increasingly intensive silviculture
for timber production (15, 27), together with fire
suppression (Fig. 1D). Forest productivity and
growing stock is increasing, and the aim is to
further augment timber extraction (28). Lower-
yielding managed boreal forests in Canada have
retained higher stand and landscape-level diver-
sities through the presence of natural regeneration
in postharvest stands and the occurrence of nat-
ural disturbances across landscapes (25) (Fig.
1D). In boreal Russia, harvest levels, along with
investments in forest protection and manage-
ment, have dropped substantially since the col-
lapse of the Soviet Union (8, 29). Additionally, in
spite of existing laws and regulations, up to
20% of current logging is carried out illegally
(8), with practices that include overharvesting
of high-value stems or tree species in the most
productive or accessible stands (30).
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Harvesting has decreased the extent of older
forests as compared with natural conditions in
all regions with forest management (14, 16). The
resulting decline in structural attributes such as
large trees for cavity shelters and coarse woody
debris associated with older forests has negatively
affected biodiversity (31). Harvesting has also in-
creased the proportion of early-successional, re-
generating stands, but these retain less biological
and structural diversity than those originating
fromnatural disturbances in which rapidly chang-
ing habitats and high species turnover enhance
the adaptation potential to new environmental
conditions (25). Postharvest stands may be fur-
ther homogenized through tree plantation with
varying degrees of genetic selection and through
the control of forest structure and competing
vegetation, thereby further reducing their po-
tential for adaptation to a changing environment
(25). Recently, demand for biomass as a renew-

able energy feedstock has increased, especially in
Nordic countries, with a risk of removing nutrients
needed for tree growth (28). However, negative
effects of harvest residue removal on site fertility
have been demonstrated only for specific site
types (32, 33).
Although past management practices have

been shown to decrease species and landscape
diversity, it appears that most boreal forest land-
scapes have at least partially retained their re-
silience to disturbance (25). However, current
evidence suggests that the intensification of for-
est management to enhance wood production
has reduced forest biodiversity and resilience
(15). With intensified forest management, the
maintenance of a productive forest increasingly
shifts from a natural process to one whose costs
and risks must be borne by the forest sector
(34). For example, in the Swedish province of
Götaland, the 2005 windstorm felled 75Mm3 of

intensively managed wind-prone conifer stands,
increasing unit wood costs by 21% that year for
the recovery and storage of the wind-felled trees
and the replanting of damaged areas (35).
Finally, in addition to forest management,

the exploration, development, and extraction
of other resources (mining, oil and gas, flooding
for hydroelectric projects, etc.) have been taking
place in regions spread across both the managed
and unmanaged portions of the boreal forest
(1, 2, 36) (Fig. 1C). Cumulatively, these activi-
ties across northern territories in recent decades
have had negative impacts on the health of
forest ecosystems through air pollution, soil and
water contamination, changes in hydrological
regimes, and the physical alteration and frag-
mentation of forested landscapes (1, 37)—notably
in the permafrost forest ecosystems of Siberia
(36, 37).

What risks to boreal forest health are
posed by global change?

Over the course of the 21st century, the boreal
biome is expected to experience the largest in-
crease in temperatures of all forest biomes (38, 39).
In the meantime, the development and extrac-
tion of natural resources will likely impose more
pressure on boreal forest health (37). The expected
and unprecedented rate of changes, particularly
those of climate and related disturbances, may
overwhelm the resilience of species and ecosys-
tems, possibly leading to important biome-level
changes (9).
Mean annual temperature increases of 1.5°C

or more have recently been documented over
much of the boreal forest (38). Under a glob-
ally averaged projection of a warming of 4°C
by the end of this century, boreal regions could
experience temperature increases from 4° to
11°C, accompanied by a far more modest ex-
pected increase in precipitation (40) (Fig. 2).
In such an extreme scenario, large regions of
the boreal forests could, by the end of the cen-
tury, shift to the drier climate space normally
occupied by the woodland/shrubland biome
(Fig. 2) (41).
Given these changes in climate, biotic and

abiotic disturbances are generally predicted to
increase in extent, frequency, or severity over the
same time frame, although uncertainties in the
projections remain (22, 39, 42–44). Fire occur-
rence, area, and severity are projected to increase
considerably, notably for parts of Russia where
the share of stand-replacing fires is forecast to
increase substantially (43–45). Warmer temper-
atures would also lift the climate barriers to
population growth or range expansion of native
or invasive forest pests, resulting in severe out-
breaks similar to those recently experienced in
Canadawith themountain pine beetle (46) and in
Siberia with the Siberian silk moth (36). More-
over, the intensification of global trade provides
an ever-more efficient vector for the propaga-
tion of invasive pests and pathogens to boreal
forests (47).
Limited evidence suggests a slow northward

migration of temperate deciduous tree species
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Fig. 1. Characteristics of the circumboreal forest. (A) The extent of the managed and unmanaged
boreal forests is shown on the map. Forest growing on permafrost covers a large region. (B) The current
biomass distribution shows the strong south-to-north decrease in forest productivity and the east-to-
west increase in the latitude of productive forests across continents. (C) The human impact index
reflects the overall low but locally important impact due to harvesting, agriculture, human settlements,
natural resource exploration and exploitation, mining, or roads, as well as their cumulative importance.
(D) The mean annual fraction burned (1997–2014) ranges from very low to more than 5% in the drier
areas of Eurasian forests. Boreal regions delineated on the map correspond to those considered in Fig. 2B.
WNA, western North America; ENA, eastern North America; WF, western Fennoscandia; WE, western
Eurasia; EE, eastern Eurasia. See (70) for details on data sources.
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into the boreal zone of eastern North America
(48) and an expansion of evergreen coniferous
species into the current habitat of the deciduous
larch in Siberia (49). However, climate zones are
shifting northward at speeds one order of mag-
nitude faster than the trees’ ability to migrate
(36, 50). Therefore, forests will be affected directly
by the changes in their local climatic conditions
and indirectly by changes in the local distur-
bance regimes. Drought-induced mortality has
been reported in several boreal regions (42) and is
predicted to increase regionally (8, 39). Forest pro-
ductivity has been on the rise in Fennoscandia,
in the northern reaches of the North American
boreal forest (51, 52), and over major parts of
Russia (53), partially in response to increased
temperature and growing-season length. Addi-
tionally, productivity is projected to increase until
2030 in most of Russia’s boreal forests (8). By
contrast, productivity has been shown or pre-
dicted to decrease in response to regional drier
conditions in parts of the North American boreal
forest (54, 55).
The shift to a drier climate and increasingly

frequent disturbances may lead to extensive for-
est cover thinning or loss, as suggested by the
projected climate space for large regions of the
boreal forest (Fig. 2) (43, 56). Such a change could
be accelerated by the documented ability of suc-
cessive disturbances to rapidly transform closed
forests into low-productivity open woodlands
(41, 56, 57). The projected changes from surface
to crown fires in Russian forest ecosystems dom-
inated by tree species not adapted to regenerate
after stand-replacing fires could also impair re-
generation and the return to closed-canopy stands
(43). The thawing of the permafrost in dry con-
tinental Siberia may lead to widespread drought-
induced mortality in both the dark coniferous

forests (8) and in the larch forests that cover 20%
of the global boreal forest (13).
Projections of forest dynamics under a range

of climate scenarios suggest a greater probability
that boreal C stocks will decrease rather than in-
crease or stay unchanged (8, 58). Globally, the
boreal forestmayhave started transitioning from
a C sink to a C source (6), and certain regions
[e.g., western Canada (46) and Siberia (59)] may
already be emitting more C than they capture.
The characterization and understanding of C
stock dynamics vary considerably among differ-
ent regions of the boreal forest (58, 60), but this
biome’s numerous peatlands and deep organic
deposits encased in permafrost may become
highly vulnerable to global warming (58). In
Russia alone, the release of C from the thawing
permafrost by the end of the century could po-
tentially be several times larger than that of
current tropical deforestation (8). Regionally,
such impacts may be exacerbated by industrial
development (36, 37). The full consequences of
these changes—including long-term geophysi-
cal effects on global climate (61) and on sys-
tems integrity (4)—remain to be understood and
evaluated.

A way forward

The maintenance of ecosystem services from
boreal forests depends on the preservation of
forest health, which is threatened by the speed
and amplitude of changes in climate projected
for these northern latitudes. Considering the im-
portance of the potential impacts these changes
may have and the extent over which they may
take place, it is imperative that actions be taken
to maintain the health of the boreal forest or to
enhance its contribution to climate change miti-
gation. Forest management and economic and
global policy considerations represent important
avenues to achieve such goals.
Forest management actions to mitigate the ef-

fects of climate change can be undertaken (58, 62);
these include afforestation and practices to main-
tain in situ C stocks or to enhance on-site and
off-site sequestration (6, 62). Afforestation in the
boreal forests should be pursued where possible,
but the potential gains are generally small be-
cause of low rates of boreal deforestation (58, 62),
with a yearly rate of deforestation close to 0.02%
(58). A notable exception may be the abandon-
ment of 45 Mha of agricultural land in boreal
Russia (63), of which 18 Mha is already under-
going natural regeneration (64). Reforestation
could also be used to speed the postdisturbance
recovery of forests in the unmanaged boreal re-
gion (8), across areas that may cover millions of
hectares in Russia alone (36). In addition, se-
questration of C in harvested wood products, the
substitution of wood for more energy-intensive
building material, and the use of wood as energy
feedstock can all be enhanced to provide addi-
tional mitigation benefits. However, economic in-
centives to specifically support afforestation or
other carbon-related management actions, such
as substitution of energy-intensive building ma-
terials, are limited in boreal forests (7, 62).
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Fig. 2. Mean annual temperature and precipi-
tation in the circumboreal forest represented
on the climate space of terrestrial biomes. (A)
Potential impacts of a changing climate on boreal
forests are illustrated by overlaying the climatic
envelope of global circumboreal forests on the
climate space of terrestrial biomes. Baseline (1975)
climate conditions of boreal forests correspond
closely to the taiga and tundra climate space. Pro-
jections of future climate conditions (2090) under
an extreme CO2 emission scenario (AR4 A2) would
also overlap the climate space of the woodland/
shrubland (6) and temperate seasonal forest (5)
biomes. (B) Panels display the frequency of base-
line (left) and future (right) climate conditions within
a 10-min gridded representation of each region (see
Fig. 1D for location). Eastern North America (ENA) is
the only region projected to remain within the cli-
mate space of forested biomes [either taiga (8) or
temperate seasonal forest (5)]. In all other regions,
projected precipitation changes appear to be insuffi-
cient to fully compensate for the increased evapora-
tive demand generated by warmer temperatures.
Large areas of these regions would shift into the
climate space of the woodland/shrubland biome.
See (70) for details on data sources and methods.
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Forestmanagement strategies such as continuous-
cover silviculture and the enhancement of tree
species diversity and of landscape heterogeneity
may aid in the maintenance of forest cover, the
conservation of C stocks, and biodiversity (8, 65).
Implementation of newmanagement approaches
based on the closer emulation of natural processes
or on an adaptive systems perspective (18) may
also alleviate some of the ecological problems as-
sociated with past forest management practices
while providing economically viable alternatives
(31, 66). Large, well-distributed conservation areas,
where natural processes are occurring, remain
important for the maintenance of biodiversity
and the resilience of boreal forest landscapes (67).
However, considerations for their establishment
must now include the changing climate (67).
Better control of natural disturbances is often

suggested as a means to conserve boreal C stocks
(6), but achieving this goal—particularly in remote
areas—may be economically impossible, especially
given future climate conditions. Rather, the incor-
poration of disturbance risks in timber supply
planning can be used to set sustainablemanage-
ment objectives within a changing climate envi-
ronment (68). Managing for multiple objectives
may be challenging, but integrated approaches
can support the development of strategies that
maximize positive outcomes and find trade-offs
between possible contradictory objectives such
as management for wood production, climate
change mitigation, and biodiversity conserva-
tion (6, 62).
Monitoring is essential to continuously assess

the state of the boreal forests and to improve our
understanding of interactions and feedback
among processes. The postdisturbance regener-
ation phase deserves particular attention (34), as
it may provide early warnings of forest health
degradation, such as species invasion, and allow
the rapid implementation of remedial actions to
prevent, for instance, the loss of forest cover (36).
Forests on permafrost and in remote areas are
also critically linked to climate and should be
monitored closely to detect or predict impending
signals of permanent shifts from C sinks to C
sources (60) or from closed to open forest status
(8). Coupledwithmodeling, such change-tracking
can be used to project the future of this important
biome.However, the currentmodelsneed improve-
ment, as they may not account for regional spec-
ificities such as permafrost (36) and often fail to
converge on similar outcomes [e.g., (56, 69) for
central Siberia].
The health of the immense and seemingly

timeless boreal forest is presently under threat,
together with the vitality of many forest-based
communities and economies. On the larger scale,
the long-term provisioning of vital ecosystem ser-
vices such as global climate regulation is at risk.
Our vast knowledge of boreal forests can inform
solution development, but current international
agreements and regional market mechanisms
fail to provide incentives or opportunities to fully
implement the existing options (7, 8). To support
critical and timely action across the boreal forest,
global discussions on sustainable development,

biodiversity conservation, and climate change
mitigation need to place a greater focus on this
vast biome.
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From: Zelenak, Jim
To: Baker, Richard (DNR)
Cc: Jodi Bush; Heather Bell; Mary Parkin; Tamara Smith; john.erb@state.mn.us
Subject: Re: Lynx Status Assessment
Date: Friday, August 28, 2015 12:00:42 PM
Attachments: 2015 08 25 Revised Lynx SSA Expert Workshop Candidates.docx

Hi Rich,

The list we distributed and on which we are seeking State input (additions, not changes) is not for an advisory
group; rather, it is a list of candidate lynx experts to attend a formal expert elicitation meeting/workshop, to help us
understand and assess the current status and likely future viability of each of the lynx subpopulations in the DPS.  If
you feel we have omitted any lynx experts with qualification similar to or better than those on the attached list
(updated slightly from that distributed last week), please add the names, titles, affiliations and some notes about their
specific scientific backgrounds, publications, and other qualifications so that we may also consider inviting them to
the expert workshop.

On the call, we acknowledged State interest in the process and that we would work with AFWA and State
representatives to discuss observers at the workshop, but that it is critical that we limit the number of observers to a
very few to facilitate open dialog among the experts and for other logistical reasons.  Regardless, the meeting notes
and other products of the expert elicitation workshop will be distributed to the States for their review.

We also noted that although the draft list of candidates includes only lynx experts, that we also anticipate
participation by boreal forest ecologists/modelers and climate modelers to inform the discussion of likely future
distributions of boreal/subalpine forests and the snow conditions favorable to lynx.  We welcome your input on
names (in addition to Olivia DeLee, who you mentioned) to consider from those research arenas, too
(include information on each similar to that described above for lynx experts).

Let me know if you have questions or need more information.

Jim

On Fri, Aug 28, 2015 at 11:31 AM, Baker, Richard (DNR) <richard.baker@state.mn.us>
wrote:

Hi Jim,

 

Sorry to have had to miss this week’s lynx call. John Erb says that you have distributed a draft
advisory group list. I have not seen that; please forward a copy to me.

 

John reports that you have requested changes to that list by 9/4. In case I do not receive a copy
from you before then, I will reply here that Minnesota DNR  recommends that both John Erb and I
be identified as members of the advisory group and participants in the October Workshop. If that
is not possible, I recommend that John be included as a participant, and I be included as an
observer.

 

Regarding you request for climate change experts, Minnesota DNR also recommends that you

mailto:jim_zelenak@fws.gov
mailto:richard.baker@state.mn.us
mailto:jodi_bush@fws.gov
mailto:heather_bell@fws.gov
mailto:mary_parkin@fws.gov
mailto:tamara_smith@fws.gov
mailto:john.erb@state.mn.us
mailto:richard.baker@state.mn.us


include Olivia DeLee of our staff as a climate expert at the Workshop. Olivia is currently the
Minnesota DNR’s Fish and Wildlife Division lead on developing climate adaptation and mitigation
guidelines. She is a member of the AFWA Climate Change Committee, is the MAFWA
representative to the Department of Interior’s Advisory Committee on Climate Change and
Natural Resource Science, and most recently has been appointed as the MAFWA member of the
National Climate Adaptation Joint Implementation Working Group, formed by the USFWS, NOAA,
and AFWA as part of the National Fish, Wildlife, and Plants Climate Adaptation Strategy.

 

Thanks,

 

Rich

 

<><><><><><><><><><><><><><><><><><> 

Richard J. Baker

Minnesota Endangered Species Coordinator

Division of Ecological and Water Resources

Minnesota Department of Natural Resources

500 Lafayette Rd., Box 25

St. Paul, MN  55155

Phone: 651/259-5073

Fax: 651/296-1811

E-mail: richard.baker@state.mn.us

http://www.dnr.state.mn.us/eco/nhnrp

<><><><><><><><><><><><><><><><><><> 

 

From: Baker, Richard (DNR) 
Sent: Wednesday, July 29, 2015 3:37 PM
To: Jim Zelenak
Cc: Erb, John D (DNR); 'Lisa Mandell'; Peter Fasbender; 'Smith, Tamara'
Subject: State Coordination Call on Lynx Recovery Planning

mailto:richard.baker@state.mn.us
http://www.dnr.state.mn.us/eco/nhnrp


 

Hi Jim,

 

Thank you for hosting today’s lynx coordination call. I want to be sure that you have both my and
John Erb’s email addresses added to your contacts list for the Minnesota DNR:

 

Rich Baker, Endangered Species Coordinator (richard.baker@state.mn.us; 651/259-5073)

John Erb, Furbearer Research Biologist (john.erb@state.mn.us; 218/999-7930)

 

Thanks also for the reminder of your call for information. I received it on December 29th, and it
never got the attention it deserves. I will work with John to prepare  updated information asap.

 

I’m pleased to hear about the fall expert elicitation meeting, and will look forward to the
opportunity to submit recommendations for participants and observers.

 

Looking forward to working with you on lynx,

 

Rich

 

<><><><><><><><><><><><><><><><><><> 

Richard J. Baker

Minnesota Endangered Species Coordinator

Division of Ecological and Water Resources

Minnesota Department of Natural Resources

500 Lafayette Rd., Box 25

St. Paul, MN  55155

Phone: 651/259-5073

mailto:richard.baker@state.mn.us
mailto:john.erb@state.mn.us


Fax: 651/296-1811

E-mail: richard.baker@state.mn.us

http://www.dnr.state.mn.us/eco/nhnrp

<><><><><><><><><><><><><><><><><><>

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Tuesday, July 28, 2015 5:19 PM
To: Hagener, Jeff; Scott Talbott; bob.broscheid@state.co.us; virgil.moore@idfg.idaho.gov;
dustin.miller@osc.idaho.gov; Chandler.woodcock@maine.gov; moritzw@michigan.gov; Boggess, Ed
(DNR); glenn.normandeau@wildlife.nh.gov; Lexi J., Sandoval; patricia.riexinger@dec.ny.gov;
curt.melcher@state.or.us; GregSheehan@utah.gov; louis.porter@state.vt.us; director@dfw.wa.gov;
cathy.stepp@wisconsin.gov; Jonathan Mawdsley; Nick.Wiley@myfwc.com
Cc: McDonald, Ken; bobinman@mt.gov; Bob Lanka; Jeff Lewis; Jim Zelenak; Gary Frazer
Subject: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery Planning

 

Tomorrow (July 29, 2015), the Service will be hosting a conference call to update
our state partners on where we are at in the Lynx Status Review and Recovery
Planning process.  

 

You should have received notification of this call in a letter received from the
Service within the last several weeks.

 

We were also intending to have a webinar but are unable to achieve that lofty goal
due to computer issues.  Instead we are providing an attached powerpoint in pdf
that we will walk through over the phone.  

 

During the call, we expect to provide updates on SSA progress and to seek input at
appropriate times during the process regarding the biological status of, and
potential threats to, lynx populations within the DPS.

 

We will proceed with these calls on the last weds of every month at 1pm MTN. 
Please retain the following call information for your ongoing use.  

 

Call in information is 866.822.7385, passcode: 5396168.      Thank you.  JB
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<PLEASE FORWARD AND SHARE WITH APPROPRIATE STAFF>

Jodi L. Bush

Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


DRAFT 8/19/2015 – Candidates for Lynx SSA Expert Elicitation Workshop, Fall 2015, Minneapolis, Minnesota 

Expert Candidate Geographic Area Affiliation Expertise 

Kevin McKelvey DPS-wide (distribution) 
USDA Forest Service - Rocky 
Mountain Research Station, 

Missoula, MT 

A Research Ecologist, Dr. McKelvey works to develop methods to evaluate status and 
trends of organisms across broad spatial and temporal scales, including genetic 

monitoring techniques to measure population connectivity across complex landscapes.  
He was a member of the Lynx Science Team and was the Science lead for the National 

Lynx Survey, which provided reliable presence/absence data for lynx on over 50 
national forests, 5 national parks, and numerous other areas managed by the BLM and 
several Tribal Nations.  He has authored and co-authored many peer-reviewed articles 

on lynx conservation, history and distribution in the Lower 48, and population 
ecology/dynamics, and on the dangers of relying on anecdotal occurrence data for rare 

or elusive species. 

Michael Schwartz DPS-wide (genetics) 
USDA Forest Service - 

National Genomics Center for 
Wildlife and Fish Conservation 

Director of the National Genomics Center, Dr. Schwartz focuses on population, 
conservation, and landscape genetics/genomics, genetic monitoring, and the ecology 

of threatened and endangered species.  He has investigated and published peer-
reviewed results on lynx genetic variation, population structure, and population 

connectivity, including documentation of Canada lynx-bobcat (Lynx canadensis x L. 
rufus) hybrids at the southern periphery of lynx range in Maine, Minnesota and New 

Brunswick.  He and colleagues also have validated DNA collection as a means of 
documenting lynx presence and they have developed DNA markers for identifying 

individual snowshoe hares using field-collected pellets. 

Dan Harrison Maine/Northeast University of Maine 

Dr. Harrison has been the principle advisor for many University of Maine graduate 
students working on snowshoe hares and forest management, lynx history, and lynx 

spatial and habitat/occupancy models.  He and his students have published 
extensively, and he is considered one of the top hare, lynx and habitat modeling 

experts in North America. 

Erin Simons-Legaard Maine/Northeast University of Maine 

An Assistant Research Professor in forest landscape modeling, Dr. Simons-Legaard and 
her colleagues have developed a forest landscape change model to do retrospective, 
current, and future forecasts of forest conditions in northern Maine.  She has been 
refining methods for forecasting effects of spruce budworm and climate change on 

Maine's forest, which she is using to expand her lynx habitat model.  This will enable 
her to forecast future conditions for lynx in Maine considering anticipated changes 

from climate change effects on Maine's forest composition, current trends in Maine 
forestry practices, and spruce budworms. 

Jennifer Vashon Maine/Northeast Maine Department of Inland 
Fish and Wildlife 

Jennifer led a 10-year study of lynx in Maine, published two manuscripts in JWM in 
2008, and co-authored other manuscripts with Dr. Harrison's graduate students and 

other lynx researchers.  In 2012, she authored a Canada lynx assessment for the State 
of Maine, which summarizes published and unpublished data from the 10-year study 

and summarizes current knowledge of lynx in Maine. 

Ron Moen Minnesota/Great Lakes 
University of Minnesota and 
Natural Resources Research 

Institute 

Since 2003, Dr. Moen has studied lynx to understand their distribution, abundance, 
persistence, movements and habitat use in and near the Superior National Forest in 

northeastern Minnesota as well as conducting some studies in the greater Upper Great 



Lakes Region (including Wisconsin and Michigan). He has authored numerous reports 
and manuscripts on his studies of lynx in Minnesota, and he and his graduate student 
also conducted studies that used pellet counts to estimate snowshoe hare numbers. 

Susan or Tim Catton Minnesota/Great Lakes USDA Forest Service – 
Superior National Forest 

Susan has been working as a biologist on the Superior National Forest (SNF) since 2001 
and is an expert on lynx biology, ecology and management on the SNF.  She has 

participated in surveys for the species and is very knowledgeable about lynx and their 
habitat on the SNF.  Tim is a biologist on the SNF and for a number of years has been 
leading a lynx tracking project to detect and monitor lynx populations across the SNF. 

Tim and others (e.g., Dan Ryan, SNF) have been collecting lynx genetic material to 
augment an existing lynx DNA database and further the knowledge of lynx presence 

and persistence on the SNF and in Minnesota. 

John Squires 
Northern and Southern 

Rocky Mountains (Montana, 
Wyoming, Colorado) 

USDA Forest Service - Rocky 
Mountain Research Station, 

Missoula, MT 

A Research Wildlife Biologist, Dr. Squires leads a team of researchers responsible for 
discovering and synthesizing information that is needed to conserve threatened, 

endangered, and sensitive forest carnivores throughout the Rocky Mountains.  Also a 
member of the Lynx Science Team, John has published many peer-reviewed articles on 
lynx conservation, habitat use/selection, dispersal, denning, developing and improving 

survey and monitoring techniques, and the effects of forest management and 
recreation on lynx. 

Jay Kolbe Northern Rocky Mountains  Montana Fish Wildlife and 
Parks 

Jay has worked for over a decade on lynx research and management in western 
Montana and has authored and co-authored numerous peer-reviewed lynx 

publications on topics including trap-design, lynx activity patterns, denning, snow-
tracking, radio-telemetry, seasonal resource selection, predicting dispersal corridors, 

and effects of recreation.   

Gary Koehler Washington/Northwest Washington Department of 
Fish and Wildlife (retired) 

Dr. Koehler, a retired Research Biologist, has conducted research on lynx and hares in 
Washington for more than 30 years.  Also a member of the Lynx Science Team, his 

research was among the earliest to investigate lynx and hare habitat relationships and 
the effects of forest management practices in the Lower 48 states.  He has published 

numerous peer-reviewed articles on lynx conservation ecology in southern boreal 
forests, lynx and hare surveys, habitat and topographic use patterns, and management 

of spruce-fir forests to conserve hares and lynx.   

Keith Aubry Washington/Northwest 
USDA Forest Service - Pacific 
Northwest Research Station, 

Olympia, WA (retired) 

Dr. Aubry is an Emeritus Scientist (formerly Research Wildlife Biologist) with the U.S. 
Forest Service’s Pacific Northwest Research Station in Olympia, WA. He has been 

conducting research on terrestrial wildlife in the Pacific Northwest for almost 40 years. 
Recently, his research has focused on generating new information that will enable 
conservation biologists and resource managers to make more-informed decisions 
about the conservation status of rare and elusive forest carnivores, including the 

fisher, Canada lynx, Cascade and Sierra Nevada red foxes, coastal marten, and 
wolverine. A lack of reliable information on their evolutionary history, current and 

historical distributions, and ecological relations is often a significant impediment to the 
conservation of their populations. Dr. Aubry was a member of several national 

scientific teams, including the Forest Carnivore Conservation Assessment Team, the 
Lynx Science Team, and the Wolverine Science Team, and was the leader of the Fisher 

Science Team. He has directed several multi-year field studies of the Canada lynx in 



the North Cascades of Washington, and has authored or co-authored a number of 
peer-reviewed publications on lynx conservation, their distribution in the contiguous 

U.S., their ecology and population dynamics, and the risk of relying on anecdotal 
occurrence data for conserving rare or elusive species. 

Kerry Murphy Wyoming/Greater 
Yellowstone USDA Forest Service 

Dr. Murphy is the Zone Wildlife Biologist on the Bridger-Teton National Forest (B-T NF) 
stationed in Jackson, Wyoming.  He has extensive experience monitoring, managing, 

and surveying Canada lynx and their habitat, and in documenting aspects of other 
carnivore populations.  From 2000-2005, Kerry worked in Yellowstone Park 

cooperatively with the Rocky Mountain Research Laboratory, Missoula, to document 
lynx presence and distribution (1 publication), and worked with researchers to 

document snowshoe hare abundance, distribution, and habitat affinities (1 
publication) in the Park.  On the B-T NF, Kerry worked to document snowshoe hare 
abundance and population trends in different forest types, and lynx presence and 

distribution.  Kerry also recently assisted the U.S. Fish and Wildlife Service by providing 
a peer-review of the proposed rule revising the lynx critical habitat designation. 

Jake Ivan Colorado/Southern Rocky 
Mountains Colorado Parks and Wildlife 

Dr. Ivan, a Wildlife Researcher with CPW’s Mammals Research Section, has conducted 
research and published peer-reviewed articles on hares and lynx in Colorado and the 

Southern Rockies and has developed a non-invasive monitoring strategy to track 
Colorado’s lynx population. 

Clayton Apps Southern British Columbia & 
Alberta 

Independent Researcher, 
Aspen Wildlife Research Inc. 

Dr. Apps is an independent research ecologist whose work in western Canada over the 
past 24 years has focused on understanding and predicting relationships of wide-

ranging species with habitat and human influence across scales to support 
environmental assessment and conservation planning.  He is especially interested in 

spatial and temporal factors affecting species movements, habitat selection, 
abundance, distribution and survival.  Within the southern Canadian Rocky Mountains, 

Dr. Apps carried out a 5-year study of lynx ecology representing his dissertation 
research, and he has conducted several other shorter-term field and modeling projects 
pertaining to lynx.  Clayton has also recently authored British Columbia’s current lynx 

management plan. 

Karen Hodges Southern Canada/DPS-wide 
(hares) 

University of British 
Columbia–Okanagan 

Dr. Hodges is an Associate Professor in the Department of Biology at the University of 
British Columbia – Okanagan, where she focuses her research on how range position 

and habitat configuration affect species interactions and endangerment of at-risk 
species, understanding population dynamics at the periphery of species’ ranges, and 
on snowshoe hare population dynamics.  She has authored and co-authored many 

peer-reviewed hare articles.   

Jeff Bowman Southern Canada/Ontario 
Ontario Ministry of Natural 

Resources and Forestry, and 
University of Trent, Ontario 

A Research Scientist with the Wildlife Research & Monitoring Section, Ontario Ministry 
of Natural Resources and Forestry and an Adjunct Professor in the Environmental & 

Life Sciences Graduate Program, Trent University, Dr. Bowman’s focus is on population 
and landscape ecology.  He and his colleagues and graduate students have published 

many peer-reviewed articles on lynx landscape ecology and genetics at the 
population's southern range boundary in Ontario in an effort to assess the functional 

connectivity and population dynamics of lynx at their southern range periphery. 
Dennis Murray Southern Canada/Ontario University of Trent, Ontario Dr. Murray is the Canada Research Chair in Integrative Wildlife Conservation, 



Bioinformatics, and Ecological Modeling and a Professor of Biology at 
Trent University.  He also serves on the Scientific Advisory Committee for the Canadian 

Institute of Ecology and Evolution, the Committee on the Status of Endangered 
Wildlife in Canada (COSEWIC), and the IUCN Lagomorph Specialist Group.  He has 

authored and co-authored many peer-reviewed articles on lynx, including conservation 
needs at the southern edge of the species’ range, genetics and functional connectivity 

among lynx populations, hare habitat and response to forestry management, lynx-
bobcat competition, and impacts of climate change on southern lynx populations. 

Garth Mowat Southern British Columbia & 
Alberta 

British Columbia Ministry of 
Forests, Lands and Resource 

Operations 

Dr. Mowat manages the Research Section for the Resource Stewardship Division in the 
Kootenay Region of British Columbia, Canada, where his current research varies from 

geomorphology to ecosystem classification and wildlife ecology, particularly 
population dynamics of mammals.  Garth has published many peer-reviewed articles 

on lynx including behavior and natural history, capture and immobilization techniques, 
lynx and hare population dynamics, and lynx pregnancy rates and litter sizes. 

    
    
    
    
    
    

 



From: Baker, Richard (DNR)
To: Zelenak, Jim
Subject: RE: Lynx Status Assessment
Date: Friday, August 28, 2015 12:05:51 PM

Thanks Jim. I’ll discuss with John Erb and get back to you next week.
 
Rich
 
<><><><><><><><><><><><><><><><><><> 
Richard J. Baker
Minnesota Endangered Species Coordinator
Division of Ecological and Water Resources
Minnesota Department of Natural Resources
500 Lafayette Rd., Box 25
St. Paul, MN  55155
Phone: 651/259-5073
Fax: 651/296-1811
E-mail: richard.baker@state.mn.us
http://www.dnr.state.mn.us/eco/nhnrp
<><><><><><><><><><><><><><><><><><> 
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, August 28, 2015 1:01 PM
To: Baker, Richard (DNR)
Cc: Jodi Bush; Heather Bell; Mary Parkin; Tamara Smith; Erb, John D (DNR)
Subject: Re: Lynx Status Assessment
 
Hi Rich,
 
The list we distributed and on which we are seeking State input (additions, not changes) is not
for an advisory group; rather, it is a list of candidate lynx experts to attend a formal expert
elicitation meeting/workshop, to help us understand and assess the current status and likely
future viability of each of the lynx subpopulations in the DPS.  If you feel we have omitted
any lynx experts with qualification similar to or better than those on the attached list (updated
slightly from that distributed last week), please add the names, titles, affiliations and some
notes about their specific scientific backgrounds, publications, and other qualifications so that
we may also consider inviting them to the expert workshop.
 
On the call, we acknowledged State interest in the process and that we would work with
AFWA and State representatives to discuss observers at the workshop, but that it is critical
that we limit the number of observers to a very few to facilitate open dialog among the experts
and for other logistical reasons.  Regardless, the meeting notes and other products of the
expert elicitation workshop will be distributed to the States for their review.
 
We also noted that although the draft list of candidates includes only lynx experts, that we also
anticipate participation by boreal forest ecologists/modelers and climate modelers to inform
the discussion of likely future distributions of boreal/subalpine forests and the snow conditions
favorable to lynx.  We welcome your input on names (in addition to Olivia DeLee, who you

mailto:richard.baker@state.mn.us
mailto:jim_zelenak@fws.gov
mailto:richard.baker@state.mn.us
http://www.dnr.state.mn.us/eco/nhnrp


mentioned) to consider from those research arenas, too (include information on each similar to
that described above for lynx experts).
 
Let me know if you have questions or need more information.
 
Jim
 
On Fri, Aug 28, 2015 at 11:31 AM, Baker, Richard (DNR) <richard.baker@state.mn.us>
wrote:
Hi Jim,
 
Sorry to have had to miss this week’s lynx call. John Erb says that you have distributed a draft
advisory group list. I have not seen that; please forward a copy to me.
 
John reports that you have requested changes to that list by 9/4. In case I do not receive a copy from
you before then, I will reply here that Minnesota DNR  recommends that both John Erb and I be
identified as members of the advisory group and participants in the October Workshop. If that is not
possible, I recommend that John be included as a participant, and I be included as an observer.
 
Regarding you request for climate change experts, Minnesota DNR also recommends that you
include Olivia DeLee of our staff as a climate expert at the Workshop. Olivia is currently the
Minnesota DNR’s Fish and Wildlife Division lead on developing climate adaptation and mitigation
guidelines. She is a member of the AFWA Climate Change Committee, is the MAFWA representative
to the Department of Interior’s Advisory Committee on Climate Change and Natural Resource
Science, and most recently has been appointed as the MAFWA member of the National Climate
Adaptation Joint Implementation Working Group, formed by the USFWS, NOAA, and AFWA as part
of the National Fish, Wildlife, and Plants Climate Adaptation Strategy.
 
Thanks,
 
Rich
 
<><><><><><><><><><><><><><><><><><> 
Richard J. Baker
Minnesota Endangered Species Coordinator
Division of Ecological and Water Resources
Minnesota Department of Natural Resources
500 Lafayette Rd., Box 25
St. Paul, MN  55155
Phone: 651/259-5073
Fax: 651/296-1811
E-mail: richard.baker@state.mn.us
http://www.dnr.state.mn.us/eco/nhnrp
<><><><><><><><><><><><><><><><><><> 
 

From: Baker, Richard (DNR) 
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Sent: Wednesday, July 29, 2015 3:37 PM
To: Jim Zelenak
Cc: Erb, John D (DNR); 'Lisa Mandell'; Peter Fasbender; 'Smith, Tamara'
Subject: State Coordination Call on Lynx Recovery Planning
 
Hi Jim,
 
Thank you for hosting today’s lynx coordination call. I want to be sure that you have both my and
John Erb’s email addresses added to your contacts list for the Minnesota DNR:
 
Rich Baker, Endangered Species Coordinator (richard.baker@state.mn.us; 651/259-5073)
John Erb, Furbearer Research Biologist (john.erb@state.mn.us; 218/999-7930)
 

Thanks also for the reminder of your call for information. I received it on December 29th, and it
never got the attention it deserves. I will work with John to prepare  updated information asap.
 
I’m pleased to hear about the fall expert elicitation meeting, and will look forward to the opportunity
to submit recommendations for participants and observers.
 
Looking forward to working with you on lynx,
 
Rich
 
<><><><><><><><><><><><><><><><><><> 
Richard J. Baker
Minnesota Endangered Species Coordinator
Division of Ecological and Water Resources
Minnesota Department of Natural Resources
500 Lafayette Rd., Box 25
St. Paul, MN  55155
Phone: 651/259-5073
Fax: 651/296-1811
E-mail: richard.baker@state.mn.us
http://www.dnr.state.mn.us/eco/nhnrp
<><><><><><><><><><><><><><><><><><>
 
From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Tuesday, July 28, 2015 5:19 PM
To: Hagener, Jeff; Scott Talbott; bob.broscheid@state.co.us; virgil.moore@idfg.idaho.gov;
dustin.miller@osc.idaho.gov; Chandler.woodcock@maine.gov; moritzw@michigan.gov; Boggess, Ed
(DNR); glenn.normandeau@wildlife.nh.gov; Lexi J., Sandoval; patricia.riexinger@dec.ny.gov;
curt.melcher@state.or.us; GregSheehan@utah.gov; louis.porter@state.vt.us; director@dfw.wa.gov;
cathy.stepp@wisconsin.gov; Jonathan Mawdsley; Nick.Wiley@myfwc.com
Cc: McDonald, Ken; bobinman@mt.gov; Bob Lanka; Jeff Lewis; Jim Zelenak; Gary Frazer
Subject: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery Planning
 
Tomorrow (July 29, 2015), the Service will be hosting a conference call to update our
state partners on where we are at in the Lynx Status Review and Recovery Planning
process.  
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You should have received notification of this call in a letter received from the Service
within the last several weeks.
 
We were also intending to have a webinar but are unable to achieve that lofty goal
due to computer issues.  Instead we are providing an attached powerpoint in pdf that
we will walk through over the phone.  
 
During the call, we expect to provide updates on SSA progress and to seek input at
appropriate times during the process regarding the biological status of, and potential
threats to, lynx populations within the DPS.
 
We will proceed with these calls on the last weds of every month at 1pm MTN. 
Please retain the following call information for your ongoing use.  
 
Call in information is 866.822.7385, passcode: 5396168.      Thank you.  JB
 
 
<PLEASE FORWARD AND SHARE WITH APPROPRIATE STAFF>

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Baker, Richard (DNR)
To: Jim Zelenak
Cc: Erb, John D (DNR); Lisa Mandell; Peter Fasbender; Smith, Tamara; LeDee, Olivia (DNR); Boggess, Ed (DNR);

Telander, Paul B (DNR); Norris, Jane C (DNR)
Subject: Lynx Status Assessment
Date: Friday, August 28, 2015 12:32:21 PM

Hi Jim,
 
Sorry to have had to miss this week’s lynx call. John Erb says that you have distributed a draft
advisory group list. I have not seen that; please forward a copy to me.
 
John reports that you have requested changes to that list by 9/4. In case I do not receive a copy from
you before then, I will reply here that Minnesota DNR  recommends that both John Erb and I be
identified as members of the advisory group and participants in the October Workshop. If that is not
possible, I recommend that John be included as a participant, and I be included as an observer.
 
Regarding you request for climate change experts, Minnesota DNR also recommends that you
include Olivia DeLee of our staff as a climate expert at the Workshop. Olivia is currently the
Minnesota DNR’s Fish and Wildlife Division lead on developing climate adaptation and mitigation
guidelines. She is a member of the AFWA Climate Change Committee, is the MAFWA representative
to the Department of Interior’s Advisory Committee on Climate Change and Natural Resource
Science, and most recently has been appointed as the MAFWA member of the National Climate
Adaptation Joint Implementation Working Group, formed by the USFWS, NOAA, and AFWA as part
of the National Fish, Wildlife, and Plants Climate Adaptation Strategy.
 
Thanks,
 
Rich
 
<><><><><><><><><><><><><><><><><><> 
Richard J. Baker
Minnesota Endangered Species Coordinator
Division of Ecological and Water Resources
Minnesota Department of Natural Resources
500 Lafayette Rd., Box 25
St. Paul, MN  55155
Phone: 651/259-5073
Fax: 651/296-1811
E-mail: richard.baker@state.mn.us
http://www.dnr.state.mn.us/eco/nhnrp
<><><><><><><><><><><><><><><><><><> 
 

From: Baker, Richard (DNR) 
Sent: Wednesday, July 29, 2015 3:37 PM
To: Jim Zelenak
Cc: Erb, John D (DNR); 'Lisa Mandell'; Peter Fasbender; 'Smith, Tamara'
Subject: State Coordination Call on Lynx Recovery Planning
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Hi Jim,
 
Thank you for hosting today’s lynx coordination call. I want to be sure that you have both my and
John Erb’s email addresses added to your contacts list for the Minnesota DNR:
 
Rich Baker, Endangered Species Coordinator (richard.baker@state.mn.us; 651/259-5073)
John Erb, Furbearer Research Biologist (john.erb@state.mn.us; 218/999-7930)
 

Thanks also for the reminder of your call for information. I received it on December 29th, and it
never got the attention it deserves. I will work with John to prepare  updated information asap.
 
I’m pleased to hear about the fall expert elicitation meeting, and will look forward to the opportunity
to submit recommendations for participants and observers.
 
Looking forward to working with you on lynx,
 
Rich
 
<><><><><><><><><><><><><><><><><><> 
Richard J. Baker
Minnesota Endangered Species Coordinator
Division of Ecological and Water Resources
Minnesota Department of Natural Resources
500 Lafayette Rd., Box 25
St. Paul, MN  55155
Phone: 651/259-5073
Fax: 651/296-1811
E-mail: richard.baker@state.mn.us
http://www.dnr.state.mn.us/eco/nhnrp
<><><><><><><><><><><><><><><><><><>
 
From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Tuesday, July 28, 2015 5:19 PM
To: Hagener, Jeff; Scott Talbott; bob.broscheid@state.co.us; virgil.moore@idfg.idaho.gov;
dustin.miller@osc.idaho.gov; Chandler.woodcock@maine.gov; moritzw@michigan.gov; Boggess, Ed
(DNR); glenn.normandeau@wildlife.nh.gov; Lexi J., Sandoval; patricia.riexinger@dec.ny.gov;
curt.melcher@state.or.us; GregSheehan@utah.gov; louis.porter@state.vt.us; director@dfw.wa.gov;
cathy.stepp@wisconsin.gov; Jonathan Mawdsley; Nick.Wiley@myfwc.com
Cc: McDonald, Ken; bobinman@mt.gov; Bob Lanka; Jeff Lewis; Jim Zelenak; Gary Frazer
Subject: Reminder. July 29. 1PM MTN. State Coordination Call on Lynx Recovery Planning
 
Tomorrow (July 29, 2015), the Service will be hosting a conference call to update our
state partners on where we are at in the Lynx Status Review and Recovery Planning
process.  
 
You should have received notification of this call in a letter received from the Service
within the last several weeks.
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We were also intending to have a webinar but are unable to achieve that lofty goal
due to computer issues.  Instead we are providing an attached powerpoint in pdf that
we will walk through over the phone.  
 
During the call, we expect to provide updates on SSA progress and to seek input at
appropriate times during the process regarding the biological status of, and potential
threats to, lynx populations within the DPS.
 
We will proceed with these calls on the last weds of every month at 1pm MTN. 
Please retain the following call information for your ongoing use.  
 
Call in information is 866.822.7385, passcode: 5396168.      Thank you.  JB
 
 
<PLEASE FORWARD AND SHARE WITH APPROPRIATE STAFF>

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 



From: lynxdan@gmail.com
To: Alexej Siren
Cc: Mark McCollough; Vashon, Jennifer; Sabrina Morano; Sheryn Olson; Sheryn Olson
Subject: Re: current hare populations
Date: Monday, August 31, 2015 9:57:03 AM

Hi Alexej,

We were thinking that hares were pulsing upwards based on a slight increase from 0.89
hares/ha in our 18 regenerating stands (21-42 years post-harvest) in spring 2012 to 0.97
hares/ha in 2013, followed by preliminary results (from Sheryn's spreadsheets) that suggested
a much bigger jump in spring 2014. Since those preliminary impressions I have had a
Research Associate (Sabrina Morano) developing an Access database for the entire time series
and she has rechecked and re-ran all of the previous numbers.  We discovered that the
previous estimate for 2014 had an error in the number of days elapsed since clearing for the
spring 2014 data point and the estimate now stands at  0.77 hares/ha for spring 2014.  
Preliminary numbers for 2015 are nearly the same as for 2014, so we have no evidence of
ongoing trends in hare populations in our best habitats.  We will be doing some more
advanced modeling to account for stand maturity before finalizing our trends-based
conclusions, so I am asking that these preliminary findings not be cited at this point. 

Cheers- Dan

Daniel J. Harrison
Professor and Chair - Department of Wildlife, Fisheries, and Conservation Biology
Cooperating Professor of Sustainable Forestry
The University of Maine
5755 Nutting Hall, Room 210
Orono, ME 04469-5755
(207) 581-2867
harrison@maine.edu

On Sat, Aug 29, 2015 at 2:42 PM, Alexej Siren <alexejpksiren@gmail.com> wrote:

Hello Dan,

 

I’m writing up a summary report for the spring 2015 counts and was curious what the trends
were in Maine for the past couple years.  Did you record higher numbers this past spring
than spring 2014? 

 

I hope all is well.

 

Alexej
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From: McCollough, Mark
To: Jim Zelenak
Subject: today"s lynx recovery meeting
Date: Tuesday, September 01, 2015 1:50:25 PM

My apologies for missing today's lynx recovery meeting.  Please let me know if there is
anything I need to do to help.

Mark

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: lynxdan@gmail.com
To: McCollough, Mark
Subject: Re: willingness to give Maine overview of lynx, hare, habitat at lynx meeting?
Date: Wednesday, September 02, 2015 12:32:33 PM

Hi Mark,

I am certainly willing to work with you to put this together and will need some information
from your files re: threats.  How will airline reservations work as this will be one leg of 3 trips
that I am linking together from different funding sources and need to get going with the
airlines?  Can I book something and then get reimbursed or does gov travel need to be
involved (arghhh!!).

Please advise.

Dan

Daniel J. Harrison
Professor and Chair - Department of Wildlife, Fisheries, and Conservation Biology
Cooperating Professor of Sustainable Forestry
The University of Maine
5755 Nutting Hall, Room 210
Orono, ME 04469-5755
(207) 581-2867
harrison@maine.edu

On Wed, Aug 26, 2015 at 9:59 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Dan:

The Service and USGS are working on process and agenda for the upcoming lynx-hare
expert meeting in Minneapolis Oct 13 - 16.  Official invitations will be made in about a
week, and we will share much more information on how the Species Status Assessment
workshop will work.

Jim Zelenak in our Helena Field Office is the national lynx lead biologist.  We want to start
the workshop Tuesday afternoon with a brief (~30 min) overview of the status of lynx, hare,
and their habitat, and threats in each of the lynx units.  Jim asked that we select one of the
experts from Maine to give the overview.  We will request that each presenter follow an
outline, which we will provide, so presentations cover similar material.  We want objective
appraisals of the science and uncertainties for each unit. 

Would you be willing to do the overview for Maine?  You presented a well-received
overview several years ago at the Northeast Region biologist conference in Baltimore.  We
are thinking that Moen would present MN, Squires MT, Ivan CO, and Koehler WA.   I
would be willing to work with you, Jen, and Erin to put this together.  

I expect the outline will require that all units address topics like brief lynx history (baseline
pre-European contact conditions), current status/populations/distribution, connection with
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Canadian populations and status in adjacent Canada, habitat/climate requirements, hare
status and fluctuations/cycles, habitat modeling and forestry issues, threats - forest policy
and regulation/silvicultural systems, lack of planning, climate, etc., and status of
conservation efforts.

There may be some sensitivity and uncertainty about some of these topics.  If you are
willing to take this on, I would be glad to talk with you over lunch some day.

Thanks for considering this role.

Mark    

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: lynxdan@gmail.com
To: McCollough, Mark
Subject: Re: Lynx meeting in Minneapolis Oct 13 to 15, travel expenses
Date: Wednesday, September 02, 2015 12:43:35 PM

Hi Mark,

Disregard the message I sent 10 minutes ago.  If you would need to fund this out of your
Maine office budget and that will be a hassle, then I will just book my ticket to TWS in
Winnipeg via Minneapolis and will cost share a portion of that, including hotel out of our
existing FWS lynx project.  Will be easier for all of us that way.

Let's have lunch late next week to plan a strategy for the summary presentation.

Cheers- Dan

Daniel J. Harrison
Professor and Chair - Department of Wildlife, Fisheries, and Conservation Biology
Cooperating Professor of Sustainable Forestry
The University of Maine
5755 Nutting Hall, Room 210
Orono, ME 04469-5755
(207) 581-2867
harrison@maine.edu

On Tue, Aug 25, 2015 at 2:58 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Erin, Dan, and Jen:

I wanted to let you know that we are still planning a meeting of lynx experts October 13 to
15 in the Minneapolis area.  Our sessions will begin Tuesday afternoon and conclude the
end of the day Thursday or possibly Friday morning.  The list of expert invitees was
distributed to state agencies last week and will be discussed with them on a conference call
tomorrow.  Formal invitations will be distributed to you all on about September 2.  More
information on the structure of the meetings will be forthcoming at that time.

If any of you are in need of funding for travel and hotel, could you please let me know
within the next day or two?  We may have some year-end funds to help with travel, but
those obligations must be made by this Friday.

Thanks again for your willingness to share your knowledge.  This will be a very interesting
and important meeting that will provide the basis for future listing and recovery planning for
the lynx.  We hope that you all still plan on attending.

Sincerely,

Mark McCollough 

-- 
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Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Bush, Jodi
To: bob.broscheid@state.co.us; Odell, Eric; virgil.moore@idfg.idaho.gov; Sallabanks,Rex;

Chandler.woodcock@maine.gov; Jake Ivan - DNR; Sam Eaton; dustin.miller@osc.idaho.gov;
moritzw@michigan.gov; commissioner.dnr@state.mn.us; Ed.Boggess@state.mn.us; Baker, Richard (DNR);
john.erb@state.mn.us; Tubbs, John; Hagener, Jeff; McDonald, Ken; Jay Kolbe; Lexi J., Sandoval;
glenn.normandeau@wildlife.nh.gov; Joshua Uriarte; Inman, Bob; DNR-Wildlife@michigan.gov;
curt.melcher@state.or.us; Kimberly Hersey; Greg Sheehan; mark scott; cpl@dnr.wa.gov; director@dfw.wa.gov;
Lewis, Jeffrey C (DFW); louis.porter@state.vt.us; Bernier, Chris; kurt.thiede@wisconsin.gov;
scott.talbot@wyo.gov; Bob Lanka; Nichole Cudworth; Zack Walker; cathy.stepp@wisconsin.gov; Vashon,
Jennifer; Jonathan Mawdsley; patricia.riexinger@dec.ny.gov

Cc: Heather Bell; Mary Parkin; Mark McCollough; David Smith; Tamara Smith; Seth Willey; Bryon Holt; Kurt
Broderdorp; Jonathan Cummings; Nick.Wiley@myfwc.com; Zelenak, Jim

Subject: Re: Reminder: Lynx SSA Coordination Call
Date: Thursday, September 03, 2015 2:47:03 PM
Attachments: 2015 08 25 Revised Lynx SSA Expert Workshop Candidates.docx

Good afternoon folks.  This is a reminder that we remain interested in your input on our list of
candidates that we are considering for the Expert Elicitation Panel in October.  Because we
need to notify these folks soon, we ask that you get any comments or additions to us ASAP
but no later than COB tomorrow, September 4, 2015.  Thank you.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

__________________________________________________
The Service is in the process of identifying candidates to participate in an expert elicitation workshop that will
likely be held in mid-Oct., tentatively in Minneapolis, Minnesota.  Please review the attached DRAFT (in
progress) list of Canada lynx experts we've identified as candidates for participation in the workshop.  The
overarching objective of the workshop is to assess the current and likely future status of each of the lynx
populations in the DPS (contiguous U.S.).

If you believe we have overlooked any lynx experts crucial to achieving that objective, please add their names,
affiliations, and areas of expertise, and email me the revised table at your earliest convenience.  We intend to
extend formal invitation as soon as possible.

We will need to limit the number of experts to facilitate open dialog and candid discussion, and simply for
logistical reasons.  We will consider any candidates you put forth, but the Service will make the final decision on
which experts will be formally invited to participate in the workshop.

Let me know if you have questions or need more information.

Cheers!

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
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DRAFT 8/19/2015 – Candidates for Lynx SSA Expert Elicitation Workshop, Fall 2015, Minneapolis, Minnesota 

Expert Candidate Geographic Area Affiliation Expertise 

Kevin McKelvey DPS-wide (distribution) 
USDA Forest Service - Rocky 
Mountain Research Station, 

Missoula, MT 

A Research Ecologist, Dr. McKelvey works to develop methods to evaluate status and 
trends of organisms across broad spatial and temporal scales, including genetic 

monitoring techniques to measure population connectivity across complex landscapes.  
He was a member of the Lynx Science Team and was the Science lead for the National 

Lynx Survey, which provided reliable presence/absence data for lynx on over 50 
national forests, 5 national parks, and numerous other areas managed by the BLM and 
several Tribal Nations.  He has authored and co-authored many peer-reviewed articles 

on lynx conservation, history and distribution in the Lower 48, and population 
ecology/dynamics, and on the dangers of relying on anecdotal occurrence data for rare 

or elusive species. 

Michael Schwartz DPS-wide (genetics) 
USDA Forest Service - 

National Genomics Center for 
Wildlife and Fish Conservation 

Director of the National Genomics Center, Dr. Schwartz focuses on population, 
conservation, and landscape genetics/genomics, genetic monitoring, and the ecology 

of threatened and endangered species.  He has investigated and published peer-
reviewed results on lynx genetic variation, population structure, and population 

connectivity, including documentation of Canada lynx-bobcat (Lynx canadensis x L. 
rufus) hybrids at the southern periphery of lynx range in Maine, Minnesota and New 

Brunswick.  He and colleagues also have validated DNA collection as a means of 
documenting lynx presence and they have developed DNA markers for identifying 

individual snowshoe hares using field-collected pellets. 

Dan Harrison Maine/Northeast University of Maine 

Dr. Harrison has been the principle advisor for many University of Maine graduate 
students working on snowshoe hares and forest management, lynx history, and lynx 

spatial and habitat/occupancy models.  He and his students have published 
extensively, and he is considered one of the top hare, lynx and habitat modeling 

experts in North America. 

Erin Simons-Legaard Maine/Northeast University of Maine 

An Assistant Research Professor in forest landscape modeling, Dr. Simons-Legaard and 
her colleagues have developed a forest landscape change model to do retrospective, 
current, and future forecasts of forest conditions in northern Maine.  She has been 
refining methods for forecasting effects of spruce budworm and climate change on 

Maine's forest, which she is using to expand her lynx habitat model.  This will enable 
her to forecast future conditions for lynx in Maine considering anticipated changes 

from climate change effects on Maine's forest composition, current trends in Maine 
forestry practices, and spruce budworms. 

Jennifer Vashon Maine/Northeast Maine Department of Inland 
Fish and Wildlife 

Jennifer led a 10-year study of lynx in Maine, published two manuscripts in JWM in 
2008, and co-authored other manuscripts with Dr. Harrison's graduate students and 

other lynx researchers.  In 2012, she authored a Canada lynx assessment for the State 
of Maine, which summarizes published and unpublished data from the 10-year study 

and summarizes current knowledge of lynx in Maine. 

Ron Moen Minnesota/Great Lakes 
University of Minnesota and 
Natural Resources Research 

Institute 

Since 2003, Dr. Moen has studied lynx to understand their distribution, abundance, 
persistence, movements and habitat use in and near the Superior National Forest in 

northeastern Minnesota as well as conducting some studies in the greater Upper Great 



Lakes Region (including Wisconsin and Michigan). He has authored numerous reports 
and manuscripts on his studies of lynx in Minnesota, and he and his graduate student 
also conducted studies that used pellet counts to estimate snowshoe hare numbers. 

Susan or Tim Catton Minnesota/Great Lakes USDA Forest Service – 
Superior National Forest 

Susan has been working as a biologist on the Superior National Forest (SNF) since 2001 
and is an expert on lynx biology, ecology and management on the SNF.  She has 

participated in surveys for the species and is very knowledgeable about lynx and their 
habitat on the SNF.  Tim is a biologist on the SNF and for a number of years has been 
leading a lynx tracking project to detect and monitor lynx populations across the SNF. 

Tim and others (e.g., Dan Ryan, SNF) have been collecting lynx genetic material to 
augment an existing lynx DNA database and further the knowledge of lynx presence 

and persistence on the SNF and in Minnesota. 

John Squires 
Northern and Southern 

Rocky Mountains (Montana, 
Wyoming, Colorado) 

USDA Forest Service - Rocky 
Mountain Research Station, 

Missoula, MT 

A Research Wildlife Biologist, Dr. Squires leads a team of researchers responsible for 
discovering and synthesizing information that is needed to conserve threatened, 

endangered, and sensitive forest carnivores throughout the Rocky Mountains.  Also a 
member of the Lynx Science Team, John has published many peer-reviewed articles on 
lynx conservation, habitat use/selection, dispersal, denning, developing and improving 

survey and monitoring techniques, and the effects of forest management and 
recreation on lynx. 

Jay Kolbe Northern Rocky Mountains  Montana Fish Wildlife and 
Parks 

Jay has worked for over a decade on lynx research and management in western 
Montana and has authored and co-authored numerous peer-reviewed lynx 

publications on topics including trap-design, lynx activity patterns, denning, snow-
tracking, radio-telemetry, seasonal resource selection, predicting dispersal corridors, 

and effects of recreation.   

Gary Koehler Washington/Northwest Washington Department of 
Fish and Wildlife (retired) 

Dr. Koehler, a retired Research Biologist, has conducted research on lynx and hares in 
Washington for more than 30 years.  Also a member of the Lynx Science Team, his 

research was among the earliest to investigate lynx and hare habitat relationships and 
the effects of forest management practices in the Lower 48 states.  He has published 

numerous peer-reviewed articles on lynx conservation ecology in southern boreal 
forests, lynx and hare surveys, habitat and topographic use patterns, and management 

of spruce-fir forests to conserve hares and lynx.   

Keith Aubry Washington/Northwest 
USDA Forest Service - Pacific 
Northwest Research Station, 

Olympia, WA (retired) 

Dr. Aubry is an Emeritus Scientist (formerly Research Wildlife Biologist) with the U.S. 
Forest Service’s Pacific Northwest Research Station in Olympia, WA. He has been 

conducting research on terrestrial wildlife in the Pacific Northwest for almost 40 years. 
Recently, his research has focused on generating new information that will enable 
conservation biologists and resource managers to make more-informed decisions 
about the conservation status of rare and elusive forest carnivores, including the 

fisher, Canada lynx, Cascade and Sierra Nevada red foxes, coastal marten, and 
wolverine. A lack of reliable information on their evolutionary history, current and 

historical distributions, and ecological relations is often a significant impediment to the 
conservation of their populations. Dr. Aubry was a member of several national 

scientific teams, including the Forest Carnivore Conservation Assessment Team, the 
Lynx Science Team, and the Wolverine Science Team, and was the leader of the Fisher 

Science Team. He has directed several multi-year field studies of the Canada lynx in 



the North Cascades of Washington, and has authored or co-authored a number of 
peer-reviewed publications on lynx conservation, their distribution in the contiguous 

U.S., their ecology and population dynamics, and the risk of relying on anecdotal 
occurrence data for conserving rare or elusive species. 

Kerry Murphy Wyoming/Greater 
Yellowstone USDA Forest Service 

Dr. Murphy is the Zone Wildlife Biologist on the Bridger-Teton National Forest (B-T NF) 
stationed in Jackson, Wyoming.  He has extensive experience monitoring, managing, 

and surveying Canada lynx and their habitat, and in documenting aspects of other 
carnivore populations.  From 2000-2005, Kerry worked in Yellowstone Park 

cooperatively with the Rocky Mountain Research Laboratory, Missoula, to document 
lynx presence and distribution (1 publication), and worked with researchers to 

document snowshoe hare abundance, distribution, and habitat affinities (1 
publication) in the Park.  On the B-T NF, Kerry worked to document snowshoe hare 
abundance and population trends in different forest types, and lynx presence and 

distribution.  Kerry also recently assisted the U.S. Fish and Wildlife Service by providing 
a peer-review of the proposed rule revising the lynx critical habitat designation. 

Jake Ivan Colorado/Southern Rocky 
Mountains Colorado Parks and Wildlife 

Dr. Ivan, a Wildlife Researcher with CPW’s Mammals Research Section, has conducted 
research and published peer-reviewed articles on hares and lynx in Colorado and the 

Southern Rockies and has developed a non-invasive monitoring strategy to track 
Colorado’s lynx population. 

Clayton Apps Southern British Columbia & 
Alberta 

Independent Researcher, 
Aspen Wildlife Research Inc. 

Dr. Apps is an independent research ecologist whose work in western Canada over the 
past 24 years has focused on understanding and predicting relationships of wide-

ranging species with habitat and human influence across scales to support 
environmental assessment and conservation planning.  He is especially interested in 

spatial and temporal factors affecting species movements, habitat selection, 
abundance, distribution and survival.  Within the southern Canadian Rocky Mountains, 

Dr. Apps carried out a 5-year study of lynx ecology representing his dissertation 
research, and he has conducted several other shorter-term field and modeling projects 
pertaining to lynx.  Clayton has also recently authored British Columbia’s current lynx 

management plan. 

Karen Hodges Southern Canada/DPS-wide 
(hares) 

University of British 
Columbia–Okanagan 

Dr. Hodges is an Associate Professor in the Department of Biology at the University of 
British Columbia – Okanagan, where she focuses her research on how range position 

and habitat configuration affect species interactions and endangerment of at-risk 
species, understanding population dynamics at the periphery of species’ ranges, and 
on snowshoe hare population dynamics.  She has authored and co-authored many 

peer-reviewed hare articles.   

Jeff Bowman Southern Canada/Ontario 
Ontario Ministry of Natural 

Resources and Forestry, and 
University of Trent, Ontario 

A Research Scientist with the Wildlife Research & Monitoring Section, Ontario Ministry 
of Natural Resources and Forestry and an Adjunct Professor in the Environmental & 

Life Sciences Graduate Program, Trent University, Dr. Bowman’s focus is on population 
and landscape ecology.  He and his colleagues and graduate students have published 

many peer-reviewed articles on lynx landscape ecology and genetics at the 
population's southern range boundary in Ontario in an effort to assess the functional 

connectivity and population dynamics of lynx at their southern range periphery. 
Dennis Murray Southern Canada/Ontario University of Trent, Ontario Dr. Murray is the Canada Research Chair in Integrative Wildlife Conservation, 



Bioinformatics, and Ecological Modeling and a Professor of Biology at 
Trent University.  He also serves on the Scientific Advisory Committee for the Canadian 

Institute of Ecology and Evolution, the Committee on the Status of Endangered 
Wildlife in Canada (COSEWIC), and the IUCN Lagomorph Specialist Group.  He has 

authored and co-authored many peer-reviewed articles on lynx, including conservation 
needs at the southern edge of the species’ range, genetics and functional connectivity 

among lynx populations, hare habitat and response to forestry management, lynx-
bobcat competition, and impacts of climate change on southern lynx populations. 

Garth Mowat Southern British Columbia & 
Alberta 

British Columbia Ministry of 
Forests, Lands and Resource 

Operations 

Dr. Mowat manages the Research Section for the Resource Stewardship Division in the 
Kootenay Region of British Columbia, Canada, where his current research varies from 

geomorphology to ecosystem classification and wildlife ecology, particularly 
population dynamics of mammals.  Garth has published many peer-reviewed articles 

on lynx including behavior and natural history, capture and immobilization techniques, 
lynx and hare population dynamics, and lynx pregnancy rates and litter sizes. 

    
    
    
    
    
    

 



From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp; Mary Parkin; Heather Bell; Seth Willey; David

Smith; Jonathan Cummings
Subject: Fwd: Reminder: Lynx SSA Coordination Call
Date: Thursday, September 03, 2015 5:57:14 PM

FYI.

---------- Forwarded message ----------
From: Sallabanks,Rex <rex.sallabanks@idfg.idaho.gov>
Date: Thu, Sep 3, 2015 at 3:42 PM
Subject: RE: Reminder: Lynx SSA Coordination Call
To: "Bush, Jodi" <jodi_bush@fws.gov>, "jim_zelenak@fws.gov" <jim_zelenak@fws.gov>
Cc: "Moore,Virgil" <virgil.moore@idfg.idaho.gov>, "Gould,Jeff"
<jeff.gould@idfg.idaho.gov>, "Svancara,Leona" <leona.svancara@idfg.idaho.gov>, "Dustin
Miller (dustin.miller@osc.idaho.gov)" <dustin.miller@osc.idaho.gov>

Jodi & Jim,

 

Idaho offers the following suggestions for your consideration.  We focused on candidates that could
offer expertise on climate science/climate modeling, including our own staff person, Dr. Leona
Svancara.

 

Expert
Candidate Geographic Area Affiliation Expertise

    
Solomon

Dobrowski
Western

US/Canada
Univ of Montana -
Climate ecologist

Focuses on understanding effects of
climate on species

Daniel
Thornton

Western
US/Canada

Washington State
Univ - Climate

ecologist

Focuses on understanding effects of
environmental change (including climate)

on species

 

John
Abatzoglou

Global, with
specific expertise
in West & PNW

Univ of Idaho -
Climate modeler

Focuses on science describing current,
historical, and future climates

 

Leona
Svancara Idaho/PNW

Idaho Fish and
Game - Spatial

ecologist

Focuses on application of climate
information in species management

 

 

 

Thank you.
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--------------------------------------------

Rex Sallabanks, PhD, CPM

Wildlife Diversity Program Manager

Idaho Department of Fish and Game

--------------------------------------------

208 287 2754 (direct)

208 921 6932 (mobile)

208 334 2920 (office)

 

 

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Thursday, September 03, 2015 12:47 PM
To: bob.broscheid@state.co.us; Odell, Eric; Moore,Virgil; Sallabanks,Rex;
Chandler.woodcock@maine.gov; Jake Ivan - DNR; Sam Eaton; dustin.miller@osc.idaho.gov;
moritzw@michigan.gov; commissioner.dnr@state.mn.us; Ed.Boggess@state.mn.us; Baker, Richard
(DNR); john.erb@state.mn.us; Tubbs, John; Hagener, Jeff; McDonald, Ken; Jay Kolbe; Lexi J., Sandoval;
glenn.normandeau@wildlife.nh.gov; Joshua Uriarte; Inman, Bob; DNR-Wildlife@michigan.gov;
curt.melcher@state.or.us; Kimberly Hersey; Greg Sheehan; mark scott; cpl@dnr.wa.gov;
director@dfw.wa.gov; Lewis, Jeffrey C (DFW); louis.porter@state.vt.us; Bernier, Chris;
kurt.thiede@wisconsin.gov; scott.talbot@wyo.gov; Bob Lanka; Nichole Cudworth; Zack Walker;
cathy.stepp@wisconsin.gov; Vashon, Jennifer; Jonathan Mawdsley; patricia.riexinger@dec.ny.gov
Cc: Heather Bell; Mary Parkin; Mark McCollough; David Smith; Tamara Smith; Seth Willey; Bryon Holt;
Kurt Broderdorp; Jonathan Cummings; Nick.Wiley@myfwc.com; Zelenak, Jim
Subject: Re: Reminder: Lynx SSA Coordination Call

 

Good afternoon folks.  This is a reminder that we remain interested in your input on our list of
candidates that we are considering for the Expert Elicitation Panel in October.  Because we
need to notify these folks soon, we ask that you get any comments or additions to us ASAP
but no later than COB tomorrow, September 4, 2015.  Thank you.  JB

Jodi L. Bush

Field Supervisor

Montana Ecological Services Office
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585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

 

__________________________________________________

The Service is in the process of identifying candidates to participate in an expert elicitation
workshop that will likely be held in mid-Oct., tentatively in Minneapolis, Minnesota. 
Please review the attached DRAFT (in progress) list of Canada lynx experts we've identified
as candidates for participation in the workshop.  The overarching objective of the workshop
is to assess the current and likely future status of each of the lynx populations in the DPS
(contiguous U.S.).

 

If you believe we have overlooked any lynx experts crucial to achieving that objective,
please add their names, affiliations, and areas of expertise, and email me the revised table at
your earliest convenience.  We intend to extend formal invitation as soon as possible.

 

We will need to limit the number of experts to facilitate open dialog and candid discussion,
and simply for logistical reasons.  We will consider any candidates you put forth, but the
Service will make the final decision on which experts will be formally invited to participate
in the workshop.

 

Let me know if you have questions or need more information.

 

Cheers!

 

Jim 

 

--

Jim Zelenak, Biologist



U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Bush, Jodi
To: Jonathan Mawdsley
Subject: Re: Availability for call ?
Date: Friday, September 04, 2015 8:51:03 AM

great.  thanks.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Sep 4, 2015 at 8:49 AM, Jonathan Mawdsley <jmawdsley@fishwildlife.org> wrote:

Hi Jodi,

 

I can call you at the office #.  In case you need to reach me I’ll be on my cell (202) 997-6628.

 

Best,

Jonathan

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Friday, September 04, 2015 10:48 AM
To: Jonathan Mawdsley
Subject: Re: Availability for call ?

 

great. talk to you then.  Can you call me at the below number?  Or would you prefer a conf
line?  JB

Jodi L. Bush

Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601
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(406) 449-5225, ext.205

 

 

On Fri, Sep 4, 2015 at 8:46 AM, Jonathan Mawdsley <jmawdsley@fishwildlife.org> wrote:

Hello Jodi,

 

1:30 PM Arizona time on the 14th looks good – let’s plan on it.  Looking forward to talking with you
soon!

 

Best,

Jonatahn

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Friday, September 04, 2015 10:16 AM
To: Jonathan Mawdsley
Subject: Re: Availability for call ?

 

The afternoon of the 14th looks good.  Arizona is an hour earlier than us here in MT, so will
1:30 or 2 pm work for you?   I am open all afternoon just now so I am pretty flexible. 
Thanks.  JB  

Jodi L. Bush

Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Fri, Sep 4, 2015 at 7:11 AM, Jonathan Mawdsley <jmawdsley@fishwildlife.org> wrote:
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Hi Jodi,

 

Many thanks for the note – I am going to be on annual leave next week followed by the AFWA

Annual Meeting in Tucson.  How does the afternoon of Monday the 14th look for you?  I could also

do the morning of the 15th.  I will be in Tucson both of those days.  Looking forward to talking soon
and catching up!

 

All the best,

Jonathan

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Thursday, September 03, 2015 4:08 PM
To: Jonathan Mawdsley
Subject: Availability for call ?

 

Jonathan.  Are you available for a call next week?  I am most available on weds afternoon
and Friday but do have a few hours here and there open throughout the week.  If this doesn't
work please let me know when you do have some time.  I'd like to catch up on the LYNX
SSA, state involvement and AFWA assistance.  Thanks.  JB

 

Jodi L. Bush

Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205
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From: Bob Lanka
To: Bush, Jodi
Cc: Zack Walker; Nichole Cudworth; Scott Smith
Subject: Fwd: Reminder: Lynx SSA Coordination Call
Date: Friday, September 04, 2015 9:19:38 AM
Attachments: 2015 08 19 Lynx SSA Expert Workshop Candidates to States.docx

Jodi,

I sent this to Jim Zelenak on 8/20.  Never did hear back.  Do you see a need for management
people to be included in the upcoming Expert Elicitation Panel meeting.  One way or another, we need to keep in
mind what is possible in a research setting versus what is possible in a management one when it comes to developing recovery
criteria.

Hope all is well.
Bob

---------- Forwarded message ----------
From: Bob Lanka <bob.lanka@wyo.gov>
Date: Thu, Aug 20, 2015 at 5:54 PM
Subject: Fwd: Reminder: Lynx SSA Coordination Call
To: "Zelenak, Jim" <jim_zelenak@fws.gov>
Cc: Zack Walker <zack.walker@wyo.gov>, Nichole Cudworth
<nichole.cudworth@wyo.gov>, Scott Smith <Scott.Smith1@wyo.gov>

Jim,

Thanks for keeping me in the loop on this.  Will there be some opportunity for the states not
represented but very interested in this process to sit in as interested observers during the
upcoming elicitation meeting so that they can report back on issues, progress and findings? 
Neither our agency nor our university have an individual with extensive lynx specific research
experience and associated long list of publications as most of your panel does.  However, my
agency believes there is a role for those with an applied and logistically practical viewpoint to
be represented in these discussions.  Maybe that is not as critical when discussing current
status but I believe it will be critical when it comes to developing then implementing recovery
for this species on the ground.  

One final thought but not based on any hard data.  Both Bob Oakleaf and Martin Grenier,
former employees with extensive experience in WY have advised me that in their professional
opinion, it is most probable that lynx as a sustaining breeding population is extirpated in WY
at least that part outside Yellowstone NP.  We have evidence of individual animals and
occasionally dispersing animals from CO giving birth in WY, but no evidence that any of
these animals survived nor any evidence from camera work done for other species of lynx in
WY.  My expectation is that you may hear other view points on this from those that will
attend.  

Let us know about interested observer attendance and thanks again.
Bob
  
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
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Date: Wed, Aug 19, 2015 at 3:58 PM
Subject: Reminder: Lynx SSA Coordination Call
To: bob.broscheid@state.co.us, Jake Ivan - DNR <jake.ivan@state.co.us>, "Odell, Eric"
<eric.odell@state.co.us>, virgil.moore@idfg.idaho.gov, dustin.miller@osc.idaho.gov, Joshua
Uriarte <Joshua.Uriarte@osc.idaho.gov>, "Sallabanks,Rex"
<rex.sallabanks@idfg.idaho.gov>, Sam Eaton <Sam.Eaton@osc.idaho.gov>,
Chandler.woodcock@maine.gov, "Vashon, Jennifer" <jennifer.vashon@maine.gov>,
moritzw@michigan.gov, DNR-Wildlife@michigan.gov, commissioner.dnr@state.mn.us,
Ed.Boggess@state.mn.us, "Baker, Richard (DNR)" <richard.baker@state.mn.us>,
john.erb@state.mn.us, jhagener@mt.gov, JTubbs@mt.gov, "McDonald, Ken"
<kmcdonald@mt.gov>, "Inman, Bob" <bobinman@mt.gov>, Jay Kolbe
<jkolbe.fwp@gmail.com>, glenn.normandeau@wildlife.nh.gov,
alexandra.sandoval@state.nm.us, patricia.riexinger@dec.ny.gov, curt.melcher@state.or.us,
GregSheehan@utah.gov, Kimberly Hersey <kimberlyasmus@utah.gov>,
louis.porter@state.vt.us, mark scott <mark.scott@state.vt.us>, "Bernier, Chris"
<chris.bernier@state.vt.us>, director@dfw.wa.gov, cpl@dnr.wa.gov, "Lewis, Jeffrey C
(DFW)" <Jeffrey.Lewis@dfw.wa.gov>, cathy.stepp@wisconsin.gov,
kurt.thiede@wisconsin.gov, scott.talbot@wyo.gov, Bob Lanka <bob.lanka@wyo.gov>, Zack
Walker <zack.walker@wyo.gov>, Nichole Cudworth <nichole.cudworth@wyo.gov>
Cc: Jodi Bush <jodi_bush@fws.gov>, Seth Willey <seth_willey@fws.gov>, Heather Bell
<heather_bell@fws.gov>, Mary Parkin <mary_parkin@fws.gov>, Mark McCollough
<mark_mccollough@fws.gov>, Tamara Smith <tamara_smith@fws.gov>, Bryon Holt
<bryon_holt@fws.gov>, Kurt Broderdorp <kurt_broderdorp@fws.gov>, David Smith
<drsmith@usgs.gov>, Jonathan Cummings <jwcummings@usgs.gov>,
jmawdsley@fishwildlife.org, Nick.Wiley@myfwc.com

Hi All:

Just a reminder that next Wednesday, Aug. 26, from 1 - 2:30 PM Mountain Time, we will hold our 2nd monthly
coordination call with State agencies regarding the species status assessment for the Canada lynx DPS.

Call-in: 866-822-7385
Participant passcode:  5396168

If we have failed to include anyone from your agency on this distribution list, please forward this to them.

As we touched on during the July 29 call, the Service is in the process of identifying candidates to participate in an
expert elicitation workshop that will likely be held in mid-Oct., tentatively in Minneapolis, Minnesota.  Please
review the attached DRAFT (in progress) list of Canada lynx experts we've identified as candidates for participation
in the workshop.  The overarching objective of the workshop is to assess the current and likely future status of each
of the lynx populations in the DPS (contiguous U.S.).

If you believe we have overlooked any lynx experts crucial to achieving that objective, please add their names,
affiliations, and areas of expertise, and email me the revised table at your earliest convenience.  We intend to extend
formal invitation as soon as possible.

We will need to limit the number of experts to facilitate open dialog and candid discussion, and simply for logistical
reasons.  We will consider any candidates you put forth, but the Service will make the final decision on which
experts will be formally invited to participate in the workshop.

Let me know if you have questions or need more information.
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Cheers!

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Bob Lanka, Certified Wildlife Biologist®
Statewide Wildlife and Habitat Management Supervisor
Central Mountains and Plains Section Representative to Council, The Wildlife Society
Wyoming Game and Fish Department
5400 Bishop Blvd.
Cheyenne, WY 82006
307-777-4580
307-777-4650 fax
bob.lanka@wyo.gov

           

E-Mail to and from me, in connection with the transaction 
of public business, is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.

 

-- 
Bob Lanka, Certified Wildlife Biologist®
Statewide Wildlife and Habitat Management Supervisor
Central Mountains and Plains Section Representative to Council, The Wildlife Society
Wyoming Game and Fish Department
5400 Bishop Blvd.
Cheyenne, WY 82006
307-777-4580
307-777-4650 fax
bob.lanka@wyo.gov

           

E-Mail to and from me, in connection with the transaction 
of public business, is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.
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DRAFT 8/19/2015 – Candidates for Lynx SSA Expert Elicitation Workshop, Fall 2015, Minneapolis, Minnesota 

Expert Candidate Geographic Area Affiliation Expertise 

Kevin McKelvey DPS-wide (distribution) 
USDA Forest Service - Rocky 
Mountain Research Station, 

Missoula, MT 

A Research Ecologist, Dr. McKelvey works to develop methods to evaluate status and 
trends of organisms across broad spatial and temporal scales, including genetic 

monitoring techniques to measure population connectivity across complex landscapes.  
He was a member of the Lynx Science Team and was the Science lead for the National 

Lynx Survey, which provided reliable presence/absence data for lynx on over 50 
national forests, 5 national parks, and numerous other areas managed by the BLM and 
several Tribal Nations.  He has authored and co-authored many peer-reviewed articles 

on lynx conservation, history and distribution in the Lower 48, and population 
ecology/dynamics, and on the dangers of relying on anecdotal occurrence data for rare 

or elusive species. 

Michael Schwartz DPS-wide (genetics) 
USDA Forest Service - 

National Genomics Center for 
Wildlife and Fish Conservation 

Director of the National Genomics Center, Dr. Schwartz focuses on population, 
conservation, and landscape genetics/genomics, genetic monitoring, and the ecology 

of threatened and endangered species.  He has investigated and published peer-
reviewed results on lynx genetic variation, population structure, and population 

connectivity, including documentation of Canada lynx-bobcat (Lynx canadensis x L. 
rufus) hybrids at the southern periphery of lynx range in Maine, Minnesota and New 

Brunswick.  He and colleagues also have validated DNA collection as a means of 
documenting lynx presence and they have developed DNA markers for identifying 

individual snowshoe hares using field-collected pellets. 

Dan Harrison Maine/Northeast University of Maine 

Dr. Harrison has been the principle advisor for many University of Maine graduate 
students working on snowshoe hares and forest management, lynx history, and lynx 

spatial and habitat/occupancy models.  He and his students have published 
extensively, and he is considered one of the top hare, lynx and habitat modeling 

experts in North America. 

Erin Simons-Legaard Maine/Northeast University of Maine 

An Assistant Research Professor in forest landscape modeling, Dr. Simons-Legaard and 
her colleagues have developed a forest landscape change model to do retrospective, 
current, and future forecasts of forest conditions in northern Maine.  She has been 
refining methods for forecasting effects of spruce budworm and climate change on 

Maine's forest, which she is using to expand her lynx habitat model.  This will enable 
her to forecast future conditions for lynx in Maine considering anticipated changes 

from climate change effects on Maine's forest composition, current trends in Maine 
forestry practices, and spruce budworms. 

Jennifer Vashon Maine/Northeast Maine Department of Inland 
Fish and Wildlife 

Jennifer led a 10-year study of lynx in Maine, published two manuscripts in JWM in 
2008, and co-authored other manuscripts with Dr. Harrison's graduate students and 

other lynx researchers.  In 2012, she authored a Canada lynx assessment for the State 
of Maine, which summarizes published and unpublished data from the 10-year study 

and summarizes current knowledge of lynx in Maine. 

Ron Moen Minnesota/Great Lakes 
University of Minnesota and 
Natural Resources Research 

Institute 

Since 2003, Dr. Moen has studied lynx to understand their distribution, abundance, 
persistence, movements and habitat use in and near the Superior National Forest in 

northeastern Minnesota as well as conducting some studies in the greater Upper Great 



Lakes Region (including WI and MI). He has authored numerous reports and 
manuscripts on his studies of lynx in MN, and he and his graduate student also 

conducted studies that used pellet counts to estimate snowshoe hare numbers in MN. 

Susan or Tim Catton Minnesota/Great Lakes USDA Forest Service – 
Superior National Forest 

Susan has been working as a biologist on the Superior National Forest (SNF) since 2001 
and is an expert on lynx biology, ecology and management on the SNF.  She has 

participated in surveys for the species and is very knowledgeable about lynx and their 
habitat on the SNF.  Tim is a biologist on the SNF and for a number of years has been 
leading a lynx tracking project to detect and monitor lynx populations across the SNF. 

Tim and others (e.g.. Dan Ryan, SNF) have been collecting lynx genetic material to 
augment an existing lynx DNA database and further the knowledge of lynx presence 

and persistence on the SNF and in Minnesota. 

John Squires 
Northern and Southern 

Rocky Mountains (Montana, 
Wyoming, Colorado) 

USDA Forest Service - Rocky 
Mountain Research Station, 

Missoula, MT 

A Research Wildlife Biologist, Dr. Squires leads a team of researchers responsible for 
discovering and synthesizing information that is needed to conserve threatened, 

endangered, and sensitive forest carnivores throughout the Rocky Mountains.  Also a 
member of the Lynx Science Team, John has published many peer-reviewed articles on 
lynx conservation, habitat use/selection, dispersal, denning, developing and improving 

survey and monitoring techniques, and the effects of forest management and 
recreation on lynx. 

Jay Kolbe Northern Rocky Mountains  Montana Fish Wildlife and 
Parks 

Jay has worked for over a decade on lynx research and management in western 
Montana and has authored and co-authored numerous peer-reviewed lynx 

publications on topics including trap-design, lynx activity patterns, denning, snow-
tracking, radio-telemetry, seasonal resource selection, predicting dispersal corridors, 

and effects of recreation.   

Gary Koehler Washington/Northwest Washington Department of 
Fish and Wildlife (retired) 

Dr. Koehler, a retired Research Biologist, has conducted research on lynx and hares in 
Washington for more than 30 years.  Also a member of the Lynx Science Team, his 

research was among the earliest to investigate lynx and hare habitat relationships and 
the effects of forest management practices in the Lower 48 states.  He has published 

numerous peer-reviewed articles on lynx conservation ecology in southern boreal 
forest, lynx and hare surveys, habitat and topographic use patterns, and management 

of spruce-fir forests to conserve hares and lynx.   

Keith Aubry Washington/Northwest 
USDA Forest Service - Pacific 
Northwest Research Station, 

Olympia, WA (retired) 

Dr. Aubry has a strong ecological background coupled with his knowledge of lynx 
biology and ecology as well as boreal forest ecology.  Also a member of the Lynx 
Science Team, Keith has authored and co-authored peer-reviewed articles on the 

comparative ecology of North American lynx, lynx ecology in southern boreal forests, 
and the scientific basis for lynx conservation in the U.S.   

Kerry Murphy Wyoming/Greater 
Yellowstone USDA Forest Service Zone Wildlife Biologist, Bridger-Teton National Forest, Jackson Ranger District 

Jake Ivan Colorado/Southern Rocky 
Mountains Colorado Parks and Wildlife 

Dr. Ivan, a Wildlife Researcher with CPW’s Mammals Research Section, has conducted 
research and published peer-reviewed articles on hares and lynx in Colorado and the 

Southern Rockies and has developed a non-invasive monitoring strategy to track 
Colorado’s lynx population. 

Clayton Apps Southern British Columbia & 
Alberta Independent Researcher Knowledge of lynx populations in Canada, threats assessment and management for 

lynx in BC 



Karen Hodges Southern Canada/DPS-wide 
(hares) 

University of British 
Columbia–Okanagan 

Dr. Hodges is an Associate Professor in the Department of Biology at the University of 
British Columbia – Okanagan, where she focuses her research on how range position 

and habitat configuration affect species interactions and endangerment of at-risk 
species, understanding population dynamics at the periphery of species’ ranges, and 
on snowshoe hare population dynamics.  She has authored and co-authored many 

peer-reviewed hare articles    

Jeff Bowman Southern Canada/Ontario 
Ontario Ministry of Natural 

Resources and Forestry, and 
University of Trent, Ontario 

A Research Scientist with the Wildlife Research & Monitoring Section, Ontario Ministry 
of Natural Resources and Forestry and an Adjunct Professor in the Environmental & 

Life Sciences Graduate Program, Trent University, Dr. Bowman’s focus is on population 
and landscape ecology.  He and his colleagues and graduate students have published 

many peer-reviewed articles on lynx landscape ecology and genetics at the 
population's southern range boundary in Ontario in an effort to assess the functional 

connectivity and population dynamics of lynx at their southern range periphery. 

Dennis Murray Southern Canada/Ontario University of Trent, Ontario 

Dr. Murray is the Canada Research Chair in Integrative Wildlife Conservation, 
Bioinformatics, and Ecological Modeling and a Professor of Biology at 

Trent University.  He also serves on the Scientific Advisory Committee for the Canadian 
Institute of Ecology and Evolution, the Committee on the Status of Endangered 

Wildlife in Canada (COSEWIC), and the IUCN Lagomorph Specialist Group.  He has 
authored and co-authored many peer-reviewed articles on lynx, including conservation 
needs at the southern edge of the species’ range, genetics and functional connectivity 

among lynx populations, hare habitat and response to forestry management, lynx-
bobcat competition, and impacts of climate change on southern lynx populations. 

Garth Mowat Southern British Columbia & 
Alberta 

British Columbia Ministry of 
Forests, Lands and Resource 

Operations 

Dr. Mowat manages the Research Section for the Resource Stewardship Division in the 
Kootenay Region of British Columbia, Canada, where his current research varies from 

geomorphology to ecosystem classification and wildlife ecology, particularly 
population dynamics of mammals.  Garth has published many peer-reviewed articles 

on lynx including behavior and natural history, capture and immobilization techniques, 
lynx and hare population dynamics, and lynx pregnancy rates and litter sizes. 

    
    
    
    
    
    

 



From: Zelenak, Jim
To: Bush, Jodi
Subject: Re: Reminder: Lynx SSA Coordination Call
Date: Friday, September 04, 2015 9:56:17 AM

Thanks.

Another point is that we are not, as Bob suggests, "developing recovery criteria" at the expert elicitation workshop -
we are assessing current status and future viability of the DPS subpopulations (and, therefore, of the DPS as a
whole).

On Fri, Sep 4, 2015 at 9:38 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Sorry Bob. I'm keeping Jim tied up with responses to litigation on CH.  

Good points on lynx management and recovery.  We do plan on having observers from the
States attend the panel. Unfortunately that does not mean that observers from every state can
attend.  I have an upcoming call set up with Jonathan Mawdsley of AFWA to chat about
how to make sure there are State observers present at the panel and determine how that
selection is made.  

I did go over this on the Lynx coordination call last week so you can probably get some
more information from Zack.  

Thanks for checking in.  If you have any other questions -please feel free to call. JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Sep 4, 2015 at 9:19 AM, Bob Lanka <bob.lanka@wyo.gov> wrote:
Jodi,

I sent this to Jim Zelenak on 8/20.  Never did hear back.  Do you see a need for
management people to be included in the upcoming Expert Elicitation Panel meeting.  One way or
another, we need to keep in mind what is possible in a research setting versus what is possible in a management one
when it comes to developing recovery criteria.

Hope all is well.
Bob

---------- Forwarded message ----------
From: Bob Lanka <bob.lanka@wyo.gov>
Date: Thu, Aug 20, 2015 at 5:54 PM
Subject: Fwd: Reminder: Lynx SSA Coordination Call
To: "Zelenak, Jim" <jim_zelenak@fws.gov>
Cc: Zack Walker <zack.walker@wyo.gov>, Nichole Cudworth
<nichole.cudworth@wyo.gov>, Scott Smith <Scott.Smith1@wyo.gov>
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Jim,

Thanks for keeping me in the loop on this.  Will there be some opportunity for the states
not represented but very interested in this process to sit in as interested observers during
the upcoming elicitation meeting so that they can report back on issues, progress and
findings?  Neither our agency nor our university have an individual with extensive lynx
specific research experience and associated long list of publications as most of your panel
does.  However, my agency believes there is a role for those with an applied and
logistically practical viewpoint to be represented in these discussions.  Maybe that is not
as critical when discussing current status but I believe it will be critical when it comes to
developing then implementing recovery for this species on the ground.  

One final thought but not based on any hard data.  Both Bob Oakleaf and Martin Grenier,
former employees with extensive experience in WY have advised me that in their
professional opinion, it is most probable that lynx as a sustaining breeding population is
extirpated in WY at least that part outside Yellowstone NP.  We have evidence of
individual animals and occasionally dispersing animals from CO giving birth in WY, but
no evidence that any of these animals survived nor any evidence from camera work done
for other species of lynx in WY.  My expectation is that you may hear other view points
on this from those that will attend.  

Let us know about interested observer attendance and thanks again.
Bob
  
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Aug 19, 2015 at 3:58 PM
Subject: Reminder: Lynx SSA Coordination Call
To: bob.broscheid@state.co.us, Jake Ivan - DNR <jake.ivan@state.co.us>, "Odell, Eric"
<eric.odell@state.co.us>, virgil.moore@idfg.idaho.gov, dustin.miller@osc.idaho.gov,
Joshua Uriarte <Joshua.Uriarte@osc.idaho.gov>, "Sallabanks,Rex"
<rex.sallabanks@idfg.idaho.gov>, Sam Eaton <Sam.Eaton@osc.idaho.gov>,
Chandler.woodcock@maine.gov, "Vashon, Jennifer" <jennifer.vashon@maine.gov>,
moritzw@michigan.gov, DNR-Wildlife@michigan.gov, commissioner.dnr@state.mn.us,
Ed.Boggess@state.mn.us, "Baker, Richard (DNR)" <richard.baker@state.mn.us>,
john.erb@state.mn.us, jhagener@mt.gov, JTubbs@mt.gov, "McDonald, Ken"
<kmcdonald@mt.gov>, "Inman, Bob" <bobinman@mt.gov>, Jay Kolbe
<jkolbe.fwp@gmail.com>, glenn.normandeau@wildlife.nh.gov,
alexandra.sandoval@state.nm.us, patricia.riexinger@dec.ny.gov,
curt.melcher@state.or.us, GregSheehan@utah.gov, Kimberly Hersey
<kimberlyasmus@utah.gov>, louis.porter@state.vt.us, mark scott
<mark.scott@state.vt.us>, "Bernier, Chris" <chris.bernier@state.vt.us>,
director@dfw.wa.gov, cpl@dnr.wa.gov, "Lewis, Jeffrey C (DFW)"
<Jeffrey.Lewis@dfw.wa.gov>, cathy.stepp@wisconsin.gov, kurt.thiede@wisconsin.gov,
scott.talbot@wyo.gov, Bob Lanka <bob.lanka@wyo.gov>, Zack Walker
<zack.walker@wyo.gov>, Nichole Cudworth <nichole.cudworth@wyo.gov>
Cc: Jodi Bush <jodi_bush@fws.gov>, Seth Willey <seth_willey@fws.gov>, Heather Bell
<heather_bell@fws.gov>, Mary Parkin <mary_parkin@fws.gov>, Mark McCollough
<mark_mccollough@fws.gov>, Tamara Smith <tamara_smith@fws.gov>, Bryon Holt
<bryon_holt@fws.gov>, Kurt Broderdorp <kurt_broderdorp@fws.gov>, David Smith
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<drsmith@usgs.gov>, Jonathan Cummings <jwcummings@usgs.gov>,
jmawdsley@fishwildlife.org, Nick.Wiley@myfwc.com

Hi All:

Just a reminder that next Wednesday, Aug. 26, from 1 - 2:30 PM Mountain Time, we will hold our 2nd
monthly coordination call with State agencies regarding the species status assessment for the Canada lynx DPS.

Call-in: 866-822-7385
Participant passcode:  5396168

If we have failed to include anyone from your agency on this distribution list, please forward this to them.

As we touched on during the July 29 call, the Service is in the process of identifying candidates to participate in
an expert elicitation workshop that will likely be held in mid-Oct., tentatively in Minneapolis, Minnesota. 
Please review the attached DRAFT (in progress) list of Canada lynx experts we've identified as candidates for
participation in the workshop.  The overarching objective of the workshop is to assess the current and likely
future status of each of the lynx populations in the DPS (contiguous U.S.).

If you believe we have overlooked any lynx experts crucial to achieving that objective, please add their names,
affiliations, and areas of expertise, and email me the revised table at your earliest convenience.  We intend to
extend formal invitation as soon as possible.

We will need to limit the number of experts to facilitate open dialog and candid discussion, and simply for
logistical reasons.  We will consider any candidates you put forth, but the Service will make the final decision
on which experts will be formally invited to participate in the workshop.

Let me know if you have questions or need more information.

Cheers!

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Bob Lanka, Certified Wildlife Biologist®
Statewide Wildlife and Habitat Management Supervisor
Central Mountains and Plains Section Representative to Council, The Wildlife Society
Wyoming Game and Fish Department
5400 Bishop Blvd.
Cheyenne, WY 82006
307-777-4580
307-777-4650 fax
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Baker, Richard (DNR)
To: Bush, Jodi
Cc: Zelenak, Jim; Erb, John D (DNR); Telander, Paul B (DNR); Boggess, Ed (DNR)
Subject: RE: Reminder: Lynx SSA Coordination Call
Date: Friday, September 04, 2015 2:33:43 PM
Attachments: 2015 08 25 Revised Lynx SSA Expert Workshop Candidates with MN edit.docx

Jodi,
 
Thank you for your email. In the attached, I have added Minnesota’s large carnivore specialist, Dr.
John Erb, to the list of candidates for the Lynx Expert Elicitation Panel. Dr. Erb provides technical
oversight for the state’s wide variety of forest carnivore management programs, and would
contribute significantly to the workshop’s goals of assessing the current and future status of the Lake
States’ lynx population.
 
Thank you,
 
Rich
 
<><><><><><><><><><><><><><><><><><> 
Richard J. Baker
Minnesota Endangered Species Coordinator
Division of Ecological and Water Resources
Minnesota Department of Natural Resources
500 Lafayette Rd., Box 25
St. Paul, MN  55155
Phone: 651/259-5073
Fax: 651/296-1811
E-mail: richard.baker@state.mn.us
http://www.dnr.state.mn.us/eco/nhnrp
<><><><><><><><><><><><><><><><><><> 
 
From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Thursday, September 03, 2015 1:47 PM
To: bob.broscheid@state.co.us; Odell, Eric; virgil.moore@idfg.idaho.gov; Sallabanks,Rex;
Chandler.woodcock@maine.gov; Jake Ivan - DNR; Sam Eaton; dustin.miller@osc.idaho.gov;
moritzw@michigan.gov; *Commissioner (DNR); Boggess, Ed (DNR); Baker, Richard (DNR); Erb, John D
(DNR); Tubbs, John; Hagener, Jeff; McDonald, Ken; Jay Kolbe; Lexi J., Sandoval;
glenn.normandeau@wildlife.nh.gov; Joshua Uriarte; Inman, Bob; DNR-Wildlife@michigan.gov;
curt.melcher@state.or.us; Kimberly Hersey; Greg Sheehan; mark scott; cpl@dnr.wa.gov;
director@dfw.wa.gov; Lewis, Jeffrey C (DFW); louis.porter@state.vt.us; Bernier, Chris;
kurt.thiede@wisconsin.gov; scott.talbot@wyo.gov; Bob Lanka; Nichole Cudworth; Zack Walker;
cathy.stepp@wisconsin.gov; Vashon, Jennifer; Jonathan Mawdsley; patricia.riexinger@dec.ny.gov
Cc: Heather Bell; Mary Parkin; Mark McCollough; David Smith; Tamara Smith; Seth Willey; Bryon Holt;
Kurt Broderdorp; Jonathan Cummings; Nick.Wiley@myfwc.com; Zelenak, Jim
Subject: Re: Reminder: Lynx SSA Coordination Call
 
Good afternoon folks.  This is a reminder that we remain interested in your input on our list of
candidates that we are considering for the Expert Elicitation Panel in October.  Because we
need to notify these folks soon, we ask that you get any comments or additions to us ASAP

mailto:richard.baker@state.mn.us
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:john.erb@state.mn.us
mailto:Paul.Telander@state.mn.us
mailto:ed.boggess@state.mn.us
mailto:richard.baker@state.mn.us
http://www.dnr.state.mn.us/eco/nhnrp


but no later than COB tomorrow, September 4, 2015.  Thank you.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 

 
__________________________________________________
The Service is in the process of identifying candidates to participate in an expert elicitation
workshop that will likely be held in mid-Oct., tentatively in Minneapolis, Minnesota. 
Please review the attached DRAFT (in progress) list of Canada lynx experts we've identified
as candidates for participation in the workshop.  The overarching objective of the workshop
is to assess the current and likely future status of each of the lynx populations in the DPS
(contiguous U.S.).
 
If you believe we have overlooked any lynx experts crucial to achieving that objective,
please add their names, affiliations, and areas of expertise, and email me the revised table at
your earliest convenience.  We intend to extend formal invitation as soon as possible.
 
We will need to limit the number of experts to facilitate open dialog and candid discussion,
and simply for logistical reasons.  We will consider any candidates you put forth, but the
Service will make the final decision on which experts will be formally invited to participate
in the workshop.
 
Let me know if you have questions or need more information.
 
Cheers!
 
Jim 
 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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DRAFT 8/19/2015 – Candidates for Lynx SSA Expert Elicitation Workshop, Fall 2015, Minneapolis, Minnesota 

Expert Candidate Geographic Area Affiliation Expertise 

Kevin McKelvey DPS-wide (distribution) 
USDA Forest Service - Rocky 
Mountain Research Station, 

Missoula, MT 

A Research Ecologist, Dr. McKelvey works to develop methods to evaluate status and 
trends of organisms across broad spatial and temporal scales, including genetic 

monitoring techniques to measure population connectivity across complex landscapes.  
He was a member of the Lynx Science Team and was the Science lead for the National 

Lynx Survey, which provided reliable presence/absence data for lynx on over 50 
national forests, 5 national parks, and numerous other areas managed by the BLM and 
several Tribal Nations.  He has authored and co-authored many peer-reviewed articles 

on lynx conservation, history and distribution in the Lower 48, and population 
ecology/dynamics, and on the dangers of relying on anecdotal occurrence data for rare 

or elusive species. 

Michael Schwartz DPS-wide (genetics) 
USDA Forest Service - 

National Genomics Center for 
Wildlife and Fish Conservation 

Director of the National Genomics Center, Dr. Schwartz focuses on population, 
conservation, and landscape genetics/genomics, genetic monitoring, and the ecology 

of threatened and endangered species.  He has investigated and published peer-
reviewed results on lynx genetic variation, population structure, and population 

connectivity, including documentation of Canada lynx-bobcat (Lynx canadensis x L. 
rufus) hybrids at the southern periphery of lynx range in Maine, Minnesota and New 

Brunswick.  He and colleagues also have validated DNA collection as a means of 
documenting lynx presence and they have developed DNA markers for identifying 

individual snowshoe hares using field-collected pellets. 

Dan Harrison Maine/Northeast University of Maine 

Dr. Harrison has been the principle advisor for many University of Maine graduate 
students working on snowshoe hares and forest management, lynx history, and lynx 

spatial and habitat/occupancy models.  He and his students have published 
extensively, and he is considered one of the top hare, lynx and habitat modeling 

experts in North America. 

Erin Simons-Legaard Maine/Northeast University of Maine 

An Assistant Research Professor in forest landscape modeling, Dr. Simons-Legaard and 
her colleagues have developed a forest landscape change model to do retrospective, 
current, and future forecasts of forest conditions in northern Maine.  She has been 
refining methods for forecasting effects of spruce budworm and climate change on 

Maine's forest, which she is using to expand her lynx habitat model.  This will enable 
her to forecast future conditions for lynx in Maine considering anticipated changes 

from climate change effects on Maine's forest composition, current trends in Maine 
forestry practices, and spruce budworms. 

Jennifer Vashon Maine/Northeast Maine Department of Inland 
Fish and Wildlife 

Jennifer led a 10-year study of lynx in Maine, published two manuscripts in JWM in 
2008, and co-authored other manuscripts with Dr. Harrison's graduate students and 

other lynx researchers.  In 2012, she authored a Canada lynx assessment for the State 
of Maine, which summarizes published and unpublished data from the 10-year study 

and summarizes current knowledge of lynx in Maine. 

Ron Moen Minnesota/Great Lakes 
University of Minnesota and 
Natural Resources Research 

Institute 

Since 2003, Dr. Moen has studied lynx to understand their distribution, abundance, 
persistence, movements and habitat use in and near the Superior National Forest in 

northeastern Minnesota as well as conducting some studies in the greater Upper Great 



Lakes Region (including Wisconsin and Michigan). He has authored numerous reports 
and manuscripts on his studies of lynx in Minnesota, and he and his graduate student 
also conducted studies that used pellet counts to estimate snowshoe hare numbers. 

Susan or Tim Catton Minnesota/Great Lakes USDA Forest Service – 
Superior National Forest 

Susan has been working as a biologist on the Superior National Forest (SNF) since 2001 
and is an expert on lynx biology, ecology and management on the SNF.  She has 

participated in surveys for the species and is very knowledgeable about lynx and their 
habitat on the SNF.  Tim is a biologist on the SNF and for a number of years has been 
leading a lynx tracking project to detect and monitor lynx populations across the SNF. 

Tim and others (e.g., Dan Ryan, SNF) have been collecting lynx genetic material to 
augment an existing lynx DNA database and further the knowledge of lynx presence 

and persistence on the SNF and in Minnesota. 

John Squires 
Northern and Southern 

Rocky Mountains (Montana, 
Wyoming, Colorado) 

USDA Forest Service - Rocky 
Mountain Research Station, 

Missoula, MT 

A Research Wildlife Biologist, Dr. Squires leads a team of researchers responsible for 
discovering and synthesizing information that is needed to conserve threatened, 

endangered, and sensitive forest carnivores throughout the Rocky Mountains.  Also a 
member of the Lynx Science Team, John has published many peer-reviewed articles on 
lynx conservation, habitat use/selection, dispersal, denning, developing and improving 

survey and monitoring techniques, and the effects of forest management and 
recreation on lynx. 

Jay Kolbe Northern Rocky Mountains  Montana Fish Wildlife and 
Parks 

Jay has worked for over a decade on lynx research and management in western 
Montana and has authored and co-authored numerous peer-reviewed lynx 

publications on topics including trap-design, lynx activity patterns, denning, snow-
tracking, radio-telemetry, seasonal resource selection, predicting dispersal corridors, 

and effects of recreation.   

Gary Koehler Washington/Northwest Washington Department of 
Fish and Wildlife (retired) 

Dr. Koehler, a retired Research Biologist, has conducted research on lynx and hares in 
Washington for more than 30 years.  Also a member of the Lynx Science Team, his 

research was among the earliest to investigate lynx and hare habitat relationships and 
the effects of forest management practices in the Lower 48 states.  He has published 

numerous peer-reviewed articles on lynx conservation ecology in southern boreal 
forests, lynx and hare surveys, habitat and topographic use patterns, and management 

of spruce-fir forests to conserve hares and lynx.   

Keith Aubry Washington/Northwest 
USDA Forest Service - Pacific 
Northwest Research Station, 

Olympia, WA (retired) 

Dr. Aubry is an Emeritus Scientist (formerly Research Wildlife Biologist) with the U.S. 
Forest Service’s Pacific Northwest Research Station in Olympia, WA. He has been 

conducting research on terrestrial wildlife in the Pacific Northwest for almost 40 years. 
Recently, his research has focused on generating new information that will enable 
conservation biologists and resource managers to make more-informed decisions 
about the conservation status of rare and elusive forest carnivores, including the 

fisher, Canada lynx, Cascade and Sierra Nevada red foxes, coastal marten, and 
wolverine. A lack of reliable information on their evolutionary history, current and 

historical distributions, and ecological relations is often a significant impediment to the 
conservation of their populations. Dr. Aubry was a member of several national 

scientific teams, including the Forest Carnivore Conservation Assessment Team, the 
Lynx Science Team, and the Wolverine Science Team, and was the leader of the Fisher 

Science Team. He has directed several multi-year field studies of the Canada lynx in 



the North Cascades of Washington, and has authored or co-authored a number of 
peer-reviewed publications on lynx conservation, their distribution in the contiguous 

U.S., their ecology and population dynamics, and the risk of relying on anecdotal 
occurrence data for conserving rare or elusive species. 

Kerry Murphy Wyoming/Greater 
Yellowstone USDA Forest Service 

Dr. Murphy is the Zone Wildlife Biologist on the Bridger-Teton National Forest (B-T NF) 
stationed in Jackson, Wyoming.  He has extensive experience monitoring, managing, 

and surveying Canada lynx and their habitat, and in documenting aspects of other 
carnivore populations.  From 2000-2005, Kerry worked in Yellowstone Park 

cooperatively with the Rocky Mountain Research Laboratory, Missoula, to document 
lynx presence and distribution (1 publication), and worked with researchers to 

document snowshoe hare abundance, distribution, and habitat affinities (1 
publication) in the Park.  On the B-T NF, Kerry worked to document snowshoe hare 
abundance and population trends in different forest types, and lynx presence and 

distribution.  Kerry also recently assisted the U.S. Fish and Wildlife Service by providing 
a peer-review of the proposed rule revising the lynx critical habitat designation. 

Jake Ivan Colorado/Southern Rocky 
Mountains Colorado Parks and Wildlife 

Dr. Ivan, a Wildlife Researcher with CPW’s Mammals Research Section, has conducted 
research and published peer-reviewed articles on hares and lynx in Colorado and the 

Southern Rockies and has developed a non-invasive monitoring strategy to track 
Colorado’s lynx population. 

Clayton Apps Southern British Columbia & 
Alberta 

Independent Researcher, 
Aspen Wildlife Research Inc. 

Dr. Apps is an independent research ecologist whose work in western Canada over the 
past 24 years has focused on understanding and predicting relationships of wide-

ranging species with habitat and human influence across scales to support 
environmental assessment and conservation planning.  He is especially interested in 

spatial and temporal factors affecting species movements, habitat selection, 
abundance, distribution and survival.  Within the southern Canadian Rocky Mountains, 

Dr. Apps carried out a 5-year study of lynx ecology representing his dissertation 
research, and he has conducted several other shorter-term field and modeling projects 
pertaining to lynx.  Clayton has also recently authored British Columbia’s current lynx 

management plan. 

Karen Hodges Southern Canada/DPS-wide 
(hares) 

University of British 
Columbia–Okanagan 

Dr. Hodges is an Associate Professor in the Department of Biology at the University of 
British Columbia – Okanagan, where she focuses her research on how range position 

and habitat configuration affect species interactions and endangerment of at-risk 
species, understanding population dynamics at the periphery of species’ ranges, and 
on snowshoe hare population dynamics.  She has authored and co-authored many 

peer-reviewed hare articles.   

Jeff Bowman Southern Canada/Ontario 
Ontario Ministry of Natural 

Resources and Forestry, and 
University of Trent, Ontario 

A Research Scientist with the Wildlife Research & Monitoring Section, Ontario Ministry 
of Natural Resources and Forestry and an Adjunct Professor in the Environmental & 

Life Sciences Graduate Program, Trent University, Dr. Bowman’s focus is on population 
and landscape ecology.  He and his colleagues and graduate students have published 

many peer-reviewed articles on lynx landscape ecology and genetics at the 
population's southern range boundary in Ontario in an effort to assess the functional 

connectivity and population dynamics of lynx at their southern range periphery. 
Dennis Murray Southern Canada/Ontario University of Trent, Ontario Dr. Murray is the Canada Research Chair in Integrative Wildlife Conservation, 



Bioinformatics, and Ecological Modeling and a Professor of Biology at 
Trent University.  He also serves on the Scientific Advisory Committee for the Canadian 

Institute of Ecology and Evolution, the Committee on the Status of Endangered 
Wildlife in Canada (COSEWIC), and the IUCN Lagomorph Specialist Group.  He has 

authored and co-authored many peer-reviewed articles on lynx, including conservation 
needs at the southern edge of the species’ range, genetics and functional connectivity 

among lynx populations, hare habitat and response to forestry management, lynx-
bobcat competition, and impacts of climate change on southern lynx populations. 

Garth Mowat Southern British Columbia & 
Alberta 

British Columbia Ministry of 
Forests, Lands and Resource 

Operations 

Dr. Mowat manages the Research Section for the Resource Stewardship Division in the 
Kootenay Region of British Columbia, Canada, where his current research varies from 

geomorphology to ecosystem classification and wildlife ecology, particularly 
population dynamics of mammals.  Garth has published many peer-reviewed articles 

on lynx including behavior and natural history, capture and immobilization techniques, 
lynx and hare population dynamics, and lynx pregnancy rates and litter sizes. 

John Erb Minnesota/Great Lakes Minnesota Department of 
Natural Resources 

Dr. Erb is a Wildlife Research Scientist with the MN DNR specializing in 
carnivore/furbearer research and monitoring for the past 17 years.  He has previously 

conducted research on mink, muskrat, and otter and has long-term and ongoing 
research projects on several forest carnivores including wolves, fishers, and 

martens.  He also manages biological data collection for other forest carnivores (e.g., 
bobcat status and reproductive data collection) and supervises two multi-species 

carnivore surveys in the state.  Dr. Erb is also responsible for statewide snowshoe hare 
monitoring, and is very involved with forest monitoring and management issues within 
the state, including ongoing research on use of LIDAR data to quantify forest structure 

important to several carnivores.  He has contributed to past and ongoing lynx 
monitoring efforts, including collection of lynx genetic samples, biological analysis of 

dead lynx recovered in MN, lynx detection/mortality database maintenance, lynx-
bobcat hybrid analyses, etc.  Dr. Erb also currently serves as chairman of AFWAs 

Furbearer Resources Technical Work Group. 
    
    
    
    
    

 



From: McCollough, Mark
To: Jim Zelenak
Subject: Fwd: AP Big Story: Landowners managing habitat to help Canada lynx in Maine
Date: Tuesday, September 08, 2015 10:23:33 AM

FYI.  Mark
---------- Forwarded message ----------
From: Sharp, David <DSharp@ap.org>
Date: Mon, Sep 7, 2015 at 1:34 PM
Subject: AP Big Story: Landowners managing habitat to help Canada lynx in Maine
To: "mark_mccollough@fws.gov" <mark_mccollough@fws.gov>, Jim Zelenak
<jim_zelenak@fws.gov>, Kyle Lima <kylelemur21@gmail.com>, Don Lima
<don_lima@fws.gov>

All:

Thanks for your help on the lynx story. You can see the story and Kyle's wonderful photo by
following the link below.

Let me know if there are concerns.

Best,

David

Landowners managing habitat to help Canada lynx in Maine.

TOWNSHIP 4 RANGE 11, Maine (AP) — The kind of clear-cutting that made the woods of
Maine an ideal hunting ground for Canada lynx is a thing of the past, but wildlife experts are
trying to recreate enough of that habitat to secure the thick-furred cat's future.

http://bigstory.ap.org/article/b6d8724d09a64b819189031c0e6883ff/landowners-managing-
habitat-help-canada-lynx-maine

Sent from my iPhone

The information contained in this communication is intended for the use
of the designated recipients named above. If the reader of this
communication is not the intended recipient, you are hereby notified
that you have received this communication in error, and that any review,
dissemination, distribution or copying of this communication is strictly
prohibited. If you have received this communication in error, please
notify The Associated Press immediately by telephone at +1-212-621-1898
and delete this email. Thank you.
[IP_US_DISC]

msk dccc60c6d2c3a6438f0cf467d9a4938

mailto:mark_mccollough@fws.gov
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mailto:DSharp@ap.org
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-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: McCollough, Mark
To: Parkin, Mary; Anne Hecht
Subject: Re: lynx mental modeler
Date: Tuesday, September 08, 2015 2:17:44 PM
Attachments: Koen et al 2015 Isolation of peripheral lynx pops.pdf

I'm pretty sure I sent this paper to Anne. At Marty's request about a year ago, Anne did a very
thorough review of all the lynx genetic papers produced to date.  Unfortunately, this paper was
not published at the time.  Here is a copy of the paper if you are interested...

Mark

On Tue, Sep 8, 2015 at 1:34 PM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Thanks very much, Mark.  I just followed Jonathan's suggestions, and it does look like I can
save it as an mmp file in my lynx folder, then pull it up the next time I get into mental
modeler -- give that a go!

Will give more notice for future calls -- I have to do it manually now because it's not in a
repeatable time format (2nd and 4th Tuesdays isn't an option), but if we go ahead and
schedule it for each Tuesday, it'll be on the calendar more regularly.

Re: genetics, I do think we need a full discussion of attributes that may be unique to the
east.  This came up in the course of a wide-ranging conversation I had with Anne a month or
so ago, but I don't think she's seen the most recent paper.

Cheers,
Mary

On Tue, Sep 8, 2015 at 1:25 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Mary - Here is the screen shot of what we worked on today.  I played around with mental
modeler a few weeks ago (for what its worth came up with something very similar to what
we did today).  However, I had the same problem saving the work.  It seems you need to
have a version of the software on your computer to open the unique files.

A new paper in Can. J. Zool this summer shows some unique genetic attributes associated
with the lynx population in Maine and eastern Canada because of reduced gene flow from
the St. Lawrence River.  We may want to circle back to that.

Mark

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:mary_parkin@fws.gov
mailto:anne_hecht@fws.gov
mailto:mary_parkin@fws.gov
mailto:mark_mccollough@fws.gov
mailto:mark_mccollough@fws.gov


-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mary_parkin@fws.gov
mailto:mark_mccollough@fws.gov
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Isolation of peripheral populations of Canada lynx 1 

 2 

EL Koen
1*

, J Bowman
2
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 3 

 4 

1 
Biology Department, Trent University 5 

2140 East Bank Drive, Peterborough, ON, K9J 7B8, Canada 6 

erinkoen@hotmail.com 7 
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 9 

2 
Wildlife Research & Monitoring Section, Ontario Ministry of Natural Resources and Forestry 10 

Trent University DNA Building, 2140 East Bank Drive, Peterborough, ON, K9J 7B8, Canada 11 
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 13 

*Current address: Cooperative Wildlife Research Laboratory, Southern Illinois University 14 
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 16 

Corresponding author: Email: erinkoen@hotmail.com, phone: 618-967-7474 17 
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Isolation of peripheral populations of Canada lynx 19 

EL Koen, J Bowman, and PJ Wilson 20 

 21 

ABSTRACT 22 

Landscape barriers to gene flow, such as rivers, can affect animal populations by limiting the 23 

potential for rescue of these isolated populations. We tested the Riverine Barrier Hypothesis, 24 

predicting that the St. Lawrence River in eastern Canada would cause genetic divergence of 25 

Canada lynx (Lynx canadensis, Kerr, 1792) populations by restricting dispersal and gene flow. 26 

We sampled 558 lynx from eastern Canada and genotyped these at 14 microsatellite loci. We 27 

found 3 genetic clusters, defined by the St. Lawrence River and the Strait of Belle Isle, a 28 

waterway separating Newfoundland from mainland Canada. These waterways were not 29 

absolute barriers, however: we found 24 individuals that appeared to have crossed. Peripheral 30 

populations of lynx are threatened in parts of Canada and the USA, and it is thought that these 31 

populations are maintained by immigration from the core. Our findings suggest that in eastern 32 

North America, rescue might be less likely because the St. Lawrence River restricts dispersal. 33 

We found that ice cover was often sufficient to allow lynx to walk across the ice in winter. If 34 

lynx used ice bridges in winter, climate warming could cause a reduction in the extent and 35 

longevity of river and sea ice, further isolating these peripheral lynx populations. 36 

 37 

KEYWORDS Canada lynx, ice bridge, Lynx canadensis, Newfoundland, population structure, 38 

Quebec, Riverine Barrier Hypothesis, St. Lawrence River, Strait of Belle Isle 39 

 40 
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INTRODUCTION 41 

Landscape-scale impediments to dispersal, such as mountain ranges (e.g., Reding et al. 2013) 42 

and roads (e.g., Epps et al. 2005), can cause a reduction in gene flow that can lead to reduced 43 

genetic diversity and extirpation of isolated populations (O’Grady et al. 2006). At the leading 44 

edge of a shifting species’ distribution, landscape-scale barriers might limit opportunities for 45 

the species’ range to expand as optimal environmental conditions shift (Kerr and Packer 1998). 46 

At the trailing range edge, landscape features that reduce gene flow could lead to reduced 47 

genetic diversity (Koen et al. 2014a) and a reduced potential for already vulnerable populations 48 

to adapt to changing environmental conditions (Pearson et al. 2009). Landscape barriers might 49 

also prevent rescue of isolated populations by limiting immigration from core populations 50 

(Adams et al. 2011). 51 

 The influence of rivers on dispersal, species distributions, and speciation has been of 52 

interest for over a century (Wallace 1852; Grinnell 1914; Goldman 1937). The Riverine Barrier 53 

Hypothesis (Wallace 1852; Ayres and Clutton-Brock 1992) posits that rivers can act as barriers 54 

to dispersal and can limit species ranges. It follows that dispersal rates across rivers would be 55 

inversely proportional to river width and flow rate. Despite the number of empirical tests, 56 

support for this hypothesis is mixed (Colwell 2000). Rivers have been shown to impede 57 

dispersal and gene flow of a diversity of terrestrial species, including reptiles (lizards: Lamborot 58 

et al. 2003), birds (Hayes and Sewlal 2004; Voelker et al. 2013), and mammals (mustelids: 59 

Garroway et al. 2011, primates: Ayres and Clutton-Brock 1992; Peres et al. 1996). There are also 60 

examples of rivers that do not act as barriers (Patton et al. 1994; Fairley et al. 2002; Lougheed 61 

et al. 1999; Côté et al. 2012). Equivocal support for the Riverine Barrier Hypothesis might be a 62 
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function of the ecology and dispersal abilities of the focal species in relation to the width and 63 

flow rate of the river in question (Haffer 1997). In northern regions, seasonal river ice can 64 

dampen the isolating effects of rivers by making otherwise isolated regions accessible to non-65 

hibernating terrestrial mammals via ice bridges (Jackson 1920; Banfield 1954; Fuller and 66 

Robinson 1982b; Gaston et al. 2012). 67 

 The distribution of Canada lynx (Lynx canadensis, Kerr, 1792) across North America has 68 

contracted since European settlement (Laliberte and Ripple 2004), and the southern extent of 69 

the range has continued to contract northward in recent decades (Koen et al. 2014a). The 70 

Canada lynx is federally listed as threatened in the conterminous USA (U.S. Fish and Wildlife 71 

Service 2000) and provincially listed as endangered in New Brunswick (New Brunswick 72 

Endangered Species Regulation 2013) and Nova Scotia, Canada (Parker 2001). The St. Lawrence 73 

River is over 750 km long and 1 - 42 km wide, and runs through the southern extent of lynx 74 

range in Quebec, Canada (Fig. 1). Lynx are known to swim across relatively narrow rivers (100 – 75 

300 m; Feierabend and Kielland 2014), but previous research has suggested that lynx 76 

movements are impeded by a river as wide as the St. Lawrence (Rueness et al. 2003). Lynx 77 

populations at the southern extent of their range may be maintained or supplemented by 78 

immigration from core populations (Schwartz et al. 2002), and in eastern North America this 79 

would imply that lynx immigrate southward from north of the St. Lawrence River. Indeed, the 80 

possibility of rescue of the threatened southern lynx populations via dispersal from core 81 

populations is an important component of assessment and recovery plans for lynx (Ruediger et 82 

al. 2000; Nordstrom 2005; Nova Scotia Lynx Recovery Team 2007). Thus, understanding the role 83 

of the St. Lawrence River in shaping genetic structure of lynx is an important conservation goal 84 
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as it could have implications for the recovery of peripheral lynx populations in eastern North 85 

America. If the St. Lawrence River is acting as an impediment to lynx movements and gene flow, 86 

then there should be genetic divergence between lynx populations on either side of the river. 87 

We also estimated temporal trends in ice cover to assess whether an ice bridge across the St. 88 

Lawrence River exists and could be crossed by lynx in winter. For context, we compared our 89 

results to a known obstacle to lynx gene flow, the Strait of Belle Isle that separates 90 

Newfoundland from mainland Labrador and Quebec, Canada. 91 

 92 

METHODS 93 

The St. Lawrence River in eastern North America links the Great Lakes to the Atlantic 94 

Ocean. The river ranges from 1 km wide in the fluvial sections west of Montreal, Quebec, to an 95 

average width of 17 km east of Quebec City, Quebec, and widening to an average of 42 km at 96 

the lower estuary (Environment Canada 2013, Fig. 1). Portions of the St. Lawrence River freeze 97 

periodically during the winter, and sea ice cover in the Gulf of the St. Lawrence varies annually 98 

(Johnston et al. 2005). Variability in freezing is due to a combination of factors, including 99 

ambient and water temperature, surface wind, water current, tidal flows, and the North 100 

Atlantic Oscillation (NAO, Johnston et al. 2005; Fisheries and Oceans Canada 2012). The 101 

Canadian Coast Guard uses icebreakers to keep a channel of the St. Lawrence River open during 102 

the winter, from Montreal to Quebec City, for shipping and flood control (Fisheries and Oceans 103 

Canada 2001; Dong 2011). For comparison, the Strait of Belle Isle, separating Newfoundland 104 

from mainland Labrador and Quebec, Canada, is a 15 - 60 km wide waterway in the Gulf of the 105 

St. Lawrence that usually freezes in winter (Fig 1., Fisheries and Oceans Canada 2012). 106 
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Sample collection and genetic profiling 107 

We collected skin samples (2.5mm x 2.5mm) from the pelts of Canada lynx harvested in 108 

Quebec, Labrador, and Newfoundland, Canada, from fur auctions between 2008 and 2011. 109 

Furbearer harvesting in Quebec was reported by administrative units called Unités de Gestion 110 

des Animaux à Fourrure (UGAF). Thus, we used the centroid of the UGAF as the sample location 111 

(Fig. 1). The average size of the 58 UGAFs for which we had at least one lynx sample was 4356.8 112 

(SD = 7818.0) km
2
. We were able to categorize the Newfoundland and Labrador samples as 113 

being harvested from mainland (Labrador) or island (Newfoundland) only. In 2010 we obtained 114 

tissue samples of 15 incidental lynx mortalities in New Brunswick, Canada from the New 115 

Brunswick museum. We grouped these samples into one site. As lynx in New Brunswick tended 116 

to occur in the northwest of the province (Parker 2001), we used the centroid of this region as 117 

our site coordinates for New Brunswick (Fig. 1). The lynx from Quebec and Newfoundland and 118 

Labrador presented by Row et al. (2012) are a subset of what we present here. Furthermore, all 119 

lynx samples presented here are a subset of those reported in Koen et al. (2014b). We 120 

measured pelt length to categorize individuals as adult or juvenile (Quinn and Gardner 1984; 121 

Slough 1996). 122 

We genotyped lynx at 14 microsatellite loci (Fca031, Fca035, Fca043, Fca077, Fca090, 123 

Fca096, Fca441, Fca391, Fca559, Lc106, Lc109, Lc110, Lc111, Lc118) according to methods 124 

described by Row et al. (2012). We manually scored allele sizes using Genemarker 1.7 125 

(Softgenetics). All samples for both species were scored by the same individual using the same 126 

criteria, and a second person independently scored a subset of the samples to ensure 127 

consistency. We omitted samples that were missing alleles at ≥ 5 of 14 loci. We checked for 128 
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errors with software Microchecker 2.2.3 (van Oosterhout et al. 2004) and by examining 129 

summary statistics with the adegenet package (version 1.4-2, Jombart 2008) in R (R 130 

Development Core team 2014). To determine sex, we amplified the y-chromosome-specific Sry 131 

locus and the Zfx fragment on the x-chromosome (Woods et al. 1999; Ortega et al. 2004; 132 

Zigouris et al. 2012). 133 

Analysis of genetic data 134 

We grouped lynx samples into 5 sites based on geographic location: north of the St. 135 

Lawrence River in Quebec (n = 331), south of the St. Lawrence River in Quebec (n = 165), New 136 

Brunswick (n = 15), mainland Labrador (n = 18), and Newfoundland (n = 29). We used 137 

Bonferroni-corrected (α = 0.0012) chi-square tests to determine whether allele frequencies 138 

were in Hardy-Weinberg equilibrium (HWE), and estimated expected and observed 139 

heterozygosity with the adegenet package (Jombart 2008) in R. We used the software Genepop 140 

(web version 4.2, Raymond and Rousset 1995; Rousset 2008) to test for linkage disequilibrium 141 

(Bonferroni-corrected; α = 0.0005). We used software HP-Rare 1.1 (Kalinowski 2005) to 142 

estimate the number of alleles per locus (allelic richness), corrected for a sample size of 15 with 143 

rarefaction, for our 5 sites. We estimated FIS for each site, and pairwise Dest (Jost 2008) and FST 144 

(Weir and Cockerham, 1984) between sites with the R package DiveRsity (Keenan et al. 2013), 145 

with 95% confidence intervals on these estimates (999 bootstraps). For lynx sampled in 146 

Quebec, we grouped samples as north or south of the St. Lawrence River and within groups, 147 

calculated pairwise Dest and FST between UGAF administrative units. We grouped lynx sampled 148 

from adjacent UGAFs to increase the sample size in each UGAF (north: 16 sites with an average 149 

of 25.7 (SD=16.9) samples/site; south: 7 sites, with an average of 23.1 (SD=16.0) samples/site). 150 
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To further evaluate the genetic structure of lynx in our study area, we used an analysis of 151 

molecular variance (AMOVA; Excoffier et al. 1992), with 5 sites nested within the three regions 152 

delineated by waterways (south of the St. Lawrence River, north of the River, and 153 

Newfoundland) with the poppr (Kamvar et al. 2014), adegenet (Jombert 2008), and ade4 (Dray 154 

and Dufour 2007) packages in R. We used 999 permutations to assess statistical significance 155 

with the ade4 and poppr packages, as described by Excoffier et al. (1992). 156 

We used Bayesian clustering software (Structure version 2.3.4, Pritchard et al. 2000) to 157 

identify genetic clusters. We ran 10 repetitions for each of K = {1, 2, 3, … , 9} with a burn-in of 158 

500,000 Markov chain Monte Carlo iterations and followed by 1x10
6
 iterations. We used an 159 

admixture model without prior location information. We identified the most likely number of 160 

genetic clusters with the Evanno method (Evanno et al. 2005) using software Structure 161 

Harvester (Earl and vonHoldt 2012). We summarized the 10 replicates with software Clumpp 162 

(Jakobsson and Rosenberg 2007) and visualized the results with software Distruct (Rosenberg 163 

2004). We considered individuals to be admixed if they had 0.3 ≥ Q ≥ 0.7, where Q represented 164 

the proportion of an individual’s genome assigned to a population (Pritchard et al. 2000). We 165 

conducted a principal component analysis (PCA) of microsatellite genotypes with the ade4 166 

package (Dray and Dufour 2007) in R. We used the PCA as a complementary analysis to 167 

program Structure because unlike Structure, PCA does not rely on the assumption that 168 

populations are in HWE. We note, however, that Structure appears to be robust to departures 169 

from HWE (Hauser et al. 2006, Rodríguez-Ramilo et al. 2009). We estimated pairwise Dest (Jost 170 

2008) and FST (Weir and Cockerham 1984) between clusters (in addition to between sites) with 171 
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the R package DiveRsity. For this analysis, we assigned admixed samples to the cluster that 172 

accounted for >50% of its ancestry. 173 

Ice cover on the St. Lawrence River and Strait of Belle Isle 174 

 We were interested in examining whether the St. Lawrence River and Strait of Belle Isle 175 

froze in the winter such that lynx could walk across the ice. We analyzed weekly ice charts for 176 

the Eastern Coast region from the Canadian Ice Service Archive (Meteorological Service of 177 

Canada, Environment Canada) from Dec 1 – May 15, for each of 8 years (2004 - 2011) to assess 178 

temporal trends in ice cover. We restricted our analysis to these years because ice charts prior 179 

to 2004 with World Meteorological Organization colour coding were not available and our 180 

samples were collected prior to 2011. From these data, we identified how many weeks (not 181 

necessarily consecutive) that there was an ice bridge across the St. Lawrence River east of 182 

Quebec City and across the narrow reaches of the Strait of Belle Isle near St. Anthony, 183 

Newfoundland (Fig. 1). We defined an ice bridge as ice, connecting both banks of the river or 184 

strait, with a concentration of ≥ 9. Ice concentration is the proportion of the water surface in a 185 

defined area that is covered by ice, on a scale from 1 - 10 (Environment Canada 2005). We 186 

considered grey ice (10 – 15 cm thick), grey-white ice (15 – 30 cm thick), and first year ice (> 30 187 

cm thick) to be of sufficient thickness for crossing. 188 

 189 

RESULTS 190 

Analysis of genetic data 191 

We successfully genotyped 558 lynx from Quebec (n = 331 north of the St. Lawrence River, n = 192 

165 south of the river), New Brunswick (n = 15), Labrador (n = 18), and Newfoundland (n = 29; 193 
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Table 1). We omitted 7 samples from Quebec and 2 samples from Labrador because they were 194 

missing alleles at ≥ 5 of 14 loci. Both Newfoundland lynx and Quebec lynx south of the St. 195 

Lawrence River departed from HWE at 6 of 14 loci (NFLD: Lc111, Fca35, Lc109, Fca559, Lc106, 196 

Fca77; QC south: Fca441, Fca96, Fca35, Lc106, Lc109, Lc110; p < 0.0012), whereas lynx north of 197 

the river departed from HWE at one locus only (Fca96). The New Brunswick and Labrador sites 198 

were in HWE at all loci. There was evidence of linkage disequilibrium for 4 pairs of loci (Fca96 199 

and Fca559, Fca559 and Fca31, Fca31 and Fca441, and Fca391 and Fca110; p < 0.0005). 200 

 Allelic richness and private allelic richness in Quebec south of the St. Lawrence River 201 

were 16.6% and 67.5% lower than north of the river (Table 2). Allelic richness and private allelic 202 

richness in Newfoundland were 38.8% and 51.8% lower than in Labrador (Table 2). Both FST and 203 

Dest indicated high genetic differentiation on either side of the St. Lawrence River and the Strait 204 

of Belle Isle relative to sites on the same side of the waterway (Table 3). There was greater 205 

genetic differentiation between Newfoundland and Labrador than between populations north 206 

and south of the St. Lawrence River (Table 3). Within Quebec, gene flow was relatively high 207 

between lynx on the same side of the St. Lawrence River: FST and Dest between pairs of UGAFs 208 

on the same side of the river were lower (Supplementary Tables 1 and 2) than the values we 209 

observed for sites on opposite sides of the river (Table 3). We detected evidence of relatively 210 

high inbreeding among lynx in Newfoundland (Table 2). 211 

 The likelihood values from our Structure analysis indicated two genetic clusters 212 

(Supplementary Fig. 1) separating Newfoundland, Labrador, and Quebec (north of the St. 213 

Lawrence River) from New Brunswick and Quebec (south of the river). Our PCA results (Fig. 2), 214 

however, suggested 3 genetic clusters, grouping New Brunswick and Quebec (south of the 215 
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river) into one cluster, Labrador and Quebec (north of the river) into a second cluster, and 216 

Newfoundland as a third cluster. FST and Dest values (Table 3) were consistent with the latter 217 

finding that the St. Lawrence River and the Strait of Belle Isle are impediments to gene flow. 218 

Furthermore, the 3 clusters themselves were genetically differentiated (Supplementary Table 219 

3). Our AMOVA showed that that while the majority (88.9%) of the variation was within sites (Φ 220 

= 0.110, p<0.001), a significant proportion (10.4%) of the genetic variation was partitioned 221 

among regions separated by waterways (i.e., south of the St. Lawrence River, north of the River, 222 

and Newfoundland; Φ = 0.104, p<0.001), with less variation attributed to sites nested within 223 

regions (0.7%, Φ = 0.007, p = 0.042). Visual inspection of our Structure plot also suggested 3 224 

genetic clusters (Fig. 3), and although this is not demonstrated by our likelihood values 225 

(Supplementary Fig. 1b), it does agree with our PCA, AMOVA, FST and Dest results, and also with 226 

findings from Row et al. (2012) that lynx in Newfoundland are a separate genetic cluster from 227 

mainland lynx. As such, and as suggested by Evanno et al. (2005), we have used the weight-of-228 

evidence to interpret our results as three genetic clusters. 229 

Dispersal across the St. Lawrence River. We found 9 (2.7%) lynx (7 adult males, 2 adult 230 

females) north of the St. Lawrence River that clustered with lynx south of the river. Likewise, 231 

we found 9 (5.4%) lynx (5 adult males, 3 adult females) south of the river that clustered with 232 

lynx north of the river: one of these (male of unknown age) was sampled in New Brunswick. We 233 

found 1 (6.7%) lynx (adult of unknown sex) in Labrador that clustered with lynx south of the St. 234 

Lawrence River (Fig. 4). All of these individuals were likely first generation dispersers (0.1 > Q > 235 

0.90). We identified the same 19 individuals with both program Structure and PCA. We 236 

identified 4 admixed lynx (sharing DNA between north and south clusters): 2 (adult males) were 237 
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found north of the river and 2 were found south of the river in Quebec (adult male) and New 238 

Brunswick (female of unknown age) (Fig. 4). 239 

Dispersal across the Strait of Belle Isle. We found 4 (13.8%) lynx (1 adult male, 2 adult females, 240 

1 adult of unknown sex) in Newfoundland that clustered with lynx from Labrador and Quebec 241 

(north of river). We also found 1 (0.6%) lynx (adult female) south of the St. Lawrence River in 242 

Quebec that was assigned to the Newfoundland cluster (Fig. 4). We estimated that this 243 

individual was a first-generation disperser (Q = 0.996), and although we do not know its travel 244 

route, the lynx likely crossed both the Strait of Belle Isle and the St. Lawrence River. We 245 

identified the same 5 individuals as dispersers with both program Structure and PCA. We found 246 

one lynx (female of unknown age) north of the St. Lawrence River in Quebec that was admixed, 247 

sharing DNA from the north cluster and Newfoundland (Fig. 4). 248 

Ice cover on the St. Lawrence River and Strait of Belle Isle 249 

Between 2004 and 2011, there was an ice bridge across the St. Lawrence River east of Quebec 250 

City every year (Table 4). The number of weeks that an ice bridge was present varied across 251 

years, and those weeks were not necessarily consecutive. When an ice bridge was present 252 

across the St. Lawrence River, it tended to be composed of relatively thin grey (10 - 15 cm thick) 253 

or grey-white (15 – 30 cm thick) ice. There was also an ice bridge across the Strait of Belle Isle 254 

every year: it tended to form later in the winter, but was present for longer (Table 4). The ice 255 

bridge tended to be composed of thin (30 – 70 cm thick), medium (70 – 120 cm thick), and thick 256 

(>120 cm thick) first year ice.  257 

 258 

DISCUSSION 259 
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The St. Lawrence River appeared to pose an impediment to lynx dispersal and gene flow: we 260 

found genetic clustering on either side of the river, as demonstrated by Bayesian clustering, 261 

PCA, AMOVA, and pairwise differentiation metrics, supporting the Riverine Barrier Hypothesis. 262 

We found only 4 admixed animals, further corroborating that the river restricts lynx gene flow. 263 

The St. Lawrence River and Strait of Belle Isle are not absolute barriers, however – we found 24 264 

adult lynx that crossed these waterways. A prediction of the Riverine Barrier Hypothesis is that 265 

wider segments of the river near the mouth represent a stronger barrier than narrower 266 

segments near the headwater. Although we do not know where along the bank lynx crossed 267 

the St. Lawrence River, our results lend some support for this prediction: 13 of the 19 first 268 

generation river-crossers were sampled closer to the headwater than the mouth of the river 269 

(Fig. 4). The admixed lynx that we sampled must have been the offspring of a river-crossing 270 

disperser and an individual that did not cross the river, suggesting that river crossing by lynx has 271 

occurred over several generations.  272 

We found greater genetic structure between Newfoundland and Labrador than 273 

between the north and south of the St. Lawrence River, implying that the Strait of Belle Isle 274 

restricts lynx gene flow more so than the St. Lawrence River does. Previous research has shown 275 

that lynx across Canada have relatively low genetic structure owing to high gene flow and the 276 

ability of lynx to disperse long distances (Schwartz et al. 2002; Campbell and Strobeck 2006; 277 

Row et al. 2012). Our findings add to our understanding of the population structure of this 278 

putatively vagile and panmictic species. A comparison of FST values suggests that the St. 279 

Lawrence River (FST = 0.053) and the Strait of Belle Isle (FST = 0.179) pose a greater impediment 280 

to lynx dispersal than does the Rocky Mountains in western Canada (FST ≈ 0.016; Rueness et al. 281 
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2003). Likewise, the FST  that we observed in lynx on either side of the St. Lawrence River was an 282 

order of magnitude higher than that observed across the entire continent (FST = 0.007 Alaska to 283 

Quebec, Row et al. 2012). The striking genetic structure in this otherwise vagile species 284 

underlines the importance of waterways in shaping the past and future genetic composition of 285 

the lynx. 286 

We do not know whether the lynx in our study walked across the ice in winter or swam 287 

across during ice-free seasons. Lynx can swim across rivers: Feierabend and Kielland (2014) 288 

observed 2 lynx repeatedly crossing an unfrozen, 100 - 300 m-wide glacial river in air 289 

temperatures of -27°C. The width of the St. Lawrence River ranges from <1 km west of 290 

Montreal to >42 km at the river’s mouth. It is possible that lynx swim across the narrower 291 

sections of the St. Lawrence River, but it seems less likely that lynx would swim across the 15 – 292 

60 km wide Strait of Belle Isle. Our main objective in assessing ice cover, however, was not to 293 

determine whether lynx walked or swam across the waterways, but simply to evaluate whether 294 

walking was typically possible. The extent of ice cover on the St. Lawrence River was variable 295 

within and between years and a channel through much of the river is kept open with 296 

icebreakers. Coyotes (Canis latrans, Say, 1823) and red fox (Vulpes vulpes, L., 1758) will readily 297 

cross river ice once shipping lanes have refrozen (Fuller and Robinson 1982a), and it is also 298 

possible that lynx walked across river ice on the St. Lawrence despite the periodically open 299 

channel. The thickness and extent of ice cover on the Strait of Belle Isle tended to be greater 300 

than that of the St. Lawrence River, thus it is possible that lynx walked across the 15 – 60 km of 301 

sea ice; lynx have been shown to cross up to 50 km of sea ice in the Arctic (Gaston et al. 2012).  302 
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The timing of juvenile lynx dispersal can be variable: Poole (1997) found that lynx kittens 303 

generally dispersed between March and November. In addition to juvenile dispersal, adult lynx 304 

make long-distance exploratory movements at various times of the year (Squires and Laurion 305 

2000; Squires and Oakleaf 2005; Moen et al. 2010). Lynx are obligate predators of the 306 

snowshoe hare (Lepus americanus, Erxleben, 1777) and are known to exhibit a 10-year cyclic 307 

fluctuation with hares (Elton and Nicholson 1942). Several studies have found dispersal rates of 308 

adult lynx to be highest following hare population declines (Ward and Krebs 1985; Slough and 309 

Mowat 1996; Poole 1997). In nearby central Ontario, hare population abundance peaked in 310 

2007 and reached a low in 2013 (Ontario Ministry of Natural Resources, unpublished data). The 311 

adult lynx that crossed the river did so before our sampling occurred (beginning in 2008), and 312 

might have been moving in response to the concomitant decline in hare populations. This 313 

speculation could explain our finding of few admixed individuals - the influx of first generation 314 

dispersers was recent (in response to the recent hare decline). 315 

Narrower segments of the St. Lawrence River in southern Ontario are permeable to 316 

movement by other mid-sized carnivores. Carr et al. (2007) showed that the St. Lawrence River 317 

has not impeded fisher (Pekania (Martes) pennanti, Erxleben, 1777) range expansion from the 318 

Adirondack region of New York, USA, into eastern Ontario, Canada. Likewise, Cullingham et al. 319 

(2009) showed that the St. Lawrence River has allowed gene flow of raccoons (Procyon lotor, 320 

(L., 1758), and thus did not stop the spread of the raccoon rabies virus from New York into 321 

southeastern Ontario, Canada. The Strait of Belle Isle appears to be less permeable to 322 

terrestrial mammalian dispersers. It is thought that black bears (Ursus americanus hamiltoni, 323 

Cameron, 1957; Paetkau and Strobeck 1996; Marshall et al. 2011) colonized Newfoundland 324 
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from Labrador across the Strait of Belle Isle, but such migration events by bears are rare 325 

(Paetkau and Strobeck 1996). Recent occurrences of wolves (Canis lupus, L., 1758) on 326 

Newfoundland are thought to be migrants from Labrador (Government of Newfoundland and 327 

Labrador 2012), and recent outbreaks of rabies on the island of Newfoundland suggest 328 

immigration of arctic (Alopex lagopus, L., 1758) or red (V. vulpes) fox from Labrador or Quebec 329 

(Nadin-Davis et al. 2008). Lynx in Newfoundland are morphologically (Saunders 1964; van Zyll 330 

de Jong 1975; Khidas et al. 2013) and genetically (Row et al. 2012) distinct from mainland lynx 331 

populations. We found that lynx cross the Strait of Belle Isle from mainland (Labrador and/or 332 

Quebec) to Newfoundland and vice versa – this is one of few contemporary examples of mid-333 

sized carnivores crossing the Strait of Belle Isle. 334 

Peripheral populations of lynx are already vulnerable because less suitable 335 

environmental conditions tend to be correlated with low gene flow and low genetic diversity 336 

(Koen et al. 2014a). Similarly, we found that lynx south of the St. Lawrence River and on the 337 

island of Newfoundland have relatively low neutral allelic richness. If there is a correlation 338 

between neutral and adaptive genetic variation, our results could indicate that these peripheral 339 

lynx populations are less likely to adapt to changing environmental conditions. 340 

It is expected that climate change will further limit the distribution of lynx in eastern 341 

North America (Carroll 2007). Climate change is also expected to cause a northward shift in 342 

bobcat (L. rufus, Schreber, 1777) distribution (Anderson and Lovallo 2003; Roberts and 343 

Crimmins 2010), increasing the area of sympatry of lynx and bobcat. This interspecies range 344 

overlap will threaten lynx population persistence at their southern range extent through 345 

competition (Peers et al. 2013) and hybridization (Schwartz et al. 2004; Homyack et al. 2008; 346 
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Koen et al. 2014b). If the St. Lawrence River impedes bobcat gene flow as it does lynx, it is 347 

possible that the river might protect the core of lynx range north of the river by limiting 348 

northward range expansion of bobcats from south of the river. It is unclear whether climate 349 

warming will reduce the likelihood of ice bridges forming across the river because ice formation 350 

in the Gulf of the St. Lawrence is a function of not just temperature, but also wind, water 351 

current, tidal flow, and the NAO (Johnston et al 2005; Fisheries and Oceans Canada 2012). 352 

Between 1969 and 2002, however, there was a 20 - 40% reduction in sea ice cover during the 353 

spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005). 354 

The St. Lawrence River and the Strait of Belle Isle have important roles in shaping the 355 

future distribution of lynx in eastern North America. Lynx populations south of the St. Lawrence 356 

River - in New Brunswick, Nova Scotia, and the northeastern United States - are already 357 

classified as threatened or provincially endangered. It is thought that peripheral populations of 358 

lynx are maintained by immigration of lynx from the core of the range (Schwartz et al. 2002). 359 

We showed that the St. Lawrence River and the Strait of Belle Isle act as impediments to gene 360 

flow, isolating these populations from the range core. Thus, rescue of these isolated 361 

populations by dispersers is less likely than previously thought. If individual lynx are crossing 362 

the St. Lawrence River and the Strait of Belle Isle in the winter by walking across the ice, climate 363 

warming could reduce the duration and extent of ice bridges across the waterways, further 364 

isolating these peripheral lynx populations. 365 

 366 

ACKNOWLEDGEMENTS 367 

Page 17 of 41
C

an
. J

. Z
oo

l. 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
K

L
O

H
N

 C
R

IP
PE

N
 B

E
R

G
E

R
 L

T
D

 o
n 

06
/0

8/
15

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 T

hi
s 

Ju
st

-I
N

 m
an

us
cr

ip
t i

s 
th

e 
ac

ce
pt

ed
 m

an
us

cr
ip

t p
ri

or
 to

 c
op

y 
ed

iti
ng

 a
nd

 p
ag

e 
co

m
po

si
tio

n.
 I

t m
ay

 d
if

fe
r 

fr
om

 th
e 

fi
na

l o
ff

ic
ia

l v
er

si
on

 o
f 

re
co

rd
. 



18 

 

We thank D McAlpine, J-M DeVink, North American Fur Auction, and Fur Harvesters Auction 368 

Inc. for facilitating sample collection. We thank M Kerr, J Paul, S Simpkins, M Prentice, K Smith, J 369 

Roeder, and lab personnel for lab work. We thank volunteers for help collecting samples, JR 370 

Row and C Gomez for help scoring microsatellite data, and EH Ellington and DL Murray for 371 

discussions. T Sallaway helped us to acquire shapefiles of the St. Lawrence River. Funding was 372 

provided by NSERC (Discovery Grants and Strategic Projects Grants to JB, PJW, and DL Murray), 373 

a Canada Research Chair to PJW, and Wildlife Research and Monitoring Section of the Ontario 374 

Ministry of Natural Resources and Forestry.375 

Page 18 of 41
C

an
. J

. Z
oo

l. 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
K

L
O

H
N

 C
R

IP
PE

N
 B

E
R

G
E

R
 L

T
D

 o
n 

06
/0

8/
15

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 T

hi
s 

Ju
st

-I
N

 m
an

us
cr

ip
t i

s 
th

e 
ac

ce
pt

ed
 m

an
us

cr
ip

t p
ri

or
 to

 c
op

y 
ed

iti
ng

 a
nd

 p
ag

e 
co

m
po

si
tio

n.
 I

t m
ay

 d
if

fe
r 

fr
om

 th
e 

fi
na

l o
ff

ic
ia

l v
er

si
on

 o
f 

re
co

rd
. 



19 

 

REFERENCES 376 

Adams, J.R., Vucetich, L.M., Hedrick, P.W., Peterson, R.O., and Vucetich, J.A. 2011. Genomic 377 

sweep and potential genetic rescue during limiting environmental conditions in an 378 

isolated wolf population. Proc. R. Soc. B Biol. Sci., 278(1723): 3336–3344. 379 

doi:10.1098/rspb.2011.0261. 380 

Anderson, E.M., and Lovallo M.J. 2003. Bobcat and lynx. In Wild mammals of North America 381 

Volume II. Edited by G.A. Feldhamer and B. Thompson. Johns Hopkins University Press, 382 

Baltimore, Maryland. pp. 758–786. 383 

Ayres, J.M., and Clutton-Brock, T.H. 1992. River boundaries and species range size in Amazonian 384 

primates. Am. Nat. 140(3): 531–537. 385 

Banfield, A.W.F. 1954. The role of ice in the distribution of mammals. J. Mammal. 35(1): 104–386 

107. 387 

Campbell, V., and Strobeck, C. 2006. Fine-scale genetic structure and dispersal in Canada lynx 388 

(Lynx canadensis) within Alberta, Canada. Can. J. Zool. 84(8): 1112–1119. 389 

doi:10.1139/z06-099. 390 

Carmichael L.E., Clark, W., and Strobeck, C. 2000. Development and characterization of 391 

microsatellite loci from lynx (Lynx canadensis), and their use in other felids. Mol. Ecol. 392 

9(12): 2197–2198. doi:10.1046/j.1365-294X.2000.105323.x. 393 

Carr, D., Bowman, J., Kyle, C.J., Tully, S.M., Koen, E.L., Robitaille, J.-F.  and Wilson P.J. 2007. 394 

Rapid homogenization of multiple sources: genetic structure of a recolonizing 395 

population of fishers. J. Wildl. Manage. 71(6): 1853–1861. doi:10.2193/2006-274. 396 

Page 19 of 41
C

an
. J

. Z
oo

l. 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
K

L
O

H
N

 C
R

IP
PE

N
 B

E
R

G
E

R
 L

T
D

 o
n 

06
/0

8/
15

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 T

hi
s 

Ju
st

-I
N

 m
an

us
cr

ip
t i

s 
th

e 
ac

ce
pt

ed
 m

an
us

cr
ip

t p
ri

or
 to

 c
op

y 
ed

iti
ng

 a
nd

 p
ag

e 
co

m
po

si
tio

n.
 I

t m
ay

 d
if

fe
r 

fr
om

 th
e 

fi
na

l o
ff

ic
ia

l v
er

si
on

 o
f 

re
co

rd
. 



20 

 

Carroll, C. 2007. Interacting effects of climate change, landscape conversion, and harvest on 397 

carnivore populations at the range margin: marten and lynx in the northern 398 

Appalachians. Conserv. Biol. 21(4): 1092–1104. doi:10.1111/j.1523-1739.2007.00719.x. 399 

Colwell, R.K. 2000. A barrier runs through it… or maybe just a river. Proc. Natl. Acad. Sci. U.S.A. 400 

97(25): 13470–13472. doi:10.1073/pnas.250497697. 401 

Côté, H., Garant, D., Robert, K., Mainguy, J., and Pelletier, F. 2012. Genetic structure and rabies 402 

spread potential in raccoons: the role of landscape barriers and sex-biased dispersal. 403 

Evol. Appl. 5(4): 393–404. doi:10.1111/j.1752-4571.2012.00238.x. 404 

Cullingham, C.I., Kyle, C.J., Pond, B.A., Rees, E.E., and White, B.N. 2009. Differential permeability 405 

of rivers to raccoon gene flow corresponds to rabies incidence in Ontario, Canada. Mol. 406 

Ecol. 18(1): 43–53. doi:10.1111/j.1365-294X.2008.03989.x. 407 

Dong, N. 2011. Border ice processes on the Saint Lawrence River. M.Sc. thesis, Département de 408 

Génie Civil, Université Laval, Quebec City, QC, Canada. 409 

Dray, S. and Dufour, A.B. 2007. The ade4 package: implementing the duality diagram for 410 

ecologists. Journal of Statistical Software, 22(4): 1–20. 411 

Earl, D.A. and vonHoldt, B.M. 2012. Structure harvester: a website and program for visualizing 412 

Structure output and implementing the Evanno method. Con. Gen. Res, 4(2), 359-361. 413 

doi:10.1007/s12686-011-9548-7 414 

Elton, C., and Nicholson, M. 1942. The ten-year cycle in numbers of the lynx in Canada. J. 415 

Animal Ecol. 11(2): 215-244. 416 

Environment Canada. 2005. Manual of standard procedures for observing and reporting ice 417 

conditions (MANICE). Meteorological Service of Canada. Available from 418 

Page 20 of 41
C

an
. J

. Z
oo

l. 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
K

L
O

H
N

 C
R

IP
PE

N
 B

E
R

G
E

R
 L

T
D

 o
n 

06
/0

8/
15

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 T

hi
s 

Ju
st

-I
N

 m
an

us
cr

ip
t i

s 
th

e 
ac

ce
pt

ed
 m

an
us

cr
ip

t p
ri

or
 to

 c
op

y 
ed

iti
ng

 a
nd

 p
ag

e 
co

m
po

si
tio

n.
 I

t m
ay

 d
if

fe
r 

fr
om

 th
e 

fi
na

l o
ff

ic
ia

l v
er

si
on

 o
f 

re
co

rd
. 



21 

 

http://www.ec.gc.ca/glaces-ice/default.asp?lang=En&n=4FF82CBD-1 [accessed 11 419 

August 2014]. 420 

Environment Canada. 2013. Hydrography of the St. Lawrence River. Available from 421 

http://www.ec.gc.ca/stl/default.asp?lang=En&n=59C4915D-1 [accessed 11 August 422 

2014]. 423 

Epps, C.W., Palsbøll, P.J., Wehausen, J.D., Roderick, G.K., Ramey, R.R., and McCullough, D.R. 424 

2005. Highways block gene flow and cause a rapid decline in genetic diversity of desert 425 

bighorn sheep. Ecol. Lett. 8(10): 1029–1038. doi: 10.1111/j.1461-0248.2005.00804.x. 426 

Excoffier, L., Smouse, P.E. and Quattro, J.M. 1992. Analysis of molecular variance inferred from 427 

metric distances among DNA haplotypes: application to human mitochondrial DNA  428 

restriction data. Genetics, 131: 479–491. 429 

Evanno, G., Regnaut, S., and Goudet, J. 2005. Detecting the number of clusters of individuals 430 

using the software STRUCTURE: a simulation study. Mol. Ecol. 14(8): 2611-2620. 431 

doi:10.1111/j.1365-294X.2005.02553.x 432 

Fairley, T.L., Povoa, M.M., and Conn, J.E. 2002. Evaluation of the Amazon River delta as a barrier 433 

to gene flow for the regional malaria vector, Anopheles aquasalis (Diptera: Culicidae) in 434 

northeastern Brazil. J. Med. Entomol. 39(6): 861–869. 435 

doi:http://dx.doi.org/10.1603/0022-2585-39.6.861. 436 

Feierabend, D., and Kielland, K. 2014. Multiple crossings of a large glacial river by Canada lynx 437 

(Lynx canadensis). Can. Field-Nat. 128(1): 80–83. 438 

Fisheries and Oceans Canada. 2001. Icebreaking operations levels of service. Available from 439 

http://www.ccg-gcc.gc.ca/eng/CCG/Ice_Service_Standards [accessed 11 August 2014]. 440 

Page 21 of 41
C

an
. J

. Z
oo

l. 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
K

L
O

H
N

 C
R

IP
PE

N
 B

E
R

G
E

R
 L

T
D

 o
n 

06
/0

8/
15

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 T

hi
s 

Ju
st

-I
N

 m
an

us
cr

ip
t i

s 
th

e 
ac

ce
pt

ed
 m

an
us

cr
ip

t p
ri

or
 to

 c
op

y 
ed

iti
ng

 a
nd

 p
ag

e 
co

m
po

si
tio

n.
 I

t m
ay

 d
if

fe
r 

fr
om

 th
e 

fi
na

l o
ff

ic
ia

l v
er

si
on

 o
f 

re
co

rd
. 



22 

 

Fisheries and Oceans Canada. 2012. Ice climatology and environmental conditions. In: Ice 441 

navigation in Canadian waters. Icebreaking Program, Maritime Services Canadian Coast 442 

Guard, Fisheries and Oceans Canada. Cat. No. Fs154-31/2012E-PDF. 443 

Fuller, T.K., and Robinson, W.L. 1982a. Some effects of winter shipping on movements of 444 

mammals across river ice. Wildl. Soc. Bull. 10(2): 156–160. 445 

Fuller, T.K., and Robinson, W.L. 1982b. Winter movements of mammals across a large northern 446 

river. J. Mammal. 63(3): 506–510. 447 

Garroway, C.J., Bowman, J., and Wilson, P.J. 2011. Using a genetic network to parameterize a 448 

landscape resistance surface for fishers, Martes pennanti. Mol. Ecol.  20(19): 3978–3988. 449 

doi:10.1111/j.1365-294X.2011.05243.x. 450 

Gaston, A.J., Gavrilo, M., and Eberl, C. 2012. Ice bridging as a dispersal mechanism for Arctic 451 

terrestrial vertebrates and the possible consequences of reduced sea ice cover. 452 

Biodiversity, 13(3-4): 182–190. doi:10.1080/14888386.2012.719177. 453 

Goldman, E.A. 1937. The Colorado River as a barrier in mammalian distribution. J. 454 

Mammal. 18(4): 427–435. 455 

Grinnell, J. 1914. An account of the mammals and birds of the lower Colorado Valley: With 456 

especial reference to the distributional problems presented (Vol. 12, No. 4). University 457 

of California Press. 458 

Government of Newfoundland and Labrador. 2012. News release: Genetic retesting of DNA 459 

confirms second wolf on island of Newfoundland. Available at 460 

http://www.releases.gov.nl.ca/releases/2012/env/0823n04.htm [accessed 11 August 461 

2014]. 462 

Page 22 of 41
C

an
. J

. Z
oo

l. 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
K

L
O

H
N

 C
R

IP
PE

N
 B

E
R

G
E

R
 L

T
D

 o
n 

06
/0

8/
15

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 T

hi
s 

Ju
st

-I
N

 m
an

us
cr

ip
t i

s 
th

e 
ac

ce
pt

ed
 m

an
us

cr
ip

t p
ri

or
 to

 c
op

y 
ed

iti
ng

 a
nd

 p
ag

e 
co

m
po

si
tio

n.
 I

t m
ay

 d
if

fe
r 

fr
om

 th
e 

fi
na

l o
ff

ic
ia

l v
er

si
on

 o
f 

re
co

rd
. 



23 

 

Haffer, J.R. 1997. Alternative models of vertebrate speciation in Amazonia: an overview. 463 

Biodivers. Conserv. 6: 451–476. doi: 10.1023/A:1018320925954. 464 

Hauser, L., Seamons, T.R., Dauer, M., Naish, K.A., and Quinn, T.P. 2006. An empirical verification 465 

of population assignment methods by marking and parentage data: hatchery and wild 466 

steelhead (Oncorhynchus mykiss) in Forks Creek, Washington, USA. Mol. Ecol. 15(11): 467 

3157-3173. doi:10.1111/j.1365-294X.2006.03017.x. 468 

Hayes, F.E., and Sewlal, J.A.N. 2004. The Amazon River as a dispersal barrier to passerine birds: 469 

effects of river width, habitat and taxonomy. J. Biogeogr. 31(11): 1809–1818. doi: 470 

10.1111/j.1365-2699.2004.01139.x. 471 

Homyack, J.A., Vashon, J.H., Libby, C., Lindquist, E.L., Loch, S., McAlpine, D.F., Pilgrim, K.L., and 472 

Schwartz, M.K. 2008. Canada lynx-bobcat (Lynx canadensis × L. rufus) hybrids at the 473 

southern periphery of lynx range in Maine, Minnesota and New Brunswick. Am. Midl. 474 

Nat. 159(2): 504–508. doi:http://dx.doi.org/10.1674/0003-475 

0031(2008)159[504:CLLCLR]2.0.CO;2. 476 

IUCN. 2013. IUCN Red List of Threatened Species. Version 2013.2. www.iucnredlist.org. 477 

Downloaded on 09 April 2014. 478 

Jackson, H.H.T. 1920. An apparent effect of winter inactivity upon distribution of mammals. J. 479 

Mammal. 1(2): 58–64. 480 

Jakobsson, M., and Rosenberg, N.A. 2007. CLUMPP: a cluster matching and permutation 481 

program for dealing with label switching and multimodality in analysis of population 482 

structure. Bioinformatics, 23(14): 1801–1806. doi:10.1093/bioinformatics/btm233. 483 

Page 23 of 41
C

an
. J

. Z
oo

l. 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
K

L
O

H
N

 C
R

IP
PE

N
 B

E
R

G
E

R
 L

T
D

 o
n 

06
/0

8/
15

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 T

hi
s 

Ju
st

-I
N

 m
an

us
cr

ip
t i

s 
th

e 
ac

ce
pt

ed
 m

an
us

cr
ip

t p
ri

or
 to

 c
op

y 
ed

iti
ng

 a
nd

 p
ag

e 
co

m
po

si
tio

n.
 I

t m
ay

 d
if

fe
r 

fr
om

 th
e 

fi
na

l o
ff

ic
ia

l v
er

si
on

 o
f 

re
co

rd
. 



24 

 

Johnston, D.W., Friedlaender, A.S., Torres, L.G., and Lavigne, D.M. 2005. Variation in sea ice 484 

cover on the east coast of Canada from 1969 to 2002: climate variability and 485 

implications for harp and hooded seals. Climate Res. 29(3): 209–222. 486 

Jombart, T. 2008. adegenet: a R package for the multivariate analysis of genetic markers. 487 

Bioinformatics, 24(11): 1403–1405. doi:10.1093/bioinformatics/btn129. 488 

Jost, L. 2008. GST and its relatives do not measure differentiation. Mol. Ecol. 17(18): 4015–4026. 489 

Doi:10.1111/j.1365-294X.2008.03887.x. 490 

Kalinowski, S.T. 2005. HP-Rare: a computer program for performing rarefaction on measures of 491 

allelic diversity. Mol. Ecol. Notes, 5(1): 187–189. doi:10.1111/j.1471-8286.2004.00845.x. 492 

Kamvar, Z.N., Tabima, J.F., and Grünwald, N.J. 2014. Poppr: an R package for genetic analysis of 493 

populations with clonal, partially clonal, and/or sexual reproduction. PeerJ 2:e281 494 

http://dx.doi.org/10.7717/peerj.281. 495 

Keenan, K., McGinnity, P., Cross, T.F., Crozier, W.W., and Prodöhl, P.A., 2013. diveRsity: An R 496 

package for the estimation of  population genetics parameters and their associated 497 

errors. Methods Ecol. Evol. 4(8): 782–788. doi: 10.1111/2041-210X.12067. 498 

Kerr, J., and Packer, L. 1998. The impact of climate change on mammal diversity in Canada. 499 

Environ. Monit. Assess. 49(2-3): 263–270. doi:10.1023/A:1005846910199. 500 

Khidas, K., Duhaime, J., and Huynh, H.M. 2013. Morphological divergence of continental and 501 

island populations of Canada lynx. Northeast. Nat. 20(4): 587–608. 502 

doi:http://dx.doi.org/10.1656/045.020.0413. 503 

Page 24 of 41
C

an
. J

. Z
oo

l. 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
K

L
O

H
N

 C
R

IP
PE

N
 B

E
R

G
E

R
 L

T
D

 o
n 

06
/0

8/
15

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 T

hi
s 

Ju
st

-I
N

 m
an

us
cr

ip
t i

s 
th

e 
ac

ce
pt

ed
 m

an
us

cr
ip

t p
ri

or
 to

 c
op

y 
ed

iti
ng

 a
nd

 p
ag

e 
co

m
po

si
tio

n.
 I

t m
ay

 d
if

fe
r 

fr
om

 th
e 

fi
na

l o
ff

ic
ia

l v
er

si
on

 o
f 

re
co

rd
. 



25 

 

Koen, E.L., Bowman, J., Murray, D.L., and Wilson, P.J. 2014a. Climate change reduces genetic 504 

diversity of Canada lynx at the trailing range edge. Ecography, 37(8): 754–762. doi: 505 

10.1111/j.1600-0587.2013.00629.x. 506 

Koen E.L., Bowman, J., Lalor, J.L., and Wilson, P.J. 2014b. Continental-scale assessment of the 507 

hybrid zone between bobcat and Canada lynx. Biol. Conserv. 178:107-115. 508 

Laliberte, A.S. and Ripple, W.J. 2004. Range contractions of North American carnivores and 509 

ungulates. Bioscience, 54(2): 123–138. doi:10.1641/0006-510 

3568(2004)054[0123:RCONAC]2.0.C. 511 

Lamborot, M., Eaton, L., and Carrasco, B.A. 2003. The Aconcagua River as another barrier to 512 

Liolaemus monticola (Sauria: Iguanidae) chromosomal races of central Chile. Revista 513 

Chilena de Historia Natural, 76: 23–34. 514 

Lougheed, S.C., Gascon, C., Jones, D.A., Bogart, J.P., and Boag, P.T. 1999. Ridges and rivers: a 515 

test of competing hypotheses of Amazonian diversification using a dart-poison frog 516 

(Epipedobates femoralis). Proc. R. Soc. Lond. B Biol. Sci. 266(1431): 1829–1835. 517 

doi:10.1098/rspb.1999.0853 518 

Marshall, H.D., Yaskowiak, E.S., Dyke, C., and Perry, E.A. 2011. Microsatellite population 519 

structure of Newfoundland black bears (Ursus americanus hamiltoni). Can. J. Zool. 89(9): 520 

831–839. doi: 10.1139/z11-056. 521 

Menotti-Raymond, M., David, V.A., Lyons, L.A., Schaffer, A.A., Tomlin, J.F., Hutton, M.K., and 522 

O’Brien, S.J. 1999. A genetic linkage map of microsatellites in the domestic cat (Felis 523 

catus). Genomics, 57(1): 9–23. doi:10.1006/geno.1999.5743. 524 

Page 25 of 41
C

an
. J

. Z
oo

l. 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
K

L
O

H
N

 C
R

IP
PE

N
 B

E
R

G
E

R
 L

T
D

 o
n 

06
/0

8/
15

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 T

hi
s 

Ju
st

-I
N

 m
an

us
cr

ip
t i

s 
th

e 
ac

ce
pt

ed
 m

an
us

cr
ip

t p
ri

or
 to

 c
op

y 
ed

iti
ng

 a
nd

 p
ag

e 
co

m
po

si
tio

n.
 I

t m
ay

 d
if

fe
r 

fr
om

 th
e 

fi
na

l o
ff

ic
ia

l v
er

si
on

 o
f 

re
co

rd
. 



26 

 

Moen, R., Terwilliger, L., Dohmen, A.R., and Catton, S.C. 2010. Habitat and road use by Canada 525 

lynx making long-distance movements. Duluth Center for Water and Environment, 526 

Natural Resources Research Institute. 527 

Nadin-Davis, S., Muldoon, F., Whitney, H., and Wandeler, A.I. 2008. Origins of the rabies viruses 528 

associated with an outbreak in Newfoundland during 2002-2003. J. Wildl. Dis. 44(1): 86–529 

98. doi:http://dx.doi.org/10.7589/0090-3558-44.1.86. 530 

New Brunswick Endangered Species Regulation. 2013. NB Reg 96-26. Available from 531 

http://canlii.ca/t/521zl [accessed 11 August 2014]. 532 

Nordstrom, L. 2005. Recovery outline: contiguous United States distinct population segment of 533 

the Canada lynx. US Fish and Wildlife Service, Helena, USA. 534 

Nova Scotia Lynx Recovery Team. 2007. Provincial Recovery Plan for the Canada Lynx (Lynx 535 

canadensis), Nova Scotia. 536 

O’Grady, J.J., Brook, B.W., Reed, D.H., Ballou, J.D., Tonkyn, D.W., and Frankham, R. 2006. 537 

Realistic levels of inbreeding depression strongly affect extinction risk in wild 538 

populations. Biol. Conserv. 133(1): 42–51. doi: 10.1016/j.biocon.2006.05.016. 539 

Ortega, J., Franco, M., Adams, B.A., Ralls, K., and Maldonado, J.E. 2004. A reliable, non-invasive 540 

method for sex determination in the endangered San Joaquin kit fox (Vulpes macrotis 541 

mutica) and other canids. Conserv. Genet. 5(5): 715–718. doi:10.1007/s10592-004-1862-542 

0. 543 

Paetkau, D., and Strobeck, C. 1996. Mitochondrial DNA and the phylogeography of 544 

Newfoundland black bears. Can. J. Zool. 74(1): 192–196. doi:10.1139/z96-023. 545 

Page 26 of 41
C

an
. J

. Z
oo

l. 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
K

L
O

H
N

 C
R

IP
PE

N
 B

E
R

G
E

R
 L

T
D

 o
n 

06
/0

8/
15

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 T

hi
s 

Ju
st

-I
N

 m
an

us
cr

ip
t i

s 
th

e 
ac

ce
pt

ed
 m

an
us

cr
ip

t p
ri

or
 to

 c
op

y 
ed

iti
ng

 a
nd

 p
ag

e 
co

m
po

si
tio

n.
 I

t m
ay

 d
if

fe
r 

fr
om

 th
e 

fi
na

l o
ff

ic
ia

l v
er

si
on

 o
f 

re
co

rd
. 



27 

 

Parker, G. 2001. Status report on the Canada lynx in Nova Scotia. Nova Scotia Species at Risk 546 

Working Group, Sackville, NB. 547 

Patton, J.L., Da Silva, M.N.F., and Malcolm, J.R. 1994. Gene genealogy and differentiation 548 

among arboreal spiny rats (Rodentia: Echimyidae) of the Amazon basin: a test of the 549 

riverine barrier hypothesis. Evolution, 48(4): 1314–1323.  550 

Pearson, G.A., Lago-Leston, A., and Mota, C. 2009. Frayed at the edges: selective pressure and 551 

adaptive response to abiotic stressors are mismatched in low diversity edge 552 

populations. J. Ecol. 97(3): 450–462. doi:10.1111/j.1365-2745.2009.01481.x. 553 

Peers, M.J.L., Thornton, D.H., and Murray, D.L. 2013. Evidence for large-scale effects of 554 

competition: niche displacement in Canada lynx and bobcat. Proc. R. Soc. Lond. B Biol. 555 

Sci. 280: 20132495. doi:10.1098/rspb.2013.2495. 556 

Peres, C.A., Patton, J.L., and da Silva, N.F. 1996. Riverine barriers and gene flow in Amazonian 557 

saddle-back tamarins. Folia Primatol. 67(3): 113–124. doi:10.1159/000157213. 558 

Poole, K.G. 1997. Dispersal patterns of lynx in the Northwest Territories. J. Wildl. Manage. 559 

61(2): 497–505. 560 

Pritchard, J.K., Stephens, M., and Donnelly, P. 2000. Inference of population structure using 561 

multilocus genotype data. Genetics, 155(2): 945–959. 562 

Quinn, N.W., and Gardner, J.F. 1984. Relationships of age and sex to lynx pelt characteristics. J. 563 

Wildl. Manage. 48(3): 953–956. 564 

R Development Core Team. 2014. R: A language and environment for statistical computing. R 565 

Foundation for Statistical Computing, Vienna, Austria. Available from http://www.R-566 

project.org [accessed 11 August 2014] 567 

Page 27 of 41
C

an
. J

. Z
oo

l. 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
K

L
O

H
N

 C
R

IP
PE

N
 B

E
R

G
E

R
 L

T
D

 o
n 

06
/0

8/
15

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 T

hi
s 

Ju
st

-I
N

 m
an

us
cr

ip
t i

s 
th

e 
ac

ce
pt

ed
 m

an
us

cr
ip

t p
ri

or
 to

 c
op

y 
ed

iti
ng

 a
nd

 p
ag

e 
co

m
po

si
tio

n.
 I

t m
ay

 d
if

fe
r 

fr
om

 th
e 

fi
na

l o
ff

ic
ia

l v
er

si
on

 o
f 

re
co

rd
. 



28 

 

Raymond, M., and Rousset, F. 1995. GENEPOP (version 1.2): population genetics software for 568 

exact tests and ecumenicism. J. Hered. 86(3): 248–249 569 

Reding, D.M., Carter, C.E., Hiller, T.L., and Clark, W.R. 2013. Using population genetics for 570 

management of bobcats in Oregon. Wildl. Soc. Bull. 37(2): 342–351. doi: 571 

10.1002/wsb.243. 572 

Roberts, N.M., and Crimmins, S.M. 2010. Bobcat population status and management in North 573 

America: evidence of large-scale population increase. J. Fish Wildl. Manage. 1(2): 169–574 

174. doi:http://dx.doi.org/10.3996/122009-JFWM-026. 575 

Rodríguez-Ramilo, S.T., Toro, M.A., and Fernández, J. 2009. Assessing population genetic 576 

structure via the maximisation of genetic distance. Genet. Sel. Evol. 41(1): 49. 577 

doi:10.1186/1297-9686-41-49 578 

Rosenberg, N.A. 2004. DISTRUCT: a program for the graphical display of population structure. 579 

Mol. Ecol. Notes, 4(1): 137–138. doi:10.1046/j.1471-8286.2003.00566.x. 580 

Rousset, F. 2008. Genepop'007: a complete reimplementation of the Genepop software for 581 

Windows and Linux. Mol. Ecol. Resour. 8(1): 103–106. doi:10.1111/j.1471-582 

8286.2007.01931.x. 583 

Row, J.R., Gomez, C., Koen, E.L., Bowman, J., Murray, D.L., and Wilson, P.J. 2012. Dispersal 584 

promotes high gene flow among Canada lynx populations across North America. 585 

Conserv. Genet. 13(5): 1259–1268. doi:10.1007/s10592-012-0369-3. 586 

Row, J.R., Wilson, P.J., Gomez, C., Koen, E.L., Bowman, J., Thornton, D., and Murray, D.L. 2014. 587 

The subtle role of climate change on population genetic structure in Canada lynx. Global 588 

Change Biol. 20(7): 2076–2086. doi:10.1111/gcb.12526. 589 

Page 28 of 41
C

an
. J

. Z
oo

l. 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
K

L
O

H
N

 C
R

IP
PE

N
 B

E
R

G
E

R
 L

T
D

 o
n 

06
/0

8/
15

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 T

hi
s 

Ju
st

-I
N

 m
an

us
cr

ip
t i

s 
th

e 
ac

ce
pt

ed
 m

an
us

cr
ip

t p
ri

or
 to

 c
op

y 
ed

iti
ng

 a
nd

 p
ag

e 
co

m
po

si
tio

n.
 I

t m
ay

 d
if

fe
r 

fr
om

 th
e 

fi
na

l o
ff

ic
ia

l v
er

si
on

 o
f 

re
co

rd
. 



29 

 

Ruediger, B., Claar, J., Gniadek, S., Holt, B., Lewis, L., Mighton, S., Rinaldi, T. Trick, J., Vandehrey, 590 

A., Wahl, F., Warren, N., Wenger, D. and Williamson, A. 2000. Canada lynx conservation 591 

assessment and strategy. USDA Forest Service, USDI Fish and Wildlife Service, USDI 592 

Bureau of Land Management, and USDI National Park Service, Missoula, MT, USA. 593 

Rueness, E.K., Stenseth, N.C., O'Donoghue, M., Boutin, S., Ellegren, H., and Jakobsen, K.S. 2003. 594 

Ecological and genetic spatial structuring in the Canadian lynx. Nature, 425(6953): 69–595 

72. doi:10.1038/nature01942. 596 

Saunders Jr, J.K. 1964. Physical characteristics of the Newfoundland lynx. J. Mammal. 45(1): 36–597 

47. 598 

Schwartz, M.K., Mills, L.S., McKelvey, K.S., Ruggiero, L.F., and Allendorf, F.W. 2002. DNA reveals 599 

high dispersal synchronizing the population dynamics of Canada lynx. Nature, 600 

415(6871): 520–522. doi:10.1038/415520a. 601 

Schwartz, M.K., Pilgrim, K.L., McKelvey, K.S., Lindquist, E.L., Claar, J.J., Loch, S., and Ruggiero, L. 602 

F. 2004. Hybridization between Canada lynx and bobcats: genetic results and 603 

management implications. Conserv. Genet. 5(3): 349–355. 604 

doi:10.1023/B:COGE.0000031141.47148.8b. 605 

Slough, B.G. 1996. Estimating lynx population age ratio with pelt-length data. Wildl. Soc. Bull. 606 

24: 495–499. 607 

Slough, B.G., and Mowat, G. 1996. Lynx population dynamics in an untrapped refugium. J. Wildl. 608 

Manage. 60(4): 946–961. 609 

Squires, J.R., and Laurion, T. 2000. Lynx home range and movements in Montana and Wyoming: 610 

preliminary results. In Ecology and Conservation of Lynx in the United States. Edited by 611 

Page 29 of 41
C

an
. J

. Z
oo

l. 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
K

L
O

H
N

 C
R

IP
PE

N
 B

E
R

G
E

R
 L

T
D

 o
n 

06
/0

8/
15

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 T

hi
s 

Ju
st

-I
N

 m
an

us
cr

ip
t i

s 
th

e 
ac

ce
pt

ed
 m

an
us

cr
ip

t p
ri

or
 to

 c
op

y 
ed

iti
ng

 a
nd

 p
ag

e 
co

m
po

si
tio

n.
 I

t m
ay

 d
if

fe
r 

fr
om

 th
e 

fi
na

l o
ff

ic
ia

l v
er

si
on

 o
f 

re
co

rd
. 



30 

 

L.F. Ruggiero, K.B. Aubry, S.W. Buskirk, G.M. Koehler, C.J. Krebs, K.S. McKelvey, and J.R. 612 

Squires. University Press of Colorado, Boulder, USA. pp. 337–349. 613 

Squires, J.R., and Oakleaf, R. 2005. Movements of a male Canada lynx crossing the greater 614 

Yellowstone area, including highways. Northwest Sci. 79(2-3): 196–201. 615 

U.S. Fish and Wildlife Service. 2000. Endangered and threatened wildlife and plants; 616 

determination of threatened status for the contiguous U.S. distinct population segment 617 

of the Canada lynx and related rule; final rule. Federal Register. 65(58): 16052–16086. 618 

Van Oosterhout, C., Hutchinson, W.F., Wills, D.P., and Shipley, P. 2004. MICROCHECKER: 619 

software for identifying and correcting genotyping errors in microsatellite data. Mol. 620 

Ecol. Notes, 4(3): 535–538. 621 

van Zyll de Jong, C.G. 1975. Differentiation of the Canada lynx, Felis (Lynx) canadensis 622 

subsolana, in Newfoundland. Can. J. Zool. 53(6): 699–705. doi:10.1139/z75-085. 623 

Voelker, G., Marks, B.D., Kahindo, C., A'genonga, U., Bapeamoni, F., Duffie, L.E., Huntley J.W., 624 

Mulotwa, E., Rosenbaum, S.A., and Light, J.E. 2013. River barriers and cryptic 625 

biodiversity in an evolutionary museum. Ecol. Evol. 3(3): 536–545. 626 

doi:10.1002/ece3.482. 627 

Wallace, A.R. 1852. On the monkeys of the Amazon. Proc. Zool. Soc. Lond. 20: 107–110. 628 

Ward, R.M., and Krebs, C.J. 1985. Behavioural responses of lynx to declining snowshoe hare 629 

abundance. Can. J. Zool. 63(12): 2817–2824. doi:10.1139/z85-421. 630 

Weir, B.S., and Cockerham, C.C. 1984. Estimating F-statistics for the analysis of population 631 

structure. Evolution, 38(6): 1358–1370. 632 

Page 30 of 41
C

an
. J

. Z
oo

l. 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
K

L
O

H
N

 C
R

IP
PE

N
 B

E
R

G
E

R
 L

T
D

 o
n 

06
/0

8/
15

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 T

hi
s 

Ju
st

-I
N

 m
an

us
cr

ip
t i

s 
th

e 
ac

ce
pt

ed
 m

an
us

cr
ip

t p
ri

or
 to

 c
op

y 
ed

iti
ng

 a
nd

 p
ag

e 
co

m
po

si
tio

n.
 I

t m
ay

 d
if

fe
r 

fr
om

 th
e 

fi
na

l o
ff

ic
ia

l v
er

si
on

 o
f 

re
co

rd
. 



31 

 

Woods, J.G., Paetkau, D., Lewis, D., McLellan, B.N., Proctor, M., and Strobeck, C. 1999. Genetic 633 

tagging of free-ranging black and brown bears. Wildl. Soc. Bull. 27(3): 616–627. 634 

Zigouris J., Dawson, F.N., Bowman, J., Gillett, R.M., Schaefer, J.A., and Kyle, C.J. 2012. Genetic 635 

isolation of wolverine (Gulo gulo) populations at the eastern periphery of their North 636 

American distribution. Conserv. Genet. 13(6): 1543–1559. doi:10.1007/s10592-012-637 

0399-x. 638 

639 

Page 31 of 41
C

an
. J

. Z
oo

l. 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
K

L
O

H
N

 C
R

IP
PE

N
 B

E
R

G
E

R
 L

T
D

 o
n 

06
/0

8/
15

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 T

hi
s 

Ju
st

-I
N

 m
an

us
cr

ip
t i

s 
th

e 
ac

ce
pt

ed
 m

an
us

cr
ip

t p
ri

or
 to

 c
op

y 
ed

iti
ng

 a
nd

 p
ag

e 
co

m
po

si
tio

n.
 I

t m
ay

 d
if

fe
r 

fr
om

 th
e 

fi
na

l o
ff

ic
ia

l v
er

si
on

 o
f 

re
co

rd
. 



32 

 

Table 1. Summary statistics for 14 microsatellite loci used to genotype Canada lynx (Lynx 640 

canadensis) from Quebec (n = 496), New Brunswick (n = 15), Labrador (n = 18), and 641 

Newfoundland (n = 29). 642 

Locus ID
a
 No. alleles  Ho He 

Fca31 8 0.689 0.740 

Fca35 21 0.760 0.873 

Fca391 7 0.705 0.741 

Fca43 6 0.620 0.632 

Fca441 7 0.720 0.771 

Fca559 18 0.826 0.874 

Fca77 7 0.667 0.723 

Fca90 6 0.428 0.482 

FCA96 9 0.743 0.801 

Lc106 8 0.640 0.710 

Lc109 8 0.720 0.826 

Lc110 9 0.740 0.812 

Lc111 8 0.689 0.724 

Lc118 8 0.725 0.735 

a
 Locus names beginning with Lc were developed from Lynx canadensis (Carmichael et al. 2000) 643 

and locus names beginning with Fca were developed from Felis catus (Menotti-Raymond et al. 644 

1999).645 

Page 32 of 41
C

an
. J

. Z
oo

l. 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
K

L
O

H
N

 C
R

IP
PE

N
 B

E
R

G
E

R
 L

T
D

 o
n 

06
/0

8/
15

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 T

hi
s 

Ju
st

-I
N

 m
an

us
cr

ip
t i

s 
th

e 
ac

ce
pt

ed
 m

an
us

cr
ip

t p
ri

or
 to

 c
op

y 
ed

iti
ng

 a
nd

 p
ag

e 
co

m
po

si
tio

n.
 I

t m
ay

 d
if

fe
r 

fr
om

 th
e 

fi
na

l o
ff

ic
ia

l v
er

si
on

 o
f 

re
co

rd
. 



33 

 

Table 2. Allelic richness
a
 and private allelic richness

b
 of 558 Canada lynx (Lynx canadensis) 646 

grouped by sample location
c
 and corrected for a sample size of 15 using rarefaction, and 647 

inbreeding coefficient estimates (Fis)
d
. 648 

 Allelic 

richness 

Private allelic 

richness 

Fis 

Estimate 95% CI 

(lower) 

95% CI 

(upper) 

QC north 5.19 0.40 0.021 0.005 0.037 

QC south 4.33 0.13 0.051 0.022 0.079 

NB 4.32 0.20 -0.016 -0.134 0.084 

LAB 5.47 0.56 -0.027 -0.102 0.044 

NFLD 3.35 0.27 0.127 0.033 0.222 

a
 Average number of alleles per locus 649 

b
 Average number of alleles per locus that are unique to a site 650 

c
 We grouped lynx by harvest location: north of the St. Lawrence River in Quebec (QC north; n = 651 

331), south of the St. Lawrence River in Quebec (QC south; n = 165), New Brunswick (NB; n = 652 

15), Labrador mainland (LAB; n = 18), and Newfoundland (NFLD; n = 29). 653 

d
 FIS and 95% confidence limits (999 bootstraps) estimated with the R package diversity (Keenan 654 

et al. 2013)655 
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Table 3. Pairwise FST (Weir and Cockerham 1994; lower) and Dest (Jost 2008; upper), with 95% 656 

confidence intervals in brackets, of 558 Canada lynx (Lynx canadensis) samples in Canada, 657 

grouped by sample location
a
. 658 

 QC north QC south NB LAB NFLD 

QC 

north 

 0.109  

(0.093-0.126) 

0.100 

(0.068-0.156) 

0.020 

(0-0.062) 

0.177 

(0.130-0.218) 

QC 

south 

0.053 

(0.045-0.060) 

 0.016 

(0-0.052) 

0.105 

(0.057-0.160) 

0.196 

(0.145-0.242) 

NB 0.045 

(0.028-0.068) 

0.006 

(0-0.029) 

 0.101 

(0.044-0.169) 

0.193 

(0.130-0.263) 

LAB 0.005 

(0-0.022) 

0.049 

(0.028-0.074) 

0.046 

(0.014-0.082) 

 0.177 

(0.102-0.256) 

NFLD 0.154 

(0.121-0.181) 

0.220 

(0.186-0.248) 

0.239 

(0.188-0.289) 

0.179 

(0.125-0.230) 

 

a
 We grouped lynx by harvest location: north of the St. Lawrence River in Quebec (QC north; n = 659 

331), south of the St. Lawrence River in Quebec (QC south; n = 165), New Brunswick (NB; n = 660 

15), Labrador mainland (LAB; n = 18), and Newfoundland (NFLD; n = 29).661 
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Table 4. Presence of an ice bridge
a
 across the St. Lawrence River east of Quebec City, Quebec

b
 662 

or across the Strait of Belle Isle between Newfoundland and mainland Canada. 663 

Season
c
 St. Lawrence River Strait of Belle Isle 

No. 

weeks
d
 

Date of first 

bridge 

Date of last 

bridge 

No. 

weeks
d
 

Date of first 

bridge 

Date of last 

bridge 

2004 6 12/01/2004 01/03/2004 10 10/02/2004 26/04/2004 

2005 8 13/12/2004 14/03/2005 10 17/01/2005 28/03/2005 

2006 3 26/12/2005 20/02/2006 10 23/01/2006 03/04/2006 

2007 3 12/02/2007 19/03/2007 15 29/01/2007 08/05/2007 

2008 10 17/12/2007 24/03/2008 12 14/01/2008 28/04/2008 

2009 8 22/12/2008 09/03/2009 13 19/01/2009 20/04/2009 

2010 5 21/12/2009 01/02/2010 3 8/02/2010 26/04/2010 

2011 8 27/12/2010 14/03/2011 3 21/02/2011 28/03/2011 

a
 We defined an ice bridge as ice (concentration ≥9 and thickness >10cm) connecting both 664 

banks of the waterway 665 

b
 Data are from weekly ice charts obtained from the Canadian Ice Service Archive 666 

(Meteorological Service of Canada, Environment Canada)
 

667 

c 
We defined a season as 1 Dec – 15 May (24 weeks). For example, 2004 corresponds to 1 Dec 668 

2003 – 15 May 2004 669 

d 
The number of weeks (not necessarily consecutive) during the season that there was an ice 670 

bridge671 
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Figure 1. Location of 558 Canada lynx (Lynx canadensis) samples, with circle radius representing 672 

the number of samples collected within each harvest unit (Unités de Gestion des Animaux à 673 

Fourrure in Quebec) or province. “QC north” indicates the region of Quebec that is north of the 674 

St. Lawrence River, and “QC south” indicates the region of Quebec that is south of the St. 675 

Lawrence River. “M” and “QC” represent the location of Montreal and Quebec City, 676 

respectively, on the St. Lawrence River. “A” represents St. Anthony on the Strait of Belle Isle. 677 

The inset map indicates the study area and current distribution of Canada lynx in North America 678 

(grey), reproduced with permission (IUCN 2013). NFLD = Newfoundland, NS = Nova Scotia, NB = 679 

New Brunswick, ME = Maine, NH = New Hampshire, VT = Vermont, NY = New York. 680 

 681 

Figure 2. Plot of principal component axes 1 and 2, showing genetic clustering of 558 Canada 682 

lynx (Lynx canadensis) found north (QC north) and south (QC south) of the St. Lawrence River in 683 

Quebec, New Brunswick, Labrador, and Newfoundland, Canada. Symbols represent sample 684 

locations.  685 

 686 

Figure 3. Structure plot (Pritchard et al. 2000), representing the proportion of an individual’s 687 

genome assigned to one of three populations, based on 10 replicates. Individual lynx (Lynx 688 

canadensis) are grouped based on sample site (QC north = north of the St. Lawrence River in 689 

Quebec, QC south = south of the river, NB = New Brunswick, LAB = Labrador, and NFL = 690 

Newfoundland), and shading represents cluster assignment. 691 

 692 
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Figure 4. Locations of 558 Canada lynx (Lynx canadensis) samples representing three genetic 693 

clusters: north of the St. Lawrence River (dark grey: Quebec and Labrador), south of the St. 694 

Lawrence River (light grey: Quebec and New Brunswick), and Newfoundland (black diamonds), 695 

with admixed individuals (0.3 ≤ Q ≤ 0.7) represented by X. We randomly located samples within 696 

the respective harvest management units or near the centroid of Newfoundland and Labrador 697 

for presentation. 698 
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From: Hecht, Anne
To: McCollough, Mark
Cc: Parkin, Mary
Subject: Canada lynx genetics
Date: Thursday, September 10, 2015 1:21:52 PM
Attachments: ClimateChangeReduceGeneticDiversityKoen2014.pdf

GeneticVariationSchwartz et al Molecular Ecology 2003.pdf

One of you did send me Koen et al's paper in press at Canadian Journal of Zoology last
month.  I skimmed it over, and noted references to two other manuscripts (attached), but then
it slipped down in my to-do pile.

At risk of becoming a bit of a broken record, I want to caution again about the potential
pitfalls in inferring significant regional adaptive differentiation from differences in genetic
markers that are not placed in the context of variability across the species' entire range.  I'm
not saying that there may not be important differences, just that these are difficult to evaluate
from information presented in any one of these papers.  Indeed, these papers are great
examples of how powerful genetic markers can now provide insight into very subtle (as well
as not-so-subtle) population dynamics, distribution, trends in abundance, etc.  

Koen et al. 2015 is a great example, detecting evidence of somewhat surprising recent
dispersal across the eastern part of the St. Lawrence River and Strait of Belle Isle, as well as
the expected differences due to barriers that substantially reduce connectivity.  One aspect of
this is that, while barriers create environmental pressure that fosters genetic adaptations, loss
of connectivity (e.g., via declining frequency of ice bridges) may also pose threats.  We need
to be very careful not to enshrine isolation that constitutes a current or foreseeable potential
threat by erroneously identifying it as evidence of a fallacious DPS (implying that it is a
characteristic to be conserved under the ESA).  

It sounds like the lynx SSA is dealing with some interesting issues and questions.  I'll be
interested in seeing the evaluation of genetic information.

Anne

************************************************
Anne Hecht, Endangered Species Biologist
U.S. Fish and Wildlife Service
73 Weir Hill Road
Sudbury, MA 01776
telephone:  978-443-4325
email:  anne_hecht@fws.gov

On Tue, Sep 8, 2015 at 2:17 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
I'm pretty sure I sent this paper to Anne. At Marty's request about a year ago, Anne did a
very thorough review of all the lynx genetic papers produced to date.  Unfortunately, this
paper was not published at the time.  Here is a copy of the paper if you are interested...

Mark

On Tue, Sep 8, 2015 at 1:34 PM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Thanks very much, Mark.  I just followed Jonathan's suggestions, and it does look like I
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can save it as an mmp file in my lynx folder, then pull it up the next time I get into mental
modeler -- give that a go!

Will give more notice for future calls -- I have to do it manually now because it's not in a
repeatable time format (2nd and 4th Tuesdays isn't an option), but if we go ahead and
schedule it for each Tuesday, it'll be on the calendar more regularly.

Re: genetics, I do think we need a full discussion of attributes that may be unique to the
east.  This came up in the course of a wide-ranging conversation I had with Anne a month
or so ago, but I don't think she's seen the most recent paper.

Cheers,
Mary

On Tue, Sep 8, 2015 at 1:25 PM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Mary - Here is the screen shot of what we worked on today.  I played around with
mental modeler a few weeks ago (for what its worth came up with something very
similar to what we did today).  However, I had the same problem saving the work.  It
seems you need to have a version of the software on your computer to open the unique
files.

A new paper in Can. J. Zool this summer shows some unique genetic attributes
associated with the lynx population in Maine and eastern Canada because of reduced
gene flow from the St. Lawrence River.  We may want to circle back to that.

Mark

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov
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-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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Abstract

The effect of a population’s location on the landscape on genetic variation has been of
interest to population genetics for more than half a century. However, most studies do not
consider broadscale biogeography when interpreting genetic data. In this study, we
propose an operational definition of a peripheral population, and then explore whether
peripheral populations of Canada lynx (Lynx canadensis) have less genetic variation than
core populations at nine microsatellite loci. We show that peripheral populations of lynx
have fewer mean numbers of alleles per population and lower expected heterozygosity.
This is surprising, given the lynx’s capacity to move long distances, but can be explained
by the fact that peripheral populations often have smaller population sizes, limited oppor-
tunities for genetic exchange and may be disproportionately affected by ebbs and flows
of species’ geographical range.

Keywords: biogeography, landscape ecology, landscape genetics, Lynx canadensis, microsatellite,
population genetics 
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Introduction

The distribution of genetic variation across the landscape
is of interest to ecologists, taxonomists and conservation
biologists. However, few systematic tests have been con-
ducted to ascertain if populations located on the periphery
of a species’ genetic range have lower levels of genetic
variation than core populations. Using empirical data
and models, some studies have supported the premise that
genetic variation is lower in the periphery of a species’ range.
For example, Anderson & Danielson (1997) modelled the
effects of patch location on effective population size (Ne)
and found that placing one patch in a peripheral location
reduced the Ne of peripheral populations compared to core
populations. These spatial models are consistent with the
theories and observations of early Drosophila geneticists
who found that the core of a species’ range maintained
greater levels of chromosomal polymorphisms than the
periphery (Carson 1959; Dobzhansky 1970; Brussard
1984).

Lawton (1993) and Lesica & Allendorf (1995) proposed
that geographical isolation and smaller Ne of most peripheral
populations should significantly reduce multilocus hetero-
zygosity and allelic variation. These predictions have
been borne out in studies on lodgepole (Pinus contorta) and
ponderosa pine (P. ponderosa; Cywnar & MacDonald 1987;
Hamrick et al. 1989) and a variety of animals. For example,
Gaines et al. (1997) found significantly less genetic variation
within peripheral cotton rat populations (Sigmodon hispidus)
compared to core populations, and Descimon & Napolitano
(1993) found that both distance from the edge of a species’
range towards the core, and Ne were correlated positively
with genetic variation in butterfly populations (Parnassius
mnemosyne).

On the other hand, there is nearly equal evidence against
the idea that genetic variation is reduced on the periphery.
In some cases, allelic diversity in Drosophila was not reduced
in populations on the periphery of the geographical
range (see Soule 1973; Brussard 1984; for review), nor was
heterozygosity reduced on the periphery in firs (Abies
spp.), Silene nutans and Phlox spp. (Levin 1970; Tigerstedt
1973; Lesica & Allendorf 1995; Van Rossum et al. 1997). In
fact, some researchers have found greater genetic variation
on the periphery of a species’ range. Safriel et al. (1994)

Correspondence: Michael K. Schwartz. Fax: (406) 543 2663;
E-mail: mks@selway.umt.edu
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and Volis et al. (1998) found higher neutral genetic
diversity and phenotypic variability in peripheral chuckar
partridge (Alectoris chuckar) and wild barley (Hordeum
spontaneum) populations.

Overall, little consensus exists regarding the pattern of
genetic variation at the periphery of a species’ range vs. the
core. We may expect differences in the pattern of genetic
variation at the periphery of a species’ range because
different species have different life histories. However, one
other critical problem among all these studies is that
periphery is not defined operationally, making compari-
sons between species difficult.

We compared genetic variation in core and peripheral
populations of a wide-ranging species, the Canada lynx
(Lynx canadensis), using an operational definition of
core and periphery. The Canada lynx reaches the southern
extent of its geographical range in the northern US Rockies
and in the north Cascades (Fig. 1), where it was listed
recently as ‘Threatened’ under the US Endangered Species
Act (Federal Register 2000). Historically, lynx extended
south into the mountains of Utah and Colorado, but cur-
rently no reproducing populations are thought to reside
in these areas (McKelvey et al. 2000). The primary core
habitat of the lynx is the boreal forest of Canada and
Alaska, where their distribution today is roughly similar to
historic times (McKelvey et al. 2000).

We predicted that little difference in genetic variation
would be found in populations located in the core of the spe-

cies’ geographical range vs. those located in the periphery
because of the lynx’s capability to move long distances (e.g.
Ward & Krebs 1985; Slough & Mowat 1996; Mowat et al.
2000). Additionally, we previously reported low FST across
3100 km of the lynx geographical range (Schwartz et al.
2002). We interpreted this to indicate that high levels of
gene flow may mediate any effect of the periphery on
genetic variation.

Methods

Populations and samples

For this study a ‘population’ was considered any group
of samples that was separated from other groups by more
than 100 km or a human–perceived barrier such as a mountain
range. We collected 599 samples from 17 populations (Fig. 1).
In 16 populations, samples were either high quality tissue
or blood collected during a state or province regulated
trapping season or research efforts. We used hair samples
from only one population, Kootnay-Banff; however, these
samples were collected from individual lynx while they
were being fitted with a radio collar (Apps 2000). The
Kootnay-Banff samples thus consisted of a large number
of hairs (> 20) with intact follicles, minimizing concerns
about false polymerase chain reaction (PCR) products and
allelic dropout (not measured in this study; Goossens
et al. 1998; Taberlet et al. 1999).

Fig. 1 Map of the lynx’s geographical
range. The shaded areas and internal white
area represents the geographical range of
Canada lynx. The populations sampled are
noted with a solid circle and a letter code
that corresponds to Table 2. The white area
in the centre is the core of the lynx geograp-
hical range. The bands surrounding this
core represent the periphery under each
our operational definitions of periphery
(165 km, 123 km and 82 km). For example,
the 165-km periphery is the area of all three
shaded bands, while the 82-km periphery is
the dark, outer black band.
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Definition of periphery and core

The peripheral population concept has not been defined
clearly in the literature. Most researchers approximate the
periphery, or consider peripheral only those populations
that are distinctly isolated at the geographical extent of a
species’ range. To our knowledge, the only operational
definitions of periphery in the literature are those of
Channell & Lomolino (2000a,b). They defined the periphery
as the region that is within half the distance to the edge of
a species’ geographical range from a central point (see
Fig. 2A). Subsequently, in a study considering the spatial
dynamics of range contraction, Channell & Lomolino (2000b)
defined the periphery by dividing the geographical range
into two equal area bands, the inner band corresponding
to the core and the outer band corresponding to the
periphery (Fig. 2B).

We wanted a definition based on the basic biology of lynx
and first principles of conservation biology. In particular,
we believed that dimensions of an isolated peripheral
population should scale with average home range size and
be large enough to sustain a population in the short term.
Therefore, we derived a coarse operational width of the
periphery ‘band’ based on several small, isolated popula-
tions in a periphery each having an Ne of 50 (translating to
approximately 500 individuals; Frankham 1995a), because
this number (Ne = 50) is often used in conservation biology
as a threshold population size for minimizing short-term
effects of inbreeding depression (Franklin 1980; Soule 1986;
Mace & Lande 1991). Five hundred individual lynx (or 250
pairs) fitted roughly into a 16 × 16 (= 256) square matrix of
home ranges. The average width of a home range (portrayed
as a square) across several published lynx studies including

both males and females was approximately 10.3 km
(Koehler 1990; Koehler & Aubry 1994). Thus, 16 home
ranges extending 10.3 km each provides us with our peri-
phery — the outer 165 km band of the lynx’s geographical
range (Fig. 2C). The strength of this operational approach
is that it can be adapted to the biology of any organism and
is grounded in both population genetics theory and natural
history such that species with larger home ranges will have
wider ‘peripheries’ than those with small home ranges.

Maps and geographic range

We used a digital version of Bailey’s ‘Ecosystems of North
America’ as our base map (Bailey 1998). Bailey subdivided
North America into five ecodomains characterized by broad
climatic similarities. The domains were each separated into
divisions, characterized by the vegetational affinities of
Koppen (1931) and Trewartha (1968). Lastly, the divisions
were separated into province categories, identified by
climatic zones, soil types and macro vegetation. We found
evidence of either extant or recently extirpated (within
the last 50 years) lynx populations in 12 province categories
from six divisions and three domains (Table 1), encom-
passing 27 polygons from Bailey (1998). Using arcinfo
7.1.2 we combined adjacent polygons that contained these
province categories to produce our lynx geographical
range map (Fig. 1;  ESRI 1997). This map corresponds well
to the high resolution map independently created by
McKelvey et al. (2000) for the contiguous United States, but
is extended to Canada and Alaska. Interestingly, one of
our sampled lynx populations, Kuyuktuvuk Creek, Alaska,
was outside our habitat association map and in the
tundra–polar desert province of the polar domain. We

 
  

   
 

  

Fig. 2 Schematic of our definition of peri-
phery compared to two other operational
definitions of periphery (Channell &
Lomolino 2000a,b).
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obtained the fewest samples for this population probably
because Kuyuktuvuk Creek is at the extreme periphery
of the lynx geographical range and may not represent a
stable population.

We ‘buffered’ (ESRI 1997) the geographical range map
towards the centre of the lynx geographical range by
165 km to define initially the periphery of the range
(Fig. 1). This provided us with nine core and eight periph-
eral populations (Table 2). We also explored the influence
of our definition of periphery by reducing the periphery by
one-quarter and one-half and again comparing genetic
variation measures between the core and the periphery.

Lastly, because of the novelty of our definition we also
calculated the shortest distance between the approximate
centre of each population and the edge of the geographical
range and modelled the distance from the edge of a species’
range with each measure of genetic variation.

Microsatellite loci

We isolated DNA from lynx tissue samples with the QIAmp
DNA minikit using standard protocols (Qiagen, Hilden,
Germany). The nine microsatellites (described originally in

the domestic cat), FCA35, F41, FCA43, FCA45, FCA77,
FCA78, FCA90, FCA96 and FCA559 (Menotti-Raymond &
O’Brien 1995; Menotti-Raymond et al. 1999), were in five
different linkage groups (A1, A2, D2, B1 and C2) with
the closest markers separated by 38 cM in domestic cats
(FCA35 and FCA78; Meynotti-Raymond et al. 1999). All loci
were dinucleotide repeats except FCA559 and F41, which
were tetranucleotide repeats. Each amplification was in
a 10-µL reaction volume comprised of 1× Perkin-Elmer Taq
buffer; 1 unit of Taq polymerase; 0.8 mm MgCl2; 200 µm
of each deoxynucleotide; and 1 µm of each primer (labelled
with a fluorescent dye — HEX or FAM). PCR were run
in a thermal cycler (MJ Research PTC-200, Waltham, MA,
USA) under the following conditions: 94 °C for 3 min;
followed by 10 cycles of 94 °C for 15 s, 55 °C for 15 s
and 72 °C for 30 s; followed by 20 cycles of 89 °C for 15 s,
55 °C for 15 s and 72 °C for 30 s, and completed with a
step of 72 °C for 10 min. The subsequent products were
electrophoresed using 7% polyacrylamide gels, and
visualized on a florescent imager (Hitachi FMBIO-100,
California). Allele sizes were estimated by comparing the
allele to both lane size standards and samples with known
allele sizes.

Table 1 A list of Bailey’s eco-domains, divisions and provinces with extant lynx populations. The numbers and names of each domain,
division and region correspond to Bailey (1998). 1The only place where we subdivided a region is the deciduous or mixed forests —
coniferous forest medium (M241). This region includes both the Cascade Mountains (WA and OR) and the Olympic Peninsula (WA) and
Oregon Coastal Range (OR). Lynx have been reported only in the Cascades. After each province we provide a reference demonstrating
evidence of lynx populations occurring in that area. 2Poole (1997), 3Stephenson et al. (1991), 4Ward & Krebs (1985), 5Erickson (1955), 6Mech
(1980), 7Halter (1988), 8J. Vashon, Maine Department of Inland Fisheries and Wildlife, pers. comm., 9Koehler (1990), 10Apps (2000), 11Koehler
et al. (1979), 12J. Squires, USFS/Rocky Mountain Research Station pers. comm.

Domain Division Province Number

Polar 100
SubArctic 130

Forest tundra, open woodland2 131
Taiga (boreal forest)2 132

SubArctic mountains M130
Open woodland-tundra3 M131
Taiga/tundra/medium4 M132a
Taiga/tundra/high4 M132b

Humid temperate 200
Warm continental 210

Mixed deciduous/coniferous forest5,6 211
Warm continental mountains M210

Mixed forest, coniferous forest tundra medium7 M211a
Mixed forest, coniferous forest tundra high8 M211b

Marine mountains1 M240
Deciduous or mixed forest/coniferous forest medium9 M241

Dry domain 300
Temperate steppe mountains M330

Forest steppe/coniferous forest/meadow/tundra10 M331
Steppe/coniferous forest/tundra11 M332
Steppe/open woodland/coniferous forest/alpine meadow12 M334
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Statistics

We tested for deviations from Hardy–Weinberg (HW) pro-
portions with program genepop (version 3.1d; Raymond
& Rousset 1995). genepop uses the Markov chain method
of Guo & Thompson (1992) to calculate estimates of
Fisher’s exact test to assess the hypothesis of heterozygote
deficiency in the sample. Because we had 17 populations
and nine loci and tested across all loci for each population,
we expected some significant deviations from HW pro-
portions because of Type I errors. To minimize these Type
I errors we used sequential Bonferroni tests to correct
for multiple tests (Rice 1989). We also tested for gametic
disequilibrium between marker pairs in each popula-
tion using program genepop and then used a Bonferroni
correction.

We estimated genetic variability for each locus within a
population by calculating the mean number of alleles (A),
observed heterozygosity (HO) and expected heterozygos-
ity (HE). Mean number of alleles per locus is expected to be
more sensitive to sample size (n) and reductions in popu-
lation size than heterozygosity (Allendorf 1986; Luikart
et al. 1998). Therefore, we resampled the Kenai Peninsula
and Fort Providence populations using only 50 samples to
estimate A, HO and HE for our statistical analyses, because
these populations were outliers in our sampling strategies

(Table 2). We tested A, HO and HE for differences between
core and peripheral populations using general linear models
(SAS 1999). In the basic model, we treated locus as a
repeated measure within each population, and locus, loca-
tion (i.e. core vs. periphery) and the interaction between
locus and location as fixed factors.

Because of concerns that sample size affects mean
number of alleles per locus (Leberg 2002), we constructed
an additional model with sample size (n) as a covariate. We
also evaluated a covariate interaction model adding inter-
actions between n and locus, and n and location to the
covariate model. We present results for models that are
best supported on the basis of Akaike’s information criteria
(AIC); it is generally accepted that models within approxi-
mately four AIC values of the best approximating model
are equally plausible (SAS 1999).

Results

Hardy–Weinberg (HW) proportions and gametic 
disequilibrium

After Bonferroni corrections nine tests (of 153) still
deviated from HW proportions (Table 3). Loci FCA35,
FCA96 and FCA45 diverged from HW proportions in
two of 17 populations, while markers FCA78, FCA90 and

Table 2 Genetic diversity and sample size statistics for each population. HO is observed heterozygosity, HE is the mean expected
heterozygosity, A is the mean number of alleles per locus. SE is one standard error from the mean. Populations are arranged from closest
to the edge of the geographical range to furthest (i.e. in the order in which they are ranked on the x-axis in Fig. 3). In some analyses we re-
sampled the Kenai and Fort Providence populations using only n = 50; statistics for the resampling are as follows: Kenai A = 6.0 (1.0),
HO = 0.56 (0.08), HE = 0.63 (0.08); Fort Providence A = 9.4 (1.8), HO = 0.68 (0.08), HE = 0.71 (0.08)

Location (165 km) Population Code
Sample 
size A (SE) HO (SE) HE (SE)

Periphery Kuyuktuvuk Creek, Alaska KU 7 4.8 (0.7) 0.69 (0.10) 0.66 (0.09)
Susitna Lake, Alaska SU 35 6.7 (1.1) 0.57 (0.08) 0.66 (0.08)
Kenai Peninsula, Alaska KE 115 6.7 (1.4) 0.59 (0.08) 0.65 (0.08)
Copper Creek, Alaska CC 19 6.7 (1.2) 0.72 (0.09) 0.68 (0.09)
Seeley Lake, Montana SL 32 7.6 (1.4) 0.64 (0.07) 0.66 (0.08)
Kamloops, BC KA 25 7.1 (1.1) 0.64 (0.09) 0.66 (0.07)
Paxson, Alaska PX 45 7.3 (1.1) 0.72 (0.06) 0.71 (0.06)
Whitehorse, YU WH 52 8.2 (1.6) 0.65 (0.08) 0.69 (0.09)
Mean (SE) 6.9 (0.4) 0.65 (0.02) 0.67 (0.01)

Core Kootnay-Banff, BC-AB BC 20 7.0 (1.1) 0.62 (1.00) 0.69 (1.00)
Riverside, Alaska RS 43 8.3 (1.4) 0.66 (0.09) 0.71 (0.09)
N. of Fairbanks, Alaska NF 19 7.3 (1.1) 0.62 (0.07) 0.71 (0.07)
Ladue River, YU-AK LA 10 5.9 (1.0) 0.72 (0.09) 0.70 (0.08)
Watson Lake, YU-BC WA 27 7.6 (1.2) 0.67 (0.09) 0.67 (0.08)
Gold King Creek, Alaska GK 32 7.7 (1.3) 0.66 (0.07) 0.68 (0.09)
W of Denali, Alaska DE 16 6.8 (1.2) 0.69 (0.07) 0.71 (0.06)
Fort Providence, NT NT 84 10.1 (1.8) 0.69 (0.07) 0.71 (0.07)
Rainbow Lake, BC RB 18 6.8 (1.2) 0.67 (0.08) 0.69 (0.08)
Mean (SE) 7.5 (0.4) 0.67 (0.01) 0.70 (0.01)
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FCA559 deviated in one of 17 populations (Table 3). The
only population that had greater than one of the nine
markers depart from HW proportions was the Kenai
Peninsula, where three markers (FCA78, FCA90 and FCA35)
departed from HW proportions. Eight of nine significant
deviations from HW proportions were associated with a
positive FIS. This is most likely because our samples from
some populations unintentionally contained parent and
offspring pairs, producing an excess of homozygotes
relative to HW proportions.

Gametic disequilibrium was detected in five marker
pairs (FCA45/FCA559, FCA45/FCA96, FCA78/FCA96,
FCA90/FCA35 and FCA41/FCA35) of a possible 612 pair-
wise comparisons (testing for each locus pair within each
population separately). As these five marker pairs were
among five different pairs of loci and four different popu-
lations we continued with our analysis, assuming loci are,
for the most part, independent (cf. Paetkau et al. 1999).

Genetic variation

Mean number of alleles per locus was highest in the
Northwest Territories population (NT: 10.1 ± 1.8; core
population) and lowest in Kuyuktuvuk Creek population
(KU: 4.8 ± 0.7; peripheral population; Table 2). Mean HO
was highest in Ladue River, Yukon (LA: 0.72 ± 0.09; core

population) and lowest in the Susitna Lake population
(SU: 0.57 ± 0.08; peripheral population; Table 2), and mean
HE was highest in the samples collected north of Fairbanks
(NF: 0.71 ± 0.07; core population) and lowest in the samples
collected from the Kenai Peninsula (KE: 0.65 ± 0.08; peri-
pheral population).

Both mean number of alleles per population and ex-
pected heterozygosity tended to decrease in the periphery,
with different models being the most parsimonious for
different metrics of genetic variation. For each locus, core
populations had a greater mean number of alleles per
population than peripheral populations using the covariate
model without interactions that controlled for n (F1,15
= 7.48, P = 0.02, Table 2; AIC for the covariate model
was 4.5-values greater than the basic model). To further
evaluate this result, we used a parallel approach to exam-
ine the relationship between mean number of alleles per
population and distance from the edge of the lynx’s geo-
graphical range. In a model that included both n and locus,
mean A increased significantly with distance (F1,15 = 6.64,
P = 0.02; Fig. 3). Mean n per population did not vary with
distance of the population from the edge of the lynx’s
geographical range (Pearson’s r = −0.086, P = 0.74).

The basic model, which included only locus, location
and the interaction between locus and location, was most
supported for testing differences between both HO and HE

Table 3 Fis values at nine loci in 17 populations of lynx. Values in bold type indicate a significant (P < 0.05) deviation from Hardy–Weinberg
proportions after Bonferroni corrections. Population codes are defined in Table 2

SL KE NT SU PX CC DE RS

FCA43 −0.288 0.058 −0.025 0.294 0.042 −0.043 −0.233 −0.009
FCA45 0.114 0.028 0.162 0.239 0.031 −0.168 0.429 0.159
FCA77 −0.080 −0.036 −0.057 −0.030 0.084 −0.029 0.362 −0.006
FCA78 −0.098 −0.130 0.017 0.209 −0.182 0.122 −0.175 0.098
FCA559 −0.001 0.088 −0.020 −0.072 −0.056 0.063 0.141 0.046
FCA96 0.272 0.120 0.214 0.067 0.071 −0.032 −0.148 0.179
FCA90 −0.026 0.375 −0.165 0.122 0.029 −0.059 −0.203 0.215
F41 0.063 0.156 −0.060 0.067 0.035 −0.262 −0.010 −0.074
FCA35 0.115 0.104 0.106 0.279 0.072 −0.009 −0.069 −0.040
All 0.035 0.090 0.030 0.141 0.009 −0.047 0.020 0.067

RB WA WH BC KA GK KU LA NF

FCA43 −0.321 −0.231 0.147 −0.209 −0.037 −0.180 0.273 −0.145 0.173
FCA45 0.161 0.288 0.039 0.014 0.017 0.211 −0.042 0.176 0.262
FCA77 −0.090 −0.045 −0.032 NA −0.011 −0.033 0.000 0.000 0.349
FCA78 0.060 −0.256 0.001 0.145 0.016 0.068 −0.136 0.060 0.194
FCA559 0.027 0.094 0.071 0.143 −0.008 0.169 −0.091 −0.098 0.113
FCA96 0.142 0.142 0.035 0.518 0.120 −0.023 −0.034 −0.117 0.128
FCA90 0.215 0.023 −0.116 0.023 −0.124 −0.122 −0.250 0.069 −0.026
F41 0.004 −0.059 0.023 0.140 −0.032 −0.027 0.167 −0.009 0.110
FCA35 0.014 −0.055 0.213 0.074 0.175 0.053 −0.176 −0.104 0.014
All 0.029 0.000 0.060 0.099 0.027 0.038 −0.046 −0.021 0.134
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in core and peripheral populations (> 10.5 AIC values
better than the covariate and covariate–interaction model).
This model showed no difference in HO between core and
peripheral populations (F1,15 = 0.61, P = 0.45). On the other
hand, we found a difference in HE between populations
located in the core and periphery of the lynx’s geograph-
ical range (F1,15 = 7.02, P = 0.02; > 13.7 AIC values better
than the next competing model). Using parallel models to
evaluate these variables as a function of distance from the
edge of the lynx’s geographical range yielded a nonsigni-
ficant relationship for HO (F1,15 = 1.61, P = 0.22; Fig. 3), but
a positive and significant correlation for HE (F1,15 = 4.80,
P = 0.04; Fig. 3).

Other definitions of periphery

We explored the impact of more restrictive definitions of
periphery (123 km and 82 km periphery). Again, we found
a higher mean number of alleles per population in core
populations using the covariate model (123 km: F1,15 = 7.00,
P = 0.02, AIC = 498.6; 82 km: F1,15 = 12.97, P = 0.003, AIC

= 486.9). The basic model (without n) was also well
supported and showed a strong location effect (123 km:
F1,15 = 4.35, P = 0.05, AIC = 501.3; 82 km: F1,15 = 8.13,
P = 0.01, AIC = 490.7).

There were still no differences in HO between the core
and periphery under the basic model, which was the best
supported model (123 km: F1,15 = 0.1, P = 0.76, AIC > 10.1-
values higher than the next model; 82 km: F1,15 = 0.01,
P = 0.94, AIC > 10.0-values higher than the next model).
Furthermore, we still found differences in HE, with the
basic model being the most supported (123 km: F1,15 = 8.47,
P = 0.01, AIC > 13.6-values higher than the next model;
82 km, F1,15 = 5.19, P = 0.04, AIC 9.5-values higher than the
next model which included n).

Discussion

Some locations on the landscape are expected to have
low genetic variation. For example, island populations
typically have small population size, thus decreased
genetic variability and increased probabilities of extinction
(Ashley & Willis 1987; Frankham 1998, 2001). Similarly,
peninsulas have been implicated as places on the landscape
where genetic variability is reduced, presumably because
of small population size and isolation (Gaines et al. 1997).
The extent to which the periphery of a mainland population
acts as a landscape feature where genetic variation is re-
duced has been unclear.

In this study, we found evidence for decreased genetic
variation at the periphery of the lynx’s geographical range.
Peripheral populations had fewer mean number of alleles
per population, using our operational definition of peri-
phery and a test based on relative distance from the edge
of the species’ range. Similarly, HE was lower in popula-
tions located on the periphery of the lynx’s geographical
range; however, this pattern was not found with HO. This
apparent discrepancy between genetic variation measures
is not surprising because as populations become small,
rare alleles are rapidly lost while observed heterozygosity
is diminished more slowly (Nei et al. 1975; Allendorf 1986;
Luikart et al. 1998).

Genetic variation may be higher in the core of the geo-
graphical range for several reasons. First, peripheral popu-
lations tend to have smaller population sizes than core
populations, which would lead to an expected reduction of
heterozygosity and allelic diversity compared to a larger
core population. Similarly, genetic variation may be reduced
in the periphery due to a limited number of connections to
other populations. For example, no populations of lynx exist
to the west or south of the Seeley Lake, Montana population.
Seeley Lake’s only possible connections are to the north,
whereas a central Alaskan population (e.g. Gold King Creek)
can exchange migrants in all directions. Exchanging migrants
in a metapopulation can boost Ne, and ultimately genetic

Fig. 3 Plot of three measures of genetic variation in lynx
(averaged per population) vs. distance of the population from
the edge of the geographical range. The top graph (A) is mean
number of alleles per locus vs. distance from the periphery, and
the bottom graph (B) is expected heterozygosity vs. distance from
the periphery and observed heterozygosity vs. distance from the
periphery. N is not accounted for in these graphs, but is accounted
for in the statistical relationships presented in the text. Mean n per
population did not vary with distance of the population from the
edge of the lynx’s geographical range (Pearson’s r = −0.086).
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variation (Hedrick 1996). Thus, the simple geometry of
being peripheral may lead to reductions in genetic variation.

Alternatively, core populations may have greater genetic
diversity than peripheral populations because of large-
scale, historic, landscape events. For example, a core
population may be the result of mixing between two
previously isolated peripheral populations. If lynx arrived
in North America during an early glaciation, the last
glaciation may have driven lynx and other carnivores into
southern refugia. If several small, isolated lynx popula-
tions persisted in these refugia we may expect genetic drift
to reduce genetic variation in each refugia. Subsequently,
as glaciers retreated and lynx expanded their geographical
range, genetic mixing between refugia stock may have
occurred in the core of the range, thus boosting genetic
variation in core populations.

Third, the pattern of genetic variation that we see today
may be a result of historical microevolutionary or ecological
forces, and not the result of current dynamics. For example,
ebbs and flows in a species’ geographical range may dis-
proportionately change the size of peripheral populations
over time, leading to drastic reductions in Ne, ultimately
decreasing genetic variation. In addition, other forces
such as historic migration or isolation may not be currently
detected, but may have had large impacts on existing
genetic variation.

The effect sizes we found in this study are not large
(Table 2), but they are consistent and may be biologically
meaningful. Importantly, our sampling scheme was biased
towards having larger numbers of individuals sampled in
the periphery (using our 165 km definition of periphery
we had 330 samples collected in the periphery vs. 269 in
the core). This would act to reduce differences between the
core and peripheral populations, as mean number of
alleles per population in the periphery could be inflated
(Leberg 2002). The fact that we still found significantly less
genetic variation in the periphery suggests that this effect
may be larger given a more balanced sampling design.
Therefore, we believe that this effect is real and not an
artifact of our study design or sampling.

Slight differences in genetic variation may be the critical
evolutionary potential needed for population persistence
(Frankel 1974). In fact, populations with higher amounts of
genetic variation have shown greater chances of surviving
ecological or evolutionary changes (e.g. Quattro & Vrijenhoek
1989; Leberg 1993). Several researchers have shown that small
changes in genetic variation can lead to large changes in
population fitness (e.g. Frankham 1995b). On the other hand,
the differences in heterozygosity shown in this study
were small enough that Schwartz et al. (2002) estimated a
very low global FST, suggesting a lack of significant popu-
lation subdivision. Population subdivision is not sup-
ported by these data; movement was sufficient enough to
keep pairwise estimates of FST low (Schwartz et al. 2002).

However, these data also do not support a panmictic sys-
tem (nor should we expect one, given the biology of lynx).
In this study we do not provide evidence against high levels
of gene flow — clearly, lynx disperse and breed often —
but instead show that gene flow is probably not strong
enough to offset some loss of genetic variation caused by
drift at the periphery of the lynx’s geographical range.

We cannot determine whether the reductions in genetic
variation for lynx at the periphery are due to human dis-
turbance. If the reduction in genetic variation in peripheral
populations was completely anthropogenic we would
expect to see reductions only on the southern periphery
where human impacts are greatest; this was not the case.
Thus, the effect may be a result of biogeography.

In our analyses we examine genetic variation as a func-
tion of both a categorical variable (core vs. periphery)
and a continuous variable (distance from the edge of the
geographical range). Defining populations as core or
peripheral is ubiquitous in the literature; thus we opted to
provide, at minimum, an operational definition of core
and periphery that can be generalized to other species.
Knowing that some will object to our definition we wanted
to show that our results were robust, and thus used the
continuous variable as well.

We based our operational definition of core and periph-
ery on home range instead of the maximum (or average)
distance an animal travels in a given period of time for
several reasons. The home range is defined as the area tra-
versed by an individual in its normal activities of foraging,
mating and parental care (Burt 1943), encompassing meas-
ures of average daily movements. Because this definition
includes mating it also includes the normal spread of
genes within and between populations. In addition, there
is vastly more information on home range sizes of animals
than on dispersal distances. For example, most data on
lynx dispersal distances are anecdotal (Mowat et al. 2000).
There is one documented case of a lynx moving 1100 km
before being killed by a trapper (Mowat et al. 2000). This
event may be anomalous compared to other lynx move-
ments, such that derived definitions of periphery would
be irrelevant. Information on dispersal may improve with
the advent of satellite and global positioning system (GPS)
technology; however, the number of animals for which
long-distance dispersal is recorded will probably always
be less than the number of animals for which home range
can be estimated.

When data are plentiful for a species we would recom-
mend using more complex operational definitions of
periphery. For example, for some species incorporation of
parameters such as differences in male vs. female home
ranges with associated population sex ratios would make
for a more precise estimation of the periphery. Alterna-
tively, home range may vary by age or stage classes, and
these data may be used to refine a definition of periphery.
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The bottom line is that whatever definition is used for
periphery it should be: (1) explicit, (2) rooted in the biology
of the organism to the extent that the natural history
data is available and (3) must be founded in evolutionary,
conservation or population dynamic theory. We also
recommend exploring the sensitivity of the results to any
operational definition, such as we did by reducing the
periphery by one-quarter and one-half.

Our basic definition of periphery can be adapted to
other species with weaker dispersal capabilities that have
known home ranges. There is a strong correlation between
dispersal distances and home range for many species
(Bowman et al. 2002); in cases where this correlation is
known to be weak, other life-history information should
be used to define periphery. Our definition does not work
well for immobile species, such as plants. For plants dis-
persal of either pollen or seed may be a more pliable and
pertinent measure. Again, our goal here was not to create
a universal definition that works for all species, but rather
to provide an explicit, flexible definition routed in
evolutionary theory. Overall, we encourage the wider use
of operational definitions of core and periphery that scale
to the biology of the organism under study, and greater
examination of genetic data in a biogeographical and
physiognomic context.
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  Shifts in species distributions due to environmental change may aff ect the spatial pattern of genetic structure within 
a species ’  range, including possible changes to the adaptive potential of populations. We investigated spatial patterns 
of neutral genetic diversity and diff erentiation at the southern edge of the Canada lynx  Lynx canadensis  distribution 
in Ontario, Canada. We analyzed provincial fur harvest records (1972 – 2010) and collected and genotyped lynx pelt 
samples (2007 – 2009) from 702 lynx at 14 microsatellite loci. We show that the southern range boundary of lynx in 
central Canada has contracted northward by    �    175 km since the 1970s, and that high winter temperature, low snow 
depth, and low proportion of suitable habitat are strongly correlated with low neutral genetic diversity and high genetic 
diff erentiation at the trailing range edge. Our work tests fundamental ideas about species range limits and demonstrates 
that environmental conditions can have a marked infl uence on neutral genetic structure. Our results suggest that 
changes in environmental conditions will result in further loss of genetic diversity and possibly reduce adaptive potential 
in southern peripheral lynx populations.   

 Th e geographic ranges of many species have contracted 
considerably relative to historic distributions (Ceballos 
and Ehrlich 2002, Laliberte and Ripple 2004) and an 
ongoing cause of range contraction globally is climate 
change (Parmesan and Yohe 2003, Root et   al. 2003, 
Parmesan 2006). Species ’  responses to environmental 
change should be more apparent at the range periphery, 
where populations are small, suitable habitat tends to 
be patchy, reproductive success is low, and mortality is 
high (Gaston 2009). What limits the boundaries of a 
species range has been of great interest to biogeographers, 
and has been challenging to generalize (Brown et   al. 1996, 
Gaston 2009, Sexton et   al. 2009). A common hypothesis 
is that range limits are controlled by tolerance to gradients 
of both biotic and abiotic factors (Brown et   al. 1996, 
Sexton et   al. 2009), and the center of the range is at the 
environmental optimum. 

 Th e mechanism for climate-induced range shifts is 
drawn largely from climate and population modeling 
(McInerny et   al. 2009, Cobben et   al. 2011), although there 
is a growing number of corroborative empirical studies 
(Parmesan et   al. 1999, Chen et   al. 2011). We defi ne a 
trailing edge, as per Hampe and Petit (2005), as a geo-
graphic range periphery that is contracting due to popu-
lation migration or extinction. A leading edge is a 
range margin that is expanding as a result of dispersal and 

exponential population growth into recently uncolonized 
space. Th is is in contrast to a stable range edge, where over 
time range margins remain relatively stationary. Modeling 
of range dynamics suggests that as the optimal environment 
shifts to higher latitudes due to climate change, so does 
population abundance (Cobben et   al. 2011). Furthermore, 
modeling has shown that as environmental optima shift, 
the concomitant shift in abundance is due to expansion 
from the leading range edge rather than migration of 
individuals from the range center (McInerny et   al. 
2009). Colonization at the leading edge of the range exceeds 
extinction, and at the trailing edge, where environmental 
conditions have become less favourable, extinction exceeds 
colonization (Parmesan et   al. 1999). Indeed, these 
dynamics have been observed not only as a result of recent 
climate warming trends (Parmesan et   al. 1999), but also 
from post-glacial expansion as a result of climate warming 
throughout the Holocene (Hewitt 2000). Th us, not only 
can climate change aff ect the geographic distribution of spe-
cies, it can infl uence population dynamics, and as a result, 
the spatial pattern of genetic structure within the range. 

 Shifts in geographic distributions across gradients 
of environmental conditions might diff erentially aff ect 
spatial genetic structure at leading versus trailing edges 
(Hampe and Petit 2005, McInerney et   al. 2009, Cobben 
et   al. 2011). Th eoretical studies of the spatial distribution 
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of genetic structure at range edges predict that because 
stable edge populations tend to be small and isolated and 
suitable habitat tends to be patchy, genetic diversity will 
be low and genetic diff erentiation will be high relative to 
the range centre (Eckert et   al. 2008). Leading edges, 
in contrast, are predicted to harbor reduced genetic diver-
sity at the newly colonized expansion front because of 
founder events originating at the range edge (Hewitt 2000, 
Cobben et   al. 2012b). Hampe and Petit (2005) present 
diff erent predictions of genetic structure for stable versus 
trailing rear edges. As a result of post-glacial expansion 
from refugia, stable rear edge populations tend to be older 
than leading edges. Th ey also tend to be small and isolated, 
and over time, genetic drift causes high genetic diff erentia-
tion among these refugial populations. As a result, and 
because they are not the source of new colonization, station-
ary rear edge populations tend to have relatively high 
regional genetic diversity, despite low local genetic diversity 
(Comps et   al. 2001, Hampe and Petit 2005, McInerney 
et   al. 2009, Cobben et   al. 2011). Populations at trailing rear 
edges also are expected to be small and isolated, and thus 
have low genetic diversity and high genetic diff erentiation. 
Th ey diff er from stable rear edges, however, because they 
have not been isolated long enough for genetic drift to act, 
and they are subject to extinction, which can reduce the 
genetic diversity once present in the refugial edge popula-
tion. Th us, trailing edge populations are not expected to 
have high regional genetic diversity (Cobben et   al. 2011). 

 We evaluated the spatial genetic structure of Canada 
lynx  Lynx canadensis  at the southern periphery of their 
distribution in Ontario, Canada. Schwartz et   al. (2003) 
found reduced local genetic diversity in peripheral popula-
tions of lynx in western North America. We built on this 
fi nding by examining potential mechanisms for observed 
patterns in genetic structure at range margins. Lynx are 
cold-adapted carnivores (Murray and Boutin 1991), 
and the climate has been warming in Ontario over the last 
several decades (Bowman et   al. 2005, Melles et   al. 2011). 
Th e availability of suitable lynx habitat may be limiting 
lynx movement into the southern extent of its range in 
Ontario (Walpole et   al. 2012) and climate-related factors, 
such as snow depth, may limit lynx occurrence (Hoving 
et   al. 2005) and infl uence lynx dispersal (Stenseth et   al. 
2004). Th e Canada lynx distribution has contracted by 
40% across North America relative to its historic range 
(Laliberte and Ripple 2004), and environmental pressures 
acting on Canada lynx at their southern periphery are 
expected to result in a trailing edge rather than a stationary 
edge. If the geographic range of Canada lynx has shifted 
due to changes in habitat and climate, we predicted that, 
consistent with a trailing edge, local and regional genetic 
diversity would be lower and genetic diff erentiation would 
be higher at the southern periphery than at the core, and 
that variation in these indices would be correlated with 
habitat and climate gradients. Specifi cally, we expected 
that unsuitable environmental conditions for lynx (i.e. 
warm winter temperature, low snow depth, and high 
percent of non-forest) would be associated with low genetic 
diversity and high genetic diff erentiation at the trailing 
range edge.  

 Methods  

 Lynx distribution in Ontario 

 We estimated the mean annual number of Canada lynx 
harvested per registered trapline or township in 
Ontario, Canada, for each of 4 temporal blocks: 1972 – 1981, 
1982 – 1991, 1992 – 2001, and 2002 – 2010. Harvested lynx 
were recorded by the registered trapline (average trapline 
area 202.3 (SD 405.3) km 2 ) or the township (average 
township area 128.1 (SD 83.5) km 2 ) where the harvest 
occurred. Lynx harvest data were not available for the 
1975 – 1976, 1986 – 1987, 1989 – 1990, or 1991 – 1993 trap-
ping seasons. We defi ned the southeastern edge of lynx 
distribution by estimating the extent of occurrence 
(Gaston 1991, Gaston and Fuller 2009) with a 95% mini-
mum convex polygon around the presence of harvested lynx 
in the southern management districts east of Lake Superior. 
We did not estimate the southern edge of lynx distribution 
west of Lake Superior because it was in Minnesota, USA.   

 Sampling design 

 From fur auctions, we obtained tissue samples from 
770 Canada lynx that were harvested in Ontario. Th e 
30 lynx from Ontario presented in Row et   al. (2012) are 
included in these 770 lynx. We genotyped and scored 
all samples, including those presented in Row et   al. 
(2012), together and under the same conditions. As we 
sought to use site-based rather than individual-based ana-
lyses, we grouped samples into the 28 management districts 
in which they were harvested (Fig. 1) and used the centroid 
of the district as the sampling site. Th e 28 districts ranged in 
area from 1953 – 31 665 km 2  (mean    �    11 929, SD    �    7024), 
and the centroids were 48 – 1113 km (mean    �    385, 
SD    �    238) apart. We omitted 33 samples from districts 
that had  �    10 samples, and omitted an additional 35 
samples that were missing alleles at    �    5 of 14 loci. In all, we 
used 702 lynx samples from 28 sites, and each site had 
13 – 39 samples (mean    �    25.1, SD    �    7.0). Although we did not 
know the precise date of harvest, we assumed that animals 
were harvested over two trapping seasons (November 2007 
to February 2008, and November 2008 to February 2009).   

 Genetic analysis 

 We extracted and genotyped tissue samples at 14 microsatel-
lite loci (Fca031, Fca035, Fca043, Fca077, Fca090, Fca096, 
Fca441, Fca391, Fca559, Lc106, Lc109, Lc110, 
Lc111, Lc118) according to methods described by Row et   al. 
(2012). We manually scored genotypes as allele sizes with 
Genemarker 1.7 (Softgenetics). To reduce scoring errors, we 
scored the data twice with 2 independent observers. We 
used Bonferroni-corrected ( α     �    0.0001) chi-square tests to 
determine whether allele frequencies were in Hardy –  
Weinberg equilibrium using the Adegenet (ver. 1.3-4, 
Jombart 2008) package in R (R Development Core Team). 
We used Genepop (web ver. 4.1, Rousset 2008) to test for 
linkage disequilibrium. 
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 We identifi ed genetic clusters using Bayesian clustering 
software (Structure ver. 2.3.4, Pritchard et   al. 2000), with a 
burn-in of 500 000 iterations and followed by 1 000 000 
iterations of the Markov chain Monte Carlo simulation. 
We repeated this procedure 3 times at each of {K    �    2, 3, 
and 4} with an aspatial admixture model. We considered 
individuals to belong to a putative cluster if    �    80% of the 
genome was assigned to that cluster. 

 We estimated expected heterozygosity ( H  e ) at each 
site with the Adegenet package (Jombart 2008) in R. 
We estimated the average number of alleles per locus 
(allelic richness) and private allelic richness, corrected for 
a sample size of 13, using rarefaction with software 
HP-Rare 1.1 (Kalinowski 2005). We estimated regional 
genetic diversity by separately pooling peripheral and 
central sites, and calculating allelic richness, rarefi ed to a 
sample size of 13. We considered sites within 165 km 
of the southern range edge to be peripheral as per 
Schwartz et   al. (2003). We labeled six sites as peripheral 
and six sites as central (Fig. 1). We were not certain of the 
location of lynx range boundaries in northern and western 
Ontario, therefore we did not include our westernmost or 
northernmost sites in our analysis of regional genetic 
diversity. 

 We estimated genetic diff erentiation with  D  est  (Jost 
2008; SMOGD ver. 1.2.5, Crawford 2010). We were 
interested in describing genetic diff erentiation at each site, 
such that we could assess how it varied across lynx range in 
Ontario. Th us, we calculated mean pairwise  D  est  between 
each site and all neighbouring sites that fell within a 
165 km radius. We chose a 165 km radius because it was 
comparable to estimates of mean lynx dispersal distance 
(Poole 1997, Aubry et   al. 2000), and was large enough to 
contain an average of 4.7 neighbouring sites (SD    �    2.5, 
range 0 – 10; one site had 0 neighbours and we did not 
include it in further analyses of mean  D  est ). Th ere was no 
relationship between latitude and the number of neighbours 
per site (F    �    0.007, p    �    0.93, R 2     �    0.001). We repeated our 
analysis using a 200 km radius, which included an average of 
6.7 (SD    �    3.3, range 2 – 14) neighbouring sites; we did not 
include these results because our conclusions were similar to 
our conclusions based on a 165 km radius.   

 Landcover and climate gradients 

 Our study area encompassed 443 000 km 2  of commercially 
managed forests in Ontario, Canada. We estimated the 
average value of several landscape features within each man-
agement district, and used these values in subsequent 
analyses. We summarized forest resource inventory data as 
the percent of coniferous forest, mature and over-mature 
forest, pre-sapling and sapling forest, and non-forested 
area (agriculture, wetland, developed land, open fi eld and 
grassland, brush and alder). We used the Ontario Road 
Network (Ontario Ministry of Natural Resources unpubl.) 
to calculate the density (km km  � 2 ) of major roads (local 
and highway) within a 5 km radius. We obtained data 
indicating the cumulative total snow depth per year (cm), 
averaged over 20 yr (1990 – 2010; Ontario Ministry of 
Natural Resources unpubl.). We estimated winter 
(Oct – Apr) monthly maximum air temperature ( ° C) and 
winter precipitation (mm, Oct – Apr), averaged over 30 yr 
(1971 –  2000; Environment Canada unpubl.). We used 
latitude as a proxy for distance to range edge because we 
did not know the location of the southern edge of lynx 
distribution in Minnesota. 

 We summarized these variables with a principal 
components analysis (PCA; psych package 1.3.2, Revelle 
(2013)) and identifi ed the variable with the highest loading 
on each of the axes that had an eigenvalue    �    1 (Table 1). 
We used only the variables with the highest loadings in sub-
sequent analyses.   

 Model selection 

 We used linear models to identify which of our land 
cover and climate variables best predicted allelic richness, 
private allelic richness,  H  e , and mean  D  est . We used 
information-theoretic model selection (Burnham and 
Anderson 2002) with the package MuMIn (ver. 1.7.2; Barton 
(2012)) in R to identify top models and estimate model-
averaged coeffi  cients after comparing all possible models.    

  Figure 1.     Twenty-eight Canada lynx  Lynx canadensis  sample sites 
in Ontario, Canada. Each site is the centroid of a polygon, and 
represents 13 – 39 lynx sampled within that polygon. Th e solid 
line represents the southern edge of lynx distribution in 
southeastern Ontario in 2002 – 2010. Symbols represent sites that 
we included in our calculations of genetic structure. We considered 
sites labeled as triangles to be peripheral sites and circles to be 
central sites; we did not include sites labeled as X ’ s in our analysis 
of regional genetic diversity. Inset map shows Ontario ’ s position 
within Canada.  
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number of private alleles per locus at each site ranged from 
0.0006 to 0.0831 (Fig. 3b). Expected heterozygosity 
( H  e ) ranged from 0.70 to 0.75 (Fig. 3c). Both private allelic 
richness and  H  e  were positively correlated with allelic rich-
ness (Pearson r    �    0.45, R 2     �    0.20 and Pearson r    �    0.58, 
R 2     �    0.34, respectively). Th e average pairwise  D  est  between 
each site and its neighbours within 165 km ranged from 
0.00006 to 0.034 (Fig. 3d), and was negatively correlated 
with allelic richness (Pearson r    �     � 0.65, R 2     �    0.42). Th e 
best predictor of low allelic richness was warm winter 
temperature and prevalent non-forested area (Table 2, 3). 
Warm winter temperature was related to low private 
allelic richness and high genetic diff erentiation in lynx 
(Table 2, 3). Populations with the highest  H  e  were located in 
areas with the deepest snow (Table 2, 3). We did not fi nd 
relatively high regional diversity in peripheral populations: 
rarefi ed allelic richness was 5.00 for central sites and 4.94 
for peripheral sites.    

 Discussion 

 We showed that the southern extent of lynx distribution in 
Ontario has contracted northward by    �    175 km in the 
past 40 yr. We also found high genetic diff erentiation at 
the southern edge of the lynx range, but we did not fi nd 
high regional or local genetic diversity in southern popula-
tions; thus, the southern edge was consistent with a trailing, 
rather than a stable range edge. Furthermore, we found 
that high winter temperature, low snow depth, and low 
proportion of suitable habitat were strongly correlated with 
low neutral genetic diversity and high genetic diff erentiation 
at the trailing range edge. We found high private allelic rich-
ness in northwestern Ontario (Fig. 3b), and we speculate 
that these private alleles were associated with lynx popula-
tions to the west, in Manitoba, Canada.  

 Infl uence of climate and habitat on genetic structure 
at the trailing edge 

 We found that warm winter air temperature was related to 
low allelic richness, low private allelic richness, and high 
genetic diff erentiation in lynx. Th e northward shift in 
optimal temperature could cause unsuitable conditions 
beyond the physiological limits at the southern range mar-
gin, thus causing isolation and extirpation of lynx popu-
lations at the trailing edge. Alternatively, temperature could 
be aff ecting genetic structure indirectly by aff ecting the dis-
tribution of prey (e.g. snowshoe hare  Lepus americanus ) or 
competitor (e.g. bobcat  Lynx rufus ) species, causing a north-
ward shift in lynx distribution (Peers et   al. 2013, 2014). Our 
analysis cannot disentangle these alternative possibilities, 
although it has long been thought that low-latitude range 
margins in general are controlled primarily by biotic factors 
(MacArthur 1972, Sexton et   al. 2009). We note that mean 
maximum winter temperature was negatively correlated 
with percent of coniferous forest and latitude and positively 
correlated with road density and mean winter precipitation. 
As such, we recognize that some variation in lynx genetic 
structure may be due to eff ects of these other variables. 

 Results  

 Lynx distribution in Ontario 

 Our analysis of fur harvest statistics (1972 – 2010) for the 
southern edge of lynx distribution in southeastern Ontario 
revealed a northward shift that was    �    175 km over the past 
40 yr (Fig. 2).   

 Land cover and climate variables 

 We identifi ed the land cover or climate variables with the 
highest loadings on the fi rst three axes of a PCA (Table 1). 
We retained average maximum winter temperature, 
average snow depth index, and percent of non-forested area 
(Pearson correlation coeffi  cients among these variables 
ranged from  – 0.52 to 0.11), recognizing that percent 
coniferous forest, road density, winter precipitation, and 
latitude were correlated with winter temperature (Pearson 
r    �     � 0.89, 0.73, 0.74, and  � 0.99, respectively).   

 Genetic analysis 

 All sites were in Hardy – Weinberg equilibrium except for 
3 sites, which were out of equilibrium at only one locus 
each. Eight pairs of loci (out of 91 pairwise comparisons) 
were signifi cantly out of linkage equilibrium, however, none 
of these pairs were in disequilibrium at more than one 
site. Th e diff erence between expected and observed hetero-
zygosity across loci ranged from  � 0.001 to 0.068. We 
detected a single genetic cluster using program Structure. 

 Th e average number of alleles per locus, rarefi ed to a sam-
ple size of 13 at each site, ranged from 4.69 to 5.17 (Fig. 3a; 
Supplementary material Appendix 1, Table A1). Th e average 

  Table 1. Axes loadings from a principal component (PC) analysis 1  
of nine land cover and climate variables 2 .  

Variable 3 PC 1 PC 2 PC 3

Temperature  � 0.95 0.12  � 0.13
Coniferous 0.94 0.02  � 0.01
Latitude 0.93  � 0.17 0.18
Road density  � 0.81  � 0.26 0.27
Precipitation  � 0.69 0.69 0.07
Mature forest 0.68  � 0.31  � 0.01
Sapling forest 0.64 0.44  � 0.13
Snow depth index 0.61 0.73 0.03
Non-forested area 0.06 0.1 0.98

    1 Eigenvalues for the fi rst 3 PC axes were 5.02, 1.43, and 1.11.   
  2 The land cover and habitat variables that we used in the PCA were 
fi rst summarized as the mean value within management districts.   
  3 Temp    �    average monthly maximum winter temperature ( ° C, 
Oct – Apr), averaged over 1971 – 2000; Coniferous    �    percent area 
that is coniferous forest; Road density    �    km of major roads km  � 2  
within a 5 km radius; Precipitation    �    monthly winter precipitation 
(Oct – Apr), averaged over 1971 – 2000; Mature forest    �    percent 
area that is mature and over-mature forest; Sapling forest    �    percent 
area that is pre-sapling and sapling forest; Snow depth index    �    
cumulative total snow depth per year (cm), averaged over 1990 –  
2010; Non-forest    �    percent of area that is non-forest (agriculture, 
wetland, developed land, open fi eld and grassland, brush and alder)   .
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  Figure 2.     Average number of Canada lynx  Lynx canadensis  harvested per registered trapline or township, averaged across four time 
periods in southeastern Ontario, Canada. Solid lines represent the southern edge of lynx distribution in each time period, estimated with 
a 95% minimum convex polygon. In panel (d), solid lines represent the southern edge of lynx distribution for all four time periods.  

 Th e top model predicting low allelic richness, high winter 
temperature  �  high percent of non-forested area, suggested 
that both climate and habitat shape the patterns of genetic 
diversity. Non-forested area is considered poor habitat for 
lynx, as this species in particular is viewed as a specialist of 
early successional coniferous forest (Fuller et   al. 2007, 
Vashon et   al. 2008, Walpole et   al. 2012). Th e amount and 
fragmentation of suitable habitat can aff ect a species ’  ability 
to track climate change (McInerny et   al. 2007) and can 
even delay the inevitable loss of genetic diversity due to 
climate change-induced range shifts (Cobben et   al. 2012a). 
Lynx research would benefi t from simulation exercises aimed 

at assessing whether corridors of high quality habitat could 
rescue future declines in lynx genetic diversity due to 
projected changes in climate and habitat. 

 We found a positive relationship between snow depth 
and expected heterozygosity in Ontario. Lynx are morpho-
logically adapted for moving in deep snow (Murray 
and Boutin 1991); deep snow is thought to be preferred by 
lynx because it provides an advantage for lynx over their 
competitors (Buskirk et   al. 2000, Peers et   al. 2013). Lynx 
populations with the highest  H  e  were located in areas with 
the deepest snow, suggesting that climate plays a role in 
determining the spatial patterns of genetic structure in lynx. 
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  Figure 3.     Allelic richness (a), private allelic richness (b), expected heterozygosity (c), and mean  D  est  (d) estimated from 702 Canada 
lynx  Lynx canadensis  samples in Ontario, Canada. Symbol size is proportional to the metric value. We derived data from 14 microsatellite 
loci. For estimates of allelic and private allelic richness, we used rarefaction to control for sample size variation. We estimated the 
average pairwise  D  est  for each site and all neighbours within 165 km.  
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Frankham 2001, Holderegger et   al. 2006), both adaptive and 
neutral markers are subject to the infl uences of gene fl ow and 
drift. If patterns in neutral genetic diversity at the range 
margin are indicative of the genetic diversity of adaptive 
alleles, then we can expect reduced adaptive potential of lynx 
at the trailing range edge. If lynx from Canada are, in fact, 
dispersing into southern populations in the USA, new 
functional alleles that may be transported from the range cen-
tre into depauperate US populations may actually be 
maladapted to environmental conditions at the rear edge 
(Pearson et   al. 2009, Cobben et   al. 2012b), thereby reducing 
adaptive potential. An important area of future research may 
be the application of genomic-based adaptive markers to 
directly evaluate the infl uence of changing land cover and cli-
mate gradients on adaptive potential at trailing range edges. 

 Climate change scenarios predict that at the southern 
range margin of lynx in Ontario, average winter temperature 
will increase by 4 – 5 ° C by the year 2100 (Colombo et   al. 
2007). Th e strong relationships between average winter 
temperature and genetic structure in Canada lynx demon-
strate the marked infl uence that climate can have on genetic 
diversity and diff erentiation. 

Hoving et   al. (2003) attributed range contraction of lynx in 
Maine, USA, to the decreasing length of the snowy season in 
the early 1800s.   

 Conservation implications for peripheral lynx 
populations 

 Since 2000, Canada lynx have been listed as threatened 
in the contiguous USA (U.S. Fish and Wildlife Service 
2000). It has been suggested that threatened lynx popula-
tions in the USA are maintained by emigration of 
lynx from the boreal forests in Canada (Schwartz et   al. 
2002). Th e higher genetic diff erentiation among lynx in 
southeastern Ontario may indicate reduced gene fl ow at 
the rear edge; this diff erentiation might be further aggra-
vated given projections of climate warming. Reduced 
gene fl ow into rear-edge populations may indicate that 
southward gene fl ow from Canada into threatened lynx 
populations in the USA is unlikely. 

 Although we cannot make direct inference of adaptive 
genetic diversity based on neutral markers (Reed and 

  Table 2. Top models ( Δ  AICc    �    2) predicting the effect of land cover and climate on genetic structure of Canada lynx  Lynx canadensis  sampled 
from 28 sites in Ontario, Canada.  

Dependent variable Model 1 logLik AICc w i R 2 

Allelic richness Temp  �  non-forest 30.24  � 50.75 0.67 0.41
Private allelic richness Temp 76.24  � 145.49 0.51 0.21

Temp  �  non-forest 76.73  � 143.72 0.21 0.23
Expected heterozygosity Snow depth 86.21  � 165.43 0.47 0.26

Snow depth  �  non-forest 86.93  � 164.12 0.25 0.30
Mean  D  est Temp 99.84  � 192.64 0.29 0.47

Temp  �  non-forest 101.2  � 192.59 0.28 0.52
Temp  �  non-forest  �  snow 102.45  � 192.04 0.21 0.56
Temp  �  snow depth 100.87  � 191.93 0.20 0.51

    1 Variable names are as in footnote of Table 1.   

  Table 3. Model averaged coeffi cients of the effect of land cover and climate on genetic diversity and differentiation of Canada lynx 
 Lynx canadensis  sampled from 28 sites in Ontario, Canada.  

95% CI

Dependent variable Predictor variable 1 Model-averaged coeffi cient Lower Upper Variable importance

Allelic richness Temp  � 3.95E-02  � 6.55E-02  � 1.36E-02 0.94
Non-forest  � 8.20E-03  � 1.39E-02  � 2.51E-03 0.93
Snow depth 1.77E-04  � 2.21E-04 5.75E-04 0.27
(Intercept) 4.911 4.68E    �    00 5.14E    �    00

Private allelic richness Temp  � 6.21E-03  � 1.10E-02  � 1.39E-03 0.94
Non-forest 4.87E-04  � 1.58E-03 6.04E-04 0.30
Snow depth  � 1.58E-05  � 9.06E-05 5.89E-05 0.26
(Intercept) 1.54E-02  � 1.98E-02 5.06E-02

Expected heterozygosity Snow depth 6.14E-05 1.87E-05 1.04E-04 0.93
Non-forest  � 4.34E-04  � 1.18E-03 3.17E-04 0.34
Temp  � 1.62E-03  � 5.76E-03 2.52E-03 0.27
(Intercept) 6.79E-01 6.35E-01 7.23E-01

Mean  D  est Temp 4.03E-03 1.98E-03 6.09E-03 0.99
Non-forest  � 1.88E-05  � 4.47E-05 7.07E-06 0.50
Snow depth 3.22E-04  � 6.57E-05 7.10E-04 0.43
(Intercept) 1.87E-02  � 2.31E-03 3.98E-02

    1 Variable names are as in footnote of Table 1.   
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From: Bush, Jodi
To: Roberts, Nathan M - DNR
Cc: Hauge, Tom M - DNR; Thiede, Kurt A - DNR
Subject: Re: Lynx SSA Expert nomination
Date: Thursday, September 10, 2015 10:07:14 AM

Thanks Nathan.  

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Thu, Sep 10, 2015 at 9:36 AM, Roberts, Nathan M - DNR
<NathanM.Roberts@wisconsin.gov> wrote:

Hi Jodi,

If it is not too late, Wisconsin would like to like to make a nomination to this panel. 

 

Dr. Nathan Roberts, Wisconsin, Wisconsin Department of Natural Resources:

Dr. Roberts is a furbearer/carnivore research scientist with the WDNR.  He has
worked on Lynx spp (bobcat) population dynamics and harvest ecology for several
years in WI (WDNR) and NY (Cornell University).  He is an expert in carnivore
population and harvest dynamics.  In addition, Dr. Roberts has been deeply involved
with furbearer harvest issues, nationally and internationally, for approximately 10
years; including assisting authoring CITES proposals and positions for the United
States regarding Lynx spp.

 

Thank you for your consideration,

-Nathan Roberts for Wisconsin DNR

 

Nathan M. Roberts, PhD

Bear, Wolf, and Furbearer Research Scientist

Wisconsin Department of Natural Resources

107 Sutliff Ave.

Rhinelander, WI 54501

mailto:jodi_bush@fws.gov
mailto:NathanM.Roberts@wisconsin.gov
mailto:Tom.Hauge@wisconsin.gov
mailto:Kurt.Thiede@wisconsin.gov
mailto:NathanM.Roberts@wisconsin.gov


 

NathanM.Roberts@wisconsin.gov

715.490.9345

 

mailto:NathanM.Roberts@wisconsin.gov


From: Zelenak, Jim
To: McCollough, Mark
Cc: Tamara Smith; Jodi Bush; Mary Parkin; Heather Bell; Bryon Holt; Kurt Broderdorp
Subject: Re: Lynx SSA Expert nomination
Date: Friday, September 11, 2015 11:16:19 AM

Thanks Mark.

I agree.

On Fri, Sep 11, 2015 at 9:13 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Hi all:

From a quick look at Google Scholar, I see that Dr. Roberts has a few publications on
bobcats, specifically concerning population estimates.  However, I am concerned that
considering biologists with expertise in bobcats or other felids may unnecessarily expand
and complicate our potential field of candidates.  These publications don't seem to offer
unique application to estimating lynx populations, however, it seems we could always
contact experts outside of those invited to the lynx meeting if/when we have a specific need
for that expertise.

Furthermore, Wisconsin is not a state that consistently supports lynx.  There are wildlife
biologists with expertise in bobcats from northern New England (that do support a few lynx)
that would be equally qualified (e.g. Dr. John Litvaitis at the Univ. of New Hampshire).

Mark

Bobcat population status and management in North America: evidence
of large-scale population increase

NM Roberts, SM Crimmins - Journal of Fish and Wildlife Management, 2010 -
fwspubs.org
Abstract Bobcat Lynx rufus populations are thought to be increasing in North America; 
however, little information exists on their current population status. In the United States, 
management and monitoring of bobcat populations is the responsibility of state wildlife ...
Cited by 29 Related articles All 4 versions Cite SaveSaving...SavedError saving. Try again?
More Fewer

Enhancing furbearer management in New York

N Roberts - 2010 - ecommons.library.cornell.edu
... Please use this identifier to cite or link to this item: http://hdl.handle.net/1813/17133.
Title:
Enhancing Furbearer Management In New York. Authors: Roberts, Nathan. Issue Date:
5-Aug-2010. ... We also developed a population model for a previously unexploited bobcat
population. ...
Cited by 1 Related articles All 6 versions Cite SaveSaving...SavedError saving. Try again?
More Cached Fewer
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[PDF] from wi.govwi.gov [PDF]

[PDF][PDF] Bobcat Population Analyses 2014

RE Rolley, NM Roberts, TR Pearson - ua.dnr.wi.gov
Abstract Age and reproductive data obtained from 5,381 bobcats harvested during the 1983-
2012 seasons and data from the winter furbearer track survey were used to evaluate 
Wisconsin's bobcat population. Analysis suggested that fall population size in northern ...

On Fri, Sep 11, 2015 at 10:35 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Tam,

Any thoughts on this self-nomination to the expert elicitation mtg.?

I'm thinking no because of how many we already have that are actually in places with lynx, and the need to
even whittle that number down, but would like your thoughts (and those of other Core Team members who
would like to offer theirs).

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Thu, Sep 10, 2015 at 10:07 AM
Subject: Fwd: Lynx SSA Expert nomination
To: Jim Zelenak <jim_zelenak@fws.gov>

fyi

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Roberts, Nathan M - DNR <NathanM.Roberts@wisconsin.gov>
Date: Thu, Sep 10, 2015 at 9:36 AM
Subject: Lynx SSA Expert nomination
To: "jodi_bush@fws.gov" <jodi_bush@fws.gov>
Cc: "Hauge, Tom M - DNR" <Tom.Hauge@wisconsin.gov>, "Thiede, Kurt A - DNR"
<Kurt.Thiede@wisconsin.gov>

Hi Jodi,

If it is not too late, Wisconsin would like to like to make a nomination to this panel. 

 

http://ua.dnr.wi.gov/topic/WildlifeHabitat/documents/reports/bobcatpop.pdf
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Dr. Nathan Roberts, Wisconsin, Wisconsin Department of Natural Resources:

Dr. Roberts is a furbearer/carnivore research scientist with the WDNR.  He has
worked on Lynx spp (bobcat) population dynamics and harvest ecology for several
years in WI (WDNR) and NY (Cornell University).  He is an expert in carnivore
population and harvest dynamics.  In addition, Dr. Roberts has been deeply
involved with furbearer harvest issues, nationally and internationally, for
approximately 10 years; including assisting authoring CITES proposals and
positions for the United States regarding Lynx spp.

 

Thank you for your consideration,

-Nathan Roberts for Wisconsin DNR

 

Nathan M. Roberts, PhD

Bear, Wolf, and Furbearer Research Scientist

Wisconsin Department of Natural Resources

107 Sutliff Ave.

Rhinelander, WI 54501

 

NathanM.Roberts@wisconsin.gov

715.490.9345

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 

mailto:NathanM.Roberts@wisconsin.gov
mailto:jim_zelenak@fws.gov


Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov


From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Maine Reps at Expert Meeting
Date: Friday, September 11, 2015 11:20:07 AM

Jim:

I've exchanged emails with Dan Harrison just this week.  He does plan to attend and agreed to
give an overall summary of lynx status for Maine.  Dan is Department Chair at UMaine and
the semester just began last week. I suspect he is swamped, but I will remind him to get back
to you.

Jen and Erin have confirmed with me that they will attend as well.  Our field office plans to
support Erin's travel, and Jen and Dan said they would provide for their own travel.

Thus, it may be hard to dis-invite one of these.  If I had to, I would choose Dan to represent
UMaine because he has had the longest involvement with lynx-hare-forestry work in Maine. 
However, I would really like Erin to be present because she as an associate research faculty at
UMaine she has developed a unique line of research regarding effects of forestry-insect-
climate change on Maine's boreal forest.  She also is providing us with an expanded lynx
habitat model for northern Maine.  

I hope we can continue to invite all 3 from Maine?

Mark

On Fri, Sep 11, 2015 at 10:45 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Mark,

I've heard back from Both Jenn Vashon and Erin Simons-LeGaard that they are available to attend the Oct 13-15
workshop.  I have not heard back from Dan Harrison.

If you could only select either Erin or Dan to help us best understand current and likely future status and threats
for lynx in Maine.the Northeast, who would you pick? 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Cc: Jodi Bush; Seth Willey; Mary Parkin; Heather Bell; David Smith; Jonathan Cummings; Kurt Johnson
Subject: Update on Lynx SSA Expert Elicitation Candidates
Date: Friday, September 11, 2015 12:50:11 PM
Attachments: 2015 09 11 Lynx SSA Expert Elicitation Workshop Candidates Update.docx

Please see the attached.  We will discuss on next calls.  We need to get down to our final 12 or so to whom we will
extend formal invitation - need to do that ASAP as well.

Still waiting for replies from some.

Please let me know you thoughts - not sure what kind of rating/ranking system might be best.

Also see the second table for recommendations/nominations we've received from some of our State partners.

thanks,

jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:tamara_smith@fws.gov
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2015 09 11 Lynx SSA Expert Elicitation Workshop Candidates Update - jz 

Expert Candidate Geographic Area Affiliation Response to JZ 
9/4/15 Email Available Oct. 13 - 15 Formal Invitation? 

Kevin McKelvey DPS-wide (distribution, 
climate change) 

USDA Forest Service - Rocky Mountain 
Research Station, Missoula, MT    

Michael Schwartz DPS-wide (genetics) USDA Forest Service - National Genomics 
Center for Wildlife and Fish Conservation 9/9/15 MAYBE/LIKELY  

Dan Harrison Maine/Northeast University of Maine   If not Simons-Legaard 
(?) 

Erin Simons-Legaard Maine/Northeast University of Maine 9/10 YES If not Harrison (?) 

Jennifer Vashon Maine/Northeast Maine Department of Inland Fish and 
Wildlife 9/8 YES YES 

Ron Moen Minnesota/Great Lakes University of Minnesota and Natural 
Resources Research Institute 9/5 PROBABLY YES 

Susan or Tim Catton Minnesota/Great Lakes USDA Forest Service – Superior National 
Forest    

John Squires 
Northern and Southern 

Rocky Mountains (Montana, 
Wyoming, Colorado) 

USDA Forest Service - Rocky Mountain 
Research Station, Missoula, MT 9/9 YES YES 

Jay Kolbe Northern Rocky Mountains  Montana Fish Wildlife and Parks   YES 

Gary Koehler Washington/Northwest Washington Department of Fish and Wildlife 
(retired) 9/9 NO XXX 

Keith Aubry Washington/Northwest USDA Forest Service - Pacific Northwest 
Research Station, Olympia, WA (retired) XXX Previously declined XXX 

Kerry Murphy Wyoming/Greater 
Yellowstone USDA Forest Service XXX Previously declined XXX 

Jake Ivan Colorado/Southern Rocky 
Mountains Colorado Parks and Wildlife 9/4 YES YES 

Clayton Apps Southern British Columbia & 
Alberta 

Independent Researcher, Aspen Wildlife 
Research Inc. 9/6 PROBABLY YES 

Karen Hodges Southern Canada/DPS-wide 
(hares) University of British Columbia–Okanagan 9/4 YES YES 

Jeff Bowman Southern Canada/Ontario Ontario Ministry of Natural Resources and 
Forestry, and University of Trent, Ontario 9/8 YES If not Murray (?) 

Dennis Murray Southern Canada/Ontario University of Trent, Ontario 9/5 MAYBE (50-50) If not Bowman (?) 

Garth Mowat Southern British Columbia & 
Alberta 

British Columbia Ministry of Forests, Lands 
and Resource Operations XXX Previously declined XXXX 

Scott Jackson DPS-wide (regulatory envt.) USDA Forest Service 9/9 YES YES 
      
      
      
      



 

Others 
Nominated Geographic Area Affiliation Notes Formal Invitation? 

Dr. Nathan 
Roberts Wisconsin/bobcats Wisconsin DNR 

Self-nomination: “Dr. Roberts is a furbearer/carnivore research scientist with the 
WDNR.  He has worked on Lynx spp (bobcat) population dynamics and harvest 

ecology for several years in WI (WDNR) and NY (Cornell University).  He is an expert 
in carnivore population and harvest dynamics.  In addition, Dr. Roberts has been 
deeply involved with furbearer harvest issues, nationally and internationally, for 

approximately 10 years; including assisting authoring CITES proposals and positions 
for the United States regarding Lynx spp.” 

 

Richard J. Baker 
Endangered 

Species 
Coordinator 

Minnesota Minnesota DNR Request to participate as an observer (9/8) 

 

Dr. Josh Lawler Pacific Northwest (?) University of 
Washington 

Climate forecasting (http://faculty.washington.edu/jlawler/); nominated by Jeff 
Lewis, Washington Dept. Fish and Wildlife 

 

 

Dr. John Erb Minnesota/Lake 
States Minnesota DNR 

Nominated by Richard Baker: “Dr. Erb is a Wildlife Research Scientist with the MN 
DNR specializing in carnivore/furbearer research and monitoring for the past 17 

years.  He has previously conducted research on mink, muskrat, and otter and has 
long-term and ongoing research projects on several forest carnivores including 

wolves, fishers, and martens.  He also manages biological data collection for other 
forest carnivores (e.g., bobcat status and reproductive data collection) and 
supervises two multi-species carnivore surveys in the state.  Dr. Erb is also 

responsible for statewide snowshoe hare monitoring, and is very involved with 
forest monitoring and management issues within the state, including ongoing 

research on use of LIDAR data to quantify forest structure important to several 
carnivores.  He has contributed to past and ongoing lynx monitoring efforts, 
including collection of lynx genetic samples, biological analysis of dead lynx 

recovered in MN, lynx detection/mortality database maintenance, lynx-bobcat 
hybrid analyses, etc.  Dr. Erb also currently serves as chairman of AFWAs Furbearer 

Resources Technical Work Group.” 

 

Brian Olsen or 
Andy Whitman Maine/Northeast 

University of 
Maine and the 
Climate Change 

Institute 

Nominated by Jim Connolly, MDIFW: “Have a Northeast perspective on lynx and 
climate change that can be brought into the discussions.  I believe these individuals 
or perhaps a small group could probably be pulled together as a group or external 

resource for the SSA working group to address this issue.” 

 

Bob Lanka Wyoming Wyoming game 
and Fish Request to participate as an observer (8/20)  

Solomon 
Dobrowski Western US/Canada Univ of Montana - 

Climate ecologist 
Nominated by Rex Sallabanks, Idaho Fish and Game: “Focuses on understanding 

effects of climate on species” 
 

Daniel Thornton Western US/Canada Washington State 
Univ - Climate 

Nominated by Rex Sallabanks, Idaho Fish and Game: “Focuses on understanding 
effects of environmental change (including climate) on species” 

 

http://faculty.washington.edu/jlawler/


ecologist 

John Abatzoglou 
Global, with specific 
expertise in West & 

PNW 

Univ of Idaho - 
Climate modeler 

Nominated by Rex Sallabanks, Idaho Fish and Game:  “Focuses on science describing 
current, historical, and future climates” 

 

Leona Svancara Idaho/PNW 
Idaho Fish and 
Game - Spatial 

ecologist 
Nominated by Rex Sallabanks, Idaho Fish and Game:  “Focuses on application of 

climate information in species management” 
 

Tanya Shenk Colorado/S. Rockies NPS 

Nominated by Jake Ivan, Colorado Parks and Wildlife: “Did you ever extend an 
invitation to Tanya Shenk, now with NPS?  She ran the Colorado project for many 
years and is a co-author on several papers.  She would not have data or results on 

Colorado beyond what I have (I'm in her position now), but would certainly be 
considered an expert on lynx.” 

 

 



From: McCollough, Mark
To: Jim Zelenak
Subject: outline for state/region summary of lynx status
Date: Friday, September 11, 2015 11:29:38 AM

Jim:

You mentioned on a recent call that we may request several individuals to present the status of
lynx for different states/regions, and that we would want each presenter to address similar
information.  In other words, we don't want the experts to go off on a tangent on highlighting
some aspect of their own research.  

We probably need to put some thought into this outline soon, so the presenters can have
enough lead time to assemble the information for their state/region.

Does the Core Team want to prepare the outlines as a group or do you already have ideas on
what the outline would be?

Mary recommended that we start weekly calls each Tuesday to address our considerable
workload leading up to the expert meeting.  I know I am still unclear on what the "structure" is
that USGS will be leading us through.  I'm fine with weekly calls.

Mark

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov


From: Smith, Tamara
To: McCollough, Mark
Cc: Zelenak, Jim; Jodi Bush; Mary Parkin; Heather Bell; Bryon Holt; Kurt Broderdorp
Subject: Re: Lynx SSA Expert nomination
Date: Friday, September 11, 2015 11:29:39 AM

Jim -  I agree with you and Mark. If we feel the need for Dr. Robert's input later, especially if
WI specific and/or harvest/bobcat issues arise through this process - it might be more
appropriate to reach out to him at that time.  

Thanks, 
Tam

On Fri, Sep 11, 2015 at 10:13 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Hi all:

From a quick look at Google Scholar, I see that Dr. Roberts has a few publications on
bobcats, specifically concerning population estimates.  However, I am concerned that
considering biologists with expertise in bobcats or other felids may unnecessarily expand
and complicate our potential field of candidates.  These publications don't seem to offer
unique application to estimating lynx populations, however, it seems we could always
contact experts outside of those invited to the lynx meeting if/when we have a specific need
for that expertise.

Furthermore, Wisconsin is not a state that consistently supports lynx.  There are wildlife
biologists with expertise in bobcats from northern New England (that do support a few lynx)
that would be equally qualified (e.g. Dr. John Litvaitis at the Univ. of New Hampshire).

Mark

Bobcat population status and management in North America: evidence
of large-scale population increase

NM Roberts, SM Crimmins - Journal of Fish and Wildlife Management, 2010 -
fwspubs.org
Abstract Bobcat Lynx rufus populations are thought to be increasing in North America; 
however, little information exists on their current population status. In the United States, 
management and monitoring of bobcat populations is the responsibility of state wildlife ...
Cited by 29 Related articles All 4 versions Cite SaveSaving...SavedError saving. Try again?
More Fewer

Enhancing furbearer management in New York

N Roberts - 2010 - ecommons.library.cornell.edu
... Please use this identifier to cite or link to this item: http://hdl.handle.net/1813/17133.
Title:
Enhancing Furbearer Management In New York. Authors: Roberts, Nathan. Issue Date:
5-Aug-2010. ... We also developed a population model for a previously unexploited bobcat
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population. ...
Cited by 1 Related articles All 6 versions Cite SaveSaving...SavedError saving. Try again?
More Cached Fewer

[PDF] from wi.govwi.gov [PDF]

[PDF][PDF] Bobcat Population Analyses 2014

RE Rolley, NM Roberts, TR Pearson - ua.dnr.wi.gov
Abstract Age and reproductive data obtained from 5,381 bobcats harvested during the 1983-
2012 seasons and data from the winter furbearer track survey were used to evaluate 
Wisconsin's bobcat population. Analysis suggested that fall population size in northern ...

On Fri, Sep 11, 2015 at 10:35 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Tam,

Any thoughts on this self-nomination to the expert elicitation mtg.?

I'm thinking no because of how many we already have that are actually in places with lynx, and the need to
even whittle that number down, but would like your thoughts (and those of other Core Team members who
would like to offer theirs).

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Thu, Sep 10, 2015 at 10:07 AM
Subject: Fwd: Lynx SSA Expert nomination
To: Jim Zelenak <jim_zelenak@fws.gov>

fyi

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Roberts, Nathan M - DNR <NathanM.Roberts@wisconsin.gov>
Date: Thu, Sep 10, 2015 at 9:36 AM
Subject: Lynx SSA Expert nomination
To: "jodi_bush@fws.gov" <jodi_bush@fws.gov>
Cc: "Hauge, Tom M - DNR" <Tom.Hauge@wisconsin.gov>, "Thiede, Kurt A - DNR"
<Kurt.Thiede@wisconsin.gov>

Hi Jodi,
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If it is not too late, Wisconsin would like to like to make a nomination to this panel. 

 

Dr. Nathan Roberts, Wisconsin, Wisconsin Department of Natural Resources:

Dr. Roberts is a furbearer/carnivore research scientist with the WDNR.  He has
worked on Lynx spp (bobcat) population dynamics and harvest ecology for several
years in WI (WDNR) and NY (Cornell University).  He is an expert in carnivore
population and harvest dynamics.  In addition, Dr. Roberts has been deeply
involved with furbearer harvest issues, nationally and internationally, for
approximately 10 years; including assisting authoring CITES proposals and
positions for the United States regarding Lynx spp.

 

Thank you for your consideration,

-Nathan Roberts for Wisconsin DNR

 

Nathan M. Roberts, PhD

Bear, Wolf, and Furbearer Research Scientist

Wisconsin Department of Natural Resources

107 Sutliff Ave.

Rhinelander, WI 54501

 

NathanM.Roberts@wisconsin.gov

715.490.9345

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:NathanM.Roberts@wisconsin.gov
mailto:jim_zelenak@fws.gov


-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

mailto:mark_mccollough@fws.gov


From: Zelenak, Jim
To: Erin Koen
Subject: Re: Contact information for Drs. Bowman and Murray
Date: Monday, September 14, 2015 7:12:44 AM

Thanks very much Erin.

On Fri, Sep 11, 2015 at 4:08 PM, <erinkoen@hotmail.com> wrote:
Hi Jim. 
I would recommend Jeff Bowman. If Jeff was unavailable, certainly Dennis would be a
valuable substitute.
Hope all is well with you.
Erin

On Fri, Sep 11, 2015 at 7:52 AM -0700, "Zelenak, Jim" <jim_zelenak@fws.gov> wrote:

Hi Erin,

Tough Question:  If you had to choose only one of these candidates (as we may have to because of the nature of
structured expert elicitation and the number or lynx experts from throughout the DPS range and in Canada), who
do you think could best help us (USFWS) understand the current status of, threats to, and likely future viability of
lynx populations in southern Canada adjacent to those in the Lower 48?  Dr. Murray or Dr. Bowman?

I really appreciate your candid thoughts on this, and I apologize for having to ask.

Jim

On Fri, Jul 10, 2015 at 12:59 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks so much Erin, and for your time on the phone today. Very much appreciated.  I enjoyed talking with
you.  Best of luck on the Post Doc work and then returning to lynx work!

Jim

On Fri, Jul 10, 2015 at 11:09 AM, Erin Koen <erinkoen@hotmail.com> wrote:
Hi,

Here is contact information for Jeff Bowman and Dennis Murray:

Dr. Jeff Bowman
Research Scientist
Ontario Ministry of Natural Resources and Forestry
jeff.bowman@ontario.ca
http://people.trentu.ca/~jebowman/

and a page with links to Jeff's lynx papers
http://people.trentu.ca/~jebowman/lynx.htm

mailto:jim_zelenak@fws.gov
mailto:erinkoen@hotmail.com
mailto:erinkoen@hotmail.com
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Dr. Dennis Murray
Associate Professor
Trent University
dennismurray@trentu.ca
http://www.dennismurray.ca/dennis-murray

Erin Koen
Postdoctoral fellow
Cooperative Wildlife Research Laboratory
Southern Illinois University
http://sites.google.com/site/erinlkoen/

Date: Thu, 9 Jul 2015 11:04:04 -0600
Subject: Re:
From: jim_zelenak@fws.gov
To: erinkoen@hotmail.com

Does tomorrow at 11 AM central time work for you?

On Wed, Jul 8, 2015 at 1:30 PM, Erin Koen <erinkoen@hotmail.com> wrote:

Hi,

Friday could work for me (I share an office with ~15 other graduate
students, but I could work from home on Fri so that I don't disturb
anyone).
My number is 618-967-7474.  Let me know what time works for you (it
won't matter for me). I'm on central time.

Erin

Erin Koen
Postdoctoral fellow
Cooperative Wildlife Research Laboratory
Southern Illinois University
http://sites.google.com/site/erinlkoen/

Date: Wed, 8 Jul 2015 09:38:40 -0600
Subject: Re:
From: jim_zelenak@fws.gov

mailto:dennismurray@trentu.ca
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To: erinkoen@hotmail.com

Hi Erin,

I'm wondering if you might have time for a quick phone call in the next day or two
regarding lynx in southern Ontario?

Let me know and, if so, please reply with your phone number or feel free to call me at the
number below when convenient for you (though I will be away from desk after about 12:30
Mountain time today.

Thanks,

Jim

On Mon, Jun 8, 2015 at 3:24 PM, Zelenak, Jim <jim_zelenak@fws.gov>
wrote:

Thank you so much!

Jim

On Mon, Jun 8, 2015 at 11:02 AM, Erin Koen
<erinkoen@hotmail.com> wrote:

Hi,
The papers are attached. I included a third lynx
paper that was recently accepted incase it is
relevant.
Erin

Erin Koen
Postdoctoral fellow
Cooperative Wildlife Research Laboratory
Southern Illinois University
http://sites.google.com/site/erinlkoen/

Date: Mon, 8 Jun 2015 10:54:33 -0600
Subject: 
From: jim_zelenak@fws.gov
To: erinkoen@trentu.ca

Hi Dr. Koen,

I'm working on lynx recovery planning and
wonder if you might have PDFs of the
following two articles that you could send me.

mailto:erinkoen@hotmail.com
mailto:jim_zelenak@fws.gov
mailto:erinkoen@hotmail.com
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1. Koen et al. 2014. Climate change reduces
genetic diversity of Canada lynx at the trailing
range edge.

2.  Koen et al. 2014. Continental-scale assessment of the
hybrid zone between bobcat and Canada lynx.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service

mailto:jim_zelenak@fws.gov
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Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Mary Parkin; Heather Bell; Seth Willey; Jodi Bush; Jonathan Cummings
Subject: Expert update for today"s Lynx SSA call
Date: Monday, September 14, 2015 10:42:23 AM
Attachments: 2015 09 14 Lynx SSA Expert Elicitation Workshop Candidates Update.docx

Attached.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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2015 09 11 Lynx SSA Expert Elicitation Workshop Candidates Update - jz 

Expert Candidate Geographic Area Affiliation Response to JZ 
9/4/15 Email Available Oct. 13 - 15 Formal Invitation? 

Kevin McKelvey DPS-wide (distribution, 
climate change) 

USDA Forest Service - Rocky Mountain 
Research Station, Missoula, MT 9/11 YES YES 

Michael Schwartz DPS-wide (genetics) USDA Forest Service - National Genomics 
Center for Wildlife and Fish Conservation 9/9 MAYBE/LIKELY YES 

Dan Harrison Maine/Northeast University of Maine   If not Simons-Legaard 
(?) 

Erin Simons-Legaard Maine/Northeast University of Maine 9/10 YES If not Harrison (?) 

Jennifer Vashon Maine/Northeast Maine Department of Inland Fish and 
Wildlife 9/8 YES YES 

Ron Moen Minnesota/Great Lakes University of Minnesota and Natural 
Resources Research Institute 9/5 PROBABLY YES 

Susan or Tim Catton Minnesota/Great Lakes USDA Forest Service – Superior National 
Forest    

John Squires 
Northern and Southern 

Rocky Mountains (Montana, 
Wyoming, Colorado) 

USDA Forest Service - Rocky Mountain 
Research Station, Missoula, MT 9/9 YES YES 

Jay Kolbe Northern Rocky Mountains  Montana Fish Wildlife and Parks 9/11 YES YES 

Gary Koehler Washington/Northwest Washington Department of Fish and Wildlife 
(retired) 9/9 NO XXX 

Keith Aubry Washington/Northwest USDA Forest Service - Pacific Northwest 
Research Station, Olympia, WA (retired) XXX Previously declined XXX 

Kerry Murphy Wyoming/Greater 
Yellowstone USDA Forest Service XXX Previously declined XXX 

Jake Ivan Colorado/Southern Rocky 
Mountains Colorado Parks and Wildlife 9/4 YES YES 

Clayton Apps Southern British Columbia & 
Alberta 

Independent Researcher, Aspen Wildlife 
Research Inc. 9/6 PROBABLY YES 

Karen Hodges Southern Canada/DPS-wide 
(hares) University of British Columbia–Okanagan 9/4 YES YES 

Jeff Bowman Southern Canada/Ontario Ontario Ministry of Natural Resources and 
Forestry, and University of Trent, Ontario 9/8 YES If not Murray (?) 

Dennis Murray Southern Canada/Ontario University of Trent, Ontario 9/5 MAYBE (50-50) If not Bowman (?) 

Garth Mowat Southern British Columbia & 
Alberta 

British Columbia Ministry of Forests, Lands 
and Resource Operations XXX Previously declined XXXX 

Scott Jackson DPS-wide (regulatory envt.) USDA Forest Service 9/9 YES YES 
      
      
      
      



 

Others 
Nominated Geographic Area Affiliation Notes Formal Invitation? 

Dr. Nathan 
Roberts Wisconsin/bobcats Wisconsin DNR 

Self-nomination: “Dr. Roberts is a furbearer/carnivore research scientist with the 
WDNR.  He has worked on Lynx spp (bobcat) population dynamics and harvest 

ecology for several years in WI (WDNR) and NY (Cornell University).  He is an expert 
in carnivore population and harvest dynamics.  In addition, Dr. Roberts has been 
deeply involved with furbearer harvest issues, nationally and internationally, for 

approximately 10 years; including assisting authoring CITES proposals and positions 
for the United States regarding Lynx spp.” 

 

Richard J. Baker 
Endangered 

Species 
Coordinator 

Minnesota Minnesota DNR Request to participate as an observer (9/8) 

 

Dr. Josh Lawler Pacific Northwest (?) University of 
Washington 

Climate forecasting (http://faculty.washington.edu/jlawler/); nominated by Jeff 
Lewis, Washington Dept. Fish and Wildlife 

 

 

Dr. John Erb Minnesota/Lake 
States Minnesota DNR 

Nominated by Richard Baker: “Dr. Erb is a Wildlife Research Scientist with the MN 
DNR specializing in carnivore/furbearer research and monitoring for the past 17 

years.  He has previously conducted research on mink, muskrat, and otter and has 
long-term and ongoing research projects on several forest carnivores including 

wolves, fishers, and martens.  He also manages biological data collection for other 
forest carnivores (e.g., bobcat status and reproductive data collection) and 
supervises two multi-species carnivore surveys in the state.  Dr. Erb is also 

responsible for statewide snowshoe hare monitoring, and is very involved with 
forest monitoring and management issues within the state, including ongoing 

research on use of LIDAR data to quantify forest structure important to several 
carnivores.  He has contributed to past and ongoing lynx monitoring efforts, 
including collection of lynx genetic samples, biological analysis of dead lynx 

recovered in MN, lynx detection/mortality database maintenance, lynx-bobcat 
hybrid analyses, etc.  Dr. Erb also currently serves as chairman of AFWAs Furbearer 

Resources Technical Work Group.” 

 

Brian Olsen or 
Andy Whitman Maine/Northeast 

University of 
Maine and the 
Climate Change 

Institute 

Nominated by Jim Connolly, MDIFW: “Have a Northeast perspective on lynx and 
climate change that can be brought into the discussions.  I believe these individuals 
or perhaps a small group could probably be pulled together as a group or external 

resource for the SSA working group to address this issue.” 

 

Bob Lanka Wyoming Wyoming game 
and Fish Request to participate as an observer (8/20)  

Solomon 
Dobrowski Western US/Canada Univ of Montana - 

Climate ecologist 
Nominated by Rex Sallabanks, Idaho Fish and Game: “Focuses on understanding 

effects of climate on species” 
 

Daniel Thornton Western US/Canada Washington State 
Univ - Climate 

Nominated by Rex Sallabanks, Idaho Fish and Game: “Focuses on understanding 
effects of environmental change (including climate) on species” 

 

http://faculty.washington.edu/jlawler/


ecologist 

John Abatzoglou 
Global, with specific 
expertise in West & 

PNW 

Univ of Idaho - 
Climate modeler 

Nominated by Rex Sallabanks, Idaho Fish and Game:  “Focuses on science describing 
current, historical, and future climates” 

 

Leona Svancara Idaho/PNW 
Idaho Fish and 
Game - Spatial 

ecologist 
Nominated by Rex Sallabanks, Idaho Fish and Game:  “Focuses on application of 

climate information in species management” 
 

Tanya Shenk Colorado/S. Rockies NPS 

Nominated by Jake Ivan, Colorado Parks and Wildlife: “Did you ever extend an 
invitation to Tanya Shenk, now with NPS?  She ran the Colorado project for many 
years and is a co-author on several papers.  She would not have data or results on 

Colorado beyond what I have (I'm in her position now), but would certainly be 
considered an expert on lynx.” 

 

 



From: Bush, Jodi
To: Jim Zelenak
Subject: list
Date: Monday, September 14, 2015 2:12:46 PM
Attachments: 20150914_Potential Lynx Panelists and contacts.xlsx

attached. 

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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Lynx Potential Panelists As of September 14, 2015

Names of Potential 
Panelists Recommended By Vo
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Contact Information Octo
ber 1

3-16, 2
015

Pap
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ork 
co

mpleted

Apps, Clayton Y
Independent research ecologist whose work in 
western Canada over the past 24 years has focused 
on understanding and predicting relationships of wid

Aubry, Keith Y

Emeritus Scientist (formerly Research Wildlife 
Biologist) with the U.S. Forest Service’s Pacific 
Northwest Research Station. Dr. Aubry was a member 
of several national scientific teams, including the 
Forest Carnivore Conservation Assessment Team, the 

Bowman, Jeff Y
Research Scientist with the Wildlife Research & 
Monitoring Section, Ontario Ministry of Natural 
Resources and Forestry 

Catton, Sue or Tim Y
expert on lynx biology, ecology and management on 
the SNF

Erb, Dr. John Minnesota
Provides technical oversight of forest carnivore mgmt 
programs

Harrison, Dan Y
Univ of Maine advisor. Published work on lynx, hare and 
hbtt modeling

Hodges, Karen Y
Ast Prof at Department of Biology at the University of 
British Columbia. Research on how range position and 
habitat configuration affect species interactions and 
endangerment of at-risk species

Ivan, Jake Y
Wildlife Researcher with CPW’s Mammals Research 
Section,

Koehler, Gary Y retired Research Biologist, has conducted research on 
lynx and hares in Washington for more than 30 years.

Kolbe, Jay Y

Jay has worked for over a decade on lynx research 
and management in western Montana and has 
authored and co-authored numerous peer-reviewed 
lynx pubs

McKelvey, Kevin Y
Research Ecologist, Member of the lynx science team and 
the science lead for National Lynx Survey.  Author of 
numerous pubs. 

Moen, Roy Y

over 10 years, studied lynx to understand their 
distribution, abundance, persistence, movements and 
habitat use in and near the Superior NF in 
northeastern Minn

Lynx  Ecology 
and Biology



Mowat, Garth

Y
Manages the Research Section for the Resource 
Stewardship Division in British Columbia,  where his 
current research varies from geomorphology to 
ecosystem classification and wildlife ecology NOT AVAILABLE

Murphy, Keith Y
Wld Bio on the B-T NF.  He has extensive experience 
monitoring, managing, and surveying Canada lynx and 
their habitat, and in documenting aspects of other 
carnivore populations.

Murray, Dennis Y
Canada Research Chair in Integrative Wildlife 
Conservation, Bioinformatics, and Ecological 
Modeling 

Roberts, Dr. Nathan Wisconsin furbearer/carnivore research scientist, bobcat 
population dynamics. 

Schwartz, Michael Y
Director of the National Genomics Center,  focuses on 
population, conservation, and landscape 
genetics/genomics, genetic monitoring

Simons-Legaard, Erin Y
Assistant Research Professor in forest landscape 
modeling. Developed a forest landscape change 
model to do retrospective, current, and future 
forecasts of forest conditions in northern Maine.

Squires, John Y
Research Wildlife Biologist, leads a team of 
researchers responsible for discovering and 
synthesizing information that is needed to conserve  
forest carnivores throughout the Rocky Mountains.

Vashon, Jennifer Maine and Core group Y
led a 10-year study of lynx in Maine, published two 
manuscripts in JWM in 2008, and co-authored other 
manuscripts with Dr. Harrison's 

Abatzoglou, Dr. John Leona-ID Climate Modeler 208-885-6239; jabatzoglou@uidaho.edu

Iverson, Louis Johnson Report
Tree species distribution and climate. USFS 
Northern Research Station liverson@fs.fed.us

Lawler, Josh 
Leona-OK, WA-req, 
Johnson report. Applied Climate change Science at UW jlawler@u.washington.edu

Lundquist, Jessica 
Leona-OK, Johnson 
report. Expert on Snowpack in PNW, UW jdlund@u.washington.edu

Mote, Dr. John 
Leona-OK, Johnson 
report. Climate Modeler, Director of OR CC Res Institute pmote@coas.oregonstate.edu

Olsen, Brian Maine Northeast perspective on climate

Thornton, Daniel Leona-ID Applied Climate change Science at WSU

   
 

Habitat 
Modeling, 

Remote 
Sensing, 
climate 
change, 

modeling

mailto:liverson@fs.fed.us
mailto:jlawler@u.washington.edu
mailto:jdlund@u.washington.edu
mailto:pmote@coas.oregonstate.edu


Whitman, Andy Maine Northeast perspective on climate
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Richard Baker Minn-Rbaker Minn End Spp Coord
TBD-No Name Wyoming-Lanka Applied management
Leona Svencara Idaho App of climate information in spp. mgmt
Scott Johnson FWS Forest Service Regulatory Mgmt



From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Cc: Mary Parkin; Heather Bell; Jodi Bush; Seth Willey; Jonathan Cummings
Subject: Things to discuss on Core Team Call tomorrow (9/15)
Date: Monday, September 14, 2015 4:45:02 PM
Attachments: 2015 09 14 Lynx SSA Expert Elicitation Workshop Candidates Update.docx

Hi All:

Here's an updated list highlighting a few difficult decisions I think we need to make tomorrow regarding invited
experts (how to reach our limit of 12).

It also includes the names of some potential climate/modeling presenters that we need to discuss and settle on.

Unless you hear otherwise, use the call-in number and webex info in the google invitation that Mary sent.

Look forward to talking to you.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:tamara_smith@fws.gov
mailto:bryon_holt@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:mary_parkin@fws.gov
mailto:heather_bell@fws.gov
mailto:jodi_bush@fws.gov
mailto:seth_willey@fws.gov
mailto:jwcummings@usgs.gov
mailto:jim_zelenak@fws.gov


2015 09 11 Lynx SSA Expert Elicitation Workshop Candidates Update - jz 

Expert Candidate Geographic Area Affiliation Response to JZ 
9/4/15 Email Available Oct. 13 - 15 Formal Invitation? 

Kevin McKelvey DPS-wide (distribution, 
climate change) 

USDA Forest Service - Rocky Mountain 
Research Station, Missoula, MT 9/11 YES YES 

Michael Schwartz DPS-wide (genetics) USDA Forest Service - National Genomics 
Center for Wildlife and Fish Conservation 9/9 MAYBE/LIKELY YES 

Erin Simons-Legaard 
or Dan Harrison Maine/Northeast University of Maine 9/10 YES  

Jennifer Vashon Maine/Northeast Maine Department of Inland Fish and 
Wildlife 9/8 YES YES 

Ron Moen Minnesota/Great Lakes University of Minnesota and Natural 
Resources Research Institute 9/5 PROBABLY YES 

Susan Catton or 
John Erb Minnesota/Great Lakes USDA Forest Service – Superior National 

Forest or Minnesota DNR    

John Squires 
Northern and Southern 

Rocky Mountains (Montana, 
Wyoming, Colorado) 

USDA Forest Service - Rocky Mountain 
Research Station, Missoula, MT 9/9 YES YES 

Jay Kolbe Northern Rocky Mountains  Montana Fish Wildlife and Parks 9/11 YES YES 

Jake Ivan Colorado/Southern Rocky 
Mountains Colorado Parks and Wildlife 9/4 YES YES 

Clayton Apps Southern British Columbia & 
Alberta 

Independent Researcher, Aspen Wildlife 
Research Inc. 9/6 PROBABLY YES 

Karen Hodges Southern Canada/DPS-wide 
(hares) University of British Columbia–Okanagan 9/4 YES YES 

Jeff Bowman or 
Dennis Murray Southern Canada/Ontario Ontario Ministry of Natural Resources and 

Forestry, and University of Trent, Ontario 9/8 YES  

      
Presenters 

Scott Jackson DPS-wide (regulatory envt.) USDA Forest Service 9/9 YES YES 

John Abatzoglou 
Climate modeling, global, 
with specific expertise in 

West & PNW 
Univ of Idaho - Climate modeler Not Contacted   

Louis Iverson Climate Change & Tree Dist. USFS Northern Research Station Not Contacted   
Josh Lawler Climate Forecasting University of Washington Not Contacted   

Jessica Lundquist Expert on Snowpack in PNW, 
UW University of Washington Not Contacted   

Phil Mote Climate modeling/Snow Oregon Climate Change Research Institute, 
OSU Not Contacted   

Brian Olsen Maine/Northeast University of Maine and the Climate Change 
Institute Not Contacted   

Daniel Thornton Western US/Canada Washington State Univ - Climate ecologist Not Contacted   



Andy Whitman Maine/Northeast University of Maine and the Climate Change 
Institute Not Contacted   

      
 

 

Others 
Nominated Geographic Area Affiliation Notes Formal Invitation? 

Dr. Nathan 
Roberts Wisconsin/bobcats Wisconsin DNR 

Self-nomination: “Dr. Roberts is a furbearer/carnivore research scientist with the 
WDNR.  He has worked on Lynx spp (bobcat) population dynamics and harvest 

ecology for several years in WI (WDNR) and NY (Cornell University).  He is an expert 
in carnivore population and harvest dynamics.  In addition, Dr. Roberts has been 
deeply involved with furbearer harvest issues, nationally and internationally, for 

approximately 10 years; including assisting authoring CITES proposals and positions 
for the United States regarding Lynx spp.” 

 

Richard J. Baker 
Endangered 

Species 
Coordinator 

Minnesota Minnesota DNR Request to participate as an observer (9/8) 

 

Dr. Josh Lawler Pacific Northwest (?) University of 
Washington 

Climate forecasting (http://faculty.washington.edu/jlawler/); nominated by Jeff 
Lewis, Washington Dept. Fish and Wildlife 

 

 

Dr. John Erb Minnesota/Lake 
States Minnesota DNR 

Nominated by Richard Baker: “Dr. Erb is a Wildlife Research Scientist with the MN 
DNR specializing in carnivore/furbearer research and monitoring for the past 17 

years.  He has previously conducted research on mink, muskrat, and otter and has 
long-term and ongoing research projects on several forest carnivores including 

wolves, fishers, and martens.  He also manages biological data collection for other 
forest carnivores (e.g., bobcat status and reproductive data collection) and 
supervises two multi-species carnivore surveys in the state.  Dr. Erb is also 

responsible for statewide snowshoe hare monitoring, and is very involved with 
forest monitoring and management issues within the state, including ongoing 

research on use of LIDAR data to quantify forest structure important to several 
carnivores.  He has contributed to past and ongoing lynx monitoring efforts, 
including collection of lynx genetic samples, biological analysis of dead lynx 

recovered in MN, lynx detection/mortality database maintenance, lynx-bobcat 
hybrid analyses, etc.  Dr. Erb also currently serves as chairman of AFWAs Furbearer 

Resources Technical Work Group.” 

 

Brian Olsen or 
Andy Whitman Maine/Northeast 

University of 
Maine and the 
Climate Change 

Institute 

Nominated by Jim Connolly, MDIFW: “Have a Northeast perspective on lynx and 
climate change that can be brought into the discussions.  I believe these individuals 
or perhaps a small group could probably be pulled together as a group or external 

resource for the SSA working group to address this issue.” 

 

Bob Lanka Wyoming Wyoming game Request to participate as an observer (8/20)  

http://faculty.washington.edu/jlawler/


and Fish 
Solomon 

Dobrowski Western US/Canada Univ of Montana - 
Climate ecologist 

Nominated by Rex Sallabanks, Idaho Fish and Game: “Focuses on understanding 
effects of climate on species” 

 

Daniel Thornton Western US/Canada 
Washington State 

Univ - Climate 
ecologist 

Nominated by Rex Sallabanks, Idaho Fish and Game: “Focuses on understanding 
effects of environmental change (including climate) on species” 

 

John Abatzoglou 
Global, with specific 
expertise in West & 

PNW 

Univ of Idaho - 
Climate modeler 

Nominated by Rex Sallabanks, Idaho Fish and Game:  “Focuses on science describing 
current, historical, and future climates” 

 

Leona Svancara Idaho/PNW 
Idaho Fish and 
Game - Spatial 

ecologist 
Nominated by Rex Sallabanks, Idaho Fish and Game:  “Focuses on application of 

climate information in species management” 
 

Tanya Shenk Colorado/S. Rockies NPS 

Nominated by Jake Ivan, Colorado Parks and Wildlife: “Did you ever extend an 
invitation to Tanya Shenk, now with NPS?  She ran the Colorado project for many 
years and is a co-author on several papers.  She would not have data or results on 

Colorado beyond what I have (I'm in her position now), but would certainly be 
considered an expert on lynx.” 

 

 



From: Zelenak, Jim
To: Catton, Susan J -FS
Cc: Catton, Timothy J -FS; Tamara Smith; Jodi Bush
Subject: Re: Canada Lynx Expert Elicitation Workshop
Date: Monday, September 14, 2015 2:12:47 PM

Hi Susan and Tim,

I really appreciate that both of you are interested in and available to participate in the lynx expert elicitation
workshop. However, because of the need to keep the group to a size appropriate for a structured elicitation process,
we really need to limit the number of lynx experts we can formally invite.  That, combined with the need to have
some level of representation from each of the geographic regions of the DPS, also limits the number of folks we can
have from any particular part of the range.

We are working on finalizing the list of experts to whom we will send formal invitations, which we hope to get out
this week.

Jim

On Mon, Sep 14, 2015 at 1:51 PM, Catton, Susan J -FS <scatton@fs.fed.us> wrote:

Jim,

I wanted to let you know that I plan to attend and we are trying to schedule some child care
so that Tim can attend also.

 

Looking forward to seeing you in a few  weeks.  -Susan

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, September 04, 2015 4:48 PM
Subject: Canada Lynx Expert Elicitation Workshop

 

Greetings!

 

You have been identified by your peers, the U.S Fish and Wildlife Service, and our State,
Federal, and Academic partners as a candidate to participate in a structured expert elicitation
workshop that is a crucial part of our Species Status Assessment for the contiguous United
States Distinct Population Segment (DPS) of Canada lynx.

 

The objective of the workshop is to assess the current status of and threats to the various
DPS populations and to evaluate the DPS's viability under a range of future threat, habitat
condition, and climate scenarios.

 

mailto:jim_zelenak@fws.gov
mailto:scatton@fs.fed.us
mailto:tcatton@fs.fed.us
mailto:tamara_smith@fws.gov
mailto:jodi_bush@fws.gov
mailto:scatton@fs.fed.us
mailto:jim_zelenak@fws.gov


The workshop will be held in Minneapolis, Minnesota on Oct. 13-15, 2015.

 

This is not a formal invitation to participate in the workshop; it is a request to let me know at
your earliest convenience whether or not you would be able to attend the workshop on those
dates.  We hope to finalize the list of invitees and send out formal invitations in the next
week or so.

 

In addition to lynx experts, we are assembling a list of candidates for workshop
presentations on boreal forest ecology (distribution, insects, fires, and likely future
condition), climate change/ modeling, and the regulatory environment as it pertains to lynx
in the Lower 48 states and southern Canada.  If you have recommendations for experts on
those topics, please also provide them to me with you response.  

 

Thanks for your consideration of and prompt reply to this request.

 

Cheers!

 

Jim 

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist

mailto:jim_zelenak@fws.gov


U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: McCollough, Mark
Subject: Re: Johnson report?
Date: Tuesday, September 15, 2015 1:36:24 PM
Attachments: Lynx and Climate Change --- Recomendations on Experts_KAJ_07-30-2015 (2).docx

Here you go Mark.  Thanks for your time again today.  Are we getting closer to where we need to be?

On Tue, Sep 15, 2015 at 11:08 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
I am not readily finding the Johnson report...can you please send? thanks, Mark

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:mark_mccollough@fws.gov
mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
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Introduction 
 
Climate change related impacts to lynx are likely to include the following: 

1. Changes to lynx climate envelope 
o Increasing temperatures may exceed the 

temperature tolerance of the species, 
which is adapted to colder climates 

o Healy Hamilton conducted some modeling 
of lynx climate envelope for the 2050s and 
2090s, using the A2 emissions scenario.  
 Dataset represents the predicted 

distribution for Canada Lynx (Lynx 
canadensis) for the 2050s and 2090s (10-yr period average), based on the 
agreement (spatial average) of 5 niche modeling techniques (BIOCLIM, 
Climate Space Model, Envelope Score, Environmental Distance, SMV) 
and monthly precipitation and average temperature from 12 GCM's from 
the A2 emission scenario. Localities used to produce the model were 
resampled from the core area (highest probability) of the predicted 
distribution based on 48 Worldclim 1.4 climatic variables and BIOCLIM. 

 Results are posted in Data Basin.  http://databasin.org/maps/e82e8422-
f33f-4d4e-838c-204b8959dccb 

 
2. Loss of boreal forest habitat 

o Various modeling studies suggest 
that forest ecosystems and 
landscapes are likely to change as a 
result of shifting climate envelopes 
of key plant species. Much of this 
work has been done in the NE and 
Upper Midwest. Boreal forest 
habitats are likely to be greatly 
reduced or disappear from these 
areas (based on modeling results). 
See figures included here. 
 

o Observational data and modeling 
projections indicate an increase in 
disturbance in lynx forest habitats. 
These include: 

http://databasin.org/maps/e82e8422-f33f-4d4e-838c-204b8959dccb
http://databasin.org/maps/e82e8422-f33f-4d4e-838c-204b8959dccb
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 Fires – Increasing intensity nd areal extent burned, if not total number of 
fires. Especially so in Western United States. 

 Insect pests and diseases -- Increasing incidence of forest destruction due 
to insects and other pests. For example, conifer beetles in the Western 
United States and hemlock wooly adelgid in Eastern and NE United 
States.  

 Combination of disturbances – Insect pests are working in tandem with 
fire and drought to reshape landscapes in the Western United States, 
particularly Colorado, Montana, and North Cascades areas. 

 Overlaid on other disturbances (anthropogenic) 
3. Changes in snow cover 

o Both areal extent and depth of snowpack in lynx habitat has been changing, along 
with changes to snow quality and texture.  These changes affect the ability of lynx 
to secure their main prey – snowshoe hare – and to stay ahead of other carnivores 
that are potential competitors (e.g., bobcat) 
 http://www.gfdl.noaa.gov/news-app/story.79 

4. Changes in prey distribution, abundance, availability 
o Climate change will affect the climate envelope and habitat of the lynx’s principal 

prey, the snowshoe hare, thereby affecting predator-prey relationships. 
o In addition, recent research by Mills and colleagues has demonstrated an 

emerging color mismatch between snowshoe hare and their habitat due to earlier 
melting snow. This could lead to increased susceptibility to predation, thereby 
affecting predator-prey relations. 
 http://www.pnas.org/content/110/18/7360.short 

 
Identification of Experts to be Considered for Consultation 
 
Identification of lynx experts was based on my personal 
familiarity with experts and with potentially relevant 
literature, as well as through multiple internet searches using 
Google and Google Scholar. Lynx experts were 
recommended on the basis of their relevant experience in one 
or more of six lynx “units1,” including field research and/or 
management of lynx, their habitats, and/or their prey.  
 
Identification of climate change experts was also based on 
my personal familiarity with experts and potentially relevant 

                                                           
1 Six units are: Unit 1—Northern Maine; Unit 2—Upper Midwest; Unit 3—NW Montana; Unit 4—North Cascades 
and Okanogan; Unit 5—GYE; Unit 6—Colorado. 

http://www.gfdl.noaa.gov/news-app/story.79
http://www.pnas.org/content/110/18/7360.short
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literature, as well as through multiple internet searches using Google and Google Scholar. 
Climate change experts were identified on the basis of their demonstrated research and 
publication record on relevant climate change topics of regional significance (i.e., experience in 
one or more of six “units”). Two types of climate experts were identified. The first type includes 
experts on climate change itself – both observed and projected changes – including temperature 
and precipitation patterns, snowpack, changing hydrology, etc. The second type includes experts 
on ecological response to climate change, including landscape modelers, climate envelope 
modelers, etc. 
 
Results are presented by Unit, as follows: 
 
Unit 1 – Northern Maine 
 

• Lynx 
 

o Jennifer H. Vashon 
 Canada lynx and black bear biologist, Maine Department of Inland 

Fisheries and Wildlife 
 Conducted much research on lynx in Maine 

• “Spatial Ecology of a Canada Lynx Population in Northern Maine” 
--
http://www.maine.gov/ifw/wildlife/pdfs/Lynx%20spatial%20patter
ns.pdf 

• “Canada Lynx Assessment” --
 http://www.maine.gov/ifw/wildlife/pdfs/Lynx%20Assessment%2
02012_1_Final.pdf 

 Email: jennifer.vashon@maine.gov 
 

o Christopher L. Hoving 
 Works for Michigan DNR 
 Worked on lynx in Maine and Michigan 

• “Broad-scale predictions of Canada lynx occurrence in eastern 
North America” --  http://www.bioone.org/doi/abs/10.2193/0022-
541X%282005%29069%5B0739%3ABPOCLO%5D2.0.CO%3B2
?journalCode=wild 

• “Michigan Species CCVA” (includes lynx) --
 https://www.michigan.gov/documents/dnr/3564_Climate_Vulnera
bility_Division_Report_4.24.13_418644_7.pdf 

 Email: hovingc@michigan.gov 
 

http://www.maine.gov/ifw/wildlife/pdfs/Lynx%20spatial%20patterns.pdf
http://www.maine.gov/ifw/wildlife/pdfs/Lynx%20spatial%20patterns.pdf
http://www.maine.gov/ifw/wildlife/pdfs/Lynx%20Assessment%202012_1_Final.pdf
http://www.maine.gov/ifw/wildlife/pdfs/Lynx%20Assessment%202012_1_Final.pdf
http://www.bioone.org/doi/abs/10.2193/0022-541X%282005%29069%5B0739%3ABPOCLO%5D2.0.CO%3B2?journalCode=wild
http://www.bioone.org/doi/abs/10.2193/0022-541X%282005%29069%5B0739%3ABPOCLO%5D2.0.CO%3B2?journalCode=wild
http://www.bioone.org/doi/abs/10.2193/0022-541X%282005%29069%5B0739%3ABPOCLO%5D2.0.CO%3B2?journalCode=wild
https://www.michigan.gov/documents/dnr/3564_Climate_Vulnerability_Division_Report_4.24.13_418644_7.pdf
https://www.michigan.gov/documents/dnr/3564_Climate_Vulnerability_Division_Report_4.24.13_418644_7.pdf
mailto:hovingc@michigan.gov
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o Daniel J. Harrison 
 Professor of Wildlife Ecology, U. Maine 
 Has conducted lynx research with grad students 

• “Movement paths reveal scale-dependent habitat decisions by 
Canada lynx” --  http://www.bioone.org/doi/pdf/10.1644/10-
MAMM-A-005.1 

• “Winter habitat selection by Canada lynx in Maine: prey 
abundance or accessibility?” --
 http://onlinelibrary.wiley.com/doi/10.2193/2006-288/pdf 

 Email:  harrison@maine.edu 
 

• Climate 
 

o Art DeGaetano 
 Professor, Earth and Atmospheric Sciences, Cornell University 
 Expert on climate and snowpack in the Northeast 

•  “A methodology for statistically downscaling seasonal snow cover 
characteristics over the Northeastern United States” --
http://onlinelibrary.wiley.com/doi/10.1002/joc.3626/abstract 

 Email: atd2@cornell.edu 
 

o Ivan Fernandez 
 Soil Scientist, University of Maine 
 Lead author on “Maine’s Climate Future: 2015 Update” 

• http://climatechange.umaine.edu/research/publications/climate-
future 

 Not a climate scientist per se, but he should know a good climate person 
for the NE and Maine owing to his role in producing this document 

 Email: ivanjf@maine.edu 
 

o Louis Iverson 
 USFS Northern Research Station 
 Landscape ecologist / impact of climate change on tree distributions 

• “Projected Tree Species Redistribution Under Climate Change: 
Implications for Ecosystem Vulnerability Across Protected Areas 
in the Eastern United States” --
http://www.fs.fed.us/nrs/pubs/jrnl/2015/nrs_2015_zolkos_001.pdf 

 Email: liverson@fs.fed.us 
 
 

http://www.bioone.org/doi/pdf/10.1644/10-MAMM-A-005.1
http://www.bioone.org/doi/pdf/10.1644/10-MAMM-A-005.1
http://onlinelibrary.wiley.com/doi/10.2193/2006-288/pdf
mailto:Harrison@umenfa.maine.edu
http://onlinelibrary.wiley.com/doi/10.1002/joc.3626/abstract
mailto:atd2@cornell.edu
http://climatechange.umaine.edu/research/publications/climate-future
http://climatechange.umaine.edu/research/publications/climate-future
mailto:ivanjf@maine.edu
http://www.fs.fed.us/nrs/pubs/jrnl/2015/nrs_2015_zolkos_001.pdf
mailto:liverson@fs.fed.us
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Unit 2 – Upper Midwest 
 

• Lynx 
 

o Christopher L. Hoving 
 Michigan DNR 
 See Maine for details 

 
o Ron Moen 

 Senior Research Associate, Natural Resources Research Institute, U 
Minnesota-Duluth 

 Lynx research 
• “Movement and Habitat Use of Canada Lynx During Denning in 

Minnesota” http://www.bioone.org/doi/abs/10.2193/2008-072 
 Email: rmoen@d.umn.edu 

 
• Climate 

 
o Stephen Handler 

 USFS Northern Research Station 
 Climate change & landscape adaptation specialist / coordinates 

the Northwoods Climate Change Response Framework 
• “Minnesota forest ecosystem vulnerability assessment and synthesis: a 

report from the Northwoods Climate Change Response Framework 
project”  http://www.nrs.fs.fed.us/pubs/45939 

 Email: sdhandler@fs.fed.us 
 

o Michael Notaro 
 Associate Director and Senior Scientist, Nelson Institute Center for 

Climatic Research, University of Wisconsin-Madison 
• “Twenty-First-Century Projections of Snowfall and Winter 

Severity across Central-Eastern North 
America”  http://journals.ametsoc.org/doi/abs/10.1175/JCLI-D-13-
00520.1?journalCode=clim 

• “Forest ecosystem vulnerability assessment and synthesis for northern 
Wisconsin and western Upper Michigan: a report from the 
Northwoods Climate Change Response Framework 
project” http://www.nrs.fs.fed.us/pubs/46393 

 Email: mnotaro@wisc.edu 
 

http://www.bioone.org/doi/abs/10.2193/2008-072
mailto:rmoen@d.umn.edu
http://forestadaptation.org/northwoods
http://www.nrs.fs.fed.us/pubs/45939
mailto:sdhandler@fs.fed.us
http://journals.ametsoc.org/doi/abs/10.1175/JCLI-D-13-00520.1?journalCode=clim
http://journals.ametsoc.org/doi/abs/10.1175/JCLI-D-13-00520.1?journalCode=clim
http://www.nrs.fs.fed.us/pubs/46393
mailto:mnotaro@wisc.edu
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Unit 3 – NW Montana 
 

• Lynx 
 

o John R. Squires 
 USFS Research Wildlife Biologist 

• “Combining resource selection and movement behavior to predict 
corridors for Canada lynx at their southern range 
periphery” http://www.treesearch.fs.fed.us/pubs/43874 

• “Estimating detection probability for Canada lynx Lynx canadensis 
using snow-track surveys in the northern Rocky Mountains, 
Montana, USA” http://www.treesearch.fs.fed.us/pubs/44629 

 Email: jsquires@fs.fed.us 
 

• Climate 
 

o Dan Fagre 
 Northern Rocky Mountain Science Center, USGS 
 Climate change in the northern Rockies 

• “The Unusual Nature of Recent Snowpack Declines in the North 
American 
Cordillera” http://www.sciencemag.org/content/333/6040/332.abst
ract 

 
o Steven Running 

 Regents Professor of Ecology; Director, Numerical Terradynamics 
Simulation Group, University of Montana 

 Many climate change related publications 
 Email: swr@ntsg.umt.edu 

 
o Synte Peacock 

 National Center for Atmospheric Research 
 Climate modeler 

• “Projected 21st century climate change for wolverine habitats 
within the contiguous United States”  --
http://iopscience.iop.org/1748-9326/6/1/014007 

• “Projected Twenty-First-Century Changes in Temperature, 
Precipitation, and Snow Cover over North America in CCSM4” --
http://journals.ametsoc.org/doi/abs/10.1175/JCLI-D-11-00214.1 

 Email: synte@ucar.edu 

http://www.treesearch.fs.fed.us/pubs/43874
http://www.treesearch.fs.fed.us/pubs/44629
mailto:jsquires@fs.fed.us
http://www.sciencemag.org/content/333/6040/332.abstract
http://www.sciencemag.org/content/333/6040/332.abstract
http://iopscience.iop.org/1748-9326/6/1/014007
http://journals.ametsoc.org/doi/abs/10.1175/JCLI-D-11-00214.1
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o Marketa Elsner 

 Bureau of Reclamation 
 Hydrologic engineer; experience modeling surface water hydrology, with 

a focus on climate change impacts and decision support 
• “Climate change predicted to shift wolverine distributions, 

connectivity, and dispersal corridors” --
http://www.fs.fed.us/rm/pubs_other/rmrs_2011_mckelvey_k001.p
df 

 E-mail: melsner@usbr.gov 
 
Unit 4 – North Cascades and Okanogan 
 

• Lynx 
 

o Gary M. Koehler 
 Washington Department of Fish and Wildlife (retired) 
 Many publications on lynx and large carnivores in Washington 
 Cannot locate current Email address 

 
• Climate 

 
o Josh Lawler 

 Associate Professor, School of Forest Resources, U. Washington 
 Climate change and wildlife vulnerability and adaptation planning 

• Lawler, J. J., H. D. Safford, and E. H. Girvetz.  2012.  Martens and 
fishers in a changing climate.  In: K. B. Aubry, Editors.  Biology 
and Conservation of Martens, Sables, and Fishers: a New 
Synthesis.  Cornell University Press. 

 Email: jlawler@u.washington.edu 
 

o Marketa Elsner 
 Previously worked with Climate Impacts Group at UW 

• “Implications of 21st Century Climate Change for the Hydrology 
of Washington State” --
 http://cses.washington.edu/db/pdf/wacciach3hydrology644.pdf 

 See NW Montana for details 
 

o Jessica Lundquist 
 University of Washington 

http://www.fs.fed.us/rm/pubs_other/rmrs_2011_mckelvey_k001.pdf
http://www.fs.fed.us/rm/pubs_other/rmrs_2011_mckelvey_k001.pdf
http://cses.washington.edu/db/pdf/wacciach3hydrology644.pdf
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 One of the leading experts on snowpack in PNW  
 Research focuses on spatial patterns of snow and weather in the mountains 

and how those patterns are likely to affect streamflow and water resources 
in a changing climate. 

• “Lower forest density enhances snow retention in regions with 
warmer winters: A global framework developed from plot-scale 
observations and modeling” --
 http://onlinelibrary.wiley.com/doi/10.1002/wrcr.20504/abstract 

 Email: jdlund@u.washington.edu 
 

o Phil Mote 
 Director, Oregon Climate Change Research Institute, OSU 
 Co-leader of the NOAA-funded Climate Impacts Research Consortium 

(CIRC) for the Northwest 
• “Detection and Attribution of Observed Changes in Northern 

Hemisphere Spring Snow Cover” --
http://journals.ametsoc.org/doi/abs/10.1175/JCLI-D-12-00563.1 

 Email: pmote@coas.oregonstate.edu  
 
Unit 5 – GYE 
 

• Lynx 
 

o Kerry M. Murphy 
 USFS, formerly Yellowstone National Park 
 Lynx research in GYE 

• “Distribution of Canada Lynx in Yellowstone National Park” --
http://halfpenny.me/PDFby/YNPLynxDistri.pdf 

 Email: kmmurphy02@fs.fed.us 
 

• Climate 
 

o Climate Change summary for 
GYE:  http://www.montana.edu/lccvp/documents/GYEclimatesummary.4.pdf 
 

o Monica G. Turner 
 Ecosystem and Landscape Ecology Lab, Department of Zoology, 

University of Wisconsin-Madison 
 Decades of work in the GYE and northern Rockies on landscape ecology, 

fire and climate change 

http://onlinelibrary.wiley.com/doi/10.1002/wrcr.20504/abstract
http://journals.ametsoc.org/doi/abs/10.1175/JCLI-D-12-00563.1
http://halfpenny.me/PDFby/YNPLynxDistri.pdf
http://www.montana.edu/lccvp/documents/GYEclimatesummary.4.pdf
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• “Ecological Implications of Climate Change in Yellowstone: 
Moving into Uncharted Territory?” --
 http://landscape.zoology.wisc.edu/PublicationsNew/Rommie_Tur
ner2015.pdf 

• “Recent mountain pine beetle outbreaks, wildfire severity, and 
postfire tree regeneration in the US Northern Rockies” --
 http://landscape.zoology.wisc.edu/PublicationsNew/Harvey_etal_
2014_PNAS.pdf 

• “Continued warming could transform Greater Yellowstone fire 
regimes by mid-21st century” --
 http://www.pnas.org/content/108/32/13165.full.pdf+html 

 Email: turnermg@wisc.edu 
 

o Tony Chang 
 Graduate Student, Department of Ecology, Montana State University 
 Ecological effects of climate change in GYE 

• “Historic & Projected Climate Change in the Greater Yellowstone 
Ecosystem” --
 http://www.researchgate.net/publication/275345000_Historic_and
_Projected_Climate_Change_in_the_Greater_Yellowstone_Ecosys
tem 

• “Patterns and variability of projected bioclimatic habitat for Pinus 
albicaulis in the Greater Yellowstone Area” --
 http://www.montana.edu/hansenlab/documents/downloadables/PO
NE_chang.pdf 

 Email: tony.chang@msu.montana.edu  
  

o Gregory T. Pederson 
 USGS, Northern Rocky Mountain Science Center, Bozeman 
 Snowpack research 

• “Regional patterns and proximal causes of the recent snowpack 
decline in the Rocky Mountains, U.S.” –
http://onlinelibrary.wiley.com/doi/10.1002/grl.50424/pdf 

 Email: gpederson@usgs.gov 
 
 
 
 
 
 

http://landscape.zoology.wisc.edu/PublicationsNew/Rommie_Turner2015.pdf
http://landscape.zoology.wisc.edu/PublicationsNew/Rommie_Turner2015.pdf
http://landscape.zoology.wisc.edu/PublicationsNew/Harvey_etal_2014_PNAS.pdf
http://landscape.zoology.wisc.edu/PublicationsNew/Harvey_etal_2014_PNAS.pdf
http://www.pnas.org/content/108/32/13165.full.pdf+html
http://www.researchgate.net/publication/275345000_Historic_and_Projected_Climate_Change_in_the_Greater_Yellowstone_Ecosystem
http://www.researchgate.net/publication/275345000_Historic_and_Projected_Climate_Change_in_the_Greater_Yellowstone_Ecosystem
http://www.researchgate.net/publication/275345000_Historic_and_Projected_Climate_Change_in_the_Greater_Yellowstone_Ecosystem
http://www.montana.edu/hansenlab/documents/downloadables/PONE_chang.pdf
http://www.montana.edu/hansenlab/documents/downloadables/PONE_chang.pdf
http://onlinelibrary.wiley.com/doi/10.1002/grl.50424/pdf
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Unit 6 – Colorado 
 

• Lynx 
 

o Tanya Shenk 
 Research coordinator for Great Plains CESU (NPS); formerly Colorado 

Division of Wildlife 
 Studied reintroduced lynx in Colorado 

• “Evaluating the Canada lynx reintroduction programme in 
Colorado: patterns in mortality” --
 http://onlinelibrary.wiley.com/doi/10.1111/j.1365-
2664.2010.01805.x/abstract 

 Email: tanya_shenk@nps.gov 
 

• Climate 
 

o Joseph Barsugli 
 Research Scientist III, Earth System Researh Laboratory, NOAA 
 Climate modeling; connects climate science with managers who are 

informing planning for water and land management in Colorado region. 
• “Climate Change in Colorado – A synthesis to support water 

resources management and adaptation, 2nd edition” --
 http://wwa.colorado.edu/climate/co2014report/Climate_Change_C
O_Report_2014_FINAL.pdf 

 E-mail: joseph.barsugli@noaa.gov 
 

o Thomas T. Veblen 
 Professor, Department of Geography, University of Colorado 
 Disturbance effects on forests 

• “Briefing: Climate and Wildfire in Western U.S. 
Forests” http://www.fs.fed.us/rm/pubs/rmrs_p071/rmrs_p071_081
_102.pdf? 

• “Historical, Observed, and Modeled Wildfire Severity in Montane 
Forests of the Colorado Front Range” --
 http://www.plosone.org/article/Authors/info:doi/10.1371/journal.p
one.0106971 

 Email: thomas.veblen@colorado.edu 
 
 
 

http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2664.2010.01805.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2664.2010.01805.x/abstract
http://wwa.colorado.edu/climate/co2014report/Climate_Change_CO_Report_2014_FINAL.pdf
http://wwa.colorado.edu/climate/co2014report/Climate_Change_CO_Report_2014_FINAL.pdf
http://www.fs.fed.us/rm/pubs/rmrs_p071/rmrs_p071_081_102.pdf?
http://www.fs.fed.us/rm/pubs/rmrs_p071/rmrs_p071_081_102.pdf?
http://www.plosone.org/article/Authors/info:doi/10.1371/journal.pone.0106971
http://www.plosone.org/article/Authors/info:doi/10.1371/journal.pone.0106971
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General 
 

o Dominique Bachelet 
 Conservation Biology Institute and Oregon State University 
 Vegetation and climate modeler with broad experience and great insight 

• “Climate change and fire effects on a prairie-woodland ecotone: projecting 
species range shifts with a dynamic global vegetation model” --
 http://consbio.org/products/publications/climate-change-and-fire-effects-
prairie-woodland-ecotone-projecting-species-range-shifts-dynamic-global-
vegetation-model 

• “Assessing potential climate change effects on vegetation using a linked 
model approach” -- http://consbio.org/products/publications/assessing-
potential-climate-change-effects-vegetation-using-linked-model-approach 

 Email: dominique@consbio.org 

http://consbio.org/products/publications/climate-change-and-fire-effects-prairie-woodland-ecotone-projecting-species-range-shifts-dynamic-global-vegetation-model
http://consbio.org/products/publications/climate-change-and-fire-effects-prairie-woodland-ecotone-projecting-species-range-shifts-dynamic-global-vegetation-model
http://consbio.org/products/publications/climate-change-and-fire-effects-prairie-woodland-ecotone-projecting-species-range-shifts-dynamic-global-vegetation-model
http://consbio.org/products/publications/assessing-potential-climate-change-effects-vegetation-using-linked-model-approach
http://consbio.org/products/publications/assessing-potential-climate-change-effects-vegetation-using-linked-model-approach


From: McCollough, Mark
To: Jim Zelenak
Subject: Erin Simons
Date: Tuesday, September 15, 2015 2:10:37 PM

I believe we left the meeting today with Erin being invited to the meeting as a threats
expert/advisor.

Threats and ecological processes in the Maine may be manifested differently than elsewhere in
the DPS:

significant changes in forest management and ownership
climate change
spruce budworm

Since graduating with her doctoral degree, Erin has become an expert in modeling all of these
factors and others to understand how they affect wood supply, carbon sequestration and
wildlife habitat.  She has the added advantage of having the potential to project our latest lynx
habitat model into the future with different forestry-climate change-budworm scenarios.  I
would think that to be a powerful tool for recovery planning.

I have never met Louis Iverson.  He works in Ohio/PA, and I don't know of his expertise with
boreal forest.  I see from his website that much of his research is in the oak-hickory forest. 
Although he may have analyses to project changes in spruce-fir distributions, I'm not sure that
he would have the perspective on how Maine forest management and budworm also affect the
nature of our forest.

Just my two cents...

Mark

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov


From: Bush, Jodi
To: Sallabanks,Rex
Cc: Svancara,Leona
Subject: Re: Reminder: Lynx SSA Coordination Call
Date: Tuesday, September 15, 2015 3:12:21 PM

Rex. Thank you for your input. 

Through this process we compiled a fairly large list of candidates.  In order to get some
additional feedback, I gave Leona a call and talked through the names with her.   Leona felt
that two names that others had brought up: Josh Lawler and Phil Mote were good candidates
for the SSA workshop.  Because these names were mentioned by other interested parties as
well, and Leona approved of them we intend to request their participation in that event.  

I wanted to check in with you and see if were Ok with this solution.  Please feel free to give
me a call if you have any questions.  JB 

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Thu, Sep 3, 2015 at 3:42 PM, Sallabanks,Rex <rex.sallabanks@idfg.idaho.gov> wrote:

Jodi & Jim,

 

Idaho offers the following suggestions for your consideration.  We focused on candidates that
could offer expertise on climate science/climate modeling, including our own staff person, Dr.
Leona Svancara.

 

Expert
Candidate Geographic Area Affiliation Expertise

    
Solomon

Dobrowski
Western

US/Canada
Univ of Montana -
Climate ecologist

Focuses on understanding effects of
climate on species

Daniel
Thornton

Western
US/Canada

Washington State
Univ - Climate

ecologist

Focuses on understanding effects of
environmental change (including

climate) on species

 

John
Abatzoglou

Global, with
specific expertise
in West & PNW

Univ of Idaho -
Climate modeler

Focuses on science describing current,
historical, and future climates

 

mailto:jodi_bush@fws.gov
mailto:rex.sallabanks@idfg.idaho.gov
mailto:leona.svancara@idfg.idaho.gov
mailto:rex.sallabanks@idfg.idaho.gov


Leona
Svancara Idaho/PNW

Idaho Fish and
Game - Spatial

ecologist

Focuses on application of climate
information in species management

 

 

 

Thank you.

 

--------------------------------------------

Rex Sallabanks, PhD, CPM

Wildlife Diversity Program Manager

Idaho Department of Fish and Game

--------------------------------------------

208 287 2754 (direct)

208 921 6932 (mobile)

208 334 2920 (office)

 

 

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Thursday, September 03, 2015 12:47 PM
To: bob.broscheid@state.co.us; Odell, Eric; Moore,Virgil; Sallabanks,Rex;
Chandler.woodcock@maine.gov; Jake Ivan - DNR; Sam Eaton; dustin.miller@osc.idaho.gov;
moritzw@michigan.gov; commissioner.dnr@state.mn.us; Ed.Boggess@state.mn.us; Baker, Richard
(DNR); john.erb@state.mn.us; Tubbs, John; Hagener, Jeff; McDonald, Ken; Jay Kolbe; Lexi J.,
Sandoval; glenn.normandeau@wildlife.nh.gov; Joshua Uriarte; Inman, Bob; DNR-
Wildlife@michigan.gov; curt.melcher@state.or.us; Kimberly Hersey; Greg Sheehan; mark scott;
cpl@dnr.wa.gov; director@dfw.wa.gov; Lewis, Jeffrey C (DFW); louis.porter@state.vt.us; Bernier,
Chris; kurt.thiede@wisconsin.gov; scott.talbot@wyo.gov; Bob Lanka; Nichole Cudworth; Zack Walker;
cathy.stepp@wisconsin.gov; Vashon, Jennifer; Jonathan Mawdsley; patricia.riexinger@dec.ny.gov
Cc: Heather Bell; Mary Parkin; Mark McCollough; David Smith; Tamara Smith; Seth Willey; Bryon Holt;
Kurt Broderdorp; Jonathan Cummings; Nick.Wiley@myfwc.com; Zelenak, Jim
Subject: Re: Reminder: Lynx SSA Coordination Call

 

Good afternoon folks.  This is a reminder that we remain interested in your input on our list
of candidates that we are considering for the Expert Elicitation Panel in October.  Because

mailto:jodi_bush@fws.gov
mailto:bob.broscheid@state.co.us
mailto:Chandler.woodcock@maine.gov
mailto:dustin.miller@osc.idaho.gov
mailto:moritzw@michigan.gov
mailto:commissioner.dnr@state.mn.us
mailto:Ed.Boggess@state.mn.us
mailto:john.erb@state.mn.us
mailto:glenn.normandeau@wildlife.nh.gov
mailto:DNR-Wildlife@michigan.gov
mailto:DNR-Wildlife@michigan.gov
mailto:curt.melcher@state.or.us
mailto:cpl@dnr.wa.gov
mailto:director@dfw.wa.gov
mailto:louis.porter@state.vt.us
mailto:kurt.thiede@wisconsin.gov
mailto:scott.talbot@wyo.gov
mailto:cathy.stepp@wisconsin.gov
mailto:patricia.riexinger@dec.ny.gov
mailto:Nick.Wiley@myfwc.com


we need to notify these folks soon, we ask that you get any comments or additions to us
ASAP but no later than COB tomorrow, September 4, 2015.  Thank you.  JB

Jodi L. Bush

Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

 

__________________________________________________

The Service is in the process of identifying candidates to participate in an expert
elicitation workshop that will likely be held in mid-Oct., tentatively in Minneapolis,
Minnesota.  Please review the attached DRAFT (in progress) list of Canada lynx experts
we've identified as candidates for participation in the workshop.  The overarching
objective of the workshop is to assess the current and likely future status of each of the
lynx populations in the DPS (contiguous U.S.).

 

If you believe we have overlooked any lynx experts crucial to achieving that objective,
please add their names, affiliations, and areas of expertise, and email me the revised table
at your earliest convenience.  We intend to extend formal invitation as soon as possible.

 

We will need to limit the number of experts to facilitate open dialog and candid
discussion, and simply for logistical reasons.  We will consider any candidates you put
forth, but the Service will make the final decision on which experts will be formally
invited to participate in the workshop.

 

Let me know if you have questions or need more information.

 

Cheers!



 

Jim 

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

 

mailto:jim_zelenak@fws.gov


From: Bush, Jodi
To: Jim Zelenak
Subject: hotel info
Date: Tuesday, September 15, 2015 3:30:28 PM
Attachments: Hotel Information for Lynx SSA Expert Elicitation Workshop.docx

I'm out of office tomorrow.  So you can move forward with letters when you are done with
DOJ stuff and mail to FIT and CORE team.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov


From: Sallabanks,Rex
To: Bush, Jodi
Cc: Svancara,Leona
Subject: Re: Reminder: Lynx SSA Coordination Call
Date: Tuesday, September 15, 2015 4:26:42 PM

Thanks Jodi.  Appreciate you following up with us.  It makes sense to me and if Leona is good with it, I'm good with
it!

Rex.

On Sep 15, 2015, at 2:12 PM, Bush, Jodi <jodi_bush@fws.gov<mailto:jodi_bush@fws.gov>> wrote:

Rex. Thank you for your input.

Through this process we compiled a fairly large list of candidates.  In order to get some additional feedback, I gave
Leona a call and talked through the names with her.   Leona felt that two names that others had brought up: Josh
Lawler and Phil Mote were good candidates for the SSA workshop.  Because these names were mentioned by other
interested parties as well, and Leona approved of them we intend to request their participation in that event.

I wanted to check in with you and see if were Ok with this solution.  Please feel free to give me a call if you have
any questions.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Thu, Sep 3, 2015 at 3:42 PM, Sallabanks,Rex
<rex.sallabanks@idfg.idaho.gov<mailto:rex.sallabanks@idfg.idaho.gov>> wrote:
Jodi & Jim,

Idaho offers the following suggestions for your consideration.  We focused on candidates that could offer expertise
on climate science/climate modeling, including our own staff person, Dr. Leona Svancara.

Expert Candidate

Geographic Area

Affiliation

Expertise

mailto:rex.sallabanks@idfg.idaho.gov
mailto:jodi_bush@fws.gov
mailto:leona.svancara@idfg.idaho.gov
mailto:jodi_bush@fws.gov
mailto:rex.sallabanks@idfg.idaho.gov


Solomon Dobrowski

Western US/Canada

Univ of Montana - Climate ecologist

Focuses on understanding effects of climate on species

Daniel Thornton

Western US/Canada

Washington State Univ - Climate ecologist

Focuses on understanding effects of environmental change (including climate) on species

John Abatzoglou

Global, with specific expertise in West & PNW

Univ of Idaho - Climate modeler

Focuses on science describing current, historical, and future climates

Leona Svancara

Idaho/PNW

Idaho Fish and Game - Spatial ecologist

Focuses on application of climate information in species management

Thank you.

--------------------------------------------
Rex Sallabanks, PhD, CPM
Wildlife Diversity Program Manager
Idaho Department of Fish and Game
--------------------------------------------
208 287 2754 (direct)
208 921 6932 (mobile)
208 334 2920 (office)

From: Bush, Jodi [mailto:jodi_bush@fws.gov<mailto:jodi_bush@fws.gov>]
Sent: Thursday, September 03, 2015 12:47 PM
To: bob.broscheid@state.co.us<mailto:bob.broscheid@state.co.us>; Odell, Eric; Moore,Virgil; Sallabanks,Rex;
Chandler.woodcock@maine.gov<mailto:Chandler.woodcock@maine.gov>; Jake Ivan - DNR; Sam Eaton;
dustin.miller@osc.idaho.gov<mailto:dustin.miller@osc.idaho.gov>;
moritzw@michigan.gov<mailto:moritzw@michigan.gov>;
commissioner.dnr@state.mn.us<mailto:commissioner.dnr@state.mn.us>;

mailto:jodi_bush@fws.gov
mailto:jodi_bush@fws.gov
mailto:bob.broscheid@state.co.us
mailto:Chandler.woodcock@maine.gov
mailto:dustin.miller@osc.idaho.gov
mailto:moritzw@michigan.gov
mailto:commissioner.dnr@state.mn.us


Ed.Boggess@state.mn.us<mailto:Ed.Boggess@state.mn.us>; Baker, Richard (DNR);
john.erb@state.mn.us<mailto:john.erb@state.mn.us>; Tubbs, John; Hagener, Jeff; McDonald, Ken; Jay Kolbe; Lexi
J., Sandoval; glenn.normandeau@wildlife.nh.gov<mailto:glenn.normandeau@wildlife.nh.gov>; Joshua Uriarte;
Inman, Bob; DNR-Wildlife@michigan.gov<mailto:DNR-Wildlife@michigan.gov>;
curt.melcher@state.or.us<mailto:curt.melcher@state.or.us>; Kimberly Hersey; Greg Sheehan; mark scott;
cpl@dnr.wa.gov<mailto:cpl@dnr.wa.gov>; director@dfw.wa.gov<mailto:director@dfw.wa.gov>; Lewis, Jeffrey C
(DFW); louis.porter@state.vt.us<mailto:louis.porter@state.vt.us>; Bernier, Chris;
kurt.thiede@wisconsin.gov<mailto:kurt.thiede@wisconsin.gov>;
scott.talbot@wyo.gov<mailto:scott.talbot@wyo.gov>; Bob Lanka; Nichole Cudworth; Zack Walker;
cathy.stepp@wisconsin.gov<mailto:cathy.stepp@wisconsin.gov>; Vashon, Jennifer; Jonathan Mawdsley;
patricia.riexinger@dec.ny.gov<mailto:patricia.riexinger@dec.ny.gov>
Cc: Heather Bell; Mary Parkin; Mark McCollough; David Smith; Tamara Smith; Seth Willey; Bryon Holt; Kurt
Broderdorp; Jonathan Cummings; Nick.Wiley@myfwc.com<mailto:Nick.Wiley@myfwc.com>; Zelenak, Jim
Subject: Re: Reminder: Lynx SSA Coordination Call

Good afternoon folks.  This is a reminder that we remain interested in your input on our list of candidates that we
are considering for the Expert Elicitation Panel in October.  Because we need to notify these folks soon, we ask that
you get any comments or additions to us ASAP but no later than COB tomorrow, September 4, 2015.  Thank you. 
JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

__________________________________________________
The Service is in the process of identifying candidates to participate in an expert elicitation workshop that will likely
be held in mid-Oct., tentatively in Minneapolis, Minnesota.  Please review the attached DRAFT (in progress) list of
Canada lynx experts we've identified as candidates for participation in the workshop.  The overarching objective of
the workshop is to assess the current and likely future status of each of the lynx populations in the DPS (contiguous
U.S.).

If you believe we have overlooked any lynx experts crucial to achieving that objective, please add their names,
affiliations, and areas of expertise, and email me the revised table at your earliest convenience.  We intend to extend
formal invitation as soon as possible.

We will need to limit the number of experts to facilitate open dialog and candid discussion, and simply for logistical
reasons.  We will consider any candidates you put forth, but the Service will make the final decision on which
experts will be formally invited to participate in the workshop.

Let me know if you have questions or need more information.

Cheers!

Jim

--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220

mailto:Ed.Boggess@state.mn.us
mailto:john.erb@state.mn.us
mailto:glenn.normandeau@wildlife.nh.gov
mailto:DNR-Wildlife@michigan.gov
mailto:curt.melcher@state.or.us
mailto:cpl@dnr.wa.gov
mailto:director@dfw.wa.gov
mailto:louis.porter@state.vt.us
mailto:kurt.thiede@wisconsin.gov
mailto:scott.talbot@wyo.gov
mailto:cathy.stepp@wisconsin.gov
mailto:patricia.riexinger@dec.ny.gov
mailto:Nick.Wiley@myfwc.com


jim_zelenak@fws.gov<mailto:jim_zelenak@fws.gov>

mailto:jim_zelenak@fws.gov


From: Bush, Jodi
To: Svancara,Leona
Subject: Fwd: Reminder: Lynx SSA Coordination Call
Date: Wednesday, September 16, 2015 7:48:00 AM

You are good with these names -aren't you?  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Sallabanks,Rex <rex.sallabanks@idfg.idaho.gov>
Date: Tue, Sep 15, 2015 at 4:26 PM
Subject: Re: Reminder: Lynx SSA Coordination Call
To: "Bush, Jodi" <jodi_bush@fws.gov>
Cc: "Svancara,Leona" <leona.svancara@idfg.idaho.gov>

Thanks Jodi.  Appreciate you following up with us.  It makes sense to me and if Leona is good
with it, I'm good with it!

Rex.

On Sep 15, 2015, at 2:12 PM, Bush, Jodi <jodi_bush@fws.gov<mailto:jodi_bush@fws.gov>>
wrote:

Rex. Thank you for your input.

Through this process we compiled a fairly large list of candidates.  In order to get some
additional feedback, I gave Leona a call and talked through the names with her.   Leona felt
that two names that others had brought up: Josh Lawler and Phil Mote were good candidates
for the SSA workshop.  Because these names were mentioned by other interested parties as
well, and Leona approved of them we intend to request their participation in that event.

I wanted to check in with you and see if were Ok with this solution.  Please feel free to give
me a call if you have any questions.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

mailto:jodi_bush@fws.gov
mailto:leona.svancara@idfg.idaho.gov
mailto:rex.sallabanks@idfg.idaho.gov
mailto:jodi_bush@fws.gov
mailto:leona.svancara@idfg.idaho.gov
mailto:jodi_bush@fws.gov
mailto:jodi_bush@fws.gov


On Thu, Sep 3, 2015 at 3:42 PM, Sallabanks,Rex
<rex.sallabanks@idfg.idaho.gov<mailto:rex.sallabanks@idfg.idaho.gov>> wrote:
Jodi & Jim,

Idaho offers the following suggestions for your consideration.  We focused on candidates that
could offer expertise on climate science/climate modeling, including our own staff person, Dr.
Leona Svancara.

Expert Candidate

Geographic Area

Affiliation

Expertise

Solomon Dobrowski

Western US/Canada

Univ of Montana - Climate ecologist

Focuses on understanding effects of climate on species

Daniel Thornton

Western US/Canada

Washington State Univ - Climate ecologist

Focuses on understanding effects of environmental change (including climate) on species

John Abatzoglou

Global, with specific expertise in West & PNW

Univ of Idaho - Climate modeler

Focuses on science describing current, historical, and future climates
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Leona Svancara

Idaho/PNW

Idaho Fish and Game - Spatial ecologist

Focuses on application of climate information in species management

Thank you.

--------------------------------------------
Rex Sallabanks, PhD, CPM
Wildlife Diversity Program Manager
Idaho Department of Fish and Game
--------------------------------------------
208 287 2754 (direct)
208 921 6932 (mobile)
208 334 2920 (office)

From: Bush, Jodi [mailto:jodi_bush@fws.gov<mailto:jodi_bush@fws.gov>]
Sent: Thursday, September 03, 2015 12:47 PM
To: bob.broscheid@state.co.us<mailto:bob.broscheid@state.co.us>; Odell, Eric;
Moore,Virgil; Sallabanks,Rex;
Chandler.woodcock@maine.gov<mailto:Chandler.woodcock@maine.gov>; Jake Ivan - DNR;
Sam Eaton; dustin.miller@osc.idaho.gov<mailto:dustin.miller@osc.idaho.gov>;
moritzw@michigan.gov<mailto:moritzw@michigan.gov>;
commissioner.dnr@state.mn.us<mailto:commissioner.dnr@state.mn.us>;
Ed.Boggess@state.mn.us<mailto:Ed.Boggess@state.mn.us>; Baker, Richard (DNR);
john.erb@state.mn.us<mailto:john.erb@state.mn.us>; Tubbs, John; Hagener, Jeff; McDonald,
Ken; Jay Kolbe; Lexi J., Sandoval;
glenn.normandeau@wildlife.nh.gov<mailto:glenn.normandeau@wildlife.nh.gov>; Joshua
Uriarte; Inman, Bob; DNR-Wildlife@michigan.gov<mailto:DNR-Wildlife@michigan.gov>;
curt.melcher@state.or.us<mailto:curt.melcher@state.or.us>; Kimberly Hersey; Greg Sheehan;
mark scott; cpl@dnr.wa.gov<mailto:cpl@dnr.wa.gov>;
director@dfw.wa.gov<mailto:director@dfw.wa.gov>; Lewis, Jeffrey C (DFW);
louis.porter@state.vt.us<mailto:louis.porter@state.vt.us>; Bernier, Chris;
kurt.thiede@wisconsin.gov<mailto:kurt.thiede@wisconsin.gov>;
scott.talbot@wyo.gov<mailto:scott.talbot@wyo.gov>; Bob Lanka; Nichole Cudworth; Zack
Walker; cathy.stepp@wisconsin.gov<mailto:cathy.stepp@wisconsin.gov>; Vashon, Jennifer;
Jonathan Mawdsley; patricia.riexinger@dec.ny.gov<mailto:patricia.riexinger@dec.ny.gov>
Cc: Heather Bell; Mary Parkin; Mark McCollough; David Smith; Tamara Smith; Seth Willey;
Bryon Holt; Kurt Broderdorp; Jonathan Cummings;
Nick.Wiley@myfwc.com<mailto:Nick.Wiley@myfwc.com>; Zelenak, Jim
Subject: Re: Reminder: Lynx SSA Coordination Call
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Good afternoon folks.  This is a reminder that we remain interested in your input on our list of
candidates that we are considering for the Expert Elicitation Panel in October.  Because we
need to notify these folks soon, we ask that you get any comments or additions to us ASAP
but no later than COB tomorrow, September 4, 2015.  Thank you.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

__________________________________________________
The Service is in the process of identifying candidates to participate in an expert elicitation
workshop that will likely be held in mid-Oct., tentatively in Minneapolis, Minnesota.  Please
review the attached DRAFT (in progress) list of Canada lynx experts we've identified as
candidates for participation in the workshop.  The overarching objective of the workshop is to
assess the current and likely future status of each of the lynx populations in the DPS
(contiguous U.S.).

If you believe we have overlooked any lynx experts crucial to achieving that objective, please
add their names, affiliations, and areas of expertise, and email me the revised table at your
earliest convenience.  We intend to extend formal invitation as soon as possible.

We will need to limit the number of experts to facilitate open dialog and candid discussion,
and simply for logistical reasons.  We will consider any candidates you put forth, but the
Service will make the final decision on which experts will be formally invited to participate in
the workshop.

Let me know if you have questions or need more information.

Cheers!

Jim

--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov<mailto:jim_zelenak@fws.gov>
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From: Erin Simons-Legaard
To: McCollough, Mark
Subject: Re: Preview of lynx modeling?
Date: Wednesday, September 16, 2015 9:14:01 AM

Sometime in the AM on 9/28 would be better than 10/1. 10? 

Do you happen to know when official invitations are going to go out? 

Erin Simons-Legaard
Research Assistant Professor
School of Forest Resources
5755 Nutting Hall
University of Maine
Orono, ME 04469-5755
erin.simons@maine.edu

On Wed, Sep 16, 2015 at 8:57 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
I will be on vacation on 9/25.  Any time on 9/28 or Oct. 1?

thanks, Mark

On Tue, Sep 15, 2015 at 4:35 PM, Erin Simons-Legaard <erin.simons@maine.edu> wrote:
Hi Mark,

This week is not good. First field labs are happening and increased the
level of crazy. How about in the AM sometime on Friday 9/25?

Erin

Erin Simons-Legaard
Research Assistant Professor
School of Forest Resources
5755 Nutting Hall
University of Maine
Orono, ME 04469-5755
erin.simons@maine.edu

On Tue, Sep 15, 2015 at 2:16 PM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Erin:  

Is there a chance to preview your results for advancing lynx modeling?  I know you are
busy teaching.  I am available tomorrow (Wednesday) and Thursday, Monday (28th).

Do any of those work for you?

thanks, Mark
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-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Jim Zelenak
Subject: talked to Erin Simons
Date: Wednesday, September 16, 2015 12:50:38 PM

Jim:

I know you are busy with legal issues, as we are here.  I just finished yet another FOIA this
morning.

I had a chance to talk with Erin this morning to discuss what she could bring to the meeting
related to threats to lynx and their habitat.  She and graduate students she has been advising
have been modeling Maine's forest to evaluate how climate change, budworm, and forest
management will affect age, composition and structure of the Maine forest.  She is in
December to present at a USForest Service climate change symposium as a Maine expert on
climate change and how it will affect Maine's forest.

We talked about Iverson's work.  Erin is very aware of the work and has used his models and
other models extensively in her work, but she has stepped down the spruce-fir projections to
Maine and eastern Canada.  She indicated that Iverson's spruce-fir models stop at the Maine
border, whereas UMaine forest modeling has projected into eastern Canada - north and south
of the St. Lawrence.  I would think this would be of great interest to our expert meeting.

Finally, Erin has just completed modeling projections of future lynx distribution in Maine
under different forest management scenarios.  Forest management will have the greatest
influence on lynx in Maine in the next 50 years and again, I think this information will be of
great interest to the group.

I guess I am asking that you and Jody please consider Erin as a "threats expert" who can really
help us understand forestry, climate, and budworm in our Maine/eastern Canadian forest.

Thanks,  Mark

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Daniel Harrison
To: McCollough, Mark
Subject: Re: Lynx expert meeting MN
Date: Wednesday, September 16, 2015 5:56:59 PM

Hi Mark,

yes I was late responding to Jim as I had to make an emergency trip to Syracuse as my dad
fell, broke his hip, and needed a full hip replacement, and was on the cusp for several days. 
He is now stabilized and was moved to a rehab center before I left...my mom and Joyce's mom
also had falls while i was there....

Here is the response that I sent to Jim Zelenak:

Hi Jim,

Sorry for the delay in responding as I was off e-mail while traveling to Syracuse to deal with a family emergency.  Yes, I have
discussed your invitation to participate with Mark McCollough and plan to attend the workshop.  Mark has also touched
based with me about a potential workshop presentation and I will be working with him on that over the next couple of weeks.

I look forward to receiving more details and will make plane reservations as soon as I get confirmation regarding agenda and
process.

I look forward to the workshop.

Cheers- Dan 

********************************************

Will be in touch about the presentation over the next couple of weeks after I get on top of things at the office.

Dan

On Fri, Sep 11, 2015 at 11:23 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Dan:  I believe Jim Zelenak from USFWS may have recently contacted you to confirm your
attendance at the MN meeting.  If so, could you please respond to Jim?  Jen and Erin have
confirmed.

We are working on an outline for the presentations on the state overviews.  I'd be glad to
work with you on this and would be glad to meet with you to discuss.

Hope you got your painting done at camp.  It was a beautiful weekend!

Mark

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
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Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Daniel J. Harrison
Professor of Wildlife Ecology
Cooperating Professor of Sustainable Forestry
5755 Nutting Hall, Room 210
The University of Maine
Orono, ME 04469-5755
(207) 581-2867
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From: Jodi Bush
To: Matt Hogan
Cc: Michael Thabault; Noreen Walsh; Richard Hannan
Subject: Re: Lynx SSA
Date: Wednesday, September 16, 2015 12:13:22 PM

Hi Matt. I'm in billings today but would be happy to chat with about
this when I get a minute this afternoon. I think we do have coverage
of all of these areas. I can clue you in more later but until then
please see the talking points I have shared with Noreen and Gary (who
asked for them).  Next email. Thanks. JB

Sent from my iPhone

> On Sep 16, 2015, at 9:01 AM, Matt Hogan <matt_hogan@fws.gov> wrote:
>
> Jodi,
> Hope you are well.  I understand you have been working hard to get the
> Lynx SSA team organized.  Both Rich Hannan and I had states come up to
> us at AFWA last night and ask us to expand the team by two additional
> state folks so all 5 geographic areas with the range are represented.
> The two areas are the Pacific Northwest and Upper Midwest (MN I
> believe).  I understand you have been working with Jonathan Mawdsley
> at AFWA on this.  Can you reach out to him to find out who the
> additional two folks should be.  Thanks very much.
>
> Matt
>
> Matt Hogan
> Deputy Regional Director
> Mountain-Prairie Region
> U.S. Fish & Wildlife Service
> 303-236-7920
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From: Jodi Bush
To: Matt Hogan; Richard Hannan
Cc: Michael Thabault
Subject: Fwd: talking points for Lynx SSA and Recovery planning
Date: Wednesday, September 16, 2015 12:13:56 PM

Sent from my iPhone

Begin forwarded message:

From: "Bush, Jodi" <jodi_bush@fws.gov>
Date: September 15, 2015 at 3:18:29 PM MDT
To: Gary Frazer <gary_frazer@fws.gov>, Noreen Walsh <noreen_walsh@fws.gov>
Cc: Jim Zelenak <jim_zelenak@fws.gov>, Seth Willey <seth_willey@fws.gov>,  Nicole Alt
<nicole_alt@fws.gov>
Subject: Re: talking points for Lynx SSA and Recovery planning

Hi Gary.  Some updates.  

I am also adding Noreen on this email as Seth suggested.  

Updates to talking points below.  

The Service core team with input from our State partners has identified the expert panelists that will
be part of the Lynx SSA.  We will share this final list with our partners prior to our monthly call on
September 30th.  

We believe, and in discussions with Jonathan Mawsdley of AFWA -he agrees, that we have good
representation of State experts among our group of panelists.  We considered expertise, range,
geographic equity, redundancy and state interest in our identification of panelists. 

Besides the involvement of State experts on the panel, we also will have several State observers in
attendance at the SSA workshop.  These observers are expected to be liasons to the all states within
the range of the lynx.  

Please feel free to give me a call if you have questions.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Sep 11, 2015 at 2:24 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Hey Gary.  Not much has changed since I sent these in July but here you go.  

__________________________________________________________________________________________

The Service is working on a Lynx Recovery Plan in response to court ordered settlement
using the Species Status Assessment process (SSA).  

The SSA is a structured, transparent, and scientifically-robust status, threat, and viability
assessment that is intended to provide the scientific underpinnings for all determinations
the Service is required to make in accordance with the Act.
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Since July of this year, the Service has been coordinating with States and other partners
and seeking input from objective, independent experts in lynx ecology, habitat,
management, and climate modeling to assess the current status and likely future viability
of lynx populations within the DPS.  

We have been holding monthly calls with State wildlife management agencies within the
range of the Lynx DPS to provide updates on our SSA progress.  

We have also requested and received input from the States on candidates to participate
in an expert elicitation workshop that will be held. This workshop is scheduled for mid-
October in Minnesota.

The Service will continue to seek input at appropriate times during the process regarding
the biological status of, and potential threats to, lynx populations within the DPS.  

The State coordination calls happen the last Wednesday of every month (starting July
29) at 1pm, MTN time.  We have 15 states involved with some level of representation. 

We are working closely with Jonathan Mawdsley at AFWA to make sure we are as
inclusive as possible while not undermining the SSA process.  

To ensure that our assessment will be as accurate and complete as possible, we will use
the best scientific and commercial data available in the development of the SSA report. 

We hope to complete the SSA report by December of 2015 and then begin the recovery
planning process.

The Service intends to complete a recovery plan for the lynx DPS by January 15, 2018 in
order to meet the court-ordered deadline.  

We continue to welcome any scientific information (e.g., survey results, habitat
assessments, modeling efforts, implementation and/or monitoring of conservation
measures, verified observations) you wish to provide for our consideration regarding the
status, distribution, and likely future condition of lynx and snowshoe hare (Lepus
americanus) populations and habitats.

We appreciate the States interest and involvement in Lynx recovery and look forward to
continued collaboration throughout this process. 

FYI.  The SSA process should also meet our need to complete a five year review but we are no longer
focusing on that.   Feel free to give me a call if you have any questions -thanks.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205



From: Bush, Jodi
To: Thabault, Michael
Subject: Re: FW: talking points for Lynx SSA and Recovery planning
Date: Friday, September 18, 2015 10:16:46 AM
Attachments: 20150625_Project Plan Schedule.docx

2015 06 25 Proj Plan Canada Lynx SSA FINAL.pdf

this may help too!  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Sep 18, 2015 at 10:05 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
for Lynx Recovery Plan?  Final by January 2018 (Translates to Draft by January 2017 or earlier).  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Sep 18, 2015 at 9:57 AM, Thabault, Michael <michael_thabault@fws.gov> wrote:
What is the settlement date?

Michael Thabault
Assistant Regional Director
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region
303-236-4210
michael_thabault@fws.gov

On Fri, Sep 18, 2015 at 8:24 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
I'm available this morning anytime.  

I am attending the first Montana Sage Grouse Oversight Team (MSGOT) meeting this afternoon.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Sep 18, 2015 at 8:00 AM, Noreen Walsh <noreen_walsh@fws.gov> wrote:

Let’s have a quick strategy session on this before we further. 

 

Thanks,

Noreen
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Noreen Walsh

Regional Director

Mountain-Prairie Region

U. S. Fish and Wildlife Service

303 236 7920

 

From: Frazer, Gary [mailto:gary_frazer@fws.gov] 
Sent: Thursday, September 17, 2015 6:00 PM
To: Bush, Jodi
Cc: Michael Thabault; Noreen Walsh; Matt Hogan
Subject: Re: talking points for Lynx SSA and Recovery planning

 

So. Apparently my response yesterday asking that the States give you some latitude to assemble a panel of a
workable and productive size was taken as a "no".  There were concerns expressed at last night's reception, and today
both Nick Wiley and Jen Mock Schaffer told me that there was trouble brewing with the lynx states.  

 

Your note below regarding the breadth of state participation on the panel will be very welcome and will likely
provide relief.  I asked Jen and Nick to  convey that message, but the sooner you can get that word out to the lynx
states, the better.  Process, advance information, and timing are all still issues, but this matter of participation will go
a long way towards calming things down. 

 

Thanks for your note today.  Helped a lot to keep this contained. -- GDF

 

 

Gary Frazer

Assistant Director -- Ecological Services

U.S. Fish and Wildlife Service

(202) 208-4646

 

On Thu, Sep 17, 2015 at 5:32 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:

Thanks Gary.  I understand.  I did want to give you some factoids about the states involvement in this process.  I was
unable to yesterday as I spent most of the day driving.  

 

We just finalized most of our panelists on Weds.  We hope to get confirmation letters out by tomorrow.  Here is the
rundown of state involvement.  

 

There are 5 units: Maine/NE, Minnesota, WY, MT/ID and WA/PNW.  Some folks also include CO, which has an
introduced population as well.  No CH was designated there. 
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For your information we have: 

Unit 1, ME/NE  Jennifer Vashon.  She is an employee of the Maine Dept of Inland FW

Unit 2, Minn.  We have Roy Moen, University of Minn (and recommended by Rich Baker- Minnesota DNR).  We
also have Rich Baker as an observer.   He seemed very happy with the arrangement.  

Unit 3. NW Montana.  We have Jay Kolbe from MTFWP.    

Unit 4. North Cascades &OK.  I have been talking to folks at WDFW trying to find someone.  They made 2
recommendations both of which can't make it. We haven't given up.

Unit 5. GYE (Wyoming).  Nichole Culbertson of WYFG will be attending as an observer. 

 

We also have Jake Ivan from Colorado CDOW. 

 

So out of 10 panelists and 2 observers, we expect to have 6 state folks represented.  Most of the other panelists are
University folks, from USFS research stations or USGS. 

 

Hope this is helpful.  We will muddle on.   JB

Jodi L. Bush

Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Wed, Sep 16, 2015 at 4:49 PM, Frazer, Gary <gary_frazer@fws.gov> wrote:

Thanks, Jodi.  Update went well, but as expected.  Jonathan Mawdsley noted that there were still more states that
wanted to be engaged.  Jeff Hagener noted that the states thought they should have a rep from within each of the 5(?)
recovery units/areas.  Jim Connolly from Maine came up afterwards to pass on (ok, complain) that they needed more
information on the SSA process and how it would work, that we needed to share with the panelists all the
information that we had in advance of the elicitation meeting, that they were unclear about next steps and concerned
that they were hearing that the Service was going to have a closed door meeting following the elicitation.  Wanted to
know how the Service intended to keep the states involved throughout.  

 

I pointed out that this was a transparent and inclusive science process, but not a representative democracy and that
the Service needed to find the sweet spot between engaging all those that wanted a seat at the table and keeping the
panel to a workable and productive size.  Also noted that this is not a prescriptive process, that you're still sorting out
the details, and that more information will no doubt be forthcoming.  Assume that is all in alignment with what you
are doing 

 

So surprise -- you get no credit for including the states, only criticism for not doing to everyone's satisfaction.  But
you've been there before, looks like you're doing a fine job, and I'm sure this will turn into a positive.  Thanks for
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your investment in bringing the states into something that is obviously of great interest to them.  Let me know if you
need me to help in any way. -- GDF

 

 

Gary Frazer

Assistant Director -- Ecological Services

U.S. Fish and Wildlife Service

(202) 208-4646

 

On Wed, Sep 16, 2015 at 2:16 PM, Jodi Bush <jodi_bush@fws.gov> wrote:

We are going to work thru SsA and the come up with a process for state involvement as we move forward with
recovery plan. We will continue to have coordination calls and many of the state folks are likely to continue to be
involved. In field today but happy to chat with you more about this. JB 

Sent from my iPhone

On Sep 16, 2015, at 9:12 AM, Frazer, Gary <gary_frazer@fws.gov> wrote:

Jodi -- What are your plans,if any, for continued engagement of states in the recovery planning process?
-- GDF

Gary Frazer

Assistant Director -- Ecological Services

U.S. Fish and Wildlife Service

(202) 208-4646

 

On Tue, Sep 15, 2015 at 5:18 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:

Hi Gary.  Some updates.  

 

I am also adding Noreen on this email as Seth suggested.  

 

Updates to talking points below.  

 

The Service core team with input from our State partners has identified the expert panelists that
will be part of the Lynx SSA.  We will share this final list with our partners prior to our monthly
call on September 30th.  

We believe, and in discussions with Jonathan Mawsdley of AFWA -he agrees, that we have good
representation of State experts among our group of panelists.  We considered expertise, range,
geographic equity, redundancy and state interest in our identification of panelists. 

Besides the involvement of State experts on the panel, we also will have several State observers in
attendance at the SSA workshop.  These observers are expected to be liasons to the all states

mailto:jodi_bush@fws.gov
mailto:gary_frazer@fws.gov
mailto:jodi_bush@fws.gov


within the range of the lynx.  

Please feel free to give me a call if you have questions.  JB

 

 

Jodi L. Bush

Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Fri, Sep 11, 2015 at 2:24 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:

Hey Gary.  Not much has changed since I sent these in July but here you go.  

 

__________________________________________________________________________________________

 

The Service is working on a Lynx Recovery Plan in response to court ordered settlement
using the Species Status Assessment process (SSA).  

The SSA is a structured, transparent, and scientifically-robust status, threat, and viability
assessment that is intended to provide the scientific underpinnings for all determinations
the Service is required to make in accordance with the Act.

Since July of this year, the Service has been coordinating with States and other partners
and seeking input from objective, independent experts in lynx ecology, habitat,
management, and climate modeling to assess the current status and likely future viability
of lynx populations within the DPS.  

We have been holding monthly calls with State wildlife management agencies within the
range of the Lynx DPS to provide updates on our SSA progress.  

We have also requested and received input from the States on candidates to participate
in an expert elicitation workshop that will be held. This workshop is scheduled for mid-
October in Minnesota.

The Service will continue to seek input at appropriate times during the process regarding
the biological status of, and potential threats to, lynx populations within the DPS.  

The State coordination calls happen the last Wednesday of every month (starting July
29) at 1pm, MTN time.  We have 15 states involved with some level of representation. 

We are working closely with Jonathan Mawdsley at AFWA to make sure we are as
inclusive as possible while not undermining the SSA process.  

To ensure that our assessment will be as accurate and complete as possible, we will use
the best scientific and commercial data available in the development of the SSA report. 

We hope to complete the SSA report by December of 2015 and then begin the recovery
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planning process.

The Service intends to complete a recovery plan for the lynx DPS by January 15, 2018 in
order to meet the court-ordered deadline.  

We continue to welcome any scientific information (e.g., survey results, habitat
assessments, modeling efforts, implementation and/or monitoring of conservation
measures, verified observations) you wish to provide for our consideration regarding the
status, distribution, and likely future condition of lynx and snowshoe hare (Lepus
americanus) populations and habitats.

We appreciate the States interest and involvement in Lynx recovery and look forward to
continued collaboration throughout this process. 

 

 

FYI.  The SSA process should also meet our need to complete a five year review but we are no longer
focusing on that.   Feel free to give me a call if you have any questions -thanks.  JB

 

 

 

Jodi L. Bush

Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205
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CANADA LYNX PROJECT PLAN TO COMPLETE 

A SPECIES STATUS ASSESSMENT, RECOVERY PLAN, AND FIVE-YEAR REVIEW 
 

June 25, 2015 
 

Action:  The U.S. Fish and Wildlife Service (Service) will conduct a species status assessment 

(SSA) as a first step to understand the current status of the contiguous United States distinct 

population segment (DPS) of the Canada lynx (Lynx canadensis), currently listed as threatened 

under the Endangered Species Act (Act).  This SSA is intended to inform and streamline the 

court-ordered recovery plan (due January15, 2018), assuming such a plan is deemed necessary
1
. 

The SSA report will also serve as the basis for the five-year status review (initiated in 2007; 72 

FR 19549) required under the Act and would also provide the scientific foundation to support 

future rulemaking in accordance with the Act should the five-year review indicate that a change 

in the DPS’s listing status is warranted. 

 

Goals of the Project Plan: (1) To facilitate application of the SSA framework to produce a 

scientifically defensible assessment of the status of the lynx DPS, a subsequent recovery plan, if 

needed, and future five-year review and listing rules as necessary; and (2) to ensure that 

expectations for these processes, including approach, roles and responsibilities, and schedule, are 

clear and that managers are aware of and have agreed to these expectations. 

  

Project Approach:  We intend to apply the SSA framework to the lynx DPS and use the SSA 

results to inform the recovery planning process, the five-year review, and future listing 

rules.  The lead field office (FO) will work with other Service Regions and FOs in the DPS range 

to gather and evaluate all relevant information that has become available since our March 2000 

listing rule (65 FR 16053) and our July 2003 Remanded Determination of Status (68 FR 40076) 

for the lynx DPS.  We will avail ourselves of recent efforts to summarize the available scientific 

literature for lynx, including the September 2014 final revised critical habitat designation for the 

DPS (79 FR 54781) and the 2013 revised interagency Lynx Conservation Assessment and 

Strategy (LCAS; 

http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf).  The FOs 

will keep partner agencies informed about progress and request their participation and reviews as 

appropriate.  

 

Species Status Assessment:  The SSA framework is a new, standardized  Service 

methodology for assessing the status of species, which can help inform species listing, status, 

and recovery determinations that the Service is required to make in accordance with section 

4(c)(2) of the Act (https://sites.google.com/a/fws.gov/ssa/about-SSA).  Using the SSA 

framework, we will evaluate the viability of the lynx DPS and potential threats to its viability 

using the principles of representation, resilience, and redundancy.  The SSA also will provide 

                                                           
1
 The Act requires recovery plans for listed species unless a determination is made that such plan will not promote 

the conservation of the species.  If the five-year status review concludes that the DPS warrants delisting, we would 

likely pursue a formal determination that the species is exempt from recovery planning as such a plan would be 

unnecessary (if the species is already recovered, a plan is not needed to move the species to the point of recovery 

and would therefore not promote the conservation of the species).  Although the five-year review is not a final 

agency action, the memorandum exempting the species from recovery planning (should we reach that conclusion) 

would be. 
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critical information needed to guide the recovery planning process, including identification of the 

primary threats to the lynx DPS that remain to be resolved, if any.  Completion of the SSA is the 

first step in the process of determining the current status of the lynx DPS.  We anticipate that the 

SSA will be completed by December 2015.   

 

Recovery Plan:  If a recovery plan is necessary, it will be informed by the SSA.  The 

recovery plan would include an introduction summarizing the recovery vision (what a recovered 

DPS would “look” like) and recovery strategy (the route selected to get the species to recovery).  

It also would include: (1) objective and measurable criteria that when met would allow delisting 

(including, as practicable, demographic and threats-based recovery criteria); (2) broad 

management actions needed to achieve the recovery vision; and (3) time and cost estimates to 

achieve delisting.  Pursuant to the Service’s new recovery planning paradigm – the Recovery 

Enhancement Vision (REV; USFWS 2014, https://sites.google.com/a/fws.gov/rev/) – the SSA 

will facilitate development of a streamlined recovery plan that focuses on these three statutory 

requirements.  A supplemental document, the Recovery Implementation Strategy (RIS), details 

short-term but detailed (site-specific) step down activities needed to achieve the recovery vision.  

If planning is needed, we intend to complete the draft recovery plan by January 2017.  The 

recovery planning process will include peer review and opportunities for public review and 

comment on the draft recovery plan prior to completion of a final recovery plan.  If undertaken, 

the recovery plan will be finalized prior to the January 15, 2018, court deadline. 

 

Five-year Review:  We anticipate that the five-year review will be a streamlined 

document relying heavily on and referring to the SSA.  The five-year review will consider the 

SSA’s scientific determinations and make recommendations regarding the status of the DPS in 

accordance with the Act.  The three possible recommendations of the five-year review are that 

the lynx DPS should: (1) remain listed as threatened; (2) be uplisted to endangered; or (3) be 

delisted.  Recommendation (1) would indicate the need to next complete a recovery plan by the 

court-ordered deadline; recommendation (2) would indicate that both a recovery plan and a 

future listing rule are needed; and recommendation (3) would require both a formal 

determination via memorandum that the DPS is exempt from recovery planning and a future 

listing rule.   

 

Project Lead:  This project will be led by the Montana Ecological Services Field Office 

(MTFO).  Within this office, Jim Zelenak is the species lead and will serve as the project and 

team lead.  This role includes cross-regional intra-Service organizing, coordinating with outside 

partners and experts as appropriate, and developing a project schedule and ensuring adherence to 

associated deadlines.  It also includes primary authorship of the SSA report, recovery plan, five-

year review, and, if necessary, future listing rules.  

 

Project Team:  The Mountain-Prairie Region (6) is the lead Service Region for lynx.  

However, within the DPS range, lynx subpopulations currently occur in parts of 9 states (CO, ID, 

ME, MN, MT, NH, VT, WA, and WY).  Lynx associated with these subpopulations or other 

lynx populations in southern Canada also may occur (usually rarely, intermittently, and 

temporarily) in other states (MI, ND, NE, NM, NY, OR, SD, UT, and WI), and dispersing lynx 

also have occurred very rarely in CT, IA, IL, IN, MA, PA, and NV.  Because the DPS spans 

parts of four other Service Regions (1, 2, 3, and 5), it is especially important that field biologists 
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most familiar with the status of each of the lynx subpopulations within the DPS assist with (1) 

collection and interpretation of information relating to the status of and potential threats to those 

subpopulations; (2) contacting and arranging participation by lynx experts most familiar with the 

status, ecology, population dynamics, and habitat needs of those subpopulations; (3) coordinating 

with our local state, federal and tribal stakeholders, and (4) writing, editing, and reviewing 

relevant parts of the SSA report, recovery plan, and five-year review, as needed.   

 

 Identified biologists from the Maine, Twin Cities, Northern Idaho, and Western 

Colorado FOs will participate consistently on the Project Team and contribute 

meaningfully to the development, review, and completion of the SSA report, recovery 

plan, and five-year review.   

 

 Further, biologists from the New England, New York, Michigan, Wisconsin, Idaho, 

Eastern Idaho, Washington, Oregon, Utah, Wyoming, and New Mexico FOs will 

participate as needed in the development, review and completion of these documents.   

 

 SSA practitioners from the Service and USGS will provide guidance on implementing the 

SSA framework, conceptual modeling, and expert elicitation, and Service ECOS staff 

will provide GIS support including spatial analysis and mapmaking. 

 

Management Team:  In addition to field biologists and SSA and GIS support: 

 

 Field Supervisors from the Maine, Twin Cities, Northern Idaho, Washington, Wyoming, 

Colorado, and Western Colorado FOs will assist with coordination with State and Tribal 

and other federal stakeholders, participate in document review, and obtain Regional 

Office (RO) concurrence with status determinations and final decisions/documents.   

 

 RO representation from affected Service Regions is essential to this process, as is 

headquarters (HQ) participation and guidance.   

 

 Regional ESA Branch Chiefs and/or Regional Recovery Coordinators from Regions 1, 2, 

3, and 5, and HQ Listing and/or Recovery staff will participate in document review and 

concurrence processes.   

 

 Legal staff will engage or be consulted at various points throughout this process. 

 

Focus on Science First – We intend to conduct a thorough scientific review of the lynx 

DPS and to work with our partners to make sure we have and use the best available information 

to develop the SSA report and to guide subsequent recovery planning, five-year review, and/or 

rulemaking.  During the SSA, we will conduct a structured threats assessment using outlines, 

webinars, expert elicitation, and other intermediate products, and we will brief the Management 

Team as necessary throughout the process.  During the recovery planning process, we will also 

bring together experts from the lynx research and management arenas. 

 



4 
 

SSA, Recovery Planning, and Five-year Review Collaborative Process:  We have broken 

the SSA, recovery planning, and five-year review /listing processes down into the following five 

phases: 

 

 Phase 1 – Information Collection.  The lynx’s current distribution in the contiguous U.S. 

and some aspects of its habitat requirements are fairly well-understood; however, we will 

seek to better understand and analyze its historic and current distributions, subpopulation 

sizes and status, and the degree to which DPS subpopulations rely on immigration from 

populations in Canada.  Additionally, to the extent possible, we will focus on the 

numbers and productivity of lynx in each of the DPS subpopulations, how these vary 

over time, the causes of the variation, and the quality and conservation status of lynx and 

hare habitats within the DPS range.  In addition to the information upon which the 2000 

Final Rule listing the DPS as threatened was based, we will collect and evaluate all 

relevant information that has become available since then.  We expect available 

information to be primarily in the form of published, peer-reviewed literature and 

academic dissertations and theses obtainable through academic search engines.  We will 

also gather government reports (e.g., the recently-revised LCAS and survey and 

monitoring reports from federal, State and Tribal partners) and review legal and policy 

considerations. 

 

 Phase 2 – Assessment of the DPS’s Current and Future Conservation Status and Relevant 

Threats, and Completion of the SSA Report.  With the information gathered in Phase 1, 

we will identify and evaluate historical, current, and future threats to lynx and their 

magnitude and relative impact on the viability of the subpopulations that constitute the 

DPS.  As part of the SSA process, we will conduct a structured threats assessment, using 

outlines, webinars and other intermediate products, and we will brief the Project and 

Management teams at appropriate junctions.  We will produce a draft report outlining 

SSA methods and results; the draft SSA report will undergo peer review.  We will revise 

the draft report as needed based on peer review and review/edits/comments provided by 

the Management Team and appropriate partners.  We expect Project Team members to 

participate actively in the collection and interpretation of information specific to DPS 

subpopulations and potential threats to them in their geographic areas and to coordinate 

locally with state and federal agencies, Tribes, conservation organizations, the media and 

the public.  We expect Management Team members from each region to review, edit, and 

approve materials provided by their Project Team members in a timely manner. 

 

 Phase 3 – Decision Making.  In coordination with the Project Team, the MTFO will 

make a preliminary recommendation about the DPS’s legal status (threatened, 

endangered, or recovered), brief R6 leadership, and then provide the recommendation for 

review, comment, and concurrence by the rest of the Management Team.  A final 

decision on the status of the DPS will be made by R6 Regional Director. 

 

 Phase 4 – Unless the SSA report strongly suggests that the DPS no longer needs the 

protection of the Act, the Service will initiate the recovery planning process so that we 

can meet the court’s deadline for finalizing a recovery plan. 
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 Phase 5 – Drafting and Disseminating the Five-year Review.  Based on the SSA report 

and the R6RD decision on the DPS’s status, the Project Lead will draft the five-year 

review with input from and review by the Project and Management teams, and 

concurrence from cooperating Regions.  We will work with R6 EA staff, who will work 

with their counterparts in the other Regions, to draft a news release announcing results 

and availability of the five-year review and supporting SSA report.  We will post both 

documents at the ECOS Species Profile web page 

(http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073). 

    

 Phase 6 – Next Steps.  As mentioned above, there are three possible recommendations of 

the five-year review, each with different listing and recovery requirements and time lines. 

 

o Recommendation 1:  The lynx DPS continues to warrant listing as threatened 

under the Act (i.e., the threat for which the DPS was listed has not been 

adequately addressed and/or a new threat[s] has been identified such that the DPS 

remains likely to become endangered within the foreseeable future throughout all 

or a significant portion of its range).  In this case, a recovery plan would be 

necessary, so we would convene a Recovery Team and implement the REV 

process to develop draft and final recovery plans consistent with the court-ordered 

time line for completing the final plan by January 2018.  We expect that a 

streamlined recovery plan would be completed that relies heavily on and 

references the SSA report and the five-year review; 

 

o Recommendation 2:  The DPS warrants uplisting to endangered status (i.e., the 

threat for which the DPS was listed remains unresolved or has increased and/or a 

new threat[s] has been identified such that the DPS is now determined to be in 

danger of extinction throughout all or a significant portion of its range).  In this 

case, both a recovery plan and a future listing rule would be necessary.  As above, 

we would develop draft and final recovery plans that would rely heavily on and 

reference the SSA report and the five-year review, and complete the final 

recovery plan by the court-ordered deadline.  Work on the uplisting rule would 

commence after the final recovery plan, though a date has not been specified; 

 

o Recommendation 3:  The DPS is deemed recovered and warrants delisting (i.e., 

the threat for which the DPS was listed is found to have been adequately 

addressed and no new threat[s] has been identified that is expected to endanger 

the DPS throughout all or a significant portion of its range now or in the 

reasonably foreseeable future).  In this case, we would recommend a formal 

determination that the species is exempt from recovery planning and we would 

draft a memorandum to that effect.  This outcome would also indicate the need for 

a future delisting rule, with work on the delisting rule commencing after the 

memorandum has been finalized and submitted to the court, though a date for the 

rule has not been specified. 

 

Document Review, Concurrence, Surnaming, and Federal Register Publication.  Jim 

Zelenak is the lead author for these actions.  All members of the Project Team are expected to 

http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073
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provide appropriate scientific review of draft documents.  Management Team members are 

expected to review final documents and provide Regional concurrence with them as needed.  

Seth Willey is expected to provide appropriate policy review for the drafts.  Dana Jacobsen will 

provide an assessment of legal risk.  Mike Thabault will provide an abbreviated review for “big 

picture” issues.  For Federal Register documents, we anticipate surnaming by R6RD, RSOL, and 

HQ prior to publication.   

 

Outreach.  We will work with R6 EA staff and their counterparts in the other Service 

Regions to develop communications plans for the SSA, five-year review, and/or recovery plan as 

needed.  We will communicate to all affected stakeholders and the public about the action we are 

taking and what it means for them, as laid out in the communications plan. 

 

Roles and Responsibilities:  Staff from FOs, ROs, and HQ offices are expected to work together 

collaboratively to collect information, conduct analyses, and assist in developing products 

necessary to complete the actions identified in this project plan.  Management of the process and 

completion of these actions, though led by the MTFO, will be the shared responsibility of the 

ROs and FOs within the DPS range.  Further, individuals responsible for these products will 

communicate and share work products as needed to facilitate an efficient process.  However, all 

team members will keep their supervisors apprised of progress and any issues that arise.  If 

necessary to resolve significant issues of disagreement, we will follow the elevation process 

outlined in the August 13, 2009 “Section 4 Process Memo” (available on the R6 Listing 

Sharepoint site) until an updated process is developed.  Other specific roles and responsibilities 

are described above in “Project Lead,” “Project Team,” “Management Team,” and “SSA, five-

year Review, and Recovery Planning Collaborative Process.”   

 

Schedule:  The Service announced initiation of the lynx DPS five-year review in April 2007 (72 

FR 19549) but was unable to complete a review then because of court deadlines requiring that 

we revise the 2006 (and, subsequently, the 2009) critical habitat designation.  The initial notice 

requested information by June 18, 2007, but it was not a formal comment period and noted that 

we accept new information about all listed species at any time.  At that time, we received 

comments or information from seven respondents; two State agencies and five environmental/ 

conservation Non-governmental organizations (NGOs).  The status review portion of the current 

project was re-initiated in October 2014, when a biologist was assigned by the MTFO to begin 

gathering information to evaluate threats to the lynx DPS and update its status accordingly.  In 

December 2014, the MTFO drafted a “Dear Interested Party” letter announcing the renewed five-

year review effort, which was sent to federal, State, and Tribal partners in Montana, as well as to 

other Service Regions and FOs within the DPS range as a template for use in notifying their 

partners of the effort.  In January 2015, the Service prepared and distributed a news release 

announcing the five-year review and proposed completion date of June 2015, and soliciting 

information for consideration in the review.  To date, we have received responsive information 

from several federal, State and Tribal agencies, industry organizations, and environmental/ 

conservation NGOs.  In March 2015, it was determined that application the SSA Framework to 

the lynx DPS should precede (and facilitate streamlining of) the five-year review and subsequent 

recovery plan, if needed, although it was recognized that in the near term this would push back 

the completion date for the five-year review.     



7 
 

Ultimately, the above goals are intended to inform the need for and content within a recovery 

plan.  We have a court order to complete a recovery plan by January 2018 unless the Service 

determines that the DPS warrants delisting and, therefore, that a recovery plan is not necessary.  

To meet this goal, we anticipate having a draft recovery plan written and beginning the formal 

review process by July 2016.  Appendix A illustrates the proposed time line for this process and 

Appendix B provides a list and timing of larger milestones associated with these actions.  

 

Coordination:  A range-wide kick-off call was held on May 28, 2015 to seek commitments from 

relevant ROs and FOs, to familiarize team members with the process and timeline, and respond 

to any issues relevant to the SSA, five-year review, and future recovery planning.  The MTFO 

will schedule and conduct subsequent biweekly calls with the Project Team and monthly 

coordination calls with the Project and Management Teams.  More frequent calls may be 

organized around particularly challenging issues or during particularly challenging points (such 

as when a deadline is approaching).  These calls will include other Service offices and Regions 

as necessary.  Additional calls or meetings with affected State, Tribal, and other federal agencies 

will be scheduled as needed.  Meeting internal and court-ordered deadlines for the SSA, five-

year review, and recovery plan is dependent on all parties fulfilling their roles according to the 

timeline herein.  This project plan may also inform partner and stakeholder expectations. 

 

 Other FWS Regions and Programs:  The lynx DPS occurs (or lynx “may occur”) within 

parts of Service Regions 1, 2, 3, 5, and 6, and this effort will require participation by the ROs and 

Ecological Services FOs in those regions, along with potential participation by other programs 

such as Refuges and Partners for Fish and Wildlife.  FO participation will be needed from the 

following states:  R1 (ID, OR, WA); R2 (NM), R3 (MI, MN, WI), R5 (ME, NH, VT), and R6 

(CO, MT, UT, WY). 

 

 Affected State Agencies:  It will be necessary and helpful to coordinate with the wildlife 

and natural resources management agencies of each of the states listed above.  Coordination will 

be especially important with the following state agencies:  Maine Department of Inland Fisheries 

and Wildlife; Minnesota Department of Natural Resources; Montana Fish, Wildlife and Parks; 

Montana Department of Natural Resources and Conservation; Idaho Fish and Game; Washington 

State Department of Fish and Wildlife; Washington State Department of Natural Resources; 

Wyoming Game and Fish Department; Colorado Division of Wildlife; and New Mexico 

Department of Game and Fish.  State agencies within the DPS range were notified of the 

renewed five-year review effort in December 2014 and January 2015, and they will be contacted 

as appropriate by FOs and/or ROs during development of the SSA, five-year review, and 

recovery planning efforts.  We anticipate at least one meeting with affected states during 

development of the SSA and at least one during recovery planning.  To keep State partners 

informed of progress on the SSA and subsequent recovery planning efforts, we intend to hold 

monthly update calls with State wildlife management agencies.  We may also solicit participation 

by State biologists and/or wildlife managers on a recovery team if one is convened.   

 

 Other Federal Agencies:  Federal agency coordination will follow the July 3, 2013 

Interagency Coordination for Rule Development memo and will include the USDA Forest 

Service and Natural Resources Conservation Service, Bureau of Land Management, National 

Park Service, Bureau of Indian Affairs, and Department of Homeland Security - Customs and 
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Border Protection.  Federal agencies within the DPS range were notified of the renewed five-

year review effort in December 2014 and January 2015, and they will be contacted as appropriate 

by FOs and/or ROs during development of the SSA, five-year review, and recovery planning 

efforts. 

 

 Affected Tribes:  Tribal lands within the DPS range include those of the Aroostook Band 

of Micmac Indians, the Houlton Band of Maliseets, the Passamaquoddy Tribe, and the Penobscot 

Indian Nation in Maine; the Bois Forte Band of Chippewa, Fond du Lac Band of Lake Superior 

Chippewa,  Grand Portage Chippewa, Leech Lake Band of Ojibwe, Mille Lacs Band of Ojibwe, 

Red Lake Band of Chippewa, and White Earth Nation in Minnesota; the Confederated Salish and 

Kootenai Tribes of the Flathead Indian Reservation and the Blackfeet Tribe of the Blackfeet 

Reservation in Montana; the Coeur d'Alene Tribe, Kootenai Tribe of Idaho, Nez Perce Tribe, and 

Shoshone-Bannock Tribes in Idaho; the Confederated Tribes of the Colville Reservation, the 

Kalispel Tribe of Indians, and the Spokane Tribe of Indians in Washington; the Wind River 

Indian Reservation in Wyoming; the Uintah and Ouray Indian Reservation in Utah; and the Ute 

Mountain and Southern Ute Indian Reservations in Colorado.  Tribes within the DPS range were 

notified of the renewed five-year review effort in December 2014 and January 2015, and they 

will be contacted as appropriate by Regional Tribal Liaisons during development of the SSA, 

five-year review, and recovery planning efforts. 

 

 International Coordination:  Because of the suspected importance of connectivity 

between DPS subpopulations and lynx populations in southern Canada in the persistence of the 

DPS subpopulations, it will be important that we coordinate with and seek information from our 

counterparts in the Canadian conservation, management, and lynx research communities.  We 

will seek information on the status of and threats, if any, to lynx populations in Canada that are 

adjacent to and known or believed to interact with DPS subpopulations. 

 

Budget:  No additional funding is available to assist in this effort.  Participating offices should 

fund their participation through existing base funding.  We anticipate that Service ECOS staff 

will provide GIS support for these actions, including spatial analysis and high-quality digital and 

hard copy maps.  

 

Project Plan Revisions:  In light of the court deadline for the final recovery plan, we expect that 

we will meet deadlines for all products and any quality benchmarks associated with those 

products.  However, this project plan and the Project Overview can be revised at any time with 

the agreement of the ARD and Project Leader.  If there are unexpected changed circumstances 

due to competing workloads, budgets, resources, etc., we expect early communication about the 

delay and discussion with the Project Lead, Project Team, and Management Team about 

resolution.  Lead time on potential delays should be commensurate with expected delay.  For 

example, a request for two additional months should not be made the week before a project is 

due.  Further, whatever the results of the five-year review, we expect this project plan will need 

to be revisited soon after the five-year review is signed. 

 

Post-Project Debriefing:  The Project Team and Management Team commit to having a 

conversation after the completion of the project to discuss how this process was implemented, 

what went well, and what can be done better in the future.  This feedback on the process is 
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necessary to ensure we are always using the best available practices and working towards greater 

efficiencies. 

 

 

Project Overview: 
 

Guidance, policy, and template documents can be found at: 

https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/ 

 

Personnel involved in the completion of the Canada lynx SSA, Five-Year Review, and Recovery 

Plan  

Roles Field Office Regional Office HQ RSOL 
Project 

Leads 
Jim Zelenak Seth Willey 

Heather Bell 

Tara Nicolaysen 

Dana 

Jacobsen 

Project 

Team 

Biologists from the Maine, Twin Cities, 

Northern Idaho, and Western Colorado FOs   
   

Management 

Team 

Jodi Bush, MTFO; Field Supervisors from 

the Maine, Twin Cities, Northern Idaho, 

Washington, Wyoming, Colorado, and 

Western Colorado FOs 

R6 TE Chief; 

Nicole Alt, R6 

Geographic Supervisor; 

Mike Thabault, R6 ARD-

ES; 

Matt Hogan, R6 Deputy 

RD; 

Noreen Walsh, R6 RD; 

Recovery Coordinators, 

TE Chiefs, and ARDs-ES 

- R1, R2, R3, and R5; 

  

Others 

Involved 

Biologists and Managers from the New 

England, Michigan, Wisconsin, Idaho, 

Washington, Oregon, Utah, Colorado, and 

New Mexico FOs as needed 

Ext Affairs Specialists, 

ARDs-Ext Affairs, and 

Tribal Liaisons -  R6, R1, 

R2, R3, and R5 

 

SSA Framework 

Implementation Team: 

Mary Parkin (R5), 

Jennifer Szymanski (R3), 

David Smith (USGS), 

Jonathan Cummings 

(USGS) 

ECOS GIS/Spatial 

Analysis/Mapmaking 

Support 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/
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Signed: 

_______________________________________   

Assistant Regional Director,     Project Leader, 

Ecological Services, R6    Montana Ecological Services Field Office 

 

 

       _____________________________________ 

       Project Leader, 

Colorado Ecological Services Field Office 

 

 

       _____________________________________ 

       Project Leader, 

Wyoming Ecological Services Field Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader, 

Ecological Services, R1    Washington Fish and Wildlife Office 

 

 

       _____________________________________ 

       Project Leader,  

Idaho Fish and Wildlife Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader, 

Ecological Service, R2    New Mexico Ecological Services Field Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader, 

Ecological Services, R3    Twin Cities Ecological Services Field Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader,  

Ecological Services, R5    Maine Ecological Services Field Office 

 

 

       _____________________________________ 

       Project Leader, 

New England Ecological Services Field Office 
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Appendix A 

Schedule for Canada Lynx SSA, Five-Year Review and Recovery Plan (if necessary) 

 

 

Activities/Products                                                                              (Quarters**) Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Form SSA Team

Complete Species Needs 

Identify Model Scenarios***

Model development

Identify model framework & scientific validity

Build model (e.g., BBN - Bayesian Belief Network)

Prototype model structure

Expert elicitation for "current conditions into future" scenario****

Run "current conditions into future" scenario 

Evaluate 3Rs for first scenario/determine need for additional scenarios

SSA Peer review

If needed, run additional management scenarios, including EE, for REV

5-year review recommendation

Draft RP

Comments/peer review

Final  RP

Develop RIS

SSA Analysis and Documentation

5-year Review (to final recommendation)

Recovery Planning (to Final Plan)

Project Plan - DRAFT Canada lynx DPS - SSA/ 5-Year Review/ Recovery Plan Conceptual Schedule*

(Calendar Years) 2015 2016 2017 2018

SPECIES STATUS ASSESSMENT (SSA)

5-YEAR REVIEW

REV, IF NEEDED

Summary

* Schedules  and scope of work may be adjusted as  the expectations  for appl ication of the model  are refined through discuss ions  with experts  and FWS.

** Q1 = Jan-Mar, Q2 = Apr-June, Q3 = July-Sept, Q4 = Oct-Dec.

***  Scenarios  include projecting current conditions  into the foreseeable future without further intervention, to be completed in order to make 5-year 

review recommendation, and, i f needed, future conditions  based on a l ternative management scenarios .

**** Includes  planning and actual  el ici tation.
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Appendix B 

Milestones for Canada Lynx SSA, Five-Year Review and Recovery Plan (if necessary) 
 

Date Milestone 

Apr. 18, 2007 FWS announced initiation of five-year review of lynx DPS (72 FR 19549). 

Dec. 8, 2014 “Dear Interested Party” letter sent to Montana State, Federal, Tribal partners and to other FWS 

ROs and FOS announcing the re-initiation of the five-year review for lynx. 

Jan. 13, 2015 FWS news release announcing five-year review and soliciting information to consider in the 

review. 

Ongoing 

beginning 

Jan.  2015 

Work with partners to collect and evaluate available data and information and assess threat 

factors (USFS, BLM, NPS, BIA, State wildlife/natural resources agencies, and Tribes). 

Apr. 29 – 30, 

2015 

SSA workshop to include lynx discussion/case study (R6 RO). 

May 28, 2015 Kick-off call with Project and Management team members.  Additional Project “Core” Team 

calls will be held biweekly, and general coordination calls monthly, beginning June 2015.  The 

MTFO lead will coordinate both calls.  These calls will include other FWS offices and may be 

opened to other parties/stakeholders as necessary/appropriate. 

June – Oct.  

2015 

Set up meetings, develop and conduct a structured threats assessment, using outlines, webinars 

and other intermediate products, and brief the Management Team as necessary through the 

process.  Draft SSA report with assistance from other Service Regions and FOs. 

July 2015 Initiate monthly update calls with affected State wildlife management agencies. 

Aug. – Sept. 

2015 

Expert elicitation meeting(s) on distribution, status, and threats (including climate change).  

Workshop(s) with State agencies to discuss SSA process and DPS status and threats. 

Dec. 2015 Brief ROs and HQ on findings; submit SSA report for RO/HQ review.  Complete peer review 

of SSA report. 

Jan. 2016 Begin recovery planning processes if necessary; select and invite Recovery Team members. 

Jan. – June 

2016 

Develop DRAFT recovery plan including goals and objectives, implementation plan.   

July – Sept. 

2016 

RO/HQ/RSOL review/surname of DRAFT recovery plan.  Review and concurrence from R1, 

R2, R3, and R5 as needed. 

Oct. 2016 Release DRAFT recovery plan to public and commence peer review and/or publish proposed 

listing rule. 

Dec. 2016 60-day comment period closes on DRAFT recovery plan; peer review also complete. 

Jan. – June 

2017 

Revise DRAFT recovery plan; draft the FINAL recovery plan.  

July – Sept. 

2017 

RO/HQ/RSOL review/surname of FINAL recovery.  Review and concurrence from R1, R2, 

R3, and R5. 

Dec. 2017 Finalize recovery plan, publish in FR, and post on webpage; conduct appropriate outreach.  

Communicate with court as necessary regarding completion and submission of FINAL 

recovery plan in accordance with court-ordered deadline. 

 



Appendix A (From the Lynx Project Plan Dated June 25, 2015 
Schedule for Canada Lynx SSA, Five-Year Review and Recovery Plan (if necessary) 
 

 

Activities/Products                                                                              (Quarters**) Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Form SSA Team
Complete Species Needs 
Identify Model Scenarios***
Model development

Identify model framework & scientific validity
Build model (e.g., BBN - Bayesian Belief Network)

Prototype model structure
Expert elicitation for "current conditions into future" scenario****

Run "current conditions into future" scenario 
Evaluate 3Rs for first scenario/determine need for additional scenarios
SSA Peer review
If needed, run additional management scenarios, including EE, for REV

5-year review recommendation

Draft RP
Comments/peer review
Fina l  RP
Develop RIS

SSA Analysis and Documentation
5-year Review (to final recommendation)
Recovery Planning (to Final Plan)

Project Plan - DRAFT Canada lynx DPS - SSA/ 5-Year Review/ Recovery Plan Conceptual Schedule*

(Calendar Years) 2015 2016 2017 2018

SPECIES STATUS ASSESSMENT (SSA)

5-YEAR REVIEW

REV, IF NEEDED

Summary

* Schedules  and scope of work may be adjusted as  the expectations  for appl ication of the model  are refined through discuss ions  with experts  and FWS.
** Q1 = Jan-Mar, Q2 = Apr-June, Q3 = July-Sept, Q4 = Oct-Dec.
***  Scenarios  include projecting current conditions  into the foreseeable future without further intervention, to be completed in order to make 5-year 
review recommendation, and, i f needed, future conditions  based on a l ternative management scenarios .
**** Includes  planning and actual  el i ci tation.



From: Zelenak, Jim
To: Jodi Bush
Subject: lynx expert letter draft
Date: Friday, September 18, 2015 11:40:32 AM
Attachments: 2015 09 18 DRAFT LTR Lynx SSA Expert Workshop Invite.doc

Hotel Information for Lynx SSA Expert Elicitation Workshop.docx
Invitational Traveler Form.pdf

Attached (with attachments).

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov


        United States Department of the Interior 
 Fish and Wildlife Service 
  Ecological Services 
  Montana Field Office 
  585 Shepard Way, Suite 1 
      Helena, Montana 59601-6287 
        Phone: (406) 449-5225  Fax: (406) 449-5339 
 
 

September 18, 2015 
 
Dear Panelist: 
 
 
The U.S. Fish and Wildlife Service (Service) is conducting a species status assessment (SSA) for 
the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
canadensis), which is listed as threatened under the Endangered Species Act.  As part of the 
SSA, we have partnered with state and other federal agencies in the range of the lynx DPS to 
convene a facilitated expert elicitation workshop. The objective of the workshop is to assess the 
current status of and threats to the various DPS populations and to evaluate the DPS's viability 
under a range of future threat, habitat condition, and climate scenarios. 
 
We lack adequate empirical data on many aspects of lynx population dynamics in the DPS range 
(e.g., historic numbers and distributions; current sizes and trends of most DPS populations; 
landscape-level snowshoe hare [Lepus americanus] densities needed to support lynx across the 
range; periodicity, rates, and importance of immigration of lynx from Canadian populations; 
etc.).  Therefore, we will seek in the workshop to elicit and distill the knowledge, professional 
judgments, and opinions of experts most familiar with each of the DPS populations to inform our 
understanding of their status, the nature and magnitude of potential threats, and the likelihood of 
their future persistence.    
 
We have determined that you would provide expertise critical to these discussions and we invite 
you to participate as an expert panelist in this workshop. 
 
The workshop will be held October 13-15, 2015 in Minneapolis, Minnesota.  In addition to 
expert panelists, we have invited participation from other experts (boreal forest ecology, hare 
population dynamics, climate modeling and projections, and the regulatory environment as it 
pertains to lynx) who will present information for consideration by the expert panel.  A small 
number of federal and state wildlife managers also will be present to observe the process.  Our 
facilitators will reach out to you before the workshop; please feel free to ask them any questions 
that you might have regarding the process and your role. 
 
Your participation is vitally important, therefore, if needed, the Service will provide funding to 
cover travel, lodging, and per diem expenses.  In order for the Service to provide this, we will 
need you to complete the highlighted sections of the attached form (Attachment 1 - FBMS 
Vendor Request Form) and fax it (406-449-5339) to Sharon Hooley, the Montana ES Office 

 
 



administrative officer.  If you prefer you may call Sharon at (406) 449-5225, ext. 203 and 
provide her the information over the phone.  Please feel free to call Sharon if you have any 
additional questions about travel.   
 
A block of rooms has been reserved at the Crowne Plaza Hotel near the Minneapolis Airport 
(See Attachment 2 for additional hotel information).  The workshop will be held in a conference 
room at the hotel.  We will start at 1pm on Tuesday, October 13 and finish up no later than 5pm 
on Thursday, October 15.  
 
The block of rooms, at the government rate of $140/night, is being held until September 30.  
Please call the Crowne Plaza Hotel at 952-854-9000 and reference the USFWS to reserve your 
room.  Please note that the cancellation policy for this hotel is 24 hours prior to check-in. 
 
Please let us know if you are unable to attend.  Having a strong scientific basis to inform the lynx 
SSA is essential, and your input would be greatly appreciated.  Please contact Jim Zelenak 
(jim_zelenak@fws.gov, 406-449-5225 x220, or Jodi Bush (Jodi_bush@fws.gov, 406-449-5225) 
if you have questions or need any further information. 
 

 
 
Sincerely, 
 

 
Jodi L. Bush 
Field Supervisor 
 
 

Attachments (2) 

mailto:jim_zelenak@fws.gov
mailto:Jodi_bush@fws.gov


From: Bush, Jodi
To: Zelenak, Jim
Subject: Re: lynx expert letter draft
Date: Friday, September 18, 2015 11:54:53 AM
Attachments: 2015 09 18 LTR Bush_Panelists Re_Lynx SSA Expert Workshop Invite.doc

Here is the final.  I made some minor changes but its good to go.  Get it out! Thanks.  Pull
some of the lead language from the letter into your email.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Sep 18, 2015 at 11:40 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Attached (with attachments).

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


        United States Department of the Interior 
 Fish and Wildlife Service 
  Ecological Services 
  Montana Field Office 
  585 Shepard Way, Suite 1 
      Helena, Montana 59601-6287 
        Phone: (406) 449-5225  Fax: (406) 449-5339 
 
 

September 18, 2015 
 
Dear Panelist: 
 
 
The U.S. Fish and Wildlife Service (Service) is conducting a species status assessment (SSA) for 
the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
canadensis), which is listed as threatened under the Endangered Species Act.  As part of the 
SSA, we have partnered with state and other federal agencies in the range of the lynx DPS to 
convene a facilitated expert elicitation workshop.  The objective of the workshop is to assess the 
current status of and threats to the various DPS populations and to evaluate the DPS's viability 
under a range of future threat, habitat condition, and climate scenarios. 
 
We lack adequate empirical data on many aspects of lynx population dynamics in the DPS range 
(e.g., historic numbers and distributions; current sizes and trends of most DPS populations; 
landscape-level snowshoe hare [Lepus americanus] densities needed to support lynx across the 
range; periodicity, rates, and importance of immigration of lynx from Canadian populations; 
etc.).  Therefore, we will seek in the workshop to elicit and distill the knowledge, professional 
judgments, and opinions of experts most familiar with each of the DPS populations to inform our 
understanding of lynx status, the nature and magnitude of potential threats, and the likelihood of 
their future persistence.    
 
We have determined that you would provide expertise critical to these discussions and we invite 
you to participate as an expert panelist in this workshop. 
 
The workshop will be held October 13-15, 2015 in Minneapolis, Minnesota.  In addition to 
expert panelists, we have invited participation from other experts (boreal forest ecology, hare 
population dynamics, climate modeling and projections, and the regulatory environment as it 
pertains to lynx) who will present information for consideration by the expert panel.  A small 
number of federal and state wildlife managers also will be present to observe the process.  Our 
facilitators may reach out to you before the workshop; please feel free to ask them any questions 
that you might have regarding the process and your role. 
 
Your participation is vitally important, therefore, if needed, the Service will provide funding to 
cover travel, lodging, and per diem expenses.  In order for the Service to provide this, we will 
need you to complete the highlighted sections of the attached form (Attachment 1 - FBMS 
Vendor Request Form) and fax it (406-449-5339) to Sharon Hooley or Kaimy Marks, 

 
 



Administrative staff.  Please submit this form as quickly as possible.  If you prefer you may call 
Sharon or Kaimy at (406) 449-5225, ext. 203 (Sharon) or 207 (Kaimy) and provide the 
information over the phone.  Please feel free to call either if you have any additional questions 
about travel.   
 
A block of rooms has been reserved at the Crowne Plaza Hotel near the Minneapolis Airport 
(See Attachment 2 for additional hotel information).  The workshop will be held in a conference 
room at the hotel.  We will start at 1pm on Tuesday, October 13 and finish up no later than 5pm 
on Thursday, October 15.  The block of rooms, at the government rate of $140/night, is being 
held until September 30.  Please call the Crowne Plaza Hotel at 952-854-9000 and reference the 
USFWS to reserve your room.  Please note that the cancellation policy for this hotel is 24 hours 
prior to check-in. 
 
Please let us know if you are unable to attend.  Having a strong scientific basis to inform the lynx 
SSA is essential, and your input would be greatly appreciated.  Please contact Jim Zelenak 
(jim_zelenak@fws.gov, 406-449-5225 x220, or Jodi Bush (Jodi_bush@fws.gov, 406-449-5225) 
if you have questions or need any further information. 
 

 
 
Sincerely, 
 

 
Jodi L. Bush 
Field Supervisor 
 
 

Attachments (2) 

mailto:jim_zelenak@fws.gov
mailto:Jodi_bush@fws.gov


From: Zelenak, Jim
Bcc: jodi_bush@fws.gov
Subject: Canada Lynx Expert Elicitation Workshop
Date: Friday, September 18, 2015 12:45:54 PM
Attachments: 2015 09 18 LTR Bush_Panelists Re_Lynx SSA Expert Workshop Invite.pdf

Attachment 1 - Invitational Traveler Form.pdf
Attachment 2 - Hotel Information for Lynx SSA Expert Elicitation Workshop.pdf

Hi All:

Please see the attached invitation to participate as lynx expert panelists at the Oct. 13-15 Lynx SSA Expert
Elicitation Workshop in Minneapolis, along with the hotel information and invitational traveler form (both also
attached).

You are among the group of experts most familiar with the lynx populations in the contiguous U.S. and southern
Canada and who we believe can make the greatest contribution to our understanding of the status of, threats to, and
future viability of those populations. 

Because we needed to keep the panel to a manageable number (10-12) while also getting representation from across
the range of the DPS, there are other lynx researchers and experts (your peers) who we were unable to invite to
participate as panelists. We hope some of those will nonetheless attend the workshop and present their research
results for you on the expert panel to consider.

I hope you are still interested and available to participate as an expert panelist.  If you are unable to attend, please let
me know at your earliest convenience.

The workshop facilitators and I will be in touch over the coming weeks to provide additional information on the
structured process for the workshop and other details.

Please email or call me if you have any questions, and thanks again for your willingness to participate on this panel.

Cheers!

Jim  

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov


        United States Department of the Interior 
 Fish and Wildlife Service 
  Ecological Services 
  Montana Field Office 
  585 Shepard Way, Suite 1 
      Helena, Montana 59601-6287 
        Phone: (406) 449-5225  Fax: (406) 449-5339 
 
 

September 18, 2015 
 
Dear Panelist: 
 
 
The U.S. Fish and Wildlife Service (Service) is conducting a species status assessment (SSA) for 
the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
canadensis), which is listed as threatened under the Endangered Species Act.  As part of the 
SSA, we have partnered with state and other federal agencies in the range of the lynx DPS to 
convene a facilitated expert elicitation workshop.  The objective of the workshop is to assess the 
current status of and threats to the various DPS populations and to evaluate the DPS's viability 
under a range of future threat, habitat condition, and climate scenarios. 
 
We lack adequate empirical data on many aspects of lynx population dynamics in the DPS range 
(e.g., historic numbers and distributions; current sizes and trends of most DPS populations; 
landscape-level snowshoe hare [Lepus americanus] densities needed to support lynx across the 
range; periodicity, rates, and importance of immigration of lynx from Canadian populations; 
etc.).  Therefore, we will seek in the workshop to elicit and distill the knowledge, professional 
judgments, and opinions of experts most familiar with each of the DPS populations to inform our 
understanding of lynx status, the nature and magnitude of potential threats, and the likelihood of 
their future persistence.    
 
We have determined that you would provide expertise critical to these discussions and we invite 
you to participate as an expert panelist in this workshop. 
 
The workshop will be held October 13-15, 2015 in Minneapolis, Minnesota.  In addition to 
expert panelists, we have invited participation from other experts (boreal forest ecology, hare 
population dynamics, climate modeling and projections, and the regulatory environment as it 
pertains to lynx) who will present information for consideration by the expert panel.  A small 
number of federal and state wildlife managers also will be present to observe the process.  Our 
facilitators may reach out to you before the workshop; please feel free to ask them any questions 
that you might have regarding the process and your role. 
 
Your participation is vitally important, therefore, if needed, the Service will provide funding to 
cover travel, lodging, and per diem expenses.  In order for the Service to provide this, we will 
need you to complete the highlighted sections of the attached form (Attachment 1 - FBMS 
Vendor Request Form) and fax it (406-449-5339) to Sharon Hooley or Kaimy Marks, 

 
 



Administrative staff.  Please submit this form as quickly as possible.  If you prefer you may call 
Sharon or Kaimy at (406) 449-5225, ext. 203 (Sharon) or 207 (Kaimy) and provide the 
information over the phone.  Please feel free to call either if you have any additional questions 
about travel.   
 
A block of rooms has been reserved at the Crowne Plaza Hotel near the Minneapolis Airport 
(See Attachment 2 for additional hotel information).  The workshop will be held in a conference 
room at the hotel.  We will start at 1pm on Tuesday, October 13 and finish up no later than 5pm 
on Thursday, October 15.  The block of rooms, at the government rate of $140/night, is being 
held until September 30.  Please call the Crowne Plaza Hotel at 952-854-9000 and reference the 
USFWS to reserve your room.  Please note that the cancellation policy for this hotel is 24 hours 
prior to check-in. 
 
Please let us know if you are unable to attend.  Having a strong scientific basis to inform the lynx 
SSA is essential, and your input would be greatly appreciated.  Please contact Jim Zelenak 
(jim_zelenak@fws.gov, 406-449-5225 x220, or Jodi Bush (Jodi_bush@fws.gov, 406-449-5225) 
if you have questions or need any further information. 
 

 
 
Sincerely, 
 

 
Jodi L. Bush 
Field Supervisor 
 
 

Attachments (2) 

mailto:jim_zelenak@fws.gov
mailto:Jodi_bush@fws.gov


Hotel Information for Lynx SSA Expert Elicitation Workshop, Oct. 13-15, 2015 
 
Crowne Plaza - near Minneapolis Valley Wildlife Refuge and Mall of America  
3 Appletree Square,  
Bloomington, MN 55425  
(952) 854-9000;  $140.00 govt rate  
 
 Breakfast provided with guest room via Voucher  

 
 Rooms are being held under US Fish and Wildlife Service. 

 
 Cutoff date for room reservations are September 30, 2015, so please make your reservation 

immediately.  Thank you! 
 
Airport Shuttle.  Complimentary 24-hour airport shuttle service, every 30 minutes on demand.  MSP 
Airport Shuttle to Hotel Directions: Please follow signs to Ground Transportation to Hotel Pick-up area. 
Call hotel directly at (952) 854-9000 and tell the receptionist which terminal you are located (Terminal 
One/Main or Terminal Two/old Humphrey, how many guests are in your party, and they will give you an 
estimated time the shuttle will arrive. Please look for the BLACK Crowne Plaza shuttle as there are many 
Crowne Plaza’s in the area and we want you to come to the right location.  
 
http://www.cpmspairport.com/ 
 

http://www.cpmspairport.com/


        United States Department of the Interior 
 Fish and Wildlife Service 
  Ecological Services 
  Montana Field Office 
  585 Shepard Way, Suite 1 
      Helena, Montana 59601-6287 
        Phone: (406) 449-5225  Fax: (406) 449-5339 
 
 

September 18, 2015 
 
Dear Panelist: 
 
 
The U.S. Fish and Wildlife Service (Service) is conducting a species status assessment (SSA) for 
the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
canadensis), which is listed as threatened under the Endangered Species Act.  As part of the 
SSA, we have partnered with state and other federal agencies in the range of the lynx DPS to 
convene a facilitated expert elicitation workshop.  The objective of the workshop is to assess the 
current status of and threats to the various DPS populations and to evaluate the DPS's viability 
under a range of future threat, habitat condition, and climate scenarios. 
 
We lack adequate empirical data on many aspects of lynx population dynamics in the DPS range 
(e.g., historic numbers and distributions; current sizes and trends of most DPS populations; 
landscape-level snowshoe hare [Lepus americanus] densities needed to support lynx across the 
range; periodicity, rates, and importance of immigration of lynx from Canadian populations; 
etc.).  Therefore, we will seek in the workshop to elicit and distill the knowledge, professional 
judgments, and opinions of experts most familiar with each of the DPS populations to inform our 
understanding of lynx status, the nature and magnitude of potential threats, and the likelihood of 
their future persistence.    
 
We have determined that you would provide expertise critical to these discussions and we invite 
you to participate as an expert panelist in this workshop. 
 
The workshop will be held October 13-15, 2015 in Minneapolis, Minnesota.  In addition to 
expert panelists, we have invited participation from other experts (boreal forest ecology, hare 
population dynamics, climate modeling and projections, and the regulatory environment as it 
pertains to lynx) who will present information for consideration by the expert panel.  A small 
number of federal and state wildlife managers also will be present to observe the process.  Our 
facilitators may reach out to you before the workshop; please feel free to ask them any questions 
that you might have regarding the process and your role. 
 
Your participation is vitally important, therefore, if needed, the Service will provide funding to 
cover travel, lodging, and per diem expenses.  In order for the Service to provide this, we will 
need you to complete the highlighted sections of the attached form (Attachment 1 - FBMS 
Vendor Request Form) and fax it (406-449-5339) to Sharon Hooley or Kaimy Marks, 

 
 



Administrative staff.  Please submit this form as quickly as possible.  If you prefer you may call 
Sharon or Kaimy at (406) 449-5225, ext. 203 (Sharon) or 207 (Kaimy) and provide the 
information over the phone.  Please feel free to call either if you have any additional questions 
about travel.   
 
A block of rooms has been reserved at the Crowne Plaza Hotel near the Minneapolis Airport 
(See Attachment 2 for additional hotel information).  The workshop will be held in a conference 
room at the hotel.  We will start at 1pm on Tuesday, October 13 and finish up no later than 5pm 
on Thursday, October 15.  The block of rooms, at the government rate of $140/night, is being 
held until September 30.  Please call the Crowne Plaza Hotel at 952-854-9000 and reference the 
USFWS to reserve your room.  Please note that the cancellation policy for this hotel is 24 hours 
prior to check-in. 
 
Please let us know if you are unable to attend.  Having a strong scientific basis to inform the lynx 
SSA is essential, and your input would be greatly appreciated.  Please contact Jim Zelenak 
(jim_zelenak@fws.gov, 406-449-5225 x220, or Jodi Bush (Jodi_bush@fws.gov, 406-449-5225) 
if you have questions or need any further information. 
 

 
 
Sincerely, 
 

 
Jodi L. Bush 
Field Supervisor 
 
 

Attachments (2) 

mailto:jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp; Mary Parkin; Heather Bell; Jodi Bush; Seth Willey;

Jonathan Cummings
Subject: Fwd: Lynx SSA Workshop Oct. 13-15
Date: Friday, September 18, 2015 5:39:24 PM
Attachments: 2015 09 18 LTR Bush_Presenters Re_Lynx SSA Expert Workshop Invite.pdf

Attachment 1 - Invitational Traveler Form.pdf
Attachment 2 - Hotel Information for Lynx SSA Expert Elicitation Workshop.pdf
2015 09 18 Lynx SSA Workshop Experts Presenters Observers.docx

Jodi and I just sent this slightly different letter to 4 of the other experts/"presenters" we agreed to on our last call
(Jackson, Schwartz, Simons-Legaard, and Hodges).

I've also attached a new version of workshop participants and contact info (for you - it did not go to recipients of the
letter above).

Really - have a great weekend! I mean it.

Talk to you soon.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Fri, Sep 18, 2015 at 3:29 PM
Subject: Lynx SSA Workshop Oct. 13-15
To: 

Hi All:

Please see the attached invitation to participate in the Oct. 13-15 Lynx SSA  Workshop in Minneapolis, along with
the hotel information and invitational traveler form (both also attached).

Because we needed to keep the panel to a manageable number (10-12) while also getting representation from across
the range of the DPS and in southern Canada, there are other researchers and experts (like you) who we were unable
to invite to participate as panelists.  Nonetheless, we believe that your expertise is also critical to these discussions
and we invite you to participate in the workshop by presenting your research results and/or management insights for
consideration by the expert panel.

I hope you are still interested and available to participate in the workshop.  If you are unable to attend, please let me
know at your earliest convenience.

The workshop facilitators and I will be in touch over the coming weeks to provide additional information on the
structured process for the workshop and other details.

Please email or call me if you have any questions, and thanks again for your willingness to participate in this effort.

Cheers!

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
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(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


2015 09 18 Lynx SSA Expert Elicitation Workshop Teams, Expert Panelists, Presenters, and Observers 

Lynx SSA Core Team 

Jim Zelenak, jim_zelenak@fws.gov, 406-449-5225 ext. 220, cell: 907-978-0734 
Kurt Broderdorp, kurt_broderdorp@fws.gov, 970-628-7186 
Bryon Holt, bryon_holt@fws.gov, 509-893-8014, cell: 509-209-0711 
Mark McCollough, mark_mccollough@fws.gov, 207-866-3344 x115, Cell: 207-944-5709 
Tamara Smith, tamara_smith@fws.gov, 612-725-3548 ext. 2219, cell: 612-600-1599 

Lynx SSA Implementation Team 

Mary Parkin, mary_parkin@fws.gov, 617-417-3331 
Heather Bell, heather_bell@fws.gov, 303-236-4514 
Jonathan Cummings, jwcummings@usgs.gov, 802-999-8684  
Seth Willey, Seth_Willey@fws.gov, 303-236-4257 
Justin Shoemaker, justin_shoemaker@fws.gov,  309-757-5800 ext. 214 

   

Lynx Expert Geographic Area Affiliation Contact Information Formal 
Invitation? 

Kevin McKelvey DPS-wide (distribution, 
climate change) 

USDA Forest Service - Rocky Mountain 
Research Station, Missoula, MT kmckelvey@fs.fed.us, 406-542-4163 YES 

Dan Harrison Maine/Northeast University of Maine harrison@maine.edu, 207-581-2867 YES 

Jennifer Vashon Maine/Northeast Maine Department of Inland Fish and 
Wildlife jennifer.vashon@maine.gov, 207-941-4238 YES 

Ron Moen Minnesota/Great Lakes University of Minnesota and Natural 
Resources Research Institute rmoen@d.umn.edu, 218-720-4372 YES 

Susan Catton Minnesota/Great Lakes USDA Forest Service – Superior NF  scatton@fs.fed.us, 218-626-4304 YES 

John Squires 
Northern and Southern 

Rocky Mountains (Montana, 
Wyoming, Colorado) 

USDA Forest Service - Rocky Mountain 
Research Station, Missoula, MT jsquires@fs.fed.us, 406-542-4164 YES 

Jay Kolbe Northern Rocky Mountains  Montana Fish Wildlife and Parks jkolbe.fwp@gmail.com, 406-499-2356 YES 
Jeff Lewis Washington Washington Dept. Fish and Wildlife Jeffrey.Lewis@dfw.wa.gov,  ? 

Jake Ivan Colorado/Southern Rocky 
Mountains Colorado Parks and Wildlife jake.ivan@state.co.us, 970-472-4310 

cell: 970-556-8048 YES 

Clayton Apps Southern British Columbia & 
Alberta 

Independent Researcher, Aspen Wildlife 
Research Inc. 

clayapps@telus.net, 778-786-3773 
cell: 403-270-8663 YES 

Jeff Bowman Southern Canada/Ontario Ontario Ministry of Natural Resources and 
Forestry, University of Trent, Ontario jeff.bowman@ontario.ca, 705-755-1555 YES 
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Presenters/ 
Other Experts Geographic Area Affiliation Contact Information Formal 

Invitation? 
Scott Jackson DPS-wide (regulatory envt.) USDA Forest Service sjackson03@fs.fed.us, 406-329-3664 YES 

Michael Schwartz DPS-wide (genetics) USDA Forest Service - National Genomics 
Center for Wildlife and Fish Conservation 

michaelkschwartz@fs.fed.us, 406-542-4161 
 YES 

Erin Simons-Legaard Maine/Northeast (lynx, 
hares, forest ecology) University of Maine erin.simons@maine.edu,  YES 

Dennis Murray Southern Canada/Ontario Ontario Ministry of Natural Resources and 
Forestry, and University of Trent, Ontario dennismurray@trentu.ca, 705-748-1011 ext. 7078 ? 

Karen Hodges 
Southern Canada/DPS-wide 

(hares, range periphery 
considerations) 

University of British Columbia–Okanagan karen.hodges@ubc.ca, 250 807-8763 YES 

Louis Iverson Climate Change & Tree Dist. 
eastern US USFS Northern Research Station   

Josh Lawler Climate Forecasting/Species 
response University of Washington http://faculty.washington.edu/jlawler/ 

  

Phil Mote Climate modeling/Snow Oregon Climate Change Research Institute, 
OSU   

Lee Frelich  Lake States University of Minnesota   

Robin O’Malley NA 

Policy and Partnership Coordinator 
National Climate Change and Wildlife 

Science Center 
US Geological Survey 

romalley@usgs.gov, 703-648-4086 
cell: 571-294-0922  

 

 

Observers Geographic Area Affiliation Contact Information  
Richard J. Baker 

Endangered Species 
Coordinator 

Minnesota Minnesota DNR richard.baker@state.mn.us, 651-259-5073  

Nichole Cudworth Wyoming Wyoming game and Fish nichole.cudworth@wyo.gov, 307-332-7723 ext. 230 
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        United States Department of the Interior 
 Fish and Wildlife Service 
  Ecological Services 
  Montana Field Office 
  585 Shepard Way, Suite 1 
      Helena, Montana 59601-6287 
        Phone: (406) 449-5225  Fax: (406) 449-5339 
 
 

September 18, 2015 
 
Dear Scientist: 
 
 
The U.S. Fish and Wildlife Service (Service) is conducting a species status assessment (SSA) for 
the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
canadensis), which is listed as threatened under the Endangered Species Act.  As part of the 
SSA, we have partnered with state and other federal agencies in the range of the lynx DPS to 
convene a facilitated expert elicitation workshop.  The objective of the workshop is to assess the 
current status of and threats to the various DPS populations and to evaluate the DPS's viability 
under a range of future threat, habitat condition, and climate scenarios. 
 
We lack adequate empirical data on many aspects of lynx population dynamics in the DPS range 
(e.g., historic numbers and distributions; current sizes and trends of most DPS populations; 
landscape-level snowshoe hare [Lepus americanus] densities needed to support lynx across the 
range; periodicity, rates, and importance of immigration of lynx from Canadian populations; 
etc.).  We have assembled a panel of lynx experts most familiar with each of the DPS 
populations and whose knowledge, professional judgments, and opinions we will elicit to inform 
our understanding of lynx status, the nature and magnitude of potential threats, and the likelihood 
of their future persistence.    
 
Because we needed to keep the panel to a manageable number (10-12) while also getting 
representation from across the range of the DPS and in southern Canada, there are other 
researchers and experts (like you) who we were unable to invite to participate as panelists.  
Nonetheless, we believe that your expertise is also critical to these discussions and we invite you 
to participate in the workshop by presenting your research results and/or management insights 
for consideration by the expert panel. 
 
The workshop will be held October 13-15, 2015 in Minneapolis, Minnesota.  In addition to 
expert panelists, we have invited participation from other experts (boreal forest ecology, hare 
population dynamics, climate modeling and projections, and the regulatory environment as it 
pertains to lynx) who will present information for consideration by the expert panel.  A small 
number of federal and state wildlife managers also will be present to observe the process.  Our 
facilitators may reach out to you before the workshop; please feel free to ask them any questions 
that you might have regarding the process and your role. 
 

 
 



Your participation is very important, therefore, if needed, the Service will provide funding to 
cover travel, lodging, and per diem expenses.  In order for the Service to provide this, we will 
need you to complete the highlighted sections of the attached form (Attachment 1 - FBMS 
Vendor Request Form) and fax it (406-449-5339) to Sharon Hooley or Kaimy Marks, 
Administrative staff.  Please submit this form as quickly as possible.  If you prefer you may call 
Sharon or Kaimy at (406) 449-5225, ext. 203 (Sharon) or 207 (Kaimy) and provide the 
information over the phone.  Please feel free to call either if you have any additional questions 
about travel.   
 
A block of rooms has been reserved at the Crowne Plaza Hotel near the Minneapolis Airport 
(See Attachment 2 for additional hotel information).  The workshop will be held in a conference 
room at the hotel.  We will start at 1pm on Tuesday, October 13 and finish up no later than 5pm 
on Thursday, October 15.  The block of rooms, at the government rate of $140/night, is being 
held until September 30.  Please call the Crowne Plaza Hotel at 952-854-9000 and reference the 
USFWS to reserve your room.  Please note that the cancellation policy for this hotel is 24 hours 
prior to check-in. 
 
Please let us know if you are unable to attend.  Having a strong scientific basis to inform the lynx 
SSA is essential, and your input would be greatly appreciated.  Please contact Jim Zelenak 
(jim_zelenak@fws.gov, 406-449-5225 x220, or Jodi Bush (Jodi_bush@fws.gov, 406-449-5225) 
if you have questions or need any further information. 
 

 
 
Sincerely, 
 

 
Jodi L. Bush 
Field Supervisor 
 
 

Attachments (2) 
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From: Bush, Jodi
To: Heather Bell; Mary Parkin; Jim Zelenak; Jonathan Cummings
Subject: Draft agenda
Date: Monday, September 21, 2015 10:44:02 AM
Attachments: 20150918 Draft SSA Agenda.docx

Here is the beginning of what the agenda looks like...Need Mary and Heather and other help
now...

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

mailto:jodi_bush@fws.gov
mailto:heather_bell@fws.gov
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mailto:jim_zelenak@fws.gov
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Draft Agenda 
LYNX SSA EXPERT ELICITATION WORKSHOP 

BLOOMINGTON, MINNEAPOLIS 
OCTOBER 13-16, 2015 

 
INTRODUCTIONS 
 

DAY ONE (Tuesday, October 13) 
1:00 Welcome (Jodi) 

Introductions/Goals (Jim/Seth) 
Review Agenda (Heather/Mary) 

1:30 SSA Framework/FACA/APA (Heather) 
2:00 Expert Elicitation Process (Mary/Jonathan) 
2:30 Overview Presentations 
 Lynx DPS Background/Listing (Jim) 
 Lynx historic, current distribution (McKelvey)  
 Lynx Regulatory Environment 2000-2015 (Jim/Scott) 
4:30 Discussion, revisit goals and agenda for remainder of week 
  
 
DAY TWO (Wednesday, October 14) 
 
Part 1: Overview of Lynx Status by Area:   
 
8:00 Maine/Northeast (Harrision) 
8:30 Wisconsin/Michigan-Upper Midwest (Moen)  
9:00 Greater Yellowstone (Squires) 
9:30 Break 
10:00 Colorado (Ivan) 
10:30 NW Montana (Kolbe) 
11:00 North Cascades and Okanagan 
 
12:00 Lunch 
 
PART 2: 
 
 
 
 
DAY THREE (Thursday, October 15) 
 
 



 



From: Svancara,Leona
To: Bush, Jodi
Subject: RE: Reminder: Lynx SSA Coordination Call
Date: Monday, September 21, 2015 10:51:44 AM

Yep -
Sorry bout the late reply - I was out Wed -Fri last week.
Leona

________________________________
From: Bush, Jodi [jodi_bush@fws.gov]
Sent: Wednesday, September 16, 2015 6:48 AM
To: Svancara,Leona
Subject: Fwd: Reminder: Lynx SSA Coordination Call

You are good with these names -aren't you?  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Sallabanks,Rex <rex.sallabanks@idfg.idaho.gov<mailto:rex.sallabanks@idfg.idaho.gov>>
Date: Tue, Sep 15, 2015 at 4:26 PM
Subject: Re: Reminder: Lynx SSA Coordination Call
To: "Bush, Jodi" <jodi_bush@fws.gov<mailto:jodi_bush@fws.gov>>
Cc: "Svancara,Leona" <leona.svancara@idfg.idaho.gov<mailto:leona.svancara@idfg.idaho.gov>>

Thanks Jodi.  Appreciate you following up with us.  It makes sense to me and if Leona is good with it, I'm good with
it!

Rex.

On Sep 15, 2015, at 2:12 PM, Bush, Jodi <jodi_bush@fws.gov<mailto:jodi_bush@fws.gov>
<mailto:jodi_bush@fws.gov>>> wrote:

Rex. Thank you for your input.

Through this process we compiled a fairly large list of candidates.  In order to get some additional feedback, I gave
Leona a call and talked through the names with her.   Leona felt that two names that others had brought up: Josh
Lawler and Phil Mote were good candidates for the SSA workshop.  Because these names were mentioned by other
interested parties as well, and Leona approved of them we intend to request their participation in that event.

I wanted to check in with you and see if were Ok with this solution.  Please feel free to give me a call if you have
any questions.  JB

Jodi L. Bush
Field Supervisor

mailto:leona.svancara@idfg.idaho.gov
mailto:jodi_bush@fws.gov
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Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Thu, Sep 3, 2015 at 3:42 PM, Sallabanks,Rex
<rex.sallabanks@idfg.idaho.gov<mailto:rex.sallabanks@idfg.idaho.gov>
<mailto:rex.sallabanks@idfg.idaho.gov>>> wrote:
Jodi & Jim,

Idaho offers the following suggestions for your consideration.  We focused on candidates that could offer expertise
on climate science/climate modeling, including our own staff person, Dr. Leona Svancara.

Expert Candidate

Geographic Area

Affiliation

Expertise

Solomon Dobrowski

Western US/Canada

Univ of Montana - Climate ecologist

Focuses on understanding effects of climate on species

Daniel Thornton

Western US/Canada

Washington State Univ - Climate ecologist

Focuses on understanding effects of environmental change (including climate) on species

John Abatzoglou

Global, with specific expertise in West & PNW

Univ of Idaho - Climate modeler

Focuses on science describing current, historical, and future climates

Leona Svancara

mailto:rex.sallabanks@idfg.idaho.gov


Idaho/PNW

Idaho Fish and Game - Spatial ecologist

Focuses on application of climate information in species management

Thank you.

--------------------------------------------
Rex Sallabanks, PhD, CPM
Wildlife Diversity Program Manager
Idaho Department of Fish and Game
--------------------------------------------
208 287 2754 (direct)
208 921 6932 (mobile)
208 334 2920 (office)

From: Bush, Jodi [mailto:jodi_bush@fws.gov<mailto:jodi_bush@fws.gov><mailto:jodi_bush@fws.gov>>]
Sent: Thursday, September 03, 2015 12:47 PM
To: bob.broscheid@state.co.us<mailto:bob.broscheid@state.co.us><mailto:bob.broscheid@state.co.us>>; Odell,
Eric; Moore,Virgil; Sallabanks,Rex; Chandler.woodcock@maine.gov<mailto:Chandler.woodcock@maine.gov>
<mailto:Chandler.woodcock@maine.gov>>; Jake Ivan - DNR; Sam Eaton;
dustin.miller@osc.idaho.gov<mailto:dustin.miller@osc.idaho.gov><mailto:dustin.miller@osc.idaho.gov>>;
moritzw@michigan.gov<mailto:moritzw@michigan.gov><mailto:moritzw@michigan.gov>>;
commissioner.dnr@state.mn.us<mailto:commissioner.dnr@state.mn.us><mailto:commissioner.dnr@state.mn.us>>;
Ed.Boggess@state.mn.us<mailto:Ed.Boggess@state.mn.us><mailto:Ed.Boggess@state.mn.us>>; Baker, Richard
(DNR); john.erb@state.mn.us<mailto:john.erb@state.mn.us><mailto:john.erb@state.mn.us>>; Tubbs, John;
Hagener, Jeff; McDonald, Ken; Jay Kolbe; Lexi J., Sandoval;
glenn.normandeau@wildlife.nh.gov<mailto:glenn.normandeau@wildlife.nh.gov>
<mailto:glenn.normandeau@wildlife.nh.gov>>; Joshua Uriarte; Inman, Bob; DNR-
Wildlife@michigan.gov<mailto:DNR-Wildlife@michigan.gov><mailto:DNR-Wildlife@michigan.gov>>;
curt.melcher@state.or.us<mailto:curt.melcher@state.or.us><mailto:curt.melcher@state.or.us>>; Kimberly Hersey;
Greg Sheehan; mark scott; cpl@dnr.wa.gov<mailto:cpl@dnr.wa.gov><mailto:cpl@dnr.wa.gov>>;
director@dfw.wa.gov<mailto:director@dfw.wa.gov><mailto:director@dfw.wa.gov>>; Lewis, Jeffrey C (DFW);
louis.porter@state.vt.us<mailto:louis.porter@state.vt.us><mailto:louis.porter@state.vt.us>>; Bernier, Chris;
kurt.thiede@wisconsin.gov<mailto:kurt.thiede@wisconsin.gov><mailto:kurt.thiede@wisconsin.gov>>;
scott.talbot@wyo.gov<mailto:scott.talbot@wyo.gov><mailto:scott.talbot@wyo.gov>>; Bob Lanka; Nichole
Cudworth; Zack Walker; cathy.stepp@wisconsin.gov<mailto:cathy.stepp@wisconsin.gov>
<mailto:cathy.stepp@wisconsin.gov>>; Vashon, Jennifer; Jonathan Mawdsley;
patricia.riexinger@dec.ny.gov<mailto:patricia.riexinger@dec.ny.gov><mailto:patricia.riexinger@dec.ny.gov>>
Cc: Heather Bell; Mary Parkin; Mark McCollough; David Smith; Tamara Smith; Seth Willey; Bryon Holt; Kurt
Broderdorp; Jonathan Cummings; Nick.Wiley@myfwc.com<mailto:Nick.Wiley@myfwc.com>
<mailto:Nick.Wiley@myfwc.com>>; Zelenak, Jim
Subject: Re: Reminder: Lynx SSA Coordination Call

Good afternoon folks.  This is a reminder that we remain interested in your input on our list of candidates that we
are considering for the Expert Elicitation Panel in October.  Because we need to notify these folks soon, we ask that
you get any comments or additions to us ASAP but no later than COB tomorrow, September 4, 2015.  Thank you. 
JB

Jodi L. Bush

mailto:jodi_bush@fws.gov
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Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

__________________________________________________
The Service is in the process of identifying candidates to participate in an expert elicitation workshop that will likely
be held in mid-Oct., tentatively in Minneapolis, Minnesota.  Please review the attached DRAFT (in progress) list of
Canada lynx experts we've identified as candidates for participation in the workshop.  The overarching objective of
the workshop is to assess the current and likely future status of each of the lynx populations in the DPS (contiguous
U.S.).

If you believe we have overlooked any lynx experts crucial to achieving that objective, please add their names,
affiliations, and areas of expertise, and email me the revised table at your earliest convenience.  We intend to extend
formal invitation as soon as possible.

We will need to limit the number of experts to facilitate open dialog and candid discussion, and simply for logistical
reasons.  We will consider any candidates you put forth, but the Service will make the final decision on which
experts will be formally invited to participate in the workshop.

Let me know if you have questions or need more information.

Cheers!

Jim

--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov<mailto:jim_zelenak@fws.gov><mailto:jim_zelenak@fws.gov>>

mailto:jim_zelenak@fws.gov


From: Bush, Jodi
To: Svancara,Leona
Subject: Re: Reminder: Lynx SSA Coordination Call
Date: Monday, September 21, 2015 11:00:47 AM

ok.  didn't want to put words in your mouth.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Sep 21, 2015 at 10:51 AM, Svancara,Leona <leona.svancara@idfg.idaho.gov>
wrote:

Yep -
Sorry bout the late reply - I was out Wed -Fri last week.
Leona

________________________________
From: Bush, Jodi [jodi_bush@fws.gov]
Sent: Wednesday, September 16, 2015 6:48 AM
To: Svancara,Leona
Subject: Fwd: Reminder: Lynx SSA Coordination Call

You are good with these names -aren't you?  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Sallabanks,Rex
<rex.sallabanks@idfg.idaho.gov<mailto:rex.sallabanks@idfg.idaho.gov>>
Date: Tue, Sep 15, 2015 at 4:26 PM
Subject: Re: Reminder: Lynx SSA Coordination Call
To: "Bush, Jodi" <jodi_bush@fws.gov<mailto:jodi_bush@fws.gov>>
Cc: "Svancara,Leona"
<leona.svancara@idfg.idaho.gov<mailto:leona.svancara@idfg.idaho.gov>>

Thanks Jodi.  Appreciate you following up with us.  It makes sense to me and if Leona is
good with it, I'm good with it!

mailto:jodi_bush@fws.gov
mailto:leona.svancara@idfg.idaho.gov
mailto:leona.svancara@idfg.idaho.gov
mailto:jodi_bush@fws.gov
mailto:rex.sallabanks@idfg.idaho.gov
mailto:rex.sallabanks@idfg.idaho.gov
mailto:jodi_bush@fws.gov
mailto:jodi_bush@fws.gov
mailto:leona.svancara@idfg.idaho.gov
mailto:leona.svancara@idfg.idaho.gov


Rex.

On Sep 15, 2015, at 2:12 PM, Bush, Jodi
<jodi_bush@fws.gov<mailto:jodi_bush@fws.gov>
<mailto:jodi_bush@fws.gov<mailto:jodi_bush@fws.gov>>> wrote:

Rex. Thank you for your input.

Through this process we compiled a fairly large list of candidates.  In order to get some
additional feedback, I gave Leona a call and talked through the names with her.   Leona felt
that two names that others had brought up: Josh Lawler and Phil Mote were good candidates
for the SSA workshop.  Because these names were mentioned by other interested parties as
well, and Leona approved of them we intend to request their participation in that event.

I wanted to check in with you and see if were Ok with this solution.  Please feel free to give
me a call if you have any questions.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Thu, Sep 3, 2015 at 3:42 PM, Sallabanks,Rex
<rex.sallabanks@idfg.idaho.gov<mailto:rex.sallabanks@idfg.idaho.gov>
<mailto:rex.sallabanks@idfg.idaho.gov<mailto:rex.sallabanks@idfg.idaho.gov>>> wrote:
Jodi & Jim,

Idaho offers the following suggestions for your consideration.  We focused on candidates
that could offer expertise on climate science/climate modeling, including our own staff
person, Dr. Leona Svancara.

Expert Candidate

Geographic Area

Affiliation

Expertise

mailto:jodi_bush@fws.gov
mailto:jodi_bush@fws.gov
mailto:jodi_bush@fws.gov
mailto:jodi_bush@fws.gov
mailto:rex.sallabanks@idfg.idaho.gov
mailto:rex.sallabanks@idfg.idaho.gov
mailto:rex.sallabanks@idfg.idaho.gov
mailto:rex.sallabanks@idfg.idaho.gov


Solomon Dobrowski

Western US/Canada

Univ of Montana - Climate ecologist

Focuses on understanding effects of climate on species

Daniel Thornton

Western US/Canada

Washington State Univ - Climate ecologist

Focuses on understanding effects of environmental change (including climate) on species

John Abatzoglou

Global, with specific expertise in West & PNW

Univ of Idaho - Climate modeler

Focuses on science describing current, historical, and future climates

Leona Svancara

Idaho/PNW

Idaho Fish and Game - Spatial ecologist

Focuses on application of climate information in species management

Thank you.

--------------------------------------------
Rex Sallabanks, PhD, CPM
Wildlife Diversity Program Manager
Idaho Department of Fish and Game
--------------------------------------------
208 287 2754 (direct)
208 921 6932 (mobile)
208 334 2920 (office)



From: Bush, Jodi [mailto:jodi_bush@fws.gov<mailto:jodi_bush@fws.gov>
<mailto:jodi_bush@fws.gov<mailto:jodi_bush@fws.gov>>]
Sent: Thursday, September 03, 2015 12:47 PM
To: bob.broscheid@state.co.us<mailto:bob.broscheid@state.co.us>
<mailto:bob.broscheid@state.co.us<mailto:bob.broscheid@state.co.us>>; Odell, Eric;
Moore,Virgil; Sallabanks,Rex;
Chandler.woodcock@maine.gov<mailto:Chandler.woodcock@maine.gov>
<mailto:Chandler.woodcock@maine.gov<mailto:Chandler.woodcock@maine.gov>>; Jake
Ivan - DNR; Sam Eaton;
dustin.miller@osc.idaho.gov<mailto:dustin.miller@osc.idaho.gov>
<mailto:dustin.miller@osc.idaho.gov<mailto:dustin.miller@osc.idaho.gov>>;
moritzw@michigan.gov<mailto:moritzw@michigan.gov>
<mailto:moritzw@michigan.gov<mailto:moritzw@michigan.gov>>;
commissioner.dnr@state.mn.us<mailto:commissioner.dnr@state.mn.us>
<mailto:commissioner.dnr@state.mn.us<mailto:commissioner.dnr@state.mn.us>>;
Ed.Boggess@state.mn.us<mailto:Ed.Boggess@state.mn.us>
<mailto:Ed.Boggess@state.mn.us<mailto:Ed.Boggess@state.mn.us>>; Baker, Richard
(DNR); john.erb@state.mn.us<mailto:john.erb@state.mn.us>
<mailto:john.erb@state.mn.us<mailto:john.erb@state.mn.us>>; Tubbs, John; Hagener, Jeff;
McDonald, Ken; Jay Kolbe; Lexi J., Sandoval;
glenn.normandeau@wildlife.nh.gov<mailto:glenn.normandeau@wildlife.nh.gov>
<mailto:glenn.normandeau@wildlife.nh.gov<mailto:glenn.normandeau@wildlife.nh.gov>>;
Joshua Uriarte; Inman, Bob; DNR-Wildlife@michigan.gov<mailto:DNR-
Wildlife@michigan.gov><mailto:DNR-Wildlife@michigan.gov<mailto:DNR-
Wildlife@michigan.gov>>; curt.melcher@state.or.us<mailto:curt.melcher@state.or.us>
<mailto:curt.melcher@state.or.us<mailto:curt.melcher@state.or.us>>; Kimberly Hersey;
Greg Sheehan; mark scott; cpl@dnr.wa.gov<mailto:cpl@dnr.wa.gov>
<mailto:cpl@dnr.wa.gov<mailto:cpl@dnr.wa.gov>>;
director@dfw.wa.gov<mailto:director@dfw.wa.gov>
<mailto:director@dfw.wa.gov<mailto:director@dfw.wa.gov>>; Lewis, Jeffrey C (DFW);
louis.porter@state.vt.us<mailto:louis.porter@state.vt.us>
<mailto:louis.porter@state.vt.us<mailto:louis.porter@state.vt.us>>; Bernier, Chris;
kurt.thiede@wisconsin.gov<mailto:kurt.thiede@wisconsin.gov>
<mailto:kurt.thiede@wisconsin.gov<mailto:kurt.thiede@wisconsin.gov>>;
scott.talbot@wyo.gov<mailto:scott.talbot@wyo.gov>
<mailto:scott.talbot@wyo.gov<mailto:scott.talbot@wyo.gov>>; Bob Lanka; Nichole
Cudworth; Zack Walker; cathy.stepp@wisconsin.gov<mailto:cathy.stepp@wisconsin.gov>
<mailto:cathy.stepp@wisconsin.gov<mailto:cathy.stepp@wisconsin.gov>>; Vashon,
Jennifer; Jonathan Mawdsley;
patricia.riexinger@dec.ny.gov<mailto:patricia.riexinger@dec.ny.gov>
<mailto:patricia.riexinger@dec.ny.gov<mailto:patricia.riexinger@dec.ny.gov>>
Cc: Heather Bell; Mary Parkin; Mark McCollough; David Smith; Tamara Smith; Seth
Willey; Bryon Holt; Kurt Broderdorp; Jonathan Cummings;
Nick.Wiley@myfwc.com<mailto:Nick.Wiley@myfwc.com>
<mailto:Nick.Wiley@myfwc.com<mailto:Nick.Wiley@myfwc.com>>; Zelenak, Jim
Subject: Re: Reminder: Lynx SSA Coordination Call

Good afternoon folks.  This is a reminder that we remain interested in your input on our list
of candidates that we are considering for the Expert Elicitation Panel in October.  Because
we need to notify these folks soon, we ask that you get any comments or additions to us
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ASAP but no later than COB tomorrow, September 4, 2015.  Thank you.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

__________________________________________________
The Service is in the process of identifying candidates to participate in an expert elicitation
workshop that will likely be held in mid-Oct., tentatively in Minneapolis, Minnesota.  Please
review the attached DRAFT (in progress) list of Canada lynx experts we've identified as
candidates for participation in the workshop.  The overarching objective of the workshop is
to assess the current and likely future status of each of the lynx populations in the DPS
(contiguous U.S.).

If you believe we have overlooked any lynx experts crucial to achieving that objective,
please add their names, affiliations, and areas of expertise, and email me the revised table at
your earliest convenience.  We intend to extend formal invitation as soon as possible.

We will need to limit the number of experts to facilitate open dialog and candid discussion,
and simply for logistical reasons.  We will consider any candidates you put forth, but the
Service will make the final decision on which experts will be formally invited to participate
in the workshop.

Let me know if you have questions or need more information.

Cheers!

Jim

--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov<mailto:jim_zelenak@fws.gov>
<mailto:jim_zelenak@fws.gov<mailto:jim_zelenak@fws.gov>>
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From: Parkin, Mary
To: Jodi Bush; Jim Zelenak; Jonathan Cummings; Heather Bell; Seth Willey
Subject: Rough draft lynx SSA agenda
Date: Monday, September 21, 2015 12:25:21 PM
Attachments: 20150918 Draft SSA Agenda_MP additions.docx

Hi all,

I've very quickly added some additional elements to the agenda you sent, Jodi.  All, please
take a look and correct anything you see that is out of place or missing.

This is extremely rough, so it would benefit from a few more minds!

Thanks,
Mary

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov
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Draft Agenda 
LYNX SSA EXPERT ELICITATION WORKSHOP 

BLOOMINGTON, MINNEAPOLIS 
OCTOBER 13-16, 2015 

 
INTRODUCTIONS 
 

DAY ONE (Tuesday, October 13) 
1:00 Welcome (Jodi) 

Introductions/Goals (Jim/Seth) 
Review Agenda (Heather/Mary) 

1:30 SSA Framework/FACA/APA (Heather) 
2:00 Expert Elicitation Process (Mary/Jonathan) 
2:30 Overview Presentations 
 Lynx DPS Background/Listing (Jim) 
 Lynx historic, current distribution (McKelvey)  
 Lynx Regulatory Environment 2000-2015 (Jim/Scott) 
4:30 Discussion, revisit goals and agenda for remainder of week 
  
 
DAY TWO (Wednesday, October 14) 
 
Part 1: Overview of Lynx Status by Area:   
 
8:00 Maine/Northeast (Harrision) 
8:30 Wisconsin/Michigan-Upper Midwest (Moen)  
9:00 Greater Yellowstone (Squires) 
9:30 Break 
10:00 Colorado (Ivan) 
10:30 NW Montana (Kolbe) 
11:00 North Cascades and Okanagan 
 
12:00 Lunch 
 
PART 2:  Species Status Assessment Framework 
 
1:00  Identify necessary conditions for species viability:   
 Salient life history characteristics 
 Ecological needs 
 Population needs 
 Species-level needs (3 Rs:  Resiliency, Redundancy, and Representation 
  



3:00 Rapid prototyping:  Explore current conditions for the lynx using effects pathway 
analysis (positive and negative effects on species viability) and, if needed, population and/or 
spatial modeling 
 
DAY THREE (Thursday, October 15) 
 
8:00  Recap and discussion  
 
9:00 am  Identify future climate change scenarios for analysis in term of habitat and 
population responses 
 
10:00  Review other stressors and conservation measures that could affect future species 
viability 
 
11:00  Rapid prototyping:  Begin to project future species conditions based on projected 
responses to alternative future scenarios, using effects pathways, spatial modeling, and/or 
population modeling 
 
12:00  Lunch 
 
1:00  Rapid prototyping:  Continue to project future species conditions based on projected 
responses to alternative future scenarios, using effects pathways, spatial modeling, and/or 
population modeling 
 
3:00  Discussion of results and additional assessment needs 
 
4:00  Wrap-up and next steps 



From: Bell, Heather
To: Parkin, Mary
Cc: Jodi Bush; Jim Zelenak; Jonathan Cummings; Seth Willey
Subject: Re: Rough draft lynx SSA agenda
Date: Monday, September 21, 2015 1:02:05 PM
Attachments: 20150918 Draft SSA Agenda_MP additions_HB comments.docx

I am confused.  I am pretty sure that Jim had a more extensive agenda that included when the
"threat" like climate change conversations where going to happen, etc.  but i don't see it up on
the drive.

CAn we wait to hear back from him tonight?  

Mary, in the meantime i will respond to this version, perhaps then tomorrow we can combine
all of them. 

Heather Bell
Ecological Services HQ
Branch of Conservation Integration
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff
at https://sites.google.com/a/fws.gov/ssa/ and  the REV Google Site: https://sites.google.com/a/fws.gov/rev/

On Mon, Sep 21, 2015 at 12:25 PM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Hi all,

I've very quickly added some additional elements to the agenda you sent, Jodi.  All, please
take a look and correct anything you see that is out of place or missing.

This is extremely rough, so it would benefit from a few more minds!

Thanks,
Mary

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov
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Draft Agenda 
LYNX SSA EXPERT ELICITATION WORKSHOP 

BLOOMINGTON, MINNEAPOLIS 
OCTOBER 13-16, 2015 

 
INTRODUCTIONS 
 

DAY ONE (Tuesday, October 13) 
1:00 Welcome (Jodi) 

Introductions/Goals (Jim/Seth) 
Review Agenda (Heather/Mary) 

1:30 SSA Framework/FACA/APA (Heather) 
2:00 Expert Elicitation Process (Mary/Jonathan) 
2:30 Overview Presentations 
 Lynx DPS Background/Listing (Jim) 
 Lynx historic, current distribution (McKelvey)  
 Lynx Regulatory Environment 2000-2015 (Jim/Scott) 
4:30 Discussion, revisit goals and agenda for remainder of week 
  
 
DAY TWO (Wednesday, October 14) 
 
Part 1: Overview of Lynx Status by Area:   
 
8:00 Maine/Northeast (Harrision) 
8:30 Wisconsin/Michigan-Upper Midwest (Moen)  
9:00 Greater Yellowstone (Squires) 
9:30 Break 
10:00 Colorado (Ivan) 
10:30 NW Montana (Kolbe) 
11:00 North Cascades and Okanagan 
 
12:00 Lunch 
 
PART 2:  Expert elicitation on aspects of lynx analytics Species Status 
Assessment Framework   
 
1:00  Review of conceptual model on what supports and detracts from the ability of lynx to 
have population persistence within the US   Identify necessary conditions for species 
viability:   
 Salient life history characteristics 
 Ecological needs 
 Population needs 

Commented [HB1]: Hmmm, perhaps we need to present our 
conceptual model that first day?  I am worried that with all the 
time needed to go area by area we are not going to get to the 
meat of the analysis fast enough.  Review of conceptual model 
on what supports and detracts from the ability of lynx to have 
population persistence within the US    

Salient life history characteristics 
Ecological needs 
Population needs 
Species-level needs (3 Rs:  Resiliency, Redundancy, and 

Representation 
 

Commented [HB2]: We would have to have a working lunch 
for us, so that we can assimilate all the current conditions and get 
ready to move forward in the afternoon 

Commented [HB3]: When do we do climate change?   Or at 
least the conversation of how climate change is likely to affect 
the species.  Since the next day we are doing the scenarios.  I 
think they need a night to let climate change sink in… 

Commented [HB4]:  We need to not be identifying these here 
but rather asking for input on what the Core team has deemed to 
be important.  This would be the conceptual model right?    We 
want to get from the experts their best professional judgement 
on what we have drafted as a conceptual model of how the lynx 
system works, what supports viability and what detracts from 
viability.   



 Species-level needs (3 Rs:  Resiliency, Redundancy, and Representation 
  
3:00 Rapid prototyping:  Explore current conditions for the lynx using effects pathway 
analysis (positive and negative effects on species viability) and, if needed, population and/or 
spatial modeling 
 
DAY THREE (Thursday, October 15) 
 
8:00  Recap and discussion  
 
9:00 am  Identify future climate change scenarios for analysis in term of habitat and 
population responses 
 
10:00  Review other stressors and conservation measures that could affect future species 
viability 
 
11:00  Rapid prototyping:  Begin to project future species conditions based on projected 
responses to alternative future scenarios, using effects pathways, spatial modeling, and/or 
population modeling 
 
12:00  Lunch 
 
1:00  Rapid prototyping:  Continue to project future species conditions based on projected 
responses to alternative future scenarios, using effects pathways, spatial modeling, and/or 
population modeling 
 
3:00  Discussion of results and additional assessment needs 
 
4:00  Wrap-up and next steps 

Commented [HB5]: I would suggest this be a discussion of 
how if and why the model might differ by region.  So that by the 
end of day two Jonathon has what he needs to put the model 
together and then we have a draft in place for the discussion on 
day three where we project?  



From: Bush, Jodi
To: Zelenak, Jim
Cc: Bryon Holt
Subject: Re: Canada Lynx Expert Elicitation Workshop
Date: Monday, September 21, 2015 3:42:00 PM

so would we move Karen Hodges up to a panel member then?  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Sep 21, 2015 at 3:31 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
We lost one of our experts.

Jim

---------- Forwarded message ----------
From: Clayton Apps <clayapps@telus.net>
Date: Mon, Sep 21, 2015 at 9:22 AM
Subject: Re: Canada Lynx Expert Elicitation Workshop
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Thank you Jim.  Unfortunately I am no longer available during that time period.  Please let
me know if I can be of any assistance as of November or beyond.
 
best regards,
Clayton Apps
 
From: Zelenak, Jim
Sent: Friday, September 18, 2015 12:45 PM
To: undisclosed-recipients:
Subject: Canada Lynx Expert Elicitation Workshop
 
Hi All:
 
Please see the attached invitation to participate as lynx expert panelists at the Oct. 13-15 Lynx SSA Expert
Elicitation Workshop in Minneapolis, along with the hotel information and invitational traveler form (both also
attached).
 
You are among the group of experts most familiar with the lynx populations in the contiguous U.S. and southern
Canada and who we believe can make the greatest contribution to our understanding of the status of, threats to,
and future viability of those populations.
 
Because we needed to keep the panel to a manageable number (10-12) while also getting representation from
across the range of the DPS, there are other lynx researchers and experts (your peers) who we were unable to

mailto:jodi_bush@fws.gov
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invite to participate as panelists. We hope some of those will nonetheless attend the workshop and present their
research results for you on the expert panel to consider.
 
I hope you are still interested and available to participate as an expert panelist.  If you are unable to attend,
please let me know at your earliest convenience.
 
The workshop facilitators and I will be in touch over the coming weeks to provide additional information on the
structured process for the workshop and other details.
 
Please email or call me if you have any questions, and thanks again for your willingness to participate on this
panel.
 
Cheers!
 
Jim 
 
-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Jodi Bush
Cc: Mark McCollough; Bryon Holt; Kurt Broderdorp; Tamara Smith; Mary Parkin; Heather Bell
Subject: Fwd: Canada Lynx Expert Elicitation Workshop
Date: Monday, September 21, 2015 5:42:40 PM
Attachments: image011.png

image009.png
image012.png
image010.png

FYI.  See Dr. McKelvey's climate/snow modeling recommendation/thoughts below. 

---------- Forwarded message ----------
From: McKelvey, Kevin -FS <kmckelvey@fs.fed.us>
Date: Mon, Sep 21, 2015 at 9:21 AM
Subject: RE: Canada Lynx Expert Elicitation Workshop
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Jim.  Yes I can present what I think is known about past and current distributions of lynx and I have
been looking at climate change (though I would no longer support the modelling done by Gonzales
et al—my views on this whole topic have evolved significantly).  I think that you should get folks that
know about snow for future modelling.  Both lynx and hares are all about snow—soft snow
preferably.  So Phil Mote would be good. Actually, I would suggest Eric Salathe at U Wash—Eric does
really good snow modelling and knows a lot about the whole process of downscaling GCM, which is
where the rubber hits the road when it comes to anticipating the future effects on wildlife. Eric
could give us a state-of-the art look at snow modelling.  He focusses on PNW (as has Phil Mote, for
that matter),  but the process is general. 

 

salathe@u.washington.edu
+1-425-352-3226

 

Kevin S. McKelvey, PhD 
Research Ecologist
Forest Service

Rocky Mountain Research Station, Wildlife and Terrestrial Ecosystems
p: 406-542-4163 
f: 406-543-2663 
kmckelvey@fs.fed.us
800 East Beckwith 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people
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From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, September 18, 2015 12:46 PM
Subject: Canada Lynx Expert Elicitation Workshop

 

Hi All:

 

Please see the attached invitation to participate as lynx expert panelists at the Oct. 13-15 Lynx
SSA Expert Elicitation Workshop in Minneapolis, along with the hotel information and
invitational traveler form (both also attached).

 

You are among the group of experts most familiar with the lynx populations in the contiguous
U.S. and southern Canada and who we believe can make the greatest contribution to our
understanding of the status of, threats to, and future viability of those populations. 

 

Because we needed to keep the panel to a manageable number (10-12) while also getting
representation from across the range of the DPS, there are other lynx researchers and experts
(your peers) who we were unable to invite to participate as panelists. We hope some of those
will nonetheless attend the workshop and present their research results for you on the expert
panel to consider.

 

I hope you are still interested and available to participate as an expert panelist.  If you are
unable to attend, please let me know at your earliest convenience.

 

The workshop facilitators and I will be in touch over the coming weeks to provide additional
information on the structured process for the workshop and other details.

 

Please email or call me if you have any questions, and thanks again for your willingness to
participate on this panel.

 

Cheers!

 

http://www.fs.fed.us/research/people/profile.php?alias=kmckelvey
http://scholar.google.com/citations?user=CmG2R0QAAAAJ&hl=en
mailto:jim_zelenak@fws.gov


Jim  

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


From: Bell, Heather
To: Zelenak, Jim
Cc: Jodi Bush; Mark McCollough; Bryon Holt; Kurt Broderdorp; Tamara Smith; Mary Parkin
Subject: Re: Canada Lynx Expert Elicitation Workshop
Date: Wednesday, September 23, 2015 9:17:43 AM
Attachments: image012.png

image010.png
image011.png
image009.png

sounds good to me.  nice of him to recommend someone.

Heather Bell
Ecological Services HQ
Branch of Conservation Integration
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff
at https://sites.google.com/a/fws.gov/ssa/ and  the REV Google Site: https://sites.google.com/a/fws.gov/rev/

On Mon, Sep 21, 2015 at 3:42 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
FYI.  See Dr. McKelvey's climate/snow modeling recommendation/thoughts below. 

---------- Forwarded message ----------
From: McKelvey, Kevin -FS <kmckelvey@fs.fed.us>
Date: Mon, Sep 21, 2015 at 9:21 AM
Subject: RE: Canada Lynx Expert Elicitation Workshop
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Jim.  Yes I can present what I think is known about past and current distributions of lynx and I have
been looking at climate change (though I would no longer support the modelling done by Gonzales
et al—my views on this whole topic have evolved significantly).  I think that you should get folks
that know about snow for future modelling.  Both lynx and hares are all about snow—soft snow
preferably.  So Phil Mote would be good. Actually, I would suggest Eric Salathe at U Wash—Eric
does really good snow modelling and knows a lot about the whole process of downscaling GCM,
which is where the rubber hits the road when it comes to anticipating the future effects on
wildlife. Eric could give us a state-of-the art look at snow modelling.  He focusses on PNW (as has
Phil Mote, for that matter),  but the process is general. 

 

salathe@u.washington.edu
+1-425-352-3226
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mailto:mary_parkin@fws.gov
https://sites.google.com/a/fws.gov/ssa/
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mailto:jim_zelenak@fws.gov
mailto:kmckelvey@fs.fed.us
mailto:jim_zelenak@fws.gov
mailto:salathe%40u.washington.edu


 

Kevin S. McKelvey, PhD 
Research Ecologist
Forest Service

Rocky Mountain Research Station, Wildlife and Terrestrial Ecosystems
p: 406-542-4163 
f: 406-543-2663 
kmckelvey@fs.fed.us
800 East Beckwith 
Missoula, MT 59801
www.fs.fed.us 
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From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, September 18, 2015 12:46 PM
Subject: Canada Lynx Expert Elicitation Workshop

 

Hi All:

 

Please see the attached invitation to participate as lynx expert panelists at the Oct. 13-15
Lynx SSA Expert Elicitation Workshop in Minneapolis, along with the hotel information
and invitational traveler form (both also attached).

 

You are among the group of experts most familiar with the lynx populations in the
contiguous U.S. and southern Canada and who we believe can make the greatest
contribution to our understanding of the status of, threats to, and future viability of those
populations. 

 

Because we needed to keep the panel to a manageable number (10-12) while also getting
representation from across the range of the DPS, there are other lynx researchers and experts
(your peers) who we were unable to invite to participate as panelists. We hope some of those
will nonetheless attend the workshop and present their research results for you on the expert
panel to consider.

 

I hope you are still interested and available to participate as an expert panelist.  If you are

mailto:kmckelvey@fs.fed.us
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https://twitter.com/forestservice
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unable to attend, please let me know at your earliest convenience.

 

The workshop facilitators and I will be in touch over the coming weeks to provide additional
information on the structured process for the workshop and other details.

 

Please email or call me if you have any questions, and thanks again for your willingness to
participate on this panel.

 

Cheers!

 

Jim  

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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PROGRAMMATIC BIOLOGICAL ASSESSMENT 

NORTHERN LONG-EARED BAT 

For the Land and Resource Management Plans of the  

U.S. Forest Service Eastern Region 

1 INTRODUCTION 

The USDA’s Forest Service (FS) in the Eastern Region (R9) conducts a broad range of 

management actions including silvicultural practices and prescribed burning, designed to sustain, 

restore, and promote the health and resiliency of the lands and waters of National Forest System 

(NFS) lands. These management actions are guided by and consistent with each specific Land 

and Resource Management Plan (LRMP). The FS proposes to continue implementing the 

LRMPs for the fourteen National Forests and one National Tallgrass Prairie in R9. 

Land and Resource Management Plans (LRMPs) are permissive in that they allow, but do not 

mandate, certain activities to take place; they do not make any irretrievable commitment of 

resources, and they do not contain site-specific decisions [Ohio Forestry Assn. v. Sierra Club, 

523 U.S. 726 (1998)]. The direction in the LRMPs of R9 are general and do not preclude or 

replace the requirement for site-specific, project-level consideration of threatened, endangered, 

or proposed species or their proposed critical habitat and further consultation, as necessary, with 

the U.S. Fish and Wildlife Service (FWS). 

On October 2, 2013, the FWS issued a proposed rule to list the northern long-eared bat (Myotis 

septentrionalis) as endangered, with a final listing rule proposed for November 1, 2014 

(Endangered Species Act (ESA) (78 FR 61046-61080). The FWS subsequently released 

“Northern Long Eared Bat Interim Conference and Planning Guidance’ (January 6, 2014, 

hereafter FWS Guidance), providing recommendations for how to avoid take of any individual 

northern long-eared bat (NLEB) during the summer roosting period when conducting routine 

forest management. Most recently, due to new information, the FWS determined a final listing 

rule is anticipated for April 2, 2015. 

Forest Service Manual (FSM) Section 2672.4 requires a biological evaluation and/or biological 

assessment (BA) for all Forest Service planned, funded, executed, or permitted programs and 

activities. The objectives of this Programmatic BA are to:  

1. Comply with requirements of the Endangered Species Act (ESA), as amended, that 

actions by federal agencies not jeopardize the existence of federally listed species or 

destroy or adversely modify their critical habitat.  
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2. Assess the effects that implementation of LRMPs’ management direction and standards 

will have on northern long-eared bat known to exist on or near R9 NFS lands and 

proposed critical habitat.  

3. Provide biological input to ensure Forest Service actions do not contribute to loss of 

viability of any native or desired non-native species or contribute to trends toward 

Federal listing.  

R9 NFS lands are sustainably managed for multiple uses to meet current and future needs, and 

they provide important habitats for a variety of wildlife species, including many species of 

forest-dependent bats. Disturbance to the NLEB from these activities may occur during times 

when forests are occupied by this species. In this instance, regulations set forth in Section 7(a)(2) 

of the Endangered Species Act (ESA) require federal agencies to determine whether proposed 

actions are likely to jeopardize species proposed for listing, and if so, to confer with the United 

States Fish and Wildlife Service (FWS). Jeopardy actions are those reasonably expected, directly 

or indirectly, to reduce appreciably the likelihood of both the survival and recovery of a listed 

species in the wild by reducing the reproduction, numbers, or distribution of that species.  

The FS is reviewing Forest Land and Resource Management Plan (LRMP) provisions regarding 

protection of NLEB species and has determined in its discretion that FWS involvement at this 

point in the review process would be helpful. Although it is the FS’s understanding that existing 

plans are not subject to required reinitiation of consultation under 50 CFR 402.16, the agency is 

voluntarily exercising its discretion in this particular situation to reinitiate consultation with FWS 

concerning the NLEB and direction in the LRMPs in the Eastern Region. 

This programmatic BA discloses the effects of continued implementation of the following FS-

Forest LRMPs: Allegheny, Chequamegon-Nicolet, Chippewa, Green Mountain & Finger Lakes, 

Hiawatha, Hoosier, Huron-Manistee, Mark Twain, Midewin, Monongahela, Ottawa, Shawnee, 

Superior, Wayne, and White Mountain. An extensive literature review was undertaken for this 

BA and included many peer-reviewed, scientific articles that discussed responsible opposing 

views.  

1.1 ACTION AREA AND SCOPE OF ANALYSIS 

The action area is all Eastern Region NFS lands including 14 national forests and one national 

tallgrass prairie within the range of the NLEB (Figure 1). This area contains approximately 12.2 

million acres of National Forest System lands (Table 1). 



Figure 1. Map of the Eastern Region National Forests and Tall Grass Prairie. 

 

Table 1. Total Acres of Each National Forest and National Tallgrass Prairie in the Eastern 

Region. 

National Forest Total NF Acres Total Forested Acres 

Allegheny 516,843 475,496 

Chequamegon-Nicolet 1,523,709 1,318,863 

Chippewa 671,951 589,690 

Green Mtn & Finger Lakes 425,943 398,379 

Hiawatha 897,507 793,539 

Hoosier 203,499 195,969 

Huron-Manistee 978,859 915,757 

Mark Twain 1,505,329 1,398,068 

Midewin 18,225 1,755 

Monongahela 920,584 900,000 

Ottawa 996,533 905,000 

Shawnee 286,254 252,900 

Superior 2,172,452 2,093,062 

Wayne 244,225 224,546 

White Mtn 802,359 793,000 

Total 12,164,272 11,256,024 
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Figure 2. Forest Service Regions Within the Northern Long-Eared Bat Range in the United 

States. The Eastern Region is also known as Region 9. 

 

The individual FS units in the Eastern Region range in size from the Midewin National Tallgrass 

Prairie in Illinois (less than 19,000 acres) to the Superior NF in Minnesota (2.2 million acres). 

Over 40% of the U.S. population lives within the Eastern Region and much of the National 

Forests/Prairie (NFs/P) exhibit checkerboard ownership with National Forest System (NFS) 

lands intermingled with private ownerships. Across the 800 million acre range of the NLEB in 

the United States, these NFS lands consitute approximately 1.5% of the U. S. range (Figure 2).  

1.2 CONSULTATION HISTORY AND BACKGROUND 

October 2, 2013:  The FWS announced a 12-month finding on a petition to list the northern 

long-eared bat as endangered throughout its range. Another determination was that critical 

habitat for the NLEB was not determinable at that time (USFWS 2013). The FWS listed several 

factors that affect the northern long-eared bat; however, they found that no other threat is as 

severe and immediate to the species persistence as WNS. Predominantly due to the emergence of 

WNS, the NLEB has experienced a severe and rapid decline in the Northeast, estimated at 

approximately 99% for some hibernacula since the disease was first discovered there in 2007. 

Summer survey data in the Northeast have also declined for NLEB post-WNS, with rates of 



decline ranging from 93 to 98%. This disease is considered the prevailing threat to the species, as 

there is currently no known cure. A final ruling was proposed for November 1, 2014. 

January 6, 2014:  The FWS released the “Northern Long Eared Bat Interim Conference and 

Planning Guidance”. This document provided recommendations for how to avoid take of any 

individual NLEB during the summer roosting period when conducting routine forest 

management. 

June 24, 2014:  The FWS announced a six-month extension for making a final determination on 

listing the NLEB as endangered. With the extension, the Service announced that it would make a 

final decision on listing the NLEB no later than April 2, 2015. As part of the extension, the 

Service also reopened a 60-day public comment period and sought input from states, tribes, 

federal agencies and other stakeholders about the status of the NLEB and also encouraged 

interested parties to work with the Service on issues such as forest management and bat 

conservation.  

January 12, 2015:  The FWS proposed a special rule to focus protections for NLEB Under 

Section 4(d) of the ESA. The proposed rule provided measures that are necessary and advisable 

to provide for the conservation of the species, should the FWS determine the species warrants 

listing as threatened.  

March 3, 2015:  The FS prepared a “Non-jeopardy Interim Conference Report for the Continued 

Implementation of Forest Service Eastern Region Land and Resource Management Plans and 

Associated Projects” report. The document analyzed the effects of the FS routine forest 

management as outlined in the LRMPs for each National Forest. The report served as an interim 

conference report. The Eastern Region NFs/P within the distribution of the NLEB were assumed 

to have the species present, so surveys were not deemed necessary at that time.  

April 1, 2015:  The FS transmitted this “Programmatic Biological Assessment for For the Land 

and Resource Management Plans of the U.S. Forest Service Eastern Region” to the FWS. This 

document assesses LRMP activities that would occur after April 1, 2015, for the duration of each 

LRMP, including those during the winter hibernation period and all other times of year. Many 

forest management activities may directly affect the NLEB while the species is present on 

National Forest System lands, and indirectly affect the NLEB, through habitat alteration, while 

the species is absent, either hibernating or in migration to/from hibernacula. This document 

develops the information necessary at the programmatic level to support effect determinations 

for all such activities by compiling for each NF the annual acreage corresponding to LRMP 

objectives for each activity type that may affect the NLEB.  

June 12, 2015:  The FS met with staff from the Midwest and Northeast Regional Offices of the 

FWS to discuss consultation and additional data needs. 
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July 1 and 13, 2015:  The FS transmitted this updated “Programmatic Biological Assessment for 

For the Land and Resource Management Plans of the U.S. Forest Service Eastern Region” to the 

FWS. This document assesses LRMP activities that would occur after April 1, 2015, for the 

duration of each LRMP, including those during the winter hibernation period and all other times 

of year.  The document included additional information requested by FWS such as description 

and rationale for “not likely to adversely affect” activities, additional 7(a)1 conservation 

activities, and a break down of all activities by forest for forest-specific analyses. 

2 ENVIRONMENTAL BASELINE 

The Eastern Region falls within three 3 Ecological Divisions (Bailey 2014, Figure 3). The Warm 

Continental Division (210) spans across the northern tier of states. Its climate, influenced by 

polar air masses to the north and tropical air masses to the south, has strong seasonality with cold 

snowy winters and warm humid summers. Pre-European settlement vegetation was dominated by 

late-successional conifer-northern hardwood forests, comprised of pine, hemlock, cedar, maple, 

beech, ash, and basswood. Disturbance dynamics were principally wind-driven, allowing old-

growth forests with complex structures (multi-aged, multi-canopied) to abound. Severe 

disturbance events were infrequent but did occur, allowing early successional patches of pine and 

aspen-birch. Pine woodlands and forests (i.e., pineries) occurred on drought- and fire-prone sand 

plains within the Upper Great Lake states (Whitney 1986, 1987). European disturbance through 

industrial logging and burning had a profound effect on this system (Cole et al. 1998; Schulte et 

al. 2007; Nowacki and Abrams 2015), effectively eliminating the conifer component from these 

systems and converting these diverse, structurally complex, late-successional conifer-northern 

hardwoods forests into homogenized, structurally simple forests of maple and aspen-birch. On 

sand plains, these human-caused disturbances promoted oak over pine. 



Figure 3. Map of the Ecological Divisions of the Eastern Region National Forests and Tall Grass 

Prairie. 

 

The Hot Continental Division (220), which spans the middle and southern portion of the Eastern 

Region, has a more moderate continental climate, with hot humid summers and cool winters. 

This is an area formerly dominated by fire-tolerant hardwoods (oak, chestnut, and hickory) and 

pine with maple, beech, tulip poplar, elm, and ash occurring in more fire-protected areas 

(floodplains, coves). Conifer-northern hardwoods (including spruce) occur on higher elevations 

of the central and southern Appalachians. As a fire-driven system, early European disturbances 

had less of an impact on these forests, fostering oak, hickory, and chestnut regeneration through 

cutting and burning, although pine was negatively affected by these activities (Nowacki and 

Abrams 2015). Chestnut blight effectively eliminated American chestnut from these forests in 

the early 1900s. Twentieth century fire suppression has had a negative effect on this ecosystem, 

allowing once open systems to become closed canopied (Nowacki and Abrams 2008). 

Subsequent drops in light levels caused understory and ground flora cover and diversity to be 

greatly diminished and principal tree species (oaks, hickories, and pines) to largely stop 

regenerating. This has led to mass conversion towards fire-sensitive, shade-tolerant trees, such as 

maple and beech (Nowacki and Abrams 2008). Currently, vast acreages are in this compromised 

state. 
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The Prairie Division (250) forms a wedge-like protrusion into the western sectors of the Eastern 

Region, following Transeau’s (1935) Prairie Peninsula. This area was largely tallgrass prairies, 

with oak savannas and woodlands occurring in fire-protected places like leesides of streams 

(Gleason 1913; Grimm 1984). Because of inherent soil richness, most of this area has been 

converted over to farmland, principally corn and soybeans. The few areas not farmed have 

converted to closed-canopied oak forests with dense maple understories and little to no ground 

flora (Nowacki and Abrams 2008). The present-day Midewin National Tallgrass Prairie falls 

within this Division. 

2.1 HISTORICAL FOREST CONDITION AND DISTURBANCE REGIMES 

The origins and history of land use in the Eastern Region are essential to understanding the role 

these lands now play in providing habitat for wildlife, as well as the need for continued 

restoration of these ecosystems. Prior to European settlement, forests throughout the region were 

exceedingly dynamic, shaped by many natural and human influences, disturbances, and 

catastrophic events that affected the age and species mix of both plants and animals. Native 

Americans played a key role in shaping vegetation across the Eastern Region for as many as 

12,500 years (Parker and Ruffner 2004, Abrams and Nowacki 2008, Nelson 2012). Fire and tree 

girdling were used as management tools by Native Americans to clear land, promote favored 

mast and fruit trees, control vegetation, increase game habitat, and facilitate travel. As a result, 

fire was widespread and frequent throughout much of the region and a diverse array of fire-

adapted plant communities once covered the eastern United States (Nowacki and Abrams 2008).  

Historically, deciduous and coniferous forests covered New England; open and sunlit pineries 

grew throughout the southern coastal plain and Piedmont; diverse and productive central 

hardwood forests extended from the central and southern Appalachians through the Ohio Valley 

and central Midwest; extensive pine and oak woodlands of the prairie fringe grew in Missouri, 

Indiana, Illinois, and Ohio; and the cool deciduous and coniferous boreal forests covered the 

northern Lake States (Wright and Bailey 1982, MacCleery 2011). In addition, fire-created 

prairies extended into Ohio, Pennsylvania, and even western New York. This time period sets the 

stage for defining and describing the natural communities of the Eastern Region that existed for 

thousands of years prior to European settlement. The diversity and distribution of these 

communities and the variety and abundance of wildlife that so impressed early European settlers 

were greatly influenced by the management of these lands by Native Americans.  

As settlers began to arrive in New England, they began to change the land. Their immediate need 

was survival and settlers quickly began to remove trees and set fires to clear the land for 

agriculture. For the first three centuries, most settlers were farmers and the predominant view 

that emerged was that the forest was both inexhaustible and an obstacle to farming. Trees were 

quickly removed and wood became an important resource. Wood was used domestically for 

building homes and barns, but it also became the first export from the New World. Soon, the 



colonies in New England and in the Middle Atlantic became important sources of white pine 

ship masts, oak planking, and cedar timbers, upon which the English navy depended. By the late 

1700s, about two-thirds of the volume of wood removed from the forest was used for energy. 

While wood was used for heating and cooking, it was also used to produce iron and other metals 

critical to the country’s economy (MacCleery 2011). 

As the amount of settlers and farms increased, the amount of forest in the East quickly shrank. 

Between 1850 and 1910, forests were being cleared for agriculture at a rate of 13.5 square miles 

per day, and approximately 190 million acres of forests were cleared for crops and pasture during 

this time (Smith et al. 2001, MacCleery 2011). As the boundaries of the growing nation pushed 

westward, an expanding population and timber industry put increasing pressure on the forests. 

The logging industry moved into the Great Lakes states, where few farmers had been able to 

penetrate the dense forest. The rapidly growing railroads both increased the demand for wood 

and provided a new means to transport wood from the forest to the market. During this same 

time period (1850 – 1910), the nation's annual timber production increased eight-fold, from 5.4 

billion board-feet to 44.5 billion board feet (Shands 1991, MacCleery 2011). As settlers 

continued to clear forests for farms, firewood, lumber, and energy, wildlife populations dropped 

dramatically. 

As the logging industry exhausted the supply of trees in the Lake States, the industry turned 

southward to the lands that are now the Allegheny, Hoosier, Monongahela, and Wayne National 

Forests where intensive harvesting began in the 1880s and continued well into the following 

century. In the southern Appalachians, the industry built haul roads and even railroads into 

rugged mountains to access these productive forests.  

Logging methods used across the eastern United States during the late 1800s and early 1900s left 

the landscape with bare slopes and flammable slash. For thousands of years, fires of varying 

intensities had periodically burned through the forest maintaining fire-adapted plant and animal 

communities. However, in the 19th century, timber-harvesting activities substantially increased 

the amount of fuel on the ground. Uncontrolled slash fires burned nearly continuously and 

resulted in catastrophic wildfires that destroyed lives, property, and uncut forests. For roughly 40 

years, from 1890 through 1930s, massive fires were common throughout the region. Large forest 

fires, such as the Peshtigo Fire in 1871, swept over Wisconsin lumber towns burning over 

1,280,000 acres and killing over 1,500 people. In 1903 alone, uncontrolled fires burned 10% of 

the White Mountain region (85,000 acres). Even eastern farmers who had exhausted their lands 

and moved west left behind land prone to fire and erosion. 

In some places, like the spruce forests in West Virginia, fires destroyed green timber and even 

the deep humus was burned away exposing bed rock. As a result, hillsides were particularly 

vulnerable to erosion. These barren lands could no longer stop rainwater from flowing 

unchecked into creeks and streams and massive landslides followed floods throughout much of 
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the region. The abandoned farms and badly cut-over forests became known as “the lands that 

nobody wanted.”     

In 1901, Congress funded Secretary of Agriculture James Wilson to “investigate the forest 

condition in the Southern Appalachian Mountain Region of western North Carolina and adjacent 

states."  His report ran more than 180 pages and emphasized the region’s economic importance 

to the entire nation. It included photos showing flood-damaged areas and burned-over lands to 

illustrate the damage done by indiscriminate logging and agricultural clearing. In his conclusion, 

the secretary declared, "The regulation of the flow of these rivers can be accomplished only by 

the conservation of the forests. . .Federal action is obviously necessary."   

Secretary Wilson emphasized the need to purchase land in the Southern Appalachians for forest 

reserves rather than a national park, stating:  “The idea of a national park is conservation, not 

use; that of a forest reserve, conservation by use” (Shands and Healy 1997). Throughout the 

establishment of these Eastern National Forests, use was stressed by supporters and the 

acquisition of these lands was predicated on the understanding that Americans would receive 

benefits – usually tangible economic benefits – from them. 

Public concern over the loss of forests, harm to the beauty of the American landscape, increased 

flooding and watershed damage, and declining wildlife populations eventually brought about the 

Weeks Act in 1911. This groundbreaking law led to the creation and restoration of the forests in 

the eastern United States. The Weeks Law permitted the purchase of "forested, cut-over, or 

denuded lands within the watersheds of navigable streams . . ."deemed "necessary for the 

regulation" of their flow.  

At the time of acquisition by the federal government, most of the lands that are now the eastern 

National Forests were largely treeless. Photos of these lands from the time of acquisition show a 

landscape marked with charred stumps and snags or in other cases impoverished farmland. These 

were the conditions that predominated the landscape as National Forests were established. Past 

patterns of land clearing, wildfires, and subsequent fire suppression have greatly affected all of 

the eastern National Forests.  

Today, thanks to FS stewardship and the natural resiliency of these forests, the land once again 

supports stands of trees and a variety of wildlife species. Rehabilitation resulted from federal 

investment in replanting, fish and wildlife habitat improvement, timber stand improvement, and 

other silvicultural treatments. Forest rehabilitation and restoration was the foundation of these 

National Forests and continues to be a priority of management today. The rehabilitation of the 

eastern National Forests ranks as one of the most remarkable conservation achievements of this 

century. Yet, managers continue to work with a legacy of resources that are still below their 

productive potential for wildlife, recreation, timber, water.  



Most of these National Forest System lands are clustered in relatively young age classes. There 

are very few early successional forests (less than 20 years) or old forests (older than 100 years), 

but an abundance of forests in the 40-80 year age class. Fire-intolerant species such as sugar 

maple and American beech became established at the expense of fire-adapted oak and hickory 

species during the period when fire control measures were enacted across the region (Schlesinger 

1976, Lorimer 1985). This lack of diversity of species diversity, vertical structure, natural 

canopy gaps, large woody debris, and other structural features has important implication for 

wildlife, especially for the recovery of listed species. All of which is further complicated by the 

fragmented ownership pattern of NFS lands in the Eastern Region. 

This fragmented ownership of the eastern NFS lands is markedly different than the larger forests 

found west of the 100th meridian (Shand and Healy 1997). Unlike the forests of the west, which 

were created before the turn of the century from large areas of public domain, the NFS lands of 

the Eastern Region were purchased from private landowners over the last 85 years. Because 

there were not large tracts of public land in the East, it necessitated the often piece-meal 

purchase of land from private owners. The result is a patchwork of public and private lands. 

2.2 THE NATIONAL FORESTS AND NATIONAL TALLGRASS PRAIRIE OF THE EASTERN REGION 

2.2.1 Allegheny National Forest 

The Allegheny NF is approximately 517,000 acres and includes land in Elk, Forest, McKean, 

and Warren counties in the northwestern corner of Pennsylvania. This is the only National Forest 

in the state and about 463,000 acres are forested, 42,000 acres are non-forest, and 11,000 acres 

are covered by water (primarily the Allegheny Reservoir). The Forest is situated within a three-

hour drive of the metropolitan areas of Pittsburgh, Buffalo, and Cleveland. 

The Allegheny Plateau was once a vast forest dominated by northern hardwoods with eastern 

hemlock and American beech growing on ridge tops and white pine and oak growing along the 

slopes and bottoms of the Allegheny River valley. In the late 1800s and early 1900s the area was 

profoundly transformed by industrialization and unregulated logging. Just prior to the 

establishment of this NF, the once extensive forest across the state was almost completely 

logged, leaving barren, brush covered hillsides as far as the eye could see. The early history of 

this NF is marked, as most, by the varied but continuous battle against fire.  

Under the restoration efforts of the FS, a new and diverse forest began to grow and timber 

harvesting gradually resumed under strict, research-based guidelines to ensure sustainability for 

future generations. However, today’s forest is considerably different than the original forest. 

Black cherry has emerged as an important species both in forest composition and commercially. 

The original northern hardwood forest species are under threat from beech bark disease, hemlock 

woolly adelgid infestation, and sugar maple decline.  
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Timber harvest provides to the American public a mix of high value hardwoods such as black 

cherry and oak, but more importantly, timber harvest is used as a tool when needed to improve 

the health and ecological diversity of the Forest. Vegetation management activities are carefully 

designed to move toward the goal of increased plant and animal diversity. The Allegheny seeks 

to restore both vertical and horizontal vegetative diversity: an understory of plants, woody 

shrubs, and tree seedlings; a midstory of tree saplings; and an overstory of large mature trees that 

provide a complete vertical structure that supports a variety of wildlife. Large blocks of 

contiguous and connected mature forest, maintained openings, and early structural habitat 

created through timber harvest add important habitat components needed to sustain viable 

populations of wildlife.  

This diversity of vegetative communities increases the resiliency of the forest ecosystem to 

withstand threats from insects and diseases, fire, wind, or other major disturbances. About 73% 

of the Forest is included in the suitable timber landbase (Table 2). Each year, on average, only a 

small percentage of the forest is actively managed by timber harvest (1.65%) or prescribed 

burning (0.13%). Road construction (0.06%) and trail construction (less than 0.01%) occur on an 

even smaller portion of the Forest. 

Table 2. Land Allocation of Management/Prescription Areas on the Allegheny National Forest. 

Code 
Management 

Prescription/Area Description 

Rx Map 

Acres 

Acres of Lands Suitable for Timber 

Production* 

1 Early Structural Habitat 7,937 Some acres suitable 

2.1 Uneven-aged Management 2,837 Some acres suitable 

2.2 Late Structural Linkages 121,176 Some acres suitable 

3 Even-aged Management 287,380 Some acres suitable 

5.1 Designated Wilderness Areas 8,979 0 

5.2 Wilderness Study Areas 12,379 0 

6.1 Late Structural Habitat 16,421 Some acres suitable 

6.3 
Buzzard Swamp Wildlife 

Management Area 
1,122 0 

7.1 Developed Recreation Areas 1,772 0 

7.2 Remote Recreation Areas 9,074 0 

8.1 Wild and Scenic River Corridor 9,250 0 

8.2 National Recreation Area 20,152 0 

8.3 Scenic Area 2,115 0 

8.4 Historic Area 306 0 

8.5 Research Natural Area 2,111 0 

8.6 Kane Experimental Forest 3,463 0 

 Water 10,369 0 

Total Acres:  516,843 379,055 

* The timber suitability analysis done during LRMP revision was a tabular exercise, not a spatial one. Lands 
that are withdrawn from timber production (Such as Wilderness, Wilderness Study Areas, etc.) can be 
mapped. Lands which are not suitable for timber production because they are either non-forested (water, 



roads, openlands, etc.) or for other resource reasons (steep slopes, rocky soils, riparian areas, etc.) are 
mapped at the project level, not the plan level. 

2.2.2 Chequamegon-Nicolet National Forest 

The Chequamegon-Nicolet NF covers more than 1.5 million acres of Wisconsin's Northwoods. 

Since 1993, these two Forests have been administered as one unit. The Chequamegon side of the 

Forest covers about 858,400 acres in Ashland, Bayfield, Sawyer, Price, Taylor, and Vilas 

Counties while the Nicolet side covers nearly 661,400 acres in Florence, Forest, Langlade, 

Oconto, Oneida, and Vilas Counties. The Chequamegon portion contains large contiguous blocks 

of national forest ownership, while the Nicolet is much more interspersed with private 

ownership.  

Glacial geology characterizes the Chequamegon-Nicolet NF providing variety in landform from 

hilly glacial moraine to flat or pitted outwash sand plains. This variety in soils provides for a 

diverse mix of tree species and vegetative communities. Rare natural communities include pine 

barrens, northern dry forests, northern dry-mesic forests, and a small amount of boreal forest. 

The NF represents the largest contiguous areas of public land in Wisconsin.  

Established in 1933, the NF was originally made up of largely abandoned and tax delinquent 

land that was acquired by the Federal Government. During the Great Depression, Civilian 

Conservation Corps members planted thousands of acres of red pine and jack pine, built 

firebreaks, and constructed recreational facilities across the NF. Today, evidence of this history 

can still be seen across the Forest.  

The objective of management is to continue restoration of the northern forests landscapes lost or 

damaged during the turn of the 20th century logging, while providing a wide array of uses and 

experiences to the public. A diverse range of forest products, from medicinal plants to sawtimber 

and pulp products, are important to local culture and the economy. The Forest sustains a large 

vegetation management program to ensure the continued health and restoration of the Forest and 

to meet multiple use objectives.  

Approximately 75% of the forest is included in the suitable timber landbase (Table 3). Each year, 

on average, only a small percentage of the forest is actively managed by timber harvest (2.07%) 

or prescribed burning (0.33%). Road construction (0.37%) and trail construction (0.04%) occur 

on an even smaller portion of the Forest.  
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Table 3. Land Allocation of Management/Prescription Areas on the Chequamegon-Nicolet 

National Forest. 

Code Management Prescription/Area Description 
Rx Map 

Acres 

Acres of Lands Suitable 

for Timber Production 

1A Early Successional: Aspen.  157,394 141,006 

1B Early Successional Aspen: Aspen-conifer 38,289 30,945 

1C Early Successional: Aspen-hardwood 96,572 96,572 

2A Uneven-aged North Hardwoods 178,148 160,529 

2B Uneven-aged Northern Hardwoods 210,606 193,016 

2C Uneven-aged North Hardwoods 264,666 260,995 

3B Even-aged Hardwood: Oak-pine 11,339 6,898 

3C Even-aged Hrdwd: Oak-aspen 54,055 54,055 

4A Conifer: Red-white-jack pine 139,296 134,793 

4B Conifer: Natural pine-oak 30,594 28,881 

4C Conifer: Surrogate pine barrens 12,864 12,864 

5 Congressionally designated wilderness 44,707 0 

5B Wilderness study areas 12,133 0 

6A SPNM: Low disturbance 9,052 0 

6B SPNM: Moderate disturbance 48,194 37,071 

8A Argonne Experimental Forest 5,516 5,516 

8B Oconto River Seed Orchard 704 704 

8C Riley Lake Wildlife Area & Moquah Barrens 19,770 0 

8D Existing, Eligible, Wild & Scenic Rivers 34,925 0 

8E 
Research Natural Areas & Candidate Research Natural 

Areas 
35,324 0 

8F Special Management Areas 63,291 0 

8G Old Growth & Natural Feature Complexes 90,320 0 

Total 

Acres: 
 1,557,759 1,163,845 

 

2.2.3 Chippewa National Forest 

The Chippewa NF is located in north central Minnesota less than 100 miles east of the Great 

Plains, and near the headwaters of the Mississippi River. The Forest proclamation boundary 

encompasses 1.6 million acres, of which over 666,000 acres are managed by the FS. Aspen, 

birch, pines, balsam fir, and maples blanket the uplands. Water is abundant, with over 1,300 

lakes, 923 miles of rivers and streams, and 150,000 acres of wetlands lie on National Forest 

System land. 

The Chippewa NF is predominantly flat with low, glacier-formed hills along the southern edge 

and northeastern portion. The highest point is 1,630 feet above sea level; the lowest point is 



slightly over 1,270 feet. Relief seldom exceeds 100 feet, and slopes are mostly gentle with 

occasional steep grades for short distances. 

The Chippewa lies within the transition zone between the boreal forests to the north and the 

broadleaf deciduous forests to the south. The forested region of northern Minnesota is a mosaic 

of forest communities ranging from relatively pure stands of hardwoods (mainly birch, maple, 

and basswood) in areas with relatively nutrient-rich soils to relatively pure stands of conifers 

(mainly pine) in areas with relatively nutrient-poor soils. Between these two extremes are a 

variety of soil types and habitats, which produce mixed stands of conifers and hardwoods. The 

dominant landscape forest communities include: 

 Jack pine 

 Red pine 

 Red and white pine 

 Mixed boreal hardwoods and conifers 

 Northern hardwoods 

 Aspen, birch, and spruce-fir 

 Conifer bogs composed of black spruce, 

 Tamarack, or white cedar 

Embedded within these forested landscapes are smaller-scale native plant communities, such as 

black ash swamps, riparian forests, forested bogs and fens, barrens, shrub swamps, and sedge 

meadows. The Forest is half water, and the lakes and numerous wetlands are at the headwaters of 

the Mississippi and Hudson Bay drainages. The wildlife and plant species of the Chippewa are as 

diverse as these habitats.  

About 70% of the Forest is included in the suitable timber landbase (Table 4). Each year, on 

average, only a small percentage of the forest is actively managed by timber harvest (11.91%) or 

prescribed burning (0.55%). Road construction (0.34%) and trail construction (0.03%) occur on 

an even smaller portion of the Forest.  

Table 4. Land Allocation of Management/Prescription Areas on the Chippewa National Forest. 

Code Management Prescription/Area Description Rx Map Acres 
Acres of Lands Suitable 

for Timber Production 

GF General Forest Management Area 347,319 257,213 

LR General Forest Management Area - Longer Rotation  191,829 149,899 

RU Recreation use in a Scenic Landscape Area  12,469 7,448 

WSR Eligble Scenic River Management Area  1,537 1,111 

SPMN 
Semi Primitive Non Motoroized Recreation 

Management Area 
23,834 20,591 
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Code Management Prescription/Area Description Rx Map Acres 
Acres of Lands Suitable 

for Timber Production 

UB 
Unique Biological, Aquatic, Geological or Historical 

Area  
18,026 0 

RE Riparian Emphasis Area  52,883 25,550 

EF Experimental Forest 8,184 0 

RNA Research Natural Areas  2,140 0 

CRNA Candidate Research Natural Areas  1,699 0 

Total 

Acres: 
 659,920 461,812 

 

2.2.4 Green Mountain and Finger Lakes National Forests 

The Green Mountain and Finger Lakes NFs are actually two proclaimed National Forests that 

have been combined for administrative purposes. The Green Mountain NF encompasses more 

than 400,000 acres in southwestern and central Vermont, forming the largest contiguous public 

land area in the State. Located within a day’s drive of more than 70 million people, the Forest is 

a destination for visitors seeking a variety of recreation opportunities. The Green Mountain NF 

signifies a multiple-use ethic through its role of providing ecological and science-based forest 

stewardship, clean water, diverse vegetation, high-value, high-quality forest products, 

economical and educational contributions, and trail-based backcountry recreation.  

Like other eastern national forests, the Green Mountain has been assembled parcel by parcel 

from lands acquired from willing private landowners. In earlier years, many of these lands had 

been heavily logged, grazed, farmed, and later abandoned. Soils were often highly eroded with 

streams and riverbanks in poor condition. The proposal that eventually led to the creation of the 

Forest spoke of the need to improve and preserve local watersheds, offer resources for local 

wood industries, provide recreation to a region with an expanding population, and to “serve as a 

demonstration area of proper forest management” – reasons still valid today. 

Although the FS continues to manage these lands for multiple-use purposes, management 

emphasizes the following uses and interests with an eye towards coming trends to maintain 

options and opportunities for future generations:  

 Forest management activities will be especially geared towards providing a diverse 

range of vegetation ages and species composition in order to enhance wildlife and 

plant habitat conditions, including those for threatened, endangered, and rare 

species.  



 The guaranteed long tenure of ownership of National Forest System lands allows for 

trees to be grown longer, so that the FS will focus on producing high-quality, high-

value forest products.  

The Finger Lakes NF lies within the heart of New York’s Finger Lakes Region. It is the only NF 

in New York State and is also the only public land in the State that has an explicit philosophy of 

multiple use management. The Forest is a relatively young NF, having only been established in 

1983. 

The Finger Lakes NF encompasses slightly over 16,000 acres, consisting of a variety of 

vegetative types and successional stages. The Forest is valued for its diverse habitats and 

biodiversity, in addition to wood, forage, and other products. Large areas of public land are rare 

in the region, therefore the Forest is managed to provide benefits requiring a large, continuous 

land area, and a long, stable tenure of ownership. Examples of this include the trail system, 

ecological areas, sustainable agriculture through grazing, and sustainable forestry practices. 

About 52% of the Green Mountain NF and 34% of the Finger Lakes NF are included in the 

suitable timber landbase (Table 5 and Table 6). Each year, on average, only a small percentage 

of the Forest is actively managed by timber harvest (1.98%) or prescribed burning (0.12%). Road 

construction (0.02%) and trail construction (0.09%) occur on an even smaller portion of the 

Forest. 

Table 5. Land Allocation of Management/Prescription Areas on the Green Mountain National 

Forest. 

Code Management Prescription/Area Description Rx Map Acres 
Acres of Lands Suitable 

for Timber Production 

3.1 Diverse Forest Use 119,438 108,029 

5.1 Wilderness 101,040 0 

6.1 Remote Backcountry Forest 16,957 0 

6.2 Diverse Backcountry 63,763 51,307 

6.3 Remote Wildlife Habitat 31,134 26,810 

7.1 Alpine Ski Areas 2,840 193 

8.1 Appalachian National Scenic Trail 14,806 0 

8.2 Long National Recreation Trail 1,821 0 

8.3 
Robert T Stafford White Rocks National Rec 

Area 
22,624 1,341 

8.4 Alpine/Subalpine Special Area 711 0 

8.5 Green Mountain Escarpment 14,536 11,960 

8.6 Existing and Candidate Research Natural Areas 356 0 

8.7 Ecological Special Area 3,994 0 

8.8 Recreation Special Area 190 0 

8.9 Moosalamoo Recreation and Education Area 13,090 12,329 
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Code Management Prescription/Area Description Rx Map Acres 
Acres of Lands Suitable 

for Timber Production 

9.3 Alpine Ski Area Expansion 506 7 

Total Acres:  407,807 211,976 

 

Table 6. Land Allocation of Management/Prescription Areas on the Finger Lakes National 

Forest. 

Code Management Prescription/Area Description Rx Map Acres 
Acres of Lands Suitable for 

Timber Production 

1.1 Grassland for Grazing 5,254 97 

1.2 Grassland for Wildlife 679 0 

1.3 Shrubland 1,358 33 

2.1 Northern Hardwood 2,190 1,306 

3.1 Oak Hickory 4,012 3,152 

6.1 Future Old Forest 1,392 993 

8.1 North Country Trail 169 39 

8.2 Recreation and Education Special Area 218 0 

8.3 Existing and Candidate Research Natural Areas 533 0 

8.4 Ecological Special Area 521 0 

Total Acres:  16,326 5,620 

 

2.2.5 Hiawatha National Forest 

The Hiawatha NF is located in Michigan’s central and eastern Upper Peninsula, primarily in 

portions of Alger, Chippewa, Delta, Mackinac, Marquette, and Schoolcraft Counties. The Forest 

is surrounded by the Great Lakes’ of Huron and Michigan to the south and Superior to the north. 

Distances by vehicle to select metropolitan areas, all of which are located to the south, include 

Detroit, Michigan (450 miles), Milwaukee, Wisconsin (275 miles) and Green Bay, Wisconsin 

(150 miles). 

These lands were formed from massive glaciers that covered the area more than 10,000 years 

ago. When the glaciers receded, they left behind hundreds of lakes, acres of wetlands, and Lake 

Superior’s dramatic sandstone cliffs. Created in 1931 from abandoned farms, razed logging 

tracts, and lands devastated by forest fires, the Hiawatha NF is now a working and maturing 

forest. At nearly a million acres, the Forest provides timber products to support local 

communities and is a refuge for rare plants and animals, including federally listed species. Much 

of the Forest that exists today is due to reforestation efforts of the Civilian Conservation Corps 

during the Great Depression and the grassroots “Pennies for Pines” project, which encouraged 

children to donate pennies that went towards planting efforts on National Forest System lands. 



The Hiawatha NF is largely a second growth forest as a result of exploitive logging and burning 

around the end of 19th century. The result is a forest of mostly uniform age classes, with little 

within-stand diversity or structure. Many stands of species that are short-lived, like jack pine, 

aspen, and balsam fir, are currently mature and over-mature. Longer-lived species like red and 

white pine, northern hardwoods, and cedar are maturing and growing into larger size classes. 

Even-aged management has taken place to regenerate some stands while thinning has been used 

to improve growing conditions or general forest health.  

The Forest is home to a wide variety of animals occupying a range of habitats, ranging from jack 

pine stands on xeric outwash plains to northern hardwoods on mesic uplands. More than 292 

terrestrial vertebrates are known to use the Forest at some time during their life cycles. 

Management actions place emphasis on maintaining, conserving, and creating habitat for these 

species. Management direction for the Hiawatha NF includes: 1) Meet the objectives of federal 

law and regulations; 2) Respond to the public’s needs and desires; and, 3) Manage ecosystems to 

provide for long-term sustainability. 

About 63% of the Forest is included in the suitable timber landbase (Table 7); however, each 

year, on average, only a small percentage of the forest is actively managed by timber harvest 

(2.76%) or prescribed burning (0.06%). Road construction (0.02%) and trail construction 

(0.03%) occur on an even smaller portion of the Forest.  

Table 7. Land Allocation of Management/Prescription Areas on the Hiawatha National Forest. 

Code Management Prescription/Area Description Rx Map Acres 
Acres of Lands Suitable 

for Timber Production 

1.2 
Aspen management for fiber production and deer 

and grouse habitat. Dispersed recreation. 
45,891 32,155 

2.3 

Older forest management for uneven-age 

hardwoods and high quality sawlogs. Dispersed 

and developed recreation. 

208,874 173,112 

4.2 
Conifer management for sawlog production and 

non-game wildlife. 
126,128 101,687 

4.4 

Conifer management for fiber production and 

upland wildlife species habitat. Dispersed and 

developed recreation. 

113,166 91,684 

4.5 

Older forest management for conifer sawlogs, 

wetland plant communities, deeryards and upland 

and lowland wildlife habitat. Dispersed recreation. 

116,065 77,764 

5.1 Congressionally-designated Wildernesses. 37,020 0 

6.1 
Semi-primitive non-motorized (SPNM) recreation 

and undisturbed wildlife species habitats.  
11,486 0 

6.2 

Semi-primitive motorized (SPM) recreation and 

access to fishing and canoeing areas. Even and 

uneven-aged timber management and game and 

non-game wildlife habitats.  

17,511 10,652 

6.3 
Semi-primitive non-motorized recreation and non-

game wildlife habitats.  
2,606 0 
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Code Management Prescription/Area Description Rx Map Acres 
Acres of Lands Suitable 

for Timber Production 

6.4 

Game and non-game wildlife habitat; waterfowl 

and wetland habitat. SPM recreation and access to 

hunting and fishing areas. Even and uneven-aged 

timber management.  

46,603 27,936 

7.1 Developed recreation areas. 1,086 0 

8.1 

Candidate and Research Natural Areas (protected 

areas of significant biological, geological or 

cultural features). 

16,078 0 

8.2 Forest research activities in concentrated areas. 5,573 0 

8.3 

Even and uneven-aged timber management, 

wetland plant communities, secluded wildlife 

habitat and dispersed recreation. 

103,964 46,680 

8.4.x Congressionally-designated Wild & Scenic Rivers. 29,841 0 

8.5 
Direction for the Grand Island National Recreation 

Area. 
13,421 0 

Total 

Acres: 
 895,313 561,670 

 

2.2.6 Hoosier National Forest 

The Hoosier NF is located in nine counties in southern Indiana. Bounded by the Ohio River to 

the south, the Forest is within a two-hour drive of the metropolitan centers of Cincinnati, 

Evansville, Indianapolis, and Louisville. The Forest is located among timeless hills and sharp 

ridges, lakes and streams, diverse stands of hardwoods and pine, springs, caves, and sinkholes. 

The Forest comprises much of the public forest land in Indiana. As a result, it continues to be at 

the forefront of forest management issues. As one of the largest public landholders in the State, 

the Hoosier plays a major role in providing forest ecosystems that enhance biological diversity 

on a local and regional scale. Management for large, linked, natural-forest ecosystems and native 

plant and animal communities provides biological diversity, including genetic diversity and 

ecological processes, not found in other areas. 

Active European settlement began in southern Indiana during the early 1800’s and resulted in the 

clearing of land for crops and extensive livestock grazing. By the late 1800’s, drainage of 

wetlands and the farming of prairies were common practices. Between 1870 and 1910, the lands 

that are now the Hoosier NF were cleared of timber. In fact, Indiana was first among states in 

timber production in 1899 (Shands 1991).  

Common species found on the Forest include oaks, hickories, pines, yellow poplar, maples, ash, 

and walnut. With fire suppression and minimal vegetative management over the last few 

decades, the character of the Forest is drastically changing as the Forest moves toward a late 



successional beech-maple forest type. Forest management, specifically timber harvest and 

prescribed burning, are important factors in reducing the loss of oak-hickory habitat over time 

and for converting non-native pine stands to native hardwoods. 

The Forest is committed to the conservation and recovery of threatened, endangered, and 

proposed species and their habitats. As a Forest, a high value is consistently placed on the 

restoration and recovery of native plant and wildlife species and the protection and conservation 

of those species that most need help to ensure they continue to be a viable component of the 

Forest. 

To help achieve these goals, approximately 41% of the Forest is included in the suitable timber 

landbase (Table 8). Each year, on average, only a small percentage of the forest is actively 

managed by timber harvest (1.08%) or prescribed burning (0.98%). Road construction (0.02%) 

and trail construction (less than 0.01%) occur on an even smaller portion of the Forest. 

Table 8. Land Allocation of Management/Prescription Areas on the Hoosier National Forest. 

Code Management Prescription/Area Description 
Rx Map 

Acres 

Acres of Lands Suitable 

for Timber Production 

2.4 
NFS land along streams, some maintenance and restoration 

of ecosystems 
16,900 0 

2.8 

General Forest, provides young forest, mostly by uneven-

aged methods, forest openings, timber products, and some 

minerals 

88,919 71,035 

3.3 

General Forest, provides young forest, a mix of even-aged 

and uneven-aged methods, forest openings, and timber 

products. 

13,178 10,615 

5.1 Congressionally designated Charles C. Deam Wilderness 12,953 0 

6.2 
General Forest, preservation, limited access, solitude featured 

in recreation experience 
18,564 0 

6.4 

General Forest, preservation, limited access, minimum 

management, allows restoration and maintenance of plant 

communities. 

23,321 0 

7.1 Developed recreation areas 6,321 0 

8.1 Research Natural Areas 88 0 

8.2 Special Areas 18,274 0 

8.3 Experimental Forests 632 0 

Total 

Acres: 
 199,150 81,650 

 

2.2.7 Huron-Manistee National Forest 

The Huron-Manistee NF is located in the northern Lower Peninsula of Michigan. The Forest is 

actually two proclaimed NFs combined in 1945 for administrative purposes. The Huron portion 

of the Forest is approximately 60 miles wide and 12 to 30 miles long. It abuts Lake Huron at 
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Tawas and north of Harrisville and is located in portions of Alcona, Crawford, Iosco, Ogemaw, 

and Oscoda Counties. 

The Manistee portion of the Forest is approximately 40 miles wide and 75 miles long. It abuts 

Lake Michigan south of Manistee and extends inland south to the Muskegon area, and is located 

in portions of Lake, Manistee, Mason, Mecosta, Montcalm, Muskegon, Newaygo, Oceana, and 

Wexford Counties. 

The Huron-Manistee NF is located in a transitional zone between forested lands to the north and 

agricultural lands to the south. Formed by glaciers thousands of years ago, these lands are 

characterized by relatively low relief, abundant sand, clear water and diverse forests. These lands 

were exploited by wholesale clearcutting, burning, and poor farming practices around the turn of 

the 20th Century. The diverse, maturing forest ecosystems that exist today are the result of nearly 

a century of forest restoration and conservation. 

Over 60 million people live within a day’s drive of the Forest. Much of the Forest’s lands are 

intermingled with private and state lands and other recreational facilities. Water resources on the 

Huron-Manistee NF include 1,800 miles of streams and 17,000 acres of lakes.  

The Forest’s vegetation management program is the primary tool for restoring and providing a 

diverse range of sustainable habitats for many species, supporting forest health, and providing 

wood fiber. The Forests provide critical habitat for threatened and endangered species such as 

piping plover, Pitcher’s thistle, and Karner blue butterfly; and provide habitat for a variety of 

game species. 

About 62% of the Forest is included in the suitable timber landbase (Table 9); however, each 

year, on average, only a small percentage of the forest is actively managed by timber harvest 

(5.27%) or prescribed burning (0.82%). This management occurs largely to provide unique 

habitats for a variety of rare and sensitive fish, plant, and animal species, including 

approximately one-half of the known breeding habitat in the United States for the endangered 

Kirtland’s warbler. Road construction (0.15%) and trail construction (less than 0.01%) occur on 

an even smaller portion of the Forests.  

Table 9. Land Allocation of Management/Prescription Areas on the Huron-Manistee National 

Forest. 

Code Management Prescription/Area Description 
Rx Map 

Acres 

Acres of Lands Suitable for 

Timber Production 

2.1 Roaded Natural Rolling Plains and Morainal Hills 184,082 139,435 

4.2 Roaded Natural Sandy Plains and Hills 486,328 362,137 

4.3 Roaded Natural Wetlands 130,986 60,464 

4.4 Rural 154,858 99,655 

5.1 Wilderness 3,403 0 



6.2 Semiprimitive Motorized 18,610 1,897 

7.1 Concentrated Recreation Areas 3,299 0 

8.1 Wild and Scenic Rivers 20,976 2,469 

8.2 Research Natural Areas 564 0 

8.3 Experimental Forests 7,433 38 

8.4 Special Areas 51,605 6,858 

9.1 Candidate Research Natural Areas 8,985 185 

9.2 Study Wild and Scenic Rivers 17,630 1,598 

Total Acres:  1,088,759 674,736 

 

2.2.8 Mark Twain National Forest 

The Mark Twain NF is roughly 1.5 million acres and is Missouri’s only NF. The Forest lies 

mostly within the Ozark Highlands, a region long distinguished for its extraordinary geological, 

hydrological, and ecological diversity. Signature features of the Ozarks Highlands include 

crystal-clear springs, over 5,000 caves, rocky barren glades, ancient volcanic mountains, and 

nationally recognized streams. 

In the Ozarks, eastern upland oak hardwood and southern pine woodlands converge with drier 

western tallgrass prairie, creating a distinctive array of open grassy woodlands and savannas. 

This rich mixture of unique, diverse, and ecologically complex natural communities provides 

habitat for nearly 750 native vertebrate species and over 2,000 vascular plant species. The high 

level of habitat diversity, influx of biota from divergent regions through thousands of years of 

climatic events, effects of past glaciation to the north, and extreme antiquity of the landscape 

have combined to support relict populations and allow for development of at least 160 endemic 

species. 

Much of this area was modified by early settlers through heavy agricultural activities, mining, 

and timber harvest. Timber mills flourished and vast forests of pine and oak were leveled, sawed, 

sold, and shipped. By 1927, heavily harvested woodlands, bare hillsides, failing soils, eroded 

farmland, and streams full of gravel and sedimentation made up the Southern Missouri 

landscape. It was in this abused condition that the Mark Twain NF had its beginnings. 

The Forest Service began restoration in 1939 and this continues today. The approach to 

managing for diverse and sustainable natural communities is to restore their structural vegetative 

condition and maintain the historical disturbance processes and functions under which natural 

communities evolved and to which they are uniquely adapted. Conserving an adequate 

representation of natural communities that harbor a broad diversity of plants and animals is 

viewed as an efficient approach to conserving biodiversity, which may protect 85 to 90% of all 

species. 
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About 67% of the Forest is included in the suitable timber landbase (Table 10); however, each 

year, on average, only a small percentage of the forest is actively managed by timber harvest 

(3.21%) or prescribed burning (3.99%). Much of this management is geared towards the 

restoration of fire-adapted ecosystems including globally imperiled shortleaf pine and 

oak/bluestem woodland.  

Road construction (0.01%) and trail construction (0.01%) occur on an even smaller portion of the 

Forest.  

Table 10. Land Allocation of Management/Prescription Areas on the Mark Twain National 

Forest. 

Code Management Prescription/Area Description Rx Map Acres 
Acres of Lands Suitable for 

Timber Production* 

1.1 Restoration of Natural Communities (NC) 376,200 * 

1.2 Restoration of NC / Semi-primitive motorized 62,200 * 

2.1 Multiple use objectives, Enhancement of NC 669,900 * 

5.1 Designated Wilderness 64,100 0 

6.1 Limited Management, Semi-primitive, Non-Motorized 73,600 * 

6.2 Limited Management, Semi-primitive, Motorized 196,400 * 

6.3 Rivers Eligible for National status 17,200 0 

7.1 Developed Recreation 5,900 0 

8.1 Non-Wilderness Special Areas 30,600 0 

Total Acres:  1,496,100 996,712 

*The timber suitability analysis done during plan revision is primarily a tabular exercise, not a spatial one. 
Lands that are withdrawn from timber production (such as Wilderness, WSR, etc.) can be mapped. Lands 
which are not suitable for timber production because they are either non-forested (water, roads, open lands) 
or due to minimum management requirements (steep slopes, rocky soils, etc.) or for other resource reasons 
(riparian areas, experimental forests, TES habitat, designated OG, etc.) are mapped at the project level, not the 
plan level. 

 

2.2.9 Midewin National Tallgrass Prairie 

The Midewin National Tallgrass Prairie was established in 1996 as the first national tallgrass 

prairie in the United States. Midewin is divided into an “east side” and a “west side,” with 

Illinois Highway 53 dividing the two dominant land types. The west side includes approximately 

one third of Midewin, most of which is characterized by a level outwash plain with more shallow 

soils. Approximately two-thirds of Midewin lies on the east side of Highway 53, where the 

landscape is predominantly a rolling ground moraine (till plain) where soils are deeper.  

Midewin National Tallgrass Prairie provides habitat for a rich assemblage of plants and animals 

including over twenty species listed by the State of Illinois as watch list, threatened, or 

endangered species. Over 100 bird species nest and breed at Midewin, and an additional 68 bird 



species utilize the habitat either during migration or as a winter range. The diversity of flora 

includes at least 600 plant species. 

Existing vegetation on Midewin consists largely of plant cover that is either directly managed by 

human activities (such as growing crops or livestock grazing) or has grown up after human 

activities have ceased (abandoned crop fields, shrublands, and successional woodlands). The 

predominant vegetation in areas under active management consists mostly of planted crops 

(soybeans, winter wheat) or nonnative pasture grasses (smooth brome, bluegrass, redtop, tall 

fescue). Areas where vegetation has colonized after human activities ceased, are now dominated 

by a mixture of non-native and disturbance tolerant native plants. As restoration on Midewin 

proceeds, the amount of cropland and successional vegetation will decline and be replaced by 

restored native vegetation, but at least 6,700 acres of agricultural grasslands will be maintained 

to support populations of area-sensitive grassland birds. 

None of the Tallgrass Prairie is included in the suitable timber landbase (Table 11); however, 

each year, on average, a small amount of clearing occurs for non-timber related reasons (2.39%) 

and the prairie has prescribed burning projects that cover about 12.07% of the prairie. This 

management represents the largest tallgrass prairie restoration effort east of the Mississippi as the 

FS works to restore thousands of acres of farm and industrial land to a functioning prairie. Road 

construction (1.24%) and trail construction (0.41%) occur on an even smaller portion of the 

Forest.  

Table 11. Land Allocation of Management/Prescription Areas on the Midewin Tallgrass 

Prairie. 

Code Management Prescription/Area Description Rx Map Acres 
Acres of Lands Suitable for 

Timber Production 

MA1 Prairie Ecosystem Restoration 18,000 0 

MA2 Administrative and Developed Recreation Sites 225 0 

MA3 Special Management Areas 90 0 

Total Acres:  18,315 0 

 

2.2.10 Monongahela National Forest 

The Monongahela NF is located in east central West Virginia, in portions of Barbour, Grant, 

Greenbrier, Nicholas, Pendleton, Pocahontas, Preston, Randolph, Tucker, and Webster Counties. 

With approximately 920,000 acres, the Forest is the largest expanse of public land in the State, 

and fourth largest NF in the 20 northeastern states. The Monongahela NF is located in proximity 

to major population centers of the region, including Washington, D.C., Baltimore, Philadelphia, 

and Pittsburgh.  
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Due in large part to its geographic location in the Mid-Atlantic Region and its mountainous 

terrain, the Monongahela NF is one of the most ecologically diverse forests in the National 

Forest System. Containing only about 6% of the land in West Virginia, the Monongahela is 

home to 13% of the rare plant and animal species in the State. 

The Forest contains the northern-most populations of certain southern species, and the 

southernmost populations of some northern species. The highest elevations in West Virginia are 

on the Monongahela, including Spruce Knob, the apex at 4,863 feet. Cold soil temperatures, 

stands of red spruce, and populations of snowshoe hare—all more typical of northern boreal 

forests— occur across the Forest at higher elevations. Lower elevations contain coves with rich 

deep soils typical of the southern Appalachians; stands of mixed northern hardwoods typical of 

the northern Appalachians; and dry-site stands of oak and white pine.  

When the Monongahela NF was created in 1920, much of the land was devoid of forest as the 

natural resources of West Virginia were removed in the 19th century. The mountains produced 

the greatest stands of hardwood timber in the world (Conrad 1997). Logging methods used 

during the late 1800s and early 1900s left the mountains with bare slopes and flammable slash. 

Wildfires burned across these lands and sometimes into uncut forests. In the early 1900s, the 

barren hillsides could no longer stop rainwater and massive flooding occurred affecting 

communities as far away as Pennsylvania.  

The management philosophy of the Forest is based on the belief that public land in the 

Appalachians is scarce and precious. As surrounding population centers expand, the 

Monongahela NF will become increasingly rare and valuable as a place of ecological, historic, 

cultural, and economic importance in the region. To meet this challenge, the Forest works to 

protect or restore soil and water resources, use vegetation management to sustain healthy forests 

and diverse wildlife habitat, contribute to the recovery of listed and rare species, maintain scenic 

quality and variety, and provide a range of recreation settings and opportunities, including the 

uncommon areas of extensive backcountry. 

Native plant and animal communities and provisions for large forest ecosystems with relatively 

little manipulation are emphasized on the Forest. This blend provides for a diversity of plant and 

animal communities on both local and regional scales. Only about 37% of the Forest is included 

in the suitable timber landbase (Table 12). And, each year, on average, only a small percentage 

of the forest is actively managed by timber harvest (0.88%) or prescribed burning (0.10%). Road 

construction (0.09%) and trail construction (0.01%) occur on an even smaller portion of the 

Forest.  

 



Table 12. Land Allocation of Management/Prescription Areas on the Monongahela National 

Forest. 

Code Management Prescription/Area Description 
Rx Map 

Acres 

Acres of Lands Suitable 

for Timber Production 

3.0 
Vegetation Diversity - timber production/motorized 

recreation 
194,600 154,400 

4.1 Spruce and Spruce-hardwood restoration 153,600 27,300 

5.0 Designated Wilderness 116,300 0 

6.1 
Wildlife Habitat Emphasis - regeneration, mast 

production, non-motorized recreation 
277,600 147,700 

6.2 
Backcountry Recreation - Semi-primitive Non-

motorized ROS 
96,000 0 

8.0 Special Areas (includes everything below)* 79,060 8,570 

8.1 
Spruce Knob-Seneca Rocks National Recreation Area 

- motorized rec part 
32,300 0 

8.1 
Spruce Knob-Seneca Rocks National Recreation Area 

- semi-primitive non-motorized 
24,900 0 

8.2 
National Natural Landmarks - preservation of NNL 

characteristics 
2,920 0 

8.3 Scenic Areas - preservation of scenic characteristics 2,470 0 

8.4 
Botanical and Geologic Areas - preservation of 

botanical and geologic characteristics 
3,080 0 

8.5 Research Areas - Fernow Experimental Forest 4,600 0 

8.5 Research Areas - candidate RNAs 2,240 0 

8.6 
Grouse Management Areas - habitat enhancement for 

grouse and associated species 
8,570 8,570 

Total Acres:  917,160 337,970 

*Some areas are designated as both NNL and Botanical Areas, so the total acres of the various 8.x designations 
exceed the total 8.0 acres. 

 

2.2.11 Ottawa National Forest 

The Ottawa NF encompasses almost one million acres within the western end of Michigan’s 

Upper Peninsula. Located a day’s drive away from Detroit, Minneapolis-St. Paul, Chicago and 

other large, metropolitan areas, the Forest has a remote solitude that is unique and unexpected for 

the Upper Midwest. 

Glacial geology characterizes most of the Ottawa NF, providing variety in landform from hilly 

glacial moraine to outwash sand plains. Rock outcroppings, and more substantial hills and ranges 

from geological events in the deep past, also contribute to the unique ecological and scenic 

features of the Ottawa. 

The Ottawa was largely created through the reforestation, financial assistance, and employment 

programs of the federal government during the Great Depression. The FS acquired many of 
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tracts of tax-delinquent land that had been clearcut, burned, and were barren in cooperation with 

the States.  

With the advent of the Civilian Conservation Corps, large forest nurseries were developed, pine 

plantations were established, and wildfires were controlled across the Forest. The result was to 

greatly accelerate renewal of the forest resource on what had been “worthless” land. 

The Ottawa NF landbase lies in the transition between the northern boreal forests and eastern 

deciduous forests. A great diversity of wildlife species are supported in this environment, such as 

timber wolves, bald eagles, loons, bobcat, and fisher. Some species are common; others are 

relatively rare and/or exist on the “edge” of their most southerly or northerly ranges. The Forest 

is composed of predominantly northern hardwood tree species with associated plants and 

animals. Mixed stands of early successional (aspen/birch), and lowland and upland conifer trees 

are also common. Much of the forest cover is less than 100 years old and is rapidly maturing. 

Restoration of forest health occurs through the interplay of natural processes and forest 

management practices. The Ottawa’s timber management program is the primary tool for 

restoring the health and resiliency of these lands, for providing and restoring a diverse range of 

sustainable habitats for many wildlife species, and providing for traditional and cultural uses and 

wood fiber. 

Approximately 49% of the Forest is included in the suitable timber landbase (Table 13). Each 

year, on average, only a small percentage of the forest is actively managed by timber harvest 

(2.32%) or prescribed burning (0.03%). Road construction (0.25%) and trail construction 

(0.01%) occur on an even smaller portion of the Forest.  

Table 13. Land Allocation of Management/Prescription Areas on the Ottawa National Forest. 

Code Management Prescription/Area Description 

Rx 

Map 

Acres 

Acres of Lands 

Suitable for 

Timber 

Production 

1.1a 

Emphasizes early-successional community types within a roaded 

natural motorized recreation environment. This prescription maintains 

moderate to high amounts of aspen forest types, with an emphasis on 

even-aged management. 

62,200 33,000 

2.1 

Emphasizes late-successional community types within a roaded natural 

motorized recreation environment. This prescription maintains 

moderate to high amounts of northern hardwood forest types, with an 

emphasis on uneven-aged management. 

285,900 153,000 

2.2 

Emphasizes late-successional community types within a roaded natural 

motorized recreation environment. This prescription maintains a high 

amount of northern hardwood forest types and offers a greater emphasis 

on uneven-aged management than in MA 2.1. 

153,700 98,000 



Code Management Prescription/Area Description 

Rx 

Map 

Acres 

Acres of Lands 

Suitable for 

Timber 

Production 

3.1a 

Emphasizes a wide variety of vegetative conditions, including moderate 

amounts of early and late-successional community types. This 

prescription maintains moderate to high amounts of northern 

hardwoods, softwoods, and aspen vegetative types in a roaded natural 

motorized recreation environment. 

87,800 53,000 

4.1a 

Emphasizes mid- to late-successional coniferous community types 

within a roaded natural motorized recreation environment. This 

prescription maintains moderate to high amounts of long-lived conifer 

forest types. 

138,200 84,000 

4.2a 

Emphasizes early- to mid-successional coniferous community types 

within a roaded natural motorized recreation environment. This 

prescription maintains moderate to high amounts of short-lived conifer 

forest types. 

12,900 9,000 

5.1 McCormick Wilderness 16,850 0 

5.2 Sturgeon River Gorge Wilderness 14,500 0 

5.3 Sylvania Wilderness 18,400 0 

6.1 

Emphasizes a semi-primitive non-motorized recreational environment. 

This prescription maintains moderate to high amounts of northern 

hardwood forest type, with an emphasis on uneven-aged management. 

57,000 30,000 

6.2 

Emphasizes a semi-primitive motorized recreational environment. This 

prescription maintains high amounts of northern hardwood forest type 

through uneven-aged management, along with some portions of the MA 

emphasizing aspen forest types 

52,400 28,000 

7.1 Black River Recreation Area 1,100 0 

8.1 Designated Wild & Scenic Rivers 71,400 0 

8.2 Sylvania Perimeter Area and McCormick Entrance Area 2,600 0 

8.3 Special Interest Areas 10,600 0 

9.2 

Emphasizes land and resource conditions that will provide for the 

interim protection and management of congressionally designated study 

river corridors 

8,900 0 

9.3 

This prescription maintains the minimum level of management 

requiring protection and maintenance of environmental values and the 

health and safety of the public. 

3,200 0 

Old 

Growth* 

Old growth forests are forests that have developed relatively free of 

stand replacement disturbances over a long period. Old growth consists 

of late-successional stages of naturally occurring forests dominated by 

long lived species, containing large trees and tree fall gaps, and having 

multiple canopy layers, high levels of structural diversity and high 

frequency of snags and downed logs of various sizes and stages of 

decay. 

61,005 0 

Total 

Acres: 
 997,650 488,000 

*Note - old growth areas are classified within any of the above management areas. 
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2.2.12 Shawnee National Forest 

Located in the southern tip of Illinois, the Shawnee NF is the only NF in Illinois. While most of 

the vast landscape to the north of the Forest is gently rolling to level cropland, the Shawnee NF 

offers a setting of hills, rock formations, outstanding bluffs, and streams, as well as a broad 

diversity of plants and animals. About 286,000 acres of National Forest System lands lie within 

the Forest boundary, the largest, publicly owned forested area in the State. 

Over 5.6 million people live within 100 miles of the Forest (less than a two-hour drive). Nearly 

71 million people (one-quarter of the national population) live within 400 miles (a day’s drive). 

Major cities within a day's drive include Chicago, Indianapolis, Louisville, Nashville, Memphis, 

St. Louis, and Kansas City. 

The Shawnee NF contains some of the largest and most diverse blocks of mature hardwood 

forest, forest-interior habitat, bottomland forest, and openland habitats in Illinois. Most of the 

Forest is comprised of native oaks and hickories, providing excellent wildlife habitat. The Forest 

provides diverse habitats for endangered, threatened, and sensitive species, as well as for game 

and non-game species. Wildlife abounds on the Forest, with about 500 vertebrate species 

represented. 

Approximately 48% of the Forest is included in the suitable timber landbase (Table 14). Each 

year, on average, only a small percentage of the forest is actively managed by timber harvest 

(0.93%) or prescribed burning (3.49%). Road construction (0.12%) and trail construction 

(0.02%) occur on an even smaller portion of the Forest.  

Table 14. Land Allocation of Management/Prescription Areas on the Shawnee National 

Forest. 

Code 
Management Prescription/Area 

Description 
Rx Map Acres 

Acres of Lands Suitable 

for Timber Production 

CR Candidate Wild and Scenic River 14,600 0 

CV Cave Valley Bird Area 2,000 0 

DR Developed Recreational Area 1,600 0 

EH Even-Aged Hardwood Forest 137,800 137,800 

HR Heritage Resource Significant Site 3,300 0 

LO Large Openland 3,700 0 

MH Mature Hardwood Forest 25,000 0 

MM Minimum Management Area 8,000 0 

MO Mississippi and Ohio Rivers Floodplains 8,600 0 

NA Natural Area 15,000 0 

NM Non-motorized Recreational Area 8,761 0 

OB Oakwood Bottoms Greentree Reservoir 4,700 0 

RA Research Area 7,693 0 



Code 
Management Prescription/Area 

Description 
Rx Map Acres 

Acres of Lands Suitable 

for Timber Production 

WD Wilderness 28,000 0 

WW Water-Supply Watershed 17,500 0 

Total Acres:  286,254 137,800 

 

2.2.13 Superior National Forest 

The Superior NF is located in northeastern Minnesota, adjacent to the western shores of Lake 

Superior with lands in Cook, Lake, and St Louis Counties. The vast majority of the area is 

forested, with wetlands, lakes, and rivers also covering much of the area. Only one percent is 

occupied by land uses such as road and utility corridors, summer homes, resorts, and pastures.  

The Superior NF contains over 445,000 acres of surface water, or about 12% of the Forest area. 

There are almost 2,000 lakes at least 10 acres in size; over 1,300 miles of major streams 

supporting cold water fisheries; and over 950 miles of major streams supporting warm water 

fisheries.  

The Superior lies within the transition zone between the boreal forests to the north and the 

broadleaf deciduous forests to the south. The forested region of northern Minnesota is a mosaic 

of forest communities ranging from relatively pure stands of hardwoods (mainly birch, maple, 

and basswood) in areas with relatively nutrient-rich soils to relatively pure stands of conifers 

(mainly pine) in areas with relatively nutrient-poor soils. Between these two extremes are a 

variety soil types and habitats, which produce mixed stands of conifers and hardwoods. The 

dominant landscape forest communities include: 

 Jack pine 

 Red pine 

 Red and white pine 

 Mixed boreal hardwoods and conifers 

 Northern hardwoods 

 Aspen, birch, and spruce-fir 

 Conifer bogs composed of black spruce, 

 Tamarack, or white cedar 

Embedded within these forested landscapes are smaller-scale native plant communities, such as 

black ash swamps, riparian forests, forested bogs and fens, barrens, shrub swamps, and sedge 

meadows. 

The Forest strives to reach its desired conditions for vegetation diversity through natural 

ecological processes and by using a diverse range of management tools and techniques including 
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timber management and prescribed fire. About 44% of the Forest is included in the suitable 

timber landbase (Table 15). Each year, on average, only a small percentage of the forest is 

actively managed by timber harvest (0.86%) or prescribed burning (0.25%). Road construction 

(0.08%) and trail construction (0.01%) occur on an even smaller portion of the Forest.  

Table 15. Land Allocation of Management/Prescription Areas on the Superior National Forest. 

Code Management Prescription/Area Description Rx Map Acres 
Acres of Lands Suitable 

for Timber Production 

GF General Forest 640,443 476,892 

LR General Forest Longer Rotation 415,478 297,148 

RU Recreation Use in a Scenic Landscape 155,412 91,890 

WSR Eligible Wild, Scenic and Recreational Rivers 31,834 18,332 

SPNM Semi Primitive Non Motorized Recreation 4,559 3,126 

SPM Semi Primitive Motorized Recreation 69,018 45,995 

UB Unique Biological Area 2,578 0 

RE Riparian Emphasis Area 17,444 11,552 

RNA 
Research Natural Area/Candidate Research 

natural Area 
22,632 0 

PW Pristine Wilderness 113,700 0 

PVW Primitive Wilderness 299,760 0 

SPNMW Semi Primitive Non Motorized Wilderness 345,233 0 

SPMW Semit Primitive Motorized Wilderness 51,916 0 

Total Acres:  2,170,007 944,935 

 

2.2.14 Wayne National Forest 

The Wayne NF, located in 12 counties of southeast Ohio, is the state’s only NF. The Forest’s 

proclamation boundary encompasses approximately 875,000 acres, of which the FS owns and 

manages over 238,000 acres. The hills of southeast Ohio, the unglaciated region of the state, lie 

within the Ohio River Basin. The WNF is located within a landscape that is fairly homogeneous 

compared to other NF in the Eastern Region. 

The impacts of industry and agriculture over the past 200 years have left indelible marks upon 

the land. Virtually all the forests that covered Ohio were cut for timber and firewood and to make 

way for farms and settlements by early European settlers. Mining for iron ore, limestone, coal, 

and clay scarred hillsides and polluted many streams. As factories closed and farms failed in the 

1930s, the Forest Service began to acquire and restore what were once dubbed “the lands that 

nobody wanted.” 

The existing terrestrial habitat composition on the Forest is dominated by mature hardwood 

forest. At the time of the earliest land surveys, the area which is now the Wayne NF was covered 



primarily by mixed oak forests (OBS 1966). However, a minor component of mixed mesophytic 

and beech forest communities naturally occurred. Some pine was found locally on a few ridges.  

Mixed oak and oak-hickory communities still dominate the landscape of the Forest today. 

However, decreased fire occurrence over the last century has contributed to an increase in shade-

tolerant species in the forest understory and midstory and to a concern about maintenance of the 

oak component across the landscape in the future (Abrams 1992, Abrams 1998, Rodewald and 

Abrams 2002). Oak communities support numerous plant and animal species, and their potential 

decline across the landscape raises concerns about how changes in forest composition will affect 

species over time. There are over 300 aquatic and terrestrial vertebrate species, in addition to 

countless invertebrates and over 2,000 plant species known to inhabit the Wayne NF sometime 

during their life cycle. 

Approximately 83% of the Forest is included in the suitable timber landbase (Table 16). Each 

year, on average, only a small percentage of the forest is actively managed by timber harvest 

(2.25%) or prescribed burning (2.92%). Road construction (0.03%) and trail construction 

(0.03%) occur on an even smaller portion of the Forest.  

Table 16. Land Allocation of Management/Prescription Areas on the Wayne National Forest. 

Code 
Management Prescription/Area 

Description 
Rx Map Acres 

Acres of Lands Suitable 

for Timber Production 

DCF Diverse Continuous Forest 55,901 55,901 

DCFO 
Diverse Continuous Forest w/ Off-Highway 

Vehicles 
23,147 23,147 

HF Historic Forest 27,299 27,299 

HFO Historic Forest w/ Off-Highway Vehicles 20,885 20,885 

FSM Forest & Shrubland Mosaic 55,123 55,123 

GFM Grassland Forest Mosaic 8,024 8,024 

FOF Future Old Forest 16,504 0 

FOFM Future Old Forest w/ Mineral Activity 10,417 0 

RC River Corridor 12,717 12,717 

DR Developed Recreation 4,243 0 

TRL Timbre Ridge Lake 803 0 

SA Special Areas 7,602 0 

RNA Research Natural Areas 1,098 0 

Total Acres:  243,763 203,096 

 

2.2.15 White Mountain National Forest 

The White Mountain NF lies in four large counties in northern New Hampshire (including Coos, 

Carroll, and Grafton Counties) and western Maine (Oxford County). Characterized by rugged 

mountain peaks and the largest alpine zone in the East, the Forest has forty-eight summits of 
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4,000 feet and higher. A variety of species — softwoods and northern hardwoods, rare and 

unique plants, fish, birds, and other animals — can be found on this NF. 

The dramatic landscape, so close to major metropolitan areas (Boston, Massachusetts, is only 

130 miles to the south; New York City only a half-day drive; and Montreal, Quebec less than one 

day’s drive), has made the White Mountains a destination for people seeking a variety of 

recreation experiences for close to two centuries. The Forest’s resources are managed to ensure 

that their social and economic values to the region will benefit both present and future 

generations. 

Like nearly all the land in the East which was purchased by the FS, the White Mountain areas 

were burned-over or cut-over timber lands. Nearly all the stream valleys had been penetrated by 

logging railroads that brought timber out of the valleys including the Wild, Zealand, Swift, and 

Dry Rivers, and the Rocky Branch of the Eastern Branch.  

While restoration has occurred across the Forest since it was acquired by the federal government, 

restoration continues today. The ecological processes necessary to maintain the Forest’s 

biological diversity are provided across the landscape. Populations of native and desired non-

native species of plants and animals thrive and offer opportunities for viewing, hunting, and 

fishing. Habitat management activities maintain and enhance habitat for rare species and other 

species valued by Forest users, and support recovery of threatened and endangered species. To 

that end, approximately 35% of the forest is included in the suitable timber landbase (Table 17). 

Each year, on average, only a small percentage of the forest is actively managed by timber 

harvest (0.47%) or prescribed burning (0.04%). Road construction (less than 0.01%) and trail 

construction (0.05%) occur on an even smaller portion of the Forest. 

Table 17. Land Allocation of Management/Prescription Areas on the White Mountain 

National Forest. 

Code 
Management Prescription/Area 

Description 
Rx Map Acres 

Acres of Lands Suitable for 

Timber Production 

MA 2.1 General Forest Management 358,200 281,300 

MA 5.1 Wilderness 148,500 0 

MA 6.1 Semi-Primitive Recreation 86,300 0 

MA 6.2 Semi-Primitive Non-Motorized Recreation 105,600 0 

MA 6.3 
Semi-Primitive Winter Motorized 

Recreation 
15,300 0 

MA 7.1 Alpine Ski Areas 3,700 0 

MA 8.1 Alpine Zone 5,100 0 

MA 8.2 Experimental Forests 13,400 0 

MA 8.3 Appalachian Trail 39,000 0 

MA 8.4 Research Natural Areas* 3,200 0 

MA 8.5 Scenic Areas 15,200 0 



Code 
Management Prescription/Area 

Description 
Rx Map Acres 

Acres of Lands Suitable for 

Timber Production 

MA 8.6 Wild & Scenic Rivers 900 0 

MA 9.1 Recommended Wilderness** 0 0 

MA 9.2 Alpine Ski Area Expansion 2,200 0 

MA 9.3 Candidate Research Natural Areas 2,100 0 

Total Acres:  796,700 281,300 

* 1500 acres of the Bowl RNA also are accounted for in MA 5.1 Wilderness 
** All acres recommended by revised Plan have since been designated by Congress; not included in other 
worksheets 

3 SPECIES DESCRIPTION AND LIFE HISTORY 

The NLEB is widely but patchily distributed throughout the eastern and north-central United 

States and adjacent southern Canada (Natureserve 2015). Prior to White-Nose Syndrome (WNS), 

the northeast and Canada had been considered to constitute the core of the species’ range 

(USFWS 2014); however, populations have since declined by 99% in parts of that region. Since 

WNS was first documented in a cave in Albany, New York in 2006, it has spread throughout the 

eastern and southern United States (except Florida), north into Canada, and west to Missouri and 

Arkansas (L. Heffernan, WNS map dated 3/9/2015). As of January 2012, an estimated 5.5 

million bats in North America had died as a result of this disease (USFWS news release, 

1/17/2012), and a high rate of mortality has continued since that time. Myotid species are among 

the most affected bats, particularly little brown bats (Myotis lucifugus) and NLEBs, with many 

hibernacula having experienced colony declines of 90-100%. 

The NLEB is not a long distance migrant, but portions of the population appear to move 

seasonally (NatureServe 2015). Therefore, its historic range was likely associated with the 

presence of hibernacula (i.e., karst features) and mining features more recently (post-1850). This 

species also appears to be philopatric, returning to the same summer ranges annually (Johnson et 

al. 2012, Norquay et al. 2013). 

3.1 SUMMER HABITAT 

Suitable summer habitat for NLEB consists of a wide variety of forested/wooded habitats where 

they roost, forage, and travel, and may also include some adjacent and interspersed non-forested 

habitats such as emergent wetlands and adjacent edges of agricultural fields, old fields, and 

pastures. The NLEB typically uses mature, intact interior forest for roosting, though younger, 

managed forests are also used; roost selection is likely adaptable and variable depending on 

forest characteristics in an area (Broders et al. 2006, Carter and Feldhamer 2005, Ford et al. 

2006, Henderson et al. 2008, Lacki and Schwierjohann 2001, Loeb and O’Keefe 2006, Perry and 

Thill 2007). Roosting site characteristics and tree species vary by geographic location. For 

example, NLEB were captured frequently in uplands, particularly mid-upper slopes and 
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ridgetops, in northern Ohio and Kentucky (Silvis et al. 2012, Krynak 2010, Schultes 2002), while 

roost trees in Michigan and southern Illinois were all in wetlands or in bottomland and floodplain 

habitat (Foster and Kurta 1999, Carter and Feldhamer 2005).  

Silvis et al. (2012) suggested that while upland positions may increase solar radiation at roost 

sites, such sites also have the highest natural disturbance frequency and severity; thus, increased 

snag presence rather than increased solar radiation might be the primary influence on NLEB 

roost selection. This could also potentially explain higher use of trees in wetlands and 

floodplains, where high water often results in high snag densities. Northern long-eared bats differ 

from Indiana bats (Myotis sodalis) in that NLEB often use roost trees with relatively lower levels 

of solar exposure (i.e., greater canopy cover; Carter and Feldhamer 2005, Ford et al. 2006, 

Johnson et al. 2009, Lacki and Schwierjohann 2001, Sasse and Pekins 1996, Schultes 2002, 

Silvis et al. 2012). However, while canopy cover at NLEB roost trees may be relatively high in 

comparison with Indiana bat roosts, it is generally still lower than the surrounding forest canopy 

cover (Krynak 2010). 

Similar to the variation in landscape characteristics, many studies suggest that NLEB use a 

variety of tree species for roosts based largely on the tree species’ proportional availability on the 

local landscape, roosting in the types of trees in an area that offer the necessary structural 

characteristics (Foster and Kurta 1999, Krynak 2010, Menzel et al. 2002, Sasse and Pekins 1996, 

Schultes 2002). In studies of relatively mature forested habitat, female NLEB roosts (particularly 

maternity roosts) were often in large, taller trees in mid-late decay class, located in localized 

areas with more open canopy and more abundant snags as compared to other areas (Broders and 

Forbes 2004, Garroway and Broders 2008, Lacki and Schwierjohann 2001, Sasse and Perkins 

1996). In dense deciduous forest subjected to low-intensity timber management in the southern 

Appalachian Mountains, O’Keefe (2009) found that NLEB preferred oaks (Quercus spp), 

although they used a variety of hardwood trees.  

Females tended to select large diameter dead canopy trees with relatively low canopy closure in 

close proximity to other suitable roosts, while males typically roosted in cavities in live-damaged 

trees. In studies on the more intensively managed Westvaco Wildlife and Ecosystem Research 

Forest in West Virginia, most maternity roosts were located in snags in or below the canopy, 

with black locust (Robinia pseudoacacia) used in higher proportion than expected based on their 

availability; roost locations also were generally in areas with an abundance of other snags 

(Menzel et al. 2002, Owen et al. 2002). Similar roost tree use was observed on the Fernow 

Experimental Forest in West Virginia (Johnson et al. 2009). On the Fort Knox military 

reservation in Kentucky, Silvis et al. (2012) found many females in north-central Kentucky using 

cavities in suppressed sassafras (Sassafras albidum) snags. 

While the NLEB is more flexible than the Indiana bat in its use of roost trees (e.g., species, 

condition, diameter at breast height (DBH), canopy closure, etc.), published studies and 



theses/dissertations which provided NLEB roost tree and random tree data (Figure 4; Appendix 

A) indicate the DBH for roost trees was greater than DBH of random trees in all but two studies, 

though the difference was not always statistically significant. Both of these studies were located 

in areas of West Virginia which had undergone recent controlled burns or harvest and where the 

vast majority of roost trees were snags, primarily black locust. Overall, these data suggest that 

NLEB will usually choose to roost in larger than average diameter trees in a stand. In studies 

where the data specified which roost trees were used as maternity colonies, average DBH 

measurements for maternity roost trees were > 11.5”. At the 95% confidence interval, limits 

were all > 8.7” DBH (Figure 4). In all but two of the studies, the probability of a roost tree being 

<5” DBH was less than 5%.  

Figure 4. Data* from Twenty Published Studies of NLEB Roost Trees Showing Mean Roost 

Tree Size. 

 

*Larger purple points represent maternity roosts where given. Lines represent 95% confidence intervals. 
More than one point may be given for an individual study (e.g., if the publication separated data by sex of the 
bat or treatment type, such as burned versus control). Abbreviations refer to study author; see Appendix A 
for expanded citations and specific data presented in this figure. Table was derived from the Monongahela 
National Forest’s Conferencing Request (2015). 

 

In more intensively managed landscapes, with fewer suitable large diameter roosts, NLEB 

appear to select snags of decay-resistant species (e.g., black locust and sassafrass), particularly in 

areas with an abundance of suitable snags. As such, selective removal of smaller live trees in a 

densely forested landscape is very unlikely to result in loss of a roost tree, especially when snags 

are left intact.  

 

Regardless of geographic and topographic location, maternity roost sites must provide warm 

microclimates that maximize growth rate of the young. O’Keefe (2009) found that mean plot 

canopy closure for female roosts (43%) was much lower than values reported in previous studies, 

possibly due to the prevalence of canopy gaps in mixed oak forests in the study area in western 

North Carolina; Johnson et al. (2009) also frequently found NLEB roosting in trees in canopy 
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gaps. Canopy cover at NLEB roosts ranged from 56% in Missouri (Timpone et al. 2010), 66% in 

Arkansas (Perry and Thill 2007), to greater than 75% in New Hampshire (Sasse and Pekins 

1996) and has been found to be lower than in available stands (Sasse and Pekins 1996). O’Keefe 

(2009) found that several microhabitat factors were important for roost site selection by 

reproductive females (roosts were generally large diameter canopy trees with low canopy closure 

and in close proximity to other suitable roosts), while males were more flexible, typically 

selecting a cavity in a small diameter live-damaged understory or mid-story roost tree. Male and 

non-reproductive female summer roost sites also may be in cooler locations, including caves and 

mines. Maternity colonies have been reported in tree cavities, crevices, under exfoliating bark, in 

live trees, and in bridges as well as buildings and bat boxes (Burke 1999, Foster and Kurta 1999, 

Menzel et al. 2002, Feldhamer et al. 2003, Henderson and Broders 2008, Krynak 2010). 

Like many other tree-roosting bats, NLEB maternity colonies are located in areas with multiple 

additional suitable roosts available within close proximity, regardless of whether those roosts are 

located in close proximity to foraging areas. Maternity colonies often are located farther from 

foraging habitats than are male or non-reproductive female roost trees, likely because stands that 

support an abundance of potential maternity roosts are not located randomly on the landscape 

and the availability of such a network of suitable roosts is likely more important to females than 

proximity to foraging habitat (Broders and Forbes 2004, O’Keefe 2009). Male NLEB generally 

roost alone and are less selective in terms of roost tree characteristics, such that proximity to 

foraging sites is more likely to be a more important factor for male roost-site selection.  

Several recent studies have investigated the fission-fusion social structure of female NLEB roost 

tree networks, within which individuals switch roosts regularly and subsets of individuals 

maintain preferred associations on both a short- and long-term basis (Garroway and Broders 

2007, Patriquin et al. 2010, Johnson et al. 2012, Silvis et al. 2014). General use of space within 

roosting networks tends to be similar, with all colonies exhibiting a distinct core roosting area 

surrounded by other, less frequently used roosts. Simulation results from network analyses of 

these maternity colonies suggested that NLEB may be robust to the random loss of some of these 

roosts, which is consistent with the ephemeral nature of snags as a habitat resource (Silvis et al. 

2014). Furthermore, a recent study conducted on Fort Knox Military Reservation in Kentucky 

indicates that the loss of a primary roost tree or 24% of secondary roost trees in the dormant 

season may not cause NLEB to abandon roosting areas or substantially alter some roosting 

behaviors in the following active season (Silvis et al. 2015). 

Summer roost trees are often clustered together and located some distance from foraging areas 

(Sasse and Pekins 1996). Points of capture are generally considered to be in foraging habitat. 

Distances between roost trees and points of capture in northeast Ohio varied from 158-1,550 m 

(Krynak 2010), the mean in southeast Ohio was 300 ± 40 m (range 100-800 m; Schultes 2002), 

and it was 602 m (range 60-1,179 m) in New Hampshire (Sasse and Pekins 1996). The average 

distance between roost trees and point of capture in eastern Canada was 285 ± 121 m with the 



maximum foraging distance recorded as 1,163 m (Henderson et al. 2008). In the southern 

Appalachian Mountains, the mean distance from capture to first roost location was 709 m for 

females (range = 252-1,817 m) and 278 m for males (O’Keefe 2009). 

3.2 WINTER HABITAT 

Northern long-eared bats predominantly overwinter in hibernacula that include caves and 

abandoned mines. Hibernacula used by NLEB are typically large, with large passages and 

entrances (Raesly and Gates 1987), relatively constant, cooler temperatures (0 to 9 °C; 32 to 48 

°F) (Raesly and Gates 1987, Brack 2007), and with high humidity and no air currents (Fitch and 

Shump 1979, Raesly and Gates 1987). The sites favored by NLEB are often in very high 

humidity areas, to such a large degree that droplets of water are often observed on their fur 

(Hitchcock 1949, Barbour and Davis 1969). Northern long-eared bats are typically found 

roosting in small crevices or cracks in cave or mine walls or ceilings, often with only the nose 

and ears visible, thus are easily overlooked during surveys (Griffin 1940, Barbour and Davis 

1969, Caire et al. 1979, Van Zyll de Jong 1985, Whitaker and Mumford 2009). Caire et al. 

(1979) and Whitaker and Mumford (2009) commonly observed individuals exiting caves with 

mud and clay on their fur, also suggesting the bats were roosting in tighter recesses of 

hibernacula. Northern long-eared bats are also found hanging in the open, although not as 

frequently as in cracks and crevices (Barbour and Davis 1969, Whitaker and Mumford 2009). In 

1968, Whitaker and Mumford (2009) observed three NLEB roosting in the hollow core of 

stalactites in a small cave in Jennings County, Indiana. 

Caves and karst ecosystems are important resources that require special management because 

they support critical groundwater systems and unique biological communities. The biological 

diversity found in these subsurface ecosystems includes threatened and endangered species on all 

scales, from NLEB to the Ozark Cavefish (Amblyopsis rosae). “Karst” is a term used to describe 

a type of landscape typified by subsurface hydrologic flow, sinkholes (dolines), sinking streams, 

caves, and springs. Approximately 531,815 square kilometers (205,335 square miles) of bedrock 

known to host caves and karst systems occur on National Forest System lands in the United 

States.  

Less than half of the NFs/P in the Eastern Region have the potential for karst development. 

Figure 5 shows areas of the Region that have karst or pseudokarst potential. These are areas 

underlain by rock units containing significant amounts of carbonate or evaporite minerals based 

primarily on selection from State geologic maps and further classified by general climate setting, 

degree of induration, and degree of exposure (Weary and Doctor 2014). Although the Hiawatha 

and Huron-Manistee NFs exhibit the potential for karst development, there is not true cave 

development on these forests. Karst features have been mapped on the Hiawatha for the last few 

years; however, only surficial features such as alvar, boulder fields, cliffs, fissures, ledges, 

outcrops, sinkholes, and one very small, shallow cave have been noted (Larson et al. 2010). 
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These karst features are typically shallow or short and too cold to harbor bats in the winter. The 

Huron-Manistee NF does exhibit evidence of potential karst development on the northeastern 

peninsula; however, it is buried beneath hundreds of feet of insoluble glacially derived 

sediments.  

Figure 5. Karst and Pseudokarst of the Eastern Region. 

 

Derived From U.S. Geological Survey Digital Map Database. 

 

Five NFs in the Eastern Region possess caves that could serve as potential winter bat habitat 

(hibernacula) including the Mark Twain, Monongahela, Hoosier, Shawnee, and Allegheny 

(Table 24). The Eastern Region houses over 30% of the caves designated as significant in the FS 

(684 caves). Figure 6 (Culver et al.1999) provides and overview of where known caves occur in 

the United States and highlights the extent and concentration of caves found in the Eastern 

Region. The historic range of the NLEB was likely associated with the presence of hibernacula 

(i.e., karst features) and more recently this range likely increased to include mining features 

(post-1850).  



Figure 6. Number of Caves per County In the Lower 48 States. Each Dot Represents One Cave. 

 

 

Mines can also provide important winter habitat for NLEB; however, much less is known about 

the extent of abandoned mines across the Eastern Region compared to caves. According to the 

Abandoned Mine Land Inventory System assembled by the Office of Surface Mining, there are 

over 575,000 acres of abandoned mine land in the Eastern United States, and some of these 

abandoned mines are found within NFs/P (Aparicio et al 2002). Commodities mined 

underground in the Eastern Region have included coal, clay, limestone, gypsum, conglomerate, 

lead, iron, and copper. While underground mining has occurred across the Region, the vast 

majority of underground mining occurred in the coal-producing regions of eastern Ohio and 

West Virginia. The majority of these mines were abandoned in the mid-1900s as the coal ran out, 

and it is likely that many bat species including the NLEB expanded their winter distribution into 

some of these sites. While bats will use abandoned mines that are cold enough to facilitate 

physiological hibernation, in general, large, complex mines that include cold-air traps tend to be 

the more important hibernacula (BCI 2009).  

 

Due to safety concerns, Forest Service policy prohibits all FS employees from entering 

abandoned or inactive mine workings or deep cuts without being accompanied by qualified 

safety personnel – Certified Mineral Examiner, Qualified Mineral Safety Lead, or State or 

Federal Mine Inspector who must also inspect abandoned and inactive mine workings and deep 

cuts prior to entry. As a result, few of these features have been surveyed for bat use. Abandoned 

and inactive mines located on National Forest System lands are closed to public entry due to 

these same safety concerns.  
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To a lesser extent, NLEB have been found overwintering in other types of habitat that resemble 

cave or mine hibernacula, including abandoned railroad tunnels, more frequently in the northeast 

portion of the range. Also, in 1952 three northern long-eared bats were found hibernating near 

the entrance of a storm sewer in central Minnesota (Goehring 1954). Kurta and Teramino (1994) 

found northern long-eared bats hibernating in a hydro-electric dam facility in Michigan. In 

Massachusetts, NLEB have been found hibernating in the Sudbury Aqueduct, a structure created 

in the late 1800s to transfer water, but that is rarely used for this purpose today (French 2012, 

unpublished data). Griffin (1945) found NLEB in December in Massachusetts in a dry well, and 

commented that these bats may regularly hibernate in ‘‘unsuspected retreats’’ in areas where 

caves or mines are not present. 

The primary factor cited in the proposed listing rule responsible for the decline of NLEB 

populations is White-Nose Syndrome (WNS), a lethal fungal disease spread while the species 

inhabits caves and mines during winter hibernation. The NLEB has experienced a sharp decline 

in the northeastern part of its range, as evidenced by a combination of hibernacula surveys, 

summer capture trends, and acoustical monitoring. Although the disease has not yet spread 

throughout the species’ entire range (WNS is currently found in 25 of 39 States where the NLEB 

occurs), it continues to spread although the rate of spread may have slowed.  

4 PROPOSED ACTION 

The proposed action is the continued implementation after April 2, 2015of the following Forest 

Service Land and Resource Management Plans(LRMPs): Allegheny, Chequamegon-Nicolet, 

Chippewa, Green Mountain and Finger Lakes, Hiawatha, Hoosier, Huron-Manistee, Mark 

Twain, Midewin, Monongahela, Ottawa, Shawnee, Superior, Wayne, and White Mountain. The 

action area boundary encompasses approximately 12.2 million acres of National Forest System 

lands, of which 11.3 million acres are forested. The action area boundary includes all parcels of 

land that could be affected by project activities; therefore, it is an appropriate boundary for the 

analysis of direct and indirect effects on the NLEB (Figure 1). The LRMPs are currently being 

implemented and are expected to continue for the next ten years. To access LRMPs, please refer 

to the list of online locations in Appendix F.  

The FS in the Eastern Region conducts a broad range of forest management actions including 

timber harvest and prescribed burning that are designed to sustain, restore, and promote the 

health and resiliency of the lands and waters of National Forest System lands. These lands are 

sustainably managed for multiple uses to meet current and future needs, and they provide 

important habitats for a variety of wildlife, including many species of forest dependent bats.  

The NLEB is among the most common of forest bats within the Eastern Region and are 

frequently encountered in surveys within its extensive range throughout most of the Region.For 

purpose of this analysis, NLEB is assumed present on all NF within its range in the Eastern 



Region. This BA incorporates new information and conservation measures for the NLEB for the 

following activities.  

4.1 PROJECTED ACTIVITIES DETERMINED TO “MAY AFFECT - NOT LIKELY TO ADVERSELY AFFECT” 

Projects implemented under the LRMPs in the Eastern Region could result in activities that are 

not likely to adversely affect the NLEB. These types of activities are analyzed at the project-level 

and are not included in the analysis below. 

4.1.1 Aquatic Habitat Restoration and Improvement  

The watershed condition goal of the Forest Service is “to protect National Forest System 

watersheds by implementing practices designed to maintain or improve watershed condition” 

(Forest Service Manual 2520.2).  To achieve this goal, the FS uses the Watershed Condition 

Framework - a comprehensive approach for proactively implementing integrated restoration and 

improvement on priority watersheds on national forests and grasslands. This framework 

approaches watershed restoration by targeting the implementation of integrated suites of 

activities in those watersheds that have been identified as priorities for restoration at the forest or 

prairie level.  

Each national forest or prairie implements restoration direction from its LRMPs. Most LRMPs 

include established priorities based on watershed condition derived from a combination of 

watershed analysis, values at risk, and the degree to which known impacts and threats could be 

feasibly and effectively addressed from technical, legal, political, social, and economic 

perspectives.  Projected aquatic restoration or improvement activities that will be implemented 

across the action area can be grouped in the following categories:   

 Wetland restoration, construction, and enhancement  

 Restoration and improvement of aquatic/riparian habitat (lotic) 

 Restoration and improvement of aquatic/riparian habitat (lentic)  

 Impoundment (waterhole, pond, lake, etc.) maintenance, improvement, and construction  

Wetlands provide habitat for hundreds of aquatic and terrestrial species throughout the Eastern 

Region.  Historically, the beaver pervasively influenced the distribution of wooded wetlands 

across the landscape.  Prior to European settlement there were millions of beavers throughout the 

region until overtrapping greatly reduced populations.  Beaver activity had a long-lasting impact 

on the environment.  Beaver dams and browsing affected soil fertility, water chemistry, plant 

succession, and rate of forest growth (Wilde et al. 1950, Brown and Fouty 2011, Pollock et al. 

2015). The result of this historic activity was a uniform buildup of organic material in valleys, a 

checkerboard of meadows throughout woodlands, and a great deal of edge habitat.   
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In the 1600s, wetlands covered over 200 million acres of land in the 48 contiguous states (Dahl 

and Allord 1999).  Over a period of 200 years, an estimated 53 percent of these wetlands were 

lost, many being drained and converted to farmland (Dahl 1990).  And, by the early 1900s, 

beaver populations in the contintental United States were nearly eradicated.  About 90 percent of 

this species was estimated to have been lost as was the profound affect the species had on the 

continent’s hydrology (Brown and Fouty 2011).  During this time, valley bottoms shifted from 

landscapes dominated by multiple stream channels, ponds, wetlands, and wide riparian zones 

abundant in fish and wildlife to landscapes defined by simple, incised, overly wide, single-thread 

channels with narrow strips of riparian vegetation.  Human activities, both past and present, have 

removed the features of watersheds that once helped store and slowly release water, dampen 

flood peaks, and sustain stream flows during droughts.   

Restoring lost and degraded wetlands is essential to ensuring the health of watersheds and the 

conservation of many fish and wildlife species including federally listed species.   Wetland 

restoration includes manipulation of the physical and biological characteristics of a site with the 

goal of returning natural/historic functions to former or degraded wetlands.  Whereas, creation is 

the construction of a wetland in an area that was not a wetland in the recent past and often is 

isolated from existing wetlands (i.e., not directly adjacent).  Typically, a wetland is created by 

excavation of upland soils to elevations that will support the growth of wetland species through 

the establishment of an appropriate hydrology. 

Enhancement is the manipulation of the physical or biological characteristics of a wetland site to 

improve specific functions or for a purpose such as water quality improvement, flood water 

retention, or wildlife habitat.  For example, increasing the area of deep water by excavating parts 

of an emergent wetland may provide additional habitat for waterfowl.  Enhancement does not 

result in a gain in wetland acres, but improves wetland function(s).  

A variety of activities may be implemented to restore, create, or enhance wetlands such as 

removing or disabling drainage tiles, excavating material, creating dams and spillways, 

compacting soils to hold water, placing branches and logs in and along the shore of a wetland to 

improve fish and wildlife habitat, and/or seeding and mulching exposed soil above the water line 

to reduce erosion.  The complexity of this work often depends on the site and the desired size of 

the wetland. The techniques are completed using a range of tools from heavy equipment to hand 

tools.   

 

Stream biodiversity and ecosystem health are highest when habitat variety is high. The 

components of habitat diversity include a variety of substrates of various sizes, shapes of stream 

channels, and flow dynamics within those channels (Allan 1995).  Large woody material is also 

important to aquatic habitat as it functions as substrate for aquatic species, and inputs of 

decaying wood are crucial to most aspects of stream processes such as channel morphology, 

hydrology, and nutrient cycling (Rose et al. 2001). Woody material shapes stream channels by 



acting as a gradient control, which creates pools and traps sediments, or by obstructing channels, 

which redirects waterflow creating meanders and pools (Maser and Trappe 1984). 

 

Restoration and improvement of lotic habitats includes activities such as streambank stabilization 

using  large rock and woody material as appropriate to deter the head-ward advancement of 

channel down-cutting and to reduce the potential for sediment production downstream; removing 

culverts and reconstructing stream crossings at the intersection of  trails or roads to reflect more 

natural hydrology and allow for aquatic organism passage; reconstructing intermittent and 

ephemeral stream channels with rock and large woody material to facilitate the restoration of 

more natural, stable flow pathways; contributing alkaline material to dilute acid mine drainage, 

and introducing  large woody material.  For this section, activities are associated with the use of 

down woody material and will not result in the removal of standing trees.   The potential effects 

of removing trees to provide wood material for aquatic habitat restoration and improvement 

projects has been included in the next section (Section 4.2). 

 

Restoration and improvement of lentic habitats includes activities such as sinking bundled 

Christmas trees and underwater structures in lakes and ponds to provide cover and shelter for 

fish; introducing large woody material to increase fish and wildlife productivity; creation of 

islands and mounds to increase habitat diversity; reshaping sides to create gentle slopes that 

provide spawning habitat; and use of approved aquatic herbicides to treat non-native invasive 

species in ponds and lakes.  

 

Impoundment maintenance, improvement, and construction include a variety of activities that do 

not result in the removal of trees.  Typically, impoundments are established in wildlife openings, 

riparian floodplains, old road beds, or within timber harvest units.  Principal activities associated 

with this type of work include: new impoundment construction; placing bedding material and 

properly sized riprap to protect dams against erosion; removal of unwanted growth of brush and 

seedlings along dams; and installing fence to keep livestock out of impoundments. 

 

The activities listed as “Aquatic Habitat Restoration and Improvement” typically do not involve 

the removal of trees >3” DBH.  Therefore, these activities do not affect or reduce winter, spring, 

summer, or fall habitat for the NLEB, nor are they likely to disturb individuals.  Aquatic habitat 

restoration and improvement projects should indirectly benefit the NLEB by improving habitat 

for aquatic prey species and by providing drinking sources.  These types of activities are 

analyzed at the project-level and are not included in the analysis below. 

4.1.2 Reforestation and Site Preparation 

The National Forest Management Act (NFMA) of 1976 guides all management of National 

Forest System lands in conjunction with other laws.  Section 4 of the NFMA states that all 

forested lands in the National Forest System should be maintained in appropriate forest 
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cover.  Appropriate forest cover is described as "species of trees, degree of stocking, rate of 

growth, and conditions of stands designed to receive maximum benefits of multiple use 

sustained yield management in accordance with land management plans." Section 6 of the 

NFMA states that lands will not be planned for timber harvests unless there is assurance 

that such lands can be adequately reforested within five years after regeneration harvest.   

Reforestation treatments are written to meet objectives in LRMPs and must be documented in a 

silvicultural prescription that has been written or reviewed and signed by a certified silviculturist 

(Forest Service Handbook 2409.17 Chapter 8).  Regeneration is affected by a variety of factors 

including stand conditions, seed supply, deer browsing, competing vegetation, small mammal 

predation, insects, and site limitations.  Natural regeneration treatments are used when sufficient 

seed sources or reproductive materials are available to meet management objectives.  When 

natural regeneration is not expected to meet the objectives of the LRMP, tree seedlings are either 

planted by hand or with the assistance of a tractor-mounted planting mechanism.  Seeding of a 

site may also be prescribed and is completed by aircraft, snowmobile, ATV, etc.  

 

While either natural or planting regeneration treatments will result in no effect to the NLEB, site 

preparation is often required before regeneration can occur.  Site preparation accomplishes one 

or more of the following objectives: 

 Creates soil conditions for successful natural regeneration or tree planting. 

 Promotes tree seedling survival by reducing plant competition for nutrients, water and 

sunlight. 

 Makes tree planting easier by reducing or eliminating unusable debris. 

 Enhances food and habitat conditions for certain wildlife species. 

 Reduces wildfire hazards and improves access for firefighting. 

There are numerous methods to prepare a site for regeneration. In some cases, site prep requires 

the use of heavy equipment and some degree of soil disturbance.  Competing vegetation may be 

removed using mechanical means such as chainsaws, axes, etc., or chemical means through 

herbicide application to provide light, moisture, and growing space for new seedlings.   

 

Mechanical site preparation is the predominate method used on Eastern Region National Forests.  

Herbicide treatments can be used to reduce competing vegetation without disturbing the soil 

surface when consistent with LRMP standards and guidelines.  Herbicide treatments may be 

preferable on sites where the competing vegetation is difficult to treat through mechanical means 

due to density, persistence, or invasiveness.  Most herbicide treatments on National Forest 

System lands are selective to minimize effects on non-target vegetation and other environmental 

elements.  Selective treatments include cut surface, basal stem, directed foliar, or soil spot 

treatments.   

 



However, broadcast herbicide treatments may be necessary in stands that contain a dense ground 

cover of grasses, fern, beech root suckers, and striped maple (Horsley et al. 1994) that interfere 

with desired tree seedling establishment and growth. In some cases, infestations of nonnative 

plants are too extensive or dense to permit selective herbicide applications, and instead require 

broadcast methods.  Broadcast applications can be discontinued in pockets of nontarget native 

plants, where selective methods are more appropriate.  To control interfering vegetation, 

understory vegetation on selected sites is sprayed with an approved herbicide (such as glyphosate 

or sulfometuron methyl) using a vehicle-mounted sprayer. Herbicide use must be addressed in 

project-level NEPA documentation.   

 

Whatever method is chosen, site preparation techniques must be sufficient to reduce competing 

vegetation, which often is the limiting factor in seedling survival.  In all methods, the vegetation 

removed is typically less than 3” DBH.  Site preparation occurs following even-aged 

management and occurs in locations that are not likely to provide habitat for NLEB.  For these 

reasons, reforestation and site preparation will not have a negative effect or reduce winter, 

spring, summer, or fall habitat for the NLEB, nor are they likely to disturb individuals.   

4.1.3 Abandoned Mine Closures and Mine Land Reclamation 

Prior to the 1970s, reclamation of mine sites was not required, and consequently, was not 

performed for many sites across the Eastern Region.  Unreclaimed sites pose physical hazards 

and are a safety concern.  Furthermore, both surface and underground mines can discharge toxic 

materials and sediments that degrade water quality.  Modern signatures of past mining operations  

include subsidence failure of the overburden, mine entrances left open, abandoned unstable 

highwalls, piles of toxic gob spoil material, heavily compacted soils that inhibit tree growth, and 

the release of acid mine drainage (AMD) that contaminates surface streams. 

 

According to a FS General Technical Report (Shields et al. 1995), National Forest System lands 

across the country include an estimated 2,000 sites that present significant environmental or 

human health problems due to a release, or threat of a release, of a hazardous substance, 

pollutant, or contaminant.  The remaining abandoned mines which do not exhibit significant 

environmental or human health problems due to a release, or threat of a release, of a hazardous 

substance, pollutant, or contaminant, still require restoration to repair natural resource damage. 

Most of the abandoned mine sites administered by the FS were metals mines, although in the 

eastern United States, the FS also administers thousands of acres formerly mined for coal. 

 

In some sites across the Eastern Region, the thin limestone or sandstone cap is collapsing into 

underground mine chambers. These subsidences are not only a public safety concern, they are 

points where surface water can enter underground chambers and recharge AMD.  In addition, 

some entrances to old mines remain open and also pose a public safety concern.  In both cases, 

the FS will work to close a portion of these subsidences and open portals as funding and 
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priorities allow. Closing these sites could involve backfilling or installation of bat-friendly gates. 

Bat-friendly gates are usually installed when a biologist determines there could be potentially 

suitable habitat in the mine and acid mine drainage recharge is not a factor. 

 

Closure of such mine features could adversely affect the NLEB if they are used as hibernacula. 

Closure could eliminate a hibernaculum or could modify the microclimate of a larger 

underground complex making it no longer suitable for individuals. Although there is the 

potential that sites that are closed could provide potential winter habitat for the NLEB, whenever 

possible, surveys for bat presence are conducted during the fall swarming period to determine bat 

use.  The FS projects to close a portion of the hundreds of subsidences and open portals that exist 

currently across the landscape.  The small amount of potential habitat that could be lost as a 

result of capping abandoned mines where bat use has been undetected across the 12.2 million 

action area is expected to be discountable. 

 

Stabilization of disturbed areas including such sites as abandoned mine lands and orphan or 

depleted oil and gas wells are often needed to return an area to a more natural condition.  

Activities associated with mine land reclamation may include aquatic habitat restoration,  

containing mine wastes in on-site capped and lined repositories, removing tailings and waste 

rock material to a landfill, seeding, mulching, maintenance of existing dams to prevent mass 

movement of accumulated sediments in ponds, creation of steel slag leachbeds to treat acid 

seeps, and reshaping/regrading contours.  Occassionally, deep ripping may occur to loosen soils 

in order to restore land capability for forests, increase rainwater infiltration, and increase the 

survival and growth of trees.  These activities typically do not remove trees greater than 3” DBH 

and potential effects to the NLEB are expected to be discountable, insignificant, or beneficial. 

4.1.4 Bat Friendly Gates 

Cave and mine dwelling bats are vulnerable to human disturbance while hibernating. Bats 

use up their energy stores when aroused and may not survive the winter. Properly 

installed bat-friendly gates on caves and underground mines are effective at restricting 

human access while allowing use by bats.  The decision to gate a cave or mine is done on a 

site-by-site basis and should be reviewed by an interdisciplinary team.  Forest Service 

Manual Guidance states “Regulate use with a gate as a last resort.  If a gate is used, ensure 

that it allows natural movement of air, water, wildlife, and other biota in and out of the 

cave.  Design and install the barrier in a manner to minimize the possibility of breaking and 

entry by unauthorized persons” (FSM 2356.2).   Once a determination is made that a cave 

or mine should be gated, a closure is designed to suite the specific needs of the resident bat 

species.  Construction takes place in a season when the site is uninhabitated or at a time 

and in a manner that will cause the least disturbance.  For these reasons, potential effects 

to the NLEB in the short term are expected to be discountable.  In the long-term, effects of 

gating will benefit NLEB and other bats by reducing disturbance in the hibernacula. 



4.1.5 Removal of Man-Made Structures 

Removal of old buildings, wells, cisterns, and other man-made structures have the potential 

to disturb or injure bats or result in a temporary loss of habitat.  Bats are known to roost in 

buildings, barns, bridges, culverts, and dams among other locations, and it is not 

uncommon for certain species to establish maternity colonies in these structures (Mumford 

and Cope 1964, Barbour and Davis 1969, Amelon and Burhans 2006, Henderson and 

Broders 2008, and Whitaker and Mumford 2009, Krynak 2010).   

 

When planning the removal of manmade structures that have the potential for use by bats, 

it is important that they be adequately surveyed for bat use prior to initiating any 

demolition activities.   All NF/Ps in the Eastern Region will implement the following 

conservation measure before the removal of any man-made structures, “Before old 

buildings, wells, cisterns, and other man-made structures are structurally modified or 

demolished, they will be surveyed for bats.  If TES bat roosting is found, demolition or 

modification of these structures will not occur when bats are present and the need for 

alternative roosts will be evaluated.”  Removal includes demolition of structures and 

removal of all junk, structural debris, trash, and loose debris at designated locations.  In 

locations where man-made structures are removed, the site would revegetate and 

gradually move towards forested conditions. In sites with abundant TES bat roosting, 

alternative roosts such as bat houses could be provided.  These activities typically do not 

result in the removal of trees except where public or worker safety concerns exist.  For 

these reasons, the potential effects to the NLEB are expected to be discountable and 

insignificant. 

4.1.6 Maintenance, Restoration, Repair, and Remodeling of Administrative Facilities 

and Developed Recreation Sites 

Across the Eastern Region, there are a number of administrative, recreational, and acquisition 

facilities.  These facilities either require routine maintenance to sustain use by the 

FS or the public, or were part of land acquisitions with the intent of their removal/demolition 

because they are not needed for administrative or recreational use.  These buildings and grounds 

require maintenance such as roof replacements, siding replacement, cleaning and repair of 

chimneys, painting/staining of the exterior, etc. that could disturb roosting bats.  Maintenance, 

restoration, repair, and remodeling of administrative facilities and developed recreation sites 

could result in unintended and potentially adverse impacts to bats.  The impact of a given project 

on local bat populations is dependent on a number of factors, which includes, but is not limited 

to, the size of the project, the surrounding landscape, existing vegetation in the area, and time of 

year.  Typically, these types of activities occur within the footprint of the existing facility and do 

not involve the removal of trees greater than 3” DBH. 

 

When planning the alteration of structures that have the potential for use by bats, it is important 

that they be adequately surveyed for bat use prior to initiating any reconstruction, remodeling, or 
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repair activities.  All NF/Ps in the Eastern Region will implement the following conservation 

measure before the removal of any man-made structures, “Before old buildings, wells, cisterns, 

and other man-made structures are structurally modified or demolished, they will be surveyed for 

bats.  If TES bat roosting is found, demolition or modification of these structures will not occur 

when bats are present and the need for alternative roosts will be evaluated.”  These measures can, 

and often do, include the installation of bat boxes in order to provide adequate alternative 

roosting structures. 

4.2 PROJECTED ACTIVITIES DETERMINED TO “MAY AFFECT, LIKELY TO ADVERSELY AFFECT” 

Across the action area, projected management activities that may affect the NLEB will impact 

approximately 3.55% of the action area annually. Annual forest management treatment 

objectives are listed below (Table 18) and will be implemented in fiscal year 2015 and 

continuing for the next 10 years. These numbers represent the amount of activity if NFs/P reach 

full implementation of their LRMPs. Many NFs/P in the Region only achieve about 50% of their 

proposed treatments annually meaning that effects will likely be even smaller than what is 

presented below. Please see Appendix B for specific definitions of each treatment and Appendix 

C for a summary of treatments.   

4.2.1 Timber Harvest - Timber harvest may be commercial and offered through a  

competitive bid process to achieve objectives including ecosystem restoration, threatened, 

endangered, and sensitive species conservation, stand regeneration for forest health, and/or 

wildlife habitat improvement. Some treatments may also be non-commercial, particularly Habitat 

Improvement/Clearing Non-Timber operations. Under timber harvest, treatments could include 

even-aged or uneven-aged treatments, thinning, timber stand improvement, habitat improvement, 

or removal of trees for non-timber purposes. Habitat Improvement/Clearing Non-Timber for the 

purpose of this BA includes timber stand improvement, wildlife stand improvement, mechanical 

fuels reduction, firewood cutting, recreation site maintenance, dropping individual trees in lakes 

and streams for fish habitat, and clearing for special use permits, wildlife opening 

development/maintenance, oil and gas well facilities, and pond construction because all of these 

activities have similar effects of reducing stand density and allowing more sunlight to reach the 

forest floor. Table 18 summarizes projected average annual harvests planned for the period 

beginning in fiscal year 2015 for each of the eastern NFs/P within the range of the NLEB.   



Table 18. Proposed Average Timber Harvest by Cutting Method for Eastern Region National 

Forests, Annually. 
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The NFs/P project an average of 288,710 acres of timber harvest annually (2.57% of forested 

land); however, the majority of these acres are Habitat Improvement/Clearing Non-Timber 

activities (90,941 acres or 32% of proposed timber harvest activities). Uneven-aged management 

will occur annually on an average of 86,005 acres (0.8% of forested acres) and even-aged 

management (including clear-cutting and shelterwood) would occur on approximately 54,097 

acres (0.5% of forested acres). Most of this removal will constitute a temporary loss of potential 

NLEB summer roost habitat, since new habitat is created as stands regenerate and age. The 

amount of National Forest System land that is classified as suitable for timber production varies 

across the Region ranging from 37% on the Monongahela NF to 83% on the Wayne NF. 

Approximately 44% of the landbase in the action area or 5,337,649 acres is considered 

unsuitable for timber management.  

The time of year when the NLEB is most vulnerble, as it relates to the implementation of these 

forest management activities, is when young are non-volant. While this time period varies across 

the region based on latitude, altitude, and other factors, we generally considered non-volant 

NLEB young to be present from the middle of May through the end of July. A summary of 

proposed timber harvest activities that could occur during this time period are shown in Table 19. 

 



Table 19.  Proposed Timber Treatments by Forest During the Non-volant Period, Annually.* 

Summary – All Timber Treatments - During Time When Pups Are Non-volant (May 15 – July 31) 

Forests EAM UAM THIN HI/Non SAL/SAN Total 

Allegheny 127 103 208 642 0 1,080 

Chequamegon-Nicolet 1,367 1,882 1,775 3,350 125 8,499 

Chippewa 1,037 14,509 229 3,107 25 18,907 

Green Mtn & Finger Lakes 2,190 700 653 899 0 4,442 

Hiawatha 1,680 1,161 3,775 2,544 0 9,160 

Hoosier 43 143 32 170 155 543 

Huron-Manistee 1,542 204 1,518 17,459 63 20,786 

Mark Twain 2,700 700 3,000 2,552 5,000 13,952 

Midewin 0 0 0 0 0 0 

Monongahela 900 0 300 1,185 0 2,385 

Ottawa 976 1,531 1,050 96 97 3,750 

Shawnee 50 0 0 40 0 90 

Superior 1,083 124 182 2,670 10 4,069 

Wayne 88 364 58 924 0 1,434 

White Mountain 200 165 165 365 0 895 

Total (acres) 13,983 21,586 12,945 36,003 5,475 89,992 

% of Total Action Area 0.11% 0.18% 0.11% 0.30% 0.05% 0.74% 

*EAM=Even-aged management; UEAM=Uneven-aged management; THIN=Thinning; HI/Non= Habitat 
Improvement/Clearing Non-Timber; SAL/SAN=Salvage/Sanitation 

 

Not including prescribed burning, the total amount of forested acres across the action area 

proposed for forest management during the non-volant time period is 89,992 acres annually or 

0.74% of the total forested acreage on NFs/P in the Eastern Region. 

4.2.2 Prescribed Burning - Dormant season prescribed burning generally occurs between 

October and April. Many of the Forests use dormant season prescribed burning to primarily 

reduce hazardous fuels buildups to reduce the chances of catastropic wildfires and/or to restore 

fire- dependent ecosystems. Growing season burns generally occur between April 15 and August 

15, although they are uncommon in the Eastern Region. Growing season prescribed burning is 

planned for site preparation, control of undesirable species, and restoration of fire-dependent 

ecosystems. Approximately 106,772 acres or less than 0.9% of combined dormant/growing 

season prescribed burning could occur annually across the Eastern Region’s landbase within the 

NLEB range (Table 20).  
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Table 20. Average Acres of Prescribed Burning Proposed for Each National Forest by Period, 

Annually. 

Prescribed Burning 

Forests  

Acres  

(Non-volant period) 

Acres  

(Volant Period) 

Allegheny 0 652 

Chequamegon-Nicolet 4,000 1,100 

Chippewa 2,976 744 

Green Mtn & Finger Lakes 333 192 

Hiawatha 468 52 

Hoosier 250 1,750 

Huron-Manistee 2,000 6,000 

Mark Twain 6,000 54,000 

Midewin 200 2,000 

Monongahela 65 850 

Ottawa 200 50 

Shawnee 0 10,000 

Superior 232 5,226 

Wayne 713 6,419 

White Mountain 105 195 

Total (acres) 17,542 89,230 

% of Total Action Area 0.14% 0.73% 

 

4.2.3 Road Construction/Reconstruction/Maintenance - General road management  

direction on the Forests are to expand the use of existing corridors (reconstruction) rather than to 

establish new roadways (construction). For example, of the 2,854 acres shown in Table 21 for 

the Chequamegon-Nicolet, less than 5 acres is new construction. There is no new road 

construction proposed on the Green Mountain & Finger Lakes, Mark Twain, and Shawnee NFs, 

and only about 12 acres of new road construction is expected annually on the Chippewa, 

Midewin, and White NFs combined. 

Both reconstruction and construction can remove trees while generally maintenance of roads do 

not remove trees unless the tree poses a safety hazard. Road brushing may also occur along 

existing road cooridors to help maintain visibility and travel conditions along existing roads.  

Numbers in the table below (Table 21) represent total number of any type of road work, to 

include road construction, maintenance, reconstruction, or decommissioning. These figures, for 

both volant and non-volant time periods represent about 0.1% of the total amount of the action 

area. 

Forest road decommissioning can also result in the removal of trees; however, this management 

technique is a key tool in effective watershed restoration. Road decommissioning is defined as: 



"Activities that result in the stabilization and restoration of unneeded roads to a more natural 

state." (36 CFR 212.1, FSM 7705 – Transportation System) The Forest Service Manual 

(7712.11) identifies five levels of treatments for road decommissioning which can achieve the 

intent of the definition. These include the following: 

 Block entrance 

 Revegetation and waterbarring 

 Remove fills and culverts 

 Establish drainageways and remove unstable road shoulders 

 Full obliteration recontouring and restoring natural slopes 

These five treatment levels provide a wide range of options to stabilize and restore unneeded 

roads. The route to deciding what treatment level or combination of treatments is used is based 

on a watershed analysis and roads analysis. In some cases restoration may be achieved by 

blocking the entrance to the road. In other situations, objectives to restore hillslope hydrology 

may require full obliteration recontouring. 

4.2.4 Trail Construction/Reconstruction/Maintenance - Trail construction 

activities (including reconstruction, maintenance, and decommissioning) also has the potential to 

remove trees. Trail construction (Table 22) is projected to be about 2,512 acres annually (0.02% 

of the action area). 

The time period of May 15 through July 31, when bat pups are non-volant is the time range of 

greatest concern for the NLEB in regards to potential effects of forest management activities. 

Forest management plans have existing conservation measures in place to aid conservation and 

recovery of the NLEB as well as many other species of bats (Appendix E). Figure 7 shows all 

activities proposed for all NFs/P during the non-volant period for the NLEB. 
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Table 21. Average Amount of Proposed 

Road Construction for all National 

Forests, Annually. 

 

Forests  

Acres  

(Non-

volant 

period) 

Acres  

(Volant 

Period) 

Allegheny 131 160 

Chequamegon-Nicolet 2,068 2,854 

Chippewa 804 1,223 

Green Mtn & Finger Lakes 0 63 

Hiawatha 82 109 

Hoosier 16 20 

Huron-Manistee 1,004 393 

Mark Twain 36 121 

Midewin 10 12 

Monongahela 315 473 

Ottawa 795 1,423 

Shawnee 49 320 

Superior 788 848 

Wayne 29 31 

White Mountain 17 15 

Total (acres) 6,144 8,065 

% of Total Action Area 0.05% 0.07% 

 

Table 22. Average Amount of Proposed 

Trail Construction for all National 

Forests, Annually. 

 

Forests  

Acres  

(Non-

volant 

period) 

Acres  

(Volant 

Period) 

Allegheny 1 2 

Chequamegon-Nicolet 169 332 

Chippewa 32 122 

Green Mtn & Finger Lakes 116 238 

Hiawatha 97 131 

Hoosier 0 2 

Huron-Manistee 14 0 

Mark Twain 37 149 

Midewin 4 4 

Monongahela 46 46 

Ottawa 23 111 

Shawnee 3 44 

Superior 155 153 

Wayne 29 37 

White Mountain 284 131 

Total (acres) 1,011 1,501 

% of Total Action Area 0.01% 0.01% 

 

Table 23 illustrates the total amount of proposed treatment acres for all the Forests during the 

non-volant period for the NLEB. These treatements total 114,689 acres (0.74%) out of the 12.2 

million acres of National Forest System lands.  

In Summary, an average of approximately 411,302 acres (3.38%) of the 12.2 million acres of 

National Forest System lands in the Eastern Region are projected for treatment annually 

combining all management activities (Table 23). Of this total, 106,772 (0.87%) is prescribed 

burning and 287,810 acres is timber harvest. 

 



Figure 7. Average Proposed Treatment Methods for all National Forests During Non-volant 

Period in Acres Across the Action Area. 

 

Table 23. Summary of all Treatments Annually. 
 

Forests 
Average Acres 

(Non-volant 
Period) 

Average Acres 
(Volant Period) 

Chequamegon-Nicolet 14,736 23,102 

Chippewa 22,719 53,403 

Green Mtn & Finger Lakes 4,891 3,957 

Hiawatha 9,808 13,032 

Hoosier 809 3,339 

Huron-Manistee 23,804 33,830 

Mark Twain 20,025 85,129 

Midewin 214 2,058 

Monongahela 2,811 6,934 

Ottawa 4,768 17,937 

Shawnee 142 12,949 

Superior 5,244 20,164 

Wayne 2,205 10,035 

White Mountain 1,301 3,211 

Total (acres) 114,688 296,614 

% of Total Action Area 0.94% 2.44% 

13,983 

21,586 
12,945 

36,003 
5,475 17,542 

6,144 

1,011 

12,049,583 

Even-Aged

Uneven-Aged

Thinning

Habitat Improvement/Clearing
Non-Timber

Routine Salvage/Sanitation

Prescribed Burning

Road Construction

Trail Construction

No Management
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4.3 TYPES OF ACTIVITIES OUTSIDE THE SCOPE OF THIS ASSESSMENT 

Certain federal actions on NFS lands are the result of outside requests for land adjustment, 

federal mineral development, oil/ gas leasing development, special land uses such as large utility 

transmission corridors, federal highway rights of way, wind development, etc. and are unknown 

at this time. In addition, the need to construct new administrative buildings and developed 

recreation areas and aerial application of insecticides can not be predicted.  The effects of these 

activities on NLEB cannot be estimated and must be analyzed site-specifically. These types of 

actions are outside the scope of this Programmatic BA. 

Some NFS lands are underlain by reserved and outstanding mineral rights. Outstanding mineral 

rights are property rights that were established and separated from the surface estate prior to the 

government’s acquisition of the surface estate. Reserved mineral rights are established when the 

federal government (in this case the FS) purchases only the surface estate and the mineral estate 

remains with the seller. The FS, as surface owner, cannot exclude entry by the mineral estate 

owner, either permanently or for an unreasonable amount of time. Generally, consultation under 

Section 10 will be the responsibility of the mineral estate owner. 

5 DESIGN CRITERIA TO BE EMPLOYED – SECTION 7(A)1 OF THE ENDANGERED 

SPECIES ACT – CARRYING OUT PROGRAMS FOR THE CONSERVATION OF 

THREATENED AND ENDANGERED SPECIES 

5.1 STANDARDS AND GUIDELINES 

The LRMPs for each NF provide a framework for integrated resource management and guide 

project-level decision making. LRMPs step down forest-specific conservation and multiple-use 

objectives from broader regional and national goals. A LRMP does not authorize projects or 

activities, but projects and activities must contribute to Plan objectives and conform to its 

standards and guidelines.  

Standards and guidelines are adopted, among other reasons, to promote the conservation of listed 

species and to create or maintain ecological conditions that contribute to long-term species 

abundance and distribution. Some of these standards and guidelines can be described as 

conservation measures that are proactively employed to avoid or minimize the effects of routine 

forest management actions such as timber harvest and prescribed burning to priority wildlife, 

including forest dependent bats.  

A large number of the Forests have incorporated protection measures (standards and guidelines) 

in LRMPs that likely contributed to the successful increase of the Indiana bat prior to WNS, and 

likely benefitted the NLEB as well. All LRMPs in the Eastern Region contain existing standards 

and guidelines designed to retain a variety of the largest diameter snags, cavity/den trees, and/or 



reserve trees in even-aged timber harvest areas, as well as riparian protections for ephemeral, 

intermittent, and perennial streams. The specific numbers vary by forest, but all protect habitat 

suitable for NLEB roosting during the spring staging, summer, and fall swarming periods. These 

existing standards coupled with the significant number of existing snags and culls across the 

landscape provide for ample roosts for the conservation and recovery of NLEB.  

Forests with Indiana bats protect significantly more potential roost trees than non-Indiana bat 

forests, and these Forests are the heart of the NLEB range on NFs/P in the Eastern Region. In 

addition to protecting snags and den trees, these forests protect potentially suitable roost trees as 

well (e.g., lightning scars, splits, cracks, or broken tops) and often shagbark hickory trees. 

Forests with caves and mines that are used by bats also have standards and guidelines for 

activities occurring in the vicinity of these features. For a list of forest-wide standards and 

guidelines that are likely to benefit the NLEB, please refer to Appendix E. 

5.2 NEWLY DEVELOPED CONSERVATION MEASURES 

In addition to Forest-specific standards and guidelines, the Eastern Region has developed 

additional conservation measures that will be implemented with all new projects as applicable. 

These measures are within the authority and jurisdiction of the FS and are designed to minimize 

adverse impacts to NLEB, as well as other threatened, endangered, and sensitive bat species, and 

to provide for beneficial management of bat habitat. 

1. Designate caves and mines that are occupied by bats as smoke-sensitive targets. 

Avoid smoke entering these hibernacula when bats are present. 

2. Within 0.25 miles of known, occupied NLEB hibernacula, timber harvest will be 

designed to maintain, enhance, or restore swarming, staging, roosting, and foraging 

habitat. The future desired condition is that these areas will feature structurally 

complex, resilient forest communities with a continuous supply of snags, culls, 

cavities, and other quality roosts. 

3. Application of herbicides and other pesticides should be planned to avoid or 

minimize direct and indirect effects to known, occupied Threatened, Endangered, or 

Sensitive (TES) bat hibernacula and maternity roosts.  

4. Before old buildings, wells, cisterns, and other man-made structures are structurally 

modified or demolished, they will be surveyed for bats. If TES bat roosting is found, 

demolition or modification of these structures will not occur when bats are present 

and the need for alternative roosts will be evaluated.  

5. Avoid cutting or destroying known, occupied NLEB maternity roost trees unless 

they are an immediate safety hazard. 

6. Where needed to provide drinking sources for bats, create small wetlands or water 

holes. 
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5.3 SURVEY AND MONITORING 

For decades, the Eastern Region has been conducting long-term monitoring and surveys for bats 

across summer habitats and in winter hibernacula. Methods used include acoustic and/or bat mist 

netting surveys and intensive hibernaculum counts. However, due to lack of manpower and 

funding, project-level surveys are not feasible. In addition, data collected from project-level 

surveys are not statistically robust and do not answer important questions regarding NLEB 

distribution and abundance across the landscape. All of the NFs/P in Region 9 currently run 

acoustic monitoring transects on an annual basis, and some Forests also have grid sampling 

acoustic surveys and/or fixed point acoustic monitoring. These acoustic data have been sent to 

the U.S. Fish and Wildlife Service in response to data calls related to the proposed listing of the 

NLEB, as well as other bat species. Data files can be stored and reanalyzed as bat call 

identification programs are refined and improved.  

Forests will continue to contribute to general surveys for bats into the future as it is financially 

possible and will contribute to the North American Bat Monitoring Program developed by the 

U.S. Geological Survey, U.S. Forest Service, and other federal and state partners. This is a 

continent-wide, grid-based survey composed of both fixed plot and driving acoustic transects, to 

monitor trends in bat activity across all ownerships. This program will allow the FS to ensure 

that survey efforts focus on population trends and dynamics at the landscape scale, allowing us to 

maximize the use of our limited resources to collect and interpret meaningful data. 

6 SUMMARY OF KEY COMPONENTS FOR CONSERVATION OF THE NORTHERN LONG-

EARED BAT 

6.1 PRIMARY THREAT - WHITE NOSE SYNDROME (WNS) 

The most significant rangewide threat to the NLEB and primary reason for the proposed listing 

by the FWS is WNS, a lethal fungal disease spread while the species inhabits caves and mines 

during winter hibernation. Hibernacula are known reservoirs for the fungus that causes the 

disease, Pseudogymnoascus destructans, and this fungus can survive for long periods of time 

even in the absence of bats. White-Nose Syndrome has been confirmed in all NFs/P except the 

Chippewa and Huron-Manistee NFs (Figure 8). The NFs/P in the Eastern Region that have caves 

have had WNS confirmed for at least four years and the disease is likely widespread in 

hibernacula on these Forests. 



Figure 8. Year White-Nose Syndrome Was Confirmed on Each of the Eastern Region National 

Forests. 

 

Pseudogymnoascus destructans thrives in low temperatures and high humidity–conditions 

commonly found in caves and mines where NLEB hibernate. Hibernacula used by NLEB are 

typically large, with large passages and entrances, relatively constant cooler temperatures, high 

humidity, and little to no air currents. Although WNS is the primary cause for significant 

population declines, the activities detailed below may affect NLEB, primarily through indirect 

impacts, although direct mortality cannot be ruled out. It is important to note that WNS has not 

been linked to active forest management activities.  

6.2 WNS RESEARCH, MANAGEMENT, MONITORING, AND EDUCATION  - SECTION 7(A)1 OF THE 

ENDANGERED SPECIES ACT – CARRYING OUT PROGRAMS FOR THE CONSERVATION OF 

THREATENED AND ENDANGERED SPECIES 

The FS has identified WNS as a “strategic investment priority” and is very proactive in working 

to slow-the-spread of WNS. In addition to cave closures, the FS is also conducting research to 

better understand and control WNS, developing public education and outreach tools for WNS, 

conducting disease surveillance at winter bat roosts and in summer habitats, leading the 

development of a national interagency bat monitoring framework, participating in WNS National 

Working Groups, and assisting in the implementation of the National Plan for Assisting States, 
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Federal Agencies, and Tribes in Managing White-Nose Syndrome in Bats. A few of our 

accomplishments to date are detailed below: 

6.2.1 WNS Research 

 FS scientists genetically identified the WNS fungus as P. destructans. 

 FS Research and Development is applying its soil fungus pathology, disease 

management, and bat ecology expertise toward managing the invasive fungal 

pathogen, P. destructans, in the soil and on bats. 

 FS scientists in collaboration with university partners investigated the genetic 

diversity of fungi in soil samples collected from bat hibernacula in the eastern 

United States. 

 The FS facilitated the identification of characteristics that differentiate P. destructans 

from non-pathogenic relatives. 

 The FS is testing the use of “gene silencing,” a recent technology that is showing 

promise as a disease-fighting tool. 

 Working in partnership with Georgia State University and several state wildlife 

agencies the FS is investigating research to improve the survival of bats infected 

with WNS by using native soil bacteria to produce natural volatiles that inhibit 

growth of P. destructans. 

 Forest Biologist on the Huron-Manistee National Forests, Phil Huber, is a 

collaborator on the research proposal, “Interrupting the disease cycle of 

Psuedogymnoascus destructans (Pd): Leveraging knowledge of disease and 

treatment dynamics to design integrated disease management strategies.” 

6.2.2 WNS Management 

 The Eastern Region established the Eastern Region WNS Response Plan in 2010 to 

describe how the Region would enact measures to prevent and/or slow the spread 

of WNS and its causative agent while contributing to the international effort to 

better understand and manage WNS. This plan tiers to the National Plan for 

Assisting States, Federal Agencies, and Tribes in Managing White-Nose Syndrome in 

Bats and is updated frequently. 

 The Eastern Region has been conducting acoustical monitoring across each NF since 

2009 to inform National Forest System management. 

 Cave inventory survey and mapping efforts have been leveraged with in-kind 

contributions from partners. 

 The FS is managing NFs/P to improve spring, summer, fall, and winter habitat 

conditions for bats. 



 The Eastern Region has assisted in the development of national decontamination 

protocols, as well as commercial cave decontamination guidance. 

 Several FS employees in the Eastern Region serve(d) on national WNS Working 

Groups including the following: 

a. Cathy Johnson, Monongahela National Forest, Conservation-Recovery 

Working Group, member since 2011 and Co-Chair of the Forest Best 

Management Practices sub-group since its inception 

b. Cynthia Sandeno, Regional Office, Communications and Outreach Working 

Group, member since its inception.   

c. Becky Ewing, Regional Office, Conservation-Recovery Working Group, 

member from inception to 2013. 

6.2.3 WNS Education 

 The FS has become a leader in bat conservation and WNS education and outreach by 

building a strong coalition of partners to develop effective and compelling education 

projects focused on bat conservation including the creation of the following: 

 BatsLIVE! A Distance Learning Adventure is a comprehensive, free distance-learning 

program that uses technological media to reach educators and children in grades 

four through eight, as well as professional land managers and the interested public. 

The live component reached more than 140,000 children and their educators during 

the 2011-2012 school year. 

 Battle for Bats: Surviving White Nose Syndrome is a film completed by the FS in 

partnership with Ravenswood Media, Inc. and the WNS Communication and 

Outreach Working Group. This short film chronicles the multi-partner effort to 

understand WNS and mitigate its impacts, and explains how the public can become 

involved. 

 Project EduBat is led by the Eastern Region of the FS in collaboration with a diverse 

group of agency and non-governmental organizations. This project has resulted in 

the creation of educational curriculum geared towards national education 

standards, the development of over 35 bat educational trunks that are available 

across the country, creation of interpretive materials for use by educators, the 

hosting of “train the trainer” workshops across the country, and a live webinar that 

was geared at inspiring the public to become involved in bat conservation and the 

fight against WNS. Project EduBat has also created the first and only educational 

curriculum that is focused on WNS. 

 National BatWeek was launched for the first time in 2014 under the leadership of 

the FS. This nation-wide educational event supports comprehensive bat education 

outreach events and helps to build capacity for teaching about bats. 
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 Forest Service created and printed an educational display on the spread of WNS and 

proper decontamination protocls for the 2011 National Speleological Society 

Convention held in Colorado.  This was the first caving convention held in the 

western United States since WNS was discovered and carried a high risk for 

contaminated gear from the east being used in western caves.  The FS also provided 

funding for the establishment of a decontamination station and staffed the station 

throughout the week of this event.   

 The FS provided funding for the establishment of a decontamination station for the 

2012 National Speleological Society Convention held in West Virginia and helped 

staffed this station throughout the week of this event.  In addition, the FS funded, 

organized, and hosted an educational event called, “Caves and Bats Rock” on the first 

day of the convention.  This event was geared at engaging both the local community 

and cavers at the convention and featured a presentation on WNS by Craig Stihler, 

West Virginia Division of Natural Resources.  

 The FS is an active in both the Great Lakes Bat Festival and Wisconsin Bat Festival.  

During the last several years, the FS has provided WNS educational materials for 

both events. 

6.2.4 WNS Monitoring 

 The Acoustic Centers of Excellence (ACE) team was established in 2011 to provide 

leadership and coordination for the completion of mobile acoustic transects across 

the region. These transects (over 90) were established in 2009 to help monitor 

changes in bat populations as a result of WNS.  In addition to providing assistance, 

advice, and troubleshooting support for the actual completion of transects, the ACE 

team also acts as data stewards for all data collected.  They maintain an internal web 

page that is used to share data and information. The ACE team has received 

advanced training in the use of acoustic devices and analysis software. They provide 

assistance and support for other acoustic related topics/issues including, but not 

limited to, proper analysis and interpretation of acoustic data, survey advice, 

monitoring techniques, zero-crossing versus full spectrum recording, and active 

versus passive acoustic monitoring for the FS and several of our partners.   

6.3 PROACTIVE CAVE MANAGEMENT –CONSERVING THE ECOSYSTEMS UPON WHICH NLEB DEPEND - 

SECTION 7(A)1 OF THE ENDANGERED SPECIES ACT – CARRYING OUT PROGRAMS FOR THE 

CONSERVATION OF THREATENED AND ENDANGERED SPECIES 

The FS manages caves as a nonrenewable resource to maintain their geological, scenic, 

educational, cultural, biological, hydrological, paleontological, and recreational values as 

directed by the Federal Cave Resources Protect Act. Forest Service Manuals 2356 – Cave 



Management and 2880 – Geologic Resources, Hazards, and Services provide direction for 

achieving this through planning and collaboration with stakeholders; finding, inventorying, and 

designating caves as significant; developing cave management plans; incorporating education 

and interpretative programs into cave management prescriptions; and establishing monitoring 

activities to assess changes in the cave environment. All of these activities are vital to conserving 

cave and karst ecosystems upon which the NLEB and many other TES bat species depend. 

6.3.1 Code of Federal Regulations 

Administrative law provides additional protection measures for caves that may benefit NLEB or 

potential habitat for NLEB. The following are prohibited actions in all caves on National Forest 

System lands:  

 261.52(a) Building, maintaining, attending, or using a fire, campfire, or stove fire 

 261.52(c) Smoking 

 261.53 Going into or being upon any area that is closed for the protection of: (a) 

Threatened, Endangered, rare, unique, or vanishing species of plants, animals, birds, 

or fish. 

 261.58(e) Camping 

 261.58(s) Possessing a dog or cat 

 261.8(e) Curtailing the free movement of any animal or plant life into or out of a 

cave, except as authorized to protect a cave resource. 

 261.9j Excavating, damaging, or removing any cave resource from a cave without a 

special use authorization, or removing any cave resource for commercial purposes. 

 261.10d(3) Discharging firearms in caves 

 261.10(o) Discharging fireworks in caves 

 261.11 Depositing body waste in caves 

6.3.2 Partnerships – Cave Management 

The FS has partnered with several agencies and non-profit organizations to achieve more 

effective and efficient management of cave and karst resources through cooperative action. 

These partnerships are bound in formalized agreements. A brief summary of the partnerships that 

assist with the conservation and restoration of cave ecosystems are listed below. 

 Interagency Agreement for collaboration and coordination in cave and karst 

resources management among the Department of Interior (Bureau of Land 

Management, U.S. Fish and Wildlife Service, U.S. Geological Survey and National Park 

Service) and the Department of Agriculture Forest Service was recently renewed. In 

summary, this agreement sets up a vehicle for these agencies to 1) collaborate to 

solve problems and issues associated with cave and karst protection and visitor 
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safety, 2) share information to ensure that activities on Federal lands do not 

adversely impact cave and karst resources on adjacent lands, 3) provide a consistent 

message to the public about the value of cave and karst resources and steps the 

public can take to protect these resources, and 4) provide crucial scientific support 

for the agencies’ cave and karst programs. 

 Memorandum of Understanding with the National Speleological Society to 

cooperatively plan and accomplish mutually beneficial work projects or activities to 

protect and manage cave resources. This includes identifying, evaluating, managing, 

and protecting cave resources on National Forest System lands for the purpose of 

maintaining their unique, nonrenewable, and fragile biological, geological, 

hydrological, cultural, paleontological, scientific, and recreational values for present 

and future use. Designation of significant caves, development of cave management 

plans, inventory of caves and cave resources including bat use, installation and 

maintenance of cave gates and signs, surveys, and cave cleanup and restoration 

projects are mutual priorities.  

 Memorandum of Understanding with the Cave Research Foundation (as well as 

participating agreements on individual NFs/P) establishes a framework upon which 

the Foundation and FS may cooperatively conduct scientific research, survey, 

inventory, cartography, and interpretive activites on National Forest System lands. 

The ability to work together to develop cave management plans for the protection of 

cave resources including installation and maintenance of cave gates to protect bat 

populations are also included.  

6.3.3 Cave Closures 

In May 2009, the FS issued a one year, regional emergency closure order for all caves and 

abandoned mines in the Eastern Region to proactively slow the spread of 

Pseudogymnoascus destructans. Nine national forests in the Eastern Region possess caves, 

abandoned mines, or other structures that could serve as potential winter bat habitat 

(hibernacula). Access to these sites has remained closed through Forest-level closure 

orders and in some cases by structures such as bat-friendly gates (Table 24).  

Cave and mine dwelling bats are vulnerable to human disturbance while hibernating. Bats 

use up their energy stores when aroused and may not survive the winter. Properly 

installed bat-friendly gates on caves and abandoned underground mines are effective at 

restricting human access while allowing use by bats. 

 

 



Table 24. Status of Closure Orders for all National Forests in the Eastern Region with Caves, 

Abandoned Mines, and Other Structures. 

Forest 
Date Closure Order 

Expires 
Additional Closure Information 

Hibernacula 

Description 

Allegheny (PA) In effect until terminated 

by Forest Supervisor 

Cave will be gated in partnership 

with Bat Conservation International 

in the summer of 2015. NEPA 

analysis and decision has been 

finalized.   

One cave 

Green Mountain (VT) N/A  One gated mine 

Hoosier (IN) December 22, 2017 

This closure is reviewed annually, 

and reauthorized every two years. Caves 

Huron-Manistee (MI) N/A  One 

hydroelectric 

dam 

Mark Twain (MO) April 2016 

This closure is reviewed annually, 

and reauthorized every five years. Caves and mines 

Monongahela (WV) Indefinite closure 

Working to develop a cave 

management strategy Caves and mines 

Ottawa (MI) Indefinite closure 

The closure would be permanent, 

reviewed annually, and 

reauthorized every five years 

Copper and iron 

mines 

Shawnee (IL) May 3, 2016 

Will be reviewed and reauthorized 

on 5-year basis. Caves and mines 

Wayne (OH) May 19, 2015 This closure is reviewed annually, 

and reauthorized every five years. 

Coal and 

limestone mines 

 

6.4 PROACTIVE FOREST RESTORATION – CONSERVING THE ECOSYSTEMS UPON WHICH NLEB 

DEPEND - SECTION 7(A)1 OF THE ENDANGERED SPECIES ACT – CARRYING OUT PROGRAMS FOR 

THE CONSERVATION OF THREATENED AND ENDANGERED SPECIES 

The FS mission is to sustain the health, productivity, and diversity of the land to meet the 

needs of present and future generations. The conservation challenges we face today are 

more complex than ever before as widespread threats such as drought, highly altered 

disturbance regimes, a changing climate, and large-scale habitat fragmentation are 

complicating efforts to plan and conduct restoration. These complex threats impact entire 

landscapes and multiple resources simultaneously. For these reasons, there is an urgent 

need to increase the scale of conservation work and, equally important, to work with 

partners to address these threats across proclamation boundaries. Within the Eastern 

Region, Landscape Scale Conservation has been a priority for several years and guides 

much of the work accomplished on individual NFs/P. 
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Broadening the focus of conservation and restoration to the landscape level greatly 

increases opportunities to develop partnerships and implement strategic actions that can 

contribute to the conservation and recovery of threatened, endangered, and sensitive 

species. This is especially important for wide ranging wildlife species such as the NLEB. 

Across the 800 million acre range of the NLEB in the United States, the NFs/P in the 

Eastern Region compromise approximately 1.5% of the range (12.2 million acres). This 

highlights the strong need to work collaboratively across proclamation boundaries. 

The Eastern Region is engaged in a broad range of actions designed to restore the health of 

the lands and waters of National Forest System lands. For example, over the past several 

years, the Region has invested in projects under the Collaborative Forest Landscape 

Restoration Act and Great Lakes Restoration Initiative, implemented a Watershed 

Condition Framework to guide watershed restoration, increased the use of stewardship 

contracting, established Cooperative Weed and Pest Management Areas, and pursued a 

number of other policies to increase the pace of restoration and conservation. Continued 

restoration of NFs/P is essential to shape a sustainable future for the land, as well as the 

people and wildlife that rely on it.  

Active forest management is a crucial tool to maintain and improve the functions and 

processes characteristic of healthy, resilient forests and watersheds. The FS deploys 

science-based action to protect the health, resiliency, and adaptive capacity of our forests. A 

history of fire suppression and other legacy conditions necessitate that the FS take a more 

active approach to restore more natural conditions in order to sustain habitat for a 

diversity of wildlife populations. Given the diverse geographic and topographic settings and 

structurally complex habitats that support NLEB summer populations, active forest 

management provides an important tool in creating and conserving habitat for this and 

other species over the long run. Forest management practices that sustain landscape 

diversity in composition, structure, function, productivity, and sustainability of forest 

ecosystems in patterns similar to natural disturbance regimes are an important tool for 

maintaining ecological and community resilience, particularly in the face of a changing 

climate. 

Additionally, the Region has developed and implemented Native Plant Framework for the 

Forest Service Eastern Region. The goal of this program is to contribute to maintaining 

biodiversity and ecosystem health through use of locally adapted, native species for 

restoration, rehabilitation, and revegetation. Native plants are defined as indigenous 

terrestrial and aquatic plant species that evolved naturally in an ecosystem. As such, locally 

native plants are adapted to local geology and climate and are essential to sustaining 

healthy and productive ecosystems. In addition, native plants are often more resistant to 

insects and disease (USFWS 2003). Wildlife evolved with native plants; therefore, they are 



best adapted to native plant communities and use them for food, cover, and rearing young 

(NPS 2001, USFWS 2003, MDC 2012). Local adaptation is ensured by use of seed collection 

zones that limit movement of plant materials.  

The Native Plant Framework focuses on the use of native materials in projects, but also has 

led to the increased production of native trees, shrubs, and herbaceous material through 

partnerships with federal seed orchard and nurseries, state nurseries, non-profit 

organizations, and private businesses.  

By implementing this program, the Eastern Region is situated to do the following actions 

that will indirectly benefit the NLEB:  

 maintain the composition, structure, and function of native plant communities,  

 maintain the genetic diversity of native plant species,  

 reduce the threat of non-native invasive plant species, and  

 provide guidance for interdisciplinary programs to acquire, propagate, and 

effectively use native plant materials for revegetation.  

6.4.1 Regional Forester’s Sensitive Species – NLEB 

The FS has been actively using their authorities for over three years to further the 

conservation of the NLEB.  In 2012, the NLEB was added as a Regional Forester’s Senstive 

Species (RFSS) for all forests in the Eastern Region, as well as the Midewin Tallgrass 

Prairie.  Regional Forester’s Senstive Species are defined as plant and animal species 

identified by a regional forester for which population viability is a concern, as evidenced 

by:  (a) a significant current or predicted downward trends in population numbers or 

density or (b) significant current or predicted downward trends in habitat capability that 

would reduce a species' existing distribution. 

 

Under Forest Service Manual Direction (FSM 2670.22), the FS has established the following 

objectives for RFSS: 

 Develop and implement management practices to ensure that species do not 

become threatened or endangered because of Forest Service actions. 

 Maintain viable populations of all native and desired nonnative wildlife, fish, and 

plant species in habitats distributed throughout their geographic range on National 

Forest System lands. 

 Develop and implement management objectives for populations and/or habitat of 

sensitive species. 
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In addition, the FS has the following responsibilities for designated RFSS (FSM 2670.44 and 

2670.45): 

 Ensure that specific management objectives and legal and biological requirements 

for the conservation of endangered, threatened, proposed, and sensitive plants and 

animals are included in Regional and Forest planning, and ensure that planning for 

those species common to two or more Forests is coordinated among concerned 

units. 

 Develop quantifiable objectives for managing populations and/or habitat for sensitive 

species. 

 

Since 2012, the FS has reviewed programs and activities as part of the National 

Environmental Policy Act of 1969 process at the project level through a biological 

evaluation, to determine their effects on RFSS.  Whenever possible, impacts to RFSS are 

avoided or minimized.  If impacts cannot be avoided, a line officer may allow or disallow an 

impact, but the decision must not result in loss of species viability or create significant 

trends toward federal listing (FSM 2670.32).  At the programmatic level, LRMPs contain 

objectives to ensure viable populations of RFSS throughout their geographic ranges.    

6.4.2 Partnerships – Bats and Habitats 

The FS has also partnered with several conservation organizations to develop collaborative 

efforts to bring critical on-the-ground bat conservation actions and education to National Forest 

System lands and the public. A brief description of these formalized agreements is found below:   

 Cost Share Agreement with Bat Conservation International (BCI) for the Bat 

Conservation on Public Lands Initiative which includes creation of bat houses and 

intepretive panels that will be distributed across the Region. Bat houses will be 

installed at high visibility FS facilities to provide bat habitat and to serve as a focal 

point for bat education and outreach. The agreement also outlines the role that BCI 

will play in regards to Project EduBat, a large-scale educational project geared at 

creating citizen awareness of the importance of bats, the threat of WNS, and how to 

become involved in bat conservation and the fight against WNS. In addition, BCI is 

an important partner for design and construction of bat-friendly cave gates across 

the Region. 

 Memorandum of Understanding with the Organization for Bat Conservation to 

strengthen collaboration for bat education and outreach. The Region works with 

OBC to help support the Great Lakes Bat Festival, National Bat Week, and programs 

across the country with live animals.  

 Partnership with the Organization for Bat Conservation and the General Motors 

Coorporation to create green bat houses by reusing Chevrolet Volt battery covers.  



This partnership reduces waste and provides homes for bats.  To date, over 30 bat 

boxes have been installed and monitored across the Region.  

 Several FS biologists are members of the Midwest Bat Working Group.  The Midwest 

Bat Working Group is dedicated to the conservation of bats and their habitats, 

particularly in the Midwestern United States, and works to address bat-related 

issues with a regional approach.  Members include: 

a. Cathy Johnson, Monongahela NF, member since 2008 

b. Dan Arling, Mononghalela NF, member from 2008 - 2013 

c. Rod McClanahan, Shawnee NF, member since 2010 

d. Richard Winstead, Hoosier NF, member since 2010  

e. Kari Kirschbaum, Chippewa NF, member since 2011 and serves on Board of 

Directors and Awards Committee since 2013  

f. Katrina Schultes, Wayne NF, member since 2011 and serves on 

Bylaw/History  and Membership Committees and is the organization’s 

secretary 

g. Tim Catton, Suerior NF, member since 2014 

 Several FS biologists are members of the Northeast Bat Working Group.  This group 

is comprised of agencies, organizations, industry, and individuals interested in bat 

research, management, and conservation located in the Northeast, Mid-Atlantic, and 

Virginia area regions.  Members include: 

a. Ava Turnquist, Allegheny NF, member since the organization’s creation in 

1998 

b. John Sease, Green Mountain NF, member since 2005 

c. Collin Shephard, Allegheny NF, member since 2014 

 One FS biologist, Megan York-Harris on the Mark Twain NF is active with the 

Southeastern Bat Diversity Network which works to conserve bats and their 

habitats and to facilitate education, research, and management. 

 The Forest Biologist on the Huron-Manistee National Forests, Phil Huber, has been a 

member of the Michigan Bat Working Group since 2013. 

 Partnership between the Hiawatha National Forest and the Michigan Natural 

Features Inventory on collaborative NLEB bat projects, such as 2014 assessment of 

geographic features with potential as hibernacula. 

 Hiawatha and Ottawa NF biologists have been active members of the Michigan Bat 

Working Group for over five years and helped host the 2010 Bats and Mines 

meeting held at Michigan Technological University, School of Forest Resources and 

Environmental Science.  Staff also presented at the Bat Day event held at Quincy 

Mine following the meeting. 

 The Huron-Manistee NF partnered with Eastern Michigan University to examine the 

roosting ecology of the NLEB in northwestern Lower Michigan.  The project was 
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geared at increasing knowledge of the species’ roosting ecology to promote 

informed management decisions and continued survival of the species. 

 Northern long-eared bat monitoring partnership between the Superior NF, 

Minnesota Department of Natural Resources, and the University of Minnesota 

Duluth was established over three years ago and includes mist-netting, telemetry, 

and acoustic work.  Staff from the Superior NF provided training on bat monitoring 

and handling techniques to these partners.  This project included providing swab 

and biopsy samples to the Northern Research Station for a microbiome study and 

providing bat hair samples to University of Wisconsin-LaCross for their genetics 

study. 

 The Northern Research Station – Institute for Applied Ecosystem Studies is leading a 

research project in cooperation with the Chequamegon-Nicolet and Ottawa NFs to 

evaluate bat activity patterns across the landscape and habitat use using acoustic 

monitoring during spring emergence and maternity roosting periods.  The project 

has the North American Bat Monitoring framework at its core using both stationary 

and mobile acoustic methods. The study will spatially and temporally compare 

activity patterns across the two national forests; examine activity patterns in 

relation to the surrounding landscape, and integrate stationary monitoring with 

known hibernaculum (Ottawa NF only) and planned forest management activities. 

The project is expected to continue through the summer of 2017. The three primary 

objectives include: 1) Determine occupancy and relative abundance of bats using 

activity levels to identify habitat and other variables important to activity that 

serves as an indicator of habitat use and movement patterns, 2) Quantify spatial 

landscape structure to compare activity patterns among habitat covert types at the 

stand-level (stationary) and among ‘used’ and ‘unused’ portions of the larger-scale 

mobile transects, and 3) Develop occupancy and predictive models for selected bat 

species based on habitat and landscape structure changes. 

 Forest Ecologist in the Allegheny NF is a member of the stakeholder group for the 

development of the Forestry Habitat Conservation Plan for bats on Pennsylvania 

state game lands, state forests, and state parks. 

 Forest Wildlife and Fisheries Program Manager on the Mark Twain NF serves on the 

Missouri WNS Working Group and Missouri Bat Working Group. 

 White Mountain NF staff has hosted training sessions on the use of Anabat detectors 

and acoustical driving routes for local Fish and Wildlife Service refuge staff, local 

contractors, and the the administrator at the New Hampshire Division of Forests 

and Land.  The Forest also loaned two detectors to the Maine Department of Inland 

Fisheries and Wildlife so the department could get a driving survey off the ground. 

The Forest Biologist, Leighlan Prout, will be analyzing two years of data for the New 

Hampshire Division of Forests and Land. 



 Monongahela NF biologists have given presentations/posters based on the forest’s 

bat work at local and regional meetings on an annual basis, at conferences such as 

the WNS Annual Symposium/Workshops; Bat Working Group Annual meetings 

(NEBWG, SEBWG); and New England Chaper of The Wildlife Society meetings.  The 

Forest has and continues to cooperate on bat conservation-related 

research/manuscripts as well.  In addition, the Forest has cooperated and shared 

their long-term bat data and subsequent analyses, particularly as related to the 

northern long-eared and little brown bats, with a variety of state and federal 

agencies (including several in Canada), as well as researchers.  These data have been 

instrumental in regulatory decisions and have informed a variety of published and 

grey literature research results.  Monongahela NF staff and AmeriCorps Volunteers 

have also been heavily involved in bat-related conservation and education programs 

across the state since 2011 including work in local schools, festivals, and standalone 

events.   

6.4.3 Mine Reclamation 

Throughout the Region, the FS has worked extensively to develop and implement projects to 

reclaim and restore the land disturbed by previous mining activities. Project activities include 

treating acid mine drainage, restoring drainage channels, filling in subsidence depressions and 

surface voids, grading, soil capping and re-vegetating gob piles, deep ripping, planting, non-

native invasive species treatment, and installing bat gates at mine openings or closing them. The 

significant extent of the disturbance caused by prior coal mining resulting in thousands of 

hazardous abandoned mine land features scattered throughout the Region, especially on the 

Monongahela and Wayne NFs. Although the exact investment is unknown, the FS and its 

partners have provided over $15 million on mine reclamation and restoration projects. This has 

resulted in the creation of potential habitat for many wildlife species including the NLEB. The 

NLEB likely expanded its winter distribution into some of these sites after they were abandoned 

in the mid-1900s and may use the surrounding vegetation for roosting, swarming, staging, and 

foraging.  

7 HABITAT RELATIONSHIPS, EFFECTS ANALYSIS, AND DETERMINATIONS OF 

EFFECTS 

7.1 DIRECT AND INDIRECT EFFECTS 

7.1.1 Potential Impacts of Forest Management – Timber Harvest 

Active forest management can result in the creation, enhancement, and conservation of bat 

habitat over broad landscape areas. Vegetation management practices that sustain diversity in 
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tree species, tree-size class, and snag-condition are important tools for providing diverse habitats 

for bats (Lacki and Schwierjohann 2001), particularly as fires and other historic disturbance 

regimes have been suppressed or altered. Because of the variable spatial and temporal habitat 

needs of bats (both within and across species), a heterogeneous landscape is advantageous even 

for forest interior (“clutter-adapted”) species, assuming that the area is predominantly forest 

(Hayes and Loeb 2007).   

Vegetation management is used to ensure forested habitats remain suitable for a variety of 

wildlife species, including bats. Forest vegetation management can positively or negatively 

affect bat habitats at multiple spatial scales and during all facets of bat life history, from foraging 

habitat to maternity and day roosts to hibernacula and fall swarming and spring staging habitat. 

Many of the sensitive bat species in eastern North America are tree-roosting bats, for which 

vegetation management can play a key role in providing and/or enhancing day roost and 

maternity roosting habitat (Lacki and Schwierjohann 2001).  

7.1.1.1 Summer Habitat 

In heavily forested landscapes, implementation of patch cuts, variable density thinning, and 

uneven-aged management prescriptions (e.g., group selection) can provide important habitat 

heterogeneity for bats, and may increase bat use relative to adjacent undisturbed forest (Hayes 

and Loeb 2007).  Potential beneficial effects of vegetation management to NLEB include, but are 

not limited to: the creation of snags, canopy gaps with increased sun exposure to existing and 

potential roost trees and foraging travel corridors; a reduction in understory clutter; increased 

foraging opportunities (e.g., mobility and insect prey detection and foraging success); and the 

regeneration of tree species with exfoliating bark that may be important roosts such as oaks and 

hickories. Within a broader forested landscape, silvicultural practices such as two-aged harvests, 

shelterwood harvests, and single or group selection cuts should be compatible with NLEB 

management. Various studies have shown that NLEB willingly use and return over time to 

managed forest stands that have been harvested with various techniques, thinned, and/or burned 

(Cryan et al. 2001, Johnson et al. 2009, Lacki and Schwierjohann 2001, Menzel et al. 2002, 

O’Keefe 2009, Owen et al. 2003, Perry and Thill 2007, Silvis et al. 2012, Sheets et al. 2013, 

Timpone et al. 2010, Titchenell et al. 2011, Silvis et al. 2014).  

Bat activity and foraging may be greatly influenced by forest clutter. Studies throughout North 

America suggest that most bats avoid highly cluttered areas and prefer to forage and travel in 

areas with less clutter (Brigham and et al. 1997a, Erickson and West 2003, Hayes and Loeb 

2007, Humes et al.1999). Bats are often more active in early and late-seral stages which are 

usually less cluttered than in intermediate forest stages (Burford and Lacki 1995a, Erickson and 

West 2003, Humes et al. 1999, Loeb and O’Keefe 2006, Menzel et al. 2005). Thinning may 

reduce clutter and lead to increased bat activity (Erickson and West 2003, Lacki et al. 2007), 

although some studies suggest no response by bats to thinning (Tibbels and Kurta 2003). 



Responses to clutter differ among bat species. Differences in bat size (mass), bat morphology, 

and the echolocation frequencies used among species are believed to make some species more 

adapted to foraging in cluttered habitats, whereas others are more adapted to foraging in open 

habitats (Aldridge and Rautenbach 1987, Norberg and Rayner 1987). Northern long-eared bats 

and Indiana bats may readily utilize cluttered forests (Broders et al. 2004, Ford et al. 2005, Owen 

et al. 2003, Schirmacher et al. 2007). 

While specific roost tree and landscape characteristics vary across and within bat species 

depending on geographic location and habitat availability, a few characteristics are common 

across most maternity colony habitats. For example, tree roost-switching is common and the 

availability of a network of multiple suitable roost trees in relatively close proximity is 

considered an important characteristic in selection of roost trees by reproductive females 

(O’Keefe 2009, Patriquin et al. 2010, Johnson et al. 2012, Silvis et al. 2014). Forest management 

can often enhance areas that may not be used currently for maternity colonies by providing 

networks of such trees.  

The most direct influence of vegetation management on bat populations involves the creation or 

destruction of roost trees. While tree harvest can result in the loss of potential roost trees, adverse 

impacts can be avoided or minimized through a variety of management practices, including, but 

not limited to: conservation of riparian zones consistent with LRMPs, leaving snags and other 

trees that have characteristics associated with known roost trees, and maintaining a basal area of 

potential roost trees across the landscape consistent with LRMPs. Several studies (as discussed in 

the Species Description and Life History section above) have found that the NLEB uses a wide 

range of tree species for roosting. It is possible that this flexibility in roosting habits allows the 

NLEB to be adaptable in managed forests and allows them to avoid competition for roosting 

habitat with more specialized species, such as the Indiana bat (Timpone et al. 2010). The NLEB 

will even use woodpecker holes in snags without bark as roosts, so snags do not need exfoliating 

bark to be suitable. Silvicultural practices can likely meet both male and female roosting 

requirements by maintaining large-diameter snags, while allowing for regeneration of forests 

(Lacki and Schwierjohann 2001). 

The implementation of LRMPs across the Region have resulted in the creation and maintenance 

of a number of potential NLEB roost trees across the landscape and on each NF. Data from the 

Forest Service Forest Inventory and Analysis (FIA) Unit is pertinent to potential NLEB roost tree 

availability across the action area. The FIA database can be accessed on-line at: 

http://www.fia.fs.fed.us/tools-data and is searchable by ownership, various tree attributes, and by 

state down to county level. Table 25 provides information on the number of potential roost trees 

greater than 5ʺ DBH on each NF including snags, rough and rotten culls, and growing stock. 

Snags are standing dead trees. Rough cull trees are those with splits, cracks, lightning strikes, 

and other types of defect. Rotten culls are hollow trees. The data do not indicate whether suitable 

microclimatic conditions for NLEB roosting exists or if snags have any bark remaining; 
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however, many of these trees have the potential to serve as roosts now or into the future for 

NLEB.  

Based on FIA data, there are more than 501 million potential NLEB roost trees on NFs/P in the 

Eastern Region. This number expands considerably if we include growing stock on the NFs/P. 

Growing stock includes all live trees of commercial species that meet minimum merchantability 

standards. In general, these trees have at least one solid 8-foot section, are reasonably free of 

form defect on the merchantable bole, and at least 34% or more of the volume is merchantable. It 

is much more difficult to determine if these trees have suitable microclimatic conditions for 

NLEB; however, a large portion likely have the potential to serve as roosts for NLEB, especially 

species such as select white oak, select red oak, other white oak, other red oak, hickory, hard and 

soft maples, and ash. There are 1.8 billion growing stock trees on the NFs/P in the Eastern 

Region. Even if only 10% provide the right conditions for NLEB, that is still an additional 183 

million potential roost trees. Potential roosts are not a limiting factor on the NFs/P. Continued 

implementation of LRMPs will result in a variety of potential roost trees for NLEB across each 

NF. Creating this vital habitat component is one way that silvicultural practices will aid in the 

conservation and recovery of the NLEB. 

Table 25. Potential Roost Trees Available on Each National Forest Derived from the Forest 

Inventory and Analysis Database (Miles 2015). 

National Forest  

 Snags > 5" 

DBH  

 Rough Cull > 

5" DBH  

 Rotten Cull  

> 5" DBH  

 Potential 

Roost Trees  

 Forested 

Acres  

 Potential 

Roost 

Trees/ 

Acre  

 Snags/ 

Acre   Growing Stock  

Allegheny        8,799,331         8,654,357       1,450,009  
       

18,903,697  
         475,496  

                    

40  

                 

19  
         67,823,849  

Chequamegon-

Nicolet 
     28,237,128       19,644,951       1,730,574  

       

49,612,653  
     1,318,863  

                    

38  

                 

21  
      231,202,465  

Chippewa 
     11,873,378         6,402,400       1,618,427  

       

19,894,205  
         589,690  

                    

34  

                 

20  
         90,565,149  

Green Mtn & 

Finger Lakes 
     14,113,918       17,466,314       4,473,784  

       

36,054,016  
         398,379  

                    

91  

                 

35  
         67,411,865  

Hiawatha 
     20,357,291       13,696,515       2,622,178  

       

36,675,984  
         793,539  

                    

46  

                 

26  
      165,034,728  

Hoosier        2,579,627         1,925,158           281,172  
         

4,785,957  
         195,969  

                    

24  

                 

13  
         25,826,972  

Huron-Manistee      16,532,292       15,111,054           946,398  
       

32,589,744  
         915,757  

                    

36  

                 

18  
      174,288,777  

Mark Twain      18,842,504       27,815,332       1,793,795  
       

48,451,631  
     1,398,068  

                    

35  

                 

13  
      194,913,136  

Midewin              21,694               65,081                      -    
               

86,775  
              1,755  

                    

49  

                 

12  
               347,098  

Monongahela      21,330,545       21,603,061       4,336,464  
       

47,270,070  
         900,000  

                    

53  

                 

24  
      147,655,961  

Ottawa      21,511,792       12,685,869       1,757,038  
       

35,954,699  
         905,000  

                    

40  

                 

24  
      167,931,949  



Shawnee        3,363,347         3,726,063           617,305  
         

7,706,715  
         252,900  

                    

30  

                 

13  
         38,345,235  

Superior   61,110,193      14,062,017    1,678,032    76,850,242    2,093,062              37           29     274,647,454  

Wayne        2,963,625         7,500,465       1,214,284  
       

11,678,374  
         224,546  

                    

52  

                 

13  
         27,725,927  

White Mtn      45,421,841       24,783,759       4,406,270  
       

74,611,870  
         793,000  

                    

94  

                 

57  
      163,908,467  

Grand Total:    277,058,506     195,142,396     28,925,730  
    

501,126,632  
   11,253,218  

                    

45  

                 

25  
   1,837,629,032  

 

The use of silvicultural practices that allow for the retention of large-diameter snags and live 

trees along with regenerating forest, and the creation of additional snags through mechanical 

(e.g., girdling) or chemical (e.g., hack and squirt) means can provide potential habitat for NLEB, 

which can be especially important in areas where roost trees are a limiting factor (Lacki and 

Schwierjohann 2001). The presence of canopy gaps, whether man-made or natural, which allow 

sunlight and warmth to penetrate to roost trees, can be important in providing warm 

microclimates that maximize growth rates of the young (Johnson et al. 2009).  

There are also 5,337,649 acres (44% of forested acres) of forest classified as unsuitable for 

timber production. This means they are not subject to sustainable yield management for various 

reasons including special designation (wilderness, wild and scenic river corridor, research natural 

area), steepness of slope, lack of access, or highly erosive soils. Being unsuitable for timber 

production does not mean trees will not be cut on these areas. Trees could be cut for insect and 

disease control or wildlife stand improvement. In general, these stands will get older and likely 

develop more potential roost trees than areas suitable for timber production. However, they will 

also likely exhibit less diversity in composition, structure, function, and productivity compared 

to lands included in the suitable timber landbase. 

The LRMPs intend to use both even-aged and uneven-aged harvest management to meet Forest 

management objectives. Even-aged systems are appropriate where a single-aged stand is desired 

or to give desirable shade-intolerant species, such as oaks, a competitive advantage over shade-

tolerant species such as maple or beech. In contrast, uneven-aged systems typically maintain the 

appearance of fairly continuous forest canopies and a gradient of tree ages within stands.  

In the Eastern Region, clear-cutting is an important silvicultural prescription usually associated 

with ecosystem restoration, regeneration of shade-intolerant species, and/or the management of 

habitat for federally listed species such as the Kirtland’s warbler and Karner blue butterfly. Per 

FS Manual policy (FSM 2480), clearcutting is only used where it has been found to be the 

optimum method of regeneration to meet multiple-use objectives and is essential to meet LRMP 

objectives, involving one or more of the following circumstances: 
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a. To establish, enhance, or maintain habitat for threatened, endangered, or 

sensitive species. 

b. To enhance wildlife habitat or water yield values, or to provide for 

recreation, scenic vistas, utility lines, road corridors, facility sites, reservoirs, 

or similar development. 

c. To rehabilitate lands adversely affected by events such as fires, windstorms, 

or insect or disease infestations. 

d. To preclude or minimize the occurrence of potentially adverse impacts or 

disease infestations, wind throw, logging damage, or other factors affecting 

forest health. 

e. To provide for the establishment and growth of desired trees or other 

vegetative species that are shade-intolerant. 

f. To rehabilitate poorly stocked stands due to past management practices or 

natural events. 

g. To meet research needs. 

Even-aged harvests, both clear-cut and shelterwood, may result in within-stand canopy closures 

below 50%, especially when management is geared towards federally listed species such as the 

Kirkland warbler. However, every NF in the Eastern Region contains existing LRMP standards 

and guidelines designed to retain a variety of the largest diameter snags, cavity/den trees, and/or 

reserve trees in even-aged timber harvest areas. The types of early successional forests created 

by these techniques also provide an abundance of herbaceous annual and perennial plants which 

support varied insect communities. 

Vegetation management can affect foraging habitat for NLEB through both changes in the 

physical structure of the habitat and changes in prey abundance and availability. Provision of 

stands with both high and low levels of clutter (e.g., through creation of both even- and uneven-

aged stands across the landscape), can offer suitable foraging habitat for NLEB. The effects of 

vegetation management on insect prey communities is varied and dependent on many factors, 

including management prescription, as well as a variety of landscape and climatic conditions that 

may vary both spatially and temporally. The high diversity of insect prey taxa and variation in 

response to vegetative treatments across differing landscapes and years precludes any broad-

scale determination regarding the effect of vegetation management on prey populations.  

Some studies indicate that while regeneration cuts do result in a decrease in the abundance of 

Lepidopterans, the primary prey for many bat species, the use of selective harvest management 

practices does not result in significant alteration of this prey (Summerville and Crist 2002, Dodd 

et al. 2012). Despite this, studies in different geographic areas have consistently found an overall 

increase in bat activity in disturbed habitats (e.g., Brooks 2009, Loeb and O’Keefe 2011, 

Titchenell et al. 2011), suggesting that providing habitat structure that allows for more efficient 

foraging is more important than prey occurrence in determining spatial and temporal foraging 



patterns of forest bats (Morris et al. 2010, Dodd et al. 2012). When addressing conservation of 

bats, managers need to provide a reliable prey base for foraging bats (Lacki and Dodd 2011). 

Thus, patches of varied disturbance across the landscape will likely be a useful tool to achieve 

biodiversity goals for forest-dwelling bats and their insect prey (Summerville and Crist 2008, 

Dodd et al. 2012). In addition to terrestrial vegetation management, maintaining the integrity of 

riparian habitats in managed forests is also important to NLEB conservation, because these 

riparian zones generally provide concentrated areas of roosting sites, water, and high-quality 

foraging habitats (Taylor 2006). 

Conducting timber harvest activities outside the hibernation period could conceivably result in 

direct mortality or injury to NLEB by incidental felling of roost trees, particularly if non-volant 

bats are present. In areas of extensive intact forest, the likelihood that a given harvest will result 

in the loss of a maternity colony is small. Only 3.38% of the action area would be treated with 

any kind of management that could result in tree loss (timber harvest, prescribed fire, road 

construction, trail construction, etc.) and there are well over 501 million potential roost trees on 

the NFs/P.  

Other potential impacts include general equipment disturbance and noise associated with harvest 

activities, which are usually short in duration. In addition, management that results in alteration 

of microclimates (e.g., humidity and temperature) in and around roost sites (whether tree roosts, 

rock features, or structures) may expose bats to temperature or humidity extremes, causing death 

or site abandonment (Erdle and Hobson 2001). Conversely, if these activities result in opening 

the canopy, they may result in beneficial effects by creating conditions more favorable for 

maternity roosting. 

7.1.1.2 Other Habitats 

In addition to summer maternity and foraging habitat, vegetation management can affect spring 

staging and fall swarming habitat for NLEB and the integrity of the aboveground landscape for 

caves and associated karst features. Fall swarming and spring staging habitat is generally located 

in the vicinity of hibernacula and provides essential habitat for bats in fall as they mate and put 

on body fat reserves in preparation for hibernation and when emerging in the spring in need of 

restoring body fat depleted during hibernation. Although, little research has occurred on the 

staging and swarming habitat of many bat species including the NLEB, a few studies have 

focused on this habitat for Indiana bat.  

One of the first large-scale examinations of trees used by female Indiana bats after spring 

emergence (Britzke et al. 2005) found that bats used both live and dead trees and that most 

occupied roosts had intermediate canopy cover (33-67%). Bats used multiple roosts during this 

time and switched roosts an average of once every 4.85 days. Roost trees were located within 

14.6 - 40 km (9 - 25 mi) of potential hibernacula. Solar exposure (i.e., passive solar warming) of 

roost trees may have given bats the ability to survive the unpredictable spring weather that is 
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typical throughout the Eastern United States (Britzke et al. 2005). While the study focused on 

Indiana bats, many temperate bat species, including the NLEB, likely have similar needs during 

the stressful time upon emerging from hibernation. Because of reduced fat reserves, 

unpredictable prey densities, and cold temperatures often associated with spring in the Eastern 

Region, the availability of appropriate roost sites with solar exposure near hibernacula may be 

especially important to bat survival (USFWS 1999, Britzke et al. 2005).  

The importance of suitable roosts outside of hibernacula was also highlighted in research 

conducted on the needs of the Indiana bat during fall swarming. Brack (2006) found that in early 

autumn, Indiana bats migrate to their hibernaculum, but few bats roost inside this location until 

winter approaches. About half of the bats tagged in this study were tracked to roost trees near the 

hibernaculum (0.3 -1.4 km; 0.2 - 0.9 mi); however, 70% of bats left the project area at least once 

(3.2 km circular study area). Many of the roost trees used were located near canopy openings 

created by disturbance; 10 were in selective cut, clear-cut, or pastured woodlands with scattered 

trees and open canopies, and 5 were near or along logging roads or powerline corridors (Brack 

2006). The number of suitable roosts may be a limiting factor when a hibernaculum supports 

large numbers of bats, which leads to competition for roosts nearby. Although NLEB are usually 

observed in small numbers in hibernacula, the species typically inhabits hibernacula with large 

numbers of other bat species including: little brown bat (Myotis lucifugus), big brown bat 

(Eptesicus fuscus), tri-colored bat (Perimyotis subflavus), and Indiana bat (Swanson and Evans 

1936, Griffin 1940, Fitch and Sump 1979). Thus, management actions ensuring that roosting 

resources are available near hibernacula during fall swarming may be vital to conservation 

efforts for the NLEB. If bats have to travel long distances from hibernacula during the fall to find 

food or roosting habitat, they may lose opportunities to mate or experience greater energy 

expenditures (Brack 2006). This is especially a concern as the season progresses and the time for 

both mating and foraging is reduced. 

Little is known about NLEB roost selection outside of hibernacula during the swarming period. 

Lowe (2012) documented NLEB in Nova Scotia, Canada, roosting in both coniferous and 

deciduous trees and one stump during fall swarming. Roosts were located as far away as 7.3 km 

(4.5 mi) from the swarming site. Male NLEB used roosts with relatively little canopy closure 

(ranging from 19-54%) while female NLEB used roosts with higher canopy closure (41-65%). 

The use of a stump by a NLEB may have been an opportunistic behavior, used only during the 

fall as a transient roost, or may have been a result of competition for roosts among a higher 

density of bats (Lowe 2012). 

Conservation and restoration of forest cover and/or management of areas in the vicinity of 

hibernacula to provide additional snags and a diversity of forest stand ages and structure can 

increase suitable roost habitat for a variety of tree-roosting bat species during spring staging and 

fall swarming (Britzke et al. 2005, Brack 2006). Silvicultural practices that restore native forest 

ecosystems around cave entrances will benefit cave ecosytems and potential NLEB habitat. For 



example, practices that remove non-native pines and hasten the conversion of this type to native 

hardwoods will increase potential habitat for NLEB around hibernacula and across the 

landscape. Following acquisition by the federal government, many ridgetops, severely eroded 

from past land use, were planted to fast growing, non-native pine beginning in the 1930's to 

prevent further soil loss. These pine plantations likely provide poor habitat for NLEB, although 

this species is occasionally found roosting in native conifer habitat (Perry and Thill 2007). 

Typically planted in close rows, pines eventually shade out the herbaceous layer, rendering the 

site useless as habitat for many insect species, making these areas less valuable for bats.  

Vegetation management and other habitat manipulation (e.g., the creation of water sources) can 

also be used to maximize insect (prey) availability for bats during spring emergence and fall 

swarming. The availability of such food resources in the general vicinity of hibernacula can be 

critically important to bats affected by WNS as they emerge in spring and attempt to restore body 

fat and repair tissue damage from WNS infection. In addition, within a forested landscape, 

vegetation management can provide edge habitat that is frequently used by bats for commuting 

and foraging, and can strongly influence both short- and long-term prey availability in a given 

area (Hayes and Loeb 2007). Conducting timber harvest activities during the spring and fall 

could conceivably result in direct mortality or injury to NLEB by incidental felling of roost trees. 

However, the likelihood of this occurring is considered small due to the standards and guidelines 

that exist in LRMPs and the small percentage of the action area that would be harvested each 

year (about 2.56% of forested area). Furthermore, a much smaller fraction of the proposed 

harvest would occur in close proximity to hibernacula. 

7.1.2 Potential Impacts of Forest Management – Prescribed Fire 

Fires ignited by lightning and Native Americans maintained a mosaic of forests, grasslands, 

savannas, and open woodlands throughout the Eastern United States for millennia (Abrams 1992, 

Lorimer 2001, Nelson 2012). Local bans on fires and regional laws forbidding this activity came 

into effect after the start of the 20th century removing this type of disturbance from the 

landscape. In response, a vast array of plant life, including trees, shrubs, forbs and grasses, are 

preconditioned to fire – actually requiring it for ongoing vigor and site occupancy. Without fire, 

these fire-dependent systems quickly degrade, converting from open, low-density woodlands to 

closed-canopy, high-density forests.  

As shade increases, huge losses of understory plants (in number, cover, and species richness) 

ensue, eventually culminating in oak and pine regeneration failure. On better growing (moist, 

fertile) sites, long-term fire exclusion leads to forest conversion to shade-tolerant, fire-sensitive 

trees such as maples (Pierce et al. 2006). This phenomenon, known as mesophication, occurs 

across the entire central portion of the eastern United States where oak and pine systems abound 

(Nowacki and Abrams 2008). As understory plants succumb to shading, the combined loss of 

protective cover and fine root systems increases the possibility of active soil erosion. The 
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impacts on wildlife are profound (McShea and Healy 2002). The suppression of fire has resulted 

in a significant shift in species composition, structural complexity, and landscape pattern across 

much of the region (Weaver and Ashby 1971, Parker 1989, Fralish et al. 1991).  

Many bat species across the Midwest and northeast United States are likely adapted to fire, based 

upon the fire-adapted ecosystems in which they live (e.g., oak-hickory, yellow pines, etc.) as 

well as behavioral characteristic, such as using multiple roosts across the landscape and regular 

roost-switching. Most tree-roosting bats switch roosts every 2-4 days (Lewis 1995); thus, an 

abundant supply of potential roost locations is needed to provide suitable roosting habitat within 

a forest stand.  

Bats roost under exfoliating bark, in hollow trees, and in small cavities of damaged or diseased 

trees (Ford et al. 2006, Lacki and Schwierjohann 2001, Perry and Thill 2007, 2008).  

Female maternity colonies are typically found in relatively tall trees with abundant solar 

exposure during summer (Brigham and Barclay 1996) where warmer roost temperatures promote 

fetal and juvenile growth (Speakman and Thomas 2003). Roosts in trees for both sexes combined 

average around 5-10 m above the ground (Lacki et al. 2009a, Menzel et al. 2002b, Perry and 

Thill 2008). However, males of some cavity- and bark-roosting species often roost in smaller 

snags or closer to the ground than females during summer (Broders and Forbes 2004, Lacki and 

Schwierjohann 2001, Perry and Thill 2007). For example, Perry and Thill (2007) found 21% of 

roosts of male NLEB were located in small (<10 cm DBH) midstory trees and snags during 

summer, whereas < 2% of female roosts were in these trees. Consequently, for some cavity- and 

bark-roosting species, males may be more susceptible than females to direct effects of fires 

during summer because of their closer proximity to the ground and thinner insulation provided 

by small diameter trees. Males may also enter torpor more frequently than reproductive females 

(Speakman and Thomas 2003), which could make arousal and escape from fire more difficult for 

males during cooler periods of summer. 

Little is known of the direct effects of fire on cavity and bark roosting bats, and few studies have 

examined escape behaviors, direct mortality, or potential reductions in survival associated with 

effects of fire. Conducting prescribed burning outside the hibernation period could result in 

direct mortality or injury to NLEB by burning, heat exposure, or smoke inhalation, or indirectly 

through modifications in habitat and changes in their food base (Dickinson 2010, Dickinson et al. 

2009, Perry 2012). However, if prescribed burns are conducted in spring or fall when non-volant 

young are not present, bats should be mobile and able to leave the area during prescribed burning 

activities and the chance of direct mortality would be low. Research has shown that adult bats 

will fly from roosts as prescribed fire approaches and then return to roost in the same general 

area following the burn (Dickinson et al. 2009, Lacki et al. 2009). Among bats tracked before 

and after burning, all switched roosts during the fire, but no mortality was observed (Dickinson 



2010). Likewise, Rodrigue et al. (2001) reported flushing of a Myotis bat from an ignited snag 

during an April controlled burn in West Virginia. 

The risk of direct mortality and injury to bats from prescribed fire is predicted to be low as long 

as fire intensity and crown scorch height are low (Dickinson 2010). For NLEB, there may be a 

higher risk for roosting males which tend to roost in smaller midstory trees and snags (Perry and 

Thill 2007). The risk to both males and females may be exacerbated during spring, when 

emerging bats need to replenish fat reserves and may be more sensitive to additional stress. In 

addition, cool spring temperatures may result in roosting bats being in longer and deeper daily 

torpor bouts which could result in delayed reactions to the presence of fire. However, low-

intensity fires, typical of Eastern Region prescribed fires, generally move slowly enough to allow 

sufficient time for roosting bats to arouse and escape the fire (Dickinson et al. 2010).  

Reproductive females are generally expected to maintain high body temperatures and, thus, be 

able to respond quickly to fires. However, use of torpor by pregnant female bats during spring 

storms has been demonstrated. Extensive use of torpor by roosting males and non-reproductive 

females would increase their risk of smoke exposure, though use of torpor and arousal times 

under typical burning conditions are unknown. Most prescribed burn operations are conducted in 

the Eastern Region in early spring (prior to May 1st); however, occasionally summer burns do 

occur. In these rare instances, there is a possibility of direct mortality of non-volant young, 

unless the mothers are able to carry their pups away from the fire. On average, only about 0.14% 

of the action area is treated by prescribed fire from May 1 – July 31st making direct effects to 

non-volant young unlikely. Overall, based on the above analysis, adverse effects to the NLEB 

from prescribed burning are expected to be limited, short-term, and localized.  

7.1.2.1 Prescribed Fire Effects on Cavity and Snag Dynamics 

Age structure of stands and tree species affect snag dynamics. Natural disturbances such as 

insects, disease, wind and ice storms, lightning, drought, and wildfire all affect creation and 

destruction of snags. Snag densities are also affected by management activities. Fire can affect 

the availability of roosting substrate by creating or consuming snags. Although stand-replacing 

or intense wildfires may create large areas of snags, effects of multiple, low-intensity prescribed 

burning on snag dynamics may be difficult to predict, especially for forests consisting mostly of 

fire-adapted species. Low-intensity, ground-level fire may injure larger hardwood trees, creating 

avenues for pathogens such as fungi to enter and eventually form hollow cavities in otherwise 

healthy trees (Smith and Sutherland 2006). Fire may scar the base of trees, promoting the growth 

of basal cavities or hollowing of the bole in hardwoods (Nelson et al. 1933, Van Lear and 

Harlow 2002). Consequently, repeated burning could potentially create forest stands with 

abundant hollow trees. Trees located near down logs, snags, or slash may be more susceptible to 

damage or death, and aggregations of these fuels can create clusters of damaged trees or snags 

(Brose and Van Lear 1999, Smith and Sutherland 2006). 
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In stands with no recent history of fire, prescribed burns may initially create abundant snags by 

killing small trees of species that are not fire tolerant. Species with thin bark such as beech 

(Fagus grandifolia) and red maple (Acer rubrum), may suffer substantial damage or death. 

Furthermore, smaller-diameter trees are at greater risk from mortality due to fire (Brose and Van 

Lear 1999, Hare 1965, McCarthy and Sims 1935). Although burning often creates substantial 

numbers of small (< 15 cm DBH) snags (Horton and Mannan 1988, Morrison and Raphael 1993, 

Stephens and Moghaddas 2005), effects on larger trees depends greatly on fire intensity, species 

of trees present, fuel loads, and past fire history. Bats often take advantage of fire-killed snags 

(Perry 2012). Boyles and Aubrey (2006) found initial burning of forests after years of 

suppression created abundant snags, resulting in extensive use of these burned areas by evening 

bats for roosting. Similarly, Johnson et al. (2010) found that after burning, male Indiana bats 

roosted primarily in fire-killed maples. There is no reason to believe NLEB would respond 

differently. 

Fire could have mixed effects on NLEB bat habitat. Fire could burn a suitable roost tree or 

weaken it to such an extent that it could fall shortly after prescribed burn operations are 

completed. Also, a fire could burn off bark peeling from a roost, taking away preferred roosting 

locations on the tree. This would also make a roost tree suddenly become unsuitable for the 

NLEB. Because roost trees are ephemeral, bats are adapted to finding new roost trees should 

previous roosts be lost during a fire (personal communication O’Keefe). On the other hand, fire 

could kill some trees, creating new roosting habitat. Overall, fire may result in both the loss and 

the production of snags. Fire in any season that results in tree mortality may provide more 

benefit to NLEB through snag creation than any negative impacts that may occur. Currently, the 

implementation of projects under the LRMPs have resulted in an abundance of snags across the 

landscape (Table 25). 

In the long term, fire may benefit NLEB bat habitat by reducing the threat of future severe fires. 

Removing fuel biomass will decrease the risk of major fire events within a stand, which would 

ensure the continued presence of suitable roosts and foraging habitat for the NLEB and other 

bats. In addition, the growth of remaining trees after prescribed fire may be promoted due to 

decreased competition with other vegetation.  

Season of burning and topography also affect potential damage or death of overstory trees in 

hardwood stands. Winter burns tend to cause the least overstory damage because of cooler 

ambient temperatures and the dormant state of trees. Spring burns may cause the greatest damage 

to overstory trees because of higher ambient temperatures, sunlight on boles, and fully hydrated 

vascular tissues that may reach lethal temperatures when burned. Summer burns tend to be less 

damaging than spring burns, likely because of bole shading and lower intensity of fires (Brose 

and Van Lear 1999). Dry, upland sites on ridge tops and steep slopes tend to burn more 

intensely, and trees in these locations may be more susceptible to damage during fires. Silvis et 

al. (2012) suggested that while upland positions may increase solar radiation at roost sites, such 



sites also have the highest natural disturbance frequency and severity; thus, increased snag 

presence rather than increased solar radiation might be the primary influence on NLEB roost 

selection. 

7.1.2.2 Prescribed Fire and Forest Structure for Roosting 

Aside from creating snags, periodic prescribed burning may reduce the number of woody shrubs, 

understory trees, and midstory trees (10-25 cm DBH) in the short term (Blake and Schuette 

2000, Hutchinson et al. 2005). Perry et al. (2007) found five of six species, including red bats, 

Seminole bats(Lasiurus seminolus), NLEB, big brown bats, and evening bats (Nycticeius 

humeralis) roosted disproportionally in stands that were thinned and burned 1-4 years prior, but 

that still retained large overstory trees. Boyles and Aubrey (2006) found evening bats used 

burned forest exclusively for roosting. Furthermore, Johnson et al. (2009), found NLEB roost 

switching frequency, duration at roosts, and distance between successive roosts were similar 

between burned and unburned forests. 

Longer-term applications of prescribed fire may reduce stand density (Hutchinson et al. 2005, 

Peterson and Reich 2001) and complexity (clutter). Repeated low-intensity fire reduces clutter in 

the midstory and understory and creates more open forests, which may provide more favorable 

roosting (and foraging) conditions for NLEB, especially females during the reproductive season. 

Studies often find roost trees (mostly used by females) further from other overstory trees and 

with less canopy cover compared to random locations (Kalcounis-Rüppell et al. 2005).  

Canopy gaps created by fire may provide favorable roosting sites with greater solar exposure 

during summer for maternity colonies of some cavity- and bark-roosting species (Johnson et al. 

2009). Furthermore, maternity roosts may be located in areas with few midstory trees or 

relatively lower tree densities, which may provide both greater solar exposure and more open 

areas immediately around and below roosts that would otherwise impede inexperienced juvenile 

flyers (Perry and Thill 2007). Thus, burned areas may have lower tree densities, less structural 

clutter, more open canopy, and greater numbers of snags, which may provide favorable roosting 

areas for many species including the NLEB. For these reasons, prescribed fire is likely necessary 

and advisable for the conservation of the NLEB. 

7.1.2.3 Prescribed Fire and Insect Abundance 

Fires may have indirect effects on insect production. In riparian areas, fires may increase nutrient 

delivery into streams and reduce canopy cover, which may increase water temperatures, all 

leading to increased productivity (Minshall et al.1997). Increases in emerging insects may result 

from this increased productivity (Minshall 2003, Malison and Baxter 2010) providing more food 

resources for bats. Malison and Baxter (2010) found streams in high severity burned areas had 

substantially greater insect emergence than streams in low severity burns or unburned areas, and 

bat activity in severe burn areas was substantially greater. Northern long-eared bats forage in 
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upland and lowland woodlots and tree-lined corridors, feeding on insects, which they catch while 

in flight. They also feed by gleaning insects from vegetation and water surfaces (FWS Guidance 

2014). 

Moths are one of the most important insect groups in the diets of many eastern bat species. 

Although most larval caterpillars of moths feed on vegetation, adults either use nectar sources 

such as herbaceous flowers or do not feed. Consequently, abundant and diverse herbaceous 

vegetation likely produces more food sources for those adults that do feed. Restored woodlands 

subjected to periodic burning may produce substantially more nectar sources than mature 

unmanaged forests (Rudolph et al. 2006). Early seral clearcut stands may be dominated by moth 

species whose caterpillars feed on tree species such as Prunus spp. and herbaceous vegetation, 

whereas mature forests may be dominated by species whose caterpillars feed on oaks, hickories, 

acorns, fungi, and lichens (Summerville and Crist 2002). Abundance and diversity of woody 

plants may be more important to moths than abundance and diversity of herbaceous vegetation in 

the understory. Lacki et al. (2009b) found a 22% increase in moth abundance the first year after 

burning in Kentucky, although the difference was not significant. In frequently burned pine 

woodlands of Arkansas, Thill et al. (2004) found moth abundance was generally greater in 

forests managed using frequent fire compared to unburned controls, except for the first couple of 

months immediately following the burn. 

7.1.2.4 Prescribed Fire and Caves and Mines 

Little is known of the effects of fire on adjacent cave and mine habitats used by bats. Fire could 

alter vegetation surrounding entrances, which could potentially modify airflow (Carter et al. 

2002, Richter et al. 1993). Smoke and noxious gases could enter caves, depending on air-flow 

characteristics of individual caves or mines and weather conditions such as temperature (Carter 

et al. 2002). Fire may not cause levels of gases high enough to be toxic to bats in caves or mines, 

but gases could potentially cause arousals during hibernation (Dickinson et al. 2009). Caviness 

(2003) noted smoke intrusion into hibernacula during winter burning in Missouri, but no arousal 

or measurable effects to hibernating bats was observed.  

Prescribed burns are conducted under conditions that will reduce or eliminate smoke dispersing 

into hibernacula. All Forests with known Indiana, gray, or Virginia big-eared bat hibernacula 

treat these as smoke sensitive areas and have protective measures in place to minimize impacts to 

bat species from prescribed fire. In addition, the Eastern Region has developed the following 

new conservation measure that will be implemented for all new prescribed burning projects 

conducted near hibernacula used by Threatened, Endangered, or Sensitive species: 

  Designate caves and mines that are occupied by bats as smoke-sensitive targets. 

Avoid smoke entering these hibernacula when bats are present.” 



For these reasons, prescribed burning on NFs/P in the Eastern Region is not expected to directly 

or indirectly affect the NLEB during hibernation and may be an important tool for the recovery 

and conservation of this species by improving habitat surrounding hibernacula. This is especially 

important during the fall swarming period when bats must gain weight rapidly to prepare for 

hibernation and during the spring staging period when WNS-affected bats emerging from 

hiberncula must cope with energy requirements associated with repairing tissue damage while 

also trying to regain body fat lost during hibernation.  

The two weeks following emergence from hibernation may be a crucial time for bats to heal 

WNS-related wing damage (Fuller et al. 2011).   And, bats may be faced with increased risks to 

survival and reproduction if limited energy resources are allocated to repair wing tissue during 

this time (Fuller et al. 2011). This trade-off could be exacerbated by low ambient temperatures 

(increasing thermoregulatory costs) and reduced insect availability during the spring. A recent 

study shows bats with mild to moderate skin lesions associated with early-stage WNS had 

chronic respiratory acidosis characterized by significantly elevated dissolved carbon dioxide, 

acidemia, and hyperkalemia (Verant et al. 2014). Yet, given appropriate conditions, bats affected 

by WNS during hibernation are capable of rapid healing of their wing membranes and can 

survive the effects (Fuller et al. 2011). 

Seasonality in pathogen dynamics influences the impact of disease on populations and can 

enhance the spread of a pathogen such as P. destructans. Langwig et al. (2014) found that during 

autumn, loads of P. destructans remained very low on six bat species that were studied, 

including NLEB. Loads increased significantly in most species during hibernation and reached 

their peak on all species at the end of hibernation. While high fungal loads and nearly 100% 

prevalence on bats at the end of winter could facilitate rapid spread to their summer maternity 

sites, the high body temperatures and hot maternity roosts used by bats during the summer are 

too high for P. destructans growth. Bats that survive the winter are able to clear the infection 

during summer when their body temperatures are above the growth limit of the fungus. The 

combination of the seasonality of infection and the hot environments that are used by bats during 

the summer has likely slowed the geographical spread of P. destructans. Ensuring that high 

quality habitat with ample insect abundance and diversity is avaliable following the hibernation 

period is important to increasing the probability of survival of bats affected by WNS. 

7.1.3 Potential Impacts of Forest Management – Trail and Forest Road Construction 

Forest roads connect different parts of the forest to existing township, county, and state roads and 

highways, providing access to forest lands for timber management, fish and wildlife habitat 

improvement, fire control, hunting, and a variety of recreational activities. Forest road 

construction guidelines support the development of a safe and efficient access system that 

services many acres with as few roads as possible while impacting the smallest percentage of the 

site necessary. As a result, clearing widths for Forest roads are typically 20 feet or less.  
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Roads affect wildlife directly by increasing the risk of death by vehicles and indirectly by 

reducing or fragmenting habitat (Maxell and Hokit 1999, Hannay 2001). Zurcher et al. (2010) 

studied the influence of vehicular traffic on the commuting behavior of bats near the Indianapolis 

Airport (an area with much more traffic than Forest roads). Their study revealed that bats were 

more than twice as likely to reverse course when vehicles were present as opposed to their 

absence, reversing course at an average of 10 m from a vehicle. The speed of the vehicle, type of 

vehicle, level of noise emitted by the vehicle, or height that a bat flew had no effect on the 

likelihood of the bat reversing course and may indicate that bats perceive vehicles as a threat and 

exhibit avoidance behavior in response to their presence.  

Due to the remote location of many Forest roads and low level of use at night, as well as the 

potential for avoidance behavior, mortality from vehicle collisions for bats is likely very low on 

Forest roads. However, other direct impacts could occur during road or trail construction 

activities if they occur during the non-hibernation period. If bats were present in the construction 

area, especially during the non-volant period, there is the potential that a bat could be harmed if 

an occupied tree was removed.  

Besides the potential direct effects, construction or reconstruction of a road can also have 

indirect effects on the vegetation along the road. Construction or reconstruction of roads can 

open the tree canopy along the road which can stimulate understory development for a limited 

distance into the adjacent forest. And, following road work, the disturbed areas on either side of 

a road may support different vegetation from that which was present before road construction 

(Hannay 2000, Hannay 2001).  

Canopy effects of road-clearing widths, however, would last only until canopy foliage closes 

over the road. It is possible to construct or reconstruct some roads through mature hardwood 

forest sites without opening the crown. In pine and young hardwood stands, corridors created by 

new roads would remain open (no canopy over the road) longer (10+ years) than corridors 

created in mature hardwood forests, where the canopy typically closes in 2 to 10 years. While 

construction of roads may result in a permanent loss of habitat, construction of narrow, partially 

canopy-covered roads or trails may be beneficial to bats in extensively forested landscapes. New 

roads and trails provide foraging and travel corridors in an otherwise cluttered forest 

environment (Kiser and Elliot 1996, Schultes 2002, Owen et al. 2003, Menzel et al. 2005). 

Furthermore, opening the canopy during road or trail construction may increase the amount of 

solar radiation reaching trees along the edge of these features. This may make them more 

suitable as potential roosts for NLEB and other bats in the summer, spring, or fall. Brack (2006) 

found that Indiana bats selected roosts near or along logging roads during the spring staging 

period. 

The acreage encompassed in new road and trail construction, reconstruction, and 

decommissioning is generally small and linear, and thus, likely insignificant in a landscape 



context. Across the action area, only 0.14% of the landbase will be impacted by road or trail 

construction, reconstruction, or decommissioning. General road management direction on the 

Forests is to expand the use of existing corridors (reconstruction) rather than to establish new 

roadways (construction). Furthermore, the bulk of road construction and reconstruction would be 

temporary roads.  

Temporary roads are generally minimum-standard roads designed for short-term use during a 

specific project, such as a timber harvest. Many of these temporary roads are little more than a 

bladed lane pushed into the harvest site, although they can have a final surface width of 10-12 

feet. Use of these roads is typically limited to dry or frozen conditions to minimize rutting and 

compaction. Temporary roads are revegetated following project activities and after a few years, 

trees are likely to be present again. The same is true for skid trails used in timber harvesting 

operations. Both temporary roads and skid trails could alter suitable NLEB foraging habitat in 

the short term, but they may also result in conditions that are beneficial for foraging individuals. 

Krusik et al. (1996) observed increased levels of bat activity along linear landscape features and 

noted that roads and skid trails may provide a semi-open edge which allows easy travel and prey 

capture while concentrating some flying insects. Temporary roads and skid trails are narrow and 

linear in shape and the forest canopy is retained, which could make them suitable travel corridors 

for NLEB especially if a water source is located nearby (Owen et al. 2003). These activities 

could temporarily alter suitable foraging habitat but could also create conditions beneficial for 

foraging individuals. Road and trail activities would likely open the canopy and understory, 

thereby moving localized conditions closer to optimal foraging habitat conditions. 

Perhaps the most widely cited concern related to roads is their impact on water quality and 

aquatic resources. Improperly constructed or maintained roads may increase sedimentation and 

degrade water quality (Grace and Clinton 2007), and could indirectly affect bats by impacting 

aquatic prey species and drinking sources. In general, many road and trail decommissioning 

projects are related to preventing, reducing, or eliminating sediment delivery from roads to 

improve and protect water quality and aquatic habitat. Thus, decommissioning of both roads and 

trails is expected to be indirectly beneficial to bats. On average, the NFs/P will decommission 

146 miles of road and 46 miles of trails each year. 

7.2 CUMULATIVE EFFECTS 

7.2.1 Spatial Boundary 

Used to determine where the effects of the cumulative actions overlap with the effects of the 

proposed action, alternatives, past, present, and reasonably foreseeable future actions. 

Cumulative effects, as defined for the National Environmental Policy Act (NEPA), are the 

impacts on the environment that result from the incremental impact of the action when added to 

other past, present, and reasonable foreseeable future actions regardless of what agency (Federal 
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or non-Federal) or person undertakes such actions. As directed by the Council on Environmental 

Quality, this cumulative effects analysis will only include the effects of other past, present, and 

reasonably foreseeable future projects that overlap in both space and time with the effects of the 

proposed project. If there is no overlap in both space and time, there is no cumulative effect. This 

step is important to ensure that the NEPA process produces environmental information that is 

useful to the decision maker and the public by reducing the “accumulation of extraneous 

background data and by emphasizing real environmental issues and alternatives” (CEQ 2005). 

Quantifying the movements of wildlife species is crucial for understanding their ecology, 

developing conservation strategies, and determining effects. As with many other bat species, the 

NLEB migrates between winter hibernacula and summer habitat; however, the NLEB is not 

considered a long distance migrant (FWS Guidance 2014). An individual male captured in 

Missouri traveled 56 km (35 mi) in a month from a cave to an apparent summer location where it 

was recaptured (Caire et al. 1979). Distances of 56-89 km (35-55 mi) were reported most often 

for movements from summer to winter habitat (Griffin 1945, Nagorsen and Brigham 1993). 

However, movements from winter to summer habitat may range from 8-270 km (5-168 mi) 

(Griffin 1945). Griffin (1940) reported an individual that moved at least 97 km (60 mi) between 

two caves between February and April. Typically, the NLEB disperses between 64-80 km (40-50 

mi) from their hibernacula to their summer habitats (FWS 2015). To ensure that all potential 

effects are analyzed, a spatial boundary extending 270 km from the action area was selected for 

cumulative effects (Figure 9 and Figure 10) based upon the maximum known migration distance 

for the NLEB.  

7.2.2 Temporal Boundary 

Used to determine when the effects of the cumulative actions overlap with the effects of the 

proposed action, alternatives, past, present, and reasonably foreseeable future actions. 

The LRMPs all began implementation within the last decade and are expected to continue for an 

additional ten years. The temporal boundary for cumulative effects on species in this analysis is 

approximately 50 years to include the implementation of all projects under the existing LRMPs 

through the time that indirect effects are expected to be concluded. Timber harvest is likely the 

management activity that will have the longest lasting effects in the action area. In general, a 

newly harvested stand will develop a closed canopy with horizontal variation within 40 years as 

the stand succeeds into forest (Hibbs 1983). In addition, trees will have increased in size well 

beyond the minimum tree size normally used by NLEB for roosting (Figure 4). A review of the 

NEPA documentation for LRMPs is expected to occur after 10 years, at which time a 

determination will be made on whether the effects analysis needs to be updated or supplemented.  



Figure 9. Cumulative Effects Boundary for Activities Affecting Northern Long-Eared Bat 

showing National Forests and Other Forested Lands. 
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Figure 10. Cumulative Effects Boundary for Activities Affecting Northern Long-Eared Bat 

Showing Land Ownerships. 

 

7.2.3 Cumulative Effects 

Past patterns of harvesting and wildfire suppression have greatly affected the lands in the 

cumulative effects area. Fire regimes have been a major force shaping landscape patterns and 

influencing productivity for thousands of years in this area. Twentieth century fire suppression 

has had a negative effect on forested lands for many species, allowing once open systems to 

become closed canopied (Nowacki and Abrams 2008). Subsequent drops in light levels caused 

understory and ground flora cover and diversity to be greatly diminished and principal tree 

species (oaks, hickories, and pines) to largely stop regenerating. This has led to mass conversion 

towards fire-sensitive, shade-tolerant trees, such as maple and beech (Pierce et al. 2006, Nowacki 

and Abrams 2008). Vast acreages in the cumulative effects area are currently in this 

compromised state. The ongoing transition of oak dominated forest to maple-dominated forest 

continues, at the expense of quality wildlife habitat. 

In the northern part of the cumulative effects boundary, pine woodlands and forests occurred on 

drought- and fire-prone sand plains within the Upper Great Lake states (Whitney 1986, 1987). 

European disturbance through industrial logging and burning had a profound effect on this 

system (Cole et al. 1998; Schulte et al. 2007; Nowacki and Abrams 2015), effectively 

eliminating the conifer component from these systems and converting these diverse, structurally 



complex, late-successional conifer-northern hardwoods forests into homogenized, structurally 

simple forests of maple and aspen-birch. On sand plains, these disturbances promoted oak over 

pine. Loss of native pine forest acreage relative to historical levels has reduced forest 

biodiversity in some areas.  

Forests in the cumulative effects area contribute to the economic, ecological, and social well-

being of the Nation in a myriad of ways including water quality, timber supply, wildlife habitat, 

recreation opportunities, and habitat for at-risk species. Yet, these forests face a variety of threats 

including non-native invasive species, pollution, urbanization, low-density housing development, 

climate change, fragmentation, and parcelization. Compared to the rest of the country, the 

cumulative effects area has a higher population density (more than 45% of U.S. population), 

relatively little public forest land (26%), and numerous private forest owners with small tracts 

(Shifley et al. 2011). A recent assessment (Shifley et al. 2011) summarizes the majority of the 

cumulative effects area including the following twenty states: Connecticut, Delaware, Illinois, 

Indiana, Iowa, Maine, Maryland, Massachusetts, Michigan, Minnesota, Missouri, New 

Hampshire, New Jersey, New York, Ohio, Pennsylvania, Rhode Island, Vermont, West Virginia, 

and Wisconsin (herein referred to as the Northeast States) and will be used to provide 

information on the characteristics of potential NLEB habitat, as well as potential cumulative 

effects. 

7.2.3.1 Forest Conditions and Ownership 

Forest land in the Northeast States has increased from 134 to 172 million acres in the last century 

whereas total forest land in the Nation has remained essentially unchanged. While this area only 

contains 18% of the total land area in the country, it supports 32% of the U.S. timberland. The 

volume of standing timber in the Northeast States increased by about 140% (from 104 to 248 

billion cubic feet) compared to about 50% nationally from 1953 to 2007. And, annual volume 

growth is 1.9 times greater than the rate of harvesting and other removals. A growth-to-removal 

ratio of 1.0 would indicate that wood is being removed as fast as is growing, whereas a ration 

less than 1.0 would indicate levels of harvesting and/or land conversion that are unsustainable 

over time.  

The Northeast States are the most heavily forested region in the United States. The majority of 

this region is privately owned (74% or 128 million acres). Families are the largest owner group 

and 55% of the area belongs to 4.7 million family forest owners. Forest products companies, 

corporations, trusts, nongovernmental organizations, and investment companies make up the 

other 300,000 private land owners. The amount of private, forested land (128 million acres) 

versus National Forest System lands (12.2 million acres) in the Northeast States emphasizes the 

importance of conservation efforts on private lands for listed species (Table 26).  
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Table 26. Timberland Area and Proportion by Ownership Group for the Northeast States, 

2007. 

State and Region Forest Land 
 
 

(1,000 
acres) 

Timberland 
 
 

(1,000 
acres) 

Timberland 
Proportion of 
Forest Land 

 
(percent) 

Private 
Ownership 

 
(% of 

timberland) 

Public 
Ownership 

 
(% of 

timberland) 

National 
Forest  

Ownership* 
(% of 

timberland) 

Michigan  19,545  19,023  97  63  37  13  

New York  18,669  16,015  86  89  11  0  

Maine  17,673  17,163  97  96  4  0  

Pennsylvania  16,577  16,019  97  73  27  3  

Minnesota  16,391  15,112  92  46  54  12  

Wisconsin  16,275  16,042  99  69  31  9  

Missouri  15,078  14,674  97  83  17  10  

West Virginia  12,007  11,797  98  88  12  8  

Ohio  7,894  7,645  97  91  9  3  

New Hampshire  4,850  4,674  96  77  23  13  

Indiana  4,656  4,533  97  86  14  4  

Vermont  4,618  4,482  97  86  14  6  

Illinois  4,525  4,363  96  85  15  6  

Massachusetts  3,171  2,946  93  72  28  0  

Iowa  2,879  2,824  98  89  11  0  

Maryland  2,566  2,372  92  82  18  0  

New Jersey  2,132  1,877  88  69  31  0  

Connecticut  1,794  1,732  97  77  23  0  

Delaware  383  376  98  93  7  0  

Rhode Island  356  351  99  85  15  0  

Northeast total  172,039  164,018  95  77  23  6  

U.S. total  751,228  514,213  68  69  31  19 
*National forest timberland is a subset of public timberland. 
Table derived from Shifley et al. (2011) and is sorted from most to least forest land. Data has been 
standardized to an inventory year of 2007 and newer state-specific data for some attributes may be available 
from online sources.  

 

Forests in the Northeast States are aging across all ownerships. Over the last 40 years, 

disturbances that regenerate new forests such as timber harvesting or intense wildfires have been 

relatively infrequent. Thus, about 70% of the forest land in this area is between 40 and 100 years 

old. The maturation of these forests has resulted in losses of early successional habitats and tree 

species including aspen (Populus grandidentata and Populus tremuloides), balsam fir (Abies 

baslsamea), jack pine (Pinus banksiana), paper birch (Betula papyrifera), and others. There have 

been increases in shade-tolerant species, while other tree species have fallen below their 

historical abundance [e.g. cottonwood (Populus deltoids), oaks (Quercus spp.), red pine (Pinus 

resinosa), shortleaf pine (Pinus echninata), and yellow birch (Betula alleghaniensis)]. Lack of 



age class and species diversity indicates a lack of forest biodiversity within the cumulative 

effects area.  

If current rates of forest disturbance and regeneration continue, the average forest age will 

increase over time, but the area of young forests will remain rare. Under current management 

practices, old-growth forests (>150 years in age) are expected to dramatically increase across 

ownerships. Conversely, timberland less than 10 years of age is likely to continue to decline 

representing a loss of a habitat already perhaps limiting to those species dependent on early 

successional forests. In fact, examining the ecosystems in eastern North America that have 

declined by >98%, 55% are grassland, savanna, and barren communities and another 24% are 

shrubland habitats (Noss et al. 1995, Thompson and DeGraaf 2001). Individual threatened and 

endangered species are often the focus of special attention, but the objective of biodiversity 

conservation is to maintain viable native animal and plant populations of all kinds. 

There is a strong need to maintain and increase the diversity of forest size, structure, and species 

composition across the cumulative effects area. In general, forest ecosystems that have greater 

biodiversity are considered more resilient. High biodiversity enables a forest ecosystem to 

respond to external influences, absorb and recover from disturbances, and continue to maintain 

crucial ecosystem processes including regeneration, support of wildlife, nutrient cycling, and 

purification of air and water (Shifley et al. 2011). Forests in the cumulative effects area are long-

lived and widespread so they are inevitably afflicted by catastrophic weather, wildfires, invasive 

species, insects, diseases, climate change, and atmospheric pollution. Forests are more likely to 

remain fully functioning ecosystems over time if they have diversity at landscape, species, and 

genetic scales. This is especially important in the cumulative effects area where trees are at a 

high risk of mortality due to insects and disease. 

7.2.3.2 Non-Native Invasive Species 

Invasive forest insects and diseases spread at uncontrolled rates when introduced to new areas, 

damaging and killing large numbers of trees. Because they are outside of their native range, they 

usually have few natural predators or diseases to keep their populations in check. In most cases 

invasive forest insects and diseases were introduced to the United States accidentally. For 

example, invasive species like Asian longhorned beetle (Anoplophora glabripennis) and 

hemlock woolly adelgid (Adelges tsugae) arrived accidentally, hidden in imported wooden 

shipping materials or nursery plants. Once established, these species spread into surrounding 

natural areas and find the host plants they need to flourish. Non-native insects, disease, and 

plants can greatly impact forest ecosystems and large cumulative risks can result in forest areas 

where insect or disease outbreaks appear imminent. Within the cumulative effects area, there are 

several non-native insects, diseases, and plants which are already present and impacting forests 

including the Asian longhorned beetle, emerald ash borer (Agrilus planipennis), sirex wasp 

(Sirex noctilio), Japanese knotweed (Polygonum cuspidatum), garlic mustard (Alliaria petiolata), 
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European gypsy moth (Lymantria dispar), hemlock wooly adelgid, tree-of heaven (Ailanthus 

altissima), and beech bark disease [Cryptococcus fagisuga (insect)+ Nectria spp. (fungus)] 

(Figure 11). In addition to the direct effects on trees and forests, infestations alter wildlife 

habitats and compromise stream health. A brief description of just a few of these species is listed 

below.  

Figure 11. Map from the Forests to Faucets Project - Percentage of Sub-Watersheds Classified 

as Having High Risk of Mortality Due to Insects and Disease. 

 

This map highlights the threat of invasive pests such as hemlock wooly adelgid, beech bark disease, emerald 
ash borer, and the Asian longhorned beetle to the forests in the cumulative effects boundary. 

 

Native to China and Korea, the Asian longhorned beetle (ALB) currently infests areas in 

Massachusetts, New Jersey, New York, and Ohio. Larvae burrow deep beneath tree bark where 

they live for 1-2 years, girdling the tree’s trunk and branches, causing dieback of the tree crown 

and eventual death of the tree. This ALB will attack many different hardwood trees, including 

maples (Acer spp.), maple (Norway, sugar, silver, red, and boxelder), birch, horsechestnut 

(Aesculus hippocastanum), poplar, willow (Salix spp.), elm (Ulmus spp.), ash (Fraxinus spp.), 

and black locust. Individual beetles typically attack a single host tree but migrate to nearby host 

trees when beetle populations become too dense. The ALB has the potential to cause more 

damage than Dutch elm disease, chestnut blight, and gypsy moths combined, destroying millions 

of acres of hardwood forests (APHIS 2001). At this time the only effective means of dealing 

with trees infested with ALB is to cut them down, chip and burn all of the wood, and grind the 



stump. Large risks to forest from non-native insects and diseases are spread throughout the 

Northeast States (Figure 12 - 14) 

Figure 12. Asian Longhorned Beetle Susceptibility Potential for the Northeast States. 

 

Map derived from Shifley et al. (2011) and includes susceptibility potential as it relates to introduction and 
establishment. 

 

The emerald ash borer is a non-native bark-boring beetle that was discovered in southeastern 

Michigan near Detroit in the summer of 2002. Since that time, it has killed tens of millions of ash 

trees in forest throughout the cumulative effects area. Ash is present in many forest types and 

habitats across the Eastern Region and its loss will likely lead to declines in the wildlife that 

depend on ash species (PHCWPMA 2014). Minnesota, Ohio, and Pennsylvania face high 

potential for heavy mortality from emerald ash borer due to the relative abundance of ash trees in 

these states (Figure 13). Several agencies have advised private landowners to work with forestry 

professions to obtain forest management plans for their properties in counties where emerald ash 

borer is known to exist. These plans would prescribe harvest practices designed to reduce but not 

eliminate the ash component of upland hardwood stands and to create a more diverse forest 

resource that is resistant to catastrophic changes affecting a single species or genera (MDNR 

2012).  
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Figure 13. Susceptibility of the Forests in the Northeast States to Attack by Emerald Ash 

Borer. 

 

(Shifley et al. 2011) Susceptibility is based on the geographic function of the range of ash, urban ash trees, 
proximity of urban ash trees to natural forests, and past rates of phloem insect interceptions at U.S. ports of 
entry. Susceptibility is based on the potential for introduction and establishment over a 15-year period. 

 

Another devastating non-native invasive species that is affecting the forests in the cumulative 

effects area is the European gypsy moth. This species is one of the most damaging defoliators in 

the United States (PHCWPMA 2014). From 1980 to 1989, the European gypsy moth defoliated 

approximately one million forested acres each year (APHIS 2010). European gypsy moth 

caterpillars prefer oaks, apple (Malus spp.), sweetgum (Liquidambar styraciflua), speckled alder 

(Alnus incana ssp. rugose), basswood (Tilia Americana), gray and white birch (Betula 

populifolia and B. papyrifera), poplar, willow, and hawthorn (Crataegus spp.), although other 

species are also affected including hickory, maple, cherry, cottonwood, elm,  larch (Larix 

laricina), sassafras (Sassafras albidum), and hornbeam (Carpinus caroliniana). The most 

important variable in determining the susceptibility to defoliation is the species composition of 

the stand, particularly the percentage of oaks as these species are highly favored by gypsy moths 

(Kauffman and Clatterbuck 2006). In addition, there appears to be strong relationships between 

gypsy moth defoliation and age, drought, and oak decline. Stands that are older in age are more 

susceptible to mortality from repeated gypsy moth defoliation than are younger, fast growing 

stands (USDA 1990, Kauffman and Clatterbuck 2006).  

The most susceptible forests in the cumulative effects area are concentrated in the southern 

Appalachian Mountains, Ozark Mountains, and throughout the Lake States (Figure 14). In 

serious outbreaks more than 50% of the oaks and other highly favored hardwood trees may die, 

causing massive shifts in forest composition (PHCWPMA 2014). Silvicultural prescriptions can 



decrease the likelihood and severity of defoliation and improve the health of forest stands, 

thereby increasing tree survival following gypsy moth defoliation (Gottschalk 1993, Kauffman 

and Clatterbuck 2006). The most effective control for gypsy moth is active forest management 

before the gypsy moth arrives. Using silvicultural practices in order to help prevent the 

establishment and spread of non-native invasive species and to maintain healthy, resilient forest 

ecosystems in the cumulative effects area is an important conservation tool for maintaining 

potential NLEB habitat across the landscape.  

Figure 14. Forest Types Susceptible to Gypsy Moth Defoliation. 

 

Cumulative Effects Area Map Showing Forest Types (oak-hickory, oak-pine, oak-gum-cypress, elm-ash-
cottonwood, and aspen-birch) that Are Susceptible to Gypsy Moth Defoliation (Liebhold and Luzader 2003). 

 

7.2.3.3 Land Conversion, Urbanization, and Forest Parcelization 

Areas of urban and developed uses have been steadily increasing in the Northeast States. Forests 

become fragmented through conversion to other uses, such as agriculture or residential 

development. Fragmentation typically results in smaller, disjunct tracts of forest land scattered 

across the landscape which results in more forest edge habitat, less forest interior habitat, and 

fewer forested corridors connecting large forested parcels. In the United States, more than 8 

million acres of forest land were converted to agricultural uses between 1982 and 1997 (USDA 

NRCS 2001). The majority of forest to agricultural conversions was in the eastern United States 

and was concentrated in the southern portions that area.  
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Extensive wetlands and rich riparian areas were historically located throughout the cumulative 

effects area. Floodplains adjacent to rivers and streams in most of the area have been cleared, 

drained, and converted to agricultural farmland. The dynamics of a forest fragmented by 

agriculture or urban development may be vastly different from those associated with the mosaic 

of mature and regenerating stands resulting from timber harvest. After conversion to farmland or 

urban uses, the modified habitat may be indefinitely affected and have little or no habitat value 

for forest-dependent species such as NLEB. Conversely, when timber harvest occur in a forested 

landscape, it is likely to only result in a temporary reduction in habitat for species that rely on 

mature forests (Kupfer et al. 2004). Furthermore, silvicultural practices create patchiness (and 

variability in habitat suitability) that may benefit wildlife species.  

As with conversions of forest land to agricultural uses, the majority of forest converted to 

developed uses are concentrated in the Eastern and Southern United States. The population of the 

United States is projected to grow by more than 120 million people by 2050, and deforestation 

associated with this growth is projected to exceed 50 million acres nationwide (Alig et al. 2010). 

And, from 2000 to 2030, more than 44 million acres of private forest are projected to experience 

housing density increases across the Nation, with the majority of the most heavily impacted 

watersheds occurring in the Southeast States. This potential forest loss will result in ecological 

effects (e.g. effects on water quality, fragmentation, and wildlife habitat) and socioeconomic 

effects (e.g. expansion of urban-forest interface, reduction of forest recreation opportunities, and 

loss of open space).  

The Forests on the Edge Study (Stein et al. 2010) predicted that from 2000 to 2030, watersheds 

where increased housing density in rural private forests is likely to contribute to the decline of 

the largest numbers of forest-associated at-risk species are located primarily in the eastern United 

States – along coastal areas, in and around the southern Appalachians, along the shores of Lake 

Michigan, and throughout Florida (Figure 15). Likewise, watersheds where private forests are 

most threatened by insects and disease and are providing habitat for the greatest variety of at-risk 

species are also found in much of the eastern United States. At-risk species were defined as 

plants and animals specifically identified under the Endangered Species Act or by NatureServe 

as being in jeopardy of extinction. Pressures to fragment forests to developed uses have been 

substantial and are expected to continue into the future. Urbanization, among all forces of 

change, will likely have the most direct, immediate, and permanent effects on the extent, 

condition, and health of forests and subsequently NLEB habitat in the cumulative effects area 



Figure 15. Threat to Habitat for At-Risk Species on Private Forests as a Result of Increased 

Housing Density (Stein et al. 2010). 

 

Four of the 10 largest metropolitan areas in the United States occur in the Northeast States, 

including New York, Chicago, Philadelphia, and Boston. Urban areas cover 6% of the land base 

in the Northeast States (compared to 3% nationally) and the population has increased from 52 to 

124 million people over the last century. Each decade, urban areas are expanding by about 4 

million acres in the Northeast States and 37% of that expansion (1.5 million acres) is into forest 

land (Shifley et al. 2011). Continuing fragmentation, parcelization, and urbanization can be 

barriers to stewardship if they result in forest tracts that are too small or too isolated for effective 

management. 

Forest parcelization, the subdivision of tracts into smaller and smaller ownerships, can also have 

profound impacts on the economics of forestry leading to reduced forest and wildlife 

management even when the land is not physically altered. The pursuit of landscape-scale 

management objectives such as controlling invasive species or improving habitat for wide-

ranging animals can be complicated when forest management decisions are spread to more 

owners who have smaller properties. And, silvicultural treatments may be deemed impractical 

because of the cost of moving equipment from one area to another. In general, family forests in 

the cumulative effects area that were likely to use timber harvest as a management tool were 

those ranging in size from 100-499 acres (NWOS 2015). In the Northeast States, most private 

ownerships are small; the average size is about 26 acres and 3 million private owners have fewer 

than 10 acres of forest land (Shifley et al. 2011).  

Throughout the cumulative effects area, forests are experiencing residential growth and pressure 

to develop remaining forests which will continue the parcelization of family forest land. This 

will create challenges for forest, wildlife, and watershed management. Because of increasing 
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population pressures and ensuing increases in property values, family forest owners will likely be 

faced with increased taxes and increased offers for their land. For many of these landowners, 

their property is their largest financial asset. If medical, educational, or other expenses arise, they 

may be forced to sale all or a portion of their land. And, even for those who have no immediate 

financial needs or objectives, a lucrative offer can be difficult to refuse (Wear and Gries 2013).  

With increased urbanization, the future of family forest owned lands remains uncertain; however, 

family forest owners will likely to continue to dominate the cumulative effects area for the 

foreseeable future. Many of the growing pressures on landowners will be felt first and most 

intensively by family forest owners. In many ways, these forest owners hold the future of forests 

restoration in their hands and they will need assistance if they are to continue their tradition of 

stewardship. Although it is uncertain as to who the future family forest owners will be, given 

historic trends, it is likely that more of them will be absentee owners who have urban or 

suburban backgrounds (Wear and Gries 2013). Although many will likely still be interested in 

forest and wildlife management, if trends of smaller parcels and changing objectives continue, 

timber harvesting is likely to decrease.   Private lands surrounding the NFs/P are expected to 

remain a mixture of aging forests, harvested forest, nonnative open pastures, crop fields, and 

urban areas.  

7.2.3.4 Climate Change 

Climate change is anticipated to have a pervasive influence on forests in the cumulative effects 

area over the coming decades. Several NFs/P have been engaged in the development of 

vulnerability assessments and climate change response frameworks to develop an understanding 

of how climate change may alter these ecosystems (Swanston and Janowiak 2012). Below is a 

short synthesis of climate change impacts on forest ecosystems across the Northeast (covers New 

England, Mid Atlantic, and Central Appalachians Regions) and the Midwest (covers the Lake 

and Midwest States) (Hatfield et al. 2015), which describe broad trends in changing climate for 

the cumulative effects area.  

Growing seasons have already lengthened across the Northeast and Midwest during the last 

several decades, and there is strong agreement that this trend will continue (Kunkel et al. 2013a, 

Kunkel et al. 2013b, Horton et al. 2014). Longer growing seasons have altered the timing of 

ecosystem and physiological processes, including lake ice duration, green leaf duration, and bird 

migration (Nebel et al. 2010, Dragoni and Rahman 2012, Rustad et al. 2012a, Rustad et al. 

2012b). 

Warmer winter temperatures are expected to cause changes in numerous winter processes. 

Snowfall and snowpack are projected to decrease across the Midwest and Northeast by the end 

of the 21st century, and the number of days of soil frost by the end of the century also expected 

to decrease (Sinha and Cherkauer 2010, Notaro et al. 2014). This decrease in snow cover and 

frozen soil may affect a variety of ecosystem processes, including decomposition, nutrient 



cycling, spring photosynthesis, and water availability later in the growing season (Campbell et al. 

2009).  

Projected increases in heavy precipitation events are expected to increase total runoff and peak 

stream flow during the winter and spring (Hayhoe et al. 2007, Sinha et al. 2010), which may 

increase the magnitude or frequency of flooding. Increases in runoff following heavy 

precipitation events could also lead to an increase in forest soil erosion (Nearing et al. 2004). The 

risk to forests from flooding, increased erosion, and other impacts will ultimately depend on 

local geological and topographic conditions that affect the size and character of the watershed, as 

well as interactions with infrastructure and land use. Extreme precipitation has increased by 71% 

in the Northeast since the mid-1900s, the most of any region in the United States, and this 

increase in extreme precipitation is expected to continue (Hayhoe et al. 2007, Gutowski et al. 

2008, Kunkel et al. 2013a, Kunkel et al. 2013b, Melillo et al. 2014). 

Changes in climate may allow some nonnative plant species, insect pests, and pathogens to 

expand their ranges farther north (Dukes et al. 2009, Rustad et al. 2012b, Weed et al. 2013a) as 

the climate warms and the region loses some of the protection offered by a traditionally cold 

climate and short growing season. The abundance and distribution of some nonnative plant 

species may be able to increase directly in response to a warmer climate and also indirectly 

through increased invasion of stressed or disturbed forests (Ryan and Vose 2012). Thus, there is 

high potential for pests and pathogens to interact with other climate-mediated stressors.  

Most national models project an increase in wildfire probability by the end of the century, 

particularly for boreal forests, temperate coniferous forests, and temperate broadleaf forests. 

Recent modeling suggests that increases in wildfire risk may be greatest in the southern portion 

of the Northeast and Midwest (Heilman et al. in press). In addition to the direct effects of 

temperature and precipitation, increases in fuel loads from pest-induced mortality or blowdown 

events could increase fire risk, but the relationship between these factors can be complex (Hicke 

et al. 2012). Forest fragmentation and wildfire management also make fire projections more 

uncertain for the region. 

One of the most consistent findings across the literature is the threat of climate change on cool-

temperate mixed forests. In general, tree species and communities adapted to warm, dry 

conditions are expected to increase, and those adapted to cool, wet conditions are expected to 

decrease (Butler et al. 2015). Forest communities featuring a greater abundance of oak and pine 

species, such as longleaf-slash pine, loblolly-shortleaf pine, oak-hickory, and oak-pine types, 

have generally been assessed as being less vulnerable to projected changes in climate 

(McKenney-Easterling et al. 2000, Manomet Center for Conservation Sciences & National 

Wildlife Federation 2012). Results from forest impact models suggest that species such as post 

oak (Quercus stellata), longleaf pine (Pinus palustris), loblolly pine (Pinus taeda), slash pine 

(Pinus elliottii), shortleaf pine (Pinus echinata), southern red oak, and white oak may increase in 
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importance (McKenney-Easterling et al. 2000, Landscape Change Research Group 2014), while 

other species including sugar maple, black cherry, northern red oak, beech, birch, and tulip 

poplar are expected to decrease (McKenney-Easterling et al. 2000, Beecher et al. 2013, 

Landscape Change Research Group 2014). It is important to note that forest communities will 

not be influenced only by shifts in habitat ranges, but also by species’ ability to actually migrate 

and establish in new areas (Iverson et al. 2004).  

Climate change implications for the NLEB are not completely known as we are still learning 

about spring, summer, fall, and winter habitat requirements for the species which may vary 

across the cumulative effects area. Climate change may result in vegetation shifts at a landscape 

scale that could result in shifts in habitat, insect prey location and availability, and even impact 

the suitability of individual hibernacula for the NLEB. Droughtier growing seasons could 

increase fire frequency and could potentially result in more fire severity, which in turn, could 

create tree snags favorable for bat roosting sites through delayed mortality of live trees. 

Conversely, fires could also destroy existing suitable snags. Extreme weather events including 

derecho winds, microbursts, and tornadoes will continue to create snags and gaps for a more 

complex forest structure.  

The unique life history traits of bats and their susceptibility to local temperature, humidity, and 

precipitation patterns make them an early predictor of the effects of climate change in regional 

ecosystems (Adams and Hayes 2008). The successful reproduction of female insectivorous bats 

is related directly to roost temperatures and water availability (Adams and Hayes 2008). Climate 

change is predicted to result in warmer winters, which could lead to a reduced period of 

hibernation for bats, increased winter activity, and reduced reliance on the relatively stable 

temperatures of underground hibernation sites (Jones et al. 2009). An earlier spring could result 

in a shorter hibernation period and the earlier appearance of foraging bats (Jones et al. 2009). 

Predicting the potential impacts to NLEB and their habitats in the cumulative effects is difficult 

as climate change works in combination with other important factors including landform, 

disturbance regimes, and land-use patterns, both past and present, to influence vegetation 

patterns over time. Such combinations make it difficult to predict future vegetation patterns. 

Forest management practices that sustain landscape diversity and sustainability of forest 

ecosystems in patterns similar to natural disturbance regimes are an important tool for 

maintaining ecological and community resilience, particularly in the face of a changing climate. 

Given the diverse geographic and topographic settings and structurally complex habitats that 

support NLEB summer populations, active forest management provides an important tool in 

creating and conserving habitat for many wildlife species, including NLEB, over the long run.  

7.2.3.5 Wind Development 

Wind energy development is rapidly increasing due to concerns about climate change and the 

increasing financial costs of and long-term environmental impacts from fossil-fuel use. Although 



wind power is widely regarded as environmentally sustainable and economically feasible, 

erecting and operating wind-powered turbines has the potential for both direct and indirect 

impacts on wildlife (Arnett et al. 2007). Wind turbine operations have resulted in mortality to 

substantial numbers of bats in the eastern United States (Johnson 2005; Arnett et al. 2008). 

Turbine-related bat fatalities have consistently occurred among these facilities and a recent 

synthesis estimates that in the U.S. and Canada, between 840,486 to 1,690,696 bats were killed 

from 2000-2011 (Arnett and Baerwald 2013, Hines pers. comm. 2015). Wind energy facilities 

have been documented as a major source of bat mortality in some locations (Johnson 2005; 

Arnett et al. 2008). Wind developments can kill individuals through several mechanisms, 

particularly if they occur near hibernacula, maternity colonies, or in migratory pathways.  

Population estimates for most species of bats do not exist, making it difficult to place the impact 

of wind energy development on bats in context. However, bat fatalities reported at wind facilities 

across the region and increasing development of new wind energy facilities raises concern over 

potential cumulative impacts on bat populations, including the NLEB. 

While the majority of bats killed at wind energy facilities are migratory foliage-roosting species, 

no species is immune to the risk of turbine-related mortality. The threat level posed to bats by 

wind energy development varies by species and geographic location. However, even species that 

are not considered long-distance migrants face threats from wind energy development as they 

move between summer and winter habitats. Factors that could increase the risk of mortality are: 

(1) The density and distribution of wind energy facilities, (2) proximity of wind energy facilities 

in relation to migratory corridors, and (3) siting of wind energy facilities on the landscape. Some 

studies suggest that physical or operational modifications can reduce bat mortality at wind 

energy developments. These may include minimum cut-in speeds (the minimum wind speed at 

which the blades turn) or acoustic deterrents attached to the turbines.  

7.2.3.6 Potential Roosts and Reserved Forest 

While much of this discussion in this section has focused on the Northeast States, an analysis of 

FIA data was conducted across all ownerships in the cumulative effects boundary (includes all 

Northeast States as well as Arkansas, Iowa, Kansas, Kentucky, Oklahoma, Tennessee, North 

Carolina, and Virginia). On this acreage, there are approximately 7.3 billion cull trees (trees that 

are rotten, hollow, split, cracked, etc.) and 3.4 billion snags greater than 5 inches DBH (Table 

27). This is over 10.7 billion potential NLEB roost trees across the landscape. In addition, there 

are over 29.1 billion growing trees, some of which may provide roosting habitat for the NLEB. 

This data suggests that there is currently an adequate, diverse supply of potential roosts across 

the cumulative effects boundary. The numbers of potential roost trees will likely decrease as 

forest lands are converted to other uses.  
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Table 27. Potential Roost Tree Availability across the Cumulative Effects Boundary on All 

Ownership. 

Snags > 5" DBH  
 Rough cull > 5" 

DBH  

 Rotten cull > 5" 

DBH  

 Potential Roost 

Trees  
 Growing Stock  

      

3,385,491,765  

        

6,862,540,517 

             

453,234,192 

        

10,701,266,474 29,050,404,497                  

 

Within the cumulative effects boundary, protected areas (called reserved forest lands) comprise a 

small portion of forest land. Reserved forest land is a category of protected forests (such as State 

and Federal parks and wilderness), mostly in public ownership, that has been permanently 

excluded from the production of wood products either by law or administrative order. Forest land 

is defined as land at least 10-percent stocked by trees of any size, including land that formerly 

had such tree cover and that will be naturally or artificially regenerated. Approximately 10.6 

million acres (4.37%) of the cumulative effects boundary is in reserved forests (Table 28).  

Table 28. Reserved Status of Forest Lands in the Cumulative Effects Boundary. 

Ownership class Total Not reserved Reserved 

National Forest 
  19,209,468     17,150,062  

     

2,059,405  

National Park Service 
       

1,586,053  0    

     

1,586,053  

Bureau of Land Mgmt 
                

3,156  

                

3,156  0    

Fish and Wildlife Service 
       

1,183,364  

             

26,768  

     

1,156,596  

Dept of Defense 
       

2,637,094  

       

2,554,296  

           

82,799  

Other federal 
           

446,478  

           

416,669  

           

29,809  

State 
     

23,323,498  

     

18,227,226  

     

5,096,271  

County and Municipal 
       

8,645,349  

       

8,006,505  

         

638,844  

Other local govt 
             

47,734  

             

47,734  0    

Private 
   

186,354,865  

   

186,354,865  0    

Total 
   

243,437,055  

   

232,787,282  

   

10,649,774  

Percentage of Forest Land: 95.63% 4.37% 

 



7.2.3.7 Threats to Caves 

Cave and karst ecosystems are especially vulnerable, perhaps more so than other habitats used by 

NLEB. Caves are intimately linked to the surface, and seemingly minor, unrelated actions on the 

surface can have dramatic impacts to these underground habitats. The continuum of potential 

threats to caves in the cumulative effects area range from direct effects (e.g., the destruction or 

modification of the cave or passage by quarrying or mining), to indirect effects such as changes 

to microclimate as a result of hydraulic fracturing operations.  

One of the emerging issues in the cumulative effects area that has the potential to affect caves 

and bats, including the NLEB, is natural gas extraction. Natural gas development is increasing 

rapidly within the cumulative effects area (GWPC 2009). This area has vast reserves of natural 

gas that are now becoming commercially viable as a result of advances in horizontal drilling and 

hydraulic fracturing technologies which enable greater access to gas in shale formations. Shale 

gas reservoirs can be found at depths ranging from 152–4,115 meters and the process of 

producing natural gas from these reservoirs requires fracturing the rock formation. A highly 

pressurized fluid, consisting of water and various chemicals, is used to create these fractures in 

high-volume hydraulic fracturing operations. To increase the volume of rock accessed by a 

single vertical well, operators rotate the drill and bore horizontally through the shale bed.  

There is a great need for additional study of the potential environmental effects of these methods; 

however, some concerns associated with overall natural gas and shale gas extraction, including 

hydraulic fracturing, are already well known and could impact NLEB. These operations can 

result in a number of potential impacts to the environment, including:  

 Stress on surface water and ground water supplies from the withdrawal of large 

volumes of water used in drilling and hydraulic fracturing (estimates ranging from 2 

to 7 million gallons of water are used per operation, depending on conditions of the 

site) (NYDEC 2011, EPA 2011); 

 Contamination of underground sources of drinking water and surface waters 

resulting from spills, faulty well construction, or by other means; 

 Adverse impacts from discharges into surface waters or from disposal into 

underground injection wells (in addition to water, hydraulic fracturing fluids 

typically include a combination of additives that serve as friction reducers including 

cross-linkers, breakers, surfactants, biocides, pH adjusters, scale inhibitors, and 

gelling agents (NYSDEC 2010);  

 Air pollution resulting from the release of volatile organic compounds, hazardous 

air pollutants, and greenhouse gases; and 

 Habitat loss and degradation for wildlife. 
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With the rapid expansion of this energy sector, hundreds of thousands of well sites are projected 

over the next twenty years, many of which are slated to occur in forests (BCI 2012). For 

Marcellus Shale operations in Pennsylvania, an average of 3.6 ha (8.8 acres) of habitat are 

required for each well pad and associated infrastructure (e.g., storage areas, roads and pipeline 

corridors) (Johnson 2010).  By 2030, in Pennsylvania alone, the number of wells predicted to be 

in operation ranges from 6,000 to 15,000 (Johnson 2010). Nearly two thirds of these wells are 

expected to occur on forest lands; therefore, the potential area of forest to be cleared varies from 

13,800 ha (33,800 acres) to 32,700 ha (83,000 acres). Coincidentally, the Marcellus Shale 

extends throughout the Appalachian basin and lies within the same area as the epicenter of WNS. 

The impact of all natural gas development operations in the cumulative effects area could result 

in landscape level changes in habitat for many wildlife species including the NLEB. 

Mining activities can also cause increased contamination of cave ecosystems, as well as 

destruction or modification of NLEB habitat. Mining activities or the drilling for mineral 

samples could open new passages into a cave which could alter cave temperatures, humidity, air 

flow, and/or water flow through the cave. Mining exploration, development, and production 

activities could further affect both water and air movement patterns and quality. The alteration of 

the microclimate of a cave may expose bats to temperature or humidity extremes, causing death 

or site abandonment. The use of heavy geophysical equipment, blasting, and vibraseise 

techniques may cause the collapse of cave rooms or passages. Some mining operations, if they 

began near a cave and continued until all of the rock surrounding the void of the cave was mined 

away, could even eliminate the cave completely.  

Contamination could occur as a result of mining operations including drilling fluids and/or 

cuttings being pumped into the cave, mismanagement and improper operating procedures, 

inadequate waste treatment practices, improper storage, or inadequately constructed 

impoundments or well casings. Exposure to chemical contaminants is a suspected factor in the 

decline of North American bat species (USFWS 1999, Schmidt et al. 2002). Bats consume large 

quantities of insects relative to their body mass and their metabolic processes are rapid (Kurta et 

al. 1989, Schmidt et al. 2002). Insectivorous bats including the NLEB are apex predators. 

Because dietary accumulation and metabolic capacity increase at higher trophic levels, bats are 

likely more susceptible to contaminants (Allerva et al. 2000, Eisler and Wiemeyer 2004, Jones et 

al. 2009). Because these effects depend on the type of mining, techniques used, duration and 

location of operations, and many other factors, it is difficult to predict the effects across the 

cumulative effects area.  

Caves and karst are also vulnerable to damage from urbanization and other land uses. Urban 

expansion in karst areas can lead to the building of houses on land that cannot support them, 

increases in pollution of underground habitats, and increases in impermeable ground covers such 

as roads, parking lots, and buildings that increase the rate at which water collects and flows on 

the surface. Caves are particularly susceptible to groundwater pollution because surface waters 



channel rapidly into the subsurface at sinkholes, swallow holes, and cave entrances. These waters 

flow underground without the benefit of filtration or exposure to sunlight, which might remove 

or kill some organic contaminants. Contaminants from agricultural pesticides and fertilizers, 

leaking gasoline tanks or spills, livestock feeder lots, and septic fields may be washed into 

underground cave systems.  

Caves in the cumulative effects area provide important habitat for the NLEB. East of the Rocky 

Mountains, most caves and underground mines are located on private lands. For example, of the 

6,200 known caves in the state of Missouri, 78% are privately owned and about 92% of total 

cave visits in the state occur in these caves (Aley 2010). These conditions are similar to those in 

many other eastern states that have numerous caves including Arkansas, Indiana, Kentucky, 

Pennsylvania, Tennessee, Virginia, and West Virginia. As a result, only a small fraction of this 

winter habitat is likely being managed to minimize disturbance to bats during hibernation, reduce 

the potential human transmission of WNS, and protect the microclimates of these caves. Human 

entry into caves can disturb hibernating bats, depleting their finite energy reserves and inhibiting 

their ability to complete hibernation or survive WNS. White-Nose Syndrome has been confirmed 

in several counties throughout the cumulative effects boundary (Figure 16). 

Figure 16. Counties Confirmed with WNS in the Cumulative Effects Boundary. 
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7.3 SUMMARY OF EFFECTS 

Direct Effects:  The direct effect of continuing to implement LRMPs and associated projects 

could result in direct mortality to NLEB, particularly non-volant young. However, conservation 

measures have been developed to reduce this risk. In addition, all proposed management 

activities would only occur on approximately 3.38% of National Forest System lands annually, 

and less than 1% is expected to occur during the non-volancy period. If an unknown roost tree is 

cut or accidentally knocked down during harvest operations, prescribed fire operations, road or 

trail construction, or removal of a hazard tree, non-volant young and potentially adults could be 

killed. Furthermore, likelihood of direct mortality from prescribed fire is extremely low as the 

NLEB evolved with fire, but not discountable for non-volant pups.  

Indirect Effects:  Overall, the continued implementation of LRMPs and their associated projects 

are expected to be highly beneficial to NLEB and will contribute to the conservation and 

recovery of this species. Timber harvest and prescribed burning are important tools that could 

improve forest structure by creating canopy gaps and snags, by reducing stand density and 

midstory clutter, and by increasing forest diversity. This should result in improved roosting and 

foraging habitat and may lead to increases in insect prey. Negative effects could potentially 

occur during any tree cutting activity or prescribed burn through disturbance. The noise from 

equipment used in tree cutting or the heat and smoke generated burning prescribed fire could 

cause bats to flush, changing their roosting behavior.  

General lack of genetic structure in NLEB populations at both watershed and regional scales 

indicates that forest disturbances such as prescribed fire and timber harvest at watershed scales 

do not appear to disrupt NLEB gene flow across the landscape (Johnson et al. 2014). 

Furthermore,  the U.S. Fish and Wildlife Service (2013) determined that although several 

activities, such as construction of physical barriers at cave accesses, mining, development, and 

timber harvest may modify or destroy NLEB habitat, these activities alone do not have 

significant, population-level effects on the species. 

Cumulative Effects:  Past land use has left the area in relatively young forest (40-100 years old) 

with relatively little young or old forests. Fire-intolerant species such as sugar maple and 

American beech have become established at the expense of fire-adapted species as a result of a 

lack of recent disturbances. In general, much of the forested land in the cumulative effects area is 

in strong need of restoration and active management to maintain and increase the diversity of 

forest size, structure, age, and species composition to enable these forests to respond to external 

influences, absorb and recover from disturbances, and continue to maintain crucial ecosystem 

processes. Silvicultural prescriptions can improve the biodiveristy and health of forest stands, 

thereby increasing tree survival in the face of threats such as non-native invasive species and a 

changing climate. 



Present or reasonably foreseeable future activities on private lands that may affect the NLEB 

include construction of roads, agricultural use of riparian areas, timber harvesting, aging of 

forested lands, wind development, natural gas and mineral extraction, and activities associated 

with the residential development of forested areas.  

Urban and developed areas are projected to continue to grow substantially over the next 50 years 

in line with projected population increases of more than 120 million people. Increases in housing 

density and associated development can be linked to decreases in populations of native wildlife 

and their habitats, changes in forest health, reduced water quality, altered hydrology, changes in 

traditional uses of forests, and decreases in the production of timber and other forest products 

(Shifley et al. 2011).  

7.4 DETERMINATION OF EFFECT 

The current level of management, along with existing Forest standards and guidelines, 

implementation of best management practices, and implementation of newly developed 

conservation measures are likely to improve roosting, foraging, swarming, and staging habitat 

available for the NLEB. The FWS Guidance (2014) recognizes that prescribed fire and certain 

forest management practices, such as those described in LRMPs, can and do improve overall 

habitat conditions for NLEB and several other forest bat species. The FS has taken proactive 

measures to protect hibernacula from the spread of WNS, to research potential cures for WNS, 

and to educate the public about the threat of WNS. The FS continues to implement adaptive 

forest management and prescribed fire activities as described in LRMPs that are designed to 

minimize take of NLEB and other forest-dependent species. Standards and guidelines have been 

adopted in LRMPs, for among other reasons, to promote the conservation of listed species and to 

avoid and minimize potential adverse effects of projects implemented under the LRMPs.  

The presence of more than 501 million potential roost trees currently in the action area, 44% of 

the forested lands classified as unsuitable for timber production providing long-term roosting 

habitat, and the implementation of conservation practices when conducting adaptive forest 

management in addition to the treatment of only 3.38% of the entire Forest Service landbase 

form the basis of our No Jeopardy Determination for the NLEB. 

Because of the potential for the NLEB to occur in almost any type of habitat, during almost any 

time of the year, there is a small possibility of adverse effects resulting in take. Thus, a "may 

affect, likely to adversely affect" determination is made for the NLEB. Formal consultation is 

being initiated so that a biological opinion with incidental take can be received. Incidental take 

issued should be equivalent to the treatments identified by NF/P in Appendix C. It should be 

noted that we are requesting incidental take based on the amounts of forest management 

practices authorized in each LRMP. To date, most NFs/P are not fully implementing their 

LRMPs, so the potential for incidental take is likely less that requested.  



Page 118 of 248  R9 Programmatic Biological Assessment 

 

SIGNATURE(S) OF PREPARER 

 

 /s/ Cynthia Sandeno 

 13 July 2015 

 Cynthia Sandeno 

 Wildlife Biologist and Karst Coordinator 

 Eastern Region Regional Office 

  

  



8 REFERENCES AND DATA SOURCES 

Abrams, M.D. 1992. Fire and the development of oak forests. Bioscience. 42: 346-353. 

 

Abrams, M. D. 1998. The red maple paradox. Bioscience 48(5): 355-364. 

 

Abrams, M.D. 2003. Where has all the white oak gone? BioScience 53(10):927-939. 

 

Abrams, M. D. and G. J. Nowacki. 1992. Historical variation in fire, oak recruitment, and 

 post-logging accelerated succession in central Pennsylvania. Bulletin of the 

Torrey Botanical Club 119:19-28. 

 

Aldridge, H.D.J.N., and I.L. Rautenbach. 1987.  Morphology, echolocation, and resource 

partitioning in insectivorous bats. Journal of Animal Ecology. 56: 763-778. 

 

Aley, T. 2010.  Management strategies for responding to white-nose syndrome in bats.  NSS 

 News  February: 10-14. 

 

Alig. R.; S. Stewart; D. Wear; S. Stein; and D. Nowak.  2010.  Conversions of forest lands:  

trends, determinants, projections, and policy considerations.  In: Pye, John M.; H, 

Rausche; M.Sands; L. Yasmeen; C. Danny; J.S. and Beatty, tech. eds. 2010. Advances in 

threat assessment and their application to forest and rangeland management. Gen. Tech. 

Rep. PNW-GTR-802. Portland, OR: U.S. Department of Agriculture, Forest Service, 

Pacific Northwest and Southern Research Stations: 1-26. 

 

Allan, J.D. 1995. Stream ecology. Dordrecht, the Netherlands: Kluwer Academic Press. 

 388 p. 

 

Alleva, E., N. Francia, M. Pandolfi, A. M. Marinis, F. Chiarotti, D. Santucci. 2006.  

Organochlorine and heavy-metal contaminants in wild mammals and birds of Urbino-

Pesaro Province, Italy: an analytic overview for potential bioindicators. Archives of 

Environmental Contamination and Toxicology 51:123–134. 

 

Amelon, S. and D. Burhans. 2006. Conservation assessment: Nycticeius humeralis (evening bat)  

in the Eastern United States. Pp. 31–42, in Conservation assessments for five forest bat 

species in the Eastern United States (F. R. Thompson III, ed.). General Technical Report 

NC-260:1–89. 

 

Aparicio, H. P.M. Stacher, L.L. R. Ewing, Tracy, S. Brewster.  2002. Abandoned and inactive 

mine (AIM) lands inventory for the USDA – Forest Service, Region 9 Monongahela and  

Wayne National Forests.  Lexington, KY. 6 p. 

 
Arnett, E.B., M.M.P. Huso, M.L. Morrison.  2007. Renewable energy resources and wildlife  

impacts and opportunities: Transactions of the Seventy-second North American Wildlife 

and Natural Resources Conference, Portland, OR. March 20–24, 2007. Proceedings: 

Gardners, Penn., Wildlife Management Institute, p. 65-95. 



Page 120 of 248  R9 Programmatic Biological Assessment 

Arnett, E.B., W.K. Brown, W.P. Erickson, J.K. Fiedler, and B.L. Hamilton. 2008. Patterns of bat 

fatalities at wind energy facilities in North America. Journal of Wildlife Management  

72(1): 61-78. 

 

Arnett, E. B., and E. F. Baerwald. 2013. Impacts of wind energy development on bats:  

implications for conservation. in R. A. Adams and S. C. Pederson. (eds.). Bat Ecology, 

Evolution and Conservation. Springer Science Press, New York, USA. 

 

Bailey, RG. 2014. Ecoregions: The ecosystem geography of the oceans and continents (Second  

 Edition). Springer, New York, NY. 180 p. 

 

Barbour, R. W. and W. H. Davis. 1969. Bats of America. The University of Kentucky Press, 

Lexington, Kentucky. 

 

Bat Conservation International (BCI).  2009.  Managaing abandoned mines for bats.  Austin, TX.  

107 p. 

 

Beecher S., Thaler T., Griffith G., Perry A., Crossett T. & Rasker R. 2013.  (eds.).  Adapting to a 

changing climate: risks and opportunities for the Upper Delaware River Region. Model 

Forest Policy Program in association with Common Waters Partnership, Pinchot Institute 

for Conservation, Cumberland River Compact, and Headwaters Economics, Sagle, ID. 

 

Blake, J.G., and B. Schuette. 2000. Restoration of an oak forest in east-central Missouri: early 

effects of prescribed burning on woody vegetation. Forest Ecology and Management. 

139: 109-126. 

 

Blehert, D.S., A.C. Hicks, M. Behr, C.U. Meteyer, B.M. Berlowski-Zier, E. L. Buckles,  

J.T.H. Coleman, S.R. Darling, A. Gargas, R. Niver, J.C. Okoniewski, R.J. Rudd, and 

W.B. Stone. 2009. Bat white-nose syndrome: an emerging fungal pathogen? Science 

 323(5911): 227. 

 

Boyles, J.G., and D.P. Aubrey. 2006. Managing forests with prescribed fire: implications for a 

cavitydwelling bat species. Forest Ecology and Management. 222: 108-115. 

 

Brack, Jr. V.  2006.  Autumn activity of Myotis sodalis (Indiana bat) in Bland County, Virginia. 

Northeastern Naturalist 13 (3): 421-434. 

 

Brack, Jr. V. 2007. Temperatures and locations used by hibernating bats, including Myotis  

 sodalis (Indiana bat), in a limestone mine: implications for conservation and  

 management. Journal of Environmental Management 40:739–746. 

 

Britzke, E.R., A.C. Hicks, S.L. Von Oettingen, and S.R. Darling.  2005.  Description of spring 

roost trees used by female Indiana bats (Myotis sodalis) in the Lake Champlain Valley of  

Vermont and New York.  The American Midland Naturalist 155(1):181-187. 

 



Brigham, R.M., and R.M.R. Barclay. 1996. Conference summary: bats and forests. In: Barclay, 

R.M.R., and R.M. Brigham, eds. Bats and forests symposium; Working Paper 23/1996; 

1995 October 19-21; Victoria, BC, Canada. Victoria British Columbia: Ministry of 

Forests Research Program: xi-xiv. 

 

Brigham, R.M., S.D. Grindal, M.C. Firman, and J.L. Morissette. 1997a. The influence of 

structural clutter on activity patterns of insectivorous bats. Canadian Journal of Zoology. 

75: 131-136. 

 

Broders, H.G. and G.J. Forbes. 2004. Interspecific and intersexual variation in roost site selection 

of northern long-eared and little brown bats in the Greater Fundy National Park  

ecosystem. Journal of Wildlife Management 68:602–610. 

 

Broders, H.G., C.S. Findlay, and L. Zheng.  2004. Effects of clutter on echolocation call  

 structure of Myotis septentrionalis and Myotis lucifugus. Journal of Mammalogy. 85:  

 273-281. 

 

Broders, H.G., G.J. Forbes, S. Woodley, and I.D. Thompson. 2006. Range-extent and stand 

selection for forest-dwelling northern long-eared and little brown bats in New Brunswick. 

Journal of Wildlife Management 70:1174-1184. 

 

Brooks, R.T. 2009. Habitat-associated and temporal patterns of bat activity in a diverse forest 

landscape of southern New England, USA. Biodiversity and Conservation 18:529–545. 

 

Brose, P., and D. Van Lear, D. 1999. Effects of seasonal prescribed fires on residual overstory 

trees in oak-dominated shelterwood stands. Southern Journal of Applied Forestry. 23: 88-

93. 

Brown, S.T. and S. Fouty.  2011.  Beaver wetlands.  Lakeline.  Spring: 34-38. 

 

Burford, L.S. and M.L. Lacki. 1995a. Habitat use by Corynorhinus townsendii virginianus in  

 Eastern Kentucky. American Midland Naturalist. 134: 340-345. 

 

Burke, H.S.J. 1999. Maternity colony formation in Myotis septentrionalis using artificial roosts: 

the rocket box, a habitat enhancement for woodland bats. Bat Research News 40:77-78. 

 

Butler P., Iverson L., Thompson III F., Brandt L., Handler S., Janowiak M., Shannon D., 

Swanston C., Bartig J., Connelly S., Dijak W., Karriker K., Randall C., Bearer S., Blatt 

S., Brandon A., Byers E.A., Coon C., Culbreth T., Daly J., Dorsey W., Ede D., Euler C., 

Gillies N., Lyte L., McCarthy D., Minney D., Murphy D., O'Dea C., Prasad A., Hix 

D.M., Johnson C., Matthews S., Orwan R., Peters M., Reed J., Sandeno C., Schuler T.M., 

Sneddon L., Stanley B., Steele A., Swaty R., Stout S., Teets J., Tomon T., Vanderhorst 

J.P., Whatley J. & Zegre N. 2015. Forest ecosystem vulnerability assessment and 

synthesis: a report from the Central Appalachians Climate Change Response Framework 

Project In: Gen. Tech. Rep. NRS-146. U.S. Department of Agriculture, Forest Service, 

Northern Research Station Newtown Square, PA, p. 310. 

 



Page 122 of 248  R9 Programmatic Biological Assessment 

Caire, W., R. K. LaVal, M. L. LaVal, and R. Clawson. 1979. Notes on the ecology of MYOTIS  

KEENII (Chiroptera, Vespertilionidae) in Eastern Missouri. Amer. Midl. Nat.  

102(2):404-407. 

 

Campbell J.L., Rustad L.E., Boyer E.W., Christopher S.F., Driscoll C.T., Fernandez I.J., 

Groffman P.M., Houle D., Kiekbusch J., Magill A.H., Mitchell M.J. & Ollinger S.V. 

2009. Consequences of climate change for biogeochemical cycling in forests of 

northeastern North America. Canadian Journal of Forest Research-Revue Canadienne De 

Recherche Forestiere.. 39:264-284. 

 

Carter, T.C., W.M. Ford, and M.A. Menzel. 2002. Fire and bats in the southeast and mid-

Atlantic: more questions than answers. In: Ford, W.M., K.R. Russell, and C.E. 

Moormann, eds. The role of fire in nongame wildlife management and community 

restoration: traditional uses and new directions. Gen. Tech. Rep. NE-288. Newton 

Square, PA: U.S. Department of Agriculture, Forest Service. Northeastern Research 

Station: 

139-143. 

 

Carter, T. C. and G. A. Feldhamer, 2005. "Roost tree use by maternity colonies of Indiana bats  

 And northern long-eared bats in southern Illinois." Forest Ecology and Management  

 219(2-3):259-268. 

 

Caviness, M. 2003. Effects of prescribed fire on cave environment and bat inhabitants. Bat  

 Research News 44:130. 

 

Chamberlain, J.L; Bush, R.; Hammet, A.L.; Araman, P.A.  2000.  Managing national forests of  

 the eastern United States for non-timber forest products.  In:  International Union of  

 Forestry Research Organization.  Sub-plenary sessions of the XXI IUFRO World  

 Congress.  Kuala Lumpur, Malaysia: 407-420. 

 

Cole K.L.; M.B. Davis; F.; F. Stearns; G. Guntenspergen;  and K. Walker. 1998. Historical  

 landcover changes in the Great Lakes Region. In:Perspectives on the Land-use History of  

 North America: A Context for Understanding our Changing Environment (ed. Sisk TD),  

 pp. 43–50. US Geological Survey, Biological Resources Division, Biological Science  

 Report  USGS/BRD/BSR 1998-0003, Springfield, VA, USA. 

 

Commission for Environmental Cooperation (CEC).  1997.  Ecological regions of North  

 America – toward a common perspective.   Montreal, Quebec.  71 pp.  

ftp://ftp.epa.gov/wed/ecoregions/cec_na/CEC_NAeco.pdf. 

 

Conrad, D.E.  1997.  The region.  In: Cravens, J.H.; Ganzhaf & Company. Eds.  The land we  

 cared for… a history of the Forest Service’s Eastern Region.  U.S.  Department of 

Agriculture, Forest Service, Milwaukee, Wisconsin:  1-9. 

 

Council on Environmental Quality (CEQ).  2005.  Memorandum regarding guidance on the 

consideration of past actions in cumulative effects analysis.  4p.  

ftp://ftp.epa.gov/wed/ecoregions/cec_na/CEC_NAeco.pdf


Cryan, P. M.; M. A. Bogan; and G. M. Yanega. 2001. Roosting habits of four bat species in the  

 Black Hills of South Dakota. Acta Chiropterologica 3(1):43–52.  

 

Culver, D.C., H.H. Hobbs, III., M.C. Christman, L.L. Master.  1997.  Distribution map of cave  

 and cave animals in the United States.  Journal of Cave and Karst Studies 61(3): 139-140. 

 

Dahl, T.E. 1990. Wetland losses in the United States: 1780s to 1980s. Washington, 

 D.C.: U.S. Department of the Interior, Fish and Wildlife Service. 

 

Dahl, T.E. and G.J. Allord. 1999. History of wetlands in the conterminous United States. In  

National Water Summary on Wetland Resources. U.S. Geological Survey Water-Supply 

Paper 2425. (https://www.fws.gov/wetlands/Documents/History-of-Wetlands-in-the-

Conterminous-United-States.pdf). 

 

Davis, W. H., and H. B. Hitchcock. 1965. Biology and migration of the bat, Myotis lucifugus,  

 in New England. Journal of Mammalogy 46:296–313. 

 

Dickinson, Matthew B.; Lacki, Michael J.; Cox, Daniel R.  2009.  Fire and the endangered 

Indiana bat.  In: Hutchinson, Todd F., ed. Proceedings of the 3rd fire in eastern oak 

forests conference; 2008 May 20-22; Carbondale, IL. Gen. Tech. Rep. NRS-P-46. 

Newtown Square, PA: U.S. Department of Agriculture, Forest Service, Northern 

Research Station: 51-75.  http://www.nrs.fs.fed.us/pubs/gtr/gtr-p-46papers/04-dickinson-

p-46.pdf 

 

Dodd, L. E.; Lacki, M. J.; Rieske, L. K. 2008.  Variation in moth occurrence and implications for 

 foraging habitat of Ozark big-eared bats.  Forest Ecology and Management vol 255 issue 

 11: 3866-3872. 

 

Dodd, L.E., M.J. Lacki, E.R. Britzke, D.A. Buehler, P.D. Keyser, J.L. Larkin, A.D. Rodewald, 

T.B. Wigley, P.B. Wood and L.K. Rieske. 2012. Forest structure affects trophic linkages: 

How silvicultural disturbance impacts bats and their insect prey. Forest Ecology and 

Management 267: 262–270. 

 

Dragoni D., A.F. Rahman. 2012. Trends in fall phenology across the deciduous forests of the 

Eastern USA. Agricultural and Forest Meteorology 157:96-105. 

 

Dukes J.S., Pontius J., Orwig D., Garnas J.R., Rodgers V.L., Brazee N., Cooke B., Theoharides 

K.A., Stange E.E., Harrington R., Ehrenfeld J., Gurevitch J., Lerdau M., Stinson K., 

Wick R. & M.Ayres. 2009. Responses of insect pests, pathogens, and invasive plant 

species to climate change in the forests of northeastern North America: What can we 

predict? Canadian Journal of Forest Research. 39:231-248. 

 

Eisler, R., and S. N. Wiemeyer. 2004. Cyanide hazards to plants and animals from gold mining  

and related water issues. In Ware, G., ed. Reviews of Environmental Contaminants and 

Toxicology, Vol. 183. New York, NY: Springer-Verlag. 

 

https://www.fws.gov/wetlands/Documents/History-of-Wetlands-in-the-Conterminous-United-States.pdf
https://www.fws.gov/wetlands/Documents/History-of-Wetlands-in-the-Conterminous-United-States.pdf
http://www.nrs.fs.fed.us/pubs/gtr/gtr-p-46papers/04-dickinson-p-46.pdf
http://www.nrs.fs.fed.us/pubs/gtr/gtr-p-46papers/04-dickinson-p-46.pdf


Page 124 of 248  R9 Programmatic Biological Assessment 

Erdle, S.Y. and C.S. Hobson. 2001. Current status and conservation strategy for the eastern 

small-footed myotis (Myotis leibii). Natural Heritage Technical Report # 00-19. Virginia 

Department of Conservation and Recreation, Division of Natural Heritage, Richmond, 

VA. 17 pp. 

Erickson, J.L. and S.D. West.   2003. Associations of bats with local structure and landscape 

Features of forested stands in western Oregon and Washington. Biological Conservation.  

109:95-102. 

 

Feldhamer, G.A., T C. Carter, E H. Nicholson, and A.T. Morzillo. 2003. Use of bridges as day 

roosts by bats in southern Illinois. Transactions Illinois State Academy Science 

96(2):107-112. 

 

Fenton, M. B. 1969. Summer activity of Myotis lucifugus (Chiroptera:Vespertilionidae) at  

 hibernacula in Ontario and Quebec. Canadian Journal of Zoology 47:597–602. 

 

Fitch, J. H. and K. A. Shump, Jr. 1979. Myotis keenii. Mammalian Species, No. 121:1-3. 

 

Ford, W.M., M.A. Menzel, J.L. Rodrigue, J.M. Menzel, and J.B. Johnson. 2005. Relating bat 

Species presence to simple habitat measures in a central Appalachian forest. Biological  

Conservation.  126: 528-539. 

 

Ford, W.M., S.F. Owen, J W. Edwards, and J L. Rodrigue. 2006. Robinia pseudoacacia (black 

locust) as day roosts of male Myotis septentrionalis (Northern bats) on the Fernow 

Experimental Forest, West Virginia. Northeastern Naturalist 13:15-24. 

 

Foster, R.W. and A. Kurta. 1999. Roosting ecology of the northern bat (Myotis septentrionalis) 

and comparisons with the endangered Indiana bat (Myotis sodalis). Journal of 

Mammalogy 80:659-672. 

 

Fralish, J.S.; Crooks, F.B.; Chambers, J.L., et al. 1991.  Comparison of presettlement, second- 

 growth and old-growth forest on six site types in the Illinois Shawnee Hills.  American  

 Midland Naturalist.  125:294-309.  

 

Fuller, N.W., J.D. Reichard, M.L. Nabhan, S.R. Fellows, L.C. Pepin, T.H. Kunz.  2011. Free- 

 ranging little brown Myotis (Myotis lucifugus) heal from wing damage associated with  

 white-nose syndrome.  EcoHealth. 9 p.  

 

Garber-Yonts, B.  2004.  The economics of amenities and migration in the Pacific Northwest;  

 Review of selected literature with implications for national forest management.  Gen.  

 Tech. Rep. PNW-GTR-617.  Portland, OR: U.S. Department of Agriculture, Forest  

 Service Pacific Northwest Research Station. 48 p. 

 

Garroway, C.J. and H G. Broders. 2007. Nonrandom association patterns at northern long-eared 

bat maternity roosts. Canadian Journal of Zoology 85(9):956-964. 

 

Gillespie, W.H.  1991.  Fact sheet number 1 – timber and timber harvesting in West Virginia. 



 West Virginia Forestry Association.  Ripley, West Virgina.  3 p.  

 

Gleason, H.A. 1913. The relation of forest distribution and prairie fires in the Middle West.  

 Torreya 13:173-181. 

 

Goehring, H. H. 1954. Pipistrellus subflavus obscurus, Myotis keenii, and Eptesicus fuscus  

fuscus hibernating in a storm sewer in central Minnesota. Journal of Mammalogy 

35(3):434-436. 

 

Gottschalk, K.W.  1993.  Silvicultural guidelines for forest stands threatened by the gypsy moth.  

U.S. Department of Agriculture, Forest Service.  Northeastern Forest Experimental  

Station.  General Technical Report NE-171.  57 p. 

 

 

Grace, J.M. and B.D. Clinton. 2007. Protecting soil and water in forest road management.  

 Transaction of the American Society of Agricultural and Biological Engineers  

 50(5):1579-1584. 

 

Griffin, D. R. 1940. otes on the life histories of New England cave bats. Journal of  

Mammalogy 21(2):181-187. 

 

Griffin, D. R. 1945. Travels of banded cave bats. Journal of Mammalogy 26(1): 15-23. 

 

Grimm, E.C. 1984. Fire and other factors controlling the Big Woods vegetation of Minnesota in  

 The mid-nineteenth century. Ecological Monographs 54(3):291-311. 

 

Ground Water Protection Council and All Consulting (GWPC). 2009. Modern shale gas  

development in the US: A primer. Contract DE-FG26-04NT15455. Washington, DC. US 

Department of Energy, Office of Fossil Energy and National Energy Technology 

Laboratory. http://www.netl.doe.gov/technologies/oil-

gas/publications/EPreports/Shale_Gas_Primer_2009.pdf. 

 

Gutowski W.J., G.C. Hegerl, G.J. Holland, T.R. Knutson, L.O. Mearns, R.J. Stouffer, P.J.  

Webster, M.F. Wehner & F.W. Zwiers. 2008. Causes of observed changes in extremes 

and projections of future changes. In: Weather and Climate Extremes in a Changing 

Climate. Regions of Focus: North America, Hawaii, Caribbean, and U.S. Pacific Islands 

(eds. Thomas R. Karl, Gerald A. Meehl, Christopher D. Miller, Susan J. Hassol, Anne M. 

Waple & Murray WL). U.S. Climate Change Science Program and the Subcommittee on 

Global Change Research Washington, DC. 

 

Hannay, Leslie. 2000. Of roads and fire. The Road_RIPorter (Bibliography Notes). 

November/December: 12-13. 

 

Hannay, Leslie. 2001. Effect of roads on arthropods. The Road-RIPorter (Bibliography Notes).  

 July/August: 10-11. 

 



Page 126 of 248  R9 Programmatic Biological Assessment 

Hare, R.C. 1965. Contribution of bark to fire resistance. Journal of Forestry. 63: 248-251. 

 

Harvey, M.J., J.S. Altenbach, and T.L. Best.  2011.  Bats of the United States.  Arkansas Game 

And Fish Commission and U.S. Fish and Wildlife Service. 

 

Hatfield J., Swanston C., Janowiak M. & Steele R. 2015. USDA Midwest and northern forests 

regional climate hub: assessment of climate change vulnerability and adaptation and 

mitigation strategies. In. Midwest Hub and Northern Forests Sub Hub. 

 

Hayes, J.P. and S.C. Loeb. 2007. The influence of forest management on bats in North America.  

 In: Lacki, M.J.; Hays, J.P.; Kurta, A., eds. Bats in forests: Conservation and management.  

 Baltimore, MD: Johns Hopkins University Press: 207-235. 

 

Hayhoe K., Wake C.P., Huntington T.G., Luo L.F., Schwartz M.D., Sheffield J., Wood E., 

Anderson B., Bradbury J., DeGaetano A., Troy T.J., & Wolfe D. 2007. Past and future 

changes in climate and hydrological indicators in the US Northeast. Climate Dynamics. 

28:381-407. 

 

Henderson, L.E., L.J. Farrow, and H.G. Broders. 2008. Intra-specific effects of forest loss on the 

distribution of the forest-dependent northern long-eared bat (Myotis septentrionalis). 

Biological Conservation 141:1810-1828. 

 

Heilman W.E., Tang Y., Luo L., Zhong S., Winkler J. & Bian X. (in press). The Impact of 

Regional Climate Change on Fire Weather in the United States. Fire Management Today. 

 

Hibbs, D.E.  1983. Forty years of forest succession in central New England.  Ecology 64:1394- 

 1401. 

 

Hicke J.A., Johnson M.C., Hayes J.L. & Preisler H.K. (2012). Effects of bark beetle-caused tree 

mortality on wildfire. Forest Ecology and Management. 271:81-90. 

 

Hitchcock, H. B. 1949. Hibernation of bats in southeastern Ontario and adjacent Quebec.  

Canadian Field-Naturalist 63(2): 47-59. 

 

Horsley, S. B., L. R. Auchmoody, and R. S. Walters. 1994.  Regeneration principles and  

practices. Pages 205–246 in D. A. Marquis, editor. Quantitative silviculture for hardwood 

forests of the Alleghenies. USDA Forest Service General Technical Report NE-183. 

Northeastern Forest Experiment Station, Radnor, Pennsylvania, USA. 

 

Horton, S.P., and R.W. Mannan. 1988. Effects of prescribed fire on snag and cavity-nesting birds 

in southeastern Arizona pine forests. Wildlife Society Bulletin. 16: 37-44.  

 

Horton R., Yohe G., Easterling W., Kates R., Ruth M., Sussman E., Whelchel A., Wolfe D., 

Lipschultz F. 2014. Chapter 16: Northeast. In: Climate change impacts in the United 

States: the third National Climate Assessment (eds. Melillo JM, Richmond TC, Yohe 

GW & (eds.)). U.S. Global Change Research Program, p. 841. 



Humes, M.L., J.P. Hayes, and M.W. Collopy. 1999. Bat activity in thinned, unthinned, and old-

growth forests in western Oregon. Journal of Wildlife Management. 63: 553-561. 

 

Hutchinson, T.F., E.K. Sutherland, and D.A. Yaussy. 2005. Effects of repeated prescribed fires 

on the structure, composition, and regeneration of mixed-oak forests in Ohio. Forest 

Ecology and Management. 218: 210-228. 

 

Iverson L.R., Schwartz M.W. & Prasad A.M. 2004. How fast and far might tree species migrate 

in the eastern United States due to climate change? Global Ecology and Biogeography. 

13: 209-219. 

 

Jensen, Dana. 1998. So why didn’t the toad cross the road? Road Rip Reporter. Vol 3 and 5. 

 

Johnson, G. D. 2005. A review of bat mortality at wind-energy developments in the United  

 States. Bat Research News 46:45–49. 

 

Johnson, J.B., J.W. Edwards, W.M. Ford, and J.E. Gates. 2009. Roost tree selection by northern 

myotis (Myotis septentrionalis) maternity colonies following a prescribed fire in a 

Central Appalachian Mountains hardwood forest. Forest Ecology and Management 

258:233-242. 

 

Johnson, N. 2010. Pennsylvania energy impacts assessment. Report 1: Marcellus shale natural  

 gas and wind. The Pennsylvania Chapter-The Nature Conservancy. 47 p. 

 

Johnson, J.B., W.M. Ford, and J.W. Edwards. 2012. Roost networks of northern myotis (Myotis 

septentrionalis) in a managed landscape. Forest Ecology and Management 266:223-231. 

 

Jones, G., Jacobs, D., Kunz, T., Willig, M., and P. Racey. 2009. Carpe noctem: the importance of 

bats as bioindicators. Endangered Species Research 8:93–115. 

 

Kalcounis-Rüppell, M.C., J.M. Psyllakis, and R.M. Brigham. 2005. Tree roost selection by bats:  

 An empirical synthesis using meta-analysis. Wildlife Society Bulletin. 33: 1123-1132. 

 

Kauffman, B.W. and W.K. Clatterbuck.  2006. Forest management strategies to minimize the  

 impact of gypsy moth.  University of Tennessee Extension.  SP 678.  8 p. 

 

Keyser, P.D. and W.M. Ford. 2006. Influence of fire on mammals in eastern oak forests. Pages 

180-190 in Fire in eastern oak forests: delivering science to land managers, Proceedings 

of a Conference November 15-17, 2005, Columbus, Ohio (M.B. Dickinson, ed.). USDA  

Forest Service General Technical Report NRS-P-1. 

 

Kiser, J.D. and C.L. Elliott. 1996. Foraging habitat, food habits, and roost tree characteristics of  

 The Indiana bat (Myotis sodalis) during autumn in Jackson County, Kentucky. Final  

 Report, Nongame Program, Kentucky Department of Fish and Wildlife Resources,  

 Frankfort. 65 pp. 

 



Page 128 of 248  R9 Programmatic Biological Assessment 

Krusik, R.A., M. Yamasaki, C.D. Neefus, J. Pekins.  1996.  Bat habitat use in the White  

 Mountain National Forest. Journal of Wildlife Management 60:625-631. 

 

Krynak, T.J. 2010. Bat habitat use and roost tree selection for northern long-eared myotis 

(Myotis septentrionalis) in North-Central Ohio. Unpublished M.S. thesis, John Carroll 

University, University Heights, Ohio. 

Kunkel K.E., Stevens L.E., Stevens S.E., Sun L., Janssen E., Wuebbles D., Hilberg S.D., Timlin 

M.S., Stoeck L., Westcott N.E., Dobson J.G. 2013a. Regional Climate Trends and 

Scenarios for the US National Climate Assessment.  Part3. Climate of the Midwest U.S. 

In. US Department of Commerce, National Oceanic and Atmospheric Administration 

Washington, DC, p. 103. 

 

Kunkel K.E., Stevens L.E., Stevens S.E., Sun L., Janssen E., Wuebbles D., Rennells J., 

DaGaetano A., Dobson J.G. 2013b. Regional climate trends and scenarios for the U.S. 

National Climate Assessment.  Part 1. Climate of the Northeast U.S. In. US Department 

of Commerce, National Oceanic and Atmospheric Administration Washington, DC, p. 

87. 

 

Kupfer, J.A.; G.P, Malanson; and S.B Franklin.  2004.  A report prepared for the National  

Commission on Science for Sustainable Forestry.  215 p. 

http://www.ncseonline.org/sites/default/files/A7%20Final.pdf.  

 

Kurta, A., G. P. Bell, K. A. Nagy, and T. H. Kunz. 1989. Water balance of free-ranging little  

brown bats (Myotis lucifugus) during pregnancy and lactation. Canadian Journal of  

Zoology 67:2468–2472. 

 

Kurta, A. and J. A. Teramino. 1994. A novel hibernaculum and noteworthy records of the  

Indiana bat and eastern pipistrelle (Chiroptera: Vespertilionidae). American Midland 

Naturalist 132(2):410-413 

 

Lacki, M.J. and L.E. Dodd, L.E. 2011. Diet and foraging behavior of Corynorhinus bats in  

 Eastern North America. In: Proceedings of the Symposium on the Conservation and  

 Management of  Big-Eared Bats in the Eastern United States. Loeb, S.C., M.J. Lacki, and  

 D.A. Miller, D.A. eds, General Technical Report, USDA Forest Service Southeastern  

 Experimental Station. 

 

Lacki, M.J. and J.H. Schwierjohann. 2001. Day-roost characteristics of northern bats in mixed 

mesophytic forest. Journal of Wildlife Management 65:482-488. 

 

Lacki, M.J., S.K. Amelon, and M.D. Baker. 2007.  Foraging ecology of bats in forests. In: Lacki, 

M.J.; Hayes, J.P.; Kurta, A., eds. Bats in forests:conservation and management. 

Baltimore, MD: Johns Hopkins University Press: 83-127. 

 

Lacki, M.J., D.R. Cox, and M.B.  Dickinson. 2009a. Metaanalysis of summer roosting 

characteristics of two species of Myotis bats. American Midland Naturalist. 162: 318-326. 

 

http://www.ncseonline.org/sites/default/files/A7%20Final.pdf


Lacki, M.J., D.R. Cox, L.E. Dodd, and M.B. Dickinson. 2009b. Response of northern bats  

 (Myotis septentrionalis) to prescribed fires in eastern Kentucky forests. Journal of 

 Mammalogy 90:1165-1175. 

 

Landwig, K.E., W.F. Frick, J.T. Bried, A.C. Hicks, T.H. Kunz, and A.M. Kilpatrick.  2012.  

Sociality, density-dependence and microclimates deermine the persistence of populations  

suffering from a novel fungal disease, white-nose syndrome.  Ecology 15(9): 1050-1057. 

 

Landscape Change Research Group (2014). Climate Change Atlas. In. USDA Forest Service,  

 Northern Research Station. 

 

Larson, E.B., E.C. Drake, and J.J. Stuntebeck.  2010.  Advances in surficial karst feature 

mapping in the Hiawatha National Forest, Michigan.  1 p. 

 

Lewis, S.E. 1995. Roost fidelity of bats: a review.  Journal of Mammalogy. 76: 481-496. 

 

Loeb, S.C. and J.M. O’Keefe. 2006. Habitat use by forest bats in South Carolina in relation to 

local, stand, and landscape characteristics. Journal of Wildlife Management 70:1210–

1218. 

 

Loeb, S.C. and J.M. O’Keefe. 2011. Bats and gaps: the role of early successional patches in the 

roosting and foraging ecology of bats. Pages 167-189 in Sustaining Young Forest 

Communities (C. Greenberg, B. Collins, and F. Thompson, eds.). Managing Forest 

Ecosystems, Vol 21. Springer-Verlag, New York City, NY. 

 

Loftis, D.L.  1991.  Southeast forest experiment station, interview.  In: H.B. Ayres 

 and W.W. Ashe, eds. Forests and forest conditions in the Southern Appalachians  an 

appendix to Wilson.  On the Secretary of Agriculture. p. 45. 

 

Lorch, J.M., L.K. Muller, R.E. Russell, M. O’Connor, D.L. Lindner, and D.S. Blehert. 2013. 

Distribution and environmental persistence of the causative agent of white-nose 

syndrome, Geomyces destructans, in bat hibernacula of the eastern United States. 

Applied and Environmental Microbiology 79(4):1293-1301. 

 

Lorimer, C.G. 1985. The role of fire in perpetuation of oak forests.  Pages 8-25 In: Johnson, J.E., 

 ed. Challenges in oak management and utilization. Madison, WI; Cooperative Extension  

Service, University of Wisconsin. 

 

Lorimer, C.G. 2001. Historical and ecological roles of disturbance in eastern North American 

forests: 9,000 years of change. Wildlife Society Bulletin. 29: 425-439. 

 

Lowe, A.J. 2012. Swarming behaviour and fall roost-use of little brown (Myotis lucifugus), and  

Northern long-eared bats (Myotis septentrionalis) in Nova Scotia, Canada. M.S. Thesis. 

St. Mary's University, Halifax, Nova Scotia. 

 

Luensmann, P. S. 2005. Myotis sodalis. In: Fire Effects Information System. U.S. 



Page 130 of 248  R9 Programmatic Biological Assessment 

 Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire 

Sciences Laboratory (Producer). Available: http://www.fs.fed.us/database/feis/ [ 2013, 

October 22]. 

 

MacCleery, D. W.  2001.  American forests a history of resiliency and recovery.  Forest History 

 Society, Durham, North Carolina, 92 p. 

 

MacGregor, J.R., J.D. Kiser, M.W. Gumbert, and T.O. Reed.  1999. Autumn roosting habitat of 

male Indiana bats (Myotis sodalis) in a managed forest setting in Kentucky. In: Stringer, 

J.W. and D.L.  Loftis,  eds. Proceedings, 12th central hardwood forest conference; 1999 

February 28-March 2; Lexington, KY. Gen. Tech. Rep. SRS-24. Asheville, NC: U.S. 

Department of Agriculture, Forest Service, Southern Research Station: 169-170. 

 

Malison, R.L., and C.V. Baxter. 2010. The fire pulse: wildfire stimulates flux of aquatic prey to 

terrestrial habitats driving increases in riparian consumers. Canadian Journal of Fisheries 

and Aquatic Sciences. 67: 570-579. 

 

Manomet Center for Conservation Sciences & National Wildlife Federation. 2012. The 

vulnerabilities of fish and wildlife habitat in the Northeast to climate change: a report to 

the Northeastern Association of Fish and Wildlife Agencies and to the North Atlantic 

Landscape Conservation Cooperative. In. Manomet Center for Conservation Sciences 

Plymouth, MA, 183 p. 

 

Maser, Chris; Trappe, James M., tech eds. 1984. The seen and unseen world of the 

 fallen tree. Gen. Tech. Rep. PNW-264. Portland, OR: U. S. Department of Agriculture, 

Forest Service, Pacific Northwest Forest and Range Experiment Station. 

 

Maxell, Bryce and Grant Hokit. 1999. Amphibians and reptiles. In: Joslin, G. and H. Youmans, 

cords. Effects of recreation on Rocky Mountain wildlife: a review for Montana. 

Committee on Effects of Recreation on Wildlife, Montana Chapter of The Wildlife 

Society. pp 2.1-2.29. 

 

McCarthy, E.F., and I.H. Sims. 1935. The relation between tree size and mortality caused by fire 

in southern Appalachian hardwoods. Journal of Forestry. 33: 155-157. 

 

McKenney-Easterling M., DeWalle D.R., Iverson L.R., Prasad A.M. & Buda A.R. 2000. The 

potential impacts of climate change and variability on forests and forestry in the Mid-

Atlantic Region. Climate Research. 14:195-206. 

 

McShea, W. J. and W.M. Healy. 2002. Oak forest ecosystems: ecology and management for  

 wildlife. Johns Hopkins University Press, Baltimore, MD. 

 

Melillo J.M., Richmond T.T.C. & Yohe G.W. (eds.). 2014. Climate Change Impacts in the 

United States: The Third National Climate Assessment. U.S. Global Change Research 

Program. 

 



Menzel, M.A., S.F. Owen, W.M. Ford, J.W. Edwards, P.B. Wood, B.R. Chapman, and K.V. 

Miller. 2002. Roost tree selection by northern long-eared bat (Myotis septentrionalis) 

maternity colonies in an industrial forest of the central Appalachian mountains. Forest 

Ecology Management 155:107-114. 

  

Menzel, J.M., W.M. Ford, M.A. Menzel, T.C. Carter, J.E. Gardner, J.D. Gardner, and J.E. 

Hofmann.  2005. Summer habitat use and home-range analysis of the endangered Indiana  

bat. Journal of Wildlife Management 69(1):430-436. 

 

Michigan Department of Natural Resources (MDNR).  2012.   Ash management:  emerald ash  

 borer.  Forest Resource Division.   IC 4029.  20 p. 

 

Miles, P.D. 2015. Forest Inventory EVALIDator web-application version 1.6.0.01. St. Paul, MN:  

 U.S. Department of Agriculture, Forest Service, Northern Research Station. Available  

 only on internet:  http://apps.fs.fed.us/Evalidator/evalidator.jsp.  Accessed March 7, 2015.  

 

Minshall, G.W. 2003. Responses of stream benthic macroinvertebrates to fire. Forest Ecology  

 And Management. 178: 155-161. 

 

Minshall, G.W., C.T. Robinson, and D.E. Lawrence. 1997. Postfire responses of lotic ecosystems  

 In Yellowstone National Park, U.S.A. Canadian Journal of Fisheries Aquatic Sciences.  

 54: 2509-2525. 

 

Missouri Department of Conservation (MDC).  2012.  Native plants for your landscape. 

  Jefferson City, MO.  12 p. 

 

Morris, A.D., D.A.Miller and M.C. Kalcounis-Rueppell. 2010. Use of forest edges by bats in a 

managed pine forest landscape. Journal of Wildlife Management 74:26–34. 

 

Morrison, M.L., and M.G. Raphael. 1993. Modeling the dynamics of snags. Ecological  

 Applications.  3: 322-330. 

 

Mumford, R.E. and J.B . Cope. 1964. Distribution and status of the chiroptera of Indiana.  
 American Midland Naturalist  72:473–489. 
 

Nagorsen, D. W. and R. M. Brigham. 1993. Bats of British Columbia: Royal British Columbia 

museum handbook. University of British Columbia Press, Vancouver, Canada. 

 

National Woodland Owner Survey (NWOS) Table Maker.  USDA Forest Service.  Forest 

Inventory  and Analysis Program.  Amherst, MA.  

http://apps.fs.fed.us/fia/nwos/NWOS_results.jsp. 

 

NatureServe. 2015. NatureServe Explorer: An online encyclopedia of life [web application]. 

NatureServe, Arlington, Virginia. Available http://www.natureserve.org/explorer. 

(Accessed: January - March 2015). 

 

http://apps.fs.fed.us/Evalidator/evalidator.jsp
http://apps.fs.fed.us/fia/nwos/NWOS_results.jsp
ttp://www.natureserve.org/explorer.


Page 132 of 248  R9 Programmatic Biological Assessment 

Nearing M., Pruski F., O'Neal M. 2004. Expected climate change impacts on soil erosion rates: a 

review. Journal of Soil and Water Conservation. 59:43-50. 

 

Nebel S., Mills A., McCracken J.D., Taylor P.D. 2010. Declines of aerial insectivores in North 

America follow a geographic gradient. Avian Conservation and Ecology. 5:1. 

 

Nelson, R.M., I.H. Sims, and M.S. Abell. 1933. Basal fire wounds on some southern 

Appalachian hardwoods. Journal of Forestry. 31: 829-837. 

 

Nelson, P.W.  2012.  Fire-adapted natural communities of the Ozark highlands at the time of  

European settlement and now.  In: Dey, Daniel C.; Michael C Stambaugh; Stacy L Clark; 

and Callie J Schweitzer, eds. 2012.  Proceedings of the 4th fire in eastern oak forests 

conference; 2011 May 17-19; Springfield, MO. Gen. Tech. Rep. NRS-P-102. Newtown 

Square, PA: U.S. Department of Agriculture, Forest Service, Northern Research Station. 

292 p. 

 
New York State Department of Environmental Conservation (NYSDEC). 2010. New York State  

Forest Resource Assessment and Strategy (2010-2015): keeping New York’s Forests as 

Forests. New York State Department of Environmental Conservation, Albany, NY. 

http://www.dec.ny.gov/docs/lands_forests_pdf/fras070110.pdf. 

 

New York State Department of Environmental Conservation (NYSDEC). 2011. Supplemental 

generic environmental impact statement on the oil, gas and solution mining regulatory 

program (revised draft). Well permit issuance for horizontal drilling and high-volume 

hydraulic fracturing to develop the Marcellus Shale and other low-permeability gas 

reservoirs. Albany, NY: New York State Department of Environmental Conservation. 

ftp://ftp.dec.state.ny.us/dmn/download/OGdSGEISFull.pdf. 

 

Norberg, U.M., and J.M.V. Rayner. 1987. Ecological morphology and flight in bats (Mammalia: 

Chiroptera): wing adaptations, flight performance, foraging strategy and echolocation. 

Philosophical Transactions of the Royal Society of London B: Biological Sciences. 316: 

335-427. 

 

Norquay, K. J. O., F. Martinez-Nunez, J. E. Dubois, K. M. Monson and C. K. R. Willis. 2013. 

Long-distance movements of little brown bats (Myotis lucifugus). Journal of Mammalogy 

94:506-515. 

 

Noss, R.F., E.T. LaRoe III, and J.M. Scott. 1995.  Endangered ecosystems of the United States: a  

preliminary assessement of loss and degradation.  United States Department of the 

Interior National Biological Service Biological Report 28, Washington, D.C., USA. 

 

Nowacki, G.J., and M.D. Abrams. 2008. The demise of fire and “mesophication” of forests in the 

eastern United States. Bioscience. 58: 123-138. 

 

Nowacki, G.J. and M.D. Abrams. 2015. Is climate an important driver of post European 

vegetation change in the Eastern United States? Global Change Biology: 21:314-334. 

 

http://www.dec.ny.gov/docs/lands_forests_pdf/fras070110.pdf
ftp://ftp.dec.state.ny.us/dmn/download/OGdSGEISFull.pdf


Ohio Biological Society (OBS). 1966. Natural vegetation of Ohio at the time of the earliest land  

 surveys. Map with text adapted from Robert. Gordon’s The Natural Vegetation of Ohio 

in Pioneer Days. 2 p. 

 

O'Keefe, J.M. 2009. Roosting and foraging ecology of forest bats in the Southern Appalachian 

Mountains. PhD Dissertation. Clemson University, Clemson, SC. 

Openlands Team. 1995. Habitat fragmentation – Southern Tier National Forests (white paper).  

U.S. Department of Agriculture, Forest Service. 11 p. 

 

Owen, S.F., M.A. Menzel, W.M. Ford, J.W. Edwards, B.R. Chapman, K.V. Miller, and P.B. 

Wood. 2002. Roost tree selection by maternal colonies of northern long-eared myotis in 

an intensively managed forest. General Technical Report NE-292. Newtown Square, PA: 

U.S. Department of Agriculture, Forest Service, Northeastern Research Station. 6 pp. 

 

Owen, S.F., M.A. Menzel, W.M. Ford, B.R. Chapman, K.V. Miller, J.W. Edwards, and P.B. 

Wood. 2003. Home-range size and habitat used by the northern myotis (Myotis 

septentrionalis).  American Midland Naturalist. 150: 352-359. 

 

Parker, G. R. 1989.  Old-growth forests of the central hardwood region.  Natural Areas Journal  

 9:5-11. 

 

Parker, G.R. and C.M. Ruffner, 2004. Current and historical forest conditions and disturbance 

regimes in the Hoosier-Shawnee Ecological Assessment Area. In: The Hoosier-Shawnee  

Ecological Assessment, F.R. Thomson, III, ed. General Technical Report NC-244. St. 

Paul, MN: U.S. Department of Agriculture, Forest Service, North Central Research 

Station: 23-58. 

 

Patriquin, K.J., M.L. Leonard, H G. Broders, and C.J. Garroway. 2010. Do social networks of  

 Female northern long-eared bats vary with reproductive period and age? Behavioral 

 Ecology and Sociobiology 64:899-913. 

 

Perry, R. 2012. A Review of Fire Effects on Bats and Bat Habitat in the Eastern Oak Region. 

Proceedings of the 4th Fire in Eastern Oak Forests Conference. GTR-NRS-P-102. 

 

Perry, R.W. and R.E. Thill. 2007. Roost selection by male and female northern long-eared bats in 

a pine-dominated landscape. Forest Ecology and Management 247:220-226.   

 

Perry, R.W., and R.E. Thill. 2008. Diurnal roosts of male evening bats (Nycticeius humeralis) in 

diversely managed pine-hardwood forests. American Midland Naturalist. 160: 374-385. 

 

Perry, R.W., R.E. Thill, and D.M. Leslie, Jr. 2007. Selection of roosting habitat by forest bats in 

a diverse forest landscape. Forest Ecology and Management. 238: 156-166. 

 

Peterson, D.W., and P.B. Reich. 2001. Prescribed fire in oak savanna: fire frequency effects on  

 Stand structure and dynamics. Ecological Applications. 11: 914-927. 

 



Page 134 of 248  R9 Programmatic Biological Assessment 

Pierce, A.R.; G. Parker; and K. Rebenold.  2006.  Forest succession in an oak-hickory dominated  

 stand during a 40-year period the Ross Biological Reserve, Indiana.  Natural Areas  

 Journal 26:351-359. 

 

Pollock, M.M., G. Lewallen, K. Woodruff, C.E. Jordan and J.M. Castro (Editors) 2015. The  

Beaver Restoration Guidebook: Working with Beaver to Restore Streams, Wetlands, and 

Floodplains. Version 1.0. United States Fish and Wildlife Service, Portland, Oregon. 189 

pp. Online at: http://www.fws.gov/oregonfwo/ToolsForLandowners/RiverScience/Beaver.asp 

 

Potomac Highlands Cooperative Weed and Pest Management Area (PHCWPMA).  2014.  

Fighting Invasive pests and pathogens in West Virginia.  28 p.   

http://www.phcwpma.org/ForestPestsPathogensBrochure_Feb2013.pdf. 

 

Raesly, R. L. and J. E. Gates. 1987. Winter habitat selection by north temperate cave bats.  

American Midland Naturalist 118(1):15-31. 

Richter, A.R., S.R. Humphrey, J.B. Cope, and V. Brack. 1993. Modified cave entrances: thermal 

effects on body mass and resulting decline of endangered Indiana Bats (Myotis sodalis). 

Conservation Biology. 7: 164-172. 

 

Rodewald, A. D. and M. D. Abrams. 2002. Floristics and avian community structure:  

 implications for regional changes in eastern forest composition. Forest Science  

 48(2):267-272. 

 

Rodrigue, J.L., T.M. Schuler, and M.A. Menzel. 2001.  Observations of bat activity during 

prescribed burning in West Virginia. Bat Research News. 42: 48-49. 

 

Rose, Cathy L.; Marcot, Bruce G.; Mellen, T. Kim; et al. 2001. Decaying wood in Pacific 

Northwest forests: concepts and tools for habitat management. In: Chapter 24 Wood 

legacies, Wildlife—habitat relationships in Oregon and Washington. publishing info 

unknown. pp. 580-623. 

 

Rudolph, D.C., C.A. Ely, R.R. Schaefer, J.H. Williamson, and R.E. Thill. 2006. Monarch  

 (Danaus plexippus L. nymphalidae) migration, nectar resources and fire regimes in the  

 Ouachita Mountains of Arkansas. Journal of the Lepidopterists’ Society. 60: 165-170. 

 

Rustad L., Campbell J., Dukes J.S., Huntington T., Fallon Lambert K., Mohan J., Rodenhouse N. 

2012a. Changing climate, changing forests: the impacts of climate change on forests of 

the northeastern United States and eastern Canada. In. U.S. Department of Agriculture, 

Forest Service, Northern Research Station Newtown Square, PA. 48 p. 

 

Rustad L., Campbell J., Dukes J.S., Huntington T., Lambert K.F., Mohan J., Rodenhouse N. 

2012b. Changing climate, changing forests: The impacts of climate change on forests of 

the northeastern United States and eastern Canada. In. USDA Forest Service, Northern 

Research Station. 

 



Ryan M.G., J.M.Vose. 2012. Effects of climatic variability and change. In: Effects of climatic 

variability and change on forest ecosystems: a comprehensive science synthesis for the 

U.S. forest sector (eds. Vose JM, Peterson DL & Patel-Weynand T). U.S. Department of 

Agriculture, Forest Service, Pacific Northwest Research Station Portland, OR, pp. 7-95. 

  

Sasse, D.B. and P J. Perkins. 1996. Summer roosting ecology of northern long-eared bats (Myotis 

septentrionalis) in the White Mountain National Forest. Pages 91-101 in Bats and Forests 

symposium (R. M. R. Barclay and R. M. Brigham, editors). British Columbia Ministry of 

Forests Working Paper 23/1996, Victoria, Canada. 

 

Schirmacher, M.R., S.B. Castleberry, W.M. Ford, and K.V. Miller. 2007. Habitat associations of 

bats in south-central West Virginia. Proceedings of the Annual Conference of the 

Southeastern Association of Fish and Wildlife Agencies. 61: 46-52. 

 

Schlesinger, R.C. 1976. Hard maples increasing in an upland hardwood stand. Pages 177-185 

  in Proceedings for 1st central hardwood forest conference, Carbondale, IL. 

 

Schulte L.A.; D.J. Mladenoff; T.R. Crow; L.C. Merrick; and D.T. Cleland. 2007.  

 Homogenization of northern US Great Lakes forests due to land use. Landscape Ecology,  

 22, 1089–1103. 

 

Schultes, K.L. 2002. Characteristics of roost trees used by Indiana Bats and Northern Bats on the 

Wayne National Forest, Ohio. Unpublished  M.S. thesis, Eastern Kentucky University, 

Richmond. 141 pp.  

 

Shands, W.E.  1991.  The  lands nobody wanted: the legacy of the eastern national forests.   

Pinchot Institute for Conservation, Milford, PA.  26 pp.  http://www.foresthistory.org/  

ASPNET/Policy/WeeksAct/LandsNobodyWanted_Shands.pdf.  

 

Shands, W.E. and R.G. Healy.  1977.  The lands nobody wanted.  A conservation foundation  

 report. The Conservation Foundation.  Washington, D.C.  282 p. 

 

Sheets, Jeremy J. 2010. Impact of Forest Management Techniques on Bats with a Focus on the 

Endangered Indiana Myotis (Myotis Sodalis).  Thesis (M.S.)--Indiana State University.  

70p.  http://scholars.indstate.edu/bitstream/10484/962/1/Sheets%2c%20Jeremy.pdf. 

 

Sheets, J.J., J.O. Whitaker, Jr., V. Brack, Jr., and D.W. Spark. 2013. Habitat use by bats in two 

Indiana forests prior to silvicultural treatments for oak regeneration. Pages 203-217 in 

The Hardwood Ecosystem Experiment: a framework for studying responses to forest 

management (R.K. Swihart, M.R. Saunders, R.A. Kalb, G.S. Haulton, and C.H. Michler, 

eds.). GTR NRS-P-108. U.S. Department of Agriculture, Forest Service, Northern 

Research Station. Newtown Square, PA. 

 

Sherwin, R.E., J.S. Altenbach, and D.L. Waldien. 2009. Managing Abandoned Mines for Bats. 

 Bat Conservation International, Inc., Austin, TX. 103 pp. 

 

http://scholars.indstate.edu/bitstream/10484/962/1/Sheets%2c%20Jeremy.pdf


Page 136 of 248  R9 Programmatic Biological Assessment 

Shifley, S.R., F.X. Aguilar, N. Song, S.I. Stewart, D.J. Nowak, et al.  2011.  Forests of the  

 northern United States.  Newton Square, PA.  202 p. 

 

Silvis, A., W.M. Ford, E.R. Britzke, N.R. Beane, and J B. Johnson. 2012. Forest succession and 

maternity roost selection by Myotis septentrionalis in a mesophytic hardwood forest. 

International Journal of Forestry Research, Volume 2012, Article ID 148106, 8 pp. 

 

Silvis, A., W.M. Ford, E.R. Britzke and J.B. Johnson. 2014. Association, roost use and simulated 

disruption of Myotis septentrionalis maternity colonies. Behavioural Processes 103:283– 

290. 

 

Silvis, A.; W.M Ford; and E.R. Britzke.  2015.  Effects of hierarchial roost removal on northern  

 long-eared bat (Myotis septentrionalis) maternity colonies.  PLoS ONE:  10: 1371-1388.  

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4303276. 

 

Sinha T., Cherkauer K.A., Mishra V. 2010. Impacts of Historic Climate Variability on Seasonal 

Soil Frost in the Midwestern United States. Journal of Hydrometeorology. 11:229-252. 

 

Sleeman, J. 2009. Update on White-Nose Syndrome. Wildlife Health Bulletin 2009-03. 

 http://www.nwhc.usgs.gov/publications/wildlife_health_bulletins/WHB_2009-

 03_WNS.pdf. 

Smith, B.W; J.S. Vissage; D.R. Darr; and R.M. Sheffield. 2001.  Forest resources of the United  

 States, 1997.  North Central Research Station.  General Technical Report NC-219.  

 U.S.D.A. Forest Service, St. Paul, MN.    

  

Smith, K.T., and E.K. Sutherland. 2006. Resistance of eastern oak hardwood stems to fire injury 

and damage. In: Dickinson, M.B., ed. Fire in eastern oak forests: delivering science to 

land managers, proceedings of a conference. 2005 November 15-17; Columbus, OH. 

Gen. Tech. Rep. NRSP-1. Newton Square, PA: U.S. Department of Agriculture, Forest 

Service, Northern Research Station: 201-217. 

 

Sparks, Dale W.  Christopher M. Ritzi, Joseph E. Duchamp and John O. Whitaker, Jr. 2005. 

Foraging Habitat of the Indiana Bat (Myotis sodalis) at an Urban-Rural Interface.  Journal 

of Mammalogy , Vol. 86, No. 4 (Aug., 2005), pp. 713-718. 

Speakman, J.R., and D.W. Thomas. 2003. Physiological ecology and energetics of bats. In: 

Kunz, T.H., and M.B. Fenton, eds. Bat ecology. Chicago, IL: University of Chicago 

Press: 430-490. 

 

Stein, S.M., M.H. Hatfield, R.E. McRoberts, D.M. Meneguzzo, S. Commas.  2010.  Threats to 

private forest lands in the U.S.A.: a forests on the edge study. In: Pye, John M.; H, 

Rausche; M.Sands; L. Yasmeen; C. Danny; J.S. and Beatty, tech. eds. 2010. Advances in 

threat assessment and their application to forest and rangeland management. Gen. Tech. 

Rep. PNW-GTR-802. Portland, OR: U.S. Department of Agriculture, Forest Service, 

Pacific Northwest and Southern Research Stations: 133-144. 

 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4303276
http://www.nwhc.usgs.gov/publications/wildlife_health_bulletins/WHB_2009-03_WNS.pdf
http://www.nwhc.usgs.gov/publications/wildlife_health_bulletins/WHB_2009-03_WNS.pdf


Stephens, S.L., and J.J. Moghaddas. 2005. Fuel treatment effects on snags and coarse woody 

debris in a Sierra Nevada mixed conifer forest. Forest Ecology and Management 214: 53-

64. 

 

Summerville, K.S. and T.O. Crist. 2002. Effects of timber harvest on forest lepidoptera:  

 community, guild, and species responses. Ecological Applications 12:820-835. 

 

Swanston C.W., M.J. Janowiak. 2012. Forest adaptation resources: climate change tools and  

approaches for land managers. USDA Forest Service, Northeastern Research Station 

Newtown Square, PA. GTR-NRS-87. 

 

Taylor, D.A.  2006. Forest Management and Bats.  Bat Conservation International. 

 http://www.batcon.org/pdfs/ForestMgmtandBats.pdf 

 

Thill, R.E., D.C. Rudolph, and N.E. Koerth. 2004.  Shortleaf pine-bluestem restoration for red-

cockaded woodpeckers in the Ouachita Mountains: implications for other taxa. In: Costa, 

R., and S.J. Daniels, eds. Red-cockaded woodpecker: road to recovery. Blaine, WA: 

Hancock House Publishers: 657-671. 

 

Thomas, D.W., M. Dorais, and J.M. Bergeron. 1990. Winter energy budgets and cost of arousals  

 For hibernating little brown bats, Myotis lucifugus. Journal of Mammalogy 71:475-479. 

 

Thompson, F.R., III and R.M. DeGraaf. 2001. Conservation approaches for woody early  

 successional communities in the eastern United States. Wildlife Society Bulletin. 29:483- 

 494.                

 

Tibbels, A.E. and A. Kurta. 2003. Bat activity is low in thinned and unthinned stands of red pine. 

Canadian Journal of Forest Research. 33: 2436-2442. 

 

Timpone et al. 2010. Overlap in roosting habits of Indiana bats (Myotis sodalis) and Northern 

bats (Myotis septentrionalis). The American Mindland Naturalist 163:115-123. 

 

Titchenell, M.A., R.A. Williams, and S.D. Gehrt. 2011. Bat response to shelterwood harvests and 

forest structure in oak-hickory forests. Forest Ecology and Management 262:980-988. 

 

Transeau E.N. 1935. The Prairie Peninsula. Ecology 16:423–437. 

 

U.S. Department of Agriculture, Animal and Plant Health Inspection Service (APHIS).  2001.  

Wanted: the Asian longhorned beetle. 16 p.    http://www.uvm.edu/albeetle/walb.pdf. 

 

U.S. Department of Agriculture, Animal and Plant Health Inspection Service (APHIS).  2010.  

Gypsy moth program manual.  274 p. http://www.aphis.usda.gov/import_export/ 

plants/manuals/domestic/downloads/gypsy_moth.pdf. 

 

U.S. Department of Agriculture, Forest Service (USFS). 1990. Gypsy moth research and  

 development program. Radnor, PA: U.S. Department of Agriculture, Forest Service,  

http://www.batcon.org/pdfs/ForestMgmtandBats.pdf
http://www.uvm.edu/albeetle/walb.pdf


Page 138 of 248  R9 Programmatic Biological Assessment 

 Northeastern Forest Experiment Station. 29 p. 

 

U.S. Department of Agriculture, Forest Service.  2005. Forest Service Manual 2600. National  

   Headquarters, Washington, D.C.  

 

U.S. Department of Agriculture, Natural Resources Conservation Service (USDA NRCS).  2001.   

 Summary report: 1997 National Resources Inventory (revised December 2001).  

 Washington, D.C. 

 

U.S. Fish and Wildlife Service (USFWS). 1999.  Agency draft Indiana bat (Myotis sodalis)  

 Revised Recovery Plan.  Fort Snelling, Minnesota.  61 p. 

 

U.S. Fish and Wildlife Service (USFWS).  2003.  Native plants for wildlife habitat and  

 conservation landscaping: Chesapeake Bay Watershed.  U.S. Fish & Wildlife Service, 

 Chesapeake Bay Field Office, Annapolis, MD. 82 pp. 

 

U.S. Fish and Wildlife Service (USFWS). 2007. Indiana Bat (Myotis sodalis) Draft Recovery  

  Plan: First Revision. Great Lakes-Big Rivers Region - Region 3 Fort Snelling,  

  Minnesota. 

 

U.S. Fish and Wildlife Service (USFWS).  2011a. White-Nose Syndrome Information- 

 website. Accessed on 12/10/2012 at:  http://www.fws.gov/WhiteNoseSyndrome/ 

 

U.S. Fish and Wildlife Service (USFWS).  2011b. Supporting Decontamination 

 Documentation for Researchers (WNS Decontamination Supplement 2 of 2).   

Version 01.25.2011. 

 

U.S. Fish and Wildlife Service (USFWS). 2012. United States Fish & Wildlife Service. 2012.  

 News Release: North American bat death toll exceeds 5.5 million from white-nose  

 syndrome. Accessed on January 23, 2015 at https://www.whitenosesyndrome.org/ 
white- news/north-american-bat-death-toll-exceeds-55-million-nose-syndrome. 

 

U.S. Fish and Wildlife Service (USFWS).  2013. Federal Register:  50 CFR Part 17 Endangered  

 And Threatened Wildlife and Plants; 12-Month Finding on a Petition To List the Eastern  

 Small-Footed Bat and the Northern Long-Eared Bat as Endangered or Threatened  

 Species; Listing the Northern Long-Eared Bat as an Endangered Species; Proposed Rule  

 Vol. 78 Wednesday, No. 191 October 2, 2013.   

 

U.S. Fish and Wildlife Service (USFWS).  2014. Northern Long Eared Bat Interim Conference 

and Planning Guidance”Report (FWS Guidance).  67 p. http://www.fws.gov/midwest/  

 endangered/mammals/nlba/pdf/NLEBinterimGuidance6Jan2014.pdf  

  

U.S. Fish and Wildlife Service (USFWS).  2015. Endangered and threatened wildlife and plants; 

listing the northern long-eared bat with a rule under section 4(d) of the act.  Federal 

Register 80: 2371-2378). 

 

http://www.fws.gov/WhiteNoseSyndrome/
file:///F:/Regional_Detail/NLEB/Project%20Record/BA/%20Accessed%20on%20January%2023,%202015%20at
file:///F:/Regional_Detail/NLEB/Project%20Record/BA/%20Accessed%20on%20January%2023,%202015%20at
http://www.fws.gov/midwest/


USDA Forest Service.  2013. National Visitor Use Monitoring Results National Summary 

Report.  Updated May 2013.  Accessed on August 13, 2014 at 

 http://www.fs.fed.us/recreation/programs/nvum/2012%20National_Summary_Report_06

 1413.pdf 

 

USDA Forest Service.  2015. Monongahela National Forest conferencing document for the  

 northern long-eared bat (Myotis septentrionalis).  Elkins, West Virginia.  17 p. 

 

U.S. National Park Service (NPS).  2001.  Native Plants for Wildlife Habitat and Conservation  

 Landscaping in Maryland.  Web brochure.  http://www.nps.gov/plants/pubs/ 

 nativesMD/index.htm 

 

Van Lear, D.H., and R.F. Harlow. 2002. Fire in the eastern United States: influence on wildlife 

habitat. In: Ford, W.M., K.R. Russell, and C.E. Moorman., eds. The role of fire in 

nongame wildlife management and community restoration: traditional uses and new 

directions. Gen. Tech. Rep. NE-288. Newtown Square, PA: U.S. Department of 

Agriculture, Forest Service, Northeastern Research Station: 2-10. 

 
Van Zyll de Jong, C. G. 1985. Handbook of Canadian mammals. National Museums of Canada, 

Ottawa, Canada. pp. 116-120. 

 

Verant, M.L., C.U. Meteyer, J.R. Speakman, P.M. Cryan, J.M., Lorch D.S. Blehert.  2014.  

 White-nose syndrome initiates a cascade of physiologic disturbances in the hibernating 

bat host.  BMC Physiology 14(10). 

 

Wear, D. and J.G. Greis.  2013.  The southern forest futures project: technical report.  Gen. Tech. 

Rep. SRS-GTR-178.  Asheville, NC: USDA-Forest Service, Southern Research Station. 

542 p. 

 

Weary, D.J. and D.H. Doctor.  2014.  Karst in the United States: a digital map compilation and  

 database.  U.S. Geological Survey.  Open-File Report 2014-1156.  27 p. 

 

Weaver, G.T.; Ashby, W.C.  1971.  Composition and structure of an old-growth forest remnant  

 in unglaciated southwestern Illinois.  American Midland Naturalist.  86:46-56. 

 

Weed A.S., Ayres M.P. & Hicke J. (2013a). Consequences of climate change for biotic 

disturbances in North American forests. Ecological Monographs. 

 

Weed A.S., Ayres M.P. & Hicke J.A. (2013b). Consequences of climate change for biotic 

disturbances in North American forests. Ecological Monographs. 83:441-470. 

 

Whitaker, Jr., J.O. and W.J. Hamilton, J. 1998. Mammals of the Eastern United States. Cornell 

Univ. Press, Ithaca, NY.  

 

Whitaker, J.O. and R.E. Mumford. 2009. Northern Myotis. P. 207-214. In Mammals of Indiana.  

Indiana University Press, Bloomington, Indiana. 

 

http://www.fs.fed.us/recreation/programs/nvum/2012%20National_Summary_Report_061413.pdf
http://www.fs.fed.us/recreation/programs/nvum/2012%20National_Summary_Report_061413.pdf
http://www.fs.fed.us/recreation/programs/nvum/2012%20National_Summary_Report_06%091413.pdf
http://www.fs.fed.us/recreation/programs/nvum/2012%20National_Summary_Report_06%091413.pdf


Page 140 of 248  R9 Programmatic Biological Assessment 

White-nose Syndrome.org. 2012. White-nose Syndrom.org: North America’s Response to the 

   Devastating Bat Disease.  Available: http://www.whitenosesyndrome.org/. 

 

Whitney G.G. 1986. Relation of Michigan’s presettlement pine forests to substrate and  

 disturbance history. Ecology 67:1548–1559. 

 

Whitney GG. 1987. An ecological history of the Great Lakes forest of Michigan. Journal 

 of Ecology 75:667–684. 

 

Wilde, S.A.; Youngberg, C.T.; Hovind, J.H. 1950. Changes in composition of ground water, soil  

fertility, and forest growth produced by the construction and removal of beaver dams. 

Journal of Wildlife Management. 14:123-127. 

 

 

Zurcher, A.A., D.W. Sparks, and V.J. Bennett.  2010.  Why the bat did not cross the road?  Acta  

 Chiropterologica 12(2): 337-340. 

 

 

 

 

 

 

  

http://www.whitenosesyndrome.org/


Appendix A 

Summaries from 20 studies found in the literature that 

include specific NLEB roost tree (and random tree DBH data.  
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Appendix B 

Definition of Proposed Treatments  

 

Clearcutting:   A type of even-aged management.  The cutting of essentially all trees, producing 

a fully exposed microclimate for the development of a new age class.  Cutting may be done in 

groups or patches. 

 

Clearing-Non-timber Related:  Removal of selected trees for the purpose of clearing areas for 

non-timber related projects.  Most often, this type of activity is small, generally less than 5 acres 

and does not happen frequently.  Some examples may be activities such clearing for special use 

permits, gas well pads, clearing for wildlife opening, or pond development.  

 

Commercial Thinning:  Any type of thinning producing merchantable material at least equal to 

the value of the direct costs of harvesting. 

 

Even-aged Management (EAM):  Management of stands of trees composed of a single age 

class in which the range of tree ages are usually + 20% of rotation. 

 

Firewood Cutting:  Cutting or removal of dead and sometimes live trees along roads, for 

firewood.  Most often, trees are for sold for personal uses although occasionally local timber 

operators may purchase the dead trees for commercial use via salvage harvest.  This treatment 

can occur year round but generally occurs from October through March. 

 

Group Selection:  A type of uneven-aged management.  Trees are removed and new age classes 

are established in small groups. 

 

Mechanical Fuels Reduction:  A type of cutting or thinning with mechanized equipment such 

as a carrier-mounted shear or a feller-buncher instead of by hand with a power saw.  The primary 

purpose of this treatment is to reduce the likelihood of ignition or to lesson potential damage and 

resistance to control.  To reduce the risk of potential catastrophic wildfires. 

 

Prescribed Burn (RX Burn):  To deliberately burn wildland fuels in either their natural or their 

modified state and under specified environmental conditions, which allows the fire to be 

confined to a predetermined area and produces the fireline intensity and rate of spread required 

to attain planned resource management objectives (aka-controlled burn, prescribed fire).  Types 

of prescribed burns include: 

 Prescribed Managed Fire:  A fire ignited by management to meet specific objectives. 

 Prescribed Natural Fire:  A naturally ignited wildland fire that burns under specified 

conditions where the fire is confined to a predetermined area and produces the fire 

behavior and fire characteristics to attain planned fire treatment and resource 

management objectives. 

 

Regeneration:  1.) The established progeny from a parent plant (ecology definition). 



2.)  Seedlings or saplings existing in a stand.  3.)  The act of renewing tree cover by establishing 

young trees naturally or artificially (silviculture definitions).   

 

Regeneration Cutting:  Any removal of trees intended to assist regeneration already present or 

to make regeneration possible (aka-regeneration felling). 

 

Regeneration Method:   A cutting procedure by which a new age class is created; the major 

methods are clearcutting, seed tree, shelterwood, selection, and coppice.  Regeneration methods 

are grouped into four categories: 

 Coppice Methods:  Method that achieves the majority of regeneration from stump 

sprouts or root suckers. 

 Even-Aged Methods:  Regenerate and maintain a stand with a single age class. 

 Two-Aged Methods:  Regenerate and maintain stands with two age classes.   

 Uneven Aged (Selection) Methods:  Regenerate and maintain a multi-aged structure by 

removing some trees in all size classes either singly, in small groups or in strips. 

 

Release (Release Operations):  A treatment designed to free young trees from undesirable, 

usually overtopping, competing vegetation. 

 

Road Construction:  For purpose of this BA, road construction can include construction, 

maintenance or reconstruction or decommissioning.  Any of these activities have the potential to 

remove trees.  General road management direction on the Forests is to expand the use of existing 

corridors (reconstruction) rather than to establish new roadways (construction).  Construction 

involves removal and clearing of a corridor in a new area.  Reconstruction can entail removing 

some trees to expand or widen an area.  Maintenance generally does not require tree removal 

with the exception of a hazard tree that may fall across the road.  Decommissioning primarily 

involves the closure of an existing road through a closure (usually a gate or berm), but can 

involve scattered tree felling to discourage road use or to allow recontouring the road bed. 

 

Salvage Cutting:  The removal of dead trees or trees damaged or dying because of injurious 

agents other than competition, to recover economic value that would otherwise be lost (aka-

salvage felling, salvage logging, salvage sale).  Can also be used for immediate public safety 

concerns near roads, trails and recreation areas. 

 

Sanitation Cutting:  The removal of trees to improve stand health by stopping or reducing the 

actual or anticipated spread of insects and disease. 

 

Seed Tree:  A type of even-aged management.  The cutting of all trees except for a small 

number of widely dispersed trees retained for seed production and to produce a new age class in 

fully exposed microenvironment. 

 

Shelterwood:  A type of even-aged management.  The cutting of most trees, leaving those 

needed to produce sufficient shade to produce a new age class in a moderated microenvironment. 
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Single Tree Selection:  A type of uneven-aged management.  Individual trees of all size classes 

are removed more or less uniformly throughout the stand, to promote growth of remaining trees 

for regeneration (aka-individual tree selection). 

 

Stand:  A contiguous group of similar plants (ecology definition). 

A contiguous group of trees sufficiently uniform in age-class distribution, composition, and 

structure, and growing on a site of sufficiently uniform quality, to be a distinguishable unit 

(silviculture definition). 

 

Thinning:  A cultural treatment made to reduce stand density of trees primarily to improve 

growth, enhance forest health, or recover potential mortality; types of thinning include the 

following:   

 Chemical Thinning:  The killing of unwanted trees by using an herbicide. 

 Crown Thinning:  The removal of trees from the dominant or codominant crown classes 

in order to favor the best trees of those same crown classes (aka-thinning from above, 

high thinning). 

 Free Thinning:  The removal of trees to control stand spacing and favor desired trees, 

using a combination of thinning criteria without regard to crown position. 

 Low Thinning:  The removal of trees from the lower crown classes to favor those in the 

upper crown classes (aka-thinning from below). 

 Mechanical Thinning:  The thinning of trees in either even- or uneven-aged stands, 

involving the removal of trees in rows, strips, or by using fixed spacing intervals (aka-

geometric thinning). 

 Selection Thinning:  The removal of trees in the dominant crown class in order to favor 

the lower crown classes (aka-dominant thinning). 

Some examples of thinning could be recreation site maintenance, cutting trees around a lake or 

along a stream for fisheries habitat or general landscape thinning of overstocked conditions in 

even or uneven-aged managed forests. 

 

Timber Harvest:  The removal of timber through different types of treatments.  The removal 

may be commercial and offered through a competitive bid process to achieve objectives  

including stand regeneration for forest health and wildlife habitat improvement.   

 

Timber Stand Improvement (TSI):  An intermediate treatment made to improve the 

composition, structure, condition, health and growth of even or uneven-aged stands.  A few 

examples of TSI can be removal of kudzu or grapevines, non-native invasive species control or 

manipulating tree species composition and/or density. 

 

Trail Construction:  For purpose of this BA, trail construction can include construction, 

maintenance, reconstruction or decommissioning.  Any of these activities have the potential to 

remove trees.  Trail construction is the clearing of an area for recreational purposes, most often 

no wider than the width of a vehicle.  However, some construction can be, for example, for 

walking trails, etc. which are not as wide.  General trail reconstruction can entail removing some 

trees to expand or widen an area.  Maintenance generally does not require tree removal with the 

exception of a hazard trees that may fall across the trail or pose a safety risk to the public.  



Decommissioning primarily involves the closure of an existing trail through a closure (usually a 

gate or berm), but can involve scattered tree felling to discourage trail use. 

 

Uneven aged Management (UAM):  Management of stands of trees of three or more distinct 

age classes, either intimately mixed or in small groups. 

 

Wildland:  Land other than that dedicated for other uses such as agricultural, urban, mining or 

parks. 

 

Wildlife Stand Improvement (WSI):  An intermediate treatment made to improve the 

composition, structure, condition, health and growth of even or uneven-aged stands to promote 

improved habitat for wildlife species.  Some examples of treatments may include removing 

selected trees to allow more space and sunlight to reach mast producing trees, invasive species 

control, placement of grouse drumming logs, or placement of logs for amphibian habitat.   
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Appendix D 

Glossary of Terms 

Acoustic surveys:  use of a device (bat detector) to detect the ultrasonic echolocation calls 

emitted by bats.  Acoustic surveys provide data concerning the presence/absence of bats at 

a site and allow for inferences to be made on their relative abundance based on activity 

levels. 

Conservation measures:   actions that contribute to the conservation of bat species and 

their habitat.  Such measures may be intended to avoid, minimize or offset adverse impacts, 

or positively influence bat populations or habitat. 

Conservation zone:  area identified around a hibernaculum or TES bat maternity colony 

that is deemed important to the success of the population.  The size of this zone is 

necessarily variable as it is informed by specific knowledge of the biology and life history of 

the bat species using the resource and the condition of the surrounding landscape; the 

shape of this zone may be irregular to take into account fall swarming and spring staging 

areas, likely flight paths, foraging habitat, and other important habitat features. 

Emergence surveys:  a method of sampling buildings/structures, trees, caves, etc., during 

the period when bats are present that provides data concerning the presence/absence of 

bats at a site, the degree of bat usage, the species that are present, and other information.  

Emergence surveys are generally conducted at dusk, when bats are emerging from roosts. 

Hibernaculum (plural hibernacula):  a site, usually a cave or mine, where bats hibernate 

during the winter. 

[Important Hibernacula]:  those hibernacula that are officially designated as “critical 

habitat” by the USFWS as well as sites that are considered locally important based on such 

factors as (1) the use of the site by at least one endangered species for multiple years, (2) 

use by multiple sensitive (RFSS) bat species, or (3) use by bat populations (regardless of 

current conservation status) considered to be significant based on local expert opinion.] 

Hibernation season (winter):  time of year when bats are largely confined to hibernacula 

(ranges from approximately September to May and varies by species of bat and geographic 

location). 



Fall swarming:  a phenomenon in which, during late summer and autumn, numerous bats 

are active at cave or mine entrances, though few, if any, of the bats may roost within the 

site during the day; this activity is likely related to fall breeding activities and locating 

potential hibernation sites (ranges from approximately August to November and varies by 

species of bat and geographic location). 

Forest ecosystem:  is a natural woodland unit consisting of all plants, animals and 

microorganisms (biotic components) in that area functioning together with all of the non-

living physical (abiotic) factors of the environment. 

Geophysical exploration:  the practical application of physical methods (such as seismic, 

gravitational, magnetic, electrical and electromagnetic) to measure the physical properties 

of rocks, and in particular, to detect the measurable physical differences between rocks 

that contain ore deposits or hydrocarbons and those without. 

Known habitat:  areas known to be used by TES bat species. 

Maternity colony:  a group of reproductively active female bats and their young that 

occupy the same summer habitat and interact to varying degrees. 

[Important Maternity (colony) sites]:  individual roosts or networks of roosts used by a 

maternity colony that are officially designated as “critical habitat” by the USFWS as well as 

sites that are considered locally important based on such factors as (1) the use of the site 

by at least one endangered species for multiple years, (2) the use by multiple sensitive 

(RFSS) bat species, or (3) use by bat populations (regardless of current conservation 

status) considered to be significant based on local expert opinion. 

Maternity habitat:  suitable summer habitat used by juveniles and reproductive 

(pregnant, lactating, or post-lactating) females. 

Maternity roost:  a summer roost, usually a tree, cave, or mine but sometimes a manmade 

structure or bat box, used by reproductively active female bats and their young 

Maternity season (summer):  time of year when reproductively active female bats and 

their young are present on the landscape (ranges from approximately April to September 

and varies by species of bat and geographic location). 

Mist-net surveys:  a method of sampling that typically employs a nylon mesh net stretched 

between two poles; unlike other survey methods, mist-netting allows for hands-on 

examination of species, making it an important tool for monitoring species diversity, 

relative abundance, health, population size, and demography. 
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Non-volant:  flightless, or lacking the ability to fly. 

Non-volancy period:  the 3-4 week period following birth when bat pups (young) are 

unable to fly; mothers can and will move their young during this period. 

Permanent habitat loss:  the permanent removal/destruction of suitable habitat for TES 

bat species. 

Permanent habitat modification:  the permanent alteration of habitat to a degree that 

diminishes the long-term suitability of the habitat for TES bat species and/or the 

introduction of new uses, activities, or infrastructure to an area that will produce enduring 

effects that diminish the long-term suitability of the habitat for TES bat species. 

Potential roost tree:  tree exhibiting characteristics that make it suitable for bat roosting,  

such as presence of cavities, hollows, cracks, crevices, or exfoliating bark. 

Rock feature roosts:  cliffs, rock bluffs, rock shelters, vertical outcrops, glades, and talus 

slopes that are of the appropriate size and configuration to provide roosting habitat for 

bats.  Generally these include sites that are 10 feet or more in height and 100 feet or more 

in length, although they may consist of discontinuous rock faces that should be considered 

as one.  Often they contain fissures, openings of various sizes, and/or loose rocks.  Vertical 

outcrops, glades, and talus slopes may have other configurations but are generally self-

defined on the landscape. 

Roost site:  any location (tree, bat box, structure) where bats spend the day roosting singly 

or in colonies. 

Roost tree:  any tree in which bats roost during the day. 

Snag:  a standing dead tree. 

Spring staging:  the departure of bats from hibernacula in the spring, including processes 

and behaviors that lead up to departure (ranges from approximately March to May and 

varies by species of bat and geographic location). 

Suitable habitat:  habitat that is appropriate for use by TES bat species. 

a. Suitable winter habitat (hibernacula):  is largely restricted to underground caves, 

mines, and other cave-like structures (e.g., railroad tunnels, dams, storm sewers).  

Hibernacula typically have large passages with significant cracks and crevices for roosting; 

relatively constant, cooler temperatures (0-9°C) and high humidity and minimal air 

currents. 



b. Suitable summer habitat:  for TES bat species consists of the variety of 

forested/wooded habitats where they roost, forage, and travel. This includes forested 

patches as well as linear features such as fencerows, riparian forests, and other wooded 

corridors.  These wooded areas may be dense or loose aggregates of trees with variable 

amounts of canopy closure. 

c. Suitable spring staging/fall swarming habitat:  for TES bat species consists of the 

variety of forested/wooded habitats where they roost, forage, and travel in proximity to a 

hibernaculum.  This includes forested patches as well as linear features such as fencerows, 

riparian forests, and other wooded corridors.  These wooded areas may be dense or loose 

aggregates of trees with variable amounts of canopy closure. 

Suitable roost tree:  live tree or snag with characteristics that support roosting by 

individuals or groups of TES bat species.  Such characteristics may include loose bark, 

crevices, cracks, or hollows. 

Underground maternity site:  any subterranean feature used by reproductively active 

female bats and their young during the summer maternity season. 

Volant:  able to fly. 
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Appendix E 

Individual Forest Design Criteria and 

Additional Information 

ALLEGHENY NATIONAL FOREST  

Land Suitable for Key Activities 

 
Reserved Status of Forest Lands - Pennsylvania 

Ownership class  Total  
 Not 

reserved  
 

Reserved  

Total 16,999,249  16,449,168  550,081  

National Forest 502,306  480,684  21,622  

National Park Service 46,032  0  46,032  

Bureau of Land 
Management 

0  0  0  

Fish and Wildlife Service 0  0  0  

Dept. of Defense 34,222  34,222  0  

Other Federal 40,586  40,586  0  

State 3,879,222  3,417,112  462,110  

County and Municipal 535,849  515,532  20,317  

Other Local Govt. 0  0  0  

Private 11,961,032  11,961,032  0  



Proposed Average Timber Harvest by Cutting Method for the Allegheny National Forest, Annually. 

National Forest or 
Tallgrass Prairie 

Total National Forest 
System Acres1 Total Forested Acres2 

Allegheny 516,843* 475,496 

      

Pup Season3 - May 1 to July 31   

Management Activity   Average Annual Acres 

Even-Aged Management4 127 

Uneven-Aged Management5 103 

Thinning 208 

Site Prep 152 

TSI6 475 

Routine Salvage/Sanitation 0 

Prescribed Burn7 0 

Clearing Non-Timber8 15 

Total Acres Managed: 1,080 

Percentage of National Forest System Acres: 0.21% 

Percentage of Forested Acres: 0.23% 

      

Miles of Trail Constuction9: 0.82 

Miles of Road Constuction10: 130.67 

      

Non-Pup Season - August 1 to April 30   

Management Activity   Average Annual Acres 

Even-Aged Management4 1,648 

Uneven-Aged Management5 392 

Thinning 792 

Site Prep 1,673 

TSI6 2,215 

Routine Salvage/Sanitation 0 

Prescribed Burn7 652 

Clearing Non-Timber8 0 

Total Acres Managed: 7,371 

Percentage of National Forest System Acres: 1.43% 

Percentage of Forested Acres: 1.55% 

      

Miles of Trail Constuction9: 2.45 

Miles of Road Constuction10: 160.24 
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* Updated acreage based on Forest Plan 

 

Forest-Wide Standards and Guidelines 

 

Stand/Guideline 
Number/Name* Direction 

2100-PA-G-1 
Minimize the concentration and dosage of pesticides by using proper 
formulations, application techniques, and timing. 

2400-Silv-G-1 

Seasonal restrictions on vegetation management activities may be imposed 
to protect or manage featured plant or animal species, to provide 
recreational opportunities, or to protect soil and water resources. 

2400-TO-S-5 

Even-aged treatments must retain residual trees, snags and down material 
identified in 2600 Wildlife, Fish and Sensitive Plant Habitat standards and 
guidelines. 

2500-AW-G-1 

Maintain watershed health and water quality by following guidelines 
contained in the current versions of “Timber Harvest Operations Field Guide 
for Waterways, Wetlands, and Erosion Control” and “Erosion and Sediment 
Pollution Control Program Manual,” Department of Environmental 
Protection, Commonwealth of Pennsylvania. 

2500-RC-S-1 

During project-level planning and implementation, identify riparian 
corridors, defined on the basis of soils, vegetation and hydrology (surface 
and ground water), that will maintain the ecological functions and values 
associated with the riparian area. Riparian corridors will vary by water 
feature, and at a minimum will be defined following the fixed width 
distances in Table 24. For stream channels, riparian corridor widths shall be 
applied to  
both sides of the channel, measured from the top of the channel bank. For 
perennial water bodies, the distance is measured from the high water mark 
of each bank. When management activities occur in the riparian corridor, 
special attention will be given to soils, hydrology, and riparian dependent 
resources. 

2500-RC-G-3 
Trees should not be removed within 10 feet of stream channel banks except 
for road construction or road and trail maintenance. 

2500-RC-G-7 

Avoid construction of new facilities, roads, oil and gas developments, 
motorized trails, landings and buildings within the riparian corridor (see 
Table 24). 

2500-W-G-1 

Trees should not be removed within 25 feet of wetlands, including springs or 
seeps. From 25 feet to 100 feet, maintain at least an average of 50 percent 
canopy cover. 

2500-W-G-2 

Trees should not be cut within 100 feet of the high water mark of vernal 
pool. From 100 to 200 to feet from the vernal pool, maintain at least an 
average of 50 percent canopy cover to protect amphibian habitat. 



Stand/Guideline 
Number/Name* Direction 

2500-W-G-6 

Construction of new facilities, roads, oil and gas developments, motorized 
trails, landings, and buildings should occur outside of the wetland 
management zone. When wetlands can not be avoided, impacts to wetland 
ecology should be minimized following these guidelines:................. 

2600-HSD-G-2 

In all timber harvest units, one-quarter acre within each 5 acres of harvest 
should be set aside as reserve areas.  Layout of reserve areas should 
emphasize the following: vernal ponds, wet depressions, unique plant 
communities, rock complexes, den trees, snags, conifers, mast-producing 
species, and tree or shrub species that are a minor component of the stand. 

2600-HSD-G-3 

Where they occur, up to five den trees per acre greater than 20 inches DBH 
should be retained. Den trees exhibit at least one noticeable cavity. Trees 
with the largest cavity receive the highest retention priority. 

2600-HSD-G-4 

A set of currently identified and mapped potential old growth areas should 
be maintained. These areas may be reevaluated and adjusted during project 
planning. 

2600-HSD-G-6 
Vegetation management should provide habitat for cavity-nesting birds and 
mammals as well as songbirds. 

2600-HSD-G-10 

To conserve key habitat components, new roads, trails, recreation facilities, 
pits and other developments should be located to avoid occupied habitat of 
species with viability concerns including rock ledges and outcroppings, large 
boulder areas, bat hibernacula and historic rattlesnake dens. 

2600-HSD-G-11 

Specialized habitats and inclusions should receive treatments to specifically 
benefit game and non-game species, species with viability concerns or 
unique ecological communities.  Examples include creation of basking areas 
for rattlesnakes and increasing vertical structure and understory diversity for 
songbirds 

2600-HSD-G-12 

Impacts from timber harvest and reforestation treatments to species with 
viability concerns should be avoided or mitigated through the use of 
seasonal limitations and other measures. 

2600-HSD-G-13 

Existing motorized trails and Forest Service roads should be managed to 
mitigate impacts to species with viability concerns. Where impacts cannot 
be avoided, an evaluation will be completed to assess impacts and 
determine if management changes are necessary. 

2600-HSD-G-15 

Indirect impacts (e.g. noise disturbance) should first be monitored to 
determine the severity of impact. Possible mitigation may include seasonal 
trail closure or relocation. 
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Stand/Guideline 
Number/Name* Direction 

2600-HSD-G-16 

Impacts from new trail construction to habitat features for species that are 
sensitive to human disturbance, such as great blue heron colonies, 
rattlesnake dens, goshawk nests, wood turtle nesting sites, and others, 
should be mitigated. Specific buffer zone distances are provided for several 
species (refer to Table 29 immediately following this section). New trails 
should be designed to avoid or mitigate impacts to species with viability 
concerns. 

2600-HSD-G-17 
Construction of new developed recreation facilities should not adversely 
impact habitat for species with viability concerns. 

2600-FTES-S-1 Retain all shagbark hickory. 

2600-FTES-S-2 

In all harvest units where available, retain at least 9 snags per acre greater 
than 10 inches DBH. These snags should have some bark remaining and 
should not pose a safety hazard to sawyers or the public. 

2600-FTES-S-3 

For partial/intermediate harvests (e.g. thinnings, shelterwood seed/prep, 
selection cuts) in healthy stands (stands where volume being removed is 
predominantly healthy, living trees), retain canopy closure at 50 percent or 
greater. 

2600-FTES-S-4 

All known [Indiana bat] roost trees on the ANF will be protected until such 
time as they no longer serve as a roost (e.g. loss of exfoliating bark or 
cavities, blown down, or decay). In the event that it becomes absolutely 
necessary to remove a known Indiana bat roost tree, such a removal will be 
conducted through consultation with the USFWS, during the time period 
when the bats are likely to be in hibernation (October 15 to March 31). 
Known roost trees identified as immediate threats to public safety may, 
however, be removed at any time following consultation with the USFWS. 

2600-FTES-G-1 

For all timber harvests – retain at least three live trees per acre ≥20 inches 
DBH (or largest DBH available) of preferred roost tree species (e.g. oaks; 
hickories; red, silver, and sugar maple; American and slippery elm; black 
locust; green and white ash; eastern cottonwood). Where possible, these 
trees should be located in areas of the stand where the thick regeneration 
that occurs after a final harvest will not shade or obstruct flight to the tree – 
for example, in a riparian or wetland buffer, along the edge of a harvest, or 
in the one-quarter acre retained clumps. Retain an additional 6 live trees 
greater than 10 inches DBH per acre. 



Stand/Guideline 
Number/Name* Direction 

2600-FTES-S-6 

If occupied Indiana bat maternity roost trees are discovered, protect them 
from physical disturbance until they naturally fall to the ground. Designate 
an area of use based on site conditions, radio-tracking or other survey 
information, and best available information regarding maternity habitat 
needs. Minimize human disturbance in the foraging and roosting areas of 
the maternity colony until the colony has left the maternity area for 
hibernation. The character of the site should be maintained or enhanced 
year-round by: 1) maintaining an adequate number of snags, 
including known roost trees; 2) maintaining large live trees to provide future 
roosting opportunities; and 3) maintaining optimal roosting and small 
canopy gaps to provide a continual source of foraging habitat (USDI FWS 
2005). 

2600-FTES-S-7 

Within the area of use (known or likely foraging and roosting) determined 
for each [Ibat] maternity colony, conduct prescribed burning only during the 
hibernation season. 

2600-FTES-S-8 

If occupied Indiana bat male roost trees are discovered during the summer 
season, protect them from physical disturbance by designating a 75-foot 
radius buffer zone around the tree(s). Within the buffer zone, no ground 
disturbing activity, prescribed fire, or timber harvest should occur. The 
buffer zone should remain in place until the roost tree naturally falls to the 
ground. 

2600-FTES-S-9 
Protect known [Ibat] male roost trees from physical disturbance until they 
naturally fall to the ground. 

2600-FTES-S-10 Remove hazard trees between October 15 and April 1 whenever possible. 

2600-FTES-S-11 

Demolition or removal of buildings or other manmade structures that harbor 
bats should not occur between April15 and August 15. During this period, 
pups, juveniles, and pregnant or lactating females are present. Building 
demolition and removal will occur while bats are not present on the ANF and 
likely hibernating. Prior to demolishing a building that bats have used, install 
a bat box (or boxes) nearby to provide an alternate roost when 
they return. If public safety is threatened and the building must be removed 
while bats are present, a bat expert should examine the building to 
determine if Indiana bats are present. A bat box should be installed nearby 
before buildings that harbor bats are removed. If Indiana bats are present, 
the Forest Service will consult with the Fish and Wildlife Service. 

2600-FTES-S-12 
Retain trees with characteristics of suitable roosts (dead or dying trees with 
flaking or exfoliating bark) whenever possible. 

2600-SVC-G-1 

Demolition or removal of buildings or other manmade structures that harbor 
bats should occur while bats are hibernating. If public safety is threatened 
and the building must be removed while bats are present, a bat expert 
should examine the building to determine if Indiana bats are present. A bat 
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Stand/Guideline 
Number/Name* Direction 

box should be installed nearby before buildings that harbor bats are 
removed. 

2700-CTU-S-1 
Communication towers constructed on the ANF shall not be built with guy-
wire support. 

2700-CTU-G-4 
Priority should be placed on using existing rights of way, corridors, or 
structures, before constructing new structures or clearings. 

2700-CTU-G-3 
To reduce light pollution, avoid constructing communication towers that 
exceed the height, which requires warning lights. 

2800-OGD-G-3 
All clearings (i.e., for roads, pipelines, well pads) should be limited to the 
minimum size necessary to safely conduct operations. 

7300-AF-S-3 

Before existing buildings and other manmade structures are structurally 
modified or demolished, they will be surveyed for bats. If significant bat 
roosting is found, maintain these structures or provide alternate roosts 
suitable for the species and colony size prior to building modification or 
destruction. 

7300-AF-G-1 

Design night lighting to minimize light pollution. Limit continuous or dusk-to-
dawn lighting at facilities. Where feasible, utilize low emitting directional 
lighting sources to minimize light pollution on night sky viewing. Exceptions 
for continuous lighting may be made for the lighting of towers or lines to 
facilitate flight safety, and staffed, around-the-clock operations. 

7700-RC-G-3 Road reconstruction should follow the existing corridor alignments. 

7700-RC-G-5 

Roads should be relocated to enhance resource management or improve 
user safety, utility, and resource protection. Decommission and restore old 
roadbeds as soon as possible after road relocation has been completed. 

7700-C-S-2 

When planning the road system, if the management area objectives and the 
environmental constraints can be met, take advantage of existing non-
system road corridors in order to minimize additional land clearing. 

7700-D-S-2 Roads that are no longer needed shall be decommissioned. 
 

Potential Roost Trees Available on the Allegheny National Forest Derived from the Forest 

Inventory and Analysis Database (Miles 2015). 

 

 Snags > 5" 

DBH  

 Rough Cull > 

5" DBH  

 Rotten Cull  

> 5" DBH  

 Potential 

Roost Trees  

 Forested 

Acres  

 Potential 

Roost 

Trees/ 

Acre  

 Snags/ 

Acre   Growing Stock  

       8,799,331         8,654,357       1,450,009  
       

18,903,697  
         472,690  

                    

40  

                 

19  
         67,823,849  

  



CHEQUAMEGON-NICOLET NATIONAL FOREST 

Land Suitable for Key Activities 

 
 

Reserved Status of Forest Lands - Wisconsin 

Ownership class  Total  
 Not 

reserved  
 

Reserved  

Total 17,101,165  16,745,533  355,632  

National Forest 1,434,232  1,390,589  43,643  

National Park Service 42,599  0  42,599  

Bureau of Land 
Management 

0  0  0  

Fish and Wildlife Service 88,201  5,188  83,012  

Dept. of Defense 42,495  42,495  0  

Other Federal 12,256  7,600  4,655  

State 1,173,775  996,600  177,176  

County and Municipal 2,349,928  2,345,381  4,547  

Other Local Govt. 7,720  7,720  0  

Private 11,949,960  11,949,960  0  
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Proposed Average Timber Harvest by Cutting Method for the Cheq-Nicolet National Forest, Annually. 

National Forest or 
Tallgrass Prairie 

Total National Forest 
System Acres1 Total Forested Acres2 

Chequamegon-Nicolet 1,523,709 1,318,863 

      

Pup Season3 - May 1 to July 31   

Management Activity   Average Annual Acres 

Even-Aged Management4 1,367 

Uneven-Aged Management5 1,882 

Thinning 1,775 

Site Prep 2,425 

TSI6 725 

Routine Salvage/Sanitation 125 

Prescribed Burn7 4,000 

Clearing Non-Timber8 200 

Total Acres Managed: 12,499 

Percentage of National Forest System Acres: 0.82% 

Percentage of Forested Acres: 0.95% 

      

Miles of Trail Constuction9: 169 

Miles of Road Constuction10: 2,068 

      

Non-Pup Season - August 1 to April 30   

Management Activity   Average Annual Acres 

Even-Aged Management4 4,103 

Uneven-Aged Management5 5,648 

Thinning 5,325 

Site Prep 2,425 

TSI6 725 

Routine Salvage/Sanitation 390 

Prescribed Burn7 1,100 

Clearing Non-Timber8 200 

Total Acres Managed: 19,916 

Percentage of National Forest System Acres: 1.31% 

Percentage of Forested Acres: 1.51% 

      

Miles of Trail Constuction9: 332 

Miles of Road Constuction10: 2,854 



Forest-Wide Standards and Guidelines 

 

Stand/ 
Guideline 

Number/Na
me Direction 

G-FW-16 

Reserve 2 to 5 live trees per acre greater than 11 inches in diameter, or select 
the largest trees available; and reserve variable size reserve islands/clumps that 
total up to ½ acre for every 10 acres managed with an even aged harvest. 

G-FW-16 

Reserve all dead snags and live den trees up to 10 trees/snags per acre, unless 
they present a safety concern. Emphasize the largest snags and den trees 
available. Those snags felled for safety reasons should be left on site as coarse 
woody debris wherever possible. Additional snags will be recruited from live 
reserve trees. 

G-WM-18 
Avoid fragmenting shallow water marshes, or large wetlands containing open 
water, with corridors used for power lines, roads, and trails. 

G-FW-16 

Emphasize diversity, cover and (or) mast by reserving tree species such as 
hemlock, northern white cedar, white pine, red oak, American beech, hickory, 
ironwood, blue beech, yellow birch, paper birch and other species that may not 
have strong local or forest wide representation 

G-WP-17 

Use “Wisconsin’s Forestry Best Management Practices for Water Quality” 
(1995 or subsequent revisions) including Riparian Management Zone direction, 
for guidance on protection. 

G-UWHM-17 
Use native species when planting supplemental mast or fruit-bearing trees or 
other shrubs for wildlife habitat improvement. 

S-NNIS-27 
Use permissible mechanical, biological, and chemical controls to reduce the 
spread of non-native invasive species. 

G-WPM-3 

Maintain water quality by following guidelines contained in “Wisconsin’s 
Forestry Best Management Practices for Water Quality,” (BMPs), March 1995 
edition (or subsequent revisions) 

G-WPM-3 

Utilize the “Wisconsin Construction Site Best Management Practices 
Handbook” as well as the “Best Management Practices for Erosion and 
Sedimentation Control,” (Federal Highway Administration) for guidance on 
limiting sedimentation. 

G-WPM-4 

Utilize Wisconsin’s Forestry Best Management Practices (BMPs) for riparian 
management zone categories. Expand riparian management zones wider than 
those defined in Wisconsin’s Forestry BMPs and modify management practices 
where necessary (e.g., projects on steep slopes and/or highly erodible soils). 

G-WPM-4 

Protect warm and cold-water streams from sedimentation by maintaining the 
physical integrity of intermittent and non-navigable streams, i.e., streams that 
do not appear on 1:24,000 topographic maps to ensure their continued 
function when they do contain water. 

G-WPM-4 Provide and maintain conifer thermal cover within riparian areas 
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Stand/ 
Guideline 

Number/Na
me Direction 

G-WPM-4 
Avoid stream and wetland crossings and riparian areas when constructing new 
roads and trails 

G-WPM-4 

Relocate existing roads and trails out of riparian areas and eliminate stream 
crossings where practicable. Otherwise, construct or reconstruct roads, trails 
and associated stream crossings to minimize erosion, sedimentation and 
riparian impacts. Design culverts and bridges to pass the estimated 100-year 
flood. 

G-WPM-5 

Utilize guidelines found in Wisconsin’s Forestry BMPs to maintain water quality 
and hydrologic wetland functions during activities such as timber harvesting or 
road and trail construction 

G-WPM-5 
Minimize fill and maintain cross road drainage when wetland road and trail 
crossings cannot be avoided 

G-UMNH-38 
Utilize uneven-aged management prescriptions to develop stands that have at 
least three distinct age classes. 

G-WL-16 
Exclude heavy logging equipment from wet areas, excessively steep slopes, or 
reserved areas within timber harvest units. 

G-WL-16 

Emphasize diversity, cover and (or) mast by reserving tree species such as 
hemlock, northern white cedar, white pine, red oak, American beech, hickory, 
ironwood, blue beech, yellow birch, paper birch and other species that may not 
have strong local or forest wide representation. 

 

Potential Roost Trees Available on the Chequamegon-Nicolet National Forest Derived from 

the Forest Inventory and Analysis Database (Miles 2015). 

 

 Snags > 5" 

DBH  

 Rough Cull > 

5" DBH  

 Rotten Cull  

> 5" DBH  

 Potential 

Roost Trees  

 Forested 

Acres  

 Potential 

Roost 

Trees/ 

Acre  

 Snags/ 

Acre   Growing Stock  

     28,237,128       19,644,951       1,730,574  
       

49,612,653  
     1,318,863  

                    

38  

                 

21  
      231,202,465  

 

  



CHIPPEWA NATIONAL FOREST 
Land Suitable for Key Activities 

 
 

Reserved Status of Forest Lands - Minnesota 

Ownership class  Total  
 Not 

reserved  
 

Reserved  

Total 17,378,345  16,098,646  1,279,699  

National Forest 2,600,851  1,845,056  755,795  

National Park Service 112,509  0  112,509  

Bureau of Land 
Management 

3,156  3,156  0  

Fish and Wildlife Service 103,997  7,280  96,717  

Dept. of Defense 17,964  17,964  0  

Other Federal 39,639  36,699  2,940  

State 4,077,115  3,808,290  268,825  

County and Municipal 2,618,473  2,575,559  42,914  

Other Local Govt. 6,810  6,810  0  

Private 7,797,832  7,797,832  0  
 

Potential Roost Trees Available on the Chippewa National Forest Derived from the Forest 

Inventory and Analysis Database (Miles 2015). 

 

 Snags > 5" 

DBH  

 Rough Cull > 

5" DBH  

 Rotten Cull  

> 5" DBH  

 Potential 

Roost Trees  

 Forested 

Acres  

 Potential 

Roost 

Trees/ 

Acre  

 Snags/ 

Acre   Growing Stock  

     11,873,378         6,402,400       1,618,427  
       

19,894,205  
         589,690  

                    

34  

                 

20  
         90,565,149  
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Proposed Average Timber Harvest by Cutting Method for the Chippewa National Forest, Annually. 

National Forest or 
Tallgrass Prairie 

Total National Forest 
System Acres1 Total Forested Acres2 

Chippewa 671,951 589,690 

      

Pup Season3 - May 1 to July 31   

Management Activity   Average Annual Acres 

Even-Aged Management4 1,037 

Uneven-Aged Management5 14,509 

Thinning 229 

Site Prep 438 

TSI6 2,654 

Routine Salvage/Sanitation 25 

Prescribed Burn7 2,976 

Clearing Non-Timber8 15 

Total Acres Managed: 21,883 

Percentage of National Forest System Acres: 3.26% 

Percentage of Forested Acres: 3.71% 

      

Miles of Trail Constuction9: 32 

Miles of Road Constuction10: 804 

      

Non-Pup Season - August 1 to April 30   

Management Activity   Average Annual Acres 

Even-Aged Management4 3,112 

Uneven-Aged Management5 43,528 

Thinning 687 

Site Prep 632 

TSI6 3,221 

Routine Salvage/Sanitation 75 

Prescribed Burn7 744 

Clearing Non-Timber8 60 

Total Acres Managed: 52,058 

Percentage of National Forest System Acres: 7.75% 

Percentage of Forested Acres: 8.83% 

      

Miles of Trail Constuction9: 122 

Miles of Road Constuction10: 1,223 



Forest-Wide Standards and Guidelines 

 

Stand/Guideline 
Number/Name Direction 

G-FW-1 

The Forest Service will implement the MFRC management guidelines when 
managing forest resources on the National Forest.  These measures are described in 
Sustaining Minnesota Forest Resources: Voluntary site-level Management 
Guidelines. (Available at: http://www.frc.state.mn.us/FMgdline/Guidelines.html)  

G-VG-1 
Maintain a minimum of 19 patches of mature or older upland forest in patches of 
1,000 acres or greater. 

S-VG-2 
Maintain a minimum of 85,000 acres of mature or older upland forest in patches 
300 acress or greater. 

S-VG-3 

In mature or older upland forest types managed to maintain patches of 300 acres or 
greater, vegetation management treatments that maintain a 50% minimum canopy 
closure and maintain large diameter trees are allowable. 

S-WS-5 

New facilities (such as roads, trails, campsites, and buildings) within riparian or 
floodprone areas will be discouraged. If such facilities are built in riparian or 
floodprone areas, they will be constructed and maintained in a way that minimizes 
adverse impacts to the ecological function of the area. 

S-WS-9 
Within the near-bank zone, harvest trees only to maintain or restore riparian 
ecological function. 

MFRC 
Leave all snags possible standing in harvest areas.  (MFRC, Timber Harvesting, pg. 
33). 

MFRC 

When harvesting understory vegetation for fuel reduction: Retain snags greater 
than 12 inches DBH and down logs where at least one end is greater than 12 inches 
in diameter and 6 feet in length.  Place emphasis on retaining only larger snags and 
pre-existing coarse woody debris, because these larger fuels do not contribute as 
much to the initial speed and flame length of a wildfire (MFRC, Forest Biomass 
Harvesting, pg. 23).   

MFRC 

Unmerchantable trees, dead standing trees and trees not designated for harvest 
will be left.  The operator will be allowed to fell (and leave in place) a portion of 
these trees in areas where deemed necessary to facilitate the logging operations, as 
well as for safety reasons (MFRC, Timber Harvesting, pg. 33). 

MFRC 

Leave standing a minimum of 6 cavity trees, potential cavity trees and/or snags per 
acre during TSI operations.  These trees and snags should be distributed throughout 
the site as much as possible.  (MFRC, Timber Stand Improvement, pg. 7) 

MFRC 
Consider creating snags during commercial thinning of even-age, low-diversity 
stands.  (MFRC, Timber Stand Improvement, pg. 7) 

S-REC-1 
Remove hazardous trees.  Retain dead or dying trees not posing a hazard to people 
or facilities if they provide ecological benefits. 

G-ID-3 
Utilize existing natural or man-made barriers, such as drainages, cliffs, streams, 
roads, and trails instead of constructed firelines for prescribed fire and suppression 
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Stand/Guideline 
Number/Name Direction 

activities where practical and safe for firefighters and the public. 

MFRC 
Minimize total road mileage and ground disturbance to meet landowner objectives.  
(MFRC, Forest Roads, pg. 12) 

S-WS-1 

Management actions on NFS land will not increase the total (all ownerships) 
acreage of upland young forest (<16 years) and upland openings to the point where 
the combined acreage exceeds 60% of the total area of any 6th level watershed.  
Upland openings include permanent openings, roads and associated clearings, 
parking lots, cropland, pastures, borrow pits, utility rights of way, town sites, homes 
and yards, and upland brush, and grass. In 6th level watersheds that already exceed 
the 60% threshold, no action on NFS land will be taken that causes a net whole 
watershed increase of more than 1% in open and young forest conditions. 

G-LA-2 

Land acquisitions will generally be guided by the following criteria: Priority 1 (a) 
land needed for habitat for federally listed endangered, threatened proposed or 
candidate species or for Regional Forester sensitive species (b) land needed to 
protect significant historical and cultural resources... (c) land needed to protect and 
manage administrative or Congressionally designated, unique, proposed or 
recommended areas... 

G-WL-11 Avoid or minimize negative impacts to known occurrences of sensitive species. 

MFRC 

Avoid biomass harvest within specific sites where plant or animal species listed as 
endangered or threatened at the state or federal level are known to exist, or where 
such species are discovered during operations and where biomass harvesting would 
harm them (MFRC, Forest Biomass Harvesting, pg. 20) 

MFRC 

Modify management activities to maintain, promote or enhance endangered, 
threatened or  special concern species on the site.  (MFRC, General Guidelines, pg. 
23). 

MFRC 

If pesticides must be applied to sites containing endangered, threatened or special 
concern species, select pesticides, application methods, equipment and 
formulations to protect those species.  (MFRC, Pesticide Use, pg. 9) 

G-WS-14 

Wetlands will be managed to prevent the reduction of their water quality, fish and 
wildlife habitat, and aesthetic values.  Management actions will not reduce water 
quality within a wetland, or upstream or downstream of a wetland, unless 
restoration of natural conditions is the primary goal of the activity. 

G-TM-5 

In stands 20 acres or larger that were regenerated with clearcuts, retain a minimum 
of 5 percent of the stand in legacy patches of live trees where no harvest occurs. 
Wherever possible these should be at least two acres in size.  These legacy patches 
will protect soil organic matter and associated organisms and remaining vegetation 
will aid in the re-colonization of the adjacent managed area.  



Stand/Guideline 
Number/Name Direction 

MFRC 

Retain leave trees in clumps occupying a minimum of 5% of each clearcut harvest 
unit OR as an alternative or supplement to clumps, employ scattered individual 
leave trees, especially if they are larger, specimens of preferred species. (MFRC, 
Timber Harvesting, pg. 34-36). 

MFRC 

Legacy patches should be no less than one-quarter acre in size (MFRC, Ch. 2, 
Wildlife Habitat, pg. 44).  When locating legacy patches or leave tree clumps 
consider including important features such as wetland inclusions, seasonal ponds, 
riparian areas, forested corridors, den trees, cavity trees, trees with stick nests, 
large mature white pine, rare plant locations and rare native plant communities 
(MFRC, Timber Harvesting, pg. 35).  Patches should be in representative habitats 
throughout the site (MFRC, Chap. 2, Wildlife Habitat, pg. 43) 

MFRC 

In general, retain a minimum of 6-12 live leave trees per acre to provide present 
and future benefits including shelter, resting sites, cavities, perches, rest sites, 
foraging sites, mast, and coarse woody debris.  The trees will be at least six inches 
in diameter and include at least two trees per acre from the largest size classes 
available on site. A variety of species would be selected for within-stand species 
and structural diversity.  (MFRC, General Guidelines, pg. 75-77). 

MFRC 

Leave trees may be left individually or in clumps ranging from one-quarter acre and 
larger.  Minimal harvest within clumps is acceptable (down to a minimum of 80 BA) 
as long as the integrity of the clump or key leave trees is not disturbed, and as long 
as the clump is not doubling as a legacy patch (MFRC, Timber Harvesting, pg. 35).  

MFRC 

Consider retaining more than the recommended number of leave trees in harvest 
sites of greater than 100 acres.  This practice would better mimic natural 
disturbances, such as fire and windstorm” (MFRC, Timber harvesting, pg. 40). 

MFRC 

Allow some individuals of longer-lived species to reach ages of 200-300 years old in 
managed stands.  Leave large cull trees standing.  (MFRC, General Guidelines, pg. 
78). 
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FINGER LAKES NATIONAL FOREST 

Land Suitable for Key Activities 

 

 
 

1 - National Forest System roads may be closed to public use, or the types of vehicles or season of use may be 
     restricted for public safety, to prevent resource  protect wildlife damage or to Blueberry 

2 - New road construction shall be prohibited unless required by law to provide access to private land. 

3 - Development of, and designated sites for, wind and communication towers shall be prohibited unless along 
     current town roads and buried. 

 
4 - Timber salvage should not be permitted unless there is a threat to public safety, structures, adjacent lands, 
     or needed to meet the desired future condition of the North Country Trail. 

5 - Roads and skid trails should be prohibited from the management area except where no reasonable alternative exists. 
   

Reserved Status of Forest Lands – New York 

Ownership class  Total  
 Not 

reserved  
 

Reserved  

Total 18,950,315  15,855,077  3,095,238  

National Forest 14,149  14,149  0  

National Park Service 13,167  0  13,167  

Bureau of Land 
Management 

0  0  0  

Fish and Wildlife Service 19,600  0  19,600  

Dept. of Defense 93,306  93,306  0  

Other Federal 11,135  11,135  0  

State 4,120,755  1,121,210  2,999,546  

County and Municipal 590,601  527,676  62,925  

Other Local Govt. 0  0  0  

Private 14,087,602  14,087,602  0  



Proposed Average Timber Harvest by Cutting Method for the Green Mnt. & Finger Lakes, Annually. 

National Forest or  
Tallgrass Prairie 

Total National Forest 
System Acres1 Total Forested Acres2 

Green Mountain & Finger Lakes 425,943 398,379 

      

Pup Season3 - May 1 to July 31   

Management Activity   Average Annual Acres 

Even-Aged Management4 2,190 

Uneven-Aged Management5 700 

Thinning 653 

Site Prep 547 

TSI6 220 

Routine Salvage/Sanitation 0 

Prescribed Burn7 333 

Clearing Non-Timber8 132 

Total Acres Managed: 4,775 

Percentage of National Forest System Acres: 1.12% 

Percentage of Forested Acres: 1.20% 

      

Miles of Trail Constuction9: 116 

Miles of Road Constuction10: 0 

      

Non-Pup Season - August 1 to April 30   

Management Activity   Average Annual Acres 

Even-Aged Management4 1,263 

Uneven-Aged Management5 403 

Thinning 377 

Site Prep 1,218 

TSI6 127 

Routine Salvage/Sanitation 0 

Prescribed Burn7 192 

Clearing Non-Timber8 76 

Total Acres Managed: 3,656 

Percentage of National Forest System Acres: 0.86% 

Percentage of Forested Acres: 0.92% 

      

Miles of Trail Constuction9: 238 

Miles of Road Constuction10: 63 
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Forest-Wide Standards and Guidelines 

Direction 

Snags, den trees, nest trees, and mast trees shall be reserved during timber management activities 
in sufficient quality, quantity, and distribution to maintain well dispersed, self-sustaining 
populations of all snag, den, nest, and mastdependent wildlife indigenous to the Green Mountain 
National Forest (GMNF). These reservations shall be stipulated in timber sale contracts  

Retain 5 trees of suitable Indiana bat roosting quality per acre harvested, defined as: snags over 9 
inch diameter at breast height (dbh), live trees with exfoliating bark, den trees, yellow birch and 
red maple > 26 inch dbh considered “cull” or unacceptable growing stock. 

Retain two hard snags, one den tree, and one replacement tree per acre harvested. If no hard 
snags or den trees are available, retain two replacement trees per acre harvested 

Within 300 feet of permanent openings, ponds, lakes, beaver ponds, and wetlands greater than 5 
acres; within riparian zones of all streams as shown on USDA Forest Service 1:24,000 topographic 
maps; and within 100 feet of beaver ponds less than 5 acres: 

Retain all hard snags, den trees and two mast trees per acre. If hard snags, mast trees, and den 
trees are not available in these areas, retain at least six replacement trees per acre. 

During Indiana bat non-hibernation period, generally May 15 through August 30; or May 15 
through September 30 within 5 miles of known Indiana bat hibernacula, where fall swarming may 
occur: 

Protect one-third of all large diameter (> 12 inches dbh) post-harvest snags by retaining live 
residual trees adjacent to these snags. Such reserve trees shall be located in groups and along 
intermittentdrainages to provide foraging corridors into harvest areas, and where available, shall 
be Class 1 or Class 2 trees (as identified by Romme et al. 1995), or other trees exhibiting, or likely to 
develop, characteristics preferred by Indiana bats, for example exfoliating bark. 

Design skid trails to avoid the need to fell suitable roost trees (as identified by Romme et al. 1995). 

Protect all known Indiana bat roost trees on the GMNF until such time as they no longer serve as 
roost trees, for example following loss of exfoliating bark or cavities, blow down, or decay. 

Retain all shagbark hickory trees, unless theypose a safety hazard 

Retain all shagbark hickory trees, unless they pose a safety hazard 

All soft snags, that do not pose a safety hazard, should be retained 

When possible, retain the largest diameter hard snags available in a stand since snags > 20” dbh 
will meet the habitat needs of all species. If hard snag requirements are met, their gradual 
deterioration will provide sufficient soft snags. 

Indiana bat hibernacula shall be considered as smoke-sensitive areas when planning for prescribed 
burns to be conducted from October to May. If hibernacula are in the vicinity of the area proposed 
for burning, wind direction, speed, mixing height, and transport winds shall be considered to 
minimize drifting in, or near, occupied hibernacula. 



Direction 

Roost trees used by a maternity colony shall be protected by establishing a zone centered on the 
maternity roost site. The actual area shall be determined by a combination of topography, known 
roost tree locations, proximity to permanent water, and a site-specific evaluation of the habitat 
characteristics associated with the colony. Protective measures shall be established by developing 
a management strategy, in cooperation with the USFWS and the Vermont Department of Fish and 
Wildlife, immediatelyupon discovery. 

At all sites where Indiana bats are documented on the GMNF, habitat use should be characterized 
and quantified at both the local and landscape levels. 

Monitoring efforts should be centered within five miles of all occupied Indiana bat hibernacula, 
within three-quarters of a mile of any Indiana bat maternity colony or roost tree, and at sites 
planned for timber harvest (pre- and post harvest). 

When it is safe and effective to do so, the Forest should use an integrated pest management 
approach to manage NNIS 

Protect known sites for TES animals and plants. 
 

Potential Roost Trees Available on the Green Mountain & Finger Lakes National Forests 

Derived from the Forest Inventory and Analysis Database (Miles 2015). 

 

 Snags > 5" 

DBH  

 Rough Cull > 

5" DBH  

 Rotten Cull  

> 5" DBH  

 Potential 

Roost Trees  

 Forested 

Acres  

 Potential 

Roost 

Trees/ 

Acre  

 Snags/ 

Acre   Growing Stock  

     14,113,918       17,466,314       4,473,784  
       

36,054,016  
         398,379  

                    

91  

                 

35  
         67,411,865  
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GREEN MOUNTAIN NATIONAL FOREST 
Land Suitable for Key Activities 

 
 

  



Reserved Status of Forest Lands - Vermont 

Ownership class  Total  
 Not 

reserved  
 

Reserved  

Total 4,514,171  4,299,476  214,694  

National Forest 446,357  319,706  126,651  

National Park Service 7,730  0  7,730  

Bureau of Land 
Management 

0  0  0  

Fish and Wildlife Service 22,814  0  22,814  

Dept. of Defense 13,673  13,673  0  

Other Federal 0  0  0  

State 367,964  310,464  57,500  

County and Municipal 72,771  72,771  0  

Other Local Govt. 0  0  0  

Private 3,582,863  3,582,863  0  
 

 

Potential Roost Trees Available on the Green Mountain & Finger Lakes National Forests 

Derived from the Forest Inventory and Analysis Database (Miles 2015). 

 

 Snags > 5" 

DBH  

 Rough Cull > 

5" DBH  

 Rotten Cull  

> 5" DBH  

 Potential 

Roost Trees  

 Forested 

Acres  

 Potential 

Roost 

Trees/ 

Acre  

 Snags/ 

Acre   Growing Stock  

     14,113,918       17,466,314       4,473,784  
       

36,054,016  
         398,379  

                    

91  

                 

35  
         67,411,865  
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Proposed Average Timber Harvest by Cutting Method for the Green Mnt. & Finger Lakes, Annually. 

National Forest or  
Tallgrass Prairie 

Total National Forest 
System Acres1 Total Forested Acres2 

Green Mountain & Finger Lakes 425,943 398,379 

      

Pup Season3 - May 1 to July 31   

Management Activity   Average Annual Acres 

Even-Aged Management4 2,190 

Uneven-Aged Management5 700 

Thinning 653 

Site Prep 547 

TSI6 220 

Routine Salvage/Sanitation 0 

Prescribed Burn7 333 

Clearing Non-Timber8 132 

Total Acres Managed: 4,775 

Percentage of National Forest System Acres: 1.12% 

Percentage of Forested Acres: 1.20% 

      

Miles of Trail Constuction9: 116 

Miles of Road Constuction10: 0 

      

Non-Pup Season - August 1 to April 30   

Management Activity   Average Annual Acres 

Even-Aged Management4 1,263 

Uneven-Aged Management5 403 

Thinning 377 

Site Prep 1,218 

TSI6 127 

Routine Salvage/Sanitation 0 

Prescribed Burn7 192 

Clearing Non-Timber8 76 

Total Acres Managed: 3,656 

Percentage of National Forest System Acres: 0.86% 

Percentage of Forested Acres: 0.92% 

      

Miles of Trail Constuction9: 238 

Miles of Road Constuction10: 63 



 Forest-Wide Standards and Guidelines 

Direction 

All stream crossings shall avoid riparian wetlands, including seeps, wherever possible. When not 
possible, stream crossings shall be at the narrowest point, or at a point that provides for the least 
impact to resources 

Occasional, designated crossings of riparian areas are allowed in pastures provided they minimize 
impacts to the riparian ecosystem 

Timber harvesting should comply with BMPs. Harvest practices may deviate from BMPs provided that: 
o FSM 2526.03.2 is met, and/or 

Forest plan standards and guidelines and special mitigation measures are implemented to provide an 
extra measure of resource protection or improvement. New structures such as a trail, road, or skid trail 
stream crossing, may be allowed in the protective strip, provided FSM 2526.03.2 and .5 are met 

In the 25-50 foot distance zone of all streams, consider leaving large diameter trees, especially 
conifers, to enhance achievement of riparian vegetation composition goals. 

Clearcutting regeneration method shall only be used when it is found to be the optimum method of 
regeneration to achieve the following resource objectives: 

Retain two hard snags, one den tree, and one replacement tree per acre harvested; mast trees may be 
substituted. If no hard snags, den trees, or mast trees are available, retain two replacement trees per 
acre harvested. 

Within 300 feet of permanent openings, ponds, lakes, beaver ponds, and wetlands greater than 5 
acres; within riparian zones of all streams as shown on USDA Forest Service 1:24,000 topographic 
maps; and within 100 feet of beaver ponds less than 5 acres: • Retain all hard snags, den trees, and 
two mast trees per acre. If hard snags, mast trees, and den trees are not available in these areas, retain 
at least six replacement trees per acre. 

All soft snags, that do not pose a safety hazard, should be retained 

When possible, retain the largest diameter hard snags available in a stand since snags > 20” dbh will 
meet the habitat needs of all species. If hard snag requirements are met, their gradual deterioration 
will provide sufficient soft snags. 
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HIAWATHA NATIONAL FOREST 

Land Suitable for Key Activities 

 
* Utilities are allowed under Special Use Permit; however wind energy is not analyzed by the Forest Plan. 



Reserved Status of Forest Lands – Michigan 

 

Ownership class  Total  
 Not 

reserved  
 

Reserved  

Total 20,357,325  19,578,558  778,768  

National Forest 2,722,553  2,485,924  236,629  

National Park Service 221,112  0  221,112  

Bureau of Land 
Management 

0  0  0  

Fish and Wildlife Service 59,943  0  59,943  

Dept. of Defense 7,268  7,268  0  

Other Federal 12,131  12,131  0  

State 4,267,523  4,058,036  209,487  

County and Municipal 454,664  403,068  51,596  

Other Local Govt. 8,027  8,027  0  

Private 12,604,103  12,604,103  0  
 

Potential Roost Trees Available on the Hiawatha National Forest Derived from the Forest 

Inventory and Analysis Database (Miles 2015). 

 

 Snags > 5" 

DBH  

 Rough Cull > 

5" DBH  

 Rotten Cull  

> 5" DBH  

 Potential 

Roost Trees  

 Forested 

Acres  

 Potential 

Roost 

Trees/ 

Acre  

 Snags/ 

Acre   Growing Stock  

     20,357,291       13,696,515       2,622,178  
       

36,675,984  
         793,539  

                    

46  

                 

26  
      165,034,728  
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Proposed Average Timber Harvest by Cutting Method for the Hiawatha National Forest, Annually. 

National Forest or 
Tallgrass Prairie 

Total National Forest 
System Acres1 Total Forested Acres2 

Hiawatha 897,507 793,539 

      

Pup Season3 - May 1 to July 31   

Management Activity   Average Annual Acres 

Even-Aged Management4 1,680 

Uneven-Aged Management5 1,161 

Thinning 3,775 

Site Prep 1,622 

TSI6 558 

Routine Salvage/Sanitation 0 

Prescribed Burn7 468 

Clearing Non-Timber8 364 

Total Acres Managed: 9,628 

Percentage of National Forest System Acres: 1.07% 

Percentage of Forested Acres: 1.21% 

      

Miles of Trail Constuction9: 97 

Miles of Road Constuction10: 82 

      

Non-Pup Season - August 1 to April 30   

Management Activity   Average Annual Acres 

Even-Aged Management4 3,920 

Uneven-Aged Management5 2,709 

Thinning 3,775 

Site Prep 1,622 

TSI6 558 

Routine Salvage/Sanitation 0 

Prescribed Burn7 52 

Clearing Non-Timber8 156 

Total Acres Managed: 12,792 

Percentage of National Forest System Acres: 1.43% 

Percentage of Forested Acres: 1.61% 

      

Miles of Trail Constuction9: 131 

Miles of Road Constuction10: 109 



Forest-Wide Standards and Guidelines 

 

Stand/Guideline 
Number/Name* Direction 

G-MG-1 
Maintain, to the extent feasible, geologic special areas and natural karst processes 
while providing for other land uses as appropriate. 

S-MG-1 
Caves eligible to be designated as significant caves, will be managed to ensure that 
the cave resources are protected.  

G-WFSP-5 

For uneven-aged managed stands: A. Up to five live den trees per acre should be 
reserved, unless they present a safety concern. B. Live den trees felled for safety 
reasons should be left as coarse woody debris. 

G-FPM-2 
Promote spatial diversity of vegetation and age classes guided by the ecological 
characteristics of the landscape to reduce the risk of insect and disease damage.  

G-WFSP-3 
Vegetation management activities should encourage intrastand diversity and mast 
producing species. 

G-RE-1 

The state of Michigan “Water Quality Management Practices on Forest Land” (BMPs) 
should be implemented as a minimum standard for managing forest resources on 
Forest System land.  (Note: This document was updated in 2009 and is now called 
Michigan Sustainable Soil and Water Quality Practices on Forest Land) 

G-OG-1 

[In old growth stands] Vegetation management (such as timber harvest, prescribed 
fire, etc) should enhance old growth objectives or control the spread of a non-native 
pests or pathogens that threaten the old growth character/potential. 

G-OG-2 
[In old growth stands] Permits for gathering special forest products should not be 
issued. 

G-OG-5 

Old growth stands affected by catastrophic natural disturbances (such as fire, blow 
downs, insects and disease, etc.), may be reclassified as suited for timber production. 
Replacement stands will then be reclassified to maintain the amount of designated 
old growth acres. 

S-OG-1 Designated old growth stands will be unsuited for timber production. 

MSSWQP 

Apply pesticides so that they do not endanger humans, livestock, crops, beneficial 
insects, fish, and wildlife. Do not apply pesticides when there is danger of drift, when 
honey bees or other pollinating insects are visiting plants, or in ways that may 
contaminate water or leave illegal residues. 

MSSWQP 

When setting up a timber sale, make sure the forester or logger establishes a 
minimum RMZ. Michigan's standard RMZ minimum width is 100 feet or 30 meters 
measured from the top of the bank of the lake or stream or the ordinary high water 
mark. The RMZ width should be increased as slope percentages increase above ten 
percent (see Table 1). (From Michigan Sustainable Soil and Water Quality Practices on 
Forest Land, p. 14) 

MSSWQP 

[Within RMZ] harvesting/cutting specifications should be modified to retain a 
sufficient number of trees (60-80 basal area is often used as a benchmark) to maintain 
shading of streams and to leave a relatively stable and undisturbed forest floor (less 
than 10 percent bare soil exposure). 
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Stand/Guideline 
Number/Name* Direction 

MSSWQP [Within RMZ] Trees growing along the stream bank should not be cut. 

MSSWQP Locate landings outside the RMZ. 

MSSWQP Use previously developed landings, unless they are located in RMZs. 

G-WFSP-6 

For reserve snag and down logs in managed stands: A. Two to 10 snags per acre 
should be reserved, except where additional snags would be beneficial to rare species 
or unless they present a safety concern or interfere with mechanical site preparation. 
Additional snags should be recruited from live trees where there are fewer than two 
snags per acre.  B. Snags felled for safety reasons should be left as coarse woody 
debris.  C. Two or more down logs per acre that are equal to or greater than 10 inches 
in diameter and 8 feet long, should be  
maintained. In stands where tree diameters are less than 10 inches, down log 
diameters equal to or greater than the average stand diameter should be provided.   

G-FM-1 
Minimum impact management tactics should be used on wildland fires and prescribed 
fires to reduce adverse fire suppression effects. 

G-LUM-1 
Roads and utility distribution systems should be located within existing corridors 
where possible. 

G-MG-3 

Surface occupancy for mineral extraction will not be allowed on lands with federal 
mineral ownership and the these resources or uses: Sensitive wildlife nesting/mating 
areas, Designated trails, Recreational residences, Known dispersed recreation areas, 
Developed recreation areas, Organizational camps, Winter deer areas of less than 
1,000acres, Lakes, streams and rivers, Wetlands and floodplains of 15 acres or less, 
Cultural resource areas, Designated old growth areas, Threatened and endangered 
wildlife and plant habitats, Special management areas (such as experimental forests, 
research natural areas, cRNAs and areas having unique geological features), Forest 
management areas designated for non-motorized use, Wild and scenic river corridors 

G-RCD-1 
Classified and unauthorized roads that are not needed for long-term access should be 
decommissioned. 

G-RCD-2 
Decommissioned roads should be reclaimed for natural resource purposes in 
accordance with R-9 soil standards. 

G-RDRF-2 

The locations of recreation developments should be determined with priority given to: 

  Correcting health and safety problems 

 Protecting the environment 

 Protecting sensitive species 

 Meeting the experience requirements within individual management area 
direction 

G-SU-1 
Roads and utility distribution systems should be located within existing corridors 
where possible. 

G-TS-1 Road reconstruction should follow the existing corridor alignments. 

S-RCD-1 
Temporary roads will be obliterated and reclaimed for natural resource purposes in 
accordance with R-9 soil standards. 



Stand/Guideline 
Number/Name* Direction 

S-WM-1 

Management actions on National Forest System land will not increase the total 
combined acreage of upland young forest (younger than 16 years) and upland 
openings to exceed 60 percent of the total area (all ownership) of any sixth-level 
Hydrologic Unit Code (HUC) watershed. 

G-TES-4 

Prior to implementing management activities, surveys should be conducted for 
federally listed species and Regional Forester Sensitive Species where suitable habitat 
exists. 

G-TES-5 
For all threatened and endangered species, special closure orders may be used to 
protect known breeding areas, nests and denning sites.  

G-TES-6 

Deference should be afforded to implementing conservation measures for federal 
threatened and endangered species when and where they conflict with conservation 
measures for  unlisted species. 

S-TES-1 

Signed federal recovery plans for threatened and endangered species will be 
implemented. Deviations specific to the Hiawatha National Forest may be allowed 
after consultation with  the U.S. Fish and Wildlife Service.  

S-TES-2 
All known populations of threatened and endangered plant species and wildlife nest 
and denning sites will be protected. 

G-SU-3 
Applicable BMPs should be implemented during to protect wetlands and water quality 
during utility construction and maintenance operations. 

G-WM-3 Clear cutting should not occur adjacent to woodland ponds. 

G-WM-4 
Individual tree harvests that emphasize retaining shade, cavity and nest trees, may 
occur adjacent to woodland ponds. 

G-TO-2 
Openings should be separated by a stand of at least the minimum stand size, normally 
10 acres. 

G-WFSP-1 

The maximum size of temporary openings for sharp-tailed grouse and Kirtland's 
warbler management should not exceed 1,100 acres. In Kirtland's warbler 
management areas, the 1,100-acre temporary opening guideline may be exceeded by 
harvesting adjacent blocks after the appropriate stocking density (determined in 
consultation with the FWS) is achieved and after the third-year stocking review. 

G-WFSP-4 

When determining reserves for even-aged managed stands on ELTs 10/20, method A 
or B, or a combination of both should be used. For all other ELTs, either method A or 
method B should be used.  A. Two to four live trees with diameters greater than or 
equal to the average stand diameter per acre should be reserved. Preference should 
be given to live den trees. 
B. Variable size reserve islands/clumps that total up to a half-acre for every 10 acres 
should be reserved. 
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HOOSIER NATIONAL FOREST 
Land Suitable for Key Activities 

 
      

  

 
Code Management Prescription/Area Description 

Rx 
Map  
Acres 

Acres of 
Lands 

Suitable for 
Timber 

Production 
 

 
2.4 

NFS land along streams, some maintenance and 
restoration of ecosystems 16,900 0 

 

 
2.8 

General Forest, provides young forest, mostly by 
uneven-aged methods, forest openings, timber 
products, and some minerals 88,919 71,035 

 

 
3.3 

General Forest, provides young forest, a mix of 
even-aged and uneven-aged methods, forest 
openings, and timber products. 13,178 10,615 

 

 
5.1 

Congressionally designated Charles C. Deam 
Wilderness 12,953 0 

 

 
6.2 

General Forest, preservation, limited access, 
solitude featured in recreation experience 18,564 0 

 

 
6.4 

General Forest, preservation, limited access, 
minimum management, allows restoration and 
maintenance of plant communities. 23,321 0 

 

 
7.1 Developed recreation areas 6,321 0 

 

 
8.1 Research Natural Areas 88 0 

 

 
8.2 Special Areas 18,274 0 

 

 
8.3 Experimental Forests 632 0 

  

Reserved Status of Forest Lands - Indiana 

Ownership class  Total  
 Not 

reserved  
 

Reserved  

Total 4,875,389  4,716,670  158,719  

National Forest 206,255  196,065  10,190  

National Park Service 11,125  0  11,125  

Bureau of Land 
Management 

0  0  0  

Fish and Wildlife Service 19,560  0  19,560  

Dept. of Defense 123,396  123,396  0  

Other Federal 19,639  19,639  0  

State 365,840  256,743  109,098  

County and Municipal 48,613  39,866  8,747  

Other Local Govt. 0  0  0  

Private 4,080,960  4,080,960  0  



Proposed Average Timber Harvest by Cutting Method for the Hoosier National Forest, Annually. 

National Forest or 
Tallgrass Prairie 

Total National Forest 
System Acres1 Total Forested Acres2 

Hoosier 203,499 195,969 

      

Pup Season3 - May 1 to July 31   

Management Activity   Average Annual Acres 

Even-Aged Management4 43 

Uneven-Aged Management5 143 

Thinning 32 

Site Prep 16 

TSI6 154 

Routine Salvage/Sanitation 155 

Prescribed Burn7 250 

Clearing Non-Timber8 0 

Total Acres Managed: 793 

Percentage of National Forest System Acres: 0.39% 

Percentage of Forested Acres: 0.40% 

      

Miles of Trail Constuction9: 0.5 

Miles of Road Constuction10: 16 

      

Non-Pup Season - August 1 to April 30   

Management Activity   Average Annual Acres 

Even-Aged Management4 243 

Uneven-Aged Management5 253 

Thinning 94 

Site Prep 65 

TSI6 417 

Routine Salvage/Sanitation 465 

Prescribed Burn7 1,750 

Clearing Non-Timber8 30 

Total Acres Managed: 3,317 

Percentage of National Forest System Acres: 1.63% 

Percentage of Forested Acres: 1.69% 

      

Miles of Trail Constuction9: 2 

Miles of Road Constuction10: 20 
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Forest-Wide Standards and Guidelines 

 

Stand/Guideline 
Number/Name Direction 

CTES-S-1 

Evaluate lands affected by Federal land adjustment activities and evaluate management 
activities to avoid or minimize effects on Federally designated threatened and 
endangered species habitat. 

CTES-S-2 
Identify lands with known threatened or endangered species habitat as a top priority 
for acquisition. 

CTES-G-1 
Determine and implement management activities that will maintain and improve 
habitat features for threatened and endangered species. 

CTES-G-2 
Locate new activities away from areas that might negatively impact any threatened or 
endangered species. 

CTES-S-3 

Establish a zone with a one-quarter mile radius around each known hibernacula of 
Indiana bats on the Forest. This zone may be irregular in shape to take into account 
likely flight paths, foraging habitat, and areas where Indiana bats are likely to swarm. 
Prohibit new construction activities within this zone. 

CTES-S-4 

Considering both public and private ownerships, maintain or promote at least 70 
percent forest canopy cover within a one mile radius of known hibernacula of Indiana 
bats. Timber harvest should be conducted within this zone only during hibernation and 
is restricted to single-tree and group selection. 

CTES-S-5 

Implement prescribed fire within a five mile zone around hibernacula only when bats 
are unlikely to be swarming or staging. Burns should be conducted under conditions 
that will reduce or eliminate smoke dispersing into hibernacula. 

CTES-S-6 

Develop management goals and directives (conservation plan) for each known 
hibernaculum at micro-topographical level, taking into consideration current conditions 
and future restraints and/or challenges. A five mile radius should be included from the 
entrance of the known hibernacula. 

CTES-S-7 

Maintain a component of large, mature trees in harvest areas, retaining at least three 
live trees per acre greater than 20 inches diameter at breast height (DBH) of these 
preferred species (leave trees will be located along edges of the harvest area or in 
clumps to maximize their benefit to bats): 
• silver maple (Acer saccharinum) 
• bitternut hickory (Carya cordiformis) 
• shellbark hickory (Carya laciniosa) 
• shagbark hickory (Carya ovata) 
• white ash (Fraxinus americana) 
• green ash (Fraxinus pennsylvanica) 
• eastern cottonwood (Populus deltoides) 
• white oak (Quercus alba) 
• northern red oak (Quercus rubra) 
• post oak (Quercus stellata) 
• black locust (Robinia pseudoacacia) 



Stand/Guideline 
Number/Name Direction 

• American elm (Ulmus americana) 
• slippery elm (Ulmus rubra) 

CTES-S-8 

If a stand possesses no trees greater than 20 inches DBH, leave 16 live trees per acre 
(leave trees will be located along edges of the harvest area or in clumps to maximize 
their benefit to bats) of these preferred species remaining in the stand. 

CTES-S-9 

Shellbark hickory or shagbark hickory trees will not be harvested or killed for the 
purpose of timber stand improvement, unless the density of trees of these two species 
combined exceeds 16 trees per acre. If present, at least 16 live shagbark and shellbark 
hickory trees (combined) greater than 11 inches DBH must be maintained per acre. 

CTES-S-10 

Firewood cutting permits must clearly state that standing dead trees may not be taken 
unless specific trees are identified in the permit by the Forest  Service. When approved 
for removal, standing dead trees would be designated by Forest Service personnel and 
described in the firewood cutting permit. 

CTES-S-11 

When demolition of abandoned buildings is considered, inspect buildings as necessary 
to confirm the presence or absence of maternal roosts prior to initiating operations. 
Delay operations until bats have departed buildings used as maternal roosts and 
provide suitable roost replacement. 

CTES-S-12 

Any hazard tree that has characteristics of a potential maternal roost tree (splintered 
bole that provides crevices, evidence of decay so that either their bark is exfoliating, it 
possesses cavities, or dead portions of the tree have been used, excavated, or occupied 
by species such as woodpeckers or other cavity nesting birds and, most importantly, 
exposure of the roost to sunlight) will not be removed until consultation with a Forest 
Service biologist has been completed.  An exception is, trees may be cut that are an 
immediate saftey danger to an 
individual. 

CTES-S-13 
Consultation will occur with the USFWS any time a hazard tree is identified as being 
used by bats.  

CTES-G-3 
All personnel tasked with the removal of hazard trees will attend training with a 
biologist to learn how to identify potential maternal roost trees. 

CTES-G-4 
When even-aged management is conducted, leave trees will be left along the edges of 
clearcuts or in large clumps (1/10th acre) to maximize their benefit to bats. 

CTES-G-5 

Retain dead and dying trees that have characteristics for potential maternal roost trees 
(leave trees) unless they are safety hazards. Characteristics for leave trees include 
evidence of decay so that either their bark is exfoliating, they possess cavities, or dead 
portions of the tree have been used, excavated, or occupied by species such as 
woodpeckers or other cavity nesting birds and, most importantly, exposure of the roost 
to sunlight. In addition, retain any tree that has a splintered bole providing crevices that 
can be used as roosts by eastern forest bats. 

CTES-G-6 
When possible, delay removal of hazard trees until bats are likely to occupy 
hibernacula, between September 15 and April 15. 
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Stand/Guideline 
Number/Name Direction 

CTES-G-7 

If potential primary roosts are located during single-tree and group selection harvest 
planning, design harvests to create gaps that border these trees so as to improve their 
suitability as roosts. 

CTES-G-8 
When there are not at least three standing dead trees greater than 11 inches DBH per 
acre during single-tree or group selection harvest, consider girdling live trees. 

CTES-G-9 

In the event that an occupied primary roost is located on NFS land, designate a zone 
extending in a radius of 300 feet from the roost. Prohibit land 
management activities within this zone during the breeding season (April 15 –
September 15). 

CTES-G-10 
Restrict prescribed burning within a radius of one mile from occupied roosts during the 
breeding season. 

CTES-G-11 

When conditions allow and need is determined, create shallow water extensions of 
existing waterholes and ponds to enhance insect diversity and abundance for foraging 
bats. 

CTES-S-14 

When conducting uneven-aged hardwood timber harvests or conducting hardwood 
timber stand improvements, maintain at least 60 percent canopy cover on a stand-by-
stand basis. Design boundaries of timber harvest areas to be irregular in shape so as to 
enhance foraging by bats. 

CTES-S-15 

When caves are found to contain gray bats, coordinate with the USDI Fish and Wildlife 
Service and other appropriate groups or agencies to determine if access to caves needs 
to be restricted. 

CTES-S-16 

Establish a zone with a one-quarter mile radius around each known hibernacula of gray 
bat on the Forest. This zone may be irregular in shape to take into account likely flight 
paths, foraging habitat, and areas where gray bats are likely to swarm. Prohibit new 
construction activities within this zone. 

CTES-S-17 

Considering both public and private ownerships, maintain or promote at least 70 
percent forest canopy cover within a one mile radius of known  hibernacula of gray 
bats. Timber harvest should be restricted to single-tree and group selection within this 
zone. Implement vegetation management to maintain or improve bat habitat for 
staging, swarming, roosting, or foraging. Implement prescribed fire within this zone only 
when bats are unlikely to be swarming, hibernating, or staging. 

MRSE-G-4 
Retain where appropriate large diameter trees and mature or over-mature stands 
around ponds, lakes, wetlands, and stream shorelines. 

MRSE-G-5 
Wherever appropriate, manage cliff faces, springs, caves, barrens, and glades as special 
habitats to protect or enhance physical, historical, and ecological characteristics. 

RFSS-S-3 

Prohibit timber harvests within a distance of 100 feet from the top and base of large 
cliffs or overhangs (see Appendix A, Glossary) except for the salvage of dead and dying 
trees, or sanitation harvest. Trees harvested outside but near this zone would require 
directional felling away from the cliff area. These rock outcrop habitats are not limited 
to solid cliffs and may include discontinuous rock faces (i.e. fractured cliffs, 
discontinuous large blocks). 



Stand/Guideline 
Number/Name Direction 

FO-G-8 
Retain standing dead trees in created openings as needed, in conjunction with opening 
development and maintenance. 

COKF-S-1 

Prohibit timber harvesting and prescribed burning within 200 feet of cave entrances, 
direct drainage inputs, such as sinkholes and swallow holes, and any streams flowing 
into a known cave, except for research purposes. 

COKF-S-4 

Do not promote caves as available for general public use unless the Forest develops 
adequate protection measures to control and manage this use and can clearly establish 
that no substantial risk, harm, or vandalism of the cave would occur. 

COKF-S-5 Do not conduct seismic surveys within 200 feet of known cave passages or conduits. 

COKF-S-6 Location of caves on NFS lands will not be disclosed. 

COKF-S-7 
Cave management will be integrated into general land management practices to 
protect cave resources from subterranean and surface impacts. 

COKF-S-8 

Inventory and evaluate caves in accordance with the Federal Cave Resources Protection 
Act, Forest Service Manual direction, and Memorandum of Understandings with other 
organizations. 

COKF-S-9 

All caves and karst features shall be excluded from leasing and mineral activities and no 
drilling will occur within the boundaries of any cave. Boundaries are defined as the area 
within the known cave plus a buffer zone of 200 feet around the cave. 

COKF-G-1 
Cease drilling operations and notify the authorized officer when anyone encounters 
previously undiscovered voids (more than 12 inches) within 300 feet of the surface. 

COKF-G-3 

Examine and inventory to the extent possible each cave and karst feature. Prepare 
management prescriptions and plans describing considerations and criteria for 
protection of cave resources whenever feasible. 

COKF-G-6 

Gating of cave entrances will only be considered as a last resort on a case-bycase basis 
for safety, and after evidence demonstrates this to be the only option to protect cave 
species and other resources. 

COKF-G-8 

Under normal circumstances, do not place signs with cave names or other information 
that would reveal cave locations outside of caves. Small signs or registers inside caves 
(20 to 100 feet) that discuss cave conservation or safety are acceptable. 

COKF-G-9 
The Forest will be careful not to promote or dissuade the recreational use of caves; 
unless it becomes necessary to control access to protect cave resources. 

COKF-G-10 

Information on caving basics, ethics and safety, and locations of broad regions of karst 
topography may be provided. Information about a particular cave may be exchanged 
with  individuals who demonstrate a pre-existing personal knowledge of a cave’s 
location, extent, and layout. 

AHSM-G-1 

Manage vegetation canopies in and along streams and other aquatic habitats to 
maintain appropriate water temperatures and chemistry for fish and other aquatic 
species. 



Page 188 of 248  R9 Programmatic Biological Assessment 

Stand/Guideline 
Number/Name Direction 

AHSM-G-2 

Incorporate habitat needs of animal and plant communities associated with wetlands 
into wetland design (islands, peninsulas, and standing live and dead trees). Consider the 
habitat needs of waterfowl, aquatic flora and other wildlife. 

AHSM-G-6 Maintain or enhance the habitat quality of waterholes as necessary. 

AHSM-G-8 
Maintain, enhance, or create ephemeral wetlands where feasible to provide breeding 
sites for reptiles and amphibians, as well as to provide drinking sites for bats. 

PNISM-S-2 

When applying pesticides, identify measures required to reduce off-site movement, 
drift potential, and adverse effects on threatened and endangered species and their 
habitat,  sensitive species and their habitat, human and wildlife health, non-target 
vegetation, water quality, and any other relevant environmental elements. 

FFM-G-4 
Where possible, use natural or existing man made barriers for fire control and as 
boundaries on prescribed fire. 

WH-G-4 
Water bodies may be created if there are adequate watersheds and soil conditions are 
conducive to construction of water-holding structures. 

WH-G-5 

Maintain functioning wetlands and streams, and restore or enhance wetlands and 
streams in areas with historical hydrology or appropriate soil characteristics (floodplain 
characteristics). 

  

Resource management activities that may affect soil or water quality must follow 
Logging and Forestry BMP’s for Water Quality in Indiana (IDNR 1998), or most recent 
version, as a minimum to achieve soil and water quality objectives. When Forest Plan 
standards exceed Indiana BMPs or water quality standards, Forest Plan standards take 
precedence. 

WH-G-18 
Restoring natural wetlands will be the highest priority to maintain and restore 
watershed health. 

RC-G-6 

In general, roads and trails will not be constructed in riparian corridors unless no 
practical alternatives exist. Road and trail approaches to streams will be located to 
minimize erosion and sediment introduction to the stream. 

RC-G-13 

Management within riparian areas will include the maintenance of shade suitable for 
aquatic organisms over the stream corridor, minimize soil disturbance, and promote 
mesic native species along perennial, intermittent, and some ephemeral streams 
dependent on site-specific aquatic resources. 

LOA-G-1 

Give high priority to land adjustments through purchase or exchange, that consolidate 
forest ownership, provide access to existing NFS land and water, and protect or 
enhance threatened and endangered species habitat or other special areas. 

LOA-G-2 

Give high priority to obtaining lands to protect significant cultural sites; acquire or 
retain areas with caves or outstanding examples of karst features; permit protection, 
development, and management of wetlands, lakes, and ponds or recreation facilities; 
and protect water quality (See Appendix E). 

TS-G-2 Decommission unneeded roads when possible. 



Stand/Guideline 
Number/Name Direction 

SUUC-G-1 
Wherever possible, combine utility right-of-ways across NFS land into shared right-
ofways or corridors to reduce total forest impacts.  

SUUC-G-5 
Where possible, manage lands under special-use permits for overall plant and animal 
diversity and enhancement of native communities. 

MG-S-2 
Prohibit surface disturbing mineral development (including oil and gas) when the 
Federal government owns the subsurface rights. 

FP-Appendix C 
The USDA Forest Service will work with the USDI Fish and Wildlife Service to identify 
and meet recovery objectives for the species on the Forest. 

FP-Appendix C 

Cooperate with experts in other agencies, universities, organizations, and Forest Service 
research to identify objectives and projects that will conserve, protect, and recover 
populations and habitats of threatened and endangered species. 

FP-Appendix C 

Provide training and continuing education to Hoosier National Forest employees to 
ensure our workforce has the best scientific information available upon which to base 
decisions concerning threatened and endangered species on the Forest. 

FP-Appendix C 

Provide accurate and current information about the threatened and endangered 
species’ life history requirements, habitat needs, threats to survival, and population and 
habitat status on the Hoosier National Forest, in Indiana, and across the species’ ranges 
to ensure a sound basis for decision-making. 

FP-Appendix C 

Provide the public opportunities to learn about and appreciate threatened and 
endangered species so they will understand the importance of activities designed to 
maintain, protect, and recover these species and their habitats. 

FP-Appendix C 

Devise and implement a plan to guide the silvicultural management of the Forest that is 
based on sound principles of ecosystem management and works within the capabilities 
of the land to sustain natural resources, provide biodiversity, including habitat for, and 
populations of, threatened and endangered species. 

FP-Appendix C 
Acquire lands that provide habitat for threatened and endangered species through 
exchange with, or purchase or donation from, willing landowners. 

 

Potential Roost Trees Available on the Hoosier National Forest Derived from the Forest 

Inventory and Analysis Database (Miles 2015). 

 

 Snags > 5" 

DBH  

 Rough Cull > 

5" DBH  

 Rotten Cull  

> 5" DBH  

 Potential 

Roost Trees  

 Forested 

Acres  

 Potential 

Roost 

Trees/ 

Acre  

 Snags/ 

Acre   Growing Stock  

       2,579,627         1,925,158           281,172  
         

4,785,957  
         195,969  

                    

24  

                 

13  
         25,826,972  
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HURON-MANISTEE NATIONAL FOREST 

Land Suitable for Key Activities 

 
 

Reserved Status of Forest Lands - Michigan 

Ownership class  Total  
 Not 

reserved  
 

Reserved  

Total 20,357,325  19,578,558  778,768  

National Forest 2,722,553  2,485,924  236,629  

National Park Service 221,112  0  221,112  

Bureau of Land 
Management 

0  0  0  

Fish and Wildlife Service 59,943  0  59,943  

Dept. of Defense 7,268  7,268  0  

Other Federal 12,131  12,131  0  

State 4,267,523  4,058,036  209,487  

County and Municipal 454,664  403,068  51,596  

Other Local Govt. 8,027  8,027  0  

Private 12,604,103  12,604,103  0  
 

Potential Roost Trees Available on the Huron-Manistee National Forest Derived from the 

Forest Inventory and Analysis Database (Miles 2015). 

 

 Snags > 5" 

DBH  

 Rough Cull > 

5" DBH  

 Rotten Cull  

> 5" DBH  

 Potential 

Roost Trees  

 Forested 

Acres  

 Potential 

Roost 

Trees/ 

Acre  

 Snags/ 

Acre   Growing Stock  

     16,532,292       15,111,054           946,398  
       

32,589,744  
         915,757  

                    

36  

                 

18  
      174,288,777  



Proposed Average Timber Harvest by Cutting Method for the Huron-Manistee National Forest, Annually. 

National Forest or 
Tallgrass Prairie 

Total National Forest 
System Acres1 Total Forested Acres2 

Huron-Manistee 978,859 915,757 

      

Pup Season3 - May 1 to July 31   

Management Activity   Average Annual Acres 

Even-Aged Management4 1,542 

Uneven-Aged Management5 204 

Thinning 1,518 

Site Prep 2,995 

TSI6 10,064 

Routine Salvage/Sanitation 63 

Prescribed Burn7 2,000 

Clearing Non-Timber8 4,400 

Total Acres Managed: 22,786 

Percentage of National Forest System Acres: 2.33% 

Percentage of Forested Acres: 2.49% 

      

Miles of Trail Constuction9: 14 

Miles of Road Constuction10: 1,004 

      

Non-Pup Season - August 1 to April 30   

Management Activity   Average Annual Acres 

Even-Aged Management4 4,627 

Uneven-Aged Management5 611 

Thinning 4,555 

Site Prep 2,995 

TSI6 10,063 

Routine Salvage/Sanitation 187 

Prescribed Burn7 6,000 

Clearing Non-Timber8 4,399 

Total Acres Managed: 33,437 

Percentage of National Forest System Acres: 3.42% 

Percentage of Forested Acres: 3.65% 

      

Miles of Trail Constuction9: 0 

Miles of Road Constuction10: 393 
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Forest-Wide Standards and Guidelines 

 

Direction 

Old growth will be managed primarily by allowing natural processes to occur except in those areas 
where natural processes have been altered by humans.  

Roads, trails and utilities will use a minimal opening width necessary to allow safe passage and to 
meet design criteria 

Maintain native plant communities as practical. When available, use local native species (genetically 
appropriate) or nonpersistent non-native species 

Treat non-native invasive plant and animal species infestations using permissible, appropriate and 
effective methods, including manual, mechanical, fire, chemical and biological control methods. 

Do not permit motorized vehicles in essential habitats for endangered, threatened and sensitive 
species. 

Restrict snowmobile travel to designated trails or open unplowed roads unless otherwise prohibited 
by law, regulation or special management area objectives, such as deer wintering areas or 
threatened, endangered or sensitive species habitat. 

Developed recreation sites and areas will avoid essential and critical habitat 

If natural disturbance processes are not providing adequate habitat within the Streamside 
Management Zone for threatened, endangered, sensitive and other species with viability concerns, 
active management for early successional habitat may be implemented on a case-by-case basis. 

Vegetation management within Streamside Management Zones will be consistent with the State of 
Michigan's Best Management Practices and the following specifications to protect water quality: 1. 
Minimum Streamside Management Zone width should be 100 feet from each side of the stream or 
lake shore. Width should be increased with increases in slope percent as illustrated in Table II-11. 

Aquatic habitat restoration will consider the needs of all riparian-dependent species. Restoration 
measures may include, but are not limited to, large wood placement, streambank stabilization 
gravel and cobble placement for spawning habitat and fine sediment removal 

Water Quality - Monitor water quality for baseline conditions and when soil-disturbing activities 
occur in riparian areas. Do not permit management practices which seriously or adversely affect 
water conditions–surface and groundwater, or fish habitat. These include, but are not limited to 
detrimental changes in water temperature or chemical composition, blockages of water flow paths, 
and deposits of sediment. Streamside Management Zones, sediment basins and/or other 
management practices will be used to protect riparian areas from sedimentation. Forest 
Management: 

Design management activities adjacent to lakes, streams and wetlands to maintain streambank and 
shoreline stability and riparian integrity. 

Management activities are allowed in wetland areas when they will not cause a detrimental change 
to the soil characteristics or hydrologic function of the wetland area. 

Management activities within Streamside Management Zones will limit soil, nutrient and pesticide 
movement into aquatic ecosystems. 



Direction 

Construct all roads, skid trails and landing areas outside Streamside Management Zones unless 
mitigative practices are used. This guideline does not apply in management areas 5.1, 8.2 and 9.1. 

1 Snags, den trees, mast trees and down wood: a Provide snags, den trees, mast trees and down  
wood to meet requirements of indicator species and to maintain viable vertebrate populations. 
Table II-12 displays numbers of snags, den trees, mast trees and down wood as per acre minimums 
and minimum size objectives. Size objectives are minimums, and the largest diameter trees practical 
should be used. These do not apply to management areas 5.1, 8.2, 8.4 and 9.1. 

Federally endangered, threatened and proposed species management will take precedent over old 
growth goals; objectives and Standards and Guidelines 

Sensitive species management will take precedent over old growth goals; objectives and Standards 
and Guidelines only when there are no other opportunities to provide for the needs of these species 
elsewhere. 

Appropriate protection measures for site-specific projects will be developed during biological 
evaluations. Exceptions to the project-specific measures include: 
 a. Allow initial thinning treatments in fully or over-stocked red pine plantations. 
b. Allow salvage harvest of small areas, less than 5  acres, of red pine. 
c. Allow removal of trees that pose a safety hazard in recreation, trails, special use, administrative 
sites and road rights-of-way that are not presently being used by Indiana bats. If a bat is present, 
consultation will occur with the U.S. Fish and Wildlife Service. 

d. Allow removal of trees less than six inches diameter at breast height. 

E. Allow removal of trees in areas surveyed for  bats with U.S. Fish and Wildlife Service approved 
survey techniques where no bats or suitable habitat were found 

Where vegetation management occurs, an average of nine high quality summer roost trees–snags 
or live trees greater than nine inches diameter at breast height, per acre will be maintained within 
the treated acres. Leave trees 16 inches diameter at breast height or greater, where available. If not 
available, leave trees 9 to 16 inches diameter at breast height. If necessary, leave trees 3 to 9 inches 
diameter at breast height. When selecting roost trees, emphasize the applicable selection criteria 
below: 
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MARK TWAIN NATIONAL FOREST 

Land Suitable for Key Activities 

 
1 - limited to 10% of individual management area per decade; in addition, contains 42,894 acres 

(Inventoried Roadless Areas and other areas of public concern) designated as unsuitable for 

timber production 
 

2 - Salvage harvests are not subject to the 10% limit on timber harvest 
 

3 - limited to 20% of individual management area per decade 
 

4 - Salvage harvests are not subject to the 20% limit on timber harvest 
 

5 – Forest Plan does not discuss Wind Energy Development 

 

Reserved Status of Forest Lands – Missouri 

 

Ownership class  Total  
 Not 

reserved  
 

Reserved  

Total 15,452,450  15,124,775  327,675  

National Forest 1,508,156  1,402,744  105,412  

National Park Service 56,674  0  56,674  

Bureau of Land 
Management 

0  0  0  

Fish and Wildlife Service 23,403  0  23,403  

Dept. of Defense 255,259  255,259  0  

Other Federal 34,307  34,307  0  

State 736,644  594,458  142,186  

County and Municipal 82,944  82,944  0  

Other Local Govt. 0  0  0  

Private 12,755,063  12,755,063  0  
 

 

 

  



Proposed Average Timber Harvest by Cutting Method for the Mark Twain National Forest, Annually. 

National Forest or 
Tallgrass Prairie 

Total National Forest 
System Acres1 Total Forested Acres2 

Mark Twain 1,505,329 1,398,068 

      

Pup Season3 - May 1 to July 31   

Management Activity   Average Annual Acres 

Even-Aged Management4 2,700 

Uneven-Aged Management5 700 

Thinning 3,000 

Site Prep 1,350 

TSI6 1,200 

Routine Salvage/Sanitation 5,000 

Prescribed Burn7 6,000 

Clearing Non-Timber8 2 

Total Acres Managed: 19,952 

Percentage of National Forest System Acres: 1.33% 

Percentage of Forested Acres: 1.43% 

      

Miles of Trail Constuction9: 37 

Miles of Road Constuction10: 36 

      

Non-Pup Season - August 1 to April 30   

Management Activity   Average Annual Acres 

Even-Aged Management4 6,216 

Uneven-Aged Management5 1,660 

Thinning 6,980 

Site Prep 3,173 

TSI6 2,820 

Routine Salvage/Sanitation 10,000 

Prescribed Burn7 54,000 

Clearing Non-Timber8 10 

Total Acres Managed: 84,859 

Percentage of National Forest System Acres: 5.64% 

Percentage of Forested Acres: 6.07% 

      

Miles of Trail Constuction9: 149 

Miles of Road Constuction10: 121 



Page 196 of 248  R9 Programmatic Biological Assessment 

Forest-Wide Standards and Guidelines 

Stand/Guideline 
Number/Name Direction 

GF-S-3 

All structures placed at cave entrances must permit bats to pass with minimal danger 
and must not alter airflow into or out of the cave, regardless if federally listed bats 
currently occupy the cave. 

GF-S-2 

Designate an area of at least 10 acres completely surrounding a cave or abandoned 
mine entrance(s) as permanent old growth. This area should include the area above 
known or suspected cave passages where possible. Vegetation management may 
occur only as part of natural community management to reach desired conditions 
(Appendix A). 

GF-S-11 

Designate an area of at least 20 acres completely surrounding an Indiana or gray bat 
cave entrance(s)—including the area above known or suspected cave or mine 
passages, foraging corridor(s), ridge tops, and side slopes around the cave for 
permanent old growth management. Within this area, only vegetation management 
activities needed to reach the desired condition are allowed. 

REC-S-9 Do not allow camping within caves and 100 feet of a cave entrance. 

MIN-S-17 

Do not allow surface disturbing mineral operations on administrative sites, within 
developed recreation sites, on known endangered and threatened species sites, on 
National Trails Systems or over known caves or sinkholes. 

GF-S-4 Evaluate abandoned mines for use by bats prior to permanent closure. 

GF-S-8 

Except for regularly scheduled population monitoring or other legitimate scientific 
purposes do not allow or permit human entrance to gray bat hibernacula or summer 
caves during the periods of use by bats. 

GF-S-7 

Except for regularly scheduled population monitoring, or other legitimate scientific 
purposes, do not allow or permit human entrance to Indiana bat hibernacula during 
the fall swarming, hibernation, and spring emergence period. 

GF-G-1 

Locate new trails at least 100 feet from a cave entrance unless the trail leads to an 
overlook or other interpretive opportunity regarding the cave. When reconstructing 
or maintaining existing trails near caves, consider relocating the trail away from the 
cave. 

GF-S-12 
Maintain an additional 130 acres of mature forest or mature woodland around each 
occupied Indiana or gray bat cave. 

GF-S-13 

Maintain or restore a mature forested corridor at least 100 feet wide and with at 
least 70% canopy closure between a cave used by gray bats and their foraging areas 
(streams and rivers). Within the corridor, allow only vegetation management 
activities needed to restore, enhance, or maintain mature forest or woodland natural 
communities. 

GF-S-10 
Maintain, and replace as needed, existing gates at occupied Indiana or gray bat 
caves. 

GF-S-15 
Periodically assess all occupied Indiana and gray bat caves to determine needs for 
physical protection of the cave entrance. 



Stand/Guideline 
Number/Name Direction 

GF-S-16 
Periodically monitor all cave gates and protective structures to detect trespass, 
vandalism, or other situations that render those structures ineffective. 

GF-G-5 

Locate new trails at least 100 feet from cliffs, rock bluffs, or outcrops unless the trail 
leads to an overlook or other interpretive opportunity regarding the natural feature. 
Consider relocating the trail away from these features when reconstructing or 
maintaining existing trails. 

GF-G-4 Minimize surface disturbance within 100 feet of cliffs, rock bluffs, and outcrops. 

TES-S-1 

Carry out Forest Service responsibilities for the conservation of endangered and 
threatened species and habitat identified through interagency consultation with the 
U.S. Fish and Wildlife Service. 

TES-S-2 

Manage federally listed species in accordance with approved species recovery plans 
(FSM 2672.21). Manage Regional Forester Sensitive Species (RFSS) in accordance 
with approved Conservation Agreements and Strategies. 

TES-S-12 

Based on site-specific consultation, designate an area of use (foraging and roosting) 
based on site conditions, radio-tracking or other survey information, and best 
available information regarding maternity habitat needs. 

TES-S-15 

Maintain or enhance the character of the [maternity colony areas] site year-round 
by: 
• maintaining an adequate number of snags, including known roost trees; 
• maintaining large live trees to provide future roosting opportunities; and 
• maintaining small canopy gaps (and/or opening the mid-story) to provide a 
continual supply of foraging habitat. 

TES-S-13 
Minimize human disturbance in the maternity colony areas of use until the colony 
has left the maternity area for hibernation. 

TWH-S-2 
Apply management activities in old growth only when the objective is enhancement 
of natural communities and old growth characteristics. 

TM-S-1 
Designate as permanent old growth all stands or groupings of trees at least two acres 
in size and greater than 175 years old. 

PU-S-3 

Aerial application of pesticide shall not be allowed unless approved by the Forest 
Supervisor based on an environmental analysis that has shown it is the only 
environmentally sound and biologically effective method practicable. 

AH-G-8 
Maintain a canopy closure of 50-100% on all permanent streams less than 25 feet 
wide, where possible. 

TS-G-17 
Hazard trees should be identified and removed between November 1 and April 1 
whenever possible. 

TES-G-3 
Identify and remove hazard trees between November 1 and April 1 whenever 
possible. 

PF-G-6 
Locate firelines to minimize the need to remove standing dead trees before, during, 
or after prescribed burn operations. 
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Stand/Guideline 
Number/Name Direction 

TES-G-2 

Maintain trees with characteristics of suitable roosts (i.e., dead or dying with 
exfoliating bark or large living trees with flaking bark) wherever possible with regard 
for public safety and accomplishment of overall resource goals and objectives. 

TS-G-31 All unneeded roads under Forest Service jurisdiction should be decommissioned. 

TES-G-5 

Bridges proposed for construction or reconstruction across streams that are 40 or 
more feet wide should be designed of concrete with girders or chambers to provide 
suitable bat roosting space underneath whenever possible. 

TES-S-20 
Conduct an evaluation for the presence of Indiana bats prior to any decision to 
remove a building or bridge. 

TES-S-14 
Conduct prescribed burning within the maternity colony area of use only during the 
hibernation season. 

PF-S-17 
Hand constructed firelines shall be located at least 50 feet from cave and abandoned 
mine entrances. 

PF-S-9 

Mechanically constructed firelines for prescribed fires are prohibited in the following 
areas: 
• Above known cave passages; 
• On slopes greater than 35%, except for short runs with low erosion potential (for 
example, coming off of a road grade); 
• Within 100 feet of known cave and abandoned mine entrances; 
• Within 100 feet from the upslope break or crest of the sinkhole; 
• Within 100 feet of sinkhole ponds, springs, seeps, fens, shrub swamps, rock bluffs, 
outcrops, cliffs, and glades, 
• Within the RMZ; and 
• Within known heritage resource sites. 

PF-S-4 

Prescribed burning may be done within the buffer zone for occupied Indiana bat 
male roost trees, if a fireline is manually constructed no less than 25 feet from, and 
completely around, the tree to prevent it from catching fire. (Reference Standards 
and Guidelines for Indiana bat in the Threatened, Endangered, and Sensitive species 
section of Terrestrial and Aquatic Wildlife.) 

TES-S-19 

Prescribed burning may be done within the [75-foot radius buffer zone around a Ibat 
male roost tree] if a fireline is manually constructed no less than 25 feet from, and 
completely around, the tree to prevent it from catching fire. 

HR-S-10 
Prior to any decision to remove a building or bridge, conduct an evaluation for the 
presence of Indiana bats. 

Land-G-7 

Prioritize lands and interests in lands acquired under the Land and Water 
Conservation Fund Act as follows: 
1. Located within a Congressional designated area; 
2. Located within management areas having high priority for river recreation 
acquisition; 
3. Includes habitat for threatened and endangered species; or 



Stand/Guideline 
Number/Name Direction 

4. Tracts primarily valuable for outdoor recreation purposes and to conserve fish, 
wildlife, and plants. 

TWH-S-4 
All even-aged regeneration harvests shall retain a minimum of 7%-10% of the harvest 
unit in reserve trees and/or reserve tree groups. 

TES-S-11 
If occupied Indiana bat maternity roost trees are discovered, protect them from 
physical disturbance until they naturally fall to the ground. 

TWH-G-2 
Intermediate harvests should generally leave the oldest and or largest trees to meet 
basal area objectives. 

TM-G-19 

Plan salvage activities to leave at least 10%-15% of the affected area, unless the area 
presents an unacceptable risk to public health or safety, or threatens forest health. 
These areas should be in a variety of patch sizes and distributions on the landscape. 

GF-S-17 

Prohibit core drilling or other surface disturbing mineral operations over known 
caves and in the 20 acres designated around Indiana or gray bat caves, and the 
additional 130 acres designated around Indiana bat caves. 

TES-S-18 Prohibit ground-disturbing activity or timber harvest within the buffer zone. 

TES-S-9 

Prohibit removal of suitable roost trees and prescribed burning within the 20 acres of 
old growth and 130 acres of forest or mature woodland surrounding an Indiana bat 
hibernacula during the swarming and staging periods. Determine dates individually 
for each cave (normally between September 1 and November 1 and between March 
15 and April 30 respectively.) 

MIN-S-13 
Prohibit surface-disturbing mineral activities within 100 feet of the edge of a cave 
entrance, spring, seep, fen, sinkhole, or shrub swamp. 

GF-S-5 

Prohibit the following within 100 feet of caves and abandoned mine openings: 
• Storing construction waste, debris, and excess materials; 
• Refueling equipment; and 
• Applying fertilizers. 

GF-S-6 
Prohibit timber harvest activities within 100 feet of the edge of a sinkhole or cave 
entrance. 

GF-G-3 

Protect cliffs, rock bluffs, and outcrops from ground disturbing activities, unless those 
activities are needed to meet desired condition or to conduct safe fire suppression 
operations. 

TES-S-16 
Protect known male roost trees from physical disturbance until they naturally fall to 
the ground. 

TES-S-17 

Protect occupied Indiana bat male roost trees discovered during the summer season 
(not migration), from physical disturbance by designating a 75-foot radius buffer 
zone around the tree(s). The buffer zone shall remain in place until hibernation 
season begins (around November 1.) 

REC-G-5 Remove hazard trees between November 1 and April 1 whenever possible. 
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Stand/Guideline 
Number/Name Direction 

TWH-G-3 

Reserve trees, or reserve tree groups, should include a combination of: 
• The largest, long-lived species occurring on the site (pine, white oak, post oak, 
hickory, black gum); 
• Standing dead trees; and 
• Cavity or den trees. 

TWH-S-3 

Salvage in designated old growth shall only occur when the area presents an 
unacceptable risk to public health or safety, or threatens forest health. The area 
treated must be the minimum necessary to mitigate the risk. 

TES-S-10 

The area around occupied Indiana or gray bat caves is a smoke-sensitive area. 
Develop prescribed burn plans to avoid or minimize smoke influences at or near 
these caves. Give the U.S. Fish and Wildlife Service an opportunity to review and 
comment on prescribed burn plans within these areas. 

SU-G-6 
To the extent possible, place utility developments within road rights-of-way, 
transportation corridors, or existing utility corridors 

PF-S-13 

Use existing natural or manmade barriers—such as drainages, cliffs, streams, roads, 
and trails—instead of constructed firelines for suppression activities when the value-
at-risk is low and where practical and safe for firefighters and the public. 

TES-G-4 
Using the current, accepted technology, determine the location of summer roost 
trees and foraging areas for female Indiana bats. 

TS-G-9 

Whenever possible, avoid [permanent or temporary] road construction: 
• Above known cave passages; 
• Within 100 feet of known cave and abandoned mine entrances; 
• Within 100 feet from the upslope break or crest of the sinkhole, other karst 
feature, rock bluffs, outcrops, or cliffs; 
• Within 100 feet of glades; 
• Within the buffer zone for wetland features, (Reference Forestwide Standards and 
Guidelines for Geological Features under Terrestrial and Aquatic Wildlife 
management.); and 
• Within, or near, collapsed features or losing streams. 

Snag-G-1 

Whenever vegetation management is undertaken, leave standing dead trees, cavity 
or den trees, and downed woody material whenever possible, while providing for 
public safety and the achievement of resource management goals and objectives. 

TS-G-12 
Where feasible, relocate roads away from known cave entrances during road 
reconstruction or maintenance activities. 

PF-G-5 

Where practical and safe for firefighters and the public, utilize existing natural or 
manmade barriers, such as drainages, cliffs, streams, roads, and trails instead of 
constructed firelines. 

Range-G-10 

Within [grazing] allotments, retain all living shagbark hickory and shellbark hickory, 
white oak, lightning struck trees and cavity trees with a diameter 12 inches or more, 
unless necessary to protect structures, private property or to maintain public and 



Stand/Guideline 
Number/Name Direction 

firefighter safety. 

RMZ-S-6 

Within the [riparian management zone] the following activities are prohibited: 
• Pond fertilization; 
• Mechanical constructed firelines for prescribed burns; 
• Grazing within 100 feet of streambanks; 
• Fertilization; 
• Construction of sanitation facilities; 
• New roads, unless no feasible alternatives; 
• New motorized trails (except at designated crossings); 
• Timber management (unless needed to move toward desired condition, or for 
some salvage); 
• Drilling and associated structures; 
• Servicing of equipment; 
• New man-made impoundments, mine tailing ponds, and water diversion 
structures; 
• Maintenance of existing wildlife food plots; 
• Construction of new wildlife food plots; 
• Maintenance of existing wildlife openings (unless naturally occurring); 
• Construction of new wildlife openings; 
• Wildlife pond construction; 
• Log landings; and 
• Use of chemicals (unless needed to move towards desired condition). 

RMZ-G-2 

Within the [riparian management zone] the following activities should be avoided 
whenever possible: 
• Placement of livestock distribution tools (water tanks, salt blocks, etc.); 
• New recreational facilities and opportunities; 
• Equipment operation; 
• Mechanically constructed firelines for suppression; 
• Temporary roads; 
• Stream channel crossings; 
• Removal of mineral material from stream channels; and 
• Modification of beaver-created impoundments. 

WPZ-S-3 

Within the WPZ the following activities are prohibited: 
• Fertilization; 
• Timber management within 25 feet of stream 
• Servicing of equipment 
• Log landings; 
• New roads, unless no feasible alternative; 
• Temporary roads except at designated locations; 
• Maintenance of existing wildlife food plots; 
• Construction of new wildlife food plots; 
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Stand/Guideline 
Number/Name Direction 

• Maintenance of wildlife openings, unless naturally occurring; 
• Wildlife pond construction; and 
• Use of chemicals (unless needed to move towards the desired condition). 

WPZ-G-2 

Within the [watershed protection zone] the following activities should be avoided 
whenever possible: 
• Mechanically constructed firelines for prescribed burns; 
• Placement of livestock distribution tools (water tanks, salt blocks, etc.); 
• New recreational facilities and opportunities; 
• Construction of sanitation facilities; 
• Drilling and associated structures; 
• New man-made impoundments, mine tailings ponds and water diversions 
structures; 
• Equipment operation; 
• Mechanically constructed firelines for suppression; 
• Stream channel crossings; 
• Use of chemicals (unless needed to move towards the desired condition), and 
• Modification of beaver-created impoundments. 

GF-S-21 

Within these buffer zones [around springs, seeps, fens, sinkholes, and shrub 
swamps], prohibit the following activities, unless needed to meet specific restoration 
objectives: 
• Rangeland management, including grazing; 
• Significant soil disturbance; 
• Use of chemicals;  
• Construction of new facilities or roads; 
• Vehicle and heavy equipment use; 
• Timber management activities; 
• Storage of construction waste, material, debris or excess materials; 
• Refueling of equipment; and 
• Fertilizer application. 

 

Potential Roost Trees Available on the Mark Twain National Forest Derived from the 

Forest Inventory and Analysis Database (Miles 2015). 

 

 Snags > 5" 

DBH  

 Rough Cull > 

5" DBH  

 Rotten Cull  

> 5" DBH  

 Potential 

Roost Trees  

 Forested 

Acres  

 Potential 

Roost 

Trees/ 

Acre  

 Snags/ 

Acre   Growing Stock  

     18,842,504       27,815,332       1,793,795  
       

48,451,631  
     1,398,068  

                    

35  

                 

13  
      194,913,136  

 

 



MIDEWIN NATIONAL TALLGRASS PRAIRIE 

Land Suitable for Key Activities 

 

 
Reserved Status of Forest Lands - Illinois 

 

Ownership class  Total  
 Not 

reserved  
 

Reserved  

Total 4,902,360  4,589,508  312,853  

National Forest 296,677  271,384  25,294  

National Park Service 0  0  0  

Bureau of Land 
Management 

0  0  0  

Fish and Wildlife Service 30,961  0  30,961  

Dept. of Defense 48,091  48,091  0  

Other Federal 6,167  6,167  0  

State 220,403  112,284  108,119  

County and Municipal 246,679  98,200  148,478  

Other Local Govt. 0  0  0  

Private 4,053,381  4,053,381  0  
 

Potential Roost Trees Available on the Midewin Tallgrass Prairie Derived from the Forest 

Inventory and Analysis Database (Miles 2015). 

 

 Snags > 5" 

DBH  

 Rough Cull > 

5" DBH  

 Rotten Cull  

> 5" DBH  

 Potential 

Roost Trees  

 Forested 

Acres  

 Potential 

Roost 

Trees/ 

Acre  

 Snags/ 

Acre   Growing Stock  

             21,694               65,081                      -    
               

86,775  
              1,755  

                    

49  

                 

12  
               347,098  
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Proposed Average Timber Harvest by Cutting Method for the Midewin Tallgrass Prairie, Annually. 

National Forest or 
Tallgrass Prairie 

Total National Forest 
System Acres1 Total Forested Acres2 

Midewin 18,225 1,755 

      

Pup Season3 - May 1 to July 31   

Management Activity   Average Annual Acres 

Even-Aged Management4 0 

Uneven-Aged Management5 0 

Thinning 0 

Site Prep 0 

TSI6 0 

Routine Salvage/Sanitation 0 

Prescribed Burn7 200 

Clearing Non-Timber8 0 

Total Acres Managed: 200 

Percentage of National Forest System Acres: 1.10% 

Percentage of Forested Acres: 11.40% 

      

Miles of Trail Constuction9: 4 

Miles of Road Constuction10: 10 

      

Non-Pup Season - August 1 to April 30   

Management Activity   Average Annual Acres 

Even-Aged Management4 0 

Uneven-Aged Management5 0 

Thinning 0 

Site Prep 0 

TSI6 0 

Routine Salvage/Sanitation 0 

Prescribed Burn7 2,000 

Clearing Non-Timber8 42 

Total Acres Managed: 2,042 

Percentage of National Forest System Acres: 11.20% 

Percentage of Forested Acres: 116.35% 

      

Miles of Trail Constuction9: 4 

Miles of Road Constuction10: 12 



Forest-Wide Standards and Guidelines 

 

Direction 

Support monitoring, research, and inventory work for threatened, endangered, and proposed species. 
Coordinate with US Fish and Wildlife Service and appropriate state agencies using “challenge cost 
share” interagency agreements, and other instruments. 

Conserve habitats for species tending toward federal listing to preclude the need for listing and 
additional protection under the Endangered Species Act. 

Prefer non-riparian locations for roads and permanent trails. Minimize effective impermeable surfaces 
in riparian areas; prefer mowed turf trails or permeable surfaces. 

Avoid traffic on soils when vehicle weight and soil moisture result in the formation of visible ruts. 
Minimize the use of heavy machinery and vehicles in riparian areas. 

Priority to aquire land: Lands with important or unique resources, such as threatened or endangered 
species habitat, Regional Forester Sensitive Species habitat, important historical wetlands, flood plains, 
streams and Midewin Land and Resource Management Plan Standards and Guidelines Prairie-Wide 4-16 
associated riparian ecosystems, heritage resources or traditional cultural properties, outstanding scenic 
values, or critical ecosystems when these resources are threatened by change ofuse, or when 
management may be enhanced by public ownership 

Limit or restrict travel, as needed, Protect threatened, endangered, and sensitive species and their 
habitat 

Implement habitat improvement projects to increase habitat capabilities and expand species 
distributions. 

Coordinate with the Illinois Department of Natural Resources and the Illinois Endangered Species 
Protection Board on any activities that would affect the likelihood of persistence of these species. 

Avoid resource management, recreational and construction activities during growing and breeding 
seasons that will impact sensitive species. 

Minimize activities in known sensitive species locations between April 15 and Oct 15. 

Minimize prescribed burns between April 30th and Oct 15. 

Coordinate wildlife habitat surveys, studies, plans and improvement projects with IDNR, USFWS, and 
other appropriate state, federal, local or partner agencies. Use agreements and other partnerships to 
cooperate with partners. 

Identify habitat improvement projects to meet wildlife habitat and population objectives. 

Avoid construction and earth disturbing activities during the breeding season, if such activity may be 
detrimental to prairie animal species of concern. 

Design wetland restoration projects based upon integrated analyses of watershed conditions, including 
knowledge of native, existing, future, and desired hydrological patterns. Prefer restoration to native 
conditions but allow adaptation to modified watershed conditions 
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MONONGAHELA NATIONAL FOREST  

Land Suitable for Key Activities 

 
 

*In 4.1, clearcutting is permitted only in the non-spruce inclusions that are managed for 

hardwoods (suitable timber base on the first tab) 

**Salvage in 4.1 is a gray area - direction requires retention of all snags, but does not address 

fallen timber. 

***Specific direction varies by individual unit, but generally this is a passive management 

prescription. 

****The Fernow Experimental Forest is not considered part of the suitable timber base, but 

commercial timber production occurs as part of research. 

 

Reserved Status of Forest Lands - West Virginia 

Ownership class  Total  
 Not 

reserved  
 

Reserved  

Total 12,185,709  11,881,985  303,724  

National Forest 1,047,796  873,871  173,926  

National Park Service 50,667  0  50,667  

Bureau of Land 
Management 

0  0  0  

Fish and Wildlife 
Service 

13,033  0  13,033  

Dept. of Defense 76,275  64,089  12,186  

Other federal 33,639  33,639  0  

State 308,831  254,919  53,912  

County and Municipal 53,459  53,459  0  

Other Local Govt. 6,219  6,219  0  

Private 10,595,789  10,595,789  0  



Proposed Average Timber Harvest by Cutting Method for the Monongahela National Forest, Annually. 

National Forest or 
Tallgrass Prairie 

Total National Forest 
System Acres1 Total Forested Acres2 

Monongahela 920,584 900,000 

      

Pup Season3 - May 1 to July 31   

Management Activity   Average Annual Acres 

Even-Aged Management4 900 

Uneven-Aged Management5 0 

Thinning 300 

Site Prep 810 

TSI6 375 

Routine Salvage/Sanitation 0 

Prescribed Burn7 65 

Clearing Non-Timber8 0 

Total Acres Managed: 2,450 

Percentage of National Forest System Acres: 0.27% 

Percentage of Forested Acres: 0.27% 

      

Miles of Trail Constuction9: 46 

Miles of Road Constuction10: 315 

      

Non-Pup Season - August 1 to April 30   

Management Activity   Average Annual Acres 

Even-Aged Management4 2,100 

Uneven-Aged Management5 0 

Thinning 700 

Site Prep 1,890 

TSI6 875 

Routine Salvage/Sanitation 0 

Prescribed Burn7 850 

Clearing Non-Timber8 0 

Total Acres Managed: 6,415 

Percentage of National Forest System Acres: 0.70% 

Percentage of Forested Acres: 0.71% 

      

Miles of Trail Constuction9: 46 

Miles of Road Constuction10: 473 
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Forest-Wide Standards and Guidelines 

 

Stand/Guideline 
Number/Name Direction 

S-WQ-23 
Logging and construction equipment shall not be washed in stream courses, nor 
shall material from washed equipment be allowed to drain into surface waters. 

S-WQ-24 No new grazing allotments shall be permitted within municipal watersheds. 

G-WQ-25 
New road crossings of stream channels should be located at least one mile 
upstream from a municipal intake. 

G-WQ-26 

Management activities should maintain stream flow regimes to provide for channel 
stability and stream functions that support healthy riparian habitat, aquatic habitat, 
and downstream uses. 

S-WQ-34 
No programmed timber harvest shall occur within the channel buffers identified in 
the table 
in SW37. Tree removal from the buffers may only take place if needed to meet 
aquatic or riparian resource management needs, or to; a) Provide habitat 
improvements for aquatic or riparian species, or threatened, endangered, sensitive, 
and locally rare species; b) Provide for public or worker safety; c) Construct or 
renovate an approved facility; d) Construct temporary road, skid road, or utility 
corridor crossings; e) Conduct aquatic or riparian-related research, or f) Allow for 
cable yarding.   

S-WQ-36 
Where new roads and skid roads cross stream channels, channel and bank stability 
shall be maintained. 

S-WQ-35 

When stream crossing structures are removed, stream channels shall be restored to 
their nearnatural morphology (width, depth, and gradient associations for 
streambeds, streambanks, floodplains, and terraces). Disturbed soil shall be 
stabilized. During project-level planning and implementation, determine channel 
buffers for streams that would potentially be affected by proposed activities. The 
following table represents default buffer widths to be applied to both sides of the 
channel. 

Table SW37 - Stream Classification 
Perennial - 100ft 

Large Intermittent (>50-acre drainage area) - 100ft 
Small intermittent (<50 acre drainage area) - 50ft 

Ephermeral -25ft 
Buffer widths may be adjusted based on interdisciplinary review and site-specific field investigation. 
The buffers shall, at a minimum, encompass the riparian area defined on the basis of soils, vegetation 
and hydrology and the ecological functions and values associated with the riparian area. 

S-WQ-40 

Skid trails and landings shall not be constructed within 100 feet of perennial, 
intermittent, and ephemeral channels except at crossings or when location outside 
the 100-foot zone pose a greater risk to aquatic or riparian resources. The 100-foot 
filter strip may be modified based on site-specific conditions such as soil type, slope, 
and stability. 



Stand/Guideline 
Number/Name Direction 

S-WQ-42 

New trails, campsites, and other recreational developments shall be located, 
constructed, and maintained to minimize impacts to channel banks and other 
riparian resources. 

S-WQ-43 
Channel buffers shall not be available for commercial mineral material 
development. 

S-WQ-44 

New roads are allowed within channel buffers but are restricted to essential 
crossings. Construction of roads parallel to the channel shall be avoided within the 
channel buffer. 

S-WQ-45 
New roads within the channel buffer shall be designed to minimize impacts on 
aquatic and riparian resources. 

S-WQ-46 

New structures (culverts, bridges, etc.) shall be designed to accommodate storm 
flows expected to occur while the structures are in place. Use scientifically accepted 
methods for calculating expected storm flows. 

S-WQ-47 Personal use firewood shall not be removed from stream channels or banks. 

G-WQ-48 
Existing trails in channel buffers may be reconstructed or relocated to reduce 
impacts to riparian and aquatic resources 

G-QW-50 

Maintained wildlife openings and associated access routes identified as degrading 
riparian or aquatic conditions should be mitigated or closed and restored. New 
wildlife openings within channel buffers may occur where needed to provide 
habitat for riparian species, or TEP, RFSS, or locally rare species, and where 
maintenance for these openings and their access routes can be achieved without 
degrading riparian or aquatic conditions. 

G-WQ-51 

Ground disturbance should be avoided within seeps, vernal pools, bogs, fens, and 
other wetlands during project implementation. These areas should be managed to 
protect wet soils and rare plants and provide wildlife watering sources using the 
following protection: a) No new system roads or skid roads should be located within 
these areas except at essential crossings. Such crossings should be designed to 
minimize disturbance to the extent practical. b) Logs should not be skidded through 
these areas. Keep slash and logs out of them. c) Where available, a canopy of 60-
100 percent crown closure should be maintained within and adjacent to these 
areas, unless a more open canopy is needed for TEP species or RFSS management. 
d) Mast trees or shrubs may be planted in seeps if mast plants are currently lacking. 

G-QW-52 

Cable yarding that crosses channel buffers should avoid or mitigate adverse effects 
to the stream channel. Crossing should be at as near a right angle as possible, with 
full suspension preferred. Trees cut within channel buffers to provide cable 
corridors may be left on site for woody debris recruitment and erosion control. 

G-QW-55 

New trails should not be located within channel buffers except at crossings, to 
control access to water bodies, or when location outside the buffer would pose 
greater risk to aquatic or riparian resources. 

G-WQ-56 
Designated livestock stream crossings and watering points should be located, sized, 
and maintained to minimize impacts to aquatic and riparian resources. 
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Stand/Guideline 
Number/Name Direction 

G-WQ-57 

Improvements that invite concentrated livestock use—such as feed troughs, corrals, 
or salt/mineral blocks—should be located at least 100 feet from a channel, lake, or 
wetland. 

G-WQ-58 
Watering troughs should be used where feasible to protect aquatic and riparian 
resources. 

G-WQ-59 
Where private minerals are explored or developed within channel buffers, work 
with mineral developers to minimize disturbance to aquatic and riparian resources. 

G-WQ-61 
Work with special use permittees to mitigate effects from their operations to soil, 
water, and aquatic resources within channel buffers. 

G-WQ-62 

Stream crossing construction on temporary and permanent roads should be 
completed as soon as practical, with mitigation as needed to minimize the potential 
for sedimentation. 

S-FM-12 

A prescribed burning plan must be prepared and approved prior to using prescribed 
fire as a management tool. The plan shall address protection or maintenance of TEP 
species and habitat, cultural resources, watershed resources, air quality, private 
property, and other resources or investments as needed or appropriate. 

S-TE-06 

When proposed exploration or development of privately owned mineral rights may 
adversely affect TEP species or habitat, the Forest shall work with state and federal 
mineral operation permitting agencies to reduce adverse effects. 

S-TE-07 
Special use permits may be authorized in TEP species habitat if the uses do not 
adversely affect populations or habitat. This standard does not apply to Indiana bat  

S-TE-08 

Cave entry during closed periods for scientific study and observation may be 
permitted by Forest Supervisor’s written approval and permit from USFWS or 
delegated authority. 

S-TE-09 
Gates or fences installed at cave entrances shall allow free entry and exit by TEP 
species and shall not restrict normal airflows. 

S-TE-10 
Gate installation that disturbs a cave feature or floor must have an archaeological 
survey prior to disturbance. 

S-TE-11 

Gates and fences shall be monitored and maintained. Base monitoring frequency on 
past cave visits, access, and potential for disturbance. Maintenance and repair of 
gates shall be undertaken within a reasonable time frame from vandalism 
discovery. 

S-TE-31 

Management of vegetation 5 inches dbh or greater may only be implemented if 
activities:a) Maintain or improve Indiana bat or other TEP or Sensitive species’ 
habitat, or b) Address public or worker safety concerns, or c) Achieve research 
objectives 

S-TE-32 
Retain harvest unit snags greater than 5 inches dbh except where public or worker 
safety concerns exist. 

S-TE-33 

Leave at least 5 cull trees per acre, if available—preferably shagbark hickory, 
bitternut hickory, red oak, white oak, sugar maple, white ash, green ash, and/or 
sassafras. Prioritize cull retention from the largest to the smallest dbh. 



Stand/Guideline 
Number/Name Direction 

S-TE-34 

New livestock grazing areas shall not cause maintained openings to exceed 5 
percent of each primary range. Allotment Management Plans shall be modified, if 
needed, to ensure allotment management is compatible with Indiana bat habitat 
management 

S-TE-35 

When designing and implementing regeneration harvest units, the following 
direction shall be used to help retain appropriate leave trees for Indiana bat 
habitat: a) Preferred residual trees for shelterwood and two-aged regeneration 
harvests should include the following species as available: shagbark hickory, 
bitternut hickory, red oak, white oak, sugar maple, white ash, green ash, and/or 
sassafras. Prioritize residual trees from the largest to the smallest dbh. b) Retain 
clumps of live trees and shrubs at a rate of 1/3 an acre per 5 to 8 acres of 
regeneration harvest area. Clumps should be co-located with other retained 
features. 

S-TE-36 
Maintain a component of large over-mature trees, if available, in all uneven-aged 
harvest units to provide suitable roosting habitat. 

S-TE-37 
Regeneration harvest shall not cause the early successional (0-19 years) age class of 
forest stands to exceed 10 percent of each primary range at any time. 

S-TE-38 

Special use permits and federal mineral exploration and development may be 
allowed within the primary range if they are compatible with Indiana bat 
management. 

S-TE-39 
Explosives may be allowed within the primary range if it can be demonstrated that 
this activity will not have an adverse effect on bat populations or habitat. 

S-TE-40 

Shelterwood and two-aged regeneration harvests are the preferred silvicultural 
methods. Alternate methods may be used to meet other vegetation or wildlife 
habitat objectives when compatible with Indiana bat habitat management. Thinning 
from below is the preferred management method for stands originating before 
1905. Other appropriate or preferred measures to maintain or improve Indiana bat 
habitat within primary range may be developed under consultation with USFWS 
and WVDNR. 

S-TE-41 

Without preventing the regeneration of desired tree species, sufficient basal area 
should be retained in even-aged harvest units to meet the habitat needs of Indiana 
bats. Basal area determinations should be coordinated between the project 
silviculturist and wildlife biologist, based on site-specific vegetative conditions and 
habitat needs. 

S-TE-42 

Management of vegetation that is less than 5 inches dbh generally may occur within 
200 feet of the hibernacula, within key areas, or within 2.5 miles of known 
maternity sites during any time of the year, provided adverse disturbance to bats is 
avoided.  
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Stand/Guideline 
Number/Name Direction 

S-TE-43 

Management of vegetation 5 inches dbh or greater may only be implemented 
within 200 feet of hibernacula or within key areas to: a) Maintain or improve 
Indiana bat, TEP, or Regional Forester Sensitive Species habitat, b) Address public or 
worker safety concerns, or c) Achieve research objectives. 

S-TE-44 
No new recreational facilities shall be constructed within 200 feet of hibernacula or 
within key areas 

S-TE-45 

Prohibit public entry into caves and mines used as major hibernacula from 
September 1 to May 15. Minor hibernacula that harbor very few individuals in most 
years may remain open to the public if the Forest, USFWS, and WVDNR agree that 
public entry would be extremely unlikely to cause harm or mortality to Indiana bats. 

S-TE-46 
Construction or other permanent activities may only occur in key areas if they 
maintain or improve Indiana bat habitat or provide for public safety 

S-TE-47 
Do not issue permits for special uses occurring within 200 feet of hibernacula that 
would adversely affect Indiana bat populations or habitat 

S-TE-48 

Special use permits occurring within key areas and within 2.5 miles of maternity 
sites may be authorized if they are compatible with Indiana bat population 
maintenance or recovery. 

S-TE-49 

Seismic exploration is not allowed within 200 feet of hibernacula, within key areas, 
or within 2.5 miles of maternity sites unless analysis can demonstrate it would not 
have an adverse impact on bat populations or habitat. 

S-TE-50 

Explosives shall not be used within 200 feet of hibernacula, within key areas, or 
within 2.5 miles of active maternity sites, unless analysis can demonstrate that this 
activity will not have an adverse effect on bat populations or habitat. Explosives 
outside of these areas shall not be used when such use has potential to damage the 
cave or disturb the bat New road or trail construction is prohibited within 200 feet 
of hibernacula. 

S-TE-52 
Surface occupancy for proposed federal mineral operations is not allowed within 
200 feet of hibernacula or within key areas. 

S-TE-53 

Surface occupancy for proposed federal mineral operations within 2.5 miles of 
maternity sites shall be evaluated on a case-by-case basis. Any surface occupancy 
must be compatible with Indiana bat population maintenance or recovery. 

S-TE-54 
Establish and maintain a key area of at least 150 acres, if available, within each 
primary range. 

G-TE-55 

A key area should be contiguous and located as close to the cave as possible. Where 
available, this area should include 20 acres of late successional forest, and an 
additional 130 acres of mid-to-late successional or late successional forest. 

G-TE-56 New road or trail construction should avoid key areas and maternity sites. 



Stand/Guideline 
Number/Name Direction 

S-WF-13 

For management actions that have been identified by the Forest Service as likely to 
cause a negative effect on RFSS or Birds of Conservation Concern populations, 
negative effects shall be avoided or minimized to the maximum extent practical 
while still accomplishing the purpose of the project or action. Unavoidable negative 
effects shall be mitigated to the extent practical and consistent with the project 
purpose. 

G-WF-17 

Temporary, seasonal, or permanent closures may be implemented for areas and 
transportation routes to address concerns over human-caused disturbances during 
critical life stages such as nesting, denning, or spawning. Coordinate closures with 
WVDNR. 

G-WF-18 

Use Forest Service-approved portions of Conservation Strategies and Agreements, 
as appropriate, in the management of RFSS habitat to help keep management 
actions from contributing to a trend toward listing for these species. 

G-WF-22 

Habitat improvement structures should be designed to complement riparian areas 
and management prescription emphasis. Improvement structures should be 
constructed of native materials where available. 

S-TR-06 
No more than 20 percent of NFS lands within each prescription area unit shall 
receive regeneration harvest over a 10-year period. 

G-TE-41 

Without preventing the regeneration of desired tree species, sufficient basal area 
should be retained in even-aged harvest units to meet the habitat needs of Indiana 
bats. Basal area determinations should be coordinated between the project 
silviculturist and wildlife biologist, based on site-specific vegetative conditions and 
habitat needs. 

 

 

Potential Roost Trees Available on the Monongahela National Forest Derived from the 

Forest Inventory and Analysis Database (Miles 2015). 

 

 Snags > 5" 

DBH  

 Rough Cull > 

5" DBH  

 Rotten Cull  

> 5" DBH  

 Potential 

Roost Trees  

 Forested 

Acres  

 Potential 

Roost 

Trees/ 

Acre  

 Snags/ 

Acre   Growing Stock  

     21,330,545       21,603,061       4,336,464  
       

47,270,070  
         900,000  

                    

53  

                 

24  
      147,655,961  
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OTTAWA NATIONAL FOREST 

Land Suitable for Key Activities 

 



Reserved Status of Forest Lands – Wisconsin 

 

Ownership class  Total  
 Not 

reserved  
 

Reserved  

Total 17,101,165  16,745,533  355,632  

National Forest 1,434,232  1,390,589  43,643  

National Park Service 42,599  0  42,599  

Bureau of Land 
Management 

0  0  0  

Fish and Wildlife Service 88,201  5,188  83,012  

Dept. of Defense 42,495  42,495  0  

Other Federal 12,256  7,600  4,655  

State 1,173,775  996,600  177,176  

County and Municipal 2,349,928  2,345,381  4,547  

Other Local Govt. 7,720  7,720  0  

Private 11,949,960  11,949,960  0  
 

Potential Roost Trees Available on the Ottawa National Forest Derived from the Forest 

Inventory and Analysis Database (Miles 2015). 

 

 Snags > 5" 

DBH  

 Rough Cull > 

5" DBH  

 Rotten Cull  

> 5" DBH  

 Potential 

Roost Trees  

 Forested 

Acres  

 Potential 

Roost 

Trees/ 

Acre  

 Snags/ 

Acre   Growing Stock  

     21,511,792       12,685,869       1,757,038  
       

35,954,699  
         905,000  

                    

40  

                 

24  
      167,931,949  
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Proposed Average Timber Harvest by Cutting Method for the Ottawa National Forest, Annually. 

National Forest or 
Tallgrass Prairie 

Total National Forest 
System Acres1 Total Forested Acres2 

Ottawa 996,533 905,000 

      

Pup Season3 - May 1 to July 31   

Management Activity   Average Annual Acres 

Even-Aged Management4 976 

Uneven-Aged Management5 1,531 

Thinning 1,050 

Site Prep 437 

TSI6 499 

Routine Salvage/Sanitation 97 

Prescribed Burn7 200 

Clearing Non-Timber8 60 

Total Acres Managed: 4,850 

Percentage of National Forest System Acres: 0.49% 

Percentage of Forested Acres: 0.54% 

      

Miles of Trail Constuction9: 23 

Miles of Road Constuction10: 795 

      

Non-Pup Season - August 1 to April 30   

Management Activity   Average Annual Acres 

Even-Aged Management4 2,274 

Uneven-Aged Management5 6,119 

Thinning 2,450 

Site Prep 3,931 

TSI6 1,302 

Routine Salvage/Sanitation 227 

Prescribed Burn7 50 

Clearing Non-Timber8 50 

Total Acres Managed: 16,403 

Percentage of National Forest System Acres: 1.65% 

Percentage of Forested Acres: 1.81% 

      

Miles of Trail Constuction9: 111 

Miles of Road Constuction10: 1,423 



Forest-Wide Standards and Guidelines 

 

Stand/Guideline 
Number/Name Direction 

Guideline 

When treating non-native invasive species infestations, use permissible, 
appropriate, and effective methods, include manual, mechanical, fire, chemical, 
cultural, and biological control methods, in such a manner as to minimize 
undesired environmental effects. Maintain a prioritized Forestwide list of non-
native invasive species of concern. Candidates for listing may include species listed 
Federally or by the States of Michigan or Wisconsin as noxious weeds, prohibited 
animals (including insects) or pathogens, aquatic nuisance species, or pests on the 
Exotic Forest Pest Information System, as well as other species. Use criteria such as 
the species biology, persistence, and reproductive (spread) potential; impacts the 
species is known to have on natural systems; the values of the infested areas; 
current extent of infestations; feasibility of control; and other factors as 
appropriate to determine ranking. 

Guideline 

Discourage the removal of coarse woody debris, existing snags and live cavity trees 
from riparian corridors and streams and lakes unless it presents a hazard to people 
or structures. Restrict removal to the minimum amount necessary to assure safety. 

Guideline 
Within riparian areas, avoid activities that may destabilize soils or add sediment to 
the water, where possible. 

Guideline 

Within the riparian area, vegetative manipulation should generally maintain or 
enhance riparian function. Long-lived tree species should generally be favored; 
however, other species may be favored if desired to provide habitat for specific 
plant or animal species. 

Guideline 

Conduct inventories for Regional Forester’s Sensitive and federally listed 
endangered, threatened, and proposed taxa at and above the project level where 
appropriate given existing habitat. 

Guideline 
Provide habitat for possible population growth and expansion for species of 
viability concern. 

Guideline 

Prepare, support, and facilitate completion of Conservation Assessments for 
species of viability concern. When feasible and appropriate, implement actions 
recommended in approved Conservation Approaches. 

Guideline 

Use pesticides only after analysis of alternatives clearly demonstrates that 
pesticide use is essential to meet management objectives. Analysis will consider 
environmental risk, economic efficiency, and biological effectiveness of available 
alternatives. 

Guideline Locate new roads outside riparian areas whenever possible 

Guideline Roads may be closed for resource protection or administrative purpose. 

Guideline 

Where practicable, retain a vegetated or natural shoreline buffer along lakes to 
protect habitat and water quality. Minimize mowing and beach rototilling to 
protect integrity of shoreline and water quality. Minimize mowing and beach 
rototilling to protect integrity of shoreline habitats. 
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Stand/Guideline 
Number/Name Direction 

Guideline 

Provide for ecosystems that are healthy, resilient, diverse, and functioning in a 
sustainable and productive manner. Include a diversity of forest types, structure 
and age distribution. Large diameter snags and coarse woody debris are common 
in managed and unmanaged forested stands, providing habitat and summer, 
evergreen, and evergreen dimorphic temporal guilds, or pollinator or germination 
sites for a variety of plants and animals. All understory native plant guilds are 
represented in managed and unmanaged forests (e.g., spring ephemerals, early 
summer, later dispersal guilds). 

Guideline 

As appropriate, when implementing projects retain live cavity trees and snags, 
favoring large diameter trees. If lacking, create by girdling or other methods. Favor 
locations 150 feet or more from roads and landings 

Guideline 

Within the general forest matrix (suitable acres), manage some stands not 
classified as old growth for structural complexity such as large trees, multiple 
trees, and coarse woody debris, vegetation layers, snags and cavity 

  



SHAWNEE NATIONAL FOREST 

Land Suitable for Key Activities 

 
 

Reserved Status of Forest Lands - Illinois 

Ownership class  Total  
 Not 

reserved  
 

Reserved  

Total 4,902,360  4,589,508  312,853  

National Forest 296,677  271,384  25,294  

National Park Service 0  0  0  

Bureau of Land 
Management 

0  0  0  

Fish and Wildlife Service 30,961  0  30,961  

Dept. of Defense 48,091  48,091  0  

Other Federal 6,167  6,167  0  

State 220,403  112,284  108,119  

County and Municipal 246,679  98,200  148,478  

Other Local Govt. 0  0  0  

Private 4,053,381  4,053,381  0  
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Proposed Average Timber Harvest by Cutting Method for the Shawnee National Forest, Annually. 

National Forest or 
Tallgrass Prairie 

Total National Forest 
System Acres1 Total Forested Acres2 

Shawnee 286,254 252,900 

      

Pup Season3 - May 1 to July 31   

Management Activity   Average Annual Acres 

Even-Aged Management4 50 

Uneven-Aged Management5 0 

Thinning 0 

Site Prep 0 

TSI6 40 

Routine Salvage/Sanitation 0 

Prescribed Burn7 0 

Clearing Non-Timber8 0 

Total Acres Managed: 90 

Percentage of National Forest System Acres: 0.03% 

Percentage of Forested Acres: 0.04% 

      

Miles of Trail Constuction9: 3 

Miles of Road Constuction10: 49 

      

Non-Pup Season - August 1 to April 30   

Management Activity   Average Annual Acres 

Even-Aged Management4 800 

Uneven-Aged Management5 0 

Thinning 36 

Site Prep 750 

TSI6 500 

Routine Salvage/Sanitation 0 

Prescribed Burn7 10,000 

Clearing Non-Timber8 175 

Total Acres Managed: 12,261 

Percentage of National Forest System Acres: 4.28% 

Percentage of Forested Acres: 4.85% 

      

Miles of Trail Constuction9: 44 

Miles of Road Constuction10: 320 



Forest-Wide Standards and Guidelines 

Direction 

Only the shelterwood or seed-tree methods of even-aged management should be utilized, unless 
clearcutting is determined to be the optimum method as indicated by the presence of one or more of 
the following conditions and acceptable advanced regeneration is present, or is occurring through 
sprouting, seeding or planting:1) Pine stands are to be converted to hardwood (where hardwood 
advanced regeneration is present);2) Wildlife habitat is being created to meet species-objectives; 3) 
Clearcut stands are needed to provide habitat requirements for threatened, endangered or sensitive 
species 

Gathering of downed material as firewood is allowed by permit only. To protect potential bat roosting 
trees, cutting of standing dead trees for firewood is not allowed. 

Riparian corridor (filter-strip) and riparian-area Forest-wide standards and guidelines shall supersede 
other, less restrictive, management-prescription area standards and guidelines. Filter strips shall be 
established adjacent to lakes, wetlands, perennial streams, intermittent streams and ephemeral 
streams, except in the Oakwood Bottoms Greentree Reservoir and Mississippi and Ohio River 
Floodplains management prescription areas. Table 5-2 describes the minimum widths of filter strips 
along perennial and intermittent streams and lakes. The minimum filter-strip width along the edge of 
wetlands should be 100 feet, and along ephemeral streams 25 feet. Riparian corridors along perennial 
and intermittent streams, and along lakes and wetlands are not part of the suitable timber base. 

Table 5-2. Riparian corridor (filter-strip) guidelines 
 

Adjacent land-slope        Perennial Stream Filter-strip Width (feet)      Intermittent Stream Filter-strip 
Width (feet) 

<10 percent                                                 100                                                                                50 

20                                                                   130                                                                                65 

30                                                                   170                                                                                85 

40                                                                   200                                                                               100 

50                                                                   250                                                                               125 

60+                                                                 300                                                                               150 

Federally-Listed Threatened and Endangered Species Some species occurring on the Forest are 
federally listed as threatened or endangered. In order for the Forest to meet federal-agency 
responsibilities, these species must be protected and/or managed in accordance with their recovery 
plans. The current list is included in the Plan by reference and the recovery plans’ management 
strategies are found in Appendix I. The list and management strategies and guidelines are subject to 
change by the U.S. Fish and Wildlife Service over the life of the Plan. Any revision of the list that 
includes species or habitat occurring on the Forest, and/or any revision of the recovery plans’ 
management guidelines will be reflected in Appendix I and be included in the Plan by reference. 

Biological evaluation of the effects on sensitive species that may occur from a proposed project shall 
be done prior to the implementation of that project. 

Known locations of sensitive species should be monitored periodically to identify disturbances and any 
necessary protective and/or management actions. 
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Direction 

The taking of a sensitive plant species on the national forest is prohibited without a permit issued by 
the Forest Service. 

Oak-hickory deciduous forests: Maintain a variety of age-classes of oak/hickory deciduous forest 
through active vegetation management in the Oakwood Bottoms Greentree Reservoir, even-aged 
hardwood forest, mature hardwood forest and natural area management-prescription areas. 

Riparian deciduous forests: Maintain the quality and quantity of this 

habitat through Forest-wide standards and guidelines for filter-strip 

management, and through the water-supply watershed, Mississippi and 

Ohio River floodplains and natural area management prescriptions. 

Maintain the quality and diversity of cave habitats through the 

standards and guidelines for cave management 

Maintain or improve the overall diversity and abundance of wetland habitats in the Oakwood Bottoms 
Greentree Reservoir, Mississippi and Ohio Rivers floodplains, natural area and candidate wild and 
scenic river management-prescription areas and through forest-wide riparian filter-strip standards and 
guidelines. 

Snags and cavities: To ensure that a sufficient component of cavity trees and snags remain within the 
hardwood component following harvest and timber-stand improvement activities, a minimum number 
of cavity trees should be retained in clumps within the harvest area: one except those that are safety 
hazards to equipment operators. Table 5-3 provides additional information. 

Table 5-3. Snag and cavity-tree objectives for upland habitat types under even-aged 
management 

Tree Size                                                                                                            Cavity/Trees 

Diameter greater than 19inches                                                                       1/Acre 

Diameter 11 to  19 inches                                                                                  2/Acre 

Diameter 10 inches or less                                                                                 4/Acre 

All caves will be closed to recreational use from August 31 through April 15 unless specifically allowed 
by the Forest Supervisor or specified official. The purpose of this prescription is to protect migrating 
and hibernating bats from direct and indirect harassment by humans. The Forest Service will continue 
to enter into cooperative agreements to conduct surveys of Shawnee National Forest cave resources 
to determine those caves that will require additional protection due to their use by threatened, 
endangered or sensitive species. 

In caves and mines with documented summer use prohibit access when necessary to prevent 
disturbance of bats between March 15 and October 31 and with documented winter use, prohibit 
access when necessary to prevent disturbance between September 15 and April 30. Prohibit any 
significant disturbance within approximately 100 feet of a cave entrance or open abandoned mine 
entrance when occupied by bats. Retain a forested corridor between caves or abandoned mines that 
are being utilized by bats and foraging areas (stream or reservoir). Consider acquisition of caves or 
abandoned mines discovered to contain populations of Indiana and/or Gray bats and those caves 
determined to be of regional significance that are within the proclamation boundary of the national 
forest. 

Recovery Team will identify regionally significant (Indiana bat) caves. 



Direction 

Indiana Bat Roosting Habitat: Known habitats include bottomland hardwoods, shrub-swamps and 
riparian forests. In known roosting habitat, 50 percent to 75 percent of the live trees should be greater 
than eleven inches in diameter at breast height and include a preponderance of species that exhibit 
exfoliating bark characteristics. Typical species include American elm (Ulmus americana), slippery elm 
(Ulmus rubra), eastern cottonwood (Populus deltoides), bitternut hickory (Carya cordiformis), shellbark 
hickory (Carya laciniosa), shagbark hickory (Carya ovata) and species in the red oak (Quercus spp.) 
group. Known roosting habitats should contain an abundance of canopy gaps. Crown-closure (of live 
trees greater than eleven inches in diameter at breast height of all species) should be between 30 
percent and 80 percent. 

Known roost trees will not be removed through harvesting. Cutting of potential roost trees in roosting 
habitats will be within limits established through consultation with the U.S. Fish and Wildlife Service 
during the normal Indiana bat maternity periods (April 1 through September 30 through the entire 
Forest except, within five miles of known winter hibernacula, the maternity period is defined as April 1 
to November 15). 

Management should include maintaining a diversity of age, size and species classes of potential roost 
trees. It should also include the maintenance of existing forested landscapes, snag and live tree 
retention, riparian corridors and hibernacula protection and improvement projects 

Retain all standing dead trees unless necessary to cut for human safety or to accomplish project 
objectives 

Personnel conducting mist-netting, cave surveys and other monitoring activities requiring the handling 
of bats, will be adequately trained by experienced personnel. Mist-netting procedures developed by 
Garner and Gardner (1992) will be used. 

An annual report of bat-monitoring activities and involved personnel will be provided to the Marion, 
Illinois office of the U.S. Fish and Wildlife Service. Any bats that are incidentally killed during 
monitoring will be placed on ice or frozen and brought to the Marion office as soon as possible. Any 
incidental taking of Indiana and/or gray bats will be reported to the Marion office within three 
business days. 

 

Potential Roost Trees Available on the Shawnee National Forest Derived from the Forest 

Inventory and Analysis Database (Miles 2015). 

 

 Snags > 5" 

DBH  

 Rough Cull > 

5" DBH  

 Rotten Cull  

> 5" DBH  

 Potential 

Roost Trees  

 Forested 

Acres  

 Potential 

Roost 

Trees/ 

Acre  

 Snags/ 

Acre   Growing Stock  

       3,363,347         3,726,063           617,305  
         

7,706,715  
         252,900  

                    

30  

                 

13  
         38,345,235  
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SUPERIOR NATIONAL FOREST 

Land Suitable for Key Activities 

 
 

Reserved Status of Forest Lands - Minnesota 

Ownership class  Total  
 Not 

reserved  
 

Reserved  

Total 17,378,345  16,098,646  1,279,699  

National Forest 2,600,851  1,845,056  755,795  

National Park Service 112,509  0  112,509  

Bureau of Land 
Management 

3,156  3,156  0  

Fish and Wildlife Service 103,997  7,280  96,717  

Dept. of Defense 17,964  17,964  0  

Other Federal 39,639  36,699  2,940  

State 4,077,115  3,808,290  268,825  

County and Municipal 2,618,473  2,575,559  42,914  

Other Local Govt. 6,810  6,810  0  

Private 7,797,832  7,797,832  0  

 

Potential Roost Trees Available on the Superior National Forest Derived from the Forest 

Inventory and Analysis Database (Miles 2015). 

 

 Snags > 5" 

DBH  

 Rough Cull > 

5" DBH  

 Rotten Cull  

> 5" DBH  

 Potential 

Roost Trees  

 Forested 

Acres  

 Potential 

Roost 

Trees/ 

Acre  

 Snags/ 

Acre   Growing Stock  

  61,110,193      14,062,017    1,678,032    76,850,242    2,093,062              37           29     274,647,454  

 



Proposed Average Timber Harvest by Cutting Method for the Superior National Forest, Annually. 

National Forest or 
Tallgrass Prairie 

Total National Forest 
System Acres1 Total Forested Acres2 

Superior 2,172,452 2,093,062 

      

Pup Season3 - May 1 to July 31   

Management Activity   Average Annual Acres 

Even-Aged Management4 1,083 

Uneven-Aged Management5 124 

Thinning 182 

Site Prep 300 

TSI6 2,350 

Routine Salvage/Sanitation 10 

Prescribed Burn7 232 

Clearing Non-Timber8 20 

Total Acres Managed: 4,301 

Percentage of National Forest System Acres: 0.20% 

Percentage of Forested Acres: 0.21% 

      

Miles of Trail Constuction9: 155 

Miles of Road Constuction10: 788 

      

Non-Pup Season - August 1 to April 30   

Management Activity   Average Annual Acres 

Even-Aged Management4 8,758 

Uneven-Aged Management5 1,004 

Thinning 1,030 

Site Prep 1,040 

TSI6 1,975 

Routine Salvage/Sanitation 90 

Prescribed Burn7 5,226 

Clearing Non-Timber8 40 

Total Acres Managed: 19,163 

Percentage of National Forest System Acres: 0.88% 

Percentage of Forested Acres: 0.92% 

      

Miles of Trail Constuction9: 153 

Miles of Road Constuction10: 848 
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Forest-Wide Standards and Guidelines 

 

Stand/Guideline 
Number/Name Direction 

G-FW-1 

The Forest Service will implement the MFRC management guidelines when 
managing forest resources on the National Forest. These measures are 
described in Sustaining Minnesota Forest Resources: Voluntary site-level 
Management Guidelines. 

G-ID-1 

Minimum Impact Management Tactics (MIMT) will generally be used in 
managing wildland fire and prescribed fire to reduce adverse effects. MIMT 
will be applied in both operational and logistical functions. 

G-ID-3 

Utilize existing natural or man-made barriers, such as drainages, cliffs, 
streams, roads, and trails instead of constructed firelines for prescribed fire 
and suppression activities where practical and safe for firefighters and the 
public. 

G-LA-2 

Land acquisitions will generally be guided by the following criteria: Priority 1 
(a) land needed for habitat for federally listed endangered, threatened 
proposed or candidate species or for Regional Forester sensitive species (b) 
land needed to protect significant historical and cultural resources... (c) land 
needed to protect and manage administrative or Congressionally 
designated, unique, proposed or recommended areas... 

G-SC-3 

If fuel breaks are necessary, shaded fuel breaks are preferred. A shaded fuel 
break involves leaving some pruned standing trees and removing vegetation 
that could transmit fire from the ground to the tree’s branches. 

G-SU-1 
Whenever feasible, utility lines will be buried within existing road rights-of-
way. 

G-TM-3 
Openings that are greater than 1,000 acres will generally be separated from 
other temporary openings by manageable forested stands. 

G-TM-5 

In stands 20 acres or larger that were regenerated with clearcuts, retain a 
minimum of 5% of the stand in legacy patches of live trees where no harvest 
occurs. Wherever possible these should be at least two acres in size. These 
legacy patches will protect soil organic matter and associated organisms and 
remaining vegetation will aid in the re-colonization of the adjacent managed 
area.  

G-TM-6 

In northern hardwoods forest types, generally maintain a closed canopy 
(70% or greater where possible) of mature forest vegetation in a minimum 
200-foot zone surrounding seasonal ponds. Seasonal ponds included in this 
guideline must typically persist at least six weeks and be free of fish. The 
area will generally be managed to prevent the soil and water from warming 
excessively, to prevent erosion, and to provide large woody debris and leaf 
litter. 

G-TS-1 
Generally use minimum road and trail design standards to meet the 
appropriate purpose of the road or trail and to fit the land characteristics 



Stand/Guideline 
Number/Name Direction 

(form, line, texture, TEUI units, etc.). 

G-TS-2 
Road or trail reconstruction will generally follow the existing corridor 
alignments. 

G-TS-5 
Clearing widths for roads and trails at riparian area crossings will generally 
be kept to the minimum needed to provide a safe and functional crossing. 

G-TS-7 

Construction or reconstruction of permanent roads or parking lots will 
generally be avoided within the 150 feet of perennial streams or lakes, 
except in the situations where: 
a. Physical conditions preclude road locations at distances greater than 150 
feet. 
b. Roads are needed to approach a designated stream crossing or water 
access site. 
c. Parking lots are needed to serve a designated water access site. 

G-VG-3 

In Spatial Zones 1 and 2, in mature and older upland forest types managed 
to maintain patch sizes of >300 acres, vegetation management treatments 
are allowable where they maintain a 50% (60% for red and white pine) 
minimum canopy closure at time of treatment and favor retention of larger 
and older trees characteristic of the patch.  

G-VG-4 
In Spatial Zone 2 maintain a minimum of one patches of mature and older 
upland forest in patches of >10,000.  

G-VG-5 
In Spatial Zone 1 maintain a minimum of 8 patches of mature or older 
upland forest in patches of >1,000 acres.  

G-VG-6 
In Spatial Zone 2 maintain a minimum of 14 patches of mature and older 
upland forest in patches of >1,000 acres. 

G-VG-7 

Permits will generally be required for commercial gathering of special forest 
products from trees (such as boughs, Christmas trees, birch bark, and 
firewood), or other vegetation (berries, clubmosses, lichens, fungi, and 
moss). 

G-VG-8 
Permits will specify allowable quantities and collection restrictions designed 
to protect or maintain ecological and cultural resource values. 

G-WL-11 
Avoid or minimize negative impacts to known occurrences of sensitive 
species. 

G-WL-12 

Minimize negative impacts to known sensitive species from management 
activities that may disturb pairs in their breeding habitat during critical 
breeding season (varies by species).  

G-WL-20 

Avoid management activities that may change microclimate or microhabitat 
conditions in steep ravines or on cliffs and talus slopes that are known or are 
highly likely to  harbor sensitive plants. 
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Stand/Guideline 
Number/Name Direction 

G-WL-3 

Limit disturbance within each LAU on NFS land as follows: if more than 30% 
of the total lynx habitat (all ownerships) within an LAU is currently in 
unsuitable condition, no further reduction of suitable conditions should 
occur as a result of vegetation management activities by the National Forest.  

G-WL-9 

Dirt and gravel roads that are under the jurisdiction of the National Forest 
and that traverse lynx habitat on NFS land (particularly those roads that 
could become highways) should generally not be paved or otherwise 
upgraded in a manner that is likely to lead to significant increases to lynx 
mortality or substantially impedes movement and dispersal.  

G-WS-13 
Wetland impacts will be avoided whenever possible. Where impacts are 
unavoidable, minimize and compensate for loss when undertaking projects.  

G-WS-15 

Wetlands will be managed to prevent the reduction of their water quality, 
fish and wildlife habitat, and aesthetic values. Management actions will not 
reduce water quality  within a wetland, or upstream or downstream of a 
wetland, unless restoration of natural conditions is the primary goal of the 
activity. 

G-WS-4 

On slopes averaging 18% or steeper, the width of filter strips adjacent to 
lakes or streams will be either 150 ft. from the ordinary high water mark, 
150 ft. from the bankfull elevation, or the width of the entire slope that is 
adjacent to the water’s edge, whichever is greater. Exceptions to filter strip 
guidelines are allowed for projects specifically designed for stream, 
lakeshore, or wetland restoration.  

G-WS-5 

In project areas subject to soil or vegetation disturbance, where the 
landward limit of the functional riparian area has not been site-specifically 
identified as part of project planning, a default “near bank” and  
“remainder” riparian management zone width of 100 feet each will generally 
be used along lakes, open water wetlands and streams.  

G-WS-9 
Within the near-bank zone, harvest trees only to maintain or restore riparian 
ecological function. 

MFRC 

When harvesting understory vegetation for fuel reduction: Retain snags 
greater than 12 inches DBH and down logs where at least one end is greater 
than 12 inches in diameter and 6 feet in length.  Place emphasis on retaining 
only larger snags and pre-existing coarse woody debris, because these larger 
fuels do not contribute as much to the initial speed and flame length of a 
wildfire (MFRC, Forest Biomass Harvesting, pg. 23).   

MFRC 

Unmerchantable trees, dead standing trees and trees not designated for 
harvest will be left.  The operator will be allowed to fell (and leave in place) a 
portion of these trees in areas where deemed necessary to facilitate the 
logging operations, as well as for safety reasons (MFRC, Timber Harvesting, 
pg. 33). 



Stand/Guideline 
Number/Name Direction 

MFRC 

Leave standing a minimum of 6 cavity trees, potential cavity trees and/or 
snags per acre during TSI operations.  These trees and snags should be 
distributed throughout the site as much as possible.  (MFRC, Timber Stand 
Improvement, pg. 7) 

MFRC 
Consider creating snags during commercial thinning of even-age, low-
diversity stands.  (MFRC, Timber Stand Improvement, pg. 7) 

MFRC 
Minimize total road mileage and ground disturbance to meet landowner 
objectives.  (MFRC, Forest Roads, pg. 12) 

MFRC 

Avoid biomass harvest within specific sites where plant or animal species 
listed as endangered or threatened at the state or federal level are known to 
exist, or where such species are discovered during operations and where 
biomass harvesting would harm them (MFRC, Forest Biomass Harvesting, pg. 
20) 

MFRC 

Modify management activities to maintain, promote or enhance 
endangered, threatened or special concern species on the site.  (MFRC, 
General Guidelines, pg. 23). 

MFRC 

If pesticides must be applied to sites containing endangered, threatened or 
special concern species, select pesticides, application methods, equipment 
and formulations to protect those species.  (MFRC, Pesticide Use, pg. 9) 

MFRC 

Retain leave trees in clumps occupying a minimum of 5% of each clearcut 
harvest unit OR as an alternative or supplement to clumps, employ scattered 
individual leave trees, especially if they are larger, windfirm specimens of 
preferred species. (MFRC, Timber Harvesting, pg. 34-36). 

MFRC 

Legacy patches should be no less than one-quarter acre in size (MFRC, Ch. 2, 
Wildlife Habitat, pg. 44).  When locating legacy patches or leave tree clumps 
consider including important features such as wetland inclusions, seasonal 
ponds, riparian areas, forested corridors, den trees, cavity trees, trees with 
stick nests, large mature white pine, rare plant locations and rare native 
plant communities (MFRC, Timber Harvesting, pg. 35).  Patches should be in 
representative habitats throughout the site (MFRC, Chap. 2, Wildlife Habitat, 
pg. 43) 

MFRC 

In general, retain a minimum of 6-12 live leave trees per acre to provide 
present and future benefits including shelter, resting sites, cavities, perches, 
rest sites, foraging sites, mast, and coarse woody debris.  The trees will be at 
least six inches in diameter and include at least two trees per acre from the 
largest size classes available on site. A variety of species would be selected 
for within-stand species and structural diversity.  (MFRC, General Guidelines, 
pg. 75-77). 

MFRC 

Leave trees may be left individually or in clumps ranging from one-quarter 
acre and larger.  Minimal harvest within clumps is acceptable (down to a 
minimum of 80 BA) as long as the integrity of the clump or key leave trees is 
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Stand/Guideline 
Number/Name Direction 

not disturbed, and as long as the clump is not doubling as a legacy patch 
(MFRC, Timber Harvesting, pg. 35).  

MFRC 

Consider retaining more than the recommended number of leave trees in 
harvest sites of greater than 100 acres.  This practice would better mimic 
natural disturbances, such as fire and windstorm” (MFRC, Timber harvesting, 
pg. 40). 

MFRC 

Allow some individuals of longer-lived species to reach ages of 200-300 years 
old in managed stands.  Leave large cull trees standing.  (MFRC, General 
Guidelines, pg. 78). 

S-MN-13 

Where a federal [minerals] permit is required, mitigation measures and 
management requirements will be established to minimize and mitigate 
adverse environmental effects. 

S-REC-1 
Remove hazardous trees. Retain dead or dying trees not posing a hazard to 
people or facilities if they provide ecological benefits. 

S-TM-2 

Harvest using even-aged regeneration methods (clearcutting, seed tree, 
shelterwood) may create a temporary forest opening no larger than 1,000 
acres in size.  Exceptions: temporary forest openings from even-aged  
harvest exceeding those limits established above are permitted; a. On an 
individual timber sale basis after 60 days public notice and review by the 
Regional Forester; or b. When the size of the area harvested is as a result of 
catastrophic condition such as fire, insect and disease attack, or windstorm. 

S-VG-1 

When implementing projects under authority of the Healthy Forest 
Restoration Act [Section 102(e)(2)(3b)], fully maintain or contribute toward 
the restoration of the structure and composition of structurally complex old 
growth stands according to the pre-fire suppression old growth conditions 
characteristic of the forest type, while considering the contribution of the 
stand to landscape fire adaptation and watershed health, and retaining the 
large trees contributing to old growth structure. 

S-VG-4 

In mature or older red and white pine forest types managed to maintain 
patch sizes of >100 acres, vegetation management treatments that maintain 
a 60% minimum canopy closure and maintain large diameter trees  are 
allowable. 

S-VG-5 
In Spatial Zone 2 maintain a minimum 11,700 acres of mature and older 
upland forest in patches of >10,000 acres. 

S-VG-6 
In Spatial Zone 1 maintain a minimum 44,700 acres of mature and older 
upland forest in patches of >300 acres. 

S-VG-7 
In Spatial Zone 2 maintain a minimum 54,400 acres of mature and older 
upland forest in patches of >300 acres.  

S-WL-1 
Management activities on NFS land shall not change more than 15% of lynx 
habitat on NFS land within an LAU to an unsuitable condition within a 10-



Stand/Guideline 
Number/Name Direction 

year period. 

S-WL-11 

Minimize habitat degradation at Special Use Permit sites and developed and 
dispersed recreational sites where conditions contribute to riparian and fish 
habitat degradation. 

S-WS-1 

Management actions on NFS land will not increase the total (all ownerships) 
acreage of upland young forest (<16 years), and upland openings to the 
point where the combined acreage exceeds 60% of the total area of any 6th 
level watershed.  Upland openings include permanent openings, roads and 
associated clearings, parking lots, cropland, pastures, borrow pits, utility 
rights of way, town sites, homes and yards, and upland brush,  and grass. In 
6th level watersheds that already exceed the 60% threshold, no action on 
NFS land will be taken that causes a net whole watershed increase of more 
than 1% in open and young forest conditions.  

S-WS-4 

Water quality Best Management Practices, which are represented by some 
of the MN Forest Resources Council (MFRC) Voluntary Site Level Forest 
Management Guidelines, will be implemented as standards on NFS land.  

S-WS-5 

New facilities (such as roads, trails, campsites, and buildings) within riparian 
or floodprone areas will be discouraged If such facilities are built in riparian 
or floodprone areas, they will be constructed and maintained in a way that 
minimizes adverse impacts to the ecological function of the area. 

 

Additional 7(a)1 Activities – Bat Presentations 

 Presentation on the Forest’s bat work to the Minnesota Chapter of The Wildlife Society, 
2014; 

 General bat program for grade school kids at the Duluth Zoo, 2014;  

 Three public presentation about bats during Bat Week, fall 2014; 

 General bat presentation to Allete Energy in spring 2015;  

 Presentation to Minnesota Forest Industry in spring 2015;  

 Co-authored with the Minnesota Department of Natural Resources a presentation on 
Bat Friendly Forestry in spring 2015;  

 Co-authored with the Minnesota Department of Natural Resources a presentation for 
the Lake States Wildlife group spring 2015; and 

 Bat presentation to the Ely Field Naturalists and Vermillion Community College students, 
spring 2015. 
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WAYNE NATIONAL FOREST 

Land Suitable for Key Activities 

 
 

1. Salvage is not addressed in the Plan.  Interpretation would be that it could be used anywhere if 

deemed appropriate/needed. 
 

2. Wind Energy development is not addressed in the Plan; however, given the fragmented 

ownership of the Wayne, the potential for utilities is acknowledged in all Management Areas. 
 

3. While Historic Forest does not include even-aged forest in the desired future condition, it is 

focused on restoration of oak-hickory forests, and includes adaptive management.  Clearcuts 

could occur in this management area if needed to reach desired resource conditions. 

   

4. Clearcuts have never been proposed, but could be in the future in Special Areas to maintain 

features for which the area was designated or to remove non-native pine plantations. 
 

5. Temporary roads should not be constructed in these areas unless needed for administrative use 

or for access into adjacent management areas when alternate routes are not feasible. 
 

6.  Permanent road construction in these areas could be allowed in the event someone wants to 

access their privately-owned or leased minerals. 

 

 

 

 



Reserved Status of Forest Lands – Ohio 

 

Ownership class  Total  
 Not 

reserved  
 

Reserved  

Total 8,162,101  7,891,741  270,360  

National Forest 266,192  266,192  0  

National Park Service 17,235  0  17,235  

Bureau of Land 
Management 

0  0  0  

Fish and Wildlife Service 6,931  0  6,931  

Dept. of Defense 27,650  25,978  1,672  

Other Federal 8,459  8,459  0  

State 504,937  422,696  82,242  

County and Municipal 306,776  144,495  162,281  

Other Local Govt. 11,948  11,948  0  

Private 7,011,973  7,011,973  0  
 

 

Potential Roost Trees Available on the Wayne National Forest Derived from the Forest 

Inventory and Analysis Database (Miles 2015). 

 

 Snags > 5" 

DBH  

 Rough Cull > 

5" DBH  

 Rotten Cull  

> 5" DBH  

 Potential 

Roost Trees  

 Forested 

Acres  

 Potential 

Roost 

Trees/ 

Acre  

 Snags/ 

Acre   Growing Stock  

       2,963,625         7,500,465       1,214,284  
       

11,678,374  
         224,546  

                    

52  

                 

13  
         27,725,927  
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Proposed Average Timber Harvest by Cutting Method for the Wayne National Forest, Annually. 

National Forest or 
Tallgrass Prairie 

Total National Forest 
System Acres1 Total Forested Acres2 

Wayne 244,225 224,546 

      

Pup Season3 - May 1 to July 31   

Management Activity   Average Annual Acres 

Even-Aged Management4 88 

Uneven-Aged Management5 364 

Thinning 58 

Site Prep 1 

TSI6 871 

Routine Salvage/Sanitation 0 

Prescribed Burn7 713 

Clearing Non-Timber8 52 

Total Acres Managed: 2,147 

Percentage of National Forest System Acres: 0.88% 

Percentage of Forested Acres: 0.96% 

      

Miles of Trail Constuction9: 29 

Miles of Road Constuction10: 29 

      

Non-Pup Season - August 1 to April 30   

Management Activity   Average Annual Acres 

Even-Aged Management4 179 

Uneven-Aged Management5 1,092 

Thinning 88 

Site Prep 1 

TSI6 2,033 

Routine Salvage/Sanitation 0 

Prescribed Burn7 6,419 

Clearing Non-Timber8 155 

Total Acres Managed: 9,967 

Percentage of National Forest System Acres: 4.08% 

Percentage of Forested Acres: 4.44% 

      

Miles of Trail Constuction9: 37 

Miles of Road Constuction10: 31 



Forest-Wide Standards and Guidelines 

 

Stand/Guideline 
Number/Name Direction 

GFW-ARR-1 

Prior to implementing any project activity, establish the site-specific 
boundaries of the riparian corridor. The riparian corridor includes the 
riparian area and upland areas within the flood-prone area, or 100 feet from 
the edge of the aquatic ecosystem or wetland, whichever is greater. 

GFW-ARR-2 

Manage the riparian corridor to maintain habitat diversity for aquatic and 
riparian-dependent species; management strategies may include: 
• Maintaining water temperatures within prescribed ranges for native 
aquatic and semi-aquatic species 
• Promoting recruitment of large woody debris 
• Producing nutrients and organic matter for the aquatic ecosystem 
• Promoting natural streambanks 
• Maintaining or restoring habitat diversity for aquatic and riparian-
dependent species 

GFW-ARR-21 
Do not leave logging debris in stream channels unless planned to benefit 
aquatic and/or riparian-dependent resources. 

GFW-ARR-23 
Avoid adverse impacts to ephemeral wetlands during ground-disturbing 
activities. 

GFW-ARR-3 Resolve land use conflicts in favor of riparian-dependent resources. 

GFW-ARR-4 

Where possible, do not construct new facilities (such as roads, trails, 
campsites, and buildings) within riparian areas. Where such facilities must be 
located in riparian areas, construct and maintain them to minimize adverse 
impacts to ecological function. 

GFW-ARR-5 

Where earth-disturbing activities expose mineral soil, establish filterstrips 
along perennial, intermittent, and ephemeral bodies. 
• Filterstrip width along perennial water bodies should be a minimum of 100 
feet, measured horizontally from the edge of the aquatic ecosystem. 
• Filterstrip width along intermittent streams should be a minimum of 75 
feet, measured horizontally from the edge of the aquatic ecosystem. 
• Filterstrip width along ephemeral water bodies should be a minimum of 50 
feet, measured horizontally from the edge of the aquatic ecosystem. 

GFW-ARR-6 

Earth-disturbing activities that expose mineral soil may occur within the 
filterstrip only if effective sediment control measures that minimize and/or 
mitigate any detrimental effects are employed. 

GFW-FH-21 
In areas undergoing herbicide treatment, create buffer zones around 
threatened and endangered species and Regional Forester sensitive species. 

GFW-FH-25 

Emphasize selective treatments (e.g., cut surface, basal stem, foliar spray 
and soil spot) over broadcast treatments (manual/mechanical broadcast and 
aerial). 
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Stand/Guideline 
Number/Name Direction 

GFW-FH-3 

Prioritize NNIS prevention and control to: 
• Prevent new infestations 
• Protect known Federally listed endangered and threatened and Regional 
Forester Sensitive Species plant and animal sites 
• Protect special areas and research natural areas from new invasions and 
treat established infestations in these areas 
• Treat new (small) infestations 
• Contain and control established NNIS infestations with the greatest 
probability to spread (e.g., gravel pits, trailheads, recreation areas). 

GFW-FH-5 

Apply restricted-use pesticides only under the direct supervision of a 
certified applicator. Other pesticides may be applied by a qualified applicator 
or by a certified applicator. Require permitted users to meet the same 
environmental standards that apply to Forest Service activities. 

GFW-FH-7 

When planting areas with tree seedlings, consider planting a mixture of 
species to: 
• Reduce insect and disease susceptibility 
• Increase visual variety 
• Add habitat diversity. 

GFW-FIRE-11 
Cut or remove as necessary standing dead trees that constitute a safety 
hazard for the public or for safe fire suppression operations. 

GFW-FIRE-14 

Prescribed fire treatments in areas that currently qualify as old growth 
should be planned to maintain or contribute to the restoration of old growth 
characteristics. 

GFW-FIRE-6 

Include smoke management and mitigation in all prescribed burning plans. 
...... Minimize impact of smoke from any prescribed fire by identifying 
smoke-sensitive areas, monitoring smoke impacts, informing adjoining 
landowners prior to prescribed fire ignitions, and following applicable 
guidance. 

GFW-FIRE-7 

Use existing natural or man-made barriers – such as drainages, cliffs, 
streams, roads, and trails – instead of constructed firelines for fire 
suppression when the value-at-risk is low and where practical and safe for 
firefighters and the public. Do not disk, blade, or plow firelines within stream 
channels, including ephemeral channels. Use stream channels as natural 
firebreaks. Provide the same suppression strategies as on NFS land, unless 
suppression measures are specifically qualified by the protection agreement. 

GFW-REC-6 
Remove hazard trees within developed recreation sites as needed to provide 
for public safety. 

GFW-SM-15 Bury new utility lines and use existing rights-of-way whenever possible. 

GFW-SM-20 

Avoid the construction of a greater number of towers by requiring towers to 
serve multiple purposes (e.g., cellular phone, radio, etc.) and be shared 
among different service providers. (e.g., more than one cell phone company 



Stand/Guideline 
Number/Name Direction 

to share a single tower). 

GFW-SM-21 
Avoid the need for lighted towers, particularly in locations visible from a lake 
or in the viewshed of a Concern Level 1 or 2 travelway or use area. 

GFW-SM-22 

When technically feasible, make every effort to use the shortest possible 
tower in a given location. Give consideration to a series of shorter, 
strategically placed, non-lighted towers rather than constructing a tall, 
lighted tower (i.e., towers should be less than 200 feet above ground level). 

GFW-SM-25 

Maximum intensity of lighting shall be the minimum required by FAA and/or 
FCC. Unless otherwise required by the FAA, only white (preferable) or red 
strobe lights should be used at night, and these should be the minimum 
number and intensity, with the minimum frequency of flashes (maximum 
duration between flashes), as required by the FAA. 

GFW-SM-69 
Avoid numerous even-aged regeneration areas in close proximity (no closer 
than 500 feet) during the same planning cycle. 

GFW-SM-70 

Retain groups of trees or large single trees within cutting unit boundaries. 
Retain trees in accordance with the management area’s desired future 
condition. 

GFW-SM-92 

When possible, limit the number of newly constructed fuel breaks; utilize 
existing natural or man-made barriers as fuel breaks. Locate fuel breaks to 
reduce linear appearance as viewed from travel routes, use areas, and water 
bodies. 

GFW-SPEC-3 
Require underground placement of utility distribution lines, unless the 
environmental impacts of buried lines exceeds those of overhead lines. 

GFW-SPEC-6 
Locate roads and utilities for access to private land or to privately held 
mineral rights in the same corridor. 

GFW-TES-14 

Provide water sources that promote aquatic insect production and provide 
drinking sources for Indiana bats along suitable flight paths, especially in 
upland areas, and off/away from recreation sites, and designated trails and 
roads. 

GFW-TES-3 

Establish a one quarter-mile forested buffer around all mine openings that 
are known Indiana bat fall swarming sites, but where actual Indiana bat 
hibernation has not been established. Reduce or eliminate human 
disturbances within the buffer. Implement vegetation management only to 
maintain or improve Indiana bat roosting, swarming, or foraging habitat. 

GFW-TES-6 
Conduct pre-gating and post-gating mist net surveys at mines where bat-
friendly gates are installed. 

GFW-TES-9 

Retain all shagbark and shellbark hickory trees > 6 inches dbh, unless 
removal is necessary to protect human safety or to avoid adverse impacts to 
steep slopes, erodible soils, floodplains or wetlands. 

GFW-TRANS-11 
Use existing roads as an alternative to construction of new roads whenever 
possible. 
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Stand/Guideline 
Number/Name Direction 

GFW-TRANS-8 

Avoid new road construction: 
• Within 50 feet of OHV or pedestrian trails (except at crossings) 
• Within riparian areas 
• Within the filterstrips of streams and waterways, except for infrequent 
crossings 
• On mechanically unstable soils. 

GFW-VEG-11 

Under two-aged regeneration harvests, leave approximately 15 to 30 square 
feet of basal area per acre uncut. Select leave tree species and distribution 
to meet wildlife habitat objectives. 

GFW-VEG-14 

Treat stand understories prior to and/or after timber harvest to develop 
advanced reproduction of desired tree species and to control grapevines 
where necessary to meet regeneration objectives. Such treatments may 
include the use of prescribed fire and/or chemical control of understory 
species and soil scarification to regenerate native pines. Leave adequate 
grapevines to meet wildlife needs. Do not remove pigeon grapes. 

GFW-VEG-16 
When conducting crop tree release treatments, girdle (rather than felling) 
trees which could serve as future snags. 

GFW-VEG-2 

Locate even-aged, final regeneration harvests in time and space so that 
temporary openings are at least 500 feet apart. Regenerated stands 
following even-aged timber regeneration harvest, such as clearcuts, two-
aged cuts, and shelterwood harvests, will no longer be considered openings 
when trees in the new stand have reached a height of 20 feet. 

GFW-WLF-11 
In conjunction with opening development and maintenance, retain existing 
snags and create additional ones, unless they pose a safety hazard. 

GFW-WSH-16 

Leave mining features, such as high-wall cliffs or banks or open mine portals 
if they are providing, or have the potential to provide, special wildlife habitat 
features (e.g., bat roosting or bird nesting sites), where such features are 
consistent with public safety and overall reclamation objectives. 

SFW-FH-17 
Train workers who apply pesticides to ensure their safety, minimize adverse 
environmental impacts, and maximize effectiveness. 

SFW-MIN-10 

Within management areas where surface occupancy is generally permitted, 
apply the No Surface Occupancy stipulation for new Federal leases where 
the following conditions occur: 
• Slopes in excess of 55 percent and areas prone to mass soil movement 
• Areas within ¼ mile of Indiana bat hibernacula 
• Cultural resource sites of known significance. 



Stand/Guideline 
Number/Name Direction 

SFW-MIN-11 

Within management areas where surface occupancy is generally permitted, 
apply the Controlled Surface Use stipulation for new Federal leases where 
the following conditions occur: 
• Riparian areas and wetlands 
• Managed wildlife openings 
• Developed recreation sites (located outside the Developed Recreation 
Management Area) 
• Areas of land with a Scenic Integrity Objective of ‘High’ or ‘Moderate’ 
• Known locations of Federally listed species 
• Known locations of Regional Forester Sensitive Species 
• Portions of floodplains outside riparian areas 
• Slopes between 35 and 55 percent. 

SFW-MIN-14 

Allow the public to collect small quantities of rocks, minerals and 
invertebrate fossils for non-commercial purposes (scientific, educational, 
and recreational, including recreational gold panning). Such collecting is 
prohibited in archeological sites, caves, and abandoned mines to protect 
these sensitive resources. Prohibit gold panning in specific stream segments 
where needed to protect aquatic habitat for species such as mussels. 

SFW-REC-13 
To protect populations of Regional Forester sensitive species, allow rock 
climbing and rappelling only at designated sites. 

SFW-SPEC-7 

Design communication towers and related ridge-top developments to 
minimize adverse impacts to bats and migratory birds. Encourage 
modification of existing communication towers to minimize adverse impacts 
on bats and migratory birds. 

SFW-TES-1 

Deter human access to areas surrounding known hibernacula by closing or 
relocating trails that lead to, or pass within, easy viewing distance of 
hibernacula. 

SFW-TES-10 

When removal of hazard trees is necessary in a recreation area during the 
non-hibernation season (e.g., developed recreation sites, access roads, 
trails), conduct emergence surveys at the identified hazard trees that 
possess the characteristics identified above, and at any hazard trees that 
possess large areas of loose bark providing maternity habitat. 

SFW-TES-11 
Schedule any summer prescribed burning after August 15 to reduce 
potential effects on Indiana bat reproduction. 

SFW-TES-12 

With all hardwood timber harvests, retain a minimum of 12 live trees per 
acre (averaged over the cutting unit) of any species that are six inches or 
more dbh with large areas of loose bark, unless they pose a safety hazard. 
In addition to these, retain live preferred roost trees, when present, to 
provide a supply of future roost trees (i.e., large, overmature trees). See 
Appendix D for list of tree species preferred as roost trees by Indiana bats. 
See Table 2 - 3 for preferred tree sizes. Consult with U. S. Fish and Wildlife 
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Stand/Guideline 
Number/Name Direction 

Service regarding exceptions that may be needed to minimize adverse 
effects to other resources or human health and safety. 

SFW-TES-13 Prohibit the cutting of standing dead trees for firewood. 

SFW-TES-2 

Establish a one-quarter mile buffer around all known hibernacula. Within 
this one-quarter mile buffer: 
• Prohibit new trail and road construction. 
• Do not conduct prescribed burning during the fall swarming period 
(generally mid-August to mid-October) or during the hibernation period 
(September 15 through April 15). 
• Do not permit surface occupancy for exploration or development of 
Federally owned minerals. 
• Implement vegetation management only to maintain or improve Indiana 
bat roosting, swarming, or foraging habitat. 

SFW-TES-33 

Do not conduct vegetation management within a 50-foot radius of rock 
shelters, or within 50 feet of the base and 50 feet of the top (measured 
horizontally) of naturally occurring, large rock faces or outcrops, unless 
designed to enhance the site characteristics for a Federally listed species or a 
known population of Regional Forester sensitive species. Large rock faces or 
outcrops are defined as rock outcrop areas 15 feet or more in height and 
100 feet or more in length. These rock outcrop habitats are not limited to 
solid “cliffs” and may include discontinuous rock faces, if the outcrop area is 
predominantly rock faces. 

SFW-TES-34 

Avoid vegetation management within 50 feet of the base and 50 feet of the 
top of smaller rock faces (approximately 15 feet or more in height and less 
than 100 feet in length). 

SFW-TES-4 
Develop prescribed burning plans that specify weather conditions that 
would prevent smoke dispersal into known hibernacula. 

SFW-TES-5 

Before backfilling any mine openings, such as portal entrances or subsidence 
depressions with developed openings, conduct surveys for potential bat 
presence during the fall swarming period (generally mid-August to mid-
October). 

SFW-TES-7 

When even-aged regeneration methods are used, retain forested flight 
corridors within and between early successional habitat patches. These flight 
corridors may include forested corridors along ephemeral, intermittent, and 
perennial streams (see GFW-ARR-2); and where present, clumps of snags 
and trees of varying size classes in the early successional habitat. When 
present, leave larger-sized trees on the edges of early successional patches 
for future maternity roosts. 

SFW-TES-8 
Within hardwood cutting units with uneven-aged vegetation management 
prescriptions, maintain an average of at least 60 percent canopy cover. 



Stand/Guideline 
Number/Name Direction 

SFW-VEG-8 
Ensure quality control by monitoring the adequacy of pesticide application 
procedures and the accomplishment of objectives. 

SFW-WSH-13 

If waterholes and other impoundments with suitable water quality for 
aquatic organisms are destroyed by mining operations, they are to be 
replaced with equal or larger-sized impoundments. 
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WHITE MOUNTAIN NATIONAL FOREST 

Land Suitable for Key Activities 

 
 

* Harvest and salvage allowed only within 1/2 mile of roads 

 

Reserved Status of Forest Lands – New Hampshire 

Ownership class  Total  
 Not 

reserved  
 

Reserved  

Total 4,783,477  4,520,368  263,109  

National Forest 793,384  618,624  174,760  

National Park Service 0  0  0  

Bureau of Land 
Management 

0  0  0  

Fish and Wildlife Service 23,584  12,424  11,160  

Dept. of Defense 38,782  38,782  0  

Other Federal 0  0  0  

State 209,368  138,937  70,431  

County and Municipal 244,330  237,571  6,758  

Other Local Govt. 0  0  0  

Private 3,474,029  3,474,029  0  
 

 



Proposed Average Timber Harvest by Cutting Method for the White Mountain National Forest, Annually. 

National Forest or 
Tallgrass Prairie 

Total National Forest 
System Acres1 Total Forested Acres2 

White Mountain 802,359 793,000 

      

Pup Season3 - May 1 to July 31   

Management Activity   Average Annual Acres 

Even-Aged Management4 200 

Uneven-Aged Management5 165 

Thinning 165 

Site Prep 150 

TSI6 205 

Routine Salvage/Sanitation 0 

Prescribed Burn7 105 

Clearing Non-Timber8 10 

Total Acres Managed: 1,000 

Percentage of National Forest System Acres: 0.12% 

Percentage of Forested Acres: 0.13% 

      

Miles of Trail Constuction9: 284 

Miles of Road Constuction10: 17 

      

Non-Pup Season - August 1 to April 30   

Management Activity   Average Annual Acres 

Even-Aged Management4 870 

Uneven-Aged Management5 1,000 

Thinning 600 

Site Prep 150 

TSI6 250 

Routine Salvage/Sanitation 0 

Prescribed Burn7 195 

Clearing Non-Timber8 0 

Total Acres Managed: 3,065 

Percentage of National Forest System Acres: 0.38% 

Percentage of Forested Acres: 0.39% 

      

Miles of Trail Constuction9: 131 

Miles of Road Constuction10: 15 
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Forest-Wide Standards and Guidelines 

 

Stand/Guideline 
Number/Name Direction 

All-S-2 
Where campfires are allowed, firewood collection must be limited to dead and down 
wood. 

All-G-1 Firewood permits should be issued for dead and down wood only. 

CE-G-1 

Signage, other educational tools, and Forest Supervisor’s Orders may be used to 
inform and educate visitors about occurrences of threatened, endangered, and 
sensitive species, heritage resources, and other management concerns. 

LAND-G-1 

The following should be used to evaluate and track land adjustment activities. The 
Forest Land Adjustment Plan should be updated annually to reflect: ......3) provide 
critical habitat lands needed for the protection of federally-listed endangered, 
threatened, or sensitive fish, wildlife, or plant species;.... 

SU-S-1 

Special uses must be managed to best serve the public interest, in accordance with 
the following: 
.... b. Special use requests must be reviewed for their compatibility with Forest-wide 
and management area direction, as well as consideration of environmental values, 
economic feasibility, and determination of social and economic benefits..... 

SU-S-3 

To reduce the proliferation of separate rights-of-way, new transportation, utility, and 
communication use proposals shall be accommodated within existing corridors to 
the maximum extent feasible. Mitigation measures shall be determined by project 
level planning. 

RUF-S-2 

Unless conservation approaches have already been developed for a species, 
individual site prescriptions must be developed for each identified TES  plant species 
occurrence to provide specific habitat conservation actions for those plant species. 
Individual site prescriptions must similarly be developed for all fixed TES wildlife 
habitat features (e.g., den sites, nest sites, or other features necessary for the 
reproductive success of the animal). Until conservation approaches or specific site 
prescriptions are developed, new management actions that would negatively alter 
habitat conditions necessary to support the species must not be allowed within 100 
feet of the plant(s) or within one quarter mile of the wildlife habitat feature(s). 

RUF-S-3 Timber harvest is prohibited in old growth forest. 

RUF-G-2 

TES habitat that is important to species conservation should be retained in public 
ownership unless an exchange results in a net gain or acquisition of higher quality 
habitat. 

RUF-G-3 

Use restrictions and other mitigative measures may be implemented to protect or 
improve habitat for threatened, endangered, or sensitive species. See individual 
management areas for additional direction. 

NMDR-G-2 
Use should be managed to prevent negative impacts to natural and cultural 
resources, and to the recreation experience. 

RIC-S-4 
Route cleaning is prohibited where federally-listed threatened, endangered, and 
sensitive species occur. 



Stand/Guideline 
Number/Name Direction 

RIC-G-3 
Removing, altering, or manipulating vegetation, soils, or other natural features at the 
cliff edge, talus slope, or cliff base should be avoided. 

RIC-G-4 
Climbing or new route development may be restricted to protect federally listed 
threatened, endangered, and sensitive species. 

RAH-G-1 

Tree cutting and harvest should not occur within 25 feet of the bank of mapped 
perennial streams, the high water mark of a pond, or a identified natural vernal pool, 
unless prescribed to benefit hydrological or ecological function of the associated 
stream, pond, or riparian area. Exceptions to this include tree removals needed to 
clear a designated stream crossing, maintaining an existing road or previously cleared 
skid road that cannot be relocated, or protecting human safety or infrastructure. 
Trees (greater than 4 inch DBH) cut or moved in this zone should be placed in a 
fashion that benefits riparian functions or aquatic habitats when possible. 

RAH-G-2 

Uneven-aged silvicultural practices should be used within the Riparian Management 
Zone (RMZ) along all perennial streams, lakes, ponds, and vernal pools. Cuts should 
be designed to maintain a relatively continuous forest canopy for the protection and 
maintenance of water quality, dead wood recruitment, hydrologic function, wildlife 
habitat, and scenic values. Regeneration group cuts should be limited to less than 
one acre in size. Exceptions may apply in areas deemed important important for 
maintaining beaver colonies. In the absence of on-the-ground riparian mapping, 
width of RMZs should be defined as in Table 2-01. 

RAH-G-6 

New timber log landings, developed campsites, and permanent facilities should not 
be located within 100 feet of a perennial stream or the high water mark of a pond. If 
they need to be located within 100 feet, additional measures to prevent direct runoff 
into surface waters and to minimize sedimentation should be taken. 

RAH-G-7 

Existing roads, facilities, campsites, or trails within 100 feet of perennial streams or 
ponds should be considered for relocation as part of normal project planning, except 
when doing so would result in greater overall impact to the land or water resource.  

RAH-G-11 
Naturally occurring vernal pools identified during project planning should not be 
altered as a result of skidding or construction activities. 

TS-G-1 New through roads should not be constructed. 

VM-S-4 
State of Maine and State of New Hampshire Best Management Practices must be 
met or exceeded. 

VM-G-1 

No more than 15 percent of the area of watersheds of first and second order 
perennial streams should be treated with even-age regeneration methods in a five 
year period. 

FAW-G-1 Wetlands should be managed across the Forest for “no net loss.” 

WF-G-1 

Fire planning should be integrated into all resource management plans to ensure 
treatment objectives utilize fire in an appropriate manner from both ecological and 
resource protection standpoints. 

WF-G-2 
Fire suppression and prescribed fire impacts should be minimized by implementing 
Minimum Impact Suppression Tactics as described in the Interagency Standards for 
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Stand/Guideline 
Number/Name Direction 

Fire and fire Aviation Operations. 

WF-G-3 

Existing standing dead, and dead-and-down, woody material should be retained and 
not damaged during fuel reduction activities unless they are considered a safety 
hazard. This applies especially to large (greater than or equal to eighteen inches DBH) 
hollow or rotten logs and rotten stumps.  

WHM-G-9 
Multi-year surveys of air space used by birds and bats should be conducted prior to 
permitting wind tower applications. 

WHM-G-10 

When structures that exceed the height of the adjacent canopy (e.g., cell towers) are 
proposed, mitigation measures to deter collisions by birds, bats, and other wildlife 
species should be implemented. 

WHM-G-11 
Protection of sensitive habitats, such as wetlands, and den and nest sites for key 
species, should be considered for protection at the project level. 

WO-S-1 
The value of wildlife trees, snags, and down logs must be considered during 
development of burn plans for wildlife openings. 

WRT-S-1 

When harvest reduces the basal area of a stand below thirty square feet per acre, 
uncut patches totaling five percent of the harvested area must be retained, with 
each at least one quarter acre in size. 

WRT-S-2 

When timber harvest will leave basal area above thirty square feet per acre, at least 
six cavity and/or snag trees per acre must be retained. These leave trees should 
include at least one wildlife tree and three trees exceeding twelve inches DBH per 
acre when feasible. In areas lacking such cavity trees and snags, trees of the largest 
available diameters with defects likely to lead to cavity formation should be retained. 

WRT-G-1 

Uncut patches retained under S-1 should be located to encompass as many wildlife 
trees, snags greater than or equal to nine inches DBH, other trees with cavities or 
broken tops, and bear-clawed beech as possible. A wildlife tree or snag greater than 
eighteen inch DBH may be used as a nucleus. In areas lacking suitable cavity trees 
and snags, trees of the largest available diameters with defects likely to lead to cavity 
formation should be retained. 

WRT-G-3 

Existing standing dead, and dead-and-down woody material, should be retained and 
not damaged during Forest management activities unless they are considered a 
safety hazard or the area is being permanently removed from a forest condition (for 
example, parking lot construction). This applies especially to large (greater than or 
equal to eighteen inches DBH) hollow or rotten logs and rotten stumps, 

GF-G-1 
Vegetative manipulation may be implemented to protect or improve habitat for 
threatened, endangered, or sensitive species. 

MNHBMP 

Delineate filter areas next to streams, lakes and ponds, and wetlands.  (From Best 
Management Practices for Forestry: Protecting New Hampshire’s Water Quality and 
Best Management Practices for Forestry: Protecting Maine’s Water Quality) 



Stand/Guideline 
Number/Name Direction 

MNHBMP 

Apply BMP techniques for roads, landings and skid trails (described in later sections) 
when working in filter areas to:  
• minimize damage to the stream channel, stream banks and wetlands; 
• protect the forest floor next to streams and other waterbodies from disturbance; 
• disperse concentrated flows of water through the area; 
• minimize or stabilize exposed soil; and 
• retain an adequate canopy of trees and/or other vegetation.     
(From Best Management Practices for Forestry: Protecting New Hampshire’s Water 
Quality and Best Management Practices for Forestry: 
Protecting Maine’s Water Quality) 

 

 

Potential Roost Trees Available on the White Mountain National Forest Derived from the 

Forest Inventory and Analysis Database (Miles 2015). 

 

 Snags > 5" 

DBH  

 Rough Cull > 

5" DBH  

 Rotten Cull  

> 5" DBH  

 Potential 

Roost Trees  

 Forested 

Acres  

 Potential 

Roost 

Trees/ 

Acre  

 Snags/ 

Acre   Growing Stock  

     45,421,841       24,783,759       4,406,270  
       

74,611,870  
         793,000  

                    

94  

                 

57  
      163,908,467  
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Appendix F 

Links to Forest Plans 

 

Allegheny NF-http://www.fs.usda.gov/main/allegheny/landmanagement/planning 

 

Chequamegon-Nicolet NF-http://www.fs.usda.gov/main/cnnf/landmanagement/planning 

 

Chippewa NF-http://www.fs.usda.gov/main/chippewa/landmanagement/planning 

 

Green Mountain Finger Lakes NF-

http://www.fs.usda.gov/main/greenmountain/landmanagement/planning 

 

Hiawatha NF-

http://www.fs.usda.gov/detail/hiawatha/landmanagement/planning/?cid=STELPRDB5106336 

 

Hoosier NF-http://www.fs.usda.gov/main/hoosier/landmanagement/planning 

 

Huron-Manistee NF-http://www.fs.usda.gov/main/hmnf/landmanagement/planning 

 

Mark Twain NF-http://www.fs.usda.gov/main/mtnf/landmanagement/planning 

 

Monongahela NF-

http://www.fs.usda.gov/list/mnf/landmanagement/planning/list/?position=Feature* 

 

Ottawa NF- http://www.fs.usda.gov/main/ottawa/landmanagement/planning 

 

Shawnee NF- http://www.fs.usda.gov/main/shawnee/landmanagement/planning 

 

Superior NF- http://www.fs.usda.gov/main/superior/landmanagement/planning 

 

Wayne NF- http://www.fs.usda.gov/main/wayne/landmanagement/planning 

 

White Mountain NF- 

http://www.fs.usda.gov/detail/whitemountain/landmanagement/planning/?cid=stelprdb5199941 

 

 

 

 

http://www.fs.usda.gov/main/allegheny/landmanagement/planning
http://www.fs.usda.gov/main/ottawa/landmanagement/planning
http://www.fs.usda.gov/main/shawnee/landmanagement/planning
http://www.fs.usda.gov/main/superior/landmanagement/planning
http://www.fs.usda.gov/main/wayne/landmanagement/planning


From: Jodi Bush
To: Zelenak, Jim
Subject: Re: Canada Lynx Expert Elicitation Workshop
Date: Wednesday, September 23, 2015 4:05:16 PM
Attachments: image009.png

I'd have to run name by Idaho to get same level of comfort...

Sent from my iPhone

On Sep 21, 2015, at 3:42 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

FYI.  See Dr. McKelvey's climate/snow modeling recommendation/thoughts below. 

---------- Forwarded message ----------
From: McKelvey, Kevin -FS <kmckelvey@fs.fed.us>
Date: Mon, Sep 21, 2015 at 9:21 AM
Subject: RE: Canada Lynx Expert Elicitation Workshop
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Jim.  Yes I can present what I think is known about past and current distributions of lynx
and I have been looking at climate change (though I would no longer support the
modelling done by Gonzales et al—my views on this whole topic have evolved
significantly).  I think that you should get folks that know about snow for future
modelling.  Both lynx and hares are all about snow—soft snow preferably.  So Phil Mote
would be good. Actually, I would suggest Eric Salathe at U Wash—Eric does really good
snow modelling and knows a lot about the whole process of downscaling GCM, which is
where the rubber hits the road when it comes to anticipating the future effects on
wildlife. Eric could give us a state-of-the art look at snow modelling.  He focusses on
PNW (as has Phil Mote, for that matter),  but the process is general. 

 

salathe@u.washington.edu
+1-425-352-3226

 

Kevin S. McKelvey, PhD 
Research Ecologist
Forest Service

Rocky Mountain Research Station, Wildlife and Terrestrial Ecosystems
p: 406-542-4163 
f: 406-543-2663 
kmckelvey@fs.fed.us
800 East Beckwith 
Missoula, MT 59801

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:kmckelvey@fs.fed.us
mailto:jim_zelenak@fws.gov
mailto:salathe%40u.washington.edu
mailto:kmckelvey@fs.fed.us
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From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, September 18, 2015 12:46 PM
Subject: Canada Lynx Expert Elicitation Workshop

 

Hi All:

 

Please see the attached invitation to participate as lynx expert panelists at the Oct.
13-15 Lynx SSA Expert Elicitation Workshop in Minneapolis, along with the
hotel information and invitational traveler form (both also attached).

 

You are among the group of experts most familiar with the lynx populations in the
contiguous U.S. and southern Canada and who we believe can make the greatest
contribution to our understanding of the status of, threats to, and future viability
of those populations. 

 

Because we needed to keep the panel to a manageable number (10-12) while also
getting representation from across the range of the DPS, there are other lynx
researchers and experts (your peers) who we were unable to invite to participate
as panelists. We hope some of those will nonetheless attend the workshop and
present their research results for you on the expert panel to consider.

 

I hope you are still interested and available to participate as an expert panelist.  If
you are unable to attend, please let me know at your earliest convenience.

 

The workshop facilitators and I will be in touch over the coming weeks to provide
additional information on the structured process for the workshop and other
details.

 

Please email or call me if you have any questions, and thanks again for your
willingness to participate on this panel.

http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
http://facebook.com/USDA
http://www.fs.fed.us/research/people/profile.php?alias=kmckelvey
http://scholar.google.com/citations?user=CmG2R0QAAAAJ&hl=en
mailto:jim_zelenak@fws.gov


 

Cheers!

 

Jim  

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


From: Bush, Jodi
To: Maletzke, Benjamin T (DFW)
Cc: Becker, Penny A (DFW); Jim Zelenak
Subject: Fwd: Canada Lynx Expert Elicitation Workshop
Date: Thursday, September 24, 2015 9:08:13 AM
Attachments: 2015 09 18 LTR Bush_Panelists Re_Lynx SSA Expert Workshop Invite.pdf

Attachment 1 - Invitational Traveler Form.pdf
Attachment 2 - Hotel Information for Lynx SSA Expert Elicitation Workshop.pdf

Hi Ben.  Thanks for agreeing to participate.  

Please see the attached invitation for more information including hotel information and invitational travel, if
needed.  The Lynx SSA Expert Elicitation Workshop will take place Oct. 13-15, 2015 in Minneapolis.  

The workshop facilitators and Jim Zelenak (Service Lynx lead) are likely to be in touch with you over the coming
weeks to provide additional information on the structured process for the workshop and other details.

Please email or call Jim at (406) 449-5225, ext. 220 if you have any questions, and thanks again for your willingness
to participate on this panel.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

mailto:jodi_bush@fws.gov
mailto:benjamin.maletzke@dfw.wa.gov
mailto:penny.becker@dfw.wa.gov
mailto:jim_zelenak@fws.gov


        United States Department of the Interior 
 Fish and Wildlife Service 
  Ecological Services 
  Montana Field Office 
  585 Shepard Way, Suite 1 
      Helena, Montana 59601-6287 
        Phone: (406) 449-5225  Fax: (406) 449-5339 
 
 

September 18, 2015 
 
Dear Panelist: 
 
 
The U.S. Fish and Wildlife Service (Service) is conducting a species status assessment (SSA) for 
the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
canadensis), which is listed as threatened under the Endangered Species Act.  As part of the 
SSA, we have partnered with state and other federal agencies in the range of the lynx DPS to 
convene a facilitated expert elicitation workshop.  The objective of the workshop is to assess the 
current status of and threats to the various DPS populations and to evaluate the DPS's viability 
under a range of future threat, habitat condition, and climate scenarios. 
 
We lack adequate empirical data on many aspects of lynx population dynamics in the DPS range 
(e.g., historic numbers and distributions; current sizes and trends of most DPS populations; 
landscape-level snowshoe hare [Lepus americanus] densities needed to support lynx across the 
range; periodicity, rates, and importance of immigration of lynx from Canadian populations; 
etc.).  Therefore, we will seek in the workshop to elicit and distill the knowledge, professional 
judgments, and opinions of experts most familiar with each of the DPS populations to inform our 
understanding of lynx status, the nature and magnitude of potential threats, and the likelihood of 
their future persistence.    
 
We have determined that you would provide expertise critical to these discussions and we invite 
you to participate as an expert panelist in this workshop. 
 
The workshop will be held October 13-15, 2015 in Minneapolis, Minnesota.  In addition to 
expert panelists, we have invited participation from other experts (boreal forest ecology, hare 
population dynamics, climate modeling and projections, and the regulatory environment as it 
pertains to lynx) who will present information for consideration by the expert panel.  A small 
number of federal and state wildlife managers also will be present to observe the process.  Our 
facilitators may reach out to you before the workshop; please feel free to ask them any questions 
that you might have regarding the process and your role. 
 
Your participation is vitally important, therefore, if needed, the Service will provide funding to 
cover travel, lodging, and per diem expenses.  In order for the Service to provide this, we will 
need you to complete the highlighted sections of the attached form (Attachment 1 - FBMS 
Vendor Request Form) and fax it (406-449-5339) to Sharon Hooley or Kaimy Marks, 

 
 



Administrative staff.  Please submit this form as quickly as possible.  If you prefer you may call 
Sharon or Kaimy at (406) 449-5225, ext. 203 (Sharon) or 207 (Kaimy) and provide the 
information over the phone.  Please feel free to call either if you have any additional questions 
about travel.   
 
A block of rooms has been reserved at the Crowne Plaza Hotel near the Minneapolis Airport 
(See Attachment 2 for additional hotel information).  The workshop will be held in a conference 
room at the hotel.  We will start at 1pm on Tuesday, October 13 and finish up no later than 5pm 
on Thursday, October 15.  The block of rooms, at the government rate of $140/night, is being 
held until September 30.  Please call the Crowne Plaza Hotel at 952-854-9000 and reference the 
USFWS to reserve your room.  Please note that the cancellation policy for this hotel is 24 hours 
prior to check-in. 
 
Please let us know if you are unable to attend.  Having a strong scientific basis to inform the lynx 
SSA is essential, and your input would be greatly appreciated.  Please contact Jim Zelenak 
(jim_zelenak@fws.gov, 406-449-5225 x220, or Jodi Bush (Jodi_bush@fws.gov, 406-449-5225) 
if you have questions or need any further information. 
 

 
 
Sincerely, 
 

 
Jodi L. Bush 
Field Supervisor 
 
 

Attachments (2) 

mailto:jim_zelenak@fws.gov
mailto:Jodi_bush@fws.gov


From: Bush, Jodi
To: Nichole Cudworth
Cc: Zack Walker
Subject: Re: Lynx meeting in MN
Date: Thursday, September 24, 2015 9:38:48 AM
Attachments: 2015 09 24 LTR Bush_Cudworth Re_Lynx SSA Observer Workshop Invite.pdf

Attachment 1 - Invitational Traveler Form.pdf
Attachment 2 - Hotel Information for Lynx SSA Expert Elicitation Workshop.pdf

Here you go Nichole.  Please see attached for information.  We are glad to have you.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Sep 23, 2015 at 10:15 AM, Jodi Bush <jodi_bush@fws.gov> wrote:
That's fine Nichole. I'm out of the office this morning but will try to send you the info this
afternoon.  We look forward to having you there. JB

Sent from my iPhone

On Sep 23, 2015, at 9:53 AM, Nichole Cudworth <nichole.cudworth@wyo.gov> wrote:

Hi Jodi,

I wanted to pass along that I have officially received approval from our
administration for out of state travel for the lynx meeting next month.  I was
hoping to coordinate with you about scheduling, plane tickets, and hotels.  From
what I've heard from Zack, it sounds like the Service would buy the plane
ticket, but I wanted to double check with you on that to see what you needed
from me.

Along those lines, I was hoping the Service would be amenable to me flying
into Minneapolis a day earlier than is necessary for the meeting.  I just had a
family member transferred to the Mayo Clinic today, likely for long-term care,
and I was hoping to be able to take a day to visit, since Minneapolis is so close
to Rochester.  I would of course cover any additional travel expenses that this
might cost.

Please let me know if this would work, what you need from me, and what I can
do to help get things booked for now.  Thanks again for the invitation for
Wyoming to attend this meeting.

Thank you,
Nichole

-- 

mailto:jodi_bush@fws.gov
mailto:nichole.cudworth@wyo.gov
mailto:zack.walker@wyo.gov
mailto:jodi_bush@fws.gov
mailto:nichole.cudworth@wyo.gov


Nichole (Cudworth) Bjornlie
Nongame Mammal Biologist
Wyoming Game and Fish Department
260 Buena Vista Drive
Lander, WY 82520
wgfd.wyo.gov
nichole.cudworth@wyo.gov
W 307.332.7723 ext. 230
F 307.332.6669

E-Mail to and from me, in connection with the transaction 
of public business, is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.

http://wgfd.wyo.gov/
mailto:First.Last@wyo.gov


United States Department of the Interior 
Fish and Wildlife Service 

Ecological Services 

Montana Field Office 
585 Shepard Way, Suite 1 

Helena, Montana 59601-6287 
Phone: (406) 449-5225  Fax: (406) 449-5339 

 

 
 

September 24, 2015 
 

Dear Nichole: 
 

 
 

The U.S. Fish and Wildlife Service (Service) is conducting a species status assessment (SSA) for 

the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 

canadensis), which is listed as threatened under the Endangered Species Act.  As part of the 

SSA, we have partnered with state and other federal agencies in the range of the lynx DPS to 

convene a facilitated expert elicitation workshop.  The objective of the workshop is to assess the 

current status of and threats to the various DPS populations and to evaluate the DPS's viability 

under a range of future threat, habitat condition, and climate scenarios. 

 
We lack adequate empirical data on many aspects of lynx population dynamics in the DPS range 

(e.g., historic numbers and distributions; current sizes and trends of most DPS populations; 

landscape-level snowshoe hare [Lepus americanus] densities needed to support lynx across the 

range; periodicity, rates, and importance of immigration of lynx from Canadian populations; 

etc.).  Therefore, we will seek in the workshop to elicit and distill the knowledge, professional 

judgments, and opinions of experts most familiar with each of the DPS populations to inform our 

understanding of lynx status, the nature and magnitude of potential threats, and the likelihood of 

their future persistence. 

 
The workshop will be held October 13-15, 2015 in Minneapolis, Minnesota.  In addition to 

expert panelists, we have invited participation from experts (boreal forest ecology, hare 

population dynamics, climate modeling and projections, and the regulatory environment as it 

pertains to lynx) who will present information for consideration by the expert panel.   

 

You will be one of a small number of federal and state wildlife managers who will be present to 

observe the process.  Our facilitators may reach out to you before the workshop; please feel free 

to ask them any questions that you might have regarding the process and your role. 

 
We believe your participation is important, therefore, the Service is willing to provide funding 

to cover travel, lodging, and per diem expenses.  In order for the Service to provide this, we 

will need you to complete the highlighted sections of the attached form (Attachment 1 - FBMS 

Vendor Request Form) and fax it (406-449-5339) to Sharon Hooley or Kaimy Marks, 



Administrative staff.  Please submit this form as quickly as possible.  If you prefer you may call 

Sharon or Kaimy at (406) 449-5225, ext. 203 (Sharon) or 207 (Kaimy) and provide the 

information over the phone.  Please feel free to call either if you have any additional questions 

about travel. 

 
A block of rooms has been reserved at the Crowne Plaza Hotel near the Minneapolis Airport 

(See Attachment 2 for additional hotel information). The workshop will be held in a conference 

room at the hotel.  We will start at 1pm on Tuesday, October 13 and finish up no later than 5pm 

on Thursday, October 15.  The block of rooms, at the government rate of $140/night, is being 

held until September 30.  Please call the Crowne Plaza Hotel at 952-854-9000 and reference the 

USFWS to reserve your room.  Please note that the cancellation policy for this hotel is 24 hours 

prior to check-in. 

 
Please contact Jim Zelenak (jim_zelenak@fws.gov, 406-449-5225 x220, or Jodi Bush 

(Jodi_bush@fws.gov, 406-449-5225) if you have questions or need any further information. 
 
 
 
 

Sincerely, 
 
 
 
 
 

Jodi L. Bush 

Field Supervisor 
 

 
 

Attachments (2) 

mailto:jim_zelenak@fws.gov
mailto:Jodi_bush@fws.gov


From: Parkin, Mary
To: Bell, Heather
Cc: Jodi Bush; Jim Zelenak; Jonathan Cummings
Subject: Re: Rough draft lynx SSA agenda
Date: Thursday, September 24, 2015 10:34:18 AM
Attachments: 20150918 Draft SSA Agenda_MP additions_HB comments_MP changes.docx

Hi all,

Here's a marked-up agenda for the lynx meeting.  Feel free to revise as needed.

Thanks,
Mary

On Thu, Sep 24, 2015 at 11:25 AM, Bell, Heather <heather_bell@fws.gov> wrote:
my comments on also on the attachment.  

Heather Bell
Ecological Services HQ
Branch of Conservation Integration
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff
at https://sites.google.com/a/fws.gov/ssa/ and  the REV Google
Site: https://sites.google.com/a/fws.gov/rev/

---------- Forwarded message ----------
From: Bell, Heather <heather_bell@fws.gov>
Date: Mon, Sep 21, 2015 at 1:01 PM
Subject: Re: Rough draft lynx SSA agenda
To: "Parkin, Mary" <mary_parkin@fws.gov>
Cc: Jodi Bush <jodi_bush@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Jonathan
Cummings <jwcummings@usgs.gov>, Seth Willey <Seth_Willey@fws.gov>

I am confused.  I am pretty sure that Jim had a more extensive agenda that included when
the "threat" like climate change conversations where going to happen, etc.  but i don't see it
up on the drive.

CAn we wait to hear back from him tonight?  

Mary, in the meantime i will respond to this version, perhaps then tomorrow we can
combine all of them. 

mailto:mary_parkin@fws.gov
mailto:heather_bell@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jwcummings@usgs.gov
mailto:heather_bell@fws.gov
https://sites.google.com/a/fws.gov/ssa/
https://sites.google.com/a/fws.gov/rev/
mailto:heather_bell@fws.gov
mailto:mary_parkin@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jwcummings@usgs.gov
mailto:Seth_Willey@fws.gov


Heather Bell
Ecological Services HQ
Branch of Conservation Integration
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff
at https://sites.google.com/a/fws.gov/ssa/ and  the REV Google
Site: https://sites.google.com/a/fws.gov/rev/

On Mon, Sep 21, 2015 at 12:25 PM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Hi all,

I've very quickly added some additional elements to the agenda you sent, Jodi.  All, please
take a look and correct anything you see that is out of place or missing.

This is extremely rough, so it would benefit from a few more minds!

Thanks,
Mary

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

https://sites.google.com/a/fws.gov/ssa/
https://sites.google.com/a/fws.gov/rev/
mailto:mary_parkin@fws.gov
mailto:mary_parkin@fws.gov
mailto:mary_parkin@fws.gov


Draft Agenda 
LYNX SSA EXPERT ELICITATION WORKSHOP 

BLOOMINGTON, MINNEAPOLIS 
OCTOBER 13-16, 2015 

 
INTRODUCTIONS 
 

DAY ONE (Tuesday, October 13) 
 
1:00 Welcome (Jodi) 

Introductions/Goals (Jim/Seth) 
Review Agenda (Heather/Mary) 

1:30 SSA Framework/FACA/APA (Heather) 
2:00 Expert Elicitation Process (Mary/Jonathan) 
2:30 Overview Presentations 
 Lynx DPS Background/Listing (Jim) 
 Lynx historic, current distribution (McKelvey)  
 Lynx Regulatory Environment 2000-2015 (Jim/Scott) 
4:30 Discussion, revisit goals and agenda for remainder of week 
  
 
DAY TWO (Wednesday, October 14) 
 
Part 1: Overview of Lynx Status by Area:   
 
8:00 Maine/Northeast (Harrision) 
8:30 Wisconsin/Michigan-Upper Midwest (Moen)  
9:00 Greater Yellowstone (Squires) 
9:30 Break 
10:00 Colorado (Ivan) 
10:30 NW Montana (Kolbe) 
11:00 North Cascades and Okanagan 
 
12:00 Lunch 
 
PART 2:  Expert elicitation on aspects of lynx analytics Species Status 
Assessment Framework   
 
1:00  Review of conceptual model on what supports and detracts from the ability of lynx to 

have population persistence within the US   Identify necessary conditions for species 
viability:   

 Salient life history characteristics 
 Ecological needs 

Formatted: Font: 12 pt
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the Status by Area presentations? 

Commented [HB2]: Hmmm, perhaps we need to present our 
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meat of the analysis fast enough.  Review of conceptual model 
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Salient life history characteristics 
Ecological needs 
Population needs 
Species-level needs (3 Rs:  Resiliency, Redundancy, and 

Representation 
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system works, what supports viability and what detracts from 
viability.   



 Population-level relationships needs 
 Species-level needs relationships (3 Rs:  Resiliency, Redundancy, and Representation) 

Stressors that affect population and species viability,with a particular focus on 
climate change 

  
3:00 Rapid prototyping:  Explore current conditions for the lynx using effects pathway 

analysis (positive and negative effects on species viability), including regional 
differences and, if needed, population and/or spatial modeling 

 
DAY THREE (Thursday, October 15) 
 
8:00   Recap and discussion  
 
9:00  am  Identify future climate change scenarios for analysis in term of habitat and 

population responses 
 
10:00   Review other stressors and conservation measures that could affect future species 

viability 
 
11:00   Rapid prototyping:  Begin to project future species conditions based on projected 

responses to alternative future scenarios, using effects pathways, spatial modeling, 
and/or population modeling 

 
12:00   Lunch 
 
1:00   Rapid prototyping:  Continue to project future species conditions based on projected 

responses to alternative future scenarios, using effects pathways, spatial modeling, 
and/or population modeling 

 
3:00   Discussion of results and additional assessment needs 
 
4:00   Wrap-up and next steps 
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From: lynxdan@gmail.com
To: Zelenak, Jim
Cc: Mark McCollough; Jodi_bush@fws.gov
Subject: Re: Canada Lynx Expert Elicitation Workshop
Date: Thursday, September 24, 2015 11:25:08 AM

Hi Jim,

I have booked my travel and will forward my air itinerary.  I am scheduled to arrive MSP at
11:07 AM on the day of the workshop.  I look forward to participating as an expert panelist
and will cover my expenses from an existing grant between UMaine and FWS for lynx and
snowshoe hare work.  Please forward an agenda when available as I have a short window next
week to prepare for the meeting.

See you soon.

Dan

Daniel J. Harrison
Professor and Chair - Department of Wildlife, Fisheries, and Conservation Biology
Cooperating Professor of Sustainable Forestry
The University of Maine
5755 Nutting Hall, Room 210
Orono, ME 04469-5755
(207) 581-2867
harrison@maine.edu

On Fri, Sep 18, 2015 at 2:45 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

Please see the attached invitation to participate as lynx expert panelists at the Oct. 13-15 Lynx SSA Expert
Elicitation Workshop in Minneapolis, along with the hotel information and invitational traveler form (both also
attached).

You are among the group of experts most familiar with the lynx populations in the contiguous U.S. and southern
Canada and who we believe can make the greatest contribution to our understanding of the status of, threats to,
and future viability of those populations. 

Because we needed to keep the panel to a manageable number (10-12) while also getting representation from
across the range of the DPS, there are other lynx researchers and experts (your peers) who we were unable to
invite to participate as panelists. We hope some of those will nonetheless attend the workshop and present their
research results for you on the expert panel to consider.

I hope you are still interested and available to participate as an expert panelist.  If you are unable to attend, please
let me know at your earliest convenience.

The workshop facilitators and I will be in touch over the coming weeks to provide additional information on the
structured process for the workshop and other details.

Please email or call me if you have any questions, and thanks again for your willingness to participate on this
panel.

Cheers!
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Jim  

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

tel:%28406%29%20449-5225%20ext.%20220
mailto:jim_zelenak@fws.gov


From: Parkin, Mary
To: Jim Zelenak; Jodi Bush
Cc: Heather Bell; Jonathan Cummings; Seth Willey
Subject: CLEAN AGENDA for lynx meeting
Date: Thursday, September 24, 2015 11:59:22 AM
Attachments: 20150923 Draft Lynx SSA Agenda_clean.docx

Hi all,

You can disregard the marked-up agenda I sent a few hours ago.  Since then, Heather and I
have talked, and I've made more changes and cleaned up the draft.  This version will be much
easier to assimilate!  We can discuss on Monday.

Cheers,
Mary

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov
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Draft Agenda 
LYNX SSA EXPERT ELICITATION WORKSHOP 

BLOOMINGTON, MINNEAPOLIS 
OCTOBER 13-16, 2015 

 
 
DAY ONE (Tuesday, October 13) 
 
1:00 Welcome (Jodi) 

Introductions 
Goals/Background  (Jim/Seth) 
Review Agenda (Heather/Mary) 

1:45 SSA Framework/FACA/APA (Heather) 
2:15 Expert Elicitation Process (Mary/Jonathan) 
2:30 Overview Presentations: 
 Lynx historic, current distribution (McKelvey)  
 Lynx regulatory environment 2000-2015 (Jim/Scott) 
 Climate change and the lynx  (?) 
4:45 Discussion and Introduction of Lynx Conceptual Model 
5:30 Adjourn 
  
 
DAY TWO (Wednesday, October 14) 
 
Part 1: Overview of Lynx Status by Area:   
 
8:00 Maine/Northeast (Harrison) 
8:30 Wisconsin/Michigan-Upper Midwest (Moen)  
9:00 Greater Yellowstone (Squires) 
9:30 Break 
10:00 Colorado (Ivan) 
10:30 NW Montana (Kolbe) 
11:00 North Cascades and Okanagan (?) 
12:00 Lunch 
 
PART 2:  Expert Elicitation on Aspects of Lynx Analytics    
 
1:00   Review of Lynx Conceptual Model: 
 Population-level relationships 
 Species-level relationships (3 Rs:  Resiliency, Redundancy, and Representation) 

Stressors that affect population and species viability, with a particular focus on 
climate change 

  

Commented [PM1]: Suggest making the DPS background 
very brief and incorporating here 

Commented [PM2]: This would be a rangewide overview of 
climate change relative to habitat and snow conditions and hare 
abundance. 



3:00 Rapid Prototyping:   
Explore current conditions for the lynx using the conceptual model and, as needed, 
population models (positive and negative effects on species viability), including 
regional differences 

5:00 Adjourn 
 
 
DAY THREE (Thursday, October 15) 
 
8:00   Recap and Discussion of Day 2 Results  
9:00  Future Scenarios: 
 Climate change 
 Other threats 
 Conservation interventions 
10:30   Rapid Prototyping:   

Begin to project future species conditions based on projected responses to 
alternative future scenarios 

12:00   Lunch 
1:00   Rapid Prototyping:   

Continue to project future species conditions based on projected responses to 
alternative future scenarios  

3:00   Discussion of results and additional assessment needs 
4:00   Wrap-up and next steps 
4:30 Adjourn 



From: Bush, Jodi
To: Kaimy Marks; Sharon Hooley
Subject: Re: Invitational travel email
Date: Thursday, September 24, 2015 12:53:47 PM
Attachments: Attachment 1 - Invitational Traveler Form.pdf

Attachment 2 - Hotel Information for Lynx SSA Expert Elicitation Workshop.pdf
2015 09 18 Lynx SSA Workshop Experts Presenters Observers.docx
2015 09 18 LTR Bush_Panelists Re_Lynx SSA Expert Workshop Invite.pdf

no.  just went to lunch first...Here you go. JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Thu, Sep 24, 2015 at 12:50 PM, Kaimy Marks <kaimy_marks@fws.gov> wrote:

Did you forget to send to me? J

 

Kaimy Marks

Administrative Support Assistant

U.S. Fish & Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1, Helena, MT 59601

406-449-5225  X207

 

mailto:jodi_bush@fws.gov
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        United States Department of the Interior 
 Fish and Wildlife Service 
  Ecological Services 
  Montana Field Office 
  585 Shepard Way, Suite 1 
      Helena, Montana 59601-6287 
        Phone: (406) 449-5225  Fax: (406) 449-5339 
 
 

September 18, 2015 
 
Dear Panelist: 
 
 
The U.S. Fish and Wildlife Service (Service) is conducting a species status assessment (SSA) for 
the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
canadensis), which is listed as threatened under the Endangered Species Act.  As part of the 
SSA, we have partnered with state and other federal agencies in the range of the lynx DPS to 
convene a facilitated expert elicitation workshop.  The objective of the workshop is to assess the 
current status of and threats to the various DPS populations and to evaluate the DPS's viability 
under a range of future threat, habitat condition, and climate scenarios. 
 
We lack adequate empirical data on many aspects of lynx population dynamics in the DPS range 
(e.g., historic numbers and distributions; current sizes and trends of most DPS populations; 
landscape-level snowshoe hare [Lepus americanus] densities needed to support lynx across the 
range; periodicity, rates, and importance of immigration of lynx from Canadian populations; 
etc.).  Therefore, we will seek in the workshop to elicit and distill the knowledge, professional 
judgments, and opinions of experts most familiar with each of the DPS populations to inform our 
understanding of lynx status, the nature and magnitude of potential threats, and the likelihood of 
their future persistence.    
 
We have determined that you would provide expertise critical to these discussions and we invite 
you to participate as an expert panelist in this workshop. 
 
The workshop will be held October 13-15, 2015 in Minneapolis, Minnesota.  In addition to 
expert panelists, we have invited participation from other experts (boreal forest ecology, hare 
population dynamics, climate modeling and projections, and the regulatory environment as it 
pertains to lynx) who will present information for consideration by the expert panel.  A small 
number of federal and state wildlife managers also will be present to observe the process.  Our 
facilitators may reach out to you before the workshop; please feel free to ask them any questions 
that you might have regarding the process and your role. 
 
Your participation is vitally important, therefore, if needed, the Service will provide funding to 
cover travel, lodging, and per diem expenses.  In order for the Service to provide this, we will 
need you to complete the highlighted sections of the attached form (Attachment 1 - FBMS 
Vendor Request Form) and fax it (406-449-5339) to Sharon Hooley or Kaimy Marks, 

 
 



Administrative staff.  Please submit this form as quickly as possible.  If you prefer you may call 
Sharon or Kaimy at (406) 449-5225, ext. 203 (Sharon) or 207 (Kaimy) and provide the 
information over the phone.  Please feel free to call either if you have any additional questions 
about travel.   
 
A block of rooms has been reserved at the Crowne Plaza Hotel near the Minneapolis Airport 
(See Attachment 2 for additional hotel information).  The workshop will be held in a conference 
room at the hotel.  We will start at 1pm on Tuesday, October 13 and finish up no later than 5pm 
on Thursday, October 15.  The block of rooms, at the government rate of $140/night, is being 
held until September 30.  Please call the Crowne Plaza Hotel at 952-854-9000 and reference the 
USFWS to reserve your room.  Please note that the cancellation policy for this hotel is 24 hours 
prior to check-in. 
 
Please let us know if you are unable to attend.  Having a strong scientific basis to inform the lynx 
SSA is essential, and your input would be greatly appreciated.  Please contact Jim Zelenak 
(jim_zelenak@fws.gov, 406-449-5225 x220, or Jodi Bush (Jodi_bush@fws.gov, 406-449-5225) 
if you have questions or need any further information. 
 

 
 
Sincerely, 
 

 
Jodi L. Bush 
Field Supervisor 
 
 

Attachments (2) 
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2015 09 18 Lynx SSA Expert Elicitation Workshop Teams, Expert Panelists, Presenters, and Observers 

Lynx SSA Core Team 

Jim Zelenak, jim_zelenak@fws.gov, 406-449-5225 ext. 220, cell: 907-978-0734 
Kurt Broderdorp, kurt_broderdorp@fws.gov, 970-628-7186 
Bryon Holt, bryon_holt@fws.gov, 509-893-8014, cell: 509-209-0711 
Mark McCollough, mark_mccollough@fws.gov, 207-866-3344 x115, Cell: 207-944-5709 
Tamara Smith, tamara_smith@fws.gov, 612-725-3548 ext. 2219, cell: 612-600-1599 

Lynx SSA Implementation Team 

Mary Parkin, mary_parkin@fws.gov, 617-417-3331 
Heather Bell, heather_bell@fws.gov, 303-236-4514 
Jonathan Cummings, jwcummings@usgs.gov, 802-999-8684  
Seth Willey, Seth_Willey@fws.gov, 303-236-4257 
Justin Shoemaker, justin_shoemaker@fws.gov,  309-757-5800 ext. 214 

   

Lynx Expert Geographic Area Affiliation Contact Information Formal 
Invitation? 

Kevin McKelvey DPS-wide (distribution, 
climate change) 

USDA Forest Service - Rocky Mountain 
Research Station, Missoula, MT kmckelvey@fs.fed.us, 406-542-4163 YES 

Dan Harrison Maine/Northeast University of Maine harrison@maine.edu, 207-581-2867 YES 

Jennifer Vashon Maine/Northeast Maine Department of Inland Fish and 
Wildlife jennifer.vashon@maine.gov, 207-941-4238 YES 

Ron Moen Minnesota/Great Lakes University of Minnesota and Natural 
Resources Research Institute rmoen@d.umn.edu, 218-720-4372 YES 

Susan Catton Minnesota/Great Lakes USDA Forest Service – Superior NF  scatton@fs.fed.us, 218-626-4304 YES 

John Squires 
Northern and Southern 

Rocky Mountains (Montana, 
Wyoming, Colorado) 

USDA Forest Service - Rocky Mountain 
Research Station, Missoula, MT jsquires@fs.fed.us, 406-542-4164 YES 

Jay Kolbe Northern Rocky Mountains  Montana Fish Wildlife and Parks jkolbe.fwp@gmail.com, 406-499-2356 YES 
Jeff Lewis Washington Washington Dept. Fish and Wildlife Jeffrey.Lewis@dfw.wa.gov,  ? 

Jake Ivan Colorado/Southern Rocky 
Mountains Colorado Parks and Wildlife jake.ivan@state.co.us, 970-472-4310 

cell: 970-556-8048 YES 

Clayton Apps Southern British Columbia & 
Alberta 

Independent Researcher, Aspen Wildlife 
Research Inc. 

clayapps@telus.net, 778-786-3773 
cell: 403-270-8663 YES 

Jeff Bowman Southern Canada/Ontario Ontario Ministry of Natural Resources and 
Forestry, University of Trent, Ontario jeff.bowman@ontario.ca, 705-755-1555 YES 
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Presenters/ 
Other Experts Geographic Area Affiliation Contact Information Formal 

Invitation? 
Scott Jackson DPS-wide (regulatory envt.) USDA Forest Service sjackson03@fs.fed.us, 406-329-3664 YES 

Michael Schwartz DPS-wide (genetics) USDA Forest Service - National Genomics 
Center for Wildlife and Fish Conservation 

michaelkschwartz@fs.fed.us, 406-542-4161 
 YES 

Erin Simons-Legaard Maine/Northeast (lynx, 
hares, forest ecology) University of Maine erin.simons@maine.edu,  YES 

Dennis Murray Southern Canada/Ontario Ontario Ministry of Natural Resources and 
Forestry, and University of Trent, Ontario dennismurray@trentu.ca, 705-748-1011 ext. 7078 ? 

Karen Hodges 
Southern Canada/DPS-wide 

(hares, range periphery 
considerations) 

University of British Columbia–Okanagan karen.hodges@ubc.ca, 250 807-8763 YES 

Louis Iverson Climate Change & Tree Dist. 
eastern US USFS Northern Research Station   

Josh Lawler Climate Forecasting/Species 
response University of Washington http://faculty.washington.edu/jlawler/ 

  

Phil Mote Climate modeling/Snow Oregon Climate Change Research Institute, 
OSU   

Lee Frelich  Lake States University of Minnesota   

Robin O’Malley NA 

Policy and Partnership Coordinator 
National Climate Change and Wildlife 

Science Center 
US Geological Survey 

romalley@usgs.gov, 703-648-4086 
cell: 571-294-0922  

 

Observers Geographic Area Affiliation Contact Information  
Richard J. Baker 

Endangered Species 
Coordinator 

Minnesota Minnesota DNR richard.baker@state.mn.us, 651-259-5073  

Nichole Cudworth Wyoming Wyoming game and Fish nichole.cudworth@wyo.gov, 307-332-7723 ext. 230 
  

Dr. Nathan Roberst ?     
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From: Zelenak, Jim
To: Parkin, Mary
Cc: Jodi Bush; Mark McCollough; Bryon Holt; Kurt Broderdorp; Tamara Smith; Heather Bell
Subject: Re: Canada Lynx Expert Elicitation Workshop
Date: Thursday, September 24, 2015 5:08:39 PM
Attachments: image010.png

image012.png
image009.png
image011.png

Nope.  Still working on it - waiting for return calls.  Louis Iverson (tree/climate modeling guy with USDA Research
Station in Ohio) will not be able to make it to the workshop.  He recommended a few folks, and I'm about to email
him for details/contact info.

I spoke briefly yesterday with Phil Mote with the Oregon Climate Change Research Institute (OSU) and expect a
call from him soon.

I also left a message with Josh Lawler at University of Washington and will email him now to follow-
up.

I've also asked Tam if she can try to track down Dr. Lee Frelich now that Iverson has relayed
his unavailability.

I think Jodi will have talk with Robin O'Malley tomorrow to discuss other possibilities.

Jim

On Thu, Sep 24, 2015 at 8:46 AM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Jim, do we have the snow condition expertise adequately represented by folks you've
already invited?
Thanks,
Mary

On Mon, Sep 21, 2015 at 5:42 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
FYI.  See Dr. McKelvey's climate/snow modeling recommendation/thoughts below. 

---------- Forwarded message ----------
From: McKelvey, Kevin -FS <kmckelvey@fs.fed.us>
Date: Mon, Sep 21, 2015 at 9:21 AM
Subject: RE: Canada Lynx Expert Elicitation Workshop
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Jim.  Yes I can present what I think is known about past and current distributions of lynx and I
have been looking at climate change (though I would no longer support the modelling done by
Gonzales et al—my views on this whole topic have evolved significantly).  I think that you should
get folks that know about snow for future modelling.  Both lynx and hares are all about snow—
soft snow preferably.  So Phil Mote would be good. Actually, I would suggest Eric Salathe at U
Wash—Eric does really good snow modelling and knows a lot about the whole process of
downscaling GCM, which is where the rubber hits the road when it comes to anticipating the
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future effects on wildlife. Eric could give us a state-of-the art look at snow modelling.  He
focusses on PNW (as has Phil Mote, for that matter),  but the process is general. 

 

salathe@u.washington.edu
+1-425-352-3226

 

Kevin S. McKelvey, PhD 
Research Ecologist
Forest Service

Rocky Mountain Research Station, Wildlife and Terrestrial Ecosystems
p: 406-542-4163 
f: 406-543-2663 
kmckelvey@fs.fed.us
800 East Beckwith 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people

Personal web page               Google profile

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, September 18, 2015 12:46 PM
Subject: Canada Lynx Expert Elicitation Workshop

 

Hi All:

 

Please see the attached invitation to participate as lynx expert panelists at the Oct. 13-15
Lynx SSA Expert Elicitation Workshop in Minneapolis, along with the hotel information
and invitational traveler form (both also attached).

 

You are among the group of experts most familiar with the lynx populations in the
contiguous U.S. and southern Canada and who we believe can make the greatest
contribution to our understanding of the status of, threats to, and future viability of those
populations. 

 

Because we needed to keep the panel to a manageable number (10-12) while also getting

mailto:salathe%40u.washington.edu
mailto:kmckelvey@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
http://facebook.com/USDA
http://www.fs.fed.us/research/people/profile.php?alias=kmckelvey
http://scholar.google.com/citations?user=CmG2R0QAAAAJ&hl=en
mailto:jim_zelenak@fws.gov


representation from across the range of the DPS, there are other lynx researchers and
experts (your peers) who we were unable to invite to participate as panelists. We hope
some of those will nonetheless attend the workshop and present their research results for
you on the expert panel to consider.

 

I hope you are still interested and available to participate as an expert panelist.  If you are
unable to attend, please let me know at your earliest convenience.

 

The workshop facilitators and I will be in touch over the coming weeks to provide
additional information on the structured process for the workshop and other details.

 

Please email or call me if you have any questions, and thanks again for your willingness to
participate on this panel.

 

Cheers!

 

Jim  

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service

mailto:jim_zelenak@fws.gov


Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Parkin, Mary
To: Jim Zelenak; Heather Bell; Jonathan Cummings
Cc: Seth Willey; Jodi Bush
Subject: lynx conceptual models for possible distribution
Date: Friday, September 25, 2015 8:40:32 AM
Attachments: species level CM.png

resiliency CM_simplified.png
redundancy CM.png
representation CM.png

Hi all,

I've been playing around with the mental modeler tool a fair amount this week.  I've developed
several versions of both the full model and separate models for the 3Rs.  I've also simplified
some of the more complex diagrams for presentation purposes and saved both the simple and
complex.

I'm sending along a few diagrams so you can see how I've been approaching this::

Simple species-level model
Resiliency model
Redundancy model
Representation model

For the participant package, perhaps we could include the species-level model to give folks an
idea of our starting point.  I wouldn't send the others, because as you'll see, they'll need
corrections and more thought before they're ready for prime time.

For Tuesday's core team call, let's do a webinar, and we can call up any of these (or their more
complex versions) to work on.

Cheers,
Mary

p.s.  I'll send along a Roles and Responsibilities writeup later today.
-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov
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From: Bush, Jodi
To: Robin O"Malley
Cc: Jim Zelenak
Subject: Lynx and SSA background
Date: Friday, September 25, 2015 8:52:46 AM
Attachments: SSA Fact Sheet.pdf

Attachment 2 - Hotel Information for Lynx SSA Expert Elicitation Workshop.pdf

Hi Robin.  Here is some more information for you regarding the SSA process and where we
are headed.  I've also attached the letter we are sending to presenters which has a little more
information in it for your use.  I've also provided the hotel information because it is getting
close.  Please give me a call if you have any questions at all or send me an email.  Thanks for
your help.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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U.S. Fish & Wildlife Service

The Species Status 
Assessment Framework
An Integrated Framework for Conservation

“The greatest danger in times of turbulence 
is not the turbulence; it is to act with 
yesterday’s logic.”  
— Peter Drucker

Although significant progress has been made in safeguarding 
species and their habitats, limited resources and an ever-increasing 
workload jeopardize our long-term effectiveness at fulfilling our 
responsibilities.  In addition, novel and significant conservation 
challenges lie ahead, including a changing climate.  While we 
continue to build on our successes, ensuring successful conservation 
and recovery of the nation’s species requires an increasing 
commitment to new ways of thinking, working, and sharing.  
From a budgetary and conservation standpoint, we simply cannot 
afford business as usual.  The Species Status Assessment (SSA) 
Framework, in concert with other transformative efforts, better 
allows us to meet the complex challenges ahead and guide our 
efforts to continually enhance our conservation success.

The SSA Framework
The SSA Framework is an analytical framework for assessing 
a species’ biological condition and level of viability.  Building on 
the best of our current analytical processes and the latest in 
conservation biology, this framework integrates analyses that are 
common to all ESA functions, eliminates duplicative and costly 
processes, and allows us to strategically focus on our core mission 
of preventing extinction and achieving recovery.  In addition, the 
SSA Framework provides a structure for effectively engaging with 
our State partners and soliciting peer review.

Our Vision
Our vision is a common, consistent, repeatable, scientifically sound 
approach that will serve as the basis for future ESA decisions.  
Using the SSA Framework early provides the context for a decision 
on whether protections are warranted, then for decisions regarding 
what is needed for its conservation and recovery, what the greatest 
research needs are, and how public or private actions may affect 
the species.  Staff in each region are available to provide support 
and training to help ensure we continue to build on the successes 
the SSA Framework has already delivered.  

“The Species Status Assessment offers a 
unique opportunity to transform how the 
U.S. Fish and Wildlife Service delivers 
conservation.”   
–  Gary Frazer, Assistant Director  
    Ecological Services Program

     Realized Benefits  
By having the biological analyses in 
the SSA report, and referencing it in 
the proposed listing rule, we saved an 
estimated 65 pages of Federal Register 
printing – a $30,000 cost saving – for the 
New Mexico meadow jumping mouse 
proposed rule alone.

Efficiency – structured and repeatable 
biological analysis saves time 

Defensibility – analysis grounded in 
accepted science and a logical process 
with explicit assumptions and complete 
reasoning will inform our statutory 
decisions

Consistency – consistent framework and 
terminology will be used across all ESA 
functions and across regions and field 
offices

Effectiveness – clearly articulated 
reasoned decisions will foster effective 
communication and make for better 
conservation

Collaboration – a better forum for being 
inclusive; partners, particularly States, 
are more likely to understand and support

New Mexico meadow jumping mouse.  
Credit: USFWS



U. S. Fish and Wildlife Service
Endangered Species Program
4401 N. Fairfax Drive, Room 420
Arlington, VA 22203
703-358-2171
 
March 2014

Species Status Assessement Framework

SPECIES VIABILITY

SPECIES CURRENT CONDITION

SPECIES NEEDS

Current Availability
or Condition of those Needs

Future Availability
or Condition of those Needs

Assessing the species level of viability is achieved by completing the above 
assessment framework. Credit: USFWS

Gunnison’s prairie dog. Credit: USFWS 

Applying SSA
We begin an SSA with an 
understanding of the species’ unique 
life history, and from that evaluate 
a species’ needs or biological 
requirements at the scales of 
individuals, populations, and species.  
We then consider the current and 
future availability or condition of those 
needs and investigate the reasons those 
needs are missing.  The consequences 
of any missing needs are assessed 
to describe the current condition of 
the species, and project the future 
species condition over time.  Using the 
principles of resilience, representation, 
and redundancy, the species’ level of 
viability and risks to its viability are 
evaluated and characterized.  Generally, 
the more redundant, representative, 
and resilient a species is, the more 
likely it is to persist over time, even 
under changing environmental 
conditions.  The characterization of 
viability is enhanced by estimates at 
multiple time intervals under a range 
of probable scenarios to describe the 
possible changes in viability over time 
and to characterize the uncertainty.  

Where to Learn More  
Visit https://sites.google.com/a/
fws.gov/ssa/ to see examples of SSA 
reports, connect with others who have 
applied the Framework, get answers 
to frequently asked questions, find 
contact information for your Region’s 
SSA Framework Implementation Team 
member, and access the guidance on 
applying the draft SSA Framework.  

“The SSA is an intuitive 
framework that, once 
completed, allowed 
me to more clearly and 
quickly develop, explain, 
and write my listing 
argument.”  
– Craig Hansen, Species Lead for  
   Gunnison’s prairie dog

https://sites.google.com/a/fws.gov/ssa/


From: Bush, Jodi
To: Robin O"Malley
Cc: Jim Zelenak
Subject: Re: Lynx and SSA background
Date: Friday, September 25, 2015 8:53:12 AM
Attachments: 2015 09 18 LTR Bush_Presenters Re_Lynx SSA Expert Workshop Invite.pdf

forgot the letter.  Apologies.

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Sep 25, 2015 at 8:52 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Hi Robin.  Here is some more information for you regarding the SSA process and where we
are headed.  I've also attached the letter we are sending to presenters which has a little more
information in it for your use.  I've also provided the hotel information because it is getting
close.  Please give me a call if you have any questions at all or send me an email.  Thanks
for your help.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

mailto:jodi_bush@fws.gov
mailto:romalley@usgs.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov


        United States Department of the Interior 
 Fish and Wildlife Service 
  Ecological Services 
  Montana Field Office 
  585 Shepard Way, Suite 1 
      Helena, Montana 59601-6287 
        Phone: (406) 449-5225  Fax: (406) 449-5339 
 
 

September 18, 2015 
 
Dear Scientist: 
 
 
The U.S. Fish and Wildlife Service (Service) is conducting a species status assessment (SSA) for 
the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
canadensis), which is listed as threatened under the Endangered Species Act.  As part of the 
SSA, we have partnered with state and other federal agencies in the range of the lynx DPS to 
convene a facilitated expert elicitation workshop.  The objective of the workshop is to assess the 
current status of and threats to the various DPS populations and to evaluate the DPS's viability 
under a range of future threat, habitat condition, and climate scenarios. 
 
We lack adequate empirical data on many aspects of lynx population dynamics in the DPS range 
(e.g., historic numbers and distributions; current sizes and trends of most DPS populations; 
landscape-level snowshoe hare [Lepus americanus] densities needed to support lynx across the 
range; periodicity, rates, and importance of immigration of lynx from Canadian populations; 
etc.).  We have assembled a panel of lynx experts most familiar with each of the DPS 
populations and whose knowledge, professional judgments, and opinions we will elicit to inform 
our understanding of lynx status, the nature and magnitude of potential threats, and the likelihood 
of their future persistence.    
 
Because we needed to keep the panel to a manageable number (10-12) while also getting 
representation from across the range of the DPS and in southern Canada, there are other 
researchers and experts (like you) who we were unable to invite to participate as panelists.  
Nonetheless, we believe that your expertise is also critical to these discussions and we invite you 
to participate in the workshop by presenting your research results and/or management insights 
for consideration by the expert panel. 
 
The workshop will be held October 13-15, 2015 in Minneapolis, Minnesota.  In addition to 
expert panelists, we have invited participation from other experts (boreal forest ecology, hare 
population dynamics, climate modeling and projections, and the regulatory environment as it 
pertains to lynx) who will present information for consideration by the expert panel.  A small 
number of federal and state wildlife managers also will be present to observe the process.  Our 
facilitators may reach out to you before the workshop; please feel free to ask them any questions 
that you might have regarding the process and your role. 
 

 
 



Your participation is very important, therefore, if needed, the Service will provide funding to 
cover travel, lodging, and per diem expenses.  In order for the Service to provide this, we will 
need you to complete the highlighted sections of the attached form (Attachment 1 - FBMS 
Vendor Request Form) and fax it (406-449-5339) to Sharon Hooley or Kaimy Marks, 
Administrative staff.  Please submit this form as quickly as possible.  If you prefer you may call 
Sharon or Kaimy at (406) 449-5225, ext. 203 (Sharon) or 207 (Kaimy) and provide the 
information over the phone.  Please feel free to call either if you have any additional questions 
about travel.   
 
A block of rooms has been reserved at the Crowne Plaza Hotel near the Minneapolis Airport 
(See Attachment 2 for additional hotel information).  The workshop will be held in a conference 
room at the hotel.  We will start at 1pm on Tuesday, October 13 and finish up no later than 5pm 
on Thursday, October 15.  The block of rooms, at the government rate of $140/night, is being 
held until September 30.  Please call the Crowne Plaza Hotel at 952-854-9000 and reference the 
USFWS to reserve your room.  Please note that the cancellation policy for this hotel is 24 hours 
prior to check-in. 
 
Please let us know if you are unable to attend.  Having a strong scientific basis to inform the lynx 
SSA is essential, and your input would be greatly appreciated.  Please contact Jim Zelenak 
(jim_zelenak@fws.gov, 406-449-5225 x220, or Jodi Bush (Jodi_bush@fws.gov, 406-449-5225) 
if you have questions or need any further information. 
 

 
 
Sincerely, 
 

 
Jodi L. Bush 
Field Supervisor 
 
 

Attachments (2) 

mailto:jim_zelenak@fws.gov
mailto:Jodi_bush@fws.gov


From: Parkin, Mary
To: Jim Zelenak; Jodi Bush; Heather Bell; Jonathan Cummings; Seth Willey
Subject: Ground rules and roles/responsibilities for lynx meeting
Date: Friday, September 25, 2015 11:20:07 AM
Attachments: Ground rules_roles and responsibilities_lynx meeting_0925 draft.docx

Hi again,

I've edited the Ground Rules template and added a section on Roles & Responsibilities --
thought that would be better than two separate docs.

Please consider it a rough draft:  all edits, suggestions welcome.

One thing to note:  We mention providing the experts with a list of questions prior to the
meeting.  We either have to drum up these questions asap, or we need to remove that
statement.

Regarding the essential questions, perhaps we could pull these together more easily if we
categorize them up front.  We could use the examples you provided in the invitation letter,
regarding population dynamics, as a starting point.

Lynx population dynamics

historic numbers and distributions
current sizes and trends of most DPS populations
landscape-level snowshoe hare  densities needed to support lynx across the range
periodicity, rates, and importance of immigration of lynx from Canadian populations
others?

Lynx genetics:

variability
small population effects?

Lynx habitat

differences in habitat conditions in different parts of the range
snow conditions
historic and current habitat availability, trends
habitat connectivity with Canadian populations
etc.

Climate change effects

probable rates and effects of climate change on lynx habitat and snow conditions
etc.

Other threats

other non-climate-related anthropogenic threats, severity and magnitude
natural disturbances/environmental stochasticity
catastrophic events

mailto:mary_parkin@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:heather_bell@fws.gov
mailto:jwcummings@usgs.gov
mailto:seth_willey@fws.gov


likelihood of offsetting these threats
etc.

Possible management/conservation responses, questions about:

what threats have been reduced, and by how much, through regulatory means or other
measures?
what management options are available to reduce or eliminate remaining tractable
threats in the face of climate change
effect on lynx DPS of ameliorating these threats without being able to do anything about
climate change
etc.

These questions are really off-the-cuff, so please don't take seriously.  I'm more concerned that
we have a template for identifying the most important uncertainties/questions that can benefit
from expert elicitation.  Could we have a session sometime this coming week to sort this out?

We've been working on the conceptual model as a means of identifying uncertainties, but we
haven't made very much progress to date with the core team.  We need to keep working on it
to make sure we're approaching the meeting with a cohesive framework, but I also think it
might be efficient at this point to directly list the biggest questions.

We can talk about this on Monday, I hope.  Meanwhile, have an excellent weekend!

Mary
-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

mailto:mary_parkin@fws.gov


 

Ground Rules, Roles & Responsibilities 

Canada Lynx SSA Expert Elicitation Workshop 

 

Introduction 

We, the U.S. Fish and Wildlife Service (Service) invite you to participate in a workshop for scientific 
experts to address the status of the U.S. Distinct Population Segment (DPS) of Canada lynx.  This 
meeting, scheduled for October 13-15 at the Bloomington Crowne Plaza in Minneapolis, is part of our 
process for collecting the best available scientific information for assessing the status of this DPS.  The 
status assessment will inform the Service’s upcoming decisions on listing and recovery planning.  

An  important  aspect  of  this  meeting  is  ensuring  that  it  complies  with  the  Federal Advisory 
Committee Act (FACA) and the Administrative Procedure Act (APA).   The ground rules stated below are 
intended to serve this purpose.  These ground rules are also intended to ensure that the meeting 
focuses on providing the Service with the best available scientific information for our status review and 
subsequent decision making under the ESA. 
 
Principles Underlying These Ground Rules 

ESA:  As stated above, this meeting is part of our effort to obtain the best available scientific information 
relevant to the status of the Canada lynx, as required by the ESA.  Thus, we will not ask for input from 
participants on the decisions that are the Service’s responsibility under the ESA.  Rather, we are only 
seeking expert, unbiased input on the questions the Service has provided you for use assessing the 
species’ status.  The expert meeting will provide one source of information, among others, that we will 
consider in making determinations and decisions under the ESA. 

FACA:  The purpose of the FACA is to ensure that advice provided to the Executive Branch of the Federal 
government by advisory committees is transparent and accessible to the public.  To achieve this purpose, 
FACA mandates a process for establishing, operating, overseeing, and terminating advisory bodies that are 
covered by the Act. 

Groups that are assembled to provide individual advice to a Federal agency, rather than advice from the 
group as a whole, are not covered by FACA and hence are not required to comply with FACA’s 
procedural requirements.  The same is true of groups assembled to exchange facts and information with a 
Federal agency.  The meeting you will be attending will be structured and conducted to meet both of these 
criteria:  The primary purpose of the meeting will be to exchange facts and information and, to the extent 
any advice may be sought on biological or other questions relevant to the Service’s status review, that 
advice will only be sought on an individual basis, not from the group as a whole.  Maintaining these 
sideboards is critical to ensuring that the meeting does not violate FACA’s requirements for advisory 
committees. 



 

APA:  The APA requires Federal agencies to maintain and make available for public review all information 
used in developing making final decisions.  The APA also mandates that judicial review of any final Federal 
decision be based on the administrative record that includes all records presented to or used by the 
Federal agency in making the challenged decision.   As a result of both of these APA requirements, the 
Service must maintain open, public records to document its decision making process regarding the Canada 
lynx.  Therefore, information gained via this meeting will be documented and will be subject to public 
disclosure through the processes just described.  This  documentation  will  also be subject  to  release  
upon  request  under  the  Freedom  of Information Act (FOIA). 
 
Ground Rules 

1.  The Service is only seeking the best available scientific information from the experts participating in this 
meeting. 

2.  The Service has developed a meeting agenda that, among other things, identifies the scientific questions 
on which the Service seeks the scientific expertise of the meeting participants.  The meeting participants 
should focus their participation in the meeting on providing information that is responsive to these 
questions. 

3.  The Service invited the individuals participating in this expert meetings based solely on their scientific 
qualifications, rather than as a representative of a particular organization or interested party.  
Accordingly, the participants should share their scientific expertise during the meeting and not seek to 
represent any particular position of an agency, their employer, or other interested party. 

4.  Participants should fully disclose to the Service and all other participants any potential conflict of 
interest (such as a commercial stake) in the Service’s decisions regarding the Canada lynx.  The Service 
may also ask participants to complete a questionnaire to evaluate and document any potential conflicts of 
interest. 

5.  The Service is not asking for and will not accept input at this meeting on the decisions it is charged 
with making under the ESA.  The Service retains full control over ESA decisions and no pre-decisional 
discussions will be entertained. 

6.  Participants should follow standard norms of behavior for effective meetings so that the Service can 
receive the information it seeks from all participants.  The Service encourages an open, inclusive, and 
science-based discussion characterized by respectful, orderly dialogue. 

7.  Any opinion from any participants in this meeting will be provided on an individual basis and not from 
the group or from subgroups as a whole.  Group debate is encouraged, but the Service does not seek 
consensus or collective advice on issues to be discussed, and such consensus or collective advice should 
not be provided. 

8.  Information provided by participants through the course of the meeting will be documented in 
meeting notes and a written summary report by the Service. The notes and corresponding report will 
become part of the administrative record for use in agency decision making.  The meeting documentation 



 

will summarize the biological and other scientific information gained during the meeting.  Consistent 
with the preceding ground rule limiting advice to individual advice only, this report will document any 
advice provided by a meeting participant on an individual basis.  If anonymity is a concern, we will use a 
coding system to identify individuals. 

9.  Conference calls or other communications between the Service and meeting participants may occur 
after the meeting to clarify, for documentation purposes, the information discussed at the meeting.  Any 
such communications will also be subject to these ground rules. 

Roles and Responsibilities 

Each participant at the meeting will play a distinct role with certain responsibilities.  These roles include 
species experts, consulting experts, Service leads, facilitators, core team members, note takers, and 
observers.  The responsibilities for each role are outlined below. 

SPECIES EXPERTS:  Species experts will be asked to respond to specific questions regarding the population-
level and species-level viability of the Canada lynx.  These experts will also be expected to share status 
information about the listed populations, either through assigned presentations or discussion.  All experts 
with relevant information or opinions regarding a specific question will be expected to provide their input 
on an equal footing, and to provide their level of confidence in their input.  Species experts will be asked 
for information on the exposure and response of individual animals, populations, and/or the rangewide 
population to effects such as changes in hare abundance or human-caused mortality.  Species experts may 
be asked, when divergent data or opinions are provided, to discuss the basis for these differences.  Finally, 
species experts will be asked to identify critical uncertainties regarding the current and projected status of 
the lynx. 

Species experts will be seated as a formal group and will work with facilitators who will elicit their input on 
the essential questions surrounding the status of the Canada lynx U.S. DPS. 

CONSULTING EXPERTS:  This role comprises experts who have specific knowledge of conditions that may 
affect the Canada lynx.  For this meeting, this includes individuals with expertise in climate change, snow 
conditions, snowshoe hare abundance, and the regulatory environment.  These experts will provide 
rangewide information on the conditions affecting lynx now and into the future, either through assigned 
presentations or by consulting with the species experts upon request regarding specific cause-and-effect 
questions. 

The consulting experts will be seated outside the species expert group but will be expected to follow the 
discussions and provide input as needed. 

SERVICE LEADS:  The lead biologist and Field Office Supervisor for the listed lynx DPS will welcome 
participants, provide logistical support, address relevant background questions, and monitor the 
proceedings.  Most importantly, they will guide the SSA process following the expert meeting toward 
fruition of the status assessment. 

Service leads will be seated near the front in order to provide support and closely follow the elicitation. 



 

FACILITATORS:  Three facilitators will, in turn, guide discussions and elicit expert input on specific 
questions.  Facilitators are charged with making orderly progress on the essential questions regarding the 
status of the lynx, and with ensuring that all voices are heard.  Facilitators, in concert with the Service leads 
and core team, will also be responsible for adjusting the agenda and the essential questions as needed in 
response to the information and analysis put forth each day. 

CORE TEAM:  In addition to the Service leads, a core team of Service biologists has been convened to work 
on the SSA.  These biologists are responsible for providing input into the assessment and acting as liaisons 
for experts and interested parties in their parts of the range.  During the meeting, individuals on the core 
team will observe, provide input when asked, and share in the note-taking responsibilities when asked. 

Core team members will, like the consulting experts, be seated near the species expert table and will be 
available to address questions of clarification, etc., when asked. 

NOTE TAKERS:  As mentioned in the Introduction, careful note-taking will be conducted.  The lead note-
taker will be supplemented by additional note-takers, as needed, from the core team.  Notes will be 
consolidated each day and used during the meeting to help frame further questions and discussion. 

Note takers will be provided seating wherever needed to capture the discussions. 

OBSERVERS:  A limited number of observers can be accommodated at the meeting.  Observers will take 
their role literally and confine their participation during meeting time to listening to the presentations and 
discussions without comment.  We acknowledge that there will be sideboard Interactions during breaks 
and other times outside the meeting, but we ask that observers not carry these back into the meeting. 

Observers will be seated at the back of the meeting room. 



From: Bush, Jodi
To: Kaimy Marks
Subject: letters we sent
Date: Friday, September 25, 2015 12:32:09 PM
Attachments: 2015 09 18 LTR Bush_Presenters Re_Lynx SSA Expert Workshop Invite.pdf

2015 09 18 LTR Bush_Panelists Re_Lynx SSA Expert Workshop Invite.pdf

one to panelists and one to presenters.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

mailto:jodi_bush@fws.gov
mailto:kaimy_marks@fws.gov


        United States Department of the Interior 
 Fish and Wildlife Service 
  Ecological Services 
  Montana Field Office 
  585 Shepard Way, Suite 1 
      Helena, Montana 59601-6287 
        Phone: (406) 449-5225  Fax: (406) 449-5339 
 
 

September 18, 2015 
 
Dear Panelist: 
 
 
The U.S. Fish and Wildlife Service (Service) is conducting a species status assessment (SSA) for 
the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
canadensis), which is listed as threatened under the Endangered Species Act.  As part of the 
SSA, we have partnered with state and other federal agencies in the range of the lynx DPS to 
convene a facilitated expert elicitation workshop.  The objective of the workshop is to assess the 
current status of and threats to the various DPS populations and to evaluate the DPS's viability 
under a range of future threat, habitat condition, and climate scenarios. 
 
We lack adequate empirical data on many aspects of lynx population dynamics in the DPS range 
(e.g., historic numbers and distributions; current sizes and trends of most DPS populations; 
landscape-level snowshoe hare [Lepus americanus] densities needed to support lynx across the 
range; periodicity, rates, and importance of immigration of lynx from Canadian populations; 
etc.).  Therefore, we will seek in the workshop to elicit and distill the knowledge, professional 
judgments, and opinions of experts most familiar with each of the DPS populations to inform our 
understanding of lynx status, the nature and magnitude of potential threats, and the likelihood of 
their future persistence.    
 
We have determined that you would provide expertise critical to these discussions and we invite 
you to participate as an expert panelist in this workshop. 
 
The workshop will be held October 13-15, 2015 in Minneapolis, Minnesota.  In addition to 
expert panelists, we have invited participation from other experts (boreal forest ecology, hare 
population dynamics, climate modeling and projections, and the regulatory environment as it 
pertains to lynx) who will present information for consideration by the expert panel.  A small 
number of federal and state wildlife managers also will be present to observe the process.  Our 
facilitators may reach out to you before the workshop; please feel free to ask them any questions 
that you might have regarding the process and your role. 
 
Your participation is vitally important, therefore, if needed, the Service will provide funding to 
cover travel, lodging, and per diem expenses.  In order for the Service to provide this, we will 
need you to complete the highlighted sections of the attached form (Attachment 1 - FBMS 
Vendor Request Form) and fax it (406-449-5339) to Sharon Hooley or Kaimy Marks, 

 
 



Administrative staff.  Please submit this form as quickly as possible.  If you prefer you may call 
Sharon or Kaimy at (406) 449-5225, ext. 203 (Sharon) or 207 (Kaimy) and provide the 
information over the phone.  Please feel free to call either if you have any additional questions 
about travel.   
 
A block of rooms has been reserved at the Crowne Plaza Hotel near the Minneapolis Airport 
(See Attachment 2 for additional hotel information).  The workshop will be held in a conference 
room at the hotel.  We will start at 1pm on Tuesday, October 13 and finish up no later than 5pm 
on Thursday, October 15.  The block of rooms, at the government rate of $140/night, is being 
held until September 30.  Please call the Crowne Plaza Hotel at 952-854-9000 and reference the 
USFWS to reserve your room.  Please note that the cancellation policy for this hotel is 24 hours 
prior to check-in. 
 
Please let us know if you are unable to attend.  Having a strong scientific basis to inform the lynx 
SSA is essential, and your input would be greatly appreciated.  Please contact Jim Zelenak 
(jim_zelenak@fws.gov, 406-449-5225 x220, or Jodi Bush (Jodi_bush@fws.gov, 406-449-5225) 
if you have questions or need any further information. 
 

 
 
Sincerely, 
 

 
Jodi L. Bush 
Field Supervisor 
 
 

Attachments (2) 
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        United States Department of the Interior 
 Fish and Wildlife Service 
  Ecological Services 
  Montana Field Office 
  585 Shepard Way, Suite 1 
      Helena, Montana 59601-6287 
        Phone: (406) 449-5225  Fax: (406) 449-5339 
 
 

September 18, 2015 
 
Dear Scientist: 
 
 
The U.S. Fish and Wildlife Service (Service) is conducting a species status assessment (SSA) for 
the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
canadensis), which is listed as threatened under the Endangered Species Act.  As part of the 
SSA, we have partnered with state and other federal agencies in the range of the lynx DPS to 
convene a facilitated expert elicitation workshop.  The objective of the workshop is to assess the 
current status of and threats to the various DPS populations and to evaluate the DPS's viability 
under a range of future threat, habitat condition, and climate scenarios. 
 
We lack adequate empirical data on many aspects of lynx population dynamics in the DPS range 
(e.g., historic numbers and distributions; current sizes and trends of most DPS populations; 
landscape-level snowshoe hare [Lepus americanus] densities needed to support lynx across the 
range; periodicity, rates, and importance of immigration of lynx from Canadian populations; 
etc.).  We have assembled a panel of lynx experts most familiar with each of the DPS 
populations and whose knowledge, professional judgments, and opinions we will elicit to inform 
our understanding of lynx status, the nature and magnitude of potential threats, and the likelihood 
of their future persistence.    
 
Because we needed to keep the panel to a manageable number (10-12) while also getting 
representation from across the range of the DPS and in southern Canada, there are other 
researchers and experts (like you) who we were unable to invite to participate as panelists.  
Nonetheless, we believe that your expertise is also critical to these discussions and we invite you 
to participate in the workshop by presenting your research results and/or management insights 
for consideration by the expert panel. 
 
The workshop will be held October 13-15, 2015 in Minneapolis, Minnesota.  In addition to 
expert panelists, we have invited participation from other experts (boreal forest ecology, hare 
population dynamics, climate modeling and projections, and the regulatory environment as it 
pertains to lynx) who will present information for consideration by the expert panel.  A small 
number of federal and state wildlife managers also will be present to observe the process.  Our 
facilitators may reach out to you before the workshop; please feel free to ask them any questions 
that you might have regarding the process and your role. 
 

 
 



Your participation is very important, therefore, if needed, the Service will provide funding to 
cover travel, lodging, and per diem expenses.  In order for the Service to provide this, we will 
need you to complete the highlighted sections of the attached form (Attachment 1 - FBMS 
Vendor Request Form) and fax it (406-449-5339) to Sharon Hooley or Kaimy Marks, 
Administrative staff.  Please submit this form as quickly as possible.  If you prefer you may call 
Sharon or Kaimy at (406) 449-5225, ext. 203 (Sharon) or 207 (Kaimy) and provide the 
information over the phone.  Please feel free to call either if you have any additional questions 
about travel.   
 
A block of rooms has been reserved at the Crowne Plaza Hotel near the Minneapolis Airport 
(See Attachment 2 for additional hotel information).  The workshop will be held in a conference 
room at the hotel.  We will start at 1pm on Tuesday, October 13 and finish up no later than 5pm 
on Thursday, October 15.  The block of rooms, at the government rate of $140/night, is being 
held until September 30.  Please call the Crowne Plaza Hotel at 952-854-9000 and reference the 
USFWS to reserve your room.  Please note that the cancellation policy for this hotel is 24 hours 
prior to check-in. 
 
Please let us know if you are unable to attend.  Having a strong scientific basis to inform the lynx 
SSA is essential, and your input would be greatly appreciated.  Please contact Jim Zelenak 
(jim_zelenak@fws.gov, 406-449-5225 x220, or Jodi Bush (Jodi_bush@fws.gov, 406-449-5225) 
if you have questions or need any further information. 
 

 
 
Sincerely, 
 

 
Jodi L. Bush 
Field Supervisor 
 
 

Attachments (2) 
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From: Bush, Jodi
To: Tamara Smith
Cc: Jim Zelenak
Subject: Fwd: Lynx SSA
Date: Friday, September 25, 2015 12:46:15 PM
Attachments: Attachment 2 - Hotel Information for Lynx SSA Expert Elicitation Workshop.pdf

David McFarland confirmed that Nathan was their representative and the right guy.  You see I
invited him to be an observer.  We will see how that works.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Fri, Sep 25, 2015 at 12:44 PM
Subject: Re: Lynx SSA
To: "Roberts, Nathan M - DNR" <NathanM.Roberts@wisconsin.gov>
Cc: Jonathan Mawdsley <jmawdsley@fishwildlife.org>, Jim Zelenak
<jim_zelenak@fws.gov>, Tamara Smith <Tamara_Smith@fws.gov>

Nathan.   Thanks so much for your interest.  As I am sure you are aware, we have been in the
process of assembling a panel of lynx experts most familiar with each of the DPS populations
and whose knowledge, professional judgments, and opinions we will elicit to inform our
understanding of lynx status, the nature and magnitude of potential threats, and the likelihood
of their future persistence.  
Because we needed to keep the panel to a manageable number (10-12) while also getting
representation from across the range of the DPS and in southern Canada, there are other
researchers and experts (like you) who we were unable to invite to participate as panelists.
Nonetheless, if your agency would like to have you attend the workshop as an observer, we
would be happy to have you.   

A block of rooms has been reserved at the Crowne Plaza Hotel near the Minneapolis Airport
(See Attachment for additional hotel information). The workshop will be held in a conference
room at the hotel. We will start at 1pm on Tuesday, October 13 and finish up no later than
5pm on Thursday, October 15. The block of rooms, at the government rate of $140/night, is
being held until September 30. Please call the Crowne Plaza Hotel at 952-854-9000 and
reference the USFWS to reserve your room. Please note that the cancellation policy for this
hotel is 24 hours prior to check-in.  

Please feel free to contact me or Jim Zelenak directly if you have questions. Thank you again
for your interest.  We look forward to your participation. JB

mailto:jodi_bush@fws.gov
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Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Sep 21, 2015 at 9:26 AM, Jonathan Mawdsley <jmawdsley@fishwildlife.org>
wrote:

Hello Nathan,

 

Many thanks for the note, and for your interest – I am forwarding your contact information
along to Jodi Bush from U. S. FWS who is coordinating the SSA process.

 

All the best,

Jonathan Mawdsley

 

Jonathan R. Mawdsley, Ph.D.

Fish and Wildlife Science Coordinator

Association of Fish and Wildlife Agencies

1100 First Street, NE, Suite 825

Washington, DC 20002 USA

Phone: (202) 838-3462

Cell: (202) 997-6628

Fax: (202) 350-9869

E-mail: jmawdsley@fishwildlife.org

Web: http://www.fishwildlife.org

 

 

 

mailto:jmawdsley@fishwildlife.org
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From: Roberts, Nathan M - DNR [mailto:NathanM.Roberts@wisconsin.gov] 
Sent: Wednesday, September 16, 2015 7:29 PM
To: Jonathan Mawdsley
Subject: Lynx SSA

 

Hello Jonathan,

Is there still an opportunity to get involved with the SSA process?  The State of Wisconsin is
very interested in participating however we can.

All the best,

-Nathan

 

 

Nathan M. Roberts, PhD

Bear, Wolf, and Furbearer Research Scientist

Wisconsin Department of Natural Resources

107 Sutliff Ave.

Rhinelander, WI 54501

 

NathanM.Roberts@wisconsin.gov

715.490.9345

 

mailto:NathanM.Roberts@wisconsin.gov
mailto:NathanM.Roberts@wisconsin.gov


From: Belleman, Ann
To: Hanvey, Gary -FS
Cc: Solberg Schwab, Lisa
Subject: Re: FW: expansion maps
Date: Friday, September 25, 2015 3:26:28 PM
Attachments: image004.png

image001.png
image002.png
image003.png

Great news! 

I really hope to attend at least part of that meeting - it's actually for the FWS' Species Status
Assessment and expert elicitation panel meeting - but his presentation would certainly be
applicable.  The meeting is scheduled somewhere in Minneapolis/Twin Cities from Oct. 13-16
although I can't attend the last 2 days unfortunately (and I don't even know if I'll be allowed to
attend any of it yet - we'll see).

 
Ann Belleman
U.S. Fish and Wildlife Service
Minnesota/Wisconsin Field Office Complex
Twin Cities Field Office
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
(307) 421-5839 (work cell)
(612) 725-3548 (Bloomington, MN)

On Fri, Sep 25, 2015 at 4:20 PM, Hanvey, Gary -FS <ghanvey@fs.fed.us> wrote:

Fyi.  Just got off a call with Squires and folks on the BT.  Looking to expand our
mesocarnivore survey to incorporate more area on the BT, SNF and GTNP.  Looks budget
will support expansion and the survey for this FY.  Last year was a “pilot” year and we
learned a lot.  This year will be the real deal.  John will be presenting this project at the Lynx
Meeting In MN in mid Oct.  You going to that Ann??

 

**************

Gary Hanvey

Forest Wildlife Biologist

Flathead National Forest

Supervisors Office – Kalispell, MT

 

mailto:ghanvey@fs.fed.us
mailto:lisa_solbergschwab@fws.gov
mailto:ann_belleman@fws.gov
mailto:ghanvey@fs.fed.us


Office Phone: 406.758.5255

Cell Phone: 406.781.1765

ghanvey@fs.fed.us

 

From: Hanvey, Gary -FS 
Sent: Friday, September 25, 2015 3:13 PM
To: Wilmot, Jason L -FS; Roberts, Ann R -FS; Squires, John -FS
Subject: RE: expansion maps

 

Jason, just got back to my desk and looked at your expansion map.  I think you should add
at least one cell on the South end of the WY Range – SW of the existing southern cell.  I
think that is the LaBarge area where we had a considerable number of telemetry locations. 
Might want another cell even further south than that.

 

**************

Gary Hanvey

Forest Wildlife Biologist

Flathead National Forest

Supervisors Office – Kalispell, MT

 

Office Phone: 406.758.5255

Cell Phone: 406.781.1765

ghanvey@fs.fed.us

 

From: Wilmot, Jason L -FS 
Sent: Friday, September 25, 2015 2:12 PM
To: Roberts, Ann R -FS; Hanvey, Gary -FS; Squires, John -FS
Subject: expansion maps

 

options

mailto:ghanvey@fs.fed.us
mailto:ghanvey@fs.fed.us


 

Jason Wilmot 
Lead Wildlife Technician

Forest Service

Bridger-Teton National Forest

Jackson & Blackrock Ranger Districts

p: 307-739-5542 
c: 406-450-0404 
jasonlwilmot@fs.fed.us

25 Rosencrans Lane-PO Box 1689
Jackson, WY 83001
www.fs.fed.us 

Caring for the land and serving people

 

 

mailto:jasonlwilmot@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
http://facebook.com/USDA


From: Bush, Jodi
To: Leslie, Elaine
Cc: Glenn Plumb; Rick Kahn
Subject: Re: Lynx meeting
Date: Friday, September 25, 2015 3:43:41 PM
Attachments: SSA Fact Sheet.pdf

Attachment 2 - Hotel Information for Lynx SSA Expert Elicitation Workshop.pdf

Thanks Leslie.  Here is some more information.  I realize this is short notice but it would be
great if someone from the NPS would be able to attend as an observer. Please give me a call
with your questions.  I've attached a fact sheet about the SSA process and one with hotel
information.  Thanks again for your help.  JB

______________________

The U.S. Fish and Wildlife Service (Service) is conducting a species status
assessment (SSA) for the contiguous United States distinct population segment
(DPS) of the Canada lynx (Lynx canadensis), which is listed as threatened under the
Endangered Species Act.  As part of the SSA, we are partnering with state and other
federal agencies in the range of the lynx DPS to convene a facilitated expert
elicitation workshop.  The objective of the workshop is to assess the current status of
and threats to the various DPS populations and to evaluate the DPS's viability under
a range of future threat, habitat condition, and climate scenarios.

In the workshop, we will seek to elicit and distill the knowledge,
professional judgments, and opinions of experts most familiar with each of the DPS
populations to inform our understanding of lynx status, the nature and magnitude of
potential threats, and the likelihood of their future persistence.

The workshop will be held October 13-15, 2015 in Minneapolis, Minnesota. In addition
to expert panelists, we have invited participation from other experts (boreal forest
ecology, hare population dynamics, climate modeling and projections, and the
regulatory environment as it pertains to lynx) who will present information for
consideration by the expert panel.  A small number of federal and state wildlife
managers also will be present to observe the process. 

A block of rooms has been reserved at the Crowne Plaza Hotel near the Minneapolis
Airport (See Attachment 2 for additional hotel information). The workshop will be held
in a conference room at the hotel.  We will start at 1pm on Tuesday, October 13 and
finish up no later than 5pm on Thursday, October 15.  The block of rooms, at the
government rate of $140/night, is being held until September 30.  Please call the
Crowne Plaza Hotel at 952-854-9000 and reference the USFWS to reserve your
room.  Please note that the cancellation policy for this hotel is 24 hours prior to
check-in.

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601

mailto:jodi_bush@fws.gov
mailto:elaine_leslie@nps.gov
mailto:glenn_plumb@nps.gov
mailto:rick_kahn@nps.gov


(406) 449-5225, ext.205

On Fri, Sep 25, 2015 at 3:35 PM, Leslie, Elaine <elaine_leslie@nps.gov> wrote:
Hi Jodi

Thanks so much for your call....I am copying Glenn and Rick on this......Glenn is the Chief Wildlife Biologist for
the NPS and Rick is our senior wildlife biologist who has lots of lynx experience.

We would definitely like to be engaged at the national level and loop the parks in.  I understand there is a meeting
coming up soon in Minnesota....Glenn and Rick, can you please give Jodi a call and get the details?

Thanks so much Jodi!

Elaine

Jodi:   406 449 5225 x205

Elaine F. Leslie
Chief, Biological Resources
Natural Resource Stewardship and Science
National Park Service
970 267-2135

mailto:elaine_leslie@nps.gov


U.S. Fish & Wildlife Service

The Species Status 
Assessment Framework
An Integrated Framework for Conservation

“The greatest danger in times of turbulence 
is not the turbulence; it is to act with 
yesterday’s logic.”  
— Peter Drucker

Although significant progress has been made in safeguarding 
species and their habitats, limited resources and an ever-increasing 
workload jeopardize our long-term effectiveness at fulfilling our 
responsibilities.  In addition, novel and significant conservation 
challenges lie ahead, including a changing climate.  While we 
continue to build on our successes, ensuring successful conservation 
and recovery of the nation’s species requires an increasing 
commitment to new ways of thinking, working, and sharing.  
From a budgetary and conservation standpoint, we simply cannot 
afford business as usual.  The Species Status Assessment (SSA) 
Framework, in concert with other transformative efforts, better 
allows us to meet the complex challenges ahead and guide our 
efforts to continually enhance our conservation success.

The SSA Framework
The SSA Framework is an analytical framework for assessing 
a species’ biological condition and level of viability.  Building on 
the best of our current analytical processes and the latest in 
conservation biology, this framework integrates analyses that are 
common to all ESA functions, eliminates duplicative and costly 
processes, and allows us to strategically focus on our core mission 
of preventing extinction and achieving recovery.  In addition, the 
SSA Framework provides a structure for effectively engaging with 
our State partners and soliciting peer review.

Our Vision
Our vision is a common, consistent, repeatable, scientifically sound 
approach that will serve as the basis for future ESA decisions.  
Using the SSA Framework early provides the context for a decision 
on whether protections are warranted, then for decisions regarding 
what is needed for its conservation and recovery, what the greatest 
research needs are, and how public or private actions may affect 
the species.  Staff in each region are available to provide support 
and training to help ensure we continue to build on the successes 
the SSA Framework has already delivered.  

“The Species Status Assessment offers a 
unique opportunity to transform how the 
U.S. Fish and Wildlife Service delivers 
conservation.”   
–  Gary Frazer, Assistant Director  
    Ecological Services Program

     Realized Benefits  
By having the biological analyses in 
the SSA report, and referencing it in 
the proposed listing rule, we saved an 
estimated 65 pages of Federal Register 
printing – a $30,000 cost saving – for the 
New Mexico meadow jumping mouse 
proposed rule alone.

Efficiency – structured and repeatable 
biological analysis saves time 

Defensibility – analysis grounded in 
accepted science and a logical process 
with explicit assumptions and complete 
reasoning will inform our statutory 
decisions

Consistency – consistent framework and 
terminology will be used across all ESA 
functions and across regions and field 
offices

Effectiveness – clearly articulated 
reasoned decisions will foster effective 
communication and make for better 
conservation

Collaboration – a better forum for being 
inclusive; partners, particularly States, 
are more likely to understand and support

New Mexico meadow jumping mouse.  
Credit: USFWS



U. S. Fish and Wildlife Service
Endangered Species Program
4401 N. Fairfax Drive, Room 420
Arlington, VA 22203
703-358-2171
 
March 2014

Species Status Assessement Framework

SPECIES VIABILITY

SPECIES CURRENT CONDITION

SPECIES NEEDS

Current Availability
or Condition of those Needs

Future Availability
or Condition of those Needs

Assessing the species level of viability is achieved by completing the above 
assessment framework. Credit: USFWS

Gunnison’s prairie dog. Credit: USFWS 

Applying SSA
We begin an SSA with an 
understanding of the species’ unique 
life history, and from that evaluate 
a species’ needs or biological 
requirements at the scales of 
individuals, populations, and species.  
We then consider the current and 
future availability or condition of those 
needs and investigate the reasons those 
needs are missing.  The consequences 
of any missing needs are assessed 
to describe the current condition of 
the species, and project the future 
species condition over time.  Using the 
principles of resilience, representation, 
and redundancy, the species’ level of 
viability and risks to its viability are 
evaluated and characterized.  Generally, 
the more redundant, representative, 
and resilient a species is, the more 
likely it is to persist over time, even 
under changing environmental 
conditions.  The characterization of 
viability is enhanced by estimates at 
multiple time intervals under a range 
of probable scenarios to describe the 
possible changes in viability over time 
and to characterize the uncertainty.  

Where to Learn More  
Visit https://sites.google.com/a/
fws.gov/ssa/ to see examples of SSA 
reports, connect with others who have 
applied the Framework, get answers 
to frequently asked questions, find 
contact information for your Region’s 
SSA Framework Implementation Team 
member, and access the guidance on 
applying the draft SSA Framework.  

“The SSA is an intuitive 
framework that, once 
completed, allowed 
me to more clearly and 
quickly develop, explain, 
and write my listing 
argument.”  
– Craig Hansen, Species Lead for  
   Gunnison’s prairie dog

https://sites.google.com/a/fws.gov/ssa/


DRAFT Summary of Lynx Surveys Winter 2014-2015  
(results may change as we work through additional questions) 

 
This summary is based on data from: 

1. Surveyed routes (received 17-Jul, updated 29-Sep)  
2. Lynx detections (received 17-Jul, updated 29-Sep)  
3. Lynx DNA database (received 25-Sep) 

 
Surveys 

• 67 surveys were conducted between 20-Nov-2014 and 11-Mar-2015 
o Surveys occurred on 48 different days 
o 8 different observers 

• Surveys covered >3,100 km (Figure 1) 
o Minimum length = <1 km, maximum length = 159 km 
o  Surveys occurred in 39 out of 50 LAUs (are there 50?) 

 
Detections 

• 398 lynx detections  
o Detections per survey ranged from 0 to 32. 

• Lynx detected in 25 of the 39 surveyed LAU’s 
 
Genetic samples 

• 112 Lynx samples were collected between 12-Nov-2014 and 12-May-2015 
• 65 of these samples were collected during a recorded survey (i.e., we have effort data 

associated with these samples, See question 1) 
• From these 65 samples: 

o 36 unique individuals 
o 8 Individuals captured during >1 survey (max = 4; Table 1; Figure 2) 
o Movements between recaptures were often small (Figure 2) 

 Maximum distance was <6 km for 5 of 8 individuals  (Table 1) 
 2 individuals moved >40 km (43 and 60 km) 

 

  



 

Figure 1. Locations of survey routes (red), lynx detections (blue), and uniquely identified lynx via genetic 
material (green) during winter 2014-2015. National forest in green, LAU boundaries in grey. 

 

  



 

Figure 2. Locations of individual lynx captured during multiple surveys. Each individual is uniquely color-
coded. National forest in green, LAU boundaries in grey. 

 

  



Table 1. Detections of uniquely identified lynx during winter 2014-2015 and the maximum distance 
between collection locations for an individual.  

RMRS_Ref Detections Sex Age max distance (km) 
GLNR-S-750 4 Female Unknown 60 
LOCH-S-132 3 Female Adult 6 
GLNR-S-756 3 Female Unknown 43 
GLNR-S-767 2 Male Unknown 1 
GLNR-S-814 2 Male Unknown 4 
GLNR-S-720 2 Male Unknown 3 
GLNR-S-454 2 Male Adult 5 
GLNR-H-119 2 Male Adult 12 
 

  



Questions: Gentic material collection dates do not always match survey dates. (were these separate 
trips to specifically collect genetic material?) 

Example 1  

• On 3-Feb (blue), 4 pieces of genetic material were collected (blue dots), but not where surveys 
occurred on that day (blue lines) 

• Alternatively, on 6-Feb, genetic material (1 scat; green dot) was collected during a survey on 
that date (green lines).  

 

Figure 3. Survey routes and genetic material collection locations.  

 

  



Example 2.  

• GLNR-H-125 was ‘captured’ twice last winter. First during a survey on 13-Jan (green), then again 
on 12-Feb (red dot). The survey at the second location was on 17-Feb, 5 days after collection 
(short blue line under red dot). 

 

 

Figure 4. Survey routes and genetic material collection locations associated with lynx GLNR-H-125.  



From: Nathan Hostetter
To: Smith, Tamara
Cc: Catton, Timothy J -FS; Ryan, Daniel C -FS; Grosshuesch, David A -FS; Beth Gardner; Catton, Susan J -FS
Subject: Re: Lynx Surveys
Date: Friday, October 02, 2015 7:16:54 AM
Attachments: lynx_summary_2015.docx

Hi All,

Attached is a brief (draft) summary of last winter's lynx surveys. 

Dan, Tim, and Dave - Let me know what errors/discrepancies you find in the summary. One
of my goals for today is to verify this final dataset and that I am interpreting it correctly.

Thanks,
-Nathan

On Wed, Sep 30, 2015 at 7:55 AM, Nathan Hostetter <njhostet@ncsu.edu> wrote:
All,

Call in details:
Date: Friday, 2-Oct.
Time: 11:00 am to 1:00 pm (Eastern)
Number: 919-512-6306

I blocked off 2 hours, but do not expect it to take that long. I'll send out a summary of last
winter's surveys prior to the meeting. Some topics for the call: summarize last season's data,
aspects important to data analysis (e.g., poor snow year, focused surveys in certain areas,
etc.), possible analysis options. 

Thanks,
-Nathan

On Thu, Sep 17, 2015 at 3:43 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Sounds good - talk to you then!

On Thu, Sep 17, 2015 at 1:24 PM, Nathan Hostetter <njhostet@ncsu.edu> wrote:
Hey Everyone,

Tough crowd. Let's schedule Friday 2-Oct, 11a-1p (Eastern). Dave may not be able to
make it, but he and I can talk on Thursday.

Let me know if your availability has changed. Thanks!

-Nathan 

On Tue, Sep 15, 2015 at 5:47 PM, Nathan Hostetter <njhostet@ncsu.edu> wrote:
Hi Everyone,
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First round didn’t work, let’s try the week of 28-Sep. All times are eastern.

http://doodle.com/poll/asqwppw3a88hcen6

Looking forward to hearing about the DNA results Tim! Thanks,
-Nathan

On Mon, Sep 14, 2015 at 5:07 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Nathan,  

Thank you for organizing this call! 

Sorry - I'll be at a meeting all next week and can only make the call on Friday the
25th.  

Thanks, 
Tama   

On Mon, Sep 14, 2015 at 11:07 AM, Catton, Timothy J -FS <tcatton@fs.fed.us>
wrote:

Pretty good timing.  We have recently received the DNA results back from the bulk of
our 2014-2015 samples, just waiting on a few re-extractions which should be coming
this week.  I can then update the database and distribute.

 

Tim

 

From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Monday, September 14, 2015 10:16 AM
To: Catton, Timothy J -FS; Ryan, Daniel C -FS; Grosshuesch, David A -FS; Beth Gardner;
Catton, Susan J -FS; Tamara_Smith@fws.gov
Subject: Lynx Surveys

 

Hi All,

 

Let’s get the group together to discuss last winter’s lynx data, timeline for genetic
results, and ideas for what next. A few afternoon time slots are on a doodle poll
(times are ET). Let me know ASAP if you are unavailable next week so I can
reschedule.

 

http://doodle.com/poll/asqwppw3a88hcen6
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http://doodle.com/poll/4hqkqpvnffr9cx5r

 

Thanks!

-Nathan

 

---

Nathan J. Hostetter

Ph.D. student

NC State University

Department of Forestry and Environmental Resources

Campus Box 8001

Raleigh, NC  27695

P: 1-541-410-1453

njhostet@ncsu.edu

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219

http://doodle.com/poll/4hqkqpvnffr9cx5r
tel:1-541-410-1453
mailto:njhostet@ncsu.edu
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612-600-1599 cell 

tel:612-600-1599


From: Zicari, Laury
To: Martin Miller; Mary Parkin
Subject: Fwd: Agenda and other materials for lynx workshop
Date: Monday, October 05, 2015 8:24:41 AM

as mentioned on my voicemail message.  for your information.  Mark is on leave in
Ottawa this week but is in touch.
---------- Forwarded message ----------
From: Daniel Harrison <harrison@maine.edu>
Date: Mon, Oct 5, 2015 at 10:09 AM
Subject: Re: Agenda and other materials for lynx workshop
To: "Zelenak, Jim" <jim_zelenak@fws.gov>
Cc: Laury Zicari <Laury_Zicari@fws.gov>, Mark McCollough
<Mark_McCollough@fws.gov>

5 October 2015

Dear Jim,

This morning I received the agenda for the expert elicitation workshop and the phone message
that you sent on Friday afternoon 10/2.  I was asked verbally to attend as the invited expert
representing Maine sometime in August and have been juggling to fit this important meeting
into an October agenda that includes 3 other out-of-state trips, including a 3-day trip to
Hadley, MA to work with FWS on our collaborative forest bird project, and a myriad of
university deadlines --- while also serving as Chair of a growing academic department.  I have
been working to compile science updates for Maine lynx population based on 7 graduate
theses, 7 refereed publications, and 6 papers in prep that address the first empirical data on
long-term trends in hare populations in Maine's Acadian forests, reliance of hare in southern
populations during periods of high and low hare density, social, behavioral and habitat
responses of lynx to shifting hare densities, and historical and current distributional changes of
lynx in Maine.  My topical approach was based on a long list of items that I was asked to
cover in previous e-mails and discussions and via meetings with with FWS biologists
associated with lynx conservation. 

Based on your phone call and draft agenda, the presentation on eastern lynx populations,
which represent the vast majority of lynx occurring in the coterminous 48 states, is allotted
only 1/7th of the agenda for population status updates. There also is no time scheduled for a
discussion of hare populations in the eastern portion of the DPS.  Furthermore, your phone
message received this morning indicates that you now want me to split the Maine presentation
with another invited expert representing the Maine Department of Inland Fisheries and
Wildlife. You have further requested that I work to dovetail my presentation with that
speaker.  I am leaving tomorrow for another FWS workshop and would not have another day
in the office prior to departing for the lynx meeting, so that will not be practical.  This is also a
difficult request given that MDIFW has repeatedly expressed a politically-based agenda to
have eastern lynx listed as a separate DPS and for that new DPS to be de-listed based on
unpublished, non-peer reviewed science.  The peer-reviewed science from my lab has been
consistently refuted by that agency based on inconvenient results that run contrary to that
agenda.  Thus, condensing my presentation to 15 minutes on short notice and asking me to
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integrate my science-based talk with the unpublished and non-peer reviewed data that has not
been shared with me is untenable. I also do not wish to get involved in an open debate of the
value of peer-reviewed science versus non-peer reviewed observations at a scientific meeting. 

Regretfully, I have decided not to attend the Lynx SSA Expert Solicitation Workshop.  My
decision is based on the fact that there would be redundancy with 4 invited experts present
from Maine, the late notice of the agenda does not allow me to meet your requests given my
competing timelines, and the exceptionally brief opportunity to share eastern findings does not
warrant 4 days out of office.  Further, the likely presence of a political agenda in what had
been described to me as a science-based meeting will likely be counter-productive.  Those
political discussions occur via many venues and I thought this meeting was intended to be
science-based.  Most importantly, a fifteen minute opportunity to share 2 decades of research,
and which would required 4 days out of office, including travel, does not fit into a schedule
dominated by a host of other research and university deadlines.  

Obviously, I have numerous concerns with how this meeting has been planned and the poor
and untimely communication with experts representing the eastern portion of the DPS. 
Regardless, I wish you all a productive meeting and hope that the outcomes can contribute is
some way to lynx conservation and recovery.

Sincerely,

Dan Harrison 
    

Daniel J. Harrison
Professor and Chair - Department of Wildlife, Fisheries, and Conservation Biology
Cooperating Professor of Sustainable Forestry
The University of Maine
5755 Nutting Hall, Room 210
Orono, ME 04469-5755
(207) 581-2867
harrison@maine.edu

On Fri, Oct 2, 2015 at 6:20 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Greetings lynx experts and other presenters!

I've attached the draft agenda for the Oct. 13-15 lynx expert elicitation workshop in Minneapolis. It may be
revised slightly as the timing of one or two presentations is still being discussed, but it should give you a feel for
what to expect at the workshop.

As you will see, except where there may be several presenters on a given topic or where one presenter will cover
several topics or populations, we have assigned half-hour slots to most presentations.  This is to include 20
minutes for presentations and 10 minutes for questions and discussion.

I've reached out to most presenters to discuss the topics we hope you will cover.  For those presenting the status
updates on the individual lynx populations in the DPS, we would like the focus to be on the current versus historic
and likely future status and threats to lynx in each particular geographic area (as opposed to updates on specific
recent research efforts that otherwise do not address those areas). In addition to presenters, we will welcome
discussion/ input from others on the expert panel who are familiar with lynx populations in specific geographic
areas.
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For all presenters, we ask that you include notes within your presentations, as the presentations themselves will
become part of the administrative record as we move forward with completing the SSA report and beginning the
recovery planning process.  Several of our State, Federal and Tribal partners have also asked that the
presentations and other workshop materials be made available, and we hope to honor those requests.  After the
workshop, we will summarize the notes and proceedings, and we will distribute those to presenters and experts
for your review before we distribute them to other interested parties.  

I've also attached (1) a one-pager with definitions of the "3 Rs" - Representation, Resiliency and Redundancy -
which we consider when evaluating a species' likely viability; (2) a species status assessment (SSA) fact sheet that
you may have seen before; and (3) a white paper describing the expert elicitation process and the need and
methods to avoid conflicts with the Federal Advisory Committee Act (FACA) and the Administrative Procedures
Act (APA).

Please review each of these documents before the workshop.

Next week, I will also send out some examples of the kinds of questions we will be trying address at the
workshop, and some draft conceptual models we've worked up to try to illustrate factors/pathways that may
influence lynx in the DPS in terms of the 3 Rs.

I'm really looking forward to seeing everyone in a few weeks and learning from your combined experience and
expertise.  Thanks again for agreeing to help us with the lynx SSA.

Have a great weekend!

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 

Laury Zicari
Field Supervisor
Maine Field Office
17 Godfrey Drive, Suite 2
Orono, ME   04473
207-866-3344 x 1111
Fax  866-3351
Cell 207-949-0561
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From: Zelenak, Jim
To: Baty, Ross
Cc: Jodi Bush
Subject: Re: FW: Reminder: Lynx SSA Coordination Call
Date: Monday, October 05, 2015 9:23:37 AM

Hi Ross,

We provided an update on our preparations for the lynx expert elicitation workshop in Minneapolis next week. We
reminded folks that this meeting must be kept small to facilitate robust exchange of information and discussion
among lynx experts.  That said, we have worked with AFWA and State agencies to select a small number of state-
agency representatives to participate as observers at the workshop.  We also reminded folks that we will make the
workshop notes and presentations available to anyone who is interested after the workshop, and that the SSA report
that will be informed by the workshop will be sent around for review by the states, and it will be peer-reviewed.  Of
course, as we begin the recovery planning process, there will be additional opportunities for State engagement and
participation.

Let me know if you have questions.

Jim    

On Thu, Oct 1, 2015 at 12:59 PM, Baty, Ross <rbaty@mt.gov> wrote:

Hi Jim,

Were there any high points from this call you might be able to share with me?  Notice about the
call didn’t trickle down to me until this morning.  Anything you might share would be helpful. 
Thanks.  Ross

 

 

From: Tubbs, John 
Sent: Wednesday, September 30, 2015 8:17 AM
To: Thomas, Shawn; Germann, Sonya
Cc: Yates, Anne
Subject: FW: Reminder: Lynx SSA Coordination Call

 

Next species up for a decision.

 

 

John E. Tubbs, Director

Montana Department of Natural Resources and Conservation
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(406) 444-1948

 

From: "Zelenak, Jim" <jim_zelenak@fws.gov>
Date: Tuesday, September 29, 2015 at 4:02 PM
To: "bob.broscheid@state.co.us" <bob.broscheid@state.co.us>, Jake Ivan - DNR
<jake.ivan@state.co.us>, "Odell, Eric" <eric.odell@state.co.us>, "Moore,Virgil"
<virgil.moore@idfg.idaho.gov>, "Dustin Miller (dustin.miller@osc.idaho.gov)"
<dustin.miller@osc.idaho.gov>, Joshua Uriarte <Joshua.Uriarte@osc.idaho.gov>, "Sallabanks,Rex"
<rex.sallabanks@idfg.idaho.gov>, Sam Eaton <Sam.Eaton@osc.idaho.gov>,
"Chandler.woodcock@maine.gov" <Chandler.woodcock@maine.gov>, "Vashon, Jennifer"
<jennifer.vashon@maine.gov>, "moritzw@michigan.gov" <moritzw@michigan.gov>, "DNR-
Wildlife@michigan.gov" <DNR-Wildlife@michigan.gov>, "commissioner.dnr@state.mn.us"
<commissioner.dnr@state.mn.us>, "Ed.Boggess@state.mn.us" <Ed.Boggess@state.mn.us>,
"Baker, Richard (DNR)" <richard.baker@state.mn.us>, "john.erb@state.mn.us"
<john.erb@state.mn.us>, "M. Hagener" <JHagener@mt.gov>, John Tubbs <JTubbs@mt.gov>,
"McDonald, Ken" <kmcdonald@mt.gov>, "Inman, Bob" <bobinman@mt.gov>, "Kolbe, Jay"
<jkolbe.fwp@gmail.com>, "glenn.normandeau@wildlife.nh.gov"
<glenn.normandeau@wildlife.nh.gov>, "alexandra.sandoval@state.nm.us"
<alexandra.sandoval@state.nm.us>, "patricia.riexinger@dec.ny.gov"
<patricia.riexinger@dec.ny.gov>, "curt.melcher@state.or.us" <curt.melcher@state.or.us>, Greg
Sheehan <GregSheehan@utah.gov>, Kimberly Hersey <kimberlyasmus@utah.gov>,
"louis.porter@state.vt.us" <louis.porter@state.vt.us>, mark scott <mark.scott@state.vt.us>,
"Bernier, Chris" <chris.bernier@state.vt.us>, "director@dfw.wa.gov" <director@dfw.wa.gov>,
"cpl@dnr.wa.gov" <cpl@dnr.wa.gov>, "Lewis, Jeffrey C (DFW)" <Jeffrey.Lewis@dfw.wa.gov>,
"cathy.stepp@wisconsin.gov" <cathy.stepp@wisconsin.gov>, "kurt.thiede@wisconsin.gov"
<kurt.thiede@wisconsin.gov>, "scott.talbot@wyo.gov" <scott.talbot@wyo.gov>, Bob Lanka
<bob.lanka@wyo.gov>, Zack Walker <zack.walker@wyo.gov>, Nichole Cudworth
<nichole.cudworth@wyo.gov>, "Nick.Wiley@myfwc.com" <Nick.Wiley@myfwc.com>,
"craig.mclaughlin@state.co.us" <craig.mclaughlin@state.co.us>, "Connolly, James"
<James.Connolly@maine.gov>, "bumpa@michigan.gov" <bumpa@michigan.gov>,
"kennedyd@michigan.gov" <kennedyd@michigan.gov>, "Paul.Telander@state.mn.us"
<Paul.Telander@state.mn.us>, "Mark.Ellingwood@wildlife.nh.gov"
<Mark.Ellingwood@wildlife.nh.gov>, "John.Kanter@wildlife.nh.ogv"
<John.Kanter@wildlife.nh.ogv>, "Jill.Killborn@wildlife.nh.gov" <Jill.Killborn@wildlife.nh.gov>,
"William.Staats@wildlife.nh.gov" <William.Staats@wildlife.nh.gov>, "Patrick.Tate@wildlife.nh.gov"
<Patrick.Tate@wildlife.nh.gov>, "stewart.liley@state.nm.us" <stewart.liley@state.nm.us>,
"rick.winslow@state.nm.us" <rick.winslow@state.nm.us>, "Jensen, Paul G (DEC)"
<paul.jensen@dec.ny.gov>, "Tom.Hauge@Wisconsin.gov" <Tom.Hauge@Wisconsin.gov>,
"Erin.Crain@Wisconsin.gov" <Erin.Crain@Wisconsin.gov>, "Owen.Boyle@Wisconsin.gov"
<Owen.Boyle@Wisconsin.gov>, "Johnf.olson@Wisconsin.gov" <Johnf.olson@Wisconsin.gov>,
"David.MacFarland@Wisconsin.gov" <David.MacFarland@Wisconsin.gov>,
"John.White@Wisconsin.gov" <John.White@Wisconsin.gov>, "NathanM.Roberts@wisconsin.gov"
<NathanM.Roberts@wisconsin.gov>, "Benjamin.Maletzke@dfw.wa.gov"
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<Benjamin.Maletzke@dfw.wa.gov>
Cc: Jodi Bush <jodi_bush@fws.gov>, Seth Willey <seth_willey@fws.gov>, Mary Parkin
<mary_parkin@fws.gov>, Heather Bell <heather_bell@fws.gov>, Jonathan Cummings
<jwcummings@usgs.gov>, Mark McCollough <mark_mccollough@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>
Subject: Reminder: Lynx SSA Coordination Call

 

Hi All:

 

Just a reminder that tomorrow (Wednesday, Sept. 30) from 1 - 2:30 PM Mountain Time, we will hold our
3rd monthly coordination call with State agencies regarding the species status assessment for the Canada
lynx DPS.

 

Call-in: 866-822-7385

Participant passcode:  5396168

 

If we have failed to include anyone from your agency on this distribution list, please forward this to them.

 

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

mailto:Benjamin.Maletzke@dfw.wa.gov
mailto:jodi_bush@fws.gov
mailto:seth_willey@fws.gov
mailto:mary_parkin@fws.gov
mailto:heather_bell@fws.gov
mailto:jwcummings@usgs.gov
mailto:mark_mccollough@fws.gov
mailto:tamara_smith@fws.gov
mailto:bryon_holt@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:jim_zelenak@fws.gov


-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Bush, Jodi
To: Zelenak, Jim
Subject: Re: Reminder: Lynx SSA Coordination Call
Date: Monday, October 05, 2015 9:48:44 AM

thank you.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Oct 5, 2015 at 9:46 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
This has the email distribution list for the reminder for the last State coordination call.  We
could add Ross Baty with MT DNRC: 

rbaty@mt.gov

 
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, Sep 29, 2015 at 4:02 PM
Subject: Reminder: Lynx SSA Coordination Call
To: bob.broscheid@state.co.us, Jake Ivan - DNR <jake.ivan@state.co.us>, "Odell, Eric"
<eric.odell@state.co.us>, "Moore,Virgil" <virgil.moore@idfg.idaho.gov>, "Dustin Miller
(dustin.miller@osc.idaho.gov)" <dustin.miller@osc.idaho.gov>, Joshua Uriarte
<Joshua.Uriarte@osc.idaho.gov>, "Sallabanks,Rex" <rex.sallabanks@idfg.idaho.gov>, Sam
Eaton <Sam.Eaton@osc.idaho.gov>, Chandler.woodcock@maine.gov, "Vashon, Jennifer"
<jennifer.vashon@maine.gov>, moritzw@michigan.gov, DNR-Wildlife@michigan.gov,
commissioner.dnr@state.mn.us, Ed.Boggess@state.mn.us, "Baker, Richard (DNR)"
<richard.baker@state.mn.us>, john.erb@state.mn.us, jhagener@mt.gov, JTubbs@mt.gov,
"McDonald, Ken" <kmcdonald@mt.gov>, "Inman, Bob" <bobinman@mt.gov>, Jay Kolbe
<jkolbe.fwp@gmail.com>, glenn.normandeau@wildlife.nh.gov,
alexandra.sandoval@state.nm.us, patricia.riexinger@dec.ny.gov, curt.melcher@state.or.us,
Greg Sheehan <GregSheehan@utah.gov>, Kimberly Hersey <kimberlyasmus@utah.gov>,
louis.porter@state.vt.us, mark scott <mark.scott@state.vt.us>, "Bernier, Chris"
<chris.bernier@state.vt.us>, director@dfw.wa.gov, cpl@dnr.wa.gov, "Lewis, Jeffrey C
(DFW)" <Jeffrey.Lewis@dfw.wa.gov>, cathy.stepp@wisconsin.gov,
kurt.thiede@wisconsin.gov, scott.talbot@wyo.gov, Bob Lanka <bob.lanka@wyo.gov>,
Zack Walker <zack.walker@wyo.gov>, Nichole Cudworth <nichole.cudworth@wyo.gov>,
Nick.Wiley@myfwc.com, craig.mclaughlin@state.co.us, "Connolly, James"
<James.Connolly@maine.gov>, bumpa@michigan.gov, kennedyd@michigan.gov,
Paul.Telander@state.mn.us, Mark.Ellingwood@wildlife.nh.gov,
John.Kanter@wildlife.nh.ogv, Jill.Killborn@wildlife.nh.gov,
William.Staats@wildlife.nh.gov, Patrick.Tate@wildlife.nh.gov, stewart.liley@state.nm.us,
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rick.winslow@state.nm.us, "Jensen, Paul G (DEC)" <paul.jensen@dec.ny.gov>,
Tom.Hauge@wisconsin.gov, Erin.Crain@wisconsin.gov, Owen.Boyle@wisconsin.gov,
Johnf.olson@wisconsin.gov, David.MacFarland@wisconsin.gov,
John.White@wisconsin.gov, NathanM.Roberts@wisconsin.gov,
Benjamin.Maletzke@dfw.wa.gov
Cc: Jodi Bush <jodi_bush@fws.gov>, Seth Willey <seth_willey@fws.gov>, Mary Parkin
<mary_parkin@fws.gov>, Heather Bell <heather_bell@fws.gov>, Jonathan Cummings
<jwcummings@usgs.gov>, Mark McCollough <mark_mccollough@fws.gov>, Tamara
Smith <tamara_smith@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>

Hi All:

Just a reminder that tomorrow (Wednesday, Sept. 30) from 1 - 2:30 PM Mountain Time, we
will hold our 3rd monthly coordination call with State agencies regarding the species status
assessment for the Canada lynx DPS.

Call-in: 866-822-7385
Participant passcode:  5396168

If we have failed to include anyone from your agency on this distribution list, please forward
this to them.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zicari, Laury
To: Martin Miller; Mary Parkin
Subject: Fwd: Agenda and other materials for lynx workshop
Date: Monday, October 05, 2015 10:03:27 AM

Paul was part of this decision; we did not know that but it makes sense that Jim
would call him directly.
---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Mon, Oct 5, 2015 at 11:39 AM
Subject: Re: Agenda and other materials for lynx workshop
To: "McCollough, Mark" <mark_mccollough@fws.gov>
Cc: "Zelenak, Jim" <jim_zelenak@fws.gov>, Laury Zicari <laury_zicari@fws.gov>

Mark.  I realize that the shortened time frame for the agenda, meeting notice and subsequent
products is frustrating for everyone.  However, we have a timeline that we are required to meet
and a process that we have been asked to use and state partners that we have agreed to bring
into the process.  We will do the best we can to meet those commitments - even when we are
faced with controversy within states between academia and state science.  

Lets not give up on Dan until you have talked to him and we feel like he will not change his
mind.  

Paul Phifer is also aware of the situation as it was due to Jim Connelly's discussion with him
that we decided to allow Jennifer to present the states information after Dan.  In retrospect
perhaps we should have talked to Dan before just moving forward with that on the agenda.  

In any case, thank you for working with Maine to figure this out.  Be assured that you are not
the only state with these types of issues.  JB

 

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Oct 5, 2015 at 9:23 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Jim:  

I think that Erin could present the Maine summary.  If that is the case, I request that Jen
present first and Erin last.  I know that Dan spent considerable time on the Maine
presentation last week.  I spent 2 hours with him and subsequently sent a number of figures,
maps, etc. for the presentation.  I hope he would share the presentation he prepared with
Erin.
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I have not called Dan, and may call him after our call at noon to see where things stand.

I was not aware of the deepness of the dispute, and was surprised by the reaction of Jen last
week and Dan today.  Dan is not always in agreement with the scientific rigor and
interpretations that the State has produced - published and unpublished.  The State has
sometimes opposed and discounted the UMaine research, even the conclusions of peer-
reviewed publications on which the State biologists were coauthors.  Likewise, the Service
had concerns about some of the interpretations of lynx and hare status, home range, and
habitat needs presented in the State's trapping HCP. 

Having met with both Dan and Erin last week, I was comfortable with the scientific integrity
of the information they would have presented.  I will have no opportunity to preview what
the State will present.  

This is unfortunate.

Mark

On Mon, Oct 5, 2015 at 11:01 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks, Mark.

Dan called me just before his email arrived and I didn't have a chance to read it until after he hung up. 
Sounded like his mind was made up, though I tried to explain many of the same things you did in your email
reply to him.  It would be nice to give every researcher all the time needed to describe each research effort, but
that could take a whole week and we'd never get to the elicitation part of it.

I hope he will reconsider, but I'm doubtful.  Guess I didn't understand the depth of the divide between the
university and the state.  If nothing else, it may have opened a spot on the agenda for Erin - do you think she
would be agreeable to contributing to the Maine population update presentation?

On Mon, Oct 5, 2015 at 8:31 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Dan:

I ask that you please re-consider...

The expert elicitation meeting is meant to be an ongoing discussion of lynx/hare ecology
throughout the DPS.  Although the agenda reflects a series of presentations, it is not
supposed to be a conference - it is designed to be a dialogue.  Your input is greatly
needed.  Lynx/hare ecology has similarities, but there are significant differences
throughout their range, particularly as it pertains to Maine.  

Given your 15 years of experience, you are recognized as a lynx/hare expert for the
Northeast.  No one has better peer-reviewed data and publication record, which is why
the USFWS asked you to prepare the Maine presentation. We really want you to be
present and be able to discuss the research results from Maine - much of which the
Service funded along with forest industry.  Your absence would be a great loss to our
expert elicitation process. Our process is dependent on the best available science.  Please
reconsider.

Having worked in a state agency and taught wildlife policy, I think you can understand
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the difficult political position that the USFWS is in trying to balance state interests with
our task of developing a lynx recovery plan.  The "best" available science should be
apparent.  The group of scientists assembled can ask critical questions and should be
able to assess the rigor and quality of the information presented.  I know that you pride
yourself for being true to the scientific process, and that will be apparent.

I have expressed my concerns to Jim about the differences of opinion concerning
USFWS, State, and UMaine concerning the status of lynx, hares, and their habitat in
Maine.  I had hoped that we could discuss these differences in a professional manner.

I am in a difficult position.  You know how I feel about the science and the quality of
your work.  However, as a core member of the USFWS team, I have limited ability to be
involved in the discussion, and although I feel qualified to represent your (our) research,
I cannot make the Maine presentation.  Nor could I begin to represent your depth of
knowledge on the subject.  You truly are our expert.

Thus, as a friend and colleague, I would ask that you please reconsider.  Perhaps Jim can
talk to you as he did with Jen last Friday.

Thank you,  Mark

On Mon, Oct 5, 2015 at 10:09 AM, Daniel Harrison <harrison@maine.edu> wrote:
5 October 2015

Dear Jim,

This morning I received the agenda for the expert elicitation workshop and the phone
message that you sent on Friday afternoon 10/2.  I was asked verbally to attend as the
invited expert representing Maine sometime in August and have been juggling to fit
this important meeting into an October agenda that includes 3 other out-of-state trips,
including a 3-day trip to Hadley, MA to work with FWS on our collaborative forest
bird project, and a myriad of university deadlines --- while also serving as Chair of a
growing academic department.  I have been working to compile science updates for
Maine lynx population based on 7 graduate theses, 7 refereed publications, and 6
papers in prep that address the first empirical data on long-term trends in hare
populations in Maine's Acadian forests, reliance of hare in southern populations
during periods of high and low hare density, social, behavioral and habitat responses
of lynx to shifting hare densities, and historical and current distributional changes of
lynx in Maine.  My topical approach was based on a long list of items that I was asked
to cover in previous e-mails and discussions and via meetings with with FWS
biologists associated with lynx conservation. 

Based on your phone call and draft agenda, the presentation on eastern lynx
populations, which represent the vast majority of lynx occurring in the coterminous 48
states, is allotted only 1/7th of the agenda for population status updates. There also is
no time scheduled for a discussion of hare populations in the eastern portion of the
DPS.  Furthermore, your phone message received this morning indicates that you now
want me to split the Maine presentation with another invited expert representing the
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Maine Department of Inland Fisheries and Wildlife. You have further requested that I
work to dovetail my presentation with that speaker.  I am leaving tomorrow for
another FWS workshop and would not have another day in the office prior to
departing for the lynx meeting, so that will not be practical.  This is also a difficult
request given that MDIFW has repeatedly expressed a politically-based agenda to
have eastern lynx listed as a separate DPS and for that new DPS to be de-listed based
on unpublished, non-peer reviewed science.  The peer-reviewed science from my lab
has been consistently refuted by that agency based on inconvenient results that run
contrary to that agenda.  Thus, condensing my presentation to 15 minutes on short
notice and asking me to integrate my science-based talk with the unpublished and non-
peer reviewed data that has not been shared with me is untenable. I also do not wish to
get involved in an open debate of the value of peer-reviewed science versus non-peer
reviewed observations at a scientific meeting. 

Regretfully, I have decided not to attend the Lynx SSA Expert Solicitation Workshop. 
My decision is based on the fact that there would be redundancy with 4 invited experts
present from Maine, the late notice of the agenda does not allow me to meet your
requests given my competing timelines, and the exceptionally brief opportunity to
share eastern findings does not warrant 4 days out of office.  Further, the likely
presence of a political agenda in what had been described to me as a science-based
meeting will likely be counter-productive.  Those political discussions occur via many
venues and I thought this meeting was intended to be science-based.  Most
importantly, a fifteen minute opportunity to share 2 decades of research, and which
would required 4 days out of office, including travel, does not fit into a schedule
dominated by a host of other research and university deadlines.  

Obviously, I have numerous concerns with how this meeting has been planned and the
poor and untimely communication with experts representing the eastern portion of the
DPS.  Regardless, I wish you all a productive meeting and hope that the outcomes can
contribute is some way to lynx conservation and recovery.

Sincerely,

Dan Harrison 
    

Daniel J. Harrison
Professor and Chair - Department of Wildlife, Fisheries, and Conservation Biology
Cooperating Professor of Sustainable Forestry
The University of Maine
5755 Nutting Hall, Room 210
Orono, ME 04469-5755
(207) 581-2867
harrison@maine.edu

On Fri, Oct 2, 2015 at 6:20 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Greetings lynx experts and other presenters!

I've attached the draft agenda for the Oct. 13-15 lynx expert elicitation workshop in Minneapolis. It may
be revised slightly as the timing of one or two presentations is still being discussed, but it should give
you a feel for what to expect at the workshop.
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As you will see, except where there may be several presenters on a given topic or where one presenter
will cover several topics or populations, we have assigned half-hour slots to most presentations.  This is
to include 20 minutes for presentations and 10 minutes for questions and discussion.

I've reached out to most presenters to discuss the topics we hope you will cover.  For those presenting
the status updates on the individual lynx populations in the DPS, we would like the focus to be on the
current versus historic and likely future status and threats to lynx in each particular geographic area (as
opposed to updates on specific recent research efforts that otherwise do not address those areas). In
addition to presenters, we will welcome discussion/ input from others on the expert panel who are
familiar with lynx populations in specific geographic areas.

For all presenters, we ask that you include notes within your presentations, as the presentations
themselves will become part of the administrative record as we move forward with completing the SSA
report and beginning the recovery planning process.  Several of our State, Federal and Tribal partners
have also asked that the presentations and other workshop materials be made available, and we hope to
honor those requests.  After the workshop, we will summarize the notes and proceedings, and we will
distribute those to presenters and experts for your review before we distribute them to other interested
parties.  

I've also attached (1) a one-pager with definitions of the "3 Rs" - Representation, Resiliency and
Redundancy - which we consider when evaluating a species' likely viability; (2) a species status
assessment (SSA) fact sheet that you may have seen before; and (3) a white paper describing the expert
elicitation process and the need and methods to avoid conflicts with the Federal Advisory Committee
Act (FACA) and the Administrative Procedures Act (APA).

Please review each of these documents before the workshop.

Next week, I will also send out some examples of the kinds of questions we will be trying address at the
workshop, and some draft conceptual models we've worked up to try to illustrate factors/pathways that
may influence lynx in the DPS in terms of the 3 Rs.

I'm really looking forward to seeing everyone in a few weeks and learning from your combined
experience and expertise.  Thanks again for agreeing to help us with the lynx SSA.

Have a great weekend!

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
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U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 

Laury Zicari
Field Supervisor
Maine Field Office
17 Godfrey Drive, Suite 2
Orono, ME   04473
207-866-3344 x 1111
Fax  866-3351
Cell 207-949-0561
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From: Bush, Jodi
To: Paul Phifer
Cc: Martin Miller; Spencer Simon
Subject: Re: Agenda and other materials for lynx workshop
Date: Monday, October 05, 2015 11:18:52 AM

We have made the decision that we can't offer VTC or conference call in.  It just doesn't work
with these types of meetings.  Thanks for the ideas though.  We will muddle on. JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Oct 5, 2015 at 11:06 AM, Paul Phifer <paul_phifer@fws.gov> wrote:
Marty and Spencer - any ideas?  Jodi, what about VTC or phone?  I think there is a value of
having both the state and a non-FWS researcher participate.  What about giving them more
time on the agenda?

Sent from my iPhone

On Oct 5, 2015, at 11:31 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:

Thanks Paul.  We'd like to keep Dan on the agenda so I'm just checking to see if
any you or any of your RO staff have a relationship with him to help make this
happen.  Mark is continuing to try.   

I don't suppose reaching out to the State and having them reach out to Dan
would work. 

Its really too bad that by trying to make sure we have the best available
information and state buy-in, we have folks drawing lines in the sand.  

We do have a backup for Dan, its just disappointing and something we probably
could have avoided if we had more time to address before the meeting.  

Appreciate the response.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Oct 5, 2015 at 10:18 AM, Paul Phifer <paul_phifer@fws.gov> wrote:
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Jodi - I'm on travel to Boise for an ARD mtg.  Sorry this has gotten difficult. 
I'm cc'ing Marty, our TE Chief, and Spencer, my deputy.  How specifically
can we best help?  

Paul

Sent from my iPhone

On Oct 5, 2015, at 9:57 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:

Paul.  Please see message string below (starting with Dan).  This
is related to the phone call and voice message I left for you.  Any
help would be appreciated. Thank you.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Mon, Oct 5, 2015 at 8:52 AM
Subject: Fwd: Agenda and other materials for lynx workshop
To: Jodi Bush <jodi_bush@fws.gov>

FYI

---------- Forwarded message ----------
From: McCollough, Mark <mark_mccollough@fws.gov>
Date: Mon, Oct 5, 2015 at 8:31 AM
Subject: Re: Agenda and other materials for lynx workshop
To: Daniel Harrison <harrison@maine.edu>
Cc: "Zelenak, Jim" <jim_zelenak@fws.gov>, Laury Zicari
<Laury_Zicari@fws.gov>

Dan:

I ask that you please re-consider...

The expert elicitation meeting is meant to be an ongoing
discussion of lynx/hare ecology throughout the DPS.  Although
the agenda reflects a series of presentations, it is not supposed to
be a conference - it is designed to be a dialogue.  Your input is
greatly needed.  Lynx/hare ecology has similarities, but there are
significant differences throughout their range, particularly as it
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pertains to Maine.  

Given your 15 years of experience, you are recognized as a
lynx/hare expert for the Northeast.  No one has better peer-
reviewed data and publication record, which is why the USFWS
asked you to prepare the Maine presentation. We really want you
to be present and be able to discuss the research results from
Maine - much of which the Service funded along with forest
industry.  Your absence would be a great loss to our expert
elicitation process. Our process is dependent on the best available
science.  Please reconsider.

Having worked in a state agency and taught wildlife policy, I
think you can understand the difficult political position that the
USFWS is in trying to balance state interests with our task of
developing a lynx recovery plan.  The "best" available science
should be apparent.  The group of scientists assembled can ask
critical questions and should be able to assess the rigor and
quality of the information presented.  I know that you pride
yourself for being true to the scientific process, and that will be
apparent.

I have expressed my concerns to Jim about the differences of
opinion concerning USFWS, State, and UMaine concerning the
status of lynx, hares, and their habitat in Maine.  I had hoped that
we could discuss these differences in a professional manner.

I am in a difficult position.  You know how I feel about the
science and the quality of your work.  However, as a core
member of the USFWS team, I have limited ability to be
involved in the discussion, and although I feel qualified to
represent your (our) research, I cannot make the Maine
presentation.  Nor could I begin to represent your depth of
knowledge on the subject.  You truly are our expert.

Thus, as a friend and colleague, I would ask that you please
reconsider.  Perhaps Jim can talk to you as he did with Jen last
Friday.

Thank you,  Mark

On Mon, Oct 5, 2015 at 10:09 AM, Daniel Harrison
<harrison@maine.edu> wrote:

5 October 2015

Dear Jim,

This morning I received the agenda for the expert elicitation
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workshop and the phone message that you sent on Friday
afternoon 10/2.  I was asked verbally to attend as the invited
expert representing Maine sometime in August and have been
juggling to fit this important meeting into an October agenda
that includes 3 other out-of-state trips, including a 3-day trip to
Hadley, MA to work with FWS on our collaborative forest bird
project, and a myriad of university deadlines --- while also
serving as Chair of a growing academic department.  I have
been working to compile science updates for Maine lynx
population based on 7 graduate theses, 7 refereed publications,
and 6 papers in prep that address the first empirical data on
long-term trends in hare populations in Maine's Acadian
forests, reliance of hare in southern populations during periods
of high and low hare density, social, behavioral and habitat
responses of lynx to shifting hare densities, and historical and
current distributional changes of lynx in Maine.  My topical
approach was based on a long list of items that I was asked to
cover in previous e-mails and discussions and via meetings
with with FWS biologists associated with lynx conservation. 

Based on your phone call and draft agenda, the presentation on
eastern lynx populations, which represent the vast majority of
lynx occurring in the coterminous 48 states, is allotted only
1/7th of the agenda for population status updates. There also is
no time scheduled for a discussion of hare populations in the
eastern portion of the DPS.  Furthermore, your phone message
received this morning indicates that you now want me to split
the Maine presentation with another invited expert representing
the Maine Department of Inland Fisheries and Wildlife. You
have further requested that I work to dovetail my presentation
with that speaker.  I am leaving tomorrow for another FWS
workshop and would not have another day in the office prior to
departing for the lynx meeting, so that will not be practical. 
This is also a difficult request given that MDIFW has
repeatedly expressed a politically-based agenda to have eastern
lynx listed as a separate DPS and for that new DPS to be de-
listed based on unpublished, non-peer reviewed science.  The
peer-reviewed science from my lab has been consistently
refuted by that agency based on inconvenient results that run
contrary to that agenda.  Thus, condensing my presentation to
15 minutes on short notice and asking me to integrate my
science-based talk with the unpublished and non-peer reviewed
data that has not been shared with me is untenable. I also do not
wish to get involved in an open debate of the value of peer-
reviewed science versus non-peer reviewed observations at a
scientific meeting. 

Regretfully, I have decided not to attend the Lynx SSA Expert
Solicitation Workshop.  My decision is based on the fact that
there would be redundancy with 4 invited experts present from



Maine, the late notice of the agenda does not allow me to meet
your requests given my competing timelines, and the
exceptionally brief opportunity to share eastern findings does
not warrant 4 days out of office.  Further, the likely presence of
a political agenda in what had been described to me as a
science-based meeting will likely be counter-productive. 
Those political discussions occur via many venues and I
thought this meeting was intended to be science-based.  Most
importantly, a fifteen minute opportunity to share 2 decades of
research, and which would required 4 days out of office,
including travel, does not fit into a schedule dominated by a
host of other research and university deadlines.  

Obviously, I have numerous concerns with how this meeting
has been planned and the poor and untimely communication
with experts representing the eastern portion of the DPS. 
Regardless, I wish you all a productive meeting and hope that
the outcomes can contribute is some way to lynx conservation
and recovery.

Sincerely,

Dan Harrison 
    

Daniel J. Harrison
Professor and Chair - Department of Wildlife, Fisheries, and
Conservation Biology
Cooperating Professor of Sustainable Forestry
The University of Maine
5755 Nutting Hall, Room 210
Orono, ME 04469-5755
(207) 581-2867
harrison@maine.edu

On Fri, Oct 2, 2015 at 6:20 PM, Zelenak, Jim
<jim_zelenak@fws.gov> wrote:

Greetings lynx experts and other presenters!

I've attached the draft agenda for the Oct. 13-15 lynx expert elicitation
workshop in Minneapolis. It may be revised slightly as the timing of one or
two presentations is still being discussed, but it should give you a feel for
what to expect at the workshop.

As you will see, except where there may be several presenters on a given
topic or where one presenter will cover several topics or populations, we
have assigned half-hour slots to most presentations.  This is to include 20
minutes for presentations and 10 minutes for questions and discussion.

I've reached out to most presenters to discuss the topics we hope you will
cover.  For those presenting the status updates on the individual lynx
populations in the DPS, we would like the focus to be on the current versus

mailto:harrison@maine.edu
mailto:jim_zelenak@fws.gov


historic and likely future status and threats to lynx in each particular
geographic area (as opposed to updates on specific recent research efforts
that otherwise do not address those areas). In addition to presenters, we will
welcome discussion/ input from others on the expert panel who are familiar
with lynx populations in specific geographic areas.

For all presenters, we ask that you include notes within your presentations,
as the presentations themselves will become part of the administrative
record as we move forward with completing the SSA report and beginning
the recovery planning process.  Several of our State, Federal and Tribal
partners have also asked that the presentations and other workshop
materials be made available, and we hope to honor those requests.  After
the workshop, we will summarize the notes and proceedings, and we will
distribute those to presenters and experts for your review before we
distribute them to other interested parties.  

I've also attached (1) a one-pager with definitions of the "3 Rs" -
Representation, Resiliency and Redundancy - which we consider when
evaluating a species' likely viability; (2) a species status assessment (SSA)
fact sheet that you may have seen before; and (3) a white paper describing
the expert elicitation process and the need and methods to avoid conflicts
with the Federal Advisory Committee Act (FACA) and the Administrative
Procedures Act (APA).

Please review each of these documents before the workshop.

Next week, I will also send out some examples of the kinds of questions we
will be trying address at the workshop, and some draft conceptual models
we've worked up to try to illustrate factors/pathways that may influence
lynx in the DPS in terms of the 3 Rs.

I'm really looking forward to seeing everyone in a few weeks and learning
from your combined experience and expertise.  Thanks again for agreeing
to help us with the lynx SSA.

Have a great weekend!

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
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Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Hanvey, Gary -FS
To: Belleman, Ann
Subject: RE: Lynx Habitat Study
Date: Tuesday, October 06, 2015 3:30:39 PM
Attachments: image001.png

image002.png
image003.png
image004.png

I know John is planning to spend a disproportionate share of his presentation time at the meeting on
WY populations and habitat, and in particular, the WY Range.  I was on a telcon with him, Jason
Wilmot and Ann Roberts Friday to talk about the carnivore monitoring project, and he was asking
Jason to make him some maps with telemetry locations (including the CO locations). Think he’s
concerned about the State, but Nicole will be no match – she was a tech until about 3 months ago.
 
I know Susan was being considered for this meeting – she called me about 3 months ago and told
she was being considered for some big lynx panel, but didn’t know exactly what it was or if she
should except.
 
One of my new tasks is to help Scott Jackson resurrect the Lynx Bio Team – we want to review
current members and consider adding or substituting names.  We need to reenergize and reactivate
the Team to help with Forest Plan Revisions and/or to assist with editing the NRLMD.  I suggested to
Eric that we consider inviting State Reps to the table.  They couldn’t/shouldn’t be on the Bio Team,
but I think we should hear them out in some way.  I would only follow thru with that
recommendation if Susan was WY’s rep.   
 
**************
Gary Hanvey
Forest Wildlife Biologist
Flathead National Forest
Supervisors Office – Kalispell, MT
 
Office Phone: 406.758.5255
Cell Phone: 406.781.1765
ghanvey@fs.fed.us
 
From: Belleman, Ann [mailto:ann_belleman@fws.gov] 
Sent: Tuesday, October 06, 2015 3:13 PM
To: Hanvey, Gary -FS
Subject: Re: Lynx Habitat Study
 
Yes, I thought the same thing.  And who do you think was behind that?  Geez, there are only 3
people representing the states, and she got one of the slots.  
 
FYI - both Squires and Kolbe will be there, as will Jake Ivan, Karen Hodges, Mike Schwartz,
Scott Jackson, along with a bunch of others.
 

 
Ann Belleman
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U.S. Fish and Wildlife Service
Minnesota/Wisconsin Field Office Complex
Twin Cities Field Office
4101 American Blvd. E
Bloomington, MN  55425-1665
 
ann_belleman@fws.gov
 
(307) 421-5839 (work cell)
(612) 725-3548 (Bloomington, MN)
 
 
On Tue, Oct 6, 2015 at 4:04 PM, Hanvey, Gary -FS <ghanvey@fs.fed.us> wrote:
Amazing to me that a newbie like Nicole would be representing WY at such an important Status
Review Meeting.  If they really wanted to know about lynx in WY, they should have Susan at the
table.  I know she was being considered to attend………
 
**************
Gary Hanvey
Forest Wildlife Biologist
Flathead National Forest
Supervisors Office – Kalispell, MT
 
Office Phone: 406.758.5255
Cell Phone: 406.781.1765
ghanvey@fs.fed.us
 
From: Belleman, Ann [mailto:ann_belleman@fws.gov] 
Sent: Tuesday, October 06, 2015 3:00 PM
To: Susan Patla
Cc: Hanvey, Gary -FS; Murphy, Kerry M -FS
Subject: Re: Lynx Habitat Study
 
Susan - The next NW Level 1 meeting is coming up soon - next week maybe?  Guessing
Kerry knows the date; as you know, it used to be at the BT's log cabin.
 
I hope Nichole works out well in such an anti-non-game environment.
 
Take care - Ann 

 
Ann Belleman
U.S. Fish and Wildlife Service
Minnesota/Wisconsin Field Office Complex
Twin Cities Field Office
4101 American Blvd. E
Bloomington, MN  55425-1665
 
ann_belleman@fws.gov
 
(307) 421-5839 (work cell)

mailto:ann_belleman@fws.gov
mailto:ghanvey@fs.fed.us
mailto:ghanvey@fs.fed.us
mailto:ann_belleman@fws.gov
mailto:ann_belleman@fws.gov


(612) 725-3548 (Bloomington, MN)
 
 
On Tue, Oct 6, 2015 at 3:55 PM, Susan Patla <susan.patla@wyo.gov> wrote:
Nichole is our new state mammal biologist although she has worked as a contract biologist in
Lander for nongame for a number of years.  I have given her a lot of information and she is
getting up to speed before the meeting.  We will have to get her out here one day to meet the
BTNF biologists..perhaps you could invite us to one of your meetings later in the year?
 
Susan

 
Susan Patla
Nongame Biologist
Wyoming Game and Fish Department
PO Box 67
Jackson, WY 83001
307-733-2383  ext. 229   office
307 413-1222   cell
Susan.Patla@wyo.gov
 
 
  
  

    
 
E-Mail to and from me, in connection with the transaction of public business,  is subject to the Wyoming Public Records Act
and may be disclosed to third parties.
 
 
On Tue, Oct 6, 2015 at 2:25 PM, Belleman, Ann <ann_belleman@fws.gov> wrote:
Very interesting!  Thanks for the insight.  On a different note - Susan, have you heard of the
lynx Species Status Assessment workshop next week or anything about lynx in WY lately?  I
was on a call today for the SSA and one of "State Observers" being allowed into the (tightly
controlled) workshop is Nicole Cudworth from WY.

 
Ann Belleman
U.S. Fish and Wildlife Service
Minnesota/Wisconsin Field Office Complex
Twin Cities Field Office
4101 American Blvd. E
Bloomington, MN  55425-1665
 
ann_belleman@fws.gov
 
(307) 421-5839 (work cell)
(612) 725-3548 (Bloomington, MN)
 
 
On Tue, Oct 6, 2015 at 3:00 PM, Susan Patla <susan.patla@wyo.gov> wrote:
What is interesting about the 50% proportion of mature forest, is that this threshold has come

mailto:susan.patla@wyo.gov
mailto:First.Last@wyo.gov
https://twitter.com/WGFD
mailto:ann_belleman@fws.gov
mailto:ann_belleman@fws.gov
tel:%28307%29%20421-5839
tel:%28612%29%20725-3548
mailto:susan.patla@wyo.gov


up in some bird studies where birds associated with mature habitat start to drop out if the
proportion starts dropping below 50% mature/old growth in an area.
 
Makes sense to me.  That dichotomy between winter and summer habitat use is also very
interesting.  I know I was surprised when we did surveys in the WY range that there seemed to
be very little sign of SSHA in the regen units in winter.  
 
Glad we there is new information coming out.
 
Thanks,  Susan

 
Susan Patla
Nongame Biologist
Wyoming Game and Fish Department
PO Box 67
Jackson, WY 83001
307-733-2383  ext. 229   office
307 413-1222   cell
Susan.Patla@wyo.gov
 
 
  
  

    
 
E-Mail to and from me, in connection with the transaction of public business,  is subject to the Wyoming Public Records Act
and may be disclosed to third parties.
 
 
On Tue, Oct 6, 2015 at 12:17 PM, Hanvey, Gary -FS <ghanvey@fs.fed.us> wrote:
Humm…..not sure we ever disagreed on the value of dense young stands.  Maybe youre
referring to my inference that (in WY) young stands weren’t used much during winter. And,
we are seeing that in MT as well.  Per Squires work in MT, young stands are used much more
in summer (by lynx) than are mature multi-storied – but little to no lynx use of young stands
during winter.  And not surprisingly, John’s ssh studies show little to no ssh in young stands in
very large wildfire areas in winter.  But what is surprising is that there are moderate numbers
of ssh during summer months in these young stands that are miles from mature forest  – thus,
ssh are migrating quite far from multi-storied mature stands (like 1-2 miles) to these very
dense young stands created by large wildfires.  Lynx use patterns follow these ssh migrations. 
That’s not really indicated in the literature – most ssh studies I’ve seen indicate very small ssh
home ranges (like <5 acres).  Squires speculates that its all about the relative density of low to
tall shrubs that occur within these large fire areas on the Flathead, and man are they think with
shrubs!  The majority of the shrub component in these young stands are buried in winter and
not suitable for ssh.  Don’t think this relationship would hold true on many other Forests –
especially those on the east side or in WY, simply because habitat types there are dryer and
less capable of regenerating dense layers of mid-tall shrubs.
 
Regardless of young stand values today and whether they are on dryer habitat types or not,
 managing for such stands will always be important simply because they will be the multi-
storied stands of the future. In terms of optimizing conditions for lynx, the big question is
….how much early seral at any one time should we manage for?  

tel:307-733-2383%20%C2%A0ext.%20229
tel:307%20413-1222
mailto:First.Last@wyo.gov
https://twitter.com/WGFD
mailto:ghanvey@fs.fed.us


 
This Kosterman paper is generating a lot of discussion in MT because of its inference to 50%
mature forest and 10-15% young forest being optimum – which indicates (to some) that
perhaps managing for up to 30% in stand initiation stage condition may be too high (VEG
S1).  Some are suggesting  that maybe VEG S1 should be less than 30%.  John is not weighing
in yet – he highly values mature forest types for lynx, but thinks we need more study.
 
Interesting stuff……….
 
**************
Gary Hanvey
Forest Wildlife Biologist
Flathead National Forest
Supervisors Office – Kalispell, MT
 
Office Phone: 406.758.5255
Cell Phone: 406.781.1765
ghanvey@fs.fed.us
 
From: Murphy, Kerry M -FS 
Sent: Tuesday, October 06, 2015 11:02 AM
To: Hanvey, Gary -FS
Subject: RE: Lynx Habitat Study
 
Told you so before----dense, young regen forests were important too!!  Take that!!
 
From: Hanvey, Gary -FS 
Sent: Tuesday, October 06, 2015 10:58 AM
To: Solberg Schwab, Lisa; Ann_Belleman@fws.gov ; Murphy, Kerry M -FS; Delong, Don -FS; Roberts,
Ann R -FS; susan.patla@wyo.gov
Cc: Wilmot, Jason L -FS; Egan, Ashley M -FS; Yandow, Leah H -FS; Archual, Paul D -FS; Goldberg, Brian
A -FS
Subject: Lynx Habitat Study
 
In case you havent seen this yet.  Evaluated lynx habitat structure values based on
reproductive success.
 

Gary Hanvey 
Wildlife Program Manager

Forest Service
Flathead National Forest - SO

p: 406-758-5255 
f: 406-758-5351 
ghanvey@fs.fed.us

650 Wolfpack Way
Kalispell, MT 59901, MT 59901
www.fs.fed.us 

Caring for the land and serving people
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ABSTRACT 

 

Habitat loss and fragmentation continue to threaten the persistence of forest carnivores in 

the contiguous US. The recovery of federally threatened species, such as the Canada lynx (Lynx 

canadensis), will be greatly enhanced by identifying a demographic-based definition of lynx 

habitat based on habitat analyses of animals with differential reproductive success. We collected 

field data on denning and offspring survival in northwestern Montana from 1998–2012. We used 

these data to define four response variables as measures of female Canada lynx reproductive 

success: (1) potential reproductive events, (2) initial litter size, (3) litter success (≥1 survivor), 

and (4) surviving litter size. We used mixed models to evaluate the effects of habitat and 

maternal condition on these response variables. Specifically, we tested a-priori hypotheses of 

relationships between reproductive success parameters and various habitat covariates 

representing the abundance and spatial configuration of five simplified forest structure types 

within occupied female lynx home ranges. Additional a-priori hypotheses were tested on the 

relationships between reproductive success parameters and maternal covariates, including female 

body condition, age, and previous reproductive performance. The most important predictors for 

overall lynx reproductive success within occupied female home ranges were the connectivity of 

mature forest, intermediate (10–15%) amounts of young regenerating forest, young regenerating 

forest patches with low perimeter-area ratios, and the adjacency of mature forest to young 

regenerating forest types. Female lynx home ranges that contain greater than 50% mature forest 

and approximately 10–15% young regenerating forest appear to be the optimal composition of 

forest structure types. Additionally, greater connectivity of mature forest, when combined with 

young regenerating forest patches with low perimeter-area ratios, appears to be the optimal 

configuration of forest structure types. Incorporating these results into current and long-term land 

management plans will provide a valuable conservation tool to ensure the persistence of 

threatened Canada lynx populations in the western US.  

 

 

 

 

 

 

 

 

 

 

 

 



iv 

 

ACKNOWLEDGEMENTS 

I would like to thank many people for making this research project possible. John Squires 

provided this research opportunity, and encouraged me to further my education and served on 

my committee. I thank Dan Pletscher for his persistent yet patient mentorship and his 

unwavering moral support. Joel Berger and Paul Lukacs provided invaluable support and 

expertise as committee members. Mark Hebblewhite (committee member until his sabbatical) 

assisted with study design and wildlife-habitat modeling methods. Jeanne Franz provided 

guidance, good conversations and chocolate! I don’t think a single person completes this 

program without feeling forever grateful for Jeanne’s presence and assistance.   

Special thanks to the Scott Mills/Joel Berger lab for adopting me into their lab: Julie 

Betsch, Stefan Ekernas, Alex Kumar, Nick Sharp, Tammy Mildenstein, Tshering Tempa, and 

last but definitely not least, Marketa Zimova. I am fortunate to have been surrounded by such a 

diverse group of inspiring people!   

None of this would have been possible without the winter and summer field crews who 

worked tirelessly in difficult terrain to locate and monitor the ever-elusive Canada lynx – Justin 

Broderick, Justin Duke, Eric Graham, Mark Henspeter, Jessica Lindsay, Blake Lowrey, Allysa 

McGill, Erik Peterson, Nick Rosenberger, Ethan Schniedermeyer, Dan Stone, Seth Thompson, 

and Zach Wallace.  

Huge thanks to Steve Brown, Sam Cushman, Nick DeCesare, Ben Sweeney and Zach 

Wallace for many hours of technical assistance and/or editorial comments. I thank everyone at 

the Rocky Mountain Research Station who provided administrative and/or technical assistance 

including Lucretia Olson, Kristy Pilgrim, and Roberta Steele; and my colleagues at the US Fish 

and Wildlife Service including Ben Conard, Bryon Holt, Kathleen Fulmer, and Brittney Morlin. 



v 

 

Thanks to my fantastic graduate school cohort for making graduate school enjoyable and 

memorable – all my lab mates (previously mentioned), Sonja Christensen, Daniella Dekelaita, 

Clay Miller, Robin Steenweg, and Jeff Stetz; and to my best friends for always being there – 

Cara and Casey Cadena, Stacy McGill, Elizabeth Schultz, and Courtney Siefert.  

A special thanks to my mother Phyllis Kosterman and my father Donald Kosterman for 

their unwavering support and love. And most importantly, I want to thank Sean Sweeney.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vi 

 

TABLE OF CONTENTS 

ABSTRACT ................................................................................................................................... iii 

ACKNOWLEDGEMENTS ........................................................................................................... iv 

TABLE OF CONTENTS ............................................................................................................... vi 

INTRODUCTION .......................................................................................................................... 1 

STUDY AREA ............................................................................................................................... 3 

METHODS ..................................................................................................................................... 4 

Field Data Collection and Response Variables ........................................................................... 4 

Covariate Data Collection and Predictions ................................................................................. 5 

Statistical Analysis .................................................................................................................... 11 

RESULTS ..................................................................................................................................... 12 

DISCUSSION ............................................................................................................................... 15 

Future Research Recommendations .......................................................................................... 20 

MANAGEMENT IMPLICATIONS ............................................................................................ 20 

APPENDICES .............................................................................................................................. 51 

APPENDIX A ........................................................................................................................... 52 

Home Range Estimation ....................................................................................................... 52 

APPENDIX B ........................................................................................................................... 53 

Home Range Composition by Forest Structure Type ........................................................... 53 

APPENDIX C ........................................................................................................................... 54 

Complete Univariate Analysis for Reproductive Success Models ....................................... 54 

LITERATURE CITED ................................................................................................................. 62 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vii 

 

LIST OF FIGURES 

 

Figure 1.  Purcell Mountains and Seeley Lake study areas in the range of Canada lynx (Lynx 

canadensis) in northwestern Montana, USA. ................................................................................ 22 

Figure 2.  Two female Canada lynx (Lynx canadensis) home ranges (left) with associated core 

areas (right) in the Purcell Mountains and Seeley Lake study areas in northwestern Montana, 

USA which illustrate the importance of connectivity of mature forest (dark green) and the 

importance of young regenerating forest (yellow) adjacency to mature forest. ........................... 23 

Figure 3.  Predicted probability plots for potential reproductive events as functions of individual 

covariates from generalized linear mixed effects models of Canada lynx (Lynx canadensis) 

reproductive success in northwestern Montana, USA, 1998–2012. ............................................. 24 

Figure 4.  Predicted probability plots for initial litter size as functions of individual covariates 

from linear mixed effects models of Canada lynx (Lynx canadensis) reproductive success in 

northwestern Montana, USA, 1998–2012. ................................................................................... 25 

Figure 5.  Predicted probability plots for surviving litter size as functions of individual covariates 

from linear mixed effects models of Canada lynx (Lynx canadensis) reproductive success in 

northwestern Montana, USA, 1998–2012. ................................................................................... 26 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

file:///C:/Users/mkosterman/Desktop/Kosterman%20Thesis%20FINAL.docx%23_Toc409516519
file:///C:/Users/mkosterman/Desktop/Kosterman%20Thesis%20FINAL.docx%23_Toc409516519


viii 

 

LIST OF TABLES 

 

Table 1.  Summary of hypotheses and predictions for all response variables representing 

measures of reproductive success ................................................................................................. 27 

Table 2.  Landscape metrics used to analyze home range composition and configuration .......... 28 

Table 3.  Number of observations and unique females included in statistical analyses ............... 29 

Table 4.  Baseline information for initial litter sizes .................................................................... 30 

Table 5.  Univariate models tested to explain variation in *potential reproductive events .......... 31 

Table 6.  Univariate models tested to explain variation in *initial litter size ............................... 32 

Table 7.  Univariate models tested to explain variation in the probability of *litter success ....... 33 

Table 8.  Univariate models tested to explain variation in *surviving litter size.......................... 34 

Table 9.  Model selection results for predicting potential reproductive events (binary) for female 

Canada lynx (Lynx canadensis) at the 50% core area extent ........................................................ 35 

Table 10.  Top model parameter estimates for predicting potential reproductive events (binary) of 

female Canada lynx (Lynx canadensis) at the 50% core area extent ............................................ 36 

Table 11.  Model selection results for predicting potential reproductive events (binary) for female 

Canada lynx (Lynx canadensis) at the 90% home range extent .................................................... 37 

Table 12.  Top model parameter estimates for predicting potential reproductive events (binary) of 

female Canada lynx (Lynx canadensis) at the 90% home range extent ........................................ 38 

Table 13.  Model selection results for predicting initial litter size (range = 1−5 kittens) for female 

Canada lynx (Lynx canadensis) at the 50% core area extent ........................................................ 39 

Table 14.  Top model parameter estimates for predicting initial litter size (range = 1−5 kittens) 

for female Canada lynx (Lynx canadensis) at the 50% core area extent ...................................... 40 

Table 15.  Model selection results for predicting initial litter size (range = 1−5 kittens) for female 

Canada lynx (Lynx canadensis) at the 90% home range extent .................................................... 41 

Table 16.  Top model parameter estimates for predicting initial litter size (range = 1−5 kittens) 

for female Canada lynx (Lynx canadensis) at the 90% home range extent .................................. 42 

Table 17.  Model selection results for predicting litter success (binary) for female Canada lynx 

(Lynx canadensis) at the 50% core area extent ............................................................................. 43 

Table 18.  Top model parameter estimates for predicting litter success (binary) of female Canada 

lynx (Lynx canadensis) at the 50% core area extent ..................................................................... 44 

Table 19.  Model selection results for predicting litter success (binary) for female Canada lynx 

(Lynx canadensis) at the 90% home range extent ......................................................................... 45 

Table 20.  Top model parameter estimates for predicting litter success (binary) of female Canada 

lynx (Lynx canadensis) at the 90% home range extent................................................................. 46 

Table 21.  Model selection results for predicting surviving litter size (range = 1−4 kittens) for 

female Canada lynx (Lynx canadensis) at the 50% core area extent ............................................ 47 



ix 

 

Table 22.  Top model parameter estimates for predicting surviving litter size (range = 1−4 

kittens) for female Canada lynx (Lynx canadensis) at the 50% core area extent ......................... 48 

Table 23.  Model selection results for predicting surviving litter size (range = 1−4 kittens) for 

female Canada lynx (Lynx canadensis) at the 90% home range extent ........................................ 49 

Table 24.  Top model parameter estimates for predicting surviving litter size (range = 1−4 

kittens) for female Canada lynx (Lynx canadensis) at the 90% home range extent ..................... 50 
 

 

 

 

 



1 

 

INTRODUCTION 

Habitat loss and fragmentation threaten the persistence of wildlife (Wilcove et al. 1998, Fahrig 

2003, Yiming and Wilcove 2005, Hanski 2011) by negatively affecting species’ abundance and 

distribution (Gehring and Swihart 2002, Crooks and Sanjayan 2006). Species with naturally low 

population densities and fecundity, and large individual and population-level ranges, such as 

forest carnivores, are especially sensitive to habitat loss and fragmentation (Andrén 1994, Noss 

et al. 1996, Weaver et al. 1996, Crooks 2002). In the northern US Rocky Mountains, 

anthropogenic habitat fragmentation has altered the spatial configuration of historical habitats, 

resulting in a mosaic of remnant forest patches interspersed with altered patches of various forest 

successional stages (USFWS 2000). Forest mosaics can impact the biotic and abiotic 

characteristics of remnant forest patches (Saunders et al. 1991) by increasing edge-to-area ratios 

of forested patches and decreasing connectivity and proximity between remnant patches 

(Saunders et al. 1991, Prugh et al. 2008). Changes to forest connectivity can directly impact the 

ability of wildlife to move within and across the landscape to access resources necessary for 

survival and reproduction (Taylor et al. 1993).   

Wildlife habitat quality has primarily been evaluated using estimates of species 

occurrence, abundance, or habitat selection (VanHorne 1983, Garshelis 2000, Bock and Jones 

2004, Prugh et al. 2008). However, these metrics can sometimes be misleading measures of 

population performance, especially in systems with strong source-sink dynamics (Murphy 2001, 

Kreuzer and Huntley 2003, Mosser et al. 2009). Instead, measures of reproductive success (i.e. 

probability of reproducing, number of offspring, offspring survival) are considered better 

indicators of source-sink dynamics and overall habitat quality (Beckmann and Berger 2003a, 

2003b), based on the assumption that an individual’s reproductive success will be higher in 
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better quality habitats. For example, for lions (Panthera leo) in Serengeti National Park, 

reproductive success (yearling cubs per female) proved a more sensitive and accurate measure of 

“source” habitats than measures of density, which included “sink” habitats occupied by non-

reproductive females (Mosser et al. 2009).  

Reproductive success is often easier to measure for smaller organisms (i.e. birds); 

assessing reproductive success for mammalian carnivores poses a significant challenge because 

long-term data collection is expensive, time intensive, and often yields small sample sizes. As a 

result, few long-term datasets containing multiple reproductive success parameters have been 

incorporated into habitat evaluations for most species of mammalian carnivores. While 

reproductive success of mammalian carnivores can be difficult to measure, it is essential for 

highly effective management to relate reproductive success to habitat quality, especially in the 

recovery of threatened and endangered species.  

In the contiguous US, the Canada lynx (Lynx canadensis) is a federally threatened, rare 

forest carnivore. Canada lynx, as well as their primary prey species, the snowshoe hare (Lepus 

americanus), are predominantly associated with dense mature subalpine coniferous forest types 

in the western US (Koehler et al. 2008, Squires et al. 2010, Ivan et al. 2014) and dense young 

mixed conifer/deciduous forest types in the eastern US (Burdett 2008, Vashon et al. 2008, 

McCann and Moen 2011). At the southern extent of their range, Canada lynx habitat is 

historically patchy and is subject to loss and fragmentation by some forest management practices 

(i.e. regeneration harvests, pre-commercial and commercial thins, prescribed burns), wildfires 

and insect infestations, and climate change (Aubrey et al. 2000, Hornseth et al. 2014, Koen et al. 

2014). Research on Canada lynx (hereafter lynx) habitat has considered abundance, occurrence, 

habitat selection, and movement, but has yet to connect habitat with reproductive success. There 
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is a pressing management need to understand this connection and gain further insight into the 

particular habitat resources and spatial configurations that support and enhance lynx populations.  

Occupied lynx habitat in the western US occurs primarily on National Forest System 

(NFS) lands managed by the United States Forest Service (USFS). Within NFS lands, current 

conservation measures for managing lynx habitat limit the amount of combined human and 

natural disturbance within areas that represent approximate female lynx home ranges (USFS 

2007). However, data gaps remain regarding the abundance and spatial arrangement of lynx 

habitat and how these habitats contribute to reproductive success and population persistence. The 

recovery of imperiled species, such as the lynx, will be greatly enhanced by land management 

practices supported by demographic-based definitions of habitat.  

Our objective was to evaluate the effects of habitat and maternal covariates on 

reproductive success of female lynx within a portion of the species’ southern range in 

northwestern Montana. Specifically, we (1) tested a-priori hypotheses (Table 1) of relationships 

between reproductive success parameters and habitat covariates representing the abundance and 

configuration of forest structure types and vegetation density within occupied female lynx home 

ranges. In addition to habitat, we (2) tested a-priori hypotheses (Table 1) of relationships 

between reproductive success parameters and maternal covariates representing female body 

condition, age category, and previous reproductive performance. 

STUDY AREA 

Our research focused on two primary study areas in northwestern Montana located in the 

Swan and Mission Mountains near Seeley Lake, MT and in the Purcell Mountains near Libby, 

MT (Figure 1). Elevations ranged from 1200 to 2400 m in the Seeley Lake study area (hereafter 

Seeley) and 800 to 2300 m in the Purcell Mountain study area (hereafter Purcells). Both study 
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areas featured a diversity of montane habitats ranging from low to mid-elevation ponderosa pine 

(Pinus ponderosa) and dry Douglas-fir (Pseudotsuga menziesii) forests to high-elevation forests 

dominated by subalpine fir (Abies lasiocarpa), Engelmann spruce (Picea engelmanii), and 

lodgepole pine (Pinus contorta). The Purcells consisted almost entirely (>95%) of NFS lands, 

whereas Seeley contained approximately 48% NFS lands, 37% Plum Creek Timber Company 

lands [ownership of most Plum Creek Timber Company lands was transferred to state and 

federal agencies during the study in 2009–2010 (www.themontanalegacyproject.org, accessed 

06/05/2014)], and lesser amounts of state, tribal, Bureau of Land Management, and private land 

(Squires et al. 2010).  

METHODS 

Field Data Collection and Response Variables 

We trapped and collared female lynx in Seeley from 1998–2012, and in the Purcells from 2003–

2012. We captured, handled, and collected morphological data, including body mass, from 

female lynx according to Squires et al. (2008), using methods approved by the Institutional 

Animal Care and Use Committee (IACUC permits 4–2008 and TE053737–1). We collared 

females with Very High Frequency (VHF) radio collars (Advanced Telemetry Solutions, Isanti, 

MN) from 1998–2004, and with store-on-board GPS collars (Lotek Wireless, Newmarket, 

Ontario, Canada and Sirtrack Ltd., Havelock North, New Zealand) from 2005–2012. We located 

females with VHF collars every 1–2 weeks using aerial telemetry, and GPS collars collected a 

location every 30 minutes for 24 hours, every other day for 6–8 months. We monitored females 

until they died, disappeared from the study area, radio collars failed, or until the end of the study 

period. We used telemetry to locate natal dens of females within 1–2 weeks of parturition and 

http://www.the/
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recorded the number of kittens per litter. Females exhibit central place foraging behavior from 

natal (parturition) and maternal (rearing) dens during the first 6–8 weeks of kittens’ lives (Olson 

et al. 2011, Vashon et al. 2012); therefore, we likely detected all reproductive events of radio 

collared females where kittens survived the perinatal period. When possible, we backtracked 

females with known litters to determine survival of kittens to 8–10 months old 

(January/February).  

We used denning and backtracking data to define four response variables as measures of 

reproductive success: (1) potential reproductive events, (2) initial litter size, (3) litter success, 

and (4) surviving litter size. We defined potential reproductive events as a binary variable where 

a female either produced a litter or did not produce a litter that year. We then removed all 

observations in which a female did not produce a litter and subsequently defined initial litter size 

as the number of offspring in natal dens. We defined litter success as a binary variable where at 

least one offspring survived until 8–10 months old (January or February), or where none of the 

offspring survived to this age. We then removed all observations in which none of the offspring 

survived until 8–10 months old to define surviving litter size, which is the number of offspring 

that survived to 8–10 months old.  

Covariate Data Collection and Predictions 

We created female home ranges using location data to analyze habitat composition and spatial 

configuration within female home ranges. Because core areas represent the most intensively used 

portions of a home range (Bingham and Noon 1997, Seaman et al. 1999), we estimated home 

ranges at two spatial extents to determine whether 50% annual core areas (hereafter core areas) 

were potentially more predictive of lynx reproductive success than 90% annual home ranges 

(hereafter home ranges). We used ArcGIS® 9.3.1 [Environmental Systems Research Institute 
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(ESRI), Inc., Redlands, CA, USA] and the Home Range Tools Extension (HRT; Rodgers et al. 

2007) to estimate core areas and home ranges using the fixed-kernel density method (Worton 

1989) and a reference smoothing factor (href, Worton 1995) of 1.0. We considered females with 

sufficient location data (≥30 locations, Seaman et al. 1999) and whose home ranges were 

covered by our vegetation data layer. Detailed methods for core area and home range estimation 

are included in Appendix A.  

We used the US Forest Service’s Vegetation Mapping Program (VMap) layer (Brewer et 

al. 2004) as a repeatable method to delineate forest patches within female home ranges based on 

their spectral signature and we visually assigned 5 forest structural types to these patches: 1) 

open—trees not present; 2) thin forest—naturally sparsely stocked or mechanically thinned 

stands with a discontinuous canopy and a visible forest floor; 3) young regenerating forest—trees 

generally <10 cm diameter at breast height (DBH), with continuous canopy or dense deciduous 

shrub understory; 4) old regenerating forest—previously harvested or thinned with trees 

generally >10 cm DBH, continuous canopy or dense deciduous shrub understory; and 5) mature 

forest—large trees, continuous canopy, and no evidence of recent disturbance. We tested the 

accuracy of the layer by ground-truthing 187 random test locations stratified by study area and 

forest structure type. Overall accuracy was 93% with 87 of 93 locations classified correctly in 

Seeley and 87 of 94 locations classified correctly in the Purcells. We used the raster version of 

Fragstats software (v.4.2; McGarigal et al. 2012) to quantify all habitat covariates that described 

forest structure type composition and spatial configuration within female home ranges.  

Home range composition describes the variety and abundance of forest structure types, 

whereas home range configuration describes the spatial character and arrangement of forest 

structure types within a home range (McGarigal and Marks 1994). We estimated two covariates 
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representing home range composition (Table 2): percent composition, and area-weighted mean 

patch size; and five covariates representing home range configuration (Table 2): patch density, 

edge-contrast, contagion (fragmentation), correlation length (connectivity), and area-weighted 

mean perimeter-area ratio (patch area and shape).  

Because we did not assess snowshoe hare abundances or densities within female home 

ranges, we assumed snowshoe hare densities varied by forest structure type. Dense mature forest 

and dense young forest types in the western US have been consistently identified as capable of 

supporting the highest snowshoe hare densities relative to other forest types across multiple 

regions and seasons (Griffin 2004, Griffin and Mills 2009, Berg et al. 2012, Ivan et al. 2014). 

Therefore, based on existing knowledge of important forest types for lynx and snowshoe hares, 

we predicted (Table 1) reproductive success would be positively related to mature forest 

(Koehler et al. 2008, Squires et al. 2008, 2010), old regenerating forest (Squires et al. 2008, 

2010) and young regenerating forest (Burdett 2008, Griffin and Mills 2009, McCann and Moen 

2011); and negatively related to thin forest and open areas (Squires et al. 2010). 

We considered percent composition for all five forest structure types and also considered 

collapsed categories [i.e. forest (mature + old regenerating), open/sparse (open + thin)], because 

percent composition is often the most useful information that can be derived for fragmentation 

analyses (McGarigal and Marks 1994). For all other habitat covariates, unless otherwise 

specified, we only included mature forest and young regenerating forest structure types because 

of their known importance to lynx and snowshoe hares in the contiguous US (Ruggiero et al. 

2000, Burdett 2008, Koehler et al. 2008, Squires et al. 2010, McCann and Moen 2011). We 

selected area-normalized metrics or area-normalized the data before analysis because occupied 

core areas and home ranges varied in total area.  
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We considered connectivity of mature forest patches within each female home range 

using “correlation length”, a landscape metric based on the average extensiveness of connected 

patches of a focal habitat type within a given landscape (Fragstats; McGarigal and Marks 1994). 

This can be interpreted as the average distance a female lynx can traverse her home range 

without exiting mature forest, starting from a random point and moving in a random direction 

(Keitt et al. 1997). Because this metric is sensitive to area, we area-normalized correlation length 

(Kevin McGarigal, University of Minnesota, personal communication) by (1) quantifying the 

“potential” correlation length for each home range if the entire home range was one contiguous 

patch of mature forest; (2) quantifying “realized” correlation length for each home range, or the 

ability for the female to traverse her home range without exiting mature forest given the existing 

forest mosaic within the home range; (3) dividing the “realized” correlation length by the 

“potential” correlation length for each home range, resulting in a traversability index scaled 0–1, 

with values closer to 0 representing low traversability of home ranges and values closer to 1 

representing high traversability. We predicted reproductive success would be positively related 

to home ranges with high traversability (hereafter connectivity) of mature forest. We also 

evaluated connectivity of mature and old regenerating forest patches combined to test the 

importance of overall forest connectivity within female home ranges.  

We considered perimeter-area ratio for mature forest and young regenerating forest types 

because patches of equal area may vary significantly in the amount of their area exposed to edge. 

Patches with elongated or irregular shapes have higher perimeter-area ratios than patches of the 

same area with simple compact shapes (i.e. circle or square). Additionally, small patches 

generally have higher perimeter-area ratios than larger patches (Helzer and Jelinski 1999). We 

predicted reproductive success would be negatively correlated to perimeter-area ratio, a strong 
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correlate of fragmentation (McGarigal and Marks 1994). Additionally, we considered edge-

contrast density for forest (mature and old regenerating forest combined) and non-forest (open 

and thin forest combined). We predicted reproductive success would be negatively related to 

forest and non-forest edge density. We considered the potential importance of edge density 

between mature forest and young regenerating forest (Griffin and Mills 2009, Lewis et al. 2011). 

We predicted reproductive success would be positively related to mature forest and young 

regenerating forest edge density because these forest structure types are considered “source” 

populations for snowshoe hares (Griffin and Mills 2009). Additionally, the adjacency of these 

forest structure types could enhance snowshoe hare population growth (Griffin and Mills 2009, 

Lewis et al. 2011).  

Dense vegetation is an important habitat component for both lynx (Murray 2003, Moen et 

al. 2008, Fuller and Harrison 2010, Squires et al. 2010) and snowshoe hares (Griffin 2004, Fuller 

and Harrison 2005, Griffin and Mills 2009, Scott 2009). Therefore, we predicted reproductive 

success would be positively related to vegetation density in female home ranges. To assess 

vegetation density, we used the normalized difference vegetation index (NDVI) using ArcGIS® 

9.3.1 [Environmental Systems Research Institute (ESRI), Inc., Redlands, CA, USA]. This index 

is constructed from remotely sensed data that measures reflected light from the earth’s surface, 

and provides an assessment of the relative density and condition of vegetation. As such, Squires 

et al. (2013) suggested NDVI is a potential surrogate for horizontal cover. The advantage to 

using NDVI is that the entirety of each home range’s vegetative cover could be assessed without 

the extensive cost and effort of performing surveys on the ground. Low values of NDVI correlate 

with open, non-vegetated or low-productivity areas, whereas high values of NDVI correlate with 

densely vegetated areas, such as thick shrubs and intact forests (Gamon et al. 1995). We 
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estimated mean NDVI values for each female home range using composites derived from 

NASA’s Moderate Resolution Imaging Spectroradiometer (MODIS) during the peak-growing 

season (July 9–July 30, 2007). 

Additionally, another habitat covariate we utilized to assess vegetation density was the 

Compound Topographic Index (CTI), a steady state wetness index that is strongly correlated 

with soil moisture (Moore et al. 1991). We assumed vegetation in more moist areas would 

regenerate and produce more biomass (i.e. potential horizontal cover) than drier areas following 

disturbances. Therefore, we predicted reproductive success would be positively related to mean 

soil moisture. We estimated the mean and range of CTI values for each home range using the 

Geomorphometry and Gradient Metrics extension (version1.01; Evans and Oakleaf accessed 

02/20/2013) for ArcGIS® 9.3.1.  

We analyzed variation in lynx reproductive success parameters relative to three measures 

of maternal condition: body mass, maternal age category, and an individual’s reproductive 

performance the previous year (reproductive event, initial litter size, litter success, and surviving 

litter size).  

We chose body mass as a surrogate for maternal fitness because starvation is a leading 

cause of mortality for lynx in both northern (Poole et al. 1996, Slough and Mowat 1996) and 

southern populations (Devineau et al. 2010, John Squires personal communication, Vashon et al. 

2012) and generally occurs during the winter in our study areas (John Squires, USFS-Rocky 

Mountain Research Station, personal communication). We only considered body mass 

measurements that were collected during the winter prior to each reproductive event, when the 

potential effect of diminished body condition on the reproductive capacity of an individual 

would be most pronounced. Body mass has been positively correlated with various reproductive 
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success parameters in other mammals (Stearns 1992); therefore, we predicted lynx reproductive 

success would be positively related to body mass. We also considered a standardized measure of 

body mass by dividing body mass by body length (tip of the nose to tip of the tail) to account for 

potential physiological differences between female lynx.  

We assigned females to three age categories (2, 3, and >3 years old) based on known age 

for females first observed as kittens and/or an analysis of tooth annuli collected from mortalities, 

and assigned unknown aged females to the >3 years old age category after we had monitored a 

female >3 years. We selected these age categories based on our ability to distinguish age in the 

field and for comparison with other studies (Mowat et al. 1996, Palomares et al. 2005, Nilsen et 

al. 2012, Gaillard et al. 2014). We predicted reproductive success would be positively related to 

female age categories and reproductive performance the previous year, a common relationship in 

mammals (Fisher 1930, Pianka and Parker 1975, Clutton-Brock 1984, Sydeman et al. 1991, 

Hadley et al. 2007).  

Statistical Analysis 

We used generalized linear mixed models (GLMM; Bolker et al. 2009) with a binomial 

distribution and a logit link function to test the effects of all covariates on 1) potential 

reproductive events and 2) litter success. We used linear mixed models with a normal Gaussian 

distribution to test the effects of all covariates on 3) initial litter size and 4) surviving litter size. 

All statistical analyses were performed in R version 2.15.2 (R Core Team 2013) using the lme4 

package (Bates et al. 2014). We included the identity of individual females as a random effect to 

control for repeated measures of the same individuals over time. We constructed candidate 

models from important (P <0.25) habitat covariates (Appendix B) that we identified using 

univariate linear regression (following Hosmer and Lemeshow 2000). For comparison and 
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consistency, we used the same set of candidate models for all four reproductive success analyses. 

For maternal covariate analysis, we used univariate models only due to high variation in sample 

sizes (Table 3). We evaluated covariates for normality and tested covariates for collinearity, 

retaining the covariate with greater univariate significance when variables were correlated (| r | > 

0.7; Menard 1995). For example, connectivity of mature forest was correlated with connectivity 

of all forest (mature and old regenerating forest combined, r = 0.76) and percent composition of 

mature forest (r = 0.92). We retained connectivity of mature forest in our models because it was 

more significant in all analyses. Perimeter-area ratio of young regenerating forest patches was 

inversely correlated with mean area of young regenerating forest patches (r = –0.71). We 

retained perimeter-area ratio because it reflects both area and shape of patches and it was more 

significant in all analyses.  

We used the Akaike Information Criterion corrected for small sample sizes (AICc: 

Burnham and Anderson 2002) to rank models. We interpreted models with 2 AICc of the top 

model to have similar support, and evaluated Akaike weights (wi) as evidence of the relative 

likelihood of the model given the set of candidate models (Burnham and Anderson 2002). We 

provide coefficient estimates (β), standard errors (SE), and 95% confidence intervals (CI) as 

indicators of direction and strength of covariate relationships.   

RESULTS 

We monitored 36 females (Purcells = 17, Seeley = 19) of reproductive age (≥2 years old) for an 

average of 2.7 ± 1.9 years (mean ± SD, range = 1–7) from 1998–2012. These females produced 

61 litters (150 kittens) out of 97 potential reproductive events, a proportion of 0.63. Older 

females (>3 years) were more likely to produce a litter than 2 year olds (β = 1.482, SE = 0.723, P 

= 0.055) with a proportion of 0.71 (n = 61) of older females producing a litter, but were only 
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marginally more likely to produce a litter than 3 year olds (β = 1.148, SE = 0.855, P = 0.161). 

The proportion of 3 year olds producing a litter was 0.5 (n = 12), and 2 year olds was 0.42 (n = 

12), which was not statistically different (β = 0.338, SE = 0.908, P = 0.709).  

Average litter size was 2.46 ± 0.8 kittens (mean ± SD, n = 61 litters). Litter sizes varied 

from 1 to 5 kittens per litter with 2 or 3 kittens being the most frequently observed in both study 

areas (Table 4). Average female body mass was 9.04 ± 0.8 kg (mean ± SE, n = 65, range = 7.25–

11). Body mass, and body mass divided by body length, were not strong correlates of 

reproductive success in any analyses (Tables 5–8). 

Our analysis of litter success consisted of 16 females that produced 40 litters (98 kittens) 

with known survival data. Thirty-two litters had ≥1 kitten survive to 8–10 months old resulting in 

an overall litter success rate of 80%. Fifty-seven of the 98 kittens survived to 8–10 months old, 

resulting in an individual survival rate of 58.2%. Females that produced a litter the previous year 

were marginally more likely to have ≥1 kitten survive to 8–10 months old the present year (β = 

0.703, SE = 0.385, P = 0.077). 

Mature forest was the dominant forest structure type in both annual core areas and annual 

home ranges. Mature forest comprised an average 49 ± 13% (mean ± SD, range = 7–79, n = 23) 

of core areas and an average 50 ± 15% (range = 18–69) of home ranges. Young regenerating 

forests comprised an average 13 ± 6% (range = 1–26) of core areas and an average 11 ± 4% 

(range = 4–24) of home ranges. Old regenerating, naturally or mechanically thinned, and open 

forest structure types comprised the remaining area. Average percent compositions of the 

different forest structure types did not vary substantially by study area or spatial extent 

(Appendix C).   



14 

 

Females that produced litters had core areas with intermediate amounts of young 

regenerating forest (10–15%, Figure 3), greater connectivity of mature forest (Figure 2), and 

greater edge density between mature and young regenerating forest (Figure 2) than core areas of 

females that did not produce litters (Tables 9–10). Specifically, the percentage of young 

regenerating forest had a strong positive linear appearance until the composition reached 

approximately 10–15% of the core area. Above this level of composition, the probability of 

producing a litter declined (Figure 3). Hereafter, we refer to this relationship as “intermediate 

amounts of young regenerating forest”. Similar to our core area results, females that produced 

litters had home ranges with intermediate amounts of young regenerating forest, greater 

connectivity of mature forest, and greater edge density between mature and young regenerating 

forest than home ranges of females that did not produce litters (Tables 11–12).  

Females with larger initial litter sizes had core areas with greater connectivity of mature 

forest, and young regenerating forest patches with low perimeter-area ratio as compared to core 

areas of females with smaller initial litter sizes (Figure 4, Tables 13–14). At the home range 

extent, females with larger initial litter sizes had home ranges with higher densities of young 

regenerating forest patches, higher percent composition of mature forest, lower percent 

composition of old regenerating forest, young regenerating forest patches with low perimeter-

area ratios, lower moisture variance and were less fragmented than home ranges of females with 

smaller initial litter sizes (Tables 15–16).  

For litter success, at both spatial extents, all 95% confidence intervals for model 

covariates overlapped zero, indicating that no habitat covariates were strongly significant at the 

given confidence level (Table 18; Table 20). This suggests either high model selection 

uncertainty, none of the covariates were important predictors for litter success, or our limited 
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sample size (n = 38) constrained opportunities to evaluate the robustness of factors that affected 

litter success (Tables 17–20).  

Females with larger surviving litter sizes had core areas with higher mean vegetation 

density (NDVI), young regenerating forest patches with low perimeter-area ratio, and lower 

moisture variance than core areas of females with smaller surviving litter sizes (Figure 5, Tables 

21–22). At the home range extent, females with larger surviving litter sizes had less fragmented 

home ranges, lower moisture variance, young regenerating forest patches with low perimeter-

area ratio, and lower percent composition of old regenerating forest than home ranges of females 

with smaller surviving litter sizes (Tables 23–24).  

Habitat covariates were better predictors of reproductive events at the core area (AICc = 

74.53, Table 9) than at the home range (AICc = 83.18, Table 11) extent. To a lesser degree, 

habitat covariates were better predictors of initial litter sizes at the core area (AICc = 124.44, 

Table 13) than at the home range (AICc = 126.62, Table 15) extent. Habitat covariates were 

similarly predictive of litter success at the core area (AICc = 39.21, Table 17) and the home range 

(AICc = 38.32, Table 19) extent, and also similarly predictive of surviving litter sizes at the core 

area (AICc = 75.59, Table 21) and the home range (AICc = 75.07, Table 23) extent. 

DISCUSSION 

Our results supported our hypotheses about the effects of maternal age category on lynx 

reproductive success (Table 1) in that older females (>3 years) had a higher probability of 

producing a litter than 2 year old females. This suggests that female lynx in our study areas may 

delay reproduction similar to northern lynx populations when snowshoe hare abundances are low 

(Brand and Keith 1979, Poole 1994, Slough and Mowat 1996). The average litter size in our 
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study (2.46 kittens; Squires in prep) was similar to average litter sizes for lynx in other areas of 

the contiguous US (Vashon et al. 2005, Moen et al. 2008, Shenk 2008, Vashon et al. 2012).  

Contrary to our predictions, maternal body mass was not a good predictor for 

reproductive success possibly because body mass measurements were recorded whenever 

females were captured in the winter, when lynx are potentially more resource-limited and female 

body mass may vary naturally (i.e. higher body mass in early winter, lower body mass in late 

winter). Similarly, maternal body mass was not predictive of litter size in Eurasian lynx (Lynx 

lynx) (Gaillard et al. 2014).  

Many of our hypotheses about the effects of forest structure type composition and 

configuration on female lynx reproductive success were supported (Table 1). We found that 

connectivity of mature forest, percent composition of young regenerating forest and young 

regenerating forest patches with low perimeter-area ratio, and adjacency of mature to young 

regenerating forest types were the most important predictors for overall lynx reproductive 

success in our study areas.  

Landscapes containing a heterogeneous mix of forest structure types provide lynx 

foraging habitat throughout the year (Poole et al. 1996, McKelvey et al. 2000, Hoving et al. 

2004, Squires et al. 2010). We found production of litters, larger initial litter sizes, and larger 

surviving litter sizes occurred where home ranges contained a relatively contiguous mature forest 

background with intermediate amounts (10–15%) of young forest patches with low perimeter-

area ratio. 

All female home ranges within our study areas were altered to a large degree by land 

management actions (i.e. regeneration harvests, pre-commercial and commercial thinning, 

prescribed burns, etc.). Female home ranges ranged from relatively contiguous mature forest 
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background among a mixture of different forest structure types (Figure 2), to those with smaller 

and more isolated mature forest patches surrounded by different forest structure types. The 

contiguous mature forest component, which we have referred to as greater connectivity of mature 

forest within female home ranges, was the only home range configuration metric that was 

strongly related to both successful reproduction and larger initial litter sizes.  

We suggest a threshold may exist for the positive effect of young regenerating forest, and 

that intermediate amounts (10–15%) are most conducive for lynx reproductive events (Figure 3). 

This positive relationship may be related to higher densities of snowshoe hares in young 

regenerating forest patches during summer (Griffin and Mills 2009). However, home ranges with 

greater proportions of young forest (i.e. >15%) may compromise foraging habitat for lynx in the 

winter. Mature forest is the most stable and consistent annual forest structure type for snowshoe 

hares and lynx in the western U.S. (Griffin 2004, Griffin and Mills 2009, Squires et al. 2010, 

Berg et al. 2012, Ivan et al. 2014).  

Although mature forest is the most crucial and limiting forest structure type for lynx (due 

to its long regeneration time) and provides high-quality, year-round snowshoe hare habitat, our 

findings suggest young regenerating forest in conjunction with mature forest may further 

enhance the reproductive success of lynx. Mature forest with low tree limbs and a substantial 

understory can provide lynx foraging habitat for long periods of time (Murray et al. 1994, 

Koehler et al. 2008, Squires et al. 2010), whereas habitat for hares in young regenerating forest 

habitat is temporary; trees eventually grow taller and become inaccessible to snowshoe hares. 

When this happens, the trees shade out the understory, resulting in unsuitable habitat for an 

extended period of time before the stand develops mature forest charachteristics. The duration of 
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time in suitable versus unsuitable habitat will vary, depending on the species composition of the 

regenerating stand and site characteristics.  

We further suggest the potential benefit of the adjacency of “source” forest structure 

types (i.e. mature forest and young regenerating forest) for snowshoe hares and thus lynx 

foraging. Female home ranges with greater adjacency of mature and young regenerating forest 

types were positively associated with both probability of producing a litter and litter success. 

Overall population growth of snowshoe hares in Montana was higher in dense mature and dense 

young forest types and in open young and open mature forest types (Griffin and Mills 2009). 

They further proposed that dense mature forest adjacent to dense young forest would likely be 

more valuable than the adjacency of either forest structure type to an open or thin forest structure 

type. In Washington, landscapes with contiguous snowshoe hare habitat or those surrounded by a 

mosaic of similar habitat quality supported higher snowshoe hares abundances than more 

fragmented landscapes (Lewis et al. 2011). Potential explanations for the importance of the 

adjacency between mature forest and young regenerating forest could be related to snowshoe 

hare daily movements among forest structure types (Walker 2005, Griffin and Mills 2009), 

dispersal (Griffin and Mills 2009), or seasonal shifts of snowshoe hares between mature forests 

and adjacent young regenerating forests (Ivan et al. 2014). Ivan et al. (2014) evaluated intra- and 

inter-seasonal snowshoe hare movement patterns in Colorado for 3 forest types (young 

lodgepole, old lodgepole, and mature spruce-fir forest). They discovered that snowshoe hares 

shifted from young lodgepole forests into older adjacent forests during winter and reversed this 

movement in the summer. Similar to previous studies of snowshoe hare movement, the authors 

proposed this seasonal shift could be due to an interaction between snow depth and tree canopy, 
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suggesting that snow could make younger forests less available or less secure for hares in the 

winter (Ivan et al. 2014). 

We found that female lynx with home ranges containing 10–15% composition of young 

regenerating forest patches with low perimeter-area ratio had larger litter sizes. These patches of 

young regenerating forest may provide higher densities of prey for female lynx and kittens 

during the summer, especially when females are strongly associated with den sites and are 

restricted in foraging movements. For example, female lynx use natal (parturition) and multiple 

maternal den locations for rearing their offspring over a period of 6–8 weeks during early 

summer (mid-May–mid July) (Slough 1999, Moen et al. 2008, Olson et al. 2011) and exhibit a 

central place foraging behavior with movement restricted to a small foraging radius [2–3 km 

from den sites in Minnesota (Moen et al. 2008); 2.1 km in Montana (Olson et al. 2011)]. Lynx 

den most frequently in mature forest stands in the western US; for example, all lynx dens in 

Washington (n = 3) and 80% of lynx dens in Montana (n = 55) were located in mature forest 

stands (Koehler et al. 2008, Squires et al. 2008). We suggest female lynx may benefit from 

“source” patches of young regenerating forest adjacent to mature forest within their home ranges. 

Existing literature regarding the importance of old regenerating forest to lynx is 

equivocal, suggesting old regenerating forest without a dense understory (i.e. during stem-

exclusion period) will only become high quality lynx habitat once a dense understory develops 

(USFS 2007). We suggest that higher amounts of old regenerating forest with lesser amounts of 

mature forest may be negatively associated with lynx reproductive success. Females with home 

ranges containing higher amounts of old regenerating forest had smaller initial litter sizes than 

females with home ranges containing lesser amounts of old regenerating forest. However, we 

interpret these results with caution because our sample size was small and because once a dense 
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understory has developed, older regenerating forests will transition into snowshoe hare and thus 

lynx foraging habitat once again (USFS 2007).   

Future Research Recommendations   

To improve and expand upon these findings, we recommend future studies consider tree species 

composition within female home ranges to refine our current understanding of lynx habitat. For 

example, within the mature forest component of a female’s home range, the amount of spruce-fir 

forest is likely more important than other tree species compositions (Squires and Ruggiero 2007, 

Squires et al. 2008, 2010).  

Furthermore, future investigations that incorporate a continuous landscape gradient 

framework (i.e. pixels) instead of the classic categorical patch-mosaic framework may provide 

additional insight into the realized niche (McGarigal et al. 2009, Cushman et al. 2010) of lynx in 

the contiguous U.S. For example, the frequency and distribution of dense pockets of high quality 

lynx habitat within forested stands could be an important consideration. Finally, developing 

models that project forest structure types through time may provide valuable guidance for current 

and future land management actions. This would ensure these actions are sensitive to lynx 

habitat needs, a critical step for recovery planning.   

MANAGEMENT IMPLICATIONS 

We suggest that lynx reproductive success is related to forest structure type abundance and 

spatial configuration within female home ranges. A habitat mosaic comprised of higher 

percentages and connectivity of mature forest interspersed with patches of young regenerating 

forest will likely support and enhance lynx reproductive success within our study areas. Female 

lynx home ranges consisting of >50% mature forest and approximately 10–15% young 

regenerating forest at both home range extents appears to be the optimal composition of forest 
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structure types. Additionally, greater connectivity of mature forest combined with young 

regenerating forest patches with low perimeter-area ratios appears to be the optimal 

configuration of forest structure types.       

Current management of US Forest Service lands that contain lynx habitat allows for no 

greater than 30% young forest within a predefined lynx analysis unit (Ruediger et al. 2000, 

USFS 2007). We suggest 10–15% composition of young regenerating forest may be more 

appropriate, and suggest that lesser amounts (<10%) and greater amounts (>15%) may 

negatively affect lynx reproductive output.  

In the short term, timber harvest and natural disturbances can create high quality summer 

habitat for snowshoe hares. However, there is also a long period of time when these stands will 

no longer retain high quality snowshoe hare/lynx habitat characteristics, as they progress through 

seral stages from young regenerating to mature stands. Therefore, we suggest current forest 

management practices retain existing mature forest patches that provide year-round snowshoe 

hare habitat, and maintain connectivity of those patches within lynx habitat by avoiding further 

fragmentation. Land management practices should be carefully evaluated and planned at the 

home range level; long-term management plans should be developed that will favor maintaining 

and enhancing the connectivity and abundance of mature forest spatially and temporally within 

lynx habitat.   
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Figure 1.  Purcell Mountains and Seeley Lake study areas in the range of Canada lynx (Lynx canadensis) 

in northwestern Montana, USA. Region is highlighted in grey in the inset map.  
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Figure 2.  Two female Canada lynx (Lynx canadensis) home ranges (left) with associated core areas 

(right) in the Purcell Mountains and Seeley Lake study areas in northwestern Montana, USA which 

illustrate the importance of connectivity of mature forest (dark green) and the importance of young 

regenerating forest (yellow) adjacency to mature forest. Core areas of females that produced litters had 

higher connectivity of mature forest and higher adjacency between mature forest and young regenerating 

forest types. Forest structure categories include: mature forest (dark green), old regenerating forest (light 

green), young regenerating forest (yellow), thin (orange), and open areas (red).  
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Figure 3.  Predicted probability plots for potential reproductive events as functions of individual 

covariates from generalized linear mixed effects models of Canada lynx (Lynx canadensis) reproductive 

success in northwestern Montana, USA, 1998–2012. Plots depict relationships between individual 

covariates and parameters with other covariates fixed at mean values. Numerical covariate relationships 

are illustrated as functions (black lines) with 95% CIs (gray shading). Model selection results are 

presented in Tables 9–12. Covariates are defined in Table 2.  
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Figure 4.  Predicted probability plots for initial litter size as functions of individual covariates from linear 

mixed effects models of Canada lynx (Lynx canadensis) reproductive success in northwestern Montana, 

USA, 1998–2012. Plots depict relationships between individual covariates and parameters with other 

covariates fixed at mean values. Numerical covariate relationships are illustrated as functions (black lines) 

with 95% CIs (gray shading). Model selection results are presented in Tables 13–16. Covariates are 

defined in Table 2.  
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Figure 5.  Predicted probability plots for surviving litter size as functions of individual covariates from 

linear mixed effects models of Canada lynx (Lynx canadensis) reproductive success in northwestern 

Montana, USA, 1998–2012. Plots depict relationships between individual covariates and parameters with 

other covariates fixed at mean values. Numerical covariate relationships are illustrated as functions (black 

lines) with 95% CIs (gray shading). Model selection results are presented in Tables 21–24. Covariates are 

defined in Table 2. 
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Table 1.  Summary of hypotheses and predictions for all response variables representing measures of 

reproductive success: Covariates included in top models are identified in bold and covariates with 

confidence intervals that did not overlap zero are identified by an asterisk (*). Definitions of maternal 

covariates
a 

are provided below and definitions of habitat covariates are provided in Table 2.  

Covariates
 a

 Predictions Summary of major findings 

Maternal   

body mass β >0  

mass_body length β >0  

age category β >0 >3 years old compared to 2 year olds 

reproductive event previous year β >0  

litter size previous year β >0  

litter success previous year β >0  

survival size previous year β >0  

Forest structural types   

open β <0  

thin β <0  

young β >0* %*, patch density*, patch shape* 

old β >0* %* 

mature β >0* %*, connectivity* 

forest (mature +old) β >0  

sparse (thin +open) β <0  

young and mature β >0* edge density* 

all forest types combined β <0* contagion* (fragmentation) 

Vegetation density   

mean NDVI β >0* vegetation density* 

mean CTI (soil moisture) β >0  

range CTI (soil moisture) β <0* moisture variance* 

a

Maternal covariates are defined as follows: body mass, female weight in kilograms; mass_body length, 

body mass in kilograms divided by body length in centimeters; age category, categorical variable [2 year 

olds, 3 year olds or >3 year olds]; reproductive event previous year, reproductive event recorded the 

previous year (binary); litter size previous year, initial litter size recorded the previous year; litter success 

previous year, litter survival (≥1 survivor) recorded the previous year (binary); survival size previous 

year, the number of kittens that survived to 8–10 months old the previous year. 



28 

 

Table 2.  Landscape metrics used to analyze home range composition and configuration by forest 

structure types within female Canada lynx (Lynx canadensis) home ranges in northwestern Montana, 

USA, from 1998−2012.  

Covariates Units Description 

   

percent composition  % Percentage of the home range comprised of the 

corresponding habitat type 

   

area-weighted mean patch  ha Similar to mean patch area, however emphasis is 

placed on the mean patch area of larger patches  

   

correlation length (connectivity) 0−1 index A measure of patch extent, how far across the 

landscape a patch extends until it reaches a boundary 

with another patch type 

   

patch density  # per  

100 ha 
Number of patches per hectare (class level) 

   

patch shape edge/ha Shape complexity of patches, where shape is defined 

by perimeter-area relationships 

   

edge contrast  m/ha The total length of edge per hectare, weighted by the 

contrast between different habitat types  

   

contagion   % Measure of the aggregation of habitat types, 

approaches 100 when all patch types are equally 

adjacent to other patch types 

 

*For complete descriptions and algorithms see McGarigal and Marks (1994). 
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Table 3.  Number of observations and unique females included in statistical analyses for Canada lynx 

(Lynx canadensis) in northwestern Montana, USA, from 1998–2012.  Definitions of maternal covariates
a 

are provided below. Sample sizes (n) and number of females included in each analysis are identified. 

Covariates
a 
 

Potential 

reproductive 

events 

Initial litter 

size 
Litter success 

Surviving 

litter size 

 n Females n Females n Females n Females 

         

body mass 65 33 42 20 26 13 19 10 

         

mass_body length 52 30 33 18 20 12 15 9 

         

age category 85 34 54 21 36 16 28 14 

         

litter size present year 61 22 61 22 40 16 32 14 

         

litter previous year 61 23 45 18 29 13 23 12 

         

litter size previous year 61 23 45 18 29 13 23 12 

         

survival previous year 35 14 29 12 25 11 20 10 

         

survival size previous year 29 13 24 11 21 10 17 9 

         

all habitat covariates 78 23 54 17 38 15 32 13 

         
a

Maternal covariates are defined as follows: body mass, female weight in kilograms; mass_body length, 

body mass in kilograms divided by body length in centimeters; age category, categorical variable [2 year 

olds, 3 year olds or >3 year olds]; reproductive event previous year, reproductive event recorded the 

previous year (binary); litter size previous year, initial litter size recorded the previous year; litter success 

previous year, litter survival (≥1 survivor) recorded the previous year (binary); survival size previous 

year, the number of kittens that survived to 8−10 months old the previous year.  
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Table 4.  Baseline information for initial litter sizes and initial litter sizes subset by litters with known 

survival data for female Canada lynx (Lynx canadensis) in northwestern Montana, USA, from 

1998−2012.   

Litter sizes Litter sizes with known survival 

Litter 

size 
n 

Total 

kittens 

Litter 

size 
n 

Total 

kittens 

Total 

survivors 

Probability of 

survival 

Number of kittens 

that survive at each 

litter size 

1 6 6 1 4 4 4 1.000 1.00 

2 27 54 2 20 40 23 0.575 1.15 

3 24 72 3 12 36 17 0.472 1.42 

4 2 8 4 2 8 7 0.875 3.50 

5 2 10 5 2 10 6 0.600 3.00 

Total 61 150 Total 40 98 57 0.582  
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Table 5.  Univariate models tested to explain variation in *potential reproductive events (binary) for 

female Canada lynx (Lynx canadensis) in northwestern Montana, USA, from 1998−2012. Definitions of 

maternal covariates
a 
are provided below. Beta coefficients (β), standard errors (SE), 95% confidence 

intervals (95% CI), p-values, sample size (n) and number of females are identified.  

Covariates
a
 β SE 95% CI p-value n Females 

body mass  0.184 0.4427 −0.838, 1.211 0.677 65 33 

mass_body length −18.227 16.379 −57.701, 16.539 0.266 52 30 

age category          2 yr (dummy) −0.619 0.6875 −2.333, 0.824 0.368 85 34 

                        3 yr: 2 yr 0.338 0.9083 −1.624, 2.364 0.709   

                      >3 yr: 2yr 1.482 0.7232 −0.125, 3.393 0.055   

                        3 yr: >3 yr −1.148 0.8547 −2.94, 0.434 0.161   

reproductive event previous year 0.455 0.7172 −2.075, 2.076 0.526 61 23 

litter size previous year  0.079 0.5239 −1.036, 1.265 0.881 44 17 

litter success previous year  −0.142 1.3630 −4.459, 3.393 0.917 35 14 

survival size previous year −0.248 0.6407 −1.628 1.636 0.699 29 13 
a

Maternal covariates are defined as follows: body mass, female weight in kilograms; mass_body length, 

body mass in kilograms divided by body length in centimeters; age category, categorical variable [2 year 

olds, 3 year olds or >3 year olds]; reproductive event previous year, reproductive event recorded the 

previous year (binary); litter size previous year, initial litter size recorded the previous year; litter success 

previous year, litter survival (≥1 survivor) recorded the previous year (binary); survival size previous 

year, the number of kittens that survived to 8−10 months old the previous year.  
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Table 6.  Univariate models tested to explain variation in *initial litter size for female Canada lynx (Lynx 

canadensis) in northwestern Montana, USA, from 1998−2012. Beta coefficients (β), standard errors (SE), 

95% confidence intervals (95% CI), p-values, sample size (n), and number of females are identified. 

Definitions of maternal covariates
a 
are provided below.   

 

Covariates
a 
 β SE 95% CI p-value n Females 

body mass  −0.113 0.1657 −0.446, 0.275 0.500 42 20 

mass_body length −5.908 6.4390 −18.904, 7.086 0.362 33 18 

age category          2 yr (dummy) 2.817 0.3556 2.107, 3.527 ≤0.001 54 21 

                        3 yr: 2 yr −0.463 0.4642 −1.395, 0.465 0.321   

                      >3 yr: 2yr −0.415 0.3742 −1.161, 0.333 0.271   

                        3 yr: >3 yr −0.048 0.3439 −0.739, 0.639 0.889   

reproductive event previous year 0.385 0.2599 −0.139, 0.906 0.143 45 18 

litter size previous year  −0.038 0.1244 −0.364, 0.226 0.803 35 15 

litter success previous year  0.542 0.3411 −0.157, 1.233 0.124 29 12 

survival size previous year −0.072 0.1659 −0.462, 0.267 0.665 24 11 
a

Maternal covariates are defined as follows: body mass, female weight in kilograms; mass_body length, 

body mass in kilograms divided by body length in centimeters; age category, categorical variable [2 year 

olds, 3 year olds or >3 year olds]; reproductive event previous year, reproductive event recorded the 

previous year (binary); litter size previous year, initial litter size recorded the previous year; litter success 

previous year, litter survival (≥1 survivor) recorded the previous year (binary); survival size previous 

year, the number of kittens that survived 8−10 months old the previous year.  
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Table 7.  Univariate models tested to explain variation in the probability of *litter success for female 

Canada lynx (Lynx canadensis) in northwestern Montana (1998−2012).  Beta coefficients (β), standard 

errors (SE), and 95% confidence intervals (95% CI), p-values, sample size (n), and number of females are 

identified. Definitions of maternal covariates
a 
are provided below. 

Covariates
a 
 β SE 95% CI p-value n Females 

body mass  −0.187 0.5590 −1.720, 1.197 0.738 26 13 

mass_body length −2.986 19.502 −83.152, 101.46 0.878 20 12 

age category          2 yr (dummy) 1.119 1.1682 −1.014, −4.765 0.338 36 16 

                        3 yr: 2 yr −1.156 1.5349 −6.566, 1.813 0.451   

                      >3 yr: 2yr 0.428 1.2718 −2.758, 3.217 0.737   

                        3 yr: >3 yr −1.584 1.3825 −6.836, 0.766 0.252   

reproductive event previous year 0.288 1.2583 −2.829, 2.589 0.819 29 13 

litter size previous year  −0.229 0.4699 −1.246, 0.781 0.626 25 11 

litter success previous year  0.348 1.2815 −2.808, 2.739 0.786 25 11 

survival size previous year 0.091 0.6268 −1.086, 1.607 0.884 21 10 
a
Maternal covariates are defined as follows: body mass, female weight in kilograms; mass_body length, 

body mass in kilograms divided by body length in centimeters; age category, categorical variable [2 year 

olds, 3 year olds or >3 year olds]; reproductive event previous year, reproductive event recorded the 

previous year (binary); litter size previous year, initial litter size recorded the previous year; litter success 

previous year, litter survival (≥1 survivor) recorded the previous year (binary); survival size previous 

year, the number of kittens that survived to 8−10 months old the previous year.  
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Table 8.  Univariate models tested to explain variation in *surviving litter size per litter for female 

Canada lynx (Lynx canadensis) in northwestern Montana, USA, from 1998−2012.  Beta coefficients (β), 

standard errors (SE), and 95% confidence intervals (95% CI), p-values, sample size (n), and number of 

females are identified. Definitions of maternal covariates
a 
are provided below. 

 

Covariate
a 
 β SE 95% CI p-value n Females 

body mass  0.054 0.2545 −0.571, 0.589 0.845 19 10 

mass_body length −4.584 9.229 −23.957, 14.727 0.621 15 9 

age category  2 yr (dummy) 2.044 0.3920 1.249, 2.839 ≤0.001 28 14 

                        3 yr: 2 yr −0.363 0.5404 −1.528, 0.734 0.505   

                      >3 yr: 2yr −0.364 0.4088 −1.197, 0.464 0.376   

                        3 yr: >3 yr 0.002 0.4537 −0.967, 0.922 0.997   

reproductive event previous year 0.703 0.3845 −0.083, 1.490 0.077 23 12 

litter size previous year  −0.081 0.1415 −0.376, 0.294 0.613 20 10 

litter success previous year  0.536 0.4410 −0.391, 1.469 0.244 20 10 

survival size previous year −0.144 0.1825 −0.556, 0.339 0.507 17 9 
a
Maternal covariates are defined as follows: body mass, female weight in kilograms; mass_body length, 

body mass in kilograms divided by body length in centimeters; age category, categorical variable [2 year 

olds, 3 year olds or >3 year olds]; reproductive event previous year, reproductive event recorded the 

previous year (binary); litter size previous year, initial litter size recorded the previous year; litter success 

previous year, litter survival (≥1 survivor) recorded the previous year (binary); survival size previous 

year, the number of kittens that survived to 8−10 months old the previous year.  
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Table 9.  Model selection results for predicting potential reproductive events (binary) for female Canada 

lynx (Lynx canadensis) at the 50% core area extent in northwestern Montana, 1998−2012. Provided are 

number of parameters (K), Akaike Information Criterion corrected for small sample sizes (AICc), ΔAICc, 

Akaike weights (wi), and log-likelihood (LL) for all models within 10 AICc of the top model. Covariates 

are described in Table 2. Analysis included 78 total observations from 23 female lynx.  

Model  K AICc ΔAICc wi LL 

connectivity of mature forest + 

percent young forest
2
 

5 74.53 0.00 0.72 −31.85 

edge density mature to young + 

percent young forest
2
  

5 76.46 1.93 0.27 −32.81 

percent young forest
2
  5 83.70 9.18 0.01 −37.58 
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Table 10.  Top model parameter estimates for predicting potential reproductive events (binary) of female 

Canada lynx (Lynx canadensis) at the 50% core area extent in northwestern Montana, 1998−2012. 

Provided are coefficients (β), standard errors (SE), 95% confidence intervals (95% CI), and p-values for 

all models within 2 AICc of the top model. Covariates are described in Table 2. Analysis included 78 

observations from 23 female lynx.  

Top models β SE 95% CI p-value 

connectivity of mature forest + percent 

young forest
2
  

    

     connectivity of mature forest 4.560 1.5345 1.552, 7.568 0.003 

     percent young forest 1.019 0.2614 0.507, 1.532 ≤0.001 

     percent young forest
2
  –0.029 0.0081 −0.045, −0.014 ≤0.001 

edge density mature to young + percent 

young forest
2
  

    

     edge density mature to young 0.093 0.0322 0.030, 0.156 0.004 

     percent young forest  0.875 0.2359 0.412, 1.337 ≤0.001 

     percent young forest
2
  –0.030 0.0082 −0.046, −0.014 ≤0.001 
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Table 11.  Model selection results for predicting potential reproductive events (binary) for female Canada 

lynx (Lynx canadensis) at the 90% home range extent in northwestern Montana, 1998−2012. Provided are 

number of parameters (K), Akaike Information Criterion corrected for small sample sizes (AICc), ΔAICc, 

Akaike weights (wi), and log-likelihood (LL) for all models within 10 AICc of the top model. Covariates 

are described in Table 2. Analysis included 78 observations from 23 female lynx.  

Models K AICc ΔAICc wi LL 

connectivity of mature forest + percent 

young forest
2
  

5 83.18 0.00 0.38 −36.17 

edge density mature to young + 

percent young forest
2
  

5 84.51 1.34 0.19 −36.84 

percent young forest
2
  4 84.60 1.42 0.19 −38.02 

contagion + percent young forest
2
   5 86.67 3.49 0.07 −37.92 

edge density mature to young + shape 

of mature forest patches 
4 89.60 6.42 0.01 −40.52 

patch density young forest + shape of 

young forest patches 
4 89.97 6.79 0.01 −40.71 

patch density young forest 5 90.22 7.04 0.03 −41.95 

edge density mature to young 3 90.64 7.47 0.03 −42.16 

mean moisture 3 90.74 7.56 0.03 −42.21 

mean moisture + moisture variance 3 90.77 7.72 0.03 −42.22 

intercept only 2 92.29 9.11 0.00 −44.06 
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Table 12.  Top model parameter estimates for predicting potential reproductive events (binary) of female 

Canada lynx (Lynx canadensis) at the 90% home range extent in northwestern Montana, 1998−2012. 

Provided are coefficients (β), standard errors (SE), 95% confidence intervals (95% CI), and p-values for 

all models within 2 AICc of the top model. Covariates are described in Table 2. Analysis included 78 

observations from 23 female lynx.  

Top models β SE 95% CI p-value 

connectivity of mature forest + percent 

young forest
2
  

    

     connectivity of mature forest  3.038 1.6227 −0.143, 6.218    0.061 

     percent young forest  1.336 0.3759 0.599, 2.073  ≤0.001 

     percent young forest
2
  −0.047 0.0136 −0.073, −0.019  ≤0.001 

edge density mature and young + percent 

young forest
2
  

    

     edge density mature to young  0.066 0.0434 −0.019, 0.151    0.129 

     percent young forest   0.969 0.3011 0.379, 1.559    0.001 

     percent young forest
2
  −0.038 0.0116 −0.061, −0.015    0.001 

percent young forest
2
      

     percent young forest   1.121 0.3203 0.493, 1.748  ≤0.001 

     percent young forest
2
  −0.039 0.0119 −0.076, −0.016    0.001 
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Table 13.  Model selection results for predicting initial litter size (range = 1−5 kittens) for female Canada 

lynx (Lynx canadensis) at the 50% core area extent in northwestern Montana, 1998−2012. Provided are 

number of parameters (K), Akaike Information Criterion corrected for small sample sizes (AICc), ΔAICc, 

Akaike weights (wi), and log-likelihood (LL) for all models within 10 AICc of the top model. Covariates 

are described in Table 2. Analysis included 54 observations from 23 female lynx.  

Models K AICc ΔAICc wi  LL 

connectivity of mature forest + shape of 

young forest patches 
5 124.44 0.00 0.67 −56.60 

shape of young forest patches 4 128.22 3.78 0.10 −59.70 

percent old regenerating forest + shape 

of young forest patches 
5 128.55 4.11 0.09 −58.65 

vegetation productivity (NDVI) + shape 

of young forest patches 
5 129.03 4.58 0.07 –58.89 

edge density mature to young + shape of 

young forest patches 
5 129.57 5.13 0.05 −59.16 

vegetation productivity (NDVI) 4 133.19 8.74 0.01 −62.18 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



40 

 

Table 14.  Top model parameter estimates for predicting initial litter size (range = 1−5 kittens) for female 

Canada lynx (Lynx canadensis) at the 50% core area extent in northwestern Montana, 1998−2012. 

Provided are coefficients (β), standard errors (SE), 95% confidence intervals (95% CI), and p-values for 

all models within 2 AICc of the top model. Covariates are described in Table 2. Analysis included 54 

observations from 23 female lynx.  

Top models β SE 95% CI p-value 

connectivity of mature forest + shape of 

young forest patches 
    

     connectivity of mature forest 0.959 0.3739 0.214, 1.705 0.013 

     shape of young forest patches −0.006 0.0011 −0.008, −0.003 ≤0.001 
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Table 15.  Model selection results for predicting initial litter size (range = 1−5 kittens) for female Canada 

lynx (Lynx canadensis) at the 90% home range extent in northwestern Montana, 1998−2012. Provided are 

number of parameters (K), Akaike Information Criterion corrected for small sample sizes (AICc), ΔAICc, 

Akaike weights (wi), and log-likelihood (LL) for all models within 10 AICc of the top model. Covariates 

are described in Table 2. Analysis included 54 total observations from 23 female lynx.  

Models K AICc ΔAICc wi LL 

contagion + percent mature forest 5 126.62 0.00 0.18 −57.68 

shape of young forest patches + 

moisture variance 
5 126.67 0.05 0.18 −57.71 

shape of young forest patches + patch 

density young forest  
5 127.10 0.48 0.14 −57.93 

contagion + percent old regenerating 

forest 
5 127.18 0.56 0.14 −57.96 

shape of young forest patches 4 128.99 2.38 0.06 −60.09 

contagion  4 133.09 5.98 0.01 −62.13 

percent mature forest + percent open 

areas 
5 133.30 6.20 0.01 −61.03 

vegetation productivity (NDVI) 4 134.21 7.11 0.01 −62.70 
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Table 16.  Top model parameter estimates for predicting initial litter size (range = 1−5 kittens) for female 

Canada lynx (Lynx canadensis) at the 90% home range extent in northwestern Montana, 1998−2012. 

Provided are coefficients (β), standard errors (SE), 95% confidence intervals (95% CI), and p-values for 

all models within 2 AICc of the top model. Covariates are described in Table 2. Analysis included 54 

observations from 23 female lynx.  

Top models β SE 95% CI p-value 

contagion + percent mature forest     

          contagion  −0.078 0.0167 −0.111, −0.044 ≤0.001 

          percent mature forest 0.026 0.0084 0.009, 0.043 0.003 

shape of young forest patches + moisture 

variance 
    

          shape of young forest patches −0.004 0.0011 −0.007, −0.002 ≤0.001 

          moisture variance −0.149 0.0671 −0.284, −0.016 0.029 

shape and density of young forest patches     

          patch density young forest 0.463 0.2184 0.028, 0.910 0.038 

          shape of  young forest patches −0.006 0.0012 −0.008, −0.003 ≤0.001 

contagion + percent old regenerating forest     

          contagion   −0.053 0.0129 −0.079, −0.027 ≤0.001 

          percent old regenerating forest −0.033 0.0109 −0.055, −0.011 0.004 
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Table 17.  Model selection results for predicting litter success (binary) for female Canada lynx (Lynx 

canadensis) at the 50% core area extent in northwestern Montana, 1998−2012. Provided are number of 

parameters (K), Akaike Information Criterion corrected for small sample sizes (AICc), ΔAICc, Akaike 

weights (wi), and log-likelihood (LL) for all models within 10 AICc of the top model. Covariates are 

described in Table 2. Analysis included 38 total observations from 15 female lynx.  

Models K AICc ΔAICc wi LL 

edge density mature to young + shape of 

mature forest patches 
4 39.21 0.00 0.11 −15.00 

edge density mature to young + 

connectivity of mature forest 
4 39.88 0.67 0.08 −15.33 

percent young forest 3 40.52 1.31 0.06 −16.91 

intercept only 2 40.65 1.44 0.05 −18.15 

edge density mature to young  3 40.86 1.65 0.04 −17.07 

shape of mature forest patches 3 41.23 2.02 0.04 −17.26 
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Table 18.  Top model parameter estimates for predicting litter success (binary) of female Canada lynx 

(Lynx canadensis) at the 50% core area extent in northwestern Montana, 1998−2012. Provided are 

coefficients (β), standard errors (SE), 95% confidence intervals (95% CI), and p-values for all models 

within 2 AICc of the top model. Covariates are described in Table 2. Analysis included 38 total 

observations from 15 female lynx.  

Top models β SE 95% CI p-value 

edge density mature to young + shape of 

mature forest patches 
    

          edge density mature to young 0.123 0.0686 −0.011, 0.258 0.072 

          shape of mature forest patches 0.012 0.0087 −0.005, 0.029 0.168 

edge density mature to young + connectivity 

of mature forest 
    

          edge density mature to young 0.118 0.0634 −0.006, 0.242 0.062 

          connectivity of mature forest −3.541 2.0852 −7.628, 0.546 0.089 

percent young forest 0.149 0.1062 −0.032, 0.462 0.160 

intercept only 1.488 0.4185 0.727, 2.393 ≤0.001 

edge density mature to young 0.061 0.0434 −0.021, 0.164 0.157 

shape of mature forest patches 0.009 0.0084 −0.003, 0.035 0.305 
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Table 19.  Model selection results for predicting litter success (binary) for female Canada lynx (Lynx 

canadensis) at the 90% home range extent in northwestern Montana, 1998−2012. Provided are number of 

parameters (K), Akaike Information Criterion corrected for small sample sizes (AICc), ΔAICc, Akaike 

weights (wi), and log-likelihood (LL) for all models within 10 AICc of the top model. Covariates are 

described in Table 2. Analysis included 38 total observations from 15 female lynx.  

Models K AICc ΔAICc wi  LL 

connectivity of mature forest 3 38.32 0.00 0.11 −15.81 

edge density mature to young + 

connectivity of mature forest 
4 38.70 0.37 0.08 −14.74 

edge density mature to young + shape of 

mature forest patches 
4 39.21 0.88 0.07 −15.00 

connectivity of mature forest + percent 

young forest 
4 39.53 1.20 0.06 −15.16 

percent young forest 3 40.27 1.94 0.04 −16.78 
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Table 20.  Top model parameter estimates for predicting litter success (binary) of female Canada lynx 

(Lynx canadensis) at the 90% home range extent in northwestern Montana, 1998−2012. Provided are 

coefficients (β), standard errors (SE), 95% confidence intervals (95% CI), and p-values for all models 

within 2 AICc of the top model. Covariates are described in Table 2. Analysis included 38 total 

observations from 15 female lynx.  

Top models β SE 95% CI p-value 

connectivity of mature forest −7.365 4.801 −19.894, −0.494 0.125 

edge density mature to young + connectivity 

of mature forest  
    

     edge density mature to young 0.059 0.046 −0.029, 0.149 0.191 

     connectivity of  mature forest −8.075 5.259 −18.385, 2.234 0.125 

edge density mature to young + shape of 

mature forest patches 
    

     edge density mature to young 0.064 0.0476 −0.029, 0.157 0.177 

     shape of mature forest patches 0.012 0.0128 −0.007, 0.044 0.148 

connectivity of mature forest + percent 

young forest 
    

     connectivity of mature forest −7.159 5.355 −17.655, 3.337 0.181 

     percent young forest 0.148 0.134 −0.115, 0.412 0.269 

percent young forest 0.211 0.133 −0.049, 0.472 0.112 
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Table 21.  Model selection results for predicting surviving litter size (range = 1−4 kittens) for female 

Canada lynx (Lynx canadensis) at the 50% core area extent in northwestern Montana, 1998−2012. 

Provided are number of parameters (K), Akaike Information Criterion corrected for small sample sizes 

(AICc), ΔAICc, Akaike weights (wi), and log-likelihood (LL) for all models within 10 AICc of the top 

model. Covariates are described in Table 2. Analysis included 31 total observations from 13 female lynx.  

Models K AICc ΔAICc wi LL 

shape of young forest patches + 

moisture variance  
5 75.59 0.00 0.31 −31.60 

vegetation productivity (NDVI) + 

moisture variance 
5 77.59 2.00 0.12 −32.60 

contagion+ moisture variance 5 78.61 3.02 0.08 −33.11 

moisture variance 4 78.86 3.27 0.06 −34.66 

shape of young forest patches 4 79.09 3.50 0.05 −34.78 

intercept only  3 82.68 7.09 0.01 −37.90 
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Table 22.  Top model parameter estimates for predicting surviving litter size (range = 1−4 kittens) for 

female Canada lynx (Lynx canadensis) at the 50% core area extent in northwestern Montana, 1998−2012. 

Provided are coefficients (β), standard errors (SE), 95% confidence intervals (95% CI), and p-values for 

all models within 2 AICc of the top model. Covariates are described in Table 2. Analysis included 31 total 

observations from 13 female lynx.  

Top models β SE 95% CI p-value 

shape of young forest patches + moisture 

variance 
    

     shape of young forest patches −0.003 0.0013 −0.006, −0.0008 0.013 

     moisture variance −0.309 0.1166 −0.546, −0.074 0.012 

vegetation productivity + moisture variance     

     vegetation productivity (NDVI) 7.827 3.7248 0.296, 15.359 0.042 

     moisture variance −0.286 0.1240 −0.537, −0.035 0.027 
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Table 23.  Model selection results for predicting surviving litter size (range = 1−4 kittens) for female 

Canada lynx (Lynx canadensis) at the 90% home range extent in northwestern Montana, 1998−2012. 

Provided are number of parameters (K), Akaike Information Criterion corrected for small sample sizes 

(AICc), ΔAICc, Akaike weights (wi), and log-likelihood (LL) for all models within 10 AICc of the top 

model. Covariates are described in Table 2. Analysis included 31 total observations from 13 female lynx.  

Models K AICc ΔAICc wi LL 

contagion + moisture variance 5 75.07 0.00 0.33 −31.33 

shape of young forest patches + 

moisture variance 
5 76.77 1.70 0.14 −32.19 

contagion  4 77.42 2.35 0.10 −33.94 

moisture variance 4 78.20 3.13 0.07 −34.33 
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Table 24.  Top model parameter estimates for predicting surviving litter size (range = 1−4 kittens) for 

female Canada lynx (Lynx canadensis) at the 90% home range extent in northwestern Montana, 

1998−2012. Provided are coefficients (β), standard errors (SE), 95% confidence intervals (95% CI), and 

p-values for all models within 2 AICc of the top model. Covariates are described in Table 2. Analysis 

included 31 total observations from 13 female lynx.  

Top models β SE 95% CI p-value 

contagion + moisture variance     

     contagion −0.043 0.0166 −0.076, −0.009 0.014 

     moisture variance −0.225 0.0945 −0.416, −0.033 0.022 

shape of young forest patches + moisture 

variance  
    

     shape of  young forest patches −0.003 0.0014 −0.006, −0.0001 0.008 

     moisture variance −0.262 0.0943 −0.454, −0.071 0.038 
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APPENDIX A 

Home Range Estimation  

We used ArcGIS®  9.3.1 (Environmental Systems Research Institute (ESRI), Inc., Redlands, CA, USA) 

and the Home Range Tools Extension (HRT; Rodgers et al. 2007) to estimate annual home ranges using 

the fixed-kernel density method (Worton 1989). We used a grid cell size of 100 m and an href smoothing 

parameter (Worton 1995) of 1.0.  We estimated multi-annual home ranges for 23 female lynx using GPS 

and VHF telemetry data.  We used 43,539 GPS locations and 1,057 VHF locations to estimate 90% and 

50% kernel multi-annual home ranges for 23 female lynx. We used 50% kernel home ranges to evaluate 

the importance of core use areas. We used the kernel method to minimize inclusion of unused areas in the 

analysis (Girard et al. 2002) and to minimize home range overestimation concerns (Seaman et al. 1999). 

When available, multi-annual home ranges were constructed combining GPS and VHF telemetry data for 

each female over multiple years. Only females whose home range size had become asymptotic given their 

number of locations were included in the analysis.  The average number of locations per female was 

1,893 (range = 36−3,416). Telemetry locations that were recorded during the process of initializing GPS 

collars, and locations after the collar dropped were removed.  Additionally, locations that were considered 

outside of the animals normal movements such as exploratory movements were removed. To validate the 

use of annual home ranges as representative for each female lynx, we subset winter and summer home 

range and annual home ranges by year for females with multiple years of telemetry data. Consistent with 

existing literature (Ruediger et al. 2000), these home ranges did not vary substantially by year. Two 

young females utilized a larger than average geographical area until their first reproductive event in which 

the home range area became much smaller and stabilized. We checked all females’ telemetry data for this 

type of behavior and removed locations that were collected prior to first reproductive events.     
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APPENDIX B 

 

Home Range Composition by Forest Structure Type 

Table B.1.  Mean composition (%) by forest structure type in home ranges and core areas for female 

Canada lynx (Lynx canadensis) in northwestern Montana, 1998−2012. Presented are mean percent values 

for Purcell Mountains and Seeley Lake study areas combined, and for each study area individually by 

forest structure type. Median percent composition is presented in parentheses and standard deviation (SD) 

is provided.   

Forest structure type 
% Composition 

(50% core area) SD 

% Composition 

(90% home range) SD 

Forest (mature forest + 

old regenerating forest) 
73  13 73  10 

          Seeley 76  14 74  12 

          Purcells 69  12 72  9 

     Mature forest 49  18 50  15 

          Seeley 50  22 52  15 

          Purcells 48  14 48  16 

     Old regenerating forest 24  13 23  10 

          Seeley 26  10 22  4 

          Purcells 22  15 24  14 

Sparse (Young forest + 

Thin + Open) 
27  13 27  10 

          Seeley 24  13 26  12 

          Purcells 31  12 28  9 

     Young forest 13  6 11  4 

          Seeley 11  4 9  4  

          Purcells 15  7 12  5 

     Thin 10  7 11  5 

          Seeley 10  7 12  6 

          Purcells 10  7 9  4 

      Open 4  4 6  4 

          Seeley 3  4 5  5 

          Purcells 5  4 7  3 
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APPENDIX C 

 

Complete Univariate Analysis for Reproductive Success Models 

Table C.1.  Parameter estimates for univariate models from a mixed effects logistic regression analysis of 

the effects of habitat composition and configuration on potential reproductive events for female Canada 

lynx (Lynx canadensis) in northwestern Montana from 1998−2012. Beta coefficients (β), standard errors 

(SE), and 95% confidence intervals (95% CI) are identified. Parameters include a variety of landscape 

metrics at the core area extent (50% KDE). Covariates are described in Table 2. Confidence intervals that 

do not overlap zero are identified in bold. Analysis included 78 total observations from 23 female lynx. 

 50% core areas β SE p-value 95% CI 

 percent mature forest 0.024 0.0258 0.360 −0.032, 0.096 

 percent old regenerating forest −0.076 0.0354 0.031 −0.179, −0.007 

 
percent young + percent young 

forest
2
 

    

               percent young  0.832 0.2224 0.0002 0.412, 1.337 

               percent young forest
2
 −0.026 0.0073 0.0004 −0.049, −0.012 

 percent thin −0.004 0.0766 0.959 −0.198, 0.173 

 percent open 0.054 0.1248 0.667 −0.252, 0.344 

 
percent forest (mature forest + old 

regenerating forest) 
−0.029 0.0345 0.394 −0.111, 0.053 

 percent thin/open 0.008 0.0540 0.885 −0.128, 0.133 

 percent thin/open/young  0.029 0.0345 0.393 −0.053, 0.112 

 edge density mature to young  0.093 0.0345 0.007 0.026, 0.195 

 edge density forest to non-forest 0.002 0.0167 0.907 −0.041, 0.039 

 patch density young forest 1.684 0.7069 0.017 0.525, 3.721 

 patch density mature forest −0.156 0.3664 0.671 −0.998, 0.748 

 mean moisture  3.529 1.655 0.033 0.214, 8.307 

 moisture variance −0.676 0.3732 0.070 −1.776, 0.066 

 vegetation productivity (NDVI) 6.950 13.561 0.608 −23.208, 41.351 

 connectivity of mature forest  2.628 1.602 0.101 −0.659, 7.452 

 shape of young forest patches −0.008 0.0047 0.105 −0.020, 0.002 

 contagion −0.045 0.0433 0.301 −0.149, 0.057 
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Table C.2.  Parameter estimates for univariate models from a mixed effects logistic regression analysis of 

the effects of habitat composition and configuration on potential reproductive events for female Canada 

lynx (Lynx canadensis) in northwestern Montana from 1998−2012. Beta coefficients (β), standard errors 

(SE), and 95% confidence intervals (95% CI) are identified.  Parameters include a variety of landscape 

metrics at the home range (90% KDE) extent. Covariates are described in Table 2. Confidence intervals 

that do not overlap or barely overlap zero are identified in bold. Analysis included 78 total observations 

from 23 female lynx. 

90% home range  β SE p-value 95% CI 

percent mature forest 0.006 0.0313 0.851 −0.066, 0.083 

percent old regenerating forest −0.041 0.0419 0.330 −0.149, 0.053 

percent young forest + percent young 

forest
2
  

    

              percent young forest 1.121 0.3203 0.0005  

              percent young forest
2
 −0.039 0.0119 0.001 −0.076, −0.016 

percent thin −0.049 0.0951 0.602 −0.293, 0.164 

percent open 0.113 0.1070 0.289 −0.121, 0.382 

percent forest (mature forest + old 

regenerating forest) 
−0.032 0.0438 0.463 −0.138, 0.069 

percent thin/open 0.013 0.0571 0.820 −0.122, 0.149 

percent thin/open/young 0.034 0.0438 0.438 −0.068, 0.140 

edge density mature to young 0.074 0.0375 0.049 −0.0004, 0.175 

edge density forest to non-forest 0.012 0.0232 0.590 −0.041, 0.071 

patch density young forest 2.192 1.0930 0.045 0.114, 5.000 

patch density mature forest −0.289 1.0515 0.783 −2.957, 2.094 

mean moisture  3.562 1.7960 0.047 −0.68, 8.868 

moisture variance −0.392 0.3294 0.234 −1.325, 0.298 

vegetation productivity (NDVI) 11.249 14.907 0.450 −21.313, 50.847 

connectivity of mature forest  1.028 1.9739 0.602 −3.396, 6.140 

shape of young forest patches −0.006 0.0054 0.267 −0.019, 0.006 

contagion −0.075 0.0532 0.158 −0.209, 0.041 
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Table C.3.  Parameter estimates for univariate models from a mixed effects linear regression analysis for 

the effects of habitat composition and configuration on litter size for female Canada lynx (Lynx 

canadensis) in northwestern Montana from 1998−2012. Beta coefficients (β), standard errors (SE), and 

95% confidence intervals (95% CI) are identified.  Parameters include a variety of landscape metrics at 

the core area extent (50% KDE). Covariates are described in Table 2. Confidence intervals that do not 

overlap zero are identified in bold. Analysis included 54 total observations from 23 female lynx. 

 50% core areas β SE p-value 95% CI 

 percent mature forest 0.003 0.0078 0.738 −0.015, 0.019 

 percent old regenerating forest −0.022 0.0108 0.052 −0.047, 0.0002 

 percent young forest 0.039 0.0221 0.082 −0.005, 0.088 

 percent thin 0.006 0.0207 0.770 −0.038, 0.053 

 percent open 0.030 0.0378 0.427 −0.046, 0.118 

 
percent forest (mature forest + old 

regenerating forest) 
−0.013 0.0111 0.252 −0.039, 0.009 

 percent thin/open 0.008 0.0146 0.607 −0.023, 0.042 

 percent thin/open/young 0.015 0.0111 0.191 −0.008, 0.041 

 edge density mature to young 0.015 0.0123 0.238 −0.012, 0.042 

 edge density forest to non-forest −0.007 0.0050 0.162 −0.018, 0.003 

 patch density young forest 0.279 0.2034 0.181 −0.151, 0.739 

 patch density mature forest −0.039 0.1155 0.738 −0.295, 0.194 

 mean moisture  0.783 0.5113 0.138 −0.287, 1.941 

 moisture variance −0.192 0.0933 0.063 −0.400, 0.012 

 vegetation productivity (NDVI) 10.121 3.1990 0.004 3.742, 16.907 

 connectivity of mature forest  0.172 0.4941 0.729 −0.907, 1.232 

  shape young forest patches −0.004 0.0011 0.0002 −0.007, −0.002 

 contagion −0.031 0.0138 0.028 −0.064, −0.004 
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Table C.4.  Parameter estimates for univariate models from a mixed effects linear regression analysis for 

the effects of habitat composition and configuration on litter size for female Canada lynx (Lynx 

canadensis) in northwestern Montana from 1998−2012. Beta coefficients (β), standard errors (SE), and 

95% confidence intervals (95% CI) are identified.  Parameters include a variety of landscape metrics at 

the home range extent (90% KDE). Covariates are described in Table 2. Confidence intervals that do not 

overlap zero are identified in bold. Analysis included 54 total observations from 23 female lynx. 

 90% home range β SE p-value 95% CI 

 percent mature forest −0.0003 0.0090 0.970 −0.021, 0.019 

 percent old regenerating forest −0.023 0.0134 0.099 −0.052, 0.005 

 percent young forest 0.073 0.0315 0.028 0.009, 0.142 

 percent thin −0.005 0.0258 0.855 −0.059, 0.053 

 percent open 0.065 0.0297 0.033 0.006, 0.134 

 
percent forest (mature forest + old 

regenerating forest) 
−0.022 0.0135 0.114 −0.053, 0.005 

 percent thin/open 0.015 0.0159 0.355 −0.017, 0.052 

 percent thin/open/young 0.022 0.0135 0.103 −0.005, 0.054 

 edge density mature to young 0.012 0.0113 0.316 −0.013, 0.037 

 edge density forest to non-forest −0.007 0.0069 0.341 −0.022, 0.009 

 patch density young forest 0.079 0.3032 0.795 −0.588, 0.750 

 patch density mature forest −0.110 0.3202 0.732 −0.832, 0.549 

 mean moisture 0.478 0.6038 0.434 −0.813, 1.790 

 moisture variance −0.187 0.0742 0.022 −0.356, −0.033 

 vegetation productivity (NDVI) 10.345 3.4850 0.006 3.381, 18.595 

 connectivity of mature forest  0.097 0.5509 0.860 −1.100, 1.305 

 shape of young forest patches −0.005 0.0012 0.0004 −0.007, −0.002 

 contagion −0.044 0.0142 0.003 −0.078, −0.016 
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Table C.5.  Parameter estimates for univariate models from a mixed effects logistic regression analysis of 

the effects of habitat composition and configuration on litter success (binary) for female Canada lynx 

(Lynx canadensis) in northwestern Montana from 1998−2012. Beta coefficients (β), standard errors (SE), 

and 95% confidence intervals (95% CI) are identified.  Parameters include a variety of landscape metrics 

at the core area extent (50% KDE). Covariates are described in Table 2. Confidence intervals that do not 

overlap zero are identified in bold. Analysis included 38 total observations from 15 female lynx. 

 50% core areas β SE p-value 95% CI 

 percent mature forest −0.015 0.0269 0.566 −0.110, 0.035 

 percent old regenerating forest −0.009 0.0399 0.817 −0.092, 0.092 

 percent young forest 0.149 0.1062 0.160 −0.032, 0.462 

 percent thin 0.022 0.0742 0.764 −0.124, 0.249 

 percent open 0.094 0.1422 0.508 −0.157, 0.505 

 
percent forest (mature forest + old 

regenerating forest) 
−0.052 0.0499 0.295 −0.215, 0.031 

 percent thin/open 0.026 0.0548 0.638 −0.075, 0.200 

 percent thin/open/young 0.053 0.0494 0.286 −0.030, 0.219 

 edge density mature to young 0.061 0.0434 0.157 −0.021, 0.164 

 edge density forest to non-forest 0.025 0.0232 0.285 −0.017, 0.105 

 patch density young forest 0.465 0.6985 0.506 −1.076, 2.051 

 patch density mature forest 0.283 0.3970 0.477 −0.446, 1.233 

 mean moisture −0.155 1.7841 0.931 −4.258, 3.822 

 moisture variance −0.126 0.3804 0.741 −1.019, 0.633 

 vegetation productivity (NDVI) 2.300 12.7549 0.857 −26.811, 31.427 

 connectivity of mature −2.046 1.8470 0.268 −9.437, 1.382 

  shape of young forest patches −0.003 0.0044 0.557 −0.013, 0.006 

 shape of mature forest patches 0.009 0.0085 0.305 −0.003, 0.035 

 contagion −0.036 0.0516 0.482 −0.186, 0.064 
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Table C.6.  Parameter estimates for univariate models from a mixed effects logistic regression analysis of 

the effects of habitat composition and configuration on litter success (binary) for female Canada lynx 

(Lynx canadensis) in northwestern Montana from 1998−2012. Beta coefficients (β), standard errors (SE), 

and 95% confidence intervals (95% CI) are identified.  Parameters include a variety of landscape metrics 

at the home range extent (90% KDE). Covariates are described in Table 2. Confidence intervals that do 

not overlap zero are identified in bold. Analysis included 38 total observations from 15 female lynx. 

90% home range  β SE p-value 95% CI 

percent mature forest −0.054 0.0458 0.240 −0.219, 0.019 

percent old regenerating forest 0.055 0.0647 0.396 −0.052, 0.287 

percent young forest 0.211 0.1330 0.112 −0.038, 0.508 

percent thin 0.021 0.0916 0.818 −0.149, 0.347 

percent open 0.083 0.1133 0.465 −0.121, 0.397 

percent forest (mature forest + old 

regenerating forest) 
−0.067 0.0629 0.285 −0.236, 0.038 

percent thin/open 0.030 0.0581 0.604 −0.073, 0.229 

percent thin/open/young 0.068 0.0629 0.281 −0.038, 0.235 

edge density mature to young 0.040 0.0401 0.320 −0.041, 0.131 

edge density forest to non-forest 0.033 0.0334 0.318 −0.027, 0.125 

patch density young forest 0.751 0.9688 0.438 −1.359, 3.111 

patch density mature forest 1.663 1.1820 0.159 −0.503, 4.327 

mean moisture  −0.444 1.9828 0.823 −5.336, 3.820 

moisture variance 0.010 0.3272 0.975 −0.674, 0.783 

vegetation productivity (NDVI) 8.259 14.6430 0.573 −22.880, 41.869 

connectivity of mature forest  −7.365 4.8010 0.125 −19.894, −0.494 

shape of young forest patches −0.0003 0.0049 0.951 −0.012, 0.010 

shape of mature forest patches 0.015 0.0123 0.220 −0.004, 0.048 

contagion −0.065 0.0612 0.284 −0.229, 0.048 
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Table C.7.  Parameter estimates for univariate models from a mixed effects linear regression analysis of 

the effects of habitat composition and configuration on surviving litter size (range=1−4 kittens) for female 

Canada lynx (Lynx canadensis) in northwestern Montana from 1998−2012. Beta coefficients (β), standard 

errors (SE), and 95% confidence intervals (95% CI) are identified.  Parameters include a variety of 

landscape metrics at the core area extent (50% KDE). Covariates are described in Table 2. Confidence 

intervals that do not overlap zero are identified in bold. Analysis included 31 total observations from 13 

female lynx.  

 50% core area β SE p-value 95% CI 

 percent mature forest −0.0002 0.0095 0.984 −0.020, 0.021 

 percent old regenerating forest −0.016 0.0158 0.331 −0.051, 0.017 

 percent young forest 0.058 0.0248 0.038 0.004, 0.108 

 percent thin −0.004 0.0253 0.873 −0.058, 0.050 

 percent open 0.028 0.0449 0.531 −0.065, 0.126 

 
percent forest (mature forest + old 

regenerating forest) 
−0.013 0.0135 0.367 −0.041, 0.017 

 percent thin/open 0.002 0.0178 0.895 −0.035, 0.041 

 percent thin/open/young 0.016 0.0134 0.239 −0.012, 0.046 

 edge density mature to young 0.022 0.0149 0.153 −0.009, 0.054 

 edge density forest to non-forest −0.007 0.0079 0.404 −0.024, 0.009 

 patch density young forest 0.240 0.2641 0.367 −0.306, 0.825 

 patch density mature forest 0.193 0.1121 0.146 −0.097, 0.420 

 mean moisture 1.239 0.6472 0.098 −0.300, 2.761 

 moisture variance −0.361 0.1269 0.011 −0.621, −0.098 

 vegetation productivity (NDVI) 10.305 3.8600 0.017 2.284, 18.112 

 connectivity of mature forest  −0.092 0.6052 0.883 −1.329, 1.296 

  shape of young forest patches −0.004 0.0014 0.012 −0.007, −0.001 

  shape of mature forest patches −0.0002 0.0014 0.879 −0.003, 0.003 

 contagion −0.027 0.0165 0.118 −0.063, 0.008 
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Table C.8.  Parameter estimates for univariate models from a mixed effects linear regression analysis of 

the effects of habitat composition and configuration on surviving litter size (range=1−4 kittens) for female 

Canada lynx (Lynx canadensis) in northwestern Montana from 1998−2012. Beta coefficients (β), standard 

errors (SE), and 95% confidence intervals (95% CI) are identified.  Parameters include a variety of 

landscape metrics at the home range extent (90% KDE). Covariates are described in Table 2. Confidence 

intervals that do not overlap zero are identified in bold. Analysis included 31 total observations from 13 

female lynx.  

 90% home range β SE p-value 95% CI 

 percent mature forest −0.008 0.0112 0.511 −0.031, 0.017 

 percent old regenerating forest −0.008 0.0187 0.675 −0.048. 0.031 

 percent young forest 0.085 0.0488 0.092 −0.015, 0.194 

 percent thin 0.0002 0.0336 0.995 −0.072, 0.071 

 percent open 0.074 0.0312 0.036 0.006, 0.138 

 
percent forest (mature forest + old 

regenerating forest) 
−0.026 0.0162 0.137 −0.059, 0.009 

 percent thin/open 0.019 0.0189 0.317 −0.021, 0.059 

 percent thin/open/young 0.027 0.0162 0.125 −0.009, 0.060 

 edge density mature to young 0.009 0.0149 0.553 −0.022, 0.044 

 edge density forest to non-forest −0.007 0.0114 0.572 −0.030, 0.018 

 patch density young forest 0.155 0.3556 0.668 −0.587, 1.009 

 patch density mature forest 0.220 0.3971 0.588 −0.666, 1.045 

 mean moisture  0.642 0.7847 0.430 −1.091, 2.294 

 moisture variance −0.299 0.1030 0.008 −0.516, −0.089 

 vegetation productivity (NDVI) 10.944 4.4250 0.027 1.500, 19.912 

 connectivity of mature forest  −0.445 0.7176 0.550 −1.925, 1.159 

 shape of young forest patches −0.004 0.0016 0.034 −0.007, −0.0004 

 shape of mature forest patches 0.0007 0.0027 0.809 −0.005, 0.006 

 contagion  −0.055 0.0173 0.005 −0.089, −0.019 
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In case you havent seen this yet.  Evaluated lynx habitat structure values based on reproductive
success.
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To: Belleman, Ann
Subject: RE: Lynx Habitat Study
Date: Tuesday, October 06, 2015 2:14:37 PM
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New job did start today.  But there are issues with TOS that havent been resolved - authorization to
move has not been approved yet.  So, I’m working remotely till its settled.  During TOS authorization
approval process, HR realized that this was an NTE position – thus, a cost analysis should have been
completed to determine if TOS or TDY authorization was appropriate.  So, they are working on that –
hang up is mostly on Eric Johnston’s end – he needs to provide them with the info to complete the
cost assessment, and has not done that.  He’s on AL right now, but left the task to the Program
Assistant.  Not sure where they are in the process ……..  I havent found a place to live, and don’t have
authorization to travel to look for a place.  Been on the web about every day.  And have driven down
there twice on my dime.  Had a place in the Bitterroot 2 weeks ago, but it fell thru last minute.
 
**************
Gary Hanvey
Forest Wildlife Biologist
Flathead National Forest
Supervisors Office – Kalispell, MT
 
Office Phone: 406.758.5255
Cell Phone: 406.781.1765
ghanvey@fs.fed.us
 
From: Belleman, Ann [mailto:ann_belleman@fws.gov] 
Sent: Tuesday, October 06, 2015 1:47 PM
To: Hanvey, Gary -FS
Subject: Re: Lynx Habitat Study
 
Thanks for this info.  I'm still bummed that I can't go to the lynx SSA workshop next week. 
Ugh - it will be such a good education experience.
 
You're still on the FNF?  I thought you were starting your new job this week.

 
Ann Belleman
U.S. Fish and Wildlife Service
Minnesota/Wisconsin Field Office Complex
Twin Cities Field Office
4101 American Blvd. E
Bloomington, MN  55425-1665
 
ann_belleman@fws.gov
 
(307) 421-5839 (work cell)
(612) 725-3548 (Bloomington, MN)
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On Tue, Oct 6, 2015 at 2:31 PM, Hanvey, Gary -FS <ghanvey@fs.fed.us> wrote:
Yes, John is currently interviewing students for a 2nd study, which will focus on habitat selection
relative to his available telemetry data.  Not tuned in to his study design, and not sure what he has
planned is a necessarily a follow-up study to Kosterman’s work, but he is trying to look at what else
his existing data could tell us. We would really like to capture some additional lynx – he knows we
have additional cats out there in other areas, but has not been able to capture – but, we have no $$
for additional collars.
 
Not sure what the next step is for Kosterman’s paper – think they are planning to publish.  John just
says its provided some interesting results, but not sure yet what it means. Think he’s trying to figure
out next steps -  eg….is additional study warranted and what/how…
 
**************
Gary Hanvey
Forest Wildlife Biologist
Flathead National Forest
Supervisors Office – Kalispell, MT
 
Office Phone: 406.758.5255
Cell Phone: 406.781.1765
ghanvey@fs.fed.us
 
From: Belleman, Ann [mailto:ann_belleman@fws.gov] 
Sent: Tuesday, October 06, 2015 12:29 PM
To: Hanvey, Gary -FS
Cc: Murphy, Kerry M -FS
Subject: Re: Lynx Habitat Study
 
Yes, the Kosterman paper is definitely interesting!  Do you know if Squires or any else is
doing follow up work related to the paper's results?  Would also be interested to hear Squires
input on the paper itself.  Too bad I won't get a chance to see him in Minneapolis next week!
 
P.S.  Hi Kerry!

 
Ann Belleman
U.S. Fish and Wildlife Service
Minnesota/Wisconsin Field Office Complex
Twin Cities Field Office
4101 American Blvd. E
Bloomington, MN  55425-1665
 
ann_belleman@fws.gov
 
(307) 421-5839 (work cell)
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On Tue, Oct 6, 2015 at 1:17 PM, Hanvey, Gary -FS <ghanvey@fs.fed.us> wrote:
Humm…..not sure we ever disagreed on the value of dense young stands.  Maybe youre
referring to my inference that (in WY) young stands weren’t used much during winter. And,
we are seeing that in MT as well.  Per Squires work in MT, young stands are used much more
in summer (by lynx) than are mature multi-storied – but little to no lynx use of young stands
during winter.  And not surprisingly, John’s ssh studies show little to no ssh in young stands in
very large wildfire areas in winter.  But what is surprising is that there are moderate numbers
of ssh during summer months in these young stands that are miles from mature forest  – thus,
ssh are migrating quite far from multi-storied mature stands (like 1-2 miles) to these very
dense young stands created by large wildfires.  Lynx use patterns follow these ssh migrations. 
That’s not really indicated in the literature – most ssh studies I’ve seen indicate very small ssh
home ranges (like <5 acres).  Squires speculates that its all about the relative density of low to
tall shrubs that occur within these large fire areas on the Flathead, and man are they think with
shrubs!  The majority of the shrub component in these young stands are buried in winter and
not suitable for ssh.  Don’t think this relationship would hold true on many other Forests –
especially those on the east side or in WY, simply because habitat types there are dryer and
less capable of regenerating dense layers of mid-tall shrubs.
 
Regardless of young stand values today and whether they are on dryer habitat types or not,
 managing for such stands will always be important simply because they will be the multi-
storied stands of the future. In terms of optimizing conditions for lynx, the big question is
….how much early seral at any one time should we manage for?  
 
This Kosterman paper is generating a lot of discussion in MT because of its inference to 50%
mature forest and 10-15% young forest being optimum – which indicates (to some) that
perhaps managing for up to 30% in stand initiation stage condition may be too high (VEG
S1).  Some are suggesting  that maybe VEG S1 should be less than 30%.  John is not weighing
in yet – he highly values mature forest types for lynx, but thinks we need more study.
 
Interesting stuff……….
 
**************
Gary Hanvey
Forest Wildlife Biologist
Flathead National Forest
Supervisors Office – Kalispell, MT
 
Office Phone: 406.758.5255
Cell Phone: 406.781.1765
ghanvey@fs.fed.us
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To: Hanvey, Gary -FS
Subject: RE: Lynx Habitat Study
 
Told you so before----dense, young regen forests were important too!!  Take that!!
 
From: Hanvey, Gary -FS 
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In case you havent seen this yet.  Evaluated lynx habitat structure values based on
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f: 406-758-5351 
ghanvey@fs.fed.us

650 Wolfpack Way
Kalispell, MT 59901, MT 59901
www.fs.fed.us 

Caring for the land and serving people
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From: Belleman, Ann
To: Hanvey, Gary -FS
Subject: Re: Lynx Habitat Study
Date: Tuesday, October 06, 2015 2:29:34 PM
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Ugh.  What a hassle.  At least your move is fairly simple and geographically close relative to
most peoples' moves.  Hopefully something will come up soon.  Probably harder with students
and professors back, etc.

I just got an email from a coworker who'll be at the lynx SSA wkshp next week and she
invited me to an evening social while folks are there.  She knows I was disappointed I couldn't
go.  Anyway, hope to see some lynx people there.  I have to drive all the way down there
anyway to catch a flight for a family thing, so hopefully it'll work out!

 
Ann Belleman
U.S. Fish and Wildlife Service
Minnesota/Wisconsin Field Office Complex
Twin Cities Field Office
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
(307) 421-5839 (work cell)
(612) 725-3548 (Bloomington, MN)

On Tue, Oct 6, 2015 at 3:14 PM, Hanvey, Gary -FS <ghanvey@fs.fed.us> wrote:

New job did start today.  But there are issues with TOS that havent been resolved - authorization
to move has not been approved yet.  So, I’m working remotely till its settled.  During TOS
authorization approval process, HR realized that this was an NTE position – thus, a cost analysis
should have been completed to determine if TOS or TDY authorization was appropriate.  So, they
are working on that – hang up is mostly on Eric Johnston’s end – he needs to provide them with
the info to complete the cost assessment, and has not done that.  He’s on AL right now, but left
the task to the Program Assistant.  Not sure where they are in the process ……..  I havent found a
place to live, and don’t have authorization to travel to look for a place.  Been on the web about
every day.  And have driven down there twice on my dime.  Had a place in the Bitterroot 2 weeks
ago, but it fell thru last minute.

 

**************

Gary Hanvey
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mailto:ann_belleman@fws.gov
mailto:ghanvey@fs.fed.us


Forest Wildlife Biologist

Flathead National Forest

Supervisors Office – Kalispell, MT

 

Office Phone: 406.758.5255

Cell Phone: 406.781.1765

ghanvey@fs.fed.us

 

From: Belleman, Ann [mailto:ann_belleman@fws.gov] 
Sent: Tuesday, October 06, 2015 1:47 PM
To: Hanvey, Gary -FS

Subject: Re: Lynx Habitat Study

 

Thanks for this info.  I'm still bummed that I can't go to the lynx SSA workshop next week. 
Ugh - it will be such a good education experience.

 

You're still on the FNF?  I thought you were starting your new job this week.

 

Ann Belleman

U.S. Fish and Wildlife Service

Minnesota/Wisconsin Field Office Complex

Twin Cities Field Office

4101 American Blvd. E

Bloomington, MN  55425-1665

 

ann_belleman@fws.gov
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(307) 421-5839 (work cell)

(612) 725-3548 (Bloomington, MN)

 

 

On Tue, Oct 6, 2015 at 2:31 PM, Hanvey, Gary -FS <ghanvey@fs.fed.us> wrote:

Yes, John is currently interviewing students for a 2nd study, which will focus on habitat selection
relative to his available telemetry data.  Not tuned in to his study design, and not sure what he has
planned is a necessarily a follow-up study to Kosterman’s work, but he is trying to look at what
else his existing data could tell us. We would really like to capture some additional lynx – he knows
we have additional cats out there in other areas, but has not been able to capture – but, we have
no $$ for additional collars.

 

Not sure what the next step is for Kosterman’s paper – think they are planning to publish.  John
just says its provided some interesting results, but not sure yet what it means. Think he’s trying to
figure out next steps -  eg….is additional study warranted and what/how…

 

**************

Gary Hanvey

Forest Wildlife Biologist

Flathead National Forest

Supervisors Office – Kalispell, MT

 

Office Phone: 406.758.5255

Cell Phone: 406.781.1765

ghanvey@fs.fed.us

 

From: Belleman, Ann [mailto:ann_belleman@fws.gov] 
Sent: Tuesday, October 06, 2015 12:29 PM
To: Hanvey, Gary -FS
Cc: Murphy, Kerry M -FS
Subject: Re: Lynx Habitat Study
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Yes, the Kosterman paper is definitely interesting!  Do you know if Squires or any else is
doing follow up work related to the paper's results?  Would also be interested to hear Squires
input on the paper itself.  Too bad I won't get a chance to see him in Minneapolis next week!

 

P.S.  Hi Kerry!

 

Ann Belleman

U.S. Fish and Wildlife Service

Minnesota/Wisconsin Field Office Complex

Twin Cities Field Office

4101 American Blvd. E

Bloomington, MN  55425-1665

 

ann_belleman@fws.gov

 

(307) 421-5839 (work cell)

(612) 725-3548 (Bloomington, MN)

 

 

On Tue, Oct 6, 2015 at 1:17 PM, Hanvey, Gary -FS <ghanvey@fs.fed.us> wrote:

Humm…..not sure we ever disagreed on the value of dense young stands.  Maybe youre
referring to my inference that (in WY) young stands weren’t used much during winter. And,
we are seeing that in MT as well.  Per Squires work in MT, young stands are used much
more in summer (by lynx) than are mature multi-storied – but little to no lynx use of young
stands during winter.  And not surprisingly, John’s ssh studies show little to no ssh in young
stands in very large wildfire areas in winter.  But what is surprising is that there are
moderate numbers of ssh during summer months in these young stands that are miles from
mature forest  – thus, ssh are migrating quite far from multi-storied mature stands (like 1-2
miles) to these very dense young stands created by large wildfires.  Lynx use patterns follow
these ssh migrations.  That’s not really indicated in the literature – most ssh studies I’ve seen
indicate very small ssh home ranges (like <5 acres).  Squires speculates that its all about the
relative density of low to tall shrubs that occur within these large fire areas on the Flathead,
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and man are they think with shrubs!  The majority of the shrub component in these young
stands are buried in winter and not suitable for ssh.  Don’t think this relationship would hold
true on many other Forests – especially those on the east side or in WY, simply because
habitat types there are dryer and less capable of regenerating dense layers of mid-tall shrubs.

 

Regardless of young stand values today and whether they are on dryer habitat types or not,
 managing for such stands will always be important simply because they will be the multi-
storied stands of the future. In terms of optimizing conditions for lynx, the big question is
….how much early seral at any one time should we manage for?  

 

This Kosterman paper is generating a lot of discussion in MT because of its inference to
50% mature forest and 10-15% young forest being optimum – which indicates (to some) that
perhaps managing for up to 30% in stand initiation stage condition may be too high (VEG
S1).  Some are suggesting  that maybe VEG S1 should be less than 30%.  John is not
weighing in yet – he highly values mature forest types for lynx, but thinks we need more
study.

 

Interesting stuff……….

 

**************

Gary Hanvey

Forest Wildlife Biologist

Flathead National Forest

Supervisors Office – Kalispell, MT

 

Office Phone: 406.758.5255

Cell Phone: 406.781.1765

ghanvey@fs.fed.us

 

From: Murphy, Kerry M -FS 
Sent: Tuesday, October 06, 2015 11:02 AM
To: Hanvey, Gary -FS
Subject: RE: Lynx Habitat Study

mailto:ghanvey@fs.fed.us


 

Told you so before----dense, young regen forests were important too!!  Take that!!

 

From: Hanvey, Gary -FS 
Sent: Tuesday, October 06, 2015 10:58 AM
To: Solberg Schwab, Lisa; Ann_Belleman@fws.gov ; Murphy, Kerry M -FS; Delong, Don -FS; Roberts,
Ann R -FS; susan.patla@wyo.gov
Cc: Wilmot, Jason L -FS; Egan, Ashley M -FS; Yandow, Leah H -FS; Archual, Paul D -FS; Goldberg,
Brian A -FS
Subject: Lynx Habitat Study

 

In case you havent seen this yet.  Evaluated lynx habitat structure values based on
reproductive success.

 

Gary Hanvey 
Wildlife Program Manager

Forest Service

Flathead National Forest - SO

p: 406-758-5255 
f: 406-758-5351 
ghanvey@fs.fed.us

650 Wolfpack Way
Kalispell, MT 59901, MT 59901
www.fs.fed.us 

Caring for the land and serving people
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United States Department of the Interior

FISH AND WILDLIFE SERVICE
Oregon Fish and Wildlife Office
2600 SE 98th Avenue, Suite 100

Portland, Oregon 97266
Phone: (503) 231-6179 FAX: (503) 231-6195

Reply To: 8182.03510
File Name: 201507 14_Lynx_S SA_letter_Oregon
TS Number: 15-692

JUL 16 2015
Mr. Curt Meicher, Director
Oregon Department of Fish and Wildlife
4034 Fairview Industrial Drive SE
Salem, OR 97302

Dear Mr. etcher:

As you know, the U.S. Fish and Wildlife Service (Service) is conducting a status assessment for
the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx
canadensis). The lynx DPS was listed as threatened under the Endangered Species Act (Act) in
2000 (Federal Register, 65:16502; March 24, 2000). We published a Recovery Outline for the
DPS in 2005, and we revised the critical habitat designation for the DPS in 2014 (Federal
Register, 79:54782; September 12, 2014).

Although we intended to complete a five-year status review of the lynx DPS by this month, the
Service determined that we would first implement a relatively new framework, a Species Status
Assessment (SSA; see enclosed fact sheet). The SSA is a structured, transparent, and
scientifically-robust status, threat, and viability assessment that is intended to provide the
scientific underpinnings for all determinations the Service is required to make in accordance with
the Act (e.g., listing decisions, status reviews, critical habitat designations, and recovery plans).
By providing all the species-specific science in a single document that can be updated as new
information becomes available, the SSA report is intended to streamline, expedite, and reduce
the size and complexity of Federal Register notices associated with determinations required by
the Act.

Over the next several months, we will be coordinating with States and other partners and seeking
input from objective, independent experts in lynx ecology, habitat, management, and climate
modeling to assess the current status and likely future viability of lynx populations within the
DPS. We are scheduling monthly calls with your agency and the wildlife management agencies
from other states within the range of the DPS to provide updates on SSA progress and to seek
input at appropriate times during the process regarding the biological status of, and potential
threats to, lynx populations within the DPS. Those calls are scheduled for the last Wednesday of
every month (starting July 29) at 1pm, MTN time. Call-in information is 866.822.7385,
passcode: 5396168.

To ensure that our assessment will be as accurate and complete as possible, we will use the best
scientific and commercial data available in the development of the SSA report. We hope to
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complete the SSA report by December 2015, and then begin the recovery planning process so
that we can meet the court-ordered January 15, 2018, deadline to complete a recovery plan for
the lynx DPS.

We continue to welcome any scientific information (e.g., survey results, habitat assessments,
modeling efforts, implementation and/or monitoring of conservation measures, verified
observations) you wish to provide for our consideration regarding the status, distribution, and
likely future condition of lynx and snowshoe hare (Lepus americanus) populations and habitats
in Oregon. Please be aware that all data and information submitted to us, including names and
addresses, will become part of the record for this status assessment and may be made public.
Information should be submitted to:

U.S. Fish and Wildlife Service
Montana Ecological Services Field Office
Attn: Jim Zelenak
585 Shepard Way, Suite 1
Helena, MT 59601

Thank you for your continued interest in Canada lynx conservation. We look forward to
continued collaboration with your agency throughout this process. If you would like additional
information or have questions about the lynx DPS or the SSA framework, please contact Sue
Livingston of this office, at 503-231-6179, sue_livingston(fws. gov.

Sincerely,
/

Paul Henson
State Supervisor

Enclosure

cc:
Nick Wiley, Chair, Threatened and Endangered Species Policy Committee, AFWA (email)
Jonathan Mawdsley, Fish and Wildlife Science Coordinator, AFWA (email)
Gary Frazer, HQ (email)
Gary Miller, La Grande Field Office (email)
Bryon Holt, Northern Idaho Field Office (email)
Jim Zelenak, Montana Ecological Services Office (email)



U.S. Fish & Wildlife Service

The Species Status
Assessment Framework
An Integrated Framework for Conservation

yesterday’s logic.”
— Peter Drucker

“The greatest danger in times of turbulence
is not the turbulence; it is to act with

Although significant progress has been made in safeguarding
species and their habitats, limited resources and an ever-increasing
workload jeopardize our long-term effectiveness at fulfilling our
responsibilities. In addition, novel and significant conservation
challenges lie ahead, including a changing climate. While we
continue to build on our successes, ensuring successful conservation
and recovery of the nation’s species requires an increasing
commitment to new ways of thinking, working, and sharing.
From a budgetary and conservation standpoint, we simply cannot
afford business as usual. The Species Status Assessment (SSA)
Framework, in concert with other transformative efforts, better
allows us to meet the complex challenges ahead and guide our
efforts to continually enhance our conservation success.

The SSA Framework
The SSA Framework is an analytical framework for assessing
a species’ biological condition and level of viability. Building on
the best of our current analytical processes and the latest in
conservation biology, this framework integrates analyses that are
common to all ESA functions, eliminates duplicative and costly
processes, and allows us to strategically focus on our core mission
of preventing extinction and achieving recovery. In addition, the
SSA Framework provides a structure for effectively engaging with
our State partners and soliciting peer review

Our Vision
Our vision is a common, consistent, repeatable, scientifically sound
approach that will serve as the basis for future ESA decisions.
Using the SSA Framework early provides the context for a decision
on whether protections are warranted, then for decisions regarding
what is needed for its conservation and recovery, what the greatest
research needs are, and how public or private actions may affect
the species. Staff in each region are available to provide support
and training to help ensure we continue to build on the successes
the SSA Framework has already delivered.

“The Species Status Assessment offers a
unique opportunity to transform how the
U.S. Fish and Wildlife Service delivers
conservation.”
— Gary Frazer, Assistant Director

Ecological Services Program
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Applying SSA
We begin an SSA with an
understanding of the species’ unique
life history, and from that evaluate
a species’ needs or biological
requirements at the scales of
individuals, populations, and species.
We then consider the current and
future availability or condition of those
needs and investigate the reasons those
needs are missing. The consequences
of any missing needs are assessed
to describe the current condition of
the species, and project the future
species condition over time. Using the
principles of resifience, representation,
and redundancy, the species’ level of
viability and risks to its viability are
evaluated and characterized. Generally,
the more redundant, representative,
and resilient a species is, the more
likely it is to persist over time, even
under changing environmental
conditions. The characterization of
viability is enhanced by estimates at
multiple time intervals under a range
of probable scenarios to describe the
possible changes in viability over time
and to characterize the uncertainty.

Where to Learn More
Visit https:Ilsites.google.com/aJ
fws.govlssal to see examples of SSA
reports, connect with others who have
applied the Framework, get answers
to frequently asked questions, find
contact information for your Region’s
SSA Framework Implementation Team
member, and access the guidance on
applying the draft SSA Framework.

“The SSA is an intuitive
framework that, once
completed, allowed
me to more clearly and
quickly develop, explain,
and write my listing
argument.”
— Craig Hansen, Species Leadfor

Gunnison’s prairie dog

U. S. Fish and Wildlife Service
Endangered Species Program
4401 N. Fairfax Drive, Room 420
Arlington. VA 22203
703-358-2171

Species Status Assessement Framework

SPECIES NEEDS

Current Availability
or Condition of those Needs

SPECIES CURRENT CONDITION

Future Availability
or Condition of those Needs

SPECIES VIABILITY

Assessing the species level ofviability is achieved by completing the above
assessmentframework. Credit: USFWS

Gunnison’s prairie dog. Credit: USFWS March 2014



From: Belleman, Ann
To: Hanvey, Gary -FS
Subject: Re: Lynx Habitat Study
Date: Wednesday, October 07, 2015 6:48:28 AM
Attachments: image004.png
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On the lynx SSA call the other day, Jim Z said that panel experts agreed to share their
presentations in the future and workshop discussions will be summarized as appropriate in
writing.  Ugh - wish I could be there to hear John's presentation anyway.  

How ... I don't know ... unprofessional or arrogant to mention this to Susan and then substitute
Nichole.  This isn't the first time Susan has been asked/told about something lynx related then
passed over later.  While I agree with your feeling about bringing Susan to the table, I also
wonder when she's going to retire.  Maybe include both Susan and Nichole if Susan is retiring
in the next year or so?  Given that Nichole is now in the non-game arena permanently, the Bio
Team environment could be an excellent teaching opportunity.  Or maybe I'm just being too
hopeful or wishful.  Dang!  We can only hope that Nichole is smart, savvy, and strong enough
to really understand lynx biology and recovery needs to be a fully reasoned voice on their
behalf.  But it seems WGF hires those who may be smart but will do as told for non-game. 
That's what I heard about Zack Walker and now Nichole.  Also guessing Nichole is a token
diversity hire, if you know what I mean.

The Bio Team definitely needs reinvigorating and I hope it happens.  So many w/that
"corporate" knowledge have retired - need to pass the torch as expertly as possible, although
times have changed.  Perhaps having to update the NRLMD will be enough of a reason to
effectively get the team going again.  I'm so glad that these are some of the things you'll be
involved in.

 
Ann Belleman
U.S. Fish and Wildlife Service
Minnesota/Wisconsin Field Office Complex
Twin Cities Field Office
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
(307) 421-5839 (work cell)
(612) 725-3548 (Bloomington, MN)

On Tue, Oct 6, 2015 at 4:30 PM, Hanvey, Gary -FS <ghanvey@fs.fed.us> wrote:

I know John is planning to spend a disproportionate share of his presentation time at the meeting
on WY populations and habitat, and in particular, the WY Range.  I was on a telcon with him, Jason
Wilmot and Ann Roberts Friday to talk about the carnivore monitoring project, and he was asking
Jason to make him some maps with telemetry locations (including the CO locations). Think he’s
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concerned about the State, but Nicole will be no match – she was a tech until about 3 months ago.

 

I know Susan was being considered for this meeting – she called me about 3 months ago and told
she was being considered for some big lynx panel, but didn’t know exactly what it was or if she
should except.

 

One of my new tasks is to help Scott Jackson resurrect the Lynx Bio Team – we want to review
current members and consider adding or substituting names.  We need to reenergize and
reactivate the Team to help with Forest Plan Revisions and/or to assist with editing the NRLMD.  I
suggested to Eric that we consider inviting State Reps to the table.  They couldn’t/shouldn’t be on
the Bio Team, but I think we should hear them out in some way.  I would only follow thru with that
recommendation if Susan was WY’s rep.   

 

**************

Gary Hanvey

Forest Wildlife Biologist

Flathead National Forest

Supervisors Office – Kalispell, MT

 

Office Phone: 406.758.5255

Cell Phone: 406.781.1765

ghanvey@fs.fed.us

 

From: Belleman, Ann [mailto:ann_belleman@fws.gov] 
Sent: Tuesday, October 06, 2015 3:13 PM
To: Hanvey, Gary -FS
Subject: Re: Lynx Habitat Study

 

Yes, I thought the same thing.  And who do you think was behind that?  Geez, there are only
3 people representing the states, and she got one of the slots.  

 

FYI - both Squires and Kolbe will be there, as will Jake Ivan, Karen Hodges, Mike
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Schwartz, Scott Jackson, along with a bunch of others.

 

 

Ann Belleman

U.S. Fish and Wildlife Service

Minnesota/Wisconsin Field Office Complex

Twin Cities Field Office

4101 American Blvd. E

Bloomington, MN  55425-1665

 

ann_belleman@fws.gov

 

(307) 421-5839 (work cell)

(612) 725-3548 (Bloomington, MN)

 

 

On Tue, Oct 6, 2015 at 4:04 PM, Hanvey, Gary -FS <ghanvey@fs.fed.us> wrote:

Amazing to me that a newbie like Nicole would be representing WY at such an important Status
Review Meeting.  If they really wanted to know about lynx in WY, they should have Susan at the
table.  I know she was being considered to attend………

 

**************

Gary Hanvey

Forest Wildlife Biologist

Flathead National Forest

Supervisors Office – Kalispell, MT
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Office Phone: 406.758.5255

Cell Phone: 406.781.1765

ghanvey@fs.fed.us

 

From: Belleman, Ann [mailto:ann_belleman@fws.gov] 
Sent: Tuesday, October 06, 2015 3:00 PM
To: Susan Patla
Cc: Hanvey, Gary -FS; Murphy, Kerry M -FS
Subject: Re: Lynx Habitat Study

 

Susan - The next NW Level 1 meeting is coming up soon - next week maybe?  Guessing
Kerry knows the date; as you know, it used to be at the BT's log cabin.

 

I hope Nichole works out well in such an anti-non-game environment.

 

Take care - Ann 

 

Ann Belleman

U.S. Fish and Wildlife Service

Minnesota/Wisconsin Field Office Complex

Twin Cities Field Office

4101 American Blvd. E

Bloomington, MN  55425-1665

 

ann_belleman@fws.gov

 

(307) 421-5839 (work cell)

(612) 725-3548 (Bloomington, MN)
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On Tue, Oct 6, 2015 at 3:55 PM, Susan Patla <susan.patla@wyo.gov> wrote:

Nichole is our new state mammal biologist although she has worked as a contract biologist
in Lander for nongame for a number of years.  I have given her a lot of information and she
is getting up to speed before the meeting.  We will have to get her out here one day to meet
the BTNF biologists..perhaps you could invite us to one of your meetings later in the year?

 

Susan

 

Susan Patla
Nongame Biologist
Wyoming Game and Fish Department

PO Box 67

Jackson, WY 83001

307-733-2383  ext. 229   office

307 413-1222   cell

Susan.Patla@wyo.gov

 

 

  

  

    

 

E-Mail to and from me, in connection with the transaction of public business,  is subject to the Wyoming Public Records
Act and may be disclosed to third parties.

 

 

On Tue, Oct 6, 2015 at 2:25 PM, Belleman, Ann <ann_belleman@fws.gov> wrote:
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Very interesting!  Thanks for the insight.  On a different note - Susan, have you heard of the
lynx Species Status Assessment workshop next week or anything about lynx in WY lately? 
I was on a call today for the SSA and one of "State Observers" being allowed into the
(tightly controlled) workshop is Nicole Cudworth from WY.

 

Ann Belleman

U.S. Fish and Wildlife Service

Minnesota/Wisconsin Field Office Complex

Twin Cities Field Office

4101 American Blvd. E

Bloomington, MN  55425-1665

 

ann_belleman@fws.gov

 

(307) 421-5839 (work cell)

(612) 725-3548 (Bloomington, MN)

 

 

On Tue, Oct 6, 2015 at 3:00 PM, Susan Patla <susan.patla@wyo.gov> wrote:

What is interesting about the 50% proportion of mature forest, is that this threshold has
come up in some bird studies where birds associated with mature habitat start to drop out if
the proportion starts dropping below 50% mature/old growth in an area.

 

Makes sense to me.  That dichotomy between winter and summer habitat use is also very
interesting.  I know I was surprised when we did surveys in the WY range that there seemed
to be very little sign of SSHA in the regen units in winter.  

 

Glad we there is new information coming out.
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Thanks,  Susan

 

Susan Patla
Nongame Biologist
Wyoming Game and Fish Department

PO Box 67

Jackson, WY 83001

307-733-2383  ext. 229   office

307 413-1222   cell

Susan.Patla@wyo.gov

 

 

  

  

    

 

E-Mail to and from me, in connection with the transaction of public business,  is subject to the Wyoming Public Records
Act and may be disclosed to third parties.

 

 

On Tue, Oct 6, 2015 at 12:17 PM, Hanvey, Gary -FS <ghanvey@fs.fed.us> wrote:

Humm…..not sure we ever disagreed on the value of dense young stands.  Maybe youre
referring to my inference that (in WY) young stands weren’t used much during winter. And,
we are seeing that in MT as well.  Per Squires work in MT, young stands are used much
more in summer (by lynx) than are mature multi-storied – but little to no lynx use of young
stands during winter.  And not surprisingly, John’s ssh studies show little to no ssh in young
stands in very large wildfire areas in winter.  But what is surprising is that there are
moderate numbers of ssh during summer months in these young stands that are miles from
mature forest  – thus, ssh are migrating quite far from multi-storied mature stands (like 1-2
miles) to these very dense young stands created by large wildfires.  Lynx use patterns follow
these ssh migrations.  That’s not really indicated in the literature – most ssh studies I’ve seen
indicate very small ssh home ranges (like <5 acres).  Squires speculates that its all about the
relative density of low to tall shrubs that occur within these large fire areas on the Flathead,

tel:307-733-2383%20%C2%A0ext.%20229
tel:307%20413-1222
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and man are they think with shrubs!  The majority of the shrub component in these young
stands are buried in winter and not suitable for ssh.  Don’t think this relationship would hold
true on many other Forests – especially those on the east side or in WY, simply because
habitat types there are dryer and less capable of regenerating dense layers of mid-tall shrubs.

 

Regardless of young stand values today and whether they are on dryer habitat types or not,
 managing for such stands will always be important simply because they will be the multi-
storied stands of the future. In terms of optimizing conditions for lynx, the big question is
….how much early seral at any one time should we manage for?  

 

This Kosterman paper is generating a lot of discussion in MT because of its inference to
50% mature forest and 10-15% young forest being optimum – which indicates (to some) that
perhaps managing for up to 30% in stand initiation stage condition may be too high (VEG
S1).  Some are suggesting  that maybe VEG S1 should be less than 30%.  John is not
weighing in yet – he highly values mature forest types for lynx, but thinks we need more
study.

 

Interesting stuff……….

 

**************

Gary Hanvey

Forest Wildlife Biologist

Flathead National Forest

Supervisors Office – Kalispell, MT

 

Office Phone: 406.758.5255

Cell Phone: 406.781.1765

ghanvey@fs.fed.us

 

From: Murphy, Kerry M -FS 
Sent: Tuesday, October 06, 2015 11:02 AM
To: Hanvey, Gary -FS
Subject: RE: Lynx Habitat Study
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Told you so before----dense, young regen forests were important too!!  Take that!!

 

From: Hanvey, Gary -FS 
Sent: Tuesday, October 06, 2015 10:58 AM
To: Solberg Schwab, Lisa; Ann_Belleman@fws.gov ; Murphy, Kerry M -FS; Delong, Don -FS; Roberts,
Ann R -FS; susan.patla@wyo.gov
Cc: Wilmot, Jason L -FS; Egan, Ashley M -FS; Yandow, Leah H -FS; Archual, Paul D -FS; Goldberg,
Brian A -FS
Subject: Lynx Habitat Study

 

In case you havent seen this yet.  Evaluated lynx habitat structure values based on
reproductive success.

 

Gary Hanvey 
Wildlife Program Manager

Forest Service

Flathead National Forest - SO

p: 406-758-5255 
f: 406-758-5351 
ghanvey@fs.fed.us

650 Wolfpack Way
Kalispell, MT 59901, MT 59901
www.fs.fed.us 

Caring for the land and serving people

 

 

 

E-Mail to and from me, in connection with the transaction 
of public business, is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.
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E-Mail to and from me, in connection with the transaction 
of public business, is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.

 

 



From: Bush, Jodi
To: Stuart, James N., DGF
Cc: Jim Zelenak
Subject: Re: Reminder: Lynx SSA Coordination Call
Date: Wednesday, October 07, 2015 8:25:37 AM

Thanks Stuart.  Yes, this is the same list, sorry you weren't on it.  We will make sure you are
in the future.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Oct 6, 2015 at 3:56 PM, Stuart, James N., DGF <james.stuart@state.nm.us> wrote:

Hello – Please add me to the State Partners email list for Lynx. I believe Jim Zelenak added me to
an email list, but this list might or might not be different.

 

Thanks,

Jim

James N. Stuart

Non-game Mammals

NM Dept. of Game & Fish

POB 25112, Santa Fe, NM 87504

(505) 476-8107

james.stuart@state.nm.us

Conserving New Mexico’s Wildlife for Future Generations

 

CONFIDENTIALITY NOTICE: This e-mail, including all attachments is for the sole use of the intended recipient[s]
and may contain confidential and/or privileged information. Any unauthorized review, use, copying, disclosure or
distribution is prohibited, unless specifically provided under the New Mexico Inspection of Public Records Act. If
you are not the intended recipient, please contact the sender at once and destroy all copies of this message.
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From: Liley, Stewart, DGF 
Sent: Tuesday, October 06, 2015 3:47 PM
To: Weybright, Darrel L., DGF; Goldstein, Elise J., DGF; Stuart, James N., DGF
Subject: FW: Reminder: Lynx SSA Coordination Call

 

FYI

 

Stewart Liley, Chief

Wildlife Management Division

New Mexico Game and Fish

One Wildlife Way

Santa Fe, NM 87507

Ph: 505-476-8038

stewart.liley@state.nm.us

 

Conserving New Mexico’s Wildlife for Future Generations

 

CONFIDENTIALITY NOTICE: This e-mail, including all attachments is for the sole use of the intended recipient[s]
and may contain confidential and/or privileged information. Any unauthorized review, use, copying, disclosure or
distribution is prohibited, unless specifically provided under the New Mexico Inspection of Public Records Act. If
you are not the intended recipient, please contact the sender at once and destroy all copies of this message.

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Tuesday, October 06, 2015 1:53 PM
To: bob.broscheid@state.co.us; Odell, Eric; Moore,Virgil; Dustin Miller (dustin.miller@osc.idaho.gov);
Joshua Uriarte; Sallabanks,Rex; Sam Eaton; Chandler.woodcock@maine.gov; moritzw@michigan.gov;
DNR-Wildlife@michigan.gov; commissioner.dnr@state.mn.us; Boggess, Ed (DNR); Erb, John D (DNR);
Hagener, Jeff; Tubbs, John; McDonald, Ken; Inman, Bob; glenn.normandeau@wildlife.nh.gov;
Sandoval, Alexandra J., DGF; patricia.riexinger@dec.ny.gov; curt.melcher@state.or.us; Greg Sheehan;
Kimberly Hersey; louis.porter@state.vt.us; mark scott; Bernier, Chris; director@dfw.wa.gov;
cpl@dnr.wa.gov; Lewis, Jeffrey C (DFW); cathy.stepp@wisconsin.gov; Thiede, Kurt A - DNR; Bob
Lanka; Zack Walker; Nick.Wiley@myfwc.com; craig.mclaughlin@state.co.us; Connolly, James;
bumpa@michigan.gov; kennedyd@michigan.gov; Telander, Paul B (DNR);
Mark.Ellingwood@wildlife.nh.gov; John.Kanter@wildlife.nh.ogv; Jill.Killborn@wildlife.nh.gov;
William.Staats@wildlife.nh.gov; Patrick.Tate@wildlife.nh.gov; Liley, Stewart, DGF;
rick.winslow@state.nm.us; Jensen, Paul G (DEC); Hauge, Tom M - DNR; Erin.Crain@wisconsin.gov;
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Owen.Boyle@wisconsin.gov; Johnf.olson@wisconsin.gov; David.MacFarland@wisconsin.gov;
John.White@wisconsin.gov
Cc: Jim Zelenak; Bryon Holt; Tamara Smith; Mark McCollough; Kurt Broderdorp
Subject: Fwd: Reminder: Lynx SSA Coordination Call

 

State Partners.  We wanted to share some materials with you regarding the Lynx workshop next
week.  

 

As a reminder the objective of the workshop is to assess the current status of and
threats to the various Lynx DPS populations and to evaluate it's viability under a
range of future threats, habitat conditions, and climate scenarios. As we lack
adequate empirical data on many aspects of lynx population dynamics in the DPS
range, we will seek in the workshop to elicit and distill the knowledge, professional
judgments, and opinions of experts most familiar with each of the DPS populations
to inform our understanding of lynx status, the nature and magnitude of potential
threats, and the likelihood of their future persistence. 

 

The SSA process is science based and will not generate any decisions or recommendations.  The outcomes of the
expert meeting will be one source of information, among other sources, that the Service will use in making
recommended determinations under the ESA (including recovery planning).  Any information used must meet the
appropriate ESA standard for the decision at hand for the best available information. Panelists will be asked to
share their scientific expertise during the meeting and not to represent any particular position of an agency or
other interested party. To reiterate, this expert meeting is structured so that its primary purpose is to exchange
facts and information: not to make decisions.

Attached are (1) a draft agenda; (2) a species status assessment (SSA) fact sheet that you may have
seen before; (3) a white paper describing the expert elicitation process and the need and methods to
avoid conflicts with the Federal Advisory Committee Act (FACA) and the Administrative Procedures Act
(APA); and (4) a one-pager with definitions of the "3 Rs" - Representation, Resiliency and Redundancy
- which we consider when evaluating a species' likely viability.

 

 

After the workshop, we will summarize the notes and proceedings, presentations and other workshop
materials and distribute them to other interested parties.  

 

Thank you for your interest in this process.  Remember -this is just the beginning..

 

 Please feel free to give me a call if you have any questions.  Thanks. JB
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Jodi L. Bush

Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 



From: Belleman, Ann
To: Susan Patla
Subject: Re: Lynx Habitat Study
Date: Wednesday, October 07, 2015 10:00:36 AM
Attachments: image001.png

image004.png
image002.png
image003.png

P.S.  I think Lisa SS is out of the office this week.  I can ask my ex-Supv. about the Level 1
meeting date, as I think he's planning to go too.  We still keep in touch, in part because I'm still
involved in some WY litigation (GTNP Elk Reduction Program and two separate lawsuits) so
occasionally work on their payroll.

 
Ann Belleman
U.S. Fish and Wildlife Service
Minnesota/Wisconsin Field Office Complex
Twin Cities Field Office
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
(307) 421-5839 (work cell)
(612) 725-3548 (Bloomington, MN)

On Wed, Oct 7, 2015 at 10:56 AM, Belleman, Ann <ann_belleman@fws.gov> wrote:
Susan - I'll delete this email, but one last thing.  Do you think she'll be able to carry the lynx
"torch" well; that is, does she have a strong enough voice and interest?  I'm guessing that
you were passed over for the lynx SSA workshop because of impending retirement?  Gary
had communicated w/John S. and apparently John will spend a good portion of his
SSA/expert elicitation panel presentation time on lynx in WY/WY Range.  Wonder if he's
concerned about the state's de-emphasis on lynx and if he's being scientist but part advocate
too?

I hope you're well and enjoying fall.  I admit to not missing WY other than some old friends
and the challenge of the work (but was somewhat burned out!).

 
Ann Belleman
U.S. Fish and Wildlife Service
Minnesota/Wisconsin Field Office Complex
Twin Cities Field Office
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
(307) 421-5839 (work cell)
(612) 725-3548 (Bloomington, MN)
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On Wed, Oct 7, 2015 at 10:42 AM, Susan Patla <susan.patla@wyo.gov> wrote:
She is married to one of our bear biologists, Dan Bjornlie so knows the department well.

I will check to see if I might be able to come to the Level 1 meeting..that has varied over
time.

Susan  

Susan Patla
Nongame Biologist
Wyoming Game and Fish Department
PO Box 67
Jackson, WY 83001
307-733-2383  ext. 229   office
307 413-1222   cell
Susan.Patla@wyo.gov

         

 
E-Mail to and from me, in connection with the transaction of public business,  is subject to the Wyoming Public Records Act and 
may be disclosed to third parties.

On Tue, Oct 6, 2015 at 3:00 PM, Belleman, Ann <ann_belleman@fws.gov> wrote:
Susan - The next NW Level 1 meeting is coming up soon - next week maybe?  Guessing
Kerry knows the date; as you know, it used to be at the BT's log cabin.

I hope Nichole works out well in such an anti-non-game environment.

Take care - Ann 

 
Ann Belleman
U.S. Fish and Wildlife Service
Minnesota/Wisconsin Field Office Complex
Twin Cities Field Office
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
(307) 421-5839 (work cell)
(612) 725-3548 (Bloomington, MN)

On Tue, Oct 6, 2015 at 3:55 PM, Susan Patla <susan.patla@wyo.gov> wrote:
Nichole is our new state mammal biologist although she has worked as a contract
biologist in Lander for nongame for a number of years.  I have given her a lot of
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information and she is getting up to speed before the meeting.  We will have to get her
out here one day to meet the BTNF biologists..perhaps you could invite us to one of
your meetings later in the year?

Susan

Susan Patla
Nongame Biologist
Wyoming Game and Fish Department
PO Box 67
Jackson, WY 83001
307-733-2383  ext. 229   office
307 413-1222   cell
Susan.Patla@wyo.gov

         

 
E-Mail to and from me, in connection with the transaction of public business,  is subject to the Wyoming Public Records Act 
and may be disclosed to third parties.

On Tue, Oct 6, 2015 at 2:25 PM, Belleman, Ann <ann_belleman@fws.gov> wrote:
Very interesting!  Thanks for the insight.  On a different note - Susan, have you
heard of the lynx Species Status Assessment workshop next week or anything about
lynx in WY lately?  I was on a call today for the SSA and one of "State Observers"
being allowed into the (tightly controlled) workshop is Nicole Cudworth from WY.

 
Ann Belleman
U.S. Fish and Wildlife Service
Minnesota/Wisconsin Field Office Complex
Twin Cities Field Office
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
(307) 421-5839 (work cell)
(612) 725-3548 (Bloomington, MN)

On Tue, Oct 6, 2015 at 3:00 PM, Susan Patla <susan.patla@wyo.gov> wrote:
What is interesting about the 50% proportion of mature forest, is that this
threshold has come up in some bird studies where birds associated with mature
habitat start to drop out if the proportion starts dropping below 50% mature/old
growth in an area.

Makes sense to me.  That dichotomy between winter and summer habitat use is
also very interesting.  I know I was surprised when we did surveys in the WY
range that there seemed to be very little sign of SSHA in the regen units in winter.
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Glad we there is new information coming out.

Thanks,  Susan

Susan Patla
Nongame Biologist
Wyoming Game and Fish Department
PO Box 67
Jackson, WY 83001
307-733-2383  ext. 229   office
307 413-1222   cell
Susan.Patla@wyo.gov

         

 
E-Mail to and from me, in connection with the transaction of public business,  is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.

On Tue, Oct 6, 2015 at 12:17 PM, Hanvey, Gary -FS <ghanvey@fs.fed.us> wrote:

Humm…..not sure we ever disagreed on the value of dense young stands. 
Maybe youre referring to my inference that (in WY) young stands weren’t used
much during winter. And, we are seeing that in MT as well.  Per Squires work in
MT, young stands are used much more in summer (by lynx) than are mature
multi-storied – but little to no lynx use of young stands during winter.  And not
surprisingly, John’s ssh studies show little to no ssh in young stands in very
large wildfire areas in winter.  But what is surprising is that there are moderate
numbers of ssh during summer months in these young stands that are miles from
mature forest  – thus, ssh are migrating quite far from multi-storied mature
stands (like 1-2 miles) to these very dense young stands created by large
wildfires.  Lynx use patterns follow these ssh migrations.  That’s not really
indicated in the literature – most ssh studies I’ve seen indicate very small ssh
home ranges (like <5 acres).  Squires speculates that its all about the relative
density of low to tall shrubs that occur within these large fire areas on the
Flathead, and man are they think with shrubs!  The majority of the shrub
component in these young stands are buried in winter and not suitable for ssh. 
Don’t think this relationship would hold true on many other Forests – especially
those on the east side or in WY, simply because habitat types there are dryer and
less capable of regenerating dense layers of mid-tall shrubs.

 

Regardless of young stand values today and whether they are on dryer habitat
types or not,  managing for such stands will always be important simply because
they will be the multi-storied stands of the future. In terms of optimizing
conditions for lynx, the big question is ….how much early seral at any one time
should we manage for?  
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This Kosterman paper is generating a lot of discussion in MT because of its
inference to 50% mature forest and 10-15% young forest being optimum –
which indicates (to some) that perhaps managing for up to 30% in stand
initiation stage condition may be too high (VEG S1).  Some are suggesting  that
maybe VEG S1 should be less than 30%.  John is not weighing in yet – he
highly values mature forest types for lynx, but thinks we need more study.

 

Interesting stuff……….

 

**************

Gary Hanvey

Forest Wildlife Biologist

Flathead National Forest

Supervisors Office – Kalispell, MT

 

Office Phone: 406.758.5255

Cell Phone: 406.781.1765

ghanvey@fs.fed.us

 

From: Murphy, Kerry M -FS 
Sent: Tuesday, October 06, 2015 11:02 AM
To: Hanvey, Gary -FS
Subject: RE: Lynx Habitat Study

 

Told you so before----dense, young regen forests were important too!!  Take
that!!

 

From: Hanvey, Gary -FS 
Sent: Tuesday, October 06, 2015 10:58 AM
To: Solberg Schwab, Lisa; Ann_Belleman@fws.gov ; Murphy, Kerry M -FS; Delong, Don -
FS; Roberts, Ann R -FS; susan.patla@wyo.gov

tel:406.758.5255
tel:406.781.1765
mailto:ghanvey@fs.fed.us
mailto:Ann_Belleman@fws.gov
mailto:susan.patla@wyo.gov


Cc: Wilmot, Jason L -FS; Egan, Ashley M -FS; Yandow, Leah H -FS; Archual, Paul D -FS;
Goldberg, Brian A -FS
Subject: Lynx Habitat Study

 

In case you havent seen this yet.  Evaluated lynx habitat structure values based
on reproductive success.

 

Gary Hanvey 
Wildlife Program Manager

Forest Service

Flathead National Forest - SO

p: 406-758-5255 
f: 406-758-5351 
ghanvey@fs.fed.us

650 Wolfpack Way
Kalispell, MT 59901, MT 59901
www.fs.fed.us 

Caring for the land and serving people

 

 

E-Mail to and from me, in connection with the transaction 
of public business, is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.

E-Mail to and from me, in connection with the transaction 
of public business, is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.

E-Mail to and from me, in connection with the transaction 
of public business, is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.
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From: Susan Patla
To: Belleman, Ann
Subject: Re: Lynx Habitat Study
Date: Wednesday, October 07, 2015 10:01:43 AM
Attachments: image003.png
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Let me know the date if you can.

How are things in MN?

Susan Patla
Nongame Biologist
Wyoming Game and Fish Department
PO Box 67
Jackson, WY 83001
307-733-2383  ext. 229   office
307 413-1222   cell
Susan.Patla@wyo.gov

         

 
E-Mail to and from me, in connection with the transaction of public business,  is subject to the Wyoming Public Records Act and may be 
disclosed to third parties.

On Wed, Oct 7, 2015 at 10:00 AM, Belleman, Ann <ann_belleman@fws.gov> wrote:
P.S.  I think Lisa SS is out of the office this week.  I can ask my ex-Supv. about the Level 1
meeting date, as I think he's planning to go too.  We still keep in touch, in part because I'm
still involved in some WY litigation (GTNP Elk Reduction Program and two separate
lawsuits) so occasionally work on their payroll.

 
Ann Belleman
U.S. Fish and Wildlife Service
Minnesota/Wisconsin Field Office Complex
Twin Cities Field Office
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
(307) 421-5839 (work cell)
(612) 725-3548 (Bloomington, MN)

On Wed, Oct 7, 2015 at 10:56 AM, Belleman, Ann <ann_belleman@fws.gov> wrote:
Susan - I'll delete this email, but one last thing.  Do you think she'll be able to carry the
lynx "torch" well; that is, does she have a strong enough voice and interest?  I'm guessing
that you were passed over for the lynx SSA workshop because of impending retirement? 
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Gary had communicated w/John S. and apparently John will spend a good portion of his
SSA/expert elicitation panel presentation time on lynx in WY/WY Range.  Wonder if he's
concerned about the state's de-emphasis on lynx and if he's being scientist but part
advocate too?

I hope you're well and enjoying fall.  I admit to not missing WY other than some old
friends and the challenge of the work (but was somewhat burned out!).

 
Ann Belleman
U.S. Fish and Wildlife Service
Minnesota/Wisconsin Field Office Complex
Twin Cities Field Office
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
(307) 421-5839 (work cell)
(612) 725-3548 (Bloomington, MN)

On Wed, Oct 7, 2015 at 10:42 AM, Susan Patla <susan.patla@wyo.gov> wrote:
She is married to one of our bear biologists, Dan Bjornlie so knows the department well.

I will check to see if I might be able to come to the Level 1 meeting..that has varied over
time.

Susan  

Susan Patla
Nongame Biologist
Wyoming Game and Fish Department
PO Box 67
Jackson, WY 83001
307-733-2383  ext. 229   office
307 413-1222   cell
Susan.Patla@wyo.gov

         

 
E-Mail to and from me, in connection with the transaction of public business,  is subject to the Wyoming Public Records Act and 
may be disclosed to third parties.

On Tue, Oct 6, 2015 at 3:00 PM, Belleman, Ann <ann_belleman@fws.gov> wrote:
Susan - The next NW Level 1 meeting is coming up soon - next week maybe? 
Guessing Kerry knows the date; as you know, it used to be at the BT's log cabin.

I hope Nichole works out well in such an anti-non-game environment.
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Take care - Ann 

 
Ann Belleman
U.S. Fish and Wildlife Service
Minnesota/Wisconsin Field Office Complex
Twin Cities Field Office
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
(307) 421-5839 (work cell)
(612) 725-3548 (Bloomington, MN)

On Tue, Oct 6, 2015 at 3:55 PM, Susan Patla <susan.patla@wyo.gov> wrote:
Nichole is our new state mammal biologist although she has worked as a contract
biologist in Lander for nongame for a number of years.  I have given her a lot of
information and she is getting up to speed before the meeting.  We will have to get
her out here one day to meet the BTNF biologists..perhaps you could invite us to
one of your meetings later in the year?

Susan

Susan Patla
Nongame Biologist
Wyoming Game and Fish Department
PO Box 67
Jackson, WY 83001
307-733-2383  ext. 229   office
307 413-1222   cell
Susan.Patla@wyo.gov

         

 
E-Mail to and from me, in connection with the transaction of public business,  is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.

On Tue, Oct 6, 2015 at 2:25 PM, Belleman, Ann <ann_belleman@fws.gov> wrote:
Very interesting!  Thanks for the insight.  On a different note - Susan, have you
heard of the lynx Species Status Assessment workshop next week or anything
about lynx in WY lately?  I was on a call today for the SSA and one of "State
Observers" being allowed into the (tightly controlled) workshop is Nicole
Cudworth from WY.

 
Ann Belleman
U.S. Fish and Wildlife Service

mailto:ann_belleman@fws.gov
tel:%28307%29%20421-5839
tel:%28612%29%20725-3548
mailto:susan.patla@wyo.gov
tel:307-733-2383%20%C2%A0ext.%20229
tel:307%20413-1222
mailto:First.Last@wyo.gov
https://twitter.com/WGFD
mailto:ann_belleman@fws.gov


Minnesota/Wisconsin Field Office Complex
Twin Cities Field Office
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
(307) 421-5839 (work cell)
(612) 725-3548 (Bloomington, MN)

On Tue, Oct 6, 2015 at 3:00 PM, Susan Patla <susan.patla@wyo.gov> wrote:
What is interesting about the 50% proportion of mature forest, is that this
threshold has come up in some bird studies where birds associated with mature
habitat start to drop out if the proportion starts dropping below 50% mature/old
growth in an area.

Makes sense to me.  That dichotomy between winter and summer habitat use is
also very interesting.  I know I was surprised when we did surveys in the WY
range that there seemed to be very little sign of SSHA in the regen units in
winter.  

Glad we there is new information coming out.

Thanks,  Susan

Susan Patla
Nongame Biologist
Wyoming Game and Fish Department
PO Box 67
Jackson, WY 83001
307-733-2383  ext. 229   office
307 413-1222   cell
Susan.Patla@wyo.gov

         

 
E-Mail to and from me, in connection with the transaction of public business,  is subject to the Wyoming Public 
Records Act and may be disclosed to third parties.

On Tue, Oct 6, 2015 at 12:17 PM, Hanvey, Gary -FS <ghanvey@fs.fed.us>
wrote:

Humm…..not sure we ever disagreed on the value of dense young stands. 
Maybe youre referring to my inference that (in WY) young stands weren’t
used much during winter. And, we are seeing that in MT as well.  Per Squires
work in MT, young stands are used much more in summer (by lynx) than are
mature multi-storied – but little to no lynx use of young stands during winter. 
And not surprisingly, John’s ssh studies show little to no ssh in young stands
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in very large wildfire areas in winter.  But what is surprising is that there are
moderate numbers of ssh during summer months in these young stands that
are miles from mature forest  – thus, ssh are migrating quite far from multi-
storied mature stands (like 1-2 miles) to these very dense young stands created
by large wildfires.  Lynx use patterns follow these ssh migrations.  That’s not
really indicated in the literature – most ssh studies I’ve seen indicate very
small ssh home ranges (like <5 acres).  Squires speculates that its all about the
relative density of low to tall shrubs that occur within these large fire areas on
the Flathead, and man are they think with shrubs!  The majority of the shrub
component in these young stands are buried in winter and not suitable for ssh. 
Don’t think this relationship would hold true on many other Forests –
especially those on the east side or in WY, simply because habitat types there
are dryer and less capable of regenerating dense layers of mid-tall shrubs.

 

Regardless of young stand values today and whether they are on dryer habitat
types or not,  managing for such stands will always be important simply
because they will be the multi-storied stands of the future. In terms of
optimizing conditions for lynx, the big question is ….how much early seral at
any one time should we manage for?  

 

This Kosterman paper is generating a lot of discussion in MT because of its
inference to 50% mature forest and 10-15% young forest being optimum –
which indicates (to some) that perhaps managing for up to 30% in stand
initiation stage condition may be too high (VEG S1).  Some are suggesting
 that maybe VEG S1 should be less than 30%.  John is not weighing in yet –
he highly values mature forest types for lynx, but thinks we need more study.

 

Interesting stuff……….

 

**************

Gary Hanvey

Forest Wildlife Biologist

Flathead National Forest

Supervisors Office – Kalispell, MT

 

Office Phone: 406.758.5255

Cell Phone: 406.781.1765
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ghanvey@fs.fed.us

 

From: Murphy, Kerry M -FS 
Sent: Tuesday, October 06, 2015 11:02 AM
To: Hanvey, Gary -FS
Subject: RE: Lynx Habitat Study

 

Told you so before----dense, young regen forests were important too!!  Take
that!!

 

From: Hanvey, Gary -FS 
Sent: Tuesday, October 06, 2015 10:58 AM
To: Solberg Schwab, Lisa; Ann_Belleman@fws.gov ; Murphy, Kerry M -FS; Delong, Don
-FS; Roberts, Ann R -FS; susan.patla@wyo.gov
Cc: Wilmot, Jason L -FS; Egan, Ashley M -FS; Yandow, Leah H -FS; Archual, Paul D -
FS; Goldberg, Brian A -FS
Subject: Lynx Habitat Study

 

In case you havent seen this yet.  Evaluated lynx habitat structure values based
on reproductive success.

 

Gary Hanvey 
Wildlife Program Manager

Forest Service

Flathead National Forest - SO

p: 406-758-5255 
f: 406-758-5351 
ghanvey@fs.fed.us

650 Wolfpack Way
Kalispell, MT 59901, MT 59901
www.fs.fed.us 

Caring for the land and serving people
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From: Susan Patla
To: Belleman, Ann
Subject: Re: Lynx Habitat Study
Date: Wednesday, October 07, 2015 10:12:38 AM
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I think there is a chance she will do fine and I have been encouraging her to study the science
well.  If the state can figure out how to do more habitat treatments, it might relieve some
pressure on lynx politics but then perhaps there will no more good habitat to worry about.  

Are you familiar with Monica Turner's work?  She is at U of Wisconsin, one of the top forest
ecologists in the nation (president of the Ecological Soc of American), and has done a lot of
work in the GYE.  She just gave a talk in Jackson (also last year at the YNP science meeting)--
the predictions of climate change on fire intensity and frequency are very sobering for the
GYE.  Even if Co2 levels start dropping now, we would see these increases through mid-
century.   But also she exposed the rationale that the FS is using about low intensity fires being
the norm here.  She stressed that the FS should concentrate on protecting homes and
structures..that big fires are coming that will burn through any treatment areas like they did in
1988.  

I wish the FWS and the FS could get together and really push for some nation-wide focused
treatments to create small effective buffers around private lands rather than these "landscape"
type approaches that are based on old or misleading fire history data.  The Teton to Snake
DEIS came out--they will spend 10 + years (if they are no sued) treating some large patches of
quite nice habitat to slow fires down in one part of the forest.  Meanwhile landowners
elsewhere are pleading for funds to treat buffers near their homes. 

No sure how to think about the future prospects of lynx in WY except I know that we need to
maintain a corridor for many different species in the Rocky Mountains.  

Best,  Susan

Susan Patla
Nongame Biologist
Wyoming Game and Fish Department
PO Box 67
Jackson, WY 83001
307-733-2383  ext. 229   office
307 413-1222   cell
Susan.Patla@wyo.gov

         

 
E-Mail to and from me, in connection with the transaction of public business,  is subject to the Wyoming Public Records Act and may be 
disclosed to third parties.

On Wed, Oct 7, 2015 at 9:56 AM, Belleman, Ann <ann_belleman@fws.gov> wrote:
Susan - I'll delete this email, but one last thing.  Do you think she'll be able to carry the lynx
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"torch" well; that is, does she have a strong enough voice and interest?  I'm guessing that
you were passed over for the lynx SSA workshop because of impending retirement?  Gary
had communicated w/John S. and apparently John will spend a good portion of his
SSA/expert elicitation panel presentation time on lynx in WY/WY Range.  Wonder if he's
concerned about the state's de-emphasis on lynx and if he's being scientist but part advocate
too?

I hope you're well and enjoying fall.  I admit to not missing WY other than some old friends
and the challenge of the work (but was somewhat burned out!).

 
Ann Belleman
U.S. Fish and Wildlife Service
Minnesota/Wisconsin Field Office Complex
Twin Cities Field Office
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
(307) 421-5839 (work cell)
(612) 725-3548 (Bloomington, MN)

On Wed, Oct 7, 2015 at 10:42 AM, Susan Patla <susan.patla@wyo.gov> wrote:
She is married to one of our bear biologists, Dan Bjornlie so knows the department well.

I will check to see if I might be able to come to the Level 1 meeting..that has varied over
time.

Susan  

Susan Patla
Nongame Biologist
Wyoming Game and Fish Department
PO Box 67
Jackson, WY 83001
307-733-2383  ext. 229   office
307 413-1222   cell
Susan.Patla@wyo.gov

         

 
E-Mail to and from me, in connection with the transaction of public business,  is subject to the Wyoming Public Records Act and 
may be disclosed to third parties.

On Tue, Oct 6, 2015 at 3:00 PM, Belleman, Ann <ann_belleman@fws.gov> wrote:
Susan - The next NW Level 1 meeting is coming up soon - next week maybe?  Guessing
Kerry knows the date; as you know, it used to be at the BT's log cabin.
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I hope Nichole works out well in such an anti-non-game environment.

Take care - Ann 

 
Ann Belleman
U.S. Fish and Wildlife Service
Minnesota/Wisconsin Field Office Complex
Twin Cities Field Office
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
(307) 421-5839 (work cell)
(612) 725-3548 (Bloomington, MN)

On Tue, Oct 6, 2015 at 3:55 PM, Susan Patla <susan.patla@wyo.gov> wrote:
Nichole is our new state mammal biologist although she has worked as a contract
biologist in Lander for nongame for a number of years.  I have given her a lot of
information and she is getting up to speed before the meeting.  We will have to get her
out here one day to meet the BTNF biologists..perhaps you could invite us to one of
your meetings later in the year?

Susan

Susan Patla
Nongame Biologist
Wyoming Game and Fish Department
PO Box 67
Jackson, WY 83001
307-733-2383  ext. 229   office
307 413-1222   cell
Susan.Patla@wyo.gov

         

 
E-Mail to and from me, in connection with the transaction of public business,  is subject to the Wyoming Public Records Act 
and may be disclosed to third parties.

On Tue, Oct 6, 2015 at 2:25 PM, Belleman, Ann <ann_belleman@fws.gov> wrote:
Very interesting!  Thanks for the insight.  On a different note - Susan, have you
heard of the lynx Species Status Assessment workshop next week or anything about
lynx in WY lately?  I was on a call today for the SSA and one of "State Observers"
being allowed into the (tightly controlled) workshop is Nicole Cudworth from WY.

 
Ann Belleman
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U.S. Fish and Wildlife Service
Minnesota/Wisconsin Field Office Complex
Twin Cities Field Office
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
(307) 421-5839 (work cell)
(612) 725-3548 (Bloomington, MN)

On Tue, Oct 6, 2015 at 3:00 PM, Susan Patla <susan.patla@wyo.gov> wrote:
What is interesting about the 50% proportion of mature forest, is that this
threshold has come up in some bird studies where birds associated with mature
habitat start to drop out if the proportion starts dropping below 50% mature/old
growth in an area.

Makes sense to me.  That dichotomy between winter and summer habitat use is
also very interesting.  I know I was surprised when we did surveys in the WY
range that there seemed to be very little sign of SSHA in the regen units in winter.
 

Glad we there is new information coming out.

Thanks,  Susan

Susan Patla
Nongame Biologist
Wyoming Game and Fish Department
PO Box 67
Jackson, WY 83001
307-733-2383  ext. 229   office
307 413-1222   cell
Susan.Patla@wyo.gov

         

 
E-Mail to and from me, in connection with the transaction of public business,  is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.

On Tue, Oct 6, 2015 at 12:17 PM, Hanvey, Gary -FS <ghanvey@fs.fed.us> wrote:

Humm…..not sure we ever disagreed on the value of dense young stands. 
Maybe youre referring to my inference that (in WY) young stands weren’t used
much during winter. And, we are seeing that in MT as well.  Per Squires work in
MT, young stands are used much more in summer (by lynx) than are mature
multi-storied – but little to no lynx use of young stands during winter.  And not
surprisingly, John’s ssh studies show little to no ssh in young stands in very
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large wildfire areas in winter.  But what is surprising is that there are moderate
numbers of ssh during summer months in these young stands that are miles from
mature forest  – thus, ssh are migrating quite far from multi-storied mature
stands (like 1-2 miles) to these very dense young stands created by large
wildfires.  Lynx use patterns follow these ssh migrations.  That’s not really
indicated in the literature – most ssh studies I’ve seen indicate very small ssh
home ranges (like <5 acres).  Squires speculates that its all about the relative
density of low to tall shrubs that occur within these large fire areas on the
Flathead, and man are they think with shrubs!  The majority of the shrub
component in these young stands are buried in winter and not suitable for ssh. 
Don’t think this relationship would hold true on many other Forests – especially
those on the east side or in WY, simply because habitat types there are dryer and
less capable of regenerating dense layers of mid-tall shrubs.

 

Regardless of young stand values today and whether they are on dryer habitat
types or not,  managing for such stands will always be important simply because
they will be the multi-storied stands of the future. In terms of optimizing
conditions for lynx, the big question is ….how much early seral at any one time
should we manage for?  

 

This Kosterman paper is generating a lot of discussion in MT because of its
inference to 50% mature forest and 10-15% young forest being optimum –
which indicates (to some) that perhaps managing for up to 30% in stand
initiation stage condition may be too high (VEG S1).  Some are suggesting  that
maybe VEG S1 should be less than 30%.  John is not weighing in yet – he
highly values mature forest types for lynx, but thinks we need more study.

 

Interesting stuff……….

 

**************

Gary Hanvey

Forest Wildlife Biologist

Flathead National Forest

Supervisors Office – Kalispell, MT

 

Office Phone: 406.758.5255

Cell Phone: 406.781.1765
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ghanvey@fs.fed.us

 

From: Murphy, Kerry M -FS 
Sent: Tuesday, October 06, 2015 11:02 AM
To: Hanvey, Gary -FS
Subject: RE: Lynx Habitat Study

 

Told you so before----dense, young regen forests were important too!!  Take
that!!

 

From: Hanvey, Gary -FS 
Sent: Tuesday, October 06, 2015 10:58 AM
To: Solberg Schwab, Lisa; Ann_Belleman@fws.gov ; Murphy, Kerry M -FS; Delong, Don -
FS; Roberts, Ann R -FS; susan.patla@wyo.gov
Cc: Wilmot, Jason L -FS; Egan, Ashley M -FS; Yandow, Leah H -FS; Archual, Paul D -FS;
Goldberg, Brian A -FS
Subject: Lynx Habitat Study

 

In case you havent seen this yet.  Evaluated lynx habitat structure values based
on reproductive success.

 

Gary Hanvey 
Wildlife Program Manager

Forest Service

Flathead National Forest - SO

p: 406-758-5255 
f: 406-758-5351 
ghanvey@fs.fed.us

650 Wolfpack Way
Kalispell, MT 59901, MT 59901
www.fs.fed.us 

Caring for the land and serving people
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From: Belleman, Ann
To: Susan Patla
Subject: Re: Lynx Habitat Study
Date: Wednesday, October 07, 2015 12:58:16 PM
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I know - it's been at the BT for years!  Now that Gary's gone, I imagine things at the BT are very
different.

 
Ann Belleman
U.S. Fish and Wildlife Service
Minnesota/Wisconsin Field Office Complex
Twin Cities Field Office
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
(307) 421-5839 (work cell)
(612) 725-3548 (Bloomington, MN)

On Wed, Oct 7, 2015 at 1:46 PM, Susan Patla <susan.patla@wyo.gov> wrote:
I assumed it would be at the BTNF as in most other years.  Will talk to Sarah also.

Susan Patla
Nongame Biologist
Wyoming Game and Fish Department
PO Box 67
Jackson, WY 83001
307-733-2383  ext. 229   office
307 413-1222   cell
Susan.Patla@wyo.gov

         

 
E-Mail to and from me, in connection with the transaction of public business,  is subject to the Wyoming Public Records Act and may be 
disclosed to third parties.

On Wed, Oct 7, 2015 at 12:30 PM, Belleman, Ann <ann_belleman@fws.gov> wrote:
I think Lisa is on leave this week and Monday is a federal holiday, so I recommend contacting
Nathan (plus, he already knows I mentioned this to you, as I needed to check w/him first). 
Nathan has the agenda and you can both discuss. He's been at L1 meetings before but I don't
know if you've met him ... dark hair, glasses, stocky ...?

You mentioned you contacted the BTNF?  Did you mean GTNP?  It's not at the BT this year, so
Sarah Dewey apparently offered to have the meeting at the park - location to be determined.

 
Ann Belleman
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U.S. Fish and Wildlife Service
Minnesota/Wisconsin Field Office Complex
Twin Cities Field Office
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
(307) 421-5839 (work cell)
(612) 725-3548 (Bloomington, MN)

On Wed, Oct 7, 2015 at 12:05 PM, Susan Patla <susan.patla@wyo.gov> wrote:
I just sent an email to the BTNF asking about it, and if I might be able to participate in some of
the meeting as I have in the past.  

Will send a note to Lisa also.

Susan Patla
Nongame Biologist
Wyoming Game and Fish Department
PO Box 67
Jackson, WY 83001
307-733-2383  ext. 229   office
307 413-1222   cell
Susan.Patla@wyo.gov

         

 
E-Mail to and from me, in connection with the transaction of public business,  is subject to the Wyoming Public Records Act and may be 
disclosed to third parties.

On Wed, Oct 7, 2015 at 10:52 AM, Belleman, Ann <ann_belleman@fws.gov> wrote:
You know you're always welcome here!  

I just communicated w/Nathan Darnall (my ex-Supv. and Lisa SS's new Supv) and the NW
Level 1 meeting dates are 10/14-15, with the mtg. beginning at 1 pm on Wed. and Thur. is a
field trip I think.  Sarah Dewey is hosting it at GTNP but I don't think she's sent out a meeting
location.  I'll leave it up to you, but you're welcome to contact Lisa SS and/or Nathan directly
about it or I can.  A you know, it's a fed meeting so you couldn't sit in on it but I'm sure you'd
be welcome to stop by w/ or w/out Nichole.

 
Ann Belleman
U.S. Fish and Wildlife Service
Minnesota/Wisconsin Field Office Complex
Twin Cities Field Office
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
(307) 421-5839 (work cell)
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(612) 725-3548 (Bloomington, MN)

On Wed, Oct 7, 2015 at 11:45 AM, Susan Patla <susan.patla@wyo.gov> wrote:
I hope we can bring our kayaks and come visit someday.  Sounds great.  Remote living gets
a little less attractive with age but sounds like you have a wonderful situation.

Best,  S

Susan Patla
Nongame Biologist
Wyoming Game and Fish Department
PO Box 67
Jackson, WY 83001
307-733-2383  ext. 229   office
307 413-1222   cell
Susan.Patla@wyo.gov

         

 
E-Mail to and from me, in connection with the transaction of public business,  is subject to the Wyoming Public Records Act and may 
be disclosed to third parties.

On Wed, Oct 7, 2015 at 10:26 AM, Belleman, Ann <ann_belleman@fws.gov> wrote:
So good to hear from you!  I'm not familiar w/M. Turner's work but just read an abstract
re: a similar topic on the large scale, intense wildfires in the Rockies - they occurred
before and they'll likely occur again.  I'll search her name and read more.  Yes, it's all
very sobering and you raise some important points.  I agree that there needs to be a
radical shift in how the feds approach fires.  Seems to be a classic example of the fed
agency being very slow to respond to changing conditions and new science.  Just look at
the way the fire budget is funded and the "fire borrowing" that now seems to occur
annually.

Anyway, I'm sorry to hear that BL has taken over these species in what seems to be an
increasing phenomenon/environment of politicizing science.

All's well here.  We ended up moving this summer to a small progressive (artist) town
named Grand Marais (Minn. not Mich.) on Lk. Superior, so we're now just outside the
BWCA and one of favorite places!  We lucked out and found a house on 20 acres just
outside of town and we like the switch.  Have almost always lived more remotely but
decided that here, it's not as big a priority.

 
Ann Belleman
U.S. Fish and Wildlife Service
Minnesota/Wisconsin Field Office Complex
Twin Cities Field Office
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
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(307) 421-5839 (work cell)
(612) 725-3548 (Bloomington, MN)

On Wed, Oct 7, 2015 at 11:13 AM, Susan Patla <susan.patla@wyo.gov> wrote:
PS  I am almost completely out of lynx and wolverine stuff since BL got involved.  I
speak up when I can.

Susan Patla
Nongame Biologist
Wyoming Game and Fish Department
PO Box 67
Jackson, WY 83001
307-733-2383  ext. 229   office
307 413-1222   cell
Susan.Patla@wyo.gov

         

 
E-Mail to and from me, in connection with the transaction of public business,  is subject to the Wyoming Public Records Act 
and may be disclosed to third parties.

On Wed, Oct 7, 2015 at 9:56 AM, Belleman, Ann <ann_belleman@fws.gov> wrote:
Susan - I'll delete this email, but one last thing.  Do you think she'll be able to carry
the lynx "torch" well; that is, does she have a strong enough voice and interest?  I'm
guessing that you were passed over for the lynx SSA workshop because of impending
retirement?  Gary had communicated w/John S. and apparently John will spend a
good portion of his SSA/expert elicitation panel presentation time on lynx in
WY/WY Range.  Wonder if he's concerned about the state's de-emphasis on lynx and
if he's being scientist but part advocate too?

I hope you're well and enjoying fall.  I admit to not missing WY other than some old
friends and the challenge of the work (but was somewhat burned out!).

 
Ann Belleman
U.S. Fish and Wildlife Service
Minnesota/Wisconsin Field Office Complex
Twin Cities Field Office
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
(307) 421-5839 (work cell)
(612) 725-3548 (Bloomington, MN)

On Wed, Oct 7, 2015 at 10:42 AM, Susan Patla <susan.patla@wyo.gov> wrote:
She is married to one of our bear biologists, Dan Bjornlie so knows the department
well.

I will check to see if I might be able to come to the Level 1 meeting..that has varied
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over time.

Susan  

Susan Patla
Nongame Biologist
Wyoming Game and Fish Department
PO Box 67
Jackson, WY 83001
307-733-2383  ext. 229   office
307 413-1222   cell
Susan.Patla@wyo.gov

         

 
E-Mail to and from me, in connection with the transaction of public business,  is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.

On Tue, Oct 6, 2015 at 3:00 PM, Belleman, Ann <ann_belleman@fws.gov> wrote:
Susan - The next NW Level 1 meeting is coming up soon - next week maybe? 
Guessing Kerry knows the date; as you know, it used to be at the BT's log cabin.

I hope Nichole works out well in such an anti-non-game environment.

Take care - Ann 

 
Ann Belleman
U.S. Fish and Wildlife Service
Minnesota/Wisconsin Field Office Complex
Twin Cities Field Office
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
(307) 421-5839 (work cell)
(612) 725-3548 (Bloomington, MN)

On Tue, Oct 6, 2015 at 3:55 PM, Susan Patla <susan.patla@wyo.gov> wrote:
Nichole is our new state mammal biologist although she has worked as a
contract biologist in Lander for nongame for a number of years.  I have given
her a lot of information and she is getting up to speed before the meeting.  We
will have to get her out here one day to meet the BTNF biologists..perhaps you
could invite us to one of your meetings later in the year?

Susan

Susan Patla
Nongame Biologist
Wyoming Game and Fish Department
PO Box 67
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Jackson, WY 83001
307-733-2383  ext. 229   office
307 413-1222   cell
Susan.Patla@wyo.gov

         

 
E-Mail to and from me, in connection with the transaction of public business,  is subject to the Wyoming Public 
Records Act and may be disclosed to third parties.

On Tue, Oct 6, 2015 at 2:25 PM, Belleman, Ann <ann_belleman@fws.gov>
wrote:

Very interesting!  Thanks for the insight.  On a different note - Susan, have
you heard of the lynx Species Status Assessment workshop next week or
anything about lynx in WY lately?  I was on a call today for the SSA and one
of "State Observers" being allowed into the (tightly controlled) workshop is
Nicole Cudworth from WY.

 
Ann Belleman
U.S. Fish and Wildlife Service
Minnesota/Wisconsin Field Office Complex
Twin Cities Field Office
4101 American Blvd. E
Bloomington, MN  55425-1665

ann_belleman@fws.gov
 
(307) 421-5839 (work cell)
(612) 725-3548 (Bloomington, MN)

On Tue, Oct 6, 2015 at 3:00 PM, Susan Patla <susan.patla@wyo.gov> wrote:
What is interesting about the 50% proportion of mature forest, is that this
threshold has come up in some bird studies where birds associated with
mature habitat start to drop out if the proportion starts dropping below 50%
mature/old growth in an area.

Makes sense to me.  That dichotomy between winter and summer habitat
use is also very interesting.  I know I was surprised when we did surveys in
the WY range that there seemed to be very little sign of SSHA in the regen
units in winter.  

Glad we there is new information coming out.

Thanks,  Susan

Susan Patla
Nongame Biologist
Wyoming Game and Fish Department
PO Box 67
Jackson, WY 83001
307-733-2383  ext. 229   office
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307 413-1222   cell
Susan.Patla@wyo.gov

         

 
E-Mail to and from me, in connection with the transaction of public business,  is subject to the Wyoming 
Public Records Act and may be disclosed to third parties.

On Tue, Oct 6, 2015 at 12:17 PM, Hanvey, Gary -FS <ghanvey@fs.fed.us>
wrote:

Humm…..not sure we ever disagreed on the value of dense young
stands.  Maybe youre referring to my inference that (in WY) young
stands weren’t used much during winter. And, we are seeing that in MT
as well.  Per Squires work in MT, young stands are used much more in
summer (by lynx) than are mature multi-storied – but little to no lynx use
of young stands during winter.  And not surprisingly, John’s ssh studies
show little to no ssh in young stands in very large wildfire areas in
winter.  But what is surprising is that there are moderate numbers of ssh
during summer months in these young stands that are miles from mature
forest  – thus, ssh are migrating quite far from multi-storied mature
stands (like 1-2 miles) to these very dense young stands created by large
wildfires.  Lynx use patterns follow these ssh migrations.  That’s not
really indicated in the literature – most ssh studies I’ve seen indicate very
small ssh home ranges (like <5 acres).  Squires speculates that its all
about the relative density of low to tall shrubs that occur within these
large fire areas on the Flathead, and man are they think with shrubs!  The
majority of the shrub component in these young stands are buried in
winter and not suitable for ssh.  Don’t think this relationship would hold
true on many other Forests – especially those on the east side or in WY,
simply because habitat types there are dryer and less capable of
regenerating dense layers of mid-tall shrubs.

 

Regardless of young stand values today and whether they are on dryer
habitat types or not,  managing for such stands will always be important
simply because they will be the multi-storied stands of the future. In
terms of optimizing conditions for lynx, the big question is ….how much
early seral at any one time should we manage for?  

 

This Kosterman paper is generating a lot of discussion in MT because of
its inference to 50% mature forest and 10-15% young forest being
optimum – which indicates (to some) that perhaps managing for up to
30% in stand initiation stage condition may be too high (VEG S1).  Some
are suggesting  that maybe VEG S1 should be less than 30%.  John is not
weighing in yet – he highly values mature forest types for lynx, but
thinks we need more study.

 

Interesting stuff……….
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**************

Gary Hanvey

Forest Wildlife Biologist

Flathead National Forest

Supervisors Office – Kalispell, MT

 

Office Phone: 406.758.5255

Cell Phone: 406.781.1765

ghanvey@fs.fed.us

 

From: Murphy, Kerry M -FS 
Sent: Tuesday, October 06, 2015 11:02 AM
To: Hanvey, Gary -FS
Subject: RE: Lynx Habitat Study

 

Told you so before----dense, young regen forests were important too!! 
Take that!!

 

From: Hanvey, Gary -FS 
Sent: Tuesday, October 06, 2015 10:58 AM
To: Solberg Schwab, Lisa; Ann_Belleman@fws.gov ; Murphy, Kerry M -FS;
Delong, Don -FS; Roberts, Ann R -FS; susan.patla@wyo.gov
Cc: Wilmot, Jason L -FS; Egan, Ashley M -FS; Yandow, Leah H -FS; Archual, Paul
D -FS; Goldberg, Brian A -FS
Subject: Lynx Habitat Study

 

In case you havent seen this yet.  Evaluated lynx habitat structure values
based on reproductive success.

 

Gary Hanvey 
Wildlife Program Manager

Forest Service

Flathead National Forest - SO
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p: 406-758-5255 
f: 406-758-5351 
ghanvey@fs.fed.us

650 Wolfpack Way
Kalispell, MT 59901, MT 59901
www.fs.fed.us 

Caring for the land and serving people
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PROJECT STATEMENT 1 
 2 

Metapopulation Dynamics of Canada Lynx in the Northern Appalachian/Acadian 3 
Ecoregion 4 

 5 
 6 

Background 7 
 8 
 The Canada lynx (Lynx canadensis) is a wide ranging felid (Ward and Krebs, 1985; 9 
Slough and Mowat 1996) listed as threatened under the U.S. Endangered Species Act (ESA) in 10 
March 2000 (Federal Register, 2014).  The listing decision pertained to the lower 48 contiguous 11 
States, and identified lynx occurring there as part of one Distinct Population Segment (DPS), and 12 
a Recovery Plan has been mandated by federal court to be developed by 2018.  A DPS is defined 13 
for listing purposes under the Endangered Species Act as a discrete population or group of 14 
populations that are biologically and ecologically significant, and may differ markedly from 15 
other populations in their genetic characteristics. Known populations of lynx within this DPS, 16 
however, are separated geographically within the United States, with no known lynx population 17 
occurring between the Northern Appalachian/Acadian Ecoregion (Figure 1) and the western 18 
Great Lakes population.  Advances in molecular genetic approaches are urgently needed in order 19 
to understand population dynamics within this DPS and develop conservation strategies. 20 
Genomic investigations can address questions at a finer scale than other genetic approaches.  21 
Genomics can be used to better understand the degree of distinctiveness of lynx in the northeast 22 
from other portions of the DPS, factors that affect population persistence, landscape corridors 23 
important for gene flow, and to what extent lynx and bobcat genetically interact.  This 24 
information will put the status of lynx in Maine in perspective relative to the rest of the lower 48 25 
states.  It will also provide insights on the degree to which lynx in Maine are part of a larger 26 
dynamic population that extends into southern Canada.  Implications of these potential findings 27 
could provide emphasis on land conservation strategies that promote lynx habitat and conserve 28 
transborder corridors essential for movement and gene flow. 29 
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30 
Figure 1. The complete distribution of Canada lynx in North America and designated areas of 31 
critical habitat. Distribution of critical habitat (Unit 1 – Maine) is shown in the lower left. 32 
 33 
 34 

Conservation initiatives designed to sustain lynx in Maine must address their unique 35 
habitat requirements and life history strategies.  Lynx co-evolved with and specialize on 36 
predation of snowshoe hare (Lepus americanus).  Consequential to this, lynx display a number of 37 
life history strategies, including long distance dispersal during periods of snowshoe hare decline 38 
in order to find suitable habitat and prey.  To the north, Maine lynx meet neighboring 39 
populations in the Canadian provinces of Quebec and New Brunswick. The Gaspé Peninsula of 40 
Quebec has a lynx population that has sustained a legal fur harvest season for decades, and 41 
exhibits dynamics similar to populations in the heart of lynx range in northern Canada.  Can the 42 
New Brunswick or the Gaspé lynx population be a source population for Maine?  Do lynx within 43 
the Northern Appalachian/Acadian Ecoregion represent a metapopulation centered in Eastern 44 
Canada?  If so, strategies focused on maintaining occupancy channels and gene flow across the 45 
border will likely be key to sustainability of lynx in Maine.   46 

Regenerating spruce-fir forest, principal habitat for snowshoe hares, was preferentially 47 
utilized by lynx in northern Maine over other forest types (Vashon et al. 2008).  This habitat 48 
becomes suitable for hare and lynx around 10 years post-harvest and may lose its suitability 49 
around 40 years post-harvest (Scott et al. 2009; Olsen et al. 2015). The ephemeral nature of 50 
suitable lynx and hare habitat in Maine suggests a “shifting mosaic” pattern of local habitat 51 
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occupancy and abandonment (Hagan et al., 2005).  Forestry in Maine likely has mimicked to 52 
some degree the “natural” disturbances that occurred pre-forestry, such as disease and 53 
windthrow, and those that occur in the boreal forest such as fire.  Genomics will give us insights 54 
into historic persistence of lynx in Maine that could be correlated with major natural and 55 
anthropogenic disturbances.  This information will be useful in development of management 56 
strategies and public policy regarding land management for lynx recovery. 57 

While lynx populations in Maine (and adjacent New England states) are not contiguous 58 
with the western Great Lakes population, they are contiguous with populations of bobcat (Lynx 59 
rufus) at the southern extent of their range. Bobcats are a distinct species from lynx (Werdelin 60 
1981) and are widespread throughout the contiguous United States and reach their northern 61 
extent in Southern Canada. The two species will occasionally co-exist and are likely competitors 62 
(Aubry et al. 2000; Buskirk et al. 2000). Evidence of hybridization between bobcat and Canada 63 
lynx has been confirmed in the western Great Lakes population (Schwartz et al. 2004) and in 64 
Northern Maine (Homyack et al. 2008). Our proposed application of genomic approaches will 65 
provide valuable information as to the separation and speciation of lynx and bobcat, the factors 66 
that influenced it, and the significance relative to future management strategies for both species 67 
in Maine. Hybridization between these two taxonomically similar species has been suggested to 68 
be a limiting factor to the distribution (Barton 2001) and recovery of Canada lynx, although 69 
many question this. Genomics investigation will allow assessment as to the significance of 70 
hybridization in Maine and its potential consequences for lynx recovery.  71 

 72 
 73 
 74 
Need 75 
 76 

The historic, current, and future status of Canada lynx in Maine has been a matter of 77 
speculation, resultant in lynx being listed as a single DPS under the Endangered Species Act 78 
(ESA) in 2000. Recent studies (Organ et al. 2008, Vashon et al. 2008a,b) regarding the current 79 
status of lynx in Maine have yet to address uncertainty over historic population levels and 80 
persistence, and population sustainability and trends in the future.  Clarification of historic trends 81 
is needed to frame reasonable and appropriate conservation targets.  Greater certainty on future 82 
trends is needed to establish pragmatic goals and assess the intensity of management that will be 83 
required.  The conservation genomics approaches we propose will provide critical insights into 84 
historic population levels and trends, allow prediction of population resiliency as fueled by 85 
linkages to populations beyond Maine’s border. Furthermore, our approach will identify barriers 86 
– physical and otherwise – that can inhibit resiliency, and provide insights on gene flow 87 
pathways that may inform land conservation strategies beneficial to lynx. 88 

In the last two decades, conservation genetics studies have extensively confirmed that 89 
declining and isolated populations lose genetic diversity, develop inbreeding depression and 90 
differentiate significantly from other populations (Frankham, 2010; Ouborg et al., 2010). Some 91 
studies have demonstrated concomitant fitness reductions in genetically compromised 92 
populations and lower potential for these populations to adapt to environmental change 93 
(Frankham, 2010; Hoffman & Sgro, 2011). Studies of this nature focused on Canada lynx 94 
populations have almost exclusively been based on the use of a few neutral molecular markers 95 
(e.g. nuclear microsatellites) and mitochondrial sequences (Carmichael et al., 2000; Schwartz et 96 
al., 2003). Extracted DNA has thus far been genotyped at 21 microsatellite loci or less – only 6 97 
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of which are characterized in lynx (Lc106, Lc109, Lc110, Lc111, Lc118, and Lc120; Carmichael 98 
et al. 2000) and 15 in the domestic cat (Menotti-Raymond et al. 1999). Utilization of such few 99 
markers fails to reflect genome-wide patterns of the functional variation upon which both 100 
adaptive potential and fitness depend (Ouborg et al., 2010). There is a shift towards conservation 101 
genomics as a necessary transition to fill this gap (Ouborg et al., 2010; Steiner et al., 2013). 102 
Genomic data are generated by sequencing DNA across all chromosomes of an organism (38 103 
chromosomes for the domestic cat), providing a drastic increase in the number of potentially 104 
informative markers used in addressing fundamental and important questions, such as estimation 105 
of demographic parameters and viability of small or isolated populations. Furthermore, the 106 
promise of identifying adaptive loci offers a huge benefit in prioritizing the conservation of 107 
unique populations. Conservation genomics approaches employing whole-genome sequencing 108 
can ultimately provide more precise and unbiased estimates of effective population size, 109 
demographic history, levels of inbreeding, rates of gene flow, differentiation among populations 110 
and taxonomic status (Frankham, 2010; Luikart et al., 2003; Ouborg et al., 2010).  111 
 112 

The Canada lynx is a unique model on which to apply conservation genomics tools as 113 
lynx have historically gone through a documented decline that has affected genetic variation and 114 
fitness (McKelvey et al., 2000), although the current population in Maine is considered to be the 115 
most secure and robust in the lower 48 states.  Reference materials available for assembly of the 116 
Canada lynx genome include a quality annotated reference genome, gene expression data and 117 
variation data from the closely-related Iberian lynx (Godoy, 2010).  Genomic approaches can 118 
only realize their full potential when combined with ecological, phenotypical, demographical and 119 
genealogical information, which is generally scarce for threatened and endangered species other 120 
than those that are emblematic or that have been intensively studied, monitored or managed.  A 121 
broad collection of tissue, blood, hair and saliva samples has been made available for the 122 
purposes of this study by the Smithsonian Institute’s Frozen Collection and Maine Department of 123 
Inland Fisheries and Wildlife, providing representative geographical and temporal coverage of 124 
the North American lynx distribution with special focus on the Maine population. A wealth of 125 
genomic information, and an extensive set of population samples, provides replicates and 126 
comparison points for different demographic histories. The accumulated information enables us 127 
to evaluate the consequences of recent and historic decline and fragmentation on functional 128 
genomic variation in lynx, and to assess the possible role of natural selection in maintaining 129 
adaptive diversity (Frankham, 2010; Oleksyk et al., 2010). We will ultimately use genetic 130 
markers, primarily high density, whole-genome single nucleotide polymorphisms (SNPs) - a 131 
strong tool for researchers of quantitative and population genetics that are commonly used for 132 
estimation of historical effective population size. SNPs will be discovered through sequencing, 133 
assembly and annotation of the lynx and bobcat genomes and arranged in a custom capture array. 134 
Each SNP represents genetic variation involving a single nucleotide. We will develop assays, 135 
and subsequently genotype these SNP markers on many individuals (Ranz and Machado, 2006; 136 
Frankham, 2010) to compare variation patterns at assumed neutral and functional loci across 137 
individuals and populations over time. SNP assays will be developed and applied to assess: (1) 138 
Whether Maine has a genetically distinct population segment in relation to the contiguous North 139 
American DPS;  (2) Whether Canada lynx in Maine are part of a metapopulation centered in 140 
eastern Canada, and to what extent population sustainability will necessitate transborder 141 
strategies versus sole focus on within-state efforts. We will identify populations, rates and 142 
sources or barriers to gene flow between Maine and populations in the North American DPS and 143 
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in eastern Canada. At the most fundamental level, generation of lynx and bobcat genomic data 144 
will provide insight into the basic understanding of genome structure, function, evolution and 145 
variation, and demographic and evolutionary history of these two species. We aim to generate 146 
resources necessary for science based management decisions, informed conservation strategies, 147 
and resources and genomic approaches that will be broadly applicable to the contiguous North 148 
American lynx DPS and bobcat populations.  149 
 150 
 151 
The purpose of this study is to inform management and conservation strategies for Maine lynx. 152 
We will achieve this by generating genomic data for Canada lynx and bobcat through whole-153 
genome sequencing. Raw genomic data will be assembled, analyzed, annotated and mapped onto 154 
reference genomes.  Single nucleotide polymorphisms and new informative genetic markers 155 
discovered through this process will be compiled across all chromosomes of both species into a 156 
custom capture array used in the development of assays. Assays will be employed across 157 
individuals, populations and demographic histories to test specific conservation genetics 158 
hypotheses relative to Canada lynx populations in Northern Maine and their intersection with 159 
bobcat populations, lynx populations in Eastern Canada, and lynx populations across the greater 160 
lynx DPS. 161 
 162 
Objectives: 163 

1. Determine the extent to which sustainability of lynx in Maine will necessitate 164 
transborder strategies versus sole focus on within-state efforts.  Hypothesis 1: 165 
Canada lynx in Maine are part of a metapopulation that extends into New 166 
Brunswick and southern Quebec, including the Gaspe Peninsula.   167 

2. Assess whether the Maine (northeast) lynx population is a genetically distinct 168 
population segment in relation to other lynx populations in the currently 169 
defined DPS,  Hypothesis 2: Canada lynx in Maine do not have population-170 
level interactions with lynx in other portions of the DPS, such as Minnesota, 171 
Montana, Wyoming, Colorado, and Washington. 172 

3. Identify the timing and consequences of recent and historic lynx population 173 
decline and fragmentation and occurrence of Maine lynx and obtain insights 174 
on functional genomic variation, occurrence of deleterious alleles and severely 175 
detrimental genetic variants, and potential to adapt to environmental change. 176 
Hypothesis 3: Maine lynx genomic variation will have less genetic diversity, 177 
but distinct markers, at the edge of their ranges where they overlap than either 178 
does at the core of their continental range and  will reflect past population 179 
fluctuations in population size that correlate with broad climatic changes 180 
including glacial periods and recent environmental perturbations.  181 

4. Provide insights to genome structure, function, and common evolutionary 182 
relationships between Canada lynx and bobcat, including the impact of 183 
hybridization.  Hypothesis 4: Bobcat/lynx hybridization has increased from 184 
historic levels in recent decades and primarily occurs between male Canada 185 
lynx and female bobcats.  186 

 187 
 188 
 189 
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Approach 190 
 191 
For Objective 1 we will analyze genetic diversity and genetic difference between the Maine lynx 192 
population and metapopulations in Eastern Canada. Specifically, we will develop and employ 193 
SNP assays developed from a custom capture array of informative genetic marker and SNPs 194 
discovered across all chromosomes of the Canada lynx genome. We will utilize these assays to 195 
test various hypotheses related to source populations (e.g. Canadian Gaspe peninsula, New 196 
Brunswick) and barriers to gene-flow between Maine and eastern Canada (e.g. Saint Lawrence 197 
River). 198 
 199 
For Objective 2 we will develop and employ SNP assays of genetic differentiation using genetic 200 
sample material obtained from lynx within each subpopulation throughout the current DPS. The 201 
origin of genetic material outside of the Maine lynx population will either be provided by the 202 
Smithsonian Frozen Collection or partners yet to be identified. 203 
 204 
For Objective 3 we will use genome-scale polymorphism data (SNPs) and multiple summary 205 
statistics (based on allele frequency, linkage disequilibrium, and population differentiation) to 206 
compare empirical data against simulations with varying demographic histories. We will 207 
characterize the recent adaptive history of natural populations and the genomic prevalence of 208 
positive and negative natural selection, identifying loci and genomic regions responsible for 209 
adaptation to local conditions. We will compare genomic patterns with other available genomes, 210 
test theories of ancestry and genomic history using an analysis of haplotype blocks across all 211 
felid autosomes. 212 
 213 
For Objective 4 we will conduct comparative study of bobcat and lynx genome sequences, 214 
identify functional elements, conserved sequence regions, and features in common between the 215 
two species. We will use a SNP genotyping microarray developed for the Canada lynx to assay 216 
variation at tens of thousands of loci. We will detect and characterize hybridization between 217 
Canada lynx and bobcat by confirming morphological intermediates through DNA analysis. We 218 
will find diagnostic markers in samples from genetically “pure” reference populations of each 219 
species, such that individuals of hybrid ancestry will demonstrate a mosaic of lynx and bobcat 220 
alleles. 221 
 222 
 223 

The field of bioinformatics is rapidly evolving and consequently the methods and state-of 224 
the art sequencing technologies and analytical software change in regards to accessibility and 225 
opinion of the scientific community. Methodology at the time of data analyses may change 226 
accordingly, but will be very similar to what is proposed. The samples used for genome 227 
sequencing will be acquired from the Smithsonian Frozen Collection and from the Maine 228 
Department of Inland Fisheries and Wildlife. Data analyses and workflows will leverage an 229 
established partnership with the Smithsonian BioGenomics Initiative and their partners, which 230 
will provide bioinformatic support, training and pipelines for genome annotation, analysis, data 231 
management and visualization that benefit from high memory and highly scalable, parallel 232 
modules. These systems will speed parallel bioinformatics applications and, along with 233 
automated workflows, will enable efficient data analysis and large-scale knowledge discovery.  234 

  235 
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 236 
Preparation of DNA for sequencing 237 

DNA will be extracted using standard extraction kits (Qiagen). DNA will be used to 238 
construct paired-end and mate-pair libraries of several insert sizes (e.g. 250bp, 500bp, 2KB) for 239 
sequencing. The whole genome cannot be sequenced all at once, so it will be subdivided, 240 
sequenced, and then reassembled in order to arrive at the sequence of the whole genome. DNA is 241 
prepared for sequencing by subdividing, copying, chemically modifying, and tagging portions of 242 
the genome corresponding to the four DNA bases (A, C, T, G). “Clone-by-clone” and “whole- 243 
genome shotgun” are two approaches to subdividing the genome and reassembling the sequenced 244 
pieces. “Clone by clone” involves breaking the genome up into relatively large chunks, called 245 
clones (~150,000 base pairs long), which are partitioned into smaller pieces with roughly 500 246 
overlapping base pairs. These smaller pieces are sequenced and the overlaps are used to 247 
reconstruct the sequence of the whole clone. Genome mapping techniques are then used to figure 248 
out where in the genome each clone belongs. “Whole-genome shotgun,” involves breaking the 249 
genome up into small pieces, sequencing the pieces, and reassembling the pieces into the full 250 
genome sequence. Many genomes are assembled using both approaches.  251 
 252 
Genome sequencing 253 

Prepared DNA libraries will be sequenced on an Illumina HiSeq 2000 or similar 254 
Sequencing System. Regardless of how you subdivide and then assemble sequences, the actual 255 
process of sequencing DNA in the genome is the same and employs electrophoresis. Pieces of 256 
DNA are marked with fluorescent tagging and arranged into batches by the last nucleotide in 257 
each piece (A,C,T,G). DNA to be sequenced is placed at one end of a gel, an electrical current is 258 
applied and DNA molecules move through the gel. Smaller molecules move more rapidly and 259 
DNA molecules become separated into different bands based on their size. This method can only 260 
separate ~500base pairs and hence the need for subdividing the genome before sequencing. As 261 
DNA molecules move through the gel, a sequencing machine reads the order of the DNA bases 262 
by their fluorescent tagging. The “raw sequence” grows base by base and reads are hooked 263 
together in the proper order. Corrections for breaks and errors are made during “finishing”.  264 
 265 
Assembly 266 

 Genomes can comprise of a lot of repetitive DNA and can be difficult to assemble. 267 
Computer programs, “assemblers,” put together sections of the sequenced genome by finding 268 
and analyzing overlapping sequences or identical sequences at either end of two different reads. 269 
The assembler compares each read to every other, and puts all the reads in the proper order based 270 
on how they overlap. Due to the overwhelming number of comparisons the assembler must make 271 
and keep track of, a huge amount of memory is required. A combination of redundancy and 272 
quality control ensures that errors in the genome sequencing are kept to a minimum. The genome 273 
may be copied multiple times and partitioned so that each base is sequenced 6 – 10 times on 274 
average. The assembler software will determine the “consensus” sequence of a base using the 275 
compilation of various reads. If the sequencing machine gets the base wrong or if a piece of 276 
DNA doesn’t get sequenced, there are likely to be other correct reads to correct for errors and fill 277 
gaps. Error probabilities for all of the bases read by the sequencing machine are added together 278 
for an estimate of the number of errors in the sequence. Bad reads or partial reads are weeded out 279 
before the assembly stage. Once the sequence is assembled, it may be checked against small 280 
parts of the genome that have been “finished” or against various landmarks on genome maps. 281 
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The final polishing involved identifying and filling information gaps of the genome is completed 282 
by hand. For the high coverage genomes, raw reads will be filtered for quality and assembled 283 
into contigs and scaffolds (Oleksyk et al., 2012) that will then be used to complete de novo 284 
genome assemblies using SOAPdenovo or a similar assembly program. The de novo assembly 285 
will be complemented by an assisted assembly built from the domestic cat (Pontius et al. 2007) 286 
and the Iberian lynx genomes. Genes will be predicted de novo using AUGUSTUS and 287 
GENSCAN or similar programs. Homologous proteins will be mapped with tBLASTn using a 288 
reciprocal-best-match strategy and the aligned sequence and its query protein will be filtered and 289 
passed to GeneWise to search for accurately spliced alignments. Domestic cat EST and full-290 
length cDNA sequences will be aligned to the genome using BLAT to generate spliced 291 
alignments. A consensus gene set will be obtained with GLEAN. The genome sequences will be 292 
aligned to well-assembled genomes (e.g. human, domestic cat, domestic dog) using LASTZ.  293 

 294 
 295 
Genome mapping and annotation 296 

A genome map includes landmarks such as short DNA sequences, regulatory sites that 297 
turn genes on and off, and genes themselves. Genome mapping is often used to find new genes 298 
and navigate around the genome for annotation and interpretative purposes. Creating the map 299 
and sequencing the genome go hand in hand. The map will determine where each sequenced 300 
piece of the genome belongs in relation to the other pieces. A more detailed map will make the 301 
assembly process easier and more accurate. Genome maps serve to illuminate the overall 302 
structure of the genome and identify where related genes are clustered together or where 303 
unusually rich concentrations of genes reside. Genome maps also enable researchers to compare 304 
the genomes of different species. Protein-coding genes and other genome features will be 305 
annotated on the genome map using algorithmic (Burge & Karlin, 1997) and homology-based 306 
gene prediction methods (Altschul et al., 1990). Using the high coverage and low coverage 307 
genomes of bobcat, European lynx, Canada lynx and Iberian lynx, SNPs will be identified using 308 
established programs (Li et al., 2009) and pipelines (Goecks et al.,2010). We will design a 309 
custom capture array of around 6,000 SNPs distributed across all chromosomes and located in 310 
annotated protein-coding genes and known gene pathways. This array will be used to assay 311 
genomic diversity in existing populations as well as historical museum specimens. The Genome 312 
Diversity toolkit in Galaxy (Bedoya-Reina et al., 2012) and other methods will be used to 313 
analyze genomic diversity and historical demography. 314 

To more efficiently identify genes within the genome and compare patterns of gene 315 
expressions across individuals, blood samples for RNA have been and will continue to be 316 
collected during routine response to incidental capture of lynx in Maine. Blood is an ideal first 317 
source of RNA because it contains multiple organs and has a crucial role in immune response. 318 
All samples will be preserved in buffer to prevent degradation of the intracellular RNA and 319 
minimize gene induction (PAXgene Blood RNA kit). Total RNA will be extracted and the globin 320 
mRNA and rRNA removed. RNAseq libraries will be pair-end sequenced on an Illumina 321 
HiSeq2000, with uniquely indexed libraries pooled in sets of 6 per lane to conservatively ~40Gb 322 
of sequence. Since the approximate size of the felid exome is 30Mb, this is an average coverage 323 
of at least 200X for each sample.  324 

The transcriptomes will be directly mapped onto their reference genome using a 325 
combination of currently available software such as TopHat, Bowtie and BWA. For the 326 
downstream analyses, the Tuxedo Suite package contains tools to complete the RNAseq data 327 
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analysis workflow, including Cufflinks to generate the transcriptome assembly, quantify gene 328 
expression, and assess differential expression among populations and species. The software 329 
Cufflinks is currently the program of choice to estimate expression levels and test for differential 330 
expression between samples after normalization. To explore the biological foundations of genes 331 
that are differentially expressed, we will perform categorical enrichment analysis (Gene 332 
Ontology; GO) based on publicly available gene annotation sets and the Database for 333 
Annotation, Visualization and Integrated Discovery (DAVID). To go beyond a list of 334 
differentially expressed genes, we will perform a weighted gene co-expression network analysis 335 
to identify clusters of genes whose expression levels covary across individuals and which 336 
measures every possible pairwise correlation between genes and identifies groups of genes with 337 
significant correlations to each other. If necessary, we will implement and visualize simplified 338 
pathways using open source software such as Cytoscape. This will allow us to choose which 339 
nodes should be used as targets in order to form a more informative gene protein network. We 340 
can also perform pathways analysis in which data available on human transcripts can be used as 341 
a reference to analyze the transcripts from our study. Finally, the correlations between phenotype 342 
and gene modules can be inferred to identify genes or gene networks associated with phenotype 343 
(such as derived from blood profiles). Using algorithms like Random Forest, which are more 344 
robust and reliable than hypothesis testing approaches, we will report and visualize significant 345 
groups of biologically defined gene sets and their contribution to the phenotypes of interest. 346 
 347 
Gene evolution 348 

We will identify Canada lynx and bobcat lineage-specific amino acid changes by 349 
comparison to human, dog, cat, and mouse from Ensembl. To detect genes evolving under 350 
positive selection, we will use conserved genome synteny methodology to establish a high-351 
confidence orthologous gene set based on large-scale synteny of high quality alignments and 352 
conserved exon-intron structure. We will align ortholog genes by PRANK and use the optimized 353 
branch-site model of PAML and likelihood ratio tests (LRTs) (P<0.05). We will test for over-354 
represented functional categories and identify GO categories significantly above or below 355 
average in the target genome. The historic population size of each species will be inferred using 356 
a pairwise sequentially Markovian coalescent model (PSMC) with consensus sequences of each 357 
species by estimating X Chr and Y Chr separately. 358 
 359 
Development of new genetic markers 360 
 Gene markers will be assessed for their utility to identify current and past levels of 361 
introgression between bobcat and Canada lynx in developed assays.  Judicious selection of SNPs 362 
will easily discriminate among various permutations of first- and second-generation crosses and 363 
the sex of individuals involved.  A reference ITMImap consisting of anchor markers will be 364 
prepared using MAPMAKER/Exp Version 3.0b and marker data will be used for mapping each 365 
of the new single nucleotide polymorphisms (SNPs). Markers with minimal missing data or 366 
segregation distortion will be selected to build a skeleton map for each chromosome. Other 367 
markers will be assigned to intervals between the anchor markers and the loci on the skeleton 368 
map will be checked using MAPMAKER. Ultimately, the custom capture array will be 369 
distributed across all chromosomes of the bobcat and lynx genomes. 370 
 371 
Genetic diversity and differentiation 372 
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Using SNPs from annotated protein-coding genes, we will examine how allelic diversity 373 
profiles have changed across time. If indeed we find significant genetic differentiation in the 374 
contemporary Maine lynx population with respect to the rest of the North American DPS and the 375 
Canadian Gaspe Peninsula population, then it will be possible to determine specifically if and 376 
how dispersal events between Maine and Canada are impacting genetic variation or function of 377 
key genes and genetic pathways related to fitness, such as innate immunity and reproductive 378 
effectiveness (Paige 2010; Zhang et al., 2013).  379 

Our samples will be divided into subsets based on geographic distribution (e.g. Maine, 380 
Parc de la Gaspesie, Quebec, Bas-Saint-Laurent). Samples outside of the sampling regions or 381 
outside proposed boundaries will be omitted. Samples in our most intensively sampled region, 382 
Northern Maine’s Aroostook County, may be regrouped to test putative dispersal barriers at a 383 
finer scale. DNA will be extracted from samples using Quiagen Blood and Tissue Extraction 384 
Kits (Quiagen, Hilden, Germany). Gene fragments from the Canada lynx genome sequence will 385 
be selected and primers designed to amplify corresponding sequences from DNA samples on 386 
either side of proposed barriers to gene flow (e.g. the St. Lawrence River, climatic barriers, 387 
isolation by distance hypotheses) or; alternatively from separate proposed lynx populations (e.g. 388 
Maine population and the Gaspe Peninsula population).  389 

PCR amplification will be performed in GeneAmp PCR System (or similar). PCR 390 
products will then be sequenced using the original primers and electrophoresed on a 3130XL 391 
Genetic Analyzer (Applied Biosystems). The final sequences will then be eye checked and 392 
aligned using MEGA, from which SNPs will be ascertained.  Nucleotide diversity will be 393 
calculated for each identified genetic population using MEGA. We will test linkage 394 
disequilibrium between any two SNP loci within each inferred genetic population. We will use 395 
GenALEX to calculate observed and expected heterozygosity and to test for Hardy Weinberg 396 
equilibrium (HWE) within each group for each locus. To assess differentiation between 397 
geographic populations, we will calculate pairwise D-values using the package DEMEtics 398 
(Gerlach et al., 2010) in R. We will also test for isolation by distance between regions (using 399 
centroids as locations) with the ecodist 1.2.2 package (Goslee and Urban 2007) in R (R 400 
Development Core Team 2009). 401 
 402 
Landscape Genomics Approaches 403 

Landscape genomics is the simultaneous study of genomic and ecological landscapes, 404 
and will be used to investigate processes driving population genetic patterns of Canada lynx and 405 
bobcat in the Northeast. Traditionally, similar studies have utilized a small number of neutral 406 
markers (such as microsatellites), which have no influence on survival or fecundity, to infer 407 
biological activity such as animal movement, genetic drift, selection, and migration across 408 
genomes and populations. Markers under selection were avoided because they could bias 409 
estimates of structure and gene flow. Conceptual and methodological developments in spatial 410 
and temporal patterns of gene flow (Manel & Holderegger, 2013; Hali & Beissinger 2014) have 411 
expanded the application of landscape genetics to assess markers under selection in addition to 412 
neutral markers (Schwartz et al., 2010, Manel & Holderegger, 2013). This approach yields 413 
unbiased estimates of genetic variation, population structure, and gene flow by assessing larger 414 
amounts of genetic data, producing results with reduced variance and increased precision. These 415 
landscape genomics approaches simultaneously assess variation of tens-to-hundreds of neutral 416 
genetic markers and candidate adaptive genes (genes under selection), most commonly   417 
Single Nucleotide Polymorphisms (SNPs). 418 
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 419 
Improvements in SNP genotyping technology have made SNPs attractive for population 420 

genomics. Forty-eight (48) or 96 SNPs can be screened in 96 individuals in a few hours, for a 421 
cost of about US$0.10 – 0.20 per SNP (Seeb et al., 2011). We will compile georeferenced tissue 422 
samples from individuals across the landscape (Manel et al., 2012) and extract genomic DNA 423 
using a Quiagen DNeasy blood and tissue extraction kit (or similar) following manufacturer 424 
protocols. The extracted DNA will then be genotyped using an array of diagnostic SNPs for 425 
genetic analyses. Genetic structure of the results will be analyzed using a variety of approaches 426 
to determine how individuals from the investigated populations are clustered into groups, 427 
including Structure 2.0 software (Pritchard et al., 2000) and GeneClass2 (Piry et al., 2004).  428 
These and similar approaches will also allow us to assess the population of origin of each 429 
individual and to identify potential migrants and their descendants.  Mixed modeling approaches 430 
and BAYENV2 (Coop et al., 2010) software can be employed to investigate associations 431 
between population allele frequencies and environmental variables such as snowfall, 432 
complementary snowshoe hare data, or habitat cover, while accounting for population structure 433 
in the data (Frichot et al., 2013). The inclusion of a sampling of bobcats in the analyses will also 434 
permit us to recognize hybrids and backcross individuals, leading to the future delineation of the 435 
lynx-bobcat hybrid zone in Maine. 436 
 437 

Gene flow can be reduced by historical, ecological or geographical factors, resulting in 438 
patterns of isolation by distance (IBD) or isolation by environment (IBE) (Manthey & Moyle 439 
2015). Using landscape genomics approaches, we will use Fst values estimated from markers 440 
under selection to investigate hypotheses of IBE and IBD (both geographical and ecological) in 441 
regards to lynx populations across the landscape. Ultimately, these will be integrated with other 442 
data to assist in delineating a DPS for Canada lynx with the goal of conserving natural adaptive 443 
processes and potential in a spatial and biological context (Crandall et al. 2000).  444 
 445 
 446 
Expected Results/Benefits  447 

The present proposal will become one of the first genomic studies of Canada lynx and 448 
bobcat to date, expected to yield novel and valuable insights on the demographic history and 449 
occurrence of hybridization between Canada lynx and bobcat, inbreeding, rates and sources of 450 
gene flow (Ouborg et al., 2010), differentiation among populations (Row et al., 2012) and 451 
taxonomic status of both species. Assessment of Maine lynx will provide information needed by 452 
the Maine Department of Inland Fisheries and Wildlife and the U.S. Fish and Wildlife Service to 453 
inform conservation strategies and present evidence for management approaches toward long 454 
term sustainability and connectivity in the Northern Appalachian/Acadian ecoregion.   If long-455 
term persistence of lynx in Maine is dependent upon metapopulation dynamics in eastern 456 
Canada, appropriate policies and actions can be designed. The pioneering aspects of the project, 457 
together with the iconic nature of both species, will enhance the local visibility and interest in 458 
lynx conservation and bobcat management.  Inferences for the study will have broad implications 459 
for management of Canada lynx and bobcat, and many of the genetic markers and tools 460 
developed will serve colleagues and collaborators doing research on these species. 461 

The application of genomic approaches to threatened species promises a boost in 462 
analytical and statistical power for demographic inference and relatedness estimates. The 463 
genomic data, annotations and developed assays will be significant scientific achievements that 464 
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will lead to new research and resources linking phenotypic adaptations with gene function and 465 
providing insights on the processes of speciation and maintenance of genetic diversity 466 
(Frankham, 2010). The custom capture array will encompass single nucleotide polymorphism 467 
(SNPs) and informative markers across all chromosomes of the lynx and bobcat genomes used 468 
for more precise and unbiased estimates of effective population size, demographic history, levels 469 
of inbreeding, prevalence of hybridization, rates of gene flow, and differentiation among 470 
populations. Application of a more comprehensive suite of neutral markers will enable better 471 
understanding of genetic differentiation and metapopulation dynamics at course and fine 472 
geographic scales (isolation by distance barriers and landscape variables) which may provide 473 
insight into the effects of landscape and climate on patterns of genetic differentiation and 474 
dispersal (Cushman et al. 2006; Row et al., 2012). This information will assist with identifying 475 
and maintaining current patterns of connectivity across the species range, particularly for 476 
southern populations such as Maine’s which are likely more at risk and more fragmented 477 
(Murray et al. 2008).  478 
 479 
 480 
 481 
Timeframe 482 
 483 
Sample preparation: starting October 2015 and continuing as necessary  484 
Sequencing: starting December 2015 485 
Sequence analyses including genomic assembly: starting February 2016 486 
Gene Mapping; Development of markers: January 2016 – July 2016 487 
Comparative genomic analyses: January 2016 – July 2018 488 
Additional lab work as needed: January 2016 – July 2018 489 
Application of markers in genetic diversity and differentiation: January 2016 – May 2017 490 
Data summary, analyses, and manuscript preparations: July 2016 – December 2018 491 
 492 
 493 
 494 
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PROJECT STATEMENT 1 
 2 

Metapopulation Dynamics of Canada Lynx in the Northern Appalachian/Acadian 3 
Ecoregion 4 

 5 
 6 

Background 7 
 8 
 The Canada lynx (Lynx canadensis) is a wide ranging felid (Ward and Krebs, 1985; 9 
Slough and Mowat 1996) listed as threatened under the U.S. Endangered Species Act (ESA) in 10 
March 2000 (Federal Register, 2014).  The listing decision pertained to the lower 48 contiguous 11 
States, and identified lynx occurring there as part of one Distinct Population Segment (DPS), and 12 
a Recovery Plan has been mandated by federal court to be developed by 2018.  A DPS is defined 13 
for listing purposes under the Endangered Species Act as a discrete population or group of 14 
populations that are biologically and ecologically significant, and may differ markedly from 15 
other populations in their genetic characteristics. Known populations of lynx within this DPS, 16 
however, are separated geographically within the United States, with no known lynx population 17 
occurring between the Northern Appalachian/Acadian Ecoregion (Figure 1) and the western 18 
Great Lakes population.  Advances in molecular genetic approaches are urgently needed in order 19 
to understand population dynamics within this DPS and develop conservation strategies. 20 
Genomic investigations can address questions at a finer scale than other genetic approaches.  21 
Genomics can be used to better understand the degree of distinctiveness of lynx in the northeast 22 
from other portions of the DPS, factors that affect population persistence, landscape corridors 23 
important for gene flow, and to what extent lynx and bobcat genetically interact.  This 24 
information will put the status of lynx in Maine in perspective relative to the rest of the lower 48 25 
states.  It will also provide insights on the degree to which lynx in Maine are part of a larger 26 
dynamic population that extends into southern Canada.  Implications of these potential findings 27 
could provide emphasis on land conservation strategies that promote lynx habitat and conserve 28 
transborder corridors essential for movement and gene flow. 29 
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30 
Figure 1. The complete distribution of Canada lynx in North America and designated areas of 31 
critical habitat. Distribution of critical habitat (Unit 1 – Maine) is shown in the lower left. 32 
 33 
 34 

Conservation initiatives designed to sustain lynx in Maine must address their unique 35 
habitat requirements and life history strategies.  Lynx co-evolved with and specialize on 36 
predation of snowshoe hare (Lepus americanus).  Consequential to this, lynx display a number of 37 
life history strategies, including long distance dispersal during periods of snowshoe hare decline 38 
in order to find suitable habitat and prey.  To the north, Maine lynx meet neighboring 39 
populations in the Canadian provinces of Quebec and New Brunswick. The Gaspé Peninsula of 40 
Quebec has a lynx population that has sustained a legal fur harvest season for decades, and 41 
exhibits dynamics similar to populations in the heart of lynx range in northern Canada.  Can the 42 
New Brunswick or the Gaspé lynx population be a source population for Maine?  Do lynx within 43 
the Northern Appalachian/Acadian Ecoregion represent a metapopulation centered in Eastern 44 
Canada?  If so, strategies focused on maintaining occupancy channels and gene flow across the 45 
border will likely be key to sustainability of lynx in Maine.   46 

Regenerating spruce-fir forest, principal habitat for snowshoe hares, was preferentially 47 
utilized by lynx in northern Maine over other forest types (Vashon et al. 2008).  This habitat 48 
becomes suitable for hare and lynx around 10 years post-harvest and may lose its suitability 49 
around 40 years post-harvest (Scott et al. 2009; Olsen et al. 2015). The ephemeral nature of 50 
suitable lynx and hare habitat in Maine suggests a “shifting mosaic” pattern of local habitat 51 
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occupancy and abandonment (Hagan et al., 2005).  Forestry in Maine likely has mimicked to 52 
some degree the “natural” disturbances that occurred pre-forestry, such as disease and 53 
windthrow, and those that occur in the boreal forest such as fire.  Genomics will give us insights 54 
into historic persistence of lynx in Maine that could be correlated with major natural and 55 
anthropogenic disturbances.  This information will be useful in development of management 56 
strategies and public policy regarding land management for lynx recovery. 57 

While lynx populations in Maine (and adjacent New England states) are not contiguous 58 
with the western Great Lakes population, they are contiguous with populations of bobcat (Lynx 59 
rufus) at the southern extent of their range. Bobcats are a distinct species from lynx (Werdelin 60 
1981) and are widespread throughout the contiguous United States and reach their northern 61 
extent in Southern Canada. The two species will occasionally co-exist and are likely competitors 62 
(Aubry et al. 2000; Buskirk et al. 2000). Evidence of hybridization between bobcat and Canada 63 
lynx has been confirmed in the western Great Lakes population (Schwartz et al. 2004) and in 64 
Northern Maine (Homyack et al. 2008). Our proposed application of genomic approaches will 65 
provide valuable information as to the separation and speciation of lynx and bobcat, the factors 66 
that influenced it, and the significance relative to future management strategies for both species 67 
in Maine. Hybridization between these two taxonomically similar species has been suggested to 68 
be a limiting factor to the distribution (Barton 2001) and recovery of Canada lynx, although 69 
many question this. Genomics investigation will allow assessment as to the significance of 70 
hybridization in Maine and its potential consequences for lynx recovery.  71 

 72 
 73 
 74 
Need 75 
 76 

The historic, current, and future status of Canada lynx in Maine has been a matter of 77 
speculation, resultant in lynx being listed as a single DPS under the Endangered Species Act 78 
(ESA) in 2000. Recent studies (Organ et al. 2008, Vashon et al. 2008a,b) regarding the current 79 
status of lynx in Maine have yet to address uncertainty over historic population levels and 80 
persistence, and population sustainability and trends in the future.  Clarification of historic trends 81 
is needed to frame reasonable and appropriate conservation targets.  Greater certainty on future 82 
trends is needed to establish pragmatic goals and assess the intensity of management that will be 83 
required.  The conservation genomics approaches we propose will provide critical insights into 84 
historic population levels and trends, allow prediction of population resiliency as fueled by 85 
linkages to populations beyond Maine’s border. Furthermore, our approach will identify barriers 86 
– physical and otherwise – that can inhibit resiliency, and provide insights on gene flow 87 
pathways that may inform land conservation strategies beneficial to lynx. 88 

In the last two decades, conservation genetics studies have extensively confirmed that 89 
declining and isolated populations lose genetic diversity, develop inbreeding depression and 90 
differentiate significantly from other populations (Frankham, 2010; Ouborg et al., 2010). Some 91 
studies have demonstrated concomitant fitness reductions in genetically compromised 92 
populations and lower potential for these populations to adapt to environmental change 93 
(Frankham, 2010; Hoffman & Sgro, 2011). Studies of this nature focused on Canada lynx 94 
populations have almost exclusively been based on the use of a few neutral molecular markers 95 
(e.g. nuclear microsatellites) and mitochondrial sequences (Carmichael et al., 2000; Schwartz et 96 
al., 2003). Extracted DNA has thus far been genotyped at 21 microsatellite loci or less – only 6 97 
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of which are characterized in lynx (Lc106, Lc109, Lc110, Lc111, Lc118, and Lc120; Carmichael 98 
et al. 2000) and 15 in the domestic cat (Menotti-Raymond et al. 1999). Utilization of such few 99 
markers fails to reflect genome-wide patterns of the functional variation upon which both 100 
adaptive potential and fitness depend (Ouborg et al., 2010). There is a shift towards conservation 101 
genomics as a necessary transition to fill this gap (Ouborg et al., 2010; Steiner et al., 2013). 102 
Genomic data are generated by sequencing DNA across all chromosomes of an organism (38 103 
chromosomes for the domestic cat), providing a drastic increase in the number of potentially 104 
informative markers used in addressing fundamental and important questions, such as estimation 105 
of demographic parameters and viability of small or isolated populations. Furthermore, the 106 
promise of identifying adaptive loci offers a huge benefit in prioritizing the conservation of 107 
unique populations. Conservation genomics approaches employing whole-genome sequencing 108 
can ultimately provide more precise and unbiased estimates of effective population size, 109 
demographic history, levels of inbreeding, rates of gene flow, differentiation among populations 110 
and taxonomic status (Frankham, 2010; Luikart et al., 2003; Ouborg et al., 2010).  111 
 112 

The Canada lynx is a unique model on which to apply conservation genomics tools as 113 
lynx have historically gone through a documented decline that has affected genetic variation and 114 
fitness (McKelvey et al., 2000), although the current population in Maine is considered to be the 115 
most secure and robust in the lower 48 states.  Reference materials available for assembly of the 116 
Canada lynx genome include a quality annotated reference genome, gene expression data and 117 
variation data from the closely-related Iberian lynx (Godoy, 2010).  Genomic approaches can 118 
only realize their full potential when combined with ecological, phenotypical, demographical and 119 
genealogical information, which is generally scarce for threatened and endangered species other 120 
than those that are emblematic or that have been intensively studied, monitored or managed.  A 121 
broad collection of tissue, blood, hair and saliva samples has been made available for the 122 
purposes of this study by the Smithsonian Institute’s Frozen Collection and Maine Department of 123 
Inland Fisheries and Wildlife, providing representative geographical and temporal coverage of 124 
the North American lynx distribution with special focus on the Maine population. A wealth of 125 
genomic information, and an extensive set of population samples, provides replicates and 126 
comparison points for different demographic histories. The accumulated information enables us 127 
to evaluate the consequences of recent and historic decline and fragmentation on functional 128 
genomic variation in lynx, and to assess the possible role of natural selection in maintaining 129 
adaptive diversity (Frankham, 2010; Oleksyk et al., 2010). We will ultimately use genetic 130 
markers, primarily high density, whole-genome single nucleotide polymorphisms (SNPs) - a 131 
strong tool for researchers of quantitative and population genetics that are commonly used for 132 
estimation of historical effective population size. SNPs will be discovered through sequencing, 133 
assembly and annotation of the lynx and bobcat genomes and arranged in a custom capture array. 134 
Each SNP represents genetic variation involving a single nucleotide. We will develop assays, 135 
and subsequently genotype these SNP markers on many individuals (Ranz and Machado, 2006; 136 
Frankham, 2010) to compare variation patterns at assumed neutral and functional loci across 137 
individuals and populations over time. SNP assays will be developed and applied to assess: (1) 138 
Whether Maine has a genetically distinct population segment in relation to the contiguous North 139 
American DPS;  (2) Whether Canada lynx in Maine are part of a metapopulation centered in 140 
eastern Canada, and to what extent population sustainability will necessitate transborder 141 
strategies versus sole focus on within-state efforts. We will identify populations, rates and 142 
sources or barriers to gene flow between Maine and populations in the North American DPS and 143 
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in eastern Canada. At the most fundamental level, generation of lynx and bobcat genomic data 144 
will provide insight into the basic understanding of genome structure, function, evolution and 145 
variation, and demographic and evolutionary history of these two species. We aim to generate 146 
resources necessary for science based management decisions, informed conservation strategies, 147 
and resources and genomic approaches that will be broadly applicable to the contiguous North 148 
American lynx DPS and bobcat populations.  149 
 150 
 151 
The purpose of this study is to inform management and conservation strategies for Maine lynx. 152 
We will achieve this by generating genomic data for Canada lynx and bobcat through whole-153 
genome sequencing. Raw genomic data will be assembled, analyzed, annotated and mapped onto 154 
reference genomes.  Single nucleotide polymorphisms and new informative genetic markers 155 
discovered through this process will be compiled across all chromosomes of both species into a 156 
custom capture array used in the development of assays. Assays will be employed across 157 
individuals, populations and demographic histories to test specific conservation genetics 158 
hypotheses relative to Canada lynx populations in Northern Maine and their intersection with 159 
bobcat populations, lynx populations in Eastern Canada, and lynx populations across the greater 160 
lynx DPS. 161 
 162 
Objectives: 163 

1. Determine the extent to which sustainability of lynx in Maine will necessitate 164 
transborder strategies versus sole focus on within-state efforts.  Hypothesis 1: 165 
Canada lynx in Maine are part of a metapopulation that extends into New 166 
Brunswick and southern Quebec, including the Gaspe Peninsula.   167 

2. Assess whether the Maine (northeast) lynx population is a genetically distinct 168 
population segment in relation to other lynx populations in the currently 169 
defined DPS,  Hypothesis 2: Canada lynx in Maine do not have population-170 
level interactions with lynx in other portions of the DPS, such as Minnesota, 171 
Montana, Wyoming, Colorado, and Washington. 172 

3. Identify the timing and consequences of recent and historic lynx population 173 
decline and fragmentation and occurrence of Maine lynx and obtain insights 174 
on functional genomic variation, occurrence of deleterious alleles and severely 175 
detrimental genetic variants, and potential to adapt to environmental change. 176 
Hypothesis 3: Maine lynx genomic variation will have less genetic diversity, 177 
but distinct markers, at the edge of their ranges where they overlap than either 178 
does at the core of their continental range and  will reflect past population 179 
fluctuations in population size that correlate with broad climatic changes 180 
including glacial periods and recent environmental perturbations.  181 

4. Provide insights to genome structure, function, and common evolutionary 182 
relationships between Canada lynx and bobcat, including the impact of 183 
hybridization.  Hypothesis 4: Bobcat/lynx hybridization has increased from 184 
historic levels in recent decades and primarily occurs between male Canada 185 
lynx and female bobcats.  186 

 187 
 188 
 189 
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Approach 190 
 191 
For Objective 1 we will analyze genetic diversity and genetic difference between the Maine lynx 192 
population and metapopulations in Eastern Canada. Specifically, we will develop and employ 193 
SNP assays developed from a custom capture array of informative genetic marker and SNPs 194 
discovered across all chromosomes of the Canada lynx genome. We will utilize these assays to 195 
test various hypotheses related to source populations (e.g. Canadian Gaspe peninsula, New 196 
Brunswick) and barriers to gene-flow between Maine and eastern Canada (e.g. Saint Lawrence 197 
River). 198 
 199 
For Objective 2 we will develop and employ SNP assays of genetic differentiation using genetic 200 
sample material obtained from lynx within each subpopulation throughout the current DPS. The 201 
origin of genetic material outside of the Maine lynx population will either be provided by the 202 
Smithsonian Frozen Collection or partners yet to be identified. 203 
 204 
For Objective 3 we will use genome-scale polymorphism data (SNPs) and multiple summary 205 
statistics (based on allele frequency, linkage disequilibrium, and population differentiation) to 206 
compare empirical data against simulations with varying demographic histories. We will 207 
characterize the recent adaptive history of natural populations and the genomic prevalence of 208 
positive and negative natural selection, identifying loci and genomic regions responsible for 209 
adaptation to local conditions. We will compare genomic patterns with other available genomes, 210 
test theories of ancestry and genomic history using an analysis of haplotype blocks across all 211 
felid autosomes. 212 
 213 
For Objective 4 we will conduct comparative study of bobcat and lynx genome sequences, 214 
identify functional elements, conserved sequence regions, and features in common between the 215 
two species. We will use a SNP genotyping microarray developed for the Canada lynx to assay 216 
variation at tens of thousands of loci. We will detect and characterize hybridization between 217 
Canada lynx and bobcat by confirming morphological intermediates through DNA analysis. We 218 
will find diagnostic markers in samples from genetically “pure” reference populations of each 219 
species, such that individuals of hybrid ancestry will demonstrate a mosaic of lynx and bobcat 220 
alleles. 221 
 222 
 223 

The field of bioinformatics is rapidly evolving and consequently the methods and state-of 224 
the art sequencing technologies and analytical software change in regards to accessibility and 225 
opinion of the scientific community. Methodology at the time of data analyses may change 226 
accordingly, but will be very similar to what is proposed. The samples used for genome 227 
sequencing will be acquired from the Smithsonian Frozen Collection and from the Maine 228 
Department of Inland Fisheries and Wildlife. Data analyses and workflows will leverage an 229 
established partnership with the Smithsonian BioGenomics Initiative and their partners, which 230 
will provide bioinformatic support, training and pipelines for genome annotation, analysis, data 231 
management and visualization that benefit from high memory and highly scalable, parallel 232 
modules. These systems will speed parallel bioinformatics applications and, along with 233 
automated workflows, will enable efficient data analysis and large-scale knowledge discovery.  234 

  235 
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 236 
Preparation of DNA for sequencing 237 

DNA will be extracted using standard extraction kits (Qiagen). DNA will be used to 238 
construct paired-end and mate-pair libraries of several insert sizes (e.g. 250bp, 500bp, 2KB) for 239 
sequencing. The whole genome cannot be sequenced all at once, so it will be subdivided, 240 
sequenced, and then reassembled in order to arrive at the sequence of the whole genome. DNA is 241 
prepared for sequencing by subdividing, copying, chemically modifying, and tagging portions of 242 
the genome corresponding to the four DNA bases (A, C, T, G). “Clone-by-clone” and “whole- 243 
genome shotgun” are two approaches to subdividing the genome and reassembling the sequenced 244 
pieces. “Clone by clone” involves breaking the genome up into relatively large chunks, called 245 
clones (~150,000 base pairs long), which are partitioned into smaller pieces with roughly 500 246 
overlapping base pairs. These smaller pieces are sequenced and the overlaps are used to 247 
reconstruct the sequence of the whole clone. Genome mapping techniques are then used to figure 248 
out where in the genome each clone belongs. “Whole-genome shotgun,” involves breaking the 249 
genome up into small pieces, sequencing the pieces, and reassembling the pieces into the full 250 
genome sequence. Many genomes are assembled using both approaches.  251 
 252 
Genome sequencing 253 

Prepared DNA libraries will be sequenced on an Illumina HiSeq 2000 or similar 254 
Sequencing System. Regardless of how you subdivide and then assemble sequences, the actual 255 
process of sequencing DNA in the genome is the same and employs electrophoresis. Pieces of 256 
DNA are marked with fluorescent tagging and arranged into batches by the last nucleotide in 257 
each piece (A,C,T,G). DNA to be sequenced is placed at one end of a gel, an electrical current is 258 
applied and DNA molecules move through the gel. Smaller molecules move more rapidly and 259 
DNA molecules become separated into different bands based on their size. This method can only 260 
separate ~500base pairs and hence the need for subdividing the genome before sequencing. As 261 
DNA molecules move through the gel, a sequencing machine reads the order of the DNA bases 262 
by their fluorescent tagging. The “raw sequence” grows base by base and reads are hooked 263 
together in the proper order. Corrections for breaks and errors are made during “finishing”.  264 
 265 
Assembly 266 

 Genomes can comprise of a lot of repetitive DNA and can be difficult to assemble. 267 
Computer programs, “assemblers,” put together sections of the sequenced genome by finding 268 
and analyzing overlapping sequences or identical sequences at either end of two different reads. 269 
The assembler compares each read to every other, and puts all the reads in the proper order based 270 
on how they overlap. Due to the overwhelming number of comparisons the assembler must make 271 
and keep track of, a huge amount of memory is required. A combination of redundancy and 272 
quality control ensures that errors in the genome sequencing are kept to a minimum. The genome 273 
may be copied multiple times and partitioned so that each base is sequenced 6 – 10 times on 274 
average. The assembler software will determine the “consensus” sequence of a base using the 275 
compilation of various reads. If the sequencing machine gets the base wrong or if a piece of 276 
DNA doesn’t get sequenced, there are likely to be other correct reads to correct for errors and fill 277 
gaps. Error probabilities for all of the bases read by the sequencing machine are added together 278 
for an estimate of the number of errors in the sequence. Bad reads or partial reads are weeded out 279 
before the assembly stage. Once the sequence is assembled, it may be checked against small 280 
parts of the genome that have been “finished” or against various landmarks on genome maps. 281 
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The final polishing involved identifying and filling information gaps of the genome is completed 282 
by hand. For the high coverage genomes, raw reads will be filtered for quality and assembled 283 
into contigs and scaffolds (Oleksyk et al., 2012) that will then be used to complete de novo 284 
genome assemblies using SOAPdenovo or a similar assembly program. The de novo assembly 285 
will be complemented by an assisted assembly built from the domestic cat (Pontius et al. 2007) 286 
and the Iberian lynx genomes. Genes will be predicted de novo using AUGUSTUS and 287 
GENSCAN or similar programs. Homologous proteins will be mapped with tBLASTn using a 288 
reciprocal-best-match strategy and the aligned sequence and its query protein will be filtered and 289 
passed to GeneWise to search for accurately spliced alignments. Domestic cat EST and full-290 
length cDNA sequences will be aligned to the genome using BLAT to generate spliced 291 
alignments. A consensus gene set will be obtained with GLEAN. The genome sequences will be 292 
aligned to well-assembled genomes (e.g. human, domestic cat, domestic dog) using LASTZ.  293 

 294 
 295 
Genome mapping and annotation 296 

A genome map includes landmarks such as short DNA sequences, regulatory sites that 297 
turn genes on and off, and genes themselves. Genome mapping is often used to find new genes 298 
and navigate around the genome for annotation and interpretative purposes. Creating the map 299 
and sequencing the genome go hand in hand. The map will determine where each sequenced 300 
piece of the genome belongs in relation to the other pieces. A more detailed map will make the 301 
assembly process easier and more accurate. Genome maps serve to illuminate the overall 302 
structure of the genome and identify where related genes are clustered together or where 303 
unusually rich concentrations of genes reside. Genome maps also enable researchers to compare 304 
the genomes of different species. Protein-coding genes and other genome features will be 305 
annotated on the genome map using algorithmic (Burge & Karlin, 1997) and homology-based 306 
gene prediction methods (Altschul et al., 1990). Using the high coverage and low coverage 307 
genomes of bobcat, European lynx, Canada lynx and Iberian lynx, SNPs will be identified using 308 
established programs (Li et al., 2009) and pipelines (Goecks et al.,2010). We will design a 309 
custom capture array of around 6,000 SNPs distributed across all chromosomes and located in 310 
annotated protein-coding genes and known gene pathways. This array will be used to assay 311 
genomic diversity in existing populations as well as historical museum specimens. The Genome 312 
Diversity toolkit in Galaxy (Bedoya-Reina et al., 2012) and other methods will be used to 313 
analyze genomic diversity and historical demography. 314 

To more efficiently identify genes within the genome and compare patterns of gene 315 
expressions across individuals, blood samples for RNA have been and will continue to be 316 
collected during routine response to incidental capture of lynx in Maine. Blood is an ideal first 317 
source of RNA because it contains multiple organs and has a crucial role in immune response. 318 
All samples will be preserved in buffer to prevent degradation of the intracellular RNA and 319 
minimize gene induction (PAXgene Blood RNA kit). Total RNA will be extracted and the globin 320 
mRNA and rRNA removed. RNAseq libraries will be pair-end sequenced on an Illumina 321 
HiSeq2000, with uniquely indexed libraries pooled in sets of 6 per lane to conservatively ~40Gb 322 
of sequence. Since the approximate size of the felid exome is 30Mb, this is an average coverage 323 
of at least 200X for each sample.  324 

The transcriptomes will be directly mapped onto their reference genome using a 325 
combination of currently available software such as TopHat, Bowtie and BWA. For the 326 
downstream analyses, the Tuxedo Suite package contains tools to complete the RNAseq data 327 
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analysis workflow, including Cufflinks to generate the transcriptome assembly, quantify gene 328 
expression, and assess differential expression among populations and species. The software 329 
Cufflinks is currently the program of choice to estimate expression levels and test for differential 330 
expression between samples after normalization. To explore the biological foundations of genes 331 
that are differentially expressed, we will perform categorical enrichment analysis (Gene 332 
Ontology; GO) based on publicly available gene annotation sets and the Database for 333 
Annotation, Visualization and Integrated Discovery (DAVID). To go beyond a list of 334 
differentially expressed genes, we will perform a weighted gene co-expression network analysis 335 
to identify clusters of genes whose expression levels covary across individuals and which 336 
measures every possible pairwise correlation between genes and identifies groups of genes with 337 
significant correlations to each other. If necessary, we will implement and visualize simplified 338 
pathways using open source software such as Cytoscape. This will allow us to choose which 339 
nodes should be used as targets in order to form a more informative gene protein network. We 340 
can also perform pathways analysis in which data available on human transcripts can be used as 341 
a reference to analyze the transcripts from our study. Finally, the correlations between phenotype 342 
and gene modules can be inferred to identify genes or gene networks associated with phenotype 343 
(such as derived from blood profiles). Using algorithms like Random Forest, which are more 344 
robust and reliable than hypothesis testing approaches, we will report and visualize significant 345 
groups of biologically defined gene sets and their contribution to the phenotypes of interest. 346 
 347 
Gene evolution 348 

We will identify Canada lynx and bobcat lineage-specific amino acid changes by 349 
comparison to human, dog, cat, and mouse from Ensembl. To detect genes evolving under 350 
positive selection, we will use conserved genome synteny methodology to establish a high-351 
confidence orthologous gene set based on large-scale synteny of high quality alignments and 352 
conserved exon-intron structure. We will align ortholog genes by PRANK and use the optimized 353 
branch-site model of PAML and likelihood ratio tests (LRTs) (P<0.05). We will test for over-354 
represented functional categories and identify GO categories significantly above or below 355 
average in the target genome. The historic population size of each species will be inferred using 356 
a pairwise sequentially Markovian coalescent model (PSMC) with consensus sequences of each 357 
species by estimating X Chr and Y Chr separately. 358 
 359 
Development of new genetic markers 360 
 Gene markers will be assessed for their utility to identify current and past levels of 361 
introgression between bobcat and Canada lynx in developed assays.  Judicious selection of SNPs 362 
will easily discriminate among various permutations of first- and second-generation crosses and 363 
the sex of individuals involved.  A reference ITMImap consisting of anchor markers will be 364 
prepared using MAPMAKER/Exp Version 3.0b and marker data will be used for mapping each 365 
of the new single nucleotide polymorphisms (SNPs). Markers with minimal missing data or 366 
segregation distortion will be selected to build a skeleton map for each chromosome. Other 367 
markers will be assigned to intervals between the anchor markers and the loci on the skeleton 368 
map will be checked using MAPMAKER. Ultimately, the custom capture array will be 369 
distributed across all chromosomes of the bobcat and lynx genomes. 370 
 371 
Genetic diversity and differentiation 372 
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Using SNPs from annotated protein-coding genes, we will examine how allelic diversity 373 
profiles have changed across time. If indeed we find significant genetic differentiation in the 374 
contemporary Maine lynx population with respect to the rest of the North American DPS and the 375 
Canadian Gaspe Peninsula population, then it will be possible to determine specifically if and 376 
how dispersal events between Maine and Canada are impacting genetic variation or function of 377 
key genes and genetic pathways related to fitness, such as innate immunity and reproductive 378 
effectiveness (Paige 2010; Zhang et al., 2013).  379 

Our samples will be divided into subsets based on geographic distribution (e.g. Maine, 380 
Parc de la Gaspesie, Quebec, Bas-Saint-Laurent). Samples outside of the sampling regions or 381 
outside proposed boundaries will be omitted. Samples in our most intensively sampled region, 382 
Northern Maine’s Aroostook County, may be regrouped to test putative dispersal barriers at a 383 
finer scale. DNA will be extracted from samples using Quiagen Blood and Tissue Extraction 384 
Kits (Quiagen, Hilden, Germany). Gene fragments from the Canada lynx genome sequence will 385 
be selected and primers designed to amplify corresponding sequences from DNA samples on 386 
either side of proposed barriers to gene flow (e.g. the St. Lawrence River, climatic barriers, 387 
isolation by distance hypotheses) or; alternatively from separate proposed lynx populations (e.g. 388 
Maine population and the Gaspe Peninsula population).  389 

PCR amplification will be performed in GeneAmp PCR System (or similar). PCR 390 
products will then be sequenced using the original primers and electrophoresed on a 3130XL 391 
Genetic Analyzer (Applied Biosystems). The final sequences will then be eye checked and 392 
aligned using MEGA, from which SNPs will be ascertained.  Nucleotide diversity will be 393 
calculated for each identified genetic population using MEGA. We will test linkage 394 
disequilibrium between any two SNP loci within each inferred genetic population. We will use 395 
GenALEX to calculate observed and expected heterozygosity and to test for Hardy Weinberg 396 
equilibrium (HWE) within each group for each locus. To assess differentiation between 397 
geographic populations, we will calculate pairwise D-values using the package DEMEtics 398 
(Gerlach et al., 2010) in R. We will also test for isolation by distance between regions (using 399 
centroids as locations) with the ecodist 1.2.2 package (Goslee and Urban 2007) in R (R 400 
Development Core Team 2009). 401 
 402 
Landscape Genomics Approaches 403 

Landscape genomics is the simultaneous study of genomic and ecological landscapes, 404 
and will be used to investigate processes driving population genetic patterns of Canada lynx and 405 
bobcat in the Northeast. Traditionally, similar studies have utilized a small number of neutral 406 
markers (such as microsatellites), which have no influence on survival or fecundity, to infer 407 
biological activity such as animal movement, genetic drift, selection, and migration across 408 
genomes and populations. Markers under selection were avoided because they could bias 409 
estimates of structure and gene flow. Conceptual and methodological developments in spatial 410 
and temporal patterns of gene flow (Manel & Holderegger, 2013; Hali & Beissinger 2014) have 411 
expanded the application of landscape genetics to assess markers under selection in addition to 412 
neutral markers (Schwartz et al., 2010, Manel & Holderegger, 2013). This approach yields 413 
unbiased estimates of genetic variation, population structure, and gene flow by assessing larger 414 
amounts of genetic data, producing results with reduced variance and increased precision. These 415 
landscape genomics approaches simultaneously assess variation of tens-to-hundreds of neutral 416 
genetic markers and candidate adaptive genes (genes under selection), most commonly   417 
Single Nucleotide Polymorphisms (SNPs). 418 



11 
 

 419 
Improvements in SNP genotyping technology have made SNPs attractive for population 420 

genomics. Forty-eight (48) or 96 SNPs can be screened in 96 individuals in a few hours, for a 421 
cost of about US$0.10 – 0.20 per SNP (Seeb et al., 2011). We will compile georeferenced tissue 422 
samples from individuals across the landscape (Manel et al., 2012) and extract genomic DNA 423 
using a Quiagen DNeasy blood and tissue extraction kit (or similar) following manufacturer 424 
protocols. The extracted DNA will then be genotyped using an array of diagnostic SNPs for 425 
genetic analyses. Genetic structure of the results will be analyzed using a variety of approaches 426 
to determine how individuals from the investigated populations are clustered into groups, 427 
including Structure 2.0 software (Pritchard et al., 2000) and GeneClass2 (Piry et al., 2004).  428 
These and similar approaches will also allow us to assess the population of origin of each 429 
individual and to identify potential migrants and their descendants.  Mixed modeling approaches 430 
and BAYENV2 (Coop et al., 2010) software can be employed to investigate associations 431 
between population allele frequencies and environmental variables such as snowfall, 432 
complementary snowshoe hare data, or habitat cover, while accounting for population structure 433 
in the data (Frichot et al., 2013). The inclusion of a sampling of bobcats in the analyses will also 434 
permit us to recognize hybrids and backcross individuals, leading to the future delineation of the 435 
lynx-bobcat hybrid zone in Maine. 436 
 437 

Gene flow can be reduced by historical, ecological or geographical factors, resulting in 438 
patterns of isolation by distance (IBD) or isolation by environment (IBE) (Manthey & Moyle 439 
2015). Using landscape genomics approaches, we will use Fst values estimated from markers 440 
under selection to investigate hypotheses of IBE and IBD (both geographical and ecological) in 441 
regards to lynx populations across the landscape. Ultimately, these will be integrated with other 442 
data to assist in delineating a DPS for Canada lynx with the goal of conserving natural adaptive 443 
processes and potential in a spatial and biological context (Crandall et al. 2000).  444 
 445 
 446 
Expected Results/Benefits  447 

The present proposal will become one of the first genomic studies of Canada lynx and 448 
bobcat to date, expected to yield novel and valuable insights on the demographic history and 449 
occurrence of hybridization between Canada lynx and bobcat, inbreeding, rates and sources of 450 
gene flow (Ouborg et al., 2010), differentiation among populations (Row et al., 2012) and 451 
taxonomic status of both species. Assessment of Maine lynx will provide information needed by 452 
the Maine Department of Inland Fisheries and Wildlife and the U.S. Fish and Wildlife Service to 453 
inform conservation strategies and present evidence for management approaches toward long 454 
term sustainability and connectivity in the Northern Appalachian/Acadian ecoregion.   If long-455 
term persistence of lynx in Maine is dependent upon metapopulation dynamics in eastern 456 
Canada, appropriate policies and actions can be designed. The pioneering aspects of the project, 457 
together with the iconic nature of both species, will enhance the local visibility and interest in 458 
lynx conservation and bobcat management.  Inferences for the study will have broad implications 459 
for management of Canada lynx and bobcat, and many of the genetic markers and tools 460 
developed will serve colleagues and collaborators doing research on these species. 461 

The application of genomic approaches to threatened species promises a boost in 462 
analytical and statistical power for demographic inference and relatedness estimates. The 463 
genomic data, annotations and developed assays will be significant scientific achievements that 464 
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will lead to new research and resources linking phenotypic adaptations with gene function and 465 
providing insights on the processes of speciation and maintenance of genetic diversity 466 
(Frankham, 2010). The custom capture array will encompass single nucleotide polymorphism 467 
(SNPs) and informative markers across all chromosomes of the lynx and bobcat genomes used 468 
for more precise and unbiased estimates of effective population size, demographic history, levels 469 
of inbreeding, prevalence of hybridization, rates of gene flow, and differentiation among 470 
populations. Application of a more comprehensive suite of neutral markers will enable better 471 
understanding of genetic differentiation and metapopulation dynamics at course and fine 472 
geographic scales (isolation by distance barriers and landscape variables) which may provide 473 
insight into the effects of landscape and climate on patterns of genetic differentiation and 474 
dispersal (Cushman et al. 2006; Row et al., 2012). This information will assist with identifying 475 
and maintaining current patterns of connectivity across the species range, particularly for 476 
southern populations such as Maine’s which are likely more at risk and more fragmented 477 
(Murray et al. 2008).  478 
 479 
 480 
 481 
Timeframe 482 
 483 
Sample preparation: starting October 2015 and continuing as necessary  484 
Sequencing: starting December 2015 485 
Sequence analyses including genomic assembly: starting February 2016 486 
Gene Mapping; Development of markers: January 2016 – July 2016 487 
Comparative genomic analyses: January 2016 – July 2018 488 
Additional lab work as needed: January 2016 – July 2018 489 
Application of markers in genetic diversity and differentiation: January 2016 – May 2017 490 
Data summary, analyses, and manuscript preparations: July 2016 – December 2018 491 
 492 
 493 
 494 
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PROJECT STATEMENT 1 
 2 

Metapopulation Dynamics of Canada Lynx in the Northern Appalachian/Acadian 3 
Ecoregion 4 

 5 
 6 

Background 7 
 8 
 The Canada lynx (Lynx canadensis) is a wide ranging felid (Ward and Krebs, 1985; 9 
Slough and Mowat 1996) listed as threatened under the U.S. Endangered Species Act (ESA) in 10 
March 2000 (Federal Register, 2014).  The listing decision pertained to the lower 48 contiguous 11 
States, and identified lynx occurring there as part of one Distinct Population Segment (DPS), and 12 
a Recovery Plan has been mandated by federal court to be developed by 2018.  A DPS is defined 13 
for listing purposes under the Endangered Species Act as a discrete population or group of 14 
populations that are biologically and ecologically significant, and may differ markedly from 15 
other populations in their genetic characteristics. Known populations of lynx within this DPS, 16 
however, are separated geographically within the United States, with no known lynx population 17 
occurring between the Northern Appalachian/Acadian Ecoregion (Figure 1) and the western 18 
Great Lakes population.  Advances in molecular genetic approaches are urgently needed in order 19 
to understand population dynamics within this DPS and develop conservation strategies. 20 
Genomic investigations can address questions at a finer scale than other genetic approaches.  21 
Genomics can be used to better understand the degree of distinctiveness of lynx in the northeast 22 
from other portions of the DPS, factors that affect population persistence, landscape corridors 23 
important for gene flow, and to what extent lynx and bobcat genetically interact.  This 24 
information will put the status of lynx in Maine in perspective relative to the rest of the lower 48 25 
states.  It will also provide insights on the degree to which lynx in Maine are part of a larger 26 
dynamic population that extends into southern Canada.  Implications of these potential findings 27 
could provide emphasis on land conservation strategies that promote lynx habitat and conserve 28 
transborder corridors essential for movement and gene flow. 29 



2 
 

30 
Figure 1. The complete distribution of Canada lynx in North America and designated areas of 31 
critical habitat. Distribution of critical habitat (Unit 1 – Maine) is shown in the lower left. 32 
 33 
 34 

Conservation initiatives designed to sustain lynx in Maine must address their unique 35 
habitat requirements and life history strategies.  Lynx co-evolved with and specialize on 36 
predation of snowshoe hare (Lepus americanus).  Consequential to this, lynx display a number of 37 
life history strategies, including long distance dispersal during periods of snowshoe hare decline 38 
in order to find suitable habitat and prey.  To the north, Maine lynx meet neighboring 39 
populations in the Canadian provinces of Quebec and New Brunswick. The Gaspé Peninsula of 40 
Quebec has a lynx population that has sustained a legal fur harvest season for decades, and 41 
exhibits dynamics similar to populations in the heart of lynx range in northern Canada.  Can the 42 
New Brunswick or the Gaspé lynx population be a source population for Maine?  Do lynx within 43 
the Northern Appalachian/Acadian Ecoregion represent a metapopulation centered in Eastern 44 
Canada?  If so, strategies focused on maintaining occupancy channels and gene flow across the 45 
border will likely be key to sustainability of lynx in Maine.   46 

Regenerating spruce-fir forest, principal habitat for snowshoe hares, was preferentially 47 
utilized by lynx in northern Maine over other forest types (Vashon et al. 2008).  This habitat 48 
becomes suitable for hare and lynx around 10 years post-harvest and may lose its suitability 49 
around 40 years post-harvest (Scott et al. 2009; Olsen et al. 2015). The ephemeral nature of 50 
suitable lynx and hare habitat in Maine suggests a “shifting mosaic” pattern of local habitat 51 
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occupancy and abandonment (Hagan et al., 2005).  Forestry in Maine likely has mimicked to 52 
some degree the “natural” disturbances that occurred pre-forestry, such as disease and 53 
windthrow, and those that occur in the boreal forest such as fire.  Genomics will give us insights 54 
into historic persistence of lynx in Maine that could be correlated with major natural and 55 
anthropogenic disturbances.  This information will be useful in development of management 56 
strategies and public policy regarding land management for lynx recovery. 57 

While lynx populations in Maine (and adjacent New England states) are not contiguous 58 
with the western Great Lakes population, they are contiguous with populations of bobcat (Lynx 59 
rufus) at the southern extent of their range. Bobcats are a distinct species from lynx (Werdelin 60 
1981) and are widespread throughout the contiguous United States and reach their northern 61 
extent in Southern Canada. The two species will occasionally co-exist and are likely competitors 62 
(Aubry et al. 2000; Buskirk et al. 2000). Evidence of hybridization between bobcat and Canada 63 
lynx has been confirmed in the western Great Lakes population (Schwartz et al. 2004) and in 64 
Northern Maine (Homyack et al. 2008). Our proposed application of genomic approaches will 65 
provide valuable information as to the separation and speciation of lynx and bobcat, the factors 66 
that influenced it, and the significance relative to future management strategies for both species 67 
in Maine. Hybridization between these two taxonomically similar species has been suggested to 68 
be a limiting factor to the distribution (Barton 2001) and recovery of Canada lynx, although 69 
many question this. Genomics investigation will allow assessment as to the significance of 70 
hybridization in Maine and its potential consequences for lynx recovery.  71 

 72 
 73 
 74 
Need 75 
 76 

The historic, current, and future status of Canada lynx in Maine has been a matter of 77 
speculation, resultant in lynx being listed as a single DPS under the Endangered Species Act 78 
(ESA) in 2000. Recent studies (Organ et al. 2008, Vashon et al. 2008a,b) regarding the current 79 
status of lynx in Maine have yet to address uncertainty over historic population levels and 80 
persistence, and population sustainability and trends in the future.  Clarification of historic trends 81 
is needed to frame reasonable and appropriate conservation targets.  Greater certainty on future 82 
trends is needed to establish pragmatic goals and assess the intensity of management that will be 83 
required.  The conservation genomics approaches we propose will provide critical insights into 84 
historic population levels and trends, allow prediction of population resiliency as fueled by 85 
linkages to populations beyond Maine’s border. Furthermore, our approach will identify barriers 86 
– physical and otherwise – that can inhibit resiliency, and provide insights on gene flow 87 
pathways that may inform land conservation strategies beneficial to lynx. 88 

In the last two decades, conservation genetics studies have extensively confirmed that 89 
declining and isolated populations lose genetic diversity, develop inbreeding depression and 90 
differentiate significantly from other populations (Frankham, 2010; Ouborg et al., 2010). Some 91 
studies have demonstrated concomitant fitness reductions in genetically compromised 92 
populations and lower potential for these populations to adapt to environmental change 93 
(Frankham, 2010; Hoffman & Sgro, 2011). Studies of this nature focused on Canada lynx 94 
populations have almost exclusively been based on the use of a few neutral molecular markers 95 
(e.g. nuclear microsatellites) and mitochondrial sequences (Carmichael et al., 2000; Schwartz et 96 
al., 2003). Extracted DNA has thus far been genotyped at 21 microsatellite loci or less – only 6 97 
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of which are characterized in lynx (Lc106, Lc109, Lc110, Lc111, Lc118, and Lc120; Carmichael 98 
et al. 2000) and 15 in the domestic cat (Menotti-Raymond et al. 1999). Utilization of such few 99 
markers fails to reflect genome-wide patterns of the functional variation upon which both 100 
adaptive potential and fitness depend (Ouborg et al., 2010). There is a shift towards conservation 101 
genomics as a necessary transition to fill this gap (Ouborg et al., 2010; Steiner et al., 2013). 102 
Genomic data are generated by sequencing DNA across all chromosomes of an organism (38 103 
chromosomes for the domestic cat), providing a drastic increase in the number of potentially 104 
informative markers used in addressing fundamental and important questions, such as estimation 105 
of demographic parameters and viability of small or isolated populations. Furthermore, the 106 
promise of identifying adaptive loci offers a huge benefit in prioritizing the conservation of 107 
unique populations. Conservation genomics approaches employing whole-genome sequencing 108 
can ultimately provide more precise and unbiased estimates of effective population size, 109 
demographic history, levels of inbreeding, rates of gene flow, differentiation among populations 110 
and taxonomic status (Frankham, 2010; Luikart et al., 2003; Ouborg et al., 2010).  111 
 112 

The Canada lynx is a unique model on which to apply conservation genomics tools as 113 
lynx have historically gone through a documented decline that has affected genetic variation and 114 
fitness (McKelvey et al., 2000), although the current population in Maine is considered to be the 115 
most secure and robust in the lower 48 states.  Reference materials available for assembly of the 116 
Canada lynx genome include a quality annotated reference genome, gene expression data and 117 
variation data from the closely-related Iberian lynx (Godoy, 2010).  Genomic approaches can 118 
only realize their full potential when combined with ecological, phenotypical, demographical and 119 
genealogical information, which is generally scarce for threatened and endangered species other 120 
than those that are emblematic or that have been intensively studied, monitored or managed.  A 121 
broad collection of tissue, blood, hair and saliva samples has been made available for the 122 
purposes of this study by the Smithsonian Institute’s Frozen Collection and Maine Department of 123 
Inland Fisheries and Wildlife, providing representative geographical and temporal coverage of 124 
the North American lynx distribution with special focus on the Maine population. A wealth of 125 
genomic information, and an extensive set of population samples, provides replicates and 126 
comparison points for different demographic histories. The accumulated information enables us 127 
to evaluate the consequences of recent and historic decline and fragmentation on functional 128 
genomic variation in lynx, and to assess the possible role of natural selection in maintaining 129 
adaptive diversity (Frankham, 2010; Oleksyk et al., 2010). We will ultimately use genetic 130 
markers, primarily high density, whole-genome single nucleotide polymorphisms (SNPs) - a 131 
strong tool for researchers of quantitative and population genetics that are commonly used for 132 
estimation of historical effective population size. SNPs will be discovered through sequencing, 133 
assembly and annotation of the lynx and bobcat genomes and arranged in a custom capture array. 134 
Each SNP represents genetic variation involving a single nucleotide. We will develop assays, 135 
and subsequently genotype these SNP markers on many individuals (Ranz and Machado, 2006; 136 
Frankham, 2010) to compare variation patterns at assumed neutral and functional loci across 137 
individuals and populations over time. SNP assays will be developed and applied to assess: (1) 138 
Whether Maine has a genetically distinct population segment in relation to the contiguous North 139 
American DPS;  (2) Whether Canada lynx in Maine are part of a metapopulation centered in 140 
eastern Canada, and to what extent population sustainability will necessitate transborder 141 
strategies versus sole focus on within-state efforts. We will identify populations, rates and 142 
sources or barriers to gene flow between Maine and populations in the North American DPS and 143 
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in eastern Canada. At the most fundamental level, generation of lynx and bobcat genomic data 144 
will provide insight into the basic understanding of genome structure, function, evolution and 145 
variation, and demographic and evolutionary history of these two species. We aim to generate 146 
resources necessary for science based management decisions, informed conservation strategies, 147 
and resources and genomic approaches that will be broadly applicable to the contiguous North 148 
American lynx DPS and bobcat populations.  149 
 150 
 151 
The purpose of this study is to inform management and conservation strategies for Maine lynx. 152 
We will achieve this by generating genomic data for Canada lynx and bobcat through whole-153 
genome sequencing. Raw genomic data will be assembled, analyzed, annotated and mapped onto 154 
reference genomes.  Single nucleotide polymorphisms and new informative genetic markers 155 
discovered through this process will be compiled across all chromosomes of both species into a 156 
custom capture array used in the development of assays. Assays will be employed across 157 
individuals, populations and demographic histories to test specific conservation genetics 158 
hypotheses relative to Canada lynx populations in Northern Maine and their intersection with 159 
bobcat populations, lynx populations in Eastern Canada, and lynx populations across the greater 160 
lynx DPS. 161 
 162 
Objectives: 163 

1. Determine the extent to which sustainability of lynx in Maine will necessitate 164 
transborder strategies versus sole focus on within-state efforts.  Hypothesis 1: 165 
Canada lynx in Maine are part of a metapopulation that extends into New 166 
Brunswick and southern Quebec, including the Gaspe Peninsula.   167 

2. Assess whether the Maine (northeast) lynx population is a genetically distinct 168 
population segment in relation to other lynx populations in the currently 169 
defined DPS,  Hypothesis 2: Canada lynx in Maine do not have population-170 
level interactions with lynx in other portions of the DPS, such as Minnesota, 171 
Montana, Wyoming, Colorado, and Washington. 172 

3. Identify the timing and consequences of recent and historic lynx population 173 
decline and fragmentation and occurrence of Maine lynx and obtain insights 174 
on functional genomic variation, occurrence of deleterious alleles and severely 175 
detrimental genetic variants, and potential to adapt to environmental change. 176 
Hypothesis 3: Maine lynx genomic variation will have less genetic diversity, 177 
but distinct markers, at the edge of their ranges where they overlap than either 178 
does at the core of their continental range and  will reflect past population 179 
fluctuations in population size that correlate with broad climatic changes 180 
including glacial periods and recent environmental perturbations.  181 

4. Provide insights to genome structure, function, and common evolutionary 182 
relationships between Canada lynx and bobcat, including the impact of 183 
hybridization.  Hypothesis 4: Bobcat/lynx hybridization has increased from 184 
historic levels in recent decades and primarily occurs between male Canada 185 
lynx and female bobcats.  186 

 187 
 188 
 189 



6 
 

Approach 190 
 191 
For Objective 1 we will analyze genetic diversity and genetic difference between the Maine lynx 192 
population and metapopulations in Eastern Canada. Specifically, we will develop and employ 193 
SNP assays developed from a custom capture array of informative genetic marker and SNPs 194 
discovered across all chromosomes of the Canada lynx genome. We will utilize these assays to 195 
test various hypotheses related to source populations (e.g. Canadian Gaspe peninsula, New 196 
Brunswick) and barriers to gene-flow between Maine and eastern Canada (e.g. Saint Lawrence 197 
River). 198 
 199 
For Objective 2 we will develop and employ SNP assays of genetic differentiation using genetic 200 
sample material obtained from lynx within each subpopulation throughout the current DPS. The 201 
origin of genetic material outside of the Maine lynx population will either be provided by the 202 
Smithsonian Frozen Collection or partners yet to be identified. 203 
 204 
For Objective 3 we will use genome-scale polymorphism data (SNPs) and multiple summary 205 
statistics (based on allele frequency, linkage disequilibrium, and population differentiation) to 206 
compare empirical data against simulations with varying demographic histories. We will 207 
characterize the recent adaptive history of natural populations and the genomic prevalence of 208 
positive and negative natural selection, identifying loci and genomic regions responsible for 209 
adaptation to local conditions. We will compare genomic patterns with other available genomes, 210 
test theories of ancestry and genomic history using an analysis of haplotype blocks across all 211 
felid autosomes. 212 
 213 
For Objective 4 we will conduct comparative study of bobcat and lynx genome sequences, 214 
identify functional elements, conserved sequence regions, and features in common between the 215 
two species. We will use a SNP genotyping microarray developed for the Canada lynx to assay 216 
variation at tens of thousands of loci. We will detect and characterize hybridization between 217 
Canada lynx and bobcat by confirming morphological intermediates through DNA analysis. We 218 
will find diagnostic markers in samples from genetically “pure” reference populations of each 219 
species, such that individuals of hybrid ancestry will demonstrate a mosaic of lynx and bobcat 220 
alleles. 221 
 222 
 223 

The field of bioinformatics is rapidly evolving and consequently the methods and state-of 224 
the art sequencing technologies and analytical software change in regards to accessibility and 225 
opinion of the scientific community. Methodology at the time of data analyses may change 226 
accordingly, but will be very similar to what is proposed. The samples used for genome 227 
sequencing will be acquired from the Smithsonian Frozen Collection and from the Maine 228 
Department of Inland Fisheries and Wildlife. Data analyses and workflows will leverage an 229 
established partnership with the Smithsonian BioGenomics Initiative and their partners, which 230 
will provide bioinformatic support, training and pipelines for genome annotation, analysis, data 231 
management and visualization that benefit from high memory and highly scalable, parallel 232 
modules. These systems will speed parallel bioinformatics applications and, along with 233 
automated workflows, will enable efficient data analysis and large-scale knowledge discovery.  234 

  235 
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 236 
Preparation of DNA for sequencing 237 

DNA will be extracted using standard extraction kits (Qiagen). DNA will be used to 238 
construct paired-end and mate-pair libraries of several insert sizes (e.g. 250bp, 500bp, 2KB) for 239 
sequencing. The whole genome cannot be sequenced all at once, so it will be subdivided, 240 
sequenced, and then reassembled in order to arrive at the sequence of the whole genome. DNA is 241 
prepared for sequencing by subdividing, copying, chemically modifying, and tagging portions of 242 
the genome corresponding to the four DNA bases (A, C, T, G). “Clone-by-clone” and “whole- 243 
genome shotgun” are two approaches to subdividing the genome and reassembling the sequenced 244 
pieces. “Clone by clone” involves breaking the genome up into relatively large chunks, called 245 
clones (~150,000 base pairs long), which are partitioned into smaller pieces with roughly 500 246 
overlapping base pairs. These smaller pieces are sequenced and the overlaps are used to 247 
reconstruct the sequence of the whole clone. Genome mapping techniques are then used to figure 248 
out where in the genome each clone belongs. “Whole-genome shotgun,” involves breaking the 249 
genome up into small pieces, sequencing the pieces, and reassembling the pieces into the full 250 
genome sequence. Many genomes are assembled using both approaches.  251 
 252 
Genome sequencing 253 

Prepared DNA libraries will be sequenced on an Illumina HiSeq 2000 or similar 254 
Sequencing System. Regardless of how you subdivide and then assemble sequences, the actual 255 
process of sequencing DNA in the genome is the same and employs electrophoresis. Pieces of 256 
DNA are marked with fluorescent tagging and arranged into batches by the last nucleotide in 257 
each piece (A,C,T,G). DNA to be sequenced is placed at one end of a gel, an electrical current is 258 
applied and DNA molecules move through the gel. Smaller molecules move more rapidly and 259 
DNA molecules become separated into different bands based on their size. This method can only 260 
separate ~500base pairs and hence the need for subdividing the genome before sequencing. As 261 
DNA molecules move through the gel, a sequencing machine reads the order of the DNA bases 262 
by their fluorescent tagging. The “raw sequence” grows base by base and reads are hooked 263 
together in the proper order. Corrections for breaks and errors are made during “finishing”.  264 
 265 
Assembly 266 

 Genomes can comprise of a lot of repetitive DNA and can be difficult to assemble. 267 
Computer programs, “assemblers,” put together sections of the sequenced genome by finding 268 
and analyzing overlapping sequences or identical sequences at either end of two different reads. 269 
The assembler compares each read to every other, and puts all the reads in the proper order based 270 
on how they overlap. Due to the overwhelming number of comparisons the assembler must make 271 
and keep track of, a huge amount of memory is required. A combination of redundancy and 272 
quality control ensures that errors in the genome sequencing are kept to a minimum. The genome 273 
may be copied multiple times and partitioned so that each base is sequenced 6 – 10 times on 274 
average. The assembler software will determine the “consensus” sequence of a base using the 275 
compilation of various reads. If the sequencing machine gets the base wrong or if a piece of 276 
DNA doesn’t get sequenced, there are likely to be other correct reads to correct for errors and fill 277 
gaps. Error probabilities for all of the bases read by the sequencing machine are added together 278 
for an estimate of the number of errors in the sequence. Bad reads or partial reads are weeded out 279 
before the assembly stage. Once the sequence is assembled, it may be checked against small 280 
parts of the genome that have been “finished” or against various landmarks on genome maps. 281 
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The final polishing involved identifying and filling information gaps of the genome is completed 282 
by hand. For the high coverage genomes, raw reads will be filtered for quality and assembled 283 
into contigs and scaffolds (Oleksyk et al., 2012) that will then be used to complete de novo 284 
genome assemblies using SOAPdenovo or a similar assembly program. The de novo assembly 285 
will be complemented by an assisted assembly built from the domestic cat (Pontius et al. 2007) 286 
and the Iberian lynx genomes. Genes will be predicted de novo using AUGUSTUS and 287 
GENSCAN or similar programs. Homologous proteins will be mapped with tBLASTn using a 288 
reciprocal-best-match strategy and the aligned sequence and its query protein will be filtered and 289 
passed to GeneWise to search for accurately spliced alignments. Domestic cat EST and full-290 
length cDNA sequences will be aligned to the genome using BLAT to generate spliced 291 
alignments. A consensus gene set will be obtained with GLEAN. The genome sequences will be 292 
aligned to well-assembled genomes (e.g. human, domestic cat, domestic dog) using LASTZ.  293 

 294 
 295 
Genome mapping and annotation 296 

A genome map includes landmarks such as short DNA sequences, regulatory sites that 297 
turn genes on and off, and genes themselves. Genome mapping is often used to find new genes 298 
and navigate around the genome for annotation and interpretative purposes. Creating the map 299 
and sequencing the genome go hand in hand. The map will determine where each sequenced 300 
piece of the genome belongs in relation to the other pieces. A more detailed map will make the 301 
assembly process easier and more accurate. Genome maps serve to illuminate the overall 302 
structure of the genome and identify where related genes are clustered together or where 303 
unusually rich concentrations of genes reside. Genome maps also enable researchers to compare 304 
the genomes of different species. Protein-coding genes and other genome features will be 305 
annotated on the genome map using algorithmic (Burge & Karlin, 1997) and homology-based 306 
gene prediction methods (Altschul et al., 1990). Using the high coverage and low coverage 307 
genomes of bobcat, European lynx, Canada lynx and Iberian lynx, SNPs will be identified using 308 
established programs (Li et al., 2009) and pipelines (Goecks et al.,2010). We will design a 309 
custom capture array of around 6,000 SNPs distributed across all chromosomes and located in 310 
annotated protein-coding genes and known gene pathways. This array will be used to assay 311 
genomic diversity in existing populations as well as historical museum specimens. The Genome 312 
Diversity toolkit in Galaxy (Bedoya-Reina et al., 2012) and other methods will be used to 313 
analyze genomic diversity and historical demography. 314 

To more efficiently identify genes within the genome and compare patterns of gene 315 
expressions across individuals, blood samples for RNA have been and will continue to be 316 
collected during routine response to incidental capture of lynx in Maine. Blood is an ideal first 317 
source of RNA because it contains multiple organs and has a crucial role in immune response. 318 
All samples will be preserved in buffer to prevent degradation of the intracellular RNA and 319 
minimize gene induction (PAXgene Blood RNA kit). Total RNA will be extracted and the globin 320 
mRNA and rRNA removed. RNAseq libraries will be pair-end sequenced on an Illumina 321 
HiSeq2000, with uniquely indexed libraries pooled in sets of 6 per lane to conservatively ~40Gb 322 
of sequence. Since the approximate size of the felid exome is 30Mb, this is an average coverage 323 
of at least 200X for each sample.  324 

The transcriptomes will be directly mapped onto their reference genome using a 325 
combination of currently available software such as TopHat, Bowtie and BWA. For the 326 
downstream analyses, the Tuxedo Suite package contains tools to complete the RNAseq data 327 



9 
 

analysis workflow, including Cufflinks to generate the transcriptome assembly, quantify gene 328 
expression, and assess differential expression among populations and species. The software 329 
Cufflinks is currently the program of choice to estimate expression levels and test for differential 330 
expression between samples after normalization. To explore the biological foundations of genes 331 
that are differentially expressed, we will perform categorical enrichment analysis (Gene 332 
Ontology; GO) based on publicly available gene annotation sets and the Database for 333 
Annotation, Visualization and Integrated Discovery (DAVID). To go beyond a list of 334 
differentially expressed genes, we will perform a weighted gene co-expression network analysis 335 
to identify clusters of genes whose expression levels covary across individuals and which 336 
measures every possible pairwise correlation between genes and identifies groups of genes with 337 
significant correlations to each other. If necessary, we will implement and visualize simplified 338 
pathways using open source software such as Cytoscape. This will allow us to choose which 339 
nodes should be used as targets in order to form a more informative gene protein network. We 340 
can also perform pathways analysis in which data available on human transcripts can be used as 341 
a reference to analyze the transcripts from our study. Finally, the correlations between phenotype 342 
and gene modules can be inferred to identify genes or gene networks associated with phenotype 343 
(such as derived from blood profiles). Using algorithms like Random Forest, which are more 344 
robust and reliable than hypothesis testing approaches, we will report and visualize significant 345 
groups of biologically defined gene sets and their contribution to the phenotypes of interest. 346 
 347 
Gene evolution 348 

We will identify Canada lynx and bobcat lineage-specific amino acid changes by 349 
comparison to human, dog, cat, and mouse from Ensembl. To detect genes evolving under 350 
positive selection, we will use conserved genome synteny methodology to establish a high-351 
confidence orthologous gene set based on large-scale synteny of high quality alignments and 352 
conserved exon-intron structure. We will align ortholog genes by PRANK and use the optimized 353 
branch-site model of PAML and likelihood ratio tests (LRTs) (P<0.05). We will test for over-354 
represented functional categories and identify GO categories significantly above or below 355 
average in the target genome. The historic population size of each species will be inferred using 356 
a pairwise sequentially Markovian coalescent model (PSMC) with consensus sequences of each 357 
species by estimating X Chr and Y Chr separately. 358 
 359 
Development of new genetic markers 360 
 Gene markers will be assessed for their utility to identify current and past levels of 361 
introgression between bobcat and Canada lynx in developed assays.  Judicious selection of SNPs 362 
will easily discriminate among various permutations of first- and second-generation crosses and 363 
the sex of individuals involved.  A reference ITMImap consisting of anchor markers will be 364 
prepared using MAPMAKER/Exp Version 3.0b and marker data will be used for mapping each 365 
of the new single nucleotide polymorphisms (SNPs). Markers with minimal missing data or 366 
segregation distortion will be selected to build a skeleton map for each chromosome. Other 367 
markers will be assigned to intervals between the anchor markers and the loci on the skeleton 368 
map will be checked using MAPMAKER. Ultimately, the custom capture array will be 369 
distributed across all chromosomes of the bobcat and lynx genomes. 370 
 371 
Genetic diversity and differentiation 372 
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Using SNPs from annotated protein-coding genes, we will examine how allelic diversity 373 
profiles have changed across time. If indeed we find significant genetic differentiation in the 374 
contemporary Maine lynx population with respect to the rest of the North American DPS and the 375 
Canadian Gaspe Peninsula population, then it will be possible to determine specifically if and 376 
how dispersal events between Maine and Canada are impacting genetic variation or function of 377 
key genes and genetic pathways related to fitness, such as innate immunity and reproductive 378 
effectiveness (Paige 2010; Zhang et al., 2013).  379 

Our samples will be divided into subsets based on geographic distribution (e.g. Maine, 380 
Parc de la Gaspesie, Quebec, Bas-Saint-Laurent). Samples outside of the sampling regions or 381 
outside proposed boundaries will be omitted. Samples in our most intensively sampled region, 382 
Northern Maine’s Aroostook County, may be regrouped to test putative dispersal barriers at a 383 
finer scale. DNA will be extracted from samples using Quiagen Blood and Tissue Extraction 384 
Kits (Quiagen, Hilden, Germany). Gene fragments from the Canada lynx genome sequence will 385 
be selected and primers designed to amplify corresponding sequences from DNA samples on 386 
either side of proposed barriers to gene flow (e.g. the St. Lawrence River, climatic barriers, 387 
isolation by distance hypotheses) or; alternatively from separate proposed lynx populations (e.g. 388 
Maine population and the Gaspe Peninsula population).  389 

PCR amplification will be performed in GeneAmp PCR System (or similar). PCR 390 
products will then be sequenced using the original primers and electrophoresed on a 3130XL 391 
Genetic Analyzer (Applied Biosystems). The final sequences will then be eye checked and 392 
aligned using MEGA, from which SNPs will be ascertained.  Nucleotide diversity will be 393 
calculated for each identified genetic population using MEGA. We will test linkage 394 
disequilibrium between any two SNP loci within each inferred genetic population. We will use 395 
GenALEX to calculate observed and expected heterozygosity and to test for Hardy Weinberg 396 
equilibrium (HWE) within each group for each locus. To assess differentiation between 397 
geographic populations, we will calculate pairwise D-values using the package DEMEtics 398 
(Gerlach et al., 2010) in R. We will also test for isolation by distance between regions (using 399 
centroids as locations) with the ecodist 1.2.2 package (Goslee and Urban 2007) in R (R 400 
Development Core Team 2009). 401 
 402 
Landscape Genomics Approaches 403 

Landscape genomics is the simultaneous study of genomic and ecological landscapes, 404 
and will be used to investigate processes driving population genetic patterns of Canada lynx and 405 
bobcat in the Northeast. Traditionally, similar studies have utilized a small number of neutral 406 
markers (such as microsatellites), which have no influence on survival or fecundity, to infer 407 
biological activity such as animal movement, genetic drift, selection, and migration across 408 
genomes and populations. Markers under selection were avoided because they could bias 409 
estimates of structure and gene flow. Conceptual and methodological developments in spatial 410 
and temporal patterns of gene flow (Manel & Holderegger, 2013; Hali & Beissinger 2014) have 411 
expanded the application of landscape genetics to assess markers under selection in addition to 412 
neutral markers (Schwartz et al., 2010, Manel & Holderegger, 2013). This approach yields 413 
unbiased estimates of genetic variation, population structure, and gene flow by assessing larger 414 
amounts of genetic data, producing results with reduced variance and increased precision. These 415 
landscape genomics approaches simultaneously assess variation of tens-to-hundreds of neutral 416 
genetic markers and candidate adaptive genes (genes under selection), most commonly   417 
Single Nucleotide Polymorphisms (SNPs). 418 
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 419 
Improvements in SNP genotyping technology have made SNPs attractive for population 420 

genomics. Forty-eight (48) or 96 SNPs can be screened in 96 individuals in a few hours, for a 421 
cost of about US$0.10 – 0.20 per SNP (Seeb et al., 2011). We will compile georeferenced tissue 422 
samples from individuals across the landscape (Manel et al., 2012) and extract genomic DNA 423 
using a Quiagen DNeasy blood and tissue extraction kit (or similar) following manufacturer 424 
protocols. The extracted DNA will then be genotyped using an array of diagnostic SNPs for 425 
genetic analyses. Genetic structure of the results will be analyzed using a variety of approaches 426 
to determine how individuals from the investigated populations are clustered into groups, 427 
including Structure 2.0 software (Pritchard et al., 2000) and GeneClass2 (Piry et al., 2004).  428 
These and similar approaches will also allow us to assess the population of origin of each 429 
individual and to identify potential migrants and their descendants.  Mixed modeling approaches 430 
and BAYENV2 (Coop et al., 2010) software can be employed to investigate associations 431 
between population allele frequencies and environmental variables such as snowfall, 432 
complementary snowshoe hare data, or habitat cover, while accounting for population structure 433 
in the data (Frichot et al., 2013). The inclusion of a sampling of bobcats in the analyses will also 434 
permit us to recognize hybrids and backcross individuals, leading to the future delineation of the 435 
lynx-bobcat hybrid zone in Maine. 436 
 437 

Gene flow can be reduced by historical, ecological or geographical factors, resulting in 438 
patterns of isolation by distance (IBD) or isolation by environment (IBE) (Manthey & Moyle 439 
2015). Using landscape genomics approaches, we will use Fst values estimated from markers 440 
under selection to investigate hypotheses of IBE and IBD (both geographical and ecological) in 441 
regards to lynx populations across the landscape. Ultimately, these will be integrated with other 442 
data to assist in delineating a DPS for Canada lynx with the goal of conserving natural adaptive 443 
processes and potential in a spatial and biological context (Crandall et al. 2000).  444 
 445 
 446 
Expected Results/Benefits  447 

The present proposal will become one of the first genomic studies of Canada lynx and 448 
bobcat to date, expected to yield novel and valuable insights on the demographic history and 449 
occurrence of hybridization between Canada lynx and bobcat, inbreeding, rates and sources of 450 
gene flow (Ouborg et al., 2010), differentiation among populations (Row et al., 2012) and 451 
taxonomic status of both species. Assessment of Maine lynx will provide information needed by 452 
the Maine Department of Inland Fisheries and Wildlife and the U.S. Fish and Wildlife Service to 453 
inform conservation strategies and present evidence for management approaches toward long 454 
term sustainability and connectivity in the Northern Appalachian/Acadian ecoregion.   If long-455 
term persistence of lynx in Maine is dependent upon metapopulation dynamics in eastern 456 
Canada, appropriate policies and actions can be designed. The pioneering aspects of the project, 457 
together with the iconic nature of both species, will enhance the local visibility and interest in 458 
lynx conservation and bobcat management.  Inferences for the study will have broad implications 459 
for management of Canada lynx and bobcat, and many of the genetic markers and tools 460 
developed will serve colleagues and collaborators doing research on these species. 461 

The application of genomic approaches to threatened species promises a boost in 462 
analytical and statistical power for demographic inference and relatedness estimates. The 463 
genomic data, annotations and developed assays will be significant scientific achievements that 464 
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will lead to new research and resources linking phenotypic adaptations with gene function and 465 
providing insights on the processes of speciation and maintenance of genetic diversity 466 
(Frankham, 2010). The custom capture array will encompass single nucleotide polymorphism 467 
(SNPs) and informative markers across all chromosomes of the lynx and bobcat genomes used 468 
for more precise and unbiased estimates of effective population size, demographic history, levels 469 
of inbreeding, prevalence of hybridization, rates of gene flow, and differentiation among 470 
populations. Application of a more comprehensive suite of neutral markers will enable better 471 
understanding of genetic differentiation and metapopulation dynamics at course and fine 472 
geographic scales (isolation by distance barriers and landscape variables) which may provide 473 
insight into the effects of landscape and climate on patterns of genetic differentiation and 474 
dispersal (Cushman et al. 2006; Row et al., 2012). This information will assist with identifying 475 
and maintaining current patterns of connectivity across the species range, particularly for 476 
southern populations such as Maine’s which are likely more at risk and more fragmented 477 
(Murray et al. 2008).  478 
 479 
 480 
 481 
Timeframe 482 
 483 
Sample preparation: starting October 2015 and continuing as necessary  484 
Sequencing: starting December 2015 485 
Sequence analyses including genomic assembly: starting February 2016 486 
Gene Mapping; Development of markers: January 2016 – July 2016 487 
Comparative genomic analyses: January 2016 – July 2018 488 
Additional lab work as needed: January 2016 – July 2018 489 
Application of markers in genetic diversity and differentiation: January 2016 – May 2017 490 
Data summary, analyses, and manuscript preparations: July 2016 – December 2018 491 
 492 
 493 
 494 
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FWS No. 03E19000-2015-F-0233 - 2015 Special Use Projects; Kawishiwi, Laurentian, Gunflint, and 
Tofte Ranger Districts; Formal consultation on northern long-eared bat  
 
Dear Ms. Halter: 
 
The enclosed document transmits the U.S. Fish and Wildlife Service's (Service) biological 
opinion and is based on our review of the Superior National Forest’s (Forest) 2015 Special Use 
Projects: Kawishiwi, Laurentian, Gunflint, and Tofte Ranger Districts Biological Assessment 
and potential adverse effects to northern long-eared bat (Myotis septentrionalis).  We also concur 
on your determination of “may affect, not likely to adversely affect” gray wolf (Canis lupus) and 
Canada lynx (Lynx canadensis) as described in this letter.  The Biological Assessment (BA or 
Project), dated August 3, 2015, was received by Ms. Tamara Smith of my staff via electronic 
mail on August 10.  Your letter, dated August 11, requesting formal conferencing on the Project 
was received in our office on August ##, 2015.  
 
This concurrence letter and enclosed biological opinion are based on the best available scientific 
and commercial data and other scientific sources.  The Service also requested clarification on 
some Project description information in the BA and the Forest responded via electronic mail.  A 
complete administrative record is on file at the Twin Cities Ecological Services Field Office.   
 
The following project description summarizes the BA’s detailed information (pp. 5-6).  There are 
22 Special Use road permit projects proposed within the four Ranger Districts.  The permits 
authorize construction or re-construction of roads/roadbeds and consist of three types of road 
use:  (1) temporary access to State or County lands; (2) long-term access to two Minnesota 
Department of Natural Resources (MN DNR; correction from USGS in BA) stream monitoring 
sites; and (3) one permanent access to private property. 
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• Temporary road permits (19) will provide access to timber harvest areas ranging in size 
from 12 acres (ac) to 176 ac, with a total of approximately 1,746 ac.  The access roads will 
be 20-feet (ft) wide and designed for all-season use (9), summer use (2), or winter use (8), 
totaling 16.5 miles (40 ac).  Of that, 12 miles (mi) will be on pre-existing road or trail 
corridors and permits usually average 5 years, after which the roads will be obliterated.   

• Long-term access will be issued for 15 years and includes building two new 16-ft wide 
roads for year-round use, totaling 0.28 mi (0.14 ac).   

• The new 20-ft wide permanent road will provide year-round access to private property and 
totals 0.06 mi (0.54 ac).  

 
Gray Wolf:  The BA indicated that the wolf population was estimated to be 2,423 ±500 during 
winter 2013-2014, which is close to the long-term average.  The project area encompasses Wolf 
Zones 1, 2, and 4, of which Zones 1 and 2 are designated critical habitat with specific population 
goals of one wolf per 10-15 mi² and one wolf per 10 mi², respectively.  The winter 2014-2015 
density estimates for these Zones were approximately one wolf/15 mi² and one wolf/13 mi², 
respectively, and therefore close to existing goals.  In addition to population goals, the Wolf 
Management Zone 1 goal for road density is 0.9 linear mile per mi², which does not include 
temporary roads, snowmobile/ATV trails, and some low standard special use roads.  The average 
road density for the SNF (outside the Boundary Waters Canoe Area Wilderness) currently is 0.8 
linear mi per mi².   
 
Effects from road construction/reconstruction are expected to be negligible because wolves 
typically avoid areas with high human use and activity, including noise.  Road work (including 
tree felling) will total approximately 17 mi and will be scattered across the four districts, thereby 
resulting in almost no change to current road density.  Also, temporary roads will be 
decommissioned upon Project completion.  For the same reason, disturbance to denning wolves 
likely will be negligible.  Potential effects from the associated 1,746 ac of timber harvest on State 
and County lands will be foraging habitat modification for wolves’ primary prey species (deer 
and moose) in the short-term, but young regenerating forest (predominantly aspen) will benefit 
these species in the near future.  Based on this information, the Service concurs with your “may 
affect, not likely to adversely affect” determination for gray wolf.  
 
Canada Lynx:  The BA indicated that from 2000-2014, 235 individual lynx genotypes were 
identified from scat and hair samples, and from October 2013 to May 2014, 68 unique 
individuals were identified on the SNF.  Various types of evidence support successful lynx 
reproduction in northeastern Minnesota, including at least 8 family groups during winter 2013-
2014. 
 
The BA’s cumulative effects indicated that eight Lynx Analysis Units (LAU) may be affected by 
the Project: LAUs 7, 8, 10, 11, 12, 27, 29, and 33, although it’s unknown whether State and 
County harvest units will occur within the same LAUs as the access roads due to lack of precise 
harvest unit location data.  Projected timber harvest on State and County lands is estimated to be 
1,746 ac across the Project area, which is also minimal relative to the size of lynx home ranges.  
All LAUs through which roads will be (re)constructed will have ≤ 4 percent lynx habitat 
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currently in an unsuitable condition after harvest on State and County lands – well below the 30 
percent threshold in an individual LAU.  In addition, the BA indicated that typically it takes only 
3 to 12 years after timber harvest for snowshoe hare winter habitat to regenerate.   
 
Potential effects to lynx from roads and associated timber harvest are likely minimal at the 
population level.  The BA indicated that the main concern from the proposed roads is winter use, 
where snow is compacted, in turn, potentially providing access for competitors such as coyotes.  
The total distance of proposed long-term roads used during winter is only 0.34 mi and distance 
of temporary road use is 26.6 mi, or approximately 4 mi per year across the Project area (four 
Ranger Districts), which is minimal relative to the size of lynx home ranges.  Lynx use 
backcountry roads, trails, and railroad beds for travel when available and between 2000 and 
2011, four lynx were killed by vehicle strikes.  However, the probability of a lynx being killed on 
these low use and low speed temporary and new roads is very low across the Forest.   
 
In addition to three 2013 Lynx Conservation Assessment and Strategy conservation measures 
related to roads and over-the-snow routes (see BA, pp. 9-10), the SNF’s Forest Plan provides the 
following required standards and guidelines for lynx: 
 

• G-WL-3:  Limit disturbance within each LAU on NFS land to no more than 30% of the 
total lynx habitat (all ownerships) within an LAU in unsuitable condition. 

• S-WL-2:  In LAUs on NFS land, allow no net increase in groomed or designated over-the-
snow trail routes unless the designation effectively consolidates use and improves lynx 
habitat through a net reduction of compacted snow areas.  

 
The Forest will be in compliance with all measures.  Based on this information, the Service 
concurs with your “may affect, not likely to adversely affect” determination for lynx. 
 
Please contact the Service if the project changes or new information reveals effects of the 
proposed action to proposed or listed species or critical habitat to an extent not covered in your 
biological assessment. If you have any questions or comments on this conference opinion, please 
contact Ms. Ann Belleman, Fish and Wildlife Biologist, via email at ann_belleman@fws.gov. 
       
 
      Sincerely, 
 
 
 
      Pete Fasbender 
      Field Supervisor 
 
Enclosure 
 
cc:  Susan Catton, Forest Wildlife Biologist (scatton@fs.fed.us) 
 Sarah Malick-Wahls, Wildife Biologist (smalickwahls@fs.fed.us) 

mailto:ann_belleman@fws.gov
mailto:scatton@fs.fed.us
mailto:smalickwahls@fs.fed.us
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INTRODUCTION 
This document transmits the U.S. Fish and Wildlife Service's (Service) Biological Opinion (BO) 
based on our review of the U.S. Forest Service’s proposed activities on the Superior National 
Forest’s (USFS, Forest, or SNF) 2015 Special Use Projects, and their effects on the northern 
long-eared bat (Myotis septentrionalis; NLEB) in accordance with Section 7(a)(2) of the 
Endangered Species Act (ESA) of 1973, as amended (16 U.S.C. 1531 et seq.). The Biological 
Assessment (BA or Project), dated August 3, 2015, and letter, dated August 11, requesting 
consultation on the Project were received in our office on August ##, 2015.  The USFS 
determined that all activities addressed in the BA are unlikely to result in adverse effects to any 
other federally-listed species.  Therefore, this BO addresses only the NLEB. 
 
This BO is based on information provided in the BA.  A complete administrative record of this 
consultation is on file at the Service’s Twin Cities Field Office.  

Interim 4(d) for the NLEB  
On April 2, 2015, the Service has published a species-specific rule pursuant to section 4(d) of the 
ESA for NLEB (80FR17974).  Section 4(d) of the ESA states that: 
 
Whenever any species is listed as a threatened species ... the Secretary shall issue such 
regulations as he deems necessary and advisable to provide for the conservation of such species 
(16 U.S.C. 1533(d)). 
 
The Service's interim 4(d) rule for NLEB exempts the take of NLEB from the section 9 
prohibitions of the ESA, as follows: 
 

(1) Take that is incidental to forestry management activities, maintenance/limited expansion 
of existing rights-of way, prairie management, projects resulting in minimal (<1 acre) tree 
removal, provided these activities: 

a. Occur more than 0.25 mile (0.4 km) from a known, occupied hibernaculum; 
b. Avoid cutting or destroying known, occupied roost trees during the pup season (June 

1–July 31); and 
c. Avoid clearcuts (and similar harvest methods, e.g., seed tree, shelterwood, and 

coppice) within 0.25 (0.4 km) mile of known, occupied roost trees during the pup 
season (June 1–July 31). 

 
(2) Removal of hazard trees (no limitations). 
 
(3) Purposeful take that results from:  

a. Removal of bats from and disturbance within human structures, if the actions comply 
with all applicable state regulations; and  
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b. Capture, handling, and related activities for NLEBs by individuals permitted to conduct 
these same activities for other species of bat until May 3, 2016. 

 
Thus, any take of NLEB resulting from activities that are implemented in compliance with the 
conservation measures, as necessary, is exempted from section 9 prohibitions by the interim 4(d) 
rule, and does not require further incidental take authorization.  Note that no conservation 
measures are required as part of the interim 4(d) rule for forest management actions that would 
affect only areas with no known roost trees and no known hibernacula.  The Forest currently has 
known roost trees and four known or suspected NLEB hibernacula within 5 miles of the Forest 
boundary, and will incorporate the above conservation measures into its proposed actions as 
appropriate. 
 
However, the interim 4(d) rules do not afford exemption from the ESA's section 7 procedural 
requirements.  Therefore, consultation remains appropriate when actions (even those within the 
scope of the interim 4(d) rule) are funded, authorized or carried out by a federal agency.  This is 
because the purpose of section 7 consultation is broader than the mere evaluation of take and 
issuance of an Incidental Take Statement; such consultations fulfill the requirements of section 
7(a)(2) of the ESA, which directs that all federal agencies insure that their actions are not likely 
to jeopardize the continued existence of any listed species, or result in the destruction or adverse 
modification of designated critical habitat. 

Consultation History 
The SNF, along with the Chippewa and Chequamegon-Nicolet National Forests, developed a list 
in spring 2015 of all on-going and proposed projects, for the purpose of prioritizing numerous 
ESA section 7 consultations resulting from the listing of NLEB.  The Service agreed and 
completes each project chronologically according to that list, which has since been revised twice; 
after the first 10 projects were completed, additional projects were included on the list, with the 
most recent revision in September 2015.  This project is number 6 of 20 on the most recent 
priority list.  The Service received your BA and letter, dated XXXXXX, via electronic mail on 
XXXXXX.  The Service is issuing this final BO in October 2015, concluding formal 
consultation on the Project.  The BA and email transmissions with Ms. Sarah Malick-Wahls, 
Wildlife Biologist, form the basis for this BO. 

DESCRIPTION OF PROPOSED ACTION 
As defined in the ESA Section 7 regulations (50 CFR 402.02), “action” means “all activities or 
programs of any kind authorized, funded, or carried out, in whole or in part, by federal agencies 
in the United States or upon the high seas.”  The “action area” is defined as “all areas to be 
affected directly or indirectly by the federal action and not merely the immediate area involved 
in the action.”  The direct and indirect effects of the actions and activities must be considered in 
conjunction with the effects of other past and present federal, state, or private activities, as well 
as the cumulative effects of reasonably certain future state or private activities within the action 
area. 
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The following project description summarizes the BA’s detailed information (pp. 5-6).  There are 
22 Special Use road permit projects proposed within four Ranger Districts (Gunflint, Kawishiwi, 
Laurentian, and Tofte) (see BA Table 2, pp. 3-5 for a complete list, including project locations).  
The permits authorize construction or re-construction of roads/roadbeds and consist of three 
types of road use:  (1) temporary access to state or county lands; (2) long-term access to two MN 
DNR stream monitoring sites; and (3) one permanent access to private property (see Table 1 
below).  Additional information on the Superior National Forest background and description can 
be found in the BA, which is incorporated by reference.  
   

• Temporary road permits (19) will provide access to state or county timber harvest units 
ranging in size from 12 acres (ac) to 176 ac (total estimated harvest is approximately 
1,746 ac).  The exact location and size of harvests is unknown.  The access roads will be 
20-feet (ft) wide and designed for all-season use (9), summer use (2), or winter use (8), 
totaling 16.5 miles (40 ac).  Of that, 12 miles (mi) will be on pre-existing road or trail 
corridors and permits usually average 5 years, after which the roads will be obliterated. 
All activities associated with these types of permits likely will be completed by 2021. 
  

• Long-term access to MN DNR monitoring sites will be issued for 15 years and includes 
building two new 16-ft wide roads for year-round use, totaling 0.28 mi (0.54 ac). 

   
• The new 20-ft wide permanent road will provide year-round access to private property and 

totals 0.06 mi (0.14 ac).  
 
Table 1.  Special Use Road Access (2015 to 2021) (adapted from BA Table 3, p. 6). 

Type Road Access 
 (# projects) 

New Temp 
Use  (Ac)* 

Existing 
Temp Use  

(Ac)* 
Permanent 
Use** (Ac)* Total Acres* 

Winter 6.8 11.4 
 

18.2 
Summer 1.9 2.5 

 
4.4 

All-season 2.3 15.3 
 

17.5 
Private property 

  
0.1  0.1 

MN DNR Monitoring sites 
  

0.5 0.5 
TOTAL ACRES 11 29.2 0.6 40.7 
TOTAL MILES     16.6*** 0.3   

*Rounded to nearest 0.1 ac;  **Long-term and permanent use roads combined;  ***Temporary use roads 
combined 

 
The Forest used three indicators to assess potential effects to NLEB (BA pp. 14-16) and focused 
on acres of new road corridors being created versus pre-existing road corridors being re-opened 
for use.  Their rationale is that pre-existing corridors will not have roost-sized trees, so will only 
require brushing of smaller sized vegetation.  The three indicators are as follows: 
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Indicator 1: Acres of tree clearing (trees greater than 9 years old) planned to occur between 
April 1 through September 30.  (This indicator focuses on impacts to individuals.) 
 
Indicator 2: Acres of tree clearing (trees greater than 9 years old) planned within suitable 
summer habitat. 
 
Indicator 3: Acres of tree clearing (trees greater than 9 years old) planned within 5 miles of 
hibernacula.  

Projects/Actions that Will Have No Effect or Are Not Likely to Adversely Affect the NLEB 
Actions that will have no effect on NLEB are those that involve no tree clearing and/or no 
removal of vegetation, and would not alter the suitability of any potential NLEB habitat, 
including known NLEB hibernacula or any cave habitats.  There will be no tree clearing within 5 
mi of known hibernacula (Indicator 3), so there will be no effects. 
 
Activities that may affect but are not likely to adversely affect NLEB include those occurring 
during the winter (October-March) that will not alter habitat to the extent that indirect adverse 
effects are likely to occur to NLEBs when they return to the affected area after hibernation; those 
taking place when bats are absent from summer roosting habitat; and those not affecting any 
known or suspected staging or swarming areas.  Based on these criteria, proposed tree clearing 
during the winter season, which will affect only small acreages of habitat scattered across most 
of the Forest, and brushing on pre-existing roadbeds without suitable summer roosting habitat are 
not likely to adversely affect NLEB. 
 
However, the BA’s description of proposed activities included various combinations of road use 
(temporary versus long-term/permanent), new versus pre-existing roadbeds affecting the degree 
of tree clearing, and timing of activities (winter versus summer), as well as associated timber 
harvest on state and county lands.  To avoid confusion in reporting the potential effects (not 
likely to affect versus likely to adversely affect) from each combination of activities and 
associated numbers of permits, acres, etc., we have consolidated all combinations as likely to 
adversely affect NLEB.  We recognize that some combinations may affect, but are not likely to 
adversely affect NLEB (e.g. tree clearing on <1 ac during winter) as mentioned above; however, 
the differences in potential insignificant versus adverse effects from the various combinations of 
activities and conditions across the Forest are small.  Thus, the maximum amount of tree removal 
reported in the BA is 41 acres for access roads (BA Table 3, p. 6) but potential adverse effects 
will occur on fewer acres than this amount on the Forest.  Associated timber harvest on state and 
county lands is approximately 1,746 ac, although some harvest will be conducted during winter 
which will reduce the level of potential adverse effects. 

Projects/Actions that Are Likely to Adversely Affect the NLEB 
Any tree removal activity that takes place in summer roosting habitat during the summer roosting 
period (April 1 to September 30) may affect and is likely to adversely affect the NLEB.  
However, tree removal activities, such as tree clearing for road access, are likely to adversely 
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affect the NLEB when they affect suitable summer roosting habitat, even when they occur 
outside of the summer roosting period (October 1 to March 31).  As mentioned above, we have 
consolidated all combinations of the 22 Special Use project activities as may affect, likely to 
adversely affect the NLEB, but recognize that potential adverse effects will occur on less than 
the Project total of 41 acres on the Forest and the approximately 1,746 acres of timber harvest on 
state and county lands. 
 
All tree removal activities in this Project have the potential to adversely affect NLEB roosting 
and/or foraging habitat.  The interim 4(d) rule (80 FR 17974) states that in areas affected by 
WNS, all incidental take prohibitions apply except that take attributable to forest management 
practices, maintenance and limited expansion of transportation and utility rights-of-way, removal 
of trees and brush to maintain prairie habitat, and limited tree removal projects shall be excepted 
from the take prohibition, provided these activities protect known maternity roosts and 
hibernacula. The proposed types of timber harvest, tree removal, and other associated activities 
are all included under the definition of forest management used for the rule, which states: 
“(F)orestry management is the practical application of biological, physical, quantitative, 
managerial, economic, social, and policy principles to the regeneration, management utilization 
and conservation of forests to meet specific goals and objectives (Society of American Foresters 
(SAF)(a), http://dictionaryofforestry.org/dict/term/forest_management). Forestry management 
includes the suite of activities used to maintain and manage forest ecosystems, including, but not 
limited to: timber harvest and other silvicultural treatments, prescribed burning, invasive species 
control, wildlife openings, and temporary roads.”  Therefore, all tree removal activities in this 
Project that may adversely affect NLEB are within the scope of activities covered by the interim 
4(d) rule.  Moreover, any incidental take that results from their implementation is exempt from 
the section 9 prohibitions as long as they include the interim 4(d) rule’s conservation measures. 
The Service concurs that these activities are likely to adversely affect the NLEB and the 
remainder of the BO will address these activities. 
 
The USFS included conservation measures to minimize potential adverse impacts of various 
activities as part of their project description.  The Service has analyzed the effects of the 
proposed actions considering that the projects will be implemented as proposed, which include 
the conservation measures listed below.   

Conservation Measures 
Conservation measures are those actions taken to benefit or promote the recovery of the species.  
These actions taken by the Federal agency that serve to minimize or compensate for project 
effects on the species under review and are included as an integral portion of the proposed 
action.   
 
To be in compliance with the interim 4(d) rule for northern long-eared bat, the USFS has 
committed to the following conservation measures as part of the Project description: 
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1) All proposed activities will occur more than 0.25 mile (0.4 km) from a known, occupied 
hibernaculum. 
 
2) The USFS will avoid cutting or destroying known, occupied roost trees during the pup 
season (June 1–July 31). 
 
3) The USFS will avoid clearcuts (and similar harvest methods, e.g., seed tree, shelterwood, 
and coppice) within 0.25 (0.4 km) mile of known, occupied roost trees during the pup season 
(June 1–July 31). 
 

In addition, the BA (p. 17) indicated that, “(I)f a bat roost is located at any time during 
operations, cease operations and notify the District Biologist for instructions on how to proceed.” 

STATUS OF THE SPECIES 
Refer to the final rule (80FR17974) for the best available information on NLEB life history and 
biology, threats, distribution, and overall status.  The following is summarized from that rule. 

Life History and Biology 
The NLEB is a temperate, insectivorous, migratory bat that hibernates in mines and caves in the 
winter and spends summers in wooded areas.  The key stages in its annual cycle are: hibernation, 
spring staging and migration, pregnancy, lactation, volancy/weaning, fall migration and 
swarming.  NLEB generally hibernate between mid-fall through mid-spring each year.  Spring 
migration period likely runs from mid-March to mid-May each year, with timing varying 
depending on the portion of the range.  Females depart shortly after emerging from hibernation 
and are pregnant when they reach their summer area. Parturition (birth) occurs in late May or 
early June (Caire et al. 1979, p. 406; Easterla 1968, p. 770; Whitaker and Mumford 2009, p. 213) 
but may occur as late as July (Whitaker and Mumford 2009, p. 213), with nursing continuing 
until weaning, which is shortly after young become volant in mid- to late-July.  Fall migration 
likely occurs between mid-August and mid-October.  
 

Summer habitat and ecology 
 
Suitable summer habitat1 for NLEB consists of a wide variety of forested/wooded habitats where 
they roost, forage, and travel and may also include some adjacent and interspersed non-forested 
habitats such as emergent wetlands and adjacent edges of agricultural fields, old fields and 
pastures. This includes forests and woodlots containing potential roosts, as well as linear features 
such as fencerows, riparian forests, and other wooded corridors.  These wooded areas may be 
dense or loose aggregates of trees with variable amounts of canopy closure.   
 

                                                 
1 See the Service’s current summer survey guidance for our latest definitions of suitable habitat: 
http://www.fws.gov/midwest/Endangered/mammals/inba/inbasummersurveyguidance.html.   

http://www.fws.gov/midwest/Endangered/mammals/inba/inbasummersurveyguidance.html
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Many species of bats, including the NLEB, consistently avoid foraging in or crossing large open 
areas, choosing instead to use tree-lined pathways or small openings (Patriquin and Barclay 
2003, Yates and Muzika 2006).  Further, wing morphology of the species suggests that they are 
adapted to moving in cluttered habitats.  Thus, isolated patches of forest may not be suitable for 
foraging or roosting unless the patches are connected by a wooded corridor.  
 
Upon emergence from the hibernacula in the spring, females seek suitable habitat for maternity 
colonies (typically consisting of females and young).  NLEB actively form colonies in the 
summer (Foster and Kurta 1999) and exhibit fission-fusion behavior (Garroway and Broders 
2007), where members frequently coalesce to form a group (fusion), but composition of the 
group is in flux, with individuals frequently departing to be solitary or to form smaller groups 
(fission) before returning to the main unit (Barclay and Kurta 2007).  As part of this behavior, 
NLEBs switch tree roosts often (Sasse and Pekins 1996), typically every 2 to 3 days (Foster and 
Kurta 1999; Owen et al. 2002; Carter and Feldhamer 2005; Timpone et al. 2010).  NLEB 
maternity colonies range widely in size, although a maximum of 30-60 individuals may be most 
common early in the season, with the colony size decreasing post-lactation of young (Service 
2014).  NLEB show some degree of interannual fidelity to single roost trees and/or maternity 
areas.  Male NLEB are routinely found with females and young in maternity colonies.  NLEB 
use networks of roost trees often centered around one or more central-node roost trees (Johnson 
et al. 2012).  NLEB roost networks also include multiple alternate roost trees and male and non-
reproductive female NLEB may also roost in cooler places, like caves and mines (Barbour and 
Davis 1969, Amelon and Burhans 2006).  
 
NLEB roost in cavities, underneath bark, crevices, or hollows of both live and dead trees and/or 
snags [typically ≥3 inches diameter at breast height (dbh)].  NLEB are known to use a wide 
variety of roost types, using tree species based on presence of cavities or crevices or presence of 
peeling bark.  NLEB have also been occasionally found roosting in structures like barns and 
sheds (particularly when suitable tree roosts are unavailable).   
 
Females give birth to a single offspring, typically in late-May or early June (Caire et al. 1979, p. 
406; Easterla 1968, p. 770; Whitaker and Mumford 2009, p. 213). Lactation then lasts 3 to 5 
weeks with pups typically becoming volant (able to fly) between early July and early August. 
 

Migration 
 
Males and non-reproductive females may summer near hibernacula, or migrate to summer 
habitat further from their hibernaculum. The northern long-eared bat is not considered to be a 
long distance migrant. It typically migrates 40-50 miles from hibernacula. Migration is an 
energetically demanding behavior for the northern long-eared bat, particularly in the spring when 
their fat reserves and food supplies are low and females are pregnant.  
 

Winter habitat and ecology 
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Suitable winter habitat (hibernacula) includes underground caves and cave-like structures (e.g. 
abandoned or active mines and railroad tunnels. Other landscape features that may also be used 
by NLEBs during the winter have yet to be documented. Generally, NLEBs remain at 
hibernacula from October to April, depending on local climate. In southern portions of the 
species’ range, they may be at hibernacula only from November to December; in some northern 
areas they may leave hibernacula for summer habitat between March and mid-May. 
 
Hibernacula for NLEBs typically have significant cracks and crevices for roosting; relatively 
constant, cool temperatures (0-9 degrees Celsius); high humidity; and, minimal air currents. 
Specific areas where they hibernate have very high humidity and droplets of water are often 
visible on their fur. Surveyors may find them in small crevices or cracks, often with only the 
nose and ears visible.  
 
NLEBs tend to roost singly or in small groups, with hibernating population sizes ranging from a 
just few individuals to around 1,000 (U.S. Fish and Wildlife Service 2014 and unpublished data). 
The northern long-eared bat exhibits more winter activity than other cave species; individuals 
often move between hibernacula throughout the winter (Griffin 1940, Whitaker and Rissler 1992, 
Caceres and Barclay 2000). Northern long-eared bats have shown a high degree of philopatry to 
the hibernacula used, returning to the same hibernacula every year. 
 

Spring Staging and Fall Swarming habitat and ecology 
 
Upon arrival at hibernacula in mid-August to mid-November, NLEB “swarm,” a behavior in 
which large numbers of bats fly in and out of cave entrances from dusk to dawn, while relatively 
few roost in caves during the day.  Swarming continues for several weeks and mating occurs 
during the latter part of the period.  After mating, females begin hibernation. Most bats of both 
sexes hibernate by the end of November (by mid-October in northern areas). 
 
After hibernation ends in late March or early April (as late as May in some northern areas), most 
NLEB migrate to summer roosts.  Females emerge from hibernation before males.  
Reproductively active females store sperm from autumn copulations through winter and 
ovulation takes place after the bats emerge from hibernation in spring.  The period after 
hibernation and just before spring migration is typically referred to as “staging,” a time when 
bats forage and a limited amount of mating occurs.  This period can be as short as a day for an 
individual, but not all bats emerge on the same day.   
 
In general, NLEB use roosts in the spring and fall similar to those selected during the summer.  
Suitable spring staging and fall swarming habitat is typically within 5 miles of a hibernaculum 
and consists of forested habitats similar to where they may roost, forage, and travel. This 
includes forested patches and linear features such as fencerows, riparian forests and other 
wooded corridors. These wooded areas may be comprised of dense or loose aggregates of trees 
with variable amounts of canopy closure. Isolated trees are considered suitable habitat when they 
exhibit the characteristics of a suitable roost tree and are less than 1,000 feet from the next 
nearest suitable roost tree, woodlot, or wooded fencerow. 
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Threats 
No other threat is as severe and immediate for the NLEB as the disease white-nose syndrome 
(WNS).  It is unlikely that NLEB populations would be declining so dramatically without the 
impact of WNS.  Since the disease was first observed in New York in 2007 (later biologists 
found evidence from 2006 photographs), WNS has spread rapidly in bat populations from the 
Northeast to the Midwest and the Southeast.  Population numbers of NLEB have declined by 99 
percent in the Northeast, which along with Canada, has been considered the core of the species’ 
range.  Although there is uncertainty about how quickly WNS will spread through the remaining 
portions of these species’ ranges, it is expected to spread throughout their entire ranges.  In 
general, the Service believes that WNS has significantly reduced the redundancy and resiliency 
of the NLEB. 
 
Although significant NLEB population declines have only been documented due to the spread of 
WNS, other sources of mortality could further diminish the species’ ability to persist as it 
experiences ongoing dramatic declines.  Specifically, declines due to WNS have significantly 
reduced the number and size of NLEB populations in some areas of its range.  This has reduced 
these populations to the extent that they may be increasingly vulnerable to other stressors that 
they may have previously had the ability to withstand.  These impacts could potentially be seen 
on two levels.  First, individual NLEB sickened or struggling with infection by WNS may be less 
able to survive other stressors.  Second, NLEB populations impacted by WNS, with smaller 
numbers and reduced fitness among individuals, may be less able to recover making them more 
prone to extirpation.  The status and potential for these impacts will vary across the range of the 
species.  
 
Bats affected but not killed by WNS during hibernation may be weakened by the effects of the 
disease and may have extremely reduced fat reserves and damaged wing membranes.  These 
effects may reduce their capability to fly or to survive long-distance migrations to summer 
roosting or maternity areas.   
 
In areas where WNS is present, there are additional energetic demands for NLEBs.  For example, 
WNS-affected bats have less fat reserves than non-WNS-affected bats when they emerge from 
hibernation (Reeder et al. 2012; Warnecke et al. 2012) and have wing damage (Meteyer et al. 
2009; Reichard and Kunz 2009) that makes migration and foraging more challenging.  Females 
that survive the migration to their summer habitat must partition energy resources between 
foraging, keeping warm, successful pregnancy and pup-rearing, and healing and may experience 
reduced reproductive success.  In addition, with wing damage, there may be an increased chance 
of WNS-affected bats being killed or harmed as a result of proposed actions.  Again, this is 
particularly likely if timber harvest or burns are conducted early in the spring (April – May) 
when bats have just returned, have damaged wings, and are exposed to colder temperatures when 
torpor is used more frequently.   
 
Over the long-term, sustainable forestry benefits NLEB by maintaining suitable habitat across a 
mosaic of forest treatments.  However, forest practices can have a variety of impacts on the 
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NLEB depending on the quality, amount, and location of the lost habitat, and the time of year of 
clearing.  Depending on their characteristics and location, forested areas can function as summer 
maternity habitat, staging and swarming habitat, migration or foraging habitat, or sometimes, 
combinations of more than one habitat type.  Impacts from tree removal to individuals or 
colonies would be expected to range from indirect impact (e.g., minor amounts of forest removal 
in areas outside NLEB summer home ranges or away from hibernacula) to minor (e.g., largely 
forested areas, areas with robust NLEB populations) to significant (e.g., removal of a large 
percentage of summer home range, highly fragmented landscapes, areas with WNS impacts).   
 
Lastly, there is growing concern that bats, including the NLEB (and other bat species) may be 
threatened by the recent surge in construction and operation of wind turbines across the species’ 
range.  Mortality of NLEB has been documented at multiple operating wind turbines/farms.  The 
Service is now working with wind farm operators to avoid and minimize incidental take of bats 
and assess the magnitude of the threat. 

Rangewide Status 
The NLEB ranges across much of the eastern and north central United States, and all Canadian 
provinces west to the southern Yukon Territory and eastern British Columbia (Nagorsen and 
Brigham 1993; Caceres and Pybus 1997; Environment Yukon 2011) (Figure 1).  In the United 
States, the species’ range reaches from Maine west to Montana, south to eastern Kansas, eastern 
Oklahoma, Arkansas, and east through the Gulf States to the Atlantic Coast (Whitaker and 
Hamilton 1998; Caceres and Barclay 2000; Amelon and Burhans 2006).  The species’ range 
includes the following 37 states (plus the District of Columbia): Alabama, Arkansas, 
Connecticut, Delaware, Georgia, Illinois, Indiana, Iowa,  Kansas, Kentucky, Louisiana, Maine, 
Maryland, Massachusetts, Michigan, Minnesota, Mississippi, Missouri, Montana, Nebraska, 
New Hampshire, New Jersey, New York, North Carolina, North Dakota, Ohio, Oklahoma, 
Pennsylvania, Rhode Island, South Carolina, South Dakota, Tennessee, Vermont, Virginia, West 
Virginia, Wisconsin, and Wyoming.  Historically, the species has been most frequently observed 
in the northeastern United States and in Canadian Provinces, Quebec and Ontario, with sightings 
increasing during swarming and hibernation (Caceres and Barclay 2000).  However, throughout 
the majority of the species’ range it is patchily distributed, and historically was less common in 
the southern and western portions of the range than in the northern portion of the range (Amelon 
and Burhans 2006). 
 
Although they are typically found in low numbers in inconspicuous roosts, most records of 
NLEB are from winter hibernacula surveys (Caceres and Pybus 1997).  More than 780 
hibernacula have been identified throughout the species’ range in the United States, although 
many hibernacula contain only a few (1 to 3) individuals (Whitaker and Hamilton 1998). Known 
hibernacula (sites with one or more winter records of NLEBs) include: Alabama (2), Arkansas 
(41), Connecticut (8), Delaware (2), Georgia (3), Illinois (21), Indiana (25), Kentucky (119), 
Maine (3), Maryland (8), Massachusetts (7), Michigan (103), Minnesota (15), Missouri (more 
than 269), Nebraska (2), New Hampshire (11), New Jersey (7), New York (90), North Carolina 
(22), Oklahoma (9), Ohio (7), Pennsylvania (112), South Carolina (2), South Dakota (21), 
Tennessee (58), Vermont (16), Virginia (8), West Virginia (104), and Wisconsin (67).  NLEB 
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are documented in hibernacula in 29 of the 37 states in the species’ range.  Other states within 
the species’ range have no known hibernacula (due to no suitable hibernacula present, lack of 
survey effort, or existence of unknown retreats).   
 

 
Figure 1.  Northern long-eared bat range. 
 
The current range and distribution of NLEB must be described and understood within the context 
of the impacts of WNS.  Prior to the onset of WNS, the best available information on NLEB 
came primarily from surveys (mostly focused on Indiana bat or other bat species) and some 
targeted research projects.  In these efforts, NLEB was very frequently encountered and was 
considered the most common myotid bat in many areas.  Overall, the species was considered to 
be widespread and abundant throughout its historic range (Caceres and Barclay 2000).   
 
WNS has been particularly devastating for NLEB in the northeast, where the species was 
believed to be the most abundant.  There are data supporting substantial declines in NLEB 
populations in portions of the Midwest due to WNS.  In addition, WNS has been documented at 
more than 100 NLEB hibernacula in the southeast, with apparent population declines at most 
sites.  WNS has not been found in any of the western states to date and the species is considered 
rarer in the western extremes of its range.  We expect further declines as the disease continues to 
spread across the species’ range. 
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Status of the Northern Long-eared Bat in Minnesota 
Prior to 2014, there was little information on NLEB summer populations in the state.  In 2014, 
passive acoustic surveys conducted at a new proposed mining area in central St. Louis County 
detected the presence of NLEB at each of 13 sites sampled.  Calls that were assigned to NLEB 
accounted for approximately 14 percent of all recorded bat calls (Smith et al. 2014).  Acoustic 
and mist-net data were collected by a pipeline project proponent in 2014, which surveyed an 
approximately 125-ft-wide and 300-mile-long corridor through the northern third of the state.  
Positive detections were recorded in Hubbard, Cass, Crow Wing, Aitkin, and Carlton Counties, 
and NLEBs were the most common species captured by mist-net (Merjent 2014).  In 2015, on-
going mist-net surveys at Camp Ripley Training Center, Morrison County, resulted in capture of 
7 NLEB (15 percent of total captures); mist-net surveys on the Superior National Forest resulted 
in the capture of 45 NLEBs (59 percent of total captures) and on the Chippewa National Forest 
resulted in capture of 20 NLEBs (34 percent of total captures) (Swingen et al. 2015). 
 
The NLEB is known from 15 hibernacula in Minnesota; however, the status of most is unknown.  
An estimated 3,000 NLEB are thought to hibernate within the largest known hibernaculum in 
Minnesota, the Soudan Mine in St. Louis County.  WNS has not been detected in Minnesota; 
however, the fungus that causes WNS was detected in 2011–2012.  Currently, only Soudan Mine 
and Mystery Cave in Minnesota are known to harbor the fungus that causes WNS and to our 
knowledge, the fungus has not actually caused WNS in bats within the state.   

Critical Habitat 
Critical habitat has not been proposed for the NLEB.   

Conservation Needs of the Species 
The species’ conservation needs define what is needed in terms of reproduction, numbers, and 
distribution to ensure the species is no longer in danger of extinction.  The conservation needs 
should be defined in the species’ recovery outline or plan.  Since there is no recovery plan or 
recovery outline available at this time, we will outline the conservation needs based on our 
current understanding of the species.    
 
We find that the primary conservation need of the NLEB is to reduce the threat of WNS.   This 
includes minimizing mortality in WNS-affected areas and slowing the rate of spread into 
currently unaffected areas.  In addition, NLEB that continue to exist within WNS-affected areas 
need to be able to continue to survive and reproduce in order to stabilize and/or increase the 
populations.  This can be done by reducing the other threats to the species, as listed above.   
Therefore, efforts to protect hibernacula from disturbances need to continue.  These should 
include restricting human access to hibernacula particularly during the hibernation period, 
constructing/installing suitably designed gates where appropriate and maintaining the gates, and 
restoring microhabitat conditions in hibernacula that have been altered.  Efforts should also be 
made to protect and restore (in some cases) adequate fall swarming habitat around hibernacula.  
Known maternity habitat should be maintained, and the removal of known roost trees, 
particularly when pregnant females and/or young are present should be reduced.   Research to 
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identify important hibernacula and summer areas and to delineate the migratory relationship 
between summering and wintering populations should also be pursued. 

ENVIRONMENTAL BASELINE 
The Environmental Baseline analyzes the effects of past and ongoing human and natural factors 
leading to the current status of the species, its habitat, and the ecosystem within the action area.  

Action Area 
Action area, as defined by the ESA’s implementing regulations (50 CFR 402.02), is defined as 
all areas to be affected directly or indirectly by the Federal action and not merely the immediate 
area involved in the action.  Action is defined in the regulations as “…all activities or programs 
of any kind authorized, funded, or carried out, in whole or in part, by Federal agencies in the 
United States or upon the high seas. Examples include, but are not limited to: (a) actions 
intended to conserve listed species or their habitat; (b) the promulgation of regulations; (c) the 
granting of licenses, contracts, leases, easements, rights-of-way, permits, or grants-in-aid; or (d) 
actions directly or indirectly causing modifications to the land, water, or air.   
 
For the SNF’s Project, the area where “land, water, or air” that is likely to be affected is land 
administered by the USFS where tree removal and associated actions authorized by the Forest 
would occur. The activities considered in this BO are dispersed throughout four of the five 
Ranger Districts in the SNF; therefore, we consider the lands within the SNF’s Gunflint, 
Laurentian, Kawishiwi, and Tofte Ranger Districts’ boundary as the action area.  However, 
because most of the NLEB habitat information in the BA is reported for the entire Forest rather 
than by individual districts, we rely on the forest-wide information.  The entire Forest boundary 
encompasses over 3 million acres (includes federal, state, county, and other ownerships), of 
which 445,000 acres are water. 

Status of the Species in the Forest, including the Action Area 
The SNF initiated annual acoustic monitoring in 2009.  From 2013 to 2015, mist-netting, radio-
telemetry, habitat characterization, and acoustic survey efforts have been completed and while 
the sample size is still small, available data are providing insights into bat presence and 
reproductive female NLEB habitat use.  Acoustic monitoring data will be used to identify 
baseline bat activity levels and observe how those levels may change in response to WNS, but 
completed data analyses are not expected until late 2015.  In 2013, 34 bats were captured at eight 
locations, of which 13 were NLEB; in 2014, 44 bats were captured at 5 sites on the SNF, of 
which 24 were NLEB; and in 2015, 76 bats were captured at 10 locations, of which 45 were 
NLEB.  Both reproductive adults and non-reproductive juveniles have been captured and 5 
reproductive female NLEB in 2013 and 10 reproductive female NLEB in 2014 were equipped 
with radio-transmitters, which resulted in subsequent detections of multiple maternity roost sites.  
In 2013, three maternity roosts were identified in live aspen and four additional maternity roosts 
were in dead aspen and white pine. In 2014, 14 maternity roosts were in aspen (13 live and 1 
dead), 2 in live red maple, 1 in live black ash and 1 in an unknown snag.  In 2015, 7 transmitters 
were deployed on adult female bats (6 NLEB) on the Forest, resulting in identification of 21 
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roost trees, with the most common being trembling aspen (Populus tremuloides; 10) and red 
maple (Acer rubrum; 4) (Swingen et al. 2015). 
 
Other results of mist-net surveys conducted in 2013 and 2014 in Minnesota have found a range 
of relative abundance for NLEB.  Based on the frequency and proximity to SNF of positive 
NLEB detections in Minnesota and the prevalence of suitable habitat for the species on the SNF, 
it is reasonable to assume that the species may be widespread in the action area.  Because survey 
data analyses are not yet complete, we cannot estimate roost tree density or the proportion of the 
SNF that is inhabited by NLEB within a useful level of precision.  The SNF is also working with 
the Minnesota Department of Natural Resources, the Chippewa National Forest, and the Service 
to increase our collective knowledge of NLEB distribution and habitat use in northern 
Minnesota.   

Habitat Conditions in the Forest, including the Action Area 
The SNF assumes that forest comprised primarily of trees greater than 9 years old functions as 
suitable summer habitat for the NLEB in the action area.  This type of habitat is abundant and 
well distributed across the SNF on public lands (federal, state and county; see Table 5 in the 
BA).  The NLEB typically uses summer habitats between early April and late September 
(Nordquist 2015).  On the SNF, suitable summer habitat for the NLEB is distributed among 
several forest types, but is mostly comprised of hardwood forest types, especially aspen/birch 
forest (see Table 6 in the BA). 
 
A pilot study initiated by the SNF in 2013 confirmed that northern long-eared bats utilize cracks 
and crevices in live and dead aspen (Populus tremuloides), live maple (Acer rubrum),  live black 
ash (Fraxinus nigra) and white pine (Pinus strobus) (Grandmaison et al. 2013).  Seven maternity 
roost trees were located in 2013 and 18 in 2014 on the SNF.  Live aspen were the predominant 
trees used, ranging in size from 9-18 inches dbh (Catton 2014).  Data from this study should be 
considered preliminary as the study continues, but thus far has confirmed the following: 
maternity roost trees were large (dbh > 11 in.) with heights ranging from 23.5 – 70.6 feet; canopy 
closure in the stands around roost trees was high (62 – 98%), although maternity roost trees had 
some level of exposure to sunlight during the day.  In 2014, lactating females were found 
between mid-June and early July (Catton 2014).   
 
There are four known or suspected NLEB hibernacula within 5 miles of the SNF.  Section 30 
Mine is located on private land just outside of Ely, Minnesota and NLEBs were documented 
wintering in this site in the 1990’s.  The mine is not monitored on a regular basis.  Sudan Mine, 
the largest known hibernaculum in the state, is located approximately 5 miles outside the SNF 
boundary.  A third known hibernaculum is located at Tettegouche State Park and is located 
approximately 4 miles outside of the SNF boundary - about 9 miles from the nearest USFS lands 
- and this site is also not regularly monitored but was known to house wintering NLEBs in 1990 
and 2003.  The fourth site is the Jack Lake mine, located within the Boundary Waters Canoe 
Areas Wilderness on the Tofte Ranger District.  This is a suspected hibernaculum and has never 
been monitored in the winter for bats: however during a SNF site visit in September 2014, bats 
were found using it. 
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The Forest also contains a small amount of swarming and staging area.  A total of 15,150 acres 
of National Forest lands meet the criteria for swarming or staging areas (1.3% of the Superior 
National Forest).  Fall swarming dates at Soudan mine, one of the hibernacula near the Forest, 
have been documented as early August to mid-October and spring staging activity has been 
documented from late April to mid-June (Nordquist 2015). 

Conservation Needs of the Species in the Action Area 
The conservation needs of the species in the action area are similar to the needs rangewide.  The 
SNF provides habitat for summering, migrating, staging and swarming NLEBs.  Therefore, 
within the action area the conservation needs include: 1) providing suitable habitat conditions for 
foraging and roosting by the NLEB; 2) reducing the removal of roost trees; 3) searching for 
previously unidentified areas of maternity and hibernation activity; and, 4) conducting research 
to understand the migration patterns of the NLEB that use the area during the summer; during 
spring and fall staging and swarming periods; and, if hibernacula are found in the action area, 
during winter.  
 
The BA indicated that the Forest has initiated NLEB acoustic monitoring routes to identify 
baseline bat activity levels and observe how those levels change over time.  Results of those 
studies were summarized briefly (see the previous section).  The Forest is also working in 
partnership with the Minnesota Department of Natural Resources, the Chippewa National Forest, 
and the Service to further their knowledge of NLEB distribution and habitat use in northern 
Minnesota.  These measures, in addition to the continued implementation of conservation 
measures required under the Forest Plan, will contribute to conservation needs of the NLEB in 
general and within the action area.  

EFFECTS OF THE ACTION 
This BO evaluates the anticipated effects of 22 Special Use road permit projects proposed within 
four Ranger Districts on the Superior National Forest.  These projects will affect up to 41 acres 
of potential NLEB habitat on the Forest.  Potential effects to the NLEB include direct and 
indirect effects.  Direct effects occur when bats are present while the activities are being 
conducted; indirect effects occur later in time.  Effects will vary based on the type of the 
proposed activity.  Potential effects from timber harvest on state and county lands are addressed 
in the Cumulative Effects section. 
 
Our analysis of effects for NLEB entails: (1) evaluating individual NLEB exposure to action-
related stressors and the bats’ likely responses; (2) integrating those individual effects (exposure 
risk and subsequent response) to discern the consequences to the populations to which those 
individuals belong; and (3) determining the consequences of any population-level effects to the 
species rangewide.  If we find that the actions are unlikely to affect the rangewide numbers, 
reproduction, and distribution of the species in a way that can be measured or described, we 
conclude that the agency’s actions are not likely to jeopardize the continued existence of the 
species.    
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Effects to Hibernating Bats at or Near Hibernacula  
As previously mentioned, there will be no effects to hibernating bats at or near hibernacula.  

Effects to Bats during Spring/Summer and/or to Spring/Summer Habitat 
Tree Removal Associated with Road Construction and Other Activities 

 
Tree clearing and removal will occur as a result of temporary and long-term/permanent road 
construction.  Tree removal activities for road access will take place on no more than 41 ac of 
suitable summer habitat during the period when NLEB may be present.  We assume the tree 
clearing will be similar to linear clear-cuts in some cases and single tree selection in others, 
depending on roadbed conditions.  Tree removal for individual access roads will range in size 
from 0.14 to 3.76 ac – areas that are small in extent.  Within the areas affected by these activities, 
NLEBs are likely to be harmed, harassed, or killed as a result of tree removal during the spring to 
early fall roosting period, April 1 to September 30.  Some tree removal will take place in suitable 
summer habitat outside of this period and will result in only indirect effects to NLEB. 
    

Death/Injury 
 
Risk of death or injury of individual NLEB from tree removal varies depending on the timing of 
activities, their location, and extent of the area affected.  In the BA, the Forest assumed that tree 
clearing that occurs between April 1 and September 30 in habitat comprised of trees greater than 
nine-years old could result in direct impacts to NLEB. 
 
The timing of forest management activities greatly influences the likelihood of exposure and the 
extent of impacts on individual bats and their populations.  Female NLEB typically roost 
colonially, with their largest population counts occurring in the spring or early summer, 
presumably as one way to reduce thermal costs for individual bats (Foster and Kurta 1999).  
Although bats may flee their roosts during tree removal, removal of occupied roosts during the 
active season while bats are present (spring through fall) is likely to cause injury or mortality to 
some roosting bats.  Bats are likely to be injured or killed as a result of tree felling in the spring 
when bats often use torpor (temporary unresponsive state) to survive periods of cool weather and 
low prey availability.  Bats are also likely to be killed or injured during early to mid-summer 
(approximately June-July) when flightless pups or inexperienced flying juveniles are present.  
Removal of trees outside these periods is less likely to result in direct injury or mortality when 
the majority of bats can fly and are more dispersed. 
 
Lastly, the likelihood and extent of impacts are influenced by the amount of tree removal relative 
to the amount of remaining suitable roosting and foraging habitat from which affected bats may 
select.  NLEBs use multiple roosts throughout the season.  Therefore, only a certain number of 
roosts are anticipated to be occupied in a single day or year.  Larger areas of tree removal have 
greater risk than when smaller areas are affected. 
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No more than 41 ac will be affected by tree clearing and some will occur only outside of the 
summer roosting period.  No direct effects to the NLEB will occur in these areas because the 
species will not be present during tree removal.  In the remaining areas, however, the NLEB 
could be adversely affected as a result of the significant alteration of habitat (this type of effect is 
described in the following sub-section).   

  
NLEBs could be harmed, harassed, or killed as a result of tree removal activities that take place 
when the species is present in summer roosting habitat.  The NLEB will only be exposed to these 
types of adverse effects on no more than 41 ac with the action area.  Effects will not occur 
simultaneously across the action area, but will instead occur over an approximately 5-year time 
period.  NLEB habitat is abundant and well distributed throughout the Forest and there will be 
large areas of intact forested habitat adjacent to or near each access road area.  There are 
2,650,931 acres of potential NLEB habitat on the entire Forest, including the action area, of 
which 2,434,526 acres (92 percent) are currently considered suitable for NLEB use during the 
summer roosting period.  Excluding the Boundary Waters Canoe Area Wilderness, there are 1.23 
million ac of NLEB habitat on the Forest, of which 1.19 million ac are currently suitable for 
NLEB.  
 

Response to Removal or Alteration of Roosting/Foraging Habitat 
 
Tree removal will occur on no more than 41 ac, which is a small area relative to available NLEB 
habitat.  However, adverse effects to NLEB from habitat alteration (primarily tree removals 
equivalent to clearcuts) are still possible.  The best available data indicate that the NLEB shows a 
varied degree of sensitivity to timber harvesting practices (Menzel et al. 2002, Owen et al. 2002).  
In central Arkansas, the three classes of mixed pine-hardwood forest that supported the majority 
of the roosts were partially harvested or thinned, unharvested (50–99 years old), and group 
selection harvest (Perry and Thill 2007).  Forest size and continuity are also factors that define 
the quality of habitat for roost sites for NLEB.  Lacki and Schwierjohann (2001) stated that 
silvicultural practices could meet both male and female roosting requirements by maintaining 
large-diameter snags, while allowing for regeneration of forests.   
 
In addition to impacts on roost sites, timber harvest practices can also affect foraging and 
traveling habitat, and thus, NLEB fitness.  In southeastern Missouri, the NLEB showed a 
preference for contiguous tracts of forest cover (rather than fragmented or wide open landscapes) 
for foraging or traveling, and different forest types (rather than monoculture) interspersed on the 
landscape increased likelihood of occupancy (Yates and Muzika 2006).  Similarly, in West 
Virginia, female NLEBs spent most of their time foraging or travelling in intact forest, diameter-
limit harvests (70–90 year-old stands with 30–40 percent of basal area removed in the past 10 
years), and road corridors, with no use of deferment harvests (similar to clearcutting) (Owen et 
al. 2003).  In Alberta, Canada NLEB avoided the center of clearcuts and foraged more in intact 
forest than expected (Patriquin and Barclay 2003).  On Prince Edward Island, Canada, female 
NLEBs preferred forested areas more than open areas, with foraging areas centered along forest-
covered creeks (Henderson and Broders 2008).  In general, NLEBs prefer intact mixed-type 
forests with small gaps (i.e., forest trails, small roads, or forest covered creeks) in forests with 
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sparse or medium vegetation for foraging and traveling, rather than fragmented habitat or areas 
that have been clearcut.  
 
Sustainable timber harvest activities do not typically lead to permanent losses of suitable 
roosting, foraging, or traveling habitat for NLEB.  On the contrary, sustainable timber harvest 
activities are compatible with the long-term maintenance of suitable forested habitat for the 
species.  Many sustainable timber harvest practices will result in little change in terms of the 
amount or quality of roosting or foraging habitat for NLEB.  For example, selective harvest 
regimes are not anticipated to result in alterations of forest to the point where NLEB would be 
expected to significantly alter their normal behaviors within the affected areas.  The treatment 
areas will still be forested with only small openings left by the harvest treatment.  Similarly, 
small patch cuts, wildlife openings, and forest roads would be expected to serve as foraging areas 
or travel corridors and not as barriers to movement.  Therefore, the only impacts of concern from 
many forest treatments are the potential for death or injury during active season tree removal. 
 
However, localized long-term reductions in suitable roosting and/or foraging habitat can occur 
from various forest practices.  For example, large clearcuts (that remove a large portion of a 
known or assumed home range) would result in a temporary “loss” of forest for NLEB.  In these 
cases, “temporary” would be for many years (amount of time to reproduce suitable 
roosting/foraging habitat; approximately 9 years on the SNF).  Foraging would be possible prior 
to roosting depending on the juxtaposition of cuts to other forest regimes. 
 
As stated above, NLEB have been found in forests that have been managed to varying degrees 
and as long as there is sufficient suitable roosting and foraging habitat within their home range 
and travel corridors between those areas, we would expect NLEB colonies to persist in managed 
landscapes.   
 
In addition to the type of timber harvest, the extent of impact from timber harvest-related habitat 
modifications is influenced by the amount of suitable habitat available within and nearby NLEB 
home ranges.   Some portions of the NLEB’s range are more forested than others.  In areas with 
little forest or highly fragmented forests (e.g., western U.S. edge of the range, central 
Midwestern states; see Figure 1), impact of forest loss would be disproportionately greater than 
similar sized losses in heavily forested areas (e.g., Appalachians and northern forests).  Also, the 
impact of habitat loss within a NLEB’s home range is expected to vary depending on the scope 
of removal.  Silvis et al. (2014) modeled roost loss of NLEBs and Silvis et al. (2015) removed 
known NLEB roosts during the winter in the field to determine how this would impact the 
species.  Once removals totaled 20–30 percent of known roosts, a single maternity colony 
network started showing patterns of break-up.  As explained in the Status of Species section, 
sociality is hypothesized to increase reproductive success (Silvis et al. 2014); thus, smaller 
colonies are expected to have lower reproductive success. 
 
Clearcutting and similar harvest methods that result in low density of potential roost trees may 
prompt the need for longer flights and increased energetic demands by NLEB at a time when 
they may already be energetically challenged.  NLEB emerge from hibernation with their lowest 
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annual fat reserves and soon thereafter must return to their summer home ranges.  The spring 
staging period precedes migration to summer habitats.  During this period, NLEB remain near 
hibernacula.  They feed and reenter hibernacula daily, where they enter torpor to minimize 
energy loss during the day.  Individuals may increase fat reserves during this period, but are 
unlikely to regain the large amounts of fat lost during hibernation.   
 
For several reasons, winter tree harvest that substantially alters summer roosting habitat for 
NLEB could result in adverse effects to affected individuals.  NLEBs have summer home range 
fidelity (Foster and Kurta 1999; Patriquin et al. 2010; Broders et al. 2013).  Activities that take 
place during the winter that render summer habitats unsuitable may force NLEB to rely on low 
energy reserves to find new roosts or foraging areas.  This may put additional stress on females 
that are often pregnant.  Hibernation and reproduction are the most energetically demanding 
periods for temperate-zone bats, including the NLEB (Broders et al. 2013).  Bats may reduce 
metabolic costs of foraging by concentrating efforts in areas of known high prey profitability, a 
benefit that could result from the bat’s local roosting and home range knowledge and site fidelity 
(Broders et al. 2013).  Cool spring temperatures provide an additional energetic demand, as bats 
need to stay sufficiently warm or enter torpor (state of mental or physical inactivity).  Entering 
torpor comes at a cost of delayed parturition, which may affect the fitness of yearling NLEB.  
Bats born earlier in the year have a greater chance of surviving their first winter and breeding in 
their first year of life (Frick et al. 2009).  Delayed parturition may also be costly because young 
of the year and adult females would have less time to prepare for hibernation (Broders et al. 
2013).  Female NLEB typically roost colonially, with their largest population counts occurring in 
the spring or early summer, presumably as one way to reduce thermal costs for individual bats 
(Foster and Kurta 1999).  Therefore, similar to other temperate bats, NLEB have multiple high 
metabolic demands (particularly in spring) and must have sufficient suitable roosting and 
foraging habitat available in relatively close proximity to allow for successful reproduction. 
 
In summary, tree clearing and removal associated with access road construction could have both 
adverse and beneficial effects on habitat suitability for the NLEB.  The 41 acres of habitat that 
will be affected by these activities are scattered throughout the action area and will occur over a 
5-year period.  There will be large amounts of unaffected, intact forested habitat adjacent to or 
near the access roads throughout this period.  In addition, the potential for direct effects from tree 
removal will be minimized by temporal restrictions (winter harvest only).  Winter harvest may 
still result in adverse effects when tree densities are reduced to a level that decreases their 
suitability as summer habitat, but winter harvest has the advantage of avoiding direct mortality to 
roosting bats.  While many of these temporary access roads may be re-opened in the future (and 
the remaining access roads will be long-term or permanent), we conclude that the overall habitat 
suitability or availability for NLEB foraging and roosting within the action area should be 
minimally affected by proposed tree clearing and removal activities.   
 

Effects from Noise, Disturbance 
 
Noise and vibration and general human disturbance are stressors that may disrupt normal 
feeding, sheltering, and breeding activities of the NLEB.  Many activities may result in increased 
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noise/vibration/disturbance that may result in effects to bats.  Bats may be exposed to 
noise/vibration/disturbance from various USFS activities near their roosting, foraging, or 
swarming areas.   
 
Significant changes in noise levels in an area may result in temporary to permanent alteration of 
bat behaviors.  The novelty of these noises and their relative volume levels will likely dictate the 
range of responses from individuals or colonies of bats.  At low noise levels (or farther 
distances), bats initially may be startled, but they would likely habituate to the low background 
noise levels. At closer range and louder noise levels (particularly if accompanied by physical 
vibrations from heavy machinery and the crashing of falling trees) many bats would probably be 
startled to the point of fleeing from their day-time roosts.  For projects with noise levels greater 
than usually experienced by bats, and that continue for multiple days, the bats roosting within or 
close to these areas are likely to shift their focal roosting areas further away or may temporarily 
abandon these roosting areas completely.  
 
There is limited literature available regarding impacts from noise (outside of road/traffic) on 
bats.  Gardner et al. (1991) had evidence that an NLEB conspecific, Indiana bat, continued to 
roost and forage in an area with active timber harvest.  Also see the timber harvest section above 
regarding other similar studies for NLEB.  They suggested that noise and exhaust emissions from 
machinery could possibly disturb colonies of roosting bats, but such disturbances would have to 
be severe to cause roost abandonment.  Callahan (1993) noted that the likely cause of the bats in 
his study area abandoning a primary roost tree was disturbance from a bulldozer clearing brush 
adjacent to the tree.  However, his last exit count at this roost was conducted 18 days prior to the 
exit count of zero.  Indiana bats have also been documented roosting within approximately 300 
meters of a busy state route adjacent to Fort Drum Military Installation (Fort Drum) and 
immediately adjacent to housing areas and construction activities on Fort Drum (US Army 
2014).  Bats roosting or foraging in all of the examples above have likely become habituated to 
the noise/vibration/disturbance.  Novel noises would be expected to result in some changes to bat 
behaviors.   
 
In summary, NLEB currently present in the forest are expected to be tolerant to a certain degree 
of existing (prior to initiation of proposed activities) noise, vibration, and disturbance levels.  
However, temporary and novel noise/vibration/disturbance associated with heavy equipment 
operation and tree cutting may result in responses by bats that are roosting or foraging in these 
areas. We expect that affected bats are likely to shift their focal roosting areas further away or 
may temporarily abandon these roosting areas completely.  

Cumulative Effects 
Cumulative effects include the effects of future state, tribal, local or private actions that are 
reasonably certain to occur in the action area considered in this biological opinion.  Future 
federal actions that are unrelated to the proposed action are not considered in this section because 
they require separate consultation pursuant to section 7 of the ESA.  Any actions conducted on 
Superior National Forest lands will either be conducted by the USFS, or will require approval by 
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the USFS and thus will require separate section 7 consultation.  Therefore, cumulative effects, as 
defined in the ESA, are not expected to occur on their Forest lands.   
 
The BA indicated that 19 special use permits for access roads will be associated with up to 1,746 
ac of timber harvest on state and county lands, in units ranging from 12 to 176 ac.  At least 511 
ac of 1,746 ac will be winter harvest only; however, suitable summer habitat will still be 
impacted indirectly.  Harvest on the remaining 1,235 ac may occur during the summer roosting 
period resulting in direct effects to NLEB and their habitat.  Harvest on state and county lands 
may alter available NLEB summer roosting habitat and also result in death, harm, and 
harassment of individual NLEBs.  Based on the same rationale discussed above on federal lands 
and because NLEB habitat is abundant and well distributed within the action area, we anticipate 
that state and county harvest activities will result in minimal cumulative effects to the status of 
the species and its habitat in the action area. 

Summary of Effects 
Impacts to Individuals 

 
Potential effects of the action include indirect effects as a result of changes in habitat suitability 
and direct effects to NLEB present within the action area when activities are being conducted.  
Tree removal for access roads on Forest lands and state/county timber harvest activities may 
indirectly affect NLEB habitat suitability.  Direct effects to NLEB include mortality, injury, 
harm, or harassment as a result of removal of roost trees, noise, and general human presence.   
 
Some of the actions proposed are likely to cause direct adverse effects to individual NLEBs.  The 
potential for direct effects from timber harvest and other tree clearing activities and associated 
noise and disturbance is greatest during spring and summer (mid-April through July) when bats 
return from hibernation, spring temperatures result in periodic use of torpor, and non-volant 
young may be present.  In addition, bats impacted by WNS have additional energetic demands 
and reduced flight capability.  WNS has not been detected in Minnesota; however, the fungus 
that causes WNS was first detected in 2011–2012. The Forest’s conservation measures will 
reduce the potential for direct effects to the NLEB.   
 
Indirect effects from the action may result from habitat modification and primarily involve 
changes to roosting and foraging suitability.  Tree clearing associated with access roads and 
state/county timber harvests could have both adverse and beneficial effects on habitat suitability 
for the NLEB.  Given the scope of the projects in relation to the overall action area, these special 
use permits for temporary and long-term/permanent access roads and associated timber harvests 
projects will not substantially alter the overall availability or suitability of NLEB roosting or 
foraging habitat in the action area.   
 
While none of the USFS’s proposed actions will alter the amount or extent of mortality or harm 
to NLEB resulting directly from WNS, the USFS’s proposed action can be neutral, negative, or 
beneficial to bats.  The continued implementation of the USFS’s monitoring efforts will provide 



 

28 
 

additional information on the effect of the USFS’s actions on affected bats.  Minimal cumulative 
effects are expected.  
 
While analyzing the effects of the proposed action, we identified the life stages that would be 
exposed to the stressors associated with the proposed action, and analyzed how those individuals 
would respond upon exposure to the stressors.   From this analysis, we determined that: 
 

1) Neither hibernating bats nor their hibernacula will be exposed to the project stressors as 
there are currently no known hibernacula within the vicinity of the Action Area. 

2) The NLEB during the spring-fall period will be exposed to various project stressors and 
their responses to some of them are likely to be adverse.   

 
We considered the possibility for NLEB to be exposed to the effects of project activities at 
currently unknown roost sites.  We anticipate that this will result in the harassment of NLEBs 
that may flush bats during daylight and cause them to temporarily or permanently abandon their 
roosts (which may have pups).  In addition, mortality of pups and adults is possible from tree 
removal for access roads and associated timber harvest.  In summary, there will be impacts to 
individual bats in terms of either reduced survival or reproduction.  
 

Impacts to Populations 
 
As we have concluded that individual bats are likely to experience reductions in either their 
annual or lifetime survival or reproductive rates, we need to assess the aggregated consequences 
of these effects to exposed individuals as they relate to the population to which these individuals 
belong.   
 
The action area will continue to provide suitable habitat conditions for NLEB foraging and 
roosting during the summer while the proposed tree clearing for access roads and associated 
state/county timber harvest activities are implemented and after they are complete.  There is 
potential for direct take of the species.  The extent of the area where direct take is likely due to 
the proposed action in relation to the entire action area, and the current distribution and 
abundance of NLEB habitat on the Superior National Forest (as described in the Environmental 
Baseline), the effects of the proposed activities are unlikely to reduce the likelihood that NLEB 
will continue to survive and reproduce on the Forest.   
 

Impacts to the Species 
 
Many of the proposed actions by the Forest are likely to result in benefits to the species over the 
long term due to the maintenance of a mosaic of forest types.   While we recognize that the status 
of the species is uncertain due to WNS, given the environmental baseline, and the intensity, 
frequency, and duration of the project impacts, we find that the proposed project is unlikely to 
have appreciable impacts on the population that inhabits the action area.  Thus, no component of 
the proposed action is expected to reduce the reproduction, numbers, or distribution of the NLEB 
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rangewide.  Therefore, we do not anticipate a reduction in the likelihood of both survival and 
recovery of the species as a whole.   

CONCLUSION 
After reviewing the current status of this species, the environmental baseline for the action area, 
the effects of the proposed action, and the cumulative effects, it is our biological opinion that the 
action, as proposed, is not likely to jeopardize the continued existence of the northern long-eared 
bat.  No critical habitat has been designated to date for this species; therefore, none will be 
affected. 

INCIDENTAL TAKE STATEMENT 
Section 9 of the ESA and federal regulations pursuant to section 4(d) of the ESA prohibit the 
take of endangered and threatened species, respectively, without special exemption.  Take is 
defined as to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or attempt to 
engage in any such conduct.  Harm is further defined by the Service to include significant habitat 
modification or degradation that results in death or injury to listed species by significantly 
impairing essential behavioral patterns, including breeding, feeding, or sheltering (50 CFR § 
17.3).  Harass is defined by the Service as an intentional or negligent act or omission which 
creates the likelihood of injury to wildlife by annoying it to such an extent as to significantly 
disrupt normal behavioral patterns which include, but are not limited to, breeding, feeding, or 
sheltering (50 CFR § 17.3).  Incidental take is defined as take that is incidental to, and not the 
purpose of, the carrying out of an otherwise lawful activity.  Under the terms of section 7(b)(4) 
and section 7(o)(2), taking that is incidental to and not intended as part of the agency action is 
not considered to be prohibited taking under the ESA provided that such taking is in compliance 
with the terms and conditions of this Incidental Take Statement. 
 
On April 2, 2015, the Service published an interim species-specific rule pursuant to section 4(d) 
of the ESA for NLEB (80FR17974).  The Service's interim 4(d) rule for NLEB exempts the take 
of NLEB from the section 9 prohibitions of the ESA, when such take occurs as follows (see the 
interim rule for more information): 
 

(1) Take that is incidental to forestry management activities, maintenance/limited expansion 
of existing rights-of way, prairie management, projects resulting in minimal (<1 acre) tree 
removal, provided these activities: 

a. Occur more than 0.25 mile (0.4 km) from a known, occupied hibernaculum; 
b. Avoid cutting or destroying known, occupied roost trees during the pup season (June 

1–July 31); and, 
c. Avoid clearcuts (and similar harvest methods, e.g., seed tree, shelterwood, and 

coppice) within 0.25 (0.4 km) mile of known, occupied roost trees during the pup 
season (June 1–July 31). 

 
(2) Removal of hazard trees (no limitations). 
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(3) Purposeful take that results from  
a. Removal of bats from and disturbance within human structures; and,  
b. Capture, handling, and related activities for northern long-eared bats for 1 Year 

following publication of the interim rule. 
  
The incidental take that is carried out in compliance with the interim 4(d) rule does not require 
exemption in this Incidental Take Statement because it is already exempted by the rule.  
Accordingly, there are no reasonable and prudent measures or terms and conditions that are 
necessary and appropriate for these actions because all incidental take has already been 
exempted.    
 
The temporary road access and associated timber harvest on other land ownerships proposed by 
the SNF fall under the category of forest management and the permanent and long-term road 
access activities fall under minimal tree removal (< 1 acre), and all are covered by the interim 
4(d) rule.  Because all incidental take that is anticipated will occur as a result of forest 
management and minimal tree removal, and because the SNF will apply the conservation 
measures of the interim 4(d) rule, there is no incidental take that is anticipated that is not 
exempted by the rule. 

Amount or Extent of Take 
If NLEB are present or utilize an area proposed for road access tree removal, timber harvest or 
other disturbance, incidental take of NLEB could occur.  The Service anticipates incidental take 
of the NLEB will be difficult to detect for the following reasons: (1) the individuals are small 
and occupy summer habitats where they are difficult to find; (2) the NLEB forms small, widely 
dispersed maternity colonies under loose bark or in the cavities of trees and males and non-
reproductive females may roost individually, which makes finding the species or occupied 
habitats difficult; (3) finding dead or injured specimens during or following project 
implementation is unlikely; (4) the precise distribution and density of the species within its 
summer habitat in the action area is unknown; and, (5) in many cases incidental take will be non-
lethal and undetectable. 
 
Monitoring to determine actual take of individual bats within an expansive forested area is 
unlikely to produce useful information unless a large number of individual trees that may contain 
suitable roosting habitat are inspected by a knowledgeable biologist when felled.  To minimize 
or avoid take that is caused by felling trees with roosting bats, a similar tree-by-tree inspection 
would have to occur before trees are felled.  Inspecting individual trees is not considered by the 
Service to be a reasonable survey method and is not recommended as a means to determine 
incidental take.  However, the areal extent of potential roosting and foraging habitat affected can 
be used as a surrogate to monitor the level of take.  
 
The Service anticipates that no more than 41 acres of suitable summer NLEB habitat will be 
disturbed as a result of these ongoing project activities on the Forest.   
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Effect of the Take 
In the accompanying biological opinion, the Service determined that this level of anticipated take 
is not likely to result in jeopardy to NLEB.  No critical habitat has been designated for NLEB, so 
none would be impacted. 

Reasonable and Prudent Measures/Terms and Conditions 
Since all anticipated incidental take will result from forest management activities addressed by 
the 4(d) rule and because the Forest will apply the conservation measures described above and in 
the rule, the take is already exempted; therefore, no reasonable and prudent measures or terms 
and conditions will be required. 

Reporting Requirements 
1. The USFS shall provide the Service with a report summarizing the activities completed as part 
of the proposed actions and the extent of the area affected by each.  This report shall be provided 
to the Service no later than January 31 each year until all activities are complete.   
 
2. The USFS shall make all reasonable efforts to educate personnel to report any sick, injured, 
and/or dead bats (regardless of species) located on the Superior National Forest immediately to 
the Forest Biologist.  The USFS point of contact will subsequently report to the Service’s Twin 
Cities Field Office (TCFO) (612-725-3548) and/or the Minnesota Department of Natural 
Resources (MNDNR; see http://www.dnr.state.mn.us/wns/index.html or call 1-888-345-1730).  
No one, with the exception of trained staff or researchers contracted to conduct bat monitoring 
activities, should attempt to handle any live bat, regardless of its condition.  If an injured bat is 
found, if possible, effort should be made by trained staff (with rabies vaccination) to transfer the 
animal to a wildlife rehabilitator.  If needed, TCFO and/or MNDNR will assist in species 
determination for any dead or moribund bats.  Any dead bats believed to be NLEB will be 
transported on ice to the TCFO or MNDNR.  If an NLEB is identified, TCFO will contact the 
appropriate Service law enforcement office.  Care must be taken in handling dead specimens to 
preserve biological material in the best possible state. In conjunction with the care of sick and 
injured fish or wildlife and the preservation of biological materials from dead specimens, the 
USFS has the responsibility to ensure that information relative to the date, time, and location of 
NLEB, when found, and possible cause of injury or death of each is recorded and provided to the 
Service.  In the extremely rare event that someone has been bitten by a bat, please keep the bat in 
a container and contact the local health department. 

CONSERVATION RECOMMENDATIONS 
Section 7(a)(1) of the ESA directs federal agencies to use their authorities to further the purposes 
of the ESA by carrying out conservation programs for the benefit of endangered and threatened 
species.  Conservation recommendations are discretionary agency activities to minimize or avoid 
the adverse effects of a proposed action on listed species or critical habitat, to help carry out 
recovery plans, or to develop information. 
 

http://www.dnr.state.mn.us/wns/index.html
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Section 7(a)(1) of the ESA directs federal agencies to use their authorities to further the purposes 
of the ESA by carrying out conservation programs for the benefit of endangered and threatened 
species.  Conservation recommendations are discretionary agency activities to minimize or avoid 
the adverse effects of a proposed action on listed species or critical habitat, to help carry out 
recovery plans, or to develop information. 
 
The Service has identified the following actions that, if undertaken by the USFS, would further 
the conservation of the northern long-eared bat.  We recognize that limited resources and other 
agency priorities may affect the ability of the USFS to conduct these activities at any given time. 
 

1. Assist with WNS investigations, where feasible.  For example: 
a. Monitor the status/health of known colonies; 
b. Collect samples for ongoing or future studies; and,  
c. Allow USFS staff to contribute to administrative studies related to WNS (on 

or off of USFS lands, as appropriate). 
 

2. Monitor pre- and post-WNS distribution of the northern long-eared bat on the Superior 
National Forest. 

a. Search for hibernacula within the National Forest; 
b. Conduct inventory surveys; 
c. Conduct radio telemetry to monitor status of northern long-eared bat colonies; 

and, 
d. Participate in North American Bat Monitoring Program (NABat; a national 

effort to monitor and track bats) through submission of survey data.  
 

3. Encourage research and administrative studies on the summer habitat requirements of the 
northern long-eared bat on the Superior National Forest that:  

a. Investigate habitat characteristics of the forest in areas where pre- and post-
WNS northern long-eared bat occurrences have been documented 
(acoustically or in the hand) (e.g. forest type, cover, distance to water).  

b. Investigate the northern long-eared bat use (acoustics, radio telemetry) of 
recently managed areas of different prescriptions. 

 
In order for the Service to be kept informed of actions minimizing or avoiding adverse effects or 
benefiting listed species or their habitats, the Service requests notification of the conservation 
recommendations carried out. 

REINITIATION NOTICE 
This concludes formal consultation for the USFS’s actions outlined in your request dated March 
23, 2015.  As provided in 50 CFR § 402.16, reinitiation of formal consultation is required where 
discretionary federal agency involvement or control over an action has been retained (or is 
authorized by law) and if:  (1) the amount or extent of incidental take is exceeded; (2) new 
information reveals effects of the agency action that may affect listed species or critical habitat in 
a manner or to an extent not considered in this opinion; (3) the action is subsequently modified in 
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a manner that causes an effect to the listed species or critical habitat not considered in this 
opinion; or (4) a new species is listed or critical habitat is designated that may be affected by the 
action.  In instances where the amount or extent of incidental take is exceeded, any operations 
causing such a take must cease pending reinitiation.   
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Executive Summary 
 
Although the U. S. Endangered Species Act (ESA) prohibits the "take" of threatened or 
endangered species that results in direct harm to the species or habitat destruction, the 
ESA authorizes the U. S. Fish and Wildlife Service (USFWS) to issue permits for the 
"incidental take" of listed wildlife species (See Section 10a(1)(B) of the ESA) that may 
occur from otherwise lawful activities.  The Maine Department of Inland Fisheries and 
Wildlife (IFW) is submitting this incidental take plan (Plan) to the USFWS for a Section 
10 permit to provide statewide protection to trappers in the event that Canada lynx 
(Lynx canadensis), a federally threatened species, are incidentally trapped in lawfully 
made sets during Maine’s legal trapping season, animal damage control (ADC), or 
predator management (PM) activities.  This permit will cover individuals that are 
licensed or otherwise authorized to trap including fur trappers, animal damage, and 
predator management trappers.  Annually this constitutes approximately 6,000 
individuals based on data from 2000-13.  Trappers incidentally catching a lynx in traps 
that are illegally set are not covered and are liable for take under the ESA. 
 
The incidental take authorized within the scope of the Section 10 permit issued to IFW 
will cover lynx that are incidentally trapped and not injured, lynx receiving minor or major 
trap related injuries, and lynx killed in traps.  Canada lynx are the only species proposed 
for coverage through the incidental take permit (ITP), as no other federally listed 
species are anticipated to be affected by the State’s trapping programs.  Species that 
may be listed in the future will be handled through permit amendment, as necessary 
and appropriate.  Data from Maine suggests that the majority of lynx caught in traps 
should be released with little or no injury.  However, occasionally a lynx may die or have 
a trap related injury that requires veterinarian care.  Therefore, IFW is requesting a 
permit to cover the incidental trapping of up to 195 lynx during the next 15 years that 
includes the lethal take of up to 3 lynx and major injury of up to 9 lynx.  The duration of 
the permit was based on IFW’s species planning period, where management objectives 
and plans are reviewed and updated through a public planning process approximately 
every 15 years. 
 
The proposed take of lynx in this Plan will have no adverse impacts to habitat and will 
not affect lynx population growth rates during the permit period.  Throughout the Plan, 
IFW provides data from more than 12 years of tracking lynx and incidental take in 
Maine that demonstrates that trapping in Maine does not pose a risk to Maine’s lynx 
population and may only directly impact a few individuals (<12 lynx in a 15 year 
period).  Since the late 1990s, Maine’s lynx population increased to historic high 
numbers in areas where fur trapping, ADC, and PM effort occurred.  If Maine’s lynx 
population declines during the permit period in response to changes in habitat quality 
and prey densities, IFW expects that lynx incidental capture rates will also decline. 
 
Although lynx are found primarily in WMDs 1-11, 14, 18, and 19, IFW is committed to 
adjusting trapping regulations if lynx expand into other areas of the state, and thus 
seeks statewide coverage for the incidental take of lynx.  To minimize the incidental 
trapping of lynx in Maine, this Plan includes measures that   

http://www.fws.gov/endangered/ESA/sec10.html
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1. requires killer-type traps (<8 inch jaw spread) set on land in WMDs 1-11, 14, 
18, and 19 to be set on a leaning pole in compliance with current Maine laws, 
on the ground as a blind set (i.e., only traps with jaw spreads < 5 inches) or 
with an improved approved lynx exclusion device; 

2. restricts the placement of visible bait near foothold and killer-type traps 
statewide;  

3. requires the use of 1 3 swiveling points on foothold traps in lynx 
WMDs;statewide; 

4. requires the mandatory reporting of any lynx caught in traps prior to releasing 
the lynx, unless an IFW official cannot be reached in time to prevent injury to 
the lynx;   

5. requires IFW personnel, when it is safe to do so, to release lynx from traps to 
evaluate and treat any trap related injury and insure compliance with trapping 
regulations;  

6. requires periodic staff training and evaluation of 15 lynx by a licensed 
veterinarian over the permit period;  

7. provides care to lynx if injured; 
8. provides eight outreach and education efforts to inform new and experienced 

trappers of measures to avoid or minimize lynx captures;  
9. commitments to investigate compliance with trapping regulations that minimize 

lynx capture; and  
10. provides 6,200 acres of lynx habitat as mitigation for permitted lethal take.   

 
“During the 2014-2015 trapping season, two lynx were killed in legally set killer-type 
traps on leaning pole sets. Therefore, IFW is promulgating regulatory changes to 
ensure no additional lynx are killed.  By committing to the use of exclusion devices in 
lynx zones for all killer-type traps (except those described in Section 3 Table 3, 
Regulation/Action 7 D 1-3, PLAN) IFW will eliminate the risk to lynx posed by killer-
type traps set on leaning pole sets.  Although there are no additional data that indicate 
lynx are residing outside of the lynx zones, IFW, out of an abundance of caution, is 
requiring that exclusion devices be used statewide.  If there are no data that indicate 
the presence of resident lynx outside of the lynx zone, IFW may eliminate the 
exclusion device requirement outside of the lynx zone.  Additionally, outside of the lynx 
zone, IFW may adopt other measures, in lieu of exclusion devices, to assess the 
effectiveness of such measures in improving the capture of targeted furbearers.  Risk 
to lynx outside of the lynx zone is negligible.  Any future regulatory changes within lynx 
zone, which relate to lynx incidental captures, may require a minor amendment.  The 
current ITP only requires minimization measures within lynx zone, and it is IFW’s 
understanding that minimization measures outside of the lynx zone may be altered 
without amending the Plan.”The requirement to implement lynx exclusion devices on 
killer-type traps within lynx WMDs is a condition of the ITP, based on the triggering of 
changed circumstance number 3.  As such, any future change or modification to that 
commitment requires following the permit amendment process established in chapter 
8. However, outside of established lynx WMDs, IFW is not required to implement such 
devices on killer-type traps, or can establish the parameters for such requirements 
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based on its sole discretion, since the risk of catching lynx in traps in non-lynx WMDs 
is extremely low.  
 
As part of this permit, IFW proposes rescinding current foothold trap size restrictions 
that do not reduce lynx capture rates and permitting the use of cage traps where risk 
of injury to lynx is low.  Lethal snares set under water for beaver or other aquatic 
furbearers will continue to be permitted statewide as they do not pose a risk to lynx.  
Although currently not permitted, trappers that have been certified through an IFW 
training course may also be allowed to set non-lethal cable restraints for coyotes in the 
future.  However, lethal snares set on land will not be allowed under this permit.   
 
This Plan is divided into 8 sections that describe Maine’s data on the risk of foothold, 
non-lethal cable restraints, cage, and killer-type traps to lynx, and IFW’s plans to 
minimize, monitor, and mitigate impacts of Maine’s furbearer trapping season, ADC, 
and PM activities on lynx as required by the ESA.  Each section of this Plan will 
include a summary providing an overview of IFW’s current knowledge and the key 
elements of the section.  
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1.0 Introduction and Background 
 
1.1 Permit Coverage 
 
This Incidental Take Plan (Plan) is prepared in conjunction with an application from IFW 
to the USFWS for a Section 10 permit under the federal Endangered Species Act 
(ESA).  Incidental capture of lynx during trapping activities is anticipated during 
implementation of the Maine’s regulated recreational furbearer trapping, predator 
management (PM) and the animal damage control programs (ADC).  Therefore, IFW is 
seeking an ESA incidental take permit to cover legal trapping activities that occur 
through these programs.  
 
The entities covered by the incidental take authorizations include the following: 

• All licensed trappers (non-resident, resident, alien, junior (resident and non-
resident), and apprentice resident and non-resident trappers, complimentary 
over 70 year old trappers, lifetime trapping licenses including Native Americans 
that trap off tribal lands, ADC agents and PM trappers. 
 

• Other people permitted to trap without a trapping license: IFW full-time 
employees (e.g., district game wardens, and wildlife biologists) and landowners 
trapping on their own land.   

 
Annually this constitutes approximately 6,000 individuals based on data from 2000-13.  
Further descriptions of these entities are provided in Title 12 Subsections 12201 and 
12202.  All IFW staff, including contractors and veterinarians that are designated as an 
“Agent of the Department” implementing this Plan are covered by IFW’s Section 6 
agreement with the USFWS.   
 
1.2 Permit Duration 
 
IFW is seeking incidental take coverage via the Section 10 permit for 15 years from 
permit issuance by the USFWS in accordance with IFW’s species planning process.  
Approximately every 15 years, IFW reviews the status of wildlife species to identify 
species management goals and objectives from public input.  Although IFW recognizes 
that the benefits of some management actions may take longer than 15 years, this Plan 
duration allows IFW and the public to respond to new information or concerns.  
 
1.3 Regulatory/Legal Framework for Plan 
 
The ESA of 1973, administered by the Interior Department’s USFWS, is regarded as 
one of the most comprehensive wildlife conservation laws in the world.  The purpose of 
the ESA is to conserve “the ecosystems upon which endangered and threatened 
species depend” and to recover listed species. 
 
Section 9 of the ESA, as amended, prohibits the “take” of any fish or wildlife species 
listed under the ESA as endangered, and “take” of fish or wildlife species listed as 
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threatened is also prohibited, unless specifically authorized by Section 10 permit.  Take, 
as defined by the ESA, means “to harass, harm, pursue, hunt, shoot, wound, kill, trap, 
capture, or collect, or to attempt to engage in any such conduct.” 
 
In the 1982 amendments to the ESA, Congress added a provision in Section 10 that 
allows for the “incidental take” of endangered and threatened species of wildlife by non-
federal entities.  Incidental take is defined by the ESA as take that is “incidental to, and 
not the purpose of, the carrying out of an otherwise lawful activity.”  Prior to 1982, 
parties that undertook projects involving federal funding or approval could obtain 
incidental take coverage through ESA Section 7 consultations, but had no recourse 
under the law for exemption.  Up to that time, only take occurring during scientific 
research and other conservation actions could be authorized under the ESA.  The 
“incidental take permit” (ITP) process was established under Section 10(a)(1)(B) of the 
ESA precisely to resolve this difficulty. 
 
Section 10(a)(2)(A) of the ESA requires an applicant for an ITP to submit an Incidental 
Take Plan (also known as a habitat conservation plan, Plan, or HCP) that specifies, 
among other things, the impacts that are likely to result from the taking, and the 
measures the applicant will undertake to minimize and mitigate such impacts. 
 
The federal HCP program has grown rapidly in recent years.  In the first 10 years of the 
program (1983-1992), 14 ITPs were issued.  By May 2006, 448 HCPs had been 
approved and over 718 ITPs had been issued.  In a little over a decade, the HCP 
process has been transformed from a relatively little used option under the ESA to one 
of its most important and innovative conservation programs. 
 
1.4 Plan Area 
 
The currently defined lynx range is wildlife management districts (WMDs) 1-11 and 14, 
18, and 19 (Figure 1.1).  Trapping has been restricted in these WMDs to minimize lynx 
incidental capture and is where minimization measures in this Plan will be implemented.  
Lynx range in Maine is based on consistent presence of lynx as documented by verified 
observations described in Minimization Measure PI 1 (Section 5.2).  Although lynx 
sometimes occur in other parts of the state (e.g., WMD 17 and 23) these areas are not 
currently considered part of lynx range in Maine, since the lynx did not remain in the 
area (Figure 1.1).  Conversely, the single observation of a lynx incidentally trapped in 
WMD 18 meets the criteria for extending lynx minimization measures (Appendix 5).   
The Plan is statewide to the extent that it covers state-sanctioned trapping activities 
throughout Maine.  Any lynx caught in a legally set trap is covered by the Plan.  
However minimization measures will apply to the currently defined lynx range unless 
otherwise specified.  IFW does not consider minimization measures applicable outside 
of the currently defined lynx range to be part of this Plan and that IF&W can thus modify 
these measures without a Plan amendment.   IFW will monitor lynx distribution and 
extend current trapping regulations if lynx distribution changes (See Minimization 
Measure PI1 – Section 5.2).  
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Figure 1.1 The distribution of Canada lynx in Maine from ecoregional snow 
track surveys, sightings of lynx (primarily tracks) by IFW biologists, 
incidental takes, and telemetry data from 2000 until 2011.  Points in 
WMD 17 and 23 are from telemetry over a 26 and 9 day period by two 
radiocollared lynx that did not remain in the area.  Conversely, the 
single observation in WMD 18 was a lynx caught in a trap that meets 
the criteria for extending lynx minimization measures. 
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1.5 Species to be Covered by Permit 
IFW is seeking a Section 10 permit for Canada lynx (Lynx canadensis), which is a 
federally threatened species (but see Appendix 12) and a species of special concern2 in 
Maine.  There are no other federally listed species that will be impacted by the covered 
activities and therefore IFW is not seeking permit coverage for other listed species.  The 
risk of take for other federal trust species (e.g., migratory birds or bald and golden 
eagles) is low therefore IFW is not seeking coverage for non-listed species. 
 
 
  

                                            
2  The special concern status is an IFW administrative designation given to species of fish or wildlife 
whose populations are vulnerable to various threats but do not meet the criteria for state endangered or 
threatened status.  
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2.0 Environmental Setting / Biological Resources 
 
Summary 
 
IFW is requesting a permit to cover the incidental take of Canada lynx, a federally 
threatened species, from trapping activities described in Section 1.1.  No other federally 
threatened or endangered species are likely to be caught in traps.  The USFWS must 
also consider the impact of the permitted activity (i.e., trapping) on other protected 
species before issuance.   
 
Also in this section, IFW provides data on the status of Maine’s lynx population based 
on 12 or more years of monitoring lynx in Maine.  These data demonstrate that 
Maine’s lynx population increased between 1995 and 2010 in areas where fur 
trapping, ADC, and PM occurred.  The recent increase in lynx numbers in Maine is 
attributed to high densities of snowshoe hares, the primary prey item for lynx.  
Consistent with population dynamics of lynx elsewhere, the population may have 
plateaued in Maine over the last several years.  Data collected from IFW’s telemetry 
study were incorporated into a population model that indicate that the level of lethal 
take requested in this Plan will not affect lynx population growth rates during the 15-
year permit period (Appendix 7).  
 
2.1 Environmental Setting 
 
Located at the northeast tip of the United States, the State of Maine is approximately 
320 mi (515 km) long and 210 mi (338 km) wide and is about halfway between the 
equator and the North Pole.  Among the states, it is the 39th largest (33,315 mi2 [86,286 
km2]), but it is almost as big as the rest of the New England states combined.  The 
northern half of the state is sparsely populated, giving the state a relatively low human 
population (1.3 million people) or a density of approximately 39 people / mi2 (16 people / 
km2). 
 
Maine is bounded on the northwest and northeast by the Canadian provinces of Quebec 
and New Brunswick, respectively, and on the west by New Hampshire.  The famed 
rocky coastline of the state is angled from southwest to northeast along the Atlantic 
Ocean.  
 
The western half of Maine is part of the Warm Continental Mountain ecoregion (i.e., 
high mixed forests, coniferous forests, and tundra), while the eastern half of the state is 
divided into the Warm Continental Division (i.e., mixed deciduous and coniferous 
forests) and the Hot Continental Division (i.e., broadleaved forests – oceanic; Bailey 
1997).  The Warm Continental Mountain ecoregion extends into New Hampshire, 
Vermont, and into the Adirondacks of New York.  The mixed deciduous and coniferous 
forests of the Warm Continental Division continue to the east into New Brunswick and 
Nova Scotia and to the west into Quebec; finally ending in Minnesota (Bailey 1997).   
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Maine abounds in natural assets.  Over 90% of the state (17.5 million acres [7.1 million 
hectares]) is forested, giving Maine the distinction of being the most heavily forested 
state in the nation.  Maine has nearly 6,000 lakes and ponds, 5,000,000 acres 
(2,023,500 ha) of wetlands, 31,800 mi (51,179 km) of rivers and streams, 4,100 mi 
(6,599 km) of coastline, and more than 3,000 coastal islands and ledges.  
 
Climate 
 
The National Weather Service separates Maine into three distinct climatological 
divisions – coastal, southern interior, and northern interior.  The southern and coastal 
regions are influenced by air masses from the south and west.  North of the land 
dividing the St. John and Penobscot River basins, air masses moving down the St. 
Lawrence River Basin tend to prevail.  Mean annual temperatures range from 37oF to 
39oF (3oC to 4oC) in the north and from 43oF to 45oF (6 to 7oC) in the southern interior 
and coastal regions.  Mean temperatures are about 62oF (17oC) throughout the state 
during the summer and 20oF (-7oC) during the winter.  Cloudy days average 222 per 
year in the south to 206 in the north.  Annual precipitation averages 36 in to 48 in (91 
cm to 122 cm).  Snowfall averages more than 100 in (254 cm) in the north and higher 
elevations.  
 
Topography / Geology 
 
The Appalachian Mountain chain extends into Maine from New Hampshire, terminating 
at Mount Katahdin, at 5,268 ft (1,606 m) the state’s tallest peak.  The western and 
northwestern borders adjoining New Hampshire and Quebec are characterized by 
rugged terrain with numerous glacier-scoured peaks, lakes, and valleys.  South and 
east of mountain areas lay rolling hills, smaller mountains, and broad river valleys.  
 
Maine’s coastline consists of long sand beaches interrupted intermittently by rocky 
promontories in the southwest and a series of peninsulas, narrow estuaries, bays, 
fjords, and coves located north and east of Portland, the state’s largest city.  The tides 
along Maine’s coast are among the highest in the world, running between 12ft and 24ft 
(4m and 7m).  More than 3,000 islands dot the coast, some no more than rock ledges; 
others are vegetated and are home to a variety of marine wildlife and people. 
 
Geologically, Maine is something of a youngster; the oldest rocks, found in the Chain of 
Ponds area in the western part of the state, are only 1.6 billion years old – more than 2 
billion years younger than the world’s oldest rocks.  The state has experienced several 
episodes of glaciation.  The most recent was about 18,000 years ago when Maine was 
covered by glacial ice about a mile thick (Gawler et al. 1996).  The present-day 
biological diversity in Maine is the result of post-glacial movements of plants, animals, 
and microorganisms into the state. 
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Hydrology / Streams, Rivers, Drainages 
 
Maine has more than 5,000 rivers and streams comprising 31,800 mi (51,179 km) of 
flowing waters that provide nearly half of the watershed for the Gulf of Maine.  More of 
these rivers and streams are undeveloped and free flowing than in any other state in the 
northeastern United States (Bennett 1988).  The major rivers are the Penobscot (350 mi 
[906 km]), the St. John (211 mi [546 km]), the Androscoggin (175 mi [453 km]), the 
Kennebec (150 mi [388 km]), the Saco (104 mi [269 km]), and the St. Croix (75 mi [194 
km]). 
 
Maine also has nearly 6,000 lakes and ponds, most of which can be linked to a single 
cause -- glaciation.  The state has the second largest number of natural glaciated lakes 
of any state east of the Mississippi River – 3,000 lakes and ponds more than 10 acres 
(4 ha) in size and another 2,000 between 1 and 10 acres (0.4 to 4 ha; Bennett 1988). 
 
Northwestern Maine’s Moosehead Lake, covering about 117 mi2 (303 km2), is the 
state’s largest lake; in fact, the largest lake in New England to lie wholly within the 
boundaries of a single state.  Sebago Lake in southern Maine is second to Moosehead 
in size, with a surface area of over 44 mi2 (114 km2).  However, it holds the distinction of 
being the deepest at 316 ft (96 m), and its deepest point is 40 ft (12 m) below sea level.  
 
Vegetation 
 
Sixty-seven woody plant species reach their range limits in south-central Maine, and an 
additional 44 woody plant species define a coastal-inland transition zone, reaching their 
western range limits in a southwest-northeast belt bisecting the state (McMahon 1990). 
 
There are approximately 1,432 native and 643 introduced species of vascular plants in 
Maine.  The state’s vascular plants include both typically Appalachian representatives at 
the northern edge of their range and typically boreal representatives at the southern 
limit of their range (Gawler et al. 1996).  Seventeen percent of Maine’s native flora (254 
species) are considered rare, threatened, or endangered (Gawler et al. 1996). 
 
Wildlife 
 
Maine’s geographical location, physical relief, and present and past land-use practices 
result in a diversity of vegetation and climatic conditions and a diverse and unique 
assemblage of wildlife.  The state is a transition area and its wildlife resources represent 
a blending of species that are at or approaching the northern or southern limit of their 
range. 
 
Invertebrates are the most diverse group of organisms in Maine, exceeding vertebrate 
species by several orders of magnitude.  Yet, knowledge even of which species occur in 
Maine is very incomplete.  Only basic information on the distribution and general habitat 
preferences for a few taxonomic orders such as butterflies (Lepidoptera), mayflies 
(Ephemeroptera), and dragonflies (Odonata) are available (Gawler et al. 1996).  
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Presently, seven invertebrates are listed as endangered under the Maine Endangered 
Species Act (MESA):  Roaring Brook mayfly (Epeorus frisoni), Hessel's hairstreak 
(Satyrium edwardsii), Clayton’s copper (Lycaena dorcas claytoni), Edwards’ hairstreak 
(Callophrys hesseli), Katahdin arctic (Oeneie polixenes katahdin), Juniper hairstreak 
(Callophrys gryneus), and Rapids clubtail (Gomphus quadricolor).  Likewise, 10 species 
are listed as threatened:  tidewater mucket (Leptodea ochracea), yellow lampmussel 
(Lampsilis cariosa), Brook floater, (Alasmidonta varicosa), Ringed boghaunter 
(Williamsonia lintneri), Tomah mayfly (Siphlonisca aerodromia), twilight moth (Lycia 
rachelae), Pine barrens zanclognatha (Zanclognatha martha), Purple lesser fritillary 
(Boloria chariclea grandis), Sleepy duskywing (Erynnis brizo), and Boreal snaketail 
(Ophiogomphus colubrinus) (§12803; Appendix 1).  
 
There are 34 amphibian and reptile species (18 and 16 respectively) in Maine, and their 
distribution in the state is relatively well known.  Maine lists the eastern box turtle 
(Terrapene Carolina), Blanding’s turtle (Emydoidea blandingii), and black racer (Coluber 
constrictor) as endangered, and the spotted turtle (Clemmys guttata) and loggerhead 
turtle (Caretta caretta) as threatened (§12803; Appendix 1).   
 
Boone and Krohn (1998) listed 56 mammal species as extant in Maine.  Only one 
mammal, the northern bog lemming (Synaptomys borealis), is listed as state threatened 
under MESA.  Although its range overlaps with Canada lynx, trapping does not threaten 
this species.  Even though Canada lynx are listed as threatened under the federal ESA, 
the species does not meet the listing criteria for a threatened or endangered species 
under MESA.  Rather, Canada lynx are listed as a species of special concern in Maine.  
The New England cottontail rabbit (Sylvilagus transitionalis) is Maine's only state 
endangered mammal (§12803; Appendix 1).  The USFWS considers the species to be 
warranted but precluded from listing under the federal ESA (U. S. Department of Interior 
2006).  The USFWS must make a final determination on the federal listing status of 
New England cottontail by 2015 as the result of a court settlement (2011 Multi-District 
Litigate Agreement).  New England cottontail are only found in southern Maine 
(Cumberland and York Counties) and their range does not overlap with Canada lynx 
(Litvaitis et al. 2003).  
 
There are more than 218 species of birds that have been documented as breeding 
regularly in Maine (Gawler et al. 1996).  Of these, 198 species breed at inland sites in 
upland, wetland, or aquatic habitats (Gawler et al. 1996).  Maine lists 10 species as 
endangered:  golden eagle (Aquila chrysaetos), peregrine falcon (Falco peregrinus), 
piping plover (Charadrius melodus), roseate tern (Sterna dougallii), least tern (Sterna 
antillsrum), black tern (Chlidonias niger), sedge wren (Cistothorus platensis), American 
pipit (Anthus rubescens), grasshopper sparrow (Ammo dramus savannarum), and least 
bittern (Ixobrychus exilis).  An additional 11 species are listed as threatened in Maine:  
razorbill (Alca torda), Atlantic puffin (Fratercula arctica), Harlequin duck (Histrionicus 
histrionicus), bald eagle (Haliaeetus leucocephalus), arctic tern (Sterna paradisaea), 
upland sandpiper (Bartramia longicauda), black-crowned night heron (Nycticorax 
nycticorax), Common moorhen (Gallinula chloropus), great cormorant (Phalacrocorax 
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carbo), short-eared owl (Asio flammeus), and Barrow's goldeneye (Bucephala 
islandica). (§12803; Appendix 1).  
 
Existing Land Use 
 
Maine’s present land use is characterized by extensive forests interspersed with 
agricultural areas in northeast Maine, scattered farms throughout the rest of the state, 
and many small towns.  Maine’s human population is densest in the southern part of the 
state and become less populated in the north.  The human population lives primarily in 
small towns and in a handful of urban areas.  Despite the large tracts of forestland in the 
state, only 5% of the land in Maine is in public ownership.  For the most part, wildlife 
habitat is confined within large commercial forests in northwest, western, and eastern 
Maine, and within smaller private landholdings in southern, coastal, and central Maine. 
 
2.2 Biological Resources 
 
2.2.1 Canada Lynx 
 
Description and Natural History 
 
The Canada lynx is a medium-sized cat that averages 25 lb (11 kg) for males and 19 lb 
(9 kg) for females.  Its general appearance is similar to the bobcat.  The most notable 
difference between a lynx and a bobcat is paw size.  Lynx paws are about twice the size 
of bobcat paws.  Lynx also can be distinguished from bobcats by the tip of their tail, 
which is completely black (bobcat tail tips are only black on the upper side [dorsal side]).  
Lynx have more prominent ear tufts, paler coloration, less spotting, and longer legs than 
bobcats. 
 
Lynx are specialized predators on snowshoe hare (Lepus americanus), although they 
will opportunistically take other small mammals.  Lynx are adapted to living in areas with 
deep fluffy snow, where they have a competitive advantage over other predators (e.g., 
bobcat, coyote, and fisher).  The large size of a lynx’s paws distributes the animal’s 
weight over a large surface area and enables it to walk on snow.  Thus, lynx have more 
mobility on deep snow than other predators with smaller paws (or higher foot loading), 
and expend less energy acquiring food in winter than more generalist predators.  
 
In North America, lynx occur in Alaska and Canada and extend south into the northern 
contiguous states.  They live in subarctic forests, boreal forests, mixed deciduous and 
coniferous forests (immediately south of the boreal forests), and in alpine forests in the 
Rocky Mountains, Cascades, Great Lakes, and Northeast.  Maine, New Hampshire, 
Washington, Montana, Minnesota, Wyoming, Idaho, and Colorado are the only states, 
outside of Alaska, that currently have resident lynx populations in the US.   
 
Lynx are highly mobile and can move long distances (>60 mi [100 km]) when 
dispersing; Slough and Mowat 1996, and Vashon et al. 2012).  They prefer to make 
their reproductive dens in forests with high stem densities and high amounts of woody 



23 

debris (downed logs; Organ et al. 2008).  These conditions may provide some 
protection to kittens, and may provide ready access to snowshoe hare, which are also 
attracted to this type of forest structure. 
 
Research Efforts 
 
IFW included a description of the lynx research efforts in Maine, prior to describing 
Maine's lynx population, to acquaint the reader with the scope of information collected 
during this study.  We reference the results of this study throughout this document and 
based many of our conclusions on the results from this research.   
 
From 1999-2011, IFW, in cooperation with the USFWS, conducted a radiotelemetry 
study of Canada lynx in a 4-township area of northwestern Maine.  The original 
objectives of this study were to 1) determine if there was a viable, self-supporting 
population of lynx in Maine, or if lynx occurring in Maine were simply transients from the 
lynx population in Canada; 2) document mortality factors affecting lynx in Maine; 3) 
identify habitats used by lynx in Maine and how they relate to snowshoe hare 
distribution and abundance; 4) investigate how lynx distribution in Maine is affected by 
sympatric populations of bobcats, coyotes, and foxes; and 5) test the efficacy of various 
survey methods used to determine the status of lynx. 
 
Between 1999 and 2011, 85 of 88 lynx captured were equipped with radiocollars3 
including a lynx that had been initially caught by a fur trapper and radiocollared4.  IFW 
biologists used #3 foothold traps with padded offset jaws, cage traps, and hounds to 
capture lynx.  Most lynx were captured more than once; 59 lynx were caught in foothold 
traps 122 times and 52 lynx were captured in cage traps 339 times.  Only one lynx was 
captured with the use of hounds.  Reproduction of radiocollared adult females was 
monitored by visiting dens and capturing kittens.  Between 1999 and 2011, 113 kittens 
were handled at 43 den sites.  IFW biologists have worked closely with faculty at the 
University of Maine in Orono (U Maine) on several graduate projects related to lynx and 
lynx /snowshoe hare interactions.  Scientific manuscripts on lynx home range size, 
habitat use, and den site characteristics have been published (Organ et al. 2008, 
Vashon et al. 2008a and b).  In addition, IFW continues to work closely with the USFWS 
on lynx surveys and habitat management recommendations.  Numerous entities have 
supported the study both financially and technically.  
 
Population in Maine 
 
Maine’s lynx are part of a large lynx population that includes the Quebec’s Gaspé 
Peninsula and northern New Brunswick (Hoving 2001, Vashon et al. 2012).  In contrast 
to western states, most of Maine’s lynx range occurs on privately owned woodlands 
managed for timber production.  Lynx are attracted to the regenerating forests that 
occur on these lands, as the high stem densities of these forests provide snowshoe 
hare with ideal habitat.  In Maine, snowshoe hare are associated with regenerating 
                                            
3 Three lynx were caught at the end of the study and released without a radiocollar.   
4 To date, six lynx have been caught by fur trappers and equipped with radiocollars.   
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forest (15 to 35 years of age) and are negatively associated with recent clearcuts and 
mature forest (>40 years old and  <80 years old; Litvaitis et al 1985, Monthey 1986, 
Lachowski 1997, Fuller 1999, Hoving et al. 2004, Robinson 2006).  Hoving (2001) 
suggests that good lynx habitat in the Northeast consists of complexes of regenerating 
forest with relatively few deciduous trees and a high annual snowfall (>105 in [268 cm]).  
 
The age structure of Maine’s forests has changed considerably since European 
settlement, which likely changed the abundance and distribution of lynx in the state.  
Seymour et al. (2002) suggested that there has been a shift from a predominately 
mature forest to younger forest in Maine, based on past and current disturbance factors.  
During pre-settlement times, Maine’s forests experienced frequent but small natural 
disturbance events (wind, ice, and insect outbreaks) resulting in an older forest system 
and regenerating forests comprised approximately 3% to 5% of the pre-settlement 
coniferous forests in northern Maine (as cited in Vashon et al. 2012).  Spruce budworm 
epidemics occur periodically in Maine.  The most recent and widespread epidemic in 
1972-1986 resulted in extensive clearcutting to salvage diseased trees.  By 1995 and 
2010, between 38% and 48%, respectively, of Maine’s northern forest was classified as 
early regenerating stands.  Many of these stands (50%) currently have a physical 
structure (stem density and height) that provides optimal cover for snowshoe hare 
(Vashon et al. 2012).  These regenerating forests, and the subsequent high snowshoe 
hare densities, influenced the current abundance and distribution of lynx (Figure 1.1).  
 
Data on the historic and present distribution of lynx comes from historical records as 
compiled by Hoving (2001), radiotelemetry data from the IFW/USFWS study, snow track 
surveys from IFW’s various ecoregional surveys, snow track sightings and visual 
observations reported by IFW regional biologists, and incidental takes of lynx (Figure 
1.1). 
 
Population Size and Status 
 
Lynx are found primarily in western and northern Maine’s spruce/fir forest (Figure 1.1).  
Overall, Maine’s lynx population appears to have increased dramatically since 1995.  
For example, IFW personnel searched for lynx tracks each winter from 1994 to 1996.  
For those years, a total of 4,118 km of transects in 82 townships in northwestern Maine 
were searched for lynx tracks (Jakubas 1997).  Of the 82 townships that were surveyed, 
lynx were found in only 9 townships (11% of the townships searched).  In 2003, 20 
townships, located in the same area of the state as the 1994 to 1996 surveys, were 
resurveyed for lynx.  In 2003, IFW observed lynx tracks in 75% and 73% of areas with a 
high/moderate and low probabilities of having lynx, respectively.  Survey efforts were 
extended to eastern and western Maine.  By 2008, lynx tracks were detected in 83% of 
the survey areas with a moderate or high probability and half the towns with a low 
probability of lynx occurrence (Vashon et al. 2012).  These data are consistent with 
other indices of population change including the number of lynx struck by vehicles, 
number of lynx sightings, and number of incidentally trapped lynx in Maine (Figure 
4.1.4).  Recent estimates suggest that there were between 750 and 1,000 adult lynx in 
Maine in 2006 and may have reached a plateau or peaked in 2010 (Vashon et al. 2012).  
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Similar patterns in lynx numbers have been reported by neighboring jurisdictions (e.g., 
New Brunswick; Cade Libby, New Brunswick Department of Natural Resources and 
Energy, personal communication) and in a recent habitat model for Maine (Simons 
2009).  
 
Limiting Factors in Maine 
 
Lynx habitat in Maine is not currently threatened with destruction or fragmentation due 
to agriculture, urbanization, recreational development, or by high volume/high speed 
roadways.  Recreational development and agricultural fragmentation have not occurred 
in most of northwestern Maine.  Human activity in WMD 1-11, 14, 18, and 19 has 
increased since the early 1900s, but it remains low with few permanent residences or 
organized towns in the region.  Major development in the future (e.g., wind power, 
mineral exploitation, highway expansion, and building development) would require 
USFWS consultation.   
 
Although a network of unpaved, private roads with low traffic volumes crisscrosses the 
habitat of lynx in Maine, only one radiocollared lynx has been hit by a vehicle since the 
start of the lynx radiotelemetry project.  However, the public has reported 32 lynx struck 
and killed by vehicles between 2000 and 2012 (Table 2.1).  A similar number of lynx 
have been struck by vehicles on high speed paved roads (n=17) as unpaved roads 
(n=15).   
 
Maine’s lynx population level is dependent on forest management practices that 
determine the amount and distribution of regenerating conifer stands in the state.  
Regenerating conifer stands that are 15 to 40 years of age provide the habitat structure 
(i.e., dense cover) preferred by snowshoe hare (Litvaitis et al 1985, Robinson 2006, 
Scott 2009), which are the principal prey of lynx.  A decrease in the amount of 
regenerating conifer stands in Maine may reduce snowshoe hare numbers and the 
amount of habitat suitable for lynx to live in (Scott 2009, Simons 2009).  These changes 
may come about if less forest is cut or if current forest harvesting techniques (e.g., 
partial harvesting techniques) do not produce understory cover that is as dense and as 
long lived as that produced by past forest harvesting techniques, such as large scale 
clearcutting (Vashon et al. 2012, and Simmons-Legaard et al. 2013).  Additionally, hare 
populations may fluctuate independently of forest conditions (Scott 2009). 
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Table 2.1 Chronology of Canada lynx recovered after being hit by vehicles in 
northern Maine, from listing (2000) to 2012. 

 
Year Number of lynx killed by vehicles 
2000 1 

2001 0 

2002 1 

2003 1 

2004 3 

2005 3 

2006 2 

2007 4 

2008 3 

2009 4 

2010 1 

2011 4 

2012 
 

2013 
 

2014 

5 
 

7 
 

5 
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Most of Maine’s forests are privately owned and managed for timber production.  These 
working forests have provided the habitat necessary to allow Maine’s lynx population to 
expand their range and numbers (Vashon et al. 2012).  However, a major shift in forest 
cutting practices has occurred.  In 1989, 44% of all timber harvesting was done using 
clearcutting (Maine Forest Service 1995) and, in 2005, 94.8% of all the timber 
harvesting in Maine was done using partial harvesting techniques (Maine Forest Service 
2006).  Although a model suggest that optimal hare habitat could start to decline in 2023 
(Simons 2009), the extent of the recent change in forest harvesting techniques on hare 
and lynx numbers is not yet known. 
 
Competition from other predators has been hypothesized in the past as being capable 
of limiting the distribution and growth of lynx populations (e.g., Parker et al. 1983, 
Buskirk et al. 2000).  In Maine, interspecific interactions have been observed between 
lynx, bobcat, and fisher.  Over the course of Maine’s radiotelemetry study on lynx, fisher 
have killed at least 18 lynx and are suspected to have killed 9 others (Vashon et al. 
2012, and McLellan et al. in prep).  While the data show that fisher kill lynx, there is 
insufficient information to show that fisher may exclude lynx from habitats used by fisher 
or in any way limit the range of lynx.   
 
Bobcats and lynx are usually spatially separated by snow depth, which limits 
competition between the species (Aubry et al. 2000).  However, Parker et al. (1983) 
speculated that interspecific competition may have occurred between lynx and bobcat 
on Cape Breton Island, Nova Scotia where the distribution of lynx shrank considerably 
after bobcats immigrated to the Island.  Twenty-five years later, lynx were restricted to 
highland areas where snow depths were greater and provided spatial separation from 
bobcats.  However, no conclusive evidence was presented for interference competition 
between bobcat and lynx in Parker et al.’s (1983) study.   
 
At the periphery of lynx range in Maine, where both lynx and bobcats tracks were 
observed, simulated home ranges around track observations suggest that bobcats were 
found in the best habitat for snowshoe hare (Robinson 2006).  Based on this simulation, 
Robinson (2006) suggests that the presence of bobcats in an area could be used as a 
variable to predict the presence or absence of lynx on the landscape.  In addition to the 
potential for bobcats to limit the range of lynx through competition, several lynx-bobcat 
hybrids have been found in the region where the ranges of the two species overlap 
(Homyack et al. 2008).   
 
One factor that cannot be controlled, but may influence extent of the lynx range in 
Maine, is climatic change (Carroll 2007).  Hoving (2001) modeled climatic changes and 
their potential impact on snow depth and lynx habitat.  This model indicates that 
decreased snow depths may cause the southern boundary of the lynx range to shift to 
the north; thus, decreasing the extent of the lynx range in Maine.  
 
From 1999 to 2011, IFW’s radiotelemetry study documented annual mortality rates for 
radiocollared animals and cause of death, when possible (Tables 2.2 and 2.3).  For lynx 
of all ages, the most common sources of mortality were starvation and predation (Table 
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2.3).  Approximately, 11% of the lynx mortalities in the radiotelemetry study resulted 
from lynx traveling into Canada and being caught incidentally in lethal snares set for 
coyotes. Although poachers killed 3 radiocollared lynx using unknown methods, to our 
knowledge, trappers have not killed a radiocollared lynx in Maine.  IFW documented 
that trappers captured 2 radiocollared lynx and neither required veterinarian care.  
 
 
Table 2.2 Annual mortality rates for Canada lynx (> 1 yr) that were 

radiocollared in Maine from one year prior to the federal listing of 
lynx as a threatened species until 2012.  Annual mortality rates were 
corrected for staggered entry of radiocollared animals into the 
sample (i.e., Kaplan-Meier staggered entry approach; Pollack et al. 
1989). 

 
Yeara Totalb Dead Mortalityc 

1999-00d 6 3 45% 

2000-01 16 5 36% 

2001-02 19 2 12% 

2002-03 19 4 23% 

2003-04 24 5 24% 

2004-05 23 5 23% 

2005-06 33 4 17% 

2006-07 31 13 48% 

2007-08 18 1 6% 

2008-09 26 8 39% 

2009-10 25 9 45% 

2010-11d 7 2 29% 

2011-12d 1 n/a n/a 
a Year is defined by birth pulse(i.e., May 1, 1999 to May 1, 2000). 
b Total = number of lynx monitored (start of the year + new captures). 
c Mortality of radiocollared lynx >1 year old is the inverse of Kaplan-Meier survival rates. 
d Sample size low (start or end of study (i.e., removing collars)). 
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Table 2.3 Mortality factors for Canada lynx tagged or radiocollared for IFW’s 
radiotelemetry study.  Data are from 1999 until 2011.  

 

Cause of mortality Number of 
mortalities 

Proportion of 
total mortalities 

Sex ratio of 
lynx that died 

Starvation 17 26% 9M:84F 
Predation 18 28% 6M:12F 
Suspected Predation 9 14% 4M:5F 
Disease 1 2% 1M 
Illegal harvest 3 5% 1M:2F 
Canada harvest 7 11% 6M:1F 
Unknown 8 12% 4M:4F 
Vehicles 2 3% 2F 
Total 65 N/A 31M:34F 

 
 
2.2.2 Wolves (Canis lupus, Canus lupus lycaon) 
 
The gray wolf (Canis lupus) is listed in the Northeast as a federal endangered species 
and is currently being considered for delisting in the northeastern U. S. (USFWS; 
http://www.fws.gov/northeast/graywolf.html).  The nearest wolf population to Maine is in 
Quebec, but is effectively separated from Maine by Quebec City, the St. Lawrence  
Seaway, and heavy trapping pressure in rural Quebec.  Very few wolves have been 
reported south of the St. Lawrence Seaway, and those wolves were killed in Quebec 
(Villemure and Jolicoeur 2004).  For a historical perspective of wolves in Maine see 
Krohn and Hoving (2010). 
 
Although one gray wolf and one wolf/coyote hybrid were killed in Maine, stable isotope 
analysis of DNA collected from these animals indicates they were of domestic origin.  In 
1993, a gray wolf was killed near Caucomgomoc Lake.  Although positively identified as 
a gray wolf (National Wildlife Forensic Laboratory, Ashland, OR), its behavior around 
people and human dwellings (found sleeping outside a tent and drinking from a 
dishpan) was more typical of captive wolves that have either escaped or have been 
released.  Stable isotope analysis (δ13C) of this wolf's fur indicated that it had a history 
of eating domestic food with corn based products in it (Kays and Feranec 2011).  The 
second animal, killed by a trapper in Aurora in 1996, was a wild canid with a genetic 
profile (National Wildlife Forensic Laboratory, Ashland, OR) similar to wolves in eastern 
Canada (Canus lupus lycaon), which have hybridized with eastern coyotes (Wilson et 
al. 2000).  Although the genetic profile of this animal again suggested a wild origin, 
stable isotope analyses of the animal's bones or hair indicated that it also had a history 
of feeding on foods with corn in them (e.g., dog food) and was likely held in captivity at 
some point (Kays and Feranec 2011). 
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IFW is not seeking a Section 10 permit for wolves because they currently do not exist in 
the state.  If wolves were to become established in Maine, IFW would consider specific 
measures to protect those animals from incidental take.  For approximately 16 years, 
IFW has made efforts to help detect wolves that might immigrate to Maine that include: 
 
1) Distributing wolf identification information (track measurements, size, and 

physical characteristics) to every licensed trapper in the state in the annual 
Trapper Information Booklet. 

2) Conducting and participating in genetic and morphological research on eastern 
coyotes and eastern Canadian wolves to determine whether these animals can 
be readily distinguished from each other (e.g., Wilson et al. 2004; Kays et al. 
2010). 

3) Requesting that hunters or trappers notify IFW if any coyote over 48 inches in 
total length is harvested. 

4) Investigating credible sightings of large canids.  
 
2.2.3 Migratory Birds 
 
Federal Laws 
 
The Migratory Bird Treaty Act of 1918 has provisions in its statutes that make it a 
federal crime to "pursue, hunt, take, capture, kill, attempt to take, capture or kill, 
possess, offer for sale, sell, offer to purchase, purchase, deliver for shipment, ship, 
cause to be shipped, deliver for transportation, transport, cause to be transported, carry, 
or cause to be carried by any means whatever, receive for shipment, transportation or 
carriage, or export, at any time, or in any manner, any migratory bird, included in the 
terms of this Convention…for the protection of migratory birds…or any part, nest, or egg 
of any such bird." (16 U.S.C. 703).  Through regulation, the USFWS can permit the take 
of migratory birds for a variety of purposes, such as rehabilitation, scientific collection, 
raptor propagation, falconry, and depredation.  USFWS has no explicit regulatory 
mechanism to authorize the incidental take of migratory birds.  In Maine, except for ADC 
activities that can operate year round, trapping is limited to the fall and winter months 
when most breeding migratory birds are not present.  Although there was some 
potential for American crows (Corvus brachyhynchos), common ravens (Corvus corax), 
and gray jays (Perisoreus canadensis) to be attracted to baited traps, regulatory 
changes instituted in 2007 in Maine that require bait to be covered has minimized the 
incidental capture of migratory birds. IFW is submitting a separate memorandum to the 
USFWS containing background information about the take of migratory birds to aid the 
USFWS response to public comments. 
 
Bald and golden eagles are also protected under the federal Bald and Golden Eagle 
Protection Act (BGEPA, 16 U.S.C. 668-668c).  This act prohibits the "taking" of bald or 
golden eagles, including body parts, nests, or eggs.  The Act's definition of "take" is 
similar to the ESA but not the same.  The Act defines "take" as "pursue, shoot, shoot 
at, poison, wound, kill, capture, trap, collect, molest or disturb".  Similar to the ESA, the 
BGEPA allows a limited number of eagles to be incidentally taken through a similar 
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permitting process.  Historically through 2006, a total of 37 bald eagles have known to 
have been trapped, injured, or killed as a result of licensed trapping activities.  
However, since implementing statewide covered bait regulations in 2007, no eagles 
are known to have been taken in legally set traps in Maine.  The only documented 
incident since 2006 was the live capture and release of an eagle in an illegal trap on 
March 21, 2010 in Alna (Lincoln County), Maine.  The case was referred to Maine 
Warden Service and USFWS law enforcement.  If IFW detects an issue with take of 
bald or golden eagles, IFW can pursue a permit under the BGEPA. 
 
2.2.4 Plant Species of Concern 
 
There are 3 federally listed plant species in Maine.  The eastern prairie fringed orchid 
(Platanthera leucophaea; federally threatened species) and the Furbish lousewort 
(Pedicularis furbishiae; federally endangered species) occur in northern Maine; within 
geographical are where lynx occur.  The small whorled pogonia (Isotria medeoloides), a 
federally threatened plant, occurs in southern Maine.  The range of this plant lies 
outside of the lynx range.  None of the trapping activities referred to in this request for a 
Section 10 permit will impact any of these plant species because traps are commonly 
set on road, road edges, fields, or in elevated sets (e.g. killer-type traps set on leaning 
polses) where protected plant species do not occur.  
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3.0 Project Description / Activities Covered by Permit 
 
Summary 
 
This section describes IFW’s current trapping program and new capture techniques that 
will be allowed with the implementation of the Plan.  IFW is seeking an ESA Section 10 
permit to cover the incidental take of lynx that may occur in trap sets that are lawfully 
made by trappers, as described in Section 1.1 of the Plan, during IFW’s regulated fur 
trapping season and ADC and PM Programs.  Although the risk is lower for some traps, 
IFW is seeking incidental take coverage for all lawful trapping activities in Maine in the 
event that a lynx is caught.  To date, lynx have been incidentally captured in traps set 
on land by trappers targeting coyote/fox, marten, and fisher during Maine’s regulated fur 
trapping season and by PM trappers targeting coyotes.  Most lynx caught in foothold 
traps can be released with little or no injury, and no lynx have been captured in marten 
and fisher sets that were lawfully made following the requirements established under a 
Federal Court Settlement US District Court of Maine, Case 1:06-cv-00128-JAW 
Document 132-2 Filed 10/03/2007 (Consent Decree).  Throughout this document, we 
state that no lynx were captured in marten and fisher traps that were lawfully set.  
During the 2014-15 trapping season that followed this Plan, two lynx were killed in killer-
type traps that were lawfully set on leaning poles.  
 
The main difference between the three trapping programs is the time of year when the 
activity occurs and the species that are allowed to be trapped.  ADC trappers are 
permitted to set traps anywhere in the state throughout the year for wildlife causing 
damage to property (except protected species, including lynx, unless the USFWS 
permits the activity under Section 10 of the ESA).  Alternatively, fur trappers are 
restricted to setting traps for legal furbearing animals within current furbearer season 
framework (currently mid-October – December 31 except as allowed for under Rule 09-
137 Chapter 4.01 Section G2A), and PM trappers are only permitted to set foothold 
traps for coyotes during the first 45 days of Maine’s trapping season (mid-October to 
end of November).  All trappers are required to follow Maine laws governing trapping, 
including legal trap types.  PM trappers are further limited to setting foothold traps 
because the intent of this program is to capture coyotes near deer winter areas (DWA).  
If a permit is issued, PM and ADC trappers that have met the requirements for setting 
non-lethal cable restraints may be permitted to use these devices to capture coyotes as 
described in Section 3.1.  Each of the programs specifically covered by this permit 
request are described below in more detail and in Appendices 1, 9, and 10. 
 
Table 3.0 provides a complete summary of trapping regulations or actions in lynx range 
to limit the incidental take of lynx as defined in current regulations, agreed in the 
Consent Decree, and implement in this Plan.  Under the original PlanBriefly, the 
following trapping regulations established in the Consent Decree will were to remain in 
effect in lynx areas (currently WMDs 1-11, 14, 18, and 19) if a permit wasis issued:  
 
1) Bait cannot be placed near traps or if visible from above.   
2) Chains on foothold traps will have at least one swivel.  
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3) Killer-type traps (jaw spread <8 inches) must be set 4 feet off the ground on 
leaning poles < 4 inches in diameter and set at > 45 degrees. 

4) Killer-type traps with a jaw spread < 5 inches will be permitted on the ground as a 
blind set. 

5) Snares set completely underwater for beaver and aquatic furbearers will be 
permitted. 

6) Foot snares, a type of non-lethal cable restraint, and cage traps will be permitted 
for black bears.  
 

In addition to regulations currently in place in lynx areas, IFW through the rule making 
process will recommend that baited killer-type traps set on the ground would only be 
permitted if set with a lynx exclusion device, wooden based rat traps for weasel and red 
squirrel would be permitted if set in a recessed wooden box with a hole no larger than 2 
inches, and foothold traps with teeth or auxiliary teeth would only be permitted if set 
underwater.  IFW would rescind current foothold trap size and cage trap restrictions in 
lynx areas.  ADC and PM trappers that obtain the necessary training (see Appendix 13) 
will be allowed to set non-lethal cable restraints for coyotes. Following an evaluation of 
non-lethal cable restraints set by ADC or PM trappers, fur trappers may also be allowed 
to use non-lethal cable restraints after completing the appropriate training.  Although 
non-lethal cable restraints may be permitted, killer-type snares will not be allowed under 
this permit, unless set completely underwater for aquatic furbearers.  IFW will continue 
to monitor take of lynx in Maine’s trapping programs and make adjustments when 
necessary to avoid future takes (See Changed Circumstance in Section 5).  The 
rationale for trapping regulatory changes in this Plan is provided below. 
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Table 3.0 Summary of current regulations/actions regulations in lynx range to limit the incidental take of lynx 
as agreed in Consent Decree, under current regulations, and as implemented in this Plan, and in 
place following amendment to this Plan. 

 

Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

 

Existing 
Regulations/Actions 

Implemented 
Voluntarily by IFW 

 

Regulations or 
Actions once 

Plan is 
accepted and 

Permit is 
Issued 

 

Regulations or Actions in place 
following the approval of the 

August 2015 amendment  to the 
Plan  

1. Restricts trapping in WMD 1-6, 
8-11 (as described below) to 
avoid incidental take of lynx 

 

XYes XYes XYes X Yes 

2. Restricts trapping in WMD 7 
and 14, 18, 19 (as described 
below) to avoid incidental take 
of lynx 
 

No XYes XYes  XYes 

3. Restricts use of visible bait 
near traps statewide 
A. Prohibits use of exposed 

bait or visible attractor on 
covered floats-(Rule 09-
137 Chapter 4.01 G 1a). 

B. Prohibits exposed bait or 
visible attractor during 
Early Fox and Coyote 
Season-(Rule 09-137 
Chapter 4.01 G 2A-d). 

C. Prohibits exposed bait or 
visible attractor during 

 
 

No 
 
 
 

      No 
 
 
 
 

No 
 

 
 

YesX 
 
 
 

XYes 
 
 
 
 

XYes 
 

 
 

XYes 
 
 
 

X Yes  
 
 
 
 

XYes 
 

 
 

 XYes 
 
 
 

 XYes 
 
 
 
 

 XYes 
 

Formatted: Left
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

 

Existing 
Regulations/Actions 

Implemented 
Voluntarily by IFW 

 

Regulations or 
Actions once 

Plan is 
accepted and 

Permit is 
Issued 

 

Regulations or Actions in place 
following the approval of the 

August 2015 amendment  to the 
Plan  

Early Muskrat Trapping 
Season-(Rule 09-137 
Chapter 4.01 G 2B-b). 

D. Prohibits the setting of 
foothold or killer-type traps 
within 50 yards of bait that 
is visible from above (Rule 
09-137 Chapter 4.01 K). 

 

 
 
 

Yes, In 
WMDs 1-
6 and 8-
11 only 

 
 
 

Yes, statewide 

 
 
 

Yes, statewide 

 
 
 

Yes,  statewide 

4. Restricts use of foothold traps 
>5 3/8” jaw spread in WMD 1-
6, 8-11 (Rule 09-137 Chapter 
4.01 J) 

 

XYes XYes Rescind See 
#21No, Note: 
Although the 

accepted plan 
included 

eliminating the 
size restriction, 

IFW has not 
implemented 
this measure 
at this time 

No, Note:Although the accepted 
plan included eliminating the size 

restriction, IFW has not 
implemented this measure at this 

timeX 

5. Requires use of at least 1 
swivel on trap chains in WMD 
1-6, 8-11 (Rule 09-137 
Chapter 4.01 J) 

XYes XYes X 
Yes, and it was 

extended to 
include WMDs 

  Yes, however new rules require 
three swiveling points on all land 
based foothold traps statewide5 - 

See #27 
                                            
5 These restrictions do not apply to foothold traps that when set, placed, or tended are fully or partially covered by water, those that are set on a 
muskrat “float”, or dog-proof traps (also know as Duffer traps).  
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

 

Existing 
Regulations/Actions 

Implemented 
Voluntarily by IFW 

 

Regulations or 
Actions once 

Plan is 
accepted and 

Permit is 
Issued 

 

Regulations or Actions in place 
following the approval of the 

August 2015 amendment  to the 
Plan  

5 continued 7,14,18, 19 - 
See #19 

6. Wooden based rat traps set for 
weasels and squirrels 
recessed within a wooden box 
with a hole no larger than 2” in 
diameter are prohibited in 
WMD 1-6 and 8-11 (Rule 09-
137 Chapter 4.01 J) 

 

 No
  

XYes Rescind See # 
20 No, Note:  

This was 
rescinded  

August 2015 – 
See #22 

No, See #22 
 

7. Restrict the use of killer-type 
traps to leaning poles, aquatic 
sets, as blind, or stream banks 
A. Prohibits killer type traps 

during Early Fox and 
Coyote Season-(Rule 09-
137 Chapter 4.01 G 2A-b). 

B. Requires traps set during 
Early Muskrat Trapping 
Season in WMD’s 1-
6,8,10,11 to be set at or 
below ground level or water 
and killer type traps to have 
a jaw spread of 5 inches or 
less- (Rule 09-137 Chapter 
4.01 G 2B-a,c). 

 
 
 

No 
 
  
 
 

No 
 
 
 
 
 
 
 

 
 
 

XYes 
 
 
 
 

XYes 
 
 
 
 
 
 
 

 
 
 

XYes 
 
 
 
 

XYes 
 
 
 
 
 
 
 

Updated see #28 
 
 

 XYes 
 
 
 
 

 XYes 
 
 
 
 
 
 
 

Formatted: Normal, Indent: Left:  0"
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

 

Existing 
Regulations/Actions 

Implemented 
Voluntarily by IFW 

 

Regulations or 
Actions once 

Plan is 
accepted and 

Permit is 
Issued 

 

Regulations or Actions in place 
following the approval of the 

August 2015 amendment  to the 
Plan  

 
 

C. Traps set for beaver are 
restricted to killer-type 
traps and drowning sets 
(Rule 09-137 Chapter 4.01 
G 1a) October-April. 

D. Prohibits killer-type traps in 
WMD 1-11, 14, 18, and 19 
unless set completely 
underwater or at least 4 ft 
above the ground or snow 
so long as such traps are 
affixed to a pole or tree that 
is at an angle of 45 
degrees or greater to the 
ground and that is no 
greater than 4 inches in 
diameter at 4 feet above 
the ground or snow level 
(Rule 09-137 Chapter 4.01 
K) except that  killer-type 
traps within an inside jaw 
spread not to exceed 5 
inches can be used when:   

1. Set as to be partially 

 
 

No 
 
 
 
 

Yes, In 
WMD 1-6 
and 8-11 

only 

 
 

XYes 
 
 
 
 

XYes, IFW added 
WMDs 7, 14, 18, 19 

voluntarily to the 
regulation with a 

provision for 
exclusion devices 
in these additional 

WMDs as 
described in #8 

 
 
 

 
 

XYes 
 
 
 
 

YesX 

 
 

Yes  
 
 
 
 

No, this was rescinded in August of 
2015 and replaced with #28 
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

 

Existing 
Regulations/Actions 

Implemented 
Voluntarily by IFW 

 

Regulations or 
Actions once 

Plan is 
accepted and 

Permit is 
Issued 

 

Regulations or Actions in place 
following the approval of the 

August 2015 amendment  to the 
Plan  

covered by water at 
all times or,  

2. Set under 
overhanging stream 
banks, or  

3. Used as blind sets. 
(Rule 09-137 
Chapter 4.01 
K).(Blind set defined 
on page 29 of 09-137 
Chapter 4). 

 
8. Permits use of lynx exclusion 

device (as described on page 
29-30 Rule 09-137) on killer-
type traps with a jaw spread 
not to exceed 7 ½ inches set 
on or above the ground in 
WMD 7, 14, 18, and 19 (Rule 
09-137 Chapter 4.01 K). 

 

 
No 

 
XYes 

 
XYes 

 
 

 
Yes. Killer-type traps allowed to be 
set on the ground Statewide when 

used with Exclusion Devices, 
 

Updated see #28 for a description 
of the rule and the exceptions 

where an exclusion device is not 
required 

9. Prohibits use of cage traps > 
13 X13 inches (WMD 1-6 and 
8-11) except for wildlife 
research, animal damage, or 
to capture black bears. Cage 

XYes XYes No, Note: 
Although the 

accepted plan 
included 

allowing the 

No, Note: Although the accepted 
plan included allowing the use of 

cage type traps, IFW has not 
implemented this measure at this 

time see #20 
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

 

Existing 
Regulations/Actions 

Implemented 
Voluntarily by IFW 

 

Regulations or 
Actions once 

Plan is 
accepted and 

Permit is 
Issued 

 

Regulations or Actions in place 
following the approval of the 

August 2015 amendment  to the 
Plan  

traps including suit-case style 
cage traps (i.e. Hancock 
Traps).(Rule 09-137 Chapter 
4.01 J). 
 

use of cage 
type traps, IFW 

has not 
implemented 
this measure 
at this time  

see #20 
 

In addition language was added to 
the rule stating Hancock traps must 
be set with the bottom portion of 
the trap in the water and the 
opening of the trap facing away 
from land. 

10. Restricts the use of snares: 
A. In WMD 1-6, and 8-11, 

prohibit the use of snares 
for any purpose other than 
to catch beaver and bear.  

 
B. Statewide, Title 12 § 12252 

2A.Restrict types of snares 
for the purpose of trapping 
any wild animal or bird 
except as provided in 
section 10105, subsection 1 
and section 12259. 

 

 
X 

Yes 
 
 
 

No 

 
 
 
 
 
 

XYes 

 
 

Yes 
 
 
 

XYes 

 
 

Yes 
 
 
 

X Yes 

11. Maintain 24hr/7 day a week 
phone line to report incidental 
catch of lynx 
 

XYes XYes XYes X Yes 

Formatted: Left

Formatted: Left
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

 

Existing 
Regulations/Actions 

Implemented 
Voluntarily by IFW 

 

Regulations or 
Actions once 

Plan is 
accepted and 

Permit is 
Issued 

 

Regulations or Actions in place 
following the approval of the 

August 2015 amendment  to the 
Plan  

 
11.12. Mandatory reporting of any 

incidental lynx capture-(Rule 
09-137 Chapter 4.01 2) 

 

No XYes XYes X Yes 

12.13. IFW assist with release of 
incidentally captured lynx 

 

XYes XYes XYes  XYes 

13.14. Veterinarian provides 
training on injury assessment 
and treatment and  evaluates 
injuries on at least 2 3 lynx 

 

No No XYes  XYes 

14.15. Implement guidelines for 
care of lynx injuries, maintain 
network of veterinarians and 
rehabilitators to care for lynx, 
treat and rehabilitate any 
injured lynx 
 

XYes XYes XYes  XYes 
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

 

Existing 
Regulations/Actions 

Implemented 
Voluntarily by IFW 

 

Regulations or 
Actions once 

Plan is 
accepted and 

Permit is 
Issued 

 

Regulations or Actions in place 
following the approval of the 

August 2015 amendment  to the 
Plan  

15.16. Trap tending requirements 
A. Foothold and cage traps: 

visit once every 24 hours 
B. Killer-type traps organized 

or incorporated place: visit 
once every 3 days 

C. Killer-type traps 
unorganized place: visit 
once every 5 days 

Title 12 §12255 1A, 1B 
 

No XYes XYes  XYes 

16.17. It is illegal to disturb or take 
a trap or wild animal from a 
trap. Title 12 §12256 

 

No XYes XYes  XYes 

17.18. Restricts the use of traps 
with teeth 
A. A person may not use 

auxiliary teeth on any leg-
hold trap when set on land 
(Title 12 §12252 1). 

B. In WMD 12, 15-17, 20-26, 
unlawful to use any trap 
with teeth on the jaws 
unless completely covered 
by water from the opening 

 
No 

 
 
 
 

No 

 
XYes 

 
 
 
 

XYes 

 
XYes 

 
 
 
 

Yes, See #25 
 

  
XYes 

 
 
 
 

Yes, See #25 
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

 

Existing 
Regulations/Actions 

Implemented 
Voluntarily by IFW 

 

Regulations or 
Actions once 

Plan is 
accepted and 

Permit is 
Issued 

 

Regulations or Actions in place 
following the approval of the 

August 2015 amendment  to the 
Plan  

day of the trapping season 
to the opening day of the 
deer firearm season (Rule 
09-137 Chapter 4.01 J). 

 
18.19. Requires use of at least 1 

swivel on foothold trap chains 
in WMD 7, 14, 18, 19 
(proposed rule) 

 

 
No 

 
No 

 
XYes 

Yes, and has been modified to 
require 3 swiveling points 

statewide as described in #271  

19.20. Permit the use of cage 
traps statewide without size 
restrictions, except suit-case 
style cage traps (e.g. Hancock 
Traps) will continue to be 
prohibited for use during the 
beaver season, unless set for 
wildlife research, surveys, or 
removal of animals causing 
damage to property. 
(Proposed Rule). 

 

 
No 

 
No 

 
XYes 

 
XYes  

20.21. Foothold trap size will not 
be restricted whether set on 
land or underwater (Proposed 
Rule) 

 
No 

 
No 

 
XYes 

Note: Although 
the accepted 

 
YesX2  Note: Although the 

accepted plan included removing 
the trap size restriction, IFW has 
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

 

Existing 
Regulations/Actions 

Implemented 
Voluntarily by IFW 

 

Regulations or 
Actions once 

Plan is 
accepted and 

Permit is 
Issued 

 

Regulations or Actions in place 
following the approval of the 

August 2015 amendment  to the 
Plan  

 plan included 
removing the 

trap size 
restriction, IFW 

has not 
implemented 
this measure 
at this time. 

not implemented this measure at 
this time.  

21.22. Allow the use of wooden 
based rat traps set for weasels 
and squirrels recessed within a 
wooden box with a hole no 
larger than 2” in diameter 
statewide. Currently legal only 
in WMDs 7, 12-29. (Proposed 
Rule) 

 

No No  
XYes,  

Implemented 
statewide 

August 2015 

 
XYes, Implemented statewide 

August 2015  

22.23. Permits the use of non-
lethal cable restraints 
statewide (Proposed Rule). 
 
 

 
No 

 
No 

 
XYes 

  
Yes 

23.24. Regulations to implement 
non-lethal cable restraints 
A. Tending time will be 24 hrs 

(Proposed rule) 

No No XYes 
Note: Although 
the accepted 
plan included 

YesX 2 
Note: Although the accepted plan 
included implementing non-lethal 

cable restraints, IFW has not 



44 

Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

 

Existing 
Regulations/Actions 

Implemented 
Voluntarily by IFW 

 

Regulations or 
Actions once 

Plan is 
accepted and 

Permit is 
Issued 

 

Regulations or Actions in place 
following the approval of the 

August 2015 amendment  to the 
Plan  

B. Require a cable diameter 
of 1/8 inch or 3/32 inch, a 
relaxing mechanical lock of 
a reverse-bend washer 
with a minimum diameter of 
1 ¼ inches, at least one 
swivel, and two stops 
(Proposed Rule). 

C. Require cable restraints to 
be staked and free of 
woody vegetation > ½   
inch in diameter within 
reach of the restrained 
animal (Proposed Rule). 

D. Require cable restraints to 
have two stops : IFW will 
initially evaluate 
specification that include: 
One restricts loop size to 
no larger than 12” loop 
when fully open and one 
restricts loop size to no 
smaller than 2 ½ “ loop 
when fully closed 
(Proposed Rule). The 
specifications regarding the 

implementing 
non-lethal 

cable 
restraints, IFW 

has not 
implemented 
this measure 
at this time. 

implemented this measure at this 
time. Formatted: Not Superscript/ Subscript
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

 

Existing 
Regulations/Actions 

Implemented 
Voluntarily by IFW 

 

Regulations or 
Actions once 

Plan is 
accepted and 

Permit is 
Issued 

 

Regulations or Actions in place 
following the approval of the 

August 2015 amendment  to the 
Plan  

maximum and minimum 
loop opening sizes will be 
developed in consultation 
with the Service, based on 
the best available scientific 
information, at the time the 
proposed rule is 
developed.    

24.25. Restricts the use of traps 
with teeth 
A. In all WMDs it will be 

unlawful to use any trap 
with teeth on the jaws 
unless completely covered 
by water from the opening 
day of the trapping season 
to the opening day of the 
deer firearm season. 

No XYes Yes XYes 

26. In WMDs 1-11, 14, 18 and 19, 
prohibit the use of drags on 
foothold traps set at or below 
ground level and require the 
catch circle be clear of woody 
vegetation or other 
obstructions. 5 

  

 
No 

 
No 

 
No 

X 
Yes 

Formatted: Normal,  No bullets or numbering
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

 

Existing 
Regulations/Actions 

Implemented 
Voluntarily by IFW 

 

Regulations or 
Actions once 

Plan is 
accepted and 

Permit is 
Issued 

 

Regulations or Actions in place 
following the approval of the 

August 2015 amendment  to the 
Plan  

27. Requires, statewide, that the 
chain on foothold traps set at 
or below ground level have a 
chain that is mounted within 
the central portion of the base 
of the trap and must have 
three swiveling points, with 
one swiveling point at the base 
of the trap, one midway in the 
chain, and one at the trap’s 
anchoring point. 5 

 
No 

 
No 

 
No 

X1 

Yes 
Formatted: Indent: Left:  0"

Formatted: Not Superscript/ Subscript
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

 

Existing 
Regulations/Actions 

Implemented 
Voluntarily by IFW 

 

Regulations or 
Actions once 

Plan is 
accepted and 

Permit is 
Issued 

 

Regulations or Actions in place 
following the approval of the 

August 2015 amendment  to the 
Plan  

28. Prohibits killer-type traps  
statewide unless set completely 
underwater or with an approved 
lynx exclusion device (Rule 09-
137 Chapter 4.01 K) except that  
killer-type traps within an inside 
jaw spread not to exceed 5 inches 
can be used when:   

1. Set as to be partially 
covered by water at 
all times or,  

2. Set under 
overhanging stream 
banks, or  

3. Used as blind sets. 
(Rule 09-137 
Chapter 4.01 
K).(Blind set defined 
on page 29 of 09-137 
Chapter 4). 

  

 
No 

 
No 

 
No 

X1- 
Yes 

1Because minimization measures taken outside of the lynx zones are not part of the Plan (see Section 1.4), it is IFW’s understanding 
that minimization measures outside of the lynx zones may be altered without a Plan amendment 
2 Recending the maximum jaw spread requirements for foothold traps  and allowing the use of Cable Restraints, while not currently 
allowed, are still be evaluated for potential future implementation.” 

Formatted: Normal, Indent: Left:  0.13",  No
bullets or numbering
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3.1 Project Description 
 
Regulated Furbearer Trapping Program 
 
IFW was given authority to establish open trapping seasons for furbearing animals in 
1973 (Title 12, Chapter 301, §1960A).  Furbearing animals include all mammals 
harvested primarily for their pelts.  In Maine, these include coyote (Canis latrans), red 
(Vulpes vulpes) and gray fox (Uracyon cinereoargenteus), bobcat (Lynx rufus), fisher 
(Martes pennanti), marten (Martes americana), raccoon (Procyon lotor), skunk (Mephitis 
mephitis), short- (Mustela erminea) and long- (Mustela frenata) tailed weasels, mink 
(Mustela vison), otter (Lontra canadensis), beaver (Castor canadensis), muskrat 
(Ondatra zibethicus), and opossum (Didelphis virginiana).  Black bears are considered 
big game animals under IFW’s current regulations.  As such, trapping of bears is 
governed by a different set of regulations than the furbearer trapping program.  
Therefore, this incidental take permit will not address IFW’s big game program or, more 
specifically, the black bear trapping regulations.  In addition, the capture of a lynx in a 
foot snare set for bears in Maine has never been reported.  IFW does not believe there 
will be incidental take of lynx related to bear trapping because the trap configuration 
includes a stop that prevents the cable from closing beyond 2 ½ inches (i.e., a lynx 
could pull its foot through the 2 ½ inch loop). 
 
Maine's furbearer trapping season generally runs from mid-October through the end of 
December.  Beaver have an extended trapping season and can be trapped statewide 
(Figure 3.1.1) through the end of March, and, in some parts of the state (primarily 
northern Maine), through the end of April.  Trappers are allowed to continue trapping for 
muskrat, past the end of the general trapping season, in any area of the state where the 
beaver trapping season is open. 
 
Furbearer trapping is a highly regulated activity and is governed by the laws and rules 
promulgated by Maine’s legislature and IFW, respectively (Appendix 1 and 2).  These 
regulations require all trappers (except a junior license holder) to attend a state-
approved trapping education course, or show proof they have held a trapping license 
from another jurisdiction, before they can obtain a Maine adult trapping license for the 
first time (Appendix 1, Title 12, Chapter 917, §12201).  Maine’s trapper education 
course instructs students on the use of traps including, Best Management Practices for 
trapping, responsible trapping, and techniques to avoid the take of endangered and 
other non-target species, including lynx (Appendix 3).  IFW’s trapping education 
program was updated in 2008 and follows recommendations established by the 
Association of Fish and Wildlife Agencies (AFWA). The course is taught by experienced 
trappers (volunteers) and IFW staff who follow a predetermined course outline 
(Appendix 3).   
 
IFW’s regulations that govern the size of traps that can be used for a particular 
application (e.g., use of conibear "killer-type traps" over 5 inches is restricted; Appendix 
2, 4.01 J), where traps can be set (Appendix 2, 4.01 K), and the methods by which traps 
can be set (Appendix 2, 4.01 J; Appendix 1, Title 12, Chapter 917, §12252) are 



49 

reinforced through efforts to educate trappers on proper trapping techniques.  To 
minimize injury of individual animals caught in traps, all trappers must tend restraining-
type traps (e.g., foot-hold traps) within 24 hours.  Killer-type traps must be tended every 
3 days when set in an organized town, and every 5 days when set in an unorganized 
town (Appendix 1, Title 12, Chapter 917, §12255).  Trappers must identify all traps they 
set with their name and address (Appendix 1, Title 12, Chapter 917, §12254).  Wildlife 
populations that are trapped are monitored using pelt-tagging records.  All raw pelts 
must be tagged by an IFW agent or staff with the exception of weasel, raccoon, 
muskrat, skunk, and opossum (Appendix 2, 4.01 H).  For all species except marten and 
fisher, there is no limit on the number of animals a trapper can take during a trapping 
season.  Trappers are limited to harvesting only 25 marten and 10 fisher per year 
(Appendix 2, 4.01 G - 3). 
 
Description of traps currently allowed for use in Maine 
 
Trappers are currently allowed to use ordinary foothold traps (Figure 3.1.2), killer-type 
traps of the body-gripping variety (Figure 3.1.3), duffer-type foothold traps designed for 
raccoons (Figure 3.1.4), cage-type live traps (Figure 3.1.5), cage-type colony-traps 
designed for muskrats, snares set underwater for beaver only, suitcase-type cage traps 
for beaver (Figure 3.1.6), mouse-type snap-traps for weasel and red squirrel, and foot 
snares (cable restraints) for black bears. The jaw spread of killer-type traps varies by 
manufacturer.  In general, most 110 and 120 killer-type traps have a 4½ inch jaw 
spread, 155 killer-type traps have a 5 inch jaw spread, 160 killer-type traps have a 6 
inch jaw spread, 220 killer-type traps have a 7 inch jaw spread, 280 killer-type traps 
have an 8 inch jaw spread, and 330 killer-type traps have a 10 inch jaw spread.  Killer-
type snares are not permitted on land in Maine.  With implementation of this Plan, the 
existing restrictions on foot-hold trap size could be rescinded through the rule making 
process.   
 
Currently, trappers are not permitted to set lethal snares or non-lethal cable restraints 
on land in Maine.  With implementation of this Plan, regulations could be promulgated 
that would allow trappers to use non-lethal cable restraints after a phased in process 
has been evaluated (See Appendix 13).  However, lethal snares set on land would not 
be permitted or covered by this permit.  Non-lethal cable restraints consists of a cable 
with a mechanical relaxing lock -- designed to hold and not kill the animal, stops, an in-
line swivel, and are set so that a captured animal cannot be entangled in surrounding 
vegetation (Olson and Tischaefer 2004).   
 
Description of Maine’s Furbearer Harvest 
 
Annually, approximately 22,400 furbearers -- not including weasel, raccoon, muskrat, 
skunk, and opossum – are caught and tagged (Table 3.1.1).  Bobcat, coyote, and fox 
are also hunted; therefore, the harvest numbers for this species overestimate the 
number of animals taken by trappers (Table 3.1.1).  
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Maine’s furbearer harvest occurs in 29 WMDs (Figure 3.1.1), with the highest number of 
tagged pelts coming from WMD 17 (1,833) and the fewest from WMD 27 (241 [Table 
3.1.2]). Annually, approximately 6,000 licensed or otherwise authorized individuals 
could trap in Maine based on data from 2000-13.  We assume under this permit a 
similar number would be authorized to trap (Table 3.1.3).  We note that only a 
proportion of those actually trapped and not everyone is successful in capturing 
animals.   Based on fur tag records, on average a minimum of 1,272 of these individuals 
trapped.   
 
Table 3.1.1 Statewide harvest rates for Maine furbearers (2006-2012 trapping 

seasons).  Mean harvest rates were calculated from pelt-tagging 
records for an even number of years (6 yr) in order to accurately 
portray marten and fisher harvest rates.  Marten, and to a lesser 
extent fisher, have large annual fluctuations in their harvest rates; 
therefore, an equal number of good and poor years is needed to 
calculate their mean harvest rates.  Bobcat, coyote, and fox can be 
hunted as well as trapped.  Coyote and fox harvests include both 
trapped and hunter killed animals.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
a Average annual number of bobcat trapped in Maine. The remainder are taken by 

hunters. 
b Unknown proportion trapped vs. taken by hunters. 

  

Furbearer 
Average Annual 

Harvest 

Bobcat 331 (120a) 

Fisher 1,271 

Marten 2,401 

Red Fox 1,002 

Grey Fox 220 

Coyote 1,774b 

Beaver 10,270 

Mink 1,866 

Otter 782 
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Figure 3.1.1 Maine’s Wildlife Management Districts (WMDs). 
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Figure 3.1.2 Diagram of a foothold trap and its various parts (AFWA 2006a). 
a. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
c. Foothold trap anchored with stakes (AFWA 2006a). 
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Figure 3.1.3 Diagram of a standard killer-type trap and its various parts (AFWA 
2006a). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1.4 Diagram of a duffer trap designed for raccoons (AFWA 2006c). 
 
 
 

 
 
 
 
Figure 3.1.5 Diagram of a wire box or cage trap (AFWA 2006a). 
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Figure 3.1.6 Hancock, suitcase type live trap for beaver (AFWA 2007). 
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Table 3.1.2 Mean harvest rates for furbearers for each of Maine’s Wildlife Management District (WMD).  Mean values are 
calculated using pelt-tagging records from the 2006-07 to 2011-12 trapping seasons.  Marten, and to a lesser 
extent fisher, have large annual fluctuations in their harvest rates; therefore, an equal number of good and poor 
years is needed to calculate their mean harvest rates.  Bobcat, coyote, and fox can be hunted as well as trapped.  
Bobcat, coyote and fox harvests include both trapped and hunter killed animals.  

 

WMD Beaver Otter Mink Bobcat Coyote 
Grey 
Fox 

Red 
Fox Fisher Marten 

1 186 3 1 0 12 0 3 15 138 
2 99 3 4 0 17 0 4 30 194 
3 247 3 16 0 30 0 26 66 83 
4 153 10 19 0 39 1 13 28 252 
5 251 13 29 0 36 0 10 53 311 
6 543 23 98 2 71 0 40 109 173 
7 155 13 43 18 126 4 47 51 142 
8 291 25 33 11 70 1 19 57 237 
9 136 24 47 2 48 1 14 23 173 
10 243 25 58 2 32 0 15 30 141 
11 861 56 115 19 84 0 53 56 187 
12 414 17 115 17 120 10 55 22 9 
13 188 13 66 8 60 1 30 24 10 
14 154 16 60 8 46 0 21 40 97 
15 569 33 91 21 120 64 81 61 2 
16 396 30 127 17 65 5 32 65 2 
17 1191 70 203 26 162 2 122 110 19 
18 813 63 69 27 90 1 37 27 54 
19 487 58 44 23 84 0 25 19 165 
20 229 16 30 9 55 46 64 64 0 
21 242 21 53 5 35 30 32 80 1 
22 328 23 98 9 41 9 32 72 0 
23 610 40 154 28 105 3 50 47 2 
24 116 14 62 4 39 27 44 56 0 
25 207 28 69 7 18 0 16 31 4 
26 446 46 62 20 73 0 37 20 3 
27 116 16 15 16 41 0 29 6 1 
28 396 55 20 19 56 0 35 17 14 
29 137 24 28 11 38 0 10 1 0 
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Table 3.1.3. Summary of ~6,000 licensed or otherwise authorized trappers 
covered by this Plan based from IFW’s 2000-13 license data. 

 
Entities Covered by Permit Average number 
Resident Trappers 2,123 
Non-residents Trappers 73 
Junior Resident Trappers 204 
Resident Apprentice Trappers 25 
Non-resident Apprentice Trappers 1 
Over 70 year old Complimentary License 42 
Native American Complimentary Lifetime 
License1 

1,712 

Lifetime Trapping License2 1,655 
Game Wardens  106 
Wildlife Biologists 38 
Total 5,977 
  
ADC Agent3 85 
PM Trappers3 27 
Landowners Unknown4 
1Sum of lifetime license (started in 2009) that allows Native American’s to hunt, fish, or trap off tribal lands 
and likely includes individuals that although they are licensed to trap, do not. 
2Sum of lifetime trapping licenses sold between 2000 and 2013 but excludes anyone who is 90 years or 
older based on date of birth. 
3Required to have a trapping license, so these individuals are already included in the categories and total 
above. 
4 Landowners as defined in Title 12 § 12201 Part 2. are permitted  to trap on their own land without a 
license. Although currently unknown, IFW estimates that there are less than 100 trappers in this category. 
IFW will collect names and addresses of these individuals when they register their fur, so outreach 
materials can be sent to them in the future.  
 
 
Trapper Effort 
 
In 2010, IFW renewed its collection of trapper effort information.  Since 2010, IFW 
annually mails data collection forms to trappers prior to each trapping season and asks 
that they mail in completed forms at the end of the season.  This is a voluntary effort by 
the trappers, and, over the past two trapping seasons (2010-2012), approximately 10% 
of all licensed trappers have returned their completed forms.  IFW requests that each 
trapper record the number of traps and days set for each species for each Wildlife 
Management District, and the number of each species captured.  From the reports, IFW 
tracks a number of trapper-effort metrics, including the number of trap-nights (e.g., 2 
traps set for 1 night = 2 trap nights) needed to catch specific furbearers (Figure 3.1.7).  
In general, traps set for marten and fisher are killer-type sets and those set for coyote, 
fox, and bobcat are foothold traps. 
 
Based on fur registration data collected between 2005-13, on average there are 396 
trappers that set killer-type traps for marten and fisher, 318 trappers that set foothold 
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traps for coyote, fox, and bobcats in WMDs 1-11, 14, 18 and 19 (lynx range in Maine). 
However, some trappers target all 5 species, on average 613 trappers set traps for 
marten, fisher, coyotes, bobcat, and fox.  From voluntary trapper effort surveys, IFW 
estimates that there are approximately 110,000 foothold trap nights and 150,000 killer-
type trap nights set each year in lynx WMDs.  
 
 
Figure 3.1.7 Statewide trapper effort, expressed as the number of traps nights 

spent to capture the target species.  Trap nights are defined as one 
trap set for a 24-hour period.  Data are from the fall trapping season 
in Maine (mid-October through December 31) in 2010 and 2011.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.2 Incidental Take of Lynx from Furbearer Trapping Program  
 
Aquatic Sets 
 
Although lynx have not been reported in traps set for aquatic furbearers, IFW provides a 
summary of the methods permitted to capture aquatic furbearers below.  IFW has a 
contingency plan to address any potential future take of lynx in aquatic sets in the 
Changed Circumstance Section 5.4 of this Plan (see Changed Circumstance #2 and 
#3). 
 
Beaver 
 
To date, trappers have not reported the capture of a lynx in traps set for beaver in 
Maine.  Beavers are Maine’s most frequently trapped mammal (Table 3.1), and most 
traps for beaver are set under water or under ice.  These traps pose little risk of 
incidental capture of lynx.  Beaver sets may incorporate foothold traps (# 3 or #4), large 
killer-type traps (e.g., 330), or cable snares set underwater in a manner to quickly kill 
beaver.  Hancock traps are a suitcase style cage-type traps set in the water to live 
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capture beaver (Figure 3.1.6). Traps set for beaver are commonly baited with aspen or 
other hardwood branches and set so as to be approached from the water.   
 
Otter 
 
Otter trapping does not pose a risk of incidental capture to lynx.  Otter are caught by 
trappers setting traps specifically for otters or incidentally captured by beaver trappers; 
Trapping equipment and techniques used to capture otters is similar to that used in 
beaver trapping where traps are set under water.  Therefore, lynx are not likely to be 
caught in traps set for otter; to date no lynx have been reported as an incidental capture 
in traps set for otter. 
 
Muskrat 
 
Muskrat trapping poses little risk of incidental capture to lynx.  Muskrat are very 
common aquatic furbearer in Maine and are frequently trapped.  Small foothold traps 
(e.g., #1 or #1½), 110 killer-type traps, and occasionally colony box traps are used to 
capture muskrats.  These trap sets are not attractive to lynx because they are baited 
with vegetation and the size of the foothold trap used may be too small to hold a lynx.  
To our knowledge, no lynx have been caught in traps set for muskrats in Maine. 
 
Mink 
 
Mink trapping poses little risk of incidental capture to lynx.  Mink are trapped using small 
foothold traps and killer-type traps.  As with other semi-aquatic furbearers, underwater 
and drowning sets are often used for mink.  On land, mink sets are made in runways, 
expected travel paths (e.g., along a stream bank), and with or without scent or bait for 
attractants.  In WMDs where lynx occur, current trapping regulations (Appendix 2, 4.01 
K) require that all killer-type traps be set 4 feet above the ground, except killer-type 
traps with openings 5 inches or less (e.g., #s 120, 110, or 155) can be set on the ground 
if partially covered by water at all times, under overhanging stream banks, or in blind 
sets that use no bait, lure, or visible attractor except animal droppings or urine.   
 
Killer-type traps set on land for mink are unlikely to capture a lynx, since these traps are 
set in runways along stream banks without attractors (e.g., lures, feathers, meat).  If a 
lynx was to encounter these traps, a lynx would be more likely to step over the trap, 
since the trap is less than 5” off the ground and is set without an attractor. However if 
this changes or new information becomes available, IFW has a contingency plan to 
address any potential future take of lynx in the Changed Circumstance section of this 
Plan (see Changed Circumstance #2 and #3).    
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Upland sets 
 
Fox and Coyote 
 
Most of the incidentally trapped lynx in Maine have been captured during fox and coyote 
trapping.  Fox and coyote are caught using foothold traps (e.g., #1.75 and #2 coil spring 
traps; Figure 3.1.2) and are primarily attracted to these traps with scent or food based 
lures.  These traps are commonly attached by chain to stakes driven into the ground, or 
by chain attached to a drag (typically a large double hook meant to become entangled 
in trees or brush).  Lynx captured in these trap sets are usually released with little or no 
injury (see Section 4.0). Cage traps are not used by trappers targeting red fox and 
coyotes, because most will not enter cage traps. 
 
Bobcat 
 
Bobcat trapping could result in the incidental capture of lynx due to the similarity in 
bobcat and lynx behavior and trapping techniques; however a lynx capture in a trap set 
for bobcats has not been reported.  The geographical distributions of lynx and bobcat 
overlap at the southern-most extensions of the lynx’s range in Maine.  It is in this area 
where lynx have the greatest chance of incidental capture in traps set for bobcats.  
Although, killer-type traps and foothold traps can be used to catch bobcats, only a few 
trappers target bobcats. Most bobcats are caught incidentally by canid trappers that set 
foothold traps. Approximately 44% of bobcats harvested from 1999 to 2005 were 
harvested by trappers and the rest were killed by hunters.   Lynx could also be captured 
in cage traps set for bobcats (Figure 3.1.5); however, most lynx caught in cage traps 
should be able to be released without injury.  In 339 captures of lynx in cage traps 
during IFW’s lynx study, the majority (337 out of 339 captures) of lynx examined by 
biologists had no trap related injuries; the other two lynx had minor injuries. 
 
In 1999 and 2002, two trappers targeting canids caught a lynx/bobcat hybrid.  At the 
time, lynx/bobcat hybrids were unknown.  Biologists that examined the animals 
concluded they had the general appearance of a bobcat, but some features (e.g., white 
hairs under the tail, long ear tufts) indicated that the animal might be a hybrid.  Genetic 
analyses latter confirmed that these were hybrid animals resulting from the mating of 
female lynx with a male bobcat (Homyack et al. 2008, Schwartz et al. 2004).  
 
Marten and Fisher 
 
Lynx may be captured in traps set for marten and fisher.  In Maine, marten and fisher 
are most often trapped using killer-type traps (e.g., 120 or 220; Figure 3.1.3) baited with 
meat and/or scent lures.  To prevent the incidental capture and lethal take of non-target 
species, such as lynx and migratory birds, current furbearer regulations require trappers 
to cover the bait so that is it is not visible from above.  In addition, IFW agreed as part of 
the Consent Decree to modify marten and fisher trapping regulations in WMDs 1-11 to 
further avoid the incidental capture of lynx.  In these WMDs, killer-type traps with an 
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inside jaw spread < 8 inches6, if set on land, must be set at least 4 feet off the ground or 
snow level (except as described under mink trapping) on small diameter (< 4 in [10 cm]) 
leaning poles (>45°) set 4 feet away from any bank, in an area that is free of objects 
greater than 4 inches in diameter within 4 feet of the trap (Appendix 1).  In 2010, IFW 
extended killer-type trapping regulations to WMDs 14, 18, and 19 where lynx were 
recently documented, and in 2011 allowed killer-type traps (<8” jaw spread) to be set on 
the ground in a lynx exclusion device (Figure 5.2.1).  Following regulatory changes, no 
lynx have been caught in a killer-type trap that was legally set in Maine.  If a permit is 
issued, IFW will maintain these regulations and will also allow killer-type traps (<8” jaw 
spread) to be set on the ground in any WMD where lynx occur, if set with an approved 
lynx exclusion device. During the 2014-15 trapping season that followed this Plan, two 
lynx were killed in killer-type traps that were lawfully set on leaning poles.    
 
 
None of the 74 lynx equipped with radiocollars and monitored during the trapping 
seasons were captured in a killer-type trap set for marten or fisher; also none of the 
collar signals were lost during the trapping season.  Prior to regulatory changes that 
restricted the placement of killer-type traps for marten and fisher (1999-2006), 51 
radiocollared lynx were monitored during the trapping season in 46 different towns 
(Figure 3.2.1).  In the 12 towns where the majority of lynx locations occurred (Figure 
3.2.1 – towns marked in green), 1,607 marten and 87 fisher were harvested without 
capturing any of the 51 radiocollared lynx.  After regulatory changes to killer-type traps 
(2007-2011), 23 radiocollared lynx were exposed to killer-type traps in 58 towns (Figure 
3.2.2).  In the 22 towns where the majority of lynx locations occurred (Figure 3.2.2 - 
towns in green), 424 marten and 53 fisher were harvested without capturing any of the 
23 radiocollared lynx (Table 3.2.1).  On average, a marten is captured every 103 trap 
nights (i.e., 1 traps set for 2 nights = 2 trap nights).  Thus, none of the radiocollared lynx 
were captured despite an estimated 209,193 trap nights that marten traps were sets in a 
subset of the area occupied by 74 radiocollared lynx during the trapping season.  These 
data further supports IFW’s assertion that most incidental lynx captures are reported 
and that the risk of capture in killer-type traps set for marten and fisher is low. 
 
  

                                            
6 Statewide, killer-type traps with an inside jaw spread >8 inches (e.g. 330) is only allowed when trapping 
beaver. 
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Figure 3.2.1 Locations of 51 radiocollared lynx in northern Maine during the 1999 
to 2006 regular trap season when killer-type traps were set for 
marten and fisher. The area in green was used to estimate exposure 
of lynx to traps (i.e., number of marten and fisher harvested and 
number of trappers).  
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Figure 3.2.2 Locations of 23 radiocollared lynx in northern Maine during the 2007 
to 2011 regular trap season when killer-type traps were set for 
marten and fisher. The area in green was used to estimate exposure 
of lynx to traps (i.e., number of marten and fisher harvested and 
number of trappers).  
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Table 3.2.1 Summary of the exposure of 74 radiocollared lynx in Maine 
monitored during the regular trapping season (end of October to end 
of December) to killer-type traps set for marten and fisher without 
being captured in a killer-type trap.  

 
  

 
Number of 

radioed lynx 
 where the majority of lynx 

locations occurred a 
 
Time 
Period 

Number of 
radioed 

lynx 

captures in 
killer-type traps 

or lost 

 # marten 
harvested  

# fisher 
harvested 

Estimated 
trap 

nights 
1999-2006 51 0  1,607 87 165,521 
2007-2011 23 0  424 53 43,672 
a A subset of towns with radiocollared lynx was used to estimate lynx exposure to traps (i.e., 12 of 46 
towns prior to regulatory changes and 22 of 58 towns after regulatory changes). 

 
 
Weasels 
 
Weasel trapping poses little risk of incidental capture to lynx.  Long and short tailed 
weasels are very common furbearer in Maine and are frequently trapped.   Weasels are 
trapped using a killer-type rat-trap recessed in a wooden box (Appendix 2).  Lynx are 
unable to access the trap in the wooden box, thus unable to be caught in a trap set for 
weasels.  Trappers have not reported the capture of a lynx in traps set for weasels.  
 
Raccoon 
 
Raccoon trapping poses little risk of incidental capture to lynx because raccoon 
densities are relatively low in areas where lynx occur and raccoons are seldom 
specifically targeted by trappers. Raccoon densities are often higher in semi-urban 
settings.  In these settings, they are frequently targeted as pests by ADC trappers who 
use cage traps to remove them.  Lynx may be caught in large cage traps; however, 
traps set to remove nuisance animals are normally set near human dwellings and are 
seldom set in areas frequented by lynx. Raccoons are trapped using small foothold 
traps, enclosed foothold traps (e.g., egg-trap or duffer; Figure 3.1.4), killer-type traps 
(e.g., 220; Figure 3.1.3), and cage traps (e.g., Havahart® cage traps; Figure 3.1.5).   
During the first 8 years of trapping in the lynx study (1999 to 2007), only 2 raccoons 
were caught in foothold traps.  Given their low densities in areas where lynx occur, the 
lack of interest in trapping raccoon in northern Maine, and the high species specificity of 
some raccoon traps (e.g., enclosed foothold traps), lynx are highly unlikely to be caught 
in a trap set for a raccoon in Maine.   
 
Animal Damage Control (ADC) Program 
 
IFW is authorized under Maine’s statutes (e.g., MRSA §10053.8) to coordinate and 
administer an ADC program (Appendix 10).  The objective of this program is to resolve 
conflicts between people and wildlife using strategies and methods which offer the best 
chance for a permanent or long-term solution, and, in the process, conserves wildlife 
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resources when practical and possible.  IFW encourages the use of preventive 
measures to reduce the occurrence of human/wildlife conflicts.  However, selective 
removal of wildlife that pose a significant threat to other wildlife, fisheries, human health, 
safety, or property is used when preventive measures are not sufficient.  
 
ADC trappers are only permitted to set traps to remove wildlife causing damage to 
property if they hold a valid Maine trapping license.  ADC trappers are permitted to set 
traps throughout the year and are only permitted to use traps allowed during Maine’s 
regulated trapping season, with the exception that ADC trappers can set cage and 
Hancock traps anywhere in the state.  ADC trappers are not permitted to set lethal 
snares unless completely submerged underwater for aquatic furbearers. 
 
There is very little overlap between trapping activities conducted under IFW’s ADC 
trapping and fur trapping. The potential for incidental capture of lynx by ADC trappers is 
low.  Much of IFW’s ADC efforts in the lynx range are centered around beaver trapping.  
As explained earlier, beaver trapping poses few risks to lynx.  Box traps set for 
raccoons near people’s residences could potentially catch a lynx, but it seems unlikely 
lynx would frequent residential areas or farms and risk encountering dogs.  A lynx has 
never been incidentally caught in IFW’s ADC program as it is currently structured.  
Although IFW does not anticipate any lynx to be incidentally caught as a result of 
trapping conducted under its ADC program, IFW is seeking coverage in the event that a 
take occurs and will address any future take as described in the Changed Circumstance 
Section of this Plan (see Changed Circumstance #2 and #3). 
 
Predator Management (PM) Program 
 
IFW’s PM program was initiated in 2010 by the Commissioner of IFW to reduce the 
impact of predation by coyotes on wintering deer in deer winter areas (DWA).  IFW 
Regional Biologists identify areas currently supporting deer for coyote reduction.  Some 
of these areas (see below for discussion) may overlap with areas used by lynx in WMDs 
1-11, 19, and 28 and northern sections of WMDs 12-14 and 18 (Appendix 9).  There are 
three components to the PM program, but trapping is the only component that will be 
covered by this permit.  As previously described for the furbearer trapping program, 
most lynx that are incidentally caught in foothold traps are caught by coyote and fox 
trappers.  Trappers are restricted to using only equipment and methods currently 
authorized by IFW’s trapping regulations.  This program involves contracts between 
IFW and qualified licensed trappers to trap coyotes in or adjacent to DWAs within the 
current season framework. 
 
Although approved in 2010, the trapping component was first implemented in 2011 with 
13 trappers participating.  In 2012, 27 trappers were permitted to set traps from October 
17 through November 30 in 26 priority wintering areas and 18 trappers actually set 
traps.  The trapping component of the PM program was intentionally kept shorter in lynx 
area than the normal coyote trapping season, which runs from mid-October to 
December 31.  IFW did not want to direct its contractors to trap coyotes in December, 
which could increase the overall trapping effort for coyotes above that of the regular 



 

65 

trapping season, and, in turn, incrementally increase the possibility of catching a lynx.  
During the regular furbearer trapping season, trappers often pull their foothold traps for 
coyotes when the ground starts to freeze and trapping becomes more challenging.   
 
Trappers enrolled in the PM program are generally trappers that currently trap in these 
areas. The intent of the PM is not to increase overall coyote trapping effort, but rather to 
redirect current coyote trapping efforts to DWAs.  These DWAs consist of mature 
forests where snowshoe hare often occur at low densities (Robinson 2006, Fuller et. al. 
2007).  Lynx, which rely on snowshoe hare as their primary prey item, may not be as 
common in mature forests.  PM trappers likely have a lower probability of incidentally 
catching a lynx than when they normally trap for coyotes.  Alternatively, the probability 
of catching a lynx will also be influenced by the amount of favorable snowshoe hare 
habitat in the landscape surrounding a particular DWA and the distance traps are set 
away from DWAs.  If snowshoe hare are abundant in the landscape surrounding a deer 
wintering area, lynx may be present in these areas.   
 
Because coyote trapping effort is not expected to increase through implementation of 
this program, IFW does not anticipate incidental capture (i.e., take) of lynx beyond what 
is anticipated in the furbearer trapping program.  In fact, the number of incidental lynx 
captures in 2011 and 2012 was within the range reported before the PM program was 
implemented (Table 4.1.4). In addition, the number of coyote trappers and number of 
coyotes tagged declined in 2011 and 2012. Prior to Maine’s PM program (1999-2010), 
an average of 514 trappers tagged 2,000 coyotes each year versus an average of 437 
trappers tagging 1,730 coyotes in 2011 and 2012.  However, if monitoring of lynx take 
indicates that this has changed, this Plan incorporates a strategy to address any 
increase in incidental take of lynx attributed to its PM program (See Change 
Circumstance #3 and #4 in Section 5.4).   
 
3.3 How legal and illegal trapping action are covered by the Plan 
 
IFW acknowledges that there are a variety of factors that determine whether a trap or 
trapper complies with trapping regulations.  IFW is seeking coverage for any legally set 
trap where a lynx is captured.  IFW has put forth a Plan which outlines a number of 
actions and regulations to minimize the incidental take of lynx in traps (see Table 3.0).  
Any lynx caught in a trap that complies with regulations and measures outlined in Table 
3.0 shall be considered legal for purpose of calculating and mitigating take.  
  
IFW’s intent is for the permit authorization to apply to all licensed or otherwise 
authorized trappers who comply with trapping regulations and this Plan.  However, if 
lynx are captured, injured, or killed in traps or trap sets due to key regulations not being 
followed, then IFW does not intend permit authorization to extend to those captures.  
Rather, those trappers would be subject to prosecution for violation of State and Federal 
law.  For example, IFW should not be held accountable for flagrant violations such as a 
person intentionally trapping and killing a lynx, clearly in violation of State regulations 
and law.  We note, however, that not all violations of trapping regulations will increase 
the risk of capture, injury, or fatality of lynx.  In those cases, if lynx are captured and a 



 

66 

relatively small infraction (that did not contribute to catching the lynx) of the trapping 
regulations is documented (e.g., failure to properly label a trap), the permit authorization 
would still apply and the capture event would count towards the authorized take under 
the Plan.  However, if lynx are captured and a violation of rule or law (Table 3.0) is 
found to have caused or contributed to the capture or subsequent injury or fatality, then 
the permit authorization would not apply and the capture will not count towards 
authorized take under the plan.  Several different scenarios are provided below as 
illustrations:  
  

• A lynx is captured in a legally set trap and subsequently shot - the capture would 
count towards IFW’s take allocation for capture events, but the mortality would 
not count towards IFW’s lethal take allocation.  

•  A lynx caught in a legal set by a trapper who failed to sign his license or label 
his traps – the capture would count towards IFW’s take allocation for capture 
events. 

•  A trapper fails to report a lynx capture and the lynx subsequently dies or 
sustains a severe injury due to the capture event - the capture would count 
towards IFW’s take allocation for capture events, but the injury or mortality would 
not count towards IFW’s lethal or severe injury take allocation.  The rationale is 
that had the trapper reported the incidental capture, IFW staff would have 
assessed and treated any injuries prior to release such that the lynx would not 
have died or sustained a severe injury.  Therefore, lack of reporting was a 
violation that ultimately increased the probability of the lynx dying or sustaining a 
severe injury.  

•  A trapper fails to check his trap within the mandatory 24-hour tending time and 
the trap captured a lynx that subsequently dies or sustains a severe injury - the 
capture would count towards IFW’s take allocation for capture events, but the 
injury or mortality would not count towards IFW’s lethal or severe injury take 
allocation.  The rationale is that had the trapper properly checked the trap, the 
lynx may have survived and could have been released.  Therefore, lack of 
compliance with the tending times was a violation that ultimately increased the 
probability of the lynx dying or sustaining a severe injury.  

  
Every capture event will be evaluated by IFW as described in Section 5.2 IM2, PI2, PI3. 
This information will be used to determine whether the incidental capture counts 
towards the incidental take permitted in this Plan.   Capture events resulting from 
violations of state law (i.e., those proposed not to count against IFW’s incidental take 
authorization) will be independently evaluated for concurrence by USFWS within 30 
days of receiving the final report.  Disputes will be resolved at the annual meeting with 
the USFWS.   
  
If anytime during the permit period IFW adds or modifies existing regulations or actions 
to further minimize or avoid take, IFW will update Table 3.0 to reflect changes.   
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4.0 Potential Biological Impacts / Take Assessment 
 
Summary 
 
The majority of the anticipated incidental take of lynx from IFW’s 3 programs will be 
from capture events related to legally set foothold traps.  Lynx may also be captured 
using other techniques such as non-lethal cable restraints and cage traps.  Results from 
IFW’s radiotelemetry study of lynx demonstrate that the majority of lynx caught in cage 
traps or foothold traps will experience minor injuries that do not affect subsequent 
survival and reproduction.  In addition, IFW has examined lynx caught by fur trappers, 
including several that were equipped with radio collars.  Data from these examinations 
also supports the low injury and high post release survival of lynx from foothold traps. 
Based on other studies, IFW anticipates non-lethal cable restraints will also only result 
in minor injuries.  Given the minimization measures put in effect with this ITP, IFW 
anticipates a low level of lethal take of lynx in traps.   
 
IFW is requesting a permit to cover the incidental take of up to 195 lynx over the next 15 
years that may occur as the result of otherwise lawful trapping activity in Maine.  Take is 
defined by the ESA as activities that harm, harass, pursue, hunt, shoot, wound, kill, trap, 
capture, or collect federally protected wildlife within the United States.  Of the 195 lynx 
that may be captured in legally set traps, IFW anticipates that most can be released with 
little or no injury; therefore, IFW is requesting a permit to cover potential severe injury of 
up to 9 lynx and the potential death of up to 3 lynx (lynx that are injured and cannot be 
released into the wild would be considered a mortality) over the next 15 years. 
 
To evaluate the population impacts for the potential lethal take (i.e., 3 lynx over 15 
years), IFW ran a demographic model (Program Vortex) using data from lynx in Maine.   
The results showed that the level of lethal mortality anticipated in this Plan will not affect 
population growth.  In fact, the Vortex model showed that an annual lethal take 5 times 
higher than anticipated did not cause Maine’s lynx population to decline (Appendix 7). 
 
Maine’s lynx population is likely at a record high number.  A recent population estimate 
indicates between 750 and 1,000 adult lynx occupied northern and western Maine 
(WMDs 1-11) in 2006 (Vashon et al. 2012).  The surge in lynx numbers is attributed to 
record levels of optimal habitat for lynx provided by the regrowth of spruce and fir forest 
following the 1980s spruce budworm infestation and subsequent clearcutting of affected 
trees.  A recent habitat model for a portion of lynx range (WMDs 4, 5, 8, 9, and 14) 
indicates that the amount of high quality hare habit (HQHH) peaked in 2009 and will 
remain relatively stable through 2022.  Although the model predicts a decline in HQHH 
as budworm stands mature, this decline will be offset by increases in HQHH due to 
recent heavy partial harvesting activity.  However, the model predicts future HQHH may 
occur in smaller more isolated patches that may support lower lynx densities (Simons 
2009).  This could change if the major spruce budworm defoliation event expected by 
2022 occurs at the anticipated level. 
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4.1 Direct and Indirect Impacts 
 
Impacts from Proposed HCP Covered Activities 
 
IFW is requesting incidental take coverage for lynx incidentally captured during lawful 
trapping activities that occur through the state-authorized furbearer trapping, PM, and 
ADC Programs.  As previously explained, the majority of anticipated incidental take will 
likely occur as the result of trapping efforts using foothold traps that target capture of 
coyotes, foxes, and bobcats by fur trappers, but some may occur through other 
activities such as the ADC and PM programs.  The impacts of these trapping techniques 
on lynx are explained below. 
 
Impacts anticipated from fur trapping:  Any incidental take of lynx from the fur trapping 
program could occur from mid-October to the end of December.  Trappers would be 
permitted to use foothold traps, killer-type traps, and cage traps to capture furbearers.  
Non-lethal cable restraints will be permitted only after IFW reviews the impacts of this 
device in the ADC/PM program.  The potential impacts from cable restraints are 
described below.   
 
Impacts anticipated from the ADC program:  Any incidental take of lynx from ADC 
activities could occur year round.  ADC trappers are permitted to use foothold traps, 
killer-type traps, and cage traps.  Most ADC activities in lynx areas occur where the 
probability of capturing a lynx is low (i.e., aquatic traps primarily set for beaver or near 
dwellings).  To date, no lynx have been caught by trappers during ADC activities.  
Although IFW does not anticipate any additional take by ADC trappers during the permit 
period, IFW is requesting coverage for ADC trappers in the rare event that a lynx is 
captured. ADC trappers may be permitted to set non-lethal cable restraints for coyotes; 
the potential impacts of non-lethal cable restraints are described below. 
 
Impacts anticipated from the PM in Maine’s ADC program:  Any incidental take of lynx 
from PM activities could occur from mid-October to November 30th.  We do not 
anticipate any take from killer-type traps in the PM program since killer-type traps are 
not permitted.  However, foothold traps and non-lethal cable restraints (described 
below) will be permitted.  We anticipate the take of lynx in foothold traps by PM trappers 
to be similar to current levels.  If new information becomes available or circumstances 
change, this Plan includes contingencies in the Changed Circumstance Section.  
 
Impacts from non-lethal cable restraints:  IFW would implement the use of non-lethal 
cable restraints with a phase-in approach by first training and evaluating their use by 
PM or ADC trappers prior to allowing their use by fur trappers during the regular 
trapping season.  IFW would require a 24-hour tend on cable restraints which is 
consistent with trapping regulations governing other non-lethal restraining devices in 
Maine.  Furthermore, IFW would stipulate that cable restraints could only be set by 
certified trappers (i.e., pass an IFW training course on how to properly set a cable 
restraint and avoid lynx captures; See Appendix 13).   
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IFW does not anticipate more lethal take or severe injuries by permitting this device 
since ISO scores from other studies are low (Olson and Tischaefer 2004, Munoz-
Igualada et al. 2010).  Although there is the potential for trapping levels to increase by 
allowing the use of cable restraints, requiring trappers to check their sets every 24 hours 
may limit the use of cable restraints especially in December when trappers generally 
shift to killer-type traps that have a longer tend time. In addition, some trappers may 
simply replace one device (e.g. foothold traps) for the other (e.g. non-lethal cable 
restraints).  Regardless, IFW’s take request should be sufficient to account for any 
increase in trapper effort from cable restraints.  However, if new information becomes 
available or circumstances change regarding trapper effort or injuries, this Plan includes 
contingencies in the Changed Circumstance Section (Section 5.4).  
 
Non-lethal cable restraints are currently legal to use in several states (e.g., WI, NJ, PA).  
Data from these jurisdictions indicate that cable restraints are a safe and efficient 
capture tool that minimizes injuries to target and nontarget animals (i.e., injury scores 
met the Association of Fish and Wildlife Agencies Best Management Practices 
standards; see Olson and Tischaefer 2004, Munoz-Igualada et al. 2010).  During the WI 
study, several nontarget mammals were released unharmed (Olson and Tischaefer 
2004), and 2 incidental captures of European wildcats (Felis silvestris, about the size of 
a house cat) monitored for 5 weeks post release had only minor injuries and survived 
(Munoz-Igualada et al. 2010).  
 
Impacts from rescinding foothold trap size:  Prior to the consent decree, coyote trappers 
would have used traps with an inside jaw spread < 6 ¾ inches. IFW does not anticipate 
additional lynx captures or more severe injuries by rescinding the regulation that 
requires foothold traps in lynx WMDs to have an inside jaw spread less than 5 3/8 
inches, based on our experience monitoring incidental take.  The number of lynx 
captures per year did not decrease after size restrictions were put in place in 2008 (30 
in 8 years vs. 33 in 5 years).  In addition, the number of injuries requiring veterinarian 
care was similar prior to and after foothold trap size restrictions.  Of the 8 lynx examined 
by biologists prior to size restrictions, one lynx had an injury requiring veterinarian care. 
Follow-up interviewers with trappers that caught and released the other 22 lynx suggest 
that lynx injuries where mild and similar to those examined by biologists (e.g., swollen 
capture foot).   After size restrictions, trappers were also required to report lynx captures 
prior to releasing the animal. Therefore, IFW biologists examined 24 of 33 lynx caught in 
foothold traps and 1 lynx had an injury requiring veterinarian care.  IFW does not 
anticipate additional lynx captures or more severe injuries by rescinding foothold trap 
size regulation. If new information becomes available or circumstances change, IFW’s 
Plan includes contingencies in Changed Circumstance (Section 5.4). 
 
Effects of non-lethal trapping 
 
Most of the trapping related take anticipated to occur through this ITP will be non-lethal.  
Data from IFW's 12-year radio telemetry study on Maine lynx described below illustrates 
that foothold trapping did not influence lynx ability to survive and reproduce.  While lynx 
may be captured in foothold traps, IFW anticipates that they will be released with only 
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minor injuries that do not affect their long-term survival.  Although IFW anticipates that 
some lynx may have injuries that require additional care, IFW’s data shows that these 
animals can be treated by a veterinarian and released.  Any lynx that cannot be 
released after treatment of trap related injuries is addressed under lethal take.  In 
addition to 12 years of telemetry data, IFW has examined lynx caught by fur trappers, 
including several that were equipped with radio collars.  Data from these examinations 
also supports the low injury and high post release survival of lynx from foothold traps.  
 
IFW’s 12-year telemetry study demonstrates that majority of lynx (i.e., 54 of 57 lynx) 
released from foothold traps following 111 captures are not adversely affected by the 
capture as these animals survive and reproduce post capture.  Although Withey et al. 
(2001) recommended allowing several days to weeks to account for the effects of 
capture and tagging before collecting data from radiocollared animals, IFW waited 30 
days before assessing survival.  Therefore, a lynx caught in a trap that lived at least 1 
month was considered to have died of factors not related to the capture event (e.g., old 
age, predation, vehicle collisions, etc.).  During IFW's study, 81 lynx were captured by 
IFW biologists and radiocollared; 59 lynx were captured in foothold traps during 122 
capture events (i.e., some lynx were caught more than once in foothold traps), and the 
fate of 57 lynx following 111 capture events7 was known.  Lynx lived greater than 1 
month following 108 of 111 captures (97%).  In addition, there is no evidence that the 
mortality of 3 lynx that died within one month of capture was directly related to trapping.  
Although sample size is small for fur traps, a comparison of lynx survival estimates from 
research and fur traps provides further evidence that foothold traps does not affect long-
term survival of lynx (Table 4.1.1).  
 
 
Table 4.1.1 Proportion of lynx in Maine that lived more than 1 month after 

captured in a trap.  Foothold traps were set during IFW's 12-year 
radiotelemetry study; while both foothold and killer-type traps are 
used by trappers during Maine's furbearing trapping season. 

 

Type of Trap 

Number  
captures 
examined 

by IFW 

Number of 
mild/no 
injury 

Number captures 
of radiocollared 

lynx 

Number lived > 1 
months after 

capture 
Research-Foothold  1226 119 111 108/111 (98%) 
Fur trappers-Foothold 32 30 6a 5 /6 (83%) 
Fur trappers-Killer-type  7  2 0/2 (0%) 

a Four lynx caught by fur trappers were equipped with radiocollars when release and 2 trappers reported 
capturing lynx that were already wearing radiocollars. 

 
  

                                            
7 During the last year of the study, we removed collars following 9 captures and 2 lynx were released 
without functioned collars, therefore fate is known for 111 of 122 captures. 
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IFW has compared injury rates from IFW’s 12-year telemetry study to injury rates of lynx 
captured during the fur trapping program.  Study animals were captured using #3 Victor 
soft-catch traps that were staked on short chains whereas fur trappers used a variety of 
foothold traps and staking mechanisms.  The majority of captures in research (119 out 
of 122 captures) and fur traps (30 out of 32 lynx) indicated that captured lynx had no 
visible or minor injuries from foot-hold traps (Table 4.1.1).  Therefore, the rate of injury 
for lynx was low and not different between foothold traps set by biologists and fur 
trappers. 
 
IFW acknowledges that injury scores described above were from external exams 
conducted by IFW biologists.  Other studies have been conducted by AFWA where 
trapped animals that were killed were then necropsied to examine animals for injuries; 
the majority of had acceptable injury scores (see Table 7.3.2).  Although IFW external 
examination of live lynx may have not detected all injuries, data from IFW’s monitoring 
of lynx and AFWA’s study indicates that any undetectable injury would not likely impact 
their ability to survive and reproduce after capture.  
 
In addition to IFW’s telemetry study, IFW’s policy is to radiocollar any lynx incidentally 
trapped near IFW’s study area or that had an injury that required veterinarian care.  
Data from these trapper caught lynx also show that lynx survive after release from 
foothold traps (n=3) or after treatment of injuries (n=1).  Three of the 4 lynx lived more 
than 1 month after release.  The one that died shortly after release had no visible signs 
of injury when captured and died from unconfirmed causes.  However, we suspect 
predation was the cause of death based on evidence collected at the mortality site.  In 
addition, 2 trappers reported capturing lynx that were already wearing radiocollars.  
Both lynx lived more than 6 months after being released from these traps (Table 4.1.1).  
 
Capture of lynx in foothold traps does not appear to affect their ability to reproduce and 
raise young.  Twenty-seven of 57 lynx captured in foothold traps set by IFW biologists in 
the fall, and 2 of the 4 radiocollared lynx captured in foothold traps set by fur trappers, 
were females.  The majority of females (70%) gave birth to kittens the spring following 
their capture.  However, litter production was high (14 of 16 female lynx) when 
snowshoe hares were common.  Conversely, fewer female lynx (5 of 13) gave birth to 
kittens when hares were less common (Table 4.1.2).  Several adult females were 
caught multiple times in foothold traps during the fall and produced kittens the next 
spring.  In fact, one female lynx was caught in a foothold trap 4 times over a 16-day 
period and subsequently produced a litter of kittens the next spring.  
 
Data from IFW’s 12-year radio telemetry study and monitoring incidental captures of 
lynx illustrate that foothold trapping does not likely affect a lynx’s post-capture chances 
of survival or ability to reproduce (Tables 4.1.1 and 4.1.2.). 
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Table 4.1.2 Reproductive success of adult female lynx that were radiocollared in 
Maine following fall capture in foothold traps set by biologists in 
IFW's radiotelemetry study or by licensed fur trappers during the fall 
fur trapping season (incidental captures).  Snowshoe hare densities, 
which varied considerably over time and which influence lynx 
reproduction, are also given. 

 
 ≥ 2 hares/ha  ≤ 1hare/ha 

 # Fall captures # litters  # Fall captures # litters 

Fur trappers 2 2 (100%)  0 0 
Biologists  14 12 (86%)  13 5 (38%) 

 
 
Cage traps 
 
Through implementation of this Plan, there could be an increase in use of cage traps by 
trappers targeting bobcats.  IFW anticipates that take from cage traps will be non-lethal 
and risk of injury is low.  During IFW’s 12-year study, 52 lynx were caught in cage traps 
multiple times (339 captures) without any injuries requiring veterinarian care.   
 
Effects of Lethal Take 
 
As described above, most of the trapping related take anticipated to occur through this 
incidental take permit will be non-lethal.  While most lynx captured in non-lethal cable 
restraints, foothold, and cage traps will be released with minor injuries, some may have 
more severe injuries.  Those that cannot be rehabilitated and released back into the wild 
will be considered as lethal take.  In the original Plan, IFW believeds that minimization 
measures implemented in this Plan (e.g., existing regulations restricting visible bait and 
requiring exclusion devices on some ground sets, and leaning pole set for non-
exclusion traps,) are were ould be effective at precluding lynx from being caught in 
killer-type traps.  If, however, lynx weare caught in killer-type traps, IFW anticipates 
anticipated that it will would result in a mortality.  In the past, prior to regulatory 
changes, two of four lynx caught in killer-type traps died; the two that lived were caught 
by the foot in killer-type traps set on the ground without an exclusion device.  Since 
regulatory changes implemented in December of 2008, 1 lynx has been killed in a killer-
type trap that was not legally set. Although a few individuals may die, the level of lethal 
take anticipated in this plan (n=3) will not affect Maine’s lynx population (Appendix 7).  
Despite the original Plan’s minimization measures, two lynx were killed in killer-type 
traps that were lawfully set on leaning poles during the 2014-15 trapping season, thus 
triggering a changed circumstance under the adaptative management portion of the 
ITP.   
 
Lynx Vulnerability to Trapping 
 
Although other North American studies that reported capture rates of lynx may be of 
interest, these studies report on lynx that were legally harvested for their fur where 
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trapper effort was driven by lynx pelt price and trappers targeting lynx could use visible 
bait and other attractors (Brand and Keith 1979, Bailey et al. 1986, Quinn and 
Thompson 1987, Parker et al. 1983).  Data recently collected in Maine is more relevant 
to IFW’s application and is presented here.  
 
Over the 12 years of IFW’s radio telemetry work, an equal number of male (n=28) and 
female (n=31) lynx were caught in foothold traps; however, male lynx were more likely 
to be recaptured (122 foothold captures, 71 males and 51 females) and only 1 kitten 
was captured in 122 captures events (IFW, unpublished data).  Although the gender 
and age was not known for all lynx captured in foothold traps set by fur trappers in 
Maine, none of the 32 examined by IFW biologists were kittens, and the sex ratio (21 
males and 11 females) was skewed towards males (Table 4.1.3).  Quinn and Thompson 
(1987) observed a similar low capture ratio for kittens. 
 
IFW does not believe kitten mortalities will result from adult females or kittens being 
incidentally caught in foothold traps and subsequently released.  Over the course of 
Maine’s lynx study, kittens were rarely captured (n=1) and radiocollared females that 
were traveling with kittens (n=17), and were subsequently trapped, always reunited with 
their young (IFW, unpublished data).  The 1 kitten that was captured and released from 
a trap, reunited with its mother.  In addition, when Maine’s fur trapping season opens, 
kittens are between 5 and 7 months old, weaned, and consuming meat and capable of 
surviving on their own.  Literature on available data to date indicates that kittens are 
weaned and no longer dependent on their mother by 12 weeks of age (McCord and 
Cardoza 1982, Tumlison 1987, Fernandez et al. 2002).   Although data is sparse, 
Fernandez et al.’s (2002) observation of an orphaned 3 month old kitten that survived 
until at least 11 months of age on its own suggests that kittens can survive without their 
mother after they are weaned.  Because of uncertainty as to the fate of orphaned 
weaned kittens, IFW will monitor kittens orphaned from trapping (if it occurs) and adapt 
procedures as necessary (Section 5.2- Minimization Measure IM 8).  Any kittens that 
are incidentally captured in traps in Maine will be treated similarly to adult lynx for the 
purpose of incidental take calculations.  Despite the fact that IFW does not believe that 
kitten fatalities will occur from the incidental capture of female lynx or kittens, the 
mitigation in this Plan will also support additional lynx and their progeny (Section 5.3).  
 
Specific Causes of Mortality 
 
Over the 12 years of IFW’s radiotelemetry study, radiocollared lynx experienced roughly 
a 20% annual mortality rate8 (Table 2.2).  Starvation and predation were the leading 
causes of mortality (Table 2.3; Vashon et al. 2012).  The mortality rate for lynx observed 
in IFW’s study area was similar or lower than reported for other lynx populations (See 
Vashon et al. 2012); however, small sample sizes and high variability in other studies 
make it difficult to make direct comparisons.   
 

                                            
8 This is for a pooled sample of adults, juveniles, and both sexes during period where hare densities 
ranged from <1.0 to >2.0 hares/ha (Vashon et al. 2012). 
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Table 4.1.3 Description of lynx incidental trapping incidents in Maine from 1999 to 2012. 
 

Date 
incident 

Age 
Class Sex Type of Trap 

Securing 
method Response type 

ISO Score 
(applied as 
reference)1 Type of Injury 

10/18/1999 Subadult Male Foothold staked IFW released 5 Tiny bit of blood on 3rd toe, no 
cut on toe was evident; minor 
injury 

10/1 /2000 Unknown Unknown Foothold - Trapper released - - 
10/26/2000 Adult Male Foothold Drag IFW released 100/50 Broken leg (ulna and radius), x-

rayed in Presque Isle; rehab at 
Tufts; released back to wild 

10/21/2001 Adult Female Foothold Drag IFW released 5 small laceration on one toe 
10/26/2002 Adult Unknown Foothold - Trapper released - - 
10/22/2003 Unknown Unknown Foothold - Advised trapper 

release 
- - 

11/1 /2003 Unknown Unknown Foothold Drag Trapper released - - 
11/2 /2003 Adult Female Foothold Drag IFW released 10 Small puncture above capture; 

Slight swelling; caught high just 
below wrist 

11/22/2003 Unknown Unknown Foothold Drag Trapper released - - 
10/21/2004 Unknown Unknown Foothold Drag Trapper released - - 
10/21/2004 Unknown Unknown Foothold Drag Trapper released - - 
10/23/2004 Unknown Unknown Foothold Drag Trapper released - - 
10/23/2004 Adult Unknown Foothold staked Trapper released - - 
10/25/2004 Unknown Unknown Foothold staked Trapper released - - 
10/27/2004 Unknown Unknown Foothold Drag Trapper released - - 
10/28/2004 Unknown Unknown Foothold Drag Trapper released - - 
11/7/2004 < 1 yr Female Killer-type set on 

ground 
in box 

IFW released 5 Possible injury but no broken 
bones, just a lot of swelling. 

11/12/2004 > 1 yr Female Foothold staked Trapper released - - 
11/14/2004 Unknown Unknown Foothold - Trapper released - - 
11/16/2004 Adult Female Foothold Drag IFW released 5 Slight cut on bottom of foot 
10/1 /2005 Unknown Unknown Foothold Drag Trapper released - - 
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Date 
incident 

Age 
Class Sex Type of Trap 

Securing 
method Response type 

ISO Score 
(applied as 
reference)1 Type of Injury 

10/18/2005 Adult Male Foothold staked IFW released 5 Small cut inner left toe, small cut 
top of foot 

10/26/2005 Adult Male Foothold Drag IFW released 5 Small puncture middle two toes. 
Small amount of blood 

11/1 /2005 Unknown Unknown Foothold Drag Trapper released - - 
11/1 /2005 Unknown Unknown Foothold Drag Trapper released - - 
11/19/2005 < 1 yr Male Killer-type set on 

ground 
in box 

IFW released 5 Four frozen toes, but blood flow 
restored at vet hospital, swelling, 
bone chipped on leg bone. 

11/22/2005 < 1 yr Male Killer-type secured 
to tree 

IFW retrieved 
carcass 

- - 

12/6 /2005 Adult Male Killer-type set on 
ground 
in box 

IFW retrieved 
carcass 

- - 

10/15/2006 Unknown Unknown Foothold Drag Trapper released - - 
10/19/2006 Unknown Unknown Foothold staked Trapper released - - 
10/20/2006 Unknown Unknown Foothold Drag Trapper released - - 
10/26/2006 Unknown Unknown Foothold Drag Trapper released - - 
11/7 /2006 Unknown Unknown Foothold - Trapper released - - 
11/16/2006 Adult Male Foothold staked IFW released 0 no blood or cut on foot; applied 

normal weight to capture foot 
10/15/2007 Adult Female Foothold staked IFW released 5 superficial laceration <1/8" wide 

and just through top layer of skin 
10/17/2007 Unknown Unknown Foothold Drag Advised trapper 

release 
- - 

10/18/2007 Adult Male Foothold staked IFW released 0 no swelling, cuts, blood, broken 
teeth 

10/23/2007 Unknown Unknown Foothold staked Trapper released - - 
10/25/2007 Subadult 

> 1 yr 
Male Foothold Drag IFW released 5 noticed a drop of blood, but 

couldn't find the source; no 
laceration or breaks observed 

10/26/2007 Unknown Unknown Foothold staked Trapper released - - 
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Date 
incident 

Age 
Class Sex Type of Trap 

Securing 
method Response type 

ISO Score 
(applied as 
reference)1 Type of Injury 

11/8 /2007 Subadult 
> 1 yr 

Male Foothold Drag IFW released 0 no broken bones or teeth, 
bleeding, lacerations, punctures, 
dislocation observed. 

11/13/2007 Adult Male Foothold staked IFW released 10 shallow, small laceration; 
Capture foot and toes were cold 
but tissue soft (not frozen). 

10/27/2008 Unknown Unknown Foothold Drag Trapper released - - 
10/30/2008 Unknown Unknown Foothold secured 

to tree 
Trapper released - - 

11/17/2008 Adult Male Killer-type secured 
to tree 

IFW retrieved 
carcass2 

- - 

12/4 /2008 Adult Male Killer-type - IFW retrieved 
carcass3 

- - 

10/21/2009 Subadult 
> 1 yr 

Male Foothold Drag IFW retrieved 
carcass4 

- - 

11/9 /2009 Subadult 
> 1 yr 

Female Foothold staked IFW released 5 only minor edema on capture 
foot 

11/11/2009 Adult Female Foothold staked IFW released 5 small laceration on capture ft 
<1/2 cm; put wt on capture ft at 
release; no tooth injuries 

10/22/2010 Adult Male Foothold staked IFW released 10 small shallow laceration 1 mm 
long, slight edema on capture 
foot 

10/22/2010 Adult Female Foothold staked IFW released 5 shallow small puncture on middle 
digit of rt front paw 

        

11/4 /2010 Adult Female Foothold Drag IFW released 5 some swelling of the trap foot; 
walked away on all 4 feet with 
slight limp on capture foot 
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Date 
incident 

Age 
Class Sex Type of Trap 

Securing 
method Response type 

ISO Score 
(applied as 
reference)1 Type of Injury 

11/14/2010 Adult Male Foothold staked IFW released 5 very minor swelling capture foot; 
looks similar to other feet; no 
chipped/broken teeth 

10/18/2011 Unknown Unknown Foothold staked Trapper released - - 
10/22/2011 Unknown Unknown Foothold staked IFW released 0 lynx appeared uninjured when 

assessed and released by WS at 
direction of biologist 

10/22/2011 Adult Male Foothold Drag IFW released 5 Minor shallow laceration on 
capture foot 

10/23/2011 Adult Unknown Foothold staked Trapper released - - 
10/25/2011 Subadult 

> 1 yr 
Male Foothold staked IFW released 5 swelling of capture foot 

11/19/2011 Adult Male Foothold Drag IFW released 10 small shallow laceration and 
swelling on capture foot. 

11/29/2011 Unknown Unknown Killer-type secured 
to tree 

IFW retrieved 
carcass5 

- Lynx died from capture in a 
illegal killer-type trap, animal was 
scavenged and could not identify 
age or sex, or assess trap related 
injuries. 

10/18/2012 Adult Female Foothold staked IFW released 0 No injury observed during exam 
10/18/2012 Unknown Unknown Foothold staked Trapper Reported - Lynx escaped trap when 

approached by trapper 
10/21/2012 Adult Male Foothold staked IFW released 5 Small shallow laceration on 

capture foot 
10/21/2012 Adult Female Foothold Drag IFW released 0 No injury observed during exam 
10/26/2012 Adult Male Foothold staked IFW released 5 Two small shallow lacerations on 

capture foot 
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Date 
incident 

Age 
Class Sex Type of Trap 

Securing 
method Response type 

ISO Score 
(applied as 
reference)1 Type of Injury 

10/26/2012 Adult Male Foothold Drag IFW released 10 Small shallow laceration and 
minor swelling on capture foot; 
veterinarian on site concurred 
with injury assessment and 
treatment. 

11/1/2012  Female Foothold unknown IFW responded 50 Fracture on capture foot, animal 
shot by bird hunter. 

11/4/2012 Adult Male Foothold staked IFW released 5 Small laceration on capture foot; 
vet concurred 

11/5/2012 Adult Male Foothold Drag IFW released 5 small laceration on capture foot   
11/7/2012 Adult Male Foothold Drag IFW released 5 Two small laceration on capture 

foot; vet concurred 
1 Mild injuries were those that would be assigned a trauma score < 10 under ISO (International Standards Organization) standard (ISO/TC 191) ISO 10990-5:1999.  
ISO standard 10990-5:1999 is same standard used to evaluate injuries caused by restraining traps during the development of Best Management Practices for 
trapping in the United States.  The incidental capture on 1/19/2005 would not be scored as a severe trauma under ISO standards; however, IFW was unsure of 
the severity of frostbite at the time and treated it as a severe injury.  Later examination indicated the animal had not sustained any permanent tissue damage from 
frostbite. 

2 Trap not set in compliance with new laws related to killer-type sets; law was clarified to prevent future catches. 
3 Illegal take; trapper did not report capture and lethal take of a lynx; unable to determine if the trap met current regulations because trap was removed by trapper. 
4 Illegal take; lynx shot by bird hunter while in a foot-trap; trapper reported the dead lynx; hunter charged. Trap was legally set. 
5 Trap not set in compliance with new laws related to killer-type sets. 
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Overall, Maine's lynx population has increased since the 1990s (Simons 2009, Vashon 
et al. 2012).  The growth of Maine’s lynx population, at a time when trapping occurred 
and annual mortality was approximate 20%, underscores that Maine's lynx population 
can readily sustain low levels of mortality that might occur from incidental trapping (see 
Appendix 7).  Maine has not had an open season on lynx since 1967; therefore, any 
lynx takings have either been accidental (e.g., road mortality), illegal (e.g., poaching), or 
incidental to trapping (Table 4.1.4.).  Only 5 lynx deaths have been reported and directly 
attributed to trapping in the 14 years since lynx were federally listed as a threatened 
species (Table 4.1.4).  IFW estimates that there are roughly 750 to 1,000 adult lynx in 
Maine (i.e., northern and western Maine; Vashon et al. 2012).  Using this population 
figure, the highest percentage of the lynx population killed incidentally by Maine 
trappers during any given year was 0.6%.  Consequently, the small number of lynx 
killed by incidental trapping has not impacted Maine’s lynx population growth or stability 
(see Appendix 7).   
 
Table 4.1.4 Incidents of lynx takings recorded by the Maine Department of Inland 

Fisheries and Wildlife since the start of IFW’s lynx project in 1999.   
 

 Number 
Number in 

Foothold Traps 
Number in 

Killer-type Traps Vehicle  

Date Trapped  Alive Dead Alive  Dead Mortalities Poaching 
1999 1 1 0 0 0 0 1 
2000 2a 2 0 0 0 1 0 
2001 1 1 0 0 0 0 0 
2002 1 1 0 0 0 1 0 
2003 4 4 0 0 0 1 0 
2004 11b 10 0 1 0 3 0 
2005 8 b,c 5 0 1 2 3 2 
2006 6 6 0 0 0 2 1 
2007 8 8 0 0 0 4 1 
2008 4 2 0 0 2 3 0 
2009 3 2 1f 0 0 4 0 
2010 4 4 0 0 0 1 0 
2011 7 6 0 0 1d 4 0 
2012 10e 9 1f 0 0 5 0 
2013       14 13 1f 0 0 7 0 
2014       20 18 0 0 2 5 0 
Totals      104 92 3 2 7 44 4 

a One trapped lynx had a broken leg from the entanglement of a trap chain around a tree. The #3 foothold 
trap was set for coyote using a drag chain as an anchor. The lynx was treated, rehabilitated and released 
back into the wild.  

b.One lynx had its foot caught in a killer-type trap (#120) set for marten on the ground was examined by a 
veterinarian, rehabilitated, and released back into the wild.   

 c.Two animals were killed in killer-type traps.  One set (#120) was made on the ground for marten, and 
another set (#220) was made on a leaning tree (>4 dbh and <45 degree angle) for fisher. 

d Trap was not set in compliance with trapping regulations; regulations clarified in 2008. 
e Includes 4 lynx captured by trappers enrolled in IFW’s PM Program. 
f Lynx shot illegally in a trap by a bird hunter. 

Formatted Table
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The incidental trapping rate of lynx in Maine is significantly lower than trapping rate in 
jurisdictions where lynx trapping is legal, because trappers were targeting lynx in those 
areas (Brand and Keith 1979, Bailey et al. 1986, Poole 1991, McKelvey et al. 2000, and 
Poole 2003).  Although these studies have been informative for shaping regulations to 
sustain populations in areas where lynx are harvested for their fur, these studies are 
not relevant to IFW’s application, since the majority of lynx caught in traps in Maine are 
released and are able to survive and produce offspring after their capture.  

 
4.2 Anticipated Incidental Take:  Canada Lynx 
 
IFW is requesting a permit to allow the incidental trapping of up to 195 lynx over a 15-
year period (Table 4.2.2).  The majority (183) will be incidentally trapped and handled 
and released, some (9) may have trap related injuries that require medical attention (as 
outlined in Section 5.2), and few (3) may die from trap related injuries that may include 
animals that could not be released back to the wild.  IFW explains how these estimates 
are derived below.  While the estimates for the take request were developed by 
considering each covered activity, the accounting for the actual take will be the total of 
all covered activities during the 15-year permit period. 
 
Methods for Calculating Incidental Take  
 
Categories of Take and Predictions 
 
IFW's incidental take request was calculated for the full 15-year time span of the 
requested Section 10 permit (i.e., 2013-2028; Table 4.2.2).  Assumptions and 
calculations used to arrive at IFW's request are presented below:  
 
1. Incidental Capture: 
 
Baseline:  Between 1999 and 2012, 70 lynx were incidentally captured by trappers at a 
reported annual rate of 1 to 11 (Table 4.1.4).  IFW believes that data on incidental 
capture rates since 2008 best represent projected take during the Plan period because 
minimization measures were in place, trappers were more knowledgeable about lynx 
and efforts to minimize their capture, and reporting of lynx captures was mandatory.  
Since 2008, the number of lynx captures has ranged from 4 to 10 per year (Table 4.1.4) 
including those caught by PM trappers. Without PM trappers, the number of lynx 
incidental trapping ranged from 3 to 7 per year. IFW only has two years of experience 
with implementing the PM program (2011 and 2012) and 0 and 4 lynx were captured in 
foothold traps, respectively.  For the purposes of the projected take calculations for this 
Plan, the maximum capture rate was used for both programs (Table 4.2.1). 
 
Take Request:  This Plan incorporates a number of minimization measures to reduce 
and avoid capture of lynx in traps through fur trapping, ADC, and PM programs.  
Captured lynx are rarely severely injured or killed (Table 4.1.3 and Table 4.1.4).  IFW is 
requesting coverage for the potential incidental trapping and capture of 195 lynx during 
the 15-year period.  IFW’s take request is based on historic patterns.  Given projected 
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stable to declining population trend, IFW assumes that incidental capture rate should 
not exceed 11 lynx per year (combining take from fur trapping and ADC/PM programs) 
during the 15-year period (Table 4.2.1).  IFW is requesting an additional 20% allowance 
for the number of lynx trapped over the 15-year permit to allow for increased trapping 
effort and change that may affect susceptibility of lynx to trapping (e.g., lynx population 
trend, permitting cage traps and cable restraints). 
 
 
Table 4.2.1. Requested allowances for incidental captures, trapping related 

injuries, and trapping related mortalities of Canada lynx by the Maine 
Department of Inland Fisheries and Wildlife (IFW).  Major injuries will 
be injuries that required veterinarian care before the animal could be 
released back to the wild (e.g. broken bone, etc.). 

 

Capture Event 
Projected 

Annual Take 
Projected Take Over 
Life of Permit (15 yr) 

Incidental Lynx Captures   

      Fur Trapping 7 105 

      ADC/PM Program 4 60 

      20% allowance for changes in effort a 2 30 

All Take of Lynx Incidentally Trapped 13 195b 
     Proportion of capture lynx released with   
     no injuries    19% 37 
     Proportion of capture lynx released with 
     minor injuries     75% 146 
     Proportion of capture lynx that require  
     additional treatment from injuries  4.4% 9 
     Number of captured lynx that potentially  
     killed or not released after vet care)  1.6% 3 
a The 20% allowance includes the potential for increases from trapper effort, new types of traps, changing 
susceptibility to traps, and unreported lynx captures, if there are any. Note: the failure to report a lynx 
capture is illegal under Maine’s trapping regulations.  

b While the estimates for the take request were developed by considering each covered activity, the 
accounting for the actual take will be the total of all covered activities during the 15-year permit period. 
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Table 4.2.2 The number of lynx incidentally trapped in Maine between 1999 and 
2012 categorized by the animal's injury status. 

 
      ISO Injury Score 

 
 
 
Trap Type 

 
Number 

of 
Captures 

Number 
Released  
and Not 

Examined 

 
Number 

IFW 
examined 

Illegal 
Trapping 
Mortality 

 
No  

visible 

 
 

Mild a 

 
 

Moderateb 

Moderate 
Severe to  
Severec 

         
Foot-hold 63 31 32 2d 6 24 0 2 
Killer-type <2008  6  0 6 4e 0 0 2f 0 
Killer-type >2008 1 0 1 1e 0 0 0 0 
Total 70 31 39 7 6 24 2 2 

a International Standards (ISO) mild traumas for animals are defined as pathological observations with an 
injury score between 2 and 10 points (e.g. swelling, minor cutaneous laceration, etc.). 

b International Standards (ISO) moderate and moderately severe traumas for animals are defined as 
pathological observations with an injury score between 25 and 30 points (e.g. major laceration on tongue 
or foot pads, etc.). 

c International Standards (ISO) moderately severe to severe traumas are defined as pathological 
observations with an injury score of between 50 and 55 points (e.g. simple fracture at or below the 
carpus) and 100 points (e.g. fracture above the carpus, etc.), respectively. 

d Two lynx were shot illegally by a bird hunters, although these lynx were killed an injury score for trap 
related injuries was recorded. 

e Lynx were killed in killer-type traps that do not comply with current regulations. 
f These lynx were caught by the foot in killer-type traps that do not comply with current regulations. 
 
 
2. Non-lethal Take:  
 
Baseline:  Of the 70 lynx caught in traps between 1999 and 2012, IFW’s biologists 
examined 32 lynx caught in foothold traps and all 7 lynx caught in killer-type traps for 
injuries.  The majority (30 out of 32) caught in foothold traps had no visible or mild 
injuries, specifically 19% (6) had no visible injury, 75% (24) had mild injuries (e.g., small 
laceration) that could be treated in the field, and  6% (2) had an injury requiring 
veterinarian care.  Of the 7 lynx that were caught in killer-type traps, 2 had injuries 
requiring veterinary care (Table 4.2.2).  However, these 2 lynx were caught in killer-type 
traps set on the ground without exclusion devices, which is no longer permitted.  
Therefore, IFW does not anticipate any injuries in killer-type traps. 
 
Take Request:  Based on the number of lynx that may be incidentally captured (195), 
we anticipate that 19% will have no discernible injury (37), 75% will have mild injuries 
(146), and 6% will have severe injuries that will require veterinarian care (12).  The 6% 
injury rate is broken down into a non-lethal (4.4%) and a lethal component (1.6%) which 
is further described below.  Therefore, IFW assumes that 4.4% (9) of lynx incidentally 
captured will be releasable after treatment of severe injuries and have survival rates 
commensurate with other lynx and 1.6% (3) may either die or may not be releasable. 
Lynx that cannot be released will be considered part of the lethal take estimate 
described below.  IFW is requesting coverage for the non-lethal take of up to 192 lynx 
during the 15-year period, which may include up to 9 lynx with injuries that require 
veterinary care before being released (Table 4.2.2).   
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3. Lethal Take:   
 
Baseline Killer-type Traps:  Between 1999 and 2012, 7 lynx were caught in killer-type 
traps; five died from trap related injuries and two lived (Table 4.2.2).  Six of the 7 were 
caught prior to regulatory changes.  Since regulatory changes, one lynx has been killed 
in a killer-type trap.  Although the trap did not comply with all aspect of the current 
regulations, it is used to project potential future lethal take for the purpose of this Plan.  
 
Baseline Foothold Traps:  No lynx fatalities have been reported from injuries that 
occurred from foothold traps.  However, two lynx caught in foothold traps were shot and 
killed by bird hunters.  It is illegal in Maine to disturb traps or take any wild animals from 
traps without the trapper’s permission (Title 12 §12256).  Therefore, these mortalities 
resulted from an illegal activity.  IFW is committed to avoiding future lethal takes of this 
nature.  In the minimization section of this plan, IFW describes additional outreach to 
hunters to avoid future illegal shooting of lynx in traps (i.e. lynx regulation page in IFW’s 
annual Hunting and Trapping Regulations book). 
 
Take Request:  Although the level of lethal take has been low from trapping in Maine, 
IFW is including the potential for three mortalities from incidental capture events over 
the 15-year permit period.  These mortalities may result from severe injuries from 
foothold traps, non-lethal cable restraints, cage traps or killer-type traps.  Although 7 of 
70 lynx incidental caught in traps between 1999 and 2012 died, 4 lynx were caught in 
killer-type traps that are no longer legal in Maine and 2 mortalities were not directly 
related to the trap set  (i.e., illegally shot by bird hunters).  Thus, these 6 lynx were 
excluded from lethal take calculations; the remaining 64 lynx incidentally caught in traps 
was used to project potential lethal take. Thus for the purpose of this Plan, IFW 
estimated the proportion of total potential take (i.e., 195 lynx) that may be lethal as 1.6% 
(i.e., up to 3 lynx may die). 
 
Potential Biological Impacts of the Request Level of Incidental Take 
 
IFW acknowledges that incidentally trapping a lynx is a form of take (kill, capture, harm, 
and harassment) as defined in the ESA.  However, in the vast majority of incidental 
trapping incidents, there is no biological impact.  IFW defines biological impact as an 
activity that would significantly alter the potential survival or reproductive rates of an 
animal.  In IFW’s Plan, IFW minimizes the impact of activities that kill, harm, and harass 
lynx and mitigates for unavoidable take.  
 
To illustrate the effect that 3 lynx mortalities might have on Maine’s lynx population, IFW 
used VORTEX 9.99 software to simulate lynx population dynamics.  Inputs for this 
model came from lynx demographic data collected in Maine between 1999 and 2010 
when hare densities ranged from <1 to 2 hares/hectare (Vashon et. al. 2012).  This 
VORTEX model was built because it offered a similar platform for comparing modeling 
results generated by the USFWS in their review of IFW’s earlier application.  The 
purpose of the simulation was to:  1) update the inputs used in the population model 



 

 84 

presented in Maine's 2008 Incidental Take Plan, and 2) to determine if Maine’s lynx 
population would decline with minor losses that might result from the incidental capture 
of lynx in traps set for other furbearing animals.  Without the incidental capture of lynx 
over the 15-year permit period, the Vortex model indicated a slightly increasing 
population growth rate (r = 0.0595; Appendix 7). 
 
To test the assumption that Maine's lynx population size would not decline if  lynx 
mortalities resulted from incidental trapping occurred, IFW ran simulations using a level 
of lethal take of 3 lynx as requested in IFW’s Plan.  The model indicated that Maine’s 
lynx population could maintain a positive growth rate (r = 0.0473) with the low level of 
lethal take requested in the Plan.  A full explanation of the model inputs, assumptions, 
and results is given in Appendix 7. 
 
At this time, there is insufficient evidence to conclude whether human-related mortality 
in lynx populations is density dependent (i.e., greater proportion of the population 
trapped when population is high) or independent (i.e., proportion of population trapped 
is not influenced by population size; Steury and Murray 2004).  Brand and Keith (1979) 
suggest that lynx vulnerability to trapping is dependent on prey rather than lynx 
numbers; when prey is scarce, lynx may increase their movements to search for food 
and/or become more attracted to baited traps.  However, other studies indicate there 
was not a consistent pattern in lynx becoming more vulnerable to baited traps as 
snowshoe hare densities declined (Slough and Mowat 1996).  
 
To test whether Maine’s lynx population could tolerate more lethal incidental trapping, if 
lynx became more vulnerable to capture in traps at low population levels, IFW varies 
lethal incidental take rates from 1 every 5 years (i.e., 3 lethal takes over permit period) 
to 3 every year (i.e., 45 lethal take over permit period).  Simulations indicate little 
change in population growth rates (r = 0.0343; Appendix 7).   
 
Beneficial Impacts of Trapping: 
 
In Maine, predation by fisher is a major source of mortality for lynx.  If killer-type traps 
are not permitted in Maine, fisher densities are likely to increase without a means to 
harvest fisher.  During IFW's 12-year radiotelemetry study on lynx, biologists observed 
that 42% of lynx mortalities were due to either fisher predation or suspected fisher 
predation.  Using a weighted average of the Kaplan-Meier annual adult mortality rates, 
IFW calculated that lynx in the study area had an overall annual mortality rate of 27% 
(Vashon et al. 2012).  Therefore, if the annual mortality rate of lynx (27%) is multiplied 
by the proportion of radiocollared lynx killed by fisher (42%), it can be shown that 
approximately 10% of the radiocollared lynx are killed by fisher each year.  The high 
number of lynx mortalities being caused by fisher raises the question:  what would 
happen to the lynx mortality rate in Maine if fisher trapping were eliminated? 
 
IFW estimated the potential benefit of fisher trapping to the lynx population using the 
following data and assumptions: 
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1. IFW has data indicating that across the lynx range in Maine, there are approximately 
2 fisher for every lynx  (fisher densities from Fuller et al. [2001], and lynx densities 
[Adult & Juvenile] from Vashon et al. [2008a]); 

2. IFW assumes that overall lynx mortality rates and mortality attributed to fisher in 
IFW's study area are similar to mortality rates in other parts of the lynx range in 
Maine;  

3. IFW has data showing that approximately 578 fisher were harvested annually from 
WMDs 1-11 (i.e., 5-year mean fisher harvest rate from 2006 to 2010); 

4. IFW assumes every fisher has an equal chance of killing a lynx; 
5. IFW assumes, if trappers removed 20% of the fisher population, the fisher 

population would either stabilize or decrease.  
 
Because fisher densities are twice that of lynx in Maine, it follows that in this scenario 
there would be 2,000 fisher living sympatrically with1,000 lynx.  If the same mortality 
rate for lynx killed by fisher in IFW’s lynx study (i.e., 10%) was used, then 100 lynx 
would die from fisher predation each year.  IFW records show that on average 578 
fisher were trapped annually out of the lynx range from 2006 to 2010.  If every fisher 
has approximately a 1 in 20 chance (5%) of killing a lynx and harvest 578 fisher from 
the lynx range each year, trappers would hypothetically reduce mortalities by 29 lynx in 
one year.   
 
If that increase in annual survival is extended over the 15-year period of the permit, an 
additional 435 lynx may survive because fisher trapping is allowed (as opposed to being 
banned).  Even if these calculations overestimate the increase in lynx survival by half, 
the additional number of lynx surviving (218) is still far greater than IFW’s lethal take 
request (3).    
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5.0 Conservation Program / Measures to Minimize and Mitigate for 
Impacts 

 
5.1 Biological Goals and Objectives 
 
IFW is charged with protecting and enhancing Maine’s wildlife for future generations to 
enjoy.  As such, IFW's biological goals are directed at maintenance or enhancement of 
Maine's lynx population (IFW 2005) and are broader than the biological goals for this 
Plan.  At a minimum, IFW's overall biological goal for lynx will be to ensure the 
persistence of its population in Maine (IFW 2005), which is similar to Objective 4 in the 
USFWS' Recovery Outline for Canada Lynx.  More specific management goals for lynx 
may be given to IFW in the future by public working groups as part of IFW's Strategic 
Planning Process (Appendix 6) and in a future federal recovery plan.  Specific goals and 
objectives to address incidental take of lynx in traps for this Plan is described below. 
 
Biological Goals 
 
1. Conduct Maine’s trapping program in a manner that does not alter the natural 

fluctuations of Maine’s lynx population.   
2. Maintain Maine’s trapping program as an effective wildlife management tool.  
 
Biological Objectives  
 
1. Implement measures to minimize the potential for injuries of lynx from all traps 

and trap set types. 
2. Implement a systematic approach to assessing all captured lynx and treating 

injured lynx to avoid trap related fatalities. 
3. Implement measures that are effective in avoiding capture of lynx in killer-type 

traps. 
4. Implement mitigation commensurate with the permitted lethal take that 

maintains or creates high quality habitat that would support lynx in the BPL 
Seboomook Unit. 
 

5.2 Measures to Minimize Impacts 
 
Since closing the State’s lynx trapping and hunting season in 1967, IFW has evaluated 
and restricted furbearer trapping activities with the intent of minimizing incidental take of 
Canada lynx (Table 5.2.1).  In this Section, IFW describes its minimization and 
monitoring commitments and implementation plan (who will do them and when they will 
be done).  Minimization measures include regulatory (RC), incidental capture response 
(IM), outreach and education (O&E), and plan implementation (PI) commitments (Table 
5.2.2).  When IFW references all licensed trappers this includes fur (including junior 
trappers and trappers with complimentary licenses), ADC, and PM trappers. Although it 
is difficult to distribute outreach material in this Plan to landowners permitted to trap 
without a license, they are required to follow all trapping regulations, which can be found 
on IFW’s website and in printed form at IFW offices throughout the State. Additionally, 



 

 87 

IFW will provide the opportunity for landowners permitted to trap without a license to 
receive lynx avoidance and minimization outreach materials when they tag their fur. IFW 
has expanded the use of the Gov-Delivery system to provide trappers the opportunity to 
receive trapping information electronically via email. 
 
 
Table 5.2.1 Chronological list of measures that were implemented by the Maine 

Department of Inland Fisheries and Wildlife prior to submission of 
this Plan. 

 
Measure Year Measure Year 

Ending the bounty on lynx and instituting a 
closed season on lynx trapping and hunting 

1967 Customization of 2003 brochure for Maine 
trappers.  Brochure distributed to all 
licensed trappers. 

2005 

Conferring with trappers about incidentally 
caught lynx 

1970's Conferring with other jurisdictions on 
incidental take issues 

2006 

Annual trapper mailing included information 
on how to distinguish between a lynx and 
bobcat 

1991 Restricting use of visible bait while 
trappinga 

2007 

Annual trapper mailing included an offer to 
help trappers release incidentally caught lynx  

1996 Requiring killer-type traps to be set on 
leaning poles within the lynx range 

2007 

Annual trapper mailing included lynx track 
descriptions  

1997 Guidelines developed for evaluating lynx 
injuries including contact list for 
veterinarian and rehabilitators. 

2007 

Lynx Hot Line established in annual trapper 
mailing 

1999 New emphasis in trapper education on 
how to avoid incidental lynx captures 

2008 

Standard operating procedures developed for 
handling incidentally caught lynx 

1999 Mandatory reporting of lynx incidental 
catches 

2008 

Recognition of trappers voluntarily reporting 
incidentally trapped lynx 

2000 IFW implements an emergency rule that 
clarifies trapping regulations for setting 
killer-type traps in WMD 1-11. 

2008 

Helped develop "How to avoid the incidental 
take of lynx..." USFWS, IAFWA brochure"  

2003 IFW permits the use of killer-type traps set 
on the ground if used in conjunction with 
an exclusion device in WMD 14,18 and 19. 

2010 

a In 2007, IFW promulgated a trapping rule to restrict the use of visible bait by trappers.  The objective for 
this rule was to reduce the incidental trapping of eagles and lynx in killer-type or foothold traps by limiting 
the use of attractants (e.g., meat, bone, feathers, etc.) that a trapper might use near traps. 
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Table 5.2.2. Summary of the Maine Department of Inland Fisheries and Wildlife’s commitments 
for minimizing the incidental take of Canada lynx under its furbearer trapping, ADC, and PM 
programs through the 15-year period of its Incidental Take Permit.   

 
Measures that minimize incidental capture 
 
Regulatory -- Commitments 
 
RC 1 Restrict placements of killer-type traps on 

land in lynx zones 
IFW will continue regulations that require killer-type sets 
that have a jaw spread greater than 5 inches to be set 
on leaning poles with the exception of blind oras water 
sets or less than 5 inches as blind sets. NEW - IFW will 
require allow the use of exclusion devices on killer-type 
traps with an inside jaw spread that does not exceed 7 ½ 
“ to be set on or above the ground as long as used with 
an approved exclusion devices , killer-type traps set on 
the ground cannot and with an inside jaw spread that 
does not exceed 7 ½ “ inside jaw spread. Exclusion 
devices will not be required on blind sets (not to exceed 
5” jaw spread) or leaning poles.  
 
RC 2 Mandatory Reporting-Statewide 
IFW will continue to require all licensed or otherwise 
authorized trappers that incidentally catch a lynx, to 
report the incidental capture to IFW before releasing the 
lynx unless an IFW official cannot be reached in time to 
prevent injury to the lynx. Any lynx released under this 
provision must be reported to IFW within 24 hours. 
 
RC 3 Restrict the Use of Visible Bait-Statewide 
IFW will continue to prohibit the use of exposed bait or 
attractors during the early coyote, fox, and muskrat 
seasons.  During the regular trapping season, bait that is 
visible from above must not be set within 50 yards of a 
foothold or killer-type trap.  These measures make traps 
less attractive to lynx. 
 
RC 4 Restrict the type and configuration of 

foothold traps set on land. 
In the lynx zones, IFW will continue to require trap 
chains to be mounted within the central portion of the 
base of the trap with at least 1 3 swiveling points on trap 
chains  in lynx areas and require traps to be staked with 
a catch circle clear of woody vegetation or other 
obstructions. IFW will continue to prohibit the use of 
foothold traps with teeth when set on land statewide. 
 
Measures that minimize injury and mortality 
 
Incidental Capture Response -- Commitments 
 
IM 1 Trapped Lynx Hotline 

IFW will continue to maintain and publicize a telephone 
number that licensed or otherwise authorized trappers 
can call, anytime during the trapping season, to report a 
lynx that has been incidentally trapped. IFW wildlife 
biologists will monitor the hotline 24 hours-7days a week 
during the fur trapping season. ADC trappers that catch 
a lynx outside the fur trapping season will be instructed 
to contact an IFW Warden or Biologists through the 24/7 
State Police call center. 
 
IM 2 Responding to Lynx Incidental Captures-

Statewide 
IFW will continue to have wildlife biologists respond to 
lynx incidental captures (anywhere in the state) to 
release lynx, to assess the animal for injuries, and to 
transport the animal if veterinary care is warranted.  
Except in an extreme circumstance, as explained on 
page 191. 
 
IM 3 Use Standard Operating Procedures 
IFW will continue to implement standard operating 
procedures for responding to lynx captures (see 
Appendix 8) and will update these procedures with a 
veterinarian, every 3 years or as necessary. NEW - IFW 
will also develop and implement a field based injury  
scoring system for evaluating  incidentally captured lynx 
within 1 year of permit issuance and update every 3 
years or as necessary.  
 
IM 4 Maintain List of Cooperating Veterinarians 
IFW will continue to maintain a list of cooperating 
veterinarians who are willing to care for lynx injured by 
incidental trapping.  This list will be updated by IFW 
biologists prior to the start of each trapping season. 
 
IM 5 Rehabilitate Injured Lynx 
IFW will transport lynx injured from incidental trapping 
(when warranted) to the nearest cooperating 
veterinarian, cover the costs of rehabilitating the animal, 
and if possible, release the animal back into the wild. As 
a component of effectiveness monitoring, IFW will equip 
rehabilitated lynx with radio-collars to determine whether 
the treated injury contributed to the mortality of the 
animal post-release. 
 
IM 6 Injury Evaluation Training for Staff NEW 
Every 3 years, IFW biologists will be trained by a 
veterinarian on how to evaluate injuries of incidentally 
captured lynx. Any new biologists will not respond to lynx 
captures until they have received such training unless 
they accompany trained biologists. 
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Table 5.2.2 (continued).  Summary of IFW’s commitments for minimizing the incidental take of Canada 
lynx. 
 
IM 7 Veterinary Oversight NEW 
IFW will have a veterinarian accompany staff on at least 
3 lynx incidental captures within each 3-year period of 
the permit for a minimum of 15 evaluations to ensure 
affective injury evaluations. 
 
IM 8 Response to orphaned kittens NEW 
If an adult female lynx with kittens is killed or held for 
treatment of capture related injuries, IFW may capture 
and radiocollar or hold kittens in captivity until the female 
can be released or until the kitten reaches dispersal age 
(i.e., 1 year old) as described in Section 5.2.1. 
 
Measures to educate trapper to avoid or 
minimize incidental captures 
 
Outreach and Education -- Commitments 
 
O&E 1   Reinforce Compliance 
IFW biologists and wardens will continue to promote 
compliance with trapping regulations when lynx are 
incidentally captured, at annual Maine Trappers 
Association meetings, in annual trapper mailings, at fur 
rendezvous events, and during casual interactions with 
licensed or otherwise authorized trappers.   
 
O&E 2   Publish a Regulation Booklet 
IFW will continue with annual publication of the summary 
law book that describes all current laws that govern 
hunting and trapping including a lynx regulation page. 
 
O&E 3   Trapper Information Booklet 
IFW will annually distribute the lynx avoidance measures 
in the Trapper Information Booklet to all licensed and 
otherwise authorized trappers. These materials will be 
updated as needed and would also be available on the 
website.  
 
O&E 4   “How to avoid the incidental take of lynx”    

Booklet 
IFW will update and distribute this booklet to all licensed 
and otherwise authorized trappers within1 year after the 
permit is issued, every 5 years thereafter, and any time 
new regulations or information may affect the methods 
the trappers use to avoid incidentally trapping lynx.  IFW 
will maintain a copy on the website. 
 
O&E 5 Maintain Website Information 
IFW will maintain a webpage that contains information 
on lynx biology, avoiding lynx incidental captures, and 
trapping regulations. The webpage will be updated as 
needed by IFW Information and Education staff in 
consultation with wildlife biologists. 
 
O&E 6   Trapper Education Course 

IFW will provide the materials and oversight needed to 
keep students in IFW’s trapping education course up-to-
date on techniques and regulations that minimize the 
incidental trapping of lynx. IFW’s wildlife biologists and 
Safety Officers will annually review regulations, laws, 
research results, and to determine if additional 
information needs to be presented to students.   
 
O&E 7   Trapper Video NEW 
IFW will produce and distribute two a videos, the first 
one is  to all licensed or otherwise authorized trappers 
that demonstrates techniques for reducing incidental 
lynx captures and injuries within 2 years after a permit is 
issued.  This video will be produced by IFW Information 
and Education staff in consultation with wildlife biologists 
and will be used in trapper educational courses (by 
students and instructors). ADC and PM trappers will be 
required to review this video during their 
certification/recertification training. Upon completion, this 
video will remain on IFW’s website.   The second video 
will demonstrate how to build an exclusion device and 
will also be distributed to all trappers, included in the 
trapper education program, and posted on our website. 
   
 
O&E 8   Continued Education for Instructors  
IFW will ensure instructors are informed of current 
measures to minimize lynx captures through annual staff 
meeting with IFW’s Regional Safety Coordinators, 
biannual instructors training sessions and periodic 
newsletters to instructors.   
 
Measures related to monitoring, reporting, 
or implementation.  
 
Plan Implementation -- Commitments  
 
PI 1 Extending lynx measures  
If lynx establish residence in new areas of the state, IFW 
will modify trapping regulations to ensure that trapping 
regulations offer the same level of protection for lynx in 
these new locations.    
 
PI 2 Investigate all lynx incidental captures 
IFW Warden Service will continue to investigate all lynx 
incidental captures in traps.  
 
PI 3 Cooperate with USFWS on Investigations 
IFW biologists or wardens will continue to inform 
USFWS special agents of any lynx incidental captures or 
other takings when they occur.  
 
PI 4 Conduct compliance monitoring  NEW 
Each year, IFW Wardens will check a sample of traps 
set by at least 80 20 percent of active trappers setting 
killer-type traps in the lynx range WMDs as part of their 
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routine activies and to record the number of traps set in 
compliance with lynx minimization measures.  IFW 
biologists will analyze the data to inform IFW’s changed 
circumstances plan.  
 
PI 5 Consult with trappers  
Wildlife biologists and game wardens will continue to 
consult with trappers on ways to minimize lynx injuries 
and avoid trapping lynx at annual MTA meetings, fur 
rendezvous events, and during casual interactions.  
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5.2.1 Minimization Measures Commitments, Implementation, Monitoring, and 
Reporting   

 
The USFWS’s addendum to the HCP handbook (FR 65(106):35242-35257; the “5-point 
policy) focuses on the expanded use and integration of monitoring as an integral part of 
habitat conservation plans.  Biological goals and objectives provide a framework for 
developing a monitoring program that measures progress toward meeting those goals 
and objectives.  Monitoring is also integral to detecting changed circumstances and 
guiding management.  Monitoring programs assess the implementation and 
effectiveness of the ITP by determining the level of incidental take after minimization 
measures are in place.  This monitoring strategy has been designed to ensure the 
biological goals (Section 5.1) are being achieved by: 1) minimizing the number of 
Canada lynx incidentally trapped in Maine; 2) minimizing the injury severity and 
mortalities to captured Canada lynx, and 3) providing effective mitigation for any 
trapping related mortalities (Section 5.1) are being met.   
 
The monitoring strategy incorporates both implementation and effectiveness monitoring.  
Implementation monitoring ensures implementation of IFW’s conservation commitments 
throughout the ITP term by tracking, reporting, and evaluating whether the covered 
activities are being performed in compliance with the HCP requirements (Sections 5.2; 
5.3).  Implementation will be documented through checklists maintained in a database 
for compilation into annual updates and 5-year monitoring reports to the USFWS.  The 
objectives of this database are to 1) determine whether all commitments are being 
appropriately implemented, 2) identify areas for potential improvement, and 3) verify 
that any required communications with or approval from the USFWS were executed. 
 
IFW will also monitor the effectiveness of minimization measures to reduce incidental 
trapping of lynx and injury or mortality to lynx if caught in traps.  Effectiveness 
monitoring will include investigating, documenting, and evaluating the circumstance 
and severity of injury (injury assessment or mortality) of each incidental lynx capture 
whether a lynx is caught in a legal or illegal set.  These data will help the USFWS and 
IFW assess whether our minimizations efforts are effective.  If circumstances have 
changed, these data can be used to identify any relationship between the circumstance 
(e.g., trap type, set type, weather, disturbance, trapper effort, etc.) and the incidental 
trapping of a lynx to identify an appropriate management response if it becomes 
necessary (Section 5.4). 
 
Regulatory Measures 
 
Rationale:  As a state wildlife agency, IFW makes its most significant contribution 
towards Canada lynx conservation through its regulatory authority, management 
procedures, and public outreach efforts.  Regulations (rules) and laws (statutes) are the 
most common tools used by state wildlife agencies to communicate with the public and 
modify an individual’s behavior when they are trapping, hunting, or using public or 
private lands.  IFW can use rulemaking to reduce injuries (e.g., requiring 1 swivel on 
trap chains) and the number of lynx being incidentally caught by trappers (e.g., 



 

 92 

restricting use of visible bait, leaning pole set for killer-type traps), and to assist in the 
monitoring of the number of lynx that are incidentally caught in traps (e.g., mandatory 
reporting).  Regulations are widely distributed in print form and on the internet and can 
be packaged for target audiences.  IFW enforces laws and regulations through the 
Maine Warden Service.   
 
IFW’s lynx management efforts include a proven record of using proactive management 
to decrease the number of lynx being incidentally caught in killer-type traps.  Killer-type 
traps are the only furbearer trap type that has killed lynx in Maine.  To address the 
mortality risk from these traps, IFW worked with the USFWS and AFWA to develop and 
improve leaning-pole sets. 
 
This Plan incorporates several minimization measures aimed at avoiding capture of 
lynx. These largely rely on regulatory changes that were made since 2008, clarification 
made to trappers, and measures implemented for this Plan. 
 
RC 1 Restrict placement of killer-type traps set on land in all WMDs that have 
resident lynx 
 
Rationale:  Both leaning pole sets and lynx exclusion devices (Figure 5.2.1) are 
effective at preventing minimizing lynx captures in killer-type traps set for marten and 
fisher.  IFW has been implementing the leaning pole measure since 2007 and it was 
also incorporated into the Consent Decree for WMDs 1-6 and 8-11.  Since a rule 
clarification in 2008, trappers have used leaning-pole sets in WMDs 1-6 and 8-11 for 
over 750,000 trap nights without catching a lynx in a legal set.  However, during that 
time period the Warden Service recorded 1 lynx capture in a killer-type trap set illegally.  
During the 2014-15 trapping season that followed the October 2014 Plan, two lynx were 
killed in killer-type traps that were lawfully set on leaning poles.  This change resulted in 
a minor amendment to this Plan in August 2015 that eliminates leaning pole sets 
without exclusion devices in lynx WMDs.    
 
IFW had previously  allowed killer-type traps (<7 ½ inch inside jaw spread) to be set on 
the ground when the trap is set in an exclusion device in WMDs where lynx are found 
and that are not covered by the Consent Decree (currently WMDs 7, 14, 18, and 19) or 
set on the ground as blind sets (< 5 inch inside jaw spread) for mink without an 
exclusion device (statewide). To date, lynx have not been incidentally captured in blind 
sets for mink or killer-type traps set on the ground for marten and fisher with a lynx 
exclusion device.  However, if this changes or new information becomes available, 
IFW’s changed circumstance section of the Plan will address this (Section 5.4). 
 
Commitment:  Following issuance of the permit, IFW will maintain the current regulation 
that requires killer-type traps that have a jaw spread greater than 5 inches to be set on 
leaning poles.  Although exclusion devices are currently permitted in WMD 7, 14, 18 
and 19, through the rule making process, Under this plan, IFW intends to permit killer-
type traps with an inside jaw spread < 7 ½ inches to be set on the ground if placed 
within a lynx exclusion device in WMD 1-6 and 8-11 (currently not permitted by the 
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Consent Decree)will prohibit the setting of killer-type traps when they are set on or 
above ground in the lynx zone, unless they are are set with an exclusion device or as 
described in Rule 09-137 Chapter 4.01 K page 29.  An exclusion device will not be 
required for blind sets (as described in Section 3) or leaning pole sets. 
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Figure 5.2.1 An example of a lynx exclusion device for killer-type traps.  Note the 
opening for a fisher or marten to enter the trap is located on the top 
panel on the far right endend panel near the bottom of the 
photograph.  The killer-type trap (shown) is set near the left opposite 
end of the trap, and the bait would be placed to the left ofbehind the 
trap in the cage.  Specifications for a lynx exclusion device are 
described in Maine's trapping rules9(as described in Appendix 2). 

 
 

 

                                            
9 Lynx exclusion device rule (2011): In WMDs 7, 14, 18, and 19 killer-type traps with a jaw spread not to 
exceed 7 ½ inches may be used onthe ground level if the trap is placed within a lynx exclusion device.  
The trap jaws must be completely within the device, the trap springs can be outside of the device.  The 
lynx exclusion device must not have an opening greater than 6 inches by 8 inches, the set trap within the 
device must be a minimum of 18 inches from the closest edge of the opening to the trap (intended for 160 
and 220 killer-type traps) or; if the device has a 4 inches by 4 inches or less opening, the trap must be a 
minimum of 12 inches from the closest edge of the opening to the trap (intended for 120 killer-type traps).  
The back of the device must be secured to withstand heavy pulling; if using wire mesh with a wood box, 
the wire mesh must wrap around two opposite sides of the box and be secured.  There must be at least 2 
attachment points for each side of the device where a joint or panels come together.  The exclusion 
device can be constructed of wood, or wire mesh that does not exceed 1½ inches opening.  The wire 
mesh has to be 16 gauge or less (wire diameter of 0.05 or greater).  The opening slot in the exclusion 
device that allows the trap springs to extend outside the device can be no more than 7 ½ inches wide and 
a height of no more than 1 ½ inches.  The trap must be anchored outside of the exclusion device.  
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Implementation:  IFW is not proposing any changes to the leaning pole regulations 
identified in this Plan.  However, within 1 year after the permit is issued of an ITP, IFW 
will require that promulgate regulations to allow killer-type traps to be set on or above 
the ground in WMDs 1-11, 14, 18, 191-6 and 8-11 will be used in conjunction withwith 
an approved lynx exclusion device that covers the trap. 
  Until the regulation is promulgated the current rule prohibiting the setting of killer-type 
traps on the ground will remain in effect. IFW will notify the USFWS when this change is 
made.  
 
Compliance monitoring:  Killer-type traps are currently restricted, so compliance has 
already been met.  However, IFW will notify the USFWS when regulations go into effect 
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that extend the use of killer-type traps set on or above the ground, with the use of an 
approved lynx exclusion device that covers the trap, in WMDs 1-6 and 8-11, 14, 18 and 
19.This would not change the current regulation that allows killer-type traps with an 
inside jaw-spread less than or equal to 5 inches to be set on the ground. These are 
often used for trapping mink and other aquatic species. 
 
Effectiveness monitoring:  IFW will track and report annually on the number of lynx 
caught in killer-type traps.  IFW will immediately notify the USFWS if changed 
circumstance #2 and 3 are triggered (Section 5.4). 
 
Reporting:  In addition to reporting described in monitoring section, IFW will inform the 
USFWS of any rule changes annually. 
 
RC 2 Mandatory Reporting 
 
Rationale:  In 2008, IFW made it mandatory for trappers to report lynx caught in traps 
before releasing the lynx (Table 5.2.1).  This rule-change increased the likelihood that 
all lynx caught in traps would promptly be reported to IFW, permitting IFW staff the 
opportunity to assess and treat any injuries prior to releasing the lynx from the trap and 
investigate compliance with trapping regulations.  Additionally, mandatory reporting 
ensures the level of incidental take that occurs during IFW’s trapping programs is 
documented (i.e., take does not exceed 195 lynx in 15 years). 
 
Commitment:  IFW will continue to require any lynx caught incidentally, dead or alive, 
during any trapping season to be reported to an IFW official as soon as possible and 
prior to releasing the lynx from the trap, unless an IFW official cannot be reached in time 
to prevent injury to the lynx.  Any lynx released under this provision must be reported to 
IFW within 24 hours of the time it was discovered.   
 
Implementation:  N/A  
 
Compliance monitoring:  Mandatory reporting is currently required, so compliance has 
already been met. 
 
Effectiveness monitoring:  IFW will track the number of reported lynx incidental captures 
in a database and annually review this information to evaluate compliance with reporting 
requirements.  
 
Reporting:  Data on reporting rate will be compiled by IFW biological staff and reported 
to the USFWS in an annual report. 
 
RC 3 Restrict the Use of Visible Bait 
 
Rationale:  In 2007, IFW restricted the use of bait to reduce the incidental take of lynx 
and other non-target species.  During the early coyote and fox (2 weeks before the start 
of the general trapping season), and muskrat seasons (1 week before the start of the 
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general trapping season) it is illegal to use any exposed bait or visible attractor (Rule 
09-137 Chapter 4.01 G 1a, 2A-d, 2B-b). During the regular trapping season, foothold 
traps and killer-type traps may not be set within 50 yards of bait that is visible from 
above.  Bait may be used for trapping if it is completely covered in such a way to 
withstand wind action or other natural elements. Bait is defined as animal matter, skin, 
bones, feathers, hair or any solid substance that used to be part of an animal or fish.  
Bait does not include animal droppings or urine, or an animal held in a trap (Rule 09-
137 Chapter 4.01 K). These measures were put in place to make traps less attractive to 
lynx and other non-targets.  In addition to lynx, during the early coyote and fox season, 
bobcats, fisher, and marten must also be released from traps.  
 
Commitment:  IFW will continue to restrict the use of visible bait (e.g., meat, bones, 
feathers, hair) that may attract a lynx to a set. 
 
Implementation:  N/A  
 
Compliance monitoring:  Visible bait is currently prohibited, so compliance has already 
been met. 
 
Effectiveness monitoring:  IFW will document whether visible bait was used at each lynx 
incidental capture to ensure compliance with this regulation.  Any use of visible bait by 
trappers will be tracked in a database.  Additional information may come from IFW’s 
evaluation of data collected through IFW’s Warden Service check commitment in lynx 
WMDs (see minimization measure PI4).  
 
Reporting: IFW biological staff will compile data on use of visible bait, if any, and 
provide in an annual report to the USFWS.   
 
RC 4 Restrict foothold traps types and configurations when set on land 
 
Rationale:  IFW, in an agreement with plaintiffs in the Consent Decree, restricted the 
size of foothold traps in WMD 1-6 and 8-11 (areas where lynx had been caught by 
trappers) to traps with an inside jaw spread < 5 3/8 inches and required at least one 
swivel on trap chains.  Prior to the consent decree, coyote trappers would have used 
traps with an inside jaw spread < 6 ¾ inches.  IFW’s data shows that trap size has not 
affected the rate of lynx captures, injury, or injury severity.  The number of lynx 
incidentally captured in foothold traps did not decrease after the size restriction was put 
in place and the type and severity of injuries did not change.  Therefore, restricting 
foothold trap size is not expected to minimize the number of lynx captured or the 
severity of injury during the permit period. 
 
Commitment:  On land in lynx WMDs, IFW will continue to require trap chains to be 
mounted within the centeral portion of the base of the trap and must have at least one 
three swiveling points: one at the base of the trap, one midway in the chain, and one at 
ofthe foothold traps anchoring point (except as described in Appendix 2). Traps will be 
required to be staked with a catch circle clear of woody vegetation or other obstructions 
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(Appendix 2).  in lynx WMDs and IFW will prohibit the upland use of foothold traps with 
teeth statewide.  
 
Implementation:  Within 1 year after the permit is issued, through the rule making 
process, IFW will clarify the language in rule to prohibit the use of foothold traps with 
teeth statewide when set on land10 and will implement new regulations to rescind the 
restriction of foothold traps with an inside jaw spread of greater than 5 3/8” in lynx 
WMDs.  
 
Compliance monitoring:  IFW will notify the USFWS when regulations go into effect that 
prohibit the use of foothold traps with teeth statewideas described in the commitment, 
and the restriction of foothold traps with an inside jaw spread of 5 3/8” in lynx WMDs is 
rescinded.  At least one swivel is currently required on foothold traps set in lynx WMDs.  
, so compliance has already been met.   
 
Effectiveness monitoring:  IFW will immediately notify the USFWS if changed 
circumstance #2 (i.e., injury rate increases) is triggered. 
 
Reporting:  IFW will notify the USFWS in annual reports of when regulatory changes 
occurred. 
 
Measures that minimize injury and mortality - Incidental Capture Response 
Commitments 
 
Rationale and Background:  The ESA protects endangered and threatened species, 
including individual animals, populations, and the ecosystems on which they depend.  
While IFW may not be able to prevent lynx from being caught in foothold traps, IFW can 
evaluate and treat most injuries a lynx might receive after being held in a foothold trap.  
Such actions contribute towards "minimizing the impact11" of IFW's trapping program 
and address IFW's Biological Goal for this Plan.   
 
Since 1999, IFW has publicized a telephone number that trappers can call 24-hours a 
day, 7 days a week, during the trapping season, to report lynx that have been 
incidentally trapped.  Wildlife biologists monitor the hotline; coordinate their response 
with regional biologists, Wardens, and USFWS special agents; travel to the trapping site 
to sedate the animal; examine it for injuries; treat minor wounds; collect biological 
information; and release the animal back into the wild.  If the animal has an injury that 
cannot be treated in the field, biologists will transport the lynx to the nearest cooperating 
veterinarian, and, if necessary, arrange for further treatment or rehabilitation.  IFW 
maintains a list of cooperating veterinarians who are willing to care for lynx injured by 
incidental trapping.  IFW has a goal of examining 90% of the lynx that are incidentally 

                                            
10 Since this application was submitted, IFW established a rule prohibiting use of any trap with teeth on the 
jaws unless when set, placed and tended, the trap is completely covered with water. 
  
11 The USFWS' handbook on Habitat Conservation Planning and Incidental Take Permit Processing 
(1996) lists "minimizing the impact" as one of the five forms of mitigation action.  
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trapped.  To date, IFW wildlife biologists and trappers have successfully released 63 out 
of 70 lynx (90%) that were incidentally caught by trappers.  IFW biologists have 
examined 39 of 70 (56%) lynx caught in traps.  Three lynx were taken to a veterinarian 
because of incidental trapping injuries.  All were successfully rehabilitated and released 
into the wild.  Since mandatory reporting of lynx captures has been in place, IFW 
biologists have examined 24 of 28 lynx (86%) caught by trappers.   
 
IFW is committed to continuing its response to lynx that are incidentally trapped.  
Implementation of IFW’s response to lynx incidental captures includes the following 
components.  
 
IM 1 Trapped Lynx Hotline 
 
Rationale:  The overall objective of IFW providing a hotline for reporting lynx captures is 
to insure a quick response to lynx incidental captures by IFW staff and minimize any 
injuries that may occur to lynx as the result of incidental trapping or other accidents.  
Given the remote nature of areas where lynx occur, it may not always be possible for 
trappers to contact IFW staff in a timely manner.  Although we may strive for 100%, 
IFW’s goal is for at least 90% of the trappers to call prior to releasing a lynx.  
Regardless, IFW Game Wardens will investigate all incidental captures to determine if 
traps were set in compliance with trapping regulations designed to reduce lynx takes. 
 
Commitment:  IFW will continue to maintain and publicize a telephone number that all 
licensed or otherwise authorized trappers or the general public can call anytime during 
the trapping season to report a lynx that has been incidentally captured in a trap.  IFW 
wildlife biologists will monitor this number 24-hours a day, 7-days a week, during the fur 
trapping season.  In the event that an ADC trapper captures a lynx outside the fur 
trapping season, ADC trappers are instructed to contact an IFW warden or biologist 
through the 24-hour/7-day a week State Police Call Center for assistance with the 
release and care of trapped lynx.  
 
Implementation:  Each trapping season, several wildlife biologists will carry cell phones, 
linked through call forwarding, to ensure that anyone calling the lynx hotline can contact 
a biologist 7 days a week, 24-hours a day.  These biologists will be trained to collect the 
appropriate information from the caller, advise the caller, and initiate IFW’s response to 
the incident.   
 
Compliance monitoring:  IFW will track in a database the number of confirmed lynx 
reports, and whether the report was received prior to the animal’s release.  Data from 
each lynx capture will be entered into a database annually.  
 
Effectiveness monitoring:  IFW biologists will analyze the data to determine whether the 
goals were achieved. 
 
Reporting:  IFW will summarize data in annual reports. 
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IM 2 Responding to Lynx Incidental Captures 
 
Rationale and Background:  Since 1999, IFW’s game wardens and biologists have 
responded and/or assisted with the release of lynx caught in traps to: 1) document the 
number of incidental takes each year, 2) investigate compliance with trap laws, 3) 
identify and correct any problems with current trapping regulations (see Minimization 
Measures PI2 and PI3), and 4) assess, treat, and release lynx from traps or seek 
veterinarian care, when necessary. 
 
Although a goal of responding to 100% of lynx captures is desirable, given the remote 
nature of areas where lynx occur, it may not always be possible for IFW staff to respond 
in a timely fashion.  Although we may strive to respond to every lynx incidental trapping 
event, IFW’s goal is for IFW biological staff to go to at least 90% lynx captured in traps 
to evaluate, treat, and release lynx.  Game wardens will investigate all incidental 
captures to determine if traps were set in compliance with trapping regulations designed 
to reduce lynx takes.  
 
Commitment:  IFW will continue to have biologists respond to lynx incidental captures 
(anywhere in the state) to release or assist in the release of the animal, to assess the 
animal for injuries, treat injuries, and to transport the animal if veterinary care is 
warranted.  Exceptional circumstances that may prevent a wildlife biologists from 
releasing and examining a lynx include insufficient time to travel to the trapping site 
before nightfall, prior release of the lynx by a warden or trapper out of safety concerns 
for the animal (e.g., disturbance from a busy road), or inclement weather that would 
make traveling hazardous (Appendix 8).   
 
Implementation:  No further details are required (see commitment).  
 
Compliance monitoring:  IFW will track in a database the number of confirmed incidental 
lynx takes, whether the report was received prior to the animal’s release, who released 
the lynx, the animal’s fate (i.e., released with no or minor injuries, treated by veterinarian 
and released, treated by veterinarian but not able to release, died from injuries), 
whether the trap or trap set was legal, and the trap configuration (type of trap, set type, 
etc.).  Data from each lynx capture will be entered into a database annually.  
 
Effectiveness monitoring:  IFW will summarize the data tracked in the database to 
assess whether the goals of the Plan have been met (i.e., that the majority of lynx are 
released after incidental capture with no more than 9 lynx requiring veterinarian care for 
a severe injury, and no more than 3 lynx dying from trap related injuries during the 15-
year permit period). 
 
Reporting:  IFW will summarize data on lynx incidental captures in traps in annual 
reports and will include information on whether the goals were achieved or changed 
circumstance was triggered. 
 
IM 3 Use Standard Operating Procedures and NEW- Develop Injury Score System  
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Rationale and Background:  Since 2007, IFW has used standard operating procedures 
for responding to incidental lynx captures (Appendix 8).  For the purposes of this Plan, 
IFW assigned ISO injury scores as a point of reference for lynx examined by IFW 
biologists.  However, this score system relies upon the result of a pathologist necropsy 
to assign a score.  Having a practicable field based scoring systems that can be used 
by responders on live animals may improve injury assessment and treatment (i.e., 
minimize injury rates) for incidentally captured lynx.  In 2012, Dr. Stuart Sherburne, 
DVM12 provided guidance in updating capture response protocols, datasheets, and 
standardizing injury assessment (see SOAP-procedures Appendix 8).  
 
Commitment:  IFW will continue to implement standard operating procedures for 
responding to lynx captures (see Appendix 8) and will update these procedures in 
consultation with a veterinarian, every 3 years or as necessary.  Any changes to these 
protocols will be communicated to the USFWS in annual reports.   
 
Within 1 year of permit issuance, IFW, in consultation with a veterinarian, will develop 
an injury score system that is appropriate for live animals.  IFW will work with a licensed 
veterinarian to update the score system every 3 years or as necessary during the permit 
period.   
 
Implementation:  No further details are required (see commitment).  
 
Compliance monitoring:  Standard operating procedures for assessing and treating lynx 
injuries have already been developed (Appendix 8), so compliance has already been 
met. IFW will notify the USFWS when the procedures are updated (at least every 3 
years).  IFW will notify the USFWS when an injury scoring system for live animal has 
been developed for lynx caught in traps.  
 
Effectiveness monitoring:  None 
 
Reporting:  IFW will provide a copy of updated standard operating procedures and injury 
scoring system in annual reports.  
 
IM 4 Maintain List of Cooperating Veterinarians 
 
Rationale:  This measure insures that an injured lynx receives adequate care as soon 
as possible to facilitate its release back to the wild.  
 
Commitment:  IFW will continue to maintain a list of cooperating veterinarians who are 
willing to care for lynx injured by incidental trapping.  
 

                                            
12 Sherburne Veterinary Services, P. O. Box 711, Winterport, ME 04496.  Dr. Sherburne also provides 
veterinary oversight for the Department's chemical immobilization program, and was contracted to 
conduct the initial training session on injury evaluation for IFW staff. 
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Implementation:  This list will be updated annually prior to the start of the trapping 
season. 
 
Compliance monitoring:  A list of cooperating veterinarians has already been developed 
(Appendix 8) and is updated annually, so compliance has already been met. 
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will provide the list of cooperating veterinarians in annual reports. 
 
IM 5 Rehabilitate Injured Lynx 
 
Commitment:  IFW will transport lynx injured from incidental trapping (when warranted 
as described in Appendix 8) to the nearest cooperating veterinarian, cover the costs of 
rehabilitating the animal, and, if possible, release the animal back into the wild.  If a 
veterinarian determines that a lynx requires special medical attention or rehabilitation, 
the animal will be transported to a facility that can provide these services.  This may 
include transporting the lynx out-of-state (e.g., Tufts University).  As a component of 
effectiveness monitoring, IFW will equip rehabilitated lynx released back to the wild with 
radio collars to assess whether the treated injury contributes to the mortality of the 
animal post release.  
 
Implementation:  If after following established procedures a lynx requires veterinarian 
care, IFW wildlife biologists or contractors as “Agents of the Department” will transport 
the lynx to an appropriate facility, consult with veterinarians on treatment options, and 
establish a contract with the veterinarian and rehabilitation facility to cover the cost of 
the treatment and post treatment care.  Following rehabilitation, and if the lynx can be 
released back into a wild environment, IFW biologists will equip the lynx with a radio 
collar prior to releasing the animal.  If the lynx dies post release, IFW biologists and 
game wardens will immediately investigate and submit the carcass (if available) for 
necropsy by a wildlife pathologist.  Only mortalities where there is direct evidence that 
the animal died from a trap related injury will be considered a lethal take.  
 
If veterinarians advise IFW that the animal cannot be released back into the wild but 
could thrive in a captive environment, IFW will try to place the animal with an 
organization that would use it to either provide environmental education to the public or 
further lynx conservation.  IFW will notify the USFWS if the attending veterinarian 
determines that euthanasia is the most humane option for the animal.   
 
Compliance monitoring:  IFW will notify the USFWS of lynx requiring veterinarian care. 
 
Effectiveness monitoring:  IFW will track in a database and report annually on the 
number of lynx that require veterinarian care, the outcome of the treatment (i.e., 
released, held in captivity, euthanized), and post-release monitoring.  If the number of 
severe injuries increases and triggers changed circumstances, IFW will implement a 
contingency plan that is described in change circumstance #2 (see Section 5.4). 
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Reporting:  IFW will provide a summary of any lynx treated for capture related injuries in 
annual reports. 
 
 
 
 
 
IM 6 Injury Evaluation Training for Staff NEW 
 
Rationale and Background:  In the fall of 2012, IFW, with a local veterinarian, 
established a one-day training session on injury detection and evaluation to ensure that 
all wildlife biologists13 receive similar training on lynx injury assessment. The first class 
was held in 2012 and again in 2013.  All staff currently approved to respond to lynx 
captures attended this training. 
 
Commitment:    IFW wildlife biologists will be required to attend this course at least once 
every 3 years if their responsibilities include responding to incidentally trapped lynx.  
Any new biologists will not be permitted to respond to lynx captures until they have 
received such training, unless they accompany trained biologists.  
 
Implementation:  No further details are required (see commitment).  
 
Compliance monitoring:  Initial training on injury assessment of captured lynx was 
provided to IFW biological staff in 2012, therefore initial compliance has been met.  IFW 
will notify the USFWS of additional staff training, scheduled to occur every 3 years 
during the permit period.  IFW will develop a database to track training dates and a list 
of personnel receiving trainings. 
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will provide summary of trainings in annual reports (Table 5.4.3). 
 
IM 7 Veterinary Oversight NEW 
 
Rationale and Background:  In the fall of 2012, IFW established a contract with a local 
veterinarian to oversee animal care procedures provided by IFW.  The veterinarian 
accompanied IFW wildlife biologists on 3 incidental capture events and concurred with 
IFW’s  injury assessments, each of which were minor.   
 
Commitment:  IFW will have a veterinarian accompany staff on at least 3 lynx incidental 
captures within each 3 year period for a minimum of 15 evaluations of captured lynx 

                                            
15 As of 2012, only IFW wildlife biologists are trained to sedate animals. All lynx removed from traps are 
first chemically immobilized to allow biologists to thoroughly evaluate the animal for injuries. If in the future 
Wardens are allowed to sedate animals, they will receive the same training as wildlife biologists. 
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during the permit period to ensure injury evaluations by IFW staff are assessed 
correctly.  
 
Implementation:  No further details are required (see commitment).  
 
Compliance monitoring:  IFW will provide confirmation of a veterinarian visit in incidental 
lynx capture reports. 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will provide summary of veterinarian oversight in annual reports.  
 
IM 8 Radiocollar orphaned lynx kittens or hold kittens in captivity until their 
mother is released from rehabilitation facility NEW 
 
Background:  Maine’s furbearer trapping season occurs at a time when female lynx may 
be accompanied by kittens.  If adult female lynx are captured incidentally in traps, most 
will be released from the traps with no or only minor injuries.  Data from IFW’s 12-year 
radio telemetry study shows that the adult females released from traps are not 
separated from their kittens.  However, there may be some instances when an adult 
female lynx with kittens is more severely injured (therefore taken by IFW for treatment at 
a rehabilitation center) or killed.  In these rare cases, although the kittens are orphaned 
they could survive on their own.   
 
IFW anticipates that the instances of orphaned kittens from trapping will be low and that 
orphaned kittens could survive.  When Maine’s trapping season occurs, lynx kittens are 
between 5 and 7 months old, weaned, and consuming meat.  Although no longer 
dependent on their mother for milk, the survival of kittens may be lower if she dies, 
since the family group normally remains intact until kittens disperse at 9 to 10 months of 
age (Parker et al. 1983, Koehler 1990).  Data on the survival of kittens that are 
orphaned after they are weaned is limited since direct observation of most wild felids is 
almost impossible (Fernandez et al. 2001).  Improvements in radiocollar technology has 
facilitated some study of lynx breeding behavior (see Fernandez et al. 2001, Olsen et al. 
2011), however data remains limited.  More knowledge may be gleaned from studies of 
other wild felids since kitten development is similar among felids (as cited by Fernandez 
et al. 2001).  For example, in a study of Iberian lynx, a 3 month old orphaned kitten lived 
for at least 11 months (Fernandez et al. 2001) suggesting that weaned lynx are capable 
of surviving to dispersal age without their mother.   
 
As part of this Plan, IFW will use any instances of kittens orphaned from trapping 
activities as an opportunity to gain new information on the fate of these animals and to 
inform development of future orphan kitten response options.  Since some kittens will 
die even if they remain with their mother until dispersal age (e.g., in Maine 22% of 
kittens still traveling with their mother did not survive (Vashon et al. 2012)), it may be 
difficult to assess whether the loss of the adult female led to the death of kittens.  
Additionally, the sample size of kittens orphaned from trapping activities will likely be so 
low that it will be difficult to compare survival rates between orphaned and unorphaned 
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kittens to ultimately understand the impacts of trapping mortality on kittens.  However, 
information collected from orphaned kittens could be useful in adapting procedures for 
future responses.  For example, if all orphaned lynx kittens die, even if the number of 
orphaned kittens is low, then IFW could require, until new information becomes 
available, that all orphaned kittens be held in captivity until they reach maturity.  
Conversely, if they all survive, IFW may not capture orphaned kittens in the future.  
These options will be assessed at the end of the permit period. 
 
Commitment:  If an adult female with kittens is killed in a trap or taken by IFW for 
treatment at a rehabilitation center, IFW will work to capture the kittens if they are still in 
vicinity of the capture site (unless as described below).  Captured kittens will either be 
equipped with radio collars to document their survival or held in captivity until the female 
can be released. In the event that rehabilitated females cannot be released back to the 
wild, kittens that are captured will be equipped with radio collars and released near the 
capture site. 
 
Specifically, IFW staff will: 
 
1. Examine the animal captured in the trap to identify sex and age; 
2. Examine adult females for evidence that she raised kittens this year; 
3. Interview individuals at the location and search the capture site for sign of kittens; 
4. If kittens were observed at the capture site, IFW will estimate how many kittens were 

present.  If the family group includes more than 1 kitten, it may be difficult to capture 
every kitten.  Reducing the size of the family group may further influence survival of 
uncaptured kittens.  Therefore, IFW staff will not attempt to capture kittens from 
family groups of 2 or more kittens, unless circumstances suggest capture of all 
kittens is likely (e.g., behavior of kittens and affinity to capture site); 

5. If capture of kittens is appropriate, cage traps will be set near the capture site;  
6. Any kitten that is captured will be examined as described in Appendix 8: 

a. If the adult lynx was killed in a trap, then kittens will be equipped with radiocollars 
and released at the capture site; 

b. If the adult lynx is at a rehabilitation facility, the kittens will be transported and 
held at the facility until the female can be released; 

c. If the adult female cannot be released, the kittens will be equipped with 
radiocollars and released near the capture site. 

 
Note:  If kittens are later observed near the capture site of an adult female that is killed 
or taken to a rehabilitator, IFW will not attempt to capture these kittens because they 
may not be related and separating kittens from healthy females could impact additional 
lynx. 
 
Implementation:  No further details are required (see commitment).  
 
Compliance Monitoring:  IFW will track in a database the number of orphaned kittens 
and their fate.   
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Effectiveness Monitoring:  None.  
 
Reporting:  IFW will continue to immediately notify the USFWS of any incidental lynx 
captures (see minimization measure PI 3 in Section 5.2).  IFW will annually report to 
USFWS any activities involving orphaned kittens including the number, response, and 
outcome (e.g., collared, held in captivity).  
 
 
Outreach and Education Commitments (O&E 1 - 8) 
 
Rationale and Background:  IFW has multi-pronged outreach and education approaches 
that address the informational needs of the general public and the concerns of trappers.  
IFW is committing to 8 outreach and education measures to minimize the effects of 
incidental lynx trapping on lynx (Table 5.2.2).  Of these 8 commitments, 1(O&E 7) 
contains new activities that IFW will undertake.  The other activities IFW has proactively 
undertaken to minimize the effects of incidental trapping on lynx (Table 5.2.1). 
 
Maine trappers are passionate about ensuring that their avocation (i.e., furbearer 
trapping) continues into the future, and are concerned about how the incidental trapping 
of lynx may affect state regulations and future trapping opportunities.  When IFW wildlife 
biologists work with trappers, they are committed to making the experience a positive 
one.  This is especially true when a trapper incidentally catches a lynx.  This positive 
experience spreads by word of mouth throughout the trapping community. 
 
When appropriate, IFW uses an informational approach for solving problems.  Problem 
solving through the use of information and education is effective in achieving 
compliance and promotes a sense of cooperation between the public and IFW.  Such 
an approach allows resource users a chance to help resolve the problem, lessens the 
chance that an adversarial response will develop between the resource user and the 
regulatory agency, does not overburden the regulatory or legal process with matters 
that could have been resolved in a less restrictive way, and maintains a greater degree 
of trust and respect between the resource user and the regulatory agency. 
 
Outreach and Education (O&E; Table 5.2.2) includes Trapper Relation Commitments 
(O&E 1), Publications and Website Commitments (O&E 2-7), and Trapper Education 
Course Commitments (O&E 8-10).  The objective of IFW’s outreach and education 
measures are to keep new and experienced trappers informed of current trapping 
regulations to insure compliance with IFW’s laws and reduce incidental trapping of lynx.  
IFW will provide the USFWS brief summaries of activities conducted under these 
minimization measures in its annual report.  In addition to keeping new and experienced 
trappers informed of current trapping regulations to reduce incidental trapping of lynx, 
IFW’s participation in trapper meetings and casual interactions with trappers are also 
expected to facilitate discussions on any alternative methods for reducing lynx captures 
or injuries.   
 
Trapper Relation Commitments and Implementation (O&E 1) 
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O&E 1 Reinforce Compliance 
 
Commitment:  IFW wildlife biologists and game wardens will continue to promote 
compliance with trapping regulations through interactions with trappers at annual Maine 
Trappers Association (MTA) meetings, at fur rendezvous events, and during casual 
interactions with trappers (i.e., responding to incidental lynx captures, investigating 
compliance with trapping laws).  
 
Implementation:  IFW is not proposing any changes to interactions with all licensed or 
otherwise authorized trappers.  No further details are required (see commitment).  
 
Compliance monitoring:  This is an ongoing activity where the furbearer biologist and 
wardens interact with all licensed or otherwise authorized trappers at meetings or when 
investigating compliance with trapping regulations, therefore compliance has already 
been met.  
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will notify the USFWS of meetings with the MTA and other significant 
interactions with licensed or otherwise authorized  trappers in annual reports. 
 
Publications and Website Commitments and Implementation (O&E 2- O&E 5) 
 
O&E 2 Update the Annual Regulation Booklet 
 
Commitment:  Each year, IFW will update a summary booklet that describes the current 
laws and regulations that govern hunting and trapping in Maine.  This booklet includes a 
special lynx regulation page that describes all the current regulations to minimize and 
report lynx captures.  IFW’s Information and Education Division will annually produce 
the Regulation Booklet (i.e., State of Maine Hunting and Trapping Laws and Rules).  
Wildlife biologists will work with the Information and Education Division to annually 
review and update regulations that may affect the incidental take of lynx.  The regulation 
booklet will be distributed to the public via printed copies at IFW offices and on the 
internet.   
 
Implementation:  No further details are required (see commitment).  
 
Compliance monitoring:  This is an ongoing activity and IFW is not proposing any 
changes to publication of IFW’s annual regulation booklet.  Thus, compliance has been 
met.  IFW will notify the USFWS when updates are available. 
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will provide a web link to the regulation booklet in annual reports. 
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O&E 3 Update Annual Trapper Information Booklet 
 
Commitment:  IFW will annually update the Trapper Information Booklet (Appendix 4) 
and will include the section of the booklet (approximately 4 pages) that pertains to lynx 
avoidance in its annual trapper mailing (i.e. letter) to all licensed or otherwise authorized 
trappers.  For landowners that trap on their own land, IFW will gather contact 
information through IFW’s fur registration system and include these individuals in the 
annual mailing.  The booklet, in its entirety, will be available on IFW’s website, emailed 
through Gov-Delivery, or a printed copy will be mailed upon request. 
 
Implementation:  Wildlife biologists in the Research and Assessment Section will 
annually review and update, if necessary, information in the Annual Trapper Information 
Booklet on recognizing lynx, lynx sign, and how to avoid incidentally capturing a lynx.  
 
Compliance monitoring:  None. 
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will confirm that the mailing occurred and provide a copy of the section 
of the booklet mailed to all licensed or otherwise authorized trappers in annual reports. 
 
O&E 4 “How to avoid the incidental take of lynx” Brochure 
 
Background:  In 2003, the USFWS and state partners developed a general brochure 
describing recommendations to avoid or minimize the incidental take of lynx throughout 
lynx geographic range.  In 2005, IFW customized the brochure for Maine trappers and 
mailed a copy to all licensed fur trappers. 
 
Commitment:  Within 1 year after the permit is issued and every 5 years thereafter, or 
anytime when trapping regulations change that affect the methods trappers use to avoid 
incidentally trapping lynx , IFW will update, print, and distribute the brochure “How to 
avoid the incidental take of lynx”, to all license or otherwise authorized trappers. This 
brochure will include a description of the avoidance and minimization measures 
described in this Plan and will also be available on IFW’s website.  
 
Implementation:  No further details are required (see commitment).  
 
Compliance monitoring:  IFW will notify the USFWS when the brochure has been 
updated and will track the distribution of the booklet in a database.  
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will provide information on any updates and the distribution of 
brochures to licensed trappers in annual reports.  
 
O&E 5 Maintain Website Information 
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Commitment:  IFW will maintain and update one or more webpages on IFW’s website 
that presents information on lynx biology, avoiding lynx incidental captures, and current 
trapping regulations during the 15-year permit period. 
 
Implementation:  The website will be updated as necessary by IFW Information and 
Education staff in consultation with IFW wildlife biologists.  
 
Compliance monitoring:  This is an ongoing activity and is updated annually as needed; 
thus, compliance has been met.  IFW will notify the USFWS when updates have been 
made. 
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will provide a web link to IFW’s lynx page in annual reports. 
 
Trapper Education Commitments and Implementation (O&E 6-8) 
 
Rationale and Background:  Since 1978, a person who applies for a state license to 
trap, (with other than a junior trapping license), must submit proof of having successfully 
completed a trapper education course or satisfactory evidence of having previously held 
an adult license to trap in Maine or any other state.  When proof or evidence cannot be 
provided, the applicant must complete the required trapper education course before 
receiving a Maine trapping license.  
 
IFW’s trapping education course is targeted at individuals that have little trapping 
experience, but who are interested in trapping furbearers in Maine.  IFW’s trapper 
education course provides students a structured approach for learning about trapping 
methods, safety while trapping, furbearer management, regulations governing trapping, 
and furbearer utilization (Appendix 3).  Instructors and students use a standardized 
instruction manual to insure that all students are exposed to the same material.  This 
manual is periodically updated to reflect new methods (e.g., Best Management 
Practices [AFWA 2006a]) and laws.  Periodic updates to this manual provide IFW the 
opportunity to modify or enhance sections on incidental take and selective trapping, 
including providing information on how to avoid the incidental take of lynx.  Currently, 
written materials are given to trappers on how to avoid incidental lynx captures.  This 
includes the booklet, “How to Avoid Incidental Take of Lynx, while Trapping or Hunting 
Bobcats and other Furbearers”, and flyers on how to handle lynx incidental catches 
(Appendix 3).   
 
The objectives of IFW’s trapper education commitments are to ensure that new trappers 
are informed of lynx avoidance and minimization measures by updating trapper 
education course material and providing training to trapper instructors.  
 
O&E 6 Trapper Education Course 
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Rationale and Background: Existing trappers are very familiar with lynx avoidance 
measures in Maine based on years of outreach activities (see Table 5.2.1).  In addition, 
other I&E measures in this plan will target all trappers on annual basis. This measure is 
intended to get new trappers up to speed on lynx avoidance measures.  Therefore this 
measure will apply to new trappers, which is a small subset of trappers covered by this 
permit.   
 
Commitment:  IFW will continue to require trappers that have not previously attended a 
trapper education course or held a trapping license to attend a trapper education course 
before being licensed to trap in Maine.  IFW will provide the materials and oversight 
needed to keep instructors in IFW’s mandatory trapping education course up-to-date on 
techniques and regulations that minimize or avoid incidental trapping of lynx throughout 
the permit period as described in O&E8.  Maine's trapper training course will continue to 
be developed in consultation with professional wildlife biologists and use the national 
standards developed for trapper training programs by AFWA.  All trapping instructors 
will continue to teach from the same manual.   
 
Implementation:  IFW will update trapper education manual within 1 year after the 
permit is issued and as necessary thereafter to reflect current regulations and 
minimization measures for avoiding the incidental trapping of lynx.   
 
Compliance monitoring:  Within 1 year after the permit is issued and anytime thereafter, 
IFW will notify the USFWS on updates to trapper education course material in annual 
reports.  
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will provide a copy of trapper education course material that addresses 
lynx avoidance and minimization measures in the initial annual report to the USFWS.  
Any updates to course material will be included in annual reports when they occur. 
 
O&E 7 Trapper video NEW 
 
Rationale and Background:  IFW currently provides information on lynx avoidance and 
minimization measures, including how to identify a lynx, procedures for reporting a lynx 
that is incidentally trapped, what to expect when biologists and wardens respond to an 
incidental catch, and methods for releasing a live lynx from a trap if a biologist or 
warden cannot respond in various printed forms (e.g., annual regulation books, trapper 
information booklet, IFW’s website).  
 
Commitment:  In addition to printed materials, IFW will produce and distribute atwo  
videos, the first one is to all licensed or otherwise authorized trappers that demonstrates 
techniques for reducing incidental lynx captures and injuries within 2 years after a 
permit is issued.  IFW will consult with the USFWS on the content of the video in 
advance of filming and producing. This video will be used in trapper educational courses 
(by students and instructors). ADC and PM trappers will be required to review this video 
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during their certification/recertification training. Upon completion, this video will remain 
on IFW’s website.  The second video will demonstrate how to build an exclusion device 
and will also be distributed to all trappers, included in the trapper education program, 
and posted on our website. 
 
Implementation:  Theseis videos will be produced by IFW Information and Education 
staff in consultation with wildlife biologists experienced in responding to lynx incidental 
captures.  Within 2 years of issuances, IFW will distribute videos to all licensed or 
otherwise authorized trappers, trapper education instructors, and the MTA.  Thereafter, 
it will be available to trappers attending trapper education courses, on IFW’s website, or 
upon request.   
 
Compliance monitoring:  IFW will inform the USFWS of the availability and distribution 
of the DVD to all licensed trappers. 
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will provide the USFWS with a copy of the trapper DVD in IFW’s 2nd 
annual report. 
 
O&E 8 Continued Education for Instructors 
 
Rationale and Background:  IFW relies on volunteer instructors to teach hunter and 
trapper education safety courses.  This program is overseen by IFW’s Hunting and 
Trapping Education Administrator working with a staff of regional safety coordinators.  
IFW’s Regional Safety Coordinators attend staff meetings twice a year.   To become a 
volunteer instructor, applicants must have completed a trapper education course within 
the last 5 years and an instructor training session given by a Regional Safety 
Coordinators.  Every year, instructor training updates are held throughout the State. 
Volunteer instructors are required to participate at least every other year. In addition, 
instructors receive periodic newsletters and targeted mailings as needed on specific 
topics related to hunter and trapper education.  
 
Commitment:  IFW will ensure instructors are informed of current regulations and 
recommendations to minimize lynx captures at IFW’s Regional Safety Coordinators staff 
meetings held before the start of the trapping season each year, volunteer instructors 
training sessions held every other year, and periodic newsletters to instructors. Wildlife 
biologists will attend the first staff meeting of IFW’s Regional Safety Coordinators 
following issuance of the permit to review and discuss regulatory changes in Maine's 
trapping laws, protocols for reporting incidental captures, and techniques for releasing 
trapped lynx.  Any updates to lynx avoidance and minimization measures will be 
distributed to volunteer instructors through periodic newsletters or targeted mailings and 
at biannual trainings. These updates would also be incorporated into the new instructor 
training program. 
 
Implementation:  No further details are required (see commitment).  
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Compliance monitoring:  Every other year, all trapper education instructors participate in 
an instructor  training update session on changes to IFW’s trapping regulations that 
includes information on lynx avoidance and minimization measures.   
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will report trainings and communications with trapper education 
instructors in annual reports. 
 
Plan Implementation Commitments 
 
PI 1 Extend lynx avoidance and minimization measures to new areas occupied by 
lynx 
 
Rationale and Background:  IFW is requesting incidental take coverage for any lynx 
incidentally captured through legally set traps in the state.  However, avoidance and 
minimization measures primarily apply to WMDs that are currently known to have 
consistent presence of lynx since that is where incidental capture may occur.  Through 
this Plan, however, IFW will extend avoidance and minimization measures to new 
WMDs when information suggests there is consistent presence of lynx as described in 
Appendix 5. For example, in December of 2010, IFW’s Advisory Council extended trap 
restrictions currently in place in WMDs 1-6 and 8-11, to WMDs 14, 18, and 19 in 
response to IFW’s observations of lynx tracks during 2 or more consecutive winters in 
WMDs 14 and 19, and the incidental catch of a lynx in WMD 18.   
 
Commitment:  IFW will document credible lynx observations to determine changes in 
the lynx range in Maine including evidence that lynx have become established in a new 
WMD (e.g., repeated observations, presence of kittens, etc.).  To ensure that trapping 
regulations will offer the same level of protection for lynx in these new areas, IFW will 
adjust trapping regulations by WMD when verified observations are sufficient to indicate 
a consistent presence.   
 
Implementation: No further details are required (see commitment).  
  
Compliance monitoring:  IFW biological staff will document confirmed tracks, sightings, 
and takes (including road mortality) as described by the survey commitments in 
Appendix 5.  This information will be used to extend/rescind lynx avoidance and 
minimization measures by adjust trapping regulations in these areas.  IFW will notify 
USFWS of any trapping regulatory changes during the permit period. 
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will include in annual reports any new information on areas used by 
lynx and when regulatory changes to avoid or minimize lynx captures were put in effect. 
 
PI 2 Investigate all lynx incidental captures 
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Rationale and Background:  Trapping seasons for lynx have been closed since 1967.  
However, sometimes lynx are incidentally captured in traps set for other legal 
furbearers.  IFW Wardens investigate all incidental captures of lynx to document take, 
whether traps where set in compliance with Maine laws, and identify outreach and 
education or regulatory changes that may minimize future lynx incidental captures. 
 
Commitment:  IFW Warden Service will continue to investigate all lynx incidental 
captures throughout the 15-year permit period to document take levels and compliance 
with trapping regulations.  
 
Implementation:  No further details are required (see commitment).  
 
Compliance monitoring:  At each incidental capture of lynx, Maine Wardens and/or 
USFWS special agents will investigate compliance with Maine’s trapping regulations 
and the circumstances related to the take of a listed species.  IFW will track compliance 
with trapping regulations at lynx incidental captures in a database.   
 
Effectiveness monitoring:  If compliance decreases, IFW will implement contingency 
plan described in Changed Circumstance # 1-3 and #5 (Section 5.4).   
 
Reporting:  Data will be compiled annually by IFW biological staff and reported to the 
USFWS in an annual report. 
 
PI 3 Cooperate with USFWS on Investigations 
 
Background:  Since lynx were listed as Threatened by the USFWS in 2000, IFW has 
notified USFWS Special Agents of lynx incidental captures or other takings when they 
have occurred. 
 
Commitment:  IFW will continue to inform USFWS Special Agents of lynx incidental 
captures.   
 
Implementation:  IFW’s wildlife biologists monitoring the “lynx hotline” will notify USFWS 
Special Agents immediately after the Warden Service and other IFW biologists, who 
may respond to the incidental capture, receive the initial report.  This immediate 
notification provides USFWS special agents the opportunity to participate in the 
investigation. 
 
Compliance monitoring:  IFW currently notifies USFWS law enforcement of lynx 
incidental captures before responding to captures; therefore, compliance has already 
been met.  IFW will immediately notify USFWS law enforcement of lynx captures 
throughout the 15-year permit period. 
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will report in annual reports. 
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PI 4 Conduct targeted compliance monitoring NEW 
 
Rationale and Background:  IFW wardens currently enforce Maine’s trapping laws; 
although violations are recorded, the number of traps set in compliance with Maine’s 
laws are not recorded.  Therefore, IFW agreed to undertake compliance monitoring (RC 
6; Table 5.2.2) to address concerns expressed by the USFWS (personal 
communication, June 18, 2012 meeting between USFWS and IFW) regarding trapper 
compliance with regulations on the use of leaning pole sets for killer-type traps.  
However, killer-type traps on or above ground will not be allowed without an exclusion 
device beginning with the 2015-16 trapping season unless set as described in Appendix 
2.  Thus compliance monitoring to address the USFWS concern with leaning pole sets 
isare no longer necessary. However, IFW has agreed to check compliance on the use 
of lynx exclusion devices as part of normal Warden Service normal activities.  
Compliance monitoring is not directed to foothold traps because they are concealed 
sets that are completely buried with no visible bait that .can’t be checked without 
disturbing them. 
  
The overall goal of compliance monitoring is to document and minimize take (i.e., <195 
takes, <9 lynx with severe injuries that require veterinarian care, <3 lynx mortalities, 
during the 15-year permit period).  The immediate objective for monitoring killer-type 
traps will be to determine regulatory compliance over the 15-year permit period and 
implement measures to increase compliance, if needed.  IFW’s goal is to demonstrate 
an increase in compliance through trapper interactions, education and outreach, and 
enforcement of trapping regulations during the 15-year permit period.  For the purpose 
of this commitment, a trapper will be considered to be in compliance if all of their traps 
are set in compliance with visible bait, and exclusion device , height of trap, pole 
diameter, and angle of pole regulations for killer-type traps in lynx areas.    Any trap that 
is not in compliance will result in the trapper being provided a warning or summons 
depending on the type and severity of the violation according to rule or law.  This 
interaction between IFW and trappers is expected to increase compliance over the 
permit period. 
 
During the 2012 marten and fisher season, Maine Wardens checked 786 killer-type 
traps set for marten and fisher in lynx WMDs.  The majority (87%) of traps checked 
were set in compliance with Maine’s trapping regulations for leaning pole sets.  
Although the number of trappers checked was not recorded, Wardens checked 
compliance with killer type traps on at least 128 occasions.  
 
Commitment:  During their routine activities, IFW Warden Service will check a sample of 
traps set by at least 80 of 396 20% of active trappers (20%) setting killer-type traps for 
fisher and marten in the lynx range each trapping season during the permit period for 
compliance with current regulations on exclusion devices14. IFW expects the number of 

                                            
14 Study Limitations: There is no way to sample specific trappers without their knowledge.  Maine 
trappers have no legal requirement to disclose the location of their traps or trap lines. Wardens often put 
more effort on checking past or suspected violators; therefore, the rate of non-compliance may be higher 
than from a random sample of trappers. 
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trappers setting killer type traps for fisher and marten to decline based on the expense 
and difficulty in using exclusion devices.  Therefore, IFW expects that number of 
trappers to be checked for compliance to be about one half of the number (40), that IFW 
anticipated checking on for compliance with the regulations governing leaning pole sets.   
The fur tagging record books used to record harvested fur will be modified prior to the 
2015-16 trapping season to gather information from the trapper on whether or not the 
fur was taken by foot hold traps or killer type traps with exclusion devices.   This 
information will be used to calibrate whether or not IFW has met the target for 
compliance monitoring.   IFW biologists will analyze these data and use information 
from compliance monitoring to inform IFW’s contingency plans (Section 5.4).   
 
Implementation:  During the first trapping season after the permit is issued, Maine 
Wardens will begin documenting compliance monitoring of killer-type traps in WMDs 
occupied by lynx.  Two units of measure will be recorded:  1) the proportion of killer-type 
traps checked that comply with current regulations (i.e., number of trap 
violations/number of traps) and 2) the proportion of trappers checked with traps set in 
violation (i.e., number of trap violations/number of traps).  Any violation of existing 
regulations will be recorded (e.g., visible bait, trap size, animals caught out of season, 
leaning pole regulations, incorrectly designed exclusion device, etc.).  Data on the 
nature of the violation or specific problems that rendered the trap sets non-compliant 
(i.e. pole too shallow angle, trap not correct height, bait not adequately covered, 
specifications for exclusion devices not met (e.g., size of opening, distance from 
opening to trap, placement of baffles)  pole too large diameter, embankments, new 
innovations such as horizontal boards,  etc.) will be gathered to assist the MDIFW 
address specific problems.  In addition, wardens will collect data on incidental take of 
migratory birds.  All the data collected by the Wardens will be entered into a database 
and summarized by a wildlife biologist.  For traps in violation, IFW will determine 
whether any particular violation is more common than others and whether there is a 
trend in the frequency of certain violations.  This information will be used to target 
messaging to trappers and to examine the effectiveness of current regulations or 
regulatory language.   
 
Compliance monitoring that occurs during the first 2 years of implementation of the Plan 
will be used to identify the baseline rate of compliance of killer-type traps set on leaning 
pole sets.  Every year thereafter, IFW will determine the proportion of trappers and 
killer-type traps checked that were set in compliance with existing regulations.  If the 
proportion of trappers that set legal elevated killer-type traps (i.e., complying with visible 
bait, and exclusion device regulations), pole diameter, angle of pole and height of trap) 
drops below the average of the first 2 years, IFW will follow the procedures outlined in 
Section 5.4 Changed Circumstance #5.  At no time, will compliance drop below 90% 
without triggering Changed Circumstance #5. 
 
Compliance monitoring:  In 2012, IFW Wardens checked a sample of killer-type traps 
for compliance with trapping regulations on leaning poles in lynx areas.  Additional 
compliance checks are scheduled annually during the permit period for compliance with 
current regulations.  IFW will notify USFWS of additional compliance checks in annual 
reports.  
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Effectiveness monitoring:  IFW will track compliance in a database and notify the 
USFWS if the contingency plan in the changed circumstance section of the Plan is 
triggered (Section 5.4). 
 
Reporting:  IFW will track and report annually on compliance with killer-type trap 
regulations in lynx WMDs.  IFW will summarize and report trapping compliance data 
annually to include such items as how many illegal sets, how many instances of non-
reporting, what type of non-compliance, different categories (warnings, summons, etc) 
and frequencies. IFW will summarize trapper effort data from voluntary trapper surveys 
and generated from license numbers and furbearer harvest data in annual reports.  
 
PI 5 Consult with trappers  
 
Rationale and Background:  Trapper relations can be strengthened by working with 
trappers to improve trapping techniques for minimizing lynx take.  For example, IFW 
wildlife biologists have worked with trappers to develop and test lynx exclusion devices 
for killer-type traps.   
 
Commitment:  IFW will continue to consult with trappers on ways to minimize lynx 
injuries and the incidental trapping lynx at annual IFW / MTA meetings, monthly MTA 
chapter meetings, MTA board meetings, bi-annual fur rendezvous events, and casual 
encounters.  IFW is committed to continuing this outreach to trappers throughout the 
year for the 15 years of its incidental trapping permit. 
 
Implementation:  No further details are required (see commitment).  
 
Compliance monitoring:  This is an ongoing activity where IFW staff interacts with 
trappers at meetings or when investigating compliance with trapping regulations, 
therefore, compliance has already been met.  
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will report annually in reports. 
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Table 5.2.3 Timeline for implementing and reporting lynx avoidance and minimization measures in this Plan.  
 
  Compliance 

 
Implementation  

  Met Ongoinga After Issuanceb Thereafter Reporting 
RC 1 Restrict killer-type traps-LYNX WMDs X X X  After regulatory changec 
RC 2 Require mandatory reporting-STATEWIDE X X 

 
Annually 

 RC 3 Restrict use of bait-STATEWIDE X X 
 

Annually 
 RC 4 Restrict foot-hold traps-LYNX WMDs X X X  After regulatory changed 

IM 1 Maintain lynx hotline X X 
 

Annually Annual 
IM 2 Respond to lynx captures-STATEWIDE X X 

 
Annually Annual 

IM 3 Standard operating procedures and injury scores X X X Every 3 years as needed Annual 
IM 4 Maintain list of cooperating veterinarians X X X Annually Annual 
IM 5 Rehabilitate injured lynx  X  As needed Annual 
PI 1  Extend lynx avoidance/minimization measures 

 
X 

 
As needed Annual 

PI 2  Investigate all lynx captures 
 

X 
 

Annually Annual 
PI 3  Cooperate with USFWS on investigations 

 
X 

 
Annually Annual 

PI 5  Work with trappers on minimization measures  X  Annually Annual 
O&E 1 Reinforce regulatory compliance  X  Annually Annual 
O&E 2 Publish regulation book 

 
X  Annually Annual 

O&E 3 Update trapper information booklet  X  Annually Annual 
O&E 4 Update, publish, distribute lynx brochure 

 
X X Every 5 yrs or as needed Every 5 yrs. 

O&E 5 Update website information  X  Annually as needed Annual 
O&E 6 Update trapper education course 

 
X X Every 5 years or as needed Every 5 yrs. 

O&E 8 Train safety coordinators/instructors  
 

X X Annually Annual 
IM 6 Conduct injury evaluation training NEW 

 
 X Every 3 years Every 3 yrs. 

IM 7 Obtain veterinarian oversight NEW 
 

 X 3 lynx during 3 yr period Annual 
IM 8 Respond to orphaned kittens (if it occurs) NEW 

 
X 

 
Annually as needed Annual 

PI 4  Conduct compliance monitoring-LYNX WMDS NEW  
  

X Annually Annual 
O&E 7 Make Trapper/Instructor video  NEW 

  
Within 2 yrs. 

 
One-time 

a Ongoing measures are measures that are currently in place and will be maintained throughout the permit period. 
b Within 1 year after the permit is issued, unless otherwise specified. 
c IFW through rule making will permit the use of killer-type traps set on the ground using a lynx exclusion device in lynx WMDs (currently WMD 1-11, 14, 18,19). 
d Rescind foothold trap size restrictions. 
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5.3 Measure to Mitigate Unavoidable Impacts 
 
The USFWS' Habitat Conservation Planning Handbook (p. 3-19) describes mitigation as 
usually taking one of the following forms:  1) avoiding the impact (to the extent 
practicable), 2) minimizing the impact, 3) rectifying the impact, 4) reducing or eliminating 
the impact over time, or 5) compensating for the impact.  Furthermore, the USFWS 
states that, "mitigation programs should be based on sound biological rationale; they 
should also be practicable and commensurate with the impacts they address" (USFWS 
1996).  
 
As previously described (section 4), IFW anticipates the incidental trapping of up to 195 
lynx over the requested 15-year permit period from fur, ADC, and PM trapping.  Several 
minimization measures in this Plan are anticipated to reduce the incidental trapping of 
lynx, particularly from killer-type traps that are most often lethal to lynx if they occur.  
The majority of minimization measures in the Plan are designed to reduce injury and or 
fatality of captured lynx.  However, IFW anticipated some lynx (up to 9 lynx) could have 
severe injuries from traps and a few (up to 3 lynx) could either die or not be able to be 
released back into the wild.   
 
While, for the purposes of this Plan, IFW considers take to include all components of the 
incidental capture of lynx (i.e., trapping, capture, handling, treatment, release, mortality, 
etc.), HCP regulations under the ESA require applicants to minimize and mitigate for the 
impacts of the take.  As explained in Section 4, IFW’s data shows that lynx captured 
with no or minor injuries are released and have no demonstrated impacts from the 
capture event.  Lynx more severely injured can be treated and released and have no 
permanent or long-term impacts that change the behavior or survivorship in the wild.  
However, lynx fatalities or injured lynx that cannot be released result in individual lynx 
being removed from the population in Maine.  While IFW’s demographic analysis shows 
this does not have population level consequences (Appendix 7), it is an impact that the 
USFWS wants IFW to mitigate for in this Plan.   
 
IFW’s mitigation plan relies on maintaining and enhancing high quality foraging habitat 
(i.e., habitat that provides high snowshoe hare density) that would otherwise be 
declining over the permit period because of lack of or incompatible forest management 
activities.  The anticipated benefits are to maintain the lynx that may currently use this 
area over the permit period and to provide enhanced habitat to support additional lynx.  
In addition, IFW’s research shows that by providing the amount and quality of foraging 
habitat that is in this Plan, lynx will also likely have increased fecundity rates that may 
produce even more lynx through the permit period. 
 
To accomplish this, IFW worked with the Bureau of Parks and Land (BPL) to identify an 
area of state ownership where habitat improvements could support lynx over the permit 
period.  The Seboomook Unit was chosen due to its current condition and forest types 
(i.e., conifer forest) and its proximity to other areas that provide habitat to support lynx. 
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Maine’s Department of Agriculture, Conservation, and Forestry (DACF) has  a policy 
of  cooperating with IFW, USFWS, and other agencies concerning habitat management 
on state lands for endangered, threatened, or candidate species.  For the purpose of 
this Plan, IFW entered into a Memorandum of Understanding (MOU) with the Bureau of 
Parks and Land (BPL), a Bureau within DACF (Appendix 11a and 11b), to manage an 
area for lynx for mitigation for this Plan.  The parties recognize that disputes concerning 
implementation of the ITP or the permit may arise from time to time.   The procedures to 
resolve any disputes should they arise between the State of Maine and USFWS are 
outlined in Appendix 11c.  BPL’s Integrated Resource Policy reads (p. 44):   
 

The U. S. Fish and Wildlife Service and the National Marine Fisheries Service 
are the lead agencies in matters pertaining to federally listed threatened and 
endangered species, and IFW and MNAP (Maine Natural Areas Program) are 
the lead agencies for state listed species.  The Bureau will cooperate with those 
agencies in activities such as the delineation of critical habitat and recovery plans 
on Bureau lands. 

 
In cooperation with IFW and consistent with the purposes of the Endangered 
Species Act (16 USC 1531 et. seq.) and the Maine Endangered Species Act, the 
Bureau will identify and promote the conservation of all state and federally listed, 
endangered, threatened, or candidate species of plants and animals and their 
critical habitats within the boundaries of lands managed by the Bureau.  As 
necessary, the Bureau will control visitor access to and uses of critical habitats, 
and it may close such areas to entry for other than official purposes.  Active 
management programs will be conducted as necessary to perpetuate the natural 
distribution and abundance of threatened or endangered species and the 
ecosystems on which they depend.  The Bureau also will identify all state and 
federally listed threatened and endangered species and their critical habitats that 
are native to and present on its lands.  Protection and management of 
endangered and threatened species and their critical habitats will be integrated 
into all levels of management planning activities, and new information on these 
species will be incorporated as it becomes available. 

 
Continuing on page 74: 

 
Threatened & Endangered species - Timber harvesting will comply with all 
Federal and State regulations concerning listed threatened and endangered 
species, and species of special concern.  Compartment exams/prescriptions and 
any subsequent timber sale planning will research the presence of these species 
and manage accordingly. 

 
Basis for calculating mitigation requirements for take of 3 lynx: 
To estimate how many lynx may currently and are likely to occupy the HMA following 
mitigation, IFW used data from a 12-year telemetry study to estimate the amount of 
HQHH in a lynx home range.  This analysis indicates that lynx share some of the same 
resources (Vashon et al. 2008a, Figure 5.3.1).  Across all 5 groups of lynx, 2 or more 
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lynx shared more than 2,000 acres of HQHH (Table 5.3.1). This equates to 1,595 acres 
of HQHH per lynx.  Therefore, to determine the amount of HQHH to provide for 
mitigation, IFW multiplied 1,595 by 3 which results in providing 4,785 acres of HQHH on 
the 10,411 acre HMA.  This is further supported by the fact that the average amount of 
HQHH shared by a breeding group was 4,147 acres and the breeding group sizes 
ranged from 2-4 adult lynx.  Therefore, the 4,785 acres of HQHH provided in the 
mitigation proposal included in the July 29, 2013 submission is more than sufficient 
mitigation to support at least 3 adult lynx (Table 5.3.1). 
 
The USFWS request for mitigation: 
The USFWS acknowledges that forest management is an acceptable means to offset 
the take of lynx killed (or not releasable) from trapping.  The USFWS requested that 
IFW use the Service’s lynx forest management guidelines and Simons-Legaard et al. 
(2013) recommendation of maintaining 27% of HQHH in 100 km2 areas to promote 
landscape hare densities >0.5 hares/ha. The Service’s 2007 guidelines acknowledge 
lynx management can be readily incorporated into forest management plans for multiple 
use including harvesting forest products, providing for wildlife habitat, and outdoor 
recreation. These guidelines state that creating or maintaining 7,000 acres of HQHH on 
a 35,000 acre parcel could support 8 adult lynx and their offspring.  Simons-Legaard et 
al. (2013) does not model the potential number of lynx that could be supported in 
landscapes with >0.5 hares/ha. It is reasonable to expect that these landscapes will 
support at least one breeding group of 3 or more adult lynx. 
 
Although IFW proposed 4,785 acres on 10,411 acres to mitigate for the lethal take of up 
to 3 lynx during the 15-year permit period, IFW and BPL have agreed to provide 6,200 
acres of HQHH on 22,046 acres of BPL’s Seboomook Unit.  IFW contends that 6,200 
acres of HQHH should more than mitigate for the lethal take requested in this Plan.   
 
Table 5.3.1 To estimate the amount of high quality hare habitat (HQHH) to 

provide as mitigation for lethal take of incidental capture of lynx in 
Maine's trapping program, IFW estimated the amount of HQHH in an 
area completely shared by 2 or more lynx during IFW’s 12-year radio 
telemetry study. To offset the take of a lynx IFW proposes providing 
1,595 acres of HQHH for each lethal lynx take on the HMA. 

Space Sharing 
Lynx 

# Adult 
Males 

#  Adult 
Females  

Total # 
lynx 

Acres of HQHH 
shared by  
2 to 4 lynx  

Average 
acres/lynx 

Group 1 1 3 4 5,245 1,311 
Group 2 1 2 3 7,257 b 2,419 
Group 3 1 1 2 3,701 1,851 
Group 4 1 1 2 2,433 1,217 
Group 5 1 1 2 2,100 1,050 
 
Total 5 8 13 20,736 

 

Average       4,147 1,595a 
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a Average number of acres per lynx for all group arrangements calculated by dividing the total acres 
shared by the total number of lynx. 

b Although the male in this group moved and occupied a new area to the east, we used the entire area he 
used to estimate the amount of HQHH, which likely overestimates the amount of HQHH used by this 
group (see Figure 5.3.1).  
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Figure 5.3.1 This figure shows how the five groups of radiocollared lynx used the 
same areas and the appropriateness of IFW estimates of high quality 
hare habitat (HQHH) as mitigation for lethal take of incidental capture 
of lynx in Maine’s trapping program. 

 
  

Group 1 Group 2 

Group 3 Group 4 

Group 5 
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Location and Site Condition 
 
The proposed site for mitigation (22,046 acres) is located within the BPL managed 
40,000 acre Seboomook Unit just north of Moosehead Lake in north-central Somerset 
County near the eastern boundary of Seboomook Township (TWP) and Little W TWP.  
The HMA proposed for this Plan is owned by the State of Maine and is permanently 
protected from development by legislative statute and forest management is mandated 
that benefits, among other things, Maine’s wildlife. 
 
It is within an area bounded on the east by the Little W/Northeast Carry town line, on the 
south and west by Moosehead Lake, and on the north by the Golden Road (see Figures 
5.3.2 and 5.3.3).  The area is commercial forest land with no development except for 
some seasonal camps located along the shore of Moosehead Lake. 
 
The proposed Habitat Management Area (HMA) is accessed by gravel logging roads 
that receive low use and minimal maintenance unless there is an active timber harvest.  
The roads are suitable for low speed travel and are used primarily by hunters, trappers, 
camp owners, and snowmobilers.  Although BPL may maintain interior roads in the 
HMA to facilitate forest management, BPL will not construct new high speed/high traffic 
volume roads or pave dirt or gravel roads that traverse lynx habitat on the HMA during 
the 15-year permit period.  
 
The state acquired this land from Merriweather Limited Liability Company (LLC) in 2004.  
The area was extensively harvested by a previous owner, Great Northern Paper 
Company / Bowater, in response to the 1970s to 1980s spruce budworm outbreak.  
Most harvests were clearcuts that removed all merchantable timber.  The natural 
regeneration resulting from the clearcutting was sprayed with herbicide to reduce the 
proportion of hardwood in the new forest and was never thinned to promote growth as is 
sometimes done (e.g., pre-commercial thinning [PCT]).  
 
Due to variations in site quality and drainage, the area now supports many young, 
diverse, coniferous forest stands composed primarily of red spruce and balsam fir that 
are about 25 years-old.  This seral stage of regenerating conifer supports maximum 
snowshoe hare densities according to numerous research studies done in Maine (Scott 
2009).  Within this area, forest conditions range from regenerating stands that are very 
dense to stands that are interspersed with areas of more mature trees.  This range of 
forest conditions contains the structure and resources that can benefit both hare and 
Canada lynx at the southern extent of its range (Organ et al. 2008, Murray et al. 2008, 
Vashon et al. 2008b, Berg et al. 2012).  
 
Past harvest maps (Bowater ownership), aerial photos, and a recently completed BPL 
forest-inventory of 25 plots in the Seboomook Unit were used to provide a preliminary 
description of current conditions.  The recent forest inventory indicates that currently at 
least 3,798 acres in the HMA is comprised of moderate to densely stocked coniferous or 
mixed seedling/saplings (i.e., S1A, M1A, Table 5.3.2 and Figure 5.3.4).  Although some 
stands may not provide optimal cover for hares (i.e., either too young or too old), 
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harvest maps for the areas clearcut by Bowater between 1986 and 1989 (Figures 5.3.2 
and 5.3.3) indicates most of these stands are within the age range identified by the 
USFWS as providing optimal hare cover and lynx foraging habitat (i.e., 12–35 years-old 
post-harvest; McCollough 2007).  In July of 2013, BPL visited the proposed HMA 
described in the July 29, 2013 Plan to insure that the area is sufficient for meeting the 
obligations in this Plan and MOU (i.e., provide at least 4,785 acres of habitat for lynx).  
By July 31st of 2015, BPL will finalize the western boundary of the additional mitigation 
area and insure that the entire 22,046 acre mitigation area can meet the 6,200 acre 
HQHH requirement.  Updated maps will be provided to the USFWS by July 31st  2015.
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Figure 5.3.2 Provisional map15 of the proposed 22,046 acre HMA (black dashed line; original 10,411 acre HMA 
solid black line in IFW’s July 29, 2013 Plan) for Canada Lynx in Maine showing the year in which 
stands were commercially cut.  The harvest treatment for each stand is given in Figure 5.3.3.  

 

  

                                            
15 Final map to be provided to the USFWS by July 31st 2015. 
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Figure 5.3.3 Provisional map16 of the proposed 22,046 acre HMA (black dashed line; original 10,411 acre HMA 
solid black line in IFW’s July 29, 2013 Plan) for Canada Lynx in Maine showing the harvest treatment 
each forest stand received.  The year in which the stand was cut is given in Figure 5.3.2. 

 
 
 
                                            
16 Final map to be provided to the USFWS by July 31st 2015. 
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Figure 5.3.4. Current forest type map of the 22,046 acre proposed habitat management area (HMA) for lynx on the 
State of Maine Bureau of Parks and Land’s Seboomook Unit in northern Maine. The dark black line 
marks the boundaries of the 22,046 acre HMA. 
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Table 5.3.2 Summary of stand types classified from fall aerial photo in the lynx 
habitat management area described in MDIFW July 29, 2013 plan of 
the BPL Seboomook Unit that currently supports optimal lynx 
foraging habitat 17.  

Timber types Cover-type Size classa   Age class Density Acres 
S1A Softwood <4.5 in   Seedling-Sapling 84-100%   3,483 
M1A Mixedb <4.5 in Seedling-Sapling 84-100%      315 

a Stand average size class is measured in inches at 4.5 feet or diameter breast height (DBH). 
b Mixed is identified as stands that are not dominated by softwood or hardwood (i.e.,  50% softwood and 
50% hardwood). 

 
 
It is also important to recognize that, although the state does not have management 
authority over the adjacent townships, the HMA is not an isolated area of lynx habitat.  
These adjacent areas also contain patches of regenerating spruce and fir including one 
of the state’s largest budworm impacted areas (i.e., the Ragmuff clearcut).  This area is 
privately owned and remains in active forest management that will likely provide habitat 
for lynx in the future.  In addition, the mitigation area is part of the 40,000 acre 
Seboomook Unit owned by DACF and maintained as forest. The proximity of the HMA 
to other areas supporting lynx habitat conditions improves the chances that lynx will 
occupy or continue to occupy the HMA during the permit period. 
 
Proposed Mitigation 
 
The proposed mitigation plan will offset the potential take of up to 3 lynx (Appendix 
11a).  In this plan, BPL will conduct forest management on a 22,046 acre habitat 
management area (HMA) to provide habitat for lynx.  The habitat management goal will 
be to maintain or create at least 6,200 acres in HQHH over the 15-year permit period.  
As a result of this mitigation, there will be at least 3 additional lynx on the HMA by 2029 
(Table 5.3.3).    
 
To calculate the amount of HQHH needed per lynx on the HMA, we used information on 
lynx habitat use from IFW's 12-year telemetry study (see p. 108 of this Plan).  This study 
found that 13 lynx shared areas with an average of 1,595 acres of HQHH per lynx.  This 
estimate of HQHH needed per lynx is likely an over estimate because it includes data 
from a group of 3 lynx (Group 2, Table 5.3.1) for which the amount of HQHH was 
influenced by the male shifting his home range to the east.  This home-range shift 
inflated the estimate of the size of the area this group used, by including both the male's 
previous home range and new home range.  If we exclude this group of 3 lynx, this 
study indicates that 10 lynx used areas with an average of 1,350 acres of HQHH per 
lynx (Table 5.3.1).   
 
Without the proposed mitigation plan, BPL estimates that there will be approximately 
2,000 acres of HQHH on the HMA by 2023.  This amount of HQHH should be capable 
                                            
17 By July 31st 2015, the USFWS will be provided with an update based on the new mitigation (6,200 acres HQHH) 
on 22,046 acre HMA.   
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of supporting at least 1 lynx.  BPL has committed to providing at least 6,200 acres of 
HQHH on the HMA by 2029 that should support between 4 and 5 lynx (i.e., 6,200 
acres/1,595 acres per lynx) and (6,200 acres/1,350 acres per lynx, respectively; Table 
5.3.3).  Therefore, IFW's mitigation commitments exceed the USFWS' forest 
management guidelines for Maine.  These guidelines state that 7,000 acres of HQHH 
on a 35,000 acre parcel could support up to 8 adult lynx and their offspring (McCollough 
2007).  Under these guidelines, only 875 acres of HQHH would be provided per lynx 
compared to a minimum of 1,350 acres of HQHH that IFW's mitigation plan would 
provide.  Based on estimates in our Plan and the USFWS guidelines, IFW feels 
confident that BPL’s commitment of creating an additional 4,130 acres of HQHH on the 
HMA by 2029 will result in at least 3 more lynx.  
 
For mitigation, IFW and BPL selected an area where lynx habitat already exists and lynx 
likely occur.  Harvest maps and aerial photos indicate that baseline (current) conditions 
on the 10,411 acres on the HMA include at least 3,798 acres of sapling conifer 
dominated forest.  Without mitigation, BPL would have managed for mature conifer with 
pre-commercial or commercial thinning to promote shorter time to mature forest 
conditions (Eickenberg et al. 2007).  Future trends in lynx habitat are therefore expected 
to decrease during the 15-year permit period as stands mature from natural succession 
(Table 5.3.3).  This management would reduce the amount and quality of foraging 
habitat for lynx.  By the end of the permit period without active forest management, lynx 
may no longer use this area. Therefore, this provides the opportunity for BPL to 
maintain and improve current habitat quality for lynx on the HMA (i.e., at least 6,200 
acres) over the permit period.  Within 3 years of issuance of the permit, a forestry plan 
with the specific forest management activities will be submitted to the USFWS. 
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Table 5.3.3 Baseline and projected future amounts (acres) of high quality hare 
habitat (HQHH; dense conifer dominated sapling stands or 
understories) on the proposed 22,046 acre HMA with and without 
mitigation18.  

 Preliminary 
Baseline  
(2013) 

 
2018 

(acres) 

 
2023 

(acres) 

 
2029 

(acres) 
Without Mitigationa 

      Acres 
 

3,798 
 

3,798 
 

2,070 
 

2,070 
      Adult lynx >2 >2 >1 >1 
With Mitigationb 

      Acres 
 

3,798 
 

3,798 
 

>4,785 
 

>6,200 
      Adult lynx >2 >2 >3 4-5   

a Management goal is to promote shorter time to mature forest conditions through harvest (e.g.,  pre-
commercial or commercial thinning). 

b Management goal is at a minimum no net loss of HQHH and increased by 4,785 acres in IFW’s July 29, 
2013 plan, the commitment has increased to 6,200 acres HQHH. 

 
 
Currently, the amount of HQHH on the HMA likely supports at least 2 adult lynx.  
However, as the forest matures and foraging habitat quality declines, IFW anticipates 
the number of lynx using the area and their reproductive rates to decline.  With the 
proposed mitigation, IFW anticipates that those 2 lynx will not be lost, additional lynx 
willuse this area, and that their reproductive rates will be higher.  IFW’s 12-year 
telemetry study shows that lynx produced smaller litter sizes when hare densities were 
lower, whereas higher litter size occurred when hares were more abundant (Vashon et 
al. 2012). As described below, BPL commits to creating additional HQHH on the HMA 
by removing the overstory on at least 4,130 additional acres to release existing 
softwood regeneration.  These stands are younger and less developed than HQHH 
established by clearcuts; these areas will become optimal HQHH in 3 to 7 years after 
the overstory is removed.  BPL’s management of wintering areas for deer starts with 
well-established softwood stands resembling HQHH and is compatible with 
management for lynx.   HQHH transitions into secondary winter shelter for deer over 
time.  Forest management practices such as PCT and commercial thinning could 
potentially accelerate the transition between HQHH and secondary deer winter shelter. 
PCT and commercial thinning are common practices used by other landowners in the 
region to shorten time between regeneration and commercial harvest. BPL has 
committed to conduct forest management practices compatible to maintaining HQHH for 
3 or more lynx for the duration of the permit.          
 
Mitigation Plan and Timeline: 
 
The Seboomook Unit is a relatively recent acquisition for BPL and a management plan 
has been written for the unit (Eickenberg et al. 2007).  However, the Seboomook Unit 

                                            
18 By July 31st 2015, the USFWS will be provided with an updated table of the new mitigation acreage 
(6,200 acres HQHH) on 22,046 acre HMA.   
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has not been cruised by a forester; therefore, this plan does not contain the detail 
necessary for outlining the timing and spatial arrangement of specific future forest 
management practices.  Additional detail regarding forest management planning in the 
Seboomook Unit will be available when BPL cruises the land and develops a harvest 
schedule and proposed treatments.  It typically takes 6 to 9 months to cruise forest 
compartments of 1,000 to 2,000 acres.  Therefore, it is expected to take 3 years to 
cruise and develop a forest management plan for the 22,046 acre HMA.  This plan may 
include future timber harvest to maintain optimal hare habitat (6,200acres) in the HMA.  
 
Lynx habitat on the HMA is a legacy of past spruce budworm harvesting and is 
projected to decline on the HMA without active management activities starting in 2023.  
BPL intends to manage this area using the appropriate forest harvest prescription for 
the stand (e.g., overstory removals, shelter woods) that will foster understory conditions 
(i.e., dense conifer dominated regenerating sapling size class) that will benefit 
snowshoe hare and lynx.  
 
In addition to providing the 6,200 acres as mitigation, BPL will implement the following 
additional measures (which are consistent with the USFWS’ Canada lynx habitat 
management guidelines for Maine): 
 
1) Avoid upgrading or paving dirt or gravel roads traversing lynx habitat.  Avoid 

construction of new high speed/high traffic volume roads in lynx habitat;  
2) Employ silvicultural methods that will create regenerating conifer-dominated 

stands 12-35 feet in height with high stem density (7000-15,000 stems/acre) and 
horizontal cover above the average snow depth that could support >1.1 hares/ha;  

3) Maintain land in forest management.  Development and associated activities 
should be consolidated to minimize direct and indirect impacts.  Avoid 
development projects that occur across large areas, increase lynx mortality, 
fragment habitat, or result in barriers that affect lynx movements and dispersal;  

4) Encourage coarse woody debris for den sites by maintaining standing dead trees 
after harvest. Where windthrow occurs, the Bureau will leave randomly 
distributed ¾ acre patches sufficient for den sites for 3 female lynx.   
 

Implementation Plan: 
 
• By July 31st 2015, BPL will finalize the western boundary of the additional mitigation 

area and insure that the entire 22,046 acre mitigation area can meet the 6,200 acre 
HQHH requirement.  Updated maps will be provided to the USFWS by July 31st 
2015. 

• BPL will inventory  the 22,046 acre HMA and cross-walk the inventory to HQHH 
within 3 years of issuance; 

• BPL does not currently have forest models for their ownership. However, BPL 
expects this capability will be available in the next few years and will implement a 
forest model to assess the trajectory of the existing habitat and demonstrate when, 
where, and how sufficient HQHH habitat will be maintained and or created when it 
becomes available.  
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• BPL will provide an updated table 5.3.3 for the 22,046 acre area demonstrating how 
the mitigation will achieve the net conservation benefit to compensate for the loss of 
at least three lynx by July 31st 2015.  

• BPL will develop a detailed forest management plan (compartment exam and 
harvest prescription) for at least the HQHH portion of the HMA with the assistance of 
IFW RAS staff within 3 years of issuance of an ITP.  This plan will include provisions 
for avoiding take of northern long-eared bats in the event that it is listed under ESA 
or MESA19.  IFW and BPL will meet at least every 3 years to review the status of the 
forest management plan for the HMA; 

• USFWS (Maine Field Office) will review and comment on the forest management 
plan within 90 days of receipt of the plan; 

• Within 15 years of issuance of an ITP (~2029), BPL will have implemented harvest 
prescriptions (e.g., overstory removal) to maintain or create forest conditions that will 
lead to HQHH on the HMA; and 

• By the end of the permit period (~2029), BPL will have increased the acreage of 
HQHH on the HMA to at least 6,200 acres. 
 

Monitoring Plan: 
 
• Each year, for the first 5 years and every 5 years thereafter, IFW will conduct winter 

snow track surveys (e.g., MDIFW lynx ecoregional surveys-Vashon et al. 2010) to 
monitor whether lynx are present and estimate the number of lynx on the HMA.  For 
the first 5 years, ensure surveys are conducted to estimate hare densities in HMA 
(e.g., participation in Continental Hare Survey).  

• BPL will annually provide an update to IFW on the forest management activities 
conducted on the HMA and every 5 years provide an estimate of HQHH on the 
HMA. 

• BPL will complete compartment exams (i.e., timber cruises) to update forest maps 
and management plans every 15 years.  This inventory will be used by IFW to 
calculate the acreage of HQHH on the HMA at the end of the permit period to ensure 
the mitigation objectives are achieved.  The IFW wildlife biologist assigned to BPL 
will be the primary contact between BPL and IFW, and the person responsible for 
communicating developments on the HMA to IFW’s Research and Assessment 
Section (RAS).  
 

Although the specifics regarding future forest management activities are not currently 
available, BPL does not typically employ clearcutting in its forest management.  If 
harvest plan(s) are developed as part of the forest management plan to meet the 
mitigation goal (i.e., increase from 3,798 to at least 6,200 acres of moderately to 
densely stocked conifer dominated saplings), it is likely that other even-age silvicultural 
techniques (i.e., shelterwood and overstory removal systems) would be used, where 
forest stand conditions permit, that would be expected to create large blocks of 
regenerating conifer stands for future hare habitat within the HMA (Simons 2009).  The 

                                            
19 Examples of measures that may be taken to avoid adverse effects include but are not limited to pre-
survey of harvest areas or time of year restrictions on harvest activities. 
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BPL will not thin regenerating conifer stands within the HMA during the time period that 
these stands meet the criteria for optimal hare cover.  By policy, the BPL maintains 
wildlife trees and large woody material on their lands for a variety of wildlife including 
denning sites for lynx (Organ et al. 2008). 
 
Trapping will be allowed in the proposed HMA, since the chance of capturing a lynx in a 
trap is low and the benefits from reducing fisher are high. Each year, less than 12 lynx 
are caught (and the majority released unharmed) by more than 600 trappers that have 
more than 260,000 traps set in lynx range in Maine (~7 million acres).   Thus the risk of 
capture is low on the 22,046 acre HMA.  If an incidental lynx capture occurred on the 
HMA, IFW has no evidence that suggests the incidental trapping of lynx is detrimental to 
the lynx population or would reduce recruitment rates in the proposed HMA.  In addition, 
BPL land is managed for multiple use according to legislative direction , “in a manner 
consistent with the principles of multiple use and shall produce a sustained yield of 
products and services in accordance with both prudent and fair business practices and 
the principles of sound planning” (12MRSA 1833.1,1847.1).  Additionally, Public 
Reserved Lands are to be managed “to demonstrate exemplary land management 
practices, including silvicultural, wildlife and recreation management practices, as a 
demonstration of state policies governing management of forested and related types of 
lands” (12 MRSA 1833.1). 
 
5.4 Changed Circumstances 
 
Adaptive Management vs. Changed Circumstances 
 
IFW considered whether an adaptive management plan was appropriate for Maine’s 
Plan.  As stated in the USFWS Five Point Policy, adaptive management is a strategy to 
address uncertainty in the conservation of a species covered by a Habitat Conservation 
Plan or Incidental Take Plan (Plan).  Furthermore, adaptive management is essential for 
Plans that would otherwise pose a significant risk to the species due to significant data 
or information gaps.  This is not the case with IFW’s data.  IFW has more than 12 years 
of data on the rate of lynx incidental captures, trap-type and configuration, and degree 
of harm to lynx captured in traps.  In addition to information collected from traps set for 
other furbearing animals that sometimes capture lynx, IFW biologists have captured 
lynx in foothold traps over the course of a 12-year radiotelemetry study.  Collectively, 
these data indicated that, if caught in a foothold trap20, most lynx can be released with 
little or no harm and most survive to produce offspring (see Section 4).  IFW believes 
that an information gap does not exist on the fate of lynx caught in foothold traps and 
that incidental captures in foothold traps do not represent a significant risk to the 
species population. 
 
Although foothold traps pose little risk to lynx, lynx can also be caught in killer-type traps 
set by trappers to capture marten and fisher.  In the 13 years since lynx were listed, 7 
lynx have been caught in killer-type traps in Maine.  A regulatory change by IFW in 2007 
                                            
20 Lynx were caught in foothold traps during October and November when temperatures did not drop 
substantially below freezing overnight. 
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made it illegal to set a killer-type trap on the ground (except in terrestrial blind sets or 
water sets) in WMDs 1-6 and 8-11 (Appendix 2).  In 2008, following the capture of two 
lynx in killer-type traps, the rule was clarified.  These regulatory changes have reduced 
the number of lynx caught in killer-type traps to the point where no lynx have been 
caught during the past 4 trapping seasons (2009-2012) in a legal set.  However, during 
this time, 1 lynx was caught in an illegal set trap. In addition, none of the 74 
radiocollared lynx monitored during 13 fur trapping season were caught in a killer-type 
trap. These lynx lived in an area where more than 2,000 marten were caught in killer-
type traps set for more than 210,000 trap nights.  
 
IFW is not pursuing an adaptive management plan because data from IFW’s telemetry 
study and monitoring incidental take indicates that probability of a lynx being caught in a 
killer-type trap (even illegally) is low. Further, the potential lethal take requested in this 
Plan does not pose a significant risk to individual lynx or the species population.   
 
Changed Circumstances 
 
As part of IFW’s Plan, IFW developed contingencies that provide the flexibility to 
implement alternative minimization and mitigation measures should circumstances 
change.  The USFWS addresses two types of changed circumstances:  1) those that 
can be anticipated and planned for (i.e., changed circumstances) and 2) those that 
cannot be anticipated (i.e., unanticipated or extraordinary circumstances; USFWS 
1996).  We address both types of circumstances in Sections 5.3 and 5.5 with an 
emphasis on changed circumstances. 
 
IFW has identified seven changed circumstances that may require changes in the 
conservation strategy for this Plan.  In the event, a changed circumstance is triggered 
and IFW implements a response that proves to be effective then the modified 
measure(s) will be considered as an amendment to the Plan. Implementation for any 
actions that are triggered in response to a changed circumstance, IFW will provide 
written documentation that explains the action that will be implemented, including the 
rationale and how it will be subsequently evaluated for compliance.  USFWS would then 
concur or not with that written document. These are outlined below and discussed 
individually, in detail, throughout the rest of this section. 
 
IFW acknowledges that incidental lynx trapping and injury rates may be influenced by a 
variety of natural and human-related factors.  However, IFW believes that the seven 
Changed Circumstances it has outlined in this Plan covers the contingencies that might 
occur with these other factors (Table 5.4.1) 
 
Changed Circumstances 
 
1) Incidental trapping of lynx increases; 
2) The rate of severe injuries to lynx caught in traps increases; 
3) The rate which lynx are incidentally killed in legally set traps increases; 
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4) There is new information on lynx or trapping or technological advances in trap 
design or monitoring; 

5) The proportion of trappers setting killer-type traps in compliance with Maine’s 
leaning pole regulations falls below the 90%; 

6) Mitigation acreage is not achieved; and 
7) Population of lynx declines.  

 
Changed Circumstance #1:  Lynx are being caught in traps at a higher rate than 
expected 
 
There are a number of potential reasons that may lead to more lynx than expected 
being caught in traps (Table 5.4.1).  IFW previously stated that lynx cannot be excluded 
from foothold traps that are set to catch canids or bobcat.  However, these traps pose 
little risk to lynx in terms of injuries that would significantly affect their behavior or ability 
to survive and reproduce in the wild.  Nevertheless, IFW proposes to continue to collect 
data on trap sets at lynx captures and trapper effort (i.e., voluntary trapper effort cards, 
license sales, fur harvest) to identify the probable cause of any increase in the rate of 
lynx incidental catches during the 15-year period of its permit.  These data may also 
inform any trends in lynx injury rates.  
 
IFW is seeking coverage for the incidental trapping of up to 195 lynx by licensed Maine 
trappers during the 15-year permit period.  These 195 lynx could include up to 9 lynx 
with severe injuries and 3 lynx mortalities resulting from trapping or lynx with severe 
injuries that cannot be released (see Section 4.2 for details).  
 
Trigger 1:  IFW documents more than an average of 13 lynx incidentally captured per 
year in legal traps over a rolling 5-year period (Figure 5.4.1) for the permit duration. 
 
Response:  
 
1. In consultation with the USFWS, IFW will implement additional minimization 

measures to reduce capture rates of lynx prior to the trapping season that follows 
the trigger being tripped.   Options may include  identifying non-regulatory (e.g., 
increased outreach or incentives) or regulatory options (e.g., adjusting trapping 
season dates or durations, restricting trapping in higher density lynx WMDs, 
restricting traps or trap sets that are particularly prone to catching lynx, and/or 
limiting the number of trappers or traps in lynx WMDs)   . IFW would identify and 
implement the least restrictive option that is anticipated to reduce lynx captures.  

2. The implemented measure will be evaluated within the following year and if found to 
be ineffective in reducing the capture of lynx, further measures will be implemented.  

 
Rationale:  IFW does not believe that trappers are going to capture more than 195 lynx 
over the 15-year permit period.  As part of IFW’s commitments to avoid and minimize 
lynx captures, IFW wildlife biologists and/or wardens will continue to investigate and 
evaluate each incidental lynx capture (Section 5.2).  If during this process, IFW 
identifies a problem involving the manner in how traps were set or configured, IFW will 
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correct the problem through regulatory changes and/or outreach to trappers.  However, 
if trappers are catching more than an average of 13 lynx per year, that would suggest 
that the rate of capture is on pace to exceed the requested take authorization.  A variety 
of factors (weather conditions, pelt or gas prices, lynx and trapper number, etc.) may 
influence the incidental capture rate of lynx.  We note that even, if this is the case, the 
majority would have no or minor injuries.  However, IFW will have to take measures to 
reduce the rate of capture to ensure compliance with the take authorization on the 
permit.  
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Figure 5.4.1 Decision Tree Changed Circumstance #1:  Lynx are being caught in traps at a higher rate than 

expected. 
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Changed Circumstance #2:  Lynx are being severely injured in traps at a higher 
rate than expected. 
 
Trigger 1:  IFW documents more than 3 lynx in any rolling 5-year period during the 
permit duration having severe injuries.    
 
Response: 
 
1. In consultation with the USFWS, IFW will implement additional minimization 

measures to reduce lynx injury rates prior to the trapping season that follows the 
trigger being tripped.  Options may include non-regulatory or regulatory measures 
(e.g., outreach, restricting traps or trap sets that are particularly prone to injuring 
lynx, and/or instituting emergency area closures).   

 
 
 
Rationale:  IFW does not anticipate more than 9 lynx (not to include 3 anticipated 
mortalities) to be severely injured in traps over the 15-year permit period.  However, if 
lynx are injured more than 3 lynx in 5 years, that would suggest that the rate of injury is 
on pace to exceed the requested take authorization.  Therefore, IFW will take measures 
to reduce the rate of injury.  If the severe injuries can be related to a particular type of 
trap or trap configuration, IFW will modify trapping regulations to correct the problem.  
For instance, if all of the severe injuries occur in foothold traps with an inside jaw spread 
greater than 5 3/8” with no other contributing factors identified, IFW would restrict the 
size of foothold traps.   
 
This trigger is based on the rate of severe injuries to lynx that are incidentally trapped.  
If the proportion of lynx with minor injuries remains the same, (i.e. injury from incidental 
trapping has not increased) and a problem was not identified during the investigation of 
the incident, IFW will continue its current regulations and outreach.  However, if the rate 
of severe injuries increases (i.e., >3 lynx in 5 years has a severe injury), IFW will take 
additional steps to identify and correct the problem before the next trapping season. 
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Figure 5.4.2 Decision Tree Changed Circumstance #2:  Lynx are being injured in traps at a higher rate than 
expected. 
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Changed Circumstance #3:  Lynx are being killed in traps at a higher rate than 
expected 
 
Trigger 1:  One lynx is killed in a legally set trap (foothold, killer-type, or non-lethal 
cable restraints [if implemented]) or cannot be released after treatment of a severe 
injury. 
 
Response:  If the fatality or severe injury where the animal can’t be released is 
attributed to either: 

1. An aspect of the trap type or trap set that can be corrected and implemented 
more broadly with a practicable solution by other trappers to prevent additional 
incidences.  In consultation with the USFWS, IFW will address the problem 
through regulatory changes and/or outreach to trappers prior to the trapping 
season following the trigger being tripped.  In making such changes, IFW will 
work with stakeholders (e.g., trappers) to evaluate potential measures to better 
avoid future lethal take.  This may include researching or evaluating other traps 
or trap sets.  An example of this is when IFW required killer-type traps to be set 
on leaning poles in lynx areas.  OR 

2. A low probability or random event (i.e., fluke), no additional regulatory or non-
regulatory measures will be implemented. 

 
Rationale:  Although the capture of 1 lynx in a killer-type trap does not exceed IFW’s 
permit request and may be a rare and inexplicable occurrence, IFW is committed to 
investigating each capture and correcting problems with trap sets or regulations when 
there is a practicable solution.  
 
Stakeholders are individuals or groups that can provide information on ways to minimize 
the incidental trapping of lynx in killer-type traps that are also easy to use and effective 
for catching fisher and marten.  Possible stakeholders include Maine trappers or MTA 
(primary stakeholder), AFWA, Northeast Furbearer Resources Technical Committee, 
and the Maine Chapter of The Wildlife Society (wildlife professional organization). 
 
Trigger 2:  Two lynx are killed in legally set traps (foothold, killer-type, or non-lethal 
cable restraints [if implemented]) or cannot be released after treatment of a severe 
injury.   
  
Response:   
In consultation with the USFWS, IFW will immediately implement regulatory measures 
to prevent further lynx fatalities (e.g., require the use of exclusion devices on all killer-
type traps, or equally effective measure).   
 
Rationale: IFW does not anticipate more than 3 lynx will be killed or removed from the 
population from trapping over the 15-year permit period.  If 2 lynx die before the end of 
the permit period, lethal take could exceed the requested take authorization.  Therefore, 
IFW will take measures to reduce the rate of mortality until the permit can be amended.   



 
 

 141 

Figure 5.4.3 Decision Tree Change Circumstance #3:  Lynx are being caught in traps at a higher rate than 
expected. 
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Changed Circumstance #4:  Use of New Information or Technological Advances 
 
Over the course of the ITP term, new information on Canada lynx and trapping may 
become available (e.g., additional exclusion devices), new methods for monitoring, or 
technological advances may be developed to avoid or minimize capture of lynx from 
trapping.  IFW may wish to apply some of these new developments into the operations 
and/or monitoring outlined in IFW’s Plan.  IFW may choose to use such measures 
should they be demonstrated, based on the best available science, to be as or more 
effective than the methods described in this Plan.  IFW will work with USFWS to ensure 
that any new information or techniques that are planned to be used are compatible with 
the biological goals and objectives of IFW’s Plan.  Any new method, information, or 
technology will only be considered if it has been demonstrated in an acceptable 
scientific study and will not require an increase in the take authorization for the Plan. 
 
Changed Circumstance #5:  Trapper compliance with elevated lynx exclusion 
devices for killer-type trap regulations is less than 90%. 
 
Trigger:  This changed circumstance will be triggered if less than 90% of the trappers 
checked are in compliance with the regulations.  For the purpose of this commitment, a 
trapper will be considered to be in compliance if all of their traps are set in compliance 
with visible bait, height of trap, pole diameter, and angle of pole regulationsand 
exclusion devices specifications (e.g., size of opening, distance from opening to trap, 
placement of baffles) for killer-type traps in lynx areas.   
 
This trigger is going to be assessed by the annual monitoring commitments described in 
Section 5.2 (PI 4).  
 
Response:  If after the initial 2 years of monitoring, the percentage of trappers checked 
in compliance is less than 90% as described above then IFW will meet with 
stakeholders (e.g., game wardens and trappers), prior to the next trapping season, to 
identify and correct the problem through outreach and education.  If subsequent years 
of monitoring do not show improvement, IFW will implement measures such as 
increased law enforcement details or increased penalties before the start of the next 
trapping season.  If after 5 years of monitoring, trapper compliance with the four lynx 
avoidance measures listed above has not reached the target levels, IFW in consultation 
with the USFWS will implement additional corrective measures to improve compliance.   
Measures may include additional outreach, increased penalties for trapping violations, 
or restricting traps or trap sets that are particularly difficult for trappers to achieve 
compliance with or restricting the use of these traps in lynx areas. 
 
 
Changed Circumstance #6: Mitigation acreage is not achieved 
 
Background:  To mitigate the potential lethal take of up to 3 lynx during the 15 year 
permit period, IFW and BPL have entered into an agreement to create or maintain a 
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minimum of 6,200 acres of high quality hare habitat for lynx on the BPL Seboomook 
Unit by the end of the 15-year permit period.  
  
 
Trigger: Mitigation acreage is not achieved by the end of the 15-year permit period.  
Although there are several different circumstances that could lead to the mitigation not 
being achievable, the triggers and responses would be the same. 
 
Response: BPL will either increase the size of the mitigation area (currently 23,000 
acres) to achieve the mitigation acreage or extend the MOU period beyond 2029. 
 
Changed Circumstance #7: Population of lynx declines. 
 
If there is a catastrophic decline in the number of lynx in Maine (e.g., below 100 lynx), 
we expect the level of incidental take to decline.  If lynx take does not decline, IFW will 
consult with the USFWS to discuss additional minimization measures that may be 
necessary to avoid take.  
 
5.5 Unforeseen Circumstances 
 
Unforeseen circumstances are defined as changes in circumstances affecting a species 
or geographic area covered by a conservation plan that could not reasonably have been 
anticipated by plan developers and the USFWS at the time of the negotiation and 
development of the plan and that result in a substantial and adverse change in the 
status of the covered species (50 C.F.R. § 17.3).  
 
The USFWS bears the burden of demonstrating that unforeseen circumstances exist 
using the best available scientific and commercial data while considering certain factors 
(50 C.F.R. §§ 17.22(b)(5)(iii)(C)).  In deciding whether unforeseen circumstances exist, 
the USFWS will consider, but not be limited to, the following factors (50 C.F.R. §§ 
17.22(b)(5)(iii)(C)):  
 
1. The size of the current range of the affected species;  
2. The percentage of the range adversely affected by the covered activities;  
3. The percentage of the range that has been conserved by the HCP;  
4. The ecological significance of that portion of the range affected by the HCP;  
5. The level of knowledge about the affected species and the degree of specificity of 

the conservation program for that species under the HCP; and  
6. Whether failure to adopt additional conservation measures would appreciably reduce 

the likelihood of survival and recovery of the species in the wild.  
 
In negotiating unforeseen circumstances, the USFWS will not require the commitment 
of additional land, water, or financial compensation or additional restrictions on the use 
of land, water, or other natural resources beyond the level otherwise agreed upon for 
the species covered by the HCP without the consent of the permittee (50 C.F.R. §§ 
17.22(b)(5)(iii)(A)).  If additional conservation and mitigation measures are deemed 
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necessary to respond to unforeseen circumstances, the USFWS may require additional 
measures of the permittee, where the HCP is being properly implemented, only if such 
measures are limited to modifications within conserved habitat areas, if any, or to the 
HCP’s operating conservation program for the affected species, and maintain the 
original terms of the plan to the maximum extent possible (50 C.F.R. §§ 
17.22(b)(5)(iii)(B)).  Additional conservation and mitigation measures will not involve the 
commitment of additional land, water, or financial compensation or additional 
restrictions on the use of land, water, or other natural resources otherwise available for 
development or use under the original terms of the conservation plan without the 
consent of the permittee.  
 
Notwithstanding these assurances, nothing in the No Surprises Rule “will be construed 
to limit or constrain the USFWS, any federal agency, or a private entity, from taking 
additional actions, at its own expense, to protect or conserve a species included in a 
conservation plan” (50 C.F.R. §§ 17.22(b)(6)) 
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6.0 Funding 
 
One of the five issuance criteria for an ITP states that the applicant will ensure that 
adequate funding is available for implementing all components of their Plan, including 
minimization measures, mitigation measures, and unforeseen circumstances ((50 
C.F.R. §§ 17.22(b) (2)); 10-1-06 edition).  To meet these criteria, the following section 
describes IFW’s funding structure and budget process, how the Plan will be funded, and 
the costs associated with Plan implementation.   
 
6.1 Funding for Plan Measures 
 
IFW obtains its revenues from license sales (e.g., hunting and fishing licenses), federal 
matching dollars (Pitman-Robertson (PR) funds), general funds from the Maine 
Legislature, federal threatened and endangered species funds (i.e., Section 6 funds 
from the USFWS), sale of state conservation license plates, the USFWS’ State Wildlife 
Grant program, and grants from a variety of private and governmental organizations.  
Funds that will be used for the minimization measures in IFW’s Plan (Section 5) are 
collectively administered by three Bureaus within IFW:  Information and Education, 
Warden Service, and Resource Management.  In addition, the Department of 
Conservation, Bureau of Parks and Public Lands, will provide logistical support and 
personnel time for overseeing the management of the proposed mitigation area.  IFW 
recognizes that PR funds have limitations on what activities they can be spent on (e.g., 
cannot be spent on law enforcement).  IFW will ensure that PR funds are only used on 
eligible minimization activities in its Plan.  IFW will make funding activities that are not 
PR eligible a priority and obtain those funds from its General Fund account. 
 
IFW’s spending authority is granted through the biennial legislative process, with fiscal 
years beginning on July 1.  Therefore, IFW cannot guarantee State funds for future 
activities to administer the requirements set forth in the ITP, which are not yet 
appropriated by the State legislature.  Additionally, IFW cannot guarantee acceptance of 
grant monies unless it has received authorization from the Maine legislature to apply for 
and accept these monies.  However, as a commitment of this Plan, IFW will incorporate 
in its biennial budget request to the Maine State Legislature a budget that will be 
adequate to fulfill its obligations under the ITP.  IFW will provide evidence that the 
Legislature has appropriated sufficient funding to implement this plan by July 15th each 
year.  IFW recognizes that failure to annually ensure adequate funding to implement the 
Plan may be grounds for suspension or partial suspension of the ITP. Incidental take 
authorization under the permit is contingent on demonstrating adequate annual funding 
for plan implementation, including both IFW and MBPL (as pertaining to implementation 
of the mitigation).  
 
6.2 Plan Implementation Costs 
 
While developing the conservation commitments in this Plan, IFW worked to incorporate 
existing program resources, to the extent practicable, to meet the biological goals and 
objectives of the Plan.  This approach allows IFW to implement much of the Plan within 
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its existing programs.  Table 6.2.1 identifies the costs for implementing the Plan (other 
than mitigation measures), which are anticipated to average up to $69,000 annually.  
These costs do not reflect personnel costs associated with implementing this Plan, 
which will be covered by existing staff.  The diversion of personnel time to IFW’s 
Incidental Trapping Plan will come at the expense of other wildlife programs or law 
enforcement activities.  The amount of personnel time needed to implement IFW’s Plan 
will be fairly high, especially for the first couple of years.  For example, the lead wildlife 
biologist for responding to lynx incidental trapping incidents spent 50% of her time 
preparing for and responding to lynx incidental catches in 2012 (over an 8 week period).  
This does not include the time that other staff supported her in this effort. In the event 
that staff positions critical for ITP implementation are lost or eliminated, IFW will be 
committed to reassigning staff resources to ensure effective implementation of all ITP 
commitments.   In addition to costs provided in Table 6.2.1, IFW estimates the cost of 
training for the use of non-lethal cable restraints described in Appendix 13 to be 
$500/year.   
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Table 6.2.1 Proposed minimization activities for the incidental catch of lynx by Maine trappers and the 
approximate additional costs of these activities.  With the exception of differential pay, the personnel 
costs associated with implementing these activities are not included.  Personnel time spent on 
implementation of the Plan does divert time away from other wildlife management and law 
enforcement activities.   

 
Activity 

 
FTE 

workdaysb 

 
Frequency of Activity 

 
Ongoing Activity Cost 

 
New Activity 

Cost 
 

 
 

Total Costc 

RC 1 Restrict placements of killer-type sets 
 

 Annually N/A N/A  

RC 2 Mandatory Reporting 
 

 Annually N/A N/A  

RC 3 Restrict the Use of Visible Bait 
 

 Annually N/A N/A  

RC 4 Restrict Foothold Traps 
 

 Annually N/A N/A  

IM 1 Trapped Lynx Hotline 
       Standby Salary Deferential 
       Phone line 

 Annually  
$3,600/yr 
$600.00/yr 

 

N/A  
$54,000 
$9,000 

IM 2 Responding to Lynx 
        Staff time 
         Equipment 
 

10% Annually Included in staff base salary 
$300/year 

N/A $4,500 

IM 3 Update Standard Operating Procedures 
 

0.4% Every 3 years $300/update N/A $1,500 

IM 4 Maintain List of Cooperating 
Veterinarians 
 

0.4% Annually Included in staff base salary N/A  

IM 5 Rehabilitate Injured Lynx 
              Collars 
 

 As needed N/A $2,000/lynx 
$2,500/lynx 

 

Up to $18,000 
Up to $22,500 

IM 6 Injury Evaluation Training for Staff 
 

3% Every 3 years N/A $1,000/session $5,000 

IM 7 Veterinary Oversight 
 

 3 lynx in 3 year 
period  

 

N/A $500/lynx $7,500 

IM 8       Monitor Orphaned Kittens  As needed N/A $1,200/kitten ~$4,800 
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Table 6.2.1 continued. 
 
 
Activity 

 
FTE work daysb 

 
Frequency of 

Activity 

 
Ongoing Activity Cost 

 
New Activity 

Cost 

 
 

Total Costc 
 

O&E 1 Reinforce Compliance with trapping 
regulations 
 

 Annually Included in staff base salary N/A  

O&E 2 Publish a Regulation Booklet 
 

 Annually $54,000 N/A $810,000 

 
O&E 3 

 
Trapper Information Booklet  
     Letter and Lynx Portion Mailed 
 

0.4%  
Annually 

 
N/A 

 
$5,453 

 
$81,795 

 O&E 4   “How to avoid the incidental take of lynx” 
           Brochure Printing Cost 
           Additional postage 
 

0.1% once every  5 
years 

 

N/A  
$2,700a 

$825 

 
$8,100 
$2,475 

O&E 5   Maintain Website Information  0.4% Annually Included in staff base salary 
 

N/A  

O&E 6   Trapper Education Program  
 

 Annually N/A N/A  

O&E 7   Trapper video  3% One Time  
 

$5000 video 
$4,700 postage 

 

$5,000 
$4,700 

O&E 8   Continued Education for Instructors  
 

0.4% Every 2 years  N/A  

PI 1 Extend Lynx Regulations 
 

 Annually Included in staff base salary 
 

N/A  

PI 2 Investigate all lynx incidental captures 
 

5% Annually Included in staff base salary 
 

N/A  

PI 3 Cooperate with USFWS on Investigations 
 

5% Annually Included in staff base salary 
 

N/A  

PI 4  Conduct targeted compliance monitoring 
 

15% Annually  Included in staff 
base salary 

 

 

PI 5 Consult with trappers 
 

 Annually Included in staff base salary N/A  

 Total   44%                      $1,038,537 
a The brochure would be mailed with the annual letter to Maine Trappers and would not have the cost of an individual mailing. 
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b Percentage of a full-time employees (FTE) annual work day to complete activity is based on 260 work days/year.  For some activities, more than 
1 FTE is involved. The percentage of a FTE work days was calculated as the number of FTEs x the number of days involved in activity/260 
annual work days.   For example, 23 biologists will attend IM6 training every 3 years, thus % FTE work days=(23 FTE X 1 day/3 years)/260 work 
days.   

c Does not include FTE cost.  The daily salary for a FTE is $325; the annual cost of 44% of a FTE annual work days to carry out the minimization 
measures in this plan is estimated at $36,031.67. 
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6.2.2 Plan Mitigation Costs 
 
An MOU exists between the BPL and IFW for the management of the mitigation area 
(Appendix 11a).  The majority of the cost of mitigation will be covered by BPL and are 
not expected to exceed the costs of the normal operations that would occur on the 
proposed Habitat Management Area (i.e., no additional cost to IFW).  However, BPL 
may incur a financial loss if it has to harvest forest stands to meet habitat management 
goals prior to the time a stand would normally be harvested for its timber value.  IFW’s 
costs for implementing the mitigation plan are estimated at approximately $16,000 for 3 
lynx surveys on the mitigation area (Table 6.2.2). 
 
 
Table 6.2.2 Estimated costs of implementing mitigation measures (Section 5.3) 

that IFW will incur.  
 

Activity Frequency 
Total Cost for 

Activity 
Lynx Surveys Three times in 15 years  

Personnel  $3,140  
Transportation  $810 
Snowmobiles  10,000 
Equipment Repairs  $1500 
Misc. Equipment  $400 

Total for Surveys  $15,850 
BPL Mitigation 

Cruising Mitigation Area 
      Personnel 
      Transportation 
      Food and Lodging 

  
 

$4,428 
$504 
$600 

Develop Forest Management Plan 
      Personnel 
      Transportation 
      Food and Lodging 
Stand typing and modeling 
Harvest planning and execution 

  
$11,138 
$1,232 
$1,600 

$10,437 
$21,0001 

Total BPL Mitigation Costs  $50,939 
1 Profits from harvest will off-set cost of harvest 
 
6.3 Plan Monitoring Costs 
 
The Plan’s monitoring costs will primarily consist of personnel costs, which are covered 
under the agency’s existing annual budget.  Minor expenses will occur for activities such 
as compliance monitoring for killer-type traps (RC-6, Section 5.2; Table 6.2.1).  Other 
monitoring activity cost (e.g., responding to incidentally caught lynx) are covered in the 
plan’s minimization costs (Table 6.2.1) or mitigation costs (Table 6.2.2). 
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7.0 Measures Considered but Not Implemented 
 
The USFWS considered five alternatives, each with an increasing number of 
minimization measures, in its Draft Environmental Assessment (EA) for the 2008 
submission of IFW’s Plan.  The USFWS’ HCP Handbook (Chapter 3, p. 35) requires a 
description of at least two alternative actions to the proposed taking.  IFW discusses 
three alternative actions in its Plan:  1) Discontinue Trapping Statewide, 2) Discontinue 
Trapping Selectively, and 3) Other Minimization and Mitigation Measures.  The rationale 
for incorporating or not incorporating alternative actions into the Plan follows. In 
addition, in a separate memorandum to the USFWS, IFW provides additional 
information or data on the validity of other measures for minimizing lynx captures 
recommended in the USFWS Draft EA or by the public.   
 
7.1 Alternative I.  Discontinue Trapping Statewide 
 
The alternative action considered was to discontinue trapping statewide.  
 
This alternative would result in no take of Canada lynx by trapping.  The benefit of any 
reduced take from this action would be relatively minor relative to other sources of 
human related mortality (e.g., animal-vehicle collisions) that have a greater impact on 
lynx populations.  Furthermore, if fisher trapping were eliminated, fisher predation on 
lynx would likely increase (Section 4.2) and have a greater impact than any incidental 
trapping might have on Maine’s lynx population. 
 
Trapping cannot be replaced with an alternative activity that effectively harvests 
furbearing animals and provides a similar outdoor recreational experience.  In 1973, 
Maine’s legislature directed IFW’s Commissioner to establish open seasons for the 
trapping of furbearing animals (Title 12, Chapter 301, § 1960 A).  Discontinuing trapping 
statewide would be contrary to the legislature’s original directive.  Although lynx have 
been caught in trapping sets suitable for fox, coyote, bobcat, marten, and fisher, to our 
knowledge, no lynx have been caught in traps set for beaver, raccoon, mink, skunk, or 
weasel.  Discontinuing trapping for species that have not been associated with 
incidental capture of lynx would be unreasonable and would not, in itself, help reduce 
the incidental take of lynx.  
 
Given these considerations, IFW did not consider this an acceptable alternative. 
 
7.2 Alternative II.  Discontinue Trapping Selectively 
 
Another alternative action considered would be to discontinue trapping for species that 
have been associated with the incidental capture of lynx in areas where lynx occur.  
 
This alternative would likely result in no Canada lynx being taken by trappers. 
 
Lynx are distributed primarily in the northern half of the state (essentially WMDs 1 – 11, 
14, 18, and 19; Figure 1.1); have been taken in traps set for coyotes, marten, and fisher; 
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and would be vulnerable to traps set for bobcat and fox.  Discontinuing trapping in all 
lynx WMDs for these species would reduce the statewide trapping harvest for these 
species accordingly:  marten -- (84%), fisher -- (40%), coyote -- (< 31%), red fox -- (< 
24%), and bobcat -- (< 16%; Table 3.2).  Coyote and fox are hunted as well as trapped; 
therefore, the reduction in harvest, if trapping were to cease in these WMDs, would be 
somewhat less than 31% (unknown amount).  IFW does not believe it is practicable to 
ask the public to incur a significant loss of fur trapping opportunity on the outside 
chance that a lynx may incidentally be taken in a trap set for upland furbearers, 
especially when the mortality allowance requested in Maine's Plan is not detrimental to 
Maine's lynx population (Section 4).  Additionally, eliminating the harvest of upland 
furbearers could negatively impact the lynx population indirectly through increase 
competition of prey and directly by increased mortality by fisher (Section 3.3). 
 
Consequently, IFW is not recommending trapping be discontinued for upland furbearers 
in the core lynx range and does not consider this an acceptable alternative.   
 
Limit upland foothold trapping seasons to October and November 
 
There have been no lynx reportedly caught in foothold traps in December in Maine.  
Many trappers in northern Maine stop using foothold traps when the ground becomes 
frozen or covered with snow because it is difficult to keep traps operating properly in 
freeze, thaw, and snowy conditions.  In 2011, only 2% of the total coyote harvest and 
0.5% of the red fox harvest in WMDs 1-11 was taken in December.  IFW does not 
believe limiting the foothold trapping season to October and November would reduce 
lynx take or harm to lynx.  However, if IFW detects an increase in foothold trapping in 
December, IFW will follow the protocol outlined in the Changed Circumstances section 
of this document (Section 5.5). 
 
7.3 Alternative III.  Other Minimization and Mitigation Measures 
 
The USFWS’ National Environmental Policy Act (NEPA) considered five alternatives, 
each with an increasing number of minimization measures.  Measures suggested by the 
USFWS or public that would significantly reduce lynx take or harm were included in 
IFW’s Plan.  The minimization measures in this Plan are effective at reducing lynx 
captures and injuries to incidentally captured lynx, while maintaining a furbearer 
trapping program in Maine.   
 
The public, and the USFWS in its EA, suggested additional minimization measures for 
inclusion in IFW’s Plan.  Those that are practicable and have scientific justification were 
included.  The following two measures (require exclusion devices on all killer-type traps 
and require the use of BMP traps) are assumed to benefit lynx by reducing incidental 
trapping and injury; however, IFW did not find sufficient scientific justification to include 
these measures in the Plan.  The rational for not including these measures is presented 
below.   
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Require effective lynx-excluding devices for all upland killer-type traps in WMDs 1-11, 
14, 18, and 19 and rescind leaning pole regulations 
 
IFW contends that there is no evidence to warrant the mandatory use of exclusion 
devices for killer-type traps, when these traps are set on leaning poles.  IFW’s current 
leaning pole regulations deter lynx from being caught in killer-type traps.  No lynx have 
been caught in legally set killer-type traps since IFW’s leaning pole regulations were 
implemented in 2007 and clarified in 2008.  In terms of measuring risk as incidental 
catch per unit effort, no lynx have been caught in legally set killer-type traps for over 
600,000 trap nights21 on leaning poles in WMDs 1-11 from 2008-2011 (Table 7.3.1). In 
addition none of the 74 radiocollared lynx exposed to killer-type traps during 13 trapping 
seasons were captured in killer-type traps. 
 
 
Table 7.3.1 The estimated number of trap nights (TN) where trappers targeted 

marten in WMDs 1-11 from 2008 to 2011.   
 

Trapping 
Season 

Trap Nights/ 1 marten 
in WMDs 1-11 

Number of  Marten 
Harvested in WMDs 1-11 

Total # TN in 
WMDs 1-11 

2008-09 67 1,988 133,196 
2009-10 67 2,048 137,216 
2010-11 67 3,003 201,201 
2011-12 128 1,112 142,336 

 Total 613,949 
 
 
The lynx-exclusion device IFW developed with trappers was tested for the efficiency of 
excluding lynx from reaching the trap within the device when set on the ground.  The 
results of this testing indicated that the lynx-exclusion device would prevent lynx from 
being caught in killer-type traps; however, the efficacy of catching marten and fisher in 
these devices has not been determined.  Currently, trappers are not permitted to set 
killer-type traps on the ground in lynx WMDs (except killer-type traps < 5 inches when 
set as blind sets or under overhanging stream banks (Appendix 2).  This exclusion 
device was effective at excluding lynx from killer-type traps and provides trappers the 
opportunity to set baited killer-type traps for marten and fisher on the ground in lynx 
WMDs without catching lynx.  The lynx-exclusion device that IFW approved is different 
than devices required in other states that were developed to exclude dogs.   
 
Lynx exclusion devices are large, cumbersome, and more difficult to set than killer-type 
traps on leaning poles.  These devices may also be less effective at catching the target 
                                            
21 From 2010 to 2011 trapper effort reporting and harvest data were collected from trappers trapping in 
WMDs 1-11. The average number trap nights (one trap night is equal to one trap set for one night e.g., 2 
traps set for 1 night = 2 trap nights) it took a trapper to catch 1 marten were multiplied by the number of 
marten tagged in WMDS 1-11. Because trapper effort data were only available for 2010 and 2011 IFW 
used the conservative number of trapper nights required to catch a marten (67) from 2010 to estimate the 
number of trap nights in WMDs 1-11 for 2008 and 2009 therefore is likely an underestimate of the number 
of trap nights in those years.  
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species. If IFW were to require trappers to use exclusion devices when trapping with 
killer-type traps, it would be a disincentive for most trappers and would reduce fisher 
and marten trapping in Maine.  In addition, the risk of capturing lynx on leaning pole sets 
is low, since regulatory changes have been put in place. If circumstances change, IFW 
has a contingency plan to address increased take (Section 5.4). 
 
Require all trappers to use only foothold traps meeting BMP standards for fox, coyote, 
and bobcat and rescind existing foothold trap size regulations once BMP traps are fully 
implemented. 
 
Determine the extent that BMP foothold traps are used. 
 
The purported benefits of reducing lynx take or injuries by requiring all trappers to use 
only traps meeting Best Management Practices (BMP) standards is not supported by 
National BMP data or BMP data collect in Maine.  BMP traps were tested and approved 
for specific species.  It is inappropriate to require trappers to use traps meeting BMP 
standards for fox and coyote in the hope that these traps would be less injurious to lynx.  
Many of the traps tested and approved for foxes, coyotes, and bobcats were not tested 
during BMP trap testing for lynx in Alaska (AFWA 2011).  Therefore, it is unknown if lynx 
would be injured in a trap approved for other species.  Trappers in Maine are not 
targeting lynx; therefore, requiring canid trappers to use BMP traps approved for lynx 
may lead to more frequent or severe injuries for smaller furbearers (e.g., red fox).  
 
Prior to and after the Consent Decree, that limits the size of foothold traps that can be 
used in the lynx range but did not require BMP approved traps, injuries to incidentally 
captured lynx were similar to or lower than injuries report for coyotes and bobcats 
caught in BMP approved traps (Tables 4.2.2, 7.3.2 and 7.3.3).  Data collected in Maine 
from 1999 through 2012 show that 94% (n=32) of the incidentally caught lynx in foothold 
traps set by trappers and examined by IFW biologists had no injury or only a minor 
injury (minor injury= ISO score ≤ 10 [see Table 4.2.1]).  Again, these injury scores are 
lower or similar to injury scores observed for coyotes and bobcats caught during BMP 
trap testing (Tables 7.3.2 and 7.3.3) and lynx caught by IFW biologists using BMP 
approved traps for lynx (Table 4.1.1); therefore, IFW does not believe requiring the use 
of BMP traps would further reduce injuries or incidental take by trappers. However, if 
circumstance change, IFW has a contingency plan to address increase take or injury 
(Section 5.4). 
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Table 7.3.2 Injury (welfare) scores for 20 restraining devices evaluated for coyotes during Association of Fish and Wildlife 
Agencies’ Best Management Practices (BMP) trap research, 1998-2005.  BMP criteria for welfare, efficiency and 
selectivity were met for 16 devices evaluated for coyotes.  Those traps not meeting BMP criteria are shaded in 
gray.  The most commonly used trap in the United States is the No. 2 coil-spring (Responsive Management 2005).  
This trap met all BMP criteria.   

 
   Cumulative Injury Score % animals classed by worst injury 

Trap Code States Tested 
Sample 

Size 
 

Mean 
 

Median 
 

SE 
 

None Mild 
 

Moderate 
Mod. 

Severe 
 

Severe Dead 
15P AL, GA, NM,  NY,  VT 28 16.2 8.5 3.2 25.0 39.3 35.7 0 0 0 
NPCD WI 57 19.3 5.0 25.1 0 80.1 10.5 1.7 7.0 0 
BEL KS, ME, NM, PA, VT,  49 22.7 10.0 4.2 4.1 65.3 26.5 0 4.1 0 
134FO ME, NY, PA 27 25.6 20.0 4.8 11.1 44.4 44.4 0 0 0 
3PM KS, ME, NE, NY, OR, PA, VT 105 25.7 10.0 2.5 1.0 59.0 38.1 1.0 1.0 0 
15PM AR, GA, KS,  ME, NY, OK,  OR, PA, SD,  

VT, WA,  WY 
92 28.9 10.0 4.1 0 53.3 41.3 3.3 2.2 0 

2OLM KS, ME, NE, NY, OK, OR, PA, VT, WA 74 30.1 20.0 2.9 1.4 52.7 43.2 1.4 1.4 0 
2C AR, KS, MI,  NY, OH, OK,  VT 25 37.0 40.0 7.9 20.0 24.0 48.0 4.0 4.0 0 
175OL GA, ME, NM, NY, OK, OR, PA, SD, WA, 

WY 
72 37.1 35.0 4.1 4.2 43.1 48.6 4.2 4.2 0 

175 GA, ME, NM, NY, OK, OR, PA, SD, WA, 
WY 

84 39.5 42.5 3.3 3.6 34.5 56.0 1.2 4.8 0 

MJ600 GA, KS, OK, OR, SD, TX, WY 49 40.2 35.0 4.5 0 49.0 49.0 0 2.0 0 
MB650 GA, KS, OK, OR, SD, TX, WY 67 42.6 20.0 5.9 1.5 52.2 38.8 1.5 6.0 0 
22CC OR, SD, WA 39 49.8 45.0 6.7 2.6 35.9 53.8 2.6 5.1 0 
3MSM PA,  SD 30 50.7 47.5 5.3 0 40.0 50.0 0 10.0 0 
33CC OR, SD, WA 49 52.6 45.0 7.4 0 42.9 44.9 6.1 6.1 0 
2FOJ PA,   SD 24 54.3 60.0 6.17 0 41.7 41.7 0 16.6 0 
175FOJ PA,  SD 28 54.8 55.0 4.9 0 35.7 50.0 0 14.3 0 
3OL GA, NM, OK, OR, WA 23 60.9 45.0 8.7 4.3 13.0 60.9 4.3 17.4 0 
3S GA, KS, OK, OR, SD, TX, WY 56 71.7 50.0 7.7 1.8 21.4 62.5 0 14.3 0 
3O GA, NM, OK, OR, SD, WA 41 98.2 80.0 9.1 0 7.3 63.4 2.4 26.8 0 

Abbreviations 
FO = flat offset, P = padded, PM = padded modified (4 coiled), FOJ = flat offset jaw, OL = offset laminated, CC = Coyote Cuff brand, OLM = offset laminated modified (4 coiled), O = 
offset PM = padded modified (4 coiled), S = longspring, MSM = Montana Special Modified, NPCD = non-powered cable device, BEL = Belisle foot snare, MB650 = Minnesota Brand 
650, and MJ600 = Sterling 600 
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Table 7.3.3 Injury (welfare) scores for 16 restraining devices evaluated for bobcats during the Association of Fish and 
Wildlife Agencies’ Best Management Practices (BMP) trap research, 1998-2006.  BMP criteria for welfare, 
efficiency, and selectivity were met for all 16 devices evaluated for bobcats.  The most commonly used trap type 
in the United States for capturing bobcats is the No. 3 coil-spring (Responsive Management 2005).  The standard 
No. 3 coil-spring trap met all BMP criteria, as did the same trap size with modifications including padded jaws, 
offset jaws, laminated jaws, and jaws with both offset and lamination. 

 
   Cumulative Injury Score % animals classed by worst injury only 

Trap Code States Tested 
Sample 

Size 
 

Mean 
 

Median 
 

SE 
 

None Mild 
 

Moderate 
Mod. 

Severe 
 

Severe Dead 
Cage 109.5 
(Tomahawk) 

CA, GA, KS 22 0.3 0 0.3 95.5 4.5 0 0 0 0 

#1.5 coil-spring 
(WOV) 

 GA, KS, NC, OK, 
PA, SC, VT  

42 9.4 5.0 1.5 4.8 83.3 11.9 0 0 0 

#1.75 coil (WOV) GA, NM, OK, PA 23 9.8 5.0 4.6 13.0 74.0 8.7 0 4.3 0 
#3 padded, 4 coil 
(WOV) 

PA, KS, OR 27 10.1 5.0 1.9 0 55.6 44.4 0 0 0 

# 3 coil, offset (BRI) GA, NM, OK, OR 22 11.2 5.0 2.7 4.5 76.3 19.2 0 0 0 
#1.75 offset, 
laminated (WOV) 

NY, GA, PA, NM, 
OK, OR 

38 12.8 5.0 4.2 18.4 52.7 23.7 0 5.3 0 

# 3 coil, offset, lam 
(BRI) 

GA, NM, OK, OR, 
WA 

31 15.8 5.0 4.1 3.2 71.0 22.6 0 3.2 0 

MJ 600 (Sterling) GA, KS, OK, OR, 
TX 

37 16.8 10.0 2.9 2.7 81.1 16.2 0 0 0 

Belisle Foot Snare KS, NM, PA 18 17.3 5.0 5.3 0 72.2 22.2 5.6 0 0 
# 2 coil (WOV)  KS, NC, NY, OK 30 20.1 7.5 3.9 0 76.7 23.3 0 0 0 
MB 650 
(Minnesota) 

GA, KS, OK, OR, 
TX 

29 20.9 5.0 4.8 0 75.9 20.7 0 3.4 0 

#2 offset, 
laminated, 4 coil 
(BRI) 

KS, OK, PA, OR, 
WA 

21 21.2 10.0 4.4 0 66.7 33.3 0 0 0 

#1.5 padded, 4 coil 
(WOV) 

GA, KS, OK, PA, 
VT 

43 23.0 15.0 4.6 4.8 72.1 16.3 2.3 4.7 0 

# 3 longspring (SC) GA, KS, OK, TX 45 25.8 5.0 5.9 4.4 66.6 22.2 0 6.7 0 
# 3 coil, lam (BRI) GA, KS, OK 20 25.9 10.0 11.8 0 80.0 10.0 5.0 5.0 0 
# 3 coil (BRI) KS, OK, NE, MI 30 37.7 20.0 9.3 0 70.0 16.7 3.3 10.0 0 

Abbreviations 
FO = flat offset, P = padded, PM = padded modified (4 coiled), FOJ = flat offset jaw, OL = offset laminated, CC = Coyote Cuff brand, OLM = offset laminated modified (4 coiled), O 
= offset PM = padded modified (4 coiled), S = longspring, MSM = Montana Special Modified, NPCD = non-powered cable device, BEL = Belisle foot snare, MB650 = Minnesota 
Brand 650, and MJ600 = Sterling 600 
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8.0 Future Amendments 
 
An HCP and/or ITP (in IFW’s case Plan and/or ITP) may be modified in accordance with 
the ESA, the USFWS’s implementing regulations, the implementation agreement (IA), 
and this chapter.  HCP and permit modifications are not anticipated on a regular basis; 
however, modifications to the HCP and/or ITP may be requested by either IFW or the 
USFWS.  The USFWS also may amend the ITP at any time for just cause, and upon a 
written finding of necessity, during the permit term in accordance with 50 C.F.R. § 
13.23(b).  The categories of modifications are administrative changes, minor 
amendments, and major amendments. 
 
8. 1 Administrative Changes 
 
Administrative changes are internal changes or corrections to the HCP that may be 
made by IFW, at its own initiative, or approved by IFW in response to a written request 
submitted by the USFWS.  Requests from the USFWS will include an explanation of the 
reason for the change, as well as any supporting documentation.  Administrative 
changes on IFW’s initiative do not require preauthorization or concurrence from the 
USFWS. 
 
Administrative changes are those that will not:  a) result in effects on a HCP species 
that are new or different than those analyzed in the HCP, environmental assessment 
(EA), or the USFWS’s biological opinion (BO), b) result in take beyond that authorized 
by the ITP, c) negatively alter the effectiveness of the HCP, or d) have consequences to 
aspects of the human environment that have not been evaluated.  IFW will document 
each administrative change in writing and provide the USFWS with a summary of all 
changes, as part of its annual report, along with any replacement pages, maps, and 
other relevant documents for insertion in the revised document. 
 
Administrative changes include, but are not limited to, the following: 
 
 Corrections of typographical, grammatical, and similar editing errors that do not 

change intended meanings; 
 Corrections of any maps or exhibits to correct minor errors in mapping; and 
 Corrections of any maps, tables, or appendices in the HCP to reflect approved 

amendments, as provided below, to the ITP or permit. 
 
8.2 Minor Amendments 
 
Minor amendments are changes to the HCP, the effects of which on HCP species, the 
conservation strategy, and IFW’s ability to achieve the biological goals and objectives of 
the HCP, are either beneficial or not significantly different than those described in this 
HCP.  Such amendments also will not increase impacts to species, their habitats, and 
the environment beyond those analyzed in the HCP, EA, and BO or increase the levels 
of take beyond that authorized by the ITP.  Minor amendments may require an 
amendment to the ITP or the IA.  A proposed minor amendment must be approved in 
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writing by the USFWS and IFW before it may be implemented.  A proposed minor 
amendment will become effective on the date of the joint written approval. 
 
IFW or the USFWS may propose minor amendments by providing written notice to the 
other party.  The party responding to the proposed minor amendment should respond 
within 30 days of receiving notice of such a proposed modification.  Such notice shall 
satisfy the provisions of 50 C.F.R. § 13.23, as well as include a description of the 
proposed minor amendment; the reasons for the proposed amendment; an analysis of 
the environmental effects, if any, from the proposed amendment, including the effects 
on HCP species and an assessment of the amount of take of the species; an 
explanation of the reason(s) the effects of the proposed amendment conform to and are 
not different from those described in this HCP; and any other information required by 
law.  When IFW proposes a minor amendment to the HCP, the USFWS may approve or 
disapprove such amendment, or recommend that the amendment be processed as a 
major amendment as provided below.  The USFWS will provide IFW with a written 
explanation for its decision.  When the USFWS proposes a minor amendment to the 
HCP, IFW may agree to adopt such amendment or choose not to adopt the 
amendment.  IFW will provide the USFWS with a written explanation for its decision.  
The USFWS retains its authority to amend the ITP, however, consistent with 50 C.F.R. 
§ 13.23. 
 
Provided a proposed amendment is consistent in all respects with the criteria in the first 
paragraph of this section, minor amendments include, but are not limited to, the 
following: 
 
• Changes to IFW’s monitoring protocols to improve their effectiveness; 
• Adding conservation or management measures to our mitigation plan to enhance 

its effectiveness; 
 Updates to maps or to lynx species occurrence data; 
 Minor changes to the biological goals or objectives;  
 Modification of existing or adoption of new performance indicators or standards if 

results of monitoring and research, or new information developed by others, 
indicate that the initial performance indicators or standards are inappropriate 
measures of success of the applicable conservation measures; 

 Minor changes to survey or monitoring protocols that are not proposed in 
response to adaptive management and that do not adversely affect the data 
gathered from those surveys; 

 Modifying the design of existing research or implementing new research; 
 Conducting monitoring surveys in addition to those required by the HCP and ITP; 
•  Minor changes to the reporting protocol. 
 
8.3 Major Amendments 
 
A major amendment is any proposed change or modification that does not satisfy the 
criteria for an administrative change or minor amendment.  Major amendments to the 
HCP and ITP are required if IFW desires, among other things, to modify the projects 
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and activities described in the HCP such that they may affect the impact analysis or 
conservation strategy of the HCP, affect other environmental resources or other aspects 
of the human environment in a manner not already analyzed, or result in a change for 
which public review is required.  Major amendments must comply with applicable 
permitting requirements, including the need to comply with NEPA, the National Historic 
Preservation Act (NHPA), and Section 7 of the ESA. 
 
In addition to the provisions of 50 C.F.R. § 13.23(b), which authorize the USFWS to 
amend an ITP at any time for just cause and upon a finding of necessity during the 
permit term, the HCP and ITP may be modified by a major amendment upon IFW’s 
submission of a formal permit amendment application and the required application fee 
to the USFWS, which will be processed in the same manner as the original permit 
application.  Such application generally will require submittal of a revised HCP, a 
revised IA, and preparation of an environmental review document in accordance with 
NEPA.  The specific document requirements for the application may vary, however, 
based on the substance of the amendment.  For instance, if the amendment involves an 
action that was not addressed in the original HCP, IA, or NEPA analysis, the documents 
may need to be revised or new versions prepared addressing the proposed 
amendment.  If circumstances necessitating the amendment were adequately 
addressed in the original documents, an amendment of the ITP might be all that would 
be required. 
 
Upon submission of a complete application package, the USFWS will publish a notice of 
the receipt of the application in the Federal Register, initiating the NEPA and HCP 
public comment process.  After the close of the public comment period, the USFWS 
may approve or deny the proposed amendment application.  IFW may, in its sole 
discretion, reject any major amendment proposed by the USFWS.   
 
Changes that would require a major amendment to the HCP and/or ITP include, but are 
not limited to: 
 
 Revisions to the covered lands or activities that do not qualify as a minor 

amendment; 
 Increases in the amount of take allowed for covered activities; 
• Adding new or additional covered species; 
 A renewal or extension of the permit term beyond 15 years, where the criteria for 

a major amendment are otherwise met, and where such request for renewal is in 
accordance with 50 C.F.R. § 13.22; 

• Extending the period of time covered by IFW’s mitigation agreement with BPL to 
ensure habitat mitigation goals are met. 
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Appendix 2. Maine Department of Inland Fisheries and WildlifeTrapping Rules 
 
 
09-137  DEPARTMENT OF INLAND FISHERIES AND WILDLIFE 
 
Chapter 4: HUNTING AND TRAPPING 
 
 
4.01 Upland Game and Furbearing Animals 
 
 A. General Prohibition 
 
  It shall be unlawful for any person to have in possession, at any time, any wild bird or 

wild animal, or part thereof, taken in violation of these regulations. There shall be a 
closed season for the hunting or trapping of any wild bird or wild animal for which an 
open season is not herein specifically provided or is provided by law. 

 
 B. Limits 
 
  No person shall hunt, trap or have in his possession at any time more than the numerical 

limits of any given species of upland game or furbearing animal which are specifically 
set forth in these regulations. 

 
 C. Keeping Upland Game and Furbearing Animals Alive 
 
  No person shall keep alive any upland game or furbearing animal which such person has 

taken, whether by hunting or trapping, except in accordance with the provisions of 12 
MRSA §§ 7231, 7232, 7235, 7242 and 7771, as amended, providing, among other things, 
for the issuance of permits for such purposes by the Commissioner of Inland Fisheries 
and Wildlife. 

 
 G. Open Seasons for the Hunting and Trapping of Furbearing Animals 

 
1. Beaver Trapping 
 

1.a. 
 
Wildlife Management Districts 1, 2, 4, 5   October 19 - April 30 
Wildlife Management Districts 3, 6, 8, 9, 10, 11  November 2 – April 30 
Wildlife Management Districts 18, 19, 28  November 2 – April 15 
Wildlife Management Districts 7, 12, 13, 14, 17, 27 November 2 – March 31 
Wildlife Management Districts 15, 16, 20, 21, 22, 23, 
 24, 25, 26, 29  December 1 – March 31 
 
After the close of the Regular Trapping Season (paragraph 2 below), muskrats 
may still be trapped, but only in those areas that are open to beaver trapping. 
After February 28, in those Wildlife Management Districts open to beaver 
trapping, muskrat trapping is restricted to 1) killer-type traps, foot-hold traps, 
and colony traps, which must be set to remain underwater at all time; or 



2) foothold traps on “covered floats.” A covered float is defined as a float 
completely covered on the sides and top with hardware cloth, screen, or other 
similar material, having a mesh size no greater than 1/2 inch square. Access to 
the float will be limited to openings at the extreme ends of the float and the 
openings will not exceed 7 inches in height, or 14 inches in width. The use of 
exposed bait or visible attractor on covered floats is prohibited. Only one trap 
may be placed per float; the trap must be recessed 3 inches or greater from any 
opening in the cover; the trap chain or wire must be at least 3 feet long; and the 
maximum foothold trap size for covered floats sets will be No. 1 1/2. 
 
Traps set for beaver in October, November and April are restricted to killer-type 
traps and drowning sets. 
 

 
2. Statewide Regular Trapping Season: Bobcat, coyote, fisher**, fox, marten, 

mink, muskrat*, opossum, otter, raccoon, red squirrel, skunk, weasel: The 
Sunday preceding the first day of the open firearm season on deer through 
December 31. (For exceptions to the general trapping season please read below.) 

 
Any lynx caught incidentally, whether dead or alive, during any trapping season 
must be reported to a game warden or biologist of the Department as soon as 
possible and prior to removing the animal from the trap, unless a Department 
official can not be reached in time to prevent injury to the lynx. Any lynx 
released under this provision before reporting to the Department must also be 
reported to the Department within 24 hours from the time it was discovered. 

 
2-A. Early Fox and Coyote Trapping Season Statewide 

 
There shall be an early fox and coyote trapping season statewide beginning on 
the Sunday 2 weeks prior to the opening of the regular fall trapping season and 
extending through the day prior to the opening of the regular fall trapping 
season. Any raccoon, skunk or opossum taken incidental to fox and coyote 
trapping may be lawfully possessed. During this early trapping season, except as 
provided in this section, it is unlawful to take or possess any furbearing animal 
other than fox, coyote, raccoon, opossum and skunk. Any other furbearing 
animal caught incidentally in a fox or coyote set must be immediately released 
alive, or, if found dead in the trap, must be reported to a game warden as soon as 
possible and prior to removal of the animal from the trap and trap site location. 
Any such incidental catch found dead in the trap must be turned over to an agent 
of the commissioner within 48 hours from the rime it was discovered. 

 
During this early fox and coyote trapping season, in addition to department 
rules and state laws which affect trapping in general, the following restrictions 
also apply; 

 
a. Killer-type traps are prohibited; 

 
b. Traps may not be set in the water; 

 



c. The use of exposed bait or visible attractor at any trap site location is 
prohibited. 

 
*2-B. Early Muskrat Trapping Season in WMD's 1, 2, 3, 4, 5, 6, 9, 10, 11 

 
There shall be an early muskrat trapping season beginning on the Sunday 1 week 
prior to the opening of the regular fall trapping season, and extending through 
the day prior to the opening of the regular fall trapping season. Any raccoon or 
mink taken incidental to muskrat trapping may be lawfully possessed. During 
this early trapping season, except as provided in this section, it is unlawful to 
take or possess any furbearing animal other than raccoon and mink. Any other 
furbearing animal caught incidentally in a muskrat set must be immediately 
released alive, or, if found dead in the trap, must be reported to a game warden 
as soon as possible and prior to removal of the animal from the trap and trap site 
location. Any such incidental catch found dead in the trap must be turned over to 
an agent of the commissioner within 48 hours from the time it was discovered. 

 
During this special muskrat trapping season, in addition to Department rules and 
State laws which affect trapping in general, the following restrictions also apply: 

 
a. All traps must be set at or below ground or water level; 

 
b. The use of exposed bait or visible attractor at any trap site location is 

prohibited; 
 

c. Killer-type traps may be used for muskrat trapping and must have a jaw 
spread no greater than 5 inches; 

 
d. The maximum foothold trap size for muskrat sets shall be No. 1 1/2 

during this special season. 
 

2-C. In any township of the State that is open to beaver trapping, any otter taken 
in a beaver or muskrat set, so called, may be lawfully possessed by any 
licensed trapper. 

 
3. Marten Limit 

 
a. The harvest of marten will be limited to 25 marten per trapper statewide. 

Twenty-five numbered temporary transportation permits will be issued at 
the time of trapping license purchase/renewal (25 marten tags only) A 
temporary marten transportation permit must be signed, dated and 
attached to the captured marten at the time the animal is removed from 
the capture site. The temporary transportation permit must accompany 
the animal/pelt from the capture site until a permanent fur tag is affixed 
by a fur-tagging agent. Fur-tagging agents will retain the temporary 
transportation permit from each marten at the time a permanent fur tag is 
attached to the pelt. 

 



 It is unlawful for any person to use or possess any marten temporary 
transportation permit with a number that does not coincide with the 
number issued with their license, as so indicated on their trapping license. 

 
 Prior to the time the animal is tagged with a permanent fur tag, it is 

unlawful for any person to possess any marten, or pelt thereof, that is not 
accompanied by a signed and dated temporary marten transportation 
permit marked with the number coinciding with the number printed on 
their trapping license. Trappers who are not required by law to have a 
trapping license (residents under 10 years of age and residents trapping 
on their own land) may use, in lieu of the official temporary marten 
transportation permit, a substitute transportation permit (string tag) on 
which the name and address of the individual has been clearly written in 
ink. The substitute transportation tag must be signed, dated and attached 
to the captured marten in the same manner as an official temporary 
marten transportation permit at the time the animal is removed from the 
capture site. 

 
 Any marten caught in excess of the annual limit (25) must be 

immediately released alive, or, if found dead in the trap, must be 
reported to a game warden as soon as possible and prior to removal of 
the animal from the trap and trap site location. Any such incidental catch 
found dead in the trap must be turned over to an agent of the 
commissioner within 48 hours from the time it was discovered. 

 
 It is the intent of the Department of Inland Fisheries and Wildlife to 

revoke, pursuant to Title 12 MRSA §10901, the trapping license of any 
person convicted of a violation of any provisions of these rules. 

 
3-A. Fisher Limit, Restrictions and Season Exceptions 
 

a. In WMDs 12, 13 and 15-29 the season is limited to Nov. 15th through 
December 15th. All fisher caught outside of the fisher season must be 
immediately released alive. If a fisher is found dead in the trap the 
animal must be submitted to a game warden or to an IFW regional office 
within 72 hours of taking the fisher. (The general season listed in 
section 2. above applies to all other WMDs.) 

 
b. The harvest of fisher will be limited to 10 fisher per trapper statewide. 
 
The harvest of fisher will be limited to 10 fisher per trapper statewide. Ten 
numbered temporary transportation permits will be issued at the time of trapping 
license purchase/renewal (10 fisher tags only). A temporary fisher transportation 
permit must be signed, dated and attached to the captured fisher at the time the 
animal is removed from the capture site. The temporary transportation must 
accompany the animal/pelt from the capture site until a permanent fur tag is affixed 
by a fur-tagging agent. Fur-tagging agents will retain the temporary transportation 
permit from each fisher at the time a permanent fur tag is attached to the pelt. 
 



It is unlawful for an person to use or possess any fisher temporary transportation 
permit with a number that does not coincide with the number issued with their 
license, as so indicated on their trapping license. 
 
Prior to the time the animal is tagged with a permanent fur tag, it is unlawful for 
any person to possess any fisher, or pelt thereof, that is not accompanied by a 
signed and dated temporary fisher transportation permit marked with the number 
coinciding with the number printed on their trapping license. Trappers who are 
not required by law to have a trapping license (residents under 10 years of age 
and residents trapping on their own land) may use, in lieu of the official 
temporary fisher transportation permit, a substitute transportation permit (string 
tag) on which the name and address of the individual has been clearly written in 
ink. The substitute transportation tag must be signed, dated and attached to the 
captured fisher in the same manner as an official temporary fisher permit at the 
time the animal is removed from the capture site. 
 
Any fisher caught in excess of the annual limit (10) must be immediately 
released alive, or, if found dead in the trap, must be reported to a game warden 
as soon as possible and prior to removal of the animal from the trap and trap site 
location. Any such incidental catch found dead in the trap must be turned over to 
an agent of the commissioner within 48 hours from the time it was discovered. 
 
It is the intent of the Department of Inland Fisheries and Wildlife to revoke, 
pursuant to Title 12 MRSA, Section 10901, the trapping license of any person 
convicted of a violation of any provisions of these rules. 
 

4. Statewide hunting seasons for furbearing animals: December 1 through 
February 14; Coyote: January 1 through December 31; Raccoon: October 1 
through December 31; Red Squirrel: January 1 through December 31; Skunk 
and opossum: Monday after the opening of the Special Fox & Coyote Trapping 
Season through December 31; Fox: Monday after the opening of the Special Fox 
and Coyote Trapping Season through February 28. 

 
 H. Tagging and Registration Procedure 

 
It shall be unlawful for any person to possess, sell, give away, buy, accept as a gift, offer 
for transportation or transport out of the State of Maine the raw skin of any fox, bobcat, 
marten, fisher, coyote, beaver, mink or otter unless each skin has been tagged. 
 
For the purposes of this regulation, "raw skin" means the skin of the animal, whether 
removed from or attached to the carcass. 
 
Notwithstanding this regulation, any person who lawfully possesses the untagged raw 
skin of any fox, bobcat, marten, fisher, coyote, beaver, mink or otter may transport that 
skin within the jurisdiction of the State for purposes of pelt preparation and tagging. 
 
The raw skins of all fox, bobcat, marten, fisher, coyote, beaver, mink and otter must be 
presented to a warden, or other agent designated by the Commissioner, and each raw skin 



legally presented shall be tagged. All information requested relating to the taking of each skin 
shall be accurately and truthfully reported. A fee of 25¢ shall be paid for each skin tagged. 
 
The raw skins of all fox, bobcat, marten, fisher, coyote, beaver, mink and otter must be 
presented for tagging within 10 days after the closing of the open season thereon, except 
the raw skins of all bobcat taken during the open bobcat hunting season shall be 
presented, by the person who killed said bobcat, for tagging within 72 hours of killing 
said animal. Following ten days after the close of the open season thereon, it shall be 
unlawful for any person to possess the raw skin of any fox, bobcat, marten, fisher, 
coyote, beaver, mink or otter which does not have attached to it the necessary tag. 
 
The raw skins of any fox, bobcat, marten, fisher, coyote, beaver, mink and otter that 
come into this State in any manner from any other state, country, or province shall bear 
the official stamp, tag, or seal of such other state, country, or province. Any such skins 
that come into this State from any other state, country, or province which does not 
require an official stamp, tag, or seal shall be tagged in accordance with this section by 
the person possessing such raw skins. The fee for tagging such imported raw skins shall 
be 25¢ for each tag so issued. Licensed taxidermists who import raw skins for the 
purpose of taxidermy are exempt from the provisions of this paragraph. 

 
 I. Raccoons 
 
  Raccoons may be hunted at night during the open season only when the hunter (i) is 

accompanied by a dog, (ii) uses an electric flashlight to locate raccoons that are treed, or held at 
bay, by a dog or dogs, and (iii) is in possession of, and uses a rifle, pistol, or revolver of no 
greater power or caliber than one which uses .22 caliber long rifle ammunition; said rifle to be 
loaded only when being used to dispatch a raccoon that is treed or held at bay by a dog or dogs. 

 
 J. Size of Traps 
 

Animals may be trapped with any common ordinary steel trap except that in Wildlife 
Management Districts 1, 2, 3, 4, 5, 6, 8, 9, 10, and 11, no foothold trap (also known as a 
leghold trap) may be used that has an inside jaw spread of more than 5 3/8 inches, except that a 
foothold trap with an inside jaw spread of more than 5 3/8 inches may be used if it is set so as 
to be fully or partially covered by water at all times. Inside jaw spread is the distance, with the 
trap in the set position, from the inside center of one jaw (at the dog) to the inside center of the 
opposite jaw when measured directly across the center of the pan and perpendicular to the base 
plate. Killer-type traps with a jaw spread not to exceed 8 inches may only be used, as provided 
in paragraph K. During the open season on beaver it shall be lawful to use a killer-type trap 
with a jaw spread larger than 8 inches if, when set, placed and tended, the trap is completely 
under water. Killer-type traps shall include so-called Conibear traps and all other traps of that 
type. It shall be unlawful to sue any trap with teeth on the jaws unless when set, placed and 
tended, the trap is completely covered with water. 
 
It shall be lawful to trap furbearing animals with a common cage type live trap, except that in 
Wildlife Management Districts 1, 2, 3, 4, 5, 6, 8, 9, 10, and 11, no cage trap which has an 
opening of more than 13 inches in width or more than 13 inches in height may be used unless 
the cage trap is being used (1) for wildlife research and survey activities; (2) for the removal 
of animals that are causing damage to property; or (3) to capture bear. Cage traps also include 
suitcase-type live traps, such as Hancock traps. The setting of suitcase-type live traps during 
the recreational beaver trapping season is prohibited except under the authorization of a 



Regional Wildlife Biologist as part of the Department’s Animal Damage Control program. 
These traps must be set with the bottom portion in the water, and with the opening of the trap 
facing away from land. 
 
Furbearing animals may be trapped with so-called colony traps having outside dimensions no 
greater than 7 inches high by 7 inches wide by 40 inches long, only if set so as to remain 
completely under water at all times. 
 
Furbearing animals may be trapped with so-called egg traps, duffer traps and all other traps of that 
type that are designed primarily to catch raccoons and avoid incidental catches of other animals. 
 
Wooden-base rat traps may be set on land for weasel and red squirrel trapping if recessed in a 
wooden box with a hole no larger than 2 inches in diameter. 
 

 K.         Location of and Preparation for Traps 
 

No person shall stake, hook, fasten or position a trap at any trap site location in the 
fields, forests or waters of the State prior to the opening day of the trapping season. 
 
No person shall make any advance preparation on the trapping grounds for the taking of 
beaver or muskrat previous to the open season on these animals. 
 
No person shall use meat or fish as bait in trapping for beaver. 
 
Except as provided herein, no person, except an agent of the Commissioner, shall place, 
set or tend any traps (i) within 10 feet of a beaver house, muskrat den or house, (ii) 
within 5 feet of a beaver dam, or (iii) within 4 feet of a beaver trap that has been set by 
another trapper. In Wildlife Management Districts 1, 2, 4, 8, 9, and 10 there is no 
required setback distance from an active beaver dam. In Wildlife Management Districts 
1, 2, 3, 4, 5, and 6 there is no required setback distance from a beaver house. 
 
Steel foothold or killer-type traps must not be set within 50 yards of bait that is visible 
from above. Bait may be used for trapping if it is completely covered to prevent it from 
being seen from above, and it must be covered in such a way as to withstand wind action 
and other normal environmental conditions. Bait is defined as animal matter including 
meat, skin, bones, feathers, hair or any other solid substance that used to be part of an 
animal. This includes live or dead fish. For the purposes of this paragraph, bait does not 
include animal droppings (scat), urine or animals, dead or alive, held in a trap as the 
result of lawful trapping activity. 
 
Steel foothold traps must not be set above ground or snow level. 

 
Steel foothold traps must have a chain that is mounted within the central portion 
of the base of the trap, and must have three swiveling points, with one swiveling 
point at the base of the trap, one midway in the chain, and one at the trap’s 
anchoring point. These restrictions do not apply to foothold traps that when set, 
placed, or tended are fully or partially covered by water, those that are set on a 
muskrat “float”, or dog-proof traps (also known as Duffer traps). 

 



In WMD’s 1-11, 14, 18, and 19, foothold traps must be securely anchored to the 
ground. The use of drags is prohibited in these WMD’s. Foothold traps must have 
the catch circle cleared of woody vegetation, debris and manmade material that 
could cause entanglement of a trapped animal. Small sticks and rocks, and 
rotten/decaying woody material may be used for stepping guides, blocking, and 
backing for trap sets, if they are not rooted to the ground. A catch circle is defined 
as the area that can be circumscribed by the outer edge of a trap when the trap and 
trap chain are fully extended and moved in a circle (360°) around the anchoring 
point. These restrictions do not apply to foothold traps that when set, placed, or 
tended are fully or partially covered by water, those that are set on a muskrat 
“float”, or dog-proof traps (also known as Duffer traps).  
 
No person may set, place, or tend any killer-type trap unless:  
 
1) set completely underwater except or 
 
2) killer-type traps with an inside jaw spread not to exceed 5 inches may 

also be used under the following conditions: 
 
 (a) when set so as to be partially covered by water at all times, or 
 
 (b) when set under overhanging stream banks, or 
 
 (c) when used at blind sets defined as – 
 

any set designed to catch a wild animal, without the use of bait, lure or visible 
attractor, by intercepting the animal as it moves naturally through its habitat. 
Bait, lure and visible attractor do not include animal droppings (scat) or urine. 
 
Notwithstanding the previous paragraph, in all Wildlife Management 
Districts killer-type traps with a jaw spread not to exceed 8 inches may be 
used on or above ground level if the trap is placed within a lynx exclusion 
device. The trap jaws must be completely within the device, the trap 
springs can be outside of the device. Exclusion devices will have the 
following designs: 

 
(1) For traps with a jaw spread less than or equal to 5 inches 

(primarily used for marten trapping), the device must have 
an opening of 4 x 4 inches or less. The entrance hole may 
be placed on the end or on the side of the device, and the 
set trap must be a minimum of 18 inches from the closest 
edge of the entrance hole.  

 
(2) For traps with a jaw spread greater than 5 inches but less 

than 8 inches, two designs may be constructed. The first 
design has an entrance hole on the end of the device that 



must not exceed 5 x 6 inches. A baffle must be placed no 
more than 6 inches back from the entrance hole and must 
not have an opening greater than 5 x 6 inches. With the 
baffle in place, the entrance hole and interior opening may 
not overlap to create an unobstructed view to the interior of 
the exclusion device. 

 
For the second design the entrance hole must not exceed 6 x 7 inches 
and must be placed on the side of the device. A baffle must be placed 
at the edge of the entrance with the baffle opening opposite of the 
entrance hole, and the hole must not exceed 6 x 6 inches. 

 
For both devices the trap must be placed no closer than 18 inches 
from the closest edge of the entrance hole. An example design is 
included in the annual Trapper Information Booklet. 

 
The exclusion device can be constructed of wood, plastic, or wire mesh. If 
using wire mesh, the mesh cannot exceed 1 ½ by 1 ½ inches, or 1 inch by 
2 inch openings, (side to side). The wire mesh has to be 16 gauge or less 
(wire diameter of 0.05 or greater). The opening slot in the exclusion device 
that allows the trap springs to extend outside the device can be no more 
than 7 ½ inches wide and a height of no more than 1 ½ inches. The back of 
the device must be secured to withstand heavy pulling; if using wire mesh 
with a wood or plastic box, the wire mesh must wrap around two opposite 
sides of the box and be secured. There must be at least 1 attachment point 
for each side of the device where a joint or panels come together. The 
opening slot in the exclusion device that allows the trap springs to extend 
outside the device can be no more than 7 ½ inches wide and a height of no 
more than 1½ inches. The trap must be anchored outside of the exclusion 
device. Bait must not be visible from above. When enclosed in an 
exclusion device, killer-type traps can be set directly on the ground, or 
elevated in trees or on poles, with no specific requirements as to the height 
above ground or diameter of the tree or pole. 

 
 L. Destruction of Beaver Dams, etc. 
 
  No person except agents of the Commissioner or someone authorized by them shall 

damage, destroy, or molest any beaver house, beaver dam, muskrat house, or muskrat den. 
 
 M. (Repealed effective September 2, 200, filing 2000-379) 
 
 N. Zones for Trapping and Hunting Furbearers and Upland Games Defined 
 
  (Deleted 8-12-87, filing 87-279) 
 



 O. Mandatory Submission of Premolar Tooth 
 
 Whenever a bear is presented for registration a premolar tooth shall be removed from the 

bear and submitted to the Department by the person presenting the bear for registration 
 
 P. Bobcat Biological Data Collection 
 
  DELETED 8-12-87 (87-279) 
 
4.04 Bear Hunting/Trapping Season 
 
  
B.   Bear Trapping: Except as otherwise provided by State law, no person may set, place or tend any 

bear trap that is not in conformity with the following provisions: 
 
  1. No person may have more than 1 traps set for bear at any one time. 
 
  2. Bear may be trapped only with the use of cable traps (foot snares) or cage-type 

live traps. 
 
  3. Whenever a cage-type live trap is used to trap for bear, the trap must be enclosed 

and identified by signs in accordance with the provisions of Title 12 §12260, 
subsection 3. 

 
  4. Whenever a cable trap (foot snare) is used to trap for bear, the trap must be set at 

or below ground level in such a mannner as to catch the animal only by the foot 
or leg. 

 
  5. A bear caught in traps must be killed or released and not moved away from the 

catch site. A bear caught in a trap may not be used in conjunction with a hunt or 
to train a dog for bear hunting. 

 
  6. The placement of bait when trapping for bear must be done in accordance with 

the provisions of Title 12 §11301, subsection 1. 
 
  For purposes of this rule, cage-type live traps for bear are defined as traps designed as a 

cage, tunnel or other enclosure fitted with a door that, when tripped, closes in a manner 
that prevents escape of the bear. Traps must be heavily constructed to prevent damage 
from bears, and also must have adequate openings for ventilation and cooling inside 
when the door is closed. Traps must also be constructed with no sharp intrusions to 
injure bears, and be large enough for caught bears to turn around inside the closed trap. 

 
 
 
 
 
 



 
4.11 Registration and Tagging of Big Game and Fur Bearing Animals 

 
C. Fur Tagging Agents and Tagging Operations 

 
1. Fur tagging agents shall be established by the Commissioner of Inland 

Fisheries and Wildlife on the basis of need, except that the total number of 
such stations shall not exceed 50 statewide. 

 
2. Agents shall be located so as to provide tagging stations at strategic locations 

throughout the State. All selections shall be based upon the following 
considerations: 
 
a. Location of applicants in relation to the major access routes within the 

various sections of the State; 
 
b. Location of applicants in relation to other fur tagging agents. New fur 

tagging agents shall be a minimum of 20 airline miles from an existing 
agent; 

 
c. Location of applicants in relation to major fur buyers; and 
 
d. Fur harvest characteristics of the various sections of the State. 
 
e. Availability of personnel and facilities required to tag large lots of fur in 

an efficient and confidential manner. 
 

3. The Commissioner of Inland Fisheries and Wildlife shall enter into a written 
agreement with each fur tagging agent which specifies the minimum operating 
standards for tagging stations. 

 
 These standards shall include the following: 

 
a. Minimum time of operation - 8:00 A.M. to 6:00 P.M. 
 
b. Minimum days of operation - Monday through Saturday 
 
c. Minimum registration and tagging requirements 
 
d. Station location 
 
e. A restriction prohibiting the agent from holding a trapping or hide 

buyers license. 
 

4. The operators of tagging stations which were operational during 1983 shall be 
formally designated as fur tagging agents upon entering into a written 
agreement with the Commissioner of Inland Fisheries and Wildlife regarding 
the operation of the station according to minimal operating standards. Failure 
to enter into the above agreement may result in the elimination of the station. 



 
5. Agents designed by the Commissioner for the purpose of operating fur tagging 

stations shall be responsible for complying with all pertinent laws, regulations, 
and performance agreements regarding the tagging of the skins of furbearing 
animals. 

 
6. All contracts with fur tagging agents shall remain in effect until: 

 
a. The agent no longer wishes to operate a fur tagging station at the agreed 

upon location and terminates the agreement with the Commissioner; 
 
b. The agent changes the location of the station; 
 
c. The agent sells or leases the station location to another person, or 
 
d. The designation is terminated by the Commissioner. 
 

7. Agreements regarding the operation of fur tagging stations are not transferable 
to another individual, location, business, corporation, etc. 

 
8. Individuals interested in becoming a fur tagging agent shall contact the Warden 

Lieutenant within whose Region they wish to operate a tagging station. When 
the need exists for a new tagging station in a particular area, interested 
individuals will be provided an application which must be completely and 
accurately completed and returned to the Commissioner by September 1 of the 
year in which the applicant wishes to become established as an agent. 
Applications will be considered only when there is a need for new fur tagging 
station(s) in a particular section of the State. 

 
D. Termination of Services 

 
1. Whenever it comes to the attention of the Commissioner that a big game 

registration agent or a fur tagging agent has violated any provision of these rules, 
the Commissioner may immediately terminate the services of that agent. 

 
2. Whenever the services of a big game registration agent or a fur tagging agent 

are terminated, the Commissioner shall notify the agent in writing as to the 
circumstances surrounding the action and shall arrange to collect, from the 
agent, all state-owned wildlife registration and tagging materials. The 
Commissioner's notice shall state the ground for the termination, and shall give 
the specific factual basis if applicable. If the agent wishes to contest the 
termination, he shall notify the Commissioner in writing within ten days, 
specifying all areas of disagreement with the notice. He may supplement his 
position with written statements of witnesses. After reviewing the materials 
submitted, the Commissioner may decide to take no further action thus 
maintaining the original termination, or he may modify the termination in such 
fashion as he deems appropriate. Pending this determination, the original 
termination shall remain in effect. 

 



1 
 

PROJECT STATEMENT 1 
 2 

Metapopulation Dynamics of Canada Lynx in the Northern Appalachian/Acadian 3 
Ecoregion 4 

 5 
 6 

Background 7 
 8 
 The Canada lynx (Lynx canadensis) is a wide ranging felid (Ward and Krebs, 1985; 9 
Slough and Mowat 1996) listed as threatened under the U.S. Endangered Species Act (ESA) in 10 
March 2000 (Federal Register, 2014).  The listing decision pertained to the lower 48 contiguous 11 
States, and identified lynx occurring there as part of one Distinct Population Segment (DPS), and 12 
a Recovery Plan has been mandated by federal court to be developed by 2018.  A DPS is defined 13 
for listing purposes under the Endangered Species Act as a discrete population or group of 14 
populations that are biologically and ecologically significant, and may differ markedly from 15 
other populations in their genetic characteristics. Known populations of lynx within this DPS, 16 
however, are separated geographically within the United States, with no known lynx population 17 
occurring between the Northern Appalachian/Acadian Ecoregion (Figure 1) and the western 18 
Great Lakes population.  Advances in molecular genetic approaches are urgently needed in order 19 
to understand population dynamics within this DPS and develop conservation strategies. 20 
Genomic investigations can address questions at a finer scale than other genetic approaches.  21 
Genomics can be used to better understand the degree of distinctiveness of lynx in the northeast 22 
from other portions of the DPS, factors that affect population persistence, landscape corridors 23 
important for gene flow, and to what extent lynx and bobcat genetically interact.  This 24 
information will put the status of lynx in Maine in perspective relative to the rest of the lower 48 25 
states.  It will also provide insights on the degree to which lynx in Maine are part of a larger 26 
dynamic population that extends into southern Canada.  Implications of these potential findings 27 
could provide emphasis on land conservation strategies that promote lynx habitat and conserve 28 
transborder corridors essential for movement and gene flow. 29 



2 
 

30 
Figure 1. The complete distribution of Canada lynx in North America and designated areas of 31 
critical habitat. Distribution of critical habitat (Unit 1 – Maine) is shown in the lower left. 32 
 33 
 34 

Conservation initiatives designed to sustain lynx in Maine must address their unique 35 
habitat requirements and life history strategies.  Lynx co-evolved with and specialize on 36 
predation of snowshoe hare (Lepus americanus).  Consequential to this, lynx display a number of 37 
life history strategies, including long distance dispersal during periods of snowshoe hare decline 38 
in order to find suitable habitat and prey.  To the north, Maine lynx meet neighboring 39 
populations in the Canadian provinces of Quebec and New Brunswick. The Gaspé Peninsula of 40 
Quebec has a lynx population that has sustained a legal fur harvest season for decades, and 41 
exhibits dynamics similar to populations in the heart of lynx range in northern Canada.  Can the 42 
New Brunswick or the Gaspé lynx population be a source population for Maine?  Do lynx within 43 
the Northern Appalachian/Acadian Ecoregion represent a metapopulation centered in Eastern 44 
Canada?  If so, strategies focused on maintaining occupancy channels and gene flow across the 45 
border will likely be key to sustainability of lynx in Maine.   46 

Regenerating spruce-fir forest, principal habitat for snowshoe hares, was preferentially 47 
utilized by lynx in northern Maine over other forest types (Vashon et al. 2008).  This habitat 48 
becomes suitable for hare and lynx around 10 years post-harvest and may lose its suitability 49 
around 40 years post-harvest (Scott et al. 2009; Olsen et al. 2015). The ephemeral nature of 50 
suitable lynx and hare habitat in Maine suggests a “shifting mosaic” pattern of local habitat 51 
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occupancy and abandonment (Hagan et al., 2005).  Forestry in Maine likely has mimicked to 52 
some degree the “natural” disturbances that occurred pre-forestry, such as disease and 53 
windthrow, and those that occur in the boreal forest such as fire.  Genomics will give us insights 54 
into historic persistence of lynx in Maine that could be correlated with major natural and 55 
anthropogenic disturbances.  This information will be useful in development of management 56 
strategies and public policy regarding land management for lynx recovery. 57 

While lynx populations in Maine (and adjacent New England states) are not contiguous 58 
with the western Great Lakes population, they are contiguous with populations of bobcat (Lynx 59 
rufus) at the southern extent of their range. Bobcats are a distinct species from lynx (Werdelin 60 
1981) and are widespread throughout the contiguous United States and reach their northern 61 
extent in Southern Canada. The two species will occasionally co-exist and are likely competitors 62 
(Aubry et al. 2000; Buskirk et al. 2000). Evidence of hybridization between bobcat and Canada 63 
lynx has been confirmed in the western Great Lakes population (Schwartz et al. 2004) and in 64 
Northern Maine (Homyack et al. 2008). Our proposed application of genomic approaches will 65 
provide valuable information as to the separation and speciation of lynx and bobcat, the factors 66 
that influenced it, and the significance relative to future management strategies for both species 67 
in Maine. Hybridization between these two taxonomically similar species has been suggested to 68 
be a limiting factor to the distribution (Barton 2001) and recovery of Canada lynx, although 69 
many question this. Genomics investigation will allow assessment as to the significance of 70 
hybridization in Maine and its potential consequences for lynx recovery.  71 

 72 
 73 
 74 
Need 75 
 76 

The historic, current, and future status of Canada lynx in Maine has been a matter of 77 
speculation, resultant in lynx being listed as a single DPS under the Endangered Species Act 78 
(ESA) in 2000. Recent studies (Organ et al. 2008, Vashon et al. 2008a,b) regarding the current 79 
status of lynx in Maine have yet to address uncertainty over historic population levels and 80 
persistence, and population sustainability and trends in the future.  Clarification of historic trends 81 
is needed to frame reasonable and appropriate conservation targets.  Greater certainty on future 82 
trends is needed to establish pragmatic goals and assess the intensity of management that will be 83 
required.  The conservation genomics approaches we propose will provide critical insights into 84 
historic population levels and trends, allow prediction of population resiliency as fueled by 85 
linkages to populations beyond Maine’s border. Furthermore, our approach will identify barriers 86 
– physical and otherwise – that can inhibit resiliency, and provide insights on gene flow 87 
pathways that may inform land conservation strategies beneficial to lynx. 88 

In the last two decades, conservation genetics studies have extensively confirmed that 89 
declining and isolated populations lose genetic diversity, develop inbreeding depression and 90 
differentiate significantly from other populations (Frankham, 2010; Ouborg et al., 2010). Some 91 
studies have demonstrated concomitant fitness reductions in genetically compromised 92 
populations and lower potential for these populations to adapt to environmental change 93 
(Frankham, 2010; Hoffman & Sgro, 2011). Studies of this nature focused on Canada lynx 94 
populations have almost exclusively been based on the use of a few neutral molecular markers 95 
(e.g. nuclear microsatellites) and mitochondrial sequences (Carmichael et al., 2000; Schwartz et 96 
al., 2003). Extracted DNA has thus far been genotyped at 21 microsatellite loci or less – only 6 97 
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of which are characterized in lynx (Lc106, Lc109, Lc110, Lc111, Lc118, and Lc120; Carmichael 98 
et al. 2000) and 15 in the domestic cat (Menotti-Raymond et al. 1999). Utilization of such few 99 
markers fails to reflect genome-wide patterns of the functional variation upon which both 100 
adaptive potential and fitness depend (Ouborg et al., 2010). There is a shift towards conservation 101 
genomics as a necessary transition to fill this gap (Ouborg et al., 2010; Steiner et al., 2013). 102 
Genomic data are generated by sequencing DNA across all chromosomes of an organism (38 103 
chromosomes for the domestic cat), providing a drastic increase in the number of potentially 104 
informative markers used in addressing fundamental and important questions, such as estimation 105 
of demographic parameters and viability of small or isolated populations. Furthermore, the 106 
promise of identifying adaptive loci offers a huge benefit in prioritizing the conservation of 107 
unique populations. Conservation genomics approaches employing whole-genome sequencing 108 
can ultimately provide more precise and unbiased estimates of effective population size, 109 
demographic history, levels of inbreeding, rates of gene flow, differentiation among populations 110 
and taxonomic status (Frankham, 2010; Luikart et al., 2003; Ouborg et al., 2010).  111 
 112 

The Canada lynx is a unique model on which to apply conservation genomics tools as 113 
lynx have historically gone through a documented decline that has affected genetic variation and 114 
fitness (McKelvey et al., 2000), although the current population in Maine is considered to be the 115 
most secure and robust in the lower 48 states.  Reference materials available for assembly of the 116 
Canada lynx genome include a quality annotated reference genome, gene expression data and 117 
variation data from the closely-related Iberian lynx (Godoy, 2010).  Genomic approaches can 118 
only realize their full potential when combined with ecological, phenotypical, demographical and 119 
genealogical information, which is generally scarce for threatened and endangered species other 120 
than those that are emblematic or that have been intensively studied, monitored or managed.  A 121 
broad collection of tissue, blood, hair and saliva samples has been made available for the 122 
purposes of this study by the Smithsonian Institute’s Frozen Collection and Maine Department of 123 
Inland Fisheries and Wildlife, providing representative geographical and temporal coverage of 124 
the North American lynx distribution with special focus on the Maine population. A wealth of 125 
genomic information, and an extensive set of population samples, provides replicates and 126 
comparison points for different demographic histories. The accumulated information enables us 127 
to evaluate the consequences of recent and historic decline and fragmentation on functional 128 
genomic variation in lynx, and to assess the possible role of natural selection in maintaining 129 
adaptive diversity (Frankham, 2010; Oleksyk et al., 2010). We will ultimately use genetic 130 
markers, primarily high density, whole-genome single nucleotide polymorphisms (SNPs) - a 131 
strong tool for researchers of quantitative and population genetics that are commonly used for 132 
estimation of historical effective population size. SNPs will be discovered through sequencing, 133 
assembly and annotation of the lynx and bobcat genomes and arranged in a custom capture array. 134 
Each SNP represents genetic variation involving a single nucleotide. We will develop assays, 135 
and subsequently genotype these SNP markers on many individuals (Ranz and Machado, 2006; 136 
Frankham, 2010) to compare variation patterns at assumed neutral and functional loci across 137 
individuals and populations over time. SNP assays will be developed and applied to assess: (1) 138 
Whether Maine has a genetically distinct population segment in relation to the contiguous North 139 
American DPS;  (2) Whether Canada lynx in Maine are part of a metapopulation centered in 140 
eastern Canada, and to what extent population sustainability will necessitate transborder 141 
strategies versus sole focus on within-state efforts. We will identify populations, rates and 142 
sources or barriers to gene flow between Maine and populations in the North American DPS and 143 
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in eastern Canada. At the most fundamental level, generation of lynx and bobcat genomic data 144 
will provide insight into the basic understanding of genome structure, function, evolution and 145 
variation, and demographic and evolutionary history of these two species. We aim to generate 146 
resources necessary for science based management decisions, informed conservation strategies, 147 
and resources and genomic approaches that will be broadly applicable to the contiguous North 148 
American lynx DPS and bobcat populations.  149 
 150 
 151 
The purpose of this study is to inform management and conservation strategies for Maine lynx. 152 
We will achieve this by generating genomic data for Canada lynx and bobcat through whole-153 
genome sequencing. Raw genomic data will be assembled, analyzed, annotated and mapped onto 154 
reference genomes.  Single nucleotide polymorphisms and new informative genetic markers 155 
discovered through this process will be compiled across all chromosomes of both species into a 156 
custom capture array used in the development of assays. Assays will be employed across 157 
individuals, populations and demographic histories to test specific conservation genetics 158 
hypotheses relative to Canada lynx populations in Northern Maine and their intersection with 159 
bobcat populations, lynx populations in Eastern Canada, and lynx populations across the greater 160 
lynx DPS. 161 
 162 
Objectives: 163 

1. Determine the extent to which sustainability of lynx in Maine will necessitate 164 
transborder strategies versus sole focus on within-state efforts.  Hypothesis 1: 165 
Canada lynx in Maine are part of a metapopulation that extends into New 166 
Brunswick and southern Quebec, including the Gaspe Peninsula.   167 

2. Assess whether the Maine (northeast) lynx population is a genetically distinct 168 
population segment in relation to other lynx populations in the currently 169 
defined DPS,  Hypothesis 2: Canada lynx in Maine do not have population-170 
level interactions with lynx in other portions of the DPS, such as Minnesota, 171 
Montana, Wyoming, Colorado, and Washington. 172 

3. Identify the timing and consequences of recent and historic lynx population 173 
decline and fragmentation and occurrence of Maine lynx and obtain insights 174 
on functional genomic variation, occurrence of deleterious alleles and severely 175 
detrimental genetic variants, and potential to adapt to environmental change. 176 
Hypothesis 3: Maine lynx genomic variation will have less genetic diversity, 177 
but distinct markers, at the edge of their ranges where they overlap than either 178 
does at the core of their continental range and  will reflect past population 179 
fluctuations in population size that correlate with broad climatic changes 180 
including glacial periods and recent environmental perturbations.  181 

4. Provide insights to genome structure, function, and common evolutionary 182 
relationships between Canada lynx and bobcat, including the impact of 183 
hybridization.  Hypothesis 4: Bobcat/lynx hybridization has increased from 184 
historic levels in recent decades and primarily occurs between male Canada 185 
lynx and female bobcats.  186 

 187 
 188 
 189 
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Approach 190 
 191 
For Objective 1 we will analyze genetic diversity and genetic difference between the Maine lynx 192 
population and metapopulations in Eastern Canada. Specifically, we will develop and employ 193 
SNP assays developed from a custom capture array of informative genetic marker and SNPs 194 
discovered across all chromosomes of the Canada lynx genome. We will utilize these assays to 195 
test various hypotheses related to source populations (e.g. Canadian Gaspe peninsula, New 196 
Brunswick) and barriers to gene-flow between Maine and eastern Canada (e.g. Saint Lawrence 197 
River). 198 
 199 
For Objective 2 we will develop and employ SNP assays of genetic differentiation using genetic 200 
sample material obtained from lynx within each subpopulation throughout the current DPS. The 201 
origin of genetic material outside of the Maine lynx population will either be provided by the 202 
Smithsonian Frozen Collection or partners yet to be identified. 203 
 204 
For Objective 3 we will use genome-scale polymorphism data (SNPs) and multiple summary 205 
statistics (based on allele frequency, linkage disequilibrium, and population differentiation) to 206 
compare empirical data against simulations with varying demographic histories. We will 207 
characterize the recent adaptive history of natural populations and the genomic prevalence of 208 
positive and negative natural selection, identifying loci and genomic regions responsible for 209 
adaptation to local conditions. We will compare genomic patterns with other available genomes, 210 
test theories of ancestry and genomic history using an analysis of haplotype blocks across all 211 
felid autosomes. 212 
 213 
For Objective 4 we will conduct comparative study of bobcat and lynx genome sequences, 214 
identify functional elements, conserved sequence regions, and features in common between the 215 
two species. We will use a SNP genotyping microarray developed for the Canada lynx to assay 216 
variation at tens of thousands of loci. We will detect and characterize hybridization between 217 
Canada lynx and bobcat by confirming morphological intermediates through DNA analysis. We 218 
will find diagnostic markers in samples from genetically “pure” reference populations of each 219 
species, such that individuals of hybrid ancestry will demonstrate a mosaic of lynx and bobcat 220 
alleles. 221 
 222 
 223 

The field of bioinformatics is rapidly evolving and consequently the methods and state-of 224 
the art sequencing technologies and analytical software change in regards to accessibility and 225 
opinion of the scientific community. Methodology at the time of data analyses may change 226 
accordingly, but will be very similar to what is proposed. The samples used for genome 227 
sequencing will be acquired from the Smithsonian Frozen Collection and from the Maine 228 
Department of Inland Fisheries and Wildlife. Data analyses and workflows will leverage an 229 
established partnership with the Smithsonian BioGenomics Initiative and their partners, which 230 
will provide bioinformatic support, training and pipelines for genome annotation, analysis, data 231 
management and visualization that benefit from high memory and highly scalable, parallel 232 
modules. These systems will speed parallel bioinformatics applications and, along with 233 
automated workflows, will enable efficient data analysis and large-scale knowledge discovery.  234 

  235 
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 236 
Preparation of DNA for sequencing 237 

DNA will be extracted using standard extraction kits (Qiagen). DNA will be used to 238 
construct paired-end and mate-pair libraries of several insert sizes (e.g. 250bp, 500bp, 2KB) for 239 
sequencing. The whole genome cannot be sequenced all at once, so it will be subdivided, 240 
sequenced, and then reassembled in order to arrive at the sequence of the whole genome. DNA is 241 
prepared for sequencing by subdividing, copying, chemically modifying, and tagging portions of 242 
the genome corresponding to the four DNA bases (A, C, T, G). “Clone-by-clone” and “whole- 243 
genome shotgun” are two approaches to subdividing the genome and reassembling the sequenced 244 
pieces. “Clone by clone” involves breaking the genome up into relatively large chunks, called 245 
clones (~150,000 base pairs long), which are partitioned into smaller pieces with roughly 500 246 
overlapping base pairs. These smaller pieces are sequenced and the overlaps are used to 247 
reconstruct the sequence of the whole clone. Genome mapping techniques are then used to figure 248 
out where in the genome each clone belongs. “Whole-genome shotgun,” involves breaking the 249 
genome up into small pieces, sequencing the pieces, and reassembling the pieces into the full 250 
genome sequence. Many genomes are assembled using both approaches.  251 
 252 
Genome sequencing 253 

Prepared DNA libraries will be sequenced on an Illumina HiSeq 2000 or similar 254 
Sequencing System. Regardless of how you subdivide and then assemble sequences, the actual 255 
process of sequencing DNA in the genome is the same and employs electrophoresis. Pieces of 256 
DNA are marked with fluorescent tagging and arranged into batches by the last nucleotide in 257 
each piece (A,C,T,G). DNA to be sequenced is placed at one end of a gel, an electrical current is 258 
applied and DNA molecules move through the gel. Smaller molecules move more rapidly and 259 
DNA molecules become separated into different bands based on their size. This method can only 260 
separate ~500base pairs and hence the need for subdividing the genome before sequencing. As 261 
DNA molecules move through the gel, a sequencing machine reads the order of the DNA bases 262 
by their fluorescent tagging. The “raw sequence” grows base by base and reads are hooked 263 
together in the proper order. Corrections for breaks and errors are made during “finishing”.  264 
 265 
Assembly 266 

 Genomes can comprise of a lot of repetitive DNA and can be difficult to assemble. 267 
Computer programs, “assemblers,” put together sections of the sequenced genome by finding 268 
and analyzing overlapping sequences or identical sequences at either end of two different reads. 269 
The assembler compares each read to every other, and puts all the reads in the proper order based 270 
on how they overlap. Due to the overwhelming number of comparisons the assembler must make 271 
and keep track of, a huge amount of memory is required. A combination of redundancy and 272 
quality control ensures that errors in the genome sequencing are kept to a minimum. The genome 273 
may be copied multiple times and partitioned so that each base is sequenced 6 – 10 times on 274 
average. The assembler software will determine the “consensus” sequence of a base using the 275 
compilation of various reads. If the sequencing machine gets the base wrong or if a piece of 276 
DNA doesn’t get sequenced, there are likely to be other correct reads to correct for errors and fill 277 
gaps. Error probabilities for all of the bases read by the sequencing machine are added together 278 
for an estimate of the number of errors in the sequence. Bad reads or partial reads are weeded out 279 
before the assembly stage. Once the sequence is assembled, it may be checked against small 280 
parts of the genome that have been “finished” or against various landmarks on genome maps. 281 
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The final polishing involved identifying and filling information gaps of the genome is completed 282 
by hand. For the high coverage genomes, raw reads will be filtered for quality and assembled 283 
into contigs and scaffolds (Oleksyk et al., 2012) that will then be used to complete de novo 284 
genome assemblies using SOAPdenovo or a similar assembly program. The de novo assembly 285 
will be complemented by an assisted assembly built from the domestic cat (Pontius et al. 2007) 286 
and the Iberian lynx genomes. Genes will be predicted de novo using AUGUSTUS and 287 
GENSCAN or similar programs. Homologous proteins will be mapped with tBLASTn using a 288 
reciprocal-best-match strategy and the aligned sequence and its query protein will be filtered and 289 
passed to GeneWise to search for accurately spliced alignments. Domestic cat EST and full-290 
length cDNA sequences will be aligned to the genome using BLAT to generate spliced 291 
alignments. A consensus gene set will be obtained with GLEAN. The genome sequences will be 292 
aligned to well-assembled genomes (e.g. human, domestic cat, domestic dog) using LASTZ.  293 

 294 
 295 
Genome mapping and annotation 296 

A genome map includes landmarks such as short DNA sequences, regulatory sites that 297 
turn genes on and off, and genes themselves. Genome mapping is often used to find new genes 298 
and navigate around the genome for annotation and interpretative purposes. Creating the map 299 
and sequencing the genome go hand in hand. The map will determine where each sequenced 300 
piece of the genome belongs in relation to the other pieces. A more detailed map will make the 301 
assembly process easier and more accurate. Genome maps serve to illuminate the overall 302 
structure of the genome and identify where related genes are clustered together or where 303 
unusually rich concentrations of genes reside. Genome maps also enable researchers to compare 304 
the genomes of different species. Protein-coding genes and other genome features will be 305 
annotated on the genome map using algorithmic (Burge & Karlin, 1997) and homology-based 306 
gene prediction methods (Altschul et al., 1990). Using the high coverage and low coverage 307 
genomes of bobcat, European lynx, Canada lynx and Iberian lynx, SNPs will be identified using 308 
established programs (Li et al., 2009) and pipelines (Goecks et al.,2010). We will design a 309 
custom capture array of around 6,000 SNPs distributed across all chromosomes and located in 310 
annotated protein-coding genes and known gene pathways. This array will be used to assay 311 
genomic diversity in existing populations as well as historical museum specimens. The Genome 312 
Diversity toolkit in Galaxy (Bedoya-Reina et al., 2012) and other methods will be used to 313 
analyze genomic diversity and historical demography. 314 

To more efficiently identify genes within the genome and compare patterns of gene 315 
expressions across individuals, blood samples for RNA have been and will continue to be 316 
collected during routine response to incidental capture of lynx in Maine. Blood is an ideal first 317 
source of RNA because it contains multiple organs and has a crucial role in immune response. 318 
All samples will be preserved in buffer to prevent degradation of the intracellular RNA and 319 
minimize gene induction (PAXgene Blood RNA kit). Total RNA will be extracted and the globin 320 
mRNA and rRNA removed. RNAseq libraries will be pair-end sequenced on an Illumina 321 
HiSeq2000, with uniquely indexed libraries pooled in sets of 6 per lane to conservatively ~40Gb 322 
of sequence. Since the approximate size of the felid exome is 30Mb, this is an average coverage 323 
of at least 200X for each sample.  324 

The transcriptomes will be directly mapped onto their reference genome using a 325 
combination of currently available software such as TopHat, Bowtie and BWA. For the 326 
downstream analyses, the Tuxedo Suite package contains tools to complete the RNAseq data 327 



9 
 

analysis workflow, including Cufflinks to generate the transcriptome assembly, quantify gene 328 
expression, and assess differential expression among populations and species. The software 329 
Cufflinks is currently the program of choice to estimate expression levels and test for differential 330 
expression between samples after normalization. To explore the biological foundations of genes 331 
that are differentially expressed, we will perform categorical enrichment analysis (Gene 332 
Ontology; GO) based on publicly available gene annotation sets and the Database for 333 
Annotation, Visualization and Integrated Discovery (DAVID). To go beyond a list of 334 
differentially expressed genes, we will perform a weighted gene co-expression network analysis 335 
to identify clusters of genes whose expression levels covary across individuals and which 336 
measures every possible pairwise correlation between genes and identifies groups of genes with 337 
significant correlations to each other. If necessary, we will implement and visualize simplified 338 
pathways using open source software such as Cytoscape. This will allow us to choose which 339 
nodes should be used as targets in order to form a more informative gene protein network. We 340 
can also perform pathways analysis in which data available on human transcripts can be used as 341 
a reference to analyze the transcripts from our study. Finally, the correlations between phenotype 342 
and gene modules can be inferred to identify genes or gene networks associated with phenotype 343 
(such as derived from blood profiles). Using algorithms like Random Forest, which are more 344 
robust and reliable than hypothesis testing approaches, we will report and visualize significant 345 
groups of biologically defined gene sets and their contribution to the phenotypes of interest. 346 
 347 
Gene evolution 348 

We will identify Canada lynx and bobcat lineage-specific amino acid changes by 349 
comparison to human, dog, cat, and mouse from Ensembl. To detect genes evolving under 350 
positive selection, we will use conserved genome synteny methodology to establish a high-351 
confidence orthologous gene set based on large-scale synteny of high quality alignments and 352 
conserved exon-intron structure. We will align ortholog genes by PRANK and use the optimized 353 
branch-site model of PAML and likelihood ratio tests (LRTs) (P<0.05). We will test for over-354 
represented functional categories and identify GO categories significantly above or below 355 
average in the target genome. The historic population size of each species will be inferred using 356 
a pairwise sequentially Markovian coalescent model (PSMC) with consensus sequences of each 357 
species by estimating X Chr and Y Chr separately. 358 
 359 
Development of new genetic markers 360 
 Gene markers will be assessed for their utility to identify current and past levels of 361 
introgression between bobcat and Canada lynx in developed assays.  Judicious selection of SNPs 362 
will easily discriminate among various permutations of first- and second-generation crosses and 363 
the sex of individuals involved.  A reference ITMImap consisting of anchor markers will be 364 
prepared using MAPMAKER/Exp Version 3.0b and marker data will be used for mapping each 365 
of the new single nucleotide polymorphisms (SNPs). Markers with minimal missing data or 366 
segregation distortion will be selected to build a skeleton map for each chromosome. Other 367 
markers will be assigned to intervals between the anchor markers and the loci on the skeleton 368 
map will be checked using MAPMAKER. Ultimately, the custom capture array will be 369 
distributed across all chromosomes of the bobcat and lynx genomes. 370 
 371 
Genetic diversity and differentiation 372 
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Using SNPs from annotated protein-coding genes, we will examine how allelic diversity 373 
profiles have changed across time. If indeed we find significant genetic differentiation in the 374 
contemporary Maine lynx population with respect to the rest of the North American DPS and the 375 
Canadian Gaspe Peninsula population, then it will be possible to determine specifically if and 376 
how dispersal events between Maine and Canada are impacting genetic variation or function of 377 
key genes and genetic pathways related to fitness, such as innate immunity and reproductive 378 
effectiveness (Paige 2010; Zhang et al., 2013).  379 

Our samples will be divided into subsets based on geographic distribution (e.g. Maine, 380 
Parc de la Gaspesie, Quebec, Bas-Saint-Laurent). Samples outside of the sampling regions or 381 
outside proposed boundaries will be omitted. Samples in our most intensively sampled region, 382 
Northern Maine’s Aroostook County, may be regrouped to test putative dispersal barriers at a 383 
finer scale. DNA will be extracted from samples using Quiagen Blood and Tissue Extraction 384 
Kits (Quiagen, Hilden, Germany). Gene fragments from the Canada lynx genome sequence will 385 
be selected and primers designed to amplify corresponding sequences from DNA samples on 386 
either side of proposed barriers to gene flow (e.g. the St. Lawrence River, climatic barriers, 387 
isolation by distance hypotheses) or; alternatively from separate proposed lynx populations (e.g. 388 
Maine population and the Gaspe Peninsula population).  389 

PCR amplification will be performed in GeneAmp PCR System (or similar). PCR 390 
products will then be sequenced using the original primers and electrophoresed on a 3130XL 391 
Genetic Analyzer (Applied Biosystems). The final sequences will then be eye checked and 392 
aligned using MEGA, from which SNPs will be ascertained.  Nucleotide diversity will be 393 
calculated for each identified genetic population using MEGA. We will test linkage 394 
disequilibrium between any two SNP loci within each inferred genetic population. We will use 395 
GenALEX to calculate observed and expected heterozygosity and to test for Hardy Weinberg 396 
equilibrium (HWE) within each group for each locus. To assess differentiation between 397 
geographic populations, we will calculate pairwise D-values using the package DEMEtics 398 
(Gerlach et al., 2010) in R. We will also test for isolation by distance between regions (using 399 
centroids as locations) with the ecodist 1.2.2 package (Goslee and Urban 2007) in R (R 400 
Development Core Team 2009). 401 
 402 
Landscape Genomics Approaches 403 

Landscape genomics is the simultaneous study of genomic and ecological landscapes, 404 
and will be used to investigate processes driving population genetic patterns of Canada lynx and 405 
bobcat in the Northeast. Traditionally, similar studies have utilized a small number of neutral 406 
markers (such as microsatellites), which have no influence on survival or fecundity, to infer 407 
biological activity such as animal movement, genetic drift, selection, and migration across 408 
genomes and populations. Markers under selection were avoided because they could bias 409 
estimates of structure and gene flow. Conceptual and methodological developments in spatial 410 
and temporal patterns of gene flow (Manel & Holderegger, 2013; Hali & Beissinger 2014) have 411 
expanded the application of landscape genetics to assess markers under selection in addition to 412 
neutral markers (Schwartz et al., 2010, Manel & Holderegger, 2013). This approach yields 413 
unbiased estimates of genetic variation, population structure, and gene flow by assessing larger 414 
amounts of genetic data, producing results with reduced variance and increased precision. These 415 
landscape genomics approaches simultaneously assess variation of tens-to-hundreds of neutral 416 
genetic markers and candidate adaptive genes (genes under selection), most commonly   417 
Single Nucleotide Polymorphisms (SNPs). 418 
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 419 
Improvements in SNP genotyping technology have made SNPs attractive for population 420 

genomics. Forty-eight (48) or 96 SNPs can be screened in 96 individuals in a few hours, for a 421 
cost of about US$0.10 – 0.20 per SNP (Seeb et al., 2011). We will compile georeferenced tissue 422 
samples from individuals across the landscape (Manel et al., 2012) and extract genomic DNA 423 
using a Quiagen DNeasy blood and tissue extraction kit (or similar) following manufacturer 424 
protocols. The extracted DNA will then be genotyped using an array of diagnostic SNPs for 425 
genetic analyses. Genetic structure of the results will be analyzed using a variety of approaches 426 
to determine how individuals from the investigated populations are clustered into groups, 427 
including Structure 2.0 software (Pritchard et al., 2000) and GeneClass2 (Piry et al., 2004).  428 
These and similar approaches will also allow us to assess the population of origin of each 429 
individual and to identify potential migrants and their descendants.  Mixed modeling approaches 430 
and BAYENV2 (Coop et al., 2010) software can be employed to investigate associations 431 
between population allele frequencies and environmental variables such as snowfall, 432 
complementary snowshoe hare data, or habitat cover, while accounting for population structure 433 
in the data (Frichot et al., 2013). The inclusion of a sampling of bobcats in the analyses will also 434 
permit us to recognize hybrids and backcross individuals, leading to the future delineation of the 435 
lynx-bobcat hybrid zone in Maine. 436 
 437 

Gene flow can be reduced by historical, ecological or geographical factors, resulting in 438 
patterns of isolation by distance (IBD) or isolation by environment (IBE) (Manthey & Moyle 439 
2015). Using landscape genomics approaches, we will use Fst values estimated from markers 440 
under selection to investigate hypotheses of IBE and IBD (both geographical and ecological) in 441 
regards to lynx populations across the landscape. Ultimately, these will be integrated with other 442 
data to assist in delineating a DPS for Canada lynx with the goal of conserving natural adaptive 443 
processes and potential in a spatial and biological context (Crandall et al. 2000).  444 
 445 
 446 
Expected Results/Benefits  447 

The present proposal will become one of the first genomic studies of Canada lynx and 448 
bobcat to date, expected to yield novel and valuable insights on the demographic history and 449 
occurrence of hybridization between Canada lynx and bobcat, inbreeding, rates and sources of 450 
gene flow (Ouborg et al., 2010), differentiation among populations (Row et al., 2012) and 451 
taxonomic status of both species. Assessment of Maine lynx will provide information needed by 452 
the Maine Department of Inland Fisheries and Wildlife and the U.S. Fish and Wildlife Service to 453 
inform conservation strategies and present evidence for management approaches toward long 454 
term sustainability and connectivity in the Northern Appalachian/Acadian ecoregion.   If long-455 
term persistence of lynx in Maine is dependent upon metapopulation dynamics in eastern 456 
Canada, appropriate policies and actions can be designed. The pioneering aspects of the project, 457 
together with the iconic nature of both species, will enhance the local visibility and interest in 458 
lynx conservation and bobcat management.  Inferences for the study will have broad implications 459 
for management of Canada lynx and bobcat, and many of the genetic markers and tools 460 
developed will serve colleagues and collaborators doing research on these species. 461 

The application of genomic approaches to threatened species promises a boost in 462 
analytical and statistical power for demographic inference and relatedness estimates. The 463 
genomic data, annotations and developed assays will be significant scientific achievements that 464 
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will lead to new research and resources linking phenotypic adaptations with gene function and 465 
providing insights on the processes of speciation and maintenance of genetic diversity 466 
(Frankham, 2010). The custom capture array will encompass single nucleotide polymorphism 467 
(SNPs) and informative markers across all chromosomes of the lynx and bobcat genomes used 468 
for more precise and unbiased estimates of effective population size, demographic history, levels 469 
of inbreeding, prevalence of hybridization, rates of gene flow, and differentiation among 470 
populations. Application of a more comprehensive suite of neutral markers will enable better 471 
understanding of genetic differentiation and metapopulation dynamics at course and fine 472 
geographic scales (isolation by distance barriers and landscape variables) which may provide 473 
insight into the effects of landscape and climate on patterns of genetic differentiation and 474 
dispersal (Cushman et al. 2006; Row et al., 2012). This information will assist with identifying 475 
and maintaining current patterns of connectivity across the species range, particularly for 476 
southern populations such as Maine’s which are likely more at risk and more fragmented 477 
(Murray et al. 2008).  478 
 479 
 480 
 481 
Timeframe 482 
 483 
Sample preparation: starting October 2015 and continuing as necessary  484 
Sequencing: starting December 2015 485 
Sequence analyses including genomic assembly: starting February 2016 486 
Gene Mapping; Development of markers: January 2016 – July 2016 487 
Comparative genomic analyses: January 2016 – July 2018 488 
Additional lab work as needed: January 2016 – July 2018 489 
Application of markers in genetic diversity and differentiation: January 2016 – May 2017 490 
Data summary, analyses, and manuscript preparations: July 2016 – December 2018 491 
 492 
 493 
 494 
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09-137  DEPARTMENT OF INLAND FISHERIES AND WILDLIFE 
 
Chapter 4: HUNTING AND TRAPPING 
 
 
4.01 Upland Game and Furbearing Animals 
 
 A. General Prohibition 
 
  It shall be unlawful for any person to have in possession, at any time, any wild bird or 

wild animal, or part thereof, taken in violation of these regulations. There shall be a 
closed season for the hunting or trapping of any wild bird or wild animal for which an 
open season is not herein specifically provided or is provided by law. 

 
 B. Limits 
 
  No person shall hunt, trap or have in his possession at any time more than the numerical 

limits of any given species of upland game or furbearing animal which are specifically 
set forth in these regulations. 

 
 C. Keeping Upland Game and Furbearing Animals Alive 
 
  No person shall keep alive any upland game or furbearing animal which such person has 

taken, whether by hunting or trapping, except in accordance with the provisions of 12 
MRSA §§ 7231, 7232, 7235, 7242 and 7771, as amended, providing, among other things, 
for the issuance of permits for such purposes by the Commissioner of Inland Fisheries 
and Wildlife. 

 
 G. Open Seasons for the Hunting and Trapping of Furbearing Animals 

 
1. Beaver Trapping 
 

1.a. 
 
Wildlife Management Districts 1, 2, 4, 5   October 19 - April 30 
Wildlife Management Districts 3, 6, 8, 9, 10, 11  November 2 – April 30 
Wildlife Management Districts 18, 19, 28  November 2 – April 15 
Wildlife Management Districts 7, 12, 13, 14, 17, 27 November 2 – March 31 
Wildlife Management Districts 15, 16, 20, 21, 22, 23, 
 24, 25, 26, 29  December 1 – March 31 
 
After the close of the Regular Trapping Season (paragraph 2 below), muskrats 
may still be trapped, but only in those areas that are open to beaver trapping. 
After February 28, in those Wildlife Management Districts open to beaver 
trapping, muskrat trapping is restricted to 1) killer-type traps, foot-hold traps, 
and colony traps, which must be set to remain underwater at all time; or 



2) foothold traps on “covered floats.” A covered float is defined as a float 
completely covered on the sides and top with hardware cloth, screen, or other 
similar material, having a mesh size no greater than 1/2 inch square. Access to 
the float will be limited to openings at the extreme ends of the float and the 
openings will not exceed 7 inches in height, or 14 inches in width. The use of 
exposed bait or visible attractor on covered floats is prohibited. Only one trap 
may be placed per float; the trap must be recessed 3 inches or greater from any 
opening in the cover; the trap chain or wire must be at least 3 feet long; and the 
maximum foothold trap size for covered floats sets will be No. 1 1/2. 
 
Traps set for beaver in October, November and April are restricted to killer-type 
traps and drowning sets. 
 

 
2. Statewide Regular Trapping Season: Bobcat, coyote, fisher**, fox, marten, 

mink, muskrat*, opossum, otter, raccoon, red squirrel, skunk, weasel: The 
Sunday preceding the first day of the open firearm season on deer through 
December 31. (For exceptions to the general trapping season please read below.) 

 
Any lynx caught incidentally, whether dead or alive, during any trapping season 
must be reported to a game warden or biologist of the Department as soon as 
possible and prior to removing the animal from the trap, unless a Department 
official can not be reached in time to prevent injury to the lynx. Any lynx 
released under this provision before reporting to the Department must also be 
reported to the Department within 24 hours from the time it was discovered. 

 
2-A. Early Fox and Coyote Trapping Season Statewide 

 
There shall be an early fox and coyote trapping season statewide beginning on 
the Sunday 2 weeks prior to the opening of the regular fall trapping season and 
extending through the day prior to the opening of the regular fall trapping 
season. Any raccoon, skunk or opossum taken incidental to fox and coyote 
trapping may be lawfully possessed. During this early trapping season, except as 
provided in this section, it is unlawful to take or possess any furbearing animal 
other than fox, coyote, raccoon, opossum and skunk. Any other furbearing 
animal caught incidentally in a fox or coyote set must be immediately released 
alive, or, if found dead in the trap, must be reported to a game warden as soon as 
possible and prior to removal of the animal from the trap and trap site location. 
Any such incidental catch found dead in the trap must be turned over to an agent 
of the commissioner within 48 hours from the rime it was discovered. 

 
During this early fox and coyote trapping season, in addition to department 
rules and state laws which affect trapping in general, the following restrictions 
also apply; 

 
a. Killer-type traps are prohibited; 

 
b. Traps may not be set in the water; 

 



c. The use of exposed bait or visible attractor at any trap site location is 
prohibited. 

 
*2-B. Early Muskrat Trapping Season in WMD's 1, 2, 3, 4, 5, 6, 9, 10, 11 

 
There shall be an early muskrat trapping season beginning on the Sunday 1 week 
prior to the opening of the regular fall trapping season, and extending through 
the day prior to the opening of the regular fall trapping season. Any raccoon or 
mink taken incidental to muskrat trapping may be lawfully possessed. During 
this early trapping season, except as provided in this section, it is unlawful to 
take or possess any furbearing animal other than raccoon and mink. Any other 
furbearing animal caught incidentally in a muskrat set must be immediately 
released alive, or, if found dead in the trap, must be reported to a game warden 
as soon as possible and prior to removal of the animal from the trap and trap site 
location. Any such incidental catch found dead in the trap must be turned over to 
an agent of the commissioner within 48 hours from the time it was discovered. 

 
During this special muskrat trapping season, in addition to Department rules and 
State laws which affect trapping in general, the following restrictions also apply: 

 
a. All traps must be set at or below ground or water level; 

 
b. The use of exposed bait or visible attractor at any trap site location is 

prohibited; 
 

c. Killer-type traps may be used for muskrat trapping and must have a jaw 
spread no greater than 5 inches; 

 
d. The maximum foothold trap size for muskrat sets shall be No. 1 1/2 

during this special season. 
 

2-C. In any township of the State that is open to beaver trapping, any otter taken 
in a beaver or muskrat set, so called, may be lawfully possessed by any 
licensed trapper. 

 
3. Marten Limit 

 
a. The harvest of marten will be limited to 25 marten per trapper statewide. 

Twenty-five numbered temporary transportation permits will be issued at 
the time of trapping license purchase/renewal (25 marten tags only) A 
temporary marten transportation permit must be signed, dated and 
attached to the captured marten at the time the animal is removed from 
the capture site. The temporary transportation permit must accompany 
the animal/pelt from the capture site until a permanent fur tag is affixed 
by a fur-tagging agent. Fur-tagging agents will retain the temporary 
transportation permit from each marten at the time a permanent fur tag is 
attached to the pelt. 

 



 It is unlawful for any person to use or possess any marten temporary 
transportation permit with a number that does not coincide with the 
number issued with their license, as so indicated on their trapping license. 

 
 Prior to the time the animal is tagged with a permanent fur tag, it is 

unlawful for any person to possess any marten, or pelt thereof, that is not 
accompanied by a signed and dated temporary marten transportation 
permit marked with the number coinciding with the number printed on 
their trapping license. Trappers who are not required by law to have a 
trapping license (residents under 10 years of age and residents trapping 
on their own land) may use, in lieu of the official temporary marten 
transportation permit, a substitute transportation permit (string tag) on 
which the name and address of the individual has been clearly written in 
ink. The substitute transportation tag must be signed, dated and attached 
to the captured marten in the same manner as an official temporary 
marten transportation permit at the time the animal is removed from the 
capture site. 

 
 Any marten caught in excess of the annual limit (25) must be 

immediately released alive, or, if found dead in the trap, must be 
reported to a game warden as soon as possible and prior to removal of 
the animal from the trap and trap site location. Any such incidental catch 
found dead in the trap must be turned over to an agent of the 
commissioner within 48 hours from the time it was discovered. 

 
 It is the intent of the Department of Inland Fisheries and Wildlife to 

revoke, pursuant to Title 12 MRSA §10901, the trapping license of any 
person convicted of a violation of any provisions of these rules. 

 
3-A. Fisher Limit, Restrictions and Season Exceptions 
 

a. In WMDs 12, 13 and 15-29 the season is limited to Nov. 15th through 
December 15th. All fisher caught outside of the fisher season must be 
immediately released alive. If a fisher is found dead in the trap the 
animal must be submitted to a game warden or to an IFW regional office 
within 72 hours of taking the fisher. (The general season listed in 
section 2. above applies to all other WMDs.) 

 
b. The harvest of fisher will be limited to 10 fisher per trapper statewide. 
 
The harvest of fisher will be limited to 10 fisher per trapper statewide. Ten 
numbered temporary transportation permits will be issued at the time of trapping 
license purchase/renewal (10 fisher tags only). A temporary fisher transportation 
permit must be signed, dated and attached to the captured fisher at the time the 
animal is removed from the capture site. The temporary transportation must 
accompany the animal/pelt from the capture site until a permanent fur tag is affixed 
by a fur-tagging agent. Fur-tagging agents will retain the temporary transportation 
permit from each fisher at the time a permanent fur tag is attached to the pelt. 
 



It is unlawful for an person to use or possess any fisher temporary transportation 
permit with a number that does not coincide with the number issued with their 
license, as so indicated on their trapping license. 
 
Prior to the time the animal is tagged with a permanent fur tag, it is unlawful for 
any person to possess any fisher, or pelt thereof, that is not accompanied by a 
signed and dated temporary fisher transportation permit marked with the number 
coinciding with the number printed on their trapping license. Trappers who are 
not required by law to have a trapping license (residents under 10 years of age 
and residents trapping on their own land) may use, in lieu of the official 
temporary fisher transportation permit, a substitute transportation permit (string 
tag) on which the name and address of the individual has been clearly written in 
ink. The substitute transportation tag must be signed, dated and attached to the 
captured fisher in the same manner as an official temporary fisher permit at the 
time the animal is removed from the capture site. 
 
Any fisher caught in excess of the annual limit (10) must be immediately 
released alive, or, if found dead in the trap, must be reported to a game warden 
as soon as possible and prior to removal of the animal from the trap and trap site 
location. Any such incidental catch found dead in the trap must be turned over to 
an agent of the commissioner within 48 hours from the time it was discovered. 
 
It is the intent of the Department of Inland Fisheries and Wildlife to revoke, 
pursuant to Title 12 MRSA, Section 10901, the trapping license of any person 
convicted of a violation of any provisions of these rules. 
 

4. Statewide hunting seasons for furbearing animals: December 1 through 
February 14; Coyote: January 1 through December 31; Raccoon: October 1 
through December 31; Red Squirrel: January 1 through December 31; Skunk 
and opossum: Monday after the opening of the Special Fox & Coyote Trapping 
Season through December 31; Fox: Monday after the opening of the Special Fox 
and Coyote Trapping Season through February 28. 

 
 H. Tagging and Registration Procedure 

 
It shall be unlawful for any person to possess, sell, give away, buy, accept as a gift, offer 
for transportation or transport out of the State of Maine the raw skin of any fox, bobcat, 
marten, fisher, coyote, beaver, mink or otter unless each skin has been tagged. 
 
For the purposes of this regulation, "raw skin" means the skin of the animal, whether 
removed from or attached to the carcass. 
 
Notwithstanding this regulation, any person who lawfully possesses the untagged raw 
skin of any fox, bobcat, marten, fisher, coyote, beaver, mink or otter may transport that 
skin within the jurisdiction of the State for purposes of pelt preparation and tagging. 
 
The raw skins of all fox, bobcat, marten, fisher, coyote, beaver, mink and otter must be 
presented to a warden, or other agent designated by the Commissioner, and each raw skin 



legally presented shall be tagged. All information requested relating to the taking of each skin 
shall be accurately and truthfully reported. A fee of 25¢ shall be paid for each skin tagged. 
 
The raw skins of all fox, bobcat, marten, fisher, coyote, beaver, mink and otter must be 
presented for tagging within 10 days after the closing of the open season thereon, except 
the raw skins of all bobcat taken during the open bobcat hunting season shall be 
presented, by the person who killed said bobcat, for tagging within 72 hours of killing 
said animal. Following ten days after the close of the open season thereon, it shall be 
unlawful for any person to possess the raw skin of any fox, bobcat, marten, fisher, 
coyote, beaver, mink or otter which does not have attached to it the necessary tag. 
 
The raw skins of any fox, bobcat, marten, fisher, coyote, beaver, mink and otter that 
come into this State in any manner from any other state, country, or province shall bear 
the official stamp, tag, or seal of such other state, country, or province. Any such skins 
that come into this State from any other state, country, or province which does not 
require an official stamp, tag, or seal shall be tagged in accordance with this section by 
the person possessing such raw skins. The fee for tagging such imported raw skins shall 
be 25¢ for each tag so issued. Licensed taxidermists who import raw skins for the 
purpose of taxidermy are exempt from the provisions of this paragraph. 

 
 I. Raccoons 
 
  Raccoons may be hunted at night during the open season only when the hunter (i) is 

accompanied by a dog, (ii) uses an electric flashlight to locate raccoons that are treed, or held at 
bay, by a dog or dogs, and (iii) is in possession of, and uses a rifle, pistol, or revolver of no 
greater power or caliber than one which uses .22 caliber long rifle ammunition; said rifle to be 
loaded only when being used to dispatch a raccoon that is treed or held at bay by a dog or dogs. 

 
 J. Size of Traps 
 

Animals may be trapped with any common ordinary steel trap except that in Wildlife 
Management Districts 1, 2, 3, 4, 5, 6, 8, 9, 10, and 11, no foothold trap (also known as a 
leghold trap) may be used that has an inside jaw spread of more than 5 3/8 inches, except that a 
foothold trap with an inside jaw spread of more than 5 3/8 inches may be used if it is set so as 
to be fully or partially covered by water at all times. Inside jaw spread is the distance, with the 
trap in the set position, from the inside center of one jaw (at the dog) to the inside center of the 
opposite jaw when measured directly across the center of the pan and perpendicular to the base 
plate. Killer-type traps with a jaw spread not to exceed 8 inches may only be used, as provided 
in paragraph K. During the open season on beaver it shall be lawful to use a killer-type trap 
with a jaw spread larger than 8 inches if, when set, placed and tended, the trap is completely 
under water. Killer-type traps shall include so-called Conibear traps and all other traps of that 
type. It shall be unlawful to sue any trap with teeth on the jaws unless when set, placed and 
tended, the trap is completely covered with water. 
 
It shall be lawful to trap furbearing animals with a common cage type live trap, except that in 
Wildlife Management Districts 1, 2, 3, 4, 5, 6, 8, 9, 10, and 11, no cage trap which has an 
opening of more than 13 inches in width or more than 13 inches in height may be used unless 
the cage trap is being used (1) for wildlife research and survey activities; (2) for the removal 
of animals that are causing damage to property; or (3) to capture bear. Cage traps also include 
suitcase-type live traps, such as Hancock traps. The setting of suitcase-type live traps during 
the recreational beaver trapping season is prohibited except under the authorization of a 



Regional Wildlife Biologist as part of the Department’s Animal Damage Control program. 
These traps must be set with the bottom portion in the water, and with the opening of the trap 
facing away from land. 
 
Furbearing animals may be trapped with so-called colony traps having outside dimensions no 
greater than 7 inches high by 7 inches wide by 40 inches long, only if set so as to remain 
completely under water at all times. 
 
Furbearing animals may be trapped with so-called egg traps, duffer traps and all other traps of that 
type that are designed primarily to catch raccoons and avoid incidental catches of other animals. 
 
Wooden-base rat traps may be set on land for weasel and red squirrel trapping if recessed in a 
wooden box with a hole no larger than 2 inches in diameter. 
 

 K.         Location of and Preparation for Traps 
 

No person shall stake, hook, fasten or position a trap at any trap site location in the 
fields, forests or waters of the State prior to the opening day of the trapping season. 
 
No person shall make any advance preparation on the trapping grounds for the taking of 
beaver or muskrat previous to the open season on these animals. 
 
No person shall use meat or fish as bait in trapping for beaver. 
 
Except as provided herein, no person, except an agent of the Commissioner, shall place, 
set or tend any traps (i) within 10 feet of a beaver house, muskrat den or house, (ii) 
within 5 feet of a beaver dam, or (iii) within 4 feet of a beaver trap that has been set by 
another trapper. In Wildlife Management Districts 1, 2, 4, 8, 9, and 10 there is no 
required setback distance from an active beaver dam. In Wildlife Management Districts 
1, 2, 3, 4, 5, and 6 there is no required setback distance from a beaver house. 
 
Steel foothold or killer-type traps must not be set within 50 yards of bait that is visible 
from above. Bait may be used for trapping if it is completely covered to prevent it from 
being seen from above, and it must be covered in such a way as to withstand wind action 
and other normal environmental conditions. Bait is defined as animal matter including 
meat, skin, bones, feathers, hair or any other solid substance that used to be part of an 
animal. This includes live or dead fish. For the purposes of this paragraph, bait does not 
include animal droppings (scat), urine or animals, dead or alive, held in a trap as the 
result of lawful trapping activity. 
 
Steel foothold traps must not be set above ground or snow level. 

 
Steel foothold traps must have a chain that is mounted within the central portion 
of the base of the trap, and must have three swiveling points, with one swiveling 
point at the base of the trap, one midway in the chain, and one at the trap’s 
anchoring point. These restrictions do not apply to foothold traps that when set, 
placed, or tended are fully or partially covered by water, those that are set on a 
muskrat “float”, or dog-proof traps (also known as Duffer traps). 

 



In WMD’s 1-11, 14, 18, and 19, foothold traps must be securely anchored to the 
ground. The use of drags is prohibited in these WMD’s. Foothold traps must have 
the catch circle cleared of woody vegetation, debris and manmade material that 
could cause entanglement of a trapped animal. Small sticks and rocks, and 
rotten/decaying woody material may be used for stepping guides, blocking, and 
backing for trap sets, if they are not rooted to the ground. A catch circle is defined 
as the area that can be circumscribed by the outer edge of a trap when the trap and 
trap chain are fully extended and moved in a circle (360°) around the anchoring 
point. These restrictions do not apply to foothold traps that when set, placed, or 
tended are fully or partially covered by water, those that are set on a muskrat 
“float”, or dog-proof traps (also known as Duffer traps).  
 
No person may set, place, or tend any killer-type trap unless:  
 
1) set completely underwater except or 
 
2) killer-type traps with an inside jaw spread not to exceed 5 inches may 

also be used under the following conditions: 
 
 (a) when set so as to be partially covered by water at all times, or 
 
 (b) when set under overhanging stream banks, or 
 
 (c) when used at blind sets defined as – 
 

any set designed to catch a wild animal, without the use of bait, lure or visible 
attractor, by intercepting the animal as it moves naturally through its habitat. 
Bait, lure and visible attractor do not include animal droppings (scat) or urine. 
 
Notwithstanding the previous paragraph, in all Wildlife Management 
Districts killer-type traps with a jaw spread not to exceed 8 inches may be 
used on or above ground level if the trap is placed within a lynx exclusion 
device. The trap jaws must be completely within the device, the trap 
springs can be outside of the device. Exclusion devices will have the 
following designs: 

 
(1) For traps with a jaw spread less than or equal to 5 inches 

(primarily used for marten trapping), the device must have 
an opening of 4 x 4 inches or less. The entrance hole may 
be placed on the end or on the side of the device, and the 
set trap must be a minimum of 18 inches from the closest 
edge of the entrance hole.  

 
(2) For traps with a jaw spread greater than 5 inches but less 

than 8 inches, two designs may be constructed. The first 
design has an entrance hole on the end of the device that 



must not exceed 5 x 6 inches. A baffle must be placed no 
more than 6 inches back from the entrance hole and must 
not have an opening greater than 5 x 6 inches. With the 
baffle in place, the entrance hole and interior opening may 
not overlap to create an unobstructed view to the interior of 
the exclusion device. 

 
For the second design the entrance hole must not exceed 6 x 7 inches 
and must be placed on the side of the device. A baffle must be placed 
at the edge of the entrance with the baffle opening opposite of the 
entrance hole, and the hole must not exceed 6 x 6 inches. 

 
For both devices the trap must be placed no closer than 18 inches 
from the closest edge of the entrance hole. An example design is 
included in the annual Trapper Information Booklet. 

 
The exclusion device can be constructed of wood, plastic, or wire mesh. If 
using wire mesh, the mesh cannot exceed 1 ½ by 1 ½ inches, or 1 inch by 
2 inch openings, (side to side). The wire mesh has to be 16 gauge or less 
(wire diameter of 0.05 or greater). The opening slot in the exclusion device 
that allows the trap springs to extend outside the device can be no more 
than 7 ½ inches wide and a height of no more than 1 ½ inches. The back of 
the device must be secured to withstand heavy pulling; if using wire mesh 
with a wood or plastic box, the wire mesh must wrap around two opposite 
sides of the box and be secured. There must be at least 1 attachment point 
for each side of the device where a joint or panels come together. The 
opening slot in the exclusion device that allows the trap springs to extend 
outside the device can be no more than 7 ½ inches wide and a height of no 
more than 1½ inches. The trap must be anchored outside of the exclusion 
device. Bait must not be visible from above. When enclosed in an 
exclusion device, killer-type traps can be set directly on the ground, or 
elevated in trees or on poles, with no specific requirements as to the height 
above ground or diameter of the tree or pole. 

 
 L. Destruction of Beaver Dams, etc. 
 
  No person except agents of the Commissioner or someone authorized by them shall 

damage, destroy, or molest any beaver house, beaver dam, muskrat house, or muskrat den. 
 
 M. (Repealed effective September 2, 200, filing 2000-379) 
 
 N. Zones for Trapping and Hunting Furbearers and Upland Games Defined 
 
  (Deleted 8-12-87, filing 87-279) 
 



 O. Mandatory Submission of Premolar Tooth 
 
 Whenever a bear is presented for registration a premolar tooth shall be removed from the 

bear and submitted to the Department by the person presenting the bear for registration 
 
 P. Bobcat Biological Data Collection 
 
  DELETED 8-12-87 (87-279) 
 
4.04 Bear Hunting/Trapping Season 
 
  
B.   Bear Trapping: Except as otherwise provided by State law, no person may set, place or tend any 

bear trap that is not in conformity with the following provisions: 
 
  1. No person may have more than 1 traps set for bear at any one time. 
 
  2. Bear may be trapped only with the use of cable traps (foot snares) or cage-type 

live traps. 
 
  3. Whenever a cage-type live trap is used to trap for bear, the trap must be enclosed 

and identified by signs in accordance with the provisions of Title 12 §12260, 
subsection 3. 

 
  4. Whenever a cable trap (foot snare) is used to trap for bear, the trap must be set at 

or below ground level in such a mannner as to catch the animal only by the foot 
or leg. 

 
  5. A bear caught in traps must be killed or released and not moved away from the 

catch site. A bear caught in a trap may not be used in conjunction with a hunt or 
to train a dog for bear hunting. 

 
  6. The placement of bait when trapping for bear must be done in accordance with 

the provisions of Title 12 §11301, subsection 1. 
 
  For purposes of this rule, cage-type live traps for bear are defined as traps designed as a 

cage, tunnel or other enclosure fitted with a door that, when tripped, closes in a manner 
that prevents escape of the bear. Traps must be heavily constructed to prevent damage 
from bears, and also must have adequate openings for ventilation and cooling inside 
when the door is closed. Traps must also be constructed with no sharp intrusions to 
injure bears, and be large enough for caught bears to turn around inside the closed trap. 

 
 
 
 
 
 



 
4.11 Registration and Tagging of Big Game and Fur Bearing Animals 

 
C. Fur Tagging Agents and Tagging Operations 

 
1. Fur tagging agents shall be established by the Commissioner of Inland 

Fisheries and Wildlife on the basis of need, except that the total number of 
such stations shall not exceed 50 statewide. 

 
2. Agents shall be located so as to provide tagging stations at strategic locations 

throughout the State. All selections shall be based upon the following 
considerations: 
 
a. Location of applicants in relation to the major access routes within the 

various sections of the State; 
 
b. Location of applicants in relation to other fur tagging agents. New fur 

tagging agents shall be a minimum of 20 airline miles from an existing 
agent; 

 
c. Location of applicants in relation to major fur buyers; and 
 
d. Fur harvest characteristics of the various sections of the State. 
 
e. Availability of personnel and facilities required to tag large lots of fur in 

an efficient and confidential manner. 
 

3. The Commissioner of Inland Fisheries and Wildlife shall enter into a written 
agreement with each fur tagging agent which specifies the minimum operating 
standards for tagging stations. 

 
 These standards shall include the following: 

 
a. Minimum time of operation - 8:00 A.M. to 6:00 P.M. 
 
b. Minimum days of operation - Monday through Saturday 
 
c. Minimum registration and tagging requirements 
 
d. Station location 
 
e. A restriction prohibiting the agent from holding a trapping or hide 

buyers license. 
 

4. The operators of tagging stations which were operational during 1983 shall be 
formally designated as fur tagging agents upon entering into a written 
agreement with the Commissioner of Inland Fisheries and Wildlife regarding 
the operation of the station according to minimal operating standards. Failure 
to enter into the above agreement may result in the elimination of the station. 



 
5. Agents designed by the Commissioner for the purpose of operating fur tagging 

stations shall be responsible for complying with all pertinent laws, regulations, 
and performance agreements regarding the tagging of the skins of furbearing 
animals. 

 
6. All contracts with fur tagging agents shall remain in effect until: 

 
a. The agent no longer wishes to operate a fur tagging station at the agreed 

upon location and terminates the agreement with the Commissioner; 
 
b. The agent changes the location of the station; 
 
c. The agent sells or leases the station location to another person, or 
 
d. The designation is terminated by the Commissioner. 
 

7. Agreements regarding the operation of fur tagging stations are not transferable 
to another individual, location, business, corporation, etc. 

 
8. Individuals interested in becoming a fur tagging agent shall contact the Warden 

Lieutenant within whose Region they wish to operate a tagging station. When 
the need exists for a new tagging station in a particular area, interested 
individuals will be provided an application which must be completely and 
accurately completed and returned to the Commissioner by September 1 of the 
year in which the applicant wishes to become established as an agent. 
Applications will be considered only when there is a need for new fur tagging 
station(s) in a particular section of the State. 

 
D. Termination of Services 

 
1. Whenever it comes to the attention of the Commissioner that a big game 

registration agent or a fur tagging agent has violated any provision of these rules, 
the Commissioner may immediately terminate the services of that agent. 

 
2. Whenever the services of a big game registration agent or a fur tagging agent 

are terminated, the Commissioner shall notify the agent in writing as to the 
circumstances surrounding the action and shall arrange to collect, from the 
agent, all state-owned wildlife registration and tagging materials. The 
Commissioner's notice shall state the ground for the termination, and shall give 
the specific factual basis if applicable. If the agent wishes to contest the 
termination, he shall notify the Commissioner in writing within ten days, 
specifying all areas of disagreement with the notice. He may supplement his 
position with written statements of witnesses. After reviewing the materials 
submitted, the Commissioner may decide to take no further action thus 
maintaining the original termination, or he may modify the termination in such 
fashion as he deems appropriate. Pending this determination, the original 
termination shall remain in effect. 

 



 
 
 
 
 

Incidental Take Plan 
for 

Maine’s Trapping Program 
 
 
 
 

Submitted to 
 

U. S. Department of Interior 
Fish and Wildlife Service 

 
 
 
 
 

Prepared by 
 

Maine Department of Inland Fisheries and Wildlife1 
41 SHS, 284 State Street 
Augusta, ME 04333-0041 

 
 

 
 
 
 
 
 
 

Plan as acceptedOriginally submitted October 28, 2014 
Minor amendments – August 2015  

Revised minor amendments September 24, 2015  
 
 

  

                                            
1 This document was written by Jennifer Vashon, Walter Jakubas, and John DePue, 650 State Street, 
Bangor, Maine, 04401; James Connolly, 284 State Street, Augusta, Maine, 04333. 



2 

Table of Contents 
 
Executive Summary .................................................................................................... 10 
 
1.0 Introduction and Background ......................................................................... 13 

1.1 Permit Coverage ...................................................................................... 13 
1.2 Permit Duration ........................................................................................ 13 
1.3 Regulatory/Legal Framework for Plan...................................................... 13 
1.4 Plan Area ................................................................................................. 14 
1.5 Species to be Covered by Permit ............................................................ 17 

 
2.0 Environmental Setting / Biological Resources .............................................. 18 

2.1 Environmental Setting .............................................................................. 18 
2.2 Biological Resources ............................................................................... 22 
2.2.1 Canada Lynx ............................................................................................ 22 
2.2.2 Wolves (Canis lupus, Canus lupus lycaon) .............................................. 29 
2.2.3 Migratory Birds ......................................................................................... 30 
2.2.4 Plant Species of Concern ........................................................................ 31 

 
3.0 Project Description / Activities Covered by Permit ....................................... 32 

3.1 Project Description ................................................................................... 48 
3.2 Incidental Take of Lynx from Furbearer Trapping Program ..................... 57 
3.3 How legal and illegal trapping action are covered by the Plan ................. 65 

 
4.0 Potential Biological Impacts / Take Assessment ........................................... 67 

4.1 Direct and Indirect Impacts ...................................................................... 68 
4.2 Anticipated Incidental Take:  Canada Lynx .............................................. 80 

 
5.0 Conservation Program / Measures to Minimize and Mitigate for 

Impacts .............................................................................................................. 86 
5.1 Biological Goals and Objectives .............................................................. 86 
5.2 Measures to Minimize Impacts ................................................................ 86 
5.2.1 Minimization Measures Commitments, Implementation, Monitoring, 

and Reporting .......................................................................................... 91 
5.3 Measure to Mitigate Unavoidable Impacts ............................................. 118 
5.4 Changed Circumstances ........................................................................ 133 
5.5 Unforeseen Circumstances .................................................................... 143 

 
6.0 Funding ........................................................................................................... 145 

6.1 Funding for Plan Measures .................................................................... 145 
6.2 Plan Implementation Costs .................................................................... 145 
6.2.2 Plan Mitigation Costs ............................................................................. 150 
6.3 Plan Monitoring Costs ............................................................................ 150 
  



3 

 
7.0 Measures Considered but Not Implemented ................................................ 151 

7.1 Alternative I.  Discontinue Trapping Statewide ...................................... 151 
7.2 Alternative II.  Discontinue Trapping Selectively .................................... 151 
7.3 Alternative III.  Other Minimization and Mitigation Measures ................. 152 

 
8.0 Future Amendments ....................................................................................... 157 

8.1 Administrative Changes ......................................................................... 157 
8.2 Minor Amendments ................................................................................ 157 
8.3 Major Amendments ................................................................................ 158 

 
9.0 Literature Cited ............................................................................................... 160 
 
  

Field Code Changed



4 

List of Figures 
 
Figure 1.1 The distribution of Canada lynx in Maine from ecoregional snow 

track surveys, sightings of lynx (primarily tracks) by IFW biologists, 
incidental takes, and telemetry data from 2000 until 2011.  Points in 
WMD 17 and 23 are from telemetry over a 26 and 9 day period by 
two radiocollared lynx that did not remain in the area.  Conversely, 
the single observation in WMD 18 was a lynx caught in a trap that 
meets the criteria for extending lynx minimization measures. .................. 16 

Figure 3.1.1 Maine’s Wildlife Management Districts (WMDs). ..................................... 51 

Figure 3.1.2 Diagram of a foothold trap and its various parts (AFWA 2006a). ............. 52 

Figure 3.1.3 Diagram of a standard killer-type trap and its various parts (AFWA 
2006a). ..................................................................................................... 53 

Figure 3.1.4 Diagram of a duffer trap designed for raccoons (AFWA 2006c). ............. 53 

Figure 3.1.5 Diagram of a wire box or cage trap (AFWA 2006a). ................................ 53 

Figure 3.1.6 Hancock, suitcase type live trap for beaver (AFWA 2007). ...................... 54 

Figure 3.1.7 Statewide trapper effort, expressed as the number of traps nights 
spent to capture the target species.  Trap nights are defined as one 
trap set for a 24-hour period.  Data are from the fall trapping season 
in Maine (mid-October through December 31) in 2010 and 2011. ........... 57 

Figure 3.2.1 Locations of 51 radiocollared lynx in northern Maine during the 
1999 to 2006 regular trap season when killer-type traps were set for 
marten and fisher. The area in green was used to estimate 
exposure of lynx to traps (i.e., number of marten and fisher 
harvested and number of trappers). ......................................................... 61 

Figure 3.2.2 Locations of 23 radiocollared lynx in northern Maine during the 
2007 to 2011 regular trap season when killer-type traps were set for 
marten and fisher. The area in green was used to estimate 
exposure of lynx to traps (i.e., number of marten and fisher 
harvested and number of trappers). ......................................................... 62 

Figure 5.2.1 An example of a lynx exclusion device for killer-type traps.  Note 
the opening for a fisher or marten to enter the trap is located on the 
top panel on the far right end.  The killer-type trap (shown) is set 
near the left end of the trap, and the bait would be placed to the left 
of the trap in the cage.  Specifications for a lynx exclusion device 
are described in Maine's trapping rules. .................................................. 94 

Figure 5.3.1 This figure shows how the five groups of radiocollared lynx used 
the same areas and the appropriateness of IFW estimates of high 
quality hare habitat (HQHH) as mitigation for lethal take of 
incidental capture of lynx in Maine’s trapping program. ......................... 122 



5 

Figure 5.3.2 Provisional map of the proposed 22,046 acre HMA (black dashed 
line; original 10,411 acre HMA solid black line in IFW’s July 29, 
2013 Plan) for Canada Lynx in Maine showing the year in which 
stands were commercially cut.  The harvest treatment for each 
stand is given in Figure 5.3.3. ................................................................ 125 

Figure 5.3.3 Provisional map of the proposed 22,046 acre HMA (black dashed 
line; original 10,411 acre HMA solid black line in IFW’s July 29, 
2013 Plan) for Canada Lynx in Maine showing the harvest 
treatment each forest stand received.  The year in which the stand 
was cut is given in Figure 5.3.2. ............................................................. 126 

Figure 5.3.4. Current forest type map of the 22,046 acre proposed habitat 
management area (HMA) for lynx on the State of Maine Bureau of 
Parks and Land’s Seboomook Unit in northern Maine. The dark 
black line marks the boundaries of the 22,046 acre HMA. ..................... 127 

Figure 5.4.1 Decision Tree Changed Circumstance #1:  Lynx are being caught 
in traps at a higher rate than expected. ................................................. 137 

Figure 5.4.2 Decision Tree Changed Circumstance #2:  Lynx are being injured 
in traps at a higher rate than expected. ................................................. 139 

Figure 5.4.3 Decision Tree Change Circumstance #3:  Lynx are being caught in 
traps at a higher rate than expected. ..................................................... 141 

  



6 

List of Tables 
 
Table 2.1 Chronology of Canada lynx recovered after being hit by vehicles in 

northern Maine, from listing (2000) to 2012. ............................................ 26 

Table 2.2 Annual mortality rates for Canada lynx (> 1 yr) that were 
radiocollared in Maine from one year prior to the federal listing of 
lynx as a threatened species until 2012.  Annual mortality rates 
were corrected for staggered entry of radiocollared animals into the 
sample (i.e., Kaplan-Meier staggered entry approach; Pollack et al. 
1989)........................................................................................................ 28 

Table 2.3 Mortality factors for Canada lynx tagged or radiocollared for IFW’s 
radiotelemetry study.  Data are from 1999 until 2011. ............................. 29 

Table 3.0 Summary of current actions regulations in lynx range to limit the 
incidental take of lynx as agreed in Consent Decree, current 
regulations, and implemented in this Plan. .............................................. 34 

Table 3.1.1 Statewide harvest rates for Maine furbearers (2006-2012 trapping 
seasons).  Mean harvest rates were calculated from pelt-tagging 
records for an even number of years (6 yr) in order to accurately 
portray marten and fisher harvest rates.  Marten, and to a lesser 
extent fisher, have large annual fluctuations in their harvest rates; 
therefore, an equal number of good and poor years is needed to 
calculate their mean harvest rates.  Bobcat, coyote, and fox can be 
hunted as well as trapped.  Coyote and fox harvests include both 
trapped and hunter killed animals. ........................................................... 50 

Table 3.1.2 Mean harvest rates for furbearers for each of Maine’s Wildlife 
Management District (WMD).  Mean values are calculated using 
pelt-tagging records from the 2006-07 to 2011-12 trapping seasons.  
Marten, and to a lesser extent fisher, have large annual fluctuations 
in their harvest rates; therefore, an equal number of good and poor 
years is needed to calculate their mean harvest rates.  Bobcat, 
coyote, and fox can be hunted as well as trapped.  Bobcat, coyote 
and fox harvests include both trapped and hunter killed animals. ............ 55 

Table 3.1.3. Summary of ~6,000 licensed or otherwise authorized trappers 
covered by this Plan based from IFW’s 2000-13 license data. ................ 56 

Table 3.2.1 Summary of the exposure of 74 radiocollared lynx in Maine 
monitored during the regular trapping season (end of October to 
end of December) to killer-type traps set for marten and fisher 
without being captured in a killer-type trap. .............................................. 63 

Table 4.1.1 Proportion of lynx in Maine that lived more than 1 month after 
captured in a trap.  Foothold traps were set during IFW's 12-year 
radiotelemetry study; while both foothold and killer-type traps are 
used by trappers during Maine's furbearing trapping season. ................. 70 



7 

Table 4.1.2 Reproductive success of adult female lynx that were radiocollared 
in Maine following fall capture in foothold traps set by biologists in 
IFW's radiotelemetry study or by licensed fur trappers during the fall 
fur trapping season (incidental captures).  Snowshoe hare 
densities, which varied considerably over time and which influence 
lynx reproduction, are also given. ............................................................ 72 

Table 4.1.3 Description of lynx incidental trapping incidents in Maine from 1999 
to 2012. .................................................................................................... 74 

Table 4.1.4 Incidents of lynx takings recorded by the Maine Department of 
Inland Fisheries and Wildlife since the start of IFW’s lynx project in 
1999. ........................................................................................................ 79 

Table 4.2.1. Requested allowances for incidental captures, trapping related 
injuries, and trapping related mortalities of Canada lynx by the 
Maine Department of Inland Fisheries and Wildlife (IFW).  Major 
injuries will be injuries that required veterinarian care before the 
animal could be released back to the wild (e.g. broken bone, etc.). ........ 81 

Table 4.2.2 The number of lynx incidentally trapped in Maine between 1999 
and 2012 categorized by the animal's injury status. ................................. 82 

Table 5.2.1 Chronological list of measures that were implemented by the Maine 
Department of Inland Fisheries and Wildlife prior to submission of 
this Plan. .................................................................................................. 87 

Table 5.2.2. Summary of the Maine Department of Inland Fisheries and 
Wildlife’s commitments for minimizing the incidental take of Canada 
lynx under its furbearer trapping, ADC, and PM programs through 
the 15-year period of its Incidental Take Permit. ...................................... 88 

Table 5.2.3 Timeline for implementing and reporting lynx avoidance and 
minimization measures in this Plan. ....................................................... 117 

Table 5.3.1 To estimate the amount of high quality hare habitat (HQHH) to 
provide as mitigation for lethal take of incidental capture of lynx in 
Maine's trapping program, IFW estimated the amount of HQHH in 
an area completely shared by 2 or more lynx during IFW’s 12-year 
radio telemetry study. To offset the take of a lynx IFW proposes 
providing 1,595 acres of HQHH for each lethal lynx take on the 
HMA. ...................................................................................................... 120 

Table 5.3.2 Summary of stand types classified from fall aerial photo in the lynx 
habitat management area described in MDIFW July 29, 2013 plan 
of the BPL Seboomook Unit that currently supports optimal lynx 
foraging habitat . .................................................................................... 128 

Table 5.3.3 Baseline and projected future amounts (acres) of high quality hare 
habitat (HQHH; dense conifer dominated sapling stands or 
understories) on the July 29, 2013 proposed 10,411 acre HMA with 
and without mitigation. ........................................................................... 130 



8 

Table 6.2.1 Proposed minimization activities for the incidental catch of lynx by 
Maine trappers and the approximate additional costs of these 
activities.  With the exception of differential pay, the personnel 
costs associated with implementing these activities are not 
included.  Personnel time spent on implementation of the Plan does 
divert time away from other wildlife management and law 
enforcement activities. ........................................................................... 147 

Table 6.2.2 Estimated costs of implementing mitigation measures (Section 5.3) 
that IFW will incur. ................................................................................. 150 

Table 7.3.1 The estimated number of trap nights (TN) where trappers targeted 
marten in WMDs 1-11 from 2008 to 2011. ............................................. 153 

Table 7.3.2 Injury (welfare) scores for 20 restraining devices evaluated for 
coyotes during Association of Fish and Wildlife Agencies’ Best 
Management Practices (BMP) trap research, 1998-2005.  BMP 
criteria for welfare, efficiency and selectivity were met for 16 
devices evaluated for coyotes.  Those traps not meeting BMP 
criteria are shaded in gray.  The most commonly used trap in the 
United States is the No. 2 coil-spring (Responsive Management 
2005).  This trap met all BMP criteria. .................................................... 155 

Table 7.3.3 Injury (welfare) scores for 16 restraining devices evaluated for 
bobcats during the Association of Fish and Wildlife Agencies’ Best 
Management Practices (BMP) trap research, 1998-2006.  BMP 
criteria for welfare, efficiency, and selectivity were met for all 16 
devices evaluated for bobcats.  The most commonly used trap type 
in the United States for capturing bobcats is the No. 3 coil-spring 
(Responsive Management 2005).  The standard No. 3 coil-spring 
trap met all BMP criteria, as did the same trap size with 
modifications including padded jaws, offset jaws, laminated jaws, 
and jaws with both offset and lamination. .............................................. 156 

  



9 

List of Appendices 
 
Appendix 1. Maine’s Conservation Statutes Related to Department Authority, 

Trapping, and Threatened and Endangered Species as of 
February 2, 2012. .................................... Error! Bookmark not defined. 

Appendix 2. Maine Department of Inland Fisheries and Wildlife Trapping 
Rules. ...................................................... Error! Bookmark not defined. 

Appendix 3. Chapter Titles and Content Standards from Maine's Trapper 
Education Manual (May 2008), and Supplemental Course 
Material on Lynx and Eagle Incidental Captures.Error! Bookmark not defined. 

Appendix 4. Excerpts from IFW’s 2006 Trapper Mailing on Incidental Lynx 
Captures. ................................................ Error! Bookmark not defined. 

Appendix 5. Application of avoidance and minimization measures to lynx 
WMDs ..................................................... Error! Bookmark not defined. 

Appendix 6. Flow Diagram of Maine's Strategic Planning Process for Species 
of Greatest Conservation Need. .............. Error! Bookmark not defined. 

Appendix 7. Lynx Population Model ............................ Error! Bookmark not defined. 
Appendix 8. Maine Department of Inland Fisheries and Wildlife Responding to 

Incidental Captures of Lynx. .................... Error! Bookmark not defined. 
Appendix 9. IFW's Predator Management Program .... Error! Bookmark not defined. 
Appendix 10. Excerpts from IFW's (2012) Animal Damage Control Program.Error! Bookmark not defined. 
Appendix 11a. Memorandum of Understanding between the Maine Department 

of Inland Fisheries and Wildlife and the Maine Department of 
Agriculture, Conservation, and Forestry Division of Parks and 
Public Lands for Canda Lynx Habitat Mitigation.Error! Bookmark not defined. 

Appendix 11b. Memorandum of Understanding for lynx habitat mitigation, 
justification from Maine Assistant Attorney General.Error! Bookmark not defined. 

Appendix 11c. Dispute Resolution Process in the event that disputes concerning 
implementation of the ITP or the permit arise.Error! Bookmark not defined. 

Appendix 12. Comments from IFW Commissioner Lee Perry to USFWS on the 
proposal to list lynx as a threatened species.Error! Bookmark not defined. 

Appendix 13. Implementation plan for the use of non-lethal cable restraints in 
Maine. ..................................................... Error! Bookmark not defined. 

 
  



10 

Executive Summary 
 
Although the U. S. Endangered Species Act (ESA) prohibits the "take" of threatened or 
endangered species that results in direct harm to the species or habitat destruction, the 
ESA authorizes the U. S. Fish and Wildlife Service (USFWS) to issue permits for the 
"incidental take" of listed wildlife species (See Section 10a(1)(B) of the ESA) that may 
occur from otherwise lawful activities.  The Maine Department of Inland Fisheries and 
Wildlife (IFW) is submitting this incidental take plan (Plan) to the USFWS for a Section 
10 permit to provide statewide protection to trappers in the event that Canada lynx 
(Lynx canadensis), a federally threatened species, are incidentally trapped in lawfully 
made sets during Maine’s legal trapping season, animal damage control (ADC), or 
predator management (PM) activities.  This permit will cover individuals that are 
licensed or otherwise authorized to trap including fur trappers, animal damage, and 
predator management trappers.  Annually this constitutes approximately 6,000 
individuals based on data from 2000-13.  Trappers incidentally catching a lynx in traps 
that are illegally set are not covered and are liable for take under the ESA. 
 
The incidental take authorized within the scope of the Section 10 permit issued to IFW 
will cover lynx that are incidentally trapped and not injured, lynx receiving minor or major 
trap related injuries, and lynx killed in traps.  Canada lynx are the only species proposed 
for coverage through the incidental take permit (ITP), as no other federally listed 
species are anticipated to be affected by the State’s trapping programs.  Species that 
may be listed in the future will be handled through permit amendment, as necessary 
and appropriate.  Data from Maine suggests that the majority of lynx caught in traps 
should be released with little or no injury.  However, occasionally a lynx may die or have 
a trap related injury that requires veterinarian care.  Therefore, IFW is requesting a 
permit to cover the incidental trapping of up to 195 lynx during the next 15 years that 
includes the lethal take of up to 3 lynx and major injury of up to 9 lynx.  The duration of 
the permit was based on IFW’s species planning period, where management objectives 
and plans are reviewed and updated through a public planning process approximately 
every 15 years. 
 
The proposed take of lynx in this Plan will have no adverse impacts to habitat and will 
not affect lynx population growth rates during the permit period.  Throughout the Plan, 
IFW provides data from more than 12 years of tracking lynx and incidental take in 
Maine that demonstrates that trapping in Maine does not pose a risk to Maine’s lynx 
population and may only directly impact a few individuals (<12 lynx in a 15 year 
period).  Since the late 1990s, Maine’s lynx population increased to historic high 
numbers in areas where fur trapping, ADC, and PM effort occurred.  If Maine’s lynx 
population declines during the permit period in response to changes in habitat quality 
and prey densities, IFW expects that lynx incidental capture rates will also decline. 
 
Although lynx are found primarily in WMDs 1-11, 14, 18, and 19, IFW is committed to 
adjusting trapping regulations if lynx expand into other areas of the state, and thus 
seeks statewide coverage for the incidental take of lynx.  To minimize the incidental 
trapping of lynx in Maine, this Plan includes measures that   

http://www.fws.gov/endangered/ESA/sec10.html


11 

1. requires killer-type traps (<8 inch jaw spread) set on land in WMDs 1-11, 14, 
18, and 19 to be set on a leaning pole in compliance with current Maine laws, 
on the ground as a blind set (i.e., only traps with jaw spreads < 5 inches) or 
with an improved approved lynx exclusion device; 

2. restricts the placement of visible bait near foothold and killer-type traps 
statewide;  

3. requires the use of 1 3 swiveling points on foothold traps in lynx 
WMDs;statewide; 

4. requires the mandatory reporting of any lynx caught in traps prior to releasing 
the lynx, unless an IFW official cannot be reached in time to prevent injury to 
the lynx;   

5. requires IFW personnel, when it is safe to do so, to release lynx from traps to 
evaluate and treat any trap related injury and insure compliance with trapping 
regulations;  

6. requires periodic staff training and evaluation of 15 lynx by a licensed 
veterinarian over the permit period;  

7. provides care to lynx if injured; 
8. provides eight outreach and education efforts to inform new and experienced 

trappers of measures to avoid or minimize lynx captures;  
9. commitments to investigate compliance with trapping regulations that minimize 

lynx capture; and  
10. provides 6,200 acres of lynx habitat as mitigation for permitted lethal take.   

 
“During the 2014-2015 trapping season, two lynx were killed in legally set killer-type 
traps on leaning pole sets. Therefore, IFW is promulgating regulatory changes to 
ensure no additional lynx are killed.  By committing to the use of exclusion devices in 
lynx zones for all killer-type traps (except those described in Section 3 Table 3, 
Regulation/Action 7 D 1-3, PLAN) IFW will eliminate the risk to lynx posed by killer-
type traps set on leaning pole sets.  Although there are no additional data that indicate 
lynx are residing outside of the lynx zones, IFW, out of an abundance of caution, is 
requiring that exclusion devices be used statewide.  If there are no data that indicate 
the presence of resident lynx outside of the lynx zone, IFW may eliminate the 
exclusion device requirement outside of the lynx zone.  Additionally, outside of the lynx 
zone, IFW may adopt other measures, in lieu of exclusion devices, to assess the 
effectiveness of such measures in improving the capture of targeted furbearers.  Risk 
to lynx outside of the lynx zone is negligible.  Any future regulatory changes within lynx 
zone, which relate to lynx incidental captures, may require a minor amendment.  The 
current ITP only requires minimization measures within lynx zone, and it is IFW’s 
understanding that minimization measures outside of the lynx zone may be altered 
without amending the Plan.”The requirement to implement lynx exclusion devices on 
killer-type traps within lynx WMDs is a condition of the ITP, based on the triggering of 
changed circumstance number 3.  As such, any future change or modification to that 
commitment requires following the permit amendment process established in chapter 
8. However, outside of established lynx WMDs, IFW is not required to implement such 
devices on killer-type traps, or can establish the parameters for such requirements 
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based on its sole discretion, since the risk of catching lynx in traps in non-lynx WMDs 
is extremely low.  
 
As part of this permit, IFW proposes rescinding current foothold trap size restrictions 
that do not reduce lynx capture rates and permitting the use of cage traps where risk 
of injury to lynx is low.  Lethal snares set under water for beaver or other aquatic 
furbearers will continue to be permitted statewide as they do not pose a risk to lynx.  
Although currently not permitted, trappers that have been certified through an IFW 
training course may also be allowed to set non-lethal cable restraints for coyotes in the 
future.  However, lethal snares set on land will not be allowed under this permit.   
 
This Plan is divided into 8 sections that describe Maine’s data on the risk of foothold, 
non-lethal cable restraints, cage, and killer-type traps to lynx, and IFW’s plans to 
minimize, monitor, and mitigate impacts of Maine’s furbearer trapping season, ADC, 
and PM activities on lynx as required by the ESA.  Each section of this Plan will 
include a summary providing an overview of IFW’s current knowledge and the key 
elements of the section.  
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1.0 Introduction and Background 
 
1.1 Permit Coverage 
 
This Incidental Take Plan (Plan) is prepared in conjunction with an application from IFW 
to the USFWS for a Section 10 permit under the federal Endangered Species Act 
(ESA).  Incidental capture of lynx during trapping activities is anticipated during 
implementation of the Maine’s regulated recreational furbearer trapping, predator 
management (PM) and the animal damage control programs (ADC).  Therefore, IFW is 
seeking an ESA incidental take permit to cover legal trapping activities that occur 
through these programs.  
 
The entities covered by the incidental take authorizations include the following: 

• All licensed trappers (non-resident, resident, alien, junior (resident and non-
resident), and apprentice resident and non-resident trappers, complimentary 
over 70 year old trappers, lifetime trapping licenses including Native Americans 
that trap off tribal lands, ADC agents and PM trappers. 
 

• Other people permitted to trap without a trapping license: IFW full-time 
employees (e.g., district game wardens, and wildlife biologists) and landowners 
trapping on their own land.   

 
Annually this constitutes approximately 6,000 individuals based on data from 2000-13.  
Further descriptions of these entities are provided in Title 12 Subsections 12201 and 
12202.  All IFW staff, including contractors and veterinarians that are designated as an 
“Agent of the Department” implementing this Plan are covered by IFW’s Section 6 
agreement with the USFWS.   
 
1.2 Permit Duration 
 
IFW is seeking incidental take coverage via the Section 10 permit for 15 years from 
permit issuance by the USFWS in accordance with IFW’s species planning process.  
Approximately every 15 years, IFW reviews the status of wildlife species to identify 
species management goals and objectives from public input.  Although IFW recognizes 
that the benefits of some management actions may take longer than 15 years, this Plan 
duration allows IFW and the public to respond to new information or concerns.  
 
1.3 Regulatory/Legal Framework for Plan 
 
The ESA of 1973, administered by the Interior Department’s USFWS, is regarded as 
one of the most comprehensive wildlife conservation laws in the world.  The purpose of 
the ESA is to conserve “the ecosystems upon which endangered and threatened 
species depend” and to recover listed species. 
 
Section 9 of the ESA, as amended, prohibits the “take” of any fish or wildlife species 
listed under the ESA as endangered, and “take” of fish or wildlife species listed as 
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threatened is also prohibited, unless specifically authorized by Section 10 permit.  Take, 
as defined by the ESA, means “to harass, harm, pursue, hunt, shoot, wound, kill, trap, 
capture, or collect, or to attempt to engage in any such conduct.” 
 
In the 1982 amendments to the ESA, Congress added a provision in Section 10 that 
allows for the “incidental take” of endangered and threatened species of wildlife by non-
federal entities.  Incidental take is defined by the ESA as take that is “incidental to, and 
not the purpose of, the carrying out of an otherwise lawful activity.”  Prior to 1982, 
parties that undertook projects involving federal funding or approval could obtain 
incidental take coverage through ESA Section 7 consultations, but had no recourse 
under the law for exemption.  Up to that time, only take occurring during scientific 
research and other conservation actions could be authorized under the ESA.  The 
“incidental take permit” (ITP) process was established under Section 10(a)(1)(B) of the 
ESA precisely to resolve this difficulty. 
 
Section 10(a)(2)(A) of the ESA requires an applicant for an ITP to submit an Incidental 
Take Plan (also known as a habitat conservation plan, Plan, or HCP) that specifies, 
among other things, the impacts that are likely to result from the taking, and the 
measures the applicant will undertake to minimize and mitigate such impacts. 
 
The federal HCP program has grown rapidly in recent years.  In the first 10 years of the 
program (1983-1992), 14 ITPs were issued.  By May 2006, 448 HCPs had been 
approved and over 718 ITPs had been issued.  In a little over a decade, the HCP 
process has been transformed from a relatively little used option under the ESA to one 
of its most important and innovative conservation programs. 
 
1.4 Plan Area 
 
The currently defined lynx range is wildlife management districts (WMDs) 1-11 and 14, 
18, and 19 (Figure 1.1).  Trapping has been restricted in these WMDs to minimize lynx 
incidental capture and is where minimization measures in this Plan will be implemented.  
Lynx range in Maine is based on consistent presence of lynx as documented by verified 
observations described in Minimization Measure PI 1 (Section 5.2).  Although lynx 
sometimes occur in other parts of the state (e.g., WMD 17 and 23) these areas are not 
currently considered part of lynx range in Maine, since the lynx did not remain in the 
area (Figure 1.1).  Conversely, the single observation of a lynx incidentally trapped in 
WMD 18 meets the criteria for extending lynx minimization measures (Appendix 5).   
The Plan is statewide to the extent that it covers state-sanctioned trapping activities 
throughout Maine.  Any lynx caught in a legally set trap is covered by the Plan.  
However minimization measures will apply to the currently defined lynx range unless 
otherwise specified.  IFW does not consider minimization measures applicable outside 
of the currently defined lynx range to be part of this Plan and that IF&W can thus modify 
these measures without a Plan amendment.   IFW will monitor lynx distribution and 
extend current trapping regulations if lynx distribution changes (See Minimization 
Measure PI1 – Section 5.2).  
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Figure 1.1 The distribution of Canada lynx in Maine from ecoregional snow 
track surveys, sightings of lynx (primarily tracks) by IFW biologists, 
incidental takes, and telemetry data from 2000 until 2011.  Points in 
WMD 17 and 23 are from telemetry over a 26 and 9 day period by two 
radiocollared lynx that did not remain in the area.  Conversely, the 
single observation in WMD 18 was a lynx caught in a trap that meets 
the criteria for extending lynx minimization measures. 
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1.5 Species to be Covered by Permit 
IFW is seeking a Section 10 permit for Canada lynx (Lynx canadensis), which is a 
federally threatened species (but see Appendix 12) and a species of special concern2 in 
Maine.  There are no other federally listed species that will be impacted by the covered 
activities and therefore IFW is not seeking permit coverage for other listed species.  The 
risk of take for other federal trust species (e.g., migratory birds or bald and golden 
eagles) is low therefore IFW is not seeking coverage for non-listed species. 
 
 
  

                                            
2  The special concern status is an IFW administrative designation given to species of fish or wildlife 
whose populations are vulnerable to various threats but do not meet the criteria for state endangered or 
threatened status.  
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2.0 Environmental Setting / Biological Resources 
 
Summary 
 
IFW is requesting a permit to cover the incidental take of Canada lynx, a federally 
threatened species, from trapping activities described in Section 1.1.  No other federally 
threatened or endangered species are likely to be caught in traps.  The USFWS must 
also consider the impact of the permitted activity (i.e., trapping) on other protected 
species before issuance.   
 
Also in this section, IFW provides data on the status of Maine’s lynx population based 
on 12 or more years of monitoring lynx in Maine.  These data demonstrate that 
Maine’s lynx population increased between 1995 and 2010 in areas where fur 
trapping, ADC, and PM occurred.  The recent increase in lynx numbers in Maine is 
attributed to high densities of snowshoe hares, the primary prey item for lynx.  
Consistent with population dynamics of lynx elsewhere, the population may have 
plateaued in Maine over the last several years.  Data collected from IFW’s telemetry 
study were incorporated into a population model that indicate that the level of lethal 
take requested in this Plan will not affect lynx population growth rates during the 15-
year permit period (Appendix 7).  
 
2.1 Environmental Setting 
 
Located at the northeast tip of the United States, the State of Maine is approximately 
320 mi (515 km) long and 210 mi (338 km) wide and is about halfway between the 
equator and the North Pole.  Among the states, it is the 39th largest (33,315 mi2 [86,286 
km2]), but it is almost as big as the rest of the New England states combined.  The 
northern half of the state is sparsely populated, giving the state a relatively low human 
population (1.3 million people) or a density of approximately 39 people / mi2 (16 people / 
km2). 
 
Maine is bounded on the northwest and northeast by the Canadian provinces of Quebec 
and New Brunswick, respectively, and on the west by New Hampshire.  The famed 
rocky coastline of the state is angled from southwest to northeast along the Atlantic 
Ocean.  
 
The western half of Maine is part of the Warm Continental Mountain ecoregion (i.e., 
high mixed forests, coniferous forests, and tundra), while the eastern half of the state is 
divided into the Warm Continental Division (i.e., mixed deciduous and coniferous 
forests) and the Hot Continental Division (i.e., broadleaved forests – oceanic; Bailey 
1997).  The Warm Continental Mountain ecoregion extends into New Hampshire, 
Vermont, and into the Adirondacks of New York.  The mixed deciduous and coniferous 
forests of the Warm Continental Division continue to the east into New Brunswick and 
Nova Scotia and to the west into Quebec; finally ending in Minnesota (Bailey 1997).   
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Maine abounds in natural assets.  Over 90% of the state (17.5 million acres [7.1 million 
hectares]) is forested, giving Maine the distinction of being the most heavily forested 
state in the nation.  Maine has nearly 6,000 lakes and ponds, 5,000,000 acres 
(2,023,500 ha) of wetlands, 31,800 mi (51,179 km) of rivers and streams, 4,100 mi 
(6,599 km) of coastline, and more than 3,000 coastal islands and ledges.  
 
Climate 
 
The National Weather Service separates Maine into three distinct climatological 
divisions – coastal, southern interior, and northern interior.  The southern and coastal 
regions are influenced by air masses from the south and west.  North of the land 
dividing the St. John and Penobscot River basins, air masses moving down the St. 
Lawrence River Basin tend to prevail.  Mean annual temperatures range from 37oF to 
39oF (3oC to 4oC) in the north and from 43oF to 45oF (6 to 7oC) in the southern interior 
and coastal regions.  Mean temperatures are about 62oF (17oC) throughout the state 
during the summer and 20oF (-7oC) during the winter.  Cloudy days average 222 per 
year in the south to 206 in the north.  Annual precipitation averages 36 in to 48 in (91 
cm to 122 cm).  Snowfall averages more than 100 in (254 cm) in the north and higher 
elevations.  
 
Topography / Geology 
 
The Appalachian Mountain chain extends into Maine from New Hampshire, terminating 
at Mount Katahdin, at 5,268 ft (1,606 m) the state’s tallest peak.  The western and 
northwestern borders adjoining New Hampshire and Quebec are characterized by 
rugged terrain with numerous glacier-scoured peaks, lakes, and valleys.  South and 
east of mountain areas lay rolling hills, smaller mountains, and broad river valleys.  
 
Maine’s coastline consists of long sand beaches interrupted intermittently by rocky 
promontories in the southwest and a series of peninsulas, narrow estuaries, bays, 
fjords, and coves located north and east of Portland, the state’s largest city.  The tides 
along Maine’s coast are among the highest in the world, running between 12ft and 24ft 
(4m and 7m).  More than 3,000 islands dot the coast, some no more than rock ledges; 
others are vegetated and are home to a variety of marine wildlife and people. 
 
Geologically, Maine is something of a youngster; the oldest rocks, found in the Chain of 
Ponds area in the western part of the state, are only 1.6 billion years old – more than 2 
billion years younger than the world’s oldest rocks.  The state has experienced several 
episodes of glaciation.  The most recent was about 18,000 years ago when Maine was 
covered by glacial ice about a mile thick (Gawler et al. 1996).  The present-day 
biological diversity in Maine is the result of post-glacial movements of plants, animals, 
and microorganisms into the state. 
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Hydrology / Streams, Rivers, Drainages 
 
Maine has more than 5,000 rivers and streams comprising 31,800 mi (51,179 km) of 
flowing waters that provide nearly half of the watershed for the Gulf of Maine.  More of 
these rivers and streams are undeveloped and free flowing than in any other state in the 
northeastern United States (Bennett 1988).  The major rivers are the Penobscot (350 mi 
[906 km]), the St. John (211 mi [546 km]), the Androscoggin (175 mi [453 km]), the 
Kennebec (150 mi [388 km]), the Saco (104 mi [269 km]), and the St. Croix (75 mi [194 
km]). 
 
Maine also has nearly 6,000 lakes and ponds, most of which can be linked to a single 
cause -- glaciation.  The state has the second largest number of natural glaciated lakes 
of any state east of the Mississippi River – 3,000 lakes and ponds more than 10 acres 
(4 ha) in size and another 2,000 between 1 and 10 acres (0.4 to 4 ha; Bennett 1988). 
 
Northwestern Maine’s Moosehead Lake, covering about 117 mi2 (303 km2), is the 
state’s largest lake; in fact, the largest lake in New England to lie wholly within the 
boundaries of a single state.  Sebago Lake in southern Maine is second to Moosehead 
in size, with a surface area of over 44 mi2 (114 km2).  However, it holds the distinction of 
being the deepest at 316 ft (96 m), and its deepest point is 40 ft (12 m) below sea level.  
 
Vegetation 
 
Sixty-seven woody plant species reach their range limits in south-central Maine, and an 
additional 44 woody plant species define a coastal-inland transition zone, reaching their 
western range limits in a southwest-northeast belt bisecting the state (McMahon 1990). 
 
There are approximately 1,432 native and 643 introduced species of vascular plants in 
Maine.  The state’s vascular plants include both typically Appalachian representatives at 
the northern edge of their range and typically boreal representatives at the southern 
limit of their range (Gawler et al. 1996).  Seventeen percent of Maine’s native flora (254 
species) are considered rare, threatened, or endangered (Gawler et al. 1996). 
 
Wildlife 
 
Maine’s geographical location, physical relief, and present and past land-use practices 
result in a diversity of vegetation and climatic conditions and a diverse and unique 
assemblage of wildlife.  The state is a transition area and its wildlife resources represent 
a blending of species that are at or approaching the northern or southern limit of their 
range. 
 
Invertebrates are the most diverse group of organisms in Maine, exceeding vertebrate 
species by several orders of magnitude.  Yet, knowledge even of which species occur in 
Maine is very incomplete.  Only basic information on the distribution and general habitat 
preferences for a few taxonomic orders such as butterflies (Lepidoptera), mayflies 
(Ephemeroptera), and dragonflies (Odonata) are available (Gawler et al. 1996).  
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Presently, seven invertebrates are listed as endangered under the Maine Endangered 
Species Act (MESA):  Roaring Brook mayfly (Epeorus frisoni), Hessel's hairstreak 
(Satyrium edwardsii), Clayton’s copper (Lycaena dorcas claytoni), Edwards’ hairstreak 
(Callophrys hesseli), Katahdin arctic (Oeneie polixenes katahdin), Juniper hairstreak 
(Callophrys gryneus), and Rapids clubtail (Gomphus quadricolor).  Likewise, 10 species 
are listed as threatened:  tidewater mucket (Leptodea ochracea), yellow lampmussel 
(Lampsilis cariosa), Brook floater, (Alasmidonta varicosa), Ringed boghaunter 
(Williamsonia lintneri), Tomah mayfly (Siphlonisca aerodromia), twilight moth (Lycia 
rachelae), Pine barrens zanclognatha (Zanclognatha martha), Purple lesser fritillary 
(Boloria chariclea grandis), Sleepy duskywing (Erynnis brizo), and Boreal snaketail 
(Ophiogomphus colubrinus) (§12803; Appendix 1).  
 
There are 34 amphibian and reptile species (18 and 16 respectively) in Maine, and their 
distribution in the state is relatively well known.  Maine lists the eastern box turtle 
(Terrapene Carolina), Blanding’s turtle (Emydoidea blandingii), and black racer (Coluber 
constrictor) as endangered, and the spotted turtle (Clemmys guttata) and loggerhead 
turtle (Caretta caretta) as threatened (§12803; Appendix 1).   
 
Boone and Krohn (1998) listed 56 mammal species as extant in Maine.  Only one 
mammal, the northern bog lemming (Synaptomys borealis), is listed as state threatened 
under MESA.  Although its range overlaps with Canada lynx, trapping does not threaten 
this species.  Even though Canada lynx are listed as threatened under the federal ESA, 
the species does not meet the listing criteria for a threatened or endangered species 
under MESA.  Rather, Canada lynx are listed as a species of special concern in Maine.  
The New England cottontail rabbit (Sylvilagus transitionalis) is Maine's only state 
endangered mammal (§12803; Appendix 1).  The USFWS considers the species to be 
warranted but precluded from listing under the federal ESA (U. S. Department of Interior 
2006).  The USFWS must make a final determination on the federal listing status of 
New England cottontail by 2015 as the result of a court settlement (2011 Multi-District 
Litigate Agreement).  New England cottontail are only found in southern Maine 
(Cumberland and York Counties) and their range does not overlap with Canada lynx 
(Litvaitis et al. 2003).  
 
There are more than 218 species of birds that have been documented as breeding 
regularly in Maine (Gawler et al. 1996).  Of these, 198 species breed at inland sites in 
upland, wetland, or aquatic habitats (Gawler et al. 1996).  Maine lists 10 species as 
endangered:  golden eagle (Aquila chrysaetos), peregrine falcon (Falco peregrinus), 
piping plover (Charadrius melodus), roseate tern (Sterna dougallii), least tern (Sterna 
antillsrum), black tern (Chlidonias niger), sedge wren (Cistothorus platensis), American 
pipit (Anthus rubescens), grasshopper sparrow (Ammo dramus savannarum), and least 
bittern (Ixobrychus exilis).  An additional 11 species are listed as threatened in Maine:  
razorbill (Alca torda), Atlantic puffin (Fratercula arctica), Harlequin duck (Histrionicus 
histrionicus), bald eagle (Haliaeetus leucocephalus), arctic tern (Sterna paradisaea), 
upland sandpiper (Bartramia longicauda), black-crowned night heron (Nycticorax 
nycticorax), Common moorhen (Gallinula chloropus), great cormorant (Phalacrocorax 
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carbo), short-eared owl (Asio flammeus), and Barrow's goldeneye (Bucephala 
islandica). (§12803; Appendix 1).  
 
Existing Land Use 
 
Maine’s present land use is characterized by extensive forests interspersed with 
agricultural areas in northeast Maine, scattered farms throughout the rest of the state, 
and many small towns.  Maine’s human population is densest in the southern part of the 
state and become less populated in the north.  The human population lives primarily in 
small towns and in a handful of urban areas.  Despite the large tracts of forestland in the 
state, only 5% of the land in Maine is in public ownership.  For the most part, wildlife 
habitat is confined within large commercial forests in northwest, western, and eastern 
Maine, and within smaller private landholdings in southern, coastal, and central Maine. 
 
2.2 Biological Resources 
 
2.2.1 Canada Lynx 
 
Description and Natural History 
 
The Canada lynx is a medium-sized cat that averages 25 lb (11 kg) for males and 19 lb 
(9 kg) for females.  Its general appearance is similar to the bobcat.  The most notable 
difference between a lynx and a bobcat is paw size.  Lynx paws are about twice the size 
of bobcat paws.  Lynx also can be distinguished from bobcats by the tip of their tail, 
which is completely black (bobcat tail tips are only black on the upper side [dorsal side]).  
Lynx have more prominent ear tufts, paler coloration, less spotting, and longer legs than 
bobcats. 
 
Lynx are specialized predators on snowshoe hare (Lepus americanus), although they 
will opportunistically take other small mammals.  Lynx are adapted to living in areas with 
deep fluffy snow, where they have a competitive advantage over other predators (e.g., 
bobcat, coyote, and fisher).  The large size of a lynx’s paws distributes the animal’s 
weight over a large surface area and enables it to walk on snow.  Thus, lynx have more 
mobility on deep snow than other predators with smaller paws (or higher foot loading), 
and expend less energy acquiring food in winter than more generalist predators.  
 
In North America, lynx occur in Alaska and Canada and extend south into the northern 
contiguous states.  They live in subarctic forests, boreal forests, mixed deciduous and 
coniferous forests (immediately south of the boreal forests), and in alpine forests in the 
Rocky Mountains, Cascades, Great Lakes, and Northeast.  Maine, New Hampshire, 
Washington, Montana, Minnesota, Wyoming, Idaho, and Colorado are the only states, 
outside of Alaska, that currently have resident lynx populations in the US.   
 
Lynx are highly mobile and can move long distances (>60 mi [100 km]) when 
dispersing; Slough and Mowat 1996, and Vashon et al. 2012).  They prefer to make 
their reproductive dens in forests with high stem densities and high amounts of woody 
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debris (downed logs; Organ et al. 2008).  These conditions may provide some 
protection to kittens, and may provide ready access to snowshoe hare, which are also 
attracted to this type of forest structure. 
 
Research Efforts 
 
IFW included a description of the lynx research efforts in Maine, prior to describing 
Maine's lynx population, to acquaint the reader with the scope of information collected 
during this study.  We reference the results of this study throughout this document and 
based many of our conclusions on the results from this research.   
 
From 1999-2011, IFW, in cooperation with the USFWS, conducted a radiotelemetry 
study of Canada lynx in a 4-township area of northwestern Maine.  The original 
objectives of this study were to 1) determine if there was a viable, self-supporting 
population of lynx in Maine, or if lynx occurring in Maine were simply transients from the 
lynx population in Canada; 2) document mortality factors affecting lynx in Maine; 3) 
identify habitats used by lynx in Maine and how they relate to snowshoe hare 
distribution and abundance; 4) investigate how lynx distribution in Maine is affected by 
sympatric populations of bobcats, coyotes, and foxes; and 5) test the efficacy of various 
survey methods used to determine the status of lynx. 
 
Between 1999 and 2011, 85 of 88 lynx captured were equipped with radiocollars3 
including a lynx that had been initially caught by a fur trapper and radiocollared4.  IFW 
biologists used #3 foothold traps with padded offset jaws, cage traps, and hounds to 
capture lynx.  Most lynx were captured more than once; 59 lynx were caught in foothold 
traps 122 times and 52 lynx were captured in cage traps 339 times.  Only one lynx was 
captured with the use of hounds.  Reproduction of radiocollared adult females was 
monitored by visiting dens and capturing kittens.  Between 1999 and 2011, 113 kittens 
were handled at 43 den sites.  IFW biologists have worked closely with faculty at the 
University of Maine in Orono (U Maine) on several graduate projects related to lynx and 
lynx /snowshoe hare interactions.  Scientific manuscripts on lynx home range size, 
habitat use, and den site characteristics have been published (Organ et al. 2008, 
Vashon et al. 2008a and b).  In addition, IFW continues to work closely with the USFWS 
on lynx surveys and habitat management recommendations.  Numerous entities have 
supported the study both financially and technically.  
 
Population in Maine 
 
Maine’s lynx are part of a large lynx population that includes the Quebec’s Gaspé 
Peninsula and northern New Brunswick (Hoving 2001, Vashon et al. 2012).  In contrast 
to western states, most of Maine’s lynx range occurs on privately owned woodlands 
managed for timber production.  Lynx are attracted to the regenerating forests that 
occur on these lands, as the high stem densities of these forests provide snowshoe 
hare with ideal habitat.  In Maine, snowshoe hare are associated with regenerating 
                                            
3 Three lynx were caught at the end of the study and released without a radiocollar.   
4 To date, six lynx have been caught by fur trappers and equipped with radiocollars.   
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forest (15 to 35 years of age) and are negatively associated with recent clearcuts and 
mature forest (>40 years old and  <80 years old; Litvaitis et al 1985, Monthey 1986, 
Lachowski 1997, Fuller 1999, Hoving et al. 2004, Robinson 2006).  Hoving (2001) 
suggests that good lynx habitat in the Northeast consists of complexes of regenerating 
forest with relatively few deciduous trees and a high annual snowfall (>105 in [268 cm]).  
 
The age structure of Maine’s forests has changed considerably since European 
settlement, which likely changed the abundance and distribution of lynx in the state.  
Seymour et al. (2002) suggested that there has been a shift from a predominately 
mature forest to younger forest in Maine, based on past and current disturbance factors.  
During pre-settlement times, Maine’s forests experienced frequent but small natural 
disturbance events (wind, ice, and insect outbreaks) resulting in an older forest system 
and regenerating forests comprised approximately 3% to 5% of the pre-settlement 
coniferous forests in northern Maine (as cited in Vashon et al. 2012).  Spruce budworm 
epidemics occur periodically in Maine.  The most recent and widespread epidemic in 
1972-1986 resulted in extensive clearcutting to salvage diseased trees.  By 1995 and 
2010, between 38% and 48%, respectively, of Maine’s northern forest was classified as 
early regenerating stands.  Many of these stands (50%) currently have a physical 
structure (stem density and height) that provides optimal cover for snowshoe hare 
(Vashon et al. 2012).  These regenerating forests, and the subsequent high snowshoe 
hare densities, influenced the current abundance and distribution of lynx (Figure 1.1).  
 
Data on the historic and present distribution of lynx comes from historical records as 
compiled by Hoving (2001), radiotelemetry data from the IFW/USFWS study, snow track 
surveys from IFW’s various ecoregional surveys, snow track sightings and visual 
observations reported by IFW regional biologists, and incidental takes of lynx (Figure 
1.1). 
 
Population Size and Status 
 
Lynx are found primarily in western and northern Maine’s spruce/fir forest (Figure 1.1).  
Overall, Maine’s lynx population appears to have increased dramatically since 1995.  
For example, IFW personnel searched for lynx tracks each winter from 1994 to 1996.  
For those years, a total of 4,118 km of transects in 82 townships in northwestern Maine 
were searched for lynx tracks (Jakubas 1997).  Of the 82 townships that were surveyed, 
lynx were found in only 9 townships (11% of the townships searched).  In 2003, 20 
townships, located in the same area of the state as the 1994 to 1996 surveys, were 
resurveyed for lynx.  In 2003, IFW observed lynx tracks in 75% and 73% of areas with a 
high/moderate and low probabilities of having lynx, respectively.  Survey efforts were 
extended to eastern and western Maine.  By 2008, lynx tracks were detected in 83% of 
the survey areas with a moderate or high probability and half the towns with a low 
probability of lynx occurrence (Vashon et al. 2012).  These data are consistent with 
other indices of population change including the number of lynx struck by vehicles, 
number of lynx sightings, and number of incidentally trapped lynx in Maine (Figure 
4.1.4).  Recent estimates suggest that there were between 750 and 1,000 adult lynx in 
Maine in 2006 and may have reached a plateau or peaked in 2010 (Vashon et al. 2012).  
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Similar patterns in lynx numbers have been reported by neighboring jurisdictions (e.g., 
New Brunswick; Cade Libby, New Brunswick Department of Natural Resources and 
Energy, personal communication) and in a recent habitat model for Maine (Simons 
2009).  
 
Limiting Factors in Maine 
 
Lynx habitat in Maine is not currently threatened with destruction or fragmentation due 
to agriculture, urbanization, recreational development, or by high volume/high speed 
roadways.  Recreational development and agricultural fragmentation have not occurred 
in most of northwestern Maine.  Human activity in WMD 1-11, 14, 18, and 19 has 
increased since the early 1900s, but it remains low with few permanent residences or 
organized towns in the region.  Major development in the future (e.g., wind power, 
mineral exploitation, highway expansion, and building development) would require 
USFWS consultation.   
 
Although a network of unpaved, private roads with low traffic volumes crisscrosses the 
habitat of lynx in Maine, only one radiocollared lynx has been hit by a vehicle since the 
start of the lynx radiotelemetry project.  However, the public has reported 32 lynx struck 
and killed by vehicles between 2000 and 2012 (Table 2.1).  A similar number of lynx 
have been struck by vehicles on high speed paved roads (n=17) as unpaved roads 
(n=15).   
 
Maine’s lynx population level is dependent on forest management practices that 
determine the amount and distribution of regenerating conifer stands in the state.  
Regenerating conifer stands that are 15 to 40 years of age provide the habitat structure 
(i.e., dense cover) preferred by snowshoe hare (Litvaitis et al 1985, Robinson 2006, 
Scott 2009), which are the principal prey of lynx.  A decrease in the amount of 
regenerating conifer stands in Maine may reduce snowshoe hare numbers and the 
amount of habitat suitable for lynx to live in (Scott 2009, Simons 2009).  These changes 
may come about if less forest is cut or if current forest harvesting techniques (e.g., 
partial harvesting techniques) do not produce understory cover that is as dense and as 
long lived as that produced by past forest harvesting techniques, such as large scale 
clearcutting (Vashon et al. 2012, and Simmons-Legaard et al. 2013).  Additionally, hare 
populations may fluctuate independently of forest conditions (Scott 2009). 
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Table 2.1 Chronology of Canada lynx recovered after being hit by vehicles in 
northern Maine, from listing (2000) to 2012. 

 
Year Number of lynx killed by vehicles 
2000 1 

2001 0 

2002 1 

2003 1 

2004 3 

2005 3 

2006 2 

2007 4 

2008 3 

2009 4 

2010 1 

2011 4 

2012 
 

2013 
 

2014 

5 
 

7 
 

5 
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Most of Maine’s forests are privately owned and managed for timber production.  These 
working forests have provided the habitat necessary to allow Maine’s lynx population to 
expand their range and numbers (Vashon et al. 2012).  However, a major shift in forest 
cutting practices has occurred.  In 1989, 44% of all timber harvesting was done using 
clearcutting (Maine Forest Service 1995) and, in 2005, 94.8% of all the timber 
harvesting in Maine was done using partial harvesting techniques (Maine Forest Service 
2006).  Although a model suggest that optimal hare habitat could start to decline in 2023 
(Simons 2009), the extent of the recent change in forest harvesting techniques on hare 
and lynx numbers is not yet known. 
 
Competition from other predators has been hypothesized in the past as being capable 
of limiting the distribution and growth of lynx populations (e.g., Parker et al. 1983, 
Buskirk et al. 2000).  In Maine, interspecific interactions have been observed between 
lynx, bobcat, and fisher.  Over the course of Maine’s radiotelemetry study on lynx, fisher 
have killed at least 18 lynx and are suspected to have killed 9 others (Vashon et al. 
2012, and McLellan et al. in prep).  While the data show that fisher kill lynx, there is 
insufficient information to show that fisher may exclude lynx from habitats used by fisher 
or in any way limit the range of lynx.   
 
Bobcats and lynx are usually spatially separated by snow depth, which limits 
competition between the species (Aubry et al. 2000).  However, Parker et al. (1983) 
speculated that interspecific competition may have occurred between lynx and bobcat 
on Cape Breton Island, Nova Scotia where the distribution of lynx shrank considerably 
after bobcats immigrated to the Island.  Twenty-five years later, lynx were restricted to 
highland areas where snow depths were greater and provided spatial separation from 
bobcats.  However, no conclusive evidence was presented for interference competition 
between bobcat and lynx in Parker et al.’s (1983) study.   
 
At the periphery of lynx range in Maine, where both lynx and bobcats tracks were 
observed, simulated home ranges around track observations suggest that bobcats were 
found in the best habitat for snowshoe hare (Robinson 2006).  Based on this simulation, 
Robinson (2006) suggests that the presence of bobcats in an area could be used as a 
variable to predict the presence or absence of lynx on the landscape.  In addition to the 
potential for bobcats to limit the range of lynx through competition, several lynx-bobcat 
hybrids have been found in the region where the ranges of the two species overlap 
(Homyack et al. 2008).   
 
One factor that cannot be controlled, but may influence extent of the lynx range in 
Maine, is climatic change (Carroll 2007).  Hoving (2001) modeled climatic changes and 
their potential impact on snow depth and lynx habitat.  This model indicates that 
decreased snow depths may cause the southern boundary of the lynx range to shift to 
the north; thus, decreasing the extent of the lynx range in Maine.  
 
From 1999 to 2011, IFW’s radiotelemetry study documented annual mortality rates for 
radiocollared animals and cause of death, when possible (Tables 2.2 and 2.3).  For lynx 
of all ages, the most common sources of mortality were starvation and predation (Table 
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2.3).  Approximately, 11% of the lynx mortalities in the radiotelemetry study resulted 
from lynx traveling into Canada and being caught incidentally in lethal snares set for 
coyotes. Although poachers killed 3 radiocollared lynx using unknown methods, to our 
knowledge, trappers have not killed a radiocollared lynx in Maine.  IFW documented 
that trappers captured 2 radiocollared lynx and neither required veterinarian care.  
 
 
Table 2.2 Annual mortality rates for Canada lynx (> 1 yr) that were 

radiocollared in Maine from one year prior to the federal listing of 
lynx as a threatened species until 2012.  Annual mortality rates were 
corrected for staggered entry of radiocollared animals into the 
sample (i.e., Kaplan-Meier staggered entry approach; Pollack et al. 
1989). 

 
Yeara Totalb Dead Mortalityc 

1999-00d 6 3 45% 

2000-01 16 5 36% 

2001-02 19 2 12% 

2002-03 19 4 23% 

2003-04 24 5 24% 

2004-05 23 5 23% 

2005-06 33 4 17% 

2006-07 31 13 48% 

2007-08 18 1 6% 

2008-09 26 8 39% 

2009-10 25 9 45% 

2010-11d 7 2 29% 

2011-12d 1 n/a n/a 
a Year is defined by birth pulse(i.e., May 1, 1999 to May 1, 2000). 
b Total = number of lynx monitored (start of the year + new captures). 
c Mortality of radiocollared lynx >1 year old is the inverse of Kaplan-Meier survival rates. 
d Sample size low (start or end of study (i.e., removing collars)). 
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Table 2.3 Mortality factors for Canada lynx tagged or radiocollared for IFW’s 
radiotelemetry study.  Data are from 1999 until 2011.  

 

Cause of mortality Number of 
mortalities 

Proportion of 
total mortalities 

Sex ratio of 
lynx that died 

Starvation 17 26% 9M:84F 
Predation 18 28% 6M:12F 
Suspected Predation 9 14% 4M:5F 
Disease 1 2% 1M 
Illegal harvest 3 5% 1M:2F 
Canada harvest 7 11% 6M:1F 
Unknown 8 12% 4M:4F 
Vehicles 2 3% 2F 
Total 65 N/A 31M:34F 

 
 
2.2.2 Wolves (Canis lupus, Canus lupus lycaon) 
 
The gray wolf (Canis lupus) is listed in the Northeast as a federal endangered species 
and is currently being considered for delisting in the northeastern U. S. (USFWS; 
http://www.fws.gov/northeast/graywolf.html).  The nearest wolf population to Maine is in 
Quebec, but is effectively separated from Maine by Quebec City, the St. Lawrence  
Seaway, and heavy trapping pressure in rural Quebec.  Very few wolves have been 
reported south of the St. Lawrence Seaway, and those wolves were killed in Quebec 
(Villemure and Jolicoeur 2004).  For a historical perspective of wolves in Maine see 
Krohn and Hoving (2010). 
 
Although one gray wolf and one wolf/coyote hybrid were killed in Maine, stable isotope 
analysis of DNA collected from these animals indicates they were of domestic origin.  In 
1993, a gray wolf was killed near Caucomgomoc Lake.  Although positively identified as 
a gray wolf (National Wildlife Forensic Laboratory, Ashland, OR), its behavior around 
people and human dwellings (found sleeping outside a tent and drinking from a 
dishpan) was more typical of captive wolves that have either escaped or have been 
released.  Stable isotope analysis (δ13C) of this wolf's fur indicated that it had a history 
of eating domestic food with corn based products in it (Kays and Feranec 2011).  The 
second animal, killed by a trapper in Aurora in 1996, was a wild canid with a genetic 
profile (National Wildlife Forensic Laboratory, Ashland, OR) similar to wolves in eastern 
Canada (Canus lupus lycaon), which have hybridized with eastern coyotes (Wilson et 
al. 2000).  Although the genetic profile of this animal again suggested a wild origin, 
stable isotope analyses of the animal's bones or hair indicated that it also had a history 
of feeding on foods with corn in them (e.g., dog food) and was likely held in captivity at 
some point (Kays and Feranec 2011). 
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IFW is not seeking a Section 10 permit for wolves because they currently do not exist in 
the state.  If wolves were to become established in Maine, IFW would consider specific 
measures to protect those animals from incidental take.  For approximately 16 years, 
IFW has made efforts to help detect wolves that might immigrate to Maine that include: 
 
1) Distributing wolf identification information (track measurements, size, and 

physical characteristics) to every licensed trapper in the state in the annual 
Trapper Information Booklet. 

2) Conducting and participating in genetic and morphological research on eastern 
coyotes and eastern Canadian wolves to determine whether these animals can 
be readily distinguished from each other (e.g., Wilson et al. 2004; Kays et al. 
2010). 

3) Requesting that hunters or trappers notify IFW if any coyote over 48 inches in 
total length is harvested. 

4) Investigating credible sightings of large canids.  
 
2.2.3 Migratory Birds 
 
Federal Laws 
 
The Migratory Bird Treaty Act of 1918 has provisions in its statutes that make it a 
federal crime to "pursue, hunt, take, capture, kill, attempt to take, capture or kill, 
possess, offer for sale, sell, offer to purchase, purchase, deliver for shipment, ship, 
cause to be shipped, deliver for transportation, transport, cause to be transported, carry, 
or cause to be carried by any means whatever, receive for shipment, transportation or 
carriage, or export, at any time, or in any manner, any migratory bird, included in the 
terms of this Convention…for the protection of migratory birds…or any part, nest, or egg 
of any such bird." (16 U.S.C. 703).  Through regulation, the USFWS can permit the take 
of migratory birds for a variety of purposes, such as rehabilitation, scientific collection, 
raptor propagation, falconry, and depredation.  USFWS has no explicit regulatory 
mechanism to authorize the incidental take of migratory birds.  In Maine, except for ADC 
activities that can operate year round, trapping is limited to the fall and winter months 
when most breeding migratory birds are not present.  Although there was some 
potential for American crows (Corvus brachyhynchos), common ravens (Corvus corax), 
and gray jays (Perisoreus canadensis) to be attracted to baited traps, regulatory 
changes instituted in 2007 in Maine that require bait to be covered has minimized the 
incidental capture of migratory birds. IFW is submitting a separate memorandum to the 
USFWS containing background information about the take of migratory birds to aid the 
USFWS response to public comments. 
 
Bald and golden eagles are also protected under the federal Bald and Golden Eagle 
Protection Act (BGEPA, 16 U.S.C. 668-668c).  This act prohibits the "taking" of bald or 
golden eagles, including body parts, nests, or eggs.  The Act's definition of "take" is 
similar to the ESA but not the same.  The Act defines "take" as "pursue, shoot, shoot 
at, poison, wound, kill, capture, trap, collect, molest or disturb".  Similar to the ESA, the 
BGEPA allows a limited number of eagles to be incidentally taken through a similar 
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permitting process.  Historically through 2006, a total of 37 bald eagles have known to 
have been trapped, injured, or killed as a result of licensed trapping activities.  
However, since implementing statewide covered bait regulations in 2007, no eagles 
are known to have been taken in legally set traps in Maine.  The only documented 
incident since 2006 was the live capture and release of an eagle in an illegal trap on 
March 21, 2010 in Alna (Lincoln County), Maine.  The case was referred to Maine 
Warden Service and USFWS law enforcement.  If IFW detects an issue with take of 
bald or golden eagles, IFW can pursue a permit under the BGEPA. 
 
2.2.4 Plant Species of Concern 
 
There are 3 federally listed plant species in Maine.  The eastern prairie fringed orchid 
(Platanthera leucophaea; federally threatened species) and the Furbish lousewort 
(Pedicularis furbishiae; federally endangered species) occur in northern Maine; within 
geographical are where lynx occur.  The small whorled pogonia (Isotria medeoloides), a 
federally threatened plant, occurs in southern Maine.  The range of this plant lies 
outside of the lynx range.  None of the trapping activities referred to in this request for a 
Section 10 permit will impact any of these plant species because traps are commonly 
set on road, road edges, fields, or in elevated sets (e.g. killer-type traps set on leaning 
polses) where protected plant species do not occur.  
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3.0 Project Description / Activities Covered by Permit 
 
Summary 
 
This section describes IFW’s current trapping program and new capture techniques that 
will be allowed with the implementation of the Plan.  IFW is seeking an ESA Section 10 
permit to cover the incidental take of lynx that may occur in trap sets that are lawfully 
made by trappers, as described in Section 1.1 of the Plan, during IFW’s regulated fur 
trapping season and ADC and PM Programs.  Although the risk is lower for some traps, 
IFW is seeking incidental take coverage for all lawful trapping activities in Maine in the 
event that a lynx is caught.  To date, lynx have been incidentally captured in traps set 
on land by trappers targeting coyote/fox, marten, and fisher during Maine’s regulated fur 
trapping season and by PM trappers targeting coyotes.  Most lynx caught in foothold 
traps can be released with little or no injury, and no lynx have been captured in marten 
and fisher sets that were lawfully made following the requirements established under a 
Federal Court Settlement US District Court of Maine, Case 1:06-cv-00128-JAW 
Document 132-2 Filed 10/03/2007 (Consent Decree).  Throughout this document, we 
state that no lynx were captured in marten and fisher traps that were lawfully set.  
During the 2014-15 trapping season that followed this Plan, two lynx were killed in killer-
type traps that were lawfully set on leaning poles.  
 
The main difference between the three trapping programs is the time of year when the 
activity occurs and the species that are allowed to be trapped.  ADC trappers are 
permitted to set traps anywhere in the state throughout the year for wildlife causing 
damage to property (except protected species, including lynx, unless the USFWS 
permits the activity under Section 10 of the ESA).  Alternatively, fur trappers are 
restricted to setting traps for legal furbearing animals within current furbearer season 
framework (currently mid-October – December 31 except as allowed for under Rule 09-
137 Chapter 4.01 Section G2A), and PM trappers are only permitted to set foothold 
traps for coyotes during the first 45 days of Maine’s trapping season (mid-October to 
end of November).  All trappers are required to follow Maine laws governing trapping, 
including legal trap types.  PM trappers are further limited to setting foothold traps 
because the intent of this program is to capture coyotes near deer winter areas (DWA).  
If a permit is issued, PM and ADC trappers that have met the requirements for setting 
non-lethal cable restraints may be permitted to use these devices to capture coyotes as 
described in Section 3.1.  Each of the programs specifically covered by this permit 
request are described below in more detail and in Appendices 1, 9, and 10. 
 
Table 3.0 provides a complete summary of trapping regulations or actions in lynx range 
to limit the incidental take of lynx as defined in current regulations, agreed in the 
Consent Decree, and implement in this Plan.  Under the original PlanBriefly, the 
following trapping regulations established in the Consent Decree will were to remain in 
effect in lynx areas (currently WMDs 1-11, 14, 18, and 19) if a permit wasis issued:  
 
1) Bait cannot be placed near traps or if visible from above.   
2) Chains on foothold traps will have at least one swivel.  
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3) Killer-type traps (jaw spread <8 inches) must be set 4 feet off the ground on 
leaning poles < 4 inches in diameter and set at > 45 degrees. 

4) Killer-type traps with a jaw spread < 5 inches will be permitted on the ground as a 
blind set. 

5) Snares set completely underwater for beaver and aquatic furbearers will be 
permitted. 

6) Foot snares, a type of non-lethal cable restraint, and cage traps will be permitted 
for black bears.  
 

In addition to regulations currently in place in lynx areas, IFW through the rule making 
process will recommend that baited killer-type traps set on the ground would only be 
permitted if set with a lynx exclusion device, wooden based rat traps for weasel and red 
squirrel would be permitted if set in a recessed wooden box with a hole no larger than 2 
inches, and foothold traps with teeth or auxiliary teeth would only be permitted if set 
underwater.  IFW would rescind current foothold trap size and cage trap restrictions in 
lynx areas.  ADC and PM trappers that obtain the necessary training (see Appendix 13) 
will be allowed to set non-lethal cable restraints for coyotes. Following an evaluation of 
non-lethal cable restraints set by ADC or PM trappers, fur trappers may also be allowed 
to use non-lethal cable restraints after completing the appropriate training.  Although 
non-lethal cable restraints may be permitted, killer-type snares will not be allowed under 
this permit, unless set completely underwater for aquatic furbearers.  IFW will continue 
to monitor take of lynx in Maine’s trapping programs and make adjustments when 
necessary to avoid future takes (See Changed Circumstance in Section 5).  The 
rationale for trapping regulatory changes in this Plan is provided below. 
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Table 3.0 Summary of current regulations/actions regulations in lynx range to limit the incidental take of lynx 
as agreed in Consent Decree, under current regulations, and as implemented in this Plan, and in 
place following amendment to this Plan. 

 

Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

 

Existing 
Regulations/Actions 

Implemented 
Voluntarily by IFW 

 

Regulations or 
Actions once 

Plan is 
accepted and 

Permit is 
Issued 

 

Regulations or Actions in place 
following the approval of the 

August 2015 amendment  to the 
Plan  

1. Restricts trapping in WMD 1-6, 
8-11 (as described below) to 
avoid incidental take of lynx 

 

XYes XYes XYes X Yes 

2. Restricts trapping in WMD 7 
and 14, 18, 19 (as described 
below) to avoid incidental take 
of lynx 
 

No XYes XYes  XYes 

3. Restricts use of visible bait 
near traps statewide 
A. Prohibits use of exposed 

bait or visible attractor on 
covered floats-(Rule 09-
137 Chapter 4.01 G 1a). 

B. Prohibits exposed bait or 
visible attractor during 
Early Fox and Coyote 
Season-(Rule 09-137 
Chapter 4.01 G 2A-d). 

C. Prohibits exposed bait or 
visible attractor during 

 
 

No 
 
 
 

      No 
 
 
 
 

No 
 

 
 

YesX 
 
 
 

XYes 
 
 
 
 

XYes 
 

 
 

XYes 
 
 
 

X Yes  
 
 
 
 

XYes 
 

 
 

 XYes 
 
 
 

 XYes 
 
 
 
 

 XYes 
 

Formatted: Left
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

 

Existing 
Regulations/Actions 

Implemented 
Voluntarily by IFW 

 

Regulations or 
Actions once 

Plan is 
accepted and 

Permit is 
Issued 

 

Regulations or Actions in place 
following the approval of the 

August 2015 amendment  to the 
Plan  

Early Muskrat Trapping 
Season-(Rule 09-137 
Chapter 4.01 G 2B-b). 

D. Prohibits the setting of 
foothold or killer-type traps 
within 50 yards of bait that 
is visible from above (Rule 
09-137 Chapter 4.01 K). 

 

 
 
 

Yes, In 
WMDs 1-
6 and 8-
11 only 

 
 
 

Yes, statewide 

 
 
 

Yes, statewide 

 
 
 

Yes,  statewide 

4. Restricts use of foothold traps 
>5 3/8” jaw spread in WMD 1-
6, 8-11 (Rule 09-137 Chapter 
4.01 J) 

 

XYes XYes Rescind See 
#21No, Note: 
Although the 

accepted plan 
included 

eliminating the 
size restriction, 

IFW has not 
implemented 
this measure 
at this time 

No, Note:Although the accepted 
plan included eliminating the size 

restriction, IFW has not 
implemented this measure at this 

timeX 

5. Requires use of at least 1 
swivel on trap chains in WMD 
1-6, 8-11 (Rule 09-137 
Chapter 4.01 J) 

XYes XYes X 
Yes, and it was 

extended to 
include WMDs 

  Yes, however new rules require 
three swiveling points on all land 
based foothold traps statewide5 - 

See #27 
                                            
5 These restrictions do not apply to foothold traps that when set, placed, or tended are fully or partially covered by water, those that are set on a 
muskrat “float”, or dog-proof traps (also know as Duffer traps).  
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

 

Existing 
Regulations/Actions 

Implemented 
Voluntarily by IFW 

 

Regulations or 
Actions once 

Plan is 
accepted and 

Permit is 
Issued 

 

Regulations or Actions in place 
following the approval of the 

August 2015 amendment  to the 
Plan  

5 continued 7,14,18, 19 - 
See #19 

6. Wooden based rat traps set for 
weasels and squirrels 
recessed within a wooden box 
with a hole no larger than 2” in 
diameter are prohibited in 
WMD 1-6 and 8-11 (Rule 09-
137 Chapter 4.01 J) 

 

 No
  

XYes Rescind See # 
20 No, Note:  

This was 
rescinded  

August 2015 – 
See #22 

No, See #22 
 

7. Restrict the use of killer-type 
traps to leaning poles, aquatic 
sets, as blind, or stream banks 
A. Prohibits killer type traps 

during Early Fox and 
Coyote Season-(Rule 09-
137 Chapter 4.01 G 2A-b). 

B. Requires traps set during 
Early Muskrat Trapping 
Season in WMD’s 1-
6,8,10,11 to be set at or 
below ground level or water 
and killer type traps to have 
a jaw spread of 5 inches or 
less- (Rule 09-137 Chapter 
4.01 G 2B-a,c). 

 
 
 

No 
 
  
 
 

No 
 
 
 
 
 
 
 

 
 
 

XYes 
 
 
 
 

XYes 
 
 
 
 
 
 
 

 
 
 

XYes 
 
 
 
 

XYes 
 
 
 
 
 
 
 

Updated see #28 
 
 

 XYes 
 
 
 
 

 XYes 
 
 
 
 
 
 
 

Formatted: Normal, Indent: Left:  0"

Formatted: Plain Text, Left, Indent: Left:  1"
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

 

Existing 
Regulations/Actions 

Implemented 
Voluntarily by IFW 

 

Regulations or 
Actions once 

Plan is 
accepted and 

Permit is 
Issued 

 

Regulations or Actions in place 
following the approval of the 

August 2015 amendment  to the 
Plan  

 
 

C. Traps set for beaver are 
restricted to killer-type 
traps and drowning sets 
(Rule 09-137 Chapter 4.01 
G 1a) October-April. 

D. Prohibits killer-type traps in 
WMD 1-11, 14, 18, and 19 
unless set completely 
underwater or at least 4 ft 
above the ground or snow 
so long as such traps are 
affixed to a pole or tree that 
is at an angle of 45 
degrees or greater to the 
ground and that is no 
greater than 4 inches in 
diameter at 4 feet above 
the ground or snow level 
(Rule 09-137 Chapter 4.01 
K) except that  killer-type 
traps within an inside jaw 
spread not to exceed 5 
inches can be used when:   

1. Set as to be partially 

 
 

No 
 
 
 
 

Yes, In 
WMD 1-6 
and 8-11 

only 

 
 

XYes 
 
 
 
 

XYes, IFW added 
WMDs 7, 14, 18, 19 

voluntarily to the 
regulation with a 

provision for 
exclusion devices 
in these additional 

WMDs as 
described in #8 

 
 
 

 
 

XYes 
 
 
 
 

YesX 

 
 

Yes  
 
 
 
 

No, this was rescinded in August of 
2015 and replaced with #28 
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

 

Existing 
Regulations/Actions 

Implemented 
Voluntarily by IFW 

 

Regulations or 
Actions once 

Plan is 
accepted and 

Permit is 
Issued 

 

Regulations or Actions in place 
following the approval of the 

August 2015 amendment  to the 
Plan  

covered by water at 
all times or,  

2. Set under 
overhanging stream 
banks, or  

3. Used as blind sets. 
(Rule 09-137 
Chapter 4.01 
K).(Blind set defined 
on page 29 of 09-137 
Chapter 4). 

 
8. Permits use of lynx exclusion 

device (as described on page 
29-30 Rule 09-137) on killer-
type traps with a jaw spread 
not to exceed 7 ½ inches set 
on or above the ground in 
WMD 7, 14, 18, and 19 (Rule 
09-137 Chapter 4.01 K). 

 

 
No 

 
XYes 

 
XYes 

 
 

 
Yes. Killer-type traps allowed to be 
set on the ground Statewide when 

used with Exclusion Devices, 
 

Updated see #28 for a description 
of the rule and the exceptions 

where an exclusion device is not 
required 

9. Prohibits use of cage traps > 
13 X13 inches (WMD 1-6 and 
8-11) except for wildlife 
research, animal damage, or 
to capture black bears. Cage 

XYes XYes No, Note: 
Although the 

accepted plan 
included 

allowing the 

No, Note: Although the accepted 
plan included allowing the use of 

cage type traps, IFW has not 
implemented this measure at this 

time see #20 
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

 

Existing 
Regulations/Actions 

Implemented 
Voluntarily by IFW 

 

Regulations or 
Actions once 

Plan is 
accepted and 

Permit is 
Issued 

 

Regulations or Actions in place 
following the approval of the 

August 2015 amendment  to the 
Plan  

traps including suit-case style 
cage traps (i.e. Hancock 
Traps).(Rule 09-137 Chapter 
4.01 J). 
 

use of cage 
type traps, IFW 

has not 
implemented 
this measure 
at this time  

see #20 
 

In addition language was added to 
the rule stating Hancock traps must 
be set with the bottom portion of 
the trap in the water and the 
opening of the trap facing away 
from land. 

10. Restricts the use of snares: 
A. In WMD 1-6, and 8-11, 

prohibit the use of snares 
for any purpose other than 
to catch beaver and bear.  

 
B. Statewide, Title 12 § 12252 

2A.Restrict types of snares 
for the purpose of trapping 
any wild animal or bird 
except as provided in 
section 10105, subsection 1 
and section 12259. 

 

 
X 

Yes 
 
 
 

No 

 
 
 
 
 
 

XYes 

 
 

Yes 
 
 
 

XYes 

 
 

Yes 
 
 
 

X Yes 

11. Maintain 24hr/7 day a week 
phone line to report incidental 
catch of lynx 
 

XYes XYes XYes X Yes 

Formatted: Left

Formatted: Left
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

 

Existing 
Regulations/Actions 

Implemented 
Voluntarily by IFW 

 

Regulations or 
Actions once 

Plan is 
accepted and 

Permit is 
Issued 

 

Regulations or Actions in place 
following the approval of the 

August 2015 amendment  to the 
Plan  

 
11.12. Mandatory reporting of any 

incidental lynx capture-(Rule 
09-137 Chapter 4.01 2) 

 

No XYes XYes X Yes 

12.13. IFW assist with release of 
incidentally captured lynx 

 

XYes XYes XYes  XYes 

13.14. Veterinarian provides 
training on injury assessment 
and treatment and  evaluates 
injuries on at least 2 3 lynx 

 

No No XYes  XYes 

14.15. Implement guidelines for 
care of lynx injuries, maintain 
network of veterinarians and 
rehabilitators to care for lynx, 
treat and rehabilitate any 
injured lynx 
 

XYes XYes XYes  XYes 
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

 

Existing 
Regulations/Actions 

Implemented 
Voluntarily by IFW 

 

Regulations or 
Actions once 

Plan is 
accepted and 

Permit is 
Issued 

 

Regulations or Actions in place 
following the approval of the 

August 2015 amendment  to the 
Plan  

15.16. Trap tending requirements 
A. Foothold and cage traps: 

visit once every 24 hours 
B. Killer-type traps organized 

or incorporated place: visit 
once every 3 days 

C. Killer-type traps 
unorganized place: visit 
once every 5 days 

Title 12 §12255 1A, 1B 
 

No XYes XYes  XYes 

16.17. It is illegal to disturb or take 
a trap or wild animal from a 
trap. Title 12 §12256 

 

No XYes XYes  XYes 

17.18. Restricts the use of traps 
with teeth 
A. A person may not use 

auxiliary teeth on any leg-
hold trap when set on land 
(Title 12 §12252 1). 

B. In WMD 12, 15-17, 20-26, 
unlawful to use any trap 
with teeth on the jaws 
unless completely covered 
by water from the opening 

 
No 

 
 
 
 

No 

 
XYes 

 
 
 
 

XYes 

 
XYes 

 
 
 
 

Yes, See #25 
 

  
XYes 

 
 
 
 

Yes, See #25 
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

 

Existing 
Regulations/Actions 

Implemented 
Voluntarily by IFW 

 

Regulations or 
Actions once 

Plan is 
accepted and 

Permit is 
Issued 

 

Regulations or Actions in place 
following the approval of the 

August 2015 amendment  to the 
Plan  

day of the trapping season 
to the opening day of the 
deer firearm season (Rule 
09-137 Chapter 4.01 J). 

 
18.19. Requires use of at least 1 

swivel on foothold trap chains 
in WMD 7, 14, 18, 19 
(proposed rule) 

 

 
No 

 
No 

 
XYes 

Yes, and has been modified to 
require 3 swiveling points 

statewide as described in #271  

19.20. Permit the use of cage 
traps statewide without size 
restrictions, except suit-case 
style cage traps (e.g. Hancock 
Traps) will continue to be 
prohibited for use during the 
beaver season, unless set for 
wildlife research, surveys, or 
removal of animals causing 
damage to property. 
(Proposed Rule). 

 

 
No 

 
No 

 
XYes 

 
XYes  

20.21. Foothold trap size will not 
be restricted whether set on 
land or underwater (Proposed 
Rule) 

 
No 

 
No 

 
XYes 

Note: Although 
the accepted 

 
YesX2  Note: Although the 

accepted plan included removing 
the trap size restriction, IFW has 



43 

Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

 

Existing 
Regulations/Actions 

Implemented 
Voluntarily by IFW 

 

Regulations or 
Actions once 

Plan is 
accepted and 

Permit is 
Issued 

 

Regulations or Actions in place 
following the approval of the 

August 2015 amendment  to the 
Plan  

 plan included 
removing the 

trap size 
restriction, IFW 

has not 
implemented 
this measure 
at this time. 

not implemented this measure at 
this time.  

21.22. Allow the use of wooden 
based rat traps set for weasels 
and squirrels recessed within a 
wooden box with a hole no 
larger than 2” in diameter 
statewide. Currently legal only 
in WMDs 7, 12-29. (Proposed 
Rule) 

 

No No  
XYes,  

Implemented 
statewide 

August 2015 

 
XYes, Implemented statewide 

August 2015  

22.23. Permits the use of non-
lethal cable restraints 
statewide (Proposed Rule). 
 
 

 
No 

 
No 

 
XYes 

  
Yes 

23.24. Regulations to implement 
non-lethal cable restraints 
A. Tending time will be 24 hrs 

(Proposed rule) 

No No XYes 
Note: Although 
the accepted 
plan included 

YesX 2 
Note: Although the accepted plan 
included implementing non-lethal 

cable restraints, IFW has not 



44 

Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

 

Existing 
Regulations/Actions 

Implemented 
Voluntarily by IFW 

 

Regulations or 
Actions once 

Plan is 
accepted and 

Permit is 
Issued 

 

Regulations or Actions in place 
following the approval of the 

August 2015 amendment  to the 
Plan  

B. Require a cable diameter 
of 1/8 inch or 3/32 inch, a 
relaxing mechanical lock of 
a reverse-bend washer 
with a minimum diameter of 
1 ¼ inches, at least one 
swivel, and two stops 
(Proposed Rule). 

C. Require cable restraints to 
be staked and free of 
woody vegetation > ½   
inch in diameter within 
reach of the restrained 
animal (Proposed Rule). 

D. Require cable restraints to 
have two stops : IFW will 
initially evaluate 
specification that include: 
One restricts loop size to 
no larger than 12” loop 
when fully open and one 
restricts loop size to no 
smaller than 2 ½ “ loop 
when fully closed 
(Proposed Rule). The 
specifications regarding the 

implementing 
non-lethal 

cable 
restraints, IFW 

has not 
implemented 
this measure 
at this time. 

implemented this measure at this 
time. Formatted: Not Superscript/ Subscript
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

 

Existing 
Regulations/Actions 

Implemented 
Voluntarily by IFW 

 

Regulations or 
Actions once 

Plan is 
accepted and 

Permit is 
Issued 

 

Regulations or Actions in place 
following the approval of the 

August 2015 amendment  to the 
Plan  

maximum and minimum 
loop opening sizes will be 
developed in consultation 
with the Service, based on 
the best available scientific 
information, at the time the 
proposed rule is 
developed.    

24.25. Restricts the use of traps 
with teeth 
A. In all WMDs it will be 

unlawful to use any trap 
with teeth on the jaws 
unless completely covered 
by water from the opening 
day of the trapping season 
to the opening day of the 
deer firearm season. 

No XYes Yes XYes 

26. In WMDs 1-11, 14, 18 and 19, 
prohibit the use of drags on 
foothold traps set at or below 
ground level and require the 
catch circle be clear of woody 
vegetation or other 
obstructions. 5 

  

 
No 

 
No 

 
No 

X 
Yes 

Formatted: Normal,  No bullets or numbering
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

 

Existing 
Regulations/Actions 

Implemented 
Voluntarily by IFW 

 

Regulations or 
Actions once 

Plan is 
accepted and 

Permit is 
Issued 

 

Regulations or Actions in place 
following the approval of the 

August 2015 amendment  to the 
Plan  

27. Requires, statewide, that the 
chain on foothold traps set at 
or below ground level have a 
chain that is mounted within 
the central portion of the base 
of the trap and must have 
three swiveling points, with 
one swiveling point at the base 
of the trap, one midway in the 
chain, and one at the trap’s 
anchoring point. 5 

 
No 

 
No 

 
No 

X1 

Yes 
Formatted: Indent: Left:  0"

Formatted: Not Superscript/ Subscript
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

 

Existing 
Regulations/Actions 

Implemented 
Voluntarily by IFW 

 

Regulations or 
Actions once 

Plan is 
accepted and 

Permit is 
Issued 

 

Regulations or Actions in place 
following the approval of the 

August 2015 amendment  to the 
Plan  

28. Prohibits killer-type traps  
statewide unless set completely 
underwater or with an approved 
lynx exclusion device (Rule 09-
137 Chapter 4.01 K) except that  
killer-type traps within an inside 
jaw spread not to exceed 5 inches 
can be used when:   

1. Set as to be partially 
covered by water at 
all times or,  

2. Set under 
overhanging stream 
banks, or  

3. Used as blind sets. 
(Rule 09-137 
Chapter 4.01 
K).(Blind set defined 
on page 29 of 09-137 
Chapter 4). 

  

 
No 

 
No 

 
No 

X1- 
Yes 

1Because minimization measures taken outside of the lynx zones are not part of the Plan (see Section 1.4), it is IFW’s understanding 
that minimization measures outside of the lynx zones may be altered without a Plan amendment 
2 Recending the maximum jaw spread requirements for foothold traps  and allowing the use of Cable Restraints, while not currently 
allowed, are still be evaluated for potential future implementation.” 

Formatted: Normal, Indent: Left:  0.13",  No
bullets or numbering

Formatted: Font: Arial
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3.1 Project Description 
 
Regulated Furbearer Trapping Program 
 
IFW was given authority to establish open trapping seasons for furbearing animals in 
1973 (Title 12, Chapter 301, §1960A).  Furbearing animals include all mammals 
harvested primarily for their pelts.  In Maine, these include coyote (Canis latrans), red 
(Vulpes vulpes) and gray fox (Uracyon cinereoargenteus), bobcat (Lynx rufus), fisher 
(Martes pennanti), marten (Martes americana), raccoon (Procyon lotor), skunk (Mephitis 
mephitis), short- (Mustela erminea) and long- (Mustela frenata) tailed weasels, mink 
(Mustela vison), otter (Lontra canadensis), beaver (Castor canadensis), muskrat 
(Ondatra zibethicus), and opossum (Didelphis virginiana).  Black bears are considered 
big game animals under IFW’s current regulations.  As such, trapping of bears is 
governed by a different set of regulations than the furbearer trapping program.  
Therefore, this incidental take permit will not address IFW’s big game program or, more 
specifically, the black bear trapping regulations.  In addition, the capture of a lynx in a 
foot snare set for bears in Maine has never been reported.  IFW does not believe there 
will be incidental take of lynx related to bear trapping because the trap configuration 
includes a stop that prevents the cable from closing beyond 2 ½ inches (i.e., a lynx 
could pull its foot through the 2 ½ inch loop). 
 
Maine's furbearer trapping season generally runs from mid-October through the end of 
December.  Beaver have an extended trapping season and can be trapped statewide 
(Figure 3.1.1) through the end of March, and, in some parts of the state (primarily 
northern Maine), through the end of April.  Trappers are allowed to continue trapping for 
muskrat, past the end of the general trapping season, in any area of the state where the 
beaver trapping season is open. 
 
Furbearer trapping is a highly regulated activity and is governed by the laws and rules 
promulgated by Maine’s legislature and IFW, respectively (Appendix 1 and 2).  These 
regulations require all trappers (except a junior license holder) to attend a state-
approved trapping education course, or show proof they have held a trapping license 
from another jurisdiction, before they can obtain a Maine adult trapping license for the 
first time (Appendix 1, Title 12, Chapter 917, §12201).  Maine’s trapper education 
course instructs students on the use of traps including, Best Management Practices for 
trapping, responsible trapping, and techniques to avoid the take of endangered and 
other non-target species, including lynx (Appendix 3).  IFW’s trapping education 
program was updated in 2008 and follows recommendations established by the 
Association of Fish and Wildlife Agencies (AFWA). The course is taught by experienced 
trappers (volunteers) and IFW staff who follow a predetermined course outline 
(Appendix 3).   
 
IFW’s regulations that govern the size of traps that can be used for a particular 
application (e.g., use of conibear "killer-type traps" over 5 inches is restricted; Appendix 
2, 4.01 J), where traps can be set (Appendix 2, 4.01 K), and the methods by which traps 
can be set (Appendix 2, 4.01 J; Appendix 1, Title 12, Chapter 917, §12252) are 
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reinforced through efforts to educate trappers on proper trapping techniques.  To 
minimize injury of individual animals caught in traps, all trappers must tend restraining-
type traps (e.g., foot-hold traps) within 24 hours.  Killer-type traps must be tended every 
3 days when set in an organized town, and every 5 days when set in an unorganized 
town (Appendix 1, Title 12, Chapter 917, §12255).  Trappers must identify all traps they 
set with their name and address (Appendix 1, Title 12, Chapter 917, §12254).  Wildlife 
populations that are trapped are monitored using pelt-tagging records.  All raw pelts 
must be tagged by an IFW agent or staff with the exception of weasel, raccoon, 
muskrat, skunk, and opossum (Appendix 2, 4.01 H).  For all species except marten and 
fisher, there is no limit on the number of animals a trapper can take during a trapping 
season.  Trappers are limited to harvesting only 25 marten and 10 fisher per year 
(Appendix 2, 4.01 G - 3). 
 
Description of traps currently allowed for use in Maine 
 
Trappers are currently allowed to use ordinary foothold traps (Figure 3.1.2), killer-type 
traps of the body-gripping variety (Figure 3.1.3), duffer-type foothold traps designed for 
raccoons (Figure 3.1.4), cage-type live traps (Figure 3.1.5), cage-type colony-traps 
designed for muskrats, snares set underwater for beaver only, suitcase-type cage traps 
for beaver (Figure 3.1.6), mouse-type snap-traps for weasel and red squirrel, and foot 
snares (cable restraints) for black bears. The jaw spread of killer-type traps varies by 
manufacturer.  In general, most 110 and 120 killer-type traps have a 4½ inch jaw 
spread, 155 killer-type traps have a 5 inch jaw spread, 160 killer-type traps have a 6 
inch jaw spread, 220 killer-type traps have a 7 inch jaw spread, 280 killer-type traps 
have an 8 inch jaw spread, and 330 killer-type traps have a 10 inch jaw spread.  Killer-
type snares are not permitted on land in Maine.  With implementation of this Plan, the 
existing restrictions on foot-hold trap size could be rescinded through the rule making 
process.   
 
Currently, trappers are not permitted to set lethal snares or non-lethal cable restraints 
on land in Maine.  With implementation of this Plan, regulations could be promulgated 
that would allow trappers to use non-lethal cable restraints after a phased in process 
has been evaluated (See Appendix 13).  However, lethal snares set on land would not 
be permitted or covered by this permit.  Non-lethal cable restraints consists of a cable 
with a mechanical relaxing lock -- designed to hold and not kill the animal, stops, an in-
line swivel, and are set so that a captured animal cannot be entangled in surrounding 
vegetation (Olson and Tischaefer 2004).   
 
Description of Maine’s Furbearer Harvest 
 
Annually, approximately 22,400 furbearers -- not including weasel, raccoon, muskrat, 
skunk, and opossum – are caught and tagged (Table 3.1.1).  Bobcat, coyote, and fox 
are also hunted; therefore, the harvest numbers for this species overestimate the 
number of animals taken by trappers (Table 3.1.1).  
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Maine’s furbearer harvest occurs in 29 WMDs (Figure 3.1.1), with the highest number of 
tagged pelts coming from WMD 17 (1,833) and the fewest from WMD 27 (241 [Table 
3.1.2]). Annually, approximately 6,000 licensed or otherwise authorized individuals 
could trap in Maine based on data from 2000-13.  We assume under this permit a 
similar number would be authorized to trap (Table 3.1.3).  We note that only a 
proportion of those actually trapped and not everyone is successful in capturing 
animals.   Based on fur tag records, on average a minimum of 1,272 of these individuals 
trapped.   
 
Table 3.1.1 Statewide harvest rates for Maine furbearers (2006-2012 trapping 

seasons).  Mean harvest rates were calculated from pelt-tagging 
records for an even number of years (6 yr) in order to accurately 
portray marten and fisher harvest rates.  Marten, and to a lesser 
extent fisher, have large annual fluctuations in their harvest rates; 
therefore, an equal number of good and poor years is needed to 
calculate their mean harvest rates.  Bobcat, coyote, and fox can be 
hunted as well as trapped.  Coyote and fox harvests include both 
trapped and hunter killed animals.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
a Average annual number of bobcat trapped in Maine. The remainder are taken by 

hunters. 
b Unknown proportion trapped vs. taken by hunters. 

  

Furbearer 
Average Annual 

Harvest 

Bobcat 331 (120a) 

Fisher 1,271 

Marten 2,401 

Red Fox 1,002 

Grey Fox 220 

Coyote 1,774b 

Beaver 10,270 

Mink 1,866 

Otter 782 
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Figure 3.1.1 Maine’s Wildlife Management Districts (WMDs). 
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Figure 3.1.2 Diagram of a foothold trap and its various parts (AFWA 2006a). 
a. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
c. Foothold trap anchored with stakes (AFWA 2006a). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

In-line shock 
spring 

Swivel
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Figure 3.1.3 Diagram of a standard killer-type trap and its various parts (AFWA 
2006a). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1.4 Diagram of a duffer trap designed for raccoons (AFWA 2006c). 
 
 
 

 
 
 
 
Figure 3.1.5 Diagram of a wire box or cage trap (AFWA 2006a). 
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Figure 3.1.6 Hancock, suitcase type live trap for beaver (AFWA 2007). 
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Table 3.1.2 Mean harvest rates for furbearers for each of Maine’s Wildlife Management District (WMD).  Mean values are 
calculated using pelt-tagging records from the 2006-07 to 2011-12 trapping seasons.  Marten, and to a lesser 
extent fisher, have large annual fluctuations in their harvest rates; therefore, an equal number of good and poor 
years is needed to calculate their mean harvest rates.  Bobcat, coyote, and fox can be hunted as well as trapped.  
Bobcat, coyote and fox harvests include both trapped and hunter killed animals.  

 

WMD Beaver Otter Mink Bobcat Coyote 
Grey 
Fox 

Red 
Fox Fisher Marten 

1 186 3 1 0 12 0 3 15 138 
2 99 3 4 0 17 0 4 30 194 
3 247 3 16 0 30 0 26 66 83 
4 153 10 19 0 39 1 13 28 252 
5 251 13 29 0 36 0 10 53 311 
6 543 23 98 2 71 0 40 109 173 
7 155 13 43 18 126 4 47 51 142 
8 291 25 33 11 70 1 19 57 237 
9 136 24 47 2 48 1 14 23 173 
10 243 25 58 2 32 0 15 30 141 
11 861 56 115 19 84 0 53 56 187 
12 414 17 115 17 120 10 55 22 9 
13 188 13 66 8 60 1 30 24 10 
14 154 16 60 8 46 0 21 40 97 
15 569 33 91 21 120 64 81 61 2 
16 396 30 127 17 65 5 32 65 2 
17 1191 70 203 26 162 2 122 110 19 
18 813 63 69 27 90 1 37 27 54 
19 487 58 44 23 84 0 25 19 165 
20 229 16 30 9 55 46 64 64 0 
21 242 21 53 5 35 30 32 80 1 
22 328 23 98 9 41 9 32 72 0 
23 610 40 154 28 105 3 50 47 2 
24 116 14 62 4 39 27 44 56 0 
25 207 28 69 7 18 0 16 31 4 
26 446 46 62 20 73 0 37 20 3 
27 116 16 15 16 41 0 29 6 1 
28 396 55 20 19 56 0 35 17 14 
29 137 24 28 11 38 0 10 1 0 
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Table 3.1.3. Summary of ~6,000 licensed or otherwise authorized trappers 
covered by this Plan based from IFW’s 2000-13 license data. 

 
Entities Covered by Permit Average number 
Resident Trappers 2,123 
Non-residents Trappers 73 
Junior Resident Trappers 204 
Resident Apprentice Trappers 25 
Non-resident Apprentice Trappers 1 
Over 70 year old Complimentary License 42 
Native American Complimentary Lifetime 
License1 

1,712 

Lifetime Trapping License2 1,655 
Game Wardens  106 
Wildlife Biologists 38 
Total 5,977 
  
ADC Agent3 85 
PM Trappers3 27 
Landowners Unknown4 
1Sum of lifetime license (started in 2009) that allows Native American’s to hunt, fish, or trap off tribal lands 
and likely includes individuals that although they are licensed to trap, do not. 
2Sum of lifetime trapping licenses sold between 2000 and 2013 but excludes anyone who is 90 years or 
older based on date of birth. 
3Required to have a trapping license, so these individuals are already included in the categories and total 
above. 
4 Landowners as defined in Title 12 § 12201 Part 2. are permitted  to trap on their own land without a 
license. Although currently unknown, IFW estimates that there are less than 100 trappers in this category. 
IFW will collect names and addresses of these individuals when they register their fur, so outreach 
materials can be sent to them in the future.  
 
 
Trapper Effort 
 
In 2010, IFW renewed its collection of trapper effort information.  Since 2010, IFW 
annually mails data collection forms to trappers prior to each trapping season and asks 
that they mail in completed forms at the end of the season.  This is a voluntary effort by 
the trappers, and, over the past two trapping seasons (2010-2012), approximately 10% 
of all licensed trappers have returned their completed forms.  IFW requests that each 
trapper record the number of traps and days set for each species for each Wildlife 
Management District, and the number of each species captured.  From the reports, IFW 
tracks a number of trapper-effort metrics, including the number of trap-nights (e.g., 2 
traps set for 1 night = 2 trap nights) needed to catch specific furbearers (Figure 3.1.7).  
In general, traps set for marten and fisher are killer-type sets and those set for coyote, 
fox, and bobcat are foothold traps. 
 
Based on fur registration data collected between 2005-13, on average there are 396 
trappers that set killer-type traps for marten and fisher, 318 trappers that set foothold 
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traps for coyote, fox, and bobcats in WMDs 1-11, 14, 18 and 19 (lynx range in Maine). 
However, some trappers target all 5 species, on average 613 trappers set traps for 
marten, fisher, coyotes, bobcat, and fox.  From voluntary trapper effort surveys, IFW 
estimates that there are approximately 110,000 foothold trap nights and 150,000 killer-
type trap nights set each year in lynx WMDs.  
 
 
Figure 3.1.7 Statewide trapper effort, expressed as the number of traps nights 

spent to capture the target species.  Trap nights are defined as one 
trap set for a 24-hour period.  Data are from the fall trapping season 
in Maine (mid-October through December 31) in 2010 and 2011.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.2 Incidental Take of Lynx from Furbearer Trapping Program  
 
Aquatic Sets 
 
Although lynx have not been reported in traps set for aquatic furbearers, IFW provides a 
summary of the methods permitted to capture aquatic furbearers below.  IFW has a 
contingency plan to address any potential future take of lynx in aquatic sets in the 
Changed Circumstance Section 5.4 of this Plan (see Changed Circumstance #2 and 
#3). 
 
Beaver 
 
To date, trappers have not reported the capture of a lynx in traps set for beaver in 
Maine.  Beavers are Maine’s most frequently trapped mammal (Table 3.1), and most 
traps for beaver are set under water or under ice.  These traps pose little risk of 
incidental capture of lynx.  Beaver sets may incorporate foothold traps (# 3 or #4), large 
killer-type traps (e.g., 330), or cable snares set underwater in a manner to quickly kill 
beaver.  Hancock traps are a suitcase style cage-type traps set in the water to live 
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capture beaver (Figure 3.1.6). Traps set for beaver are commonly baited with aspen or 
other hardwood branches and set so as to be approached from the water.   
 
Otter 
 
Otter trapping does not pose a risk of incidental capture to lynx.  Otter are caught by 
trappers setting traps specifically for otters or incidentally captured by beaver trappers; 
Trapping equipment and techniques used to capture otters is similar to that used in 
beaver trapping where traps are set under water.  Therefore, lynx are not likely to be 
caught in traps set for otter; to date no lynx have been reported as an incidental capture 
in traps set for otter. 
 
Muskrat 
 
Muskrat trapping poses little risk of incidental capture to lynx.  Muskrat are very 
common aquatic furbearer in Maine and are frequently trapped.  Small foothold traps 
(e.g., #1 or #1½), 110 killer-type traps, and occasionally colony box traps are used to 
capture muskrats.  These trap sets are not attractive to lynx because they are baited 
with vegetation and the size of the foothold trap used may be too small to hold a lynx.  
To our knowledge, no lynx have been caught in traps set for muskrats in Maine. 
 
Mink 
 
Mink trapping poses little risk of incidental capture to lynx.  Mink are trapped using small 
foothold traps and killer-type traps.  As with other semi-aquatic furbearers, underwater 
and drowning sets are often used for mink.  On land, mink sets are made in runways, 
expected travel paths (e.g., along a stream bank), and with or without scent or bait for 
attractants.  In WMDs where lynx occur, current trapping regulations (Appendix 2, 4.01 
K) require that all killer-type traps be set 4 feet above the ground, except killer-type 
traps with openings 5 inches or less (e.g., #s 120, 110, or 155) can be set on the ground 
if partially covered by water at all times, under overhanging stream banks, or in blind 
sets that use no bait, lure, or visible attractor except animal droppings or urine.   
 
Killer-type traps set on land for mink are unlikely to capture a lynx, since these traps are 
set in runways along stream banks without attractors (e.g., lures, feathers, meat).  If a 
lynx was to encounter these traps, a lynx would be more likely to step over the trap, 
since the trap is less than 5” off the ground and is set without an attractor. However if 
this changes or new information becomes available, IFW has a contingency plan to 
address any potential future take of lynx in the Changed Circumstance section of this 
Plan (see Changed Circumstance #2 and #3).    
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Upland sets 
 
Fox and Coyote 
 
Most of the incidentally trapped lynx in Maine have been captured during fox and coyote 
trapping.  Fox and coyote are caught using foothold traps (e.g., #1.75 and #2 coil spring 
traps; Figure 3.1.2) and are primarily attracted to these traps with scent or food based 
lures.  These traps are commonly attached by chain to stakes driven into the ground, or 
by chain attached to a drag (typically a large double hook meant to become entangled 
in trees or brush).  Lynx captured in these trap sets are usually released with little or no 
injury (see Section 4.0). Cage traps are not used by trappers targeting red fox and 
coyotes, because most will not enter cage traps. 
 
Bobcat 
 
Bobcat trapping could result in the incidental capture of lynx due to the similarity in 
bobcat and lynx behavior and trapping techniques; however a lynx capture in a trap set 
for bobcats has not been reported.  The geographical distributions of lynx and bobcat 
overlap at the southern-most extensions of the lynx’s range in Maine.  It is in this area 
where lynx have the greatest chance of incidental capture in traps set for bobcats.  
Although, killer-type traps and foothold traps can be used to catch bobcats, only a few 
trappers target bobcats. Most bobcats are caught incidentally by canid trappers that set 
foothold traps. Approximately 44% of bobcats harvested from 1999 to 2005 were 
harvested by trappers and the rest were killed by hunters.   Lynx could also be captured 
in cage traps set for bobcats (Figure 3.1.5); however, most lynx caught in cage traps 
should be able to be released without injury.  In 339 captures of lynx in cage traps 
during IFW’s lynx study, the majority (337 out of 339 captures) of lynx examined by 
biologists had no trap related injuries; the other two lynx had minor injuries. 
 
In 1999 and 2002, two trappers targeting canids caught a lynx/bobcat hybrid.  At the 
time, lynx/bobcat hybrids were unknown.  Biologists that examined the animals 
concluded they had the general appearance of a bobcat, but some features (e.g., white 
hairs under the tail, long ear tufts) indicated that the animal might be a hybrid.  Genetic 
analyses latter confirmed that these were hybrid animals resulting from the mating of 
female lynx with a male bobcat (Homyack et al. 2008, Schwartz et al. 2004).  
 
Marten and Fisher 
 
Lynx may be captured in traps set for marten and fisher.  In Maine, marten and fisher 
are most often trapped using killer-type traps (e.g., 120 or 220; Figure 3.1.3) baited with 
meat and/or scent lures.  To prevent the incidental capture and lethal take of non-target 
species, such as lynx and migratory birds, current furbearer regulations require trappers 
to cover the bait so that is it is not visible from above.  In addition, IFW agreed as part of 
the Consent Decree to modify marten and fisher trapping regulations in WMDs 1-11 to 
further avoid the incidental capture of lynx.  In these WMDs, killer-type traps with an 
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inside jaw spread < 8 inches6, if set on land, must be set at least 4 feet off the ground or 
snow level (except as described under mink trapping) on small diameter (< 4 in [10 cm]) 
leaning poles (>45°) set 4 feet away from any bank, in an area that is free of objects 
greater than 4 inches in diameter within 4 feet of the trap (Appendix 1).  In 2010, IFW 
extended killer-type trapping regulations to WMDs 14, 18, and 19 where lynx were 
recently documented, and in 2011 allowed killer-type traps (<8” jaw spread) to be set on 
the ground in a lynx exclusion device (Figure 5.2.1).  Following regulatory changes, no 
lynx have been caught in a killer-type trap that was legally set in Maine.  If a permit is 
issued, IFW will maintain these regulations and will also allow killer-type traps (<8” jaw 
spread) to be set on the ground in any WMD where lynx occur, if set with an approved 
lynx exclusion device. During the 2014-15 trapping season that followed this Plan, two 
lynx were killed in killer-type traps that were lawfully set on leaning poles.    
 
 
None of the 74 lynx equipped with radiocollars and monitored during the trapping 
seasons were captured in a killer-type trap set for marten or fisher; also none of the 
collar signals were lost during the trapping season.  Prior to regulatory changes that 
restricted the placement of killer-type traps for marten and fisher (1999-2006), 51 
radiocollared lynx were monitored during the trapping season in 46 different towns 
(Figure 3.2.1).  In the 12 towns where the majority of lynx locations occurred (Figure 
3.2.1 – towns marked in green), 1,607 marten and 87 fisher were harvested without 
capturing any of the 51 radiocollared lynx.  After regulatory changes to killer-type traps 
(2007-2011), 23 radiocollared lynx were exposed to killer-type traps in 58 towns (Figure 
3.2.2).  In the 22 towns where the majority of lynx locations occurred (Figure 3.2.2 - 
towns in green), 424 marten and 53 fisher were harvested without capturing any of the 
23 radiocollared lynx (Table 3.2.1).  On average, a marten is captured every 103 trap 
nights (i.e., 1 traps set for 2 nights = 2 trap nights).  Thus, none of the radiocollared lynx 
were captured despite an estimated 209,193 trap nights that marten traps were sets in a 
subset of the area occupied by 74 radiocollared lynx during the trapping season.  These 
data further supports IFW’s assertion that most incidental lynx captures are reported 
and that the risk of capture in killer-type traps set for marten and fisher is low. 
 
  

                                            
6 Statewide, killer-type traps with an inside jaw spread >8 inches (e.g. 330) is only allowed when trapping 
beaver. 
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Figure 3.2.1 Locations of 51 radiocollared lynx in northern Maine during the 1999 
to 2006 regular trap season when killer-type traps were set for 
marten and fisher. The area in green was used to estimate exposure 
of lynx to traps (i.e., number of marten and fisher harvested and 
number of trappers).  
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Figure 3.2.2 Locations of 23 radiocollared lynx in northern Maine during the 2007 
to 2011 regular trap season when killer-type traps were set for 
marten and fisher. The area in green was used to estimate exposure 
of lynx to traps (i.e., number of marten and fisher harvested and 
number of trappers).  

 
  



 

63 

Table 3.2.1 Summary of the exposure of 74 radiocollared lynx in Maine 
monitored during the regular trapping season (end of October to end 
of December) to killer-type traps set for marten and fisher without 
being captured in a killer-type trap.  

 
  

 
Number of 

radioed lynx 
 where the majority of lynx 

locations occurred a 
 
Time 
Period 

Number of 
radioed 

lynx 

captures in 
killer-type traps 

or lost 

 # marten 
harvested  

# fisher 
harvested 

Estimated 
trap 

nights 
1999-2006 51 0  1,607 87 165,521 
2007-2011 23 0  424 53 43,672 
a A subset of towns with radiocollared lynx was used to estimate lynx exposure to traps (i.e., 12 of 46 
towns prior to regulatory changes and 22 of 58 towns after regulatory changes). 

 
 
Weasels 
 
Weasel trapping poses little risk of incidental capture to lynx.  Long and short tailed 
weasels are very common furbearer in Maine and are frequently trapped.   Weasels are 
trapped using a killer-type rat-trap recessed in a wooden box (Appendix 2).  Lynx are 
unable to access the trap in the wooden box, thus unable to be caught in a trap set for 
weasels.  Trappers have not reported the capture of a lynx in traps set for weasels.  
 
Raccoon 
 
Raccoon trapping poses little risk of incidental capture to lynx because raccoon 
densities are relatively low in areas where lynx occur and raccoons are seldom 
specifically targeted by trappers. Raccoon densities are often higher in semi-urban 
settings.  In these settings, they are frequently targeted as pests by ADC trappers who 
use cage traps to remove them.  Lynx may be caught in large cage traps; however, 
traps set to remove nuisance animals are normally set near human dwellings and are 
seldom set in areas frequented by lynx. Raccoons are trapped using small foothold 
traps, enclosed foothold traps (e.g., egg-trap or duffer; Figure 3.1.4), killer-type traps 
(e.g., 220; Figure 3.1.3), and cage traps (e.g., Havahart® cage traps; Figure 3.1.5).   
During the first 8 years of trapping in the lynx study (1999 to 2007), only 2 raccoons 
were caught in foothold traps.  Given their low densities in areas where lynx occur, the 
lack of interest in trapping raccoon in northern Maine, and the high species specificity of 
some raccoon traps (e.g., enclosed foothold traps), lynx are highly unlikely to be caught 
in a trap set for a raccoon in Maine.   
 
Animal Damage Control (ADC) Program 
 
IFW is authorized under Maine’s statutes (e.g., MRSA §10053.8) to coordinate and 
administer an ADC program (Appendix 10).  The objective of this program is to resolve 
conflicts between people and wildlife using strategies and methods which offer the best 
chance for a permanent or long-term solution, and, in the process, conserves wildlife 
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resources when practical and possible.  IFW encourages the use of preventive 
measures to reduce the occurrence of human/wildlife conflicts.  However, selective 
removal of wildlife that pose a significant threat to other wildlife, fisheries, human health, 
safety, or property is used when preventive measures are not sufficient.  
 
ADC trappers are only permitted to set traps to remove wildlife causing damage to 
property if they hold a valid Maine trapping license.  ADC trappers are permitted to set 
traps throughout the year and are only permitted to use traps allowed during Maine’s 
regulated trapping season, with the exception that ADC trappers can set cage and 
Hancock traps anywhere in the state.  ADC trappers are not permitted to set lethal 
snares unless completely submerged underwater for aquatic furbearers. 
 
There is very little overlap between trapping activities conducted under IFW’s ADC 
trapping and fur trapping. The potential for incidental capture of lynx by ADC trappers is 
low.  Much of IFW’s ADC efforts in the lynx range are centered around beaver trapping.  
As explained earlier, beaver trapping poses few risks to lynx.  Box traps set for 
raccoons near people’s residences could potentially catch a lynx, but it seems unlikely 
lynx would frequent residential areas or farms and risk encountering dogs.  A lynx has 
never been incidentally caught in IFW’s ADC program as it is currently structured.  
Although IFW does not anticipate any lynx to be incidentally caught as a result of 
trapping conducted under its ADC program, IFW is seeking coverage in the event that a 
take occurs and will address any future take as described in the Changed Circumstance 
Section of this Plan (see Changed Circumstance #2 and #3). 
 
Predator Management (PM) Program 
 
IFW’s PM program was initiated in 2010 by the Commissioner of IFW to reduce the 
impact of predation by coyotes on wintering deer in deer winter areas (DWA).  IFW 
Regional Biologists identify areas currently supporting deer for coyote reduction.  Some 
of these areas (see below for discussion) may overlap with areas used by lynx in WMDs 
1-11, 19, and 28 and northern sections of WMDs 12-14 and 18 (Appendix 9).  There are 
three components to the PM program, but trapping is the only component that will be 
covered by this permit.  As previously described for the furbearer trapping program, 
most lynx that are incidentally caught in foothold traps are caught by coyote and fox 
trappers.  Trappers are restricted to using only equipment and methods currently 
authorized by IFW’s trapping regulations.  This program involves contracts between 
IFW and qualified licensed trappers to trap coyotes in or adjacent to DWAs within the 
current season framework. 
 
Although approved in 2010, the trapping component was first implemented in 2011 with 
13 trappers participating.  In 2012, 27 trappers were permitted to set traps from October 
17 through November 30 in 26 priority wintering areas and 18 trappers actually set 
traps.  The trapping component of the PM program was intentionally kept shorter in lynx 
area than the normal coyote trapping season, which runs from mid-October to 
December 31.  IFW did not want to direct its contractors to trap coyotes in December, 
which could increase the overall trapping effort for coyotes above that of the regular 
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trapping season, and, in turn, incrementally increase the possibility of catching a lynx.  
During the regular furbearer trapping season, trappers often pull their foothold traps for 
coyotes when the ground starts to freeze and trapping becomes more challenging.   
 
Trappers enrolled in the PM program are generally trappers that currently trap in these 
areas. The intent of the PM is not to increase overall coyote trapping effort, but rather to 
redirect current coyote trapping efforts to DWAs.  These DWAs consist of mature 
forests where snowshoe hare often occur at low densities (Robinson 2006, Fuller et. al. 
2007).  Lynx, which rely on snowshoe hare as their primary prey item, may not be as 
common in mature forests.  PM trappers likely have a lower probability of incidentally 
catching a lynx than when they normally trap for coyotes.  Alternatively, the probability 
of catching a lynx will also be influenced by the amount of favorable snowshoe hare 
habitat in the landscape surrounding a particular DWA and the distance traps are set 
away from DWAs.  If snowshoe hare are abundant in the landscape surrounding a deer 
wintering area, lynx may be present in these areas.   
 
Because coyote trapping effort is not expected to increase through implementation of 
this program, IFW does not anticipate incidental capture (i.e., take) of lynx beyond what 
is anticipated in the furbearer trapping program.  In fact, the number of incidental lynx 
captures in 2011 and 2012 was within the range reported before the PM program was 
implemented (Table 4.1.4). In addition, the number of coyote trappers and number of 
coyotes tagged declined in 2011 and 2012. Prior to Maine’s PM program (1999-2010), 
an average of 514 trappers tagged 2,000 coyotes each year versus an average of 437 
trappers tagging 1,730 coyotes in 2011 and 2012.  However, if monitoring of lynx take 
indicates that this has changed, this Plan incorporates a strategy to address any 
increase in incidental take of lynx attributed to its PM program (See Change 
Circumstance #3 and #4 in Section 5.4).   
 
3.3 How legal and illegal trapping action are covered by the Plan 
 
IFW acknowledges that there are a variety of factors that determine whether a trap or 
trapper complies with trapping regulations.  IFW is seeking coverage for any legally set 
trap where a lynx is captured.  IFW has put forth a Plan which outlines a number of 
actions and regulations to minimize the incidental take of lynx in traps (see Table 3.0).  
Any lynx caught in a trap that complies with regulations and measures outlined in Table 
3.0 shall be considered legal for purpose of calculating and mitigating take.  
  
IFW’s intent is for the permit authorization to apply to all licensed or otherwise 
authorized trappers who comply with trapping regulations and this Plan.  However, if 
lynx are captured, injured, or killed in traps or trap sets due to key regulations not being 
followed, then IFW does not intend permit authorization to extend to those captures.  
Rather, those trappers would be subject to prosecution for violation of State and Federal 
law.  For example, IFW should not be held accountable for flagrant violations such as a 
person intentionally trapping and killing a lynx, clearly in violation of State regulations 
and law.  We note, however, that not all violations of trapping regulations will increase 
the risk of capture, injury, or fatality of lynx.  In those cases, if lynx are captured and a 
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relatively small infraction (that did not contribute to catching the lynx) of the trapping 
regulations is documented (e.g., failure to properly label a trap), the permit authorization 
would still apply and the capture event would count towards the authorized take under 
the Plan.  However, if lynx are captured and a violation of rule or law (Table 3.0) is 
found to have caused or contributed to the capture or subsequent injury or fatality, then 
the permit authorization would not apply and the capture will not count towards 
authorized take under the plan.  Several different scenarios are provided below as 
illustrations:  
  

• A lynx is captured in a legally set trap and subsequently shot - the capture would 
count towards IFW’s take allocation for capture events, but the mortality would 
not count towards IFW’s lethal take allocation.  

•  A lynx caught in a legal set by a trapper who failed to sign his license or label 
his traps – the capture would count towards IFW’s take allocation for capture 
events. 

•  A trapper fails to report a lynx capture and the lynx subsequently dies or 
sustains a severe injury due to the capture event - the capture would count 
towards IFW’s take allocation for capture events, but the injury or mortality would 
not count towards IFW’s lethal or severe injury take allocation.  The rationale is 
that had the trapper reported the incidental capture, IFW staff would have 
assessed and treated any injuries prior to release such that the lynx would not 
have died or sustained a severe injury.  Therefore, lack of reporting was a 
violation that ultimately increased the probability of the lynx dying or sustaining a 
severe injury.  

•  A trapper fails to check his trap within the mandatory 24-hour tending time and 
the trap captured a lynx that subsequently dies or sustains a severe injury - the 
capture would count towards IFW’s take allocation for capture events, but the 
injury or mortality would not count towards IFW’s lethal or severe injury take 
allocation.  The rationale is that had the trapper properly checked the trap, the 
lynx may have survived and could have been released.  Therefore, lack of 
compliance with the tending times was a violation that ultimately increased the 
probability of the lynx dying or sustaining a severe injury.  

  
Every capture event will be evaluated by IFW as described in Section 5.2 IM2, PI2, PI3. 
This information will be used to determine whether the incidental capture counts 
towards the incidental take permitted in this Plan.   Capture events resulting from 
violations of state law (i.e., those proposed not to count against IFW’s incidental take 
authorization) will be independently evaluated for concurrence by USFWS within 30 
days of receiving the final report.  Disputes will be resolved at the annual meeting with 
the USFWS.   
  
If anytime during the permit period IFW adds or modifies existing regulations or actions 
to further minimize or avoid take, IFW will update Table 3.0 to reflect changes.   
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4.0 Potential Biological Impacts / Take Assessment 
 
Summary 
 
The majority of the anticipated incidental take of lynx from IFW’s 3 programs will be 
from capture events related to legally set foothold traps.  Lynx may also be captured 
using other techniques such as non-lethal cable restraints and cage traps.  Results from 
IFW’s radiotelemetry study of lynx demonstrate that the majority of lynx caught in cage 
traps or foothold traps will experience minor injuries that do not affect subsequent 
survival and reproduction.  In addition, IFW has examined lynx caught by fur trappers, 
including several that were equipped with radio collars.  Data from these examinations 
also supports the low injury and high post release survival of lynx from foothold traps. 
Based on other studies, IFW anticipates non-lethal cable restraints will also only result 
in minor injuries.  Given the minimization measures put in effect with this ITP, IFW 
anticipates a low level of lethal take of lynx in traps.   
 
IFW is requesting a permit to cover the incidental take of up to 195 lynx over the next 15 
years that may occur as the result of otherwise lawful trapping activity in Maine.  Take is 
defined by the ESA as activities that harm, harass, pursue, hunt, shoot, wound, kill, trap, 
capture, or collect federally protected wildlife within the United States.  Of the 195 lynx 
that may be captured in legally set traps, IFW anticipates that most can be released with 
little or no injury; therefore, IFW is requesting a permit to cover potential severe injury of 
up to 9 lynx and the potential death of up to 3 lynx (lynx that are injured and cannot be 
released into the wild would be considered a mortality) over the next 15 years. 
 
To evaluate the population impacts for the potential lethal take (i.e., 3 lynx over 15 
years), IFW ran a demographic model (Program Vortex) using data from lynx in Maine.   
The results showed that the level of lethal mortality anticipated in this Plan will not affect 
population growth.  In fact, the Vortex model showed that an annual lethal take 5 times 
higher than anticipated did not cause Maine’s lynx population to decline (Appendix 7). 
 
Maine’s lynx population is likely at a record high number.  A recent population estimate 
indicates between 750 and 1,000 adult lynx occupied northern and western Maine 
(WMDs 1-11) in 2006 (Vashon et al. 2012).  The surge in lynx numbers is attributed to 
record levels of optimal habitat for lynx provided by the regrowth of spruce and fir forest 
following the 1980s spruce budworm infestation and subsequent clearcutting of affected 
trees.  A recent habitat model for a portion of lynx range (WMDs 4, 5, 8, 9, and 14) 
indicates that the amount of high quality hare habit (HQHH) peaked in 2009 and will 
remain relatively stable through 2022.  Although the model predicts a decline in HQHH 
as budworm stands mature, this decline will be offset by increases in HQHH due to 
recent heavy partial harvesting activity.  However, the model predicts future HQHH may 
occur in smaller more isolated patches that may support lower lynx densities (Simons 
2009).  This could change if the major spruce budworm defoliation event expected by 
2022 occurs at the anticipated level. 
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4.1 Direct and Indirect Impacts 
 
Impacts from Proposed HCP Covered Activities 
 
IFW is requesting incidental take coverage for lynx incidentally captured during lawful 
trapping activities that occur through the state-authorized furbearer trapping, PM, and 
ADC Programs.  As previously explained, the majority of anticipated incidental take will 
likely occur as the result of trapping efforts using foothold traps that target capture of 
coyotes, foxes, and bobcats by fur trappers, but some may occur through other 
activities such as the ADC and PM programs.  The impacts of these trapping techniques 
on lynx are explained below. 
 
Impacts anticipated from fur trapping:  Any incidental take of lynx from the fur trapping 
program could occur from mid-October to the end of December.  Trappers would be 
permitted to use foothold traps, killer-type traps, and cage traps to capture furbearers.  
Non-lethal cable restraints will be permitted only after IFW reviews the impacts of this 
device in the ADC/PM program.  The potential impacts from cable restraints are 
described below.   
 
Impacts anticipated from the ADC program:  Any incidental take of lynx from ADC 
activities could occur year round.  ADC trappers are permitted to use foothold traps, 
killer-type traps, and cage traps.  Most ADC activities in lynx areas occur where the 
probability of capturing a lynx is low (i.e., aquatic traps primarily set for beaver or near 
dwellings).  To date, no lynx have been caught by trappers during ADC activities.  
Although IFW does not anticipate any additional take by ADC trappers during the permit 
period, IFW is requesting coverage for ADC trappers in the rare event that a lynx is 
captured. ADC trappers may be permitted to set non-lethal cable restraints for coyotes; 
the potential impacts of non-lethal cable restraints are described below. 
 
Impacts anticipated from the PM in Maine’s ADC program:  Any incidental take of lynx 
from PM activities could occur from mid-October to November 30th.  We do not 
anticipate any take from killer-type traps in the PM program since killer-type traps are 
not permitted.  However, foothold traps and non-lethal cable restraints (described 
below) will be permitted.  We anticipate the take of lynx in foothold traps by PM trappers 
to be similar to current levels.  If new information becomes available or circumstances 
change, this Plan includes contingencies in the Changed Circumstance Section.  
 
Impacts from non-lethal cable restraints:  IFW would implement the use of non-lethal 
cable restraints with a phase-in approach by first training and evaluating their use by 
PM or ADC trappers prior to allowing their use by fur trappers during the regular 
trapping season.  IFW would require a 24-hour tend on cable restraints which is 
consistent with trapping regulations governing other non-lethal restraining devices in 
Maine.  Furthermore, IFW would stipulate that cable restraints could only be set by 
certified trappers (i.e., pass an IFW training course on how to properly set a cable 
restraint and avoid lynx captures; See Appendix 13).   
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IFW does not anticipate more lethal take or severe injuries by permitting this device 
since ISO scores from other studies are low (Olson and Tischaefer 2004, Munoz-
Igualada et al. 2010).  Although there is the potential for trapping levels to increase by 
allowing the use of cable restraints, requiring trappers to check their sets every 24 hours 
may limit the use of cable restraints especially in December when trappers generally 
shift to killer-type traps that have a longer tend time. In addition, some trappers may 
simply replace one device (e.g. foothold traps) for the other (e.g. non-lethal cable 
restraints).  Regardless, IFW’s take request should be sufficient to account for any 
increase in trapper effort from cable restraints.  However, if new information becomes 
available or circumstances change regarding trapper effort or injuries, this Plan includes 
contingencies in the Changed Circumstance Section (Section 5.4).  
 
Non-lethal cable restraints are currently legal to use in several states (e.g., WI, NJ, PA).  
Data from these jurisdictions indicate that cable restraints are a safe and efficient 
capture tool that minimizes injuries to target and nontarget animals (i.e., injury scores 
met the Association of Fish and Wildlife Agencies Best Management Practices 
standards; see Olson and Tischaefer 2004, Munoz-Igualada et al. 2010).  During the WI 
study, several nontarget mammals were released unharmed (Olson and Tischaefer 
2004), and 2 incidental captures of European wildcats (Felis silvestris, about the size of 
a house cat) monitored for 5 weeks post release had only minor injuries and survived 
(Munoz-Igualada et al. 2010).  
 
Impacts from rescinding foothold trap size:  Prior to the consent decree, coyote trappers 
would have used traps with an inside jaw spread < 6 ¾ inches. IFW does not anticipate 
additional lynx captures or more severe injuries by rescinding the regulation that 
requires foothold traps in lynx WMDs to have an inside jaw spread less than 5 3/8 
inches, based on our experience monitoring incidental take.  The number of lynx 
captures per year did not decrease after size restrictions were put in place in 2008 (30 
in 8 years vs. 33 in 5 years).  In addition, the number of injuries requiring veterinarian 
care was similar prior to and after foothold trap size restrictions.  Of the 8 lynx examined 
by biologists prior to size restrictions, one lynx had an injury requiring veterinarian care. 
Follow-up interviewers with trappers that caught and released the other 22 lynx suggest 
that lynx injuries where mild and similar to those examined by biologists (e.g., swollen 
capture foot).   After size restrictions, trappers were also required to report lynx captures 
prior to releasing the animal. Therefore, IFW biologists examined 24 of 33 lynx caught in 
foothold traps and 1 lynx had an injury requiring veterinarian care.  IFW does not 
anticipate additional lynx captures or more severe injuries by rescinding foothold trap 
size regulation. If new information becomes available or circumstances change, IFW’s 
Plan includes contingencies in Changed Circumstance (Section 5.4). 
 
Effects of non-lethal trapping 
 
Most of the trapping related take anticipated to occur through this ITP will be non-lethal.  
Data from IFW's 12-year radio telemetry study on Maine lynx described below illustrates 
that foothold trapping did not influence lynx ability to survive and reproduce.  While lynx 
may be captured in foothold traps, IFW anticipates that they will be released with only 
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minor injuries that do not affect their long-term survival.  Although IFW anticipates that 
some lynx may have injuries that require additional care, IFW’s data shows that these 
animals can be treated by a veterinarian and released.  Any lynx that cannot be 
released after treatment of trap related injuries is addressed under lethal take.  In 
addition to 12 years of telemetry data, IFW has examined lynx caught by fur trappers, 
including several that were equipped with radio collars.  Data from these examinations 
also supports the low injury and high post release survival of lynx from foothold traps.  
 
IFW’s 12-year telemetry study demonstrates that majority of lynx (i.e., 54 of 57 lynx) 
released from foothold traps following 111 captures are not adversely affected by the 
capture as these animals survive and reproduce post capture.  Although Withey et al. 
(2001) recommended allowing several days to weeks to account for the effects of 
capture and tagging before collecting data from radiocollared animals, IFW waited 30 
days before assessing survival.  Therefore, a lynx caught in a trap that lived at least 1 
month was considered to have died of factors not related to the capture event (e.g., old 
age, predation, vehicle collisions, etc.).  During IFW's study, 81 lynx were captured by 
IFW biologists and radiocollared; 59 lynx were captured in foothold traps during 122 
capture events (i.e., some lynx were caught more than once in foothold traps), and the 
fate of 57 lynx following 111 capture events7 was known.  Lynx lived greater than 1 
month following 108 of 111 captures (97%).  In addition, there is no evidence that the 
mortality of 3 lynx that died within one month of capture was directly related to trapping.  
Although sample size is small for fur traps, a comparison of lynx survival estimates from 
research and fur traps provides further evidence that foothold traps does not affect long-
term survival of lynx (Table 4.1.1).  
 
 
Table 4.1.1 Proportion of lynx in Maine that lived more than 1 month after 

captured in a trap.  Foothold traps were set during IFW's 12-year 
radiotelemetry study; while both foothold and killer-type traps are 
used by trappers during Maine's furbearing trapping season. 

 

Type of Trap 

Number  
captures 
examined 

by IFW 

Number of 
mild/no 
injury 

Number captures 
of radiocollared 

lynx 

Number lived > 1 
months after 

capture 
Research-Foothold  1226 119 111 108/111 (98%) 
Fur trappers-Foothold 32 30 6a 5 /6 (83%) 
Fur trappers-Killer-type  7  2 0/2 (0%) 

a Four lynx caught by fur trappers were equipped with radiocollars when release and 2 trappers reported 
capturing lynx that were already wearing radiocollars. 

 
  

                                            
7 During the last year of the study, we removed collars following 9 captures and 2 lynx were released 
without functioned collars, therefore fate is known for 111 of 122 captures. 
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IFW has compared injury rates from IFW’s 12-year telemetry study to injury rates of lynx 
captured during the fur trapping program.  Study animals were captured using #3 Victor 
soft-catch traps that were staked on short chains whereas fur trappers used a variety of 
foothold traps and staking mechanisms.  The majority of captures in research (119 out 
of 122 captures) and fur traps (30 out of 32 lynx) indicated that captured lynx had no 
visible or minor injuries from foot-hold traps (Table 4.1.1).  Therefore, the rate of injury 
for lynx was low and not different between foothold traps set by biologists and fur 
trappers. 
 
IFW acknowledges that injury scores described above were from external exams 
conducted by IFW biologists.  Other studies have been conducted by AFWA where 
trapped animals that were killed were then necropsied to examine animals for injuries; 
the majority of had acceptable injury scores (see Table 7.3.2).  Although IFW external 
examination of live lynx may have not detected all injuries, data from IFW’s monitoring 
of lynx and AFWA’s study indicates that any undetectable injury would not likely impact 
their ability to survive and reproduce after capture.  
 
In addition to IFW’s telemetry study, IFW’s policy is to radiocollar any lynx incidentally 
trapped near IFW’s study area or that had an injury that required veterinarian care.  
Data from these trapper caught lynx also show that lynx survive after release from 
foothold traps (n=3) or after treatment of injuries (n=1).  Three of the 4 lynx lived more 
than 1 month after release.  The one that died shortly after release had no visible signs 
of injury when captured and died from unconfirmed causes.  However, we suspect 
predation was the cause of death based on evidence collected at the mortality site.  In 
addition, 2 trappers reported capturing lynx that were already wearing radiocollars.  
Both lynx lived more than 6 months after being released from these traps (Table 4.1.1).  
 
Capture of lynx in foothold traps does not appear to affect their ability to reproduce and 
raise young.  Twenty-seven of 57 lynx captured in foothold traps set by IFW biologists in 
the fall, and 2 of the 4 radiocollared lynx captured in foothold traps set by fur trappers, 
were females.  The majority of females (70%) gave birth to kittens the spring following 
their capture.  However, litter production was high (14 of 16 female lynx) when 
snowshoe hares were common.  Conversely, fewer female lynx (5 of 13) gave birth to 
kittens when hares were less common (Table 4.1.2).  Several adult females were 
caught multiple times in foothold traps during the fall and produced kittens the next 
spring.  In fact, one female lynx was caught in a foothold trap 4 times over a 16-day 
period and subsequently produced a litter of kittens the next spring.  
 
Data from IFW’s 12-year radio telemetry study and monitoring incidental captures of 
lynx illustrate that foothold trapping does not likely affect a lynx’s post-capture chances 
of survival or ability to reproduce (Tables 4.1.1 and 4.1.2.). 
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Table 4.1.2 Reproductive success of adult female lynx that were radiocollared in 
Maine following fall capture in foothold traps set by biologists in 
IFW's radiotelemetry study or by licensed fur trappers during the fall 
fur trapping season (incidental captures).  Snowshoe hare densities, 
which varied considerably over time and which influence lynx 
reproduction, are also given. 

 
 ≥ 2 hares/ha  ≤ 1hare/ha 

 # Fall captures # litters  # Fall captures # litters 

Fur trappers 2 2 (100%)  0 0 
Biologists  14 12 (86%)  13 5 (38%) 

 
 
Cage traps 
 
Through implementation of this Plan, there could be an increase in use of cage traps by 
trappers targeting bobcats.  IFW anticipates that take from cage traps will be non-lethal 
and risk of injury is low.  During IFW’s 12-year study, 52 lynx were caught in cage traps 
multiple times (339 captures) without any injuries requiring veterinarian care.   
 
Effects of Lethal Take 
 
As described above, most of the trapping related take anticipated to occur through this 
incidental take permit will be non-lethal.  While most lynx captured in non-lethal cable 
restraints, foothold, and cage traps will be released with minor injuries, some may have 
more severe injuries.  Those that cannot be rehabilitated and released back into the wild 
will be considered as lethal take.  In the original Plan, IFW believeds that minimization 
measures implemented in this Plan (e.g., existing regulations restricting visible bait and 
requiring exclusion devices on some ground sets, and leaning pole set for non-
exclusion traps,) are were ould be effective at precluding lynx from being caught in 
killer-type traps.  If, however, lynx weare caught in killer-type traps, IFW anticipates 
anticipated that it will would result in a mortality.  In the past, prior to regulatory 
changes, two of four lynx caught in killer-type traps died; the two that lived were caught 
by the foot in killer-type traps set on the ground without an exclusion device.  Since 
regulatory changes implemented in December of 2008, 1 lynx has been killed in a killer-
type trap that was not legally set. Although a few individuals may die, the level of lethal 
take anticipated in this plan (n=3) will not affect Maine’s lynx population (Appendix 7).  
Despite the original Plan’s minimization measures, two lynx were killed in killer-type 
traps that were lawfully set on leaning poles during the 2014-15 trapping season, thus 
triggering a changed circumstance under the adaptative management portion of the 
ITP.   
 
Lynx Vulnerability to Trapping 
 
Although other North American studies that reported capture rates of lynx may be of 
interest, these studies report on lynx that were legally harvested for their fur where 
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trapper effort was driven by lynx pelt price and trappers targeting lynx could use visible 
bait and other attractors (Brand and Keith 1979, Bailey et al. 1986, Quinn and 
Thompson 1987, Parker et al. 1983).  Data recently collected in Maine is more relevant 
to IFW’s application and is presented here.  
 
Over the 12 years of IFW’s radio telemetry work, an equal number of male (n=28) and 
female (n=31) lynx were caught in foothold traps; however, male lynx were more likely 
to be recaptured (122 foothold captures, 71 males and 51 females) and only 1 kitten 
was captured in 122 captures events (IFW, unpublished data).  Although the gender 
and age was not known for all lynx captured in foothold traps set by fur trappers in 
Maine, none of the 32 examined by IFW biologists were kittens, and the sex ratio (21 
males and 11 females) was skewed towards males (Table 4.1.3).  Quinn and Thompson 
(1987) observed a similar low capture ratio for kittens. 
 
IFW does not believe kitten mortalities will result from adult females or kittens being 
incidentally caught in foothold traps and subsequently released.  Over the course of 
Maine’s lynx study, kittens were rarely captured (n=1) and radiocollared females that 
were traveling with kittens (n=17), and were subsequently trapped, always reunited with 
their young (IFW, unpublished data).  The 1 kitten that was captured and released from 
a trap, reunited with its mother.  In addition, when Maine’s fur trapping season opens, 
kittens are between 5 and 7 months old, weaned, and consuming meat and capable of 
surviving on their own.  Literature on available data to date indicates that kittens are 
weaned and no longer dependent on their mother by 12 weeks of age (McCord and 
Cardoza 1982, Tumlison 1987, Fernandez et al. 2002).   Although data is sparse, 
Fernandez et al.’s (2002) observation of an orphaned 3 month old kitten that survived 
until at least 11 months of age on its own suggests that kittens can survive without their 
mother after they are weaned.  Because of uncertainty as to the fate of orphaned 
weaned kittens, IFW will monitor kittens orphaned from trapping (if it occurs) and adapt 
procedures as necessary (Section 5.2- Minimization Measure IM 8).  Any kittens that 
are incidentally captured in traps in Maine will be treated similarly to adult lynx for the 
purpose of incidental take calculations.  Despite the fact that IFW does not believe that 
kitten fatalities will occur from the incidental capture of female lynx or kittens, the 
mitigation in this Plan will also support additional lynx and their progeny (Section 5.3).  
 
Specific Causes of Mortality 
 
Over the 12 years of IFW’s radiotelemetry study, radiocollared lynx experienced roughly 
a 20% annual mortality rate8 (Table 2.2).  Starvation and predation were the leading 
causes of mortality (Table 2.3; Vashon et al. 2012).  The mortality rate for lynx observed 
in IFW’s study area was similar or lower than reported for other lynx populations (See 
Vashon et al. 2012); however, small sample sizes and high variability in other studies 
make it difficult to make direct comparisons.   
 

                                            
8 This is for a pooled sample of adults, juveniles, and both sexes during period where hare densities 
ranged from <1.0 to >2.0 hares/ha (Vashon et al. 2012). 
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Table 4.1.3 Description of lynx incidental trapping incidents in Maine from 1999 to 2012. 
 

Date 
incident 

Age 
Class Sex Type of Trap 

Securing 
method Response type 

ISO Score 
(applied as 
reference)1 Type of Injury 

10/18/1999 Subadult Male Foothold staked IFW released 5 Tiny bit of blood on 3rd toe, no 
cut on toe was evident; minor 
injury 

10/1 /2000 Unknown Unknown Foothold - Trapper released - - 
10/26/2000 Adult Male Foothold Drag IFW released 100/50 Broken leg (ulna and radius), x-

rayed in Presque Isle; rehab at 
Tufts; released back to wild 

10/21/2001 Adult Female Foothold Drag IFW released 5 small laceration on one toe 
10/26/2002 Adult Unknown Foothold - Trapper released - - 
10/22/2003 Unknown Unknown Foothold - Advised trapper 

release 
- - 

11/1 /2003 Unknown Unknown Foothold Drag Trapper released - - 
11/2 /2003 Adult Female Foothold Drag IFW released 10 Small puncture above capture; 

Slight swelling; caught high just 
below wrist 

11/22/2003 Unknown Unknown Foothold Drag Trapper released - - 
10/21/2004 Unknown Unknown Foothold Drag Trapper released - - 
10/21/2004 Unknown Unknown Foothold Drag Trapper released - - 
10/23/2004 Unknown Unknown Foothold Drag Trapper released - - 
10/23/2004 Adult Unknown Foothold staked Trapper released - - 
10/25/2004 Unknown Unknown Foothold staked Trapper released - - 
10/27/2004 Unknown Unknown Foothold Drag Trapper released - - 
10/28/2004 Unknown Unknown Foothold Drag Trapper released - - 
11/7/2004 < 1 yr Female Killer-type set on 

ground 
in box 

IFW released 5 Possible injury but no broken 
bones, just a lot of swelling. 

11/12/2004 > 1 yr Female Foothold staked Trapper released - - 
11/14/2004 Unknown Unknown Foothold - Trapper released - - 
11/16/2004 Adult Female Foothold Drag IFW released 5 Slight cut on bottom of foot 
10/1 /2005 Unknown Unknown Foothold Drag Trapper released - - 
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Date 
incident 

Age 
Class Sex Type of Trap 

Securing 
method Response type 

ISO Score 
(applied as 
reference)1 Type of Injury 

10/18/2005 Adult Male Foothold staked IFW released 5 Small cut inner left toe, small cut 
top of foot 

10/26/2005 Adult Male Foothold Drag IFW released 5 Small puncture middle two toes. 
Small amount of blood 

11/1 /2005 Unknown Unknown Foothold Drag Trapper released - - 
11/1 /2005 Unknown Unknown Foothold Drag Trapper released - - 
11/19/2005 < 1 yr Male Killer-type set on 

ground 
in box 

IFW released 5 Four frozen toes, but blood flow 
restored at vet hospital, swelling, 
bone chipped on leg bone. 

11/22/2005 < 1 yr Male Killer-type secured 
to tree 

IFW retrieved 
carcass 

- - 

12/6 /2005 Adult Male Killer-type set on 
ground 
in box 

IFW retrieved 
carcass 

- - 

10/15/2006 Unknown Unknown Foothold Drag Trapper released - - 
10/19/2006 Unknown Unknown Foothold staked Trapper released - - 
10/20/2006 Unknown Unknown Foothold Drag Trapper released - - 
10/26/2006 Unknown Unknown Foothold Drag Trapper released - - 
11/7 /2006 Unknown Unknown Foothold - Trapper released - - 
11/16/2006 Adult Male Foothold staked IFW released 0 no blood or cut on foot; applied 

normal weight to capture foot 
10/15/2007 Adult Female Foothold staked IFW released 5 superficial laceration <1/8" wide 

and just through top layer of skin 
10/17/2007 Unknown Unknown Foothold Drag Advised trapper 

release 
- - 

10/18/2007 Adult Male Foothold staked IFW released 0 no swelling, cuts, blood, broken 
teeth 

10/23/2007 Unknown Unknown Foothold staked Trapper released - - 
10/25/2007 Subadult 

> 1 yr 
Male Foothold Drag IFW released 5 noticed a drop of blood, but 

couldn't find the source; no 
laceration or breaks observed 

10/26/2007 Unknown Unknown Foothold staked Trapper released - - 
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Date 
incident 

Age 
Class Sex Type of Trap 

Securing 
method Response type 

ISO Score 
(applied as 
reference)1 Type of Injury 

11/8 /2007 Subadult 
> 1 yr 

Male Foothold Drag IFW released 0 no broken bones or teeth, 
bleeding, lacerations, punctures, 
dislocation observed. 

11/13/2007 Adult Male Foothold staked IFW released 10 shallow, small laceration; 
Capture foot and toes were cold 
but tissue soft (not frozen). 

10/27/2008 Unknown Unknown Foothold Drag Trapper released - - 
10/30/2008 Unknown Unknown Foothold secured 

to tree 
Trapper released - - 

11/17/2008 Adult Male Killer-type secured 
to tree 

IFW retrieved 
carcass2 

- - 

12/4 /2008 Adult Male Killer-type - IFW retrieved 
carcass3 

- - 

10/21/2009 Subadult 
> 1 yr 

Male Foothold Drag IFW retrieved 
carcass4 

- - 

11/9 /2009 Subadult 
> 1 yr 

Female Foothold staked IFW released 5 only minor edema on capture 
foot 

11/11/2009 Adult Female Foothold staked IFW released 5 small laceration on capture ft 
<1/2 cm; put wt on capture ft at 
release; no tooth injuries 

10/22/2010 Adult Male Foothold staked IFW released 10 small shallow laceration 1 mm 
long, slight edema on capture 
foot 

10/22/2010 Adult Female Foothold staked IFW released 5 shallow small puncture on middle 
digit of rt front paw 

        

11/4 /2010 Adult Female Foothold Drag IFW released 5 some swelling of the trap foot; 
walked away on all 4 feet with 
slight limp on capture foot 
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Date 
incident 

Age 
Class Sex Type of Trap 

Securing 
method Response type 

ISO Score 
(applied as 
reference)1 Type of Injury 

11/14/2010 Adult Male Foothold staked IFW released 5 very minor swelling capture foot; 
looks similar to other feet; no 
chipped/broken teeth 

10/18/2011 Unknown Unknown Foothold staked Trapper released - - 
10/22/2011 Unknown Unknown Foothold staked IFW released 0 lynx appeared uninjured when 

assessed and released by WS at 
direction of biologist 

10/22/2011 Adult Male Foothold Drag IFW released 5 Minor shallow laceration on 
capture foot 

10/23/2011 Adult Unknown Foothold staked Trapper released - - 
10/25/2011 Subadult 

> 1 yr 
Male Foothold staked IFW released 5 swelling of capture foot 

11/19/2011 Adult Male Foothold Drag IFW released 10 small shallow laceration and 
swelling on capture foot. 

11/29/2011 Unknown Unknown Killer-type secured 
to tree 

IFW retrieved 
carcass5 

- Lynx died from capture in a 
illegal killer-type trap, animal was 
scavenged and could not identify 
age or sex, or assess trap related 
injuries. 

10/18/2012 Adult Female Foothold staked IFW released 0 No injury observed during exam 
10/18/2012 Unknown Unknown Foothold staked Trapper Reported - Lynx escaped trap when 

approached by trapper 
10/21/2012 Adult Male Foothold staked IFW released 5 Small shallow laceration on 

capture foot 
10/21/2012 Adult Female Foothold Drag IFW released 0 No injury observed during exam 
10/26/2012 Adult Male Foothold staked IFW released 5 Two small shallow lacerations on 

capture foot 
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Date 
incident 

Age 
Class Sex Type of Trap 

Securing 
method Response type 

ISO Score 
(applied as 
reference)1 Type of Injury 

10/26/2012 Adult Male Foothold Drag IFW released 10 Small shallow laceration and 
minor swelling on capture foot; 
veterinarian on site concurred 
with injury assessment and 
treatment. 

11/1/2012  Female Foothold unknown IFW responded 50 Fracture on capture foot, animal 
shot by bird hunter. 

11/4/2012 Adult Male Foothold staked IFW released 5 Small laceration on capture foot; 
vet concurred 

11/5/2012 Adult Male Foothold Drag IFW released 5 small laceration on capture foot   
11/7/2012 Adult Male Foothold Drag IFW released 5 Two small laceration on capture 

foot; vet concurred 
1 Mild injuries were those that would be assigned a trauma score < 10 under ISO (International Standards Organization) standard (ISO/TC 191) ISO 10990-5:1999.  
ISO standard 10990-5:1999 is same standard used to evaluate injuries caused by restraining traps during the development of Best Management Practices for 
trapping in the United States.  The incidental capture on 1/19/2005 would not be scored as a severe trauma under ISO standards; however, IFW was unsure of 
the severity of frostbite at the time and treated it as a severe injury.  Later examination indicated the animal had not sustained any permanent tissue damage from 
frostbite. 

2 Trap not set in compliance with new laws related to killer-type sets; law was clarified to prevent future catches. 
3 Illegal take; trapper did not report capture and lethal take of a lynx; unable to determine if the trap met current regulations because trap was removed by trapper. 
4 Illegal take; lynx shot by bird hunter while in a foot-trap; trapper reported the dead lynx; hunter charged. Trap was legally set. 
5 Trap not set in compliance with new laws related to killer-type sets. 
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Overall, Maine's lynx population has increased since the 1990s (Simons 2009, Vashon 
et al. 2012).  The growth of Maine’s lynx population, at a time when trapping occurred 
and annual mortality was approximate 20%, underscores that Maine's lynx population 
can readily sustain low levels of mortality that might occur from incidental trapping (see 
Appendix 7).  Maine has not had an open season on lynx since 1967; therefore, any 
lynx takings have either been accidental (e.g., road mortality), illegal (e.g., poaching), or 
incidental to trapping (Table 4.1.4.).  Only 5 lynx deaths have been reported and directly 
attributed to trapping in the 14 years since lynx were federally listed as a threatened 
species (Table 4.1.4).  IFW estimates that there are roughly 750 to 1,000 adult lynx in 
Maine (i.e., northern and western Maine; Vashon et al. 2012).  Using this population 
figure, the highest percentage of the lynx population killed incidentally by Maine 
trappers during any given year was 0.6%.  Consequently, the small number of lynx 
killed by incidental trapping has not impacted Maine’s lynx population growth or stability 
(see Appendix 7).   
 
Table 4.1.4 Incidents of lynx takings recorded by the Maine Department of Inland 

Fisheries and Wildlife since the start of IFW’s lynx project in 1999.   
 

 Number 
Number in 

Foothold Traps 
Number in 

Killer-type Traps Vehicle  

Date Trapped  Alive Dead Alive  Dead Mortalities Poaching 
1999 1 1 0 0 0 0 1 
2000 2a 2 0 0 0 1 0 
2001 1 1 0 0 0 0 0 
2002 1 1 0 0 0 1 0 
2003 4 4 0 0 0 1 0 
2004 11b 10 0 1 0 3 0 
2005 8 b,c 5 0 1 2 3 2 
2006 6 6 0 0 0 2 1 
2007 8 8 0 0 0 4 1 
2008 4 2 0 0 2 3 0 
2009 3 2 1f 0 0 4 0 
2010 4 4 0 0 0 1 0 
2011 7 6 0 0 1d 4 0 
2012 10e 9 1f 0 0 5 0 
2013       14 13 1f 0 0 7 0 
2014       20 18 0 0 2 5 0 
Totals      104 92 3 2 7 44 4 

a One trapped lynx had a broken leg from the entanglement of a trap chain around a tree. The #3 foothold 
trap was set for coyote using a drag chain as an anchor. The lynx was treated, rehabilitated and released 
back into the wild.  

b.One lynx had its foot caught in a killer-type trap (#120) set for marten on the ground was examined by a 
veterinarian, rehabilitated, and released back into the wild.   

 c.Two animals were killed in killer-type traps.  One set (#120) was made on the ground for marten, and 
another set (#220) was made on a leaning tree (>4 dbh and <45 degree angle) for fisher. 

d Trap was not set in compliance with trapping regulations; regulations clarified in 2008. 
e Includes 4 lynx captured by trappers enrolled in IFW’s PM Program. 
f Lynx shot illegally in a trap by a bird hunter. 

Formatted Table
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The incidental trapping rate of lynx in Maine is significantly lower than trapping rate in 
jurisdictions where lynx trapping is legal, because trappers were targeting lynx in those 
areas (Brand and Keith 1979, Bailey et al. 1986, Poole 1991, McKelvey et al. 2000, and 
Poole 2003).  Although these studies have been informative for shaping regulations to 
sustain populations in areas where lynx are harvested for their fur, these studies are 
not relevant to IFW’s application, since the majority of lynx caught in traps in Maine are 
released and are able to survive and produce offspring after their capture.  

 
4.2 Anticipated Incidental Take:  Canada Lynx 
 
IFW is requesting a permit to allow the incidental trapping of up to 195 lynx over a 15-
year period (Table 4.2.2).  The majority (183) will be incidentally trapped and handled 
and released, some (9) may have trap related injuries that require medical attention (as 
outlined in Section 5.2), and few (3) may die from trap related injuries that may include 
animals that could not be released back to the wild.  IFW explains how these estimates 
are derived below.  While the estimates for the take request were developed by 
considering each covered activity, the accounting for the actual take will be the total of 
all covered activities during the 15-year permit period. 
 
Methods for Calculating Incidental Take  
 
Categories of Take and Predictions 
 
IFW's incidental take request was calculated for the full 15-year time span of the 
requested Section 10 permit (i.e., 2013-2028; Table 4.2.2).  Assumptions and 
calculations used to arrive at IFW's request are presented below:  
 
1. Incidental Capture: 
 
Baseline:  Between 1999 and 2012, 70 lynx were incidentally captured by trappers at a 
reported annual rate of 1 to 11 (Table 4.1.4).  IFW believes that data on incidental 
capture rates since 2008 best represent projected take during the Plan period because 
minimization measures were in place, trappers were more knowledgeable about lynx 
and efforts to minimize their capture, and reporting of lynx captures was mandatory.  
Since 2008, the number of lynx captures has ranged from 4 to 10 per year (Table 4.1.4) 
including those caught by PM trappers. Without PM trappers, the number of lynx 
incidental trapping ranged from 3 to 7 per year. IFW only has two years of experience 
with implementing the PM program (2011 and 2012) and 0 and 4 lynx were captured in 
foothold traps, respectively.  For the purposes of the projected take calculations for this 
Plan, the maximum capture rate was used for both programs (Table 4.2.1). 
 
Take Request:  This Plan incorporates a number of minimization measures to reduce 
and avoid capture of lynx in traps through fur trapping, ADC, and PM programs.  
Captured lynx are rarely severely injured or killed (Table 4.1.3 and Table 4.1.4).  IFW is 
requesting coverage for the potential incidental trapping and capture of 195 lynx during 
the 15-year period.  IFW’s take request is based on historic patterns.  Given projected 
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stable to declining population trend, IFW assumes that incidental capture rate should 
not exceed 11 lynx per year (combining take from fur trapping and ADC/PM programs) 
during the 15-year period (Table 4.2.1).  IFW is requesting an additional 20% allowance 
for the number of lynx trapped over the 15-year permit to allow for increased trapping 
effort and change that may affect susceptibility of lynx to trapping (e.g., lynx population 
trend, permitting cage traps and cable restraints). 
 
 
Table 4.2.1. Requested allowances for incidental captures, trapping related 

injuries, and trapping related mortalities of Canada lynx by the Maine 
Department of Inland Fisheries and Wildlife (IFW).  Major injuries will 
be injuries that required veterinarian care before the animal could be 
released back to the wild (e.g. broken bone, etc.). 

 

Capture Event 
Projected 

Annual Take 
Projected Take Over 
Life of Permit (15 yr) 

Incidental Lynx Captures   

      Fur Trapping 7 105 

      ADC/PM Program 4 60 

      20% allowance for changes in effort a 2 30 

All Take of Lynx Incidentally Trapped 13 195b 
     Proportion of capture lynx released with   
     no injuries    19% 37 
     Proportion of capture lynx released with 
     minor injuries     75% 146 
     Proportion of capture lynx that require  
     additional treatment from injuries  4.4% 9 
     Number of captured lynx that potentially  
     killed or not released after vet care)  1.6% 3 
a The 20% allowance includes the potential for increases from trapper effort, new types of traps, changing 
susceptibility to traps, and unreported lynx captures, if there are any. Note: the failure to report a lynx 
capture is illegal under Maine’s trapping regulations.  

b While the estimates for the take request were developed by considering each covered activity, the 
accounting for the actual take will be the total of all covered activities during the 15-year permit period. 
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Table 4.2.2 The number of lynx incidentally trapped in Maine between 1999 and 
2012 categorized by the animal's injury status. 

 
      ISO Injury Score 

 
 
 
Trap Type 

 
Number 

of 
Captures 

Number 
Released  
and Not 

Examined 

 
Number 

IFW 
examined 

Illegal 
Trapping 
Mortality 

 
No  

visible 

 
 

Mild a 

 
 

Moderateb 

Moderate 
Severe to  
Severec 

         
Foot-hold 63 31 32 2d 6 24 0 2 
Killer-type <2008  6  0 6 4e 0 0 2f 0 
Killer-type >2008 1 0 1 1e 0 0 0 0 
Total 70 31 39 7 6 24 2 2 

a International Standards (ISO) mild traumas for animals are defined as pathological observations with an 
injury score between 2 and 10 points (e.g. swelling, minor cutaneous laceration, etc.). 

b International Standards (ISO) moderate and moderately severe traumas for animals are defined as 
pathological observations with an injury score between 25 and 30 points (e.g. major laceration on tongue 
or foot pads, etc.). 

c International Standards (ISO) moderately severe to severe traumas are defined as pathological 
observations with an injury score of between 50 and 55 points (e.g. simple fracture at or below the 
carpus) and 100 points (e.g. fracture above the carpus, etc.), respectively. 

d Two lynx were shot illegally by a bird hunters, although these lynx were killed an injury score for trap 
related injuries was recorded. 

e Lynx were killed in killer-type traps that do not comply with current regulations. 
f These lynx were caught by the foot in killer-type traps that do not comply with current regulations. 
 
 
2. Non-lethal Take:  
 
Baseline:  Of the 70 lynx caught in traps between 1999 and 2012, IFW’s biologists 
examined 32 lynx caught in foothold traps and all 7 lynx caught in killer-type traps for 
injuries.  The majority (30 out of 32) caught in foothold traps had no visible or mild 
injuries, specifically 19% (6) had no visible injury, 75% (24) had mild injuries (e.g., small 
laceration) that could be treated in the field, and  6% (2) had an injury requiring 
veterinarian care.  Of the 7 lynx that were caught in killer-type traps, 2 had injuries 
requiring veterinary care (Table 4.2.2).  However, these 2 lynx were caught in killer-type 
traps set on the ground without exclusion devices, which is no longer permitted.  
Therefore, IFW does not anticipate any injuries in killer-type traps. 
 
Take Request:  Based on the number of lynx that may be incidentally captured (195), 
we anticipate that 19% will have no discernible injury (37), 75% will have mild injuries 
(146), and 6% will have severe injuries that will require veterinarian care (12).  The 6% 
injury rate is broken down into a non-lethal (4.4%) and a lethal component (1.6%) which 
is further described below.  Therefore, IFW assumes that 4.4% (9) of lynx incidentally 
captured will be releasable after treatment of severe injuries and have survival rates 
commensurate with other lynx and 1.6% (3) may either die or may not be releasable. 
Lynx that cannot be released will be considered part of the lethal take estimate 
described below.  IFW is requesting coverage for the non-lethal take of up to 192 lynx 
during the 15-year period, which may include up to 9 lynx with injuries that require 
veterinary care before being released (Table 4.2.2).   
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3. Lethal Take:   
 
Baseline Killer-type Traps:  Between 1999 and 2012, 7 lynx were caught in killer-type 
traps; five died from trap related injuries and two lived (Table 4.2.2).  Six of the 7 were 
caught prior to regulatory changes.  Since regulatory changes, one lynx has been killed 
in a killer-type trap.  Although the trap did not comply with all aspect of the current 
regulations, it is used to project potential future lethal take for the purpose of this Plan.  
 
Baseline Foothold Traps:  No lynx fatalities have been reported from injuries that 
occurred from foothold traps.  However, two lynx caught in foothold traps were shot and 
killed by bird hunters.  It is illegal in Maine to disturb traps or take any wild animals from 
traps without the trapper’s permission (Title 12 §12256).  Therefore, these mortalities 
resulted from an illegal activity.  IFW is committed to avoiding future lethal takes of this 
nature.  In the minimization section of this plan, IFW describes additional outreach to 
hunters to avoid future illegal shooting of lynx in traps (i.e. lynx regulation page in IFW’s 
annual Hunting and Trapping Regulations book). 
 
Take Request:  Although the level of lethal take has been low from trapping in Maine, 
IFW is including the potential for three mortalities from incidental capture events over 
the 15-year permit period.  These mortalities may result from severe injuries from 
foothold traps, non-lethal cable restraints, cage traps or killer-type traps.  Although 7 of 
70 lynx incidental caught in traps between 1999 and 2012 died, 4 lynx were caught in 
killer-type traps that are no longer legal in Maine and 2 mortalities were not directly 
related to the trap set  (i.e., illegally shot by bird hunters).  Thus, these 6 lynx were 
excluded from lethal take calculations; the remaining 64 lynx incidentally caught in traps 
was used to project potential lethal take. Thus for the purpose of this Plan, IFW 
estimated the proportion of total potential take (i.e., 195 lynx) that may be lethal as 1.6% 
(i.e., up to 3 lynx may die). 
 
Potential Biological Impacts of the Request Level of Incidental Take 
 
IFW acknowledges that incidentally trapping a lynx is a form of take (kill, capture, harm, 
and harassment) as defined in the ESA.  However, in the vast majority of incidental 
trapping incidents, there is no biological impact.  IFW defines biological impact as an 
activity that would significantly alter the potential survival or reproductive rates of an 
animal.  In IFW’s Plan, IFW minimizes the impact of activities that kill, harm, and harass 
lynx and mitigates for unavoidable take.  
 
To illustrate the effect that 3 lynx mortalities might have on Maine’s lynx population, IFW 
used VORTEX 9.99 software to simulate lynx population dynamics.  Inputs for this 
model came from lynx demographic data collected in Maine between 1999 and 2010 
when hare densities ranged from <1 to 2 hares/hectare (Vashon et. al. 2012).  This 
VORTEX model was built because it offered a similar platform for comparing modeling 
results generated by the USFWS in their review of IFW’s earlier application.  The 
purpose of the simulation was to:  1) update the inputs used in the population model 
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presented in Maine's 2008 Incidental Take Plan, and 2) to determine if Maine’s lynx 
population would decline with minor losses that might result from the incidental capture 
of lynx in traps set for other furbearing animals.  Without the incidental capture of lynx 
over the 15-year permit period, the Vortex model indicated a slightly increasing 
population growth rate (r = 0.0595; Appendix 7). 
 
To test the assumption that Maine's lynx population size would not decline if  lynx 
mortalities resulted from incidental trapping occurred, IFW ran simulations using a level 
of lethal take of 3 lynx as requested in IFW’s Plan.  The model indicated that Maine’s 
lynx population could maintain a positive growth rate (r = 0.0473) with the low level of 
lethal take requested in the Plan.  A full explanation of the model inputs, assumptions, 
and results is given in Appendix 7. 
 
At this time, there is insufficient evidence to conclude whether human-related mortality 
in lynx populations is density dependent (i.e., greater proportion of the population 
trapped when population is high) or independent (i.e., proportion of population trapped 
is not influenced by population size; Steury and Murray 2004).  Brand and Keith (1979) 
suggest that lynx vulnerability to trapping is dependent on prey rather than lynx 
numbers; when prey is scarce, lynx may increase their movements to search for food 
and/or become more attracted to baited traps.  However, other studies indicate there 
was not a consistent pattern in lynx becoming more vulnerable to baited traps as 
snowshoe hare densities declined (Slough and Mowat 1996).  
 
To test whether Maine’s lynx population could tolerate more lethal incidental trapping, if 
lynx became more vulnerable to capture in traps at low population levels, IFW varies 
lethal incidental take rates from 1 every 5 years (i.e., 3 lethal takes over permit period) 
to 3 every year (i.e., 45 lethal take over permit period).  Simulations indicate little 
change in population growth rates (r = 0.0343; Appendix 7).   
 
Beneficial Impacts of Trapping: 
 
In Maine, predation by fisher is a major source of mortality for lynx.  If killer-type traps 
are not permitted in Maine, fisher densities are likely to increase without a means to 
harvest fisher.  During IFW's 12-year radiotelemetry study on lynx, biologists observed 
that 42% of lynx mortalities were due to either fisher predation or suspected fisher 
predation.  Using a weighted average of the Kaplan-Meier annual adult mortality rates, 
IFW calculated that lynx in the study area had an overall annual mortality rate of 27% 
(Vashon et al. 2012).  Therefore, if the annual mortality rate of lynx (27%) is multiplied 
by the proportion of radiocollared lynx killed by fisher (42%), it can be shown that 
approximately 10% of the radiocollared lynx are killed by fisher each year.  The high 
number of lynx mortalities being caused by fisher raises the question:  what would 
happen to the lynx mortality rate in Maine if fisher trapping were eliminated? 
 
IFW estimated the potential benefit of fisher trapping to the lynx population using the 
following data and assumptions: 
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1. IFW has data indicating that across the lynx range in Maine, there are approximately 
2 fisher for every lynx  (fisher densities from Fuller et al. [2001], and lynx densities 
[Adult & Juvenile] from Vashon et al. [2008a]); 

2. IFW assumes that overall lynx mortality rates and mortality attributed to fisher in 
IFW's study area are similar to mortality rates in other parts of the lynx range in 
Maine;  

3. IFW has data showing that approximately 578 fisher were harvested annually from 
WMDs 1-11 (i.e., 5-year mean fisher harvest rate from 2006 to 2010); 

4. IFW assumes every fisher has an equal chance of killing a lynx; 
5. IFW assumes, if trappers removed 20% of the fisher population, the fisher 

population would either stabilize or decrease.  
 
Because fisher densities are twice that of lynx in Maine, it follows that in this scenario 
there would be 2,000 fisher living sympatrically with1,000 lynx.  If the same mortality 
rate for lynx killed by fisher in IFW’s lynx study (i.e., 10%) was used, then 100 lynx 
would die from fisher predation each year.  IFW records show that on average 578 
fisher were trapped annually out of the lynx range from 2006 to 2010.  If every fisher 
has approximately a 1 in 20 chance (5%) of killing a lynx and harvest 578 fisher from 
the lynx range each year, trappers would hypothetically reduce mortalities by 29 lynx in 
one year.   
 
If that increase in annual survival is extended over the 15-year period of the permit, an 
additional 435 lynx may survive because fisher trapping is allowed (as opposed to being 
banned).  Even if these calculations overestimate the increase in lynx survival by half, 
the additional number of lynx surviving (218) is still far greater than IFW’s lethal take 
request (3).    
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5.0 Conservation Program / Measures to Minimize and Mitigate for 
Impacts 

 
5.1 Biological Goals and Objectives 
 
IFW is charged with protecting and enhancing Maine’s wildlife for future generations to 
enjoy.  As such, IFW's biological goals are directed at maintenance or enhancement of 
Maine's lynx population (IFW 2005) and are broader than the biological goals for this 
Plan.  At a minimum, IFW's overall biological goal for lynx will be to ensure the 
persistence of its population in Maine (IFW 2005), which is similar to Objective 4 in the 
USFWS' Recovery Outline for Canada Lynx.  More specific management goals for lynx 
may be given to IFW in the future by public working groups as part of IFW's Strategic 
Planning Process (Appendix 6) and in a future federal recovery plan.  Specific goals and 
objectives to address incidental take of lynx in traps for this Plan is described below. 
 
Biological Goals 
 
1. Conduct Maine’s trapping program in a manner that does not alter the natural 

fluctuations of Maine’s lynx population.   
2. Maintain Maine’s trapping program as an effective wildlife management tool.  
 
Biological Objectives  
 
1. Implement measures to minimize the potential for injuries of lynx from all traps 

and trap set types. 
2. Implement a systematic approach to assessing all captured lynx and treating 

injured lynx to avoid trap related fatalities. 
3. Implement measures that are effective in avoiding capture of lynx in killer-type 

traps. 
4. Implement mitigation commensurate with the permitted lethal take that 

maintains or creates high quality habitat that would support lynx in the BPL 
Seboomook Unit. 
 

5.2 Measures to Minimize Impacts 
 
Since closing the State’s lynx trapping and hunting season in 1967, IFW has evaluated 
and restricted furbearer trapping activities with the intent of minimizing incidental take of 
Canada lynx (Table 5.2.1).  In this Section, IFW describes its minimization and 
monitoring commitments and implementation plan (who will do them and when they will 
be done).  Minimization measures include regulatory (RC), incidental capture response 
(IM), outreach and education (O&E), and plan implementation (PI) commitments (Table 
5.2.2).  When IFW references all licensed trappers this includes fur (including junior 
trappers and trappers with complimentary licenses), ADC, and PM trappers. Although it 
is difficult to distribute outreach material in this Plan to landowners permitted to trap 
without a license, they are required to follow all trapping regulations, which can be found 
on IFW’s website and in printed form at IFW offices throughout the State. Additionally, 
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IFW will provide the opportunity for landowners permitted to trap without a license to 
receive lynx avoidance and minimization outreach materials when they tag their fur. IFW 
has expanded the use of the Gov-Delivery system to provide trappers the opportunity to 
receive trapping information electronically via email. 
 
 
Table 5.2.1 Chronological list of measures that were implemented by the Maine 

Department of Inland Fisheries and Wildlife prior to submission of 
this Plan. 

 
Measure Year Measure Year 

Ending the bounty on lynx and instituting a 
closed season on lynx trapping and hunting 

1967 Customization of 2003 brochure for Maine 
trappers.  Brochure distributed to all 
licensed trappers. 

2005 

Conferring with trappers about incidentally 
caught lynx 

1970's Conferring with other jurisdictions on 
incidental take issues 

2006 

Annual trapper mailing included information 
on how to distinguish between a lynx and 
bobcat 

1991 Restricting use of visible bait while 
trappinga 

2007 

Annual trapper mailing included an offer to 
help trappers release incidentally caught lynx  

1996 Requiring killer-type traps to be set on 
leaning poles within the lynx range 

2007 

Annual trapper mailing included lynx track 
descriptions  

1997 Guidelines developed for evaluating lynx 
injuries including contact list for 
veterinarian and rehabilitators. 

2007 

Lynx Hot Line established in annual trapper 
mailing 

1999 New emphasis in trapper education on 
how to avoid incidental lynx captures 

2008 

Standard operating procedures developed for 
handling incidentally caught lynx 

1999 Mandatory reporting of lynx incidental 
catches 

2008 

Recognition of trappers voluntarily reporting 
incidentally trapped lynx 

2000 IFW implements an emergency rule that 
clarifies trapping regulations for setting 
killer-type traps in WMD 1-11. 

2008 

Helped develop "How to avoid the incidental 
take of lynx..." USFWS, IAFWA brochure"  

2003 IFW permits the use of killer-type traps set 
on the ground if used in conjunction with 
an exclusion device in WMD 14,18 and 19. 

2010 

a In 2007, IFW promulgated a trapping rule to restrict the use of visible bait by trappers.  The objective for 
this rule was to reduce the incidental trapping of eagles and lynx in killer-type or foothold traps by limiting 
the use of attractants (e.g., meat, bone, feathers, etc.) that a trapper might use near traps. 
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Table 5.2.2. Summary of the Maine Department of Inland Fisheries and Wildlife’s commitments 
for minimizing the incidental take of Canada lynx under its furbearer trapping, ADC, and PM 
programs through the 15-year period of its Incidental Take Permit.   

 
Measures that minimize incidental capture 
 
Regulatory -- Commitments 
 
RC 1 Restrict placements of killer-type traps on 

land in lynx zones 
IFW will continue regulations that require killer-type sets 
that have a jaw spread greater than 5 inches to be set 
on leaning poles with the exception of blind oras water 
sets or less than 5 inches as blind sets. NEW - IFW will 
require allow the use of exclusion devices on killer-type 
traps with an inside jaw spread that does not exceed 7 ½ 
“ to be set on or above the ground as long as used with 
an approved exclusion devices , killer-type traps set on 
the ground cannot and with an inside jaw spread that 
does not exceed 7 ½ “ inside jaw spread. Exclusion 
devices will not be required on blind sets (not to exceed 
5” jaw spread) or leaning poles.  
 
RC 2 Mandatory Reporting-Statewide 
IFW will continue to require all licensed or otherwise 
authorized trappers that incidentally catch a lynx, to 
report the incidental capture to IFW before releasing the 
lynx unless an IFW official cannot be reached in time to 
prevent injury to the lynx. Any lynx released under this 
provision must be reported to IFW within 24 hours. 
 
RC 3 Restrict the Use of Visible Bait-Statewide 
IFW will continue to prohibit the use of exposed bait or 
attractors during the early coyote, fox, and muskrat 
seasons.  During the regular trapping season, bait that is 
visible from above must not be set within 50 yards of a 
foothold or killer-type trap.  These measures make traps 
less attractive to lynx. 
 
RC 4 Restrict the type and configuration of 

foothold traps set on land. 
In the lynx zones, IFW will continue to require trap 
chains to be mounted within the central portion of the 
base of the trap with at least 1 3 swiveling points on trap 
chains  in lynx areas and require traps to be staked with 
a catch circle clear of woody vegetation or other 
obstructions. IFW will continue to prohibit the use of 
foothold traps with teeth when set on land statewide. 
 
Measures that minimize injury and mortality 
 
Incidental Capture Response -- Commitments 
 
IM 1 Trapped Lynx Hotline 

IFW will continue to maintain and publicize a telephone 
number that licensed or otherwise authorized trappers 
can call, anytime during the trapping season, to report a 
lynx that has been incidentally trapped. IFW wildlife 
biologists will monitor the hotline 24 hours-7days a week 
during the fur trapping season. ADC trappers that catch 
a lynx outside the fur trapping season will be instructed 
to contact an IFW Warden or Biologists through the 24/7 
State Police call center. 
 
IM 2 Responding to Lynx Incidental Captures-

Statewide 
IFW will continue to have wildlife biologists respond to 
lynx incidental captures (anywhere in the state) to 
release lynx, to assess the animal for injuries, and to 
transport the animal if veterinary care is warranted.  
Except in an extreme circumstance, as explained on 
page 191. 
 
IM 3 Use Standard Operating Procedures 
IFW will continue to implement standard operating 
procedures for responding to lynx captures (see 
Appendix 8) and will update these procedures with a 
veterinarian, every 3 years or as necessary. NEW - IFW 
will also develop and implement a field based injury  
scoring system for evaluating  incidentally captured lynx 
within 1 year of permit issuance and update every 3 
years or as necessary.  
 
IM 4 Maintain List of Cooperating Veterinarians 
IFW will continue to maintain a list of cooperating 
veterinarians who are willing to care for lynx injured by 
incidental trapping.  This list will be updated by IFW 
biologists prior to the start of each trapping season. 
 
IM 5 Rehabilitate Injured Lynx 
IFW will transport lynx injured from incidental trapping 
(when warranted) to the nearest cooperating 
veterinarian, cover the costs of rehabilitating the animal, 
and if possible, release the animal back into the wild. As 
a component of effectiveness monitoring, IFW will equip 
rehabilitated lynx with radio-collars to determine whether 
the treated injury contributed to the mortality of the 
animal post-release. 
 
IM 6 Injury Evaluation Training for Staff NEW 
Every 3 years, IFW biologists will be trained by a 
veterinarian on how to evaluate injuries of incidentally 
captured lynx. Any new biologists will not respond to lynx 
captures until they have received such training unless 
they accompany trained biologists. 
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Table 5.2.2 (continued).  Summary of IFW’s commitments for minimizing the incidental take of Canada 
lynx. 
 
IM 7 Veterinary Oversight NEW 
IFW will have a veterinarian accompany staff on at least 
3 lynx incidental captures within each 3-year period of 
the permit for a minimum of 15 evaluations to ensure 
affective injury evaluations. 
 
IM 8 Response to orphaned kittens NEW 
If an adult female lynx with kittens is killed or held for 
treatment of capture related injuries, IFW may capture 
and radiocollar or hold kittens in captivity until the female 
can be released or until the kitten reaches dispersal age 
(i.e., 1 year old) as described in Section 5.2.1. 
 
Measures to educate trapper to avoid or 
minimize incidental captures 
 
Outreach and Education -- Commitments 
 
O&E 1   Reinforce Compliance 
IFW biologists and wardens will continue to promote 
compliance with trapping regulations when lynx are 
incidentally captured, at annual Maine Trappers 
Association meetings, in annual trapper mailings, at fur 
rendezvous events, and during casual interactions with 
licensed or otherwise authorized trappers.   
 
O&E 2   Publish a Regulation Booklet 
IFW will continue with annual publication of the summary 
law book that describes all current laws that govern 
hunting and trapping including a lynx regulation page. 
 
O&E 3   Trapper Information Booklet 
IFW will annually distribute the lynx avoidance measures 
in the Trapper Information Booklet to all licensed and 
otherwise authorized trappers. These materials will be 
updated as needed and would also be available on the 
website.  
 
O&E 4   “How to avoid the incidental take of lynx”    

Booklet 
IFW will update and distribute this booklet to all licensed 
and otherwise authorized trappers within1 year after the 
permit is issued, every 5 years thereafter, and any time 
new regulations or information may affect the methods 
the trappers use to avoid incidentally trapping lynx.  IFW 
will maintain a copy on the website. 
 
O&E 5 Maintain Website Information 
IFW will maintain a webpage that contains information 
on lynx biology, avoiding lynx incidental captures, and 
trapping regulations. The webpage will be updated as 
needed by IFW Information and Education staff in 
consultation with wildlife biologists. 
 
O&E 6   Trapper Education Course 

IFW will provide the materials and oversight needed to 
keep students in IFW’s trapping education course up-to-
date on techniques and regulations that minimize the 
incidental trapping of lynx. IFW’s wildlife biologists and 
Safety Officers will annually review regulations, laws, 
research results, and to determine if additional 
information needs to be presented to students.   
 
O&E 7   Trapper Video NEW 
IFW will produce and distribute two a videos, the first 
one is  to all licensed or otherwise authorized trappers 
that demonstrates techniques for reducing incidental 
lynx captures and injuries within 2 years after a permit is 
issued.  This video will be produced by IFW Information 
and Education staff in consultation with wildlife biologists 
and will be used in trapper educational courses (by 
students and instructors). ADC and PM trappers will be 
required to review this video during their 
certification/recertification training. Upon completion, this 
video will remain on IFW’s website.   The second video 
will demonstrate how to build an exclusion device and 
will also be distributed to all trappers, included in the 
trapper education program, and posted on our website. 
   
 
O&E 8   Continued Education for Instructors  
IFW will ensure instructors are informed of current 
measures to minimize lynx captures through annual staff 
meeting with IFW’s Regional Safety Coordinators, 
biannual instructors training sessions and periodic 
newsletters to instructors.   
 
Measures related to monitoring, reporting, 
or implementation.  
 
Plan Implementation -- Commitments  
 
PI 1 Extending lynx measures  
If lynx establish residence in new areas of the state, IFW 
will modify trapping regulations to ensure that trapping 
regulations offer the same level of protection for lynx in 
these new locations.    
 
PI 2 Investigate all lynx incidental captures 
IFW Warden Service will continue to investigate all lynx 
incidental captures in traps.  
 
PI 3 Cooperate with USFWS on Investigations 
IFW biologists or wardens will continue to inform 
USFWS special agents of any lynx incidental captures or 
other takings when they occur.  
 
PI 4 Conduct compliance monitoring  NEW 
Each year, IFW Wardens will check a sample of traps 
set by at least 80 20 percent of active trappers setting 
killer-type traps in the lynx range WMDs as part of their 
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routine activies and to record the number of traps set in 
compliance with lynx minimization measures.  IFW 
biologists will analyze the data to inform IFW’s changed 
circumstances plan.  
 
PI 5 Consult with trappers  
Wildlife biologists and game wardens will continue to 
consult with trappers on ways to minimize lynx injuries 
and avoid trapping lynx at annual MTA meetings, fur 
rendezvous events, and during casual interactions.  
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5.2.1 Minimization Measures Commitments, Implementation, Monitoring, and 
Reporting   

 
The USFWS’s addendum to the HCP handbook (FR 65(106):35242-35257; the “5-point 
policy) focuses on the expanded use and integration of monitoring as an integral part of 
habitat conservation plans.  Biological goals and objectives provide a framework for 
developing a monitoring program that measures progress toward meeting those goals 
and objectives.  Monitoring is also integral to detecting changed circumstances and 
guiding management.  Monitoring programs assess the implementation and 
effectiveness of the ITP by determining the level of incidental take after minimization 
measures are in place.  This monitoring strategy has been designed to ensure the 
biological goals (Section 5.1) are being achieved by: 1) minimizing the number of 
Canada lynx incidentally trapped in Maine; 2) minimizing the injury severity and 
mortalities to captured Canada lynx, and 3) providing effective mitigation for any 
trapping related mortalities (Section 5.1) are being met.   
 
The monitoring strategy incorporates both implementation and effectiveness monitoring.  
Implementation monitoring ensures implementation of IFW’s conservation commitments 
throughout the ITP term by tracking, reporting, and evaluating whether the covered 
activities are being performed in compliance with the HCP requirements (Sections 5.2; 
5.3).  Implementation will be documented through checklists maintained in a database 
for compilation into annual updates and 5-year monitoring reports to the USFWS.  The 
objectives of this database are to 1) determine whether all commitments are being 
appropriately implemented, 2) identify areas for potential improvement, and 3) verify 
that any required communications with or approval from the USFWS were executed. 
 
IFW will also monitor the effectiveness of minimization measures to reduce incidental 
trapping of lynx and injury or mortality to lynx if caught in traps.  Effectiveness 
monitoring will include investigating, documenting, and evaluating the circumstance 
and severity of injury (injury assessment or mortality) of each incidental lynx capture 
whether a lynx is caught in a legal or illegal set.  These data will help the USFWS and 
IFW assess whether our minimizations efforts are effective.  If circumstances have 
changed, these data can be used to identify any relationship between the circumstance 
(e.g., trap type, set type, weather, disturbance, trapper effort, etc.) and the incidental 
trapping of a lynx to identify an appropriate management response if it becomes 
necessary (Section 5.4). 
 
Regulatory Measures 
 
Rationale:  As a state wildlife agency, IFW makes its most significant contribution 
towards Canada lynx conservation through its regulatory authority, management 
procedures, and public outreach efforts.  Regulations (rules) and laws (statutes) are the 
most common tools used by state wildlife agencies to communicate with the public and 
modify an individual’s behavior when they are trapping, hunting, or using public or 
private lands.  IFW can use rulemaking to reduce injuries (e.g., requiring 1 swivel on 
trap chains) and the number of lynx being incidentally caught by trappers (e.g., 
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restricting use of visible bait, leaning pole set for killer-type traps), and to assist in the 
monitoring of the number of lynx that are incidentally caught in traps (e.g., mandatory 
reporting).  Regulations are widely distributed in print form and on the internet and can 
be packaged for target audiences.  IFW enforces laws and regulations through the 
Maine Warden Service.   
 
IFW’s lynx management efforts include a proven record of using proactive management 
to decrease the number of lynx being incidentally caught in killer-type traps.  Killer-type 
traps are the only furbearer trap type that has killed lynx in Maine.  To address the 
mortality risk from these traps, IFW worked with the USFWS and AFWA to develop and 
improve leaning-pole sets. 
 
This Plan incorporates several minimization measures aimed at avoiding capture of 
lynx. These largely rely on regulatory changes that were made since 2008, clarification 
made to trappers, and measures implemented for this Plan. 
 
RC 1 Restrict placement of killer-type traps set on land in all WMDs that have 
resident lynx 
 
Rationale:  Both leaning pole sets and lynx exclusion devices (Figure 5.2.1) are 
effective at preventing minimizing lynx captures in killer-type traps set for marten and 
fisher.  IFW has been implementing the leaning pole measure since 2007 and it was 
also incorporated into the Consent Decree for WMDs 1-6 and 8-11.  Since a rule 
clarification in 2008, trappers have used leaning-pole sets in WMDs 1-6 and 8-11 for 
over 750,000 trap nights without catching a lynx in a legal set.  However, during that 
time period the Warden Service recorded 1 lynx capture in a killer-type trap set illegally.  
During the 2014-15 trapping season that followed the October 2014 Plan, two lynx were 
killed in killer-type traps that were lawfully set on leaning poles.  This change resulted in 
a minor amendment to this Plan in August 2015 that eliminates leaning pole sets 
without exclusion devices in lynx WMDs.    
 
IFW had previously  allowed killer-type traps (<7 ½ inch inside jaw spread) to be set on 
the ground when the trap is set in an exclusion device in WMDs where lynx are found 
and that are not covered by the Consent Decree (currently WMDs 7, 14, 18, and 19) or 
set on the ground as blind sets (< 5 inch inside jaw spread) for mink without an 
exclusion device (statewide). To date, lynx have not been incidentally captured in blind 
sets for mink or killer-type traps set on the ground for marten and fisher with a lynx 
exclusion device.  However, if this changes or new information becomes available, 
IFW’s changed circumstance section of the Plan will address this (Section 5.4). 
 
Commitment:  Following issuance of the permit, IFW will maintain the current regulation 
that requires killer-type traps that have a jaw spread greater than 5 inches to be set on 
leaning poles.  Although exclusion devices are currently permitted in WMD 7, 14, 18 
and 19, through the rule making process, Under this plan, IFW intends to permit killer-
type traps with an inside jaw spread < 7 ½ inches to be set on the ground if placed 
within a lynx exclusion device in WMD 1-6 and 8-11 (currently not permitted by the 
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Consent Decree)will prohibit the setting of killer-type traps when they are set on or 
above ground in the lynx zone, unless they are are set with an exclusion device or as 
described in Rule 09-137 Chapter 4.01 K page 29.  An exclusion device will not be 
required for blind sets (as described in Section 3) or leaning pole sets. 
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Figure 5.2.1 An example of a lynx exclusion device for killer-type traps.  Note the 
opening for a fisher or marten to enter the trap is located on the top 
panel on the far right endend panel near the bottom of the 
photograph.  The killer-type trap (shown) is set near the left opposite 
end of the trap, and the bait would be placed to the left ofbehind the 
trap in the cage.  Specifications for a lynx exclusion device are 
described in Maine's trapping rules9(as described in Appendix 2). 

 
 

 

                                            
9 Lynx exclusion device rule (2011): In WMDs 7, 14, 18, and 19 killer-type traps with a jaw spread not to 
exceed 7 ½ inches may be used onthe ground level if the trap is placed within a lynx exclusion device.  
The trap jaws must be completely within the device, the trap springs can be outside of the device.  The 
lynx exclusion device must not have an opening greater than 6 inches by 8 inches, the set trap within the 
device must be a minimum of 18 inches from the closest edge of the opening to the trap (intended for 160 
and 220 killer-type traps) or; if the device has a 4 inches by 4 inches or less opening, the trap must be a 
minimum of 12 inches from the closest edge of the opening to the trap (intended for 120 killer-type traps).  
The back of the device must be secured to withstand heavy pulling; if using wire mesh with a wood box, 
the wire mesh must wrap around two opposite sides of the box and be secured.  There must be at least 2 
attachment points for each side of the device where a joint or panels come together.  The exclusion 
device can be constructed of wood, or wire mesh that does not exceed 1½ inches opening.  The wire 
mesh has to be 16 gauge or less (wire diameter of 0.05 or greater).  The opening slot in the exclusion 
device that allows the trap springs to extend outside the device can be no more than 7 ½ inches wide and 
a height of no more than 1 ½ inches.  The trap must be anchored outside of the exclusion device.  
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Implementation:  IFW is not proposing any changes to the leaning pole regulations 
identified in this Plan.  However, within 1 year after the permit is issued of an ITP, IFW 
will require that promulgate regulations to allow killer-type traps to be set on or above 
the ground in WMDs 1-11, 14, 18, 191-6 and 8-11 will be used in conjunction withwith 
an approved lynx exclusion device that covers the trap. 
  Until the regulation is promulgated the current rule prohibiting the setting of killer-type 
traps on the ground will remain in effect. IFW will notify the USFWS when this change is 
made.  
 
Compliance monitoring:  Killer-type traps are currently restricted, so compliance has 
already been met.  However, IFW will notify the USFWS when regulations go into effect 
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that extend the use of killer-type traps set on or above the ground, with the use of an 
approved lynx exclusion device that covers the trap, in WMDs 1-6 and 8-11, 14, 18 and 
19.This would not change the current regulation that allows killer-type traps with an 
inside jaw-spread less than or equal to 5 inches to be set on the ground. These are 
often used for trapping mink and other aquatic species. 
 
Effectiveness monitoring:  IFW will track and report annually on the number of lynx 
caught in killer-type traps.  IFW will immediately notify the USFWS if changed 
circumstance #2 and 3 are triggered (Section 5.4). 
 
Reporting:  In addition to reporting described in monitoring section, IFW will inform the 
USFWS of any rule changes annually. 
 
RC 2 Mandatory Reporting 
 
Rationale:  In 2008, IFW made it mandatory for trappers to report lynx caught in traps 
before releasing the lynx (Table 5.2.1).  This rule-change increased the likelihood that 
all lynx caught in traps would promptly be reported to IFW, permitting IFW staff the 
opportunity to assess and treat any injuries prior to releasing the lynx from the trap and 
investigate compliance with trapping regulations.  Additionally, mandatory reporting 
ensures the level of incidental take that occurs during IFW’s trapping programs is 
documented (i.e., take does not exceed 195 lynx in 15 years). 
 
Commitment:  IFW will continue to require any lynx caught incidentally, dead or alive, 
during any trapping season to be reported to an IFW official as soon as possible and 
prior to releasing the lynx from the trap, unless an IFW official cannot be reached in time 
to prevent injury to the lynx.  Any lynx released under this provision must be reported to 
IFW within 24 hours of the time it was discovered.   
 
Implementation:  N/A  
 
Compliance monitoring:  Mandatory reporting is currently required, so compliance has 
already been met. 
 
Effectiveness monitoring:  IFW will track the number of reported lynx incidental captures 
in a database and annually review this information to evaluate compliance with reporting 
requirements.  
 
Reporting:  Data on reporting rate will be compiled by IFW biological staff and reported 
to the USFWS in an annual report. 
 
RC 3 Restrict the Use of Visible Bait 
 
Rationale:  In 2007, IFW restricted the use of bait to reduce the incidental take of lynx 
and other non-target species.  During the early coyote and fox (2 weeks before the start 
of the general trapping season), and muskrat seasons (1 week before the start of the 
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general trapping season) it is illegal to use any exposed bait or visible attractor (Rule 
09-137 Chapter 4.01 G 1a, 2A-d, 2B-b). During the regular trapping season, foothold 
traps and killer-type traps may not be set within 50 yards of bait that is visible from 
above.  Bait may be used for trapping if it is completely covered in such a way to 
withstand wind action or other natural elements. Bait is defined as animal matter, skin, 
bones, feathers, hair or any solid substance that used to be part of an animal or fish.  
Bait does not include animal droppings or urine, or an animal held in a trap (Rule 09-
137 Chapter 4.01 K). These measures were put in place to make traps less attractive to 
lynx and other non-targets.  In addition to lynx, during the early coyote and fox season, 
bobcats, fisher, and marten must also be released from traps.  
 
Commitment:  IFW will continue to restrict the use of visible bait (e.g., meat, bones, 
feathers, hair) that may attract a lynx to a set. 
 
Implementation:  N/A  
 
Compliance monitoring:  Visible bait is currently prohibited, so compliance has already 
been met. 
 
Effectiveness monitoring:  IFW will document whether visible bait was used at each lynx 
incidental capture to ensure compliance with this regulation.  Any use of visible bait by 
trappers will be tracked in a database.  Additional information may come from IFW’s 
evaluation of data collected through IFW’s Warden Service check commitment in lynx 
WMDs (see minimization measure PI4).  
 
Reporting: IFW biological staff will compile data on use of visible bait, if any, and 
provide in an annual report to the USFWS.   
 
RC 4 Restrict foothold traps types and configurations when set on land 
 
Rationale:  IFW, in an agreement with plaintiffs in the Consent Decree, restricted the 
size of foothold traps in WMD 1-6 and 8-11 (areas where lynx had been caught by 
trappers) to traps with an inside jaw spread < 5 3/8 inches and required at least one 
swivel on trap chains.  Prior to the consent decree, coyote trappers would have used 
traps with an inside jaw spread < 6 ¾ inches.  IFW’s data shows that trap size has not 
affected the rate of lynx captures, injury, or injury severity.  The number of lynx 
incidentally captured in foothold traps did not decrease after the size restriction was put 
in place and the type and severity of injuries did not change.  Therefore, restricting 
foothold trap size is not expected to minimize the number of lynx captured or the 
severity of injury during the permit period. 
 
Commitment:  On land in lynx WMDs, IFW will continue to require trap chains to be 
mounted within the centeral portion of the base of the trap and must have at least one 
three swiveling points: one at the base of the trap, one midway in the chain, and one at 
ofthe foothold traps anchoring point (except as described in Appendix 2). Traps will be 
required to be staked with a catch circle clear of woody vegetation or other obstructions 
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(Appendix 2).  in lynx WMDs and IFW will prohibit the upland use of foothold traps with 
teeth statewide.  
 
Implementation:  Within 1 year after the permit is issued, through the rule making 
process, IFW will clarify the language in rule to prohibit the use of foothold traps with 
teeth statewide when set on land10 and will implement new regulations to rescind the 
restriction of foothold traps with an inside jaw spread of greater than 5 3/8” in lynx 
WMDs.  
 
Compliance monitoring:  IFW will notify the USFWS when regulations go into effect that 
prohibit the use of foothold traps with teeth statewideas described in the commitment, 
and the restriction of foothold traps with an inside jaw spread of 5 3/8” in lynx WMDs is 
rescinded.  At least one swivel is currently required on foothold traps set in lynx WMDs.  
, so compliance has already been met.   
 
Effectiveness monitoring:  IFW will immediately notify the USFWS if changed 
circumstance #2 (i.e., injury rate increases) is triggered. 
 
Reporting:  IFW will notify the USFWS in annual reports of when regulatory changes 
occurred. 
 
Measures that minimize injury and mortality - Incidental Capture Response 
Commitments 
 
Rationale and Background:  The ESA protects endangered and threatened species, 
including individual animals, populations, and the ecosystems on which they depend.  
While IFW may not be able to prevent lynx from being caught in foothold traps, IFW can 
evaluate and treat most injuries a lynx might receive after being held in a foothold trap.  
Such actions contribute towards "minimizing the impact11" of IFW's trapping program 
and address IFW's Biological Goal for this Plan.   
 
Since 1999, IFW has publicized a telephone number that trappers can call 24-hours a 
day, 7 days a week, during the trapping season, to report lynx that have been 
incidentally trapped.  Wildlife biologists monitor the hotline; coordinate their response 
with regional biologists, Wardens, and USFWS special agents; travel to the trapping site 
to sedate the animal; examine it for injuries; treat minor wounds; collect biological 
information; and release the animal back into the wild.  If the animal has an injury that 
cannot be treated in the field, biologists will transport the lynx to the nearest cooperating 
veterinarian, and, if necessary, arrange for further treatment or rehabilitation.  IFW 
maintains a list of cooperating veterinarians who are willing to care for lynx injured by 
incidental trapping.  IFW has a goal of examining 90% of the lynx that are incidentally 

                                            
10 Since this application was submitted, IFW established a rule prohibiting use of any trap with teeth on the 
jaws unless when set, placed and tended, the trap is completely covered with water. 
  
11 The USFWS' handbook on Habitat Conservation Planning and Incidental Take Permit Processing 
(1996) lists "minimizing the impact" as one of the five forms of mitigation action.  
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trapped.  To date, IFW wildlife biologists and trappers have successfully released 63 out 
of 70 lynx (90%) that were incidentally caught by trappers.  IFW biologists have 
examined 39 of 70 (56%) lynx caught in traps.  Three lynx were taken to a veterinarian 
because of incidental trapping injuries.  All were successfully rehabilitated and released 
into the wild.  Since mandatory reporting of lynx captures has been in place, IFW 
biologists have examined 24 of 28 lynx (86%) caught by trappers.   
 
IFW is committed to continuing its response to lynx that are incidentally trapped.  
Implementation of IFW’s response to lynx incidental captures includes the following 
components.  
 
IM 1 Trapped Lynx Hotline 
 
Rationale:  The overall objective of IFW providing a hotline for reporting lynx captures is 
to insure a quick response to lynx incidental captures by IFW staff and minimize any 
injuries that may occur to lynx as the result of incidental trapping or other accidents.  
Given the remote nature of areas where lynx occur, it may not always be possible for 
trappers to contact IFW staff in a timely manner.  Although we may strive for 100%, 
IFW’s goal is for at least 90% of the trappers to call prior to releasing a lynx.  
Regardless, IFW Game Wardens will investigate all incidental captures to determine if 
traps were set in compliance with trapping regulations designed to reduce lynx takes. 
 
Commitment:  IFW will continue to maintain and publicize a telephone number that all 
licensed or otherwise authorized trappers or the general public can call anytime during 
the trapping season to report a lynx that has been incidentally captured in a trap.  IFW 
wildlife biologists will monitor this number 24-hours a day, 7-days a week, during the fur 
trapping season.  In the event that an ADC trapper captures a lynx outside the fur 
trapping season, ADC trappers are instructed to contact an IFW warden or biologist 
through the 24-hour/7-day a week State Police Call Center for assistance with the 
release and care of trapped lynx.  
 
Implementation:  Each trapping season, several wildlife biologists will carry cell phones, 
linked through call forwarding, to ensure that anyone calling the lynx hotline can contact 
a biologist 7 days a week, 24-hours a day.  These biologists will be trained to collect the 
appropriate information from the caller, advise the caller, and initiate IFW’s response to 
the incident.   
 
Compliance monitoring:  IFW will track in a database the number of confirmed lynx 
reports, and whether the report was received prior to the animal’s release.  Data from 
each lynx capture will be entered into a database annually.  
 
Effectiveness monitoring:  IFW biologists will analyze the data to determine whether the 
goals were achieved. 
 
Reporting:  IFW will summarize data in annual reports. 
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IM 2 Responding to Lynx Incidental Captures 
 
Rationale and Background:  Since 1999, IFW’s game wardens and biologists have 
responded and/or assisted with the release of lynx caught in traps to: 1) document the 
number of incidental takes each year, 2) investigate compliance with trap laws, 3) 
identify and correct any problems with current trapping regulations (see Minimization 
Measures PI2 and PI3), and 4) assess, treat, and release lynx from traps or seek 
veterinarian care, when necessary. 
 
Although a goal of responding to 100% of lynx captures is desirable, given the remote 
nature of areas where lynx occur, it may not always be possible for IFW staff to respond 
in a timely fashion.  Although we may strive to respond to every lynx incidental trapping 
event, IFW’s goal is for IFW biological staff to go to at least 90% lynx captured in traps 
to evaluate, treat, and release lynx.  Game wardens will investigate all incidental 
captures to determine if traps were set in compliance with trapping regulations designed 
to reduce lynx takes.  
 
Commitment:  IFW will continue to have biologists respond to lynx incidental captures 
(anywhere in the state) to release or assist in the release of the animal, to assess the 
animal for injuries, treat injuries, and to transport the animal if veterinary care is 
warranted.  Exceptional circumstances that may prevent a wildlife biologists from 
releasing and examining a lynx include insufficient time to travel to the trapping site 
before nightfall, prior release of the lynx by a warden or trapper out of safety concerns 
for the animal (e.g., disturbance from a busy road), or inclement weather that would 
make traveling hazardous (Appendix 8).   
 
Implementation:  No further details are required (see commitment).  
 
Compliance monitoring:  IFW will track in a database the number of confirmed incidental 
lynx takes, whether the report was received prior to the animal’s release, who released 
the lynx, the animal’s fate (i.e., released with no or minor injuries, treated by veterinarian 
and released, treated by veterinarian but not able to release, died from injuries), 
whether the trap or trap set was legal, and the trap configuration (type of trap, set type, 
etc.).  Data from each lynx capture will be entered into a database annually.  
 
Effectiveness monitoring:  IFW will summarize the data tracked in the database to 
assess whether the goals of the Plan have been met (i.e., that the majority of lynx are 
released after incidental capture with no more than 9 lynx requiring veterinarian care for 
a severe injury, and no more than 3 lynx dying from trap related injuries during the 15-
year permit period). 
 
Reporting:  IFW will summarize data on lynx incidental captures in traps in annual 
reports and will include information on whether the goals were achieved or changed 
circumstance was triggered. 
 
IM 3 Use Standard Operating Procedures and NEW- Develop Injury Score System  
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Rationale and Background:  Since 2007, IFW has used standard operating procedures 
for responding to incidental lynx captures (Appendix 8).  For the purposes of this Plan, 
IFW assigned ISO injury scores as a point of reference for lynx examined by IFW 
biologists.  However, this score system relies upon the result of a pathologist necropsy 
to assign a score.  Having a practicable field based scoring systems that can be used 
by responders on live animals may improve injury assessment and treatment (i.e., 
minimize injury rates) for incidentally captured lynx.  In 2012, Dr. Stuart Sherburne, 
DVM12 provided guidance in updating capture response protocols, datasheets, and 
standardizing injury assessment (see SOAP-procedures Appendix 8).  
 
Commitment:  IFW will continue to implement standard operating procedures for 
responding to lynx captures (see Appendix 8) and will update these procedures in 
consultation with a veterinarian, every 3 years or as necessary.  Any changes to these 
protocols will be communicated to the USFWS in annual reports.   
 
Within 1 year of permit issuance, IFW, in consultation with a veterinarian, will develop 
an injury score system that is appropriate for live animals.  IFW will work with a licensed 
veterinarian to update the score system every 3 years or as necessary during the permit 
period.   
 
Implementation:  No further details are required (see commitment).  
 
Compliance monitoring:  Standard operating procedures for assessing and treating lynx 
injuries have already been developed (Appendix 8), so compliance has already been 
met. IFW will notify the USFWS when the procedures are updated (at least every 3 
years).  IFW will notify the USFWS when an injury scoring system for live animal has 
been developed for lynx caught in traps.  
 
Effectiveness monitoring:  None 
 
Reporting:  IFW will provide a copy of updated standard operating procedures and injury 
scoring system in annual reports.  
 
IM 4 Maintain List of Cooperating Veterinarians 
 
Rationale:  This measure insures that an injured lynx receives adequate care as soon 
as possible to facilitate its release back to the wild.  
 
Commitment:  IFW will continue to maintain a list of cooperating veterinarians who are 
willing to care for lynx injured by incidental trapping.  
 

                                            
12 Sherburne Veterinary Services, P. O. Box 711, Winterport, ME 04496.  Dr. Sherburne also provides 
veterinary oversight for the Department's chemical immobilization program, and was contracted to 
conduct the initial training session on injury evaluation for IFW staff. 
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Implementation:  This list will be updated annually prior to the start of the trapping 
season. 
 
Compliance monitoring:  A list of cooperating veterinarians has already been developed 
(Appendix 8) and is updated annually, so compliance has already been met. 
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will provide the list of cooperating veterinarians in annual reports. 
 
IM 5 Rehabilitate Injured Lynx 
 
Commitment:  IFW will transport lynx injured from incidental trapping (when warranted 
as described in Appendix 8) to the nearest cooperating veterinarian, cover the costs of 
rehabilitating the animal, and, if possible, release the animal back into the wild.  If a 
veterinarian determines that a lynx requires special medical attention or rehabilitation, 
the animal will be transported to a facility that can provide these services.  This may 
include transporting the lynx out-of-state (e.g., Tufts University).  As a component of 
effectiveness monitoring, IFW will equip rehabilitated lynx released back to the wild with 
radio collars to assess whether the treated injury contributes to the mortality of the 
animal post release.  
 
Implementation:  If after following established procedures a lynx requires veterinarian 
care, IFW wildlife biologists or contractors as “Agents of the Department” will transport 
the lynx to an appropriate facility, consult with veterinarians on treatment options, and 
establish a contract with the veterinarian and rehabilitation facility to cover the cost of 
the treatment and post treatment care.  Following rehabilitation, and if the lynx can be 
released back into a wild environment, IFW biologists will equip the lynx with a radio 
collar prior to releasing the animal.  If the lynx dies post release, IFW biologists and 
game wardens will immediately investigate and submit the carcass (if available) for 
necropsy by a wildlife pathologist.  Only mortalities where there is direct evidence that 
the animal died from a trap related injury will be considered a lethal take.  
 
If veterinarians advise IFW that the animal cannot be released back into the wild but 
could thrive in a captive environment, IFW will try to place the animal with an 
organization that would use it to either provide environmental education to the public or 
further lynx conservation.  IFW will notify the USFWS if the attending veterinarian 
determines that euthanasia is the most humane option for the animal.   
 
Compliance monitoring:  IFW will notify the USFWS of lynx requiring veterinarian care. 
 
Effectiveness monitoring:  IFW will track in a database and report annually on the 
number of lynx that require veterinarian care, the outcome of the treatment (i.e., 
released, held in captivity, euthanized), and post-release monitoring.  If the number of 
severe injuries increases and triggers changed circumstances, IFW will implement a 
contingency plan that is described in change circumstance #2 (see Section 5.4). 
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Reporting:  IFW will provide a summary of any lynx treated for capture related injuries in 
annual reports. 
 
 
 
 
 
IM 6 Injury Evaluation Training for Staff NEW 
 
Rationale and Background:  In the fall of 2012, IFW, with a local veterinarian, 
established a one-day training session on injury detection and evaluation to ensure that 
all wildlife biologists13 receive similar training on lynx injury assessment. The first class 
was held in 2012 and again in 2013.  All staff currently approved to respond to lynx 
captures attended this training. 
 
Commitment:    IFW wildlife biologists will be required to attend this course at least once 
every 3 years if their responsibilities include responding to incidentally trapped lynx.  
Any new biologists will not be permitted to respond to lynx captures until they have 
received such training, unless they accompany trained biologists.  
 
Implementation:  No further details are required (see commitment).  
 
Compliance monitoring:  Initial training on injury assessment of captured lynx was 
provided to IFW biological staff in 2012, therefore initial compliance has been met.  IFW 
will notify the USFWS of additional staff training, scheduled to occur every 3 years 
during the permit period.  IFW will develop a database to track training dates and a list 
of personnel receiving trainings. 
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will provide summary of trainings in annual reports (Table 5.4.3). 
 
IM 7 Veterinary Oversight NEW 
 
Rationale and Background:  In the fall of 2012, IFW established a contract with a local 
veterinarian to oversee animal care procedures provided by IFW.  The veterinarian 
accompanied IFW wildlife biologists on 3 incidental capture events and concurred with 
IFW’s  injury assessments, each of which were minor.   
 
Commitment:  IFW will have a veterinarian accompany staff on at least 3 lynx incidental 
captures within each 3 year period for a minimum of 15 evaluations of captured lynx 

                                            
15 As of 2012, only IFW wildlife biologists are trained to sedate animals. All lynx removed from traps are 
first chemically immobilized to allow biologists to thoroughly evaluate the animal for injuries. If in the future 
Wardens are allowed to sedate animals, they will receive the same training as wildlife biologists. 
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during the permit period to ensure injury evaluations by IFW staff are assessed 
correctly.  
 
Implementation:  No further details are required (see commitment).  
 
Compliance monitoring:  IFW will provide confirmation of a veterinarian visit in incidental 
lynx capture reports. 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will provide summary of veterinarian oversight in annual reports.  
 
IM 8 Radiocollar orphaned lynx kittens or hold kittens in captivity until their 
mother is released from rehabilitation facility NEW 
 
Background:  Maine’s furbearer trapping season occurs at a time when female lynx may 
be accompanied by kittens.  If adult female lynx are captured incidentally in traps, most 
will be released from the traps with no or only minor injuries.  Data from IFW’s 12-year 
radio telemetry study shows that the adult females released from traps are not 
separated from their kittens.  However, there may be some instances when an adult 
female lynx with kittens is more severely injured (therefore taken by IFW for treatment at 
a rehabilitation center) or killed.  In these rare cases, although the kittens are orphaned 
they could survive on their own.   
 
IFW anticipates that the instances of orphaned kittens from trapping will be low and that 
orphaned kittens could survive.  When Maine’s trapping season occurs, lynx kittens are 
between 5 and 7 months old, weaned, and consuming meat.  Although no longer 
dependent on their mother for milk, the survival of kittens may be lower if she dies, 
since the family group normally remains intact until kittens disperse at 9 to 10 months of 
age (Parker et al. 1983, Koehler 1990).  Data on the survival of kittens that are 
orphaned after they are weaned is limited since direct observation of most wild felids is 
almost impossible (Fernandez et al. 2001).  Improvements in radiocollar technology has 
facilitated some study of lynx breeding behavior (see Fernandez et al. 2001, Olsen et al. 
2011), however data remains limited.  More knowledge may be gleaned from studies of 
other wild felids since kitten development is similar among felids (as cited by Fernandez 
et al. 2001).  For example, in a study of Iberian lynx, a 3 month old orphaned kitten lived 
for at least 11 months (Fernandez et al. 2001) suggesting that weaned lynx are capable 
of surviving to dispersal age without their mother.   
 
As part of this Plan, IFW will use any instances of kittens orphaned from trapping 
activities as an opportunity to gain new information on the fate of these animals and to 
inform development of future orphan kitten response options.  Since some kittens will 
die even if they remain with their mother until dispersal age (e.g., in Maine 22% of 
kittens still traveling with their mother did not survive (Vashon et al. 2012)), it may be 
difficult to assess whether the loss of the adult female led to the death of kittens.  
Additionally, the sample size of kittens orphaned from trapping activities will likely be so 
low that it will be difficult to compare survival rates between orphaned and unorphaned 
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kittens to ultimately understand the impacts of trapping mortality on kittens.  However, 
information collected from orphaned kittens could be useful in adapting procedures for 
future responses.  For example, if all orphaned lynx kittens die, even if the number of 
orphaned kittens is low, then IFW could require, until new information becomes 
available, that all orphaned kittens be held in captivity until they reach maturity.  
Conversely, if they all survive, IFW may not capture orphaned kittens in the future.  
These options will be assessed at the end of the permit period. 
 
Commitment:  If an adult female with kittens is killed in a trap or taken by IFW for 
treatment at a rehabilitation center, IFW will work to capture the kittens if they are still in 
vicinity of the capture site (unless as described below).  Captured kittens will either be 
equipped with radio collars to document their survival or held in captivity until the female 
can be released. In the event that rehabilitated females cannot be released back to the 
wild, kittens that are captured will be equipped with radio collars and released near the 
capture site. 
 
Specifically, IFW staff will: 
 
1. Examine the animal captured in the trap to identify sex and age; 
2. Examine adult females for evidence that she raised kittens this year; 
3. Interview individuals at the location and search the capture site for sign of kittens; 
4. If kittens were observed at the capture site, IFW will estimate how many kittens were 

present.  If the family group includes more than 1 kitten, it may be difficult to capture 
every kitten.  Reducing the size of the family group may further influence survival of 
uncaptured kittens.  Therefore, IFW staff will not attempt to capture kittens from 
family groups of 2 or more kittens, unless circumstances suggest capture of all 
kittens is likely (e.g., behavior of kittens and affinity to capture site); 

5. If capture of kittens is appropriate, cage traps will be set near the capture site;  
6. Any kitten that is captured will be examined as described in Appendix 8: 

a. If the adult lynx was killed in a trap, then kittens will be equipped with radiocollars 
and released at the capture site; 

b. If the adult lynx is at a rehabilitation facility, the kittens will be transported and 
held at the facility until the female can be released; 

c. If the adult female cannot be released, the kittens will be equipped with 
radiocollars and released near the capture site. 

 
Note:  If kittens are later observed near the capture site of an adult female that is killed 
or taken to a rehabilitator, IFW will not attempt to capture these kittens because they 
may not be related and separating kittens from healthy females could impact additional 
lynx. 
 
Implementation:  No further details are required (see commitment).  
 
Compliance Monitoring:  IFW will track in a database the number of orphaned kittens 
and their fate.   
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Effectiveness Monitoring:  None.  
 
Reporting:  IFW will continue to immediately notify the USFWS of any incidental lynx 
captures (see minimization measure PI 3 in Section 5.2).  IFW will annually report to 
USFWS any activities involving orphaned kittens including the number, response, and 
outcome (e.g., collared, held in captivity).  
 
 
Outreach and Education Commitments (O&E 1 - 8) 
 
Rationale and Background:  IFW has multi-pronged outreach and education approaches 
that address the informational needs of the general public and the concerns of trappers.  
IFW is committing to 8 outreach and education measures to minimize the effects of 
incidental lynx trapping on lynx (Table 5.2.2).  Of these 8 commitments, 1(O&E 7) 
contains new activities that IFW will undertake.  The other activities IFW has proactively 
undertaken to minimize the effects of incidental trapping on lynx (Table 5.2.1). 
 
Maine trappers are passionate about ensuring that their avocation (i.e., furbearer 
trapping) continues into the future, and are concerned about how the incidental trapping 
of lynx may affect state regulations and future trapping opportunities.  When IFW wildlife 
biologists work with trappers, they are committed to making the experience a positive 
one.  This is especially true when a trapper incidentally catches a lynx.  This positive 
experience spreads by word of mouth throughout the trapping community. 
 
When appropriate, IFW uses an informational approach for solving problems.  Problem 
solving through the use of information and education is effective in achieving 
compliance and promotes a sense of cooperation between the public and IFW.  Such 
an approach allows resource users a chance to help resolve the problem, lessens the 
chance that an adversarial response will develop between the resource user and the 
regulatory agency, does not overburden the regulatory or legal process with matters 
that could have been resolved in a less restrictive way, and maintains a greater degree 
of trust and respect between the resource user and the regulatory agency. 
 
Outreach and Education (O&E; Table 5.2.2) includes Trapper Relation Commitments 
(O&E 1), Publications and Website Commitments (O&E 2-7), and Trapper Education 
Course Commitments (O&E 8-10).  The objective of IFW’s outreach and education 
measures are to keep new and experienced trappers informed of current trapping 
regulations to insure compliance with IFW’s laws and reduce incidental trapping of lynx.  
IFW will provide the USFWS brief summaries of activities conducted under these 
minimization measures in its annual report.  In addition to keeping new and experienced 
trappers informed of current trapping regulations to reduce incidental trapping of lynx, 
IFW’s participation in trapper meetings and casual interactions with trappers are also 
expected to facilitate discussions on any alternative methods for reducing lynx captures 
or injuries.   
 
Trapper Relation Commitments and Implementation (O&E 1) 
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O&E 1 Reinforce Compliance 
 
Commitment:  IFW wildlife biologists and game wardens will continue to promote 
compliance with trapping regulations through interactions with trappers at annual Maine 
Trappers Association (MTA) meetings, at fur rendezvous events, and during casual 
interactions with trappers (i.e., responding to incidental lynx captures, investigating 
compliance with trapping laws).  
 
Implementation:  IFW is not proposing any changes to interactions with all licensed or 
otherwise authorized trappers.  No further details are required (see commitment).  
 
Compliance monitoring:  This is an ongoing activity where the furbearer biologist and 
wardens interact with all licensed or otherwise authorized trappers at meetings or when 
investigating compliance with trapping regulations, therefore compliance has already 
been met.  
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will notify the USFWS of meetings with the MTA and other significant 
interactions with licensed or otherwise authorized  trappers in annual reports. 
 
Publications and Website Commitments and Implementation (O&E 2- O&E 5) 
 
O&E 2 Update the Annual Regulation Booklet 
 
Commitment:  Each year, IFW will update a summary booklet that describes the current 
laws and regulations that govern hunting and trapping in Maine.  This booklet includes a 
special lynx regulation page that describes all the current regulations to minimize and 
report lynx captures.  IFW’s Information and Education Division will annually produce 
the Regulation Booklet (i.e., State of Maine Hunting and Trapping Laws and Rules).  
Wildlife biologists will work with the Information and Education Division to annually 
review and update regulations that may affect the incidental take of lynx.  The regulation 
booklet will be distributed to the public via printed copies at IFW offices and on the 
internet.   
 
Implementation:  No further details are required (see commitment).  
 
Compliance monitoring:  This is an ongoing activity and IFW is not proposing any 
changes to publication of IFW’s annual regulation booklet.  Thus, compliance has been 
met.  IFW will notify the USFWS when updates are available. 
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will provide a web link to the regulation booklet in annual reports. 
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O&E 3 Update Annual Trapper Information Booklet 
 
Commitment:  IFW will annually update the Trapper Information Booklet (Appendix 4) 
and will include the section of the booklet (approximately 4 pages) that pertains to lynx 
avoidance in its annual trapper mailing (i.e. letter) to all licensed or otherwise authorized 
trappers.  For landowners that trap on their own land, IFW will gather contact 
information through IFW’s fur registration system and include these individuals in the 
annual mailing.  The booklet, in its entirety, will be available on IFW’s website, emailed 
through Gov-Delivery, or a printed copy will be mailed upon request. 
 
Implementation:  Wildlife biologists in the Research and Assessment Section will 
annually review and update, if necessary, information in the Annual Trapper Information 
Booklet on recognizing lynx, lynx sign, and how to avoid incidentally capturing a lynx.  
 
Compliance monitoring:  None. 
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will confirm that the mailing occurred and provide a copy of the section 
of the booklet mailed to all licensed or otherwise authorized trappers in annual reports. 
 
O&E 4 “How to avoid the incidental take of lynx” Brochure 
 
Background:  In 2003, the USFWS and state partners developed a general brochure 
describing recommendations to avoid or minimize the incidental take of lynx throughout 
lynx geographic range.  In 2005, IFW customized the brochure for Maine trappers and 
mailed a copy to all licensed fur trappers. 
 
Commitment:  Within 1 year after the permit is issued and every 5 years thereafter, or 
anytime when trapping regulations change that affect the methods trappers use to avoid 
incidentally trapping lynx , IFW will update, print, and distribute the brochure “How to 
avoid the incidental take of lynx”, to all license or otherwise authorized trappers. This 
brochure will include a description of the avoidance and minimization measures 
described in this Plan and will also be available on IFW’s website.  
 
Implementation:  No further details are required (see commitment).  
 
Compliance monitoring:  IFW will notify the USFWS when the brochure has been 
updated and will track the distribution of the booklet in a database.  
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will provide information on any updates and the distribution of 
brochures to licensed trappers in annual reports.  
 
O&E 5 Maintain Website Information 
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Commitment:  IFW will maintain and update one or more webpages on IFW’s website 
that presents information on lynx biology, avoiding lynx incidental captures, and current 
trapping regulations during the 15-year permit period. 
 
Implementation:  The website will be updated as necessary by IFW Information and 
Education staff in consultation with IFW wildlife biologists.  
 
Compliance monitoring:  This is an ongoing activity and is updated annually as needed; 
thus, compliance has been met.  IFW will notify the USFWS when updates have been 
made. 
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will provide a web link to IFW’s lynx page in annual reports. 
 
Trapper Education Commitments and Implementation (O&E 6-8) 
 
Rationale and Background:  Since 1978, a person who applies for a state license to 
trap, (with other than a junior trapping license), must submit proof of having successfully 
completed a trapper education course or satisfactory evidence of having previously held 
an adult license to trap in Maine or any other state.  When proof or evidence cannot be 
provided, the applicant must complete the required trapper education course before 
receiving a Maine trapping license.  
 
IFW’s trapping education course is targeted at individuals that have little trapping 
experience, but who are interested in trapping furbearers in Maine.  IFW’s trapper 
education course provides students a structured approach for learning about trapping 
methods, safety while trapping, furbearer management, regulations governing trapping, 
and furbearer utilization (Appendix 3).  Instructors and students use a standardized 
instruction manual to insure that all students are exposed to the same material.  This 
manual is periodically updated to reflect new methods (e.g., Best Management 
Practices [AFWA 2006a]) and laws.  Periodic updates to this manual provide IFW the 
opportunity to modify or enhance sections on incidental take and selective trapping, 
including providing information on how to avoid the incidental take of lynx.  Currently, 
written materials are given to trappers on how to avoid incidental lynx captures.  This 
includes the booklet, “How to Avoid Incidental Take of Lynx, while Trapping or Hunting 
Bobcats and other Furbearers”, and flyers on how to handle lynx incidental catches 
(Appendix 3).   
 
The objectives of IFW’s trapper education commitments are to ensure that new trappers 
are informed of lynx avoidance and minimization measures by updating trapper 
education course material and providing training to trapper instructors.  
 
O&E 6 Trapper Education Course 
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Rationale and Background: Existing trappers are very familiar with lynx avoidance 
measures in Maine based on years of outreach activities (see Table 5.2.1).  In addition, 
other I&E measures in this plan will target all trappers on annual basis. This measure is 
intended to get new trappers up to speed on lynx avoidance measures.  Therefore this 
measure will apply to new trappers, which is a small subset of trappers covered by this 
permit.   
 
Commitment:  IFW will continue to require trappers that have not previously attended a 
trapper education course or held a trapping license to attend a trapper education course 
before being licensed to trap in Maine.  IFW will provide the materials and oversight 
needed to keep instructors in IFW’s mandatory trapping education course up-to-date on 
techniques and regulations that minimize or avoid incidental trapping of lynx throughout 
the permit period as described in O&E8.  Maine's trapper training course will continue to 
be developed in consultation with professional wildlife biologists and use the national 
standards developed for trapper training programs by AFWA.  All trapping instructors 
will continue to teach from the same manual.   
 
Implementation:  IFW will update trapper education manual within 1 year after the 
permit is issued and as necessary thereafter to reflect current regulations and 
minimization measures for avoiding the incidental trapping of lynx.   
 
Compliance monitoring:  Within 1 year after the permit is issued and anytime thereafter, 
IFW will notify the USFWS on updates to trapper education course material in annual 
reports.  
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will provide a copy of trapper education course material that addresses 
lynx avoidance and minimization measures in the initial annual report to the USFWS.  
Any updates to course material will be included in annual reports when they occur. 
 
O&E 7 Trapper video NEW 
 
Rationale and Background:  IFW currently provides information on lynx avoidance and 
minimization measures, including how to identify a lynx, procedures for reporting a lynx 
that is incidentally trapped, what to expect when biologists and wardens respond to an 
incidental catch, and methods for releasing a live lynx from a trap if a biologist or 
warden cannot respond in various printed forms (e.g., annual regulation books, trapper 
information booklet, IFW’s website).  
 
Commitment:  In addition to printed materials, IFW will produce and distribute atwo  
videos, the first one is to all licensed or otherwise authorized trappers that demonstrates 
techniques for reducing incidental lynx captures and injuries within 2 years after a 
permit is issued.  IFW will consult with the USFWS on the content of the video in 
advance of filming and producing. This video will be used in trapper educational courses 
(by students and instructors). ADC and PM trappers will be required to review this video 
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during their certification/recertification training. Upon completion, this video will remain 
on IFW’s website.  The second video will demonstrate how to build an exclusion device 
and will also be distributed to all trappers, included in the trapper education program, 
and posted on our website. 
 
Implementation:  Theseis videos will be produced by IFW Information and Education 
staff in consultation with wildlife biologists experienced in responding to lynx incidental 
captures.  Within 2 years of issuances, IFW will distribute videos to all licensed or 
otherwise authorized trappers, trapper education instructors, and the MTA.  Thereafter, 
it will be available to trappers attending trapper education courses, on IFW’s website, or 
upon request.   
 
Compliance monitoring:  IFW will inform the USFWS of the availability and distribution 
of the DVD to all licensed trappers. 
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will provide the USFWS with a copy of the trapper DVD in IFW’s 2nd 
annual report. 
 
O&E 8 Continued Education for Instructors 
 
Rationale and Background:  IFW relies on volunteer instructors to teach hunter and 
trapper education safety courses.  This program is overseen by IFW’s Hunting and 
Trapping Education Administrator working with a staff of regional safety 
coordinators.  IFW’s Regional Safety Coordinators attend staff meetings twice a year.   
To become a volunteer instructor, applicants must have completed a trapper education 
course within the last 5 years and an instructor training session given by a Regional 
Safety Coordinators.  Every year, instructor training updates are held throughout the 
State. Volunteer instructors are required to participate at least every other year. In 
addition, instructors receive periodic newsletters and targeted mailings as needed on 
specific topics related to hunter and trapper education.  
 
Commitment:  IFW will ensure instructors are informed of current regulations and 
recommendations to minimize lynx captures at IFW’s Regional Safety Coordinators staff 
meetings held before the start of the trapping season each year, volunteer 
instructors training sessions held every other year, and periodic newsletters to 
instructors. Wildlife biologists will attend the first staff meeting of IFW’s Regional Safety 
Coordinators following issuance of the permit to review and discuss regulatory changes 
in Maine's trapping laws, protocols for reporting incidental captures, and techniques for 
releasing trapped lynx.  Any updates to lynx avoidance and minimization measures will 
be distributed to volunteer instructors through periodic newsletters or targeted mailings 
and at biannual trainings. These updates would also be incorporated into the new 
instructor training program. 
 
Implementation:  No further details are required (see commitment).  
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Compliance monitoring:  Every other year, all trapper education instructors participate in 
an instructor  training update session on changes to IFW’s trapping regulations that 
includes information on lynx avoidance and minimization measures.   
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will report trainings and communications with trapper education 
instructors in annual reports. 
 
Plan Implementation Commitments 
 
PI 1 Extend lynx avoidance and minimization measures to new areas occupied by 
lynx 
 
Rationale and Background:  IFW is requesting incidental take coverage for any lynx 
incidentally captured through legally set traps in the state.  However, avoidance and 
minimization measures primarily apply to WMDs that are currently known to have 
consistent presence of lynx since that is where incidental capture may occur.  Through 
this Plan, however, IFW will extend avoidance and minimization measures to new 
WMDs when information suggests there is consistent presence of lynx as described in 
Appendix 5. For example, in December of 2010, IFW’s Advisory Council extended trap 
restrictions currently in place in WMDs 1-6 and 8-11, to WMDs 14, 18, and 19 in 
response to IFW’s observations of lynx tracks during 2 or more consecutive winters in 
WMDs 14 and 19, and the incidental catch of a lynx in WMD 18.   
 
Commitment:  IFW will document credible lynx observations to determine changes in 
the lynx range in Maine including evidence that lynx have become established in a new 
WMD (e.g., repeated observations, presence of kittens, etc.).  To ensure that trapping 
regulations will offer the same level of protection for lynx in these new areas, IFW will 
adjust trapping regulations by WMD when verified observations are sufficient to indicate 
a consistent presence.   
 
Implementation: No further details are required (see commitment).  
  
Compliance monitoring:  IFW biological staff will document confirmed tracks, sightings, 
and takes (including road mortality) as described by the survey commitments in 
Appendix 5.  This information will be used to extend/rescind lynx avoidance and 
minimization measures by adjust trapping regulations in these areas.  IFW will notify 
USFWS of any trapping regulatory changes during the permit period. 
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will include in annual reports any new information on areas used by 
lynx and when regulatory changes to avoid or minimize lynx captures were put in effect. 
 
PI 2 Investigate all lynx incidental captures 
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Rationale and Background:  Trapping seasons for lynx have been closed since 1967.  
However, sometimes lynx are incidentally captured in traps set for other legal 
furbearers.  IFW Wardens investigate all incidental captures of lynx to document take, 
whether traps where set in compliance with Maine laws, and identify outreach and 
education or regulatory changes that may minimize future lynx incidental captures. 
 
Commitment:  IFW Warden Service will continue to investigate all lynx incidental 
captures throughout the 15-year permit period to document take levels and compliance 
with trapping regulations.  
 
Implementation:  No further details are required (see commitment).  
 
Compliance monitoring:  At each incidental capture of lynx, Maine Wardens and/or 
USFWS special agents will investigate compliance with Maine’s trapping regulations 
and the circumstances related to the take of a listed species.  IFW will track compliance 
with trapping regulations at lynx incidental captures in a database.   
 
Effectiveness monitoring:  If compliance decreases, IFW will implement contingency 
plan described in Changed Circumstance # 1-3 and #5 (Section 5.4).   
 
Reporting:  Data will be compiled annually by IFW biological staff and reported to the 
USFWS in an annual report. 
 
PI 3 Cooperate with USFWS on Investigations 
 
Background:  Since lynx were listed as Threatened by the USFWS in 2000, IFW has 
notified USFWS Special Agents of lynx incidental captures or other takings when they 
have occurred. 
 
Commitment:  IFW will continue to inform USFWS Special Agents of lynx incidental 
captures.   
 
Implementation:  IFW’s wildlife biologists monitoring the “lynx hotline” will notify USFWS 
Special Agents immediately after the Warden Service and other IFW biologists, who 
may respond to the incidental capture, receive the initial report.  This immediate 
notification provides USFWS special agents the opportunity to participate in the 
investigation. 
 
Compliance monitoring:  IFW currently notifies USFWS law enforcement of lynx 
incidental captures before responding to captures; therefore, compliance has already 
been met.  IFW will immediately notify USFWS law enforcement of lynx captures 
throughout the 15-year permit period. 
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will report in annual reports. 
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PI 4 Conduct targeted compliance monitoring NEW 
 
Rationale and Background:  IFW wardens currently enforce Maine’s trapping laws; 
although violations are recorded, the number of traps set in compliance with Maine’s 
laws are not recorded.  Therefore, IFW agreed to undertake compliance monitoring (RC 
6; Table 5.2.2) to address concerns expressed by the USFWS (personal 
communication, June 18, 2012 meeting between USFWS and IFW) regarding trapper 
compliance with regulations on the use of leaning pole sets for killer-type traps.  
However, killer-type traps on or above ground will not be allowed without an exclusion 
device beginning with the 2015-16 trapping season unless set as described in Appendix 
2.  Thus compliance monitoring to address the USFWS concern with leaning pole sets 
isare no longer necessary. However, IFW has agreed to check compliance on the use 
of lynx exclusion devices as part of normal Warden Service normal activities.  
Compliance monitoring is not directed to foothold traps because they are concealed 
sets that are completely buried with no visible bait that .can’t be checked without 
disturbing them. 
  
The overall goal of compliance monitoring is to document and minimize take (i.e., <195 
takes, <9 lynx with severe injuries that require veterinarian care, <3 lynx mortalities, 
during the 15-year permit period).  The immediate objective for monitoring killer-type 
traps will be to determine regulatory compliance over the 15-year permit period and 
implement measures to increase compliance, if needed.  IFW’s goal is to demonstrate 
an increase in compliance through trapper interactions, education and outreach, and 
enforcement of trapping regulations during the 15-year permit period.  For the purpose 
of this commitment, a trapper will be considered to be in compliance if all of their traps 
are set in compliance with visible bait, and exclusion device , height of trap, pole 
diameter, and angle of pole regulations for killer-type traps in lynx areas.    Any trap that 
is not in compliance will result in the trapper being provided a warning or summons 
depending on the type and severity of the violation according to rule or law.  This 
interaction between IFW and trappers is expected to increase compliance over the 
permit period. 
 
During the 2012 marten and fisher season, Maine Wardens checked 786 killer-type 
traps set for marten and fisher in lynx WMDs.  The majority (87%) of traps checked 
were set in compliance with Maine’s trapping regulations for leaning pole sets.  
Although the number of trappers checked was not recorded, Wardens checked 
compliance with killer type traps on at least 128 occasions.  
 
Commitment:  During their routine activities, IFW Warden Service will check a sample of 
traps set by at least 80 of 396 20% of active trappers (20%) setting killer-type traps for 
fisher and marten in the lynx range each trapping season during the permit period for 
compliance with current regulations on exclusion devices14. IFW expects the number of 

                                            
14 Study Limitations: There is no way to sample specific trappers without their knowledge.  Maine 
trappers have no legal requirement to disclose the location of their traps or trap lines. Wardens often put 
more effort on checking past or suspected violators; therefore, the rate of non-compliance may be higher 
than from a random sample of trappers. 
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trappers setting killer type traps for fisher and marten to decline based on the expense 
and difficulty in using exclusion devices.  Therefore, IFW expects that number of 
trappers to be checked for compliance to be about one half of the number (40), that IFW 
anticipated checking on for compliance with the regulations governing leaning pole sets.   
The fur tagging record books used to record harvested fur will be modified prior to the 
2015-16 trapping season to gather information from the trapper on whether or not the 
fur was taken by foot hold traps or killer type traps with exclusion devices.   This 
information will be used to calibrate whether or not IFW has met the target for 
compliance monitoring.   IFW biologists will analyze these data and use information 
from compliance monitoring to inform IFW’s contingency plans (Section 5.4).   
 
Implementation:  During the first trapping season after the permit is issued, Maine 
Wardens will begin documenting compliance monitoring of killer-type traps in WMDs 
occupied by lynx.  Two units of measure will be recorded:  1) the proportion of killer-type 
traps checked that comply with current regulations (i.e., number of trap 
violations/number of traps) and 2) the proportion of trappers checked with traps set in 
violation (i.e., number of trap violations/number of traps).  Any violation of existing 
regulations will be recorded (e.g., visible bait, trap size, animals caught out of season, 
leaning pole regulations, incorrectly designed exclusion device, etc.).  Data on the 
nature of the violation or specific problems that rendered the trap sets non-compliant 
(i.e. pole too shallow angle, trap not correct height, bait not adequately covered, 
specifications for exclusion devices not met (e.g., size of opening, distance from 
opening to trap, placement of baffles)  pole too large diameter, embankments, new 
innovations such as horizontal boards,  etc.) will be gathered to assist the MDIFW 
address specific problems.  In addition, wardens will collect data on incidental take of 
migratory birds.  All the data collected by the Wardens will be entered into a database 
and summarized by a wildlife biologist.  For traps in violation, IFW will determine 
whether any particular violation is more common than others and whether there is a 
trend in the frequency of certain violations.  This information will be used to target 
messaging to trappers and to examine the effectiveness of current regulations or 
regulatory language.   
 
Compliance monitoring that occurs during the first 2 years of implementation of the Plan 
will be used to identify the baseline rate of compliance of killer-type traps set on leaning 
pole sets.  Every year thereafter, IFW will determine the proportion of trappers and 
killer-type traps checked that were set in compliance with existing regulations.  If the 
proportion of trappers that set legal elevated killer-type traps (i.e., complying with visible 
bait, and exclusion device regulations), pole diameter, angle of pole and height of trap) 
drops below the average of the first 2 years, IFW will follow the procedures outlined in 
Section 5.4 Changed Circumstance #5.  At no time, will compliance drop below 90% 
without triggering Changed Circumstance #5. 
 
Compliance monitoring:  In 2012, IFW Wardens checked a sample of killer-type traps 
for compliance with trapping regulations on leaning poles in lynx areas.  Additional 
compliance checks are scheduled annually during the permit period for compliance with 
current regulations.  IFW will notify USFWS of additional compliance checks in annual 
reports.  
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Effectiveness monitoring:  IFW will track compliance in a database and notify the 
USFWS if the contingency plan in the changed circumstance section of the Plan is 
triggered (Section 5.4). 
 
Reporting:  IFW will track and report annually on compliance with killer-type trap 
regulations in lynx WMDs.  IFW will summarize and report trapping compliance data 
annually to include such items as how many illegal sets, how many instances of non-
reporting, what type of non-compliance, different categories (warnings, summons, etc) 
and frequencies. IFW will summarize trapper effort data from voluntary trapper surveys 
and generated from license numbers and furbearer harvest data in annual reports.  
 
PI 5 Consult with trappers  
 
Rationale and Background:  Trapper relations can be strengthened by working with 
trappers to improve trapping techniques for minimizing lynx take.  For example, IFW 
wildlife biologists have worked with trappers to develop and test lynx exclusion devices 
for killer-type traps.   
 
Commitment:  IFW will continue to consult with trappers on ways to minimize lynx 
injuries and the incidental trapping lynx at annual IFW / MTA meetings, monthly MTA 
chapter meetings, MTA board meetings, bi-annual fur rendezvous events, and casual 
encounters.  IFW is committed to continuing this outreach to trappers throughout the 
year for the 15 years of its incidental trapping permit. 
 
Implementation:  No further details are required (see commitment).  
 
Compliance monitoring:  This is an ongoing activity where IFW staff interacts with 
trappers at meetings or when investigating compliance with trapping regulations, 
therefore, compliance has already been met.  
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will report annually in reports. 
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Table 5.2.3 Timeline for implementing and reporting lynx avoidance and minimization measures in this Plan.  
 
  Compliance 

 
Implementation  

  Met Ongoinga After Issuanceb Thereafter Reporting 
RC 1 Restrict killer-type traps-LYNX WMDs X X X  After regulatory changec 
RC 2 Require mandatory reporting-STATEWIDE X X 

 
Annually 

 RC 3 Restrict use of bait-STATEWIDE X X 
 

Annually 
 RC 4 Restrict foot-hold traps-LYNX WMDs X X X  After regulatory changed 

IM 1 Maintain lynx hotline X X 
 

Annually Annual 
IM 2 Respond to lynx captures-STATEWIDE X X 

 
Annually Annual 

IM 3 Standard operating procedures and injury scores X X X Every 3 years as needed Annual 
IM 4 Maintain list of cooperating veterinarians X X X Annually Annual 
IM 5 Rehabilitate injured lynx  X  As needed Annual 
PI 1  Extend lynx avoidance/minimization measures 

 
X 

 
As needed Annual 

PI 2  Investigate all lynx captures 
 

X 
 

Annually Annual 
PI 3  Cooperate with USFWS on investigations 

 
X 

 
Annually Annual 

PI 5  Work with trappers on minimization measures  X  Annually Annual 
O&E 1 Reinforce regulatory compliance  X  Annually Annual 
O&E 2 Publish regulation book 

 
X  Annually Annual 

O&E 3 Update trapper information booklet  X  Annually Annual 
O&E 4 Update, publish, distribute lynx brochure 

 
X X Every 5 yrs or as needed Every 5 yrs. 

O&E 5 Update website information  X  Annually as needed Annual 
O&E 6 Update trapper education course 

 
X X Every 5 years or as needed Every 5 yrs. 

O&E 8 Train safety coordinators/instructors  
 

X X Annually Annual 
IM 6 Conduct injury evaluation training NEW 

 
 X Every 3 years Every 3 yrs. 

IM 7 Obtain veterinarian oversight NEW 
 

 X 3 lynx during 3 yr period Annual 
IM 8 Respond to orphaned kittens (if it occurs) NEW 

 
X 

 
Annually as needed Annual 

PI 4  Conduct compliance monitoring-LYNX WMDS NEW  
  

X Annually Annual 
O&E 7 Make Trapper/Instructor video  NEW 

  
Within 2 yrs. 

 
One-time 

a Ongoing measures are measures that are currently in place and will be maintained throughout the permit period. 
b Within 1 year after the permit is issued, unless otherwise specified. 
c IFW through rule making will permit the use of killer-type traps set on the ground using a lynx exclusion device in lynx WMDs (currently WMD 1-11, 14, 18,19). 
d Rescind foothold trap size restrictions. 
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5.3 Measure to Mitigate Unavoidable Impacts 
 
The USFWS' Habitat Conservation Planning Handbook (p. 3-19) describes mitigation as 
usually taking one of the following forms:  1) avoiding the impact (to the extent 
practicable), 2) minimizing the impact, 3) rectifying the impact, 4) reducing or eliminating 
the impact over time, or 5) compensating for the impact.  Furthermore, the USFWS 
states that, "mitigation programs should be based on sound biological rationale; they 
should also be practicable and commensurate with the impacts they address" (USFWS 
1996).  
 
As previously described (section 4), IFW anticipates the incidental trapping of up to 195 
lynx over the requested 15-year permit period from fur, ADC, and PM trapping.  Several 
minimization measures in this Plan are anticipated to reduce the incidental trapping of 
lynx, particularly from killer-type traps that are most often lethal to lynx if they occur.  
The majority of minimization measures in the Plan are designed to reduce injury and or 
fatality of captured lynx.  However, IFW anticipated some lynx (up to 9 lynx) could have 
severe injuries from traps and a few (up to 3 lynx) could either die or not be able to be 
released back into the wild.   
 
While, for the purposes of this Plan, IFW considers take to include all components of the 
incidental capture of lynx (i.e., trapping, capture, handling, treatment, release, mortality, 
etc.), HCP regulations under the ESA require applicants to minimize and mitigate for the 
impacts of the take.  As explained in Section 4, IFW’s data shows that lynx captured 
with no or minor injuries are released and have no demonstrated impacts from the 
capture event.  Lynx more severely injured can be treated and released and have no 
permanent or long-term impacts that change the behavior or survivorship in the wild.  
However, lynx fatalities or injured lynx that cannot be released result in individual lynx 
being removed from the population in Maine.  While IFW’s demographic analysis shows 
this does not have population level consequences (Appendix 7), it is an impact that the 
USFWS wants IFW to mitigate for in this Plan.   
 
IFW’s mitigation plan relies on maintaining and enhancing high quality foraging habitat 
(i.e., habitat that provides high snowshoe hare density) that would otherwise be 
declining over the permit period because of lack of or incompatible forest management 
activities.  The anticipated benefits are to maintain the lynx that may currently use this 
area over the permit period and to provide enhanced habitat to support additional lynx.  
In addition, IFW’s research shows that by providing the amount and quality of foraging 
habitat that is in this Plan, lynx will also likely have increased fecundity rates that may 
produce even more lynx through the permit period. 
 
To accomplish this, IFW worked with the Bureau of Parks and Land (BPL) to identify an 
area of state ownership where habitat improvements could support lynx over the permit 
period.  The Seboomook Unit was chosen due to its current condition and forest types 
(i.e., conifer forest) and its proximity to other areas that provide habitat to support lynx. 
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Maine’s Department of Agriculture, Conservation, and Forestry (DACF) has  a policy 
of  cooperating with IFW, USFWS, and other agencies concerning habitat management 
on state lands for endangered, threatened, or candidate species.  For the purpose of 
this Plan, IFW entered into a Memorandum of Understanding (MOU) with the Bureau of 
Parks and Land (BPL), a Bureau within DACF (Appendix 11a and 11b), to manage an 
area for lynx for mitigation for this Plan.  The parties recognize that disputes concerning 
implementation of the ITP or the permit may arise from time to time.   The procedures to 
resolve any disputes should they arise between the State of Maine and USFWS are 
outlined in Appendix 11c.  BPL’s Integrated Resource Policy reads (p. 44):   
 

The U. S. Fish and Wildlife Service and the National Marine Fisheries Service 
are the lead agencies in matters pertaining to federally listed threatened and 
endangered species, and IFW and MNAP (Maine Natural Areas Program) are 
the lead agencies for state listed species.  The Bureau will cooperate with those 
agencies in activities such as the delineation of critical habitat and recovery plans 
on Bureau lands. 

 
In cooperation with IFW and consistent with the purposes of the Endangered 
Species Act (16 USC 1531 et. seq.) and the Maine Endangered Species Act, the 
Bureau will identify and promote the conservation of all state and federally listed, 
endangered, threatened, or candidate species of plants and animals and their 
critical habitats within the boundaries of lands managed by the Bureau.  As 
necessary, the Bureau will control visitor access to and uses of critical habitats, 
and it may close such areas to entry for other than official purposes.  Active 
management programs will be conducted as necessary to perpetuate the natural 
distribution and abundance of threatened or endangered species and the 
ecosystems on which they depend.  The Bureau also will identify all state and 
federally listed threatened and endangered species and their critical habitats that 
are native to and present on its lands.  Protection and management of 
endangered and threatened species and their critical habitats will be integrated 
into all levels of management planning activities, and new information on these 
species will be incorporated as it becomes available. 

 
Continuing on page 74: 

 
Threatened & Endangered species - Timber harvesting will comply with all 
Federal and State regulations concerning listed threatened and endangered 
species, and species of special concern.  Compartment exams/prescriptions and 
any subsequent timber sale planning will research the presence of these species 
and manage accordingly. 

 
Basis for calculating mitigation requirements for take of 3 lynx: 
To estimate how many lynx may currently and are likely to occupy the HMA following 
mitigation, IFW used data from a 12-year telemetry study to estimate the amount of 
HQHH in a lynx home range.  This analysis indicates that lynx share some of the same 
resources (Vashon et al. 2008a, Figure 5.3.1).  Across all 5 groups of lynx, 2 or more 
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lynx shared more than 2,000 acres of HQHH (Table 5.3.1). This equates to 1,595 acres 
of HQHH per lynx.  Therefore, to determine the amount of HQHH to provide for 
mitigation, IFW multiplied 1,595 by 3 which results in providing 4,785 acres of HQHH on 
the 10,411 acre HMA.  This is further supported by the fact that the average amount of 
HQHH shared by a breeding group was 4,147 acres and the breeding group sizes 
ranged from 2-4 adult lynx.  Therefore, the 4,785 acres of HQHH provided in the 
mitigation proposal included in the July 29, 2013 submission is more than sufficient 
mitigation to support at least 3 adult lynx (Table 5.3.1). 
 
The USFWS request for mitigation: 
The USFWS acknowledges that forest management is an acceptable means to offset 
the take of lynx killed (or not releasable) from trapping.  The USFWS requested that 
IFW use the Service’s lynx forest management guidelines and Simons-Legaard et al. 
(2013) recommendation of maintaining 27% of HQHH in 100 km2 areas to promote 
landscape hare densities >0.5 hares/ha. The Service’s 2007 guidelines acknowledge 
lynx management can be readily incorporated into forest management plans for multiple 
use including harvesting forest products, providing for wildlife habitat, and outdoor 
recreation. These guidelines state that creating or maintaining 7,000 acres of HQHH on 
a 35,000 acre parcel could support 8 adult lynx and their offspring.  Simons-Legaard et 
al. (2013) does not model the potential number of lynx that could be supported in 
landscapes with >0.5 hares/ha. It is reasonable to expect that these landscapes will 
support at least one breeding group of 3 or more adult lynx. 
 
Although IFW proposed 4,785 acres on 10,411 acres to mitigate for the lethal take of up 
to 3 lynx during the 15-year permit period, IFW and BPL have agreed to provide 6,200 
acres of HQHH on 22,046 acres of BPL’s Seboomook Unit.  IFW contends that 6,200 
acres of HQHH should more than mitigate for the lethal take requested in this Plan.   
 
Table 5.3.1 To estimate the amount of high quality hare habitat (HQHH) to 

provide as mitigation for lethal take of incidental capture of lynx in 
Maine's trapping program, IFW estimated the amount of HQHH in an 
area completely shared by 2 or more lynx during IFW’s 12-year radio 
telemetry study. To offset the take of a lynx IFW proposes providing 
1,595 acres of HQHH for each lethal lynx take on the HMA. 

Space Sharing 
Lynx 

# Adult 
Males 

#  Adult 
Females  

Total # 
lynx 

Acres of HQHH 
shared by  
2 to 4 lynx  

Average 
acres/lynx 

Group 1 1 3 4 5,245 1,311 
Group 2 1 2 3 7,257 b 2,419 
Group 3 1 1 2 3,701 1,851 
Group 4 1 1 2 2,433 1,217 
Group 5 1 1 2 2,100 1,050 
 
Total 5 8 13 20,736 

 

Average       4,147 1,595a 
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a Average number of acres per lynx for all group arrangements calculated by dividing the total acres 
shared by the total number of lynx. 

b Although the male in this group moved and occupied a new area to the east, we used the entire area he 
used to estimate the amount of HQHH, which likely overestimates the amount of HQHH used by this 
group (see Figure 5.3.1).  
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Figure 5.3.1 This figure shows how the five groups of radiocollared lynx used the 
same areas and the appropriateness of IFW estimates of high quality 
hare habitat (HQHH) as mitigation for lethal take of incidental capture 
of lynx in Maine’s trapping program. 

 
  

Group 1 Group 2 

Group 3 Group 4 

Group 5 
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Location and Site Condition 
 
The proposed site for mitigation (22,046 acres) is located within the BPL managed 
40,000 acre Seboomook Unit just north of Moosehead Lake in north-central Somerset 
County near the eastern boundary of Seboomook Township (TWP) and Little W TWP.  
The HMA proposed for this Plan is owned by the State of Maine and is permanently 
protected from development by legislative statute and forest management is mandated 
that benefits, among other things, Maine’s wildlife. 
 
It is within an area bounded on the east by the Little W/Northeast Carry town line, on the 
south and west by Moosehead Lake, and on the north by the Golden Road (see Figures 
5.3.2 and 5.3.3).  The area is commercial forest land with no development except for 
some seasonal camps located along the shore of Moosehead Lake. 
 
The proposed Habitat Management Area (HMA) is accessed by gravel logging roads 
that receive low use and minimal maintenance unless there is an active timber harvest.  
The roads are suitable for low speed travel and are used primarily by hunters, trappers, 
camp owners, and snowmobilers.  Although BPL may maintain interior roads in the 
HMA to facilitate forest management, BPL will not construct new high speed/high traffic 
volume roads or pave dirt or gravel roads that traverse lynx habitat on the HMA during 
the 15-year permit period.  
 
The state acquired this land from Merriweather Limited Liability Company (LLC) in 2004.  
The area was extensively harvested by a previous owner, Great Northern Paper 
Company / Bowater, in response to the 1970s to 1980s spruce budworm outbreak.  
Most harvests were clearcuts that removed all merchantable timber.  The natural 
regeneration resulting from the clearcutting was sprayed with herbicide to reduce the 
proportion of hardwood in the new forest and was never thinned to promote growth as is 
sometimes done (e.g., pre-commercial thinning [PCT]).  
 
Due to variations in site quality and drainage, the area now supports many young, 
diverse, coniferous forest stands composed primarily of red spruce and balsam fir that 
are about 25 years-old.  This seral stage of regenerating conifer supports maximum 
snowshoe hare densities according to numerous research studies done in Maine (Scott 
2009).  Within this area, forest conditions range from regenerating stands that are very 
dense to stands that are interspersed with areas of more mature trees.  This range of 
forest conditions contains the structure and resources that can benefit both hare and 
Canada lynx at the southern extent of its range (Organ et al. 2008, Murray et al. 2008, 
Vashon et al. 2008b, Berg et al. 2012).  
 
Past harvest maps (Bowater ownership), aerial photos, and a recently completed BPL 
forest-inventory of 25 plots in the Seboomook Unit were used to provide a preliminary 
description of current conditions.  The recent forest inventory indicates that currently at 
least 3,798 acres in the HMA is comprised of moderate to densely stocked coniferous or 
mixed seedling/saplings (i.e., S1A, M1A, Table 5.3.2 and Figure 5.3.4).  Although some 
stands may not provide optimal cover for hares (i.e., either too young or too old), 
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harvest maps for the areas clearcut by Bowater between 1986 and 1989 (Figures 5.3.2 
and 5.3.3) indicates most of these stands are within the age range identified by the 
USFWS as providing optimal hare cover and lynx foraging habitat (i.e., 12–35 years-old 
post-harvest; McCollough 2007).  In July of 2013, BPL visited the proposed HMA 
described in the July 29, 2013 Plan to insure that the area is sufficient for meeting the 
obligations in this Plan and MOU (i.e., provide at least 4,785 acres of habitat for lynx).  
By July 31st of 2015, BPL will finalize the western boundary of the additional mitigation 
area and insure that the entire 22,046 acre mitigation area can meet the 6,200 acre 
HQHH requirement.  Updated maps will be provided to the USFWS by July 31st  2015.
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Figure 5.3.2 Provisional map15 of the proposed 22,046 acre HMA (black dashed line; original 10,411 acre HMA 
solid black line in IFW’s July 29, 2013 Plan) for Canada Lynx in Maine showing the year in which 
stands were commercially cut.  The harvest treatment for each stand is given in Figure 5.3.3.  

 

  

                                            
15 Final map to be provided to the USFWS by July 31st 2015. 
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Figure 5.3.3 Provisional map16 of the proposed 22,046 acre HMA (black dashed line; original 10,411 acre HMA 
solid black line in IFW’s July 29, 2013 Plan) for Canada Lynx in Maine showing the harvest treatment 
each forest stand received.  The year in which the stand was cut is given in Figure 5.3.2. 

 
 
 
                                            
16 Final map to be provided to the USFWS by July 31st 2015. 
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Figure 5.3.4. Current forest type map of the 22,046 acre proposed habitat management area (HMA) for lynx on the 
State of Maine Bureau of Parks and Land’s Seboomook Unit in northern Maine. The dark black line 
marks the boundaries of the 22,046 acre HMA. 
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Table 5.3.2 Summary of stand types classified from fall aerial photo in the lynx 
habitat management area described in MDIFW July 29, 2013 plan of 
the BPL Seboomook Unit that currently supports optimal lynx 
foraging habitat 17.  

Timber types Cover-type Size classa   Age class Density Acres 
S1A Softwood <4.5 in   Seedling-Sapling 84-100%   3,483 
M1A Mixedb <4.5 in Seedling-Sapling 84-100%      315 

a Stand average size class is measured in inches at 4.5 feet or diameter breast height (DBH). 
b Mixed is identified as stands that are not dominated by softwood or hardwood (i.e.,  50% softwood and 
50% hardwood). 

 
 
It is also important to recognize that, although the state does not have management 
authority over the adjacent townships, the HMA is not an isolated area of lynx habitat.  
These adjacent areas also contain patches of regenerating spruce and fir including one 
of the state’s largest budworm impacted areas (i.e., the Ragmuff clearcut).  This area is 
privately owned and remains in active forest management that will likely provide habitat 
for lynx in the future.  In addition, the mitigation area is part of the 40,000 acre 
Seboomook Unit owned by DACF and maintained as forest. The proximity of the HMA 
to other areas supporting lynx habitat conditions improves the chances that lynx will 
occupy or continue to occupy the HMA during the permit period. 
 
Proposed Mitigation 
 
The proposed mitigation plan will offset the potential take of up to 3 lynx (Appendix 
11a).  In this plan, BPL will conduct forest management on a 22,046 acre habitat 
management area (HMA) to provide habitat for lynx.  The habitat management goal will 
be to maintain or create at least 6,200 acres in HQHH over the 15-year permit period.  
As a result of this mitigation, there will be at least 3 additional lynx on the HMA by 2029 
(Table 5.3.3).    
 
To calculate the amount of HQHH needed per lynx on the HMA, we used information on 
lynx habitat use from IFW's 12-year telemetry study (see p. 108 of this Plan).  This study 
found that 13 lynx shared areas with an average of 1,595 acres of HQHH per lynx.  This 
estimate of HQHH needed per lynx is likely an over estimate because it includes data 
from a group of 3 lynx (Group 2, Table 5.3.1) for which the amount of HQHH was 
influenced by the male shifting his home range to the east.  This home-range shift 
inflated the estimate of the size of the area this group used, by including both the male's 
previous home range and new home range.  If we exclude this group of 3 lynx, this 
study indicates that 10 lynx used areas with an average of 1,350 acres of HQHH per 
lynx (Table 5.3.1).   
 
Without the proposed mitigation plan, BPL estimates that there will be approximately 
2,000 acres of HQHH on the HMA by 2023.  This amount of HQHH should be capable 
                                            
17 By July 31st 2015, the USFWS will be provided with an update based on the new mitigation (6,200 acres HQHH) 
on 22,046 acre HMA.   
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of supporting at least 1 lynx.  BPL has committed to providing at least 6,200 acres of 
HQHH on the HMA by 2029 that should support between 4 and 5 lynx (i.e., 6,200 
acres/1,595 acres per lynx) and (6,200 acres/1,350 acres per lynx, respectively; Table 
5.3.3).  Therefore, IFW's mitigation commitments exceed the USFWS' forest 
management guidelines for Maine.  These guidelines state that 7,000 acres of HQHH 
on a 35,000 acre parcel could support up to 8 adult lynx and their offspring (McCollough 
2007).  Under these guidelines, only 875 acres of HQHH would be provided per lynx 
compared to a minimum of 1,350 acres of HQHH that IFW's mitigation plan would 
provide.  Based on estimates in our Plan and the USFWS guidelines, IFW feels 
confident that BPL’s commitment of creating an additional 4,130 acres of HQHH on the 
HMA by 2029 will result in at least 3 more lynx.  
 
For mitigation, IFW and BPL selected an area where lynx habitat already exists and lynx 
likely occur.  Harvest maps and aerial photos indicate that baseline (current) conditions 
on the 10,411 acres on the HMA include at least 3,798 acres of sapling conifer 
dominated forest.  Without mitigation, BPL would have managed for mature conifer with 
pre-commercial or commercial thinning to promote shorter time to mature forest 
conditions (Eickenberg et al. 2007).  Future trends in lynx habitat are therefore expected 
to decrease during the 15-year permit period as stands mature from natural succession 
(Table 5.3.3).  This management would reduce the amount and quality of foraging 
habitat for lynx.  By the end of the permit period without active forest management, lynx 
may no longer use this area. Therefore, this provides the opportunity for BPL to 
maintain and improve current habitat quality for lynx on the HMA (i.e., at least 6,200 
acres) over the permit period.  Within 3 years of issuance of the permit, a forestry plan 
with the specific forest management activities will be submitted to the USFWS. 
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Table 5.3.3 Baseline and projected future amounts (acres) of high quality hare 
habitat (HQHH; dense conifer dominated sapling stands or 
understories) on the proposed 22,046 acre HMA with and without 
mitigation18.  

 Preliminary 
Baseline  
(2013) 

 
2018 

(acres) 

 
2023 

(acres) 

 
2029 

(acres) 
Without Mitigationa 

      Acres 
 

3,798 
 

3,798 
 

2,070 
 

2,070 
      Adult lynx >2 >2 >1 >1 
With Mitigationb 

      Acres 
 

3,798 
 

3,798 
 

>4,785 
 

>6,200 
      Adult lynx >2 >2 >3 4-5   

a Management goal is to promote shorter time to mature forest conditions through harvest (e.g.,  pre-
commercial or commercial thinning). 

b Management goal is at a minimum no net loss of HQHH and increased by 4,785 acres in IFW’s July 29, 
2013 plan, the commitment has increased to 6,200 acres HQHH. 

 
 
Currently, the amount of HQHH on the HMA likely supports at least 2 adult lynx.  
However, as the forest matures and foraging habitat quality declines, IFW anticipates 
the number of lynx using the area and their reproductive rates to decline.  With the 
proposed mitigation, IFW anticipates that those 2 lynx will not be lost, additional lynx 
willuse this area, and that their reproductive rates will be higher.  IFW’s 12-year 
telemetry study shows that lynx produced smaller litter sizes when hare densities were 
lower, whereas higher litter size occurred when hares were more abundant (Vashon et 
al. 2012). As described below, BPL commits to creating additional HQHH on the HMA 
by removing the overstory on at least 4,130 additional acres to release existing 
softwood regeneration.  These stands are younger and less developed than HQHH 
established by clearcuts; these areas will become optimal HQHH in 3 to 7 years after 
the overstory is removed.  BPL’s management of wintering areas for deer starts with 
well-established softwood stands resembling HQHH and is compatible with 
management for lynx.   HQHH transitions into secondary winter shelter for deer over 
time.  Forest management practices such as PCT and commercial thinning could 
potentially accelerate the transition between HQHH and secondary deer winter shelter. 
PCT and commercial thinning are common practices used by other landowners in the 
region to shorten time between regeneration and commercial harvest. BPL has 
committed to conduct forest management practices compatible to maintaining HQHH for 
3 or more lynx for the duration of the permit.          
 
Mitigation Plan and Timeline: 
 
The Seboomook Unit is a relatively recent acquisition for BPL and a management plan 
has been written for the unit (Eickenberg et al. 2007).  However, the Seboomook Unit 

                                            
18 By July 31st 2015, the USFWS will be provided with an updated table of the new mitigation acreage 
(6,200 acres HQHH) on 22,046 acre HMA.   
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has not been cruised by a forester; therefore, this plan does not contain the detail 
necessary for outlining the timing and spatial arrangement of specific future forest 
management practices.  Additional detail regarding forest management planning in the 
Seboomook Unit will be available when BPL cruises the land and develops a harvest 
schedule and proposed treatments.  It typically takes 6 to 9 months to cruise forest 
compartments of 1,000 to 2,000 acres.  Therefore, it is expected to take 3 years to 
cruise and develop a forest management plan for the 22,046 acre HMA.  This plan may 
include future timber harvest to maintain optimal hare habitat (6,200acres) in the HMA.  
 
Lynx habitat on the HMA is a legacy of past spruce budworm harvesting and is 
projected to decline on the HMA without active management activities starting in 2023.  
BPL intends to manage this area using the appropriate forest harvest prescription for 
the stand (e.g., overstory removals, shelter woods) that will foster understory conditions 
(i.e., dense conifer dominated regenerating sapling size class) that will benefit 
snowshoe hare and lynx.  
 
In addition to providing the 6,200 acres as mitigation, BPL will implement the following 
additional measures (which are consistent with the USFWS’ Canada lynx habitat 
management guidelines for Maine): 
 
1) Avoid upgrading or paving dirt or gravel roads traversing lynx habitat.  Avoid 

construction of new high speed/high traffic volume roads in lynx habitat;  
2) Employ silvicultural methods that will create regenerating conifer-dominated 

stands 12-35 feet in height with high stem density (7000-15,000 stems/acre) and 
horizontal cover above the average snow depth that could support >1.1 hares/ha;  

3) Maintain land in forest management.  Development and associated activities 
should be consolidated to minimize direct and indirect impacts.  Avoid 
development projects that occur across large areas, increase lynx mortality, 
fragment habitat, or result in barriers that affect lynx movements and dispersal;  

4) Encourage coarse woody debris for den sites by maintaining standing dead trees 
after harvest. Where windthrow occurs, the Bureau will leave randomly 
distributed ¾ acre patches sufficient for den sites for 3 female lynx.   
 

Implementation Plan: 
 
• By July 31st 2015, BPL will finalize the western boundary of the additional mitigation 

area and insure that the entire 22,046 acre mitigation area can meet the 6,200 acre 
HQHH requirement.  Updated maps will be provided to the USFWS by July 31st 
2015. 

• BPL will inventory  the 22,046 acre HMA and cross-walk the inventory to HQHH 
within 3 years of issuance; 

• BPL does not currently have forest models for their ownership. However, BPL 
expects this capability will be available in the next few years and will implement a 
forest model to assess the trajectory of the existing habitat and demonstrate when, 
where, and how sufficient HQHH habitat will be maintained and or created when it 
becomes available.  
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• BPL will provide an updated table 5.3.3 for the 22,046 acre area demonstrating how 
the mitigation will achieve the net conservation benefit to compensate for the loss of 
at least three lynx by July 31st 2015.  

• BPL will develop a detailed forest management plan (compartment exam and 
harvest prescription) for at least the HQHH portion of the HMA with the assistance of 
IFW RAS staff within 3 years of issuance of an ITP.  This plan will include provisions 
for avoiding take of northern long-eared bats in the event that it is listed under ESA 
or MESA19.  IFW and BPL will meet at least every 3 years to review the status of the 
forest management plan for the HMA; 

• USFWS (Maine Field Office) will review and comment on the forest management 
plan within 90 days of receipt of the plan; 

• Within 15 years of issuance of an ITP (~2029), BPL will have implemented harvest 
prescriptions (e.g., overstory removal) to maintain or create forest conditions that will 
lead to HQHH on the HMA; and 

• By the end of the permit period (~2029), BPL will have increased the acreage of 
HQHH on the HMA to at least 6,200 acres. 
 

Monitoring Plan: 
 
• Each year, for the first 5 years and every 5 years thereafter, IFW will conduct winter 

snow track surveys (e.g., MDIFW lynx ecoregional surveys-Vashon et al. 2010) to 
monitor whether lynx are present and estimate the number of lynx on the HMA.  For 
the first 5 years, ensure surveys are conducted to estimate hare densities in HMA 
(e.g., participation in Continental Hare Survey).  

• BPL will annually provide an update to IFW on the forest management activities 
conducted on the HMA and every 5 years provide an estimate of HQHH on the 
HMA. 

• BPL will complete compartment exams (i.e., timber cruises) to update forest maps 
and management plans every 15 years.  This inventory will be used by IFW to 
calculate the acreage of HQHH on the HMA at the end of the permit period to ensure 
the mitigation objectives are achieved.  The IFW wildlife biologist assigned to BPL 
will be the primary contact between BPL and IFW, and the person responsible for 
communicating developments on the HMA to IFW’s Research and Assessment 
Section (RAS).  
 

Although the specifics regarding future forest management activities are not currently 
available, BPL does not typically employ clearcutting in its forest management.  If 
harvest plan(s) are developed as part of the forest management plan to meet the 
mitigation goal (i.e., increase from 3,798 to at least 6,200 acres of moderately to 
densely stocked conifer dominated saplings), it is likely that other even-age silvicultural 
techniques (i.e., shelterwood and overstory removal systems) would be used, where 
forest stand conditions permit, that would be expected to create large blocks of 
regenerating conifer stands for future hare habitat within the HMA (Simons 2009).  The 

                                            
19 Examples of measures that may be taken to avoid adverse effects include but are not limited to pre-
survey of harvest areas or time of year restrictions on harvest activities. 
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BPL will not thin regenerating conifer stands within the HMA during the time period that 
these stands meet the criteria for optimal hare cover.  By policy, the BPL maintains 
wildlife trees and large woody material on their lands for a variety of wildlife including 
denning sites for lynx (Organ et al. 2008). 
 
Trapping will be allowed in the proposed HMA, since the chance of capturing a lynx in a 
trap is low and the benefits from reducing fisher are high. Each year, less than 12 lynx 
are caught (and the majority released unharmed) by more than 600 trappers that have 
more than 260,000 traps set in lynx range in Maine (~7 million acres).   Thus the risk of 
capture is low on the 22,046 acre HMA.  If an incidental lynx capture occurred on the 
HMA, IFW has no evidence that suggests the incidental trapping of lynx is detrimental to 
the lynx population or would reduce recruitment rates in the proposed HMA.  In addition, 
BPL land is managed for multiple use according to legislative direction , “in a manner 
consistent with the principles of multiple use and shall produce a sustained yield of 
products and services in accordance with both prudent and fair business practices and 
the principles of sound planning” (12MRSA 1833.1,1847.1).  Additionally, Public 
Reserved Lands are to be managed “to demonstrate exemplary land management 
practices, including silvicultural, wildlife and recreation management practices, as a 
demonstration of state policies governing management of forested and related types of 
lands” (12 MRSA 1833.1). 
 
5.4 Changed Circumstances 
 
Adaptive Management vs. Changed Circumstances 
 
IFW considered whether an adaptive management plan was appropriate for Maine’s 
Plan.  As stated in the USFWS Five Point Policy, adaptive management is a strategy to 
address uncertainty in the conservation of a species covered by a Habitat Conservation 
Plan or Incidental Take Plan (Plan).  Furthermore, adaptive management is essential for 
Plans that would otherwise pose a significant risk to the species due to significant data 
or information gaps.  This is not the case with IFW’s data.  IFW has more than 12 years 
of data on the rate of lynx incidental captures, trap-type and configuration, and degree 
of harm to lynx captured in traps.  In addition to information collected from traps set for 
other furbearing animals that sometimes capture lynx, IFW biologists have captured 
lynx in foothold traps over the course of a 12-year radiotelemetry study.  Collectively, 
these data indicated that, if caught in a foothold trap20, most lynx can be released with 
little or no harm and most survive to produce offspring (see Section 4).  IFW believes 
that an information gap does not exist on the fate of lynx caught in foothold traps and 
that incidental captures in foothold traps do not represent a significant risk to the 
species population. 
 
Although foothold traps pose little risk to lynx, lynx can also be caught in killer-type traps 
set by trappers to capture marten and fisher.  In the 13 years since lynx were listed, 7 
lynx have been caught in killer-type traps in Maine.  A regulatory change by IFW in 2007 
                                            
20 Lynx were caught in foothold traps during October and November when temperatures did not drop 
substantially below freezing overnight. 
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made it illegal to set a killer-type trap on the ground (except in terrestrial blind sets or 
water sets) in WMDs 1-6 and 8-11 (Appendix 2).  In 2008, following the capture of two 
lynx in killer-type traps, the rule was clarified.  These regulatory changes have reduced 
the number of lynx caught in killer-type traps to the point where no lynx have been 
caught during the past 4 trapping seasons (2009-2012) in a legal set.  However, during 
this time, 1 lynx was caught in an illegal set trap. In addition, none of the 74 
radiocollared lynx monitored during 13 fur trapping season were caught in a killer-type 
trap. These lynx lived in an area where more than 2,000 marten were caught in killer-
type traps set for more than 210,000 trap nights.  
 
IFW is not pursuing an adaptive management plan because data from IFW’s telemetry 
study and monitoring incidental take indicates that probability of a lynx being caught in a 
killer-type trap (even illegally) is low. Further, the potential lethal take requested in this 
Plan does not pose a significant risk to individual lynx or the species population.   
 
Changed Circumstances 
 
As part of IFW’s Plan, IFW developed contingencies that provide the flexibility to 
implement alternative minimization and mitigation measures should circumstances 
change.  The USFWS addresses two types of changed circumstances:  1) those that 
can be anticipated and planned for (i.e., changed circumstances) and 2) those that 
cannot be anticipated (i.e., unanticipated or extraordinary circumstances; USFWS 
1996).  We address both types of circumstances in Sections 5.3 and 5.5 with an 
emphasis on changed circumstances. 
 
IFW has identified seven changed circumstances that may require changes in the 
conservation strategy for this Plan.  In the event, a changed circumstance is triggered 
and IFW implements a response that proves to be effective then the modified 
measure(s) will be considered as an amendment to the Plan. Implementation for any 
actions that are triggered in response to a changed circumstance, IFW will provide 
written documentation that explains the action that will be implemented, including the 
rationale and how it will be subsequently evaluated for compliance.  USFWS would then 
concur or not with that written document. These are outlined below and discussed 
individually, in detail, throughout the rest of this section. 
 
IFW acknowledges that incidental lynx trapping and injury rates may be influenced by a 
variety of natural and human-related factors.  However, IFW believes that the seven 
Changed Circumstances it has outlined in this Plan covers the contingencies that might 
occur with these other factors (Table 5.4.1) 
 
Changed Circumstances 
 
1) Incidental trapping of lynx increases; 
2) The rate of severe injuries to lynx caught in traps increases; 
3) The rate which lynx are incidentally killed in legally set traps increases; 
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4) There is new information on lynx or trapping or technological advances in trap 
design or monitoring; 

5) The proportion of trappers setting killer-type traps in compliance with Maine’s 
leaning pole regulations falls below the 90%; 

6) Mitigation acreage is not achieved; and 
7) Population of lynx declines.  

 
Changed Circumstance #1:  Lynx are being caught in traps at a higher rate than 
expected 
 
There are a number of potential reasons that may lead to more lynx than expected 
being caught in traps (Table 5.4.1).  IFW previously stated that lynx cannot be excluded 
from foothold traps that are set to catch canids or bobcat.  However, these traps pose 
little risk to lynx in terms of injuries that would significantly affect their behavior or ability 
to survive and reproduce in the wild.  Nevertheless, IFW proposes to continue to collect 
data on trap sets at lynx captures and trapper effort (i.e., voluntary trapper effort cards, 
license sales, fur harvest) to identify the probable cause of any increase in the rate of 
lynx incidental catches during the 15-year period of its permit.  These data may also 
inform any trends in lynx injury rates.  
 
IFW is seeking coverage for the incidental trapping of up to 195 lynx by licensed Maine 
trappers during the 15-year permit period.  These 195 lynx could include up to 9 lynx 
with severe injuries and 3 lynx mortalities resulting from trapping or lynx with severe 
injuries that cannot be released (see Section 4.2 for details).  
 
Trigger 1:  IFW documents more than an average of 13 lynx incidentally captured per 
year in legal traps over a rolling 5-year period (Figure 5.4.1) for the permit duration. 
 
Response:  
 
1. In consultation with the USFWS, IFW will implement additional minimization 

measures to reduce capture rates of lynx prior to the trapping season that follows 
the trigger being tripped.   Options may include  identifying non-regulatory (e.g., 
increased outreach or incentives) or regulatory options (e.g., adjusting trapping 
season dates or durations, restricting trapping in higher density lynx WMDs, 
restricting traps or trap sets that are particularly prone to catching lynx, and/or 
limiting the number of trappers or traps in lynx WMDs)   . IFW would identify and 
implement the least restrictive option that is anticipated to reduce lynx captures.  

2. The implemented measure will be evaluated within the following year and if found to 
be ineffective in reducing the capture of lynx, further measures will be implemented.  

 
Rationale:  IFW does not believe that trappers are going to capture more than 195 lynx 
over the 15-year permit period.  As part of IFW’s commitments to avoid and minimize 
lynx captures, IFW wildlife biologists and/or wardens will continue to investigate and 
evaluate each incidental lynx capture (Section 5.2).  If during this process, IFW 
identifies a problem involving the manner in how traps were set or configured, IFW will 



 
 

 136 

correct the problem through regulatory changes and/or outreach to trappers.  However, 
if trappers are catching more than an average of 13 lynx per year, that would suggest 
that the rate of capture is on pace to exceed the requested take authorization.  A variety 
of factors (weather conditions, pelt or gas prices, lynx and trapper number, etc.) may 
influence the incidental capture rate of lynx.  We note that even, if this is the case, the 
majority would have no or minor injuries.  However, IFW will have to take measures to 
reduce the rate of capture to ensure compliance with the take authorization on the 
permit.  
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Figure 5.4.1 Decision Tree Changed Circumstance #1:  Lynx are being caught in traps at a higher rate than 

expected. 
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Changed Circumstance #2:  Lynx are being severely injured in traps at a higher 
rate than expected. 
 
Trigger 1:  IFW documents more than 3 lynx in any rolling 5-year period during the 
permit duration having severe injuries.    
 
Response: 
 
1. In consultation with the USFWS, IFW will implement additional minimization 

measures to reduce lynx injury rates prior to the trapping season that follows the 
trigger being tripped.  Options may include non-regulatory or regulatory measures 
(e.g., outreach, restricting traps or trap sets that are particularly prone to injuring 
lynx, and/or instituting emergency area closures).   

 
 
 
Rationale:  IFW does not anticipate more than 9 lynx (not to include 3 anticipated 
mortalities) to be severely injured in traps over the 15-year permit period.  However, if 
lynx are injured more than 3 lynx in 5 years, that would suggest that the rate of injury is 
on pace to exceed the requested take authorization.  Therefore, IFW will take measures 
to reduce the rate of injury.  If the severe injuries can be related to a particular type of 
trap or trap configuration, IFW will modify trapping regulations to correct the problem.  
For instance, if all of the severe injuries occur in foothold traps with an inside jaw spread 
greater than 5 3/8” with no other contributing factors identified, IFW would restrict the 
size of foothold traps.   
 
This trigger is based on the rate of severe injuries to lynx that are incidentally trapped.  
If the proportion of lynx with minor injuries remains the same, (i.e. injury from incidental 
trapping has not increased) and a problem was not identified during the investigation of 
the incident, IFW will continue its current regulations and outreach.  However, if the rate 
of severe injuries increases (i.e., >3 lynx in 5 years has a severe injury), IFW will take 
additional steps to identify and correct the problem before the next trapping season. 
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Figure 5.4.2 Decision Tree Changed Circumstance #2:  Lynx are being injured in traps at a higher rate than 
expected. 
 

 

TRIGGER :  

 

 

 

 

 

 

 

Yes avg. > 3 lynx  per 
year in a rolling 5 
year period has a 

severe injury score 

No 

Investigate 
and Evaluate 

Yes 

No 

Provide outreach or modify 
regulations to correct problem 

Maintain Current 
Regulations/Outreach 

Identify any 
correctable 
problems 

Modify regulations to 
further restrict 

incidental take of lynx 
until alternatives are 

identified. 



 
 

 140 

Changed Circumstance #3:  Lynx are being killed in traps at a higher rate than 
expected 
 
Trigger 1:  One lynx is killed in a legally set trap (foothold, killer-type, or non-lethal 
cable restraints [if implemented]) or cannot be released after treatment of a severe 
injury. 
 
Response:  If the fatality or severe injury where the animal can’t be released is 
attributed to either: 

1. An aspect of the trap type or trap set that can be corrected and implemented 
more broadly with a practicable solution by other trappers to prevent additional 
incidences.  In consultation with the USFWS, IFW will address the problem 
through regulatory changes and/or outreach to trappers prior to the trapping 
season following the trigger being tripped.  In making such changes, IFW will 
work with stakeholders (e.g., trappers) to evaluate potential measures to better 
avoid future lethal take.  This may include researching or evaluating other traps 
or trap sets.  An example of this is when IFW required killer-type traps to be set 
on leaning poles in lynx areas.  OR 

2. A low probability or random event (i.e., fluke), no additional regulatory or non-
regulatory measures will be implemented. 

 
Rationale:  Although the capture of 1 lynx in a killer-type trap does not exceed IFW’s 
permit request and may be a rare and inexplicable occurrence, IFW is committed to 
investigating each capture and correcting problems with trap sets or regulations when 
there is a practicable solution.  
 
Stakeholders are individuals or groups that can provide information on ways to minimize 
the incidental trapping of lynx in killer-type traps that are also easy to use and effective 
for catching fisher and marten.  Possible stakeholders include Maine trappers or MTA 
(primary stakeholder), AFWA, Northeast Furbearer Resources Technical Committee, 
and the Maine Chapter of The Wildlife Society (wildlife professional organization). 
 
Trigger 2:  Two lynx are killed in legally set traps (foothold, killer-type, or non-lethal 
cable restraints [if implemented]) or cannot be released after treatment of a severe 
injury.   
  
Response:   
In consultation with the USFWS, IFW will immediately implement regulatory measures 
to prevent further lynx fatalities (e.g., require the use of exclusion devices on all killer-
type traps, or equally effective measure).   
 
Rationale: IFW does not anticipate more than 3 lynx will be killed or removed from the 
population from trapping over the 15-year permit period.  If 2 lynx die before the end of 
the permit period, lethal take could exceed the requested take authorization.  Therefore, 
IFW will take measures to reduce the rate of mortality until the permit can be amended.   
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Figure 5.4.3 Decision Tree Change Circumstance #3:  Lynx are being caught in traps at a higher rate than 
expected. 
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Changed Circumstance #4:  Use of New Information or Technological Advances 
 
Over the course of the ITP term, new information on Canada lynx and trapping may 
become available (e.g., additional exclusion devices), new methods for monitoring, or 
technological advances may be developed to avoid or minimize capture of lynx from 
trapping.  IFW may wish to apply some of these new developments into the operations 
and/or monitoring outlined in IFW’s Plan.  IFW may choose to use such measures 
should they be demonstrated, based on the best available science, to be as or more 
effective than the methods described in this Plan.  IFW will work with USFWS to ensure 
that any new information or techniques that are planned to be used are compatible with 
the biological goals and objectives of IFW’s Plan.  Any new method, information, or 
technology will only be considered if it has been demonstrated in an acceptable 
scientific study and will not require an increase in the take authorization for the Plan. 
 
Changed Circumstance #5:  Trapper compliance with elevated lynx exclusion 
devices for killer-type trap regulations is less than 90%. 
 
Trigger:  This changed circumstance will be triggered if less than 90% of the trappers 
checked are in compliance with the regulations.  For the purpose of this commitment, a 
trapper will be considered to be in compliance if all of their traps are set in compliance 
with visible bait, height of trap, pole diameter, and angle of pole regulationsand 
exclusion devices specifications (e.g., size of opening, distance from opening to trap, 
placement of baffles) for killer-type traps in lynx areas.   
 
This trigger is going to be assessed by the annual monitoring commitments described in 
Section 5.2 (PI 4).  
 
Response:  If after the initial 2 years of monitoring, the percentage of trappers checked 
in compliance is less than 90% as described above then IFW will meet with 
stakeholders (e.g., game wardens and trappers), prior to the next trapping season, to 
identify and correct the problem through outreach and education.  If subsequent years 
of monitoring do not show improvement, IFW will implement measures such as 
increased law enforcement details or increased penalties before the start of the next 
trapping season.  If after 5 years of monitoring, trapper compliance with the four lynx 
avoidance measures listed above has not reached the target levels, IFW in consultation 
with the USFWS will implement additional corrective measures to improve compliance.   
Measures may include additional outreach, increased penalties for trapping violations, 
or restricting traps or trap sets that are particularly difficult for trappers to achieve 
compliance with or restricting the use of these traps in lynx areas. 
 
 
Changed Circumstance #6: Mitigation acreage is not achieved 
 
Background:  To mitigate the potential lethal take of up to 3 lynx during the 15 year 
permit period, IFW and BPL have entered into an agreement to create or maintain a 
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minimum of 6,200 acres of high quality hare habitat for lynx on the BPL Seboomook 
Unit by the end of the 15-year permit period.  
  
 
Trigger: Mitigation acreage is not achieved by the end of the 15-year permit period.  
Although there are several different circumstances that could lead to the mitigation not 
being achievable, the triggers and responses would be the same. 
 
Response: BPL will either increase the size of the mitigation area (currently 23,000 
acres) to achieve the mitigation acreage or extend the MOU period beyond 2029. 
 
Changed Circumstance #7: Population of lynx declines. 
 
If there is a catastrophic decline in the number of lynx in Maine (e.g., below 100 lynx), 
we expect the level of incidental take to decline.  If lynx take does not decline, IFW will 
consult with the USFWS to discuss additional minimization measures that may be 
necessary to avoid take.  
 
5.5 Unforeseen Circumstances 
 
Unforeseen circumstances are defined as changes in circumstances affecting a species 
or geographic area covered by a conservation plan that could not reasonably have been 
anticipated by plan developers and the USFWS at the time of the negotiation and 
development of the plan and that result in a substantial and adverse change in the 
status of the covered species (50 C.F.R. § 17.3).  
 
The USFWS bears the burden of demonstrating that unforeseen circumstances exist 
using the best available scientific and commercial data while considering certain factors 
(50 C.F.R. §§ 17.22(b)(5)(iii)(C)).  In deciding whether unforeseen circumstances exist, 
the USFWS will consider, but not be limited to, the following factors (50 C.F.R. §§ 
17.22(b)(5)(iii)(C)):  
 
1. The size of the current range of the affected species;  
2. The percentage of the range adversely affected by the covered activities;  
3. The percentage of the range that has been conserved by the HCP;  
4. The ecological significance of that portion of the range affected by the HCP;  
5. The level of knowledge about the affected species and the degree of specificity of 

the conservation program for that species under the HCP; and  
6. Whether failure to adopt additional conservation measures would appreciably reduce 

the likelihood of survival and recovery of the species in the wild.  
 
In negotiating unforeseen circumstances, the USFWS will not require the commitment 
of additional land, water, or financial compensation or additional restrictions on the use 
of land, water, or other natural resources beyond the level otherwise agreed upon for 
the species covered by the HCP without the consent of the permittee (50 C.F.R. §§ 
17.22(b)(5)(iii)(A)).  If additional conservation and mitigation measures are deemed 
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necessary to respond to unforeseen circumstances, the USFWS may require additional 
measures of the permittee, where the HCP is being properly implemented, only if such 
measures are limited to modifications within conserved habitat areas, if any, or to the 
HCP’s operating conservation program for the affected species, and maintain the 
original terms of the plan to the maximum extent possible (50 C.F.R. §§ 
17.22(b)(5)(iii)(B)).  Additional conservation and mitigation measures will not involve the 
commitment of additional land, water, or financial compensation or additional 
restrictions on the use of land, water, or other natural resources otherwise available for 
development or use under the original terms of the conservation plan without the 
consent of the permittee.  
 
Notwithstanding these assurances, nothing in the No Surprises Rule “will be construed 
to limit or constrain the USFWS, any federal agency, or a private entity, from taking 
additional actions, at its own expense, to protect or conserve a species included in a 
conservation plan” (50 C.F.R. §§ 17.22(b)(6)) 
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6.0 Funding 
 
One of the five issuance criteria for an ITP states that the applicant will ensure that 
adequate funding is available for implementing all components of their Plan, including 
minimization measures, mitigation measures, and unforeseen circumstances ((50 
C.F.R. §§ 17.22(b) (2)); 10-1-06 edition).  To meet these criteria, the following section 
describes IFW’s funding structure and budget process, how the Plan will be funded, and 
the costs associated with Plan implementation.   
 
6.1 Funding for Plan Measures 
 
IFW obtains its revenues from license sales (e.g., hunting and fishing licenses), federal 
matching dollars (Pitman-Robertson (PR) funds), general funds from the Maine 
Legislature, federal threatened and endangered species funds (i.e., Section 6 funds 
from the USFWS), sale of state conservation license plates, the USFWS’ State Wildlife 
Grant program, and grants from a variety of private and governmental organizations.  
Funds that will be used for the minimization measures in IFW’s Plan (Section 5) are 
collectively administered by three Bureaus within IFW:  Information and Education, 
Warden Service, and Resource Management.  In addition, the Department of 
Conservation, Bureau of Parks and Public Lands, will provide logistical support and 
personnel time for overseeing the management of the proposed mitigation area.  IFW 
recognizes that PR funds have limitations on what activities they can be spent on (e.g., 
cannot be spent on law enforcement).  IFW will ensure that PR funds are only used on 
eligible minimization activities in its Plan.  IFW will make funding activities that are not 
PR eligible a priority and obtain those funds from its General Fund account. 
 
IFW’s spending authority is granted through the biennial legislative process, with fiscal 
years beginning on July 1.  Therefore, IFW cannot guarantee State funds for future 
activities to administer the requirements set forth in the ITP, which are not yet 
appropriated by the State legislature.  Additionally, IFW cannot guarantee acceptance of 
grant monies unless it has received authorization from the Maine legislature to apply for 
and accept these monies.  However, as a commitment of this Plan, IFW will incorporate 
in its biennial budget request to the Maine State Legislature a budget that will be 
adequate to fulfill its obligations under the ITP.  IFW will provide evidence that the 
Legislature has appropriated sufficient funding to implement this plan by July 15th each 
year.  IFW recognizes that failure to annually ensure adequate funding to implement the 
Plan may be grounds for suspension or partial suspension of the ITP. Incidental take 
authorization under the permit is contingent on demonstrating adequate annual funding 
for plan implementation, including both IFW and MBPL (as pertaining to implementation 
of the mitigation).  
 
6.2 Plan Implementation Costs 
 
While developing the conservation commitments in this Plan, IFW worked to incorporate 
existing program resources, to the extent practicable, to meet the biological goals and 
objectives of the Plan.  This approach allows IFW to implement much of the Plan within 
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its existing programs.  Table 6.2.1 identifies the costs for implementing the Plan (other 
than mitigation measures), which are anticipated to average up to $69,000 annually.  
These costs do not reflect personnel costs associated with implementing this Plan, 
which will be covered by existing staff.  The diversion of personnel time to IFW’s 
Incidental Trapping Plan will come at the expense of other wildlife programs or law 
enforcement activities.  The amount of personnel time needed to implement IFW’s Plan 
will be fairly high, especially for the first couple of years.  For example, the lead wildlife 
biologist for responding to lynx incidental trapping incidents spent 50% of her time 
preparing for and responding to lynx incidental catches in 2012 (over an 8 week period).  
This does not include the time that other staff supported her in this effort. In the event 
that staff positions critical for ITP implementation are lost or eliminated, IFW will be 
committed to reassigning staff resources to ensure effective implementation of all ITP 
commitments.   In addition to costs provided in Table 6.2.1, IFW estimates the cost of 
training for the use of non-lethal cable restraints described in Appendix 13 to be 
$500/year.   
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Table 6.2.1 Proposed minimization activities for the incidental catch of lynx by Maine trappers and the 
approximate additional costs of these activities.  With the exception of differential pay, the personnel 
costs associated with implementing these activities are not included.  Personnel time spent on 
implementation of the Plan does divert time away from other wildlife management and law 
enforcement activities.   

 
Activity 

 
FTE 

workdaysb 

 
Frequency of Activity 

 
Ongoing Activity Cost 

 
New Activity 

Cost 
 

 
 

Total Costc 

RC 1 Restrict placements of killer-type sets 
 

 Annually N/A N/A  

RC 2 Mandatory Reporting 
 

 Annually N/A N/A  

RC 3 Restrict the Use of Visible Bait 
 

 Annually N/A N/A  

RC 4 Restrict Foothold Traps 
 

 Annually N/A N/A  

IM 1 Trapped Lynx Hotline 
       Standby Salary Deferential 
       Phone line 

 Annually  
$3,600/yr 
$600.00/yr 

 

N/A  
$54,000 
$9,000 

IM 2 Responding to Lynx 
        Staff time 
         Equipment 
 

10% Annually Included in staff base salary 
$300/year 

N/A $4,500 

IM 3 Update Standard Operating Procedures 
 

0.4% Every 3 years $300/update N/A $1,500 

IM 4 Maintain List of Cooperating 
Veterinarians 
 

0.4% Annually Included in staff base salary N/A  

IM 5 Rehabilitate Injured Lynx 
              Collars 
 

 As needed N/A $2,000/lynx 
$2,500/lynx 

 

Up to $18,000 
Up to $22,500 

IM 6 Injury Evaluation Training for Staff 
 

3% Every 3 years N/A $1,000/session $5,000 

IM 7 Veterinary Oversight 
 

 3 lynx in 3 year 
period  

 

N/A $500/lynx $7,500 

IM 8       Monitor Orphaned Kittens  As needed N/A $1,200/kitten ~$4,800 
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Table 6.2.1 continued. 
 
 
Activity 

 
FTE work daysb 

 
Frequency of 

Activity 

 
Ongoing Activity Cost 

 
New Activity 

Cost 

 
 

Total Costc 
 

O&E 1 Reinforce Compliance with trapping 
regulations 
 

 Annually Included in staff base salary N/A  

O&E 2 Publish a Regulation Booklet 
 

 Annually $54,000 N/A $810,000 

 
O&E 3 

 
Trapper Information Booklet  
     Letter and Lynx Portion Mailed 
 

0.4%  
Annually 

 
N/A 

 
$5,453 

 
$81,795 

 O&E 4   “How to avoid the incidental take of lynx” 
           Brochure Printing Cost 
           Additional postage 
 

0.1% once every  5 
years 

 

N/A  
$2,700a 

$825 

 
$8,100 
$2,475 

O&E 5   Maintain Website Information  0.4% Annually Included in staff base salary 
 

N/A  

O&E 6   Trapper Education Program  
 

 Annually N/A N/A  

O&E 7   Trapper video  3% One Time  
 

$5000 video 
$4,700 postage 

 

$5,000 
$4,700 

O&E 8   Continued Education for Instructors  
 

0.4% Every 2 years  N/A  

PI 1 Extend Lynx Regulations 
 

 Annually Included in staff base salary 
 

N/A  

PI 2 Investigate all lynx incidental captures 
 

5% Annually Included in staff base salary 
 

N/A  

PI 3 Cooperate with USFWS on Investigations 
 

5% Annually Included in staff base salary 
 

N/A  

PI 4  Conduct targeted compliance monitoring 
 

15% Annually  Included in staff 
base salary 

 

 

PI 5 Consult with trappers 
 

 Annually Included in staff base salary N/A  

 Total   44%                      $1,038,537 
a The brochure would be mailed with the annual letter to Maine Trappers and would not have the cost of an individual mailing. 
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b Percentage of a full-time employees (FTE) annual work day to complete activity is based on 260 work days/year.  For some activities, more than 
1 FTE is involved. The percentage of a FTE work days was calculated as the number of FTEs x the number of days involved in activity/260 
annual work days.   For example, 23 biologists will attend IM6 training every 3 years, thus % FTE work days=(23 FTE X 1 day/3 years)/260 work 
days.   

c Does not include FTE cost.  The daily salary for a FTE is $325; the annual cost of 44% of a FTE annual work days to carry out the minimization 
measures in this plan is estimated at $36,031.67. 
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6.2.2 Plan Mitigation Costs 
 
An MOU exists between the BPL and IFW for the management of the mitigation area 
(Appendix 11a).  The majority of the cost of mitigation will be covered by BPL and are 
not expected to exceed the costs of the normal operations that would occur on the 
proposed Habitat Management Area (i.e., no additional cost to IFW).  However, BPL 
may incur a financial loss if it has to harvest forest stands to meet habitat management 
goals prior to the time a stand would normally be harvested for its timber value.  IFW’s 
costs for implementing the mitigation plan are estimated at approximately $16,000 for 3 
lynx surveys on the mitigation area (Table 6.2.2). 
 
 
Table 6.2.2 Estimated costs of implementing mitigation measures (Section 5.3) 

that IFW will incur.  
 

Activity Frequency 
Total Cost for 

Activity 
Lynx Surveys Three times in 15 years  

Personnel  $3,140  
Transportation  $810 
Snowmobiles  10,000 
Equipment Repairs  $1500 
Misc. Equipment  $400 

Total for Surveys  $15,850 
BPL Mitigation 

Cruising Mitigation Area 
      Personnel 
      Transportation 
      Food and Lodging 

  
 

$4,428 
$504 
$600 

Develop Forest Management Plan 
      Personnel 
      Transportation 
      Food and Lodging 
Stand typing and modeling 
Harvest planning and execution 

  
$11,138 
$1,232 
$1,600 

$10,437 
$21,0001 

Total BPL Mitigation Costs  $50,939 
1 Profits from harvest will off-set cost of harvest 
 
6.3 Plan Monitoring Costs 
 
The Plan’s monitoring costs will primarily consist of personnel costs, which are covered 
under the agency’s existing annual budget.  Minor expenses will occur for activities such 
as compliance monitoring for killer-type traps (RC-6, Section 5.2; Table 6.2.1).  Other 
monitoring activity cost (e.g., responding to incidentally caught lynx) are covered in the 
plan’s minimization costs (Table 6.2.1) or mitigation costs (Table 6.2.2). 
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7.0 Measures Considered but Not Implemented 
 
The USFWS considered five alternatives, each with an increasing number of 
minimization measures, in its Draft Environmental Assessment (EA) for the 2008 
submission of IFW’s Plan.  The USFWS’ HCP Handbook (Chapter 3, p. 35) requires a 
description of at least two alternative actions to the proposed taking.  IFW discusses 
three alternative actions in its Plan:  1) Discontinue Trapping Statewide, 2) Discontinue 
Trapping Selectively, and 3) Other Minimization and Mitigation Measures.  The rationale 
for incorporating or not incorporating alternative actions into the Plan follows. In 
addition, in a separate memorandum to the USFWS, IFW provides additional 
information or data on the validity of other measures for minimizing lynx captures 
recommended in the USFWS Draft EA or by the public.   
 
7.1 Alternative I.  Discontinue Trapping Statewide 
 
The alternative action considered was to discontinue trapping statewide.  
 
This alternative would result in no take of Canada lynx by trapping.  The benefit of any 
reduced take from this action would be relatively minor relative to other sources of 
human related mortality (e.g., animal-vehicle collisions) that have a greater impact on 
lynx populations.  Furthermore, if fisher trapping were eliminated, fisher predation on 
lynx would likely increase (Section 4.2) and have a greater impact than any incidental 
trapping might have on Maine’s lynx population. 
 
Trapping cannot be replaced with an alternative activity that effectively harvests 
furbearing animals and provides a similar outdoor recreational experience.  In 1973, 
Maine’s legislature directed IFW’s Commissioner to establish open seasons for the 
trapping of furbearing animals (Title 12, Chapter 301, § 1960 A).  Discontinuing trapping 
statewide would be contrary to the legislature’s original directive.  Although lynx have 
been caught in trapping sets suitable for fox, coyote, bobcat, marten, and fisher, to our 
knowledge, no lynx have been caught in traps set for beaver, raccoon, mink, skunk, or 
weasel.  Discontinuing trapping for species that have not been associated with 
incidental capture of lynx would be unreasonable and would not, in itself, help reduce 
the incidental take of lynx.  
 
Given these considerations, IFW did not consider this an acceptable alternative. 
 
7.2 Alternative II.  Discontinue Trapping Selectively 
 
Another alternative action considered would be to discontinue trapping for species that 
have been associated with the incidental capture of lynx in areas where lynx occur.  
 
This alternative would likely result in no Canada lynx being taken by trappers. 
 
Lynx are distributed primarily in the northern half of the state (essentially WMDs 1 – 11, 
14, 18, and 19; Figure 1.1); have been taken in traps set for coyotes, marten, and fisher; 
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and would be vulnerable to traps set for bobcat and fox.  Discontinuing trapping in all 
lynx WMDs for these species would reduce the statewide trapping harvest for these 
species accordingly:  marten -- (84%), fisher -- (40%), coyote -- (< 31%), red fox -- (< 
24%), and bobcat -- (< 16%; Table 3.2).  Coyote and fox are hunted as well as trapped; 
therefore, the reduction in harvest, if trapping were to cease in these WMDs, would be 
somewhat less than 31% (unknown amount).  IFW does not believe it is practicable to 
ask the public to incur a significant loss of fur trapping opportunity on the outside 
chance that a lynx may incidentally be taken in a trap set for upland furbearers, 
especially when the mortality allowance requested in Maine's Plan is not detrimental to 
Maine's lynx population (Section 4).  Additionally, eliminating the harvest of upland 
furbearers could negatively impact the lynx population indirectly through increase 
competition of prey and directly by increased mortality by fisher (Section 3.3). 
 
Consequently, IFW is not recommending trapping be discontinued for upland furbearers 
in the core lynx range and does not consider this an acceptable alternative.   
 
Limit upland foothold trapping seasons to October and November 
 
There have been no lynx reportedly caught in foothold traps in December in Maine.  
Many trappers in northern Maine stop using foothold traps when the ground becomes 
frozen or covered with snow because it is difficult to keep traps operating properly in 
freeze, thaw, and snowy conditions.  In 2011, only 2% of the total coyote harvest and 
0.5% of the red fox harvest in WMDs 1-11 was taken in December.  IFW does not 
believe limiting the foothold trapping season to October and November would reduce 
lynx take or harm to lynx.  However, if IFW detects an increase in foothold trapping in 
December, IFW will follow the protocol outlined in the Changed Circumstances section 
of this document (Section 5.5). 
 
7.3 Alternative III.  Other Minimization and Mitigation Measures 
 
The USFWS’ National Environmental Policy Act (NEPA) considered five alternatives, 
each with an increasing number of minimization measures.  Measures suggested by the 
USFWS or public that would significantly reduce lynx take or harm were included in 
IFW’s Plan.  The minimization measures in this Plan are effective at reducing lynx 
captures and injuries to incidentally captured lynx, while maintaining a furbearer 
trapping program in Maine.   
 
The public, and the USFWS in its EA, suggested additional minimization measures for 
inclusion in IFW’s Plan.  Those that are practicable and have scientific justification were 
included.  The following two measures (require exclusion devices on all killer-type traps 
and require the use of BMP traps) are assumed to benefit lynx by reducing incidental 
trapping and injury; however, IFW did not find sufficient scientific justification to include 
these measures in the Plan.  The rational for not including these measures is presented 
below.   
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Require effective lynx-excluding devices for all upland killer-type traps in WMDs 1-11, 
14, 18, and 19 and rescind leaning pole regulations 
 
IFW contends that there is no evidence to warrant the mandatory use of exclusion 
devices for killer-type traps, when these traps are set on leaning poles.  IFW’s current 
leaning pole regulations deter lynx from being caught in killer-type traps.  No lynx have 
been caught in legally set killer-type traps since IFW’s leaning pole regulations were 
implemented in 2007 and clarified in 2008.  In terms of measuring risk as incidental 
catch per unit effort, no lynx have been caught in legally set killer-type traps for over 
600,000 trap nights21 on leaning poles in WMDs 1-11 from 2008-2011 (Table 7.3.1). In 
addition none of the 74 radiocollared lynx exposed to killer-type traps during 13 trapping 
seasons were captured in killer-type traps. 
 
 
Table 7.3.1 The estimated number of trap nights (TN) where trappers targeted 

marten in WMDs 1-11 from 2008 to 2011.   
 

Trapping 
Season 

Trap Nights/ 1 marten 
in WMDs 1-11 

Number of  Marten 
Harvested in WMDs 1-11 

Total # TN in 
WMDs 1-11 

2008-09 67 1,988 133,196 
2009-10 67 2,048 137,216 
2010-11 67 3,003 201,201 
2011-12 128 1,112 142,336 

 Total 613,949 
 
 
The lynx-exclusion device IFW developed with trappers was tested for the efficiency of 
excluding lynx from reaching the trap within the device when set on the ground.  The 
results of this testing indicated that the lynx-exclusion device would prevent lynx from 
being caught in killer-type traps; however, the efficacy of catching marten and fisher in 
these devices has not been determined.  Currently, trappers are not permitted to set 
killer-type traps on the ground in lynx WMDs (except killer-type traps < 5 inches when 
set as blind sets or under overhanging stream banks (Appendix 2).  This exclusion 
device was effective at excluding lynx from killer-type traps and provides trappers the 
opportunity to set baited killer-type traps for marten and fisher on the ground in lynx 
WMDs without catching lynx.  The lynx-exclusion device that IFW approved is different 
than devices required in other states that were developed to exclude dogs.   
 
Lynx exclusion devices are large, cumbersome, and more difficult to set than killer-type 
traps on leaning poles.  These devices may also be less effective at catching the target 
                                            
21 From 2010 to 2011 trapper effort reporting and harvest data were collected from trappers trapping in 
WMDs 1-11. The average number trap nights (one trap night is equal to one trap set for one night e.g., 2 
traps set for 1 night = 2 trap nights) it took a trapper to catch 1 marten were multiplied by the number of 
marten tagged in WMDS 1-11. Because trapper effort data were only available for 2010 and 2011 IFW 
used the conservative number of trapper nights required to catch a marten (67) from 2010 to estimate the 
number of trap nights in WMDs 1-11 for 2008 and 2009 therefore is likely an underestimate of the number 
of trap nights in those years.  
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species. If IFW were to require trappers to use exclusion devices when trapping with 
killer-type traps, it would be a disincentive for most trappers and would reduce fisher 
and marten trapping in Maine.  In addition, the risk of capturing lynx on leaning pole sets 
is low, since regulatory changes have been put in place. If circumstances change, IFW 
has a contingency plan to address increased take (Section 5.4). 
 
Require all trappers to use only foothold traps meeting BMP standards for fox, coyote, 
and bobcat and rescind existing foothold trap size regulations once BMP traps are fully 
implemented. 
 
Determine the extent that BMP foothold traps are used. 
 
The purported benefits of reducing lynx take or injuries by requiring all trappers to use 
only traps meeting Best Management Practices (BMP) standards is not supported by 
National BMP data or BMP data collect in Maine.  BMP traps were tested and approved 
for specific species.  It is inappropriate to require trappers to use traps meeting BMP 
standards for fox and coyote in the hope that these traps would be less injurious to lynx.  
Many of the traps tested and approved for foxes, coyotes, and bobcats were not tested 
during BMP trap testing for lynx in Alaska (AFWA 2011).  Therefore, it is unknown if lynx 
would be injured in a trap approved for other species.  Trappers in Maine are not 
targeting lynx; therefore, requiring canid trappers to use BMP traps approved for lynx 
may lead to more frequent or severe injuries for smaller furbearers (e.g., red fox).  
 
Prior to and after the Consent Decree, that limits the size of foothold traps that can be 
used in the lynx range but did not require BMP approved traps, injuries to incidentally 
captured lynx were similar to or lower than injuries report for coyotes and bobcats 
caught in BMP approved traps (Tables 4.2.2, 7.3.2 and 7.3.3).  Data collected in Maine 
from 1999 through 2012 show that 94% (n=32) of the incidentally caught lynx in foothold 
traps set by trappers and examined by IFW biologists had no injury or only a minor 
injury (minor injury= ISO score ≤ 10 [see Table 4.2.1]).  Again, these injury scores are 
lower or similar to injury scores observed for coyotes and bobcats caught during BMP 
trap testing (Tables 7.3.2 and 7.3.3) and lynx caught by IFW biologists using BMP 
approved traps for lynx (Table 4.1.1); therefore, IFW does not believe requiring the use 
of BMP traps would further reduce injuries or incidental take by trappers. However, if 
circumstance change, IFW has a contingency plan to address increase take or injury 
(Section 5.4). 
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Table 7.3.2 Injury (welfare) scores for 20 restraining devices evaluated for coyotes during Association of Fish and Wildlife 
Agencies’ Best Management Practices (BMP) trap research, 1998-2005.  BMP criteria for welfare, efficiency and 
selectivity were met for 16 devices evaluated for coyotes.  Those traps not meeting BMP criteria are shaded in 
gray.  The most commonly used trap in the United States is the No. 2 coil-spring (Responsive Management 2005).  
This trap met all BMP criteria.   

 
   Cumulative Injury Score % animals classed by worst injury 

Trap Code States Tested 
Sample 

Size 
 

Mean 
 

Median 
 

SE 
 

None Mild 
 

Moderate 
Mod. 

Severe 
 

Severe Dead 
15P AL, GA, NM,  NY,  VT 28 16.2 8.5 3.2 25.0 39.3 35.7 0 0 0 
NPCD WI 57 19.3 5.0 25.1 0 80.1 10.5 1.7 7.0 0 
BEL KS, ME, NM, PA, VT,  49 22.7 10.0 4.2 4.1 65.3 26.5 0 4.1 0 
134FO ME, NY, PA 27 25.6 20.0 4.8 11.1 44.4 44.4 0 0 0 
3PM KS, ME, NE, NY, OR, PA, VT 105 25.7 10.0 2.5 1.0 59.0 38.1 1.0 1.0 0 
15PM AR, GA, KS,  ME, NY, OK,  OR, PA, SD,  

VT, WA,  WY 
92 28.9 10.0 4.1 0 53.3 41.3 3.3 2.2 0 

2OLM KS, ME, NE, NY, OK, OR, PA, VT, WA 74 30.1 20.0 2.9 1.4 52.7 43.2 1.4 1.4 0 
2C AR, KS, MI,  NY, OH, OK,  VT 25 37.0 40.0 7.9 20.0 24.0 48.0 4.0 4.0 0 
175OL GA, ME, NM, NY, OK, OR, PA, SD, WA, 

WY 
72 37.1 35.0 4.1 4.2 43.1 48.6 4.2 4.2 0 

175 GA, ME, NM, NY, OK, OR, PA, SD, WA, 
WY 

84 39.5 42.5 3.3 3.6 34.5 56.0 1.2 4.8 0 

MJ600 GA, KS, OK, OR, SD, TX, WY 49 40.2 35.0 4.5 0 49.0 49.0 0 2.0 0 
MB650 GA, KS, OK, OR, SD, TX, WY 67 42.6 20.0 5.9 1.5 52.2 38.8 1.5 6.0 0 
22CC OR, SD, WA 39 49.8 45.0 6.7 2.6 35.9 53.8 2.6 5.1 0 
3MSM PA,  SD 30 50.7 47.5 5.3 0 40.0 50.0 0 10.0 0 
33CC OR, SD, WA 49 52.6 45.0 7.4 0 42.9 44.9 6.1 6.1 0 
2FOJ PA,   SD 24 54.3 60.0 6.17 0 41.7 41.7 0 16.6 0 
175FOJ PA,  SD 28 54.8 55.0 4.9 0 35.7 50.0 0 14.3 0 
3OL GA, NM, OK, OR, WA 23 60.9 45.0 8.7 4.3 13.0 60.9 4.3 17.4 0 
3S GA, KS, OK, OR, SD, TX, WY 56 71.7 50.0 7.7 1.8 21.4 62.5 0 14.3 0 
3O GA, NM, OK, OR, SD, WA 41 98.2 80.0 9.1 0 7.3 63.4 2.4 26.8 0 

Abbreviations 
FO = flat offset, P = padded, PM = padded modified (4 coiled), FOJ = flat offset jaw, OL = offset laminated, CC = Coyote Cuff brand, OLM = offset laminated modified (4 coiled), O = 
offset PM = padded modified (4 coiled), S = longspring, MSM = Montana Special Modified, NPCD = non-powered cable device, BEL = Belisle foot snare, MB650 = Minnesota Brand 
650, and MJ600 = Sterling 600 
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Table 7.3.3 Injury (welfare) scores for 16 restraining devices evaluated for bobcats during the Association of Fish and 
Wildlife Agencies’ Best Management Practices (BMP) trap research, 1998-2006.  BMP criteria for welfare, 
efficiency, and selectivity were met for all 16 devices evaluated for bobcats.  The most commonly used trap type 
in the United States for capturing bobcats is the No. 3 coil-spring (Responsive Management 2005).  The standard 
No. 3 coil-spring trap met all BMP criteria, as did the same trap size with modifications including padded jaws, 
offset jaws, laminated jaws, and jaws with both offset and lamination. 

 
   Cumulative Injury Score % animals classed by worst injury only 

Trap Code States Tested 
Sample 

Size 
 

Mean 
 

Median 
 

SE 
 

None Mild 
 

Moderate 
Mod. 

Severe 
 

Severe Dead 
Cage 109.5 
(Tomahawk) 

CA, GA, KS 22 0.3 0 0.3 95.5 4.5 0 0 0 0 

#1.5 coil-spring 
(WOV) 

 GA, KS, NC, OK, 
PA, SC, VT  

42 9.4 5.0 1.5 4.8 83.3 11.9 0 0 0 

#1.75 coil (WOV) GA, NM, OK, PA 23 9.8 5.0 4.6 13.0 74.0 8.7 0 4.3 0 
#3 padded, 4 coil 
(WOV) 

PA, KS, OR 27 10.1 5.0 1.9 0 55.6 44.4 0 0 0 

# 3 coil, offset (BRI) GA, NM, OK, OR 22 11.2 5.0 2.7 4.5 76.3 19.2 0 0 0 
#1.75 offset, 
laminated (WOV) 

NY, GA, PA, NM, 
OK, OR 

38 12.8 5.0 4.2 18.4 52.7 23.7 0 5.3 0 

# 3 coil, offset, lam 
(BRI) 

GA, NM, OK, OR, 
WA 

31 15.8 5.0 4.1 3.2 71.0 22.6 0 3.2 0 

MJ 600 (Sterling) GA, KS, OK, OR, 
TX 

37 16.8 10.0 2.9 2.7 81.1 16.2 0 0 0 

Belisle Foot Snare KS, NM, PA 18 17.3 5.0 5.3 0 72.2 22.2 5.6 0 0 
# 2 coil (WOV)  KS, NC, NY, OK 30 20.1 7.5 3.9 0 76.7 23.3 0 0 0 
MB 650 
(Minnesota) 

GA, KS, OK, OR, 
TX 

29 20.9 5.0 4.8 0 75.9 20.7 0 3.4 0 

#2 offset, 
laminated, 4 coil 
(BRI) 

KS, OK, PA, OR, 
WA 

21 21.2 10.0 4.4 0 66.7 33.3 0 0 0 

#1.5 padded, 4 coil 
(WOV) 

GA, KS, OK, PA, 
VT 

43 23.0 15.0 4.6 4.8 72.1 16.3 2.3 4.7 0 

# 3 longspring (SC) GA, KS, OK, TX 45 25.8 5.0 5.9 4.4 66.6 22.2 0 6.7 0 
# 3 coil, lam (BRI) GA, KS, OK 20 25.9 10.0 11.8 0 80.0 10.0 5.0 5.0 0 
# 3 coil (BRI) KS, OK, NE, MI 30 37.7 20.0 9.3 0 70.0 16.7 3.3 10.0 0 

Abbreviations 
FO = flat offset, P = padded, PM = padded modified (4 coiled), FOJ = flat offset jaw, OL = offset laminated, CC = Coyote Cuff brand, OLM = offset laminated modified (4 coiled), O 
= offset PM = padded modified (4 coiled), S = longspring, MSM = Montana Special Modified, NPCD = non-powered cable device, BEL = Belisle foot snare, MB650 = Minnesota 
Brand 650, and MJ600 = Sterling 600 
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8.0 Future Amendments 
 
An HCP and/or ITP (in IFW’s case Plan and/or ITP) may be modified in accordance with 
the ESA, the USFWS’s implementing regulations, the implementation agreement (IA), 
and this chapter.  HCP and permit modifications are not anticipated on a regular basis; 
however, modifications to the HCP and/or ITP may be requested by either IFW or the 
USFWS.  The USFWS also may amend the ITP at any time for just cause, and upon a 
written finding of necessity, during the permit term in accordance with 50 C.F.R. § 
13.23(b).  The categories of modifications are administrative changes, minor 
amendments, and major amendments. 
 
8. 1 Administrative Changes 
 
Administrative changes are internal changes or corrections to the HCP that may be 
made by IFW, at its own initiative, or approved by IFW in response to a written request 
submitted by the USFWS.  Requests from the USFWS will include an explanation of the 
reason for the change, as well as any supporting documentation.  Administrative 
changes on IFW’s initiative do not require preauthorization or concurrence from the 
USFWS. 
 
Administrative changes are those that will not:  a) result in effects on a HCP species 
that are new or different than those analyzed in the HCP, environmental assessment 
(EA), or the USFWS’s biological opinion (BO), b) result in take beyond that authorized 
by the ITP, c) negatively alter the effectiveness of the HCP, or d) have consequences to 
aspects of the human environment that have not been evaluated.  IFW will document 
each administrative change in writing and provide the USFWS with a summary of all 
changes, as part of its annual report, along with any replacement pages, maps, and 
other relevant documents for insertion in the revised document. 
 
Administrative changes include, but are not limited to, the following: 
 
 Corrections of typographical, grammatical, and similar editing errors that do not 

change intended meanings; 
 Corrections of any maps or exhibits to correct minor errors in mapping; and 
 Corrections of any maps, tables, or appendices in the HCP to reflect approved 

amendments, as provided below, to the ITP or permit. 
 
8.2 Minor Amendments 
 
Minor amendments are changes to the HCP, the effects of which on HCP species, the 
conservation strategy, and IFW’s ability to achieve the biological goals and objectives of 
the HCP, are either beneficial or not significantly different than those described in this 
HCP.  Such amendments also will not increase impacts to species, their habitats, and 
the environment beyond those analyzed in the HCP, EA, and BO or increase the levels 
of take beyond that authorized by the ITP.  Minor amendments may require an 
amendment to the ITP or the IA.  A proposed minor amendment must be approved in 
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writing by the USFWS and IFW before it may be implemented.  A proposed minor 
amendment will become effective on the date of the joint written approval. 
 
IFW or the USFWS may propose minor amendments by providing written notice to the 
other party.  The party responding to the proposed minor amendment should respond 
within 30 days of receiving notice of such a proposed modification.  Such notice shall 
satisfy the provisions of 50 C.F.R. § 13.23, as well as include a description of the 
proposed minor amendment; the reasons for the proposed amendment; an analysis of 
the environmental effects, if any, from the proposed amendment, including the effects 
on HCP species and an assessment of the amount of take of the species; an 
explanation of the reason(s) the effects of the proposed amendment conform to and are 
not different from those described in this HCP; and any other information required by 
law.  When IFW proposes a minor amendment to the HCP, the USFWS may approve or 
disapprove such amendment, or recommend that the amendment be processed as a 
major amendment as provided below.  The USFWS will provide IFW with a written 
explanation for its decision.  When the USFWS proposes a minor amendment to the 
HCP, IFW may agree to adopt such amendment or choose not to adopt the 
amendment.  IFW will provide the USFWS with a written explanation for its decision.  
The USFWS retains its authority to amend the ITP, however, consistent with 50 C.F.R. 
§ 13.23. 
 
Provided a proposed amendment is consistent in all respects with the criteria in the first 
paragraph of this section, minor amendments include, but are not limited to, the 
following: 
 
• Changes to IFW’s monitoring protocols to improve their effectiveness; 
• Adding conservation or management measures to our mitigation plan to enhance 

its effectiveness; 
 Updates to maps or to lynx species occurrence data; 
 Minor changes to the biological goals or objectives;  
 Modification of existing or adoption of new performance indicators or standards if 

results of monitoring and research, or new information developed by others, 
indicate that the initial performance indicators or standards are inappropriate 
measures of success of the applicable conservation measures; 

 Minor changes to survey or monitoring protocols that are not proposed in 
response to adaptive management and that do not adversely affect the data 
gathered from those surveys; 

 Modifying the design of existing research or implementing new research; 
 Conducting monitoring surveys in addition to those required by the HCP and ITP; 
•  Minor changes to the reporting protocol. 
 
8.3 Major Amendments 
 
A major amendment is any proposed change or modification that does not satisfy the 
criteria for an administrative change or minor amendment.  Major amendments to the 
HCP and ITP are required if IFW desires, among other things, to modify the projects 
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and activities described in the HCP such that they may affect the impact analysis or 
conservation strategy of the HCP, affect other environmental resources or other aspects 
of the human environment in a manner not already analyzed, or result in a change for 
which public review is required.  Major amendments must comply with applicable 
permitting requirements, including the need to comply with NEPA, the National Historic 
Preservation Act (NHPA), and Section 7 of the ESA. 
 
In addition to the provisions of 50 C.F.R. § 13.23(b), which authorize the USFWS to 
amend an ITP at any time for just cause and upon a finding of necessity during the 
permit term, the HCP and ITP may be modified by a major amendment upon IFW’s 
submission of a formal permit amendment application and the required application fee 
to the USFWS, which will be processed in the same manner as the original permit 
application.  Such application generally will require submittal of a revised HCP, a 
revised IA, and preparation of an environmental review document in accordance with 
NEPA.  The specific document requirements for the application may vary, however, 
based on the substance of the amendment.  For instance, if the amendment involves an 
action that was not addressed in the original HCP, IA, or NEPA analysis, the documents 
may need to be revised or new versions prepared addressing the proposed 
amendment.  If circumstances necessitating the amendment were adequately 
addressed in the original documents, an amendment of the ITP might be all that would 
be required. 
 
Upon submission of a complete application package, the USFWS will publish a notice of 
the receipt of the application in the Federal Register, initiating the NEPA and HCP 
public comment process.  After the close of the public comment period, the USFWS 
may approve or deny the proposed amendment application.  IFW may, in its sole 
discretion, reject any major amendment proposed by the USFWS.   
 
Changes that would require a major amendment to the HCP and/or ITP include, but are 
not limited to: 
 
 Revisions to the covered lands or activities that do not qualify as a minor 

amendment; 
 Increases in the amount of take allowed for covered activities; 
• Adding new or additional covered species; 
 A renewal or extension of the permit term beyond 15 years, where the criteria for 

a major amendment are otherwise met, and where such request for renewal is in 
accordance with 50 C.F.R. § 13.22; 

• Extending the period of time covered by IFW’s mitigation agreement with BPL to 
ensure habitat mitigation goals are met. 
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ABSTRACT 

 

Canada lynx (Lynx canadensis) populations in the contiguous US comprise the 

southern extent of lynx range.  Lynx were federally listed as Threatened in 2000, and they 

survive in sub-boreal forests of lower habitat quality than in the core of lynx range in Canada 

and Alaska.  Southern lynx habitat is fragmented by topography, and increasingly by human 

impacts.  Wildfires, which are projected to increase in frequency, size and intensity under 

climate change, also fragment southern lynx habitat.  I used Global Positioning System radio-

collar data from 17 lynx in the North Cascade Mountains of Washington collected during 

2007 through 2013 to explore southern lynx habitat use in a fragmented landscape impacted 

by fire.  I used Random Forest models to analyze core hunting, resting, and denning habitat, 

and the habitats lynx select while traveling between patches of core habitat.  I also describe 

lynx use in new and old burns.  Finally, based on the core and travel habitat models, I used 

Least Cost Path modelling to map connectivity linkages for lynx in the North Cascades. 

While selecting core habitat, lynx used spruce (Picea engelmannii)-fir (Abies 

lasiocarpa), lodgepole pine (Pinus contorta), and mixed sub-boreal-Douglas fir 

(Pseudotsuga menziesii) forests, and avoided dry forests and forest openings including new 

burns.  While selecting travel habitat, lynx used a wider range of habitats, including new 

burns where fire skips and residual trees offered cover.   

In newly burned areas, lynx used areas near the burn perimeter, fire skips, and 

residual live trees, but avoided severely burned areas.  In old burns, lynx used areas where 

cool and moist microclimates encouraged dense vegetative growth, regardless of the 

regenerating forest type or burn severity.   



 iii 

My connectivity model reveals important linkages for lynx, connecting areas of 

currently occupied lynx habitat divided by the Methow Valley and by the 2006 Tripod Burn.  

The model also revealed linkages connecting currently occupied areas to areas historically 

occupied by lynx south of Lake Chelan. 
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CHAPTER 1                                                                                                                                          
LYNX HABITAT IN THE SOUTHERN RANGE PERIPHERY 

 

1.1 INTRODUCTION 

As human populations around the world increase, our footprint on the land grows larger 

with negative consequences for biodiversity.  Habitat loss and fragmentation are two of the 

leading causes of species decline worldwide, and are identified as top threats to mammal 

diversity within the United States and Canada (Wilcove et al. 1998, Imre and Derbowka 2011).  

Large carnivores may be particularly sensitive because of their typically long life history, large 

spatial requirements, and low population densities (Purvis et al. 2000).  In North America, nearly 

all species of large carnivores have experienced range contractions in large part due to habitat 

loss and fragmentation (Laliberte and Ripple 2004).  As human modification of landscapes 

continues, conserving the remaining carnivore populations in North America largely depends on 

our ability to provide for habitat connectivity and thus the movements of carnivores throughout 

their ranges (Noss et al. 1996). 

1.1.1 Connectivity Conservation 

Habitat fragmentation can have many negative effects on animals.  Disconnected habitats 

can isolate populations and impede gene flow across the landscape, causing inbreeding and loss 

of genetic diversity (Frankham 2006), and can also physically impede animal movements, 

making it more difficult for an animal to search for resources such as food and cover, or to 

disperse to establish a new home range (Wilcox and Murphy 1985, Fischer and Lindenmayer 

2007).  In addition, fragmentation may impede animals attempting to escape habitat loss or 

degradation due to human activities such as timber harvest, agriculture, and residential and 

commercial development (Wilcove et al. 1998).   
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Connectivity conservation has surfaced as a key strategy to combat the effects of habitat 

loss and fragmentation so that biological and ecological processes can persist despite increasing 

habitat fragmentation.  Connectivity conservation has been applied around the world to a wide 

variety of taxa including marine organisms, insects, birds, and terrestrial mammals (Crooks and 

Sanjayan 2006).  Because animals move at varying spatial and temporal scales, preserving 

species also requires applying connectivity conservation across a variety of scales.  For example, 

animals must move through the landscape at a local scale to access basic needs such as food, 

shelter, and mates to insure their individual survival.  Animals must also move across landscapes 

on a larger scale to migrate, disperse, and escape degrading habitat (Ims 1995). 

1.1.1.1 Structural Versus Functional Connectivity 

Landscape connectivity can be described in terms of structural characteristics or 

functional characteristics.  A landscape is considered structurally connected if, based on a simple 

binary classification of the landscape as habitat or non-habitat, the habitat is contiguous 

(Tischendorf and Fahrig 2000).  This definition is based on the traditional description of 

fragmented landscapes as patches of suitable habitat within a matrix of inhospitable habitat 

(Wiens 2006).  Under this view, links between habitat patches are identified as corridors or 

“stepping stones” of suitable habitat acting as bridges through a matrix of inhospitable habitat.  

While in extreme cases the matrix can isolate habitat patches, in general this view of the matrix 

is over-simplified (Chetkiewicz et al. 2006).  Landscapes are complex and the matrix is usually 

not an entirely inhospitable environment (Prugh et al. 2008), so that in reality landscapes are 

better described as continuous spectra of habitat suitability (Chetkiewicz et al. 2006).   

A landscape is described in terms of functional connectivity when a species’ behavioral 

responses to landscape features are included (Tischendorf and Fahrig 2000).  This definition of 

connectivity considers the fact that animals respond to habitats on a spectrum rather than as 
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habitat versus non-habitat, and that lower-quality matrix habitat can serve as travel habitat 

(Haddad and Tewksbury 2005).  In this view, a landscape that is not structurally connected may 

be functionally connected.  This definition also accounts for structurally-connected landscapes 

that are functionally unconnected, for example when the distance between structurally-connected 

habitat patches is too great for an animal to traverse (With 1997, Tischendorf and Fahrig 2000, 

Taylor et al. 2006).  Using a functional connectivity framework, connections between habitats 

are viewed as areas in the matrix that facilitate movement and include a spectrum of habitat 

quality (Chetkiewicz et al. 2006).  These areas are often referred to as linkages.  Describing a 

landscape in terms of functional connectivity and linkages incorporates a more realistic 

representation of habitat and a species’ ability to move through the landscape.  When adequate 

information is available about a species’ movement ecology, providing for functional 

connectivity provides greater assurances for the conservation of the species of interest 

(Tischendorf and Fahrig 2000, Chetkiewicz et al. 2006). 

1.1.1.2 Connectivity Modeling 

Many methods are used to model and identify areas of connectivity for conservation.  To 

identify areas of connectivity based on habitat structure, methods may be simplistic and coarse, 

such as identifying the shortest path between two patches, or in the case of an already highly-

fragmented landscape, identifying any remaining habitat connections between patches.  

However, identifying linkages that facilitate functional connectivity for a focal species or 

group of species requires that modelers consider the degree to which different landscape features 

inhibit or facilitate movement.  To identify areas of functional connectivity, modelers select 

landscape features such as habitat types, topography, or human infrastructure that are believed to 

influence movement of the species in question.  The selected features are then assigned 

numerical resistance values based on an estimation of how difficult each feature is for an animal 
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to move through so that high-resistance values represent one or more of the following costs to an 

animal: high avoidance of the landscape feature, high cost to fitness, or low survival (Zeller et al. 

2012).  Often, when species-specific movement ecology is poorly understood, expert knowledge 

of an animal’s habitat preferences is used to assign resistance values (Noss and Daly 2006).  

Although expert knowledge is sometimes appropriate or is the only option available, the 

resulting models should be regarded as a working hypotheses and tested with empirical data.  

Preferably, scientists use a modeling approach that incorporates empirical evidence of habitat 

selection or movement patterns to determine the amount of resistance each landscape feature 

presents (Chetkiewicz et al. 2006). 

Once resistance values have been assigned to landscape features, Geographic Information 

System (GIS) mapping software assigns each pixel on the landscape its resistance value to create 

a resistance surface (Chetkiewicz and Boyce 2009).  Using this resistance surface, areas of high 

quality habitats can be identified and connectivity can be modeled.  Least-cost analysis has 

emerged as the basis for most linkage modeling approaches and calculates the path of least 

resistance between two points on a landscape by adding the resistance values of consecutive 

pixels (Beier et al. 2008).  Because least-cost analysis will always identify the least cost paths, 

modelers must qualitatively evaluate the modeled paths since even the least-costly path may not 

be suitable for animal movement (Beier et al. 2008).  For example, pathways may not be wide 

enough to protect an animal from the surrounding matrix.  Similarly, a pathway with many 

bottlenecks may lower the functional connectivity of a linkage, as will a linkage that is longer 

than the dispersal capability of the focal species (Beier et al. 2008).  By selecting high-quality 

least-cost paths, areas linking habitat patches can be identified and prioritized for conservation, 

offering animals a chance to persist on a fragmented landscape. 
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As an alternative to using expert knowledge for parameterizing a resistance surface, 

Resource Selection Functions offer scientists a way to use empirical data to assign resistance 

values (Chetkiewicz and Boyce 2009).  Resource Selection Functions in their most basic form 

quantify habitat selection by comparing habitats used by a species with those available or unused 

by the species.  Resource Selection Function models are usually fit using a parametric analysis 

such as a linear or logistic regression, the output of which predicts how each habitat feature 

affects the probability of use by the focal species (Manly et al. 2002).  Probability of use can then 

be translated into a numerical value estimating the resistance to movement each habitat feature 

presents to the focal species by assuming that habitats with a high probability of use provide low 

resistance to animal movements while those with a low probability of use present high resistance 

to movement (Chetkiewicz and Boyce 2009).  Most Resource Selection Functions do not 

explicitly model movement and rarely, if ever, model gene flow (Spear et al. 2010). 

In addition to Resource Selection Functions, a relatively new machine-learning 

algorithm, Random Forest (Breiman 2001), has recently been applied to habitat analysis studies 

(Wilsey et al. 2012, Mochizuki and Murakami 2013).  Random Forest has several advantages 

over Resource Selection Functions; it is non-parametric, and it accounts for autocorrelation, 

interactions among variables and across scales, and the complex non-linear relationships 

common to ecological data (Cutler et al. 2007, Evans and Cushman 2009, Evans et al. 2011).  In 

addition, Random Forest accommodates many predictor variables, does not assume 

independence of samples, and does not require a priori hypotheses regarding the direction of the 

response variable, thus allowing unexpected interactions to be discovered (Evans et al. 2011).  

Random Forest often creates highly predictive classification and regression models, but it is 

criticized for offering limited insight as to the mechanistic relationships between predictor and 
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response variables (Murphy et al. 2010, McCue et al. 2013).  However, graphs to help visualize 

the relationship between predictor and response variables, and recently developed methods for 

model selection and determining a significance value have helped ease ecological interpretation 

(Evans and Cushman 2009, Murphy et al. 2010, Evans et al. 2011). 

Random Forest has only recently been applied to wildlife habitat studies, and has not yet 

been used to characterize the habitat use of a wide-ranging carnivore.  In this thesis, I use 

Random Forest to analyze and describe the habitat use of Canada lynx (Lynx canadensis).  I then 

demonstrate the novel approach of using results from my Random Forest habitat analysis to 

parameterize a resistance surface, which I use to model lynx habitat connectivity in the North 

Cascade Mountains of Washington. 

1.1.2 Canada Lynx, a North American Carnivore in Decline 

The boreal and sub-boreal forests of North America are home to the Canada lynx, a 

medium-sized cat uniquely adapted to the challenges of hunting in deep snow.  Lynx’ 

disproportionally large feet and low foot-loading allow them to travel easily through deep snow 

(Murray and Boutin 1991), and give them a competitive advantage over other medium-sized 

predators such as coyotes (Canis latrans) and bobcats (Lynx rufus) (Murry and Boutin 1991, 

Buskirk et al. 2000a).  With these adaptations to snow, lynx have carved a niche in the boreal 

and sub-boreal forest ecosystem ranging from their core in Alaska and Canada southward into 

the contiguous US where extensions of the boreal forest occupy portions of the Cascade and 

Rocky Mountains of the west, the north-central and Great Lakes states, and the north-eastern 

states. 

Lynx are specialized predators that eat primarily snowshoe hares (Lepus americanus), 

and within lynx range, higher densities of hares support higher densities of lynx (Koehler 1990, 

Aubry et al. 2000, Murray et al. 2008).  This specialized relationship between lynx and snowshoe 
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hares has resulted in a well-documented synchronized population cycle in the northern core of 

snowshoe hare and lynx range (Krebs et al. 2001, but see Krebs et al. 2013).  Snowshoe hare 

populations fluctuate in an 8-11 year cycle with a population density peak followed by a decline 

and 2-4 year low phase before again increasing in numbers (Hodges 2000a, Krebs et al. 2001).  

In response to the flux in prey base, lynx populations cycle with a 1-2 year lag behind hare 

populations, reaching peak population densities of 30-45 lynx per 100 km² and low densities of 

0-3 lynx per 100 km² (Mowat and O’Donoghue 2000).   

The available evidence suggests less dramatic snowshoe hare and lynx population cycles 

in the southern portion of their range (Hodges 2000b, Hodges et al. 2009, Ellsworth and 

Reynolds 2006, McKelvey et al. 2000b).  Here, perhaps due to poorer habitat and competition 

with other species (Apps 2000), lynx numbers remain low and resemble those of northern 

populations during a cyclic low (Aubry et al. 2000, Murphy et al. 2006, Murray et al. 2008). 

1.1.2.1 Lynx Habitat 

Across lynx range, the boreal and sub-boreal forests lynx inhabit vary in tree species 

composition.  However, lynx consistently prefer forest stands that provide the dense horizontal 

cover selected by snowshoe hares.  This structure is generally found both during the early, stand-

initiation stage of forest development when shrubs and young trees regenerate in dense stands 

and in the old-growth multilayer forests when canopy openings encourage dense understory 

growth and low-reaching boughs create additional horizontal cover (Aubry et al. 2000, Buskirk 

et al. 2000b, Hodges 2000b, Koehler et al. 2008, Maletzke et al. 2008, Squires et al. 2010) (see 

Appendix A for details on forest stand terminology).  Lynx often select old-growth forest stands 

with large amounts of deadfall and upturned root wads for denning habitat since dense 

understory cover protects kittens (Koehler 1990, Mowat et al. 2000, Squires 2008).  However, 

lynx also den in dense regenerating stands and slash piles left after timber harvest (Organ et al. 
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2008, Moen et al. 2008, Mowat et al. 2000).  Thus, lynx may be simply selecting for some but 

not all structural characteristics associated with old-growth forests.   

Large-scale disturbances are common in boreal forest ecosystems and have an initially 

negative impact on snowshoe hares and lynx since the small seedlings and shrubs in the open 

stand-initiation stage are not thick or tall enough to provide dense horizontal cover and forage for 

hares.  Insect outbreaks, disease, wind, and fire all contribute to boreal forest disturbances, but 

fire is the dominant disturbance, especially in western boreal forest where fire return intervals are 

shortest (Agee 2000, Stocks et al. 2003).  Fires in lynx habitat typically result in high severity 

stand replacement fires, initiating secondary succession of forests (Agee 2000).  In addition, 

although most boreal forest fires are small (< 200 ha), the majority of the area burned is the 

result of a few, large fires (> 200 ha), with an average of 1.8 million ha burning annually across 

the Canadian boreal region (Agee 2000, Stocks et al. 2003).  Fire disturbances alter forest 

ecosystems by changing the species composition and population structure of trees (Agee 1993), 

resulting in a landscape mosaic of diverse stand ages and structures (Agee 2000).  However, 

climate change is projected to alter the disturbance regime of boreal forests, increasing wildfire 

frequency, intensity, and size (Soja et al. 2007, Fauria and Johnson 2007, Balshi 2009, Littell et 

al. 2010).  Fueled by warmer and drier summers, the balance of successional stages across the 

landscape may be altered so that a larger portion of the landscape is comprised of forest in open 

stand-initiation and other early-seral stages (Westerling et al. 2006).    

Given the prevalence of fire in boreal ecosystems and the increased area burned predicted 

as a result of climate change, understanding lynx responses to fire is necessary to the 

development of strategies to conserve lynx populations.  However, few studies of lynx responses 

to fire exist.  Fox (1978) examined how fires affect the snowshoe hare-lynx population cycle in 
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Canada, indicating that lynx and hare populations decline as a result of very recent fires and 

increase as the burned areas regenerate into quality lynx and hare habitat.  Paragi et al. (1997) 

found that lynx selected a 25 year-old fire over a nine year-old and 100+ year old forests in 

Alaska.  In the Yukon, lynx selected 30-35 year-old burned forest stands (Mowat and Slough 

2003).  More detailed questions remain unanswered regarding how within-burn habitat 

conditions affect when and how lynx and snowshoe hares use burned areas.  Patterns of post-fire 

tree regeneration density and growth-rate depend on site-specific conditions including the 

severity of burn, seed sources, and microclimates (Brand 1991, Turner et al. 1997, Bonnet et al. 

2005, Irvine et al. 2009, Crotteau et al. 2013).  Thus, a single burn may regenerate a mosaic of 

stand structure types.  Since snowshoe hares and lynx may use differing heights, densities, and 

arrangements of regenerating stands at different times and for different purposes, information on 

detailed snowshoe hare and lynx post-fire use patterns could help scientists to better manage fire 

for lynx and hares. 

1.1.2.2 Travel Habitat 

While open habitats such as recent burns may not provide denning sites or foraging 

opportunities for lynx, they may provide travel habitat.  Lynx are capable of dispersing long 

distances, with records of lynx moving up to 1,100 km (Mowat et al. 2000).  In addition to 

dispersal movements, lynx in the south of their range also make long-distance exploratory 

movements outside of their home range (Aubry et al. 2000, Squires and Laurion 2000, Squires 

and Oakleaf 2005).  To move long distances, lynx must move through areas of less suitable 

habitat.  However, it is unknown what landscape features facilitate or hinder their movements.  

Although scientists working in the southern range of lynx have noted lynx traveling through 

habitats otherwise considered unsuitable, such as shrub-steppe (Squires and Laurion 2000), open 

mature forests and thinned forests (Koehler 1990), and dry forests or recently-burned areas 
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(Walker 2005), no studies have yet formally analyzed which landscape features lynx select for 

traveling across matrix habitats (Stinson 2001). 

1.1.3 Lynx in Fragmented Habitats 

Optimal environmental conditions and habitat are usually found in the core of a species’ 

range where biological needs are met and productivity is high.  Conversely, changing 

environmental conditions at the limits of a species’ range can result in less-contiguous and 

lower-quality habitats than exist in the core (Lawton 1993, Sexton 2009).  As a result of less-

favorable environmental conditions and fragmented habitats, population dynamics may suffer, 

limiting a species’ abundance at the edge of its range and exposing these populations to a higher 

probability of extinction than core populations (Shaffer 1981, Lesica and Allendorf 1995, Brown 

et al. 1996, Gaston 2009).   

Lynx populations in the contiguous United States comprise the southern extent of the 

species’ range.  Unlike lynx in the core of their range in Canada and Alaska where habitat is high 

quality and relatively continuous, lynx in the US survive in naturally-fragmented habitat, which 

is common of animals living in the range edge (Brown et al. 1996, Buskirk et al. 2000b, 

McKelvey et al. 2000b).  The large, continuous expanses of boreal forests that exist at northern 

latitudes become fragmented as they transition into southern forest types, and in the western US 

boreal forests are limited to high elevations where topography and climate interact to further 

fragments lynx habitat (Agee 2000).  In addition, lynx face habitat loss as a result of human 

development, logging, wildfires, and climate change (Buskirk et al. 2000b, Koehler et al. 2008).  

Laliberte and Ripple (2004) report that the southern edge of lynx habitat has contracted 

northward towards its core in Alaska and Canada, eliminating 39% of the historic range.  Lynx in 

the contiguous US are federally-listed as Threatened and persist in only seven states: Maine, 
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Minnesota, Colorado, Wyoming, Montana, Idaho, and Washington (US Fish and Wildlife 

Service 2000).   

Southern lynx populations are small and some scientists speculate that southern 

populations may function as population sinks that rely on dispersal from core populations in 

Canada to increase genetic variation and prevent local extinctions (McKelvey et al. 2000b, 

Murray et al. 2008).  Schwartz et al. (2002) found high gene flow across lynx range and 

suggested that after the peak of the lynx and snowshoe hare population cycle in the range core, 

large numbers of lynx disperse into peripheral populations.  Trapping records that show cyclic 

influxes of lynx into the US corroborate the genetic evidence (McKelvey et al. 2000a, Murray et 

al. 2008, Schwartz et al. 2002).  Thus, increased fragmentation between the core and periphery of 

lynx range could disrupt the historical immigration from the range core, lowering genetic 

variation and increasing the risk of extinction in peripheral populations. 

1.1.3.1 Climate Change 

In addition to the fragmentation and poorer habitat quality found at the limit of a species’ 

range, the impacts of climate change may be felt more strongly than at the range core (Anderson 

et al. 2009).  Southern range limits that are already at the threshold of their species’ climatic 

tolerance may be sensitive to changes in temperature so that as warming occurs, ranges shift 

northward and upward in elevation (Franco et al. 2006, Root et al. 2003).  Evidence already 

exists for the contraction of the boreal forest at the southern range edge, as warming 

temperatures are reducing the regeneration of boreal tree species (Soja et al. 2007, Fisichelli et 

al. 2014).  Southern lynx may be forced upward latitudinally and altitudinally to follow this shift 

in boreal forest range and as their already fragmented and small habitat patches shrink, southern 

lynx will likely suffer more than populations in the range core (Carroll 2007, Gonzalez et al. 

2007).  If the frequency and severity of wildfires also increase with climate change, 
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fragmentation and loss of habitat at the range edge may be accelerated as the landscape skews 

towards recently burned areas in the open stand-initiation stages that lynx avoid for hunting and 

denning. 

1.1.4 Lynx in the North Cascade Mountains of Washington 

Washington supports one of the few remaining lynx populations in the contiguous US.  

Lynx once inhabited several areas of eastern Washington, as indicated by museum records of 

lynx trapped in the North Cascades, the Kettle Range, the northeastern corner of Washington, 

and to a lesser extent the southern Cascades (McKelvey et al. 2000a).  No verified records exist 

for lynx west of the Cascades crest (McKelvey et al. 2000a).  As a result of over-trapping and 

habitat loss, lynx were listed by the state as Threatened in 1993 (Washington Department of 

Wildlife 1993), and in 2008 a statewide model of Washington lynx habitat estimated enough 

habitat to support only 87 individuals (Koehler et al. 2008).  The North Cascades ecoregion now 

supports the only known breeding population in Washington (Stinson 2001, Interagency Lynx 

Biology Team 2013).  Although lynx have been occasionally reported from the Kettle Mountains 

and northeastern corner of the state, these animals were likely transient individuals from British 

Columbia (Stinson 2001).   

Lynx habitat in Washington is limited to high-elevation, sub-boreal forests highly 

fragmented by topography, disturbances, open alpine areas and meadows, timber harvest, roads, 

and human development (Koehler et al. 2008).  Furthermore, in 2006 the Tripod Fire burned 

most of what was considered the most extensive and high-quality lynx habitat in Washington 

(Stinson 2001, Koehler et al. 2008). 

1.1.4.1 Previous Lynx Studies in Washington 

Although several studies identify the habitats lynx select in Washington (McKelvey et al. 

2000c, von Kienast 2003, Koehler et al. 2008, Maletzke et al. 2008), these studies were 
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performed a decade or more ago and recent wildfires have dramatically changed the landscape.  

Also, these studies focused on core habitats that lynx use for daily activities such as hunting, 

resting, and denning, but they did not explicitly examine the other habitats lynx travel through.  

Critical questions thus remain concerning the landscape features lynx use to travel and whether, 

when, and how areas that burned recently are used (Ruediger et al. 2000, Stinson 2001).  

Characterizing the habitats lynx use for travel is integral to lynx conservation in Washington for 

several reasons: 1) Washington lynx habitat is highly fragmented, 2) immigration from core 

populations in Canada may be important to lynx population persistence in the North Cascades, 3) 

lynx travel long distances to disperse and make exploratory movements, and 4) climate change is 

projected to increase the frequency and severity of wildfires and thus increase habitat loss and 

fragmentation for lynx.   

Besides characterizing the habitats lynx use for travel, habitat linkages based on 

empirical data need to be modeled throughout the North Cascades to identify important areas for 

habitat conservation.  Although four studies have examined lynx habitat connectivity in 

Washington, each study used expert opinion and literature review rather than actual field data to 

estimate the resistance of habitats to lynx movement.  The coarse scale maps of lynx habitat 

connectivity throughout the Northwest US and Southwest British Columbia area produced by 

Singleton et al. (2002) and the WWHCWG (2010) do not reveal fine-scale details (e.g., how fires 

influence movements) of connectivity within the North Cascades region, and although the other 

two studies of lynx habitat connectivity in Washington provide finer-scale depictions of habitat 

connectivity, they are peripheral to the central portion of the North Cascades.  Begley and Long 

(2009) modeled lynx dispersal habitat in a limited area around the Stevens Pass area of the North 
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Cascades.  Gaines et al. (in prep) assessed connectivity in Northeastern Washington outside of 

the North Cascades. 

To address these gaps in our understanding of lynx ecology, I addressed the following 

specific objectives using data from 17 lynx inhabiting the North Cascade Mountains and 

previously radio-collared by a team of state and Federal government agency researchers.   

1.  In Chapter 2 my objective was to predict the core habitats lynx regularly select 

for denning, hunting and resting in the North Cascades.  I determined general core habitat 

selection by creating an Overall Core Habitat Model using all lynx data sets to create a 

Random Forest model.  I also examined differences between core habitat selection in the 

separate Black Pine Basin and Loomis study areas, during summer versus winter, and 

between male and female lynx by creating separate Random Forest core habitat models 

for each. 

2.  In Chapter 2, I also described the habitats lynx used for traveling by creating a 

Random Forest model of the landscape features lynx use when traveling across matrix 

areas.   

3.  In Chapter 3 I analyzed the habitats lynx used while in burned areas.  I used 

Random Forest to address how burn severity, spatial configuration, and habitats affect 

lynx use of burned areas.   

4.  In Chapter 4 my objective was to model lynx habitat connectivity throughout 

the North Cascades.  I created a resistance surface and modeled least-cost linkages based 

on results of the core and travel habitat models examined in Chapter2. 

5.  Finally, in Chapter 5, I synthesized the results of my habitat models and 

connectivity models to expand our understanding of lynx ecology in a landscape with 
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frequent fires and high fragmentation.  I also discuss how my results can help to guide 

managers working to protect the Threatened population of lynx in Washington. 

  



 16 

CHAPTER 2                                                                                                                                    
LYNX HABITAT IN THE NORTH CASCADE MOUNTAINS, WASHINGTON 

 

2.1 LITERATURE REVIEW AND OBJECTIVES 

As habitat loss and fragmentation increase in the wake of human population growth and 

climate change, habitat conservation becomes increasingly important for the conservation of 

biodiversity.  However, to conserve habitat for wildlife we must first know which habitats an 

animal uses.  Linking an animal’s behavior to habitat selection is integral to a full understanding 

of habitat use, since it allows us to distinguish between habitats selected for different activities 

(Roever et al. 2014).  For example, an animal may forage or rest in one type of habitat, and travel 

through a different type (Dickson et al. 2005, Owen-Smith et al. 2010).  The distinction between 

habitat an animal uses for breeding and foraging and those used for traveling may become 

especially important in fragmented landscapes when animals travel through less suitable habitats 

to access patches of foraging habitat (Roever et al. 2014).  To conserve animals living in a 

fragmented landscape, we must conserve not only their core habitats but the habitats they select 

for traveling between these patches of core habitat.  In this chapter, I examine the habitat 

selection of a population of Canada lynx (Lynx canadensis) living in a fragmented landscape in 

Washington.  This lynx population occupies a fragmented landscape that requires individuals to 

select different habitats to travel between patches of prime habitat. 

2.1.1 Predicting and Describing Wildlife Habitat Use 

2.1.1.1 Resource Selection Functions 

Identifying, managing, and conserving habitat for a species requires that scientists first 

understand how the animal uses different landscape features.  Many methods for estimating an 

animal’s use of space and resources have been developed, but the Resource Selection Function is 

the dominant tool for describing wildlife habitat use (McLoughlin et al. 2010).  A Resource 
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Selection Function is defined as a function that is proportional to the probability of use by an 

organism (Manly et al. 2002).  To estimate the Resource Selection Function, resource units (for 

example, pixels in a Geographical Information System [GIS]), are described by predictor 

variables representing abiotic factors such as elevation, biotic factors such as forest type, or 

human disturbance factors such as distance to the nearest road.  The resource units are sampled 

as either “used” by the animal or “non-used”, or as “used” and “available” when non-use of a 

resource is uncertain (Manly et al. 2002).  “Used” and “available” study designs are employed 

when telemetry data identify used resources but all other pixels on the landscape could 

potentially be used as well (Boyce et al. 2002).  Thus, a sample of pixels representing resource 

units are selected as available to the animal for comparison with those used by the animal. 

 To estimate a Resource Selection Function, binomial generalized linear regression is 

most often used (Boyce et al. 2002, McLoughlin et al. 2010).  Used and available data are fit to a 

generalized linear regression so that the interaction between the predictor variable(s) and the 

response variable(s) can be described by a linear function, which is assumed to emulate the 

relationship found in nature (Boyce et al. 2002, Manly et al. 2002).  For example, if in nature the 

probability of use for a certain animal increases as elevation increases, then a linear model can 

accurately describe the relationship between the predictor variable (elevation) and the response 

variable (probability of use).  By comparing used and available data with the statistical rigor of 

mathematical modeling, Resource Selection Functions can be used to estimate the probability of 

use by a species across its landscape and help reveal the complex reactions of a species to the 

features in its landscape (Boyce et al. 2002, Manly et al. 2002). 
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2.1.1.2 Random Forest Models 

While Resource Selection Functions may be the predominant methodology for predicting 

and describing habitat use, a relatively new machine-learning algorithm, Random Forest, 

(Breiman 2001), has begun to be used for habitat analysis (Cutler et al. 2007, Vezza et al. 2012, 

Wilsey et al. 2012, Mochizuki and Murakami 2013).  Random Forest does not assume 

independence of samples, accommodates interactions among variables and across scales, and the 

complex non-linear relationships common to ecological data (Cutler et al. 2007, Evans and 

Cushman 2009, Evans et al. 2011).  Random Forest also accommodates many predictor 

variables, and a priori hypothesis regarding the direction of the response variables are not made, 

allowing unexpected interactions to be discovered (Evans et al. 2011).  Random Forest may be 

particularly useful when considering spatial scale in a habitat selection model since the scales at 

which animals respond to habitat are often unknown (Boyce 2006, Cunningham and Johnson, 

2006, Carrasco et al. 2014).  For this reason, including habitat variables at multiple scales in one 

model could help to disentangle how spatial scale influences a species’ habitat selection.  

Including many scales in one model quickly grows the number of predictor variables, making 

Random Forest an attractive option for multi-scale modeling (Carrasco et al. 2014).  Indeed, 

Random Forest and other related machine-learning algorithms often yield better predictions than 

parametric statistical models, including Generalized Linear Models (Cutler et al. 2007, McCue et 

al. 2013).   

Despite this finding of strong predictive power, Random Forest has yet to enter the 

mainstream of ecological research (Cutler et al. 2007), perhaps due to the perception that 

Random Forest offers limited insight into the biological mechanisms by which an organism 

reacts to its landscape (Cutler et al. 2007, McCue et al. 2013).  That is, Random Forest may 

predict that the probability of use at a certain location is high, but reveals limited insight as to 
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why the organism would select that location.  However, recent advances in post-hoc Random 

Forest analysis have eased biological interpretation, making Random Forest a better inferential 

tool for habitat analysis (Cutler et al. 2007, Evans and Cushman 2009, Siroky 2009, Murphy et 

al. 2010, Evans et al. 2011).  For example, although Random Forest can accommodate many 

predictor variables, interpreting a model with many variables is difficult.  Murphy et al. (2010) 

developed a model selection procedure for identifying the most parsimonious model including 

only significant variables, thus increasing ease of interpretation.  In addition, partial dependence 

plots demonstrate how a predictor variable affects the probability of a response variable class 

(such as use) when all other predictor variable effects are averaged (Cutler et al. 2007, Evans et 

al. 2011). 

The Random Forest algorithm is an extension of Classification and Regression Tree 

approaches (Breiman et al. 1983).  I will limit this description of the Random Forest algorithm to 

classification trees since the used and available data analyzed in many habitat studies is binary 

and therefore categorical, whereas regression trees predict continuous variation.  Classification 

trees use binary partitioning to split a dataset into increasingly smaller groups (nodes), based on 

the predictor variable at each node that best divides the data into two homogenous groups as 

measured by the Gini Index.  Splitting continues until further splitting would not increase the 

Gini Index, resulting in a hierarchical set of rules for prediction.  Random Forest improves the 

predictive ability of Classification and Regression Trees by using an ensemble of weak learners 

(“trees”) instead of just one tree.  In Random Forest for classification, bootstrap samples of the 

data are used to create many classification trees that, when combined, converge on the best 

solution.  The algorithm runs as follows (Breiman 2001 provides more detail): 
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1.  The researcher chooses a number of bootstrap samples to be drawn with 

replacement from the original dataset.  These bootstrap samples comprise the training 

dataset, while the unselected data points are referred to as the out-of-bag dataset and are 

used to assess model fit. 

2.  A limited number of random predictor variables are tested at each node as 

candidates for best dividing the response variable into two homogenous groups.  The data 

are split by the best predictor variable until a classification tree is fully grown for each 

bootstrap sample. 

3.  To calculate the error rate of the random forest model, the out-of-bag dataset is 

used to test the model.  Each tree in the forest predicts the classification of every out-of-

bag observation.  For each out-of-bag observation, the classification most often predicted 

by the trees becomes the observation’s final predicted classification, x.  The number of 

times that x is incorrect divided by the number of out-of-bag observations is the error 

rate. 

4.  To assess and rank the importance of each predictor variable the values of each 

variable are randomly permuted for the out-of-bag observations.  These modified out-of-

bag observations are run down the trees.  The misclassification rate of the modified out-

of-bag observations is subtracted from the misclassification rate of the unmodified out-

of-bag observations.  This number divided by the standard error results in a measure of 

importance for each predictor variable.  For example, if the variable “elevation” is 

randomly permuted but the resulting misclassification rate is not very different from the 

original misclassification rate, “elevation” is not an important predictor of classification. 
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Animals likely respond to a large number of landscape features and may respond not only 

to individual habitat variables, but to different combinations of variables.  Further complicating 

habitat selection, animals may have non-linear responses to habitat features.  Habitat selection 

patterns may be especially complex for wide-ranging species living in fragmented landscapes 

where many different habitat types are encountered.  Random Forest and its ability to 

accommodate a large number of predictor variables, non-linear responses to predictor variables, 

and interactions between variables is thus a well-suited method for unraveling the intricacies of 

how animals react to landscape features in a fragmented and heterogeneous environment. 

2.1.2 Lynx in a Fragmented Landscape 

Canada lynx in the contiguous US occur at the southern edge of lynx range.  The boreal 

forest that lynx inhabit is relatively continuous in the core of their range in Canada and Alaska, 

but at the southern edge of lynx range the boreal forest becomes fragmented and patchy as it 

transitions into southern montane forest types (Agee 2000).  Topography, wildfires, and human-

caused habitat destruction further fragment lynx habitat at the southern range edge, resulting in 

scattered, low-density lynx populations (Buskirk et al. 2000b, McKelvey et al. 2000b).  In 2000, 

lynx were federally listed as Threatened in the contiguous US, where they persist in the sub-

boreal forest of the north-eastern, Great Lakes, and western states (McKelvey et al. 2000b, US 

Fish and Wildlife Service 2000). 

2.1.2.1 Lynx in the North Cascade Mountains, Washington 

The North Cascade Mountains of Washington support one of the few remaining lynx 

populations in the contiguous US and the only resident breeding population in Washington 

(Stinson 2001).  According to a 2008 population model of Washington lynx habitat by Koehler et 

al. (2008), the state provided habitat for an estimated 87 lynx.  Washington lynx select sub-

boreal forest types on moderate slopes at elevations between 1,200 and 2,000 m, where their 
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primary prey, the snowshoe hare (Lepus americanus), occur (Koehler 1990, Koehler et al. 2008, 

McKelvey et al. 2000c).  Specifically, lynx in the North Cascades select old-growth multilayer 

Engelmann spruce (Picea engelmannii)-subalpine fir (Abies lasiocarpa) forest (the climax sere 

of the Abies lasiocarpa Zone; Franklin and Dyrness 1973), where canopy openings encourage 

dense understory growth and low-reaching boughs create additional horizontal cover and forage 

for snowshoe hares (Hodges 2000b, Koehler et al. 2008, Lewis et al. 2011).  Lynx also select 

young lodgepole pine (Pinus contorta) forest (often present as an early-seral stage of the Abies 

lasiocarpa Zone; Franklin and Dyrness 1973), where high stem densities support snowshoe hares 

(Koehler 1990, McKelvey et al. 2000c).  However, the topography of the North Cascades 

naturally fragments high-quality lynx habitat with land cover types that support few snowshoe 

hares (Lewis et al. 2011).  Dry Douglas fir (Pseudotsuga menziesii) and ponderosa pine (Pinus 

ponderosa) forests occur on southerly aspects and at lower elevations.  At higher elevations, bare 

rock and subalpine meadows fragment lynx habitat (Koehler et al. 2008).   

In addition, recent burns fragment high-quality, core lynx habitat (Koehler et al. 2008).  

Forest fires are the dominant disturbance in western boreal and sub-boreal forests, and create a 

landscape mosaic consisting of forest stands with different ages, species, and structures (Agee 

2000).  Previous studies of lynx in the North Cascades found that lynx do not use new burns for 

foraging since young seedlings are not dense enough to support high numbers of hares, 

especially in the winter when snow covers much of the regenerating growth (von Kienast 2003, 

Koehler et al. 2008).  However, patches of unburned forest within a burn may support higher 

densities of snowshoe hares, and lynx have been observed crossing recent burns to reach these 

patches (Walker 2005, Koehler et al. 2008).   
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Historically, fire return intervals in the North Cascades differed between lodgepole pine 

forests and Engelmann spruce-subalpine fir forests.  Lodgepole pine forests generally burn at 

shorter intervals and regenerate relatively quickly, as their seeds release from serotinous cones, 

and peak densities of trees develop within 50 years (Agee 1993).  Conversely, Engelmann 

spruce-subalpine fir forests burn at longer intervals, are easily killed by fire, and take decades to 

centuries to regrow (Agee 2000).  If a lodgepole pine seed source is present, early succession of 

the Engelmann spruce-subalpine fir forest may be dominated by lodgepole pine for 150 years 

before spruce and fir trees establish (Agee 1993).  Sites may remain as lodgepole forest for 

longer than 150 years if fires repeatedly burn the area before spruce and fir trees can establish 

(Agee 1993).  When spruce-fir forests burn and a lodgepole pine seed source is not present, the 

site may remain a shrubby meadow for tens to hundreds of years before spruce and fir trees 

recolonize (Agee 2000). 

Climate change will likely change the historical disturbance regime of subalpine forests 

in the North Cascades.  As a result of warmer and drier conditions, fires in western forests are 

predicted to be more frequent, larger, and higher intensity (Fauria and Johnson 2007, Soja et al. 

2007, Balshi 2009, Littell et al. 2010); indeed the 2014 Carlton Complex fires cover the largest 

area on record for Washington.  Increasing fires will dramatically alter and fragment lynx 

habitat, shifting the North Cascades landscape away from the early stand development and old-

growth stages lynx and snowshoe hares select, and towards the open stand-initiation stage they 

avoid (Appendix A describes stand development stages).  In 2006, the 70,644 ha Tripod Fire 

burned most of what was considered the most extensive and high-quality lynx habitat in 

Washington (Stinson 2001, Koehler et al. 2008).  In addition, the 1994 Whiteface Burn (1,554 
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ha), the 1994 Thunder Mountain Fire (3,686 ha), the 2001 Thirty-Mile Fire (2,465 ha), and 2001 

Farewell Fire (32,278 ha) all burned lynx habitat in the North Cascades.   

Human activities such as timber management also fragment lynx habitat (Stinson 2001).  

Similar to high severity wildfires, clearcuts create forest openings that lynx do not select until 

tree regeneration provides adequate forage and cover for snowshoe hares (von Kienast, 2003, 

Hoving et al. 2004, Koehler et al. 2008, Maletzke et al. 2008).  Harvest units that are thinned also 

degrade lynx habitat since the decrease in tree density and understory removal leave little cover 

and browse for snowshoe hares (Koehler 1990, Hodges 2000b, Koehler et al. 2008).   

As a result of fragmentation, the North Cascades provide patchy habitat that forces lynx 

to cross low quality habitats (“matrix” habitat hereafter), to colonize new home ranges, find 

mates, and explore.  At a finer scale, habitat fragmentation within lynx home ranges forces lynx 

to cross areas of matrix habitat to reach hunting and denning habitat (“core” habitat hereafter) 

(Koehler et al. 2008, Maletzke et al. 2008). 

Although several studies in Washington identified the habitats lynx select (von Kienast 

2003, Koehler et al. 2008, Maletzke et al. 2008), these studies were performed a decade or more 

ago and wildfires continue to change the landscape.  Also, these studies focused on core habitats 

lynx use for daily activities such as hunting, resting, and denning; habitats used for travel have 

been little studied.  Lynx in the US have been noted to travel through habitats not selected as 

core habitats such as shrub-steppe (Squires and Laurion 2000), open mature forests and thinned 

forests (Koehler 1990), and dry forests or recently-burned areas (Walker 2005) indicating that 

lynx may select a broader spectrum of habitats for traveling than they do for core habitats.  It has 

also been hypothesized that lynx may use ridgelines and draws to travel (Stinson 2001). 
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Critical questions remain concerning the habitats lynx use to travel across the matrix and 

whether, when, and how burned areas facilitate or prevent movement (Ruediger et al. 2000, 

Stinson 2001).  In pursuit of understanding how lynx in Washington use habitat, in this chapter I 

examine a small population of lynx living at their southwestern range edge in the North Cascade 

Mountains.  I use Random Forest to analyze the core habitats lynx use for hunting and denning 

as well as the landscape features lynx select for traveling between patches of core habitat in a 

landscape fragmented by topography, wildfires, and human disturbance.  I have two specific 

objectives: 

1.  to model core habitat use for lynx in the North Cascades.  I used Random Forest to 

develop habitat models that characterize core (hunting and denning) habitat of lynx in the North 

Cascades.  I developed models depicting Overall Core Habitat using the entire lynx dataset, core 

habitat in Black Pine Basin study area versus the Loomis study area, Male versus Female Core 

Habitat Models, and Summer versus Winter Core Habitat Models. 

2.  to model travel habitat for lynx in the North Cascades.  I again used Random Forest to 

create a Travel Habitat Model that characterizes the landscape features lynx use when traveling 

across matrix habitat.  This model was not further subdivided into study area, sex, or seasonal 

models, due to the smaller number of lynx locations supporting this analysis. 

2.2 STUDY AREA 

My study took place in the Okanogan portion of the Okanogan-Wenatchee National 

Forest and the Loomis State Forest, both located on the eastern slope of the North Cascade 

Mountains in Washington.  These forests fall within the Okanogan Lynx Management Zone, as 

designated by the Washington State Lynx Recovery Plan (Stinson 2001).  In the Okanogan-

Wenatchee National Forest, I worked in the 250 km² Black Pine Basin, spanning from Fawn 

Peak and Buck Mountain north to the Pasaytan Wilderness, east to the Lost River Gorge, and 
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west to Eight Mile Creek.  I also worked in the Loomis study area, which is positioned 

approximately 15 km east of the Black Pine Basin and is separated by the “Meadows” area, 

which was considered the best lynx habitat in the state (Stinson 2001) until the 2006 Tripod Fire 

burned most of it.  The Loomis study area ranges from 3 km south of Highway 20 north to the 

Canadian border, and west to east from the North Twenty Mile Peak to the Sinlahekin Valley.  

The Loomis study area is a 1,225 km² portion of land of which 66% falls in the Okanogan-

Wenatchee National Forest and 34% in the Loomis State Forest, managed by the Washington 

Department of Natural Resources (Figure 2.1).   
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Figure 2.1.  The Black Pine Basin and Loomis study areas located in north central Washington.  

The 2006 Tripod Burn separates the two study areas. 

The “Meadows” 
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Both study areas are mountainous, with the Black Pine Basin having slightly more rugged 

terrain (mean slope = 23°) than the Loomis study area (mean slope = 16°).  Elevations range 

from 657 – 2,577 m across both study areas, with 62% and 65% of the Black Pine Basin and 

Loomis areas respectively in the 1,290-1,925 m elevation range.  Average monthly temperatures 

in nearby Mazama, Washington (elevation: 664 m) range from -10°C to 23°C with average 

annual snowfall of 305 cm (Western Regional Climate Center, http://www.wrcc.dri.edu/, 

accessed June 20, 2014). 

Forests on the Black Pine Basin and Loomis study areas vary according to site 

temperature and moisture, which is dictated by topography and aspect.  The sub-boreal forest 

spans from mid-elevation to timberline and consists of Engelmann spruce-subalpine fir (“spruce-

fir” hereafter) forest or lodgepole pine forests.  Mid-elevation forests vary according to 

topography with sub-boreal forests generally occupying cool pockets and north-facing slopes 

(Lillybridge et al. 1995).  Forests transitioning from a sub-boreal type into a drier forest 

dominated by Douglas fir (“mixed forest” hereafter) generally exist on south-facing slopes.  

Lower elevation forests are dominated by dry Douglas fir-ponderosa pine forests (“dry forest” 

hereafter), (Lillybridge et al. 1995).  Forest openings such as grassy or shrubby meadows and 

rocky areas comprise a small portion of both study areas (Table 2.1). 
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Table 2.1.  Land cover percentages in the Black Pine Basin and Loomis study areas.  The % of 

each forest type listed includes undisturbed forests and regenerating forests disturbed after 1985.  

The “Other” category refers to unclassified natural disturbances and human infrastructure. 
Land Cover Black Pine Basin 

(%) 

Loomis 

% of study area   

Forest opening 10 9 

Burneda 5 30 

Harvesteda 5 6 

Forestedb 79 54 

Other 1 1 
   

% of forested area   

Spruce-fir 35 31 

Lodgepole pine 7 30 

Mixed forest 18 9 

Dry forest 39 30 

Deciduous 1 <1 

   
a 

1985-2012. 
b 

Undisturbed from 1985-2012. 

Several large fires have burned in the study areas within the last 20 years (since 1994).  In 

the Black Pine Basin, the Whiteface Fire (1,554 ha) burned in 1994 and the Sweetgrass Fire (73 

ha) burned in 2003.  In the Loomis, the Thunder Mountain Fire (3,686 ha) burned in 1994, the 

Isabel Fire (1,833 ha) burned in 2003, and the Tripod Fire (70,644 ha) burned in 2006.  

In addition to wildfires, timber harvest contributes to forest disturbance in the Black Pine 

Basin and Loomis study areas.  On the Okanogan-Wenatchee National Forest, harvest trends 

since the early 2000s have emphasized thinning low-elevation dry Douglas fir and ponderosa 

pine forests, rarely harvesting in the upper elevation forests that lynx use (Kent Woodruff, 

personal communication).  The Loomis State Forest continued to harvest in high elevation 

forests until 2006, after which harvests have been concentrated in low-elevation dry forests 

(Scott Fisher, personal communication), (Table 2.1). 



 30 

In the Black Pine Basin, gravel roads are numerous at mid and lower-elevations and total 

~375 km or 1.5 km/km2.  In the Loomis study area, there are fewer gravel roads on the 

Okanogan-Wenatchee National Forest, but roads are numerous on the Loomis State Forest.  

Across the Loomis study area, road length totals ~1,490 km or 1.2 km/km2.  Roads on the Black 

Pine Basin and Loomis study areas range from abandoned and closed roads to roads maintained 

and regularly used.  Most roads are accessible during the winter by snowmobile, and some roads 

are groomed for this purpose. 

2.3 METHODS 

Lynx were trapped and fitted with Global Positioning System (GPS) telemetry collars in 

the Okanagan-Wenatchee National Forest and the Loomis State Forest from January 2007 to 

April 2012.  Trapping took place during the winter using box traps (Kolbe et al. 2003) as a 

collaboration between the Washington Department of Fish and Wildlife, Washington 

Department of Natural Resources, U.S. Forest Service, U.S. Bureau of Land Management, and 

the U.S. Fish and Wildlife Service (John Rohrer, personal communication).  The collars were 

programmed to record GPS locations every four hours for one year, except for one collar 

programmed to record GPS locations every six hours.  The average fix rate of collars was 72%.  

It is possible that dense forest habitats deteriorated the fix rate of the GPS collars, so that lynx 

locations were recorded less frequently in the densest canopy covers (Hebblewhite et al. 2007).   

Data from 17 lynx were obtained, 5 of which were collared in the Black Pine Basin and 

12 in the Loomis State Forest.  Fourteen of the 17 collared lynx were males.  One of the male 

lynx collared in the Black Pine Basin (number 312) did not appear to have a home range.  

Instead, he spent two months in the Black Pine Basin and nearby areas before leaving on several 

long distance movements outside of the Black Pine Basin.  Male 312 then returned to the Black 

Pine Basin and traveled to the Loomis study area, where his collar died (Appendix B).  Four of 
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the lynx collared in the Loomis area left the study area and went into British Columbia, Canada.  

Two of these lynx returned to the Loomis study area and two remained in British Columbia until 

they were legally harvested.  One lynx in the Loomis study area lived in a home range that 

crossed the border into Canada. 

I eliminated GPS locations from 312’s long-distance movements outside of the study 

areas, lynx locations within British Columbia, and any locations that were clearly a result of 

collar error (locations farther away from the previous and following locations than a lynx could 

credibly travel).  Several of the lynx in the Loomis area made short exploratory movements 

outside of their home range but within the US (furthest location away from a home range was 

approximately 35 km).  I did not remove locations from these exploratory movements. 

After filtering the data, 20,564 lynx locations remained for the analysis, 6,772 of which 

were in the Black Pine Basin and 13,792 in the Loomis (Figure 2.2).  Excluding time spent on 

312’s long-distance movements or time spent in British Columbia, data from 11 of the lynx span 

one or more years while data from six lynx span less than one year. 
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Figure 2.2.  Lynx telemetry points used for the habitat analysis in the Black Pine Basin and 

Loomis study areas located in the North Cascade Mountains, Washington. 
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2.3.1 Study Area Delineation for Modeling Available Habitat 

To delineate the Black Pine Basin and Loomis study areas, I used ArcGIS 10.1 (ESRI 

2012) to create polyline features connecting consecutive lynx locations.  I then buffered the lines 

by 766 m, the average straight-line distance traveled by a lynx in the four-hour period between 

GPS fix attempts.  The outermost edges of the buffered lines were used to delineate the Black 

Pine Basin and Loomis study areas.  The resulting study areas represent the space available to 

the lynx while using core areas and crossing through matrix habitats, while keeping areas lynx 

never went to a minimum.  To examine lynx habitat use in the Black Pine Basin and Loomis 

study areas, I used ArcGIS 10.1 (ESRI 2012) to generate random available locations within each 

study area that were equal to the number of used locations in each study area (Barbet-Massin et 

al. 2012). 

2.3.2 Habitat Variables 

I used GIS layers to represent the heterogeneity of North Cascades land cover, 

disturbance, patch metrics, topography, climate, forest structure, and human disturbance (Table 

2.2).  Using 15 GIS data layers (Appendix C), I used ArcGIS 10.1 (ESRI 2012) to derive 

continuous representations of each predictor variable using 30 m2 pixels projected into the 1983 

North American Datum Albers coordinate system.  To capture habitat selection at different 

scales, I represented each landscape variable as a percentage within 3x3 and 27x27 pixel 

windows.  I represented the forest structure, topographic, and climate variables and the percent 

canopy cover as the average value within 3x3 and 27x27 pixel windows.  A 3x3 pixel window 

represents a small-scale area and has a diameter of 90 m.  I chose a 3x3 pixel windows since it 

was the smallest-scale possible to depict as a continuous variable and, based on my field 

observations, I hypothesized that lynx select habitats at a small-scale.  A 27x27 pixel window 

represents a large-scale area and has a diameter of 810 m.  I chose a 27x27 pixel window 
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hypothesizing that this area represented the largest-scale perceived by a lynx operating within its 

home range. 

2.3.2.1 Land Cover 

I included land cover variables that may influence lynx habitat use, based on a literature 

review and on field observations.  I selected lodgepole pine forest, spruce-fir forest, and dry 

forest since previous studies in the North Cascades found that lynx habitat selection was 

influenced by these forest types (McKelvey et al. 2000c, Koehler et al. 2008, Maletzke et al. 

2008).  As sub-boreal forests transition into lower elevation dry forests, some forest stands may 

be comprised of the sub-boreal tree species lynx use and the dry forest tree species, Douglas fir, 

that lynx do not use.  I included this mixed forest type, hypothesizing that lynx may use it less 

than sub-boreal forest but more than dry forests.  Mixed forests have not, to my knowledge, been 

previously examined for lynx use in the North Cascades.  Finally, I included deciduous forests, a 

forest type unexamined for lynx use in the North Cascades. 

In addition to the five forest types listed above, I included three forest opening types to 

capture the heterogeneity of forest openings and the possible differences in lynx selection 

between them.  I separated rocky or icy areas, grasslands, and shrub lands as distinct categories 

of forest openings. 
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Table 2.2.  Land cover variables used in Random Forest models of lynx habitat selection.   
Variable 

Class 

Variable Layer Name Measurement Type 

Land Cover Lodgepole pine lp Number of like pixels within a 3x3 or 27x27 window 

 Spruce-fir essf 

 Mixed forest mixed  

 Dry forest dry  

 Deciduous forest decid  

 Ice or rock rock_ice  

 Grassland grass  

 Shrub land shrub  

    

Disturbance Old clearcut old_cut Number of like pixels within a 3x3 or 27x27 window 

 Old, thinned forest old_thin 

 New clearcut new_cut 

 New, thinned forest new_thin  

 Old, high-severity 
fire 

oldhigh_f  

 Old, low-severity fire oldlow_f  

 New, high-severity 

fire 

newhigh_f  

 New, low-severity newlow_f  

 Fire skips fireskips  

    

Patch Metrics Area of forest 

opening 

area_fo Square meters 

 Area of harvest area_cut Square meters 

 Distance to edge of 

forest opening 

distedge_fo Meters 

 Distance to edge of 

harvest 

distedge_cut Meters 

 Distance to edge of 

fire 

distedge_fire Meters 

    

Topography Slope slope Degrees averaged across a 3x3 or 27x27 window 

 Distance to nearest 

draw 

dist_draw Meters 

    

Climate Compound 

Topographic Index 

cti Index, higher numbers indicate wetter areas.  Index 

averaged across a 3x3 or 27x27 window 

 Heat Load Index hli Index, higher numbers indicate warmer areas.  Index 

averaged across a 3x3 or 27x27 window 

 Growing season 

precipitation 

gsp Average total precipitation (mm) between April and 

September.  Index averaged across a 3x3 or 27x27 

window 

    

Forest 

Structure 

Canopy cover can_cov Average percent canopy cover in a 3x3 or 27x27 

window 
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2.3.2.2 Disturbance 

To examine in detail how lynx respond to fires, I included variables depicting old, low- 

severity burns (fire years 1985-1997, canopy cover loss of 1-50%), old, high- severity burns 

(canopy cover loss of 51-100%), new, low- severity burns (fire years 1998-2012), new, high- 

severity fires, and areas within fire perimeters that did not burn (“fire skips” hereafter). 

I also included variables depicting old, thinned forests (harvest years 1985-1997, canopy 

cover loss of 1-50%), old clearcuts (canopy cover loss of 51-100%), new, thinned-forests 

(harvest years 1998-2012), and new clearcuts. 

2.3.2.3 Patch Metrics 

The type, size, and spatial arrangement of a forest opening may affect how a lynx 

responds to it (von Kienast 2003, Walker 2005, Koehler et al. 2008).  To examine how lynx use 

different opening types and sizes, I included variables depicting patch metrics for forest openings 

(mostly created by rocky or icy areas, grasslands, or shrub lands), timber harvest, and burns.  For 

forest openings and timber harvest, I calculated their size.  I did not include an area variable for 

burns since there was only one major burn on the Loomis study site and one on the Black Pine 

Basin study site.  These burned in different years, which confounds an analysis of size 

differences.  For each opening type, I also included a metric depicting the distance from each 

pixel within the opening to the nearest edge. 

2.3.2.4 Topography 

To incorporate the influence of topography on lynx habitat use, I included a variable 

depicting the distance to the nearest draw and a variable depicting slope.  I did not include 

elevation as a topographic variable since elevation is a proxy variable that indirectly measures 

multiple ecological processes.  Lynx response to elevation is likely indirect, linked more directly 

to the shifts in climate and temperature that occur at varying elevations. 
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2.3.2.5 Climate 

Hypothesizing that lynx select north-facing slopes for their cooler, moister climate, I 

included the Heat Load Index, a measure of temperature based on aspect and slope (McCune and 

Keon 2002).  Since wetness may affect the amount of vegetative cover and the regeneration rate 

of disturbed areas, I also included the Compound Topographic Index, which measures wetness 

based on the area of upstream contributing area and slope (Moore et al. 1993, Gessler et al. 

1995).  Similarly, I included a layer depicting the average total precipitation accumulated during 

the growing season (April through September). 

2.3.2.6 Forest Structure 

I used canopy cover to represent the density of a forest stand and as an indirect measure 

of understory.  Although canopy cover density does not directly represent understory cover, 

Koehler et al. (2008) found that moderate understory and canopy cover were correlated in their 

North Cascades lynx study. 

2.3.3 Model Development 

I developed seven core habitat models and one travel habitat model using Random Forest 

(Breiman 2001) implemented in program R 3.1.2 (R development core 2014) with the package 

rfUtilities (Liaw and Wiener 2002, Evans and Murphy 2014), (Table 2.3).  For each model, I 

used an equal number of used and available points to insure unbiased sampling of each class 

(Evans and Cushman 2009).  To mitigate for autocorrelation and redundant data issues, which 

are common to GPS location datasets with short time intervals between fixes (Cushman 2010), I 

sub-sampled the used and available points, extracting 20% of the data for each model.  I sub-

sampled the used lynx locations using the R program Spatial Intensity Weighted Subsample.  

This program created a kernel density estimate for each lynx and then sub-sampled each animal’s 
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point locations so that the sub-sample drew more points from the areas a lynx used more.  I sub-

sampled the available points randomly. 
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Table 2.3.  Lynx locations and available locations used to construct each of the seven Core 

Habitat Models and the Travel Habitat Model.  For each model, the number of available points 

equaled the number of lynx points.  Summer = May – October, Winter = November – April. 

Model Name  Data Compared:  

Number of lynx 

points before sub-

sample 

Overall Core Habitat 

Model  

all used points to all available 

points 
20,564 

Travel Habitat Model 

used points within matrix areas to 

available data points within matrix 

areas 

2,023 

   

Black Pine Basin Core 

Habitat Model 

used points in the Black Pine Basin 

study area to available points in the 

Black Pine Basin study area 

6,772 

Loomis Core Habitat 

Model 

used points in the Loomis study 

area to available points in the 

Loomis study area 

13,792 

   

Female Core Habitat 

Model 

all points used by female lynx to 

an equal number of available 

points from across both study areas 

 

3,729 

Male Core Habitat 

Model 

all points used by male lynx to an 

equal number of available points 

from across both study areas 

16,835 

   

Summer Core Habitat 

Model 

all points collected during the 

summer to an equal number of 

available points from across both 

study areas 

8,818 

Winter Core Habitat 

Model 

all points collected during the 

winter to an equal number of 

available points from across both 

study areas 

11,746 
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2.3.3.1 Core Habitat Models 

To insure that no one lynx was having a disproportionally large impact on the results of a 

Random Forest model, I used a jackknife resampling technique.  For each lynx included in a 

model dataset, I ran Random Forest while leaving that lynx’ dataset out.  Comparing the amount 

of variance explained by each run could indicate whether a certain lynx used habitat drastically 

differently than the others.  Examining the results of each jackknife test I found that no lynx used 

habitat significantly differently than the others except in the Female Core Habitat Model.  Only 

one of the three female lynx lived in the Loomis study area, so she was identified as having a 

different habitat selection pattern from the two Black Pine Basin female lynx.  Because the 

Loomis female’s habitat selection pattern was the product of having different available habitat 

(most importantly, the Tripod Burn), and not unique habitat preferences, I retained the Loomis 

female’s data in the Female Core Habitat Model. 

Although Random Forest can accommodate multi-collinear variables, removing 

multivariate redundant variables can ease interpretation and improve model performance.  To 

eliminate such variables I used methods developed by Murphy et al. (2010) prior to running each 

habitat model.  I also used a Spearman rank test to identify highly collinear variables (r > 0.8).  

Between collinear variables, I retained the variable with a higher importance value as indicated 

by an initial Random Forest run including all habitat variables.  In cases where variables had 

similar importance values, I retained the variable of higher interest or the variable that would 

increase the variety of habitat characteristics explored in my models. 

While Random Forest can function with a large number of predictor variables, using only 

the most important variables in a Random Forest model can identify which variables contribute 

to model performance and thus improve interpretability and model performance.  To identify a 

parsimonious set of predictor variables for each habitat model, I ran Random Forest using 5,000 
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bootstrap replicates (trees) and applied a model selection procedure developed by Murphy et al. 

(2010).  The procedure calculated a Model Improvement Ratio for each variable based on each 

variable’s importance to the Random Forest model.  Next, variables with Model Improvement 

Ratios above increasingly high thresholds (thresholds range from 0-1 in 0.1 increments) were 

grouped.  The final group of variables were chosen based on minimizing the out-of-bag error, the 

within-class error, and the number of variables in the Random Forest model.  After selecting a 

subset of predictor variables for each of the seven habitat models, I again ran Random Forest for 

each habitat model using the selected habitat variables.  

To assess the performance of each habitat model, I examined the model-fit based on the 

out-of-bag error (Liaw and Wiener 2002, Evans and Murphy 2014).  I also performed an 

independent validation using the withheld used locations and an equal number of withheld 

available locations to assess accuracy, sensitivity and specificity (the proportion of used 

locations correctly predicted and the proportion of available locations accurately predicted), the 

area under the curve of a Receiver Operator Characteristic (AUC), (a measure of how evenly the 

model predicts sensitivity and specificity), and the Kappa statistic (a measure of how much better 

the model predicted used and available points than expected by random chance) (Murphy et al. 

2010, Evans et al. 2011).  Finally, each model’s significance was assessed by randomizing the 

used and available data 1,000 times to create a null distribution of variance for comparison with 

each habitat model.  If the variance explained by a habitat model was significantly greater than 

the variance explained by the null distribution (P < 0.05), I considered the habitat model 

significant (Murphy et al. 2010). 

2.3.3.2 Travel Habitat Model 

To create the Travel Habitat Model, I used the output of the Overall Core Habitat Model 

to identify low-quality, matrix habitat within the Loomis and Black Pine Basin study areas.  
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Matrix habitat was defined as having a relative probability of lynx use < 45% and core habitat 

was defined as having > 45% relative probability of use.  Although a more conservative 

definition of core habitat (e.g. > 65% relative probability of use) would have revealed the study 

areas as quite fragmented and lent more data points to the Travel Habitat analysis, I wanted to 

ensure that I was exploring lynx habitat use at the lowest end of the habitat quality spectrum 

where lynx were likely traveling, and not hunting, resting, or denning.  To discover how lynx 

selected habitat while traveling through matrix habitats, I used only the lynx locations that fell 

within the matrix (outside of core habitat) and generated an equal number of random available 

points also within the matrix (Figure 2.3).  Because the Jackknife test for the Overall Core 

Habitat Model revealed consistent habitat selection patterns among individual lynx, I did not run 

a Jackknife test specifically for the Travel Habitat Model; I simply included all lynx datasets.  I 

then used the Random Forest procedures described above to compare used versus available lynx 

locations (Table 2.3) within the matrix areas of the Back Pine Basin and Loomis study areas. 
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Figure 2.3.  All lynx points retained for travel habitat analysis in the Black Pine Basin and 

Loomis study areas located the North Cascade Mountains, Washington. 
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2.4 RESULTS 

A majority (71%) of the GPS lynx locations fell within undisturbed forested areas with 

only 29% of the locations in an open or disturbed area.  More than half (58%) of the lynx 

locations fell within undisturbed sub-boreal forest types and 13% fell within undisturbed dry 

forest.  20% of the lynx points were located in an area disturbed by fire or timber harvest 

between 1985 and 2012.  2% of the lynx points fell within a new burn (1998-2012), and 4% fell 

within an old burn (1985-1997), despite new burns comprising a majority of the burned 

landscape in the Black Pine Basin and Loomis study areas.  12% of the lynx points fell within an 

old timber harvest unit and 2% of the locations fell within a new timber harvest unit. 

The tests for multivariate redundancy identified and removed growing season 

precipitation within a small-scale (3x3 pixel) area from all Overall, Loomis, and Black Pine 

Basin Core Habitat Models, and removed growing season precipitation within a large-scale 

(27x27 pixel) area from the Travel Habitat Model.  In addition, I removed several variables that 

showed a high degree of collinearity from each of these model based on results of the Spearman-

rank test. (Table 2.4).  
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Table 2.4.  Collinear variable pairs as determined by Spearman rank tests (r > 0.8).  Variable descriptions are given in Table 2.2.  In 

the case of old thins and old clearcuts in the Overall Core and Travel Habitat Models, I removed old clearcuts while in the Loomis and 

Black Pine Basin Core Habitat Models I removed old thins.  The decision to retain one variable over another was based on the 

importance value of each variable as indicated by an initial Random Forest run using all variables; the more important variable was 

retained.  In the case of collinear variables with very similar importance values, I retained the variable of higher ecological interest or 

one that added variety to the suite of variables tested in my models.  Numbers after the variable name identify it as being portrayed at 

a large-scale (27x27 pixel area) or small-scale (3x3 pixel area). 

Overall Core Habitat 

Model 
Travel Habitat Model Loomis Habitat Model 

Black Pine Basin Habitat 

Model 

retained eliminated  retained eliminated retained eliminated retained eliminated 

distedge_cut area_cut   distedge_cut area_cut distedge_cut area_cut 

distedge_fo  area_fo   distedge_fo area_fo distedge_fo area_fo 

distedge_fire fireskips27 distedge_fire fireskip27 distedge_fire fireskips27   

newhigh_f27 fireskips27   newhigh_f27 fireskips27   

newhigh_f27 newlow_f27 newhigh_f27 newlow_f27 newhigh_f27 newlow_f27 newhigh_f27 newlow_f27 

  newhigh_f27 newhigh_f3     

oldlow_f27 oldhigh_f27 oldlow_f27 oldhigh_f27     

      oldhigh_f27 oldlow_f27 

      oldhigh_f27 fireskips27 

      oldlow_f27 fireskips27 

      oldhigh_f3 distedge_fire 

new_thin27 new_cut27       

    new_cut27 new_thin27   

old_thin27 old_cut27 old_thin27 old_cut27     

    old_cut27 old_thin27 old_cut27 old_thin27 

  dry27 dry3 dry27 dry3   

hli27 hli3 hli27 hli3   hli27 hli3 
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Out-of-bag error rate (fit) was below 35% in all cases (Table 2.5).  The models also 

performed well when predicting use versus availability of the 80% data withheld from the 

subsample; > 69% of the withheld data was predicted correctly by all the models.  Accuracy and 

AUC scores below approximately 80% are expected from Random Forest habitat models of a 

highly mobile species and for models based on large radio telemetry datasets, which have 

inherently high amounts of “noise” (Melanie Murphy, personal communication).  Indeed, my 

model’s AUC scores were similar or higher to those reported for the only other machine learning 

habitat model developed for a mammalian carnivore to my knowledge; a boosted regression tree 

occupancy model for coyotes (Canis latrans) (McCue et al. 2013).  My AUC scores were also 

similar or higher to those reported by a Resource Selection Function model for lynx in Maine 

(Simons-Legaard et al. 2013).  The models were all significant at P < 0.05 as compared to the 

null distribution created by randomizing the used and available points.  A slightly higher 

sensitivity value than specificity value for each Core Habitat Model shows that these models 

predicted used locations more accurately than available locations.  The Travel Habitat Model 

showed even prediction between used and available points.  Seasonal and Sex-Specific Core 

Habitat Models did not show differences between seasons or sexes so their results are not 

considered further in this chapter (Appendix D). 

 

  



 49 

Table 2.5.  Model validation and fit statistics for the Core Habitat Models and the Travel Habitat 

Model.  Accuracy (%) indicates the overall performance of the model when predicting the 

withheld, validation dataset.  Sensitivity and specificity show the proportion of used locations 

correctly predicted and the proportion of available locations correctly predicted.  Area under the 

curve of a Receiver Operator Characteristic (AUC) scores are a measure of how evenly the 

model predicts sensitivity and specificity.  The Kappa (k) statistic is a measure of how much 

better the model predicted used and available points than expected by random chance.  P values 

indicate significance of each model and out-of-bag error rates (%) show the mean 

misclassification rate of trees when predicting the out-of-bag data. 

Model Validation Statistics Model Fit 

Model Accuracy (%) Sensitivity Specificity k AUC P value 

Out-of-

bag error 

(%) 

Overall 76.17 0.803 0.7308 0.5237 0.7617 P < 0.001 27.28 

Loomis 79.86 0.8459 0.7629 0.5971 0.7986 P < 0.001 22.25 

Black 

Pine 

Basin 

69.51 0.7424 0.6633 0.3903 0.6951 P < 0.001 34.83 

Travel 70.33 0.7114 0.6960 0.4065 0.7033 P < 0.001 28.02 
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2.4.1 General Model Results 

Growing season precipitation, slope, and forest types were important habitat variables in 

all models.  In the Overall Core Habitat Model, the Loomis Core Habitat Model, and the Travel 

Habitat Model, fire variables were also highly important.  Habitat selection was better explained 

by large-scales than small-scales and although small-scale depictions of variables were 

sometimes included in the habitat models, they were always of less importance than the large-

scale depiction (Figure 2.4). 
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Figure 2.4.  Importance plots for each Core Habitat Model and the Travel Habitat Model ranking each habitat variable retained in the 

final Random Forest models.  Variables are explained in Table 2.2.  To determine the importance of each variable, the values of out-

of-bag observations are randomly permuted, run down each tree, and predicted as used or available.  The misclassification rate of the 

modified out-of-bag observations is subtracted from the misclassification rate of the unmodified out-of-bag observations and then 

divided by the standard error.  Numbers after the variable name identify it as being portrayed at a large scale (27x27 pixel area) or 

small scale (3x3 pixel area).  Note different x-axes. 
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2.4.2 Overall Core Habitat Model 

Lynx habitat selection was largely defined by the amount of growing season precipitation 

within a large-scale area.  Lynx selected areas receiving more precipitation and avoided areas 

receiving smaller amounts of precipitation during the growing season.  Lynx also selected for 

large-scale areas with greater moisture accumulations found in drainages (as described by the 

Compound Topographic Index), and for cooler, moister, northeast-facing slopes as defined by 

the Heat Load Index (Figure 2.5). 
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Figure 2.5.  Lynx selection of climate variables in the Loomis and Black Pine Basin study areas.  Probability of use represents the 

effect of a focal habitat variable on lynx habitat selection when the effect of all other habitat variables in the model are averaged.  

Histograms show the distribution of the focal habitat variable throughout the Loomis and Black Pine Basin study areas.  The dots 

represent the percentage of lynx points found within each histogram category of the focal habitat variable.  Panels show lynx selection 

for A) average growing season precipitation at a large scale; B) average heat load index at a large scale; and C) average cumulative 

topographic index at a large scale. 
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Lynx avoided dry forest and selected for moist spruce-fir forest and lodgepole pine 

forests.  The association between probability of lynx use and increasing amounts of spruce-fir or 

lodgepole pine forest cover reached a threshold of ~ 50%, but probability of use declined at 

higher amounts (> 50%) of these forest types.  Lynx also selected for large-scale areas that 

included mixed forest types dominated by Douglas fir (Figure 2.6).
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 58 

Figure 2.6.  Lynx selection of forest types in the Loomis and Black Pine Basin study areas.  Probability of use represents the effect of 

a focal habitat variable on lynx habitat selection when the effect of all other habitat variables in the model are averaged.  Panels show 

lynx selection for A) dry forest at a large scale; B) spruce-fir forest at a large scale; C) lodgepole pine forest at a large scale; and D) 

mixed forest at a large scale. 
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Canopy cover was important to lynx habitat selection within large- and small-scale areas.  

Although lynx use increased with increasing canopy cover, probability of use declined after a 

threshold of ~ 50% was reached.  Probability of lynx use was < 50% at the highest amounts (~ > 

70%) of canopy cover within a large-scale area, which was found in < 2% of the study area.  

Lynx selected against very low amounts of canopy cover, which primarily consisted of open 

areas such as grassy or shrubby areas, land cover types lynx also selected against within a large-

scale area (Figure 2.7). 
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Figure 2.7.  Lynx selection of canopy cover and forest openings in the Loomis and Black Pine Basin study areas.  Probability of use 

represents the effect of a focal habitat variable on lynx habitat selection when the effect of all other habitat variables in the model are 

averaged.  Panels show lynx selection for A) average canopy cover at a large scale; B) average canopy cover at a small scale; C) grass 

cover at a large scale; and D) shrubby cover at a large scale.
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Lynx avoided new, high-severity burns within both large- and small-scale areas and 

avoided venturing within the perimeter of a burn.  A slight increase in the probability of lynx 

using areas over 4,000 m inside the burn is due to one lynx that used a large fire skip in the new 

Tripod Burn and another lynx that used an old burn (the Thunder Mountain Burn), within the 

Tripod Burn.  Both areas were more than 4,000 m from the burn perimeter.  The only harvest 

variable retained depicted old, thinned forest within a large area.  Lynx selected areas where old 

thins existed, however, there was a negative relationship between lynx use and increasing 

amounts of old, thinned forest (Figure 2.8).  The average slope within a large- and small-scale 

area also affected lynx habitat selection; lynx preferred areas of low slope (< ~20 degrees) 

(Figure 2.9).   
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Figure 2.8.  Lynx selection of disturbed areas in the Loomis and Black Pine Basin study areas.  Probability of use represents the effect 

of a focal habitat variable on lynx habitat selection when the effect of all other habitat variables in the model are averaged.  Panels 

show lynx selection for A) new, high-severity burn at a large scale; B) new, high-severity burn at a small scale; C) distance from the 

edge of a burn; and D) old thins at a large scale.
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Figure 2.9.  Lynx selection of slope in the Loomis and Black Pine Basin study areas.  Probability of use represents the effect of a focal 

habitat variable on lynx habitat selection when the effect of all other habitat variables in the model are averaged.  Panels show lynx 

selection for A) average slope at a large scale; and B) average slope at a small scale.
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2.4.3 Travel Habitat Model 

Core habitat in the Loomis and Black Pine Basin study areas was composed of 75% 

forested area and 25% open area such as meadows or disturbed areas.  Only 7% of the core 

habitat in the study area was disturbed by fire or harvest in the past 15 years.  In contrast, the 

habitat lynx traveled through between core areas was only 42% forested and was 58% open 

habitat.  34% of the matrix area was disturbed in the past 15 years with a majority of this 

disturbance caused by the Tripod Burn.  Faced with lower quality, more open habitat in the 

matrix, lynx preferred habitat features similar to those selected in core habitats but were more 

tolerant of some adverse habitat features.  

New, high-severity burns, namely the Tripod Burn, were still avoided by lynx when 

selecting matrix habitats, but lynx were more tolerant of new, high-severity burns while using 

matrix habitats.  Lynx preferred to use areas of the Tripod Burn nearer to the perimeter but were 

also tolerant of areas as far as 500 m inside the burn perimeter.  The Travel Habitat Model partial 

plot depicting distance to the nearest edge shows an increase in use of areas further than 4,000 m 

inside the burn.  This increase in use of areas over 4,000 m from the perimeter is due to a large 

fire skip and old burn located within the Tripod Burn that some lynx used.  Lynx traveling 

through matrix habitats showed a higher level of use in new, high-severity burns within a large-

scale area particularly if fire skips, low-severity burns, or old burns were also within the large-

scale areas (Figure 2.10).  Lynx in matrix habitat showed greater use of grassy openings within a 

large-scale area, preferring to stay outside a meadow perimeter but also willing to travel through 

a meadow (Figure 2.11).   
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Figure 2.10.  Lynx selection of burned areas while in matrix habitats.  Probability of use represents the effect of a focal habitat 

variable on lynx habitat selection when the effect of all other habitat variables in the model are averaged.  Panels show lynx selection 

for A) distance from the edge of a burn; and B) new, high-severity burn at a large scale.
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Figure 2.11.  Lynx selection of grassy cover at a large scale while in matrix habitats.  Probability 

of use represents the effect of grassy cover on lynx habitat selection when the effect of all other 

habitat variables in the model are averaged.   

 

Despite demonstrating a higher probability of use for open habitats, lynx still preferred 

forested cover while traveling through the matrix.  Within both large- and small-scale areas lynx 

selected for areas with > ~ 30% canopy cover and the probability of use continued to increase 

even at the highest percentages of canopy cover (Figure 2.12).   
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Figure 2.12.  Lynx selection of canopy cover while in matrix habitats.  Probability of use represents the effect of a focal habitat 

variable on lynx habitat selection when the effect of all other habitat variables in the model are averaged.  Panels show lynx selection 

for A) average canopy cover at a large scale; and B) average canopy cover at a small scale.
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Lynx selected for increasing amounts of spruce-fir cover for travel habitats both within and 

outside of the new Tripod Burn.  Lynx also used lodgepole pine forest within a large-scale area, 

however, the relationship between increasing amounts of lodgepole pine cover and selection was 

negative and lynx avoided large-scale areas with > 65% lodgepole pine cover.  Mixed forest was 

moderately important to travel habitat selection and, although lynx did not seem to avoid mixed 

forests, the relationship between increasing mixed forest cover and selection became negative 

once mixed forest cover reached approximately 20% within a large-scale area.  Lynx avoided 

traveling through increasing amounts of dry forest within a large-scale area, highlighting their 

aversion to this forest type (Figure 2.13). 
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Figure 2.13.  Lynx selection of forest types while in matrix habitats.  Probability of use 

represents the effect of a focal habitat variable on lynx habitat selection when the effect of all 

other habitat variables in the model are averaged.  Panels show lynx selection for A) spruce-fir 

forest at a large scale; B) spruce-fir forest at a small scale; C) lodgepole pine at a large scale; D) 

mixed forest at a large scale; and E) dry forest at a large scale.
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Lynx avoided traveling through areas with greater than approximately 20% old thin 

within a large-scale area.  Most old thins in matrix habitat are located in dry forest so that the 

avoidance of old thins may be a result of selection against dry forests.  Lynx selected areas with 

small amounts of new clearcut as travel habitat.  However, new clearcuts explained only a small 

amount of lynx travel habitat selection with an importance value < 0.005 and this result was 

based on very little data (Figure 2.14).  Lynx were more tolerant of steep slopes while in matrix 

habitats (Figure 2.15).  

 
 

Figure 2.14.  Lynx selection of old thins at a large scale while in matrix habitats.  Probability of 

use represents the effect of old thins on lynx habitat selection when the effect of all other habitat 

variables in the model are averaged.   
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Figure 2.15.  Lynx selection of slope at a large scale while in matrix habitats.  Probability of use 

represents the effect of slope on lynx habitat selection when the effect of all other habitat 

variables in the model are averaged.   

 

2.4.4 Loomis Core Habitat Model 

The results of the Loomis Core Habitat Model were similar to those of the Overall Core 

Habitat Model, which is not surprising since most of the collared lynx lived in that area, thus 

weighting the Overall Core Habitat Model towards lynx habitat selection in the Loomis study 

area.  As in the Overall Core Habitat Model, lynx in the Loomis study area avoided steep slopes 

and dry forests and selected moist and cool microclimates and their associated spruce-fir or 

lodgepole pine forest types.  Fire variables were important in describing core lynx habitat in the 

Loomis study area and clearly demonstrated that lynx avoided new, high-severity burns.  Lynx in 

the Loomis study area avoided areas within the new Tripod Burn perimeter, except for a 

particular large fire skip and when using an old burn located over 4,000 m inside of the burn.  
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Lynx avoided areas with greater amounts of new, high-severity burn within large- and small-

scale areas.  In addition, in the Loomis study area probability of use increased with increasing 

canopy cover up to ~ 50% canopy cover and then declined. (Figure 2.16).   
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Figure 2.16.  Lynx selection of burned areas and canopy cover in the Loomis study area.  Probability of use represents the effect of a 

focal habitat variable on lynx habitat selection when the effect of all other habitat variables in the model are averaged.  Panels show 

lynx selection for A) new, high-severity burn at a large scale; B) new, high-severity burn at a small scale; C) distance to the edge of a 

burn; and D) average canopy cover at a large scale.
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Although lynx in the Loomis study area selected for smaller amounts of spruce-fir forest at both 

scales, the relationship between greater amounts of spruce-fir forest and selection was negative.  

Lynx selected for increasing amounts of lodgepole pine forest until lodgepole pine cover reached 

approximately 50% within a large-scale area, beyond which the relationship between lynx 

selection and increasing lodgepole cover became negative.  Mixed forest is uncommon on the 

Loomis study area and did not significantly contribute to quality, core lynx habitat.  Lynx did not 

select against low amounts of mixed forest cover within a large-scale area, but the relationship 

between selection and increasing mixed forest cover became negative once mixed forest cover 

within a large-scale area reached approximately 30% (Figure 2.17). 
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Figure 2.17.  Lynx selection of forest types in Loomis study area.  Probability of use represents the effect of a focal habitat variable 

on lynx habitat selection when the effect of all other habitat variables in the model are averaged.  Panels show lynx selection for A) 

spruce-fir forest at a large scale; B) spruce-fir forest at a small scale; C) lodgepole pine forest at a large scale; and D) mixed forest at a 

large scale.
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As in the Overall Core Habitat Model, timber harvest variables were only somewhat important to 

lynx habitat selection.  Only the variable depicting the amount of old clearcut within a large-

scale area was retained and suggests lynx selected areas where old clearcuts are present within a 

large-scale area.  A slight decrease in use was indicated after clear-cuts within a large-scale area 

reach 25%.  However, areas with greater amounts of old clearcut were few on the Loomis study 

and drawing a conclusion with so little data is difficult (Figure 2.18).  

 

 

Figure 2.18.  Lynx selection of old clearcuts at a large scale in the Loomis study area.  

Probability of use represents the effect old clearcuts on lynx habitat selection when the effect of 

all other habitat variables in the model are averaged.   
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2.4.5 Black Pine Basin Core Habitat Model 

In the topographically heterogeneous Black Pine Basin, slope within a large-scale area 

was the most important predictor of core lynx habitat; lynx selected for lower slopes.  Within 

areas of low slope, lynx selected for cool moist areas with high growing season precipitation, 

low heat loads, and high moisture accumulation.  Lynx in the Black Pine Basin thus used forest 

types associated with wetter and cooler areas, selecting for increasing amounts of spruce-fir and 

mixed forest types. 

However, unlike in the Loomis study area where lodgepole pine forests were more 

common, lodgepole pine cover within a large-scale area rarely exceeded 35% in the Black Pine 

Basin.  Although lynx did not avoid the low amounts of lodgepole pine cover found over much 

of the Black Pine Basin study area, they demonstrated a negative relationship between selection 

and increasing lodgepole pine cover within a large-scale area and avoided the few areas where 

lodgepole pine cover was extensive.  Additionally, whereas deciduous cover is rare and 

unimportant to lynx habitat selection in the Loomis study area, lynx in the Black Pine Basin 

selected for the few large-scale areas with deciduous cover (Figure 2.19). 
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Figure 2.19.  Lynx selection of forest types in the Black Pine Basin study area.  Probability of use represents the effect of a focal 

habitat variable on lynx habitat selection when the effect of all other habitat variables in the model are averaged.  Panels show lynx 

selection for A) spruce-fir forest at a large scale; B) lodgepole pine forest at a large scale; C) mixed forest at a large scale; and D) 

deciduous forest at a large scale.
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Old disturbances had a positive impact on core lynx habitat in the Black Pine Basin.  

Lynx selected old, high-severity burns, especially where fire skips or old, low severity burns are 

also nearby and the Whiteface Burn provided some of the most extensive, high quality lynx 

habitat in this study area.  Additionally, lynx selected for large-scale areas with old clearcuts, 

although such sites were rare (Figure 2.20).   
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Figure 2.20.  Lynx selection of disturbed areas in the Black Pine Basin study area.  Probability of use represents the effect of a focal 

habitat variable on lynx habitat selection when the effect of all other habitat variables in the model are averaged.  Panels show lynx 

selection for A) old, high-severity burn at a large scale; B) old clearcuts at a large scale.
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2.5 DISCUSSION 

Lynx in the North Cascades selected sub-boreal forests and low slopes as they do in other 

areas of their range (Vashon et al. 2008, Moen et al. 2008, Squires et al. 2010).  I analyzed the 

first GPS dataset for lynx in Washington and found that among sub-boreal forest types, lynx 

selected spruce-fir or lodgepole pine forests and that the strength of selection varied with the 

local abundance of these forest types.  These results confirm previous studies showing that lynx 

in the Loomis area selected locally abundant lodgepole pine forests (Koehler 1990), while lynx 

in the Black Pine Basin area selected locally abundant spruce-fir forests (Koehler et al. 2008, 

Maletzke et al. 2008).  My results also show that lynx can adjust core habitat selection to take 

advantage of locally abundant forest types.  

However, sub-boreal forests in the North Cascades are fragmented by recent burns, forest 

openings, timber harvest, and dry forests.  Prior to my study, only anecdotal evidence existed to 

suggest that, while traveling, lynx will use matrix habitats such as burns, open understory forests, 

and shrub lands (Koehler 1990, Squires and Laurion 2000, Walker 2005).  My results reveal that 

lynx indeed used a wider range of habitats when traveling than when selecting core habitats.  

Lynx used open areas and took advantage of available cover, such as fire skips within large 

burns, demonstrating that even this so-called non-habitat was useable.  The flexible habitat 

selection patterns demonstrated in this study by traveling lynx could increase the functional 

connectivity of the North Cascades landscape. 

2.5.1 Core Habitat Selection 

Lynx in Washington selected areas of low slope with forest cover to support their hunting 

and cover needs, corroborating previous lynx research (Koehler et al. 2008, Squires et al. 2010).  

As Koehler et al. (2008) and Maletzke et al. (2008) found, lynx selected for higher canopy cover 

and avoided low canopy cover.  I suspect this pattern may be primarily driven by understory 
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cover, although I did not have a specific GIS layer for understory.  In addition, lynx selected 

higher growing season precipitation and cooler, moister sites where growing conditions may 

support diverse and dense understory communities and the sub-boreal forests lynx select 

(Franklin and Dyrness 1973, Lillybridge et al. 1995).  Although some partial plots show that the 

probability of lynx use declined at the high end of spruce-fir or lodgepole pine forest cover, I 

believe this result occurs because many of the most expansive stands of spruce-fir and lodgepole 

pine forest were located within the Tripod Burn.  Thus, it was not that lynx avoided large-scale 

areas with large expanses of spruce-fir or lodgepole pine cover, but rather they avoided new, 

burned areas where the regeneration of these forests is still in the open, stand initiation stage.  

Conversely, lynx avoided low growing season precipitation and warmer, drier sites where 

conditions do not support dense growth but rather the avoided open, dry forests.  Previous lynx 

studies in the North Cascades also found that lynx avoid dry forests (Koehler et al. 2008, 

Maletzke et al. 2008)  

Many lynx habitat studies highlight the importance of post-disturbance forests in the 

early stand development stage because they provide dense understory cover for lynx (Koehler 

1990, Mowat and Slough 2003, Squires 2010, McCann and Moen 2011, Simons-Legaard 2013).  

Lynx selected regenerating forests as core habitat where they existed in the Black Pine Basin and 

Loomis study areas.  Notably, parts of the old Whiteface Burn provided the most extensive and 

highest-quality core habitat in the Black Pine Basin.  However, few places on my study areas 

were characterized as old disturbances (those that occurred between 1985 and 1997) and lynx 

here adjusted their habitat selection patterns to use older forests, demonstrating an ability to exist 

in a landscape where regenerating forests are rare. 
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An examination of the influence of timber harvest on habitat selection by lynx provides 

further evidence that lynx in the North Cascades do not rely on regenerating forests.  There was 

some indication that where old clearcuts were present, lynx selected them as core habitat and that 

old thins were avoided, which is consistent with previous findings (Fuller et al. 2007, Squires et 

al. 2010).  However, unlike in heavily harvested areas such as northern Maine where 

regenerating clearcuts provide important core habitat (Fuller et al. 2007), previously harvested 

forests were rare on my study areas and timber harvest variables were not highly important 

predictors of core habitat.  Lynx in the North Cascades clearly do not depend on regenerating 

forests created by clearcuts. 

The vast 2006 Tripod Burn was generally avoided by lynx.  Lynx preferred to stay near 

to the edge of the 2006 Tripod Burn and to use areas with lower amounts of high-severity burn, 

such as fire skips.  Indeed, one lynx regularly traveled across the Tripod Burn to reach a large 

fire skip comprised of forest burned 38 years previously in the 1970 Forks Fire.  Thus, in 

agreement with an observation by Walker (2005), fire skips may provide important patches of 

core habitat for lynx if they are near to a burn edge or are large and attractive enough to lure a 

lynx deep inside a large burn.  In general, though, new high-severity burns result in a loss of core 

lynx habitat until forests regenerate enough to provide core habitat (Fox 1978, Mowat and 

Slough 2003).   

2.5.2 Travel Habitat Selection 

My Travel Habitat model demonstrates that lynx habitat does not exist as discrete patches 

of used habitat and un-used non-habitat.  As a result, a landscape with structurally unconnected 

core habitat patches may be functionally connected for lynx.  My results corroborate those of a 

recent study that indicates lynx occupancy is affected by habitat loss but not by habitat 

fragmentation on a landscape scale (Hornseth et al. 2014).  These authors suggest that in central 
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Ontario, lynx adapted their habitat selection patterns so that fragmentation of young spruce-fir 

forests by other forest types, structural stages, open areas, or development, do not affect lynx 

occurrence.  Instead, lynx were able to adapt to local habitat conditions and use small patches of 

resources, thus surviving in fragmented landscapes (Hornseth et al. 2014).   

Similar to findings by Elliot et al. (2014) on African lions (Panthera leo), North Cascades 

lynx “made the most of a bad situation” when moving through matrix habitats by selecting a 

wider range of habitat characteristics than when selecting core habitats.  Stands of sub-boreal 

forest that were unsuitable as core habitat due to topography or forest structure were important 

components of their travel habitat.  While traveling, lynx selected sub-boreal forest stands on 

somewhat steeper slopes, and the densest canopy covers, both of which were negatively 

associated with core habitat.   

Non-forested habitats comprised a majority of matrix areas.  Although my results show 

that lynx traveled through large-scale areas with abundant meadows, perhaps most surprising 

was lynx use of the new Tripod Burn.  My Core Habitat Model clearly demonstrates that the 

Tripod Burn is not used for core habitat.  However, my Travel Habitat Model indicates that lynx 

selected higher amounts of new, high-severity burn and areas further inside the burn than when 

selecting core habitats.  Lynx used fire skips, areas of old burn, and low-severity burn areas to 

travel through this extensively burned landscape.  (See Chapter 3 for a detailed analysis of how 

lynx use burned areas). 

The results of my Travel Habitat Model indicate that lynx in the North Cascades are not 

so rigidly specialized that they completely avoid matrix habitats.  For example, meadows and 

open-understory forests were not selected as core habitats yet were used by lynx as travel 

habitats.  Although large, high-severity fires clearly cause loss of core habitats in the short-term, 
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they offer conditions that lynx can use as travel habitat.  Within-burn heterogeneity provides 

lynx with residual habitat structure to facilitate movement across burns and amongst high-quality 

fire skips.  

2.5.3 Loomis and Black Pine Basin Core Habitat Models 

The comparison between core habitat selection and travel habitat selection demonstrates 

that lynx in the North Cascades adjust their habitat selection patterns to travel through matrix 

habitats.  My study also revealed that within core habitat selection, lynx have a nuanced and 

flexible habitat selection pattern that responds to local habitats.  As Koehler et al. (2008) and 

Maletzke et al. (2008) found, lynx in the Black Pine Basin select the abundant spruce-fir forests 

as core habitat.  In addition, I found that mixed forests composed primarily of Douglas fir mixed 

with Engelmann spruce, subalpine fir, or lodgepole pine were common in the Black Pine Basin, 

and lynx responded by selecting mixed forest as another core habitat.  Lodgepole pine was not 

common in the Black Pine Basin study area and was less important to core habitat selection.  In 

the Black Pine Basin lynx selected areas with higher amounts of deciduous cover, much of which 

was located in the regenerating Whiteface Burn where willow (Salix spp.) and alder (Alnus spp.) 

provide thick cover and rich habitat for lynx (Chapter 3 and personal observation); similar results 

were found for lynx in the Yukon (Mowat and Slough 2003).  Conversely, in the Loomis study 

area, where both spruce-fir forests and lodgepole pine were common but mixed forests were not, 

lodgepole pine and spruce-fir forests were selected as core lynx habitat.  Mixed forest cover was 

less important to core habitat selection on the Loomis study area and was even negatively 

associated with habitat selection as the area of mixed forest increased.  Similarly, deciduous 

cover was rare and unimportant to lynx habitat selection in the Loomis study area.  
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2.5.4 Scale Selection 

Habitat selection was better explained by large-scale variables than small-scale variables.  

This result indicates that lynx select for large-scale areas containing good habitat but are less 

concerned with selecting particular fine-scale features within that large area, confirming results 

on lynx scale-selection in Maine (Fuller and Harrison 2010).  However, based on my personal 

observations of lynx habitat selection in the North Cascades and findings by Squires et al. 

(2010), I believe that while habitat characteristics at a large-scale predict lynx use well, within 

the selected large-scale areas lynx also select habitat at smaller scales.  I think a more plausible 

interpretation of my scale results is that the marginal importance of small-scale selection 

suggested by my models is an artifact of lower GIS layer accuracy at this scale and is not a 

precise depiction of lynx habitat selection. 

2.5.5 Seasonal and Sex Specific Models 

I did not find differences between the Male and Female Core Habitat Models, which 

agrees with findings by Mowat and Slough (2003) in the Yukon, but contrasts Burdett (2008) in 

Minnesota who found small differences in the amount of mature conifer forest used by male lynx 

versus female lynx with 3-7 month-old kittens.  Similarly, my Summer and Winter Core Habitat 

Models did not reveal differences between seasonal habitat use, whereas Squires et al. (2010) 

found that lynx in the Rocky Mountains selected older multi-layered forests and avoided 

openings during the winter, but in the summer used young regenerating forests, smaller amounts 

of older forest, and did not avoid openings.  Mowat and Slough (2003) also found seasonal 

differences in habitat use indicating that lynx use stands of willow more during the winter than 

the summer.   

I do not believe that my results on seasonal and sex specific habitat use are necessarily 

conclusive for lynx in the North Cascades; differences may have occurred at a smaller scale than 
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I included in my models.  In addition, differences in sex-specific and seasonal use may have been 

too slight for my models to detect. 

2.5.6 Data Limitations 

The travel habitats used by lynx in my study indicate that they use a wider variety of 

habitats than is often depicted for lynx.  But do other kinds of landscape features present lynx 

with true barriers to movement in the North Cascades?  My Travel Habitat Model showed little 

use of dry forests by lynx, suggesting that this forest type may restrict lynx movement.  But 

because my dataset was limited primarily to lynx moving within their home ranges, I believe this 

suggestion is a product of using within home-range data and that lynx moving outside their home 

range area might travel through dry forest.  Indeed, data recorded by lynx while on long 

exploratory movements (and thus excluded from my models), show that these lynx passed 

through dry forests on several occasions (for an example see Appendix B).  Other studies of lynx 

in the southern portion of their range have observed lynx traveling through open habitats 

believed to be unsuitable to lynx such as sage-steppe and farmlands (Mech 1973, Squires and 

Laurion 2000).  Similarly, lynx in my study crossed through developed valley bottoms and open 

sage habitats (Appendix B).  This evidence suggests that while my Travel Habitat Model 

broadens the description of North Cascades lynx habitat, a study of the habitats lynx use while 

on long-distance exploratory or dispersal movements could reveal an even wider spectrum of 

used habitats while also revealing any landscape features that present genuine barriers to lynx 

movement. 

While my results show that lynx in the North Cascades have flexible habitat selection, 

occupancy and habitat selection are not necessarily indicators of general habitat quality since 

occupied landscapes can act as population sinks where reproduction is lower than survival 

(Pulliam 1988).  Lynx here may have the ability to occupy home ranges and a broader landscape 
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fragmented by disturbances, topography, and human influences, but how different habitats and 

habitat configurations affect population dynamics is unknown for lynx in Washington.  Indeed, a 

recent study in Montana found that reproductive success was highest for female lynx living in a 

home range with more continuous amounts of mature spruce-fir forests and only 10-15% dense 

regenerating forest (Kosterman 2014).  Additionally, snowshoe hares in the North Cascades are 

sensitive to matrix habitat types and hare densities are highest in continuous habitat or habitat 

patches surrounded by matrix more similar to core forest habitats (Lewis et al. 2011).  Using a 

spectrum of habitat types may allow lynx to exist in the North Cascades, but questions remain 

regarding how lynx population dynamics are affected by fragmentation, various habitat types, 

and a prey species that is also sensitive to more open habitats.   

2.5.7 Implications for Lynx Management and Conservation 

My results reinforce the idea than many animals do not view a landscape simply as 

habitat and non-habitat but instead view landscapes as a spectrum of habitat quality with 

different habitats used to carry out different life history functions (Prugh et al. 2008).  For lynx in 

the North Cascades, lodgepole pine, spruce-fir, mixed, and deciduous forests contribute to the 

array of forest types with potentially dense understory covers that lynx and snowshoe hares 

select.  Only by incorporating all of these forest types into lynx habitat management and 

conservation can Washington maximize the amount of available core habitat for lynx.  In 

addition to protecting the full spectrum of selected lynx habitat for conserving core areas, 

broadening the definition of lynx habitat to include travel habitats such as residual trees in new 

burns or open forests will facilitate connectivity between core areas.   

The future of southern lynx habitat is uncertain.  There is an urgent need to conserve both 

core and travel habitats as they are increasingly threatened by degradation and fragmentation due 
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to human development and climate change (Soja et al. 2007, Fauria and Johnson 2007, Balshi 

2009, Littell et al. 2010, Fisichelli et al. 2014).   
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CHAPTER 3                                                                                                                                  
LYNX HABITAT USE IN RECENTLY BURNED AREAS 

 

3.1 LITERATURE REVIEW AND OBJECTIVES 

The boreal forest, which spans across the northern areas of Eurasia and North America, 

accounts for one third of the earth’s forests (Perera and Buse, 2014).  Boreal forest is 

characterized by long cold winters, short warm summers and a relatively small assemblage of 

tree species, mainly spruce (Picea spp.), fir (Abies spp.), larch (Larix spp.), pine (Pinus spp.), 

and deciduous species such as poplars (Populus spp.), willow (Salix spp.), birch (Betula spp.), 

and alder (Alnus spp.) (Goldammer and Furyeav 1996, Perera and Buse, 2014).  Near the 

southern limit of the boreal forest’s range, the forest transitions into southern sub-boreal forest 

types (Agee 2000). 

While the boreal forest has a relatively simple assemblage of species, it is also 

characterized by dramatic and frequent disturbances that create a continually shifting mosaic of 

successional stages across the landscape (Agee 2000, Perera and Buse 2014).  Disturbance 

agents include wind, disease epidemics, and insects, but the most important boreal and sub-

boreal forest disturbance is wildfire (Agee 2000).  Wildfires burn millions of hectares per year in 

the boreal forest, often over large areas and at intensities that initiate stand replacement (Perera 

and Buse 2014).  These dramatic fires drive the boreal landscape’s heterogeneity of forest age 

structure and species assemblages, and ecological functions such as carbon storage or release 

(Goldammer and Furyeav 1996, Brassard and Chen 2006). 

Boreal fires create heterogeneity both at the landscape level and within a single burn 

perimeter since fire behavior varies greatly according to weather, microclimate, fuels, and 

topography (Cansler and McKenzie 2014, Perera and Buse 2014).  As a result, some areas burn 
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at a high intensity, consuming forest canopies and leaving only burnt snags behind, while other 

areas burn at a lower intensity such that the understory burns but many trees survive (Brassard 

and Chen 2006, Perera and Buse 2014).  Fire skips may not burn at all, leaving the original forest 

structure and species composition intact (Perera and Buse 2014).  Consequently, the composition 

of the residual vegetation and structural features such as live trees, snags, and downed logs 

fluctuates across a burn.   

In turn, forest regeneration patterns vary, influenced by the presence or absence of 

residual vegetative reproductive structures such as coniferous seeds released from serotinous 

cones, underground suckers, or wind-blown seeds from fire skips and burn edges (Brassard and 

Chen 2006, Perera and Buse 2014).  Residual snags and logs also affect regrowth since they 

provide substrate, shade, and physical protection for young seedlings (Brassard and Chen 2006).  

Finally, site-specific variations in soils, climate, and topography also affect regeneration patterns 

and, combined with varying residual vegetation compositions, result in a heterogeneous 

landscape within a single fire perimeter (Franklin and Dyrness 1973, Brand 1991, Turner et al. 

1997, Bonnet et al. 2005, Irvine et al. 2009, Crotteau et al. 2013, Perera and Buse 2014). 

3.1.1 Climate Change 

With the onset of climate change, the cycle of burning and regeneration that has defined 

the boreal forest is changing.  Summers in the boreal region are predicted to become warmer and 

drier, which will both lengthen and intensify the fire season (Westerling et al. 2006, Fauria and 

Johnson 2007, Soja et al. 2007, Balshi 2009, Littell et al. 2010).  Larger and more severe fires are 

predicted to occur more frequently, which will increase the amount of forest in an open stand-

initiation stage (Westerling et al. 2006, Fauria and Johnson 2007, Soja et al. 2007, Balshi 2009, 

Littell et al. 2010), (Appendix A describes stand development stages).  Larger and more severe 

fires will also change the composition and spatial patterns of residual vegetation, potentially 
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homogenizing the landscape within a fire perimeter (Cansler and McKenzie 2014).  Warmer and 

drier summers could also change forest regeneration patterns following a fire by limiting the 

establishment and growth of plant species dependent on moist conditions (Little et al. 2010). 

Because boreal animals have adapted to a landscape shaped by fire, a change in fire 

regime and regeneration patterns would likely affect the wildlife of boreal forests.  Historically, 

fire has been an important ecological function that influences species diversity.  As succession 

progresses, plant communities change in composition and structure, and animal communities 

shift in response to the changing habitat (Fox 1983, Fisher and Wilkinson 2005).  For example, 

the snowshoe hare (Lepus americanus) is an important boreal prey species whose presence can 

be predicted based on a forest stand’s developmental stage.  Hares depend on high stem-density 

forests to provide browse and cover, a feature primarily found in young stands, and in old-

growth forests where canopy gaps promote a multi-layered structure (Hodges 2000a, 2000b, 

Hodson et al. 2011).  Unfortunately, although responses of animals to fire are documented for 

some small mammals and birds, substantial information gaps exist regarding responses of larger 

prey species and carnivores to fire (Fisher and Wilkinson 2005).  This lack of information 

hinders both current conservation and management of boreal forest carnivores and the ability to 

adapt conservation strategies as fire regimes shift under climate change. 

One such carnivore is the Canada lynx (Lynx canadensis), an iconic boreal forest species 

dependent on the snowshoe hare for prey and thus closely linked to forest structure.  Studies of 

lynx in Alaska, Canada, and to a lesser extent in the sub-boreal regions of the contiguous US 

document general trends in lynx response to fire, but lack detailed information that could be used 

to improve lynx management and conservation (Koehler 1990, Staples 1995, Paragi et al. 1997).  

These studies describe lynx as selecting against recent burns in the open, stand initiation stage 
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where shrubs and trees have not grown tall enough to provide cover and browse for snowshoe 

hares, especially during the winter when snow covers low understory structure (Hodson et al. 

2011, von Kienast 2003, Koehler et al. 2008, Maletzke et al. 2008).  Conversely, as forest 

regeneration progresses, burns in an early stand development stage are often composed of dense 

regenerating deciduous shrubs and conifer trees that provide quality snowshoe hare habitat and 

thus quality lynx habitat (Stephenson 1984, Paragi et al. 1997, Hodges 2000b, Mowat and 

Slough 2003).  Stands regenerating post-fire that move into a late stand development stage, 

where a closed canopy inhibits understory growth and self-thinning eliminates branches in the 

understory, do not provide good snowshoe hare and lynx habitat (Koehler 1990, Paragi et al. 

1997, Hodson et al. 2011).  Forests in a late stand development stage may not provide understory 

conditions preferred by snowshoe hares and lynx until a disturbance resets forest succession by 

returning the area to the early stand development stage or until the forest matures into old-growth 

so that canopy gaps form, encouraging shrub growth and tree boughs provide understory cover 

(Maletzke et al. 2008, Squires et al. 2010, Hodson et al. 2011).  However, beyond these general 

descriptions of lynx response to fire, little detail is known about how lynx respond to different 

burn severities, to the heterogeneity of regeneration in a burned area, or to the spatial 

configuration of a burned area.  Answering these questions is paramount considering the 

prevalence of fire in lynx habitat and the increase in fire size, severity, and frequency predicted 

as a result of climate change. 

3.1.2 Wildfires and Lynx in the Sub-Boreal Forests of Washington 

Lynx in the contiguous US represent the southern range limit of their species.  As with 

many species living at their range edge, southern lynx survive in suboptimal habitat as the boreal 

forest of Alaska and Canada transition into sub-boreal and then temperate forest types (Brown et 

al. 1996, Agee 2000, Buskirk et al. 2000b, McKelvey et al. 2000b).  Furthermore, southern lynx 
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habitat is more fragmented than habitat in the core of lynx range, interrupted by topography and 

a greater human influence (Buskirk et al. 2000b, Koehler et al. 2008).  The relatively poor habitat 

conditions at the southern edge of lynx range do not support high lynx numbers; lynx in the 

contiguous US were listed as Federally Threatened in 2000 where they persist in Washington, 

Idaho, Wyoming, Montana, Colorado, Minnesota, and Maine (US Fish and Wildlife Service 

2000, McKelvey et al. 2000b).  As in most forest throughout the range of lynx range, 

disturbances play an important role in shaping southern lynx habitat, with wildfires dominating 

the western sub-boreal disturbance regime (Agee 2000).  However, substantial information gaps 

exist regarding responses of southern lynx to fire despite their status as a Threatened species and 

the increase of fire impacts projected with climate change.   

In an effort to elucidate how lynx in the south of their range respond to fire, this chapter 

examines lynx living in the North Cascades Mountains of Washington.  Here, the only known 

breeding population of lynx in Washington exists among wildfires that have drastically altered 

their habitat since the early 1990s.  Previous studies have estimated that snowshoe hare densities 

in the North Cascades are much lower than in the interior of their range in Canada and Alaska 

(Lewis et al. 2011), and that the current lynx habitat in Washington supports fewer than 87 

individuals (Koehler et al. 2008). 

The sub-boreal forest that snowshoe hares and lynx select in the North Cascades is 

limited to mid-elevations and is fragmented by rock, ice, and alpine meadows at higher 

elevations, and by ponderosa pine (Pinus ponderosa) and Douglas fir (Pseudotsuga menziesii) 

forest at lower elevations (Koehler et al. 2008, Lewis et al. 2011).  Recent timber harvests, roads, 

and human development also fragment the lynx habitat.   
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Both the western and eastern slopes of the North Cascades sustain sub-boreal forest 

types, although the wetter, more heterogeneous forests of the western slope have not historically 

supported lynx (McKelvey et al. 2000a).  The eastern-slope sub-boreal zone includes lodgepole 

pine (Pinus contorta) occupying the more gentle topography of the area (Franklin and Dyrness 

1973).  Lodgepole pine is an early successional species, often invading burn areas and sometimes 

persisting as the climax species if another seed source is not present (Agee 2000).  Subalpine fir 

(Abies lasiocarpa) forests exist in moister, cooler areas of the sub-boreal zone and often include 

a large Engelmann spruce (Picea engelmanii) component.  Engelmann spruce and subalpine fir 

(“spruce-fir” hereafter), often develop as a late successional community after a site has been 

occupied by lodgepole pine (Franklin and Dyrness 1973). 

In general, fires in the sub-boreal forests of the eastern North Cascades slope are larger 

and more severe than on the western slope, facilitated by a drier climate and fewer fire barriers 

such as changes in topography and forest openings (Cansler and McKenzie 2014).  Within the 

eastern-slope sub-boreal zone, the fire regime varies by forest type, with lodgepole pine forests 

burning somewhat more frequently than spruce-fir forests (Agee 1993, 2000).   

Several fires have burned lynx habitat in the North Cascades in the last twenty years.  In 

1994, the Whiteface Fire burned 1,554 ha and the Thunder Mountain Fire burned 3,686 ha.  In 

2001, the Thirty-Mile Fire burned 2,465 ha and the Farewell Fire burned 32,278 ha.  Most 

dramatically, the 2006 Tripod Burn grew to 70,644 ha, burning much of what was considered the 

most extensive and high-quality lynx habitat in Washington (Stinson 2001, Koehler et al. 2008).   

Previous studies in the North Cascades describe core, hunting and resting lynx habitat as 

dense, young lodgepole pine stands (> 20 years old) in areas where lodgepole pine is the 

dominant forest type (Koehler 1990).  However, much of this forest type burned in the Tripod 
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Fire.  Where lodgepole pine is scarcer, lynx select multi-layered spruce-fire forests (Koehler et 

al. 2008).  As in other areas of their range, lynx in the North Cascades generally avoid open 

habitats such as recent burns, clearcuts, and meadows, although anecdotal evidence suggests that 

lynx may be more willing to cross burns than other forest openings since remaining snags 

provide some cover, and that lynx sometimes cross burned areas to reach fire skips that support 

snowshoe hares (Walker 2005, Koehler et al. 2008).   

Because no studies have examined how lynx respond to fires in Washington and only 

broad generalities exist to describe how lynx use burned areas across their range, my objectives 

in this chapter are to: 

1.  examine lynx use of burned areas using lynx location data collected in the 

1994 Whiteface Burn and the 2006 Tripod Burn;  

2.  model how topography, climate, and land cover affect lynx use of burned 

areas;  

3.  model how burn severity and the spatial configuration of a burn affect lynx 

habitat use. 

3.2 STUDY AREA 

To characterize lynx use of burned areas, I examined the 1994 Whiteface Burn in the 

Black Pine Basin area, and the 2006 Tripod Burn, which nearly surrounds the 1994 Thunder 

Mountain Burn and is in the Loomis area (Figure 3.1; see also Chapter 2 for a description of the 

Black Pine Basin and Loomis areas).  Both the Whiteface and Tripod Burn study areas are 

located on the Eastern slope of the North Cascade Mountains in Washington and fall within the 

Okanogan-Wenatchee Lynx Management Zone designated by the Washington State Lynx 

Recovery Plan (Stinson 2001). 
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The Whiteface Burn study area covers 1,554 ha and is located in the Okanogan-

Wenatchee National Forest.  The burn spans from 1 km north of Goat Creek, north to the 

Pasaytan Wilderness, east to Goat Peak, and west to Short Creek.  Approximately 15 km east of 

the Whiteface Burn study area, the 70,644 ha Tripod Burn occupies territory within both the 

Loomis State Forest and the Okanogan-Wenatchee National Forest.  This study examines only 

the western portion of the Tripod Burn, a 46,800 ha area that includes the Thunder Mountain 

Burn.  The southern edge of the Tripod Burn study area falls 8 km north of Highway 20 and the 

northern edge of the study area falls 3 km south of the Canadian border.  West to east, the study 

area spans from the North Twenty Mile Peak to near Skull and Crossbones Ridge.   
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Figure 3.1.  The Whiteface and Tripod Burn study areas located on the eastern-slope of the 

North Cascades, Washington. 
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Cold, snowy winters and mild summers characterize the study areas, with average 

monthly temperatures in nearby Mazama, Washington (elevation: 664 m) ranging between -10°C 

and 23°C, with average annual snowfall of 305 cm (Western Regional Climate Center, 

http://www.wrcc.dri.edu/, accessed June 20, 2014). 

As topography varies in the Whiteface and Tripod Burns, site temperature and moisture 

accumulation also varies.  Site-specific climate in turn causes variation in forest types, ranging 

from sub-boreal forests in high-elevation areas and cool, mid-elevation pockets and aspects, to 

low-elevation dry forests (Lillybridge et al. 1995).  The sub-boreal forest consists of Engelmann 

spruce-subalpine fir forest or lodgepole pine forests.  On warmer mid-elevation sites, forests 

transitioning from sub-boreal types into a drier forest dominated by Douglas fir (“mixed forest” 

hereafter) exist while lower elevations are dominated by dry Douglas fir-ponderosa pine forests 

(“dry forest” hereafter) (Lillybridge et al. 1995).   

The Whiteface Burn ranges from 1,280 m of elevation at its southern end to 2,222 m at 

the northern end, with an average elevation of 1,650 m and 80% of its area above 1,500 m.  This 

variation in elevation supports a heterogeneous forest cover.  Based on an examination of GIS 

land cover data, dry, mixed, and deciduous forest types cover 55% of the forested areas within 

the burn and largely exist at lower elevations.  Sub-boreal forest types exist at higher elevations 

and comprise 45% of the regenerating and residual forest.  Sub-boreal forest types dominated by 

lodgepole pine are rare in the Whiteface Burn and, of the sub-boreal forest stands, lodgepole pine 

forests comprise only 3% of the stands. 

Based on field observations, my GIS land cover data underestimates the deciduous 

component of the burn, mapping deciduous forest mainly in riparian areas despite regenerating 

dry and mixed forest types being comprised largely of willow (Salix scouleriana) and alder 
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(Alnus sinuata) together with dry forest coniferous tree species.  In the Whiteface Burn, 82% of 

the fire burned at a high severity (>50% canopy cover loss) while 10% burned at a low severity 

(<50% canopy cover loss) and 8% of the area within the perimeter of the burn was not burned at 

all (fire skips hereafter). 

The Tripod Burn study area is higher in elevation than the Whiteface Burn, ranging from 

855 m to 2,390 m with 93% of its area above 1,500 m.  In contrast to the Whiteface Burn, the 

Tripod Burn study area has a large sub-boreal forest component with 88% of the regenerating 

and residual forest type in this category.  The Tripod Burn study area also has more lodgepole 

pine forest, which comprises 35% of the forest within the regenerating and residual forest 

category.   

In the Tripod Burn study area, 63% of the area burned at a high severity and 8% burned 

at a low severity.  The Tripod fire nearly surrounded but did not re-burn the 1994 Thunder 

Mountain Burn, so 8% of the area within the Tripod Burn study area is classified as an old 

(1985-1997) burn.  Fire skips in the Tripod Burn study area make up 21% of the burn and 

include a 1,850 ha island of forest that has not burned since the 1970 Forks Fire. 

3.3 METHODS 

Lynx were trapped and fitted with Global Positioning System (GPS) telemetry collars in 

the Okanagan-Wenatchee National Forest and the Loomis State Forest starting January 2007, 

just months after the Tripod fire, and finishing in April 2012.  Trapping took place during the 

winter using box traps (Kolbe et al. 2003), and was a collaboration between the Washington 

Department of Fish and Wildlife, Washington Department of Natural Resources, U.S. Forest 

Service, U.S. Bureau of Land Management, and the U.S. Fish and Wildlife Service (John Rohrer, 

personal communication).  The collars were programmed to record GPS locations every four 
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hours for one year, except for one collar programmed to record GPS locations every six hours.  

For details on data filtering see Chapter 2.   

3.3.1 Study Area Delineation for Modeling Available Burn Habitat 

To delineate the Whiteface Burn study area, I used a raster dataset depicting wildfires in 

ArcGIS 10.1 (ESRI 2012) to define the perimeter of the Whiteface Burn.  To outline the Tripod 

Burn study area, I used the raster dataset to define the eastern fire perimeter.  However, because 

the Tripod Burn extends further west than any of the collared lynx ventured, I limited the 

western boundary by connecting sequential lynx locations with a straight line, and then buffering 

the lines by 766 m, the average straight-line distance traveled by a lynx in the four-hour period 

between GPS fix attempts.  The outermost edge of the buffered lines was used to delineate the 

eastern extent of the Tripod Burn study area.  To examine lynx habitat use in the Whiteface and 

Tripod Burn study areas, I used ArcGIS 10.1 (ESRI 2012) to generate random available locations 

within each study area equal to the number of used locations in each study area (Barbet-Massin 

et al. 2012). 

3.3.2 Habitat Variables 

I used GIS layers to represent the landscape characteristics that are important to lynx use 

of burned areas (Table 3.1).  I used ArcGIS 10.1 (ESRI 2012) to derive continuous 

representations of each predictor variable using 30 m2 pixels projected into the 1983 North 

American Datum Albers coordinate system.  To capture habitat selection at different scales, I 

represented each land cover variable as a percentage within 3x3 and 27x27 pixel windows.  I 

also represented canopy cover, topographic, and climate variables as the average value within 

these windows.  A 3x3 window represents a small-scale area, as has a 90 m diameter.  A 27x27 

window represents a large-scale area and has an 810 m diameter.  Appendix C provides detailed 

information on layer development. 
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Table 3.1.  Habitat variables used in the Random Forest models of lynx habitat use in burned 

areas.   
Variable 

Class 

Variable Layer Name Measurement Type 

Land Cover Lodgepole pine lp Number of like pixels within a 3x3 or 27x27 window 

 Spruce-fir essf 

 Mixed forest mixed  

 Dry forest dry  

 Deciduous forest decid  

 Ice or rock   rock_ice  

 Grassland grass  

 Shrub land shrub  

    

Disturbance Old, high-severity 
fire 

old_cut Number of like pixels within a 3x3 or 27x27 window 

 Old, low-severity fire old_thin  

 New, high-severity 

fire 

new_cut  

 New, low-severity new_thin  

 Fire skips fireskips  

    

Patch Metrics Distance to edge of 

fire 

distedge_fire Meters 

    

Topography Slope slope Degrees averaged across a 3x3 or 27x27 window 

 Distance to nearest 

draw 

dist_draw Meters 

    

Climate Compound 

Topographic Index 

cti Index, lower numbers indicate wetter areas.  Index 

averaged across a 3x3 or 27x27 window 

 Heat Load Index hli Index, lower numbers indicate warmer areas.  Index 

averaged across a 3x3 or 27x27 window 

 Growing season 

precipitation 

gsp Average total precipitation (mm) between April and 

September.  Index averaged across a 3x3 or 27x27 

window 

    

Forest 

Structure 

Canopy cover can_cov Average percent canopy cover in a 3x3 or 27x27 

window 

    

 

3.3.2.1 Land Cover 

To characterize the Whiteface and Tripod Burn study areas, I categorized land cover into 

five forest types and three non-forest types.  I include lodgepole pine forests and spruce-fir 

forests since they comprise the sub-boreal forest lynx select in the North Cascades (McKelvey et 

al. 2000c, Koehler et al. 2008, Maletzke et al. 2008).  I also created a dry forest category since 

previous studies report lynx selecting against dry forests dominated by Douglas fir or ponderosa 
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pine.  Dry forests were prevalent in the Whiteface Burn study area and, to a lesser extent, in the 

Tripod Burn study area (Koehler et al. 2008, Maletzke et al. 2008).  To capture forest stands 

transitioning between sub-boreal and dry forest types, I also included a mixed forest type.  

Finally, I included deciduous forests since these early successional communities can be prevalent 

in a regenerating burn.  Non-forested areas of the burn study areas include grassy meadows, 

shrubby meadows, and barren areas such as rock outcrops or ice fields.  I included land cover 

variables depicting each of these vegetation types. 

My land cover data categorized 23% of the Whiteface Burn as “disturbed”, meaning 

residual canopy cover was <10%.  To assign “disturbed” areas with the most likely forest type 

regenerating in the area, I used the ArcGIS 10.1 tool, Nibble, to assign “disturbed” pixels a land 

cover type that was based on the land cover types of the surrounding pixels.  

3.3.2.2 Burn Characteristics 

Fire severity affects the residual dead or living vegetative cover left after the burn (Perera 

and Buse 2014).  In high-severity burned areas, only blackened tree trunks remain while a low-

severity burn consumes understory cover but trees survive.  Regeneration patterns are affected by 

burn severity since residual trees provide propagules and shade for seedlings (Perera and Buse, 

2014).  As a result, lynx may use areas burned at a high or low severity differently in response to 

differing residual cover and forest development patterns.  To capture the effect of burn severity, I 

included variables depicting old, low-severity burns (burn year 1994, canopy cover loss of 1-

50%), and old, high-severity burns (burn year 1994, canopy cover loss of 51-100%) to represent 

the Whiteface Burn and the portion of the Thunder Mountain Burn within, but not re-burned by, 

the Tripod Fire.  To represent the Tripod Burn I included variables to represent new, low-

severity burns (burn year 2006, canopy cover loss of 1-50%) and new, high-severity burns (burn 

year 2006, canopy cover loss of 51-100%).   
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3.3.2.3 Patch Metrics 

I examined how the spatial arrangement of burn pattern may influence lynx habitat 

selection by including a patch metric depicting the distance from each pixel within the burn to 

the nearest edge.  In addition, I included a variable for grassy, shrubby, or rocky forest openings 

depicting the distance from each pixel within the forest opening to the nearest edge.  In the 

Tripod Burn especially, forest openings such as meadows are interspersed throughout the burned 

forest.  Because grassy, shrubby, or rocky areas often have less cover than burned areas, lynx 

may be less willing to use these openings (Koehler et al. 2008).   

3.3.2.4 Topography 

Because lynx select for areas of low slope in the North Cascades (McKelvey et al. 2000c, 

Koehler et al. 2008, Maletzke et al. 2008), I included slope as a landscape variable.  I also 

included a variable depicting the distance to the nearest draw since lynx may use draws to travel 

(Stinson 2001). 

3.3.2.5 Climate 

Lynx may select burned areas with a cool, moist climate where forest recovery can occur 

faster (Buskirk et al. 2000b).  Thus, I included a Heat Load Index variable depicting temperature 

based on aspect and slope (McCune and Keon 2002).  I also included the Compound 

Topographic Index as a measure of wetness based on the amount of upstream contributing area 

and slope (Moore et al. 1993, Gessler et al. 1995).  Similarly, I included a layer depicting the 

average precipitation accumulated during the growing season.   

3.3.2.6 Forest Structure 

The structure of residual fire skips and forest regrowth is likely an important factor in 

lynx habitat selection of burned areas since snowshoe hares select dense understory for cover and 

browsing (Hodges 2000b, Lewis et al. 2011).  With no understory cover GIS layer available for 
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the study areas, I used forest canopy cover to represent the general structure of a forest.  

Although canopy cover does not always correlate with understory cover, it may capture broad 

cover differences in a burned area. 

3.3.3 Model Development 

I developed habitat models for the Whiteface Burn and Tripod Burn using Random 

Forest (Brieman 2001) implemented in program R 3.1.2 (R development core 2014) with 

package rfUtilities (Liaw and Wiener 2002, Evans and Murphy 2014); (see Chapter 2 for an 

outline of the Random Forest procedure).  For each burn study area I developed a model using 

both the large-scale and small-scale representations of each variable to determine the scale at 

which lynx select different habitat characteristics.   

For each model I compared all used points within the burn to an equal number of random 

available points within the burn to insure unbiased sampling of each class (Evans and Cushman 

2009).  I assumed that autocorrelation and redundant data were minimal issues in the fire models 

because so few lynx points fell within the Whiteface and Tripod Burns, and because lynx could 

easily move out of a burned area or into a fire skip in the four hour period between GPS fixes so 

that habitats used at consecutive locations were not necessarily autocorrelated.  Thus, I sub-

sampled 80% of the data using the R program Spatial Intensity Weighted Subsample leaving 

20% of the data for an independent validation. 

To ease interpretation and improve model performance I screened for and removed 

multivariate redundant variables using a test developed by Murphy et al. (2010) prior to running 

each habitat model.  Using only the most important variables for a Random Forest model also 

improves model interpretation and performance.  I removed highly collinear variables identified 

by a Spearman rank test (r > 0.8) to further ease model interpretation.  To identify the most 

parsimonious set of predictor variables for each burn model, I used a model selection procedure 
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developed by Murphy et al. (2010).  For each burn model, the procedure ran a Random Forest 

model using 4,000 bootstrap samples.  The procedure then calculated a Model Improvement 

Ratio for each variable based on the variable’s importance to the model.  Variables were then 

grouped into prospective models by combining variables with Model Improvement Ratios above 

increasingly high thresholds (thresholds range from 0-1 in 0.1 increments).  For each fire model I 

selected the model that minimized the out-of-bag error, the within-class error, and the number of 

variables.  Using only the chosen set of predictor variables, I ran Random Forest a final time for 

each burn model.  

To validate and assess the performance of each habitat model I used several statistics.  I 

assessed model-fit using out-of-bag error by examining the percentage of out-of-bag locations 

incorrectly predicted by the Random Forest trees.  I also performed an independent validation by 

back-predicting to the 20% data withheld from the sub-sample.  I assessed the accuracy of these 

back-predictions, the proportion of used locations correctly predicted (sensitivity), and the 

proportion of available locations correctly predicted (specificity).  I also assessed the area under 

the curve (AUC) of a Receiver Operator Characteristic, which measures how evenly the model 

predicts sensitivity and specificity, and the Kappa statistic which measures how much better the 

model predicted used and available points than expected by random chance (Murphy et al. 2010, 

Evans et al. 2011).  Finally, to insure that each fire model explained significantly more variation 

in the data than expected by random chance, I assessed significance by randomizing the used and 

available data 1,000 times to create a null distribution of variance for comparison with each fire 

model.  A fire model was considered significant if the variance explained by the model was 

significantly greater than the variance explained by the null distribution (P < 0.05; Murphy et al. 

2010). 
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3.4 RESULTS 

Data from 17 lynx were obtained.  Three male and two female lynx were collared in the 

Black Pine Basin around the Whiteface Burn.  Eleven male and one female lynx were collared in 

the Loomis State Forest near the Tripod Burn.  In the Black Pine Basin, all five lynx spent time 

in the Whiteface Burn so that 11% (1,530 points) of the locations within the Black Pine Basin 

fell within the burn (Figure 3.2) (Appendix E provides a description of each lynx’s within burn 

locations). 

Within the Whiteface Burn study area, 48% of the locations were collected during the 

summer (May – October) and 52% were collected during the winter (November – April).  In the 

Tripod Burn study area, 61% of the locations were collected during the summer and 39% were 

collected during the winter.   

In the Loomis study area all but one lynx, whose home range was centered approximately 

8 km from the closest edge of the Tripod Burn, spent time in the Tripod Burn.  Six percent 

(1,578 points) of the lynx locations in the Loomis study area fell within the Tripod burn (Figure 

3.3). 
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Figure 3.2.  GPS lynx locations collected in the 1994, Whiteface Burn located on the eastern-

slope of the North Cascade Mountains. 
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Figure 3.3.  GPS lynx locations collected in the Tripod Burn located on the eastern-slope of the 

North Cascades Mountains.  I truncated the western boundary of the Tripod study area to include 

only the area of the burn used by lynx, thus the western perimeter of the Tripod Burn extended 

further west than the study area. 
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3.4.1 Habitat Models 

I tested distance to edge of the Whiteface Burn but because lynx used all areas of the 

burn, this variable did not help explain habitat use and so was not included in the model.  For the 

Whiteface Burn Model, I excluded grass or shrub land cover types since field observations 

confirmed that such areas were not present in the burn.  Consequently, I also did not include the 

variable depicting the distance to the edge of a grassy, shrubby, or rocky forest opening in the 

Whiteface Burn Model.  No variables in the Whiteface Burn or Tripod Burn models were 

identified as collinear in the Spearman rank test, however the test for multivariate redundancy 

identified and removed growing season precipitation within a large- and small-scale area from 

the Whiteface Burn Model and growing season precipitation within a large-scale area from the 

Tripod Burn Model. 

Both models performed well and model fit was high with error rates below 31%.  Model 

validation revealed accuracy values above 70%.  Both models were significant at P < 0.05 as 

compared to the null distribution created by randomizing the used and available points.  

Sensitivity and specificity values were high for the Tripod Burn Model and evenly distributed, 

indicating strong predictive power in both the use and available classes.  The Kappa and AUC 

scores also indicate low cross-classification error, and AUC scores were similar to those of found 

by other models predicting coyote (Canis latrans) presence (McCue et al. 2013), and lynx 

presence (Simons-Legaard et al. 2013).  Accuracy and AUC scores below 80% are expected 

from Random Forest models developed for highly mobile species and based on large radio 

telemetry datasets (Melanie Murphy, personal communication).  For the Whiteface Burn Model, 

a higher sensitivity than specificity value indicated that the model predicted lynx points better 

than available points (Table 3.2). 
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Table 3.2.  Model fit and validation statistics for the Tripod and Whiteface Burn Models.  

Accuracy (%) indicates the overall performance of the model when predicting the withheld, 

validation dataset.  Sensitivity and specificity show the proportion of used locations correctly 

predicted and the proportion of available locations correctly predicted.  Area under the curve of a 

Receiver Operator Characteristic (AUC) scores are a measure of how evenly the model predicts 

sensitivity and specificity.  The Kappa (k) statistic is a measure of how much better the model 

predicted used and available points than expected by random chance.  P values indicate 

significance of each model and out-of-bag error rates (%) show the mean misclassification rate 

of trees when predicting the out-of-bag data. 

Model Validation Statistics Model Fit 

Model Accuracy (%) Sensitivity Specificity k AUC P value 
Out-of-bag 

error (%) 

Tripod Burn 75.60 0.7457 0.7673 0.51 0.7560 P < 0.001 21.67 

Whiteface 

Burn 
70.92 0.7759 0.6684 0.42 0.7091 P < 0.001 30.96 

        

 

3.4.2 General Model Results 

The Tripod and Whiteface Burn Models were quite different in that top predictors of the 

Tripod Burn Model were nearly all variables describing burn severity or the distance from the 

edge of the burn.  In contrast, retained habitat variables in the Whiteface Burn Model all 

described forest types and percent canopy cover, topography, and micro-climates and did not 

include any of the variables describing burn severity. 

Lynx mostly selected variables at a large-scale although some small-scale depictions of a 

variable were included.  Small-scale variables were always less important than their large-scale 

versions in the Tripod Burn Model.  However, in the Whiteface Burn Model, heat load was more 

important at a small scale than at a large scale.  Similarly, canopy cover within a small-scale area 

was important to lynx habitat selection within the Whiteface Burn while canopy cover at a large 

scale was not (Figure 3.4) 
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Figure 3.4.  Importance plots for the Tripod and Whiteface Burn Models.  Plots show the 

ranking of each habitat variable retained in the final Random Forest models.  To determine the 

importance of each variable, the values of out-of-bag observations are randomly permuted, run 

down each tree, and predicted as used or available.  The misclassification rate of the modified 

out-of-bag observations is subtracted from the misclassification rate of the unmodified out-of-

bag observations and divided by the standard error.  Numbers after the variable name identify it 

as being portrayed at a large scale (27x27 pixel area) or small scale (3x3 pixel area).  Variables 

are explained in Table 3.1.  Note different x-axes. 
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3.4.3 The Tripod Burn Model 

Within the Tripod Burn perimeter, lynx selected areas near to residuals trees and fire 

skips.  In addition, 79% of the lynx locations within the Tripod Burn were less than 1,000 m 

from the fire perimeter or in or near a fire skip.  The most important variables in the model 

indicate that lynx avoided areas of new, high-severity burn at both large and small scales, and 

that lynx avoided venturing further than ~500 m from the burn perimeter.  Lynx selected for 

large-scale areas with many fire skips.  Within a small-scale area, lynx selected areas with 80% 

or more fire skip, indicating that lynx preferred to be very near or within a fire skip while using 

the Tripod Burn (Figure 3.5).  Lynx also selected large-scale areas with low severity burn. 

In congruence with lynx selection for fire skips and low severity burned areas, lynx 

selected for high canopy cover within a large-scale area when they were in the Tripod Burn 

(Figure 3.6). 
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Figure 3.5.  Lynx selection of burned areas in the Tripod Burn study area.  Probability of use 

represents the effect of a focal habitat variable on lynx habitat selection when the effect of all 

other habitat variables in the model are averaged.  Histograms show the distribution of the focal 

habitat variable throughout the Tripod Burn study area.  The dots represent the percentage of 

lynx points found within each histogram category of the focal habitat variable.  Panels show lynx 

use of A) new, high-severity burn at a large scale; B) new, high-severity burn at a small scale; C) 

fire skips at a large scale; D) fires skips at a small scale; E) distance to the edge of the burn; and 

F) new, low-severity fire at a large scale. 
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Figure 3.6.  Lynx selection of canopy cover at a large scale in the Tripod Burn study area.  

Probability of use represents the effect of canopy cover on lynx habitat selection when the effect 

of all other habitat variables in the model are averaged.   

 

Only one lynx used the 1994 Thunder Mountain Burn located within the Tripod Burn 

perimeter.  Because the Thunder Burn was so seldom used, the Tripod Burn model predicted that 

lynx avoid old, burns, both high and low severity (Figure 3.7).   
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Figure 3.7.  Lynx selection of old burned areas in the Tripod Burn study area.  Probability of use represents the effect of a focal 

habitat variable on lynx habitat selection when the effect of all other habitat variables in the model are averaged.  Panels show lynx 

selection for A) old, low-severity burn at a large scale; and B) old, high-severity burn at a large-scale.
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Climate, topography, and forest type selection patterns were of less importance than 

selection explained by burn variables.  Lynx selected for large- and small-scale areas with low to 

moderate slopes (Figure 3.8). 
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Figure 3.8.  Lynx selection of slope in the Tripod Burn study area.  Probability of use represents the effect of a focal habitat variable 

on lynx habitat selection when the effect of all other habitat variables in the model are averaged.  Panels show lynx selection for A) 

slope at a large scale; and B) slope at a small scale.



 128 

Lynx selected for large- and small-scale areas with low heat loads, which are generally 

found on northeast-facing slopes.  Lynx also selected for areas with average growing season 

precipitation above ~300 mm, but avoided areas receiving the greatest amounts of precipitation.  

The Cumulative Topographic Index also indicated that lynx avoided both the driest and wettest 

areas within a large-scale, and instead selected areas with moderate moisture accumulations 

(Figure 3.9).  
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Figure 3.9.  Lynx selection of climate in the Tripod Burn study area.  Probability of use represents the effect of a focal habitat variable 

on lynx habitat selection when the effect of all other habitat variables in the model are averaged.  Panels show lynx selection for A) 

average growing season precipitation at a large scale; B) average cumulative topographic index at a large scale; C) average heat load 

index at a large scale; and D) average heat load index at a small scale. 
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Within a large-scale area, lynx selected for spruce-fir and lodgepole pine forest, and 

avoided dry forests and increasing amounts of mixed forest.  Although the results from the 

spruce-fir and lodgepole pine partial plots indicate a decrease in selection at the highest amounts 

of these forest covers, spruce-fir and lodgepole pine cover above 90% within a large-scale area is 

rare in the Tripod Burn, thus predictions at this level of cover are based on very little data 

(Figure 3.10). 

Deciduous cover was the least important variable included in the model and explained 

only a very small portion of the data.  The model indicates that lynx select against the very small 

amount of deciduous cover found in the Tripod Burn, although this result is based on little data.   
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Figure 3.10.  Lynx selection of forest type in the Tripod Burn study area.  Probability of use represents the effect of a focal habitat 

variable on lynx habitat selection when the effect of all other habitat variables in the model are averaged.  Panels show lynx selection 

for A) spruce-fir forest at a large scale; B) lodgepole pine forest at a large scale; C) dry forest at a large scale; and D) mixed forest at a 

large scale. 
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3.4.4 The Whiteface Burn Model 

Spruce-fir and dry forest cover within a large-scale area were the most important 

predictor variables in the Whiteface Burn Model.  Lynx avoided increasing amounts of spruce-fir 

cover while selecting for increasing amounts of dry forest cover.  Dry forest cover within a 

small-scale area was also selected by lynx, though its importance was less than that of dry forest 

at a large scale.  Similarly, spruce-fir forest was also avoided within a small-scale area but was of 

less importance than at a large-scale.  Finally, lynx selected for deciduous forests within a large-

scale area (Figure 3.11). 
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Figure 3.11.  Lynx selection of forest type in the Whiteface Burn study area.  Probability of use 

represents the effect of a focal habitat variable on lynx habitat selection when the effect of all 

other habitat variables in the model are averaged.  Panels show lynx selection for A) spruce-fir 

forest at a large scale; B) spruce-fir forest at a small scale; C) dry forest at a large scale; D) dry 

forest at a small scale; and E) deciduous forest at a large scale. 
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Lynx in the Whiteface Burn selected for low heat loads found on shallow, northeast-

facing slopes.  Lynx also selected for large- and small-scale areas with high moisture 

accumulations as depicted by the Compound Topographic Index, indicating lynx preference for 

moist draws (Figure 3.12).   
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Figure 3.12.  Lynx selection of climate in the Whiteface Burn study area.  Probability of use represents the effect of a focal habitat 

variable on lynx habitat selection when the effect of all other habitat variables in the model are averaged.  Panels show lynx selection 

for A) average heat load at a large scale; B) average heat load at a small scale; C) average cumulative topographic index at a large 

scale; and D) average cumulative topographic index at a small scale. 
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Lynx selection for regenerating forest in the Whiteface Burn did not exclude their use 

of fire skips and residual trees within the burn.  Lynx selected for higher amounts of canopy 

cover within a small-scale area, indicating that lynx selected areas within or very near 

residual trees found in fire skips or low-severity burned areas (Figure 3.13).  Finally, slope 

within a large-scale area was also important to lynx habitat selection within the Whiteface 

Burn; lynx prefer shallow slopes (Figure 3.14). 

 

 

Figure 3.13.  Lynx selection of canopy cover at a small scale in the Whiteface Burn study 

area.  Probability of use represents the effect of canopy cover on lynx habitat selection when 

the effect of all other habitat variables in the model are averaged. 
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Figure 3.14.  Lynx selection of slope at a small scale in the Whiteface Burn study area.  

Probability of use represents the effect of canopy cover on lynx habitat selection when the 

effect of all other habitat variables in the model are averaged. 

 

3.5 DISCUSSION 

Previous studies provide a generalized model describing lynx response to fire 

suggesting that lynx avoid new burns in the open, stand initiation stage and select older burns 

when a dense understory provides cover for snowshoe hares and lynx (Fox 1978, Paragi et al. 

1997, Mowat and Slough 2003).  My work expands upon this basic framework, as I used 

GPS collar data to examine at a fine scale how lynx use within-burn habitat heterogeneity.  

Most importantly, I found that residual cover left by low-severity burns and fire skips 

supported lynx use in new burns.  In older burns, habitat quality varied according to micro-

climate since cool, moister areas supported dense regeneration that provided habitats lynx 

selected regardless of forest type. 
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3.5.1 The Tripod Burn 

My results support what other researchers have reported: the probability of lynx use is 

low in areas recently burned at a high severity (Paragi et al. 1997, Mowat and Slough 2003, 

Koehler 2008); (Figure 3.15).  However, lynx were in fact able to use parts of the Tripod 

Burn immediately post-fire, making use of areas near to the burn perimeter and residual 

forest structure left by low-severity burns and fire skips.  Specifically, within the Tripod 

Burn, lynx avoided open, severely burned areas, and selected for areas with residual live-tree 

cover.  This finding corroborates an observation by Lewis et al. (2011) of lynx using fire 

skips in the Whiteface Burn a decade post-burn.  The habitat functions provided by these fire 

skips varied as some fire skips I identified as travel habitat, while others, such as the 1,850 ha 

Forks fire skip, I identified as core habitat for lynx (Chapter 2).  The spatial configuration of 

the burn also played into habitat selection, with lynx preferring to use areas near to the burn 

perimeter, which allowed them closer proximity to unburned forests and required less time 

crossing open, severely burned areas.  However, the one lynx that regularly used the Forks 

fire skip demonstrated that if a fire skip provided a large patch of quality core habitat, 

venturing over 5 km from the perimeter was tolerable.   
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Figure 3.15.  Open stand development in the 2006 Tripod Burn does not provide cover for 

core lynx habitat.  The small sapling in the center of the photo is ~ 0.5 m tall.  Photo taken by 

Bruce Akker in 2014. 
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The Tripod Burn Model indicated that lynx avoided the 1994 Thunder Mountain Burn 

located over 1 km within, but not re-burned by, the Tripod Burn.  Given that regenerating 

burns such as the Whiteface Burn can provide high-quality core lynx habitat (Chapter 2, 

Paragi et al. 1997, Mowat and Slough 2003, Koehler 2008), this avoidance might seem 

confusing.  However, several scenarios could explain this result:   

1.  Many lynx may not have known that regenerating habitat was available in the 

Thunder Mountain Burn, since most lynx did not venture further than 1 km into the Tripod 

Burn.   

2.  Lynx may have known that the Thunder Mountain Burn existed but were not 

willing to cross through the Tripod Burn to access it.  However, one lynx living along the 

southern end of the Tripod Burn regularly crossed 5 km of the Tripod Burn to reach the large 

Forks fire skip.   

3.  Finally, perhaps regeneration of the Thunder Mountain Burn had not progressed 

enough at the time of data collection to entice lynx across the Tripod Burn (data were 

collected from 2007 – 2012, but only two lynx provided data in 2012).   

Regardless of the reasons lynx avoided the Thunder Mountain Burn, my personal 

observations of this burn in 2014 (20 years post-burn), lead me to believe that much of the 

regenerating forest within the burn is composed primarily of thick lodgepole pine that has 

reached the early stand development stage that snowshoe hares and lynx select (Figure 3.16).  

Indeed, Koehler (1990) found that lynx in the Loomis area selected for 20-year-old lodgepole 

pine stands.  Whether lynx currently cross the Tripod Burn to reach the Thunder Mountain 

Burn is unknown. 
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Figure 3.16.  Regenerating lodgepole pine in the 1994 Thunder Mountain Burn is dense and 

tall (2 m reference pole).  Photo taken by C. Vanbianchi in 2014. 

 

Climate variables, topography, and forest type were less important than burn 

variables for lynx selection in the Tripod Burn, but were included in the model and, perhaps, 

explained lynx selection within fire skips, low severity burn areas, and areas near to the edge.  

As when selecting for core habitats, lynx in the Tripod Burn avoided dry forests and selected 

sub-boreal forest (Chapter 2, Koehler et al. 2008, Maletzke et al. 2008).  Growing season 

precipitation roughly determines the forest type of an area, and the range of precipitation 

lynx selected also indicated that lynx avoided dry forests, selected wetter sub-boreal forests, 

and avoided the highest mountain tops where growing season precipitation is high but trees 

are sparse and slopes are steep (Franklin and Dyrness 1973).  Furthermore, lynx selected for 
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low heat loads, which, along with growing season precipitation, influence forest structure.  

Cool, moist areas may support the thick understory cover that snowshoe hares and lynx select 

(Aubry et al. 2000, Hodges 2000b).  Cool, moist areas also assist in forest regeneration and 

may support understory growth in low-severity burns and regeneration in high-severity burns 

(Franklin and Dyrness 1973, Lillybridge et al. 1995, Casady et al. 2010, Crotteau 2013) that, 

although not tall and thick enough to create desirable lynx habitat in the Tripod Burn, may 

create habitat that is more tolerable to travel through. 

Lynx in the Tripod Burn selected for low slopes.  The Tripod Burn Model partial plot 

for average slope within a large-scale area indicates that lynx avoided areas with the lowest 

slopes, which were primarily found in an area further than 1,000 m inside the burn perimeter 

and there were no large fire skips to lure lynx across this swath of burn. 

3.5.2 The Whiteface Burn 

Older burns, such as the 1994 Whiteface Burn, often have regenerated enough within 

a decade or two to provide habitat for snowshoe hares and lynx (Fox 1978, Paragi et al. 1997, 

Mowat and Slough 2003).  Indeed, results from the Black Pine Basin Core Habitat model 

revealed that much of the Whiteface Burn provided high quality core lynx habitat (Chapter 

2).  However, within the Whiteface Burn habitat quality varied and not all areas supported 

core lynx habitat.  In contrast to the Tripod Burn Model, the Whiteface Burn Model indicated 

that habitat selection in the Whiteface Burn was not centered on selecting areas where low-

severity burn or fire skips retained forest structure.  The nearly 20-year-old 1994 Whiteface 

Burn was old enough that even areas burned at a high severity had regenerated into core lynx 

habitat so that selection centered on climate and forest regeneration conditions that promoted 

thicker cover.   
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Lynx in the Whiteface Burn favored areas where cool and moist growing conditions 

supported thick understory cover.  Interestingly, selection for thick understory resulted in 

selection of forest types opposite to those selected in my Core Habitat Models (Chapter 2); 

lynx selected for dry forests and against spruce-fir forests.  A field examination of the 

Whiteface Burn explained this interesting switch in lynx-selected forest type.  At the northern 

end of the Whiteface Burn, sub-boreal climate conditions support the regeneration of spruce-

fir forests while at the southern, lower-elevation end of the Whiteface Burn, dry forest 

regeneration is common.  Spruce-fir regeneration at the northern end of the burn is short and 

sparse, perhaps due to a cooler, shorter growing season.  Coupled with an apparently limited 

lodgepole pine seed source to initiate stands of characteristically dense lodgepole pine 

regeneration, sub-boreal forest regeneration in the Whiteface Burn provides little cover for 

snowshoe hares and lynx, thus explaining lynx avoidance of this forest type (Figure 3.17).   

At the southern end of the burn and especially in draws, large amounts of willow and 

alder are mixed with Douglas fir and ponderosa pine trees in the regenerating dry forests.  

The densely growing deciduous species provide thick understory cover for snowshoe hare 

and lynx, which matches findings by Mowat and Slough (2003) that lynx and snowshoe 

hares in the Yukon selected dense willow patches.  Although the partial plot depicting lynx 

use of dry forest indicates that lynx use declines at the highest amounts of cover, this decline 

in use applied only in a small portion of the burn where dry forest cover exceeded > 60%.  

Here, a fire skip and low-severity burns left a stand of mature dry forest with an open 

understory (Figure 3.18).   

By selecting the dry forests lynx usually avoid (Chapter 2, Maletzke et al. 2008), lynx 

in the Whiteface Burn demonstrated an ability to adjust their behavior to take advantage of 
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favorable understory conditions.  Selection for regenerating dry forests also demonstrates the 

importance of thick understory structure over forest type for lynx habitat, confirming prior 

research (Mowat and Slough 2003).

 

Figure 3.17.  Typical spruce-fir regeneration in the 1994 Whiteface Burn.  Poor growing 

conditions support only sparse forest regeneration that is not yet suitable core lynx habitat.  

The white pole is 2 m tall.  Photo taken by C. Vanbianchi in 2014. 
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Figure 3.18.  Typical stand of dense regenerating dry forest intermixed with willow and 

alder trees in the 1994 Whiteface Burn.  Favorable growing conditions support dense 

understory growth providing core lynx habitat.  The white pole is 2 m tall.  Photo taken by C. 

Vanbianchi in 2014. 

 

3.5.3 Wildfires Versus Timber Harvest as Disturbance Regimes Affecting Lynx 

Areas disturbed by wildfires are not uniform.  Instead, wildfires create a diversity of 

habitat conditions that depend upon burn severity and micro-climates that influence forest 

regeneration rates and patterns.  In turn, lynx respond to burned areas with habitat selection 

patterns that are more nuanced than previously described patterns for lynx in harvested areas 

(Simons-Legaard et al. 2013).  Lynx in my study responded to spatial patterns and residual 

forest structure left by low-severity burns and fire skips in new burns.  In old burns, lynx 

responded positively to areas where micro-climates encourage dense understory cover, 
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regardless of forest type.  The heterogeneous habitats created by wildfires are in contrast to 

disturbed habitats created by timber harvest which, even when designed to emulate a fire 

disturbance, create more uniform patterns of disturbance with less edge area and fewer 

standing live trees left after harvest (McRae et al. 2001).  Regeneration patterns between 

burned areas and harvested areas also differ since residual trees and coarse woody debris left 

post-fire can seed and protect young seedlings (Brassard and Chen 2006).  Furthermore, 

cycles of harvest are often shorter than burn cycles and occur over smaller areas (McRae et 

al. 2001).  Lynx and snowshoe hares avoid harvest conditions that eliminate understory 

cover, such as thins and new clearcuts, but are benefitted by old clearcuts that promote thick 

forest regeneration (Squires et al. 2010, Simons-Legaard et al. 2013).  In contrast to this 

relatively simple and more predictable response, the heterogeneous habitat created by burns 

provide lynx with more varied habitats to suit their survival needs than areas disturbed by 

timber harvest, especially in new burns where fire skips and low-severity burns create cover 

for lynx.   

3.5.4 Climate Change 

Within-burn heterogeneity allows lynx to make the most of recently-burned areas, 

perhaps making fire a more beneficial disturbance regime than traditional timber harvest.  

However, as climate change progresses and summers in the boreal region become dryer and 

warmer, the wildfire season is predicted to become longer and more severe (Westerling et al. 

2006, Soja et al. 2007, Fauria and Johnson 2007, Balshi 2009, Littell et al. 2010), with more 

frequent fires burning larger areas at higher severity.  Not only will this regime shift cause 

more lynx habitat to revert to the open, stand-initiation stage snowshoe hares and lynx avoid, 

higher severity burns will homogenize the area within a burn perimeter so that the residual 

trees and fire skips lynx select are less abundant (Cansler and McKenzie 2014).  In addition 
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to reducing the residual cover found within a new burn, climate change could also degrade 

regenerating lynx habitat in old burns since warmer and drier summers would hinder the 

regeneration of dense forest stands (Littell et al. 2010).   

Landscapes in lynx range will continue to be fragmented and homogenized by timber 

harvest and by more frequent and severe fires under climate change.  To help mitigate for 

timber harvest and increased burning, managing forest disturbances to maximize residual 

cover could help to both facilitate lynx use in new disturbances and improve growing 

conditions in regenerating forests, thus providing cover for snowshoe hares and lynx.  For 

example, designing timber harvest units with high edge-to-area ratios, standing live trees, and 

islands of un-cut trees would better emulate the features of wildfires that support lynx use, 

retaining some cover for lynx in new clearcuts.  Managers could also prescribe burns and 

craft timber harvest units that would act as fire breaks to decrease the spread and intensity of 

increasingly catastrophic fires under climate change, thus preserving the historical, 

heterogeneous burn patterns that provide cover for lynx.  

Wildfires in the boreal and sub-boreal forests are natural and important disturbances 

central to their ecology.  My results provide some of the first detailed information describing 

lynx-fire ecology and clearly demonstrate the importance of within-burn heterogeneity to 

lynx habitat.  Understanding the features of burned areas that support both lynx use in new 

burns and regeneration of understory cover in old burns will help managers predict how lynx 

will respond to climate change and to prepare and mitigate for its effects on lynx habitat. 
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CHAPTER 4                                                                                                                                    
LYNX HABITAT CONNECTIVITY IN THE NORTH CASCADE MOUNTAINS, 

WASHINGTON 

 

4.1 LITERATURE REVIEW AND OBJECTIVES 

Healthy ecosystem function relies in large part on movement: rivers flow to seas, fires 

spread through forests, mammals travel to find food, fish migrate from oceans to streams to 

spawn, and seeds disperse across the landscape.  These movements in nature occur at 

different spatial and temporal scales (Crooks and Sanjayan 2006).  For example, a bird may 

move daily across a home range to reach food sources, while a mammal may migrate yearly 

across a landscape to reach its breeding grounds.  Importantly, as humans increasingly alter 

the planet, the movements of wildlife and other ecosystem processes are inhibited by dams, 

development, deforestation, roads, and a variety of other human-induced barriers.  Habitat 

loss and fragmentation have become top factors in species declines around the world 

(Wilcove et al. 1998, Brooks et al. 2002, Ewers and Didham 2006).  Connectivity 

conservation has emerged as a popular strategy for mitigating the effects of fragmentation so 

that movements in nature may persist (Crooks and Sanjayan 2006, Ewers and Didham 2006). 

4.1.1 Connectivity Conservation 

Habitat fragmentation and the associated loss of connectivity can have many negative 

consequences for individual animals and for populations of animals.  Habitat fragmentation 

can impede animals dispersing to a new home range and obstruct the movement of 

individuals seeking mates or resources such as food and water (Wilcox and Murphy 1985, 

Fischer and Lindenmayer 2007).  Fragmentation can also separate populations so that they 

become genetically isolated and in danger of inbreeding depression (Frankham 2006).  The 

persistence of metapopulations, which are made up of several small, separate groups, relies 
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on the dispersal of individuals between occupied habitat patches.  Increased fragmentation 

within a metapopulation can prevent the recolonization of isolated habitat patches (Hanski 

1998).  Similarly, some populations operate in a source-sink dynamic where areas of low 

habitat quality result in population “sinks” where a birth rate is lower than the death rate, 

while in the source areas, high quality habitat results in birth rates higher than the death rate.  

Surplus individuals from the source population disperse into the less-populated sink areas, 

thus rescuing sink populations from decline and extinction (Pulliam 1988).  In these cases, 

habitat fragmentation can impede movements between source and sink populations so that 

sink populations no longer receive the number of immigrants necessary to sustain their 

populations.  Finally, as climate change and other human impacts cause habitat degradation 

and loss, populations may need to shift their ranges to escape poor habitat, relying on 

connected landscapes to facilitate these movements (Parmesan 2006, Chen et al. 2011, 

Lenoir and Svenning 2015). 

How well habitats within landscapes facilitate wildlife movements varies by species 

(Crooks and Sanjayan 2006).  For example, a river may disconnect habitat patches for a hare 

but pose no barrier to a bird.  Scale can also affect whether a landscape is connected or not, 

since different types of movement occur over different scales (Ims 1995, Taylor et al.  2006).  

For example, a population occupying discrete habitat patches within a mountain range may 

be interconnected, yet at a broader scale may be disconnected from populations in 

neighboring mountain ranges.  Thus, conservationists should assess the connectivity of a 

landscape for individual species at scales relevant to the particular species of interest (Pither 

and Taylor 1998, Taylor et al. 2006).   
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Further, connectivity can be viewed from either a structural or functional perspective.  

Structural connectivity is based on a simple binary description of a fragmented landscape in 

which islands of habitat are surrounded by a uniformly inhospitable matrix (Wiens 2006).  

Islands of habitat that are connected by corridors of habitat acting as bridges across the 

matrix are considered structurally connected (Tischendorf and Fahrig 2000).  However, this 

definition of connectivity fails to consider that, in most cases, the matrix is not an entirely 

hostile environment (Chetkiewicz et al. 2006, Prugh et al. 2008).  Landscapes are complex 

and are best described functionally as continuous spectrums of habitat quality rather than as 

habitat and non-habitat (Chetkiewicz et al. 2006). 

Functional connectivity takes into consideration an animal’s behavioral response to 

the spectrum of habitat quality available, recognizing that presumed non-habitat may actually 

be used as travel habitat (Tischendorf and Fahrig 2000).  Thus, a landscape that appears to be 

structurally unconnected may in fact be connected if linkages of matrix habitats suitable for 

traveling exist.  Similarly, a landscape that appears to be structurally connected may be 

functionally unconnected if, for example, the corridor is too narrow to buffer an animal from 

surrounding inhospitable habitats, or if the corridor is longer than the animal’s maximum 

dispersal distance (With 1997, Tischendorf and Fahrig 2000, Taylor et al. 2006, Beier et al. 

2008).  Functional connectivity’s realistic incorporation of animal behavior and habitat use 

makes this definition of connectivity a more fruitful approach for conservation (Tischendorf 

and Fahrig 2000, Chetkiewicz et al. 2006). 

4.1.2 Connectivity Modeling 

Although modeling functional connectivity linkages may produce more accurate 

results than identifying structural connectivity corridors, identifying functional connectivity 

linkages involves considerable time and resources.  In contrast to simply consulting 



 155 

Geographic Information System (GIS) spatial data of land cover to identify structural 

connectivity corridors, identifying functional connectivity linkages requires researchers to 

have a deeper understanding of the focal species’ behavioral response to landscape features.  

Modelers first select landscape features believed to influence the movements of the focal 

species such as forest structure, topography, land cover, or human disturbances (Beier et al. 

2008).  The selected landscape features are assigned numerical values reflecting their 

resistance to movement for the focal animal (Beier et al. 2008).  High resistance values 

indicate that a landscape feature is either highly avoided, or results in a loss of fitness or a 

low survival rate for animals passing through the landscape feature (Zeller et al. 2012).  

Although using empirical methods is preferred, expert opinion and literature review are often 

used to assign resistance values simply because of our limited understanding of the 

movement ecology of many species (Chetkiewicz et al. 2006).  Resource selection models, 

such as Resource Selection Functions or Random Forest models, offer researchers empirical 

methods of assigning resistance values to landscape features by comparing the habitat 

features at used animal locations to the habitat features at non-used or available locations 

(Chetkiewicz and Boyce 2009, Chapter 2).   

Resource selection models are often based on locations collected from animals in 

their home range.  These locations are then pooled across different activities such as hunting, 

resting, or traveling, so that the model reveals a generalized pattern of habitat selection for an 

animal in its home range.  But because animals often select different habitats for different 

activities (Roever et al. 2014), summing habitat selection across these varying functions and 

habitats becomes problematic for connectivity modeling.  Specifically, animals may use the 

best habitats for common daily activities such as foraging or resting (“core” habitat 
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hereafter), but tolerate additional habitats for traveling (and especially dispersing) (Roever et 

al. 2014).  Failing to recognize that an animal uses a wider range of habitats for traveling 

than for core habitats could result in underestimating connectivity.  In addition, if different 

habitats are selected for daily activities and for traveling, generalized selection for habitat 

may be averaged so that strong selection for or against any one habitat is not detected 

(Roever et al. 2014).  Or, if an animal rarely travels between patches of habitat used for 

common daily activities, selection of important but rarely-used travel habitats could go 

undetected (Roever et al. 2014).  Finally, the shape and direction of the habitat selection 

curve may depend on the behavioral state of the animal (Roever et al. 2014).  For these 

reasons, habitat models that differentiate between habitats used for common activities such as 

foraging or resting and those used for traveling may provide more accurate resistance values 

for modeling functional habitat linkages. 

Once modelers assign resistance values to each landscape feature, a resistance surface 

is created by assigning each pixel in a Geographic Information System (GIS) a resistance 

value corresponding to the landscape features at each pixel’s location (Chetkiewicz and 

Boyce 2009, McRae and Kavanagh 2011).  Concentrations of high quality habitat (e. g., 

areas with low resistance to movement), often called “Habitat Concentration Areas” (HCA) 

(WWHCWG 2010), are identified on the resistance surface, which is then used to model 

connectivity and identify habitat linkages between Habitat Concentration Areas (Chetkiewicz 

and Boyce 2009).  Least cost path analysis is most often used to model connectivity and 

identifies the pathway between two source patches with the smallest cumulative resistance 

(Beier et al. 2008). 
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Because least cost path analysis will always identify a least cost path, modelers must 

evaluate each identified path to gauge functional connectivity between source patches (Beier 

et al. 2008).  One requirement for functional connectivity modeling is that a least cost path 

must not be longer than an animal’s maximum dispersal distance.  In addition, least cost 

pathways are only one pixel wide, and modelers must ensure that the pathway is embedded in 

enough suitable habitat to buffer a traveling animal from surrounding unsuitable matrix 

habitats (Beier et al. 2008).   

By obtaining animal location data to model travel habitat selection, basing a 

resistance surface off the habitat model, and then selecting only high-quality least cost paths, 

functional connectivity linkages can be identified.  Once such potential linkages are 

identified, they can be prioritized for connectivity conservation. 

4.1.3 Lynx in a Fragmented Landscape 

Canada lynx (Lynx canadensis) in the contiguous US are in the southern edge of lynx 

range.  Lynx were federally listed as Threatened in 2000 (US Fish and Wildlife Service 

2000).  Typical of a population living in its range periphery, lynx in the contiguous US 

survive in lower-quality, fragmented habitats (Brown et al. 1996, Buskirk et al. 2000b, 

McKelvey et al. 2000b).  The relatively continuous tracts of boreal forest that lynx select in 

the core of their range in Canada and Alaska become fragmented as they transition into 

southern forest types (Agee 2000).  In the western US, the sub-boreal forests lynx select are 

limited to high elevations, such that topography further fragments lynx habitat (Agee 2000).  

In addition, human disturbances such as roads, development, and timber harvest fragment 

lynx habitat in the US (Buskirk et al. 2000b, Koehler et al. 2008).  Climate change is already 

shrinking sub-boreal forest range northward and upward in elevation (Soja et al. 2007, 

Fisichelli et al. 2014), and may affect peripheral lynx populations sooner than those in a 
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range core (Anderson et al. 2009).  In addition, climate change is projected to increase the 

frequency, size, and intensity of wildfires, further fragmenting lynx habitat (Fauria and 

Johnson 2007, Soja et al. 2007, Balshi 2009, Littell et al. 2010). 

Lynx in the contiguous US often must cross fragmented landscapes to reach suitable 

patches of core, hunting and resting habitat within their home ranges.  Southern lynx also 

travel long distances across landscapes to find mates, to disperse into new territories, and to 

explore (Aubry et al. 2000, Squires and Laurion 2000, Squires and Oakleaf 2005).  

Furthermore, lynx populations in the US consist of fewer individuals than populations in the 

range core, and genetic diversity contributed by immigrating lynx from Canada may be 

important to reduce inbreeding in southern lynx populations (Schwartz et al. 2002).  

Immigrating lynx from Canada may also be important to sustaining southern lynx 

populations (McKelvey et al. 2000b, Murray et al. 2008).   

4.1.4 Lynx Core Habitat and Travel Habitat 

Lynx are specialized predators of the snowshoe hare (Lepus americanus), and lynx 

habitat selection has been closely tied to snowshoe hare abundance (Koehler 1990, Aubry et 

al. 2000, Murray et al. 2008).  For core hunting, resting, and denning habitat, lynx in the US 

select sub-boreal forests with dense understory cover, which provides forage and cover for 

snowshoe hares.  This forest structure is often found in either young regenerating forest 

stands or in old-growth forests where canopy gaps allow understory vegetation to grow and 

low-reaching branches provide additional horizontal structure (Aubry et al. 2000, Buskirk et 

al. 2000b, Hodges 2000b, Koehler et al. 2008, Maletzke et al. 2008, Squires et al. 2010).  

Lynx generally avoid forest openings such as meadows, shrubby areas, and recent 

disturbances that do not provide adequate cover for snowshoe hares (Koehler 1990, Koehler 

et al. 2008, Maletzke et al. 2008).   
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However, lynx in the contiguous US do travel through low-quality habitats, such as 

open mature forests and thinned forests (Koehler 1990), shrub-steppe (Squires and Laurion 

2000), and dry forests or recently-burned areas (Walker 2005, Chapter 2).  These 

observations suggest that lynx use a wider range of habitats for traveling than for core 

habitats.  These observations also indicate that to model functional connectivity for lynx 

effectively, resistance values should be based on resource selection models that specifically 

examine habitat use of lynx during their travels. 

4.1.5 Lynx in the North Cascades Mountains, Washington 

Lynx in the North Cascades of Washington comprise the only breeding population of 

lynx in the state (Stinson 2001).  Lynx habitat in Washington is naturally fragmented by 

topography and forest openings such as meadows, rocky or icy areas, and shrubby areas 

(Koehler et al. 2008).  Human-caused disturbances such as timber harvest, agriculture, roads, 

and developments also fragment the landscape (Stinson 2001).  In addition, wildfires 

frequently burn forests in the North Cascades.  In 2006, the Tripod Fire burned most of what 

was considered the best lynx habitat in Washington (Agee 2000, Stinson 2001, Koehler et al. 

2008).  The combination of natural and human induced disturbances create a complex mosaic 

of habitat for lynx in the North Cascades. 

Although four studies have examined lynx habitat connectivity in Washington, none 

modeled lynx habitat connectivity across the North Cascades at a meso-scale (Table 4.1) 
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Table 4.1.  Existing habitat connectivity models for lynx in Washington.  Singleton et al. 

(2002) modeled connectivity in the North Cascades before the 2006 Tripod Burn disturbed 

the landscape. 

 Model Area 
Resistance 

surface based on: 
Scale of model 

Singleton et 

al. (2002) 

NW US and 

SW BC  

Expert opinion 

and literature 

review 

Regional connectivity.  HCAs = 

459 – 7,138 km2 a 

WWHCWG 

(2010) 

NW US and 

SW BC  

Expert opinion 

and literature 

review 

Regional connectivity.  HCAs = 

596 – 5,916 km2 a 

Begley and 

Long (2009) 

Stevens Pass 

area, North 

Cascades 

Expert opinion 

and literature 

review 

Local connectivity mapped by a 

resistance raster using 30 m2 

pixel sizeb  

Gaines et al. 

(in press) 
NE Washington 

Expert opinion 

and literature 

review 

Local connectivity mapped by a 

resistance raster using 30 m2 

pixel sizeb 

This Chapter 

Eastern slope of 

the North 

Cascades 

GPS lynx 

location data 

Landscape connectivity.  HCAs 

= 10 – 1,272 km2 a 

    
a The range of Habitat Concentration Areas sizes used to model connectivity between. 
b Connectivity was not mapped between Habitat Concentration Areas, a resistance surface 

was used for fine scale analysis of low and high resistance areas to compare management 

alternatives. 

 

In this chapter, I develop a functional connectivity model for lynx in the North 

Cascades with the goal of highlighting both areas of current connectivity and areas where 

movement for lynx is restricted.  My work is based on separate core and travel habitat 

models constructed using 20,564 GPS locations from 17 lynx.  

4.2 STUDY AREA 

I modeled lynx habitat connectivity throughout the North Cascade Mountains of 

northcentral Washington.  My study area includes 20,260 km2 from the British Columbia-

Washington border southward to 10 km south of Highway 2, and from 25 km west of the 

Cascade crest to 15 km east of Highway 97 (Figure 4.1).  The North Cascades study area 

includes all of the Okanogan Lynx Management Zones designated by the Washington 
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Department of Fish and Wildlife (Stinson 2001).  Seventy-eight percent of the study area is 

public land with private property mostly concentrated in low elevation areas such as the 

Okanogan and Methow Valleys; developed private properties comprise 4% of the study area. 
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Figure 4.1.  The North Cascades study area. 
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A majority of the study area is mountainous, with elevations ranging from 188 m to 

3,214 m, and 60% of the area above 1,000 m.  Climate varies with elevation throughout the 

study area.  Average monthly temperatures in Mazama (elevation 664 m) range from -10°C 

to 23°C with an average annual snowfall of 305 cm.  Further east, average monthly 

temperatures in Omak (elevation 257 m) range from -5.5°C to 32°C with an average annual 

snowfall of 37 cm (Western Regional Climate Center, http://www.wrcc.dri.edu/, accessed 

June 20, 2014). 

The land cover also varies with elevation.  Forests grow at higher elevations and on 

north-facing slopes at lower elevations.  Open shrub lands dominate low elevation areas and 

south-facing slopes.  Although the study area is 50% forested, only 14% of the study area is 

comprised of the sub-boreal forests lynx select.  Open areas cover 30% of the study area.  

Disturbances (since 1985) caused by wildfires or timber harvest cover 16% of the study area. 

The largest disturbance was the 70,644 ha Tripod Fire, which burned much of Washington’s 

lynx habitat in 2006 (Agee 2000, Stinson 2001, Koehler et al. 2008). 

Nearly 22,000 km of roads exist on the study area, ranging from closed forest roads to 

major highways.  Highway 97 runs north-south along the eastern edge of the study area and 

both Highway 20 (closed during winter from Mazama to the western slope of the Cascades) 

and Highway 2 run east-west and bisect the study area.  Even in the most remote areas of the 

study area, the furthest straight-line distance from a road is only 17 km. 

4.3 METHODS 

To model functional connectivity for lynx throughout the North Cascades, I used the 

results of my Overall Core Habitat model and my Travel Habitat Model developed in 

Chapter 2.  These models identified the habitat variables important for defining core and 

travel habitat for lynx in the Black Pine Basin and Loomis areas of the North Cascades and 
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were based on location data obtained from lynx trapped and fitted with Global Positioning 

System (GPS) telemetry collars in the Okanagan-Wenatchee National Forest and the Loomis 

State Forest from 2006 to 2012.  Trapping took place during the winter using box traps 

(Kolbe et al. 2003), as a collaboration between the Washington Department of Fish and 

Wildlife, Washington Department of Natural Resources, U.S. Forest Service, U.S. Bureau of 

Land Management, and the U.S. Fish and Wildlife Service (John Rohrer, personal 

communication).  I developed the habitat models using Random Forest (Brieman 2001, 

Cutler et al. 2007) implemented in program R version 3.2.1 (R development core 2014) using 

package rfUtilities (Evans and Cushman 2009, Evans et al. 2011, Evans and Murphy 2014) 

to compare the habitat variables present at used lynx GPS locations and random available 

locations (Chapter 2).  Habitat variables were depicted with raster data layers I developed in 

ArcGIS 10.1 (ESRI 2012).  I created continuous representations of each habitat variable 

using 30 m2 pixels projected into the 1983 North American Datum Albers coordinate system 

(Appendix C describes data layer development).   

4.3.1 Identification of Habitat Concentration Areas 

To model connectivity in the North Cascades I first needed to identify concentrated 

areas of core lynx habitat, or, Habitat Concentration Areas (Singleton et al. 2002, 

WWHCWG 2010).  For this step, I created a habitat quality raster by extrapolating the results 

of my Overall Core Habitat Model (Chapter 2) across the North Cascades study area.  This 

raster depicted the probability of lynx use for each pixel, which I equated with underlying 

habitat quality.  These values were scaled from 1 (poor habitat) to 10 (good habitat).  

Seventeen variables were selected by the Overall Core Habitat Model as important predictors 

of lynx core habitat selection (Table 4.2).  Lynx selected areas with sub-boreal forests 

dominated by lodgepole pine (Pinus contorta) or Engelmann spruce (Picea engelmannii) and 
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subalpine fir (Abies lasiocarpa) (“spruce-fir” hereafter), while dry forests, characterized by 

Douglas fir (Pseudotsuga menziesii) and ponderosa pine (Pinus ponderosa), were selected 

against.  Lynx also selected forests transitioning between sub-boreal types and dry forests 

dominated by Douglas fir and intermixed with sub-boreal species (“mixed forest” hereafter).  

Grasslands, shrub-steppe, old thins, areas recently burned at high severity, and areas within a 

burn perimeter were avoided by lynx, as were steep slopes and areas with sparse canopy 

cover.  Climate variables were also important to lynx habitat selection.  Lynx selected for 

areas with greater moisture accumulations as depicted by the Compound Topographic Index, 

a measure of moisture accumulation based on slope and upslope area.  Lynx selected for 

cooler, moister slopes as depicted by the Heat Load Index, which incorporates both aspect 

and slope.  Finally, lynx selected areas with greater amounts of growing season precipitation. 
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Table 4.2.  Habitat variables important to lynx core habitat selection according to the Overall 

Core Habitat Model (Chapter 2).  Variables depicted within a 3x3 pixel window (90 m 

diameter) represent habitat selection at a small-scale, while variables depicted within a 27x27 

pixel window (810 m diameter) represent habitat selection at a large-scale.  Only the scale 

lynx selected in the Overall Core Habitat Model is presented for each variable. 

Variable 

Class 
Variable Measurement Type 

Land Cover Lodgepole pine Number of like pixels within a 27x27 window 

 Spruce-fir  

 Mixed forest  

 Dry forest  

 Grassland  

 Shrub land  

   

Disturbance Old, thinned forest Number of like pixels within a 27x27 window 

 New, high-severity 

burn 

Number of like pixels within 3x3 and 27x27 

windows 

   

Patch Metrics Distance to edge of 

burn 

Meters from a pixel within a burn to the nearest 

edge of the burn 

   

Topography Slope Degrees averaged across 3x3 and 27x27 windows 

   

Climate Compound 

Topographic Index 

Index, lower numbers indicate wetter areas.  Index 

averaged across a 27x27 window 

 Heat Load Index Index, lower numbers indicate warmer areas.  Index 

averaged across a 27x27 window 

 Growing season 

precipitation 

Average total precipitation (mm) between April and 

September.  Index averaged across a 27x27 window 

   

Forest 

Structure 

Canopy cover Average percent canopy cover in 3x3 and 27x27 

windows 

   

 

Next, I added six landscape variables that are hypothesized to impact core habitat for 

lynx, but that were not present in the areas the radio-collared lynx used, and hence, were not 

included in the Random Forest models.  Values for these variables were based on expert 

opinion (mine and five other experts familiar with lynx and the region).  These experts were 

consulted in February 2015.  A value of 0 represented no impact on lynx habitat, 10 

represented a major negative impact, and negative numbers represented a positive impact on 
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lynx habitat (Table 4.3). To adjust the habitat quality raster I subtracted the average of these 

assigned values from affected pixels.  For example, in areas within 50 m of road, the habitat 

value in the habitat quality raster was lowered by 4.  
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Table 4.3.  Landscape variables used in the connectivity modeling that were developed from 

expert opinion from 6 people.  These variables were not included in the habitat modeling in 

Chapter 2, but were present and thought to be important to lynx in the more extensive 

landscape used for connectivity modeling.  A value of 0 represents no impact, 10 represents a 

major negative impact, and negative numbers represent a positive impact on lynx habitat. 

Habitat variable 
Assigned 

average value 

Range of estimated habitat 

values 

Distance to developed area (m)b   

0 8 5 – 10 

0 - 50 6 2 – 9 

50 - 100 3 0 – 5 

100 - 250 1 0 – 2 

250 - 500 0 0 – 1 

500 - 1,000 0 0 

>1,000  0 0 

   

Distance to road (m)c   

0 7 2 – 10 

0 - 50 4 0 – 6 

50 - 100 2 0 – 3 

100 - 250 0 0 – 2 

250 - 500 0 0 – 1 

500 - 1,000 0 0 

>1,000  0 0 

   

West-side sub-boreal foresta,d   

Present 2 -5 – 4 

Not present 0 0 

   

West-side wet foresta,e   

Present 6 1 – 10 

Not present 0 0 

   

Agriculturea   

Present 7 4 – 10 

Not present 0 0 

   

Waterf   

Present 6 4 – 8 

Not present 0 0 
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a Represented as present or not present within a 30 x 30 m pixel. 
b Tax parcels with residential or commercial development.  
c Highways only.  Local roads are not believed to negatively impact lynx habitat according to 

literature and expert opinion. 
d A sub-boreal forest type primarily found west of the Cascade crest and wetter than sub-

boreal forests east of the crest. 
e Wet forest primarily found west of the Cascade crest, below the west-side sub-boreal forest 

zone. 
f Large lakes and rivers. 
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During the next step of identifying Habitat Concentration Areas within the North 

Cascades, I used the R program package adehabitatHR (Calenge 2006) to estimate home 

ranges (95% minimum convex polygons) for each radio-collared lynx that localized in the 

Black Pine Basin or Loomis areas and provided at least six months of data (See Chapter 2).  

Excluding Male 339, who did not have a well-localized home range, the average home range 

size was 88 km2 (Table 4.4). 

Table 4.4.  Minimum Convex Polygon (MCP) home range estimates for lynx using GPS 

location data collected in the North Cascades.  The average habitat value per pixel was 

calculated within each lynx’ home range, excluding lynx 336 since a large portion of his 

home range fell beyond the limit of the habitat quality raster.  Lower numbers indicate poorer 

average habitat. 

Lynx ID 
95% MCP home 

range in km2 

Average habitat 

value per pixel 

Standard 

deviation 

Male 339 674 5.0 2.7 

Male 327 231 3.8 1.9 

Male 311 127 5.9 2.1 

Male 338 116 7.6 2.3 

Male 346 98 7.4 1.8 

Male 347 78 7.4 2.0 

Male 309 75 8.0 1.8 

Male 329 73 6.0 1.8 

Male 336 36 Not calculated  

Male 308 36 8.9 1.1 

Male 348 19 7.9 1.9 

Female 340 131 6.1 1.9 

Female 330 67 6.8 1.5 

Female 349 61 8.6 1.4 
    

 

I then used each home range polygon and the adjusted habitat quality raster to 

calculate the average habitat value within each lynx home range.  Male 336 was excluded 

from this analysis since his home range straddled the Washington/British Columbia border 

and was thus partly outside my study area and beyond the limit of my habitat quality raster.  

To complete the final step of identifying Habitat Concentration Areas within the 

North Cascades, I used the ArcGIS tool Core Mapper (Shirk and McRae 2013) to perform a 
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moving window analysis across my habitat quality raster.  For this analysis, I used an 88 km2 

neighborhood, which was the average home range size of the GPS-collared lynx.  For each 

pixel on the landscape, the moving window analysis identified the average habitat value of 

pixels in the 88 km2 window surrounding the focal pixel.  I then used the tool to extract all 

pixels with an average neighborhood value greater than 3.8, the lowest average habitat value 

used by any of the GPS-collared lynx.  I chose to use the lowest average habitat value 

because it resulted in an ample distribution of Habitat Concentration Areas that allowed me 

to model habitat linkages between them.   

Core Mapper identified 15 Habitat Concentration Areas.  I discarded 2 of the Habitat 

Concentration Areas because of their small size (< 1 km2), and another because it was located 

along the eastern edge of the study area, across the Okanogan Valley and outside of the 

North Cascades Mountains.  I also split the largest area in two to increase the number and 

distribution of linkages modeled between that area and an adjacent Habitat Concentration 

Area.  While the division of the large Habitat Concentration Area was arbitrary, I believe it 

resulted in a more realistic depiction of linkages since more than one linkage is likely for 

such a large area. 

4.3.2 Creating the Resistance Surface 

To create a resistance surface for modeling habitat linkages, I applied the results of 

my Travel Habitat Model (Chapter 2), which identified the habitats lynx select while 

traveling through the matrix.  I extrapolated the results of the Travel Habitat Model 

throughout the North Cascades and scaled the raster so that a value of 1 represented areas of 

no resistance to movement, and 10 represented areas of high resistance to movement.  The 

Travel Habitat Model identified 20 variables that predict how lynx select habitat while 

traveling through matrix areas.  Although lynx select travel habitats similar to those they 
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select in core areas, in most cases lynx used a wider range of habitat conditions for travel 

habitats compared to core habitats (Table 4.5).   
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Table 4.5.  Habitat variables identified by the Travel Habitat Model (Chapter 2) as being 

important to lynx.  Variables depicted within a 3x3 pixel window (90 m diameter) represent 

habitat selection at a small scale while variables depicted within a 27x27 pixel window (810 

m diameter) represent habitat selection at a large scale.  Only the scale lynx selected in the 

Travel Habitat Model is presented for each variable. 

Variable 

Class 

Variable Measurement Type 

Land Cover Lodgepole pine Number of like pixels within a 27x27 window 

 Spruce-fir Number of like pixels within 3x3 and 27x27 

windows 

 Mixed forest Number of like pixels within a 27x27 window 

 Deciduous forest  

 Dry forest  

 Grassland  

 Shrub land  

   

Disturbance Old, thinned forest Number of like pixels within a 27x27 window 

 New clearcut  

 New, high-severity 

burn 

 

   

Patch Metrics Distance to edge of 

burn 

Meters from a pixel within a burn to the nearest 

edge of the burn 

   

Topography Slope Degrees averaged across 3x3 and 27x27 windows 

   

Climate Compound 

Topographic Index 

Index, lower numbers indicate wetter areas.  Index 

averaged across 3x3 and 27x27 windows 

 Heat Load Index Index, lower numbers indicate warmer areas.  Index 

averaged across a 27x27 window 

 Growing season 

precipitation 

Average total precipitation (mm) between April and 

September.  Index averaged across a 27x27 window 

   

Forest 

Structure 

Canopy cover Average percent canopy cover in 3x3 and 27x27 

windows 
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As with the habitat quality raster, I also adjusted the resistance surface created by the 

travel habitat raster by incorporating important habitat variables missing from the Travel 

Habitat Model but present within the greater North Cascades landscape.  I adjusted the 

resistance surface using the average value assigned by myself and five other lynx biologists 

to each missing variable with a value of 0 having no effect on the resistance of travel habitat, 

10 significantly increasing resistance, and negative numbers decreasing resistance.  None of 

the missing variables were believed to pose absolute barriers to lynx movement.  I adjusted 

the resistance surface by adding the average of these values to the resistance surface.  For 

example, the resistance of areas within 50 m of a road was increased by 1, indicating that 

areas near roads would have only a minor impact on lynx movements (Table 4.6).   
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Table 4.6.  Landscape variables used in the connectivity modeling that were developed from 

expert opinion from 6 people.  These variables were not included in the Travel Habitat Model 

developed in Chapter 2, but were present and thought to be important to lynx in the more 

extensive landscape used for connectivity modeling.  A value of 0 represents no increase in 

resistance, 10 represents a major increase in resistance, and negative numbers represent a 

decrease in resistance to lynx movement.  

Habitat variable 
Assigned 

average value 

Range of estimated habitat 

values 

Distance to developed area (m)b   

0 4 2 – 8 

0 - 50 2 0 – 5 

50 - 100 1 0 – 2 

100 - 250 0 0 

250 - 500 0 0 

500 - 1,000 0 0 

>1,000  0 0 

   

Distance to road (m)c   

0 3 2 – 5 

0 - 50 1 0 – 3 

50 - 100 0 0 – 1 

100 - 250 0 0 

250 - 500 0 0 

500 - 1,000 0 0 

>1,000  0 0 

   

West-side sub-boreal foresta,d   

Present -1 -3 – 0 

Not present 0 0 

   

West-side wet foresta,e   

Present 1 0 – 3 

Not present 0 0 

   

Agriculturea   

Present 5 0 – 8 

Not present 0 0 

   

Waterf   

Present 4 0 – 7 

Not present 0 0 
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a Represented as present or not present within a 30 x 30 m pixel. 

b Tax parcels with residential or commercial development.  

c Highways only.  Local roads are not believed to negatively impact lynx habitat according to 

literature and expert opinion. 

d A sub-boreal forest type primarily found west of the Cascade crest and wetter than sub-

boreal forests east of the crest. 

e Wet forest primarily found west of the Cascade crest, below the west-side sub-boreal forest 

zone. 

f Large lakes and rivers 
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4.3.3 Modeling Connectivity 

I used Linkage Mapper 1.0 (McRae and Kavanagh 2011) in ArcGIS to identify Least 

Cost Paths over my resistance surface and linking my Habitat Concentrations Areas, thus 

modeling connectivity for lynx across the North Cascades.  First, I used the tool to perform a 

cost-weighted analysis by calculating the cost of moving from any pixel on the landscape to a 

selected Habitat Concentration Area, the cost of a pixel being its resistance value times the 

diameter of the pixel.  This step produced an individual cost-weighted distance raster for 

each Habitat Concentration Area.  

I also used Linkage Mapper to determine which Habitat Concentration Areas were 

adjacent to each other in terms of Euclidean distance and cost-weighted distance.  Each 

individual cost-weighted distance raster was then combined with those of adjacent Habitat 

Concentration Areas by retaining the lowest value for each pixel.  By combining individual 

cost-weighted distance rasters in this way, I produced a map displaying the weighted cost 

that would be accrued traveling from each pixel on the landscape to the nearest Habitat 

Concentration Area (McRae and Kavanagh 2011)   

I then used Linkage Mapper to calculate the pixel-wide Least Cost Path (the path 

along which the lowest cost-weighted value is accumulated) between each adjacent Habitat 

Concentration Area (Figure 4.5).  Linkages were then mapped between Habitat 

Concentration Areas by adding together the pixel values of individual cost-weighted distance 

rasters produced in earlier steps.  Mapping linkages highlighted areas where the lowest costs 

accumulated.  Primary linkages are those that contain the Least Cost Paths.  I also modeled 

secondary linkages, representing linkages that also accrue low weighted-costs (McRae and 

Kavanagh 2011).  The value of the Least Cost Path was then subtracted from its surrounding 

linkage so that each primary linkage contained a Least Cost Path valued at zero with the 
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surrounding pixels showing the increasingly costly routes.  For each least cost path, I used 

Linkage Mapper to calculate several statistics to assist evaluating each path’s quality and 

thus contribution to connectivity.  These statistics explained the Euclidian distance between 

adjacent Habitat Concentration Areas, the cost-weighted distance of each Least Cost Path, 

and the un-weighted length of each Least Cost Path.  I also calculated the cost-weight 

accumulated along each path normalized by the Euclidian distance.  The accumulated cost-

weight along each path was normalized by the un-weighted length of the path, providing the 

average resistance a lynx would face while traveling along each Least Cost Path.  Ratios 

closer to 1 represent higher quality paths (WWHCWG 2010).   

4.4 RESULTS 

The final habitat quality raster for lynx in the North Cascade had values that ranged 

from -20.1 to 10.9 with a mean value of 2.2 and a standard deviation of 3.3 (Figure 4.2).  

The final resistance surface values ranged from 1 to 21.9 with a mean value of 8.2 and a 

standard deviation of 2.5 (Figure 4.3). 

I identified 12 Habitat Concentration Areas ranging in size from 10 km2 to 1,459 km2 

(Table 4.7, Figure 4.2).  Although the majority of each Habitat Concentration Area lies 

within the Okanogan Lynx Management Zone designated by the Washington State Lynx 

Recovery Plan (Stinson 2001), the southernmost Habitat Concentration Area (area 11) lies 

south of Highway 2 and completely outside of the Lynx Management Zone.  Habitat 

Concentration Areas 5, 8, and 10 are all smaller than the smallest home range identified for 

lynx in this study (Table 4.4).  Nonetheless these small Habitat Concentration Areas can 

provide valuable patches of core habitat for lynx passing through the area. 
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Table 4.7.  Habitat Concentration Areas identified for lynx in the North Cascades.  Lower 

values indicate poorer average habitat quality.  Bold fonts represent areas smaller than the 

smallest home rage estimated for lynx in this study.  Habitat Concentration Area 11 was not 

surveyed for lynx since it lies outside of the Okanogan Lynx Management Zone. 

Habitat 

Concentration 

Area 

Area (km2) 

Average 

habitat 

value 

Standard 

deviation of 

habitat value 

Most recent official 

documentation of lynx 

in the surrounding 

area 

1 599 5.9 2.4 2012 

2 1,459 4.6 1.7 2012 

3 1,272 4.5 1.5 2012 

4 60 4.5 1.4 2012 

5 16 4.0 1.1 2012 

6 24 4.1 1.2 2012a 

7 926 4.6 1.5 1991 

8 17 3.9 0.8 2012b 

9 64 4.5 1.0 1991c 

10 10 3.9 1.0 1991c 

11 126 4.6 1.6 Not surveyed 

12 30 4.5 0.7 1991c 

     
a Date refers to the same lynx documentations reported for the nearby Habitat Concentration 

Areas 5 and 7 and does not necessarily indicate that a lynx was present in area 6. 
b Date refers to the same lynx documentation reported for the nearby Habitat Concentration 

Area 3 and does not necessarily indicate that a lynx was present in area 8. 
c Date refers to the same lynx documentation reported for the nearby Habitat Concentration 

Area 7 and does not necessarily indicate that a lynx was present in areas 10 and 12. 
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 181 

Figure 4.2.  Habitat Concentration Areas identified within the North Cascades study area.  

The red Habitat Concentration Area was removed because it was outside of the North 

Cascade Mountains.  The two Habitat Concentration Areas removed for being < 1 km2 are 

too small to see in this map.  No lynx have been documented south of Lake Chelan since 

1992 although lynx were documented near Habitat Concentration Areas 7, 9, and 12 in 1973, 

1989, and 1991. 
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Figure 4.3.  Resistance surface displaying the resistance to lynx movement within the North 

Cascades. 
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The cost-weighted distance map (Figure 4.4) highlights that cost is low for lynx 

moving in the sub-boreal and mixed forest zone but that cost quickly accumulates to the east 

of the mountains towards the low-elevation Okanogan Valley and west of the crest where 

west-side sub-boreal forests dominate.  Weighted cost also increases in the Methow and 

Wenatchee Valleys and around Lake Chelan.  Within high-elevation forested areas, burns 

such as the 2003 Farewell Fire and the 2006 Tatoosh and Tripod Fires increase resistance, 

but fire skips and regenerating forest communities lower the resistance to movement through 

these areas. 
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Figure 4.4.  Cost-weighted distance map symbolizing the difficulty for lynx of moving from 

any pixel to the nearest Habitat Concentration Area.  Recent burns occurred between 1995 

and 2012. 
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Figure 4.5.  Linkages for lynx in the North Cascades.  Least Cost Paths indicate primary 

linkages between adjacent Habitat Concentration Areas.  Secondary linkages provide 

alternate, low-cost paths and can be valuable for connectivity conservation.  Colors in 

primary linkages are relative to the Least Cost Path within each primary linkage so that 

cooler colors represent the lowest resistance of a linkage to move through while warmer 

colors represent increasing resistance.  Thus, primary linkage colors are not scaled so that 

comparisons can be made between them and this map does not indicate which of the primary 

linkages present lower costs than others.   
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In some cases, more than one linkage between adjacent Habitat Concentration Areas 

was identified.  To assist with identifying the primary linkage, Linkage Mapper also modeled 

the Least Cost Path between each pair of adjacent Habitat Concentration Areas, and 

identified 21 Least Cost Paths connecting the Habitat Concentration Areas into a single 

network (Figure 4.5).  Each of the 21 Least Cost Path’s un-weighted and weighted lengths 

were shorter than 367 km, which was the longest dispersal distance made by radio-collared 

lynx in my study.  (Table 4.8, Figure 4.6).  Cost weighted distances ranged from 10 - 215 

km and weighted cost/path length ratios ranged from 4.8 - 9.3 (Table 4.8). 
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Table 4.8.  Linkage statistics for evaluating the quality of each Least Cost Path for lynx in 

the North Cascades.  Cost-weighted distances and weighted-cost/path-length ratios in bold 

typeface indicate the four paths with the lowest connectivity values for lynx. 

Least Cost 

Path 

Cost- 

weighted 

distance 

(km) 

Euclidian 

distance 

(km) 

Least Cost 

Path 

length 

(km) 

Weighted 

cost 

divided by 

Euclidian 

distance  

Weighted 

cost divided 

by path 

length 

2b-3 10 1 1 8.8 8.3 

1-2a 14 3 3 5.3 4.8 

7-9 17 4 5 4.5 3.8 

6-7 25 4 5 6.0 4.8 

3-8 28 4 4 7.5 7.3 

5-6 29 4 4 7.1 6.7 

10-11 36 4 5 8.2 7.7 

7-12 56 8 9 7.4 6.3 

3-5 67 8 8 8.2 8.0 

3-6 73 9 10 8.0 7.4 

3-7 83 10 10 8.4 8.1 

1-4 111 17 18 6.7 6.1 

7-11 123 15 17 8.3 7.4 

1-2b 127 18 21 7.0 5.9 

7-10 126 16 18 8.0 7.1 

8-9 134 15 17 8.7 7.7 

9-12 146 16 18 8.9 8.2 

4-2b 203 27 30 7.4 6.9 

2b-5 208 33 37 6.4 5.6 

11-12 208 22 22 9.6 9.3 

3-4 215 25 27 8.6 7.9 
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Figure 4.6.  Least Cost Paths connecting Habitat Concentration Areas in the North Cascades.  

The total weighted-cost of each Least Cost Path (Map A) represents the accumulated resistance 

value of each path.  The weighted-cost to path distance of each Least Cost Paths (Map B) 

represents the accumulated resistance divided by the total un-weighted distance of each path. 
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4.5 DISCUSSION 

Lynx regularly travel long distances and through a variety of habitats generally not 

selected as core hunting, denning, and resting habitat (Mowat et al. 2000, Squires and Laurion 

2000).  Indeed, some of the GPS-collared lynx in this study went on exploratory movements 

outside of their home ranges or dispersed into British Columbia, traversing high peaks above tree 

line and recently-burned areas.  These lynx also crossed valley bottoms with farm land and 

human development, open sage or grass lands, and over several highways (Appendix F).  Despite 

an ability to travel through a variety of habitats within the matrix, my models show that for lynx, 

the contrast between core habitat and travel habitat has important implications in terms of how 

connected a landscape is.  Core lynx habitat is forested (Koehler 2008, Squires 2010) and lynx 

prefer to travel through matrix areas with some sort of forest cover (Chapter 2).  Higher contrast 

matrix such as open sage-steppe, and human dominated areas are less desirable to traveling lynx 

(Chapter 2).  By creating a connectivity model for lynx in the North Cascades, my results show 

where in the North Cascades this highly mobile species may find habitat conditions most suitable 

for traveling.   

4.5.1 Habitat Concentration Areas 

Twelve Habitat Concentration Areas were identified in my model.  Although the areas 

south of Lake Chelan (6, 7 and 9 – 12) are not currently known to support resident lynx and their 

most recent lynx documentation was in 1991 (Stinson 2001, Robert Naney, personal 

communication), these Habitat Concentration Areas are within the historical range of lynx and 

could conceivably be occupied in the future, especially during peak snowshoe hare-lynx cycles 

when lynx numbers are high and populations can expand (Schwartz et al. 2002).  It is also 

important to note that the modeled Habitat Concentration Areas do not represent all lynx habitat 

in the North Cascades.  The primary purpose for identifying Habitat Concentration Areas was to 



 192 

map only the best lynx habitat, constraining the definition of core habitat enough that space 

remained to model linkages between the Habitat Concentration Areas (WWHCWG 2010).  Thus, 

core lynx habitat of lower but suitable value exists outside of the Habitat Concentration Areas. 

Habitat Concentration areas 5, 8, and 10 were all less than 19 km2, which is the smallest 

home range size identified for a lynx in this study (Table 4.4).  While these small Habitat 

Concentration Areas may not be large enough to support a lynx, they can act as “stepping 

stones” (Dickson et al. 2013) for lynx to hunt in while passing through the area.  Alternatively, 

since these small Habitat Concentration Areas are surrounded by lower quality but still core 

habitat, they may indeed indicate broader areas capable of supporting lynx. 

4.5.2 Cost-Weighted Distance Map 

The cost-weighted map is perhaps the most informative and important product of my 

connectivity analysis (Figure 4.4) (WWHCWG 2010).  Although it does not specifically 

highlight linkages, the cost-weighted map contains linkage information since the linkage map is 

simply the sum of individual, adjacent cost-weighted maps (WWHCWG 2010).  In addition, this 

map portrays the full range of areas a travelling lynx may use and allows users to compare the 

qualities of different linkage areas.  Finally, the cost-weighted distance map highlights broad 

areas of low resistance and broad areas of high weighted-cost where connectivity is low or in 

need of restoration.   

The cost-weighted map illustrates four main areas were resistance to lynx movement is 

high (Figure 4.4).  At the southern end of the study area, the Wenatchee Valley separates Habitat 

Concentration Areas 7 and 12 from areas 10 and 11.  In the center of the study area, the low-

elevation Lake Chelan area increases resistance between Habitat Concentration Areas 3 and 5 – 

7, 9 and 12.  At the northern end of the study area, the Tripod Burn creates resistance to lynx 

moving between Habitat Concentration Areas 1 and 4 and areas 1 and 2, and the Methow Valley 
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separates areas 2 and 3.  Areas of high resistance between the northerly Habitat Concentration 

Areas are perhaps the most pertinent to current lynx conservation and management since Habitat 

Concentration Areas 1 – 4 are the heart of Washington lynx range and support a known 

population of lynx.  Taking a closer look at the cost-weighted map of this area (Figure 4.7) 

reveals where connectivity through the Tripod Burn and the Methow Valley is highest:  The 

northern end of the Tripod Burn supports high connectivity between Habitat Concentration Areas 

1 and 2, and a direct north-south route between areas 1 and 4 presents the least weighted-cost.  

To connect Habitat Concentration Areas 2 and 3, northwest of Mazama and through the Needles 

Fire presents the least resistance, although connectivity is also high between Mazama and 

halfway to Winthrop near an area called Big Valley Ranch (Figure 4.7).  Finally, connectivity is 

high along the western edges of Habitat Concentration Areas 2 and 3. 
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Figure 4.7.  Close-up depiction of the cost-weighted distance map for Habitat Concentration Areas 1, 2, 3, and 4.  Cooler colors 

represent lower accumulations of weighted cost.  

Big Valley Ranch 
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4.5.3 Linkage Map 

After examining the cost-weighted map, the linkage map can help to highlight where 

primary linkages (those that contain a Least Cost Path) and secondary linkages exist between 

adjacent Habitat Concentration Areas.  Several linkages clearly emerge at the northern end of the 

study area (Figure 4.8):  The northern end of the Tripod Burn supports the primary linkage 

between Habitat Concentration Areas 1 and 2b, and the north-south route between areas 1 and 4 

supports a primary linkage.  Similarly, the primary linkage between Habitat Concentration Areas 

2 and 3 is just northwest of Mazama, and a primary linkage to area 5 runs north-south along the 

western edge of Habitat Concentration Areas 2 and 3.   

Least Cost Paths themselves are only one-pixel-wide pathways and are therefore sensitive 

to errors in the underlying GIS layers used to create the resistance surface.  Least Cost Paths 

themselves should not be interpreted or used as an exact map of a pathway.  Instead, focusing on 

the alternative routes clustered around the Least Cost Path indicates the broader, more realistic 

area of low resistance linkage.   

In addition to highlighting where primary linkages exist between adjacent Habitat 

Concentration Areas, the linkage map also includes secondary linkages that may not have been 

obvious from an examination of the cost-distance map.  For example, between Habitat 

Concentration Areas 1 and 2, several secondary linkages cross the Tripod Burn.  Although 

secondary linkages may not be the Least Cost Path, they may provide important alternate routes 

for lynx and should be incorporated into conservation efforts since they can increase landscape 

connectivity and provide insurance against fragmentation should human impacts or fire alter a 

primary linkage.  Mapped secondary linkages are scaled relative to the surrounding landscape 

and can be compared between. 
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One disadvantage of the linkage map compared to the cost-weighted map is that the 

linkage map can give the false impression that suitable habitat for traveling is limited to the best 

primary and secondary linkage areas. For example, the Mazama and Big Valley Ranch areas are 

identified by the cost-weighted map as having fairly high connectivity between Habitat 

Concentration Areas 2 and 3.  However, in the linkage map, this same area is portrayed as having 

low connectivity because it is scaled relative to the Least Cost Path connecting Habitat 

Concentration Areas 2 and 3.  Indeed, one lynx radio-collared for this study (male 312) crossed 

the Methow Valley near Mazama, demonstrating that in addition to modeled linkages, low 

resistance areas identified by the cost-weighted map are important to connectivity (Figure 4.9). 
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Figure 4.8.  Close-up depiction of the linkages connecting Habitat Concentration Areas 1, 2, 3, 4 and 5.  The linkage map is scaled so 

that the Least Cost Path in a linkage equals zero with the alternative routes increasing in resistance as they emanate outward from the 

Least Cost Path.  Thus, cool colors present the lowest resistance within that linkage to lynx movement while warmer colors in the 

linkage present higher resistance to movement.  Because of this scaling, primary linkages cannot be compared to each other based on 

their color.  Secondary linkages are scaled relative to the surrounding landscape and can be compared to each other based on their 

color. 
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Figure 4.9.  Male 312’s movement pathway across the Methow Valley overlaid onto a Google Earth image (Google Earth 2013).  

Green areas delineate Habitat Concentration Areas 2b and 3.  The yellow line is the straight line distance between 312’s GPS 

locations, represented by red dots.  This figure exemplifies a situation where a suitable linkage exists, although it was not identified in 

my model as the Least Cost Path between areas 2b and 3.   
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4.5.4 Evaluating Linkages 

Once linkages are identified by the cost-weighted and linkage maps, these areas must be 

evaluated since their presence does not guarantee that they are suitable for lynx to travel through, 

only that they are paths of least resistance between Habitat Concentration Areas.  For example, 

the linkage connecting Habitat Concentration Areas 3 and 4 may be the best available route 

between those areas, but a simple examination of the linkage overlaid on satellite imagery shows 

that this route is a poor linkage since it passes through developed and open areas of the Methow 

Valley, a dangerous and unattractive prospect for a lynx (Figure 4.10).  Conversely, the linkages 

connecting areas 2b and 4 and areas 1 and 4 are more suitable since they traverse forested areas 

away from human development (Figure 4.10).  
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Figure 4.10.  Least Cost Paths and Habitat Concentration Areas overlaid onto a Google Earth image (Google Earth 2013).  The green 

areas delineate Habitat Concentration Areas and the orange lines are the Least Cost Paths between them.  The Least Cost Path 

connecting area 4 to area 3 crosses the Methow Valley and presents lynx with developed areas and open, low quality matrix habitat.  

In contrast, the Least Cost Paths connecting area 4 to area 1, and area 4 to area 2b present lynx with higher quality, forested habitat.
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Metrics of Least Cost Path quality such as the path length, the weighted-cost distance of 

each path, and the ratio of weighted-cost to actual path distance, can also help assess and 

compare the quality of primary linkages.  All of my modeled linkages were shorter than 367 km, 

which is the longest dispersal path traveled by a radio-collared lynx in my study (Table 4.8).  

Several paths stand out as connecting Habitat Concentration Areas with current or past records of 

lynx and as having either low accumulations of resistance (cost-weighted distance) or low cost-

weight to path length ratios.  The Least Cost Path between Habitat Concentration Areas 2b and 3 

represents a high quality linkage and connects these currently occupied areas.  In addition, the 

Least Cost Paths between Habitat Concentration Area 2 (a and b) and 1 represent high quality 

linkages across the Tripod Burn, as do the Least Cost Path between Habitat Concentration Areas 

2b and 4, and areas 1 and 4.  Least Cost Paths from Habitat Concentration Areas 2b and 3 to 

areas 5 and 6 also represent high quality linkages and connect currently known lynx populations 

to Habitat Concentration Areas south of Lake Chelan were lynx are not currently known to live 

but have been documented in the past (Table 4.8, Figure 4.6).   

Conversely, four paths stand out as having both high accumulations of resistance (cost-

weighted distance) and high cost-weight to path length ratios.  These paths cross through low-

elevation landscapes with dry forest, burned or other non-forested openings, or residential 

development, and connect Habitat Concentration Areas 3-4, 8-9, 9-12, and 11-12 (Table 4.8, 

Figure 4.6). 

4.5.5 Model Interpretation 

My work highlights areas where the easiest paths for a traveling lynx exist according to 

my model.  However, these are not the only possible linkages on the real landscape.  Linkage 

modeling is constrained by the number and placement of Habitat Concentration Areas and only 

linkages between these areas are identified.  In addition, a dispersing or exploring animal often 
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does not have prior knowledge of the landscape and is therefore unlikely to precisely follow a 

mapped linkage.  Traveling outside a linkage may be especially common for lynx since they are 

tolerant of many habitats and are therefore not constrained to using only the best habitats. 

To create my connectivity model, I used the best available GIS layers, current to 

approximately 2012.  However, GIS based connectivity models are sensitive to the age, quality, 

and scale of the underlying GIS layers.  Human development and natural impacts such as fire 

will continue to change lynx habitat connectivity within the North Cascades ecoregion.   

Finally, the meso-landscape scale at which I modeled linkages does not imply that 

important linkages do not exist within smaller areas, simply that my models were not created at 

that resolution.  Modeling linkages at a large scale is an area for further study that could build 

upon and complement the work done in this study. 

4.5.6 Implications for Lynx Management and Conservation 

Lynx in the North Cascades must move across the landscape to disperse, explore, find 

mates, and escape habitat degradation after a disturbance such as a forest fire.  These movements 

allow lynx to access patchy resources and for gene mixing amongst this small population.  

However, the North Cascades is fragmented by recent forest fires, and human developments and 

open areas in valley bottoms (Chapter 2, Koehler et al. 2008).   

New burns reduce forest cover and thus reduce connectivity for lynx.  Residual forest 

structures, especially in fire skips, provide valuable cover for lynx crossing recent burns and help 

alleviate the contrast between core habitats and new burns.  Salvage logging, which removes 

cover from new burns, reduces connectivity for lynx across burns.  For this reason, managers 

should retain residual structure post-burn, which will not only provide cover for lynx, but will 

also promote growing conditions for regenerating vegetation, allowing burned areas to recover 

more quickly (Brassard and Chen 2006).  
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Linkages across forested areas of the North Cascades, although periodically degraded by 

new fires, support connectivity for lynx.  However, open, human-populated valley bottoms 

present higher resistance matrix for lynx.  Linkages across valley bottoms are also more 

vulnerable since expanding human developments degrade connectivity.  Areas of connectivity 

identified in my models across open and developed valley bottoms provide direction for 

conducting field-based assessments and validation of linkages so that managers can prioritize 

and conserve these vulnerable linkages.   

Because the Habitat Concentration Areas north of Lake Chelan support the only known 

lynx in Washington, preserving connectivity amongst them is of particular importance.  The 

Methow Valley currently presents high resistance to lynx movement between the Habitat 

Concentration Areas north of Lake Chelan, however my cost-weighted map demonstrates that 

the area between Mazama and the Big Valley Ranch provides connectivity for lynx across the 

Methow Valley (Figure 4.11).  To ensure that this area of connectivity continues to facilitate 

traveling lynx, forest cover will need to be maintained. 

Highway 20, which runs up the Methow Valley and across Habitat Concentration Area 3, 

is not depicted as presenting lynx with a high cost of movement in my connectivity model since 

it is a two-lane highway and is closed during the snowy months between Newhalem (on the west 

side of the crest) and six miles west of Mazama.  However, lynx have commonly been killed by 

vehicles in other areas of their range (Devineau et al. 2010) and there is risk for lynx of vehicle 

collision, especially in likely connectivity areas of the Methow Valley between Mazama and Big 

Valley Ranch.  Signs indicating wildlife crossing could help mitigate the risk of road kills along 

this stretch of highway (Figure 4.11).   
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In a landscape continually impacted by a growing human presence and increasing 

wildfires, identifying and conserving areas that facilitate lynx movement will help to ensure that 

dispersing lynx reach new home ranges, find mates, escape degraded habitats, and exchange 

genes.  My study is the first model of meso-scale connectivity in the North Cascades to be built 

using animal GPS data and, importantly, incorporates lynx response to burned areas, an aspect of 

lynx habitat use that has previously received little attention.  My model provides an overview of 

core lynx habitat and where important linkages may exist, lending land managers a guide for 

focusing future work that validates and prioritizes lynx habitat linkages in the North Cascades.   
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Figure 4.11.  Forested areas between Mazama and Big Valley Ranch support connectivity 

for lynx crossing the Methow Valley.  Cost-weighted distance values expanding outward 

from Habitat Concentration Areas 2b and 3 are overlaid onto a Google Earth image (Google 

Earth 2013). 
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CHAPTER 5                                                                                                            
CONCLUSIONS 

 

5.1 OVERVIEW 

Lynx (Lynx canadensis) in the North Cascade Mountains of Washington comprise 

one of the few remaining populations living at their southern range boundary in the 

contiguous US (McKelvey et al. 2000b).  Lynx at the southern limit of their range survive in 

patchy habitat, fragmented by topography, unsuitable land cover types, human disturbances, 

and natural disturbances such as wildfires (Buskirk et al. 2000b, McKelvey et al. 2000b).  

Comparatively poor habitat and greater human impact on the landscape have resulted in 

southern lynx populations that are smaller and more vulnerable than those in the range core 

of Canada and Alaska, where relatively contiguous expanses of boreal forest occur.  Indeed, 

lynx in the contiguous US were listed as Threatened in 2000 (US Fish and Wildlife Service 

2000, McKelvey et al. 2000b).  Compounding the current fragmentation of southern lynx 

habitat, climate change is projected to increase the size, frequency, and intensity of wildfires 

(Westerling et al. 2006, Fauria and Johnson 2007, Soja et al. 2007, Balshi 2009, Littell et al. 

2010).  An altered forest fire regime could increase the amount of forest in the open stand-

initiation stage lynx and snowshoe hares avoid, jeopardizing the future of southern lynx. 

(Westerling et al. 2006, Fauria and Johnson 2007, Soja et al. 2007, Balshi 2009, Littell et al. 

2010).   

Given the unique and tenuous habitat conditions southern lynx face, a detailed 

understanding of how they respond to fire and to fragmented habitat is important for 

managing and conserving southern lynx.  In addition, identifying and protecting areas that 

support connectivity between habitat patches can reduce the negative effects of habitat 
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fragmentation.  The information presented in this thesis details lynx habitat use in the North 

Cascades, and includes a detailed analysis of lynx response to burned areas.  My work thus 

fills important knowledge gaps regarding habitat use in a heterogeneous landscape comprised 

of various forests habitats, natural disturbances, forest openings, and human-induced impacts.  

My work also includes a connectivity model for lynx in the North Cascades that provides 

maps of linkages between important lynx habitat patches. 

5.2 HABITAT SELECTION 

In general, southern lynx select sub-boreal forest with dense understory cover and 

they avoid open areas.  Within this broad framework, the tree species that comprise sub-

boreal forests vary, as do the disturbance histories that create the dense understories 

characteristic of many habitats that lynx select.  Indeed, I found that in the North Cascades 

there was some variation in lynx habitat selection between the Black Pine Basin and Loomis 

study areas.  

In the Black Pine Basin study area, spruce (Picea engelmannii)-fir (Abies lasiocarpa) 

forests are common, as are mixed forests comprised of typical sub-boreal species and the dry 

forest species, Douglas fir (Pseudotsuga menziesii).  Lynx in this area took advantage of the 

local abundance of these forest types and selected them as core habitat.  However, lodgepole 

pine (Pinus contorta) forests are rare in the Black Pine Basin study area, and lynx did not 

select them.  This result contrasts with studies elsewhere where lodgepole is much more 

common and lynx select this forest cover in those landscapes (Aubry et al. 2000).  

Conversely, in the Loomis study area, lodgepole pine forests are common and lynx selected 

them in addition to spruce-fir forests.  Mixed forests are less common on the Loomis study 

area and did not significantly contribute to core lynx habitat.  These results confirm prior 

work that lynx in the North Cascades use both lodgepole pine and spruce-fir forests as core 
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habitat (Koehler 1990, Koehler et al. 2008, Maletzke et al. 2008).  In addition, I documented 

lynx habitat selection to include mixed forest types where they are abundant.  My results also 

point to somewhat more flexible habitat selection patterns than might be assumed for a 

species often considered a habitat specialist (Peers et al. 2012).   

Because core, sub-boreal forest habitats are fragmented in the North Cascades, lynx 

must travel through matrix (areas between core habitats) to reach patches of resources.  I 

created a specific Travel Habitat Model to discover what landscape conditions facilitate lynx 

movement through the matrix.  This Travel Habitat Model revealed details of lynx habitat 

selection that a generalized model of habitat selection for lynx could not have, since animals 

often select different habitats for different activities (Roever et al. 2014).  For example, lynx 

use the best sub-boreal forest habitats as core habitat for activities such as hunting and 

resting, but as my results revealed, they use additional habitats for traveling.  Specifically, the 

results of my Travel Habitat Model indicate that although lynx will use open areas such as 

new burns and steep slopes when traveling, lynx preferred to travel through areas of the 

matrix with habitats more similar to those they selected in core habitats, namely features that 

provided cover.  Recognizing that lynx tolerate a wider range of habitats for traveling than 

for core habitats allowed me to better define travel habitat for lynx in the North Cascades.  

This result is particularly important because it provides managers with information needed to 

retain landscape features that facilitate the movement of lynx and provide for habitat 

connectivity between high quality areas. 

The boreal forest is characterized in large part by dramatic and frequent wildfires that 

create a heterogeneous mosaic of successional stages (Agee 2000, Perera and Buse 2014).  

Wildfires burn millions of hectares every year in the boreal forest (Perera and Buse 2014), 
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and thus play an important role in shaping lynx habitat.  However, prior to my research few 

studies specifically examined lynx response to burned areas, and the dominant model 

explained only that lynx do not use new burns and that lynx select young regenerating forests 

in old burns.  My fire models paint a more nuanced picture of lynx response to burns.  For 

example, lynx in my study did generally avoid the 2006 Tripod Burn (1-6 years old at the 

time of this study) when selecting core habitat, however, they also made use of residual live-

tree cover in low-severity burn areas and in fire skips.  Indeed, a particularly large fire skip 

supported core lynx habitat that one lynx incorporated into his home range.  My results 

highlight the importance of residual live-tree cover, especially fire skips, for providing lynx 

with travel habitat and for patches of core hunting habitat. 

Within the 1994 Whiteface Burn (nearly 20 years old at the time of study), lynx 

selected young, regenerating forests.  However, the type of forest lynx selected was 

surprising; lynx selected dry forests, a forest type usually avoided by lynx when selecting 

core habitats.  A field examination of the Whiteface Burn explained this unexpected habitat 

selection by lynx.  Dry forest regeneration in the Whiteface Burn was heavily intermixed 

with deciduous tree species, especially in moister areas, which provided a dense understory.  

On the other hand, spruce-fir regeneration in the Whiteface Burn was short and sparse, 

providing little understory cover.  This contrast illustrates two important points: understory 

cover may be a more important factor in lynx habitat selection than forest type, and moist 

microclimates conducive to abundant plant growth provide lynx habitat in old burns while 

microclimates that are not conducive to plant growth create poor habitat.  By creating habitat 

models that specifically examine habitat use within old and new burns, my results expand 

and refine our understanding of lynx habitat selection following wildfires.  My results are 
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noteworthy in documenting the conditions that enable some of the earliest re-use of burned 

areas on record for lynx.   

5.3 HABITAT CONNECTIVITY 

Combating the effects of habitat fragmentation is an important element to successful 

conservation of southern lynx.  Habitat fragmentation can impede animals dispersing to a 

new home range or seeking mates and resources (Wilcox and Murphy 1985, Fischer and 

Lindenmayer 2007).  Inbreeding depression can result if fragmentation separates populations 

so that they become genetically isolated (Frankham 2006).  Increased fragmentation can also 

prevent the repopulation of isolated habitat patches within a metapopulation (Hanski 1998), 

and inhibit the rescue of sink populations from decline and extinction (Pulliam 1988).   

Connectivity conservation has emerged as a popular strategy for mitigating the effects 

of fragmentation (Crooks and Sanjayan 2006, Ewers and Didham 2006), and can help 

conserve southern lynx facing habitat fragmentation.  This tool is most meaningful when 

based on location or movement data used to parameterize habitat models that explicitly 

define the habitats a species uses to travel.  I modeled habitat connectivity for lynx in the 

North Cascades based on travel habitat selection derived from radio-collar location data.  The 

assessment highlighted areas of low connectivity for lynx, which primarily exist in low 

elevation, open, and developed valley bottoms, and where new fires burned at high severity 

over large tracts of forest.  The maps also indicate where within the areas of low connectivity 

the best habitat linkages exist.  Because the only known population of North Cascades lynx 

resides in the northernmost portion of my North Cascades study area, connectivity maps of 

this area are of immediate importance to land managers.  My maps indicate that the Tripod 

Burn and the southern portion of the Methow Valley present high resistance to lynx 

movement.  In contrast, my maps also indicate that residual stands of trees and fire skips in 
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the Tripod Burn support linkages, and that forest cover near Mazama and the Big Valley 

Ranch areas of the Methow Valley provide connectivity for lynx. 

5.4 MANAGEMENT IMPLICATIONS 

Although forest fires cause a temporary loss of core lynx habitat, managers should not 

consider new burns as unusable by lynx.  Residual trees should be protected, especially fire 

skips, and salvage logging should be discouraged since standing dead trees promote growing 

conditions for regenerating vegetation, allowing burned areas to recover more quickly 

(Brassard and Chen 2006).  As time since fire increases, burned areas with cool and moist 

microclimates may recover quickly and provide the best lynx habitat.  These areas are 

important for lynx conservation. 

When designing timber harvest activities in lynx habitat, managers should strive to 

mimic the characteristics of natural disturbances, such as burns, that lynx use.  To mimic 

burns, managers should leave islands of uncut forest that emulate fire skips, retain some 

standing trees to provide cover for lynx traveling to forest islands or across cuts, and design 

harvest units with a high edge-to-area ratio.  Practices that encourage tree regeneration post-

harvest would help to return harvested areas to core lynx habitat more quickly.  

In addition, managers could design harvest units and prescribe burns to act as fire 

breaks.  Fire breaks would decrease the spread and intensity of fires and help to retain 

residual trees and fire skips, thus combating the homogenizing effect climate change may 

have on future landscapes.  

Most human development in the North Cascades occurs in low-elevation valley 

bottoms and not in sub-boreal core lynx habitat.  However, lynx depend on travel habitat 

through valley bottoms to move between core areas, necessitating the conservation or 

restoration of these cross-valley linkages.  Developments that decrease forest cover should be 
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minimized within linkages and traffic signs indicating wildlife crossing may help mitigate the 

risk of road kills. 

As the effects of climate change mount and wildfires increase in size, frequency, and 

number, southern lynx habitat will suffer.  It is important that we protect the full breadth of 

core lynx habitats from human disturbances so as not to compound losses due to increasing 

fire disturbances.  In addition to a temporary loss of core habitat, more frequent fires will 

increase fragmentation, thus heightening the importance of habitat linkages to preserve 

connectivity.  Finally, lynx movements will increase with more frequent burning since 

immediately post-fire, displaced lynx must find new home ranges. 

My conclusion that lynx habitat selection is flexible and adaptable to current levels of 

fragmentation provides hope for the future of southern lynx.  However, as the effects of 

human population growth and climate change accelerate and areas of high-quality lynx 

habitat are increasingly fragmented and degraded, it is paramount that we manage the 

complete array of core and travel lynx habitats.  Only then will lynx at the southern range 

edge continue to make the most of their fragmented and heterogeneous landscapes. 
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APPENDICES 

APPENDIX A:  Stand Succession Terminology  

The terminology used to describe the forest conditions post-disturbance that lynx 

select or avoid varies throughout the literature.  Here, I detail the terminology I use to 

describe the post-disturbance forest conditions applicable to lynx and snowshoe hare habitat. 

Forest Structure: the structure of a forest characterized by its physical attributes 

such as tree density, number of layers, height, average diameter at breast height, or canopy 

cover (Hall et al. 1995). 

Stand Development:  The different stages of forest structure a stand undergoes with 

time since a disturbance.  Stand development is not synonymous with the succession of seral 

stages, which describes the changing patterns of plant species with time since disturbance 

(Hall et al. 1995) 

Lynx and snowshoe hares are more dependent on forest structure than on forest 

species composition (Koehler 1990, Hodges et al. 2000b).  For this reason, I will primarily 

refer to the changes a forest goes through post-disturbance in terms of stand development.  I 

have created four stages of stand development based on categories created by Oliver and 

Larsen (1990) but modified to capture important characteristics of lynx and snowshoe hare 

habitat.  

1.  Open Stand Initiation:  This stage is based on the Stand-Initiation 

category described by Oliver and Larsen (1990).  While Oliver and Larsen include 

both the earliest stages of regeneration where seedlings are very small and later when 

seedlings develop into taller trees, I will divide their category in two.  The open stand 

initiation stage describes only the earliest regeneration of a forest when seedlings and 
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shrubs are not thick or tall enough to provide adequate cover for snowshoe hares, 

especially during the snowy months, and is thus poor lynx habitat.  von Kienast 

(2003) and Koehler et al. (2008) both observed lynx avoiding this stage where it was 

present on burns ten or less years-old. 

2.  Early Stand Development:  This stage describes the more advanced end 

of Oliver and Larsen’s (1990) Stand-Initiation category.  I describe the early stand 

development stage as any forest stand that has regenerated to the point where trees 

and shrubs are tall and dense enough to provide cover and brows for snowshoe hares 

year-round, and thus hunting habitat for lynx.  The plant species creating this stage in 

the North Cascades are often a mix of deciduous and coniferous trees on moister sites 

or lodgepole pine (Pinus contorta) trees on drier sites.  Koehler et al. (1990) 

described lynx and snowshoe hares selecting this stand development stage where it 

was present on 20 year-old lodgepole pine sites.   

3.  Late Stand Development:  This stage is based on Oliver and Larsen’s 

(1990) Stem Exclusion stage.  I describe this stage as having a very open understory.  

Competition causes the trees to self-thin and lower branches to thin.  A closed canopy 

prevents shade-intolerant species from growing in the understory.  With an absence of 

cover and brows in the understory, snowshoe hares and lynx avoid this stand 

development stage.  Koehler (1990) found snowshoe hares and lynx avoid forest 

stands in this development stage found in lodgepole pine stands over 43 years old. 

4.  Old-growth:  To create the old-growth category, I combined Oliver and 

Larsen’s (1990) Understory Re-Initiation and Old-Growth stages.  I describe this 

forest structure as having developed a multi-layered structure.  Canopy gaps allow 
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understory trees and shrubs to grow, while long branches reach the ground and 

contribute to the understory cover.  Forest stands that reach this stage provide the 

cover and brows snowshoe hares and thus lynx select.  Koehler et al. (2008) found 

lynx selected for multi-layered Engelmann spruce- (Picea engelmannii) subalpine fir 

(Abies lasiocarpa) forests in the North Cascades, although a stand age was not 

reported.   

  



 238 

APPENDIX B:  Male 312’s Movement Path 
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Figure B.1.  Male 312’s movement pathway in the North Cascades.  Male 312’s GPS collar 

died and thus stopped collecting locations while he was within the Loomis study area.  His 

body was found outside of the Loomis study area near Conconully, Washington.
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APPENDIX C:GIS Layer Information 

C.1 Roads  

Layer: TIGER/Line Shapefile, 2012, State, Washington, Primary and Secondary 

Roads State-based Shapefile 

Source: U.S. Department of Commerce, U.S. Census Bureau, Geography Division. 

Format: Vector digital data. 

Date of Publication: 2012.   

Source Scale: Unavailable. 

Web Link: http://www2.census.gov/geo/tiger/TIGER2012/ 

PRISECROADS/tl_2012_53_prisecroads.zip 

 

I converted the TIGER Line shapefile into a 30 m raster and assigned each pixel in 

the raster a value indicating its distance (measured in meters) to the nearest road.  I then 

categorized each pixel as within 0, 50, 100, 250, 500, or 1,000 meters from the nearest road, 

or > 1,000 meters from the nearest road. 

C.2 Human Development 

Layer: Landuse10. 

Source: Washington Department of Ecology Geographic Information System (GIS) 

Technical Services. 

Format: Vector digital data. 

Date of Publication: 10/01/2010.  Updated as needed. 

Source Scale: Unavailable. 

Web Link: http://www.ecy.wa.gov/services/gis/data/data.htm 

 

The Landuse10 layer depicts tax parcel land use as defined by Department of 

Revenue two digit land use codes or by the Ecology GIS staff.  I used the attribute DESCR to 

eliminate any relatively undeveloped lands including agricultural lands, roads and railroads, 

designated forest land, mining activities, utilities, parks, and timberland (12,835 parcels 

eliminated).  The remaining parcels (13,516) mostly had buildings on them.  I then converted 

http://www2.census.gov/geo/tiger/TIGER2012/%20PRISECROADS/tl_2012_53_prisecroads.zip
http://www2.census.gov/geo/tiger/TIGER2012/%20PRISECROADS/tl_2012_53_prisecroads.zip
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this polygon layer to a raster and assigned each pixel in the layer a value of distance 

(measured in meters) to the nearest developed area. 

C.3 Disturbance  

Layer: LandTrendr. 

Source: Laboratory for Applications of Remote Sensing in Ecology, Oregon State 

University, and the Pacific Northwest Research Station. 

Format: Raster data. 

Pixel Size: 30 meters. 

Date of Publication: In the process of being updated as of 2011.  Unpublished. 

Source Scale: Unavailable. 

Web link: http://landtrendr.forestry.oregonstate.edu/ 

 

Layer: S_R06.FireHistoryPL 

Source: Data Resource Management/Fire and Aviation, Pacific Northwest Region, 

US Forest Service. 

Format: Vector digital data. 

Date of Publication: 06/24/2009.  Updated annually. 

Source Scale: 1: 24000 

Web Link: http://www.fs.fed.us/r6/data-library/gis/okanogan/index.shtml 

 

Layer: baselayer.BL_VECTOR.US_HIST_FIRE_PERIMTRS_DD83_NEW 

Source: Geospatial Multi-Agency Coordination Group. 

Format: Vector digital data. 

Date of Publication: Unknown.  Last updated in 2011. 

Source Scale: Unavailable. 

Web Link: http://www.geomac.gov/ 

 

Layer: Wa_historical_fires_1973_2012 

Source: Washington Department of Natural Resources, USDA Forest Service, and the 

Bureau of Land Management. 

Format: Vector digital data. 

Date of Publication: Unknown.  Last updated 2013. 

Source Scale: Unavailable. 

Web Link: Unavailable. 

 

Layer: FACTS. 

Source: Forest Service, U.S. Department of Agriculture. 

Format: Vector digital data. 

Date of Publication:  2009, updated regularly. 

Source Scale: Unavailable. 

Web Link: Unavailable. 
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Layer: FP_GIS_FPA_ (Forest Practice Application) 

Source: Washington Department of Natural Resources, Forest Practices Division. 

Format: Vector digital data. 

Date of Publication: Unpublished. 

Source Scale: 1: 1000 

Web Link: http://fortress.wa.gov/dnr/app1/dataweb/dmmatrix.html 

 

Layer: ROPA.TS_FMA_ALL_SV (Sold_completed_harvest). 

Source: Washington State Department of Natural Resources, Product Sales and 

Leasing. 

Format: Vector digital data. 

Date of Publication: Unknown.  Updated weekly. 

Source Scale: Unavailable. 

Web Link: Unavailable. 

 

LandTrendr has developed a raster dataset of disturbance in the Pacific Northwest US 

from 1985 through 2012.  LandTrendr’s three-band layer depicts the year of disturbance 

detection, the severity of disturbance (modeled as the percent of canopy cover loss) and the 

duration of disturbance.  Open water, barren, rocky, and ephemeral snow conditions are 

sometimes mistaken for disturbances in LandTrendr data.  To “clean” the LandTrender data, 

I used the LEMMA land cover attribute data to identify and extract pixels potentially 

misclassified as disturbed in the LandTrendr data.  As a result, 1% of the pixels classified as 

disturbed were removed. 

C.3.1 Fire  

The LandTrendr data does not distinguish between types of disturbance.  To separate 

out disturbances caused by wildfires, I used three historical fire perimeter GIS layers. One 

layer was developed by the US Forest Service and depicts fires that burned on Forest Service 

land prior to 2009.  To identify other land ownerships and fires on Forest Service land since 

2009, I used a data layer created by the Geospatial Multi-Agency Coordination Group 

(GeoMAC), which covers large US fires from 2000 to the present.  To include non-Forest 
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Service land fires before 2000 I used the Washington historical fires data created by the 

Washington Department of Natural Resources. 

I merged all three fire data layers together, including only fires that burned after 1984.  

I then used the merged fire perimeter layer to extract disturbed areas from the “cleaned” 

LandTrendr raster layers depicting severity of disturbance and the year the disturbance was 

detected.  While some disturbed pixel extracted by the fire perimeter layer may actually have 

been disturbed by other factors such as wind, or beetle kill, I made the assumption that most 

areas within the fire perimeters and depicted by LandTrendr as disturbed were burned.   As a 

result, I had one raster layer depicting the year of the fire and one depicting the severity of 

the fire. 

I categorized the fire year layer into old fires (1985-1997) or new fires (1998-2012).  

The fire severity layer was categorized into low severity (canopy cover loss of 0-50%), or 

high severity (canopy cover loss of 51-100%).  I also designated any unburned pixels as fire 

skips if they were surrounded by an area that had burned.  Many of these fire skips are areas 

of forest that did not burn in the fire, often because they had been harvested or burned 

relatively recently.  Other fire skips did not burn because they were not forested.  These 

categorical fire year and fire severity layers were then merged into a single layer depicting 

each burned area as an old, low- severity burn, an old, high- severity burn, a new, low- 

severity burn, a new, high- severity burn, or a fire skip. 

To convert the categorical fire harvest data into continuous data for the habitat 

analysis I extracted each disturbance category and made a binary layer for each one.  A 

moving window was then applied to each binary layer to determine for every focal pixel the 

number of other like pixels within a 3x3 and 27x27 pixel window. 
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C.3.2 Timber Harvest 

I used a process similar to the fire layers to create the timber harvest layers.  I used 

several polygon layers of timber harvest history to extract timber harvest disturbances from 

the “cleaned” LandTrendr data.  For Forest Service land, I used the FACTS data layer, which 

reliably identifies timber harvest units from 1996 forward, but less accurately identifies cuts 

made before 1996.  For Department of Natural Resources land, I used the Forest Service 

Application and Sold and Completed Harvest layers.  Through an examination in Google 

Earth I found that both the FACTS and Forest Service Application and Sold and Completed 

Harvest layers missed many harvest units or misrepresented their true shape.  To improve the 

accuracy of the GIS layers, I used Google Earth to trace 1,278 missing or misshapen harvest 

units.  Although clearcuts were easily observed in Google Earth, some thinned harvests may 

have been difficult to see and thus were not included in my hand-drawn harvest layer. 

I merged the FACTS, Forest Service Application and Sold and Completed Harvest, 

and hand-drawn layers together into a single timber harvest polygon layer.  The timber 

harvest polygon layer was then buffered by 50 m to allow for inaccuracies in the harvest 

boundaries.  Next I used the merged harvest layer to extract the severity of disturbance data 

and the year of disturbance data from the LandTrendr dataset.  Although some harvest units 

may have been missed by the timber harvest polygon layer and thus not included in the final 

raster layers, the LandTrendr data corrects for many inaccurate harvest unit shapes and for 

units included in the Forest Service and Department of Natural Resources harvest layers that 

were never actually cut.   

I categorized the harvest year layer into old harvests (1985-1997) or new harvests 

(1998-2012).  The harvest severity layer was categorized into thinned units (canopy cover 
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loss of 0-50%), or clearcut units (canopy cover loss of 51-100%).  These categorical harvest 

year and severity layers were then merged into a single layer depicting each harvested area as 

an old thin, an old clearcut, a new thin, or a new clearcut. 

I erased any harvested pixels that the fire raster layer indicated as burned.  Erasing 

harvested pixels ensured that harvested units that later burned were classified only as burned.  

Erasing harvest units that fell in a burned area also meant that any post-fire salvage-harvest 

units were classified only as burned. 

To convert the categorical timber harvest data into continuous data for the habitat 

analysis I extracted each disturbance category and made a binary layer for each one.  A 

moving window was then applied to each binary layer to determine for every focal pixel the 

number of other like pixels within a 3x3 and 27x27 pixel window. 

C.4 Land Cover 

Layer: GNN Species Size. 

Source: Landscape Ecology, Modeling, Mapping and Analysis (LEMMA). 

Format: Raster data. 

Pixel Size: 30 meters. 

Date of Publication: 2014. 

Source Scale: Unavailable. 

Web Link: http://lemma.forestry.oregonstate.edu/data/structure-maps 

 

Layer: US Geological Survey, Gap Analysis Program (GAP). May 2011. National 

Land Cover, Version 2 

Source: Northwest Gap Analysis Project. 

Format: Raster data. 

Pixel Size: 30 meters. 

Date of Publication: June 2009. 

Source Scale: Unavailable. 

Web Link: http://gap.uidaho.edu/index.php/nw-gap/land-cover 

 

The LEMMA layer is a raster dataset with a large attribute table so that each pixel 

represents many different habitat variables depicting forest tree species and structure.  For 
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non-forested areas, the layer creators assigned land cover types to each pixel using the 

Ecological Systems map developed for the US Geological Survey Gap Analysis Program.  

Satellite imagery from the year 2012 was used to create the LEMMA data layer. 

The LEMMA data attribute FORTYPBA classifies forests into 40 types based on the 

dominant tree species.  I reclassified the LEMMA data into six forest types and classified 

each side of the North Cascades crest slightly differently.  West of the crest, forests were 

simply classified into either west-side sub-boreal forest or other forest.  For forests east of the 

crest I classified forests to capture the general pattern of cool, moist sub-boreal forests 

(characterized by lodgepole pine [Pinus contorta], Engelmann spruce [Picea engelmannii], 

and subalpine fir [Abies lasiocarpa]), warmer, dry forests (characterized by Douglas fir 

[Pseudotsuga menziesii] and ponderosa pine [Pinus ponderosa]), and forests transitioning 

between the sub-boreal and dry forests (characterized by a mix of both sub-boreal tree 

species and dry forest tree species).  Specifically, I reclassified forests east of the Cascade 

crest as west-side sub-boreal forests, lodgepole pine forest, Engelmann spruce-subalpine fir 

forest (referred to as spruce-fir), mixed sub-boreal forests and dry forests (referred to as 

mixed forest), dry forests, and forests dominated by deciduous trees. 

Next, I used the ecological systems description attribute (ESLF_NAME) to reclassify 

non-forested areas as grassland, shrub land, rock or ice, open water, or agricultural areas.  

However, the LEMMA data incorrectly classified some non-forested areas as forested.  I 

drew 621 missing forest openings and classified their cover type based on visually 

identifying their land cover in Google Earth as rock or ice, grassland, or shrub land.  After 

converting my drawn forest openings to a raster dataset I incorporated the raster into the 

LEMMA land cover data. 
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The LEMMA data also misidentified some areas as grassland or shrub lands that were 

indicated by my timber harvest layer as harvested forest.  Harvested forests misidentified as 

non-forest types (12% of the harvested forests) were reclassified as disturbed since I had no 

way to identify the species composition of the regenerating forest. 

Areas with a canopy cover of less than 10% were not assigned a land cover value in 

the LEMMA data and were labeled REMNANT (6.5% of the North Cascades study area)  

For REMNANT pixels I used the GAP Analysis land cover data to assign these areas of low 

canopy cover a forest type or land cover type.  I reclassified GAP Analysis land cover 

categories into the same land cover types used to reclassify the LEMMA data.  Some of the 

REMNANT pixels were classified as disturbed by the GAP Analysis pixels.  I reclassified 

the GAP Analysis disturbed categories as follows. 

1.  Harvested forest regenerating as trees, shrubs, or grass:  I classified these areas as 

disturbed since there was no way of knowing the forest type.  

2.  Recently burned grassland or shrub land:  I reclassified these areas as grassland or 

shrub land accordingly since the structure of a grassy or shrubby area is not significantly 

changed by fire and regeneration time is relatively short. 

3.  Recently burned forest:  Most of these pixels were in high-elevation areas and 

interspersed with lodgepole pine forests.  Lodgepole pine is an early succession species likely 

to be regenerating post-fire, and thus I reclassified recently-burned pixels as lodgepole pine.  

However, one small area of burn in the southern portion of the North Cascades study area 

was interspersed with areas of Douglas fir forest as well as lodgepole pine forest, making the 

reclassification of this area as lodgepole pine less certain.   
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I now had a categorical land cover layer in which each pixel was classified either by a 

forest type (six categories), or non-forested land cover type (five categories).  All remaining 

pixels were those identified by the GAP Analysis data as either roads or developed areas 

(lumped into a single category called developed), or as an undefined disturbance.  To convert 

this categorical land cover data into continuous data for the habitat analysis, I extracted each 

land cover type to be included in the analysis and made a binary layer for each.  A moving 

window was then applied to each binary layer to determine for every focal pixel the number 

of other like pixels within a 3x3 and 27x27 pixel window.  I did not make a continuous data 

layer for developed areas since these land covers are represented in the Roads layer and the 

Human Development layer. 

C.5 Canopy Cover 

Layer: GNN Species Size, Region 222, 221, and 1. 

Source: Landscape Ecology, Modeling, Mapping and Analysis (LEMMA). 

Format: Raster data. 

Pixel Size: 30 meters. 

Date of Publication: 2010.  Updated as needed. 

Source Scale: Unavailable. 

Web Link: http://lemma.forestry.oregonstate.edu/data/structure-maps 

 

I used the LEMMA GIS data to create the canopy cover layer.  I used the attribute 

CANCOV to represent each forested pixel on the study area according to its percent canopy 

cover.  I also used a moving window analysis to determine the average percent canopy cover 

within a 3x3 and 27x27 pixel window. 
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C.6 Topography and Climate 

Layer: National Elevation Dataset. 

Source: US Geological Survey. 

Format: Raster data. 

Pixel Size: 30 meters. 

Date of Publication: 2011. 

Source Scale: Unavailable. 

Web Link: http://nationalmap.gov 

 

Layer: Growing Season Precipitation, April to September. 

Source: Moscow Forestry Sciences Laboratory, Nicholas Crookston and Gerald 

Rehfeldt. 

Format: Raster data. 

Pixel Size: 1,000 meters. 

Date of Publication: Unpublished 

Source Scale: Unavailable. 

Web Link: http://forest.moscowfsl.wsu.edu/climate/current/ 

 

I used the US Geological Survey 30 m National Elevation Dataset to develop layers 

depicting slope.  I also applied the ArcGIS Flow Accumulation tool to the US Geological 

Survey 30 m National Elevation Dataset to create a polyline layer depicting draws with a 

flow accumulation value greater than or equal to 500.  I then converted the draw layer into 

raster formats and assigned each pixel a value indicating its distance to the nearest draw. 

To create layers of Compound Topographic Index (Moore et al. 1993, Gessler et al. 

1995) and Heat Load Index (McCune and Keon 2002), I used the Geomorphometry and 

Gradient Metrics tools developed by Evans (2011).   

The climate data depicting total growing season precipitation were originally 

formatted with 1,000 meter pixels.  Using program R (2.15.3), I reduced the pixel size to 30 

meters using the elevation dataset to adjust the value of each new 30 meter pixel. 

I used a moving window analysis to determine the average Compound Topographic 

Index and Heat Load Index values, and the average growing season precipitation within a 

3x3 and 27x27 pixel window. 

http://nationalmap.gov/
http://forest.moscowfsl.wsu.edu/climate/current/
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C.7 Patch Metrics 

Three types of non-forested area were characterized by the patch metrics area and 

distance from edge.  From my categorical land cover layer, I extracted all areas with a land 

cover of grassland, shrub land, agriculture, or developed.  To prevent roads from dividing a 

forest opening into more than one patch, I reclassified developed pixels based on the values 

of the neighboring pixels.  This reclassification eliminated most roads.  I used FragStats 4.1 

(McGarigal et al. 2012), to assign area values to each patch of forest opening and assigned 

each pixel within a forest opening the distance to the nearest edge of the opening, including 

forest edges created by forest patches within an opening (measured in meters).  To examine 

patch metrics for harvested areas, I used FragStats 4.1 (McGarigal et al. 2012) to calculate 

the area of each harvest unit and the distance (meters) to edge was measured for each pixel 

within a harvest unit.  Similarly, I calculated the distance from every pixel within a burn to 

the nearest edge of the burn.  However, I did not calculate the area of each burn since the 

Tripod Burn, located partially in the Loomis study area, and the Whiteface Burn in the Black 

Pine Basin study area were the only significant burns included in the habitat model, making 

an analysis of burn area questionable.   
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APPENDIX D:Seasonal and Sex-Specific Core Habitat models 

D.1 Results 

The tests for multivariate redundancy identified and removed the variable depicting 

growing season precipitation within a small-scale area from the seasonal and sex-specific 

core habitat models.  In addition, I removed several collinear variables from each of these 

model based on results of the Spearman-rank test (Table D.1). 

The Summer, Winter, Male, and Female, Core Habitat models all demonstrated high 

model fit with out-of-bag error rates less than 30% and good model performance with 

accuracy values above 75%.  Each of the models had somewhat higher sensitivity rates than 

specificity rates and each model was significant at P<0.05 (Table D.2). 
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Table D.1.  Collinear variable pairs as determined by Spearman rank tests (r>0.8).  Variable descriptions are given in Table 2.2.  The 

decision to retain one variable over another was based on the importance value of each variable as indicated by an initial Random 

Forest run using all variables; the more important variable was retained.  In the case of collinear variables with very similar 

importance values, I retained the variable of higher ecological interest or one that added variety to the suite of variables tested in my 

models.  Numbers after the variable name identify it as being portrayed at a large-scale (27x27 pixel area) or small-scale (3x3 pixel 

area). 

Summer Core Habitat 

Model 
Winter Habitat Model Females Habitat Model Males Habitat Model 

retained eliminated  retained eliminated retained eliminated retained eliminated 

distedge_cut area_cut distedge_cut area_cut distedge_cut area_cut distedge_cut area_cut 

distedge_fo  area_fo distedge_fo  area_fo distedge_fo area_fo distedge_fo area_fo 

distedge_fire fireskips27 distedge_fire fireskip27 distedge_fire fireskips27 distedge_fire fireskips27 

newhigh_f27 fireskips27     newhigh_f27 fireskips27 

      newlow_f27 fireskips27 

newhigh_f27 newlow_f27 newhigh_f27 newlow_f27 newhigh_f27 newlow_f27 newhigh_f27 newlow_f27 

oldhigh_f27 oldlow_f27 oldhigh_f27 oldlow_f27     

      oldlow_f27 oldhigh_f27 

new_cut27 new_thin27 new_cut27 new_thin27     

      new_thin27 new_cut27 

old_cut27 old_thin27 old_cut27 old_thin27     

    old_thin27 old_cut27 old_thin27 old_cut27 

    gsp27 dry27 gsp27 dry27 

    gsp3 dry27 gsp3 dry27 

hli27 hli3   hli27 hli3 hli27 hli3 

    slope27 slope3   
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Table D.2.  Model validation and fit statistics for the Summer, Winter, Male, and Female 

Core Habitat models.  Accuracy (%) indicates the overall performance of the model when 

predicting the withheld, validation dataset.  Sensitivity and specificity show the proportion of 

used locations correctly predicted and the proportion of available locations correctly 

predicted.  Area under the curve of a Receiver Operator Characteristic (AUC) scores are a 

measure of how evenly the model predicts sensitivity and specificity.  The Kappa (k) statistic 

is a measure of how much better the model predicted used and available points than expected 

by random chance.  P values indicate significance of each model and out-of-bag error rates 

(%) show the mean misclassification rate of trees when predicting the out-of-bag data. 

Model Validation Statistics Model Fit 

Model Accuracy (%) Sensitivity Specificity k AUC P value 

Out-of-bag 

error rate 

(%) 

Summer 75.55 0.7955 0.725 0.5109 0.7555 P < 0.001 29.28 

Winter 77.73 0.8355 0.7364 0.5546 0.7773 P < 0.001 26.52 

Female 82.85 0.9192 0.7701 0.6571 0.8285 P < 0.001 22.12 

Male 75.04 0.7931 0.7185 0.5008 0.7504 P < 0.001 28.64 

 

The following figures are partial plots depicting the modeled probability of selection 

for habitat variables by lynx.  I have included variables from each of the seasonal and sex 

specific models with importance values greater than ~ 0.20.  For the Female and Male Core 

Habitat Models, I have reported partial plots for canopy cover, growing season precipitation, 

and spruce-fir forest at a large scale, and distance to the edge of a burn.  Although slope at a 

large scale had an importance value > 0.20 in the Male Core Habitat Model, slope at a large 

scale had an importance value < 0.20 in the Female Core Habitat Model and was thus not 

included in the following group of figures. 
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Figure D.1.  Female lynx selection of habitat variables in the Loomis and Black Pine Basin study areas.  Probability of use represents 

the effect of a focal habitat variable on female lynx habitat selection when the effect of all other habitat variables in the model are 

averaged.  Histograms show the distribution of the focal habitat variable throughout the Loomis and Black Pine Basin study areas.  

The dots represent the percentage of female lynx points found within each histogram category of the focal habitat variable.  Panels 

show female lynx selection for A) canopy cover at a large scale; B) growing season precipitation at a large scale; C) distance to the 

edge of a burn; and D) spruce-fir cover at a large scale. 
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Figure D.2.  Male lynx selection of habitat variables in the Loomis and Black Pine Basin study areas.  Probability of use represents 

the effect of a focal habitat variable on male lynx habitat selection when the effect of all other habitat variables in the model are 

averaged.  Histograms show the distribution of the focal habitat variable throughout the Loomis and Black Pine Basin study areas.  

The dots represent the percentage of male lynx points found within each histogram category of the focal habitat variable.  Panels show 

male lynx selection for A) canopy cover at a large scale; B) growing season precipitation at a large scale; C) distance to the edge of a 

burn; and D) spruce-fir cover at a large scale. 
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Figure D.3.  Lynx selection of habitat variables in the Loomis and Black Pine Basin study areas during the summer.  Probability of 

use represents the effect of a focal habitat variable on lynx habitat selection during the summer when the effect of all other habitat 

variables in the model are averaged.  Histograms show the distribution of the focal habitat variable throughout the Loomis and Black 

Pine Basin study areas.  The dots represent the percentage of summer lynx points found within each histogram category of the focal 

habitat variable.  Panels show lynx selection for A) canopy cover at a large scale; B) growing season precipitation at a large scale; C) 

distance to the edge of a burn; and D) spruce-fir cover at a large scale. 
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Figure D.4.  Lynx selection of habitat variables in the Loomis and Black Pine Basin study areas during the summer.  Probability of 

use represents the effect of a focal habitat variable on lynx habitat selection during the summer when the effect of all other habitat 

variables in the model are averaged.  Histograms show the distribution of the focal habitat variable throughout the Loomis and Black 

Pine Basin study areas.  The dots represent the percentage of summer lynx points found within each histogram category of the focal 

habitat variable.  Panels show lynx selection for A) dry forest at a large scale; and B) average slope at a large scale. 

A B 
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Figure D.5.  Lynx selection of habitat variables in the Loomis and Black Pine Basin study areas during the winter.  Probability of use 

represents the effect of a focal habitat variable on lynx habitat selection during the winter when the effect of all other habitat variables 

in the model are averaged.  Histograms show the distribution of the focal habitat variable throughout the Loomis and Black Pine Basin 

study areas.  The dots represent the percentage of winter lynx points found within each histogram category of the focal habitat 

variable.  Panels show lynx selection for A) canopy cover at a large scale; B) growing season precipitation at a large scale; C) distance 

to the edge of a burn; and D) spruce-fir cover at a large scale. 
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Figure D.6.  Lynx selection of habitat variables in the Loomis and Black Pine Basin study areas during the winter.  Probability of use 

represents the effect of a focal habitat variable on lynx habitat selection during the winter when the effect of all other habitat variables 

in the model are averaged.  Histograms show the distribution of the focal habitat variable throughout the Loomis and Black Pine Basin 

study areas.  The dots represent the percentage of winter lynx points found within each histogram category of the focal habitat 

variable.  Panels show lynx selection for A) dry forest at a large scale; and B) average slope at a large scale.

A B 
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D.2 Discussion 

To reliably discover differences between two Random Forest models by comparing 

importance values and partial plots, one must consider that small differences between partial 

plots may be less an indication of actual habitat selection differences and more an artifact of 

the way Random Forest works.  Model outputs will differ if the selected models use even a 

slightly different group of predictor variables since the interactions between included 

variables will differ.  Thus I found that when comparing two models, drawing sound 

biological conclusions was only possible when regarding larger differences between models 

and required an in depth exploration of the landscape and ecological context of the selection 

patterns.   
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APPENDIX E:  Data Obtained in the Whiteface and Tripod Burns 

E.1 The Whiteface Burn 

Much of the Whiteface Burn fell within male 329’s home range and 478 of his 1,928 

locations (24%) fell within the burn.   

Male 311’s home range was centered approximately 4 km east of the Whiteface Burn.  

152 of 311’s 2,251 locations fell within the Whiteface burn (7%).   

Locations from female 330 indicate that while her home range bordered the burn and 

was within male 311’s home range, she did not frequent the Whiteface Burn.  Only nine of 

330’s 703 locations (1%) fell within the Whiteface Burn. 

Although female 340 used a similar home range to female 330 and male 311, she 

made many trips outside of her home range, crossing though and spending time in the 

Whiteface Burn.  Ninety-six of 340’s 1,681 locations (6%) fell within the burn.  

Male 312 did not have a well-established home range but spent approximately three 

months in the Black Pine Basin before leaving the area entirely, returning briefly, and then 

leaving again.  Male 312 used the Whiteface Burn several times and 31 of his 1,311 locations 

(2%) fell within this burn. 

E.2 The Tripod Burn 

Male 312 also traveled out of the Black Pine Basin eastward through the Tripod Burn 

and into the Loomis area.  Nine locations for male 312 were collected in the Tripod Burn 

(0.7%). 

Locations from male 306 were only collected for 21 days.  During this time he 

remained localized near the Tripod Burn, frequently using it but remaining within 900 m of 
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the edge.  Ninety locations for 306 were obtained, 33 of which were in the Tripod Burn 

(37%). 

Locations for male 307 span one month and 129 locations were collected during this 

time.  Although 307 remained in a localized area at the edge of the Tripod Burn only one 

location was collected within the burn, 250 m from the edge. 

Male 308 lived in a home range adjacent to the Tripod Burn.  1,391 locations were 

collected from 308, only 15 of which fell within the Tripod Burn (1%).  All 15 locations 

were within 200 m of the edge of the burn.   

Male 309 had an established home range, the center of which was approximately 9 

km from the edge of the Tripod Burn.  Male 309 made many short forays out of his home 

range before dispersing to British Columbia, Canada.  On several of these forays, 309 

traveled near the edge of the Tripod Burn but only four of these foray locations were 

collected within the burn (0.2% of his 1,608 Washington locations).  The location furthest 

inside the burn was 600 m from the edge.   

Male 327 lived in a home range at the edge of the Tripod Burn and also included an 

island of forest that had previously burned in the 1970 Forks Fire but was not re-burned in 

the Tripod Fire.  Locations from 327 were collected during his movements to and on the 

Forks fire skip, along the inside edge of the burn (within approximately 500 m of the edge), 

and on a few short forays into the Tripod Burn.  Three hundred ninety of 327’s 824 locations 

fell within the Tripod Burn (47%).  

Male 338’s home range bordered the Tripod Burn.  Forty-seven of 338’s 1,263 

locations (4%) fell within the burn, mostly within 500 m from the edge, although he ventured 

within approximately 1 km from the edge of the burn on 2 occasions.   
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Male 339 lived in a home range mostly localized at the edge of the Tripod Burn and 

around a small isolated island of burn.  Male 339 made many forays throughout the Loomis 

area before dispersing to British Columbia a year after he was collared.  One hundred and 

seventy-one of 339’s 1,694 Washington locations (10%) fell within the Tripod Burn.  

Locations in the burn were collected within 500 m of the burn edge, in an area of the Tripod 

Burn he frequently used as far as 2 km from the edge, and on several forays outside his home 

range.  Male 339 also made five trips across the Tripod Burn to the Thunder Mountain Burn, 

staying there for three days on one occasion.  Only 28 locations were collected in the 

Thunder Mountain Burn by 339 and he was the only lynx to record locations within the 

Thunder Mountain Burn. 

Male 346’s home range bordered the Tripod Burn and surrounded but avoided the 

same island of burn that male 339 avoided.  Thirty-five of male 346’s 2,990 locations fell 

within the burn (1%).  Most of the locations within the burn were within 500 m of the edge 

though he sometimes ventured approximately 1 km into the burn.  Male 346 also went on a 

foray nearly 7 km into the Tripod Burn and although he likely crossed through the Thunder 

Mountain Burn he did not linger there and no locations were recorded within the Thunder 

Mountain Burn.  Male 346 also went on a longer exploratory movement to British Columbia, 

passing through the Tripod Burn on his way. 

Male 347’s home range bordered the Tripod Burn and 18 of his 1,381 locations (1%) 

fell within the burn.  These locations were all within 500 m of the burn’s inside edge. 

Female 349’s home range was adjacent to the Tripod Burn and 67 of her 1,345 

locations were collected within the Tripod Burn (5%).  All of her locations in the burn were 

within 800 m of the burn’s inside edge. 
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APPENDIX F:  Male 339 and 309’s Dispersal Paths from Washington to British 

Columbia 
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Figure F.1.  Male 339 and Male 309’s dispersal pathways into British Columbia.  Both of 

these males dispersed out of the Loomis study area and into British Columbia where they 

remained until they were legally harvested by trappers. 
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Patricia Zenone; Patrick Gower; Robert Jess; Sally Flatland; Sid Slone; Steve Spangle
Subject: FWS News 11-3-15
Date: Tuesday, November 03, 2015 5:54:02 AM

Fish and Wildlife Service:

HOUSE SET TO CLEAR GLOBAL ANTI-POACHING BILL. The E&E Daily (11/2, Subscription
Publication) reports that the “Global Anti-Poaching Act” (H.R. 2494), “a popular bipartisan bill to curb
wildlife trafficking is likely to clear the House this week.” The legislation would “name and shame
countries involved in the illicit trade and provide increased assistance to nations attempting to fight it.”
The article notes that “provisions to make the penalties for smuggling or selling endangered species and
products made from them equivalent to the ones for weapons and drug trafficking are also included in the
bill.”

ASIAN CARP FOUND 12 MILES CLOSER TO LAKE MICHIGAN. The AP (11/3, 2.15M) reports that
“federal crews have discovered two Asian carp in the Illinois River, 12 miles closer to Lake Michigan than
where others of that size previously were seen.” FWS “teams found two silver carp about 6 ½ inches long
late last month in the river’s Marseilles Pool near Seneca, Illinois.” The article notes that “that means the
leading edge of the river’s juvenile Asian carp population is about 66 miles closer to Lake Michigan than it
was at the beginning of this year.”

Additional coverage was provided by the Washington (DC) Times (11/3, 283K), the Columbus (OH)
Dispatch (11/2, 518K), USA Today (11/2, Spangler, 5.56M), the Christian Science Monitor (11/2,
496K), UPI (11/2), WWJ-TV Detroit (MI) Detroit (11/2, 34K), WPBN-TV Traverse City (MI) Traverse City,
MI (11/3, 14K), andWOOD-TV Grand Rapids (MI) Grand Rapids, MI (11/2, 129K).

FWS REVIEWING EASTERN MASSASAUGA RATTLESNAKE. The Detroit Free Press (11/2, 921K)
reports that the FWS “last month recommended” that the Eastern Massasauga rattlesnake be “moved to
the threatened species list, starting a review that will take as long as a year.” The decline in their
population has been “spurred by both habitat loss and the fact that people fear them, said Jennifer Moore,
professor of biology at Grand Valley State University.”

Additional coverage was provided by the Lansing (MI) State Journal (11/2, 238K) and the Livingston
County (MI) Daily Press & Argus (11/2, 4K).

CONTINUING COVERAGE OF NEW MEXICO JEWELRY STORE RAIDS. KOB-TV Albuquerque, NM
(11/3, 78K) reports that “a newly-unsealed search warrant related to the federal raids of several New
Mexico jewelry shops that were allegedly selling fake Native American goods shows federal agents have
pursued the case for the last three years.” According to the article, “the warrants also show how
investigators followed the money to prove how the stores sold jewelry claiming to be Native American,
which actually came from the Philippines.” The warrants “include picture proof from the US Fish and
Wildlife Service that outlined their evidence.”

RESEARCHERS FIND BATS INFECTED WITH WHITE-NOSE SYNDROME IN CHINA. Science
Daily (11/3, 59K) reports that “bats in northeast China are infected with the fungus that causes white-nose
syndrome,” according to a team of American and Chinese researchers. As a result of the new findings,
Marm Kilpatrick, associate professor of ecology and evolutionary biology at UC Santa Cruz., and Winifred
Frick, who lead several research projects on white-nose syndrome at UC Santa Cruz, have received
funding from the FWS “to study the dynamics of the disease in China.”

PLAN CALLS FOR KILLING BARRED OWLS TO TRY TO SAVE ENDANGERED SPOTTED
OWLS. The Yakima (WA) Herald-Republic (11/3, 91K) reports that “federal and state wildlife agencies
had frequently killed members of one animal species on behalf of another, but none of the National
Environmental Policy Act processes leading to those campaigns had included an ethics review.” The
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article analyzes the decision to kill “3,600 barred owls in four carefully chosen areas known to be home to
previously healthy populations of spotted owls — one in the wooded slopes around Cle Elum — to see if
the spotted owls would rebound.”

Additional coverage was provided by the Yakima (WA) Herald-Republic (11/3, 91K).

WASHINGTON STATE WEIGHS MEASURE TO COMBAT ANIMAL
TRAFFICKING. The Greenwire (11/2, Subscription Publication) reports that Washington state will vote
Tuesday “on whether to approve the broadest restrictions on endangered species trafficking of any state
to date.” According to the article, “the first such ballot initiative anywhere in the country, I-1401 would
establish sentences of up to five years in prison for anyone convicted of trading in animal products,
including those from tigers, lions, sea turtles, elephants and rhinoceroses.” Proponents say that the
measure, “backed and funded by Microsoft co-founder Paul Allen, would help crack down on the
smuggling of animal parts that occurs in the state’s major ports.”

RECOVERY PLAN RELEASED FOR SNAKE RIVER FALL CHINOOK SALMON. E&E Publishing (11/2,
705) reports that the National Marine Fisheries Service “released a recovery plan today for Snake River
fall Chinook salmon that suggests re-establishing a long-gone population to increase the fish’s chance of
survival.” According to the article, “the draft plan details several options for rebuilding the population of
salmon that spawn in the main stem of Snake River and its major tributaries.” The plan “emphasized that
recovery is ‘very possible’ with one population,” but “a second population above Hells Canyon Dam would
‘safeguard against further decline.’”

JUDGE TO HEAR ARGUMENTS OVER FISH PASSAGE AT CONOWINGO DAM. The Seven Valleys
(PA) Bay Journal (11/3, 146K) reports that “Exelon Corp. has taken the unusual step of requesting a ‘trial-
type hearing’ to challenge recommendations made by federal biologists who are calling for a massive
upgrade to fish passage operations at its Conowingo Dam.” According to the article, “the request is in
response to a ‘preliminary prescription’ from the U.S. Department of Interior in August.”

ADDITIONAL COVERAGE: NEW STUDY FINDS YELLOWSTONE GRIZZLY BEARS
THRIVING. Additional coverage of the new study that found that “grizzly bears in Yellowstone National
Park area saw unprecedented growth this year” was provided by the Christian Science Monitor (11/2,
496K).

AUDOBON SOCIETY COMMITTED TO GREATER SAGE-GROUSE PLAN. For the Audubon
Society (11/2, 1.65M), David Yarnold notes that “when the U.S. Fish and Wildlife Service recently made a
major announcement about its decision not to list the Greater Sage-Grouse under the Endangered
Species Act, Audubon’s Brian Rutledge was the only representative from a national conservation
organization on the stage with Interior Secretary Sally Jewell.” According to Yarnold, “that’s because
Brian pioneered the win-win formula that will lock in new protective management plans on 60 million
acres of public land across the West.” Yarnold vows that Audubon will “continue to play a central, pivotal
role in ensuring this plan’s future success.”

ELIMINATION OF FURBEARER TRAPPING URGED. For “The Blog” of the Huffington Post (11/3,
Eisenberg, 251K), Cristina Eisenberg, an ecologist, writes that In 2013, three environmental groups filed
“a lawsuit to protect lynx in Montana and uphold the ESA.” The lawsuit “focused on unintentional lynx
capture in traps set for other furbearers.” According to Eisenberg, “the Montana-aimed lynx lawsuit
established powerful case law for large carnivores threatened by furbearer trapping.” While “other states
that allow furbearer trapping are more proactively self-regulating to avoid litigation,” she argues that “the
most sensible and ethical solution would be for our society to eliminate furbearer trapping entirely, the
way we banned slavery. “

-- 
Jon Andrew 
Interagency Borderlands Coordinator 
Office of the Secretary
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Introduction and Consultation History 
 
This document transmits the Fish and Wildlife Service’s (Service) Biological 
Opinion (Opinion) based on our review of the proposed issuance of a Clean 
Water Act Section 404 permit to Mittal Steel to develop a new open-pit mine 
(East Reserve) between the towns of Biwabik and McKinley, St.  Louis, County, 
Minnesota.  
 
Minnesota Department of Natural Resources and the U.S. Army Corps of 
Engineers (USACE) jointly released a Draft Environmental Impact Statement 
(EIS), Mittal  Steel USA - Minorca Mine East Reserve Project, on September 15, 
2006.  The Final EIS was released on December 22, 2006.  On December 22, 
2006, USACE sent a letter to the Service in which it  requested the Service’s 
concurrence with the determination that the proposed action may affect, but 
would not likely adversely affect Canada lynx (Lynx canadensis) and gray wolf 
(Canis lupus).   On January 25, 2007, the Service met with USACE to discuss the 
proposed project and potential  effects to federally listed species.  Subsequently, 
the Service sent a letter to USACE on January 30, 2007, stating several reasons 
why the proposed action was likely to adversely affect both gray wolves and 
Canada lynx.  USACE then sent a letter to the Service on February 9, 2007, in 
which it  requested the initiation of formal section 7 consultation with the 
Service.  Additional conversations between the two agencies are documented in 
electronic mail messages.  A complete record of this consultation is on file at 
the Service’s Twin Cities Field Office.  
 
Concurrence 
 
The USACE found that the proposed action may affect,  but is not likely to 
adversely affect bald eagle (Haliaeetus leucocephalus).   In Minnesota, bald 
eagles typically nest in large trees within 500 feet of lakes or rivers (Grier & 
Guinn 2003).  Activities that occur within one-quarter to two miles of nests 
(i .e. ,  the outer limit of the tertiary zone, USFWS , depending on sight lines, may 
have adverse effects on breeding eagles.  The nearest recorded bald eagle nest 
territory is approximately two miles from the action area.  It  is on the opposite 
side of Minnesota Highway 135, which has an average daily traffic volume of 
5100 vehicles/day (Minnesota Department of Transportation 2004.  Traffic 
volume maps.  Retrieved 1/31/07 from 
http://www.dot.state.mn.us/tda/maps/trunkhighway/2004/counties/stlouis4.pdf).  
Due to the distance of this nesting territory from the proposed mine and the 
current existence of a state highway between the two areas the Service would 
not expect the proposed action to adversely affect eagles nesting in this 
territory.   
 
Eagles may establish a new nesting territory in forest near open bodies of water 
or along the Pike River within two miles of the proposed mine or haul road.  
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The open bodies of water within this area, however, are predominantly former 
mine pits.   Therefore, the Pike River and two natural lakes that are about 1.4 
miles from the proposed pit boundary may be the most likely locations for new 
eagle territories in or near the action area.  If eagles nest near either lake, their 
nests would have to in direct line of sight with the pit or stockpile areas to 
expect any effects to nesting eagles due to the distance between the two.  No 
eagle nests are recorded along any portion of the Pike River between the action 
area and Lake Vermillion.  In addition, except for the haul road, most of the 
proposed activities would occur greater than one-half mile from the river and 
may be partly or entirely out of the line of sight of potential nesting areas near 
the river.  Based on these factors, we concur with the USACE determination that 
the proposed action may affect, but is unlikely to adversely affect bald eagles.  
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BIOLOGICAL OPINION 
 
1. Description of the Proposed Action 
 
The U.S. Army Corps of Engineers (USACE) has proposed to issue a Clean 
Water Act Section 404 permit to Mittal Steel to develop a new open-pit mine 
(East Reserve) between the towns of Biwabik and McKinley, St. Louis, 
County, Minnesota.  The East Pits and stockpile areas will  both impact 
wetlands [Minnesota Department of Natural Resources (MDNR) and USACE 
2006:17-18 and Figure 3-7).  Therefore, a Clean Water Act Section 404 
permit from the USACE would be required to implement the mining 
proposal.  Proposed actions related to mining would be interrelated to the 
USACE action – they would not occur but for the issuance of the CWA 
permit and are described below in section 5.1, Effects of Interrelated or 
Interdependent Actions.  

2. Status of the Species 

2.1. Canada lynx 
 
The Canada lynx in the contiguous U.S. were listed as threatened effective April 
23, 2000 [65 Federal Register (FR) 16052, March 24, 2000].  The Service 
identified one distinct population segment (DPS) in the lower 48 states.  On July 
3, 2003, the Service published its Notice of Remanded Determination of Status 
for the Contiguous United States Distinct Population Segment of the Canada 
Lynx (68 Federal Register FR 40076, July 3, 2003) in which it  clarified its 
findings in the 2000 final listing rule and reaffirmed the listing of the lynx DPS 
as threatened. 

2.1.1. Species Description 
 
The lynx is a medium-sized cat with long legs; large, well-furred paws; long 
tufts on the ears; and a short tail  whose tip is entirely surrounded by black 
(McCord and Cardoza 1982, the tips of bobcat tails are black only on the 
upperside).  The lynx’s long legs and large, well-furred paws make it  highly 
adapted for hunting in deep snow.  Adult males average 10 kilograms (22 
pounds) in weight and 85 centimeters (33.5 inches) in length (head to tail),  and 
females average 8.5 kilograms (19 pounds) and 82 centimeters (32 inches, Quinn 
and Parker 1987).   

2.1.2. Life History 
 
Canada lynx prey primarily on snowshoe hares, especially in the winter when 
they comprise 35-97 percent of the diet (Koehler and Aubry 1994).  Lynx may 
modify hunting behavior and switch to alternate prey when hare densities are 
low (O’Donoghue et al.  1998).  Other prey species include red squirrel 
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(Tamiasciurus hudsonicus),  other small rodents, small carnivores, and birds, 
including ruffed grouse (Moen et al.  2004). 
 
Snowshoe hares have evolved to survive in areas that receive deep snow (Bittner 
and Rongstad 1982) and prefer conifer habitats with dense shrub understories 
that provide food, abundant cover to escape predators, and thermal protection 
during extreme weather (Wolfe et al.  1982; Pietz & Tester 1983; Fuller & 
Heisey 1986; Monthey 1986; Koehler and Aubrey 1994; Wirsing et al.  2002; 
Hodges & Sinclair 2005).  Early successional forest stages generally have 
greater understory structure than do mature forests and therefore support higher 
hare densities (Pietz & Tester 1983; Newbury & Simon 2005).  It  may take 
several years, however, for conditions to become suitable for hares after 
disturbances, such as clearcuts and fire; such areas may not be optimal until  15-
30 years after the initial disturbance, during what may be described as the 
sapling/large shrub stage – before the onset of self-thinning (Monthey 1986; 
Thompson et al.  1989; Koehler and Brittell  1990; Buskirk et al.  2000; Hoving et 
al.  2004).  In central Labrador, for example, hare densities peaked thirty years 
after clearcuts – hare densities in 30-year-old clearcuts were 37 times higher 
than in recent clearcuts (Newbury & Simon 2005).  Potvin et al.  (2005) found 
that hare densities would likely peak no sooner than 15 years after clearcuts in 
southwestern Quebec and that optimal conditions took longer to develop in some 
boreal forest types (e.g.,  black spruce, Picea mariana).   Peak densities may 
develop sooner in more southern forests (Newbury & Simon 2005; Potvin et al.  
2005).   
 
In Canada and Alaska, lynx populations generally undergo marked and regular 
fluctuations in response to changes in snowshoe hare populations (Mowat et al .  
2000).  In the northern portions of their range, lynx densities drop to less than 
3/100km2  during population lows.  A well studied population in Washington 
maintained a density of 2-2.6/100km2  during a 7-year study period (Aubry et al.  
2000).  
 
In the northeastern U.S.,  lynx were most likely to occur in areas containing 
suitable habitat that were greater than 100 square kilometers (km2, Hoving 
2001).  Studies in the southern portion of the species’ range have found average 
home ranges of 151 km 2 and 72 km2 for males and females, respectively (Aubry 
et al.  2000).  Home range size is likely inversely related to density of snowshoe 
hare (Koehler and Aubry 1994; Poole 1994; Apps 2000; Squires and Laurion 
2000). 
 
The most commonly reported causes of lynx mortality include starvation of 
kittens (Quinn and Parker 1987; Koehler 1990) and human-caused mortality 
(Ward and Krebs 1985; Bailey et al.  1986).  Significant lynx mortality due to 
starvation (up to two-thirds of deaths) has been demonstrated in cyclic 
populations of the northern taiga during the first 2 years of hare scarcity (Poole 
1994; Slough and Mowat 1996).  Where trapping of lynx occurs legally, 
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mortality of adults may be almost entirely human-caused during hare population 
lows (Poole 1994).  Lynx are also killed by automobiles, disease, and other 
mammal species, although the significance of these factors to lynx populations 
is uncertain (Brand and Keith 1979; Carbyn and Patriquin 1983; T. Shenk, in 
litt .  2004; Ward and Krebs 1985; Bailey et al.  1986).  During a lynx irruption in 
Minnesota in 1971-1974 when the state allowed take by trappers, 96 percent of 
128 mortalities were caused by trapping or shooting, whereas 4 percent were 
killed by cars (Henderson 1977).  Of the 37 lynx that have died of known or 
suspected causes in Colorado since the state began reintroducing the species in 
1999, 13 (35 percent) died as a result of being shot or from other human causes 
(excluding vehicles), ten (27 percent) were killed by vehicles, nine (24 percent) 
starved, four (11 percent) died of plague, and 1 (3 percent) was predated (T. 
Shenk, in litt .  2004).  Of the 21 lynx mortalities recorded in Minnesota since 
2002, six died after being trapped, five died as a result of collisions with cars, 
four died of unknown causes, three were shot, two died after collisions with 
trains, and one was predated. 

2.1.3. Status and Distribution 
 
Canada lynx range is associated closely with the distribution of North American 
boreal forest inhabited by snowshoe hares (Agee 2000).  It  extends from Alaska, 
the Yukon Territories, and Northwest Territories south across the United States 
border in the Cascades Range and northern Rocky Mountains, through the 
central Canada provinces and down into the western Great Lakes region, and 
east to New Brunswick and Nova Scotia, Canada, and south into the northeastern 
United States from Maine to New York (McCord and Cardoza 1982; Quinn and 
Parker 1987).   
 
Within the transitional boreal forest within the contiguous United States there 
are core areas for Canada lynx in Maine, Minnesota, Montana, Washington and 
likely Idaho (68 Federal Register 40076-40101, July 3, 2003).  More generally, 
these core areas are contained within the Northeast,  Great Lakes, Southern 
Rocky Mountains, and Northern Rocky Mountains/Cascades regions.  Status of 
Canada lynx in the Minnesota/Great Lakes region is summarized below.  Outside 
of Minnesota in the Great Lakes region, lynx may also occur in Wisconsin and 
Michigan, but there is no current evidence of reproduction there and suitable 
habitat is l imited and disjunct from occupied habitat in Minnesota and Canada 
(68 Federal Register 40076-40101, July 3, 2003).   

2.1.3.1. Minnesota/Western Great Lakes Region 
 
In Minnesota, recent and historical lynx records are primarily in the 
northeastern part of the state, especially in the Northern Superior Uplands 
Ecological Section.  Historically, this area was dominated by red pine (Pinus 
resinosa) and white pine (P. strobus) mixed with aspen (Populus spp.),  paper 
birch (Betula papyrifera), spruce, balsam fir (A. balsamifera) and jack pine (P. 
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banksiana) (Minnesota Department of Natural Resources [Minnesota DNR] 
2003).  Unlike elsewhere within the Great Lakes and Northeast regions, most 
lynx habitat in northeastern Minnesota is on public lands, particularly the 
Superior National Forest.   Mixed deciduous-boreal forest suitable for lynx 
habitat encompasses most of the Superior National Forest,  which has been 
mapped into Lynx Analysis Units to promote lynx management under the SNF 
Land and Resource Management Plan (USDA Forest Service 2004).  
 
Harvest and bounty records for Minnesota, which are available since 1930, 
indicate approximate 10-year population cycles, with highs in 1940, 1952, 1962, 
and 1973 (Henderson 1977; McKelvey et  al.  2000).  Lynx abundance in 
Minnesota appears to be directly related to population levels in nearby Canada 
(Mech 1980) – based on trapping records, lynx abundance in Minnesota appears 
to lag fluctuations in Manitoba, Ontario, and Saskatchewan by about three years 
(McKelvey et al.  2000).  During a 47-year period (1930–1976) before cessation 
of legal harvest, the Minnesota lynx harvest ranged from 0 to 400 per year 
(Henderson 1977) and lynx were captured in the state through periods presumed 
to represent both population highs and lows.   
 
In the 1990s there were only five verified records of lynx in Minnesota (M. Don 
Carlos, Minnesota Department of Natural Resources, in litt .  1994; S. Loch, pers. 
comm. 2006).  Beginning in about 2000, Minnesota lynx numbers evidently 
began to rebound.  Genetic analyses of scat and hair samples collected primarily 
along lynx snow trails and tissue samples from dead specimens as well  as live-
captured lynx have confirmed presence of 81 unique lynx and 4 lynx-bobcat 
hybrids in Minnesota from 2002 through March 2006 (USDA FS, unpubl. data).  
An additional 18 lynx have been documented as part of an ongoing lynx study 
(S. Loch, pers. comm. 2006) for a total of at least 99 unique lynx confirmed in 
the state since 2002.  This number represents only a subset of the actual number 
of lynx that have been present in the state since 2002, which is unknown.  Lynx 
researchers have confirmed nine lynx dens in Minnesota by following the 
activities of radio-collared females in the years 2004-2006 (R. Moen, Natural 
Resources Research Institute, Duluth, MN, pers. comm. 2006).   
 
Snowshoe hare harvest in Minnesota (the only available long-term index to hare 
abundance in the state) shows a very inconsistent pattern from 1941-2000.  Hare 
abundance, as indicated by harvest,  peaked in the early 1940s and 1950s along 
with lynx harvest,  but not in the early 1950s or 1960s.  In contrast,  hare harvest 
was double any previous year from 1977-1980, yet lynx did not increase.  Based 
on counts of hares made during spring grouse drumming surveys and mid-winter 
furbearer track surveys, snowshoe hare numbers are currently “near a peak”, but 
remain far below the numbers observed in the late 1970’s (J.  Erb, Minnesota 
Department of Natural Resources, in litt .  2004). 
 
Canada lynx may not be legally trapped in Minnesota, where they are a 
protected species, but at  least thirteen lynx have been captured incidentally in 
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recent years by trappers in pursuit  of other species – five of these lynx died as a 
result (U.S. Fish and Wildlife Service (USFWS), Bloomington, Minnesota, 
unpubl. data).    
 
In previous biological opinions for federal actions that are ongoing in 
Minnesota, the Service anticipated various levels of take.  These anticipated 
levels of take are described below, along with the actual recorded take that may 
be ascribed to each action.  The Service monitors all  known take and mortality 
of lynx in Minnesota in cooperation with the Forest Service. 
 

•  2004 - Up to two lynx per year, but no more than 20 in total,  over the 15 
years after the approval of the Revised Land and Resource Management 
Plans, Chippewa and Superior National Forests.  These plans were 
approved in July 2004.  Thus, the Service has anticipated that this take 
would occur between July 2004 and July 2019.  Thus far,  only one 
incidental take may be ascribed to the Forest Service’s implementations of 
these plans – a lynx was killed by an automobile in April 2005 on the 
Superior National Forest.  

 
•  2005 - Trunk Highway 371 North, Federal Highway Administration – One 

over a 30 year period (2005-2035).  Thus far,  no take may be ascribed to 
this action. 

 
•  2005 - Trunk Highway 1, Federal Highway Administration – Up to three 

lynx, over a 30 year period (2005-2035).  Thus far,  no take may be 
ascribed to this action.   

 
•  2006 - Clean Water Act permit for the discharge of dredged or fill  

material  into navigable waters by Northshore Mine, U.S. Army Corps of 
Engineers – One lynx during the ten year project period (2006-2015).  
Thus far,  no take may be ascribed to this action.   

 
•  2006 - Paving of Forest Road 424 (Denley Road) in St.  Louis and Lake 

Counties, Minnesota – One lynx every 10 years.  Thus far,  no take may be 
ascribed to this action.   

 
Collectively, we anticipate that these actions would result in the take of 
approximately 2 lynx per year within their combined action areas in Minnesota, 
although there is evidence for the take of only one lynx as a result of all  of 
these actions.  In addition, during the approximately five years during which the 
Service has collected lynx mortality data in Minnesota it  has recorded the deaths 
of sixteen lynx due to human causes (one of these was anticipated by a 
biological opinion).   
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2.1.3.2. Northeast 
 
As it  did historically, the boreal forest of the Northeast currently exists 
primarily in Maine where habitat is currently optimal and a resident, breeding 
population of lynx occurs.  Maine’s lynx population is directly connected to 
substantive lynx populations and habitat in southeastern Quebec and New 
Brunswick.  Lynx numbers in Maine apparently increased between 1999 and 
2003, coinciding with regeneration of forest clearcut in the 1970’s and 1980’s 
and high numbers of lynx in nearby Quebec (Hoving et al.  2004).  The potential 
exists for lynx to occur in New Hampshire because of its direct connectivity 
with Maine, and we presume they currently occur there.  Lynx in Vermont have 
always existed solely as dispersers.  Lynx occurring in New York since 1900 
have been dispersers. 
 

2.1.3.3. Northern Rocky Mountains/Cascades  
 
In this region, the majority of lynx occurrences are associated at a broad scale 
with the “Rocky Mountain Conifer Forest;” within this type, most of the 
occurrences are in moist Douglas fir  (Pseudotsuga menziesii) and western 
spruce/fir  forests (McKelvey et  al.  2000).  Most of the lynx occurrences are in 
the 1,500-2,000 meters (4,920-6,560 feet) elevation class (McKelvey et al.  
2000).  These habitats are found in the Rocky Mountains of Montana, Idaho, 
eastern Washington, and Utah, the Wallowa Mountains and Blue Mountains of 
southeast Washington and northeastern Oregon, and the Cascade Mountains in 
Washington and Oregon.  A substantial proportion of the verified lynx 
occurrences in the United States and confirmed breeding are from this region.  
The boreal forest of Washington, Montana, and Idaho is contiguous with that in 
adjacent British Columbia and Alberta, Canada. 
 
The Northern Rocky Mountains/Cascades Region supports the most viable 
resident lynx populations in the contiguous United States, while recognizing 
that,  at best,  lynx in the contiguous United States are naturally rare.  Strong 
evidence exists to support the presence of resident lynx populations distributed 
throughout much of the forest types considered lynx habitat  in Montana and 
Washington.  Resident lynx populations probably exist in contiguous habitats in 
Idaho and northwestern Wyoming.  Lynx have probably always occurred 
intermittently in Oregon and Utah, although the historical or current presence of 
resident populations in either of these States has not been confirmed. 
 

2.1.3.4. Southern Rocky Mountains 
 
It  is unclear whether lynx in this region historically occurred as a resident 
population or if historic records were of periodic dispersers.  If a resident lynx 
population occurred historically in the Southern Rocky Mountains, then this 
native population has been lost.   Isolation from potential source populations 
may have led to the extirpation of lynx in this region.  Although habitats in the 
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Southern Rockies are far from source populations and more isolated, it  is still  
possible that dispersers could arrive in the Southern Rocky Mountains during 
highs in the population cycle.  
 
Colorado Division of Wildlife (CDOW) has released 218 lynx from Canada and 
Alaska in 1999, 2000, 2003, 2004, 2005, and 2006.  As of August 2004, CDOW 
was tracking 85 of the released animals and had confirmed 56 mortalities.  
Researchers found six litters containing 16 kittens in 2003; 14 litters and 39 
kittens in 2004; 18 litters with 50 kittens in 2005; and four litters containing 11 
kittens in 2006.  Although total li t ters found were down in 2006, CDOW 
documented the first l i t ter produced by a female that was previously born in 
Colorado.  CDOW biologists reportedly estimate that there are currently about 
200 lynx in Colorado 
(http://wildlife.state.co.us/NewsMedia/PressReleases/Press.asp?PressId=3993 
accessed 8/23/06).  Den sites have been scattered throughout Colorado and one 
den was in southern Wyoming (T. Shenk, in litt .  2004). 

2.2. Gray wolf 
 
Gray wolf populations in the United States are currently protected under the Act 
as a threatened species in Minnesota and endangered in the remaining 47 
conterminous states and Mexico (50 CFR 17.11(h)).   Within this broad area, 
there are separate regulations establishing non-essential experimental 
populations in the Northern Rocky Mountains and for the Mexican wolf (C. 
lupus baileyi) in Arizona and New Mexico (50 CFR 17.84(i),  (k), and (n)).  
 
On March 27, 2006, the Service published a proposed rule to establish the 
Western Great Lakes Distinct Population Segment (WGL DPS) of the gray wolf,  
which would include all  of Minnesota, Wisconsin, and Michigan.  At that time 
the Service further proposed to remove this DPS from the List of Endangered 
and Threatened Wildlife.  The final rule to remove wolves in this DPS was 
published in the Federal Register on February 8, 2007, but will  not go into 
effect until  March 12, 2007.   

2.2.1. Species Description 
 
Gray wolves are the largest wild members of the Canidae, or dog family, with 
adults ranging from 18 to 80 kilograms (kg) (40 to 175 pounds (lb)) depending 
upon sex and subspecies (Mech 1974). The average weight of male wolves in 
Wisconsin is 35 kg (77 lb) and ranges from 26 to 46 kg (57 to 102 lb), while 
females average 28 kg (62 lb) and range from 21 to 34 kg (46 to 75 lb) 
(Wisconsin Department of Natural Resources (WI DNR) 1999). Wolves’ fur 
color is frequently a grizzled gray, but it  can vary from pure white to coal black. 
Wolves may appear similar to coyotes (C. latrans) and some domestic dog 
breeds (such as the German shepherd or Siberian husky) (C. familiaris).  Wolves’ 
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longer legs, larger feet, wider head and snout, and straight tail  distinguish them 
from both coyotes and dogs.  

2.2.2. Life History 
 
Wolves primarily are predators of medium and large mammals. Wild prey 
species in Minnesota include white-tailed deer (Odocoileus virginianus),  moose 
(Alces alces),  beaver (Castor canadensis),  snowshoe hare (Lepus americanus),  
and muskrat (Ondatra zibethicus),  with small mammals, birds, and large 
invertebrates sometimes being taken (Chavez and Gese 2005, Mech 1974, 
Stebler 1944, WI DNR 1999, Huntzinger et al.  2005).  
   
Wolves are social animals, normally living in packs of 2 to 12 wolves. Winter 
pack size in Michigan’s Upper Peninsula (UP) averaged from 2.7 to 4.6 wolves 
during the 1995 through 2005 period and ranged from 2 to 14 wolves per pack 
(Huntzinger et al.  2005). Pack size in Wisconsin is similar,  averaging 3.8 to 4.1 
wolves per pack, and ranging from 2 to 11 wolves in winter 2004– 2005 
(Wydeven and Wiedenhoeft 2005).  In Minnesota the average pack size found in 
the 1988–89, 1997–98, and 2003–2004 winter surveys was higher – 5.6, 5.4, and 
5.3 wolves per pack, respectively (Erb and Benson 2004). 
 
Packs are primarily family groups consisting of a breeding pair, their pups from 
the current year,  offspring from one or two previous years, and occasionally an 
unrelated wolf.   Packs typically occupy, and defend from other packs and 
individual wolves, a territory of 50 to 550 square kilometers (km2) (20 to 214 
square miles (mi2)).  Midwest wolf packs tend to occupy territories on the lower 
end of this size range. Michigan Upper Peninsula territories averaged 267 km2 
in 2000–2001 (Drummer et  al.  2002), Wisconsin territories 37 mi2 in 2004–2005 
(Wydeven and Wiedenhoeft 2005), and Minnesota territory size averaged 102 
km2 in 2003–2004 (Erb and Benson 2004). Litters range from 1 to 11 pups, but 
generally include 4 to 6 pups. Normally a pack has a single litter annually, but 
the production of 2 or 3 litters in one year has been routinely documented in 
Yellowstone National Park (Smith et al.  2005). 

2.2.3. Status and Distribution 
 

2.2.3.1. Minnesota 
 
Since 1997, Minnesota DNR has conducted two statewide surveys of wolf 
abundance and distribution.  During these surveys, DNR queries staff of 
Federal,  State,  Tribal,  and county land management agencies and wood products 
companies to identify occupied wolf range in Minnesota.  DNR also uses data 
from radio telemetry studies representative of the entire Minnesota wolf range 
to determine average pack size and territory area.  Those figures are then used 
to calculate a statewide estimate of wolf and pack numbers in the occupied 
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range, with single (non-pack) wolves factored into the estimate (Erb and Benson 
2004).   
 
The 1997–98 survey indicated that approximately 2,445 wolves existed in about 
385 packs in Minnesota during that winter (Berg and Benson 1999). This figure 
indicated that the Minnesota wolf population had grown at an average rate of 
about 3.7 percent annually from 1970 through 1997–98.  Between 1979 and 1989 
the annual growth rate was about 3 percent and it  increased to between 4 and 5 
percent in the next decade (Berg and Benson 1999; Fuller et al.  1992).  As of 
the 1998 survey, the number of wolves in Minnesota was approximately twice 
the goal for Minnesota, as specified in the Eastern Recovery Plan (USFWS 
1992).  Minnesota DNR conducted another survey of the State’s wolf population 
and range during the winter of 2003–04, using similar methodology.  That 
survey concluded that an estimated 3,020 wolves in 485 packs occurred in 
Minnesota.  The 90 percent confidence interval for this estimate encompassed a 
range of 2,301-3,708 wolves.  Due to the wide overlap in the confidence 
intervals for the 1997–98 and 2003–04 surveys, there was no statistically 
significant increase in the State’s wolf population during that period (Erb and 
Benson 2004).  
 
As wolves increased in abundance in Minnesota, they also expanded their 
distribution.  During 1948–53, the major wolf range was estimated to be about 
11,954 sq mi (31,080 sq km) (Stenlund 1955) – about 14 percent of the state.  
As of 2003-2004, wolf range in Minnesota may have stabilized and now covers 
about 40 percent of the state (Erb and Benson 2004).  
 

2.2.3.2. Wisconsin  
 
Wisconsin DNR intensively surveys its wolf population annually using a 
combination of aerial,  ground, and satellite radio telemetry, complemented by 
snow tracking and wolf sign surveys (Wydeven et al.  1995, 2005).  Wolves are 
trapped from May through September and fitted with radio collars,  with a goal 
of having at least one radio-collared wolf in about half of the wolf packs in 
Wisconsin.  Snow tracking is used to supplement the information gained from 
aerial sightings and to provide pack size estimates for packs lacking a radio-
collared wolf.  Tracking is done by assigning survey blocks to trained trackers 
who then drive snow-covered roads in their blocks and follow all wolf tracks 
they encounter.   The results of the aerial  and ground surveys are carefully 
compared to properly separate packs and to avoid over-counting (Wydeven et al. 
2003).  The number of wolves in each pack is estimated based on the aerial and 
ground observations made of the individual wolves in each pack over the winter.  
 
Based on these methods, Wisconsin DNR estimated that the state contained 
approximately 465 wolves in 108 packs in early 2005, representing a 14 percent 
increase from 2004 (Wydeven et al.  2005).  Wisconsin wolf population estimates 
are conservative in two respects: they undercount lone wolves and the count is 
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made at the annual low point of the population.  This methodology is consistent 
with the recovery criteria established in the 1992 Recovery Plan, which 
established numerical criteria to be measured with data obtained by late-winter 
surveys.  Wisconsin population estimates for 1985 through 2005 increased from 
15 to 425–455 wolves (see Table 1 above) and from 4 to 108 packs (Wydeven et 
al.  2005).  This represents an annual increase of 21 percent through 2000, and 
an average annual increase of 11 percent for the most recent five years.     
 

2.2.3.3. Michigan  
 

The MI DNR annually monitors the wolf population in the Upper Peninsula by 
intensive late-winter tracking surveys that focus on each pack.  The Upper 
Peninsula is divided into seven monitoring zones, and specific surveyors are 
assigned to each zone.  Pack locations are derived from previous surveys, 
citizen reports, and extensive ground and aerial tracking of radio-collared 
wolves.  During the winter of 2004–05 at least 87 wolf packs were resident in 
the Upper Peninsula (Huntzinger et al .  2005).  A minimum of 40 percent of 
these packs had members with active radio-tracking collars during the winter of 
2004–05 (Huntzinger et al.  2005).  Care is taken to avoid double-counting packs 
and individual wolves, and a variety of evidence is used to distinguish adjacent 
packs and accurately count their members.  Surveys along the border of adjacent 
monitoring zones are coordinated to avoid double-counting of wolves and packs 
occupying those border areas.  In areas with a high density of wolves, ground 
surveys by 4 to 6 surveyors with concurrent aerial  tracking are used to 
accurately delineate territories of adjacent packs and count their members 
(Huntzinger et al.  2005, Potvin et al.  2005). As with Wisconsin, the Michigan 
surveys likely miss many lone wolves, thus underestimating the actual 
population.  
 
Annual surveys have documented minimum late-winter estimates of wolves 
occurring in the Upper Peninsula as increasing from 57 wolves in 1994 to 405 in 
87 packs in 2005.  The rate of annual increase has varied from year to year 
during this period, but there appears to be two distinct phases of population 
growth, with relatively rapid growth (about 25 percent per year from 1997 
through 2000) and slower growth (about 14 percent from 2000 to the present 
time).  Similar to Wisconsin, this may indicate a slowing growth rate as the 
population increases, although the 2005 late-winter population was up 13 
percent from the previous year’s estimated population (Huntzinger et al.  2005).    
 
The wolf population of Isle Royale National Park, Michigan, is not considered 
to be an important factor in the recovery or long-term survival of wolves in the 
WGL DPS. This small and isolated wolf population cannot make a significant 
numerical contribution to gray wolf recovery, although long-term research on 
this wolf population has added a great deal to our knowledge of the species. The 
wolf population on Isle Royale has ranged from 12 to 50 wolves since 1959, and 
was 30 wolves in the winter of 2004–05 (Peterson and Vucetich 2005).  
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2.2.3.4. Other Gray wolf Populations in the Lower 48 States  

 
In the lower 48 states, 159 gray wolves also occur in northwest Montana, where 
they have naturally recovered as a result of dispersal from Canada, and in three 
nonessential experimental populations. 1  Two nonessential  experimental 
populations in the Northern Rocky Mountains, one in the Yellowstone 
Ecosystem and one in Central Idaho now include about 1084 wolves.  The 
nonessential experimental population of Mexican wolves includes about 59 
individuals.  For detailed description of the status of gray wolves in the 
Northern Rocky Mountains and of the Mexican wolf,  see USFWS et al.  (2006) 
and USFWS et al .  (2005).   
 
3. Analysis of the Species Likely to be Affected 
 
As stated above, the USACE has concluded that the proposed action may affect 
and is likely to adversely affect gray wolf and Canada lynx.  It  also concluded 
that i t  may affect,  but is not likely to adversely affect bald eagle.  We concur 
with that determination above and do not address bald eagle in the rest of the 
biological opinion.   
 
4. Environmental Baseline 
 
Regulations implementing the Act (50 CFR §402.02) define the environmental 
baseline as the past and present impacts of all  Federal,  State, or private actions 
and other human activities in the action area.  Also included in the 
environmental baseline are the anticipated impacts of all  proposed Federal 
projects in the action area which have already undergone section 7 consultation, 
and the impacts of state and private actions which are contemporaneous with the 
consultations in progress.  Such actions include, but are not l imited to, previous 
timber harvests and other land management activities. 
 
The action area includes the East Reserve site (pits and stockpiles),  the new 
section of haul road, the existing road to the Minorca Processing Plant, and the 
processing plant itself and the existing tailings basins.  This is the area that 
would be affected directly or indirectly by the proposed action.   
 

4.1. Status of the Species in the Action Area 
 

4.1.1. Canada lynx 
 
The action area includes forested habitat that may be suitable for this species.  
No lynx surveys (e.g.,  track surveys) have been conducted in the action area, but 
it  is within the general range of lynx in Minnesota based on recent lynx records 
                                                 
1 These population numbers were obtained from the Service’s website, 
http://www.fws.gov/midwest/wolf/population/status-map.htm, accessed February 16, 2007. 
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(e.g.,  post-2000) and lynx have been confirmed within approximately 8-10 km of 
the action area.  Approximately 70% of the site is currently covered by upland 
shrub or forest, habitats that are generally suitable for lynx.  It  is unclear what 
proportion of the site currently may contain important foraging habitat 
(regenerating or other forest containing high stem densities) or denning habitat 
(mature forest containing patches of substantial downfall).   Although wetlands 
and grassland cover approximately 25% of the site and human disturbances 
(roads, etc.) cover an additional 5%, we will assume that the entire site is 
included within a male and female home range - lynx home ranges typically 
contain some proportion of unsuitable or avoided habitats. 
 

4.1.2. Gray wolf 
 
All of the primary mine site and most of the proposed new haul road are within 
a township that Erb and Benson (2004) modeled as being suitable for wolves 
(Fig. 1).  Suitable townships were those where road density was < 0.7 km/km2 
and human density is < 4/km2, or road density is < 0.5 km/km2 and human 
density is < 8/km2 (Erb and Benson 2004:2).  In these areas low human and road 
densities are likely to result in few interactions with humans that would 
adversely affect wolves (shootings, removal for depredation control, collisions 
with automobiles, incidental trapping, etc.).   These “occupied townships” serve 
as a general guide to the distribution of habitat likely suitable for resident 
wolves, but are not intended to delineate the precise distribution of wolves or 
wolf packs.  For example, the towns of Hibbing and Chisolm are likely the basis 
for the general unsuitability of the townships on the west end of the action area, 
but wolves are likely to occur in the relatively undisturbed areas on either side 
of the existing haul road to the Minorca processing facility.  The townships to 
the north of the mine area, however, appear to contain very low road and human 
densities (Fig. 1).  Average territory size among four wolf packs recently 
studied in Minnesota was 102 km2 – slightly larger than the area of a township 
(about 93 km2).  Given the proximity of areas with low road and human density, 
especially to the immediate north of the action area, i t  is likely that resident 
wolves occur in the action area.   
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Figure 1.  Location of the proposed East Reserve mine and new haul road spur relative to townships identified as 
suitable for gray wolves.  See text for explanation of what constitutes a suitable township for gray wolves in 
Minnesota according to Erb and Benson (2004).
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4.2. Factors Affecting Species in the Action Area 

 
4.2.1. Canada lynx 

 
Although not as well documented as for gray wolves (see below) road access to 
Canada lynx habitat increases the likelihood of human-related adverse effects, 
simply by increasing the number of humans present in the area.  Human-related 
causes were confirmed for five of 11 lynx deaths in Minnesota among radio- and 
GPS-collared lynx in an ongoing study [trapping (2), automobile (1), shooting 
(1), and train (1), Moen et al.  2006:14).  Of the remaining six, three died of 
unknown causes with suspected human involvement (Moen et al.  2006:14).  Four 
additional lynx deaths have been confirmed in Minnesota due to collisions with 
vehicles on roads since the species was listed as threatened in 2000 (USFWS, 
Twin Cities Field Office, Bloomington, MN, unpubl. data).   These deaths have 
occurred on a wide variety of roads with average daily traffic volume ranging 
from 19 to 19400 vehicles per day (USFWS, Twin Cities Field Office, 
Bloomington, MN, unpubl. data).   Since 2000, all  lynx road mortality (six 
animals) documented in Maine has occurred on logging roads (Maine 
Department of Inland Fisheries and Wildlife, unpubl. data).   Most mortality 
occurred on two-lane haul roads that are open to the public and dominated by 
non-logging traffic.  In Colorado nine lynx deaths due to vehicle collisions have 
been recorded since 1999 (two other lynx from Colorado were killed in adjacent 
states, K. Broderdorp et al. ,  USFWS, in lit t .  2006).  As in Minnesota, estimated 
traffic volumes vary widely among roadkill  locations, from 480 to 27,600 
vehicles per day.   
 
Lynx populations characteristically fluctuate during approximately 10-year 
cycles in response to changes in numbers of their primary prey, snowshoe hare.  
Hare numbers may have begun to decline in Minnesota in 2004 (Erb 2004).  In 
addition, lynx numbers in Minnesota may peak three years after harvest levels in 
nearby Canadian provinces and lynx harvest in Manitoba and Ontario may have 
reached a peak during the winter of 2002-2003 (McKelvey et al.  2000).  Thus, 
reduced prey densities and reduced movement of lynx from Canada may soon 
affect lynx densities in the action area.  This would likely be followed, however, 
by a cyclic increase in about ten years.  
 

4.2.2. Gray wolf 
 
Road access to wolf habitat generally increases the risk of human-related 
mortality of wolves, due to various causes including shooting, trapping, and 
automobile (Mech et al.  1988; Fuller 1989; Mech 1989).  In a 1980-1986 study 
of wolves in north-central Minnesota, Fuller (1989) found that vehicle collisions 
accounted for approximately 11 percent of overall mortality, although other 
studies in the Midwestern U.S. have found automobile collisions to represent at  
much as 31 percent of overall mortality (Kohn et al .  2000) and as little as 4 
percent (northeastern Minnesota, Mech 1977).  The former study (Kohn et al.  
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2000) was conducted in an area that contained U.S. Highway 53 during an 
eastward expansion of wolves in Wisconsin.   
 
5. Effects of the Proposed Action 
 
Effects of the action are defined as “the direct and indirect effects of an action 
on the species or critical habitat,  together with the effects of other activities 
that are interrelated or interdependent with the actions, that will be added to the 
environmental baseline” (50 CFR §402.02).  Direct effects are defined as the 
direct or immediate effects of the action on the species or its habitat.  Direct 
effects result from the agency action, including the effects of interrelated and 
interdependent actions.  Indirect effects are caused by or result from the agency 
action, are later in time, and are reasonably certain to occur.  Indirect effects 
may occur outside of the immediate footprint of the project area, but would 
occur within the action area as defined. 
 

5.1. Effects of Interrelated or Interdependent Actions – Mining and 
Related Actions 

 
Interrelated actions are those that are a part  of a larger action and depend on the 
larger action for their justification.  The following actions are interrelated to the 
issuance of a CWA permit by USACE:  
 

•  mining operations in two new mine pits and transport of mining materials 
to the Minorca Processing Plant;  

•  new haul roads; 
•  mine waste stockpile areas;  
•  dewatering; and,  
•  actions to reduce or prevent environmental impacts. 

 
The following project description is summarized from the more detailed 
description contained in (MDNR and USACE 2006).  The purpose of the project 
is to mine taconite ore from the East Reserve to extend the current rate of 
production at the Minorca taconite production facility until  at least 2024.  It  
will  include moving mining operations in a phased manner from the nearby 
Laurentian Mine to the East Reserve.  The proposed East Reserve is located 
between the towns of Biwabik and McKinley in Sections 3,  4, 5, 7, 8, 9, and 10 
of T58N, R16W and Section 12 of T58N, R17W (Fig. 1).  I t  is approximately six 
miles southeast of the Minorca taconite processing facility.   
 
The East Reserve would be developed by using two separate open pits that 
would cover a combined area of 476 acres. There would be no increase in the 
amount of pellets produced at the Minorca taconite processing facility.  Mining 
in the East Reserve would be performed using conventional open pit mining 
methods, including stripping, drilling, blasting, loading and hauling. 
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To access the taconite ore, overburden, waste rock, and lean taconite would be 
stripped and stockpiled, first  from Pit #1 and then later from Pit #2. 
Approximately 30,000,000 cubic yards of waste rock/lean taconite and 
17,000,000 cubic yards of overburden would be excavated.  Overburden, waste 
rock, and lean taconite would be stockpiled north of the mining area. The total 
stockpile area would cover approximately 431 acres.   
 
A new, 1.9-mile road spur would be constructed to connect the East Reserve to 
the existing Laurentian Mine haul road.  The road would be approximately 180 
feet wide to accommodate the haul large trucks.  The side slopes of the roadway 
would be covered by riprap (stones and rocks) for erosion control. The road 
would be constructed early in the project to provide access for overburden 
removal.  
 
Construction of the new haul road to Pit #1 and pre-production stripping of 
overburden would commence upon completion of environmental review and 
permitting, predicted to be in early 2007.  The haul road would be constructed 
before beginning overburden removal to provide access for equipment.  Taconite 
ore mining would begin in Pit #1 in 2007.  Development of Pit #2 would follow 
with mining of the two mine pits to continue through 2024.  The initiation and 
completion of mining activities in both new mine pits are subject to change 
depending on future mining and economic conditions.  
 
Tailing waste generated at the Minorca taconite processing facility would 
continue to be disposed of in the existing Minorca and Upland tailings basins.  
Stockpile design and reclamation would be done in accordance with Minnesota 
Rules 6130 and in the spirit  of the Laurentian Vision. The Laurentian Vision is 
the goal of a voluntary collaboration among business, government, education 
and community interests to identify long-term uses and alternatives for mining 
lands of the Mesabi Iron Range.  The Vision will provide data and information 
to mining companies, landowners and other stakeholders, and identify options 
for the thoughtful conversion of mine lands to suitable uses following mineral 
depletion.  Examples of such uses might include public and private recreational 
lakes, golf courses, parks and trails, interpretive and educational sites, private 
industrial parks, planned communities or hunting reserves, wildlife habitat  and 
reforestation. 
 
Areas disturbed by the development of the East Reserve would be reclaimed 
soon after they become inactive.  Stockpiles and roadbeds would be capped with 
a minimum of two feet of burden material.   Grading and sloping would be done 
just prior to seeding to minimize erosion.  All areas would be shaped as 
required.  Fertilization would be done immediately before seeding to expedite 
vegetation and to minimize erosion. Herbaceous plants would be seeded using a 
hydro-seeder.  Seed mixes would be designed to achieve early stabilization and 
long-term cover.  In all  cases, re-vegetation would be done to meet the 
requirements of Minnesota Rules 6130.4100. 
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The design of the proposed stockpile areas immediately to the north of the 
proposed mine pits were planned to utilize previously disturbed areas to the 
extent practicable.  The planned stockpile footprints include areas previously 
disturbed by existing stockpiles and a former haul road. Much of the proposed 
East Pit #1 area has been recently logged and is primarily covered by aspen re-
growth  
 

5.1.1. Gray Wolf 
 
The proposed action will result  in the direct destruction of approximately 4 km2 
of existing habitat,  consisting of predominantly upland shrub and forest.   
Assuming that the territory size of the pack of wolves in this area is equal to 
102 km2, the average territory size found recently for Minnesota wolves by Erb 
and Benson (2004), this could result  in the outright destruction of about 4 
percent of the habitat for one pack. 
 
The proposed action will  increase the likelihood of direct mortality by vehicle 
collision by adding a spur road to the existing haul road from the Minorca 
Processing Facility and by ensuring that traffic will  continue on the existing 
road after the closure of the Laurentian Mine.  Wolves are known to use low-use 
roads [e.g.,  <10,000 vehicles/month (300/day), Whittington et al .  2004].  
Vehicle traffic on the haul road may approach approximately 400 vehicles/day, 
consisting primarily of haul trucks with a maximum speed of 35 miles per hour 
(USACE, St.  Paul, MN, unpubl. data).  
 
The mine will  remove a locally significant wildlife corridor (Emmons & Olivier 
Resources Inc 2006).  Dispersing wolves, however, would stil l  be able to skirt  
the mine and cross the haul road, which is unlikely to function as a significant 
barrier for dispersing wolves.  For example, Kohn et al.  (2000) documented 37 
wolf crossings of U.S. Highway 53 in Wisconsin (81 percent by dispersing (i.e. ,  
non-resident) wolves), which had a mean traffic volume of 4700 vehicles/day - 
approximately 15 times the anticipated maximum traffic volume on the haul 
road.  In Spain, wolves “regularly crossed a fenced four-lane highway” with 
average traffic volume of over 12,000 vehicles/day (Blanco et al.  2005).  In the 
Wisconsin study, wolves were most likely to cross the highway where visibility 
was relatively high – for example, where there was relatively little shrub cover 
at eye level – and where adjacent habitat was unfragmented by human-related 
disturbances, such as buildings, logging, and gravel pits (Frair 1999).  
Therefore, the extent of landscape fragmentation and other human disturbances 
along the haul road (e.g.,  buildings, additional roads, etc.),  not traffic volume, 
is l ikely to be the predominant factor influencing wolf dispersal across the road.   
  
Although the haul road is unlikely to function as a significant barrier to 
dispersing wolves if the surrounding habitat is left  undisturbed, some wolves 
may get hit while crossing the road.  To estimate the number and frequency of 
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wolf-vehicle collisions as a result of the mine-related traffic on the existing 
haul road and on the new spur, we will use the results of the Wisconsin study 
referred to above (Kohn et al.  2000).  In that study three wolves were confirmed 
dead from automobile collisions in a 44-mile length of U.S. Highway 53 during 
a seven-year study period (Kohn et al .  2000) – i .e.,  approximately 0.01 
wolf/mile/year.  Even intensive studies, such as this one, may not document all  
road-related mortality within the study area (Clarke et al.  1998).  In the 
Wisconsin study (Kohn et al .  2000), the likelihood of detecting wolf-automobile 
collisions during the winter was probably high because a biologist  drove the 
road every day looking for signs of wolves crossing the road, but the likelihood 
of detecting incidents during summer was probably low (E. Anderson, 
University of Wisconsin – Stevens Point,  pers. comm. 11/29/06).  We will 
assume that Kohn et al.  (2000) documented 50% of the wolf mortalities due to 
automobile collision on Highway 53 during their study – i .e.,  that actual 
mortality was 0.02 wolf/mile/year.   
 
Traffic volume on Highway 53 was 4700 vehicles/day (Kohn et al.  2000), 
whereas traffic volume on the haul road will likely be no more than about 400 
vehicles/day (USACE, unpubl. data).  To estimate the post-construction 
frequency of wolf deaths due to automobile collisions on the haul road we will 
make the following assumptions: 
 

1. The probability of death due to automobile collision is directly 
proportional to traffic volume; 

2. Traffic volume on the haul road will be 400 vehicles/day; 
3. Traffic speeds will  approximate those on Highway 53 during the study 

described above; and, 
4. The likelihood of wolf mortality will  be directly proportional to wolf 

density in the vicinity of the haul road, which will  approximate those 
found by Mech (2006) in the central Superior National Forest (i .e. ,  0.04 
wolves/square km). 

 
Based on those assumptions, vehicle traffic on the haul road would result in 
about 0.08 road-killed wolf/year – about one every 12 years.  Traffic speeds will  
likely be lower on the haul road than on U.S. Highway 53 in the Wisconsin 
study area; thus, assumption #3 above may result in an overestimate of the 
potential road-kill  on the haul road that will be caused by the proposed action.   
 
The loss of one wolf every 12 years to vehicle collision in the project area 
would have relatively minimal impacts on the population of wolves in the lower 
48 states.  Based on current population levels (Erb and Benson 2004; Huntzinger 
et al.  2005; Wydeven and Wiedenhoeft 2005), this would represent the loss of 
about 0.03 or 0.02 percent of all  wolves in Minnesota or the lower 48 states, 
respectively, once every twelve years.  In a worst-case scenario, a female with 
dependent pups could be killed, resulting in the potential loss of a litter of pups 
in addition to the adult.  Mean litter size in northeastern Minnesota may be 
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about four pups (Mech 1977).  Therefore, the proposed action would cause a 0.2 
percent or 0.1 percent decrease in the number of wolves in Minnesota or the 
lower 48 states (excluding the nonessential experimental populations),  
respectively, once every 12 years.   This is unlikely to result  in any appreciable 
effects on the survival of wolves in Minnesota or in the lower 48 states.   
`  

5.1.2.   Canada lynx 
 
The proposed action will result  in the direct destruction of approximately 4 km2 
of existing habitat,  consisting of predominantly upland shrub and forest.   
Assuming that the territory sizes of any resident female and male lynx are about 
68 and 87 km2, respectively (see above), this could result in the outright 
destruction of about six and five percent of the habitat for one resident female 
and male, respectively.   
 
As stated above, lynx are also susceptible to being road-killed.  Since 2000, the 
Service has documented five road-killed lynx in the state on a wide variety of 
roads.  One was killed by an automobile on a gravel road with approximately 
one-thirtieth the traffic volume of the haul road and a design speed of 30 mph 
(T. Catton, U.S. Forest Service, Ely, MN, pers. comm. 9/12/06).   
 
As with wolves, numerous assumptions would have to be made to estimate the 
number of lynx that would likely be hit  by vehicles as a result of the mine-
related traffic on the existing haul road and on the new spur.  For lynx, we do 
not have a study like that of Kohn et al.  (2000) on which to base an estimate of 
the quantitative impact.  Therefore, we will assume that  lynx are equally 
susceptible to being killed by vehicles as are wolves and that the factors 
considered above for wolves will also determine the likely number of lynx 
killed, although we will use a different basis for estimating lynx density in the 
action area.  
 
To estimate lynx density in the vicinity of the haul road, we assumed that there 
are approximately 1.3 females per male home range, based on weighted mean 
home ranges of 87 sq. km for males and 68 sq. km for females [studies 
summarized by Moen et al.  (2006)] and assuming continuous and non-
overlapping home ranges among males and females, respectively. 2  Therefore, 
we assume that there are 2.3 lynx per 87 sq. km (i.e.,  1 male and 1.3 females in 
each male home range) – approximately 0.03 lynx/sq. km.  Although data are 
insufficient to estimate lynx density in the action area, this is l ikely a 
reasonable estimate.  Lynx densities in the southern boreal forest (e.g.,  
Minnesota) are similar to those found in the taiga (the core of lynx range) 
during times of hare scarcity (i .e.,  “less than 3 lynx/100 km2, Mowat et al.  
2000).  For example, a well studied population in Washington maintained a 
density of 0.02-0.026/km2  during a 7-year study period (Aubry et al.  2000).   
                                                 
2 We could  have used the home ranges found thus far  for  lynx in  Minnesota ,  but  the sample 
s ize  is  re la t ively low ( i .e . ,  two females  –  Moen et  a l .  2006) .  
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We would predict greater densities in the action area if we assumed some degree 
of overlap among female home ranges, as has been demonstrated (Mech 1980; 
Carbyn and Patriquin 1983).  It  is unclear, however, what degree of overlap is 
likely to occur in the action area and even in regions where some lynx home 
ranges overlap there are likely some areas not included within any lynx’s home 
range (i.e. ,  unoccupied habitat).   Therefore, our assumption of continuous home 
ranges would somewhat offset the negative influence on the predicted density 
resulting from our assumption of non-overlapping home ranges.   
 
Based on the above assumptions regarding traffic volume, susceptibility to 
vehicle collisions, traffic speeds, lynx densities, and current likelihood of 
vehicle collisions, we estimate that the proposed action will result  in about one 
lynx getting hit and killed by a vehicle on the haul road every 16 years.  The 
likely frequency of lynx-automobile collisions may be less than for wolves due 
to the lower predicted densities of lynx in the vicinity of the haul road (see 
above).  In addition, lynx populations fluctuate markedly during approximately 
10 year cycles, whereas wolf densities will likely be relatively stable.  
Therefore, the probability of lynx getting hit by vehicles on the haul road will 
likely vary in proportion to lynx density throughout the population cycle.   
 
Data are currently insufficient to accurately estimate lynx densities in 
Minnesota, but the assumptions used above to arrive at an estimate of one dead 
lynx every 16 years also allow us to estimate the proportional impact to the lynx 
population.  To estimate lynx density at 0.03/km2 in the action area we assumed 
that lynx home ranges were continuous and non-overlapping within sexes – that 
is,  female home ranges did not overlap with other female home ranges and were 
continuous across the landscape – we assumed the same for males.  Lynx 
Analysis Units (LAU) and the Boundary Waters Lynx Refugium (BWLR) cover 
approximately 12,700 km2 and represent the approximate area occupied by lynx 
in and around the Superior National Forest.   For the purposes of this analysis,  
we will assume that this is the approximate area occupied by lynx in Minnesota.  
There are areas within LAUs that are unsuitable for lynx, but lynx also occur in 
Minnesota beyond the area contained within LAUs and the BWLR (including the 
action area), therefore, this may be a fair approximation of total lynx range in 
Minnesota.  If lynx occur throughout the area contained within LAUs and the 
BWLR at a density of 0.03/km2, then there are approximately 381 lynx in this 
area.  If one lynx is killed every 16 years, this would represent an approximate 
loss of 0.3 percent of the lynx population, once every 16 years.  As stated 
above, lynx abundance likely varies greatly over an approximately 10-year 
cycle.  Therefore, the loss of one lynx would affect have a greater proportional 
effect during low phases of they cycle.  Low lynx densities during this period, 
however, would also proportionately lower the likelihood of a lynx getting hit  
by a vehicle on the haul road.  
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5.2. Cumulative Effects 
 
Cumulative effects include the effects of future State, tribal, local or private 
actions that are reasonably certain to occur in the action area considered in this 
Opinion. Future Federal actions that are unrelated to the proposed action are not 
considered in this section because they require separate consultation pursuant to 
section 7 of the Act. 
 
Roads, pit,  and stockpile areas will  be reclaimed upon completion of mining 
activities in the area, but specific reclamation plans are not yet developed.  
Basic reclamation requirements are summarized above, but the specific use of 
the reclaimed areas (e.g.,  forest,  golf course, etc.) has not been ascertained.   
 
The proposed mine is one of several mining projects pending in the Mesabi Iron 
Range, but each will require separate consultation pursuant to section 7 of the 
Act.    
 
6. Conclusion 
 
After reviewing the current status of gray wolves and Canada lynx, the 
environmental baseline for the action area, the effects of the proposed issuance 
of a Clean Water Act Section 404 permit to Mittal Steel to develop a new open-
pit  mine (East Reserve) between the towns of Biwabik and McKinley, St. Louis, 
County, Minnesota and the cumulative effects, i t  is the Service’s Opinion that 
the action, as proposed, is not likely to jeopardize the continued existence of the 
gray wolf in Minnesota or in the lower 48 states or the Contiguous United States 
Distinct Population of Canada lynx.   
 
As detailed above, the proposed action would cause an approximate 0.2 percent 
or 0.1 percent decrease in the number of wolves in Minnesota or the lower 48 
states (excluding the nonessential experimental populations), respectively, once 
every 12 years.  This is unlikely to result in any appreciable effects on the 
survival or recovery of wolves in Minnesota or in the lower 48 states.  In 
addition, the project may result in an approximate loss of 0.3 percent of the lynx 
population in Minnesota, once every 16 years. Populations of lynx in the 
contiguous United States also occur in portions of Colorado, Idaho, Maine, 
Montana, and Washington.  Therefore, the estimated proportional impacts to 
Canada lynx in the Contiguous United States would be less than that anticipated 
for the species in Minnesota alone.  This level of impact would not result in an 
appreciable effect on the survival and recovery of Canada lynx in the 
Contiguous United States.   
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INCIDENTAL TAKE STATEMENT 
 
Section 9 of the Act and Federal regulation pursuant to section 4(d) of the Act 
prohibit the take of endangered and threatened species, respectively, without 
special exemption. Take is defined as to harass, harm, pursue, hunt, shoot, 
wound, kill ,  trap, capture or collect,  or to attempt to engage in any such 
conduct. Harm is further defined by the Service to include significant habitat 
modification or degradation that results in death or injury to listed species by 
significantly impairing essential behavioral patterns, including breeding, 
feeding, or sheltering. Harass is defined by the Service as intentional or 
negligent actions that create the likelihood of injury to listed species to such an 
extent as to significantly disrupt normal behavior patterns which include, but 
are not limited to, breeding, feeding, or sheltering. Incidental take is defined as 
take that is incidental to, and not the purpose of, the carrying out of an 
otherwise lawful activity. Under the terms of section 7(b)(4) and section 
7(o)(2), taking that is incidental to and not intended as part of the agency action 
is not considered to be prohibited taking under the Act provided that such taking 
is in compliance with the terms and conditions of this Incidental Take 
Statement. 
 
The measures described below are non-discretionary, and must be undertaken by 
the USACE so that they become binding conditions of any grant or permit issued 
to any applicant,  as appropriate, for the exemption in section 7(o)(2) to apply.  
USACE has a continuing duty to regulate the activity covered by the incidental 
take statement.  If USACE (1) fails to assume and implement the terms and 
conditions or (2) fails to require any applicant to adhere to the terms and 
conditions of the incidental take statement through enforceable terms that are 
added to the permit or grant document, the protective coverage of section 
7(o)(2) may lapse.  In order to monitor the impact of incidental take, USACE 
must report the progress of the action and its impact on the species to the 
Service as specified in the incidental take statement. [50 CFR §402.14(i)(3)] 
 
1. Amount or Extent of Take Anticipated 
 
In the attached biological opinion, we described the anticipated incidental take 
in terms of one wolf and one lynx killed by a vehicle once every 12 and 16 
years, respectively, in the action area.  
 
2. Effect of the Take 
 
In the attached biological opinion, we concluded that the anticipated incidental 
take would not jeopardize the continued existence of gray wolves or of the 
Contiguous United States Distinct Population Segment of Canada Lynx. 
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3. Reasonable and Prudent Measures 
 
The Service believes the following reasonable and prudent measures (RPM) are 
necessary and appropriate to minimize take of gray wolves and Canada lynx. 
 

1.  Implement measures to reduce the likelihood of vehicle collisions with 
wolves and lynx (see Part 4 Terms and Conditions, below).   

 
4. Terms and Conditions 
 
In order to be exempt from the prohibitions of section 9 of the Act, the USACE 
must comply with the following terms and conditions, which implement the 
reasonable and prudent measures described above and outline required 
reporting/monitoring requirements.  These terms and conditions are non-
discretionary. 
 
RPM 1: Implement measures to reduce the likelihood of vehicle collisions with 
wolves and lynx.  
 
Term and Condition #1: An increase in vehicle traffic on the haul road to 
approximately 600 vehicle trips per day may be significant enough to result in 
increased take of wolves and/or lynx.  Therefore, implement measures to 
monitor traffic volume and ensure that it  does not exceed an average of 600 
vehicle trips/day (e.g.,  300 round-trips per day between Minorca and the East 
Reserve mine area) during any calendar year.   
 
Term and Condition #2: Promptly remove any deer or moose killed by vehicles 
on the haul road to limit the likelihood of lynx or wolves feeding on carrion on 
or near the road. 
 
The Service believes that no more than one gray wolf and one Canada lynx will  
be incidentally taken once every twelve and sixteen years, respectively as a 
result of the proposed action.  The reasonable and prudent measures, with their 
implementing terms and conditions, are designed to minimize the impact of 
incidental take that might otherwise result from the proposed action.  If,  during 
the course of the action, this level of incidental take is exceeded, such 
incidental take represents new information requiring reinitiation of consultation 
and review of the reasonable and prudent measures provided.  The Federal 
agency must immediately provide an explanation of the causes of the taking and 
review with the Service the need for possible modification of the reasonable and 
prudent measures. 
 
5. Reporting Requirements 
 
Any vehicle collisions with gray wolves or lynx must be reported within 72 
hours to U.S. Fish and Wildlife Service, Twin Cities Field Office, Bloomington, 
Minnesota (612/725-3548).  These reports shall include all  known information 
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regarding the incident, including the species involved, date of incident, fate of 
the animal (e.g.,  dead), location of the carcass, geographic coordinates of the 
accident location, sex of the animal, and approximate age (i .e.,  adult,  juvenile, 
yearling).  To ensure that any incident will  be reported, each employee who will 
drive on the haul road shall be provided information to allow them to identify 
Canada lynx and gray wolf.  This information shall be retained in all  vehicles 
that will  be driven on the haul road.  Coordinate with the Service to develop this 
information.  The information on the two following websites could be used for 
this purpose:  
 

•  lynx - http://www.nrri.umn.edu/lynx/information/bobcat.html (see 
Appendix 1) 

 
•  wolf - http://www.wolf.org/wolves/pdf/W&H_was_that_a_wolf.pdf (see 

Appendix 2) 
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CONSERVATION RECOMMENDATIONS 
 
Section 7(a)(1) of the Act, directs Federal agencies to utilize their authorities to 
further the purposes of the Act by carrying out conservation programs for the 
benefit  of endangered and threatened species. Conservation Recommendations 
are discretionary agency activities to minimize or avoid adverse effects of a 
proposed action on listed species or critical habitat,  to help implement recovery 
programs, or to develop information. 
 
In order for the Service to be kept informed of actions minimizing or avoiding 
adverse effects or benefiting listed species or their or their habitats,  the Service 
requests notification of the implementation of any conservation 
recommendations. 
 

1. The Service recommends that the Corps place a condition on its Clean 
Water Act permit to require the company to perform an economic and 
technical feasibility study on the installation of an arched, bottomless 
culvert, in lieu of a small corrugated culvert pipe, to serve as a wildlife 
crossing on the new haul road spur.  The location of this crossing would 
be approximately midway along the proposed new haul road spur, where it  
crosses an unnamed tributary to the Pike River.  The bottomless culvert 
should be no less than 24 feet in width, with four foot vertical side walls 
and appropriate arch radius for required strength, and should run the 
entire width of the base of the haul road at this location.  To determine 
economic feasibility,  the study should compare the cost of the arched, 
bottomless culvert installation to the overall  cost of the construction of 
the new haul road spur.  If the study shows that the installation is both 
economically and technically feasible, the Corps should require, as a 
condition of its Clean Water Act permit,  installation of the arched, 
bottomless culvert within three years of the onset of project 
implementation.   

 
2. Report any sightings of Canada lynx to the Service at (612) 725-3548.  If 

possible, provide the date and location (geographic coordinates if 
available).  

 
3. When developing reclamation plans, coordinate with the Service to 

identify opportunities to provide high-quality lynx habitat.  Restore 
natural plant communities wherever practicable.  

 
4. Remove and reclaim any roads as soon as they become unnecessary for 

ongoing or pending mine activities.   
 

5. Delay any land clearing until  August to minimize the likelihood of 
impacts to denning lynx or wolves. 
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REINITIATION – CLOSING STATEMENT 
 
This concludes formal consultation for the potential effects of the proposed 
issuance of a Clean Water Act Section 404 permit to Mittal Steel to develop a 
new open-pit  mine (East Reserve) between the towns of Biwabik and McKinley, 
St. Louis, County, Minnesota on the gray wolf and on the Contiguous United 
States Distinct Population Segment of Canada Lynx.  As provided in 50 CFR 
§402.16, reinitiation of formal consultation is required where discretionary 
Federal agency involvement or control over the action has been maintained (or 
is authorized by law) and if:  (1) the amount or extent of incidental take is 
exceeded; (2) new information reveals effects of the agency action that may 
affect listed species or critical habitat in a manner or to an extent not considered 
in this Opinion; (3) the agency action is subsequently modified in a manner that 
causes an effect to the listed species or critical habitat that was not considered 
in this Opinion; or (4) a new species is listed or critical habitat designated that 
may be affected by the action.  In instances where the amount or extent of 
incidental take is exceeded, any operations causing such take must cease 
pending reinitiation. 
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Appendix 1.  How to identify Canada lynx. 
 

 
©NRRI  

 
 
Lynx or Bobcat? 
 
The following information is adapted from the website, http://oden.nrri.umn.edu/lynx/information/bobcat.html. 
 
Canada lynx (Lynx canadensis) and bobcats (Lynx rufus) are medium-sized (2-3 times larger 
than a large house cat, smaller than a mountain lion) cats that are similar in appearance. There 
are several physical characteristics to distinguish between Canada lynx and bobcat: 
  
The black tail, ear tufts, and large feet characteristic of Canada lynx are shown clearly in the 
photo above.   
  

• Tail: A lynx’s tail has a black tip all around, with the appearance of being dipped in a 
bottle of ink. A bobcat’s tail is striped with black bands towards the end and has a black 
tip.  

 
• Ears: Lynx have longer ear tufts than bobcats. 

 
• Feet: Lynx have much larger feet than bobcats.  

 
While not a physical characteristic, a lynx is more likely to provide humans with a “good” view, 
often remaining in an area for a period of time while people watch it. Bobcats are more secretive 
and elusive than lynx. 

 



 

Appendix 2.  Identifying wolves. 
 
Adapted from theInternational Wolf Center website, http://www.wolf.org/wolves/pdf/W&H_was_that_a_wolf.pdf. 
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United States Department of the Interior 

FISH AND WILDLIFE SERVICE 

Ecological Services 
764 Ho1izon Drive, Building B 

Grand Junction, Colorado 8 1506-3946 

IN REPLY REFER TO: 

ES/GJ-6-CO-l 3-F-008 
TAILS 06E24100-2013-F-0120 

Dan Dallas 
Forest Supervisor 
Rio Grande National Forest 
1803 West Highway 160 
Monte Vista, Colorado 81 144 

November 15, 20 13 

Subject: Section 7 Consultation for the Village at Wolf Creek Access Project 

Dear Mr. Dallas: 

This responds to your May 1, 2013, letter to the Fish and Wildli fe Service (Service) requesting 
fonnal Section 7 consultation on effects of the subject project to species and habitats listed under 
the Endangered Species Act of 1973, as amended (16 U.S.C. § 153 1 et seq.; [Act]). The project 
described in your letter and the accompanying biological assessment (BA), occurs on the Rio 
Grande National Forest (Rio Grande NF). We received your request on May 6, 2013. In 
addition, we received a supplemental BA on August 20, 2013, which updated the environmental 
basel ine and effects analysis for the project area. The changes resulted from the West Fork Fire 
Complex. As stated below, the Leavell-McCombs Joint Venture requested and received 
Applicant status from the Rio Grande NF. 

The Rio Grande NF detennined there are two federally listed and one species proposed for 
listing affected by the proposed action. 

Species 
Canada lynx 
Lynx canadensis 
Southwestern willow flycatcher 
Empidonax trail ii extimus 
North American wolverine 
Gulo gulo luscus 

Status 
Threatened 

Endangered 

Proposed 

Effects Determination 
May affect, is likely to adversely 
affect 
May affect, but is not like ly to 
adversely affect 
is not likely to jeopardize the 
continued existence of the species 

Based on our review of the information provided for the proposed action, we concur with the Rio 
Grande NF detennination that the proposed project may affect, but is not likely to adversely 
affect the southwestern willow flycatcher, and we agree that the proposed action may affect and 
is likely to adversely affect the Canada lynx (lynx). Section 7 (a) (4) of the Act requires 
conferencing with the Service when a proposed action is likely to jeopardize the continued 



existence of a proposed species or destroy or adversely modify proposed critical hab itat. 
Because the BA concluded that the proposed action is not likely to jeopardize the continued 
existence of North American wolverine, and we did not propose critical habitat for this species, 
conferencing is not required. 

The Leavell-McCombs Joint Venture has a contract with the San Luis Valley Water 
Conservancy District to supply water for the Village at Wolf Creek development as described in 
the BA. Water supplied by the San Luis Valley Water Conservancy District is diverted from the 
Upper Colorado River Drainage (San Juan River) via the Pine River Weminuche Pass Ditch. 
The effects of the trans-basin diversion through the Pine River Weminuche Pass Ditch were 
addressed through biological opinion (BO) number ES/GJ-6-C0-05-F-05. Water purchased by 
the Leavell -McCombs Joint Venture serves to augment water depletions caused by the 
development within the Rio Grande basin. 

CONSULTATION HISTORY 

March 28, 2006 - BO number ES/GJ-6-C0-05-F-05 on the effects, among others, of water 
diversion from the San Juan and Colorado Ri ver Basins into the Rio Grande Basin via the Pine 
River Weminuche Pass Ditch by the San Luis Valley Water Conservancy District. 

August 20, 2008 - BO number ES/LK-6-C0-08-F-024 on the effects of the Southern Rocky 
Mountains Lynx Amendment (SRLA). The SRLA amended, among others, the Rio Grande NF 
Forest Plan. 

July 8, 2011 - On-site biologists (Rio Grande NF/ Service/ Consultants) meeting and 
reconnaissance survey. 

October 12, 2011 - Letter from Rio Grande NF to Service' s Western Colorado Office informing 
of the remapping oflynx habitat on the Forest using the new habitat model and the Forest' s 
intention to begin using the new lynx habitat model and lynx analysis unit (LAU) statistics for 
project level analyses. 

March l, 2012- Letter from Rio Grande NF to Leavell-McCombs Joint Venture, granting 
Applicant status regarding section 7 consultation and advising the applicant that any incidental 
take that might be associated with the Village at Wolf Creek (Village) that occurs after the land 
exchange will require resolution with the Service through the Act section 10 (Habitat 
Conservation Plan) process. 

March 6, 2012 - Conference call between Rio Grande NF, Service, and consulting biologists 
resolving how alternatives effects are to be considered in the National Environmental Policy Act 
(NEPA) and section 7 analyses. 

August 29, 2012 - The Service determined that the Act's Section 10 direction, identified by the 
Rio Grande NF on March 1, 2012, was not required at a meeting on August 29, 2012 when the 
Service notified the Applicant that the Service would undertake enforcement of a conservation 
strategy (to be developed and mutually agreed to by the Service and Applicant) to minimize 
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Village-related effects on lynx once the land exchange occurs. 

February 21, 2013 - The Lynx Conservation Strategy (measures developed and mutually agreed 
to by the Service and Applicant that would minimize Village-related effects on lynx once the 
land exchange occurs) was finalized. 

February 25, 2013 - Conference call between Rio Grande NF, Service, and consulting biologists 
discussing the Lynx Conservation Strategy and the approach to finalize the BA. 

March 11, 2013 - Phone conversation between Western Ecological Resource, Inc., and the 
Service regarding the potential for federally listed and proposed plant species within the Project 
Area, or plant species downstream that could be affected by water depletions associated with the 
project. It was determined that federally listed plants do not occur with in the project area, and 
none occurs downstream that could be affected by water depletions. 

April 29, 2013 - Conference call between Rio Grande NF, Service, and the senior consulting 
biologist resolving final BA comments from the Service. 

May 6, 2013 - Received request for fonnal consultation from the Rio Grande NF. 

July 11, 2013 - Email from Randy Ghormley (Rio Grande NF) informing the Service of the need 
to update the Environmental Baseline for the proposed action due to the effects of the West Fork 
Fire Complex. 

July 29, 2013 - Conference call between Rio Grande NF and the Service to discuss the 
supplemental analysis resulting from changed conditions within the action area (i.e. the West 
Fork Fire Complex). 

August 20, 2013 - Received supplemental BA from Rio Grande NF, updating the environmental 
baseline and effects analysis, reflecting changed circumstances after the West Fork Fire 
Complex. 

October l , 2013 - Govenunent furlough through October 16, 2013 necessitating a delay in 
delivery of final BO. 

October 17, 2013 - Receipt of Forest Service and Applicant comments to the draft BO . 

. BIOLOGICAL OPINION 

I. PROPOSED ACTION 

The proposed action, identified as the Village at Wolf Creek Access project, consists of a land 
exchange between the Rio Grande NF and the Leavell-McCombs Joint Venture. The proposed 
action will provide Leavell-McCombs Joint Venture with immediate access to U.S. Highway 160 
(U.S. 160), providing the applicant access to their private lands. The applicant proposed to convey 
177.8 acres of non-Federal land (Federal acquired parcel) to the United States in exchange for 
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204.4 acres of Rio Grande NF lands (Federal exchange parcel) managed by the Rio Grande NF. 
The applicant will retain 119.3 acres of their original private inholding. Combined with the 204.4 
acres of the Federal exchange parcel, the private lands will total 323.9 acres. 

Upon conveyance of the Federal acquired parcel to the United States, the Rio Grande NF will 
manage the newly acquired lands under its Land and Resource Management Plan. Figure 3-2, in 
the BA, displays the lands proposed for inclusion in the land exchange. The Federal acquired 
parcel location is, Township 37 North, Range 2 East, N.M.P.M., Mineral County, Colorado, 
Sections 4, 5, 8, & 9: A portion ofTract 37, located just east of the summit of Wolf Creek Pass at 
an approximate elevation of l 0,300 feet. This 177.8-acre Federal acquired parcel is the 
southwestern portion an existing 297-acre private inholding, which includes 287.5 acres owned by 
the Leavell-Mccombs Joint Venture, and two parcels owned by the Wolf Creek Ski Area (9.5 
acres). U.S. Forest Service (Forest Service) lands SUlTOund all private holdings (see Figure 3-1 in 
the BA), which is located entirely within the I ,581-acre special use permit boundary of the Wolf 
Creek Ski Area for a tern1of40 years (1997-2037). 

The Federal exchange parcel location is, Township 37 North, Range 2 East, N.M.P.M., Mineral 
County, Colorado, Sections 3, 5, and 9: a portion thereof. The 204.4-acre Federal exchange parcel 
is located north, east, and south of the 119.3-acre portion of the private inholding not included in 
the exchange, and is immediately contiguous to U.S. 160. Most of the Federal exchange parcel 
proposed for conveyance to the applicant occurs within Wolf Creek Ski Area's I ,58 1-acre special 
use permit area. 

Upon completion of the land exchange, the applicant intends to develop their private lands. 
Development of the p1ivate lands (323.9 acres) is not a Forest Service decision, and the Forest 
Service does not retain discretion or authority over subsequent development of the private lands 
once the exchange is completed (BA section 3.2.3, page I 0). However, the Rio Grande NF and the 
Service concluded that development of the post-exchange private lands is an indirect effect of the 
proposed land exchange. We will consider the effects of the Village in the effects section of this 
document since the effects of the Village development, as described later in this document, would 
not occur but for the land exchange. We believe that the subsequent development of the p1ivate 
lands is reasonably certain to occur, because the Applicant proposed the land exchange to the 
Forest Service specifically to provide access for development of the post-exchange private lands. 

11. STATUS OF THE SPECIES 

The lynx was added to the list of threatened species on March 24, 2000 (65 Fed. Reg. 16052). 
We concluded that the single factor threatening the contiguous United States distinct population 
segment of lynx was the inadequacy of existing regulatory mechanisms, specifically the lack of 
guidance for conservation of lynx in National Forest Land and Resource Management Plans and 
Bureau of Land Management Land Use Plans. On July 3, 2003, we published a clarification of 
findings published in the Federal Register (68 Fed. Reg. 40076) detennining that threatened 
species designation was appropriate for the lynx. We published a final rule to revise designated 
critical habitat for the lynx in the contiguous United States on February 25, 2009 (74 Fed. Reg. 
8616). The final critical habitat designation did not include habitats in Colorado. On 
September 26, 2013, we published a proposed rule to revise our designation of critical habitat for 
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lynx, but did not include habitats in Colorado (78 Fed. Reg. 59430). Therefore, this BO will not 
analyze effects to critical habitat, as none will be affected. The Service's va1ious listing rules 
provide a good resource for a more thorough discussion of life history information on lynx, 
summarized below. 

The status of the lynx for this BO tiers to the SRLA BO and incorporated here by reference. 

The lynx is a medium-sized cat with long legs; large, well-furred paws; long tufts on the ears; 
and a shoti, black-tipped tail (McCord and Cardoza 1982, cited in SRLA BO). Individual lynx 
maintain large home ranges repo1ied as generally ranging between 12 to 83 square miles 
(Koehler 1990; Aubry et al. 2000; Squires and Laurion 2000; Squires et al. 2004; Vashon et al. 
2005) (cited in SRLA BO). The size oflynx home ranges varies depending on abundance of 
prey, the animal's gender and age, season, and the density oflynx populations (Koehler 1990; 
Poole 1994; Slough and Mowat 1996; Aubry et al. 2000; Mowat et al. 2000; Vashon et al. 2005, 
cited in SRLA BO). 

In 1999, each National Forest within the range of lynx was advised to begin mapping lynx 
habitats in coordination with respective Service field offices. Specific tasks included the 
preparation of maps of lynx habitat on National Forests, and the delineation of Lynx Analysis 
Units (LAUs) (as recommended in the Lynx Conservation Assessment and Strategy (Ruediger et 
al. 2000) within mapped lynx habitat. LAUs are intended to provide the fundamental or smallest 
scale with which to begin evaluation and monitoring of the effects of management actions on 
lynx habitat (Ruediger et al. 2000). LAUs do not depict actual lynx home ranges, but their scale 
should approximate the size of area used by an individual lynx (Ruediger et al. 2000). Using this 
scale allows land management agencies to monitor the additive effects of actions within lynx 
habitat, which translates to effects to individuals of the species. 

In the SRLA BO, we provided information about lynx in Colorado, including the reintroduction 
of 218 lynx into the state. We documented sources of mortality for those reintroduced animals, 
reproduction, and evidence of lynx born in Colorado giving birth to kittens. The evidence 
suggests that lynx in Colorado have the capability to reproduce, and we assume continue to 
provide recruitment of lynx into the population. What the State did not demonstrate is whether 
Colorado can suppo1i sufficient recruitment to offset annual mortality for a viable lynx 
population over time (Shenk, 2009). However, Shenk (2010) concluded that that if the 
population would repeat the reproduction and mortality patterns documented over the last 10 
years, the lynx population would continue into the future at sustainable numbers. 

Status of Lynx Population in Colorado 

Accurate estimates of the lynx population in Colorado are not available. Of the 218 lynx 
reintroduced into Colorado, there were 122 known mortalities ofreleased adult lynx (Shenk 
2010). However, survival rates within the reintroduced lynx population in Colorado were 
considered high within the study area (Devineau et al. 2010). The estimated survival rates for 
the reintroduced lynx population were higher than estimates obtained in Canadian studies for 
natural, lightly trapped populations of Canada lynx (S lough and Mowat 1996, O'Donoghue et al. 
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1997, and Poole 1994; cited in Devineau et al. 2010). As of2009, 126 kittens were born in 
Colorado (Shenk 2009), with 33 percent of collared female lynx having dens (Shenk 2010). 

Critical Habitat 

On February 25, 2009, we designated critical habitat for lynx. We did not designate critical lynx 
habitat within southern Wyoming, and Colorado (74 Fed. Reg. 8616-8702). As stated above, our 
September 26, 2013 proposed rule to revise our designation of critical habitat did not include 
habitats in Colorado. 

Recovery Outline 

In 2005, the Service, along with representatives from the Forest Service, completed a 
Recovery Outline (Service 2005) for the Contiguous United States Distinct Population Segment 
of the Canada Lynx, which serves as an interim strategy to guide recovery efforts until we 
complete a final recovery plan. The outline identifies core, secondary, and peripheral areas for 
lynx, and preliminary recovery actions. The Recovery Outline provides four objectives that 
provide a framework for progressing towards the recovery goal of delisting the lynx. In addition, 
the Recovery Outline identified a number of recovery actions needed to attain the objectives. As 
the recovery action relates to the proposed action, we identified the following recovery action to 
support the delisting goal. 

I. Identify the risk to lynx populations posed by forest management techniques and human-induced mortality 
from factors such as roads, trapping and hunting. Address these factors as necessary to ensure the long
term persistence of lynx populations in core areas. 

III . ENVIRONMENTAL BASELINE 

This section is an analysis of the effects of past and ongoing human and natural factors leading to 
the current status of the species, its habitat (including designated critical habitat), and ecosystem 
within the action area. The environmental baseline consists of the past and present impacts of all 
Federal , State, or private actions, and other human activities in the action area, the anticipated 
impacts of all proposed Federal projects in the action area that have already undergone fonnal or 
early section 7 consultation, and the impact of State or private actions which are 
contemporaneous with the consultation in process (50 C.F.R. § 402.02). 

Status of the Species within the Action Area 

The action area for the proposed action includes the Trout-Handkerchief, Trout Creek, West 
Fork San Juan River, and East Fork San Juan River, LA Us that contain the project area and the 
Wolf Creek Pass Landscape Linkage (Landscape Linkage). The Landscape Linkage was 
identified because of its location within the landscape, connecting the northern and southern San 
Juan Mountains, and because U.S. 160 passes tlu-ough, or borders the four LAUs, creating an 
area where habitat connectivity and highway related effects to lynx are of management concern. 
The proposed land exchange occurs within the Trout-Handkerchief LAU, but the effects of the 
action extend into the adjacent LAUs and the Landscape Linkage. Figure I, displays the four 
action area LAUs and the Landscape Linkage. 
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West Fork Fire Complex 

The West Fork Complex, which started on June 5, 2013, consisted of three lightning caused 
wildfires, West Fork, Windy Pass, and Papoose that burned on the San Juan and Rio Grande NFs 
and private lands within and near the action area. The West Fork complex burned within lynx 
habitat within the Trout Creek, West Fork San Juan Ri ver, and East Fork San Juan River LAUs 
(Figure 1). In addition, a portion of the West Fork Fire Complex burned within the Landscape 
Linkage, which is contained within the four LAUs within the action area. The Rio Grande NF's 
supplemental BA provided updated environmental baseline infonnation for the LAUs and the 
Landscape Linkage, detailed below. As stated in the supplemental BA, the original project BA 
only qualitatively described the effects of the spruce bark beetle epidemic within the action area. 
The supplemental BO provided a quantification of the epidemic within the four, action area 
LAU 's, described herein. 

The environmental baseline for lynx is generally evaluated against vegetation standard one (VEG 
S I) of the SRLA. We use this standard as a means for determining whether a LAU contains 
sufficient lynx habitat in a suitab le (functional) condition to support survival (feeding) and 
reproduction of lynx. Our current understanding of lynx home ranges suggests that at least 70 
percent of the lynx habitat within a LAU should be in a suitable (functioning) condition to 
support a resident lynx year-round (Ruediger et al. 2000). In addition, other factors such as the 
spruce bark-beetle epidemic may negatively influence the capability of a LAU to support lynx 
survival and reproduction. 

Spruce bark beetles are currently at epidemic levels within the action area LAUs (Figure 1). 
Beetles have killed most of the mature spruce trees in the Weminuche Wilderness, and new 
attacks were detected in high-mountain areas outside the wilderness, from the town of South 
Fork to Wolf Creek Pass. Beetle populations are rapidly expanding in some areas causing 
infestation of entire drainages in the course of one year (Forest Service 20 I I, cited in BA). ln 
some cases, nearly every mature spruce has been kill ed in multiple drainages, from the creek 
bottoms all the way up to the high elevation timberline. Only younger spruce stands, which 
developed in areas where mature spruce stands were harvested in the past, have survived the 
cutTent outbreak thus far. Within spruce-dominated forests, spruce tree mortality will likely alter 
forest structural conditions, which may influence lynx prey species abundance and lynx habitat 
use. These changes would likely occur in a patchy pattern, with some dead standing trees 
potentially remaining standing for decades, while others would fall more rapidly (Jones and 
Ghormley 2010, cited in BA). Trees would be expected to fall within the next I 0-100 years 
(Ghormley 2004, cited in BA), with many falling between 20-40 years (M. Tooley, Forest 
Service, pers. comm. with R. Ghonnley, Forest Service, Jones and Ghonnley 20 IO; cited in BA). 
Falling overstory trees result in reduced canopy cover. Reduced overstory coverage generally 
leads to faster understory regeneration of remaining spruce, as well as unaffected fir and aspen. 
However, the extent of beetle effects and the time required to return to climax conditions, depend 
on the extent of spruce regeneration in stands and the extent to which the second generation of 
beetles attack stage 2 and 3 understory trees. August 20 12 surveys of forested stands within the 
project area showed little evidence of beetles attacking the spruce understory, but this survey 
occurred at the end of the first year beetles infected most local spruce. If beetles appreciably kill 
the spruce understory in subsequent years, it could set back stand regeneration and lynx habitat 
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values another 10-40 years. Through time, a patchy distribution of large amounts of dead fall, 
dead standing, and newly regenerating trees and shrubs would likely occur across the landscape. 
Some areas may continue to provide denning or foraging habitat for lynx, and may improve 
habitat quality as more coarse woody debris becomes available for denni ng, and as the canopy 
opens and understory vegetation is released. 

Anecdotal evidence indicates that hares, squirrels, and lynx continue to be present and use 
infected stands (R. Ghormley, Forest Service, pers. com, Aug. 30, 20 12, cited in BA), likely 
where younger generations of trees occupy the understory and provide forage and cover for 
snowshoe hare (Lepus americanus). At this time, the Rio Grande has not collected empirical 
evidence to support the assertion, but we do not have better information to state otherwise. 
However, loss of mature cone-bearing spruce trees at large spatial scales may significantly 
reduce red squirrel (Sciurus vulgaris) density, the lynx's primary alternative prey. Little research 
has addressed how red squi1Tels respond to insect infestation (Koprowski et al. 2005). However, 
research that has been conducted, concluded that red squirrel populations declined significantly 
in areas with >40 percent mortality of spruce trees due to beetle infestations in Alaska (Matsouka 
et al. 200 I, and Colorado Yeager and Riordan, 1953; cited in Koprowski et al. 2005). When 
snowshoe hare densities decline, lynx rely heavily on red squirrels fo r survival, but a diet of red 
squirrels alone may not be adequate to ensure lynx reproduction and survival of kittens (Koehler 
1990, cited in Ruediger et al. 2000). During snowshoe hare population lows, and if their main 
alternative prey is not available, or is at very low densities resulting from mature spruce 
mortality, lynx may not produce kittens, may expand or abandon their home range in search of 
prey in o rder to survive, or starve to death. Other areas currently having sparse understory may 
become relatively non-functional habitat for some time, which lynx may traverse to access 
higher quality habitat where prey may be more abundant. Reduced foraging and denning habitat 
in the spruce zone negatively influences the ability of lynx to maintain a home range within the 
LAU and connected LA Us over the moderate term, including the life of the project (30 years), 
until adequate forested cover redevelops. 

Trout-Handkerchief LAU 

The supplemental BA provided updated environmental baseline statistics for lynx habitat in the 
Trout-Handkerchief LAU. The West Fork Fire Complex did not affect this LAU, and unsuitable 
habitat conditions are at 4.9 percent of the lynx habitat within the LAU. As of the winter of 
2012, spruce bark beetles have affected approximately 22, I 11 acres of lynx habitat within thi s 
LAU (28.3 percent) (Figure I). As stated above, spruce beetle infested areas degrades the ability 
of these stands to support red squirrels, which reduces lynx productivity when hare densities 
decline. However, impacts to forested areas do not render the stands to an unsu itable condition 
unless understory vegetation is lacking. This LAU is in a degraded condition and due to lower 
prey abundance during some years, lynx may have a difficult time finding sufficient prey to 
survive and support kittens. 
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Trout Creek LAU 

The West Fork Fire Complex rendered 14,482 acres of lynx habitat to an unsuitable condition 
within the Trout Creek LAU, leaving approximately 38,077 acres (72.4 percent) in a suitable 
(functioning) condition. However, beetle activity has negatively affected an additional 13,383 
acres (35 percent) of the remaining suitable habitat within the LAU (see Figure I). These natural 
events have reduced the capacity of this LAU to support survival and reproduction of a lynx 
occupying this area, and lynx may have a difficult time finding sufficient prey to survive and 
support kittens. 

West Fork San Juan River LAU 

The West Fork Fire Complex rendered 7,174 acres of lynx habitat to an unsuitab le condition, 
within this LAU, leaving approximately 25,567 acres (77.7 percent) in a suitable (functioning) 
condition. In addition, the spruce bark beetle infestation has negatively affected 9,768 acres (38 
percent) of the remaining 25,567 acres of suitable habitat within the LAU (see Figure l ). These 
events have resulted in habitat modifications that reduce the capacity of this LAU to support of a 
lynx occupying this area, and lynx may have a difficult time finding sufficient prey to survive 
and support kittens. 

East Fork San Juan River LAU 

The West Fork Fire Complex burned 225 acres within the East Fork San Juan River LAU, 
increasing unsuitable habitat to 297 acres (0.6 percent) within the LAU. Of the remaining 
46,013 acres of suitable habitat within thi s LAU, beetles have negatively affected 2,856 acres 
(6.2 percent) (see Figure 1). These events have not resulted in significant changes to the ability 
of the habitat to support lynx within the LAU. 
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Project Area Lynx Habitat 

Within the project area, the Rio Grande NF identified lynx habitat within the exchange parcels as 
displayed in Table I. 

Table I. Acreage of lvnx habitat associated with the orooosed action. 

Lynx Habitat Federa l Exchange Federal Acquired Parcel 
All Pa rcels Classification Source Pa rcel T raded to USFS I Retained 

Rio Grande NF Geographic Information System Da ta a 

187.97 41.28 I 100.77 330.03 

142.06 
0 Primary vegetation based on updated Rio Grande NF lynx habitat modeling and mapping criteria. 

In addition, at the request of the Service, the Rio Grande NF completed cover board surveys (per 
Forest Service 2009, cited in BA) on the exchange parcels to sample the quality of the lynx 
habitat on the exchange parcels. The results of the summer and winter cover measurements 
indicate that the Federal exchange parcel provides better qua lity summer habitat for lynx than the 
Federal acquired parcel. The Federal acqu ired parcels cover board scores for winter forage 
habitat was slightly better than the Federal exchange parcel. However, as stated in the BA, the 
habitat effectiveness of the Federal acquired parcel is likely impaired due to disturbances during 
the ski season. The Federal exchange parcel may be impaired (discussed below) by the 
proximity to U.S. 160, and the presence of cross-country skiing trails. However, most of the 
Federal exchange parcel remains undisturbed and may provide year-round functional habitat. 
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Other Factors Affecting Lynx within the Action Area 

The project area is located in the extreme southwestern comer of the Trout-Handkerchief LAU 
(see Figure I). U.S. 160 fonns the northwestern border of the LAU (with the Trout Creek LAU 
contiguous to the no1ih) and bisects the western periphery of the LAU. The Wolf Creek Ski 
Area special use permit area encompasses most of project area (Figure 2). The Wolf Creek Ski 
Area serves as a day and regional, destination ski area. The ski area is a winter-season, day use 
resort with no overnight facilities. The nearby towns of Pagosa Springs, South Fork, Del Norte, 
Alamosa, and Monte Vista, provide overnight accommodation for guests skiing longer than one 
day. Th.e Colorado Department of Transportation (COOT) operates a maintenance facility, 
which is located directly no1ih of the ski area access road (across U.S. 160) and north of the ski 
area's base facilities. 

Studies of ungulates and large carnivores concur that buffer areas around roads are generally 
avoided by these animals (Forman et al. 2003). The width of avoidance zone seems to depend 
on the traffic volume (Fonnan et al. 2003,). Theobald and Shenk (2011) analyzed 11 years of 
habitat use of a subset of the 218 reintroduced lynx in Colorado. For the entire database 
(primarily Colorado), lynx-habitat-use-areas occurred away from highways with high traffic 
volumes (average annual daily traffic (AADT) > 1 Ok), averaging at least 26.9 miles away, with 
the majority of use at least 16.9 miles away. Lynx habitat use declined to between 16.l miles 
and 9.9 miles average distance for other highway types, with the majority of habitat use at least 
3.2 miles from the nearest highway (Theobald and Shenk 2011). We assume that the baseline 
level of traffic volume on U.S. 160 likely results in some lynx avoidance of the U.S. 160 
corridor. This avoidance results in reduced use of habitat along and near the highway, negatively 
influencing the ability of lynx to forage, den, travel, and maintain adjacent home ranges. 
Although lynx may general ly avoid highways, we recognize that lynx will not completely avoid 
roads, and will cross highways regardless of the traffic volume, but may be more likely to 
attempt crossing when traffic volumes are lowest (i.e. dawn, dusk, or at night). 

The Wolf Creek Pass Landscape Linkage 

The Landscape Linkage spans a forested swath over the Continental Divide between large blocks 
of high quality subalpine lynx habitat. The linkage is part of the Colorado Parks and Wildlife 
(CPW) "Core Research Area" in the San Juan Mountains. The San Juan Mountains contain the 
largest continuous block of high quality lynx habitat in the State and where CPW focused their 
10-year lynx monitoring and research efforts. This core area (defined as New Mexico no1ih to 
Gunnison, west to Taylor Mesa, and east to Monarch Pass; Service 2003) is where 218 lynx were 
released as part of a reintroduction effort. 

The Landscape Linkage was designated, because this portion of the Continental Divide is known 
to be important for lynx (and multiple wildli fe species) movement (Shenk 2005), and concern 
that the 2-3 Jane, high speed U.S. 160 ne~atively influences lynx movement (Service 2003). The 
Landscape Linkage includes 47.83 miles (30,613 ac.; 22,606 ac. on the Rio Grande NF, 7,610 
ac. on the San Juan National Forest, and 397 ac. in other ownership (Figure 1 ), and provides for 
no1ih-south lynx movements (Ghonnley 2011, cited in BA). It extends out from the highway to 
major hydrologjc/ topographic divides. Near the project area, the Landscape Linkage extends 
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south to the Continental Divide and includes the entire l ,87 1-acre Wolf Creek Ski Area special 
use pe1mit area and the private Leavell-McCombs Joint Venture lands. 

Lynx have regularly used this linkage since the fi rst ( 1999) releases. A lynx mortality occurred 
along the highway at Pass Creek on the east side of the pass in 2000. More recently, Theobald 
and Shenk (20 I I) analyzed 1999-20 l 0 habitat use of a subset of all 218 lynx reintroduced to 
Colorado. Over that 11 year period, the Wolf Creek Pass area appears to have functioned as the 
principal linkage for lynx moving between the South San Juan Wilderness and the main body of 
the San Juan Core area to the northwest, with few lynx relocations in the immediate vicinity of 
the U.S. 160 corridor, probably because of more rapid and extended movements and less 
residency time. Shenk (2005) concluded that lynx use the forested area east of Wolf Creek Pass 
far more than the forested area west of the pass. 

In an attempt to quantify U.S. 160 permeability relative to physical obstacles, the BA included an 
assessment of landforms that might restrict lynx highway crossings, from Forest Service Road 
410 (on the east side of the pass), to Wolf Creek (on the west side of the pass). The length of 
barriers (e.g., tall , vertical road cuts) and restrictions (cut slopes ~60°) that likely block or deflect 
cross-highway movements, result in greater time to cross the highway and potentially increases 
the likelihood of lynx getting struck and killed. The assessment was used as a surrogate of 
permeability (Thompson 2005, cited in BA). Table 3 displays the results of the assessment. 

Table 3. Obstacles along the Highway 160 corridor over Wolf Creek Pass that would Likely block 
or deflect lynx movements, resulting in greater latency time on the highway and potentially 

increasing road-kill potential. 
Analvsis Area Total Length Barriers Restrictions Unrestricted 
West ofWolfCk Pass 6.84 mi. 2.88 mi. (42%) 0.3 mi. (4.4%) 3.67 mi. (53.6%) 

East of Wolf Ck Pass 7.5 mi. 2.49 mi. (33. 1 %) 0.55 mi. (7.3%) 4.46 mi. (59.5%) 

Total Wolf C k Pass 14.34 mi. 5.36 mi. (37.4%) 0.85 mi. (S.9%) 8.13 mi. (56.7%) 
Note: The 14.34 mile analysis area extended from Forest Service Road 410 to Big Meadow Reservoir, on the cast 
side of the Pass, 10 Wolf Creek, on the west side of the pass. 
Source: Western Ecosystems, Inc. (Thompson 2005, cited in BA). 

A relatively large percentage of U.S. 160 on each side of Wolf Creek Pass contains barriers and 
restrictions along the Right of Way (ROW) (generally on the north [cut slope] side) that would 
likely cause lynx attempting to cross the highway to move parallel to traffic before landforms 
would allow an escape. Barriers and restrictions total 46.4 percent, 40.4 percent, and 43.3 
percent of the highway's length on the east side, west side, and both sides of Wolf Creek Pass, 
respectively (Table 3). Obstacles likely result in greater residency on and along the highway, 
and likely increase road-kill probabilities resulting when animals panic at the approach of a 
vehicle and clash back across the highway into traffic attempting to escape. Northbound (vs. 
southbound) animals may be more susceptible to road-ki ll because most obstacles are located on 
the north side of the highway, although obstacles likely affect overall highway permeability. On 
both sides of the Pass, there are continuous cliffs ~ 0.5 miles long. A lynx climbing the long, 
steep fill slope (south side of highway) up to the highway would not be able to see the baniers 
unti l it was on the road surface. Most of the extensive cliffs are at relatively low elevations on 
each side of the pass(< 9,080 ft. on the east side and <9,400 ft. on the west side). Excluding 
lands below these elevations, where lynx movements are less likely to occur, barriers and 
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restrictions total 25.0 percent, 33 .9 percent, and 30.4 percent of the highway's length on the east 
side, west side, and both sides of Wolf Creek Pass, respectively. As indicated above, lynx 
road-kill probabilities involve multiple variables. Considering only contiguous landforms, 
compared to other Colorado highway sections where lynx have been road-killed (i.e., I-70 and 
U.S. 550), this section of U.S. 160 over Wolf Creek Pass is less permeable and contains a higher 
percentage of obstacles that may increase highway mortality probabilities of lynx that attempt 
crossings. Evidence suggests that these natural features do not deter lynx from crossing the U.S. 
160 corridor. Shenk (2005) provided evidence that 27 individual lynx crossed U.S. 160 between 
1999 and 2005. Furthermore, we have no information that documents failed crossing attempts 
due to terrain or topography. 

West Fork Fire Complex 

The West Fork Fire Complex burned approximately 1,386 acres along northern edge of the 
linkage with variable severity. The fire did not burn down to U.S. 160. It is unlikely that the fire 
resulted in any significant change to the function of the linkage, because the majority of the pre-
fire habitat remains within the linkage to provide for movement of lynx. However, landscape 
level lynx movements may change in the post-fire environment. See connectivity discussion 
below. 

Traffic 

The quantitative U.S. 160 traffic analysis area extends from mile marker 178.822, on the east, to 
mile marker 154.046, on the west. These are the two closest points to the east and west sides of 
the Landscape Linkage, respectively, where traffic count data are representative of actual vehicle 
use through the Landscape Linkage. This analysis area extends from Mineral County Road 380 
(northeast of Park Creek Rd.) on the east (corresponding to the eastern end of the Landscape 
Linkage), west to Archuleta County Road AA (north of East Fork Road). 

Current (20 l 0) average annual daily traffic (AADT) volume crossing through the Landscape 
Linkage is 3,200 vehicles per day (VPD) measured at each Colorado Department of 
Transportation (CDOT) monitoring station on each side of Wolf Creek Pass. The Felsburg, Holt 
& Ullevig (FHU) Traffic Impact Study described existing traffic volume during winter months of 
2,800 VPD east bound, and 3,500 VPD westbound during a peak traffic day associated with high 
ski area traffic, and lower traffic volume on a "typical" daily traffic volume during ski season. 
Since the FHU study did not provide traffic counts for the non-ski season, we concluded the 
CDOT traffic data represents a more accurate year-round baseline traffic volume, which will be 
used throughout the remainder of this document. Total traffic volumes through the Landscape 
Linkage are currently within the 2,000-5,000 VPD range documented to impair lynx movements 
(Stevens et al. 1996, Clevenger et al. 2002, Alexander et al. 2004, 2005), but below traffic 
volumes (>4,000 VPD) that are more serious threats to mortality and habitat fragmentation 
(Ruediger et al. 2000, Alexander et al. 2005). 

On March 29, 2006, the Service issued BO for the SaddleBrook development project, BO 
number ES/GJ-6-C0-06-F-005, for a U.S. Army Corps of Engineers pennit issuance, permit 
number 2003 00542-1. No work was completed under the permit, and the permit has expired 

15 



(Hildreth Cooper, USACoE, pers comm., August 9, 2013, email). Therefore, the effects 
documented in the project BO did not occur and are no longer part of the environmental baseline 
for the current Forest Service action. 

On July 22, 2003, the Service issued a BO (BO number ES/LK-6-C0 -03-F-022), documenting 
the effects of the proposed U.S. 160 upgrade. Conservation measures for the proposed upgrade 
included four permanent crossing structures to minimize adverse effects to lynx. The CDOT 
installed one temporary crossing structure at site G (mile marker 179). However, funding 
limitation precluded completion of Phase 111, which included four pennanent crossing structures. 
On September 25, 2008, the Serv ice issued a BO (BO number ES/LK-6-C0-08-F-019), for 
reconstruction of U.S. 160 east of Wolf Creek Pass, which required reinitiation of the original 
proposed action. The revised project anticipated a 37.7 VPD annual increase in traffic volume 
on U.S. 160 over the 20-year project life resul ting in a traffic volume increase of 802 VPD by 
year 2028. Based on the analysis in the BO for the revised project, the anticipated traffic volume 
in year 2028 would be approximately 3,702 VPD AADT, remaining below the levels indicated 
above that cause more serious impacts to wildli fe. The traffic baseline in the BA for the revised 
project did not specifically include the anticipated traffic from the prior action. However, future 
traffic projections, described in current project BA for 20 13, through the project life, are 
consistent with projections made in BO ES/LK-6-C0-08-F-O 19. 

Therefore, we find the baseline traffic assessment in the current project BA is accurate when 
considering past projects within the action area. The 2008 project included a number of 
conservation measures including, measures to improve the ex isting temporary lynx crossing, 
installation of a single concrete box culvert at site Kl (mile marker 179.4), signage to educate the 
public about lynx and to avoid human di sturbance near the Kl structure, and radar-triggered 
speed warning signs. These conservation measures serve to minimize the likelihood of vehicular 
impacts to lynx on the highway. However, the effectiveness of the structures is currently 
unknown, since monitoring has not revealed lynx use of the crossing structures to date. One of 
the proposed conservation measures for the U.S. 160 improvement project consisted of using 
radar-triggered warning signs with flashing strobe lighting to indicate vehicular speed above the 
speed limit. BO number ES/LK-6-C0-08-F-019 stated that this measure has been proven to 
effecti vely reduce vehicle speeds along highways and enhance driver awareness. Little 
evaluation of warning signs to modify driver behavior has been conducted, and warning signs 
will be effective only if they result in heightened driver caution and slower speeds (Forman et al. 
2003). However, in only one known study that directly looked at warning sign impact on 
wildlife-vehicle collisions, enhanced warning signs are not effective in reducing wildlife-vehicle 
collisions (Huij ser et al. 2008). 

Since the lynx reintroduction in Colorado began in 1999, we are aware of 11 lynx that were hit 
by vehicles and killed in Colorado, including one on U.S. 160. Six of the known mortalities 
occurred on roads, similar in configuration to U.S. 160 (e.g. 2-3 lane mountain roads), and most 
with similar, or lower traffic volumes. The most recent documented mortality (mountain road) 
occurred on U.S. Highway 550 (Red Mountain Pass, in 2012). 
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Habitat Connectivity 

Habitat connectivity within the individual action area LA Us appears to be good. Limited 
vegetation management and low road densities provide a high level of freedom of movement with 
large blocks of contiguous habitat to support lynx. However, natural and anthropogenic features 
negatively influence c01mectivity between the LA Us. U.S. 160 represents the boundary between 
the Trout-Handkerchief LAU and Trout Creek LAU on the east side of the pass and the East and 
West Fork San Juan River LAUs on the west side. Cliff bands running parallel to U.S. 160 may 
require lynx to move along the highway to find a way across. In addition, U.S. 160 and its 
associated traffic represent an impediment to lynx movement between the Trout Creek and 
Trout-Handkerchief LA Us, and the East Fork San Juan River LAU and West Fork San Juan River 
LAU. 

The West Fork San Juan LAU - Direct habitat connectivity with LA Us to the north, east, and west 
is relatively poor because of an alpine cliff band averaging approximately 0.5-0.75 miles wide that 
completely surrounds those boundaries of the adjacent LA Us. One area of connectivity exists 
between the Trout-Handkerchief LAU and the East Fork San Juan River LAU near Wolf Creek 
Pass. East-west connectivity between the West Fork San Juan River LAU and the 
Trout-Handkerchief LAU may be influenced somewhat by diurnal, winter recreational activities 
associated with large patches of unsuitable habitat (i.e., Wolf Creek Ski Area on the east side of the 
Continental Divide and clearcuts on the west side) that support downhill and Nordic skiing and 
snowmobiling. As discussed above, north-south habitat connectivity across U.S. 160 on the west 
side of the Pass is poorer than that on the east side because of extensive highway cuts, extensive 
highway fill slopes, and natural landform constraints. 

East Fork San Juan River LAU -This LAU is well connected with surrounding LAUs, including 
across the relatively low, forested, Continental Divide to the northeast (into the Trout
Handkerchief LAU), but constrained by a 1-2 mile wide alpine zone across the Continental Divide 
to the southeast. As stated above, U.S. 160 represents the boundary between the EFSJR LAU and 
the WFSJR LAU to the north. 

The West Fork Fire Complex likely has had little effect on the connectivity within the action area, 
because the boundary areas between the respective LA Us continue to contain the same habitat 
characteristics and patterns as before the fire. However, the fire burned extensive areas of habitat 
along the northern boundaries of the Trout Creek and West Fork San Juan River LAUs. The fire 
encompassed the principle linkage described by Theobald and Shenk (2011). Although bum 
severity was variable within the fire perimeter, there is uncertainty about how the burned areas will 
influence landscape level lynx movement. The supplemental BA states that 38 percent of all lynx 
habitat that burned retained the majority of its former value, including forest cover facilitating lynx 
movements. However, Koehler et al. (2008) concluded that lynx avoid recent bums, openings, and 
open canopy, among other things. If the principle linkage described by Theobald and Shenk 
(2011) retained relatively interconnected unburned or lightly burned areas, habitat connectivity 
likely remains intact. Burned areas will regenerate, and provide high quality snowshoe hare 
habitat, and thus lynx foraging habitat, within 15-30 years (Fox, 1978, cited in Ulev 2007). 
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We issued two BOs, for the SaddleBrook development (ES/GJ-6-C0-06-F-005), and the 
reinitiation of the U.S. Highway 160 Improvement Project (ES/LK-6-C0-08-F-019). Both of these 
BOs concluded that the respective proposed actions would result in mortality of lynx 
(SaddleBrook, 2 lynx, and U.S. Highway 160, 4 lynx). We based the level of anticipated take for 
these two projects on our original estimation of traffic related incidental take for the original 
Village at Wolf Creek proposal (BO number ES/GJ-6-C0-05-F-006). We based our estimation of 
take for the original Village at Wolf Creek project on the total number of anticipated mortalities 
over a 40-year period (13 lynx). We then estimated take for the original project based on the 
project's contribution to traffic volume at the end of the 40-year timeframe. The subsequent 
SaddleBrook, and U.S. 160 BOs followed a similar methodology. Our fonnula at that time, 
included information provided in Shenk (2005), which documented one lynx mortality on U.S. 160 
(in year 2000), during a 6 year timeframe. We also estimated one additional mortality (lynx) based 
on our assumption of an additional mortality resulting from a lynx-vehicle collision where the 
incident was not reported, and thus not recorded (based on Fonnan et al. 2003). An unforeseen 
circumstance arose when considering the circumstance where a lynx-vehicle collision occurred, 
and we would not be able to assign specific responsibility for the take. In re-assessing our 
methodology, we determined that, given our original assumptions, two lynx would be killed over a 
six-year period. We find that using this rate of mortality is an appropriate means for detennining 
take, and recognizing that as traffic volume increases, the rate of mortality would also increase, 
except as desc1ibed below in the effects section. Since the rate of lynx mortality on U.S. 160 has 
not been exceeded since the reintroduction began, and we are not aware of any better way to 
calculate the estimated take, we will continue to use the rate of mortality methodology. 

IV. EFFECTS OF THE ACTION 

The effects of the proposed action tier, in part, to our analysis of effects contained in the SRLA 
BO. Specifically, the SRLA BO describes the effects of ski area development and the indirect 
effect of increased traffic volume resulting from base area developments or increases in 
comfortable carrying capacity. 

Effects of the Proposed Action 

In the following effects analysis, we reached the following conclusions. Within the subsequent 
paragraphs, we explain the rationale behind these conclusions. 

We conclude that the land exchange, in and of itself, will not result in negative effects to 
lynx, but that the exchange will lead to the subsequent development of the private lands, 
which wi ll result in significant adverse effects, and take of lynx. 

We conclude that the Village development is an indirect effect of the proposed land 
exchange, and caused by the proposed land exchange. However, the subsequent Village 
development is beyond the authority of the Forest Service. 

Habitat effectiveness and use on the exchange parcels and the surrounding area wi ll be 
reduced as human presence increases as Village development progresses. 
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P~m~eability within the Landscape Linkage will be reduced due to location of Village 
w1th111 the landscape, creating an add itional impediment to lynx movements. 

Considering the environmental baseline and the add itional effects caused by the 
Development, we believe that reduced habitat effectiveness within the Trout Creek and 
West Fork San Juan River LAUs represents a significant adverse effect to lynx. 
However, we cannot meaningfully quantify this effect, thus we are unable to 
meaningfully articulate take oflynx under these circumstances. 

Traffic volume resulting from the development will push overall traffic volume on U.S. 
160 above levels documented to reduce habitat effectiveness and use adjacent to the 
highway corridor within the LA Us adjacent to the highway. 

Increased traffic vo lume will increase the rate oflynx hit by vehicle mortality during the 
first phase of development, followed by a reduction in the mortality rate as traffic volume 
continues to increase and lynx increase avoidance of the highway corridor. 

Depending on when, and which, conservation measures the Applicant implements, the 
rate of mortality may be reduced. 

While we adamant) y support implementation of all of the conservation measures, some 
conservation measures are more effective at reducing adverse effects, and take of lynx. 

Direct Effects 

We do not anticipate that the proposed land exchange, in and of itself, will result in any direct 
effects to lynx. However, a Rio Grande NF decision to exchange lands with the Applicant will 
result in the following indirect effects. 

Indirect Effects 

Indirect effects are those that are caused by the proposed action and are later in time, but still are 
reasonably certain to occur (50 C.F.R. § 402.02). 

The proposed action to provide access, via land exchange, to the Leavell-McCombs Joint 
Venture private lands will result in indirect effects. These effects stem from the intended 
development of the private lands subsequent to the exchange. We conclude that the development 
of the private lands, after the exchange, is reasonably certain to occur because the Applicant 
specifically requested the land exchange with the Rio Grande NF to provide access to the private 
lands for development purposes. If the applicant did not intend to develop the private lands, and 
require adequate access to do so, the proposed action would be without purpose. Therefore, we 
find that the proposed land exchange will result in the subsequent development of the private 
lands as intended by the applicant and is reasonably certain to occur. The Applicant's 
preliminary planned development and the subsequent effects of the Village development are 
described below. 
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The Leavell -McCombs Joint Venture intends to develop the 323 .9-acre private land after the 
land exchange is completed. The BA described three development scenarios fo r the subsequent 
private lands, summarized in Table 4 and displayed in Figures 3-3, 3-4, and 3-8 in the BA. To 
evaluate the effects of all possible development scenarios, we analyze the effects of maximum 
build out of the private lands. In so doing, our assessment captures the maximum level of effects 
regard less of the final development. 

Table 4. Summary of Proposed Village development concepts. a 

Alternative 2 Land E xchan2e 
Low Moderate Maximum 

Parcel Size (acres) 323.9 323.9 323.9 

Number of Units 497 1,71 1 

Hotel 7 1 200 

Condo 25 1 82 1 

Townhome 120 522 

Single Family 9 55 138 

Commercial Space 49,500 ft2 22 1,000 ft2 

Scenic Easement All buildings and structures on the 119 .3 acres of private property not included in the land 
exchange limited to a maximum height o f 48 feet. Scenic Easement does not apply to the 

204.4 acres of the Federal exchange parcel. Mineral County Zoning Regulations as 
amended on April I 0, 1996 would limit buildings and structures on the Federal exchange 

parcel to a height of 50 feet, unless specifically authorized by the County. 

Access to U.S. Highway Road in 60' ROW across Road in 100' ROW across Federal exchange parcel with at-
160: Federal exchange parcel grade intersection band accel/decel lanes. 

with at-grade intersection. 
No accel/ decel lanes. 

Access lo Ski Area: No access road 1,593 linear foot road in 60' ROW across Federal land 
(Federal acquired parcel and existing Federal land) to 

co1mect with Tranquility Road, and tJ1en 1,778 linear feet to 
U.S. Highway 160. 2.19-acre impact. 

Water Storage Volumes None; wells only. 7.04 MG 26MG 
in Million Gallons (MG) 
Source: WER Apr. 6, 2012. 
0 Sec Section 12. I in the BA for additional detai ls on infrastructure for Village development concepts of the Action Alternatives. 
b At some time in the future of the build-out of maximum density development concept, and based on tmffic counts, COOT may 
require a grade-separated interchange for the access road connection to U.S. Highway 160 

Conservation Measures 

Conservation measures - are actions to benefit or promote the recovery o f listed species that are included by the 
Federal agency as an integral part of the proposed action. These actions will be taken by the Federal agency or 
applicant, and serve to minimize or compensate for, project effects on the species under review. These may include 
actions taken prior to the initiation of consultation, or actions which the Federal agency or applicant have conm1itted 
10 complete in a BA or similar document. 

Due to the anticipated effects resulting from the Village development, the Service and the 
Leavell-Mccombs Joint Venture developed the fo llowing conservation measures to minimize 
adverse effects to lynx. The tex t below is the February 21, 20 13 Applicant-Committed Measures 
for the Village at Wolf Creek (hereafter re ferred to as the Strategy). As stated in item 5, the 
Applicant agrees to carryout, or contract fo r, implementation of any action agreed to by the 
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Applicant and the Service. 

In an effort to adopt an adaptive management approach to implement conservation measures to 
protect and benefit the Canada lynx during the development and operation of the Village at Wolf 
Creek, Leavell-McCombs Joint Venture proposes the following conservation measures. The 
Applicant anticipates implementation of these measures through funding that would occur 
concurrently with the phasing of the Village to ensure the ongoing funding necessary for a 
sustained conservation prof,rram is commensurate with the increased traffic volume resulting 
from each phase. 

Through these conservation measures, Leavell-McCombs Joint Venture's primary objective is to 
create a funding mechanism to address the highway-related impacts of the Village development 
within the Wolf Creek Pass Lynx Linkage(" Landscape Linkage") in a practical manner that 
minimizes adverse effects to the Canada lynx and will result in reasonable certainty of 
effectiveness. These proposed conservation measures will be committed to by 
Leavell-Mccombs Joint Venture, or its successors and assigns ("the Applicant"), in writing, and 
will be binding on the future developers/owners of the Village should the Applicant, sell, in 
whole or in part, the development. 

1. Conservation Funding Commitment. The Applicant commits to provide funding to 
implement conservation measures to benefit the Canada lynx. Because the impacts of the 
Village on the lynx are generally propo1iionate to the number of units occupied within the 
Village, the funding commitment is made on a "per unit" basis. Funding will be assured in 
the minimum cap amount of $500 per unit, and in the maximum cap amount of $1 ,000 per 
unit, such minimum and maximum cap amounts being subject to adjustment in the future 
by the Consumer Price Index ("CPI'') for the region at the time of payment. It is 
anticipated that for Phase 1 of the Project, the funding available for conservation measures 
would be a minimum of $248,500 (497 units at $500 per unit) and a maximum of $497,000 
( 497 units at $1,000 per unit). Future phases will be funded at similar rates as adjusted for 
the CPI in accordance with Section 3 below. 

2. Technical Panel. The funds provided by Applicant will be paid into an interest-bearing 
account specifically established for this project that will be administered by a technical 
panel created by Applicant to ensure the effective application of the funds to adopt, 
adaptively manage, and implement these conservation measures. Interest earned by the 
account will be rolled into the account principle. The panel will consist of technical 
representatives with expertise in lynx biology, traffic, and other relevant disciplines from 
the COOT, the Service (as a technical advisor), CPW, the Forest Service, and two 
representatives of the Applicant's choosing representing relevant traffic and biology 
expertise. The Applicant shall provide a non-partisan executive secretary to schedule, 
coordinate meetings, and take meeting notes. Travel and time for panel members shall be 
provided at the expense of the sponsoring governmental agency or Applicant. 

Applicant recommends the appointment of the technical panel within one-hundred eighty days 
following the final post-appeal approval of the Federal action and the technical panel's initial 
meeting to occur within sixty days following the initial funding by Applicant. Thereafter, 
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Applicant recommends that the technical panel meet within sixty days following each subsequent 
funding event by Applicant to determine the proper administration of the funds contributed and 
still held in reserve, if any. 

The individual panel members will make recommendations for actions that need to be taken to 
provide safe passage across the Highway 160 in general, as well as the actions that will 
appropriately minimize take from the Village. Once individual panel members provide their 
recommendations to the Applicant, the Service and the Applicant shall meet to determine how 
the adverse effects to lynx shall be minimized for Phase I of the project but also in consideration 
of fu ll build-out of the project. To the maximum extent practicable, these measures will be 
agreed to prior to the issuance of the first certi ficate of occupancy for units (excluding sheriff 
substations and infrastructure associated with construction) associated with the first phase of the 
Vi llage development. 

3. Timing of Conservation Funding. The mechanism and timing for funding of lynx 
conservation measures and related costs as proposed by the Applicant are as follows: 

a.Payment of First Portion of Minimum per Unit Amount for Conservation Measures. 
The Appl icant agrees to fund the conservation measures and studies (see proposed 
studies below) as required up to fifty percent (50 percent) of the minimum cap amount, 
or $250 per unit, at the time of final plat approval and recordation of the plat for Phase 
1 of the Village for the payment or performance by the Applicant of approved lynx 
conservation measures, and to address administrative costs of the technical panel 
(discussed below). 

1. Advance Payment fo r Initial Conservation Measures. The Applicant will 
advance funds against the above-referenced initial $250 per unit amount as 
necessary to cover costs, if any, associated with a corridor assessment and the 
trapping and collaring program (discussed below) and the convening of the 
proposed technical panel. This funding event shall occur prior to final plat 
approval and rccordation , by Mineral County, Colorado and within one hundred 
eighty (180) days following the final non-appealable approval of the Federal 
action. 

11. Payment for Subsequent Conservation Measures. The Applicant agrees to fund 
lynx conservation measures with the balance of the initial $250 per unit amount 
at the time of final plat approval and recordation by Mineral County for the 
Phase 1. 

n1. Notification. Applicant shall notify the Service and the technical panel 
whenever it deposits funds as part of these applicant-committed measures. 

b.Balance of Minimum Payment. The Applicant agrees to fund lynx conservation 
measures with the balance of the minimum $500 per unit amount at the time of issuance 
of a building permit by Mineral County, Colorado to commence construction of each 
unit. ln the instance of a multi-unit building, Applicant agrees to fund the 
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aforementioned amount at the time of the issuance of the building permit for that 
building. 

c. Subsequent Phases. If subsequent phases of the Village are constructed, the timing of 
the funding will follow the same process for each phase. Fifty percent of the minimum 
cap amount per unit will be committed at the time of final plat approval and recordation 
of the plat for that phase, with the balance to be funded at the time of issuance of 
individual building permits by Mineral County. 

4. Corridor Assessment and Trapping/Collaring Program. The Applicant proposes that the 
initial funds advanced under 3(a)(i) above, be used to fund two programs: (i) a corridor 
assessment recommended by the Service (estimated to cost $15,000), and (ii) a 
trapping/collaring program in the Landscape Linkage administered by the CPW in 
conjunction with the United States Forest Service (estimated to cost $25,000) to detennine 
lynx movement across Highway 160 between South Fork, Colorado and Pagosa Springs, 
Colorado. Both programs when combined will provide the most comprehensive and 
scientific method of determining a prioritization of crossings used most by lynx across 
Highway 160 and will assist the technical panel in its determination of the use of future 
avai lable funds for the implementation of practical conservation methods to minimize 
adverse effects to lynx. As technology advances during future phases, the technical panel 
may determine it prudent to conduct additional programs to gain additional infonnation on 
lynx movement and may deem it best to advance further funds for this purpose. 

5. Crossing Structures and Traffic Speed Controls. After the data are gathered from the two 
above-mentioned programs and there is a prioritization of crossing points of the lynx on 
Highway 160, the panel members, along with the Applicant and the Service, will identify 
options for a program to further protect against potential traffic fatalities involving lynx and 
facilitate lynx movement across Highway 160. This could be in the form of crossing 
structures or traffic speed controls, depending on the technology available at that time, the 
feasibility of implementing the recommended measures, and the availability of funds 
within the reserve fund. Applicant agrees to carryout, or contract for, the implementation 
of any action, agreed to by the Applicant and the Service, including environmental 
clearances, engineering, obtaining permits, construction, etc. Decisions regarding 
implementation of the program will be made in accordance with the process described in 
Section 2 above. The program would continue to receive additional funding from the 
Applicant's contribution of funds on approval of subsequent phases of the development, 
and could receive funds through third-party contributions, such as grants or contributions 
from other developers or non-profit organizations. 

6. Projected Budget from Funding. A projected budget was agreed upon by the Service and 
Applicant derived from the aforementioned funding commensurate with the total build-out 
of the project using the minimum $500 per unit amount and an annual 1.5 percent increase 
in the CPI during the life of the project (30 years). By way of example, within that budget 
is a projection of some potential uses of the funds for (i) the design, construction, and 
maintenance and monitoring of three lynx crossing structures based upon estimates provide 
by the Service, and (ii) traffic and speed control measures based upon estimates provided 
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by CDOT. At each meeting of the technical panel, the budget and projected conservation 
measures within that budget will be reviewed and forecasts for the implementation of the 
measures with the funding available at that time will be adopted. 

7. Potential Increase of Per Unit Cap. To the extent the technical panel identifies the need for 
additional revenue resources from the Applicant to implement conservation measures 
selected after review of the information collected from the corridor assessment, the 
trapping/collaring program, and any traffic-monitoring results, the minimum cap of $500 
per unit amount may be increased to a maximum cap of$ l ,000 per unit for all future 
phases provided the Applicant agrees that there is adequate documentation to support an 
increase and the increase is reasonable and necessary to implement measures in accordance 
with the conservation measures. The Applicant's concun-ence with such increase based on 
adequate documentation shall not be unreasonably withheld. 

8. Additional Measures. The Applicant further agrees to undertake, independent of the above 
conservation measures, additional actions intended to reduce potential impacts to Canada 
lynx. 

a. Worker Orientation. Applicant will conduct worker orientation concerning Canada lynx 
conservation. 

b. Worker Shuttle. Applicant will bus workers to and from the project site to minimize 
potential construction-traffic-related impacts to lynx during the infrastructure 
development period. 

c. On-Site Employee Housing. In Phase 1 and subsequent phases of Village development, 
the Applicant will provide some employee housing at the Village to minimize those 
employees' traffic impacts and will offer bus service to its other employees to reduce the 
amount of traffic they would otherwise add to Highway 160. 

d. On-Site Convenience to Reduce Highwav Traffic. As to its future owners and guests, the 
Applicant anticipates that they will have fewer trips along Highway 160 during their stay 
than other similar developments in that the Applicant plans to provide the necessary 
essentials (i.e., grocery store, restaurants, etc.) at the Village to minimize their need to 
travel outside the Village for such items. 

e. Property Owners and Guests Lvnx Awareness Programs. The Applicant also proposes to 
provide an orientation program to its owners and guests that will advise them of the lynx 
movements in the area and the importance of motorists being aware of their potential 
lynx crossings on U.S. 160 within the Landscape Linkage. 

As stated above, the Applicant's planned Village development is located within the 
Trout-Handkerchief LAU. Table 5 displays the anticipated loss of lynx habitat resulting from 
the three development scenarios. However, we assume the development will render the entire 
323.9 acres of private lands non-functional for lynx. We make this assumption because, the 
infrastructure, buildings, etc., will be accompanied by human presence and associated activities. 
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Ruediger et al. (2000) concluded, "There is little evidence of lynx using the base area or other 
highly developed po1tion of ski areas, especially if forested cover is not present." The Village 
constitutes a base area development, and lynx are likely to avoid this base area development, 
rather than pass through it. Therefore, we believe our assumption is reasonable. The Applicant 
anticipates maximum development 30 years into the future (i.e. year 2043). We anticipate a 
steady reduction in lynx use of the private lands as forested habitat is removed for construction 
of infrastructure, facilitates, and housing, and as human presence and activity increases. 

Table 5. Acreage of lynx habitat affected by three potential development levels on the project area by private 
Village at Wolf Creek lands. 

Low Density Moderate Development Maximum Development 
12. 19 acres 64.6 acres 144.93 acres 

The loss of habitat from the Village development within the Trout-Handkerchief LAU wi ll result 
in reduction of primary and secondary prey species availability. As discussed above, a spruce 
bark beetle epidemic is rapid ly killing mature spruce trees at large spatial scales, likely affecting 
alternative prey (e.g. red squirrels) availability within this LAU. At this time, the effects of 
spruce bark beetle impacts to snowshoe hare habitat across the LAU are unclear, since 
understory habitat remains intact, and likely continues to support hares and lynx. However, 
during periods of low snowshoe hare density, a female lynx within this LAU may have difficulty 
completing a pregnancy or would be Jess successful in finding adequate food resources needed to 
ensure maximum survival potential for kittens. In addition to development-related lynx habitat 
losses, we anticipate additional reduced habitat effectiveness and habitat functionality for lynx 
and their prey in areas surrounding the Village as a result of habitat fragmentation, perforation, 
and disturbances (e.g. , stray pets, dispersed recreation, etc.) related to human activity and 
presence. Elimination of approximately 323.9 acres of habitat and a larger area of avoidance 
surrounding the Village that supports snowshoe hares within this LAU is additive to natural 
events. Habitat loss within the Trout-Handkerchief LAU intensifies the negative effects of 
reduced habitat capability in occupancy and reproduction of lynx occupying this home range. As 
the habitat within this LAU recovers from the bark beetle infestation, the fitness of lynx within 
this home range will improve. However, fu ll recovery of the beetle-affected habitat may take 
many years before it can suppo1t abundant hares and squirrels that suppo1t lynx. 

As stated abov.e, lynx are likely to avoid base area developments at ski areas. Village 
development, extensive fencing, retaining walls, and cut/fill slopes along the access road and the 
highway acceleration/ deceleration Janes (particularly when snow deposition is considered) will 
block and deflect local north-south lynx movements near the development area. It is possible 
that lynx could find gaps on the western end of the development where they could move between 
ski area infrastructure and Vi llage infrastructure (as stated in the BA), but it is more likely that 
lynx will avoid the base area developments entirely. We assume the increased fragmentation of 
the Landscape Linkage extends nearly 9,000 feet (approximately 1.6 miles) (rather than the 
5,963 feet described in the BA) from the most eastern residential lot line on the east to just above 
the ski area buildings on the west. We based our assumption on the likelihood of a lynx staying 
within forested cover rather than crossing non-forested areas at the base of the ski area and 
Alberta Park. 
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As stated above, the Landscape Linkage contains existing barriers and restrictions to north-south 
lynx movement. Given our assumption regarding lynx movement around the base area and the 
Village, the development will increase barriers and restrictions from approximately 3.04 miles to 
approximately 4.77 miles east of Wolf Creek Pass, increasing fragmentation by reducing 
pe1111eable portions of the highway to 2.73 miles (from 4.46 miles). Barriers may impede 
movements, resulting in higher mortality and lower reproduction (Foreman et al. 2003). 

Traffic 

Highways and their continued expansion into mountain towns and resorts located in mountain 
valleys increase the amount of fragmentation occurring in these long, linear landscapes. This 
fragmentation further erodes the potential for lynx to effectively cross some of these potential 
barriers (Ruediger et al. 2000). High-speed, high-volume highways can result in lynx road-kills, 
fragment and restrict lynx habitat use, impair home range effectiveness, inhibit local and dispersing 
movements that may lead to reduced habitat cormectivity and the decline of some wildlife 
populations and species over time due to genetic isolation (Fonnan and Alexander 1998, Service 
2000, 2003, Alexander et al. 2005, Clevenger et al. 2002, Forman et. al. 2003; cited in SRLA 
BO). 

Populations of wide-ranging carnivores (e.g. lynx) are particularly vulnerable to road traffic 
accidents due to low population densities, low reproductive rates, and large home range sizes 
(Forman et al. 2003; Ruediger 2000). Species with large area requirements are more affected by 
highways, because their biological requirements often force them to cross highways to fmd 
sufficient prey, find mates, and disperse from natal home ranges (Ruediger 2000). Fonnan et al. 
(2003) concluded that both vehicle speed and traffic volume influence wildlife collisions. Higher 
traffic volumes on highways likely predispose lynx to a nigher risk of mortality on highways while 
attempting to meet their biological needs. 

With respect to highway traffic volumes and wildlife impacts, 2,000-3,000 VPD are problematic 
and ~ 4,000 VPD are more serious tnreats to mortality and habitat fragmentation (Ruediger et al. 
2000). Movement is impaired for carnivores, including lynx, when winter traffic volume ranges 
from 300-500 VPD (winter average daily traffic) (Alexander et al. 2005). Annual average daily 
traffic within the project area was 3,000-5,000 VPD average annual daily traffic (AADT) 
(Alexander et al. 2005). The aggregation of species into guilds (e.g. carnivores) provides the most 
generous interpretation of traffic disturbance, because more crossings by tolerant species within the 
gui ld can cause permeability (across highways) to appear higher (Alexander et al. 2005). 

In assessing the impacts of traffic volume on wildlife, Jaarsma and Willems (2002, cited in 
Huijser et al. 2008) concluded that lower traffic volumes do not necessarily equate with fewer 
roadkills. In fact, wildlife-vehicle colli sions actually decrease when traffic volume increases to a 
high enough level that it is, in effect, a barrier (i.e. animals do not attempt to cross) [Jaarsma and 
Wi llems 2002; Huijser et al. 2000; Trocme et al. 2003, (cited in Huijser et al. 2008)]. National 
crash data suggest the animal vehicle collisions (including domestic animals) are more likely to 
occur on low volume roads. Highway Safety Information System (HSIS), data suggests that 
almost one-half of wildlife-vehicle collisions occurred on roadways with less than 5,000 
(vehicles per day) average daily traffic (Huijser et al. 2008). 
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Figure 3. Theoretical relationship between traffic volumes, successful wildlife crossings, 
and road mortality. Reproduced from Huijser et al. (2008), adapted from Seiler (2003) as 

described in Huijser et al. (2008). 

As stated above, traffic volumes approaching 5,000 VPD AADT are likely to result in the 
greatest level of mortality. However, as traffic volume continues to increase, two other effects 
become more apparent. One effect is the increasing avoidance of the road itself (animals 
repelled from the road (Figure 3)). The other effect is a reduction of successful crossings (Figure 
3). The reduction in successful crossings does not necessarily equate to increased mortality 
alone, but likely represents a combination of higher mortality when traffic volume is relatively 
low, and as traffic volume increases, animals become increasingly reluctant to attempt to cross 
the highway. 

Traffic generation estimates for the Village at Wolf Creek development are based on the traffic 
impact study prepared by FHU (2012). The FHU analysis used a trip generation rate of 3.16 
trips/development unit /day, for the single-family lots and condo/townhome units. The trip 
generation rate assumes second homes used by the owner periodically or rented on a seasonal 
basis. The FHU analysis also assumed 70 percent of the residential trips would be contained 
within the Village for residential shopping, dining, and skiing, leaving 30 percent entering or 
existing U.S. 160. The FHU (20 12) trip generation data also includes employees. In addition, 
based on the directional flow of existing traffic at the Wolf Creek Ski Area driveway, trip 
distribution onto U.S. 160 is 66 percent westbound (toward Pagosa Springs) and 33 percent 
eastbound toward South Fork (FHU 2012). 

The traffic analyses used in the BA employed the same methodologies, for growth projections, and 
traffic generation estimates from the FHU study. However, there are a few discrepancies between 
the BA analysis and the FHU traffic study. First, the wildlife traffic analysis herein used AADT 
projections vs. typical winter day projections used in the FHU study. The BA analysis used AADT 
projections because the average traffic volumes are over the course of a year and are directly 
comparable to traffic metrics used in studies that assessed traffic impacts to lynx and other 
carnivores. Second, the BA describes the fact that this analysis includes traffic projections, 
including baseline traffic, for years 2013, 2020, and 2043, where the FHU projection is a 20-year 
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projection starting in 201 5. The BA projections are based on year-2010 CDOT baseline statistics 
(http://dtdapps.coloradodot.info/Otis/TrafficData#ui/1 /0/0), and adjusted for population growth 
(same growth factor used in the FHU study), to represent anticipated traffic for the decision year 
(2013), completion of phase I (2020), and completion of full-build out (2043). The FHU traffic 
study used data from ski season (winter) only traffic counts, which does not refl ect AADT (as 
discussed in the environmental basel ine section). Therefore, the CDOT AADT baseline is higher 
than the reported baseline traffic reported by the FSU study. In addi tion, the COOT baseline is the 
same in both directions. We conclude that the best infonnation avai lable is contained herein 
relative to the proposed action. Table 6 summarizes the traffic analysis. For analysis purposes, we 
used the maximum buildout statistics to reflect the greatest impact to assess all possible effects of 
the Village development. Therefore, if the Vil lage does not achieve full buildout, the traffic related 
effects of the Village are likely to be lower. 

Table 6. Future traffic volumes {AADT) under Altcma1ive 2 with Vi llage at Wolf Creek traffic contributions at focal Highway 160 
monitoring ooints on the east and west sides of the Wolf Creek Pass Lvnx Linkage. 

Total T raffic Volume 

Highway 160 C OOT 
(WCV Cont r ibution/ % Growth over Resoective Baseline ") 

Monitor ing Point Rer. Pt. 
Villa2e at Wolf Creek Development Scenario 

Low Mod. Max. 
Year 2010 (Baseline) 

Easl s ide of the Landscape 
178.822 3,200 

Linkage 
Wes1 side o f the 

154.046 3,200 
Landscape Linkage 

Year 2013 b 
East s ide of the Landscape 

178.822 3,325 (0/ 3.0%) 
Linkage 

Wes1 side of the 
154.046 3,334 (0/ 4.2%) 

Landscape Linkage 
Yea r 2020 ° 

Eas1 side o f the Landscape 
178.822 3,645 (29, 0.8) 4 ,046 (430, 11.9%) 4 ,046 (430, l l.9%) d 

Linkage 
Wesl side of the 

154.046 3,705 (57, 1.6) 4 ,508 (860, 23.6%) 4 ,508 (860. 23.6%) d 
Landscape Linkage 

Year 2043 ' 
East side of the Landscape 

178.822 4,602 (29, 0.6) 5,003 (430, 9.4%) 6,398 (1,825, 39.9%) 
Linkage 

West side o f the 
154.046 4,735 (57, 1.2) 5,538 (860, 18.4%) 8,334 (3,656, 78.2%) 

Landscape Linkage 
• The % Growth over Respcc1ivc Baseline metric is the % of Village a1 Wolf Creek traffic contributions rela1ive to what traffic 
levels would be for that year wi1hou1 Village con1ribu1ions. For example. in Year 2020, for the moderate density development 
scenario, the Village would add 430 AADT to 1he 3,616AADT1hat would have been moving through the eastern part of the 
Landscape Linkage wi thout Village traffic, thus 430/3,616= 1 l .9%, not the (4,046-3.200)/3,200=26.4% increase over 2010 baseline 
traffic 1ha1 also includes unrelated trarlic growth. 
b Year thal groundbreaking stans at the Village at Wolf Creek project under Alternative 2. 
c Full build out (7 yrs.) of the low and moderate density development scenarios of the Village at Wolf Creek projecl under 
Altema1ivc 2. 
d Because FHU (2012) did not provide interim (e.g .. Year 2020) traffic calculations for the panial build out of the maximum 
density development scenario, full build out numbers for the moderate density development scenario were used. 
• Full build oul (30 yrs.) maximum density development scenario of the Village al Wolf Creek projccl under Alternative 2. 
Source: COOT website, FHU (20 12). Wes1em Ecosystems. Inc., ITE (2008), and TDA Colorado. 

At full bu ild out, the Village will add 1,825 VPD AADT to eastbound U.S. 160, and 3,656 VPD 
AADT westbound (FHU, 2012). Traffic generated by the Village represents a significant 
increase in traffic volume on U.S. 160. These contributions represent 39.9-78.2 percent of the 
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projected baseline traffic volume, going through the linkage in Year 2043. Total traffic volume 
in year 2043 including traffic generated by the Viliage, is anticipated to be 6,398 VPD eastbound 
and 8,334 VPD westbound. 

The projected baseline traffic for year 2043 is 4,573 VPD east of Wolf Creek Pass and 4,678 
VPD west of the Pass. These baseline projections, based on discussion above and Figure 3, 
reach a level where mortality oflynx would approach a theoretical peak, while the barrier effect 
increases. Village at Wolf Creek contributions to traffic on U.S. 160 will accelerate the rate of 
traffic volume increase and approach peak mortality by year 2020 (i.e. phase 1 completion), 23 
years before the projected baseline would reach a similar traffic volume. We anticipate that 
traffic volume generated by the Village will increase the rate of lynx road-kills on U.S. 160 by 
the time the first phase is completed (Year 2020). In the environmental baseline, we established 
a rate of lynx mortality on U.S. 160 of two lynx per six-year period. Lynx mortalities resulting 
from increased traffic volume is not an exact linear relationship. However, by recognizing that 
there is a relationship between increase traffic volume and increased mortality, as described 
above, the increased rate of mortality resulting from the proposed action can be represented by 
the increase in traffic volume stemming from the Village development. At year 2020, Village 
generated traffic is approximately 24 percent above baseline traffic for that year. By assuming 
that the rate of mortality increases by a similar percentage, we detennine that the rate of lynx 
mortality increases by 24 percent above the baseline mortality rate, or approximately 0.50 lynx. 
Since only whole lynx can be killed, we increase the rate by one lynx, resulting in an increased 
mortality rate of tlu·ee lynx per six-year period by approximately year 2020. However, by year 
2043 (full build out of the Village), mortality risk to lynx on U.S. 160 may be lower as the 
barrier effect increases and lynx movements are disrupted because they are less likely to attempt 
a crossing of U.S. 160. 

The conservation Strategy provides adaptability and :flexibility to implement the most 
cost-effective means to minimize mortality of lynx, and reduced connectivity resulting from 
increased traffic volume on U.S. 160. With respect to the efficacy of the conservation measures 
for reducing adverse effects of the proposal, the Strategy contains a variety of approaches 
designed to reduce anticipated traffic-related effects (e.g. crossing structures, traffic control 
devices, fencing, etc.). Some techniques used by states to minimize wildlife mortality do not 
correlate with the perceived success (Fonnan et al. 2003). Fonnan (et al. 2003) reported that 
fencing and wildlife crossings are the most effective means to minimize mortality, but these 
measures are among the least used (Fonnan et al. 2003). Traffic control devices (e.g. warning 
signs, highway lighting, etc.), used to modify human behavior on highways, are the most 
frequently used, but tend to be less successful. The Strategy's Worker Orientation, and Property 
Owners and Guests Lynx Awareness Programs, would orient and educate people associated with 
the Village about lynx presence and movements in the area, the importance of the Landscape 
Linkage to the larger Southern Rockies lynx population, and make motorists aware of potential 
lynx crossings while driving U.S. 160 within the Landscape Linkage. Vigilant motorists aware 
of the presence oflynx in the area and potentially appearing on the highway may be better 
prepared to avoid collisions with lynx. Other measures also oriented toward changing motorist 
behavior may include various traffic speed controls (e.g., signs flashing driver's speeds above the 
posted speed limit signs currently in place at some potential lynx crossing locations within the 
Landscape Linkage), depending on the technology available at that time. While some of these 
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measures are more effective than others, their efficacy at reducing speeds and increasing driver 
vigilance is fairly well known (e.g., Fonnan et al. 2003, Defenders of Wildlife 2007, Bissonette 
2006; all cited in the BA). 

The Worker Shuttle measure may reduce the level of traffic generated by the Village, but the 
FHU traffic analysis did not reduce incoming and outgoing worker traffic generation, and on-site 
employee housing is not planned for phase l (FHU 2012). However, the FHU report provided 
estimates of the number of employees at Phase l (150 employees), and provided a conservative 
estimate of 1.5 employees per vehicle for commuting trips. Based upon FHU's estimate, our 
estimate of employee-generated trips is I 00 vehicle trips per day in each direction (east and 
west) (i.e. 50 VPD AADT). We then assumed that all employees would be bussed to and from 
the Village, assuming a 40-person capacity per bus. Our estimate of bus trips at year 2020 is 
eight total daily bus trips (4 trips in each direction, or 2 VPD AADT). The reduction in traffic 
volume from the worker shuttle does not significantly reduce Vi llage generated traffic volume on 
U.S. 160. Therefore, we conclude that implementation of the worker shuttle does not 
significantly reduce the likelihood of lynx-vehicle collisions at year 2020. 

There are a variety of potential crossing structures (e.g. overpass or underpass) and secondary 
features (e.g., funneling fenci ng) appropri ate fo r U.S. 160. The effectiveness of properly sited 
and designed structures at excluding animals (including lynx) from highways and faci litating 
movements below or above the highway is generally high (e.g., Clevenger and Waltho 1999, 
Clevenger ct al. 2002, Barnum 2003, Forman et al. 2003, Defenders ofWildlife 2007, Bissonette 
2006; all cited in BA). Crossing structures provide animals with an alternative to crossing the 
highway surface. Fencing can funnel wi ldlife into the structures for safe passage above or below 
the highway, reducing thei r exposure to highway mo11ality and fac ilitating habitat connectivity 
across the highway. However, animals may, continue to appear on the road surface exposing 
them to traffic and, possibly be killed, unless the entire length of highway is fenced. However, 
fencing the entire corridor reduces habitat connectivity. Once animals find the crossing 
structures they tend to use them and can become part of the animal's routine. CDOT uses 
wild li fe underpasses and other structural mitigation to.reduce the number of animal-vehicle 
collisions, increase public safety, and reduce the adverse effects of impaired habitat connectivity. 

Although the Strategy establishes a framework for implementation of measures to minimize 
adverse effects caused by increased traffic volume generated by the project, there is some 
uncertainty regarding what specific measures will be implemented, and when implementation 
will occur. A portion of the funding for implementation of the conservation measures will be 
available after Mineral County approves the final Plat for the Village. The studies contemplated 
by the Strategy will help prioritize the location of specific measures. However, a decision on 
what measures will be implemented, and when implementation of any specific measures will 
occur is yet to be determined. Due to the uncertainty regarding the timing of implementation of 
specific conservation measures, we anticipate an increase in the mortal ity rate of lynx on U.S. 
160 in the short term until implementation of the conservation measures begins to reduce the 
mortality rate. Any reduction in the mortality rate will depend on the specific measure 
implemented and when implementation of the measures occurs. It is not possible to quantify 
reduction in the mortality rate at this time. However, we estimate that upon completion of the 
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conservation measures, the mortality rate will be reduced to near baseline levels (i. e. two lynx 
per six-year period). 

As stated above, the lynx population in Colorado can sustain itself, because recruitment exceeds 
morta lity, including animals killed by vehicular collisions (Shenk 20 I 0). Loss of one additional 
lynx during the first phase of development is unlikely to result in significant detrimental effects 
to the lynx population in Colorado, assuming the trend described by Shenk (2010) continues. 

Studies of ungulates and large carnivores all consistently determine that buffer areas around 
roads are generally avoided, and the width of avoidance zone seems to depend on the traffic 
vo lume (Forman et al. 2003). As cited above, Theobald and Shenk (20 11 ) concluded that lynx 
habitat use occurred at least 3.2 (5.2 km) miles from the nearest highway. At full build out, 
traffic generated by the Village at Wolf Creek, is likely to widen the existing avoidance buffer, 
further reducing the ability oflynx to forage, den, travel, and maintain adjacent home ranges. 
Reduced habitat effectiveness along highways, is understood (Forman et al. 2003), but is not 
well documented fo r lynx specifically. Apps (1999) suggested that highways may influence lynx 
movements, and Theobald and Shenk (20 11 ) described most habitat use (by lynx) away from 
highways. Based on the configuration of U.S. 160 in relation to the four LA Us, increased traffic 
volume generated by the development contributes to reduced habitat use within the four LAUs. 
The effects of reduced habitat effectiveness will likely be more pronounced in the Trout Creek 
and West Fork San Juan River LA Us due to the extent of habitat lost (temporarily) from the 
West Fork Fire Complex. We believe that the reduced habitat use within the LAUs adjacent to 
U.S. 160 will adversely affect lynx as described below. 

As s tated earlier, increased levels of traffic volume can fragment and restrict lynx habitat use, 
reduce home range effectiveness, inhibit local and dispersing movements, and reduce habitat 
connectivity. The Village development will result in increased traffic volume on U.S. 160 over 
the life of the project. We find that the Village's contribution to traffic will significantly increase 
the level of fragmentation of the U.S. 160 corridor, and reduce home range effectiveness and 
habitat connectivity within lynx habitat adjacent to the corridor. The lynx response to these 
impacts is diffi cult, if not impossible, to quantify or meaningfully predict at the individual animal 
level. Whi le these effects are sign ificant, we have little evidence that that they wil l lead to a 
specific injury to individual lynx. While the existing literature (e.g. Theobald and Shenk, 2011) 
supports our conclusion of reduced habitat use within the LA Us adjacent to U.S. 160, we have 
no means to effectively measure the functional habitat loss within the action area. Furthermore, 
lynx are a wide-ranging species, and we are not aware of any reasonable way to determine if the 
funct ional loss of habitat creates the likelihood of injury to specific individual lynx. These 
effects may only be measureable at the population level over extended periods of time (perhaps 
decades), to observe the population level changes that may occur if lynx, south of U.S. 160, 
become spatiall y or genetically isolated. Despite lower permeability across the U.S. 160 
corridor, some individuals will likely be successful in crossing the highway, thereby connecting 
groups of lynx north and south of the corridor from a population or genetic perspective. At this 
time, it is not likely that increased traffic volume will create an impenetrable barrier for lynx 
within the action area. 
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We anticipate that, in the long tenn, the conservation measures will minimize the anticipated 
increased mortality rate resulting from vehicle collisions with lynx. The proposed studies within 
the conservation measures framework wi ll provide a better understanding about where lynx cross 
U.S. 160, thus potentially increasing the effectiveness of the conservation measures. However, 
the conservation measures do not eliminate the likelihood of vehicle collisions likely to occur on 
U.S. 160 that may be attributable to the Village. As stated above, at completion of the first phase 
of the development, we anticipate that the traffic volume will reach a level where the likelihood 
of a lynx-vehicle collision may be greatest, even with the reduction of traffic volume realized by 
bussing employees to the Village. However, the Strategy provides for implementation of 
additional measures to reduce the anticipated increase in mortality rate resulting from traffic 
generated by the development. We anticipate that as development of the Vi llage proceeds, 
implementation of the proposed conservation measures will reduce the level of adverse effects. 

The proposed action, and the indirect effects, is likely to adversely affect lynx. Habitat loss from 
development of the Village, while relatively small, occurs within the Trout-Handkerchief LAU, 
which has been sigruficantly affected by spruce bark beetle. In addition, the increased width of 
the avoidance buffer on both sides of U.S. 160 will reduce the capacity of the LA Us to support 
lynx, especially within the Trout Creek and West Fork San Juan River LAUs. Increased traffic 
volume increases the barrier effect, reduces habitat connectivity, and increases the likelihood of 
lynx mortality, when struck by vehicles, while they attempt to cross the highway. However, we 
anticipate that implementation of the conservation measures will, in the long term, reduce the 
likelihood of take of lynx hit by vehicles, and minimize the reduction of habitat connectivity 
along the U.S. 160 corridor within the Landscape Linkage. 

IV. CUMULATIVE EFFECTS 

Cumulative effects include the effects of future State, tribal, loca l, or private actions that are 
reasonably certain to occur in the action area considered in this BO. Future Federal actions that 
are unrelated to the proposed action are not considered in this section because they require 
separate consultation pursuant to section 7 of the Act. The BA documented that there are no 
State, private or Tribal actions within the action area that are reasonably certain to occur. 

V. CONCLUSION 

After reviewing the current status of Canada lynx, the environmental baseline for the action area, 
the effects of the proposed action, and the cumulative effects, it is the Service's Biological 
Opinion that the proposed action is not likely to jeopardize the continued existence of lynx 
within the contiguous United States distinct population segment. No critical habitat has been 
designated for this species in Colorado, therefore none will be affected. 

In our effects analysis, we determined that adverse effects and take would result from 
implementation of the proposed action. We have described the sources or mechanisms of these 
effects within the action area. However, implementation of the conservation measures in the 
long term reduces the adverse effects to lynx. Therefore, we conclude that implementation the 
conservation measures over the life of the project will serve to reduce the anticipated take caused 
by traffic generated by the Village. 
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Lynx are present within all of the range-wide geographic areas as documented in the SRLA, and 
we assume that recruitment is at least similar to lynx in Colorado. We have no evidence to 
suggest that lynx populations have significantly declined in any of the geographic areas. By 
January 2009, the majority, if not all, of the National Forests, and many of the Bureau of Land 
Management Field Offices, within the distinct population segment, amended their plans. These 
amendments address the major factor threatening the lynx: inadequacy of existing regulatory 
mechanisms, specifically the lack of guidance for conservation of lynx in National Forest Plans 
and Bureau of Land Management Plans. The reintroduced lynx population in Colorado has 
demonstrated that recruitment into the population exceeds mortality, including those animals 
struck by vehicles. The baseline mortality rate of two lynx per six years has not been exceeded 
within the action area during the 14 years since reintroductions began. The temporarily 
increased mortality rate, as a result of the Vi llage development, of three lynx per six-year period 
(until conservation measures are implemented) will not appreciable reduce lynx population 
numbers in Colorado. Therefore, if the anticipated level of take stemming from the proposed 
action is unlikely to appreciably diminish the lynx population in Colorado, the increased rate of 
take is unlikely to reduce appreciably the likelihood of both the survival and recovery oflynx in 
the distinct population segment. 

INCIDENTAL TAKE STATEMENT 

Section 9 of the Act and Federal regulations pursuant to section 4(d) of the Act prohibit the take 
of endangered and threatened species, respectively, without special exemption. Take is defined 
as to harass, harm, pursue, hunt, shoot, wound, kill , trap, capture or collect, or to attempt to 
engage in any such conduct. Hann is further defined to include significant habitat modification 
or degradation that results in death or injury to listed species by significantly impairing essential 
behavioral patterns, including breeding, feeding, or sheltering. Harass is defined as an 
intentional or negligent act or omission which creates the likelihood of injury to wildlife by 
annoying it to such an extent as to significantly disrupt normal behavioral patterns which 
include, but are not limited to, breeding, feeding or sheltering. Incidental take is defined as take 
that is incidental to, and not the purpose of, the carrying out of an otherwise lawful activity. 
Under the tenns of section 7(b)(4) and section 7(o)(2), taking that is incidental to and not 
intended as part of the agency action is not considered to be prohibited taking under the Act 
provided that such taking is in compliance with the tenns and conditions of an incidental take 
statement. 

Projects that are likely to cause incidental take of listed wildli fe can receive an exemption from the 
Act's take prohibitions through one of two administrative processes. The Service typically provides 
any appropriate incidental take exemption through the section 7(a)(2) consultation process when the 
project is autho1ized, funded, or carried out by an agency of the Federal government and the take of 
li sted wildlife would be caused by the action subject to consultation. Such an incidental take 
statement covers both the Federal action agency and any applicant. Othe1wise, an incidental take 
permit must be obtained under the procedures of section 1 O(a)(l )(8). 

We have concluded, above, that the proposed land exchange between the Rio Grande NF and the 
Applicant will result in development of the private lands. We conclude that the land exchange, 
in and of itself, will not result in negative effects to lynx, but that the exchange will lead to the 
subsequent development of the private lands, which will result in significant adverse effects, and 
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take of lynx. The Rio Grande NF concluded that fu ture development of the subsequent private 
land is outside of their jurisdiction (BA section 3.2.3, page l 0). We conclude that the Village 
development is an indirect effect of the proposed land exchange, and caused by the proposed 
land exchange allowing for the exemption of incidental take to extend to the Forest Service and 
the Applicant. The Forest Service's proposed action (land exchange) wi ll ultimately lead to 
development of the Federal exchange parcel and the remaining private land, which will lead to 
the subsequent effects to lynx including take. Therefore, the Forest Service would be exempt 
from any take resulting from the subsequent development of the Village. Since development of 
the subsequent private parcel is beyond the authority of the Forest Service, their exemption to the 
take prohibition would not lapse regardless of future activity, or Jack thereof, by the Applicant. 
The Applicant's exemption of incidental take depends upon, implementation of the Applicant 
Agreed to Conservation Measures described above. 

The measures described below are non-discretionary, and must be implemented by the Applicant 
depending on their authority over the proximate cause of the take (see effects section for 
description of effects), as approp1iate, in order for the exemption of section 7(o)(2) to apply. 
Relative to their authority over the action causing the effects, the Applicant has a continuing duty 
to ensure that the conservation measures are implemented and the te1ms and conditions of the 
incidental take statement are adhered to. Failure to fu lfi ll that duty may cause the protective 
coverage of section 7(o)(2) afforded to the Applicant to lapse. To monitor the impact of 
incidental take, the Applicant must repo1i the progress of the subject action and resulting impact 
on the lynx to the Service as specified in the incidental take statement. 50 C.F.R. §402.14(i)(3). 

Amount or Extent of Take Anticipated 

The Service anticipates that the mortality rate of lynx killed on the road will increase due to 
significant ly increased traffic volume on U.S. 160 stemming from development of the Village 
within the action area. The anticipated level of take will occur from the initiation of the Village 
development to implementation of specific conservation measures to minimize such take. 
Although the bussing of employees may red uce some of the traffic volume on U.S. 160, we 
believe the reduction will not reduce traffic volume to an extent that the higher mortality rate ( I 
additional lynx per six-year period) will be reduced. However, we anticipate that as Vi llage 
development progresses, conservation measures will be implemented to reduce the higher 
mortality rate caused by increased traffic volume. 

Since the first year of the reintroduction ( 1999), one lynx was ki lled on U.S. 160. During the 14 
years since the reintroduction began, we arc not aware of additional mortal ities on U.S. 160 
despite numerous crossings by lynx (Shenk 2005). However, Fom1an et al. (2003) concluded 
that systematic record keeping of wildlife road mortality of U.S. roads is non-existent for any 
species. The authors suggest that mortalities on roads may be considerably higher because road 
kills may go unreported and thus undocumented (Fonnan et al. 2003). At this time, there is no 
active monitoring of lynx within Colorado, which means we have no way to know if an animal is 
kill ed unless the driver reports it. Lynx struck by vehicles may wander away from the highway 
right-of-way, and subsequently die, and li kely go unreported and undocumented. As stated 
above, lynx mortalities continue to occur on highways in Colorado. In previous consultations, 
within this action area, we determined levels of take based upon the rate of vehicle-lynx 
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collisions, resulting in mortality, of up to two lynx within a six-year period. We find that due to 
the increase in traffic volume generated by the Village, we anticipate harm to one additional lynx 
during any six-year period during the development of phase 1, and continuing until the Applicant 
implements the conservation measures. Based on the Strategy, implementation of conservation 
measures depends on funding occurrences. Those funding occunences are likely to occur 
sometime after Vi llage development begins. Currently, we have no better infonnation to predict 
the timing of the effects and the timing of the conservation measures. Therefore, we anticipate 
an increased rate oflynx mortality (hit by vehicle) of three lynx over a six-year period until the 
Applicant implements the conservation measures. 

As stated above, the Appl icant committed to conservation measures designed to minimize 
adverse effects to lynx stemming from the Village. However, the strategy does not necessarily 
implement measures to minimize take prior to initiation of development activity. The incidental 
take discussed above consists of the take we anticipate while the Village development proceeds 
and until implementation of conservation measures to minimize such take. 

Effect of Take 

Accord ing to Service policy, as stated in the Endangered Species Consultation Handbook, some 
detectable measure of effect should be provided, such as the relative occurrence of the species or 
a surrogate species in the local community, or amount of habitat used by the species, to serve as 
a measure for take. We have concluded that hann of lynx will occur in the fonn oflynx-vehicle 
collisions caused by increased traffic volume stemming from the Village development. The 
Service anticipates such incidental take of lynx will be difficult to detect for the fo llowing 
reason: 

• No active monitoring program that provides for detection of an injury or mortality to 
lynx. 

• Discovery or detection of lynx injury or mortality attributed to a lynx-vehicle collision is 
very unlikely if the animal wanders away from the highway before it dies. 

Because the BA has provided explicit estimates on the traffic volume generated by the Village at 
Wolf Creek at various development phases, we can accurately assess take from the activities. 
For the purposes of this incidental take statement, we use the traffic volume generated by the 
Village as a detectible and measurable surrogate. However, the applicant has committed to 
implementing the conservation measures, described above, which we conclude will minimize 
incidental take associated with the Village. 

In the accompanying BO, the Service determined that this level of anticipated take is not likely 
to result in jeopardy to the species. 

Reasonable and Prudent Measures 

The Service concludes that the Applicant has incorporated all practical measures possible into 
the proposed action to minimize the impacts of take on lynx. For that reason, the Service has not 
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identified any Reasonable and Prudent Measures (RPM) necessary to further minimize the 
impacts of such take on the lynx. However, the Service has identified mandatory reporting and 
monitoring requirements below as Tenns and Conditions that must be complied with in order for 
the take exemption in this Incidental Take Statement to be valid. 

RPM #1: the applicant shall monitor and report the progress of the action and the impacts to the 
species. 

Terms and Conditions 

T and C 1.1 By March I of each year for the tenn of the Village development (30 years), the 
Applicant shall submit a report to the Grand Junction office of the Fish and Wildlife Service. 

T and C 1.2 The report shall report the number of vehicles entering and leaving (i.e. accessing 
U.S. 160) from the Village based on two, one-week sampling periods. The first sampling period 
will coincide with the Spring Break peak period at Wolf Creek Ski Area, and the second will 
coincide with the summer months. 

T and C 1.3. The Applicant shall document the number of vehicles entering and leaving the 
Village. For each sampling period, the report shall identify the total number of outbound right 
turns and outbound left turns from the Village and the total number of inbound right turns and 
inbound left turns into the Village. Additionally, the report shall document the eastbound and 
westbound through-traffic on U.S. 160 during the sampling periods in order to determine the 
proportion of the traffic on U.S. 160 attributable to the Village. 

T and C 1.4. In addition, the report shall provide details regarding the status of the Village 
development and implementation of the Conservation Measures detailed above. 

T and C 1.5 the Applicant shall use a "Professional Traffic Operations Engineer" to conduct the 
traffic counts and analyze the data to determine the Vi llage's traffic volume (AADT) 
contribution to U.S. 160. 

Dead and Injured Individuals 

In the event a lynx or any other federally-listed species is killed or injured during project 
activities, the Colorado Field Office of the Service in Lakewood (303-236-4773) or Grand 
Junction (970-243-2778) should be contacted within ten (10) days. 

REINITIA TION REQUIREMENT 

As provided in 50 C.F.R. § 402.16, reinitiation of consultation is required where discretionary 
Federal agency involvement or control over the action has been maintained (or is authorized by 
law) and if: (1) the amount or extent of incidental take anticipated is exceeded; (2) new 
infonnation reveals effects of the agency action that may affect listed species or critical habitat in 
a manner or to an extent not considered in this BO; (3) the agency action is subsequently 
modified in a manner that causes an effect to the listed species or critical habitat that was not 
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considered in this BO; or ( 4) a new species is listed or critical habitat designated that may be 
affected by the action. 

In addition to the above criteria, in the event that the Applicant fails to: (1) implement the 
conservation measures in their entirety; or (2) Applicant modifies the development in a manner 
that results in greater traffic volume than anticipated by the BA; or (3) Applicant fails to provide 
the required annual report, the incidental take exemption specified above may lapse. Since the 
Forest Service does not retain jurisdiction over the development (as stated above), we 
recommend that if any of the circumstance described above occur, the Applicant should contact 
the Western Colorado Office of the Service as soon as possible to initiate discussions and 
determine a course of action. 

We appreciate your efforts to ensure the conservation of threatened and endangered species. If 
you have questions or comments related to this issue, please contact Mr. Kurt Broderdorp at 
(970) 243-2778, extension 24. 

Pc: Randy Ghonnley, rghonnley@fs.fed.us 
Peter McDonald, petenncdonald@fs.fed.us 
Adam Mendonca, amendonca@fs.fed.us 
Patty Gelatt, patty gelatt@fws.gov 
Doug Laye, doug laye@fws.gov 
Kurt Broderdorp, Kurt broderdorp@fws.gov 
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Sincerely, 

Susan C. Linner 
For Western Colorado Supervisor 
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From: Kurt Broderdorp
To: Vashon, Jennifer; Mark McCollough
Subject: RE: Lynx Road-Kill Database Update
Date: Tuesday, November 17, 2015 10:44:59 AM

Not an immediate concern, but I had not updated in a couple of years, and thought it might be
useful for the SSA write-up.  I would say within the next couple of weeks if that is possible.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Vashon, Jennifer [mailto:Jennifer.Vashon@maine.gov] 
Sent: Tuesday, November 17, 2015 8:43 AM
To: McCollough, Mark; Kurt Broderdorp
Subject: RE: Lynx Road-Kill Database Update
 
I can send an update- when do you need it?
 
From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: Monday, November 16, 2015 10:16 AM
To: Vashon, Jennifer; Kurt Broderdorp
Subject: Fwd: Lynx Road-Kill Database Update
 
Jen:  As you are aware, Kurt Broderdorp from the USFWS (who you met recently in MN),
maintains a lynx road mortality database.  This database is useful for our Section 7
consultations, HCPs, the lynx BioTeam/LCAS, and now the lynx Species Status Assessment.
 
Would you be willing to help update the database for Maine?  I see that the last entries for
Maine are in 2011.  
 
If it is easier for you, please forward your spreadsheet with information and we can transcribe
into Kurt's database.
 
Thanks for your help on this.
 
Mark
---------- Forwarded message ----------
From: Kurt Broderdorp <Kurt_Broderdorp@fws.gov>
Date: Thu, Nov 12, 2015 at 3:25 PM
Subject: Lynx Road-Kill Database Update
To: Bryon Holt <bryon_holt@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Lisa Solberg
Schwab <lisa_solbergschwab@fws.gov>, Tamara Smith <tamara_smith@fws.gov>, Mark
McCollough <mark_mccollough@fws.gov>

As the unofficial (and self-appointed) curator of a road-kill data base, I would like to update
the attached file.  I have not been able to update this information recently, but the updated
information may tell us something for the SSA.  Please make whatever contacts as appropriate
do update the information for your area.  Thanks.
 
Kurt Broderdorp
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mailto:mark_mccollough@fws.gov
mailto:Jennifer.Vashon@maine.gov
mailto:mark_mccollough@fws.gov
mailto:Kurt_Broderdorp@fws.gov
mailto:bryon_holt@fws.gov
mailto:jim_zelenak@fws.gov
mailto:lisa_solbergschwab@fws.gov
mailto:tamara_smith@fws.gov
mailto:mark_mccollough@fws.gov


US Fish and Wildlife Service
(970) 628-7186
 

 
--
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: Hanvey, Gary -FS
To: Ann_Belleman@fws.gov ; Solberg Schwab, Lisa
Cc: Roberts, Ann R -FS
Subject: FW: LAU question
Date: Friday, November 20, 2015 11:52:42 AM
Attachments: image001.png

image002.png
image003.png
image004.png
gh NATE BERG_CHAPTER 3 Final Draft Lynx_NBERG_edits_2012.docx

Ann, I know youre not working on WY lynx issues anymore, but were involved with BLM lynx habitat
delineations in the WY Range – and maybe you have shared all that history w/ Lisa (or maybe not).
Thus, I’m sending this to both of you.  I answered Ann R’s questions below. But, then I got to thinking
about the potential for changes to habitat and LAUs on BLM lands. Are there any recent changes in
BLM mapped habitat or LAU lines that would be different from what is summarized in the attached
draft 44-7 CH3 revision doc I prepared back in 2013?  Or, are the only recent changes related to CH
delineated by the FWS last year?  Ann needs to know if the BLM has changed their habitat mapping
and/or LAU boundaries. 
 
**************
Gary Hanvey
R1 Lynx Biologist
Northern Region
Fort Missoula – Missoula, MT
 
Office Phone: 406.329.3018
Cell Phone: 406.781.1765
ghanvey@fs.fed.us
 

From: Hanvey, Gary -FS 
Sent: Friday, November 20, 2015 11:10 AM
To: Roberts, Ann R -FS
Cc: Archual, Paul D -FS
Subject: RE: LAU question
 
The FS and BLM share LAUs in the WY Range.  So, standards and guidelines apply to FS and BLM lynx
habitat within the LAU as a whole.  VEG S1 in the NRLMD, for example, allows no more than 30% of
lynx habitat within an LAU to be in the stand initiation (SI) structural stage (lynx habitat in an
unsuitable condition).  So, you would need to add FS habitat in SI condition to BLM habitat in SI
condition and divide by the total amount of FS and BLM mapped lynx habitat to determine if the LAU
met the 30% threshold.  Table 3.23 on page 14 of the CH 3 doc you attached summarizes existing
conditions for the LAU and included both FS and BLM habitat conditions in each LAU.  You likely will
have to make sure those conditions still exist….ie, have there been  additional wildfires and or veg
treatments in these LAUs since 2013 (or whatever the date I prepared that table).
 
Just a note to remind you that the BLM is not bound by the NRLMD – their lynx regulatory guidance
comes from the LCAS – luckily, in most cases, the LCAS provides the same (or very similar) guidance
to what is in the NRLMD.
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**************
Gary Hanvey
R1 Lynx Biologist
Northern Region
Fort Missoula – Missoula, MT
 
Office Phone: 406.329.3018
Cell Phone: 406.781.1765
ghanvey@fs.fed.us
 

From: Roberts, Ann R -FS 
Sent: Friday, November 20, 2015 9:54 AM
To: Hanvey, Gary -FS
Cc: Archual, Paul D -FS
Subject: LAU question
 
For the LAUs that are shared with BLM along the Wy Range, when we talk about % affected, is that
across agency boundaries?  Looking at your map in here on p. 13, it looks like the LAU runs across
the boundary...
 

Ann Roberts,
Wildlife Biologist
US Forest Service
Bridger-Teton National Forest,
Big Piney & Pinedale Ranger Districts
p: 307-276-5813 
f: 307-276-3375 
annrroberts@fs.fed.us
10418 S. US Hwy 189, PO Box 218 
Big Piney, WY 83113
www.fs.fed.us 

  

Caring for the land and serving people
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From: Stuart, James N., DGF
To: Zelenak, Jim
Subject: RE: Lynx teleconference calls
Date: Tuesday, November 24, 2015 1:29:27 PM

Thank you.
 
 
Thanks,
Jim
James N. Stuart
Non-game Mammals
NM Dept. of Game & Fish
POB 25112, Santa Fe, NM 87504
(505) 476-8107
james.stuart@state.nm.us
Conserving New Mexico’s Wildlife for Future Generations
 
CONFIDENTIALITY NOTICE: This e-mail, including all attachments is for the sole use of the intended recipient[s] and
may contain confidential and/or privileged information. Any unauthorized review, use, copying, disclosure or
distribution is prohibited, unless specifically provided under the New Mexico Inspection of Public Records Act. If you
are not the intended recipient, please contact the sender at once and destroy all copies of this message.
 
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, November 24, 2015 1:27 PM
To: Stuart, James N., DGF
Subject: Re: Lynx teleconference calls
 
Hi Jim,
 
You've been added to the list, so you should see the next reminder. The next call will be on
Wed, Dec 2 at 1:30 MST, and the call-in information is:
 
866-822-7385
Participant passcode: 5396168
 
Jim 
 
On Tue, Nov 24, 2015 at 1:12 PM, Stuart, James N., DGF <james.stuart@state.nm.us> wrote:
Hi Jim:
 
I’m not sure I’ve been added to the Lynx email list since I haven’t seen any notices other than what
Stewart Liley (my supervisor) forwards to me.  I missed the Oct call.
 
My understanding is that the next call is on Wed, Dec 2 at 1:30 MST, but I don’t have the call-in
information.
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Thanks,
Jim
James N. Stuart
Non-game Mammals
NM Dept. of Game & Fish
POB 25112, Santa Fe, NM 87504
(505) 476-8107
james.stuart@state.nm.us
Conserving New Mexico’s Wildlife for Future Generations
 
CONFIDENTIALITY NOTICE: This e-mail, including all attachments is for the sole use of the intended recipient[s] and
may contain confidential and/or privileged information. Any unauthorized review, use, copying, disclosure or
distribution is prohibited, unless specifically provided under the New Mexico Inspection of Public Records Act. If you
are not the intended recipient, please contact the sender at once and destroy all copies of this message.
 
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Thursday, October 01, 2015 7:41 AM
To: Stuart, James N., DGF
Subject: Re: Lynx teleconference calls
 
Here you go, Jim - the SSA fact sheet and the presentation we used for the initial State agency
coordination call in July.
 
Let me know if you have questions or need additional information.
 
Jim
 
On Wed, Sep 30, 2015 at 1:10 PM, Stuart, James N., DGF <james.stuart@state.nm.us> wrote:
Hi Jim – I’d like the SSA fact sheet and any other material sent out since first call, since I’m just
joining.
 
 
Thanks,
Jim
James N. Stuart
Non-game Mammals
NM Dept. of Game & Fish
POB 25112, Santa Fe, NM 87504
(505) 476-8107
james.stuart@state.nm.us
Conserving New Mexico’s Wildlife for Future Generations
 
CONFIDENTIALITY NOTICE: This e-mail, including all attachments is for the sole use of the intended recipient[s] and
may contain confidential and/or privileged information. Any unauthorized review, use, copying, disclosure or
distribution is prohibited, unless specifically provided under the New Mexico Inspection of Public Records Act. If you
are not the intended recipient, please contact the sender at once and destroy all copies of this message.
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From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Wednesday, September 30, 2015 8:09 AM
To: Stuart, James N., DGF
Subject: Re: Lynx teleconference calls
 
Done.
 
Hi All:
 
Just a reminder that tomorrow (Wednesday, Sept. 30) from 1 - 2:30 PM Mountain Time, we will hold our 3rd
monthly coordination call with State agencies regarding the species status assessment for the Canada lynx DPS.
 
Call-in: 866-822-7385
Participant passcode:  5396168
 
If we have failed to include anyone from your agency on this distribution list, please forward this to them.
 
On Tue, Sep 29, 2015 at 6:49 PM, Stuart, James N., DGF <james.stuart@state.nm.us> wrote:
Hello:
 
Please add me to the notification email list for Lynx calls.
 
 
Thanks,
Jim
James N. Stuart
Non-game Mammals
NM Dept. of Game & Fish
POB 25112, Santa Fe, NM 87504
(505) 476-8107
james.stuart@state.nm.us
Conserving New Mexico’s Wildlife for Future Generations
 
CONFIDENTIALITY NOTICE: This e-mail, including all attachments is for the sole use of the intended
recipient[s] and may contain confidential and/or privileged information. Any unauthorized review, use, copying,
disclosure or distribution is prohibited, unless specifically provided under the New Mexico Inspection of Public
Records Act. If you are not the intended recipient, please contact the sender at once and destroy all copies of this
message.
 
 

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: bob.broscheid@state.co.us; craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric; Moore,Virgil; Dustin

Miller (dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam Eaton;
Chandler.woodcock@maine.gov; Connolly, James; Vashon, Jennifer; moritzw@michigan.gov; DNR-
Wildlife@michigan.gov; bumpa@michigan.gov; kennedyd@michigan.gov; commissioner.dnr@state.mn.us;
Ed.Boggess@state.mn.us; Paul.Telander@state.mn.us; Baker, Richard (DNR); Erb, John D (DNR);
jhagener@mt.gov; JTubbs@mt.gov; McDonald, Ken; Inman, Bob; Jay Kolbe; seggeman@mt.gov; Baty, Ross;
glenn.normandeau@wildlife.nh.gov; Mark.Ellingwood@wildlife.nh.gov; John.Kanter@wildlife.nh.ogv;
Jill.Killborn@wildlife.nh.gov; William.Staats@wildlife.nh.gov; Patrick.Tate@wildlife.nh.gov;
alexandra.sandoval@state.nm.us; stewart.liley@state.nm.us; rick.winslow@state.nm.us; Stuart, James N., DGF;
patricia.riexinger@dec.ny.gov; Jensen, Paul G (DEC); curt.melcher@state.or.us; Gregory Sheehan; Kimberly
Hersey; louis.porter@state.vt.us; mark scott; Bernier, Chris; director@dfw.wa.gov; cpl@dnr.wa.gov; Lewis,
Jeffrey C (DFW); Maletzke, Benjamin T (DFW); cathy.stepp@wisconsin.gov; kurt.thiede@wisconsin.gov;
Sanjay.Olson@Wisconsin.gov; Tom.Hauge@wisconsin.gov; Erin.Crain@wisconsin.gov; Owen Boyle; Roberts,
Nathan M - DNR; Johnf.olson@wisconsin.gov; David.MacFarland@wisconsin.gov; John.White@wisconsin.gov;
scott.talbot@wyo.gov; Bob Lanka; Zack Walker; Nichole Bjornlie

Cc: Jodi Bush; Seth Willey; Heather Bell; Mary Parkin; Jonathan Cummings; Mark McCollough; Tamara Smith; Bryon
Holt; Kurt Broderdorp

Subject: Reminder: Canada lynx SSA State Coordination call
Date: Tuesday, November 24, 2015 3:45:17 PM

All:

The next call will be on Wed, Dec 2 at 1:30 MST; the call-in information is:
 
866-822-7385
Participant passcode: 5396168

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: derek.j.broman@state.or.us
Subject: Fwd: Reminder: Canada lynx SSA State Coordination call
Date: Monday, November 30, 2015 7:17:27 AM

Hi Derek,

See info below regarding lynx USFWS-State coordination call on Wed.

Jim

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, Nov 24, 2015 at 1:45 PM
Subject: Reminder: Canada lynx SSA State Coordination call
To: bob.broscheid@state.co.us, craig.mclaughlin@state.co.us, Jake Ivan - DNR
<Jake.ivan@state.co.us>, "Odell, Eric" <eric.odell@state.co.us>, "Moore,Virgil"
<virgil.moore@idfg.idaho.gov>, "Dustin Miller (dustin.miller@osc.idaho.gov)"
<dustin.miller@osc.idaho.gov>, Joshua Uriarte <Joshua.Uriarte@osc.idaho.gov>,
"Sallabanks,Rex" <rex.sallabanks@idfg.idaho.gov>, Sam Eaton
<Sam.Eaton@osc.idaho.gov>, Chandler.woodcock@maine.gov, "Connolly, James"
<James.Connolly@maine.gov>, "Vashon, Jennifer" <jennifer.vashon@maine.gov>,
moritzw@michigan.gov, DNR-Wildlife@michigan.gov, bumpa@michigan.gov,
kennedyd@michigan.gov, commissioner.dnr@state.mn.us, Ed.Boggess@state.mn.us,
Paul.Telander@state.mn.us, "Baker, Richard (DNR)" <richard.baker@state.mn.us>, "Erb,
John D (DNR)" <john.erb@state.mn.us>, jhagener@mt.gov, JTubbs@mt.gov, "McDonald,
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<kurt_broderdorp@fws.gov>
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The next call will be on Wed, Dec 2 at 1:30 MST; the call-in information is:
 
866-822-7385
Participant passcode: 5396168

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:kurt_broderdorp@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov


 
 
 
 
 

Incidental Take Plan 
for 

Maine’s Trapping Program 
 
 
 
 

Submitted to 
 

U. S. Department of Interior 
Fish and Wildlife Service 

 
 
 
 
 

Prepared by 
 

Maine Department of Inland Fisheries and Wildlife1 
41 SHS, 284 State Street 
Augusta, ME 04333-0041 

 
 

 
 
 
 
 
 
 

Plan as accepted October 28, 2014 
Minor amendments September 24, 2015  

 
 
 

  

                                            
1 This document was written by Jennifer Vashon, Walter Jakubas, and John DePue, 650 State Street, 
Bangor, Maine, 04401; James Connolly, 284 State Street, Augusta, Maine, 04333. 



Incidental Take Plan For Maine’s Trapping Program 
Amended September 2015  Page 2 

Table of Contents 
 
Executive Summary .................................................................................................... 10 

 
1.0 Introduction and Background ......................................................................... 13 

1.1 Permit Coverage ...................................................................................... 13 
1.2 Permit Duration ........................................................................................ 13 
1.3 Regulatory/Legal Framework for Plan...................................................... 13 

1.4 Plan Area ................................................................................................. 14 
1.5 Species to be Covered by Permit ............................................................ 16 

 
2.0 Environmental Setting / Biological Resources .............................................. 17 

2.1 Environmental Setting .............................................................................. 17 

2.2 Biological Resources ............................................................................... 21 
2.2.1 Canada Lynx ............................................................................................ 21 

2.2.2 Wolves (Canis lupus, Canus lupus lycaon) .............................................. 28 

2.2.3 Migratory Birds ......................................................................................... 29 
2.2.4 Plant Species of Concern ........................................................................ 30 

 
3.0 Project Description / Activities Covered by Permit ....................................... 31 

3.1 Project Description ................................................................................... 44 

3.2 Incidental Take of Lynx from Furbearer Trapping Program ..................... 53 
3.3 How legal and illegal trapping action are covered by the Plan ................. 61 

 
4.0 Potential Biological Impacts / Take Assessment ........................................... 63 

4.1 Direct and Indirect Impacts ...................................................................... 64 

4.2 Anticipated Incidental Take:  Canada Lynx .............................................. 76 
 
5.0 Conservation Program / Measures to Minimize and Mitigate for 

Impacts .............................................................................................................. 82 
5.1 Biological Goals and Objectives .............................................................. 82 

5.2 Measures to Minimize Impacts ................................................................ 82 
5.2.1 Minimization Measures Commitments, Implementation, Monitoring, 

and Reporting .......................................................................................... 86 
5.3 Measure to Mitigate Unavoidable Impacts ............................................. 111 
5.4 Changed Circumstances ........................................................................ 126 

5.5 Unforeseen Circumstances .................................................................... 136 
 
6.0 Funding ........................................................................................................... 138 

6.1 Funding for Plan Measures .................................................................... 138 

6.2 Plan Implementation Costs .................................................................... 138 
6.2.2 Plan Mitigation Costs ............................................................................. 142 
6.3 Plan Monitoring Costs ............................................................................ 142 
  



Incidental Take Plan For Maine’s Trapping Program 
Amended September 2015  Page 3 

 
7.0 Measures Considered but Not Implemented ................................................ 143 

7.1 Alternative I.  Discontinue Trapping Statewide ...................................... 143 

7.2 Alternative II.  Discontinue Trapping Selectively .................................... 143 
7.3 Alternative III.  Other Minimization and Mitigation Measures ................. 144 

 
8.0 Future Amendments ....................................................................................... 149 

8.1 Administrative Changes ......................................................................... 149 

8.2 Minor Amendments ................................................................................ 149 
8.3 Major Amendments ................................................................................ 150 

 
9.0 Literature Cited ............................................................................................... 154 
 
  



Incidental Take Plan For Maine’s Trapping Program 
Amended September 2015  Page 4 

List of Figures 
 
Figure 1.1 The distribution of Canada lynx in Maine from ecoregional snow 

track surveys, sightings of lynx (primarily tracks) by IFW biologists, 
incidental takes, and telemetry data from 2000 until 2011.  Points in 
WMD 17 and 23 are from telemetry over a 26 and 9 day period by 
two radiocollared lynx that did not remain in the area.  Conversely, 
the single observation in WMD 18 was a lynx caught in a trap that 
meets the criteria for extending lynx minimization measures. .................. 15 

Figure 3.1.1 Maine’s Wildlife Management Districts (WMDs). ..................................... 47 

Figure 3.1.2 Diagram of a foothold trap and its various parts (AFWA 2006a). ............. 48 

Figure 3.1.3 Diagram of a standard killer-type trap and its various parts (AFWA 
2006a). ..................................................................................................... 49 

Figure 3.1.4 Diagram of a duffer trap designed for raccoons (AFWA 2006c). ............. 49 

Figure 3.1.5 Diagram of a wire box or cage trap (AFWA 2006a). ................................ 49 

Figure 3.1.6 Hancock, suitcase type live trap for beaver (AFWA 2007). ...................... 50 

Figure 3.1.7 Statewide trapper effort, expressed as the number of traps nights 
spent to capture the target species.  Trap nights are defined as one 
trap set for a 24-hour period.  Data are from the fall trapping season 
in Maine (mid-October through December 31) in 2010 and 2011. ........... 53 

Figure 3.2.1 Locations of 51 radiocollared lynx in northern Maine during the 
1999 to 2006 regular trap season when killer-type traps were set for 
marten and fisher. The area in green was used to estimate 
exposure of lynx to traps (i.e., number of marten and fisher 
harvested and number of trappers). ......................................................... 57 

Figure 3.2.2 Locations of 23 radiocollared lynx in northern Maine during the 
2007 to 2011 regular trap season when killer-type traps were set for 
marten and fisher. The area in green was used to estimate 
exposure of lynx to traps (i.e., number of marten and fisher 
harvested and number of trappers). ......................................................... 58 

Figure 5.2.1 An example of a lynx exclusion device for killer-type traps.  Note 
the opening for a fisher or marten to enter the trap is located on the 
top panel on the far right end.  The killer-type trap (shown) is set 
near the left end of the trap, and the bait would be placed to the left 
of the trap in the cage.  Specifications for a lynx exclusion device 
are described in Maine's trapping rules. .................................................. 88 

Figure 5.3.1 This figure shows how the five groups of radiocollared lynx used 
the same areas and the appropriateness of IFW estimates of high 
quality hare habitat (HQHH) as mitigation for lethal take of 
incidental capture of lynx in Maine’s trapping program. ......................... 115 



Incidental Take Plan For Maine’s Trapping Program 
Amended September 2015  Page 5 

Figure 5.3.2 Provisional map of the proposed 22,046 acre HMA (black dashed 
line; original 10,411 acre HMA solid black line in IFW’s July 29, 
2013 Plan) for Canada Lynx in Maine showing the year in which 
stands were commercially cut.  The harvest treatment for each 
stand is given in Figure 5.3.3. ................................................................ 118 

Figure 5.3.3 Provisional map of the proposed 22,046 acre HMA (black dashed 
line; original 10,411 acre HMA solid black line in IFW’s July 29, 
2013 Plan) for Canada Lynx in Maine showing the harvest 
treatment each forest stand received.  The year in which the stand 
was cut is given in Figure 5.3.2. ............................................................. 119 

Figure 5.3.4. Current forest type map of the 22,046 acre proposed habitat 
management area (HMA) for lynx on the State of Maine Bureau of 
Parks and Land’s Seboomook Unit in northern Maine. The dark 
black line marks the boundaries of the 22,046 acre HMA. ..................... 120 

Figure 5.4.1 Decision Tree Changed Circumstance #1:  Lynx are being caught 
in traps at a higher rate than expected. ................................................. 130 

Figure 5.4.2 Decision Tree Changed Circumstance #2:  Lynx are being injured 
in traps at a higher rate than expected. ................................................. 132 

Figure 5.4.3 Decision Tree Change Circumstance #3:  Lynx are being caught in 
traps at a higher rate than expected. ..................................................... 134 

  



Incidental Take Plan For Maine’s Trapping Program 
Amended September 2015  Page 6 

List of Tables 
 
Table 2.1 Chronology of Canada lynx recovered after being hit by vehicles in 

northern Maine, from listing (2000) to 2012. ............................................ 25 

Table 2.2 Annual mortality rates for Canada lynx (> 1 yr) that were 
radiocollared in Maine from one year prior to the federal listing of 
lynx as a threatened species until 2012.  Annual mortality rates 
were corrected for staggered entry of radiocollared animals into the 
sample (i.e., Kaplan-Meier staggered entry approach; Pollack et al. 
1989)........................................................................................................ 27 

Table 2.3 Mortality factors for Canada lynx tagged or radiocollared for IFW’s 
radiotelemetry study.  Data are from 1999 until 2011. ............................. 28 

Table 3.0 Summary of current actions regulations in lynx range to limit the 
incidental take of lynx as agreed in Consent Decree, current 
regulations, and implemented in this Plan. .............................................. 33 

Table 3.1.1 Statewide harvest rates for Maine furbearers (2006-2012 trapping 
seasons).  Mean harvest rates were calculated from pelt-tagging 
records for an even number of years (6 yr) in order to accurately 
portray marten and fisher harvest rates.  Marten, and to a lesser 
extent fisher, have large annual fluctuations in their harvest rates; 
therefore, an equal number of good and poor years is needed to 
calculate their mean harvest rates.  Bobcat, coyote, and fox can be 
hunted as well as trapped.  Coyote and fox harvests include both 
trapped and hunter killed animals. ........................................................... 46 

Table 3.1.2 Mean harvest rates for furbearers for each of Maine’s Wildlife 
Management District (WMD).  Mean values are calculated using 
pelt-tagging records from the 2006-07 to 2011-12 trapping seasons.  
Marten, and to a lesser extent fisher, have large annual fluctuations 
in their harvest rates; therefore, an equal number of good and poor 
years is needed to calculate their mean harvest rates.  Bobcat, 
coyote, and fox can be hunted as well as trapped.  Bobcat, coyote 
and fox harvests include both trapped and hunter killed animals. ............ 51 

Table 3.1.3. Summary of ~6,000 licensed or otherwise authorized trappers 
covered by this Plan based from IFW’s 2000-13 license data. ................ 52 

Table 3.2.1 Summary of the exposure of 74 radiocollared lynx in Maine 
monitored during the regular trapping season (end of October to 
end of December) to killer-type traps set for marten and fisher 
without being captured in a killer-type trap. .............................................. 59 

Table 4.1.1 Proportion of lynx in Maine that lived more than 1 month after 
captured in a trap.  Foothold traps were set during IFW's 12-year 
radiotelemetry study; while both foothold and killer-type traps are 
used by trappers during Maine's furbearing trapping season. ................. 66 



Incidental Take Plan For Maine’s Trapping Program 
Amended September 2015  Page 7 

Table 4.1.2 Reproductive success of adult female lynx that were radiocollared 
in Maine following fall capture in foothold traps set by biologists in 
IFW's radiotelemetry study or by licensed fur trappers during the fall 
fur trapping season (incidental captures).  Snowshoe hare 
densities, which varied considerably over time and which influence 
lynx reproduction, are also given. ............................................................ 68 

Table 4.1.3 Description of lynx incidental trapping incidents in Maine from 1999 
to 2012. .................................................................................................... 70 

Table 4.1.4 Incidents of lynx takings recorded by the Maine Department of 
Inland Fisheries and Wildlife since the start of IFW’s lynx project in 
1999. ........................................................................................................ 75 

Table 4.2.1. Requested allowances for incidental captures, trapping related 
injuries, and trapping related mortalities of Canada lynx by the 
Maine Department of Inland Fisheries and Wildlife (IFW).  Major 
injuries will be injuries that required veterinarian care before the 
animal could be released back to the wild (e.g. broken bone, etc.). ........ 77 

Table 4.2.2 The number of lynx incidentally trapped in Maine between 1999 
and 2012 categorized by the animal's injury status. ................................. 78 

Table 5.2.1 Chronological list of measures that were implemented by the Maine 
Department of Inland Fisheries and Wildlife prior to submission of 
this Plan. .................................................................................................. 83 

Table 5.2.2. Summary of the Maine Department of Inland Fisheries and 
Wildlife’s commitments for minimizing the incidental take of Canada 
lynx under its furbearer trapping, ADC, and PM programs through 
the 15-year period of its Incidental Take Permit. ...................................... 84 

Table 5.2.3 Timeline for implementing and reporting lynx avoidance and 
minimization measures in this Plan. ....................................................... 110 

Table 5.3.1 To estimate the amount of high quality hare habitat (HQHH) to 
provide as mitigation for lethal take of incidental capture of lynx in 
Maine's trapping program, IFW estimated the amount of HQHH in 
an area completely shared by 2 or more lynx during IFW’s 12-year 
radio telemetry study. To offset the take of a lynx IFW proposes 
providing 1,595 acres of HQHH for each lethal lynx take on the 
HMA. ...................................................................................................... 114 

Table 5.3.2 Summary of stand types classified from fall aerial photo in the lynx 
habitat management area described in MDIFW July 29, 2013 plan 
of the BPL Seboomook Unit that currently supports optimal lynx 
foraging habitat . .................................................................................... 121 

Table 5.3.3 Baseline and projected future amounts (acres) of high quality hare 
habitat (HQHH; dense conifer dominated sapling stands or 
understories) on the July 29, 2013 proposed 10,411 acre HMA with 
and without mitigation. ........................................................................... 123 



Incidental Take Plan For Maine’s Trapping Program 
Amended September 2015  Page 8 

Table 6.2.1 Proposed minimization activities for the incidental catch of lynx by 
Maine trappers and the approximate additional costs of these 
activities.  With the exception of differential pay, the personnel 
costs associated with implementing these activities are not 
included.  Personnel time spent on implementation of the Plan does 
divert time away from other wildlife management and law 
enforcement activities. ........................................................................... 140 

Table 6.2.2 Estimated costs of implementing mitigation measures (Section 5.3) 
that IFW will incur. ................................................................................. 142 

Table 7.3.1 The estimated number of trap nights (TN) where trappers targeted 
marten in WMDs 1-11 from 2008 to 2011. ............................................. 145 

Table 7.3.2 Injury (welfare) scores for 20 restraining devices evaluated for 
coyotes during Association of Fish and Wildlife Agencies’ Best 
Management Practices (BMP) trap research, 1998-2005.  BMP 
criteria for welfare, efficiency and selectivity were met for 16 
devices evaluated for coyotes.  Those traps not meeting BMP 
criteria are shaded in gray.  The most commonly used trap in the 
United States is the No. 2 coil-spring (Responsive Management 
2005).  This trap met all BMP criteria. .................................................... 147 

Table 7.3.3 Injury (welfare) scores for 16 restraining devices evaluated for 
bobcats during the Association of Fish and Wildlife Agencies’ Best 
Management Practices (BMP) trap research, 1998-2006.  BMP 
criteria for welfare, efficiency, and selectivity were met for all 16 
devices evaluated for bobcats.  The most commonly used trap type 
in the United States for capturing bobcats is the No. 3 coil-spring 
(Responsive Management 2005).  The standard No. 3 coil-spring 
trap met all BMP criteria, as did the same trap size with 
modifications including padded jaws, offset jaws, laminated jaws, 
and jaws with both offset and lamination. .............................................. 148 

  



Incidental Take Plan For Maine’s Trapping Program 
Amended September 2015  Page 9 

List of Appendices 
 
Appendix 1. Maine’s Conservation Statutes Related to Department Authority, 

Trapping, and Threatened and Endangered Species as of 
February 2, 2012 .............................................................................. 157 

Appendix 2. Maine Department of Inland Fisheries and Wildlife Trapping 
Rules ................................................................................................ 214 

Appendix 3. Chapter Titles and Content Standards from Maine’s Trapper 
Education Manual (May 2008), and Supplemental Course 
Material on Lynx and Eagle Incidental Captures .............................. 226 

Appendix 4. Excerpts from IFW’s 2006 Trapper Mailing on Incidental Lynx 
Captures ........................................................................................... 235 

Appendix 5. Application of avoidance and minimization measures to lynx 
WMDs ............................................................................................... 239 

Appendix 6. Flow Diagram of Maine’s Strategic Planning Process for 
Species of Greatest Conservation Need .......................................... 242 

Appendix 7. Lynx Population Model ..................................................................... 243 
Appendix 8. Maine Department of Inland Fisheries and Wildlife Responding 

to Incidental Captures of Lynx .......................................................... 261 
Appendix 9. IFW’s Predator Management Program ............................................. 291 
Appendix 10. Excerpts from IFW’s (2012) Animal Damage Control Program ........ 304 
Appendix 11a. Memorandum of Understanding between the Maine Department 

of Inland Fisheries and Wildlife and the Maine Department of 
Agriculture, Conservation, and Forestry Division of Parks and 
Public Lands for Canada Lynx Habitat Mitigation ............................. 310 

Appendix 11b. Memorandum of Understanding for Lynx Habitat Mitigation, 
Justification, from Maine Assistant Attorney General ....................... 313 

Appendix 11c. Dispute Resolution Process in the Event that Disputes 
Concerning Implementation of the ITP or the Permit Arise ............... 321 

Appendix 12. Comments from IFW Commissioner Lee Perry to USFWS on 
the Proposal to List Lynx as a Threatenend Species ....................... 323 

Appendix 13. Implementation plan for the use of non-lethal cable restraints in 
Maine ................................................................................................ 330 

 
  



Incidental Take Plan For Maine’s Trapping Program 
Amended September 2015  Page 10 

Executive Summary 
 
Although the U. S. Endangered Species Act (ESA) prohibits the "take" of threatened or 
endangered species that results in direct harm to the species or habitat destruction, the 
ESA authorizes the U. S. Fish and Wildlife Service (USFWS) to issue permits for the 
"incidental take" of listed wildlife species (See Section 10a(1)(B) of the ESA) that may 
occur from otherwise lawful activities.  The Maine Department of Inland Fisheries and 
Wildlife (IFW) is submitting this incidental take plan (Plan) to the USFWS for a Section 
10 permit to provide statewide protection to trappers in the event that Canada lynx 
(Lynx canadensis), a federally threatened species, are incidentally trapped in lawfully 
made sets during Maine’s legal trapping season, animal damage control (ADC), or 
predator management (PM) activities.  This permit will cover individuals that are 
licensed or otherwise authorized to trap including fur trappers, animal damage, and 
predator management trappers.  Annually this constitutes approximately 6,000 
individuals based on data from 2000-13.  Trappers incidentally catching a lynx in traps 
that are illegally set are not covered and are liable for take under the ESA. 
 
The incidental take authorized within the scope of the Section 10 permit issued to IFW 
will cover lynx that are incidentally trapped and not injured, lynx receiving minor or major 
trap related injuries, and lynx killed in traps.  Canada lynx are the only species proposed 
for coverage through the incidental take permit (ITP), as no other federally listed 
species are anticipated to be affected by the State’s trapping programs.  Species that 
may be listed in the future will be handled through permit amendment, as necessary 
and appropriate.  Data from Maine suggests that the majority of lynx caught in traps 
should be released with little or no injury.  However, occasionally a lynx may die or have 
a trap related injury that requires veterinarian care.  Therefore, IFW is requesting a 
permit to cover the incidental trapping of up to 195 lynx during the next 15 years that 
includes the lethal take of up to 3 lynx and major injury of up to 9 lynx.  The duration of 
the permit was based on IFW’s species planning period, where management objectives 
and plans are reviewed and updated through a public planning process approximately 
every 15 years. 
 
The proposed take of lynx in this Plan will have no adverse impacts to habitat and will 
not affect lynx population growth rates during the permit period.  Throughout the Plan, 
IFW provides data from more than 12 years of tracking lynx and incidental take in 
Maine that demonstrates that trapping in Maine does not pose a risk to Maine’s lynx 
population and may only directly impact a few individuals (<12 lynx in a 15 year 
period).  Since the late 1990s, Maine’s lynx population increased to historic high 
numbers in areas where fur trapping, ADC, and PM effort occurred.  If Maine’s lynx 
population declines during the permit period in response to changes in habitat quality 
and prey densities, IFW expects that lynx incidental capture rates will also decline. 
 
Although lynx are found primarily in WMDs 1-11, 14, 18, and 19, IFW is committed to 
adjusting trapping regulations if lynx expand into other areas of the state, and thus 
seeks statewide coverage for the incidental take of lynx.  To minimize the incidental 
trapping of lynx in Maine, this Plan includes measures that   

http://www.fws.gov/endangered/ESA/sec10.html
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1. requires killer-type traps (<8 inch jaw spread) set on land in WMDs 1-11, 14, 
18, and 19 to be set, on the ground as a blind set (i.e., only traps with jaw 
spreads < 5 inches) or with an approved lynx exclusion device; 

2. restricts the placement of visible bait near foothold and killer-type traps 
statewide;  

3. requires the use of 3 swiveling points on foothold traps statewide; 
4. requires the mandatory reporting of any lynx caught in traps prior to releasing 

the lynx, unless an IFW official cannot be reached in time to prevent injury to 
the lynx;   

5. requires IFW personnel, when it is safe to do so, to release lynx from traps to 
evaluate and treat any trap related injury and insure compliance with trapping 
regulations;  

6. requires periodic staff training and evaluation of 15 lynx by a licensed 
veterinarian over the permit period;  

7. provides care to lynx if injured; 
8. provides eight outreach and education efforts to inform new and experienced 

trappers of measures to avoid or minimize lynx captures;  
9. commitments to investigate compliance with trapping regulations that minimize 

lynx capture; and  
10. provides 6,200 acres of lynx habitat as mitigation for permitted lethal take.   

 
“During the 2014-2015 trapping season, two lynx were killed in legally set killer-type 
traps on leaning pole sets. Therefore, IFW is promulgating regulatory changes to 
ensure no additional lynx are killed.  By committing to the use of exclusion devices in 
lynx zones for all killer-type traps (except those described in Section 3 Table 3, 
Regulation/Action 7 D 1-3, PLAN) IFW will eliminate the risk to lynx posed by killer-
type traps set on leaning pole sets.  The requirement to implement lynx exclusion 
devices on killer-type traps within lynx WMDs is a condition of the ITP, based on the 
triggering of changed circumstance number 3.  As such, any future change or 
modification to that commitment requires following the permit amendment process 
established in Section 8. However, outside of established lynx WMDs, IFW is not 
required to implement such devices on killer-type traps, or can establish the 
parameters for such requirements based on its sole discretion, since the risk of 
catching lynx in traps in non-lynx WMDs is extremely low.  
 
As part of this permit, IFW proposes rescinding current foothold trap size restrictions 
that do not reduce lynx capture rates and permitting the use of cage traps where risk 
of injury to lynx is low.  Lethal snares set under water for beaver or other aquatic 
furbearers will continue to be permitted statewide as they do not pose a risk to lynx.  
Although currently not permitted, trappers that have been certified through an IFW 
training course may also be allowed to set non-lethal cable restraints for coyotes in the 
future.  However, lethal snares set on land will not be allowed under this permit.   
 
This Plan is divided into 8 sections that describe Maine’s data on the risk of foothold, 
non-lethal cable restraints, cage, and killer-type traps to lynx, and IFW’s plans to 
minimize, monitor, and mitigate impacts of Maine’s furbearer trapping season, ADC, 



Incidental Take Plan For Maine’s Trapping Program 
Amended September 2015  Page 12 

and PM activities on lynx as required by the ESA.  Each section of this Plan will 
include a summary providing an overview of IFW’s current knowledge and the key 
elements of the section.  
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1.0 Introduction and Background 
 
1.1 Permit Coverage 
 
This Incidental Take Plan (Plan) is prepared in conjunction with an application from IFW 
to the USFWS for a Section 10 permit under the federal Endangered Species Act 
(ESA).  Incidental capture of lynx during trapping activities is anticipated during 
implementation of the Maine’s regulated recreational furbearer trapping, predator 
management (PM) and the animal damage control programs (ADC).  Therefore, IFW is 
seeking an ESA incidental take permit to cover legal trapping activities that occur 
through these programs.  
 
The entities covered by the incidental take authorizations include the following: 

 All licensed trappers (non-resident, resident, alien, junior (resident and non-
resident), and apprentice resident and non-resident trappers, complimentary 
over 70 year old trappers, lifetime trapping licenses including Native Americans 
that trap off tribal lands, ADC agents and PM trappers. 
 

 Other people permitted to trap without a trapping license: IFW full-time 
employees (e.g., district game wardens, and wildlife biologists) and landowners 
trapping on their own land.   

 
Annually this constitutes approximately 6,000 individuals based on data from 2000-13.  
Further descriptions of these entities are provided in Title 12 Subsections 12201 and 
12202.  All IFW staff, including contractors and veterinarians that are designated as an 
“Agent of the Department” implementing this Plan are covered by IFW’s Section 6 
agreement with the USFWS.   
 
1.2 Permit Duration 
 
IFW is seeking incidental take coverage via the Section 10 permit for 15 years from 
permit issuance by the USFWS in accordance with IFW’s species planning process.  
Approximately every 15 years, IFW reviews the status of wildlife species to identify 
species management goals and objectives from public input.  Although IFW recognizes 
that the benefits of some management actions may take longer than 15 years, this Plan 
duration allows IFW and the public to respond to new information or concerns.  
 
1.3 Regulatory/Legal Framework for Plan 
 
The ESA of 1973, administered by the Interior Department’s USFWS, is regarded as 
one of the most comprehensive wildlife conservation laws in the world.  The purpose of 
the ESA is to conserve “the ecosystems upon which endangered and threatened 
species depend” and to recover listed species. 
 
Section 9 of the ESA, as amended, prohibits the “take” of any fish or wildlife species 
listed under the ESA as endangered, and “take” of fish or wildlife species listed as 
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threatened is also prohibited, unless specifically authorized by a Section 10 permit.  
Take, as defined by the ESA, means “to harass, harm, pursue, hunt, shoot, wound, kill, 
trap, capture, or collect, or to attempt to engage in any such conduct.” 
 
In the 1982 amendments to the ESA, Congress added a provision in Section 10 that 
allows for the “incidental take” of endangered and threatened species of wildlife by non-
federal entities.  Incidental take is defined by the ESA as take that is “incidental to, and 
not the purpose of, the carrying out of an otherwise lawful activity.”  Prior to 1982, 
parties that undertook projects involving federal funding or approval could obtain 
incidental take coverage through ESA Section 7 consultations, but had no recourse 
under the law for exemption.  Up to that time, only take occurring during scientific 
research and other conservation actions could be authorized under the ESA.  The 
“incidental take permit” (ITP) process was established under Section 10(a)(1)(B) of the 
ESA precisely to resolve this difficulty. 
 
Section 10(a)(2)(A) of the ESA requires an applicant for an ITP to submit an Incidental 
Take Plan (also known as a habitat conservation plan, Plan, or HCP) that specifies, 
among other things, the impacts that are likely to result from the taking, and the 
measures the applicant will undertake to minimize and mitigate such impacts. 
 
The federal HCP program has grown rapidly in recent years.  In the first 10 years of the 
program (1983-1992), 14 ITPs were issued.  By May 2006, 448 HCPs had been 
approved and over 718 ITPs had been issued.  In a little over a decade, the HCP 
process has been transformed from a relatively little used option under the ESA to one 
of its most important and innovative conservation programs. 
 
1.4 Plan Area 
 
The currently defined lynx range is wildlife management districts (WMDs) 1-11 and 14, 
18, and 19 (Figure 1.1).  Trapping has been restricted in these WMDs to minimize lynx 
incidental capture and is where minimization measures in this Plan will be implemented.  
Lynx range in Maine is based on consistent presence of lynx as documented by verified 
observations described in Minimization Measure PI 1 (Section 5.2).  Although lynx 
sometimes occur in other parts of the state (e.g., WMD 17 and 23), these areas are not 
currently considered part of lynx range in Maine, since the lynx did not remain in the 
area (Figure 1.1).  Conversely, the single observation of a lynx incidentally trapped in 
WMD 18 meets the criteria for extending lynx minimization measures (Appendix 5).   
The Plan is statewide to the extent that it covers state-sanctioned trapping activities 
throughout Maine.  Any lynx caught in a legally set trap is covered by the Plan.  
However minimization measures will apply to the currently defined lynx range unless 
otherwise specified. IFW will monitor lynx distribution and extend current trapping 
regulations if lynx distribution changes (See Minimization Measure PI1 – Section 5.2).  
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Figure 1.1 The distribution of Canada lynx in Maine from ecoregional snow 
track surveys, sightings of lynx (primarily tracks) by IFW biologists, 
incidental takes, and telemetry data from 2000 until 2011.  Points in 
WMD 17 and 23 are from telemetry over a 26 and 9 day period by two 
radiocollared lynx that did not remain in the area.  Conversely, the 
single observation in WMD 18 was a lynx caught in a trap that meets 
the criteria for extending lynx minimization measures. 
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1.5 Species to be Covered by Permit 
 
IFW is seeking a Section 10 permit for Canada lynx (Lynx canadensis), which is a 
federally threatened species (but see Appendix 12) and a species of special concern2 in 
Maine.  There are no other federally listed species that will be impacted by the covered 
activities and therefore IFW is not seeking permit coverage for other listed species.  The 
risk of take for other federal trust species (e.g., migratory birds or bald and golden 
eagles) is low therefore IFW is not seeking coverage for non-listed species. 
 
 
  

                                            
2  The special concern status is an IFW administrative designation given to species of fish or wildlife 
whose populations are vulnerable to various threats but do not meet the criteria for state endangered or 
threatened status.  
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2.0 Environmental Setting / Biological Resources 
 
Summary 
 
IFW is requesting a permit to cover the incidental take of Canada lynx, a federally 
threatened species, from trapping activities described in Section 1.1.  No other federally 
threatened or endangered species are likely to be caught in traps.  The USFWS must 
also consider the impact of the permitted activity (i.e., trapping) on other protected 
species before issuance.   
 
Also in this section, IFW provides data on the status of Maine’s lynx population based 
on 12 or more years of monitoring lynx in Maine.  These data demonstrate that 
Maine’s lynx population increased between 1995 and 2010 in areas where fur 
trapping, ADC, and PM activities occurred.  The recent increase in lynx numbers in 
Maine is attributed to high densities of snowshoe hares, the primary prey item for lynx.  
Consistent with population dynamics of lynx elsewhere, the population may have 
plateaued in Maine over the last several years.  Data collected from IFW’s telemetry 
study were incorporated into a population model that indicate that the level of lethal 
take requested in this Plan will not affect lynx population growth rates during the 15-
year permit period (Appendix 7).  
 
2.1 Environmental Setting 
 
Located at the northeast tip of the United States, the State of Maine is approximately 
320 mi (515 km) long and 210 mi (338 km) wide and is about halfway between the 
equator and the North Pole.  Among the states, it is the 39th largest (33,315 mi2 [86,286 
km2]), but it is almost as big as the rest of the New England states combined.  The 
northern half of the state is sparsely populated, giving the state a relatively low human 
population (1.3 million people) or a density of approximately 39 people / mi2 (16 people / 
km2). 
 
Maine is bounded on the northwest and northeast by the Canadian provinces of Quebec 
and New Brunswick, respectively, and on the west by New Hampshire.  The famed 
rocky coastline of the state is angled from southwest to northeast along the Atlantic 
Ocean.  
 
The western half of Maine is part of the Warm Continental Mountain ecoregion (i.e., 
high mixed forests, coniferous forests, and tundra), while the eastern half of the state is 
divided into the Warm Continental Division (i.e., mixed deciduous and coniferous 
forests) and the Hot Continental Division (i.e., broadleaved forests – oceanic; Bailey 
1997).  The Warm Continental Mountain ecoregion extends into New Hampshire, 
Vermont, and into the Adirondacks of New York.  The mixed deciduous and coniferous 
forests of the Warm Continental Division continue to the east into New Brunswick and 
Nova Scotia and to the west into Quebec; finally ending in Minnesota (Bailey 1997).   
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Maine abounds in natural assets.  Over 90% of the state (17.5 million acres [7.1 million 
hectares]) is forested, giving Maine the distinction of being the most heavily forested 
state in the nation.  Maine has nearly 6,000 lakes and ponds, 5,000,000 acres 
(2,023,500 ha) of wetlands, 31,800 mi (51,179 km) of rivers and streams, 4,100 mi 
(6,599 km) of coastline, and more than 3,000 coastal islands and ledges.  
 
Climate 
 
The National Weather Service separates Maine into three distinct climatological 
divisions – coastal, southern interior, and northern interior.  The southern and coastal 
regions are influenced by air masses from the south and west.  North of the land 
dividing the St. John and Penobscot River basins, air masses moving down the St. 
Lawrence River Basin tend to prevail.  Mean annual temperatures range from 37oF to 
39oF (3oC to 4oC) in the north and from 43oF to 45oF (6 to 7oC) in the southern interior 
and coastal regions.  Mean temperatures are about 62oF (17oC) throughout the state 
during the summer and 20oF (-7oC) during the winter.  Cloudy days average 222 per 
year in the south to 206 in the north.  Annual precipitation averages 36 in to 48 in (91 
cm to 122 cm).  Snowfall averages more than 100 in (254 cm) in the north and higher 
elevations.  
 
Topography / Geology 
 
The Appalachian Mountain chain extends into Maine from New Hampshire, terminating 
at Mount Katahdin, at 5,268 ft (1,606 m) the state’s tallest peak.  The western and 
northwestern borders adjoining New Hampshire and Quebec are characterized by 
rugged terrain with numerous glacier-scoured peaks, lakes, and valleys.  South and 
east of mountain areas lay rolling hills, smaller mountains, and broad river valleys.  
 
Maine’s coastline consists of long sand beaches interrupted intermittently by rocky 
promontories in the southwest and a series of peninsulas, narrow estuaries, bays, 
fjords, and coves located north and east of Portland, the state’s largest city.  The tides 
along Maine’s coast are among the highest in the world, running between 12ft and 24ft 
(4m and 7m).  More than 3,000 islands dot the coast, some no more than rock ledges; 
others are vegetated and are home to a variety of marine wildlife and people. 
 
Geologically, Maine is something of a youngster; the oldest rocks, found in the Chain of 
Ponds area in the western part of the state, are only 1.6 billion years old – more than 2 
billion years younger than the world’s oldest rocks.  The state has experienced several 
episodes of glaciation.  The most recent was about 18,000 years ago when Maine was 
covered by glacial ice about a mile thick (Gawler et al. 1996).  The present-day 
biological diversity in Maine is the result of post-glacial movements of plants, animals, 
and microorganisms into the state. 
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Hydrology / Streams, Rivers, Drainages 
 
Maine has more than 5,000 rivers and streams comprising 31,800 mi (51,179 km) of 
flowing waters that provide nearly half of the watershed for the Gulf of Maine.  More of 
these rivers and streams are undeveloped and free flowing than in any other state in the 
northeastern United States (Bennett 1988).  The major rivers are the Penobscot (350 mi 
[906 km]), the St. John (211 mi [546 km]), the Androscoggin (175 mi [453 km]), the 
Kennebec (150 mi [388 km]), the Saco (104 mi [269 km]), and the St. Croix (75 mi [194 
km]). 
 
Maine also has nearly 6,000 lakes and ponds, most of which can be linked to a single 
cause -- glaciation.  The state has the second largest number of natural glaciated lakes 
of any state east of the Mississippi River – 3,000 lakes and ponds more than 10 acres 
(4 ha) in size and another 2,000 between 1 and 10 acres (0.4 to 4 ha; Bennett 1988). 
 
Northwestern Maine’s Moosehead Lake, covering about 117 mi2 (303 km2), is the 
state’s largest lake; in fact, the largest lake in New England to lie wholly within the 
boundaries of a single state.  Sebago Lake in southern Maine is second to Moosehead 
in size, with a surface area of over 44 mi2 (114 km2).  However, it holds the distinction of 
being the deepest at 316 ft (96 m), and its deepest point is 40 ft (12 m) below sea level.  
 
Vegetation 
 
Sixty-seven woody plant species reach their range limits in south-central Maine, and an 
additional 44 woody plant species define a coastal-inland transition zone, reaching their 
western range limits in a southwest-northeast belt bisecting the state (McMahon 1990). 
 
There are approximately 1,432 native and 643 introduced species of vascular plants in 
Maine.  The state’s vascular plants include both typically Appalachian representatives at 
the northern edge of their range and typically boreal representatives at the southern 
limit of their range (Gawler et al. 1996).  Seventeen percent of Maine’s native flora (254 
species) are considered rare, threatened, or endangered (Gawler et al. 1996). 
 
Wildlife 
 
Maine’s geographical location, physical relief, and present and past land-use practices 
result in a diversity of vegetation and climatic conditions and a diverse and unique 
assemblage of wildlife.  The state is a transition area and its wildlife resources represent 
a blending of species that are at or approaching the northern or southern limit of their 
range. 
 
Invertebrates are the most diverse group of organisms in Maine, exceeding vertebrate 
species by several orders of magnitude.  Yet, knowledge even of which species occur in 
Maine is very incomplete.  Only basic information on the distribution and general habitat 
preferences for a few taxonomic orders such as butterflies (Lepidoptera), mayflies 
(Ephemeroptera), and dragonflies (Odonata) are available (Gawler et al. 1996).  
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Presently, seven invertebrates are listed as endangered under the Maine Endangered 
Species Act (MESA):  Roaring Brook mayfly (Epeorus frisoni), Hessel's hairstreak 
(Satyrium edwardsii), Clayton’s copper (Lycaena dorcas claytoni), Edwards’ hairstreak 
(Callophrys hesseli), Katahdin arctic (Oeneie polixenes katahdin), Juniper hairstreak 
(Callophrys gryneus), and Rapids clubtail (Gomphus quadricolor).  Likewise, 10 species 
are listed as threatened:  tidewater mucket (Leptodea ochracea), yellow lampmussel 
(Lampsilis cariosa), Brook floater, (Alasmidonta varicosa), Ringed boghaunter 
(Williamsonia lintneri), Tomah mayfly (Siphlonisca aerodromia), twilight moth (Lycia 
rachelae), Pine barrens zanclognatha (Zanclognatha martha), Purple lesser fritillary 
(Boloria chariclea grandis), Sleepy duskywing (Erynnis brizo), and Boreal snaketail 
(Ophiogomphus colubrinus) (§12803; Appendix 1).  
 
There are 34 amphibian and reptile species (18 and 16 respectively) in Maine, and their 
distribution in the state is relatively well known.  Maine lists the eastern box turtle 
(Terrapene Carolina), Blanding’s turtle (Emydoidea blandingii), and black racer (Coluber 
constrictor) as endangered, and the spotted turtle (Clemmys guttata) and loggerhead 
turtle (Caretta caretta) as threatened (§12803; Appendix 1).   
 
Boone and Krohn (1998) listed 56 mammal species as extant in Maine.  Only one 
mammal, the northern bog lemming (Synaptomys borealis), is listed as state threatened 
under MESA.  Although its range overlaps with Canada lynx, trapping does not threaten 
this species.  Even though Canada lynx are listed as threatened under the federal ESA, 
the species does not meet the listing criteria for a threatened or endangered species 
under MESA.  Rather, Canada lynx are listed as a species of special concern in Maine.  
The New England cottontail rabbit (Sylvilagus transitionalis) is Maine's only state 
endangered mammal (§12803; Appendix 1).  The USFWS considers the species to be 
warranted but precluded from listing under the federal ESA (U. S. Department of Interior 
2006).  The USFWS must make a final determination on the federal listing status of 
New England cottontail by 2015 as the result of a court settlement (2011 Multi-District 
Litigate Agreement).  New England cottontail are only found in southern Maine 
(Cumberland and York Counties) and their range does not overlap with Canada lynx 
(Litvaitis et al. 2003).  
 
There are more than 218 species of birds that have been documented as breeding 
regularly in Maine (Gawler et al. 1996).  Of these, 198 species breed at inland sites in 
upland, wetland, or aquatic habitats (Gawler et al. 1996).  Maine lists 10 species as 
endangered:  golden eagle (Aquila chrysaetos), peregrine falcon (Falco peregrinus), 
piping plover (Charadrius melodus), roseate tern (Sterna dougallii), least tern (Sterna 
antillsrum), black tern (Chlidonias niger), sedge wren (Cistothorus platensis), American 
pipit (Anthus rubescens), grasshopper sparrow (Ammo dramus savannarum), and least 
bittern (Ixobrychus exilis).  An additional 11 species are listed as threatened in Maine:  
razorbill (Alca torda), Atlantic puffin (Fratercula arctica), Harlequin duck (Histrionicus 
histrionicus), bald eagle (Haliaeetus leucocephalus), arctic tern (Sterna paradisaea), 
upland sandpiper (Bartramia longicauda), black-crowned night heron (Nycticorax 
nycticorax), Common moorhen (Gallinula chloropus), great cormorant (Phalacrocorax 
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carbo), short-eared owl (Asio flammeus), and Barrow's goldeneye (Bucephala 
islandica). (§12803; Appendix 1).  
 
Existing Land Use 
 
Maine’s present land use is characterized by extensive forests interspersed with 
agricultural areas in northeast Maine, scattered farms throughout the rest of the state, 
and many small towns.  Maine’s human population is densest in the southern part of the 
state and become less populated in the north.  The human population lives primarily in 
small towns and in a handful of urban areas.  Despite the large tracts of forestland in the 
state, only 5% of the land in Maine is in public ownership.  For the most part, wildlife 
habitat is confined within large commercial forests in northwest, western, and eastern 
Maine, and within smaller private landholdings in southern, coastal, and central Maine. 
 
2.2 Biological Resources 
 
2.2.1 Canada Lynx 
 
Description and Natural History 
 
The Canada lynx is a medium-sized cat that averages 25 lb (11 kg) for males and 19 lb 
(9 kg) for females.  Its general appearance is similar to the bobcat.  The most notable 
difference between a lynx and a bobcat is paw size.  Lynx paws are about twice the size 
of bobcat paws.  Lynx also can be distinguished from bobcats by the tip of their tail, 
which is completely black (bobcat tail tips are only black on the upper side [dorsal side]).  
Lynx have more prominent ear tufts, paler coloration, less spotting, and longer legs than 
bobcats. 
 
Lynx are specialized predators on snowshoe hare (Lepus americanus), although they 
will opportunistically take other small mammals.  Lynx are adapted to living in areas with 
deep fluffy snow, where they have a competitive advantage over other predators (e.g., 
bobcat, coyote, and fisher).  The large size of a lynx’s paws distributes the animal’s 
weight over a large surface area and enables it to walk on snow.  Thus, lynx have more 
mobility on deep snow than other predators with smaller paws (or higher foot loading), 
and expend less energy acquiring food in winter than more generalist predators.  
 
In North America, lynx occur in Alaska and Canada and extend south into the northern 
contiguous states.  They live in subarctic forests, boreal forests, mixed deciduous and 
coniferous forests (immediately south of the boreal forests), and in alpine forests in the 
Rocky Mountains, Cascades, Great Lakes, and Northeast.  Maine, New Hampshire, 
Washington, Montana, Minnesota, Wyoming, Idaho, and Colorado are the only states, 
outside of Alaska, that currently have resident lynx populations in the US.   
 
Lynx are highly mobile and can move long distances (>60 mi [100 km]) when 
dispersing; Slough and Mowat 1996, and Vashon et al. 2012).  They prefer to make 
their reproductive dens in forests with high stem densities and high amounts of woody 
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debris (downed logs; Organ et al. 2008).  These conditions may provide some 
protection to kittens, and may provide ready access to snowshoe hare, which are also 
attracted to this type of forest structure. 
 
Research Efforts 
 
IFW included a description of the lynx research efforts in Maine, prior to describing 
Maine's lynx population, to acquaint the reader with the scope of information collected 
during this study.  We reference the results of this study throughout this document and 
based many of our conclusions on the results from this research.   
 
From 1999-2011, IFW, in cooperation with the USFWS, conducted a radiotelemetry 
study of Canada lynx in a 4-township area of northwestern Maine.  The original 
objectives of this study were to 1) determine if there was a viable, self-supporting 
population of lynx in Maine, or if lynx occurring in Maine were simply transients from the 
lynx population in Canada; 2) document mortality factors affecting lynx in Maine; 3) 
identify habitats used by lynx in Maine and how they relate to snowshoe hare 
distribution and abundance; 4) investigate how lynx distribution in Maine is affected by 
sympatric populations of bobcats, coyotes, and foxes; and 5) test the efficacy of various 
survey methods used to determine the status of lynx. 
 
Between 1999 and 2011, 85 of 88 lynx captured were equipped with radiocollars3 
including a lynx that had been initially caught by a fur trapper and radiocollared4.  IFW 
biologists used #3 foothold traps with padded offset jaws, cage traps, and hounds to 
capture lynx.  Most lynx were captured more than once; 59 lynx were caught in foothold 
traps 122 times and 52 lynx were captured in cage traps 339 times.  Only one lynx was 
captured with the use of hounds.  Reproduction of radiocollared adult females was 
monitored by visiting dens and capturing kittens.  Between 1999 and 2011, 113 kittens 
were handled at 43 den sites.  IFW biologists have worked closely with faculty at the 
University of Maine in Orono (U Maine) on several graduate projects related to lynx and 
lynx /snowshoe hare interactions.  Scientific manuscripts on lynx home range size, 
habitat use, and den site characteristics have been published (Organ et al. 2008, 
Vashon et al. 2008a and b).  In addition, IFW continues to work closely with the USFWS 
on lynx surveys and habitat management recommendations.  Numerous entities have 
supported the study both financially and technically.  
 
Population in Maine 
 
Maine’s lynx are part of a large lynx population that includes the Quebec’s Gaspé 
Peninsula and northern New Brunswick (Hoving 2001, Vashon et al. 2012).  In contrast 
to western states, most of Maine’s lynx range occurs on privately owned woodlands 
managed for timber production.  Lynx are attracted to the regenerating forests that 
occur on these lands, as the high stem densities of these forests provide snowshoe 
hare with ideal habitat.  In Maine, snowshoe hare are associated with regenerating 
                                            
3 Three lynx were caught at the end of the study and released without a radiocollar.   
4 To date, six lynx have been caught by fur trappers and equipped with radiocollars.   
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forest (15 to 35 years of age) and are negatively associated with recent clearcuts and 
mature forest (>40 years old and  <80 years old; Litvaitis et al 1985, Monthey 1986, 
Lachowski 1997, Fuller 1999, Hoving et al. 2004, Robinson 2006).  Hoving (2001) 
suggests that good lynx habitat in the Northeast consists of complexes of regenerating 
forest with relatively few deciduous trees and a high annual snowfall (>105 in [268 cm]).  
 
The age structure of Maine’s forests has changed considerably since European 
settlement, which likely changed the abundance and distribution of lynx in the state.  
Seymour et al. (2002) suggested that there has been a shift from a predominately 
mature forest to younger forest in Maine, based on past and current disturbance factors.  
During pre-settlement times, Maine’s forests experienced frequent but small natural 
disturbance events (wind, ice, and insect outbreaks) resulting in an older forest system 
and regenerating forests comprised approximately 3% to 5% of the pre-settlement 
coniferous forests in northern Maine (as cited in Vashon et al. 2012).  Spruce budworm 
epidemics occur periodically in Maine.  The most recent and widespread epidemic in 
1972-1986 resulted in extensive clearcutting to salvage diseased trees.  By 1995 and 
2010, between 38% and 48%, respectively, of Maine’s northern forest was classified as 
early regenerating stands.  Many of these stands (50%) currently have a physical 
structure (stem density and height) that provides optimal cover for snowshoe hare 
(Vashon et al. 2012).  These regenerating forests, and the subsequent high snowshoe 
hare densities, influenced the current abundance and distribution of lynx (Figure 1.1).  
 
Data on the historic and present distribution of lynx comes from historical records as 
compiled by Hoving (2001), radiotelemetry data from the IFW/USFWS study, snow track 
surveys from IFW’s various ecoregional surveys, snow track sightings and visual 
observations reported by IFW regional biologists, and incidental takes of lynx (Figure 
1.1). 
 
Population Size and Status 
 
Lynx are found primarily in western and northern Maine’s spruce/fir forest (Figure 1.1).  
Overall, Maine’s lynx population appears to have increased dramatically since 1995.  
For example, IFW personnel searched for lynx tracks each winter from 1994 to 1996.  
For those years, a total of 4,118 km of transects in 82 townships in northwestern Maine 
were searched for lynx tracks (Jakubas 1997).  Of the 82 townships that were surveyed, 
lynx were found in only 9 townships (11% of the townships searched).  In 2003, 20 
townships, located in the same area of the state as the 1994 to 1996 surveys, were 
resurveyed for lynx.  In 2003, IFW observed lynx tracks in 75% and 73% of areas with a 
high/moderate and low probabilities of having lynx, respectively.  Survey efforts were 
extended to eastern and western Maine.  By 2008, lynx tracks were detected in 83% of 
the survey areas with a moderate or high probability and half the towns with a low 
probability of lynx occurrence (Vashon et al. 2012).  These data are consistent with 
other indices of population change including the number of lynx struck by vehicles, 
number of lynx sightings, and number of incidentally trapped lynx in Maine (Figure 
4.1.4).  Recent estimates suggest that there were between 750 and 1,000 adult lynx in 
Maine in 2006 and may have reached a plateau or peaked in 2010 (Vashon et al. 2012).  
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Similar patterns in lynx numbers have been reported by neighboring jurisdictions (e.g., 
New Brunswick; Cade Libby, New Brunswick Department of Natural Resources and 
Energy, personal communication) and in a recent habitat model for Maine (Simons 
2009).  
 
Limiting Factors in Maine 
 
Lynx habitat in Maine is not currently threatened with destruction or fragmentation due 
to agriculture, urbanization, recreational development, or by high volume/high speed 
roadways.  Recreational development and agricultural fragmentation have not occurred 
in most of northwestern Maine.  Human activity in WMD 1-11, 14, 18, and 19 has 
increased since the early 1900s, but it remains low with few permanent residences or 
organized towns in the region.  Major development in the future (e.g., wind power, 
mineral exploitation, highway expansion, and building development) would require 
USFWS consultation.   
 
Although a network of unpaved, private roads with low traffic volumes crisscrosses the 
habitat of lynx in Maine, only one radiocollared lynx has been hit by a vehicle since the 
start of the lynx radiotelemetry project.  However, the public has reported 44 lynx struck 
and killed by vehicles between 2000 and 2014 (Table 2.1).  A similar number of lynx 
have been struck by vehicles on high speed paved roads (n=17) as unpaved roads 
(n=15).   
 
Maine’s lynx population level is dependent on forest management practices that 
determine the amount and distribution of regenerating conifer stands in the state.  
Regenerating conifer stands that are 15 to 40 years of age provide the habitat structure 
(i.e., dense cover) preferred by snowshoe hare (Litvaitis et al 1985, Robinson 2006, 
Scott 2009), which are the principal prey of lynx.  A decrease in the amount of 
regenerating conifer stands in Maine may reduce snowshoe hare numbers and the 
amount of habitat suitable for lynx to live in (Scott 2009, Simons 2009).  These changes 
may come about if less forest is cut or if current forest harvesting techniques (e.g., 
partial harvesting techniques) do not produce understory cover that is as dense and as 
long lived as that produced by past forest harvesting techniques, such as large scale 
clearcutting (Vashon et al. 2012, and Simmons-Legaard et al. 2013).  Additionally, hare 
populations may fluctuate independently of forest conditions (Scott 2009). 
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Table 2.1 Chronology of Canada lynx recovered after being hit by vehicles in 
northern Maine from listing (2000) to 2014. 

 
Year Number of lynx killed by vehicles 
2000 1 

2001 0 

2002 1 

2003 1 

2004 3 

2005 3 

2006 2 

2007 4 

2008 3 

2009 4 

2010 1 

2011 4 

2012 5 

2013 7 

2014 5 
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Most of Maine’s forests are privately owned and managed for timber production.  These 
working forests have provided the habitat necessary to allow Maine’s lynx population to 
expand their range and numbers (Vashon et al. 2012).  However, a major shift in forest 
cutting practices has occurred.  In 1989, 44% of all timber harvesting was done using 
clearcutting (Maine Forest Service 1995) and, in 2005, 94.8% of all the timber 
harvesting in Maine was done using partial harvesting techniques (Maine Forest Service 
2006).  Although a model suggest that optimal hare habitat could start to decline in 2023 
(Simons 2009), the extent of the recent change in forest harvesting techniques on hare 
and lynx numbers is not yet known. 
 
Competition from other predators has been hypothesized in the past as being capable 
of limiting the distribution and growth of lynx populations (e.g., Parker et al. 1983, 
Buskirk et al. 2000).  In Maine, interspecific interactions have been observed between 
lynx, bobcat, and fisher.  Over the course of Maine’s radiotelemetry study on lynx, fisher 
have killed at least 18 lynx and are suspected to have killed 9 others (Vashon et al. 
2012, and McLellan et al. in prep).  While the data show that fisher kill lynx, there is 
insufficient information to show that fisher may exclude lynx from habitats used by fisher 
or in any way limit the range of lynx.   
 
Bobcats and lynx are usually spatially separated by snow depth, which limits 
competition between the species (Aubry et al. 2000).  However, Parker et al. (1983) 
speculated that interspecific competition may have occurred between lynx and bobcat 
on Cape Breton Island, Nova Scotia where the distribution of lynx shrank considerably 
after bobcats immigrated to the Island.  Twenty-five years later, lynx were restricted to 
highland areas where snow depths were greater and provided spatial separation from 
bobcats.  However, no conclusive evidence was presented for interference competition 
between bobcat and lynx in Parker et al.’s (1983) study.   
 
At the periphery of lynx range in Maine, where both lynx and bobcats tracks were 
observed, simulated home ranges around track observations suggest that bobcats were 
found in the best habitat for snowshoe hare (Robinson 2006).  Based on this simulation, 
Robinson (2006) suggests that the presence of bobcats in an area could be used as a 
variable to predict the presence or absence of lynx on the landscape.  In addition to the 
potential for bobcats to limit the range of lynx through competition, several lynx-bobcat 
hybrids have been found in the region where the ranges of the two species overlap 
(Homyack et al. 2008).   
 
One factor that cannot be controlled, but may influence extent of the lynx range in 
Maine, is climatic change (Carroll 2007).  Hoving (2001) modeled climatic changes and 
their potential impact on snow depth and lynx habitat.  This model indicates that 
decreased snow depths may cause the southern boundary of the lynx range to shift to 
the north; thus, decreasing the extent of the lynx range in Maine.  
 
From 1999 to 2011, IFW’s radiotelemetry study documented annual mortality rates for 
radiocollared animals and cause of death, when possible (Tables 2.2 and 2.3).  For lynx 
of all ages, the most common sources of mortality were starvation and predation (Table 
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2.3).  Approximately, 11% of the lynx mortalities in the radiotelemetry study resulted 
from lynx traveling into Canada and being caught incidentally in lethal snares set for 
coyotes. Although poachers killed 3 radiocollared lynx using unknown methods, to our 
knowledge, trappers have not killed a radiocollared lynx in Maine.  IFW documented 
that trappers captured 2 radiocollared lynx and neither required veterinarian care.  
 
 
Table 2.2 Annual mortality rates for Canada lynx (> 1 yr) that were 

radiocollared in Maine from one year prior to the federal listing of 
lynx as a threatened species until 2012.  Annual mortality rates were 
corrected for staggered entry of radiocollared animals into the 
sample (i.e., Kaplan-Meier staggered entry approach; Pollack et al. 
1989). 

 
Yeara Totalb Dead Mortalityc 

1999-00d 6 3 45% 

2000-01 16 5 36% 

2001-02 19 2 12% 

2002-03 19 4 23% 

2003-04 24 5 24% 

2004-05 23 5 23% 

2005-06 33 4 17% 

2006-07 31 13 48% 

2007-08 18 1 6% 

2008-09 26 8 39% 

2009-10 25 9 45% 

2010-11d 7 2 29% 

2011-12d 1 n/a n/a 
a Year is defined by birth pulse(i.e., May 1, 1999 to May 1, 2000). 
b Total = number of lynx monitored (start of the year + new captures). 
c Mortality of radiocollared lynx >1 year old is the inverse of Kaplan-Meier survival rates. 
d Sample size low (start or end of study (i.e., removing collars)). 
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Table 2.3 Mortality factors for Canada lynx tagged or radiocollared for IFW’s 
radiotelemetry study.  Data are from 1999 until 2011.  

 

Cause of mortality Number of 
mortalities 

Proportion of 
total mortalities 

Sex ratio of 
lynx that died 

Starvation 17 26% 9M:84F 
Predation 18 28% 6M:12F 
Suspected Predation 9 14% 4M:5F 
Disease 1 2% 1M 
Illegal harvest 3 5% 1M:2F 
Canada harvest 7 11% 6M:1F 
Unknown 8 12% 4M:4F 
Vehicles 2 3% 2F 
Total 65 N/A 31M:34F 

 
 
2.2.2 Wolves (Canis lupus, Canus lupus lycaon) 
 
The gray wolf (Canis lupus) is listed in the Northeast as a federal endangered species 
and is currently being considered for delisting in the northeastern U. S. (USFWS; 
http://www.fws.gov/northeast/graywolf.html).  The nearest wolf population to Maine is in 
Quebec, but is effectively separated from Maine by Quebec City, the St. Lawrence  
Seaway, and heavy trapping pressure in rural Quebec.  Very few wolves have been 
reported south of the St. Lawrence Seaway, and those wolves were killed in Quebec 
(Villemure and Jolicoeur 2004).  For a historical perspective of wolves in Maine see 
Krohn and Hoving (2010). 
 
Although one gray wolf and one wolf/coyote hybrid were killed in Maine, stable isotope 
analysis of DNA collected from these animals indicates they were of domestic origin.  In 
1993, a gray wolf was killed near Caucomgomoc Lake.  Although positively identified as 
a gray wolf (National Wildlife Forensic Laboratory, Ashland, OR), its behavior around 
people and human dwellings (found sleeping outside a tent and drinking from a 
dishpan) was more typical of captive wolves that have either escaped or have been 
released.  Stable isotope analysis (13C) of this wolf's fur indicated that it had a history 
of eating domestic food with corn based products in it (Kays and Feranec 2011).  The 
second animal, killed by a trapper in Aurora in 1996, was a wild canid with a genetic 
profile (National Wildlife Forensic Laboratory, Ashland, OR) similar to wolves in eastern 
Canada (Canus lupus lycaon), which have hybridized with eastern coyotes (Wilson et 
al. 2000).  Although the genetic profile of this animal again suggested a wild origin, 
stable isotope analyses of the animal's bones or hair indicated that it also had a history 
of feeding on foods with corn in them (e.g., dog food) and was likely held in captivity at 
some point (Kays and Feranec 2011). 
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IFW is not seeking a Section 10 permit for wolves because they currently do not exist in 
the state.  If wolves were to become established in Maine, IFW would consider specific 
measures to protect those animals from incidental take.  For approximately 16 years, 
IFW has made efforts to help detect wolves that might immigrate to Maine that include: 
 
1) Distributing wolf identification information (track measurements, size, and 

physical characteristics) to every licensed trapper in the state in the annual 
Trapper Information Booklet. 

2) Conducting and participating in genetic and morphological research on eastern 
coyotes and eastern Canadian wolves to determine whether these animals can 
be readily distinguished from each other (e.g., Wilson et al. 2004; Kays et al. 
2010). 

3) Requesting that hunters or trappers notify IFW if any coyote over 48 inches in 
total length is harvested. 

4) Investigating credible sightings of large canids.  
 
2.2.3 Migratory Birds 
 
Federal Laws 
 
The Migratory Bird Treaty Act of 1918 has provisions in its statutes that make it a 
federal crime to "pursue, hunt, take, capture, kill, attempt to take, capture or kill, 
possess, offer for sale, sell, offer to purchase, purchase, deliver for shipment, ship, 
cause to be shipped, deliver for transportation, transport, cause to be transported, carry, 
or cause to be carried by any means whatever, receive for shipment, transportation or 
carriage, or export, at any time, or in any manner, any migratory bird, included in the 
terms of this Convention…for the protection of migratory birds…or any part, nest, or egg 
of any such bird." (16 U.S.C. 703).  Through regulation, the USFWS can permit the take 
of migratory birds for a variety of purposes, such as rehabilitation, scientific collection, 
raptor propagation, falconry, and depredation.  USFWS has no explicit regulatory 
mechanism to authorize the incidental take of migratory birds.  In Maine, except for ADC 
activities that can operate year round, trapping is limited to the fall and winter months 
when most breeding migratory birds are not present.  Although there was some 
potential for American crows (Corvus brachyhynchos), common ravens (Corvus corax), 
and gray jays (Perisoreus canadensis) to be attracted to baited traps, regulatory 
changes instituted in 2007 in Maine that require bait to be covered has minimized the 
incidental capture of migratory birds. IFW is submitting a separate memorandum to the 
USFWS containing background information about the take of migratory birds to aid the 
USFWS response to public comments. 
 
Bald and golden eagles are also protected under the federal Bald and Golden Eagle 
Protection Act (BGEPA, 16 U.S.C. 668-668c).  This act prohibits the "taking" of bald or 
golden eagles, including body parts, nests, or eggs.  The Act's definition of "take" is 
similar to the ESA but not the same.  The Act defines "take" as "pursue, shoot, shoot 
at, poison, wound, kill, capture, trap, collect, molest or disturb".  Similar to the ESA, the 
BGEPA allows a limited number of eagles to be incidentally taken through a similar 
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permitting process.  Historically through 2006, a total of 37 bald eagles have known to 
have been trapped, injured, or killed as a result of licensed trapping activities.  
However, since implementing statewide covered bait regulations in 2007, no eagles 
are known to have been taken in legally set traps in Maine.  The only documented 
incident since 2006 was the live capture and release of an eagle in an illegal trap on 
March 21, 2010 in Alna (Lincoln County), Maine.  The case was referred to Maine 
Warden Service and USFWS law enforcement.  If IFW detects an issue with take of 
bald or golden eagles, IFW can pursue a permit under the BGEPA. 
 
2.2.4 Plant Species of Concern 
 
There are 3 federally listed plant species in Maine.  The eastern prairie fringed orchid 
(Platanthera leucophaea; federally threatened species) and the Furbish lousewort 
(Pedicularis furbishiae; federally endangered species) occur in northern Maine; within 
geographical are where lynx occur.  The small whorled pogonia (Isotria medeoloides), a 
federally threatened plant, occurs in southern Maine.  The range of this plant lies 
outside of the lynx range.  None of the trapping activities referred to in this request for a 
Section 10 permit will impact any of these plant species because traps are commonly 
set on road, road edges, fields, or in elevated sets (e.g. killer-type traps set on leaning 
polses) where protected plant species do not occur.  
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3.0 Project Description / Activities Covered by Permit 
 
Summary 
 
This section describes IFW’s current trapping program and new capture techniques that 
will be allowed with the implementation of the Plan.  IFW is seeking an ESA Section 10 
permit to cover the incidental take of lynx that may occur in trap sets that are lawfully 
made by trappers, as described in Section 1.1 of the Plan, during IFW’s regulated fur 
trapping season and ADC and PM Programs.  Although the risk is lower for some traps, 
IFW is seeking incidental take coverage for all lawful trapping activities in Maine in the 
event that a lynx is caught.  To date, lynx have been incidentally captured in traps set 
on land by trappers targeting coyote/fox, marten, and fisher during Maine’s regulated fur 
trapping season and by PM trappers targeting coyotes.  Most lynx caught in foothold 
traps can be released with little or no injury, and no lynx have been captured in marten 
and fisher sets that were lawfully made following the requirements established under a 
Federal Court Settlement US District Court of Maine, Case 1:06-cv-00128-JAW 
Document 132-2 Filed 10/03/2007 (Consent Decree).  Throughout this document, we 
state that no lynx were captured in marten and fisher traps that were lawfully set.  
During the 2014-15 trapping season that followed the orginal Plan, two lynx were killed 
in killer-type traps that were lawfully set on leaning poles.  
 
The main difference between the three trapping programs is the time of year when the 
activity occurs and the species that are allowed to be trapped.  ADC trappers are 
permitted to set traps anywhere in the state throughout the year for wildlife causing 
damage to property (except protected species, including lynx, unless the USFWS 
permits the activity under Section 10 of the ESA).  Alternatively, fur trappers are 
restricted to setting traps for legal furbearing animals within current furbearer season 
framework (currently mid-October – December 31 except as allowed for under Rule 09-
137 Chapter 4.01 Section G2A), and PM trappers are only permitted to set foothold 
traps for coyotes during the first 45 days of Maine’s trapping season (mid-October to 
end of November).  All trappers are required to follow Maine laws governing trapping, 
including legal trap types.  PM trappers are further limited to setting foothold traps 
because the intent of this program is to capture coyotes near deer winter areas (DWA).  
If a permit is issued, PM and ADC trappers that have met the requirements for setting 
non-lethal cable restraints may be permitted to use these devices to capture coyotes as 
described in Section 3.1.  Each of the programs specifically covered by this permit 
request are described below in more detail and in Appendices 1, 9, and 10. 
 
Table 3.0 provides a complete summary of trapping regulations or actions in lynx range 
to limit the incidental take of lynx as defined in current regulations, agreed in the 
Consent Decree, and implement in this Plan.  Under the original Plan, the following 
trapping regulations established in the Consent Decree were to remain in effect in lynx 
areas (currently WMDs 1-11, 14, 18, and 19) if a permit was issued:  
 
1) Bait cannot be placed near traps or if visible from above.   
2) Chains on foothold traps will have at least one swivel.  
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3) Killer-type traps (jaw spread <8 inches) must be set 4 feet off the ground on 
leaning poles < 4 inches in diameter and set at > 45 degrees. 

4) Killer-type traps with a jaw spread < 5 inches will be permitted on the ground as a 
blind set. 

5) Snares set completely underwater for beaver and aquatic furbearers will be 
permitted. 

6) Foot snares, a type of non-lethal cable restraint, and cage traps will be permitted 
for black bears.  
 

In addition to regulations currently in place in lynx areas, IFW through the rule making 
process will recommend that baited killer-type traps set on the ground would only be 
permitted if set with a lynx exclusion device, wooden based rat traps for weasel and red 
squirrel would be permitted if set in a recessed wooden box with a hole no larger than 2 
inches, and foothold traps with teeth or auxiliary teeth would only be permitted if set 
underwater.  IFW would rescind current foothold trap size and cage trap restrictions in 
lynx areas.  ADC and PM trappers that obtain the necessary training (see Appendix 13) 
will be allowed to set non-lethal cable restraints for coyotes. Following an evaluation of 
non-lethal cable restraints set by ADC or PM trappers, fur trappers may also be allowed 
to use non-lethal cable restraints after completing the appropriate training.  Although 
non-lethal cable restraints may be permitted, killer-type snares will not be allowed under 
this permit, unless set completely underwater for aquatic furbearers.  IFW will continue 
to monitor take of lynx in Maine’s trapping programs and make adjustments when 
necessary to avoid future takes (See Changed Circumstance in Section 5).  The 
rationale for trapping regulatory changes in this Plan is provided below. 
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Table 3.0.  Summary of current regulations/actions in lynx range to limit the incidental take of lynx as agreed in 
Consent Decree, under current regulations, as implemented in this Plan, and in place following amendment to 
this Plan. 
 

Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

Regulations/Actions 
Implemented 

Voluntarily by IFW 

Regulations or 
Actions once Plan is 

accepted and 
Permit is Issued 

Regulations or Actions in 
place following the approval 

of the September 2015 
amendment  to the Plan  

1. Restricts trapping in WMD 1-6, 
8-11 (as described below) to 
avoid incidental take of lynx 

Yes Yes Yes Yes 

2. Restricts trapping in WMD 7, 
14,18, 19 (as described below) 
to avoid incidental take of lynx 

No Yes Yes Yes 

3. Restricts use of visible bait near 
traps statewide 
A. Prohibits use of exposed bait 

or visible attractor on covered 
floats-(Rule 09-137 Chapter 
4.01 G 1a). 

B. Prohibits exposed bait or 
visible attractor during Early 
Fox and Coyote Season-
(Rule 09-137 Chapter 4.01 G 
2A-d). 

C. Prohibits exposed bait or 
visible attractor during Early 
Muskrat Trapping Season-
(Rule 09-137 Chapter 4.01 G 
2B-b). 

 

 

 

 
 

No 
 
 
 

No 
 
 
 
 

No 
 
 
 
 
 
 
 

 
 

Yes 
 
 
 

Yes 
 
 
 
 

Yes 
 
 
 
 
 
 
 

 
 

Yes 
 
 
 

Yes 
 
 
 
 

Yes 
 
 
 
 
 
 
 

 
 

Yes 
 
 
 

Yes 
 
 
 
 

Yes 
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

Regulations/Actions 
Implemented 

Voluntarily by IFW 

Regulations or 
Actions once Plan is 

accepted and 
Permit is Issued 

Regulations or Actions in 
place following the approval 

of the September 2015 
amendment  to the Plan  

D. Prohibits the setting of 
foothold or killer-type traps 
within 50 yards of bait that is 
visible from above (Rule 09-
137 Chapter 4.01 K). 

Yes, 
In WMDs 
1-6 and 

8-11 only 

Yes, statewide Yes, statewide Yes, statewide 

4. Restricts use of foothold traps >5 
3/8” jaw spread in WMD 1-6, 8-
11 (Rule 09-137 Chapter 4.01 J) 

 

Yes No No,  
Note: Although the 

accepted plan 
included eliminating 
the size restriction, 

IFW has not 
implemented this 

measure at this time 

No,  
Note:Although the accepted 

plan included eliminating 
the size restriction, IFW has 

not implemented this 
measure at this time 

5. Requires use of at least 1 swivel 
on trap chains in WMD 1-6, 8-11 
(Rule 09-137 Chapter 4.01 J) 

 

Yes No Yes, and it was 
extended to include 
WMDs 7,14,18,19 - 

See #19 

Yes, however new rules 
require three swiveling 
points on all land based 
foothold traps statewide5 

See #27 
6. Wooden based rat traps set for 

weasels and squirrels recessed 
within a wooden box with a hole 
no larger than 2” in diameter are 
prohibited in WMD 1-6 and 8-11 
(Rule 09-137 Chapter 4.01 J) 

 No Yes  No, 
Note:  This was 

rescinded  August 
2015 – See #22 

No, See #22 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

                                            
5 These restrictions do not apply to foothold traps that when set, placed, or tended are fully or partially covered by water, those that are set on a 
muskrat “float”, or dog-proof traps (also know as Duffer traps).  
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

Regulations/Actions 
Implemented 

Voluntarily by IFW 

Regulations or 
Actions once Plan is 

accepted and 
Permit is Issued 

Regulations or Actions in 
place following the approval 

of the September 2015 
amendment  to the Plan  

7. Restrict the use of killer-type 
traps to leaning poles, aquatic 
sets, as blind, or stream banks 
A. Prohibits killer type traps 

during Early Fox and Coyote 
Season-(Rule 09-137 
Chapter 4.01 G 2A-b). 

B. Requires traps set during 
Early Muskrat Trapping 
Season in WMD’s 1-
6,8,10,11 to be set at or 
below ground level or water 
and killer type traps to have a 
jaw spread of 5 inches or 
less- (Rule 09-137 Chapter 
4.01 G 2B-a,c). 

C. Traps set for beaver are 
restricted to killer-type traps 
and drowning sets (Rule 09-
137 Chapter 4.01 G 1a) 
October-April. 

D. Prohibits killer-type traps in 
WMD 1-11, 14, 18, and 19 
unless set completely 
underwater or at least 4 ft 
above the ground or snow so 
long as such traps are affixed 
to a pole or tree that is at an 
angle of 45 degrees or 

 
 
 

No 
 
  

No 
 
 
 
 
 
 
 
 
 
 

No 
 
 
 
 

Yes, In 
WMD 1-6 
and 8-11 

only 

 
 
 

Yes 
 
 

Yes 
 
 
 
 
 
 
 
 
 
 

Yes 
 
 
 
 

Yes, IFW added 
WMDs 7, 14, 18, 19 

voluntarily to the 
regulation with a 

provision for 
exclusion devices 
in these additional 

 
 
 

Yes 
 
 

Yes 
 
 
 
 
 
 
 
 
 
 

Yes 
 
 
 
 

Yes 

 
 
 

Yes 
 
 

 Yes 
 
 
 
 
 
 
 
 
 
 

Yes  
 
 
 
 

No, this was rescinded in 
August of 2015 and 
replaced with #28 
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

Regulations/Actions 
Implemented 

Voluntarily by IFW 

Regulations or 
Actions once Plan is 

accepted and 
Permit is Issued 

Regulations or Actions in 
place following the approval 

of the September 2015 
amendment  to the Plan  

greater to the ground and that 
is no greater than 4 inches in 
diameter at 4 feet above the 
ground or snow level (Rule 
09-137 Chapter 4.01 K) 
except that  killer-type traps 
within an inside jaw spread 
not to exceed 5 inches can 
be used when:   

1. Set as to be partially 
covered by water at all 
times or,  

2. Set under overhanging 
stream banks, or  

3. Used as blind sets. 
(Rule 09-137 Chapter 
4.01 K).(Blind set 
defined on page 29 of 
09-137 Chapter 4). 

WMDs as 
described in #8 

8. Permits use of lynx exclusion 
device (as described on page 
29-30 Rule 09-137) on killer-type 
traps with a jaw spread not to 
exceed 7 ½ inches set on or 
abovethe ground in WMD 7, 14, 
18, and 19 (Rule 09-137 Chapter 
4.01 K). 

No Yes Yes Yes. Killer-type traps 
allowed to be set on the 
ground Statewide when 

used with Exclusion 
Devices,see #28 for a 

description of the rule and 
the exceptions where an 
exclusion device is not 

required 
     



Incidental Take Plan For Maine’s Trapping Program 
Amended September 2015  Page 37 

Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

Regulations/Actions 
Implemented 

Voluntarily by IFW 

Regulations or 
Actions once Plan is 

accepted and 
Permit is Issued 

Regulations or Actions in 
place following the approval 

of the September 2015 
amendment  to the Plan  

9. Prohibits use of cage traps > 13 
X13 inches (WMD 1-6 and 8-11) 
except for wildlife research, 
animal damage, or to capture 
black bears. Cage traps 
including suit-case style cage 
traps (i.e. Hancock Traps).(Rule 
09-137 Chapter 4.01 J). 
 

Yes Yes No, Note: Although 
the accepted plan 
included allowing 

the use of cage type 
traps, IFW has not 
implemented this 

measure at this time 
see #20 

 

No, Note: Although the 
accepted plan included 
allowing the use of cage 
type traps, IFW has not 

implemented this measure 
at this time see #20. 

In addition, language was 
added to the rule stating 
Hancock traps must be set 
with the bottom portion of 
the trap in the water and the 
opening of the trap facing 
away from land. 

10. Restricts the use of snares: 
A. In WMD 1-6, and 8-11, 

prohibit the use of snares for 
any purpose other than to 
catch beaver and bear.  

B. Statewide, Title 12 § 12252 
2A.Restrict types of snares for 
the purpose of trapping any 
wild animal or bird except as 
provided in section 10105, 
subsection 1 and section 
12259. 

 
Yes 

 
 
 
 

No 

 
No 

 
 
 
 

Yes 

 
Yes 

 
 
 
 

Yes 

 
Yes 

 
 
 
 

Yes 

11. Maintain 24hr/7 day a week 
phone line to report incidental 
catch of lynx 

 

Yes Yes Yes Yes 
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

Regulations/Actions 
Implemented 

Voluntarily by IFW 

Regulations or 
Actions once Plan is 

accepted and 
Permit is Issued 

Regulations or Actions in 
place following the approval 

of the September 2015 
amendment  to the Plan  

12. Mandatory reporting of any 
incidental lynx capture-(Rule 09-
137 Chapter 4.01 2) 

No Yes Yes Yes 

13. IFW assist with release of 
incidentally captured lynx 

Yes Yes Yes Yes 

14. Veterinarian provides training on 
injury assessment and treatment 
and  evaluates injuries on at 
least 3 lynx 

No No Yes Yes 

15. Implement guidelines for care of 
lynx injuries, maintain network of 
veterinarians and rehabilitators 
to care for lynx, treat and 
rehabilitate any injured lynx 

Yes Yes Yes Yes 

16. Trap tending requirements 
A. Foothold and cage traps: visit 

once every 24 hours 
B. Killer-type traps organized or 

incorporated place: visit once 
every 3 days 

C. Killer-type traps unorganized 
place: visit once every 5 days 

Title 12 §12255 1A, 1B 

No Yes Yes Yes 

17. It is illegal to disturb or take a 
trap or wild animal from a trap. 
Title 12 §12256 
 
 
 

No Yes Yes Yes 
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

Regulations/Actions 
Implemented 

Voluntarily by IFW 

Regulations or 
Actions once Plan is 

accepted and 
Permit is Issued 

Regulations or Actions in 
place following the approval 

of the September 2015 
amendment  to the Plan  

18. Restricts the use of traps with 
teeth 
A. A person may not use 

auxiliary teeth on any leg-
hold trap when set on land 
(Title 12 §12252 1). 

B. In WMD 12, 15-17, 20-26, 
unlawful to use any trap with 
teeth on the jaws unless 
completely covered by water 
from the opening day of the 
trapping season to the 
opening day of the deer 
firearm season (Rule 09-137 
Chapter 4.01 J). 

 
 

No 
 
 
 
 

No 

 
 

Yes 
 
 
 
 

Yes 

 
 

Yes 
 
 
 
 

Yes, See #25 
 

  
 

Yes 
 
 
 
 

Yes, See #25 
 

19. Requires use of at least 1 swivel 
on foothold trap chains in WMD 
7, 14, 18, 19 (proposed rule) 

 
No 

 
No 

 
Yes 

Yes, and has been modified 
to require 3 swiveling points 

statewide as described in 
#27  

20. Permit the use of cage traps 
statewide without size 
restrictions, except suitcase style 
cage traps (e.g. Hancock Traps) 
will continue to be prohibited for 
use during the beaver season, 
unless set for wildlife research, 
surveys, or removal of animals 
causing damage to property. 
(Proposed Rule). 

 
No 

 
No 

 
Yes 

 
Yes  
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

Regulations/Actions 
Implemented 

Voluntarily by IFW 

Regulations or 
Actions once Plan is 

accepted and 
Permit is Issued 

Regulations or Actions in 
place following the approval 

of the September 2015 
amendment  to the Plan  

21. Foothold trap size will not be 
restricted whether set on land or 
underwater (Proposed Rule) 

 

No No Yes  Note: Although 
the accepted plan 
included removing 

the trap size 
restriction, IFW has 

not implemented 
this measure at this 

time. 

Yes  Note: Although the 
accepted plan included 
removing the trap size 
restriction, IFW has not 

implemented this measure 
at this time.  

22. Allow the use of wooden based 
rat traps set for weasels and 
squirrels recessed within a 
wooden box with a hole no larger 
than 2” in diameter statewide. 
Currently legal only in WMDs 7, 
12-29. (Proposed Rule) 

 
No 

 
No 

 
Yes, Implemented 
statewide August 

2015 

 
Yes, Implemented statewide 

August 2015 

23. Permits the use of non-lethal 
cable restraints statewide 
(Proposed Rule). 

 
No 

 
No 

 
Yes 

  
Yes 

24. Regulations to implement non-
lethal cable restraints 
A. Tending time will be 24 hrs 

(Proposed rule) 
B. Require a cable diameter of 

1/8 inch or 3/32 inch, a 
relaxing mechanical lock of a 
reverse-bend washer with a 
minimum diameter of 1¼ 
inches, at least one swivel, & 
two stops (Proposed Rule). 

No No Yes 
Note: Although the 

accepted plan 
included 

implementing non-
lethal cable 

restraints, IFW has 
not implemented 

this measure at this 
time. 

Yes  
Note: Although the 

accepted plan included 
implementing non-lethal 
cable restraints, IFW has 

not implemented this 
measure at this time. 



Incidental Take Plan For Maine’s Trapping Program 
Amended September 2015  Page 41 

Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

Regulations/Actions 
Implemented 

Voluntarily by IFW 

Regulations or 
Actions once Plan is 

accepted and 
Permit is Issued 

Regulations or Actions in 
place following the approval 

of the September 2015 
amendment  to the Plan  

C. Require cable restraints to be 
staked and free of woody 
vegetation > ½ inch in 
diameter within reach of the 
restrained animal (Proposed 
Rule). 

D. Require cable restraints to 
have two stops : IFW will 
initially evaluate specification 
that include: One restricts 
loop size to no larger than 12” 
loop when fully open and one 
restricts loop size to no 
smaller than 2 ½ “ loop when 
fully closed (Proposed Rule). 
The specifications regarding 
the maximum and minimum 
loop opening sizes will be 
developed in consultation 
with the Service, based on 
the best available scientific 
information, at the time the 
proposed rule is developed.  
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

Regulations/Actions 
Implemented 

Voluntarily by IFW 

Regulations or 
Actions once Plan is 

accepted and 
Permit is Issued 

Regulations or Actions in 
place following the approval 

of the September 2015 
amendment  to the Plan  

25. Restricts the use of traps with 
teeth 
A. In all WMDs it will be unlawful 

to use any trap with teeth on 
the jaws unless completely 
covered by water from the 
opening day of the trapping 
season to the opening day of 
the deer firearm season. 
 

No Yes Yes Yes 

26. In WMDs 1-11, 14, 18 and 19, 
prohibit the use of drags on 
foothold traps set at or below 
ground level and require the 
catch circle be clear of woody 
vegetation or other obstructions.  

 
No 

 
No 

 
No 

 
Yes 

27. Requires, statewide, that the 
chain on foothold traps set at or 
below ground level have a chain 
that is mounted within the central 
portion of the base of the trap 
and must have three swiveling 
points, with one swiveling point 
at the base of the trap, one 
midway in the chain, and one at 
the trap’s anchoring point.  

 

 

 
No 

 
No 

 
No 

 

Yes 
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Regulation/Action Description 
 

Required 
by 

Consent 
Decree 

Regulations/Actions 
Implemented 

Voluntarily by IFW 

Regulations or 
Actions once Plan is 

accepted and 
Permit is Issued 

Regulations or Actions in 
place following the approval 

of the September 2015 
amendment  to the Plan  

28. Prohibits killer-type traps  
statewide unless set completely 
underwater or on or above the 
ground with an approved lynx 
exclusion device (Rule 09-137 
Chapter 4.01 K) except that  killer-
type traps within an inside jaw 
spread not to exceed 5 inches can 
be used without an exclusion device 
when:   

A. Set as to be partially covered 
by water at all times or,  

B. Set under overhanging stream 
banks, or  

C. Used as blind sets. (Rule 09-
137 Chapter 4.01 K).(Blind set 
defined on page 29 of 09-137 
Chapter 4). 

 

No 
 

No 
 

No 
 

Yes 
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3.1 Project Description 
 
Regulated Furbearer Trapping Program 
 
IFW was given authority to establish open trapping seasons for furbearing animals in 
1973 (Title 12, Chapter 301, §1960A).  Furbearing animals include all mammals 
harvested primarily for their pelts.  In Maine, these include coyote (Canis latrans), red 
(Vulpes vulpes) and gray fox (Uracyon cinereoargenteus), bobcat (Lynx rufus), fisher 
(Martes pennanti), marten (Martes americana), raccoon (Procyon lotor), skunk (Mephitis 
mephitis), short- (Mustela erminea) and long- (Mustela frenata) tailed weasels, mink 
(Mustela vison), otter (Lontra canadensis), beaver (Castor canadensis), muskrat 
(Ondatra zibethicus), and opossum (Didelphis virginiana).  Black bears are considered 
big game animals under IFW’s current regulations.  As such, trapping of bears is 
governed by a different set of regulations than the furbearer trapping program.  
Therefore, this incidental take permit will not address IFW’s big game program or, more 
specifically, the black bear trapping regulations.  In addition, the capture of a lynx in a 
foot snare set for bears in Maine has never been reported.  IFW does not believe there 
will be incidental take of lynx related to bear trapping because the trap configuration 
includes a stop that prevents the cable from closing beyond 2 ½ inches (i.e., a lynx 
could pull its foot through the 2 ½ inch loop). 
 
Maine's furbearer trapping season generally runs from mid-October through the end of 
December.  Beaver have an extended trapping season and can be trapped statewide 
(Figure 3.1.1) through the end of March, and, in some parts of the state (primarily 
northern Maine), through the end of April.  Trappers are allowed to continue trapping for 
muskrat, past the end of the general trapping season, in any area of the state where the 
beaver trapping season is open. 
 
Furbearer trapping is a highly regulated activity and is governed by the laws and rules 
promulgated by Maine’s legislature and IFW, respectively (Appendix 1 and 2).  These 
regulations require all trappers (except a junior license holder) to attend a state-
approved trapping education course, or show proof they have held a trapping license 
from another jurisdiction, before they can obtain a Maine adult trapping license for the 
first time (Appendix 1, Title 12, Chapter 917, §12201).  Maine’s trapper education 
course instructs students on the use of traps including, Best Management Practices for 
trapping, responsible trapping, and techniques to avoid the take of endangered and 
other non-target species, including lynx (Appendix 3).  IFW’s trapping education 
program was updated in 2008 and follows recommendations established by the 
Association of Fish and Wildlife Agencies (AFWA). The course is taught by experienced 
trappers (volunteers) and IFW staff who follow a predetermined course outline 
(Appendix 3).   
 
IFW’s regulations that govern the size of traps that can be used for a particular 
application (e.g., use of conibear "killer-type traps" over 5 inches is restricted; Appendix 
2, 4.01 J), where traps can be set (Appendix 2, 4.01 K), and the methods by which traps 
can be set (Appendix 2, 4.01 J; Appendix 1, Title 12, Chapter 917, §12252) are 
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reinforced through efforts to educate trappers on proper trapping techniques.  To 
minimize injury of individual animals caught in traps, all trappers must tend restraining-
type traps (e.g., foot-hold traps) within 24 hours.  Killer-type traps must be tended every 
3 days when set in an organized town, and every 5 days when set in an unorganized 
town (Appendix 1, Title 12, Chapter 917, §12255).  Trappers must identify all traps they 
set with their name and address (Appendix 1, Title 12, Chapter 917, §12254).  Wildlife 
populations that are trapped are monitored using pelt-tagging records.  All raw pelts 
must be tagged by an IFW agent or staff with the exception of weasel, raccoon, 
muskrat, skunk, and opossum (Appendix 2, 4.01 H).  For all species except marten and 
fisher, there is no limit on the number of animals a trapper can take during a trapping 
season.  Trappers are limited to harvesting only 25 marten and 10 fisher per year 
(Appendix 2, 4.01 G - 3). 
 
Description of Traps Currently Allowed for Use in Maine 
 
Trappers are currently allowed to use ordinary foothold traps (Figure 3.1.2), killer-type 
traps of the body-gripping variety (Figure 3.1.3), duffer-type foothold traps designed for 
raccoons (Figure 3.1.4), cage-type live traps (Figure 3.1.5), cage-type colony-traps 
designed for muskrats, snares set underwater for beaver only, suitcase-type cage traps 
for beaver (Figure 3.1.6), mouse-type snap-traps for weasel and red squirrel, and foot 
snares (cable restraints) for black bears. The jaw spread of killer-type traps varies by 
manufacturer.  In general, most 110 and 120 killer-type traps have a 4½ inch jaw 
spread, 155 killer-type traps have a 5 inch jaw spread, 160 killer-type traps have a 6 
inch jaw spread, 220 killer-type traps have a 7 inch jaw spread, 280 killer-type traps 
have an 8 inch jaw spread, and 330 killer-type traps have a 10 inch jaw spread.  Killer-
type snares are not permitted on land in Maine.  With implementation of this Plan, the 
existing restrictions on foot-hold trap size could be rescinded through the rule making 
process.   
 
Currently, trappers are not permitted to set lethal snares or non-lethal cable restraints 
on land in Maine.  With implementation of this Plan, regulations could be promulgated 
that would allow trappers to use non-lethal cable restraints after a phased in process 
has been evaluated (See Appendix 13).  However, lethal snares set on land would not 
be permitted or covered by this permit.  Non-lethal cable restraints consists of a cable 
with a mechanical relaxing lock -- designed to hold and not kill the animal, stops, an in-
line swivel, and are set so that a captured animal cannot be entangled in surrounding 
vegetation (Olson and Tischaefer 2004).   
 
Description of Maine’s Furbearer Harvest 
 
Annually, approximately 22,400 furbearers -- not including weasel, raccoon, muskrat, 
skunk, and opossum – are caught and tagged (Table 3.1.1).  Bobcat, coyote, and fox 
are also hunted; therefore, the harvest numbers for this species overestimate the 
number of animals taken by trappers (Table 3.1.1).  
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Maine’s furbearer harvest occurs in 29 WMDs (Figure 3.1.1), with the highest number of 
tagged pelts coming from WMD 17 (1,833) and the fewest from WMD 27 (241 [Table 
3.1.2]). Annually, approximately 6,000 licensed or otherwise authorized individuals 
could trap in Maine based on data from 2000-13.  We assume under this permit a 
similar number would be authorized to trap (Table 3.1.3).  We note that only a 
proportion of those actually trapped and not everyone is successful in capturing 
animals.   Based on fur tag records, on average a minimum of 1,272 of these individuals 
trapped.   
 
 
Table 3.1.1 Statewide harvest rates for Maine furbearers (2006-2012 trapping 

seasons).  Mean harvest rates were calculated from pelt-tagging 
records for an even number of years (6 yr) in order to accurately 
portray marten and fisher harvest rates.  Marten, and to a lesser 
extent fisher, have large annual fluctuations in their harvest rates; 
therefore, an equal number of good and poor years is needed to 
calculate their mean harvest rates.  Bobcat, coyote, and fox can be 
hunted as well as trapped.  Coyote and fox harvests include both 
trapped and hunter killed animals.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
a Average annual number of bobcat trapped in Maine. The remainder are taken by 

hunters. 
b Unknown proportion trapped vs. taken by hunters. 

  

Furbearer 
Average Annual 

Harvest 

Bobcat 331 (120a) 

Fisher 1,271 

Marten 2,401 

Red Fox 1,002 

Grey Fox 220 

Coyote 1,774b 

Beaver 10,270 

Mink 1,866 

Otter 782 
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Figure 3.1.1 Maine’s Wildlife Management Districts (WMDs). 
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Figure 3.1.2 Diagram of a foothold trap and its various parts (AFWA 2006a). 
a. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
c. Foothold trap anchored with stakes (AFWA 2006a). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

In-line shock 
spring 

Swivel
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Figure 3.1.3 Diagram of a standard killer-type trap and its various parts (AFWA 
2006a). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1.4 Diagram of a duffer trap designed for raccoons (AFWA 2006c). 
 
 
 

 
 
 
 
Figure 3.1.5 Diagram of a wire box or cage trap (AFWA 2006a). 
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Figure 3.1.6 Hancock, suitcase type live trap for beaver (AFWA 2007). 
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Table 3.1.2 Mean harvest rates for furbearers for each of Maine’s Wildlife Management District (WMD).  Mean values are 
calculated using pelt-tagging records from the 2006-07 to 2011-12 trapping seasons.  Marten, and to a lesser 
extent fisher, have large annual fluctuations in their harvest rates; therefore, an equal number of good and poor 
years is needed to calculate their mean harvest rates.  Bobcat, coyote, and fox can be hunted as well as trapped.  
Bobcat, coyote and fox harvests include both trapped and hunter killed animals.  

 

WMD Beaver Otter Mink Bobcat Coyote 
Grey 
Fox 

Red 
Fox Fisher Marten 

1 186 3 1 0 12 0 3 15 138 
2 99 3 4 0 17 0 4 30 194 
3 247 3 16 0 30 0 26 66 83 
4 153 10 19 0 39 1 13 28 252 
5 251 13 29 0 36 0 10 53 311 
6 543 23 98 2 71 0 40 109 173 
7 155 13 43 18 126 4 47 51 142 
8 291 25 33 11 70 1 19 57 237 
9 136 24 47 2 48 1 14 23 173 
10 243 25 58 2 32 0 15 30 141 
11 861 56 115 19 84 0 53 56 187 
12 414 17 115 17 120 10 55 22 9 
13 188 13 66 8 60 1 30 24 10 
14 154 16 60 8 46 0 21 40 97 
15 569 33 91 21 120 64 81 61 2 
16 396 30 127 17 65 5 32 65 2 
17 1191 70 203 26 162 2 122 110 19 
18 813 63 69 27 90 1 37 27 54 
19 487 58 44 23 84 0 25 19 165 
20 229 16 30 9 55 46 64 64 0 
21 242 21 53 5 35 30 32 80 1 
22 328 23 98 9 41 9 32 72 0 
23 610 40 154 28 105 3 50 47 2 
24 116 14 62 4 39 27 44 56 0 
25 207 28 69 7 18 0 16 31 4 
26 446 46 62 20 73 0 37 20 3 
27 116 16 15 16 41 0 29 6 1 
28 396 55 20 19 56 0 35 17 14 
29 137 24 28 11 38 0 10 1 0 
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Table 3.1.3. Summary of ~6,000 licensed or otherwise authorized trappers 
covered by this Plan based from IFW’s 2000-13 license data. 

 
Entities Covered by Permit Average number 
Resident Trappers 2,123 
Non-residents Trappers 73 
Junior Resident Trappers 204 
Resident Apprentice Trappers 25 
Non-resident Apprentice Trappers 1 
Over 70 year old Complimentary License 42 
Native American Complimentary Lifetime License1 1,712 
Lifetime Trapping License2 1,655 
Game Wardens  106 
Wildlife Biologists 38 
Total 5,977 
  
ADC Agent3 85 
PM Trappers3 27 
Landowners Unknown4 
1
Sum of lifetime license (started in 2009) that allows Native American’s to hunt, fish, or trap off tribal lands 

and likely includes individuals that although they are licensed to trap, do not. 
2Sum of lifetime trapping licenses sold between 2000 and 2013 but excludes anyone who is 90 years or 
older based on date of birth. 
3Required to have a trapping license, so these individuals are already included in the categories and total 
above. 
4 Landowners as defined in Title 12 § 12201 Part 2. are permitted  to trap on their own land without a 
license. Although currently unknown, IFW estimates that there are less than 100 trappers in this category. 
IFW will collect names and addresses of these individuals when they register their fur, so outreach 
materials can be sent to them in the future.  
 
 
Trapper Effort 
 
In 2010, IFW renewed its collection of trapper effort information.  Since 2010, IFW 
annually mails data collection forms to trappers prior to each trapping season and asks 
that they mail in completed forms at the end of the season.  This is a voluntary effort by 
the trappers, and, over the past two trapping seasons (2010-2012), approximately 10% 
of all licensed trappers have returned their completed forms.  IFW requests that each 
trapper record the number of traps and days set for each species for each Wildlife 
Management District, and the number of each species captured.  From the reports, IFW 
tracks a number of trapper-effort metrics, including the number of trap-nights (e.g., 2 
traps set for 1 night = 2 trap nights) needed to catch specific furbearers (Figure 3.1.7).  
In general, traps set for marten and fisher are killer-type sets and those set for coyote, 
fox, and bobcat are foothold traps. 
 
Based on fur registration data collected between 2005-13, on average there are 396 
trappers that set killer-type traps for marten and fisher, 318 trappers that set foothold 
traps for coyote, fox, and bobcats in WMDs 1-11, 14, 18 and 19 (lynx range in Maine). 
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However, some trappers target all 5 species, on average 613 trappers set traps for 
marten, fisher, coyotes, bobcat, and fox.  From voluntary trapper effort surveys, IFW 
estimates that there are approximately 110,000 foothold trap nights and 150,000 killer-
type trap nights set each year in lynx WMDs.  
 
 
Figure 3.1.7 Statewide trapper effort, expressed as the number of traps nights 

spent to capture the target species.  Trap nights are defined as one 
trap set for a 24-hour period.  Data are from the fall trapping season 
in Maine (mid-October through December 31) in 2010 and 2011.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.2 Incidental Take of Lynx from Furbearer Trapping Program  
 
Aquatic Sets 
 
Although lynx have not been reported in traps set for aquatic furbearers, IFW provides a 
summary of the methods permitted to capture aquatic furbearers below.  IFW has a 
contingency plan to address any potential future take of lynx in aquatic sets in the 
Changed Circumstance Section 5.4 of this Plan (see Changed Circumstance #2 and 
#3). 
 
Beaver 
 
To date, trappers have not reported the capture of a lynx in traps set for beaver in 
Maine.  Beavers are Maine’s most frequently trapped mammal (Table 3.1), and most 
traps for beaver are set under water or under ice.  These traps pose little risk of 
incidental capture of lynx.  Beaver sets may incorporate foothold traps (# 3 or #4), large 
killer-type traps (e.g., 330), or cable snares set underwater in a manner to quickly kill 
beaver.  Hancock traps are a suitcase style cage-type traps set in the water to live 
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capture beaver (Figure 3.1.6). Traps set for beaver are commonly baited with aspen or 
other hardwood branches and set so as to be approached from the water.   
 
Otter 
 
Otter trapping does not pose a risk of incidental capture to lynx.  Otter are caught by 
trappers setting traps specifically for otters or incidentally captured by beaver trappers; 
Trapping equipment and techniques used to capture otters is similar to that used in 
beaver trapping where traps are set under water.  Therefore, lynx are not likely to be 
caught in traps set for otter; to date no lynx have been reported as an incidental capture 
in traps set for otter. 
 
Muskrat 
 
Muskrat trapping poses little risk of incidental capture to lynx.  Muskrat are very 
common aquatic furbearer in Maine and are frequently trapped.  Small foothold traps 
(e.g., #1 or #1½), 110 killer-type traps, and occasionally colony box traps are used to 
capture muskrats.  These trap sets are not attractive to lynx because they are baited 
with vegetation and the size of the foothold trap used may be too small to hold a lynx.  
To our knowledge, no lynx have been caught in traps set for muskrats in Maine. 
 
Mink 
 
Mink trapping poses little risk of incidental capture to lynx.  Mink are trapped using small 
foothold traps and killer-type traps.  As with other semi-aquatic furbearers, underwater 
and drowning sets are often used for mink.  On land, mink sets are made in runways, 
expected travel paths (e.g., along a stream bank), and with or without scent or bait for 
attractants.  In WMDs where lynx occur, current trapping regulations (Appendix 2, 4.01 
K) require that all killer-type traps be set 4 feet above the ground, except killer-type 
traps with openings 5 inches or less (e.g., #s 120, 110, or 155) can be set on the ground 
if partially covered by water at all times, under overhanging stream banks, or in blind 
sets that use no bait, lure, or visible attractor except animal droppings or urine.   
 
Killer-type traps set on land for mink are unlikely to capture a lynx, since these traps are 
set in runways along stream banks without attractors (e.g., lures, feathers, meat).  If a 
lynx was to encounter these traps, a lynx would be more likely to step over the trap, 
since the trap is less than 5” off the ground and is set without an attractor. However if 
this changes or new information becomes available, IFW has a contingency plan to 
address any potential future take of lynx in the Changed Circumstance section of this 
Plan (see Changed Circumstance #2 and #3).    
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Upland sets 
 
Fox and Coyote 
 
Most of the incidentally trapped lynx in Maine have been captured during fox and coyote 
trapping.  Fox and coyote are caught using foothold traps (e.g., #1.75 and #2 coil spring 
traps; Figure 3.1.2) and are primarily attracted to these traps with scent or food based 
lures.  These traps are commonly attached by chain to stakes driven into the ground, or 
by chain attached to a drag (typically a large double hook meant to become entangled 
in trees or brush).  Lynx captured in these trap sets are usually released with little or no 
injury (see Section 4.0). Cage traps are not used by trappers targeting red fox and 
coyotes, because most will not enter cage traps. 
 
Bobcat 
 
Bobcat trapping could result in the incidental capture of lynx due to the similarity in 
bobcat and lynx behavior and trapping techniques; however a lynx capture in a trap set 
for bobcats has not been reported.  The geographical distributions of lynx and bobcat 
overlap at the southern-most extensions of the lynx’s range in Maine.  It is in this area 
where lynx have the greatest chance of incidental capture in traps set for bobcats.  
Although, killer-type traps and foothold traps can be used to catch bobcats, only a few 
trappers target bobcats. Most bobcats are caught incidentally by canid trappers that set 
foothold traps. Approximately 44% of bobcats harvested from 1999 to 2005 were 
harvested by trappers and the rest were killed by hunters.   Lynx could also be captured 
in cage traps set for bobcats (Figure 3.1.5); however, most lynx caught in cage traps 
should be able to be released without injury.  In 339 captures of lynx in cage traps 
during IFW’s lynx study, the majority (337 out of 339 captures) of lynx examined by 
biologists had no trap related injuries; the other two lynx had minor injuries. 
 
In 1999 and 2002, two trappers targeting canids caught a lynx/bobcat hybrid.  At the 
time, lynx/bobcat hybrids were unknown.  Biologists that examined the animals 
concluded they had the general appearance of a bobcat, but some features (e.g., white 
hairs under the tail, long ear tufts) indicated that the animal might be a hybrid.  Genetic 
analyses latter confirmed that these were hybrid animals resulting from the mating of 
female lynx with a male bobcat (Homyack et al. 2008, Schwartz et al. 2004).  
 
Marten and Fisher 
 
Lynx may be captured in traps set for marten and fisher.  In Maine, marten and fisher 
are most often trapped using killer-type traps (e.g., 120 or 220; Figure 3.1.3) baited with 
meat and/or scent lures.  To prevent the incidental capture and lethal take of non-target 
species, such as lynx and migratory birds, current furbearer regulations require trappers 
to cover the bait so that is it is not visible from above.  In addition, IFW agreed as part of 
the Consent Decree to modify marten and fisher trapping regulations in WMDs 1-11 to 
further avoid the incidental capture of lynx.  In these WMDs, killer-type traps with an 
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inside jaw spread < 8 inches6, if set on land, must be set at least 4 feet off the ground or 
snow level (except as described under mink trapping) on small diameter (< 4 in [10 cm]) 
leaning poles (>45 set 4 feet away from any bank, in an area that is free of objects 
greater than 4 inches in diameter within 4 feet of the trap (Appendix 1).  In 2010, IFW 
extended killer-type trapping regulations to WMDs 14, 18, and 19 where lynx were 
recently documented, and in 2011 allowed killer-type traps (<8” jaw spread) to be set on 
the ground in a lynx exclusion device (Figure 5.2.1).  Following regulatory changes, no 
lynx have been caught in a killer-type trap that was legally set in Maine.  If a permit is 
issued, IFW will maintain these regulations and will also allow killer-type traps (<8” jaw 
spread) to be set on the ground in any WMD where lynx occur, if set with an approved 
lynx exclusion device. During the 2014-15 trapping season that followed the orginal 
Plan, two lynx were killed in killer-type traps that were lawfully set on leaning poles.    
 
None of the 74 lynx equipped with radiocollars and monitored during the trapping 
seasons were captured in a killer-type trap set for marten or fisher; also none of the 
collar signals were lost during the trapping season.  Prior to regulatory changes that 
restricted the placement of killer-type traps for marten and fisher (1999-2006), 51 
radiocollared lynx were monitored during the trapping season in 46 different towns 
(Figure 3.2.1).  In the 12 towns where the majority of lynx locations occurred (Figure 
3.2.1 – towns marked in green), 1,607 marten and 87 fisher were harvested without 
capturing any of the 51 radiocollared lynx.  After regulatory changes to killer-type traps 
(2007-2011), 23 radiocollared lynx were exposed to killer-type traps in 58 towns (Figure 
3.2.2).  In the 22 towns where the majority of lynx locations occurred (Figure 3.2.2 - 
towns in green), 424 marten and 53 fisher were harvested without capturing any of the 
23 radiocollared lynx (Table 3.2.1).  On average, a marten is captured every 103 trap 
nights (i.e., 1 traps set for 2 nights = 2 trap nights).  Thus, none of the radiocollared lynx 
were captured despite an estimated 209,193 trap nights that marten traps were sets in a 
subset of the area occupied by 74 radiocollared lynx during the trapping season.  These 
data further supports IFW’s assertion that most incidental lynx captures are reported 
and that the risk of capture in killer-type traps set for marten and fisher is low. 
 
  

                                            
6 Statewide, killer-type traps with an inside jaw spread >8 inches (e.g. 330) is only allowed when trapping 
beaver. 
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Figure 3.2.1 Locations of 51 radiocollared lynx in northern Maine during the 1999 
to 2006 regular trap season when killer-type traps were set for 
marten and fisher. The area in green was used to estimate exposure 
of lynx to traps (i.e., number of marten and fisher harvested and 
number of trappers).  
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Figure 3.2.2 Locations of 23 radiocollared lynx in northern Maine during the 2007 
to 2011 regular trap season when killer-type traps were set for 
marten and fisher. The area in green was used to estimate exposure 
of lynx to traps (i.e., number of marten and fisher harvested and 
number of trappers).  
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Table 3.2.1 Summary of the exposure of 74 radiocollared lynx in Maine 
monitored during the regular trapping season (end of October to end 
of December) to killer-type traps set for marten and fisher without 
being captured in a killer-type trap.  

 
  

 
Number of 

radioed lynx 
 where the majority of lynx 

locations occurred a 
 
Time 
Period 

Number of 
radioed 

lynx 

captures in 
killer-type traps 

or lost 

 # marten 
harvested  

# fisher 
harvested 

Estimated 
trap 

nights 
1999-2006 51 0  1,607 87 165,521 
2007-2011 23 0  424 53 43,672 
a A subset of towns with radiocollared lynx was used to estimate lynx exposure to traps (i.e., 12 of 46 
towns prior to regulatory changes and 22 of 58 towns after regulatory changes). 

 
 
Weasels 
 
Weasel trapping poses little risk of incidental capture to lynx.  Long and short tailed 
weasels are very common furbearer in Maine and are frequently trapped.   Weasels are 
trapped using a killer-type rat-trap recessed in a wooden box (Appendix 2).  Lynx are 
unable to access the trap in the wooden box, thus unable to be caught in a trap set for 
weasels.  Trappers have not reported the capture of a lynx in traps set for weasels.  
 
Raccoon 
 
Raccoon trapping poses little risk of incidental capture to lynx because raccoon 
densities are relatively low in areas where lynx occur and raccoons are seldom 
specifically targeted by trappers. Raccoon densities are often higher in semi-urban 
settings.  In these settings, they are frequently targeted as pests by ADC trappers who 
use cage traps to remove them.  Lynx may be caught in large cage traps; however, 
traps set to remove nuisance animals are normally set near human dwellings and are 
seldom set in areas frequented by lynx. Raccoons are trapped using small foothold 
traps, enclosed foothold traps (e.g., egg-trap or duffer; Figure 3.1.4), killer-type traps 
(e.g., 220; Figure 3.1.3), and cage traps (e.g., Havahart® cage traps; Figure 3.1.5).   
During the first 8 years of trapping in the lynx study (1999 to 2007), only 2 raccoons 
were caught in foothold traps.  Given their low densities in areas where lynx occur, the 
lack of interest in trapping raccoon in northern Maine, and the high species specificity of 
some raccoon traps (e.g., enclosed foothold traps), lynx are highly unlikely to be caught 
in a trap set for a raccoon in Maine.   
 
Animal Damage Control (ADC) Program 
 
IFW is authorized under Maine’s statutes (e.g., MRSA §10053.8) to coordinate and 
administer an ADC program (Appendix 10).  The objective of this program is to resolve 
conflicts between people and wildlife using strategies and methods which offer the best 
chance for a permanent or long-term solution, and, in the process, conserves wildlife 



 

Incidental Take Plan For Maine’s Trapping Program 
Amended September 2015  Page 60 

resources when practical and possible.  IFW encourages the use of preventive 
measures to reduce the occurrence of human/wildlife conflicts.  However, selective 
removal of wildlife that pose a significant threat to other wildlife, fisheries, human health, 
safety, or property is used when preventive measures are not sufficient.  
 
ADC trappers are only permitted to set traps to remove wildlife causing damage to 
property if they hold a valid Maine trapping license.  ADC trappers are permitted to set 
traps throughout the year and are only permitted to use traps allowed during Maine’s 
regulated trapping season, with the exception that ADC trappers can set cage and 
Hancock traps anywhere in the state.  ADC trappers are not permitted to set lethal 
snares unless completely submerged underwater for aquatic furbearers. 
 
There is very little overlap between trapping activities conducted under IFW’s ADC 
trapping and fur trapping. The potential for incidental capture of lynx by ADC trappers is 
low.  Much of IFW’s ADC efforts in the lynx range are centered around beaver trapping.  
As explained earlier, beaver trapping poses few risks to lynx.  Box traps set for 
raccoons near people’s residences could potentially catch a lynx, but it seems unlikely 
lynx would frequent residential areas or farms and risk encountering dogs.  A lynx has 
never been incidentally caught in IFW’s ADC program as it is currently structured.  
Although IFW does not anticipate any lynx to be incidentally caught as a result of 
trapping conducted under its ADC program, IFW is seeking coverage in the event that a 
take occurs and will address any future take as described in the Changed Circumstance 
Section of this Plan (see Changed Circumstance #2 and #3). 
 
Predator Management (PM) Program 
 
IFW’s PM program was initiated in 2010 by the Commissioner of IFW to reduce the 
impact of predation by coyotes on wintering deer in deer winter areas (DWA).  IFW 
Regional Biologists identify areas currently supporting deer for coyote reduction.  Some 
of these areas (see below for discussion) may overlap with areas used by lynx in WMDs 
1-11, 19, and 28 and northern sections of WMDs 12-14 and 18 (Appendix 9).  There are 
three components to the PM program, but trapping is the only component that will be 
covered by this permit.  As previously described for the furbearer trapping program, 
most lynx that are incidentally caught in foothold traps are caught by coyote and fox 
trappers.  Trappers are restricted to using only equipment and methods currently 
authorized by IFW’s trapping regulations.  This program involves contracts between 
IFW and qualified licensed trappers to trap coyotes in or adjacent to DWAs within the 
current season framework. 
 
Although approved in 2010, the trapping component was first implemented in 2011 with 
13 trappers participating.  In 2012, 27 trappers were permitted to set traps from October 
17 through November 30 in 26 priority wintering areas and 18 trappers actually set 
traps.  The trapping component of the PM program was intentionally kept shorter in lynx 
areas than the normal coyote trapping season, which runs from mid-October to 
December 31.  IFW did not want to direct its contractors to trap coyotes in December, 
which could increase the overall trapping effort for coyotes above that of the regular 
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trapping season, and, in turn, incrementally increase the possibility of catching a lynx.  
During the regular furbearer trapping season, trappers often pull their foothold traps for 
coyotes when the ground starts to freeze and trapping becomes more challenging.   
 
Trappers enrolled in the PM program are generally trappers that currently trap in these 
areas. The intent of the PM is not to increase overall coyote trapping effort, but rather to 
redirect current coyote trapping efforts to DWAs.  These DWAs consist of mature 
forests where snowshoe hare often occur at low densities (Robinson 2006, Fuller et. al. 
2007).  Lynx, which rely on snowshoe hare as their primary prey item, may not be as 
common in mature forests.  PM trappers likely have a lower probability of incidentally 
catching a lynx than when they normally trap for coyotes.  Alternatively, the probability 
of catching a lynx will also be influenced by the amount of favorable snowshoe hare 
habitat in the landscape surrounding a particular DWA and the distance traps are set 
away from DWAs.  If snowshoe hare are abundant in the landscape surrounding a deer 
wintering area, lynx may be present in these areas.   
 
Because coyote trapping effort is not expected to increase through implementation of 
this program, IFW does not anticipate incidental capture (i.e., take) of lynx beyond what 
is anticipated in the furbearer trapping program.  In fact, the number of incidental lynx 
captures in 2011 and 2012 was within the range reported before the PM program was 
implemented (Table 4.1.4). In addition, the number of coyote trappers and number of 
coyotes tagged declined in 2011 and 2012. Prior to Maine’s PM program (1999-2010), 
an average of 514 trappers tagged 2,000 coyotes each year versus an average of 437 
trappers tagging 1,730 coyotes in 2011 and 2012.  However, if monitoring of lynx take 
indicates that this has changed, this Plan incorporates a strategy to address any 
increase in incidental take of lynx attributed to its PM program (See Change 
Circumstance #3 and #4 in Section 5.4).   
 
3.3 How Legal and Illegal Trapping Action are Covered by the Plan 
 
IFW acknowledges that there are a variety of factors that determine whether a trap or 
trapper complies with trapping regulations.  IFW is seeking coverage for any legally set 
trap where a lynx is captured.  IFW has put forth a Plan which outlines a number of 
actions and regulations to minimize the incidental take of lynx in traps (see Table 3.0).  
Any lynx caught in a trap that complies with regulations and measures outlined in Table 
3.0 shall be considered legal for purpose of calculating and mitigating take.  
  
IFW’s intent is for the permit authorization to apply to all licensed or otherwise 
authorized trappers who comply with trapping regulations and this Plan.  However, if 
lynx are captured, injured, or killed in traps or trap sets due to key regulations not being 
followed, then IFW does not intend permit authorization to extend to those captures.  
Rather, those trappers would be subject to prosecution for violation of State and Federal 
law.  For example, IFW should not be held accountable for flagrant violations such as a 
person intentionally trapping and killing a lynx, clearly in violation of State regulations 
and law.  We note, however, that not all violations of trapping regulations will increase 
the risk of capture, injury, or fatality of lynx.  In those cases, if lynx are captured and a 
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relatively small infraction (that did not contribute to catching the lynx) of the trapping 
regulations is documented (e.g., failure to properly label a trap), the permit authorization 
would still apply and the capture event would count towards the authorized take under 
the Plan.  However, if lynx are captured and a violation of rule or law (Table 3.0) is 
found to have caused or contributed to the capture or subsequent injury or fatality, then 
the permit authorization would not apply and the capture will not count towards 
authorized take under the plan.  Several different scenarios are provided below as 
illustrations:  
  

 A lynx is captured in a legally set trap and subsequently shot - the capture would 
count towards IFW’s take allocation for capture events, but the mortality would 
not count towards IFW’s lethal take allocation.  

 A lynx caught in a legal set by a trapper who failed to sign his license or label his 
traps – the capture would count towards IFW’s take allocation for capture 
events. 

 A trapper fails to report a lynx capture and the lynx subsequently dies or 
sustains a severe injury due to the capture event - the capture would count 
towards IFW’s take allocation for capture events, but the injury or mortality would 
not count towards IFW’s lethal or severe injury take allocation.  The rationale is 
that had the trapper reported the incidental capture, IFW staff would have 
assessed and treated any injuries prior to release such that the lynx would not 
have died or sustained a severe injury.  Therefore, lack of reporting was a 
violation that ultimately increased the probability of the lynx dying or sustaining a 
severe injury.  

 A trapper fails to check his trap within the mandatory 24-hour tending time and 
the trap captured a lynx that subsequently dies or sustains a severe injury - the 
capture would count towards IFW’s take allocation for capture events, but the 
injury or mortality would not count towards IFW’s lethal or severe injury take 
allocation.  The rationale is that had the trapper properly checked the trap, the 
lynx may have survived and could have been released.  Therefore, lack of 
compliance with the tending times was a violation that ultimately increased the 
probability of the lynx dying or sustaining a severe injury.  

  
Every capture event will be evaluated by IFW as described in Section 5.2 IM2, PI2, PI3. 
This information will be used to determine whether the incidental capture counts 
towards the incidental take permitted in this Plan.   Capture events resulting from 
violations of state law (i.e., those proposed not to count against IFW’s incidental take 
authorization) will be independently evaluated for concurrence by USFWS within 30 
days of receiving the final report.  Disputes will be resolved at the annual meeting with 
the USFWS.   
 
If anytime during the permit period IFW adds or modifies existing regulations or actions 
to further minimize or avoid take, IFW will update Table 3.0 to reflect changes.   
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4.0 Potential Biological Impacts / Take Assessment 
 
Summary 
 
The majority of the anticipated incidental take of lynx from IFW’s 3 programs will be 
from capture events related to legally set foothold traps.  Lynx may also be captured 
using other techniques such as non-lethal cable restraints and cage traps.  Results from 
IFW’s radiotelemetry study of lynx demonstrate that the majority of lynx caught in cage 
traps or foothold traps will experience minor injuries that do not affect subsequent 
survival and reproduction.  In addition, IFW has examined lynx caught by fur trappers, 
including several that were equipped with radio collars.  Data from these examinations 
also supports the low injury and high post release survival of lynx from foothold traps. 
Based on other studies, IFW anticipates non-lethal cable restraints will also only result 
in minor injuries.  Given the minimization measures put in effect with this ITP, IFW 
anticipates a low level of lethal take of lynx in traps.   
 
IFW is requesting a permit to cover the incidental take of up to 195 lynx over the next 15 
years that may occur as the result of otherwise lawful trapping activity in Maine.  Take is 
defined by the ESA as activities that harm, harass, pursue, hunt, shoot, wound, kill, trap, 
capture, or collect federally protected wildlife within the United States.  Of the 195 lynx 
that may be captured in legally set traps, IFW anticipates that most can be released with 
little or no injury; therefore, IFW is requesting a permit to cover potential severe injury of 
up to 9 lynx and the potential death of up to 3 lynx (lynx that are injured and cannot be 
released into the wild would be considered a mortality) over the next 15 years. 
 
To evaluate the population impacts for the potential lethal take (i.e., 3 lynx over 15 
years), IFW ran a demographic model (Program Vortex) using data from lynx in Maine.   
The results showed that the level of lethal mortality anticipated in this Plan will not affect 
population growth.  In fact, the Vortex model showed that an annual lethal take 5 times 
higher than anticipated did not cause Maine’s lynx population to decline (Appendix 7). 
 
Maine’s lynx population is likely at a record high number.  A recent population estimate 
indicates between 750 and 1,000 adult lynx occupied northern and western Maine 
(WMDs 1-11) in 2006 (Vashon et al. 2012).  The surge in lynx numbers is attributed to 
record levels of optimal habitat for lynx provided by the regrowth of spruce and fir forest 
following the 1980s spruce budworm infestation and subsequent clearcutting of affected 
trees.  A recent habitat model for a portion of lynx range (WMDs 4, 5, 8, 9, and 14) 
indicates that the amount of high quality hare habit (HQHH) peaked in 2009 and will 
remain relatively stable through 2022.  Although the model predicts a decline in HQHH 
as budworm stands mature, this decline will be offset by increases in HQHH due to 
recent heavy partial harvesting activity.  However, the model predicts future HQHH may 
occur in smaller more isolated patches that may support lower lynx densities (Simons 
2009).  This could change if the major spruce budworm defoliation event expected by 
2022 occurs at the anticipated level. 
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4.1 Direct and Indirect Impacts 
 
Impacts from Proposed HCP Covered Activities 
 
IFW is requesting incidental take coverage for lynx incidentally captured during lawful 
trapping activities that occur through the state-authorized furbearer trapping, PM, and 
ADC Programs.  As previously explained, the majority of anticipated incidental take will 
likely occur as the result of trapping efforts using foothold traps that target capture of 
coyotes, foxes, and bobcats by fur trappers, but some may occur through other 
activities such as the ADC and PM programs.  The impacts of these trapping techniques 
on lynx are explained below. 
 
Impacts anticipated from fur trapping:  Any incidental take of lynx from the fur trapping 
program could occur from mid-October to the end of December.  Trappers would be 
permitted to use foothold traps, killer-type traps, and cage traps to capture furbearers.  
Non-lethal cable restraints will be permitted only after IFW reviews the impacts of this 
device in the ADC/PM program.  The potential impacts from cable restraints are 
described below.   
 
Impacts anticipated from the ADC program:  Any incidental take of lynx from ADC 
activities could occur year round.  ADC trappers are permitted to use foothold traps, 
killer-type traps, and cage traps.  Most ADC activities in lynx areas occur where the 
probability of capturing a lynx is low (i.e., aquatic traps primarily set for beaver or near 
dwellings).  To date, no lynx have been caught by trappers during ADC activities.  
Although IFW does not anticipate any additional take by ADC trappers during the permit 
period, IFW is requesting coverage for ADC trappers in the rare event that a lynx is 
captured. ADC trappers may be permitted to set non-lethal cable restraints for coyotes; 
the potential impacts of non-lethal cable restraints are described below. 
 
Impacts anticipated from the PM in Maine’s ADC program:  Any incidental take of lynx 
from PM activities could occur from mid-October to November 30th.  We do not 
anticipate any take from killer-type traps in the PM program since killer-type traps are 
not permitted.  However, foothold traps and non-lethal cable restraints (described 
below) will be permitted.  We anticipate the take of lynx in foothold traps by PM trappers 
to be similar to current levels.  If new information becomes available or circumstances 
change, this Plan includes contingencies in the Changed Circumstance Section.  
 
Impacts from non-lethal cable restraints:  IFW would implement the use of non-lethal 
cable restraints with a phase-in approach by first training and evaluating their use by 
PM or ADC trappers prior to allowing their use by fur trappers during the regular 
trapping season.  IFW would require a 24-hour tend on cable restraints which is 
consistent with trapping regulations governing other non-lethal restraining devices in 
Maine.  Furthermore, IFW would stipulate that cable restraints could only be set by 
certified trappers (i.e., pass an IFW training course on how to properly set a cable 
restraint and avoid lynx captures; See Appendix 13).   
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IFW does not anticipate more lethal take or severe injuries by permitting this device 
since ISO scores from other studies are low (Olson and Tischaefer 2004, Munoz-
Igualada et al. 2010).  Although there is the potential for trapping levels to increase by 
allowing the use of cable restraints, requiring trappers to check their sets every 24 hours 
may limit the use of cable restraints especially in December when trappers generally 
shift to killer-type traps that have a longer tend time. In addition, some trappers may 
simply replace one device (e.g. foothold traps) for the other (e.g. non-lethal cable 
restraints).  Regardless, IFW’s take request should be sufficient to account for any 
increase in trapper effort from cable restraints.  However, if new information becomes 
available or circumstances change regarding trapper effort or injuries, this Plan includes 
contingencies in the Changed Circumstance Section (Section 5.4).  
 
Non-lethal cable restraints are currently legal to use in several states (e.g., WI, NJ, PA).  
Data from these jurisdictions indicate that cable restraints are a safe and efficient 
capture tool that minimizes injuries to target and nontarget animals (i.e., injury scores 
met the Association of Fish and Wildlife Agencies Best Management Practices 
standards; see Olson and Tischaefer 2004, Munoz-Igualada et al. 2010).  During the WI 
study, several nontarget mammals were released unharmed (Olson and Tischaefer 
2004), and 2 incidental captures of European wildcats (Felis silvestris, about the size of 
a house cat) monitored for 5 weeks post release had only minor injuries and survived 
(Munoz-Igualada et al. 2010).  
 
Impacts from rescinding foothold trap size:  Prior to the consent decree, coyote trappers 
would have used traps with an inside jaw spread < 6 ¾ inches. IFW does not anticipate 
additional lynx captures or more severe injuries by rescinding the regulation that 
requires foothold traps in lynx WMDs to have an inside jaw spread less than 5 3/8 
inches, based on our experience monitoring incidental take.  The number of lynx 
captures per year did not decrease after size restrictions were put in place in 2008 (30 
in 8 years vs. 33 in 5 years).  In addition, the number of injuries requiring veterinarian 
care was similar prior to and after foothold trap size restrictions.  Of the 8 lynx examined 
by biologists prior to size restrictions, one lynx had an injury requiring veterinarian care. 
Follow-up interviews with trappers that caught and released the other 22 lynx suggest 
that lynx injuries where mild and similar to those examined by biologists (e.g., swollen 
capture foot).   After size restrictions, trappers were also required to report lynx captures 
prior to releasing the animal. Therefore, IFW biologists examined 24 of 33 lynx caught in 
foothold traps and 1 lynx had an injury requiring veterinarian care.  IFW does not 
anticipate additional lynx captures or more severe injuries by rescinding foothold trap 
size regulation. If new information becomes available or circumstances change, IFW’s 
Plan includes contingencies in Changed Circumstance (Section 5.4). 
 
Effects of Non-lethal Trapping 
 
Most of the trapping related take anticipated to occur through this ITP will be non-lethal.  
Data from IFW's 12-year radio telemetry study on Maine lynx described below illustrates 
that foothold trapping did not influence lynx ability to survive and reproduce.  While lynx 
may be captured in foothold traps, IFW anticipates that they will be released with only 



 

Incidental Take Plan For Maine’s Trapping Program 
Amended September 2015  Page 66 

minor injuries that do not affect their long-term survival.  Although IFW anticipates that 
some lynx may have injuries that require additional care, IFW’s data shows that these 
animals can be treated by a veterinarian and released.  Any lynx that cannot be 
released after treatment of trap related injuries is addressed under lethal take.  In 
addition to 12 years of telemetry data, IFW has examined lynx caught by fur trappers, 
including several that were equipped with radio collars.  Data from these examinations 
also supports the low injury and high post release survival of lynx from foothold traps.  
 
IFW’s 12-year telemetry study demonstrates that majority of lynx (i.e., 54 of 57 lynx) 
released from foothold traps following 111 captures are not adversely affected by the 
capture as these animals survive and reproduce post capture.  Although Withey et al. 
(2001) recommended allowing several days to weeks to account for the effects of 
capture and tagging before collecting data from radiocollared animals, IFW waited 30 
days before assessing survival.  Therefore, a lynx caught in a trap that lived at least 1 
month was considered to have died of factors not related to the capture event (e.g., old 
age, predation, vehicle collisions, etc.).  During IFW's study, 81 lynx were captured by 
IFW biologists and radiocollared; 59 lynx were captured in foothold traps during 122 
capture events (i.e., some lynx were caught more than once in foothold traps), and the 
fate of 57 lynx following 111 capture events7 was known.  Lynx lived greater than 1 
month following 108 of 111 captures (97%).  In addition, there is no evidence that the 
mortality of 3 lynx that died within one month of capture was directly related to trapping.  
Although sample size is small for fur traps, a comparison of lynx survival estimates from 
research and fur traps provides further evidence that foothold traps does not affect long-
term survival of lynx (Table 4.1.1).  
 
 
Table 4.1.1 Proportion of lynx in Maine that lived more than 1 month after 

captured in a trap.  Foothold traps were set during IFW's 12-year 
radiotelemetry study; while both foothold and killer-type traps are 
used by trappers during Maine's furbearing trapping season. 

 

Type of Trap 

Number  
captures 
examined 

by IFW 

Number of 
mild/no 
injury 

Number captures 
of radiocollared 

lynx 

Number lived > 1 
months after 

capture 
Research-Foothold  1227 119 111 108/111 (98%) 
Fur trappers-Foothold 32 30 6a 5 /6 (83%) 
Fur trappers-Killer-type  7  2 0/2 (0%) 

a Four lynx caught by fur trappers were equipped with radiocollars when release and 2 trappers reported 
capturing lynx that were already wearing radiocollars. 

 
  

                                            
7 During the last year of the study, we removed collars following 9 captures and 2 lynx were released 
without functioned collars, therefore fate is known for 111 of 122 captures. 
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IFW has compared injury rates from IFW’s 12-year telemetry study to injury rates of lynx 
captured during the fur trapping program.  Study animals were captured using #3 Victor 
soft-catch traps that were staked on short chains whereas fur trappers used a variety of 
foothold traps and staking mechanisms.  The majority of captures in research (119 out 
of 122 captures) and fur traps (30 out of 32 lynx) indicated that captured lynx had no 
visible or minor injuries from foot-hold traps (Table 4.1.1).  Therefore, the rate of injury 
for lynx was low and not different between foothold traps set by biologists and fur 
trappers. 
 
IFW acknowledges that injury scores described above were from external exams 
conducted by IFW biologists.  Other studies have been conducted by AFWA where 
trapped animals that were killed were then necropsied to examine animals for injuries; 
the majority of animals had acceptable injury scores (see Table 7.3.2).  Although IFW 
external examination of live lynx may have not detected all injuries, data from IFW’s 
monitoring of lynx and AFWA’s study indicates that any undetectable injury would not 
likely impact their ability to survive and reproduce after capture.  
 
In addition to IFW’s telemetry study, IFW’s policy is to radiocollar any lynx incidentally 
trapped near IFW’s study area or that had an injury that required veterinarian care.  
Data from these trapper caught lynx also show that lynx survive after release from 
foothold traps (n=3) or after treatment of injuries (n=1).  Three of the 4 lynx lived more 
than 1 month after release.  The one that died shortly after release had no visible signs 
of injury when captured and died from unconfirmed causes.  However, we suspect 
predation was the cause of death based on evidence collected at the mortality site.  In 
addition, 2 trappers reported capturing lynx that were already wearing radiocollars.  
Both lynx lived more than 6 months after being released from these traps (Table 4.1.1).  
 
Capture of lynx in foothold traps does not appear to affect their ability to reproduce and 
raise young.  Twenty-seven of 57 lynx captured in foothold traps set by IFW biologists in 
the fall, and 2 of the 4 radiocollared lynx captured in foothold traps set by fur trappers, 
were females.  The majority of females (70%) gave birth to kittens the spring following 
their capture.  However, litter production was high (14 of 16 female lynx) when 
snowshoe hares were common.  Conversely, fewer female lynx (5 of 13) gave birth to 
kittens when hares were less common (Table 4.1.2).  Several adult females were 
caught multiple times in foothold traps during the fall and produced kittens the next 
spring.  In fact, one female lynx was caught in a foothold trap 4 times over a 16-day 
period and subsequently produced a litter of kittens the next spring.  
 
Data from IFW’s 12-year radio telemetry study and monitoring incidental captures of 
lynx illustrate that foothold trapping does not likely affect a lynx’s post-capture chances 
of survival or ability to reproduce (Tables 4.1.1 and 4.1.2.). 
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Table 4.1.2 Reproductive success of adult female lynx that were radiocollared in 
Maine following fall capture in foothold traps set by biologists in 
IFW's radiotelemetry study or by licensed fur trappers during the fall 
fur trapping season (incidental captures).  Snowshoe hare densities, 
which varied considerably over time and which influence lynx 
reproduction, are also given. 

 
 ≥ 2 hares/ha  ≤ 1hare/ha 

 # Fall captures # litters  # Fall captures # litters 

Fur trappers 2 2 (100%)  0 0 
Biologists  14 12 (86%)  13 5 (38%) 

 
 
Cage traps:  Through implementation of this Plan, there could be an increase in use of 
cage traps by trappers targeting bobcats.  IFW anticipates that take from cage traps will 
be non-lethal and risk of injury is low.  During IFW’s 12-year study, 52 lynx were caught 
in cage traps multiple times (339 captures) without any injuries requiring veterinarian 
care.   
 
Effects of Lethal Take 
 
As described above, most of the trapping related take anticipated to occur through this 
incidental take permit will be non-lethal.  While most lynx captured in non-lethal cable 
restraints, foothold, and cage traps will be released with minor injuries, some may have 
more severe injuries.  Those that cannot be rehabilitated and released back into the wild 
will be considered as lethal take.  In the original Plan, IFW believed that minimization 
measures implemented (e.g., existing regulations restricting visible bait and requiring 
exclusion devices on some ground sets, and leaning pole set for non-exclusion traps,) 
would be effective at precluding lynx from being caught in killer-type traps. If, however, 
lynx were caught in killer-type traps, IFW anticipated that it would result in a mortality.  
In the past, prior to regulatory changes, two of four lynx caught in killer-type traps died; 
the two that lived were caught by the foot in killer-type traps set on the ground without 
an exclusion device.  Since regulatory changes implemented in December of 2008, 1 
lynx has been killed in a killer-type trap that was not legally set. Although a few 
individuals may die, the level of lethal take anticipated in this plan (n=3) will not affect 
Maine’s lynx population (Appendix 7).  Despite the original Plan’s minimization 
measures, two lynx were killed in killer-type traps that were lawfully set on leaning poles 
during the 2014-15 trapping season, thus triggering a response under the changed 
circumstance portion of the ITP. 
 
Lynx Vulnerability to Trapping 
 
Although other North American studies that reported capture rates of lynx may be of 
interest, these studies report on lynx that were legally harvested for their fur where 
trapper effort was driven by lynx pelt price and trappers targeting lynx could use visible 
bait and other attractors (Brand and Keith 1979, Bailey et al. 1986, Quinn and 
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Thompson 1987, Parker et al. 1983).  Data recently collected in Maine is more relevant 
to IFW’s application and is presented here.  
 
Over the 12 years of IFW’s radio telemetry work, an equal number of male (n=28) and 
female (n=31) lynx were caught in foothold traps; however, male lynx were more likely 
to be recaptured (122 foothold captures, 71 males and 51 females) and only 1 kitten 
was captured in 122 captures events (IFW, unpublished data).  Although the gender 
and age was not known for all lynx captured in foothold traps set by fur trappers in 
Maine, none of the 32 examined by IFW biologists were kittens, and the sex ratio (21 
males and 11 females) was skewed towards males (Table 4.1.3).  Quinn and Thompson 
(1987) observed a similar low capture ratio for kittens. 
 
IFW does not believe kitten mortalities will result from adult females or kittens being 
incidentally caught in foothold traps and subsequently released.  Over the course of 
Maine’s lynx study, kittens were rarely captured (n=1) and radiocollared females that 
were traveling with kittens (n=17), and were subsequently trapped, always reunited with 
their young (IFW, unpublished data).  The 1 kitten that was captured and released from 
a trap, reunited with its mother.  In addition, when Maine’s fur trapping season opens, 
kittens are between 5 and 7 months old, weaned, and consuming meat and capable of 
surviving on their own.  Literature on available data to date indicates that kittens are 
weaned and no longer dependent on their mother by 12 weeks of age (McCord and 
Cardoza 1982, Tumlison 1987, Fernandez et al. 2002).   Although data is sparse, 
Fernandez et al.’s (2002) observation of an orphaned 3 month old kitten that survived 
until at least 11 months of age on its own suggests that kittens can survive without their 
mother after they are weaned.  Because of uncertainty as to the fate of orphaned 
weaned kittens, IFW will monitor kittens orphaned from trapping (if it occurs) and adapt 
procedures as necessary (Section 5.2- Minimization Measure IM 8).  Any kittens that 
are incidentally captured in traps in Maine will be treated similarly to adult lynx for the 
purpose of incidental take calculations.  Despite the fact that IFW does not believe that 
kitten fatalities will occur from the incidental capture of female lynx or kittens, the 
mitigation in this Plan will also support additional lynx and their progeny (Section 5.3).  
 
Specific Causes of Mortality 
 
Over the 12 years of IFW’s radiotelemetry study, radiocollared lynx experienced roughly 
a 20% annual mortality rate8 (Table 2.2).  Starvation and predation were the leading 
causes of mortality (Table 2.3; Vashon et al. 2012).  The mortality rate for lynx observed 
in IFW’s study area was similar or lower than reported for other lynx populations (See 
Vashon et al. 2012); however, small sample sizes and high variability in other studies 
make it difficult to make direct comparisons.   
 

                                            
8 This is for a pooled sample of adults, juveniles, and both sexes during period where hare densities 
ranged from <1.0 to >2.0 hares/ha (Vashon et al. 2012). 



 

Incidental Take Plan For Maine’s Trapping Program 
Amended September 2015  Page 70 

Table 4.1.3 Description of lynx incidental trapping incidents in Maine from 1999 to 2012. 
 

Date 
incident 

Age 
Class Sex Type of Trap 

Securing 
method Response type 

ISO Score 
(applied as 
reference)1 Type of Injury 

10/18/1999 Subadult Male Foothold Staked IFW released 5 Tiny bit of blood on 3rd toe, no 
cut on toe was evident; minor 
injury 

10/1 /2000 Unknown Unknown Foothold - Trapper released - - 
10/26/2000 Adult Male Foothold Drag IFW released 100/50 Broken leg (ulna and radius), x-

rayed in Presque Isle; rehab at 
Tufts; released back to wild 

10/21/2001 Adult Female Foothold Drag IFW released 5 small laceration on one toe 
10/26/2002 Adult Unknown Foothold - Trapper released - - 
10/22/2003 Unknown Unknown Foothold - Advised trapper 

release 

- - 

11/1 /2003 Unknown Unknown Foothold Drag Trapper released - - 
11/2 /2003 Adult Female Foothold Drag IFW released 10 Small puncture above capture; 

Slight swelling; caught high just 
below wrist 

11/22/2003 Unknown Unknown Foothold Drag Trapper released - - 
10/21/2004 Unknown Unknown Foothold Drag Trapper released - - 
10/21/2004 Unknown Unknown Foothold Drag Trapper released - - 
10/23/2004 Unknown Unknown Foothold Drag Trapper released - - 
10/23/2004 Adult Unknown Foothold Staked Trapper released - - 
10/25/2004 Unknown Unknown Foothold Staked Trapper released - - 
10/27/2004 Unknown Unknown Foothold Drag Trapper released - - 
10/28/2004 Unknown Unknown Foothold Drag Trapper released - - 
11/7/2004 < 1 yr Female Killer-type set on 

ground 
in box 

IFW released 5 Possible injury but no broken 
bones, just a lot of swelling. 

11/12/2004 > 1 yr Female Foothold Staked Trapper released - - 
11/14/2004 Unknown Unknown Foothold - Trapper released - - 
11/16/2004 Adult Female Foothold Drag IFW released 5 Slight cut on bottom of foot 
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Date 
incident 

Age 
Class Sex Type of Trap 

Securing 
method Response type 

ISO Score 
(applied as 
reference)1 Type of Injury 

10/1 /2005 Unknown Unknown Foothold Drag Trapper released - - 
10/18/2005 Adult Male Foothold Staked IFW released 5 Small cut inner left toe, small cut 

top of foot 
10/26/2005 Adult Male Foothold Drag IFW released 5 Small puncture middle two toes. 

Small amount of blood 
11/1 /2005 Unknown Unknown Foothold Drag Trapper released - - 
11/1 /2005 Unknown Unknown Foothold Drag Trapper released - - 
11/19/2005 < 1 yr Male Killer-type set on 

ground 
in box 

IFW released 5 Four frozen toes, but blood flow 
restored at vet hospital, swelling, 
bone chipped on leg bone. 

11/22/2005 < 1 yr Male Killer-type secured 
to tree 

IFW retrieved 
carcass 

- - 

12/6 /2005 Adult Male Killer-type set on 
ground 
in box 

IFW retrieved 
carcass 

- - 

10/15/2006 Unknown Unknown Foothold Drag Trapper released - - 
10/19/2006 Unknown Unknown Foothold Staked Trapper released - - 
10/20/2006 Unknown Unknown Foothold Drag Trapper released - - 
10/26/2006 Unknown Unknown Foothold Drag Trapper released - - 
11/7 /2006 Unknown Unknown Foothold - Trapper released - - 
11/16/2006 Adult Male Foothold Staked IFW released 0 no blood or cut on foot; applied 

normal weight to capture foot 
10/15/2007 Adult Female Foothold Staked IFW released 5 superficial laceration <1/8" wide 

and just through top layer of skin 
10/17/2007 Unknown Unknown Foothold Drag Advised trapper 

release 

- - 

10/18/2007 Adult Male Foothold Staked IFW released 0 no swelling, cuts, blood, broken 
teeth 

10/23/2007 Unknown Unknown Foothold Staked Trapper released - - 
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Date 
incident 

Age 
Class Sex Type of Trap 

Securing 
method Response type 

ISO Score 
(applied as 
reference)1 Type of Injury 

10/25/2007 Subadult 
> 1 yr 

Male Foothold Drag IFW released 5 noticed a drop of blood, but 
couldn't find the source; no 
laceration or breaks observed 

10/26/2007 Unknown Unknown Foothold Staked Trapper released - - 
11/8 /2007 Subadult 

> 1 yr 

Male Foothold Drag IFW released 0 no broken bones or teeth, 
bleeding, lacerations, punctures, 
dislocation observed. 

11/13/2007 Adult Male Foothold Staked IFW released 10 shallow, small laceration; 
Capture foot and toes were cold 
but tissue soft (not frozen). 

10/27/2008 Unknown Unknown Foothold Drag Trapper released - - 
10/30/2008 Unknown Unknown Foothold secured 

to tree 

Trapper released - - 

11/17/2008 Adult Male Killer-type secured 
to tree 

IFW retrieved 
carcass2

 

- - 

12/4 /2008 Adult Male Killer-type - IFW retrieved 
carcass3

 

- - 

10/21/2009 Subadult 
> 1 yr 

Male Foothold Drag IFW retrieved 
carcass4

 

- - 

11/9 /2009 Subadult 
> 1 yr 

Female Foothold Staked IFW released 5 only minor edema on capture 
foot 

11/11/2009 Adult Female Foothold Staked IFW released 5 small laceration on capture ft 
<1/2 cm; put wt on capture ft at 
release; no tooth injuries 

10/22/2010 Adult Male Foothold Staked IFW released 10 small shallow laceration 1 mm 
long, slight edema on capture 
foot 

10/22/2010 Adult Female Foothold Staked IFW released 5 shallow small puncture on middle 
digit of rt front paw 

11/4 /2010 Adult Female Foothold Drag IFW released 5 some swelling of the trap foot; 
walked away on all 4 feet with 
slight limp on capture foot 
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Date 
incident 

Age 
Class Sex Type of Trap 

Securing 
method Response type 

ISO Score 
(applied as 
reference)1 Type of Injury 

11/14/2010 Adult Male Foothold Staked IFW released 5 very minor swelling capture foot; 
looks similar to other feet; no 
chipped/broken teeth 

10/18/2011 Unknown Unknown Foothold Staked Trapper released - - 
10/22/2011 Unknown Unknown Foothold Staked IFW released 0 lynx appeared uninjured when 

assessed and released by WS at 
direction of biologist 

10/22/2011 Adult Male Foothold Drag IFW released 5 Minor shallow laceration on 
capture foot 

10/23/2011 Adult Unknown Foothold Staked Trapper released - - 
10/25/2011 Subadult 

> 1 yr 

Male Foothold Staked IFW released 5 swelling of capture foot 

11/19/2011 Adult Male Foothold Drag IFW released 10 small shallow laceration and 
swelling on capture foot. 

11/29/2011 Unknown Unknown Killer-type secured 
to tree 

IFW retrieved 
carcass5

 

- Lynx died from capture in a 
illegal killer-type trap, animal was 
scavenged and could not identify 
age or sex, or assess trap related 
injuries. 

10/18/2012 Adult Female Foothold Staked IFW released 0 No injury observed during exam 
10/18/2012 Unknown Unknown Foothold Staked Trapper Reported - Lynx escaped trap when 

approached by trapper 
10/21/2012 Adult Male Foothold Staked IFW released 5 Small shallow laceration on 

capture foot 
10/21/2012 Adult Female Foothold Drag IFW released 0 No injury observed during exam 
10/26/2012 Adult Male Foothold Staked IFW released 5 Two small shallow lacerations on 

capture foot 
10/26/2012 Adult Male Foothold Drag IFW released 10 Small shallow laceration and 

minor swelling on capture foot; 
veterinarian on site concurred 
with injury assessment and 
treatment. 
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Date 
incident 

Age 
Class Sex Type of Trap 

Securing 
method Response type 

ISO Score 
(applied as 
reference)1 Type of Injury 

11/1/2012  Female Foothold unknown IFW responded 50 Fracture on capture foot, animal 
shot by bird hunter. 

11/4/2012 Adult Male Foothold Staked IFW released 5 Small laceration on capture foot; 
vet concurred 

11/5/2012 Adult Male Foothold Drag IFW released 5 small laceration on capture foot   
11/7/2012 Adult Male Foothold Drag IFW released 5 Two small laceration on capture 

foot; vet concurred 
1 Mild injuries were those that would be assigned a trauma score < 10 under ISO (International Standards Organization) standard (ISO/TC 191) ISO 10990-5:1999.  
ISO standard 10990-5:1999 is same standard used to evaluate injuries caused by restraining traps during the development of Best Management Practices for 
trapping in the United States.  The incidental capture on 1/19/2005 would not be scored as a severe trauma under ISO standards; however, IFW was unsure of 
the severity of frostbite at the time and treated it as a severe injury.  Later examination indicated the animal had not sustained any permanent tissue damage from 
frostbite. 

2 Trap not set in compliance with new laws related to killer-type sets; law was clarified to prevent future catches. 
3 Illegal take; trapper did not report capture and lethal take of a lynx; unable to determine if the trap met current regulations because trap was removed by trapper. 
4 Illegal take; lynx shot by bird hunter while in a foot-trap; trapper reported the dead lynx; hunter charged. Trap was legally set. 
5 Trap not set in compliance with new laws related to killer-type sets. 
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Overall, Maine's lynx population has increased since the 1990s (Simons 2009, Vashon 
et al. 2012).  The growth of Maine’s lynx population, at a time when trapping occurred 
and annual mortality was approximate 20%, underscores that Maine's lynx population 
can readily sustain low levels of mortality that might occur from incidental trapping (see 
Appendix 7).  Maine has not had an open season on lynx since 1967; therefore, any 
lynx takings have either been accidental (e.g., road mortality), illegal (e.g., poaching), or 
incidental to trapping (Table 4.1.4.).  Only 5 lynx deaths have been reported and directly 
attributed to trapping in the 14 years since lynx were federally listed as a threatened 
species (Table 4.1.4).  IFW estimates that there are roughly 750 to 1,000 adult lynx in 
Maine (i.e., northern and western Maine; Vashon et al. 2012).  Using this population 
figure, the highest percentage of the lynx population killed incidentally by Maine 
trappers during any given year was 0.6%.  Consequently, the small number of lynx 
killed by incidental trapping has not impacted Maine’s lynx population growth or stability 
(see Appendix 7).   
 
Table 4.1.4 Incidents of lynx takings recorded by the Maine Department of Inland 

Fisheries and Wildlife since the start of IFW’s lynx project in 1999.   
 

 Number 
Number in 

Foothold Traps 
Number in 

Killer-type Traps Vehicle  

Date Trapped  Alive Dead Alive  Dead Mortalities Poaching 
1999 1 1 0 0 0 0 1 

2000 2a 2 0 0 0 1 0 

2001 1 1 0 0 0 0 0 

2002 1 1 0 0 0 1 0 

2003 4 4 0 0 0 1 0 

2004 11 10 0 1b
 0 3 0 

2005 8  5 0 1b
 2c

 3 2 

2006 6 6 0 0 0 2 1 

2007 8 8 0 0 0 4 1 

2008 4 2 0 0 2 3 0 

2009 3 2 1f
 0 0 4 0 

2010 4 4 0 0 0 1 0 

2011 7 6 0 0 1d
 4 0 

2012 10e
 9 1f

 0 0 5 0 

2013       14 13 1f 0 0 7 0 
2014       20 18 0 0 2 5 0 
Totals      104 92 3 2 7 44 4 

a One trapped lynx had a broken leg from the entanglement of a trap chain around a tree. The #3 foothold 
trap was set for coyote using a drag chain as an anchor. The lynx was treated, rehabilitated and released 
back into the wild.  

b.One lynx had its foot caught in a killer-type trap (#120) set for marten on the ground was examined by a 
veterinarian, rehabilitated, and released back into the wild.   

 c.Two animals were killed in killer-type traps.  One set (#120) was made on the ground for marten, and 
another set (#220) was made on a leaning tree (>4 dbh and <45 degree angle) for fisher. 

d Trap was not set in compliance with trapping regulations; regulations clarified in 2008. 
e 
Includes 4 lynx captured by trappers enrolled in IFW’s PM Program. 

f Lynx shot illegally in a trap by a bird hunter.  
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The incidental trapping rate of lynx in Maine is significantly lower than trapping rate in 
jurisdictions where lynx trapping is legal, because trappers were targeting lynx in those 
areas (Brand and Keith 1979, Bailey et al. 1986, Poole 1991, McKelvey et al. 2000, and 
Poole 2003).  Although these studies have been informative for shaping regulations to 
sustain populations in areas where lynx are harvested for their fur, these studies are 
not relevant to IFW’s application, since the majority of lynx caught in traps in Maine are 
released and are able to survive and produce offspring after their capture.  

 
4.2 Anticipated Incidental Take:  Canada Lynx 
 

IFW is requesting a permit to allow the incidental trapping of up to 195 lynx over a 15-
year period (Table 4.2.2).  The majority (183) will be incidentally trapped and handled 
and released, some (9) may have trap related injuries that require medical attention (as 
outlined in Section 5.2), and few (3) may die from trap related injuries that may include 
animals that could not be released back to the wild.  IFW explains how these estimates 
are derived below.  While the estimates for the take request were developed by 
considering each covered activity, the accounting for the actual take will be the total of 
all covered activities during the 15-year permit period. 
 
Methods for Calculating Incidental Take  
 
Categories of Take and Predictions 
 
IFW's incidental take request was calculated for the full 15-year time span of the 
requested Section 10 permit (i.e., 2013-2028; Table 4.2.2).  Assumptions and 
calculations used to arrive at IFW's request are presented below:  
 
1. Incidental Capture: 
 
Baseline:  Between 1999 and 2012, 70 lynx were incidentally captured by trappers at a 
reported annual rate of 1 to 11 (Table 4.1.4).  IFW believes that data on incidental 
capture rates since 2008 best represent projected take during the Plan period because 
minimization measures were in place, trappers were more knowledgeable about lynx 
and efforts to minimize their capture, and reporting of lynx captures was mandatory.  
Since 2008, the number of lynx captures has ranged from 4 to 10 per year (Table 4.1.4) 
including those caught by PM trappers. Without PM trappers, the number of lynx 
incidental trapping ranged from 3 to 7 per year. IFW only has two years of experience 
with implementing the PM program (2011 and 2012) and 0 and 4 lynx were captured in 
foothold traps, respectively.  For the purposes of the projected take calculations for this 
Plan, the maximum capture rate was used for both programs (Table 4.2.1). 
 
Take Request:  This Plan incorporates a number of minimization measures to reduce 
and avoid capture of lynx in traps through fur trapping, ADC, and PM programs.  
Captured lynx are rarely severely injured or killed (Table 4.1.3 and Table 4.1.4).  IFW is 
requesting coverage for the potential incidental trapping and capture of 195 lynx during 
the 15-year period.  IFW’s take request is based on historic patterns.  Given projected 
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stable to declining population trend, IFW assumes that incidental capture rate should 
not exceed 11 lynx per year (combining take from fur trapping and ADC/PM programs) 
during the 15-year period (Table 4.2.1).  IFW is requesting an additional 20% allowance 
for the number of lynx trapped over the 15-year permit to allow for increased trapping 
effort and change that may affect susceptibility of lynx to trapping (e.g., lynx population 
trend, permitting cage traps and cable restraints). 
 
 
Table 4.2.1. Requested allowances for incidental captures, trapping related 

injuries, and trapping related mortalities of Canada lynx by the Maine 
Department of Inland Fisheries and Wildlife (IFW).  Major injuries will 
be injuries that required veterinarian care before the animal could be 
released back to the wild (e.g. broken bone, etc.). 

 

Capture Event 
Projected 

Annual Take 
Projected Take Over 
Life of Permit (15 yr) 

Incidental Lynx Captures   

      Fur Trapping 7 105 

      ADC/PM Program 4 60 

      20% allowance for changes in effort a 2 30 

All Take of Lynx Incidentally Trapped 13 195b 
     Proportion of capture lynx released with   
     no injuries    19% 37 
     Proportion of capture lynx released with 
     minor injuries     75% 146 
     Proportion of capture lynx that require  
     additional treatment from injuries  4.4% 9 
     Number of captured lynx that potentially  
     killed or not released after vet care)  1.6% 3 
a The 20% allowance includes the potential for increases from trapper effort, new types of traps, changing 
susceptibility to traps, and unreported lynx captures, if there are any. Note: the failure to report a lynx 
capture is illegal under Maine’s trapping regulations.  

b While the estimates for the take request were developed by considering each covered activity, the 
accounting for the actual take will be the total of all covered activities during the 15-year permit period. 
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Table 4.2.2 The number of lynx incidentally trapped in Maine between 1999 and 
2012 categorized by the animal's injury status. 

 
      ISO Injury Score 

 
 
 
Trap Type 

 
Number 

of 
Captures 

Number 
Released  
and Not 

Examined 

 
Number 

IFW 
examined 

Illegal 
Trapping 
Mortality 

 
No  

visible 

 
 

Mild a 

 
 

Moderateb 

Moderate 
Severe to  
Severec 

         
Foot-hold 63 31 32 2d 6 24 0 2 
Killer-type <2008  6  0 6 4e 0 0 2f 0 
Killer-type >2008 1 0 1 1e 0 0 0 0 
Total 70 31 39 7 6 24 2 2 

a International Standards (ISO) mild traumas for animals are defined as pathological observations with an 
injury score between 2 and 10 points (e.g. swelling, minor cutaneous laceration, etc.). 

b International Standards (ISO) moderate and moderately severe traumas for animals are defined as 
pathological observations with an injury score between 25 and 30 points (e.g. major laceration on tongue 
or foot pads, etc.). 

c International Standards (ISO) moderately severe to severe traumas are defined as pathological 
observations with an injury score of between 50 and 55 points (e.g. simple fracture at or below the 
carpus) and 100 points (e.g. fracture above the carpus, etc.), respectively. 

d Two lynx were shot illegally by a bird hunters, although these lynx were killed an injury score for trap 
related injuries was recorded. 

e Lynx were killed in killer-type traps that do not comply with current regulations. 
f These lynx were caught by the foot in killer-type traps that do not comply with current regulations. 
 
 
2. Non-lethal Take:  
 
Baseline:  Of the 70 lynx caught in traps between 1999 and 2012, IFW’s biologists 
examined 32 lynx caught in foothold traps and all 7 lynx caught in killer-type traps for 
injuries.  The majority (30 out of 32) caught in foothold traps had no visible or mild 
injuries, specifically 19% (6) had no visible injury, 75% (24) had mild injuries (e.g., small 
laceration) that could be treated in the field, and  6% (2) had an injury requiring 
veterinarian care.  Of the 7 lynx that were caught in killer-type traps, 2 had injuries 
requiring veterinary care (Table 4.2.2).  However, these 2 lynx were caught in killer-type 
traps set on the ground without exclusion devices, which is no longer permitted.  
Therefore, IFW does not anticipate any injuries in killer-type traps. 
 
Take Request:  Based on the number of lynx that may be incidentally captured (195), 
we anticipate that 19% will have no discernible injury (37), 75% will have mild injuries 
(146), and 6% will have severe injuries that will require veterinarian care (12).  The 6% 
injury rate is broken down into a non-lethal (4.4%) and a lethal component (1.6%) which 
is further described below.  Therefore, IFW assumes that 4.4% (9) of lynx incidentally 
captured will be releasable after treatment of severe injuries and have survival rates 
commensurate with other lynx and 1.6% (3) may either die or may not be releasable. 
Lynx that cannot be released will be considered part of the lethal take estimate 
described below.  IFW is requesting coverage for the non-lethal take of up to 192 lynx 
during the 15-year period, which may include up to 9 lynx with injuries that require 
veterinary care before being released (Table 4.2.2).   
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3. Lethal Take:   
 
Baseline Killer-type Traps:  Between 1999 and 2012, 7 lynx were caught in killer-type 
traps; five died from trap related injuries and two lived (Table 4.2.2).  Six of the 7 were 
caught prior to regulatory changes.  Since regulatory changes, one lynx has been killed 
in a killer-type trap.  Although the trap did not comply with all aspect of the current 
regulations, it is used to project potential future lethal take for the purpose of this Plan.  
 
Baseline Foothold Traps:  No lynx fatalities have been reported from injuries that 
occurred from foothold traps.  However, two lynx caught in foothold traps were shot and 
killed by bird hunters.  It is illegal in Maine to disturb traps or take any wild animals from 
traps without the trapper’s permission (Title 12 §12256).  Therefore, these mortalities 
resulted from an illegal activity.  IFW is committed to avoiding future lethal takes of this 
nature.  In the minimization section of this plan, IFW describes additional outreach to 
hunters to avoid future illegal shooting of lynx in traps (i.e. lynx regulation page in IFW’s 
annual Hunting and Trapping Regulations book). 
 
Take Request:  Although the level of lethal take has been low from trapping in Maine, 
IFW is including the potential for three mortalities from incidental capture events over 
the 15-year permit period.  These mortalities may result from severe injuries from 
foothold traps, non-lethal cable restraints, cage traps or killer-type traps.  Although 7 of 
70 lynx incidental caught in traps between 1999 and 2012 died, 4 lynx were caught in 
killer-type traps that are no longer legal in Maine and 2 mortalities were not directly 
related to the trap set (i.e., illegally shot by bird hunters).  Thus, these 6 lynx were 
excluded from lethal take calculations; the remaining 64 lynx incidentally caught in traps 
was used to project potential lethal take. Thus for the purpose of this Plan, IFW 
estimated the proportion of total potential take (i.e., 195 lynx) that may be lethal as 1.6% 
(i.e., up to 3 lynx may die). 
 
Potential Biological Impacts of the Request Level of Incidental Take 
 
IFW acknowledges that incidentally trapping a lynx is a form of take (kill, capture, harm, 
and harassment) as defined in the ESA.  However, in the vast majority of incidental 
trapping incidents, there is no biological impact.  IFW defines biological impact as an 
activity that would significantly alter the potential survival or reproductive rates of an 
animal.  In IFW’s Plan, IFW minimizes the impact of activities that kill, harm, and harass 
lynx and mitigates for unavoidable take.  
 
To illustrate the effect that 3 lynx mortalities might have on Maine’s lynx population, IFW 
used VORTEX 9.99 software to simulate lynx population dynamics.  Inputs for this 
model came from lynx demographic data collected in Maine between 1999 and 2010 
when hare densities ranged from <1 to 2 hares/hectare (Vashon et. al. 2012).  This 
VORTEX model was built because it offered a similar platform for comparing modeling 
results generated by the USFWS in their review of IFW’s earlier application.  The 
purpose of the simulation was to:  1) update the inputs used in the population model 
presented in Maine's 2008 Incidental Take Plan, and 2) to determine if Maine’s lynx 
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population would decline with minor losses that might result from the incidental capture 
of lynx in traps set for other furbearing animals.  Without the incidental capture of lynx 
over the 15-year permit period, the Vortex model indicated a slightly increasing 
population growth rate (r = 0.0595; Appendix 7). 
 
To test the assumption that Maine's lynx population size would not decline if lynx 
mortalities resulted from incidental trapping occurred, IFW ran simulations using a level 
of lethal take of 3 lynx as requested in IFW’s Plan.  The model indicated that Maine’s 
lynx population could maintain a positive growth rate (r = 0.0473) with the low level of 
lethal take requested in the Plan.  A full explanation of the model inputs, assumptions, 
and results is given in Appendix 7. 
 
At this time, there is insufficient evidence to conclude whether human-related mortality 
in lynx populations is density dependent (i.e., greater proportion of the population 
trapped when population is high) or independent (i.e., proportion of population trapped 
is not influenced by population size; Steury and Murray 2004).  Brand and Keith (1979) 
suggest that lynx vulnerability to trapping is dependent on prey rather than lynx 
numbers; when prey is scarce, lynx may increase their movements to search for food 
and/or become more attracted to baited traps.  However, other studies indicate there 
was not a consistent pattern in lynx becoming more vulnerable to baited traps as 
snowshoe hare densities declined (Slough and Mowat 1996).  
 
To test whether Maine’s lynx population could tolerate more lethal incidental trapping, if 
lynx became more vulnerable to capture in traps at low population levels, IFW varies 
lethal incidental take rates from 1 every 5 years (i.e., 3 lethal takes over permit period) 
to 3 every year (i.e., 45 lethal takes over permit period).  Simulations indicate little 
change in population growth rates (r = 0.0343; Appendix 7).   
 
Beneficial Impacts of Trapping: 
 
In Maine, predation by fisher is a major source of mortality for lynx.  If killer-type traps 
are not permitted in Maine, fisher densities are likely to increase without a means to 
harvest fisher.  During IFW's 12-year radiotelemetry study on lynx, biologists observed 
that 42% of lynx mortalities were due to either fisher predation or suspected fisher 
predation.  Using a weighted average of the Kaplan-Meier annual adult mortality rates, 
IFW calculated that lynx in the study area had an overall annual mortality rate of 27% 
(Vashon et al. 2012).  Therefore, if the annual mortality rate of lynx (27%) is multiplied 
by the proportion of radiocollared lynx killed by fisher (42%), it can be shown that 
approximately 10% of the radiocollared lynx are killed by fisher each year.  The high 
number of lynx mortalities being caused by fisher raises the question:  what would 
happen to the lynx mortality rate in Maine if fisher trapping were eliminated? 
 
IFW estimated the potential benefit of fisher trapping to the lynx population using the 
following data and assumptions: 
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1. IFW has data indicating that across the lynx range in Maine, there are approximately 
2 fisher for every lynx  (fisher densities from Fuller et al. [2001], and lynx densities 
[Adult & Juvenile] from Vashon et al. [2008a]); 

2. IFW assumes that overall lynx mortality rates and mortality attributed to fisher in 
IFW's study area are similar to mortality rates in other parts of the lynx range in 
Maine;  

3. IFW has data showing that approximately 578 fisher were harvested annually from 
WMDs 1-11 (i.e., 5-year mean fisher harvest rate from 2006 to 2010); 

4. IFW assumes every fisher has an equal chance of killing a lynx; 
5. IFW assumes, if trappers removed 20% of the fisher population, the fisher 

population would either stabilize or decrease.  
 
Because fisher densities are twice that of lynx in Maine, it follows that in this scenario 
there would be 2,000 fisher living sympatrically with1,000 lynx.  If the same mortality 
rate for lynx killed by fisher in IFW’s lynx study (i.e., 10%) was used, then 100 lynx 
would die from fisher predation each year.  IFW records show that on average 578 
fisher were trapped annually out of the lynx range from 2006 to 2010.  If every fisher 
has approximately a 1 in 20 chance (5%) of killing a lynx and harvest 578 fisher from 
the lynx range each year, trappers would hypothetically reduce mortalities by 29 lynx in 
one year.   
 
If that increase in annual survival is extended over the 15-year period of the permit, an 
additional 435 lynx may survive because fisher trapping is allowed (as opposed to being 
banned).  Even if these calculations overestimate the increase in lynx survival by half, 
the additional number of lynx surviving (218) is still far greater than IFW’s lethal take 
request (3).    
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5.0 Conservation Program / Measures to Minimize and Mitigate 
for Impacts 

 
5.1 Biological Goals and Objectives 
 
IFW is charged with protecting and enhancing Maine’s wildlife for future generations to 
enjoy.  As such, IFW's biological goals are directed at maintenance or enhancement of 
Maine's lynx population (IFW 2005) and are broader than the biological goals for this 
Plan.  At a minimum, IFW's overall biological goal for lynx will be to ensure the 
persistence of its population in Maine (IFW 2005), which is similar to Objective 4 in the 
USFWS' Recovery Outline for Canada Lynx.  More specific management goals for lynx 
may be given to IFW in the future by public working groups as part of IFW's Strategic 
Planning Process (Appendix 6) and in a future federal recovery plan.  Specific goals and 
objectives to address incidental take of lynx in traps for this Plan is described below. 
 
Biological Goals 
 
1. Conduct Maine’s trapping program in a manner that does not alter the natural 

fluctuations of Maine’s lynx population.   
2. Maintain Maine’s trapping program as an effective wildlife management tool.  
 
Biological Objectives  
 
1. Implement measures to minimize the potential for injuries of lynx from all traps 

and trap set types. 
2. Implement a systematic approach to assessing all captured lynx and treating 

injured lynx to avoid trap related fatalities. 
3. Implement measures that are effective in avoiding capture of lynx in killer-type 

traps. 
4. Implement mitigation commensurate with the permitted lethal take that 

maintains or creates high quality habitat that would support lynx in the BPL 
Seboomook Unit. 

 
5.2 Measures to Minimize Impacts 
 
Since closing the State’s lynx trapping and hunting season in 1967, IFW has evaluated 
and restricted furbearer trapping activities with the intent of minimizing incidental take of 
Canada lynx (Table 5.2.1).  In this Section, IFW describes its minimization and 
monitoring commitments and implementation plan (who will do them and when they will 
be done).  Minimization measures include regulatory (RC), incidental capture response 
(IM), outreach and education (O&E), and plan implementation (PI) commitments (Table 
5.2.2).  When IFW references all licensed trappers this includes fur (including junior 
trappers and trappers with complimentary licenses), ADC, and PM trappers. Although it 
is difficult to distribute outreach material in this Plan to landowners permitted to trap 
without a license, they are required to follow all trapping regulations, which can be found 
on IFW’s website and in printed form at IFW offices throughout the State. Additionally, 
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IFW will provide the opportunity for landowners permitted to trap without a license to 
receive lynx avoidance and minimization outreach materials when they tag their fur. IFW 
has expanded the use of the Gov-Delivery system to provide trappers the opportunity to 
receive trapping information electronically via email. 
 
 
Table 5.2.1 Chronological list of measures that were implemented by the Maine 

Department of Inland Fisheries and Wildlife prior to submission of 
this Plan. 

 
Measure Year Measure Year 

Ending the bounty on lynx and instituting a 
closed season on lynx trapping and hunting 

1967 Customization of 2003 brochure for Maine 
trappers.  Brochure distributed to all 
licensed trappers. 

2005 

Conferring with trappers about incidentally 
caught lynx 

1970's Conferring with other jurisdictions on 
incidental take issues 

2006 

Annual trapper mailing included information 
on how to distinguish between a lynx and 
bobcat 

1991 Restricting use of visible bait while 
trappinga 

2007 

Annual trapper mailing included an offer to 
help trappers release incidentally caught lynx  

1996 Requiring killer-type traps to be set on 
leaning poles within the lynx range 

2007 

Annual trapper mailing included lynx track 
descriptions  

1997 Guidelines developed for evaluating lynx 
injuries including contact list for 
veterinarian and rehabilitators. 

2007 

Lynx Hot Line established in annual trapper 
mailing 

1999 New emphasis in trapper education on 
how to avoid incidental lynx captures 

2008 

Standard operating procedures developed for 
handling incidentally caught lynx 

1999 Mandatory reporting of lynx incidental 
catches 

2008 

Recognition of trappers voluntarily reporting 
incidentally trapped lynx 

2000 IFW implements an emergency rule that 
clarifies trapping regulations for setting 
killer-type traps in WMD 1-11. 

2008 

Helped develop "How to avoid the incidental 
take of lynx..." USFWS, IAFWA brochure"  

2003 IFW permits the use of killer-type traps set 
on the ground if used in conjunction with 
an exclusion device in WMD 14,18 and 19. 

2010 

a In 2007, IFW promulgated a trapping rule to restrict the use of visible bait by trappers.  The objective for 
this rule was to reduce the incidental trapping of eagles and lynx in killer-type or foothold traps by limiting 
the use of attractants (e.g., meat, bone, feathers, etc.) that a trapper might use near traps. 
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Table 5.2.2. Summary of the Maine Department of Inland Fisheries and Wildlife’s commitments 
for minimizing the incidental take of Canada lynx under its furbearer trapping, ADC, and PM 
programs through the 15-year period of its Incidental Take Permit.   

 

Measures that minimize incidental capture 
 

Regulatory -- Commitments 
 

RC 1 Restrict placements of killer-type traps on 
land in lynx zones 

IFW will continue regulations that require killer-type sets 
that have a jaw spread greater than 5 inches to be set as 
water sets or less than 5 inches as blind sets. NEW - 
IFW will allow killer-type traps with an inside jaw spread 
that does not exceed 7 ½ “ to be set on or above the 
ground as long as used with an approved exclusion 
device.  Exclusion devices will not be required on blind 
sets (not to exceed 5” jaw spread).  
 

RC 2 Mandatory Reporting-Statewide 
IFW will continue to require all licensed or otherwise 
authorized trappers that incidentally catch a lynx, to 
report the incidental capture to IFW before releasing the 
lynx unless an IFW official cannot be reached in time to 
prevent injury to the lynx. Any lynx released under this 
provision must be reported to IFW within 24 hours. 
 

RC 3 Restrict the Use of Visible Bait-Statewide 
IFW will continue to prohibit the use of exposed bait or 
attractors during the early coyote, fox, and muskrat 
seasons.  During the regular trapping season, bait that is 
visible from above must not be set within 50 yards of a 
foothold or killer-type trap.  These measures make traps 
less attractive to lynx. 
 

RC 4 Restrict the type and configuration of 
foothold traps set on land. 

In the lynx zones, IFW will require trap chains to be 
mounted within the central portion of the base of the trap 
with at least 3 swiveling points on trap chains and 
require traps to be staked with a catch circle clear of 
woody vegetation or other obstructions. IFW will 
continue to prohibit the use of foothold traps with teeth 
when set on land statewide. 
 

Measures that minimize injury and mortality 
 

Incidental Capture Response -- Commitments 
 

IM 1 Trapped Lynx Hotline 
IFW will continue to maintain and publicize a telephone 
number that licensed or otherwise authorized trappers 
can call, anytime during the trapping season, to report a 
lynx that has been incidentally trapped. IFW wildlife 
biologists will monitor the hotline 24 hours-7 days a 
week during the fur trapping season. ADC trappers that 
catch a lynx outside the fur trapping season will be 
instructed to contact an IFW Warden or Biologists 
through the 24/7 State Police call center. 

 

IM 2 Responding to Lynx Incidental Captures-
Statewide 

IFW will continue to have wildlife biologists respond to 
lynx incidental captures (anywhere in the state) to 
release lynx, to assess the animal for injuries, and to 
transport the animal if veterinary care is warranted.  
Except in an extreme circumstance, as explained on 
page 92. 
 

IM 3 Use Standard Operating Procedures 
IFW will continue to implement standard operating 
procedures for responding to lynx captures (see 
Appendix 8) and will update these procedures with a 
veterinarian, every 3 years or as necessary. NEW - IFW 
will also develop and implement a field based injury  
scoring system for evaluating  incidentally captured lynx 
within 1 year of permit issuance and update every 3 
years or as necessary.  
 

IM 4 Maintain List of Cooperating Veterinarians 
IFW will continue to maintain a list of cooperating 
veterinarians who are willing to care for lynx injured by 
incidental trapping.  This list will be updated by IFW 
biologists prior to the start of each trapping season. 
 

IM 5 Rehabilitate Injured Lynx 
IFW will transport lynx injured from incidental trapping 
(when warranted) to the nearest cooperating 
veterinarian, cover the costs of rehabilitating the animal, 
and if possible, release the animal back into the wild. As 
a component of effectiveness monitoring, IFW will equip 
rehabilitated lynx with radio-collars to determine whether 
the treated injury contributed to the mortality of the 
animal post-release. 
 

IM 6 Injury Evaluation Training for Staff NEW 
Every 3 years, IFW biologists will be trained by a 
veterinarian on how to evaluate injuries of incidentally 
captured lynx. Any new biologists will not respond to lynx 
captures until they have received such training unless 
they accompany trained biologists. 
 

IM 7 Veterinary Oversight NEW 
IFW will have a veterinarian accompany staff on at least 
3 lynx incidental captures within each 3-year period of 
the permit for a minimum of 15 evaluations to ensure 
affective injury evaluations. 
 

IM 8 Response to orphaned kittens NEW 
If an adult female lynx with kittens is killed or held for 
treatment of capture related injuries, IFW may capture 
and radiocollar or hold kittens in captivity until the female 
can be released or until the kitten reaches dispersal age 
(i.e., 1 year old) as described in Section 5.2.1. 
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Table 5.2.2. Summary of the Maine Department of Inland Fisheries and Wildlife’s commitments 
for minimizing the incidental take of Canada lynx under its furbearer trapping, ADC, and PM 
programs through the 15-year period of its Incidental Take Permit. 

 
Measures to educate trapper to avoid or 
minimize incidental captures 
 

Outreach and Education -- Commitments 
 
O&E 1   Reinforce Compliance 
IFW biologists and wardens will continue to promote 
compliance with trapping regulations when lynx are 
incidentally captured, at annual Maine Trappers 
Association meetings, in annual trapper mailings, at fur 
rendezvous events, and during casual interactions with 
licensed or otherwise authorized trappers.   
 
O&E 2   Publish a Regulation Booklet 
IFW will continue with annual publication of the summary 
law book that describes all current laws that govern 
hunting and trapping including a lynx regulation page. 
 
O&E 3   Trapper Information Booklet 
IFW will annually distribute the lynx avoidance measures 
in the Trapper Information Booklet to all licensed and 
otherwise authorized trappers. These materials will be 
updated as needed and would also be available on the 
website.  
 
O&E 4   “How to avoid the incidental take of lynx”    

Booklet 
IFW will update and distribute this booklet to all licensed 
and otherwise authorized trappers within1 year after the 
permit is issued, every 5 years thereafter, and any time 
new regulations or information may affect the methods 
the trappers use to avoid incidentally trapping lynx.  IFW 
will maintain a copy on the website. 
 
O&E 5   Maintain Website Information 
IFW will maintain a webpage that contains information 
on lynx biology, avoiding lynx incidental captures, and 
trapping regulations. The webpage will be updated as 
needed by IFW Information and Education staff in 
consultation with wildlife biologists. 
 
O&E 6   Trapper Education Course 
IFW will provide the materials and oversight needed to 
keep students in IFW’s trapping education course up-to-
date on techniques and regulations that minimize the 
incidental trapping of lynx. IFW’s wildlife biologists and 
Safety Officers will annually review regulations, laws, 
research results, and to determine if additional 
information needs to be presented to students.   
 
O&E 7   Trapper Video NEW 
IFW will produce and distribute two videos, the first one 
is to all licensed or otherwise authorized trappers that  

 
demonstrates techniques for reducing incidental lynx 
captures and injuries within 2 years after a permit is 
issued.  This video will be produced by IFW Information 
and Education staff in consultation with wildlife biologists 
and will be used in trapper educational courses (by 
students and instructors). ADC and PM trappers will be 
required to review this video during their 
certification/recertification training. Upon completion, this 
video will remain on IFW’s website.   The second video 
will demonstrate how to build an exclusion device and 
will also be distributed to all trappers, included in the 
trapper education program, and posted on our website. 
 
O&E 8   Continued Education for Instructors  
IFW will ensure instructors are informed of current 
measures to minimize lynx captures through annual staff 
meeting with IFW’s Regional Safety Coordinators, 
biannual instructors training sessions and periodic 
newsletters to instructors.   
 

Measures related to monitoring, reporting, 
or implementation.  
 

Plan Implementation -- Commitments  
 

PI 1 Extending lynx measures  
If lynx establish residence in new areas of the state, IFW 
will modify trapping regulations to ensure that trapping 
regulations offer the same level of protection for lynx in 
these new locations.    
 
PI 2 Investigate all lynx incidental captures 
IFW Warden Service will continue to investigate all lynx 
incidental captures in traps.  
 
PI 3 Cooperate with USFWS on Investigations 
IFW biologists or wardens will continue to inform 
USFWS special agents of any lynx incidental captures or 
other takings when they occur.  
 
PI 4 Conduct compliance monitoring NEW 
Each year, IFW Wardens will check 20 percent of active 
trappers setting killer-type traps on land in the lynx 
WMDs as part of their routine activies and record the 
number of traps set in compliance with lynx minimization 
measures.  IFW biologists will analyze the data to inform 
IFW’s changed circumstances plan.  
 
PI 5 Consult with trappers  
Wildlife biologists and game wardens will continue to 
consult with trappers on ways to minimize lynx injuries 
and avoid trapping lynx at annual MTA meetings, fur 
rendezvous events, and during casual interactions.  
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5.2.1 Minimization Measures Commitments, Implementation, Monitoring, and 
Reporting   

 
The USFWS’s addendum to the HCP handbook (FR 65(106):35242-35257; the “5-point 
policy) focuses on the expanded use and integration of monitoring as an integral part of 
habitat conservation plans.  Biological goals and objectives provide a framework for 
developing a monitoring program that measures progress toward meeting those goals 
and objectives.  Monitoring is also integral to detecting changed circumstances and 
guiding management.  Monitoring programs assess the implementation and 
effectiveness of the ITP by determining the level of incidental take after minimization 
measures are in place.  This monitoring strategy has been designed to ensure the 
biological goals (Section 5.1) are being achieved by: 1) minimizing the number of 
Canada lynx incidentally trapped in Maine; 2) minimizing the injury severity and 
mortalities to captured Canada lynx, and 3) providing effective mitigation for any 
trapping related mortalities (Section 5.1) are being met.   
 
The monitoring strategy incorporates both implementation and effectiveness monitoring.  
Implementation monitoring ensures implementation of IFW’s conservation commitments 
throughout the ITP term by tracking, reporting, and evaluating whether the covered 
activities are being performed in compliance with the HCP requirements (Sections 5.2; 
5.3).  Implementation will be documented through checklists maintained in a database 
for compilation into annual updates and 5-year monitoring reports to the USFWS.  The 
objectives of this database are to 1) determine whether all commitments are being 
appropriately implemented, 2) identify areas for potential improvement, and 3) verify 
that any required communications with or approval from the USFWS were executed. 
 
IFW will also monitor the effectiveness of minimization measures to reduce incidental 
trapping of lynx and injury or mortality to lynx if caught in traps.  Effectiveness 
monitoring will include investigating, documenting, and evaluating the circumstance 
and severity of injury (injury assessment or mortality) of each incidental lynx capture 
whether a lynx is caught in a legal or illegal set.  These data will help the USFWS and 
IFW assess whether our minimizations efforts are effective.  If circumstances have 
changed, these data can be used to identify any relationship between the circumstance 
(e.g., trap type, set type, weather, disturbance, trapper effort, etc.) and the incidental 
trapping of a lynx to identify an appropriate management response if it becomes 
necessary (Section 5.4). 
 
Regulatory Measures 
 
Rationale:  As a state wildlife agency, IFW makes its most significant contribution 
towards Canada lynx conservation through its regulatory authority, management 
procedures, and public outreach efforts.  Regulations (rules) and laws (statutes) are the 
most common tools used by state wildlife agencies to communicate with the public and 
modify an individual’s behavior when they are trapping, hunting, or using public or 
private lands.  IFW can use rulemaking to reduce injuries (e.g., requiring 1 swivel on 
trap chains) and the number of lynx being incidentally caught by trappers (e.g., 
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restricting use of visible bait, leaning pole set for killer-type traps), and to assist in the 
monitoring of the number of lynx that are incidentally caught in traps (e.g., mandatory 
reporting).  Regulations are widely distributed in print form and on the internet and can 
be packaged for target audiences.  IFW enforces laws and regulations through the 
Maine Warden Service.   
 
IFW’s lynx management efforts include a proven record of using proactive management 
to decrease the number of lynx being incidentally caught in killer-type traps.  Killer-type 
traps are the only furbearer trap type that has killed lynx in Maine.  To address the 
mortality risk from these traps, IFW worked with the USFWS and AFWA to develop and 
improve leaning-pole sets. 
 
This Plan incorporates several minimization measures aimed at avoiding capture of 
lynx. These largely rely on regulatory changes that were made since 2008, clarification 
made to trappers, and measures implemented for this Plan. 
 
RC 1 Restrict Placement of Killer-type Traps Set on Land in All WMDs That Have 
Resident Lynx 
 
Rationale:  Both leaning pole sets and lynx exclusion devices (Figure 5.2.1) are 
effective at minimizing lynx captures in killer-type traps set for marten and fisher.  IFW 
has been implementing the leaning pole measure since 2007 and it was also 
incorporated into the Consent Decree for WMDs 1-6 and 8-11.  Since a rule clarification 
in 2008, trappers have used leaning-pole sets in WMDs 1-6 and 8-11 for over 750,000 
trap nights without catching a lynx in a legal set.  However, during that time period the 
Warden Service recorded 1 lynx capture in a killer-type trap set illegally.  During the 
2014-15 trapping season that followed the original Plan, two lynx were killed in killer-
type traps that were lawfully set on leaning poles.  This change resulted in a minor 
amendment to this Plan in September 2015 that eliminates leaning pole sets without 
exclusion devices in lynx WMDs.    
 
IFW had previously allowed killer-type traps (<7 ½ inch inside jaw spread) to be set on 
the ground when the trap is set in an exclusion device in WMDs where lynx are found 
and that are not covered by the Consent Decree (currently WMDs 7, 14, 18, and 19) or 
set on the ground as blind sets (< 5 inch inside jaw spread) for mink without an 
exclusion device (statewide). To date, lynx have not been incidentally captured in blind 
sets for mink or killer-type traps set on the ground for marten and fisher with a lynx 
exclusion device.  However, if this changes or new information becomes available, 
IFW’s changed circumstance section of the Plan will address this (Section 5.4). 
 
Commitment:    Under this plan, IFW will prohibit the setting of killer-type traps when 
they are set on or above ground in the lynx zone, unless they are are set with an 
exclusion device or as described in Rule 09-137 Chapter 4.01 K page 29.   
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Figure 5.2.1 An example of a lynx exclusion device for killer-type traps.  Note the 
opening for a fisher or marten to enter the trap is located on the end 
panel near the bottom of the photograph.  The killer-type trap 
(shown) is set near the opposite end of the exclusion device, and the 
bait would be placed behind the trap in the exclusion device.  
Specifications for a lynx exclusion device are described in Maine's 
trapping rules (as described in Appendix 2). 
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Implementation:  IFW will require that killer-type traps to be set on or above the ground 
in WMDs 1-11, 14, 18, 19 be used in conjunction with an approved lynx exclusion 
device that covers the trap. 
 
Compliance monitoring:  Killer-type traps are currently restricted, so compliance has 
already been met.  However, IFW will notify the USFWS when regulations go into effect 
that extend the use of killer-type traps set on or above the ground, with the use of an 
approved lynx exclusion device that covers the trap, in WMDs 1-11, 14, 18 and 19.This 
would not change the current regulation that allows killer-type traps with an inside jaw-
spread less than or equal to 5 inches to be set on the ground. These are often used for 
trapping mink and other aquatic species. 
 
Effectiveness monitoring:  IFW will track and report annually on the number of lynx 
caught in killer-type traps.  IFW will immediately notify the USFWS if changed 
circumstance #2 and 3 are triggered (Section 5.4). 
 
Reporting:  In addition to reporting described in monitoring section, IFW will inform the 
USFWS of any rule changes annually. 
 
RC 2 Mandatory Reporting 
 
Rationale:  In 2008, IFW made it mandatory for trappers to report lynx caught in traps 
before releasing the lynx (Table 5.2.1).  This rule-change increased the likelihood that 
all lynx caught in traps would promptly be reported to IFW, permitting IFW staff the 
opportunity to assess and treat any injuries prior to releasing the lynx from the trap and 
investigate compliance with trapping regulations.  Additionally, mandatory reporting 
ensures the level of incidental take that occurs during IFW’s trapping programs is 
documented (i.e., take does not exceed 195 lynx in 15 years). 
 
Commitment:  IFW will continue to require any lynx caught incidentally, dead or alive, 
during any trapping season to be reported to an IFW official as soon as possible and 
prior to releasing the lynx from the trap, unless an IFW official cannot be reached in time 
to prevent injury to the lynx.  Any lynx released under this provision must be reported to 
IFW within 24 hours of the time it was discovered.   
 
Implementation:  N/A  
 
Compliance monitoring:  Mandatory reporting is currently required, so compliance has 
already been met. 
 
Effectiveness monitoring:  IFW will track the number of reported lynx incidental captures 
in a database and annually review this information to evaluate compliance with reporting 
requirements.  
 
Reporting:  Data on reporting rate will be compiled by IFW biological staff and reported 
to the USFWS in an annual report. 
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RC 3 Restrict the Use of Visible Bait 
 
Rationale:  In 2007, IFW restricted the use of bait to reduce the incidental take of lynx 
and other non-target species.  During the early coyote and fox (2 weeks before the start 
of the general trapping season), and muskrat seasons (1 week before the start of the 
general trapping season) it is illegal to use any exposed bait or visible attractor (Rule 
09-137 Chapter 4.01 G 1a, 2A-d, 2B-b). During the regular trapping season, foothold 
traps and killer-type traps may not be set within 50 yards of bait that is visible from 
above.  Bait may be used for trapping if it is completely covered in such a way to 
withstand wind action or other natural elements. Bait is defined as animal matter, skin, 
bones, feathers, hair or any solid substance that used to be part of an animal or fish.  
Bait does not include animal droppings or urine, or an animal held in a trap (Rule 09-
137 Chapter 4.01 K). These measures were put in place to make traps less attractive to 
lynx and other non-targets.  In addition to lynx, during the early coyote and fox season, 
bobcats, fisher, and marten must also be released from traps.  
 
Commitment:  IFW will continue to restrict the use of visible bait (e.g., meat, bones, 
feathers, hair) that may attract a lynx to a set. 
 
Implementation:  N/A  
 
Compliance monitoring:  Visible bait is currently prohibited, so compliance has already 
been met. 
 
Effectiveness monitoring:  IFW will document whether visible bait was used at each lynx 
incidental capture to ensure compliance with this regulation.  Any use of visible bait by 
trappers will be tracked in a database.  Additional information may come from IFW’s 
evaluation of data collected through IFW’s Warden Service check commitment in lynx 
WMDs (see minimization measure PI4).  
 
Reporting: IFW biological staff will compile data on use of visible bait, if any, and 
provide in an annual report to the USFWS.   
 
RC 4 Restrict Foothold Traps Types and Configurations When Set on Land 
 
Rationale:  IFW, in an agreement with plaintiffs in the Consent Decree, restricted the 
size of foothold traps in WMD 1-6 and 8-11 (areas where lynx had been caught by 
trappers) to traps with an inside jaw spread < 5 3/8 inches and required at least one 
swivel on trap chains.  Prior to the consent decree, coyote trappers would have used 
traps with an inside jaw spread < 6 ¾ inches.  IFW’s data shows that trap size has not 
affected the rate of lynx captures, injury, or injury severity.  The number of lynx 
incidentally captured in foothold traps did not decrease after the size restriction was put 
in place and the type and severity of injuries did not change.  Therefore, restricting 
foothold trap size is not expected to minimize the number of lynx captured or the 
severity of injury during the permit period. 
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Commitment:  On land in lynx WMDs, IFW will require trap chains to be mounted within 
the central portion of the base of the trap and have at least three swiveling points:one at 
the base of the trap, one midway in the chain, and one at the anchoring point (except as 
described in Appendix 2). Traps will be required to be staked with a catch circle clear of 
woody vegetation or other obstructions (Appendix 2). IFW will prohibit the upland use of 
foothold traps with teeth statewide.  
 
Implementation:  Within 1 year after the permit is issued, through the rule making 
process, IFW will clarify the language in rule to prohibit the use of foothold traps with 
teeth statewide when set on land9 and will implement new regulations to rescind the 
restriction of foothold traps with an inside jaw spread of greater than 5 3/8” in lynx 
WMDs.  
 
Compliance monitoring:  IFW will notify the USFWS when regulations go into effect that 
prohibit the use of foothold traps as described in the commitment, and the restriction of 
foothold traps with an inside jaw spread of 5 3/8” in lynx WMDs is rescinded.  At least 
one swivel is currently required on foothold traps set in lynx WMDs.   
 
Effectiveness monitoring:  IFW will immediately notify the USFWS if changed 
circumstance #2 (i.e., injury rate increases) is triggered. 
 
Reporting:  IFW will notify the USFWS in annual reports of when regulatory changes 
occurred. 
 
Measures that minimize injury and mortality - Incidental Capture Response 
Commitments 
 
Rationale and Background:  The ESA protects endangered and threatened species, 
including individual animals, populations, and the ecosystems on which they depend.  
While IFW may not be able to prevent lynx from being caught in foothold traps, IFW can 
evaluate and treat most injuries a lynx might receive after being held in a foothold trap.  
Such actions contribute towards "minimizing the impact10" of IFW's trapping program 
and address IFW's Biological Goal for this Plan.   
 
Since 1999, IFW has publicized a telephone number that trappers can call 24-hours a 
day, 7 days a week, during the trapping season, to report lynx that have been 
incidentally trapped.  Wildlife biologists monitor the hotline; coordinate their response 
with regional biologists, Wardens, and USFWS special agents; travel to the trapping site 
to sedate the animal; examine it for injuries; treat minor wounds; collect biological 
information; and release the animal back into the wild.  If the animal has an injury that 
cannot be treated in the field, biologists will transport the lynx to the nearest cooperating 

                                            
9 Since this application was submitted, IFW established a rule prohibiting use of any trap with teeth on the 
jaws unless when set, placed and tended, the trap is completely covered with water. 
 
10 The USFWS' handbook on Habitat Conservation Planning and Incidental Take Permit Processing 
(1996) lists "minimizing the impact" as one of the five forms of mitigation action.  
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veterinarian, and, if necessary, arrange for further treatment or rehabilitation.  IFW 
maintains a list of cooperating veterinarians who are willing to care for lynx injured by 
incidental trapping.  IFW has a goal of examining 90% of the lynx that are incidentally 
trapped.  To date, IFW wildlife biologists and trappers have successfully released 63 out 
of 70 lynx (90%) that were incidentally caught by trappers.  IFW biologists have 
examined 39 of 70 (56%) lynx caught in traps.  Three lynx were taken to a veterinarian 
because of incidental trapping injuries.  All were successfully rehabilitated and released 
into the wild.  Since mandatory reporting of lynx captures has been in place, IFW 
biologists have examined 24 of 28 lynx (86%) caught by trappers.   
 
IFW is committed to continuing its response to lynx that are incidentally trapped.  
Implementation of IFW’s response to lynx incidental captures includes the following 
components.  
 
IM 1 Trapped Lynx Hotline 
 
Rationale:  The overall objective of IFW providing a hotline for reporting lynx captures is 
to insure a quick response to lynx incidental captures by IFW staff and minimize any 
injuries that may occur to lynx as the result of incidental trapping or other accidents.  
Given the remote nature of areas where lynx occur, it may not always be possible for 
trappers to contact IFW staff in a timely manner.  Although we may strive for 100%, 
IFW’s goal is for at least 90% of the trappers to call prior to releasing a lynx.  
Regardless, IFW Game Wardens will investigate all incidental captures to determine if 
traps were set in compliance with trapping regulations designed to reduce lynx takes. 
 
Commitment:  IFW will continue to maintain and publicize a telephone number that all 
licensed or otherwise authorized trappers or the general public can call anytime during 
the trapping season to report a lynx that has been incidentally captured in a trap.  IFW 
wildlife biologists will monitor this number 24-hours a day, 7-days a week, during the fur 
trapping season.  In the event that an ADC trapper captures a lynx outside the fur 
trapping season, ADC trappers are instructed to contact an IFW warden or biologist 
through the 24-hour/7-day a week State Police Call Center for assistance with the 
release and care of trapped lynx.  
 
Implementation:  Each trapping season, several wildlife biologists will carry cell phones, 
linked through call forwarding, to ensure that anyone calling the lynx hotline can contact 
a biologist 7 days a week, 24-hours a day.  These biologists will be trained to collect the 
appropriate information from the caller, advise the caller, and initiate IFW’s response to 
the incident.   
 
Compliance monitoring:  IFW will track in a database the number of confirmed lynx 
reports, and whether the report was received prior to the animal’s release.  Data from 
each lynx capture will be entered into a database annually.  
 
Effectiveness monitoring:  IFW biologists will analyze the data to determine whether the 
goals were achieved. 
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Reporting:  IFW will summarize data in annual reports. 
 
IM 2 Responding to Lynx Incidental Captures 
 
Rationale and Background:  Since 1999, IFW’s game wardens and biologists have 
responded and/or assisted with the release of lynx caught in traps to: 1) document the 
number of incidental takes each year, 2) investigate compliance with trap laws, 3) 
identify and correct any problems with current trapping regulations (see Minimization 
Measures PI2 and PI3), and 4) assess, treat, and release lynx from traps or seek 
veterinarian care, when necessary. 
 
Although a goal of responding to 100% of lynx captures is desirable, given the remote 
nature of areas where lynx occur, it may not always be possible for IFW staff to respond 
in a timely fashion.  Although we may strive to respond to every lynx incidental trapping 
event, IFW’s goal is for IFW biological staff to go to at least 90% lynx captured in traps 
to evaluate, treat, and release lynx.  Game wardens will investigate all incidental 
captures to determine if traps were set in compliance with trapping regulations designed 
to reduce lynx takes.  
 
Commitment:  IFW will continue to have biologists respond to lynx incidental captures 
(anywhere in the state) to release or assist in the release of the animal, to assess the 
animal for injuries, treat injuries, and to transport the animal if veterinary care is 
warranted.  Exceptional circumstances that may prevent a wildlife biologists from 
releasing and examining a lynx include insufficient time to travel to the trapping site 
before nightfall, prior release of the lynx by a warden or trapper out of safety concerns 
for the animal (e.g., disturbance from a busy road), or inclement weather that would 
make traveling hazardous (Appendix 8).   
 
Implementation:  No further details are required (see commitment).  
 
Compliance monitoring:  IFW will track in a database the number of confirmed incidental 
lynx takes, whether the report was received prior to the animal’s release, who released 
the lynx, the animal’s fate (i.e., released with no or minor injuries, treated by veterinarian 
and released, treated by veterinarian but not able to release, died from injuries), 
whether the trap or trap set was legal, and the trap configuration (type of trap, set type, 
etc.).  Data from each lynx capture will be entered into a database annually.  
 
Effectiveness monitoring:  IFW will summarize the data tracked in the database to 
assess whether the goals of the Plan have been met (i.e., that the majority of lynx are 
released after incidental capture with no more than 9 lynx requiring veterinarian care for 
a severe injury, and no more than 3 lynx dying from trap related injuries during the 15-
year permit period). 
 
Reporting:  IFW will summarize data on lynx incidental captures in traps in annual 
reports and will include information on whether the goals were achieved or changed 
circumstance was triggered. 
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IM 3 Use Standard Operating Procedures and NEW- Develop Injury Score System  
 
Rationale and Background:  Since 2007, IFW has used standard operating procedures 
for responding to incidental lynx captures (Appendix 8).  For the purposes of this Plan, 
IFW assigned ISO injury scores as a point of reference for lynx examined by IFW 
biologists.  However, this score system relies upon the result of a pathologist necropsy 
to assign a score.  Having a practicable field based scoring systems that can be used 
by responders on live animals may improve injury assessment and treatment (i.e., 
minimize injury rates) for incidentally captured lynx.  In 2012, Dr. Stuart Sherburne, 
DVM11 provided guidance in updating capture response protocols, datasheets, and 
standardizing injury assessment (see SOAP-procedures Appendix 8).  
 
Commitment:  IFW will continue to implement standard operating procedures for 
responding to lynx captures (see Appendix 8) and will update these procedures in 
consultation with a veterinarian, every 3 years or as necessary.  Any changes to these 
protocols will be communicated to the USFWS in annual reports.   
 
Within 1 year of permit issuance, IFW, in consultation with a veterinarian, will develop 
an injury score system that is appropriate for live animals.  IFW will work with a licensed 
veterinarian to update the score system every 3 years or as necessary during the permit 
period.   
 
Implementation:  No further details are required (see commitment).  
 
Compliance monitoring:  Standard operating procedures for assessing and treating lynx 
injuries have already been developed (Appendix 8), so compliance has already been 
met. IFW will notify the USFWS when the procedures are updated (at least every 3 
years).  IFW will notify the USFWS when an injury scoring system for live animal has 
been developed for lynx caught in traps.  
 
Effectiveness monitoring:  None 
 
Reporting:  IFW will provide a copy of updated standard operating procedures and injury 
scoring system in annual reports.  
 
IM 4 Maintain List of Cooperating Veterinarians 
 
Rationale:  This measure insures that an injured lynx receives adequate care as soon 
as possible to facilitate its release back to the wild.  
 
Commitment:  IFW will continue to maintain a list of cooperating veterinarians who are 
willing to care for lynx injured by incidental trapping.  

                                            
11 Sherburne Veterinary Services, P. O. Box 711, Winterport, ME 04496.  Dr. Sherburne also provides 
veterinary oversight for the Department's chemical immobilization program, and was contracted to 
conduct the initial training session on injury evaluation for IFW staff. 
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Implementation:  This list will be updated annually prior to the start of the trapping 
season. 
 
Compliance monitoring:  A list of cooperating veterinarians has already been developed 
(Appendix 8) and is updated annually, so compliance has already been met. 
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will provide the list of cooperating veterinarians in annual reports. 
 
IM 5 Rehabilitate Injured Lynx 
 
Commitment:  IFW will transport lynx injured from incidental trapping (when warranted 
as described in Appendix 8) to the nearest cooperating veterinarian, cover the costs of 
rehabilitating the animal, and, if possible, release the animal back into the wild.  If a 
veterinarian determines that a lynx requires special medical attention or rehabilitation, 
the animal will be transported to a facility that can provide these services.  This may 
include transporting the lynx out-of-state (e.g., Tufts University).  As a component of 
effectiveness monitoring, IFW will equip rehabilitated lynx released back to the wild with 
radio collars to assess whether the treated injury contributes to the mortality of the 
animal post release.  
 
Implementation:  If after following established procedures a lynx requires veterinarian 
care, IFW wildlife biologists or contractors as “Agents of the Department” will transport 
the lynx to an appropriate facility, consult with veterinarians on treatment options, and 
establish a contract with the veterinarian and rehabilitation facility to cover the cost of 
the treatment and post treatment care.  Following rehabilitation, and if the lynx can be 
released back into a wild environment, IFW biologists will equip the lynx with a radio 
collar prior to releasing the animal.  If the lynx dies post release, IFW biologists and 
game wardens will immediately investigate and submit the carcass (if available) for 
necropsy by a wildlife pathologist.  Only mortalities where there is direct evidence that 
the animal died from a trap related injury will be considered a lethal take.  
 
If veterinarians advise IFW that the animal cannot be released back into the wild but 
could thrive in a captive environment, IFW will try to place the animal with an 
organization that would use it to either provide environmental education to the public or 
further lynx conservation.  IFW will notify the USFWS if the attending veterinarian 
determines that euthanasia is the most humane option for the animal.   
 
Compliance monitoring:  IFW will notify the USFWS of lynx requiring veterinarian care. 
 
Effectiveness monitoring:  IFW will track in a database and report annually on the 
number of lynx that require veterinarian care, the outcome of the treatment (i.e., 
released, held in captivity, euthanized), and post-release monitoring.  If the number of 
severe injuries increases and triggers changed circumstances, IFW will implement a 
contingency plan that is described in change circumstance #2 (see Section 5.4). 
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Reporting:  IFW will provide a summary of any lynx treated for capture related injuries in 
annual reports. 
 
IM 6 Injury Evaluation Training for Staff NEW 
 
Rationale and Background:  In the fall of 2012, IFW, with a local veterinarian, 
established a one-day training session on injury detection and evaluation to ensure that 
all wildlife biologists12 receive similar training on lynx injury assessment. The first class 
was held in 2012 and again in 2013.  All staff currently approved to respond to lynx 
captures attended this training. 
 
Commitment:    IFW wildlife biologists will be required to attend this course at least once 
every 3 years if their responsibilities include responding to incidentally trapped lynx.  
Any new biologists will not be permitted to respond to lynx captures until they have 
received such training, unless they accompany trained biologists.  
 
Implementation:  No further details are required (see commitment).  
 
Compliance monitoring:  Initial training on injury assessment of captured lynx was 
provided to IFW biological staff in 2012, therefore initial compliance has been met.  IFW 
will notify the USFWS of additional staff training, scheduled to occur every 3 years 
during the permit period.  IFW will develop a database to track training dates and a list 
of personnel receiving trainings. 
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will provide summary of trainings in annual reports (Table 5.4.3). 
 
IM 7 Veterinary Oversight NEW 
 
Rationale and Background:  In the fall of 2012, IFW established a contract with a local 
veterinarian to oversee animal care procedures provided by IFW.  The veterinarian 
accompanied IFW wildlife biologists on 3 incidental capture events and concurred with 
IFW’s  injury assessments, each of which were minor.   
 
Commitment:  IFW will have a veterinarian accompany staff on at least 3 lynx incidental 
captures within each 3 year period for a minimum of 15 evaluations of captured lynx 
during the permit period to ensure injury evaluations by IFW staff are assessed 
correctly.  
 
Implementation:  No further details are required (see commitment).  
 

                                            
12 As of 2012, only IFW wildlife biologists are trained to sedate animals. All lynx removed from traps are 
first chemically immobilized to allow biologists to thoroughly evaluate the animal for injuries. If in the future 
Wardens are allowed to sedate animals, they will receive the same training as wildlife biologists. 
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Compliance monitoring:  IFW will provide confirmation of a veterinarian visit in incidental 
lynx capture reports. 
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will provide summary of veterinarian oversight in annual reports.  
 
IM 8 Radiocollar Orphaned Lynx Kittens or Hold Kittens in Captivity Until Their 
Mother is Released from Rehabilitation Facility NEW 
 
Background:  Maine’s furbearer trapping season occurs at a time when female lynx may 
be accompanied by kittens.  If adult female lynx are captured incidentally in traps, most 
will be released from the traps with no or only minor injuries.  Data from IFW’s 12-year 
radio telemetry study shows that the adult females released from traps are not 
separated from their kittens.  However, there may be some instances when an adult 
female lynx with kittens is more severely injured (therefore taken by IFW for treatment at 
a rehabilitation center) or killed.  In these rare cases, although the kittens are orphaned 
they could survive on their own.   
 
IFW anticipates that the instances of orphaned kittens from trapping will be low and that 
orphaned kittens could survive.  When Maine’s trapping season occurs, lynx kittens are 
between 5 and 7 months old, weaned, and consuming meat.  Although no longer 
dependent on their mother for milk, the survival of kittens may be lower if she dies, 
since the family group normally remains intact until kittens disperse at 9 to 10 months of 
age (Parker et al. 1983, Koehler 1990).  Data on the survival of kittens that are 
orphaned after they are weaned is limited since direct observation of most wild felids is 
almost impossible (Fernandez et al. 2001).  Improvements in radiocollar technology has 
facilitated some study of lynx breeding behavior (see Fernandez et al. 2001, Olsen et al. 
2011), however data remains limited.  More knowledge may be gleaned from studies of 
other wild felids since kitten development is similar among felids (as cited by Fernandez 
et al. 2001).  For example, in a study of Iberian lynx, a 3 month old orphaned kitten lived 
for at least 11 months (Fernandez et al. 2001) suggesting that weaned lynx are capable 
of surviving to dispersal age without their mother.   
 
As part of this Plan, IFW will use any instances of kittens orphaned from trapping 
activities as an opportunity to gain new information on the fate of these animals and to 
inform development of future orphan kitten response options.  Since some kittens will 
die even if they remain with their mother until dispersal age (e.g., in Maine 22% of 
kittens still traveling with their mother did not survive (Vashon et al. 2012)), it may be 
difficult to assess whether the loss of the adult female led to the death of kittens.  
Additionally, the sample size of kittens orphaned from trapping activities will likely be so 
low that it will be difficult to compare survival rates between orphaned and unorphaned 
kittens to ultimately understand the impacts of trapping mortality on kittens.  However, 
information collected from orphaned kittens could be useful in adapting procedures for 
future responses.  For example, if all orphaned lynx kittens die, even if the number of 
orphaned kittens is low, then IFW could require, until new information becomes 
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available, that all orphaned kittens be held in captivity until they reach maturity.  
Conversely, if they all survive, IFW may not capture orphaned kittens in the future.  
These options will be assessed at the end of the permit period. 
 
Commitment:  If an adult female with kittens is killed in a trap or taken by IFW for 
treatment at a rehabilitation center, IFW will work to capture the kittens if they are still in 
vicinity of the capture site (unless as described below).  Captured kittens will either be 
equipped with radio collars to document their survival or held in captivity until the female 
can be released. In the event that rehabilitated females cannot be released back to the 
wild, kittens that are captured will be equipped with radio collars and released near the 
capture site. 
 
Specifically, IFW staff will: 
 
1. Examine the animal captured in the trap to identify sex and age; 
2. Examine adult females for evidence that she raised kittens this year; 
3. Interview individuals at the location and search the capture site for sign of kittens; 
4. If kittens were observed at the capture site, IFW will estimate how many kittens were 

present.  If the family group includes more than 1 kitten, it may be difficult to capture 
every kitten.  Reducing the size of the family group may further influence survival of 
uncaptured kittens.  Therefore, IFW staff will not attempt to capture kittens from 
family groups of 2 or more kittens, unless circumstances suggest capture of all 
kittens is likely (e.g., behavior of kittens and affinity to capture site); 

5. If capture of kittens is appropriate, cage traps will be set near the capture site;  
6. Any kitten that is captured will be examined as described in Appendix 8: 

a. If the adult lynx was killed in a trap, then kittens will be equipped with radiocollars 
and released at the capture site; 

b. If the adult lynx is at a rehabilitation facility, the kittens will be transported and 
held at the facility until the female can be released; 

c. If the adult female cannot be released, the kittens will be equipped with 
radiocollars and released near the capture site. 

 
Note:  If kittens are later observed near the capture site of an adult female that is killed 
or taken to a rehabilitator, IFW will not attempt to capture these kittens because they 
may not be related and separating kittens from healthy females could impact additional 
lynx. 
 
Implementation:  No further details are required (see commitment).  
 
Compliance Monitoring:  IFW will track in a database the number of orphaned kittens 
and their fate.   
 
Effectiveness Monitoring:  None.  
 
Reporting:  IFW will continue to immediately notify the USFWS of any incidental lynx 
captures (see minimization measure PI 3 in Section 5.2).  IFW will annually report to 
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USFWS any activities involving orphaned kittens including the number, response, and 
outcome (e.g., collared, held in captivity).  
 
 
Outreach and Education Commitments (O&E 1 - 8) 
 
Rationale and Background:  IFW has multi-pronged outreach and education approaches 
that address the informational needs of the general public and the concerns of trappers.  
IFW is committing to 8 outreach and education measures to minimize the effects of 
incidental lynx trapping on lynx (Table 5.2.2).  Of these 8 commitments, 1(O&E 7) 
contains new activities that IFW will undertake.  The other activities IFW has proactively 
undertaken to minimize the effects of incidental trapping on lynx (Table 5.2.1). 
 
Maine trappers are passionate about ensuring that their avocation (i.e., furbearer 
trapping) continues into the future, and are concerned about how the incidental trapping 
of lynx may affect state regulations and future trapping opportunities.  When IFW wildlife 
biologists work with trappers, they are committed to making the experience a positive 
one.  This is especially true when a trapper incidentally catches a lynx.  This positive 
experience spreads by word of mouth throughout the trapping community. 
 
When appropriate, IFW uses an informational approach for solving problems.  Problem 
solving through the use of information and education is effective in achieving 
compliance and promotes a sense of cooperation between the public and IFW.  Such 
an approach allows resource users a chance to help resolve the problem, lessens the 
chance that an adversarial response will develop between the resource user and the 
regulatory agency, does not overburden the regulatory or legal process with matters 
that could have been resolved in a less restrictive way, and maintains a greater degree 
of trust and respect between the resource user and the regulatory agency. 
 
Outreach and Education (O&E; Table 5.2.2) includes Trapper Relation Commitments 
(O&E 1), Publications and Website Commitments (O&E 2-7), and Trapper Education 
Course Commitments (O&E 8-10).  The objective of IFW’s outreach and education 
measures are to keep new and experienced trappers informed of current trapping 
regulations to insure compliance with IFW’s laws and reduce incidental trapping of lynx.  
IFW will provide the USFWS brief summaries of activities conducted under these 
minimization measures in its annual report.  In addition to keeping new and experienced 
trappers informed of current trapping regulations to reduce incidental trapping of lynx, 
IFW’s participation in trapper meetings and casual interactions with trappers are also 
expected to facilitate discussions on any alternative methods for reducing lynx captures 
or injuries.   
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Trapper Relation Commitments and Implementation (O&E 1) 
 
O&E 1 Reinforce Compliance 
 
Commitment:  IFW wildlife biologists and game wardens will continue to promote 
compliance with trapping regulations through interactions with trappers at annual Maine 
Trappers Association (MTA) meetings, at fur rendezvous events, and during casual 
interactions with trappers (i.e., responding to incidental lynx captures, investigating 
compliance with trapping laws).  
 
Implementation:  IFW is not proposing any changes to interactions with all licensed or 
otherwise authorized trappers.  No further details are required (see commitment).  
 
Compliance monitoring:  This is an ongoing activity where the furbearer biologist and 
wardens interact with all licensed or otherwise authorized trappers at meetings or when 
investigating compliance with trapping regulations, therefore compliance has already 
been met.  
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will notify the USFWS of meetings with the MTA and other significant 
interactions with licensed or otherwise authorized trappers in annual reports. 
 
Publications and Website Commitments and Implementation (O&E 2- O&E 5) 
 
O&E 2 Update the Annual Regulation Booklet 
 
Commitment:  Each year, IFW will update a summary booklet that describes the current 
laws and regulations that govern hunting and trapping in Maine.  This booklet includes a 
special lynx regulation page that describes all the current regulations to minimize and 
report lynx captures.  IFW’s Information and Education Division will annually produce 
the Regulation Booklet (i.e., State of Maine Hunting and Trapping Laws and Rules).  
Wildlife biologists will work with the Information and Education Division to annually 
review and update regulations that may affect the incidental take of lynx.  The regulation 
booklet will be distributed to the public via printed copies at IFW offices and on the 
internet.   
 
Implementation:  No further details are required (see commitment).  
 
Compliance monitoring:  This is an ongoing activity and IFW is not proposing any 
changes to publication of IFW’s annual regulation booklet.  Thus, compliance has been 
met.  IFW will notify the USFWS when updates are available. 
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will provide a web link to the regulation booklet in annual reports. 
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O&E 3 Update Annual Trapper Information Booklet 
 
Commitment:  IFW will annually update the Trapper Information Booklet (Appendix 4) 
and will include the section of the booklet (approximately 4 pages) that pertains to lynx 
avoidance in its annual trapper mailing (i.e. letter) to all licensed or otherwise authorized 
trappers.  For landowners that trap on their own land, IFW will gather contact 
information through IFW’s fur registration system and include these individuals in the 
annual mailing.  The booklet, in its entirety, will be available on IFW’s website, emailed 
through Gov-Delivery, or a printed copy will be mailed upon request. 
 
Implementation:  Wildlife biologists in the Research and Assessment Section will 
annually review and update, if necessary, information in the Annual Trapper Information 
Booklet on recognizing lynx, lynx sign, and how to avoid incidentally capturing a lynx.  
 
Compliance monitoring:  None. 
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will confirm that the mailing occurred and provide a copy of the section 
of the booklet mailed to all licensed or otherwise authorized trappers in annual reports. 
 
O&E 4 “How to Avoid the Incidental Take of Lynx” Brochure 
 
Background:  In 2003, the USFWS and state partners developed a general brochure 
describing recommendations to avoid or minimize the incidental take of lynx throughout 
lynx geographic range.  In 2005, IFW customized the brochure for Maine trappers and 
mailed a copy to all licensed fur trappers. 
 
Commitment:  Within 1 year after the permit is issued and every 5 years thereafter, or 
anytime when trapping regulations change that affect the methods trappers use to avoid 
incidentally trapping lynx , IFW will update, print, and distribute the brochure “How to 
avoid the incidental take of lynx”, to all license or otherwise authorized trappers. This 
brochure will include a description of the avoidance and minimization measures 
described in this Plan and will also be available on IFW’s website.  
 
Implementation:  No further details are required (see commitment).  
 
Compliance monitoring:  IFW will notify the USFWS when the brochure has been 
updated and will track the distribution of the booklet in a database.  
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will provide information on any updates and the distribution of 
brochures to licensed trappers in annual reports.  
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O&E 5 Maintain Website Information 
 
Commitment:  IFW will maintain and update one or more webpages on IFW’s website 
that presents information on lynx biology, avoiding lynx incidental captures, and current 
trapping regulations during the 15-year permit period. 
 
Implementation:  The website will be updated as necessary by IFW Information and 
Education staff in consultation with IFW wildlife biologists.  
 
Compliance monitoring:  This is an ongoing activity and is updated annually as needed; 
thus, compliance has been met.  IFW will notify the USFWS when updates have been 
made. 
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will provide a web link to IFW’s lynx page in annual reports. 
 
Trapper Education Commitments and Implementation (O&E 6-8) 
 
Rationale and Background:  Since 1978, a person who applies for a state license to 
trap, (with other than a junior trapping license), must submit proof of having successfully 
completed a trapper education course or satisfactory evidence of having previously held 
an adult license to trap in Maine or any other state.  When proof or evidence cannot be 
provided, the applicant must complete the required trapper education course before 
receiving a Maine trapping license.  
 
IFW’s trapping education course is targeted at individuals that have little trapping 
experience, but who are interested in trapping furbearers in Maine.  IFW’s trapper 
education course provides students a structured approach for learning about trapping 
methods, safety while trapping, furbearer management, regulations governing trapping, 
and furbearer utilization (Appendix 3).  Instructors and students use a standardized 
instruction manual to insure that all students are exposed to the same material.  This 
manual is periodically updated to reflect new methods (e.g., Best Management 
Practices [AFWA 2006a]) and laws.  Periodic updates to this manual provide IFW the 
opportunity to modify or enhance sections on incidental take and selective trapping, 
including providing information on how to avoid the incidental take of lynx.  Currently, 
written materials are given to trappers on how to avoid incidental lynx captures.  This 
includes the booklet, “How to Avoid Incidental Take of Lynx, while Trapping or Hunting 
Bobcats and other Furbearers”, and flyers on how to handle lynx incidental catches 
(Appendix 3).   
 
The objectives of IFW’s trapper education commitments are to ensure that new trappers 
are informed of lynx avoidance and minimization measures by updating trapper 
education course material and providing training to trapper instructors.  
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O&E 6 Trapper Education Course 
 
Rationale and Background: Existing trappers are very familiar with lynx avoidance 
measures in Maine based on years of outreach activities (see Table 5.2.1).  In addition, 
other I&E measures in this plan will target all trappers on annual basis. This measure is 
intended to get new trappers up to speed on lynx avoidance measures.  Therefore this 
measure will apply to new trappers, which is a small subset of trappers covered by this 
permit.   
 
Commitment:  IFW will continue to require trappers that have not previously attended a 
trapper education course or held a trapping license to attend a trapper education course 
before being licensed to trap in Maine.  IFW will provide the materials and oversight 
needed to keep instructors in IFW’s mandatory trapping education course up-to-date on 
techniques and regulations that minimize or avoid incidental trapping of lynx throughout 
the permit period as described in O&E8.  Maine's trapper training course will continue to 
be developed in consultation with professional wildlife biologists and use the national 
standards developed for trapper training programs by AFWA.  All trapping instructors 
will continue to teach from the same manual.   
 
Implementation:  IFW will update trapper education manual within 1 year after the 
permit is issued and as necessary thereafter to reflect current regulations and 
minimization measures for avoiding the incidental trapping of lynx.   
 
Compliance monitoring:  Within 1 year after the permit is issued and anytime thereafter, 
IFW will notify the USFWS on updates to trapper education course material in annual 
reports.  
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will provide a copy of trapper education course material that addresses 
lynx avoidance and minimization measures in the initial annual report to the USFWS.  
Any updates to course material will be included in annual reports when they occur. 
 
O&E 7 Trapper Video NEW 
 
Rationale and Background:  IFW currently provides information on lynx avoidance and 
minimization measures, including how to identify a lynx, procedures for reporting a lynx 
that is incidentally trapped, what to expect when biologists and wardens respond to an 
incidental catch, and methods for releasing a live lynx from a trap if a biologist or 
warden cannot respond in various printed forms (e.g., annual regulation books, trapper 
information booklet, IFW’s website).  
 
Commitment:  In addition to printed materials, IFW will produce and distribute two  
videos, the first one is to all licensed or otherwise authorized trappers that demonstrates 
techniques for reducing incidental lynx captures and injuries within 2 years after a 
permit is issued.  IFW will consult with the USFWS on the content of the video in 
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advance of filming and producing. This video will be used in trapper educational courses 
(by students and instructors). ADC and PM trappers will be required to review this video 
during their certification/recertification training. Upon completion, this video will remain 
on IFW’s website.  The second video will demonstrate how to build an exclusion device 
and will also be distributed to all trappers, included in the trapper education program, 
and posted on our website. 
 
Implementation:  These videos will be produced by IFW Information and Education staff 
in consultation with wildlife biologists experienced in responding to lynx incidental 
captures.  Within 2 years of issuances, IFW will distribute videos to all licensed or 
otherwise authorized trappers, trapper education instructors, and the MTA.  Thereafter, 
it will be available to trappers attending trapper education courses, on IFW’s website, or 
upon request.   
 
Compliance monitoring:  IFW will inform the USFWS of the availability and distribution 
of the DVD to all licensed trappers. 
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will provide the USFWS with a copy of the trapper DVD in IFW’s 2nd 
annual report. 
 
O&E 8 Continued Education for Instructors 
 
Rationale and Background:  IFW relies on volunteer instructors to teach hunter and 
trapper education safety courses.  This program is overseen by IFW’s Hunting and 
Trapping Education Administrator working with a staff of regional safety coordinators.  
IFW’s Regional Safety Coordinators attend staff meetings twice a year.   To become a 
volunteer instructor, applicants must have completed a trapper education course within 
the last 5 years and an instructor training session given by a Regional Safety 
Coordinators.  Every year, instructor training updates are held throughout the State. 
Volunteer instructors are required to participate at least every other year. In addition, 
instructors receive periodic newsletters and targeted mailings as needed on specific 
topics related to hunter and trapper education.  
 
Commitment:  IFW will ensure instructors are informed of current regulations and 
recommendations to minimize lynx captures at IFW’s Regional Safety Coordinators staff 
meetings held before the start of the trapping season each year, volunteer instructors 
training sessions held every other year, and periodic newsletters to instructors. Wildlife 
biologists will attend the first staff meeting of IFW’s Regional Safety Coordinators 
following issuance of the permit to review and discuss regulatory changes in Maine's 
trapping laws, protocols for reporting incidental captures, and techniques for releasing 
trapped lynx.  Any updates to lynx avoidance and minimization measures will be 
distributed to volunteer instructors through periodic newsletters or targeted mailings and 
at biannual trainings. These updates would also be incorporated into the new instructor 
training program. 
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Implementation:  No further details are required (see commitment).  
 
Compliance monitoring:  Every other year, all trapper education instructors participate in 
an instructor  training update session on changes to IFW’s trapping regulations that 
includes information on lynx avoidance and minimization measures.   
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will report trainings and communications with trapper education 
instructors in annual reports. 
 
Plan Implementation Commitments 
 
PI 1 Extend Lynx Avoidance and Minimization Measures to New Areas Occupied 
by Lynx 
 
Rationale and Background:  IFW is requesting incidental take coverage for any lynx 
incidentally captured through legally set traps in the state.  However, avoidance and 
minimization measures primarily apply to WMDs that are currently known to have 
consistent presence of lynx since that is where incidental capture may occur.  Through 
this Plan, however, IFW will extend avoidance and minimization measures to new 
WMDs when information suggests there is consistent presence of lynx as described in 
Appendix 5. For example, in December of 2010, IFW’s Advisory Council extended trap 
restrictions currently in place in WMDs 1-6 and 8-11, to WMDs 14, 18, and 19 in 
response to IFW’s observations of lynx tracks during 2 or more consecutive winters in 
WMDs 14 and 19, and the incidental catch of a lynx in WMD 18.   
 
Commitment:  IFW will document credible lynx observations to determine changes in 
the lynx range in Maine including evidence that lynx have become established in a new 
WMD (e.g., repeated observations, presence of kittens, etc.).  To ensure that trapping 
regulations will offer the same level of protection for lynx in these new areas, IFW will 
adjust trapping regulations by WMD when verified observations are sufficient to indicate 
a consistent presence.   
 
Implementation: No further details are required (see commitment).  
  
Compliance monitoring:  IFW biological staff will document confirmed tracks, sightings, 
and takes (including road mortality) as described by the survey commitments in 
Appendix 5.  This information will be used to extend/rescind lynx avoidance and 
minimization measures by adjust trapping regulations in these areas.  IFW will notify 
USFWS of any trapping regulatory changes during the permit period. 
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will include in annual reports any new information on areas used by 
lynx and when regulatory changes to avoid or minimize lynx captures were put in effect. 
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PI 2 Investigate All Lynx Incidental Captures 
 
Rationale and Background:  Trapping seasons for lynx have been closed since 1967.  
However, sometimes lynx are incidentally captured in traps set for other legal 
furbearers.  IFW Wardens investigate all incidental captures of lynx to document take, 
whether traps where set in compliance with Maine laws, and identify outreach and 
education or regulatory changes that may minimize future lynx incidental captures. 
 
Commitment:  IFW Warden Service will continue to investigate all lynx incidental 
captures throughout the 15-year permit period to document take levels and compliance 
with trapping regulations.  
 
Implementation:  No further details are required (see commitment).  
 
Compliance monitoring:  At each incidental capture of lynx, Maine Wardens and/or 
USFWS special agents will investigate compliance with Maine’s trapping regulations 
and the circumstances related to the take of a listed species.  IFW will track compliance 
with trapping regulations at lynx incidental captures in a database.   
 
Effectiveness monitoring:  If compliance decreases, IFW will implement contingency 
plan described in Changed Circumstance # 1-3 and #5 (Section 5.4).   
 
Reporting:  Data will be compiled annually by IFW biological staff and reported to the 
USFWS in an annual report. 
 
PI 3 Cooperate with USFWS on Investigations 
 
Background:  Since lynx were listed as Threatened by the USFWS in 2000, IFW has 
notified USFWS Special Agents of lynx incidental captures or other takings when they 
have occurred. 
 
Commitment:  IFW will continue to inform USFWS Special Agents of lynx incidental 
captures.   
 
Implementation:  IFW’s wildlife biologists monitoring the “lynx hotline” will notify USFWS 
Special Agents immediately after the Warden Service and other IFW biologists, who 
may respond to the incidental capture, receive the initial report.  This immediate 
notification provides USFWS special agents the opportunity to participate in the 
investigation. 
 
Compliance monitoring:  IFW currently notifies USFWS law enforcement of lynx 
incidental captures before responding to captures; therefore, compliance has already 
been met.  IFW will immediately notify USFWS law enforcement of lynx captures 
throughout the 15-year permit period. 
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will report in annual reports. 
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PI 4 Conduct Targeted Compliance Monitoring NEW 
 
Rationale and Background:  IFW wardens currently enforce Maine’s trapping laws; 
although violations are recorded, the number of traps set in compliance with Maine’s 
laws are not recorded.  Therefore, IFW agreed to undertake compliance monitoring (RC 
6; Table 5.2.2) to address concerns expressed by the USFWS (personal 
communication, June 18, 2012 meeting between USFWS and IFW) regarding trapper 
compliance with regulations on the use of leaning pole sets for killer-type traps.  
However, killer-type traps on or above ground will not be allowed without an exclusion 
device beginning with the 2015-16 trapping season unless set as described in Appendix 
2.  Thus compliance monitoring to address the USFWS concern with leaning pole sets 
is no longer necessary. However, IFW has agreed to check compliance on the use of 
lynx exclusion devices as part of normal Warden Service activities.  Compliance 
monitoring is not directed to foothold traps because they are concealed sets that are 
completely buried with no visible bait that can’t be checked without disturbing them. 
 
The overall goal of compliance monitoring is to document and minimize take (i.e., <195 
takes, <9 lynx with severe injuries that require veterinarian care, <3 lynx mortalities, 
during the 15-year permit period).  The immediate objective for monitoring killer-type 
traps will be to determine regulatory compliance over the 15-year permit period and 
implement measures to increase compliance, if needed.  IFW’s goal is to demonstrate 
an increase in compliance through trapper interactions, education and outreach, and 
enforcement of trapping regulations during the 15-year permit period.  For the purpose 
of this commitment, a trapper will be considered to be in compliance if all of their traps 
are set in compliance with visible bait and exclusion device regulations for killer-type 
traps in lynx areas.  Any trap that is not in compliance will result in the trapper being 
provided a warning or summons depending on the type and severity of the violation 
according to rule or law.  This interaction between IFW and trappers is expected to 
increase compliance over the permit period. 
 
During the 2012 marten and fisher season, Maine Wardens checked 786 killer-type 
traps set for marten and fisher in lynx WMDs.  The majority (87%) of traps checked 
were set in compliance with Maine’s trapping regulations for leaning pole sets.  
Although the number of trappers checked was not recorded, Wardens checked 
compliance with killer type traps on at least 128 occasions.  
 
Commitment:  During their routine activities, IFW Warden Service will check 20% of 
active trappers setting killer-type traps for fisher and marten in the lynx range each 
trapping season during the permit period for compliance with current regulations on 
exclusion devices13. IFW expects the number of trappers setting killer type traps for 
fisher and marten to decline based on the expense and difficulty in using exclusion 
devices.  Therefore, IFW expects that number of trappers to be checked for compliance 
to be about one half of the number (40), that IFW anticipated checking on for 
compliance with the regulations governing leaning pole sets.   The fur tagging record 
                                            
13 Study Limitations: There is no way to sample specific trappers without their knowledge.  Maine trappers 
have no legal requirement to disclose the location of their traps or trap lines. Wardens often put more 
effort on checking past or suspected violators; therefore, the rate of non-compliance may be higher than 
from a random sample of trappers. 
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books used to record harvested fur will be modified prior to the 2015-16 trapping season 
to gather information from the trapper on whether or not the fur was taken by foot hold 
traps or killer type traps with exclusion devices.   This information will be used to 
calibrate whether or not IFW has met the target for compliance monitoring.   IFW 
biologists will analyze these data and use information from compliance monitoring to 
inform IFW’s contingency plans (Section 5.4).   
 
Implementation:  Any violation of existing regulations will be recorded (e.g., visible bait, 
trap size, animals caught out of season, incorrectly designed exclusion device, etc.).  
Data on the nature of the violation or specific problems that rendered the trap sets non-
compliant (i.e., bait not adequately covered, specifications for exclusion devices not met 
(e.g., size of opening, distance from opening to trap, placement of baffles) ) will be 
gathered to assist IFW in addressing specific problems.  In addition, wardens will collect 
data on incidental take of migratory birds.  All the data collected by the Wardens will be 
entered into a database and summarized by a wildlife biologist.  For traps in violation, 
IFW will determine whether any particular violation is more common than others and 
whether there is a trend in the frequency of certain violations.  This information will be 
used to target messaging to trappers and to examine the effectiveness of current 
regulations or regulatory language.   
 
Compliance monitoring that occurs during the first 2 years of implementation of the Plan 
will be used to identify the baseline rate of compliance of killer-type traps.  Every year 
thereafter, IFW will determine the proportion of trappers and killer-type traps checked 
that were set in compliance with existing regulations.  If the proportion of trappers that 
set legal killer-type traps (i.e., complying with visible bait, and exclusion device 
regulations) drops below the average of the first 2 years, IFW will follow the procedures 
outlined in Section 5.4 Changed Circumstance #5.  At no time, will compliance drop 
below 90% without triggering Changed Circumstance #5. 
 
Compliance monitoring:  In 2012, IFW Wardens checked a sample of killer-type traps 
for compliance with trapping regulations on leaning poles in lynx areas.  Additional 
compliance checks are scheduled annually during the permit period for compliance with 
current regulations.  IFW will notify USFWS of additional compliance checks in annual 
reports.  
 
Effectiveness monitoring:  IFW will track compliance in a database and notify the 
USFWS if the contingency plan in the changed circumstance section of the Plan is 
triggered (Section 5.4). 
 
Reporting:  IFW will track and report annually on compliance with killer-type trap 
regulations in lynx WMDs.  IFW will summarize and report trapping compliance data 
annually to include such items as how many illegal sets, how many instances of non-
reporting, what type of non-compliance, different categories (warnings, summons, etc) 
and frequencies. IFW will summarize trapper effort data from voluntary trapper surveys 
and generated from license numbers and furbearer harvest data in annual reports.  
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PI 5 Consult with Trappers  
 
Rationale and Background:  Trapper relations can be strengthened by working with 
trappers to improve trapping techniques for minimizing lynx take.  For example, IFW 
wildlife biologists have worked with trappers to develop and test lynx exclusion devices 
for killer-type traps.   
 
Commitment:  IFW will continue to consult with trappers on ways to minimize lynx 
injuries and the incidental trapping of lynx at annual IFW / MTA meetings, monthly MTA 
chapter meetings, MTA board meetings, bi-annual fur rendezvous events, and casual 
encounters.  IFW is committed to continuing this outreach to trappers throughout the 
year for the 15 years of its incidental trapping permit. 
 
Implementation:  No further details are required (see commitment).  
 
Compliance monitoring:  This is an ongoing activity where IFW staff interacts with 
trappers at meetings or when investigating compliance with trapping regulations, 
therefore, compliance has already been met.  
 
Effectiveness monitoring:  None. 
 
Reporting:  IFW will report annually in reports. 
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Table 5.2.3 Timeline for implementing and reporting lynx avoidance and minimization measures in this Plan.  
  Compliance 

 
Implementation  

  Met Ongoinga After Issuanceb Thereafter Reporting 
RC 1 Restrict killer-type traps-LYNX WMDs X X X  After regulatory changec 
RC 2 Require mandatory reporting-STATEWIDE X X 

 
Annually 

 RC 3 Restrict use of bait-STATEWIDE X X 
 

Annually 
 RC 4 Restrict foot-hold traps-LYNX WMDs X X X  After regulatory changed 

IM 1 Maintain lynx hotline X X 
 

Annually Annual 
IM 2 Respond to lynx captures-STATEWIDE X X 

 
Annually Annual 

IM 3 Standard operating procedures and injury scores X X X Every 3 years as needed Annual 
IM 4 Maintain list of cooperating veterinarians X X X Annually Annual 
IM 5 Rehabilitate injured lynx  X  As needed Annual 
PI 1  Extend lynx avoidance/minimization measures 

 
X 

 
As needed Annual 

PI 2  Investigate all lynx captures 
 

X 
 

Annually Annual 
PI 3  Cooperate with USFWS on investigations 

 
X 

 
Annually Annual 

PI 5  Work with trappers on minimization measures  X  Annually Annual 
O&E 1 Reinforce regulatory compliance  X  Annually Annual 
O&E 2 Publish regulation book 

 
X  Annually Annual 

O&E 3 Update trapper information booklet  X  Annually Annual 
O&E 4 Update, publish, distribute lynx brochure 

 
X X Every 5 yrs or as needed Every 5 yrs. 

O&E 5 Update website information  X  Annually as needed Annual 
O&E 6 Update trapper education course 

 
X X Every 5 years or as needed Every 5 yrs. 

O&E 8 Train safety coordinators/instructors  
 

X X Annually Annual 
IM 6 Conduct injury evaluation training NEW 

 
 X Every 3 years Every 3 yrs. 

IM 7 Obtain veterinarian oversight NEW 
 

 X 3 lynx during 3 yr period Annual 
IM 8 Respond to orphaned kittens (if it occurs) NEW 

 
X 

 
Annually as needed Annual 

PI 4  Conduct compliance monitoring-LYNX WMDS NEW  
  

X Annually Annual 
O&E 7 Make Trapper/Instructor video  NEW 

  
Within 2 yrs. 

 
One-time 

a Ongoing measures are measures that are currently in place and will be maintained throughout the permit period. 
b Within 1 year after the permit is issued, unless otherwise specified. 
c IFW through rule making will permit the use of killer-type traps set on the ground using a lynx exclusion device in lynx WMDs (currently WMD 1-11, 14, 18,19). 
d Rescind foothold trap size restrictions. 
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5.3 Measure to Mitigate Unavoidable Impacts 
 
The USFWS' Habitat Conservation Planning Handbook (p. 3-19) describes mitigation as 
usually taking one of the following forms:  1) avoiding the impact (to the extent 
practicable), 2) minimizing the impact, 3) rectifying the impact, 4) reducing or eliminating 
the impact over time, or 5) compensating for the impact.  Furthermore, the USFWS 
states that, "mitigation programs should be based on sound biological rationale; they 
should also be practicable and commensurate with the impacts they address" (USFWS 
1996).  
 
As previously described (section 4), IFW anticipates the incidental trapping of up to 195 
lynx over the requested 15-year permit period from fur, ADC, and PM trapping.  Several 
minimization measures in this Plan are anticipated to reduce the incidental trapping of 
lynx, particularly from killer-type traps that are most often lethal to lynx if they occur.  
The majority of minimization measures in the Plan are designed to reduce injury and or 
fatality of captured lynx.  However, IFW anticipated some lynx (up to 9 lynx) could have 
severe injuries from traps and a few (up to 3 lynx) could either die or not be able to be 
released back into the wild.   
 
While, for the purposes of this Plan, IFW considers take to include all components of the 
incidental capture of lynx (i.e., trapping, capture, handling, treatment, release, mortality, 
etc.), HCP regulations under the ESA require applicants to minimize and mitigate for the 
impacts of the take.  As explained in Section 4, IFW’s data shows that lynx captured 
with no or minor injuries are released and have no demonstrated impacts from the 
capture event.  Lynx more severely injured can be treated and released and have no 
permanent or long-term impacts that change the behavior or survivorship in the wild.  
However, lynx fatalities or injured lynx that cannot be released result in individual lynx 
being removed from the population in Maine.  While IFW’s demographic analysis shows 
this does not have population level consequences (Appendix 7), it is an impact that the 
USFWS wants IFW to mitigate for in this Plan.   
 
IFW’s mitigation plan relies on maintaining and enhancing high quality foraging habitat 
(i.e., habitat that provides high snowshoe hare density) that would otherwise be 
declining over the permit period because of lack of or incompatible forest management 
activities.  The anticipated benefits are to maintain the lynx that may currently use this 
area over the permit period and to provide enhanced habitat to support additional lynx.  
In addition, IFW’s research shows that by providing the amount and quality of foraging 
habitat that is in this Plan, lynx will also likely have increased fecundity rates that may 
produce even more lynx through the permit period. 
 
To accomplish this, IFW worked with the Bureau of Parks and Land (BPL) to identify an 
area of state ownership where habitat improvements could support lynx over the permit 
period.  The Seboomook Unit was chosen due to its current condition and forest types 
(i.e., conifer forest) and its proximity to other areas that provide habitat to support lynx. 
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Maine’s Department of Agriculture, Conservation, and Forestry (DACF) has  a policy 
of  cooperating with IFW, USFWS, and other agencies concerning habitat management 
on state lands for endangered, threatened, or candidate species.  For the purpose of 
this Plan, IFW entered into a Memorandum of Understanding (MOU) with the Bureau of 
Parks and Land (BPL), a Bureau within DACF (Appendix 11a and 11b), to manage an 
area for lynx for mitigation for this Plan.  The parties recognize that disputes concerning 
implementation of the ITP or the permit may arise from time to time.   The procedures to 
resolve any disputes should they arise between the State of Maine and USFWS are 
outlined in Appendix 11c.  BPL’s Integrated Resource Policy reads (p. 44):   
 

The U. S. Fish and Wildlife Service and the National Marine Fisheries Service 
are the lead agencies in matters pertaining to federally listed threatened and 
endangered species, and IFW and MNAP (Maine Natural Areas Program) are 
the lead agencies for state listed species.  The Bureau will cooperate with those 
agencies in activities such as the delineation of critical habitat and recovery plans 
on Bureau lands. 

 
In cooperation with IFW and consistent with the purposes of the Endangered 
Species Act (16 USC 1531 et. seq.) and the Maine Endangered Species Act, the 
Bureau will identify and promote the conservation of all state and federally listed, 
endangered, threatened, or candidate species of plants and animals and their 
critical habitats within the boundaries of lands managed by the Bureau.  As 
necessary, the Bureau will control visitor access to and uses of critical habitats, 
and it may close such areas to entry for other than official purposes.  Active 
management programs will be conducted as necessary to perpetuate the natural 
distribution and abundance of threatened or endangered species and the 
ecosystems on which they depend.  The Bureau also will identify all state and 
federally listed threatened and endangered species and their critical habitats that 
are native to and present on its lands.  Protection and management of 
endangered and threatened species and their critical habitats will be integrated 
into all levels of management planning activities, and new information on these 
species will be incorporated as it becomes available. 

 
Continuing on page 74: 

 
Threatened & Endangered species - Timber harvesting will comply with all 
Federal and State regulations concerning listed threatened and endangered 
species, and species of special concern.  Compartment exams/prescriptions and 
any subsequent timber sale planning will research the presence of these species 
and manage accordingly. 
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Basis for Calculating Mitigation Requirements for Take of 3 Lynx 
 
To estimate how many lynx may currently and are likely to occupy the HMA following 
mitigation, IFW used data from a 12-year telemetry study to estimate the amount of 
HQHH in a lynx home range.  This analysis indicates that lynx share some of the same 
resources (Vashon et al. 2008a, Figure 5.3.1).  Across all 5 groups of lynx, 2 or more 
lynx shared more than 2,000 acres of HQHH (Table 5.3.1). This equates to 1,595 acres 
of HQHH per lynx.  Therefore, to determine the amount of HQHH to provide for 
mitigation, IFW multiplied 1,595 by 3 which results in providing 4,785 acres of HQHH on 
the 10,411 acre HMA.  This is further supported by the fact that the average amount of 
HQHH shared by a breeding group was 4,147 acres and the breeding group sizes 
ranged from 2-4 adult lynx.  Therefore, the 4,785 acres of HQHH provided in the 
mitigation proposal included in the July 29, 2013 submission is more than sufficient 
mitigation to support at least 3 adult lynx (Table 5.3.1). 
 
The USFWS Request for Mitigation 
 
The USFWS acknowledges that forest management is an acceptable means to offset 
the take of lynx killed (or not releasable) from trapping.  The USFWS requested that 
IFW use the Service’s lynx forest management guidelines and Simons-Legaard et al. 
(2013) recommendation of maintaining 27% of HQHH in 100 km2 areas to promote 
landscape hare densities >0.5 hares/ha. The Service’s 2007 guidelines acknowledge 
lynx management can be readily incorporated into forest management plans for multiple 
use including harvesting forest products, providing for wildlife habitat, and outdoor 
recreation. These guidelines state that creating or maintaining 7,000 acres of HQHH on 
a 35,000 acre parcel could support 8 adult lynx and their offspring.  Simons-Legaard et 
al. (2013) does not model the potential number of lynx that could be supported in 
landscapes with >0.5 hares/ha. It is reasonable to expect that these landscapes will 
support at least one breeding group of 3 or more adult lynx. 
 
Although IFW proposed 4,785 acres on 10,411 acres to mitigate for the lethal take of up 
to 3 lynx during the 15-year permit period, IFW and BPL have agreed to provide 6,200 
acres of HQHH on 22,046 acres of BPL’s Seboomook Unit.  IFW contends that 6,200 
acres of HQHH should more than mitigate for the lethal take requested in this Plan.   
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Table 5.3.1 To estimate the amount of high quality hare habitat (HQHH) to 
provide as mitigation for lethal take of incidental capture of lynx in 
Maine's trapping program, IFW estimated the amount of HQHH in an 
area completely shared by 2 or more lynx during IFW’s 12-year radio 
telemetry study. To offset the take of a lynx IFW proposes providing 
1,595 acres of HQHH for each lethal lynx take on the HMA. 

 

Space Sharing 
Lynx 

# Adult 
Males 

#  Adult 
Females  

Total # 
lynx 

Acres of HQHH 
shared by  
2 to 4 lynx  

Average 
acres/lynx 

Group 1 1 3 4 5,245 1,311 
Group 2 1 2 3 7,257 b 2,419 
Group 3 1 1 2 3,701 1,851 
Group 4 1 1 2 2,433 1,217 
Group 5 1 1 2 2,100 1,050 
 
Total 5 8 13 20,736 

 

Average       4,147 1,595a 
a Average number of acres per lynx for all group arrangements calculated by dividing the total acres 
shared by the total number of lynx. 

b Although the male in this group moved and occupied a new area to the east, we used the entire area he 
used to estimate the amount of HQHH, which likely overestimates the amount of HQHH used by this 
group (see Figure 5.3.1). 
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Figure 5.3.1 This figure shows how the five groups of radiocollared lynx used the 
same areas and the appropriateness of IFW estimates of high quality 
hare habitat (HQHH) as mitigation for lethal take of incidental capture 
of lynx in Maine’s trapping program. 

 
  

Group 1 Group 2 

Group 3 Group 4 

Group 5 
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Location and Site Condition 
 
The proposed site for mitigation (22,046 acres) is located within the BPL managed 
40,000 acre Seboomook Unit just north of Moosehead Lake in north-central Somerset 
County near the eastern boundary of Seboomook Township (TWP) and Little W TWP.  
The HMA proposed for this Plan is owned by the State of Maine and is permanently 
protected from development by legislative statute and forest management is mandated 
that benefits, among other things, Maine’s wildlife. 
 
It is within an area bounded on the east by the Little W/Northeast Carry town line, on the 
south and west by Moosehead Lake, and on the north by the Golden Road (see Figures 
5.3.2 and 5.3.3).  The area is commercial forest land with no development except for 
some seasonal camps located along the shore of Moosehead Lake. 
 
The proposed Habitat Management Area (HMA) is accessed by gravel logging roads 
that receive low use and minimal maintenance unless there is an active timber harvest.  
The roads are suitable for low speed travel and are used primarily by hunters, trappers, 
camp owners, and snowmobilers.  Although BPL may maintain interior roads in the 
HMA to facilitate forest management, BPL will not construct new high speed/high traffic 
volume roads or pave dirt or gravel roads that traverse lynx habitat on the HMA during 
the 15-year permit period.  
 
The state acquired this land from Merriweather Limited Liability Company (LLC) in 2004.  
The area was extensively harvested by a previous owner, Great Northern Paper 
Company / Bowater, in response to the 1970s to 1980s spruce budworm outbreak.  
Most harvests were clearcuts that removed all merchantable timber.  The natural 
regeneration resulting from the clearcutting was sprayed with herbicide to reduce the 
proportion of hardwood in the new forest and was never thinned to promote growth as is 
sometimes done (e.g., pre-commercial thinning [PCT]).  
 
Due to variations in site quality and drainage, the area now supports many young, 
diverse, coniferous forest stands composed primarily of red spruce and balsam fir that 
are about 25 years-old.  This seral stage of regenerating conifer supports maximum 
snowshoe hare densities according to numerous research studies done in Maine (Scott 
2009).  Within this area, forest conditions range from regenerating stands that are very 
dense to stands that are interspersed with areas of more mature trees.  This range of 
forest conditions contains the structure and resources that can benefit both hare and 
Canada lynx at the southern extent of its range (Organ et al. 2008, Murray et al. 2008, 
Vashon et al. 2008b, Berg et al. 2012).  
 
Past harvest maps (Bowater ownership), aerial photos, and a recently completed BPL 
forest-inventory of 25 plots in the Seboomook Unit were used to provide a preliminary 
description of current conditions.  The recent forest inventory indicates that currently at 
least 3,798 acres in the HMA is comprised of moderate to densely stocked coniferous or 
mixed seedling/saplings (i.e., S1A, M1A, Table 5.3.2 and Figure 5.3.4).  Although some 
stands may not provide optimal cover for hares (i.e., either too young or too old), 
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harvest maps for the areas clearcut by Bowater between 1986 and 1989 (Figures 5.3.2 
and 5.3.3) indicates most of these stands are within the age range identified by the 
USFWS as providing optimal hare cover and lynx foraging habitat (i.e., 12–35 years-old 
post-harvest; McCollough 2007).  In July of 2013, BPL visited the proposed HMA 
described in the July 29, 2013 Plan to insure that the area is sufficient for meeting the 
obligations in this Plan and MOU (i.e., provide at least 4,785 acres of habitat for lynx).  
By July 31st of 2015, BPL will finalize the western boundary of the additional mitigation 
area and insure that the entire 22,046 acre mitigation area can meet the 6,200 acre 
HQHH requirement.  Updated maps will be provided to the USFWS by July 31st  2015.
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Figure 5.3.2 Provisional map14 of the proposed 22,046 acre HMA (black dashed line; original 10,411 acre HMA 
solid black line in IFW’s July 29, 2013 Plan) for Canada Lynx in Maine showing the year in which 
stands were commercially cut.  The harvest treatment for each stand is given in Figure 5.3.3.  

 

  

                                            
14 Final map to be provided to the USFWS by July 31st 2015. 



 
 

Incidental Take Plan For Maine’s Trapping Program 
Amended September 2015  Page 119 

Figure 5.3.3 Provisional map15 of the proposed 22,046 acre HMA (black dashed line; original 10,411 acre HMA 
solid black line in IFW’s July 29, 2013 Plan) for Canada Lynx in Maine showing the harvest treatment 
each forest stand received.  The year in which the stand was cut is given in Figure 5.3.2. 

 
 
 
                                            
15 Final map to be provided to the USFWS by July 31st 2015. 
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Figure 5.3.4. Current forest type map of the 22,046 acre proposed habitat management area (HMA) for lynx on the 
State of Maine Bureau of Parks and Land’s Seboomook Unit in northern Maine. The dark black line 
marks the boundaries of the 22,046 acre HMA. 
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Table 5.3.2 Summary of stand types classified from fall aerial photo in the lynx 
habitat management area described in MDIFW July 29, 2013 plan of 
the BPL Seboomook Unit that currently supports optimal lynx 
foraging habitat 16.  

 
Timber types Cover-type Size classa   Age class Density Acres 
S1A Softwood <4.5 in   Seedling-Sapling 84-100%   3,483 
M1A Mixedb <4.5 in Seedling-Sapling 84-100%      315 

a Stand average size class is measured in inches at 4.5 feet or diameter breast height (DBH). 
b Mixed is identified as stands that are not dominated by softwood or hardwood (i.e.,  50% softwood and 
50% hardwood). 

 
 
It is also important to recognize that, although the state does not have management 
authority over the adjacent townships, the HMA is not an isolated area of lynx habitat.  
These adjacent areas also contain patches of regenerating spruce and fir including one 
of the state’s largest budworm impacted areas (i.e., the Ragmuff clearcut).  This area is 
privately owned and remains in active forest management that will likely provide habitat 
for lynx in the future.  In addition, the mitigation area is part of the 40,000 acre 
Seboomook Unit owned by DACF and maintained as forest. The proximity of the HMA 
to other areas supporting lynx habitat conditions improves the chances that lynx will 
occupy or continue to occupy the HMA during the permit period. 
 
Proposed Mitigation 
 
The proposed mitigation plan will offset the potential take of up to 3 lynx (Appendix 
11a).  In this plan, BPL will conduct forest management on a 22,046 acre habitat 
management area (HMA) to provide habitat for lynx.  The habitat management goal will 
be to maintain or create at least 6,200 acres in HQHH over the 15-year permit period.  
As a result of this mitigation, there will be at least 3 additional lynx on the HMA by 2029 
(Table 5.3.3).    
 
To calculate the amount of HQHH needed per lynx on the HMA, we used information on 
lynx habitat use from IFW's 12-year telemetry study (see p. 108 of this Plan).  This study 
found that 13 lynx shared areas with an average of 1,595 acres of HQHH per lynx.  This 
estimate of HQHH needed per lynx is likely an over estimate because it includes data 
from a group of 3 lynx (Group 2, Table 5.3.1) for which the amount of HQHH was 
influenced by the male shifting his home range to the east.  This home-range shift 
inflated the estimate of the size of the area this group used, by including both the male's 
previous home range and new home range.  If we exclude this group of 3 lynx, this 
study indicates that 10 lynx used areas with an average of 1,350 acres of HQHH per 
lynx (Table 5.3.1).   
 

                                            
16 By July 31st 2015, the USFWS will be provided with an update based on the new mitigation (6,200 
acres HQHH) on 22,046 acre HMA. 
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Without the proposed mitigation plan, BPL estimates that there will be approximately 
2,000 acres of HQHH on the HMA by 2023.  This amount of HQHH should be capable 
of supporting at least 1 lynx.  BPL has committed to providing at least 6,200 acres of 
HQHH on the HMA by 2029 that should support between 4 and 5 lynx (i.e., 6,200 
acres/1,595 acres per lynx) and (6,200 acres/1,350 acres per lynx, respectively; Table 
5.3.3).  Therefore, IFW's mitigation commitments exceed the USFWS' forest 
management guidelines for Maine.  These guidelines state that 7,000 acres of HQHH 
on a 35,000 acre parcel could support up to 8 adult lynx and their offspring (McCollough 
2007).  Under these guidelines, only 875 acres of HQHH would be provided per lynx 
compared to a minimum of 1,350 acres of HQHH that IFW's mitigation plan would 
provide.  Based on estimates in our Plan and the USFWS guidelines, IFW feels 
confident that BPL’s commitment of creating an additional 4,130 acres of HQHH on the 
HMA by 2029 will result in at least 3 more lynx.  
 
For mitigation, IFW and BPL selected an area where lynx habitat already exists and lynx 
likely occur.  Harvest maps and aerial photos indicate that baseline (current) conditions 
on the 10,411 acres on the HMA include at least 3,798 acres of sapling conifer 
dominated forest.  Without mitigation, BPL would have managed for mature conifer with 
pre-commercial or commercial thinning to promote shorter time to mature forest 
conditions (Eickenberg et al. 2007).  Future trends in lynx habitat are therefore expected 
to decrease during the 15-year permit period as stands mature from natural succession 
(Table 5.3.3).  This management would reduce the amount and quality of foraging 
habitat for lynx.  By the end of the permit period without active forest management, lynx 
may no longer use this area. Therefore, this provides the opportunity for BPL to 
maintain and improve current habitat quality for lynx on the HMA (i.e., at least 6,200 
acres) over the permit period.  Within 3 years of issuance of the permit, a forestry plan 
with the specific forest management activities will be submitted to the USFWS. 
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Table 5.3.3 Baseline and projected future amounts (acres) of high quality hare 
habitat (HQHH; dense conifer dominated sapling stands or 
understories) on the proposed 22,046 acre HMA with and without 
mitigation17.  

 
 Preliminary 

Baseline  
(2013) 

 
2018 

(acres) 

 
2023 

(acres) 

 
2029 

(acres) 
Without Mitigationa 

      Acres 
 

3,798 
 

3,798 
 

2,070 
 

2,070 
      Adult lynx >2 >2 >1 >1 
With Mitigationb 

      Acres 
 

3,798 
 

3,798 
 

>4,785 
 

>6,200 
      Adult lynx >2 >2 >3 4-5   

a Management goal is to promote shorter time to mature forest conditions through harvest (e.g.,  pre-
commercial or commercial thinning). 

b Management goal is at a minimum no net loss of HQHH and increased by 4,785 acres in IFW’s July 29, 
2013 plan, the commitment has increased to 6,200 acres HQHH. 

 
 
Currently, the amount of HQHH on the HMA likely supports at least 2 adult lynx.  
However, as the forest matures and foraging habitat quality declines, IFW anticipates 
the number of lynx using the area and their reproductive rates to decline.  With the 
proposed mitigation, IFW anticipates that those 2 lynx will not be lost, additional lynx 
willuse this area, and that their reproductive rates will be higher.  IFW’s 12-year 
telemetry study shows that lynx produced smaller litter sizes when hare densities were 
lower, whereas higher litter size occurred when hares were more abundant (Vashon et 
al. 2012). As described below, BPL commits to creating additional HQHH on the HMA 
by removing the overstory on at least 4,130 additional acres to release existing 
softwood regeneration.  These stands are younger and less developed than HQHH 
established by clearcuts; these areas will become optimal HQHH in 3 to 7 years after 
the overstory is removed.  BPL’s management of wintering areas for deer starts with 
well-established softwood stands resembling HQHH and is compatible with 
management for lynx.   HQHH transitions into secondary winter shelter for deer over 
time.  Forest management practices such as PCT and commercial thinning could 
potentially accelerate the transition between HQHH and secondary deer winter shelter. 
PCT and commercial thinning are common practices used by other landowners in the 
region to shorten time between regeneration and commercial harvest. BPL has 
committed to conduct forest management practices compatible to maintaining HQHH for 
3 or more lynx for the duration of the permit.          
 

                                            
17 By July 31st 2015, the USFWS will be provided with an updated table of the new mitigation acreage 
(6,200 acres HQHH) on 22,046 acre HMA.   
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Mitigation Plan and Timeline: 
 
The Seboomook Unit is a relatively recent acquisition for BPL and a management plan 
has been written for the unit (Eickenberg et al. 2007).  However, the Seboomook Unit 
has not been cruised by a forester; therefore, this plan does not contain the detail 
necessary for outlining the timing and spatial arrangement of specific future forest 
management practices.  Additional detail regarding forest management planning in the 
Seboomook Unit will be available when BPL cruises the land and develops a harvest 
schedule and proposed treatments.  It typically takes 6 to 9 months to cruise forest 
compartments of 1,000 to 2,000 acres.  Therefore, it is expected to take 3 years to 
cruise and develop a forest management plan for the 22,046 acre HMA.  This plan may 
include future timber harvest to maintain optimal hare habitat (6,200acres) in the HMA.  
 
Lynx habitat on the HMA is a legacy of past spruce budworm harvesting and is 
projected to decline on the HMA without active management activities starting in 2023.  
BPL intends to manage this area using the appropriate forest harvest prescription for 
the stand (e.g., overstory removals, shelter woods) that will foster understory conditions 
(i.e., dense conifer dominated regenerating sapling size class) that will benefit 
snowshoe hare and lynx.  
 
In addition to providing the 6,200 acres as mitigation, BPL will implement the following 
additional measures (which are consistent with the USFWS’ Canada lynx habitat 
management guidelines for Maine): 
 
1) Avoid upgrading or paving dirt or gravel roads traversing lynx habitat.  Avoid 

construction of new high speed/high traffic volume roads in lynx habitat;  
2) Employ silvicultural methods that will create regenerating conifer-dominated 

stands 12-35 feet in height with high stem density (7000-15,000 stems/acre) and 
horizontal cover above the average snow depth that could support >1.1 hares/ha;  

3) Maintain land in forest management.  Development and associated activities 
should be consolidated to minimize direct and indirect impacts.  Avoid 
development projects that occur across large areas, increase lynx mortality, 
fragment habitat, or result in barriers that affect lynx movements and dispersal;  

4) Encourage coarse woody debris for den sites by maintaining standing dead trees 
after harvest. Where windthrow occurs, the Bureau will leave randomly 
distributed ¾ acre patches sufficient for den sites for 3 female lynx.   
 

Implementation Plan: 
 
 By July 31st 2015, BPL will finalize the western boundary of the additional mitigation 

area and insure that the entire 22,046 acre mitigation area can meet the 6,200 acre 
HQHH requirement.  Updated maps will be provided to the USFWS by July 31st 
2015. 

 BPL will inventory  the 22,046 acre HMA and cross-walk the inventory to HQHH 
within 3 years of issuance; 
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 BPL does not currently have forest models for their ownership. However, BPL 
expects this capability will be available in the next few years and will implement a 
forest model to assess the trajectory of the existing habitat and demonstrate when, 
where, and how sufficient HQHH habitat will be maintained and or created when it 
becomes available.  

 BPL will provide an updated table 5.3.3 for the 22,046 acre area demonstrating how 
the mitigation will achieve the net conservation benefit to compensate for the loss of 
at least three lynx by July 31st 2015.  

 BPL will develop a detailed forest management plan (compartment exam and 
harvest prescription) for at least the HQHH portion of the HMA with the assistance of 
IFW RAS staff within 3 years of issuance of an ITP.  This plan will include provisions 
for avoiding take of northern long-eared bats in the event that it is listed under ESA 
or MESA18.  IFW and BPL will meet at least every 3 years to review the status of the 
forest management plan for the HMA; 

 USFWS (Maine Field Office) will review and comment on the forest management 
plan within 90 days of receipt of the plan; 

 Within 15 years of issuance of an ITP (~2029), BPL will have implemented harvest 
prescriptions (e.g., overstory removal) to maintain or create forest conditions that will 
lead to HQHH on the HMA; and 

 By the end of the permit period (~2029), BPL will have increased the acreage of 
HQHH on the HMA to at least 6,200 acres. 
 

Monitoring Plan: 
 
 Each year, for the first 5 years and every 5 years thereafter, IFW will conduct winter 

snow track surveys (e.g., MDIFW lynx ecoregional surveys-Vashon et al. 2010) to 
monitor whether lynx are present and estimate the number of lynx on the HMA.  For 
the first 5 years, ensure surveys are conducted to estimate hare densities in HMA 
(e.g., participation in Continental Hare Survey).  

 BPL will annually provide an update to IFW on the forest management activities 
conducted on the HMA and every 5 years provide an estimate of HQHH on the 
HMA. 

 BPL will complete compartment exams (i.e., timber cruises) to update forest maps 
and management plans every 15 years.  This inventory will be used by IFW to 
calculate the acreage of HQHH on the HMA at the end of the permit period to ensure 
the mitigation objectives are achieved.  The IFW wildlife biologist assigned to BPL 
will be the primary contact between BPL and IFW, and the person responsible for 
communicating developments on the HMA to IFW’s Research and Assessment 
Section (RAS).  
 

Although the specifics regarding future forest management activities are not currently 
available, BPL does not typically employ clearcutting in its forest management.  If 
harvest plan(s) are developed as part of the forest management plan to meet the 

                                            
18 Examples of measures that may be taken to avoid adverse effects include but are not limited to pre-
survey of harvest areas or time of year restrictions on harvest activities. 
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mitigation goal (i.e., increase from 3,798 to at least 6,200 acres of moderately to 
densely stocked conifer dominated saplings), it is likely that other even-age silvicultural 
techniques (i.e., shelterwood and overstory removal systems) would be used, where 
forest stand conditions permit, that would be expected to create large blocks of 
regenerating conifer stands for future hare habitat within the HMA (Simons 2009).  The 
BPL will not thin regenerating conifer stands within the HMA during the time period that 
these stands meet the criteria for optimal hare cover.  By policy, the BPL maintains 
wildlife trees and large woody material on their lands for a variety of wildlife including 
denning sites for lynx (Organ et al. 2008). 
 
Trapping will be allowed in the proposed HMA, since the chance of capturing a lynx in a 
trap is low and the benefits from reducing fisher are high. Each year, less than 12 lynx 
are caught (and the majority released unharmed) by more than 600 trappers that have 
more than 260,000 traps set in lynx range in Maine (~7 million acres).   Thus the risk of 
capture is low on the 22,046 acre HMA.  If an incidental lynx capture occurred on the 
HMA, IFW has no evidence that suggests the incidental trapping of lynx is detrimental to 
the lynx population or would reduce recruitment rates in the proposed HMA.  In addition, 
BPL land is managed for multiple use according to legislative direction , “in a manner 
consistent with the principles of multiple use and shall produce a sustained yield of 
products and services in accordance with both prudent and fair business practices and 
the principles of sound planning” (12MRSA 1833.1,1847.1).  Additionally, Public 
Reserved Lands are to be managed “to demonstrate exemplary land management 
practices, including silvicultural, wildlife and recreation management practices, as a 
demonstration of state policies governing management of forested and related types of 
lands” (12 MRSA 1833.1). 
 
5.4 Changed Circumstances 
 
Adaptive Management vs. Changed Circumstances 
 
IFW considered whether an adaptive management plan was appropriate for Maine’s 
Plan.  As stated in the USFWS Five Point Policy, adaptive management is a strategy to 
address uncertainty in the conservation of a species covered by a Habitat Conservation 
Plan or Incidental Take Plan (Plan).  Furthermore, adaptive management is essential for 
Plans that would otherwise pose a significant risk to the species due to significant data 
or information gaps.  This is not the case with IFW’s data.  IFW has more than 12 years 
of data on the rate of lynx incidental captures, trap-type and configuration, and degree 
of harm to lynx captured in traps.  In addition to information collected from traps set for 
other furbearing animals that sometimes capture lynx, IFW biologists have captured 
lynx in foothold traps over the course of a 12-year radiotelemetry study.  Collectively, 
these data indicated that, if caught in a foothold trap19, most lynx can be released with 
little or no harm and most survive to produce offspring (see Section 4).  IFW believes 
that an information gap does not exist on the fate of lynx caught in foothold traps and 

                                            
19 Lynx were caught in foothold traps during October and November when temperatures did not drop 
substantially below freezing overnight. 
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that incidental captures in foothold traps do not represent a significant risk to the 
species population. 
 
Although foothold traps pose little risk to lynx, lynx can also be caught in killer-type traps 
set by trappers to capture marten and fisher.  In the 13 years since lynx were listed, 7 
lynx have been caught in killer-type traps in Maine.  A regulatory change by IFW in 2007 
made it illegal to set a killer-type trap on the ground (except in terrestrial blind sets or 
water sets) in WMDs 1-6 and 8-11 (Appendix 2).  In 2008, following the capture of two 
lynx in killer-type traps, the rule was clarified.  These regulatory changes have reduced 
the number of lynx caught in killer-type traps to the point where no lynx have been 
caught during the past 4 trapping seasons (2009-2012) in a legal set.  However, during 
this time, 1 lynx was caught in an illegal set trap. In addition, none of the 74 
radiocollared lynx monitored during 13 fur trapping season were caught in a killer-type 
trap. These lynx lived in an area where more than 2,000 marten were caught in killer-
type traps set for more than 210,000 trap nights.  
 

IFW is not pursuing an adaptive management plan because data from IFW’s telemetry 
study and monitoring incidental take indicates that probability of a lynx being caught in a 
killer-type trap (even illegally) is low. Further, the potential lethal take requested in this 
Plan does not pose a significant risk to individual lynx or the species population.   
 
Changed Circumstances 
 
As part of IFW’s Plan, IFW developed contingencies that provide the flexibility to 
implement alternative minimization and mitigation measures should circumstances 
change.  The USFWS addresses two types of changed circumstances:  1) those that 
can be anticipated and planned for (i.e., changed circumstances) and 2) those that 
cannot be anticipated (i.e., unanticipated or extraordinary circumstances; USFWS 
1996).  We address both types of circumstances in Sections 5.3 and 5.5 with an 
emphasis on changed circumstances. 
 
IFW has identified seven changed circumstances that may require changes in the 
conservation strategy for this Plan.  In the event, a changed circumstance is triggered 
and IFW implements a response that proves to be effective then the modified 
measure(s) will be considered as an amendment to the Plan. Implementation for any 
actions that are triggered in response to a changed circumstance, IFW will provide 
written documentation that explains the action that will be implemented, including the 
rationale and how it will be subsequently evaluated for compliance.  USFWS would then 
concur or not with that written document. These are outlined below and discussed 
individually, in detail, throughout the rest of this section. 
 
IFW acknowledges that incidental lynx trapping and injury rates may be influenced by a 
variety of natural and human-related factors.  However, IFW believes that the seven 
Changed Circumstances it has outlined in this Plan covers the contingencies that might 
occur with these other factors (Table 5.4.1) 
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Changed Circumstances 
 
1) Incidental trapping of lynx increases; 
2) The rate of severe injuries to lynx caught in traps increases; 
3) The rate which lynx are incidentally killed in legally set traps increases; 
4) There is new information on lynx or trapping or technological advances in trap 

design or monitoring; 
5) The proportion of trappers setting killer-type traps in compliance with Maine’s 

leaning pole regulations falls below the 90%; 
6) Mitigation acreage is not achieved; and 
7) Population of lynx declines.  

 
Changed Circumstance #1:  Lynx are being caught in traps at a higher rate than 
expected 
 
There are a number of potential reasons that may lead to more lynx than expected 
being caught in traps (Table 5.4.1).  IFW previously stated that lynx cannot be excluded 
from foothold traps that are set to catch canids or bobcat.  However, these traps pose 
little risk to lynx in terms of injuries that would significantly affect their behavior or ability 
to survive and reproduce in the wild.  Nevertheless, IFW proposes to continue to collect 
data on trap sets at lynx captures and trapper effort (i.e., voluntary trapper effort cards, 
license sales, fur harvest) to identify the probable cause of any increase in the rate of 
lynx incidental catches during the 15-year period of its permit.  These data may also 
inform any trends in lynx injury rates.  
 
IFW is seeking coverage for the incidental trapping of up to 195 lynx by licensed Maine 
trappers during the 15-year permit period.  These 195 lynx could include up to 9 lynx 
with severe injuries and 3 lynx mortalities resulting from trapping or lynx with severe 
injuries that cannot be released (see Section 4.2 for details).  
 
Trigger 1:  IFW documents more than an average of 13 lynx incidentally captured per 
year in legal traps over a rolling 5-year period (Figure 5.4.1) for the permit duration. 
 
Response:  
 
1. In consultation with the USFWS, IFW will implement additional minimization 

measures to reduce capture rates of lynx prior to the trapping season that follows 
the trigger being tripped.   Options may include  identifying non-regulatory (e.g., 
increased outreach or incentives) or regulatory options (e.g., adjusting trapping 
season dates or durations, restricting trapping in higher density lynx WMDs, 
restricting traps or trap sets that are particularly prone to catching lynx, and/or 
limiting the number of trappers or traps in lynx WMDs). IFW would identify and 
implement the least restrictive option that is anticipated to reduce lynx captures.  

2. The implemented measure will be evaluated within the following year and if found to 
be ineffective in reducing the capture of lynx, further measures will be implemented.  
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Rationale:  IFW does not believe that trappers are going to capture more than 195 lynx 
over the 15-year permit period.  As part of IFW’s commitments to avoid and minimize 
lynx captures, IFW wildlife biologists and/or wardens will continue to investigate and 
evaluate each incidental lynx capture (Section 5.2).  If during this process, IFW 
identifies a problem involving the manner in how traps were set or configured, IFW will 
correct the problem through regulatory changes and/or outreach to trappers.  However, 
if trappers are catching more than an average of 13 lynx per year, that would suggest 
that the rate of capture is on pace to exceed the requested take authorization.  A variety 
of factors (weather conditions, pelt or gas prices, lynx and trapper number, etc.) may 
influence the incidental capture rate of lynx.  We note that even, if this is the case, the 
majority would have no or minor injuries.  However, IFW will have to take measures to 
reduce the rate of capture to ensure compliance with the take authorization on the 
permit.  
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Figure 5.4.1 Decision Tree Changed Circumstance #1:  Lynx are being caught in traps at a higher rate than 

expected. 
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Changed Circumstance #2:  Lynx are being severely injured in traps at a higher 
rate than expected. 
 
Trigger 1:  IFW documents more than 3 lynx in any rolling 5-year period during the 
permit duration having severe injuries.    
 
Response: 
 
1. In consultation with the USFWS, IFW will implement additional minimization 

measures to reduce lynx injury rates prior to the trapping season that follows the 
trigger being tripped.  Options may include non-regulatory or regulatory measures 
(e.g., outreach, restricting traps or trap sets that are particularly prone to injuring 
lynx, and/or instituting emergency area closures).   

 
Rationale:  IFW does not anticipate more than 9 lynx (not to include 3 anticipated 
mortalities) to be severely injured in traps over the 15-year permit period.  However, if 
more than 3 lynx are injured in 5 years, that would suggest that the rate of injury is on 
pace to exceed the requested take authorization.  Therefore, IFW will take measures to 
reduce the rate of injury.  If the severe injuries can be related to a particular type of trap 
or trap configuration, IFW will modify trapping regulations to correct the problem.  For 
instance, if all of the severe injuries occur in foothold traps with an inside jaw spread 
greater than 5 3/8” with no other contributing factors identified, IFW would restrict the 
size of foothold traps.   
 
This trigger is based on the rate of severe injuries to lynx that are incidentally trapped.  
If the proportion of lynx with minor injuries remains the same, (i.e. injury from incidental 
trapping has not increased) and a problem was not identified during the investigation of 
the incident, IFW will continue its current regulations and outreach.  However, if the rate 
of severe injuries increases (i.e., >3 lynx in 5 years has a severe injury), IFW will take 
additional steps to identify and correct the problem before the next trapping season. 
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Figure 5.4.2 Decision Tree Changed Circumstance #2:  Lynx are being injured in traps at a higher rate than 
expected. 
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Changed Circumstance #3:  Lynx are being killed in traps at a higher rate than 
expected 
 
Trigger 1:  One lynx is killed in a legally set trap (foothold, killer-type, or non-lethal 
cable restraints [if implemented]) or cannot be released after treatment of a severe 
injury. 
 
Response:  If the fatality or severe injury where the animal can’t be released is 
attributed to either: 

1. An aspect of the trap type or trap set that can be corrected and implemented 
more broadly with a practicable solution by other trappers to prevent additional 
incidences.  In consultation with the USFWS, IFW will address the problem 
through regulatory changes and/or outreach to trappers prior to the trapping 
season following the trigger being tripped.  In making such changes, IFW will 
work with stakeholders (e.g., trappers) to evaluate potential measures to better 
avoid future lethal take.  This may include researching or evaluating other traps 
or trap sets.  An example of this is when IFW required killer-type traps to be set 
on leaning poles in lynx areas.  OR 

2. A low probability or random event (i.e., fluke), no additional regulatory or non-
regulatory measures will be implemented. 

 
Rationale:  Although the capture of 1 lynx in a killer-type trap does not exceed IFW’s 
permit request and may be a rare and inexplicable occurrence, IFW is committed to 
investigating each capture and correcting problems with trap sets or regulations when 
there is a practicable solution.  
 
Stakeholders are individuals or groups that can provide information on ways to minimize 
the incidental trapping of lynx in killer-type traps that are also easy to use and effective 
for catching fisher and marten.  Possible stakeholders include Maine trappers or MTA 
(primary stakeholder), AFWA, Northeast Furbearer Resources Technical Committee, 
and the Maine Chapter of The Wildlife Society (wildlife professional organization). 
 
Trigger 2:  Two lynx are killed in legally set traps (foothold, killer-type, or non-lethal 
cable restraints [if implemented]) or cannot be released after treatment of a severe 
injury.   
  
Response:  In consultation with the USFWS, IFW will immediately implement regulatory 
measures to prevent further lynx fatalities (e.g., require the use of exclusion devices on 
all killer-type traps, or equally effective measure).   
 
Rationale: IFW does not anticipate more than 3 lynx will be killed or removed from the 
population from trapping over the 15-year permit period.  If 2 lynx die before the end of 
the permit period, lethal take could exceed the requested take authorization.  Therefore, 
IFW will take measures to reduce the rate of mortality until the permit can be amended.   
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Figure 5.4.3 Decision Tree Change Circumstance #3:  Lynx are being caught in traps at a higher rate than 
expected. 
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Changed Circumstance #4:  Use of New Information or Technological Advances 
 
Over the course of the ITP term, new information on Canada lynx and trapping may 
become available (e.g., additional exclusion devices), new methods for monitoring, or 
technological advances may be developed to avoid or minimize capture of lynx from 
trapping.  IFW may wish to apply some of these new developments into the operations 
and/or monitoring outlined in IFW’s Plan.  IFW may choose to use such measures 
should they be demonstrated, based on the best available science, to be as or more 
effective than the methods described in this Plan.  IFW will work with USFWS to ensure 
that any new information or techniques that are planned to be used are compatible with 
the biological goals and objectives of IFW’s Plan.  Any new method, information, or 
technology will only be considered if it has been demonstrated in an acceptable 
scientific study and will not require an increase in the take authorization for the Plan. 
 
Changed Circumstance #5:  Trapper compliance with lynx exclusion devices for 
killer-type trap regulations is less than 90%. 
 
Trigger:  This changed circumstance will be triggered if less than 90% of the trappers 
checked are in compliance with the regulations.  For the purpose of this commitment, a 
trapper will be considered to be in compliance if all of their traps are set in compliance 
with visible bait, and exclusion devices specifications (e.g., size of opening, distance 
from opening to trap, placement of baffles) for killer-type traps in lynx areas.   
 
This trigger is going to be assessed by the annual monitoring commitments described in 
Section 5.2 (PI 4).  
 
Response:  If after the initial 2 years of monitoring, the percentage of trappers checked 
in compliance is less than 90% as described above then IFW will meet with 
stakeholders (e.g., game wardens and trappers), prior to the next trapping season, to 
identify and correct the problem through outreach and education.  If subsequent years 
of monitoring do not show improvement, IFW will implement measures such as 
increased law enforcement details or increased penalties before the start of the next 
trapping season.  If after 5 years of monitoring, trapper compliance with the four lynx 
avoidance measures listed above has not reached the target levels, IFW in consultation 
with the USFWS will implement additional corrective measures to improve compliance.   
Measures may include additional outreach, increased penalties for trapping violations, 
or restricting traps or trap sets that are particularly difficult for trappers to achieve 
compliance with or restricting the use of these traps in lynx areas. 
 
Changed Circumstance #6:  Mitigation acreage is not achieved 
 
Background:  To mitigate the potential lethal take of up to 3 lynx during the 15 year 
permit period, IFW and BPL have entered into an agreement to create or maintain a 
minimum of 6,200 acres of high quality hare habitat for lynx on the BPL Seboomook 
Unit by the end of the 15-year permit period.  
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Trigger: Mitigation acreage is not achieved by the end of the 15-year permit period.  
Although there are several different circumstances that could lead to the mitigation not 
being achievable, the triggers and responses would be the same. 
 
Response: BPL will either increase the size of the mitigation area (currently 23,000 
acres) to achieve the mitigation acreage or extend the MOU period beyond 2029. 
 
Changed Circumstance #7:  Population of lynx declines. 
 
If there is a catastrophic decline in the number of lynx in Maine (e.g., below 100 lynx), 
we expect the level of incidental take to decline.  If lynx take does not decline, IFW will 
consult with the USFWS to discuss additional minimization measures that may be 
necessary to avoid take.  
 
5.5 Unforeseen Circumstances 
 
Unforeseen circumstances are defined as changes in circumstances affecting a species 
or geographic area covered by a conservation plan that could not reasonably have been 
anticipated by plan developers and the USFWS at the time of the negotiation and 
development of the plan and that result in a substantial and adverse change in the 
status of the covered species (50 C.F.R. § 17.3).  
 
The USFWS bears the burden of demonstrating that unforeseen circumstances exist 
using the best available scientific and commercial data while considering certain factors 
(50 C.F.R. §§ 17.22(b)(5)(iii)(C)).  In deciding whether unforeseen circumstances exist, 
the USFWS will consider, but not be limited to, the following factors (50 C.F.R. §§ 
17.22(b)(5)(iii)(C)):  
 
1. The size of the current range of the affected species;  
2. The percentage of the range adversely affected by the covered activities;  
3. The percentage of the range that has been conserved by the HCP;  
4. The ecological significance of that portion of the range affected by the HCP;  
5. The level of knowledge about the affected species and the degree of specificity of 

the conservation program for that species under the HCP; and  
6. Whether failure to adopt additional conservation measures would appreciably reduce 

the likelihood of survival and recovery of the species in the wild.  
 
In negotiating unforeseen circumstances, the USFWS will not require the commitment 
of additional land, water, or financial compensation or additional restrictions on the use 
of land, water, or other natural resources beyond the level otherwise agreed upon for 
the species covered by the HCP without the consent of the permittee (50 C.F.R. §§ 
17.22(b)(5)(iii)(A)).  If additional conservation and mitigation measures are deemed 
necessary to respond to unforeseen circumstances, the USFWS may require additional 
measures of the permittee, where the HCP is being properly implemented, only if such 
measures are limited to modifications within conserved habitat areas, if any, or to the 
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HCP’s operating conservation program for the affected species, and maintain the 
original terms of the plan to the maximum extent possible (50 C.F.R. §§ 
17.22(b)(5)(iii)(B)).  Additional conservation and mitigation measures will not involve the 
commitment of additional land, water, or financial compensation or additional 
restrictions on the use of land, water, or other natural resources otherwise available for 
development or use under the original terms of the conservation plan without the 
consent of the permittee.  
 
Notwithstanding these assurances, nothing in the No Surprises Rule “will be construed 
to limit or constrain the USFWS, any federal agency, or a private entity, from taking 
additional actions, at its own expense, to protect or conserve a species included in a 
conservation plan” (50 C.F.R. §§ 17.22(b)(6)) 
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6.0 Funding 
 
One of the five issuance criteria for an ITP states that the applicant will ensure that 
adequate funding is available for implementing all components of their Plan, including 
minimization measures, mitigation measures, and unforeseen circumstances ((50 
C.F.R. §§ 17.22(b) (2)); 10-1-06 edition).  To meet these criteria, the following section 
describes IFW’s funding structure and budget process, how the Plan will be funded, and 
the costs associated with Plan implementation.   
 
6.1 Funding for Plan Measures 
 
IFW obtains its revenues from license sales (e.g., hunting and fishing licenses), federal 
matching dollars (Pitman-Robertson (PR) funds), general funds from the Maine 
Legislature, federal threatened and endangered species funds (i.e., Section 6 funds 
from the USFWS), sale of state conservation license plates, the USFWS’ State Wildlife 
Grant program, and grants from a variety of private and governmental organizations.  
Funds that will be used for the minimization measures in IFW’s Plan (Section 5) are 
collectively administered by three Bureaus within IFW:  Information and Education, 
Warden Service, and Resource Management.  In addition, the Department of 
Conservation, Bureau of Parks and Public Lands, will provide logistical support and 
personnel time for overseeing the management of the proposed mitigation area.  IFW 
recognizes that PR funds have limitations on what activities they can be spent on (e.g., 
cannot be spent on law enforcement).  IFW will ensure that PR funds are only used on 
eligible minimization activities in its Plan.  IFW will make funding activities that are not 
PR eligible a priority and obtain those funds from its General Fund account. 
 
IFW’s spending authority is granted through the biennial legislative process, with fiscal 
years beginning on July 1.  Therefore, IFW cannot guarantee State funds for future 
activities to administer the requirements set forth in the ITP, which are not yet 
appropriated by the State legislature.  Additionally, IFW cannot guarantee acceptance of 
grant monies unless it has received authorization from the Maine legislature to apply for 
and accept these monies.  However, as a commitment of this Plan, IFW will incorporate 
in its biennial budget request to the Maine State Legislature a budget that will be 
adequate to fulfill its obligations under the ITP.  IFW will provide evidence that the 
Legislature has appropriated sufficient funding to implement this plan by July 15th each 
year.  IFW recognizes that failure to annually ensure adequate funding to implement the 
Plan may be grounds for suspension or partial suspension of the ITP. Incidental take 
authorization under the permit is contingent on demonstrating adequate annual funding 
for plan implementation, including both IFW and MBPL (as pertaining to implementation 
of the mitigation).  
 
6.2 Plan Implementation Costs 
 
While developing the conservation commitments in this Plan, IFW worked to incorporate 
existing program resources, to the extent practicable, to meet the biological goals and 
objectives of the Plan.  This approach allows IFW to implement much of the Plan within 
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its existing programs.  Table 6.2.1 identifies the costs for implementing the Plan (other 
than mitigation measures), which are anticipated to average up to $69,000 annually.  
These costs do not reflect personnel costs associated with implementing this Plan, 
which will be covered by existing staff.  The diversion of personnel time to IFW’s 
Incidental Trapping Plan will come at the expense of other wildlife programs or law 
enforcement activities.  The amount of personnel time needed to implement IFW’s Plan 
will be fairly high, especially for the first couple of years.  For example, the lead wildlife 
biologist for responding to lynx incidental trapping incidents spent 50% of her time 
preparing for and responding to lynx incidental catches in 2012 (over an 8 week period).  
This does not include the time that other staff supported her in this effort. In the event 
that staff positions critical for ITP implementation are lost or eliminated, IFW will be 
committed to reassigning staff resources to ensure effective implementation of all ITP 
commitments.   In addition to costs provided in Table 6.2.1, IFW estimates the cost of 
training for the use of non-lethal cable restraints described in Appendix 13 to be 
$500/year. 
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Table 6.2.1 Proposed minimization activities for the incidental catch of lynx by Maine trappers and the 
approximate additional costs of these activities.  With the exception of differential pay, the personnel 
costs associated with implementing these activities are not included.  Personnel time spent on 
implementation of the Plan does divert time away from other wildlife management and law 
enforcement activities. 

 
 
Activity 

 

FTE 

workdays
b
 

 
Frequency of Activity 

 
Ongoing Activity Cost 

 
New Activity Cost 

 

 
Total Costc 

RC 1 Restrict placements of killer-type 
sets 

 Annually N/A N/A  

RC 2 Mandatory Reporting  Annually N/A N/A  
RC 3 Restrict the Use of Visible Bait  Annually N/A N/A  
RC 4 Restrict Foothold Traps  Annually N/A N/A  
IM 1 Trapped Lynx Hotline 

       Standby Salary Deferential 
       Phone line 

 Annually  
$3,600/yr 

$600.00/yr 

N/A  
$54,000 
$9,000 

IM 2 Responding to Lynx 
        Staff time 
         Equipment 

10% Annually Included in staff base salary 
$300/year 

N/A $4,500 

IM 3 Update Standard Operating 
Procedures 

0.4% Every 3 years $300/update N/A $1,500 

IM 4 Maintain List of Cooperating 
Veterinarians 

0.4% Annually Included in staff base salary N/A  

IM 5 Rehabilitate Injured Lynx 
              Collars 

 As needed N/A $2,000/lynx 
$2,500/lynx 

Up to $18,000 
Up to $22,500 

IM 6 Injury Evaluation Training for Staff 3% Every 3 years N/A $1,000/session $5,000 
IM 7 Veterinary Oversight  3 lynx in 3 year period  N/A $500/lynx $7,500 
IM 8 Monitor Orphaned Kittens  As needed N/A $1,200/kitten ~$4,800 
O&E 1 Reinforce Compliance with 

trapping regulations 
 Annually Included in staff base salary N/A  

O&E 2 Publish a Regulation Booklet  Annually $54,000 N/A $810,000 
O&E 3 Trapper Information Booklet  

     Letter and Lynx Portion Mailed 
0.4% Annually N/A $5,453 $81,795 
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Activity 

 

FTE work 

days
b
 

 
Frequency of Activity 

 
Ongoing Activity Cost 

 
New Activity Cost 

 
Total Costc 

 O&E 4   “How to avoid the incidental take of lynx” 
           Brochure Printing Cost 
           Additional postage 

0.1% once every  5 years 
 

N/A  
$2,700a 

$825 

 
$8,100 
$2,475 

O&E 5   Maintain Website Information  0.4% Annually Included in staff base salary N/A  
O&E 6   Trapper Education Program   Annually N/A N/A  
O&E 7   Trapper video  3% One Time  

 
$5000 video 

$4,700 postage 
$5,000 
$4,700 

O&E 8   Continued Education for Instructors 0.4% Every 2 years  N/A  
PI 1 Extend Lynx Regulations  Annually Included in staff base salary N/A  
PI 2 Investigate all lynx incidental captures 5% Annually Included in staff base salary N/A  
PI 3 Cooperate with USFWS on Investigations 5% Annually Included in staff base salary N/A  
PI 4 Conduct targeted compliance monitoring 15% Annually  Included in staff 

base salary 
 

PI 5 Consult with trappers  Annually Included in staff base salary N/A  
Total   44%    $1,038,537 

a The brochure would be mailed with the annual letter to Maine Trappers and would not have the cost of an individual mailing. 
b Percentage of a full-time employees (FTE) annual work day to complete activity is based on 260 work days/year.  For some activities, more than 
1 FTE is involved. The percentage of a FTE work days was calculated as the number of FTEs x the number of days involved in activity/260 
annual work days.   For example, 23 biologists will attend IM6 training every 3 years, thus % FTE work days=(23 FTE X 1 day/3 years)/260 work 
days.   

c Does not include FTE cost.  The daily salary for a FTE is $325; the annual cost of 44% of a FTE annual work days to carry out the minimization 
measures in this plan is estimated at $36,031.67. 
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6.2.2 Plan Mitigation Costs 
 
An MOU exists between the BPL and IFW for the management of the mitigation area 
(Appendix 11a).  The majority of the cost of mitigation will be covered by BPL and are 
not expected to exceed the costs of the normal operations that would occur on the 
proposed Habitat Management Area (i.e., no additional cost to IFW).  However, BPL 
may incur a financial loss if it has to harvest forest stands to meet habitat management 
goals prior to the time a stand would normally be harvested for its timber value.  IFW’s 
costs for implementing the mitigation plan are estimated at approximately $16,000 for 3 
lynx surveys on the mitigation area (Table 6.2.2). 
 
 
Table 6.2.2 Estimated costs of implementing mitigation measures (Section 5.3) 

that IFW will incur.  
 

Activity Frequency 
Total Cost for 

Activity 
Lynx Surveys Three times in 15 years  

Personnel  $3,140  
Transportation  $810 
Snowmobiles  10,000 
Equipment Repairs  $1500 
Misc. Equipment  $400 

Total for Surveys  $15,850 
BPL Mitigation 

Cruising Mitigation Area 
      Personnel 
      Transportation 
      Food and Lodging 

  
 

$4,428 
$504 
$600 

Develop Forest Management Plan 
      Personnel 
      Transportation 
      Food and Lodging 
Stand typing and modeling 
Harvest planning and execution 

  
$11,138 
$1,232 
$1,600 

$10,437 
$21,0001 

Total BPL Mitigation Costs  $50,939 
1 Profits from harvest will off-set cost of harvest 
 
 
6.3 Plan Monitoring Costs 
 
The Plan’s monitoring costs will primarily consist of personnel costs, which are covered 
under the agency’s existing annual budget.  Minor expenses will occur for activities such 
as compliance monitoring for killer-type traps (RC-6, Section 5.2; Table 6.2.1).  Other 
monitoring activity cost (e.g., responding to incidentally caught lynx) are covered in the 
plan’s minimization costs (Table 6.2.1) or mitigation costs (Table 6.2.2). 
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7.0 Measures Considered but Not Implemented 
 
The USFWS considered five alternatives, each with an increasing number of 
minimization measures, in its Draft Environmental Assessment (EA) for the 2008 
submission of IFW’s Plan.  The USFWS’ HCP Handbook (Chapter 3, p. 35) requires a 
description of at least two alternative actions to the proposed taking.  IFW discusses 
three alternative actions in its Plan:  1) Discontinue Trapping Statewide, 2) Discontinue 
Trapping Selectively, and 3) Other Minimization and Mitigation Measures.  The rationale 
for incorporating or not incorporating alternative actions into the Plan follows. In 
addition, in a separate memorandum to the USFWS, IFW provides additional 
information or data on the validity of other measures for minimizing lynx captures 
recommended in the USFWS Draft EA or by the public.   
 
7.1 Alternative I.  Discontinue Trapping Statewide 
 
The alternative action considered was to discontinue trapping statewide.  
 
This alternative would result in no take of Canada lynx by trapping.  The benefit of any 
reduced take from this action would be relatively minor relative to other sources of 
human related mortality (e.g., animal-vehicle collisions) that have a greater impact on 
lynx populations.  Furthermore, if fisher trapping were eliminated, fisher predation on 
lynx would likely increase (Section 4.2) and have a greater impact than any incidental 
trapping might have on Maine’s lynx population. 
 
Trapping cannot be replaced with an alternative activity that effectively harvests 
furbearing animals and provides a similar outdoor recreational experience.  In 1973, 
Maine’s legislature directed IFW’s Commissioner to establish open seasons for the 
trapping of furbearing animals (Title 12, Chapter 301, § 1960 A).  Discontinuing trapping 
statewide would be contrary to the legislature’s original directive.  Although lynx have 
been caught in trapping sets suitable for fox, coyote, bobcat, marten, and fisher, to our 
knowledge, no lynx have been caught in traps set for beaver, raccoon, mink, skunk, or 
weasel.  Discontinuing trapping for species that have not been associated with 
incidental capture of lynx would be unreasonable and would not, in itself, help reduce 
the incidental take of lynx.  
 
Given these considerations, IFW did not consider this an acceptable alternative. 
 
7.2 Alternative II.  Discontinue Trapping Selectively 
 
Another alternative action considered would be to discontinue trapping for species that 
have been associated with the incidental capture of lynx in areas where lynx occur.  
 
This alternative would likely result in no Canada lynx being taken by trappers. 
 
Lynx are distributed primarily in the northern half of the state (essentially WMDs 1 – 11, 
14, 18, and 19; Figure 1.1); have been taken in traps set for coyotes, marten, and fisher; 
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and would be vulnerable to traps set for bobcat and fox.  Discontinuing trapping in all 
lynx WMDs for these species would reduce the statewide trapping harvest for these 
species accordingly:  marten -- (84%), fisher -- (40%), coyote -- (< 31%), red fox -- (< 
24%), and bobcat -- (< 16%; Table 3.2).  Coyote and fox are hunted as well as trapped; 
therefore, the reduction in harvest, if trapping were to cease in these WMDs, would be 
somewhat less than 31% (unknown amount).  IFW does not believe it is practicable to 
ask the public to incur a significant loss of fur trapping opportunity on the outside 
chance that a lynx may incidentally be taken in a trap set for upland furbearers, 
especially when the mortality allowance requested in Maine's Plan is not detrimental to 
Maine's lynx population (Section 4).  Additionally, eliminating the harvest of upland 
furbearers could negatively impact the lynx population indirectly through increase 
competition of prey and directly by increased mortality by fisher (Section 3.3). 
 
Consequently, IFW is not recommending trapping be discontinued for upland furbearers 
in the core lynx range and does not consider this an acceptable alternative.   
 
Limit Upland Foothold Trapping Seasons to October and November 
 
There have been no lynx reportedly caught in foothold traps in December in Maine.  
Many trappers in northern Maine stop using foothold traps when the ground becomes 
frozen or covered with snow because it is difficult to keep traps operating properly in 
freeze, thaw, and snowy conditions.  In 2011, only 2% of the total coyote harvest and 
0.5% of the red fox harvest in WMDs 1-11 was taken in December.  IFW does not 
believe limiting the foothold trapping season to October and November would reduce 
lynx take or harm to lynx.  However, if IFW detects an increase in foothold trapping in 
December, IFW will follow the protocol outlined in the Changed Circumstances section 
of this document (Section 5.5). 
 
7.3 Alternative III.  Other Minimization and Mitigation Measures 
 
The USFWS’ National Environmental Policy Act (NEPA) considered five alternatives, 
each with an increasing number of minimization measures.  Measures suggested by the 
USFWS or public that would significantly reduce lynx take or harm were included in 
IFW’s Plan.  The minimization measures in this Plan are effective at reducing lynx 
captures and injuries to incidentally captured lynx, while maintaining a furbearer 
trapping program in Maine.   
 
The public, and the USFWS in its EA, suggested additional minimization measures for 
inclusion in IFW’s Plan.  Those that are practicable and have scientific justification were 
included.  The following two measures (require exclusion devices on all killer-type traps 
and require the use of BMP traps) are assumed to benefit lynx by reducing incidental 
trapping and injury; however, IFW did not find sufficient scientific justification to include 
these measures in the Plan.  The rational for not including these measures is presented 
below.   
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Require Effective Lynx-excluding Devices for All Upland Killer-type Traps in WMDs 1-
11, 14, 18, and 19 and Rescind Leaning Pole Regulations 
 
IFW contends that there is no evidence to warrant the mandatory use of exclusion 
devices for killer-type traps, when these traps are set on leaning poles.  IFW’s current 
leaning pole regulations deter lynx from being caught in killer-type traps.  No lynx have 
been caught in legally set killer-type traps since IFW’s leaning pole regulations were 
implemented in 2007 and clarified in 2008.  In terms of measuring risk as incidental 
catch per unit effort, no lynx have been caught in legally set killer-type traps for over 
600,000 trap nights20 on leaning poles in WMDs 1-11 from 2008-2011 (Table 7.3.1). In 
addition none of the 74 radiocollared lynx exposed to killer-type traps during 13 trapping 
seasons were captured in killer-type traps. 
 
 
Table 7.3.1 The estimated number of trap nights (TN) where trappers targeted 

marten in WMDs 1-11 from 2008 to 2011.   
 

Trapping 
Season 

Trap Nights/ 1 marten 
in WMDs 1-11 

Number of  Marten 
Harvested in WMDs 1-11 

Total # TN in 
WMDs 1-11 

2008-09 67 1,988 133,196 
2009-10 67 2,048 137,216 
2010-11 67 3,003 201,201 
2011-12 128 1,112 142,336 

 Total 613,949 
 
 
The lynx-exclusion device IFW developed with trappers was tested for the efficiency of 
excluding lynx from reaching the trap within the device when set on the ground.  The 
results of this testing indicated that the lynx-exclusion device would prevent lynx from 
being caught in killer-type traps; however, the efficacy of catching marten and fisher in 
these devices has not been determined.  Currently, trappers are not permitted to set 
killer-type traps on the ground in lynx WMDs (except killer-type traps < 5 inches when 
set as blind sets or under overhanging stream banks (Appendix 2).  This exclusion 
device was effective at excluding lynx from killer-type traps and provides trappers the 
opportunity to set baited killer-type traps for marten and fisher on the ground in lynx 
WMDs without catching lynx.  The lynx-exclusion device that IFW approved is different 
than devices required in other states that were developed to exclude dogs.   
 
Lynx exclusion devices are large, cumbersome, and more difficult to set than killer-type 
traps on leaning poles.  These devices may also be less effective at catching the target 
                                            
20 From 2010 to 2011 trapper effort reporting and harvest data were collected from trappers trapping in 
WMDs 1-11. The average number trap nights (one trap night is equal to one trap set for one night e.g., 2 
traps set for 1 night = 2 trap nights) it took a trapper to catch 1 marten were multiplied by the number of 
marten tagged in WMDS 1-11. Because trapper effort data were only available for 2010 and 2011 IFW 
used the conservative number of trapper nights required to catch a marten (67) from 2010 to estimate the 
number of trap nights in WMDs 1-11 for 2008 and 2009 therefore is likely an underestimate of the number 
of trap nights in those years.  
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species. If IFW were to require trappers to use exclusion devices when trapping with 
killer-type traps, it would be a disincentive for most trappers and would reduce fisher 
and marten trapping in Maine.  In addition, the risk of capturing lynx on leaning pole sets 
is low, since regulatory changes have been put in place. If circumstances change, IFW 
has a contingency plan to address increased take (Section 5.4). 
 
Require All Trappers to Use Only Foothold Traps Meeting BMP Standards for Fox, 
Coyote, and Bobcat and Rescind Existing Foothold Trap Size Regulations Once BMP 
Traps are Fully Implemented. 
 
Determine the Extent that BMP Foothold Traps are Used. 
 
The purported benefits of reducing lynx take or injuries by requiring all trappers to use 
only traps meeting Best Management Practices (BMP) standards is not supported by 
National BMP data or BMP data collect in Maine.  BMP traps were tested and approved 
for specific species.  It is inappropriate to require trappers to use traps meeting BMP 
standards for fox and coyote in the hope that these traps would be less injurious to lynx.  
Many of the traps tested and approved for foxes, coyotes, and bobcats were not tested 
during BMP trap testing for lynx in Alaska (AFWA 2011).  Therefore, it is unknown if lynx 
would be injured in a trap approved for other species.  Trappers in Maine are not 
targeting lynx; therefore, requiring canid trappers to use BMP traps approved for lynx 
may lead to more frequent or severe injuries for smaller furbearers (e.g., red fox).  
 
Prior to and after the Consent Decree, that limits the size of foothold traps that can be 
used in the lynx range but did not require BMP approved traps, injuries to incidentally 
captured lynx were similar to or lower than injuries report for coyotes and bobcats 
caught in BMP approved traps (Tables 4.2.2, 7.3.2 and 7.3.3).  Data collected in Maine 
from 1999 through 2012 show that 94% (n=32) of the incidentally caught lynx in foothold 
traps set by trappers and examined by IFW biologists had no injury or only a minor 
injury (minor injury= ISO score ≤ 10 [see Table 4.2.1]).  Again, these injury scores are 
lower or similar to injury scores observed for coyotes and bobcats caught during BMP 
trap testing (Tables 7.3.2 and 7.3.3) and lynx caught by IFW biologists using BMP 
approved traps for lynx (Table 4.1.1); therefore, IFW does not believe requiring the use 
of BMP traps would further reduce injuries or incidental take by trappers. However, if 
circumstance change, IFW has a contingency plan to address increase take or injury 
(Section 5.4). 
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Table 7.3.2 Injury (welfare) scores for 20 restraining devices evaluated for coyotes during Association of Fish and Wildlife 
Agencies’ Best Management Practices (BMP) trap research, 1998-2005.  BMP criteria for welfare, efficiency and 
selectivity were met for 16 devices evaluated for coyotes.  Those traps not meeting BMP criteria are shaded in 
gray.  The most commonly used trap in the United States is the No. 2 coil-spring (Responsive Management 2005).  
This trap met all BMP criteria.   

 
   Cumulative Injury Score % animals classed by worst injury 

Trap Code States Tested 
Sample 

Size 
 

Mean 
 

Median 
 

SE 
 

None Mild 
 

Moderate 
Mod. 

Severe 
 

Severe Dead 
15P AL, GA, NM,  NY,  VT 28 16.2 8.5 3.2 25.0 39.3 35.7 0 0 0 
NPCD WI 57 19.3 5.0 25.1 0 80.1 10.5 1.7 7.0 0 
BEL KS, ME, NM, PA, VT,  49 22.7 10.0 4.2 4.1 65.3 26.5 0 4.1 0 
134FO ME, NY, PA 27 25.6 20.0 4.8 11.1 44.4 44.4 0 0 0 
3PM KS, ME, NE, NY, OR, PA, VT 105 25.7 10.0 2.5 1.0 59.0 38.1 1.0 1.0 0 
15PM AR, GA, KS,  ME, NY, OK,  OR, PA, SD,  

VT, WA,  WY 
92 28.9 10.0 4.1 0 53.3 41.3 3.3 2.2 0 

2OLM KS, ME, NE, NY, OK, OR, PA, VT, WA 74 30.1 20.0 2.9 1.4 52.7 43.2 1.4 1.4 0 
2C AR, KS, MI,  NY, OH, OK,  VT 25 37.0 40.0 7.9 20.0 24.0 48.0 4.0 4.0 0 
175OL GA, ME, NM, NY, OK, OR, PA, SD, WA, 

WY 
72 37.1 35.0 4.1 4.2 43.1 48.6 4.2 4.2 0 

175 GA, ME, NM, NY, OK, OR, PA, SD, WA, 
WY 

84 39.5 42.5 3.3 3.6 34.5 56.0 1.2 4.8 0 

MJ600 GA, KS, OK, OR, SD, TX, WY 49 40.2 35.0 4.5 0 49.0 49.0 0 2.0 0 
MB650 GA, KS, OK, OR, SD, TX, WY 67 42.6 20.0 5.9 1.5 52.2 38.8 1.5 6.0 0 
22CC OR, SD, WA 39 49.8 45.0 6.7 2.6 35.9 53.8 2.6 5.1 0 
3MSM PA,  SD 30 50.7 47.5 5.3 0 40.0 50.0 0 10.0 0 
33CC OR, SD, WA 49 52.6 45.0 7.4 0 42.9 44.9 6.1 6.1 0 
2FOJ PA,   SD 24 54.3 60.0 6.17 0 41.7 41.7 0 16.6 0 
175FOJ PA,  SD 28 54.8 55.0 4.9 0 35.7 50.0 0 14.3 0 
3OL GA, NM, OK, OR, WA 23 60.9 45.0 8.7 4.3 13.0 60.9 4.3 17.4 0 
3S GA, KS, OK, OR, SD, TX, WY 56 71.7 50.0 7.7 1.8 21.4 62.5 0 14.3 0 
3O GA, NM, OK, OR, SD, WA 41 98.2 80.0 9.1 0 7.3 63.4 2.4 26.8 0 

Abbreviations 
FO = flat offset, P = padded, PM = padded modified (4 coiled), FOJ = flat offset jaw, OL = offset laminated, CC = Coyote Cuff brand, OLM = offset laminated modified (4 coiled), O = 
offset PM = padded modified (4 coiled), S = longspring, MSM = Montana Special Modified, NPCD = non-powered cable device, BEL = Belisle foot snare, MB650 = Minnesota Brand 
650, and MJ600 = Sterling 600 
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Table 7.3.3 Injury (welfare) scores for 16 restraining devices evaluated for bobcats during the Association of Fish and 
Wildlife Agencies’ Best Management Practices (BMP) trap research, 1998-2006.  BMP criteria for welfare, 
efficiency, and selectivity were met for all 16 devices evaluated for bobcats.  The most commonly used trap type 
in the United States for capturing bobcats is the No. 3 coil-spring (Responsive Management 2005).  The standard 
No. 3 coil-spring trap met all BMP criteria, as did the same trap size with modifications including padded jaws, 
offset jaws, laminated jaws, and jaws with both offset and lamination. 

 
   Cumulative Injury Score % animals classed by worst injury only 

Trap Code States Tested 
Sample 

Size 
 

Mean 
 

Median 
 

SE 
 

None Mild 
 

Moderate 
Mod. 

Severe 
 

Severe Dead 
Cage 109.5 
(Tomahawk) 

CA, GA, KS 22 0.3 0 0.3 95.5 4.5 0 0 0 0 

#1.5 coil-spring 
(WOV) 

 GA, KS, NC, OK, 
PA, SC, VT  

42 9.4 5.0 1.5 4.8 83.3 11.9 0 0 0 

#1.75 coil (WOV) GA, NM, OK, PA 23 9.8 5.0 4.6 13.0 74.0 8.7 0 4.3 0 
#3 padded, 4 coil 
(WOV) 

PA, KS, OR 27 10.1 5.0 1.9 0 55.6 44.4 0 0 0 

# 3 coil, offset (BRI) GA, NM, OK, OR 22 11.2 5.0 2.7 4.5 76.3 19.2 0 0 0 
#1.75 offset, 
laminated (WOV) 

NY, GA, PA, NM, 
OK, OR 

38 12.8 5.0 4.2 18.4 52.7 23.7 0 5.3 0 

# 3 coil, offset, lam 
(BRI) 

GA, NM, OK, OR, 
WA 

31 15.8 5.0 4.1 3.2 71.0 22.6 0 3.2 0 

MJ 600 (Sterling) GA, KS, OK, OR, 
TX 

37 16.8 10.0 2.9 2.7 81.1 16.2 0 0 0 

Belisle Foot Snare KS, NM, PA 18 17.3 5.0 5.3 0 72.2 22.2 5.6 0 0 
# 2 coil (WOV)  KS, NC, NY, OK 30 20.1 7.5 3.9 0 76.7 23.3 0 0 0 
MB 650 
(Minnesota) 

GA, KS, OK, OR, 
TX 

29 20.9 5.0 4.8 0 75.9 20.7 0 3.4 0 

#2 offset, 
laminated, 4 coil 
(BRI) 

KS, OK, PA, OR, 
WA 

21 21.2 10.0 4.4 0 66.7 33.3 0 0 0 

#1.5 padded, 4 coil 
(WOV) 

GA, KS, OK, PA, 
VT 

43 23.0 15.0 4.6 4.8 72.1 16.3 2.3 4.7 0 

# 3 longspring (SC) GA, KS, OK, TX 45 25.8 5.0 5.9 4.4 66.6 22.2 0 6.7 0 
# 3 coil, lam (BRI) GA, KS, OK 20 25.9 10.0 11.8 0 80.0 10.0 5.0 5.0 0 
# 3 coil (BRI) KS, OK, NE, MI 30 37.7 20.0 9.3 0 70.0 16.7 3.3 10.0 0 

Abbreviations 
FO = flat offset, P = padded, PM = padded modified (4 coiled), FOJ = flat offset jaw, OL = offset laminated, CC = Coyote Cuff brand, OLM = offset laminated modified (4 coiled), O 
= offset PM = padded modified (4 coiled), S = longspring, MSM = Montana Special Modified, NPCD = non-powered cable device, BEL = Belisle foot snare, MB650 = Minnesota 
Brand 650, and MJ600 = Sterling 600 
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8.0 Future Amendments 
 
An HCP and/or ITP (in IFW’s case Plan and/or ITP) may be modified in accordance with 
the ESA, the USFWS’s implementing regulations, the implementation agreement (IA), 
and this chapter.  HCP and permit modifications are not anticipated on a regular basis; 
however, modifications to the HCP and/or ITP may be requested by either IFW or the 
USFWS.  The USFWS also may amend the ITP at any time for just cause, and upon a 
written finding of necessity, during the permit term in accordance with 50 C.F.R. § 
13.23(b).  The categories of modifications are administrative changes, minor 
amendments, and major amendments. 
 
8. 1 Administrative Changes 
 
Administrative changes are internal changes or corrections to the HCP that may be 
made by IFW, at its own initiative, or approved by IFW in response to a written request 
submitted by the USFWS.  Requests from the USFWS will include an explanation of the 
reason for the change, as well as any supporting documentation.  Administrative 
changes on IFW’s initiative do not require preauthorization or concurrence from the 
USFWS. 
 
Administrative changes are those that will not:  a) result in effects on a HCP species 
that are new or different than those analyzed in the HCP, environmental assessment 
(EA), or the USFWS’s biological opinion (BO), b) result in take beyond that authorized 
by the ITP, c) negatively alter the effectiveness of the HCP, or d) have consequences to 
aspects of the human environment that have not been evaluated.  IFW will document 
each administrative change in writing and provide the USFWS with a summary of all 
changes, as part of its annual report, along with any replacement pages, maps, and 
other relevant documents for insertion in the revised document. 
 
Administrative changes include, but are not limited to, the following: 
 
 Corrections of typographical, grammatical, and similar editing errors that do not 

change intended meanings; 
 Corrections of any maps or exhibits to correct minor errors in mapping; and 
 Corrections of any maps, tables, or appendices in the HCP to reflect approved 

amendments, as provided below, to the ITP or permit. 
 
8.2 Minor Amendments 
 
Minor amendments are changes to the HCP, the effects of which on HCP species, the 
conservation strategy, and IFW’s ability to achieve the biological goals and objectives of 
the HCP, are either beneficial or not significantly different than those described in this 
HCP.  Such amendments also will not increase impacts to species, their habitats, and 
the environment beyond those analyzed in the HCP, EA, and BO or increase the levels 
of take beyond that authorized by the ITP.  Minor amendments may require an 
amendment to the ITP or the IA.  A proposed minor amendment must be approved in 
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writing by the USFWS and IFW before it may be implemented.  A proposed minor 
amendment will become effective on the date of the joint written approval. 
 
IFW or the USFWS may propose minor amendments by providing written notice to the 
other party.  The party responding to the proposed minor amendment should respond 
within 30 days of receiving notice of such a proposed modification.  Such notice shall 
satisfy the provisions of 50 C.F.R. § 13.23, as well as include a description of the 
proposed minor amendment; the reasons for the proposed amendment; an analysis of 
the environmental effects, if any, from the proposed amendment, including the effects 
on HCP species and an assessment of the amount of take of the species; an 
explanation of the reason(s) the effects of the proposed amendment conform to and are 
not different from those described in this HCP; and any other information required by 
law.  When IFW proposes a minor amendment to the HCP, the USFWS may approve or 
disapprove such amendment, or recommend that the amendment be processed as a 
major amendment as provided below.  The USFWS will provide IFW with a written 
explanation for its decision.  When the USFWS proposes a minor amendment to the 
HCP, IFW may agree to adopt such amendment or choose not to adopt the 
amendment.  IFW will provide the USFWS with a written explanation for its decision.  
The USFWS retains its authority to amend the ITP, however, consistent with 50 C.F.R. 
§ 13.23. 
 
Provided a proposed amendment is consistent in all respects with the criteria in the first 
paragraph of this section, minor amendments include, but are not limited to, the 
following: 
 
 Changes to IFW’s monitoring protocols to improve their effectiveness; 
 Adding conservation or management measures to our mitigation plan to enhance 

its effectiveness; 
 Updates to maps or to lynx species occurrence data; 
 Minor changes to the biological goals or objectives;  
 Modification of existing or adoption of new performance indicators or standards if 

results of monitoring and research, or new information developed by others, 
indicate that the initial performance indicators or standards are inappropriate 
measures of success of the applicable conservation measures; 

 Minor changes to survey or monitoring protocols that are not proposed in 
response to adaptive management and that do not adversely affect the data 
gathered from those surveys; 

 Modifying the design of existing research or implementing new research; 
 Conducting monitoring surveys in addition to those required by the HCP and ITP; 
  Minor changes to the reporting protocol. 
 
8.3 Major Amendments 
 
A major amendment is any proposed change or modification that does not satisfy the 
criteria for an administrative change or minor amendment.  Major amendments to the 
HCP and ITP are required if IFW desires, among other things, to modify the projects 
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and activities described in the HCP such that they may affect the impact analysis or 
conservation strategy of the HCP, affect other environmental resources or other aspects 
of the human environment in a manner not already analyzed, or result in a change for 
which public review is required.  Major amendments must comply with applicable 
permitting requirements, including the need to comply with NEPA, the National Historic 
Preservation Act (NHPA), and Section 7 of the ESA. 
 
In addition to the provisions of 50 C.F.R. § 13.23(b), which authorize the USFWS to 
amend an ITP at any time for just cause and upon a finding of necessity during the 
permit term, the HCP and ITP may be modified by a major amendment upon IFW’s 
submission of a formal permit amendment application and the required application fee 
to the USFWS, which will be processed in the same manner as the original permit 
application.  Such application generally will require submittal of a revised HCP, a 
revised IA, and preparation of an environmental review document in accordance with 
NEPA.  The specific document requirements for the application may vary, however, 
based on the substance of the amendment.  For instance, if the amendment involves an 
action that was not addressed in the original HCP, IA, or NEPA analysis, the documents 
may need to be revised or new versions prepared addressing the proposed 
amendment.  If circumstances necessitating the amendment were adequately 
addressed in the original documents, an amendment of the ITP might be all that would 
be required. 
 
Upon submission of a complete application package, the USFWS will publish a notice of 
the receipt of the application in the Federal Register, initiating the NEPA and HCP 
public comment process.  After the close of the public comment period, the USFWS 
may approve or deny the proposed amendment application.  IFW may, in its sole 
discretion, reject any major amendment proposed by the USFWS.   
 
Changes that would require a major amendment to the HCP and/or ITP include, but are 
not limited to: 
 
 Revisions to the covered lands or activities that do not qualify as a minor 

amendment; 
 Increases in the amount of take allowed for covered activities; 
 Adding new or additional covered species; 
 A renewal or extension of the permit term beyond 15 years, where the criteria for 

a major amendment are otherwise met, and where such request for renewal is in 
accordance with 50 C.F.R. § 13.22; 

 Extending the period of time covered by IFW’s mitigation agreement with BPL to 
ensure habitat mitigation goals are met. 
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10.0 Appendices 
 
Appendix 1. Maine’s Conservation Statutes Related to Department Authority, 

Trapping, and Threatened and Endangered Species as of 
February 2, 2012. 

 
Title 12: CONSERVATION 

Part 13: INLAND FISHERIES AND WILDLIFE HEADING: PL 2003, C. 414, PT. A, §2 
(NEW); PT. D, §7 (AFF); C. 614, §9 (AFF) 

Subpart 2: DEPARTMENT ORGANIZATION HEADING: PL 2003, C. 414, PT. A, §2 
(NEW); PT. D, §7 (AFF); C. 614, §9 (AFF)  

Chapter 903: DEPARTMENT OF INLAND FISHERIES AND WILDLIFE HEADING: PL 
2003, C. 414, PT. A, §2 (NEW); PT. D, §7 (AFF); C. 614, §9 (AFF)  

Subchapter 1: DEPARTMENT ESTABLISHED HEADING: PL 2003, C. 414, PT. A, §2 
(NEW); PT. D, §7 (AFF); C. 614, §9 (AFF)  

§10051. Department established  

IFW of Inland Fisheries and Wildlife is established to preserve, protect and enhance the 
inland fisheries and wildlife resources of the State; to encourage the wise use of these 
resources; to ensure coordinated planning for the future use and preservation of these 
resources; and to provide for effective management of these resources. [2003, c. 
414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

IFW consists of the Commissioner of Inland Fisheries and Wildlife, a deputy 
commissioner, the Division of Licensing, Registration and Engineering, the Bureau of 
Resource Management and the Bureau of Warden Service. IFW also includes the 
Advisory Board for the Licensing of Guides and whatever state agencies that are 
designated. IFW is under the control and supervision of the commissioner. [2009, c. 
652, Pt. A, §13 (RPR).] 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 

2009, c. 340, §1 (AMD). 2009, c. 369, Pt. A, §26 (AMD). 2009, c. 652, Pt. A, 

§13 (AMD).  

 

§10052. Division of Licensing and Registration  

The Division of Licensing and Registration is established within IFW of Inland Fisheries 
and Wildlife. The division is equal in organizational level and status with other major 
organizational units within IFW or its successors. The division is administered by a 
director who is immediately responsible to the deputy commissioner. The director 
possesses full authority and responsibility for administering all the powers and duties of 
the division, subject to the direction of the commissioner and except as otherwise 
provided by statute. The responsibilities of the division include, but are not limited to: 
[2011, c. 253, §1 (AMD).] 



Incidental Take Plan For Maine’s Trapping Program 
Amended September 2015  Page 158 

1. Financial accounting. 
[ 2009, c. 340, §2 (RP) .] 

2. Personnel activities. 
[ 2009, c. 340, §2 (RP) .] 

3. Licensing and registration.  The administration and issuance of department 
licenses, stamps and permits and the registration of snowmobiles, watercraft and all-
terrain vehicles. 
[ 2011, c. 253, §1 (AMD) .] 

4. Engineering. 
[ 2011, c. 253, §1 (RP) .] 

5. Land acquisition. 
[ 2009, c. 340, §2 (RP) .] 

6. Equipment inventory. 
[ 2009, c. 340, §2 (RP) .] 

 

SECTION HISTORY 

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 

2003, c. 655, §B13 (AMD). 2003, c. 655, §B422 (AFF). 2009, c. 340, §2 (AMD). 

2011, c. 253, §1 (AMD). 

 

§10053. Bureau of Resource Management  

The Bureau of Resource Management is established within IFW of Inland Fisheries and 
Wildlife. The bureau is equal in organizational level and status with other major 
organizational units within IFW or its successors. The bureau is administered by a 
director who is immediately responsible to the deputy commissioner. The director 
possesses full authority and responsibility for administering all the powers and duties of 
the bureau, subject to the direction of the commissioner and except as otherwise 
provided by statute. The responsibilities of the bureau include, but are not limited to: 
[2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

1. Wildlife management.  The management of the wildlife resources in the State 
for their preservation, protection, enhancement and use;  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

2. Fisheries management.  The management of the inland fisheries resources in 
the public waters of the State for their preservation, protection, enhancement and use;  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

3. Propagation of fish.  The propagation of fish for the effective management of 
inland fisheries resources in public waters of the State;  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

4. Habitat management.  The management of habitat for the protection, 
preservation, enhancement and use of inland fisheries and wildlife resources;  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

5. Wildlife sanctuaries; wildlife management areas.  The management of wildlife 
sanctuaries and wildlife management areas for the State as designated in chapter 925;  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

6. Data collection.  The collection of data for the effective management of inland 
fisheries and wildlife resources;  
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[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §14 (AMD); 2003, c. 655, Pt. 

B, §422 (AFF) .]  

7. Research.  Research activities for the effective management of inland fisheries 
and wildlife resources;  
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §14 (AMD); 2003, c. 655, Pt. 

B, §422 (AFF) .]  

8. Animal damage control.  The coordination of animal damage control functions 
throughout the State, including supplemental assistance for the control of coyotes and 
other nuisance wildlife that exceeds normal funding and staffing levels within IFW;  
[ 2009, c. 340, §3 (AMD) .]  

9. Rules.  The development of rules governing the effective management of the 
inland fisheries and wildlife resources of the State; and  
[ 2009, c. 340, §4 (AMD) .]  

10. Land acquisition.  The acquisition and development of land for the protection, 
preservation and enhancement of inland fisheries and wildlife resources.  
[ 2009, c. 340, §5 (NEW) .]  

 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 

2003, c. 655, §B14 (AMD). 2003, c. 655, §B422 (AFF). 2009, c. 340, §§3-5 

(AMD).  

 

§10054. Bureau of Warden Service  

The Bureau of Warden Service is established within IFW of Inland Fisheries and 
Wildlife. It is equal in organizational level and status with other major organizational 
units within IFW or its successors. The bureau is administered by a director who is 
immediately responsible to the deputy commissioner. The director is the Game Warden 
Colonel and is employed pursuant to section 10103, subsection 3 and Title 5, chapter 
59, which are applicable to this position. The director possesses full authority and 
responsibility for administering all the powers and duties of the bureau, subject to the 
direction of the commissioner and except as otherwise provided by statute. The 
responsibilities of the bureau include, but are not limited to: [2003, c. 414, Pt. A, §2 
(NEW); 2003, c. 614, §9 (AFF).] 

1. General enforcement.  Enforcement of laws or rules as designated by this Part, 
or as specified;  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

2. Wildlife and fisheries enforcement.  Enforcement of laws and department 
rules pertaining to the management and protection of inland fisheries and wildlife 
resources as further designated by section 10353;  
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §15 (AMD); 2003, c. 655, Pt. 

B, §422 (AFF) .]  

3. Snowmobile, watercraft and all-terrain vehicle enforcement.  Enforcement of 
laws and department rules pertaining to the registration and operation of snowmobiles, 
watercraft and all-terrain vehicles;  
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §15 (AMD); 2003, c. 655, Pt. 

B, §422 (AFF) .]  
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4. Search and rescue.  The coordination and implementation of all search and 
rescue operations as specified under section 10105, subsection 4;  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

5. Safety.  Assistance with programs for hunter safety and for the safe operation of 
snowmobiles, watercraft and all-terrain vehicles;  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

6. Data collection.  The collection of data as needed for the management and 
protection of the inland fisheries and wildlife resources; and  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

7. Other.  Such responsibilities as specified in state law.  
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §16 (AMD); 2003, c. 655, Pt. 

B, §422 (AFF) .] 

 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 

2003, c. 655, §§B15,16 (AMD). 2003, c. 655, §B422 (AFF). 

 

§10056. Division of Public Information and Education  

The Division of Public Information and Education is established within IFW of Inland 
Fisheries and Wildlife and is responsible for the administration of programs to increase 
the public's knowledge and understanding of inland fisheries and wildlife resources and 
the management of these resources, including the administration of education programs 
for hunter safety and for the safe operation of snowmobiles, watercraft and all-terrain 
vehicles. The division's responsibilities include public education, promotion of inland 
fisheries and wildlife resources and the dissemination of information. [2003, c. 614, 
§9 (AFF); 2003, c. 655, Pt. B, §17 (AMD); 2003, c. 655, Pt. B, §422 (AFF).] 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 

2003, c. 655, §B17 (AMD). 2003, c. 655, §B422 (AFF).  
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Title 12: CONSERVATION 
Part 13: INLAND FISHERIES AND WILDLIFE HEADING: PL 2003, C. 414, PT. A, §2 

(NEW); PT. D, §7 (AFF); C. 614, §9 (AFF) 
Subpart 2: DEPARTMENT ORGANIZATION HEADING: PL 2003, C. 414, PT. A, §2 

(NEW); PT. D, §7 (AFF); C. 614, §9 (AFF)  
Chapter 903: DEPARTMENT OF INLAND FISHERIES AND WILDLIFE HEADING: PL 

2003, C. 414, PT. A, §2 (NEW); PT. D, §7 (AFF); C. 614, §9 (AFF)  
Subchapter 2: COMMISSIONER: POWERS AND DUTIES HEADING: PL 2003, C. 

414, PT. A, §2 (NEW); PT. D, §7 (AFF); C. 614, §9 (AFF)  

§10101. Appointment  

The commissioner is appointed by the Governor, subject to review by the joint standing 
committee of the Legislature having jurisdiction over fisheries and wildlife matters and to 
confirmation by the Legislature. The commissioner serves at the pleasure of the 
Governor. Any candidate for the office of commissioner must have a record of 
demonstrated support for, and an understanding of, the basics of modern wildlife and 
fisheries management and have experience in hunting, fishing or trapping. [2003, c. 
414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

§10104. Rule-making power  

In addition to other powers granted in this Part, the commissioner has the following 
powers. [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

1. Rules.  The commissioner may, with the advice and consent of the advisory 
council and in conformity with Title 5, Part 18, and except as otherwise provided, adopt, 
amend and repeal reasonable rules, including emergency rules, necessary for the 
proper administration, implementation, enforcement and interpretation of any provision 
of law that the commissioner is charged with the duty of administering. These rules duly 
adopted have the full force and effect of law and are effective upon filing with the 
Secretary of State, unless a later date is required by statute or specified in the rule.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

2. Filing of rules.  The commissioner may file certified copies of all rules adopted 
by the commissioner and any and all amendments to the rules with the clerks of the 
District Court and Superior Court. These certified copies are considered official 
publications of the State for all purposes, including, but not limited to, the Maine Rules 
of Civil Procedure, Rule 44(a)(1) and the Maine Rules of Evidence, Rule 902 (5), and 
judicial notice must be taken accordingly. A facsimile of the signature of the 
commissioner imprinted by or at the commissioner's discretion upon any such certificate 
of true copy has the same validity as the commissioner's written signature.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 
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§10105. Other powers  

1. Authorize taking or destruction of wildlife.  Whenever the commissioner 
determines it necessary for the accomplishment of the commissioner's statutory duties, 
the commissioner may authorize a person to assist the commissioner in the taking and 
destruction of any wildlife. The commissioner may place conditions or restrictions on 
any authorization granted under this subsection. A person who violates a condition or 
restriction placed on an authorization granted under this subsection invalidates that 
authorization and subjects that person to applicable laws under this Part.  
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §20 (AMD); 2003, c. 655, Pt. 

B, §422 (AFF) .]  

1-A.  Authorize taking and destruction of fish.  Notwithstanding sections 12454, 
12456 and 12457 and chapter 923, subchapters 4 and 5, whenever an illegal 
introduction of invasive fish species occurs and the commissioner determines it 
necessary for resource protection and management, the commissioner may authorize 
licensed anglers to assist the commissioner in the taking and destruction or sale of that 
invasive fish species.  
[ 2009, c. 340, §6 (AMD) .]  

2. Commissioner's authority to terminate coyote season.  The commissioner 
may terminate open season on coyote night hunting at any time in any area if, in the 
commissioner's opinion, an immediate emergency action is necessary due to adverse 
weather conditions or unlawful hunting activity.  
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §20 (AMD); 2003, c. 655, Pt. 

B, §422 (AFF) .]  

3. Coyote control program.   
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §21 (RP); 2003, c. 655, Pt. B, 

§422 (AFF) .]  

4. Search and rescue.  Whenever the commissioner receives notification that any 
person has gone into the woodlands or onto the inland waters of the State on a hunting, 
fishing or other trip and has become lost, stranded or drowned, the commissioner shall 
exercise the authority to take reasonable steps to ensure the safe and timely recovery 
of that person, except in cases involving downed or lost aircraft covered by Title 6, 
section 303.  

A. The commissioner may summon any person in the State to assist in search and 
rescue attempts. Each person summoned must be paid at a rate set by the 
commissioner with the approval of the Governor and must be provided with subsistence 
while engaged in these activities. [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, 
§9 (AFF).] 

B. The commissioner may enter into written agreements with other agencies or 
corporations, including commercial recreational areas, allowing partial search and 
rescue responsibility within specified areas. [2003, c. 414, Pt. A, §2 (NEW); 2003, 
c. 614, §9 (AFF).] 

C. The commissioner may terminate a search and rescue operation by members of 
IFW when, in the commissioner's opinion, all reasonable efforts have been exhausted. 
[2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

D. The commissioner may recover all costs directly related to a specific search and 
rescue operation:  

(1) From the person for whom the search and rescue operation was conducted; or 
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(2) If a person knowingly provided false information that led to a search and rescue 
operation, from the person who provided that false information. [2003, c. 614, §9 
(AFF); 2003, c. 655, Pt. B, §22 (AMD); 2003, c. 655, Pt. B, §422 (AFF).] 
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §22 (AMD); 2003, c. 655, Pt. 

B, §422 (AFF) .]  

4-A. Search and rescue dogs.  A person assisting the commissioner under 
subsection 4 with a search and rescue dog certified by or in training with an 
organization recognized by the Bureau of Warden Service may be accompanied by the 
search and rescue dog in a place of public accommodation without being required to 
pay an extra charge or security deposit for the search and rescue dog. The owner of the 
search and rescue dog is liable for any damages done to the premises by that animal. 
For purposes of this subsection, "place of public accommodation" has the same 
meaning as in Title 5, section 4553, subsection 8, paragraph A.  
[ 2009, c. 543, §1 (NEW) .]  

5. Boundary waters with New Hampshire and Canada.  The commissioner may 
prescribe bag limits, size limits, open or closed seasons and methods of taking fish from 
the inland boundary waters between the states of Maine and New Hampshire and 
provinces of Canada. These rules must be mutually agreed upon by the commissioners 
of Maine and New Hampshire and the fishery authorities of Canada and approved by 
the Inland Fisheries and Wildlife Advisory Council.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

6. Establishing line of demarcation.  The commissioner, through an agent 
designated by the commissioner, may establish a line of demarcation between a lake or 
pond and its outlet or tributaries in areas where the commissioner determines it 
necessary.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

7. Sale or destruction of confiscated property.  The commissioner may sell all 
property held or confiscated by the State for violation of laws relating to the protection of 
inland fisheries and wildlife that has been forfeited to the State pursuant to sections 
10502 and 10503. A confiscated or forfeited handgun that was confiscated or forfeited 
because it was used to commit a homicide must be destroyed by the State, unless the 
handgun was stolen and the rightful owner was not the person who committed the 
homicide, in which case the handgun must be returned to the owner if ascertainable. 
For purposes of this subsection, "handgun" means a firearm, including a pistol or 
revolver, designed to be fired by use of a single hand. The commissioner shall transmit 
all money received from sales under this subsection to the Treasurer of State to be 
credited to IFW.  
[ RR 2003, c. 2, §18 (COR) .]  

8. Employee discipline.  The commissioner may dismiss, suspend or otherwise 
discipline any department employee for cause. This right is subject to the right of appeal 
and arbitration of grievances as set forth in Title 5.  
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §23 (AMD); 2003, c. 655, Pt. 

B, §422 (AFF) .]  

9. Possession and disposal of fish and wildlife.  The commissioner may take 
possession of sick, injured or dead fish and wildlife that is not the property of another 
person. For any fish and wildlife possessed by the commissioner under this subsection, 
the commissioner may:  



Incidental Take Plan For Maine’s Trapping Program 
Amended September 2015  Page 164 

A. For sick or injured fish or wildlife, destroy that fish or wildlife when necessary in a 
manner consistent with the provisions of Title 17, section 1043; and [2003, c. 414, 
Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

B. For dead fish or wildlife, dispose of that fish or wildlife in any manner considered 
appropriate by the commissioner. [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, 
§9 (AFF).] 

This subsection does not apply to fish or wildlife seized by the commissioner under 
section 10502. 
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

10. Taking and importing wildlife.  The commissioner may:  
A. For scientific purposes, take fish and wildlife and import fish and wildlife into the 

State or authorize others to do so; and [2003, c. 655, Pt. B, §24 (NEW); 2003, c. 
655, Pt. B, §422 (AFF).] 

B. Take or import wild animals or wild birds of any kind, dead or alive, for the 
purpose of inspection, cultivation, propagation or distribution or for scientific or other 
purposes considered by the commissioner to be of interest to the game industry of this 
State. [2003, c. 655, Pt. B, §24 (NEW); 2003, c. 655, Pt. B, §422 (AFF).] 
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §24 (RPR); 2003, c. 655, Pt. 

B, §422 (AFF) .]  

11. Take or import animals and birds.   
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §25 (RP); 2003, c. 655, Pt. B, 

§422 (AFF) .]  

12. Purchase or sale of wildlife for use as evidence.  An agent of the 
commissioner may buy or sell wildlife for use as evidence in the prosecution of a 
violation of this Part.  
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §26 (AMD); 2003, c. 655, Pt. 

B, §422 (AFF) .]  

13. Prevention of introduction of harmful pathogens into Maine's fish and 
wildlife population.  To prevent the introduction of pathogens into the State that pose a 
significant risk to the health of Maine's unique fish and wildlife populations, the 
commissioner may prohibit or otherwise regulate the transportation of a fish or wildlife 
species or any part of a fish or wildlife species into or within the State. The 
commissioner may adopt rules to carry out the purpose of this subsection. Rules 
adopted pursuant to this subsection are routine technical rules as defined in Title 5, 
chapter 375, subchapter 2-A.  
[ 2005, c. 470, §1 (NEW) .] 

 

SECTION HISTORY  

RR 2003, c. 2, §18 (COR). 2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 

2003, c. 614, §9 (AFF). 2003, c. 655, §§B20-26 (AMD). 2003, c. 655, §B422 

(AFF). 2005, c. 470, §1 (AMD). 2007, c. 73, §1 (AMD). 2009, c. 340, §6 (AMD). 

2009, c. 543, §1 (AMD).  

 

§10106. Fish and wildlife restoration  

1. Commissioner's authority.  The State assents to the Federal Aid in Wildlife 
Restoration Act, Public Law, September 2, 1937, chapter 899, as amended, and the 
Federal Aid in Fish Restoration Act, Public Law, August 9, 1950, chapter 658, as 
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amended. The commissioner is authorized, empowered and directed to perform such 
acts as may be necessary to the conduct and establishment of cooperative wildlife and 
fish restoration projects, as defined in those Acts of Congress, in compliance with those 
Acts and with rules and regulations promulgated by the United States Secretaries of 
Agriculture and Interior under those Acts.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

2. Control of distribution and conservation of hares and rabbits.  The 
commissioner may at any time take and transport live hares or rabbits by purchasing 
them from local trappers whenever the commissioner determines it necessary for the 
proper distribution and conservation of hares and rabbits.  
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §27 (AMD); 2003, c. 655, Pt. 

B, §422 (AFF) .] 

 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 

2003, c. 655, §B27 (AMD). 2003, c. 655, §B422 (AFF).  

 
§10108. Programs  

7. Trapper education program established.  The commissioner shall establish a 
program for training individuals in safe and responsible trapping skills and behavior. 
This program must include instruction in the applicable laws and rights and in the 
appropriate principles of wildlife management. The commissioner may charge an 
enrollment fee of up to $10 per person to help defray the costs of this program. For the 
purpose of establishing the program, the commissioner may cooperate with any public 
or private association having similar goals.  

In establishing the program, the commissioner shall: 
A. Prescribe the qualifications of instructors; [2003, c. 414, Pt. A, §2 (NEW); 

2003, c. 614, §9 (AFF).] 
B. Provide for insurance. Each instructor authorized by the commissioner to 

conduct training under the program must be covered by liability insurance protecting 
that person from liability for damages during the time when instruction is being given. 
The cost of this insurance must be borne by the State and must be a charge against the 
funds credited to IFW; [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

C. Prescribe the type and length of instruction and the time and place of 
examinations; and [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

D. Issue a certificate of competency to individuals who successfully complete the 
examination. [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

 
11. Coyote control program.  Pursuant to section 10053, subsection 8, the 

commissioner shall maintain a coyote control program as follows.  
A. The commissioner may employ qualified persons to serve as agents of IFW for 

purposes of coyote control. These agents must be trained by IFW in animal damage 
control techniques and must be utilized by IFW to perform coyote control duties in areas 
where predation by coyotes is posing a threat to deer or other wildlife. Each agent shall 
execute a cooperative agreement with IFW specifying the conditions and limitations of 
the agent's responsibilities as an agent, including any terms for reimbursement of 
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expenses or payment of wages. [2003, c. 655, Pt. B, §30 (NEW); 2003, c. 655, 
Pt. B, §422 (AFF).] 

B. An agent employed pursuant to paragraph A may use snares to control coyotes 
during winter months under the following conditions.  

(1) An agent may use snares only for animal damage control purposes to help meet 
management goals established by the commissioner for deer, threatened or 
endangered species or other wildlife species or to benefit agricultural interests as 
described in paragraph C.  

(2) An agent must be trained and certified by IFW in the use of snares. 
(3) An agent must be deployed by a department wildlife biologist before setting 

snares. 
(4) An agent shall post access points to areas in which snaring activity is taking 

place, including, but not limited to, roads and trails for motorized vehicles, cross-country 
skiers or hikers or other obvious travel ways that may be used by people.  

(5) An agent shall plainly label snares with the full name and address of that agent. 
(6) An agent shall keep an accurate record of the number and location of snares 

set by that agent and must be able to account for those snares at all times.  
(7) An agent shall check that agent's snares that are equipped with relaxing locks 

on a daily basis. 
(8) A department employee may accompany an agent at any time an agent is 

checking snares. 
(9) An agent shall report monthly to IFW, on forms provided by IFW, the coyotes 

and nontarget species taken by snaring during the reporting period.  
The commissioner shall revoke the snaring certificate of an agent who violates any 

provision of this paragraph. 
The commissioner shall adopt policies and procedures on the use of snares as 

necessary to minimize the potential for taking nontarget species and to adequately 
protect threatened and endangered species. [2003, c. 655, Pt. B, §30 (NEW); 

2003, c. 655, Pt. B, §422 (AFF).] 
C. An agent employed pursuant to paragraph A may be employed for the benefit of 

agricultural interests as long as IFW is reimbursed annually for the cost of those efforts 
by IFW of Agriculture, Food and Rural Resources from funds specifically appropriated 
or otherwise made available to IFW of Agriculture, Food and Rural Resources for that 
purpose. [2003, c. 655, Pt. B, §30 (NEW); 2003, c. 655, Pt. B, §422 (AFF).] 
[ 2003, c. 655, Pt. B, §30 (NEW); 2003, c. 655, Pt. B, §422 (AFF) .] 

 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 

2003, c. 655, §§B28-30 (AMD). 2003, c. 655, §B422 (AFF). 2005, c. 419, §1 

(AMD). 2005, c. 419, §12 (AFF).  
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Title 12: CONSERVATION 
Part 13: INLAND FISHERIES AND WILDLIFE HEADING: PL 2003, C. 414, PT. A, §2 

(NEW); PT. D, §7 (AFF); C. 614, §9 (AFF) 
Subpart 2: DEPARTMENT ORGANIZATION HEADING: PL 2003, C. 414, PT. A, §2 

(NEW); PT. D, §7 (AFF); C. 614, §9 (AFF)  
Chapter 903: DEPARTMENT OF INLAND FISHERIES AND WILDLIFE HEADING: PL 

2003, C. 414, PT. A, §2 (NEW); PT. D, §7 (AFF); C. 614, §9 (AFF)  
Subchapter 3: ADVISORY COUNCIL, BOARDS AND COMMITTEES HEADING: PL 

2003, C. 414, PT. A, §2 (NEW); PT. D, §7 (AFF); C. 614, §9 (AFF)  

§10151. Inland Fisheries and Wildlife Advisory Council  

1. Appointment.  The Inland Fisheries and Wildlife Advisory Council, established 
by Title 5, section 12004-G, subsection 20 and referred to in this Part as the "advisory 
council," consists of 10 members representing the 16 counties of the State in the 
following manner: one member representing Androscoggin County, Kennebec County 
and Sagadahoc County; one member representing Aroostook County; one member 
representing Cumberland County; one member representing Franklin County and 
Oxford County; one member representing Hancock County; one member representing 
Knox County, Lincoln County and Waldo County; one member representing Penobscot 
County; one member representing Piscataquis County and Somerset County; one 
member representing Washington County; and one member representing York County. 
Members of the advisory council are appointed by the Governor, subject to review by 
the joint standing committee of the Legislature having jurisdiction over fisheries and 
wildlife matters and to confirmation by the Legislature. The commissioner is a 
nonvoting, ex officio member of the advisory council, but may vote to break a tie.  

An employee of IFW may not serve as a member of the advisory council prior to the 
expiration of one year from that employee's last day of employment with IFW. A 
Legislator may not serve as a member of the advisory council. A former Legislator who 
was a member of the joint standing committee of the Legislature having jurisdiction over 
fisheries and wildlife matters may not serve as a member of the advisory council prior to 
the expiration of one year from that former Legislator's last day of membership on that 
committee.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

2. Length of terms.  Appointments are for a term of 3 years and until successors 
are appointed and qualified. A person may not serve more than 2 consecutive 3-year 
terms. On the death, resignation or removal from office of any person appointed to the 
advisory council, the Governor shall appoint a member to serve for the unexpired term.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

3. Expenses.  The members of the advisory council are entitled to compensation 
as provided in Title 5, chapter 379.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

4. Duties.  The advisory council shall perform the following duties.  
A. The advisory council shall render to the commissioner information and advice 

concerning the administration of IFW and carry out other duties specifically delegated 
by this Part. [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 
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B. The advisory council shall hold regular meetings with the commissioner or the 
commissioner's deputy in December and May of each year and may hold special 
meetings at such other times and places as are advisable. [2003, c. 414, Pt. A, §2 
(NEW); 2003, c. 614, §9 (AFF).] 
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

5. Meetings.  All regular and special meetings of the advisory council must be 
public meetings and must be held in a public meeting place convenient for the public. 
Public comment must be accepted at regular and special meetings of the advisory 
council. Comments may be restricted to subjects before the advisory council at the 
meeting and consistent with any applicable requirements and limitations of the Maine 
Administrative Procedure Act. Public notice of all regular and special advisory council 
meetings must be published in a daily newspaper of general circulation in the 
geographic area where the meeting is scheduled at least 7 days and not more than 21 
days prior to the meeting. That notice must include an agenda or statement of purpose 
of the meeting. That notice may be combined with any other notice of the meeting 
required by law.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

6. Officers.  At the meeting held in May of each year, the advisory council may 
elect one member as chair and one member as vice-chair.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .] 

 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF).  

 

§10152. Disabled hunter, trapper and angler advisory committee  

The commissioner shall establish a disabled hunter, trapper and angler advisory 
committee, referred to in this section as the "advisory committee," composed of 4 
disabled persons, a representative of state agencies that work on disability issues, 
representatives of 2 statewide organizations representing hunters, trappers or anglers 
and one interested person. The purpose of the advisory committee is to advise the 
commissioner on applications for a special permit under section 10853, subsection 11 
and to provide recommendations to the commissioner on ways to promote and enhance 
access to hunting, fishing and trapping opportunities in this State for disabled persons. 
The commissioner shall meet with the advisory committee at least twice a year, once 
during the month of January, February or March and once during the month of July, 
August or September, to review applications for special permits to accommodate 
permanent physical disabilities provided for in section 10853, subsection 11 but may 
meet more often as the commissioner determines necessary. The commissioner may, 
within existing budgeted resources, reimburse advisory committee members for mileage 
or other expenses related to attending meetings of the advisory committee. [2003, c. 
614, §9 (AFF); 2003, c. 655, Pt. B, §32 (AMD); 2003, c. 655, Pt. B, §422 

(AFF).] 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 

2003, c. 655, §B32 (AMD). 2003, c. 655, §B422 (AFF).  
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Title 12: CONSERVATION 
Part 13: INLAND FISHERIES AND WILDLIFE HEADING: PL 2003, C. 414, PT. A, §2 

(NEW); PT. D, §7 (AFF); C. 614, §9 (AFF) 
Subpart 2: DEPARTMENT ORGANIZATION HEADING: PL 2003, C. 414, PT. A, §2 

(NEW); PT. D, §7 (AFF); C. 614, §9 (AFF)  
Chapter 903: DEPARTMENT OF INLAND FISHERIES AND WILDLIFE HEADING: PL 

2003, C. 414, PT. A, §2 (NEW); PT. D, §7 (AFF); C. 614, §9 (AFF)  
Subchapter 4: FINANCES HEADING: PL 2003, C. 414, PT. A, §2 (NEW); PT. D, §7 

(AFF); C. 614, §9 (AFF)  

§10201. Power to raise revenue  

1. Sale of publications.  If the commissioner determines it advisable for the more 
effective dissemination of factual information, information of public interest or 
information tending to promote better public relations, the commissioner may fix the 
price, if any, of certain publications and materials of IFW and sell and deliver them. 
Publications and materials included within this authority are all publications, articles, 
biological and statistical data, professional and technical service reports by 
departmental personnel and other materials in IFW's possession and pertaining to IFW. 
These publications may not carry any advertising of a political nature but may carry 
commercial advertising. The commissioner shall accept commercial advertising in IFW's 
general circulation magazine entitled "Maine Fish and Wildlife" and any successor or 
similar publication developed by IFW.  
 

§10202. Department funds 

1. Appropriation.  The amount of funds appropriated to IFW in each fiscal year 
may not be less than the dollar amount collected, received or recovered by IFW from 
license and permit fees, fines, penalties and all other money received by IFW, except 
for any funds received from the Federal Government and money relating to the 
following:  

A. IFW's account for the acquisition of waterfowl habitat set forth in section 10206, 
subsection 4; [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

B. Whitewater rafting; [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 
(AFF).] 

C. The Maine Endangered and Nongame Wildlife Fund established in section 
10253; [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

D. The watercraft fund of IFW of Marine Resources; [2003, c. 414, Pt. A, §2 
(NEW); 2003, c. 614, §9 (AFF).] 

E. The Snowmobile Trail Fund of IFW of Conservation, Bureau of Parks and Lands; 
[2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

F. The ATV Recreational Management Fund of IFW of Conservation; and [2003, 
c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

G. Boating access sites. [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 
(AFF).] 
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  
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2. Additional funding.  The appropriation of certain additional funds is governed 
by the following.  

A. Appropriations to IFW for costs that are associated with search and rescue are 
not considered amounts appropriated to IFW under the Constitution of Maine, Article IX, 
Section 22. The liability of the General Fund for search and rescue costs is limited to the 
amount appropriated. [2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §41 (AMD); 
2003, c. 655, Pt. B, §422 (AFF).] 

B. General Fund appropriations to the Fiscal Stability Program under subsection 9 
are not considered amounts appropriated to IFW under the Constitution of Maine, 
Article IX, Section 22. [2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §41 (AMD); 
2003, c. 655, Pt. B, §422 (AFF).] 
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §41 (AMD); 2003, c. 655, Pt. 

B, §422 (AFF) .]  

3. Revenues.  Actual revenues received in excess of that estimated and allocated 
by the Legislature may not be expended without allocation by the Legislature, except 
that excess federal revenues received are subject to the expenditure provisions of Title 
5, section 1669.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

4. Unencumbered balances.  Any unencumbered allocated balances, including 
existing balances, must be carried forward into the next fiscal year and may not be 
expended without allocation by the Legislature, except as provided in this section. 
Unencumbered balances in the boating access sites account are nonlapsing and must 
be carried forward to be used for the same purpose.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

5. Nonlapsing appropriations.  General Fund appropriations to IFW are 
nonlapsing and must be carried forward in a separate General Fund program to be used 
by IFW for the purposes described in section 10801, subsection 5. IFW, in accordance 
with the Constitution of Maine, Article IX, Section 22, shall seek legislatively authorized 
transfers from this program to meet the various costs associated with IFW's other 
programs.  
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §42 (AMD); 2003, c. 655, Pt. 

B, §422 (AFF) .]  

6. Savings fund; offset against future fee increases.  A savings fund, referred to 
in this subsection as the "fund," is established in IFW. Appropriations to the fund are 
considered funds appropriated to IFW under the meaning of the Constitution of Maine, 
Article IX, Section 22. Money appropriated to the fund does not lapse but must be 
carried forward and may be used by IFW only to offset license fee increases if the use 
of that money for that purpose is approved by the joint standing committee of the 
Legislature having jurisdiction over inland fisheries and wildlife matters.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

7. Cash reserve.  IFW shall maintain as practical a cash reserve for the purpose of 
ensuring an adequate cash flow.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

8. Snowmobile enforcement expenditures not to diminish.  In every fiscal year, 
IFW shall budget from appropriations to the enforcement operations program an amount 
for snowmobile enforcement activities that is not less than the average General Fund 
expenditures from that program for those purposes over the previous 2 fiscal years. 
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Expenditures from the Snowmobile Enforcement Fund, established in section 10258, 
may not be included in calculating average expenditures.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

9. Fiscal Stability Program.  The Fiscal Stability Program is established to ensure 
that the general public and hunters and anglers share the cost of the fish and wildlife 
conservation programs of IFW. To achieve this goal, beginning with the 2014-2015 
biennial budget and for each biennial budget thereafter, the biennial budget submitted 
by the executive branch must include an additional General Fund appropriation of 18% 
in excess of IFW's requested biennial budget.  
[ 2011, c. 380, Pt. HH, §1 (AMD) .]  

10. Review of budget.  The joint standing committee of the Legislature having 
jurisdiction over inland fisheries and wildlife matters shall review that part of the current 
services budget bill and any supplemental budget bills pertaining to IFW in accordance 
with Title 5, section 522-A.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

11. Review of license and permit fees, fines and penalties.  The joint standing 
committee of the Legislature having jurisdiction over inland fisheries and wildlife matters 
shall review license and permit fees, fines, penalties and all other money received by 
IFW and shall submit a written report to the joint standing committee of the Legislature 
having jurisdiction over appropriations and financial affairs on or before March 1st of 
each year.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

12. Monthly report.  By the 15th day of each month, IFW shall submit a report to 
the joint standing committee of the Legislature having jurisdiction over inland fisheries 
and wildlife matters. When the Legislature is in session, IFW shall submit its report at a 
meeting of the committee. When the Legislature is not in session, IFW shall mail the 
report to each member of the committee with a copy to the Executive Director of the 
Legislative Council. The report must identify for the immediately preceding month:  

A. Revenues of IFW; [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 
(AFF).] 

B. Expenditures of IFW; and [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, 
§9 (AFF).] 

C. The difference between the projected revenues and expenditures of IFW and the 
actual revenues and expenditures. [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, 
§9 (AFF).] 
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

13. Equipment.  IFW shall notify the joint standing committee of the Legislature 
having jurisdiction over inland fisheries and wildlife matters of any vehicle or heavy 
equipment purchase prior to that purchase, including the name of the item and expected 
cost. In addition, IFW shall develop and implement a formal replacement schedule for 
IFW's radio communication system. The joint standing committee of the Legislature 
having jurisdiction over inland fisheries and wildlife matters shall review the replacement 
schedule.  
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §422 (AFF); 2003, c. 655, Pt. 

B, §44 (AMD) .]  

14. Bond issue.  IFW shall submit to the joint standing committee of the 
Legislature having jurisdiction over inland fisheries and wildlife matters plans for a bond 
issue prior to submission of the bond issue to the full Legislature.  
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[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

15. Temporary assessment on licenses, permits and registrations.   
[ 2005, c. 12, Pt. III, §1 (RP) .] 

 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 

2003, c. 655, §§B41-45 (AMD). 2003, c. 655, §B422 (AFF). 2005, c. 12, 

§§Z1,III1 (AMD). 2007, c. 240, Pt. O, §1 (AMD). 2009, c. 213, Pt. I, §1 

(AMD). 2011, c. 380, Pt. HH, §1 (AMD).  

 
§10203. Collection and disposition of money  

1. General.  The following money must be paid to the Treasurer of State as 
undedicated revenue to the General Fund:  

A. All fees, fines, penalties and officers' costs and all other money received, 
collected or recovered by the court or IFW under any provisions of this Part except 
section 10206, subsections 1 and 3; section 10259; section 10353, subsection 3; 
section 11157; chapter 925, subchapter 3; and chapter 929; and [2009, c. 146, §1 
(AMD).] 

B. Any fees, fines and penalties recovered by the court from any prosecution by 
wardens pursuant to their acting, under section 10353, subsection 3, with the same 
powers and duties as sheriffs. [2009, c. 146, §2 (AMD).] 

C. [2009, c. 146, §3 (RP).] 
[ 2009, c. 146, §§1-3 (AMD) .]  

2. Counties not to pay unpaid officers' fees.  Officers' fees taxed against a 
respondent, if any, under this Part that are not paid by or recovered from the respondent 
may not be assumed or paid by the county where the offense was committed.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

3. License and permit fees.  License and permit fees must be collected and 
expended in accordance with section 10801.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

4. Watercraft.  Money relating to watercraft laws and rules must be collected and 
expended in accordance with section 10206, subsection 3.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

5. Snowmobiles and trail-grooming equipment.  Money relating to snowmobile 
and trail-grooming equipment laws and rules must be collected and expended in 
accordance with section 1893, subsection 3 and section 10206, subsection 2.  
[ 2005, c. 93, §1 (AMD) .]  

6. Failure to pay fine or fee.  A person who receives money for any fine, or part 
thereof, for a violation of this Part, or any fee for a license or permit issued under the 
authority of this Part, may not neglect for more than 30 days to pay the money over as 
provided in this section.  

A person who violates this subsection commits a Class E crime. 
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §422 (AFF); 2003, c. 655, Pt. 

B, §46 (AMD) .]  

7. Department-owned property.  Money received from the sale, lease or rental of 
department-owned property or products must be deposited into the program account 
that originally expended funds for that property.  
[ 2009, c. 146, §4 (NEW) .] 

 

SECTION HISTORY  
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2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 

2003, c. 655, §B422 (AFF). 2003, c. 655, §B46 (AMD). 2005, c. 93, §1 (AMD). 

2009, c. 146, §§1-4 (AMD).  

 

§10204. Administrative costs recovered; federal and dedicated money  

IFW is entitled to reimbursement for administrative costs associated with activities of 
IFW performed in support of federal and other special revenue accounts from those 
accounts. [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF).  

 
§10205. Funding of new programs  

Any new program or service involving a mandated responsibility to IFW must include provisions 

that specify that full funding for the new program or service is collected from those individuals 

who receive the service from IFW. [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 
(AFF).] 
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Title 12: CONSERVATION 
Part 13: INLAND FISHERIES AND WILDLIFE HEADING: PL 2003, C. 414, PT. A, §2 

(NEW); PT. D, §7 (AFF); C. 614, §9 (AFF) 
Subpart 2: DEPARTMENT ORGANIZATION HEADING: PL 2003, C. 414, PT. A, §2 

(NEW); PT. D, §7 (AFF); C. 614, §9 (AFF)  
Chapter 903: DEPARTMENT OF INLAND FISHERIES AND WILDLIFE HEADING: PL 

2003, C. 414, PT. A, §2 (NEW); PT. D, §7 (AFF); C. 614, §9 (AFF)  
Subchapter 5: SPECIAL FUNDS HEADING: PL 2003, C. 414, PT. A, §2 (NEW); PT. 

D, §7 (AFF); C. 614, §9 (AFF)  

§10264. Predator Control and Deer Habitat Fund  

(REALLOCATED FROM TITLE 12, SECTION 10263) 

The Predator Control and Deer Habitat Fund, referred to in this section as "the fund," is 
established within IFW as a nonlapsing fund to be used by the commissioner to fund or 
assist in funding predator control and to enhance deer habitat. The commissioner shall 
establish on IFW's online licensing system checkoff options that allow a person to 
donate money for predator control or deer habitat enhancement. The checkoff options 
must be prominently displayed and contain web links to information about how the 
checkoff revenues have been and will be used. Revenues from the checkoffs must be 
deposited in the fund and used for purposes indicated by the checkoffs. [RR 2011, c. 
1, §14 (RAL).] 

The commissioner may accept and deposit into the fund monetary gifts, donations or 
other contributions from public or private sources for the purposes specified in this 
section. The fund must be held separate and apart from all other money, funds and 
accounts. IFW shall report annually to the joint standing committee of the Legislature 
having jurisdiction over inland fisheries and wildlife matters on the fund and its 
utilization. [RR 2011, c. 1, §14 (RAL).] 

SECTION HISTORY  

RR 2011, c. 1, §14 (RAL). 
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Title 12: CONSERVATION 
Part 13: INLAND FISHERIES AND WILDLIFE HEADING: PL 2003, C. 414, PT. A, §2 

(NEW); PT. D, §7 (AFF); C. 614, §9 (AFF) 
Subpart 3: LAW ENFORCEMENT AND GENERAL OFFENSES HEADING: PL 2003, 

C. 414, PT. A, §2 (NEW); PT. D, §7 (AFF); C. 614, §9 (AFF)  
Chapter 905: ENFORCEMENT OFFICERS HEADING: PL 2003, C. 414, PT. A, §2 

(NEW); PT. D, §7 (AFF); C. 614, §9 (AFF)  
Subchapter 1: GAME WARDENS HEADING: PL 2003, C. 414, PT. A, §2 (NEW); PT. 

D, §7 (AFF); C. 614, §9 (AFF)  

§10353. Duties and powers  

1. Duties.  In addition to other duties set out in this Part, a game warden shall:  
A. Enforce:  
(1) This Part; 
(2) All rules adopted by the commissioner; and 
(3) The federal Migratory Bird Treaty Act, 16 United States Code, Chapter 7, 

subchapter II, section 703 as amended, and all rules and regulations promulgated in 
pursuance of that Act; and [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 
(AFF).] 

B. Act as a state fire warden.  
(1) A warden shall, when possible, while in and about the woods, caution all 

sportsmen of the danger from fires in the woods and, if possible, extinguish a fire left 
burning by anyone.  

(2) A warden shall, when possible, give notice to all interested parties of a fire 
raging and beyond the warden's control in order that the fire may be controlled and 
extinguished. [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

2. Powers.  In addition to other powers granted in this Part, a game warden or 
other official described in section 10401 may:  

A. Arrest, summons and prosecute a violator of the following:  
(1) This Part; 
(2) Rules adopted by the commissioner; and 
(3) The federal Migratory Bird Treaty Act, 16 United States Code, Chapter 7, 

subchapter II, section 703 and all rules and regulations promulgated in pursuance of 
that Act.  

A game warden or other official described in section 10401 shall, without 
unnecessary delay, take any person so arrested before the District Court nearest the 
place of violation; [2011, c. 248, §1 (AMD).] 

B. Serve criminal processes on offenders of the law and serve all processes 
pertaining to the enforcement of this Part; [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 
614, §9 (AFF).] 

C. Accept personal recognizances in accordance with the following procedures:  
(1) A game warden or other official described in section 10401 making an arrest for 

any violation of this Part and Title 38, chapter 3, subchapter 1, article 5-A, at a point 
more than 50 miles distant from the nearest District Court having jurisdiction, may 
accept the personal recognizance of the prisoner in an amount not to exceed $1,000 for 
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the prisoner's appearance before the nearest District Court on a specified date and a 
deposit in money to the amount of that recognizance; and  

(2) The warden or other official described in section 10401 shall report all those 
recognizances and forward all those deposits to the court to which the recognizance is 
returnable. 

Recognizances and deposits must be handled by the court in accordance with 
sections 10202 and 10203; [2011, c. 248, §1 (AMD).] 

D. If the warden or other official described in section 10401 is in uniform and has 
reasonable and articulable suspicion to believe that a violation of law has taken place or 
is taking place, stop a motor vehicle or watercraft for the purpose of:  

(1) Arresting the operator for a criminal violation; 
(2) Issuing the appropriate written process for a criminal or civil violation or a traffic 

infraction; or 
(3) Questioning the operator or occupants; [2011, c. 248, §1 (AMD).] 
E. In order to protect fish and wildlife:  
(1) If the warden or other official described in section 10401 is in uniform, stop a 

person for the purpose of determining compliance with license, permit, equipment or 
other requirements or restrictions if the person, at the time of the stop, is:  

(a) Engaged in hunting, fishing or trapping; and 
(b) Not in or on a motor vehicle; and 
(2) Pursuant to policy established by the commissioner, establish checkpoints to 

stop any type of vehicle and conduct checks to gather statistics concerning hunting, 
fishing and trapping and to determine compliance with fish and wildlife laws; [2011, c. 
248, §1 (AMD).] 

F. Stop any watercraft to inspect the craft, its equipment and its documents or 
certificates; board a watercraft when necessary to enforce chapter 935 or any other 
provision of this Part regarding watercraft; and order any watercraft ashore to correct a 
violation or to protect the safety of its occupants, if in the opinion of the warden or other 
official described in section 10401 their safety is in jeopardy; [2011, c. 248, §1 

(AMD).] 
G. Stop and examine any all-terrain vehicle to ascertain whether it is being 

operated in compliance with chapter 939 or any other provision of this Part regulating 
ATVs, demand and inspect the operator's certificate of registration and, when 
appropriate, demand and inspect evidence that the operator has satisfactorily 
completed a training course as required by section 13152; [2011, c. 248, §1 (AMD).] 

H. Stop and examine any snowmobile to ascertain whether it is being operated in 
compliance with chapter 937 or any other provision of this Part regulating snowmobiles; 
demand and inspect the operator's certificate of registration; and examine the 
identification numbers of the snowmobile and any marks on it; and [2003, c. 414, Pt. 
A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

I. Do anything otherwise prohibited by this Part if necessary to carry out the duties 
and powers of the warden or other official described in section 10401. This paragraph 
does not authorize a warden or other official described in section 10401 enforcing this 
Part to stop any person, motor vehicle or watercraft except as specifically provided in 
this section. [2011, c. 248, §1 (AMD).] 
[ 2011, c. 248, §1 (AMD) .]  



Incidental Take Plan For Maine’s Trapping Program 
Amended September 2015  Page 177 

3. Same duties and powers as sheriffs.  In addition to specified duties and 
powers, a warden has the same duties and powers throughout the several counties of 
the State as sheriffs have in their respective counties, except that a warden's primary 
responsibility is enforcement of laws protecting fish and wildlife.  

A. A warden has the same rights as sheriffs to require aid in executing the duties of 
their offices. [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

B. A warden is entitled to the same fees as sheriffs and their deputies for like 
services, except before the District Court. All the fees must be paid to the 
commissioner. [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

4. Agents of commissioner.  A warden may act as an agent of the commissioner.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

5. Assistance to federal agencies.  The Bureau of Warden Service may provide 
assistance to federal agencies. The director of the Bureau of Warden Service may 
charge the various federal agencies for these services. Revenues received from these 
agencies must be allocated for the purpose of funding the cost of providing the services.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

6.  Assistance to other entities and persons.  The Bureau of Warden Service 
may, with approval of the commissioner, provide assistance to other entities, including 
county and state agencies, municipalities and private organizations, and persons. The 
director of the Bureau of Warden Service may charge the entities or individuals for 
these services. The Bureau of Warden Service shall report to the joint standing 
committee of the Legislature having jurisdiction over inland fisheries and wildlife matters 
no later than January 15th of each year concerning the assistance provided to other 
entities and persons during the previous calendar year. The report must contain 
information about the types of services provided, the number of services and the fees 
charged by the director of the Bureau of Warden Service.  
[ 2007, c. 20, §1 (NEW) .] 

 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 

2003, c. 655, §B422 (AFF). 2003, c. 655, §B54 (AMD). 2007, c. 20, §1 (AMD). 

2009, c. 389, §1 (AMD). 2011, c. 248, §1 (AMD). 
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Title 12: CONSERVATION 
Part 13: INLAND FISHERIES AND WILDLIFE HEADING: PL 2003, C. 414, PT. A, §2 

(NEW); PT. D, §7 (AFF); C. 614, §9 (AFF) 
Subpart 4: FISH AND WILDLIFE HEADING: PL 2003, C. 414, PT. A, §2 (NEW); PT. 

D, §7 (AFF); C. 614, §9 (AFF)  
Chapter 913: GENERAL LICENSE AND PERMIT PROVISIONS HEADING: PL 2003, 

C. 414, PT. A, §2 (NEW); PT. D, §7 (AFF); C. 614, §9 (AFF)  
Subchapter 1: LICENSES AND PERMITS; ELIGIBILITY, ISSUANCE AND 

REQUIREMENTS HEADING: PL 2003, C. 414, PT. A, §2 (NEW); PT. D, §7 (AFF); C. 
614, §9 (AFF)  

§10751. Application and license specifications  

1. Form.  The commissioner shall furnish application blanks, licenses and permits 
in such form as the commissioner may designate.  
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §422 (AFF); 2003, c. 655, Pt. 

B, §81 (AMD) .]  

2. Identification number.  The commissioner may require an identification number 
and any other pertinent information on any licenses or permits issued by IFW as the 
commissioner determines necessary.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

3. Statement of right to possess firearms.   
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §422 (AFF); 2003, c. 655, Pt. 

B, §82 (RP) .]  

4. Stamps.   
[ 2011, c. 253, §9 (RP) .]  

5. Preissue.  A license or permit may be issued prior to the date upon which it goes 
into force.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

6. Duplicates.  A duplicate license or permit may be obtained by a person who has 
accidentally lost or destroyed a license or permit issued to that person under this 
chapter upon payment of a fee of $2, all of which must be retained by the agent.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

7. License must be signed.   
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §422 (AFF); 2003, c. 655, Pt. 

B, §83 (RP) .]  

8. Transaction fees.  The commissioner may charge a transaction fee of up to $12 
to cover administrative costs for the issuance of a license or permit that does not have a 
fee provided by law. When a transfer of a license or permit or exchange of a hunting 
zone or area is authorized under this Part, the commissioner may assess a $7 
transaction fee for that transfer or exchange.  

The commissioner may adopt rules to implement this subsection. Rules adopted 
pursuant to this subsection are routine technical rules as defined in Title 5, chapter 375, 
subchapter 2-A.  
[ 2005, c. 12, Pt. III, §3 (AMD) .] 

 

SECTION HISTORY  
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2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 

2003, c. 655, §§B81-84 (AMD). 2003, c. 655, §B422 (AFF). 2005, c. 12, §III3 

(AMD). 2011, c. 253, §9 (AMD).  

§10752. Eligibility  

1. Residents.  A resident is eligible for a resident license or permit under this Part.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

2. Nonresidents.  A nonresident is eligible for a nonresident license or permit 
under this Part.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

3. Aliens.  An alien is eligible for an alien license or permit under this Part.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

4. Member of United States Armed Forces permanently stationed in 
State.  The following persons are eligible for any trapping, fishing, hunting or 
combination fishing and hunting license or permit at the resident fee and have the same 
privileges as residents of this State in regard to trapping, hunting and fishing:  

A. A person serving in the Armed Forces of the United States who is permanently 
stationed at a military or naval post, station or base in the State; and [2003, c. 414, 
Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

B. The spouse and children of a person under paragraph A if the spouse and 
children permanently reside with that person. [2003, c. 414, Pt. A, §2 (NEW); 2003, 
c. 614, §9 (AFF).] 

A member of the Armed Forces of the United States stationed in the State who 
desires a trapping, hunting, fishing or combination license or permit shall present 
certification from the commander of the member's post, station or base, or from the 
commander's designated agent, that the person is permanently stationed at that post, 
station or base.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

5. Persons convicted of burglary, criminal trespass or theft.  A person 
convicted of any of the following offenses is ineligible to obtain a license or permit 
issued by IFW:  

A. Burglary or criminal trespass of a building located within the unorganized 
territories; [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

B. Theft of equipment used for trapping, hunting or fishing; or [2003, c. 414, Pt. 
A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

C. Theft of an animal that has been obtained by trapping or hunting and that was in 
the possession or control of the person who trapped or hunted the animal. [2003, c. 
414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

If a person is convicted of an offense under paragraph A, B or C, that person is 
ineligible to obtain a license or permit issued by IFW within 2 years of the date of that 
conviction.  
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §422 (AFF); 2003, c. 655, Pt. 

B, §85 (AMD) .]  

6. License ineligibility following certain offenses.  The following provisions set 
the period of time a person is ineligible to obtain a license following conviction of certain 
offenses.  

A. A person convicted of a violation of section 12256, disturbing traps, is ineligible 
to obtain any license issued by IFW for 3 years from the date of conviction in the case of 
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a first offense and 5 years from the date of conviction in the case of a 2nd or 
subsequent offense. [2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §422 (AFF); 
2003, c. 655, Pt. B, §85 (AMD).] 

B. Notwithstanding any other provision of this Part, a person is ineligible to obtain a 
hunting license under the following circumstances.  

(1) A person convicted of shooting a domestic animal in violation of section 11210 
is ineligible to obtain a license to hunt in this State for a period of at least 5 years from 
the date of conviction.  

(2) A person convicted of hunting while under the influence of intoxicating liquor or 
drugs in violation of section 10701, subsection 1-A is ineligible to obtain a license to 
hunt in this State for a period of 5 years from the date of conviction.  

(3) A person convicted of a violation of Title 17-A, chapter 9, if the offense occurred 
in the context of a hunting activity and if, through failure of the hunter to make proper 
target identification, the offense resulted in the injury or death of another person, is 
ineligible to obtain a license to hunt in this State for a period of at least 10 years from 
the date of the conviction. [2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §422 
(AFF); 2003, c. 655, Pt. B, §85 (AMD).] 
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §422 (AFF); 2003, c. 655, Pt. 

B, §85 (AMD) .]  

 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 

2003, c. 655, §B422 (AFF). 2003, c. 655, §B85 (AMD).  

 
1. Infants, youth and seniors.  The following lifetime licenses may be purchased:  
A. For a person who is less than 6 years of age:  
(1) An infant lifetime fishing license. The fee for an infant lifetime fishing license is 

$150 for a resident and $450 for a nonresident, except that, from December 1, 2011 
until March 1, 2015, the fee for a nonresident is $200;  

(2) An infant lifetime hunting license. The fee for an infant lifetime hunting license is 
$150 for a resident and $450 for a nonresident, except that, from December 1, 2011 
until March 1, 2015, the fee for a nonresident is $200;  

(3) An infant lifetime archery hunting license. The fee for an infant lifetime archery 
hunting license is $150 for a resident and $450 for a nonresident, except that, from 
December 1, 2011 until March 1, 2015, the fee for a nonresident is $200;  

(3-A) An infant lifetime trapping license. The fee for an infant lifetime trapping 
license is $150 for a resident and $450 for a nonresident, except that, from December 1, 
2011 until March 1, 2015, the fee for a nonresident is $200;  

(4) An infant combination of any 2 lifetime licenses. The fee for an infant 
combination of any 2 lifetime licenses is $250 for a resident and $750 for a nonresident, 
except that, from December 1, 2011 until March 1, 2015, the fee for a nonresident is 
$425; and  

(5) An infant combination of any 3 lifetime licenses. The fee for an infant 
combination of any 3 lifetime licenses is $400 for a resident and $1,200 for a 
nonresident, except that, from December 1, 2011 until March 1, 2015, the fee for a 
nonresident is $660; [2011, c. 268, §1 (AMD).] 

B. For a person from 6 to 15 years of age:  
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(1) A junior lifetime fishing license. The fee for a junior lifetime fishing license is 
$300 for a resident and $900 for a nonresident; 

(2) A junior lifetime hunting license. The fee for a junior lifetime hunting license is 
$300 for a resident and $900 for a nonresident; 

(3) A junior lifetime archery hunting license. The fee for a junior lifetime archery 
hunting license is $300 for a resident and $900 for a nonresident; 

(3-A) A junior lifetime trapping license. The fee for a junior lifetime trapping license 
is $300 for a resident and $900 for a nonresident; 

(4) A junior combination of any 2 lifetime licenses. The fee for a junior combination 
of any 2 lifetime licenses is $500 for a resident and $1,500 for a nonresident; and 

(5) A junior combination of any 3 lifetime licenses. The fee for a junior combination 
of any 3 lifetime licenses is $800 for a resident and $2,400 for a nonresident; [2009, c. 
404, §1 (AMD).] 

C. For a resident from 65 to 69 years of age:  
(1) A senior resident lifetime fishing license. The fee for a senior resident lifetime 

fishing license is $50 for a person who purchases the license in the year in which that 
person turns 65 years of age, $40 for a person who purchases the license in the year in 
which that person turns 66 years of age, $30 for a person who purchases the license in 
the year in which that person turns 67 years of age, $20 for a person who purchases the 
license in the year in which that person turns 68 years of age and $10 for a person who 
purchases the license in the year in which that person turns 69 years of age;  

(2) A senior resident lifetime hunting license. The fee for a senior resident lifetime 
hunting license is $50 for a person who purchases the license in the year in which that 
person turns 65 years of age, $40 for a person who purchases the license in the year in 
which that person turns 66 years of age, $30 for a person who purchases the license in 
the year in which that person turns 67 years of age, $20 for a person who purchases the 
license in the year in which that person turns 68 years of age and $10 for a person who 
purchases the license in the year in which that person turns 69 years of age;  

(3) A senior resident lifetime archery hunting license. The fee for a senior resident 
lifetime archery hunting license is $50 for a person who purchases the license in the 
year in which that person turns 65 years of age, $40 for a person who purchases the 
license in the year in which that person turns 66 years of age, $30 for a person who 
purchases the license in the year in which that person turns 67 years of age, $20 for a 
person who purchases the license in the year in which that person turns 68 years of age 
and $10 for a person who purchases the license in the year in which that person turns 
69 years of age;  

(3-A) A senior resident lifetime trapping license. The fee for a senior resident 
lifetime trapping license is $50 for a person who purchases the license in the year in 
which that person turns 65 years of age, $40 for a person who purchases the license in 
the year in which that person turns 66 years of age, $30 for a person who purchases the 
license in the year in which that person turns 67 years of age, $20 for a person who 
purchases the license in the year in which that person turns 68 years of age and $10 for 
a person who purchases the license in the year in which that person turns 69 years of 
age;  

(4) A senior resident combination of any 2 lifetime licenses. The fee for a senior 
resident combination of any 2 lifetime licenses is $80 for a person who purchases the 
license in the year in which that person turns 65 years of age, $64 for a person who 
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purchases the license in the year in which that person turns 66 years of age, $48 for a 
person who purchases the license in the year in which that person turns 67 years of 
age, $32 for a person who purchases the license in the year in which that person turns 
68 years of age and $16 for a person who purchases the license in the year in which 
that person turns 69 years of age; and  

(5) A senior resident combination of any 3 lifetime licenses. The fee for a senior 
resident combination of any 3 lifetime licenses is $110 for a person who purchases the 
license in the year in which that person turns 65 years of age, $94 for a person who 
purchases the license in the year in which that person turns 66 years of age, $78 for a 
person who purchases the license in the year in which that person turns 67 years of 
age, $52 for a person who purchases the license in the year in which that person turns 
68 years of age and $26 for a person who purchases the license in the year in which 
that person turns 69 years of age; and [2003, c. 614, §9 (AFF); 2003, c. 655, Pt. 
B, §422 (AFF); 2003, c. 655, Pt. B, §92 (AMD).] 

D. For a resident 70 years of age or older. For a person who holds a valid senior 
lifetime license under this section at any time during the calendar year that person turns 
70 years of age , that lifetime license includes all hunting permits and licenses 
authorized in this Part and may renew at no cost a guide license under section 12853. A 
person who is 70 years of age or older may purchase a senior lifetime license that 
entitles the holder to all the privileges described in this paragraph for a one-time $8 fee. 
[2011, c. 253, §12 (AMD).] 
[ 2011, c. 253, §12 (AMD); 2011, c. 268, §1 (AMD) .]  

A person must be a resident to purchase a senior resident lifetime license under 
paragraphs C and D. Once purchased, a lifetime license is valid for the life of the holder 
without regard to subsequent changes in the legal residence of the holder. The license 
entitles the holder to all fishing or hunting privileges extended to residents or 
nonresidents as applicable of that same age who hold the equivalent annual license and 
subjects the holder to all limitations and prerequisites on those fishing or hunting 
privileges that apply to residents or nonresidents of that same age who hold the 
equivalent annual license. [2009, c. 404, §1 (AMD).] 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 

2003, c. 655, §B422 (AFF). 2003, c. 655, §B92 (AMD). 2007, c. 433, §1 (AMD). 

2007, c. 651, §9 (AMD). 2009, c. 404, §1 (AMD). 2011, c. 253, §12 (AMD). 

2011, c. 268, §1 (AMD). MRSA T. 12, §10851 (AMD).  

§10852. Lifetime privileges to be honored  

A lifetime license issued under this subchapter is valid for the life of the license holder 
unless lawfully suspended or revoked by the commissioner for a violation of fish and 
wildlife laws under this Part. The Legislature may not otherwise act in any way to limit or 
end the right of a person holding a lifetime license to the lifetime enjoyment of all the 
rights and privileges authorized by that license. [2003, c. 414, Pt. A, §2 (NEW); 
2003, c. 614, §9 (AFF).]SECTION HISTORY 2003, c. 414, §A2 (NEW). 2003, c. 

414, §D7 (AFF). 2003, c. 614, §9 (AFF).  
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Title 12: CONSERVATION 
Part 13: INLAND FISHERIES AND WILDLIFE HEADING: PL 2003, C. 414, PT. A, §2 

(NEW); PT. D, §7 (AFF); C. 614, §9 (AFF) 
Subpart 4: FISH AND WILDLIFE HEADING: PL 2003, C. 414, PT. A, §2 (NEW); PT. 

D, §7 (AFF); C. 614, §9 (AFF)  
Chapter 913: GENERAL LICENSE AND PERMIT PROVISIONS HEADING: PL 2003, 

C. 414, PT. A, §2 (NEW); PT. D, §7 (AFF); C. 614, §9 (AFF)  
Subchapter 3: LIFETIME, COMPLIMENTARY AND REDUCED-RATE LICENSES 
HEADING: PL 2003, C. 414, PT. A, §2 (NEW); PT. D, §7 (AFF); C. 614, §9 (AFF)  

§10853. Complimentary and reduced-rate licenses  

1. Residents over 70 years of age.  A complimentary license to hunt, trap or fish, 
including an archery license under section 11109, subsection 7, a pheasant hunting 
permit under section 11156, a muzzle-loading hunting license under section 11109, 
subsection 4, a migratory waterfowl permit under section 11157 and a bear hunting 
permit under section 11151 must be issued to a resident who is 70 years of age or older 
upon application to the commissioner.  

A. A resident who applies for a complimentary license under this section at any 
time during the calendar year of that resident's 70th birthday must be issued a license 
upon application, regardless of the actual date during that calendar year in which that 
resident attains 70 years of age. A guide license may be renewed without charge for a 
resident who is 70 years of age or older upon application to the commissioner. The 
application must be accompanied by a birth certificate or other certified evidence of the 
applicant's date of birth and residency. [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 
614, §9 (AFF).] 

B. Beginning January 1, 2006, IFW may not issue a complimentary license to a 
resident over 70 years of age. A complimentary license issued to a resident over 70 
years of age prior to January 1, 2006 is valid as long as the license holder satisfies the 
residency requirements set out in section 10001, subsection 53. [2003, c. 414, Pt. 
A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

C. A complimentary license issued under this subsection remains valid for the 
remainder of the life of the license holder, as long as the license holder continues to 
satisfy the residency requirements set out in section 10001, subsection 53 and the 
license is not revoked or suspended. [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 
614, §9 (AFF).] 
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

1-A. Residents 100 years of age or older.  A complimentary antlerless deer 
permit under section 11152 may be issued to a resident of the State who is 100 years of 
age or older upon application to the commissioner.  

A. A resident who applies for a complimentary antlerless deer permit under this 
subsection at any time during the calendar year of that resident's 100th birthday may be 
issued the permit regardless of the actual date during that calendar year in which that 
resident attains 100 years of age. The application must be accompanied by a birth 
certificate or other certified evidence of the applicant's date of birth and proof of 
residency. [2005, c. 75, §1 (NEW).] 
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B. A complimentary antlerless deer permit issued under this subsection remains 
valid for the remainder of the life of the permit holder, as long as the permit holder 
continues to satisfy the residency requirements set out in section 10001, subsection 53 
and the permit is not revoked or suspended. [2005, c. 75, §1 (NEW).] 
[ 2005, c. 75, §1 (NEW) .]  

2. Blind residents.  A complimentary license to fish must be issued to a resident 
who is 16 years of age or older and blind and applies to the commissioner for the fishing 
license. This complimentary license remains valid for the life of the license holder if the 
license holder continues to satisfy the residency requirements in section 10001, 
subsection 53 and the license is not revoked or suspended. The application must be 
accompanied by certified evidence that the applicant is permanently blind. For the 
purpose of this subsection, "blind" means having visual acuity for distance vision of 
20/200 if the widest diameter of field of vision subtends an angle no greater than 20 
degrees.  
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §422 (AFF); 2003, c. 655, Pt. 

B, §93 (AMD) .]  

3. Paraplegics.  The commissioner may issue, upon application, complimentary 
resident hunting and fishing licenses to a resident who has lost, or who has permanently 
lost the use of, both lower extremities. A license issued under this subsection remains 
valid for the life of the license holder if the license holder continues to satisfy the 
residency requirements in section 10001, subsection 53 and the license is not revoked 
or suspended.  

The commissioner may issue, upon application, complimentary nonresident hunting 
and fishing licenses to a person from another state who would qualify under this 
subsection as long as the state where the person resides provides a reciprocal privilege 
for residents of this State.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

4. Resident disabled veteran.  A resident disabled veteran may obtain upon 
application, at no cost, all hunting, trapping and fishing licenses, including permits, 
stamps and other permission needed to hunt, trap and fish, and, upon meeting the 
qualifications as established in section 12853, subsection 4, a guide license. The 
commissioner shall issue all fishing, trapping and hunting licenses and permits 
requested under this subsection if the commissioner determines the applicant is a 
resident disabled veteran and is not otherwise ineligible to hold that permit or license. 
For the purposes of this subsection, "resident disabled veteran" means a person who:  

A. Is a resident as defined in section 10001, subsection 53; [2003, c. 414, Pt. 
A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

B. Is a veteran as defined in Title 37-B, section 505, subsection 2, paragraph A, 
subparagraph (3); and [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

C. Has a service-connected disability evaluated at:  
(1) One hundred percent; or 
(2) Seventy percent or more as a result of honorable military service and who has 

served in a combat zone during any armed conflict in which participants were exposed 
to war risk hazards as defined in 42 United States Code, Section 1711 (b). [2003, c. 
414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

Each application must be accompanied by satisfactory evidence that the applicant 
meets the requirements of this subsection. An applicant for a license or permit under 
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this section is subject to the provisions of this Part, including, but not limited to, a lottery 
or drawing system for issuing a particular license or permit. A permit or license issued 
under this subsection remains valid for the life of the permit or license holder, as long as 
the permit or license holder continues to satisfy the residency requirement in section 
10001, subsection 53 and the permit or license is not revoked or suspended.  
[ 2007, c. 651, §10 (AMD) .]  

5. Holders of Congressional Medal of Honor.  Upon application, the Governor 
may grant 2-year complimentary hunting and fishing licenses to holders of the 
Congressional Medal of Honor.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

6. Members of Armed Forces domiciled in State.  A member of the Armed 
Forces of the United States on active duty who is permanently stationed outside of the 
State may be issued a combination fishing and hunting license for an amount equal to 
the administrative costs associated with issuing the license as determined by IFW. 
Administrative costs do not include agent fees. To qualify, the member of the Armed 
Forces of the United States must show proof that that member's home of record, as 
recorded in that person's service records, is Maine. That person may purchase all other 
licenses or permits at resident fees. The license is valid during the year of issue. That 
person's spouse and children may purchase hunting and fishing licenses at reduced 
rates. The reduced fees are as follows:  

A. Twenty dollars, plus the issuing fee for a combination fishing and hunting 
license; [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

B. Ten dollars, plus the issuing fee for a hunting license; and [2003, c. 414, Pt. 
A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

C. Ten dollars, plus the issuing fee for a fishing license. [2003, c. 414, Pt. A, §2 
(NEW); 2003, c. 614, §9 (AFF).] 
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

7. Patients and inmates in certain state institutions.  The commissioner may 
issue free fishing permits covering:  

A. Clients of IFW of Health and Human Services who reside in licensed facilities for 
persons with mental retardation or licensed facilities for the treatment of mental illness; 
[2005, c. 397, Pt. C, §10 (RPR).] 

B. Groups of full-time patients at a nursing home, as defined in Title 22, section 
1812-A; and [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

C. Groups of full-time residents of a facility licensed under Title 22, chapter 1663. 
[2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 
[ 2005, c. 397, Pt. C, §10 (AMD) .]  

8. Members of federally recognized nation, band or tribe.  The commissioner 
shall issue a hunting, trapping and fishing license, including permits, stamps and other 
permission needed to hunt, trap and fish, to a person, 10 years of age or older, who is 
an enrolled member of the Passamaquoddy Tribe, the Penobscot Nation, the Houlton 
Band of Maliseet Indians or the Aroostook Band of Micmacs that is valid for the life of 
that person without any charge or fee if the person presents certification from the 
respective reservation governor or the Aroostook Micmac Council stating that the 
person described is an enrolled member of a federally recognized nation, band or tribe 
listed in this subsection. Holders of these licenses are subject to this Part, including, but 
not limited to, a lottery or drawing system for issuing a particular license or permit.  
[ 2011, c. 327, §1 (AMD) .]  
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9. Foreign exchange students.  A resident license to hunt or fish must be issued, 
at a fee equal to the resident license fee for a person of like age and status, to any 
citizen of a foreign nation under 21 years of age who is domiciled with a family within 
the State pursuant to any cultural or educational exchange program conducted by any 
governmental, educational, cultural or religious organization.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

10. Persons with developmental disabilities.  A complimentary license to fish 
must be issued to any person with a developmental disability, as defined in Title 5, 
section 19503, subsection 3, upon application to the commissioner when that 
application is accompanied by a statement signed by the person's physician that states 
that the applicant's functional limitations substantially limit that person's ability to fish 
independently. This complimentary license remains effective for the life of the license 
holder, if the license is not revoked or suspended.  
[ 2011, c. 355, §1 (AMD) .]  

11. Permits to accommodate permanent physical disabilities.  The 
commissioner may issue a special permit to a person with a permanent physical 
disability that includes special authorization that allows that person to hunt, trap or fish 
at times or in a manner otherwise prohibited by this Part in order to enhance access to 
hunting, trapping and fishing opportunities. No laws or rules may be waived except as 
are necessary to effect this subsection. A permit may be issued under this subsection 
only if:  

A. The applicant provides the commissioner with a letter signed by a licensed 
physician clearly stating the nature of that person's disability, the permanence of the 
disability and the extent to which the disability affects that person's ambulatory ability or 
endurance; use of one or both hands, arms or legs; or sight or hearing; [2003, c. 414, 
Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

B. The commissioner determines that the permanent physical disability prevents 
that person from safely accessing hunting, trapping or fishing opportunities at the times 
or in the manner allowed by this Part or by rules adopted pursuant to this Part; and 
[2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

C. The person meets all other requirements for issuance of that permit and related 
licensing requirements and is not otherwise ineligible for that permit. [2003, c. 414, 
Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

Prior to making a determination of eligibility under this subsection, the 
commissioner or the commissioner's agent shall meet with the applicant in person at a 
location chosen by the commissioner to discuss the applicant's needs. Each applicant's 
disability and needs must be reviewed in consultation with the disabled hunter, trapper 
and angler advisory committee established in section 10152 and a determination made 
regarding the special authorization that may be made to enhance the applicant's access 
to fishing, hunting and trapping opportunities. A permit issued under this subsection 
must be signed by the commissioner and include a clear and specific description of the 
activities authorized by that permit. The disabled person shall carry the permit whenever 
that person is hunting, trapping or fishing, and the permit must be presented to a game 
warden or other law enforcement officer upon request. No laws or rules may be waived 
except as are necessary to effect this subsection.  

The commissioner may authorize only the minimum special exceptions necessary 
to overcome the applicant's disability and allow that applicant to safely hunt, trap or fish. 



Incidental Take Plan For Maine’s Trapping Program 
Amended September 2015  Page 187 

This does not authorize the commissioner to issue special exceptions that endanger 
public safety. A permit issued under this subsection does not authorize a person to 
exceed the allowable bag or size limits for any fish or wildlife species; to fish for or take 
a fish or wildlife species for which a license is not otherwise issued; to fish for, trap or 
hunt a fish or wildlife species more than 7 days before the opening or more than 7 days 
after the closing of the regular open season for that species; or to fish, trap or hunt in 
any area permanently closed to those activities by state law or rule.  
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §422 (AFF); 2003, c. 655, Pt. 

B, §93 (AMD) .]  

12. Persons with acquired brain injury.  A complimentary license to fish must be 
issued to any person with a head injury, as defined by Title 22, section 3086, upon 
application to the commissioner. This complimentary license remains effective for the 
life of the license holder if the license is not revoked or suspended.  
[ 2003, c. 655, Pt. B, §422 (AFF); 2003, c. 655, Pt. B, §93 (NEW) .]  

13. Certain veterans.   
[ 2009, c. 440, §2 (AMD); MRSA T .12, §10853, sub-§13 (RP) .]  

14.  Game warden killed in line of duty.  A complimentary license to hunt, trap 
and fish, including permits, stamps and other permissions needed to hunt, may be 
issued, upon application, to the spouse or child of a game warden who has been killed 
in the line of duty. These licenses must be issued in accordance with criteria established 
by the Maine Chiefs of Police Association and the Maine Law Enforcement Officer 
Memorial board, upon confirmation by the Game Warden Colonel that the applicant is 
qualified for such a license.  
[ 2007, c. 651, §11 (AMD) .]  

15. Assisting a person with disabilities.  The commissioner may allow a licensee 
who has received a complimentary fishing license under subsection 2, 3, 4, 7, 10 or 12 
to have a person accompany and assist that licensee in fishing. The person 
accompanying and assisting the holder of a complimentary fishing license as provided 
in this subsection may do so without obtaining a separate fishing license. This 
subsection does not authorize the person accompanying and assisting the licensee to 
assist that licensee with more than one fishing rod and reel. The person accompanying 
and assisting the licensee must remain within the immediate proximity of the licensee 
while that licensee is fishing.  
[ 2011, c. 355, §2 (NEW) .] 

 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 

2003, c. 655, §§B93-95 (AMD). 2003, c. 655, §B422 (AFF). 2005, c. 75, §1 

(AMD). 2005, c. 268, §2 (AMD). 2005, c. 397, §C10 (AMD). 2005, c. 477, §2 

(AMD). 2007, c. 195, §1 (AMD). 2007, c. 463, §2 (AMD). 2007, c. 651, §§10, 11 

(AMD). 2009, c. 440, §2 (AMD). 2011, c. 327, §1 (AMD). 2011, c. 355, §§1, 2 

(AMD). MRSA T. 12, §10853, sub-§13 (AMD).  
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Title 12: CONSERVATION 
Part 13: INLAND FISHERIES AND WILDLIFE HEADING: PL 2003, C. 414, PT. A, §2 

(NEW); PT. D, §7 (AFF); C. 614, §9 (AFF) 
Subpart 4: FISH AND WILDLIFE HEADING: PL 2003, C. 414, PT. A, §2 (NEW); PT. 

D, §7 (AFF); C. 614, §9 (AFF)  
Chapter 917: TRAPPING HEADING: PL 2003, C. 414, PT. A, §2 (NEW); PT. D, §7 

(AFF); C. 614, §9 (AFF)  
Subchapter 1: LICENSE REQUIREMENTS AND FEES HEADING: PL 2003, C. 414, 

PT. A, §2 (NEW); PT. D, §7 (AFF); C. 614, §9 (AFF)  
§12201. Trapping license  

1. License required.  Except as otherwise authorized pursuant to this Part, a 
person may not trap unless that person has a valid license issued under this section. 
Each day a person violates this subsection that person commits a Class E crime for 
which a minimum fine of $50 and an amount equal to twice the applicable license fee 
must be imposed.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

1-A. Trapping by agents of commissioner.  The commissioner may authorize a 
full-time department employee to trap wild animals without a license for purposes of 
animal damage control. A person serving as an agent of the commissioner for purposes 
of animal damage control, including animal control officers appointed pursuant to Title 7, 
section 3947, must satisfy the licensing requirements of this section prior to trapping or 
attempting to trap a wild animal.  
[ 2003, c. 655, Pt. B, §209 (NEW); 2003, c. 655, Pt. B, §422 (AFF) .]  

2. Eligibility.  The following persons are eligible to purchase a trapping license, 
subject to the provisions of subsection 3.  

A. A resident 16 years of age or older is eligible to purchase a resident trapping 
license. [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

B. A resident 10 years of age or older and under 16 years is eligible to purchase a 
resident junior trapping license. [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 
(AFF).] 

C. A resident under 10 years of age may trap all legal species, except bear, without 
a license. [2009, c. 69, §2 (AMD).] 

D. A nonresident is eligible to purchase a nonresident trapping license. [2003, c. 
414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

Nonresident aliens are ineligible to purchase a trapping license. 
[ 2009, c. 69, §2 (AMD) .]  

3. Successful completion of trapper evaluation program required for 
license.  A person who applies for a state license to trap, other than a junior license, 
must submit proof of having successfully completed an education course of the type 
described in section 10108, subsection 7 or satisfactory evidence of having previously 
held an adult license to trap in this State or any other state, province or country in any 
year beginning with 1978.  

When proof or evidence can not otherwise be provided, the person may substitute 
a signed affidavit that that person has previously held the required adult trapping license 
or that that person has successfully completed the required trapper education course.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  
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4. Issuance.  The commissioner, or the commissioner's agent, may issue a license 
to engage in trapping. Clerks or other agents appointed by the commissioner shall 
charge a fee of $2 for each trapping license issued. The commissioner shall charge a 
fee of $1 for each trapping license issued by department employees.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

5. Expiration.  All licenses issued under this section are valid for one year 
commencing July 1st of each year.  

A resident junior trapping license issued to a person who has passed that person's 
15th birthday is valid through the year for which the license was issued.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

6. Trapping fees.  The fees for trapping licenses are as follows:  
A. A resident junior trapping license, for a person 10 years of age or older and 

under 16 years of age, is $9; [2005, c. 12, Pt. III, §23 (AMD).] 
B. A resident trapping license, for a person 16 years of age or older, is $35; and 

[2005, c. 12, Pt. III, §23 (AMD).] 
C. A nonresident trapping license is $317. [2009, c. 213, Pt. OO, §9 (AMD).] 

[ 2009, c. 213, Pt. OO, §9 (AMD) .]  

7. Supervision of junior trappers.  The following provisions must be observed.  
A. A person under 10 years of age may not trap unless that person is accompanied 

at all times while trapping by a parent or guardian or by an adult at least 18 years of age 
approved by a parent or guardian. A person under 10 years of age may not trap bear. 
[2009, c. 69, §3 (AMD).] 

B. A person over 10 years of age and under 16 years of age may not trap unless 
that person:  

(1) Holds a junior trapping license; and 
(2) Is accompanied by an adult at all times while trapping, unless the holder of the 

junior trapping license submits proof of having successfully completed an education 
course of the type described in section 10108, subsection 7. [2003, c. 414, Pt. A, 
§2 (NEW); 2003, c. 614, §9 (AFF).] 
[ 2009, c. 69, §3 (AMD) .]  

8. License violations.  The following penalties apply to violations of restrictions of 
licenses under this section.  

A. A person who violates a restriction of a license issued under this section 
commits a civil violation for which a fine of not less than $100 nor more than $500 may 
be adjudged. [2003, c. 655, Pt. B, §211 (NEW); 2003, c. 655, Pt. B, §422 
(AFF).] 

B. A person who violates a restriction of a license issued under this section after 
having been adjudicated as having committed 3 or more civil violations under this Part 
within the previous 5-year period commits a Class E crime. [2003, c. 655, Pt. B, 
§211 (NEW); 2003, c. 655, Pt. B, §422 (AFF).] 

Each day a person violates a restriction of a license issued under this section is a 
separate offense. 
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §211 (RPR); 2003, c. 655, Pt. 

B, §422 (AFF) .]  

9. Parent or guardian; junior trappers.  A person violates this subsection if that 
person is the adult supervisor, parent or guardian of a holder of a valid junior trapping 
license and that junior trapper violates any provision of this Part pertaining to trapping.  
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A. A person who violates this subsection commits a civil violation for which a fine of 
not less than $100 nor more than $500 may be adjudged. [2009, c. 69, §4 (NEW).] 

B. A person who violates this subsection after having been adjudicated as having 
committed 3 or more civil violations under this Part within the previous 5-year period 
commits a Class E crime. [2009, c. 69, §4 (NEW).] 
[ 2009, c. 69, §4 (NEW) .] 

 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 

2003, c. 655, §§B209-211 (AMD). 2003, c. 655, §B422 (AFF). 2005, c. 12, 

§III23 (AMD). 2009, c. 69, §§2-4 (AMD). 2009, c. 213, Pt. OO, §9 (AMD).  

 

§12202. Trapping by landowner  

A resident and a member of the resident's immediate family, as long as the trapper's 
license to trap is not under suspension or revocation, may trap for wild animals, except 
beaver, without a trapping license issued under section 12201 on land: [2003, c. 414, 
Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

1. Possession.  To which they are legally entitled to possession;  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

2. Domiciled.  On which they are actually domiciled; and  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

3. Agricultural purposes.  That is used exclusively for agricultural purposes.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF).  

 

12204. Apprentice trapper license  

1. Definitions.  As used in this section, unless the context otherwise indicates, the 
following terms have the following meanings.  

A. "In the presence of" means in visual and voice contact without the use of visual 
or audio enhancement devices, including but not limited to binoculars and citizen band 
radios. [2011, c. 51, §1 (NEW).] 

B. "Supervisor" means a person who is 18 years of age or older, has held a valid 
trapping license under this subchapter for 3 consecutive years and is trapping with a 
person holding an apprentice trapper license. [2011, c. 51, §1 (NEW).] 
[ 2011, c. 51, §1 (NEW) .]  

2. Supervisor required.  A holder of an apprentice trapper license may not trap 
other than in the presence of a supervisor.  
[ 2011, c. 51, §1 (NEW) .]  

3. Supervisor responsibility.  A supervisor shall ensure that the holder of an 
apprentice trapper license follows safe and ethical trapping protocol and adheres to the 
laws under this Part. A supervisor may not intentionally permit a person trapping under 
an apprentice trapper license with that supervisor to violate subsection 2.  
[ 2011, c. 51, §1 (NEW) .]  
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4. Eligibility.  A resident or nonresident 16 years of age or older who has never 
held a valid trapping license or junior trapping license in this State, or any other state, 
province or country, is eligible to obtain an apprentice trapper license, except that a 
person may not be issued an apprentice trapper license after having previously held an 
apprentice trapper license under this section. A person is eligible to obtain an 
apprentice trapper license without having successfully completed a trapper education 
course as described in section 10108, subsection 7.  
[ 2011, c. 51, §1 (NEW) .]  

5. Expiration of apprentice trapper license.  An apprentice trapper license is 
valid for up to 12 calendar months and expires on June 30th.  
[ 2011, c. 51, §1 (NEW) .]  

6. Issuance; fee.  The commissioner, through the commissioner's authorized 
agent, shall issue an apprentice trapper license to an eligible person. The fee for an 
apprentice trapper license is $35 for residents and $317 for nonresidents.  
[ 2011, c. 51, §1 (NEW) .]  

7. Restrictions.  The holder of an apprentice trapper license is not eligible to obtain 
a permit to trap for bear under section 12260-A.  
[ 2011, c. 51, §1 (NEW) .]  

8. Penalties.  The following penalties apply to violations of this section.  
A. A person who violates this section commits a civil violation for which a fine of not 

less than $100 and not more than $500 may be adjudged. [2011, c. 51, §1 (NEW).] 
B. A person who violates this section after having been adjudicated as having 

committed 3 or more civil violations under this Part within the previous 5-year period 
commits a Class E crime. [2011, c. 51, §1 (NEW).] 
[ 2011, c. 51, §1 (NEW) .] 

 

SECTION HISTORY  

2011, c. 51, §1 (NEW).  



Incidental Take Plan For Maine’s Trapping Program 
Amended September 2015  Page 192 

Title 12: CONSERVATION 
Part 13: INLAND FISHERIES AND WILDLIFE HEADING: PL 2003, C. 414, PT. A, §2 

(NEW); PT. D, §7 (AFF); C. 614, §9 (AFF) 
Subpart 4: FISH AND WILDLIFE HEADING: PL 2003, C. 414, PT. A, §2 (NEW); PT. 

D, §7 (AFF); C. 614, §9 (AFF)  
Chapter 917: TRAPPING HEADING: PL 2003, C. 414, PT. A, §2 (NEW); PT. D, §7 

(AFF); C. 614, §9 (AFF)  
Subchapter 2: TRAPPING SEASON, REQUIREMENTS AND RESTRICTIONS 

HEADING: PL 2003, C. 414, PT. A, §2 (NEW); PT. D, §7 (AFF); C. 614, §9 (AFF)  
 

§12251. Closed seasons  

1. General.  Except as otherwise provided in this Part and except as the 
commissioner may establish by rule that is not inconsistent with this chapter, there is a 
perpetual closed season on trapping any wild animal or wild bird.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

2. Unity Utilities District.  There is a continued closed season on all wild animals 
and wild birds on property owned by the Unity Utilities District located on Route 139 and 
Prairie Road in the municipality of Unity in Waldo County.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

3. Closed season violation.  A person may not trap, or attempt to trap, any wild 
animal or wild bird during the closed season or possess any wild animal or wild bird 
taken during the closed season on that wild animal or wild bird.  

A person who violates this subsection commits a Class E crime. 
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, 

§213 (AMD); 2003, c. 655, Pt. B, §422 (AFF) .] 

 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 

2003, c. 655, §B213 (AMD). 2003, c. 655, §B422 (AFF).  

 

§12252. Unlawful trapping methods  

1. Unlawfully rigging traps.  A person may not use auxiliary teeth on any leg-hold 
trap set on land.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

2. Use or possession of prohibited implements or aids.  A person may not:  
A. Set or tend a snare for the purpose of trapping any wild animal or wild bird, 

except as provided in section 10105, subsection 1 and section 12259; [2003, c. 414, 
Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

B. Set or tend a set gun for the purpose of killing, taking, catching, wounding, 
harming or molesting any wild animal or wild bird; [2003, c. 414, Pt. A, §2 (NEW); 
2003, c. 614, §9 (AFF).] 

C. Deposit any poisonous or stupefying substance for the purpose of killing, taking, 
catching, wounding, harming or molesting any wild animal or wild bird, except that a 
landowner or member of the landowner's immediate family may use gas cartridges on 
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the landowner's own land for woodchuck control; or [2003, c. 414, Pt. A, §2 (NEW); 
2003, c. 614, §9 (AFF).] 

D. Sell, advertise, give notice of the sale or keep for sale any set gun or poisonous 
substance for the taking of wild animals or wild birds, except that a person may sell, 
advertise, give notice of sale of or keep for sale rodenticide for orchard mouse control 
and gas cartridges for woodchuck control. [2003, c. 414, Pt. A, §2 (NEW); 2003, 
c. 614, §9 (AFF).] 
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

3. Use of pole traps.  A person may not use or set any steel trap on the top of a 
pole, constituting a device commonly known as a "pole trap" for the purposes of 
catching any wild bird.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

4. Penalty.  A person who violates this section commits a Class E crime.  
[ 2003, c. 655, Pt. B, §214 (NEW); 2003, c. 655, Pt. B, §422 (AFF) .] 

 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 

2003, c. 655, §B214 (AMD). 2003, c. 655, §B422 (AFF).  

 

§12253. Consent to trap  

1. Trapping without written consent.  A person may not, without first obtaining 
the written consent of the landowner or occupant, trap any wild animal on land in any 
organized or incorporated place or on the cultivated or pasture area of land that is used 
for agricultural purposes in any unorganized place and on which land there is an 
occupied dwelling. The provisions of this subsection do not apply to:  

A. Beaver trapping; [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 

(AFF).] 
B. Trapping with drowning sets in navigable rivers and streams; or [2003, c. 414, 

Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 
C. Trapping with drowning sets on state-owned land and public rights-of-way. 

[2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 
A person who violates this subsection commits a Class E crime. 

[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §215 (AMD); 2003, c. 655, Pt. 

B, §422 (AFF) .]  

2. Trapping near occupied dwelling without written consent.  A person may not 
trap any wild animal within 200 yards of an occupied dwelling without first obtaining the 
written consent of the owner or occupant of the land on which the trap is to be set. The 
provisions of this subsection do not apply to beaver trapping or trapping with drowning 
sets on state-owned land or public rights-of-way.  

A person who violates this subsection commits a Class E crime. 
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §215 (AMD); 2003, c. 655, Pt. 

B, §422 (AFF) .]  

3. Trapping near compact, built-up portion of city or village.  A person may not 
trap outside that person's land within 1/2 mile of the compact, built-up portion of a city or 
village, except:  

A. A person may trap within 1/2 mile of the built-up portion of a city or village with 
drowning sets; and [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 
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B. A person who has a written permit from the landowner may trap on that 
landowner's land with cage-type live traps within 1/2 mile of the built-up portion of a city 
or village. [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §215 (AMD); 2003, c. 655, Pt. 

B, §422 (AFF) .]  

3-A. Penalties.  The following penalties apply to violations of subsection 3.  
A. A person who violates subsection 3 commits a civil violation for which a fine of 

not less than $100 nor more than $500 may be adjudged. [2003, c. 655, Pt. B, §215 
(NEW); 2003, c. 655, Pt. B, §422 (AFF).] 

B. A person who violates subsection 3 after having been adjudicated as having 
committed 3 or more civil violations under this Part within the previous 5-year period 
commits a Class E crime. [2003, c. 655, Pt. B, §215 (NEW); 2003, c. 655, Pt. B, 
§422 (AFF).] 
[ 2003, c. 655, Pt. B, §215 (NEW); 2003, c. 655, Pt. B, §422 (AFF) .]  

4. Proof of ownership of land.  Before any prosecution is made under subsection 
1 or 2, the landowner or occupant shall provide proof to the commissioner of that 
landowner's ownership or that occupant's occupancy of the land in question.  
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §215 (AMD); 2003, c. 655, Pt. 

B, §422 (AFF) .]  

5. Permission to trap on land of another.  This section does not give license or 
permission to set, place or tend traps on property that is owned by another person.  
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §215 (AMD); 2003, c. 655, Pt. 

B, §422 (AFF) .] 

 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 

2003, c. 655, §B215 (AMD). 2003, c. 655, §B422 (AFF).  

 

§12254. Labeling traps  

1. Prohibition.  A person may not set a trap for any wild animal without having the 
trap plainly labeled with that person's full name and address.  
[ 2003, c. 655, Pt. B, §216 (NEW); 2003, c. 655, Pt. B, §422 (AFF) .]  

2. Penalties.  The following penalties apply to violations of this section.  
A. A person who violates subsection 1 commits a civil violation for which a fine of 

not less than $100 nor more than $500 may be adjudged. [2003, c. 655, Pt. B, §216 
(NEW); 2003, c. 655, Pt. B, §422 (AFF).] 

B. A person who violates subsection 1 after having been adjudicated as having 
committed 3 or more civil violations under this Part within the previous 5-year period 
commits a Class E crime. [2003, c. 655, Pt. B, §216 (NEW); 2003, c. 655, Pt. B, 
§422 (AFF).] 
[ 2003, c. 655, Pt. B, §216 (NEW); 2003, c. 655, Pt. B, §422 (AFF) .] 

 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 

2003, c. 655, §B216 (RPR). 2003, c. 655, §B422 (AFF).  
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§12255. Tending traps  

1. Failure to visit traps.  A person shall:  
A. While trapping in an organized or incorporated place:  
(1) Check each trap, except killer-type traps, at least once in every calendar day; 

and 
(2) Check each killer-type trap at least once in every 3 calendar days; and [2003, 

c. 614, §9 (AFF); 2003, c. 655, Pt. B, §217 (AMD); 2003, c. 655, Pt. B, §422 

(AFF).] 
B. While trapping in an unorganized place fail to:  
(1) Check each trap, except killer-type traps and drowning sets, at least once in 

every calendar day; and 
(2) Check each killer-type trap or drowning set at least once in every 5 calendar 

days. [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 
This subsection does not apply to under-ice drowning sets for beaver and muskrat. 

For the purposes of this subsection, "check" means to visit or cause to be visited.  
A person who violates this subsection commits a Class E crime. 

[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §217 (AMD); 2003, c. 655, Pt. 

B, §422 (AFF) .]  

2. Failure to remove animal from trap.  A person shall remove or cause to be 
removed from that person's trap an animal found caught in that trap.  

A person who violates this subsection commits a Class E crime. 
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §217 (AMD); 2003, c. 655, Pt. 

B, §422 (AFF) .]  

3. Carrying a firearm while trapping.  Notwithstanding section 11205, subsection 
1, paragraph A and section 11206, subsection 1, paragraph A, a person who holds a 
valid trapping license may carry a firearm at any time during the open trapping season 
for the sole purpose of dispatching trapped animals unless that person is prohibited 
from possessing a firearm under Title 15, section 393, subsection 1 and has not 
obtained a valid permit in accordance with Title 15, section 393, subsection 2.  
[ RR 2011, c. 1, §18 (COR) .] 

 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 

2003, c. 655, §B217 (AMD). 2003, c. 655, §B422 (AFF). 2009, c. 340, §15 

(AMD). RR 2011, c. 1, §18 (COR).  

 

§12256. Disturbing traps of another  

A person may not disturb or take a trap or a wild animal from a trap, other than that 
person's own trap, without the consent of the owner of the trap, except that a landowner 
or occupant of land that the landowner or occupant is legally entitled to possess may 
remove any trap found on the land if permission has not been granted under section 
12253, subsection 1 or 2 or the person has not obtained a written permit from the 
landowner to trap on that landowner's land with cage-type live traps within 1/2 mile of a 
built-up portion of a city or village. [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, 
§9 (AFF).] 
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A person who violates this section commits a Class E crime. [2003, c. 414, Pt. A, 
§2 (NEW); 2003, c. 614, §9 (AFF).] 

 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF).  

 

§12257. Trapping by certain department employees  

1. Prohibition.  A department biologist or warden may not trap wild animals for 
profit while on duty within the district to which that person is assigned.  
[ 2003, c. 655, Pt. B, §218 (NEW); 2003, c. 655, Pt. B, §422 (AFF) .]  

2. Penalties.  The following penalties apply to violations of this section.  
A. A person who violates subsection 1 commits a civil violation for which a fine of 

not less than $100 nor more than $500 may be adjudged. [2003, c. 655, Pt. B, §218 
(NEW); 2003, c. 655, Pt. B, §422 (AFF).] 

B. A person who violates subsection 1 after having been adjudicated as having 
committed 3 or more civil violations under this Part within the previous 5-year period 
commits a Class E crime. [2003, c. 655, Pt. B, §218 (NEW); 2003, c. 655, Pt. B, 
§422 (AFF).] 
[ 2003, c. 655, Pt. B, §218 (NEW); 2003, c. 655, Pt. B, §422 (AFF) .] 

 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 

2003, c. 655, §B218 (RPR). 2003, c. 655, §B422 (AFF).  

 

§12258. Eel permit for licensed trappers  

1. Issuance.  The commissioner may issue a permit to any licensed trapper to take 
eels for baiting traps.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

2. Restrictions.  A licensed trapper who holds a valid eel permit may for purposes 
of baiting traps take eels by eel pots or hook and line. A person harvesting eels under 
this subsection may not use any means other than eel pots or hook and line to take eels 
and may not take more than 20 pounds of eels annually.  
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §219 (AMD); 2003, c. 655, Pt. 

B, §422 (AFF) .]  

3. Penalties.  The following penalties apply to violations of a restriction of a permit 
issued in accordance with this section.  

A. A person who violates a restriction of a permit issued in accordance with this 
section commits a civil violation for which a fine of not less than $100 nor more than 
$500 may be adjudged. [2003, c. 655, Pt. B, §220 (NEW); 2003, c. 655, Pt. B, 
§422 (AFF).] 

B. A person who violates a restriction of a permit issued in accordance with this 
section after having been adjudicated as having committed 3 or more civil violations 
under this Part within the previous 5-year period commits a Class E crime. [2003, c. 
655, Pt. B, §220 (NEW); 2003, c. 655, Pt. B, §422 (AFF).] 
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Each day a person violates a restriction of a permit issued in accordance with this 
section is a separate offense. 
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §220 (RPR); 2003, c. 655, Pt. 

B, §422 (AFF) .] 

 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 

2003, c. 655, §§B219,220 (AMD). 2003, c. 655, §B422 (AFF).  

 

§12259. Trapping beaver  

1. Snares.  A person may use snares to trap for beaver during the open beaver 
trapping season.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

2. Rules.  All rules adopted pursuant to section 10104, subsection 1 pertaining to 
the trapping of beaver with killer-type traps also apply to the trapping of beaver with 
snares.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

3. Nonresident trapping beaver.  A nonresident may not trap beaver in this State 
unless that nonresident's state or province of residency allows Maine residents to trap 
beaver in that state or province.  

A person who violates this subsection commits a Class E crime. 
[ 2011, c. 253, §25 (AMD) .]  

 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 

2003, c. 655, §B221 (AMD). 2003, c. 655, §B422 (AFF). 2011, c. 253, §25 

(AMD).  

 

§12260. Trapping bear  

1. Open and closed season.  There is an open season on trapping bear from 
September 1st to October 31st annually.  

A. The commissioner may shorten the open season on bear in any part of the State 
as long as:  

(1) The demarcation of the areas with a shortened season follows recognizable 
physical boundaries such as rivers and railroad rights-of-way; and  

(2) The decision is made and published prior to February 1st of any year. [2003, 
c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

B. The commissioner may terminate the open season on bear at any time in any 
part of the State if, in the commissioner's opinion, an immediate emergency action is 
necessary due to adverse weather conditions or severe hunting or trapping pressure. 
[2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

2. Unlawful trapping of bear.  A person may not catch a bear in a trap and cause 
or allow another person to kill or register that bear. A person who violates this 
subsection commits a Class E crime.  
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[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §222 (AMD); 2003, c. 655, Pt. 

B, §422 (AFF) .]  

3. Setting bear traps.  Setting traps for bear is governed by this subsection.  
A. A person may use a cable trap with a closing diameter of not less than 2 1/2 

inches to trap bear in the State during the open season on bear. [2003, c. 414, Pt. 
A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

B. A person may not set a bear trap other than a cable trap or a cage-type trap as 
authorized by the commissioner.  

[2011, c. 253, §26 (AMD).] 
A person who violates this subsection commits a Class E crime. 

[ 2011, c. 253, §26 (AMD) .]  

4. Trapping bear after having killed one.  A person may not trap a bear after that 
person has killed or registered one trapped pursuant to this section. A person who 
violates this subsection commits a Class D crime for which the court shall impose a 
sentencing alternative involving a term of imprisonment not to exceed 180 days and a 
fine of not less than $1,000, none of which may be suspended.  
[ 2011, c. 309, §5 (AMD) .]  

5. Exceeding bag limit on bears.  Except as otherwise provided in this Part, a 
person may not possess more than 2 bears in any calendar year. A person who violates 
this subsection commits a Class D crime for which the court shall impose a sentencing 
alternative involving a term of imprisonment not to exceed 180 days and a fine of not 
less than $1,000, none of which may be suspended.  
[ 2011, c. 309, §6 (AMD) .]  

6. Trapping bear near dumps.  Trapping bear near dumps is governed by this 
subsection.  

A. The commissioner, or the commissioner's agent, shall establish a line of 
demarcation at least 500 yards from sites permitted or licensed for the disposal of solid 
waste. [2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §223 (AMD); 2003, c. 655, 
Pt. B, §422 (AFF).] 

B. A person may not trap within the demarcation area established under paragraph 
A. The commissioner, or the commissioner's agent, is exempt from this prohibition for 
the purpose of live trapping of nuisance bears.  

(1) A person who violates this paragraph commits a civil violation for which a fine of 
not less than $100 nor more than $500 may be adjudged.  

(2) A person who violates subparagraph 1 after having been adjudicated as having 
committed 3 or more civil violations under this Part within the previous 5-year period 
commits a Class E crime. [2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §224 
(AMD); 2003, c. 655, Pt. B, §422 (AFF).] 
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §§223, 224 (AMD); 2003, c. 

655, Pt. B, §422 (AFF) .] 

 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 

2003, c. 655, §§B222-224 (AMD). 2003, c. 655, §B422 (AFF). 2011, c. 253, §26 

(AMD). 2011, c. 309, §§5, 6 (AMD).  

 

§12260-A. Bear trapping permit  
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1. Permit required.  Except as otherwise authorized pursuant to this Part a person 
may not trap for bear without a valid bear trapping permit during the open bear trapping 
season under section 12260, subsection 1.  

Each day a person violates this subsection, that person commits a Class E crime 
for which a minimum fine of $50 and an amount equal to twice the applicable license fee 
must be imposed.  
[ 2007, c. 168, §7 (NEW); 2007, c. 168, §8 (AFF) .]  

2. Eligibility; trapping license required.  A person who possesses a valid 
trapping license may obtain a permit to trap bear from the commissioner or the 
commissioner's authorized agent.  
[ 2007, c. 168, §7 (NEW); 2007, c. 168, §8 (AFF) .]  

3. Issuance; permit fee.  The commissioner, through the commissioner's 
authorized agent, shall issue a bear trapping permit to an eligible person. The annual 
fee for each permit issued is $27 for residents and $67 for nonresidents.  
[ 2007, c. 168, §7 (NEW); 2007, c. 168, §8 (AFF) .] 

 

SECTION HISTORY  

2007, c. 168, §7 (NEW). 2007, c. 168, §8 (AFF).  

 

§12261. Beagle clubs; trapping snowshoe hares  

The commissioner may issue a license to an organization recognized as a beagle club 
by the commissioner to take live snowshoe hares. [2007, c. 45, §1 (NEW).] 

1. License required.  Except as otherwise authorized pursuant to this Part, a 
beagle club may not trap a snowshoe hare without a valid license issued under this 
section.  

A. A person who violates this subsection commits a civil violation for which a fine of 
not less than $100 or more than $500 may be adjudged. [2007, c. 45, §1 (NEW).] 

B. A person who violates this subsection after having been adjudicated as having 
committed 3 or more civil violations under this Part within the previous 5-year period 
commits a Class E crime. [2007, c. 45, §1 (NEW).] 
[ 2007, c. 45, §1 (NEW) .]  

2. Traps labeled and checked daily.  A beagle club may not set a trap for a 
snowshoe hare unless that trap is plainly labeled with the name of the beagle club and 
the telephone number of a contact person and is checked at least once every calendar 
day.  

A. A person who violates this subsection commits a civil violation for which a fine of 
not less than $100 or more than $500 may be adjudged. [2007, c. 45, §1 (NEW).] 

B. A person who violates this subsection after having been adjudicated as having 
committed 3 or more civil violations under this Part within the previous 5-year period 
commits a Class E crime. [2007, c. 45, §1 (NEW).] 
[ 2007, c. 45, §1 (NEW) .]  

3. Use of snowshoe hares.  A snowshoe hare trapped pursuant to this section 
may not be used for anything other than to stock the running areas of the licensee and 
may not be given to any other beagle club or entity.  
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A. A person who violates this subsection commits a civil violation for which a fine of 
not less than $100 or more than $500 may be adjudged. [2007, c. 45, §1 (NEW).] 

B. A person who violates this subsection after having been adjudicated as having 
committed 3 or more civil violations under this Part within the previous 5-year period 
commits a Class E crime. [2007, c. 45, §1 (NEW).] 
[ 2007, c. 45, §1 (NEW) .]  

4. Transport out of State.  A snowshoe hare trapped pursuant to this section may 
not be transported out of the State.  

A. A person who violates this subsection commits a civil violation for which a fine of 
not less than $100 or more than $500 may be adjudged. [2007, c. 45, §1 (NEW).] 

B. A person who violates this subsection after having been adjudicated as having 
committed 3 or more civil violations under this Part within the previous 5-year period 
commits a Class E crime. [2007, c. 45, §1 (NEW).] 
[ 2007, c. 45, §1 (NEW) .]  

5. Trapping season for snowshoe hares.  A beagle club may not trap for 
snowshoe hares except between September 1st and April 30th of each calendar year.  

A. A person who violates this subsection commits a civil violation for which a fine of 
not less than $100 or more than $500 may be adjudged. [2007, c. 45, §1 (NEW).] 

B. A person who violates this subsection after having been adjudicated as having 
committed 3 or more civil violations under this Part within the previous 5-year period 
commits a Class E crime. [2007, c. 45, §1 (NEW).] 
[ 2007, c. 45, §1 (NEW) .]  

6. Cottontail rabbits.  A beagle club may not keep and must release immediately a 
cottontail rabbit caught in a trap.  

A. A person who violates this subsection commits a civil violation for which a fine of 
not less than $100 or more than $500 may be adjudged. [2007, c. 45, §1 (NEW).] 

B. A person who violates this subsection after having been adjudicated as having 
committed 3 or more civil violations under this Part within the previous 5-year period 
commits a Class E crime. [2007, c. 45, §1 (NEW).] 
[ 2007, c. 45, §1 (NEW) .]  

7. Reporting of trapped cottontail rabbits.  As a condition of licensure under this 
section, a beagle club shall file with IFW no later than July 1st of each calendar year a 
report of cottontail rabbits trapped pursuant to this section.  
[ 2007, c. 45, §1 (NEW) .] 

 

SECTION HISTORY  

2007, c. 45, §1 (NEW).  
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Title 12: CONSERVATION 
Part 13: INLAND FISHERIES AND WILDLIFE HEADING: PL 2003, C. 414, PT. A, §2 

(NEW); PT. D, §7 (AFF); C. 614, §9 (AFF) 
Subpart 4: FISH AND WILDLIFE HEADING: PL 2003, C. 414, PT. A, §2 (NEW); PT. 

D, §7 (AFF); C. 614, §9 (AFF)  
Chapter 919: REGISTRATION AND TRANSPORT OF HARVESTED ANIMALS 

HEADING: PL 2003, C. 414, PT. A, §2 (NEW); PT. D, §7 (AFF); C. 614, §9 (AFF)  
Subchapter 1: REGISTRATION HEADING: PL 2003, C. 414, PT. A, §2 (NEW); PT. D, 

§7 (AFF); C. 614, §9 (AFF)  
 

§12301-A. Registration of harvested animals  

1. Registration stations established.  The commissioner shall adopt rules 
governing the establishment and closure of bear, deer, moose and wild turkey 
registration stations for the purpose of registering harvested bear, deer, moose and wild 
turkey and to allow for the collection of biological and hunting data. Rules adopted 
pursuant to this subsection are routine technical rules as defined in Title 5, chapter 375, 
subchapter 2-A.  
[ 2003, c. 655, Pt. B, §226 (NEW); 2003, c. 655, Pt. B, §422 (AFF) .]  

2. Agents designated.  An agent designated by the commissioner must be in 
charge of each bear, deer, moose or wild turkey registration station.  
[ 2003, c. 655, Pt. B, §226 (NEW); 2003, c. 655, Pt. B, §422 (AFF) .]  

3. Agent duties.  Registration agents shall:  
A. Register every bear, deer, moose or wild turkey legally presented for 

registration; [2003, c. 655, Pt. B, §226 (NEW); 2003, c. 655, Pt. B, §422 

(AFF).] 
B. Attach a seal to each bear, deer, moose or wild turkey in the manner directed 

and with the materials furnished by the commissioner; and [2003, c. 655, Pt. B, 
§226 (NEW); 2003, c. 655, Pt. B, §422 (AFF).] 

C. Collect $5 and retain $1 for each seal from the person registering a bear, deer, 
moose or wild turkey. The remaining $4 must be returned to IFW by the agent pursuant 
to section 10801, subsection 3. [2009, c. 213, Pt. OO, §10 (AMD).] 
[ 2009, c. 213, Pt. OO, §10 (AMD) .] 

 

SECTION HISTORY  

2003, c. 655, §B226 (NEW). 2003, c. 655, §B422 (AFF). 2009, c. 213, Pt. OO, 

§10 (AMD).  



Incidental Take Plan For Maine’s Trapping Program 
Amended September 2015  Page 202 

  
Title 12: CONSERVATION 

Part 13: INLAND FISHERIES AND WILDLIFE HEADING: PL 2003, C. 414, PT. A, §2 
(NEW); PT. D, §7 (AFF); C. 614, §9 (AFF) 

Subpart 4: FISH AND WILDLIFE HEADING: PL 2003, C. 414, PT. A, §2 (NEW); PT. 
D, §7 (AFF); C. 614, §9 (AFF)  

Chapter 925: FISH AND WILDLIFE MANAGEMENT AND RESEARCH HEADING: PL 
2003, C. 414, PT. A, §2 (NEW); PT. D, §7 (AFF); C. 614, §9 (AFF)  

Subchapter 1: WILDLIFE MANAGEMENT AND RESEARCH HEADING: PL 2003, C. 
414, PT. A, §2 (NEW); PT. D, §7 (AFF); C. 614, §9 (AFF)  

§12701. Commissioner's authority over sanctuaries; management areas and 
access sites  

1. Public use.  The commissioner may, pursuant to section 10104, adopt rules 
regulating hunting, fishing, trapping or other public use of any wildlife management area 
or wildlife sanctuary as designated in section 12706, subsection 1, except that a 
landowner may not be prohibited from operating any vehicle on land on which that 
person is domiciled. Rules adopted pursuant to this subsection are routine technical 
rules as defined in Title 5, chapter 375, subchapter 2-A.  
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §289 (AMD); 2003, c. 655, Pt. 

B, §422 (AFF) .]  

2. Natural products.  The commissioner may harvest and sell natural products of 
the land from land owned by IFW and, if the land was purchased with federal aid funds, 
use the resulting revenue for land management, in accordance with federal aid 
guidelines.  
[ 2007, c. 217, §1 (AMD) .]  

3. Trapping.  The commissioner may regulate the trapping of wild animals on 
wildlife sanctuaries or closed territories.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

4. Fees.  The commissioner may establish reasonable fees for admission to the 
Maine Wildlife Park and the Steve Powell Wildlife Management Area at Perkins 
Township, Sagadahoc County, known as Swan Island and Little Swan Island. Fees 
associated with the Steve Powell Wildlife Management Area must be deposited into a 
dedicated revenue account. In addition to those fees, the commissioner may accept and 
deposit into the dedicated revenue account money from any other source, public or 
private.  
[ 2007, c. 539, Pt. KKKK, §1 (AMD) .]  

5. Access sites to inland and coastal waters.  The commissioner may, pursuant 
to section 10104, subsection 1, adopt rules regulating public use of department-owned 
or department-maintained sites that provide public access to inland or coastal waters. 
The commissioner may establish reasonable fees for use of these sites by members of 
the public as necessary to help defray the cost of routine maintenance and security. 
Rules adopted pursuant to this subsection are routine technical rules as defined in Title 
5, chapter 375, subchapter 2-A.  
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §290 (AMD); 2003, c. 655, Pt. 

B, §422 (AFF) .] 
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SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 

2003, c. 655, §§B289,290 (AMD). 2003, c. 655, §B422 (AFF). 2007, c. 217, §1 

(AMD). 2007, c. 539, Pt. KKKK, §1 (AMD).  

 

§12702. Rule violations; state-owned wildlife management areas  

The following penalties apply to violations of rules regulating state-owned wildlife 
management areas. [2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §291 (RPR); 
2003, c. 655, Pt. B, §422 (AFF).] 

1. Civil violation.  Notwithstanding section 10650, a person who violates a rule 
regulating state-owned wildlife management areas commits a civil violation for which a 
fine of not less than $100 nor more than $500 may be adjudged.  
[ 2003, c. 655, Pt. B, §291 (NEW); 2003, c. 655, Pt. B, §422 (AFF) .]  

2. Criminal violation.  A person who violates a rule regulating state-owned wildlife 
management areas after having been adjudicated as having committed 3 or more civil 
violations under this Part within the previous 5-year period commits a Class E crime.  
[ 2003, c. 655, Pt. B, §291 (NEW); 2003, c. 655, Pt. B, §422 (AFF) .] 

 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 

2003, c. 655, §B291 (RPR). 2003, c. 655, §B422 (AFF).  

 

§12704. Permit to hunt, trap, possess, band and transport wild animals and wild 
birds for scientific purposes  

The commissioner may issue a permit to any person, permitting that person to hunt, 
trap, possess, band and transport wild animals and wild birds for scientific purposes. 
[2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF).  

 

§12705. Rule violations; scientific collection permits  

The following penalties apply to violations of rules regulating scientific collection 
permits. [2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §292 (RPR); 2003, c. 
655, Pt. B, §422 (AFF).] 

1. Civil violation.  Notwithstanding section 10650, a person who violates a rule 
regulating scientific collection permits commits a civil violation for which a fine of not 
less than $100 nor more than $500 may be adjudged.  
[ 2003, c. 655, Pt. B, §292 (NEW); 2003, c. 655, Pt. B, §422 (AFF) .]  
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2. Criminal violation.  A person who violates a rule regulating scientific collection 
permits after having been adjudicated as having committed 3 or more civil violations 
under this Part within the previous 5-year period commits a Class E crime.  
[ 2003, c. 655, Pt. B, §292 (NEW); 2003, c. 655, Pt. B, §422 (AFF) .] 

 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 

2003, c. 655, §B292 (RPR). 2003, c. 655, §B422 (AFF). 
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Title 12: CONSERVATION 
Part 13: INLAND FISHERIES AND WILDLIFE HEADING: PL 2003, C. 414, PT. A, §2 

(NEW); PT. D, §7 (AFF); C. 614, §9 (AFF) 
Subpart 4: FISH AND WILDLIFE HEADING: PL 2003, C. 414, PT. A, §2 (NEW); PT. 

D, §7 (AFF); C. 614, §9 (AFF)  
Chapter 925: FISH AND WILDLIFE MANAGEMENT AND RESEARCH HEADING: PL 

2003, C. 414, PT. A, §2 (NEW); PT. D, §7 (AFF); C. 614, §9 (AFF)  
Subchapter 3: ENDANGERED SPECIES; MANAGEMENT AND RESEARCH 

HEADING: PL 2003, C. 414, PT. A, §2 (NEW); PT. D, §7 (AFF); C. 614, §9 (AFF)  

§12801. Declaration of purpose  

The Legislature finds that various species of fish or wildlife have been and are in danger 
of being rendered extinct within the State of Maine, and that these species are of 
esthetic, ecological, educational, historical, recreational and scientific value to the 
people of the State. The Legislature, therefore, declares that it is the policy of the State 
to conserve, by according such protection as is necessary to maintain and enhance 
their numbers, all species of fish or wildlife found in the State, as well as the 
ecosystems upon which they depend. [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 
614, §9 (AFF).] 

This subchapter and chapter 631 are established to carry out the purposes of this 
section. [2003, c. 573, §5 (NEW); 2003, c. 573, §8 (AFF); 2003, c. 655, Pt. C, 
§§3, 6 (AFF).] 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 573, §5 (AMD). 

2003, c. 573, §8 (AFF). 2003, c. 614, §9 (AFF). 2003, c. 655, §§C3,6 (AFF).  

§12802. Commissioner's authority, investigations and programs  

1. Investigations.  The commissioner may conduct investigations in order to 
develop information relating to population size, distribution, habitat needs, limiting 
factors and other biological and ecological data relating to the status and requirements 
for survival of any species of fish or wildlife occurring in the State, whether endangered 
or not.  
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §308 (AMD); 2003, c. 655, Pt. 

B, §422 (AFF) .]  

2. Programs.  The commissioner may develop programs to enhance or maintain 
the populations described in subsection 1.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .] 

 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 

2003, c. 655, §B308 (AMD). 2003, c. 655, §B422 (AFF).  

 



Incidental Take Plan For Maine’s Trapping Program 
Amended September 2015  Page 206 

§12803. Designation of endangered species  

1. Standards.  The commissioner shall recommend a species to be listed as 
endangered or threatened whenever the commissioner finds one of the following to 
exist:  

A. The present or threatened destruction, modification or curtailment of its habitat 
or range; [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

B. Overutilization for commercial, sporting, scientific, educational or other purposes; 
[2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

C. Disease or predation; [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 
(AFF).] 

D. Inadequacy of existing regulatory mechanisms; or [2003, c. 414, Pt. A, §2 
(NEW); 2003, c. 614, §9 (AFF).] 

E. Other natural or manmade factors affecting its continued existence within the 
State. [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

2. Commissioner's duties.  In recommending a species to be listed as 
endangered or threatened, the commissioner shall:  

A. Make use of the best scientific, commercial and other data available; [2003, c. 
414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

B. Consult, as appropriate, with federal agencies, other interested state agencies, 
other states having a common interest in the species and interested persons and 
organizations; and [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

C. Maintain a list of all species that the Legislature has designated to be 
endangered or threatened, naming each species by both its scientific and common 
name, if any, and specifying over what portion of its range each species so designated 
is endangered or threatened. [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 
(AFF).] 
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

3. Legislative authority.  The Legislature, as sole authority, shall designate a 
species as a state endangered or state threatened species. The list of state endangered 
or state threatened species by common name, scientific name and status is as follows:  

A. Least tern, Sterna antillarum, endangered; [2007, c. 166, §1 (AMD).] 
B. Golden eagle, Aquila chrysaetos, endangered; [2003, c. 573, §6 (NEW); 

2003, c. 573, §8 (AFF); 2003, c. 655, Pt. C, §§3, 6 (AFF).] 
C. Piping plover, Charadrius melodus, endangered; [2003, c. 573, §6 (NEW); 

2003, c. 573, §8 (AFF); 2003, c. 655, Pt. C, §§3, 6 (AFF).] 
D. Sedge wren, Cistothorus platensis, endangered; [2007, c. 166, §1 (AMD).] 
E. Grasshopper sparrow, Ammodramus savannarum, endangered; [2003, c. 

573, §6 (NEW); 2003, c. 573, §8 (AFF); 2003, c. 655, Pt. C, §§3, 6 (AFF).] 
F. Box turtle, Terrapene carolina, endangered; [2003, c. 573, §6 (NEW); 2003, 

c. 573, §8 (AFF); 2003, c. 655, Pt. C, §§3, 6 (AFF).] 
G. Black racer, Coluber constrictor, endangered; [2003, c. 573, §6 (NEW); 2003, 

c. 573, §8 (AFF); 2003, c. 655, Pt. C, §§3, 6 (AFF).] 
H. Roseate tern, Sterna dougallii, endangered; [2003, c. 573, §6 (NEW); 2003, 

c. 573, §8 (AFF); 2003, c. 655, Pt. C, §§3, 6 (AFF).] 
I. Northern bog lemming, Synaptomys borealis, threatened; [2003, c. 573, §6 

(NEW); 2003, c. 573, §8 (AFF); 2003, c. 655, Pt. C, §§3, 6 (AFF).] 
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J. Blanding's turtle, Emydoidea blandingii, endangered; [2003, c. 573, §6 (NEW); 
2003, c. 573, §8 (AFF); 2003, c. 655, Pt. C, §§3, 6 (AFF).] 

K. Black tern, Chlidonias niger, endangered; [2003, c. 573, §6 (NEW); 2003, c. 
573, §8 (AFF); 2003, c. 655, Pt. C, §§3, 6 (AFF).] 

L. American pipit, Anthus rubescens (breeding population only), endangered; 
[2007, c. 166, §1 (AMD).] 

M. Peregrine falcon, Falco peregrinus (breeding population only), endangered; 
[2007, c. 166, §1 (AMD).] 

N. Roaring Brook mayfly, Epeorus frisoni, endangered; [2007, c. 166, §1 

(AMD).] 
O. Ringed boghaunter, Williamsonia lintneri, threatened; [2007, c. 166, §1 

(AMD).] 
P. Clayton's copper, Lycaena dorcas claytoni, endangered; [2003, c. 573, §6 

(NEW); 2003, c. 573, §8 (AFF); 2003, c. 655, Pt. C, §§3, 6 (AFF).] 
Q. Edwards' hairstreak, Satyrium edwardsii, endangered; [2003, c. 573, §6 

(NEW); 2003, c. 573, §8 (AFF); 2003, c. 655, Pt. C, §§3, 6 (AFF).] 
R. Hessel's hairstreak, Callophrys hesseli, endangered; [2007, c. 166, §1 

(AMD).] 
S. Katahdin arctic, Oenis polixenes katahdin, endangered; [2003, c. 573, §6 

(NEW); 2003, c. 573, §8 (AFF); 2003, c. 655, Pt. C, §§3, 6 (AFF).] 
T. Spotted turtle, Clemmys guttata, threatened; [2003, c. 573, §6 (NEW); 2003, 

c. 573, §8 (AFF); 2003, c. 655, Pt. C, §§3, 6 (AFF).] 
U. [2009, c. 60, §1 (RP).] 
V. Razorbill, Alca torda, threatened; [2003, c. 573, §6 (NEW); 2003, c. 573, §8 

(AFF); 2003, c. 655, Pt. C, §§3, 6 (AFF).] 
W. Atlantic puffin, Fratercula arctica, threatened; [2003, c. 573, §6 (NEW); 2003, 

c. 573, §8 (AFF); 2003, c. 655, Pt. C, §§3, 6 (AFF).] 
X. Harlequin duck, Histrionicus histrionicus, threatened; [2003, c. 573, §6 

(NEW); 2003, c. 573, §8 (AFF); 2003, c. 655, Pt. C, §§3, 6 (AFF).] 
Y. Arctic tern, Sterna paradisaea, threatened; [2003, c. 573, §6 (NEW); 2003, 

c. 573, §8 (AFF); 2003, c. 655, Pt. C, §§3, 6 (AFF).] 
Z. Upland sandpiper, Bartramia longicauda, threatened; [2003, c. 573, §6 

(NEW); 2003, c. 573, §8 (AFF); 2003, c. 655, Pt. C, §§3, 6 (AFF).] 
AA. Swamp darter, Etheostoma fusiforme, threatened; [2003, c. 573, §6 (NEW); 

2003, c. 573, §8 (AFF); 2003, c. 655, Pt. C, §§3, 6 (AFF).] 
BB. Tidewater mucket, Leptodea ochracea, threatened; [2003, c. 573, §6 

(NEW); 2003, c. 573, §8 (AFF); 2003, c. 655, Pt. C, §§3, 6 (AFF).] 
CC. Yellow lampmussel, Lampsilis cariosa, threatened; [2003, c. 573, §6 (NEW); 

2003, c. 573, §8 (AFF); 2003, c. 655, Pt. C, §§3, 6 (AFF).] 
DD. Tomah mayfly, Siphlonisca aerodromia, threatened; [2003, c. 573, §6 

(NEW); 2003, c. 573, §8 (AFF); 2003, c. 655, Pt. C, §§3, 6 (AFF).] 
EE. [2007, c. 166, §1 (RP).] 
FF. Twilight moth, Lycia rachelae, threatened; [2007, c. 166, §1 (AMD).] 
GG. Pine barrens zanclognatha, Zanclognatha martha, threatened; [2007, c. 

166, §1 (AMD).] 
HH. Redfin pickerel, Esox americanus americanus, endangered; [2007, c. 166, 

§1 (NEW).] 
II. Juniper hairstreak, Callophrys gryneus, endangered; [2007, c. 166, §1 

(NEW).] 
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JJ. Rapids clubtail, Gomphus quadricolor, endangered; [2007, c. 166, §1 

(NEW).] 
KK. New England cottontail, Sylvilagus transitionalis, endangered; [2007, c. 166, 

§1 (NEW).] 
LL. Black-crowned night heron, Nycticorax nycticorax, threatened; [2007, c. 166, 

§1 (NEW).] 
MM. Common moorhen, Gallinula chloropus, threatened; [2007, c. 166, §1 

(NEW).] 
NN. Great cormorant, Phalacrocorax carbo (breeding population only), threatened; 

[2007, c. 166, §1 (NEW).] 
OO. Short-eared owl, Asio flammeus (breeding population only), threatened; 

[2007, c. 166, §1 (NEW).] 
PP. Purple lesser fritillary, Boloria chariclea grandis, threatened; [2007, c. 166, 

§1 (NEW).] 
QQ. Sleepy duskywing, Erynnis brizo, threatened; [2007, c. 166, §1 (NEW).] 
RR. Boreal snaketail, Ophiogomphus colubrinus, threatened; [2007, c. 166, §1 

(NEW).] 
SS. Brook floater, Alasmidonta varicosa, threatened; [2007, c. 166, §1 (NEW).] 
TT. Barrow's goldeneye, Bucephala islandica, threatened; and [2007, c. 166, §1 

(NEW).] 
UU. Least bittern, Ixobrychus exilis, endangered. [2007, c. 166, §1 (NEW).] 

[ 2009, c. 60, §1 (AMD) .]  

4. Process for recommendation; notice and hearings.  Prior to recommending 
an addition, deletion or other change to the endangered and threatened species listed in 
subsection 3, the commissioner shall provide for public notice and public hearings on 
that proposed recommendation in accordance with the provisions of Title 5, chapter 
375, subchapter 2.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

5. Designation by Legislature.  The Legislature may not amend the list of 
endangered or threatened species in subsection 3 except upon the recommendation of 
the commissioner.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .] 

 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 573, §6 (AMD). 

2003, c. 573, §8 (AFF). 2003, c. 614, §9 (AFF). 2003, c. 655, §§C3,6 (AFF). 

2007, c. 166, §1 (AMD). 2009, c. 60, §1 (AMD).  

§12804. Conservation of endangered species  

1. Conservation of nongame and endangered species.  The commissioner may 
establish such programs as are necessary to bring any endangered or threatened 
species to the point where it is no longer endangered or threatened, including:  

A. Acquisition of land or aquatic habitat or interests in land or aquatic habitat; 
[2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

B. Propagation; [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 
C. Live trapping; [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 
D. Transplantation. Prior to the transplantation, introduction or reintroduction of an 

endangered or threatened species in the State, the commissioner shall, in conjunction 
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with IFW of Marine Resources, when appropriate, develop a recovery plan for that 
species, conduct a public hearing on that recovery plan pursuant to Title 5, Part 18 and 
submit that plan to the joint standing committee of the Legislature having jurisdiction 
over inland fisheries and wildlife matters. The introduction or reintroduction of that 
species must be conducted in accordance with the recovery plan developed under this 
paragraph and may not begin sooner than 90 days after all conditions of this paragraph 
have been met; and [2009, c. 561, §34 (AMD).] 

E. In the extraordinary case where population pressures within a given group 
ecosystem can not be otherwise relieved, regulated taking. [2003, c. 414, Pt. A, §2 
(NEW); 2003, c. 614, §9 (AFF).] 
[ 2009, c. 561, §34 (AMD) .]  

2. Habitat.  For species designated as endangered or threatened under this 
subchapter the commissioner may by rule identify areas currently or historically 
providing physical or biological features essential to the conservation of the species and 
that may require special management considerations. Rules adopted pursuant to this 
subsection are routine technical rules as defined in Title 5, chapter 375, subchapter 2-A.  
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §309 (AMD); 2003, c. 655, Pt. 

B, §422 (AFF) .]  

3. Protection guidelines.  The commissioner may by rule develop guidelines for 
the protection of species designated as endangered or threatened under this 
subchapter. Rules adopted pursuant to this subsection are routine technical rules as 
defined in Title 5, chapter 375, subchapter 2-A.  
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §309 (AMD); 2003, c. 655, Pt. 

B, §422 (AFF) .]  

4. Annual report.   
[ 2007, c. 651, §14 (RP) .] 

 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 573, §7 (AMD). 

2003, c. 614, §9 (AFF). 2003, c. 655, §B309 (AMD). 2003, c. 655, §B422 (AFF). 

2007, c. 651, §14 (AMD). 2009, c. 561, §34 (AMD).  

§12805. Cooperative agreements  

The commissioner may enter into agreements with federal agencies, other states, 
political subdivisions of this State or private persons for the establishment and 
maintenance of programs for the conservation of endangered or threatened species and 
may receive all federal funds allocated for obligations to the State pursuant to these 
agreements. [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF).  

§12806. State and local cooperation  

1. Review.  A state agency or municipal government may not permit, license, fund 
or carry out projects that will:  
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A. Significantly alter the habitat identified under section 12804, subsection 2 of any 
species designated as threatened or endangered under this subchapter; or [2003, c. 
414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

B. Violate protection guidelines set forth in section 12804, subsection 3. [2003, c. 
414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

The commissioner shall make information under section 12804 available to all other 
state agencies and municipal governments for the purposes of review.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

2. Variance.  Notwithstanding subsection 1, state agencies and municipal 
governments may grant a variance from this section provided that:  

A. The commissioner certifies that the proposed action would not pose a significant 
risk to any population of endangered or threatened species within the State; and [2003, 
c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

B. A public hearing is held on the proposed action. [2003, c. 414, Pt. A, §2 
(NEW); 2003, c. 614, §9 (AFF).] 
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

3. Pending applications.  Notwithstanding Title 1, section 302, applications 
pending at the time of adoption of habitats and guidelines under section 12804, 
subsections 2 and 3 are governed by this section.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .] 

 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF).  

§12808. Misuse of endangered or threatened species  

For the purposes of this section, "to take," "take" and "taking" mean the act or omission 
that results in the death of any endangered or threatened species. [2003, c. 614, §9 
(AFF); 2003, c. 655, Pt. B, §310 (AMD); 2003, c. 655, Pt. B, §422 (AFF).] 

1. Prohibited acts regarding endangered or threatened species; 
negligence.  Except as provided in subsections 2 and 3, a person may not negligently:  

A. Import into the State or export out of the State any endangered or threatened 
species. A person who violates this paragraph commits a Class E crime; [2003, c. 
614, §9 (AFF); 2003, c. 655, Pt. B, §311 (RPR); 2003, c. 655, Pt. B, §422 

(AFF).] 
B. Hunt, take, trap or possess any endangered or threatened species within the 

State. A person who violates this paragraph commits a Class E crime; [2003, c. 614, 
§9 (AFF); 2003, c. 655, Pt. B, §311 (RPR); 2003, c. 655, Pt. B, §422 (AFF).] 

C. Possess, process, sell, offer for sale, deliver, carry, transport or ship, by any 
means whatsoever, any endangered or threatened species or any part of an 
endangered or threatened species. A person who violates this paragraph commits a 
Class E crime; or [2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §311 (RPR); 
2003, c. 655, Pt. B, §422 (AFF).] 

D. Feed, set bait for or harass any endangered or threatened species. A law 
enforcement officer, as defined in Title 25, section 2801-A, subsection 5, must issue a 
warning to a person who violates this paragraph for the first time. A person who violates 
this paragraph after having previously been given a warning under this paragraph 
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commits a Class E crime. [2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §311 
(RPR); 2003, c. 655, Pt. B, §422 (AFF).] 
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §311 (RPR); 2003, c. 655, Pt. 

B, §422 (AFF) .]  

1-A. Prohibited acts regarding endangered or threatened species; 
intentional.  Except as provided in subsections 2 and 3, a person may not intentionally:  

A. Import into the State or export out of the State any endangered or threatened 
species. A person who violates this paragraph commits a Class D crime; [2003, c. 
655, Pt. B, §312 (NEW); 2003, c. 655, Pt. B, §422 (AFF).] 

B. Hunt, take, trap or possess any endangered or threatened species within the 
State. A person who violates this paragraph commits a Class D crime; [2003, c. 655, 
Pt. B, §312 (NEW); 2003, c. 655, Pt. B, §422 (AFF).] 

C. Possess, process, sell, offer for sale, deliver, carry, transport or ship, by any 
means whatsoever, any endangered or threatened species or any part of an 
endangered or threatened species. A person who violates this paragraph commits a 
Class D crime; or [2005, c. 477, §23 (AMD).] 

D. Feed, set bait for or harass any endangered or threatened species. A law 
enforcement officer, as defined in Title 25, section 2801-A, subsection 5, must issue a 
warning to a person who violates this paragraph for the first time. A person who violates 
this paragraph after having previously been given a warning under this paragraph 
commits a Class D crime. [2003, c. 655, Pt. B, §312 (NEW); 2003, c. 655, Pt. B, 
§422 (AFF).] 
[ 2005, c. 477, §23 (AMD) .]  

2. Exceptions for certain purposes.  Notwithstanding subsections 1 and 1-A or 
section 10650 as it applies to rules adopted in accordance with this subchapter, the 
commissioner may:  

A. Under such terms and conditions as the commissioner may prescribe, permit 
any act prohibited by this section or by rule for educational or scientific purposes or to 
enhance the propagation or survival of an endangered or threatened species; and 
[2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 

B. Under such terms and conditions as the commissioner may prescribe, permit 
any endangered or threatened species that enters the State and is being transported to 
a point outside the State to be so entered and transported without restriction in 
accordance with the terms of any federal or state permit. [2003, c. 414, Pt. A, §2 
(NEW); 2003, c. 614, §9 (AFF).] 
[ 2003, c. 614, §9 (AFF); 2003, c. 655, Pt. B, §313 (AMD); 2003, c. 655, Pt. 

B, §422 (AFF) .]  

3. Exceptions; incidental take plan.  Notwithstanding subsection 1, the 
commissioner may:  

A. Permit the taking of any endangered species or threatened species if:  
(1) Such taking is incidental to, and not the purpose of, carrying out an otherwise 

lawful activity; 
(2) The taking will not impair the recovery of any endangered species or threatened 

species; and 
(3) The person develops and implements an incidental take plan approved by the 

commissioner to take an endangered species or threatened species pursuant to 
paragraph B; and [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF).] 
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B. Allow a plan that minimizes the incidental taking of an endangered species or 
threatened species that specifies the following:  

(1) A description of the specific activities sought to be authorized by the incidental 
take permit and an analysis of potential alternatives;  

(2) The individual and cumulative effects that may reasonably be anticipated to 
result from the proposed actions covered by the plan;  

(3) The recovery measures the applicant will implement to prevent, minimize and 
mitigate the individual and cumulative effects and any provisions that are necessary to 
prevent, minimize and mitigate circumstances that are likely to impair the recovery of 
any endangered or threatened species covered by the plan;  

(4) The procedures for monitoring the effectiveness of the recovery measures in the 
plan; 

(5) The anticipated costs of implementing the plan and the availability of necessary 
funding for the applicant to implement the plan; and  

(6) Other modifications to the plan or other additional measures, if any, that IFW 
may require and such other matters as IFW determines to be necessary for the 
recovery of species consistent with this section. [2003, c. 414, Pt. A, §2 (NEW); 
2003, c. 614, §9 (AFF).] 

IFW shall seek input from knowledgeable individuals or groups on each incidental 
take plan for endangered or threatened species.  

If any person fails to abide by the terms of any permit authorizing the incidental 
taking of an endangered or threatened species, the permit must be immediately 
suspended or revoked.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .] 

 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF). 

2003, c. 655, §§B310-313 (AMD). 2003, c. 655, §B422 (AFF). 2005, c. 477, §23 

(AMD).  

§12809. Judicial enforcement  

1. General.  In the event of a violation of this subchapter, any rule adopted 
pursuant to this subchapter or any license or permit granted under this subchapter, the 
Attorney General may institute injunctive proceedings to enjoin any further violation, a 
civil or criminal action, or any appropriate combination of those proceedings without 
recourse to any other provision of law administered by IFW.  
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .]  

2. Restoration.  The court may order restoration of any area affected by any 
activity found to be in violation of this subchapter, any rule adopted pursuant to this 
subchapter or any license or permit granted under this subchapter, to its condition prior 
to the violation or as near to that condition as possible. When the court finds that the 
violation was willful, the court shall order restoration under this subchapter, unless the 
restoration would result in:  

A. A threat to public health and safety; [2003, c. 414, Pt. A, §2 (NEW); 2003, 
c. 614, §9 (AFF).] 

B. Environmental damage; or [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, 
§9 (AFF).] 
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C. A substantial injustice. [2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 
(AFF).] 
[ 2003, c. 414, Pt. A, §2 (NEW); 2003, c. 614, §9 (AFF) .] 

 

SECTION HISTORY  

2003, c. 414, §A2 (NEW). 2003, c. 414, §D7 (AFF). 2003, c. 614, §9 (AFF).  
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Appendix 2.  Maine Department of Inland Fisheries and WildlifeTrapping Rules 

 

 

09-137  DEPARTMENT OF INLAND FISHERIES AND WILDLIFE 

 

Chapter 4: HUNTING AND TRAPPING 

 

 
4.01 Upland Game and Furbearing Animals 

 

 A. General Prohibition 

 

  It shall be unlawful for any person to have in possession, at any time, any wild bird or 

wild animal, or part thereof, taken in violation of these regulations. There shall be a 

closed season for the hunting or trapping of any wild bird or wild animal for which an 

open season is not herein specifically provided or is provided by law. 

 

 B. Limits 

 

  No person shall hunt, trap or have in his possession at any time more than the numerical 

limits of any given species of upland game or furbearing animal which are specifically set 

forth in these regulations. 

 

 C. Keeping Upland Game and Furbearing Animals Alive 

 

  No person shall keep alive any upland game or furbearing animal which such person has 

taken, whether by hunting or trapping, except in accordance with the provisions of 12 

MRSA §§ 7231, 7232, 7235, 7242 and 7771, as amended, providing, among other things, 

for the issuance of permits for such purposes by the Commissioner of Inland Fisheries 

and Wildlife. 

 

 G. Open Seasons for the Hunting and Trapping of Furbearing Animals 

 

1. Beaver Trapping 

 

1.a. 

 

Wildlife Management Districts 1, 2, 4, 5   October 19 - April 30 

Wildlife Management Districts 3, 6, 8, 9, 10, 11  November 2 – April 30 

Wildlife Management Districts 18, 19, 28  November 2 – April 15 

Wildlife Management Districts 7, 12, 13, 14, 17, 27 November 2 – March 31 

Wildlife Management Districts 15, 16, 20, 21, 22, 23, 

 24, 25, 26, 29  December 1 – March 31 

 

After the close of the Regular Trapping Season (paragraph 2 below), muskrats 

may still be trapped, but only in those areas that are open to beaver trapping. 

After February 28, in those Wildlife Management Districts open to beaver 

trapping, muskrat trapping is restricted to 1) killer-type traps, foot-hold traps, and 

colony traps, which must be set to remain underwater at all time; or 2) foothold 

traps on “covered floats.” A covered float is defined as a float completely 

covered on the sides and top with hardware cloth, screen, or other similar 
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material, having a mesh size no greater than 1/2 inch square. Access to the float 

will be limited to openings at the extreme ends of the float and the openings will 

not exceed 7 inches in height, or 14 inches in width. The use of exposed bait or 

visible attractor on covered floats is prohibited. Only one trap may be placed per 

float; the trap must be recessed 3 inches or greater from any opening in the cover; 

the trap chain or wire must be at least 3 feet long; and the maximum foothold trap 

size for covered floats sets will be No. 1 1/2. 
 

Traps set for beaver in October, November and April are restricted to killer-type 

traps and drowning sets. 

 
 

2. Statewide Regular Trapping Season: Bobcat, coyote, fisher**, fox, marten, 

mink, muskrat*, opossum, otter, raccoon, red squirrel, skunk, weasel: The 

Sunday preceding the first day of the open firearm season on deer through 

December 31. (For exceptions to the general trapping season please read below.) 

 

Any lynx caught incidentally, whether dead or alive, during any trapping season 

must be reported to a game warden or biologist of the Department as soon as 

possible and prior to removing the animal from the trap, unless a Department 

official can not be reached in time to prevent injury to the lynx. Any lynx 

released under this provision before reporting to the Department must also be 

reported to the Department within 24 hours from the time it was discovered. 

 

2-A. Early Fox and Coyote Trapping Season Statewide 

 

There shall be an early fox and coyote trapping season statewide beginning on 

the Sunday 2 weeks prior to the opening of the regular fall trapping season and 

extending through the day prior to the opening of the regular fall trapping season. 

Any raccoon, skunk or opossum taken incidental to fox and coyote trapping may 

be lawfully possessed. During this early trapping season, except as provided in 

this section, it is unlawful to take or possess any furbearing animal other than 

fox, coyote, raccoon, opossum and skunk. Any other furbearing animal caught 

incidentally in a fox or coyote set must be immediately released alive, or, if 

found dead in the trap, must be reported to a game warden as soon as possible 

and prior to removal of the animal from the trap and trap site location. Any such 

incidental catch found dead in the trap must be turned over to an agent of the 

commissioner within 48 hours from the rime it was discovered. 

 

During this early fox and coyote trapping season, in addition to department 

rules and state laws which affect trapping in general, the following restrictions 

also apply; 

 

a. Killer-type traps are prohibited; 

 

b. Traps may not be set in the water; 

 

c. The use of exposed bait or visible attractor at any trap site location is 

prohibited. 
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*2-B. Early Muskrat Trapping Season in WMD's 1, 2, 3, 4, 5, 6, 9, 10, 11 

 

There shall be an early muskrat trapping season beginning on the Sunday 1 week 

prior to the opening of the regular fall trapping season, and extending through the 

day prior to the opening of the regular fall trapping season. Any raccoon or mink 

taken incidental to muskrat trapping may be lawfully possessed. During this early 

trapping season, except as provided in this section, it is unlawful to take or 

possess any furbearing animal other than raccoon and mink. Any other furbearing 

animal caught incidentally in a muskrat set must be immediately released alive, 

or, if found dead in the trap, must be reported to a game warden as soon as 

possible and prior to removal of the animal from the trap and trap site location. 

Any such incidental catch found dead in the trap must be turned over to an agent 

of the commissioner within 48 hours from the time it was discovered. 

 

During this special muskrat trapping season, in addition to Department rules and 

State laws which affect trapping in general, the following restrictions also apply: 

 

a. All traps must be set at or below ground or water level; 

 

b. The use of exposed bait or visible attractor at any trap site location is 

prohibited; 

 

c. Killer-type traps may be used for muskrat trapping and must have a jaw 

spread no greater than 5 inches; 

 

d. The maximum foothold trap size for muskrat sets shall be No. 1 1/2 

during this special season. 

 

2-C. In any township of the State that is open to beaver trapping, any otter taken 

in a beaver or muskrat set, so called, may be lawfully possessed by any 

licensed trapper. 

 

3. Marten Limit 

 

a. The harvest of marten will be limited to 25 marten per trapper statewide. 

Twenty-five numbered temporary transportation permits will be issued at 

the time of trapping license purchase/renewal (25 marten tags only) A 

temporary marten transportation permit must be signed, dated and 

attached to the captured marten at the time the animal is removed from 

the capture site. The temporary transportation permit must accompany 

the animal/pelt from the capture site until a permanent fur tag is affixed 

by a fur-tagging agent. Fur-tagging agents will retain the temporary 

transportation permit from each marten at the time a permanent fur tag is 

attached to the pelt. 

 

 It is unlawful for any person to use or possess any marten temporary 

transportation permit with a number that does not coincide with the number 

issued with their license, as so indicated on their trapping license. 

 

 Prior to the time the animal is tagged with a permanent fur tag, it is 

unlawful for any person to possess any marten, or pelt thereof, that is not 
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accompanied by a signed and dated temporary marten transportation 

permit marked with the number coinciding with the number printed on 

their trapping license. Trappers who are not required by law to have a 

trapping license (residents under 10 years of age and residents trapping 

on their own land) may use, in lieu of the official temporary marten 

transportation permit, a substitute transportation permit (string tag) on 

which the name and address of the individual has been clearly written in 

ink. The substitute transportation tag must be signed, dated and attached 

to the captured marten in the same manner as an official temporary 

marten transportation permit at the time the animal is removed from the 

capture site. 

 

 Any marten caught in excess of the annual limit (25) must be 

immediately released alive, or, if found dead in the trap, must be reported 

to a game warden as soon as possible and prior to removal of the animal 

from the trap and trap site location. Any such incidental catch found dead 

in the trap must be turned over to an agent of the commissioner within 48 

hours from the time it was discovered. 

 

 It is the intent of the Department of Inland Fisheries and Wildlife to 

revoke, pursuant to Title 12 MRSA §10901, the trapping license of any 

person convicted of a violation of any provisions of these rules. 

 

3-A. Fisher Limit, Restrictions and Season Exceptions 

 

a. In WMDs 12, 13 and 15-29 the season is limited to Nov. 15
th
 through 

December 15
th
. All fisher caught outside of the fisher season must be 

immediately released alive. If a fisher is found dead in the trap the 

animal must be submitted to a game warden or to an IFW regional office 

within 72 hours of taking the fisher. (The general season listed in 

section 2. above applies to all other WMDs.) 

 

b. The harvest of fisher will be limited to 10 fisher per trapper statewide. 

 

The harvest of fisher will be limited to 10 fisher per trapper statewide. Ten 

numbered temporary transportation permits will be issued at the time of trapping 

license purchase/renewal (10 fisher tags only). A temporary fisher transportation 

permit must be signed, dated and attached to the captured fisher at the time the 

animal is removed from the capture site. The temporary transportation must 

accompany the animal/pelt from the capture site until a permanent fur tag is affixed 

by a fur-tagging agent. Fur-tagging agents will retain the temporary transportation 

permit from each fisher at the time a permanent fur tag is attached to the pelt. 

 

It is unlawful for an person to use or possess any fisher temporary transportation 

permit with a number that does not coincide with the number issued with their 

license, as so indicated on their trapping license. 

 

Prior to the time the animal is tagged with a permanent fur tag, it is unlawful for 

any person to possess any fisher, or pelt thereof, that is not accompanied by a 

signed and dated temporary fisher transportation permit marked with the number 

coinciding with the number printed on their trapping license. Trappers who are 



Incidental Take Plan For Maine’s Trapping Program 
Amended September 2015  Page 218 

not required by law to have a trapping license (residents under 10 years of age 

and residents trapping on their own land) may use, in lieu of the official 

temporary fisher transportation permit, a substitute transportation permit (string 

tag) on which the name and address of the individual has been clearly written in 

ink. The substitute transportation tag must be signed, dated and attached to the 

captured fisher in the same manner as an official temporary fisher permit at the 

time the animal is removed from the capture site. 

 

Any fisher caught in excess of the annual limit (10) must be immediately 

released alive, or, if found dead in the trap, must be reported to a game warden as 

soon as possible and prior to removal of the animal from the trap and trap site 

location. Any such incidental catch found dead in the trap must be turned over to 

an agent of the commissioner within 48 hours from the time it was discovered. 

 

It is the intent of the Department of Inland Fisheries and Wildlife to revoke, 

pursuant to Title 12 MRSA, Section 10901, the trapping license of any person 

convicted of a violation of any provisions of these rules. 

 

4. Statewide hunting seasons for furbearing animals: December 1 through 

February 14; Coyote: January 1 through December 31; Raccoon: October 1 

through December 31; Red Squirrel: January 1 through December 31; Skunk 

and opossum: Monday after the opening of the Special Fox & Coyote Trapping 

Season through December 31; Fox: Monday after the opening of the Special Fox 

and Coyote Trapping Season through February 28. 

 

 H. Tagging and Registration Procedure 

 

It shall be unlawful for any person to possess, sell, give away, buy, accept as a gift, offer 

for transportation or transport out of the State of Maine the raw skin of any fox, bobcat, 

marten, fisher, coyote, beaver, mink or otter unless each skin has been tagged. 

 

For the purposes of this regulation, "raw skin" means the skin of the animal, whether 

removed from or attached to the carcass. 

 

Notwithstanding this regulation, any person who lawfully possesses the untagged raw 

skin of any fox, bobcat, marten, fisher, coyote, beaver, mink or otter may transport that 

skin within the jurisdiction of the State for purposes of pelt preparation and tagging. 

 

The raw skins of all fox, bobcat, marten, fisher, coyote, beaver, mink and otter must be 

presented to a warden, or other agent designated by the Commissioner, and each raw skin 

legally presented shall be tagged. All information requested relating to the taking of each skin 

shall be accurately and truthfully reported. A fee of 25¢ shall be paid for each skin tagged. 

 

The raw skins of all fox, bobcat, marten, fisher, coyote, beaver, mink and otter must be 

presented for tagging within 10 days after the closing of the open season thereon, except 

the raw skins of all bobcat taken during the open bobcat hunting season shall be 

presented, by the person who killed said bobcat, for tagging within 72 hours of killing 

said animal. Following ten days after the close of the open season thereon, it shall be 

unlawful for any person to possess the raw skin of any fox, bobcat, marten, fisher, coyote, 

beaver, mink or otter which does not have attached to it the necessary tag. 
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The raw skins of any fox, bobcat, marten, fisher, coyote, beaver, mink and otter that 

come into this State in any manner from any other state, country, or province shall bear 

the official stamp, tag, or seal of such other state, country, or province. Any such skins 

that come into this State from any other state, country, or province which does not require 

an official stamp, tag, or seal shall be tagged in accordance with this section by the 

person possessing such raw skins. The fee for tagging such imported raw skins shall be 

25¢ for each tag so issued. Licensed taxidermists who import raw skins for the purpose of 

taxidermy are exempt from the provisions of this paragraph. 

 
 I. Raccoons 

 

  Raccoons may be hunted at night during the open season only when the hunter (i) is 

accompanied by a dog, (ii) uses an electric flashlight to locate raccoons that are treed, or held at 

bay, by a dog or dogs, and (iii) is in possession of, and uses a rifle, pistol, or revolver of no 

greater power or caliber than one which uses .22 caliber long rifle ammunition; said rifle to be 

loaded only when being used to dispatch a raccoon that is treed or held at bay by a dog or dogs. 

 

 J. Size of Traps 

 

Animals may be trapped with any common ordinary steel trap except that in Wildlife 

Management Districts 1, 2, 3, 4, 5, 6, 8, 9, 10, and 11, no foothold trap (also known as a 

leghold trap) may be used that has an inside jaw spread of more than 5 3/8 inches, except that a 

foothold trap with an inside jaw spread of more than 5 3/8 inches may be used if it is set so as 

to be fully or partially covered by water at all times. Inside jaw spread is the distance, with the 

trap in the set position, from the inside center of one jaw (at the dog) to the inside center of the 

opposite jaw when measured directly across the center of the pan and perpendicular to the base 

plate. Killer-type traps with a jaw spread not to exceed 8 inches may only be used, as provided 

in paragraph K. During the open season on beaver it shall be lawful to use a killer-type trap 

with a jaw spread larger than 8 inches if, when set, placed and tended, the trap is completely 

under water. Killer-type traps shall include so-called Conibear traps and all other traps of that 

type. It shall be unlawful to sue any trap with teeth on the jaws unless when set, placed and 

tended, the trap is completely covered with water. 

 

It shall be lawful to trap furbearing animals with a common cage type live trap, except that in 

Wildlife Management Districts 1, 2, 3, 4, 5, 6, 8, 9, 10, and 11, no cage trap which has an 

opening of more than 13 inches in width or more than 13 inches in height may be used unless 

the cage trap is being used (1) for wildlife research and survey activities; (2) for the removal 

of animals that are causing damage to property; or (3) to capture bear. Cage traps also include 

suitcase-type live traps, such as Hancock traps. The setting of suitcase-type live traps during 

the recreational beaver trapping season is prohibited except under the authorization of a 

Regional Wildlife Biologist as part of the Department’s Animal Damage Control program. 

These traps must be set with the bottom portion in the water, and with the opening of the trap 

facing away from land. 

 

Furbearing animals may be trapped with so-called colony traps having outside dimensions no 

greater than 7 inches high by 7 inches wide by 40 inches long, only if set so as to remain 

completely under water at all times. 

 

Furbearing animals may be trapped with so-called egg traps, duffer traps and all other traps of that 

type that are designed primarily to catch raccoons and avoid incidental catches of other animals. 

 

Wooden-base rat traps may be set on land for weasel and red squirrel trapping if recessed in a 

wooden box with a hole no larger than 2 inches in diameter. 
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 K. Location of and Preparation for Traps 

 

No person shall stake, hook, fasten or position a trap at any trap site location in the fields, 

forests or waters of the State prior to the opening day of the trapping season. 

 

No person shall make any advance preparation on the trapping grounds for the taking of 

beaver or muskrat previous to the open season on these animals. 

 

No person shall use meat or fish as bait in trapping for beaver. 

 

Except as provided herein, no person, except an agent of the Commissioner, shall place, 

set or tend any traps (i) within 10 feet of a beaver house, muskrat den or house, (ii) within 

5 feet of a beaver dam, or (iii) within 4 feet of a beaver trap that has been set by another 

trapper. In Wildlife Management Districts 1, 2, 4, 8, 9, and 10 there is no required 

setback distance from an active beaver dam. In Wildlife Management Districts 1, 2, 3, 4, 

5, and 6 there is no required setback distance from a beaver house. 

 

Steel foothold or killer-type traps must not be set within 50 yards of bait that is visible 

from above. Bait may be used for trapping if it is completely covered to prevent it from 

being seen from above, and it must be covered in such a way as to withstand wind action 

and other normal environmental conditions. Bait is defined as animal matter including 

meat, skin, bones, feathers, hair or any other solid substance that used to be part of an 

animal. This includes live or dead fish. For the purposes of this paragraph, bait does not 

include animal droppings (scat), urine or animals, dead or alive, held in a trap as the 

result of lawful trapping activity. 

 

Steel foothold traps must not be set above ground or snow level. 

 

Steel foothold traps must have a chain that is mounted within the central portion 

of the base of the trap, and must have three swiveling points, with one swiveling 

point at the base of the trap, one midway in the chain, and one at the trap’s 

anchoring point. These restrictions do not apply to foothold traps that when set, 

placed, or tended are fully or partially covered by water, those that are set on a 

muskrat “float”, or dog-proof traps (also known as Duffer traps). 

 

In WMD’s 1-11, 14, 18, and 19, foothold traps must be securely anchored to the 

ground. The use of drags is prohibited in these WMD’s. Foothold traps must have 

the catch circle cleared of woody vegetation, debris and manmade material that 

could cause entanglement of a trapped animal. Small sticks and rocks, and 

rotten/decaying woody material may be used for stepping guides, blocking, and 

backing for trap sets, if they are not rooted to the ground. A catch circle is defined 

as the area that can be circumscribed by the outer edge of a trap when the trap and 

trap chain are fully extended and moved in a circle (360°) around the anchoring 

point. These restrictions do not apply to foothold traps that when set, placed, or 

tended are fully or partially covered by water, those that are set on a muskrat 

“float”, or dog-proof traps (also known as Duffer traps).  

 

No person may set, place, or tend any killer-type trap unless:  
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1) set completely underwater except or 

 

2) killer-type traps with an inside jaw spread not to exceed 5 inches may 

also be used under the following conditions: 

 

 (a) when set so as to be partially covered by water at all times, or 

 

 (b) when set under overhanging stream banks, or 

 

 (c) when used at blind sets defined as – 

 
any set designed to catch a wild animal, without the use of bait, lure or visible 

attractor, by intercepting the animal as it moves naturally through its habitat. 

Bait, lure and visible attractor do not include animal droppings (scat) or urine. 

 

Notwithstanding the previous paragraph, in all Wildlife Management 

Districts killer-type traps with a jaw spread not to exceed 8 inches may be 

used on or above ground level if the trap is placed within a lynx exclusion 

device. The trap jaws must be completely within the device, the trap 

springs can be outside of the device. Exclusion devices will have the 

following designs: 

 

(1) For traps with a jaw spread less than or equal to 5 inches (primarily 

used for marten trapping), the device must have an opening of 4 x 

4 inches or less. The entrance hole may be placed on the end or on 

the side of the device, and the set trap must be a minimum of 18 

inches from the closest edge of the entrance hole.  

 

(2) For traps with a jaw spread greater than 5 inches but less than 8 

inches, two designs may be constructed. The first design has an 

entrance hole on the end of the device that must not exceed 5 x 6 

inches. A baffle must be placed no more than 6 inches back from 

the entrance hole and must not have an opening greater than 5 x 6 

inches. With the baffle in place, the entrance hole and interior 

opening may not overlap to create an unobstructed view to the 

interior of the exclusion device. 

 

For the second design the entrance hole must not exceed 6 x 7 inches 

and must be placed on the side of the device. A baffle must be placed 

at the edge of the entrance with the baffle opening opposite of the 

entrance hole, and the hole must not exceed 6 x 6 inches. 

 

For both devices the trap must be placed no closer than 18 inches 

from the closest edge of the entrance hole. An example design is 

included in the annual Trapper Information Booklet. 
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The exclusion device can be constructed of wood, plastic, or wire mesh. If 

using wire mesh, the mesh cannot exceed 1 ½ by 1 ½ inches, or 1 inch by 

2 inch openings, (side to side). The wire mesh has to be 16 gauge or less 

(wire diameter of 0.05 or greater). The opening slot in the exclusion 

device that allows the trap springs to extend outside the device can be no 

more than 7 ½ inches wide and a height of no more than 1 ½ inches. The 

back of the device must be secured to withstand heavy pulling; if using 

wire mesh with a wood or plastic box, the wire mesh must wrap around 

two opposite sides of the box and be secured. There must be at least 1 

attachment point for each side of the device where a joint or panels come 

together. The opening slot in the exclusion device that allows the trap 

springs to extend outside the device can be no more than 7 ½ inches wide 

and a height of no more than 1½ inches. The trap must be anchored 

outside of the exclusion device. Bait must not be visible from above. 

When enclosed in an exclusion device, killer-type traps can be set directly 

on the ground, or elevated in trees or on poles, with no specific 

requirements as to the height above ground or diameter of the tree or pole. 

 
 L. Destruction of Beaver Dams, etc. 

 

  No person except agents of the Commissioner or someone authorized by them shall 

damage, destroy, or molest any beaver house, beaver dam, muskrat house, or muskrat den. 

 

 M. (Repealed effective September 2, 200, filing 2000-379) 

 

 N. Zones for Trapping and Hunting Furbearers and Upland Games Defined 

 

  (Deleted 8-12-87, filing 87-279) 

 

 O. Mandatory Submission of Premolar Tooth 

 

 Whenever a bear is presented for registration a premolar tooth shall be removed from the 

bear and submitted to the Department by the person presenting the bear for registration 

 

 P. Bobcat Biological Data Collection 

 

  DELETED 8-12-87 (87-279) 

 

 

4.04 Bear Hunting/Trapping Season 

 

B.   Bear Trapping: Except as otherwise provided by State law, no person may set, place or tend any 

bear trap that is not in conformity with the following provisions: 

 

  1. No person may have more than 1 traps set for bear at any one time. 

 

  2. Bear may be trapped only with the use of cable traps (foot snares) or cage-type 

live traps. 
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  3. Whenever a cage-type live trap is used to trap for bear, the trap must be enclosed 

and identified by signs in accordance with the provisions of Title 12 §12260, 

subsection 3. 

 

  4. Whenever a cable trap (foot snare) is used to trap for bear, the trap must be set at 

or below ground level in such a mannner as to catch the animal only by the foot 

or leg. 

 

  5. A bear caught in traps must be killed or released and not moved away from the 

catch site. A bear caught in a trap may not be used in conjunction with a hunt or 

to train a dog for bear hunting. 

 

  6. The placement of bait when trapping for bear must be done in accordance with 

the provisions of Title 12 §11301, subsection 1. 

 

  For purposes of this rule, cage-type live traps for bear are defined as traps designed as a 

cage, tunnel or other enclosure fitted with a door that, when tripped, closes in a manner 

that prevents escape of the bear. Traps must be heavily constructed to prevent damage 

from bears, and also must have adequate openings for ventilation and cooling inside 

when the door is closed. Traps must also be constructed with no sharp intrusions to injure 

bears, and be large enough for caught bears to turn around inside the closed trap. 

 

4.11 Registration and Tagging of Big Game and Fur Bearing Animals 

 

C. Fur Tagging Agents and Tagging Operations 

 

1. Fur tagging agents shall be established by the Commissioner of Inland Fisheries 

and Wildlife on the basis of need, except that the total number of such stations 

shall not exceed 50 statewide. 

 

2. Agents shall be located so as to provide tagging stations at strategic locations 

throughout the State. All selections shall be based upon the following 

considerations: 

 

a. Location of applicants in relation to the major access routes within the 

various sections of the State; 

 

b. Location of applicants in relation to other fur tagging agents. New fur 

tagging agents shall be a minimum of 20 airline miles from an existing 

agent; 

 

c. Location of applicants in relation to major fur buyers; and 

 

d. Fur harvest characteristics of the various sections of the State. 

 

e. Availability of personnel and facilities required to tag large lots of fur in 

an efficient and confidential manner. 

 

3. The Commissioner of Inland Fisheries and Wildlife shall enter into a written 

agreement with each fur tagging agent which specifies the minimum operating 

standards for tagging stations. 
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 These standards shall include the following: 

 

a. Minimum time of operation - 8:00 A.M. to 6:00 P.M. 

 

b. Minimum days of operation - Monday through Saturday 

 

c. Minimum registration and tagging requirements 

 

d. Station location 

 

e. A restriction prohibiting the agent from holding a trapping or hide buyers 

license. 

 

4. The operators of tagging stations which were operational during 1983 shall be 

formally designated as fur tagging agents upon entering into a written 

agreement with the Commissioner of Inland Fisheries and Wildlife regarding 

the operation of the station according to minimal operating standards. Failure to 

enter into the above agreement may result in the elimination of the station. 

 

5. Agents designed by the Commissioner for the purpose of operating fur tagging 

stations shall be responsible for complying with all pertinent laws, regulations, 

and performance agreements regarding the tagging of the skins of furbearing 

animals. 

 

6. All contracts with fur tagging agents shall remain in effect until: 

 

a. The agent no longer wishes to operate a fur tagging station at the agreed 

upon location and terminates the agreement with the Commissioner; 

 

b. The agent changes the location of the station; 

 

c. The agent sells or leases the station location to another person, or 

 

d. The designation is terminated by the Commissioner. 

 

7. Agreements regarding the operation of fur tagging stations are not transferable 

to another individual, location, business, corporation, etc. 

 

8. Individuals interested in becoming a fur tagging agent shall contact the Warden 

Lieutenant within whose Region they wish to operate a tagging station. When 

the need exists for a new tagging station in a particular area, interested 

individuals will be provided an application which must be completely and 

accurately completed and returned to the Commissioner by September 1 of the 

year in which the applicant wishes to become established as an agent. 

Applications will be considered only when there is a need for new fur tagging 

station(s) in a particular section of the State. 
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D. Termination of Services 

 

1. Whenever it comes to the attention of the Commissioner that a big game 

registration agent or a fur tagging agent has violated any provision of these rules, 

the Commissioner may immediately terminate the services of that agent. 

 

2. Whenever the services of a big game registration agent or a fur tagging agent 

are terminated, the Commissioner shall notify the agent in writing as to the 

circumstances surrounding the action and shall arrange to collect, from the 

agent, all state-owned wildlife registration and tagging materials. The 

Commissioner's notice shall state the ground for the termination, and shall give 

the specific factual basis if applicable. If the agent wishes to contest the 

termination, he shall notify the Commissioner in writing within ten days, 

specifying all areas of disagreement with the notice. He may supplement his 

position with written statements of witnesses. After reviewing the materials 

submitted, the Commissioner may decide to take no further action thus 

maintaining the original termination, or he may modify the termination in such 

fashion as he deems appropriate. Pending this determination, the original 

termination shall remain in effect. 
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Appendix 3. Chapter Titles and Content Standards from Maine's Trapper 
Education Manual (May 2008), and Supplemental Course Material 
on Lynx and Eagle Incidental Captures. 

 
CHAPTER 1 – INTRODUCTION 
 
Content Standard 
Students demonstrate an understanding of the purpose of trapping and trapper 
education in today’s society.  (Student Trapper Education Manual pages 2-8). 
 
CHAPTER 2 – HISTORICAL CONSIDERATIONS 
 
Content Standard 
Students use knowledge of history, public attitudes about wildlife, and the North 
American Model of Wildlife Conservation to understand regulated trapping as a 
legitimate activity. 
 
CHAPTER 3 – RESPONSIBLE TRAPPING 
 
Content Standard 
Students demonstrate awareness of their responsibilities to landowners, wildlife, other 
outdoor users, and the public. 
 
CHAPTER 4 – RUNNING A TRAPLINE 
 
Content Standard 
Students demonstrate an understanding of the knowledge, skills, and attitudes needed 
to safely and responsibly harvest furbearing animals using best management practices. 
 
CHAPTER 5 – FURBEARER MANAGEMENT 
 
Content Standard 
Students use knowledge of furbearer management principles, practices, and issues to 
explain current management programs in their state. 
 
CHAPTER 6 –FURBEARERS 
 
Content Standard – None. 
 
CHAPTER 7 – BEST MANAGEMENT PRACTICES 
 
Content Standard 
Students understand Best Management Practices for Trapping are needed to address 
animal welfare, trapping efficiency, selectivity, and safety in furbearer management 
programs (p. 52-52). 
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CHAPTER 8 – TRAPS 
 
Content Standard 
Students demonstrate the ability to identify types of traps, prepare traps for use, and 
safely operate traps. 
 
CHAPTER 9 – CABLE DEVICES 
 
Content Standard 
Students demonstrate an understanding of cable devices, and responsible techniques 
for using them. 
 
CHAPTER 10 – TRAPPING SAFETY 
 
Content Standard 
Students demonstrate an understanding of potential risks to their personal health, 
safety, and welfare from trapping activities. 
 
CHAPTER 11 – TRAPPING REGULATIONS 
 
Content Standard 
Students demonstrate the ability to understand, support, and comply with trapping 
regulations. 
 
CHAPTER 12 – USING FURBEARERS 
 
Content Standard 
Students demonstrate an understanding of the full value of harvested furbearers. 
 
CHAPTER 13 – HANDLING FUR 
 
Content Standard 
Students demonstrate an understanding of the knowledge, skills, and equipment 
needed to safely skin animals and prepare the pelts for market. 
 
CHAPTER 14 – USING BAIT, LURE, AND URINE 
 
Content Standard 
Students explain responsible use of lure, bait, and urine to attract furbearers to sets. 
 
CHAPTER 15 – SELECTIVE TRAPPING TECHNIQUES 
 
Content Standard 
Students demonstrate and understanding of trapping principles and techniques that 
increase selectivity of sets. 
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CHAPTER 16 – WATER SETS 
 
Content Standard 
Students demonstrate an understanding of the procedures for making safe, effective, 
and selective sets in or near water. 
 
CHAPTER 17 - LAND SETS 
 
Content Standard 
Students demonstrate an understanding of the procedures for making safe, effective, 
and selective sets on land. 
 

Content of Flyers On Avoiding the Incidental Catch of Lynx and Eagles Used in 
Trapping Education Course 

 
AVOIDING INCIDENTAL CAPTURES 

 
Bald Eagles 
 
In past years, the single biggest factor leading to the incidental capture of bald eagles 
was the use of exposed bait.  This year is the first year trappers will be required to 
cover exposed bait that is within 50 yd of a trap.  Bait must be covered so that it 
is not visible from above and be covered in such a way that the covering will not 
easily be blown off in the wind.  Bait that must be covered includes feathers or 
other animal parts used as attractants, such as might be used to trap bobcat.  
Although eagles are fish eaters, they are attracted to a variety of carrion including large 
and small mammals.  Examples of trapping sets where exposed bait resulted in an 
incidental eagle capture are fisher and marten sets, float sets for muskrats where more 
than one trap is set on the float (if multiple traps are set, eagles may get caught in one 
of the remaining traps), pocket sets along stream banks, and traps set near carrion.  
Bald eagles are particularly attracted to sets where fish are used as bait.  Do not 
depend on water hiding the bait.  Several eagles have been caught in traps baited with 
fish when water levels dropped leaving the fish exposed. 
 
It is imperative that trappers report ALL incidental captures of lynx or eagles by 
calling IFW at either 207-941-4466 during regular office hours (8 a.m. to 5 p.m. Monday 
– Friday) or by calling the incidental capture hotline at 207-592-4734.  The hotline is 
staffed 24 hours a day, seven days a week during the trapping season.  If you can 
report an incidental capture more quickly by directly contacting an IF&W biologist or 
game warden, you should do so.  Unless circumstances make it impossible to promptly 
contact IFW, do not release a trapped lynx or eagle until you have spoken with, and 
received instructions from, an IF&W staff person.   
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Canada Lynx 
 
If you are trapping in WMDs 1 through 11, lynx could be in the area.  If you are 
trapping for fox, coyote, or bobcat and see lynx sign near the vicinity of your traps, 
please consider moving your traps to another location. There have been a number of 
changes to Maine's trapping regulations this year.  These new regulations include: 
 
1. a.) an emergency rule that complies with a Consent Decree issued by the United 
States District Court for the District of Maine on October 4, 2007.  The Consent Decree 
resolves a lawsuit brought against the State by the Animal Protection Institute, alleging 
that IFW’s licensure of trappers violated the federal Endangered Species Act. The 
purpose of this rule is to limit some of the trap types and sizes that may accidentally 
capture the federally threatened Canada lynx in northern Maine (Wildlife Management 
Districts 1, 2, 3, 4, 5, 6, 8, 9, 10, and 11).  The emergency rule [Chapter 4.01, 
Paragraph J] took effect on October 5, 2007 and reads as follows: 
 
“Animals may be trapped with any common ordinary steel trap, except that in Wildlife 
Management Districts 1, 2, 3, 4, 5, 6, 8, 9, 10, and 11, no foothold trap (also known as a 
leghold trap) may be used that has an inside jaw spread of more than 5 3/8 inches, except 
that a foothold trap with an inside jaw spread of more than 5 3/8 inches may be used if it is 
set so as to be fully or partially covered by water at all times.  Every foothold trap used in 
Wildlife Management Districts 1, 2, 3, 4, 5, 6, 8, 9, 10, and 11 that is not set so as to be 
fully or partially covered by water at all times must be equipped with at least one chain 
swivel.  
 
“It shall be lawful to trap furbearing animals with a common cage type live trap, except that in 
Wildlife Management Districts 1, 2, 3, 4, 5, 6, 8, 9, 10, and 11, no cage trap which has an 
opening of more than 13 inches in width or more than 13 inches in height may be used unless 
the cage trap is being used (1) for wildlife research and survey activities; (2) for the removal 
of animals that are causing damage to property; or (3) to capture bear.”  
 
1. b.) IFW recommends that trappers not set on the ground in Wildlife Management 
Districts 1, 2, 3, 4, 5, 6, 8, 9, 10, and 11 foothold traps with an inside jaw spread of more 
than 5 inches unless such traps are equipped with offset jaws. 
 
It is imperative that trappers report ALL incidental captures of lynx or eagles by 
calling IFW at either 207-941-4466 during regular office hours (8 a.m. to 5 p.m. Monday 
– Friday) or by calling the incidental capture hotline at 207-592-4734.  The hotline is 
staffed 24 hours a day, seven days a week during the trapping season.  If you can 
report an incidental capture more quickly by directly contacting an IF&W biologist or 
game warden, you should do so.  Unless circumstances make it impossible to promptly 
contact IFW, do not release a trapped lynx or eagle until you have spoken with, and 
received instructions from, an IF&W staff person.  Tips on avoiding lynx captures can 
be found on IFW website 
[http://www.maine.gov/ifw/wildlife/management/lynx_avoid.htm]. 
 

http://www.maine.gov/ifw/wildlife/management/lynx_avoid.htm
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2) new regulations governing the use of exposed bait and new regulations on the use of 
conibears or killer-type traps were passed this year to reduce the incidental catch of 
lynx and eagles.  In WMDs 1-11, conibears must be set completely under water or at 
least 4 feet above the ground or snow level on poles or trees no greater than 4 inches in 
diameter and at an angle of at least 45º from the ground. [Some exceptions were made 
for mink trappers wishing to use small conibears in blind sets on the ground.] Please 
see the Hunting and Trapping 2007-08 Laws & Rules booklet for exceptions for traps 
that have an inside jaw spread of 5 inches or less.  To reduce eagle captures, traps 
cannot be set within 50 yards of bait that is visible from above. Bait may be used if it is 
completely covered to prevent it from being seen from above.  Please see the Hunting 
and Trapping Laws and Rule booklet for further details on this rule change. 
 

IF YOU CATCH A LYNX OR EAGLE 
 
It is imperative that trappers report ALL incidental captures of lynx or eagles by 
calling IFW at either 207-941-4466 during regular office hours (8 a.m. to 5 p.m. Monday 
– Friday) or by calling the incidental capture hotline at 207-592-4734.  The hotline is 
staffed 24 hours a day, seven days a week during the trapping season.  If you can 
report an incidental capture more quickly by directly contacting an IF&W biologist or 
game warden, you should do so.  Unless circumstances make it impossible to promptly 
contact IFW, do not release a trapped lynx or eagle until you have spoken with, and 
received instructions from, an IF&W staff person. You may also contact the nearest 
regional office at one of the numbers listed in the back of this booklet.   Tips on 
avoiding lynx captures can be found on IFW website 
[http://www.maine.gov/ifw/wildlife/management/lynx_avoid.htm]. 
 
Department personnel are available to help release lynx or eagles caught in traps.  Lynx 
and eagles are protected by federal and state laws, and cannot be kept if caught in a 
trap.  An eagle caught in a trap will likely require rehabilitation.  An eagle caught in a 
trap by one of its legs may show little if any signs of injury at the time of capture.  What 
may appear to be a very minor bruise at the time of capture can quickly develop into a 
fatal injury.  This is because of the unique way that blood circulates in an eagle’s leg; a 
bruise may result in a loss of blood flow in the leg, that results in an infection that 
causes the death of the bird.  Please contact IFW as soon as possible if you catch an 
eagle in a trap.  Ideally, an eagle should spend as little time in a trap as possible.  
Safely releasing an eagle from a trap will require covering the eyes or head of the 
animal, controlling the talons (e.g., tether the feet together), and putting the released 
eagle in a holding container that has adequate ventilation and that restricts wing 
movement (e.g., burlap bag).  Once the eagle is secure it can be held for a biologist or 
warden or be transported to the nearest IFW regional office.  For information regarding 
how to safely release a lynx from a trap, please refer to: 
http://www.maine.gov/ifw/wildlife/management/lynx_avoid.htm . 
 
If you incidentally capture a lynx that has an eartag or radiocollar, and you are 
unable to reach IFW personnel for assistance in releasing the lynx, please contact 
Jennifer Vashon at 207-941-4466 at your earliest convenience to provide information 

http://www.maine.gov/ifw/wildlife/management/lynx_avoid.htm
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regarding the animal.  If you incidentally capture a lynx that is not marked with an eartag 
or radiocollar, this animal could provide valuable information.  We would like to mark 
all incidentally captured lynx with eartags, and radiocollar them, if possible.  If you 
would like more information on lynx in Maine, please contact Wally Jakubas or Jennifer 
Vashon at 941-4466. 
  
If you catch a collared cat and are uncertain whether it is a bobcat or a lynx, please 
contact a regional wildlife biologist, warden, or biologists at the Bangor office before 
killing the animal.  Remember any lynx caught in a trap must be released. 
 
Reducing Mortality and Injuries to Incidentally Captured Lynx 
Please contact your local game warden or state fish and wildlife office listed on page 18 
for help in releasing a lynx from a trap.  If you cannot reach IFW personnel, please 
release the animal as soon as possible using recommendations outlined as follows.  A 
catchpole should be used to allow safe release of any unintended animal captures.  
Care should be taken to approach any trapped animals slowly to avoid their excessive 
movement.  A trapped lynx will allow the catchpole loop to be placed over its head, but it 
can be expected to react when the loop is tightened. 
 
Use of a catchpole to release any lynx taken incidental to harvests of other furbearers.  
Tighten the catchpole loop sufficiently to immobilize the lynx without cutting off its air 
supply.  Then quickly remove the trap and release the catchpole loop. 
 
Tighten the catchpole loop only sufficiently to hold the lynx securely without preventing 
its ability to breathe.  It is important to keep the head of the lynx pinned to the ground so 
that the front end of the body is restrained.  Once the head is down, quickly place a foot, 
with light pressure only, on the hindquarters to restrain the rear legs.  Once the lynx is 
restrained, a canvas can be placed over the animal to calm it as the trap is removed 
quickly.  Securely hold the catchpole until the loop is relaxed and the animal has been 
freed. 
 
If a catchpole is not available, an alternative method to release lynx is to cut a strong 
forked stick to allow the pinning of the lynx’s neck and shoulder to the ground while the 
trap is removed. 
 
Never attempt to render a trapped lynx unconscious with a blow to the nose or head or 
by any other means.  Life threatening injury to the lynx may result. 
 
Care should be taken at all times when releasing a lynx because they are capable of 
injuring the trapper with their teeth or claws.  Always be aware a trapped lynx may try to 
kick at you with claws extended on any foot.  Wearing thick gloves to release trapped 
animals is always wise. 
 



Incidental Take Plan For Maine’s Trapping Program 
Amended September 2015  Page 232 

Reporting Incidentally Captured Lynx 
We are studying lynx by radiocollaring individuals and monitoring their movements, 
behavior, and habitat use.  If you incidentally capture a lynx, this animal could provide 
valuable information. 
 
We would like to mark all incidentally captured lynx with eartags and radiocollar them, if 
possible.  Please contact your local IFW office or the Bangor office for assistance with 
releasing a lynx (see below).  During the trapping season, a number will also be 
available after business hours:  207-592-4734. 
 
If you cannot reach IFW personnel, release the animal as soon as possible.  We would 
appreciate you providing us with the location of capture and whether the animal was 
marked with eartags and/or a radiocollar. 
 

Bangor – 207-941-4466 
Ashland – 207-435-3232 

Greenville – 207-695-3750 
Enfield – 207-732-4132 

 
Houlton State Police – 1-800-924-2261 
Orono State Police – 1-800-432-7381 
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Appendix 4. Excerpts from IFW’s 2006 Trapper Mailing on Incidental Lynx 
Captures. 

 
AVOIDING INCIDENTAL CAPTURES 

 
Lynx 
 

 To date, the incidental captures that have led to lynx fatalities have all been 
associated with conibear traps.  When trapping in northern Maine, please set 
conibears in enclosures and on leaning poles that are 4 inches or less in 
diameter.  The traps will still be accessible to marten and fisher, but lynx will be 
reluctant to climb the narrow poll to investigate the trap set. 

 
 Further information on how to avoid the incidental capture of lynx and how to 

safely release a lynx from a trap is in the enclosed booklet -- “How to Avoid 
Incidental Take of Lynx”.  This information is also available on our website 
www.mefishwildlife.com.  

 
IF YOU CATCH A LYNX OR EAGLE 

 
Trappers catching either of these species are required to notify IFW as soon as 
possible.  If you accidentally trap a lynx or eagle during the trapping season, please 
notify a biologist or game warden immediately, before releasing the animal.  For 
quickest response, phone 207-941-4466 during regular office hours (8 AM - 5 PM 
Monday-Friday), or 207-592-4734 outside of business hours (during the trapping 
season only).  You may also contact the nearest regional office at one of the 
numbers listed in the back of this booklet.  If you cannot reach IFW personnel, 
please release the animal as soon as possible.  
 
Lynx and eagles are protected by federal and state laws, and must be released if 
incidentally trapped.  Department personnel are available to help release lynx or eagles 
caught in traps.  Eagles caught in traps may require rehabilitation.  If possible, a 
biologist should examine the eagle before they are released from a trap.  If an eagle is 
caught in a remote location, and a biologist or warden is not available to help release 
the bird, trappers may remove the bird from the trap.  If possible, the bird should be 
transported (in a box with ventilation or other suitable container) to the nearest IFW 
regional office.  For information regarding how to safely release a lynx from a trap, 
please refer to the brochure:  How to Avoid Incidental Take of Lynx.   
 
If you incidentally capture a lynx that has an eartag or radiocollar, and you are 
unable to reach IFW personnel for assistance in releasing the lynx, please contact 
Jennifer Vashon at 207-941-4466 at your earliest convenience to provide information 
regarding the animal.  If you incidentally capture a lynx that is not marked with an eartag 
or radiocollar, this animal could provide valuable information.  We would like to mark 
all incidentally captured lynx with eartags, and radiocollar them, if possible.  If you 

http://www.mefishwildlife/
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would like more information on lynx in Maine, please contact Wally Jakubas or Jennifer 
Vashon at 941-4466. 
 

RARE MAMMALS TO WATCH FOR 
 
Lynx vs. Bobcat Know the Difference 
The most notable difference between a lynx and a bobcat is paw size.  Lynx paws are 
about twice the size of bobcat paws.  Lynx can also be distinguished from bobcats by 
the tip of their tail, which is completely black (bobcat tail tips are black on the upper side 
[dorsal side] and white underneath).  Lynx have more prominent ear tufts, paler 
coloration, less spotting, and longer legs than a bobcat (Table 4, Figure 3).   
 
If you trap a bobcat that looks like a cross between a lynx and a bobcat, we would like 
to know about it.  We have recovered several lynx-bobcat hybrids in north central Maine 
and are interesting in documenting other specimens.  Remember if you are uncertain 
whether an animal is a lynx or bobcat please call a biologist or warden before 
dispatching the animal.  If you have already dispatched the animal, and think it has 
unusual characteristics for a bobcat, we are still interested in seeing it. 
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TRACK AND TRACK PATTERNS FOR COUGAR, LYNX, AND WOLF; WITH COMPARISONS TO 

MORE COMMON SPECIES 

 

Table 4.  Distinguishing track characteristics  

Species General Shape Walking 

Stride 

Print Size 

(Front Foot) 

Track Pattern 

 

Bobcat  General round 

appearance.  Heel points 

in slightly different 

direction than toes. No 

nail marks, but if present, 

attached to toe marks.  6" to 14" 
Length - 1⅞" to 2½"  

Width - 1⅞" to 2 
5
/8" 

Direct or double register walking 

pattern.  Trail pattern zigzags right-

left-right-left. 

Lynx 
Same as bobcat but 

tracks show a lot more 

hair.  Smaller pads than a 

mountain lion. 11" to 18" 

Length - 3¼" to 3¾" 

Width - 3" to 3⅜" 

Outline of hair impression 

Length - 4½" to 5⅜" 

Width - 3⅜" to 5½" Same as bobcat 

Cougar 

Same as bobcat 20" to 32" 
Length - 3" to 4¼" 

Width - 3⅛" to 39/16" 

Walking pattern similar to other cats.  

Deep snow may show belly and tail 

drag marks. 

Coyote 4 toes, oval shaped track, 

Front nails often close 

together.  Side nails often 

do not register. 
Eastern: 
17½" to 26" 

Eastern: 

Length - 2⅞" to 3½" 

Width - 1⅞" - 2½" 

Trail pattern usually is in a straight 

line. Walking pattern is usually direct 

registering 

Dog Similar to wolves and 

coyotes.  Inner toes often 

splayed outwards. 
Varies with 

breed Varies with breed 

Trail pattern sloppy, wandering, not 

usually in a straight line.  Walking 

pattern is often double register.   

Wolf  4 toes, symmetrical track, 

longer than wide, more 

rounded than a coyote, 

nail marks not attached 

to toe mark (same as 

coyote), 4 nails register. 
Algonquin: 

20½" to 28½" 

Algonquin:   

Length - 4" - 4¾" 

Width - 2½" - 3¼" 

Other:  

Length - 3⅞" - 5½" 

Width - 2⅜ - 5" 

Trail pattern usually is in a straight 

line.  Walking pattern is usually direct 

registering.   
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Asymmetrical Shape 
Cat Family 

Symmetrical Shape 
Large Domestic Dog 

6" 
to 

14" 

3" to 5 3/8" 

11" 
to 

18" 20" 
to 

32" 

8" to 11" 

LYNX PRINT, ACTUAL SIZE COUGAR PRINT, ACTUAL SIZE 

Bobcat Track 

Pattern 

Cougar Track 

Pattern 

Lynx Track 

Pattern 

Dense fur leaves a  
powder puff appearance 

Heel-pad is usually not 
visible in snow 

6 1/4" to 9" 

Figure 3.  Typical shape of canine and cat tracks, and a comparison of bobcat, lynx, and cougar tracks.  
Illustrations follow those in Rezendes (1992) and Elbroch (2003). 
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Appendix 5. Application of avoidance and minimization measures to lynx 
WMDs 

 
This plan applies to the statewide trapping programs, though some avoidance and 
minimization measures are only required in areas that are specifically occupied by lynx.  
For these measures, the plan will initially apply to the existing lynx WMDs (1-11, 14, 18, 
and 19).  The occupancy status of WMDs can change over the permit period, for the 
purpose of plan implementation, based on procedures described below. 
 
The plan focuses on extending avoidance and minimization measures to WMDs that are 
occupied by resident lynx.  Resident lynx will have repeated use of an area over an 
extended period of time and therefore could have repeated exposure to trapping 
activities in that area.  In contrast, transient lynx could move through a WMD and not 
become established as a resident.  Such transient lynx would not have repeated use of 
an area and thus would not have increased risk of exposure to trapping activities.  In 
those cases, IFW does not want to encumber the trapping program by measures that 
would not reduce the already low risk of incidentally trapping a single transient lynx in a 
WMD.  Therefore, the criteria established below are intended to identify previously 
unoccupied WMDs that become occupied by resident lynx over time. 
 
IFW will adjust regulations in newly occupied WMDs before the next trapping season.   
If information on lynx occupying a previously unoccupied WMD becomes available 
during the trapping season, it is unlikely that changes in trapping regulations could be 
put in place during that trapping season because the time period when lynx are 
incidentally captured in traps is a relatively short period (between mid-late October and 
mid-November). 
 
Currently unoccupied lynx WMDs will be considered occupied if they meet the 
following criteria: 
 
1. A lynx is captured in a trap within an unoccupied WMD, or 
2. Verified observation(s) of kitten traveling with a female within an unoccupied WMD, 

or 
3. IFW systematic surveys document the presence of one or more resident lynx within 

an unoccupied WMD; or 
4. Verified anecdotal reports of lynx will be considered based on the following criteria:  

a. There is more than one independent lynx observations, and verified by IFW, 
annually within an unoccupied WMD for two or more years; or 

b. In one year, there are three or more independent lynx observations within an 
unoccupied WMD, each verified by IFW.  

 
Criterion #1. A lynx captured in a trap will be considered verification that lynx are 
occupying a previously unoccupied WMD and that plan avoidance and minimization 
measures should be applied. 
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Criterion # 2.  Verified observations include a photograph of a lynx or lynx tracks, an 
incidentally captured lynx, lynx road mortality, lynx radiotelemetry locations, and other 
evidence of lynx collected by IFW during lynx survey efforts (e.g., presence of snow 
tracks, photograph, DNA evidence).  In each circumstance, identification is considered 
absolute when the location of the observation is known and confirmed to be in Maine 
(e.g., GPS coordinates, land features) and the animal is either in hand or there is 
adequate documentation of the size and characteristics of the animal or track (e.g., 
measurements or photographs) that have been verified by IFW staff.   
 
Criterion #3 (i.e., systematic surveys) provides a rigorous dataset (e.g., extensive 
coverage of an area, repeated sampling in one year, an estimate of the number of lynx 
in the area, etc.) upon which to establish that lynx are using previously unoccupied 
WMDs.  However, IFW does not always conduct these surveys and does not do so 
routinely in all WMDs.  Surveys will follow IFW’s winter snow-track ecoregion protocol 
with the exception that: 
 
a) In a WMD, at least 20% of the townships where lynx are likely to be found (e.g., 

towns with  >5,000 acres of dense spruce/fir sapling forest) will be surveyed; 
b) Observers will survey at least 55 km of unplowed roads for lynx tracks in each 

survey area (100km2- ~ 1 township), unless 2 or more independent lynx tracks are  
detected. 

c) Towns where lynx tracks are observed will count as a detection of presence. 
d) If only one independent observation of a single animal is made in the survey area 

(i.e., township), observers will return to that survey area to assess whether the 
observation represents a resident lynx (i.e., animal is still present during the follow-
up survey); if lynx are not detect in subsequent survey(s) the area will not be 
included as a count of presence. 

e) Lynx minimizations measures will be extended to WMDs when surveys have 
detected presence of lynx, unless lynx are only observed in a portion of a WMD (i.e., 
edge of range), lynx avoidance measures will at a minimum be extended to the 
areas within the WMD where lynx were detected.    

 
Criterion #4 (i.e., anecdotal reports from the public verified by IFW or observations 
made by IFW staff during other activities (i.e., not systematic surveys)) is least absolute 
in terms of validating that lynx are occupying a previously unoccupied WMD.  
Observations of lynx by the public are sometimes reported to IFW staff.  These are 
considered anecdotal observations and need to be verified by IFW before being 
considered as legitimate sources of data.  The verification will follow the standards 
described above for criterion #2.  In addition, multiple years of repeated anecdotal 
observations by the public or IFW staff are needed to assess if the observation 
represents a resident (versus transient) lynx.  IFW does not consider one or two 
observations of a lynx or lynx sign in one year as evidence of consistent presence of 
lynx, as these observations could represent a dispersing individual.  In addition, the 
anecdotal reports need to be independent to ensure that multiple reports are not based 
on multiple observations of the same transient lynx.  Such reports will be considered 
independent if the lynx is marked and can be distinguished from other marked or 
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unmarked animals, or the observations are more than one week apart, or observations 
on the same day are more than 6 kilometers apart.  
 
Observations of dead lynx (e.g., road mortalities) will provide supportive information 
about changes in lynx distribution, but will not by themselves trigger changes to the 
occupancy status of a WMD.  If survey efforts determine the animal is transient (e.g., 
radiocollared lynx that does not remain in survey area), trapping regulations will not be 
extended.   
 
Currently occupied lynx WMDs will be considered unoccupied based on the 
following criteria: 
 
 Five or more years of systematic track surveys (as described above in criterion #3) 

targeting townships with the best lynx habitat do not detect lynx.   
 
In these circumstances, the specific avoidance and minimization measures required in 
WMDs occupied by lynx may be discontinued, after consulting and getting concurrence 
from USFWS.  Establishing a 5-year period before trapping regulations can be 
rescinded would avoid the confusion that frequent adjustments to regulations may 
cause.  If avoidance and minimization measures are removed from an area, these 
measures will be reinstituted if resident lynx are later identified in the area.   
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Appendix 6. Flow Diagram of Maine's Strategic Planning Process for Species 
of Greatest Conservation Need. 
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Appendix 7. Lynx Population Model 
 
Summary of inputs used to assess lynx population growth rates and the influence 
of minor annual trapping related mortality on lynx. 

 
We used VORTEX 9.99 software to calculate the growth rate of Maine’s lynx population 
and to simulate lynx population dynamics from lynx demographic data collected in 
Maine between 1999 and 2010. The purpose of the simulation was to 1) update the 
inputs used in the population model presented in Maine's 2008 Incidental Take Plan 
(Plan), and 2) to determine if Maine’s lynx population would continue to increase despite 
minor losses that might result from the incidental capture of lynx in traps set for other 
furbearing animals.  We considered the effects of incidental trapping over the 15-year 
time frame of the Incidental Take Permit (ITP).  
 
We collected data on lynx vital rates during a period when snowshoe hare populations 
fluctuated from >2 hares/ha to >1.0 hare/ha in northern Maine’s regenerating conifer 
clearcuts (Scott 2009).  Data collected from this period suggests that Maine’s lynx 
population reached a historic high due to the abundance of young conifer forests that 
supported high prey densities. When hares declined, lynx reproductive rates also 
declined. 
 
Vortex allows users to consider the influence of small isolated populations on population 
growth rates.  For our simulations, we selected no inbreeding depression because DNA 
analysis indicated that Maine’s lynx are not isolated from lynx populations in 
northeastern Canada.  We also have direct observations of 12 lynx monitored in Maine 
moving between Maine and Quebec or New Brunswick.  
 
Since environmental variability can influence various vital rates, Vortex allows for 
concordance between female reproductive rates and adult survival (e.g., a stressful 
winter can reduce survival and production of kittens). In Maine, a major source of 
mortality is predation of lynx. Predation can be independent of environmental variability; 
thus, we did not select concordance between female reproductive rates and adult 
survival for our model and simulations.  However, Vortex did simulate concordance in 
survival rates among age-sex classes. 
 
Although female lynx can breed (March) as 1 year olds and produce their first litter 
(May) at age 2 (Parker 1983), we set the first age of reproduction at age 3 since most 
lynx produce their first litter at 3.  Setting the first age of reproduction at 3 should 
produce a conservative estimate of population growth.  Male lynx can breed at 2 years 
of age.  To date, the oldest female lynx that produced a litter in Maine was 13 and the 
sex ratio of kittens from all litters was 50% male and 50% female (n=35 litters).   
 
Lynx are considered polygynous breeders (i.e., male lynx will mate with several female 
lynx).  Although most female lynx produce 1 litter a year, we observed the birth of a late 
litter shortly after the loss of an earlier litter one summer.   
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Between 1999 and 2010, when hares populations fluctuated between 1 and 2 hares/ha, 
65% of the adult female lynx produced litters (range = 0-100%, σ = 42; n=66) of 1-5 
kittens each year ( 64.2X ; σ = 1.21; n =111), where σ = standard deviation. The high 
variability associate with this vital rate was influenced by years with very good 
productivity and years with very poor productivity. Thus, we also ran simulations where 
the σ =10, which may better reflect true variability. For our simulations, we provided 
mortality rates for 3 age classes; kittens (<1 year old), juveniles (1 and 2 year olds), and 
adults (3 years and older).  We had good estimates of adult (21%, σ = 17) and kitten 
mortality rates (18%; σ = 23) in Maine from a 12-year telemetry study.  However, our 
sample size of juvenile lynx was small. Therefore, we used our knowledge of carnivore 
and felid ecology to estimate juvenile lynx mortality rates. We assumed that male and 
female juvenile mortality rates were twice and 1 ½ times our observed adult lynx 
mortality rates (21%), respectively, since male juveniles experience higher mortality 
rates because they often disperse greater distances than female juveniles 
(Breitenmoser et al. 1993).  Among felids, female offspring often do not disperse and 
remain near their mother’s range (Breitenmoser et al. 1993).  
 
Maine’s lynx assessment estimated between 750 and 1,000 lynx in WMD 1-10 and 14 
and a carrying capacity between 1,100 and 1,800 lynx. For our simulations, we set our 
initial population at 750 lynx and Maine’s carrying capacity at 1,450 lynx. We ran our 
simulations for 15 years, since our permit request spans a 15 year period. 
 
Based on population vital rates observed in Maine when hare populations fluctuated, 
Vortex calculated a slightly increasing population growth rate (r = 0.0595) without the 
loss of any animals from harvest (Figure VI. 1; Output I).   
 
To test the assumption that Maine's lynx population size would continue to increase 
even if lynx mortalities resulted from incidental trapping (or other causes), the USFWS 
requested that we run our simulations using a level of lethal take that was higher than 
maximum lethal take requested in our Plan.  Maine's Plan requested that trappers in 
Maine's trapping program be allowed to incidentally kill up to 3 lynx (adults and 
juveniles) over the 15-year time frame of the ITP (r=0.0473). We used a rate of lethal 
incidental take that was 15 times greater than the maximum rate of lethal take 
requested in our Plan.  Specifically, we ran our simulations to determine the influence of 
the loss of 3 lynx (1 adult female, 1 adult male, and 1 yearling male or female) each fall 
during the 15-year permit period.  Use of this high level of lethal take, does not imply 
that either agency believes that this level of lethal take has or will occur.  Even at 15x 
the rate of lethal incidental take requested in our Plan, our simulations indicated that 
Maine’s lynx population could maintain a positive growth rate (r = 0.0343) (Figure IV.1; 
Output II).      
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Figure VI.1.  Depiction of the intrinsic rate of increase of Maine's lynx population 
when (1) no lethal take occurs and (2) at 15 times the level of lethal take 
requested in Maine's Incidental Take Plan.  Values were obtained from a VORTEX 
population model and the most recent demographic data on lynx in Maine. 
 
 

   
 Table VI.1. Lynx reproductive rates observed for radiocollared lynx in Maine 

between 1999 and 2010 used in Vortex to estimate population growth rates 
and affect of the lethal take of 5 lynx incidentally captured by trappers in 
Maine.  

 

  Female Male   
 Age of first reproduction 3 2   
 Maximum breeding age 13   
 Sex ratio at birth  50 50   
 Percent of adults that breed 65 100   
 Percentage of breeding females that produce 1 litter 100   
  Average SD   
  Litter size 2.64 1.21   
     
        
 Table VI.2. Lynx mortality rates observed for radiocollared lynx in 

Maine between 1999 and 2010 used in Vortex to estimate population 
growth rates and affect of the lethal take of 5 lynx incidentally 
captured by trappers in Maine.    

 

  Females  Males  
  Average SD  Average SD  
 Litter size 2.64 1.21     
 Mortality 0-1 18% 23  18% 23  
 Mortality 1-2 32% 20  42% 20  
 Mortality 2+ 21% 17  21% 17  
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Output 1: Results of Base run with no take of lynx in 15 year permit period 
 

VORTEX 9.99 -- simulation of population dynamics 

 

Scenario 1 – Base Run No Take 

Tue Jun 11 16:28:37 2013 

 

  1 population(s) simulated for 15 years, 100 iterations 

  Each simulation year is 365 days duration. 

 

  Extinction is defined as no animals of one or both sexes. 

 

  No inbreeding depression 

 

  EV in mortality will be concordant among age-sex classes 

     but independent from EV in reproduction. 

 

  First age of reproduction for females: 3   for males: 2 

  Maximum breeding age (senescence): 13 

  Sex ratio at birth (percent males): 50 

 

Population 1: Population 1 

 

  Polygynous mating; 

    % of adult males in the breeding pool = 100 

 

  % adult females breeding = 65 

   EV in % adult females breeding: SD = 42 

 

Distribution of number of separately sired broods produced by a female in a 

year ... 

      0.00 percent of females produce 0 broods (litters, clutches) in an 

average year 

    100.00 percent of females produce 1 broods (litters, clutches) in an 

average year 

 

   Of those females producing progeny, ... 

   Mean number of progeny per breeding female per year = 2.64 

   SD in number of progeny = 1.21 

 

   % mortality of females between ages 0 and 1 = 18 

    EV in % mortality: SD = 23 

   % mortality of females between ages 1 and 2 = 32 

    EV in % mortality: SD = 20 

   % mortality of females between ages 2 and 3 = 21 

    EV in % mortality: SD = 17 

   % mortality of adult females (3<=age<=13) = 21 

    EV in % mortality: SD = 17 

   % mortality of males between ages 0 and 1 = 18 

    EV in % mortality: SD = 23 

   % mortality of males between ages 1 and 2 = 42 

    EV in % mortality: SD = 20 

   % mortality of adult males (2<=age<=13) = 21 

    EV in % mortality: SD = 17 

    EVs may be adjusted to closest values possible for binomial 

distribution. 
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  Initial size of Population 1:      750 

    (set to reflect stable age distribution) 

 Age  1   2   3   4    5    6    7   8   9  10  11   12   13  Total 

     124  66  47  35  24   18   13   9   7   4   4    2    2  355 Males 

     124  77  56  40  29   21   15   10  8   6   4    3    2  395 Females 

 

  Carrying capacity = 1450 

    EV in Carrying capacity = 10 

 

Deterministic projections assume no stochastic fluctuations, no inbreeding 

depression, no limitation of mates, no harvest, and no supplementation. 

 

Scenario: Scenario 1 

 

Population 1: Population 1 

 

Deterministic population growth rate: 

 

     r =  0.092 

     lambda = 1.096 

     R0 =     1.665 

   Generation time for: 

    females = 5.56 

    males = 4.66 

 

Stable age distribution: 

  Age class    females    males 

      0        0.153      0.153 

      1        0.115      0.115 

      2        0.071      0.061 

      3        0.051      0.044 

      4        0.037      0.032 

      5        0.027      0.023 

      6        0.019      0.016 

      7        0.014      0.012 

      8        0.010      0.009 

      9        0.007      0.006 

     10        0.005      0.004 

     11        0.004      0.003 

     12        0.003      0.002 

     13        0.002      0.002 

 

Ratio of adult (>= 2) males to adult (>= 3) females: 1.193 

 

Initial population size, N = 750 

Initial carrying capacity, K = 1450 
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Project: Lynx ITP 2013 base run – no take 

Scenario: Scenario 1 

 

Population 1: Population 1 
 

Year 1 

     N[Extinct] =       0, P[E] =  0.000 

     N[Surviving] =   100, P[S] =  1.000 

     Mean size (all populations) =  826.84 (  29.16 SE;  291.59 SD) 

  Means across extant populations only: 

     Population size =           826.84 (  29.16 SE;  291.59 SD) 

     Expected heterozygosity =    0.999 (  0.000 SE;   0.000 SD) 

     Observed heterozygosity =    1.000 (  0.000 SE;   0.000 SD) 

     Number of extant alleles = 1181.23 (  22.21 SE;  222.13 SD) 
 

Year 2 

     N[Extinct] =       0, P[E] =  0.000 

     N[Surviving] =   100, P[S] =  1.000 

     Mean size (all populations) =  915.90 (  35.58 SE;  355.84 SD) 

  Means across extant populations only: 

     Population size =           915.90 (  35.58 SE;  355.84 SD) 

     Expected heterozygosity =    0.999 (  0.000 SE;   0.000 SD) 

     Observed heterozygosity =    1.000 (  0.000 SE;   0.000 SD) 

     Number of extant alleles =  997.28 (  24.00 SE;  240.03 SD) 
 

Year 3 

     N[Extinct] =       0, P[E] =  0.000 

     N[Surviving] =   100, P[S] =  1.000 

     Mean size (all populations) =  952.01 (  37.85 SE;  378.53 SD) 

  Means across extant populations only: 

     Population size =           952.01 (  37.85 SE;  378.53 SD) 

     Expected heterozygosity =    0.998 (  0.000 SE;   0.001 SD) 

     Observed heterozygosity =    1.000 (  0.000 SE;   0.000 SD) 

     Number of extant alleles =  873.13 (  23.42 SE;  234.23 SD) 
 

Year 4 

     N[Extinct] =       0, P[E] =  0.000 

     N[Surviving] =   100, P[S] =  1.000 

     Mean size (all populations) =  994.59 (  39.95 SE;  399.52 SD) 

  Means across extant populations only: 

     Population size =           994.59 (  39.95 SE;  399.52 SD) 

     Expected heterozygosity =    0.998 (  0.000 SE;   0.001 SD) 

     Observed heterozygosity =    1.000 (  0.000 SE;   0.000 SD) 

     Number of extant alleles =  785.78 (  21.82 SE;  218.24 SD) 
 

Year 5 

     N[Extinct] =       0, P[E] =  0.000 

     N[Surviving] =   100, P[S] =  1.000 

     Mean size (all populations) =  989.60 (  42.64 SE;  426.35 SD) 

  Means across extant populations only: 

     Population size =           989.60 (  42.64 SE;  426.35 SD) 

     Expected heterozygosity =    0.998 (  0.000 SE;   0.001 SD) 

     Observed heterozygosity =    1.000 (  0.000 SE;   0.001 SD) 

     Number of extant alleles =  704.59 (  21.13 SE;  211.29 SD) 

 

Year 6 

     N[Extinct] =       0, P[E] =  0.000 

     N[Surviving] =   100, P[S] =  1.000 

     Mean size (all populations) =  930.05 (  42.95 SE;  429.49 SD) 
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  Means across extant populations only: 

     Population size =           930.05 (  42.95 SE;  429.49 SD) 

     Expected heterozygosity =    0.997 (  0.000 SE;   0.002 SD) 

     Observed heterozygosity =    0.999 (  0.000 SE;   0.001 SD) 

     Number of extant alleles =  632.17 (  20.17 SE;  201.69 SD) 
 

Year 7 

     N[Extinct] =       0, P[E] =  0.000 

     N[Surviving] =   100, P[S] =  1.000 

     Mean size (all populations) =  922.63 (  44.77 SE;  447.69 SD) 

  Means across extant populations only: 

     Population size =           922.63 (  44.77 SE;  447.69 SD) 

     Expected heterozygosity =    0.997 (  0.000 SE;   0.002 SD) 

     Observed heterozygosity =    0.999 (  0.000 SE;   0.002 SD) 

     Number of extant alleles =  570.54 (  19.43 SE;  194.26 SD) 
 

Year 8 

     N[Extinct] =       0, P[E] =  0.000 

     N[Surviving] =   100, P[S] =  1.000 

     Mean size (all populations) =  905.89 (  45.51 SE;  455.15 SD) 

  Means across extant populations only: 

     Population size =           905.89 (  45.51 SE;  455.15 SD) 

     Expected heterozygosity =    0.996 (  0.000 SE;   0.003 SD) 

     Observed heterozygosity =    0.999 (  0.000 SE;   0.003 SD) 

     Number of extant alleles =  519.39 (  17.71 SE;  177.12 SD) 
 

Year 9 

     N[Extinct] =       0, P[E] =  0.000 

     N[Surviving] =   100, P[S] =  1.000 

     Mean size (all populations) =  899.89 (  43.58 SE;  435.80 SD) 

  Means across extant populations only: 

     Population size =           899.89 (  43.58 SE;  435.80 SD) 

     Expected heterozygosity =    0.996 (  0.000 SE;   0.004 SD) 

     Observed heterozygosity =    0.999 (  0.000 SE;   0.002 SD) 

     Number of extant alleles =  474.27 (  16.69 SE;  166.86 SD) 
 

Year 10 

     N[Extinct] =       0, P[E] =  0.000 

     N[Surviving] =   100, P[S] =  1.000 

     Mean size (all populations) =  880.13 (  44.72 SE;  447.23 SD) 

  Means across extant populations only: 

     Population size =           880.13 (  44.72 SE;  447.23 SD) 

     Expected heterozygosity =    0.995 (  0.000 SE;   0.005 SD) 

     Observed heterozygosity =    0.998 (  0.000 SE;   0.003 SD) 

     Number of extant alleles =  441.07 (  15.84 SE;  158.38 SD) 
 

Year 11 

     N[Extinct] =       0, P[E] =  0.000 

     N[Surviving] =   100, P[S] =  1.000 

     Mean size (all populations) =  945.16 (  45.91 SE;  459.07 SD) 

  Means across extant populations only: 

     Population size =           945.16 (  45.91 SE;  459.07 SD) 

     Expected heterozygosity =    0.995 (  0.001 SE;   0.006 SD) 

     Observed heterozygosity =    0.998 (  0.000 SE;   0.002 SD) 

     Number of extant alleles =  414.90 (  15.21 SE;  152.12 SD) 
 

Year 12 

     N[Extinct] =       0, P[E] =  0.000 

     N[Surviving] =   100, P[S] =  1.000 

     Mean size (all populations) =  975.96 (  44.43 SE;  444.30 SD) 
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  Means across extant populations only: 

     Population size =           975.96 (  44.43 SE;  444.30 SD) 

     Expected heterozygosity =    0.994 (  0.001 SE;   0.006 SD) 

     Observed heterozygosity =    0.998 (  0.000 SE;   0.003 SD) 

     Number of extant alleles =  393.30 (  14.70 SE;  147.01 SD) 
 

Year 13 

     N[Extinct] =       0, P[E] =  0.000 

     N[Surviving] =   100, P[S] =  1.000 

     Mean size (all populations) =  950.11 (  46.76 SE;  467.62 SD) 

  Means across extant populations only: 

     Population size =           950.11 (  46.76 SE;  467.62 SD) 

     Expected heterozygosity =    0.994 (  0.001 SE;   0.007 SD) 

     Observed heterozygosity =    0.997 (  0.000 SE;   0.003 SD) 

     Number of extant alleles =  368.37 (  13.93 SE;  139.34 SD) 
 

Year 14 

     N[Extinct] =       0, P[E] =  0.000 

     N[Surviving] =   100, P[S] =  1.000 

     Mean size (all populations) =  950.14 (  45.90 SE;  458.98 SD) 

  Means across extant populations only: 

     Population size =           950.14 (  45.90 SE;  458.98 SD) 

     Expected heterozygosity =    0.993 (  0.001 SE;   0.008 SD) 

     Observed heterozygosity =    0.997 (  0.000 SE;   0.003 SD) 

     Number of extant alleles =  350.44 (  13.25 SE;  132.46 SD) 
 

Year 15 

     N[Extinct] =       0, P[E] =  0.000 

     N[Surviving] =   100, P[S] =  1.000 

     Mean size (all populations) =  959.50 (  46.25 SE;  462.45 SD) 

  Means across extant populations only: 

     Population size =           959.50 (  46.25 SE;  462.45 SD) 

     Expected heterozygosity =    0.993 (  0.001 SE;   0.009 SD) 

     Observed heterozygosity =    0.996 (  0.001 SE;   0.010 SD) 

     Number of extant alleles =  332.31 (  12.43 SE;  124.29 SD) 
 

In 100 simulations for 15 years:0 went extinct and 100 survived. 
 

This gives a probability of extinction of 0.0000 (0.0000 SE), 

  or a probability of success of          1.0000 (0.0000 SE). 

 

Means across all populations (extant and extinct) ... 

Mean final population was 959.50 (46.25 SE; 462.45 SD) 

   Age 1       2   Adults    Total 

  167.23          287.26    454.49  Males 

  166.73   90.14  248.14    505.01  Females 
 

Across all years, prior to carrying capacity truncation, 

  mean growth rate (r) was 0.0595 (0.0110 SE; 0.4275 SD) 
 

Final expected heterozygosity was      0.9929 ( 0.0009 SE;  0.0085 SD) 

Final observed heterozygosity was      0.9958 ( 0.0010 SE;  0.0101 SD) 

Final number of alleles was            332.31 (  12.43 SE;  124.29 SD) 

*************************************************************************   
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Output 2: Results of 2nd run with 3 lynx mortalities in 15 year permit period. 
 

VORTEX 9.99 -- simulation of population dynamics 

 

Scenario 2 - Take 3 in 15 years (1.5F:1.5M) 

Mon Jul 08 18:55:30 2013 

 

  1 population(s) simulated for 15 years, 100 iterations 

  Each simulation year is 365 days duration. 

 

  Extinction is defined as no animals of one or both sexes. 

 

  No inbreeding depression 

 

  EV in mortality will be concordant among age-sex classes but independent from EV in 

reproduction. 

 

  First age of reproduction for females: 3   for males: 2 

  Maximum breeding age (senescence): 13 

  Sex ratio at birth (percent males): 50 

 

Population 1: Population 1 

  Polygynous mating; 

    % of adult males in the breeding pool = 100 

 

  % adult females breeding = 65 

   EV in % adult females breeding: SD = 42 

 

  Distribution of number of separately sired broods produced by a female in a year  

      0.00 percent of females produce 0 broods (litters, clutches) in an average year 

    100.00 percent of females produce 1 broods (litters, clutches) in an average year 

 

   Of those females producing progeny, ... 

   Mean number of progeny per breeding female per year = 2.64 

   SD in number of progeny = 1.21 

 

   % mortality of females between ages 0 and 1 = 18 

    EV in % mortality: SD = 23 

   % mortality of females between ages 1 and 2 = 32 

    EV in % mortality: SD = 20 

   % mortality of females between ages 2 and 3 = 21 

    EV in % mortality: SD = 17 

   % mortality of adult females (3<=age<=13) = 21 

    EV in % mortality: SD = 17 

   % mortality of males between ages 0 and 1 = 18 

    EV in % mortality: SD = 23 

   % mortality of males between ages 1 and 2 = 42 

    EV in % mortality: SD = 20 

   % mortality of adult males (2<=age<=13) = 21 

    EV in % mortality: SD = 17 
 

    EVs may be adjusted to closest values possible for binomial distribution. 
 

  Initial size of Population 1:      750     (set to reflect stable age distribution) 

 Age 1    2    3    4    5    6    7    8    9   10   11   12   13   Total 

   124   66   47    35   24   18   13   9    7    4    4    2    2   355  Males 

   124   77   56    40   29   21   15   10   8    6    4    3    2   395  Females 

 

  Carrying capacity = 1450 

    EV in Carrying capacity = 10 

  Animals harvested from Population 1, year 1 to year 15 at 15 year intervals: 

    female adults (3 <= age <= 13): 1 

    males 1 years old: 1 

    male adults (2 <= age <= 13): 1 
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Results from VORTEX 9.99 simulations completed Mon Jul 08 18:55:30 2013 

 

Project: 3 in 15 yrs 

Scenario: Scenario 2 - Take 3 in 15 years (1.5F:1.5M) 

 

Population 1: Population 1 

 

Year 1 

     N[Extinct] =       0, P[E] =  0.000 

     N[Surviving] =   100, P[S] =  1.000 

     Mean size (all populations) =  745.45 (  26.32 SE;  263.19 SD) 

  Means across extant populations only: 

     Population size =           745.45 (  26.32 SE;  263.19 SD) 

     Expected heterozygosity =    0.999 (  0.000 SE;   0.000 SD) 

     Observed heterozygosity =    1.000 (  0.000 SE;   0.000 SD) 

     Number of extant alleles = 1126.88 (  24.08 SE;  240.80 SD) 

 

Year 2 

     N[Extinct] =       0, P[E] =  0.000 

     N[Surviving] =   100, P[S] =  1.000 

     Mean size (all populations) =  805.23 (  36.38 SE;  363.78 SD) 

  Means across extant populations only: 

     Population size =           805.23 (  36.38 SE;  363.78 SD) 

     Expected heterozygosity =    0.999 (  0.000 SE;   0.000 SD) 

     Observed heterozygosity =    1.000 (  0.000 SE;   0.000 SD) 

     Number of extant alleles =  950.56 (  26.37 SE;  263.67 SD) 

 

Year 3 

     N[Extinct] =       0, P[E] =  0.000 

     N[Surviving] =   100, P[S] =  1.000 

     Mean size (all populations) =  901.20 (  40.17 SE;  401.74 SD) 

  Means across extant populations only: 

     Population size =           901.20 (  40.17 SE;  401.74 SD) 

     Expected heterozygosity =    0.998 (  0.000 SE;   0.001 SD) 

     Observed heterozygosity =    1.000 (  0.000 SE;   0.000 SD) 

     Number of extant alleles =  842.23 (  25.30 SE;  253.01 SD) 

 

Year 4 

     N[Extinct] =       0, P[E] =  0.000 

     N[Surviving] =   100, P[S] =  1.000 

     Mean size (all populations) =  893.83 (  40.97 SE;  409.65 SD) 

  Means across extant populations only: 

     Population size =           893.83 (  40.97 SE;  409.65 SD) 

     Expected heterozygosity =    0.998 (  0.000 SE;   0.001 SD) 

     Observed heterozygosity =    1.000 (  0.000 SE;   0.000 SD) 

     Number of extant alleles =  751.07 (  24.01 SE;  240.14 SD) 

 

Year 5 

     N[Extinct] =       0, P[E] =  0.000 

     N[Surviving] =   100, P[S] =  1.000 

     Mean size (all populations) =  921.71 (  44.86 SE;  448.62 SD) 

  Means across extant populations only: 

     Population size =           921.71 (  44.86 SE;  448.62 SD) 

     Expected heterozygosity =    0.998 (  0.000 SE;   0.001 SD) 

     Observed heterozygosity =    1.000 (  0.000 SE;   0.001 SD) 

     Number of extant alleles =  678.57 (  22.47 SE;  224.73 SD) 

 

Year 6 

     N[Extinct] =       0, P[E] =  0.000 

     N[Surviving] =   100, P[S] =  1.000 

     Mean size (all populations) =  920.85 (  45.14 SE;  451.40 SD) 

  Means across extant populations only: 

     Population size =           920.85 (  45.14 SE;  451.40 SD) 
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     Expected heterozygosity =    0.997 (  0.000 SE;   0.001 SD) 

     Observed heterozygosity =    0.999 (  0.000 SE;   0.001 SD) 

     Number of extant alleles =  611.50 (  21.63 SE;  216.25 SD) 

 

Year 7 

     N[Extinct] =       0, P[E] =  0.000 

     N[Surviving] =   100, P[S] =  1.000 

     Mean size (all populations) =  896.70 (  44.79 SE;  447.85 SD) 

  Means across extant populations only: 

     Population size =           896.70 (  44.79 SE;  447.85 SD) 

     Expected heterozygosity =    0.997 (  0.000 SE;   0.002 SD) 

     Observed heterozygosity =    0.999 (  0.000 SE;   0.002 SD) 

     Number of extant alleles =  556.08 (  20.50 SE;  205.01 SD) 

 

Year 8 

     N[Extinct] =       0, P[E] =  0.000 

     N[Surviving] =   100, P[S] =  1.000 

     Mean size (all populations) =  906.07 (  43.47 SE;  434.71 SD) 

  Means across extant populations only: 

     Population size =           906.07 (  43.47 SE;  434.71 SD) 

     Expected heterozygosity =    0.996 (  0.000 SE;   0.002 SD) 

     Observed heterozygosity =    0.999 (  0.000 SE;   0.002 SD) 

     Number of extant alleles =  509.27 (  19.76 SE;  197.58 SD) 

 

Year 9 

     N[Extinct] =       0, P[E] =  0.000 

     N[Surviving] =   100, P[S] =  1.000 

     Mean size (all populations) =  906.17 (  45.29 SE;  452.87 SD) 

  Means across extant populations only: 

     Population size =           906.17 (  45.29 SE;  452.87 SD) 

     Expected heterozygosity =    0.996 (  0.000 SE;   0.003 SD) 

     Observed heterozygosity =    0.998 (  0.000 SE;   0.002 SD) 

     Number of extant alleles =  467.04 (  18.09 SE;  180.92 SD) 

 

Year 10 

     N[Extinct] =       0, P[E] =  0.000 

     N[Surviving] =   100, P[S] =  1.000 

     Mean size (all populations) =  921.56 (  44.89 SE;  448.86 SD) 

  Means across extant populations only: 

     Population size =           921.56 (  44.89 SE;  448.86 SD) 

     Expected heterozygosity =    0.995 (  0.000 SE;   0.003 SD) 

     Observed heterozygosity =    0.998 (  0.000 SE;   0.002 SD) 

     Number of extant alleles =  430.45 (  16.61 SE;  166.10 SD) 

 

Year 11 

     N[Extinct] =       0, P[E] =  0.000 

     N[Surviving] =   100, P[S] =  1.000 

     Mean size (all populations) =  895.82 (  43.32 SE;  433.19 SD) 

  Means across extant populations only: 

     Population size =           895.82 (  43.32 SE;  433.19 SD) 

     Expected heterozygosity =    0.995 (  0.000 SE;   0.004 SD) 

     Observed heterozygosity =    0.998 (  0.000 SE;   0.003 SD) 

     Number of extant alleles =  403.39 (  15.49 SE;  154.94 SD) 

 

Year 12 

     N[Extinct] =       0, P[E] =  0.000 

     N[Surviving] =   100, P[S] =  1.000 

     Mean size (all populations) =  893.99 (  44.22 SE;  442.19 SD) 

  Means across extant populations only: 

     Population size =           893.99 (  44.22 SE;  442.19 SD) 

     Expected heterozygosity =    0.994 (  0.001 SE;   0.005 SD) 

     Observed heterozygosity =    0.997 (  0.000 SE;   0.003 SD) 

     Number of extant alleles =  378.12 (  14.82 SE;  148.16 SD) 
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Year 13 

     N[Extinct] =       0, P[E] =  0.000 

     N[Surviving] =   100, P[S] =  1.000 

     Mean size (all populations) =  914.66 (  45.71 SE;  457.06 SD) 

  Means across extant populations only: 

     Population size =           914.66 (  45.71 SE;  457.06 SD) 

     Expected heterozygosity =    0.993 (  0.001 SE;   0.008 SD) 

     Observed heterozygosity =    0.997 (  0.000 SE;   0.003 SD) 

     Number of extant alleles =  359.76 (  14.18 SE;  141.78 SD) 

 

Year 14 

     N[Extinct] =       0, P[E] =  0.000 

     N[Surviving] =   100, P[S] =  1.000 

     Mean size (all populations) =  866.38 (  42.63 SE;  426.27 SD) 

  Means across extant populations only: 

     Population size =           866.38 (  42.63 SE;  426.27 SD) 

     Expected heterozygosity =    0.993 (  0.001 SE;   0.008 SD) 

     Observed heterozygosity =    0.997 (  0.000 SE;   0.004 SD) 

     Number of extant alleles =  342.30 (  13.53 SE;  135.34 SD) 

 

Year 15 

     N[Extinct] =       0, P[E] =  0.000 

     N[Surviving] =   100, P[S] =  1.000 

     Mean size (all populations) =  943.41 (  45.33 SE;  453.32 SD) 

  Means across extant populations only: 

     Population size =           943.41 (  45.33 SE;  453.32 SD) 

     Expected heterozygosity =    0.993 (  0.001 SE;   0.008 SD) 

     Observed heterozygosity =    0.996 (  0.001 SE;   0.008 SD) 

     Number of extant alleles =  324.68 (  12.99 SE;  129.87 SD) 

 

 

In 100 simulations of Population 1 for 15 years: 

  0 went extinct and 100 survived. 

 

This gives a probability of extinction of 0.0000 (0.0000 SE), 

  or a probability of success of          1.0000 (0.0000 SE). 

 

Means across all populations (extant and extinct) ... 

Mean final population was 943.41 (45.33 SE; 453.32 SD) 

 

   Age 1       2   Adults    Total 

  173.61          272.95    446.56  Males 

  172.55   75.65  248.65    496.85  Females 

 

During years of harvest and/or supplementation 

  mean growth rate (r) was -0.0714 (0.0371 SE, 0.3713 SD, mean n = 1.0 years) 

 

During years without harvest or supplementation, 

  mean growth rate (r) was 0.0557 (0.0113 SE; 0.4209 SD) 

 

Across all years, prior to carrying capacity truncation, 

  mean growth rate (r) was 0.0473 (0.0108 SE; 0.4189 SD) 

 

0 of 100 harvests of females could not be completed because of insufficient animals. 

47 of 200 harvests of males could not be completed because of insufficient animals. 

 

Final expected heterozygosity was      0.9927 ( 0.0008 SE;  0.0080 SD) 

Final observed heterozygosity was      0.9962 ( 0.0008 SE;  0.0078 SD) 

Final number of alleles was            324.68 (  12.99 SE;  129.87 SD) 

*************************************************************************    
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Output 3: Results of 3rd run with 3 lynx mortalities each year during 15 year permit period. 
 

VORTEX 9.99 -- simulation of population dynamics: Take 3 lynx per year 

for 15 years. 

 

Scenario 2 - Take 3 per yr (1.5F:1.5M) 

Tue Jun 11 17:18:48 2013 

 

1 population(s) simulated for 15 years, 100 iterations 

Each simulation year is 365 days duration. 

 

Extinction is defined as no animals of one or both sexes. 

 

No inbreeding depression 

 

EV in mortality will be concordant among age-sex classes but independent 

from EV in reproduction. 

 

First age of reproduction for females: 3   for males: 2 

Maximum breeding age (senescence): 13 

Sex ratio at birth (percent males): 50 

 

Population 1: Population 1 

 

Polygynous mating; 

% of adult males in the breeding pool = 100 

 

% adult females breeding = 65 

EV in % adult females breeding: SD = 42 

 

Distribution of number of separately sired broods produced by a female 

in a year ... 

0.00 percent of females produce 0 broods (litters, clutches) in an 

average year 

100.00 percent of females produce 1 broods (litters, clutches) in 

an average year 

 

Of those females producing progeny, ... 

   Mean number of progeny per breeding female per year = 2.64 

   SD in number of progeny = 1.21 
 

   % mortality of females between ages 0 and 1 = 18 

    EV in % mortality: SD = 23 

   % mortality of females between ages 1 and 2 = 32 

    EV in % mortality: SD = 20 

   % mortality of females between ages 2 and 3 = 21 

    EV in % mortality: SD = 17 

   % mortality of adult females (3<=age<=13) = 21 

    EV in % mortality: SD = 17 

   % mortality of males between ages 0 and 1 = 18 

    EV in % mortality: SD = 23 

   % mortality of males between ages 1 and 2 = 42 

    EV in % mortality: SD = 20 

   % mortality of adult males (2<=age<=13) = 21 

    EV in % mortality: SD = 17 
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EVs may be adjusted to closest values possible for binomial 

distribution. 

 

Initial size of Population 1:      750 

    (set to reflect stable age distribution) 

Age 1    2    3    4    5    6   7   8   9  10  11  12  13 Total 

   124   66  47   35   24   18  13   9   7   4   4   2   2  355  Males 

   124   77  56   40   29   21  15   10  8   6   4   3   2  395 Females 
 

  Carrying capacity = 1450 

    EV in Carrying capacity = 10 
 

Animals harvested from Population 1, year 1 to year 15 at 1 year 

intervals: 

    females 1 years old: 0.5 

    female adults (3 <= age <= 13): 1 

    males 1 years old: 0.5 

    male adults (2 <= age <= 13): 1 
 

Deterministic projections assume no stochastic fluctuations, no 

inbreeding depression, no limitation of mates, no harvest, and no 

supplementation. 
 

Scenario: Scenario 2 - Take 3 per yr (1.5F:1.5M) 

 

Population 1: Population 1 

 

Deterministic population growth rate: 

 

     r =  0.092 

     lambda = 1.096 

     R0 =     1.665 

   Generation time for: 

    females = 5.56 

    males = 4.66 
 

Stable age distribution: 

  Age class    females    males 

      0        0.153      0.153 

      1        0.115      0.115 

      2        0.071      0.061 

      3        0.051      0.044 

      4        0.037      0.032 

      5        0.027      0.023 

      6        0.019      0.016 

      7        0.014      0.012 

      8        0.010      0.009 

      9        0.007      0.006 

     10        0.005      0.004 

     11        0.004      0.003 

     12        0.003      0.002 

     13        0.002      0.002 

Ratio of adult (>= 2) males to adult (>= 3) females: 1.193 

Initial population size, N = 750 

Initial carrying capacity, K = 1450 
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Population 1: Population 1 

 

Year 1 

N[Extinct] =       0, P[E] =  0.000 

N[Surviving] =   100, P[S] =  1.000 

    Mean size (all populations) =  815.77 (  28.03 SE;  280.29 SD) 

  Means across extant populations only: 

Population size =           815.77 (  28.03 SE;  280.29 SD) 

Expected heterozygosity =    0.999 (  0.000 SE;   0.001 SD) 

Observed heterozygosity =    1.000 (  0.000 SE;   0.000 SD) 

Number of extant alleles = 1145.77 (  24.85 SE;  248.49 SD) 

 

Year 2 

N[Extinct] =       0, P[E] =  0.000 

N[Surviving] =   100, P[S] =  1.000 

Mean size (all populations) =  846.26 (  34.53 SE;  345.31 SD) 

Means across extant populations only: 

Population size =           846.26 (  34.53 SE;  345.31 SD) 

Expected heterozygosity =    0.998 (  0.000 SE;   0.001 SD) 

Observed heterozygosity =    1.000 (  0.000 SE;   0.000 SD) 

Number of extant alleles =  974.46 (  25.34 SE;  253.40 SD) 

 

Year 3 

N[Extinct] =       0, P[E] =  0.000 

N[Surviving] =   100, P[S] =  1.000 

Mean size (all populations) =  899.34 (  40.28 SE;  402.83 SD) 

Means across extant populations only: 

Population size =           899.34 (  40.28 SE;  402.83 SD) 

Expected heterozygosity =    0.998 (  0.000 SE;   0.002 SD) 

Observed heterozygosity =    1.000 (  0.000 SE;   0.000 SD) 

Number of extant alleles =  845.84 (  24.52 SE;  245.17 SD) 

 

Year 4 

N[Extinct] =       0, P[E] =  0.000 

N[Surviving] =   100, P[S] =  1.000 

Mean size (all populations) =  919.93 (  38.55 SE;  385.53 SD) 

Means across extant populations only: 

Population size =           919.93 (  38.55 SE;  385.53 SD) 

Expected heterozygosity =    0.998 (  0.000 SE;   0.002 SD) 

Observed heterozygosity =    1.000 (  0.000 SE;   0.000 SD) 

Number of extant alleles =  749.21 (  22.45 SE;  224.50 SD) 

 

Year 5 

N[Extinct] =       0, P[E] =  0.000 

N[Surviving] =   100, P[S] =  1.000 

Mean size (all populations) =  868.45 (  41.32 SE;  413.18 SD) 

Means across extant populations only: 

Population size =           868.45 (  41.32 SE;  413.18 SD) 

Expected heterozygosity =    0.998 (  0.000 SE;   0.002 SD) 

Observed heterozygosity =    1.000 (  0.000 SE;   0.001 SD) 

Number of extant alleles =  667.32 (  21.22 SE;  212.19 SD) 

 

Year 6 

 N[Extinct] =       0, P[E] =  0.000 

 N[Surviving] =   100, P[S] =  1.000 

 Mean size (all populations) =  873.01 (  44.80 SE;  447.98 SD) 

 Means across extant populations only: 
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 Population size =           873.01 (  44.80 SE;  447.98 SD) 

 Expected heterozygosity =    0.997 (  0.000 SE;   0.002 SD) 

 Observed heterozygosity =    0.999 (  0.000 SE;   0.002 SD) 

 Number of extant alleles =  595.53 (  21.35 SE;  213.50 SD) 

 

Year 7 

 N[Extinct] =       0, P[E] =  0.000 

 N[Surviving] =   100, P[S] =  1.000 

 Mean size (all populations) =  836.61 (  42.71 SE;  427.11 SD) 

 Means across extant populations only: 

 Population size =           836.61 (  42.71 SE;  427.11 SD) 

 Expected heterozygosity =    0.997 (  0.000 SE;   0.003 SD) 

 Observed heterozygosity =    0.999 (  0.000 SE;   0.002 SD) 

 Number of extant alleles =  532.55 (  19.53 SE;  195.29 SD) 

 

Year 8 

 N[Extinct] =       0, P[E] =  0.000 

 N[Surviving] =   100, P[S] =  1.000 

 Mean size (all populations) =  848.07 (  45.28 SE;  452.81 SD) 

 Means across extant populations only: 

 Population size =           848.07 (  45.28 SE;  452.81 SD) 

 Expected heterozygosity =    0.996 (  0.000 SE;   0.003 SD) 

 Observed heterozygosity =    0.999 (  0.000 SE;   0.002 SD) 

 Number of extant alleles =  480.32 (  18.04 SE;  180.37 SD) 

 

Year 9 

 N[Extinct] =       0, P[E] =  0.000 

 N[Surviving] =   100, P[S] =  1.000 

 Mean size (all populations) =  849.52 (  46.41 SE;  464.08 SD) 

 Means across extant populations only: 

 Population size =           849.52 (  46.41 SE;  464.08 SD) 

 Expected heterozygosity =    0.996 (  0.000 SE;   0.004 SD) 

 Observed heterozygosity =    0.999 (  0.000 SE;   0.003 SD) 

 Number of extant alleles =  436.85 (  16.78 SE;  167.78 SD) 

 

Year 10 

 N[Extinct] =       0, P[E] =  0.000 

 N[Surviving] =   100, P[S] =  1.000 

 Mean size (all populations) =  846.13 (  44.19 SE;  441.85 SD) 

 Means across extant populations only: 

 Population size =           846.13 (  44.19 SE;  441.85 SD) 

 Expected heterozygosity =    0.995 (  0.000 SE;   0.004 SD) 

 Observed heterozygosity =    0.998 (  0.000 SE;   0.003 SD) 

 Number of extant alleles =  405.65 (  15.87 SE;  158.69 SD) 

 

Year 11 

 N[Extinct] =       0, P[E] =  0.000 

 N[Surviving] =   100, P[S] =  1.000 

 Mean size (all populations) =  860.34 (  45.26 SE;  452.60 SD) 

 Means across extant populations only: 

 Population size =           860.34 (  45.26 SE;  452.60 SD) 

 Expected heterozygosity =    0.995 (  0.000 SE;   0.005 SD) 

 Observed heterozygosity =    0.998 (  0.000 SE;   0.003 SD) 

 Number of extant alleles =  381.18 (  14.85 SE;  148.45 SD) 
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Year 12 

 N[Extinct] =       0, P[E] =  0.000 

 N[Surviving] =   100, P[S] =  1.000 

 Mean size (all populations) =  886.06 (  45.98 SE;  459.83 SD) 

 Means across extant populations only: 

 Population size =           886.06 (  45.98 SE;  459.83 SD) 

 Expected heterozygosity =    0.994 (  0.001 SE;   0.006 SD) 

 

Observed heterozygosity =    0.997 (  0.000 SE;   0.003 SD) 

 Number of extant alleles =  356.95 (  14.06 SE;  140.62 SD) 

 

Year 13 

 N[Extinct] =       0, P[E] =  0.000 

 N[Surviving] =   100, P[S] =  1.000 

 Mean size (all populations) =  878.90 (  46.59 SE;  465.90 SD) 

 Means across extant populations only: 

 Population size =           878.90 (  46.59 SE;  465.90 SD) 

 Expected heterozygosity =    0.993 (  0.001 SE;   0.007 SD) 

 Observed heterozygosity =    0.998 (  0.000 SE;   0.002 SD) 

 Number of extant alleles =  331.58 (  13.42 SE;  134.19 SD) 

 

Year 14 

N[Extinct] =       0, P[E] =  0.000 

N[Surviving] =   100, P[S] =  1.000 

Mean size (all populations) =  882.09 (  46.54 SE;  465.39 SD) 

Means across extant populations only: 

Population size =           882.09 (  46.54 SE;  465.39 SD) 

Expected heterozygosity =    0.993 (  0.001 SE;   0.007 SD) 

Observed heterozygosity =    0.997 (  0.000 SE;   0.003 SD) 

Number of extant alleles =  316.27 (  12.90 SE;  129.03 SD) 

 

Year 15 

N[Extinct] =       0, P[E] =  0.000 

N[Surviving] =   100, P[S] =  1.000 

Mean size (all populations) =  884.86 (  48.02 SE;  480.23 SD) 

Means across extant populations only: 

Population size =           884.86 (  48.02 SE;  480.23 SD) 

Expected heterozygosity =    0.992 (  0.001 SE;   0.009 SD) 

Observed heterozygosity =    0.996 (  0.000 SE;   0.005 SD) 

Number of extant alleles =  299.62 (  12.31 SE;  123.10 SD) 

 

In 100 simulations of Population 1 for 15 years: 0 went extinct and 100 

survived. 
 

This gives a probability of extinction of 0.0000 (0.0000 SE), 

  or a probability of success of          1.0000 (0.0000 SE). 
 

Means across all populations (extant and extinct) ... 

Mean final population was 884.86 (48.02 SE; 480.23 SD) 

   Age 1       2   Adults    Total 

  151.59          265.63    417.22  Males 

  152.84   81.56  233.24    467.64  Females 
 

During years of harvest and/or supplementation mean growth rate (r) was 

0.0343 (0.0113 SE, 0.4384 SD, mean n = 15.0 years) 
 

Across all years, prior to carrying capacity truncation, 

mean growth rate (r) was 0.0343 (0.0113 SE; 0.4384 SD) 
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518 of 3000 harvests of females could not be completed because of 

insufficient animals. 

518 of 3000 harvests of males could not be completed because of 

insufficient animals. 

Final expected heterozygosity was      0.9920 ( 0.0009 SE;  0.0090 SD) 

Final observed heterozygosity was      0.9964 ( 0.0005 SE;  0.0047 SD) 

Final number of alleles was            299.62 (  12.31 SE;  123.10 SD) 

***********************************************************************   
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Appendix 8. Maine Department of Inland Fisheries and Wildlife Responding to 
Incidental Captures of Lynx. 

 
 

 
Maine Department of Inland Fisheries and Wildlife 

 
Responding to Incidental Captures of Lynx 

 
Updated October 2012 

 
Prepared by the Wildlife Division for Distribution to Biological Staff 

 
 
 
 
 
 

              
Lynx               Bobcats  

 longer ear tufts (1” or longer)        * shorter eartufts (absent to 1”) 

 longer facial ruff,           * shorter facial ruff = more round face 

 shorter & completely black tipped tail       * tail black tipped on top & white beneath 

 large and well furred feet         * smaller feet  

 uniform coat color         * less uniform coat: white underbelly  

 buff colored hind foot        * chocolate brown along back of hind foot 
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Memorandum 

To:   Regional Biologists, Maine Warden Service, John DePue, 

Randy Cross, Lee Kantar   

From:   Jennifer Vashon 

cc:  Jim Connolly, John Pratte, Walter Jakubas, Shawn Haskell 

Date:   September 20, 2012  

Subject:  Responding to Incidental Captures of Lynx    
 

The early coyote and fox trapping season opens on Sunday October 14
th

 and regular season opens on October 28
th

. Lynx are 

sometimes caught in traps. In recent years, lynx have been found in areas where they have not been common in the past 

(eastern and central Maine). All staff should be prepared for responding to lynx in traps. Wardens are responsible for 

investigating each incidental lynx trapping and MIDFW’s biologists are responsible for assessing lynx for injuries and 

releasing incidentally captured lynx. This memo and proceeding pages outlines the Department’s policies and rules for 

responding to the incidental capture of lynx in traps.  

 

CURRENT REGULATIONS: 

 

1. In WMD 7, 14, 18 and 19, conibear traps (220 or smaller) may be set on the ground with the use of an 
exclusion device that prevents lynx from being caught.  See Location and Preparation of Traps on page 36 of 
Maine’s Hunting and Trapping Law Book for illustration and text.  
 
2. Like WMD 1-11, Killer-type traps in WMD 14, 18, and 19  when set on land (conibears with an inside jaw 
spread up to 8 inches) must be set at least 4 feet above ground or snow level and 4 feet away from any bank. The 
pole or tree that the trap is affixed to must be no greater than 4 inches wide at 4 feet above the ground and at an 
angle of 45º or greater to the ground the entire distance from the ground to the trap. The area within 4 feet of the 
trap in all directions must be free of objects greater than 4 inches wide and free of trees or poles slanted less than 
45° between the ground & the height of the trap. If using a pole, the pole must be a natural section of tree which 
has not been planned or sawed to create a flat surface.    
 

Other Trapping Requirements related to lynx : 

 

1. Foothold traps in WMDs 1-6 and 8-11 set on dry ground must have at least one swivel AND can NOT have 
an inside jaw spread greater than 5 ⅜ inches.  

 
2. Trappers are required to report the incidental capture of lynx in traps: “Any lynx caught incidentally, whether dead or 

alive, during any trapping season must be reported to a game warden or biologist of the Department as soon as possible 

and prior to removing the animal from the trap, unless a Department official cannot be reached in time to prevent injury 

to the lynx.  Any lynx released under this provision before reporting to the Department must also be reported to the 

Department within 24 hours from the time it was discovered.” 

 

The intent of the “release” provision is to provide trappers the opportunity to release a lynx if it is unsafe for the lynx to remain 

in the trap, they cannot reach an IFW official, or it is unsafe for a Department official to travel to the site. These circumstances 

should be considered unusual and trappers and Department officials should make every effort to report and respond to all 

incidental captures of lynx. 

 
STATUS OF MDIFW’s INCIDENTAL TAKE PERMIT APPLICATION 

Canada lynx are listed as a Federally threatened species under the US Endangered Species Act and Maine’s regulated fur 

trapping season has the potential to capture a lynx and qualify as a “take” of a listed species. Thus an Incidental Take Permit 

(ITP) from the US Fish and Wildlife (USFWS) is required. The Department submitted an ITP application to the USFWS that 

would allow regulated trapping if sufficient regulations where in place to minimize the take of lynx. The USFWS and the 

Department are finalizing our permit request based on public comments received last spring. We do not expect than the 

USFWS will grant an incidental take permit to the Department this trapping season.  Thus, the trapping regulations listed above 

will remain in place. 
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Roles of Department Personnel 
 
IFW Warden Service  

 Wardens generally receive initial report, advice caller to observe animal from a 
distance to minimize disturbance (avoid driving by the lynx, limit traffic) 

 Complete section 1 on check list for responding to lynx captures to help the caller 
determine the appropriate response (i.e., when to advise trapper to release lynx 
(inclement weather, high human traffic difficult to control, (see page 4)). 

 Immediately report all incidental captures of lynx to 207-592-4734 to 
coordinate response  

 On site: Although lynx are often very calm in traps, make an effort to observe the 
animal from a safe distance to avoid disturbing the animal and causing injury. 

1. Confirm the animal is a lynx 
2. Visually assess the potential for injury (animal entangled, inclement 

weather, human disturbance, or shows obvious sign of injury). 
3. Crowd control on site to reduce disturbance and potential for injury 

 Assist biological staff on site with release of lynx as needed 
 Investigate take and legality of set 
 Fill out items 4-7 on check list w/biological staff 
 Reporting requirements (Plaintiffs in the lawsuit must be provide all reports of 

lynx captures within 2 weeks of the incident as agreed in court settlement). 
Please send reports to Jen Vashon within 10 days, so she can compile 
documents to submit to Plaintiffs. 

1. Incident report,  
2. Form for reporting lynx capture,  
3. Photos if available 
4. Indicate if set was legal or if trapper charged with trapping violations 
   

IFW Biological Staff 
In the event that biological staff receives initial call 

 Complete item 1 on Form for Reporting Lynx Captures (Page )  
 Call lynx hot-line to report take 592-4734 to coordinate response of law 

enforcement  and biological staff (see page 3). 
On site  

 Visually assess lynx for injury (animal entangled, inclement weather, disturbance, 
or shows obvious sign of injury). 

 Anesthetize lynx and physically examine animal for injury (staff will receive 
training) 

 Complete capture datasheet  
 Determine appropriate response (release, rehab, euthanasia)  
 With the assistance of Warden Service staff on site, fill out items 4-7 on check list  

 
IFW Lynx Biologist:  

 Coordinate response  
 Contact Federal agents immediately following initial report,  
 On-site assistance when appropriate,  
 Receive all reports of incidental captures,  
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 Coordinate and submit written reports to USFWS and Plaintiffs within 2 weeks of 
take as required by AWI v. MDIFW Settlement Decree. 

 
Cage Trap Capture Response 
 
Although lynx caught in a cage traps are calm and are rarely injured, if a lynx or 
suspected lynx is caught in a cage trap IFW staff, a warden or biologist, will respond to 
confirm the animal is a lynx and visual asses for potential injuries. The lynx response 
team will only be deployed to immobilize and asses lynx caught in cage traps, if 
determined necessary (e.g. initial responder observes injury). 
 

1. Report cage trap captures to lynx hotline 
2. Minimize disturbance to the site 
3. Confirm the animal is a lynx (warden or IFW biologist) 
4. Visually asses the animal for injuries (blood visible, limping, ect..) if injured 

deploy lynx response team 
5. Complete lynx capture reporting form (page 9) 
6. Release uninjured lynx 
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Reporting Incidental Lynx Captures 
 
Immediately contact the lynx hot-line 207-592-4734 : 
This phone number (592-4734) will be monitored 24 hours, 7 days a week during the 
trapping season.  The person that answers this phone will help coordinate the response 
by: 
 

1. Obtain information from the caller regarding the conditions at the site (see 
Reporting Lynx Capture Form – complete section 1).   

2. Identify and contact biologists that will respond based on staff availability and 
travel distance.  

3. Contact district warden to investigate take (if not already notified; often the 
individual receiving call and reporting to lynx hot-line). 

4. Contact USFWS Federal Agent to notify and provide opportunity to assist with 
investigation. Eric Holmes:  

 
In the unlikely event that no one can be reached, alternate numbers are listed below. 
Contact Weekdays Weekends/Evening

s 
Radio Call 

Number 
Lynx Hotline 592-4734 592-4734  
Jennifer Vashon    
John DePue    

Randy Cross    
Lee Kantar    
Walter Jakubas     

 
Veterinarian Contact List 
 
Rehabilitator Contact List  
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Regional Biologists Phone Numbers 
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Warden Service District Map and Roster 
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Warden phone numbers 
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1.  Obtain information from CALLER

Date Time IFW Staff collecting caller info:__________________________
Trapper/Individual Reporting 

Address  

Circle all info that applies

Type of trap? Foot-hold Conibear Cage When was trap last tended?  

Animal still in trap? Yes No Is animal entangled? Yes No

Staking of Trap? Staked Drag  Lynx appear injuried?   Yes No

Animal's Behavior Calm Sleeping Pacing Alive Dead

Disturbance at the site? Yes No Other:

traffic Hunters

*advise caller to minimize disturbance to the animal * 

Current weather? Clear Rain Snow  Windy Current temperature?  

Overnight weather? Clear Rain Snow  Windy Overnight temperature?  

Directions and meeting time:

2. Contact IFW lynx hotline 592-4734 to inform lynx specialist/ Mammal Group

3. At the site minimize disturbance (crowd and/or traffic control)

4. Inforamation when ON-SITE: Circle all informaiton that applies

Size of trap #1.75 #2 #3 110 120 160 220 Other:_________

Inside jaw spread ________ inches # coils Number of Swivels?______In-line spring? Y or N

Jaw type Padded Laminated Offset Legal Set? Yes No All people present
Securing method Staked Drag 1______________________

Bait? Yes No Type: __________________ Visible? Yes     No 2______________________

Lure? Yes No Type: ____________________ 3______________________

Town:________________________________________ 4______________________

Location:____________________________________________ 5______________________

GPS coordinates E N 6______________________

GPS datum WGS84 NAD27 NAD83 7______________________

5. At the site: Assess the ANIMAL prior to chemical immobilization
 

Animal entangled in vegetation? Yes No

Unresponsive? Yes No

Broken bones?  Yes No If yes, Compound

Bleeding? Yes No If yes, minor

Laceration? Yes No If yes, superficial (through 1st layer of skin) major (deep requires sutures)

Limping/dragging limb? Yes No

6. Anethesia (follow  protocol and complete capture form* except for lynx in cage trap)
7. Action Taken:  

Y/N Y/N Y/N

 Name&Location of Rehab Center__________________________________________  Phone #________________

Comments:

*See Department Policy for situations when you can advise the trapper to release a lynx* 2012-13

Release uninjured?

non-compound

Major

Type of Disturbance:Vehicle traffic

Phone number:

Equipment operation Animal disturbance

Taken to rehab. Center? Euthanized?

Form For Reporting & Responding to Incidental Captures of Lynx 
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Equipment and Supplies: 
___Ketamine  
___Xylazine  
___Yohimbine (Antagonil) 
___Antibiotic  
___Syringe pole 
___Syringes (1 and 3 cc)  
___Needles (20 and 18 gauge) 
___Thermometer 
___Vaseline 
___Eye lubricant 
___Eye cover 
___Eartags  
___eartag applicator 
___leather punch 
___rubber gloves 
___tweezers 
___envelope for hair collection 
___desiccant tubes 
___tape measure 
___scale 
___ leg cuffs to weigh animal 
___camera 
___radio/cell phone 
___dog crate 
___Protocols/Response Handbook 
___Contact list 
___Data sheets 
___ Pencil 
___ GPS Unit 
___ Batteries 
___ Flashlight/pen light/head lamp 
___ Cotton balls/swabs 
___ Aluspray 
___ Silver nitrate 
___Saline and irrigation bottle/syringe 
___ SAM splint and bandage 
___heat pads 
___sleeping bag or wool blanket 
___ rubbing alcohol  
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Immobilization Protocol for Lynx 
 

Lynx are normally very calm when trapped.  The captured animal should provide you 
with ample time to:1) review the handling and immobilization protocol, and  
 2) plan your work. 
 
On Site: 
 Take control of the scene immediately upon arrival.  Clear the area of any 

nonessential personnel and onlookers, and establish a quiet, level area to work on 
the immobilized lynx. 

 Describe your planned handling activities to all personnel and onlookers.  
 If possible, establish telephone contact with Jen or other biological staff available to 

assist you during the handling. 
 Read through handling and immobilization protocols before beginning to handle the 

animal. 
 Wear rubber gloves to avoid contaminating genetic samples and to protect 

personnel. 
 
Identify cat species  
 
      

                  
Lynx        Bobcats  
 longer ear tufts (1” or longer)      * shorter ear tufts (absent to 1”) 
 longer facial ruff,      * shorter facial ruff = more round face 
 shorter and completely black tipped tail     * tail black tipped on top and white underneath 
 large and well furred feet (>3”track)  * smaller feet (2”track) 
 uniform coat color     * less uniform coat: white underbelly, spotted,  
 buff colored hind foot    * chocolate brown along back of hind foot 
 

 
Assess lynx for injury or potential for injury and estimate weight 
 Approach all traps quietly to minimize stress. 
 Assess the animal for any apparent injuries or potential for injury (see Assessing 

Lynx in Traps document page ). 
 Estimate the trapped animal’s weight to determine proper dosage rate.  A large cat, 

typically a male will weigh between 25 and 30 lb., and an adult female will weigh 
around 20 lb.  A kitten born the previous spring will weigh between 6 and 10 lb.. 
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Chemical immobilization 
 Prepare immobilization equipment from a distance (preferably out of sight of 

captured animal). 
 Lynx will be immobilized with a 5:1 ketamine hydrochloride and xylazine 

hydrochloride with a syringe pole. Use 18-gauge needle and 3 cc syringe for 
injections.   

 These drugs and doses are very safe.  It is better to overdose than underdose.   
 The lynx will likely remain calm in the trap if you approach very slowly and quietly, 

periodically stopping as you approach. 
 Slowly extend the syringe pole towards the cat’s hind quarter and slowly insert the 

needle in the large muscle mass of the hind quarter.  You may also administer the 
drug in the front shoulder if the hind leg is not visible.   

 
 Lynx Dosage Chart (5 ketamine :1 xylanzine) (Kreeger 1990).  
    
 Ketamine 

  
 Xylazine    

Concentration 100 mg/ml 200mg/ml  100mg/ml 400mg/ml 

Kitten ~ 10 lbs  
 

0.45cc 0.20 cc  0.09 cc 0.02 cc 

Adult Female 20 

lbs  
0.90 cc 0.50 cc  0.18 cc 0.05 cc 

Adult Male 30 lbs   1.35 cc 0.70 cc  0.27 cc 0.07 cc 

Draw ketamine with a 1cc syringe and 20 gauge needle and then deposit dose in pole syringe 
With a fresh needle and syringe draw the xylazine from the bottle and deposit in pole syringe 
 
 Record time of delivery and delivery method on data sheet. 
 Move out of sight and check the animal 8 minutes from delivery time to determine if 

the animal is fully anesthetized.   
 If the animal does not appear to have any drug, prepare a second dose and deliver 

as described above. 
 If the animal is partial dosed wait a few more minutes to allow the drug more time to 

take effect.  
 In the event that the animal begins recovering from the drug during the handling or 

appears lightly dosed you can provide additional dose of ketamine (kitten 0.05 cc, 
AF=0.1 cc, AM=0.15cc) by hand injection.   

 
Handling 
Care of animal 
 Minimize noise during handling and recovery to reduce stress. 
 Find appropriate work site (flat ground preferable);  
 To maintain lynx body temperature, place lynx on a tarp, blanket, or sleeping bag  
 Straighten neck and check nose and mouth to make sure airway is clear and 

position animal so their head is slightly lower than their body to avoid aspiration of 
fluids 
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 Administer eye lubricant and cover eyes - keep eyes covered through recovery. 
 Check animals body temperature and observe breathing and heart rhythm.  Apply 

Vaseline to thermometer before obtaining body temperature. Normal body 
temperature for cats 101.5 F Continue checking body temp. throughout the work-up.   

 If breathing stops, administer antagonist (e.g. Yohimbine) & begin CPR (dosage 
chart p.4) 

 Examine animal for any handling or capture related injuries (per protocol-assessing 
lynx for injuries). 

 In the event of an injury follow recommendations in guidelines for assessing lynx for 
injuries. 

 
Biological data collection 
 Because testicles may not be developed in young males, use the distance between 

anal and urethra openings to determine the sex of each animal. 
 

       
Adult Female       Adult Male           Female kitten    Male kitten 
 
DNA-Tissue Samples 
 Hair and tissue samples will be taken for genetic analysis.   
 Clean tweezers, leather punch, and thermometer with antiseptic wipes before and 
after use 
 Before administering ear tags remove a tissue sample from the ear using leather 

punch 
 Ear tag will be administered through this hole (only necessary to obtain a tissue 

sample from one ear, but collect both if possible). 
 Sterilized forceps (rubbing alcohol) will be used to remove ear plug from leather 

punch or ear 
 Ear plug will be placed in small tubes containing desiccant for storage 
 Label each tube with eartag number, sex, date of capture, capture town. 
Eartagging and Radio collaring 
 Each lynx will be equipped with numbered ear tags in each ear.  Record tag 

numbers and tag color on data sheet. 
 Because IFW telemetry study has ended, lynx will no longer be equipped with a 

radiocollar prior to release.   
DNA- Hair Samples 

 Hair will be collected by pulling a small clump of hair, that should ensure that hair 
follicles (contain skin cells and DNA) are attached. 

 Hair will be placed in the supplied envelopes for storage.  If hair is wet, let air dry in 
envelope before sealing. 

 Each envelope will be marked with animal’s eartag number, sex, date of capture, 
and capture location (town). 

Morphological measurements: 
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 Standard morphological measurements will be taken. (See power point slides for 
specifics) 
 Neck, chest, total length and weight are important for assessing condition of animal 
 Ear tuft length, shoulder height, tail length, hind foot length (hock to tip of middle toe 

pad), are important for species identification (see graphic) 
 Shoulder height is measured by extending the front leg and placing tape on tip of 

shoulder blade to rear edge of foot pad 
 
Miscellaneous  
 Examine female animals for sign of lactation, estrus, etc. 
 Age will be estimated by examining dentition.  Comments about tooth coloration, 

wear, and broken teeth will be recorded. Photographs can further aid in age 
determination.   

 Describe pelage color and unique markings (i.e. toe coloration) 
 Administer antibiotic IM (18 gauge needle is preferred for drawing antibiotic from 

vial, but use a 20 gauge needle for administering the antibiotic). To deliver 
subcutaneously pull the skin up (it should look like a tent) and insert the needle 
under the skin (i.e. through the front tent door).   

 
Recovery 
 Allow the animal to recover in a location with concealing cover, away from hazards 

such as roads, waterways or puddles, or set traps. 
 Place animal in position that assures an open airway, with head at slightly lower 

elevation than body to prevent aspiration of fluids.   
 Retain eye covering loosely, so animal can remove as it begins to recover. 
 Reversing agent (Antagonil, Yohimbine,etc.) can be given IV or IM using a 20-gauge 

needle 45 minutes after lynx is given xylazine.  Use a fresh needle and syringe (see 
dosage chart). 

 Observe animal from a distance until it recovers fully, and record time when it 
stands.  Do not attempt to hasten recovery by using loud noises or bright lights.   

 

  Reversing agent for Xylazine 
(i.e., Antagonil) 

Antibiotic 
CombiPen (Pen G Procaine 

and    Pen G Benzathine) 
Kitten ~ 10 lbs  
 

0.25 cc 0.50 cc 

Adult Female 20 lbs 
  

0.5 cc 1.0 cc 

Adult Male 30 lbs   
 

0.75 cc 1.50 cc 

 
Needle size  

 
20 gauge 

Draw:18 gauge 
Delivery: 20 gauge 

Delivery time >45minutes after sedation   Any time  
Delivery site IM or IV (slowly)  Subcutaneous/IM 
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MDIFW Guidelines for Assessing & Evaluating Injuries of Lynx 
Captured in Traps 

(Updated 10-15-08 & 10-12-10) 
 
Objective:  The objective of this protocol is to provide guidance to Maine 
Department of Inland Fisheries and Wildlife (MDIFW) personnel on assessing the 
physical condition of lynx incidentally captured by trappers.  This includes the 
identification and evaluation of injuries and their severity.  This assessment will 
determine if a lynx requires veterinarian treatment or can be released on site.   
 
A MDIFW employee will respond on-site to all reports of a lynx captured in a trap, 
unless:  1.) conditions are such (e.g., high disturbance, bad weather (avoid 
hypothermia)) that it would be unsafe for the animal to remain in the trap for the 
period of time it would take Department staff to travel to the site, 2.) it is 
dangerous for Department staff to travel to the site (e.g., extreme weather), 3.) a 
trapper has released the lynx because circumstances made it impossible for the 
trapper to contact the Department and not jeopardize the welfare of the lynx, or 
4.) if Department staff cannot get to the site before dark. 
 
The public and MDIFW staff are asked to immediately contact the 24 hr/7 day a 
week lynx hotline (207) 592-4734 to deploy MDIFW staff trained and skilled in 
chemical immobilization of lynx.  The trapper/observer will be advised on what 
they can do to minimize additional injury (e.g., minimize disturbance) in the 
interim until Department staff arrive.  The closest MDIFW staff member (biologist 
or warden) will go to the site for additional assessment and to secure the site 
while awaiting the arrival of staff trained in chemical immobilization.   
 
In the unlikely event that a person cannot be reached at the hot-line, please 
contact  
Jennifer Vashon (MDIFW lynx biologist-Bangor Office) at: (work),  
 
In the rare event that MDIFW staff cannot respond in person to a lynx capture, 
staff will interview the trapper/observer to determine the potential for injury and/or 
extent of injury (see pages 2 and 3). Staff will advise the trapper to release the 
lynx if a verbal assessment of the conditions of the capture indicates that the lynx 
is likely uninjured or has minor injuries not requiring veterinary attention. Staff will 
discuss with the trapper methods for releasing the lynx using the methods 
described in the section "Acceptable methods for physically restraining a lynx to 
release the trap from the animal’s foot" (see p17). If the animal has an injury that 
requires veterinary care and extreme weather conditions or other circumstances 
make it impossible for Department staff to travel to the capture site, the trapper 
will be asked to either release or dispatch the lynx following the guidelines in 
Appendix 1. In cases where a trapper will be asked to euthanize a lynx, 
permission to euthanize the animal will first be requested from a USFWS special 
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agent or a Maine Warden1. If a USFWS special agent cannot be reached for this 
request, they will be notified as soon as possible after the Maine Warden Service 
gives permission for the euthanization.  
 

Notification and Response 
Before going to the scene, ask the individual reporting the capture to provide the 
following information: 

 condition of animal (appears injured or uninjured);  
 weather conditions (current and overnight temperatures, and 

precipitation); 
 disturbance at site (e.g., vehicle traffic levels, equipment operation, and 

human or animal disturbance);  
 type of trap (conibear or foothold); 
 how is trap secured (i.e., foothold-trap staked or set with a drag, or 

conibear on ground or on a tree / pole);   
 is the animal entangled or hanging from the trap; 
 amount of time since trap was last tended to; estimate the maximum 

amount of time animal has been in the trap; and  
 directions to the capture site and a meeting time. 
 

Advise the reporting individual to keep disturbance to a minimum (do not 
approach the animal, do not photograph the animal, limit vehicle traffic) until 
MDIFW staff arrives on scene and secures the site. 
 

Injury Assessment by MDIFW personnel 
Major Injuries requiring veterinarian care 

 Broken bones -- This is any bone that sustains a compound fracture 
(bone protrudes through skin) or any fracture of long bones (femur, ulna, 
radius, tibia)2.   

 Tooth injuries – Prior to anesthesia, a lynx that is visibly drooling or 
salivating indicates a tooth injury that deeply disturbs the roots and nerves. 

 Mouth injuries -- excessive bleeding, swelling, redness, odor 
 Unresponsive to stimulus -- lynx are often observed sleeping in a trap 

but will respond to being touched. Prior to anesthesia, a lynx that does not 
move when touched, but is breathing should be evaluated by a 
veterinarian.  

 Severe bleeding -- i.e., pulsing, spraying bright red blood (arterial blood) 
 Laceration -- The direction and depth of the laceration should be 

assessed; length of laceration is of less importance.  A laceration that is at 
least the full thickness of the skin (i.e., exposes layers of skin) requires 
cleaning and sutures.  A horizontal laceration (i.e., across the limb) is 

                                            
1 All Maine Wardens are deputized Federal Agents. 
2 Non-compound fractures of smaller bones were not included as requiring veterinary attention 
because of the difficulty of assessing (or inability to assess) these breaks in the field. 
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more dangerous than a vertical laceration and should be assessed by a 
veterinarian.   

 Puncture wound -- Wounds that extend into the body cavity or puncture 
wounds with swelling and edema. A puncture wound can be differentiated 
from a laceration by the lack of clean edges and the triangular or v-shaped 
appearance of the wound. 

 Frozen digits -- When temperatures are below freezing, the 
foot/toes/appendage below the trap are susceptible to frostbite.  Digits or 
tissues that are cold and stiff may be indicative of frostbite.   

 Dislocation of shoulder or hip 
 
Injuries not requiring veterinarian care 

 Edema -- Swelling of capture foot 
 Tooth injuries -- tooth chipping, broken teeth without drooling or 

salivation 
 Mouth injuries -- minor bleeding  
 Laceration -- longitudinal on the limb and a laceration that only penetrates 

the dermis of the skin (i.e. not the full thickness of the skin)   
 Broken toes -- Broken toes most likely will not be detectable in the field. 
 Minor bleeding -- slow bleeding or drying blood  

 Puncture wounds -- in limb with no swelling or edema 

 Hypothermia -- (e.g., body temperature < 95º F, shivering) Note: a lynx 
that’s coat is wet and/or the animal is shivering, but has no other signs of 
injury should be released without chemical immobilization, as these drugs 
will further depress the animal’s body temperature.   

 
 

Assessment of lynx in trap by IFW staff 
All incidentally captured lynx will be chemically immobilized by MDIFW staff 
trained, certified, and skilled in the use of chemical immobilizing drugs and their 
delivery systems, following MDIFW lynx chemical immobilization protocols.  All 
injuries will be documented on capture forms and photographed.  Lynx with major 
injuries will be taken to a veterinarian for treatment (see contact list below).  If it is 
unsafe to travel to the site, obtain an assessment based on below criteria from an 
observer at the site. 
 
Obvious visible signs of injury 
 Compound fracture (i.e., observe bone protruding through skin) 
 Blood  
 Limping, dragging limb 
 Unresponsive  
Potential for injury  
 Capture leg is contorted (may indicate a break or dislocation) 
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 Animal is caught at or above the ankle 
 Animal is entangled in vegetation 
 Weather: Cold ambient temperatures  (below freezing) or precipitation in 

combination with cold temperatures (< 32 F) 
 An injured lynx with a wet, soaked pelt  
 All lynx caught in conibears 
 
Physical restraint of lynx (only when MDIFW staff cannot respond) 
All information listed below must be applicable to release lynx on site without 
chemical immobilization and additional health assessment by MDIFW staff.   
 

 Animal is caught at the foot below the ankle. 
 Animal is sitting calmly in trap when not disturbed by people or vehicles. 
 Animal moves without sign of injury when approached by people/vehicles. 
 Lynx is not entangled in vegetation or other obstruction on the site. 
 There is no visible sign of injury. 
 The lynx was in the trap < 28 hrs. 
 Current and overnight temperatures were above freezing. 
 There has been limited disturbance at the site (e.g., low or no vehicle or 

human traffic). 
 
Acceptable methods for physically restraining a lynx to release the trap from the 
animal’s foot 

 Noose pole -- The catch loop should only be tightened sufficiently to hold 
the lynx without restricting the animal’s ability to breathe (i.e., do not choke 
the lynx). The end of the pole (closest to the loop) should then be pinned 
to the ground to restrain the head.  Once the head is restrained, lightly 
place your foot on the lynx’s hind legs to secure the hindquarters.  Once 
the animal is secured to the ground, remove the trap from the animal’s 
foot.   

 Forked stick -- A forked stick can be placed over the neck to pin the 
animal head and shoulders to the ground. After the animal's head is 
immobilized lightly place your foot on the hindquarters to further restrain 
the lynx.  Once the animal is secured to the ground, remove the trap from 
the animal’s foot.   

 Plywood -- To pin a lynx to the ground, a piece plywood can be placed 
lightly over the animal. Light pressure should be applied to the plywood to 
immobilize the animal.  Once the animal is immobilized, remove the trap 
from the animal’s foot.   
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Assessment of chemically restrained lynx 
IFW personnel will further evaluate the animal to identify injuries and severity of 
injuries.   

 Body temperature obtained with a rectal thermometer.   
 Examine the mouth (swelling, redness, broken teeth, chipped teeth, 

bleeding gums). 
 Signs of shivering 
 Signs of bleeding 
 Feel all bones for compound or non-compound fractures 
 Extremities cold to touch  
 Body condition score (see datasheet: SOAP)  

 
Lynx with minor injuries will be treated with antibiotics, minor wounds will be 
cleaned, and the animal will be released on site. 
 
Lynx with major injuries will be taken to veterinarian for treatment and held at 
approved and licensed wildlife rehabilitator at the advisement of the veterinarian.  
 

Situations when lynx should be euthanized on site 
The decision to euthanize a lynx having the injuries described below was based 
on the low probability that the animal would survive the injury and corresponding 
treatments.  These injuries would likely occur secondarily to the animal being 
trapped (e.g., predation attempt on the trapped animal). 
 

 Evisceration- i.e., intestines are protruding from abdominal cavity 
 Massive tissue/limb trauma 

 Broken back or neck 

 Cranial vault 

 
Acceptable methods for euthanasia (Kreeger 1999, AVMA 2001) 

 Gunshot (.22 caliber bullet is sufficient)  
o For physically or chemically restrained lynx: place muzzle of gun 

between the intersection of two imaginary lines drawn between the 
eyes and the ears of the lynx. 

o For unrestrained lynx: Head and neck shots are preferred to lung or 
heart shots. 

 Beuthanasia D or Fatal Plus  
o Only IFW staff trained and certified in the use of these euthanasia 

drugs will deliver these chemicals. 
o Administered intravenously or through the peritoneal cavity (IP).  An 

IP injection can be delivered by a dart to an unanesthetized animal 
as the therapeutic value is sufficient. 

 Supersaturated solution of KCl; Note this is only administered to an 
animal that has been anesthetized.   
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Appendix 1:Guidelines when MDIFW staff cannot travel to the 
capture site on whether an injured lynx should be released or 
euthanized  

 
The most likely circumstance that would prevent MDIFW staff from responding 
on-site to an injured lynx caught in a trap would be extreme weather conditions 
(e.g., freezing rain, heavy snow).  These extreme weather conditions may also 
jeopardize the survival of the trapped animal to a greater extent if the animal is 
left in the trap, than if it were released.  In circumstances where the nature of the 
injury is such that the lynx has a low probability of survival, even if it were 
released from the trap, the animal should be euthanized to minimize any pain 
and suffering.  
 

If IFW staff CAN’T get to the site 
 Broken bones -- Any bone that sustains a compound fracture (bone 

protrudes through skin) or any fracture of long bones (femur, ulna, radius, 
tibia)   
 If the lynx has a compound fracture or badly broken bone the 

animal should be euthanized rather than released if IFW staff 
can’t get to the site. 

 Dislocation of shoulder or hip 
 The animal should be euthanized rather than released if IFW staff 

cannot get to the site. 
 Unresponsive to stimulus – Lynx are often observed sleeping in a trap but 

will respond to being touched. Prior to anesthesia, a lynx that does not move 
when touched, but is breathing likely has an underlying life threatening injury. 

  The animal should be euthanized rather than released if IFW staff 
cannot get to the site. 

 Severe bleeding -- i.e., pulsing, spraying bright red blood (arterial blood) 
 The animal should be euthanized rather than released. 

 Puncture wound -- Wounds that extend into the body cavity or puncture 
wounds with swelling and edema. A puncture wound can be differentiated 
from a laceration by the lack of clean edges and the triangular or v-shaped 
appearance of the wound. 
 The animal can be released with this injury, unless the wound 

exposes a major body cavity (e.g., abdominal). 
 Laceration -- The direction and depth of the laceration should be 

assessed; length of laceration is of less importance.  A laceration that is at 
least the full thickness of the skin (i.e., exposes layers of skin) requires 
cleaning and sutures.  A horizontal laceration (i.e., across the limb) is 
more dangerous than a vertical laceration and should be assessed by a 
veterinarian.   
 The animal can be released with this injury. 
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Appendix 1:Guidelines when MDIFW staff CANNOT travel to the 
capture site on whether an injured lynx should be released or 
euthanized.  

 
 Tooth Injuries -- A lynx that is visibly drooling or salivating indicates a 

tooth injury that deeply disturbs the roots and nerves. 
 The animal can be released with this injury. 

 Mouth Injuries -- excessive bleeding, swelling, redness, odor 
 The animal can be released with this injury. 

 Frozen digits -- When temperatures are below freezing, the 
foot/toes/appendage below the trap are susceptible to frostbite.  Digits or 
tissue that are cold and stiff may be indicative of frostbite. 
 The animal can be released with this injury when IFW staff cannot 

get to the site. 
 Hypothermia --  (e.g., body temperature < 95º F, shivering) Note: a lynx 

that’s coat is wet and/or the animal is shivering, but has no other signs of 
injury should be released without chemical immobilization, as these drugs 
will further depress the animal’s body temperature.   
 The animal can be released with this injury.  
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AT A GLANCE: Lynx Physical Exam and Care   
 
Major Injuries requiring veterinarian care 

 Broken bones -- This is any bone that sustains a compound fracture 
(bone protrudes through skin) or any fracture of long bones (femur, ulna, 
radius, tibia)3.   

 Tooth injuries – Prior to anesthesia, a lynx that is visibly drooling or 
salivating indicates a tooth injury that deeply disturbs the roots and nerves. 

 Mouth injuries -- excessive bleeding, swelling, redness, odor 
 Unresponsive to stimulus -- lynx are often observed sleeping in a trap 

but will respond to being touched. Prior to anesthesia, a lynx that does not 
move when touched, but is breathing should be evaluated by a 
veterinarian.  

 Severe bleeding -- i.e., pulsing, spraying bright red blood (arterial blood) 
 Laceration -- The direction and depth of the laceration should be 

assessed; length of laceration is of less importance.  A laceration that is at 
least the full thickness of the skin (i.e., exposes layers of skin) requires 
cleaning and sutures.  A horizontal laceration (i.e., across the limb) is 
more dangerous than a vertical laceration and should be assessed by a 
veterinarian.   

 Puncture wound -- Wounds that extend into the body cavity or puncture 
wounds with swelling and edema. A puncture wound can be differentiated 
from a laceration by the lack of clean edges and the triangular or v-shaped 
appearance of the wound. 

 Frozen digits -- When temperatures are below freezing, the 
foot/toes/appendage below the trap are susceptible to frostbite.  Digits or 
tissues that are cold and stiff may be indicative of frostbite.   

 Dislocation of shoulder or hip 
 
Injuries not requiring veterinarian care 

 Edema -- Swelling of capture foot 
 Tooth injuries -- tooth chipping, broken teeth without drooling or 

salivation 
 Mouth injuries -- minor bleeding  
 Laceration -- longitudinal on the limb and a laceration that only penetrates 

the dermis of the skin (i.e. not the full thickness of the skin)   
 Broken toes -- Broken toes most likely will not be detectable in the field. 
 Minor bleeding -- slow bleeding or drying blood  

 Puncture wounds -- in limb with no swelling or edema 

 Hypothermia -- (e.g., body temperature < 95º F, shivering) Note: a lynx 
that’s coat is wet and/or the animal is shivering, but has no other signs of 
injury should be released without chemical immobilization, as these drugs 
will further depress the animal’s body temperature.   

                                            
3 Non-compound fractures of smaller bones were not included as requiring veterinary attention 
because of the difficulty of assessing (or inability to assess) these breaks in the field. 
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Objective Exam of Sedated Wildlife (SOAP): Dr. Stewart Sherburne, DVM 
 Quickly run hands along body to note changes in temperature, fluids, swelling 
 Start at nose and work to tail (use same procedure every time): 

1. Nose: blood, fluid, foreign objects 
2. Mouth: blood, tooth fractures/avulsions, tongue lacerations, mandibular 

fracture 
a. Mandibular fracture: lightly squeeze lower canines and watch lower 

jaw for separation; or fracture will be obvious 
3. Eyes: Lids, conjunctiva, cornea are clean of foreign material 
4. Ears: fluid, blood, debris (cotton ball on fingertip to swab ear) lacerations 
5. Neck: asymmetry, swelling, hair loss, edema, lacerations, subcutaneous 

emphysema 
6. Chest and abdomen: lacerations, abrasions, subcutaneous fluid, body 

wall hernia, asymmetry, bloat, rib fractures 
7. Extremities: lacerations, hair loss, swelling, fractures, digital pulse, nail 

bed perfusion, deviations from normal orientation/flexion and extension of 
claws/digits. (use the opposite leg/foot to identify normal) 

8. Anus/perineum: bleeding diarrhea, temperature 
 
Note: For animals with obvious non-recoverable injuries (e.g. evisceration) nose 
to tail assessment is not necessary and the animal should be euthanatized 
immediately to minimize suffering.  
 
Additionally, wet, soaked animals with no obvious/evident wounds/trauma should 
be released without chemical restraint. 
 
Example: Lynx has swelling on capture foot and minor laceration 
 

 
 
Note: although the animal has a minor injury on capture foot, body condition is 
excellent because animal is well fleshed and body weight is appropriate for age 
and gender. 

Mark abnormal area 
below: 

 
 
Normal – 101-102.5 
Body 
Temp 

Time         

  102.5 F  11:00 am        
  102.0 F  11:10 am         
  102.0 F  11:20 am       
  101.8 F 11:45 am         
            F          
 

Subjective Body Condition:  
Poor   Fair   Good    Excellent  

Objective     Normal Abnormal 
Eyes/Ears                    
Nose/Mouth                
Neck/Torso                 
Skin                        
Extremities                  
Assessment: Left front foot – 
abnormal, capture foot is swollen and 
has shallow and small laceration.                
______________ 
________________________________
___ 
Plan: Release/no sedation, Euthanize 
Sedation: Treat in field, or Transport to 
Vet;  Applied compression, exam foot, 
admin antibiotic and 
fluids___________________          
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Supportive care of sedated lynx:  
1. Monitor body temperature (Normal is 101-102.5 degrees) 

a. Monitor immediately following sedation and every 5-10 minutes 
thereafter.  

b. Frequency is determined by whether body temp is stable or 
fluctuating. 

2. Monitor breathing/pulse during sedation and assure airway is open and 
unobstructed. 

3. Lubricate eyes after complete nose to tail assessment (SOAP) 
4. Administer Antibiotic: (0.5 cc/10lbs)    

a. Shake bottle vigorously to prevent particulates from blocking needle  
b. Administer subcutaneously by tenting the skin over the beveled end 

of 18 g needle 
5. Administer Subcutaneous fluids: (3 to 4 syringes of fluid in a 60 ml syringe 

totaling 180-200 cc of fluid)  
a. Draw the fluids from the bag of 0.9% sodium chloride with a 60 ml 

syringe with an 18 g needle (saline bag needle) 
b. Insert the needle in the beige port on the bag and draw out 35 ml 
c. Replace needle with sterile 18 g needle for administering to animal 
d. Tent the skin (shoulder blade, neck) over the beveled end of the 

needle and slowly administer fluids. 
e. Repeat the process several times, always replace animal needle 

with saline needle to avoid contaminating the saline bag when 
drawing fluids.  

f. Note: Consider warming saline over heat vents in truck if body 
temperature is low (see treatment of hypothermia below). 

 
Treatment of sedated lynx: 
Compression to alleviate swelling on capture foot      

a. Tightly apply vet wrap to capture foot starting from the toe  
b. Remove vet wrap after 10-15 minutes of compression 
c. Examine foot for injuries (compare with opposite foot for normal/abnormal 

assessment).  
 
Care of minor abrasions (hair loss)/lacerations (not through the full thickness of 
skin)  
 

a. Subcutaneous antibiotics as administer for supportive care, no additional 
dose required 

b. If necessary irrigate with saline (use 18 g needle to puncture 6-8 holes in 
lid) to flush all dirt/debris from wound  

 
Care of moderate lacerations (longitudinal skin wounds that are <1”, not located 
on joint/tendon, don’t gape open, don’t involve tissue below skin). 
 

a. Irrigate with saline (use 18 g needle to puncture 6-8 holes in lid) to flush all 
dirt/debris from wound  
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b. Close laceration that don’t gape open and show no sign of infection 
with aluspray 

 
Care of major lacerations (located over joint/tendon, >1” long, involve tissue 
below skin, gape open) 

a. Irrigate wound with saline (use 18 g needle to puncture 6-8 holes in lid)  
b. Cover with bandage for transport and treatment by veterinarian 

 
Administering SAM Splint on dislocations/fractures for transport to veterinarian 

a. Mold the SAM splint on the opposite uninjured leg 
b. Cut the SAM splint to the appropriate length 
c. SAM Splint should extend beyond the joint that is above and below the 

fracture or dislocated joint (can’t splint a femur fracture) 
d. Wrap with vet wrap (using a SAM splint will stabilize the injury and prevent 

you from wrapping the leg too tightly) 
 
Hyperthermia (elevated body temp) 

1. Start cooling when body temperature reaches 102.5-103 degrees by: 
a. Uncovering animal from sleeping bag 
b. Moving animal into shade 
c. Consider putting animal in direct contact with ground 

2. Body temperature 104 degrees 
a. Place ice packs on inside of legs (armpit/groin) near blood vessels 

or; 
b. Douse inside of legs near blood vessels with rubbing alcohol 

(evaporative cooling that allows fur to dry quicker than if doused 
with water) or; 

c. Ice or rubbing alchol not available, douse inside of legs with water.  
 

Hypothermia (low body temperature) 
1. Dry animal if wet and place in sleeping bag to prevent hyperthermia 
2. Body temp <100 degrees 

i. Start warming with heat pads/hot water bottles wrapped in thin cloth 
placed on inside of legs near blood vessels (armpit/groin). 

ii. Wrap animal in space blanket 
iii. Consider moving animal into heated vehicle especially in adverse 

weather. 
iv. Administer warm saline subcutaneously as part of supportive care  
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Incidental Lynx Capture Form 
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Lynx Anesthesia Dosage Chart 
(5:1 ketamine/xylanzine; adapted from Kreeger 1990).  
       
  Ketamine  Xylazine Reversing agent 

for Xylazine  
Antibiotic  
 

Concentration 100 mg/ml 200mg/ml 100mg/ml 400mg/ml  Combi Pen 
Kitten ~ 10 lbs  
 

0.45 cc 0.20 cc 0.09 cc 0.02 cc 0.25 cc 0.50 cc 

Adult Female 20 lbs  0.90 cc 0.45 cc 0.18 cc 0.05 cc 0.50 cc 1.0 cc 

Adult Male 30 lbs   1.35 cc 0.70 cc 0.27 cc 0.07 cc 0.75 cc 1.50 cc 

Delivery needle 18 gauge, 1” needle 
   

20 gauge Draw: 18 gauge 
Delivery: 20 gauge 

 
Delivery site IM hind quarter IM or IV (slowly) subcutaneous /IM 

 
Delivery Pole syringe  Hand syringe Hand syringe 

 
Draw ketamine with a 1cc syringe and 20 gauge needle and then deposit dose in pole syringe 
With a fresh needle and syringe draw the xylazine from the bottle and deposit in pole syringe 
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2012 Trapping Regulations and 
Recommendations to Avoid Lynx Capture 

 

 
Regulations  
 Foothold traps in WMDs 1-6 and 8-11 set on dry 

ground can NOT have an inside jaw spread greater 
than 5 ⅜ inches and must have at least one swivel.  
 

 Cage-type live traps in WMDs 1-6 and 8-11 with 
dimensions of 13 X 13 inches or greater are 
prohibited.  

 

 Killer-type traps* (conibears with an inside jaw spread up to 8 inches) when set on 
land in WMDs 1-11  and 14, 18 and 19 must be set at least 4 feet above ground or 
snow level and 4 feet away from any bank. The pole or tree that the trap is affixed to 
must be: 
1) no greater than 4 inches wide at 4 feet above the ground and  
2) at an angle of 45º or greater to the ground the entire distance from the ground to 

the trap.   
3) The area within 4 feet of the trap in all directions must be 

 free of objects greater than 4 inches wide and 
 free of trees or poles slanted less than 45° between the ground & the height of 

the trap.   
4) If using a pole, the pole must be a natural section of tree which has not been 

planed or sawed to create a flat surface.    
*Some exceptions are made for killer-type traps used in blind sets & set under 
overhanging banks (see IFW law book). 
 

 Killer-type traps (conibears #220 or smaller) in WMDs 7, 14, 18 and 19 can be set 
on the ground with a lynx exclusion device; see page 36 of IFW’s law book for more 
information. 

 
Trappers are required to report the capture of lynx to a Game Warden or Department 
biologist as soon as possible and prior to removing the animal from the trap, unless a 
Department official cannot be reached in time to prevent injury to the lynx.  Any lynx 
released under this provision must be reported to the Department within 24 hours from 
the time it was discovered. Report Lynx Captures to (207) 592-4734 (24 hours a day 
and 7 days a week). In remote areas, phones are available at NMW checkpoints, 
custom gates, sporting camps, and logging operations. 
 
Recommendations 
 Stake foothold traps with chains less than 9 ½ inches long 
 Set foothold traps where the potential for entanglement in vegetation/debris is low 
 Attach the chains on foothold traps at the center of the trap frame 

< 5 ⅜ inches jaw 
spread 

1
2

3
4

5
6

Measure inside spread of jaw at the dog of the trap

1
2

3
4

5
6

1
2

3
4

5
6

1
2

3
4

5
6

Measure inside spread of jaw at the dog of the trap

< 5 ⅜ inches jaw 
spread 
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Appendix 9. IFW's Predator Management Program 
 

2012 Predator Management Program 
 

Recommendations to the Commissioner by Working Committee: 
(Regional Wildlife Biologists Tom Schaeffer, Mark Caron, and Warden Sgt. Dave 

Craven) 
Reviewed and modified by Wildlife Division: 8/1/2012 

Approved by Commissioner: 8/10/12 
 

Committee Charge: 
 
The working committee was charged with reviewing the scope of the predation 
management program that is evolving after its initial implementation in 2010 by the 
Commissioner of Inland Fisheries & Wildlife, Chandler Woodcock.  The objective of the 
current program is to reduce the impact of predation by coyotes on wintering deer in 
active, priority areas supporting deer as identified by Regional Wildlife Biologists. 
  
Program Scope: 
 
The predation management program is focused on “Designated Areas” that currently 
support populations of wintering deer, and that lie within the defined NEWME Deer 
Recovery Area.  The objective is to proactively reduce coyote density in these 
Designated Areas between early-autumn and early-winter that may be present during 
winter periods of vulnerability.  This will be followed by reactive winter efforts to monitor 
coyote presence and manage predation events as 
needed through winter. 
 
Over the past two years, Regional Wildlife Biologists 
have been directed to prioritize areas that actively 
support deer in their respective Regions, as well as 
to identify and contract with qualified trappers and 
hunters that are known to be capable and available 
to conduct coyote removals in these specified areas. 
 
Many of these Designated Areas are remote and 
may not receive significant levels of trapping and/or 
hunting effort.  In addition, this program requires a 
consistent, sustained effort through to spring 
breakup to ensure anticipated benefits are realized.  
For these reasons compensation will be offered to 
program participants for their time and extra effort to 
access these areas.  This effort is not expected to 
significantly increase statewide trapping effort but 
rather redirect existing efforts to these specific 
Designated Areas. 
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Operational Recommendations 
 
Designated Priority Areas:   
 
Each Region should identify the top 5 priority areas that currently support deer during 
restrictive winter conditions with an initial target of deploying agents to 4 designated 
areas per Region.  Designated areas may be added or operations modified/curtailed 
depending on budgetary limitations, as well as deer-coyote activity.  
 
Justification:  The Regions should prioritize wintering habitats that support deer based 
on various criteria including size population supported, size of area, accessibility, 
strategic location within general recovery area, spatial distribution, inclusion in a co-op 
agreement, etc.  Because this program will operate within the confines of a fixed 
budget, the number of prioritized areas ultimately designated will be dependent on 
factors that include budget ceiling, winter severity, access difficulties, number of 
assigned agents, etc. 
 
Timing:   
 
The trapping phase of the predator management program will commence on October 
17, 3 days after the commencement of the early coyote season (October 14) and run 
continuously through November 30, 2012 if favorable conditions prevail.  
 
The hunting phase of the predator management program will generally commence in 
December if/when there is sufficient snow cover or ground conditions that render land 
trapping ineffective, and provides for effective monitoring of coyote activity and their 
interactions with deer.  The predation management program will end when spring 
dispersal of deer occurs, or by May 15, 2013 whichever occurs first. 
 
The two operational phases of the program may overlap as directed by the Regional 
Wildlife Biologist as conditions warrant. 
 
Justification:  The Committee is sensitive to the role that recreational (i.e. volunteer) 
trappers play in removal of coyotes within some of the designated areas.  Rather than 
create controversy, our recommendation is focused on using the abilities and 
contributions of both groups to remove coyotes in areas accessible and normally 
targeted by recreational trappers.  We recommend allowing them the first 3 days of the 
early season before deploying agents.  Further, agents should be encouraged to initially 
avoid areas targeted by regular trappers as they can best determine, and assess/trap 
the periphery or backlands of the Designated Area. 
 
Note:  The Committee is aware of various interests in commencing hunting activities as 
early as September 1.  Our recommendation is to allow Regional Wildlife staff in 
consultation with Warden Service and other competent sources to make management 
determinations in the best interest of the resource and in consideration of the regional 
variables at play.  A broad application of an early start date may strain the program 
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budget, especially in a year when winter conditions may favor predatory efficiency and 
challenge general deer survival … when the most valuable protection may be that which 
is provided as a winter progresses rather than loading control efforts on the front end. 
 
Trapping:   
 
Qualified trappers will be identified by the Regional Wildlife Biologist, endorsed by the 
district game warden and maintain a positive working relationship with Department staff.  
Qualified trappers enlisted in the predator management program will be by contract and 
permit for assignment to one or more Designated Areas.  Participants in the program 
must be known to Department field personnel to have a demonstrated ability to perform 
the following: to selectively catch coyotes, to work cooperatively with Department 
personnel, to abide by hunting and trapping rules and regulations, and to perform the 
required work and reporting per contractual agreement.  Consideration will be given to a 
participant’s residence in relation to a Designated Area(s). 
 
With the possible exception of seasons, all trapping regulations remain in effect 
including lynx restrictions in WMDs 1 through 11.  For trappers being deployed in lynx-
sensitive districts, the Department will require review and training on BMPs and lynx 
avoidance techniques with the assistance of the RAS and other supports as required. 
 
This program is focused on the removal of coyotes from Designated Areas.  All non-
target animals shall be released immediately unless (1) a debilitating injury has 
occurred to the animal, or (2) the species is of rare, threatened, or endangered status.  
If (1), the animal shall be humanely dispatched and a Department official notified ASAP.  
The carcass will then be surrendered to a Department official as a program animal.  If 
(2), and a lynx, bald eagle, or golden eagle is caught, a Department official will be 
contacted immediately and prior to any attempt to release the animal.  Department 
personnel will respond to such a notification in a manner consistent with established 
Department guidelines and policy. 
 
As part of this program, all coyotes taken within designated areas by deployed agents 
shall be tagged as ADC fur with the tagging fee waived.  Allowances for time and 
mileage will be provided for agents to tag program fur only, once during the program 
period if the fur is not able to be tagged by a Department official otherwise as part of 
their routine duties.   
 
Efforts will be made by Regional and Warden Service personnel to account for 
volunteer/recreational removals within the designated areas by routine fur tagging 
procedures, normal field contacts, etc. 
 
Justification:  Regional and Warden Service personnel within WMDs 1- 11 should 
collaborate to establish strategic locations for sufficient training sessions to 
accommodate program trappers specifically, to review/train on lynx and other non-target 
avoidance techniques prior to the commencement of the 2012-13 program.  Key 
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personnel with RAS, as well as other qualified resources, should be involved in the 
presentation of avoidance techniques and BMPs. 
 
This program is focused on the selective removal of coyotes from designated areas and 
therefore will not support or compensate participants for the removal of non-target 
species.  Regional personnel should collaborate to establish agreements with fur 
buyers/processors strategically located that are willing to take possession of non-target 
raw fur from Department officials, process, and sell the fur with net funds being returned 
to the program account. 
 
Program participants should meet the same minimum standard of qualifications required 
for ADC agents with a focus on a demonstrated ability to selectively and effectively 
remove coyotes.  Regional Wildlife Biologists will consult with appropriate Warden 
Service personnel in determining a candidate’s qualifications.  In the interest of 
maximizing program funds and efficiency, Regional personnel should give consideration 
to a candidate’s base location in relation to the Designated Area(s) assigned. 
 
For program accounting, all coyotes will be required to be tagged as ADC, and may be 
retained by the program participant.  Participants may be compensated for their time 
and mileage, if needed (i.e. unable to get fur tagged at residence by Department official, 
or to tag with other acquired fur) to tag program carcasses only.  A participant can make 
a total of one such claim for compensation during the course of the program.  These 
claims cannot be made to tag other carcasses or fur taken recreationally. 
 
Hunting: 
 
Qualified hunters will be identified by the Regional Wildlife Biologist, endorsed by the 
district game warden and maintain a positive working relationship with Department staff.  
Qualified hunters enlisted in the predator management program will be by contract and 
permit for assignment to a Designated Area(s).  Participants in the program must be 
known to Department field personnel to have a demonstrated ability to perform the 
following: to be able to selectively remove coyotes, to work cooperatively with 
Department personnel, to abide by hunting and trapping rules and regulations, and to 
perform the required work and reporting per contractual agreement.  Consideration will 
be given to a participant’s residence in relation to a Designated Area(s). 
 
For program purposes, agents may be deployed to monitor and hunt as directed by the 
Regional Wildlife Biologist, but generally when persistent snow pack first develops 
through the period of spring dispersal or May 15, whichever occurs first, and if 
conditions warrant.  Hunting may overlap the period where program trapping is in effect.  
Trapping and hunting agents within a Designated Area will be encouraged to actively 
communicate findings with each other and enhance / target efforts to remove coyotes. 
 
Night hunting may be employed as a tactic by program agents as permitted by the 
Regional Wildlife Biologist.  During the period of September 1 through December 15, 



 

Incidental Take Plan For Maine’s Trapping Program 
Amended September 2015  Page 295 

this activity may only occur in and adjacent (1/4 mile) to Designated Areas and only if an 
agent notifies the District Game Warden of their intended activities and locations. 
 
As part of this program, all coyotes taken within designated areas by deployed agents 
shall be tagged as ADC fur with the tagging fee waived.  Allowances for time and 
mileage will be provided for agents to tag program fur only, once during the program 
period if the fur is not able to be tagged by a Department official otherwise as part of 
their routine duties.  Efforts will be made by Regional and Warden Service personnel to 
account for volunteer/recreational removals within the designated areas by routine fur 
tagging procedures, normal field contacts, etc. 
 
Justification:  Consideration for contracting with qualified hunters will be the same as 
trappers. 
 
Hunting may fill a niche during the same period that directed trapping is occurring, but 
can generally be considered when conditions begin to transition to frozen ground and 
persistent snow cover. Regional Wildlife Biologists in consultation with Warden Service 
personnel will have the flexibility to deploy and direct agents when and where needed to 
best accomplish program objectives.  Earlier starting dates by special exception may be 
employed at the discretion of the Regional Wildlife Biologist where factors such as 
remoteness, accessibility, coyote densities, etc. dictate earlier deployment. 
 
Monitoring: 
 
Monitoring will be an essential part of the trapping and hunting phases of this program.  
Monitoring will consist of an agent assessing a Designated Area and its immediate 
periphery for evidence of coyote presence, activity, and/or interactions with deer.  
Based on these observations, an agent is expected to provide an appropriate response, 
as allowed by permit, to remove target animals.  Sufficient monitoring should occur such 
that a Designated Area is assured reasonable coverage sufficient to detect and alleviate 
predatory losses to resident deer.  If permitted methods are insufficient to relieve the 
effects of predation, or if other losses are identified, the agent is expected to report such 
to the Regional Wildlife Biologist as soon as practical.   
 
Agents may also be compensated to monitor, identify, and report other mortality 
sources of resident, wintering deer within a Designated Area.  This may include data 
collection, in those affected Designated Areas, to supplement the Department’s ongoing 
effort to assess vehicle caused (unreported) mortalities as well as to supplement the 
Department’s deer recruitment potential by fetus analysis. 
 
Agents are expected to report the results of their monitoring activities, along with results 
of removal efforts, on a bi-weekly basis to the Regional Wildlife Biologist. 
 
Justification:  Sufficient monitoring should be employed to effectively guide coyote 
removal efforts within and immediately adjacent to Designated Areas.  These efforts 
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should be used to provide general monitoring of the resident deer herd as well and to 
gauge general wintering conditions and other sources of mortality. 
 
Houndsmen: 
 
Qualified houndsmen identified by the Regional Wildlife Biologist, endorsed by the 
district game warden and that maintain a positive working relationship with Department 
staff may be enlisted in the predator management program by contract and permit for 
assignment to one or more Designated Areas.  Participants in the program must be 
known to Department field personnel to have a demonstrated ability to perform the 
following: to be able to selectively run and remove coyotes, to work cooperatively with 
Department personnel, to abide by hunting and trapping rules and regulations, and to 
perform the required work and reporting per contractual agreement.  Consideration 
should be given to a participant’s residence in relation to Designated Area(s). 
 
Unless specifically permitted otherwise, the use of hounds is limited to the period of 
December 15, 2012 until spring dispersal or May 15, whichever occurs first; and is 
restricted to areas that are peripheral or outside of the Designated Area during the 
wintering period; i.e. between ¼ to 2 miles from a Designated Area’s boundary.  For the 
purposes of this program, only coyotes may be run and/or taken and no dog(s) may be 
started or initially released on bait or coyote track unless it is within this defined buffer.  
All dogs utilized for this purpose will be experienced and broken of running deer.  No 
young or inexperienced dogs will be deployed for the purposes of training as part of this 
program. 
 
As part of this program, all coyotes taken within designated areas by deployed agents 
shall be tagged as ADC fur with the tagging fee waived.  Allowances for time and 
mileage will be provided for an agent to tag program fur only, once during the program 
period if the fur is not able to be tagged by a Department official otherwise as part of 
their routine duties.  Efforts will be made by Regional and Warden Service personnel to 
account for volunteer/recreational removals within the designated areas by routine fur 
tagging procedures, normal field contacts, etc. 
 
Justification:  Experienced handlers with trained hounds are an asset that can be 
deployed to run, harass, and remove coyotes from and near Designated Areas.  Most 
houndsmen normally refrain from running until after mid-December and the advent of 
snow pack.  Regional Wildlife Biologists in consultation with Warden Service personnel 
will have the flexibility to deploy and direct agents when and where needed to best 
accomplish program objectives. The ability to avoid unintended harassment or stress to 
wintering deer will be a primary consideration in the permitting and deployment of 
houndsmen near a Designated Area. 
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Volunteer Efforts: 
 
Volunteer efforts should be encouraged when and where possible to facilitate coyote 
removals within and peripheral to Designated Areas, as well as in secondary or other 
lower priority areas supporting wintering deer. 
 
Regional and Warden Service personnel will collaborate to identify volunteer removals 
of coyotes from Designated Areas during the course of fur tagging and routine field 
contacts. 
 
Justification:  Volunteer or recreational users can provide positive contributions to 
program objectives.  Potential contributions can be expanded by providing information 
to direct activities to secondary or lower priority areas with wintering deer.  Department 
efforts should include accounting for recreational and/or volunteer efforts. 
 
Contracts, Permits, and Compensation: 
 
A CTV Blanket Contract will be created to cover participants of this program.  A 
spreadsheet will be attached to the contract which list Participants, whether they are 
being compensated mileage, hourly, neither or both, VC# and contract period.   
  
Permits will be developed to specify expectations and the type of activity allowed per 
individual contract agreement.  Separate permit templates will be developed for hunting, 
trapping, and hounding; and will include specific provisions on the deployment of bait, 
tagging requirements, etc.  Unless otherwise specified in the program guidelines, 
Regional Wildlife Biologists, in consultation with Warden Service personnel, will have 
the ability to modify individual permit conditions so as to enhance the effectiveness and 
efficiency of individual agents in their Designated Areas. 
 
Contract services will be provided by permit issued by the Regional Wildlife Biologist 
and may include: trapping, hunting, hounding, placing and maintaining bait, monitoring 
to assess coyote activity and document coyote-deer interactions and predation 
incidents, as well as other deer mortality incidents. 
 
Compensation to agents for their contractual services will be $7.50 / hour and $0.44 / 
mile for vehicle and equipment (atv, snowsled).  Houndsmen will be compensated at a 
flat rate of $100.00/day plus mileage for one vehicle and/or one snowsled or ATV. 
 
Justification:  Recommend no change from previous year’s program except for 
updated standard language of various permits. 
 
Reporting: 
 
Timely and accurate reporting will be required for all contracted program participants.  
Report forms will be developed that provide minimally for disclosure of hours, mileage, 
efforts/findings/results, and a breakdown of coyotes killed by gender on a daily basis.  
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Report forms will be provided in digital (preferred) or hardcopy format.  It will be required 
that forms be submitted bi-weekly to the Regional Wildlife Biologist via e-mail 
(preferred) or UPS.  Based on their approval of submitted reports, invoices will be 
generated and submitted to the Regional Wildlife Management Section Supervisor for 
processing.   
 
Justification:  Reports will be an important tool for program accountability in terms of 
costs, effort and gauging program objective.  Reports will also aid the Department in 
assessing wintering conditions, coyote/deer interactions, and other mortality sources 
and levels. Department field personnel will be expected to maintain good 
communications and interactions with program participants to assure quality control and 
compliance.  Further assessment of this program with regards to broader goals or 
objectives is beyond the scope of this directed effort, and will require independent 
funding and staff involvement.   
 
Program Assessment: 
 
A final report will be developed which will include a summation of the total number of 
coyotes removed by method, a breakdown of program costs by Designated Area, agent, 
and method, numbers of deer mortalities by Designated Area and cause if know, and 
any other pertinent information to help assess winter deer mortalities within Designated 
Areas. 
 
Justification:  Required to provide overall accounting of program for comparative 
analysis of methods, cost / efficiency variables, etc. 
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FORMS 
STATE OF MAINE, DEPARTMENT OF INLAND FISHERIES AND WILDLIFE                                                                                 #2012-X-YYY 
PERMIT for DEPLOYED HUNTING and BAITING of COYOTES 

(X-Region, Y-number) 

 

ISSUED TO:     EFFECTIVE:                         EXPIRATION:    

 

 

 

 

      DATE ISSUED: 

PURPOSE:  To deploy HUNTERS to proactively remove coyotes from a Designated Area used by deer for the period specified.  When 

snow cover exists, permittee will monitor coyote activity and their interactions with deer and continue to remove coyotes within the 

immediate vicinity (1/4 mile) of the Designated Area.  Also, the permittee will: 

LOCATION WHERE AUTHORIZED ACTIVITY MAY BE CONDUCTED (attach map): 

PERMIT CONDITIONS:   

1. Only coyotes may be taken under this permit from the Designated Area. 

2. Hunting may utilize: calling, baiting, scent posts/markers, and night-hunting  

3. Permittee must have a valid hunting license and follow all laws and rules except as otherwise 

noted. 

4. Night hunting with/without illumination will be allowed between September 1st and December 

15th if permittee acquires prior approval from the District Game Warden (DGW) for the specific 

location(s) and time(s) of activity.  No restriction for calling or illumination device. Unless 

otherwise provided, failure to notify DGW will result minimally in loss of this permit allowance. 

5. If baiting; 1] Permittee must secure written permission from the landowner to place bait and 

present to a Department official upon request, 2] bait will be labeled with a 2x4 inch tag 

including name and address, 3] to avoid lead poisoning, no carcass or animal parts may be 

used that show evidence of having been shot or otherwise contaminated with lead, 4] bait may 

be placed in the Designated Area or within ¼ mile, 5] baits placed in or within ¼ mile of the 

Designated Area must be actively monitored and hunted, or completely removed. 

6. All carcasses or furs of coyotes removed from the Designated Area(s) by this permit will be 

tagged as ADC using this permit number. Compensation for time and mileage will be allowed 

only for tagging of program animals or fur, and on 1 occasion if a Department official cannot 

otherwise provide tagging services. ADC tagging fees are waived. 

7. Failure to comply with these conditions is a violation of the Commissioner’s Rules and this 

permit, and will cause this instrument to be void as well as expose the holder to possible legal 

penalties. 

8. Attach sheet with additional provisions, if required. 

REPORTING REQUIREMENTS: Completed reports of hunting and monitoring efforts on provided forms are to be 

sent bi-weekly to the Regional Wildlife Biologist.  

  SIGNATURE OF AUTHORIZED AGENCY REPRESENTATIVE: 

 ________________________________________________ 
 

SIGNATURE OF PERMITTEE: 

________________________________________________ 

COPIES TO: WARDEN, SERGEANT, FILE. 
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STATE OF MAINE, DEPARTMENT OF INLAND FISHERIES AND WILDLIFE                                                                                      #2012-X-YYY 
PERMIT for DEPLOYED TRAPPING of COYOTES 

(X-Region, Y-number) 

 

ISSUED TO:     EFFECTIVE:                         EXPIRATION:    

 

 

 

 

      DATE ISSUED: 

PURPOSE:  To deploy TRAPPERS to proactively remove coyotes from a Designated Area used by deer for the period specified.  To 

file reports as required and communicate with the Regional Wildlife Biologist (RWB) and the District Game Warden (DWG) on 

identified or other causes of deer mortalities for appropriate action.  Also, the permittee will: 

LOCATION WHERE AUTHORIZED ACTIVITY MAY BE CONDUCTED (attach map): 

PERMIT CONDITIONS: 

1. Permittee must have a valid trapping license and follow all laws and rules unless specifically 

waived as a condition of this permit. 

2. Only coyotes may be taken under this permit.  All other non-targets will be released unless (1) 

a debilitating injury has occurred to the animal, or (2) a lynx, bald eagle, or golden eagle is 

involved.  If (1), the animal shall be humanely dispatched and a Department official notified 

ASAP.  The carcass will then be submitted either to a Department official or a designated 

processor/fur buyer.  If (2), and a Department official will be contacted immediately and prior 

to any attempt to release the animal. 

3. If baiting; 1] Permittee must secure written permission from the landowner to place bait and 

present to a Department official upon request, 2] bait will be labeled with a 2x4 inch tag 

including name and address, 3] to avoid lead poisoning, no carcass or animal parts may be 

used that show evidence of having been shot or otherwise contaminated with lead 4] bait 

may be placed in the Designated Area or within ¼ mile, 5] baits placed in or within ¼ mile of 

the Designated Area must be actively monitored and trapped, or completely removed. 

4. All carcasses or furs of coyotes removed from the Designated Area(s) by this permit will be 

tagged as ADC using this permit number. Compensation for time and mileage will be allowed 

only for tagging of program animals or fur, and on 1 occasion if a Department official cannot 

otherwise provide tagging services. ADC tagging fees are waived. 

5. Failure to comply with these conditions is a violation of the Commissioner’s Rules and this 

permit, and will cause this instrument to be void, as well as expose the holder to possible 

legal penalties. 

6. Attach sheet with additional provisions, if required. 

REPORTING REQUIREMENTS: Completed reports of trapping and monitoring efforts on provided forms are to 

be sent bi-weekly to the Regional Wildlife Biologist. 
 

  SIGNATURE OF AUTHORIZED AGENCY REPRESENTATIVE: 

 ________________________________________________ 
 

SIGNATURE OF PERMITTEE: 

________________________________________________ 

COPIES TO: WARDEN, SERGEANT, FILE.  

 November 30, 
201_  
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STATE OF MAINE, DEPARTMENT OF INLAND FISHERIES AND WILDLIFE                                                  #2012-X-YYY 
PERMIT for HUNTING of COYOTES with HOUNDS 
 

 

ISSUED TO:     EFFECTIVE:                         EXPIRATION:    

 

 

 

 

      DATE ISSUED: 

PURPOSE:  To utilize selected HOUNDSMEN, during winter periods with snow pack, in areas peripheral to the Designated Area(s) 

assigned, to proactively bait and/or monitor, and initiate hunts for coyotes with trained, experienced dogs for the period 

specified.  

LOCATION WHERE AUTHORIZED ACTIVITY MAY BE CONDUCTED (attach map): 

    

 

CONDITION OF PERMIT:   

1. Only coyotes may be taken under this permit. 

2. Permittee must have a valid hunting license, as well as all participants in his hunting party, 

and must follow all laws and rules with the following exceptions: 
a. Houndsmen: 1] All dogs utilized for this purpose will be experienced and will have been broken to 

running deer. This exercise will not be used to train young or inexperienced dogs, and 2] 

Houndsmen will only start dogs off bait or tracks encountered outside ¼ mile but within 1.5 miles 

of a Designated Area boundary.  

b. If using bait; 1] Permittee must first obtain written permission from the landowner to 

place bait and provide a copy to a Department official upon request, 2] bait will be labeled 

with a 2x4 inch tag including name and address;  3] to avoid lead poisoning, no carcass or 

animal parts may be used that show evidence of having been shot or otherwise 

contaminated with lead, 4] bait may be placed in a zone at least ¼ mile, but no more than 

1.5 miles from a Designated Area; and 5] placed baits will be actively monitored and/or 

hunted, or completely removed. 

3. Failure to comply with these conditions is a violation of the Commissioner’s Rules and this 

permit, and will cause this instrument to be void, as well as expose the holder to possible 

legal penalties. 

4. Attach additional provisions below or on attached sheet 

 

REPORTING REQUIREMENTS:  Completed reports of hunting and monitoring efforts on provided forms are to 

be sent bi-weekly to the Regional Wildlife Biologist. 
 

  SIGNATURE OF AUTHORIZED AGENCY REPRESENTATIVE: 

 ________________________________________________ 
 

SIGNATURE OF PERMITTEE: 

________________________________________________ 

COPIES TO: WARDEN, SERGEANT, FILE. 
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Coyote Reduction Effort Hunter Checklist 
Region * 2012 

 
 
Name:  __________________________________ Date:  ___________ 
 
Address:  ________________________________ 
 
                ________________________________ 
 
                ________________________________ 
 
Home Phone #:  _______________________  Cell #:  _______________ 
 
How many years have you hunted/trapped coyotes?  ________________ 
 
What is the average number of coyotes that you take annually?  _____________ 
 
How many hours/week are you available to hunt/trap coyotes?  ______________ 
 
How far from your residence are you willing to travel to hunt/trap coyotes?  _____ 
 
What methods are you proficient at to take coyotes? 
 
Trapping?  _____ Hunting over bait?  ______  Calling?  ______  Dogs?  _____ 
 
What types of equipment do you have to hunt coyotes? (ex:  ATVs, Snowsleds, Hunting shacks, calls 
etc.) 
 
________________________________________________________________ 
 
________________________________________________________________ 
 
Have you ever been convicted of a fish or wildlife violation?  ________________ 
 
MDIFW Comments:  _______________________________________________ 
 
________________________________________________________________ 
 
________________________________________________________________ 
 
________________________________________________________________ 
 
MDIFW Staff:  ____________________________________________________
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Name:             

VC#:      Maine Department of Inland Fisheries and Wildlife 
Reporting 
Period:    Coyote Hunting Reporting Form 
DWA Name:              
            

            

    Indicate Hours Spent: 
Mileage/day 
(0.44¢/mile) 

# of Coyotes 
Killed 

# of 
dead 
deer 
found 

Non-Target Species: 

Date Town Trapping Hounds Hunting Monitoring Male Female Released Dispatched 

Ex: 5/8/11 My Town 0 5 0 0 36 2 1 0 1 Fox 0 
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Appendix 10. Excerpts from IFW's (2012) Animal Damage Control Program. 
 

General Operating Procedures 
 
Human/wildlife conflicts will be assessed by Department staff, ADC agents, or 
USDA\Wildlife Services to determine if there is a bona fide problem, the nature of the 
problem and the appropriate solution. Consideration will be given to human health and 
safety, protection of domestic animals and property, significant habitats and applicable 
species management systems that may apply.  Whenever possible, the complainant will 
be encouraged to resolve the problem with information and technical assistance 
developed by the Department and provided to the complainant by Department staff, 
ADC agents or USDA\Wildlife Services. 
 
Except as otherwise provided in Section §12401 and §12402 (see attachment A), 
human/wildlife conflicts will be assessed and addressed in the following order of 
descending priority. A person who violates a condition or restriction placed on an 
authorization granted under this policy invalidates that authorization and is subject to 
applicable laws.   
 

1. Education and Extension – Landowners will be encouraged to take 
reasonable precautions to prevent human/wildlife conflicts, and when 
necessary, appropriate directions or information will be provided which will 
enable the property owner to both alleviate the problem and to avoid it in the 
future.  If the complainant is not taking, or has not been willing to take, the 
recommended preventive measures, he will be advised of the possible 
consequences which may include: 

 
a. withholding of further assistance by the Department, 
b. denial of permits to kill potential problem animals, and 
c. possible civil or criminal action for actions undertaken without approval. 

 
Information or technical guidance will be provided and will include: one-on-
one technical advice, handouts, pamphlets and information on the 
Department’s website to alleviate nuisance wildlife problems and to promote 
the positive aspects of wildlife. 
 

2. Prevention – Where effective and economically reasonable, measures will be 
taken to neutralize the attraction or to exclude problem wildlife from areas or 
attractions to which they cause damage or pose a health or safety issue.  
Information on appropriate prevention techniques will be provided by 
Department staff, ADC Agents, and the USDA\Wildlife Services. 

 
3. Use of Hunting and Trapping Regulations – Many wildlife species are 

managed through regulation of harvests to maintain healthy individuals and 
population levels within a range that provides appropriate public use, while 
minimizing conflicts.  Therefore, the extent of human/wildlife conflicts will be 
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regularly (at least annually) discussed between the Wildlife Division and 
Warden Service so that those problems will be considered in relationship to 
harvest regulations and management system goals. 

 
4. Non-Lethal Control – In most cases attractants can be removed and/or 

preventative measures taken to prevent the conflict from reoccurring.  In 
these cases the animal can be successfully released back on site.  When 
animals cause a problem and must be removed (except as provided in 
Sections §12401 and §12402), non-lethal measures must be considered first, 
except as noted with specific species. The feasibility and the biological and 
social consequences of non-lethal vs. lethal removal will be considered.   

 
Relocation activities should avoid utilizing the same site for numerous 
releases of the same species.  These situations could lead to locally high 
population levels that add stress and create conditions for disease 
transmission and/or added mortality.  The Regional Wildlife Biologist should 
be consulted for direction depending on the species group. 
 

5. Lethal Control – Lethal control is justified when the above procedures are 
not applicable, practical, or are prohibitively costly (except as otherwise 
provided by Statutes §12401 and §12402).  
 
If appropriate and whenever possible, lethal removal will be timed to hunting 
or trapping seasons for that species. 

 
I. Home and Garden Species (H&G)  

 These animals include moles, voles, mice, chipmunks, English sparrows, 
European sparrows, pigeons (rock doves) and European starlings. These species 
are not protected by law and may be handled by the property owner or an agent 
without permit, conditions, or permission from MDIFW or any federal jurisdiction. 

 
1. Education and Extension – Most H&G species problems can often be 

resolved by the landowner or complainant with technical guidance provided 
by MDIFW Resource and Assessment Staff, Maine Warden Service Staff, 
MDIFW Help Desk, MDIFW Website, ADC agents, or USDA\Wildlife Services.  
Problems generally involve social aversions (people don’t like a particular 
animal around), health hazards and minor garden/crop damage. Many 
problems can be resolved by dispelling unfounded fears or misconceptions.   

 
 In addition to the Department’s website and brochures, a variety of bulletins 

are available through the U.S. Fish and Wildlife Service and the University of 
Maine Cooperative Extension Service (County Office).    

 
 2. Prevention – Many problems can be resolved or avoided by “Wildlife 

Proofing” buildings, property, animals, or crops with fencing, barriers, corrals, 
improving sanitation, or use of repellents.  These have the advantage of 
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providing long-term relief by dissuading or preventing the next wildlife visitor 
from causing problems or damage. 

 
3.  Use of Hunting and Trapping Regulations – Not applicable 
 
4. Non-lethal Removal – Homeowners may address the problem themselves, 

or they may employ the services of an ADC agent.  
 
5. Lethal Removal – Statutes §12401 and §12402 provide the conditions under 

which a landowner may take or kill wild animals.  H&G complaints may be 
directly referred to USDA\Wildlife Services or ADC agents by regional 
dispatchers with no direct involvement of regional wildlife biologists or 
Warden Service. Monthly ADC activity report satisfies any permit 
requirements.   Note: Animals that are trapped to be killed will be killed 
humanely. The Department recommends this be done by gunshot to the head 
or the use of CO2 chamber, unless the animal is being tested for rabies, in 
which case a gunshot to the head is not an option. 

 
II. Mammals and Birds Having Open and Closed Seasons 

 These animals include woodchucks, porcupines, gray squirrels, red squirrels, 
skunks, opossums, and raccoons.  Additional species are discussed individually.   

 
1. Education and Extension – Most problems can be and should be resolved 

by the landowner or complainant with technical assistance provided by 
MDIFW Resource and Assessment Staff, Maine Warden Service Staff, 
MDIFW Help Desk, MDIFW Website, ADC agents, or USDA\Wildlife Services.  
Problems generally involve social aversions (people don’t like a particular 
animal around), health hazards and minor garden/crop damage. Many 
problems can be resolved by dispelling unfounded fears,   

 
 In addition to the Department’s website and brochures, a variety of bulletins 

are available through the U.S. Fish and Wildlife Service and the University of 
Maine Cooperative Extension Service (County Office).    

 
 2. Prevention – Many problems can be resolved or avoided by “Wildlife 

Proofing” buildings, property, animals, or crops with fencing, barriers, corrals, 
improving sanitation, or use of repellents.  These have the advantage of 
providing long-term relief by dissuading or preventing the next wildlife visitor 
from causing problems or damage. 

 
3. Use of Hunting and Trapping Regulations – If a problem occurs within or 

near an upcoming open season, problems may be resolved by harvesting 
problem wildlife during an open season by a recreational hunter or trapper.  
MDIFW staff can be resources to identify or direct such persons.  This has the 
dual advantage of being free of any expense to the complainant as well as 
utilizing a valuable natural resource.   
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  Some problems may also be addressed through changes in season lengths, 

methods of take, or bag limits. 
 
4. Non-lethal Removal – When animals cause a problem and must be 

removed (except as provided in Sections §12401 and §12402), non-lethal 
measures must be considered before lethal except as noted with specific 
species. The biological and social consequences of non-lethal vs. lethal 
removal will be considered.  Non-lethal removal will have priority when 
reasonable and practical. 
 
Relocation activities should avoid utilizing the same site for numerous 
releases of the same species.  These situations could lead to locally high 
population levels that add stress and create conditions for disease 
transmission and/or added mortality.  Raccoons and skunks should not be 
relocated more than five miles from the capture site. The Regional Wildlife 
Biologist or Game Warden will be consulted for prior approval and direction 
except for gray squirrels, opossums, raccoons, and skunks. All species 
handled will be documented on activity reports. 
 

5. Lethal Removal – Sections §12401 and §12402 provide the conditions under 
which a landowner may take or kill wild animals.  The Regional Wildlife 
Biologist or Game Warden will be consulted for prior approval and direction 
except for gray squirrels, opossums, raccoons, and skunks. Lethal 
removal is warranted when an animal shows aggression (fight vs. flight 
behavior), clinical signs of rabies or other disease, or shows obvious signs of 
poor health. All species handled will be documented on activity reports. 

 
Note: Animals that are trapped to be killed will be killed humanely. The 
Department recommends this be done by gunshot to the head or the use 
of CO2 chamber, unless the animal is being tested for rabies, in which 
case a gunshot to the head is not an option. 

 
III. Mammals, Birds, Reptiles, and Amphibians with No Open Season and are 

Not State or Federally Listed Threatened or Endangered 
 These animals include… 

 
1. Education and Extension – Most  problems can be and should be resolved 

by the landowner or complainant with technical assistance provided by 
MDIFW Resource and Assessment Staff, Maine Warden Service Staff, 
MDIFW Help Desk, MDIFW Website, ADC agents, or USDA\Wildlife Services.  
Problems generally involve social aversions (people don’t like a particular 
animal around), health hazards and minor garden/crop damage. Many 
problems can be resolved by dispelling unfounded fears,   
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 In addition to the Department’s website and brochures, a variety of bulletins 
are available through the U.S. Fish and Wildlife Service and the University of 
Maine Cooperative Extension Service (County Office).    

 
2. Prevention – Many problems can be resolved or avoided by “Wildlife 

Proofing” buildings, property, animals, or crops with fencing, barriers, corrals, 
improving sanitation, or use of repellents.  These have the advantage of 
providing long-term relief by dissuading or preventing the next wildlife visitor 
from causing problems or damage. 

 
3. Use of Hunting and Trapping Regulations – Not Applicable 
 
4. Non-lethal Removal – When animals cause a problem and must be removed 

(except as provided in Sections §12401 and §12402), non-lethal measures 
may be considered.  

 
The Regional Wildlife Biologist or Game Warden must be consulted for 
approval and direction.  Many species in this category will require a state or 
federal permit in order to capture, handle, or transport.  
 

5. Lethal Removal – Sections §12401 and §12402 provide the conditions under 
which a landowner may take or kill wild animals.  In most cases lethal removal 
will not be allowed or approved. 

 
IV. Mammals, Birds, Reptiles, and Amphibians with no Open Season and are 

State or Federally Listed Threatened or Endangered  
Visit http://www.fws.gov/endangered/ for a current listing of federally listed 
threatened and endangered wildlife in Maine using the “Species in Your State” 
search feature.  Visit 
http://www.maine.gov/ifw/wildlife/species/endangered_species/state_list.htm for 
a current listing of state listed threatened and endangered wildlife or contact your 
Regional Wildlife Biologist.  

 
1. Education and Extension –  Most  problems can be and should be resolved 

by the landowner or complainant with technical assistance provided by 
MDIFW Resource and Assessment Staff, Maine Warden Service Staff, 
MDIFW Help Desk, MDIFW Website, ADC agents, or USDA\Wildlife Services.  
Problems generally involve social aversions (people don’t like a particular 
animal around), health hazards and minor garden/crop damage. Many 
problems can be resolved by dispelling unfounded fears,   

 
 In addition to the Department’s website and brochures, a variety of bulletins 

are available through the U.S. Fish and Wildlife Service and the University of 
Maine Cooperative Extension Service (County Office).    

  

http://www.fws.gov/endangered/
http://www.maine.gov/ifw/wildlife/species/endangered_species/state_list.htm


 

Incidental Take Plan For Maine’s Trapping Program 
Amended September 2015  Page 309 

2. Prevention – Many problems can be resolved or avoided by “Wildlife 
Proofing” buildings, property, animals, or crops with fencing, barriers, corrals, 
improving sanitation, or use of repellents.  These have the advantage of 
providing long-term relief by dissuading or preventing the next wildlife visitor 
from causing problems or damage. 

 
3. Use of Hunting and Trapping Regulations – Not Applicable 

 
4. Non-lethal Removal – Not allowed without appropriate state or federal 

permits to capture, possess, handle, or transport these species.  
 

5. Lethal Removal – It is not legal to harass, injure, or kill any of these species. 
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Appendix 11a. Memorandum of Understanding between the Maine Department of 
Inland Fisheries and Wildlife and the Maine Department of 
Agriculture, Conservation, and Forestry Division of Parks and 
Public Lands for Canda Lynx Habitat Mitigation. 
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Appendix 11b. Memorandum of Understanding for lynx habitat mitigation, 
justification from Maine Assistant Attorney General. 
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Appendix 11c. Dispute Resolution Process in the event that disputes concerning 
implementation of the ITP or the permit arise. 

 

1.0 Dispute Resolution.  The parties recognize that disputes concerning implementation of 

the ITP or the permit may arise from time to time.   The parties agree to work together in good 

faith to resolve such disputes, using the following dispute resolution processes.   

1.1  Dispute Resolution Process for Implementation.  Unless the parties agree in writing upon 

another dispute resolution process, or unless a party has initiated administrative proceedings or 

suit in Federal court, the parties may use the following informal process to attempt to resolve 

disputes: 

Step 1 

(a) The party wishing to institute dispute resolution will notify the other party in writing of 

the dispute and its desire to institute the processes called for in this section.  Notification during 

Step 1 shall be addressed to and from the Supervisor, Maine Field Office, USFWS and Wildlife 

Division Director, representing MDIFW. 

(b) The party claiming a dispute shall identify in its notice the specific objection that it 

claims, the basis for the objection, and a proposed remedy to address the objection. 

(c)  The party receiving the notice of dispute shall respond in writing to the notice within 

thirty (30) days, or at such other time as may be mutually agreed in writing by both parties. In 

doing so, the responding party shall either propose a remedy to resolve the objection or, 

alternatively, explain why the objection is unfounded. During this time the responding party may 

seek clarification of the information provided in the initial notice from the objecting party. The 

objecting party will use its best efforts to provide any information then available to it that may be 

responsive within ten (10) days from receipt of such a request for clarification. 

Step 2 

(a) If the response to an objection resolves the issue to the satisfaction of the objecting party, 

then the objecting party shall so notify the responding party in writing, and the responding party 

shall implement the agreed remedy, if any. 

(b) If the response to an objection does not resolve the issue to the satisfaction of the 

objecting party, then the objecting party shall so notify the other party in writing, describing the 

reasons why the response does not resolve the objection.  Thereafter, both parties shall meet and 

attempt to resolve the dispute.  This meeting between the Supervisor, Maine Field Office, 

USFWS, Wildlife Division Director, representing MDIFW, shall occur within thirty (30) days 

after the responding party receives the objecting party’s response, or at such other time as may 

be mutually agreed in writing by both parties. 
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Step 3 

(a) If the parties are unable to resolve a dispute through Steps 1 and 2 above, then an 

objecting party may elevate the dispute to be handled through a meeting of the chief executives 

of both parties. For purposes of this provision, “chief executive” shall mean the Director, Bureau 

of Resource Management, Maine Department of Inland Fisheries & Wildlife, the Director, 

Bureau of Public Land, Maine Department of Agriculture, Conservation and Forestry, and the 

Assistant Regional Director of Ecological Services, Northeast Region, USFWS when disputes 

are related to the mitigation section of the ITP or permit. When disputes involve other sections of 

the ITP or permit, “chief executive” shall mean the Director, Bureau of Resource Management, 

Maine Department of Inland Fisheries & Wildlife, and the Assistant Regional Director of 

Ecological Services, Northeast Region, USFWS. Each party shall be represented in person by its 

chief executive at the meeting, and the meeting shall occur within forty five (45) days of the 

notice of an objecting party following completion of Step 2 above.    

(b) If the dispute cannot be resolved through these elevated negotiations, the parties may 

seek non-binding mediation or other alternative dispute resolution processes.   

If at any time either party determines that circumstances so warrant, it may seek any available 

remedy without waiting to complete the informal dispute resolution process.   

1.2  Dispute Resolution Process for Permit Violations.  If USFWS has reason to believe that 

MDIFW may have violated the Permit, or the Plan with respect to any Covered Species, it will 

notify MDIFW in writing of the specific provisions which may have been violated, the reasons 

USFWS believes MDIFW may have violated the provision, and the remedy the USFWS 

proposes to resolve the alleged violation.  MDIFW will then have sixty (60) days, or such longer 

time as may be mutually acceptable to both parties, to respond in writing to the allegation.  

During this time MDIFW may seek clarification of the information provided in the notice from 

the USFWS, and the USFWS will use its best efforts to respond to the request for clarification. If 

the dispute cannot be resolved within thirty (30) days after MDIFW’s response is due, or such 

longer time as may be mutually agreed in writing by both parties, the parties may consider non-

binding mediation or other alternative dispute resolution processes to resolve the dispute.  

1.3  The parties reserve their right, at any time without completing informal dispute resolution, to 

use whatever enforcement powers and remedies are available by law or regulation, including but 

not limited to, in the case of the USFWS, suspension or revocation of the ITP and civil or 

criminal penalties, or in the case of MDIFW, relinquishment of the ITP, or review of USFWS 

action by a court of competent jurisdiction. 
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Appendix 12. Comments from IFW Commissioner Lee Perry to USFWS on the 
proposal to list lynx as a threatened species. 
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Appendix 13. Implementation plan for the use of non-lethal cable restraints in 
Maine. 

 
Currently trappers are not permitted to set lethal snares or non-lethal cable restraints on 
land in Maine.  IFW will use the Commissioner’s authority to allow select PM or ADC 
trappers (i.e., those that have met certification requirements described below) to initially 
test the use of non-lethal cable restraints; the sam device tested in Wisconsin.  IFW 
anticipates that the injury rate will be low using these devices based on initial testing 
conducted in Wisconsin (Olson and Tischaefer 2004).   
 
Brief device description 
 
Cable restraints are a live capture trap that is passively triggered by the animal’s neck 
passing through a loop suspended in the trail. When the animal applies pressure to the 
loop, the loop closes; the animal then backs away and activates a relaxing lock 
designed to hold the animal without causing injury to the animal. A cable restraint is 
composed of a cable or loop, relaxing lock, swivels, stake, and a breakaway device. 
The breakaway device allows larger non-target species to pull free, the relaxing lock 
prevents the loop from closing too tightly, and the swivel prevents twisting. IFW will 
require a cable diameter of 1/8 inch or 3/32 inch, a relaxing mechanical lock of a 
reverse-bend washer with a minimum diameter of 1 ¼ inches, and at least one swivel 
on all cable restraints.  Cable restraints will have two stops: one to restrict the loop size 
to avoid capturing large ungulates (deer and moose) or livestock and one stop to restrict 
the loop when fully closed to prevent capturing the animal by the foot.  Because coyotes 
in Pennsylvania were larger than in Wisconsin and broke free of cable restraints with a 
breakaway device set at 285 pounds, Pennsylvania requires a breakaway device with a 
resistance at 350 pounds.   
 
Non-lethal Cable Restraint Regulations 
 
IFW will require a cable diameter of 1/8 inch or 3/32 inch, a relaxing mechanical lock of 
a reverse-bend washer with a minimum diameter of 1 ¼ inches, and at least one swivel 
on all cable restraints.  Since coyotes in Maine are more similar in size to Pennsylvania 
coyotes, IFW will require a breakaway device with a resistance set at 350 pounds.  
Cable restraints will be required to have two stops: one to restrict the loop size to no 
larger than a 12 inch loop when fully open to avoid capturing large ungulates (deer and 
moose) or livestock and one stop to restrict the loop to 2 ½ inches when fully closed to 
prevent capturing the animal by the foot.  IFW will require that cable restraints be 
checked at least once every 24 hours.  Cable restraints will have to be staked solidly 
and set where the extended cable and restrained animal cannot become entangled in 
vegetation. Thus, all woody vegetation ½ inch or larger in diameter within reach of the 
restrained animal must be removed before setting a cable restraint.   
 
Training 
 
IFW education staff will develop a cable restraint certification course similar to courses 
in other states where these devices are allowed.  During the first phase (described 
below), IFW will hire a qualified instructor to provide instruction on the use of cable 
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restraints. This instructor will be required to have experience using and setting cable 
restraints for coyotes and have previous experience teaching a cable restraint 
certification course.  Thereafter, an instructor will need to meet the requirements for a 
trapper education instructor in Maine (see Section 5.2) and have also completed a 
certification course on the use of cable restraints. 
 
Implementation 
 
Because this is a new trapping technique in Maine, IFW will use a phased approach for 
implementation that allows testing and evaluation at a limited and controlled scale 
before making the technique available for the broader trapping community.   
 
During the first phase, IFW will test this new trapping technique by allowing PM or ADC 
trappers targeting coyotes to use cable restraints (per the regulatory specifications and 
training explained above) in WMDs that occur outside the lynx zones. PM or ADC 
trappers will be required to report all capture efforts and both target and non-target 
capture events that occur during the use of cable restraints. If after one year, PM or 
ADC trappers have demonstrated proficiency in setting cable restraints, compliance with 
the regulatory specifications, and the ability to safely release non-target animals they 
are not permitted to keep, IFW could permit the use of non-lethal cable restraints by all 
licensed fur trappers that have completed the appropriate training (i.e., certified 
trappers) in areas outside lynx WMDs.  Although it is not anticipated to occur, any lynx 
caught in a cable restraint outside lynx WMDs will be covered by the Service’s 
incidental take permit.   
 
During the second phase, IFW will allow PM or ADC trappers targeting coyotes to 
expand the use cable restraints in lynx WMDS. During this phase, IFW will evaluate 
injury and assign injury scores of any incidentally captured lynx (see minimization 
measure IM 3 in section 5.2 of this Plan).   After 2 years of evaluation in lynx WMDS, if 
PMC and ADC trappers demonstrate similar proficiency in setting cable restraints, 
compliance with the regulatory specifications, ability to safely releasing non-target 
animals, and similar or lower injury scores of lynx caught in foothold traps, IFW will 
implement the final phase.  However, if these conditions are not met, IFW will not allow 
the use of non-lethal cable restraints in lynx WMDs.  
 
During the final phase, if conditions are met in lynx WMDs, IFW may elect to make 
regulatory changes that allow the use of cable restraints in lynx WMDs by all licensed 
fur trappers that have completed the appropriate training (i.e., certified trappers).  This 
plan will take into account harvest goals for the target species and may restrict the 
timing, season length, location, and trapper effort. If at any time, certified trappers 
demonstrate lower proficiency or higher incidental lynx take or injury than PM or ADC 
trappers, IFW will either restrict the use of cable restraints by certified trappers or 
require additional training.  In addition, if additional research on cable restraint devices 
conducted by IFW or AFWA identifies changes to the cable restraint configuration that 
improves animal welfare and/or efficacy of the device, IFW will modify the regulatory 
specifications explained above to reflect such recommendations. 
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Timeline: At this time, IFW has no time-line for implementing this program.  Although, it 
could be implemented as early as the 2015 trapping season, it is very unlikely that even 
the first phase of this program could be implemented that quickly.  When available, IFW 
will provide the USFWS with a time-line for implementation.   
 
 



From: Inman, Bob
To: Zelenak, Jim
Subject: RE: Lynx Road-Kill Database Update
Date: Monday, November 30, 2015 5:33:17 PM

Working on this Jim. Hope you are well.
 
-Bob Inman
 
 
 
Robert M. Inman, PhD
Carnivore-Furbearer Coordinator
Montana Fish, Wildlife and Parks
1420 East 6th Ave., PO Box 200701,
Helena, MT 59620-0701
406-444-0042 (o)
406-570-5326 (c)
bobinman@mt.gov
 

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, November 24, 2015 3:08 PM
To: Jackson, Scott -FS; Swisher, Kristi -FS; Squires, John -FS; Kolbe, Jay; Inman, Bob; James Sparks;
Ben Conard
Subject: Fwd: Lynx Road-Kill Database Update
 
Hi All:
 
Could you please share the attached with folks in your organization/neck of the woods and let
me know if you have any information on lynx-vehicle collisions in Montana besides the one
documented in the table?
 
Thanks,
 
Jim 
---------- Forwarded message ----------
From: Kurt Broderdorp <Kurt_Broderdorp@fws.gov>
Date: Thu, Nov 12, 2015 at 1:25 PM
Subject: Lynx Road-Kill Database Update
To: Bryon Holt <bryon_holt@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Lisa Solberg
Schwab <lisa_solbergschwab@fws.gov>, Tamara Smith <tamara_smith@fws.gov>, Mark
McCollough <mark_mccollough@fws.gov>

As the unofficial (and self-appointed) curator of a road-kill data base, I would like to update
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mailto:jim_zelenak@fws.gov
mailto:bobinman@mt.gov
mailto:Kurt_Broderdorp@fws.gov
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mailto:jim_zelenak@fws.gov
mailto:lisa_solbergschwab@fws.gov
mailto:tamara_smith@fws.gov
mailto:mark_mccollough@fws.gov


the attached file.  I have not been able to update this information recently, but the updated
information may tell us something for the SSA.  Please make whatever contacts as appropriate
do update the information for your area.  Thanks.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Jodi Bush
Subject: Fwd: a few notes from today"s lynx call
Date: Tuesday, December 01, 2015 8:57:42 AM

FYI - notes/thoughts below from our call yesterday (me, Mary, Heather and Jonathan [USGS]).

---------- Forwarded message ----------
From: Bell, Heather <heather_bell@fws.gov>
Date: Tue, Dec 1, 2015 at 8:27 AM
Subject: Re: a few notes from today's lynx call
To: "Parkin, Mary" <mary_parkin@fws.gov>
Cc: Jim Zelenak <jim_zelenak@fws.gov>, Jonathan Cummings <jwcummings@usgs.gov>

Other Action Items:

1. Jim to work with core team to solidify and rank the factors that have influenced and are
likely to influence lynx resiliency, redundancy and representation.  the former is likely
in the literature or summarized in FWS FR notices.  but may not be ranked with an idea
of the magnitude of the factor to the current condition.  The later should come from first
a review and analysis of the expert graphs, a review of that material by the core team to
see if there are any concerns that expert projections and literature on the future are
different, in which case we need to capture this uncertainty.  This will help us clarify the
future scenarios.  

2. Jim to check with Core team on how to express current condition, i.e. text and map?
 table, text and map?  expert opinion, literature, etc.  Jim to let heather know if he needs
mapping help (it appears there was mapping done for Crit hab by USGS that we could
use as a start).

3. Jonathon to add range of responses to graphs on page 19, and to discuss with Dave our
Workshop Report outcomes to make sure we are on the right track!

4. Discuss with Seth the need to set up an intermediate briefing with the "decision makers"
when SSA in draft form.  

5. Mary to continue moving info from cardinal questions to IPA Needs table
6. Heather to look at population table so that it mirrors EMR 

Heather Bell
Ecological Services HQ
Branch of Conservation Integration
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff
at https://sites.google.com/a/fws.gov/ssa/ and  the REV Google Site: https://sites.google.com/a/fws.gov/rev/
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On Mon, Nov 30, 2015 at 1:49 PM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Hi all,

Here are the notes I jotted down (and edited) from our call a little while ago ...

A few notes from today’s (11/30/15) lynx call:

           HB used graphs on p.19 of EE workshop results to ask R6 ARD about decision-
maker response (i.e., how would these graphs inform making a status decision?);
basically looking for how to use expert input within decision context 
          The first need is to make initial decisions about lynx DPS status based on both
expert input and other sources; if needed, future decision-making needed in context of
recovery planning
           What about uncertainties implicit in p. 19 graphs?  Need confidence bars around
both projections and drivers (i.e., species response to environmental stressors)?
            Question about projecting out to 2100 – implications?
            Must solidify arguments about causation between lynx, snow conditions, hare
ecology,and changed conditions based on climate projections
           This can best be framed in terms of alternative future scenarios re:  lynx, hares,
snow conditions, boreal forest conditions
           Need to provide “devil’s advocate” scenarios yet not stray too far from plausible
future scenarios
            Need core team thoughts on expert input regarding resiliency projections; need to
do this at a more detailed level than median results for all populations
           Need to be explicit about empirical evidence vs. differing opinions relative to
uncertainties; also need to recognize factual disparities and identify those facts we
think are most evidence-based

Please correct anything I've mischaracterized.  This is part of the record!

Cheers,
Mary
-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1

mailto:mary_parkin@fws.gov
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Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Inman, Bob
Subject: Re: Lynx Road-Kill Database Update
Date: Tuesday, December 01, 2015 9:15:09 AM

Thanks Bob, appreciate it.

I didn't get as much venison in the freezer as I'd hoped, but can't complain otherwise.

Hope you and yours had a nice Thanksgiving.

Jim

On Mon, Nov 30, 2015 at 5:32 PM, Inman, Bob <bobinman@mt.gov> wrote:

Working on this Jim. Hope you are well.

 

-Bob Inman

 

 

 

Robert M. Inman, PhD

Carnivore-Furbearer Coordinator

Montana Fish, Wildlife and Parks

1420 East 6th Ave., PO Box 200701,

Helena, MT 59620-0701

406-444-0042 (o)

406-570-5326 (c)

bobinman@mt.gov
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From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, November 24, 2015 3:08 PM
To: Jackson, Scott -FS; Swisher, Kristi -FS; Squires, John -FS; Kolbe, Jay; Inman, Bob; James Sparks;
Ben Conard
Subject: Fwd: Lynx Road-Kill Database Update

 

Hi All:

 

Could you please share the attached with folks in your organization/neck of the woods and
let me know if you have any information on lynx-vehicle collisions in Montana besides the
one documented in the table?

 

Thanks,

 

Jim 

---------- Forwarded message ----------
From: Kurt Broderdorp <Kurt_Broderdorp@fws.gov>
Date: Thu, Nov 12, 2015 at 1:25 PM
Subject: Lynx Road-Kill Database Update
To: Bryon Holt <bryon_holt@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Lisa
Solberg Schwab <lisa_solbergschwab@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Mark McCollough <mark_mccollough@fws.gov>

As the unofficial (and self-appointed) curator of a road-kill data base, I would like to update
the attached file.  I have not been able to update this information recently, but the updated
information may tell us something for the SSA.  Please make whatever contacts as
appropriate do update the information for your area.  Thanks.

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186
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--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Parkin, Mary
To: Zelenak, Jim
Cc: Cummings, Jonathan; Bell, Heather
Subject: Re: a few notes from today"s lynx call
Date: Tuesday, December 01, 2015 9:44:14 AM

I like the idea of posting the report on an SSA page on the lynx website, as a finished product. 
I do worry about "unsolicited" comments on documents that aren't being put out for review --
we should probably have a standard procedure for dealing with those.

On Tue, Dec 1, 2015 at 11:32 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Yes - we did talk about that; thanks for the reminder.

Take a look at R6 lynx web page: http://www.fws.gov/mountain-prairie/es/canadaLynx.php

Would it make most sense to add a new "SSA" link at the bottom where we could post all SSA-related docs?

On Tue, Dec 1, 2015 at 9:18 AM, Cummings, Jonathan <jwcummings@usgs.gov> wrote:
At one point there was talk of creating a webpage to post Lynx SSA and other related
documentation.  If that is still a plan posting the report there with a note to folks that it is
available would be my recommendation.  That way it is available as an interim product
without an implicit offer for unneeded review or comment and there isn't any need to
mention it one the calls unless needed.  My two cents anyway.

Cheers,
Jonathan

On Tue, Dec 1, 2015 at 11:12 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks both.

Talked with Jodi this AM - she cannot be on the call today but plans to be on for the State call tomorrow. 
Her thought is that we should send the workshop report both internally and to States and Tribes, though with
no request for review or comment - just provide it as a finished report that is one component of the
subsequent SSA report. I wanted to get your thoughts on this to know whether or not to mention it on the
internal call this morning and on the State coordination call tomorrow afternoon.

Let me know what you think.

Thanks,

Jim

On Tue, Dec 1, 2015 at 8:27 AM, Bell, Heather <heather_bell@fws.gov> wrote:
Other Action Items:

1. Jim to work with core team to solidify and rank the factors that have influenced
and are likely to influence lynx resiliency, redundancy and representation.  the
former is likely in the literature or summarized in FWS FR notices.  but may not
be ranked with an idea of the magnitude of the factor to the current condition. 
The later should come from first a review and analysis of the expert graphs, a
review of that material by the core team to see if there are any concerns that
expert projections and literature on the future are different, in which case we
need to capture this uncertainty.  This will help us clarify the future scenarios.  
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2. Jim to check with Core team on how to express current condition, i.e. text and
map?  table, text and map?  expert opinion, literature, etc.  Jim to let heather
know if he needs mapping help (it appears there was mapping done for Crit hab
by USGS that we could use as a start).

3. Jonathon to add range of responses to graphs on page 19, and to discuss with
Dave our Workshop Report outcomes to make sure we are on the right track!

4. Discuss with Seth the need to set up an intermediate briefing with the "decision
makers" when SSA in draft form.  

5. Mary to continue moving info from cardinal questions to IPA Needs table
6. Heather to look at population table so that it mirrors EMR 

Heather Bell
Ecological Services HQ
Branch of Conservation Integration
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff
at https://sites.google.com/a/fws.gov/ssa/ and  the REV Google
Site: https://sites.google.com/a/fws.gov/rev/

On Mon, Nov 30, 2015 at 1:49 PM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Hi all,

Here are the notes I jotted down (and edited) from our call a little while ago ...

A few notes from today’s (11/30/15) lynx call:

           HB used graphs on p.19 of EE workshop results to ask R6 ARD about
decision-maker response (i.e., how would these graphs inform making a status
decision?); basically looking for how to use expert input within decision
context 
          The first need is to make initial decisions about lynx DPS status based on
both expert input and other sources; if needed, future decision-making needed
in context of recovery planning
           What about uncertainties implicit in p. 19 graphs?  Need confidence bars
around both projections and drivers (i.e., species response to environmental
stressors)?
            Question about projecting out to 2100 – implications?
            Must solidify arguments about causation between lynx, snow conditions,
hare ecology,and changed conditions based on climate projections
           This can best be framed in terms of alternative future scenarios re:  lynx,
hares, snow conditions, boreal forest conditions
           Need to provide “devil’s advocate” scenarios yet not stray too far from
plausible future scenarios

https://sites.google.com/a/fws.gov/ssa/
https://sites.google.com/a/fws.gov/rev/
mailto:mary_parkin@fws.gov


            Need core team thoughts on expert input regarding resiliency projections;
need to do this at a more detailed level than median results for all populations
           Need to be explicit about empirical evidence vs. differing opinions
relative to uncertainties; also need to recognize factual disparities and identify
those facts we think are most evidence-based

Please correct anything I've mischaracterized.  This is part of the record!

Cheers,
Mary
-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Patuxent Wildlife Research Center (remotely located)
12100 Beech Forest Road
Laurel, MD 20708 USA
jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings

Remote Contact Info:
Ph: 802-999-8684
243 Locust St
Dover, NH 03820

-- 
Jim Zelenak, Biologist
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U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov
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From: Zelenak, Jim
To: Odell - DNR, Eric
Subject: Re: Reminder: Canada lynx SSA State Coordination call
Date: Wednesday, December 02, 2015 11:04:54 AM

Glad you caught it because FWS folks had 1:00 on the calendar invites we sent out.  Fixing that now....

On Wed, Dec 2, 2015 at 11:02 AM, Odell - DNR, Eric <eric.odell@state.co.us> wrote:
That works, just wanted to be sure. Thanks.

On Wed, Dec 2, 2015 at 10:58 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Eric,

That was a mistake on my part, but since I sent it to everyone, I think we should leave it as a 1:30 start time for
today.  Hope that works for you.

Jim

On Wed, Dec 2, 2015 at 10:44 AM, Odell - DNR, Eric <eric.odell@state.co.us> wrote:
Hi Jim- Just confirming that call is moved to 1:30 from typical 1 pm start
time.
Please let me know.
Thanks,
Eric

On Tue, Nov 24, 2015 at 1:45 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
All:

The next call will be on Wed, Dec 2 at 1:30 MST; the call-in information is:
 
866-822-7385
Participant passcode: 5396168

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Eric Odell
Species Conservation Program Manager ~ Carnivores
Terrestrial Section

P 970.472.4340  |  F 970.472.4458  |  C 970.217.3915
317 West Prospect Road, Fort Collins, CO 80526
eric.odell@state.co.us  |  cpw.state.co.us
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Eric Odell
Species Conservation Program Manager ~ Carnivores
Terrestrial Section

P 970.472.4340  |  F 970.472.4458  |  C 970.217.3915
317 West Prospect Road, Fort Collins, CO 80526
eric.odell@state.co.us  |  cpw.state.co.us

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Nathan Hostetter
To: Catton, Susan J -FS
Cc: Tamara_Smith@fws.gov; bagardne@ncsu.edu
Subject: Re: Lynx Conference Call
Date: Wednesday, December 02, 2015 11:08:49 AM

Hi Susan,

Thank you for the comments! I'll work through them and let you know if I have any follow-up
questions.

-Nathan

On Wed, Dec 2, 2015 at 12:04 PM, Catton, Susan J -FS <scatton@fs.fed.us> wrote:

Thanks Nathan.  We are looking forward to the call with you.

 

I asked one of our biologists who has a strong background in statistical analysis and modeling to
take a look at the draft report and provide some thoughts.  Attached are his comments.  Some of
his comments maybe more relevant if this were to be a publishable paper.   However many relate
directly to the modeling and analysis.  I thought you might be interested in the feedback.  We can
talk more about it on Friday.

 

-Susan

 

From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Wednesday, December 02, 2015 8:56 AM
To: Catton, Timothy J -FS; Tamara_Smith@fws.gov; Beth Gardner; Ryan, Daniel C -FS; Grosshuesch,
David A -FS; Catton, Susan J -FS
Subject: Re: Lynx Conference Call

 

Hi Everyone,

 

Conference call information:

 

Date: Friday, December 4 

Time: 1pm (eastern)

Call-in number: 919-512-6307

mailto:njhostet@ncsu.edu
mailto:scatton@fs.fed.us
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Best,

-Nathan

---

Nathan J. Hostetter

Ph.D. candidate

NC State University

Department of Forestry and Environmental Resources

Campus Box 8001

Raleigh, NC  27695

P: 1-541-410-1453

njhostet@ncsu.edu

 

On Thu, Nov 19, 2015 at 3:46 PM, Nathan Hostetter <njhostet@ncsu.edu> wrote:

Hi All,

 

Let's plan for a conference call on Friday, December 4, at 1pm (eastern). Please let me know
if this time slot no longer works for you. I'll email call-in information prior to the call.  

 

Dave - Sorry, I have not been able to get a hold of you. I hope this time slot works. If not,
give me a call and we can discuss.

 

Thanks everyone.

-Nathan

---

Nathan J. Hostetter

tel:1-541-410-1453
mailto:njhostet@ncsu.edu
mailto:njhostet@ncsu.edu


Ph.D. student

NC State University

Department of Forestry and Environmental Resources

Campus Box 8001

Raleigh, NC  27695

P: 1-541-410-1453

njhostet@ncsu.edu

 

On Mon, Nov 16, 2015 at 4:05 PM, Nathan Hostetter <njhostet@ncsu.edu> wrote:

Hi All,

 

Doodle poll link to schedule a lynx conference call is below. It looks like a busy week, but
let's see if one of these times will work.

 

http://doodle.com/poll/7qviz7mfkbhhh57z

 

I will send the the draft report later this week.

 

Thanks!

-Nathan 

---

Nathan J. Hostetter

Ph.D. student

NC State University

Department of Forestry and Environmental Resources

Campus Box 8001

tel:1-541-410-1453
mailto:njhostet@ncsu.edu
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Raleigh, NC  27695

P: 1-541-410-1453

njhostet@ncsu.edu

 

 

tel:1-541-410-1453
mailto:njhostet@ncsu.edu


From: Catton, Susan J -FS
To: Beth Gardner
Cc: Nathan Hostetter; Tamara_Smith@fws.gov
Subject: RE: Lynx Conference Call
Date: Wednesday, December 02, 2015 11:30:16 AM

Hi Beth,
Thanks for the information.  I think Miguel would be very interested in that.  Let’s talk more about
that on Friday in terms of where the project is headed from here.  Depending on what we decide on
Friday than I will connect you with Miguel.  -Susan
 
From: Beth Gardner [mailto:bagardne@ncsu.edu] 
Sent: Wednesday, December 02, 2015 11:22 AM
To: Catton, Susan J -FS
Cc: Nathan Hostetter; Tamara_Smith@fws.gov
Subject: Re: Lynx Conference Call
 
Hi Susan,
 
Thanks so much for the comments.  We prepared this report mostly to share with the Forest
Service folks that have been collecting the data (hence why a lot of details were left out on the
modeling and why we didn't spend much time in collecting covariate information).  That said,
the comments were really useful and I am curious if the person that reviewed the paper might
be someone that is interested in taking over the modeling work.   Nathan and I are coming to
the end of our contract and we won't be able to provide the same level of data management
and analysis.  It would be awesome if someone is interested in trying to continue to work on
the data and survey design.   We would be happy to bring that person up to speed with the
work we have done and what we think can be done in the future.
 
Cheers,
Beth
 
On Wed, Dec 2, 2015 at 12:04 PM, Catton, Susan J -FS <scatton@fs.fed.us> wrote:
Thanks Nathan.  We are looking forward to the call with you.
 
I asked one of our biologists who has a strong background in statistical analysis and modeling to take
a look at the draft report and provide some thoughts.  Attached are his comments.  Some of his
comments maybe more relevant if this were to be a publishable paper.   However many relate
directly to the modeling and analysis.  I thought you might be interested in the feedback.  We can
talk more about it on Friday.
 
-Susan
 
From: Nathan Hostetter [mailto:njhostet@ncsu.edu] 
Sent: Wednesday, December 02, 2015 8:56 AM
To: Catton, Timothy J -FS; Tamara_Smith@fws.gov; Beth Gardner; Ryan, Daniel C -FS; Grosshuesch,
David A -FS; Catton, Susan J -FS
Subject: Re: Lynx Conference Call
 
Hi Everyone,
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Conference call information:
 
Date: Friday, December 4 
Time: 1pm (eastern)
Call-in number: 919-512-6307
 
Best,
-Nathan

---
Nathan J. Hostetter
Ph.D. candidate
NC State University
Department of Forestry and Environmental Resources
Campus Box 8001
Raleigh, NC  27695
P: 1-541-410-1453
njhostet@ncsu.edu
 
On Thu, Nov 19, 2015 at 3:46 PM, Nathan Hostetter <njhostet@ncsu.edu> wrote:
Hi All,
 
Let's plan for a conference call on Friday, December 4, at 1pm (eastern). Please let me know if
this time slot no longer works for you. I'll email call-in information prior to the call.  
 
Dave - Sorry, I have not been able to get a hold of you. I hope this time slot works. If not, give
me a call and we can discuss.
 
Thanks everyone.
-Nathan

---
Nathan J. Hostetter
Ph.D. student
NC State University
Department of Forestry and Environmental Resources
Campus Box 8001
Raleigh, NC  27695
P: 1-541-410-1453
njhostet@ncsu.edu
 
On Mon, Nov 16, 2015 at 4:05 PM, Nathan Hostetter <njhostet@ncsu.edu> wrote:

Hi All,
 
Doodle poll link to schedule a lynx conference call is below. It looks like a busy week, but
let's see if one of these times will work.
 
http://doodle.com/poll/7qviz7mfkbhhh57z
 
I will send the the draft report later this week.
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Thanks!
-Nathan 

---
Nathan J. Hostetter
Ph.D. student
NC State University
Department of Forestry and Environmental Resources
Campus Box 8001
Raleigh, NC  27695
P: 1-541-410-1453
njhostet@ncsu.edu

 
 

 
--
Beth Gardner
NC State University
Department of Forestry and Environmental Resources
5217 Jordan Hall
Raleigh, NC 27695-7646
Tel: 919 513-7558
Fax: 919 515-5110

tel:1-541-410-1453
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From: Parkin, Mary
To: Zelenak, Jim
Subject: Re: [Update] Canada Lynx SSA, State Coordination Call, REVISED TIME: 1:30-3:00 pm MST
Date: Wednesday, December 02, 2015 11:37:07 AM

No problemo!

On Wed, Dec 2, 2015 at 1:31 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks, Mary.  Sorry for the goof up. 

On Wed, Dec 2, 2015 at 11:21 AM, <mary_parkin@fws.gov> wrote:

Hi all,
We had a disconnect between the time we told the States for this month's call and the
Google calendar time. Please re-set your watches! The call will begin at 1:30 MST rather
than 1:00 MST.
Sorry about the confusion, but we hope you can join the call at this revised time.
Thanks!

Canada Lynx SSA, State Coordination Call, 1-2:30 pm MST
This will be a brief call to update States about the SSA process for the lynx. 

When Wed Dec 2, 2015 3pm – 4:30pm Eastern Time

Where Call-in: 866-822-7385, passcode: 5396168 (map)

Who • mary_parkin@fws.gov - organizer

• jodi_bush@fws.gov
• jennifer_szymanski@fws.gov
• seth_willey@fws.gov
• kurt_broderdorp@fws.gov
• heather_bell@fws.gov
• drsmith@usgs.gov
• bryon_holt@fws.gov
• jwcummings@usgs.gov
• mark_mccollough@fws.gov
• tamara_smith@fws.gov
• jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mary_parkin@fws.gov
https://maps.google.com/maps?q=Call-in:+866-822-7385,+passcode:+5396168&hl=en
mailto:mary_parkin@fws.gov
mailto:jodi_bush@fws.gov
mailto:jennifer_szymanski@fws.gov
mailto:seth_willey@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:heather_bell@fws.gov
mailto:drsmith@usgs.gov
mailto:bryon_holt@fws.gov
mailto:jwcummings@usgs.gov
mailto:mark_mccollough@fws.gov
mailto:tamara_smith@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

mailto:mary_parkin@fws.gov


From: Google Calendar
To: kurt_broderdorp@fws.gov; jodi_bush@fws.gov; jwcummings@usgs.gov; tamara_smith@fws.gov;

mark_mccollough@fws.gov; seth_willey@fws.gov; bryon_holt@fws.gov; jim_zelenak@fws.gov;
heather_bell@fws.gov; jennifer_szymanski@fws.gov; drsmith@usgs.gov; mary_parkin@fws.gov

Cc: jodi_bush@fws.gov; jennifer_szymanski@fws.gov; seth_willey@fws.gov; kurt_broderdorp@fws.gov;
heather_bell@fws.gov; drsmith@usgs.gov; bryon_holt@fws.gov; jwcummings@usgs.gov;
mark_mccollough@fws.gov; tamara_smith@fws.gov; jim_zelenak@fws.gov

Subject: [Update] Canada Lynx SSA, State Coordination Call, REVISED TIME: 1:30-3:00 pm MST
Date: Wednesday, December 02, 2015 1:21:28 PM

Hi all,
We had a disconnect between the time we told the States for this month's call and the Google
calendar time. Please re-set your watches! The call will begin at 1:30 MST rather than 1:00
MST.
Sorry about the confusion, but we hope you can join the call at this revised time.
Thanks!

Canada Lynx SSA, State Coordination Call, 1-2:30 pm MST
This will be a brief call to update States about the SSA process for the lynx. 

When Wed Dec 2, 2015 3pm – 4:30pm Eastern Time

Where Call-in: 866-822-7385, passcode: 5396168 (map)

Who • mary_parkin@fws.gov - organizer

• jodi_bush@fws.gov
• jennifer_szymanski@fws.gov
• seth_willey@fws.gov
• kurt_broderdorp@fws.gov
• heather_bell@fws.gov
• drsmith@usgs.gov
• bryon_holt@fws.gov
• jwcummings@usgs.gov
• mark_mccollough@fws.gov
• tamara_smith@fws.gov
• jim_zelenak@fws.gov
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From: Zicari, Laury
To: McCollough, Mark
Subject: Re: Lynx SSA & recovery planning - opportunities for input
Date: Thursday, December 03, 2015 8:51:00 AM

Jim did not say so but I assume that this is all about the special rules around the ESA and the FACA?  A duly
appointed recovery team is exempt from the FACA but more casual consult and huddle with maybe only like
minded folks type of approach is a violation of the FACA.  You can consult and seek advice from individuals one at
a time for technical advice but you cannot convene meetings where consensus is sought without formally invoking
the FACA and including all sides.  

On Thu, Dec 3, 2015 at 10:45 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Jim:  This is very helpful.  Thank you for clarifying.  Perhaps you should share with the
other Core Team members.  

Several related questions came up after my presentation with forest industry yesterday. 
Specifically, they wanted to know the likelihood of having a lynx DPS unique to Maine. 
They also wanted to know what opportunities they may have to provide input on the SSA or
lynx recovery plan.

I'm glad we talked prior to our meeting.  I relayed the points your provided in your email. 
Also, I briefly discussed our DPS policy, review and confirmation of the DPS designation in
2003, and that thus far we don't have information that the Maine population meets the
discrete and significant criteria (but that we would review especially the new genetics
information from the workshop and published literature).  I indicated that they would
certainly have a chance to provide input on the recovery plan (and used the Atlantic salmon
plan as an example).  Also, that we would share the Workshop Report with anyone who
might be interested.

Overall, the meeting went well.  I assured them that the Service would be working with
forest industry on lynx recovery and that we would need their partnership and cooperation in
recovering lynx.

Mark

On Wed, Dec 2, 2015 at 10:19 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Sorry that this will likely miss you this AM, Mark, but I wanted to pass along what Seth, Mary and I talked
about yesterday afternoon.

1.  We will make the workshop report available to stakeholders as a final FWS doc - that is, we will not solicit
review and comment from States, other fed agencies, tribes, the public, or private landowners/forest managers.

2.  The SSA report will be peer-reviewed and, although we will not publish it in the Fed. Reg., or open up an
official 30-, 60-, or 90-day comment period, we will make the SSA report available to states and other
stakeholders and let them know we will consider any scientific information they may have that we may not
have availed ourselves of (i.e., we will accept and consider data or comments on the science, but not on the
policy questions that may later be based on the SSA report).

3.  If we do a 5-year review, we may again solicit new information via FR notice (R6 is thinking about
including lynx in batched 5-yr-review re-initiation notice in the next 2-3 months, though that is still being
debated [whether to include lynx in that notice]) or other outreach, but we don't seek comment or review of 5-
year reviews, apparently.  We would liikely do a short-form 5-yr-review for lynx relying heavily on and
referencing the SSA report.

mailto:mark_mccollough@fws.gov
mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov


4.  If we determine a recovery plan is needed, that will follow a process similar to CH or other listing
determination.  We would use the new REV process, which may mean we don't formally convene a recovery
team, and we would again lean heavily on the SSA report.  We would publish a draft rule in the FR and seek
both peer and public review (probably with a 60-day public comment period concurrent with peer review).  We
would then right the final plan in which we would respond to/incorporate both the peer and public reviews,
though our response to comments would be structured differently than in the CH process - probably as an
appendix to the final recovery plan, which we would make available when it is done though, unlike CH, we
would not publish the final recovery plan in the FR.

So, the major points for input by stakeholders are in review/comment on the SCIENCE for the draft SSA report
and later on the draft recovery plan.

Clear? 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 

Laury Zicari
Field Supervisor
Maine Field Office
17 Godfrey Drive, Suite 2
Orono, ME   04473
207-866-3344 x 1111
Fax  866-3351
Cell 207-949-0561
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From: Zelenak, Jim
To: Sparks, James
Subject: Re: Lynx Road-Kill Database Update
Date: Thursday, December 03, 2015 10:02:22 AM

Thanks, Jim.

All is pretty OK here - been busy with lynx stuff, as usual - responding to the critical habitat lawsuit and trying to
make progress on the Species Status Assessment (SSA) upon which we have embarked.

I will be taking some use-or-loose annual leave over the holidays, though staying put.  Abby is out of school for
some of it, so will be doing daddy-daughter stuff I'm sure.

Would be good to talk to you soon.

Hope all is well there.

Jim

On Thu, Dec 3, 2015 at 9:48 AM, Sparks, James <jrsparks@blm.gov> wrote:
Hi Jim! I checked with BLM offices in Montana and didn't receive any information on lynx
road kills. Hope you are well and taking time off for the holidays!! Hope to talk to you soon,
Jim.

On Tue, Nov 24, 2015 at 3:07 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

Could you please share the attached with folks in your organization/neck of the woods and let me know if you
have any information on lynx-vehicle collisions in Montana besides the one documented in the table?

Thanks,

Jim 
---------- Forwarded message ----------
From: Kurt Broderdorp <Kurt_Broderdorp@fws.gov>
Date: Thu, Nov 12, 2015 at 1:25 PM
Subject: Lynx Road-Kill Database Update
To: Bryon Holt <bryon_holt@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Lisa
Solberg Schwab <lisa_solbergschwab@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Mark McCollough <mark_mccollough@fws.gov>

As the unofficial (and self-appointed) curator of a road-kill data base, I would like to
update the attached file.  I have not been able to update this information recently, but the
updated information may tell us something for the SSA.  Please make whatever contacts
as appropriate do update the information for your area.  Thanks.

 

Kurt Broderdorp

US Fish and Wildlife Service
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(970) 628-7186

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zicari, Laury
To: McCollough, Mark
Subject: Re: Lynx SSA & recovery planning - opportunities for input
Date: Thursday, December 03, 2015 10:50:38 AM

Jim did not say so but I assume that this is all about the special rules around the ESA and the FACA?  A duly
appointed recovery team is exempt from the FACA but more casual consult and huddle with maybe only like
minded folks type of approach is a violation of the FACA.  You can consult and seek advice from individuals one at
a time for technical advice but you cannot convene meetings where consensus is sought without formally invoking
the FACA and including all sides.  

On Thu, Dec 3, 2015 at 10:45 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Jim:  This is very helpful.  Thank you for clarifying.  Perhaps you should share with the
other Core Team members.  

Several related questions came up after my presentation with forest industry yesterday. 
Specifically, they wanted to know the likelihood of having a lynx DPS unique to Maine. 
They also wanted to know what opportunities they may have to provide input on the SSA or
lynx recovery plan.

I'm glad we talked prior to our meeting.  I relayed the points your provided in your email. 
Also, I briefly discussed our DPS policy, review and confirmation of the DPS designation in
2003, and that thus far we don't have information that the Maine population meets the
discrete and significant criteria (but that we would review especially the new genetics
information from the workshop and published literature).  I indicated that they would
certainly have a chance to provide input on the recovery plan (and used the Atlantic salmon
plan as an example).  Also, that we would share the Workshop Report with anyone who
might be interested.

Overall, the meeting went well.  I assured them that the Service would be working with
forest industry on lynx recovery and that we would need their partnership and cooperation in
recovering lynx.

Mark

On Wed, Dec 2, 2015 at 10:19 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Sorry that this will likely miss you this AM, Mark, but I wanted to pass along what Seth, Mary and I talked
about yesterday afternoon.

1.  We will make the workshop report available to stakeholders as a final FWS doc - that is, we will not solicit
review and comment from States, other fed agencies, tribes, the public, or private landowners/forest managers.

2.  The SSA report will be peer-reviewed and, although we will not publish it in the Fed. Reg., or open up an
official 30-, 60-, or 90-day comment period, we will make the SSA report available to states and other
stakeholders and let them know we will consider any scientific information they may have that we may not
have availed ourselves of (i.e., we will accept and consider data or comments on the science, but not on the
policy questions that may later be based on the SSA report).

3.  If we do a 5-year review, we may again solicit new information via FR notice (R6 is thinking about
including lynx in batched 5-yr-review re-initiation notice in the next 2-3 months, though that is still being
debated [whether to include lynx in that notice]) or other outreach, but we don't seek comment or review of 5-
year reviews, apparently.  We would liikely do a short-form 5-yr-review for lynx relying heavily on and
referencing the SSA report.
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4.  If we determine a recovery plan is needed, that will follow a process similar to CH or other listing
determination.  We would use the new REV process, which may mean we don't formally convene a recovery
team, and we would again lean heavily on the SSA report.  We would publish a draft rule in the FR and seek
both peer and public review (probably with a 60-day public comment period concurrent with peer review).  We
would then right the final plan in which we would respond to/incorporate both the peer and public reviews,
though our response to comments would be structured differently than in the CH process - probably as an
appendix to the final recovery plan, which we would make available when it is done though, unlike CH, we
would not publish the final recovery plan in the FR.

So, the major points for input by stakeholders are in review/comment on the SCIENCE for the draft SSA report
and later on the draft recovery plan.

Clear? 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 

Laury Zicari
Field Supervisor
Maine Field Office
17 Godfrey Drive, Suite 2
Orono, ME   04473
207-866-3344 x 1111
Fax  866-3351
Cell 207-949-0561
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From: Parkin, Mary
To: Zelenak, Jim
Cc: McCollough, Mark; Laury Zicari
Subject: Re: Lynx SSA & recovery planning - opportunities for input
Date: Thursday, December 03, 2015 11:28:58 AM

I'll get back to you right after the call I need to get on in 1 minute.  Should be able to respond
in an hour or so.
M.

On Thu, Dec 3, 2015 at 11:25 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks, Mark - glad your meeting with forest industry folks went well.

I'll forward this to Core and FIT (Heather, Jonathan) teams once Mary has had a chance to weigh-in and make
sure I haven't overlooked anything pertinent.

Mary?

On Thu, Dec 3, 2015 at 8:45 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Jim:  This is very helpful.  Thank you for clarifying.  Perhaps you should share with the
other Core Team members.  

Several related questions came up after my presentation with forest industry yesterday. 
Specifically, they wanted to know the likelihood of having a lynx DPS unique to Maine. 
They also wanted to know what opportunities they may have to provide input on the SSA
or lynx recovery plan.

I'm glad we talked prior to our meeting.  I relayed the points your provided in your email. 
Also, I briefly discussed our DPS policy, review and confirmation of the DPS designation
in 2003, and that thus far we don't have information that the Maine population meets the
discrete and significant criteria (but that we would review especially the new genetics
information from the workshop and published literature).  I indicated that they would
certainly have a chance to provide input on the recovery plan (and used the Atlantic
salmon plan as an example).  Also, that we would share the Workshop Report with anyone
who might be interested.

Overall, the meeting went well.  I assured them that the Service would be working with
forest industry on lynx recovery and that we would need their partnership and cooperation
in recovering lynx.

Mark

On Wed, Dec 2, 2015 at 10:19 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Sorry that this will likely miss you this AM, Mark, but I wanted to pass along what Seth, Mary and I talked
about yesterday afternoon.

1.  We will make the workshop report available to stakeholders as a final FWS doc - that is, we will not
solicit review and comment from States, other fed agencies, tribes, the public, or private landowners/forest
managers.

2.  The SSA report will be peer-reviewed and, although we will not publish it in the Fed. Reg., or open up an
official 30-, 60-, or 90-day comment period, we will make the SSA report available to states and other
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stakeholders and let them know we will consider any scientific information they may have that we may not
have availed ourselves of (i.e., we will accept and consider data or comments on the science, but not on the
policy questions that may later be based on the SSA report).

3.  If we do a 5-year review, we may again solicit new information via FR notice (R6 is thinking about
including lynx in batched 5-yr-review re-initiation notice in the next 2-3 months, though that is still being
debated [whether to include lynx in that notice]) or other outreach, but we don't seek comment or review of
5-year reviews, apparently.  We would liikely do a short-form 5-yr-review for lynx relying heavily on and
referencing the SSA report.

4.  If we determine a recovery plan is needed, that will follow a process similar to CH or other listing
determination.  We would use the new REV process, which may mean we don't formally convene a recovery
team, and we would again lean heavily on the SSA report.  We would publish a draft rule in the FR and seek
both peer and public review (probably with a 60-day public comment period concurrent with peer review). 
We would then right the final plan in which we would respond to/incorporate both the peer and public
reviews, though our response to comments would be structured differently than in the CH process - probably
as an appendix to the final recovery plan, which we would make available when it is done though, unlike
CH, we would not publish the final recovery plan in the FR.

So, the major points for input by stakeholders are in review/comment on the SCIENCE for the draft SSA
report and later on the draft recovery plan.

Clear? 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
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Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov
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From: Zelenak, Jim
To: Jodi Bush
Subject: Lynx 5-year review questions
Date: Friday, December 04, 2015 8:53:08 AM

Not sure if you've had a chance to discuss this with Seth yet, but I was looking back thru my notes and thought some
background might help.

According to Seth, R6 has a backlog of 20 species overdue for 5-yr reviews.  The Region intends to publish, by
Feb./March, a batched FR notice re-initiating 5-yr reviews for some (5 or 6 for sure, maybe a few more) but not all
20 species that are overdue.

Seth thinks it might be an opportunity to more formally "check that box" for lynx and provide a little extra legal
protection, though legal vulnerability is not all that high for lynx at this point (on that front).  His inclination is to
include lynx in the batched notice unless doing so would impact the timeline for the SSA and perhaps future
recovery planning.

He thought the notice would announce a 60-day period within which to solicit any new information that folks feel
we should consider in the 5-yr, that we could also include any pertinent info gained from that notice int  he final
SSA report (which we are aiming to complete and send out for peer review and perhaps other stakeholder review by
end of March, if I understand correctly), and that the 5-year review then could be very short and lean heavily on the
SSA report.

Given that, he asked me to ask you two questions:

1.  Do we want to include lynx in the batch of formal 5-year review initiations to be published next Feb/March?

2. If so, what is the drop-dead date for publishing that notice as far as minimizing impact to the rest of the lynx time
line as we understand it now?

I know I mentioned some of this to you but wanted to provide this for your consideration before you discuss with
Seth if you choose to do so.

Let me know if you want to discuss.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Sparks, James
To: Zelenak, Jim
Subject: Re: Lynx Road-Kill Database Update
Date: Friday, December 04, 2015 10:11:19 AM

No problem; please share!

On Fri, Dec 4, 2015 at 7:46 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Do you mind if I share your response with the others I asked to do the same (Scott Jackson, Kristi Swisher, John
Squires, Jay Kolbe, Bob Inman, and Ben Conard)?

On Thu, Dec 3, 2015 at 9:48 AM, Sparks, James <jrsparks@blm.gov> wrote:
Hi Jim! I checked with BLM offices in Montana and didn't receive any information on
lynx road kills. Hope you are well and taking time off for the holidays!! Hope to talk to
you soon, Jim.

On Tue, Nov 24, 2015 at 3:07 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

Could you please share the attached with folks in your organization/neck of the woods and let me know if
you have any information on lynx-vehicle collisions in Montana besides the one documented in the table?

Thanks,

Jim 
---------- Forwarded message ----------
From: Kurt Broderdorp <Kurt_Broderdorp@fws.gov>
Date: Thu, Nov 12, 2015 at 1:25 PM
Subject: Lynx Road-Kill Database Update
To: Bryon Holt <bryon_holt@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Lisa
Solberg Schwab <lisa_solbergschwab@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Mark McCollough <mark_mccollough@fws.gov>

As the unofficial (and self-appointed) curator of a road-kill data base, I would like to
update the attached file.  I have not been able to update this information recently, but the
updated information may tell us something for the SSA.  Please make whatever contacts
as appropriate do update the information for your area.  Thanks.

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Kurt Broderdorp
Subject: Fwd: Lynx Road-Kill Database Update
Date: Friday, December 04, 2015 10:17:01 AM

Still waiting on some replies, but no BLM road kills in MT.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Fri, Dec 4, 2015 at 10:14 AM
Subject: Fwd: Lynx Road-Kill Database Update
To: "Jackson, Scott -FS" <sjackson03@fs.fed.us>, "Swisher, Kristi -FS"
<kswisher@fs.fed.us>, "Squires, John -FS" <jsquires@fs.fed.us>, Jay Kolbe
<jkolbe.fwp@gmail.com>, "Inman, Bob" <bobinman@mt.gov>, Ben Conard
<ben_conard@fws.gov>, seggeman@mt.gov

FYI - no lynx/vehicle reports from BLM folks in MT.

---------- Forwarded message ----------
From: Sparks, James <jrsparks@blm.gov>
Date: Thu, Dec 3, 2015 at 9:48 AM
Subject: Re: Lynx Road-Kill Database Update
To: "Zelenak, Jim" <jim_zelenak@fws.gov>, Jake Chaffin <jlchaffi@blm.gov>

Hi Jim! I checked with BLM offices in Montana and didn't receive any information on lynx
road kills. Hope you are well and taking time off for the holidays!! Hope to talk to you soon,
Jim.

On Tue, Nov 24, 2015 at 3:07 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

Could you please share the attached with folks in your organization/neck of the woods and let me know if you
have any information on lynx-vehicle collisions in Montana besides the one documented in the table?

Thanks,

Jim 
---------- Forwarded message ----------
From: Kurt Broderdorp <Kurt_Broderdorp@fws.gov>
Date: Thu, Nov 12, 2015 at 1:25 PM
Subject: Lynx Road-Kill Database Update
To: Bryon Holt <bryon_holt@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Lisa
Solberg Schwab <lisa_solbergschwab@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Mark McCollough <mark_mccollough@fws.gov>

As the unofficial (and self-appointed) curator of a road-kill data base, I would like to update
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the attached file.  I have not been able to update this information recently, but the updated
information may tell us something for the SSA.  Please make whatever contacts as
appropriate do update the information for your area.  Thanks.

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Parkin, Mary
To: Zelenak, Jim
Cc: Seth Willey
Subject: Re: Lynx SSA & recovery planning - opportunities for input
Date: Monday, December 07, 2015 12:30:08 PM

Hi both,

#s 1 and 2 look fine.

3.  Delete the text about the possibility of including lynx in a batch notice.  Some suggested
rewording (feel free to do with it what you will):  "Following the SSA, a 5-year review will be
prepared. The review will synthesize results of the SSA and provide a recommendation
regarding the appropriate listing classification for the DPS, also taking into account DPS and
SPR policies.  The review will be a short document that incorporates the SSA report through
reference.  The review is a Service assessment and is not subject to public comment or review
(public review is provided for during decision processes)." 

4.  Be clear that, similarly to the SSA, recovery planning isn't a rulemaking/regulatory process,
although public review is required for RPs unlike the SSA and 5-yr review.  I suggest deleting
the first sentence and other analogies to the CH process.  We do publish an NOI to kick off the
planning process, and we put the draft out for public and peer review, but even when approved
the plan isn't a decision document, legally speaking.  I also suggest saying that addressing any
likelihood (or non-likelihood) of convening a recovery team is premature and will only be
considered if and when the need for a recovery plan is established.

I do agree that this would be useful for core team and FIT members to have in their
backpockets, and it would also be good to send it (in a more polished version, perhaps) as a
reminder to FWS managers and state partners.

Now it's all yours!
Mary

On Thu, Dec 3, 2015 at 11:28 AM, Parkin, Mary <mary_parkin@fws.gov> wrote:
I'll get back to you right after the call I need to get on in 1 minute.  Should be able to
respond in an hour or so.
M.

On Thu, Dec 3, 2015 at 11:25 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks, Mark - glad your meeting with forest industry folks went well.

I'll forward this to Core and FIT (Heather, Jonathan) teams once Mary has had a chance to weigh-in and make
sure I haven't overlooked anything pertinent.

Mary?

On Thu, Dec 3, 2015 at 8:45 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:  This is very helpful.  Thank you for clarifying.  Perhaps you should share with the
other Core Team members.  
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Several related questions came up after my presentation with forest industry yesterday. 
Specifically, they wanted to know the likelihood of having a lynx DPS unique to
Maine.  They also wanted to know what opportunities they may have to provide input on
the SSA or lynx recovery plan.

I'm glad we talked prior to our meeting.  I relayed the points your provided in your
email.  Also, I briefly discussed our DPS policy, review and confirmation of the DPS
designation in 2003, and that thus far we don't have information that the Maine
population meets the discrete and significant criteria (but that we would review
especially the new genetics information from the workshop and published literature).  I
indicated that they would certainly have a chance to provide input on the recovery plan
(and used the Atlantic salmon plan as an example).  Also, that we would share the
Workshop Report with anyone who might be interested.

Overall, the meeting went well.  I assured them that the Service would be working with
forest industry on lynx recovery and that we would need their partnership and
cooperation in recovering lynx.

Mark

On Wed, Dec 2, 2015 at 10:19 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Sorry that this will likely miss you this AM, Mark, but I wanted to pass along what Seth, Mary and I
talked about yesterday afternoon.

1.  We will make the workshop report available to stakeholders as a final FWS doc - that is, we will not
solicit review and comment from States, other fed agencies, tribes, the public, or private landowners/forest
managers.

2.  The SSA report will be peer-reviewed and, although we will not publish it in the Fed. Reg., or open up
an official 30-, 60-, or 90-day comment period, we will make the SSA report available to states and other
stakeholders and let them know we will consider any scientific information they may have that we may
not have availed ourselves of (i.e., we will accept and consider data or comments on the science, but not
on the policy questions that may later be based on the SSA report).

3.  If we do a 5-year review, we may again solicit new information via FR notice (R6 is thinking about
including lynx in batched 5-yr-review re-initiation notice in the next 2-3 months, though that is still being
debated [whether to include lynx in that notice]) or other outreach, but we don't seek comment or review
of 5-year reviews, apparently.  We would liikely do a short-form 5-yr-review for lynx relying heavily on
and referencing the SSA report.

4.  If we determine a recovery plan is needed, that will follow a process similar to CH or other listing
determination.  We would use the new REV process, which may mean we don't formally convene a
recovery team, and we would again lean heavily on the SSA report.  We would publish a draft rule in the
FR and seek both peer and public review (probably with a 60-day public comment period concurrent with
peer review).  We would then right the final plan in which we would respond to/incorporate both the peer
and public reviews, though our response to comments would be structured differently than in the CH
process - probably as an appendix to the final recovery plan, which we would make available when it is
done though, unlike CH, we would not publish the final recovery plan in the FR.

So, the major points for input by stakeholders are in review/comment on the SCIENCE for the draft SSA
report and later on the draft recovery plan.

Clear? 
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

-- 
Mary Parkin
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Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

mailto:mary_parkin@fws.gov


From: Inman, Bob
To: Zelenak, Jim
Subject: RE: Lynx Road-Kill Database Update
Date: Monday, December 07, 2015 3:19:35 PM

I need an intern to sort through and get our non-harvest records up to speed and readily available. 
Any ideas?
 
-Bob Inman
 
 
 
Robert M. Inman, PhD
Carnivore-Furbearer Coordinator
Montana Fish, Wildlife and Parks
1420 East 6th Ave., PO Box 200701,
Helena, MT 59620-0701
406-444-0042 (o)
406-570-5326 (c)
bobinman@mt.gov
 

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Monday, December 07, 2015 3:04 PM
To: Inman, Bob
Subject: Re: Lynx Road-Kill Database Update
 
Thanks Bob.
 
Weird that we have info on sex for the 2001 and 2003 records but nothing on location. 
Wonder if there is any way to track that info down?
 
Well, let me know if you find anything else.
 
Jim
 
On Mon, Dec 7, 2015 at 11:30 AM, Inman, Bob <bobinman@mt.gov> wrote:
Jim, Here is what I can get out of our database and after inquiring for any other with Natural
Heritage. It seems pretty limited, even though I have no idea if more of this is occurring or not. I
hope to make additional efforts to make sure and get these type of data recorded in the future.  
 
-Bob Inman
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Robert M. Inman, PhD
Carnivore-Furbearer Coordinator
Montana Fish, Wildlife and Parks
1420 East 6th Ave., PO Box 200701,
Helena, MT 59620-0701
406-444-0042 (o)
406-570-5326 (c)
bobinman@mt.gov
 

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, December 04, 2015 10:14 AM
To: Jackson, Scott -FS; Swisher, Kristi -FS; Squires, John -FS; Kolbe, Jay; Inman, Bob; Ben Conard;
Eggeman, Scott
Subject: Fwd: Lynx Road-Kill Database Update
 
FYI - no lynx/vehicle reports from BLM folks in MT.
 
 
---------- Forwarded message ----------
From: Sparks, James <jrsparks@blm.gov>
Date: Thu, Dec 3, 2015 at 9:48 AM
Subject: Re: Lynx Road-Kill Database Update
To: "Zelenak, Jim" <jim_zelenak@fws.gov>, Jake Chaffin <jlchaffi@blm.gov>

Hi Jim! I checked with BLM offices in Montana and didn't receive any information on lynx
road kills. Hope you are well and taking time off for the holidays!! Hope to talk to you soon,
Jim.
 
On Tue, Nov 24, 2015 at 3:07 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:
 
Could you please share the attached with folks in your organization/neck of the woods and let
me know if you have any information on lynx-vehicle collisions in Montana besides the one
documented in the table?
 
Thanks,
 
Jim 
---------- Forwarded message ----------
From: Kurt Broderdorp <Kurt_Broderdorp@fws.gov>
Date: Thu, Nov 12, 2015 at 1:25 PM
Subject: Lynx Road-Kill Database Update
To: Bryon Holt <bryon_holt@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Lisa Solberg
Schwab <lisa_solbergschwab@fws.gov>, Tamara Smith <tamara_smith@fws.gov>, Mark
McCollough <mark_mccollough@fws.gov>

mailto:bobinman@mt.gov
mailto:jim_zelenak@fws.gov
mailto:jrsparks@blm.gov
mailto:jim_zelenak@fws.gov
mailto:jlchaffi@blm.gov
mailto:jim_zelenak@fws.gov
mailto:Kurt_Broderdorp@fws.gov
mailto:bryon_holt@fws.gov
mailto:jim_zelenak@fws.gov
mailto:lisa_solbergschwab@fws.gov
mailto:tamara_smith@fws.gov
mailto:mark_mccollough@fws.gov


As the unofficial (and self-appointed) curator of a road-kill data base, I would like to update
the attached file.  I have not been able to update this information recently, but the updated
information may tell us something for the SSA.  Please make whatever contacts as appropriate
do update the information for your area.  Thanks.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
 

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Inman, Bob
Subject: Re: Lynx Road-Kill Database Update
Date: Monday, December 07, 2015 3:32:35 PM

I nominate Podruzny!

Kidding - he's an old grad school friend.  But he is good at data mining......

On Mon, Dec 7, 2015 at 3:19 PM, Inman, Bob <bobinman@mt.gov> wrote:

I need an intern to sort through and get our non-harvest records up to speed and readily
available.  Any ideas?

 

-Bob Inman

 

 

 

Robert M. Inman, PhD

Carnivore-Furbearer Coordinator

Montana Fish, Wildlife and Parks

1420 East 6th Ave., PO Box 200701,

Helena, MT 59620-0701

406-444-0042 (o)

406-570-5326 (c)

bobinman@mt.gov

 

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Monday, December 07, 2015 3:04 PM
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To: Inman, Bob
Subject: Re: Lynx Road-Kill Database Update

 

Thanks Bob.

 

Weird that we have info on sex for the 2001 and 2003 records but nothing on location. 
Wonder if there is any way to track that info down?

 

Well, let me know if you find anything else.

 

Jim

 

On Mon, Dec 7, 2015 at 11:30 AM, Inman, Bob <bobinman@mt.gov> wrote:

Jim, Here is what I can get out of our database and after inquiring for any other with Natural
Heritage. It seems pretty limited, even though I have no idea if more of this is occurring or not. I
hope to make additional efforts to make sure and get these type of data recorded in the future.  

 

-Bob Inman

 

 

 

Robert M. Inman, PhD

Carnivore-Furbearer Coordinator

Montana Fish, Wildlife and Parks

1420 East 6th Ave., PO Box 200701,

Helena, MT 59620-0701

406-444-0042 (o)

406-570-5326 (c)

bobinman@mt.gov

mailto:bobinman@mt.gov
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From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, December 04, 2015 10:14 AM
To: Jackson, Scott -FS; Swisher, Kristi -FS; Squires, John -FS; Kolbe, Jay; Inman, Bob; Ben Conard;
Eggeman, Scott
Subject: Fwd: Lynx Road-Kill Database Update

 

FYI - no lynx/vehicle reports from BLM folks in MT.

 

 

---------- Forwarded message ----------
From: Sparks, James <jrsparks@blm.gov>
Date: Thu, Dec 3, 2015 at 9:48 AM
Subject: Re: Lynx Road-Kill Database Update
To: "Zelenak, Jim" <jim_zelenak@fws.gov>, Jake Chaffin <jlchaffi@blm.gov>

Hi Jim! I checked with BLM offices in Montana and didn't receive any information on lynx
road kills. Hope you are well and taking time off for the holidays!! Hope to talk to you soon,
Jim.

 

On Tue, Nov 24, 2015 at 3:07 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

Hi All:

 

Could you please share the attached with folks in your organization/neck of the woods and
let me know if you have any information on lynx-vehicle collisions in Montana besides the
one documented in the table?

 

Thanks,
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Jim 

---------- Forwarded message ----------
From: Kurt Broderdorp <Kurt_Broderdorp@fws.gov>
Date: Thu, Nov 12, 2015 at 1:25 PM
Subject: Lynx Road-Kill Database Update
To: Bryon Holt <bryon_holt@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Lisa
Solberg Schwab <lisa_solbergschwab@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Mark McCollough <mark_mccollough@fws.gov>

As the unofficial (and self-appointed) curator of a road-kill data base, I would like to update
the attached file.  I have not been able to update this information recently, but the updated
information may tell us something for the SSA.  Please make whatever contacts as
appropriate do update the information for your area.  Thanks.

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov
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--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Smith, Tamara
To: Delphey, Phil
Cc: Kelly Nail; Nick Utrup; Lisa Mandell
Subject: Re: Species Status Assessments
Date: Tuesday, December 15, 2015 10:53:37 AM

Hi Phil - 

I'm not sure I would be able to make any of these times, but here is some brief info. about the
SSAs that I'll be working on.

Keep me in the loop on the meeting time/date but it sounds like it will just be a conversation
between you and Rich, so don't worry about scheduling around me. Friday may be the only
date that works for me this week anyway.

Some brief info: 

RPBB - (listing decision SSA) I will be sending out letters to FOs/states, probably next week,
to introduce the SSA & request info.  This SSA is on a tight timeline and is expected to be
completed this spring since our decision is due in FR this fall (by Sept 30). HQ is requesting
an earlier deadline - that a FR document published by Aug. 30.

Spectaclecase (recovery planning SSA)- Early stages of SSA; Letter to FOs sent out to gather
info. For MNDNR, info request letter to Bernard & Mike in early Dec. requesting info by Jan.
20.  SSA report - not on a strict time-frame - goal fall 2016. Sheepnose, snuffbox SSAs are
being conducted concurrently with some joint effort (e.g., info. gathering).

Lynx -  (recovery planning SSA) -draft SSA report target date Spring 2016; peer review
before finalized.  Court ordered recovery plan due in Jan. 2018.

Make sure that Rich is aware that each SSAs is unique and not conducted the exact same
manner - e.g., not all SSAs will have a structured expert elicitation workshop, like the lynx EE
workshop where he was an observer.

Thanks!
-Tam

On Tue, Dec 15, 2015 at 10:00 AM, Delphey, Phil <phil_delphey@fws.gov> wrote:
If you'd like to chat briefly to update Rich Baker this week on the SSAs that have relevance
to MN, please let me know which of the following days/times would work:

Wed: 7am to 9am; 11am to 12pm

Thur: 7am to 10am; 

Fri: 7am to noon; 2pm to 3pm

I expect that we could wrap this up in an hour w/in one of these timeframes.
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Thanks, Phil

---------- Forwarded message ----------
From: Baker, Richard (DNR) <richard.baker@state.mn.us>
Date: Mon, Dec 14, 2015 at 12:32 PM
Subject: RE: Species Status Assessments
To: "Delphey, Phil" <phil_delphey@fws.gov>

Thanks Phil. I checked with Jane and Hannah and they agree that this conversation can just be
between you and me. Following our discussion, I will brief staff, including the experts I listed, by
email. We can then bring them in when you get to the phases of the SSA process that would
benefit from their input.

 

We could talk over the phone, or I could drop by your office first thing in the morning . I am free
this week as follows:

Tues: 7am to 10am; noon to 3pm

Wed: 7am to 9am; 11am to 2pm

Thur: 7am to 10am; 1pm to 3pm

Fri: 7am to noon; 2pm to 3pm

 

Let me know your preference.

 

Rich

 

<><><><><><><><><><><><><><><><><><> 

Richard J. Baker

Minnesota Endangered Species Coordinator

Division of Ecological and Water Resources

Minnesota Department of Natural Resources

mailto:richard.baker@state.mn.us
mailto:phil_delphey@fws.gov


500 Lafayette Rd., Box 25

St. Paul, MN  55155

Phone: 651/259-5073

Fax: 651/296-1811

E-mail: richard.baker@state.mn.us

http://www.dnr.state.mn.us/eco/nhnrp

<><><><><><><><><><><><><><><><><><> 

 

From: Delphey, Phil [mailto:phil_delphey@fws.gov] 
Sent: Monday, December 14, 2015 8:01 AM
To: Baker, Richard (DNR)
Subject: Re: Species Status Assessments

 

Rich -

 

The Aug 2015 workshop was basically to get FWS staff from throughout Region 3 started
on various SSAs.  It did not include any expert elicitation.

 

I would like to focus this initial discussion only on the following:

 

a brief overview of the SSA framework; 

a brief review of our objectives for each of the SSAs in the table attached to my original email

a brief review to explain what FWS staff is working on each of the SSAs relevant to MN and, 

the expected timelines for each one.

 

We could just plan a call with you to go over this, if you like.  I know that Nancy and Derek are aware of the
prairie bush clover SSA and I think that Nancy had a misunderstanding about the amount of work that had already
been done with it, so I know that I'd like for Nancy & Derek to have a clear understanding of where that one is.

 

Thanks, Phil

mailto:richard.baker@state.mn.us
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On Fri, Dec 11, 2015 at 2:49 PM, Baker, Richard (DNR) <richard.baker@state.mn.us>
wrote:

Thanks Phil. I most certainly do want to make time to go over these with you. As you know, I’ve
participated in two Expert Elicitation Workshops to date (Topeka shiner & Lynx), and got a lot out
of each of those.

 

“Aug 2015 Workshop” doesn’t imply that Expert Elicitation Workshops have already been held for
those six species, does it? I suspect not, since I expect I would have heard about them if they’d
been held.

 

As for who will ultimately be interested in participating in these SSA’s, I’ll need to solicit interest,
but it will likely be:

Massasauga:               probably nobody if MN is dropped from the distribution, as we’ve requested

Mussels:                       Mike Davis and Bernard Sietman

Dakota Skipper:         Robert Dana

RUPA Bumble Bee:  Crystal Boyd

Prairie Bush clover:  Nancy Sather, Derek Anderson, and/or Megan Benage

Topeka Shiner:          me

Lynx:                              me and John Erb

 

However, if your intention is to discuss only “what is an SSA?” and “what are the timelines for
these SSAs?”, I’m not sure it would be a good use of their time, and I think it is something best
covered in a conversation between the two of us. Please clarify if you have something else in
mind, but if that summarizes it, we’ll discuss it between us.

 

Let me know and I’ll decide how to proceed.

 

Thanks,

 

mailto:richard.baker@state.mn.us


Rich

 

<><><><><><><><><><><><><><><><><><> 

Richard J. Baker

Minnesota Endangered Species Coordinator

Division of Ecological and Water Resources

Minnesota Department of Natural Resources

500 Lafayette Rd., Box 25

St. Paul, MN  55155

Phone: 651/259-5073

Fax: 651/296-1811

E-mail: richard.baker@state.mn.us

http://www.dnr.state.mn.us/eco/nhnrp

<><><><><><><><><><><><><><><><><><> 

 

From: Delphey, Phil [mailto:phil_delphey@fws.gov] 
Sent: Friday, December 11, 2015 2:23 PM
To: Baker, Richard (DNR)
Subject: Re: Species Status Assessments

 

Rich - Tam pointed out that the spectaclecase and sheepnose are separate SSAs and that she
is lead for the former.  That is reflected in this corrected spreadsheet.

 

Thanks, Phil

 

On Fri, Dec 11, 2015 at 2:18 PM, Delphey, Phil <phil_delphey@fws.gov> wrote:

Hi Rich - 
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I'd like to find a time when we can briefly go over the SSAs that are currently underway and
that have some relevance to MN.  That list is attached.

 

If you are interested I'm wondering if you could provide me with 2-3 dates/times when that
would work for you and any other DNR staff with interest in any of these SSAs.

 

I am thinking of a pretty short call 30-60 minutes maximum.  We'd provide a brief overview
of the SSA framework and then also briefly explain our objectives for each of the SSAs in
the attached table; who is working on them; expected timelines, etc.

 

Thanks, Phil

 

--

Phil Delphey

Twin Cities Ecological Services Field Office

U.S. Fish and Wildlife Service

4101 American Blvd. E.

Bloomington, MN 55425

612.725-3548 ext. 2206

 

--

Phil Delphey

Twin Cities Ecological Services Field Office

U.S. Fish and Wildlife Service

4101 American Blvd. E.

Bloomington, MN 55425

612.725-3548 ext. 2206



 

--

Phil Delphey

Twin Cities Ecological Services Field Office

U.S. Fish and Wildlife Service

4101 American Blvd. E.

Bloomington, MN 55425

612.725-3548 ext. 2206

-- 
Phil Delphey
Twin Cities Ecological Services Field Office
U.S. Fish and Wildlife Service
4101 American Blvd. E.
Bloomington, MN 55425
612.725-3548 ext. 2206

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
612-725-3548 ext. 2219
612-600-1599 cell 
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Abstract In the last century, coyotes (Canis latrans)

have expanded their range geographically, but have also

expanded their use of habitats within currently occupied

regions. Because coyotes are not morphologically adapted

for travel in deep snow, we studied coyote space use pat-

terns in a deep-snow landscape to examine behavioral

adaptations enabling them to use high elevations during

winter. We examined the influence of snow depth, snow

penetrability, canopy cover, and habitat type, as well as the

rates of prey and predator track encounters, on coyote

travel distance in high-elevation terrain in northwestern

Wyoming, USA. We backtracked 13 radio-collared coyotes

for 265.41 km during the winters of 2006–2007 and

2007–2008, and compared habitat use and movement pat-

terns of the actual coyotes with 259.11 km of random

travel paths. Coyotes used specific habitats differently than

were available on the landscape. Open woodlands were

used for the majority of coyote travel distance, followed by

mixed conifer, and closed-stand spruce–fir. Prey track

encounters peaked in closed-stand, mature Douglas fir,

followed by 50- to 150-year-old lodgepole pine stands, and

0- to 40-year-old regeneration lodgepole pine stands.

Snowmobile trails had the most variation between use and

availability on the landscape (12.0 % use vs. 0.6 % avail-

able). Coyotes increased use of habitats with dense canopy

cover as snow penetration increased and rates of rodent and

red squirrel track encounters increased. Additionally, coy-

otes spent more time in habitats containing more tracks of

ungulates. Conversely, use of habitats with less canopy

cover decreased as snow depth increased, and coyotes

traveled more directly in habitats with less canopy cover

and lower snow penetration, suggesting coyotes used these

habitats to travel. Coyotes persisted throughout the winter

and effectively used resources despite deep snow condi-

tions in a high-elevation environment.

Keywords Canis latrans � Coyote � Habitat � Snow

compaction � Snow penetrability � Space use

Introduction

Carnivore persistence in deep snow habitats is reliant on

their ability to maximize energetic trade-offs (Poulle et al.

1995; Crete and Lariviere 2003; Zub et al. 2009). Resource

selection is dependent on balancing energy expenditures

associated with locomotion versus energy intake from prey

while minimizing predation risk. Deep snow and cold

temperatures, both characteristic of harsh winter climates,

can exacerbate locomotion costs for cursorial predators

(Shield 1972; Crete and Lariviere 2003) causing a high

energetic budget and the need for acquiring substantial

food resources. Because of these energetic demands,

behavioral and/or morphological adaptations are necessary

for a species to effectively travel, hunt, and exploit

resources within such deep snow habitats, as demonstrated

in Canada lynx (Lynx canadensis) and snowshoe hare

(Lepus americanus; Murray and Boutin 1991; Lesage et al.

2001; Murray and Larivière 2002).

Coyote (Canis latrans) encroachment into deep-snow

landscapes is a concern because of their association with
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snowmobile compacted trails, and subsequent possible

competition with lynx (Murray and Boutin 1991; Koehler

and Aubry 1994; Murray et al. 1995; Lewis and Wenger

1998; Bunnell et al. 2006). Although one study found snow

compaction did not result in competition between coyotes

and lynx (Kolbe et al. 2007), other studies suggest that

geographically distinct regions differing in snow profile,

predator communities, and expanse of snow compaction

resulting from snowmobile use could result in different

findings (Bunnell et al. 2006). Canids may demonstrate a

higher level of energetic tolerance in response to deep

snow (Crete and Lariviere 2003). Behavioral traits facili-

tating coyote use of deep-snow habitats include their ability

to actively select travel paths with shallower, more sup-

portive snow (Murray and Boutin 1991; Kolbe et al. 2007);

flexibility in prey selection and feeding habits (Patterson

et al. 1998; Bartel and Knowlton 2004); and hunting in

groups to acquire larger prey (Gese and Grothe 1995).

Studies have observed behaviors of coyotes dwelling in

deep-snow habitats (Murray and Boutin 1991; Litvaitis

1992; Crete and Lariviere 2003; Thibault and Ouellet

2005). However, few have examined how coyotes use the

landscape from a spatial perspective, and how extrinsic

factors such as snow depth, snow supportiveness, prey

availability, canopy cover, and habitat type influences

space use. Although a recent study investigated the influ-

ence of groomed trails on coyote movements (Kolbe et al.

2007), no studies to date have specifically analyzed the

influence of groomed trails on habitat use within specific

cover types.

Our objective was to document space use by coyotes in

high-elevation terrain characterized by long winters and

deep snow to determine what variables influenced coyote

use of deep-snow environments, and to understand what

enables year-round persistence under presumably unfa-

vorable conditions. Accordingly, we examined variables

encountered within specific habitats and compared coyote

use of those habitats to availability across the landscape.

Specifically, we were interested in understanding how

snow characteristics (snow depth and supportiveness),

canopy cover, habitat type, prey track encounter rates, and

predator track encounter rates influenced coyote travel

distance in different habitats. We hypothesize that (1)

coyotes will select for groomed trails to travel to and from

sites that are rich in prey; however, (2) the benefits of

increased prey encounters within habitats with high snow

penetration could outweigh the costs of travelling on

unsupported snow. Here, we will address these competing

hypotheses by establishing first whether coyotes prefer-

entially use groomed trails to travel by comparing avail-

ability versus use of groomed trails, and by quantifying

which habitats are preferentially selected based on char-

acteristics such as snow characteristics (snow depth and

supportiveness), canopy cover, habitat type, prey track

encounter rates, and predator track encounter rates. We

predict that (1) coyotes will increase their use of snow-

mobile trails as snow depth increases and snow penetra-

tion increases (i.e., snow compaction decreases), (2)

coyotes will increase use of habitats with high canopy

cover as this canopy cover suspends the snow in the

canopy and reduces snow cover under the canopy, (3)

coyotes will increase their use of habitats containing high

prey abundance, (4) coyotes will decrease their use of

habitats containing larger sympatric predators (i.e.,

wolves, Canis lupus), and (5) the pattern of movement

(convoluted versus straight-line travel) of coyotes will be

influenced by habitat type, canopy cover, snow depth and

penetrability, and prey and predator encounter rates, with

the hypothesis that coyotes will travel in a more convo-

luted path while foraging, versus moving in a straight path

when traveling between resource patches.

Materials and methods

Study area

We conducted this study on the east and west sides of

Togwotee Pass in northwestern Wyoming, USA. The

512-km2 study area was characterized by extensive recre-

ational trails and roads (*2 km/km2) maintained year-

round. The area was composed of the Bridger-Teton and

Shoshone National Forests, and privately owned ranches.

Elevations ranged from 1,800 to [3,600 m. The area was

characterized by short, cool summers (mean temperature of

12 �C) and long winters (mean temperature of -8 �C).

Precipitation occurred mostly as snow, and mean maxi-

mum snow depths ranged from 100 cm at lower elevations

to [245 cm at intermediate elevations (2,000–2,400 m).

Cumulative monthly snow depth for the winter (Decem-

ber–April) averaged 226.6, 149.4, and 228.9 cm in 2006,

2007, and 2008, respectively (Natural Resources Conser-

vation Service 2008). Habitats varied between the east and

west sides of the pass, with the east side classified as dry

and the west side as wet (US Forest Service 1989). The

plant communities on the east side consisted of more open

dry meadows, sagebrush (Artemisia spp.), and stands of

lodgepole pine (Pinus contorta), while the west side had

more wet meadows and stands of Douglas fir (Pseudotsuga

menziesii) and spruce (Picea engelmannii). On both sides

of the pass, the plant communities included cottonwood

(Populus angustifolia) riparian zones, interspersed with

sagebrush uplands and willow (Salix spp.)—wetland

communities at lower elevations. At intermediate eleva-

tions, aspen (Populus tremuloides), Douglas fir, and

lodgepole pine were the dominant species. Whitebark pine
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(Pinus albicaulis), spruce, and sub-alpine fir (Abies lasio-

carpa) were the primary tree species at higher elevations.

The area around Togwotee Pass was a complex eco-

system with a diverse assemblage of predators. Although

wolves (C. lupus) were extirpated from Wyoming by the

1930s, they have since re-established due to the 1995 re-

introduction into Yellowstone National Park (US Fish and

Wildlife Service 2006). Other carnivores included cougar

(Puma concolor), wolverine (Gulo gulo), grizzly bear

(Ursus arctos), black bear (U. americanus), bobcat (L.

rufus), red fox (Vulpes vulpes), and pine marten (Martes

americana). The main competitor and predator of coyotes

was the wolf, while coyotes competed with bobcats, lynx,

and red foxes for similar prey resources and habitat.

Ungulate species found in the area included elk (Cervus

elaphus), moose (Alces alces), bison (Bison bison), bighorn

sheep (Ovis canadensis), mule deer (Odocoileus hemi-

onus), and white-tailed deer (O. virginianus). Pronghorn

antelope (Antilocapra americana) were in the area only

during the summer. Other species included snowshoe

hares, red squirrels (Tamiasciurus hudsonicus), Uinta

ground squirrels (Spermophilus armatus), black-tailed

jackrabbits (L. californicus), cottontail rabbits (Sylvilagus

spp.), ruffed grouse (Bonasa umbellus), blue grouse

(Dendragapus obscurus), deer mice (Peromyscus mani-

culatus), voles (Microtus spp.), gophers (Thomomys spp.),

and various cricetid species. The main prey items in the

diet of coyotes on the study area included mule deer

(20.1 % occurrence), elk (12.5 %), montane vole (Microtus

montanus, 12.0 %), and snowshoe hares (8.0 %) as found

via scat analysis (Dowd and Gese 2012).

Snowmobiling was extensive during winter, allowing

riders to access groomed trails and off-trail riding in and

around the study area once snow conditions permitted (late

October–May). Trail grooming operations typically began

by mid-December with trails maintained through April 1

depending on snowfall. Wyoming’s Continental Divide

Snowmobile Trail was considered one of the top trail

systems in the west (Wyoming Department of State Parks

and Cultural Services 2008).

Habitat classifications

For our study area, habitat types were categorized

according to vegetation age, stand structure, and species

composition based on direct observation by field personnel

during travel path sampling (see next section). Due to the

scale of our study and the inadequacy of GIS layers cur-

rently available for the area, we used a vegetation classi-

fication system that combined dominant tree species and

the stand’s successional stage, representing a distinct

‘cover type’ (Despain 1990). Much of the variation in stand

age was due to historic logging, fires, and other natural

disturbances (e.g., disease, avalanches, high winds). Cover

types used a two-letter code paired with a number to

classify a continuous patch (e.g., LP for lodgepole pine, 0

for a young stand = LP0). Lower numbers represented

younger stands while higher numbers represented older

stands; 0 = 0–40 years, 1 = 50–150 years, 2 = 150–300

years, and 3 = 300? years old. A two-letter abbreviation

lacking an attached number represented a climax stand

(i.e., final successional stage). Specific cover types in our

study area included aspen–conifer (AC), aspen (AS),

Douglas-fir (DF0–DF3), lodgepole pine (LP0–LP3), mixed

conifer (MC), open woodland (OW), spruce–fir (SF0–SF1),

and whitebark pine (WB0–WB2). For the purpose of this

study, we also classified groomed trail (GT) as a distinct

habitat classification. Using this system, we documented a

total of 20 distinct habitat types in our study area.

Coyote capture and backtracking

We captured coyotes in the summer and fall using padded-

jaw leg-hold traps with attached tranquilizer tabs. We also

captured coyotes during winter by placing road-killed deer

and elk carcasses in large open meadows and using

snowmobiles with nets, or net-gunning from a helicopter

(Gese et al. 1987). Coyotes were radio-collared, ear-tag-

ged, weighed, and released at the capture site; animals were

handled without immobilizing drugs. Research protocols

were approved by the Institutional Animal Care and Use

Committees at Utah State University (#1294) and the

USDA/National Wildlife Research Center (QA-1389).

We backtracked radio-collared coyotes during the win-

ter months of 2006–2007 and 2007–2008 following

methods of Kolbe et al. (2007) to document habitat use and

spatial patterns on snow-compacted routes and non-com-

pacted terrain (i.e., areas not used by snowmobiles). We

used data collected during the backtracking to determine

how extrinsic factors (prey and predator track encounter

rates, snow depth, snow penetration, canopy cover, and

habitat type) influenced the distance a coyote traveled

within a given habitat. We randomly selected individual

coyotes for backtracking using a computer generated ran-

domization sequence (SAS Institute, Cary, NC, USA) to

avoid bias and ensure all coyotes were sampled equally.

The night before a backtracking session, we located coy-

otes by triangulation using C3 azimuths, and their position

projected using LOCATE II, v.1.82 (Nova Scotia Agri-

cultural College, Truro, Nova Scotia, Canada). Once the

travel path location was verified, a starting location for the

actual travel path was used to generate a starting point for

the random travel path. These random travel paths we

generated allowed for direct comparison to the actual

coyote travel paths and thus assess habitat selection. We

created random travel paths using digital layers from
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previously documented coyote travel paths in a random

direction and projection (or ‘‘spin’’), 2–3 km distance from

the actual start point of the individual being backtracked

that day. We used a projection distance to ensure sampling

independence between the actual and random travel paths

(Kolbe et al. 2007).

We began backtracking in the morning after night

movements of coyotes had occurred and before the snow

column deteriorated. Both actual and random paths were

tracked simultaneously by teams of 2 field personnel,

taking measurements and recording data for C3 km of

tracking. During each actual or random travel path, we

used a hand-held computer (Trimble GeoExplorer, Sun-

nyvale, California, USA) to collect data in a digital format

using a datasheet generated with the computer software

GPS Pathfinder Office (Trimble Navigation, Westminster,

CO, USA). During each actual or random travel path,

pathfinder software recorded locations every 5 s along the

travel path. We marked point locations every time a habitat

change was encountered, organizing the travel path into

distinct but consecutive segments identified by habitat

(Kolbe et al. 2007). We recorded canopy cover within each

habitat using a densiometer to rank canopy closure into 4

categories: 0–10, 11–39, 40–69, and 70–100 % canopy

cover. We recorded prey and predator track crossings as

point locations by number and species every time a set of

animal tracks crossed a travel path. We measured snow

depth at every habitat change and every 200 m along the

travel path using a probe (marked in cm) to measure from

the snow surface to the ground. We recorded snow pene-

tration whenever the habitat changed and every 200 m

along the travel path by dropping a 100-g weight from 1 m

above the snow surface and measuring penetration (Kolbe

et al. 2007). Once the travel paths were completed, data

recorded on the Trimble units were downloaded and

imported into GPS Pathfinder Office, then differentially

corrected. Travel paths were then smoothed to eliminate

bounce or GPS scatter caused by canopy cover or varying

topography which can influence location accuracy. We

converted all travel paths to ArcGIS files for analysis.

Data and statistical analyses

We measured coyote habitat use at the landscape level by

classifying the relative proportion of 20 habitats randomly

encountered throughout the study area and comparing the

habitats used by coyotes on actual travel paths (Thibault

and Ouellet 2005). Randomly encountered habitats were

documented along random travel paths in the same manner

that habitats were encountered and recorded along simul-

taneously conducted actual travel paths of a coyote. Dis-

tances were referred to as the ‘control’ (random distance)

and the ‘treatment’ (actual distance). Due to unequal

sample sizes resulting from differences in habitat encoun-

ters between actual and random travel paths, we used Le-

vene’s test to assess the equality of variance in and between

habitats. Unequal variances led to the use of a nonpara-

metric Kruskal–Wallis test with Bonferroni corrections of

P values in R v.2.10.1 (R Development Core Team 2010;

package ‘Agricolae’, ‘Kruskal’ procedure) to compare

differences across habitat types between the control and

treatment groups, as well as differences within habitat

types (actual distance traveled by coyotes within each

habitat type to distance within control sites). All compar-

isons with a P value B0.10 were considered significant. All

distance means and standard errors (SE) were presented for

habitat types within control and treatment groups.

The covariates we hypothesized to be most important in

determining how coyotes used the landscape included

habitat characteristics (habitat ‘HAB’, canopy cover ‘CC’),

snow characteristics (snow depth ‘SD’, snow penetration

‘SP’), predator track encounters (wolf ‘WF’), and prey

track encounters (snowshoes hares ‘SSH’, red squirrels

‘RS’, grouse ‘GR’, rodents ‘ROD’, ungulates ‘UNG’). We

separated red squirrels from rodents as the squirrels were

principally arboreal prey, while most of the rodents were

microtines. Ungulates were grouped to improve sample

size (e.g., mule deer, elk, and moose). As an alternative to

considering all of the prey species additively, we consid-

ered another covariate accounting for total prey abundance

‘TotPrey’, in an attempt to conserve degrees of freedom in

the analysis conducted below. Because some of the

covariates had the potential to be collinear (i.e., strongly

correlated), we calculated variance inflation factor (i.e.,

package ‘car,’ procedure ‘vip’ in R v.2.10.1; R Develop-

ment Core Team 2010) across covariates prior to model

selection (Neter et al. 1996). A variance inflation factor

of \5 indicated a lack of colinearity, and vice versa. We

conducted all the analyses below in R v.2.10.1 (R Devel-

opment Core Team 2010).

Distance traveled within various habitats allowed us to

examine movement patterns (convoluted use versus straight

line use) and understand the behaviors associated with how

coyotes used these habitats. To understand which of the

above-mentioned factors could explain variability in the

distance covered by coyotes within a given habitat, we

compared actual distance traveled within a habitat segment

to the shortest possible distance between the entrance and

the exit points of that habitat. A distance ratio was then

calculated by dividing the shortest possible distance by the

actual distance traveled by a coyote, providing us with a

proportion that ranged from 0 to 1, (i.e., ‘LRATIO’ =

shortest distance/actual distance). This measure might seem

counter intuitive since we would usually be interested in the

distance covered by a coyote relative to the shortest possible

distance; however, we needed this ratio to be constrained
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between 0 and 1 in order to be able to conduct beta-

regressions. This ratio is a reasonable proxy to the time

spend in a given area, and thus can help us learn more about

foraging behaviors across habitat types and snow charac-

teristics, and as a function of both predator and prey

encounter rates. To address this, we used a modification of

the ‘‘empirical logistic transform’’ proposed by Collett

(2002) for data that are not discrete. Such modification of

the logistic regression is recommended in situations where

the dependent variable (LRATIO) is continuous and

restricted to the unit interval 0–1, such as proportions or

rates. The dependent variable needs to be logit-transformed,

such as log[LRATIO/(1 - RATIO)], prior to conducting

linear regression with an identity link (Warton and Hui

2011). We also included an individual random effect to

account for both repeated measures across individuals, and

spatial auto-correlation. Even though tracks were measured

repeatedly in space within the same home range for a given

individual, by accounting for an individual random effect

that controls for repeated track measurements within an

individual’s home range, we solve both the issue of indi-

vidual and spatial autocorrelation at once. We used gen-

eralized linear mixed models (GLMMs) (Kuznetsova et al.

2013; package ‘lmerTest’, procedure ‘lmer’) to model the

effects of various covariates on LRATIO, while accounting

for both individual and spatial auto-correlation.

Due to the influence of canopy cover on snowpack

accumulation in forests (Bernier and Swanson 1992; Mur-

ray and Buttle 2003; Talbot et al. 2006), we assessed coyote

habitat use by comparing variables (snow characteristics,

prey and predator encounters) documented along actual

coyote travel paths using another habitat structure variable,

canopy cover, within 4 levels: 0–10, 11–39, 40–69, and

70–100 % (percent’s reflect increased canopy closure). To

determine differences in canopy cover use by coyotes, we

analyzed the use of various CC measures, as a function of

snow characteristics (i.e., snow depth ‘SD’, snow penetra-

tion ‘SP’), predator track encounters (i.e., wolf ‘WF’), and

prey track encounters (i.e., snowshoes hares ‘SSH’, red

squirrels ‘RS’, grouse ‘GR’, rodents ‘ROD’, ungulates

‘UNG’). As an alternative to considering all of the prey

species additively, we again considered another covariate

accounting for total prey encountered ‘TotPrey’. All

explanatory covariates were treated as continuous, and the

response variable, CC, was treated as an ordinal categorical

variable (CC = 1 if canopy cover was between 0 and 10 %,

CC = 2 if between 11 and 39 %, CC = 3 if between 40 and

69 %, and CC = 4 if[69 %). Here, we also used GLMMs

(Kuznetsova et al. 2013; package ‘lmerTest’, procedure

‘lmer’) to model the effects of various covariates on a

coyote’s choice of canopy cover levels (CC) while

accounting for individual auto-correlation.

Model selection

For both sets of analyses described above, we defined a

global model testing for additive and interactive effects of

all of the covariates of interest, but only when they made

biological sense. For analysis where ‘LRATIO’ was the

response variable, we specifically considered interactions

between habitat and snow characteristics (i.e., canopy

cover ‘CC’, snow depth ‘SD’, snow penetration ‘SP’) and

predator or prey track encounters (e.g., wolf ‘WF’, snow-

shoes hares ‘SSH’, red squirrels ‘RS’, grouse ‘GR’, rodents

‘ROD’, ungulates ‘UNG’). For analyses where ‘CC’ was

the response variable, we considered interactions between

snow characteristics and predator or prey track encounters.

Since the presence of predators and availability of prey

could strongly depend on snow conditions, interactions

between these sets of variables could help explain coyote

habitat use.

We used a unique approach to model selection based on

parameter significance (confidence intervals and P values)

alone. Since we are interested in objectively testing

hypotheses about which factors are important in explaining

coyote habitat use, we simply fit a full model accounting

for all biological variables of interest, as well as biologi-

cally relevant interaction terms, and base our inference

solely on parameter estimates, associated confidence

intervals and P values from the full model (Bolker 2008).

For each estimated parameter (bi) that appeared in the

model, we assessed the precision of each bi based on the

extent to which 95 % confidence intervals for each bi

overlapped zero (Graybill and Iyer 1994), and associated

P values, to discuss the significance of each covariate

effect on the response variable (either LRATIO, or CC).

Results

A total of 15 (4 F, 11 M) coyotes were captured and radio-

collared from August 2006 through February 2008. One

individual was shot shortly after being radio-collared and 1

young coyote dispersed from the study area, leaving 13

individuals (4 F, 9 M) for sampling. A total of 59 coyote

travel paths were followed for a combined distance of

265.43 km, for 1,154 individual habitat segments. We also

collected 259.11 km of random travel paths (1,426 indi-

vidual habitat segments) for comparative analysis. Although

20 distinct cover types were documented throughout the

study area, only 18 habitats were encountered by coyotes

(DF and DF1 were not used by coyotes). Additionally, one

habitat type was encountered by coyotes, but not encoun-

tered on our control (random) surveys (WB1).
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Coyote habitat selection and use

We compiled a ranking system based on how habitats were

used. Assumptions regarding what criteria make a habitat

desirable to a coyote were made to rank each habitat by the

number of prey encounters, predator encounters, snow

depth, snow penetration, and travel distance ratio

(Table 1). Coyotes used open woodlands (OW) for the

Table 1 Habitat use by coyotes (Canis latrans) from actual backtrack data in the Togwotee Pass study area, northwestern Wyoming, winters

2006–2007 and 2007–2008

Habitat type Habitat

use (%)

Habitat

availability

(%)

Prey

encounters

(#/km)

Predator

encounters

(no./km)

Snow depth

(shallowest to

deepest)

Snow penetration (most

supportive to least

supportive)

Ratio (start at lowest

ratio = most to least

hunting)

OW (Open

woodland)

(1) 25.6 (1) 38.2 (16) 10.6 (18) 1.3 (16) 97.6 (4) 16.9 (16) 0.61

MC (Mixed

conifer)

(2) 21.3 (2) 20.8 (6) 34.5 (13) 0.3 (12) 90.6 (13) 21.2 (6) 0.43

GT (Groomed

trail)

(3) 12.0 (13) 0.6 (8) 29.0 (1) 0.0 (1) 42.2 (1) 4.9 (18) 0.70

SF1 (Spruce–fir

closed stand)

(4) 9.6 (4) 8.5 (5) 36.8 (1) 0.0 (10) 88.6 (17) 24.0 (2) 0.36

LP2 (Lodgepole

Pine

150–300 years)

(5) 6.5 (6) 3.4 (13) 22.5 (14) 0.6 (7) 81.6 (6) 17.8 (8) 0.44

SF0 (Spruce–fir

open canopy)

(6) 4.9 (3) 9.1 (11) 23.6 (15) 1.0 (14) 91.2 (11) 20.4 (8) 0.44

LP1 (Lodgepole

pine

50–150 years)

(7) 4.6 (5) 5.8 (2) 46.8 (1) 0.0 (6) 81.0 (8) 19.9 (13) 0.52

LP3 (Lodgepole

pine 300?

w/spruce)

(8) 4.0 (7) 2.6 (10) 24.6 (16) 1.0 (9) 82.4 (15) 22.7 (4) 0.41

SF (Spruce–fir

climax

w/WBP)

(9) 3.9 (8) 2.6 (14) 18.2 (1) 0.0 (5) 80.1 (16) 23.1 (3) 0.37

AC (Aspen/

conifer)

(10) 3.7 (9) 1.9 (12) 22.7 (17) 1.0 (11) 89.0 (10) 20.1 (12) 0.50

LP0 (Lodgepole

pine

0–40 years)

(11) 1.6 (10) 1.9 (3) 41.1 (1) 0.0 (17) 104.0 (7) 19.5 (15) 0.54

WB3 (Pole to

mature)

(12) 0.7 (16) 0.4 (9) 26.1 (1) 0.0 (2) 49.0 (12) 21.1 (1) 0.29

WB2 (Mature,

codominance)

(12) 0.7 (14) 0.6 (15) 15.9 (1) 0.0 (13) 91.2 (18) 24.7 (7) 0.43

AS (Aspen, all

age)

(14) 0.5 (11) 1.5 (7) 29.5 (1) 0.0 (8) 81.7 (3) 16.6 (14) 0.53

WB1 (Whitebark

pine, pole)

(15) 0.2 (18) 0.0 (17) 5.9 (1) 0.0 (18) 110.0 (14) 22.0 (10) 0.49

LP (Lodgepole

Pine 300?

climax)

(16) 0.1 (15) 0.6 (4) 37.9 (1) 0.0 (15) 97.2 (5) 17.0 (17) 0.63

DF2 (Douglas

fir, closed,

mature)

(17) 0.1 (12) 0.9 (1) 108.1 (1) 0.0 (4) 75.5 (9) 20.0 (5) 0.42

WB (All

whitebark,

overmature)

(18) 0.0 (17) 0.2 (18) 0.0 (1) 0.0 (3) 59.0 (2) 8.0 (10) 0.49

Ranking system based on assumption from the most desirable habitats (1 = most desirable, 18 = least desirable) reflecting observed encounters

on actual travel paths shown in parentheses
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majority of their travel distance, followed by mixed conifer

(MC), and closed-stand spruce–fir (SF1). Prey encounters

peaked in closed canopy, mature Douglas fir (DF2), fol-

lowed by dense, young lodge pine (LP1), recently burned

lodgepole pine (LP0), climax stand lodgepole pine (LP),

and closed-stand spruce–fir (SF1). Wolf track crossings

were most frequent in open woodland (OW), aspen conifer

and 300? year successional forest lodgepole pine (LP3).

There were no wolf tracks crossed by coyotes in the

majority of all habitat types (GT, SF1, LP1, SF, LP0, WB3,

WB2, AS, WB1, LP or WB). The habitats with the shal-

lowest snow were GT, mature whitebark pine co-domi-

nated with spruce, fir, and lodgepole (WB3) and mature

whitebark pine (WB). The most supportive snow was also

on GT, followed by mature and AS. The greatest travel

distance ratio was encountered in GT, meaning coyotes

spent the least amount of time deviating from their pro-

jected entrance to exit points in this habitat. A high ratio

demonstrated a straighter travel path, compared to a lower

ratio which demonstrates convolutions in the travel path.

Climax stands of lodgepole pine (LP) and open woodlands

(OW) had the next highest distance ratios (Table 1).

When comparing habitats encountered on control paths

to actual coyote backtracks, there were three habitat types

that were not encountered in either dataset: WB1, DF, and

DF1. For comparative purposes, these habitats were

removed from the analysis. For the most part, coyote use of

habitats ranked similarly to availability. The most readily

available habitat across our study area based on our random

travel paths was open woodland, followed by mixed

conifer, young spruce–fir, and closed-stand spruce–fir

(Table 1). Almost all the top ten ranking habitats used by

coyotes were also in the top ten habitats available across

the landscape (Table 1). However, according to our ran-

dom path analysis, groomed trail was only available 0.6 %

of the time, while it ranked third in coyote use, accounting

for 12.0 % of their travel distance, meaning that, propor-

tionally, they used groomed trails 18.5 times more than

available. This was notably higher than any other habitat

type encountered on the landscape. We further confirmed

this result by conducting a Kruskal–Wallis test which

indicated a significant difference in distance covered

between the control (random distance) and the treatment

(actual distance), across habitats (X2 = 154.39, df = 16,

P \ 0.001) and between habitats (Table 2). Coyotes used

only GT, LP2, and WB3 significantly more than expected,

while they used only LP1 and SF0 less than expected

(Table 2).

Effect of snow, prey, and predators on distance traveled

We did not experience any issues with colinearity when

conducting regression analyses; all variance inflation

factors were \5 (Table 3; Neter et al. 1996). Results per-

taining to the generalized linear mixed model testing for

the effect of all covariates of interest on distance ratio

‘LRATIO’ while controlling for individual and spatial

autocorrelation are presented (Table 4). The following

covariates and interactions had a significant relationship

with LRATIO: rodent track encounters ‘ROD’ and an

interaction between snow depth and grouse track encounter

‘SD 9 GR’ both had a positive relationship with distance

ratio (Table 4). However, CC, SP, an interaction between

snow depth and rodent track encounters ‘SD 9 ROD’, as

well as an interaction between canopy cover and rodent

track encounter ‘CC 9 ROD’ all had a negative relation-

ship with distance ratio (Table 4). These results indicated

coyotes covered less distance (compared to the shortest

possible distance and thus spent more time) in habitats with

dense canopy cover (Table 4) and similarly when snow

penetration increased, suggesting coyotes would tend to

cover more distance (i.e., spend less time) in locales where

snow penetration is low compared to the shortest possible

distance (Table 4), and that coyotes covered less distance

(i.e., spent more time) in ‘closed’ habitats (thick cover),

and more distance (i.e., less time) in open habitats (Fig. 1).

Coyotes tended to cover less distance (i.e., spend more

time) in areas with more rodents than needed, especially as

canopy cover and snow depth increased (Table 4).

Table 2 Kruskal–Wallis test for differences in habitat use between

the actual distance covered by the coyotes and the random distance,

across 17 habitat types in the Togwotee Pass study area, northwestern

Wyoming, winters 2006–2007 and 2007–2008; three habitats were

excluded due to lack of encounter on either actual or random travel

paths

Habitat Random Actual P

Mean SE n Mean SE n

AC 0.160 0.109 31 0.286 0.354 34 0.215

AS 0.127 0.084 30 0.181 0.139 38 0.023

DF2 0.171 0.072 13 0.121 0.025 2 0.248

GT 0.038 0.042 47 0.339 0.450 94 \0.001

LP 0.317 0.220 5 0.094 0.110 3 0.101

LP0 0.164 0.118 30 0.166 0.129 25 0.906

LP1 0.173 0.120 87 0.128 0.110 95 0.005

LP2 0.237 0.160 37 0.223 0.261 77 0.041

LP3 0.254 0.198 27 0.325 0.448 33 0.247

MC 0.250 0.231 216 0.254 0.266 222 0.246

OW 0.149 0.097 666 0.202 0.268 337 0.457

SF 0.416 0.397 16 0.338 0.563 31 0.181

SF0 0.239 0.170 99 0.196 0.197 67 0.020

SF1 0.230 0.206 96 0.256 0.247 100 0.881

WB 0.123 0.062 5 0.033 – 1 0.441

WB2 0.232 0.250 7 0.164 0.110 11 0.598

WB3 0.093 0.065 12 0.245 0.236 7 0.305
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Habitat use within 4 levels of canopy cover

The results pertaining to the generalized linear mixed

model testing for the effect of all covariates of interest on

canopy cover ‘CC’ while controlling for individual and

spatial autocorrelation are presented (Table 5). The best

performing model indicated SD had a significant but weak

negative effect on canopy cover (Table 5), whereby the

deeper the snow, the larger the preference for low canopy

cover habitats (Fig. 2). Snow penetration had the opposite

effect on habitat use (Table 5); and as snow penetration

increased, the use of habitats where canopy cover was

dense increased as well (Fig. 2). The presence of wolves,

snowshoe hares, red squirrels, and ungulates all had a

significant effect on canopy cover as well, whereby the

higher the encounter rate of wolves and snowshoe hares,

the larger the preference for dense canopy covers by coy-

otes (Table 5; Fig. 2). We also considered biologically

meaningful interactions between covariates that revealed

interesting results: coyotes did not select for high canopy

cover when snow penetration was high, even in the pre-

sence of increased track encounters of both rodents and

ungulates (Table 5). Similarly, they avoided high canopy

cover when snow penetration and wolf track encounters

increased (Table 5). Finally, they selected for increased

canopy cover when snow depth and ungulate presence

increased (Table 5); note that the relationship between

canopy cover and snow depth mirrors that of canopy cover

and snow penetration (Fig. 2).

Discussion

Coyote habitat use versus availability

Although habitat rankings were similar in regards to what

was most and least used between random and actual habitat

encounters, our distance comparisons showed proportional

habitat use by coyotes did not reflect availability in the

landscape; in many cases, coyotes used specific habitats

Table 3 Variance inflation factors presented for all variables con-

sidered in A beta regressions testing for the effects of habitat, snow,

and prey characteristics on LRatio (i.e., shortest possible distance by

the actual distance traveled by a coyote), and B generalized linear

mixed models testing for the effects of habitat, snow, and prey

characteristics on CC (canopy cover categories)

Explanatory variables VIF

A beta regressions

Habitat type ‘HAB’ 2.07

Canopy cover ‘CC’ 1.15

Snow depth ‘SD’ 1.13

Snow penetration ‘SP’ 1.13

Snow shoe hare ‘SSH’ 1.31

Red squirrel ‘RS’ 1.48

Grouse ‘GR’ 1.03

Rodent ‘ROD’ 1.17

Wolf ‘WF’ 1.04

B generalized linear mixed models

Habitat type ‘HAB’ 1.45

Snow depth ‘SD’ 1.13

Snow penetration ‘SP’ 1.04

Snow shoe hare ‘SSH’ 1.31

Red squirrel ‘RS’ 1.46

Grouse ‘GR’ 1.03

Rodent ‘RD’ 1.17

Wolf ‘WF’ 1.04

Table 4 Results pertaining to the best performing generalized linear

mixed model testing for the effects of habitat (canopy cover ‘CC’),

snow characteristics (snow depth ‘SD’, snow penetration ‘SP’), small

prey track crossing rates (snowshoe hare ‘SSH’, red squirrel ‘RS’,

grouse ‘GR’, rodent ‘ROD’), ungulate track crossing rates (‘UNG’),

and predator track crossing rates (wolf ‘WF) on the distance covered

by coyotes ‘LRATIO’

b Estimate SE t value P value

CCa -0.3611 0.1733 -2.0840 0.0379

SD 0.0010 0.0019 0.5630 0.5737

SPa -0.0210 0.0099 -2.1230 0.0344

SSH 0.0167 0.0106 1.5690 0.1175

RS 0.0076 0.0349 0.2190 0.8268

GR -0.3202 0.2333 -1.3730 0.1707

RODa 0.0797 0.0473 1.6850 0.0930

UNG -0.0492 0.0326 -1.5120 0.1315

WF -0.0543 0.1313 -0.4130 0.6797

CC 9 SSH -0.0027 0.0055 -0.4910 0.6238

SD 9 SSH 0.0001 0.0002 0.3300 0.7418

SP 9 SSH -0.0007 0.0006 -1.1600 0.2468

CC 9 RS 0.0016 0.0079 0.1970 0.8437

SD 9 RS 0.0000 0.0004 -0.0370 0.9707

SP 9 RS -0.0007 0.0009 -0.7370 0.4615

CC 9 GR 0.0378 0.1484 0.2550 0.7992

SD 9 GRa 0.0028 0.0016 1.8280 0.0684

SP 9 GR 0.0000 0.0043 0.0000 1.0000

CC 9 RODa -0.1129 0.0554 -2.0380 0.0423

SD 9 RODa -0.0017 0.0009 -1.9000 0.0582

SP 9 ROD 0.0093 0.0064 1.4520 0.1475

CC 9 UNG -0.0039 0.0118 -0.3270 0.7436

SD 9 UNG 0.0003 0.0004 0.9420 0.3468

SP 9 UNG 0.0012 0.0013 0.9590 0.3383

CC 9 WF 0.0343 0.0572 0.5990 0.5493

SD 9 WF 0.0004 0.0014 0.2960 0.7677

SP 9 WF 0.0008 0.0019 0.4330 0.6650

a Covariates that had a significant effect on LRATIO
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more or less than were available. Differences in distance

spent both between habitats and within habitats indicated

that landscape use was not random, but rather an active

selection process. Significantly more use of groomed trails,

lodgepole pine, and mature whitebark pine co-dominated

with spruce, fir, and lodgepole pine suggested that these

habitats provided desirable habitat features and associated

resources for coyotes.

Coyotes used groomed trails for a high proportion of

their travel distance compared to availability (12.0 vs.

0.6 %) suggesting coyotes may be selecting groomed trails

which could represent an important behavioral adaptation.

Based on our rankings of desirable habitats which con-

sidered individual variables and basic assumptions from

observed encounters (Table 1), we suspect the reason for

the high use of groomed trails compared to availability

could due to a low predator encounter rate, low snow

depth, and low snow penetration (of which GT received ‘1’

rankings for all the aforementioned variables). The com-

bined influences of these variables suggested groomed

trails presented a novel habitat in which coyotes would

experience minimal threat from other predators and low

resistance to winter travel.

Additionally, groomed trails received a relatively high

ranking for prey encounters (rank = 6 out of 18,

mean = 29.0 prey encounters/km). Although other habitats

ranked higher, one should consider that, because of low

snow depth and high level of supportiveness in this habitat,

coyotes could cover more distance in a shorter time,

expending less energy and encountering more prey due to

Fig. 1 Relationship between

distance ratio (LRatio) and

significant biological covariates

of interest (Table 4):

relationships between distance

ratio and canopy cover ‘CC’

(top left panel), snow

penetration ‘SP’ (top right

panel), grouse ‘GR’ (bottom left

panel), and rodent encounter

rates ‘ROD’ (bottom right

panel)

Table 5 Results pertaining to the best performing generalized linear

mixed model testing for the effects of snow characteristics (snow

depth ‘SD’, snow penetration ‘SP’), prey track crossing rates (red

squirrel ‘RS’, grouse ‘GR’, rodent ‘ROD’, ungulates ‘UNG’), and

predator track (wolf ‘WF’) crossing rates on canopy cover ‘CC’

selection by coyotes, while accounting for both individual and spatial

auto-correlation

b Estimate SE t value P value

SDa -0.0020 0.0005 -3.7920 \0.001

SPa 0.0189 0.0020 9.6270 \0.001

SSH 0.0016 0.0016 0.9720 0.3315

RS 0.0040 0.0037 1.0930 0.2746

GR 0.0169 0.0272 0.6210 0.5348

ROD -0.0008 0.0039 -0.2150 0.8297

UNG -0.0004 0.0026 -0.1500 0.8807

WFa 0.0508 0.0281 1.8080 0.0709

SD 9 SSHa 0.0001 0.0000 -2.1040 0.0356

SP 9 SSH 0.0001 0.0001 1.2930 0.1963

SD 9 RS 0.0001 0.0000 1.3650 0.1726

SP 9 RSa -0.0002 0.0001 -1.6620 0.0968

SD 9 GR 0.0000 0.0002 0.1940 0.8461

SP 9 GR -0.0008 0.0009 -0.8520 0.3942

SD 9 ROD -0.0001 0.0001 -0.9620 0.3363

SP 9 ROD 0.0001 0.0003 0.3190 0.7498

SD 9 UNGa 0.0002 0.0001 2.8570 0.0044

SP 9 UNGa -0.0004 0.0001 -3.0150 0.0026

SD 9 WFa -0.0005 0.0003 -1.7690 0.0771

SP 9 WF -0.0006 0.0004 -1.4260 0.1542

a Variables which have a significant effect on canopy cover selection

by coyotes
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temporal constraints than compared to other habitats. It is

also possible, based on the distance ratio (which showed

coyotes were taking more direct travel routes when enter-

ing and exiting this habitat), that they may be using

groomed trails to primarily travel, possibly to access other

habitats with desirable prey or locate kills. Overall,

groomed trails had the most desirable traits for any habitat

encountered, suggesting that it could be the best habitat for

minimizing energy expenditures and maximizing returns.

While snow depth was noticeably low in WB3 habitats

and could provide the primary explanation for why coyotes

used this habitat more than available (i.e., ease of travel), it

should also be mentioned that diet analyses showed a high

presence of whitebark pine seeds in the diet of coyotes

during certain months (Dowd and Gese 2012). Because of

stand structure and maturity of these trees (their ability to

produce cones), combined with low snow depths (making

access to seed caches more available), access to whitebark

pine seeds would be advantageous for coyotes. Whitebark

pine seeds are an important food source for several bird and

mammal species including black bears, grizzly bears, and

red squirrels (Mattson and Reinhart 1997). If coyotes use

this resource with minimal energy expenditure and high

energetic gain, the observed use versus availability analy-

ses could reflect a preference for older whitebark pine

habitats. In addition, lodgepole (especially trees similar in

structure and age to LP2) were also found in or adjacent to

WB3 habitats. While hunting and traveling in LP2 was

likely easier than in any of the other lodgepole habitats, and

could explain coyote use of this habitat, proximity to

whitebark pine could enhance coyote selection of LP2 by

association when foraging on whitebark pine seeds.

Significantly less use of habitats LP1 and SF0 both

suggest there are characteristics making these habitats less

desirable for coyotes than other habitats. As suggested

above, hunting and traveling maybe have been inhibited in

LP1 due to stand structure, as it is categorized as a very

dense, even-aged stand. As for SF0, it is possible that a

high predator encounter rate (mean wolf encoun-

ters = 1.01/km) could account for the difference in use

versus availability (Table 2). In North America, interfer-

ence competition with wolves can be an important factor

influencing the distribution and abundance of coyotes

(Thurber et al. 1992; Peterson 1995; Berger and Gese

2007).

While open woodlands were ranked first in habitat use

by coyotes, they still used open woodlands less than was

available on the landscape (use = 25.6 %, n = 337;

availability = 38.2 %). Several factors likely influenced

this avoidance. High levels of snowmobile traffic and

human presence (Dorrance et al. 1975; Richens and Lav-

igne 1978; Eckstein et al. 1979; Hamr 1988; Gander and

Ingold 1997) occur in these open meadows, as this open

landscape provides off-trail snowmobiling. Low prey track

encounters (rank = 16 out of 18) was likely due to the

deep snow (rank = 16 out of 18) limiting the availability

Fig. 2 Relationship between canopy cover and significant biological

covariates of interest (Table 5): relationships between canopy cover

and snow depth (top left panel), snow penetration (top right panel),

snowshoe hare track encounter rate (bottom left panel), red squirrel

track encounter rate (bottom center panel), and ungulate track

encounter rate (bottom right panel)
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of small mammals (Wells and Bekoff 1982; Halpin and

Bissonette 1988; Gese et al. 1996b) and hindering coyote

movement in deep snow (Crete and Lariviere 2003). In

addition, the high incidence of wolf tracks (rank = 18 out

of 18, thus least desirable) in the open woodlands increased

the likelihood of encountering wolves, and the coyotes

thereby possibly avoided this habitat to reduce the risk of

intraguild predation (Thurber et al. 1992; Berger and Gese

2007).

Coyote travel distance within habitats

As we hypothesized, distances traveled within habitats

were related to snow supportiveness, suggesting the cost of

locomotion influenced distance traveled within more

energetically expensive habitats. Coyotes traveled further

and straighter within habitats with more supportive snow,

while coyote travel paths were more convoluted in habitats

with less supportive snow. Canopy cover also had this

effect on coyote travel distance, indicating coyotes traveled

more distance (i.e., had a more convoluted travel path) in

habitats with denser canopy cover. Essentially, this indi-

cated that coyotes were using forested habitats (with less

compacted snow) to hunt and non-forested habitats to tra-

vel. The effect of snow depth on distance traveled (coyotes

traveled farther on more supportive snow when snow

depths increased) supported this assumption, suggesting

coyotes changed their behaviors to minimize energy

expenditure in the presence of deeper snow.

Canopy cover and habitat use

The influence of canopy cover on habitat use was perhaps

one of the most important variables for predicting prey use

by coyotes. Canopy cover provides refuge for prey species

and can increase survival (Litvaitis et al. 1985). While prey

availability can be higher in forested habitats (Richer et al.

2002), coyotes are known to have the best hunting success

in open habitats (Gese et al. 1996b). However, deep snow

and compacted surfaces can limit prey availability and

hinder hunting success in open habitats during the winter

(Halpin and Bissonette 1988) forcing coyotes to adopt

other strategies for acquiring prey (Gese et al. 1996a). In

this regard, forested habitats could be advantageous to

coyotes in our study area, as dense canopy cover yields

lower snow accumulation on the forest ground, possibly

making prey detection and acquisition more attainable in

forested habitats during the winter than other habitats

containing deep snow and compacted surfaces. Although it

has been suggested that coyotes may be poorly adapted for

hunting in forested habitats (Richer et al. 2002), if use of

forested habitats is restricted to winter use and coyotes

have access to open habitats during the spring, summer,

and fall months, use of forested habitats during the winter

may be beneficial. Gese et al. (1996b) reported capture

success rates of prey by coyotes to be higher in forested

habitats, even though lower capture rates, lower detection

rates, and fewer predation attempt rates were demonstrated

by coyotes hunting in forested habitats. However, these

data were obtained from an area where snow compaction

and persistent human disturbance was not an issue during

prey acquisition in open habitats (Gese et al. 1996b).

Coyotes in our study area demonstrated versatility to

deep-snow conditions based on documented habitat use and

behaviors associated with that use. During our study,

coyotes appeared to be abundant and effectively used deep-

snow habitats despite a light, non-supportive snow column.

Coyotes have been shown to use compacted trails to negate

the impacts of deep snow (Murray and Boutin 1991;

Murray and Larivière 2002; Bunnell et al. 2006). In our

study area, open woodland and groomed trails both had

open canopies. Similar to our interpretation of hunting in

dense canopies, we found coyotes used both open wood-

lands and groomed trails primarily for travel due their

consistency in traveling straight-line projections. Similar to

Thibault and Ouellet (2005), as snow supportiveness

increased, coyote use of open canopy habitats increased,

likely to minimize energy expenditure by traveling on more

supportive surfaces. The deeper the snow, the more we

observed coyotes using open habitats. This was likely due

increased expenditures in dense habitats where snow was

less compacted. As hypothesized, habitat use as a function

of canopy cover resulted in preferential selection of open

canopy covers for travel due to supportive snow charac-

teristics, while dense canopy covers appeared to provide

the most profitable strategy for winter foraging.

Our results have management implications for agencies

charged with lynx recovery. Whether coyote use of these

deep-snow habitats will impact other species in the eco-

system is unknown, but recovery of Canada lynx into these

high-elevation areas could be jeopardized by increased

competition with coyotes (Bunnell et al. 2006). Use of

groomed trails within deep-snow environments may enable

coyotes more access to a broader variety and expanse of

habitat patches. When considering increased access to

forested habitats, forests provide some of the best habitat

for snowshoe hares (Litvaitis et al. 1985), and snowshoe

hares are a major food item found in lynx and coyote diets

throughout North America (Crete et al. 2001). Limiting the

expanse of groomed trail systems may minimize coyote

encroachment into these deep-snow environments.

Acknowledgments Funding and logistical support provided by: US

Department of Agriculture, Wildlife Services, National Wildlife

Research Center, Logan, Utah; US Forest Service, Bridger-Teton

National Forest, Jackson, Wyoming; and US Forest Service, Inter-

mountain Region, Ogden, Utah; and Endeavor Wildlife Research

J Ethol (2014) 32:29–41 39

123



Foundation, Jackson, Wyoming. We thank D. Chi and K. Johnson of

the US Forest Service for their support, J. Bissonette and J. Squires

for review of the manuscript, and P. Dowd, S. Dempsey, M. Green-

blatt, S. Hegg, M. Holmes, M. Linnell, S. McKay, and G. Worley-

Hood for field assistance.

References

Bartel RA, Knowlton FF (2004) Functional feeding responses of

coyotes, Canis latrans, to fluctuating prey abundances in the

Curlew Valley, Utah, 1977–1993. Can J Zool 83:569–578

Berger KM, Gese EM (2007) Does interference competition with

wolves limit the distribution and abundance of coyotes? J Anim

Ecol 76:1075–1085

Bernier PY, Swanson RH (1992) The influence of opening size on

snow evaporation in the forests of Alberta foothills. Can J For

Res 23:239–244

Bolker BM (2008) Ecological models and data in R. Princeton

University Press, Princeton

Bunnell KD, Flinders JT, Wolfe ML (2006) Potential impacts of

coyotes and snowmobiles on lynx conservation in the inter-

mountain west. Wildl Soc Bull 34:828–838

Collett D (2002) Modelling binary data (second edition). Chapman

Hall/CRC, New York

Crete M, Lariviere S (2003) Estimating the costs of locomotion in

snow for coyotes. Can J Zool 81:1808–1814

Crete M, Ouellet JP, Tremblay JP, Arsenault R (2001) Suitability of

forested landscapes for coyotes in northeastern North America

and its implications for coexistence with other carnivores.

Ecoscience 8:2346–2354

Despain DG (1990) Yellowstone vegetation: consequences of envi-

ronment and history in a natural setting. Roberts Rinehart,

Boulder

Dorrance MJ, Savage PJ, Huff DE (1975) Effects of snowmobiles on

whitetailed deer. J Wildl Manag 39:563–569

Dowd JLB, Gese EM (2012) Seasonal variation of coyote diet in

northwestern Wyoming: implications for dietary overlap with

Canada lynx? Northwest Sci 86:289–299

Eckstein RG, O’Brien TF, Rongstad OJ, Bollinger JG (1979)

Snowmobile effects on movements of white-tailed deer: a

case-study. Environ Conserv 6:45–51

Gander H, Ingold P (1997) Reactions of male alpine chamois

Rupicapra r. rupicapra to hikers, joggers, and mountain bikers.

Biol Conserv 79:107–109

Gese EM, Grothe S (1995) Analysis of coyote predation on deer and

elk during winter in Yellowstone National Park. Am Midl Nat

133:36–43

Gese EM, Rongstad OJ, Mytton WR (1987) Manual and net-gun

capture of coyotes from helicopters. Wildl Soc Bull 15:444–445

Gese EM, Ruff RL, Crabtree RL (1996a) Foraging ecology of

coyotes: the influence of extrinsic factors on a dominance

hierarchy. Can J Zool 74:769–783

Gese EM, Ruff RL, Crabtree RL (1996b) Intrinsic and extrinsic

factors influencing coyote predation of small mammals in

Yellowstone National Park. Can J Zool 74:784–797

Graybill FA, Iyer HK (1994) Regression analysis: concepts and

applications. Duxbury, Belmont

Halpin MA, Bissonette JA (1988) Influence of snow depth on prey

availability and habitat use by red fox. Can J Zool 66:587–592

Hamr J (1988) Disturbance behavior of chamois in an alpine tourist

area of Austria. Mt Res Dev 8:65–73

Koehler GM, Aubry MG (1994) Lynx. In: Ruggiero LF, Aubry KB,

Buskirik SW, Lyon LJ, Zielinski WJ (eds) The scientific basis

for conserving forest carnivores: American marten, fisher, lynx,

and wolverine in the western United States. US Forest Service,

Gen Tech Rep RM-254, Washington DC, pp 74–98

Kolbe JA, Squires JR, Pletscher DH, Ruggiero LF (2007) The effect

of snowmobile trails on coyote movements within lynx home

ranges. J Wildl Manag 71:1409–1418

Kuznetsova A, Brockhoff PB, Christensen RHB (2013) lmerTest:

tests for random and fixed effects for linear mixed effect models

(lmer objects of lme4 package). R-Version:1.1-0. http://cran.r-

project.org/web/packages/lmerTest/index.html

Lesage L, Crete M, Huot J, Quellet JP (2001) Evidence for a trade-off

between growth and body reserves in northern white-tailed deer.

Oecologia 126:30–41

Lewis L, Wenger CR (1998) Idaho’s Canada lynx: pieces of the

puzzle. Idaho Bureau of Land Management, Tech Bull 98–11,

Boise

Litvaitis JA (1992) Niche relations between coyotes and sympatric

Carnivora. In: Boer AH (ed) Ecology and management of the

eastern coyote. Wildlife Research Unit, University of New

Brunswick, Fredericton, pp 73–86

Litvaitis JA, Sherburne JA, Bissonette JA (1985) Influence of

understory characteristics on snowshoe hare habitat use and

density. J Wildl Manag 49:866–873

Mattson DJ, Reinhart DP (1997) Excavation of red squirrel middens

by grizzly bears in the whitebark pine zone. J Appl Ecol

34:926–940

Murray DL, Boutin S (1991) The influence of snow on lynx and

coyote movements: does morphology affect behavior? Oecologia

88:463–469

Murray CD, Buttle JM (2003) Impacts of clear cut harvesting on snow

accumulation and melt in a northern hardwood forest. J Hydrol

271:197–212

Murray DL, Larivière S (2002) Canid foot size and regional snow

condition: evidence for selection against high foot load? Can J

Zool 256:289–299

Murray DL, Boutin S, O’Donoghue M, Nams VO (1995) Hunting

behavior of a sympatric felid and canid in relation to vegetative

cover. Anim Behav 50:1203–1210

Natural Resources Conservation Service (2008) SNOTEL data net-

work. http://www.wcc.nrcs.usda.gov/snotel/snotel.pl?sitenum=

822&state=wy. Accessed Dec 2008

Neter J, Kutner MH, Nachtsheim CJ, Wasserma W (1996) Applied

linear statistical models. Irwin, Homewood

Patterson BR, Benjamin LK, Messier F (1998) Prey switching and

feeding habits of eastern coyotes in relation to snowshoe hare

and white-tailed deer densities. Can J Zool 76:1885–1897

Peterson RO (1995) Wolves as interspecific competitors in canid

ecology. In: Carbyn LN, Fritts SH, Seip DR (eds) Ecology and

conservation of wolves in a changing world. Circumpolar,

Edmonton, pp 315–324

Poulle M-L, Crete M, Huot J-P (1995) Seasonal variation in body

mass and composition of eastern coyotes. Can J Zool

73:1625–1633

R Development Core Team (2010) R. version 2.10.1 in R: a language

and environment for statistical computing. R Foundation for

Statistical Computing, Vienna

Richens VB, Lavigne GR (1978) Response of white-tailed deer to

snowmobiles and snowmobile trails in Maine. Can Field Nat

92:334–344

Richer MC, Crête M, Ouellet JP, Rivest LP, Huot J (2002) The low

performance of forest versus rural coyotes in northeastern North

America: inequality between presence and availability of prey.

Ecoscience 9:44–54

Shield J (1972) Acclimation and energy metabolism of the dingo,

Canis dingo, and the coyote, Canis latrans. J Zool 168:483–501
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Introduction and Consultation History 
 
This document transmits the Fish and Wildlife Service’s (Service) Biological 
Opinion (Opinion) based on our review of the proposed issuance of a Clean 
Water Act Section 404 permit to Mittal Steel to develop a new open-pit mine 
(East Reserve) between the towns of Biwabik and McKinley, St.  Louis, County, 
Minnesota.  
 
Minnesota Department of Natural Resources and the U.S. Army Corps of 
Engineers (USACE) jointly released a Draft Environmental Impact Statement 
(EIS), Mittal  Steel USA - Minorca Mine East Reserve Project, on September 15, 
2006.  The Final EIS was released on December 22, 2006.  On December 22, 
2006, USACE sent a letter to the Service in which it  requested the Service’s 
concurrence with the determination that the proposed action may affect, but 
would not likely adversely affect Canada lynx (Lynx canadensis) and gray wolf 
(Canis lupus).   On January 25, 2007, the Service met with USACE to discuss the 
proposed project and potential  effects to federally listed species.  Subsequently, 
the Service sent a letter to USACE on January 30, 2007, stating several reasons 
why the proposed action was likely to adversely affect both gray wolves and 
Canada lynx.  USACE then sent a letter to the Service on February 9, 2007, in 
which it  requested the initiation of formal section 7 consultation with the 
Service.  Additional conversations between the two agencies are documented in 
electronic mail messages.  A complete record of this consultation is on file at 
the Service’s Twin Cities Field Office.  
 
Concurrence 
 
The USACE found that the proposed action may affect,  but is not likely to 
adversely affect bald eagle (Haliaeetus leucocephalus).   In Minnesota, bald 
eagles typically nest in large trees within 500 feet of lakes or rivers (Grier & 
Guinn 2003).  Activities that occur within one-quarter to two miles of nests 
(i .e. ,  the outer limit of the tertiary zone, USFWS , depending on sight lines, may 
have adverse effects on breeding eagles.  The nearest recorded bald eagle nest 
territory is approximately two miles from the action area.  It  is on the opposite 
side of Minnesota Highway 135, which has an average daily traffic volume of 
5100 vehicles/day (Minnesota Department of Transportation 2004.  Traffic 
volume maps.  Retrieved 1/31/07 from 
http://www.dot.state.mn.us/tda/maps/trunkhighway/2004/counties/stlouis4.pdf).  
Due to the distance of this nesting territory from the proposed mine and the 
current existence of a state highway between the two areas the Service would 
not expect the proposed action to adversely affect eagles nesting in this 
territory.   
 
Eagles may establish a new nesting territory in forest near open bodies of water 
or along the Pike River within two miles of the proposed mine or haul road.  
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The open bodies of water within this area, however, are predominantly former 
mine pits.   Therefore, the Pike River and two natural lakes that are about 1.4 
miles from the proposed pit boundary may be the most likely locations for new 
eagle territories in or near the action area.  If eagles nest near either lake, their 
nests would have to in direct line of sight with the pit or stockpile areas to 
expect any effects to nesting eagles due to the distance between the two.  No 
eagle nests are recorded along any portion of the Pike River between the action 
area and Lake Vermillion.  In addition, except for the haul road, most of the 
proposed activities would occur greater than one-half mile from the river and 
may be partly or entirely out of the line of sight of potential nesting areas near 
the river.  Based on these factors, we concur with the USACE determination that 
the proposed action may affect, but is unlikely to adversely affect bald eagles.  
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BIOLOGICAL OPINION 
 
1. Description of the Proposed Action 
 
The U.S. Army Corps of Engineers (USACE) has proposed to issue a Clean 
Water Act Section 404 permit to Mittal Steel to develop a new open-pit mine 
(East Reserve) between the towns of Biwabik and McKinley, St. Louis, 
County, Minnesota.  The East Pits and stockpile areas will  both impact 
wetlands [Minnesota Department of Natural Resources (MDNR) and USACE 
2006:17-18 and Figure 3-7).  Therefore, a Clean Water Act Section 404 
permit from the USACE would be required to implement the mining 
proposal.  Proposed actions related to mining would be interrelated to the 
USACE action – they would not occur but for the issuance of the CWA 
permit and are described below in section 5.1, Effects of Interrelated or 
Interdependent Actions.  

2. Status of the Species 

2.1. Canada lynx 
 
The Canada lynx in the contiguous U.S. were listed as threatened effective April 
23, 2000 [65 Federal Register (FR) 16052, March 24, 2000].  The Service 
identified one distinct population segment (DPS) in the lower 48 states.  On July 
3, 2003, the Service published its Notice of Remanded Determination of Status 
for the Contiguous United States Distinct Population Segment of the Canada 
Lynx (68 Federal Register FR 40076, July 3, 2003) in which it  clarified its 
findings in the 2000 final listing rule and reaffirmed the listing of the lynx DPS 
as threatened. 

2.1.1. Species Description 
 
The lynx is a medium-sized cat with long legs; large, well-furred paws; long 
tufts on the ears; and a short tail  whose tip is entirely surrounded by black 
(McCord and Cardoza 1982, the tips of bobcat tails are black only on the 
upperside).  The lynx’s long legs and large, well-furred paws make it  highly 
adapted for hunting in deep snow.  Adult males average 10 kilograms (22 
pounds) in weight and 85 centimeters (33.5 inches) in length (head to tail),  and 
females average 8.5 kilograms (19 pounds) and 82 centimeters (32 inches, Quinn 
and Parker 1987).   

2.1.2. Life History 
 
Canada lynx prey primarily on snowshoe hares, especially in the winter when 
they comprise 35-97 percent of the diet (Koehler and Aubry 1994).  Lynx may 
modify hunting behavior and switch to alternate prey when hare densities are 
low (O’Donoghue et al.  1998).  Other prey species include red squirrel 
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(Tamiasciurus hudsonicus),  other small rodents, small carnivores, and birds, 
including ruffed grouse (Moen et al.  2004). 
 
Snowshoe hares have evolved to survive in areas that receive deep snow (Bittner 
and Rongstad 1982) and prefer conifer habitats with dense shrub understories 
that provide food, abundant cover to escape predators, and thermal protection 
during extreme weather (Wolfe et al.  1982; Pietz & Tester 1983; Fuller & 
Heisey 1986; Monthey 1986; Koehler and Aubrey 1994; Wirsing et al.  2002; 
Hodges & Sinclair 2005).  Early successional forest stages generally have 
greater understory structure than do mature forests and therefore support higher 
hare densities (Pietz & Tester 1983; Newbury & Simon 2005).  It  may take 
several years, however, for conditions to become suitable for hares after 
disturbances, such as clearcuts and fire; such areas may not be optimal until  15-
30 years after the initial disturbance, during what may be described as the 
sapling/large shrub stage – before the onset of self-thinning (Monthey 1986; 
Thompson et al.  1989; Koehler and Brittell  1990; Buskirk et al.  2000; Hoving et 
al.  2004).  In central Labrador, for example, hare densities peaked thirty years 
after clearcuts – hare densities in 30-year-old clearcuts were 37 times higher 
than in recent clearcuts (Newbury & Simon 2005).  Potvin et al.  (2005) found 
that hare densities would likely peak no sooner than 15 years after clearcuts in 
southwestern Quebec and that optimal conditions took longer to develop in some 
boreal forest types (e.g.,  black spruce, Picea mariana).   Peak densities may 
develop sooner in more southern forests (Newbury & Simon 2005; Potvin et al.  
2005).   
 
In Canada and Alaska, lynx populations generally undergo marked and regular 
fluctuations in response to changes in snowshoe hare populations (Mowat et al .  
2000).  In the northern portions of their range, lynx densities drop to less than 
3/100km2  during population lows.  A well studied population in Washington 
maintained a density of 2-2.6/100km2  during a 7-year study period (Aubry et al.  
2000).  
 
In the northeastern U.S.,  lynx were most likely to occur in areas containing 
suitable habitat that were greater than 100 square kilometers (km2, Hoving 
2001).  Studies in the southern portion of the species’ range have found average 
home ranges of 151 km 2 and 72 km2 for males and females, respectively (Aubry 
et al.  2000).  Home range size is likely inversely related to density of snowshoe 
hare (Koehler and Aubry 1994; Poole 1994; Apps 2000; Squires and Laurion 
2000). 
 
The most commonly reported causes of lynx mortality include starvation of 
kittens (Quinn and Parker 1987; Koehler 1990) and human-caused mortality 
(Ward and Krebs 1985; Bailey et al.  1986).  Significant lynx mortality due to 
starvation (up to two-thirds of deaths) has been demonstrated in cyclic 
populations of the northern taiga during the first 2 years of hare scarcity (Poole 
1994; Slough and Mowat 1996).  Where trapping of lynx occurs legally, 

4 



 

mortality of adults may be almost entirely human-caused during hare population 
lows (Poole 1994).  Lynx are also killed by automobiles, disease, and other 
mammal species, although the significance of these factors to lynx populations 
is uncertain (Brand and Keith 1979; Carbyn and Patriquin 1983; T. Shenk, in 
litt .  2004; Ward and Krebs 1985; Bailey et al.  1986).  During a lynx irruption in 
Minnesota in 1971-1974 when the state allowed take by trappers, 96 percent of 
128 mortalities were caused by trapping or shooting, whereas 4 percent were 
killed by cars (Henderson 1977).  Of the 37 lynx that have died of known or 
suspected causes in Colorado since the state began reintroducing the species in 
1999, 13 (35 percent) died as a result of being shot or from other human causes 
(excluding vehicles), ten (27 percent) were killed by vehicles, nine (24 percent) 
starved, four (11 percent) died of plague, and 1 (3 percent) was predated (T. 
Shenk, in litt .  2004).  Of the 21 lynx mortalities recorded in Minnesota since 
2002, six died after being trapped, five died as a result of collisions with cars, 
four died of unknown causes, three were shot, two died after collisions with 
trains, and one was predated. 

2.1.3. Status and Distribution 
 
Canada lynx range is associated closely with the distribution of North American 
boreal forest inhabited by snowshoe hares (Agee 2000).  It  extends from Alaska, 
the Yukon Territories, and Northwest Territories south across the United States 
border in the Cascades Range and northern Rocky Mountains, through the 
central Canada provinces and down into the western Great Lakes region, and 
east to New Brunswick and Nova Scotia, Canada, and south into the northeastern 
United States from Maine to New York (McCord and Cardoza 1982; Quinn and 
Parker 1987).   
 
Within the transitional boreal forest within the contiguous United States there 
are core areas for Canada lynx in Maine, Minnesota, Montana, Washington and 
likely Idaho (68 Federal Register 40076-40101, July 3, 2003).  More generally, 
these core areas are contained within the Northeast,  Great Lakes, Southern 
Rocky Mountains, and Northern Rocky Mountains/Cascades regions.  Status of 
Canada lynx in the Minnesota/Great Lakes region is summarized below.  Outside 
of Minnesota in the Great Lakes region, lynx may also occur in Wisconsin and 
Michigan, but there is no current evidence of reproduction there and suitable 
habitat is l imited and disjunct from occupied habitat in Minnesota and Canada 
(68 Federal Register 40076-40101, July 3, 2003).   

2.1.3.1. Minnesota/Western Great Lakes Region 
 
In Minnesota, recent and historical lynx records are primarily in the 
northeastern part of the state, especially in the Northern Superior Uplands 
Ecological Section.  Historically, this area was dominated by red pine (Pinus 
resinosa) and white pine (P. strobus) mixed with aspen (Populus spp.),  paper 
birch (Betula papyrifera), spruce, balsam fir (A. balsamifera) and jack pine (P. 
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banksiana) (Minnesota Department of Natural Resources [Minnesota DNR] 
2003).  Unlike elsewhere within the Great Lakes and Northeast regions, most 
lynx habitat in northeastern Minnesota is on public lands, particularly the 
Superior National Forest.   Mixed deciduous-boreal forest suitable for lynx 
habitat encompasses most of the Superior National Forest,  which has been 
mapped into Lynx Analysis Units to promote lynx management under the SNF 
Land and Resource Management Plan (USDA Forest Service 2004).  
 
Harvest and bounty records for Minnesota, which are available since 1930, 
indicate approximate 10-year population cycles, with highs in 1940, 1952, 1962, 
and 1973 (Henderson 1977; McKelvey et  al.  2000).  Lynx abundance in 
Minnesota appears to be directly related to population levels in nearby Canada 
(Mech 1980) – based on trapping records, lynx abundance in Minnesota appears 
to lag fluctuations in Manitoba, Ontario, and Saskatchewan by about three years 
(McKelvey et al.  2000).  During a 47-year period (1930–1976) before cessation 
of legal harvest, the Minnesota lynx harvest ranged from 0 to 400 per year 
(Henderson 1977) and lynx were captured in the state through periods presumed 
to represent both population highs and lows.   
 
In the 1990s there were only five verified records of lynx in Minnesota (M. Don 
Carlos, Minnesota Department of Natural Resources, in litt .  1994; S. Loch, pers. 
comm. 2006).  Beginning in about 2000, Minnesota lynx numbers evidently 
began to rebound.  Genetic analyses of scat and hair samples collected primarily 
along lynx snow trails and tissue samples from dead specimens as well  as live-
captured lynx have confirmed presence of 81 unique lynx and 4 lynx-bobcat 
hybrids in Minnesota from 2002 through March 2006 (USDA FS, unpubl. data).  
An additional 18 lynx have been documented as part of an ongoing lynx study 
(S. Loch, pers. comm. 2006) for a total of at least 99 unique lynx confirmed in 
the state since 2002.  This number represents only a subset of the actual number 
of lynx that have been present in the state since 2002, which is unknown.  Lynx 
researchers have confirmed nine lynx dens in Minnesota by following the 
activities of radio-collared females in the years 2004-2006 (R. Moen, Natural 
Resources Research Institute, Duluth, MN, pers. comm. 2006).   
 
Snowshoe hare harvest in Minnesota (the only available long-term index to hare 
abundance in the state) shows a very inconsistent pattern from 1941-2000.  Hare 
abundance, as indicated by harvest,  peaked in the early 1940s and 1950s along 
with lynx harvest,  but not in the early 1950s or 1960s.  In contrast,  hare harvest 
was double any previous year from 1977-1980, yet lynx did not increase.  Based 
on counts of hares made during spring grouse drumming surveys and mid-winter 
furbearer track surveys, snowshoe hare numbers are currently “near a peak”, but 
remain far below the numbers observed in the late 1970’s (J.  Erb, Minnesota 
Department of Natural Resources, in litt .  2004). 
 
Canada lynx may not be legally trapped in Minnesota, where they are a 
protected species, but at  least thirteen lynx have been captured incidentally in 
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recent years by trappers in pursuit  of other species – five of these lynx died as a 
result (U.S. Fish and Wildlife Service (USFWS), Bloomington, Minnesota, 
unpubl. data).    
 
In previous biological opinions for federal actions that are ongoing in 
Minnesota, the Service anticipated various levels of take.  These anticipated 
levels of take are described below, along with the actual recorded take that may 
be ascribed to each action.  The Service monitors all  known take and mortality 
of lynx in Minnesota in cooperation with the Forest Service. 
 

•  2004 - Up to two lynx per year, but no more than 20 in total,  over the 15 
years after the approval of the Revised Land and Resource Management 
Plans, Chippewa and Superior National Forests.  These plans were 
approved in July 2004.  Thus, the Service has anticipated that this take 
would occur between July 2004 and July 2019.  Thus far,  only one 
incidental take may be ascribed to the Forest Service’s implementations of 
these plans – a lynx was killed by an automobile in April 2005 on the 
Superior National Forest.  

 
•  2005 - Trunk Highway 371 North, Federal Highway Administration – One 

over a 30 year period (2005-2035).  Thus far,  no take may be ascribed to 
this action. 

 
•  2005 - Trunk Highway 1, Federal Highway Administration – Up to three 

lynx, over a 30 year period (2005-2035).  Thus far,  no take may be 
ascribed to this action.   

 
•  2006 - Clean Water Act permit for the discharge of dredged or fill  

material  into navigable waters by Northshore Mine, U.S. Army Corps of 
Engineers – One lynx during the ten year project period (2006-2015).  
Thus far,  no take may be ascribed to this action.   

 
•  2006 - Paving of Forest Road 424 (Denley Road) in St.  Louis and Lake 

Counties, Minnesota – One lynx every 10 years.  Thus far,  no take may be 
ascribed to this action.   

 
Collectively, we anticipate that these actions would result in the take of 
approximately 2 lynx per year within their combined action areas in Minnesota, 
although there is evidence for the take of only one lynx as a result of all  of 
these actions.  In addition, during the approximately five years during which the 
Service has collected lynx mortality data in Minnesota it  has recorded the deaths 
of sixteen lynx due to human causes (one of these was anticipated by a 
biological opinion).   
 

7 



 

2.1.3.2. Northeast 
 
As it  did historically, the boreal forest of the Northeast currently exists 
primarily in Maine where habitat is currently optimal and a resident, breeding 
population of lynx occurs.  Maine’s lynx population is directly connected to 
substantive lynx populations and habitat in southeastern Quebec and New 
Brunswick.  Lynx numbers in Maine apparently increased between 1999 and 
2003, coinciding with regeneration of forest clearcut in the 1970’s and 1980’s 
and high numbers of lynx in nearby Quebec (Hoving et al.  2004).  The potential 
exists for lynx to occur in New Hampshire because of its direct connectivity 
with Maine, and we presume they currently occur there.  Lynx in Vermont have 
always existed solely as dispersers.  Lynx occurring in New York since 1900 
have been dispersers. 
 

2.1.3.3. Northern Rocky Mountains/Cascades  
 
In this region, the majority of lynx occurrences are associated at a broad scale 
with the “Rocky Mountain Conifer Forest;” within this type, most of the 
occurrences are in moist Douglas fir  (Pseudotsuga menziesii) and western 
spruce/fir  forests (McKelvey et  al.  2000).  Most of the lynx occurrences are in 
the 1,500-2,000 meters (4,920-6,560 feet) elevation class (McKelvey et al.  
2000).  These habitats are found in the Rocky Mountains of Montana, Idaho, 
eastern Washington, and Utah, the Wallowa Mountains and Blue Mountains of 
southeast Washington and northeastern Oregon, and the Cascade Mountains in 
Washington and Oregon.  A substantial proportion of the verified lynx 
occurrences in the United States and confirmed breeding are from this region.  
The boreal forest of Washington, Montana, and Idaho is contiguous with that in 
adjacent British Columbia and Alberta, Canada. 
 
The Northern Rocky Mountains/Cascades Region supports the most viable 
resident lynx populations in the contiguous United States, while recognizing 
that,  at best,  lynx in the contiguous United States are naturally rare.  Strong 
evidence exists to support the presence of resident lynx populations distributed 
throughout much of the forest types considered lynx habitat  in Montana and 
Washington.  Resident lynx populations probably exist in contiguous habitats in 
Idaho and northwestern Wyoming.  Lynx have probably always occurred 
intermittently in Oregon and Utah, although the historical or current presence of 
resident populations in either of these States has not been confirmed. 
 

2.1.3.4. Southern Rocky Mountains 
 
It  is unclear whether lynx in this region historically occurred as a resident 
population or if historic records were of periodic dispersers.  If a resident lynx 
population occurred historically in the Southern Rocky Mountains, then this 
native population has been lost.   Isolation from potential source populations 
may have led to the extirpation of lynx in this region.  Although habitats in the 
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Southern Rockies are far from source populations and more isolated, it  is still  
possible that dispersers could arrive in the Southern Rocky Mountains during 
highs in the population cycle.  
 
Colorado Division of Wildlife (CDOW) has released 218 lynx from Canada and 
Alaska in 1999, 2000, 2003, 2004, 2005, and 2006.  As of August 2004, CDOW 
was tracking 85 of the released animals and had confirmed 56 mortalities.  
Researchers found six litters containing 16 kittens in 2003; 14 litters and 39 
kittens in 2004; 18 litters with 50 kittens in 2005; and four litters containing 11 
kittens in 2006.  Although total li t ters found were down in 2006, CDOW 
documented the first l i t ter produced by a female that was previously born in 
Colorado.  CDOW biologists reportedly estimate that there are currently about 
200 lynx in Colorado 
(http://wildlife.state.co.us/NewsMedia/PressReleases/Press.asp?PressId=3993 
accessed 8/23/06).  Den sites have been scattered throughout Colorado and one 
den was in southern Wyoming (T. Shenk, in litt .  2004). 

2.2. Gray wolf 
 
Gray wolf populations in the United States are currently protected under the Act 
as a threatened species in Minnesota and endangered in the remaining 47 
conterminous states and Mexico (50 CFR 17.11(h)).   Within this broad area, 
there are separate regulations establishing non-essential experimental 
populations in the Northern Rocky Mountains and for the Mexican wolf (C. 
lupus baileyi) in Arizona and New Mexico (50 CFR 17.84(i),  (k), and (n)).  
 
On March 27, 2006, the Service published a proposed rule to establish the 
Western Great Lakes Distinct Population Segment (WGL DPS) of the gray wolf,  
which would include all  of Minnesota, Wisconsin, and Michigan.  At that time 
the Service further proposed to remove this DPS from the List of Endangered 
and Threatened Wildlife.  The final rule to remove wolves in this DPS was 
published in the Federal Register on February 8, 2007, but will  not go into 
effect until  March 12, 2007.   

2.2.1. Species Description 
 
Gray wolves are the largest wild members of the Canidae, or dog family, with 
adults ranging from 18 to 80 kilograms (kg) (40 to 175 pounds (lb)) depending 
upon sex and subspecies (Mech 1974). The average weight of male wolves in 
Wisconsin is 35 kg (77 lb) and ranges from 26 to 46 kg (57 to 102 lb), while 
females average 28 kg (62 lb) and range from 21 to 34 kg (46 to 75 lb) 
(Wisconsin Department of Natural Resources (WI DNR) 1999). Wolves’ fur 
color is frequently a grizzled gray, but it  can vary from pure white to coal black. 
Wolves may appear similar to coyotes (C. latrans) and some domestic dog 
breeds (such as the German shepherd or Siberian husky) (C. familiaris).  Wolves’ 
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longer legs, larger feet, wider head and snout, and straight tail  distinguish them 
from both coyotes and dogs.  

2.2.2. Life History 
 
Wolves primarily are predators of medium and large mammals. Wild prey 
species in Minnesota include white-tailed deer (Odocoileus virginianus),  moose 
(Alces alces),  beaver (Castor canadensis),  snowshoe hare (Lepus americanus),  
and muskrat (Ondatra zibethicus),  with small mammals, birds, and large 
invertebrates sometimes being taken (Chavez and Gese 2005, Mech 1974, 
Stebler 1944, WI DNR 1999, Huntzinger et al.  2005).  
   
Wolves are social animals, normally living in packs of 2 to 12 wolves. Winter 
pack size in Michigan’s Upper Peninsula (UP) averaged from 2.7 to 4.6 wolves 
during the 1995 through 2005 period and ranged from 2 to 14 wolves per pack 
(Huntzinger et al.  2005). Pack size in Wisconsin is similar,  averaging 3.8 to 4.1 
wolves per pack, and ranging from 2 to 11 wolves in winter 2004– 2005 
(Wydeven and Wiedenhoeft 2005).  In Minnesota the average pack size found in 
the 1988–89, 1997–98, and 2003–2004 winter surveys was higher – 5.6, 5.4, and 
5.3 wolves per pack, respectively (Erb and Benson 2004). 
 
Packs are primarily family groups consisting of a breeding pair, their pups from 
the current year,  offspring from one or two previous years, and occasionally an 
unrelated wolf.   Packs typically occupy, and defend from other packs and 
individual wolves, a territory of 50 to 550 square kilometers (km2) (20 to 214 
square miles (mi2)).  Midwest wolf packs tend to occupy territories on the lower 
end of this size range. Michigan Upper Peninsula territories averaged 267 km2 
in 2000–2001 (Drummer et  al.  2002), Wisconsin territories 37 mi2 in 2004–2005 
(Wydeven and Wiedenhoeft 2005), and Minnesota territory size averaged 102 
km2 in 2003–2004 (Erb and Benson 2004). Litters range from 1 to 11 pups, but 
generally include 4 to 6 pups. Normally a pack has a single litter annually, but 
the production of 2 or 3 litters in one year has been routinely documented in 
Yellowstone National Park (Smith et al.  2005). 

2.2.3. Status and Distribution 
 

2.2.3.1. Minnesota 
 
Since 1997, Minnesota DNR has conducted two statewide surveys of wolf 
abundance and distribution.  During these surveys, DNR queries staff of 
Federal,  State,  Tribal,  and county land management agencies and wood products 
companies to identify occupied wolf range in Minnesota.  DNR also uses data 
from radio telemetry studies representative of the entire Minnesota wolf range 
to determine average pack size and territory area.  Those figures are then used 
to calculate a statewide estimate of wolf and pack numbers in the occupied 
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range, with single (non-pack) wolves factored into the estimate (Erb and Benson 
2004).   
 
The 1997–98 survey indicated that approximately 2,445 wolves existed in about 
385 packs in Minnesota during that winter (Berg and Benson 1999). This figure 
indicated that the Minnesota wolf population had grown at an average rate of 
about 3.7 percent annually from 1970 through 1997–98.  Between 1979 and 1989 
the annual growth rate was about 3 percent and it  increased to between 4 and 5 
percent in the next decade (Berg and Benson 1999; Fuller et al.  1992).  As of 
the 1998 survey, the number of wolves in Minnesota was approximately twice 
the goal for Minnesota, as specified in the Eastern Recovery Plan (USFWS 
1992).  Minnesota DNR conducted another survey of the State’s wolf population 
and range during the winter of 2003–04, using similar methodology.  That 
survey concluded that an estimated 3,020 wolves in 485 packs occurred in 
Minnesota.  The 90 percent confidence interval for this estimate encompassed a 
range of 2,301-3,708 wolves.  Due to the wide overlap in the confidence 
intervals for the 1997–98 and 2003–04 surveys, there was no statistically 
significant increase in the State’s wolf population during that period (Erb and 
Benson 2004).  
 
As wolves increased in abundance in Minnesota, they also expanded their 
distribution.  During 1948–53, the major wolf range was estimated to be about 
11,954 sq mi (31,080 sq km) (Stenlund 1955) – about 14 percent of the state.  
As of 2003-2004, wolf range in Minnesota may have stabilized and now covers 
about 40 percent of the state (Erb and Benson 2004).  
 

2.2.3.2. Wisconsin  
 
Wisconsin DNR intensively surveys its wolf population annually using a 
combination of aerial,  ground, and satellite radio telemetry, complemented by 
snow tracking and wolf sign surveys (Wydeven et al.  1995, 2005).  Wolves are 
trapped from May through September and fitted with radio collars,  with a goal 
of having at least one radio-collared wolf in about half of the wolf packs in 
Wisconsin.  Snow tracking is used to supplement the information gained from 
aerial sightings and to provide pack size estimates for packs lacking a radio-
collared wolf.  Tracking is done by assigning survey blocks to trained trackers 
who then drive snow-covered roads in their blocks and follow all wolf tracks 
they encounter.   The results of the aerial  and ground surveys are carefully 
compared to properly separate packs and to avoid over-counting (Wydeven et al. 
2003).  The number of wolves in each pack is estimated based on the aerial and 
ground observations made of the individual wolves in each pack over the winter.  
 
Based on these methods, Wisconsin DNR estimated that the state contained 
approximately 465 wolves in 108 packs in early 2005, representing a 14 percent 
increase from 2004 (Wydeven et al.  2005).  Wisconsin wolf population estimates 
are conservative in two respects: they undercount lone wolves and the count is 
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made at the annual low point of the population.  This methodology is consistent 
with the recovery criteria established in the 1992 Recovery Plan, which 
established numerical criteria to be measured with data obtained by late-winter 
surveys.  Wisconsin population estimates for 1985 through 2005 increased from 
15 to 425–455 wolves (see Table 1 above) and from 4 to 108 packs (Wydeven et 
al.  2005).  This represents an annual increase of 21 percent through 2000, and 
an average annual increase of 11 percent for the most recent five years.     
 

2.2.3.3. Michigan  
 

The MI DNR annually monitors the wolf population in the Upper Peninsula by 
intensive late-winter tracking surveys that focus on each pack.  The Upper 
Peninsula is divided into seven monitoring zones, and specific surveyors are 
assigned to each zone.  Pack locations are derived from previous surveys, 
citizen reports, and extensive ground and aerial tracking of radio-collared 
wolves.  During the winter of 2004–05 at least 87 wolf packs were resident in 
the Upper Peninsula (Huntzinger et al .  2005).  A minimum of 40 percent of 
these packs had members with active radio-tracking collars during the winter of 
2004–05 (Huntzinger et al.  2005).  Care is taken to avoid double-counting packs 
and individual wolves, and a variety of evidence is used to distinguish adjacent 
packs and accurately count their members.  Surveys along the border of adjacent 
monitoring zones are coordinated to avoid double-counting of wolves and packs 
occupying those border areas.  In areas with a high density of wolves, ground 
surveys by 4 to 6 surveyors with concurrent aerial  tracking are used to 
accurately delineate territories of adjacent packs and count their members 
(Huntzinger et al.  2005, Potvin et al.  2005). As with Wisconsin, the Michigan 
surveys likely miss many lone wolves, thus underestimating the actual 
population.  
 
Annual surveys have documented minimum late-winter estimates of wolves 
occurring in the Upper Peninsula as increasing from 57 wolves in 1994 to 405 in 
87 packs in 2005.  The rate of annual increase has varied from year to year 
during this period, but there appears to be two distinct phases of population 
growth, with relatively rapid growth (about 25 percent per year from 1997 
through 2000) and slower growth (about 14 percent from 2000 to the present 
time).  Similar to Wisconsin, this may indicate a slowing growth rate as the 
population increases, although the 2005 late-winter population was up 13 
percent from the previous year’s estimated population (Huntzinger et al.  2005).    
 
The wolf population of Isle Royale National Park, Michigan, is not considered 
to be an important factor in the recovery or long-term survival of wolves in the 
WGL DPS. This small and isolated wolf population cannot make a significant 
numerical contribution to gray wolf recovery, although long-term research on 
this wolf population has added a great deal to our knowledge of the species. The 
wolf population on Isle Royale has ranged from 12 to 50 wolves since 1959, and 
was 30 wolves in the winter of 2004–05 (Peterson and Vucetich 2005).  
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2.2.3.4. Other Gray wolf Populations in the Lower 48 States  

 
In the lower 48 states, 159 gray wolves also occur in northwest Montana, where 
they have naturally recovered as a result of dispersal from Canada, and in three 
nonessential experimental populations. 1  Two nonessential  experimental 
populations in the Northern Rocky Mountains, one in the Yellowstone 
Ecosystem and one in Central Idaho now include about 1084 wolves.  The 
nonessential experimental population of Mexican wolves includes about 59 
individuals.  For detailed description of the status of gray wolves in the 
Northern Rocky Mountains and of the Mexican wolf,  see USFWS et al.  (2006) 
and USFWS et al .  (2005).   
 
3. Analysis of the Species Likely to be Affected 
 
As stated above, the USACE has concluded that the proposed action may affect 
and is likely to adversely affect gray wolf and Canada lynx.  It  also concluded 
that i t  may affect,  but is not likely to adversely affect bald eagle.  We concur 
with that determination above and do not address bald eagle in the rest of the 
biological opinion.   
 
4. Environmental Baseline 
 
Regulations implementing the Act (50 CFR §402.02) define the environmental 
baseline as the past and present impacts of all  Federal,  State, or private actions 
and other human activities in the action area.  Also included in the 
environmental baseline are the anticipated impacts of all  proposed Federal 
projects in the action area which have already undergone section 7 consultation, 
and the impacts of state and private actions which are contemporaneous with the 
consultations in progress.  Such actions include, but are not l imited to, previous 
timber harvests and other land management activities. 
 
The action area includes the East Reserve site (pits and stockpiles),  the new 
section of haul road, the existing road to the Minorca Processing Plant, and the 
processing plant itself and the existing tailings basins.  This is the area that 
would be affected directly or indirectly by the proposed action.   
 

4.1. Status of the Species in the Action Area 
 

4.1.1. Canada lynx 
 
The action area includes forested habitat that may be suitable for this species.  
No lynx surveys (e.g.,  track surveys) have been conducted in the action area, but 
it  is within the general range of lynx in Minnesota based on recent lynx records 
                                                 
1 These population numbers were obtained from the Service’s website, 
http://www.fws.gov/midwest/wolf/population/status-map.htm, accessed February 16, 2007. 
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(e.g.,  post-2000) and lynx have been confirmed within approximately 8-10 km of 
the action area.  Approximately 70% of the site is currently covered by upland 
shrub or forest, habitats that are generally suitable for lynx.  It  is unclear what 
proportion of the site currently may contain important foraging habitat 
(regenerating or other forest containing high stem densities) or denning habitat 
(mature forest containing patches of substantial downfall).   Although wetlands 
and grassland cover approximately 25% of the site and human disturbances 
(roads, etc.) cover an additional 5%, we will assume that the entire site is 
included within a male and female home range - lynx home ranges typically 
contain some proportion of unsuitable or avoided habitats. 
 

4.1.2. Gray wolf 
 
All of the primary mine site and most of the proposed new haul road are within 
a township that Erb and Benson (2004) modeled as being suitable for wolves 
(Fig. 1).  Suitable townships were those where road density was < 0.7 km/km2 
and human density is < 4/km2, or road density is < 0.5 km/km2 and human 
density is < 8/km2 (Erb and Benson 2004:2).  In these areas low human and road 
densities are likely to result in few interactions with humans that would 
adversely affect wolves (shootings, removal for depredation control, collisions 
with automobiles, incidental trapping, etc.).   These “occupied townships” serve 
as a general guide to the distribution of habitat likely suitable for resident 
wolves, but are not intended to delineate the precise distribution of wolves or 
wolf packs.  For example, the towns of Hibbing and Chisolm are likely the basis 
for the general unsuitability of the townships on the west end of the action area, 
but wolves are likely to occur in the relatively undisturbed areas on either side 
of the existing haul road to the Minorca processing facility.  The townships to 
the north of the mine area, however, appear to contain very low road and human 
densities (Fig. 1).  Average territory size among four wolf packs recently 
studied in Minnesota was 102 km2 – slightly larger than the area of a township 
(about 93 km2).  Given the proximity of areas with low road and human density, 
especially to the immediate north of the action area, i t  is likely that resident 
wolves occur in the action area.   
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Figure 1.  Location of the proposed East Reserve mine and new haul road spur relative to townships identified as 
suitable for gray wolves.  See text for explanation of what constitutes a suitable township for gray wolves in 
Minnesota according to Erb and Benson (2004).

15 



 

 
4.2. Factors Affecting Species in the Action Area 

 
4.2.1. Canada lynx 

 
Although not as well documented as for gray wolves (see below) road access to 
Canada lynx habitat increases the likelihood of human-related adverse effects, 
simply by increasing the number of humans present in the area.  Human-related 
causes were confirmed for five of 11 lynx deaths in Minnesota among radio- and 
GPS-collared lynx in an ongoing study [trapping (2), automobile (1), shooting 
(1), and train (1), Moen et al.  2006:14).  Of the remaining six, three died of 
unknown causes with suspected human involvement (Moen et al.  2006:14).  Four 
additional lynx deaths have been confirmed in Minnesota due to collisions with 
vehicles on roads since the species was listed as threatened in 2000 (USFWS, 
Twin Cities Field Office, Bloomington, MN, unpubl. data).   These deaths have 
occurred on a wide variety of roads with average daily traffic volume ranging 
from 19 to 19400 vehicles per day (USFWS, Twin Cities Field Office, 
Bloomington, MN, unpubl. data).   Since 2000, all  lynx road mortality (six 
animals) documented in Maine has occurred on logging roads (Maine 
Department of Inland Fisheries and Wildlife, unpubl. data).   Most mortality 
occurred on two-lane haul roads that are open to the public and dominated by 
non-logging traffic.  In Colorado nine lynx deaths due to vehicle collisions have 
been recorded since 1999 (two other lynx from Colorado were killed in adjacent 
states, K. Broderdorp et al. ,  USFWS, in lit t .  2006).  As in Minnesota, estimated 
traffic volumes vary widely among roadkill  locations, from 480 to 27,600 
vehicles per day.   
 
Lynx populations characteristically fluctuate during approximately 10-year 
cycles in response to changes in numbers of their primary prey, snowshoe hare.  
Hare numbers may have begun to decline in Minnesota in 2004 (Erb 2004).  In 
addition, lynx numbers in Minnesota may peak three years after harvest levels in 
nearby Canadian provinces and lynx harvest in Manitoba and Ontario may have 
reached a peak during the winter of 2002-2003 (McKelvey et al.  2000).  Thus, 
reduced prey densities and reduced movement of lynx from Canada may soon 
affect lynx densities in the action area.  This would likely be followed, however, 
by a cyclic increase in about ten years.  
 

4.2.2. Gray wolf 
 
Road access to wolf habitat generally increases the risk of human-related 
mortality of wolves, due to various causes including shooting, trapping, and 
automobile (Mech et al.  1988; Fuller 1989; Mech 1989).  In a 1980-1986 study 
of wolves in north-central Minnesota, Fuller (1989) found that vehicle collisions 
accounted for approximately 11 percent of overall mortality, although other 
studies in the Midwestern U.S. have found automobile collisions to represent at  
much as 31 percent of overall mortality (Kohn et al .  2000) and as little as 4 
percent (northeastern Minnesota, Mech 1977).  The former study (Kohn et al.  
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2000) was conducted in an area that contained U.S. Highway 53 during an 
eastward expansion of wolves in Wisconsin.   
 
5. Effects of the Proposed Action 
 
Effects of the action are defined as “the direct and indirect effects of an action 
on the species or critical habitat,  together with the effects of other activities 
that are interrelated or interdependent with the actions, that will be added to the 
environmental baseline” (50 CFR §402.02).  Direct effects are defined as the 
direct or immediate effects of the action on the species or its habitat.  Direct 
effects result from the agency action, including the effects of interrelated and 
interdependent actions.  Indirect effects are caused by or result from the agency 
action, are later in time, and are reasonably certain to occur.  Indirect effects 
may occur outside of the immediate footprint of the project area, but would 
occur within the action area as defined. 
 

5.1. Effects of Interrelated or Interdependent Actions – Mining and 
Related Actions 

 
Interrelated actions are those that are a part  of a larger action and depend on the 
larger action for their justification.  The following actions are interrelated to the 
issuance of a CWA permit by USACE:  
 

•  mining operations in two new mine pits and transport of mining materials 
to the Minorca Processing Plant;  

•  new haul roads; 
•  mine waste stockpile areas;  
•  dewatering; and,  
•  actions to reduce or prevent environmental impacts. 

 
The following project description is summarized from the more detailed 
description contained in (MDNR and USACE 2006).  The purpose of the project 
is to mine taconite ore from the East Reserve to extend the current rate of 
production at the Minorca taconite production facility until  at least 2024.  It  
will  include moving mining operations in a phased manner from the nearby 
Laurentian Mine to the East Reserve.  The proposed East Reserve is located 
between the towns of Biwabik and McKinley in Sections 3,  4, 5, 7, 8, 9, and 10 
of T58N, R16W and Section 12 of T58N, R17W (Fig. 1).  I t  is approximately six 
miles southeast of the Minorca taconite processing facility.   
 
The East Reserve would be developed by using two separate open pits that 
would cover a combined area of 476 acres. There would be no increase in the 
amount of pellets produced at the Minorca taconite processing facility.  Mining 
in the East Reserve would be performed using conventional open pit mining 
methods, including stripping, drilling, blasting, loading and hauling. 
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To access the taconite ore, overburden, waste rock, and lean taconite would be 
stripped and stockpiled, first  from Pit #1 and then later from Pit #2. 
Approximately 30,000,000 cubic yards of waste rock/lean taconite and 
17,000,000 cubic yards of overburden would be excavated.  Overburden, waste 
rock, and lean taconite would be stockpiled north of the mining area. The total 
stockpile area would cover approximately 431 acres.   
 
A new, 1.9-mile road spur would be constructed to connect the East Reserve to 
the existing Laurentian Mine haul road.  The road would be approximately 180 
feet wide to accommodate the haul large trucks.  The side slopes of the roadway 
would be covered by riprap (stones and rocks) for erosion control. The road 
would be constructed early in the project to provide access for overburden 
removal.  
 
Construction of the new haul road to Pit #1 and pre-production stripping of 
overburden would commence upon completion of environmental review and 
permitting, predicted to be in early 2007.  The haul road would be constructed 
before beginning overburden removal to provide access for equipment.  Taconite 
ore mining would begin in Pit #1 in 2007.  Development of Pit #2 would follow 
with mining of the two mine pits to continue through 2024.  The initiation and 
completion of mining activities in both new mine pits are subject to change 
depending on future mining and economic conditions.  
 
Tailing waste generated at the Minorca taconite processing facility would 
continue to be disposed of in the existing Minorca and Upland tailings basins.  
Stockpile design and reclamation would be done in accordance with Minnesota 
Rules 6130 and in the spirit  of the Laurentian Vision. The Laurentian Vision is 
the goal of a voluntary collaboration among business, government, education 
and community interests to identify long-term uses and alternatives for mining 
lands of the Mesabi Iron Range.  The Vision will provide data and information 
to mining companies, landowners and other stakeholders, and identify options 
for the thoughtful conversion of mine lands to suitable uses following mineral 
depletion.  Examples of such uses might include public and private recreational 
lakes, golf courses, parks and trails, interpretive and educational sites, private 
industrial parks, planned communities or hunting reserves, wildlife habitat  and 
reforestation. 
 
Areas disturbed by the development of the East Reserve would be reclaimed 
soon after they become inactive.  Stockpiles and roadbeds would be capped with 
a minimum of two feet of burden material.   Grading and sloping would be done 
just prior to seeding to minimize erosion.  All areas would be shaped as 
required.  Fertilization would be done immediately before seeding to expedite 
vegetation and to minimize erosion. Herbaceous plants would be seeded using a 
hydro-seeder.  Seed mixes would be designed to achieve early stabilization and 
long-term cover.  In all  cases, re-vegetation would be done to meet the 
requirements of Minnesota Rules 6130.4100. 

18 



 

 
The design of the proposed stockpile areas immediately to the north of the 
proposed mine pits were planned to utilize previously disturbed areas to the 
extent practicable.  The planned stockpile footprints include areas previously 
disturbed by existing stockpiles and a former haul road. Much of the proposed 
East Pit #1 area has been recently logged and is primarily covered by aspen re-
growth  
 

5.1.1. Gray Wolf 
 
The proposed action will result  in the direct destruction of approximately 4 km2 
of existing habitat,  consisting of predominantly upland shrub and forest.   
Assuming that the territory size of the pack of wolves in this area is equal to 
102 km2, the average territory size found recently for Minnesota wolves by Erb 
and Benson (2004), this could result  in the outright destruction of about 4 
percent of the habitat for one pack. 
 
The proposed action will  increase the likelihood of direct mortality by vehicle 
collision by adding a spur road to the existing haul road from the Minorca 
Processing Facility and by ensuring that traffic will  continue on the existing 
road after the closure of the Laurentian Mine.  Wolves are known to use low-use 
roads [e.g.,  <10,000 vehicles/month (300/day), Whittington et al .  2004].  
Vehicle traffic on the haul road may approach approximately 400 vehicles/day, 
consisting primarily of haul trucks with a maximum speed of 35 miles per hour 
(USACE, St.  Paul, MN, unpubl. data).  
 
The mine will  remove a locally significant wildlife corridor (Emmons & Olivier 
Resources Inc 2006).  Dispersing wolves, however, would stil l  be able to skirt  
the mine and cross the haul road, which is unlikely to function as a significant 
barrier for dispersing wolves.  For example, Kohn et al.  (2000) documented 37 
wolf crossings of U.S. Highway 53 in Wisconsin (81 percent by dispersing (i.e. ,  
non-resident) wolves), which had a mean traffic volume of 4700 vehicles/day - 
approximately 15 times the anticipated maximum traffic volume on the haul 
road.  In Spain, wolves “regularly crossed a fenced four-lane highway” with 
average traffic volume of over 12,000 vehicles/day (Blanco et al.  2005).  In the 
Wisconsin study, wolves were most likely to cross the highway where visibility 
was relatively high – for example, where there was relatively little shrub cover 
at eye level – and where adjacent habitat was unfragmented by human-related 
disturbances, such as buildings, logging, and gravel pits (Frair 1999).  
Therefore, the extent of landscape fragmentation and other human disturbances 
along the haul road (e.g.,  buildings, additional roads, etc.),  not traffic volume, 
is l ikely to be the predominant factor influencing wolf dispersal across the road.   
  
Although the haul road is unlikely to function as a significant barrier to 
dispersing wolves if the surrounding habitat is left  undisturbed, some wolves 
may get hit while crossing the road.  To estimate the number and frequency of 
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wolf-vehicle collisions as a result of the mine-related traffic on the existing 
haul road and on the new spur, we will use the results of the Wisconsin study 
referred to above (Kohn et al.  2000).  In that study three wolves were confirmed 
dead from automobile collisions in a 44-mile length of U.S. Highway 53 during 
a seven-year study period (Kohn et al .  2000) – i .e.,  approximately 0.01 
wolf/mile/year.  Even intensive studies, such as this one, may not document all  
road-related mortality within the study area (Clarke et al.  1998).  In the 
Wisconsin study (Kohn et al .  2000), the likelihood of detecting wolf-automobile 
collisions during the winter was probably high because a biologist  drove the 
road every day looking for signs of wolves crossing the road, but the likelihood 
of detecting incidents during summer was probably low (E. Anderson, 
University of Wisconsin – Stevens Point,  pers. comm. 11/29/06).  We will 
assume that Kohn et al.  (2000) documented 50% of the wolf mortalities due to 
automobile collision on Highway 53 during their study – i .e.,  that actual 
mortality was 0.02 wolf/mile/year.   
 
Traffic volume on Highway 53 was 4700 vehicles/day (Kohn et al.  2000), 
whereas traffic volume on the haul road will likely be no more than about 400 
vehicles/day (USACE, unpubl. data).  To estimate the post-construction 
frequency of wolf deaths due to automobile collisions on the haul road we will 
make the following assumptions: 
 

1. The probability of death due to automobile collision is directly 
proportional to traffic volume; 

2. Traffic volume on the haul road will be 400 vehicles/day; 
3. Traffic speeds will  approximate those on Highway 53 during the study 

described above; and, 
4. The likelihood of wolf mortality will  be directly proportional to wolf 

density in the vicinity of the haul road, which will  approximate those 
found by Mech (2006) in the central Superior National Forest (i .e. ,  0.04 
wolves/square km). 

 
Based on those assumptions, vehicle traffic on the haul road would result in 
about 0.08 road-killed wolf/year – about one every 12 years.  Traffic speeds will  
likely be lower on the haul road than on U.S. Highway 53 in the Wisconsin 
study area; thus, assumption #3 above may result in an overestimate of the 
potential road-kill  on the haul road that will be caused by the proposed action.   
 
The loss of one wolf every 12 years to vehicle collision in the project area 
would have relatively minimal impacts on the population of wolves in the lower 
48 states.  Based on current population levels (Erb and Benson 2004; Huntzinger 
et al.  2005; Wydeven and Wiedenhoeft 2005), this would represent the loss of 
about 0.03 or 0.02 percent of all  wolves in Minnesota or the lower 48 states, 
respectively, once every twelve years.  In a worst-case scenario, a female with 
dependent pups could be killed, resulting in the potential loss of a litter of pups 
in addition to the adult.  Mean litter size in northeastern Minnesota may be 
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about four pups (Mech 1977).  Therefore, the proposed action would cause a 0.2 
percent or 0.1 percent decrease in the number of wolves in Minnesota or the 
lower 48 states (excluding the nonessential experimental populations),  
respectively, once every 12 years.   This is unlikely to result  in any appreciable 
effects on the survival of wolves in Minnesota or in the lower 48 states.   
`  

5.1.2.   Canada lynx 
 
The proposed action will result  in the direct destruction of approximately 4 km2 
of existing habitat,  consisting of predominantly upland shrub and forest.   
Assuming that the territory sizes of any resident female and male lynx are about 
68 and 87 km2, respectively (see above), this could result in the outright 
destruction of about six and five percent of the habitat for one resident female 
and male, respectively.   
 
As stated above, lynx are also susceptible to being road-killed.  Since 2000, the 
Service has documented five road-killed lynx in the state on a wide variety of 
roads.  One was killed by an automobile on a gravel road with approximately 
one-thirtieth the traffic volume of the haul road and a design speed of 30 mph 
(T. Catton, U.S. Forest Service, Ely, MN, pers. comm. 9/12/06).   
 
As with wolves, numerous assumptions would have to be made to estimate the 
number of lynx that would likely be hit  by vehicles as a result of the mine-
related traffic on the existing haul road and on the new spur.  For lynx, we do 
not have a study like that of Kohn et al.  (2000) on which to base an estimate of 
the quantitative impact.  Therefore, we will assume that  lynx are equally 
susceptible to being killed by vehicles as are wolves and that the factors 
considered above for wolves will also determine the likely number of lynx 
killed, although we will use a different basis for estimating lynx density in the 
action area.  
 
To estimate lynx density in the vicinity of the haul road, we assumed that there 
are approximately 1.3 females per male home range, based on weighted mean 
home ranges of 87 sq. km for males and 68 sq. km for females [studies 
summarized by Moen et al.  (2006)] and assuming continuous and non-
overlapping home ranges among males and females, respectively. 2  Therefore, 
we assume that there are 2.3 lynx per 87 sq. km (i.e.,  1 male and 1.3 females in 
each male home range) – approximately 0.03 lynx/sq. km.  Although data are 
insufficient to estimate lynx density in the action area, this is l ikely a 
reasonable estimate.  Lynx densities in the southern boreal forest (e.g.,  
Minnesota) are similar to those found in the taiga (the core of lynx range) 
during times of hare scarcity (i .e.,  “less than 3 lynx/100 km2, Mowat et al.  
2000).  For example, a well studied population in Washington maintained a 
density of 0.02-0.026/km2  during a 7-year study period (Aubry et al.  2000).   
                                                 
2 We could  have used the home ranges found thus far  for  lynx in  Minnesota ,  but  the sample 
s ize  is  re la t ively low ( i .e . ,  two females  –  Moen et  a l .  2006) .  

21 



 

 
We would predict greater densities in the action area if we assumed some degree 
of overlap among female home ranges, as has been demonstrated (Mech 1980; 
Carbyn and Patriquin 1983).  It  is unclear, however, what degree of overlap is 
likely to occur in the action area and even in regions where some lynx home 
ranges overlap there are likely some areas not included within any lynx’s home 
range (i.e. ,  unoccupied habitat).   Therefore, our assumption of continuous home 
ranges would somewhat offset the negative influence on the predicted density 
resulting from our assumption of non-overlapping home ranges.   
 
Based on the above assumptions regarding traffic volume, susceptibility to 
vehicle collisions, traffic speeds, lynx densities, and current likelihood of 
vehicle collisions, we estimate that the proposed action will result  in about one 
lynx getting hit and killed by a vehicle on the haul road every 16 years.  The 
likely frequency of lynx-automobile collisions may be less than for wolves due 
to the lower predicted densities of lynx in the vicinity of the haul road (see 
above).  In addition, lynx populations fluctuate markedly during approximately 
10 year cycles, whereas wolf densities will likely be relatively stable.  
Therefore, the probability of lynx getting hit by vehicles on the haul road will 
likely vary in proportion to lynx density throughout the population cycle.   
 
Data are currently insufficient to accurately estimate lynx densities in 
Minnesota, but the assumptions used above to arrive at an estimate of one dead 
lynx every 16 years also allow us to estimate the proportional impact to the lynx 
population.  To estimate lynx density at 0.03/km2 in the action area we assumed 
that lynx home ranges were continuous and non-overlapping within sexes – that 
is,  female home ranges did not overlap with other female home ranges and were 
continuous across the landscape – we assumed the same for males.  Lynx 
Analysis Units (LAU) and the Boundary Waters Lynx Refugium (BWLR) cover 
approximately 12,700 km2 and represent the approximate area occupied by lynx 
in and around the Superior National Forest.   For the purposes of this analysis,  
we will assume that this is the approximate area occupied by lynx in Minnesota.  
There are areas within LAUs that are unsuitable for lynx, but lynx also occur in 
Minnesota beyond the area contained within LAUs and the BWLR (including the 
action area), therefore, this may be a fair approximation of total lynx range in 
Minnesota.  If lynx occur throughout the area contained within LAUs and the 
BWLR at a density of 0.03/km2, then there are approximately 381 lynx in this 
area.  If one lynx is killed every 16 years, this would represent an approximate 
loss of 0.3 percent of the lynx population, once every 16 years.  As stated 
above, lynx abundance likely varies greatly over an approximately 10-year 
cycle.  Therefore, the loss of one lynx would affect have a greater proportional 
effect during low phases of they cycle.  Low lynx densities during this period, 
however, would also proportionately lower the likelihood of a lynx getting hit  
by a vehicle on the haul road.  
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5.2. Cumulative Effects 
 
Cumulative effects include the effects of future State, tribal, local or private 
actions that are reasonably certain to occur in the action area considered in this 
Opinion. Future Federal actions that are unrelated to the proposed action are not 
considered in this section because they require separate consultation pursuant to 
section 7 of the Act. 
 
Roads, pit,  and stockpile areas will  be reclaimed upon completion of mining 
activities in the area, but specific reclamation plans are not yet developed.  
Basic reclamation requirements are summarized above, but the specific use of 
the reclaimed areas (e.g.,  forest,  golf course, etc.) has not been ascertained.   
 
The proposed mine is one of several mining projects pending in the Mesabi Iron 
Range, but each will require separate consultation pursuant to section 7 of the 
Act.    
 
6. Conclusion 
 
After reviewing the current status of gray wolves and Canada lynx, the 
environmental baseline for the action area, the effects of the proposed issuance 
of a Clean Water Act Section 404 permit to Mittal Steel to develop a new open-
pit  mine (East Reserve) between the towns of Biwabik and McKinley, St. Louis, 
County, Minnesota and the cumulative effects, i t  is the Service’s Opinion that 
the action, as proposed, is not likely to jeopardize the continued existence of the 
gray wolf in Minnesota or in the lower 48 states or the Contiguous United States 
Distinct Population of Canada lynx.   
 
As detailed above, the proposed action would cause an approximate 0.2 percent 
or 0.1 percent decrease in the number of wolves in Minnesota or the lower 48 
states (excluding the nonessential experimental populations), respectively, once 
every 12 years.  This is unlikely to result in any appreciable effects on the 
survival or recovery of wolves in Minnesota or in the lower 48 states.  In 
addition, the project may result in an approximate loss of 0.3 percent of the lynx 
population in Minnesota, once every 16 years. Populations of lynx in the 
contiguous United States also occur in portions of Colorado, Idaho, Maine, 
Montana, and Washington.  Therefore, the estimated proportional impacts to 
Canada lynx in the Contiguous United States would be less than that anticipated 
for the species in Minnesota alone.  This level of impact would not result in an 
appreciable effect on the survival and recovery of Canada lynx in the 
Contiguous United States.   
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INCIDENTAL TAKE STATEMENT 
 
Section 9 of the Act and Federal regulation pursuant to section 4(d) of the Act 
prohibit the take of endangered and threatened species, respectively, without 
special exemption. Take is defined as to harass, harm, pursue, hunt, shoot, 
wound, kill ,  trap, capture or collect,  or to attempt to engage in any such 
conduct. Harm is further defined by the Service to include significant habitat 
modification or degradation that results in death or injury to listed species by 
significantly impairing essential behavioral patterns, including breeding, 
feeding, or sheltering. Harass is defined by the Service as intentional or 
negligent actions that create the likelihood of injury to listed species to such an 
extent as to significantly disrupt normal behavior patterns which include, but 
are not limited to, breeding, feeding, or sheltering. Incidental take is defined as 
take that is incidental to, and not the purpose of, the carrying out of an 
otherwise lawful activity. Under the terms of section 7(b)(4) and section 
7(o)(2), taking that is incidental to and not intended as part of the agency action 
is not considered to be prohibited taking under the Act provided that such taking 
is in compliance with the terms and conditions of this Incidental Take 
Statement. 
 
The measures described below are non-discretionary, and must be undertaken by 
the USACE so that they become binding conditions of any grant or permit issued 
to any applicant,  as appropriate, for the exemption in section 7(o)(2) to apply.  
USACE has a continuing duty to regulate the activity covered by the incidental 
take statement.  If USACE (1) fails to assume and implement the terms and 
conditions or (2) fails to require any applicant to adhere to the terms and 
conditions of the incidental take statement through enforceable terms that are 
added to the permit or grant document, the protective coverage of section 
7(o)(2) may lapse.  In order to monitor the impact of incidental take, USACE 
must report the progress of the action and its impact on the species to the 
Service as specified in the incidental take statement. [50 CFR §402.14(i)(3)] 
 
1. Amount or Extent of Take Anticipated 
 
In the attached biological opinion, we described the anticipated incidental take 
in terms of one wolf and one lynx killed by a vehicle once every 12 and 16 
years, respectively, in the action area.  
 
2. Effect of the Take 
 
In the attached biological opinion, we concluded that the anticipated incidental 
take would not jeopardize the continued existence of gray wolves or of the 
Contiguous United States Distinct Population Segment of Canada Lynx. 
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3. Reasonable and Prudent Measures 
 
The Service believes the following reasonable and prudent measures (RPM) are 
necessary and appropriate to minimize take of gray wolves and Canada lynx. 
 

1.  Implement measures to reduce the likelihood of vehicle collisions with 
wolves and lynx (see Part 4 Terms and Conditions, below).   

 
4. Terms and Conditions 
 
In order to be exempt from the prohibitions of section 9 of the Act, the USACE 
must comply with the following terms and conditions, which implement the 
reasonable and prudent measures described above and outline required 
reporting/monitoring requirements.  These terms and conditions are non-
discretionary. 
 
RPM 1: Implement measures to reduce the likelihood of vehicle collisions with 
wolves and lynx.  
 
Term and Condition #1: An increase in vehicle traffic on the haul road to 
approximately 600 vehicle trips per day may be significant enough to result in 
increased take of wolves and/or lynx.  Therefore, implement measures to 
monitor traffic volume and ensure that it  does not exceed an average of 600 
vehicle trips/day (e.g.,  300 round-trips per day between Minorca and the East 
Reserve mine area) during any calendar year.   
 
Term and Condition #2: Promptly remove any deer or moose killed by vehicles 
on the haul road to limit the likelihood of lynx or wolves feeding on carrion on 
or near the road. 
 
The Service believes that no more than one gray wolf and one Canada lynx will  
be incidentally taken once every twelve and sixteen years, respectively as a 
result of the proposed action.  The reasonable and prudent measures, with their 
implementing terms and conditions, are designed to minimize the impact of 
incidental take that might otherwise result from the proposed action.  If,  during 
the course of the action, this level of incidental take is exceeded, such 
incidental take represents new information requiring reinitiation of consultation 
and review of the reasonable and prudent measures provided.  The Federal 
agency must immediately provide an explanation of the causes of the taking and 
review with the Service the need for possible modification of the reasonable and 
prudent measures. 
 
5. Reporting Requirements 
 
Any vehicle collisions with gray wolves or lynx must be reported within 72 
hours to U.S. Fish and Wildlife Service, Twin Cities Field Office, Bloomington, 
Minnesota (612/725-3548).  These reports shall include all  known information 
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regarding the incident, including the species involved, date of incident, fate of 
the animal (e.g.,  dead), location of the carcass, geographic coordinates of the 
accident location, sex of the animal, and approximate age (i .e.,  adult,  juvenile, 
yearling).  To ensure that any incident will  be reported, each employee who will 
drive on the haul road shall be provided information to allow them to identify 
Canada lynx and gray wolf.  This information shall be retained in all  vehicles 
that will  be driven on the haul road.  Coordinate with the Service to develop this 
information.  The information on the two following websites could be used for 
this purpose:  
 

•  lynx - http://www.nrri.umn.edu/lynx/information/bobcat.html (see 
Appendix 1) 

 
•  wolf - http://www.wolf.org/wolves/pdf/W&H_was_that_a_wolf.pdf (see 

Appendix 2) 
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CONSERVATION RECOMMENDATIONS 
 
Section 7(a)(1) of the Act, directs Federal agencies to utilize their authorities to 
further the purposes of the Act by carrying out conservation programs for the 
benefit  of endangered and threatened species. Conservation Recommendations 
are discretionary agency activities to minimize or avoid adverse effects of a 
proposed action on listed species or critical habitat,  to help implement recovery 
programs, or to develop information. 
 
In order for the Service to be kept informed of actions minimizing or avoiding 
adverse effects or benefiting listed species or their or their habitats,  the Service 
requests notification of the implementation of any conservation 
recommendations. 
 

1. The Service recommends that the Corps place a condition on its Clean 
Water Act permit to require the company to perform an economic and 
technical feasibility study on the installation of an arched, bottomless 
culvert, in lieu of a small corrugated culvert pipe, to serve as a wildlife 
crossing on the new haul road spur.  The location of this crossing would 
be approximately midway along the proposed new haul road spur, where it  
crosses an unnamed tributary to the Pike River.  The bottomless culvert 
should be no less than 24 feet in width, with four foot vertical side walls 
and appropriate arch radius for required strength, and should run the 
entire width of the base of the haul road at this location.  To determine 
economic feasibility,  the study should compare the cost of the arched, 
bottomless culvert installation to the overall  cost of the construction of 
the new haul road spur.  If the study shows that the installation is both 
economically and technically feasible, the Corps should require, as a 
condition of its Clean Water Act permit,  installation of the arched, 
bottomless culvert within three years of the onset of project 
implementation.   

 
2. Report any sightings of Canada lynx to the Service at (612) 725-3548.  If 

possible, provide the date and location (geographic coordinates if 
available).  

 
3. When developing reclamation plans, coordinate with the Service to 

identify opportunities to provide high-quality lynx habitat.  Restore 
natural plant communities wherever practicable.  

 
4. Remove and reclaim any roads as soon as they become unnecessary for 

ongoing or pending mine activities.   
 

5. Delay any land clearing until  August to minimize the likelihood of 
impacts to denning lynx or wolves. 
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REINITIATION – CLOSING STATEMENT 
 
This concludes formal consultation for the potential effects of the proposed 
issuance of a Clean Water Act Section 404 permit to Mittal Steel to develop a 
new open-pit  mine (East Reserve) between the towns of Biwabik and McKinley, 
St. Louis, County, Minnesota on the gray wolf and on the Contiguous United 
States Distinct Population Segment of Canada Lynx.  As provided in 50 CFR 
§402.16, reinitiation of formal consultation is required where discretionary 
Federal agency involvement or control over the action has been maintained (or 
is authorized by law) and if:  (1) the amount or extent of incidental take is 
exceeded; (2) new information reveals effects of the agency action that may 
affect listed species or critical habitat in a manner or to an extent not considered 
in this Opinion; (3) the agency action is subsequently modified in a manner that 
causes an effect to the listed species or critical habitat that was not considered 
in this Opinion; or (4) a new species is listed or critical habitat designated that 
may be affected by the action.  In instances where the amount or extent of 
incidental take is exceeded, any operations causing such take must cease 
pending reinitiation. 
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Appendix 1.  How to identify Canada lynx. 
 

 
©NRRI  

 
 
Lynx or Bobcat? 
 
The following information is adapted from the website, http://oden.nrri.umn.edu/lynx/information/bobcat.html. 
 
Canada lynx (Lynx canadensis) and bobcats (Lynx rufus) are medium-sized (2-3 times larger 
than a large house cat, smaller than a mountain lion) cats that are similar in appearance. There 
are several physical characteristics to distinguish between Canada lynx and bobcat: 
  
The black tail, ear tufts, and large feet characteristic of Canada lynx are shown clearly in the 
photo above.   
  

• Tail: A lynx’s tail has a black tip all around, with the appearance of being dipped in a 
bottle of ink. A bobcat’s tail is striped with black bands towards the end and has a black 
tip.  

 
• Ears: Lynx have longer ear tufts than bobcats. 

 
• Feet: Lynx have much larger feet than bobcats.  

 
While not a physical characteristic, a lynx is more likely to provide humans with a “good” view, 
often remaining in an area for a period of time while people watch it. Bobcats are more secretive 
and elusive than lynx. 

 



 

Appendix 2.  Identifying wolves. 
 
Adapted from theInternational Wolf Center website, http://www.wolf.org/wolves/pdf/W&H_was_that_a_wolf.pdf. 
 

 
 

 

http://www.wolf.org/wolves/pdf/W&H_was_that_a_wolf.pdf


From: Hodges, Karen
To: Zelenak, Jim
Subject: RE: Lynx Expert Workshop Materials
Date: Wednesday, December 16, 2015 7:09:55 PM

Hi Jim,

ok, I will add to the to-do list.  no worries.

Karen

 
Dr. Karen E. Hodges
Associate Professor
Department of Biology
University of British Columbia Okanagan
Science Building, 1177 Research Road
Kelowna, BC V1V 1V7
 
http://biol.ok.ubc.ca/faculty/hodges.html

From: Zelenak, Jim [jim_zelenak@fws.gov]
Sent: December-16-15 2:18 PM
To: Hodges, Karen
Subject: Re: Lynx Expert Workshop Materials

Hi Karen,

Some of the folks on our team with more experience (and legal wounds, apparently) were a little concerned about us
(FWS) editing your workshop presentation ourselves, and they recommended that you make the changes and email
the revised presentation to me, maybe along with your 3 bullets from below.  We cannot remove the version we
have from our record (and it's already been shared with the other workshop participants when we asked all of them
to review the notes), but we can use the new version from here on out, including when we post the final workshop
report and supporting materials on our website.

Is that agreeable to you?

Also, I had one point from the workshop notes that I need to follow up with you.  In the notes (p. 14), we
summarized your response to one of the "parking lot" questions as follows:

"Question about pellet index vs live trapping of hares – Karen Hodges answered: pellet counts
are proven to be robust & most reliable survey method to provide variance estimates;
differences in methodology don’t explain variation in survey results across range."

One of the other participants who provided comments on the notes said of the underlined
portion above:

"Pellet counts may be serviceable for broad scale snapshots of hare abundance, but they are
not the most reliable means of estimating variance. Not sure what was meant here. I think you
could just leave off the “&….” and call it good. Not my section, or maybe my place, to
comment though."

Would you like to respond or clarify?  Did we misrepresent your response?  Or should we
leave that as it was? Appreciate your thoughts.

mailto:karen.hodges@ubc.ca
mailto:jim_zelenak@fws.gov
http://biol.ok.ubc.ca/faculty/hodges.html


Only a few more days until we begin the annual climb out of the darkness trough.  It's much
less observed/celebrated here than it was among my colleagues in Fairbanks, but Happy
(early) Solstice anyhow!  And Merry in advance Christmas & Happy Boxing Day!

Jim   

On Mon, Dec 7, 2015 at 12:13 PM, Hodges, Karen <karen.hodges@ubc.ca> wrote:

Thanks Jim, on both fronts.  I hope your pieces are coming together well.

 

Karen

 

Dr. Karen E. Hodges

Associate Professor, Biology

University of British Columbia Okanagan

Science Building, 1177 Research Road

Kelowna BC V1V 1V7

 

http://biol.ok.ubc.ca/faculty/hodges.html

 

 

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: December-07-15 11:06 AM
To: Hodges, Karen
Subject: Re: Lynx Expert Workshop Materials

 

Thanks Karen,

 

I don't think it should be a problem to remove those slides and photo.

 

mailto:karen.hodges@ubc.ca
http://biol.ok.ubc.ca/faculty/hodges.html
mailto:jim_zelenak@fws.gov


I hope, too, that we will eventually get you reimbursed appropriately (overheard Admin.
staff discussing - sorry for the inconvenience).

 

On Mon, Dec 7, 2015 at 11:43 AM, Hodges, Karen <karen.hodges@ubc.ca> wrote:

Hi Jim—

 

Sorry for the delayed response there; utterly buried with end of term stuff here.

 

The notes look fine to me.

 

For my talk, could I ask for 3 modifications for the final FOIA-able record:

1) cut slide 4 (unpublished & sensitive data, with co-authors)

2) cut slide 6 (ditto)

3) cut the lynx/hare picture from slide 27.  Every other photograph is mine, but I realize this one
isn’t & I’d rather not have it in a permanent record.

 

Thanks!

Karen

 

 

 

Dr. Karen E. Hodges

Associate Professor, Biology

University of British Columbia Okanagan

Science Building, 1177 Research Road

Kelowna BC V1V 1V7

 

mailto:karen.hodges@ubc.ca
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From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: December-07-15 9:34 AM
To: McKelvey, Kevin -FS; Erin Simons-Legaard; Vashon, Jennifer; Ron Moen; Catton, Susan J -FS;
Squires, John -FS; Jay Kolbe; Maletzke, Benjamin T (DFW); Jake Ivan - DNR; Bowman, Jeff
(MNRF); Jackson, Scott -FS; Schwartz, Michael K -FS; Hodges, Karen; Josh Lawler; Wilsey, Chad;
freli001@umn.edu; Alexej Siren; Baker, Richard (DNR); Nichole Bjornlie; Roberts, Nathan M -
DNR
Cc: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp; Heather Bell; Jonathan
Cummings; Mary Parkin; Jodi Bush; Seth Willey
Subject: Lynx Expert Workshop Materials

 

Hi All:

 

Jennifer brought to my attention that her presentation as I forwarded in the zip files to all
workshop participants was truncated, missing the last 8 or 9 slides.  Presenters - please let
me know if you have found similar issues with presentations or any of the other materials.

 

Also, workshop participants - please let me know if you do or do not intend to provide
feedback on the workshop notes.

 

Thanks, 

Jim 

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

http://biol.ok.ubc.ca/faculty/hodges.html
mailto:jim_zelenak@fws.gov
mailto:freli001@umn.edu


Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


 

 
 United States Department of the Interior 

 
FISH AND WILDLIFE SERVICE 

 
 Ecological Services 

5353 Yellowstone Road, Suite 308A 
Cheyenne, Wyoming  82009 

 
 

 

 

 
 

In Reply Refer To: 
06E13000-2014-CPA-0047 
ER15-0645 
 
 
 
Memorandum 
 
To: Assistant Regional Director, U.S. Fish and Wildlife Service, Regional Office, 

Lakewood, Colorado 
 
 Regional Environmental Coordinator, U.S. Fish and Wildlife Service, Regional 

Office, Lakewood, Colorado 
 
From: Field Supervisor, U.S. Fish and Wildlife Service, Wyoming Field Office, 

Cheyenne, Wyoming 
 
Subject: Draft Environmental Impact Statement (DEIS), Targhee National Forest Lynx 

Analysis Units Project, Bonneville; Butte; Clark; Fremont; Jefferson; Lemhi; 
Madison; Teton; Lincoln; Teton; Counties, Idaho and Wyoming  

 
We have reviewed the Targhee National Forest (Forest) DEIS for the Lynx Analysis Units 
Project (Project) and provide the following comments to incorporate into the Department’s 
response to ER15-0645.  The DEIS evaluates the establishment of Lynx Analysis Units (LAUs) 
on the Targhee portion of the National Forest. 
 
In 2005, the Forest delineated 17 LAUs across 660,468 acres.  Based on a 2014 map of primary 
and secondary vegetation for Canada lynx, the DEIS states that LAU 24 does not meet the 
definition and criteria of a LAU provided by the Northern Rockies Lynx Management Direction 
(NLRMD), “because the [LAU does] not have at least 10 square miles of primary vegetation 
(Ruediger et al. 2000, p. 7-4) or the LAU is delineated around an isolated patch of primary 
vegetation and is not within a female lynx’s daily movement range (approximately 3 to 6 miles) 
to other contiguous patches of primary vegetation (Ruediger et al. 2000, p. 6-2, p7-4)” (DEIS, 
p. 36).  For the reasons described below, the Service recommends that either the Targhee 
National Forest re-delineate LAU 24 so that the 6,387 acres of primary vegetation and 265 acres 
of secondary vegetation are incorporated into another LAU or that LAUs 22, 23 and 24 are 
reconfigured to include the habitat from LAU 24.  The Service disagrees that the habitat in LAU 
24 be excluded from protections under the NRLMD simply because the acreages of primary and 
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secondary habitats are less than the 10 square miles of a female lynx home range.  We believe 
that there is support within the Canada Lynx Conservation Assessment and Strategy (LCAS), as 
well as the NRLMD, to adjust the LAUs to include larger acreages to encompass all of the 
potential lynx habitat within the Forest. 
 
The second edition of the LCAS (August 2000), recommended all areas with lynx habitat be 
included in LAUs (Ruediger et al. 2000, p. 6-1).  LAUs are not intended to depict actual lynx 
home ranges, but are identified to provide analysis units of the appropriate scale with which to 
begin the analysis of potential direct and indirect effects of projects or activities on individual 
lynx and to monitor habitat changes.  The size of LAUs should generally be 6,500 to 10,000 
hectares (16,000 to 25,000 acres or 25 to 50 square miles) in contiguous habitat, and likely 
should be larger in less contiguous, poorer quality, or naturally fragmented habitat (Ruediger et 
al. 2000, p 7-3). 
 
In 2013 the LCAS was edited to provide a full revision, incorporating all prior amendments and 
classifications, as well as substantial new scientific information that had emerged since 2000 
including related parts of the Lynx Recovery Plan Outline, as well as drawing on experience 
gained in implementing the 2000 LCAS.  This document was also reorganized and condensed to 
improve readability and reduce redundancy.   
 
Page 86 of the 2013 LCAS indicates that LAUs do not depict actual home ranges, but should 
approximate the size of a female’s home range and contain year-round habitat components 
(ILBT 2013).  Page 87 states that when delineating LAUs, small patches of primary vegetation 
located beyond daily movement distances could be discarded or incorporated into a neighboring 
LAU.  Since the LAU represents a hypothetical female home range, and is the basis for analysis, 
it can be larger or contain more habitat than an actual home range. 
 
Under the 2007 biological opinion (BO) for the Northern Rockies Lynx Management Direction, 
each National Forest was advised to begin mapping lynx habitats and to delineate LAUs within 
mapped lynx habitat based on the recommendations of the LCAS (USFWS 2007, p. 3).  
Therefore, the NLRMD and BO use the same criteria and definitions for LAUs as the LCAS.  
 
The 2000 LCAS, the 2013 LCAS, and the NRLMD BO are in agreement that LAUs should be 
based on the home range size of a female Canada lynx, but all three documents recognize that 
LAUs can be larger to accommodate areas that contain less contiguous, poor quality or naturally 
fragmented habitat.  As currently drawn, LAU 24 contains less than the minimum 16,000 acres 
needed for a female home range, but the 6,387 acres of primary vegetation and 265 acres of 
secondary vegetation in LAU 24 may help support one or more female Canada lynx within the 
larger landscape.  We recommend the Forest incorporate LAU 24 into another LAU or that 
LAUs 22, 23 and 24 are reconfigured so that the primary and secondary vegetation in LAU 24 
are maintained as having value for Canada lynx.  
 
If you have any questions regarding this memo, please contact Lisa Solberg Schwab of my office 
at the letterhead address or phone (307) 367-5340.  
 
cc: FWS, Contaminants Biologist, Sandy Fisher (Sandy_fisher@fws.gov) 

FWS, Branch Chief for Water, Energy & Climate, Maria Boroja (maria_boroja@fws.gov)  
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BCPA (ERT), Stephanie Nash (stephanie_nash@fws.gov)  
 DOI/OEPC, Robert F. Stewart, (robert_f_stewart@ios.doi.gov) 
 FW6_FederalActivities@fws.gov 
 
Citations: 
 
Interagency Lynx Biology Team [ILBT]. 2013. Canada lynx conservation assessment and 

strategy. 3rd edition. USDA Forest Service, USDI Fish and Wildlife Service, USDI 
Bureau of Land Management, and USDI National Park Service. Forest Service 
Publication R1-13-19, Missoula, MT. 128 pp. 

 
Ruediger, Bill, Jim Claar, Steve Gniadek, Bryon Holt, Lyle Lewis, Steve Mighton, Bob Naney, 

Gary Patton, Tony Rinaldi, Joel Trick, Anne Vandehey, Fred Wahl, Nancy Warren, Dick 
Wenger, and Al Williamson. 2000. Canada lynx conservation assessment and strategy. 
USDA Forest Service, USDI Fish and Wildlife Service, USDI Bureau of Land 
Management, and USDI National Park Service. Forest Service Publication #R1-00-53, 
Missoula, MT. 142 pp. 

 
U.S. Fish and Wildlife Service [USFWS]. 2007. Northern Rocky Mountains Lynx Amendment 

on the Distinct Population Segment (DPS) of Canada lynx (Lynx canadensis) in the 
contiguous United States. Biological Opinion, Montana Field Office. 

mailto:FW6_FederalActivities@fws.gov


From: Solberg Schwab, Lisa
To: Hanvey, Gary -FS
Cc: Belleman, Ann
Subject: Re: lynx LAU question for you
Date: Thursday, December 17, 2015 2:07:27 PM
Attachments: WY16CPA0047_FWS_ER 15_0645_DEIS for TargheeNFLynxLAU_LSSfinal.docx

I just wanted to send you both a copy of the letter I sent for the Targhee LAU EIS. 
Hopefully you agree with how I handled it :)

Merry Christmas and Happy New Year!!

Lisa

Lisa Solberg Schwab
Biologist
USFWS, Wyoming ES Field Office
located at
BLM Pinedale Field Office
1625 W. Pine St.
P.O. Box 768
Pinedale, WY 82941
(307) 367-5340

On Tue, Dec 8, 2015 at 10:13 AM, Hanvey, Gary -FS <ghanvey@fs.fed.us> wrote:

Thanks for taking the time to look at their DEIS.  I havent had time to look at it, and really, not sure
that I should be reviewing it in an official capacity.  CT is in R4, and I am the coordinator for R1. 
But regardless, I will review anyway, and can provide “unofficial comment”.  From your summary
below Ann, their reasoning sounds off base to me too.

 

**************

Gary Hanvey

R1 Lynx Biologist

Northern Region

Fort Missoula – Missoula, MT

 

Office Phone: 406.329.3018

Cell Phone: 406.781.1765

ghanvey@fs.fed.us

mailto:ghanvey@fs.fed.us
mailto:ann_belleman@fws.gov
mailto:ghanvey@fs.fed.us
mailto:ghanvey@fs.fed.us


 

From: Belleman, Ann [mailto:ann_belleman@fws.gov] 
Sent: Monday, December 07, 2015 8:06 AM
To: Hanvey, Gary -FS
Cc: Solberg Schwab, Lisa
Subject: Re: lynx LAU question for you

 

Thanks for including me in this discussion. My concerns are:

 

1) The CT's interpretation that LAUs only need to have 10 sq mi (approx. 6,400 ac) of
foraging habitat - I think this is a gross misinterpretation and should be followed up with
those involved in the 2013 edition of the LCAS (Nancy Warren, maybe Kurt B., who
reviewed parts of it). In there (p. 87, 3rd and 4th paragraphs), it states, as an example, that at
least 10 sq mi foraging must be present but it appears the CT is taking this one sentence out
of context and interpreting it as the entire LAU. That was never the intent - in 2000 or 2013
LCASs and I remember Anne V. saying this about the 2000 LCAS.

 

2) I don't have time to look into this right now but a female lynx home range is more than
just (again, p. 87, 3rd paragraph) "(P)rimary vegetation will include those forest types
necessary to support lynx survival and reproduction." That is, I think there's more to ESA
and sec 7 than just species survival and reproduction but maybe I'm confusing parts of ESA
and critical habitat. Might be helpful to talk to Nathan on this point - or I can, as it's just a
vague recollection/mismash of poor memory.

 

3) I don't follow Diane's rationale of, "following the NRLMD instead of the LCAS they will be able
to protect lynx better because under the LCAS they would have classified much of their forest as
secondary habitat."  

Maybe I'm misinterpreting what's being communicated here but under the NRLMD or 2013
LCAS, there was no re-mapping mandate or change to to the 2000 LCAS mapping direction,
which included that once primary and secondary habitats were consolidated into individual
LAUs, then those primary/secondary delineations were dissolved. Why would their habitat
that was initially mapped as primary all of sudden be secondary and therefore, better
protected? I'm not connecting the dots.

 

4) On the face of it, I would agree that if they have 6,387 ac of foraging habitat (which is
approx. the minimum amount of foraging habitat needed for an LAU), that they do re-draw
an adjoining LAU's (or two LAU's) boundary to incorporate this habitat rather than
discarding it, and that's what the 2000 LCAS suggested. But that should be the final step to
this and seems a bit premature right now, until the rest of this is figured out - read next
point. 

mailto:ann_belleman@fws.gov


 

Also, do they really have just 265 ac of secondary habitat? Seems a bit strange to go from a
complete LAU (25-50 sq mi of primary and secondary habitat), but I guess this is the big
question. In this LAU, they would've had to have at least 15,600 ac of secondary plus the
6,400 ac primary, which equals 16,000 ac or equivalent of 25 sq mi as defined in 2000
LCAS, as minimum amount habitat for lynx HR and LAU (and really more than this for
more fragmented habitat) ... so they're saying that the 15,600 ac secondary isn't really out
there - that only 265 ac of secondary habitat exists. How/why was their initial mapping so
far off the mark? Is that habitat currently marginal but capable?

 

I'd like to be kept in the loop re: at least the answer to my first concern.  Thanks and I
empathize with you and your challenges here!

 

Ann Belleman

U.S. Fish and Wildlife Service

Twin Cities Field Office

4101 American Blvd. E

Bloomington, MN  55425-1665

 

ann_belleman@fws.gov

 

(307) 421-5839 (work cell)

(612) 725-3548 (Bloomington, MN)

 

 

On Fri, Dec 4, 2015 at 7:27 PM, Hanvey, Gary -FS <ghanvey@fs.fed.us> wrote:

Hey Lisa.  The Idaho Panhandle NF went thru a remapping process a few years ago, and used
similar logic, which I am questioning to some degree.  Not saying (yet) that I disagree with what
they did, just questioning what they did.  So, I need more clarification from them.  The ID
Panhandle had the support of a small group of the Bio Team (in writing), notes from field visits by
the Bio Team, FWS, and RMRS, AND, support from the RO.  But, much of that support was in
regard to inaccurate mapping due to veg types.  The IP also dropped some LAUs w/ primary hab

mailto:ann_belleman@fws.gov
mailto:ghanvey@fs.fed.us


that they argued was too small to support a female home range – I don’t know that the Bio Team
supported that – that’s what I need to find out.

 

The CT will likely need the same type of Bio Team, FWS and RMRS support, which Tammy Fletcher
says they have.  But again, I don’t know that they “blessed” dropping LAUs with smaller amounts
of primary habitat.

 

I’ll try to find time to dig in on this next week.  Moving starts tomorrow and hopefully will be back
to work on Tues/Wed of next week.

 

 

**************

Gary Hanvey

R1 Lynx Biologist

Northern Region

Fort Missoula – Missoula, MT

 

Office Phone: 406.329.3018

Cell Phone: 406.781.1765

ghanvey@fs.fed.us

 

From: Solberg Schwab, Lisa [mailto:lisa_solbergschwab@fws.gov] 
Sent: Friday, December 04, 2015 4:34 PM
To: Ann Belleman; Hanvey, Gary -FS
Subject: lynx LAU question for you

 

Ann/Gary,

 

I am reviewing the Custer Targhee NF EIS analyzing their LAUs, and they decided
to remove an LAU that they had previously mapped.  Because it doesn't contain
enough habitat to meet the at least 10 sq mi of primary vegetation or the LAU is

mailto:ghanvey@fs.fed.us
mailto:lisa_solbergschwab@fws.gov


delineated around an isolated patch of primary vegetation that is not within a
female lynx's daily movement range to other contiguous patches of primary
vegetation.  (gary this is on p 36 of the EIS).   Granted this is only 1 LAU but in the
LCAS 2000 LAU boundaries  covered larger areas 25-50 sq mi in continuous habitat
and could be larger in less contiguous habitat.  But it appears in the 2013 LCAS and
the NRLMD that LAUS only need to be 10 sq mi to cover the area of a forging
female.  

 

But that change didn't bring about a huge remapping right?  And do you think in
these FS plan amendments that you are seeing Gary that its justification for
removing habitat?  Because it doesn't meet the criteria.

 

Anyway, I spoke with Diane Probasco and she feels that the analysis in Targhees EIS
is sound, and in much of the forest they don't have good primary habitat.  And in
fact, by following the NRLMD instead of the LCAS they will be able to protect lynx
better because under the LCAS they would have classified much of their forest as
secondary habitat.  Anyway, I just wanted to ask if you felt that it would be worth
commenting on this area and suggesting they pull it into the adjacent LAU instead
of casting it out.  The invalid LAU contained 6387 acres of primary vegetation and
265 if secondary vegetation and is on the southmost portion of their LAU
desiganations near alpine junction.

 

Thanks for your help.  

have a great weekend. 

 

 

 

Lisa Solberg Schwab

Biologist

USFWS, Wyoming ES Field Office

located at

BLM Pinedale Field Office

1625 W. Pine St.

P.O. Box 768



Pinedale, WY 82941

(307) 367-5340
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EXECUTIVE SUMMARY 

[TO BE REVISED/COMPLETED AFTER BO IS COMPLETED] 

Section 7 of the federal Endangered Species Act (ESA) requires that federal agencies “insure that 
any action authorized, funded, or carried out by such agency is not likely to jeopardize the 
continued existence of any listed species or result in the destruction or adverse modification of 
critical habitat of such species.”   

This Biological Opinion (BO) is prepared in accordance with the Endangered Species Act (ESA) 
and analyzes potential effects to federally listed threatened and endangered species, species 
proposed for listing, and their designated critical habitats, as a result of proposed actions of the U.S. 
Army Corps of Engineers (USACE) and the U.S. Department of Agriculture (USDA) USFS 
(USFS). 

This BO addresses the federal actions pending with respect to the Poly Met Mining Inc. 
(PolyMet) proposal to construct an open pit mine in northern Minnesota to extract low- to 
medium-quality copper-nickel-PGE minerals with low sulfide content.  This project, called the 
NorthMet Project (Project), is located in St. Louis County on the eastern end of the Mesabi Iron 
Range, about 60 miles north of the City of Duluth, and 6 miles south of the City of Babbitt, 
Minnesota.  The Project areas include the Mine Site (3,015 acres), Plant Site (4,515 acres), and 
Transportation and Utility Corridors (120 acres) that connect the Mine Site to the Plant Site.1 

In association with this proposal, the USACE has been asked to issue a permit under Section 
404 of the Clean Water Act, 33 U.S.C. §1344.  The USFSUSFS is evaluating a proposed land 
exchange with PolyMet in which the Mine Site, which is within the Superior National Forest, 
would be transferred to PolyMet in exchange for other lands to be added to the Superior 
National Forest.  The PolyMet proposal is summarized here and described within this BO to 
understand the potential effects on threatened or endangered species.  PolyMet plans to mine and 
process polymetallic ore from the northwestern portion of the Duluth Complex, a rock formation 
that forms much of the bedrock of northeastern Minnesota.  The ore contains copper, nickel, gold, 
platinum, palladium, and cobalt.  The Project would mine ore for approximately 20 years, using 
open pit mining methods similar to those currently in use at ferrous metallic mining operations on 
the Iron Range.  The Plant Site was previously used as a taconite processing facility by the LTV 
Steel Mining Company (LTVSMC).  PolyMet would upgrade existing facilities and construct new 
facilities to produce copper concentrates, nickel concentrates, and base and precious metal 
precipitates for off-site shipment and treatment.  Tailings from ore processing would be placed in a 
tailings basin built atop the existing LTVSMC taconite tailings basin. 

                                                 
1 Acreages given in this report are based on Geographic Information Systems (GIS) analysis.  Acreages associated 
with the legal descriptions of the lands are based on original surveys performed by the Bureau of Land Management, 
Government Land Office (GLO) surveyors between 1858 and 1907.  As such, GLO acreages are used as part of the 
project description for the Final Environmental Impact Statement (FEIS being prepared for the Project and would 
also be used to define the real estate transaction if the Land Exchange Proposed Action was approved.)  The analysis 
of effects presented in this Biological Opinion (BO) is based upon GIS data.  GIS values indicate the actual size of 
the lands discussed in this BO, which may be different than the GLO legal acreage. 
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The Mine Site is used by wildlife, including Canada lynx (lynx), gray wolf (wolf), northern long-
eared bat, and other species of concern to federal and state agencies.  A 2014 USFS study 
confirmed that northern long-eared bats utilize the Plant Site and Utility Corridor (USDA USFS 
2014a).  About 1,719 acres of the Mine Site would be directly disturbed by mining activities. Of 
these, 1,667 acres are administered by the USFSUSFS and 52 acres are privately owned.  Habitats 
that would potentially be affected by the Project include coniferous forest (comprised primarily of 
black spruce2, jack pine, tamarack, and balsam fir), deciduous forest (comprised primarily of 
trembling aspen and paper birch), mixed coniferous/deciduous forest, riparian (dominated by 
speckled alder, red-osier dogwood, and willow), and wetland (dominated by sedges, cattail, bog 
Labrador-tea, leatherleaf, and sphagnum moss). 

Of the approximately 3,015 acres on the Mine Site, approximately 2,719 acres are owned by 
the United States (U.S.) Government (Government) and administered by the USFSUSFSUSFS.  
In addition, about 3,776 acres adjacent to the Mine Site are owned by the Government and 
administered by the USFS. 

On November 16, 2015, the USFS released a draft Record of Decision (Draft ROD)3 under which it 
would transfer approximately 6,495 acres (federal lands) to PolyMet in exchange for lands (non-
federal lands) of similar value that have been offered for consideration by PolyMet.  All lands 
potentially involved in the land exchange have been independently appraised according to the 
Uniform Appraisal Standards for Federal Land Acquisitions.    

Information collected during wildlife and wetland functions and values studies which were used 
in the Final Environmental Impact Statement (FEIS) for the Project and land exchange were 
used by the USFS in the land exchange  its draft ROD, to evaluate wetlands, and wildlife and 
their habitats as a consideration in its action.  a  

Assuming a land exchange occurs, the portions of the Mine Site, Dunka Road and Utility 
Corridor, and lands adjacent to the Mine Site that are administered by the USFS would no 
longer be part of the National Forest and therefore would not be subject to USFS management 
plans and policies.  The USFS draft ROD states that a land exchange for land adjustment is 
consistent with the 2004 Land and Resource Management Plan for the Superior National 
Forest. 

To fulfill land exchange requirements, PolyMet proposed to purchase and transfer all or a 
portion of 7,075 acres of non-federal lands to the USFS.  The non-federal lands consisted of 
Hay Lake Lands (4,926 acres), Hunting Club Lands (160 acres), Lake County Lands (382 
acres), McFarland Lake Lands (31 acres), and Wolf Lands (1,576 acres).  All lands proposed for 
the exchange were evaluated in this BO.  All of the lands are dominated by second-growth 
deciduous and coniferous forest habitats and a variety of wildlife, including lynx, wolf, and 
other species of concern, have been observed on or near the nonfederal lands.  Final 
determination of which non-federal lands are exchanged will be made by the USFS after 
consideration of appraisal values and regulatory requirements.  The USFS draft ROD states that 

                                                 
2 Common and scientific names of plants and animals given in this report are provided in Appendix [  ]. 
3 Draft Record of Decision, NorthMet Project Land Exchange, Superior National Forest, St. Louis and Lake 
Counities, Minnesota; November 2015. 
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based on the appraisal and evaluation of equivalent values, the McFarland Lake Lands would 
not be included in the exchange. 

Assuming a land exchange occurs, the non-federal lands would be administered by the USFS.  
The non-federal lands are associated with four Forest Plan Management Areas, as designated by 
the USFS, which include General Forest, General Forest – Longer Rotation, Riparian Emphasis 
Area, and Candidate Research Natural Areas.  If all or portions of the non-federal lands are 
acquired by the USFS, they would be administered by the USFS to meet the goals of these 
management areas. 

The Project would directly impact an estimated 913 acres of wetlands, including about 758 
acres at the Mine Site, 147 acres at the Plant Site, and 7.5 acres within the transportation 
corridors.  PolyMet is proposing to purchase 2,169 acres (Wetland Mitigation Sites) as 
mitigation for unavoidable wetland impacts from the Project.  On the Wetland Mitigation 
Sites, 1,603 acres would be restored or converted to wetlands and 197 acres would be used as 
upland buffer. 

This BO addresses the lynx, the wolf, and the northern long-eared bat. 

The lynx is a federally listed threatened species that has been sighted on and near the Project area.  
In the Great Lakes region, the lynx is found primarily in mixed forest habitats where snowshoe 
hare are common.  On March 24, 2000, the lynx was federally listed as a threatened species in 
several states in the Northeast, Great Lakes Region (including Minnesota), and Southern Rockies. 
On November 9, 2006, the U.S. Department of the Interior (USDOI), U.S. Fish and Wildlife 
Service (USFWS), designated 319 square miles (mi2) as critical habitat in Voyageurs National 
Park.  On February 25, 2009, the USFWS re-designated lynx critical habitat to include portions of 
Cook, Koochiching, Lake, and St. Louis counties, including most of the federal lands and all of the 
non-federal lands.  A total of 8,065 mi2 were designated as critical habitat in Minnesota in 2009.  
The Wetland Mitigation Sites are not included within designated critical habitat.  The federal 
and non-federal lands and Wetland Mitigation Sites are located near the western edge of the 
lynx’s range in the Great Lakes region.  Lynx and/or their sign have been observed on or near 
the federal and non-federal lands. 

The gray wolf was federally listed as an endangered species under the ESA in 1974, and was 
reclassified as threatened in 1977.  On December 28, 2011, the wolf was delisted by the 
USFWS. However, on December 19, 2014, a federal court reversed the USFWS decision to 
relist the gray wolf, restoring federal threatened status and critical habitat designation in 
Minnesota.  Approximately 9,800 mi2 are identified as critical habitat for wolves in Minnesota.  
The federal and non-federal lands are within, but the Wetland Mitigation Sites are outside, the 
wolf designated critical habitat. 

The northern long-eared bat is a federally listed threatened species.  The listing of the northern 
long-eared bat as a threatened species was determined by the USFWS on April 2, 2015 
(USFWS 2015).  The USFWS also announced interim 4(d) rules concurrent with the listing 
determination.  However, the USFWS has deferred designation of critical habitat for northern 
long-eared bat to a later date. 
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Informal consultation about the Project was initiated in 2010.  After extensive coordination, the 
USACE and USFS prepared a Biological Assessment (BA) describing the proposed action, the 
listed species and the likely affects of the Project on the listed species.  The final BA was 
provided to the USFWS on August 20, 2015.  Additional information about the consultation 
process is provided in Section 1.1.   

 The BA found that the Project would affect lynx, and those effects would not be insignificant or 
discountable.  Thus, it concluded that the Project is likely to adversely affect  lynx.  The Project 
would also directly affect about 1,719 acres of lynx critical habitat within the Mine Site.  Project 
lands are rarely used by lynx and the Project would affect only about 0.03% of lynx designated 
critical habitat in Minnesota, including Primary Constituent Elements (PCEs) of lynx critical 
habitat.  Suitable lynx habitat could be restored on about 397 acres that would be reclaimed after 
mining, but due to the time inherent in the successional process, it could be 10 or more years 
after the initiation of reclamation before revegetation would result in  suitable habitat for lynx.  
The BA also concluded that the Project is likely to adversely affect lynx designated critical 
habitat. 

The BA found that the Project would affect wolves, and those effects would not be insignificant 
or discountable.  Thus it concluded that the Project is likely to adversely affect wolves.  The 
Project would directly affect approximately 1,719 acres of wolf critical habitat.  The 1,719 acres 
directly affected by the Project are about 0.03% of the over 6.3 million acres of wolf critical 
habitat in Minnesota, but would include PCEs for wolf critical habitat.  Approximately 397 acres 
of disturbed lands would be reclaimed after mining and could provide suitable gray wolf habitat 
10 to 20 years after mining.  The BA also concluded that the Project is likely to adversely affect 
wolf critical habitat. 

The BA found that the Project is likely to adversely affect the northern long-eared bat.  This 
is because of the potential loss of available summer roost habitat.  Because the USFWS has not 
designated critical habitat for the northern long-eared bat, there is no effect determination on 
northern long-eared bat critical habitat. 

This BO reaches the following conclusions: 

[TO BE COMPLETED] 
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1.0 Introduction 

1.1 Overview 

This Biological Opinion (BO) addresses the federal actions pending with respect to the Poly 
Met Mining Inc. (PolyMet) proposal to construct an open pit mine in northern Minnesota to 
extract low-to medium-quality copper-nickel-PGE minerals with low sulfide content.  This 
project, called the NorthMet Project (Project), is located in St. Louis County on the eastern 
end of the Mesabi Iron Range, about 60 miles north of the City of Duluth, and 6 miles south 
of the City of Babbitt, Minnesota.  The Project areas include the Mine Site (3,015 acres), 
Plant Site (4,515 acres), and Transportation and Utility Corridors (120 acres) that connect the 
Mine Site to the Plant Site4 (Figure 1).  

In association with this proposal, the U.S. Army Corps of Engineers (USACE) has been asked 
to issue a permit under Section 404 of the Clean Water Act, 33 U.S.C. §1344.  The U.S. 
USFS (USFS) is evaluating a proposed land exchange with PolyMet in which the Mine Site, 
which is within the Superior National Forest, would be transferred to PolyMet in exchange for 
other lands to be added to the Superior National Forest.  The PolyMet proposal is summarized 
here and described within this BO to understand the potential effects on threatened or 
endangered species. 

PolyMet plans to mine and process polymetallic ore from the northwestern portion of the 
Duluth Complex.  The Duluth Complex is an ore complex that forms much of the bedrock of 
northeastern Minnesota.  The ore contains copper, nickel, gold, platinum, palladium, and 
cobalt.  The Plant Site was previously used as a taconite processing facility by the LTV Steel 
Mining Company (LTVSMC).  PolyMet would upgrade existing facilities and construct new 
facilities to produce copper concentrates, nickel concentrates, and base and precious metal 
precipitates for off-site shipment and treatment. 

The Mine Site is used by wildlife, including Canada lynx (lynx), gray wolf (wolf), northern 
long-eared bat, and other species of concern to federal and state agencies.  About 1,719 acres of 
the Mine Site would be directly disturbed by mining activities.  Of these, 1,667 acres are 
administered by the USFS and 52 acres are privately owned. Habitats that would potentially be 
affected by the Project include coniferous forest (comprised primarily of black spruce5, jack 
pine, tamarack, and balsam fir), deciduous forest (comprised primarily of trembling aspen and 
paper birch), mixed deciduous/coniferous forest, riparian (dominated by speckled alder, red-osier 
dogwood, and willow), and wetland (dominated by sedges, cattail, bog Labrador-tea, leatherleaf, 
                                                 
4 Acreages given in this report are based on Geographic Information Systems (GIS) analysis.  Acreages associated 
with the legal descriptions of the lands are based on original surveys performed by the Bureau of Land Management, 
Government Land Office (GLO) surveyors between 1858 and 1907.  As such, GLO acreages are used as part of the 
project description for the Final Environmental Impact Statement (FEIS being prepared for the Project and would 
also be used to define the real estate transaction if the Land Exchange Proposed Action was approved.)  The analysis 
of effects presented in this Biological Opinion (BO) is based upon GIS data.  GIS values indicate the actual size of 
the lands discussed in this BO, which may be different than the GLO legal acreage. 
5 Common and scientific names of plants and animals given in this report are provided in Appendix [  ]. 



14 
 

and sphagnum moss).  The Transportation and Utility Corridors are mostly disturbed lands and 
are little used by wildlife.  The Plant Site has been operated as an industrial facility for decades, 
and also has little value to wildlife. 

Of the approximately 3,015 acres on the Mine Site, approximately 2,719 acres are owned by the 
United States (U.S.) Government (Government) and administered by the U.S. Department of 
Agriculture (USDA) USFS within the Superior National Forest.  In addition, about 3,776 acres 
adjacent to the Mine Site are owned by the Government and administered by the USFS. 
 
  On November 16, 2015, the USFS released a draft Record of Decision (Draft ROD)6 under which 
it would transfer approximately 6,495 acres (federal lands) to PolyMet in exchange for lands (non-
federal lands) of similar value that have been offered for consideration by PolyMetAssuming a land 
exchange occurs, the portions of the Mine Site, Dunka Road and Utility Corridor, and lands 
adjacent to the Mine Site that are administered by the USFS would no longer be part of the 
Superior National Forest and therefore would not be subject to USFS management plans and 
policies.  A land exchange for land adjustment is consistent with the 2004 Land and Resource 
Management Plan for the Superior National Forest (2004 Forest Plan; USDA USFS 2004a). 

To fulfill exchange requirements, PolyMet proposed to transfer up to 7,075 acres of non-
federal lands to the USFS.  The non-federal lands consist of Hay Lake Lands (4,926 acres), 
McFarland Lake Lands (31 acres), Lake County Lands (382 acres), Hunting Club Lands (160 
acres), and Wolf Lands (1,576 acres; Figure 2).  All of the non-federal lands have been 
evaluated in this BO; they are dominated by second-growth deciduous and coniferous forest 
habitats and a variety of wildlife, including lynx, wolf, and other species of concern, have been 
observed on or near the non-federal lands.  Final determination of which non-federal lands 
should be exchanged will be made by the USFS after appraisals and consideration of 
regulatory requirements. 

Assuming a land exchange occurs, the non-federal lands would be administered by the USFS.  
The non-federal lands are associated with four Forest Plan Management Areas, as designated 
by the USFS, which include General Forest, General Forest – Longer Rotation, Riparian 
Emphasis Area, and Candidate Research Natural Areas.  If all or a portion of the non-federal 
lands are acquired by the USFS, they would be administered by the USFS to meet the goals of 
these management areas. 

The USFS draft ROD finds that the proposed land exchange complies with the Forest Plan, is a 
fair value exchange, and is in the public interest. The USFS draft ROD states that based on the 
appraisal and evaluation of equivalent values, the McFarland Lake Lands would not be included 
in the exchange. 

Nonethless, all of the lands proposed for the exchange that were presented in the NorthMet 
Mining Project and Land Exchange Supplemental Environmental Impact Statement (SEIS) for 
the Project and land exchange (Minnesota Department of Natural Resources [MDNR] et al. 
2015)  were evaluated in this BO.   

                                                 
6 Draft Record of Decision, NorthMet Project Land Exchange, Superior National Forest, St. Louis and Lake 
Counities, Minnesota; November 2015. 



15 
 

The Project would directly impact an estimated 914 acres of wetlands, mostly within the Mine 
Site.  PolyMet has applied for a USACE permit under Section 404 of the Clean Water Act for 
impacts to wetlands and other waters of the U.S.  PolyMet is proposing to purchase 2,169 acres 
(Wetland Mitigation Sites) as mitigation for unavoidable wetland impacts from the Project.  On 
the Wetland Mitigation Sites, 1,620 acres would be restored or converted to wetlands and 197 
acres would be used for upland buffer. 

The federal permit for the Project and the land exchange constitute the proposed actions of the 
two federal agencies, USACE and USFS.  For convenience in this BO, the Project is referenced 
as “the proposed action.” The proposed action is further defined in Section 2.0. 

1.1.1 Consultation History 

In accordance with Section 7 of the federal Endangered Species Act (ESA) of 1973, as amended (19 
United States Code [U.S.C.] § 1536 [c], 50 Code of Federal Regulations (C.F.R.) § 402.14[c]), 
federal agencies must “insure that any action authorized, funded, or carried out by such agency is 
not likely to jeopardize the continued existence of any listed species or result in the destruction or 
adverse modification of critical habitat of such species.”  The purpose of the ESA is to provide a 
means for conserving the ecosystems upon which endangered species and threatened species 
depend, and to provide a program for protecting these species. 

Under Section 7 of the ESA, federal agencies are required to consult with the U.S. Department of 
the Interior (USDOI) U.S. Fish and Wildlife Service (USFWS), and/or National Oceanic and 
Atmospheric Administration National Marine Fisheries Service (NMFS; collectively the 
Services), to: 1) determine what species and critical habitats could be affected by the action; 2) 
determine what effect the action may have on these species or critical habitats; 3) explore ways to 
modify the action to reduce or remove adverse effects to the species or critical habitats; 4) 
determine the need to enter into formal consultation for listed species or designated critical 
habitats, or conference for species proposed for listing or proposed critical habitats; and 5) 
explore the design or modification of an action to benefit the species. 

 
The consultation process is designed to assist federal agencies in complying with the ESA.  The 
USACE, USFS, and USFWS initiated informal consultation on February 26, 2010, when the 
agencies met on the Project area to discuss the Project.  The USACE met with the USFWS on 
May 3, 2011.  The agencies held a conference call to discuss the project on September 1, 2011.  
The USACE also met with the USFWS on February 28, 2013.  The USACE, USFWS, and USFS 
met in summer 2014 to identify tasks to be accomplished in the development of the BA.  
Throughout the development of the BA, comments were received and sent to the USFWS for 
review.  The comments are appended to this BO as Appendix [  ].  
 
Along with USEPA, the Bois Forte Band of Chippewa (Bois Forte), Grand Portage Band of Lake 
Superior Chippewa (Grand Portage), and Fond du Lac Band of Lake Superior Chippewa (Fond 
du Lac) (collectively “the Bands”) were invited by the Co-lead Agencies to participate as 
Cooperating Agencies since the Mine Site, Plant Site, federal lands, and non-federal lands as part 
of the Land Exchange Proposed Action are all located within the 1854 Ceded Territory where the 
Bands reserve usufructuary rights (i.e., for hunting, fishing, and gathering).  
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During the development of the BA, additional consultation time was granted for the Bands to 
review the draft and consult with the federal agencies.  The Bands also submitted comments 
which were addressed in the BA and are appended to this BO.  See Appendix [  ].  [Add 
additional information about Tribal Consultation here if appropriate]. 

By letter of August 20, 2015, the USFS, on behalf of itself and the USACE, provided the 
USFWS with the completed BA which evaluated the effects of the Project and the land exchange 
on federally listed threatened and endangered species, species proposed for listing, and their 
critical habitats, as a result of the Project.   

The BA conclusions were based on guidance in the Endangered Species Consultation 
Handbook (USDOI USFWS and NMFS 1998), which provides the following standards: 

No affect – the appropriate conclusion when the action agency determines its proposed 
action will not affect a listed species or its designated critical habitat. 

May affect - the appropriate conclusion when a proposed action may pose any 
effects on listed species or designated critical habitat.  When the Federal agency 
proposing the action determines that a “may affect” situation exists, then they must 
either initiate formal consultation or seek written concurrence from the USFWS that 
the action “is not likely to adversely affect” (see definition below) listed species. 

Is not likely to adversely affect – the appropriate conclusion when effects on listed 
species, or their critical habitat, are expected to be discountable, insignificant, or 
completely beneficial.  Beneficial effects are contemporaneous positive effects without 
any adverse effects to the species.  Insignificant effects relate to the size of the impact 
and should never reach the scale where take occurs.  Discountable effects are those 
extremely unlikely to occur.  Based on best professional judgment, a person would not: 
1) be able to meaningfully measure, detect, or evaluate insignificant effects; or 2) 
expect discountable effects to occur. 

Is not likely to jeopardize proposed species – the appropriate conclusion when 
the action agency or the USFWS determines that the proposed action is not likely 
to jeopardize the proposed species or adversely modify the proposed critical 
habitat. 

Is likely to adversely affect – the appropriate finding in a BA (or conclusion during 
informal consultation) if any adverse effect to listed species, or their critical habitat, 
may occur as a direct or indirect result of the proposed action or its interrelated or 
independent actions, and the effect is not discountable, insignificant, or interdependent 
actions, or beneficial.  In the event the overall effect of the proposed action is 
beneficial to the listed species, but is also likely to cause some adverse effects, then 
the proposed action “is likely to adversely affect” the listed species.  If incidental take 
is anticipated to occur as a result of the proposed action, then an “is likely to adversely 
affect” determination should be made. 
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Is likely to jeopardize proposed species – the appropriate conclusion when the action 
agency or the USFWS determines that the proposed action is likely to jeopardize the 
proposed species or adversely modify the proposed critical habitat. 

The BA concluded that the proposed actions are “likely to adversely affect” listed species.  

The information in the BA has been used in development of this BO. 

1.1.2 Species Addressed in the BA 

The ESA defines an endangered species as a species that is in danger of extinction throughout all 
or a major portion of its range.  A threatened species is defined as any species that is likely to 
become an endangered species within the foreseeable future throughout all or a major portion of 
its range.  A species proposed for listing is a species for which the USFWS have sufficient 
information on its biological status and threats to propose it as endangered or threatened.  
Critical habitat is defined as “specific area within the geographical area occupied by the 
species...on which are found those physical and biological features (a) essential to the 
conservation of the species and (b) which may require special management considerations or 
protection” (USDOI USFWS and NMFS 1998). 

The lynx is a federally listed threatened species that may use the Project area.  The lynx is under 
the jurisdiction of the USFWS.  In the Great Lakes region, the lynx is found primarily in mixed 
coniferous/deciduous forest habitat where snowshoe hare are common.  The Project is located near 
the western edge of the lynx’s range in the region.  Lynx have been sighted on and near the Project 
area. In addition, most of the federal and all of the non-federal lands are part of designated critical 
habitat for the lynx in Minnesota.  The Wetland Mitigation Sites are not included within 
designated critical habitat. 

Because the Project has the potential to modify the physical environment, the BA was prepared to 
analyze the potential effects of Project activities on the lynx and its designated critical habitat.  
The BA was used by the USFWS to facilitate compliance with the requirements of Section 7(c) of 
the ESA.  In addition, the BA outlined conservation measures to minimize or eliminate effects to 
lynx associated with the proposed action. 

The wolf is the largest wild member of the dog family (Canidae) and is common on and near the 
Project area.  The wolf was determined to be endangered in 1967 under the Endangered Species 
Preservation Act of 1966, in response to their vastly declining numbers range-wide at that time.  
In 1974, the species was formally listed as endangered through the authority of the ESA, and the 
Minnesota population was reclassified to threatened in 1977.  In April 2003, wolf populations in 
the United States were separated into three Distinct Population Segments (DPS) to more 
effectively manage the species.  The Minnesota population was a designated portion of the 
Eastern DPS.  In 1978, wolf critical habitat was designated for the Eastern DPS. That rule 
identified critical habitat in Isle Royale National Park, Michigan, and Minnesota wolf 
management zones 1, 2, and 3.  In northeastern and north central Minnesota, wolf management 
zones 1, 2, and 3 comprised approximately 9,800 square miles (mi2) and included all of the 
Superior National Forest and portions of the Chippewa National Forest. Hunting Club and 
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McFarland Lake lands were in Zone 1, while the federal lands and other non-federal lands were in 
Zone 2.  The Wetland Mitigation Sites were outside the critical habitat zones. 

On December 28, 2011, the USFWS revised the 1978 listing of the Minnesota population of 
wolf to conform to statutory and policy requirements.  The USFWS renamed what was 
previously listed as the Minnesota population of wolf in the Eastern DPS as the Western Great 
Lakes DPS, and delineated the boundaries of the expanded Minnesota population segment to 
include all of Minnesota, Wisconsin, and Michigan and portions of the adjacent states.  The 
USFWS December 2011 decision removed the Western Great Lakes DPS from the list of 
endangered and threatened wildlife.  This final rule also removed the designated critical habitat 
for the wolf in Minnesota and Michigan and the special regulations under Section 4(d) of the 
ESA for wolves in Minnesota. 

However, on December 19, 2014, a federal court reversed the USFWS decision to delist the 
wolf, restoring federal threatened status and critical habitat designation in Minnesota.  
Approximately 9,800 mi2 were identified as critical habitat for wolves in Minnesota.  The 
federal and non-federal lands are within, but the Wetland Mitigation Sites are outside, the 
designated critical habitat.  

The northern long-eared bat is found across much of the eastern and north central United States 
and all Canadian provinces from the Atlantic coast west to the southern Northwest Territories 
and eastern British Columbia (USDOI USFWS 2013a).  White-nose syndrome, a fungal disease 
known to affect bats, is currently the predominant threat to the northern long-eared bat, 
especially throughout the Northeast where the species has declined by up to 99% from pre-
white-nose syndrome levels at many hibernation sites.  White-nose syndrome has spread rapidly 
throughout the East and is currently spreading through the Midwest.  Although the disease has 
not yet spread throughout the northern long-eared bat’s entire range (white-nose syndrome is 
currently found in at least 22 of 39 states where the northern long-eared bat occurs), it continues 
to spread.  Other threats to the species include wind energy development, habitat destruction or 
disturbance (e.g., vandalism to hibernacula, roost tree removal), climate change, and 
contaminants.  Although no significant population declines have been observed due to these 
threats, they may now be important factors affecting this bat’s ability to persist while 
experiencing dramatic declines caused by white-nose syndrome. 

The northern long-eared bat was listed as a federally threatened species on April 2, 2015.  
The listing determination included announcement of interim 4(d) rules, which will allow 
certain activities to be excepted from the ESA prohibition of take of northern long-eared bats, 
provided USFWS-proscribed conservation measures are followed.  The April 2, 2015 listing 
decision deferred designation of critical habitat for northern long-eared bat to a later date. 

1.1.3 Purpose for the Biological Opinion 

If the BA concludes that the project “is not likely to adversely affect” listed species or critical 
habitat, the lead federal agencies (USACE and USFS) have the discretion to choose either informal 
or formal consultation.  If informal consultation is chosen, the agency ask for written concurrence 
by the USFWS for the BA’s conclusion.  Informal consultation is complete if a concurrence letter 
is obtained from the USFWS.  If the BA concludes that the project is “likely to adversely affect” 
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listed species or critical habitat, the agency must request formal consultation.  When formal 
consultation is requested by the agency, the USFWS prepares and issues a Biological Opinion 
(BO), which completes the consultation.  For proposed species, if the BA determines that the 
project is “likely to jeopardize a proposed species,” the agency must request a conference with 
the USFWS. 
 
As previously discussed, informal consultation was initiated by USACE and USFS on February 
26, 2010.  Later, formal consultation began on August 25, 2015, upon transmittal of the BA to 
the USFWS by the USACE and USFS.  Therefore, the USFWS has prepared, and now issues, 
this Biological Opinion. 
 
Using information obtained in the BA, the Biological Opinion includes an analysis of whether the 
Project is:  
 

1) “likely to jeopardize the continued existence of a listed species or result in the destruction or 
adverse modification of critical habitat” (a “jeopardy” biological opinion), or  

2) “not likely to jeopardize the continued existence of a listed species or result in the 
destruction or adverse modification of critical habitat” (a “no jeopardy” biological opinion). 
 

[conclusion to be added by FWS]. 
 
2.0 Description of the Proposed Action 

2.1 Overview 

The USACE and the USFS have separate proposed actions on which consultation is occurring.  
The USACE has an application under the Clean Water Act to impact wetlands and other waters of 
the U.S. associated with the construction and operation of the Project.  The USFS is evaluating a 
land exchange of federal and non-federal lands.  For convenience, the impacts are described in 
terms of the Project and its associated activities.  Where appropriate, the distinct issues associated 
with the proposed land exchange are separately identified. 
 
Information about the Project is provided in the NorthMet Mining Project and Land Exchange 
Final Environmental Impact Statement, dated November 2015, and is summarized here to provide 
a context in which potential impacts to listed species can be better understood. 
 
PolyMet proposes to construct an open pit mine in northern Minnesota to extract low- to 
medium-quality copper-nickel-PGE minerals with low sulfide content.  This Project is located in 
Sections 5, 6, 8, 9, 13, 14, 15, 16, 17, 23, and 24, Township 58 North, Range 14 West; Sections 
1, 2, 3, 4, 9, 10, 11, 12, 15, 16, 17, and 18, Township 59 North, Range 13 West; Sections 3, 4, 5, 
8, 9, 10, 11,13, 14, 15, 16, 17, 20, 23, 24, 29, and 32, Township 59 North, Range 14 West; and 
Sections 32, 33, and 34, Township 60 North, Range 14 West, in St.  Louis County on the eastern 
end of the Mesabi Iron Range, about 60 miles north of the City of Duluth, and 6 miles south of 
the City of Babbitt, Minnesota (Figure 3). 
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This section describes specific Project features that could have effects on lynx, wolf, northern 
long-eared bat, and lynx and wolf critical habitat.  Additional Project features that are not 
relevant to potential effects on lynx or wolf and their critical habitats are listed in this section, but 
are not described in detail.  Full Project details are available in the FEIS (MDNR et al. 2015). 
Ore would be excavated at the Mine Site and hauled by railroad approximately 8 miles west to 
the Plant Site for processing.  Corridors for roads, railroad, utilities, and water pipelines would 
connect the Mine Site and the Plant Site.  The four Project areas are shown on Figure 3 and 
include: 
 

• Mine Site 
• Plant Site 
• Dunka Road and Utility Corridor 
• Railroad Connection Corridor 

 
2.2 Mine Site 

The Mine Site, approximately 3,015 acres, would be developed at a greenfield site that has previous 
disturbance from logging and mining exploration activities.  The Project would develop open mine 
pits (up to 528 acres), stockpiles (up to 794 acres), and supporting infrastructure (up to 397 acres).  
The location and dimensions of Mine Site features are shown on Figure 4.  The Project features at 
the Mine Site would include: 
 

• mine pits; 
• ore storage and handling facilities, including an Ore Surge Pile and a Rail Transfer 

Hopper; 
• stockpiles for overburden and waste rock with engineered systems to manage potential 

water resource impacts (such as liners, covers, and the Category 1 Waste Rock Stockpile 
Groundwater Containment System); 

• a Waste Water Treatment Facility and mine drainage collection systems to collect and 
treat water from the mine pits, waste rock stockpiles, ore handling facilities, and haul 
roads, 

• a Central Pumping Station and Treated Water Pipeline to transport water from the Mine 
Site to the Plant Site; and supporting infrastructure (such as roads, electrical supply, rail 
connections, and fueling and maintenance facilities). 

 
2.2.1 Pre-Production Mine Development 

Mine Site infrastructure would be constructed during the estimated 12 to 18 months of pre-
production mine development.  Pre-production mine development would be followed by a gradual 
ramp-up of ore output over 6 to 12 months.  The following Project features would be constructed 
during pre-production mine development: 
 

• Roads - site access roads, haul roads, and Dunka Road upgrades. 
• Railroad infrastructure - the Rail Transfer Hopper, the rail spur connecting the Rail 

Transfer Hopper with Cliffs Erie railroad track, and the rail spur between the Cliffs Erie 
railroad track and PolyMet railroad track that serves the Coarse Crusher Building. 
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• Surface water management features – dikes, ditches, water collection ponds, and 
sumps. 

• Overburden Storage and Laydown Area. 
• Stockpile liners and containment systems. 
• Waste Water Treatment Facility, Treated Water Pipeline, and Central Pumping 

Station. 
• Substation drop from the 138 kilovolt (kV) Minnesota Power transmission line and a 13.8 

kV Mine Site power distribution system. 
• Mine Site Fueling and Maintenance Facility. 

 
2.2.2 Mining Activities 

PolyMet expects to mine a total of 533 million tons of waste rock and ore over 20 years, which 
would include 225 million tons of ore and 308 million tons of waste rock.  Mining activities 
include overburden removal, open pit mining, drilling and blasting, excavation and haulage, ore 
storage and loading for transport to the Process Plant, waste rock stockpiling, and mine site water 
management. 
 
2.2.2.1 Overburden Removal 

The marketable timber would be cleared and the overburden removed from the footprints of 
the mine pits, the Ore Surge Pile, and the waste rock stockpiles, as necessary.  PolyMet would 
follow the USFWS northern long-eared bat interim guidance for tree removal (USFWS 2014). 

Overburden, which has been defined for this Project as the material that lies on top of bedrock, would 
be stripped incrementally as needed for mine development in order to minimize the amount of 
bedrock exposed at any one time.  After removal of overburden from the initial mining area, 
additional overburden stripping could take place concurrently with the mining of ore and waste rock.  
Approximately 32% of the required overburden stripping for the pit development would be done in 
the first 2 years of mine operation.  All of the overburden that needs to be stripped from the pits 
would be removed by the end of Mine Year 11. 
 
2.2.2.2 Open Pit Mining 

The Project would use open pit mining methods similar to those used at ferrous metallic 
mining operations on the Iron Range.  The mine would consist of three separate open pits 
known as the East, Central, and West pits.  For approximately the first 10 years of operations, 
mining would take place in the East and West pits simultaneously, with the East Pit mining 
ending in Mine Year 11.  The Central Pit mining would occur between Mine Years 11 and 16.  
During Central Pit mining, the East and Central pits would converge into one pit which would 
then be referred to as the East Pit. 

At its maximum size, each pit is projected to have the approximate maximum area and depth 
shown in Table 1. 
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Drilling and blasting would be conducted to remove waste rock and extract ore.  Two 
conventional electric or diesel powered rotary drilling rigs would be used.  Blasting of ore 
and waste rock is anticipated to take place approximately every 2 to 3 days. 

After being drilled and blasted, the ore would be loaded by excavators into haul trucks that 
would haul the ore to the Rail Transfer Hopper or to the Ore Surge Pile for temporary storage 
and haul the waste rock to the stockpiles or the East Pit.  Up to nine haul trucks would be in 
service with a maximum speed of 34 miles per hour loaded, however their speed would 
typically be lower. 

Mining operations would be supported by mine auxiliary vehicles (for example [e.g.], water 
trucks, dozers, graders) traveling on access and haul roads within the Mine Site. 
 
2.2.2.3 Ore Storage and Loading 

Ore would be loaded for transport to the Plant Site at the Rail Transfer Hopper.  The Rail 
Transfer Hopper would consist of a raised platform from which haul trucks dump into a 
hopper over a pan feeder into rail cars.  The Rail Transfer Hopper would be located to the 
south of the mine pits and would be connected to the existing Cliffs Erie main line track by a 
new spur line (Figure 4). 

An Ore Surge Pile would be constructed adjacent to the Rail Transfer Hopper to store ore 
temporarily until it could fit into the processing schedule or as required by operational delays.  
Drainage from the Ore Surge Pile would be collected on a liner and routed to a sump for 
pumping to the Waste Water Treatment Facility. 
 
2.2.2.4 Stockpiling 

Waste rock and overburden would be managed according to its geochemical properties as 
determined using a sampling and analysis program approved by the MDNR.  PolyMet has 
categorized waste rock into four categories defined according to its sulfur content, in 
ascending order of reactivity.  These waste rock categories are summarized in Table 2. 

The Category 1 Waste Rock Stockpile would be the only permanent stockpile for the Project.  
During Mine Years 1 through 11, Category 2, 3 and 4 waste rock would be placed on the 
temporary Category 2/3 or Category 4 Waste Rock Stockpiles (Figure 4).  When at its maximum 
size, each stockpile is projected to have the approximate area, height, and elevation shown in 
Table 3. 
 
All waste rock stockpiles would be engineered to manage water resource impacts.  The 
temporary Category 2/3 and Category 4 Waste Rock Stockpiles, which have the potential to 
generate acid rock drainage, would have liner systems to capture water passing through the 
stockpile.  The permanent Category 1 Waste Rock Stockpile, which does not have the potential 
to generate acid rock drainage, would be constructed with a groundwater containment system to 
collect stockpile drainage from around the entire stockpile. 
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2.2.2.5 Progressive Reclamation 

Reclamation of the East Pit and the temporary waste rock stockpiles would begin during 
operations.  The temporary Category 2/3 and Category 4 Waste Rock Stockpiles would be 
relocated to the East Pit starting in Mine Year 11.  The infrastructure associated with the 
temporary stockpiles (pipes, pumps, liners, et cetera [etc.]) would be removed and the 
footprint of each area would be reclaimed. 

After the temporary stockpiles are reclaimed, all future Category 2, 3, and 4 waste rock would 
be placed in the East Pit.  Most of the Category 1 waste rock mined after Mine Year 12 would 
also be placed in the East Pit.  Ultimately, approximately 45% of the total waste rock mined 
would be backfilled to the East Pit. 

The East Pit would be flooded to keep the waste rock in a subaqueous environment to reduce 
the environmental impact associated with further oxidation and dissolution of sulfide minerals.  
If natural inflow of water into the East Pit is insufficient to keep the waste rock submerged, 
water could be pumped from the Waste Water Treatment Facility.  During periods of high 
precipitation or during spring snowmelt, dewatering (to the Waste Water Treatment Facility 
and ultimately to the Flotation Tailings Basin) may be required to allow safe placement of the 
waste rock. 

Reclamation of the Category 1 Waste Rock Stockpile would also begin during operations.  A 
cover system would be added on the Category 1 Waste Rock Stockpile starting in Mine Year 14 
to reduce the volume of stockpile drainage.  The stockpile would be sloped and graded, an 
engineered geomembrane system would be installed, soil would be placed on top of the cover, 
and vegetation would be planted to meet the requirements of Minnesota Rules, part 6132.2200, 
subpart 2, item B.  The cover system would be designed to promote runoff with minimal erosion. 
 
2.2.2.6 Mine Site Water Management 

This section summarizes information from the Water Management Plan - Mine, which is a 
support document for the MDNR Permit to Mine and Water Appropriations permits and 
Minnesota Pollution Control Agency (MPCA) National Pollutant Discharge Elimination 
System/State Disposal System permit.  These plans include water management system designs, 
operating and maintenance plans, water quality monitoring plans, reporting requirements, and 
adaptive management approach. 

In addition to the stockpile liners, the stockpile cover, and the groundwater containment 
system, water management at the Mine Site would include pit dewatering, stormwater dikes 
and ditches, and the Waste Water Treatment Facility that would treat water that comes in 
contact with mining features.  During operations, there would be no direct discharge of treated 
waste water to public waters. 

It would be necessary to dewater the pits during mining to remove groundwater flow and 
precipitation runoff.  These waters would be directed to low areas in the pits, collected in 
sumps, and pumped to the Waste Water Treatment Facility. 
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Non-contact stormwater, the result of precipitation that falls on natural or reclaimed vegetated 
surfaces, would be routed through sedimentation ponds prior to discharge to a small 
watercourse that flows to the Partridge River.  A system of dikes and ditches constructed at the 
Mine Site perimeter would minimize the amount of surface water flowing onto the site and 
into the mine pits, manage the amount of water that comes into contact with mining features, 
and control non-contact stormwater flowing off the site. 

During operations, the Waste Water Treatment Facility would treat water that comes into contact 
with the waste rock stockpiles, haul roads, Ore Surge Pile, and mine pits.  For the first 
approximately 10 years, all Waste Water Treatment Facility effluent would be pumped to the 
Plant Site Flotation Tailings Basin Pond for reuse in the beneficiation process.  Reuse of the 
mine drainage at the Plant Site would eliminate the need to discharge any Waste Water 
Treatment Facility effluent to surface waters during operations.  Starting in Mine Year 11, 
some Waste Water Treatment Facility effluent would be sent to the East Pit to augment 
flooding as the pit is backfilled, with the remainder of the effluent continuing to go to the 
Flotation Tailings Basin. 

Mine Site water would be managed in accordance with a future MPCA National Pollutant 
Discharge Elimination System/State Disposal System permit, which would include a Stormwater 
Pollution Prevention Plan (SWPPP).  The SWPPP would identify and describe Best Management 
Practices for the Mine Site to minimize the discharge of potential pollutants in stormwater 
runoff. 
 
2.2.3 Fueling and Maintenance Facilities 

The Mine Site Fueling and Maintenance Facility would consist of two buildings, one for 
fueling mobile equipment, and one for minor service and repair of mobile equipment.  Major 
scheduled maintenance and repair work lasting several days on most mobile equipment 
would be done in the refurbished and reactivated former LTVSMC Area 1 Shop.  Stationary 
or slow-moving equipment such as excavators, dozers, drill rigs, and light plants would be 
fueled in the field using mobile fuel tankers. 

The former LTVSMC Area 2 Shop, about 1 mile east of the Process Plant, would be reactivated 
to provide office space for mining and railroad operations supervision and management, as well 
as clothes changing facilities, toilets, lunch rooms, first aid facility, emergency response center, 
and training and meeting rooms for mining and railroad crews.  The Area 2 Shop facilities would 
include a Locomotive Fueling Station, Locomotive Service Building, and Mine Reporting 
Building. 
 
2.3 Plant Site 

The Plant Site was previously used as a taconite processing facility by the LTVSMC.  
The location and dimensions of Plant Site features are shown on Figure 5. 

At the Plant Site, the Project would upgrade existing facilities (Beneficiation Plant, Tailings 
Basin, Area 1 Shop, sewage collection system, rail connections, access roads) and construct 
new facilities (Hydrometallurgical Plant, Hydrometallurgical Residue Facility, Concentrate 
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Dewatering/Storage Building, Sewage Treatment System Ponds, and Waste Water Treatment 
Plant) within a brownfield facility.  The Flotation Tailings would be stored atop the existing 
LTVSMC Tailings Basin by staged construction of new dams.  The Plant Site also includes 
supporting infrastructure (e.g., roads, electrical supply, rail connections, Area 1 Shop, and 
Area 2 Shop). 

Plant Site environmental controls would include cover systems to limit infiltration of oxygen and 
water through the Flotation Tailings Basin dams, beaches, and pond bottom and seepage capture 
systems to collect seepage from the Flotation Tailings Basin.  Most water used in processing 
would be recycled.  A Waste Water Treatment Plant would be constructed, including reverse 
osmosis or similar membrane separation technology, to treat any water that could not be recycled 
prior to discharge to the environment.  If makeup water is needed for processing, it may be 
provided via the Colby Lake Water Pipeline.  No new construction is required for the Colby 
Lake Water Pipeline. 
 
2.3.1 Ore Processing 

A Beneficiation Plant and Hydrometallurgical Plant would process the ore at the Plant Site to 
recover base metals, gold, and platinum group metals.  The purpose of the beneficiation 
process would be to produce final separate concentrates.  One of the separate concentrates 
would be a copper concentrate.  The other separate concentrates would be differing grades of 
nickel concentrate.  The concentrates could be shipped to customers, used as a feedstock to 
the hydrometallurgical process, or divided for both uses.  PolyMet expects that the 
Beneficiation Plant would be operational several years before the Hydrometallurgical Plant 
and during that period all concentrates would be shipped to customers.  Once the 
Hydrometallurgical Plant becomes operational, some or all of the nickel concentrates would 
be feedstock to the hydrometallurgical process.  The decision to ship or process concentrates 
would be based on equipment maintenance schedules, customer requirements, and overall 
Project economics. 
 
2.3.1.1 Beneficiation Plant 

The Beneficiation Plant processes would include ore crushing, grinding, flotation, dewatering, 
storage, and shipping.  Crushing and grinding would occur in the existing Coarse Crusher 
Building, Fine Crusher Building, and Concentrator Building.  Flotation would occur in a new 
Flotation Building located on previously disturbed ground immediately to the west of the 
Concentrator Building.  Dewatering, storage, and shipping would occur in a new Concentrate 
Dewatering/Storage Building located on previously disturbed ground. 
 
2.3.1.2 Hydrometallurgical Plant 

Hydrometallurgical processing technology would be used for the treatment of nickel 
concentrates.  This process would involve high pressure and temperature autoclave leaching 
followed by solution purification steps to extract and isolate platinum group metals, precious 
metals, and base metals.  All equipment used in the hydrometallurgical process would be 
located in a new Hydrometallurgical Plant Building.  Should spillage of process fluids occur, 
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it would remain within the Hydrometallurgical Plant Building and be returned to the 
appropriate process streams.  Polymet intends to operate initially without this plant, 
transferring concentrated ore offsite for further metallurgical processing.  The 
Hydrometallurgical Plant is a part of the plan of operation and is included here for purposes of 
addressing all potential activities. 

2.3.1.3 Plant Site Infrastructure 

Plant Site infrastructure that exists at this site includes: 

• County Road 666 ends at the Main Gate for the industrial area that includes the 
Process Plant, Area 1 Shop, and Area 2 Shop. 

• The Canadian National Railroad serves the industrial area that would include the 
Process Plant.  The PolyMet railroad would connect to the Area 1 Shop and the 
Area 2 Shop. 

• Three Minnesota Power Company 138 kV transmission lines serve the Project 
substation. 

• The existing mechanical Sewage Treatment Plant would be replaced with new 
Sewage Treatment System Ponds, and the existing sewage collection system would 
be upgraded to meet current construction and performance standards and sized as 
appropriate. 

• The Process Plant potable water treatment plant located near the Plant Reservoir 
would be refurbished and reactivated.  The potable water distribution system 
extends to the Area 1 Shop and Area 2 Shop.  This water would be used for showers 
and sinks and would be treated (chlorinated) to be drinkable.  However, bottled 
water would be brought in for drinking as well. 

• Area 1 Shop and Area 2 Shop. 
 
2.3.2 Flotation Tailings Basin 

Flotation Tailings from the flotation process at the Beneficiation Plant would be pumped to the 
Flotation Tailings Basin, which would be constructed on top of cells 1E and 2E of the existing 
LTVSMC Tailings Basin.  Treated water from the Waste Water Treatment Facility would also 
be pumped to the Flotation Tailings Basin, enabling it to serve as the primary collection and 
distribution point for water used in the beneficiation process. 

The existing LTVSMC Tailings Basin is unlined and was constructed in stages beginning in 
the 1950s.  It has been inactive since January 2001, except for reclamation activities consistent 
with a MDNR-approved Closure Plan currently managed by Cliffs Erie. 

The future Flotation Tailings Basin perimeter dams would be raised using upstream 
construction methods.  The dams would be constructed using compacted LTVSMC tailings 
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borrowed from the existing Tailings Basin.  Once the LTVSMC tailings supply has been 
completely used for dam construction, offsite borrow from MDNR-approved sources would be 
utilized.  Material from LTVSMC Area 5 would be a likely source, but other sources could 
also be considered. 

Emergency overflow channels would be provided to protect the dams in the unlikely event 
that freeboard within the Flotation Tailings Basin is not sufficient to contain all water from 
an extreme storm event.  Even though there is a low likelihood of overflow, it is standard 
practice in dam design to accommodate overflows in a manner that protects the integrity of 
the dams. 

Seepage from the Flotation Tailings Basin would be collected by the Flotation Tailings Basin 
Containment System located around the northern, western, and portions of the eastern sides of 
the Tailings Basin and the Flotation Tailings Basin South Surface Seepage Management System 
located south of Tailings Basin Cell 1E.  These two systems are collectively referred to as the 
Flotation Tailings Basin seepage capture systems.  The Flotation Tailings Basin Containment 
System would include a low permeability cutoff wall so that it can collect seepage (from up-
gradient), but avoid drawing in water from down-gradient wetlands. 
 
2.3.3 Hydrometallurgical Residue Facility 

The Hydrometallurgical Residue Facility would be constructed to manage residues generated 
by the hydrometallurgical process.  The Hydrometallurgical Residue Facility would consist of 
one lined cell located adjacent to the southwest corner of the Tailings Basin, on previously 
disturbed ground (Figure 5). 

The Hydrometallurgical Residue Facility liner system would be a double liner system 
consisting of two barrier layers separated by a leakage collection layer.  This system would 
substantially remove all hydraulic head from the lower liner, virtually eliminating leakage 
from the Hydrometallurgical Residue Facility. 

Residue from the Hydrometallurgical Plant would be pumped to the Hydrometallurgical 
Residue Facility as slurry.  A pond would be maintained within the Hydrometallurgical 
Residue Facility so that the solids in the slurry would settle out.  Most of the liquid would be 
recovered by a pump system and returned to the plant for reuse. 

2.3.4 Plant Site Water Management 

This section summarizes information from the Water Management Plan - Plant, which is a 
support document for the MDNR Permit to Mine and Water Appropriations permits and 
MPCA National Pollutant Discharge Elimination System/State Disposal System permit.  This 
plan includes water management system designs, operating and maintenance plans, 
preliminary water quality monitoring plans, preliminary reporting requirements, and adaptive 
management approach.  Final water quality monitoring and reporting requirements would be 
determined in the permits. 
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Water management features at the Plant Site would include the Flotation Tailings Basin and seepage 
capture systems, Hydrometallurgical Residue Facility, stormwater dikes and ditches, drainage 
swale, Waste Water Treatment Plant, and stream augmentation.  With the exception of the Flotation 
Tailings Basin seepage containment system and the drainage swale, all Plant Site water 
management features would be located on previously disturbed areas. 
 
2.3.4.1 Waste Water Treatment Plant 

 
The Waste Water Treatment Plant would treat water collected by the Flotation Tailings Basin 
seepage capture systems that is to be discharged for stream augmentation.  It would include a 
reverse osmosis unit, or similar membrane separation technology, designed to achieve an effluent 
sulfate concentration that meets the sulfate standard for waters used for the production of wild 
rice (10 milligrams per liter (mg/l)).  Water would be treated to meet appropriate discharge 
limits, then discharged along the west, northwest, and north perimeter of the Flotation Tailings 
Basin, beyond the Flotation Tailings Basin Containment System, and to Second Creek at the 
south end of the Flotation Tailings Basin to replenish the flow to the surrounding wetlands and 
streams.  This discharge strategy would limit the potential for indirect wetland impacts due to 
reduced seepage from the Tailings Basin to the wetlands. 
 
2.3.5 Stream Augmentation 

Construction of the Flotation Tailings Basin Containment System would reduce the amount of 
seepage that is currently leaving the existing Tailings Basin.  Consequently, the stream flow in 
the four tributaries around the Tailings Basin (Unnamed Creek, Second Creek, Trimble Creek, 
and Mud Lake Creek) would be reduced from current levels.  Flow to Unnamed Creek, Second 
Creek, and Trimble Creek would be augmented by treated water from the Waste Water 
Treatment Plant.  Flow to Mud Lake Creek would be augmented by construction of a drainage 
swale east of the Flotation Tailings Basin. 

2.4 Transportation and Utility Corridors 

The remaining Project components are linear corridor features, including the following (Figure 6): 

• Dunka Road and Utility Corridor 

• Railroad Connection Corridor 

 
This section describes Project features in the Transportation and Utility Corridors and presents 
information on the types of traffic that would result from the Project. 
 
2.4.1 Dunka Road and Utility Corridor 

Dunka Road is an existing, compacted-gravel, private road that extends from near the LTVSMC 
Plant Site to the Mine Site, then continues roughly northeast toward Babbitt, Minnesota.  The 
portion of Dunka Road that connects the Plant Site to the Mine Site would be widened.  The 
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Treated Water Pipeline would be constructed parallel and adjacent to the Dunka Road in the 
Utility Corridor to transport treated water from the Mine Site to the Plant Site.  The distance along 
Dunka Road from the Plant Site gate to the Mine Site gate is approximately 6.4 miles.  Including 
the road segments located within the Plant Site and the Mine Site, the total distance from the ore 
processing area at the Plant Site to the ore loading area at the Mine Site is approximately 8.5 
miles. 

Traffic on Dunka Road would include light trucks and automobiles, sport utility vehicles 
(SUVs), fuel trucks, supply and waste trucks, and haul trucks needing maintenance. 

• Automobiles, light trucks, or SUVs transporting employees would travel between 
the Area 2 Shops and the Mine Site each day, at speeds of 30 to 45 miles per hour. 

• Trucks carrying fuel and blasting agents would travel to the Mine Site every day, at 
speeds of 25 to 40 miles per hour.  These trucks would travel from County Highway 
666 to Dunka Road. 

• Trucks transporting supplies and waste to and from the Waste Water Treatment Plant 
and the Waste Water Treatment facility would travel between the Plant Site and the 
Mine Site each day, at speeds of 25 to 40 miles per hour. 

Haul trucks would travel from the Mine Site to the Area 1 Shop for maintenance occasionally, 
at a maximum speed of 35 miles per hour. 

 
2.4.2 Railroad Connection Corridor 

The railroad route from the Mine Site to the Plant Site would be from a new spur at the Rail 
Transfer Hopper, to the existing track on the Cliffs Erie private railroad, to a new 
approximately 1.1 mile connecting railroad track between the Cliffs Erie railroad track and 
existing PolyMet track railroad that serves the Coarse Crusher Building at the Process Plant 
(Figure 6). 

Each ore train would consist of 16 to 20 100-ton side dumping ore cars and one diesel-
electric “Gen-Set” or “Multi-Engine” locomotive.  Ore trains would make approximately 22 
roundtrips per day delivering ore from the Mine Site to the Plant Site, traveling between 15 
and 25 miles per hour. 

To minimize the amount of ore that escapes from rail cars, ore would be loaded into the center of 
the car so that fines would be located at the center of the car and the larger ore pieces would be at 
the edge.  The result would be that fines would be kept from reaching the edge of the car where 
they would be subject to spillage through the hinge gaps.  Large pieces that extend over the edge 
of the rail car would be pushed into the center of the car using a rubber-tired dozer or a front-end 
loader.  In the event that a large ore piece would fall over the top edge of the cars during transit, it 
would be recovered during routine track maintenance. 

In order to guard against possible adverse impacts from spilled ore, monitoring and mitigation 
activities can be developed.  It is expected that the surface water quality sampling in the two 



30 
 

streams traversed by the rail line would be included in permit monitoring.  Mitigation 
measures could include alterations to the stream crossings (bridges or culverts) to collect any 
spilled material or the physical collection of spilled ore from the top of the rail ballast. 
 
2.5 Traffic 

Transportation of Project consumables and products would result in traffic on public roads and 
commercial railroads.  Public roads would also have additional traffic from employees and 
service providers. 

2.5.1 Transport of Consumables and Products 

Process consumables and products would be transported to and from the Plant Site by truck and 
rail.  This section describes the traffic on public roads and commercial railroad lines that would 
result from the Project. 

Trucks transporting raw materials needed for the beneficiation process and the 
hydrometallurgical process would make approximately 80 round trips per month, entering 
the Plant Site from Highway 135.  Trucks transporting copper and nickel concentrates 
would make up to approximately four round trips per day, also entering the Plant Site from 
Highway 135. 

A locomotive, similar to the locomotives that would be hauling ore from the Mine Site to the 
Plant Site, would transfer loaded and empty cars carrying process consumables and concentrates 
to and from the interchange location with the Canadian National Railroad.  Cars carrying process 
consumables and concentrate would meet railroad common carrier requirements. 

Product shipment would require an approximately 100-car train once per month and a 30-car 
train 4 times per month, year-round.  Process consumables would require an approximately 
100-car train once per week, April through October.  It is expected that outgoing PolyMet 
products would go by rail from the Plant Site to Virginia, Minnesota, with about half going 
south to Duluth, Minnesota, and the other half going north to International Falls, Minnesota.  
Product transport beyond Virginia is likely to be a part of the existing commercial rail traffic, 
with limited potential to generate additional commercial train trips.  Process consumables 
would arrive at the Plant Site from the south from Duluth through Virginia.  This movement is 
likely to be a part of the existing commercial rail traffic, with limited potential to generate 
additional commercial train trips. 
 
2.5.2 Traffic from Employees and Service Providers 

The Project would employee as many as 500 full-time workers over an 18-month period 
during peak construction period, and about 360 full-time workers during operation.  There 
would be approximately 38 employee vehicles per day and 4 service vehicles per day entering 
the Main Gate (from County Road 666).  In addition, there would be approximately 113 
employee vehicles per day and 36 service vehicles per day entering the North Gate (from 
Highway 135). 
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2.6 Project Reclamation 

Mining is expected to be completed approximately 20 years after operations begin.  This 
section summarizes information from the Reclamation Plan, which is a support document for 
the MDNR Permit to Mine, and focuses on those aspects of Project Reclamation that have 
potential effects on lynx, northern long-eared bat, and wolf.  Additional information on Project 
reclamation is available in the FEIS (MDNR et al. 2015). 

In general, Project facilities have been designed and would be operated to allow for 
progressive reclamation, or “mining in a manner that creates areas that can be reclaimed as 
soon after initiation of the operation as practical and as continuously as practical throughout 
the life of operation” (Minnesota Rules, part 6132.0100).  This would leave a smaller portion 
of the Project area needing to be reclaimed after closure.  Project features that would be 
progressively reclaimed include the Waste Rock Stockpiles, the East Pit, the exterior slopes of 
the Flotation Tailings Basin, and the Hydrometallurgical Residue Facility.  The Waste Water 
Treatment Facility and the Waste Water Treatment Plant would remain operative during 
reclamation and long-term closure.7 
 
2.6.1 Building and Structure Demolition and Equipment Removal 

The buildings and structures would be removed and foundations razed.  All mining, dewatering, 
and electrical equipment would be removed from the mine pit and scrapped, decommissioned, or 
sold.  Debris and equipment would be removed from the Mine Site and Plant Site.  Most roads, 
parking areas, or storage pads built to access these facilities would be demolished.  Utility tunnels 
would be sealed and reclaimed in place.  After demolition, these areas would be reclaimed and 
vegetated according to Minnesota Rules, part 6132.2700.  All areas would be stabilized as 
required for stormwater management. 

Demolition waste from structure removal would be disposed of in the existing on-site 
demolition landfill located northwest of the Area 1 Shop.  Most concrete from demolition 
would be crushed and used for structural fill, placed in the basements of the Plant Site 
buildings, or placed in the existing on-site industrial landfill.  Asphalt from paved surfaces 
would be removed and recycled or properly disposed of.  Railroad track and ties that were not 
used by common carriers would be removed and recycled.  All disturbed areas would be 
reclaimed and vegetated. 

Any roads, including Mine Site access roads that may develop into unofficial off-road 
vehicle trails, would require a variance from MDNR reclamation rules to allow a 15-foot-
wide unpaved, unvegetated track down the centerline of the road.  Such approvals would 
also be coordinated with the St.  Louis County Mine Inspector’s Office. 

Special materials would be disposed of appropriately during reclamation: 

                                                 
7 “Long-term closure” is defined as being the time period when the West Pit has filled with water and the Waste 
Water Treatment Facility is discharging water to the outlet channel to the Upper Partridge River.  . 
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• Any ore remaining in the Rail Transfer Hopper, the Ore Surge Pile, or anywhere else in 
the vicinity of the Rail Transfer Hopper, as well as sediment removed from ditches and 
mine drainage ponds, would be placed in the East Pit. 

• Asbestos-containing materials would be removed intact, properly packaged, and 
disposed of in the on-site demolition landfill.  The locations of asbestos-containing 
materials in the landfill would be noted on the property deed.  Any asbestos-
containing materials found in utility tunnels would be sealed before the utility tunnel is 
sealed. 

• Fluorescent and sodium halide bulbs, nuclear sources, oil-stained concrete, and 
partially used paint, chemical, and petroleum products would be removed and 
recycled or properly disposed of. 

• Any materials remaining in storage tanks would be sent to appropriate recycling or 
waste disposal facility.  All storage tanks would be cleaned, disassembled, and 
recycled or disposed of appropriately.  Tank foundations would be removed and all 
disturbed areas would be vegetated. 

• Material remaining in the equipment and process piping would be properly disposed 
of in the Hydrometallurgical Residue Facility or other MPCA-approved locations. 

• On-site sewer and water systems, power lines, pipelines, and culverts would be 
closed according to regulatory requirements. 
 

2.6.2 Reclamation of Mine Site 

Mine Site reclamation would include building and structure demolition and equipment 
removal, mine pit reclamation, stockpile reclamation and watershed restoration.  Mine 
Site reclamation would begin as soon as practical throughout mining operations, with 
reclamation of the East Pit and Waste Rock Stockpiles commencing before mining 
activities cease. 
 
2.6.2.1 Mine Pit Reclamation 

Mine pit reclamation would include pit flooding, construction of overflows and outlet control 
structures, sloping and vegetation of pit walls, and fencing to control access to the pits.  East 
Pit reclamation would begin during operations, while West Pit reclamation would commence 
when mining activity ceases. 

Mine pit dewatering systems would be removed from the pits and the pits would be allowed to 
flood with water.  All areas disturbed during pipe removal would be graded and revegetated.  
Some temporary pumps may remain in the pits for dewatering that would be performed during 
pit flooding. 

East Pit flooding would start in Mine Year 11 and be completed by Mine Year 20.  Overflow 
from the East Pit would flow to the West Pit through a new ditch.  An East Pit outlet structure 
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would be built, which would establish the steady-state water level in the East Pit.  The East Pit 
may be revegetated with wetland vegetation, resulting in approximately 207 acres of wetland 
(Figure 7). 

Upon completion of mining operations, the West Pit would begin to flood naturally with 
groundwater, precipitation, and surface runoff from the tributary watershed.  West Pit flooding 
would be accelerated with treated water from the Plant Site.  With the addition of water 
pumped from the Plant Site to the West Pit, West Pit flooding is projected to be completed 
between Mine Years 46 and 61.  The West Pit would remain an open pit lake (MDNR et al. 
2013). 

When the West Pit is full, discharge would be prevented by pumping West Pit water to the 
Waste Water Treatment Facility for treatment.  The Waste Water Treatment Facility would be 
upgraded to include reverse osmosis or similar membrane separation technology to achieve an 
effluent concentration that meets the sulfate standard for waters used for the production of wild 
rice (10 mg/l).  After the upgrade, effluent would be discharged through Dunka Road into an 
existing wetland, and eventually into the Partridge River through an existing tributary channel. 

The overburden portions of the pit walls would be sloped, graded, and vegetated in accordance 
with Minnesota Rules, part 6132.2300.  Lift heights would be selected based on the need to 
protect public safety, the location of the pit wall in relation to the surrounding land uses, the 
soil types and their erosion characteristics, the variability of overburden thickness, and the 
potential use of the pit following mining. 

A pit perimeter fencing system would be installed consisting of fences, rock barricades, 
ditches, stockpiles, and berms.  The barrier system plan would be submitted to the St.  
Louis County mine inspector for review and approval before installation.  Safe access 
would be provided to the bottom of each mine pit via selected haul roads built during pit 
development.  The access road would be selected such that, as pit water level rises, there 
would always be a clear path to the water surface.  A gated entrance would be placed at 
each pit access location. 
 
2.6.2.2 Stockpile Reclamation 

Stockpile reclamation would begin during operations.  Upon full reclamation of the Category 
1 Waste Rock Stockpile, runoff from the top and sides of the stockpile would be classified as 
non-contact stormwater and discharged into the natural drainage system.  The Category 1 
Waste Rock Stockpile Groundwater Containment System would continue to collect drainage 
from the stockpile during reclamation, with drainage treated at the Waste Water Treatment 
Facility.  The Category 1 Waste Rock Stockpile would be reclaimed as a grass/forb 
community and shrubs and trees would be removed to prevent damaging the liner system.  
The other stockpiles (Category 2/3 and Lean Ore) would be removed, the areas would be 
initially planted with grasses, with a successional trajectory towards forest. 
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2.6.2.3 Watershed Restoration 

During mining operations, stormwater runoff from reclaimed stockpile areas and natural 
(undisturbed) areas would be routed via dikes and ditches to stormwater sedimentation ponds.  
During reclamation, dikes and ditches that were no longer needed would be removed or filled 
and ponds would be filled.  The reclaimed surfaces would then be scarified, topsoil placed on 
the surface, and the area revegetated with native species. 

Surface runoff inflows would be routed to the mine pits using a combination of existing and 
new ditches.  Some portions of the pit rim dikes may be left in place, if needed, to prevent an 
uncontrolled flow to or from the pits and potential erosion (head cutting) of the pits walls. 

All stormwater ponds, the Overburden Storage and Laydown Area Pond, haul road ponds, and 
all stockpile sumps and overflow ponds would be filled with overburden and peat (that was 
removed from the site during construction and stored in the Overburden Storage Area), and 
covered with topsoil and revegetated, or converted into wetlands.  If the mine drainage ponds 
were converted into wetlands, any sedimentation that occurred within the pond would be 
evaluated to determine if removal of sediment or covering of the pond would be necessary prior 
to restoration.  Stormwater pond outlet control structures would remain in place as necessary 
to manage water flows. 
 
2.6.3 Reclamation of Plant Site 

Plant Site reclamation would include building and structure demolition and equipment 
removal, Flotation Tailings Basin reclamation, and Hydrometallurgical Residue Facility 
reclamation.  Similar to the Mine Site, Plant Site facilities have been designed and would be 
operated to allow for progressive reclamation.  Features that would remain at the Plant Site 
are shown on Figure 8. 

The Waste Water Treatment Plant, Flotation Tailings Basin Seepage Management Systems, and 
Hydrometallurgical Residue Facility Leakage Collection System would continue to operate 
during reclamation, although seepage and leakage rates would be progressively reduced.  
Seepage and leakage would be recycled back into the Flotation Tailings Basin Pond or treated at 
the Waste Water Treatment Plant and either discharged for stream augmentation or pumped to 
the Mine Site to aid in West Pit flooding. 
 
2.6.3.1 Flotation Tailings Basin Reclamation 

Permanent vegetation would be established on the Flotation Tailings Basin to control fugitive 
dust.  Flotation Tailings Basin exterior dam surfaces would be reclaimed progressively, while 
interior areas would be seeded and mulched after closure. 

Infiltration would be reduced through the dam faces, beaches, and pond bottom of the 
Flotation Tailings Basin by bentonite amendment.  The exterior face of the dams would be 
reclaimed progressively, with a bentonite layer added as they are constructed to limit oxygen 
diffusion.  The exposed beaches and dam tops would be amended with a bentonite layer to 
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limit oxygen diffusion.  The pond bottom would be covered with a bentonite layer to maintain 
a permanent pond that would limit oxygen diffusion. 

During reclamation, several sources of water from the Flotation Tailings Basin would 
require management.  The sources and a summary of the type of management needed are 
described as follows: 

• Ponded water within the Flotation Tailings Basin – a pond and wetland would 
remain in the Flotation Tailings Basin.  The pond and wetland would receive surface 
water runoff from the crest and beaches of the basin and natural terrain adjacent to 
the Flotation Tailings Basin.  The pond and wetland would continue to lose water via 
seepage, but at a reduced rate as compared to during operations as a result of the 
bentonite augmentation of the Flotation Tailings Basin pond bottom.  Excess water 
would be pumped from the Flotation Tailings Basin pond to the Waste Water 
Treatment Plant for treatment prior to discharge. 

• Stormwater management would include grading to provide a gently sloping 
surface that effectively routes surface water runoff to the interior of the Flotation 
Tailings Basin, and to accommodate future differential settlement of the 
underlying Flotation Tailings. 

• An emergency overflow channel would be constructed to carry stormwater from the 
pond to the adjacent wetland in case of an extreme storm or snowmelt event after 
reclamation.  The conceptual location of the emergency overflow channel is from 
the combined Cell 1/2E to the adjoining land. 

 
2.6.3.2 Hydrometallurgical Residue Facility Reclamation 

Reclamation of the Hydrometallurgical Residue Facility cell would include removal of ponded 
water from the cell surface, removal of pore water from the residue, construction of the cell 
cover system, establishment of vegetation, and surface water runoff control. 

Ponded water remaining in the cell would be removed and treated at the Waste Water 
Treatment Plant.  Drainage would be collected from the base of the cell at the geocomposite 
drainage system and managed as described for ponded water.  The rate of drainage would 
decrease over time as the pore water within the Hydrometallurgical Residue Facility was 
collected and removed. 

The Hydrometallurgical Residue Facility cell area would be graded into a gently sloping 
surface, and an engineered cover system would be installed to limit infiltration.  Permanent 
vegetation would be established over the cover system.  The turf and final cover would be 
inspected, mowed once per year or as needed, fertilized if vegetation growth is poor, and 
repaired as needed. 

The cover would slope gently toward the site perimeter to accommodate natural drainage of the 
runoff.  Final cover slopes on the cell interior would be relatively shallow to minimize surface 
water runoff flow velocity and the associated erosion.  Runoff channeled along the cell 
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perimeter would be routed downslope via rip-rapped drainage swales or plug-resistant inlet 
structures and piping systems.  Once runoff was conveyed down the cell exterior dam slope, it 
would be routed to the surrounding natural drainage system.  All runoff would be from 
reclaimed cover or dam exterior slopes, which would constructed of MDNR-approved material. 
 
2.6.4 Long-Term Closure Activities 

Mechanical water treatment systems (the Waste Water Treatment Facility and the Waste Water 
Treatment Plant) would continue to operate during long-term closure.  The water collected by 
the Category 1 Waste Rock Stockpile Groundwater Containment System and the West Pit water 
would be treated using the Waste Water Treatment Facility (upgraded to reverse osmosis or 
similar membrane separation technology) to ensure that the discharge meets applicable water 
quality discharge limits.  The Waste Water Treatment Plant would treat water collected by the 
Flotation Tailings Basin seepage capture systems, Hydrometallurgical Residue Facility Leakage 
Collection System, and excess Flotation Tailings Basin pond water, to meet applicable water 
quality discharge limits.  Inspection, water treatment maintenance, and reporting activities would 
continue while the mechanical treatment systems operated during long-term closure. The Project 
would rely on mechanical treatment as long as needed to achieve water resource objectives, but 
during the long-term closure phase, the ultimate goal is to transition to non-mechanical treatment 
while still ensuring attainment of water resource objectives. 

Surface water and groundwater quality would be monitored.  These long-term closure 
activities would be expected to be ongoing until such time as the various facility features are 
deemed environmentally acceptable, in a self-sustaining and stable condition. 

Other long-term closure activities would include repair of stockpile and Flotation Tailings 
Basin dam slope erosion, up-keep of constructed wetlands and outflow structures, removal of 
shrubs and trees from the Hydrometallurgical Residue Facility and Category 1 Waste Rock 
Stockpile cover systems, and on-going operation/maintenance and inspection of the seepage 
capture systems at the Category 1 Waste Rock Stockpile and Flotation Tailings Basin. 

When PolyMet has completed all reclamation and long-term closure activities required under 
the Permit to Mine, a Request for Release per Minnesota Rules, part 6132.1400 would be 
submitted to the MDNR.  This request would provide the Commissioner of the MDNR with 
detailed information on the final closure status of the Project. 
 
2.7 Federal and Non-Federal Lands 

 
2.7.1 Land Exchange Process 

The federal lands are in the Superior National Forest, located in St.  Louis County, 
approximately 70 miles north of the City of Duluth, 20 miles south of the Boundary Waters 
Canoe Area Wilderness (BWCAW), and 6 miles south of the City of Babbitt.  The federal 
lands are bounded on the north by the Northshore taconite mine and on the south by the Dunka 
Road and Utility Corridor.  The federal lands include a portion of the Mine Site and Dunka 
Road and Utility Corridor. 
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Additional information on the proposed land exchange between the Government, acting 
through the USFS, and PolyMet is available in the USFS draft ROD of November 2015.  
Summarizing the information that appears in the draft ROD, the exchange is proposed under 
the authority of the Weeks Act of March 1, 1911 as amended; General Exchange Act of March 
20, 1922; Federal Land Exchange Facilitation Act of 1988; and the Federal Land, Policy and 
Management Act of October 21, 1976. 

The federal lands are located within the General Forest and General Forest - Longer Rotation 
Management Area of the Superior National Forest.  The theme of the General Forest – Longer 
Rotation Management Area emphasizes land and resource conditions that provide a wide 
variety of goods, uses, and services.  The characteristics and use of the General Forest 
Management Area are similar to the General Forest – Longer Rotation Management Area, 
except that harvests are more frequent, more uniform in age, and more extensive.  The General 
Forest Management Area has the highest amount of young forest and the largest-sized timber 
harvest units. 

Land ownership adjustment direction for these management areas allows the exchange of 
federal lands, with the desired condition described as “Land ownership patterns (federal, 
state, county, corporation and private) are consolidated, promote efficient administration and 
reduce the costs of managing resources.”  A detailed discussion of the Land Exchange 
Process is provided in Chapter 3.3 of the FEIS and in the November 2015 USFS draft ROD 
 
2.7.2 Federal Lands 

The federal lands include approximately 2,719 acres of the 3,015-acre Mine Site and 3,776 
acres of lands surrounding the Mine Site that are owned by the Government and administered 
by the USFS.  The federal lands are located in Sections 6 and 7, Township 59 North, Range 12 
West; Sections 1 to 12 and 16 to 18, Township 59 North, Range 13 West; Sections 1, 12, and 
13, Township 59 North, Range 14 West; Section 31, Township 60 North, Range 12 West; and 
Sections 32 to 36, Township 60 North, Range 13 West.  Most of the federal lands are part of 
the General Forest – Longer Rotation Management Area, while the remainder is within the 
General Forest Management Area. 

The federal lands include a portion of One Hundred Mile Swamp, a large black spruce, 
tamarack, and northern white cedar wetland, and Mud Lake.  Most of One Hundred Mile 
Swamp will not be affected by the Project.  Refer to Figure 4 to see the limits of active 
mining at the Mine Site.  Federal lands, including most of One Hundred Mile Swamp, 
outside of the active mining areas will not be affected by the Project.  Yelp Creek and the 
Partridge River flow through the federal lands on the north, east, and southeast.  Management 
of the 3,776 acres surrounding the Mine Site may include some upland timber management 
that could enhance wildlife habitat. 
 
2.7.3 Non-federal Lands 

PolyMet has acquired non-federal lands for transfer to the Government that encourage efficient 
land ownership patterns, with the desired condition of consolidating federal, state, county, 
corporate and private ownership to promote efficient administration and reduce the cost of 
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managing resources to the USFS.  The non-federal lands accepted in the exchange would be 
incorporated with adjacent federal ownership and managed in accordance with USFS’s Forest 
Plan direction for that particular area.  Lands with obvious recreational values would be managed 
to enhance those public recreation opportunities.  The non-federal lands are assembled in five 
different tracts totaling approximately 7,075 acres that consist primarily of forest and wetland 
habitat (Figure 2).  Some or all of these five properties would be included in the exchange, 
depending upon appraisal values and final determination by the USFS.  Based on its appraisal and 
consideration of many factors, the USFS draft ROD proposes that the land exchange drop the 
McFarland Lake Lands. 

2.7.3.1 Hay Lake Lands 

 
Hay Lake Lands are in central St.  Louis County, Minnesota, and are approximately 3 miles west 
of Biwabik, Minnesota.  The lands, located at the eastern end of the Mesabi Iron Range, include 
approximately 4,926 acres in all or portions of Sections 9, 16, 19, 20, 21, 27, 28, 29, 30, 31, and 
32 in Township 59 North, Range 16 West.  The lands are moderately hilly and consist 
predominantly of second- or third-growth deciduous and coniferous forest uplands and 
emergent, shrub swamp, and forested wetlands.  Approximately 59% (2,931 acres) of Hay Lake 
Lands consists of wetlands.  The lands include Hay Lake, identified as a Wild Rice Water by the 
MDNR, and Little Rice Lake, and are bordered on the east by the Pike River.  USFS lands 
border the lands to the north, east, and west.  USFS lands adjacent to the lands are managed as 
General Forest and Candidate Research Natural Areas.  Research Natural Areas are areas that 
the USFS has designated to be permanently protected and maintained in natural condition.  
These protected natural areas include unique ecosystems or ecological features; rare or sensitive 
species of plants and animals and their habitat; and/or high-quality examples of widespread 
ecosystems.  Candidate Research Natural Areas are those areas which are in various stages of 
review for possible establishment as a Research Natural Area. 
 
2.7.3.2 Hunting Club Lands 

Hunting Club Lands are in northern St.  Louis County, Minnesota, and includes 
approximately 160 acres in Section 17, Township 66 North, Range 17 West.  The lands are 
nearly level and consist predominantly of second- or third-growth deciduous and mixed 
deciduous and coniferous forest uplands and emergent, shrub swamp, and forested 
wetlands.  Approximately 40% (64 acres) of Hunting Club Lands consists of wetlands.  The 
lands are bordered by USFS and county lands.  Nearby USFS lands are managed as General 
Forest – Longer Rotation. 

2.7.3.3 Lake County Lands 

Lake County Lands consist of approximately 382 acres, with 265 acres in Sections 5 and 6, 
Township 57 North, Range 11 West (Lake County Lands North), and 117 acres in Section 17, 
Township 56 North, Range 9 West (Lake County Lands South) in Lake County, Minnesota.  The 
lands are administered by Lake County.  The lands are nearly level and consist predominantly of 
second- or third-growth mixed coniferous/deciduous forest uplands and bog, emergent, shrub 
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swamp, and forested wetlands.  Much of Lake County Lands South was recently logged.  
Approximately 74% (283 acres) of Lake County Lands consists of wetlands.  The lands are 
bordered by the Superior National Forest.  USFS lands near Lake County Lands North are 
managed as Riparian Emphasis Area and General Forest – Longer Rotation.  USFS lands near 
Lake County Lands South are managed as General Forest – Longer Rotation.  In Riparian 
Emphasis Areas, riparian ecological functions are actively restored, protected, and enhanced in 
areas where ecosystem processes are sensitive to degradation.  This includes maintaining and 
restoring native vegetation communities; maintaining and restoring riparian/hydrologic 
functions such as shoreline stability, wildlife habitat, coarse woody debris recruitment to 
aquatic and riparian ecosystems, and temperature regulation; and controlling non-native 
invasive species.  Restoration focuses on components of the ecosystem that are not 
functioning at or within the range of desired conditions.  Those components that are 
functioning properly are protected.  These areas are also managed for recreational 
opportunities and visual quality adjacent to bodies of water. 

2.7.3.4 McFarland Lake Lands 

McFarland Lake Lands are approximately 31 acres in Section 9, Township 64 North, Range 
3 East, in Cook County, Minnesota.  These lands are approximately 3 miles west of the U.S.  
- Canada border and 10 miles north of Hovland, Minnesota.  The lands are mostly on a hill 
slope and consist of second- or third-growth deciduous and coniferous upland forest.  
McFarland Lake is an entry point to the BWCAW.  There are no wetlands on the lands.  The 
lands are bordered by USFS land.  USFS lands near McFarland Lake Lands are managed as 
General Forest – Longer Rotation. 

2.7.3.5 Wolf Lands 

Wolf Lands total 1,576 acres and are comprised of 126 acres in Section 8, Township 57 North, 
Range 11 West (Wolf Lands 1); 769 acres in Sections 15 and 22, Township 58 North, Range 10 
West (Wolf Lands 2); 277 acres in Sections 30 and 31, Township 59 North, Range 9 West (Wolf 
Lands 3); and 405 acres in Sections 7, 8, 15, 17, and 18, Township 59 North, Range 9 West (Wolf 
Lands 4) in Lake County, Minnesota.  The lands are nearly level and consist predominantly of 
second- or third-growth mixed deciduous and coniferous forest uplands and bog, emergent, shrub 
swamp, and forested wetlands.  Much of Wolf Lands 3 has been recently logged.  Approximately 
88% (1,392 acres) of Wolf Lands consists of wetlands.  USFS lands border portions of all of Wolf 
Lands and are managed as General Forest (Wolf Lands 2, 3, and 4) and General Forest – Longer 
Rotation (Wolf Lands 1).  These lands would supplement National Forest ownership by reducing 
federal exterior boundaries and would eliminate several private in-holdings. 

2.8 Wetland Mitigation Sites 

The Project would directly impact an estimated 914 acres of wetlands, mostly within the Mine 
Site.  A USACE permit would be required under Section 404 of the Clean Water Act for 
impacts to wetlands and other waters of the U.S.  The majority of the direct wetland impacts 
would occur at the Mine Site (about 758 acres) and the Flotation Tailings Basin (141 Acres), 
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with an additional 7 acres associated with Dunka Road and Railroad construction and 7.5 acres 
at the proposed Hydrometallurgical Facility. 

PolyMet is proposing to purchase 2,169 acres (Wetland Mitigation Sites) as mitigation for 
wetland impacts from the Project.  On the Wetland Mitigation Sites, 1,603 acres would be 
restored or converted to wetlands and 197 acres would be used for upland buffer.  Wetland 
monitoring would be conducted to identify potential indirect impacts to wetlands caused by 
mining activities.  PolyMet would work with USACE and MDNR to mitigate indirect impacts 
as appropriate.  Final terms for compensatory mitigation will be established in the federal and 
state permitting process. 

Compensation for unavoidable wetland impacts is required under Section 404 of the federal 
Clean Water Act and the Minnesota Wetland Conservation Act (Minnesota Rules part 
8420.0100).  The wetland mitigation planning process for the Project relied on the Wetland 
Conservation Act wetland replacement siting rules (Minnesota Rules part 8420.0522), state 
compensatory mitigation requirements under state water quality standards (Minnesota Rules 
part 7050.0186), and the USACE St.  Paul District Policy for Wetland Compensatory 
Mitigation in Minnesota (USACE 2009). 
 
2.8.1 On-Site Restoration 

In accordance with the USACE St. Paul District Policy for Wetland Compensatory Mitigation 
in Minnesota and state guidelines, the potential for creating wetlands on-site was considered 
first.  Approximately 102 acres of onsite wetland creation opportunities were identified, which 
may occur at Project closure (Barr Engineering [Barr] 2012). 

2.8.2 Off-Site Mitigation 

It was not possible to identify sufficient acreage on-site to mitigate for wetland impacts from 
the Project.  Thus, potential wetland mitigation sites were identified and evaluated to 
determine their relative potential for mitigation, the level of risk and uncertainty, and the likely 
costs. 

Sites were initially eliminated from further consideration due to issues that included unwilling 
landowners, significant private properties that would be hydrologically impacted by wetland 
restoration, insufficient agricultural history, insufficient wetland drainage to qualify for 
restoration credit, considerable existing upstream drainage through the site, or active pursuit of 
the properties by others.  Three sites were identified that had the potential to accomplish 
compensatory wetland mitigation for the Project.  These are the 1,070 acre Aitkin Site, 530 
acre Hinckley Site, and the 569 acre Zim Site, which includes Zim North (481 acres) and Zim 
South (88 acres) (Figure 2; Barr 2007, 2014a, 2014b, 2014c, 2014d).  Of these 2,169 acres, 
about 1,603 acres would be restored to wetland habitat. 

2.8.2.1 Aitkin Site 

The Aitkin Site is 1,070 acres in Section 6, Township 47 North, Range 26 West, and Section 
1, Township 47 North, Range 27 West in Aitkin County, near Aitkin, Minnesota, and within 



41 
 

the Mississippi River-Brainerd watershed.  The site is a sod farm.  PolyMet proposes to 
restore 808 acres of wetland and preserve 83 acres of upland buffer at the site (Barr 2007, 
2014a, 2014d). 

Initially, the internal drainage system at the site would be removed and outlets would be 
constructed to maintain desired hydrological conditions (Barr 2012, 2014a).  Once desired 
hydrological conditions have been achieved, wetland vegetation would be promoted on the site 
by allowing native species that are present in the seed bank or that may be transported to the 
area from adjacent wetlands to develop on the site.  Diverse, native wetland vegetation is 
expected to develop in the wetland.  Wetland habitats likely to develop on the site include 
shallow marsh, shrub-carr, hardwood swamp, and coniferous swamp.  Non-native and other 
invasive vegetation on the site would be removed through mechanical means or herbicide 
application.  If vegetation development is not adequate to meet the success criteria, seed may 
be installed after the first or second growing season. 

Hardwood and coniferous swamp would require herbaceous and woody species seedings and 
plantings.  Vegetation in the upland areas would be managed to promote natural succession of 
the existing plant communities.  The primary maintenance activity would be control of non-
native and other invasive species. 

At completion of the monitoring period required to establish the wetland credits, the land 
would be conveyed to the third party that performs the construction to create the wetland 
mitigation credits.  That ownership would also be subject to conservation easements (Pylka 
2013a). 

2.8.2.2 Hinckley Site 

The Hinckley Site is 530 acres in Section 5, Township 39 North, Range 22 West, in Pine 
County, near Hinckley, Minnesota, and within the Snake River watershed.  PolyMet 
proposes to restore 286 acres of wetlands and preserve 91 acres of upland buffer.  The 
overall objective of the Hinckley restoration plan is to restore the hydrologic connection 
between upstream watersheds and the restoration site and to disable the internal drainage 
system on the site (Barr 2007a, 2014b, 2014d). 

Initial activities would be focused on developing desired hydrological conditions (Barr 
2014b).  Restoration of wetlands would follow a similar process as that described for the 
Aitkin Site and would include the use of native seedbank and seed dispersal mechanisms to 
establish wetland vegetation on the site.  Wetland habitats likely to develop on the site include 
sedge/wet meadow, shrub-carr, alder thicket, and hardwood swamp.  Site management would 
include control of non-native and other invasive vegetation, and seeding and plantings of 
coniferous trees. 

PolyMet would continue to own the land after the credits are created.  At the time the credits 
were accepted it could be determined that PolyMet keeps the lands or transfers the lands to 
another third party subject to the conservation easement placed upon the lands for the 
creation of the credits (Pylka 2013a). 
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2.8.2.3 Zim North 

The Zim North Site is 481 acres in Sections 2, 3, 10, 11, 14, and 15, Township 55 North, Range 
18 West, in St. Louis County, approximately 12 miles southwest of Eveleth, and within the St.  
Louis River watershed.  PolyMet proposes to restore the site to coniferous bog and shallow, open 
water wetland.  Approximately 352 acres of coniferous bog and 7 acres of shallow, open water 
would be created on the Zim North site.  In addition, 18 acres of ditches would be filled, 44 acres 
of partially drained wooded areas would be restored, and 12 acres of forested woodland and 12 
acres upland buffer would be preserved.  Approximately 36 acres of roads and other lands would 
not be restored.  The overall objectives of the Zim North restoration plan would be to restore the 
native coniferous bog wetland community, restore the hydrologic connection between upstream 
watersheds and the restoration site, and disable the internal drainage system on site.  Developing a 
bog community is highly dependent on soil and groundwater parameters that may be difficult to 
control.  Therefore, a coniferous swamp community would be the contingent community if the 
soil and groundwater conditions are not adequate for bog regeneration.  Coniferous bog or swamp 
is the target for the whole site, however, where trees do not successfully establish, the target 
community would be a shallow, open water wetland. 
 
2.8.2.4 Zim South 

The Zim South Site is 88 acres in Sections 26, 27, 34, and 35, Township 55 North, Range 18 
West, in St.  Louis County, approximately 16 miles southwest of Eveleth, and within the St.  
Louis River watershed.  PolyMet proposes to restore the site to coniferous bog and shallow, open 
water wetland.  Approximately 50 acres of coniferous bog and 1 acre of shallow, open water 
would be created on the Zim South site.  In addition, 3 acres of ditches would be filled, 5 acres 
of partially drained wooded areas would be restored, and 17 acres of forested woodland and 10 
acres upland buffer would be preserved.  Approximately 2 acres of roads and open ditches 
would not be restored.  The overall objectives of the Zim North restoration plan would be to 
restore the native coniferous bog wetland community, restore the hydrologic connection 
between upstream watersheds and the restoration site, and disable the internal drainage system 
on site.  As mentioned above, developing a bog community is highly dependent on soil and 
groundwater parameters that may be difficult to control.  Therefore, a coniferous swamp 
community would be the contingent community if the soil and groundwater conditions are not 
adequate for bog regeneration.  Coniferous bog or swamp is the target for the whole site, 
however, where trees do not successfully establish, the target community would be a shallow, 
open water wetland. 

Initial activities at both sites would be focused on developing desired hydrological conditions 
through site grading to fill ditches and break drain tiles (Barr 2014c, 2014d).  Restoration of 
wetlands include finding suitable donor bog materials, transporting materials to the site, 
spreading bog materials over areas to be restored, spreading fresh straw mulch over bog plant 
fragments, and applying slow-release fertilizer.  Trees and shrubs would be planted 1 to 3 
years after spreading of bog materials.  In addition, several ponds would be excavated to a 
depth no greater than 6 feet to allow for development of shallow, open water wetland 
communities.  Site management would include control of non-native and other invasive 
vegetation. 
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PolyMet would convey the land to the third party that performs the construction to create the 
wetland credits upon acceptance of the credits.  This ownership is also subject to conservation 
easements that would be placed upon it during the mitigation period (Pylka 2013a). 
 
2.9 Description of the Lands Affected by the Project 

 
2.10 Federal Lands 

The federal lands include approximately 2,719 acres at the 3,015-acre Mine Site and 3,776 
acres bordering the Mine Site that are owned by the Government and administered by the 
USFS. 

2.10.1 Mine Site 

The Mine Site encompasses 3,015 acres; 2,719 acres are Government owned while 296 acres 
are privately owned.  The Mine Site has little topographic relief.  It consists of a mosaic of 
slightly elevated upland areas surrounded by wetlands, and slopes toward the east-northeast, 
in the direction of the Partridge River.  About 57% of the Mine Site is upland habitat, and 
43% is wetland habitat.  Most upland habitat is associated with the central portion of the Mine 
Site.  One Hundred Mile Swamp, northwest of the Mine Site, is the dominant feature on the 
landscape.  The Partridge River drains this swamp and flows along and outside the 
northeastern and eastern boundary of the Mine Site (ENSR 2000, 2005). 

Habitat observed on the Mine Site is typical of habitats associated with much of the Iron 
Range.  Forest vegetation dominates the Mine Site (Figure 9; Table 4).  Most forest stands 
contain trees that are 12 inches diameter-at-breast-height (dbh) or less. 

The site can be divided into three general areas.  The northwest area is dominated by lowland 
black spruce, with scattered stands of trembling aspen and balsam fir/trembling aspen; tamarack 
is also scattered throughout these stands.  Most trees are estimated to be 60 years or older (USDA 
USFS 2000).  Interspersed within forest stands are brush/young tree stands that were recently 
logged and provide habitat for white-tailed deer and moose.  Young trees are generally up to 4 
inches dbh and 10 years of age. 

The northeastern area is dominated by nearly equal amounts of jack pine and black spruce, with 
scattered trembling aspen stands and speckled alder swamps (ENSR 2000, 2005).  Although there 
are scattered black spruce stands containing trees greater than 60 years in age, most trees, 
especially jack pine, are 30 to 70 years in age (USDA USFS 2000a).  There are a few recently 
logged areas within this area.  Several large wetlands are found in this area.  Most shrub/young 
tree habitat is associated with these wetlands and drainages. 

The southern area contains a nearly equal mix of lowland and upland black spruce, jack pine, 
and trembling aspen, with some balsam fir and paper birch (ENSR 2000, 2005).  Most tree 
stands are from 40 to 80+ years of age, although jack pine tree stands along Dunka Road are 
from 20 to 40 years of age. 
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Vegetation in the recently logged areas consists of grasses and ferns with trembling aspen 
saplings and speckled alder (ENSR 2000, 2005).  The areas of more mature upland forests 
consist of jack pine, balsam fir, and trembling aspen, with lesser amounts of paper birch, red 
pine, and white pine.  The mature lowland areas consist mainly of black spruce and 
tamarack growing on a bed of sphagnum moss and club moss with speckled alder, bog 
Labrador-tea, and leatherleaf.  The open wetland areas consist of grasses, sedges, cattails, 
speckled alder, and pussywillow. 

Approximately 1,719 acres of the Mine Site would be affected by the Project.  Table 4 shows the 
cover types that would be affected by the Project, using the MDNR Gap Analysis Program (GAP) 
land cover types (MDNR et al. 2013).  The GAP land cover system is a hierarchical land 
classification system that organizes vegetation communities into 1-acre blocks and was 
developed by the MDNR. 
 
2.10.2 Federal Lands Surrounding the Mine Site 

Federal lands surrounding the Mine Site encompass about 3,776 acres and border the Mine Site to 
the west, north, and east.  This area has little topographic relief.  The lands consist of a mosaic of 
slightly elevated upland areas surrounded by wetlands, and slope toward the east-northeast in the 
direction of the Partridge River.  Most (76%) of the area is wetland habitat, including a portion of 
One Hundred Mile Swamp, although upland habitat (24%) is an important component in the 
western portions of the area (Figure 9).  Yelp Creek flows from One Hundred Mile Swamp to the 
Partridge River, which flows around the northern, eastern, and southeastern edges of the federal 
lands, outside of the Mine Site (AECOM 2011a).  Under the Proposed Action, the areas not 
disturbed by the Project on the lands adjacent to the Mine Site would be managed for wildlife 
habitat, including timber management. 

Forest vegetation dominates the federal lands.  Most forest stands contain trees that are 12 
inches dbh or less.  The area can be divided into three general parts (AECOM 2011a).  The 
eastern portion is dominated by the Partridge River.  Large stands of lowland black spruce 
with scattered northern white cedar and tamarack are found in low areas associated with the 
river.  Emergent and shrub swamp speckled alder wetland is adjacent to most of the river.  
Stands of immature (trees from 5 to 11 inches dbh, and from about 10 to 80 years of age) and 
mature (trees greater than 11 inches dbh and over 80 years of age) mixed coniferous/deciduous 
forest, coniferous forest dominated by jack pine, and smaller patches of immature deciduous 
forest, are found at higher elevations (USDA USFS 2000a). 
 
The northern portion of the federal lands surrounding the Mine Site includes a portion of One 
Hundred Mile Swamp.  The swamp is comprised of some young (trees less than 5 inches dbh and 
10 years of age), but mostly immature and mature black spruce, northern white cedar, and 
tamarack forests.  Northern white cedar is prevalent in the north central portion of the northern 
area, while black spruce and tamarack are more common in the remaining areas.  Scattered 
stands of speckled alder are associated with the swamp, as are bog and emergent wetlands, 
especially along the Partridge River. 
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There are scattered “islands” of mature deciduous and mixed coniferous/deciduous forest.  
Most of the forest stands are 90 years or older, with many of the remaining stands 70 to 90 
years of age (USDA USFS 2000a). 

The western portion of the federal lands surrounding the Mine Site is dominated by lowland 
immature black spruce forest in its center, bordered by bog wetlands and wetlands dominated 
by speckled alder and red-osier dogwood.  A large area dominated by cattail is associated with 
the transmission line rights-of-way (ROW).  Upland immature and mature deciduous and 
mixed coniferous/deciduous forest, with scattered stands of coniferous forest, surround the 
centrally located black spruce forest.  Clearings comprised of grasses, forbs, and shrubs are 
associated with the transmission line ROW, while scattered low areas, dominated by emergent 
and shrub swamp wetland vegetation, are interspersed within upland forest habitats. 
 
2.11 Plant Site and Transportation and Utility Corridors 

The Plant Site encompasses about 4,515 acres, which includes the former LTVSMC processing 
plant, existing LTVSMC Tailings Basin, Area 1 Shop, Hydrometallurgical Residue Facility, and 
administration buildings. 

The southwestern corner of the Plant Site, the former LTVSMC processing plant, has almost 
entirely been disturbed by past mining activities.  No wetlands are present within this portion of 
the Plant Site, although there is a plant reservoir located east of the concentrator that is not 
regulated as a wetland (PolyMet 2014a).  The regulated wetlands within the Plant Site include a 
total of 52 wetlands covering approximately 245 acres.  About 147 acres would be directly 
impacted by filling or excavation.  Approximately 61% (2,756 acres) of the Plant Site is 
disturbed and supports little vegetation.  The remaining areas consist of trembling aspen and 
trembling aspen-paper birch forest (14%), aquatic habitat (14%), grass/shrubland (7%), upland 
coniferous forest (2%), and lowland coniferous forest (1%; Figure 10; MDNR et al. 2013). 

The Dunka Road and Utility Corridor is approximately 108 acres and the Railroad Connection 
Corridor is approximately 12 acres.  Because of prior use during the former LTVSMC taconite 
mining operation, the Dunka Road and Utility Corridor is now defined as having a “disturbed” 
cover type.  The remaining MDNR GAP land cover types that are not disturbed include 
cropland/grassland (8%), shrubland (6%), and smaller acreages of the remaining types.  A total 
of 25 wetlands, encompassing approximately 7 acres, have been identified within the Dunka 
Road and Utility Corridor (MDNR et al. 2013). Approximately 7 acres of wetlands would be 
directly affected. 

2.12 Non-federal Lands 

 
2.12.1 Hay Lake Lands 

Hay Lake Lands are approximately 4,926 acres and have moderate topographic relief.  The 
lands consists of a mosaic of slightly elevated upland areas surrounded by wetlands, and 
slope toward the east-northeast, in the direction of the Pike River (AECOM 2011b). 
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Most (59%) of Hay Lake Lands is wetland habitat, although upland habitat (41%) is an 
important component in the central and western portions of the lands (Figure 11).  The Pike 
River, Hay Lake, and Little Rice Lake are dominant features of the landscape.  The Pike River 
flows along the eastern boundary of the lands. 

Forest vegetation dominates Hay Lake Lands.  Nearly all forest stands contain trees that are 12 
inches dbh or less, and most of the upland trees are 8 inches dbh or less.  The lands can be 
divided into four general habitats.  The eastern portion is dominated by the Pike River.  
Floodplain associated with river is dominated by emergent wetland with sedge and grass 
habitat, and shrub swamp wetland with speckled alder habitat.  Wetland areas to the west of the 
river are dominated by lowland black spruce forest, with scattered northern white cedar and 
tamarack, and shrub swamp wetlands, especially in areas with evidence of past disturbance by 
logging activities. 

Higher elevations in the northern, central, and western portions of the lands are dominated by 
upland deciduous and mixed coniferous/deciduous forest.  Upland forest stands in the northern, 
central, and southwestern portions of the lands are immature to mature in size and age, while 
stands in the western portion of the lands are young to immature in size and age, having been 
harvested in recent years.  Most trees are estimated to be 60 years or younger.  Two 
transmission line ROWs are found on the lands.  Emergent wetland and upland 
grassland/shrubland vegetation dominates the ROWs.  Abandoned logging roads are also found 
on the lands.  Low areas along roads are dominated by emergent wetland vegetation consisting 
of sedges and grasses, while upland portions of roads are dominated by grasses and forbs. 
 
2.12.2 Hunting Club Lands 

Hunting Club Lands are approximately 160 acres, of which about 64 acres are wetland 
(Figure 12).  The lands drain to the north and then northeast via an unnamed creek.  Several 
beaver dams are found along the creek.  From this low area, the lands slope upward to the east 
and west.  The lands consist primarily of shrub swamp wetland, with lesser amounts of 
emergent wetland, and upland immature and mature deciduous forests (AECOM 2011c). 

Beaver ponds and dams are the dominant wetland features on the lands.  Open water habitat is 
typical near the dams.  Emergent vegetation, consisting of Canada bluejoint, narrow-leaved 
cattail, and sedges, is found in water from 12 to 24 inches deep, while speckled alder shrub 
swamp wetlands are found near ponds at water depths from 6 to 18 inches.  Speckled alder 
makes up to 80% of the cover in the shrub swamp wetlands.  A large immature black spruce 
forest is found in the middle of Hunting Club Lands.  The midstory consists of speckled alder, 
while leatherleaf, bog Labrador-tea, and sphagnum moss are found below the speckled alder.  
Immature black ash is found in a drainage leading to wetlands on the lands. 

Habitat in the northwestern and northeastern portions and near the southern boundary of the 
lands are comprised of upland mature mixed coniferous/deciduous forest, dominated by 
eastern white pine to 24 inches dbh, and paper birch and trembling aspen to 12 inches dbh.  
The midstory consists primarily of balsam fir, while beaked hazel is found in the shrub layer. 
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The eastern and southern portions of the lands consist of patches of upland young and 
immature trembling aspen.  The midstory consists of beaked hazel, with scattered black 
spruce and balsam fir.  There is little ground cover. 

An “island” of trembling aspen-eastern white pine forest is found within the young/immature 
trembling aspen forest.  It is mature forest comprised of trembling aspen and eastern white 
pine to 16 inches dbh and black spruce to 12 inches dbh.  There are many downed trees and 
much woody debris on the ground. 
 
2.12.3 Lake County Lands 

Lake County Lands consist of Lake County Lands North and Lake County Lands South. 

2.12.3.1 Lake County Lands North 

Lake County Lands North is approximately 265 acres, of which about 209 acres are wetland 
(Figure 11).  The lands have moderate topography, with the terrain generally sloping toward 
the southwest and Pine Lake.  Lake County Lands North consists of two small areas to the 
north, and a single, small area to the south that is adjacent to Wolf Lands 1.  The lands are 
comprised of mostly wetland habitat, except for areas of upland habitat on the northern portion 
of the northern area and on portions of the southern area.  Portions of the lands have recently 
been logged.  Wetland habitat consists mostly of immature coniferous forest, with lesser 
amounts of mature mixed coniferous/deciduous forest and shrubland.  Upland habitat is 
dominated by mature deciduous and immature deciduous forests (AECOM 2011c). 

Wetlands are comprised primarily of immature northern white cedar and black spruce with 
lesser amounts of tamarack, although several drainages also contain black ash.  The midstory 
consists of balsam fir and black spruce, while speckled alder, leatherleaf, and bog Labrador-
tea are found in the shrub layer.  Club moss and sphagnum moss cover most of the ground. 

Shrub swamp and emergent wetland habitats are also found on the lands.  Shrub swamp habitat 
is associated with several drainages, a beaver pond, a bog area, and recently logged areas, while 
emergent wetland habitat was found near the beaver pond and on recently logged areas.  Shrub 
swamp wetlands are dominated by speckled alder.  Vegetation in the emergent wetlands consists 
of sedges and Canada bluejoint, with scattered black spruce, northern white cedar, tamarack, 
and speckled alder. 

Upland habitats are comprised of immature and mature paper birch and black spruce, while 
recently logged areas supported young paper birch stands or shrub habitat.  The midstory 
cover is comprised of balsam fir, black spruce, and beaked hazel.  Young paper birch with 
scattered young trembling aspen and scattered immature paper birch are in areas that had 
been recently logged. 

Older forests contain large amounts of downed woody material; this material is mostly absent 
in logged areas.  Tree wind-throw is common in forest stands adjacent to the clearcuts, and 
walking in these forests is difficult due to downed trees and woody debris, and the dense stand 
of balsam fir, black spruce, and northern white cedar in the midstory. 
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2.12.3.2 Lake County Lands South 

Lake County Lands South is approximately 117 acres, of which about 74 acres are wetland 
(Figure 11).  The lands are relatively flat in the northwestern section, rise in elevation to the 
northeast, and fall in elevation to the southeast.  Water flows from west to east.  A series of 
beaver dams and ponds dominate the landscape.  Several areas have been recently logged and 
shrubland is the dominant upland habitat (AECOM 2011c). 

Forested wetlands dominate the western and southeastern portions of the lands and are comprised 
of immature and mature black spruce and northern white cedar, although immature tamarack is 
found in some forest stands and immature black ash is an important component of several 
drainages.  The midstory consists of balsam fir and black spruce.  Speckled alder, leatherleaf, bog 
Labrador-tea, and red-osier dogwood are common shrubs, while sphagnum moss covers most of 
the ground.  Forests in the northwestern section contain a dense mix of northern white cedar 
and black spruce with scattered black ash in the drainages.  The northwestern portion of this 
section is dominated by mature northern white cedar. 

Five beaver ponds were found on the lands.  These ponds are comprised of open water with 
scattered dead spruce surrounded by emergent wetland dominated by sedges, narrow-leaved 
cattail, woolgrass, and Canada bluejoint, or by dense stands of speckled alder in more shallow 
areas.  Shallower drainages, especially in areas that have been logged, are covered by speckled 
alder, sedges, and narrow-leaved cattail. 

Most upland areas have been recently clear cut, with the exception of the southwestern 
portion of the lands.  This area has been partially thinned, leaving areas where mature paper 
birch, black spruce, jack pine, eastern white pine, and northern white cedar trees remain, 
ranging from 12 to 24 inches dbh.  Balsam fir and beaked hazel are found in the midstory, 
while forbs and grasses cover the ground layer.  Because of recent logging activity, woody 
debris and large downed trees are abundant. 
 
2.12.4 McFarland Lake Lands 

McFarland Lake Lands are about 31 acres on a hill slope that rises from 1,483 feet above 
mean seal level at McFarland Lake to 1,778 feet above mean seal level on the western 
boundary of the lands.  Rocky cliffs, about 150 feet in height, are found at the top of the hill 
slope and large boulders are found on the hill slope (AECOM 2011b). 

McFarland Lake Lands are dominated by deciduous and mixed coniferous/deciduous forest 
habitats (Figure 12).  Tree sizes and ages range from immature to mature.  Some logging has 
occurred at the top of the hill slope along the western boundary of the lands. 

2.12.5 Wolf Lands 

Wolf Lands total 1,576 acres and consist of four parcels, Wolf Lands 1, 2, 3, and 4. 
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2.12.5.1 Wolf Lands 1 

Wolf Lands 1 is approximately 126 acres, of which about 90 acres are wetland (Figure 11).  
Most upland habitat consists of mature coniferous and deciduous forest, while most wetland 
habitat consists of immature coniferous forest.  The lands are relatively flat but slope gently 
downward toward the southwest.  The lands are adjacent to Lake County Lands North 
(AECOM 2011c). 

Wetland communities are comprised primarily of young and immature forests in nearly equal 
amounts.  Young forests are comprised of black spruce, with scattered northern white cedar and 
tamarack.  Young forests have characteristics of more open bogs, as tree cover is sparse, trees are 
short, and most of the ground is covered by bog Labrador-tea and leatherleaf, and sphagnum 
moss.  In immature forests, the canopy is dominated by 6 to 10 inches dbh black spruce, with 
tamarack and northern white cedar also present.  The midstory consists of balsam fir and black 
spruce, while speckled alder, leatherleaf, bog Labrador-tea, and red-osier dogwood dominate the 
shrub layer.  Club moss and sphagnum moss cover most of the ground (AECOM 2011c). 
 
Upland mixed coniferous/deciduous immature and mature forest is found in the southwestern 
portion of the lands.  Paper birch and trembling aspen cover about half of the area, and the 
midstory consists of mostly balsam fir; beaked hazel, and red-osier dogwood. 
 
2.12.5.2 Wolf Lands 2 

Wolf Lands 2 is approximately 769 acres, of which about 706 acres are wetland (Figure 11).  The 
lands consist of gently undulating terrain and slope toward the southwest.  Water generally flows 
to the southwest and to Mary Ann Creek, Wenho Creek, and Greenwood Lake.  The lands consist 
primarily of wetlands comprised of immature black spruce and northern white cedar forest, while 
shrub swamp comprised of speckled alder also is common.  Black spruce is the dominant tree in 
wetlands in the northern and eastern portions of the lands, while northern white cedar is more 
prevalent in other portions of the lands (AECOM 2011c).  Several drainages are dominated by 
speckled alder or have a black ash component, while emergent wetland habitat is associated with 
beaver ponds.  Most upland habitat consists of immature mixed coniferous/deciduous forest. 

Wetland immature forests are of three types: black spruce dominant, a mix of black spruce 
and northern white cedar, or northern white cedar dominant.  Canopy trees range from 4 to 8 
inches dbh.  The midstory consists of young black spruce, northern white cedar, and balsam 
fir.  Bog Labrador-tea comprises 10 to 30% of the low shrub cover, while sphagnum moss 
often covers more than 80% of the ground. 

Several drainages are dominated by shrub swamp vegetation.  These drainages generally 
have a sparse overstory of black spruce, northern white cedar, and tamarack.  Speckled 
alder and young trees are in the midstory while low shrub cover consists of bog 
Labrador-tea. 

Beaver dams and ponds are found in the southeastern portion of the lands.  Typically, open water 
is adjacent to the dams, with emergent wetland surrounding the open water and shrub swamp 
wetland upstream of the dams. 
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Upland habitat in the northern portion of the lands consists of an overstory of young and 
immature mixed coniferous/deciduous forest over a shrub layer of beaked hazel.  Some of the 
upland area on the northern portion of the lands has been logged.  Upland habitat is also found 
in the southern portion of the lands and is comprised of paper birch, trembling aspen, and 
black spruce, over a midstory of balsam fir and shrub layer of beaked hazel. 
 
2.12.5.3 Wolf Lands 3 

Wolf Lands 3 is approximately 277 acres, of which about 233 acres are wetland (Figure 12).  
The lands are relatively flat and Coyote Creek begins its northward flow within the lands.  
Wetlands are dominated by shrub swamp and immature coniferous forest habitat, while 
uplands consist of mostly shrubland and immature deciduous forest (AECOM 2011c). 

About half of the lands have been recently logged.  Logged wetlands are dominated by 
grasses, forbs, and low growing shrubs, including red-osier dogwood and speckled alder.  In 
shrub swamp wetlands, speckled alder dominates.  Bog Labrador-tea is often thick in areas 
where there is a dense cover of speckled alder.  Vegetation on logged uplands includes 
grasses, forbs, and beaked hazel. 

In the unlogged areas, wetland forests are comprised of immature black spruce.  In the northern 
portion of the lands, black spruce is co-dominant with tamarack; in the rest of the lands, 
tamarack is present in the canopy but in much lower amounts.  The midstory consists of 
balsam fir and black spruce, while the shrub layer is dominated by bog Labrador-tea, over a 
ground layer of nearly continuous sphagnum moss with scattered grasses and forbs.  There 
are numerous downed trees and much woody debris associated with tree wind-throw in areas 
adjacent to the clearings. 

Coyote Creek is bordered by emergent sedge meadow wetland comprised of sedges, narrow-
leaved cattail, and Canada bluejoint.  There are also scattered young tamarack and northern 
white cedar, as well as scattered patches of speckled alder and bog Labrador-tea.  The emergent 
wetland is bordered by dense speckled alder.  Water depth in the emergent and shrub swamp 
wetlands is about 18 to 24 inches. 

Upland areas within the lands have been logged recently.  Most of these areas have few trees 
remaining, though some areas still support paper birch up to 16 inches dbh and scattered 
balsam fir.  The upland habitat along the boundary of the lands consists of both young and 
mature paper birch with scattered black spruce and northern white cedar, over an understory 
comprised of balsam fir. 

 
2.12.5.4 Wolf Lands 4 

Wolf Lands 4 is approximately 405 acres, of which about 363 acres are wetland (Figure 12).  
Coyote Creek bisects the lands, while the Stony River is found about 2,000 feet northwest of 
the lands.  Timber harvests have recently occurred along the western border of the lands.  
Wetland habitats are dominated by immature coniferous forest and shrub swamp, while 
upland habitat consists primarily of mature deciduous forest (AECOM 2011c). 
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Coniferous forest dominates the wetland habitat.  Black spruce forest dominates in the northern 
half of the lands, while northern white cedar is more prevalent in the southern half of the lands.  
Immature-size trees prevail over most of the lands, but patches of young black spruce are more 
common in the northeastern portion of the lands, and young northern white cedar and black 
spruce are more common in the southwestern portion of the lands.  Emergent communities 
comprised of sedges and Canada bluejoint, and shrub swamp communities comprised primarily 
of speckled alder, are found in floodplains that border Coyote Creek. 

Immature black spruce and black spruce/northern white cedar wetlands are dominated by 
trees ranging from 4 to 8 inches dbh.  Scattered young and immature tamarack is also found in 
these wetlands.  The low shrub layer is nearly continuous, and is comprised of leatherleaf, bog 
Labrador-tea, and other vegetation.  Sphagnum and club mosses cover most of the ground. 

Shrub swamp is dominated by speckled alder, with scattered black spruce, tamarack, and 
northern white cedar in the overstory.  Leatherleaf and bog Labrador-tea cover comprise about 
40 to 50% of the shrub layer. 

Upland habitat consists of immature and mature paper birch and some black spruce.  Trees are 
up to 18 inches dbh, although a 30 inches dbh jack pine and several large red pines to 24 
inches dbh are found on the lands.  Balsam fir is common in the midstory, while beaked hazel 
and raspberry are dominant in the shrub layer.  In areas that have been logged recently, young 
paper birch is common over a shrub layer of beaked hazel, raspberry, and bog Labrador-tea. 
 
2.13 Wetland Mitigation Lands 

 
2.13.1 On-site Restoration 

 
  Approximately 102 acres of onsite wetland creation opportunities were identified that may occur 
at Project closure (Barr 2012, 2014d). 
 
2.13.2 Off-site Mitigation 

Three sites were identified to develop compensatory wetland mitigation for the Project.  
These are the 1,070-acre Aitkin Site, the 530-acre Hinckley Site, and the 569-acre Zim Site, 
which includes 481-acre Zim North (481 acres) and Zim South (88 acres) (Figure 2; Barr 
2014a, 2014b, 2014c, 2014d).  Of these 2,169 acres, about 1,603 acres would be restored to 
wetland habitat. 

2.13.2.1 Aitkin Site 

The Aitkin Site is a 1,070-acre planned mitigation area with about 876 acres of agricultural 
production, 46 acres of roads, buildings, and ditches, 48 acres are grassland, and 13 acres of 
forest (Figure 13).  The types of habitats that would be restored on the site are discussed in 
Section 6.1. 
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2.13.2.2 Hinckley Site 

The Hinckley Site is a 530-acre planned mitigation area.  About 357 acres are in agricultural 
(sod) production; 95 acres are forestland, shrubland, and wet meadow/sedge wetland; 42 acres 
are upland forestland; 28 acres are comprised of roads, railroad tracks, buildings, and ditches; and 
8 acres are grassland (Figure 13).  The types of habitats that would be restored on the site are 
discussed in Section 6.1. 

2.13.2.3 Zim North 

The Zim North Site is approximately 481 acres, including about 393 acres of fields and open 
areas, 79 acres of woodlands, and 8 acres of buildings, roads, and borrow areas (Figure 13).  
This site primarily is used for sod production (Barr 2014c, 2014d).  The types of habitats that 
would be restored on the site are discussed in Section 6.1. 

2.13.2.4 Zim South 

The Zim South Site is approximately 88 acres, including about 79 acres of fields and open 
areas, 8 acres of woodlands, and 2 acres of buildings, roads, and borrow areas (Figure 13).  
This site primarily is used for sod production (Barr 2014c, 2014d).  The types of habitats 
that would be restored on the site are discussed in Section 6.1. 
 
3.0 Status of the Species/Critical Habitat 

3.1 Analytical Approach 

3.1.1 Literature Review 

3.1.1.1 Biological Assessments and Biological Opinions 

Several recent BAs and BOs have been prepared for proposed actions on or near the federal 
and non-federal lands and provided information that is used in this BO.  These are: 

• Federally Listed Threatened and Endangered Species Programmatic Biological Assessment 
for the Revised Forest Plan Chippewa and Superior National Forests (2004 Forest Plan BA; 
USDA USFS 2004b) – evaluated potential impacts to lynx and wolf and their critical habitats 
from proposed vegetation management activities in the Chippewa and Superior National 
Forests, including federal lands. 

• Biological Opinion for the Revised Land and Resource Management Plans (Forest 
Plans) for the Chippewa and Superior National Forests (USDOI USFWS 2004) – 
provided the USFWS evaluation of the potential effects to lynx and wolf and their 
critical habitats from proposed vegetation management activities in the Chippewa and 
Superior National Forests, including Project lands. 
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• Whyte Project Biological Assessment (USDA USFS 2006) – evaluated potential impacts 
to lynx and wolf and their critical habitats from proposed vegetation management 
activities in areas that include Wolf Lands 2, 3, and 4. 

• Final Biological Assessment for the Proposed Mesaba Energy Project (AECOM 
2009a) – evaluated potential impacts to lynx and wolf and their critical habitats for a 
proposed electric generating facility about 3 miles southwest of the Plant Site. 

• Tracks Forest Management Project Laurentian Ranger District, Superior National Forest, 
Biological Assessment (Tracks Project BA; USDA USFS 2010) – evaluated potential 
effects to special status plants and animals from proposed forest management activities on 
the Tracks Forest Management Project (Tracks Project) area east of Hoyt Lakes and north 
of Brimson, Minnesota, in Lake and St.  Louis Counties.  The Track Project area 
encompasses about 152,000 acres of land of which approximately 78,000 acres are in the 
Superior National Forest. 

• Draft Biological Assessment for the Federal Hardrock Mineral Prospecting Permits 
Draft EIS (2011 Hardrock Mining BA; USDA USFS 2011a) – evaluated potential 
impacts to lynx and wolf and their critical habitats from proposed hardrock mineral 
prospecting activities in the Superior National Forest, including the federal land. 

• Programmatic Biological Assessment for Federally-listed Species: Gray Wolf, Canada 
Lynx, and Their Critical Habitats for the Superior National Forest (USDA USFS 
2011b) – evaluated potential impacts to lynx and wolf and their critical habitats from 
proposed implementation of management direction for the Superior National Forest 
Plan, including the federal land. 

• Biological Opinion Mesabi Nugget Prevention of Significant Deterioration Permit 
(USDOI USWFS 2009a) – evaluated potential impacts to lynx and wolf and their 
critical habitats from actions at the Mesabi Nugget facility immediately west of the 
Plant Site. 

• Biological Opinion Northshore Mine Eastern Progressions and CSAH 70 Relocation St.  
Louis County, Minnesota (USDOI USFWS 2011a) – evaluated potential impacts to lynx 
and wolf and their critical habitats from actions east of the Northshore Mine and about 5 
miles northeast of the Mine Site. 

 
3.1.1.2 Other Sources of Information 

This section is based on information (and references cited therein) in the following documents: 

General 

• Consultation Handbook: Procedures for Conducting Consultation and Conference 
Activities under Section 7 of the Endangered Species Act (USDOI USFWS and 
NMFS 1998). 
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• Winter 2000 Wildlife Survey for the Proposed NorthMet Mine Site, St.  Louis County, 
Minnesota (ENSR 2000). 

• Land and Resource Management Plan for the Superior National Forest (USDA USFS 
2004a). 

• NorthMet Mine Summer Fish and Wildlife Study (ENSR 2005). 

• 2009 NorthMet Mine/Forest Additional Parcel Northern Goshawk and Owl Survey – 
Final Report (AECOM 2009b). 

• 2008 NorthMet Mine/USFS Additional Parcel Summer Wildlife and Wetland 
Assessment – Final Report (AECOM 2011a). 

• 2009 Hay Lakes Parcel and McFarland Lake Parcel Summer Wildlife and Wetland 
Assessment Final Report (AECOM 2011b). 

 
• Hunting Club, Lake County, and Wolf Land Parcels Fall 2010 Wildlife and Wetland 

Assessment Final Report (AECOM 2011c). 

Canada Lynx 

• The Scientific Basis for Lynx Conservation (Ruggiero et al.  2000a). 

• Canada Lynx Conservation Assessment and Strategy (Ruediger et al.  2000). 

• Ecology and Conservation of Lynx in the United States (Ruggiero et al.  2000b). 

• Canada Lynx Conservation Agreement (USDA, USFS and USDOI USFWS 2000). 

• Contiguous U.S.  Distinct Population Segment of the Canada Lynx and Related Rule; 
Final Rule (USDOI USFWS 2000a). 

• Biological Opinion on the Effects of National Forest Land and Resource Management 
Plans and Bureau of Land Management Land Use Plans on Canada Lynx (Lynx 
canadensis) in the Contiguous United States (USDOI USFWS 2000b). 

• Endangered and Threatened Wildlife and Plants: Notice of Remanded Determination of 
Status for the Contiguous U.S.  Distinct Population Segment of the Canada Lynx; 
Clarification of Findings; Final Rule (USDOI USFWS 2003a). 

• Endangered and Threatened Wildlife and Plants: Designation of Critical Habitat for the 
Contiguous United States Distinct Population Segment of the Canada Lynx (USDOI 
USFWS 2006a). 

• Canada Lynx Assessment for the Proposed NorthMet Mine Project (ENSR 2006). 
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• Endangered and Threatened Wildlife and Plants; Revised Critical Habitat for the 
Contiguous United States Distinct Population Segment of the Canada Lynx (Lynx 
canadensis; USDOI USFWS 2008a). 

• Canada Lynx in the Great Lakes Region Final Report to USDA USFS and U.S.  
Geological Survey and Minnesota Department of Natural Resources (Moen et al.  
2008). 

 
• Canada Lynx in the Great Lakes Region 2008 and 2009 Annual Reports (Moen 2008, 2009). 
 
• Endangered and Threatened Wildlife and Plants; Revised Critical Habitat for the 

Contiguous United States Distinct Population Segment of the Canada Lynx (Lynx 
canadensis); Final Rule (USDOI USFWS 2009a). 

Northern Long-Eared Bat 

• Endangered and Threatened Wildlife and Plants; 12-Month Finding on a Petition To List 
the Eastern Small-Footed Bat and the Northern Long-Eared Bat as Endangered or 
Threatened Species; Listing the Northern Long-Eared Bat as an Endangered Species; 
Proposed Rule (USDOI USFWS 2013b). 

• Northern long-eared bat interim conference and planning guidance.  January, 2014.  
USFWS Regions 2, 3, 4, 5, & 6 (USFWS 2014).Summary of Acoustic and Emergence 
Surveys for Bats in the NorthMet Project Area (USDA USFS 2014a). 

• Summary of the 2014 Minnesota Northern Long-eared Bat Summer Habitat Use in 
Minnesota Project (Preliminary Report) (USDA USFS 2014b). 

• Endangered and Threatened Wildlife and Plants; Threatened Species Status for 
Northern Long-Eared Bat with 4(d) Rule; Interim and Final Rule (USDOI USFWS 
2015). 

Gray Wolf 

• Recovery Plan for the Eastern Timber Wolf (Wolf Recovery Plan; USDOI USFWS 1992). 
 
• Minnesota Wolf Management Plan (MDNR 2001). 
 
• Wolves: Behavior, Ecology, and Conservation (Mech and Boitani 2003). 
 
• Endangered and Threatened Wildlife and Plants; Designating the Western Great Lakes 

Population of Gray Wolves as a Distinct Population Segment; Removing the Western 
Great Lakes Distinct Population Segment of the Gray Wolf From the List of Endangered 
and Threatened Wildlife (USDOI USFWS 2006b). 

 
• Final Rule Designating the Western Great Lakes Populations of Gray Wolves as a 

Distinct Population Segment; Removing the Western Great Lakes Distinct Population 
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Segment of the Gray Wolf From the List of Endangered and Threatened Wildlife 
(USDOI USFWS 2007). 

 
• Endangered and Threatened Wildlife and Plants: Reinstatement of Protections for the 

Gray Wolf in the Western Great Lakes and Northern Rocky Mountains in Compliance 
with Court Orders (USDOI USFWS 2008b). 

 
• Endangered and Threatened Wildlife and Plants; Final Rule To Identify the Western 

Great Lakes Populations of Gray Wolves as a Distinct Population Segment and To 
Revise the List of Endangered and Threatened Wildlife (USDOI USFWS 2009b). 

 
• Endangered and Threatened Wildlife and Plants; Reinstatement of Protections for the 

Gray Wolf in the Western Great Lakes in Compliance With Settlement Agreement and 
Court Order (USDOI USFWS 2009c). 

 
• Endangered and Threatened Wildlife and Plants; Proposed Rule To Revise the List of 

Endangered and Threatened Wildlife for the Gray Wolf (Canis lupus) in the Eastern 
United States, Initiation of Status Reviews for the Gray Wolf and for the Eastern Wolf 
(Canis lycaon; USDOI USFWS 2011b). 

 
3.1.2 Database Inquiries 

The MDNR Natural Heritage Information System Rare Features Database was queried for 
federally protected species documented within 1 mile of the federal and non-federal lands and 
Wetland Mitigation Sites (MDNR 2014a).  The MDNR lynx database was also reviewed for 
lynx sightings that have occurred in the vicinity of these areas between 2000 and 2006 (MDNR 
2007).  The Natural Resources Research Institute (NRRI) lynx website was reviewed for records 
of radiomarked lynx within the study area (NRRI 2012).  The Superior National Forest’s lynx 
genetic reference database was also reviewed for records of lynx occurrence on or near the 
federal and non-federal lands and Wetland Mitigation sites. 

3.1.3 Consultation with Biologists with Local Knowledge of the Species 

Telephone and in-person interviews were conducted with agency and other personnel with 
knowledge of lynx in the region, including staff with the MDNR, USFS, USFWS, and 
University of Minnesota.  The information received from these contacts was used to gain 
information on lynx and wolf likely to be found in the areas of interest. 

3.1.4 Field Studies 

Canada lynx winter tracking surveys have been conducted in the vicinity of the Mine Site, 
including a 2006 survey at the Mine Site (ENSR 2006) and at sites about 6 miles east of the 
Mine Site (Barr 2011). 
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3.1.4.1 Project Lynx Survey 

A survey was conducted for lynx within a radius of 6 miles of the Project during January 
through March of 2006.  This area was identified by the USFWS as the minimum area that 
needed to be assessed to identify lynx that could be impacted by the Project (Burke 2006).  
The USFWS felt that lynx having territories further than 6 miles from the mine project would 
likely not be directly affected by the Project. 

Six hundred sixteen miles of transect were surveyed in seven townships in and around the 
Project.  Tracks and scat of four female lynx were identified during the survey, concentrated 
in areas approximately 5 miles south and east of the Mine Site.  Lynx sign was most common 
in dense coniferous forests of balsam fir and jack pine.  ENSR (2006) concluded that at least 
three lynx resided near the Mine Site. 
 
3.1.4.2 Other Lynx Surveys near Project Area 

A lynx survey was conducted for the Birch Lake Project and Maturi Project for Franconia 
Minerals Corporation, which is about 12 miles northeast of the Mine Site.  Several lynx were 
found during the study, based on DNA analysis of scat samples and track locations.  Open bog 
and stunted black spruce forest and jack pine and eastern white cedar cover provided habitat for 
snowshoe hare and lynx (Barr 2011). 

3.1.4.3 Other Field Surveys 

The USFS and other biologists with an interest in lynx and wolf have conducted informal 
track and scat surveys on or near the federal and non-federal lands and Wetland Mitigation 
Sites, and their data were included in the BA and are included in this BO.  These included 
radiotelemetry surveys of lynx conducted by the NRRI (2012) and surveys of wolf 
conducted by the International Wolf Center (2012). 

General wildlife surveys were conducted for the federal lands in 2000, 2004 2008, and 2009 
(ENSR 2000, 2005; AECOM 2009, 2011a); and for the non-federal lands in 2009 and 2010 
(AECOM 2011b, c).  These surveys included track surveys for Canada lynx and the results of 
these surveys are included in the BA. 

Wildlife habitat features on the federal and non-federal lands, including plant species 
composition and structure and special features (snags, downed woody debris, rock outcrops, 
wetlands, and deer snow-intercept thermal cover) were recorded during field surveys.  In 
particular, species composition, density, and size (dbh) of trees and shrubs near survey areas 
were noted, and the use of snags and other special habitat features by wildlife.  The location of 
special features was recorded using Global Positioning System units.  This information was 
recorded on aerial photographs, and, in conjunction with information on shrubs and herbaceous 
vegetation collected during surveys, was used to prepare habitat maps of the project lands. 

The USFS Superior National Forest staff conducted surveys for the northern long-eared bat at 
three general locations in the Project area in July and August 2014 (USDA USFS 2014a).  The 
three Project areas included the Mine Site, the Plant Site, and the Dunka Road and Utility 
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Corridor.  Survey methods utilized passive sonic (Anabat) detectors on the Mine Site and 
Dunka Road and Utility Corridor.  At the Plant Site, the methods were primarily direct 
observation of bat species, supplemented by passive sonic detectors when feasible.  The 
surveys found northern long-eared bats present at the Mine Site, Plant Site, and the Dunka 
Road and Utility Corridor. 

Survey data confirmed that northern long-eared bats utilize the Mine Site and the Dunka 
Road and Utility Corridor for foraging and travel to and from foraging and roost sites.  The 
Mine Site may also contain roost sites; however, the 2014 USFS surveys found no 
conclusive evidence of roost sites.  The direct observations and passive sonic survey data 
suggested that northern long-eared bats used the Plant Site buildings for foraging, and that 
the Coarse Crusher and Concentrator Buildings “have potential for limited roost sites” 
(USDA USFS 2014a).  No conclusive evidence of roost sites was found in the Plant Site 
buildings. 

In addition, the 2014 USFS surveys and examination of the Mine Site, Plant Site buildings, 
and the Dunka Road and Utility Corridor found no evidence of northern long-eared bat 
hibernacula, or conditions suitable for hibernacula (USDA USFS 2014a). 

In the spring of 2014, the USFS Superior National Forest staff and MDNR staff, with 
additional funding from USFWS, conducted a pilot project to describe summer habitat use by 
northern long-eared bats in Minnesota.  Surveys were conducted at 12 sites, five of which were 
on the Superior National Forest.  The survey captured six of the seven species of bats known 
to occur in Minnesota; tri-colored bat was the only species not captured.  The most frequently 
captured bats were little brown bats (45%), and northern long-eared bats (22%) (USFS 2014b). 

Acoustic surveys for bats were conducted as part of wildlife surveys for the federal and non-
federal lands (AECOM 2011a, b, c).  No effort was made to determine the species of bat 
making the echolocation.  Seven bat species could occur in the Project area—northern long-
eared bat, little brown myotis, big brown bat, tricolored bat, silver-haired bat, eastern red bat, 
and hoary bat.  Echolocations recorded during the surveys could have come from any of these 
seven bat species. 

Echolocation surveys were conducted at five stations on the federal lands, although only four 
stations gave usable information due to rainfall during the survey at one station.  Recordings 
indicated the presence of bats at all sites, with the greatest number of echolocations occurring 
at open water sites associated with the Partridge River and an unnamed creek, and the fewest 
echolocations at emergent wetlands covered with water and some aquatic vegetation. 

Recordings on Hay Lake Lands showed that most echolocations occurred at an emergent 
wetland with open water (814 echolocations, mostly feeding activity).  Moderate numbers of 
echolocations were recorded at the two sites along the Pike River (164 echolocations at the north 
Pike River site, 230 echolocations at the middle Pike River site; feeding activity was moderate), 
and at two small emergent wetland ponds with limited open water (64 and 181 echolocations; 
AECOM 2011b).  An echolocation site to the south of Hay Lake Lands was located at a small 
patch of open water associated with an old beaver pond; 72 echolocations were recorded at this 
site.  No echolocation surveys were made on Hunting Club Lands, Lake County Lands, and Wolf 
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Lands as surveys were conducted in November and bats would have already migrated from 
the area.  Surveys were also not conducted at McFarland Lake Lands, although bats likely 
forage over McFarland Lake. 

Acoustic surveys for bats have also recently been conducted on the federal lands by the 
Superior National Forest and the NRRI, but analysis has not been completed to determine the 
species making the calls. 

Project effects on lynx, northern long-eared bat, and wolf habitat use were based on habitat 
classification systems developed by the MDNR and USFS.  The primary GAP land cover types 
on the federal lands are lowland coniferous forest (46%), upland coniferous forest (25%), and 
upland deciduous forest (17%).  On the non-federal lands, GAP land cover types include lowland 
coniferous forest (41%), shrubland (26%), and upland deciduous forest (17%). 

The USFS designates and maintains data about Management Indicator Habitat (MIH) types on 
federal lands.  The MIHs are based on forest type, including dominant species, stand age class, 
and stand condition.  There are 14 MIHs, of which 13 MIHs pertain to forest habitats and 1MIH 
pertains to aquatic habitats.  A subset of these MIH types was used for the analysis of effects in 
the BE, including upland forest types (MIH 1; jack pine, red pine, white pine, balsam 
fir/trembling aspen-paper birch, black spruce-balsam fir, black spruce-jack pine, northern 
hardwoods, including oak and maple, trembling aspen, paper birch, and trembling aspen-black 
spruce-balsam fir); upland coniferous forest (MIH 5; all upland conifer and conifer-dominated 
mixed forest types); lowland black spruce-tamarack forest (MIH 9; all lowland conifer and 
lowland mixed conifer types dominated by black spruce or tamarack); and aquatic habitats (MIH 
14; lakes, rivers, streams, pond, marshes or pools [permanent, intermittent, or seasonal]).  A 
smaller subset of all MIH types were used for this analysis of effects to lynx, northern long-eared 
bat, and wolf, including upland forest (MIH 1), upland coniferous forest (MIH 5), lowland black 
spruce-tamarack forest (MIH 9), and aquatic habitats (MIH 14). 
 

 
3.2 Environmental Baseline 

Chapter 4 includes background information and an analysis of the effects of the Project on lynx, 
northern long-eared bat, and wolf.  The first part of each section provides background information 
on lynx and wolf abundance and distribution, habitat requirements, reproductive biology and life 
history, and current status and presence/absence of designated critical habitat.  This is followed by 
a discussion of potential beneficial, direct, indirect, interdependent, and interrelated threats to 
lynx, northern long-eared bat, and wolf.  Effects that are unrelated to the Project and that may 
result in cumulative effect as a result of the Project, are presented in Chapter 5 , Cumulative 
Effects.  These effects are defined as follows: 

• Beneficial – Effects of an action that are wholly positive, without any adverse effects, on a 
listed species or designated critical habitat.  Determination that an action will have 
beneficial effects is a “may effect” situation. 
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• Direct – The direct or immediate effects of the project on the species or its habitat.  Direct 
effects result from the proposed action including the effects of interrelated actions and 
interdependent actions. 

• Indirect – Effects caused by or resulting from the proposed action that are later in time, and 
are reasonably certain to occur.  Indirect effects may occur outside of the area directly 
affected by the action. 

• Interdependent – Effects that result from an activity that has no independent utility apart 
from the action under consideration. 

• Interrelated – Effects that result from an activity that is part of the proposed action and 
depends on the proposed action for its justification. 

• Cumulative – Include the effects of future state, tribal, local, or private actions that are 
reasonably certain to occur in the action area considered in this BO.  Future federal actions 
that are unrelated to the proposed action are not considered in this section because they 
require separate consultation pursuant to Section 7 of the ESA.  Cumulative effects are 
discussed in Chapter 5. 

 
For a more detailed discussion of types of effects, see USDOI USFWS and NMFS (1998).  The 
effects assessment is based on the following factors: 

• dependency of the species on specific habitat components, 

• habitat abundance, 

• population levels of the species, 

• degree of habitat impact, and 

• potential to mitigate for an adverse effect. 

For the purposes of this assessment, the action area for direct and indirect effects includes those 
areas within 6 miles of Project, or approximately 250 mi2.  This area was identified by the 
USFWS as the minimum area that needed to be assessed to identify lynx that could be 
impacted by the Project (Burke 2006).  In addition, we have provided information on lynx and 
wolf found within about 6 miles of the federal lands, non-federal lands, and Wetland 
Mitigation Sites. 
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3.3 Species within the Action Area 

3.3.1 Canada Lynx 

3.3.1.1 Species Description and Status and Critical Habitat Status 

The lynx is a medium-sized cat with long legs.  Adult males average 22 pounds in weight and 
33.5 inches in length (head to tail), and females average 19 pounds and 32 inches (Quinn and 
Parker 1987).  The lynx’s long legs and large feet make it highly adapted for hunting in deep 
snow. 

The bobcat is a North American relative of the lynx.  Compared to the lynx, the bobcat has 
smaller paws, shorter ear tufts, and a more spotted pelage (coat), and only the top of the tip of the 
tail is black.  The paws of the lynx have twice the surface area as those of the bobcat.  The lynx 
also differs from the bobcat in its body proportions; lynx have longer legs, with hind legs that are 
longer than the front legs, giving the lynx a “stooped” appearance (Quinn and Parker 1987).  
Bobcats are largely restricted to habitats where deep snows do not accumulate (Koehler and 
Hornocker 1991).  Hybridization (breeding) between lynx and bobcat was first documented in 
2002 in Minnesota (Schwartz et al. 2004). 

Classification of the lynx has been subject to revision.  In accordance with Wilson and Reeder 
(1993), the USFWS currently recognizes the lynx in North America as Lynx canadensis.  The 
USFWS previously used the scientific name L. lynx canadensis for the lynx (Jones et al. 1992).  
Other scientific names still in use include Felis lynx or F. lynx canadensis (Jones et al. 1986, 
Tumlison 1987). 

On March 24, 2000, the lynx was federally listed as a threatened species in several states in the 
Northeast, Great Lakes Region (including Minnesota), and Southern Rockies (USDOI USFWS 
2000a).  On November 9, 2006, the USFWS designated 317 mi2 as critical habitat in Voyageurs 
National Park (USDOI USFWS 2006a).   
 
On February 25, 2009, the USFWS re-designated lynx critical habitat to include portions of Cook, 
Koochiching, Lake, and St.  Louis Counties, including portions of the federal lands, and all of the 
non-federal lands.  A total of 8,065 mi2 were designated as critical habitat in 2009 (USDOI USFWS 
2009a).  However, the designated critical habitat does not include lands immediately north of the 
Project which are part of the Iron Range and have been disturbed by past and ongoing mining 
activities (Figure 14).  The Wetland Mitigation Sites also are not included within designated critical 
habitat.  Lynx and/or their sign (scat, tracks) have been observed on or near the federal and non-
federal lands, but not near the Wetland Mitigation Sites. 
 
3.3.1.2 Distribution 

The historical and present range of the lynx, north of the contiguous U.S., includes Alaska and the 
portion of Canada extending from the Yukon and Northwest Territories south to the U.S. border 
and east to New Brunswick and Nova Scotia.  In the contiguous U.S., lynx historically occurred in 
the Cascades Range of Washington and Oregon; the Rocky Mountain Range in Montana, 
Wyoming, Idaho, eastern Washington, eastern Oregon, northern Utah, and Colorado; the western 
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Great Lakes Region; and the northeastern U.S. region from Maine southwest to New York (Figure 
15; McCord and Cardoza 1982, Quinn and Parker 1987). 

In the contiguous U.S., the distribution of the lynx is associated with the southern boreal forest, 
comprised primarily of subalpine coniferous forest in the West and mixed coniferous/deciduous 
forest in the East (Aubry et al. 2000).  In Canada and Alaska, lynx inhabit the classic boreal 
forest ecosystem known as the taiga (McCord and Cardoza 1982, Quinn and Parker 1987, Agee 
2000, McKelvey et al. 2000a).  Within these general forest types, lynx are most likely to persist 
in areas that receive deep snow, for which the lynx is highly adapted (Ruggiero et al. 2000). 

Lynx in the contiguous U.S. are part of a larger metapopulation whose core is located in the 
northern boreal forest of central Canada; lynx populations emanate from this area (Buskirk et al.  
2000a, McKelvey et al. 2000a, b).  The boreal forest extends south into the contiguous U.S. along 
the Cascade and Rocky Mountain Ranges in the West, the western Great Lakes Region, and the 
Appalachian Mountain Range of the northeastern U.S.  At its southern margins, the boreal forest 
becomes naturally fragmented into patches of varying size as it transitions into other vegetation 
types.  These southern boreal forest habitat patches are small relative to the extensive northern 
boreal forest of Canada and Alaska, which constitutes the majority of the lynx range.  Lynx are 
considered “not at risk” in Canada (Committee on the Status of Endangered Wildlife in Canada 
2006). 

Many of these southern boreal forest habitat patches within the contiguous U.S. are able to support 
resident populations of lynx and their primary prey species.  It is likely that some of the habitat 
patches act as sources of lynx (recruitment is greater than mortality) that are able to disperse and 
potentially colonize other patches (McKelvey et al. 2000b).  Other habitat patches act as “sinks” in 
which lynx mortality is greater than recruitment and lynx are lost from the overall population.  The 
ability of naturally dynamic habitat to support lynx populations may change as the habitat 
undergoes natural succession following natural or man-made disturbances (i.e., fire, clear cutting).  
In addition, fluctuations in the prey populations may cause some habitat patches to change from 
being sinks to sources and vice versa.  The term “resident population” refers to a group of lynx that 
has exhibited long-term persistence in an area based on a variety of factors, such as evidence of 
reproduction, successful recruitment into the breeding cohort, and maintenance of home ranges.  
The word “transient” refers to a lynx moving from one place to another within suitable habitat.  
The word “dispersing” refers to lynx that have left suitable habitat for various reasons, such as 
competition or lack of food.  When dispersing lynx leave suitable habitat and enter habitats that are 
unlikely to sustain them, these individuals are considered lost from the metapopulations unless they 
return to boreal forest. 
 
3.3.1.3 Population Status 

Lynx numbers and snowshoe hare densities in the contiguous U.S. generally do not get as high as 
those in the center of their range in Canada, and there is no evidence they ever did so in the past 
(Hodges 2000a, b, McKelvey et al. 2000a).  It appears that northern and southern snowshoe hare 
populations have similar cyclic dynamics, but that in southern areas both peak and low densities are 
lower than in the north (Hodges 2000b).  However, it is unclear whether hare populations cycle 
everywhere in the contiguous U.S.  Relatively low snowshoe hare densities at southern latitudes are 
likely a result of the naturally patchy, transitional boreal habitat at southern latitudes that prevents 
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hare populations from achieving densities similar to those of the expansive northern boreal forest 
(Wolff 1980, Buehler and Keith 1982, Koehler 1990, Koehler and Aubry 1994).  Additionally, the 
presence of more predators and competitors of hares at southern latitudes may inhibit the potential 
for high-density snowshoe hare populations with extreme cyclic fluctuations (Wolff 1980).  As a 
result of naturally lower snowshoe hare densities, lynx densities at the southern part of the range 
rarely achieve the high densities that occur in the northern boreal forest (Aubry et al. 2000). 

The density of lynx near the Project area was estimated to range from one lynx per 72 to 86 mi2 
based on lynx surveys conducted on or near the Project (ENSR 2006, Barr 2011).  However, 
Moen (2009) noted that given the low densities of Canada lynx in Minnesota, it may be impossible 
to provide an accurate population estimate. 
 
3.3.1.3.1 United States 

Within the contiguous U.S., the lynx’s range coincides with that of the southern margins of 
the boreal forest along the Appalachian Mountains in the Northeast, the western Great Lakes, 
and the Rocky Mountains and Cascade Mountains in the West (Figure 15).  In these areas, 
the boreal forest is at its southern limits, becoming naturally fragmented into patches of 
varying size as it transitions into subalpine forest in the West and deciduous temperate forest 
in the East (Agee 2000).  Because the boreal forest transitions into other forest types to the 
south, scientists have difficulty mapping its exact boundaries (Elliot-Fisk 1988).  Precisely 
identifying and describing the distribution of lynx habitat also is difficult because there are 
several vegetation and landform classifications and descriptions that have been published for 
various parts of North America (USDA, USFS and Bureau of Land Management 1999).  
However, the term “boreal forest” broadly encompasses most of the vegetative descriptions 
of this transitional forest type that makes up lynx habitat in the contiguous U.S.  (Agee 
2000). 
 
In addition to appropriate vegetation type, delineation of the range of the lynx within the 
contiguous U.S. must consider snow conditions.  Lynx are at a competitive advantage over 
other carnivores (e.g., bobcats or coyote) in areas that have cold winters with deep snow 
because of their morphological adaptations for hunting and surviving in such environments.  
Therefore, lynx populations may not be able to successfully compete and persist in areas with 
insufficient snow even if suitable forest conditions otherwise appear to be present (Ruediger 
et al. 2000, Ruggiero et al. 2000b, Hoving 2001).  A consistent winter presence of bobcats 
indicates an area that is not of high quality for lynx. 

Lynx in the contiguous U.S. are part of a larger metapopulation whose center is located in the 
northern boreal forest of central Canada; lynx populations emanate from this area (Buskirk et al.  
2000, McKelvey 2000a, b).  When there is a high in the lynx population in central Canada, it acts 
like a wave radiating out to the margins of the lynx range.  The magnitude of the lynx population 
high emanating from the central Canadian boreal forest varies for each cycle.  This wave can be 
produced by local populations reacting to environmental conditions, dispersers, or a combination 
of these (McKelvey et al. 2000a, b). 

An example of the cyclic population “wave” occurred in the 1960s and 1970s, when numerous 
lynx were reported in the contiguous U.S. far from source populations.  These records of 
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dispersing lynx correlate to unprecedented cyclic lynx highs in Canada (Adams 1963, Mech 
1973, Gunderson 1978, Thiel 1987, McKelvey et al. 2000a, Mowat et al. 2000).  These dispersers 
frequently were documented in areas, such as Wisconsin, that are close to source populations of 
lynx in Canada or possibly northeastern Minnesota and that contain some boreal forest.  But 
there also have been a number of occurrences of dispersers in unsuitable habitats far from 
source populations, such as the North Dakota prairie (Adams 1963, Gunderson 1978, Thiel 
1987, McKelvey et al. 2000a). 

Lynx populations in the northeastern U.S. and southeastern Canada are separated from those in 
north central Canada by the St.  Lawrence River.  There is little evidence of regular snowshoe hare 
or lynx population cycles in this area (Hoving 2001), but wide fluctuations in lynx and snowshoe 
hare populations do occur.  On a smaller scale, fluctuating populations in the core of this area 
(Quebec’s Gaspé Peninsula, western New Brunswick, and northern Maine) can potentially 
influence lynx distribution up to several hundred miles distant. 

Lynx dispersing during periods of population highs will occupy many patches of boreal habitat at 
the periphery of their range.  Some patches will be suitable to maintain a long-term population 
and some will not.  Where the boreal forest habitat patches within the contiguous U.S. are large, 
with suitable habitat, prey, and snow conditions, resident populations of lynx are able to survive 
throughout the low period of the approximately 10-year cycle.  Most likely the influx of lynx 
from populations in Canada at the high point of the cycle augments these resident populations.  It 
is likely that some of these habitat patches within the contiguous U.S. are able to act as sources of 
lynx (where recruitment is greater than mortality) that are able to disperse and potentially 
colonize other patches (McKelvey et al. 2000b). 

In other areas, few lynx may remain after a cyclic population high, or the habitat may be 
naturally marginal, so they are not able to persist or establish local populations, although some 
reproduction may occur.  Such areas naturally act as population sinks (McKelvey et al. 2000b).  
Sink habitats are most likely those places on the periphery of the southern boreal forest where 
habitat naturally becomes patchier and more distant from larger lynx populations.  Lynx found in 
these sink habitats are considered dispersers, but are usually included within the species range.  
Changes in the habitat conditions or cyclic fluctuations in the prey populations may cause some 
habitat patches to change from being sinks to sources and vice versa.  Through this natural 
process, local lynx populations in the contiguous U.S. may “blink” in and out as the 
metapopulation goes through the 10-year cycle.  Where habitat is of high enough quality and 
quantity, resident lynx populations are able to become established or existing populations are 
augmented, aiding in their long-term persistence. 

Some maps (e.g., Hall and Kelson 1959) incorrectly portray the range of the lynx by encompassing 
peripheral records from areas that are not within boreal forest or do not have cold winters with 
deep snow, such as prairie or deciduous forest.  Such maps have led to a misperception that the 
historic range of the lynx in the contiguous U.S. was once much more extensive than ecologically 
possible.  Records of lynx outside of the southern boreal forest in peripheral habitats that are 
unable to support lynx represent long-distance dispersers that are lost from the metapopulation 
unless they return to the boreal forest and contribute to the persistence of a population.  These 
unpredictable and temporary occurrences are not included within either the historic or current 
range of lynx because they are well outside of lynx habitat.  This includes records from 
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Connecticut, Indiana, Iowa, Massachusetts, Nebraska, Nevada, North Dakota, Ohio, Pennsylvania, 
South Dakota, and Virginia (Hall and Kelson 1959, Burt 1954 as cited in Brocke 1982, Gunderson 
1978, McKelvey et al. 2000a).  States that support some boreal forest and have frequent records of 
lynx are assumed to be the historic and current species range; these states include Colorado, Idaho, 
Maine, Michigan, Minnesota, Montana, New Hampshire, New York, Oregon, Utah, Vermont, 
Washington, Wisconsin, and Wyoming. 
 
3.3.1.3.2 Regionally and in Minnesota 

Lynx are found within several geographic areas within the U.S.—the Cascade Mountains 
Geographic Area, Northern Rocky Mountains Geographic Area, Southern Rocky Mountains 
Geographic Area, Great Lakes Geographic Area, and Northeast Geographic Area.  These 
geographic areas are separated from each other by expanses of unsuitable habitats that limit or 
preclude lynx movement, except the Northern Rockies and Cascades (USDOI USFWS 2000a). 

Canada lynx in northern Minnesota are found within the Great Lakes Geographic Area.  The 
Great Lakes Geographic Area encompasses northeastern and north central Minnesota, northern 
Wisconsin, Michigan’s Upper Peninsula, and northern portions of Michigan.  The majority of 
lynx occurrence records in the Great Lakes Geographic Area are associated with the mixed 
coniferous/deciduous habitat type (McKelvey et al. 2000a).  Within this general forest type, the 
highest frequency of lynx occurrences have been in white spruce, balsam fir, jack pine, white pine, 
red pine, black spruce, and mixed black spruce/tamarack forest types.  These forest types are 
found primarily in northern Minnesota, northern Wisconsin, and Michigan’s Upper Peninsula. 

About 4.5 million of the 6 million acres of USFS-administered lands in the Great Lakes 
Geographic Area are mapped as primary lynx habitat.  These lands comprise about 19% of all 
lynx habitat within the Great Lakes Geographic Area.  About 2 million acres are included 
within non-developmental land allocations where natural processes are expected to 
predominate.  Private lands account for about 81% of the lynx habitat within the Great Lakes 
Geographic Area. 

Although the mixed coniferous/deciduous forest covers an extensive area in the Great Lakes 
Region, much of this area may be marginal habitat for lynx because it is a transitional forest 
type at the edge of the snowshoe hare range.  Habitat at the edge of hare range supports lower 
hare densities that may not be sufficient to support lynx reproduction (Buehler and Keith 1982).  
Furthermore, appropriate habitat with snow depths that allow lynx a competitive advantage over 
other carnivores (e.g., coyotes) occur only in limited areas in northeastern Minnesota, extreme 
northern Wisconsin, and Michigan’s Upper Peninsula. 

The historic status of lynx in the Great Lakes Region is uncertain.  Minnesota has a substantial 
number of lynx reports (McKelvey et al. 2000a), which is expected because of the connectivity of 
the boreal forest with that of Ontario, Canada, where lynx occur.  As noted earlier, lynx regularly 
travel between Minnesota and Ontario, Canada (Moen 2009, Moen et al. 2010).  Wisconsin and 
Michigan have substantially fewer records of lynx.  Researchers have debated whether lynx in this 
region are simply dispersing individuals emigrating from Canada, are members of a resident 
population, or are a combination of a resident population and dispersing individuals.  Recent 
research efforts in Minnesota have confirmed a reproducing population of lynx.  Reproduction has 
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been documented in all years since 2001.  However, there are a few records of lynx occurrence in 
Michigan and Wisconsin during this same period.  The majority of lynx occurrence records are 
from the northeastern portion of Minnesota; however, dispersing lynx have been found throughout 
Minnesota outside of typical lynx habitat (Gunderson 1978, Mech 1980, McKelvey et al. 2000a).  
In northeastern Minnesota, where deep snow accumulates, suitable lynx and snowshoe hare habitat 
is present.  Much of this area is protected as designated wilderness, including the BWCAW.  
Furthermore, these habitats are contiguous with the boreal forest in southern Ontario.  Until 1965, 
lynx had a bounty placed on them in Minnesota.  In 1976, the lynx was classified as a game 
species, and harvest seasons were established (DonCarlos 1994).  Harvest and bounty records for 
Minnesota are available for 1930 to 1984.  Approximate 10-year cycles are apparent in the data, 
with highs in the lynx cycle in 1940, 1952, 1962, and 1973 (Henderson 1978, McKelvey et al. 
2000a).  During a 47-year period (1930–1976), the Minnesota lynx harvest was substantial, up to 
400 lynx in a year (Henderson 1978).  These harvest returns for Minnesota are believed to be 
influenced by influxes of lynx from Canada, particularly in the 1960s and 1970s (Henderson 1978, 
Mech 1980, DonCarlos 1994, McKelvey et al. 2000a).  When an anticipated lynx cyclic high for 
the early 1980s did not occur, the harvest season was closed in 1984 (DonCarlos 1994) and remains 
closed today. 

Reproduction and maintenance of home ranges by lynx in Minnesota were documented in the 
early 1970s (Mech 1973, 1980), which may be evidence of a resident population (but see Section 
6.1.1.7; Recruitment).  The early 1970s were a period when the second highest lynx harvest 
returns in the 20th century occurred throughout Canada.  The high numbers of lynx trapped in 
Minnesota during this period likely included immigrants from Canada (McKelvey et al. 2000b).  
Lynx were consistently trapped over 40 years during cyclic lows, which may indicate that a small 
resident population occurred historically. 

Lynx Analysis Units 

The Superior National Forest first established Lynx Analysis Units (LAUs) in 2000 to map lynx 
habitats in the Superior National Forest using the criteria and procedures developed by the Lynx 
Science Team and Steering Committee (USDA USFS 2000b).  Lynx Analysis Units are described 
in the Lynx Conservation Strategy and Assessment (Ruediger et al. 2000) as the smallest 
landscape-scale analysis units used to determine direct, indirect, and cumulative effects for lynx.  
Lynx Analysis Units may contain habitat that may or may not provide habitat or environmental 
conditions necessary to support lynx reproduction and survival.  Lynx habitat outside LAUs exists 
because those areas did not contain sufficient habitat conditions to be viable LAUs (USDA USFS 
2000b, 2004b). 

In 2004, the LAUs were revised (USDA USFS 2004b, c, d) to add new LAUs, refine 
boundaries of some LAUs, and designate the BWCAW as a refugium for lynx. 

The federal lands are in LAU Superior National Forest (SNF) 12.  This LAU is 70,980 acres, of 
which 49,409 acres are on USFS-administered lands (Ryan 2013a).  Under the proposed land 
exchange, there would be a loss of 6,495 acres under USFS administration within this LAU after 
transfer of the federal lands from the USFS to PolyMet, a 13% reduction in acreage administered 
by the USFS within LAU SNF 12.  Under the land exchange, the non-federal lands, except Hay 
Lake Lands, would be incorporated into LAUs SNF 4, 16, 21, and 42, increasing the acreage of 
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these LAUs administered by the USFS by approximately 2,149 acres (Figure 16).  There is no 
LAU associated with Hay Lake Lands. 

Table 5 shows the total acres of suitable and unsuitable lynx habitat in each LAU.  After the land 
exchange, there would be a net decrease of about 1,719 acres of suitable lynx habitat within LAU 
SNF 12 due to the effects of the Project, or about a 2% decrease of suitable lynx habitat within the 
LAU.  After reclamation, about 397 acres could provide suitable habitat for lynx in the future; 
however, due to the successional process, it could be 10 or more years after mining before 
revegetation results in much suitable habitat for lynx.  Under the land exchange, there would be a 
loss of about 6,495 acres of suitable lynx habitat under USFS administration within LAU SNF 12, 
but a gain of 2,134 acres on other LAUs, for an overall loss of 4,361 acres under USFS 
administration within LAUs (MDNR et al.  2013, Ryan 2013a).  However, the USFS would gain 
about 4,675 acres of suitable lynx habitat on Hay Lake Lands, although this acreage is not 
associated with an LAU, resulting in an overall gain of 314 acres of suitable lynx habitat under 
USFS Administration after the land exchange. 

Boundary Water Canoe Area Wilderness 

The BWCAW serves as an important habitat refugium in northeastern Minnesota that connects 
with lynx habitat in Ontario, Canada.  Moen et al. (2010) found that many lynx in the Superior 
National Forest portion of northern Minnesota travel through the BWCAW to and from Ontario, 
Canada.  The quality, quantity, and distribution of lynx habitat in the BWCAW is primarily 
influenced by natural disturbance events and natural succession, although some prescribed fire 
management activities have occurred within the BWCAW (USDA USFS 2004b). 

The BWCAW provides large amounts of lynx habitat, including about 755,000 acres of suitable 
lynx habitat, 667,000 acres of snowshoe hare habitat, and 481,000 acres of lynx denning habitat 
(USDA USFS 2011b:Table 15).  The BWCAW is not managed using the LAU approach, and 
LAU management direction does not apply to the BWCAW.  The 2004 Forest Plan BA 
concluded that the BWCAW refugium met the direction for minimum habitat conditions 
established for LAUs (USDA USFS 200b). 
 
3.3.1.3.3 Project Area 

Minnesota Department of Natural Resources Lynx Database 

Of 426 reports from March 2000 to November 2006 in the MDNR lynx sightings database, 323 
(76%) of lynx sightings occurred in St.  Louis (113 sightings), Cook (109 sightings), and Lake (101 
sightings) Counties (Figure 17; MDNR 2007).  Most sightings are incidental encounters, and as 
such, tend to be clustered along roads and other places frequented by observant and interested 
people.  Thus, while these reports tell us something about where lynx are, they provide no 
information about where lynx do not occur.  Similarly, we cannot know the relationship between the 
number of reports and the number of lynx in Minnesota at the time of the reports. 

A review of the database revealed that a probable lynx sighting was made by a trained biologist 
in Section 13 of Township 59 North, Range 16 West, east of Hay Lake Lands, in October 2003.  
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Another lynx sighting was made 1 mile to the west of Hay Lake Lands the same year.  
Unverified lynx sightings were made in December 2002 and January 2003 in Sections 22 and 27 
of Township 64 North, Range 3 West, south of McFarland Lake Lands.  There were no records 
of lynx within 6 miles of the other federal and non-federal lands or Wetland Mitigation Sites. 

The relatively high proportion of lynx detected in northeastern Minnesota reflects, in part, the 
disproportionate survey effort that has occurred within this region as compared to other regions of 
the state that likely harbor lynx, and the number of lynx sightings may not be representative of the 
availability of suitable habitat or relative numbers of lynx. 

Superior National Forest Genetic Reference Collection 

The Superior National Forest’s genetic reference collection has 128 DNA sample collection 
points that have occurred within 6 miles of the Project since February 2004 (Table 6; Ryan 
2013b).  Lynx DNA have also been collected within 6 miles of the federal lands and all of the 
non-federal lands, except Hunting Club and McFarland Lake Lands; lynx DNA has been found 
within 10 miles of Hunting Club Lands and McFarland Lake Lands.  Lynx DNA has been 
collected within 10 miles of the Hinckley Wetland Mitigation Site, but not within 10 miles of 
the other Wetland Mitigation Sites. 

Natural Resources Research Institute Radio Telemetry Studies 

Since 2003, the NRRI (2012) has captured and radiocollared and tracked 36 lynx in 
northeastern Minnesota.  Four NRRI radiocollared study animals that were not identified in 
Superior National Forest’s reference collection have been recorded within 6 miles of the 
Project. 

Field Surveys 

Several surveys have been conducted on and near the Project to determine lynx use based on 
tracks and scat.  The Project lynx survey was conducted during January through March 2006 
(ENSR 2006).  Tracks and scat of three female lynx were identified during the survey within the 
study area, concentrated in areas approximately 5 miles east and south of the Mine Site; a fourth 
female was found adjacent to the study area (Figure 18).  Lynx sign was most common in dense 
coniferous forests of balsam fir and jack pine.  No evidence of lynx was found on the federal 
lands or Project areas. 
 
No lynx or their sign were seen on the federal and non-federal lands during wildlife surveys in 
2000, 2004, 2008, 2009, and 2010 (ENSR 2000, 2005, AECOM 2009b, 2011a, b, c).  However, 
USFS biologists did observe lynx tracks at the proposed Mine Site during a site visit in February 
2010 (Ryan 2013c). 
 
Tracking surveys for lynx were also conducted east of the federal lands.  Several lynx were 
found during the study, based on DNA analysis of scat samples and track locations (Barr 2011).  
Open bog and stunted black spruce forest and jack pine and eastern white cedar cover provided 
habitat for snowshoe hare and lynx. 
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Habitat suitability for lynx and snowshoe hare was determined by the USFS for Superior 
National Forest lands within LAUs.  This information is used in this BO to evaluate habitat 
suitability and impacts to lynx and snowshoe hare habitats from activities on the federal lands. 
 
3.3.1.4 Life History 

 
3.3.1.4.1 Diet 

Snowshoe hares are the primary prey to lynx, comprising 35 to 97% of the diet throughout the 
range of the lynx (Koehler and Aubry 1994).  Other prey species include red squirrel, several 
species of grouse, northern flying squirrel, ground squirrel, porcupine, beaver, mice, voles, 
shrews, fish, and ungulates as carrion or occasionally as prey (Saunders 1963, van Zyll de Jong 
1966, Nellis et al. 1972, Brand et al. 1976, Brand and Keith 1979, Koehler 1990, Staples 1995, 
O’Donoghue et al. 1998b). 

Several studies have shown that the importance of other prey species, especially red squirrel, 
increases in the diet during periods when snowshoe hares become scarce (Brand et al. 1976, 
O’Donoghue et al. 1998b, Apps 2000, Mowat et al. 2000).  Recent research in northeastern 
Minnesota and northwestern Montana (Burdett 2007, Hanson and Moen 2008, Squires and 
Ruggerio 2007), however, concluded that red squirrel contributed little to the lynx diet and that 
lynx made little use of alternative prey species. 

Hanson and Moen (2008) investigated the winter diet of lynx in northern Minnesota based on prey 
remains in lynx scat.  Snowshoe hare remains were present in 76% of scats.  Hair of white-tailed 
deer was found in scat, but white-tailed deer remains were used as bait to lure lynx to traps for a 
radiotelemetry study, and the authors felt that if scat with white-tailed deer hair were eliminated, 
snowshoe hare remains were found in 97% of scats.  The study indicated that alternative prey are 
an insignificant component of Minnesota lynx diets in winter.  No red squirrel remains were found 
in the analysis. 

Most research has focused on the winter diet.  Summer diets are poorly understood throughout 
the range of lynx.  Mowat et al. (2000) reported that summer diets consist of less snowshoe hare 
and more alternate prey species than winter diets. 
 
3.3.1.4.2 Mortality 

Common causes of mortality for lynx include starvation of kittens (Quinn and Parker 1987, 
Koehler 1990), and trapping (Ward and Krebs 1985, Bailey et al. 1986).  Lynx mortality due to 
starvation has been shown in cyclic populations of the northern taiga, during the first 2 years of 
snowshoe hare scarcity (Pool 1994, Slough and Mowat 1996).  During periods of low snowshoe 
hare numbers, starvation can account for up to two-thirds of all natural lynx deaths.  Trapping 
mortality may be additive rather than compensatory during the low period of the snowshoe hare 
cycle (Brand and Keith 1979).  Hunger-related stress, which induces dispersal, may increase 
exposure of lynx to other forms of mortality such as trapping and vehicle collisions (Brand and 
Keith 1979, Carbyn and Patriquin 1983, Ward and Krebs 1985, Bailey et al. 1986). 
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Predation on lynx by mountain lion, coyote, wolverine, wolf, and other lynx has been 
observed (Berrie 1974, Koehler et al. 1979, Poole 1994, Slough and Mowat 1996, 
O’Donoghue et al. 1997, Apps 2000, Squires and Laurion 2000).  Squires and Laurion (2000) 
reported two of six mortalities of radiocollared lynx in Montana were due to mountain lion 
predation. 

An indirect effect of long-distance movements can be that some lynx are legally harvested in 
Ontario (USDA USFS 2011b).  Although this harvest has little effect on the population of 
lynx in Ontario, it can affect the relatively small Minnesota population of lynx (Moen 2009, 
Moen et al. 2010). 

There are few records of lynx being killed on highways, but direct mortality from vehicular 
collisions may be detrimental to small lynx populations in the lower 48 states.  The MDNR lynx 
sighting records indicate that six lynx were killed by vehicle collisions in Minnesota between 
2000 and 2006, and one lynx was killed by a train (MDNR 2007).  Of those killed by vehicles, 
two occurred on Interstate 35, two on Highway 61, one on a county road, and one on the 
Gunflint Trail.  No lynx-vehicle collisions have been reported on roads associated with mining 
projects, even though lynx have been observed using mine roads at the Northshore Mine and 
former Cliffs Erie mine site near the Project (ENSR 2006). 

The USFWS Twin Cities Field Office has maintained an incidental take database since 2000.  
From 2000 to 2012, of 43 animals killed, 15 were from unknown causes, 13 were from trapping 
(4 due to legal trapping in Ontario, Canada), 7 were killed by vehicles, 6 were shot, and 2 were 
killed by trains (Rowse 2012).  Between 2003 and 2009, the NRRI found that 15 of 19 
radiocollared lynx deaths were directly or indirectly associated with human activities (Moen 
2009, USDA USFS 2011b). 

Many resident lynx that make movements into Ontario are harvested, particularly those that go 
long distances.  Three radiocollared animals made 300 to 400 road mile movements to the same 
area in Ontario (USDA USFS 2011b).  Lynx that conduct long-distance movements from 
Minnesota to Ontario are vulnerable to legal harvest in Canada whereas trapping mortality in 
Minnesota is incidental to trapping for other species because there is no legal trapping of lynx in 
the U.S. (Moen 2009).  Moen et al. (2010) suggested that linear features such as roads benefit 
lynx from an energetic perspective, but may also be negative if they increase the chance of 
incidental mortality because of exposure to humans. 
 
Recruitment 
 
Lynx reproduction occurs in Minnesota.  Based on 6 years of telemetry studies, an estimated 40 
to 50 kittens were born to 33 radiocollared females.  Only a few kittens survived past 2 years of 
age.  Human factors have led to nearly all deaths, while starvation has been less important.  
These data suggest that lynx populations in Minnesota are influenced by lynx population 
dynamics in Ontario, Canada (Moen 2009). 
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3.3.1.5 Habitat 

Lynx require large areas containing boreal forest habitat.  The size of lynx home ranges varies by 
the animal’s gender and age, abundance of prey, season, and the density of lynx populations 
(Hatler 1988, Koehler 1990, Poole 1994, Slough and Mowat 1996, Aubry et al. 2000, Mowat et al. 
2000).  Based on a limited number of studies in northeastern Minnesota, the average home range 
varied between 11 and 201 mi2 for males, and 2 and 37 mi2 for females (Burdett 2007).  Male 
home ranges expanded during the breeding season, perhaps due to males searching for females, 
while female home ranges contracted (Moen et al. 2008). 

Lynx are highly mobile and have a propensity to disperse.  Long-distance movements (greater than 
60 miles) are characteristic, and are more common among males (Mowat et al. 2000, Burdett 
2007).  Lynx disperse primarily when snowshoe hare populations decline (Ward and Krebs 1985, 
Koehler and Aubry 1994, O’Donoghue et al. 1997, Poole 1997).  Subadult lynx also disperse even 
when prey is abundant (Poole 1997), presumably as an innate response to establish home ranges.  
Lynx also make exploratory movements outside their home ranges.  Lynx are capable of moving 
extremely long distances (greater than 300 miles; Brainerd 1985, Washington Department of 
Wildlife 1993, Poole 1997, Mowat et al. 2000).  While it is assumed lynx would prefer to travel 
where there is forested cover, the literature contains many examples of lynx crossing large, 
unforested openings.  The ability of both male and female lynx to disperse long distances, 
crossing unsuitable habitats, indicates they are capable of colonizing suitable habitats and 
finding potential mates in areas that are isolated from source lynx populations. 

Moen et al. (2010) found that lynx in Minnesota disperse outside their home range and travel 
between Ontario, Canada, and Minnesota.  About 40% of radiocollared male and female lynx made 
long-distance movements outside of their home range.  Of those making long distance movements, 
females tended to move 62 to 124 miles and not return to their original home range, while males 
moved 31 to 49 miles and went back and forth between Ontario and Minnesota.  Travel was 
generally linear, water was not avoided, and lynx walked around lakes while on long-distance 
movements.  Movements were made across roaded areas, and also across the BWCAW, which has 
few linear features such as roads, trails, and logging roads that could guide movement by lynx.  
Observations suggested that geographically or topographically definable movement corridors do not 
exist for lynx in northeastern Minnesota, or between Minnesota and Ontario (Moen et al. 2010). 
 
Habitat Requirements 

To understand habitat relationships of lynx one must first understand the habitat relationships of 
snowshoe hares.  Generally, lynx hunt within habitats where snowshoe hare are common or 
abundant.  An essential aspect of habitat is dense coniferous or mixed coniferous/deciduous 
forest cover that provides security for snowshoe hares.  Snowshoe hares have evolved to survive 
in areas that have deep snow and use black spruce and balsam fir forests with dense understory 
vegetation that provide forage, cover to escape from predators, and protection during extreme 
weather (Wolfe et al. 1982, Monthey 1986, Hodges 2000a, b).  Generally, earlier succession 
(younger) forest stages have greater understory structure than do mature forests and, therefore, 
support higher snowshoe hare densities (Fuller 1999, Hodges 2000a, b).  The branches of trees 
in mature forests also capture more snow than younger forests, resulting in shallower snow in 
mature and younger forests (ENSR 2005). 
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Lynx snowshoe hare kills occur in habitat where young or immature timber is prevalent and 
where a significant acreage of this habitat type is available.  Lynx also hunt snowshoe hares in 
high stem density deciduous cover, such as speckled alder in riparian areas, and Canada 
bluejoint, willow, and bog birch in creek bottoms. 

Communities used most often by lynx are young jack pine/balsam fir forests.  Balsam fir often 
occurs as inclusions or “pockets” of regenerating trees within other cover types (e.g., in mature 
jack pine stands or in maturing black spruce/trembling aspen stands), and along forest edges.  
Lynx also use coniferous or mixed coniferous/deciduous forest patches in regenerating logged 
areas, including 10- to 25-year-old stands of jack pine or balsam fir/trembling aspen mixed 
coniferous/deciduous forest.  Other important habitat types include black spruce/balsam fir and 
black spruce/tamarack forests. 

Communities used by lynx often originate as a result of natural or “facilitated” regeneration 
after logging.  However, fire and spruce budworm outbreaks also play a role in influencing 
forest stand composition and age in sites used by lynx.  It generally takes 12 to 30 years after a 
forest thinning or fire before conditions become suitable for snowshoe hare, as forests mature 
from the young to the immature stage. 

Lynx use coniferous forest plantations, especially where large stands of plantation forest occur in 
proximity to each other.  Lynx use white spruce, jack pine, eastern white pine, red pine, and mixed 
coniferous/deciduous plantations, especially forests ranging from 10 to 30 years in age.  Recent 
studies of snowshoe hare and red squirrel pellet density suggest that snowshoe hare and squirrel 
numbers are greatest in jack pine, red pine, black spruce, and mixed immature/mature and mature 
coniferous/deciduous forests; presumably, lynx would be more common in these habitats (Moen et 
al. 2004).  Lynx in Minnesota have been observed hunting snowshoe hare in dense stands of young 
and mid-sized immature forest, especially balsam fir, black spruce, and jack pine forests.  They have 
been reported avoiding lowland coniferous habitats, while favoring forest edges (Burdett 2007). 
 
Den Site Selection 

Lynx den sites are found where coarse woody debris, such as downed logs and wind-throw, 
provides denning sites with security and thermal cover for lynx kittens (McCord and Cardoza 
1982, Koehler 1990, Koehler and Brittell 1990, Slough 1999, Squires and Laurion 2000).  The 
integral component for all lynx den sites appears to be the amount of downed woody debris 
present rather than the age of the forest stand (Mowat et al. 2000, Moen and Burdett 2009).  In 
Washington, lynx denned in immature lodgepole pine, black spruce, and subalpine fir forests 
older than 200 years with an abundance of downed woody debris (Koehler 1990).  A den site in 
Wyoming was located in a mature subalpine fir/immature lodgepole pine forest with abundant 
downed logs and dense understory (Squires and Laurion 2000). 

Based on radiotelemetry studies in Minnesota, most lynx dens are found in tree wind-throw 
areas with dense vertical and horizontal cover.  Dens were often located in an area with 
foraging habitat and denning cover, and often in small patches of upland within a larger 
wetland.  These are often areas where wind-throw occurs (Moen and Burdett 2009). 
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Female lynx appear to use a habitat mosaic that includes both foraging habitat and cover for 
denning.  Den sites were often associated with wetland areas where dens were on small patches 
of upland surrounded by wetter low-lying areas (Moen et al. 2008).  Moen and Burdett (2009) 
speculated that shallow soils in the low-lying areas may increase the chance that wind-throw 
would occur and provide suitable denning cover.  Lynx appear to be adaptable in the selection of 
habitats to den in, but select specific types of areas based on the prevalence of wind-throw. 

Moen et al. (2008) found that all den sites were associated with a downed tree, with 
disturbance area varying from about 50 square feet to greater than 2.5 acres.  They also found 
that lynx den sites consistently had lower tree stem density than the surrounding area, with 
greater than 80% of tree stems being coniferous species.  Lowland and upland coniferous 
forest cover types made up greater than 70% of the area within 330 feet of den sites and the 
percentage of those cover types decreased with greater distance from the den sites.  These 
findings suggest that suitable denning habitat includes both upland and lowland forest 60 to 80 
years old or greater depending on forest type (USDA USFS 2011b). 

Moen et al. (2008), using denning habitat data, developed a model to estimate the spatial 
distribution of suitable denning habitat in northeastern Minnesota.  This model has estimated that 
about 25% of the landscape in northeastern Minnesota consists of suitable lynx denning habitat.  
This suggests that lynx denning habitat is abundant and well-distributed in northeastern Minnesota 
and on the Superior National Forest. 
 
3.3.1.6 Other Factors Affecting the Welfare of Lynx 

 
Lynx and Snowshoe Hare Relationships 
 
The association between lynx and snowshoe hare is considered a classic predator-prey 
relationship (Saunders 1963, van Zyll de Jong 1966, Quinn and Parker 1987).  In northern 
Canada and Alaska, lynx populations fluctuate on approximately 10-year cycles that follow the 
cycles of snowshoe hare populations (Elton and Nicholson 1942, Hodges 2000a, b, McKelvey 
et al. 2000a).  Generally, researchers believe that when snowshoe hare populations are at their 
cyclic high, the interaction of predation and food supply causes the populations to decline 
drastically (Buehler and Keith 1982, Krebs et al. 1995, O’Donoghue et al. 1997).  There is little 
evidence of regular snowshoe hare cycles in the Northeast, southern Quebec, and Minnesota 
(Hoving 2001, McCann 2006), but snowshoe hare populations can fluctuate widely in this 
region.  Snowshoe hare fluctuations in this region may be more influenced by forest practices, 
weather, and other ecological factors.   
 
Snowshoe hare provide the quality prey necessary to support high-density lynx populations (Brand 
and Keith 1979).  Lynx also prey opportunistically on other small mammals and birds, particularly 
when hare populations decline (Nellis et al. 1972, Brand et al. 1976, McCord and Cardoza 1982, 
O’Donoghue et al. 1997, 1998a).  Red squirrels are an important alternate prey (O’Donoghue et al.  
1997, 1998a, Apps 2000, Aubry et al. 2000).  However, a shift to alternate food sources may not 
sufficiently compensate for the decrease in snowshoe hares consumed to be adequate for lynx 
reproduction and kitten survival (Brand and Keith 1979, Koehler 1990, Koehler and Aubry 1994).  
When snowshoe hare densities decline, the lower quality diet causes sudden decreases in the 
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productivity of adult female lynx and decreased survival of kittens, if any are born during this time.  
As a result, recruitment of young into the population nearly ceases during cyclic lows of snowshoe 
hare populations (Nellis et al. 1972, Brand et al. 1976, Brand and Keith 1979, Poole 1994, Slough 
and Mowat 1996, O’Donoghue et al. 1997, Mowat et al. 2000). 
 
Interspecific Relationships with other Carnivores 

Buskirk et al. (2000b) described the two major competition impacts to lynx as exploitation 
(competition for food) and interference (avoidance).  Of several predators examined (birds of prey, 
coyote, gray wolf, mountain lion, bobcat, and wolverine), it was deemed that coyotes were the most 
likely to pose local or regionally important exploitation impacts to lynx, and coyotes and bobcats 
were deemed to possibly impart important interference competition effects on lynx.  Mountain lions 
were described as interference competitors, possibly impacting lynx during summer and in areas 
lacking deep snow in winter, or when high elevation snow packs develop crust in the spring. 

In southern portions of snowshoe hare range, predators may limit snowshoe hare populations to 
lower densities than in the taiga (Dolbeer and Clark 1975, Wolff 1980, Koehler and Aubry 1994).  
Exploitation competition may contribute to lynx starvation and reduced recruitment.  During periods 
of low snowshoe hare numbers, starvation accounted for up to two-thirds of all natural lynx deaths in 
the Northwest Territories of Canada (Poole 1994). 

Parker et al. (1983) discussed anecdotal evidence of competition between bobcats and lynx.  On 
Cape Breton Island, Nova Scotia, lynx were found to be common over much of the island prior to 
bobcat colonization.  Concurrent with the colonization of the island by bobcats, lynx densities 
declined and their presence on the island became restricted to the highlands, the one area where 
bobcats did not become established. 

Predation on adult lynx has rarely been observed and recorded in the literature.  Predators of lynx 
include mountain lion, coyote, wolverine, wolf, and other lynx.  The magnitude or importance of 
predation on lynx is unknown. 
 
Behavioral Response to Humans 

Staples (1995) described lynx as being generally tolerant of humans.  Other anecdotal reports 
also suggest that lynx are not displaced by human presence, including moderate levels of 
snowmobile traffic (Mowat et al. 2000) and ski area activities (Roe et al. 1999). 

In a lightly roaded study area in north central Washington, logging roads did not appear to affect 
habitat use by lynx (McKelvey et al. 2000c).  In contrast, six lynx in the southern Canadian 
Rocky Mountains crossed highways within their home ranges less than would be expected 
(Apps 2000).  The latter study area contained industrial road networks, twin-tracked railway, 
and 2 to 4-lane highways with average daily traffic volumes of about 1,000 to 8,000 vehicles per 
day. 

3.3.2 Northern Long-eared Bat 
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The following baseline information is from Endangered and Threatened Wildlife and Plants; 12-
Month Finding on a Petition To List the Eastern Small-Footed Bat and the Northern Long-Eared 
Bat as Endangered or Threatened Species; Listing the Northern Long-Eared Bat as an 
Endangered Species; Proposed Rule (USDOI USFWS 2013b) and references cited therein.  A 
full description of references cited in this rule is available at 
URL: http://www.regulations.gov/#!documentDetail;D=FWS-R5-ES-2011-0024-0002.  Any 
additional information that is not from one of these sources is cited in the text. 
 
3.3.2.1 Species Description and Status and Critical Habitat Status 

The northern long-eared bat belongs to the order Chiroptera, suborder Microchiroptera, family 
Vespertilionidae, subfamily Vesperitilionae, genus Myotis, subgenus Myotis.  The northern 
long-eared bat was considered a subspecies of Keen’s long-eared myotis (Myotis keenii), but 
was recognized as a distinct species by van Zyll de Jong (1979). 

A medium-sized bat species, the northern long-eared bat adult body weight averages 0.2 to 0.3 
ounces, with females tending to be slightly larger than males.  Average body length ranges from 
3.0 to 3.7 inches.  Fur colors include medium to dark brown on its back, dark brown, but not 
black, ears and wing membranes, and tawny to pale-brown fur on the ventral side.  The northern 
long-eared bat is distinguished from other Myotis species by its long ears (average 0.7 inches), 
that, when laid forward, extend beyond the nose.  Within its range, the northern long-eared bat 
can be confused with the little brown myotis or the western long-eared myotis.  The northern 
long-eared bat can be distinguished from the little brown myotis by its longer ears, tragus, slightly 
longer tail, and less glossy pelage.  The northern long-eared bat can be distinguished from the 
western long-eared myotis by its darker pelage and paler membranes (Caceres and Barclay 
2000:1). 

White-nose syndrome, a fungal disease known to affect bats, is currently the predominant threat to 
the northern long-eared bat, especially throughout the Northeast where the species has declined by 
up to 99% from pre-white-nose syndrome levels at many hibernation sites (hibernacula; USDOI 
USFWS 2013a).  White-nose syndrome has spread rapidly throughout the East and is currently 
spreading through the Midwest.  Although the disease, caused by the fungal species 
Pseudogymnoascus destructans, has not yet spread throughout the northern long-eared bat’s entire 
range (white-nose syndrome is currently found in at least 22 of 39 states where the northern long-
eared bat occurs), it continues to spread.  Other threats to the species include wind energy 
development, habitat destruction or disturbance (e.g., vandalism to hibernacula, roost tree 
removal), climate change, and contaminants.  Although no significant population declines have 
been observed due to these threats, they may now be important factors affecting this bat’s ability 
to persist while experiencing dramatic declines caused by white-nose syndrome. 

The northern long-eared bat was proposed for listing as an endangered species by the USFWS on 
October 2, 2013.  On April 1, 2015, however, the USFWS announced—in 80 Federal Register 
17974—that it would protect the species as “threatened” under the Endangered Species Act.  The 
listing became effective on May 4, 2015, thirty (30) days following publication of the final 
listing determination in the Federal Register. 
 

http://www.regulations.gov/#!documentDetail;D=FWS-R5-ES-2011-0024-0002
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At the same time, the Service issued an interim rule under section 4(d) of the ESA intended to set 
forth measures that will help protect and conserve the northern long-eared bat.  The interim rule 
was opened for comment on January 15, 2015, and, because of the significant amount of 
comments received in response to the proposal, the Service extended the comment period 
through July 1, 2015.  This rule is expected to be finalized in late 2015 or early 2016. 
 
3.3.2.2 Distribution 

Although they are typically found in low numbers in inconspicuous roosts, most records of 
northern long-eared bats are from winter hibernacula surveys.  More than 780 hibernacula have 
been identified throughout the species' range in the United States, although many hibernacula 
contain only a few (1 to 3) individuals.  Eleven hibernacula sites with one or more winter 
records are known from Minnesota. 

3.3.2.3 Population Status 

 
3.3.2.3.1 United States 

The northern long-eared bat is found across much of the eastern and north central United 
States and all Canadian provinces from the Atlantic coast west to the southern Northwest 
Territories and eastern British Columbia (USDOI USFWS 2013a). 

Historically, the species has been most frequently observed in the northeastern United States and 
in Canadian Provinces, Quebec and Ontario, with sightings increasing during swarming and 
hibernation.  However, throughout the majority of the species’ range it is patchily distributed, 
and historically was less common in the southern and western portions of the range than in the 
northern portion of the range. 
 
3.3.2.3.2 Regionally and in Minnesota 

The northern long-eared bat is commonly encountered in summer mist-net surveys throughout 
the majority of the Midwest and is considered fairly common throughout much of the region.  
However, the species is often found infrequently and in small numbers in hibernacula surveys 
throughout most of the Midwest.  In northeastern Minnesota, this species has been detected in St.  
Louis, Lake, and Cook Counties based on records in the MDNR Natural Heritage Information 
System database of element occurrences (MDNR 2014a).  In Minnesota, the Tower/Soudan 
Underground Mine State Park in St. Louis County contains a large number of individuals, 
possibly over 3,000; however, this is a very rough estimate because the majority of the mine 
cannot be safely accessed for surveys (Nordquist et al. 2006, USDOI USFWS 2013b).  The mine 
is about 15 miles northwest of the Project area. 
 
3.3.2.3.3 Project Area 

Additionally, northern long-eared bats have been detected in six caves along the North Shore of 
Lake Superior.  These caves are within the Superior National Forest proclamation boundary but 
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outside of federal surface ownership.  Mist-net surveys conducted by Superior National Forest 
biologists confirmed the presence of northern long-eared bats at five of the eight sites surveyed 
in St.  Louis and Lake Counties during the summer of 2013 (Grandmaison et al. 2013). The five 
2013 survey sites where northern long-eared bats were detected are an average of 28 miles from 
the proposed exchange lands, with the exception of the McFarland parcel. The 2013 survey sites 
are 81 to 87 miles southwest of the McFarland Parcel. While the 2013 Superior National Forest 
data are far from providing an estimate of abundance on the Superior National Forest, they do 
suggest that northern long-eared bats can be detected, albeit at low numbers, across much of the 
forest where surveys are conducted. 

 
3.3.2.4 Life History 

Hibernation   

The northern long-eared bat hibernates during the winter months to conserve energy from increased 
thermoregulatory demands and reduced food resources.  In general, northern long-eared bats arrive 
at hibernacula in August or September, enter hibernation in October and November, and leave the 
hibernacula in March or April.  Northern long-eared bats have shown a high degree of philopatry 
(using the same site multiple years) for a hibernaculum, although they may not return to the same 
hibernaculum in successive seasons. 

Typically, northern long-eared bats are not abundant and compose a small proportion of the total 
number of bats hibernating in a hibernaculum.  Although usually found in small numbers, the 
species typically inhabits the same hibernacula with large numbers of other bat species, and 
occasionally are found in clusters with these other bat species.  Other species that commonly 
occupy the same habitat include little brown myotis, big brown bat, eastern small-footed bat, tri-
colored bat, and Indiana bat. 

Northern long-eared bats often move between hibernacula throughout the winter, which may 
further decrease population estimates.  Though northern long-eared bats fly outside of the 
hibernacula during the winter, they do not feed; hence the function of this behavior is not well 
understood.  However, it has been suggested that bat activity during winter could be due in part 
to disturbance by researchers.  Northern long-eared bats exhibited significant weight loss during 
hibernation.  Whitaker and Hamilton (1998:101) reported a weight loss of 41 to 43% over the 
hibernation period for northern long-eared bats in Indiana. 

Migration and Homing 

While the northern long-eared bat is not considered a long-distance migratory species, seasonal 
movements between summer roost and winter hibernacula between 35 to 55 miles have been 
documented.  Several studies show a strong homing ability of northern long-eared bats in terms 
of return rates to a specific hibernaculum, although bats may not return to the same hibernaculum 
in successive winters. 

Summer Roosts 
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During the summer, northern long-eared bats typically roost singly or in colonies underneath 
bark or in cavities or crevices of both live trees and snags.  Northern long-eared bats switch 
roosts often.  In Missouri, the longest time spent roosting in one tree was 3 nights; however, up 
to 11 nights spent roosting in a man-made structure has been documented.  Bats switch roosts 
for a variety of reasons, including, temperature, precipitation, predation, parasitism, and 
ephemeral roost sites, Timpone et al. (2010:118) radiotracked 13 northern long-eared bats to 39 
roosts and found the mean distance between the location where captured and roost tree was 1.1 
miles. 

Some studies have found tree roost selection to differ slightly between male and female northern 
long-eared bats.  Male northern long-eared bats have been found to more readily use smaller 
diameter trees for roosting than females, suggesting males are more flexible in roost selection than 
females.  In New Brunswick, Canada, Broder and Forbes (2004:606-607) found that there was 
spatial segregation between male and female roosts, with female maternity colonies typically 
occupying more mature, shade-tolerant deciduous tree stands and males occupying more conifer-
dominated stands.  In northeastern Kentucky, males do not use colony roosting sites and are 
typically found occupying cavities in live hardwood trees, while females form colonies more 
often in both hardwood and softwood snags. 

Reproduction  

Breeding occurs from late July in northern regions to early October in southern regions and 
commences when males begin to swarm hibernacula and initiate copulation activity.  Copulation 
occasionally occurs again in the spring.  Hibernating females store sperm until spring, exhibiting 
a delayed fertilization strategy.  Ovulation takes place at the time of emergence from the 
hibernaculum, followed by fertilization of a single egg, resulting in a single embryo.  Gestation 
is approximately 60 days. 

Maternity colonies, consisting of females and young, are generally small, numbering from about 
30 to 60 individuals, although one group of 100 adult females was observed in Vermilion 
County, Indiana.  Adult females give birth to a single pup.  Birthing within the colony tends to 
be synchronous, with the majority of births occurring around the same time.  Female roost site 
selection, in terms of canopy cover and tree height, changes depending on reproductive stage.  
Relative to pre- and post-lactation periods, lactating northern long-eared bats have been shown 
to roost higher in tall trees situated in areas of relatively less canopy cover and tree density. 

Home Range 

Female home range size may range from 47 to 425 acres.  Owen et al. (2003:353) estimated 
average maternal home range size to be 161 acres.  Home range size of northern long-eared bats 
in this study site was small relative to other bat species, but this may be due to the study’s timing 
(during the maternity period) and the small body size of northern long-eared bat. 
 
3.3.2.4.1 Diet 

The northern long-eared bat has a diverse diet including moths, flies, leafhoppers, caddisflies, 
and beetles.  The most common insects found in the diets of northern long-eared bats are 
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lepidopterans (moths) and coleopterans (beetles), with arachnids (spiders) also being a common 
prey item. 

Foraging techniques include hawking (catching insects in flight) and gleaning in conjunction with 
passive acoustic cues.  Northern long-eared bats have the highest frequency call of any bat species 
in the Great Lakes area.  Gleaning allows this species to gain a foraging advantage for preying 
upon moths because moths are less able to detect these high frequency echolocation calls.  
Emerging at dusk, most hunting occurs above the understory, 3 to 10 feet above the ground, but 
under the canopy.  This coincides with data indicating that mature forests are an important habitat 
type for foraging northern long-eared bats.  Occasional foraging also takes place over forest 
clearings and water, and along roads.  Foraging patterns indicate a peak activity period within 5 
hours after sunset followed by a secondary peak within 8 hours after sunset. 

3.3.2.4.2 Mortality 

 
Adult longevity is estimated to be up to 18.5 years, with the greatest recorded age of 19 years.  
Most mortality for northern long-eared and many other species of bats occurs during the juvenile 
stage.  See also Section 3.3.2.6 - Other Factors Affecting the Welfare of Northern Long-eared 
Bat. 
 
3.3.2.5 Habitat 

Winter Habitat 

Northern long-eared bats predominantly overwinter in hibernacula that include caves and 
abandoned mines.  Hibernacula used by northern long-eared bats are typically large, with large 
passages and entrances, relatively constant, cooler temperatures (32 to 48 degrees Fahrenheit), 
and with high humidity and no air currents.  The sites favored by northern long-eared bats are 
often in very high humidity areas, to such a large degree that droplets of water are often observed 
on their fur.  Caire et al. (1979:405) and Whitaker and Mumford (2009:208) commonly observed 
individuals exiting caves with mud and clay on their fur, also suggesting the bats were roosting in 
tighter recesses of hibernacula.  They are also found hanging in the open, although not as 
frequently as in cracks and crevices. 

To a lesser extent, northern long-eared bats have been found overwintering in other types of 
habitat that resemble cave or mine hibernacula, including abandoned railroad tunnels, more 
frequently in the northeast portion of the range.  In 1952, three northern long-eared bats 
were found hibernating near the entrance of a storm sewer in central Minnesota (Goehring 
1954:435). 

Summer Habitat 

During the summer, northern long-eared bats typically roost singly or in colonies underneath 
bark or in cavities or crevices of both live trees and snags.  Males and non-reproductive females’ 
summer roost sites may include cooler locations, including caves and mines.  Northern long-
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eared bats have also been observed roosting in colonies in man-made structures, such as 
buildings, barns, a park pavilion, sheds, cabins, under eaves, behind window shutters, and in bat 
houses. 

The northern long-eared bat appears to be somewhat opportunistic in tree roost selection, selecting 
varying roost tree species and types of roosts throughout its range, including tree species such as 
black oak, northern red oak, silver maple, black locust, American beech, sugar maple, sourwood, 
and shortleaf pine.  Northern long-eared bats most likely are not dependent on a certain species of 
trees for roosts throughout their range; rather, certain tree species will form suitable cavities or 
retain bark and the bats will use them opportunistically. 

Many studies have documented the northern long-eared bat’s selection of live trees and snags, 
with a range of 10 to 53% selection of live roosts found.  In tree roosts, northern long-eared 
bats are typically found beneath loose bark or within cavities and have been found to use both 
exfoliating bark and crevices to a similar degree for summer roosting habitat. 

Canopy coverage at northern long-eared bat roosts has ranged from 56% in Missouri to greater 
than 84% in Kentucky.  Studies in New Hampshire and British Columbia have found that canopy 
coverage around roosts is lower than in available stands.  Females tend to roost in more open areas 
than males, likely due to the increased solar radiation, which aids pup development.  Fewer trees 
surrounding maternity roosts may also benefit juvenile bats that are starting to learn to fly.  
However, in southern Illinois, northern long-eared bats were observed roosting in areas with 
greater canopy cover than in random plots.  Roosts are also largely selected below the canopy, 
which could be due to the species’ ability to exploit roosts in cluttered environments; their gleaning 
behavior suggests an ability to easily maneuver around obstacles.   

Female northern long-eared bats typically roost in tall, large-diameter trees.  Studies have found that 
the dbh and height of northern long-eared bat roost trees was greater than random trees.  Lacki and 
Schwierjohann (2001:486) have also found that northern long-eared bats roost more often on upper 
and middle slopes than lower slopes, which suggests a preference for higher elevations due to 
increased solar heating. 
 
3.3.2.6 Other Factors Affecting the Welfare of Northern Long-eared Bat 

Several factors affect northern long-eared bats.  These include: 1) modification to hibernacula, 
human disturbance during hibernation, loss of summer roosting habitat, and loss of habitat from 
other disturbance factors, including mining projects and prescribed burning; 2) loss of bats due to 
diseases such as rabies and encephalitis, and from contaminants; 3) predation from hawks, raccoons, 
skunks, and snakes; 4) lack of federal, state, and local regulations to address threats to northern 
long-eared bats, although the northern long-eared bat is a species of special concern in Minnesota; 
5) wind energy development; and 6) climate change.  However, these activities alone are not likely 
to have significant population-level effects (USDOI USFWS 2013b).  PolyMet would follow the 
USFWS northern long-eared bat interim guidance for removal of marketable timber across the 
Project (USFWS 2014).  Disturbance from noise and vibration is discussed in Section 4.1.3. 

The most severe and immediate threat to the long-term persistence of this species is the 
infectious disease known as white-nose syndrome.  White-nose syndrome is responsible for 
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unprecedented mortality rates observed in the northeastern United States and poses an 
increasing threat to bat populations throughout North America.  White-nose syndrome has 
spread rapidly throughout the northeast where an estimated 5.7 to 6.7 million bats have died, 
and is currently spreading through the Midwest.  The causative fungal species for white-nose 
syndrome, Pseudogymnoascus destructans, is known to occur in Minnesota, including the 
Tower/Soudan Underground Mine State Park, which is 15 miles northwest of the Project area 
and serves as the largest known hibernaculum for Myotine bats in Minnesota. 

White-Nose Syndrome 

Since its first documented appearance in New York in 2006, white-nose syndrome has spread 
rapidly throughout the Northeast and is expanding through the Midwest.  As of August 2013, 
white-nose syndrome has been confirmed in 22 States (Alabama, Connecticut, Delaware, Georgia, 
Illinois, Indiana, Kentucky, Maine, Maryland, Massachusetts, Missouri, New Hampshire, New 
Jersey, New York, North Carolina, Ohio, Pennsylvania, South Carolina, Tennessee, Vermont, 
Virginia, and West Virginia) and 5 Canadian provinces (New Brunswick, Nova Scotia, Ontario, 
Prince Edward Island, and Quebec).  Four additional States (Arkansas, Iowa, Minnesota, and 
Oklahoma) are considered suspect for white-nose syndrome based on the detection of the causative 
fungus on bats within those States, but with no associated disease to date.  U.S.  Fish and Wildlife 
Service biologists and partners estimate that at least 5.7 million to 6.7 million bats of several 
species have now died from white-nose syndrome. 
 
The pattern of spread has generally followed predictable trajectories along recognized migratory 
pathways and overlapping summer ranges of hibernating bat species.  Therefore, Kunz and 
Reichard (2010:12) assert that white-nose syndrome is spread mainly through bat-to-bat contact; 
however, evidence suggests that fungal spores can be transmitted by humans, and bats can also 
become infected by coming into contact with contaminated cave substrate.  Six North American 
hibernating bat species (little brown myotis, Indiana bat, northern long-eared bat, eastern small-
footed bat, big brown bat, and tri-colored bat), are known to be affected by white-nose 
syndrome. 

White-nose syndrome is caused by the recently described psychrophilic (cold-loving) fungus, 
currently known as Pseudogymnoascus destructans.  Pseudogymnoascus destructans may be non-
native to North America, and only recently arrived on the continent.  The fungus grows on and 
within exposed tissues of hibernating bats, and the diagnostic feature is the white fungal growth on 
muzzles, ears, or wing membranes of affected bats, along with epidermal (skin) erosions that are 
filled with fungal hyphae (branching, filamentous structures of fungi).  Bats that are found in more 
humid regions of hibernacula may be more susceptible to white-nose syndrome. 

In addition to the presence of the white fungus, initial observations showed that bats affected by 
white-nose syndrome were characterized by some or all of the following: 1) Depleted fat 
reserves by mid-winter; 2) a general unresponsiveness to human disturbance; 3) an apparent 
lack of immune response during hibernation; 4) ulcerated, necrotic, and scarred wing 
membranes; and 5) aberrant behaviors, including shifts of large numbers of bats in hibernacula 
to roosts near the entrances or unusually cold areas, large numbers of bats dispersing during the 
day from hibernacula during mid-winter, and large numbers of fatalities, either inside the 
hibernacula, near the entrance, or in the immediate vicinity of the entrance. 
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Although the exact process by which white-nose syndrome leads to death remains undetermined, 
it is likely that the immune function during torpor compromises the ability of hibernating bats to 
combat the infection.  Other factors that could cause death include loss of fat stores during 
winter, alternation of normal arousal cycles in hibernating bats, and loss of wing-dependent 
physiological functions. 

Due to white-nose syndrome, the northern long-eared bat has experienced a sharp decline in the 
northeastern part of its range, as evidenced in hibernacula surveys.  The northeastern United States 
is very close to saturation (white-nose syndrome found in majority of hibernacula) for the disease, 
with the northern long-eared bat being one of the species most severely affected by the disease.  In 
hibernacula surveys in New York, Vermont, Connecticut, and Massachusetts, hibernacula with 
larger populations of northern long-eared bats experienced greater declines, suggesting a density-
dependent decline due to white-nose syndrome. 

Long-term (including pre- and post- white-nose syndrome) summer data for the northern long-
eared bat are somewhat limited; however, the available data parallel the population decline 
exhibited in hibernacula surveys.  Summer data can corroborate and confirm the decline to the 
species seen in hibernacula data.  Summer surveys from 2005 to 2011 near Surry Mountain Lake 
in New Hampshire showed a 99% decline in capture success of northern long-eared bats post- 
white-nose syndrome, which is similar to the hibernacula data for the State (a 95% decline). 
 
Because white-nose syndrome has already had a substantial effect on northern long-eared bats in 
the core of its range and is likely to spread throughout the species’ entire range within a short 
time, the USFWS considers white-nose syndrome to be the predominant threat to the species 
range wide. 

3.3.3 Gray Wolf 

 
3.3.3.1 Species Description and Status and Critical Habitat Status 

Gray wolves are the largest wild members of the dog family (Canidae) with adults ranging from 
40 to 175 pounds, depending on sex and subspecies (Mech 1974).  Wolves have a gray fur coat 
that can vary from pure white to coal black.  Wolves may look similar to coyotes and some 
domestic dogs, such as the Siberian husky (C. familiaris; USDOI USFWS 2003b).  Currently, 
three wolf species are recognized with ranges in the conterminous U.S.—Canis lupus, Canis 
lycaon, and Canis rufus.  Canis lycaon is primarily found in Canada and the western Great 
Lakes, and C. rufus in the southeastern U.S.  Canis lupus is found in the western Great Lakes and 
western U.S.  The ranges of C. lupus and C. lycaon overlap in the western Great Lakes region. 
 
In response to their vastly declining numbers, the gray wolf was determined to be endangered in 
1967 (USDOI USFWS 1967) under the Endangered Species Preservation Act of 1966.  In 1974, 
the species was formally listed as endangered through the authority of the ESA (USDOI USFWS 
1974), and the Minnesota population was reclassified to threatened in 1977 (USDOI USFWS 
1977).  In 1978, critical habitat was designated for the Eastern DPS of gray wolf (USDOI USFWS 
1978).  That rule (50 C.F.R. § 17.95[a]) identified critical habitat at Isle Royale National Park, 
Michigan, and Minnesota wolf management zones 1, 2, and 3, as delineated in 50 C.F.R.  § 
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17.40(d)(1).  Wolf management zones 1, 2, and 3 comprise approximately 9,800 mi2 in 
northeastern and north central Minnesota and include all of the Superior National Forest and 
portions of the Chippewa National Forest.  Hunting Club Lands and McFarland Lake Lands are in 
Zone 1, while the federal lands, and other non-federal lands are in Zone 2.  The Wetland Mitigation 
Sites are outside the wolf zones (Figure 24). 
 
In April 2003, gray wolf populations in the U.S. were separated into three DPS’ (USDOI 
USFWS 2003b) to more effectively manage the species; the Minnesota population was a 
designated portion of the Eastern DPS.  In March 2006, the USFWS proposed to designate gray 
wolves in the Western Great Lakes region as a DPS under the ESA and to remove wolves in 
Minnesota, Wisconsin, and Michigan from listing under the ESA.  The Western Great Lakes 
DPS included Minnesota, Wisconsin, and Michigan as well as parts of North Dakota, South 
Dakota, Iowa, Illinois, Indiana, and Ohio (USDOI USFWS 2006b).  In March 2007, the 
USFWS removed the gray wolf from the endangered species list (USDOI USFWS 2007). 
 
These determinations regarding the gray wolf have been addressed by federal courts and 
administrative changes as summarized here. In September 2008, the U.S. District Court for the 
District of Columbia overturned the USDOI’s decision to remove the Great Lakes DPS of the gray 
wolf from federal ESA protection; the USFWS issued a rule in December 2008 to comply with 
court orders reinstating regulatory protections for the gray wolf in the western Great Lakes and 
northern Rocky Mountains (USDOI USFWS 2008b).  In April 2009, the USFWS issued a rule to 
identify the Western Great Lakes DPS of the gray wolf, and to remove this DPS from the list of 
threatened and endangered species (USDOI USFWS 2009b).  In July 2009, the USFWS withdrew 
its request to delist the Western Great Lakes DPS and in September 2009 the USFWS reinstated 
protections for the Western Great Lakes DPS (United States District Court for the District of 
Columbia 2009, USDOI USFWS 2009c).  In May 2011, the USFWS again proposed to identify 
and remove the Western Great Lakes DPS of gray wolf from federal ESA protection.  The USFWS 
also proposed to remove federal designation of critical habitat for the species in Minnesota and 
Michigan, and to remove the gray wolf special rule in Minnesota, which defined the circumstances 
when gray wolves can be taken in Minnesota (USDOI USFWS 2011b). 

On December 28, 2011, the USFWS revised the 1978 listing of the Minnesota population of gray 
wolf to conform to statutory and policy requirements.  The USFWS renamed what was 
previously listed as the Minnesota population of the gray wolf as the Western Great Lakes DPS, 
and delineated the boundaries of the expanded Minnesota population segment to include all of 
Minnesota, Wisconsin, and Michigan and portions of the adjacent states.  The USFWS removed 
the Western Great Lakes DPS from the list of endangered and threatened wildlife.  The USFWS 
took this action because the best available scientific and commercial information indicated that 
the Western Great Lakes DPS does not meet the definitions of threatened or endangered under 
the ESA.  This final rule also removed the designated critical habitat for the wolf in Minnesota 
and Michigan and the special regulations under Section 4(d) of the ESA for wolves in 
Minnesota.  On December 19, 2014, a federal court reversed the USFWS decision to delist the 
gray wolf, restoring federal threatened status and critical habitat designation in Minnesota. 
 
Currently, gray wolves in the Western Great Lakes Distinct Population Segment (DPS) are listed 
as an endangered species under the ESA in all of Wisconsin and Michigan, the eastern half of 
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North Dakota and South Dakota, the northern half of Iowa, the northern portions of Illinois and 
Indiana, and the northwestern portion of Ohio. Minnesota gray wolves in the Western Great 
Lakes DPS are listed as a threatened species under the ESA. Gray wolf critical habitat was 
designated by the USFWS in 1978 In Minnesota, designated critical habitat for gray wolf 
includes an area of 9,845 square miles, including the Project area.   Because the gray wolf is 
listed as threatened in Minnesota, the USFWS is authorized under the ESA to enact special 4(d) 
rules that allow take of federally-threatened species under certain conditions. For the gray wolf 
in Minnesota, the 4(d) rule allows take under the following circumstances and conditions: 
 

• Any person may take a gray wolf in Minnesota in defense of his own life or the lives of 
others. 

• Any employee or agent of the USFWS, any other Federal land management agency, or 
the MNDNR, who is designated by his/her agency for such purposes, may, when acting 
in the course of his or her official duties, take a gray wolf in Minnesota without a permit 
if such action is necessary to 

o Aid a sick, injured or orphaned specimen; or 
o Dispose of a dead specimen; or 
o Salvage a dead specimen which may be useful for scientific study. 

• Designated employees or agents of the USFWS or the MNDNR may take a gray wolf 
without a permit in Minnesota, except in the extreme northeast Arrowhead and westward 
along the Canadian border, in response to depredations by a gray wolf on lawfully 
present domestic animals, provided:  

o that such taking must occur within one-half mile of the place where such 
depredation occurred and must be performed in a humane manner; and  

o that any young of the year taken on or before August 1 of that year must be 
released. 

• Any employee or agent of the USFWS or MNDNR, when operating under a Cooperative 
Agreement with the USFWS signed in accordance with section 6(c) of the Endangered 
Species Act of 1973, who is designated by the USFWS or MNDNR for such purposes, 
may, when acting in the course of his or her official duties, take a gray wolf in Minnesota 
to carry out scientific research or conservation. 

 
 
3.3.3.2 Distribution 

The gray wolf historically occurred across most of North America, Europe, and Asia.  The only 
areas of the conterminous U.S. that apparently lacked gray wolf populations since the last ice age 
are parts of California and portions of the eastern and southeastern U.S. (an area occupied by the 
red wolf; Canis lupus rufus).  Wolf research and the expansion of wolf range over the last 3 
decades have shown that wolves can successfully occupy a wide range of habitats, and they are 
not dependent on wilderness areas for their survival.  In the past, for instance, wolf populations 
occupied nearly every type of habitat north of mid-Mexico that contained large ungulate prey 
species, including bison, elk, white-tailed deer, mule deer, moose, and woodland caribou.  
Inadequate prey density or high levels of human-caused mortality appear to be the only factors 
that limit wolf distribution (USDOI USFWS 2011b). 
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Widespread persecution of wolves began following European settlement of North America 
(Boitani 1995).  Poisons, trapping, and shooting spurred by federal, state, and local government 
bounties extirpated this once widespread species from more than 95% of its historic range.  In 
the late 1960s, a diminished population (several hundred) of wolves was known to occur in 
northeastern Minnesota and on Isle Royale, Michigan; a few scattered wolves also may have 
occurred in Michigan’s Upper Peninsula, Montana, and the southwest U.S.  Today, wolves have 
expanded their range to include much of the U.S, including the Pacific Northwest, Northern 
Rockies, Upper Midwest, and eastern U.S.  Wolves that comprised the Western Great Lakes DPS 
are found in Minnesota, Wisconsin, and Michigan. 
 
3.3.3.3 Population Status 

 
3.3.3.3.1 United States 

Wolves once occupied all of North America, and today occupy only between 5 and 10% of 
this historic range.  The wolves occupying Minnesota are part of a meta-population of 60,000 
to 80,000 covering most of Canada, the Lake States of Minnesota, Wisconsin, and Michigan, 
portions of the northern Rocky Mountains, with smaller reintroduced populations in Wyoming 
(Yellowstone National Park), central Idaho, and Arizona/New Mexico (USDA USFS 2011b). 
 
3.3.3.3.2 Regionally and in Minnesota 

In the western Great Lakes region, wolves in the densely forested northeastern corner of 
Minnesota have expanded into the more agricultural portions of central and northwestern 
Minnesota, northern and central Wisconsin, and the entire Upper Peninsula of Michigan.  
Habitats currently being used by wolves span the broad range from the mixed 
coniferous/deciduous forest wilderness area of northern Minnesota, through sparsely settled, 
but similar habitats in Michigan’s Upper Peninsula and northern Wisconsin, and into more 
intensively cultivated and livestock-producing portions of central and northwestern 
Minnesota and central Wisconsin. 

Five comparable surveys of wolf numbers and range in Minnesota have been carried out since 
1979.  These surveys estimated that in Minnesota there were 1,235 wolves in 1979; 1,500 to 
1,750 in 1989; 2,440 in 1998; 3,020 in 2004; and 2,920 in 2008 (Berg and Kuehn 1982, Fuller et 
al. 1992, Erb 2008).  The 1998 and later surveys revealed that the number of wolves in 
Minnesota was 2 times greater than the planning goal (1,400 wolves) as specified in the 
Recovery Plan for Minnesota.  However, the 2012 survey showed that wolf numbers have 
declined statewide from 2,900 in 2008 to about 2,200 in 2012 (Erb and Samson 2013). 

Based on analysis of 34 radiomarked wolves, average territory size was about 62 mi2 in 2012, an 
increase from 54 mi2 during the previous two surveys.  Wolf observations were greatest in the 
vicinity of the Chippewa National Forest, in the Superior National Forest near Virginia, 
Minnesota, and in Voyageurs National Park (Erb 2008, Erb and Sampson 2013).  The Superior 
National Forest’s wolf population was estimated to be about 484 wolves, or about one wolf per 10 
mi2 (one wolf per 25.9 km2; 0.04 wolf per km2), based on radiotelemetry studies during 2003 to 
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2008 (Mech 2004, 2008, USDA USFS 2004b, 2011b).  Both Forests are operated and managed 
through the 2004 Forest Plan in conformance with standards and guidelines that follow the 1992 
Wolf Recovery Plan’s recommendations for the wolf. 

As wolves increased in numbers, they also expanded their range.  In the early 1950s, the wolf 
range was approximately 12,000 mi2, or 14% of the state.  By the late 1990s, it was estimated at 
34,000 mi2, or about 40% of the state, with an occupied range of about 27,612 mi2, but since 
then has shown little expansion (Erb 2008, Erb and Sampson 2013). 

Wolves were considered to have been extirpated from Wisconsin by 1960, and no formal 
attempts were made to monitor that state’s wolf population from 1960 until 1979.  During that 
time, individual wolves and an occasional wolf pair were reported.  There is no documentation, 
however, of any wolf reproduction occurring in Wisconsin, and the wolves that were reported 
may have been animals dispersing from Minnesota.  Wolf population monitoring by the 
Wisconsin DNR began in 1979 and a statewide population of 25 wolves was estimated at that 
time.  This population remained relatively stable for several years, and then declined to 
approximately 15 to 19 wolves in the mid-1980s.  In the late 1980s, the Wisconsin wolf 
population began an increase that has continued to date.  In 2002, wolf numbers in Wisconsin 
alone surpassed the planning goal as specified in the Wolf Recovery Plan for a second population 
near Minnesota (100 wolves for a minimum of 5 consecutive years; geographically isolated 
populations should have 200 wolves for a minimum of 5 years).  Approximately 540 wolves 
were in Wisconsin in 2008 and 815 in 2012 (Wydeven and Wiedenhoeft 2008, Wisconsin DNR 
2012). 

Michigan wolves were extirpated as a reproducing population long before they were listed as 
endangered in 1974.  Before 1991, and excluding Isle Royale, the last known breeding 
population of wild Michigan wolves occurred in the mid-1950s.  As wolves began to reoccupy 
northern Wisconsin, the Michigan DNR began noting single wolves at various locations in the 
Upper Peninsula of Michigan.  In the late 1980s, a wolf pair was verified in the central Upper 
Peninsula and was known to have produced pups in 1991.  Since that time, wolf packs have 
spread throughout the Upper Peninsula, with immigration occurring from both Wisconsin to the 
west and Ontario to the east.  They now are found in every county of the Upper Peninsula.  
When the wolf population estimates of Wisconsin and Michigan are combined, the total 
population has exceeded the second population recovery goal, as specified in the Wolf Recovery 
Plan, of 200 wolves for 5 consecutive years for a geographically isolated wolf population.  The 
two state wolf population, excluding Isle Royale wolves, has exceeded 200 wolves since late 
winter 1995-1996.  An estimated 510 wolves were in Michigan in 2007 and 687 in 2010 
(Michigan Department of Natural Resources 2008, USDOI USFWS 2013c). 
 
3.3.3.3.3 Project Area 

Gray wolf tracks, scat, and signs of wolf kills were seen during wildlife studies on the federal 
lands, Transportation and Utility Corridors, and Plant Site during 2000, 2004, 2008, and 2009 
(ENSR 2000, 2005, AECOM 2009b, 2011a).  Tracks were commonly seen on the Dunka 
Road, on mine exploration roads, along railroad grades and utility rights-of-ways, and north of 
the Mine Site on Northshore Mine roads during all seasons.  In addition, several wolves 
responded to calls from the Mine Site during 2004.  The wolves were located to the south of 
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the calling station, and likely south of the property boundary based on call intensity and 
direction. 

Gray wolf tracks and scat were recorded on Hay Lake Lands, Wolf Lands 3 and 4, and Lake 
County Lands North during the surveys.  Wolf scat was seen on several abandoned logging 
roads.  No wolves or their sign were seen on the other non-federal lands, although conditions 
for surveys were not favorable for detecting tracks and scat at Hunting Club Lands. 

Until 2012, International Wolf Center posted on their website a database summary of wolf 
radiotelemetry observations in northeastern Minnesota.  Of the over 11,000 records in the 
monitoring database between 1994 and 2010, 10 records were for wolves recorded on the federal 
lands; however, there were no records for the Plant Site or Transportation and Utility Corridors 
(International Wolf Center 2012).  Radiocollared wolves have been recorded on the townships of 
Hay Lake Lands.  A wolf was observed in Section 6 of Township 58 North, Range 16 West in 
September 1994, just south of Hay Lake.  Wolves were observed in Sections 1, 19, 22, and 23 of 
Township 59 North, Range 16 West, in and around Hay Lake Lands, between 1994 and 1997.  
Radiocollared wolves have been recorded in the vicinity of Wolf Lands 2 and 3.  There are no 
recorded observations of wolves in the township of McFarland Lake Lands, although McFarland 
Lake Lands and other non-federal lands that would be involved in the land exchange or Wetland 
Mitigation Sites are within the current range of the wolf (Erb and Sampson 2013). 
 
3.3.3.4 Life History 

3.3.3.4.1 Diet 

Wolves are carnivorous predators that prefer a diet of medium and large mammals.  Wild prey 
species in Minnesota include white-tailed deer, moose, beaver, and snowshoe hare, with small 
mammals, birds, and large invertebrates sometimes being taken (Mech 1974, Wisconsin DNR 
1999).  Wolves are habitat generalists that do not depend on the type, age, or structure of 
vegetation, instead, they are indirectly influenced by vegetative condition through the distribution 
of their primary prey species. 

Wolves are social animals, normally living in packs of 2 to 30 wolves, although about 15% of 
the population may be composed of loners and dispersers (Fuller 1989).  In Minnesota, packs 
range in size from 4.9 to 5.6 (Erb and Benson 2004, Erb 2008).  Packs are primarily family 
groups consisting of a breeding pair, their pups from the current year, offspring from the 
previous year, and occasionally an unrelated wolf.  Packs typically occupy, and defend from 
other packs and individual wolves, territories of 42 to 100 mi2 in the Great Lakes region and 
about 40 mi2 in Minnesota (Fuller 1989, Erb and Benson 2004, Erb 2008). 

Normally, only the top-ranking (alpha) male and female in each pack breed and produce pups.  
Litters are born from early April to May and range from 1 to 11 pups, but generally include 4 to 8 
pups (Fuller 1989, Michigan DNR 1997, USDOI USFWS 1992).  Normally a pack has a single 
litter annually, but the production of two or three litters in 1 year has been documented in 
Yellowstone National Park (USDOI USFWS et al. 2002).  Yearling wolves frequently disperse 
from their natal packs, although some remain with their natal pack.  Yearlings may range over 
large areas as lone animals after leaving their natal pack or they may locate suitable unoccupied 
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habitat, pair with a member of the opposite sex, and begin their own pack.  Dispersal distances of 
over 500 miles have been documented (Fritts 1983); individual wolves have recently traveled 
from central Wisconsin to east-central Indiana (400 miles) and northern Illinois, from the Upper 
Peninsula of Michigan to northern Missouri (600 miles), and from the Minnesota-Wisconsin-
Michigan population to east central Nebraska. 
 
3.3.3.4.2 Mortality 

Human settlement and roads are considered to be major determinants in gray wolf distribution.  
These activities have multiple effects, including increased human presence causing an increase in 
illegal poaching and legal predator control, increased chance of introduced diseases and parasites 
via pets (e.g., canine parvovirus), and potential deterrence to colonization of otherwise suitable 
habitat (Mech 1995, Gogan et al. 1997). 

Road Density 

To a large extent, road density has been adopted as the best predictor of habitat suitability for 
wolves in the Midwest due to the connection between roads and human-related wolf mortality.  
Recent studies have used road density to predict probabilities of persistent wolf pack presence in 
an area.  Areas with road densities less than 0.7 miles/mi2 are estimated to have a greater than 
50% probability of wolf pack colonization and persistent presence, and areas where road density 
exceeds 1 mile/mi2 have less than a 10% probability of occupancy (Mladenoff et al. 1995, 
1999). 

Studies of wolf populations in Minnesota, Michigan, and Wisconsin indicate that wolf 
populations usually fail to sustain themselves in areas where rural roads open to the public have 
densities exceeding 0.93 linear miles of road/mi2.  The Wolf Recovery Plan recommends that 
density of higher standard roads remain below 1 mile/mi2 in critical habitat to limit the extent of 
associated effects to wolves (USDOI USFWS 1992). 

Roads lead to wolf-vehicle collisions and an increase in access by hunters and trappers, and 
can be barriers to movement (USDOI USFWS 1992).  However, wolves may tolerate road 
densities as high as 1.2 miles/mi2 if roaded areas are adjacent to large roadless areas, such as 
the Superior National Forest. 

The Wolf Recovery Plan addresses the impact of low standard roads, but does not recommend a 
density threshold for such roads.  Low standard roads may have a greater potential for human 
impact on wolves than high standard roads due to the potential for human access for trapping and 
shooting.  These roads typically are accessed by recreational motor vehicles or on foot.  Illegal 
killing of wolves may result from a variety of reasons.  Some of these killings are accidental (e.g., 
wolves are hit by vehicles, mistaken for coyotes and shot, or caught in traps set for other animals) 
and may be reported to state, tribal, and federal authorities.  Most illegal killings, however, likely 
are intentional and are never reported to authorities (Mech 1995).  The MDNR receives 
approximately two to six reports of wolves killed by vehicle collision annually.  While human 
habitation and the associated network of roads and vehicle traffic increase, wolf mortality from 
vehicle collisions is expected to continue both in actual numbers and as a percent of total diagnosed 
mortality in Minnesota. 
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As wolf populations have continued to expand, however, the road density threshold has been 
questioned.  Wolves can be expected to expand their range into areas with more roads and 
humans, “as more tolerant attitudes toward wolves increase and depredations by wolves are 
controlled.”  “Given the current status of wolves, reducing current levels of high standard road 
access is not necessary to increase either wolf density or distribution.  However, in areas of 
sufficient size to sustain one or more wolf packs, land managers should be cautious about adding 
new road access that could exceed a density of 1 mile/mi2 without considering the potential 
effect on wolves” (MDNR 2001 in USDA USFS 2011b).  Thus, the focus of wolf protection is 
now on maintaining large blocks of habitat relatively free of human access even in areas where 
the road density exceeds 1 mile/mi2. 

Human-caused Mortality Factors 

A study conducted in between 1980 to1986 within north central Minnesota found human-caused 
mortality occurred at a rate of 29%, a figure which includes 2% mortality from legal 
depredation control actions (Fuller 1989).  The MDNR conducted a radiotelemetry study of 
wolves and white-tailed deer, and of 32 wolves fitted with radio collars between 1993 and 2005, 
11 of 16 documented mortalities were attributed to humans (USDA USFS 2011b).  This 
includes one wolf accidentally snared, two vehicle collisions, and eight that were shot. 

A smaller mortality dataset is available from a 1987 to 1991 study of wolves in and adjacent to 
Minnesota’s Voyageurs National Park.  Natural causes of mortality among radiomarked 
wolves included intraspecific strife (n = 4) and starvation (2).  Confirmed human-induced 
causes of mortality among radiomarked wolves included shooting (2), trapping or snaring (2), 
and unknown method (2).  Natural causes of mortality among non-radiomarked wolves 
included intraspecific strife (1) and starvation (1).  Confirmed human-induced causes of 
mortality among non-radiomarked wolves included automobile collisions (3), shooting (3), 
and trapping or snaring (2).  All mortalities within the boundaries of Voyageurs National Park 
were attributed to natural causes.  Six of eight confirmed mortalities among instrumented 
wolves and eight deaths of non-instrumented wolves beyond the boundaries of Voyageurs 
National Park were human caused (Gogan et al. 2004). 

The USDA Animal and Plant Health Inspection Service Wildlife Services found that from 
1996 to 2009, an average of 146 wolves were taken annually for depredation control in 
Minnesota (USDA USFS 2011a). 

Illegal mortality can often be estimated through radiotelemetry studies (Fuller 1989), however 
only a few radiotelemetry studies have taken place in Minnesota.  Northcentral Minnesota 
data from 16 diagnosed mortalities of radiocollared wolves over a 12-year period (1994 to 
2005) show that human-causes resulted in 69% of the diagnosed mortalities (USDA USFS 
2011b). 

Minnesota’s wolves transitioned from federal protection under the ESA to state management by 
the Minnesota Department of Natural Resources on January 27, 2012.  Minnesota’s Wolf 
Management Plan will ensure the wolf’s long-term survival.  The plan gives owners of livestock 
and domestic pets more protection from wolf depredation.  It splits the state into two 
management zones with more protective regulations in the northern third, considered the wolf’s 
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core range.  The MDNR has not established a maximum population goal and wolves are allowed 
to naturally expand their range.  A statewide winter population of 1,600 wolves is the minimum 
goal.  If Minnesota’s wolf population falls below this minimum, the MDNR will take immediate 
and appropriate management actions to reverse the decline and restore the population to its 
minimum level in the shortest possible time.  The MDNR implemented a conservative and 
regulated hunting and trapping season in fall 2012.  Hunters and trappers harvested 413 wolves in 
2012 (MDNR 2013b).  The MDNR expects the 2013 season to follow a similar framework with 
a harvest goal of 220 wolves (MDNR 2013c). 

The MDNR (2001) and the USFS (2004b) use a variety of methods to encourage and support 
education of the public about the history and ecology of wolves in the state and the effects wolves on 
livestock, wild ungulate populations, and human activities.  Public outreach efforts have been in 
effect for years in Minnesota, and while these efforts may not further reduce illegal take of wolves 
from existing levels, these measures may be crucial in ensuring that illegal mortality does not 
increase.  Illegal take of wolves is likely related to road and human population densities, but 
changing attitudes towards wolves may provide for their survival in areas where road and human 
densities were previously thought to be too high (Fuller et al. 2003).  It is important to note that 
despite the difficulty in measuring the extent of illegal killing of wolves, all sources of wolf 
mortality, including legal (e.g., depredation control, hunting, trapping) and illegal human-caused 
mortality, have not been of sufficient magnitude to stop the growth of the wolf population in 
Minnesota, or for Minnesota to have a hunting season for wolves. 
 
Disease 

Disease such as canine distemper, canine parvovirus, Lyme’s disease, mange, and blastomycosis 
have been observed in Minnesota wolves.  However, the usual high annual replacement of dying 
wolves by a high number of pups produced (Mech 1977 in Mech 2002) may be attenuated by 
canine parvovirus mortality of young pups (Mech and Goyal 1995 in Mech 2002).  On the 
Superior National Forest, wolf population density has been stable or increasing for many years 
probably indicating that the main effect of canine parvovirus is to reduce the number of 
dispersing wolves (Mech 2002). 

Wolves in Minnesota may have been exposed to canine parvovirus as early as 1973 (Mech and 
Goyal 1993, 1995).  The population impacts of canine parvovirus are believed to be via diarrhea-
induced dehydration leading to abnormally high pup mortality (Wisconsin DNR 1999).  Despite 
the presence of canine parvovirus, wolf abundance and range in Minnesota have stabilized above 
recovery goal levels and there is no evidence that canine parvovirus has caused a population 
decline in the Minnesota wolf population.  In the Superior National Forest, Mech and Goyal 
(1995) found high canine parvovirus prevalence during the same years in which wolf pup 
numbers were low, however they concluded that these pup mortalities only replaced deaths that 
would have occurred from other causes, particularly starvation.  They theorized that canine 
parvovirus prevalence would cause a wolf population decline when 76% of the adult wolves 
consistently test positive for canine parvovirus exposure.  Their data indicate that canine 
parvovirus prevalence in adult wolves in their study area increased by an annual average of 4% 
during 1979 to 1993 and was at least 80% during the last 5 years of their study. 
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3.3.3.5 Habitat 

Potential and favorable wolf habitat is defined by several elements such as human population 
density, sufficient prey density, road density, vegetation cover, and special landscape patterns 
(Mladenoff et al. 1995). Gray wolves are generalists that can live in most any habitat that supports 
ungulate prey.  Wolf densities are directly related to the densities of their primary ungulate prey 
(Fuller 1989), thus forested areas occupied by white-tailed deer and moose are critical.  
Additionally, the habitat should be suitable for smaller prey such as beaver and snowshoe hare 
which may be seasonally important (Mech 1970).  Moose, deer, and snowshoe hare tend to forage 
in areas of regenerating upland forest, and coniferous forest is an important component of thermal 
cover for all.  Riparian trembling aspen forest is important for beavers.  Patch structure is only 
important in that it may alter prey densities or include areas of high road and human densities 
thereby indirectly altering wolf distribution (Fuller 1997). 
 
Wolf density is heavily dependent on prey availability (Fuller 1989).  Conservation of primary 
wolf prey, such as white-tailed deer, is clearly a high priority for the MDNR, which typically 
manages ungulates to ensure a harvestable surplus for hunters and non-consumptive users, and 
to minimize conflicts with humans.  To ensure a harvestable surplus for hunters, the agency 
must account for all sources of natural mortality, including loss to wolves, and adjust hunter 
harvest levels when necessary. 

White-tailed deer, moose, and beaver, the primary prey species for wolf, are closely associated 
with forage from young upland forest less than 10 years old.  White-tailed deer and moose rely 
on upland immature (10 to 80 years old) and mature (80+ years old) conifer for thermal and 
hiding cover. 

Moose Populations 

Population estimates from aerial surveys in northeastern Minnesota, conducted since 1959, 
suggest that the moose population gradually began to increase in the 1970s and 1980s to a peak 
of 6,900 in 1988, then dropped to 3,700 by 1990, and then stabilized between 3,500 and 4,000 
animals, or approximately 0.7 moose/mi2, between 1996 and 2001.  Due to a change in MDNR 
survey methods in 2004, population estimates from surveys conducted in 2005 and afterwards are 
not directly comparable to prior surveys.  An estimated 8,106 moose occurred in northeastern 
Minnesota in 2005, 7,890 in 2008, 5,700 in 2010, but only 2,760 moose occurred in January 
2013, a 52% decline between 2010 and 2013.  Both the cow to calf ratio and the percent calves 
has exhibited a steady decline over the past 9 years (DelGiudice 2013).  There is currently a 
moratorium on moose hunting in Minnesota due to low population numbers (MDNR 2013a). 

There is no documentation expressing a correlation between the wolf and moose population 
fluctuations on the Superior National Forest, although as discussed below for white-tailed deer, 
there has been a decline in wolf populations concurrent with declines in white-tailed deer and 
moose populations in recent years. 

White-tailed Deer Populations 
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Land management carried out by other public agencies and by private landowners in Minnesota’s 
wolf range, including timber harvest and prescribed fire, improves habitat for white-tailed deer, 
the primary prey for wolves in the State.  The success of these measures is apparent from the 
continuing high white-tailed deer densities in the Forest Zone of Minnesota, and with a white-
tailed deer harvest averaging about 215,000 deer over the last 5 years.  However, numbers of 
white-tailed deer harvested has declined slowly since a peak harvest of 290,000 deer in 2003 
(MDNR 2012).  Approximately one-half of the Minnesota deer harvest is in the Forest Zone, 
which encompasses most of the occupied wolf range in the State.  The decline in white-tailed deer 
numbers may be depressing wolf abundance in Minnesota’s core wolf range, as wolf numbers 
have declined statewide from 2,900 in 2009 to about 2,200 in 2012 (Erb and Samson 2013).  
Since 2007, Minnesota’s Forest Zone white-tailed deer population is estimated to have declined 
by 25% (Grund and Walberg 2012).  Erb and Samson (2013) believe that reduced prey density 
largely explains the 13% increase in wolf pack territory size they observed during the 2012-13 
wolf survey, the first such increase in territory size since surveys began, and the decline in wolf 
populations in Minnesota.  The harvest of wolves in Minnesota may also explain some of the 
decline in wolf populations.  Nevertheless, current estimated density remains near the upper end 
of densities reported from other regions of North America where density of self-sustaining wolf 
populations has been estimated over a large area. 
 
3.3.3.6 Other Factors Affecting the Welfare of the Gray Wolf  

The major factors affecting the welfare of the gray wolf have been identified in sections 
3.3.3.1-3.3.3.5. 

4.0 Effects of the Action 

4.1 Analysis of Direct and Indirect Effects to Species within the Action Area 
and within Critical Habitat 

4.1.1 Canada Lynx 

The USFWS concluded in the Endangered and Threatened Wildlife and Plants: Determination 
of Threatened Status for the Contiguous U.S.  Distinct Population Segment of the Canada Lynx 
and Related Rule; Final Rule (USDOI USFWS 2000a) that the single biggest factor threatening 
the lynx in the contiguous U.S. is the inadequacy of existing regulatory mechanisms, specifically 
the lack of guidance for conservation of the lynx in National Forest and other resource 
management plans.  In addition, the USFWS noted that timber harvest and fire suppression 
impact lynx in the Great Lakes Geographic Area. 

Lands under federal management are necessary to lynx conservation regionally and nationally, 
as federal lands often provide large amounts of forested habitat needed by lynx and snowshoe 
hare.  Large tracts of National Forest lands are found to the east of the Project.  Most of the 
lands not associated with Mesabi Iron Range mining and related activities are forests.  These 
forestlands could provide important habitat for lynx that use the Project area, and for 
movement of lynx between the Project area and areas with higher densities of lynx to the 
northeast. 



93 
 

The Project is within the Superior National Forest and the lynx critical habitat includes the 
Project area.  These forestlands, as well as nearby private forestlands, provide important 
habitat for lynx that use the Project area, and for movement of lynx between the Project area 
and areas with higher lynx densities to the northeast of the Project area. 

Other Lynx Risk Factors 

The Lynx Conservation Assessment and Strategy (Ruediger et al.  2000) identified several 
other risk factors for lynx in the contiguous U.S., which could also apply to lynx in or near the 
Project area.  These factors are considered in the following section on the effects of the 
Project, and the cumulative effects of the Project and other projects within or near the study 
area, on lynx.  These include (bolded items considered important in the Project area). 

1.  Factors Affecting Lynx Productivity 

a. Timber management 
b. Wildland fire management 
c. Recreation 
d. Forest/backcountry roads and trails 
e. Livestock grazing 
f. Other human developments (mining, power generation, etc.) 

2.  Factors Affecting Lynx Mortality 

a. Trapping 
b. Predator control 
c. Incidental or illegal shooting 
d. Competition and predation as influenced by human activities 
e. Highways (vehicular collisions) 

3.  Factors Affecting Lynx Movements 

a. Highways, roads, and rights-of-ways 
b. Land ownership patterns 
c. Ski areas and large resorts 

4. Other Large-scale Risk Factors 

a. Fragmentation and degradation of lynx refugia 
b. Lynx movement and dispersal across shrub-steppe habitats 
c. Habitat degradation by non-native invasive plant species 

 
The Project would result in both beneficial and adverse direct and indirect impacts to factors of 
importance to lynx.  This section summarizes effects associated with the lynx risk factors 1 to 3 
affected by the Project.  The effects of past, present, and future activities on risks to lynx, and 
issues associated with lynx risk factor 4, are discussed within this section. 
 
Factors Affecting Lynx Productivity 
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Direct and indirect effects to lynx from timber and other habitat management, and wildland 
fire, were assessed based on information collected during lynx tracking and radiocollar studies 
and wildlife habitat surveys on and near the federal and non-federal lands, and from lynx and 
snowshoe hare habitat assessments conducted on LAUs. 

Timber and other Habitat Management  

Mine Site 

The USFS manages the federal lands as a General Forest and General Forest – Longer Rotation 
Management Area.  The General Forest - Longer Rotation Management Area emphasizes land 
and resource conditions that provide a wide variety of goods, uses, and services.  These include 
wood products, other commercial products, scenic quality, developed and dispersed recreation 
opportunities, and habitat for a diversity of terrestrial and aquatic wildlife and fish species 
(USDA USFS 2004a).  The characteristics and use of the General Forest Management Area are 
similar to the General Forest – Longer Rotation Management Area, except that harvests are 
more frequent, more uniform in age, and more extensive.  The General Forest Management 
Area has the highest amount of young forest and the largest sized timber harvest units. 

The USFS identified vegetative cover, denning habitat, and prey habitat as important habitat 
elements for lynx (USDA USFS 2004b).  Open water, highly disturbed, and forested areas less 
than 4 years (upland) or 9 years (lowland) old were considered unsuitable habitat for lynx.  
These are general guidelines, as lynx have been seen crossing frozen lakes and highly disturbed 
areas.  For example, a lynx tracked about 5 miles northeast of the Mine Site used mine 
disturbance areas where shrubs, jack pine, trembling aspen, and paper birch had partially 
revegetated the landscape, providing habitat for snowshoe hare and ruffed grouse, especially 
where waste rock talus provided escape cover for snowshoe hares. 

Based on USFS criteria and wildlife assessments done at the Mine Site, all of the Mine Site 
could provide suitable habitat for lynx.  Most forests consisted of immature/mature-size trees, 
with tree cover near 80% in younger forests, and 40 to 50% in immature and mature forests.  
These stands would be favored by lynx for foraging, bedding, and traveling.  Small patches of 
mature forest are found in the central and western portions of the Mine Site that could provide 
foraging, bedding, traveling, and denning habitat. 

Habitat of lesser suitability is primarily limited to roads, railways, clearings, and recent clearcuts 
near the Dunka Road, and at other scattered locations on the Mine Site.  Shrublands and young 
forests are associated with areas that had been recently logged.  Scattered trees (trembling aspen, 
paper birch, jack pine, and black spruce) are occasionally found in these areas, but shrubs, 
including speckled alder, beaked hazel, blueberry, and raspberry may cover up to 80% or 
more of the landscape; percent vegetative cover is much less in more recently logged areas. 

Denning habitat typically occurs in more mature forest stands, especially in areas with tree wind-
throw, although lynx have been seen denning in immature forests (Moen et al. 2004, 2008, Moen 
et al. 2008).  There are about 5,393 acres of denning habitat on the federal lands; approximately 
1,333 acres of denning habitat are found within the area that would be impacted by mining 
(MDNR et al. 2013).  Most mature forest habitat was in the central and western portions of the 
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Mine Site.  The largest trees are up to about 16 inches dbh for both coniferous and deciduous 
trees.  There is little wind-throw in these forests, but large snags (up to 16 inches dbh), stumps, 
and woody debris are common in mature forest stands and could provide denning habitat for lynx 
(ENSR 2000, 2005, AECOM 2011a). 

About 397 acres of habitat lost to mining would be reclaimed after mine closure, but due to the 
successional process, it could be 10 or more years after mining before revegetation results in much 
suitable habitat for lynx.  Based on the mine closure plan, most of the 397 acres of the habitat lost 
to mining that would be reclaimed would be reclaimed as grassland/herbaceous (54%), wetland 
and/or grassland/herbaceous (27%), and wetland (18%).  The West Pit would not be reclaimed, but 
would remain as a 320-acre open pit lake (MDNR et al. 2013). 

Studies of snowshoe hare and red squirrel pellet density suggest that snowshoe hare and red 
squirrel numbers are greatest in jack pine, red pine, black spruce, and mixed immature/mature 
forests; presumably, lynx would be more common in these habitats (Moen et al. 2004). 
Snowshoe hare were seen throughout the Mine Site, but were most common in young and 
immature coniferous forest dominated by jack pine.  Although upland coniferous forests are 
dominated by jack pine, jack pine is especially abundant in the eastern portion of the Mine Site, 
as were snowshoe hare. 

Three lynx were found within 6 miles of the Mine Site during lynx tracking surveys (ENSR 
2006).  Important habitat features used by lynx were identified during snow tracking.  One lynx 
hunted snowshoe hares in mature jack pine where balsam fir inclusions in the understory were 
prevalent and provided dense cover, and in immature jack pine forest, often near lowland edges 
where balsam fir and other young and immature conifers provided relatively dense cover.  This 
lynx also used lowland coniferous habitats.  This lynx stalked three locations where white-tailed 
deer had bedded and investigated one site where grouse activity had occurred.  It used an area 
where white-tailed deer activity was high, and also followed white-tailed deer trails and hunted 
snowshoe hare at this location.  Two resting beds used by this lynx were found, one in mature 
jack pine and the other in a recent clearcut near a timbered edge. 

A second lynx used mature black spruce swamp and hunted primarily in young and immature jack 
pine forest regenerating on sites that had been clearcut within 25 years.  Snowshoe hare densities 
were abundant in a small stand of jack pine/balsam fir where the lynx hunted.  Two resting beds, 
within 325 feet of each other, were found in this stand.  The lynx pursued a white-tailed deer for a 
short distance and visited a site where humans had deposited venison trimmings.  The lynx also 
investigated the empty snow roost of a grouse. 

Federal Lands Surrounding the Mine Site 

The federal lands surrounding the Mine Site would also be transferred to PolyMet under the 
Proposed Action.  PolyMet could include some upland timber management that could enhance 
wildlife habitat. 

Based on USFS criteria and wildlife assessments done for the federal lands, nearly all of this area 
could provide habitat for lynx and snowshoe hare.  Forest vegetation dominates the federal lands 
(88%; Figure 9; Table 7).  Most forest stands contain trees that are 12 inches dbh or less.  Large 
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stands of lowland black spruce with scattered northern white cedar and tamarack are found in low 
areas, while stands of immature and mature forest dominated by jack pine, and smaller patches of 
immature deciduous forest are found in upland areas. 

The northern area of the federal lands includes a portion of One Hundred Mile Swamp.  The 
swamp is comprised of some young, but mostly immature and mature black spruce, northern white 
cedar, and tamarack forests.  Northern white cedar is prevalent in the north central portions of the 
northern area of the swamp, while black spruce and tamarack are more common in the remaining 
areas.  Most of the forest stands are 90 years or older, with much of the remaining stands 70 to 90 
years of age (USDA USFS 2000a).  Because this area is very wet, it would probably provide little 
habitat for lynx and snowshoe hare, except perhaps during winter. 

Approximately 3,161 acres of immature and mature forest habitat are found on the federal 
lands surrounding the Mine Site.  Large downed woody material was seen in these areas that 
could provide denning habitat for lynx, but there was little tree wind-throw observed on these 
lands, except along old logging roads in mature white cedar forests. 

Transportation and Utility Corridors 

Because of prior use during the former LTVSMC taconite mining operation, the Transportation 
and Utility Corridors are now defined as having a “disturbed” cover type.  The remaining 
MDNR GAP land cover types that are not disturbed include cropland/grassland (8%), shrubland 
(6%), and smaller acreages of the remaining types.  The corridors could be used by lynx for 
travel between more suitable habitat types. 

Plant Site 

Of the 2,189 acres that would be disturbed at the Plant Site by the Project, approximately 50% 
(1,103 acres) of the Plant Site has been previouslydisturbed and supports little vegetation.  The 
remaining areas consist of aquatic environments (26%), upland deciduous forest (13%), shrubland 
(7%), upland coniferous forest (2%), and lowland coniferous forest (1%; Figure 10; MDNR et al.  
2013).  Development of the Plant Site would have little impact on lynx habitat, as about 76% of 
the site has been disturbed by LTVSMC taconite mining operations or is aquatic habitat.  The 
remaining habitat may be used by snowshoe hare and provide foraging habitat for lynx.  Lynx 
could also use portions of the site for travel and bedding.  Given the amount of existing land 
disturbance, and noise and other human disturbance that would be associated with Plant Site 
activities, it is unlikely that the Plant Site would be used by lynx during Plant operations, although 
the Plant Site could be used by lynx after reclamation. 

Non-federal Lands 

Under the Proposed Action, up to approximately 7,075 acres of non-federal lands would be 
transferred to the USFS.  The USFS and MDNR cover type mapping and field and wildlife 
habitat surveys were conducted for these lands and give an indication of the suitability of these 
lands for lynx.  Portions of the non-federal lands have been harvested during the past 20 years, 
with much of the harvest occurring on Lake County Lands North, Lake County Lands South, and 
Wolf Lands 2 and 3, as indicated by acres of grassland and shrubland habitats shown in Table 7.  
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Snowshoe hare and lynx could use these areas, especially if these areas are in proximity to 
coniferous stands.  About 267 acres consists of aquatic habitat, which would not be used by 
snowshoe hare, red squirrel, or lynx, except perhaps during winter. 

Wetland Mitigation Sites 

Under the Proposed Action, approximately 2,169 acres of Wetland Mitigation Site lands would be 
purchased by PolyMet as compensatory mitigation for impacts to wetlands and other waters of the 
U.S.  These lands are used for sod production, but under the Proposed Action would be restored to 
native wetland and upland vegetation.  According to the Wetland Management Plan (Barr 2014d), 
approximately 1,603 acres (this includes the preservation of 29 acres of coniferous bog) of wetland 
and 197 acres of upland would be restored/created at the off-site Wetland Mitigation Sites.  These 
sites could provide habitat for lynx and snowshoe hare, but there have been no recent records of 
lynx in the immediate vicinity of these lands. 

Wildland Fire Management 

Fire, wind, insects, and disease historically played an important role in maintaining the mosaic of 
forest successional stages that provide habitat for both snowshoe hare and lynx (Bailey et al.  
1986, Quinn and Thompson 1987, Koehler and Brittell 1990, Slough and Mowat 1996, Ruediger 
et al. 2000).  For the first few years after a burn, there appears to be a negative correlation 
between lynx use and the amount of area burned.  This short-term effect is likely due to the 
reduction of snowshoe hare populations, removal of cover, and possibly also to increased 
competition from coyotes in open habitats (Koehler and Brittell 1990).  The lag time until the 
peak of snowshoe hare population increase is generally about 15 to 30 years (this varies 
depending on tree species, habitat type, and severity of disturbance).  Re-sprouting of deciduous 
trees occurs more quickly, in 3 to 12 years.  Snowshoe hare populations again decrease as the 
forest canopy develops and shades out the understory.  Forest gaps processes, such as large wind-
throws, insect infestations, and outbreaks of disease, produce similar effects (Agee 2000). 

The Superior National Forest lies within a boreal forest system where natural fire occurrence 
is common.  The Forest also provides for a variety of recreational and management activities 
which sometimes result in unwanted human-caused fires. 

Fire management is an integral part of land and resource management on the Superior National 
Forest.  Fire plays a natural role in achieving long-term goals of ecosystem health.  Wildland 
fire management decisions and resource management decisions go hand-in-hand and are based 
on approved Fire Management and Land and Resource Management Plans.  Wildland fire, as a 
critical natural process, may be re-introduced into the ecosystem where human life, property, or 
resource values are not at risk. 

In all cases, protection of human life is the first priority in wildland fire management.  Property 
and resource values are the second priority, with management decisions based on values to be 
protected.  Structural fire protection in the wildland/urban interface is the responsibility of 
tribal, state, and local governments. 
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Lynx and snowshoe hare favor early successional habitats that occur in the boreal forest about 10 
or more years after disturbance.  Thus, wildland fire can initiate plant succession to the benefit of 
lynx and snowshoe hare.  Lynx denning habitat would not be available until at least 60 or more 
years after a wildland fire event. 

Under the Proposed Action, fire prevention would be a high priority at the Plant Site and on 
federal lands to protect human life and mine and plant infrastructure.  After mine closure, 
wildland fire may again become part of the natural ecosystem on the federal lands, but would 
likely not be allowed at the Plant Site due to its close proximity to other mine infrastructure 
and other private properties. 

Wildland fire could occur on the non-federal lands, but would likely be actively controlled to 
minimize loss of timber on the lands and to minimize the risk to nearby properties.  Most 
habitat management on these lands would primarily be associated with timber management and 
harvests, and for Wetland Mitigation Sites, wetland and upland restoration under the Proposed 
Action. 

Summary of Impacts to Lynx Habitat 

Numerous habitat and human-disturbance factors influence lynx use of an area.  Factors most 
important in the study area include timber management, mining activity, and habitat 
fragmentation.  The mine project would remove forestlands, reduce the amount of available 
habitat for lynx, and increase habitat fragmentation; much of this habitat would be reclaimed 
after mine closure.  However, large tracts of land associated with the Superior National Forest 
and adjacent to the Mine Site would be managed for lynx and other wildlife habitat.  These 
lands have the potential to reduce the amount of habitat fragmentation within the region and 
help to maintain travel corridors between areas of suitable habitat. 

Despite the presence of suitable habitat over most of the federal lands, sightings of lynx on the 
federal lands have been few.  Based on tracking surveys on and near the federal lands, lynx 
density appears to be relatively low near the federal lands (approximately one lynx per 83 
square miles) compared to other portions of northeastern Minnesota (ENSR 2006).  Lynx 
sightings were more common a few miles east of the federal lands (Barr 2011).  Thus, the loss 
of habitat due to the mining may have little impact on lynx. 

None of the federal lands surrounding the Mine Site would be directly impacted by the Proposed 
Action.  However, noise, light, and other disturbances at the mine site could limit use of the area 
by lynx, and perhaps to a lesser extent by snowshoe hare. 

Lynx have not been recorded on the federal lands associated with the Mine Site, based on 
tracking surveys, NRRI field studies, USFS DNA data (collected from lynx scat), and MDNR 
lynx records databases.  However, lynx tracks were seen on the Mine Site by a USFS 
biologist during February 2010 (Ryan 2013c).  Although the lands contain much potential 
habitat for lynx, they also consist of much wetland habitat that is little used by snowshoe hare 
and could make lynx travel difficult outside of winter.  Thus, the Project may have little direct 
impact on lynx use of these lands. 
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Lynx were not observed on the non-federal lands during wildlife studies, but lynx scat has been 
collected within 6 miles of all of the non-federal lands, except Hunting Club Lands and 
McFarland Lake Lands; lynx DNA has been found within 10 miles of Hunting Club Lands.  The 
MDNR lynx database showed that lynx have been recorded within a mile of Hay Lake Lands 
and McFarland Lake Lands, but there were no records of lynx within 6 miles of the other non-
federal lands. 

The USFS would gain additional lands that would provide habitat for lynx and snowshoe hare 
under the Proposed Action.  However, given that these lands would not be directly or indirectly 
impacted by the Project, would likely not be developed in the near future, and would remain 
mostly in timber production with limited recreational use, there would likely be little or no 
adverse or beneficial effects to lynx using the non-federal lands with or without the proposed 
land exchange. 

Although the USFS would administer additional habitat for lynx under the land exchange, there 
would still be a net loss of habitat to lynx and snowshoe hare due to habitat loss at the Mine Site.  
If the land exchange does not take place, and non-federal lands are not acquired by PolyMet and 
remain privately owned, non-federal lands would likely be managed primarily for timber 
production and some recreational use (hunting, fishing, and cabins).  Most of the non-federal lands 
are wetland and lowland coniferous forest and not suitable for most types of recreational 
development.  At this time, there also appears to be little interest in mining these lands or 
conducting other large scale surface disturbance.  Thus, these lands would continue to provide 
similar acres of habitat for lynx and snowshoe hare with or without the land exchange. 

No lynx tracking surveys have been conducted on or near the Wetland Mitigation Sites.  Only 
one lynx scat has been collected within 10 miles of the Wetland Mitigation Sites, and there are 
no records in the MDNR lynx database of lynx within 6 miles of the Wetland Mitigation Sites.  
These sites are sod farms that would be restored to wetland and upland habitat.  They could 
provide habitat for lynx in the future, but the beneficial effects to lynx from acquisition of these 
lands would be minor, if any, as there appears to be little or no use of these sites by lynx. 

Recreation 

Recreational activities are becoming increasingly widespread across the landscape, but their 
effects on lynx are little known.  Very few studies have investigated the complex interactions 
between humans and wildlife.  Some anecdotal information suggests that lynx are quite tolerant 
of humans (USDOI USFWS 1992, Staples 1995, Roe et al. 1999, Mowat et al. 2000). 

Non-consumptive recreational activities are growing in popularity over the more traditional 
consumptive recreation uses of hunting and fishing (Duffus and Dearden 1990).  Trends indicate 
that land-based activities occurring within developed recreation sites or near roads involve the 
greatest number of people. 

Roads and trails used for recreation may present several risks to lynx, depending on their 
distribution over the landscape, their accessibility, the season of use, and the intensity and 
frequency of use.  Management concerns include the potential for increased human use associated 
with roads and trails, which could increase disturbance at den sites, shooting or trapping of lynx, 
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lynx-vehicle collisions, and compaction of snow that may increase inter-species competition.  
Dispersed recreation activities seldom result in a direct loss of habitat, but are more likely to impart 
indirect effects, such as increased competition resulting from snow compaction. 

Recreational snowmobile use has expanded dramatically over the past 25 years, and is a common 
recreational activity in northern Minnesota.  The growth of snowmobile use and an expanded trail 
system over the past 2 to 3 decades has increased human presence in lynx habitat in northern 
Minnesota and elsewhere in the U.S. 

Federal Lands and Plant Site 

Access to the Project and federal lands is controlled by a security gate near the Plant Site, and a 
locked gate prevents vehicle access to the Dunka Road at the Northshore Mine.  The Dunka 
Road is a private road, however, recreationalists could access the Mine Site by using all-
terrain vehicles or snowmobiles, or on foot, from the east by traveling along the Dunka Road, 
and from the south on USFS Road 113.  The Northshore Mine is north of the federal lands 
and recreationalists are not allowed to access the Northshore Mine property. 

Recreational hunting and all-terrain vehicle/snowmobile use have been observed on or near 
the federal lands, but use of the site by recreationalists is limited as there is not easy access to 
the site.  During mine operations, access to the Project area would be strictly controlled and 
recreational activities would not be allowed on the Project area. 

Natural population growth, along with an influx of workers to support the Project, would further 
increase the growth of recreational activity in the Project area and could possibly impact lynx 
activities.  Causes of lynx mortality varies, but Moen (2009) found that most known deaths of lynx 
were directly or indirectly associated with human activities, both in Minnesota and Ontario, 
Canada.  Dispersed recreation activities seldom result in a direct loss of habitat.  However, the road 
and trail network that is used by dispersed recreation has resulted in a loss of lynx habitat by 
displacing native vegetation. 

Risks to lynx from recreationalists from the Project could increase during mine operations 
from current levels, as lynx that use the federal lands would be forced into areas surrounding 
these sites where hunting and other recreational activities are allowed.  However, studies have 
shown that lynx use of the federal lands is uncommon, and thus this risk to lynx would be low.  
After mine closure, the Project area would remain privately owned and access to the Project 
area by the public would be prohibited. 

If public access to the Project areas and federal lands was no longer restricted, it is likely that 
recreational use of these lands would increase, to the potential detriment of lynx.  However, 
there is little evidence of lynx use of the Mine Site and Plant Site, with most lynx observations 
occurring east of the Mine Site.  Thus, there should be little impact to lynx if the land exchange 
does not occur. 

Non-federal Lands and Wetland Mitigation Sites 
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The non-federal lands are privately owned, but some hunting and off-road vehicle use occurs on 
these lands, except McFarland Lake Lands.  Under the Proposed Action, the non-federal lands 
would be administered by the USFS and would be open to public recreation, including hunting 
and off-road travel.  The Wetland Mitigation Sites would be privately owned and hunting and 
off-road vehicle would not be allowed.  It is unlikely that new roads would be constructed to 
improve access to the non-federal lands and Wetland Mitigation Sites.  Thus, risks to lynx from 
recreational activity would likely not change substantially under the Proposed Action. 

If the land exchange does not occur and if the Project is not permitted, non-federal lands and 
Wetland Mitigation Sites would remain privately owned.  Non-federal lands would likely be 
managed primarily for timber production, and some recreational use (hunting, fishing, and 
cabins), while the Wetland Mitigation Sites would be managed for agriculture.  The level of 
recreation use and risks to lynx on these areas would not change substantially from current 
levels. 

Forest and Backcountry Roads and Trails 

There is a well-established forest and backcountry road and trail system along the Mesabi Iron 
Range, associated with mining activity, accessing federal, state, county, and privately owned 
forestlands, and serving recreational areas, private residences, and pasturelands.  Roads and trails 
may present several risks to lynx based on the potential for increased human use in lynx habitat. 

Construction of roads may reduce lynx habitat by removing forest cover and increasing the 
threat of illegal hunting and trapping.  On the other hand, in some instances, along less-traveled 
roads where vegetation provides good snowshoe hare and white-tailed deer habitat, lynx may 
use the roadbed for travel and foraging (Koehler and Brittell 1990). 

Forest backcountry roads and trails may facilitate snowmobile, cross-country skiing, and other 
human uses in the winter.  As described later, snow compaction on roads or trails may allow 
competing carnivores, such as coyotes and mountain lions, access into lynx habitat (Buskirk et al. 
2000).  In the absence of roads and trails, snow depths and snow conditions normally limit the 
mobility of these other predators during midwinter. 

Squires et al (2010) found no evidence that lynx are sensitive to forest roads, including roads 
used by snowmobiles in the winter.  This study concluded that seasonal resource-selection 
patterns of lynx were little affected by forest roads with low vehicular or snowmobile traffic.  
In densely forested areas, vehicle use was concentrated on roads and trails and lynx were 
disturbed less than in other more open areas.  Lynx were often seen crossing roads near the 
Mine Site and Northshore Mine during winter lynx surveys in 2006 and 2008 (ENSR 2006, 
Barr 2011). 

Moen et al. (2010) showed that lynx will take advantage of roads when present and that a road 
and trail network increases habitat connectivity for lynx.  In northeastern Minnesota, lynx on 
long-distance movements traveled within an average distance of less than 656 feet to a road.  
Lynx use of roads and other linear features is probably based on the energetic efficiency of 
moving along a road compared to moving through a forest.  The northeastern Minnesota 
landscape is characterized by dense forests, bogs, and lakes of various sizes.  Lynx may find that 
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it is more energetically efficient to walk on or alongside of a road, whether within the home 
range or while on a long-distance movement. 

Snowshoe hare densities may be higher along roads and trails due to the juxtaposition of land 
cover types and ages along these linear routes.  The forest edges along forest roads provide 
preferred habitat for snowshoe hare.  Regenerating and young forest is the cover type that has 
the highest density of snowshoe hares in Minnesota.  Therefore, road and trails appear to 
provide productive snowshoe hare edge habitat that lynx opportunistically utilize (Moen et al. 
2008). 

Moen et al. (2010) indicated that the road and trail network may increase the connectivity of 
different parts of the Superior National Forest, and may enable lynx to move further than they 
would in the absence of a road and trail network.  It is also possible that the existing road and 
trail network would make it easier for immigrating Canada lynx to find parts of the Superior 
National Forest with adequate snowshoe hare densities. 

While linear features such as roads may benefit lynx from an energetic perspective, they may also 
be negative if they increase the chance of incidental mortality because of exposure to humans.  It 
is unlikely that lynx behavior could be modified to prevent lynx from using linear features such as 
roads and trails (Moen et al. 2010).  Managing the road and trail network can minimize the 
potential for conflicts.  But whether roads and trails are closed to motorized vehicle use or not, it 
may be impossible to totally eliminate human-lynx conflicts because human use would continue 
on non-motorized routes.  The benefit of reducing mortality risk by managing road networks 
and densities has to be balanced against the cost of not being able to use linear features on long-
distance movements. 

Federal Lands, Transportation and Utility Corridors, and Plant Site 

Impacts to lynx in and surrounding the Project area may include mortality from collisions with 
vehicles and trains.  Construction and operation of the project, and the influx of workers to the 
area, would mean an increase in vehicular and rail traffic.  The FEIS estimates that the Project 
would generate up to 1,316 miles per day of vehicle traffic near the Project site, including trips 
between the Mine Site and the Plant Site, and trips between the Plant Site and the Area 1 Shop.  
Vehicle traffic would consist primarily of light trucks and maintenance vehicles traveling 
between 30 and 45 miles per hour (mph), and a few large fuel, waste/supply, and haul trucks 
traveling between 25 and 40 mph.  The Project would also generate 418 total miles per day of 
rail traffic between the Mine and Plant sites during mine operations.  Trains would operate at 
15 to 25 miles per hour (MDNR et al. 2015). 

Harm or loss of lynx from collisions with vehicles or trains traveling within the Project 
boundaries cannot be discounted, but the risk would be very small as there is currently little 
use of the Project area by lynx, and use of the area by lynx would decrease substantially 
during project operations due to loss of habitat and noise and disturbance associated with 
Project activities. 

In previous BOs for federal actions that are ongoing in Minnesota, including the Mesaba Nugget 
Prevention of Significant Deterioration Permit U.S.  Environmental Protection Agency (USDOI 
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USFWS 2009d), and Northshore Mine Eastern Progression and CSAH 70 Relocation St.  Louis 
County, Minnesota (USDOI USFWS 2011a), the USFWS anticipated various levels of take, or loss 
of lynx to collisions with vehicles or other factors.  Based on these opinions, the USFWS estimated 
that several lynx could be killed annually by current ongoing project-related activities in northern 
Minnesota, although actual take has been substantially less. 

A Wisconsin study (Kohn et al. 2000 cited in USDOI USFWS 2009d) of wolf deaths by vehicles 
was used to estimate the number of lynx and wolf that could be killed by collisions with vehicles 
along the Dunka Road and Utility Corridor.  In that study, an estimated 0.01 wolf were killed per 
mile of road for a traffic volume of 4,700 vehicles per day and a wolf density of 0.006 wolf per 
square kilometer.  For the previous BOs, and this BO, it was assumed that the likelihood of a 
collision is the same for lynx and wolves, that trains and vehicles are equally likely to hit a lynx or 
a wolf, and that the collision frequency is related to the density of the species in the Project area 
and the vehicle/rail miles traveled per year.  The USFWS noted that even intensive studies, such as 
the wolf mortality study in Wisconsin, may not document all road-related mortality within the 
study area (USDOI USFWS 2009d).  Thus, the USFWS assumed that lynx and wolf mortalities 
due to automobile collision were actually twice the levels reported from the Wisconsin study (0.02 
wolf killed per mile of road). 

Based on the assumption that there is about 0.0048 lynx/square kilometer (km2; 1 lynx per 80 mi2; 
1 lynx per 207 km2; that there would be about 1,316 vehicle and 418 rail miles traveled each day; 
that vehicle/rail collisions with lynx could occur during the Project ; and that vehicles and trains 
are equally likely to collide with lynx, it was estimated that approximately 0.006 lynx would be 
killed annually by vehicle/rail traffic on the road/rail line between the Mine Site and Plant Site, 
or less than one (0.12) lynx during the estimated 20-year life of the Project (assuming that 
mortalities due to collisions with vehicles and trains were twice the estimated level).  Thus, 
although risk of loss of lynx due to a collision with a vehicle or train is very small, it could 
occur during the life of the Project. 

After mine operations cease, temporary roads would be closed and reclaimed except for a short 
road from the Dunka Road to the Waste Water Treatment Facility.  The Dunka Road would be 
retained and would provide access to the Mine Site area after mine closure, but would be a 
private road and closed to public use.  Although roads would be constructed to support mine 
and plant operations, it is expected that the miles of roads on the Mine and Plant sites would 
decrease from current levels after Mine Site and Plant Site reclamation, thus benefiting lynx 
(Pylka 2013b). 

Temporary roads have been constructed on the federal lands to support timber harvest activities 
and within a ROW to support power line maintenance.  Except for recently constructed gravel 
roads to access timber harvest areas, temporary roads are now overgrown in places with 
vegetation and are generally only suitable for foot, all-terrain vehicle, and snowmobile travel.  
Vegetation within the ROW is maintained at a low height for safety purposes, and the ROW is 
accessible to all-terrain vehicles and snowmobiles.  Temporary roads may be constructed to 
support future management, but roads would be likely closed after their intended use and allowed 
to revegetate; it is unlikely that permanent roads would be constructed.  The miles of temporary 
roads would likely remain at or below current levels, to the benefit of lynx, and roads would be 
closed to the public (Pylka 2013b). 
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Non-federal Lands and Wetland Mitigation Sites 

Access onto most of the non-federal lands is by secondary roads that branch off of USFS or 
county roads.  Most secondary roads were constructed to support timber harvest activities.  
There is no road access onto Hunting Club Lands and Wolf Lands 4.  Access to McFarland 
Lake Lands is controlled by a locked gate.  If acquired by the USFS, the non-federal lands 
would be managed for General Forest, General Forest-Longer Rotation, Riparian Areas, and 
Candidate Research Natural Areas (MDNR et al. 2013).  If new roads are constructed on the 
non-federal lands, they would likely be temporary and used to support timber management.  
There would likely be little change in the number of miles of backcountry roads and trails on 
the non-federal lands, and the number of miles may decrease if existing roads are closed and 
revegetated or allowed to revegetate naturally, benefitting lynx. 

The Aitkin Wetland Mitigation Site is bisected by County Road 1.  The Hinckley Wetland 
Mitigation Site is bordered on the south by Township Road 56, while the Zim Wetland 
Mitigation Sites are bordered on the west by County Road 7.  Secondary access roads are also 
associated with the sites, but the sites are in rural areas.  It is unlikely that new roads would be 
constructed within the sites, and some roads may be reclaimed in the future, to the benefit of 
lynx. 

Other Human Developments (mining, power generation, etc.) 

Other human developments that may alter lynx habitat near the federal and non-federal lands 
and Wetland Mitigation Sites include rural development, forestry, agriculture, and mine 
exploration, development, and operation.  These activities affect lynx habitat by changing or 
eliminating vegetation, and may also contribute to habitat fragmentation.  There may be an 
increased potential for human-caused mortality associated with the developments (Ruediger et 
al. 2000). 

Federal Lands and Plant Site 

The Northshore Mine is immediately north of the Mine Site and the Mesaba Nugget Mine 
Project is immediately west of the Plant Site.  Sources of noise at these sites include trucks, 
bulldozers, rock drills, jack hammers, graders, backhoes, air compressors, and cranes.  Noise 
from these facilities could impact lynx residing in or traveling through the Project area.  The 
impacts of noise on lynx and other wildlife are largely unknown and the assessment of impacts 
remains subjective.  Wildlife are receptive to different sound frequency spectrums, many of 
which may be inaudible to humans.  Wildlife are also known to habituate to noise, especially 
noises that are steady or continuous, such as noises that would occur near the Project.  For 
example, lynx have been seen within about a quarter mile of loud noise sources and other 
human disturbance at Northshore Mine facilities, and have been seen by drillers within a few 
hundred feet of operating exploration drill rigs to the east of the Project. 

Disturbance associated with these facilities and associated transportation infrastructure 
includes lights, glare, and noise.  Lynx traveling through the Project area may avoid areas 
that are active and well lit. 
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Non-federal Lands and Wetland Mitigation Sites 

There are no large developments near the non-federal lands or Wetland Mitigation Sites.  The 
non-federal lands are currently managed primarily for timber and recreation, similar to how 
these lands would be managed by the USFS.  The Wetland Mitigation Sites would be restored 
to wetland and upland wildlife habitat.  Lynx observations are rare near the Wetland Mitigation 
Sites and lynx use of the sites after restoration would be infrequent. 

Factors Affecting Lynx Mortality 

Trapping and Incidental or Illegal Shooting 

Lynx mortality has been monitored in northeastern Minnesota since 2000.  From 2000 to 2012, 
43 incidents of lynx mortality occurred (Rowse 2012).  Nineteen of 28 mortalities in which the 
cause of death was determined were due to illegal trapping or shooting.  The 2004 Forest Plan 
BA reiterated findings from Ruediger et al. (2000) that incidental or illegal mortality may occur 
from trapping and hunting/poaching activities.  The 2004 Forest Plan BA assumed and reported 
that mortality from trapping and shooting could and has occurred on lands managed by the 
USFS.  Lynx mortality could indirectly or cumulatively occur on National 

Forest lands based on incidental trapping for other species such as fox, fisher, and gray wolf.  
This cause and effect relationship has not changed since 2004 (USDA USFS 2004b). 

Since 2004, two lynx within the Superior National Forest, and four lynx outside the 
Superior National Forest, were killed due to incidental trapping or shooting.  Three lynx 
were killed due to legal trapping in Canada.  Five trapped lynx were released alive from 
traps during that same period in Minnesota (USDA USFS 2011b). 

Access to the Project area would be carefully controlled and use of the site by workers would 
be monitored by security personnel.  Workers would also be given training in how to avoid 
harming or killing lynx while working on the site. 

 
Federal Lands and Plant Site 

Hunting and trapping of lynx is illegal in Minnesota and would not be allowed on all lands 
affected by the Project.  The Project area would be closed to all types of hunting and 
trapping during construction and operations.  Project personnel would be trained to not 
harass lynx in the Project area, and to report dead or injured lynx seen on the property.  The 
Project area would be privately owned and closed to the public after mine closure (Pylka 
2013b). 

Non-federal Lands and Wetland Mitigation Sites 

Hunting and trapping are allowed on the non-federal lands and on nearby USFS lands.  It is 
assumed that hunting and trapping would be allowed on the non-federal lands if acquired by the 
USFS.  As noted above, two lynx have been illegally trapped or shot within Superior National 
Forest boundaries since 2004, and lynx could be illegally shot or trapped on the non-federal 
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lands after transfer to the USFS.  However, the risk of loss of lynx from hunting and trapping 
would be similar to these risks that now occur on the non-federal lands under private ownership. 

Competition and Predation as Influenced by Human Activities 

New roads and trails associated with Project activities and the influx of workers may facilitate 
snowmobile, cross-country skiing, and other human uses in the winter.  Snow compaction on 
roads or trails may allow competing carnivores, such as coyotes and mountain lions, access into 
lynx habitat.  In the absence of roads and trails, snow depths and snow conditions normally limit 
the mobility of these other predators during mid-winter.  It is likely that lynx near the Project 
area would compete with these competitors and predators for primary lynx prey (Buskirk et al. 
2000b). 

Lynx and carnivore biologists (Bider 1962, Ozoga and Harger 1966, Murray and Boutin 1991, 
Koehler and Aubry 1994, Murray et al. 1995, Lewis and Wenger 1998, Buskirk et al. 2000b) have 
suggested that packed trails created by snowmobiles, all-terrain vehicles, and cross-country skiers 
may serve as travel routes for potential competitors and predators of lynx, especially coyotes.  
Buskirk et al. (2000b) hypothesized that the usual spatial segregation of lynx and coyotes may 
break down where human modifications to the environment increase access by coyotes to deep 
snow areas.  Such modifications include expanded forest openings throughout the range of the 
lynx. 

Fuller and Kittredge (1996) noted that the distribution and numbers of coyotes have dramatically 
expanded in recent decades.  Geir (1975) and Nowak (1979) suggested that coyotes are thought to 
have originated in areas where snow cover was minimal, and it is only within the last century that 
they have colonized the boreal forests. 

Buskirk et al. (2000b) hypothesized that coyotes may be locally or regionally important 
competitors for lynx food resources, possibly exerting interference competition pressures on lynx 
as well.  O’Donoghue et al. (1998b) also suggested coyotes exert potentially important exploitation 
competition pressures on lynx.  Predation rates by coyotes on snowshoe hares exceeded those of 
lynx in the Yukon Territories during periods when snowshoe hare population levels are high.  
Coyotes then shifted their prey preference from snowshoe hares to carrion because of intolerance 
to deep snow conditions (Todd et al. 1981).  Coyotes have been shown to increase their use of 
open habitats between November and March due to the increase in packed snow conditions and 
the load-bearing strength of snow in openings.  It is this strong prey- and habitat-switching 
ability of the coyote that may contribute to its success as a competitor with lynx (Buskirk et al. 
2000b). 

Murray and Boutin (1991) reported that both lynx and coyotes used travel routes with shallow snow, 
but that coyotes traveled on harder snow more frequently.  They also reported that the use of trails in 
the snow not only reduced the depth to which an animal sinks into the snow, but aided coyotes and 
lynx in obtaining additional food.  Keith et al. (1977) suggested that during population peaks of 
snowshoe hares, the density of trails in snow facilitates coyote movement.  Murray and Boutin 
(1991) reported similar results with their study where hare densities were high. 



107 
 

Dispersed recreation activities seldom result in a direct loss of habitat.  However, the road and 
trail network that is used by dispersed recreation has resulted in a loss of lynx habitat by 
displacing native vegetation on the landscape.  Snow compaction can result in increased access 
by competitors, and increased access for bobcat, thereby increasing the potential for 
hybridization. 

Federal Lands and Plant Site 

New roads would be constructed on the Project area.  However, these roads would be well 
traveled and there would be much noise and activity associated with Mine Site and Plant Site 
activities.  In addition, most of the vegetation within the disturbed areas of the Mine Site would 
be removed, and it may be 10 or more years after mine closure before the Mine Site is reclaimed 
to wetland, grassland, and shrubland habitat.  Coyotes have been seen near the Plant Site, but 
would be unlikely to use the Project area during operation until after mine reclamation.  There 
could be competition between lynx and coyotes for food resources and other habitat 
components, but given the low numbers of lynx and coyotes found near the Project area, these 
effects should be negligible.  After mine closure, most roads would be reclaimed; only the 
Dunka Road and a short road from the Dunka Road to the Waste Water Treatment Facility 
would remain.  These roads would be privately owned and closed to the public (Pylka 2013b). 

Non-federal Lands and Wetland Mitigation Sites 

As discussed earlier, the non-federal lands and Wetland Mitigation Sites would likely be 
managed for fish and wildlife habitat, forestry, and recreation with or without the Project.  
Road densities would remain near current levels.  Thus, competition between lynx and coyotes 
associated with road density should remain near current levels. 

Highways (vehicular collisions) 

Federal Lands and Plant Site 

Direct mortality from vehicular collisions may be detrimental to lynx populations in the lower 
48 states (Ruediger et al. 2000).  In their 2004 Forest Plan BA, the USFS assumed that mortality 
between high and low standard roads could differ, with potential mortality likely being higher on 
high standard (high-speed) paved roads that are typically federally, state or county managed 
highways and lower on low standard (low-speed) non-paved roads that are typically managed by 
the USFS (USDA USFS 2004b). 

An estimated 42 worker/supply vehicle round trips would be made daily between the Plant Site 
and Hoyt Lakes, Minnesota, and 156 worker/supply vehicle round trips would be made daily 
between U.S.  Highway 135 and the Plant Site (Barr 2013a).  For purposes of analysis, it was 
assumed that the average distance between Hoyt Lakes and the Plant Site main security gate is 6 
miles, and that traffic accessing the Plant from Highway 135 comes from Babbitt to the Plant 
Site north gate, or about 33 miles on average.  Average speed would be about 50 mph between 
the Plant Site and Hoyt Lakes, and Plant Site and Highway 135.  In addition, about seven trains 
per month would carry supplies and materials to and from the Plant Site and Virginia, 
Minnesota, a distance of about 30 miles.  These trains would continue on to Duluth or 
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International Falls, Minnesota, but would likely be included with other rail traffic and thus not 
add to the potential for risk of collision with lynx (Barr 2013b). 

The USFWS did not assess risks to lynx from off-site vehicle and train collisions for worker and 
mine/plant supply delivery traffic associated with other projects in northern Minnesota as 
discussed in earlier BOs (USDOI USFWS 2009d, 2011a); the USFWS requested that these risks 
be estimated for the Project. 

Using the same assumptions and methodology used earlier to estimate lynx mortality on Project 
roads and railroads (see Forest and Backcountry Roads and Trails), approximately 0.037 lynx 
would be killed annually by vehicle/rail traffic on off-Project access roads/rail lines to the Plant 
Site, or about two (0.74) lynx during the estimated 20-year life of the Project (assuming that 
mortalities due to collisions with vehicles and trains were twice the estimated level). 

Increased traffic to and from the Project area would increase the threat of lynx mortality from 
vehicle collisions in the vicinity of the Project.  Harm or loss of lynx from collisions with vehicles 
within the vicinity of the Project cannot be discounted, but the risk would be very small as MDNR 
lynx observation records suggest there is little lynx use of areas associated with project access 
roads, and use of these road corridors would decrease substantially during project operations due 
to noise and disturbance associated with Project and other nearby mining activities, and activities 
in Hoyt Lakes.  In addition, studies by the USFWS found that the estimated loss of lynx to vehicle 
traffic, based on the methodology used in this study, was substantially greater (3-fold) than the 
actual loss of lynx (USDOI USFWS 2009d). 

After mine closure, nearly all access roads would be closed.  The Dunka Road would remain 
privately owned and closed to the public.  There would be little, if any, rail traffic between the 
Plant Site and Virginia, Minnesota. 

Non-federal Lands and Wetland Mitigation Sites 

Lynx have been observed on or near most of the non-federal lands.  There are no rail lines on or 
adjacent to these lands, and limited vehicle access.  The lands are primarily used for timber and 
recreation, and except for Hay Lake Lands, where vehicles travel along the Pike River Road on 
the eastern boundary of the lands, access to the lands is on logging roads that are primarily used 
during the hunting season.  Access to the lands by vehicles is expected to remain near current 
levels, with or without the land exchange.  No lynx deaths from vehicular collision have been 
reported on or near the non-federal lands (MDNR 2007).  Thus, risks to lynx from vehicular 
collisions should be negligible. 

Some of the Wetland Mitigation Sites are used for sod production.  Trucks and other vehicles 
access the sites for sod production and removal.  Under the Proposed Action, these sites would 
be restored to wetland and upland habitat and except during restoration and monitoring 
activities, few vehicles would be expected to access the sites.  Thus, risks to lynx from vehicular 
collisions on the Wetland Mitigation Sites may be less under the Proposed Action than under 
current conditions.  Given that lynx have not been reported within 6 miles of these sites, risk to 
lynx under both use scenarios is negligible. 
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Other  

Hazardous Materials 

The Project would use, or generate as waste, the following hazardous materials: 

• Fuels, equipment maintenance products, and solvents – diesel fuel, gasoline, 
oils, grease, lubricants, anti-freeze, solvents, and lead-acid batteries used for 
equipment operation and maintenance. 

• Plant reagents – sodium hydrosulfide, sodium hydroxide, acids, flocculants, and 
antiscalants used in processing plant applications. 

• Mine Site Waste Water Treatment Facility chemicals – calcium hydroxide 
(hydrated lime), sodium metasilicate, ferric chloride, sodium hydroxide, polymer 
flocculent, carbon dioxide liquid, citric acid, and sodium hypochlorite. 

• Plant Site Waste Water Treatment Plant chemicals – potassium permanganate, 
antiscalant, carbon dioxide liquid, and calcium hydroxide (hydrated lime). 

• Blasting agents – ammonium nitrate/fuel oil (ANFO), emulsions, emulsion blends (a 
blend of ANFO and emulsion), blasting caps, initiators and fuses, and other high 
explosives used in blasting. 

• Other materials – assay chemicals, and other by-products characterized as hazardous 
waste. 

Mishandling of these materials or wastes could result in spills, accidental release, or discharge into 
the environment, which could pose risks to lynx.  Sections 5.2.13 and 5.3.13 of the FEIS discuss 
the risks posed to the public and the environment from the transport, handing, storage, and use of 
hazardous materials.  Mitigation measures to prevent releases in transportation, storage, and 
handling or use of these materials are described in several hazardous material management plans 
necessary to comply with various regulatory requirements for the Project and in the FEIS.  Based 
on the FEIS analysis, and scarcity of lynx on the areas where there materials would be used, risks 
to lynx would be negligible and should not result in harm or death to lynx (MDNR et al. 2015). 

Factors Affecting Lynx Movements  

Highways, Roads, and Rights-of-ways 

Moen et al. (2010) observed that lynx movements were made across roaded areas, and also 
across the BWCAW, which has few linear features such as roads, trails, and logging roads that 
could guide movement by lynx, in northeastern Minnesota.  Observations suggested that 
geographically or topographically definable movement corridors do not exist for lynx in 
northeastern Minnesota, nor between Minnesota and Ontario.  Moen et al. (2010) suggested that 
linear features such as roads benefit lynx from an energetic perspective, but may also be negative 
if they increase the chance of incidental mortality because of exposure to humans. 
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Federal Lands and Plant Site 

As discussed earlier, traffic associated with the Project would be on access roads leading to and 
from the Project area, along the Dunka Road and Utility Corridor, and on access roads to the Mine 
Site.  Most traffic would travel on existing roads; new roads would be primarily limited to the Mine 
Site.  After mine closure, many of the access roads would be closed to traffic and reclaimed.  
Traffic on the Dunka Road between the Mine Site and Plant Site during mine construction and 
operation should discourage use by lynx.  However, most traffic within the corridor would likely 
occur during shift changes.  Because lynx rarely use the Mine Site, Plant Site, or Transportation 
and Utility Corridors, and noise and disturbance associated with the Mine Site and Plant Site would 
discourage use of these areas by lynx, it would be unlikely that lynx would use these areas during 
mine construction and operations and effects of traffic on lynx movements would be negligible. 

Non-federal Lands and Wetland Mitigation Sites 

If lands are exchanged to the USFS, it is unlikely that the USFS would build new access roads 
to the lands.  It is also unlikely that state or federal agencies would construct new roads near the 
lands, as these lands are in remote locations and little used by the public.  Thus, activities on 
highways, roads, and ROWs near the non-federal lands, and their effects on lynx movements, 
would be little changed with or without the land exchange. 

Access onto most of the non-federal lands is by secondary roads that branch off USFS or county 
roads.  Most secondary roads were constructed to support timber harvest activities.  There is no 
road access onto Hunting Club Lands and Wolf Lands 4.  Access to McFarland Lake Lands is 
controlled by a locked gate.  These roads are little used and traffic levels should change little 
under the land exchange.  There would likely be little change in the number of miles of 
backcountry roads and trails on the non-federal lands, and the number of miles may decrease if 
existing roads are closed and revegetated or allowed to revegetate naturally, benefitting lynx. 

The Aitkin Wetland Mitigation Site bisected by County Road 1.  The Hinckley Wetland 
Mitigation Site is bordered along the south by Township Road 56, while the Zim Wetland 
Mitigation Sites are bordered on the west by County Highway 7.  Because lynx are rarely 
observed near the wetland mitigation sites, highway and local traffic should have little effect 
on lynx. 

Land Ownership Patterns 

Lynx exemplify the need for landscape-level ecosystem management.  Land and 
population management must cross international, federal, state, county, and private land 
boundaries.  Coordination within and between agencies and other landowners has often 
been difficult.  In situations where habitat connectivity is needed to maintain adequate 
populations, private land development may preclude use by lynx, and may interrupt the 
connectivity of habitat and populations.  In these situations, it will be important to provide 
conservation easements, land exchanges, or purchases to maintain adequate lynx habitat 
and populations. 
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Habitat fragmentation also may impede lynx movements.  This could have negative effects 
by isolating lynx and/or prey populations, or by retarding movements to other areas 
(Ruediger 2000). 

Contiguous tracts of land in public ownership (national and state forests, wilderness areas) 
provide an opportunity for management that can maintain lynx habitat connectivity.  
Throughout most of the lynx range in the lower 48 states, connectivity with habitats and source 
populations in Canada is critical to conservation of populations in the U.S.  The size, amount, 
and spatial distribution of federal land vary considerably from west to east across the U.S. 

The ability to provide connectivity between the two northern Minnesota National Forests is 
complicated by the lack of contiguous National Forest ownership and varied land use patterns.  
However, the eastern two thirds of the Superior National Forest is largely federally owned, and 
the BWCAW refugium remains intact and contiguous with Canada. 

Ownership adjustments have occurred on the Superior National Forest since 2004.  The largest 
land exchange, the South Kawishiwi Cabin Group, occurred in 2010.  In that land exchange 
approximately 1,213 acres were acquired by the USFS and approximately 425 acres were 
disposed of, resulting in a net acquisition of 788 acres.  All other individual land purchases, 
donations, and exchanges were less than 100 acres (USDA USFS 2011b).  The land ownership 
changes contribute towards Forest-wide lynx habitat but the amounts that have occurred since 
2004 have been relatively insignificant compared to the large area of the Superior National 
Forest (2,125,931 acres). 

 
Federal Lands and Plant Site 

As described in the FEIS, the Project would involve the transfer of approximately 6,495 acres of 
USFS-administered lands to PolyMet, in exchange for up to 7,075 acres of privately owned lands. 
The November 2015 USFS draft ROD provides that based on the appraisal and consideration of 
other factors, approximately 6,650 acres of federal lands would be conveyed to PolyMet in 
exchange for approximately 6,690 acres of non-federal lands.  The McFarland Lake Lands, 
evaluated in the FEIS, would not be part of the non-federal lands in the exchange.   The USFS 
draft ROD explains the purpose and need for the land exchange and the manner in which the land 
exchange is consistent with USFS policies, including the benefit of consolidating ownerships by 
obtaining non-federal lands that are adjacent to USFS lands.  However, the exchange would also 
increase the amount of land converted to mining and unavailable to lynx, at least until the Mine 
Site is reclaimed.  Land reclaimed after mining could provide suitable lynx habitat, but it could be 
10 or more years before revegetation, due to the successional process, results in much suitable 
habitat for lynx. 

Although there is little documented use of the Mine Site by lynx, loss of habitat and noise and 
disturbance from the Project, could influence lynx movements on or near the Mine Site.  It is 
possible that lynx could travel between forestlands to the south of the Mine Site and the 
Northshore Mine by traveling through the federal lands surrounding the Mine Site, or through 
forestlands further east of the Mine Site.  Given the loss of habitat and increase in disturbance 
that would be associated with the Mine Site, it seems more likely that lynx would primarily 
use forestlands to the south and east of the Mine Site and Northshore Mine, and avoid the 
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Mine Site and lands between the Mine Site and Plant Site.  That said, lynx, including adults 
with kittens, have been seen using portions of the Northshore Mine, and could use the federal 
lands, even during mine construction and operations. 

Non-federal Lands and Wetland Mitigation Sites 

The transfer of the non-federal lands to the USFS should have negligible, if any, effect on 
lynx movements.  Management of these lands would remain relatively unchanged, and 
lands would primarily be used for timber production and recreation. 

Wetland Mitigation Sites would be converted from agricultural uses to wildlife habitat.  
Although lynx have not been reported on or near these sites, their value to lynx would increase 
once taken out of agricultural production, and lynx may move onto these sites in the future. 
 
 
4.1.2 Northern Long-eared Bat 

As discussed in Section 3.3.2, the USFWS identified several factors affecting the welfare of 
northern long-eared bat.  Of these, loss of habitat from the Project could be a direct effect to 
northern long-eared bats.  Forest management activities, including timber harvest and prescribed 
burning, could occur on federal and non-federal lands in the reasonably foreseeable future under 
the Proposed Action and could result in cumulative effects to northern long-eared bats due to 
habitat modification. 

In addition, the USFS (USDA USFS 2013b) has identified three analysis indicators for 
northern long-eared bat: 

1. acres of upland forest (MIH 1), 

2. presence of known hibernacula, and 

3. presence of known summer roost sites. 

Analysis indicators 2 and 3 are not evaluated in this BO because there are no known 
hibernacula or summer roost sites on the federal or non-federal lands.  The 2014 USFS 
surveys indicated that summer roost sites may be present on the Mine Site; however, there 
have been no field surveys to identify roost trees in the Project area. 

Federal and Non-Federal Lands 

Northern long-eared bats have been found in the winter in Minnesota in natural caves, sand 
mines, and deep iron mines, but these habitats are not found on the federal or non-federal lands.  
During warmer months of the year, northern long-eared bats primarily roost and forage in 
forests, especially more mature forests and forests near wetlands.  There are approximately 233 
acres of young, 540 acres of immature, and 557 acres of mature upland forest habitat (MIH 1), 
and 3,737 acres of wetlands, within the federal lands that could provide roosting, foraging, and 
drinking habitat for northern long-eared bat. 
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The 2014 USFS surveys confirmed that northern long-eared bats utilize the Mine Site for 
foraging and travel to and from foraging and roost sites.  The 2014 USFS surveys also suggested 
that the Mine Site may contain roost sites; however, there have been no surveys specifically 
conducted for the identification of roost sites.  Bats were also observed using wetlands in the 
vicinity of the Mine Site, although they were not identified to species (AECOM 2011a).  The 
Project would result in the loss of about 532 acres of upland forest habitat (MIH 1) and 634 acres 
of wetlands due to mining.  Based on the mine closure plan, about 397 acres of the habitat lost to 
mining would be reclaimed as grassland/herbaceous (54%), wetland and/or grassland/herbaceous 
(27%), and wetland (18%).  Wetland habitat created would have lesser habitat value for northern 
long-eared bat.  The West Pit would not be reclaimed, but would remain as a 321-acre open pit 
lake (MDNR et al. 2013).  Young upland forest habitat could occur on reclaimed lands about 10 
years after mine reclamation.  As this forest habitat matures, it could be used by northern long-
eared bats.  Because northern long-eared bats can utilize trees with a minimum diameter of 3”, 
the time to maturation of basic usable forest habitat would be approximately 10-15 years.  
Wetland and open water habitat on reclaimed lands could be used for foraging and drinking by 
northern long-eared bats; however, in general wetland habitats are less utilized be northern long-
eared bats. 

Transportation and Utility Corridors 

The Dunka Road and Utility Corridor is approximately 108 acres and the Railroad 
Connection Corridor is approximately 12 acres.  Because of prior use during the former 
LTVSMC taconite mining operation, the Dunka Road and Utility Corridor is now defined as 
having a “disturbed” cover type (94 acres).  The remaining MDNR GAP land cover types that 
are not disturbed include cropland/grassland (10 acres), shrubland (8 acres), and smaller 
acreages of the remaining types, including 5 acres of upland forest and 3 acres of aquatic 
habitat (MDNR et al. 2013). The 2014 USFS surveys confirmed that northern long-eared 
bats utilize the upland forest habitats for foraging. 

Plant Site 

Of the 4,515 acres at the Plant Site Area, 2,756 acres have been disturbed by LTVSMC taconite 
mining operations.  Of the remaining 1,760 acres, approximately 648 acres are upland 
deciduous forest, 637 acres are aquatic habitat, 334 acres are shrubland, 100 acres are upland 
coniferous forest, and 42 acres are lowland coniferous forest (totals don’t add because acreages 
are rounded).  About 48% of the Plant Site would be impacted by plant construction and 
operations, with only about 422 acres of forest habitat remaining after construction.  It is 
assumed that the majority of this forested habitat meets the minimum criteria for roosting and/or 
foraging value for northern long-eared bat.  Construction of the processing facilities would have 
little impact on bat habitat, as over half of the site has been previously disturbed by LTVSMC 
taconite mining operations (MDNR et al. 2013).  The 2014 USFS surveys confirmed that 
northern long-eared bats utilize the Plant Site for foraging.  Driving transects identified the 
northern long-eared bat being present near the forest/open edge to the east of the Tailings Basin 
and southwest of the former LTVSMC processing buildings, but this species was not identified 
to be present within the Tailings Basin itself (USFS 2014a, Figure 4).  The surveys found no 
evidence of roost sites at the Plant Site. 
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Non-federal Lands 

Under the Proposed Action, approximately 7,075 acres of non-federal lands would be transferred 
to the USFS.  The USFS has not determined the suitability of these lands to provide habitat for 
northern long-eared bat.  However, wildlife habitat surveys conducted on these lands have shown 
that bats forage and drink on the non-federal lands, although bats were not identified to species 
during the surveys (AECOM 2011b, c).  There are 591 acres of mature and 2,104 acres of young 
and immature upland forest habitat (MIH 1) on the non-federal lands that could provide habitat 
for northern long-eared bats.  The non-federal lands would not be affected by the Project, but 
should benefit from USFS management that favors longer harvest rotations than typically occurs 
on private forestlands and from activities that promote development of snags.  There are 
approximately 4,254 acres of wetlands on the non-federal lands that could provide habitat for 
northern long-eared bats. 

Wetland Mitigation Sites 

Under the Proposed Action approximately 2,169 acres of Wetland Mitigation Site lands would 
be purchased by PolyMet as compensatory mitigation for impacts to wetlands and other waters 
of the U.S.  These lands are used for sod production, but under the Proposed Action would be 
restored to native wetland and upland vegetation.  After restoration, the combined total of 
wetland and upland acreage for these sites would be about 1,603 acres and 197 acres, 
respectively.  These sites could provide habitat for northern long-eared bats and would be 
privately owned (Pylka 2013b). 

Other  

Noise and Vibration 

Existing ambient steady equivalent noise levels for most of the Mine Site are in the range of 35 
to 45 decibels (dBA), which is a range comparable to secluded woods or a quiet bedroom 
(MPCA 1999).  The Peter Mitchell Mine, north of the Mine Site, and traffic along Dunka Road 
and the existing railway, along the south edge of the Mine Site, also contribute brief, episodic 
noise impacts. 

The primary sources of Project noise from the Mine Site would be blasting, haul trucks, and train 
horns, with noise levels ranging from 89-115 dBA.  Equipment such as graders, bull dozers, and 
support trucks would be less dominant sources of noise, ranging from 75-95 dBA (Environmental 
Protection Agency 1971).  Blasting at the Mine Site is expected to occur once every two to three 
days.  Typically, rock blasting generates a single event noise level ranging from 111- 115 dBA at 
50 feet from the blasting site (Table 5.5-7 of Madera County 2005).  Within most of the Mine Site, 
the sound from the blast would be similar to a loud clap of thunder. 

Noise associated with mining activities, including noise from vehicle and rail traffic, would likely 
have some effect on the behavior of northern long-eared bats.  These effects would vary depending 
on the distance between the noise source and any roost trees in use at the time.  Construction and 
routine operational noise would have a lesser impact on northern long-eared bats, because these 
noise sources would be more continuous and lower volume.  Effects due to acute noise (such as 
blasting) are not well studied, but may cause northern long-eared bats to startle and may interrupt 
roosting activities; however, blasting would be more episodic and less continuous than other noise 
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sources, and would therefore be a less-frequent impact.  Noise and blasting effects may extend 
beyond the proposed Mine Site to nearby northern long-eared bat roost sites.  However, noise and 
blasting effects on roosting would be ameliorated by the fact that northern long-eared bats typically 
utilize several spatially-distinct roosting tree areas (Kunz and Lumsden 2003).  As a result, bats 
startled by noise from one roost area would likely move to another nearby known roost area (Kunz 
and Lumsden 2003).  Section 3.3.2.5 provides further discussion on the noise levels for the 
NorthMet Project area.  Though northern long-eared bats are likely to be sensitive to changes in 
noise levels, there are no local, national, or international standards or limits that are applicable to 
the NorthMet Project Proposed Action. 

Hazardous Materials 

Mishandling of hazardous materials or wastes could result in spills, accidental release, or 
discharge into the environment, which could pose risks to northern long-eared bats.  Sections 
5.2.13 and 5.3.13 of the FEIS discuss the risks posed to the public and the environment from the 
transport, handing, storage, and use of hazardous materials.  Mitigation measures to prevent 
releases in transportation, storage, and handling or use of these materials are described in several 
hazardous material management plans necessary to comply with various regulatory requirements 
for the Project and in the FEIS.  Based on this analysis, and limited use by northern long-eared 
bats of the areas where there materials would be used, risks to northern long-eared bats would be 
negligible and should not result in harm or death to northern long-eared bats (MDNR et al. 2015. 

Potential Indirect Effects from Project Stormwater and Mine Drainage Ponds 

As previously mentioned, the northern long-eared bat primarily forages in forested areas on moths, 
flies, leafhoppers, caddisflies, and beetles.  Occasional foraging in small forest canopy gaps, over 
forest clearings, riparian areas of waterways (with preference for streams protected by canopy 
closure), and along roads has also been observed.  In a forest-agriculture landscape it was found that 
northern long-eared bats avoided the large agricultural openings (fields) and had preferential travel 
patterns that followed wooded streams and wooded edges including hedgerows (Henderson and 
Broders 2008).  The same researchers found that foraging areas for the northern long-eared bat were 
typically within the forested parcels along creeks, providing a higher concentration of prey species 
and drinking areas than in upland open areas such as agricultural fields (Henderson and Broders 
2008).  Sources of drinking water for northern long-eared bat include open water areas within 
forested areas such as woodland vernal pools (Francl 2005, 2008) and open water areas in 
wetlands (e.g., beaver ponds) (Taylor 2006). 
 
A portion of the Mine Site would be cleared of vegetation to accommodate the mine pits and 
associated infrastructure (e.g., haul roads, stockpile, stormwater ponds, waste water ponds) and 
would become a large open area during operations.  The existing Plant Site is primarily an open 
area dominated by the LTVSMC Tailings Basin and would continue as an open area during 
Project operations.  As a forest specialist, the northern long-eared bat is unlikely to use large 
upland open areas (Henderson and Broders 2008; Jantzen 2012).  Chapman et al.  (2014) identify 
that the northern long-eared bat seldom forages outside the forest or over water bodies and 
Jantzen (2012) identified that most bat activity occurs within 40 meters of the forest edge, with a 
maximum distance from the forest edge of about 120 meters.  Francl (2005, 2008) identifies the 
importance of palustrine habitats (bogs, fens, beaver ponds) for bat species usage and that 
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woodland vernal pools are an important drinking water source for several species including the 
northern long-eared bat.  Overall, the peer-reviewed literature identifies the northern long-eared 
as an obligate forest species (Ford et al. 2005; Buckman-Sewald et al. 2014) that has a strong 
preference to forage and roost and drink within the forest area (Henderson and Broders 2008; 
Francl 2008; Chapman et al. 2014) and that it is rare for this species to roost in man-made 
structures (Henderson and Broder 2008). 

The 2014 USFS bat surveys indicated that northern long-eared bats were present and foraging at 
the Plant Site, with driving transect data identifying this species as being present at the forest/open 
edge area to the east of the Tailings Basin (within 50 meters of the road) and near the LTVSMC 
process buildings, but not within the Tailings Basin itself (USDA USFS 2014a, Figure 4).  
Currently, forest vegetation at the east side of the Tailings Basin is more than 300 meters from the 
existing pond.  Emergence surveys indicated the northern long-eared bat was also present in areas 
adjacent to the existing LTVSMC process buildings, with forest vegetation being within about 140 
to 150 meters on the west side of the concentrator building and within 30 to 50 meters southeast of 
the coarse crusher building (USDA USFS 2014a, Figure 5). 

While other bat species may use open upland areas for foraging and ponds in open terrain for 
drinking (e.g., little brown bat), it seems unlikely for the northern long-eared bat to use these areas 
(Jantzen 2012; Chapman et al. 2014). Based on the 2014 USFS bat survey data (e.g., driving 
transects) and the weight of evidence in the peer-reviewed literature, it seems unlikely for the 
northern long-eared bat to use the open areas at the Tailings Basin or the cleared Mine Site, or the 
ponds within those open areas, to any great extent because they do not meet its habitat and foraging 
requirements.  Therefore, the northern long-eared bat is likely to have a low potential exposure to 
water in mining-related ponds and minimal consumption of aquatic insects that may use the 
stormwater or mine drainage ponds at the Mine Site or the Plant Site during operations, and no 
significant indirect effects to this species from the Project are likely to occur. 

The Project’s water management further limits the potential exposure of the northern long-eared 
bat to indirect effects from the various water features at the Plant Site or Mine Site and 
consumption of insects that may use these water features.  Project water features include 
stormwater ponds, mine drainage ponds, water in active mine pits, constructed wetlands, the 
Hydrometallurgical Facility pond (operations), the Flotation Tailings Basin Pond and wetland 
(reclamation and long-term closure), and the West Pit lake (long-term closure).  Each water feature 
is qualitatively evaluated for potential indirect effects to northern long-eared bats. 

1. Stormwater from precipitation and runoff would be directed to sedimentation ponds to 
remove total suspended solids (TSS) prior to being discharged off-site.  Water in the 
ponds prior to discharge is expected to reflect background concentrations of water 
quality parameters (including metals and mercury) and any aquatic insects inhabiting 
stormwater ponds should have metal and mercury concentrations that reflect 
background conditions, and therefore, similar to existing conditions.  Therefore, any 
consumers of aquatic insects (including the northern long-eared bat) from Project 
stormwater ponds should not be exposed to metal or mercury concentrations in those 
insects above background levels. 
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2. Mine drainage would be collected and stored in a number of ponds at the Mine Site (e.g., 
Overburden Storage and Laydown Area Pond) and the Flotation Tailings Basin Pond and 
Hydrometallurgical Residue Facility Pond at the Plant Site and be actively managed for 
re-use.  The probability of insects inhabiting or using a mine drainage pond as a source of 
drinking water is expected to be low because: 1) these ponds would tend to be turbid and 
limit the establishment and growth of plants and in turn limit organic materials and the 
establishment of macro invertebrates (Nelms et al. 2012); 2) mining-related water is 
low in organic carbon (Berndt and Bavin 2012) and nutrients and would limit growth 
and reproduction of algae, macro invertebrates, and other biota (Nelms et al. 2012; 
Seger et al. 2012); 3) the use of liners and/or compacted bottoms to maximize water 
retention would not likely provide a suitable substrate for the larval stages of most 
aquatic insects (Flake and Cieminski 1996); and 4) fine mineral sediments that have 
little silt or clay are poor media for plant establishment and growth (Nelms et al. 2012) 
and further limits the presence of aquatic insects that require organic materials for food 
(Seger et al. 2012).  The above listed factors likely limit the aquatic life in mine 
drainage ponds and insects from Project mine drainage ponds would likely represent a 
very small percent of the diet of consumers of aquatic insects.  Limited pond 
productivity and the preference of the northern long-eared bat for forest areas further 
reduces the potential effect of mine drainage ponds on this bat species. 

Similar to taconite processing, mercury in process water sent to the Flotation 
Tailings Basin Pond and the Hydrometallurgical Residue Facility Pond is expected 
to be associated with the solids and sequestered with those solids in the respective 
ponds and result in relatively low concentrations of mercury in the water column 
(Barr Eng. 2007b; PolyMet 2015).  Mercury associated with solids such as tailings is 
sequestered within the basin and is typically not released from the basin (Berndt 
2003) and not readily bioavailable.  The continual deposition of solids in these 
ponds is likely to limit sediment-dwelling organisms (Nelms et al. 2012), as would 
the lack of organic material for food (Flake and Cieminski 1996; Nelms et al. 2012).  
Limited pond productivity, sequestration of mercury with solids, and the preference 
of the northern long-eared bat for forest areas also reduces the potential effect of the 
Flotation Tailings Basin Pond and the Hydrometallurgical Residue Facility Pond on 
this species. 

3. Mine pit dewatering would occur during Mine Years 1 through 20 and this water 
would be routed to the Waste Water Treatment Facility for initial treatment and then 
pumped to the Flotation Tailing Basin Pond for use in ore processing (PolyMet 
2014c).  A minimal amount of water is expected to be present in an active mine pit, 
therefore the probability of aquatic insects inhabiting or using a sump area is low.  The 
continual removal of water is likely to limit the presence of aquatic organisms (Nelms 
et al. 2012), as would the lack of organic material for food (Flake and Cieminski 1996; 
Nelms et al. 2012). Limited productivity and the preference of the northern long-eared 
bat for forest areas reduces the potential effect of mine pit watering on this species. 
 

4. As part of reclamation, some stormwater ponds and mine drainage ponds would be 
filled and converted to terrestrial habitat (e.g., Hydrometallurgical Residue Facility 
Pond) (Poly Met 2014b; 2014e; 2014f).  Ponds filled and reclaimed to terrestrial 
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vegetation would have the potential to produce runoff water that would be expected 
to reflect background conditions.  Reclaiming ponds to terrestrial vegetation is not 
expected to produce runoff that would adversely affect aquatic insects. 

A part of the East Pit (after backfilling is completed) and some stormwater and mine 
drainage ponds would be converted to wetlands (PolyMet 2014b, 2014c, 2014d).  
These constructed wetlands are expected to receive precipitation and stormwater 
runoff.  The accumulating water should reflect background concentrations for various 
parameters (including mercury).  Any aquatic insects inhabiting a constructed wetland 
or using it as a source of drinking water should have metal or mercury concentrations 
that reflect background conditions.  Therefore, any consumers of these aquatic insects 
(including the northern long-eared bat) should not be exposed to metal or mercury 
concentrations in those insects above background levels. 

In regard to the backfilling of the East Pit, the water level would be maintained below 
the level of the fill material to facilitate truck hauling (PolyMet 2014b).  No visible 
ponding of water is expected during backfilling.  Therefore, backfilling of the East Pit 
would have no potential to affect aquatic organisms. 

The Flotation Tailings Basin Pond would be present after Mine Year 20 and a wetland 
would be constructed around the perimeter of the pond.  The pond and wetland are 
expected to be present into long-term closure.  After Mine Year 20, the Beneficiation 
Plant and Mine Site would no longer contribute water and the largest source of water 
to the pond would be precipitation and runoff (PolyMet 2015).  In long-term closure, 
the water in the pond would be primarily from precipitation and runoff (PolyMet 
2015) and would be expected to reflect background conditions and parameter 
concentrations (including mercury).  Any aquatic insects inhabiting the Flotation 
Tailings Basin Pond or using it as a source of drinking water during long-term closure 
should have metal or mercury concentrations that reflect background conditions.  
Therefore, any consumers of these aquatic insects (including the northern long-eared 
bat) should not be exposed to metal or mercury concentrations in those insects above 
background levels. 

5. The depth of the West Pit at the end of mining will be more than 600 feet.  Flooding 
of the pit would result in rapid water level increases that are predicted to average 
about 17 feet per year (PolyMet 2014g).  Rapidly rising water levels likely limits the 
aquatic life that would inhabit the lake during the years of pit flooding (Nelms et al. 
2007).  In addition, the probability of the northern long-eared bat, an obligate forest 
species (Jantzen 2012; Chapman et al. 2014), to use a body of water more within a 
large open area is very low.  Therefore, the potential exposure of the northern long-
eared bat to any insects that might inhabit or use the West Pit Lake during the early 
years of flooding is likely very low. 
 
The majority of water used to flood the West Pit would be primarily from precipitation 
and stormwater runoff (PolyMet 2014g) and as the pit fills the parameter concentrations 
in the upper portion of the water column (i.e., the epilimnion) should reflect 
background (including mercury).  Flooding of the West Pit would produce a pit lake 
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that is approximately 320 acres in size with a maximum depth of 630 feet (PolyMet 
2014b).  As an oligotrophic system with a small littoral area, aquatic insects, 
diversity and numbers in the West Pit lake would be limited (Nelms et al. 2012; 
Gray et al. 2012). Data for pit lakes identifies they have low densities and diversity 
of invertebrates (MDNR 1989).  In addition, pit lake waters are typically low in 
phosphorus, limiting primary production (MDNR 1989).  For the above reasons, 
overall, the potential population of aquatic insects in the West Pit Lake is expected 
to be small.  In addition, these insects would likely represent only a small portion of 
the diet of consumers of aquatic insects.  Therefore aquatic insects inhabiting the 
West Pit Lake or using it as a source of drinking water would likely have no 
significant effect on insect consumers such as the northern long-eared bat. 

With regard to mercury, the West Pit Lake is estimated to have a total mercury 
concentration of 0.3 to 0.9 ng/L during flooding and in long-term closure (PolyMet, 
2014g).  Because precipitation would be the main input of water to the West Pit 
Lake, metal concentrations in long-term closure would likely reflect background 
conditions.  Therefore, any aquatic insects inhabiting the West Pit Lake or drinking 
from the West Pit Lake would be exposed to background concentrations.  Any 
consumers of these aquatic insects (including the northern long-eared bat) should not 
be exposed to metal or mercury concentrations in those insects above background 
levels. 

Because existing wetlands at the Plant Site (e.g., north of the tailings basin) and the Mine Site 
(e.g., 100 Mile Swamp) would be providing an abundant supply of insects, the northern long-
eared bat and other consumers of insects would likely be focused in these areas and would not 
likely be relying on the Project water features for any significant portion of their food supply.  
Therefore, any insects inhabiting Project water features or using them as sources of drinking 
water are not expected to have a significant effect on the consumers of insects.  Overall, no 
adverse indirect effects on the northern long-eared bat from the Project’s water features are 
anticipated. 
 
4.1.3 Gray Wolf 

The Wolf Recovery Plan (USDOI USFWS 1992) and the Minnesota Wolf Management Plan 
(MDNR 2001) identify habitat factors considered as essential for a recovering and recovered 
wolf population (including maintenance or improvement of critical habitat).  Those that may be 
affected by the Project are prey habitat and human access and disturbance.  In addition, disease 
can impact wolf populations.  The Project would result in both beneficial and adverse direct and 
indirect impacts to factors of importance to wolves. 

Factors Affecting Prey Habitat  

Federal Lands 

The primary impacts to gray wolf prey habitat from the Project would result from habitat loss 
and disturbance.  The USFS manages the Mine Site as a General Forest and General Forest – 
Longer Rotation Management Area.  The General Forest – Longer Rotation Management Area 
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emphasizes land and resource conditions that provide a wide variety of goods, uses, and 
services.  These include wood products, other commercial products, scenic quality, developed 
and dispersed recreation opportunities, and habitat for a diversity of terrestrial and aquatic 
wildlife and fish species (USDA USFS 2004a).  The characteristics and use of the General 
Forest Management Area are similar to the General Forest – Longer Rotation Management 
Area, except that harvests are more frequent, more uniform in age, and more extensive.  The 
General Forest Management Area has the highest amount of young forest and the largest sized 
timber harvest units.   

The USFS identified young upland forest that is less than 10 years old as providing important 
foraging habitat for wolves (USDA USFS 2004b).  Based on USFS and MDNR cover type 
mapping criteria and wildlife assessments done on the federal lands, only about 271 acres on the 
federal lands provide these habitats, although some suitable coniferous stands are found in mixed 
coniferous/deciduous forest habitats (Table 11; MDNR et al. 2013).  Immature and mature 
coniferous forest habitat provides important cover habitat for wolves.  There are about 5,393 acres 
of cover habitat on the federal lands (MDNR et al.  2013).  The typical home range for gray wolf 
is approximately 161 square kilometers, or just under 40,000 acres (MDNR 2014b).  The area of 
disturbance at the Mine Site is 1,719 acres, which is less than 10% of a gray wolf’s home range.  
There is also abundant suitable habitat adjacent to the Mine Site. 

Wolves used the federal lands, and wolf calls were heard to the south of the Mine Site during 2004 
surveys (ENSR 2000, 2005).  Wolf packs with radiocollared individuals have been observed 
several miles to the north and northeast of the Mine Site.  It is likely that the federal lands include 
much of the territory of a wolf pack comprised of three or more individuals.  Wolf tracks were 
seen along Dunka Road.  Interestingly, wolf tracks were not observed on the study area during 
January 2000, when a drill rig was operating, but only during March 2000 and June 2004, when 
the rig was not in operation.  Thus, noise and activity associated with drilling activities may have 
discouraged wolves from using the area in the immediate vicinity of the exploration area.  Wolf 
tracks were seen along trails in the federal lands surrounding the Mine Site, and carcasses of two 
deer were found on these lands that appeared to be wolf kills (AECOM 2009b, 2011a). 

White-tailed deer are common on the Mine Site.  White-tailed deer tracks were primarily observed 
in the western and southern portions of the Mine Site during field studies in 2000 and 2004, 
especially in recently logged areas and shrublands near mixed coniferous/deciduous and 
coniferous immature/mature and mature forest habitats.  White-tailed deer were common on the 
federal lands surrounding the Mine Site.  White-tailed deer tracks and droppings were commonly 
found on the Project area in virtually all habitat types, and several white-tailed deer were seen 
along roads within the land.  White-tailed deer tracks were primarily observed in the western 
portion of the federal lands surrounding the Mine Site during 2008 surveys. 

Moose sightings were common in logged areas with abundant shrubs and near mature forest 
habitat, and in sedge and willow wetlands.  Moose primarily used the western half of the 
federal lands (ENSR 2005, AECOM 2011a).  Moose populations in the Superior National 
Forest have fluctuated considerably since the early 1900s and have shown their greatest 
increases during periods of intense timber harvest (Huempfner 1978).  As noted above, 
however moose populations have declined by about 52% in Minnesota since 2010. 
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Beaver are common residents on the federal lands.  Many large open water and emergent wetlands 
on the federal lands are the result of beavers damming streams on the site.  Beavers also block 
culverts under road and railroad grades to create lake habitat.  Beaver lodges and tree cuttings are 
common in areas used by beavers. 

Based on a cover type mapping of the Mine Site, about 181 acres of wolf foraging habitat and 
1,333 acres of wolf cover habitat would be lost on the Mine Site.  Loss of this habitat would 
reduce the amount of prey and cover available to gray wolf traveling through the Project area.  
Loss of habitat would also make it less likely that a gray wolf pack would establish a territory 
within the Project area, especially areas directly impacted by the Project. 

About 397 acres would be reclaimed after mine closure, but it would be 10 or more years before 
re-vegetation resulted in much suitable habitat for wolves. 

Transportation and Utility Corridors 

The Dunka Road and Utility Corridor is approximately 108 acres and the Railroad Connection 
Corridor is approximately 12 acres.  Because of prior use during the former LTVSMC taconite 
mining operation, the Dunka Road and Utility Corridor is now defined as having a “disturbed” 
cover type (94 acres).  The remaining MDNR GAP land cover types that are not disturbed include 
cropland/grassland (10 acres), shrubland (8 acres), and smaller acreages of the remaining types, 
including 5 acres of upland forest and 3 acres of aquatic habitat (MDNR et al. 2013). 

Plant Site 

Of the 4,515 acres at the Plant Site Area, 2,756 acres have been disturbed by LTVSMC taconite 
mining operations, including reclamation of a portion of the tailings basin.  Of the remaining 
1,760 acres, approximately 648 acres are upland deciduous forest, 637 acres are aquatic habitat, 
334 acres are shrubland, 100 acres are upland coniferous forest, and 42 acres are lowland 
coniferous forest (totals do not add because acreages are rounded).  About 48% of the Plant Site 
would be impacted by plant construction and operations, with only about 422 acres of forest 
habitat remaining after construction.  Construction of the processing facilities would have little 
impact on wolf habitat, as over half of the site has been previously disturbed by LTVSMC 
taconite mining operations (MDNR et al. 2013). 

Non-federal Lands 

Under the Proposed Action as presented in the FEIS, up to approximately 7,075 acres of non-
federal lands would be transferred to the USFS.  The USFS November 2015 draft ROD proposes 
a land exchange under which the United States would acquire 6,690 acres of non-federal land.  
The USFS has not determined the suitability of these lands to provide habitat for wolves or their 
prey.  However, wildlife habitat surveys conducted on the lands described in the FEIS give an 
indication of the suitability of these lands for wolves.  Portions of the non-federal lands have been 
harvested for timber during the past 20 years, with much of the harvest occurring on Lake County 
Lands North, Lake County Lands South, and Wolf Lands 2 and 3; there are about 778 acres of 
wolf foraging habitat on the non-federal lands.  In addition, the non-federal lands contain about 
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5,366 acres of upland immature and mature forest greater than 9 years old that can provide cover 
for wolf prey (Table 7; MDNR et al. 2013). 

Wolf howling surveys were conducted at night on Hay Lake Lands and McFarland Lake Lands.  
No gray wolves were heard during howling surveys, but sign of gray wolf was seen on Hay 
Lake Lands.  Wolf scat was seen on several abandoned logging roads.  Radiocollared wolves 
have been recorded on Hay Lake Lands (AECOM 2011b). 

Gray wolf tracks were seen on Wolf Lands 3 and 4 and Lake County Lands North during the 
surveys.  A review of the International Wolf Center (2012) Minnesota Wolf Telemetry Database 
revealed that radiocollared wolves have been recorded in the vicinity of Wolf Lands 2 and 3 
(AECOM 2011c). 

Beaver dams or sign of beaver were found on or near all the lands.  Several beaver dams 
were observed on Hunting Club Lands and Lake County Lands South.  Open water bodies on 
the lands were created by beaver dams, and beaver lodges were also seen on large water 
bodies (AECOM 2011c). 

Beaver dams were found in several ponds and wetlands, and along the Pike River, on Hay 
Lake Lands, with recent cuttings found at several locations.  Several large open water bodies 
on the site were created by beaver dams, and beaver lodges were seen on large water bodies.  
Beaver cuttings were also seen on McFarland Lake Lands near McFarland Lake (AECOM 
2011b). 

White-tailed deer are common on the non-federal lands.  White-tailed deer tracks and 
droppings were commonly found in the study areas in virtually all habitat types, and several 
white-tailed deer were seen along roads, in shrublands, and bedding along the Pike River on 
Hay Lake Lands.  Deer were especially common in recently logged areas and shrublands near 
mixed coniferous/deciduous and coniferous immature and mature forest habitats (AECOM 
2011b). 

Moose sign (droppings, tracks, and evidence of browsing) were observed on Hay Lake Lands in 
areas with abundant shrubs and in shrub swamp speckled alder wetlands.  Moose sign were also 
observed on Wolf Lands 3 and 4 and Lake County Lands South in areas with abundant upland 
shrubs and in shrub swamp speckled alder wetlands (AECOM 2011c). 

Wetland Mitigation Sites 

Under the Proposed Action approximately 2,169 acres of Wetland Mitigation Site lands would be 
purchased by PolyMet as compensatory mitigation for impacts to wetlands and other waters of the 
U.S.  These lands are used for sod production, but under the Proposed Action would be restored to 
native wetland and upland vegetation.  After restoration, the combined total of wetland and upland 
acreage for these sites would be about 1,603 acres and 197 acres, respectively.  These sites could 
provide habitat for wolves and would be privately owned (Pylka 2013b). 

Summary of Prey Habitat Impacts to Wolves 
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Numerous habitat and human-disturbance factors influence wolf and wolf prey use of an area.  
Factors most important in the study area include timber management, mining activity, and 
habitat fragmentation.  The mine project would remove forestlands, reduce the amount of 
available habitat for wolves and their prey, and increase habitat fragmentation; some of this 
habitat would be reclaimed after mine closure.  However, large tracts of land associated with 
the Superior National Forest and adjacent to the mine project would be managed to provide 
wolf habitat.  These lands would also help to maintain wolf travel corridors between areas of 
suitable habitat. 

Despite the presence of wolf tracks on the Mine Site, there is little suitable foraging habitat for 
wolves, and it appears that only a few wolves use the Mine Site at any one time.  Thus, the loss 
of habitat on the Mine Site may have little impact on wolves.  To conserve wolves in the area, 
PolyMet would reclaim the Mine Site, maintain vegetated buffers around the Project area, close 
the Project area to public access, minimize the number of roads constructed in the Project area 
and reclaim roads after mine closure, and educate workers on the need to observe speed limits 
and take measures to protect wolves and other wildlife. 

The land adjacent to the Mine Site would not be directly impacted by the Proposed Action.  
However, noise, light, and other disturbances at the Mine Site could limit use of the area by 
wolves and their prey.  Wolves have been recorded using this area, and appeared to have preyed 
upon white-tailed deer in the western portion of the federal lands.  Still, based on number of 
tracks observed during field studies, few wolves appear to use the land at any one time (AECOM 
2009b, 2011a).  Thus, the Project may have little direct impact on wolf use of this area. 

Wolves have been recorded on most of the non-federal lands based on radiotelemetry and wildlife 
studies.  The USFS would gain additional lands that would provide habitat for wolves under the 
Proposed Action.  However, given that these lands would not be directly or indirectly impacted by 
the Project, would likely not be developed, and would remain mostly in timber production with 
limited recreational use, there would likely be little or no adverse or beneficial effects to wolves 
using the non-federal lands with or without the Proposed Action. 

Although the USFS would administer additional habitat for wolves under the Proposed Action, 
there would still be a net loss of habitat to wolves and their prey from the Project.  If the land 
exchange does not take place, and non-federal lands are not acquired by PolyMet and remain 
privately owned, non-federal lands would likely be managed primarily for timber production, and 
some recreational use (hunting, fishing, and cabins).  Much of the habitat on the non-federal lands 
is wetland and is not suitable for most types of development.  At this time, there also appears to be 
little interest in mining these lands or conducting other large scale surface disturbance.  Thus, 
these lands would continue to provide similar acres of habitat for wolves and their prey with or 
without the land exchange. 

No wolf surveys were conducted on or near the Wetland Mitigation Sites.  These sites are 
agricultural farms that would be restored to wetland and upland habitat.  They could provide 
habitat for wolves in the future, but the beneficial effects to wolves from acquisition of these 
lands would be minor. 

Human Access and Disturbance 
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Federal Lands and Plant Site  

The Project would generate as many as 500 full-time workers over an 18-month during peak 
construction period, and about 360 full-time workers during operation.  It is estimated that about 80% 
of construction workers, but only about 25% of operations workers, would commute from population 
centers such as Duluth, Hibbing, and Virginia to the Project area on a daily or weekly basis, while 
remaining workers would be local hires.  The Project would employ about 360 full-time workers 
during operation.  When accounting for family members, the total population influx from direct, 
indirect, and induced employment would be about 400 people.  A small number of workers would be 
needed during mine closure (MDNR et al. 2013).  New housing and other infrastructure would be 
required to support many of these new workers and could indirectly affect wolves through loss of 
habitat and human disturbance.  However, new housing for workers may be constructed in nearby 
municipalities, such as Hoyt Lakes, Aurora, and Babbitt.  It is not anticipated that new housing 
centers would be constructed that would result in additional townships exceeding a human density 
of more than four humans per square kilometer (2.5 humans per square mile).  The MDNR criteria 
for a wolf-occupied township is a human density of fewer than four humans per square kilometer 
and a road density of fewer than 0.7 kilometers per square kilometer (0.4 miles per square mile).  
The Mine Site and Federal Lands are located within Township 59 North (35 square miles) and there 
are 3.3 miles of Forest Road 113 and 77.5 miles of other USFS roads and trails within the township.  
The road density for Township 59 North is 0.1 mile per square mile, considering only Forest Road 
113, and 2.2 miles per square mile considering all roads and trails. 

Disturbance associated with the facility and associated transportation corridors would include 
lights, glare, and noise.  The Project is expected to operate 24 hours a day, 365 days a year, for a 
minimum of 20 years.  Lights and glare would primarily be associated with the Mine Site, Plant 
Site, and Transportation and Utility Corridors.  Wolves traveling through the study area would 
likely avoid areas that are active and well lit. 

Noise  

Sources of noise during the construction phase include trucks, bulldozers, rock drills, jack 
hammers, graders, backhoes, air compressors, and cranes.  The loudest noise sources during the 
operational phase of the project include blasting, haul trucks, and train horns at the Mine Site, 
and crushers at the Plant Site.  Estimated noise levels from blasting at receptors located 50 feet 
from the noise source are estimated to range from 111 to 115 a-weighted decibels (dBA; MDNR 
et al. 2013), while noise levels for drill rigs, excavators, and crushers range from 109 to 121 
dBA near the noise source.  Noise from the Mine Site and Plant Site could impact wolves 
residing in or traveling through the Project area.  The impacts of noise on wolves and other 
wildlife are largely unknown and the assessment of impacts remains subjective.  Wildlife are 
receptive to different sound frequency spectrums, many of which may be inaudible to humans.  
Wildlife are also known to habituate to noise, especially noises that are steady or continuous, 
such as noises that would occur at the Project.  For example, wolves have been seen within 
about a quarter mile of loud noise sources and other human disturbance at Northshore Mine 
facilities north of the Mine Site. 
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Under the Proposed Action, the areas not disturbed by the Project on the lands adjacent to the 
Mine Site would be managed for wildlife habitat, including timber management.  During mine 
operations, few, if any wolves would use this area due to noise and other disturbance associated 
with the adjacent Mine Site.  After mine closure, wolf use of this area could return to the current 
level of use.  But with a large area of new mine disturbance between much of this area and areas 
to the east where wolves are more common, it is unlikely that wolf use of this area would 
increase from current levels. 

Roads  

Impacts to wolves on and surrounding the Project may include mortality from vehicle collisions 
and trains.  Construction and operation of the project, and the influx of workers to the area, would 
mean an increase in the number of roads and rail lines, as well as an increase in vehicular traffic 
volume along transportation corridors.  The FEIS estimates that the Project would generate a total 
of up to 1,316 miles per day of vehicle traffic near the Project site, including trips between the 
Mine Site and the Plant Site, and trips between the Plant Site and the Area 1 Shop.  Vehicle traffic 
would consist primarily of light trucks and maintenance vehicles traveling between 30 and 45 
miles per hour (mph), and a few large fuel, waste/supply, and haul trucks traveling between 25 
and 40 mph.  The Project would also generate 418 total miles of train traffic each day during 
mine operations.  Trains would operate at 15 to 25 mph (MDNR et al. 2015. 

Harm or loss of wolves from collisions with vehicles or trains traveling within the Project 
boundaries cannot be discounted, but the risk would be very small as there is currently little use 
of the Project area by wolves, and use of the site by wolves would decrease substantially during 
project operations due to loss of habitat and noise and disturbance associated with Project 
activities. 

The potential for wolves to be killed from vehicle/rail collisions was estimated using the 
methodology described in previous discussions for lynx.  Assuming that there is about 0.04 
wolf/km2, that vehicle/rail collisions could occur along the 8-mile Transportation and Utility 
Corridors and railroad, and that vehicles and rail traffic have equal potential for collisions with 
wolves, it was estimated that approximately 0.05 wolf could be killed annually by vehicle/train 
traffic between the Mine Site and Plant Site, or about one wolf during the estimated 20-year life 
of the Project (assuming that mortalities due to collisions with vehicles and trains were twice the 
estimated level). 

Using the same assumptions and methodology used to estimate wolf mortality on Project roads 
and railroads, approximately 0.3 wolf could be killed annually by vehicle/train traffic on off-
Project access roads/rail lines to the Plant Site, or about six wolves during the estimated 20-year 
life of the Project (assuming that mortalities due to collisions with vehicles and trains were 
twice the estimated level). 

These losses are probably overestimated, however, based on wolf mortality estimates done for 
other projects in northern Minnesota by the USFWS.  Thus, although risk of loss of wolves due 
to a collision with a Project-related vehicle or train traffic is very small, it could occur during 
the life of the Project. 
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In addition to potential harm from vehicle/train/wolf collisions, road density influences wolf use of 
habitat.  The Wolf Recovery Plan recommends that density of higher standard roads remain below 
1 mile/mi2 in critical habitat to limit the extent of associated effects to gray wolves (USDOI 
USFWS 1992, 2011a).  However, wolves may tolerate road densities as high as 1.2 miles/mi2 if 
roaded areas are adjacent to large roadless areas, such as the Superior National Forest.  Current 
road density is 0.5 miles of road/mi2 for the Mine Site.  After mine operations cease, temporary 
roads would be closed and reclaimed and would remain closed to the public. 

Temporary roads have been constructed on the federal lands to support timber harvest activities 
and within a ROW to support power line maintenance.  Except for recently constructed roads, 
temporary roads are now overgrown in places with vegetation and are generally only suitable 
for foot, all-terrain vehicle, and snowmobile travel.  Vegetation within the ROW is maintained 
at a low height for safety purposes, and the ROW is accessible to all-terrain vehicles and 
snowmobiles.  Temporary roads may be constructed to support future management, but roads 
would be likely closed after their intended use and allowed to revegetate; it is unlikely that 
permanent roads would be constructed.  The number of miles of temporary roads would likely 
remain at or below current levels, to the benefit of wolves.  These roads would be privately 
owned and closed to the public after mine closure. 

Non-federal Lands and Wetland Mitigation Sites 

The non-federal lands necessary for the land exchange would be transferred to the USFS.  The 
non-federal lands are currently managed primarily for timber and recreation, similar to how these 
lands would be managed by the USFS.  The Wetland Mitigation Sites would be restored to 
wetland and upland wildlife habitat.  Wolf observations are rare near the Wetland Mitigation 
Sites and wolf use of the sites after restoration would be infrequent.  Thus, there would be few 
beneficial effects to wolves from the land exchange and wetland mitigation. 

Access onto most of the non-federal lands is by secondary roads that branch off USFS or county 
roads.  Most secondary roads were constructed to support timber harvest activities, and wolves 
were observed using these roads on several lands.  There is no road access onto Hunting Club 
Lands and Wolf Lands 4.  Access to McFarland Lake Lands is controlled by a locked gate.  If 
acquired by the USFS, the lands would be managed for General Forest, General Forest-Longer 
Rotation, Riparian Areas, and Candidate Research Natural Areas.  If new roads are constructed 
on the lands, they would likely be temporary and used to support timber management.  There 
would likely be little change in the number of miles of backcountry roads and trails on the non-
federal lands, and the number of miles may decrease if existing roads are closed and re-
vegetated or allowed to re-vegetate naturally, benefitting wolves. 

Other  

Hazardous Materials 

Mishandling of hazardous materials or wastes could result in spills, accidental release, or 
discharge into the environment, which could pose risks to wolves.  Sections 5.2.13 and 5.3.13 of 
the FEIS discuss the risks posed to the public and the environment from the transport, handing, 
storage, and use of hazardous materials.  Mitigation measures to prevent releases in 
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transportation, storage, and handling or use of these materials are described in several hazardous 
material management plans necessary to comply with various regulatory requirements for the 
Project and in the FEIS.  Based on this analysis, and limited use by wolves of the areas where 
there materials would be used, risks to wolves would be negligible and should not result in harm 
or death to wolves (MDNR et al. 2015). 

The majority of habitat on the non-federal lands consists of immature and mature (age class) 
upland and lowland coniferous and deciduous forest totaling 5,365 acres (76%) that could be 
used by lynx and snowshoe hare (Table 7; MDNR et al. 2013).  Mixed coniferous/deciduous 
forest and lowland shrub swamp and upland shrubland are also important habitat components 
that could be used by both snowshoe hare and lynx. 

4.2 Indirect/Induced Impacts 

 
4.2.1 Canada Lynx 

No known activities are interrelated or interdependent to the Project that would have the 
potential to affect Canada lynx.  It is possible that future specific programs or projects may have 
relevant interrelated and interdependent actions (e.g., expansion of the Mine Site due to 
discovery of new ore bodies) and they would be considered in the context of consultations for 
those actions. 
 
4.2.2 Northern Long-eared Bat 

No known activities are interrelated or interdependent to the Project that would have the 
potential to affect northern long-eared bat.  It is possible that future specific programs or 
projects may have relevant interrelated and interdependent actions (e.g., expansion of the 
Mine Site due to discovery of new ore bodies) and they would be considered in the context of 
consultations for those actions. 

4.2.3 Gray Wolf 

No known activities are interrelated or interdependent to the Project that would have the 
potential to affect gray wolves.  It is possible that future specific programs or projects may have 
relevant interrelated and interdependent actions (e.g., expansion of the Mine Site due to 
discovery of new ore bodies) and they would be considered in the context of consultations for 
those actions. 

4.3 Effects on Habitat Quality 

 
4.3.1 Canada Lynx 
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4.3.1.1 Effects to Lynx Critical Habitat 

Overview 

Primary Constituent Elements of Lynx Critical Habitat 

Critical habitat is defined as “specific area within the geographical area occupied by the species...on 
which are found those physical and biological features (a) essential to the conservation of the 
species and (b) which may require special management considerations or protection” (USDOI 
USFWS and NMFS 1998). 

On November 9, 2006, the USFWS designated 319 mi2 as critical habitat in Voyageurs National 
Park, Minnesota.  On February 25, 2009, the USFWS re-designated lynx critical habitat to 
include portions of Cook, Koochiching, Lake, and St.  Louis Counties, Minnesota, including a 
portion of the federal lands, and all of the non-federal lands.  A total of 8,065 mi2 were 
designated as critical habitat in 2009 (USDOI USFWS 2009a).  The Wetland Mitigation Sites 
are not included in the designated critical habitat area. 

In its 2009 designation of critical habitat for lynx in northeastern Minnesota, including the 
Project area, the USFWS identified physical and biological features that are essential to the 
conservation of the species and that may require special management considerations or 
protections.  The physical and biological features are primary constituent elements (PCEs) laid 
out in a specific quantity and spatial arrangement to be essential to the conservation of the 
species.  The PCEs of critical habitat for lynx are found in boreal forest landscapes supporting a 
mosaic of differing successional forest stages and containing: 

a. Presence of snowshoe hares and their preferred habitat conditions, which include dense 
understories of young trees, shrubs, or overhanging boughs that protrude above the snow, 
and mature multistoried stands with coniferous boughs touching the snow surface. 

b. Winter snow conditions that are generally deep and fluffy for extended periods of time. 

c. Sites for denning that have abundant coarse woody debris, such as downed trees and root 
wads. 

 
Matrix habitat (e.g., hardwood forest, dry forest, non-forest, or other habitat types that do not 
support snowshoe hares) that occurs between patches of boreal forest in close juxtaposition (at 
the scale of a lynx home range) such that lynx are likely to travel through such habitat while 
accessing patches of boreal forest within a home range. 
 
The USFS identified quantitative indicators in the 2004 Forest Plan BA to analyze the impacts 
of those risk factors that have the most substantive impacts on lynx habitat (USDA USFS 
2004b).  These indicators have been used to assess impacts to lynx critical habitat in this BO.  
These analysis indicators also serve as appropriate indicators for analysis of effects to critical 
habitat and its constituent elements.  This is because the indicators address relevant PCEs of 
lynx critical habitat—those physical and biological features that are essential to the conservation 
of the species. 
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Table 8 compares the lynx risk analysis indicators to the PCEs and identifies the risk analysis 
indicators evaluated in this BO.  For this analysis, risk analysis indicators are grouped as 
follows—habitat management, human activity (recreation and roads and trails), and cumulative.  
The cumulative effects risk analysis indicators are addressed in Section 5.1.1. 

The following discussion provides an overview of the direct and potential indirect impacts to 
PCEs from the Project.  It is followed by an analysis of impacts to PCEs based on lynx 
analysis indicators developed by the USFS. 

Effects of NorthMet Project on Primary Constituent Elements 

Presence of snowshoe hares and their preferred habitat conditions, which include dense 
understories of young trees, shrubs, or overhanging boughs that protrude above the snow, 
and mature multistoried stands with conifer boughs touching the snow surface. 

The USFS has determined that there are about 6,365 acres of foraging habitat for snowshoe hare 
on the federal lands, or about 98% of the federal lands.  Although snowshoe hare were seen 
throughout the federal lands, the largest concentrations of snowshoe hares were seen in the eastern 
portion of the federal lands in areas dominated by jack pine (ENSR 2000).  Based on an 
assessment of existing conditions and conditions at the closure of the mine, there would be a loss 
of approximately 1,669 acres of snowshoe foraging habitat due to mining, or about 26% of the 
federal lands.  Approximately 4,696 acres of federal lands owned by PolyMet adjacent to the 
Mine Site would still provide habitat for snowshoe hare. 

In addition, basic foraging habitat, including forbs, grasses and small shrubs could be available to 
snowshoe hare about 10 years after mine closure due to succession within the disturbed areas, 
although it is uncertain if snowshoe hare would move from areas outside of the Mine Site to suitable 
habitat on the Mine Site.  More mature snowshoe hare habitat, including young trees and boughs 
overhanging snow, could be available about 25-30 years after mine closure.  Therefore, while about 
397 acres of habitat lost to mining would be reclaimed after mine closure, it could be a minimum of 
10 years before revegetation results in much suitable habitat for lynx.  This is because of the 
estimated minimum 10-year period for basic snowshoe hare forage habitat (forbs, shrubs) to 
develop.  Based on the mine closure plan, most of the 397 acres of the habitat lost to mining that 
would be reclaimed would be reclaimed as grassland/herbaceous (54%), wetland and/or 
grassland/herbaceous (27%), and wetland (18%).  Areas reclaimed as wetland would not be suitable 
habitat for lynx.  Snowshoe hare and lynx tracks were seen at the base of waste rock piles with 
scattered stands of young forest near the Dunka Pit.  These rock piles are about 5 miles from 
undisturbed habitat used by snowshoe hares.  Thus, snowshoe hare have shown the ability to re-
colonize areas associated with mine development.  The West Pit would not be reclaimed to the 
surface for revegetation, but would remain as a 320-acre open pit lake (MDNR et al. 2013). 

Winter snow conditions that are generally deep and fluffy for extended periods of time. 

Northeastern Minnesota generally receives approximately 70 inches of snow per year.  Snow 
cover at least 1 inch deep is present between 85 days per year and 140 days per year depending 
on the part of the state.  In general, snow can be found on the federal lands between October and 
April.  Studies of lynx and other wildlife on the federal lands found that the snow is relatively 
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dry, fluffy, and several feet deep during much of the winter (ENSR 2000, 2006).  As discussed, 
snowshoe hare favor areas that have deep snow and use black spruce and balsam fir forests with 
dense understory vegetation that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, Monthey 1986, Hodges 2000a, b).  Generally, 
earlier succession (younger) forest stages have greater understory structure than do mature 
forests and, therefore, support higher snowshoe hare densities (Fuller 1999, Hodges 2000a, b).  
Generally, open areas and areas with earlier succession forest stages have deeper snow depths 
than areas with more mature forest, as the branches of trees in mature forests capture more snow 
than younger forests, resulting in shallower snow in mature than younger forests (ENSR 2005). 

There are approximately 271 acres of young and 1,539 acres of immature forest on the federal 
lands.  Of these, approximately 1,333 acres (73.6%) would be directly impacted by the mine project 
and lost to snowshoe hare and lynx during mine operation and closure.  As discussed above, 
approximately 397 acres would be reclaimed, and as these lands change from grassland to 
shrubland and young/immature forestland, their value to snowshoe hare and lynx would increase. 

Sites for denning that have abundant coarse woody debris, such as downed trees and root wads. 

Based on radiotelemetry studies in Minnesota, most lynx dens are found in tree wind-throw 
areas with dense vertical and horizontal cover.  Dens were often located in an area with foraging 
habitat and denning cover, and often in small patches of upland within a larger wetland.  These 
are often areas where wind-throw occurs (Moen and Burdett 2009).  Tree age is generally 
greater than 60 years. 

About 5,393 acres of lynx suitable denning habitat are found on the federal lands, or 83% of federal 
lands.  Snags and large woody debris were uncommon in disturbed areas, shrublands, and young 
and immature forests.  Large snags (up to 16 inches dbh), stumps, and woody debris were common 
in more mature forest stands (ENSR 2005).  Little blowdown was observed on the federal lands 
and generally occurred adjacent to recent forest harvest areas and near roads and transmission lines.  
Based on an assessment of existing conditions and conditions at closure of the mine, there would 
be a loss of approximately 1,333 acres of denning habitat due to mining.  Thus, there would be a 
20% reduction of denning habitat on the federal lands. 

Matrix habitat (e.g., hardwood forest, dry forest, non-forest, or other habitat types that do not 
support snowshoe hares) that occurs between patches of boreal forest in close juxtaposition (at 
the scale of a lynx home range) such that lynx are likely to travel through such habitat while 
accessing patches of boreal forest within a home range. 

Communities used most often by lynx are young jack pine/balsam fir forests.  Balsam fir often 
occurs as inclusions or “pockets” of regenerating trees within other cover types (e.g., in mature 
jack pine stands or in maturing black spruce/trembling aspen stands), and along forest edges.  
Lynx also use coniferous or mixed coniferous/deciduous forest patches in regenerating logged 
areas, including 10- to 25-year-old stands of jack pine or balsam fir/trembling aspen mixed 
coniferous/deciduous forest.  Other important habitat types include black spruce/balsam fir and 
black spruce/tamarack forests. 
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Communities used by lynx often originate as a result of natural or “facilitated” regeneration 
after logging.  However, fire and spruce budworm outbreaks also play a role in influencing 
forest stand composition and age in sites used by lynx.  It generally takes 12 to 30 years after a 
forest thinning or fire before conditions become suitable for snowshoe hare, as forests mature 
from the young to the immature stage. 

Upland forest greater than 4 years of age, and lowland stands with forest greater than 9 years of 
age, provide suitable lynx cover to support habitat connectivity (USDA USFS 2004b).  As 
shown on Figure 9 and Table 9, the Mine Site consists of a mix of lowland and upland conifer 
and deciduous forest of various ages.  Conifer forest habitat dominates the mine site, but other 
habitat types, including open grasslands and wetlands, deciduous forest, frozen lakes, roads, 
and utility corridors are found in close proximity to conifer forests and have been used by lynx 
on or near the Mine Site. 

There are about 6,372 acres (98% of federal lands) of lynx habitat with adequate canopy cover 
on the federal lands.  Based on an assessment of existing conditions and conditions at closure 
of the mine, there would be a loss of approximately 1,669 acres of lynx habitat with adequate 
canopy cover due to mining, or about 26% of lynx habitat with adequate canopy cover within 
the federal lands (MDNR et al. 2013). 

Risk Analysis Indicators  

Habitat Management  

The USFS has identified five risk analysis indicators to measure loss of habitat that would apply to 
the Project (Ryan 2011).  Parameters used by the USFS to identify suitable lynx habitat, and 
foraging habitat for snowshoe hare, were given in the Forest Plan BA (USDA USFS 2004b).  In 
general, snowshoe hare foraging habitat was found in upland forest stands that were 3 to 15 years 
of age, or older than 60 years of age, while lowland stands are generally 10 years or older.  Lynx 
denning habitat is typically found in forest stands that are 80 years or older and have large down 
woody material or areas of tree wind-throw.  The existing condition of habitat-related indicators 
and impacts to lynx habitat from actions at the Mine Site and Plant Site for LAUs are provided in 
Table 9.  All non-federal lands, except Hay Lake Lands, are within LAUs.  Although the land 
exchange would not increase or decrease the amount of lynx habitat within these LAUs, it would 
contribute to the amount of lynx habitat administered by the USFS.  Habitat gains and losses by 
LAU for lands under USFS administration for risk analysis indicators are summarized in Table 9. 

Indicator 1a – Snowshoe Hare Foraging Habitat 

The Mine Site is in LAU SNF 12.  The USFS determined that there are about 6,365 acres of 
foraging habitat for snowshoe hare on the federal lands (Figure 19).  Based on an assessment of 
existing conditions and conditions at closure of the mine, there would be a loss of approximately 
1,669 acres of snowshoe hare foraging habitat due to mining, or about 6% of the snowshoe hare 
foraging habitat within LAU SNF 12 that is administered by the USFS (the USFS has not 
identified snowshoe foraging habitat on those portions of the LAU that are not administered by 
the USFS (MDNR et al. 2013). 
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The lands adjacent to the Mine Site would still provide habitat for snowshoe hare even though 
lands would be owned by PolyMet.  In addition, foraging habitat could be available to snowshoe 
hare about 20 years after mine closure due to restoration of disturbed areas, although it is uncertain 
if snowshoe hare would move from areas outside of the Mine Site to suitable habitat on the Mine 
Site.  Snowshoe hare and lynx tracks were seen at the base of waste rock piles with scattered 
stands of young forest near the Dunka Pit.  These rock piles are about 5 miles from 
undisturbed habitat used by snowshoe hares.  Thus, snowshoe hare have shown the ability to 
re-colonize areas associated with mine development. 

Collectively, there about 6,777 acres (96% of available habitat) of snowshoe hare foraging 
habitat on the non-federal lands (Figures 20 and 21).  This habitat, which is associated with 
several different LAUs, and Hay Lake Lands, would be administered by the USFS under the 
Proposed Action (Table 9).  Based on habitat losses on the federal lands, and gains from the 
non-federal lands, there would be a net gain of 412 acres of snowshoe hare foraging habitat 
under USFS administration under the Proposed Action (MDNR et al. 2013). 

Indicator 1b – Unsuitable Habitat 

There are about 130 acres of unsuitable habitat for snowshoe hare on the federal lands (MDNR et al. 
2013).  Unsuitable habitat is defined as areas that are in the initial stages of forest growth where 
vegetation has not developed sufficiently to support snowshoe hare populations during all seasons 
(USDA USFS 2004b).  For purposes of this BO, these are disturbed, cropland/grassland, and 
aquatic environments based on MDNR cover types (MDNR et al. 2013).  Based on an assessment 
of existing conditions and conditions at mine closure, there would be a gain of approximately 1,669 
acres of unsuitable habitat for snowshoe hare due to the Proposed Action, as about 50 acres of the 
disturbance area is already unsuitable for snowshoe hare.  Some of this habitat may become suitable 
for snowshoe hare over time, as discussed above.  There would be no change in the amount of 
unsuitable habitat on the federal lands surrounding the Mine Site due to the Project.  However, 
because unsuitable habitat associated with the federal lands would be transferred from the USFS to 
PolyMet, there were be a reduction in unsuitable habitat for snowshoe hare administered by the 
USFS in LAU SNF 12 from current levels under the Proposed Action. 

Collectively, there are about 267 acres of unsuitable habitat for snowshoe hare on the non-
federal lands.  This habitat, which is associated with several different LAUs and Hay Lake 
Lands, would be administered by the USFS under the Proposed Action (Table 9).  There 
would be a gain of 137 acres of unsuitable habitat for snowshoe hare under USFS 
administration under the Proposed Action. 

Indicator 3 – Denning Habitat 

Based on an assessment of existing conditions and conditions at closure of the mine, there would 
be a loss of approximately 1,333 acres of denning habitat due to mining.  There are about 5,393 
acres of lynx suitable denning habitat on the federal lands.  Thus, there would be a 7% reduction 
of denning habitat under in LAU SNF 12 from current levels (MDNR et al. 2013). 

Collectively, the non-federal lands would provide about 5,363 acres of denning habitat (76% of 
all habitats within the non-federal lands).  This habitat, which is associated with several LAUs 
and Hay Lake Lands, would be administered by the USFS under the Proposed Action (Table 9).  
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Based on habitat losses on the federal lands, and gains from the non-federal lands, there would 
be a net loss of 30 acres of denning habitat under USFS administration under the Proposed 
Action. 

Indicator 4 – Lynx Habitat with Adequate Canopy Cover 

Upland forest greater than 4 years of age, and lowland stands with forest greater than 9 years 
of age, provide suitable lynx cover to support habitat connectivity (USDA USFS 2004b). 

There are about 6,372 acres of lynx habitat with adequate canopy cover on the federal lands.  
Based on an assessment of existing conditions and conditions at closure of the mine, there would 
be a loss of approximately 1,669 acres of lynx habitat with adequate canopy cover due to mining, 
or about 2% of lynx habitat with adequate canopy cover within LAU SNF 12 (MDNR et al. 2013).  
Under the land exchange, the USFS would no longer administer 6,372 acres of lynx habitat with 
adequate canopy within LAU SNF 12 (13% loss of suitable habitat administered by the USFS in 
LAU SNF 12), but would gain 2,134 acres of suitable habitat in other LAUs.  The USFS would 
also gain an additional 4,675 acres of suitable habitat on Hay Lake Lands, or 6,809 acres in total, 
for a net gain of 437 acres of lynx habitat with adequate canopy cover under USFS administration 
(MDNR et al. 2013). 

Human Disturbance - Recreation 

The USFS identified four risk analysis indicators to measure risks to lynx from recreational 
activities. 

Indicator 5 – Miles of Designated All-terrain Vehicle Trails  

Indicator 6 – Miles of Designated Snowmobile Trails 

As discussed in the 2004 Forest Plan BA, one of the key concerns associated with all-terrain 
vehicles and snowmobile trails is the potential for increased and deeper access for humans into 
lynx habitat (USDA USFS 2004b).  Snowmobile and all-terrain vehicle use (or, on some trails, 
other means of access such as walking or driving other types of vehicles) for trapping, hunting, or 
other recreational activities may increase the chance for lynx disturbance, harm, or mortality 
throughout wider areas of the Superior National Forest and on privately owned lands.  Because of 
the lynx’s vulnerability to trapping, this potential impact is difficult, if not impossible, to avoid.  
Because USFS plans foster recreation and encourage recreational uses of the Forest, there is an 
increased potential for negative impacts to lynx on lands administered by the USFS. 

The 2004 Forest Plan (USDA USFS 2004a) provides overall direction for road and trail density 
in lynx habitat, recommending upper limits for road and trail density of 2 miles/mi2 and 
guidance to seek opportunities to reduce density.  Direction for designated snow-compacted 
trails, on the other hand, guides the USFS to generally allow for no net increase of winter trails 
unless they serve to consolidate use. 

Another concern with new construction of designated all-terrain vehicle trails and snowmobile trails 
is the potential for increased snow compaction and access for competitors to lynx habitat.  This is 
not a major issue on USFS-administered lands as the 2004 Forest Plan allows no net increase in 
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designated snow-compacting trails unless they effectively consolidate use.  However, there may be 
a concern with new all-terrain vehicle trails because in most locations it is likely that these routes 
could appear inviting to snowmobiling, and thus may have an unintended result of increasing snow 
compaction where trails coincide with lynx habitat. 
 
These two indicators were not analyzed in this BO.  There are no designated all-terrain vehicle or 
snowmobile trails on the federal and non-federal lands and Wetland Mitigation sites, except for 
0.03 miles of designated trail on Wolf Lands 3.  The USFS would promote recreational use of the 
lands it acquires in the land exchange, but is not expected to develop new all-terrain vehicle or 
snowmobile trails, or improve existing non-designated trails.  Thus, all-terrain vehicle and 
snowmobile use of the non-federal lands is expected to remain near current levels, without or 
without the land exchange. 

Under the Proposed Action, PolyMet would gain control of the federal lands and Wetland 
Mitigation Sites.  Access to the Project area would be strictly controlled during mine 
operations and PolyMet has no plans to construct designated all-terrain vehicle or snowmobile 
trails on the federal lands or Wetland Mitigation Sites.  Thus, there would be no change in 
designated trails on federal and non-federal lands with or without the proposed land exchange. 

Indicator 8 – Policy of Cross-country Use of All-terrain Vehicles and Snowmobiles 

This indicator applies to lands administered by the USFS.  Cross-country use by all-terrain 
vehicles and snowmobiles is allowed now and would also be allowed in the future in most 
management areas on the Superior National Forest.  It is difficult to estimate the consequences of 
this policy.  Ruediger et al. (2000) suggested that recent advances in snowmobile technology 
may allow snowmobiles to travel in deeper snow and to areas that were not accessible with older 
machines.  However, most snowmobiles used on the Superior National Forest are getting larger 
and are designed for use on maintained system trails, and machines are difficult to take off trails 
or open areas because of the density of the forest.  Places that can currently be traversed cross-
country frequently are already used from year to year.  For example, rivers or open non-forest 
lands that provide a long enough travel way can become de facto trails, because they are used in 
most winters and during most of the winter. 

Under the Proposed Action, Superior National Forest policies would not apply on the federal 
lands after the land exchange.  As noted above, public access to these areas would be 
restricted during and after mine operations. 

USFS policies would apply to the non-federal lands included in the land exchange under the 
Proposed Action.  Some cross-country use of these lands occurs now, and would be expected to 
continue if these lands are administered by the USFS.  Because there would be few changes under 
the Proposed Action, and because snowmobilers typically prefer established trails to cross-country 
travel through forested habitat, there should be little change in impacts to lynx with or without the 
land exchange.  This indicator is not analyzed in this BO. 

Indicator 9 – Policy on Cross-country Use of All-terrain Vehicles and Snowmobiles 
on OML 1 and 2 Roads 
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The USFS generally allows all-terrain vehicles and snowmobile use on all existing Objective 
Maintenance Level (OML) 1 and 2 roads and on unclassified roads (generally these are former 
temporary or low standard roads). 
 
Objective Maintenance Level 1 designation is assigned to intermittent service roads when they 
are closed to street legal motorized vehicular traffic.  The closure period must exceed 1 year.  
Roads receiving OML 1 maintenance would generally be managed at OML 2 during the time 
they are open for traffic.  Basic custodial maintenance is performed to keep damage to adjacent 
resources to an acceptable level and to perpetuate the road to facilitate future management 
activities.  Emphasis is normally given to maintaining drainage facilities and runoff patterns. 
 
Objective Maintenance Level 2 designation is assigned to roads operated for use by high 
clearance vehicles.  Passenger car traffic is not a consideration.  Traffic is normally minor, 
usually consisting of one or a combination of administrative, permitted (such as log haul), 
dispersed recreation, or other specialized uses.  Log haul may occur at this level.  Temporary 
and newly constructed OML 1 and 2 roads would be effectively closed following their intended 
management use. 

County and temporary or low standard roads are found on the non-federal lands and were 
constructed to facilitate timber management and recreational access.  The effects of the Proposed 
Action on all-terrain vehicle and snowmobile use of temporary or low standard roads associated 
with the federal and non-federal lands would be similar to those described for Indicator 8.  Thus, 
this indicator is not analyzed in this BO. 

Roads and Trails 

The USFS has identified one risk analysis indicator to measure impacts from forest and 
backcountry roads and trails. 

Indicator 7 – Miles of Temporary and OML 1 and 2 Roads  

Temporary roads are authorized by contract, permit, lease, other written authorization, or 
emergency operation.  They are not intended to be a part of the forest transportation system, and 
are not necessary for long-term resource management.  These roads are not included on the 
National Forest System road inventory and are decommissioned after use (USDA USFS 2004b).  
Objective Maintenance Level 1 and 2 roads are discussed above under Indicator 9.  This 
indicator is not analyzed in this BO because there would be little or no change in the miles of 
temporary and OML 1 and 2 roads on federal and non-federal lands under the Proposed Action 
(Ryan 2013a). 

Under the Proposed Action, PolyMet would gain control of the federal lands.  There are 
approximately 5.9 miles of temporary and OML 1 and 2 roads on the federal lands.  
Temporary roads built to support historic timber management and mine exploration on the 
proposed Mine Site would be lost to mine development.  Access to the Project area would 
be strictly controlled during mine operations. 
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These roads would likely have little impact on lynx, as lynx would be discouraged from using the 
roads due to noise and other disturbances.  After mine closure, most access roads would be closed 
and the property would remain privately owned and closed to public access.  Temporary roads 
may be constructed on the federal lands associated with the Mine Site to support forest 
management activities, but the number of miles of temporary backcountry roads and trails on the 
Project area should be similar to, or less than, existing miles of backcountry roads and trails on the 
federal lands.  Roads would be privately owned and closed to public access.  (Pylka 2013b). 

The USFS would primarily manage the non-federal lands for timber production and recreation.  If 
new roads are constructed on the lands, they would likely be temporary and used to support timber 
management.  There would likely be little or no change in the number of miles of backcountry 
roads and trails on the non-federal lands, and the number of miles may decrease if existing roads 
are closed and revegetated or allowed to revegetate naturally, benefitting lynx.
 
4.3.2 Northern Long-eared Bat 

4.3.2.1 Effects to Long-Eared Bat Critical Habitat 

Because the USFWS has not designated critical habitat for the species, there is no effect 
determination on northern long-eared bat critical habitat to be made in this BO.  . 

 
4.3.3 Gray Wolf 

4.3.3.1 Effects to Gray Wolf Critical Habitat 

Overview  

Primary Constituent Elements of Wolf Critical Habitat 

No specific primary constituent elements (PCE) have been formalized for the gray wolf.  
However, in general, primary constituent elements for gray wolf may include the following: 

1. space for population growth; 
2. normal behavior, nutritional or physiological requirements; 
3. shelter and breeding habitats, and 
4. habitats representing appropriate species distribution. 

In addition, the USFWS (1992) has identified five main factors critical to the long-term survival of 
gray wolf: 

1. large tracts of wild land with low human densities and minimal accessibility by 
humans 

2. ecologically sound management 
3. availability of adequate wild prey; 
4. adequate understanding of wolf ecology and management, and maintenance of 

populations that are either free of, or resistant to, parasites and diseases new to wolves or 
are large enough to successfully contend with their adverse effects. 
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Additional detail on the presence of general PCEs and factors critical to the long-term survival of 
gray wolf is provided in Section 3.3.3, Gray Wolf Environmental Baseline.  Potential impacts to 
the general PCEs and to factors critical to the long-term survival of gray wolf are described in 
Section 4.1.3, Analysis of Direct and Indirect Effects to Gray Wolf.  Further detail on impacts to 
gray wolf prey habitat is provided below. 

The USFS identified quantitative indicators in the 2004 Forest Plan BA, and in the Programmatic 
Biological Assessment: Gray Wolf, Canada Lynx, and Their Critical Habitats for the Superior 
National Forest (USDA USFS 2011b), to analyze the impacts of those risk factors that have the 
most substantive impacts on wolf habitat.  These indicators have been used to assess impacts to 
wolf critical habitat, if it was implemented in Minnesota in the future, in this BO.  Table 12 lists 
risk indicators and identifies those that apply to the Project. 

Risk Analysis Indicators  

Prey Habitat 

The USFS has identified two risk analysis indicators to measure the effects to prey habitat that 
would apply to the Project.  Parameters used by the USFS to identify suitable wolf prey habitat 
were given in the Federally Listed Threatened and Endangered Species for the Revised Forest 
Plans: Chippewa and Superior National Forests (USDA USFS 2004b) and Programmatic 
Biological Assessment: Gray Wolf, Canada Lynx, and Their Critical Habitats for the Superior 
National Forest (USDA USFS 2011a). 

Indicator 1 – Acres and Percent of Young Upland Forest < 10 Years Old 

This indicator represents potential habitat for moose, white-tailed deer, and beaver, important 
prey items for wolves, by acres of young upland forest.  Acreage dedicated to coniferous 
plantations, clearcuts, areas of prescribed burns, and shelterwood harvests all provide 
significant forage biomass.  Lowland conifer is not included.  Even though the correlation 
between habitat and populations appears to be weak, this indicator provides an overall 
analysis of potential prey forage habitat. 

There are about 271 acres of young upland forest on the federal lands (Figure 9, Table 7).  
Based on Management Indicator Habitat mapping done by the USFS, about 181 acres of 
young upland forest would be lost to mining.  Although young upland forest vegetation would 
be lost on the Mine Site, the lands adjacent to the Mine Site would still provide young upland 
forest for wolf prey even though lands would be owned by PolyMet, as these lands would be 
managed to provide wildlife habitat and would not be developed.  About 10 or more years 
after mine reclamation, approximately 397 acres of young upland forest could be available to 
wolf prey, although it is uncertain if wolf prey would move from areas outside of the Mine 
Site to suitable habitat on the Mine Site. 

Collectively, the non-federal lands have about 778 acres (11% of available habitat) of young 
upland forest.  Under the Proposed Action, this habitat would be administered by the USFS.  
Wetland Mitigation Sites would provide additional young upland forest.  Based on young upland 
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forest losses at the federal lands, and gains from the non-federal lands, there would be a net gain 
of 507 acres of young upland forest under USFS administration under the Proposed Action 
(MDNR et al. 2013). 

Indicator 2 – Acres and Percent of Upland Forest > 9 Years Old on all 
Uplands 

This indicator represents potential winter thermal and hiding cover for white-tailed deer and 
moose provided by relatively dense occurrence of immature and mature coniferous forest in 
planted/seeded stands.  Coniferous forest also provides important summer thermal cover (from 
heat) for moose. 

There are about 5,393 acres of immature and mature upland coniferous forest on the federal lands 
(Figure 19, Table 7).  About 1,333 acres of immature and mature upland coniferous forest would 
be lost to mining based on Management Indicator Habitat mapping done by the USFS.  Although 
forest vegetation would be lost on the Mine Site, the federal lands would still provide immature 
and mature upland coniferous forest for wolf prey even though lands would be owned by PolyMet, 
as these lands would be managed to provide wildlife habitat and would not be developed.  About 
20 or more years after mine reclamation, approximately 397 acres of immature and mature upland 
coniferous forest could be available to wolf prey for cover, although it is uncertain if wolf prey 
would move from areas outside of the Mine Site to suitable habitat on the Mine Site. 

Collectively, the non-federal lands have about 5,366 acres (76% of available habitat) of immature 
and mature upland coniferous forest.  Under the Proposed Action, this habitat would be 
administered by the USFS.  Wetland Mitigation Sites would provide additional immature and 
mature upland coniferous forest.  Based on immature and mature upland coniferous forest losses 
at the federal lands, and gains from the non-federal lands, there would be a net loss of 26 acres of 
immature and mature upland coniferous forest under USFS administration under the Proposed 
Action. 

Human Access and Disturbance 

The USFS identified three indicators that apply to human access and disturbance.  These are: 

Indicator 3 – Miles of High Standard Roads (OML 3, 4, and 5)  

Indicator 4 – Cross-country Use Policy for Designated All-terrain Vehicle 
and Snowmobile Trails 

Indicator 5 – Miles of Temporary and OML 1 and 2 Roads  

Indicators 4 and 5 were not analyzed for reasons given for Indicators 7 and 9 for lynx.  Indicator 
3 was not analyzed because there are no High Standard Roads (OML 3, 4, and 5) on the federal 
and non-federal lands, and none are proposed to be built under the Proposed Action.  Objective 
Maintenance Level 3 roads are those roads open and maintained for travel by a prudent driver in 
a passenger car.  User comfort and convenience are not considered priorities.  Roads are 
typically low speed, single lane with turnouts and have only spot surfacing.  Objective 
Maintenance Level 4 roads provide a moderate degree of user comfort and convenience at 
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moderate travel speeds.  Most roads are double lane and aggregate surfaced.  Objective 
Maintenance Level 5 roads provide a high degree of user comfort and convenience.  The roads 
are normally double lane, paved facilities (USDA USFS 2004a). 

Under the Proposed Action, PolyMet would gain control of the federal lands.  There are 
approximately 5.9 miles of temporary and OML 1 and 2 roads on the federal lands.  Most 
temporary roads were built to support historic timber management and mine exploration on 
the proposed Mine Site and would be lost to mine development.  Access to the federal lands 
would be strictly controlled during mine operations. 

These roads would likely have little impact on wolves as wolves would not likely use the federal 
lands during mining due to noise and other disturbances.  After mine closure, roads would be 
reclaimed (except for a short road from the Dunka Road to the Waste Water Treatment Facility; 
Pylka 2013b) and closed to vehicle access.  Temporary roads may be constructed on the lands 
adjacent to the Mine Site to support forest management activities, but number of miles of 
temporary backcountry roads and trails on the lands should be similar to, or less than, existing 
miles of backcountry roads and trail on the lands.  After mine closure, the federal lands would 
remain in private ownership and the public would not be allowed to use the roads to access the 
lands (Pylka 2013b). 

The USFS would manage the non-federal lands for timber production and recreation.  If new 
roads are constructed on the lands, they would likely be temporary and used to support timber 
management.  There would likely be little or no change in the number of miles of backcountry 
roads and trails on the non-federal lands, and the number of miles may decrease if existing roads 
are closed and re-vegetated or allowed to re-vegetate naturally, benefitting wolves. 
 
5.0 Cumulative Effects 

5.1 Canada Lynx 

Cumulative effects include the effects of future state, tribal, local, or private actions that are 
reasonably certain to occur in the cumulative effects study area (CESA) considered in this BO.  
Future federal actions that are unrelated to the Proposed Action are not considered in this BO 
because they require separate consultation pursuant to Section 7 of the ESA. 

The CESA includes the Nashwauk and Laurentian Uplands ecological subregions within the 
Arrowhead Region of Minnesota.  This area totals approximately 1.38 million acres in the 
northeast corner of Minnesota (Figure 22; Emmons and Olivier Resources, Inc. 2006).  The 
period for analysis of cumulative effects in this BO was from pre-settlement (approximately 
1890) through closure and reclamation of Project facilities (approximately 40 years). 

Cumulative effects to plants and animals are discussed in Chapter 6 of the FEIS (MDNR et al.  
2015).  The impacts discussed in that section were based on an analysis conducted for a 2006 
MDNR report titled Cumulative Effects Analysis on Wildlife Habitat and Travel Corridors in the 
Mesabi Iron Range and Arrowhead Regions of Minnesota (Emmons and Olivier Resources, Inc.  
2006), and a report titled Cumulative Effects Analysis of Wildlife Habitat and Threatened and 
Endangered Wildlife Species (Barr 2009). 
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In accordance with Council on Environmental Quality guidance on June 24, 2005 (Council on 
Environmental Quality 2005), past actions associated with the Project are addressed through their 
current aggregate effects and have not been provided as a list of individual projects in this BO.  
The FEIS identifies a number of projects that should be considered reasonably foreseeable future 
actions and that may contribute to cumulative effects to plants and animals.  These include mining 
and other land development activities, and land management activities such as timber harvest, 
prescribed fire, and road construction that may be authorized or carried out on nearby federal, 
state, and private lands and that are likely to have both positive and negative effects to plants and 
animals.  The projects identified in the FEIS cumulative effects analysis are used in this BO. 

Based on analysis conducted by Emmons and Olivier Resources, Inc. (2006), approximately 
1,700 acres of wildlife habitat were lost from the Arrowhead Region between 1890 and the 
1990s, with loss due to forestry and mining accounting for 88% of the loss.  In much of the 
region, forest communities have transitioned from predominately pine- and tamarack-dominated 
forests to trembling aspen and other non-pine community-dominated forest species.  Forest 
composition has changed, and the Minnesota Forest Resource Council (2003) concluded that 
forest fragmentation has increased, with decreased forest stand sizes and more miles of forest 
edge. 

Barr (2009) estimated habitat loss due to mining at about 17,000 acres over the next 25 to 30 years.  
In the future, the rate of habitat losses due to mining would decrease as vegetation establishes on 
disturbed lands.  Potential disturbances to habitat within the Laurentian Uplands ecological 
subsection would be primarily due to timber harvest and mining, and habitat types most likely to be 
affected include upland and lowland coniferous forest, upland deciduous forest, and upland 
shrub/woodland.  Within the Nashwauk Uplands ecological subsection, mining activities and urban 
development would be more likely to affect habitat, with upland deciduous forests and upland 
shrub/woodland habitats most affected (Emmons and Olivier, Inc. 2006). 

Although more land would be impacted by timber management than mining in the future, forestry 
management offers a greater range of options for lynx, northern long-eared bat, and wolf to co-exist 
with the practice, as it can mimic natural disturbances, whereas mining represents a complete land 
conversion that could affect long-term lynx habitat availability.  Between 2005 and 2014 within the 
Laurentian Uplands ecological subregion, an average of approximately 1,034 forest acres were (or 
would be) harvested annually on state lands (0.2% of the subsection).  Between 2010 and 2019 
within the Nashwauk ecological subregion, an average of approximately 1,189 forest acres were (or 
would be) harvested annually on state lands (0.1% of the subsection).  On average, 1% of 
timberland in the Superior National Forest is harvested annually (MDNR et al. 2013).  Private 
timber harvest data are generally not available. 
 
5.1.1 Factors Considered in the Cumulative Effects Analysis 

The 2004 Forest Plan BA and 2011 Hardrock Mining BA identified several factors to consider 
when evaluating impacts to lynx in northeastern Minnesota at a landscape level of analysis.  
These are 1) habitat loss and fragmentation, including loss and fragmentation of lynx critical 
habitat, 2) human disturbance and access, and 3) habitat connectivity. 
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5.1.2 Cumulative Effects Assessment 

Habitat Loss and Fragmentation, including Prey Habitat 

The Project and other nearby proposed mine projects would increase the amount of habitat 
fragmentation in the area, changing wooded/forested and other vegetated habitats to 
disturbed/developed areas with limited habitat value.  Development of iron mines along the Iron 
Range has made much of this area of limited value to lynx, especially areas with pits, tailings, 
and waste rock piles.  Historic waste rock piles and tailings have begun to revegetate and 
provide some habitat for lynx and their prey, but their value is greatly reduced compared to 
habitat that existed in the area prior to mining. 

Development of the Plant Site would have little impact on habitat fragmentation, as 61% of the 
site (2,756 of 4,515 acres) has been disturbed by LTVSMC taconite mining operations and the 
remaining habitat occurs in scattered tracts on the Plant Site.  In addition, most of the land 
within several miles of the Plant Site have been disturbed by past and ongoing taconite 
operations, including lands within the Transportation and Utility Corridors. 

Activities at the Plant Site would have little impact on lynx, as surveys suggest the Plant Site and 
nearby areas are avoided or rarely used by lynx, probably due to poor quality habitat and moderate 
level of human disturbance at or near the Plant Site.  Development of the Mine Site would add to 
habitat fragmentation by converting much of the habitat on the Mine Site to an open water pit lake 
and waste rock stockpiles of limited value to lynx.  Most lynx sightings on or near the Project area 
have been to the east of the Mine Site, but lynx tracks have been seen on the Mine Site and it is 
likely that lynx move in an east-west direction between USFS and private forestlands in the 
vicinity of the Mine Site.  Development of the Mine Site would force lynx to move further south 
to travel in an east-west direction to access these forests, and would also force lynx to travel 
south of the Mine Site, or north of the Mine Site through the federal lands surrounding the Mine 
Site.  Use of the lands adjacent to the Mine Site by lynx may be limited during mine operations 
due to disturbance associated with the Mine Site and the Northshore Mine to the north.  Impacts 
to lynx from habitat loss and fragmentation may not be great, however, as lynx studies in the 
area suggest that lynx primarily reside in an area east and southeast of the Mine Site on Superior 
National Forest lands and the BWCAW, and only occasionally use the Mine Site. 

The Mine Site would account for about 1,719 acres, or 10% of the estimated 17,000 acres of 
habitat impacted by future mining activity within the next 25 to 30 years.  It should be noted that 
while losses to forestry represent the bulk of habitat loss in the region, they are not as permanent 
or destructive as mining or economic development losses from the perspective of lynx and their 
prey.  Forestry practices remove some or all trees from an area, reducing the value of that area as 
lynx habitat, but the natural process of succession ensures the regeneration of forest stands that 
can once again serve as high-quality habitat.  Occasional timber harvest may actually promote 
the growth of dense coniferous stands that are favored by snowshoe hare, the primary prey 
species of the lynx. 

Areas of mine disturbance would be reclaimed and available to lynx about 10 or more years 
after reclamation.  Thus, habitat lost for use by lynx on the Mine Site would be only a small 
portion of the amount of habitat impacted by forestry and other mining activities.  Although 
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impacts to lynx would be expected at the individual level, they would not be expected at the 
population or species level. 

Risk Analysis Indicators 

The USFS has identified two risk analysis indicators to measure impacts to lynx from 
cumulative effects associated with habitat loss and fragmentation (Table 10). 

Indicator 10 – Lynx Habitat Unsuitable on All Ownerships 

Indicator 10 was developed by the USFS to identify the amount of habitat within a LAU that is 
unsuitable to lynx.  If more than 30% of all lynx habitat within an LAU (all ownerships) is 
unsuitable, then no further reduction in suitable condition should occur as a result of vegetation 
management activities by the USFS.  Table 10 shows the amount of unsuitable habitat within 
LAUs that would be affected by the Project.  The amount of unsuitable habitat would increase in 
LAU SNF 12 to 6.4% from 4.0% due to Mine Site development, but would not exceed 30%.  
Because habitat management would be little changed due to the proposed transfer of the non-
federal lands, the amount of area with unsuitable habitat within the other LAUs should not 
change with or without the proposed land exchange. 

Indicator 11 – Road and Snow-compacted Trail Density 

Indicator 11 provides a measure of the USFS goal to maintain road and snow-compacting trail 
densities below 2 miles/mi2 within LAUs to maintain the natural competitive advantage of lynx in 
deep snow (Table 10).  Where total road and regularly-used snow-compacting trail densities are 
greater than 2 miles/mi2 and coincide with lynx habitat, effort should be made to prioritize roads 
for seasonal restrictions or reclamation in those areas, where practical or feasible.  “Roads” include 
all ownerships of classified and unclassified roads and “regularly-used trails” are those that are 
used most years for most of the snow season.  The 2004 Forest Plan allows no net increase in 
designated snow-compacting trails unless they effectively consolidate use (USDA USFS 2004a).  
However, there may be a concern with new all-terrain vehicle trails because in most locations it is 
likely that these routes could appear inviting to snowmobiling, and thus may have an unintended 
result of increasing snow compaction where trails coincide with lynx habitat. 
 
Approximately 5.9 miles of OML 1 roads are on the federal lands, or about 0.6 miles/mi2.  After 
mine closure, these roads would be reclaimed, except for a short access road from the Dunka Road 
to the Waste Water Treatment Facility.  Public access to the Mine and Plant sites is currently 
prohibited, and access to the Plant Site and lands adjacent to the Mine Site would be strictly 
controlled during mine operations.  The Project area would remain privately owned after mine 
closure and public access would be restricted (Pylka 2013b). 

There are no designated all-terrain vehicle or snowmobile trails on the federal lands.  It is 
unlikely that new designated trails would be constructed on the federal lands after mine 
closure. 

There are designated and undesignated roads and trails on or bordering the non-federal lands, and 
recreational use of these roads and trails was evident on these sites.  Road density exceeds 2.2 
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miles/mi2 in LAU SNF 4.  There are historic logging roads on Hunting Club Lands, and it is 
possible that new logging roads could be constructed in the future, but these would not be regularly 
used roads.  Thus, regular use road density should not increase in LAU SNF 4 due to the land 
exchange.  Road densities are below 2 miles/ mi2 for the other lands.  As noted for Indicator 7, 
there would be no immediate change in miles of designated and undesignated roads and designated 
all-terrain vehicle or snowmobile trails within the LAUs with or without the land exchange. 

Human Access and Disturbance  

Human Access and Traffic 

The Project and other nearby proposed projects would increase the amount of human access and 
disturbance in the area.  Increased human populations in the Project area may also lead to 
increased risk to lynx from collisions with vehicles and trains, increased levels of recreation 
activities and use of backcountry roads and trails, and increased mortality from illegal hunting 
and trapping. 

There is a well-established road system along the Mesabi Iron Range, associated with mining 
activity, and to serve nearby towns, recreational areas, private residences, pasturelands, and 
forestlands.  It is expected that the number of miles of roads within the Project area would show 
little increase during the life of the Project, and some roads could be taken out of service or 
reclaimed during the life of the Project.  The USFS estimated that up to 157 miles of temporary 
roads could be constructed annually within the Superior National Forest from hardrock mining 
activities and that up to 761 miles could exist at any one time during the period of hardrock 
mining within the Superior National Forest (USDA USFS 2011a).  Still, this would be less than 
the mileage gain estimated to occur under the 2004 Forest Plan, which was based on mileage 
limits to protect lynx (USDA USFS 2004a).  Given that the number of miles of roads associated 
with the Mine Site, Dunka Road and Utility Corridor, Plant Site, and non-federal lands after 
mining is expected to be similar to or less than current levels, impacts associated with road 
mileage are not expected to accumulate from the Project. 

Human activity associated with the Project, and other ongoing and proposed projects near the 
Project area, would increase the amount of vehicle and rail traffic in the region and the potential 
for collisions between lynx and vehicles and trains.  Vehicle and rail traffic within and to/from 
the Project area could result in the loss of a lynx during the 20-year mine operation period, and 
accumulate with losses of lynx from collisions with trains and vehicles elsewhere in the CESA. 

Trapping and Incidental or Illegal Shooting 

There is evidence that lynx may be accidentally trapped during furbearer, including bobcat, fisher, 
gray wolf, and pine marten trapping seasons.  Of the 435 records in the MDNR (2007) lynx database 
for 2000 to 2006, ten records list that the animal was caught in a trap, and of these, three were killed, 
six were released unharmed, and the status of one is unknown.  Based on records kept by the 
USFWS since from 2000 to 2012, 13 lynx died from trapping incidents (4 were legally trapped 
in Canada), and another 10 were trapped and released alive (Rowse 2012).  It is likely that 
other lynx have been trapped, but not reported.  The magnitude of accidental lynx trapping in 
the project area and in northern Minnesota is unknown. 
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Lynx could be shot mistakenly or intentionally by hunters or by poachers.  Lynx and wolves may be 
shot by hunters during deer and other hunting seasons for fun, or lynx may be mistakenly identified as 
bobcat and shot during the bobcat season.  The actual magnitude of lynx shooting in northern 
Minnesota is unknown.  Of the 435 records in the MDNR (2007) lynx database for 2000 through 
2006, only 1 record lists that the animal was intentionally shot, while another lynx was accidentally 
shot; the USFWS database lists six lynx shot since 2000 (Rowse 2012).  However, it is likely that lynx 
shootings are generally not reported.  It is unlikely that many lynx would be shot within the Project 
area due to limited numbers of lynx in the general vicinity of the Project, and because hunting would 
not be allowed on the Project area during mining, and most likely after mine closure. 

The number of people, and potential for trapping and incidental or illegal shooting, would increase 
in the region due to the Project.  Education of the public as to the importance of protecting lynx and 
other wildlife, however, has helped to reduce the accidental or intentional loss of lynx in recent 
years.  Trapping and illegal or accidental shooting of lynx would be unlikely on the federal lands 
during mine construction and operation if conservation measures given in Chapter 6 of this BO are 
followed.  Although the Project would cause an increase in the number of people in the region, the 
cumulative effects of the Project on trapping and illegal or accidental shooting of lynx on the non-
federal lands and Wetland Mitigation Sites would be negligible. 

Competition and Predation as Influenced by Human Activities 

Lynx interact with other carnivores throughout their range.  Competition with or predation by 
coyotes, gray wolves, mountain lions, bobcats, and birds of prey have been inferred or 
documented throughout the range of the lynx.  Some human activities, particularly those 
related to timber harvest and over-the-snow access routes, have the potential to alter natural 
relationships between lynx and other predators. 

Certain timber harvest practices increase edges and openings within forest stands, which may 
improve foraging conditions for generalist predators such as coyotes, bobcats, and great horned 
owls.  This in turn increases the potential for both exploitation and interference competition with 
lynx to occur. 

Snow compaction due to resource management or recreation activities may facilitate movement 
of coyotes and other potential competitors and predators into lynx habitat, making it likely that 
lynx in the study area would compete with these competitors and predators for primary lynx 
prey (Buskirk et al. 2000b). 

The USFS recommends that road and snow-compacting trail densities be kept below 2 miles/mi2.  
Where road and snow-compacting trail densities exceed 2 miles/mi2, the USFS would prioritize 
roads for season restrictions or reclaim some roads.  Of the 47 LAUs in northeastern Minnesota, 15 
have road and snow-compacting trail densities exceeding 2 miles/mi2, including LAU SNF 4.  
Based on road building activities between 2004 and 2010, the USFS estimates that about 77 miles 
of OML 1 and 123 miles of OML 2 roads would be constructed in the Superior National Forest each 
year.  Another 532 to 860 miles of temporary roads could be constructed to support hardrock 
mining activities (USDA USFS 2011a).  As noted earlier, however, most, if not all new roads 
constructed on the Mine Site and Plant Site would be removed or reclaimed after mining ceases, and 
there would be little or no new road construction on the lands adjacent to the Mine Site and non-
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federal lands.  Thus, competition between lynx and its predators due to an increase in road and 
snow-compacting trail densities would not accumulate due to the Project long term. 

Habitat Connectivity 

Much of the habitat for lynx along the Iron Range has been eliminated by mining, other industrial 
activities, and residential development, and remaining habitat is heavily fragmented.  However, 
large patches of suitable lynx habitat exist on either side of the range, primarily within the Superior 
National Forest, Chippewa National Forest, and various state forests.  To travel between habitat 
patches on either side of the Iron Range, lynx must find suitable corridors of habitat that traverse 
the range and allow safe movement.  Emmons and Olivier Inc. (2006) identified 13 wildlife travel 
corridors, while Barr (2009) identified 18 travel corridors, which facilitate movement of wildlife 
across the Iron Range.  Three wildlife travel corridors exist in the vicinity of the Project that could 
be impacted by the project and other projects in the area (Figure 23). 

Corridor 16 is a small but important corridor, approximately 0.6 mile wide, which connects large 
habitat blocks to the east-southeast and north-northwest.  The corridor is unlikely to be impacted by 
the Project because the Plant Site Tailings Basin area would be sited approximately 1 mile to the 
northwest on the existing LTVSMC Tailings Basin.  The Emmons and Olivier, Inc. (2006) report 
also noted that an area to the southwest has high potential for future growth, which could impact 
the corridor, but estimated that the corridor would continue to serve as an important connection for 
wildlife in the future.  Lynx have not been reported using this corridor. 

Corridor 17 is a 1,200-feet wide strip that is between two open pits operated by the Northshore 
Mine and is approximately 0.5 mile northwest of the Mine Site.  Operations at the Mine Site 
would indirectly impact the corridor by reducing the size of the large habitat block southeast of 
the corridor.  Noise and mining activity could also discourage lynx use of this corridor.  The 
corridor could be accessed from north of the Mine Site, and from the south and southwest of the 
corridor.  Lynx have been observed using this corridor. 

Corridor 18 is about 2,800 feet wide, located at the eastern boundary of the Northshore Mine, 
about 7 miles northwest of the Mine Site.  The corridor follows a river, and several small roads 
cross this corridor.  Recent expansion of the Northshore Mine easterly pit, and a relocation of 
County State Aid Highway 70 that is east of the pit, has reduced the width of the corridor to 
about 2,200 feet (USDOI USFWS 2011a).  Lynx have been observed using this corridor. 

Research conducted by the NRRI indicates that lynx have varied home ranges, and disperse 
from them within the Superior National Forest, and to and from Canada (Burdett 2007, Moen et 
al. 2010).  Movements were made across roaded areas, and also across the BWCAW, which has 
few or no linear features such as roads, trails, and logging roads that could guide movement by 
lynx.  When lynx made long distance movements, they often crossed several LAU boundaries 
without changes in direction. 

Moen et al. (2010) suggested that habitat connectivity does not appear to be a limiting factor for 
lynx in northeastern Minnesota.  The combination of low topographic relief, the linear nature of 
movement paths, and the relative lack of differences in cover conditions indicate that 
geographically or topographically definable movement corridors do not exist for lynx either 
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within in northeastern Minnesota, or between Minnesota and Ontario, Canada.  Because 
northeastern Minnesota is the southern limit of boreal forest, no connectivity or linkage areas 
could be managed for lynx movement to the south and west because of unsuitable habitat in 
those directions. 

Dense forests occur in northeastern Minnesota, and while forest management activities alter 
patterns of vegetation community composition and structure at landscape and smaller scales, 
Ravenscroft et al. (2010) considered northeastern Minnesota forest landscape as largely 
unfragmented.  In addition, Galatowitsch et al. (2009) stated that the BWCWA and the North 
Shore portion of the Superior National Forest are high quality protection areas. 
Therefore, large portions of northeastern Minnesota provide excellent connectivity habitat.  There is 
no indication that lynx use defined linkage areas, and they appear to move freely across the 
landscape throughout the Superior National Forest, and north into Canada.  Although actions 
associated with the Project could impact Corridors 16 and 17, and these impacts would accumulate 
with impacts to nearby corridors from other projects in the region, there is good habitat connectivity 
within designated critical habitat and the Project area. 
 
5.2 Northern Long-eared Bat 

The methods used to analyze cumulative effects, and the temporal and spatial domains, are the 
same for northern long-eared bat as for lynx, as discussed in Sections 5.1.2 and 5.1.3.  Forest 
management and habitat fragmentation are reasonably foreseeable future actions that could affect 
northern long-eared bat. 
 

Forest Management and Habitat Fragmentation 

Forest management activities, such as timber harvest and road building, could occur on the 
federal and non-federal lands in the reasonably foreseeable future and these activities could 
result in habitat modification and fragmentation. 

Northern long-eared bats roost predominantly in trees and to a lesser extent in man-made 
structures.  Although there is still much to learn about the effects of forest removal on northern 
long-eared bats and their associated summer habitat, studies to date have found that the northern 
long-eared bat shows a varied degree of sensitivity to forest management practices.  Several studies 
have found that the species uses a wide range of tree species for roosting, suggesting that forest 
succession may play a larger role in roost selection (than tree species).  Studies have found that 
female bat roosts are more often located in areas with partial harvesting, which may be due to trees 
located in more open habitat receiving greater solar radiation and therefore speeding development 
of young.  In the Appalachians of West Virginia, diameter-limit harvests (70 to 90 year-old stands, 
with 30 to 40% of the basal area removed in the past 10 years) rather than intact forest was the 
habitat type most selected by northern long-eared bats.  Cryan et al. (2001:49) found several 
northern long-eared bat roost areas in recently harvested (less than 5 years) stands in the Black 
Hills of South Dakota, although the largest colony (n=41) was found in a mature forest stand that 
had not been harvested in over 50 years. 
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It is possible that this flexibility in roosting habits allows northern long-eared bats to be adaptable 
in managed forests.  However, the northern long-eared bat has shown a preference for contiguous 
tracts of forest cover for foraging.  Jung et al. (2004:333) found that it is important to retain snags 
and provide for recruitment of roost trees during selective harvesting in forest stands that harbor 
bats.  If roost networks are disturbed through timber harvesting, there may be more dispersal and 
fewer shared roost trees, which may lead to less communication between bats in addition to less 
disease transmission.  In the Appalachians, Ford et al. (2006:20) assessed that northern long-eared 
bats may be a suitable management indicator species for assessing mature forest ecosystem 
integrity, because they found male bats using roosts in mature forest stands of mostly second 
growth or regenerated forests. 

Perry and Thill (2007:225) found that male northern long-eared bats seem to prefer more dense 
stands for summer roosting, with 67% of male roosts occurring in unharvested sites versus 45% of 
female roosts.  The greater tendency of females to roost in more open forested areas than males 
may be due to greater solar radiation experienced in these openings, which could speed growth of 
young in maternity colonies.  Lacki and Schwierjohann (2001:487) stated that silvicultural 
practices could meet both male and female roosting requirements by maintaining large-diameter 
snags, while allowing for regeneration of forests.  However, Broders and Forbes (2004:608) found 
that timber harvest may have negative effects on female bats because they use forest interiors at 
small scales (less than 1.2 miles from roost sites).  They also found that males are not as limited in 
roost selection and they do not have the energetic cost of raising young; therefore males may be 
less affected than females.  Henderson et al. (2008:1,825) also found that forest fragmentation 
effects northern long-eared bats at different scales based on sex; females require a larger 
unfragmented area with a large number of suitable roost trees to support a colony, whereas males 
are able to use smaller areas (more fragmented). 

The Project would result in habitat loss and fragmentation on about 1,166 acres at the Mine Site 
for about 20 years (until the Project is reclaimed).  Impacts from habitat and fragmentation may 
continue beyond the onset of reclamation, but these impacts would be expected to diminish as 
the target reclamation habitats develop along the expected successional trajectories.  High-
quality forested vegetation would begin to return to the site over the long-term successional 
trajectory (approximately 30 years), except in areas where trees and other deep-rooted 
vegetation would be excluded to protect stockpile liners. 

Under the Proposed Action, PolyMet would acquire the federal lands from the USFS and 
would manage lands outside of the Mine Site for wildlife habitat, including some timber 
management.  The non-federal lands would be managed for General Forest, General Forest-
Longer Rotation, Riparian Areas, and Candidate Research Natural Areas (MDNR et al. 2013). 
If new roads are constructed on the federal or non-federal lands, they would likely be 
temporary and used to support timber management.  Although these actions would result in 
some short-term loss of habitat for northern long-eared bats, long-term protection and 
management of forests would retain and promote high-quality forest habitat for northern long-
eared bats that should result in a long-term cumulative benefit. 

Prescribed Fire 
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Prescribed fire could be used on federal and non-federal lands to reduce hazardous fuels in the 
reasonably foreseeable future.  Eastern forest-dwelling bat species, such as the northern long-eared 
bats, likely evolved with fire management of mixed-oak ecosystems.  A recent review of prescribed 
fire and its effects on bats (U.S. USFS 2012:182) generally found that fire had beneficial effects on 
bat habitat.  Fire may create snags for roosting and creates more open forests conducive to foraging 
on flying insects, although gleaners such as northern long-eared bats may readily use cluttered 
understories for foraging.  Cavity and bark roosting bats, such as northern long-eared bat, use 
previously burned areas for both foraging and roosting.  In Kentucky, the abundance of prey items 
for northern long-eared bats increased after burning, and more roosts were found in post-burn areas.  
Burning may create more suitable snags for roosting through exfoliation of bark, mimicking trees in 
the appropriate decay stage for roosting bats.  Low-intensity burns may not kill taller trees directly 
but may create snags of smaller trees and larger trees may be injured, resulting in vulnerability of 
the tree to pathogens that cause hollowing of the trunk, which provides roosting habitat.  Prescribed 
burning also opens the tree canopy, providing more canopy light penetration, which may facilitate 
faster development of juvenile bats. 

Under the Proposed Action, prescribed fire would be used on a limited basis, primarily on non-
federal lands administered by the USFS, and should have long-term benefit on forest health and 
habitat availability for northern long-eared bat. 
 
5.3 Gray Wolf 

The methods used to analyze cumulative effects, and the temporal and spatial domains, are the 
same for wolves as for lynx, as discussed in Section 5.1. 

The types of cumulative effects to wolf prey habitat and habitat fragmentation, and to wolf travel 
corridors, would be similar to those effects to lynx as discussed in Section 5.1.  However, given 
that more wolves are found in the CESA, more wolves could be impacted than lynx.  Although the 
Project would result in habitat loss and fragmentation on about 1,719 acres at the Mine Site for 
about 20 years (until the Project is reclaimed), in the context of available habitat, and habitat that 
would be available to wolves in the reasonably foreseeable future, cumulative effects of the Project 
on habitat loss and fragmentation would be minor. 
 

Human Access and Disturbance 

Human Access and Traffic 

The Project and other nearby proposed projects would increase the amount of human access and 
disturbance in the area.  Effects from loss of habitat and disturbance associated with human 
activities from the Project are discussed above.  However, increased human populations in the 
Project area may also lead to increased risk to wolves from collisions with vehicles and trains, 
increased levels of recreation activities and use of backcountry roads and trails, and increased 
mortality from illegal hunting and trapping. 

See Human Access and Traffic within Section 5.3), for a discussion of the road system in the 
area.  Given that the number of miles of roads associated with the federal and non-federal lands 
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after mining is expected to be similar to or less than current levels, impacts associated with road 
mileage are not expected to accumulate from the Project. 

Trapping and Legal and Illegal Taking 

An influx of worker and their families into the region to support the Project and other 
development would increase the potential for illegal harvest of wolves.  The USDA Animal and 
Plant Health Inspection Service Wildlife Services maintains records on the legal taking of 
wolves in Minnesota.  From 1996 to 2009, an average of 146 wolves was taken annually as a 
result of depredation control in Minnesota (USDA USFS 2011b). 

Hunting and trapping of wolves would not be allowed on lands administered by PolyMet.  Thus, 
there should be no illegal or accidental take due to the Project.  Loss of wolves to illegal trapping 
and hunting should remain near current levels on the non-federal lands, while the number of 
wolves harvested on non-federal lands during legal hunting and trapping seasons will vary based 
on wolf population levels.  Thus, there should be negligible or no cumulative effect to legal, illegal, 
and accidental take of wolves from the Project and land exchange. 

6.0 Conservation Measures 

Seven conservation measures are recommended to reduce potential impacts to lynx, northern long-
eared bat, and wolf from the Project.  These measures are based, in part, on conservation measures 
identified by the USFS during its review of the Project, measures in the Lynx Conservation 
Assessment and Strategy (Ruediger et al. 2000) that are applicable to lynx populations throughout 
the contiguous U.S.  and could therefore apply to lynx in and around the Project area; measures 
identified in the Endangered and Threatened Wildlife and Plants; 12-Month Finding on a Petition 
To List the Eastern Small-Footed Bat and the Northern Long-Eared Bat as Endangered or 
Threatened Species; Listing the Northern Long-Eared Bat as an Endangered Species; Proposed 
Rule (USDOI USFWS 2013b); and measures identified in the Minnesota Wolf Management Plan 
(MDNR 2001) that can benefit wolves in Minnesota. 
 
6.1 Reclaim Project Area 

PolyMet would reclaim about 397 acres to wetland and upland habitat at the Mine Site, including 
the Waste Rock Stockpiles, the Overburden Storage and Laydown Area, and the Ore Surge Pile.  
The stockpiles would be revegetated using a mixture of native grasses and forbs.  Areas revegetated 
with grasses and forbs would initially provide little habitat value for lynx, northern long-eared bat, 
and wolf and their prey, primarily due to lack of hiding cover.  Over time, reclaimed areas may be 
used by lynx, northern long-eared bats, and wolves and their prey as coniferous and deciduous 
forests establish on the sites through plant succession.  Lynx tracking surveys at waste rock 
stockpiles east of the Project found that lynx hunt for snowshoe hare that reside in early 
successional shrubland and forestland habitats that have established on waste rock stockpiles.  As 
disturbed areas are reclaimed, they would also improve habitat connectivity with forestlands in the 
vicinity of the Project. 
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When feasible, PolyMet should progressively reclaim disturbance areas to allow reclaimed 
areas to revegetate sooner than if the areas were not reclaimed until after mine operations 
cease. 
 
6.2 Maintain Vegetated Buffers 

The facility should be designed to reduce impacts to lynx, northern long-eared bats, and wolves by 
minimizing the disturbance area and new road construction, and reclaiming any areas where 
Project activities cease.  Where feasible, a vegetative buffer should be retained around the 
perimeter of the facility to reduce light and noise effects on lynx, northern long-eared bat, and wolf.  
In addition, existing and newly constructed roads (built to access the Project area) should be 
reclaimed or obliterated after facility closure, where feasible. 

6.3 Limit Public Access to Project Area 

Public access to the Project area should be limited to the extent possible during development, 
operation, and reclamation.  Users of any snowmobile or all-terrain vehicle trails on public lands 
near the Project area should be encouraged to stay on the trail and avoid travel into other areas.  
After closure and reclamation, activities that compact snow should be minimized. 

6.4 Minimize Road Construction and Reclaim Unused Roads 

Where feasible and appropriate, dirt and gravel roads traversing lynx and wolf habitat within the 
Project area should not be paved or otherwise upgraded (e.g., straightening of curves, widening of 
roadway, etc.) in a manner that is likely to lead to significant increases in traffic speeds or 
increased width of the cleared ROW, or would foreseeably contribute to development or 
increases in human activity in lynx and wolf habitat within the Project area. 

Plowed roads and groomed over-the-snow routes may allow competing carnivores such as 
coyotes to access lynx and wolf habitat in the winter, increasing competition for prey (Buskirk 
et al. 2000). However, plowed or created snow roads would be necessary to access the facility 
during construction and operation, and are necessary to access other lands within the vicinity of 
the Project. 

Several studies suggest that lynx may not avoid roads, except at high traffic volumes.  Therefore, 
at this time, there is no compelling evidence to recommend management of road density to 
conserve lynx.  There is evidence, however, that road density can impact wolf use of an area.  
Thus, the number of new roads constructed in support of the Project should be minimized and 
roads reclaimed/obliterated where feasible and appropriate. 
 
6.5 Educate Workers and Public 

Direct mortality from vehicular collisions has been detrimental to lynx and wolf in northern 
Minnesota.  It is unlikely that lynx and wolves would travel close to the Project area due to 
disturbance and lack of habitat.  Still, to benefit lynx, wolf, and other wildlife, speed limits should 
be enforced along access roads to reduce the risk of wildlife-vehicle collisions.  Workers should be 
given training to make them aware of the importance of the area to wildlife, to request that 
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employees report sick or dying wildlife along roads or at facilities, to ensure that employees do not 
dump wastes or other harmful materials off the site, and to make employees aware of other actions 
that could be harmful to wildlife or their habitats. 

Lynx and wolf may be mistakenly trapped or shot outside the legal wolf hunting season by legal 
predator hunters seeking bobcats or other furbearers.  Prey species, such as snowshoe hares, may 
also be affected by legal and illegal trapping and shooting.  To reduce or eliminate the incidence of 
illegal trapping and shooting of lynx and wolf, PolyMet could work with the MDNR and local 
conservation groups to initiate information and education efforts to protect the lynx and wolf and 
to ensure that trappers check their traps at frequent intervals and release lynx and wolf that are still 
alive.  Trailhead posters, magazine articles, and news releases could be used to inform the public of 
the possible presence of lynx and wolf within or near the Project area. 
 
6.6 Lynx Monitoring 

Because limited research has been conducted on lynx in the contiguous U.S., PolyMet would 
continue to follow studies of lynx conducted by the USFS, NRRI, MDNR, and other 
conservation agencies and groups to better understand lynx use of the study area during the 
Project’s construction and operation, and to identify specific reclamation measures that could 
be implemented to restore lynx habitat to the area after facility closure. 

6.7 Preserve and Protect Habitat 

Lynx, northern long-eared bat, and wolf would benefit from habitat protection on lands 
adjacent to the Mine Site.  These lands would be managed by PolyMet and provide habitat for 
use by lynx, northern long-eared bat, wolf, and other wildlife. 

Forestlands in this area would likely be harvested periodically, but could be managed to provide 
early successional habitat favored by snowshoe hare, while wetlands could be left relatively 
untouched.  Wetlands and forestlands could be used by lynx and wolf as a travel corridor between 
lands to the east and west of the Mine Site, and for foraging and roosting habitat by northern 
long-eared bat.  Based on observations of lynx and wolf on and near disturbance areas at the 
Northshore Mine, lynx and wolf could use this area as a travel corridor during mine operations, 
and would likely use this area as a travel corridor after mine operations cease. 
 
7.0 Conclusion 

7.1 Analyses for Jeopardy and Adverse Modification [to be added] 

7.2 Reasonable and Prudent Alternatives [to be added] 

7.3 Incidental Take Statement [to be added] 

7.4 Amount or Extent of Take Anticipated [to be added] 
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7.5 Effect of the Take [to be added] 

   
7.6 Terms and Conditions [to be added] 

References [to be added; consider moving parts of Section 3 to references to avoid repetition] 

Appendices [to be added] 



From: Zelenak, Jim
To: Conard, Ben
Cc: Jodi Bush
Subject: Re: Climate Change Assessment
Date: Tuesday, January 05, 2016 2:54:26 PM

Thanks Ben!

On Tue, Jan 5, 2016 at 2:50 PM, Conard, Ben <ben_conard@fws.gov> wrote:
Jim, disregard that this is attached to a caribou email string.  I'm forwarding to you FYI for
possible application to the lynx world. - Ben

---------- Forwarded message ----------
From: Warren, Chris <chris_warren@fws.gov>
Date: Tue, Jan 5, 2016 at 11:41 AM
Subject: Re: Climate Change Assessment
To: Alison Squier <zcr1@cableone.net>, Bart George <bgeorge@kalispeltribe.com>, Dan
Dinning <dmding@frontier.com>, Dana Base <Dana.Base@dfw.wa.gov>, Glen Bailey
<gbailey@bonnercountyid.gov>, Kerri Garner <kgarner@ktunaxa.org>, Kevin Robinette
<Kevin.Robinette@dfw.wa.gov>, Kristi Swisher <kswisher@fs.fed.us>, Leo DeGroot
<Leo.DeGroot@gov.bc.ca>, Lydia Allen <lrallen@fs.fed.us>, Norm Merz
<merz@kootenai.org>, Scott Soults <soults@kootenai.org>, Wayne Wakkinen
<wayne.wakkinen@idfg.idaho.gov>
Cc: Scott Grunder <scott_grunder@fws.gov>, Kim Garner <kim_garner@fws.gov>, Ben
Conard <ben_conard@fws.gov>, Brittany Morlin <brittany_davidson-morlin@fws.gov>

Hello TWG,

As indicated in my earlier message, the Adaptation for Conservation Targets (ACT)
Framework (Cross et al. 2012) attachment provides an appropriate process for considering
potential climate change impacts for recovery planning. More importantly, the Servheen and
Cross 2010 attachment provides an example of how the framework was used for grizzly bear
and wolverine. If nothing else, take a look at appendices C, D, and E in this example, as we
are drafting similar matrices and conceptual model for southern mountain caribou, which we
plan to distribute for your consideration prior to our meeting next week. Hope to see you
then,

Chris Warren
Northern Idaho Field Office
U.S. Fish and Wildlife Service
11103 East Montgomery Drive
Spokane, Washington  99206
Phone: (509) 893-8020

On Fri, Dec 18, 2015 at 12:45 PM, Warren, Chris <chris_warren@fws.gov> wrote:
Hello TWG,

As discussed on our last conference call, I'd like to distribute the information we've gathered and have been developing
to help further address potential impacts due to climate change for our recovery planning efforts. 
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This first e-mail with link and attachment addresses the general sensitivity of mountain caribou to climate change. The
link http://climatechangesensitivity.org will get you to a site that describes an open-access process headed by UW that
assesses and ranks the relative sensitivity of any species (or ecosystem) to the likely affects of climate change. The
attachment is a print-out of the site's current results for mountain caribou within the United States (for comparison, once
you're on the site it's easy to bring up results for other species). While this information is fairly general, we think it
provides a good basis for developing of a more detailed assessment (see below).

We will follow up shortly with information that addresses an appropriate framework to incorporate the potential impacts
of climate change into recovery planning efforts and an earlier example of how the framework was used for other NW
species in similar environments (that is, grizzly bear and wolverine).

Finally, we are in the process of developing a preliminary, straw-dog framework that will outline assumptions and
relationships between key climate and non-climate related drivers of potential impacts on southern mountain caribou.
We believe this process will help us identify, clarify, and/or prioritize key near-term and longer term actions to consider
for our recovery planning efforts. We anticipate distributing this draft for your review prior to our next meeting.

This is obviously a work in progress, so please provide your feedback at any time along the way and, in any case,
definitely think about it for our discussions in January. Thanks!

Chris Warren
Northern Idaho Field Office
U.S. Fish and Wildlife Service
11103 East Montgomery Drive
Spokane, Washington  99206
Phone: (509) 893-8020

-- 
Ben Conard
U.S. Fish and Wildlife Service - Montana Ecological Services Field Office
Creston Fish and Wildlife Center
780 Creston Hatchery Road
Kalispell, MT 59901
phone: (406) 758-6882

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

http://climatechangesensitivity.org/
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Cc: Anthony Tur; Eric Hein; Ann Belleman; Jeff Krupka; Kate Novak; Leslie Ellwood; Michelle Eames; Ben Conard;

Lisa Solberg Schwab
Subject: Fwd: Court Orders Idaho to Stop Illegal Trapping of Protected Lynx
Date: Tuesday, January 12, 2016 11:12:48 AM

More on the Idaho trapping court decision.  Below is CBD's news release after winning trapping restrictions in 2 of
the 7 regions in which they sought them.

---------- Forwarded message ----------
From: Ryan Moehring <ryan_moehring@fws.gov>
Date: Tue, Jan 12, 2016 at 10:18 AM
Subject: Court Orders Idaho to Stop Illegal Trapping of Protected Lynx
To: Jodi Bush <jodi_bush@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>
Cc: leith_edgar@fws.gov, Anna <anna_munoz@fws.gov>, serena_baker@fws.gov

FYI: http://www.biologicaldiversity.org/news/press_releases/2016/canada-lynx-01-11-
2016.html.

 

 

Thanks,

-Ryan 

 

Ryan Moehring

Public Affairs Specialist (ND, SD, WY, MT)

Mountain-Prairie Region
U.S. Fish and Wildlife Service

303-236-0345

Ryan_Moehring@fws.gov

 

Facebook | Twitter | Flickr | YouTube 

 

-- 
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Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Bryon Holt
Subject: Fwd: Court Orders Idaho to Stop Illegal Trapping of Protected Lynx
Date: Tuesday, January 12, 2016 11:15:29 AM

P.S.  Bryon - I'd be really interested to learn where those 100 lynx are in Idaho.  Or do you think the extra zero was
maybe just a typo? 

;-)

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, Jan 12, 2016 at 11:12 AM
Subject: Fwd: Court Orders Idaho to Stop Illegal Trapping of Protected Lynx
To: Mark McCollough <mark_mccollough@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>
Cc: Anthony Tur <Anthony_Tur@fws.gov>, Eric Hein <Eric_Hein@fws.gov>, Ann
Belleman <ann_belleman@fws.gov>, Jeff Krupka <jeff_krupka@fws.gov>, Kate Novak
<kate_novak@fws.gov>, Leslie Ellwood <leslie_ellwood@fws.gov>, Michelle Eames
<michelle_eames@fws.gov>, Ben Conard <ben_conard@fws.gov>, Lisa Solberg Schwab
<lisa_solbergschwab@fws.gov>

More on the Idaho trapping court decision.  Below is CBD's news release after winning trapping restrictions in 2 of
the 7 regions in which they sought them.

---------- Forwarded message ----------
From: Ryan Moehring <ryan_moehring@fws.gov>
Date: Tue, Jan 12, 2016 at 10:18 AM
Subject: Court Orders Idaho to Stop Illegal Trapping of Protected Lynx
To: Jodi Bush <jodi_bush@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>
Cc: leith_edgar@fws.gov, Anna <anna_munoz@fws.gov>, serena_baker@fws.gov

FYI: http://www.biologicaldiversity.org/news/press_releases/2016/canada-lynx-01-11-
2016.html.

 

 

Thanks,

-Ryan 

 

Ryan Moehring
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Public Affairs Specialist (ND, SD, WY, MT)

Mountain-Prairie Region
U.S. Fish and Wildlife Service

303-236-0345

Ryan_Moehring@fws.gov

 

Facebook | Twitter | Flickr | YouTube 

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Shoot, shovel and shut up: cryptic
poaching slows restoration of a large

carnivore in Europe
Olof Liberg1,*,†, Guillaume Chapron1,†, Petter Wabakken2,

Hans Christian Pedersen3, N. Thompson Hobbs4 and Håkan Sand1

1Grimsö Wildlife Research Station, Department of Ecology, Swedish University of Agricultural Sciences,

73091 Riddarhyttan, Sweden
2Department of Applied Ecology and Agricultural Sciences, Hedmark University College,

Evenstad 2480, Koppang, Norway
3Norwegian Institute for Nature Research, Tungasletta 2, 7485 Trondheim, Norway

4Natural Resource Ecology Laboratory and Graduate Degree Program in Ecology, Colorado State University,

Fort Collins, CO 80523, USA

Poaching is a widespread and well-appreciated problem for the conservation of many threatened species.

Because poaching is illegal, there is strong incentive for poachers to conceal their activities, and con-

sequently, little data on the effects of poaching on population dynamics are available. Quantifying

poaching mortality should be a required knowledge when developing conservation plans for endangered

species but is hampered by methodological challenges. We show that rigorous estimates of the effects of

poaching relative to other sources of mortality can be obtained with a hierarchical state–space model

combined with multiple sources of data. Using the Scandinavian wolf (Canis lupus) population as an

illustrative example, we show that poaching accounted for approximately half of total mortality and

more than two-thirds of total poaching remained undetected by conventional methods, a source of mor-

tality we term as ‘cryptic poaching’. Our simulations suggest that without poaching during the past

decade, the population would have been almost four times as large in 2009. Such a severe impact of

poaching on population recovery may be widespread among large carnivores. We believe that conser-

vation strategies for large carnivores considering only observed data may not be adequate and should

be revised by including and quantifying cryptic poaching.

Keywords: state–space models; poaching; wolf; Canis lupus; conservation

1. INTRODUCTION
The illegal killing of animals, hereafter poaching, threa-

tens the viability of many species worldwide [1–5].

Because of their characteristic low densities combined

with their slow rates of population growth, top predators

are particularly vulnerable to effects of poaching. Almost

all large carnivore species have endured a long history of

human persecution and have been eradicated from sub-

stantial parts of their historical ranges [6]. Although

most species of large carnivores are now legally protected,

poaching remains a widespread problem for their conser-

vation [6]. Some species are commercially poached for

pelts or body parts used in traditional medicine [7], but

many are killed because of conflicts with human interests,

such as competition for game, depredation of livestock

and threats to human safety [8]. It follows that dealing

with poaching mortality often emerges as a required con-

dition for the restoration, conservation and sustainable

management of large carnivore populations.

A near universal problem with understanding poaching

is the absence of rigorous estimates of its effects relative to

other sources of mortality [1]. There are several recent

attempts to assess the extent, mechanisms and effects of

poaching [2,9–12] but remarkably little quantitative

data exist, although new methods to measure its extent

have recently been developed [13]. One obvious reason

for the absence of data is methodological. The most

reliable method of quantifying causes of mortality in

populations of large wild mammals is to observe their

fates over time using radio-tracking [14]. However,

when a radio-collared animal is poached, there is a high

probability that the poacher promptly destroys the trans-

mitter and hides (or consumes) the carcass, leaving the

researcher with a lost radio contact without known

cause [15]. Treating cases of lost radio contact in a sur-

vival analysis based on radio-tracking is not a trivial

problem, especially not for such ‘poaching-prone’ animals

as large carnivores. One can never exclude the possibility

that a certain proportion of animals with lost radio con-

tact in fact died from poaching that cannot be verified.

We define this unobserved source of mortality as ‘cryptic

poaching’. Estimating a quantity in ecological processes

that is not amenable to direct observation is feasible

with hierarchical models because these models allow

multiple sources of data to inform estimates of model
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parameters, including unobservable ones [16]. These

sources of data can include observations on state variables

from monitoring studies as well as direct estimates of

observable parameters from detailed studies of processes.

In this paper, we used a decade (1999–2009) of popu-

lation census, radio-tracking and recruitment data of the

Scandinavian wolf population combined with a Bayesian

state–space hierarchical population model to show that

poaching has drastically slowed down the recovery of

this population.

2. MATERIAL AND METHODS
(a) General approach

Between December 1998 and April 2009, we radio-marked

104 wolves in Scandinavia constituting between 10 and 15

per cent of the population, among which we had 26 verified

mortalities. We used radio-tracking data to compute three

cause-specific mortality rates based on 21 cases of non-

poaching (seven natural deaths such as age and disease,

five traffic mortalities and nine cases of legal control), five

cases of verified poaching, and finally, 18 cases of cryptic

poaching (not included in the 26 verified mortalities). We

considered a wolf as having been cryptically poached or ver-

ifiably poached according to criteria explained below.

However, we could not obtain a robust estimate of cryptic

poaching because we never found the supposedly dead

wolves. We circumvented this obstacle by fitting a hierar-

chical state–space model to another dataset, a decade-long

time series of population size and number of reproductions.

In particular, we investigated whether the non-poaching

mortality and the verified poaching rates would be large

enough altogether to explain the observed population

trends, or, on the contrary, if an additional source of

mortality was needed to fit the longitudinal data the best.

(b) Criteria for cryptic and verified poaching

Cryptic poaching was defined based on four criteria (with

either all of criteria 1–3 or criterion 4 alone satisfied):

1. Sudden loss of radio contact with no indication of trans-

mitter failure (more than half of the expected battery

life-time remaining).

2. At least two aerial searches over a much larger area than

the wolf territory were performed without further contact

with the collared individual.

3. The individual was resident and repeated snow-tracking

within the territory, in combination with the collection

of scats and subsequent DNA analyses of multiple

faeces confirmed that this individual was no longer

present within the pack territory.

4. Radio contact was lost and special circumstances strongly

indicated that poaching was the most plausible expla-

nation. This applied only for two cases where police

reports confirmed that people had attempted to poach

wolves.

Wolves not satisfying these criteria were censored at the date

of lost contact.

Verified poaching was defined based on two criteria

(enough if one criterion is satisfied):

1. The body was recovered and the necropsy showed that a

human deliberately killed it outside a legal hunt.

2. Wolf tissue (skin or muscle) determined by DNA analysis

to originate from one of the radio-collared wolves was

found in possession of a person that could not explain

how he had acquired it and was later convicted at a

court for this illegal possession.

(c) Hierarchical model

To estimate the posterior distribution of the true size of the

population, we composed process and observation equations.

The process equation was

mt ¼ log½Nt�1ð1�m� v� cÞ þ lRt�1�
and

Nt � lognormalðmt ;sprocÞ;

where mt is the deterministic prediction of the median wolf

population size at time t, Nt is the true population size at

time t, sproc is the standard deviation of the true population

size on the log scale, m is the mortality rate from all causes

except poaching, v is the verified poaching rate, c is the cryp-

tic poaching rate, l is the per pack recruitment rate and Rt is

the number of reproductions at time t. The process equation

was linked to data using the observation equation

at ¼
N2

t

s2
Nobs

; bt ¼
Nt

s2
Nobs

;

lt � gamma ðat ;btÞ
and Nobst � PoissonðltÞ;

where Nobst is the observed population size at time t, s2
Nobs is

the estimate of the error of observation of the population size.

This formulation views the count data hierarchically—the

mean observed count of wolves at time t is Poisson distribu-

ted with mean lt and this mean is drawn from a gamma

distribution with mean equal to the prediction of the process

model and a standard deviation for observation error. We

chose this approach because it allows the uncertainty in the

data model to be larger than the variance of the Poisson par-

ameter lt. The approach is the same as assuming that the

count data follow a negative binomial distribution, but offer

computational advantages [17]. We did not include density-

dependence in our hierarchical model because there is plenty

of space and wild ungulate prey for larger wolf populations

on the Scandinavian Peninsula, and both Sweden and

Norway have some of the highest moose–wolf ratios in the

world [18].

(d) Data and model priors

Estimates of total population size (Nobs) and number of

reproductions (R) were obtained annually from 1999 to

2009, using a combination of snow-tracking, radio-tracking

and DNA analysis of scats (see electronic supplementary

material, time-series data).

Monitoring of pack reproductions provided informative

prior on l. Number of pups at the age of six months was esti-

mated from recurrent sessions of snow-tracking within

territories (3.788+1.466). Shape parameters of informative

gamma-distributed prior for litter size l were then calculated

using moment matching (table 1) [19].

Using radio-tracking data, we calculated cause-specific

mortality rates: non-poaching �m ¼ 0:148 + 0:028, verified

poaching �v ¼ 0:049 + 0:017, and suspected poaching

�c ¼ 0:085 + 0:023, and accounting for competing risks [14].

Shape parameters of informative beta-distributed priors
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for rates m and v were calculated using moment matching

(table 1) [19]. Although radio-tracking data could provide

information also on cryptic poaching rate c, we specified an

uninformative prior on c to investigate whether the observed

population trends could be well explained with no cryptic

poaching at all. While literature refers to cause-specific mor-

tality rates, c, m and v are in fact probabilities to die from a

specific cause, and therefore, the most uninformative prior

we could give to c was a uniform distribution in (0,1).

Shape parameters for uninformative priors for sNobs and

sproc were chosen subjectively to assure that all possible

values in the posterior distribution had equal densities in

the prior distribution (table 1). Sensitivity of posterior dis-

tributions to the priors was tested to assure the choices of

shape parameters were uninformative.

(e) Monte Carlo Markov Chain inference

We estimated the posterior distribution of each parameter by

running Monte Carlo Markov Chains, implemented in JAGS

[20] with R [21]. Six chains were initialized with different

sets of parameter values chosen within biologically plausible

bounds. After an initial burn-in period of 100 000 iterations,

we obtained 1 000 000 iterations of each of the chains, thinning

each by 10. We successfully checked for convergence using the

Heidelberger & Welch [22] stationarity and half-width tests

with the CODA package [23]. We evaluated the overlap

between prior p(u) and posterior p(ujy) distributions by com-

puting the quantity t ¼ ð1=pðuÞÞ
Ð

minð pðuÞ;pðuj yÞÞdu [24].

To estimate the impact of poaching on our study popu-

lation, we simulated population trajectories from 1999 to

2009 using posterior distributions of parameters without

cryptic poaching and without any poaching at all. We also

wanted to investigate if we could differentiate an absence of

cryptic poaching from small rates of cryptic poaching. For

this, we considered that the simulated population without

cryptic poaching would become our longitudinal data and

we used the same approach to estimate the posterior distri-

bution of cryptic poaching. This amounts to fitting a model

to a dataset that we know has been generated with no cryptic

poaching at all.

3. RESULTS
Poaching accounted for half of total mortality (51%) and

more than two-third (69%) of total poaching was cryptic.

The median estimates of posterior non-poaching

(0.142+0.027) and verified poaching (0.046+0.016)

mortality rates from the model were very similar to the

rates based on radio-tracking data (respectively, 0.148+
0.028 and 0.049+0.017; figure 1). The median estimate

of the posterior cryptic poaching rate from the model

(0.103+0.106) was also remarkably close to the indepen-

dent estimate based on radio-tracking data (0.085+
0.023) but was accompanied by higher variance (figure 1).

However, despite this variance, the data improved the

estimate of cryptic poaching over prior knowledge.

Overlap was large for non-poaching (t ¼ 94%) and verified

poaching (t ¼ 96%) mortality rates. On the contrary, for

cryptic poaching overlap was smaller (t ¼ 37%) indicating

that modelling did add information on the estimate of

cryptic poaching.

Our study population increased from 74 individuals in

winter 1998/1999 to 263 in 2008/2009 (figure 2). The

mean annual growth rate during this period was 13.5

per cent. Assuming no (verified and cryptic) poaching

and no density-dependence, this trajectory would have

resulted in a median population size of 990 wolves in

2009, i.e. almost four times larger than the one observed.

For a population without cryptic poaching and with veri-

fied poaching only, the trajectory would have resulted in a

median population size of 676 wolves in 2009. When we

considered the simulated population without cryptic

poaching as data and used the same modelling approach

to quantify cryptic poaching, we obtained a rate of cryptic

poaching very close to zero (c ¼ 0.023+0.03).

4. DISCUSSION
Here we have demonstrated a high incidence of poaching

in a threatened wolf population, but because a major part

of this poaching was unobserved (cryptic) and inferred

from indirect data, its estimate is open to criticism.

Although we cannot unequivocally prove that the

posterior of rate c strictly includes only poaching, we

can conclude that an additional source of mortality is

required to explain our combined data. Because we

could not identify any other cause of death than poaching

that also would have resulted in a sudden loss of radio

contact combined with no later verification through the

continuous DNA-monitoring of the population, we

believe that most, if not all, mortality included in this

rate is indeed cryptic poaching. The close correspondence

between the estimates we obtained for cryptic poaching

rate from the model (0.103) and the independent one

based on radio-tracking data (0.085) furthermore support

that cryptic poaching indeed was an important mortality

cause in our study population. The larger model estimate

might be explained by the fact that the estimate based on

radio-tracking data could be an underestimate. Because of

our strict criteria for poaching, we did not classify any of

the missing radio-collared non-resident dispersers as

cryptic poaching, although this may have occurred in

some cases. Our estimate of cryptic poaching received

further support by the large gap between the simulated

population trend without cryptic poaching and the

observed dataset. This should convincingly reveal that

observable mortality rates m and v cannot alone explain

the observed population trends.

Our results may have been severely biased if we had

underestimated population size, because, in that case,

Table 1. Parameter values from radio-tracking dataset and

prior distributions. Priors shape parameters were derived by
moment matching of mean and s.d. values from the radio-
tracking dataset. Note that sproc is on a log scale.

parameter

mean value
from radio-
tracking s.d. prior

m 0.148 0.028 beta (23.44, 135.21)a

v 0.050 0.017 beta (7.84, 150.56)a

c 0.085 0.023 unif (0, 1)
l 3.788 1.466 gamma (6.67, 1.76)a

sNobs — — unif (0, 50)
sproc — — unif (0, 25)

aDenotes informative priors.
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the parameter we attributed to cryptic poaching would

actually have been a correction factor for our underesti-

mate. However, the intense and continuous fine scale

monitoring of wolves allowed us to rule out a systematic

underestimate of population size (see electronic sup-

plementary material, robustness of census data). Our

results may have been equally biased if our criteria for

cryptic poaching were inadequate. However, none of the

18 animals classified as cryptic poaching were ever

detected after the loss of radio contact by any of the

survey methods used in this study (see electronic sup-

plementary material, robustness of poaching criteria).

Quantifying a cause-specific mortality rate based on

unknown fates requires also excluding the possibilities

that an animal would have remained undetected by dis-

persing from the population. The breeding wolf

population on the Scandinavian peninsula (Norway and

Sweden) appears to be functionally isolated from the

Finnish–Russian population with very little immigration

and only one confirmed emigration recorded during the

past decade (see electronic supplementary material,

population isolation).

Poaching has had a significant impact on the popu-

lation recovery. An average annual growth rate of

13.5 per cent is well below the typical rate of colonizing

or recovering wolf populations [25]. Without any

poaching, the median annual growth rate of our study

population would have been 29.5 per cent during the

period, i.e. more than double the observed rate and

compatible with the fastest recovering wolf populations

on record [25,26]. Considering that neither suitable

habitat nor prey base are limiting factors, the population

size in 2009 would probably have been three to four

times the one observed (figure 2). Although the popu-

lation has continued to grow, the decelerated growth

rate caused by poaching is having other negative conse-

quences. It has postponed the time when managing

authorities can be more flexible with permits to kill pro-

blem individuals, causing unnecessary conflict with local

people. Still more serious, it has aggravated an already

bad genetic situation. The Scandinavian wolf population

is small, isolated and facing serious genetic problems

[27,28], and any delay in growth will accelerate inbreed-

ing and loss of genetic variation [29].

Few studies of large carnivore survival based on radio-

tracking have clearly described how they have treated cases

of lost radio contact and made efforts to differentiate

between possible fates of these animals. In a newly protected

wolf population in north central Minnesota, a substantial

proportion of lost radio contacts was assumed to be caused

by illegal killing, and estimated to make up 70 per cent of

total mortality rate [30]. In three different Scandinavian

0 0.2 0.4 0.6 0.8 1.0
cryptic poaching rate

de
ns

ity
(a) (b)

(c)

0 0.2 0.4 0.6 0.8 1.0
non-poaching mortality rate

0 0.2 0.4 0.6 0.8 1.0

verified poaching rate

Figure 1. Posterior (solid black line) and prior (dotted black line) densities for (a) cryptic poaching rate c (posterior median ¼
0.103+0.106, shown by vertical thin line), (b) non-poaching mortality rate m (posterior median ¼ 0.142+0.027) and

(c) verified poaching rate v (posterior median ¼ 0.046+0.016). Overlap between prior and posterior densities is shown
by the grey area. Parameters m and v were given informative priors based on radio-tracking data. Their posterior median esti-
mates were very similar to rates from radio-tracking data (non-poaching mortality rate ¼ 0.148+0.028, verified poaching
rate ¼ 0.049+0.017). The prior for cryptic poaching rate was on the contrary left uninformative. Still, its posterior median
estimate was remarkably similar to the independent estimate of cryptic poaching rate from radio-tracking data (0.085+
0.023). The posterior density of cryptic poaching poorly overlapped with its prior and reveals that an unobserved source of
mortality was present in the population.
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lynx (Lynx lynx) populations, formal criteria resembling the

ones we have used in this study were set up for validation of

each case of lost radio contact, resulting in poaching rates

between 32 and 74 per cent of total mortality [31]. A

study on wolverines (Gulo gulo) also differentiated among

lost radio contacts, and estimated that poaching made up

60 per cent of total mortality [32], while in a study of

Amur tigers (Panthera tigris), ratio of poaching to total mor-

tality was 75 per cent [15]. A shared result in these studies

was that a substantial part of the estimated poaching rates

was made up of cryptic poaching (44–71%). Cryptic poach-

ing was estimated to be 69 per cent of the total poaching rate

in our study, which falls within the range of these earlier

studies. Had all cases of lost radio contact just been

censored from further calculations, both poaching and

total mortality rates would have been seriously underesti-

mated. However, as the estimates of the cryptic part of

poaching in all these case studies were based on assump-

tions, the degree of uncertainty in the estimates was

unknown. By using a hierarchical model, we could combine

multiple sources of data in a statistically coherent way and

unobserved quantities could be estimated because of their

interdependence with the quantities that are observed.

We believe that the results presented above, motivate

careful reconsideration of the extent of cryptic poaching

in all studies of large carnivores. A recent example is the

extensive study of survival in the newly recovered

Northern Rocky Mountain wolf population in northwes-

tern United States [33], where a minimum of 87 (24%) of

the 363 dead animals was confirmed illegally killed. A

further number of 150 animals were censored at the

date of lost radio contact. Although the authors gave sev-

eral arguments why it was less likely that these animals

might have been poached, we caution that this indeed

might be the case for a substantial part of them, especially

considering that the study was performed in an extremely

wolf hostile human environment.

We have shown that the failure to include the effects of

cryptic poaching can cause serious errors in the estimation

of the potential rate of population growth. Because a sub-

stantial part of poaching is often unobserved, poaching

may be an even larger problem in wildlife conservation

than has hitherto been assumed owing to the difficulty of

measuring it properly. Quantifying cryptic poaching and

its impact illustrates a challenging problem that is not

unusual in ecology and conservation biology—the esti-

mation of unobservable parameters with small values but

high variance [34]. As we have illustrated here, such

problem can be successfully addressed by combining

multiple data in a hierarchical framework to obtain robust

inferences. The increasing possibilities to mark many

more individual animals at a much larger range of taxa,

body sizes and length of tracking time [35,36] should

make collecting individual data more feasible, and there-

fore, our approach more widely applicable in the future.

Our study should further reinforce the need to bring uncer-

tainty to the centre stage of conservation studies [37] and

illustrate how considering uncertainty affects the ability

to manage populations [3,38].

All research presented complies with the current laws of the
country in which the experiments were performed.
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Swedish University of Agricultural Sciences, Norwegian
Directorate for Nature, Management, Norwegian Research
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Värmland, Borregaard Skoger, Glommen Skogeierforening,
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Niemelä, J. 2003 The implications of poaching for giant
panda conservation. Biol. Conserv. 111, 125–136.
(doi:10.1016/S0006-3207(02)00255-0)

12 Keane, A., Jones, J. P. G., Edwards-Jones, G. & Milner-
Gulland, E. J. 2008 The sleeping policeman: understand-
ing issues of enforcement and compliance in
conservation. Anim. Conserv. 11, 75–82. (doi:10.1111/j.
1469-1795.2008.00170.x)

13 Saint John, F. A. V., Edwards-Jones, G., Gibbons, J. M. &
Jones, J. P. G. 2010 Testing novel methods for assessing
rule breaking in conservation. Biol. Conserv. 143,
1025–1030. (doi:10.1016/j.biocon.2010.01.018)

14 Heisey, D. M. & Patterson, B. R. 2006 A review of
methods to estimate cause-specific mortality in presence
of competing risks. J. Wildl. Manag. 70, 1544–1555.
(doi:10.2193/0022-541X(2006)70[1544:AROMTE]2.0.
CO;2)

15 Goodrich, J. M., Kerley, L. L., Smirnov, E. N., Miquelle, D.
G., McDonald, L., Quigley, H. B., Hornocker, M. G. &
McDonald, T. 2008 Survival rates and causes of mortalityof
Amur tigers on and near the Sikhote-Alin Biosphere Zapo-
vednik. J. Zool. 276, 323–329. (doi:10.1111/j.1469-7998.

2008.00458.x)
16 tavecchia, G., Besbeas, P., Coulson, T., Morgan, B. J. T. &

Clutton-Brock, T. H. 2009 Estimating population size and
hidden demographic parameters with state–space
modeling. Am. Nat. 173, 722–733. (doi:10.1086/598499)

17 McCarthy, M. 2007 Bayesian methods for ecology.
Cambridge, UK: Cambridge University Press.

18 Sand, H., Wikenros, C., Wabakken, P. & Liberg, O. 2006
Effects of hunting group size, snow depth and age on the
success of wolves hunting moose. Anim. Behav. 72,

781–789. (doi:10.1016/j.anbehav.2005.11.030)
19 Clark, J. 2007 Models for ecological data: an introduction.

Princeton, NJ: Princeton University Press.
20 Plummer, M. 2003 JAGS: a program for analysis of

Bayesian graphical models using Gibbs sampling. In

Proc. 3rd Int. Workshop on Distributed Statistical Computing
(eds K. Hornik, F. Leisch & A. Zeileis). Vienna, Austria.
See www.ci.tuwien.ac.at/Conferences/DSC-2003/Procee

dings/Plummer.pdf
21 R Development Core Team. 2009 R: a language and

environment for statistical computing. Vienna, Austria:
R Foundation for Statistical Computing.

22 Heidelberger, P. & Welch, P. D. 1983 Simulation run

length control in the presence of an initial transient.
Oper. Res. 31, 1109–1144. (doi:10.1287/opre.31.6.1109)

23 Plummer, N., Best, N., Cowles, K. & Vines, K. 2006
CODA: convergence diagnosis and output analysis for

MCMC. R News 6, 7–11.
24 Garrett, E. S. & Zeger, S. L. 2000 Latent class model

diagnosis. Biometrics 56, 1055–1067. (doi:10.1111/j.
0006-341X.2000.01055.x)

25 Fuller, T. K., Mech, D. L. & Cochrane, J. F. 2003 Wolf

population dynamics. In Wolves: behavior, ecology, and
conservation (eds D. L. Mech & L. Boitaini), pp.
161–191. Chicago, IL: University of Chicago Press.

26 van Deelen, T. R. 2009 Growth characteristics of a reco-
vering wolf population in the great lakes Region. In

Recovery of gray wolves in the great lakes region of the
United States (eds A. P. Wydeven, T. R. Deelen & E.
Heske), pp. 139–154. Berlin, Germany: Springer.

27 Bensch, S. et al. 2006 Selection for heterozygosity gives
hope to a wild population of inbred wolves. PLoS ONE
1, e72. (doi:10.1371/journal.pone.0000072)

28 Liberg, O., Andrén, H., Pedersen, H. C., Sand, H.,
Sejberg, D., Wabakken, R., Åkesson, M. & Bensch, S.
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From: Hanvey, Gary -FS
To: Squires, John -FS; Jackson, Scott -FS; Zelenak, Jim
Cc: Roberts, Ann R -FS; Murphy, Kerry M -FS; Solberg Schwab, Lisa; Ann_Belleman@fws.gov
Subject: Paper on Poaching
Date: Tuesday, January 12, 2016 1:46:53 PM
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Thanks for sending Ann R.
 

Gary Hanvey 
Wildlife Biologist
Canada Lynx Coordinator

Forest Service
Northern Region

p: 406-329-3018 
c: 406-781-1765 
ghanvey@fs.fed.us

Fort Missoula, Bldg 26
Missoula, MT 59804
www.fs.fed.us 
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From: McCollough, Mark
To: Vashon, Jennifer
Subject: Re: Lynx Road-Kill Database Update
Date: Friday, January 22, 2016 3:28:28 PM

Thanks Jen.  Mark

On Fri, Jan 22, 2016 at 3:03 PM, Vashon, Jennifer <Jennifer.Vashon@maine.gov> wrote:

Hi Kurt,

 

Sorry I didn’t get back to you sooner.  After seeing the spreadsheet  that Mark sent where road
speed and traffic volume were presented – which wasn’t tracked in our database, I went back
through the database and plotted the locations on google earth and identified the road type,
estimate traffic  volumes, and road speed (often finding a speed limit sign near the coordinates in
google earth street view).  I didn’t check to see if there was agreement between your estimates
and mine.  The rules I used to classify each road mortality is in the second sheet of the attached
spreadsheet.  Hope this helps!

 

 

Jen

 

From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: Monday, November 16, 2015 10:16 AM
To: Vashon, Jennifer; Kurt Broderdorp
Subject: Fwd: Lynx Road-Kill Database Update

 

Jen:  As you are aware, Kurt Broderdorp from the USFWS (who you met recently in MN),
maintains a lynx road mortality database.  This database is useful for our Section 7
consultations, HCPs, the lynx BioTeam/LCAS, and now the lynx Species Status
Assessment.

 

Would you be willing to help update the database for Maine?  I see that the last entries for
Maine are in 2011.  

 

If it is easier for you, please forward your spreadsheet with information and we can
transcribe into Kurt's database.

 

mailto:mark_mccollough@fws.gov
mailto:Jennifer.Vashon@maine.gov
mailto:Jennifer.Vashon@maine.gov
mailto:mark_mccollough@fws.gov


Thanks for your help on this.

 

Mark

---------- Forwarded message ----------
From: Kurt Broderdorp <Kurt_Broderdorp@fws.gov>
Date: Thu, Nov 12, 2015 at 3:25 PM
Subject: Lynx Road-Kill Database Update
To: Bryon Holt <bryon_holt@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Lisa
Solberg Schwab <lisa_solbergschwab@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Mark McCollough <mark_mccollough@fws.gov>

As the unofficial (and self-appointed) curator of a road-kill data base, I would like to update
the attached file.  I have not been able to update this information recently, but the updated
information may tell us something for the SSA.  Please make whatever contacts as
appropriate do update the information for your area.  Thanks.

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

 

--

Mark McCollough, Ph.D.

Endangered Species Specialist

Maine Field Office

U. S. Fish and Wildlife Service

17 Godfrey Drive, Suite 2

Orono, ME 04473

Phone 207 866-3344 x115

Cell Phone: 207 944-5709

mailto:Kurt_Broderdorp@fws.gov
mailto:bryon_holt@fws.gov
mailto:jim_zelenak@fws.gov
mailto:lisa_solbergschwab@fws.gov
mailto:tamara_smith@fws.gov
mailto:mark_mccollough@fws.gov


mark_mccollough@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:mark_mccollough@fws.gov


From: Thomas Davidowicz
To: Mark McCollough
Subject: RE: Lynx Road-Kill Database Update
Date: Friday, January 22, 2016 3:36:37 PM

Mark,
 
I immediately thought that it would be good to pass this on to Bob Houston so that
our GIS can be updated.  After opening the file, I’m thinking otherwise, unless Jenn
Vashon can provide coordinates.  Do you know if they record them or, maybe, they
have been located on a map in which we can derive the coordinates?
 
Thank you.
 
Tom Davidowicz
 
From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: Friday, January 22, 2016 3:28 PM
To: Thomas Davidowicz
Subject: Fwd: Lynx Road-Kill Database Update
 
Tom:  This may be of use in your MDOT work.
 
Mark
---------- Forwarded message ----------
From: Vashon, Jennifer <Jennifer.Vashon@maine.gov>
Date: Fri, Jan 22, 2016 at 3:03 PM
Subject: RE: Lynx Road-Kill Database Update
To: "McCollough, Mark" <mark_mccollough@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>

Hi Kurt,
 
Sorry I didn’t get back to you sooner.  After seeing the spreadsheet  that Mark sent where road
speed and traffic volume were presented – which wasn’t tracked in our database, I went back
through the database and plotted the locations on google earth and identified the road type,
estimate traffic  volumes, and road speed (often finding a speed limit sign near the coordinates in
google earth street view).  I didn’t check to see if there was agreement between your estimates and
mine.  The rules I used to classify each road mortality is in the second sheet of the attached
spreadsheet.  Hope this helps!
 
 
Jen
 
From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: Monday, November 16, 2015 10:16 AM
To: Vashon, Jennifer; Kurt Broderdorp
Subject: Fwd: Lynx Road-Kill Database Update

mailto:thomas_davidowicz@fws.gov
mailto:mark_mccollough@fws.gov
mailto:mark_mccollough@fws.gov
mailto:Jennifer.Vashon@maine.gov
mailto:mark_mccollough@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:mark_mccollough@fws.gov


 
Jen:  As you are aware, Kurt Broderdorp from the USFWS (who you met recently in MN),
maintains a lynx road mortality database.  This database is useful for our Section 7
consultations, HCPs, the lynx BioTeam/LCAS, and now the lynx Species Status Assessment.
 
Would you be willing to help update the database for Maine?  I see that the last entries for
Maine are in 2011.  
 
If it is easier for you, please forward your spreadsheet with information and we can transcribe
into Kurt's database.
 
Thanks for your help on this.
 
Mark
---------- Forwarded message ----------
From: Kurt Broderdorp <Kurt_Broderdorp@fws.gov>
Date: Thu, Nov 12, 2015 at 3:25 PM
Subject: Lynx Road-Kill Database Update
To: Bryon Holt <bryon_holt@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Lisa Solberg
Schwab <lisa_solbergschwab@fws.gov>, Tamara Smith <tamara_smith@fws.gov>, Mark
McCollough <mark_mccollough@fws.gov>

As the unofficial (and self-appointed) curator of a road-kill data base, I would like to update
the attached file.  I have not been able to update this information recently, but the updated
information may tell us something for the SSA.  Please make whatever contacts as appropriate
do update the information for your area.  Thanks.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 

 
--
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

 
--
Mark McCollough, Ph.D.
Endangered Species Specialist

mailto:Kurt_Broderdorp@fws.gov
mailto:bryon_holt@fws.gov
mailto:jim_zelenak@fws.gov
mailto:lisa_solbergschwab@fws.gov
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mailto:mark_mccollough@fws.gov


Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: McCollough, Mark
To: Thomas Davidowicz
Subject: Re: Lynx Road-Kill Database Update
Date: Friday, January 22, 2016 3:41:20 PM

Lynx road mortalities get incorporated into a larger lynx occurrence database that MDIFW
updates and is a layer in our GIS.  The GIS layer identifies many kinds of occurrences -
confirmed sightings, road mortalities, trap incidents, other incidental take, telemetry data, etc. 
I think that MDIFW updated this data layer about a year or two ago.  We hope that MDIFW
will continue to update the database and provide us (and MDOT) with another update.

Mark

On Fri, Jan 22, 2016 at 3:36 PM, Thomas Davidowicz <thomas_davidowicz@fws.gov>
wrote:

Mark,

 

I immediately thought that it would be good to pass this on to Bob Houston so that
our GIS can be updated.  After opening the file, I’m thinking otherwise, unless Jenn
Vashon can provide coordinates.  Do you know if they record them or, maybe, they
have been located on a map in which we can derive the coordinates?

 

Thank you.

 

Tom Davidowicz

 

From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: Friday, January 22, 2016 3:28 PM
To: Thomas Davidowicz
Subject: Fwd: Lynx Road-Kill Database Update

 

Tom:  This may be of use in your MDOT work.

 

Mark

---------- Forwarded message ----------
From: Vashon, Jennifer <Jennifer.Vashon@maine.gov>
Date: Fri, Jan 22, 2016 at 3:03 PM

mailto:mark_mccollough@fws.gov
mailto:thomas_davidowicz@fws.gov
mailto:thomas_davidowicz@fws.gov
mailto:mark_mccollough@fws.gov
mailto:Jennifer.Vashon@maine.gov


Subject: RE: Lynx Road-Kill Database Update
To: "McCollough, Mark" <mark_mccollough@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>

Hi Kurt,

 

Sorry I didn’t get back to you sooner.  After seeing the spreadsheet  that Mark sent where road
speed and traffic volume were presented – which wasn’t tracked in our database, I went back
through the database and plotted the locations on google earth and identified the road type,
estimate traffic  volumes, and road speed (often finding a speed limit sign near the coordinates in
google earth street view).  I didn’t check to see if there was agreement between your estimates
and mine.  The rules I used to classify each road mortality is in the second sheet of the attached
spreadsheet.  Hope this helps!

 

 

Jen

 

From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: Monday, November 16, 2015 10:16 AM
To: Vashon, Jennifer; Kurt Broderdorp
Subject: Fwd: Lynx Road-Kill Database Update

 

Jen:  As you are aware, Kurt Broderdorp from the USFWS (who you met recently in MN),
maintains a lynx road mortality database.  This database is useful for our Section 7
consultations, HCPs, the lynx BioTeam/LCAS, and now the lynx Species Status
Assessment.

 

Would you be willing to help update the database for Maine?  I see that the last entries for
Maine are in 2011.  

 

If it is easier for you, please forward your spreadsheet with information and we can
transcribe into Kurt's database.

 

Thanks for your help on this.

 

mailto:mark_mccollough@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:mark_mccollough@fws.gov


Mark

---------- Forwarded message ----------
From: Kurt Broderdorp <Kurt_Broderdorp@fws.gov>
Date: Thu, Nov 12, 2015 at 3:25 PM
Subject: Lynx Road-Kill Database Update
To: Bryon Holt <bryon_holt@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Lisa
Solberg Schwab <lisa_solbergschwab@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Mark McCollough <mark_mccollough@fws.gov>

As the unofficial (and self-appointed) curator of a road-kill data base, I would like to update
the attached file.  I have not been able to update this information recently, but the updated
information may tell us something for the SSA.  Please make whatever contacts as
appropriate do update the information for your area.  Thanks.

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

 

--

Mark McCollough, Ph.D.

Endangered Species Specialist

Maine Field Office

U. S. Fish and Wildlife Service

17 Godfrey Drive, Suite 2

Orono, ME 04473

Phone 207 866-3344 x115

Cell Phone: 207 944-5709

mark_mccollough@fws.gov

mailto:Kurt_Broderdorp@fws.gov
mailto:bryon_holt@fws.gov
mailto:jim_zelenak@fws.gov
mailto:lisa_solbergschwab@fws.gov
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mailto:mark_mccollough@fws.gov


 

--

Mark McCollough, Ph.D.

Endangered Species Specialist

Maine Field Office

U. S. Fish and Wildlife Service

17 Godfrey Drive, Suite 2

Orono, ME 04473

Phone 207 866-3344 x115

Cell Phone: 207 944-5709

mark_mccollough@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:mark_mccollough@fws.gov


From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Cc: Mary Parkin; Jonathan Cummings; Heather Bell
Subject: Fwd: Question regarding a citation
Date: Wednesday, February 17, 2016 5:54:17 PM
Attachments: image011.png
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FYI

Relevant to historic vs. current condition/distribution for the SSA.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Feb 17, 2016 at 3:51 PM
Subject: Re: Question regarding a citation
To: "McKelvey, Kevin -FS" <kmckelvey@fs.fed.us>

Thanks very much, Kevin.

The paper (Poole 2003) also included a map that shows a range contraction in the contiguous U.S. and in southern
Canada. It says the historic and current ranges in the Lower 48 are based on your work and on Maj and Garton 1994
- which was two maps in an appendix (C) from Ruggiero et al. 1994 (GTR RM-254) of lynx observations (not all
verified), one for the years 1961-1982, the other for 1983-1993.

Seems questionable.

On Wed, Feb 17, 2016 at 3:27 PM, McKelvey, Kevin -FS <kmckelvey@fs.fed.us> wrote:

Nope.  Always happy to be cited; would be nice if they could be accurate.  I think that a much
better case could be made concerning the restriction of lynx habitat in Canada.  In the plains
provinces where most of the lynx live (or at least are harvested), for example, the boreal forest has
really been pushed north and lynx along with it.  K.

 

Kevin S. McKelvey, PhD 
Research Ecologist
Forest Service

Rocky Mountain Research Station, Wildlife and Terrestrial Ecosystems
p: 406-542-4163 
f: 406-543-2663 
kmckelvey@fs.fed.us
800 East Beckwith 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people
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From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Wednesday, February 17, 2016 3:21 PM
To: McKelvey, Kevin -FS <kmckelvey@fs.fed.us>
Subject: Question regarding a citation

 

Hi Kevin,

 

I've been looking into sources of information regarding lynx population declines and/or
range contraction in the Lower 48 and, in one paper that maps a substantial range
contraction, I found this claim and citation:

 

"In contrast to the Canadian distribution, lynx distribution in the northern contiguous United
States has been greatly reduced and fragmented, largely as a result of human-induced
mortality, human settlement and likely habitat alteration during the past 2 centuries
(McKelvey et al. 2000)."

 

I re-read your cited work (Chapter 8), and I find nothing that would lead me to that
conclusion.  Am I missing something?  I'd be interested in your take on whether that
statement accurately reflects your work and whether you would agree with that summation
of your paper.

 

Thanks!   

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

http://www.fs.fed.us/research/people/profile.php?alias=kmckelvey
http://scholar.google.com/citations?user=CmG2R0QAAAAJ&hl=en
mailto:jim_zelenak@fws.gov
mailto:kmckelvey@fs.fed.us


(406) 449-5225 ext. 220

jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender
and delete the email immediately.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: bob.broscheid@state.co.us; craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric; Moore,Virgil; Dustin

Miller (dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam Eaton;
Chandler.woodcock@maine.gov; Connolly, James; Vashon, Jennifer; moritzw@michigan.gov; DNR-
Wildlife@michigan.gov; bumpa@michigan.gov; kennedyd@michigan.gov; commissioner.dnr@state.mn.us;
Ed.Boggess@state.mn.us; Paul.Telander@state.mn.us; Baker, Richard (DNR); Erb, John D (DNR);
jhagener@mt.gov; JTubbs@mt.gov; McDonald, Ken; Inman, Bob; Jay Kolbe; seggeman@mt.gov; Baty, Ross;
glenn.normandeau@wildlife.nh.gov; Mark.Ellingwood@wildlife.nh.gov; Jill.Killborn@wildlife.nh.gov;
William.Staats@wildlife.nh.gov; Patrick.Tate@wildlife.nh.gov; alexandra.sandoval@state.nm.us;
stewart.liley@state.nm.us; rick.winslow@state.nm.us; Stuart, James N., DGF; patricia.riexinger@dec.ny.gov;
Jensen, Paul G (DEC); curt.melcher@state.or.us; Gregory Sheehan; Kimberly Hersey; louis.porter@state.vt.us;
mark scott; Bernier, Chris; director@dfw.wa.gov; cpl@dnr.wa.gov; Lewis, Jeffrey C (DFW); Maletzke, Benjamin T
(DFW); cathy.stepp@wisconsin.gov; kurt.thiede@wisconsin.gov; Sanjay.Olson@wisconsin.gov;
Tom.Hauge@wisconsin.gov; Erin.Crain@wisconsin.gov; Owen Boyle; Roberts, Nathan M - DNR;
Johnf.olson@wisconsin.gov; David.MacFarland@wisconsin.gov; John.White@wisconsin.gov;
scott.talbot@wyo.gov; Bob Lanka; Zack Walker; Nichole Bjornlie; derek.j.broman@state.or.us;
john.kanter@wildlife.nh.gov

Cc: Seth Willey; Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt
Broderdorp; Mark McCollough; Tamara Smith; Brady McGee; Jeffrey Dillon; Lisa Mandell; Ann Belleman; Lisa
Solberg Schwab; Ann Timberman; Anthony Tur; Brad Thompson; Chris Mensing; David Stilwell; Drue DeBerry;
Eric Hein; Eric Rickerson; Grant Canterbury; Jeff Krupka; Karl Halupka; Kate Novak; Kim Garner; Larry Crist;
Laura Ragan; Leslie Ellwood; Mark Maghini; Mark Sattelberg; Martin Miller; Megan Kosterman; Michelle Eames;
Paul Casey; Paul Henson; Peter Fasbender; Rollie White; Sarah Hall; Scott Hicks; Steve Duke; Sue Livingston;
Tom Chapman; Tyler Abbott; Wally Murphy; Dennis Mackey

Subject: Re: Reminder: Canada lynx SSA State Coordination call
Date: Monday, February 22, 2016 5:02:57 PM

Hi All:

We will hold the monthly lynx SSA State coordination/update call this Wednesday, February 24, at 1 PM Mountain
Time.

Call-in: 866-822-7385
Passcode: 5396168

Thanks,

Jim

On Tue, Jan 26, 2016 at 2:28 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

We will hold the monthly lynx SSA State coordination/update call tomorrow, January 27, from 1:00 pm – 2:30
pm Mountain Time.

Call-in: 866-822-7385
Passcode: 5396168

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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INFORMATION/ BRIEFING MEMORANDUM  
FOR THE ASSISTANT REGIONAL DIRECTORS 

 
 
DATE:   March 11, 2016  
 
FROM: Jodi Bush, Supervisor, Montana Ecological Services Office, (406) 449-5225. 
 
SUBJECT: Status of Lynx SSA Process for ARD Briefing 
 
We are implementing the Species Status Assessment (SSA) framework, in order to meet a court 
ordered deadline to complete a Recovery Plan for Canada Lynx (if determined to still warrant 
listing) by January 2018.  Prior to moving forward with recovery planning – the SSA will 
provide the additional analysis to re-evaluate the status of the species and document that through 
a five year review. 
 
BACKGROUND 
 
In 2000 (remanded 2003), the Canada lynx was listed in the contiguous U.S. DPS as a threatened 
species under the Endangered Species Act (Act) because of the inadequacy, at that time, of 
existing regulatory mechanisms.   In 2005, we completed a Recovery Outline which focused on 
lynx conservation in 6 “Core” areas.  At that time, these included the Kettle/Wedge area in 
Washington and the Greater Yellowstone Area; areas we no longer think are occupied.  
Currently, there are six geographic areas known to currently support or that recently supported 
(as in the Greater Yellowstone Area) resident lynx populations in the DPS:  northern Maine 
(with occasional/sporadic breeding by small numbers of lynx in northernmost New Hampshire 
and Vermont); northeastern Minnesota; northwestern Montana and northeastern Idaho; the 
Greater Yellowstone Area, north-central Washington; and western Colorado (Figure 1).  
 
In 2006, critical habitat was designated and then revised in 2009 and again in 2014 due to court 
remands as the result of litigation.  Our current revised designation (2014) is under litigation. 
 
KEY POINTS 
 
• We announced the initiation of a five-year status review on December 8, 2014.  Shortly 

thereafter, we embarked on the SSA framework.  Information in the SSA will be used by 
Service decision makers to inform classification decisions, recovery planning direction, and 
other determinations required by the Act. 

• Through the SSA framework we intend to assess the species’ needs, current and future 
condition including viability of the Canada lynx DPS using a compilation of the best 
available scientific and commercial data, including empirical data, published literature, and 
expert input.  

• During the SSA process, we have been prioritizing information and modeling to best evaluate 
potential future conditions and viability. 

• We continue to engage State, Tribal and other Federal, and Canadian partners and other 
stakeholders, as well as Service managers typically through monthly coordination calls. 

• In the fall of 2015, we convened a workshop for scientific experts to address the current and 
likely future status of the Canada lynx DPS.  The participants included state agencies, 
biologists from other federal agencies, and academic researchers to elicit input from experts 
across the range of the DPS.  The resultant workshop report is one component of the SSA.  



• The Service Lynx SSA team developed expert selection criteria based on professional 
credentials, positions, areas of expertise, and pertinent experience and coordinated with State 
and other partners to develop a list of candidate lynx experts and other subject matter experts.   

• Information solicited from the 10 member lynx expert panel addressed the viability of the 
DPS based on the 3Rs: Representation, Redundancy, Resiliency and what is known about 
climate science related to lynx. 

• After the workshop, we contacted Steve Torbit, ARD for Scientific Applications in Denver, 
for assistance because of the uncertainty we had regarding climate science and lynx.  He 
made some contacts for us and determined that additional modeling – if needed- could take 
up to 6 weeks per area to complete.  

• Earlier this week, the Service Lynx SSA Team met in Denver for 3 full days to make 
progress on the SSA report, address outstanding questions, identify decision points for 
managers and assign work.   

• Results from the SSA meeting in Denver included some decision points for managers:  
o Do we need better information to address likely impacts to lynx from CC? If the 

answer is yes, are we willing to request the settlement date be changed to allow the 
time for this information.  It would likely require an additional 6 months.   

o Are we comfortable with the range of climate scenario years from the panel report?  
Present, mid-century (2050), and end of century (2100)? 

o When conducting Peer review of SSA, do we want our State counterparts to receive it 
at the same time? If so, how do we treat their comments?  

o Do managers want any recommendation from team in the SSA? If the SSA document 
is supposed to be science only, the five-year review would be the recommendation 
from the team and all units would need to concur before it was finalized.   

 
TIMELINES 

• Workshop Report       FINAL -MARCH 25, 2016 
 

• Species Status Report           DRAFT, APRIL 15, 2016 
o Internal Review Complete                      APRIL 29. 2016 
o Peer Review Complete             MAY 15, 2016 
o Final Report Complete              MAY 30, 2016 

 
• Five-year Review  

o Draft              DRAFT, MAY 5, 2016 
o Final             FINAL, MAY 30, 2016 

 
• Draft Recovery Plan (if necessary)              DRAFT, JANUARY 2017?? 

 
• Final Recovery Plan (If necessary)      FINAL, JANUARY 2018 

 
IMPORTANT MESSAGES: 

• We are behind in the development of the recovery planning process by 3 to 6 months.   
• If we do additional climate science scenarios –we will further delay the timeline by 

another 3 to 6 months as we would need to ask the court and the reduction in uncertainty 
is only likely to be important in the end of the century (2100) analysis scenario.   

• In general, the Service Core Team feels comfortable with the outcome from the expert 
panel workshop. 



 
 

Figure 1.  Six geographic units within the range of  the contiguous U.S. distinct population segment of  
Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) resident lynx 
populations.  



From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Requested Review of DRAFT Final report for the Canada lynx Expert Elicitation Workshop
Date: Wednesday, March 16, 2016 3:53:44 PM

Jim:  Again, my apologies, but this is exactly the issue why Dan Harrison refused to attend the
expert Workshop - the MDIFW has been reluctant to accept the science coming out of the
University of Maine on lynx, hares, their habitat, and forestry.  Thank you for striking the
sentence.

I added a few comments to your thoughts below (in green text), but I don't think we need
much more back and forth.  I tried to succinctly make my points in the last email.  

thanks for your patience with me...Mark

Since listing, Maine’s lynx population found mostly on private land has not only increased (the
science does not support an increase since the DPS was listed - we just didn't know if and how many
resident lynx were there at time of listing [partially because at that time the state of Maine told FWS
that it did not think resident lynx pops occurred in the state].  If the pop. peaked at 800-1000
in 2006, clearly there were not zero at time of listing, and probably at least 500-800 at that time.  If
we assume lynx population in Maine track the availability of habitat, then the graphs of the amount
of historic lynx habitat in Simons 2009 would suggest that lynx numbers increased throughout the
1980s and 1990s and peaked sometime ~2006 to 2010 (more likely ~2006 because hares and habitat
began to decline simultaneously)  Indeed the initial lynx surveys.  Vashon et al. 2012 shows a series
of Figures that suggest lynx distribution has changed 1941(Fig. 2.2), 1995-1999 (Fig. 2.3), and 2003-
2008 (Fig.2.2). Comparing Fig. 2.3 (1990s and 2000s) one could say the distribution increased, but
there are not clear inferences about population. ), but is also at an historic high without additional
regulation (the historic high is related to historically high clear-cutting in the 1970s-80s; not to the
effectiveness of state regulations; in fact, state regs have been changed so that it is very unlikely they will
result in the same or similar actions that created all the current high-quality hare/lynx habitat or maintain
the current amount and distribution of those high-quality habitats) I agree. .  In addition, cooperation
between private landowners and State and Federal partners on lynx conservation over the last
several decades further demonstrates that additional regulations are unnecessary (voluntary
cooperation does not demonstrate that existing regulations are adequate nor that
additional regulations are unnecessary)Other than the 4 landowners who enrolled in Healthy Forest
Reserve Program, there is no other voluntary lynx management.  The HFRP agreements with NRCS
expire after 10 years, starting in 2016.  Current lynx habitat was created by widespread clearcutting
in the 1970s and 1980s, and the Maine Forest Practices Act has shifted the primary form of
silviculture to partial harvesting, which in most forms (except shelterwood) produce high quality
hare habitat.  Regulations are counter to lynx management. and would be likely counterproductive
to lynx conservation.  Specifically:

·         Private landowners have supported long-term monitoring of lynx in Maine by permitting  MDIFW
biologist access to capture, radiocollar and monitor lynx in northern Maine and conduct extensive range wide
periodic track surveys (mid 1990s (did these really turn up NO lynx [or no evidence of resident lynx]? - hard to
imagine that was the case)Yes, lynx were found in the 1990s surveys - see Vashon et al. p. 34., early 2000,
2015-17), provided spatial habitat data for our analysis of telemetry data, and provided financial support of
research (note funding also provided by conservation based NGOs), (didn't private landowners/timber
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companies bail out of HCP or other conservation efforts when it was clear we were going to designate CH
there in 2008-09?) Yes, landowners proposed a lynx conservation plan ~2005, but withdrew the offer when
critical habitat was designated.  Plum Creek withdrew from work on an HCP for Canada lynx.

·         Private landowners provided the USFWS with current and projected future amounts of habitat for lynx
and snowshoes during critical habitat designation (providing acres and ages of clear-cuts is not a conservation
effort or regulation and does not demonstrate adequacy of existing regulations),

·         3.8 million acres of private land has been protected in easement since listing;  most of that acreage is
found in areas that support lynx, (3.8 million acres would be about 53% of the Maine unit - do we [you]
disagree that these easements are benefiting/have benefited lynx? Or is it related to the details, duration,
certainty of implementation of the easement agreements?) Yes, as land has been sold, conservation easements
have been purchased.  The easements DO NOT include management commitments that specify that the land be
managed for lynx or other listed species.  The Plum Creek easement is the most restrictive, but PC has not
completed a lynx management plan 5 years after the easement was signed.  Plum Creek has an aggressive pre-
commercial thinning program for softwood stands, which would further diminish landscape hare density.

·         Research of lynx habitat use is shared with landowners for incorporation into their forest management
plans to meet their wildlife management goals and required for forest certification(meeting their wildlife
management goals and getting/maintaining certification does not necessarily translate into adequate and certain
lynx protections/conservation/regulations) Agreed.  There is no evidence how landowners are using this
information or if they are using this information.

 

Although some question on the impact of  the Maine Forest Practices Act (1989) on future amounts
of lynx habitat have been raised by  a recent habitat model from the University of Maine, snow track
surveys conducted periodically in Maine indicate that this model is likely conservative (see slide 29 in
Maine status report overlays 2005 and 2015 lynx detection with 2004 model projections). 
Regardless of whether future projections are conservative or not,  it is important to know that
projections remain above historic levels (see page 154 in Simmons 2009 dissertation).  (Not sure
how to respond to this, so you can rebut, Mark....)Agree that lynx habitat (and assume lynx) are
currently above historic (early 1980s) levels and that current management will maintain habitat
above early 1980s levels.  Yes, MDIFW has lynx occurrences in areas where Simons model has low
probability of lynx occurrence.  Are these dispersing or resident lynx?  Simons (2016) provided a
recent report to USFWS explaining some discrepancies between her 2016 and 2009 models.  

On Wed, Mar 16, 2016 at 12:57 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Don't sugar-coat it Mark - tell me how you really feel! ;-)

It was a stab at trying to address Jen's comments - see next where I try to summarize our (your?) positions (in red)
relative to Jen's statements in her email:

Since listing, Maine’s lynx population found mostly on private land has not only increased (the
science does not support an increase since the DPS was listed - we just didn't know if and how
many resident lynx were there at time of listing [partially because at that time the state of Maine
told FWS that it did not think resident lynx pops occurred in the state].  If the pop. peaked at 800-
1000 in 2006, clearly there were not zero at time of listing, and probably at least 500-800 at that
time), but is also at an historic high without additional regulation (the historic high is related to
historically high clear-cutting in the 1970s-80s; not to the effectiveness of state regulations; in fact,
state regs have been changed so that it is very unlikely they will result in the same or similar actions that
created all the current high-quality hare/lynx habitat or maintain the current amount and distribution of
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those high-quality habitats).  In addition, cooperation between private landowners and State and
Federal partners on lynx conservation over the last several decades further demonstrates that
additional regulations are unnecessary (voluntary cooperation does not demonstrate that existing
regulations are adequate nor that additional regulations are unnecessary) and would be likely
counterproductive to lynx conservation.  Specifically:

·         Private landowners have supported long-term monitoring of lynx in Maine by permitting  MDIFW
biologist access to capture, radiocollar and monitor lynx in northern Maine and conduct extensive range
wide periodic track surveys (mid 1990s (did these really turn up NO lynx [or no evidence of resident lynx]?
- hard to imagine that was the case), early 2000, 2015-17), provided spatial habitat data for our analysis of
telemetry data, and provided financial support of research (note funding also provided by conservation based
NGOs), (didn't private landowners/timber companies bail out of HCP or other conservation efforts when it
was clear we were going to designate CH there in 2008-09?) 

·         Private landowners provided the USFWS with current and projected future amounts of habitat for lynx
and snowshoes during critical habitat designation (providing acres and ages of clear-cuts is not a
conservation effort or regulation and does not demonstrate adequacy of existing regulations),

·         3.8 million acres of private land has been protected in easement since listing;  most of that acreage is
found in areas that support lynx, (3.8 million acres would be about 53% of the Maine unit - do we [you]
disagree that these easements are benefiting/have benefited lynx? Or is it related to the details, duration,
certainty of implementation of the easement agreements?) 

·         Research of lynx habitat use is shared with landowners for incorporation into their forest management
plans to meet their wildlife management goals and required for forest certification (meeting their wildlife
management goals and getting/maintaining certification does not necessarily translate into adequate and
certain lynx protections/conservation/regulations)

 

Although some question on the impact of  the Maine Forest Practices Act (1989) on future
amounts of lynx habitat have been raised by  a recent habitat model from the University of Maine,
snow track surveys conducted periodically in Maine indicate that this model is likely conservative
(see slide 29 in Maine status report overlays 2005 and 2015 lynx detection with 2004 model
projections).  Regardless of whether future projections are conservative or not,  it is important to
know that projections remain above historic levels (see page 154 in Simmons 2009 dissertation).
 (Not sure how to respond to this, so you can rebut, Mark....)

Let me know if I missed or misstated anything or if you have additional thoughts/clarifications.

I can just delete that sentence from the report, but we should be prepared to explain to Jen and her supervisors
why we have done so (why we did not adopt all her recommendations, edits, etc.

Thanks again for your time and your passion on this topic!

Jim

On Wed, Mar 16, 2016 at 10:17 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:  My apologies for the adverse reaction to the last sentence in your first paragraph.  I
do not support this statement and explain why.  thanks,  Mark

On Wed, Mar 16, 2016 at 11:30 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
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Sorry Mark - I should have just attached them as a word doc - I have this time.  I think your comments are
ont he earlier version or Jen's version attached to her email.

Both - please see the changes in green on the attached doc (2016 03 16 for Mark Tam review)- the new
paragraphs 2 and 3 of the Synthesis section.

On Wed, Mar 16, 2016 at 9:19 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim and Tam:

See attached.  My comments on only the two paragraphs in synthesis section.

Mark

On Wed, Mar 16, 2016 at 10:56 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Mark and Tam,

In response to some of Jen's comments below and on the draft workshop report, I've revised part of the
Synthesis section of the report, and I need to know if you both are OK with the changes.

Could you both please review the current 2nd and 3rd paragraphs under the Synthesis heading in the
report on the drive and get back to me as soon as you can regarding my suggested changes/additions (in
green)?

Thanks!

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Thu, Mar 10, 2016 at 11:50 AM
Subject: Fwd: Requested Review of DRAFT Final report for the Canada lynx
Expert Elicitation Workshop
To: Mark McCollough <mark_mccollough@fws.gov>
Cc: Tamara Smith <tamara_smith@fws.gov>, Bryon Holt <bryon_holt@fws.gov>,
Kurt Broderdorp <kurt_broderdorp@fws.gov>, Mary Parkin
<mary_parkin@fws.gov>, Jonathan Cummings <jwcummings@usgs.gov>, Heather
Bell <heather_bell@fws.gov>

Hi Team:

See Jen Vashon's comments on the workshop report.  I haven't even opened the document yet - wanted
to get it to Mark right away, as I'm sure he will need to look at and that he and I may need to discuss
very soon.  I'll also add it to the file on the SSA drive.  I'm working on finishing the changes in the
report received from other experts and will need to address Jen's before finalizing.  Most of the others
were minor.  Jodi is checking into who will review the workshop report in R6 but hopes to have the
final by next Fri.

Also working with Jodi on a briefing/webinar for ARDs. 
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Hope everyone who was traveling is back home safe and sound.  I had a Cooper's hawk fly very close
overhead as I skirted downtown Denver while racing Bryon to the airport yesterday - based on the
dejection I detected in its flight attitude, I suspect it had either just missed a pigeon or was returning
from an SSA work session (kidding - it was fun!).

Talk to you soon (next Tues. - same bat time; same bat channel).

Thanks again for the time, effort, dedication, and good cheer!

 
---------- Forwarded message ----------
From: Vashon, Jennifer <Jennifer.Vashon@maine.gov>
Date: Thu, Mar 10, 2016 at 11:27 AM
Subject: RE: Requested Review of DRAFT Final report for the Canada lynx Expert
Elicitation Workshop
To: Jodi Bush <jodi_bush@fws.gov>, "Zelenak, Jim" <jim_zelenak@fws.gov>

Hi Jim and Jodi,

 

Thank you for the opportunity to comment on the draft, my comments are attached with
track changes and comment boxes.

 

A couple of overarching items for the document.  

 

1.        I know that consensus isn’t necessarily the desired outcome, but there are a few
places where there may be unintentional inconsistent statements that need to be
reviewed and rectified when appropriate –see edits/comment boxes 

2.       Some technical terms need to be defined before describing findings so the
reader can better interpret results (see edits/comments)

3.       Context needed throughout the document.  Often the most important areas in the
DPS have very clear findings on current/future status, threats, etc.,  that can be
articulated in a few concise sentences, where  a few areas have more uncertainty or
concerns that leads to lengthier discussion.  Without the context of the relative
importance of these often smaller more isolated areas (e.g. GYA), the lengthy
discussion suggests that it is an important issue to persistence of lynx in the DPS. 
Please put these more isolated smaller population in context for the reader- done in
some place but not consistent throughout document.  

4.       Maine status report –

a.       Missing relevant data- demographic changes over time, hare
densities, initial occupancy results – see edits in attached
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b.      Mixed scale of FIA data from two slides in presentation –
summarized statewide estimates (18 million acres of forest) with
northern Maine estimates (3 million acres of S/F),  but as written
implied 3 million acres of s/f statewide.   See rewrite in attached

c.       Incorrectly stated what was presented  on habitat management
and private lands issues (see edit)

I think addressing these point would provide clarity on the expert panels opinions on the
current and future status of lynx and the relative importance of different areas.  I thought
the conclusion and synthesis sections were clear, but perhaps the challenge of
summarizing notes hindered the readability in some places.

 

A final comment regarding regulations on private land. Although the report and
presentation at the workshops indicates that listing was due to inadequate management
on federal lands and addresses what has been accomplished since listing,  a question was
raised on whether regulations on private lands were needed.  The facilitator asked species
experts to address during status updates.   This question is mentioned in the report at
least twice and should include expert input. For example, the last slide in Maine’s status
report presentation addresses this question.  I also summarize again below.

 

Since listing, Maine’s lynx population found mostly on private land has not only increased,
but is also at an historic high without additional regulation.  In addition, cooperation
between private landowners and State and Federal partners on lynx conservation over
the last several decades further demonstrates that additional regulations are unnecessary
and would be likely counterproductive to lynx conservation.  Specifically:

·         Private landowners have supported long-term monitoring of lynx in
Maine by permitting  MDIFW biologist access to capture, radiocollar
and monitor lynx in northern Maine and conduct extensive range wide
periodic track surveys (mid 1990s, early 2000, 2015-17), provided spatial
habitat data for our analysis of telemetry data, and provided financial
support of research (note funding also provided by conservation based
NGOs), 

·         Private landowners provided the USFWS with current and projected
future amounts of habitat for lynx and snowshoes during critical habitat
designation,

·         3.8 million acres of private land has been protected in easement
since listing;  most of that acreage is found in areas that support lynx,

·         Research of lynx habitat use is shared with landowners for
incorporation into their forest management plans to meet their wildlife
management goals and required for forest certification



 

Although some question on the impact of  the Maine Forest Practices Act (1989) on
future amounts of lynx habitat have been raised by  a recent habitat model from the
University of Maine, snow track surveys conducted periodically in Maine indicate that this
model is likely conservative (see slide 29 in Maine status report overlays 2005 and 2015
lynx detection with 2004 model projections).  Regardless of whether future projections
are conservative or not,  it is important to know that projections remain above historic
levels (see page 154 in Simmons 2009 dissertation). 

 

Thanks again for the opportunity to comment. I hope you find it helpful.

 

Best,

Jen

 

From: Vashon, Jennifer 
Sent: Thursday, March 10, 2016 11:40 AM
To: 'Jodi Bush'; 'Zelenak, Jim'
Subject: RE: Requested Review of DRAFT Final report for the Canada lynx Expert Elicitation
Workshop

 

I finished my review last night, will send shortly.  Sorry for the delay.

 

From: Vashon, Jennifer 
Sent: Monday, March 07, 2016 10:56 AM
To: 'Jodi Bush'
Subject: RE: Requested Review of DRAFT Final report for the Canada lynx Expert Elicitation
Workshop

 

Thanks Jodi!

 

From: Jodi Bush [mailto:jodi_bush@fws.gov] 

mailto:jodi_bush@fws.gov


Sent: Sunday, March 06, 2016 2:29 PM
To: Vashon, Jennifer
Subject: Re: Requested Review of DRAFT Final report for the Canada lynx Expert Elicitation
Workshop

 

Go ahead. Thanks for checking. JB 

Sent from my iPhone

On Mar 4, 2016, at 4:44 PM, Vashon, Jennifer <Jennifer.Vashon@maine.gov>
wrote:

Hi Jodi,

I was away on travel last week and busy with duties related to travel, so I
wasn’t able to start my review until this week.  The summary of the expert
elicitation portion is quite complex and taking more time than I thought.  I’m
hoping that there is perhaps a bit more time to get comments in.  If so, I’ll
do my best to get my comments in early next week.

 

Thanks and have a great weekend!

Jen

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Thursday, February 18, 2016 1:53 PM
To: jeff.bowman@ontario.ca; scatton@fs.fed.us; kmckelvey@fs.fed.us;
erin.simons@maine.edu; Vashon, Jennifer; Ron Moen; jsquires@fs.fed.us; Jay
Kolbe; Maletzke, Benjamin T (DFW); Jake Ivan - DNR; Jackson, Scott -FS;
michaelkschwartz@fs.fed.us; karen.hodges@ubc.ca; Josh Lawler;
cwilsey@auubon.org; freli001@umn.edu; asiren; Jim Zelenak
Subject: Requested Review of DRAFT Final report for the Canada lynx Expert
Elicitation Workshop

 

 

Dear Canada Lynx Expert Panelists and Workshop Presenters:

 

Please find attached the DRAFT Final report for the Canada lynx
Expert Elicitation Workshop held in Minneapolis in October. We
request your review of the draft report, particularly with regard to our
summary of your presentation and participation in the elicitation
exercises at the workshop in order to ensure that we have accurately
captured your input.  Because this draft report has not been briefed
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beyond the SSA Team and participating Service field offices, and to
avoid confusion when we make the final report broadly available to
State, Tribal and Federal partners and the public, we ask that you not
distribute this draft to others in or outside of your agency. 

 

Further, because report appendices are many and large, they are not
currently attached to this review draft.  When we finalize the report
after your reviews, we will post the report and all appendices
electronically and provide the links to them.  You have previously
received most of the the appendices, including presentations and draft
workshop notes.  However, if you need any of the appendices for your
review, or if you have any questions regarding this request, please email
or call Jim Zelenak of my staff at jim_zelenak@fws.gov, or 406-449-
5225 Ext. 220.

 

We greatly appreciate your participation in the workshop and your
review of the draft report.  Please return any comments or
recommendations, via Track Changes of the attached draft, to Jim no
later than Friday, March 4.  Thank you.  JB

 

 

Jodi L. Bush

Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1

mailto:jim_zelenak@fws.gov


Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
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mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Zenone, Patricia
To: Murphy, Wally
Subject: Re: Lynx SSA Update
Date: Monday, March 28, 2016 7:11:18 AM

Thank you for forwarding these lynx notices, Wally!

On Mon, Mar 28, 2016 at 6:51 AM, Murphy, Wally <wally_murphy@fws.gov> wrote:

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Mon, Mar 28, 2016 at 6:35 AM
Subject: Re: Lynx SSA Update
To: bob.broscheid@state.co.us, craig.mclaughlin@state.co.us, Jake Ivan - DNR
<Jake.ivan@state.co.us>, "Odell, Eric" <eric.odell@state.co.us>, "Moore,Virgil"
<virgil.moore@idfg.idaho.gov>, "Dustin Miller (dustin.miller@osc.idaho.gov)"
<dustin.miller@osc.idaho.gov>, Joshua Uriarte <Joshua.Uriarte@osc.idaho.gov>,
"Sallabanks,Rex" <rex.sallabanks@idfg.idaho.gov>, Sam Eaton
<Sam.Eaton@osc.idaho.gov>, Chandler.woodcock@maine.gov, "Connolly, James"
<James.Connolly@maine.gov>, "Vashon, Jennifer" <jennifer.vashon@maine.gov>,
moritzw@michigan.gov, DNR-Wildlife@michigan.gov, bumpa@michigan.gov,
kennedyd@michigan.gov, commissioner.dnr@state.mn.us, Ed.Boggess@state.mn.us,
Paul.Telander@state.mn.us, "Baker, Richard (DNR)" <richard.baker@state.mn.us>, "Erb,
John D (DNR)" <john.erb@state.mn.us>, jhagener@mt.gov, JTubbs@mt.gov, "McDonald,
Ken" <kmcdonald@mt.gov>, "Inman, Bob" <bobinman@mt.gov>, Jay Kolbe
<jkolbe.fwp@gmail.com>, seggeman@mt.gov, "Baty, Ross" <rbaty@mt.gov>,
glenn.normandeau@wildlife.nh.gov, Mark.Ellingwood@wildlife.nh.gov,
Jill.Killborn@wildlife.nh.gov, William.Staats@wildlife.nh.gov,
Patrick.Tate@wildlife.nh.gov, alexandra.sandoval@state.nm.us, stewart.liley@state.nm.us,
rick.winslow@state.nm.us, "Stuart, James N., DGF" <james.stuart@state.nm.us>,
patricia.riexinger@dec.ny.gov, "Jensen, Paul G (DEC)" <paul.jensen@dec.ny.gov>,
curt.melcher@state.or.us, Gregory Sheehan <GregSheehan@utah.gov>, Kimberly Hersey
<kimberlyasmus@utah.gov>, louis.porter@state.vt.us, mark scott <mark.scott@state.vt.us>,
"Bernier, Chris" <Chris.Bernier@state.vt.us>, director@dfw.wa.gov, cpl@dnr.wa.gov,
"Lewis, Jeffrey C (DFW)" <Jeffrey.Lewis@dfw.wa.gov>, "Maletzke, Benjamin T (DFW)"
<Benjamin.Maletzke@dfw.wa.gov>, cathy.stepp@wisconsin.gov,
kurt.thiede@wisconsin.gov, Sanjay.Olson@wisconsin.gov, Tom.Hauge@wisconsin.gov,
Erin.Crain@wisconsin.gov, Owen Boyle <Owen.Boyle@wisconsin.gov>, "Roberts, Nathan
M - DNR" <NathanM.Roberts@wisconsin.gov>, Johnf.olson@wisconsin.gov,
David.MacFarland@wisconsin.gov, John.White@wisconsin.gov, scott.talbot@wyo.gov,
Bob Lanka <bob.lanka@wyo.gov>, Zack Walker <zack.walker@wyo.gov>, Nichole
Bjornlie <nichole.cudworth@wyo.gov>, derek.j.broman@state.or.us,
john.kanter@wildlife.nh.gov
Cc: Seth Willey <seth_willey@fws.gov>, Jodi Bush <jodi_bush@fws.gov>, Heather Bell
<heather_bell@fws.gov>, Mary Parkin <mary_parkin@fws.gov>, Jonathan Cummings
<jwcummings@usgs.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>, Bryon Holt
<bryon_holt@fws.gov>, Kurt Broderdorp <kurt_broderdorp@fws.gov>, Mark McCollough
<mark_mccollough@fws.gov>, Tamara Smith <tamara_smith@fws.gov>, Brady McGee
<brady_mcgee@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>, Lisa Mandell
<lisa_mandell@fws.gov>, Ann Belleman <ann_belleman@fws.gov>, Lisa Solberg Schwab
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<lisa_solbergschwab@fws.gov>, Ann Timberman <ann_timberman@fws.gov>, Anthony
Tur <Anthony_Tur@fws.gov>, Brad Thompson <brad_thompson@fws.gov>, Chris
Mensing <chris_mensing@fws.gov>, David Stilwell <David_Stilwell@fws.gov>, Drue
DeBerry <drue_deberry@fws.gov>, Eric Hein <Eric_Hein@fws.gov>, Eric Rickerson
<eric_rickerson@fws.gov>, Grant Canterbury <Grant_Canterbury@fws.gov>, Jeff Krupka
<jeff_krupka@fws.gov>, Karl Halupka <Karl_Halupka@fws.gov>, Kate Novak
<kate_novak@fws.gov>, Kim Garner <kim_garner@fws.gov>, Larry Crist
<Larry_Crist@fws.gov>, Laura Ragan <Laura_Ragan@fws.gov>, Leslie Ellwood
<leslie_ellwood@fws.gov>, Mark Maghini <mark_maghini@fws.gov>, Mark Sattelberg
<Mark_Sattelberg@fws.gov>, Martin Miller <Martin_Miller@fws.gov>, Megan Kosterman
<megan_kosterman@fws.gov>, Michelle Eames <michelle_eames@fws.gov>, Paul Casey
<paul_casey@fws.gov>, Paul Henson <paul_henson@fws.gov>, Peter Fasbender
<peter_fasbender@fws.gov>, Rollie White <rollie_white@fws.gov>, Sarah Hall
<sarah_hall@fws.gov>, Scott Hicks <scott_hicks@fws.gov>, Steve Duke
<steve_duke@fws.gov>, Sue Livingston <sue_livingston@fws.gov>, Tom Chapman
<Tom_Chapman@fws.gov>, Tyler Abbott <Tyler_Abbott@fws.gov>, Wally Murphy
<wally_murphy@fws.gov>, Dennis Mackey <Dennis_Mackey@fws.gov>

Trying this again as I just learned I had about 100 non-delivery" emails waiting for me this morning.

Call-in and webinar info for the monthly lynx coordination call are below.

Jim

On Fri, Mar 25, 2016 at 1:21 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

We will hold the monthly lynx SSA State coordination/update call next Wednesday, March 30, at 1 PM
Mountain Time.

Call-in: 866-822-7385
Passcode: 5396168

We will also provide a summary of some of the results from the expert workshop and next steps via webinar:

You are invited to join a meeting hosted by  BRENT  ESMOIL. Meeting details are listed below.

Meeting Date: 03/30/2016 
Meeting Time: 1:00 PM MOUNTAIN TIME

Instant Net Conference Details:
-------------------------------
Meeting Number:          446939152
Meeting Passcode:        
Meeting Host:             BRENT  ESMOIL

Join Instructions for Instant Net Conference:

1. Join the meeting now:
http://www.mymeetings.com/nc/join.php?sigKey=mymeetings&i=446939152&p=&t=c
2. Enter the required fields.
3. Indicate that you have read the Privacy Policy.
4. Click on Proceed.
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Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Wally Murphy
NMESFO Supervisor
505/761-4781
CP 505/480-4821

'it had long since come to my attention that people of accomplishment rarely sat back and let
things happen to them. They went out and happened to things." Leonardo Da Vinci 
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From: Zelenak, Jim
To: Sallabanks,Rex
Subject: Re: Lynx SSA Update
Date: Wednesday, March 30, 2016 1:51:39 PM

We haven't determined that yet, Rex.  Despite the timeline crunch, I think that 30 days is realistic for peer review
and expect we'd allow the same for States.  Not my call though, but I'll let you know what I hear.

On Wed, Mar 30, 2016 at 1:41 PM, Sallabanks,Rex <rex.sallabanks@idfg.idaho.gov> wrote:

Jim,

 

How long do you anticipate giving the States and other partners to review the workshop report
and the SSA report?  30 days or something different?

 

Thanks, Rex.

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Monday, March 28, 2016 6:36 AM
To: bob.broscheid@state.co.us; craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric;
Moore,Virgil; Dustin Miller (dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam Eaton;
Chandler.woodcock@maine.gov; Connolly, James; Vashon, Jennifer; moritzw@michigan.gov; DNR-
Wildlife@michigan.gov; bumpa@michigan.gov; kennedyd@michigan.gov;
commissioner.dnr@state.mn.us; Ed.Boggess@state.mn.us; Paul.Telander@state.mn.us; Baker, Richard
(DNR); Erb, John D (DNR); jhagener@mt.gov; JTubbs@mt.gov; McDonald, Ken; Inman, Bob; Jay
Kolbe; seggeman@mt.gov; Baty, Ross; glenn.normandeau@wildlife.nh.gov;
Mark.Ellingwood@wildlife.nh.gov; Jill.Killborn@wildlife.nh.gov; William.Staats@wildlife.nh.gov;
Patrick.Tate@wildlife.nh.gov; alexandra.sandoval@state.nm.us; stewart.liley@state.nm.us;
rick.winslow@state.nm.us; Stuart, James N., DGF; patricia.riexinger@dec.ny.gov; Jensen, Paul G
(DEC); curt.melcher@state.or.us; Gregory Sheehan; Kimberly Hersey; louis.porter@state.vt.us; mark
scott; Bernier, Chris; director@dfw.wa.gov; cpl@dnr.wa.gov; Lewis, Jeffrey C (DFW); Maletzke,
Benjamin T (DFW); cathy.stepp@wisconsin.gov; kurt.thiede@wisconsin.gov;
Sanjay.Olson@wisconsin.gov; Tom.Hauge@wisconsin.gov; Erin.Crain@wisconsin.gov; Owen Boyle;
Roberts, Nathan M - DNR; Johnf.olson@wisconsin.gov; David.MacFarland@wisconsin.gov;
John.White@wisconsin.gov; scott.talbot@wyo.gov; Bob Lanka; Zack Walker; Nichole Bjornlie;
derek.j.broman@state.or.us; john.kanter@wildlife.nh.gov
Cc: Seth Willey; Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon
Holt; Kurt Broderdorp; Mark McCollough; Tamara Smith; Brady McGee; Jeffrey Dillon; Lisa Mandell;
Ann Belleman; Lisa Solberg Schwab; Ann Timberman; Anthony Tur; Brad Thompson; Chris Mensing;
David Stilwell; Drue DeBerry; Eric Hein; Eric Rickerson; Grant Canterbury; Jeff Krupka; Karl Halupka;
Kate Novak; Kim Garner; Larry Crist; Laura Ragan; Leslie Ellwood; Mark Maghini; Mark Sattelberg;
Martin Miller; Megan Kosterman; Michelle Eames; Paul Casey; Paul Henson; Peter Fasbender; Rollie
White; Sarah Hall; Scott Hicks; Steve Duke; Sue Livingston; Tom Chapman; Tyler Abbott; Wally
Murphy; Dennis Mackey
Subject: Re: Lynx SSA Update

 

Trying this again as I just learned I had about 100 non-delivery" emails waiting for me this
morning.
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Call-in and webinar info for the monthly lynx coordination call are below.

 

Jim

 

On Fri, Mar 25, 2016 at 1:21 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

Hi All:

 

We will hold the monthly lynx SSA State coordination/update call next Wednesday, March
30, at 1 PM Mountain Time.

 

Call-in: 866-822-7385

Passcode: 5396168

 

We will also provide a summary of some of the results from the expert workshop and next steps via webinar:

 

You are invited to join a meeting hosted by  BRENT  ESMOIL. Meeting details are listed below.

 

Meeting Date: 03/30/2016 

Meeting Time: 1:00 PM MOUNTAIN TIME

 

Instant Net Conference Details:

-------------------------------

Meeting Number:          446939152

Meeting Passcode:        

Meeting Host:             BRENT  ESMOIL

 

Join Instructions for Instant Net Conference:

mailto:jim_zelenak@fws.gov


 

1. Join the meeting now:

http://www.mymeetings.com/nc/join.php?sigKey=mymeetings&i=446939152&p=&t=c

2. Enter the required fields.

3. Indicate that you have read the Privacy Policy.

4. Click on Proceed.

 

Thanks,

 

Jim

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

http://www.mymeetings.com/nc/join.php?sigKey=mymeetings&i=446939152&p=&t=c
mailto:jim_zelenak@fws.gov


Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


Chapter 4. Risk Factors. 

4.X Climate change 

Climate change was not considered as a threat to lynx at the time of lising (FR 2000, 2003), but 
has subsequently been acknowledged by the Service as a stressor to Canada lynx (FR X, Y) and 
the most important and overarching factor influencing resiliency of the DPS (Fig. X) (Workshop 
report 2016, Lynx BioTeam 2013).  Based on a general circulation climate model, Kerr and 
Packer (1998) predicted that lynx would be among the 25 mammal species in Canada likely to 
undergo significant losses of habitat, with accompanying decreases in population size.  Climate 
change is likely to be exacerbated at the southern edge of the range where habitat and snow 
conditions are patchy and becoming increasingly marginal for the continued existence of lynx 
(Gonzales et al. 2007).  Across North America, a significant decrease in winter snow cover 
extent and increasing ratio of rain/snow precipitation, especially in winter, has resulted in 
reduced persistent of snowpack (Dyer and Mote 2006), increased snow density (Dudley and 
Hodgkins), and decrease in the extent of deeper snowpacks (Dyer and Mote 2006, Brown 2000). 
Climate change models suggest that future snow cover in the contiguous United States will be 
further reduced in extent and distribution (McKelvey et al. 2011). Lynx habitat (boreal forest 
with appropriate snow conditions) could decrease by up to two-thirds in the lower 48 U.S. and 
one-fifth across the continent by 2100 (Gonzales et al. 2007).  These trends indicate the range of 
the lynx in the DPS is likely to contract, and three or four of 6 units could be lost by the end of 
the century (Workshop report 2016). 

Climate change is affecting the many of the requirements necessary for the continued existence 
of lynx in the DPS and in the core of their range in Canada and Alaska (Fig. X).  Climate 
warming will continue to significantly stress populations into the foreseeable future. Effects on 
lynx, hares, and their habitat include: 
1. dampened amplitude or loss of hare cycles (Hone et al. 2011, Yan et al. 2013) and loss of 

synchronicity in hare cycles (XXX); 
2. diminished snow conditions (reduced depth, quality, persistence) that a) reduce the extent of 

deep snow habitat available to lynx (Knowles et al. 2006, Carroll 2007, McKelvey et al. 
2011, Lynx BioTeam 2012 p. 69, Gonzales et al. 2007), b) reduce lynx hunting efficiency 
(Stenseth et al. 1999, 2004), the effects of which then cascade down through snowshoe hares 
to plants in the boreal system (Stenseth et al. 1999, Krebs et al. 2001b), c) favor community 
changes with increasing competitors (bobcat, coyotes) and predators (fishers, wolves, 
cougars), and d) reduces the amount of browse available to overwintering hares (Keith 1983) 
and their survival (Meslow and Keith 1971); 

3. increased summer precipitation in eastern North America (Jacobson et al. 2009, Yan et al. 
2013) that reduces hare survival, 

4. decreased summer precipitation in central and western North America (Inkley et a. 2004) 
5. mismatch in the phenology of hare pelage change that reduces hare survival (Mills et al. 

2013, 2014); 
6. upward shifts in elevation (Danby and Hik 2007) or northward shifts in latitudinal 

distribution of boreal habitat and snow conditions able to support lynx (Sturm et al. 2001, 
Rosenzweig et al. 2007, Gonzales et al. 2007) , 



7. diminished and more fragmented spruce-fir habitat (Prasad et al. 2007, Iverson et al. 2008, 
Olinger et al. 2008, Tang and Beckage 2010, Seymour 1992, Simons 2009, Rustad et al. 
2012), 

8. changes in the frequency and pattern of disturbance events that create or destroy lynx habitat 
(e.g., fire, hurricanes, insect outbreaks)(Cohen and Miller 2001, McKenzie et al. 2004, 
Westerling et al. 2006, Raffa et al. 2008), 

9. introduction of disease and parasites; and  
10. reduced gene flow (e.g., deteriorating ice conditions on the St. Lawrence River linking 

Maine populations with Canada (Koen et al. 2014) and interchange of populations east and 
west of Hudson’s Bay (Stenseth et al. 2004)).   

Synergetic effects between these factors and other stressors (e.g., forest management, 
development) may intensify their effects (Carroll 2007). Some climate factors are believed to 
currently be the most important stressors for lynx in the DPS (Fig. X), but it is possible that 
other pathways are, or may become, equally important. 
 
The effects of climate warming are already occurring and have accelerated over the past three to 
four decades (Hansen et al. 2006).  Temperature trends to date are tracking higher emissions 
models in many areas of North America occupied by lynx (citation).  Major climate pathways 
(North Atlantic Oscillation, Southern Oscillation Index, and northern hemispheric temperature) 
are changing, and they influence the climate and snow conditions throughout the geographic 
range of the lynx (Stenseth et al. 1999, Krebs et al. 2001b, Huntington et al. 2003). Climate 
factors are causing the dampening or disappearance of snowshoe hare and lynx cycles in Canada 
(Yan et al. 2013) noted in the Lynx Workshop Report (2016 p. X).  This is of concern because 
most of the populations of lynx in the DPS are believed to be dependent on periodic immigration 
from Canada for demographic persistence and genetic stability.  Over the next decades, southern 
lynx population inevitably will be affected by climate change and associated shifts in habitat, 
prey base, and competition.  The extent of such changes and whether lynx are able to adapt to 
them will determine not how, but if, this species can persist in the DPS (Murray et al. 2008). 

The Service and conservation partners have limited ability to alter the trajectory or ameliorate the 
effects of climate change.  However, recovery planning would provide insights on ways to 
implement adaptation measures to improve the likelihood of persistence of lynx and hares in the 
DPS. 

Near-term effects of climate warming on lynx are more certain than long-term effects.  Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six units 
primarily because of the effects of climate warming (Workshop report 2016 p. X).  The rates of 
change and magnitude of effects of climate warming is difficult to predict.  Climate change is 
anticipated to affect each unit differently as summarized below.    

Fig. X. effects pathway of climate warming on lynx, snowshoe hare, and boreal habitat (insert 
new figure when complete) 



 

Maine Unit 

Key climate factors affecting persistence of lynx hare  
Current status of key factors trends in snow depth, persistence, winter rain events; boreal habitat; 
competitors (bobcat, fisher) 
Future trends in factors, evidence of tracking high-med-low climate models 
 
The direct and indirect effects of climate warming are expected to affect lynx in the Northeast 
more severely than other units (A. Siren, Workshop report 2016 p.XX) and could further restrict 
their distribution (Hoving 2002, Hoving et al. 2005).  Climate change is affecting the Northeast 
and the rate of change is faster than expected (Rustad et al. 2014).  Rapid winter warming in 
recent decades is believed to be caused by reduced albedo feedback caused by reduced snow 
duration (Hayhoe et al. 2006). Average winter temperatures are increasing 0.42-0.46o C/decade 
with the greatest warming occurring in the coldest months of winter (January, 
February)(Burakowski et al. 2008).  Northeast climate models predict average winter 
temperature increasing 2.0oC (low emission) to 2.9oC (high emission) by mid-century and 3.1oC 
(low emissions) to 5.3oC (high emissions) by late century (Notaro et al. 2014).  Largest increases 
are expected in northern Maine (A. Siren, Worskshop Notes 2016, Rawlins et al. 2012) where 
temperatures may increase 4.5-5.0o F by 2050 (Fernandez et al. 2015 check). Moderate 
emissions scenarios predict a loss of snow and boreal forest conditions able to support lynx by 
the end of the century (Carroll 2007, Gonzales et al. 2007).  In response to climate change, 
interest in wind development has escalated in northern and western Maine increasing threats to 
high elevation and potential spruce-fir refugia (Whitman et al. 2013).  

Climate conditions are at or falling below threshold values needed to support lynx in Maine.  

• Lynx require at least four months (120 days) of continuous snow coverage (Gonzales et 
al. 2007).  Snow cover days in northern New England (19XX-20XX) ranged from 60-121 
days and declined an average of 3.6 days/decade (Burakowski et al. 2008). Snow duration 
declined by 16 days in the Northeast 1970 to 2001 (Wake 2005) and is expected to 
diminish another two weeks in Maine by mid-century (Fernandez et al. 2015).  Snow 
duration is expected to diminish by 25% (low emissions) to 50% (high emissions) of 



current conditions by the end of the century (Hayhoe et al. 2006). Similarly, Notaro et al. 
(2014) projected an average decrease of 28 days (low emission) to 47 days of snow cover 
(high emissions) by the end of the century. 

• Lynx in the Northeast and eastern Canada require a threshold of 270 cm/yr (106 in/yr; 
Hoving et al. 2005), which defines the distribution of lynx and bobcat in this region 
(Hoving et al. 2005, Carroll 2007, (Peers et al. 2013).  Average annual snow depth at 5 
weather stations in northern Maine (1981-2010) was below this threshold, 228-263 cm 
(NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html last 
accessed 31 March, 2016). In the last 50 years, 18 of 23 snow sampling sites in and near 
Maine had reductions in snowpack depth (Hodgkins and Dudley 2006). Snow depth in 
New England (1965-2005) declined an average of 4.6 cm/decade (Burakowski et al. 
2008). By the end of the century, large areas of the Northeast will experience 15% (low 
emission) to 25% (high emissions) reduced snowfall (Ning and Bradley 2015).  Similarly, 
by the end of the century Notaro et al. (2014) projected average snow declines in the 
North Atlantic LCC of 59 cm (31%) (low emissions) to 92 cm (48%) (high emissions) as 
more precipitation falls in the form or rain than snow well below the threshold needed to 
support lynx. 

• Lynx and snowshoe hare require deep, fluffy snow (FR XXX), which provides lynx with 
a competitive advantage over bobcats (XXXXX) and hares the ability to reach winter 
browse (XXXXX). Snow depth has been declining in the Northeast in recent decades. 
Since 1975 there has been a significant decrease in winter snow cover extent and extent 
of deeper snowpack (Huntington and Hodges).  Since XXXX, snow depth has declined 
by 16% (Hodgkins) and is declining at a rate of 4.6 cm/decade (Huntington and Hodges).     

Snow quality (‘fluffiness”) has deteriorated in the Northeast. Unlike other units, annual 
precipitation in Maine is increasing because of climate change, but primarily as rain (A. 
Siren, Workshop Notes 2016, XXXX, Fernandez et al. 2016), and especially rain on 
snow events in winter in northern Maine (Huntington and Hodgkins 2004, Deser et al. 
2013, Fernandez et al. 2015).  Winter precipitation in Maine is likely to increase by 10 to 
15% by the end of the century (Hayhoe et al. 2006) with a greater proportion of winter 
precipitation falling as rain (Huntington et al. 2004, Hayhoe et al. 2007, Ning and 
Bradley 2015).  Snow density and compaction (caused by wet, heavy snow or rain on 
snow events in winter) has increased in northern New England (Dudley and Hodgkins 
2002, Huntington et al. 2004, Huntington 2005, Hodgkins and Dudley 2006) and 
southern Canada (Karl et al. 1993).   

Boreal coniferous forests are predicted to decline in northern New England (Iverson et al. 2008, 
Ollinger et al. 2008, Whitman et al. 2013).  Even under the lowest emissions scenarios, spruce-fir 
forest would be greatly reduced by 2100 (Williams and Liebhold 1997, Prasad et al. 2007), 
although some may persist at highest elevations (Tang and Beckage 2010) and along the coast 
(Jacobson et al. 2009).  Mechanisms of injury to spruce-fir include winter injury from freeze-
thaw cycles weaken, spring drought (from reduced snowpack), and reduced seed germination 
(Perfect et al. 1987, Auclair et al. 2010).  However, trees migrate slowly and are long-lived. 
Therefore, a time lag is expected in shifting forest composition from spruce-fir to northern 
hardwoods (Mohan et al. 2009, Zhu et al. 2012).  Hardwood composition of northern Maine is 
increasing (Seymour 1992, Simons 2009) and spruce budworm outbreaks and frequent 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html


disturbance from forest management could accelerate conversion to northern hardwoods in 
northern Maine and eastern Canada (Flannigan et al. 2001, Gauthier et al. 2015).   
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Purpose  
The purpose of this report is to convey the results of an expert workshop convened by the U.S. 
Fish and Wildlife Service (Service) in October 2015 to improve our understanding of the status 
of the contiguous U.S. distinct population segment (DPS) of Canada lynx (Lynx canadensis).  
This workshop was held in conjunction with a species status assessment (SSA; see Appendix 
1) for the DPS.  The SSA, which will incorporate the best available scientific information on lynx, 
is needed to inform the Service’s response to a June 2014 court order to complete a recovery 
plan for the DPS by January 2018, or make a formal determination that a recovery plan is not 
necessary.   
 
The workshop was organized by a Lynx SSA Team consisting of Service and USGS staff who 
have developed and piloted implementation of the SSA framework, and Service biologists who 
are working on lynx throughout the range of the DPS.  In the interest of collaboration and 
transparency, this team partnered with State agencies, other Federal agencies, and academic 
researchers to elicit expert input regarding the current and likely future status of lynx populations 
within the DPS. 
  
Expert input is needed because the published scientific literature and other available information 
provide inadequate empirical data on many aspects of lynx population dynamics in the DPS 
range.  We lack sufficient information on the status, sizes, and trends of lynx populations and on 
threats to lynx habitats and those of their primary prey, snowshoe hares (Lepus americanus).  
We therefore designed a process to elicit and capture the knowledge, professional judgments, 
and opinions of lynx experts to help us assess the current status of, and the nature and 
magnitude of potential threats to, lynx populations and habitats within the DPS.  We also sought 
expert knowledge to help us evaluate the viability of the DPS (in terms of the “3 Rs” - 
redundancy, representation, and resiliency; see definitions below) under a range of future 
threats, habitat conditions, and climate scenarios, and to identify and make explicit areas of 
uncertainty and potential differences of opinion among experts. 
 
The results of the workshop will contribute to the SSA, which will compile and summarize the 
best available scientific and commercial data, including empirical data, published literature, and 
expert input.  This information will then be used by Service decision makers to inform 
classification decisions, recovery planning direction, and other determinations required by the 
Endangered Species Act (ESA). 

Background 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws.  Its long, 
black ear tufts and short, black-tipped tail distinguish the lynx from the similar bobcat (Lynx 
rufus), which is much more common in the contiguous U.S.  The lynx’s large feet and long legs 
make it highly adapted for hunting snowshoe hares in the deep or powdery snow that persists 
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across much of its boreal forest distribution, most of which occurs in Canada and Alaska.  
These adaptations provide lynx a competitive advantage over potential competitors, such as 
bobcats or coyotes (Canis latrans), which have much smaller feet and higher foot-loadings that 
prevent them from hunting efficiently in deep, powdery snow (McCord and Cardoza 1982, p. 
748; Buskirk et al. 2000, pp. 86–95; Ruediger et al. 2000, pp. 1–11; Ruggiero et al. 2000, pp. 
445, 450). 

The southern periphery of the boreal forest extends into parts of the northern contiguous U.S., 
where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 1, 3), 
deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40–41).  In the contiguous U.S., 
these transitional boreal forests become discontinuous and patchy, preventing both lynx and 
hares from broadly achieving densities similar to those of the northern boreal forests (Wolff 
1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and 
Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394).  These forests eventually become 
too fragmented and isolated in the contiguous United States to support hares at the landscape 
densities and distributions necessary to support lynx home ranges (Interagency Lynx Biology 
Team 2013, p. 77) or lynx populations over time.   

The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms.  
Specifically, at that time the Service believed that most lynx and lynx habitats occurred on 
national forests, and that the Land and Resource Management Plans that guided management 
of those forests included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat.  The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052).  In 2003, in response to a court memorandum opinion on the 2000 listing rule, the 
Service reaffirmed its determination of the lynx DPS and its status as threatened under the ESA 
(68 FR 40076).  The Service completed a recovery outline in 2005 (U.S. Fish and Wildlife 
Service 2005), designated critical habitat for the DPS in 2006 (71 FR 66008) and, in 2007, again 
in response to a court order, clarified its determinations of “significant portion of the range” and 
that all lynx in the contiguous U.S. constitute a single DPS (72 FR 1186).  Also in 2007, the 
Service initiated a 5-year status review of the DPS (72 FR 19549).  The Service revised the 
critical habitat designation for the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782). 

Although the Service identified the DPS as occurring in forested portions of 14 states (Colorado, 
Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, Oregon, Utah, 
Vermont, Washington, Wisconsin, and Wyoming) (65 FR 16052, 16085), it recognized at the 
time of listing that both lynx and the boreal forests that support them in the Lower 48 States are 
at the southern margins of their ranges, where habitats naturally become patchy and 
fragmented and snowshoe hare densities in many places are not consistently high enough to 
support resident lynx populations (65 FR 16052-59).  It also recognized that inherent limitations 
in historic occurrence information made it difficult to distinguish between areas that consistently 
supported resident populations; other areas that may have occasionally supported resident, 
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breeding lynx; and yet other areas that intermittently and temporarily contained dispersing or 
transient lynx but did not support lynx home ranges or reproduction (65 FR 16054-59).  Many 
lynx records in the DPS range seem to have been associated with cyclic “irruptions” of lynx from 
southern Canada into the northern contiguous U.S. when northern hare populations crashed, as 
they did historically every 8-11 years (Elton and Nicholson 1942, entire; McKelvey et al. 2000, 
entire; Mowat et al. 2000, pp. 281–294; Interagency Lynx Biology Team 2013, p. 33).  Lack of 
reliable information also precluded determination of sizes or trends of lynx populations within the 
DPS. 

Recent research and monitoring have improved our understanding of many aspects of lynx 
biology, distribution, and potential threats in the DPS.  However, we still lack reliable estimates 
of the sizes and important demographic rates of most populations.  Likewise, our understanding 
of the natural range and causes of variation in lynx and hare numbers, hare densities necessary 
to support resident lynx populations throughout the DPS, the influence of immigration of lynx 
from Canada on the demographic and genetic fitness of DPS populations, and the timing, 
extent, and magnitude of potential threats associated with climate change remains imperfect.  
The Lynx SSA Team organized this expert elicitation workshop to help fill some of these 
information gaps with the knowledge, professional judgments, and opinions of lynx experts. 

Currently, there are five geographic areas known to support resident lynx populations in the 
DPS:  northern Maine (with occasional/sporadic breeding by small numbers of lynx in 
northernmost New Hampshire and Vermont); northeastern Minnesota; northwestern Montana 
and northeastern Idaho; north-central Washington; and western Colorado (Figure 1).  The 
Greater Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming is 
believed to have historically (and as recently as 2003-04) supported a small but relatively 
persistent lynx population, but it is uncertain whether it currently supports any resident lynx. 
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Figure 1.  Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations.     

Expert Elicitation 

Workshop Protocol 
As mentioned under Purpose, above, the Lynx SSA Team convened the October 2015 
workshop to elicit expert knowledge and opinion on critical uncertainties regarding the current 
status and future viability of resident lynx populations within the DPS range, and thus the DPS 
as a whole.  To facilitate this, a 10-member panel of recognized lynx experts from across the 
DPS range first observed and discussed presentations by subject matter experts summarizing 
the current state of available information on topics relevant to lynx populations in the DPS (see 
Preparing Experts section below).  After subject matter presentations, members of the lynx 
expert panel presented updates on lynx populations in each of the six geographic areas 
described above under Background.  The subject matter and update presentations were 
intended to ensure that all lynx experts had a common baseline of information prior to the 
elicitation process.  
 
In accordance with the expert elicitation literature (e.g., Burgman 2005, USEPA 2011, Gregory 
et al. 2012, Drescher et al. 2013, Morgan 2014), we then used best practices to elicit opinions 
from the expert panel.  Although invited experts were expected to contribute openly and 
effectively to group discussions, we did not seek consensus among experts; rather, we probed 
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differences of opinion or interpretation of scientific and technical information.  We also asked 
experts and other participants to focus on scientific questions and to refrain from discussing or 
recommending management or policy decisions related to the Service’s authorities and 
responsibilities in implementing the ESA. 
   
In addition to the lynx expert panel and subject matter experts, workshop participants included 
members of the USFWS/USGS Lynx SSA Team, facilitators, and observers (see Appendix 2 for 
a full list of attendees and their respective roles).  As a basic ground rule, only members of the 
expert panel participated in the elicitation process, although panelists were encouraged to 
confer with the subject matter specialists and SSA Team members as needed.  All workshop 
participants were welcome to participate in discussions that ensued from review of panel 
responses to various questions.  Due to time constraints and to minimize interference with the 
elicitation process, observers were encouraged to write and submit “parking lot” questions, 
which were collected at the end of the first two days of the workshop and presented to lynx and 
subject matter experts for responses and discussion the following mornings (see workshop 
notes, Appendix 3).  The expert elicitation process was facilitated by USFWS and USGS 
structured decision making practitioners who encouraged open discussion among experts, 
structured input from both panelists and subject matter experts, and ensured that observers 
could witness the process without inappropriately influencing it. 

Identifying Experts 
 
SSA Team members reviewed the relevant literature and used their first-hand knowledge to 
identify experts involved in lynx and hare research or management, boreal forest ecology, and 
climate modeling.  We then developed a priori selection criteria based on professional 
credentials, positions, areas of expertise, and pertinent experience to develop a list of candidate 
lynx experts and other subject matter experts.  Selection criteria (below) helped ensure that 
invitations to participate were made only to scientists with expertise highly relevant to workshop 
topics and, further, that the selections were transparent, unbiased, and adequately captured the 
diversity of expertise and professional judgments related to the topics.  Selection was not based 
on affiliation with a particular organization or interested party; however, States and other 
partners were asked to review the draft list of workshop invitees and suggest alternate or 
additional qualified experts.  The SSA Team then invited experts who met the selection criteria 
and represented lynx expertise throughout the range of the DPS and in adjacent southern 
Canada.  The number of invited experts was necessarily limited to improve the efficiency and 
effectiveness of the elicitation process, avoid redundancy, maximize scientific discussion among 
all participants, and maintain an open, comfortable meeting environment.  

Expert Selection Criteria  

Expert panelist candidates had to meet all of the following criteria: 
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1.   Candidate must hold a graduate degree in a scientific discipline highly relevant to the 
workshop topics.  Typically this may include advanced degrees in wildlife biology, ecology, 
zoology, genetics, modeling, or statistical inference. 

2.  Candidate must hold a research position in government (State, Tribal, or Federal), academia, 
or in the nonprofit research sector; or participant must hold a governmental management 
agency position with responsibility for the species’ conservation. 

3.  Candidate must have expertise in the ecology or management of the species or related 
species, demonstrated by recent (within the past 10 years) peer-reviewed publications or 
related types of professional scientific expression. 

Candidates also had to meet one or more of the following criteria: 
  
4.  Candidate is directly engaged in the species’ management, monitoring, or analysis of 
populations or habitat. 

5.  Candidate is directly engaged in the study of a specific workshop topic. 

6.  Candidate is a government or academic research scientist with expertise in conservation 
biology, population or landscape ecology, genetics, or other relevant fields, as demonstrated by 
recent (within the past 10 years) peer-reviewed publications or related types of professional 
scientific expression. 

Using these criteria, the SSA Team identified 19 candidates for the lynx expert panel who were 
contacted to determine their interest and ability to attend the workshop (Appendix 4).  Among 
those both interested in and able to attend the workshop, the team extended invitations to 13 
candidates, 10 of whom ultimately participated as panelists and who together represent lynx 
expertise throughout the range of the DPS and in southern Canada.  Experts who could not 
attend this workshop may provide their expertise later in the SSA process as peer review 
experts.    

Preparing Experts 
Before the workshop, the SSA Team contacted all lynx experts and other subject matter experts 
by email and phone to discuss their roles and, for some, their willingness to prepare and deliver 
subject matter or lynx population status presentations at the workshop.  Correspondence with 
lynx and subject matter experts and other workshop participants explained the SSA framework 
and its application to the lynx DPS, the use of expert elicitation in SSAs, and the workshop’s 
purpose, ground rules, and draft agenda. 
 
At the workshop, the Service introduced the Lynx SSA Team, provided a brief overview of the 
SSA framework and its application to the lynx DPS, and outlined workshop objectives.  Prior to 
elicitation exercises, subject matter experts presented information on the historic and current 
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distribution of lynx in the contiguous U.S., regulatory mechanisms that apply to lynx on Federal 
lands, genetics considerations, lynx status and management in adjacent southern Canada, 
potential climate change impacts on boreal forest vegetation and snow conditions important to 
lynx, effects of forest management and policy on lynx habitat, and snowshoe hare ecology (see 
Subject Matter Presentations, below).  After these presentations, lynx expert panelists provided 
updates on lynx populations and habitats, research efforts, conservation measures, and 
potential threats to lynx in each of the six geographic areas (Fig. 1).  The subject matter and 
status-update presentations were intended to provide the expert panel with information that 
could inform their responses to elicitation questions and to ensure that the panelists shared a 
common understanding of the current status of lynx throughout the DPS.  All workshop 
presentations are included in Appendix 5 and are accessible at the Service’s Region 6 Canada 
lynx web page (http://www.fws.gov/mountain-prairie/es/canadaLynx.php). 

Subject Matter Presentations 

Canada Lynx Species Status Assessment, Expert Elicitation Workshop - Jim Zelenak, 
U.S. Fish and Wildlife Service, Montana Ecological Services Field Office, Helena, 
Montana 
The objectives of this workshop are to (1) gather scientific information from experts on the 
current status, threats, and future viability of lynx populations in the contiguous U.S.; and (2) 
where empirical data are lacking, elicit expert knowledge, professional judgment, and opinion on 
the nature and magnitude of potential threats to DPS populations and the DPS as a whole.  We 
need this information to complete a status assessment for the DPS that will be used by Service 
decision makers to inform recovery planning and other determinations the Service must make in 
accordance with the ESA.  We have a court order to complete a recovery plan for the DPS by 
January, 2018, unless we determine that a recovery plan is not necessary (i.e., that the threat 
for which the DPS was listed has been adequately addressed and ameliorated and no new 
threats have been identified that pose an immediate or reasonably foreseeable risk of 
extinction).  However, we are not here to make that determination or others regarding the ESA 
status of the DPS.  Rather, we are here to understand the current status of lynx populations and 
habitats in the DPS and hear from experts on factors influencing the current status and future 
viability of those populations.  The DPS was listed as threatened under the ESA in 2000 
because of the inadequacy at that time of regulatory mechanisms in Federal land management 
plans to protect lynx and their habitats.  The Service completed a recovery outline in 2005 and 
designated critical habitat for the DPS in 2006.  In 2007, we clarified our determination of 
“significant portion of the range” of the DPS and withdrew the 2006 critical habitat designation.  
We revised critical habitat in 2009 and 2014 and, also in 2014, we received the court order to 
complete a recovery plan.  The results of this workshop will contribute to the SSA, and the 
expert information gathered here will complement the best available scientific information that 
will be compiled and summarized in the SSA report.  After it is peer-reviewed and finalized, the 
SSA report will be considered by Service decision makers to inform recovery planning and other 
determinations required under the ESA. 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php
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Historical Distribution of Lynx in the Contiguous U.S. - Dr. Kevin McKelvey, USDA 
Forest Service, Rocky Mountain Research Station, Missoula, Montana   
Understanding historical range is important because it provides context for modern 
conservation; however, historical data must be interpreted carefully because they may not be 
representative, are often unreliable, and their meaning may be unclear.  This is especially true 
for rare animals like lynx, and even more so if they are easily mistaken for another more 
common animal, as bobcats are mistaken for lynx in the southern portion of lynx range.  
Because even relatively low identification error rates can lead to significant errors in determining 
distribution, it is important to rely on verified, and not anecdotal, occurrence records, when 
attempting to establish historical range.  The issue is further complicated by the noted cyclicity 
in lynx population dynamics associated with snowshoe hare population cycles, which resulted 
historically in irruptions or pulses of lynx from Canada into the DPS when northern hare 
populations crashed.  This can be described as a wave in which a large number of dispersing 
lynx intermittently flooded into the northern contiguous U.S. over the course of several years 
into a variety of potentially suitable and unsuitable habitats.  As the irruptions waned (i.e., as the 
waves receded), lynx disappeared relatively quickly from areas of unsuitable or poor habitat, 
more slowly from areas of marginal or suboptimal habitat, and persisted (like permanent tide 
pools) in those areas with habitats and hare densities capable of supporting them over time. 
This yielded verified records in the contiguous U.S. in places that clearly cannot support lynx 
populations but, in other places where habitats are or appear to be suitable, it also confounds 
efforts to distinguish between those that have supported persistent lynx populations, those that 
may occasionally but not consistently support resident lynx (“winked off’ more than “winked on” 
in a metapopulation sense), and those where dispersing lynx occurred regularly, if intermittently, 
but could not persist.  Given these ambiguities, there remains irresolvable uncertainty about the 
historic distribution of resident lynx in the DPS.  Despite this uncertainty, it appears that resident 
lynx naturally persist now in most areas that the available reliable data most strongly suggest 
historically supported resident populations in the contiguous U.S. (Maine, Minnesota, Montana, 
Idaho, and Washington).  Several other areas may have historically supported populations but 
no longer do (with evidence most compelling for northern New Hampshire and Michigan’s Upper 
Peninsula; less compelling for the Adirondack region of northern New York, northern Wisconsin, 
and northwestern Wyoming). 

Canada Lynx Habitat Regulatory Environment - Scott Jackson, USDA Forest Service, 
National Carnivore Program Leader, Missoula, Montana 
Before the lynx DPS was listed under the ESA, there was very little information available and 
little management direction for lynx habitats on national forests or other Federal lands.  Given 
the uncertain status of lynx and lack of information on habitat relationships, an interagency Lynx 
Steering Committee was chartered almost immediately after the DPS was proposed for listing in 
1998.  The committee appointed the Lynx Science Team to assemble the available information 
on lynx and the Interagency Lynx Biology Team to develop a lynx conservation strategy 
applicable to Federal lands.  In 2000, the Science Team published Ecology and Conservation of 
Lynx in the United States (Ruggiero et al. 2000), and the Biology Team completed the Lynx 
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Conservation Assessment and Strategy (LCAS; Ruediger et al. 2000).  The committee also 
directed the completion of the 1999 biological assessment (BA) in which the U.S. Forest Service 
(USFS) and Bureau of Land Management (BLM) evaluated potential impacts to lynx of 
management plans for 57 national forests and 56 BLM units and concluded that implementation 
of existing plans could result in some adverse effects to lynx.  The BA recommended amending 
or revising management plans to incorporate conservation measures that would reduce or 
eliminate the identified adverse effects to lynx, and to consider the conservation measures 
identified by the Science Team and Biology Team, once finalized.  In March of 2000, the DPS 
was listed as threatened due to the inadequacy of existing regulatory mechanisms, specifically 
the lack of guidance for conservation of lynx in national forest Land and Resource Management 
Plans and BLM Land Use Plans.  In October 2000, FWS completed a biological opinion on the 
1999 BA, concluding that if forest plans were revised or amended to incorporate the 
conservation measures in the LCAS, they would reduce or avoid the potential for adverse 
effects on lynx.  Also in 2000, USFS and BLM entered into conservation agreements with FWS 
to guide management until plans could be amended or revised.  By 2004, BLM revised plans in 
all units with lynx or potential habitat to incorporate LCAS guidance.  By 2006, USFS similarly 
revised plans for national forests in the Northeast and Great Lakes.  In 2007 and 2008, USFS 
formally amended plans for 18 national forests in the Northern Rockies and 8 in the Southern 
Rockies to address the risk factors identified in the LCAS and adopt management standards 
and guidelines.  Currently, all national forests and BLM units with lynx or potential habitats are 
governed by plans that have adopted conservation measures identified in the LCAS, 
subsequent interagency conservations agreements, or by management direction that formally 
amended or revised land use plans and established standards and guidelines designed to apply 
the best available scientific information to avoid and minimize potential impacts to lynx.  Future 
challenges include developing effective responses to larger, hotter, and more frequent fires and 
extensive insect outbreaks, and designing thinning and salvage harvest treatments conducive to 
creating habitat conditions favorable to lynx and hares.    

Lynx Genetics Considerations - Dr. Michael Schwartz, USDA Forest Service, National 
Genomics Center for Wildlife and Fish Conservation, Missoula, Montana 
Review of lynx genetic studies shows, despite some sub-structuring over distance, high gene 
flow across the continental range of lynx, likely because of high dispersal rates, large dispersal 
distances, and few geographic barriers to dispersal.  Some research suggests that the Northern 
Rocky Mountains may provide some gene flow restriction in western Canada, as well as an 
“invisible barrier” to gene flow in eastern Canada south of James Bay/Hudson’s Bay that may be 
related to differences in snow conditions driven by large-scale climatic factors (e.g., the Pacific-
North America and North Atlantic Oscillation climatic systems).  North of the DPS, low levels of 
genetic substructure have been documented in populations in eastern Canada between 
populations north versus south of the St. Lawrence Seaway, and between island (Newfoundland 
and Cape Breton islands) and mainland populations.  However, there is evidence of genetic 
interaction among even these relatively isolated eastern Canadian populations.  Within the DPS, 
minor genetic sub-structuring has been documented among lynx subpopulations in western 
Montana.  However, very low Fst values (a measure of the proportional reduction in 
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heterozygosity due to population subdivision, with values near zero indicating high levels of 
gene flow and values approaching one indicating poor gene flow) suggest the absence of 
significant barriers to genetic interchange throughout much of the lynx range, including the DPS.  
Across 17 lynx populations in Alaska, Canada, and the contiguous U.S., Fst = 0.033, and the 
highest Fst for any two populations was 0.070 when lynx from the Kenai Peninsula in Alaska 
were compared to those in the Seeley Lake area of Montana.  Lynx-bobcat hybrids have been 
documented in Minnesota, Maine, and eastern Canada, but not in the western part of the range.  
Hybridization does not seem to be a major issue, nor does it appear to be increasing despite 
significant increases in bobcat numbers in some parts of DPS range.  Genomics research (the 
genetic mapping and DNA sequencing of sets of genes or complete genomes) on lynx would 
increase power and precision of genetic analyses and perhaps identify genes under selection at 
the periphery of the range.  The goal for lynx in the DPS should be to conserve the genetic 
diversity currently represented in resident populations, recognizing that maintaining connectivity 
between DPS and Canadian populations is likely important to achieving that goal.  The genetic 
variation at the edge of the range may be of value to future populations, especially as related to 
changing climate.  

Lynx Distribution, Status, and Management in Southern Canada - Dr. Jeff Bowman, 
Ontario Ministry of Natural Resources and Forestry, and Trent University, Ontario 
Lynx are managed provincially in Canada, with each province responsible for its own 
management program, harvest (trapping) policies, and conservation strategies.  Data from 
registered trap lines show cyclic decadal peaks in the numbers of lynx harvested, and these 
align well with (and lag by one year) cyclic peaks in snowshoe hare indices.  In western 
provinces (British Columbia, Alberta, Saskatchewan, Manitoba, Northwest Territories, and the 
Yukon), the magnitude of lynx cycles appears to have dampened dramatically after the 1980s-
1990s, while eastern provinces (Ontario, Quebec, and Newfoundland and Labrador) have seen 
less dramatic declines in peak lynx numbers trapped.  There is some evidence that hare 
numbers in the Yukon have not recovered to past levels after declines beginning in about 2000, 
and that hare numbers in southern Ontario have been low for the past 5-6 years.  There also is 
indication that the range of lynx in eastern Ontario has contracted northward since the 1970s, 
and modeling suggests that this contraction is likely influenced by habitat loss perhaps related 
to changes in forestry practices and an increase in tolerant hardwoods replacing spruce-fir 
forests resulting from climate warming (Koen et al. 2014).  This has been accompanied by 
reduced genetic heterozygosity (allele richness) at this margin of the lynx range.  Recent studies 
also show some differences in functional genetic markers (unique alleles) in lynx south versus 
north of the St. Lawrence Seaway/River, suggesting the potential for evolutionarily significant 
differences in lynx in those areas (Koen et al. 2015, Prentice unpubl.).  Research also suggests 
an “invisible” genetic barrier south of Hudson’s Bay likely related to climate-driven differences in 
snow conditions, which could be amplified in the future with continued climate warming.  A few 
lynx-bobcat hybrids have been documented.  Lynx are listed as endangered provincially in New 
Brunswick and Nova Scotia, which also have by far the highest numbers of bobcats, and where 
bobcat populations have been increasing since about 1990.  Lynx are considered secure in all 
other provinces.   
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Seven Ways a Warming Climate can Kill the Boreal Forest - Dr. Lee Frelich, Director, 
University of Minnesota Center for Forest Ecology, St. Paul, Minnesota  
Northern Minnesota is at the southern edge of the ranges of boreal forest tree species (balsam 
fir, white spruce, paper birch) and the northern extent of temperate forest species (sugar maple, 
red maple, red oak).  A number of climate-mediated processes are likely to shift these ranges 
northward, potentially resulting in the complete disappearance of boreal forest from Minnesota 
before the end of the century.  These include projected declines in snow depth, invasion of 
boreal forests by temperate species and a widening of the mixed forest ecotone, warming 
summer and winter temperatures, declines in boreal trees under both low- and high-emission 
climate scenarios, severe wind- and hail-producing thunderstorms (derechos) of greater extent 
and frequency, large wind-driven fires, heat and drought stress, increased insect infestations 
due to lack of extreme cold temperatures, and phenological disturbance.  These processes, 
alone or in combination may result in gradual or relatively sudden conversion of boreal forests to 
temperate forests, savanna, or grassland at the southern edge of the boreal forest range.  A 
mosaic of conversion mechanisms and rates of change will occur at landscape/ecoregion 
scales.  With unmitigated climate change, Minnesota is likely to lose the boreal biome and about 
one-third of its native species, including lynx, possibly within the next 60-70 years. 

Climate Change and Uncertainty:  Implications for Canada Lynx Conservation and 
Management in the Contiguous U.S. - Alexej Siren, DOI Northeast Climate Science 
Center and University of Massachusetts Department of Environmental Conservation, 
Amherst, Massachusetts 
Climate models are better at detecting long-term trends in temperature and precipitation than 
short-term climate variability.  Generally, projections of precipitation are less robust compared to 
temperature, and within the lynx DPS units, projected trends in precipitation are more certain for 
winter than for summer.  Consequently, the resulting model biases may affect climate 
projections.  Global surface temperatures have increased steadily over the 20th century, 
especially since the 1970s, with an overall increase in winter temperatures in the U.S.  These 
changes are most pronounced from the Northern Rockies to the northeastern U.S., where 
winter precipitation has also increased.  However, the northwestern U.S. has experienced drier 
winters with less snow over the past several decades.  Importantly, numerous studies have 
shown that Canada lynx distribution is related to snowpack characteristics (e.g., snowfall, 
density, and persistence), which may directly or indirectly affect lynx through 1) increased 
competition (exploitative and interference) with sympatric carnivores, 2) altering hare and lynx 
population cycles, and 3) reduced genetic diversity.  Therefore, climate projections with a 
specific emphasis on winter climate are a valuable tool for assessing the long-term viability of 
lynx in the contiguous U.S.  Below are the climate trends for the past several decades and end-
of-century model projections for each of the DPS units; projections are multi-model means with 
the high emissions scenario (A2).  In the Northeast, recent trends are toward reductions in 
snowfall, the number of snow-covered days per season, and the proportion of winter 
precipitation occurring as snow.  Projections include increased winter precipitation, but with a 
lower proportion occurring as snow, and a decline in snowfall and length of snowpack coverage.  
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In the Great Lakes region, recent trends indicate an increase in lake effect snow and longer 
snow seasons to the north.  Winter precipitation is projected to increase throughout the 
Midwest, with a lower proportion occurring as snow, except that lake effect snow is projected to 
increase around Lake Superior and north of the eastern Great Lakes until 2050, and eventually 
decline towards the end of this century.  Overall, models project a decline in snowfall and length 
of snowpack coverage by 2100 for the Midwestern region.  The Northeast and Midwest DPS 
units are especially vulnerable to snowpack loss due to lack of elevational refugia.  In the 
western DPS units and the Colorado population, recent trends show decreasing spring 
snowpack at lower elevations, an overall decline in snowpack by the latter half of the 20th 
century, and a lower proportion of winter precipitation occurring as snow.  Projections include 
decreases in snowfall season and snowfall amount, fewer days with snowfall, and continued 
reduction in the proportion of winter precipitation occurring as snow.  However, projections 
indicate that snowpack and winter severity may be less impacted in the Northern Rockies 
compared to other DPS units.  In summary, model projections are not favorable for lynx within 
the DPS units, especially towards the latter half of the 21st century, with less severe winters and 
diminished snowpack characteristics that favor competing species.    

Projected Climate-change Impacts on Snow, Vegetation, and Lynx Populations in the 
Western U.S. - Dr. Joshua Lawler, University of Washington, School of Environmental 
and Forest Sciences, Seattle, Washington and Dr. Chad Wilsey, National Audubon 
Society Science Division, New York, New York 

Climate modeling suggests reductions in the amount of precipitation falling as snow and a shift 
from subalpine forest to temperate evergreen needleleaf forests in a generalized lynx range in 
the western U.S.  Fire is projected to increase in both frequency and fire size, doubling by 2040 
and tripling by 2080.  Simulated lynx densities were projected for the 2020s, 2050s, and 2090s.  
Of 25 ecoregions included in the study area, 14 had simulated lynx populations greater than 
0.10 individuals/100 km2 across all time points.  Of those, and across various Global Circulation 
Models (GCMs), 3 ecoregions had simulated increasing populations by the 2050s and 11 had 
declining populations. Populations were projected to continue increasing in the 3 ecoregions by 
the 2090s, while declines were projected to deepen in 8 of the remaining 11 ecoregions. 
Growing populations were projected to occur in the sparsely populated Fescue-Mixed Grass 
Prairie, Middle Rocky-Blue Mountains, and Great Steppe ecoregions, whereas the largest 
proportional declines were projected to occur in the West Cascades, Pacific Northwest Coast, 
Northern Cascades, East Cascades – Modoc, and Aspen Parkland ecoregions.  The study also 
looked at the effect of population cycling on projected changes and found that simulated 
declines differed more due to GCM model used than due to population cycling (i.e., modeling 
suggested lynx population declines were not strongly influenced by population cycles). 

Forest Management and Lynx Habitat Trends - Dr. Erin Simons-Legaard, University of 
Maine School of Forest Resources, Orono, Maine 
Lynx in Maine occur in the Northern Appalachian/Acadian Ecoregion where their distribution is 
governed by snowfall and extent of deciduous cover.  The eastern spruce budworm 
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(Choristoneura fumiferana) is endemic to forests in this region, and extensive outbreaks of this 
insect pest occurred in northern Maine in the 1970s-80s, resulting in millions of acres of spruce-
fir die-offs, despite extensive aerial insecticide applications.  For several decades, salvage 
logging via extensive landscape-scale clear-cutting occurred in impacted forests, until passage 
in 1989 of the Maine Forest Practices Act, which regulated clear-cut size, configuration, and 
regeneration.  Regenerating clear-cuts became very dense stands supporting high densities of 
snowshoe hares.  Although the Forest Practices Act reduced the amount of clear-cut harvest 
over the following two decades, overall harvest increased as partial-cut harvesting replaced 
clear-cutting.  At the same time, land ownership patterns in northern Maine were shifting from 
large blocks of commercial timber interests to smaller blocks and more diverse land 
management goals, including development and financial investment, as well as some non-
development easements (though these do not regulate forest management).  The University of 
Maine modeled lynx habitat occurrence from snow track data, a series of Landsat satellite time-
series imagery since 1970, and indices of hare densities for various stand ages post-timber 
harvest to model past, present, and future lynx occurrence in northern Maine.  They found that 
the proliferation of regenerating partial-cuts produce lower landscape hare densities than 
regenerating clear-cuts from the 1970s and 1980s.  Landscape hare densities will likely decline 
in the future as the clear-cut-era stands mature into less dense conifer stands, beginning about 
35-40 years post-harvest.  High-quality stands are being replaced by lower-quality regeneration 
of partial harvests. High-quality habitat for lynx/hares is currently about 8% of the northern 
Maine landscape.  Model projections indicate it will decline to about 5% of the landscape by 
2030, and then level off, and that the prevalence of partial-harvesting will lead to elimination of 
many areas with concentrated high-quality habitat and a lower future probability of supporting 
lynx.      

Southern Snowshoe Hares: Updates, Questions, Forecasts - Dr. Karen Hodges, 
University of British Columbia Okanagan Department of Biology, Kelowna, British 
Columbia 

Northern hare cycles are more variable than commonly portrayed in some literature, with 
questionable synchrony and variation in peak heights and amplitudes.  Some southern hare 
populations (i.e., within the lynx DPS range) show “cycle-ish” dynamics and high densities, but 
variability in abundances is not obviously linked to forest stand type (thinned, unthinned, 
mature).  Some areas of high hare density are occupied by bobcats instead of lynx (e.g., the 
Tally Lake area of the Flathead National Forest in Montana).  Hare densities in the western 
contiguous U.S. differ substantially across regions and landscapes.  For example, within the 
GYA, hare densities varied from very low (0.2 hares per hectare) in Yellowstone National Park 
to very high (0.5 - 1.7 hares/ha) in the Wyoming Range south of the park.  Hare densities also 
vary in the eastern part of the lynx DPS, with ranges from 0 - 1.8 hares/ha in Maine and, in 
Minnesota, densities of 0.64 hares/ha in the northeast part of the state (which supports resident 
lynx) and 0.35 hares/ha in Voyageurs National Park (which does not support resident lynx).  
Landscape attributes (e.g., tree densities and moisture gradients) also influence stand quality 
for hares.  Hare population dynamics (cyclicity, synchrony, amplitude, and peak densities) also 
vary regionally.  Forest management that reduces stand structure reduces hare abundances.  
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For example, hares declined after experimental precommercial thinning in Montana, and, in 
Quebec, hare densities increased with time since commercial thinning, harvest, and fire.  Fire 
destroys hare habitat temporarily, but hares return to burned areas as soon as favorable habitat 
conditions return.  Post-fire hare densities also vary regionally; in stands burned by large fires in 
1988, hare densities by 2007 were higher in Glacier National Park than in Yellowstone National 
Park.  Hare densities necessary to support resident lynx remain poorly understood but appear to 
vary regionally, as do lynx diets and home range sizes.  If southern boreal/montane forests are 
lost, hares will decline.  Fire, timber harvest, and thinning will result in fewer hares, at least 
temporarily, and the impacts of post-fire salvage logging are unknown.  Understory cover and 
browse are very important, but we know little about the influence of shrubs or snow on hares.  
Like lynx, hares in the DPS are at the southern extent of their continental range.  Also like lynx, 
hares show high gene flow across most of the northern range in Canada but lower gene flow 
(higher genetic structure) in the southern part of the range, with some lineages potentially at risk 
of genetic drift.  Climate-mediated increases in fires and insect outbreaks and changes in forest 
regeneration may alter hare habitats and, thus, hare distribution and abundance.  Climate 
change may also affect hare vulnerability to predation by creating a mismatch between pelage 
color, which is controlled by photoperiod, and their surroundings (e.g., reduced snow season 
resulting in white hares on dark forest floors).  It may also alter predator communities, with 
uncertain impacts on hare populations.  Continued research is needed to better explain regional 
variation in population dynamics and peak abundances, to predict post-fire recolonization and 
densities and responses to climate change, and to better understand links between physiology 
and demography (e.g., predation stress and reproduction).      

Lynx Status Update Presentations1 

Status of Lynx in Maine - Jennifer Vashon, Maine Department of Inland Fisheries and 
Wildlife, Bangor, Maine 
Much of the current lynx habitat in Maine was created from extensive harvests to salvage 
spruce budworm-damaged forests during 1970-1985, and the amount and distribution of high-
quality lynx/hare habitat are likely greater now than historic conditions.  Many stands were 
treated with herbicides to create extensive regeneration of spruce and fir.  Analysis of Forest 
Inventory and Analysis (FIA) data indicates that half of the 3 million forested acres of spruce-fir 
in northern Maine is currently sapling stage that should provide lynx with high quality foraging 
habitat.  Also based on FIA data, the amount of dense spruce-fir (supporting the highest hare 
densities) increased from 700,000 acres in 2006 to 805,000 acres in 2010.  The Maine 
Department of Inland Fisheries and Wildlife (MDIFW) conducted a telemetry study of lynx from 
2000-2011 in a study area with extensive areas of regenerating spruce-fir stands in 

                                                
1 These are summaries of status updates presented by lynx experts for each of the geographic 
units in the DPS.  Summaries were written by the Lynx SSA Team based on the presentations 
and notes submitted by expert presenters and on the notes taken at the workshop during 
presentations.  Experts reviewed drafts of these summaries and provided clarifications/ 
corrections if needed, which were incorporated into the final summaries.    
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northwestern Maine and found that lynx had relatively small home ranges.  Lynx strongly 
selected these high-quality hare habitats in former clear-cut areas.  Although hare densities 
declined from 2 hares/hectare to 1 hare/hectare mid-way through the study, lynx did not 
increase their home range sizes or alter their habitat use.  Reproduction declined initially after 
hare populations declined, but later recovered, with all females producing litters.  An average of 
65% of females bred each year throughout the study.  Litter sizes ranged from 1 to 5 and 
averaged 2.63 kittens/breeding female.  Kitten survival remained high (averaged 78%).  
Densities of 4.5 adults and 5 to 9 kittens were observed in 100 km2 areas.  Based on estimates 
of occupied habitat and home range information, MDIFW estimated there were between 750 
and 1,000 lynx in northern Maine in 2006, and more than 1,000 lynx in 2015 (or at least more 
animals than 2006).  Indices (number incidentally trapped, observed, or killed on roads) have 
increased, suggesting there are more lynx than in 2006, and the distribution of the population 
also appears to be expanding.  MDIFW initiated a third round of periodic lynx snow track survey 
in 2015 that support increased populations and expanding range.  Additional surveys are 
planned in 2016 and 2017 to update estimates.  Although a model by the University of Maine 
suggests the effects of the Maine Forest Practices Act could lead to a decrease in lynx habitat, 
thus far, it does not appear that lynx have declined in response to aging clear-cuts and the 
prevalence of partial harvests resulting from the Act.  A budworm outbreak is expected in the 
near future that will also impact future amounts of habitat for lynx and snowshoe hare.  MDIFW 
provides landowners with descriptions of lynx-hare habitat for their management plans through 
published peer-reviewed papers and reports on lynx status and habitat use in Maine and 
consultation.  

Canada Lynx in Minnesota - Dr. Ron Moen, Natural Resources Research Institute, 
University of Minnesota Biology Department, Duluth, Minnesota, and Susan Catton, 
USDA Forest Service, Superior National Forest, Duluth, Minnesota 
Prior to 1965, lynx in Minnesota were unprotected, had a bounty placed on them, and were 
overexploited by trapping.  From 1930-1977, harvest in Minnesota was twice that of Montana 
and 40 times that of other states.  In 1976, State protection was provided in the spring and 
summer months, and in 1984 the trapping season was closed.  In the 1990s and when listed 
under the ESA in 2000, it was unknown if lynx in Minnesota were residents or migrants from 
Canada, but now it is known that the Minnesota lynx population consists of both residents and 
migrants from Canada.  Since then, there have been hair snare and snow-tracking surveys, 
DNA analyses, and a multi-year telemetry project – none of these monitoring efforts were 
designed to estimate densities or abundances of the species.  However, as of 2015, it is thought 
that there are somewhere between 50 and 300 lynx in Minnesota (this expert later refined the 
range as 50 - 200 lynx, as indicated in the summary presentation preceding the graphing 
exercise below), with the core habitat in the arrowhead region of the state (St. Louis, Lake, and 
Cook counties), although there have been verified and probable lynx sightings elsewhere in the 
state.  At least 5 of 27 adult lynx radio-collared in Minnesota were later legally trapped in 
Ontario, and other collared lynx did not return from Canada, therefore their fates are unknown.  
Telemetry data showed that about half of males radio-marked in Minnesota moved back-and-
forth across the border, traveling at all times of the year; that Minnesota females that dispersed 
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into Canada tended not to return to Minnesota; that males had much larger home ranges (267 
km2) than females (21 km2); and that females with kittens had the smallest home ranges.  About 
half of the mortality of collared lynx was from vehicle collisions, incidental catch, illegal kills, or 
unknown causes.  Moen et al. (2008) documented 10 den sites and showed that denning 
habitat is not limiting in Minnesota.  Since 2000, incidental take of lynx tracked by the USFWS 
Twin Cities Field Office has ranged from 0-14 per year and included vehicle (car and train) 
collisions, gunshot, incidental trapping, and unknown causes.  Approximately 50% of reported 
take was of incidentally trapped lynx, about half of which were released alive.  Home range 
analyses showed mean distance to nearest linear feature is approximately 200m, suggesting 
that lynx do not avoid roads.  Bobcat harvest data show a concentration of bobcats adjacent to 
the core of the lynx range.  The IPCC SRES A1B Scenario climate change model (Gonzalez et 
al. 2007, p. 14) shows snow conditions potentially suitable for lynx throughout the northern half 
of Minnesota to the end of this century; however, the snow and/or biological assumptions in the 
model need work, because it predicts a range for lynx that is larger than the current suitable 
range based on snow depth.  Other climate modeling (e.g., Morgan, in prep.) suggests that 
suitable snow-depth range will shrink significantly by 2055, be limited to extreme northeastern 
Minnesota by 2070, and may be entirely absent from the state by 2095.  Since 2000, the 
Superior National Forest (SNF) and others have identified 268 unique individual lynx (47% 
Female, 53% Male) from 1,306 DNA samples, primarily from SNF lands.  These samples also 
documented 13 unique individual lynx-bobcat hybrids (5 Female, 8 Male).  The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota.  The SNF annually documents 3-5 family groups and is working with 
North Carolina State University and the Twin Cities Field Office on a study of the distribution of 
lynx that can be used to inform future study designs aimed at monitoring lynx occupancy and 
designing more intensive studies to estimate abundance. 

Current Distribution, Status, and Threats to Canada Lynx in Montana and Wyoming - 
Dr. John Squires, USDA Forest Service, Rocky Mountain Research Station, Missoula, 
Montana 
Northwestern Montana - This area is believed to support the largest lynx population in the 
western U.S., but minimum population size has not been calculated.  The Forest Service’s 
Rocky Mountain Research Station in Missoula initiated a lynx research program in 1998 to 
investigate lynx resource and prey selection, competition, activity patterns, detection and 
monitoring, and connectivity.  From 1998 to 2007, researchers trapped and radio-marked 175 
lynx in northwestern Montana and collected nearly 170,000 GPS and over 3,000 VHS telemetry 
locations documenting lynx movements, resource use, survival, and productivity.  From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area (the central 
portion of this geographic unit) and from 2003-2007, 2.95 kittens/litter (N = 22) in the Purcell 
Mountains (the northwestern portion of the unit).  In Seeley Lake, 61% of breeding-age females 
(N = 52) produced kittens; in the Purcells, 83% of females (N = 28) produced kittens.  Recent 
research (Kosterman 2014) suggests kitten production is correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges.  Annual survival rates for 
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subadult and adult female lynx were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 
0.85, respectively, in the Purcells.  There was no evidence of cyclicity in these vital rates, and 
no indication of irruptions of lynx into this unit from Canada after the 1980s.  Starvation, 
predation by mountain lions, and human-caused deaths each accounted for roughly one-third of 
documented sources of lynx mortality.  Population viability analyses yielded population growth 
rates of 0.92 for the Seeley Lake area (i.e., declining population trend, 1999-2007) and 1.16 for 
the Purcells (increasing trend, 2003-2007).  The distribution of lynx in this unit appears to have 
contracted recently; lynx were documented in the Garnet Mountain Range in the southern 
portion of the unit from at least 1980 into the early 2000s, but in 2010, extensive trapping 
yielded only two males, and snow-track and camera-trap surveys in winter 2014-2015 detected 
no lynx.  Genetic analyses revealed fine-scale genetic sub-structuring among the Garnets, 
Purcells, and Seeley Lake subpopulations, suggesting some level of relative isolation among 
lynx in those areas.  Most lynx habitat in this unit occurs on Federal lands (USFS, BLM, NPS).  
Recent conservation land purchases substantially increased protection of lynx habitat in the 
Seeley Lake core area.  The extent of fire in this area has increased, with over one million acres 
burned in 2000-2013.  Forest management (timber harvest, silviculture, and fire management) 
can have negative, neutral, or positive impacts on lynx habitat; current research is investigating 
lynx response to management actions. 
      
Wyoming/GYA – The long-term persistence of lynx in the GYA is unknown, but early records 
from Yellowstone National Park documented lynx presence in the 1920s-30s, and more recent 
(2001-2004) surveys in the park documented several lynx and evidence of reproduction on the 
east side of Yellowstone Lake.  South of the park, lynx were also detected reliably in the late 
1990s-early 2000s in the Union Pass and Togwotee Pass areas of the Wyoming Range in the 
Bridger-Teton National Forest.  Several lynx released in Colorado (1999-2006) dispersed to the 
GYA and occupied home ranges (including males and females with overlapping home ranges) 
in areas of the Wyoming Range previously occupied by “native” resident lynx.  Recent (2005-
2010) research trapping and survey efforts in the Wyoming Range have detected only 
Colorado-released lynx, and the current status of lynx in the GYA is uncertain but believed to be 
at low numbers based on on-going surveys.  In addition to fire and forest management (as 
described above for northwestern Montana), oil and gas exploration and development may pose 
a potential risk to lynx and habitat in the Wyoming Range.             

Lynx in Washington: Current Status and Potential Threats - Benjamin Maletzke, 
Washington Department of Fish and Wildlife, Olympia, Washington 
Lynx in Washington were State-listed as threatened in 1993, but with recent large-scale impacts 
to lynx habitats and likely declines in lynx numbers, upgrading to State-endangered may be 
justified.  The Washington Department of Fish and Wildlife completed a lynx recovery plan in 
2001, and the Department of Natural Resources completed a habitat management plan for its 
lands in 1996, which it revised in 2006.  The majority of lynx habitat in Washington occurs on 
public lands including State Forests and National Forests.  Although individual lynx are 
occasionally documented in the northeastern part of the state, only the Okanogan area (eastern 
Cascade Mountains abutting the border with Canada) in the north-central part of the state has 
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consistent records and evidence of a resident breeding population.  In terms of the ESA’s five 
listing factors, over-utilization (Factor B), disease/predation (Factor C), and inadequacy of 
existing regulatory mechanisms (Factor D) are not issues for lynx in Washington.  Lynx trapping 
was prohibited in 1991, and only live-trapping is allowed for bobcats, so there is little chance for 
incidental trapping.  There is no documented disease and little evidence of predation (though 
these could occur/increase with climate change).  With ESA and State listings, critical habitat 
designation, and State recovery and State and Federal habitat management plans in place, 
regulatory mechanisms appear adequate.  Recently, much lynx habitat has been lost, at least 
temporarily, to frequent large-scale fires and insect outbreaks (Factor A), and climate change 
(Factor E) may pose additional (or exacerbate existing) threats to lynx and habitats in 
Washington.  From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan 
(Eastern Cascades) area, and female home ranges were estimated at 38 - 41 km2, suggesting 
the potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat).  By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss and 
fragmentation resulted in female home ranges increasing to an estimated 91 km2, with a 
potential to support roughly 27 resident females.  Although areas impacted by fires and insects 
should regenerate to hare/lynx habitat, it may take 35-40 years or more for that to happen.  
Climate change will likely reduce snow depth, condition, and persistence, potentially influencing 
interspecific competition.  It also may cause temperature- and precipitation-driven changes in 
vegetation and increased fire frequency, size, and intensity, resulting in further reduction, 
fragmentation, and isolation of suitable habitats and impacts to prey abundance.  Connectivity 
between the Okanogan area and lynx populations and habitats in Canada seems adequate; it is 
more tenuous in the northeastern part of the state, where cross-border populations/habitats in 
Canada are smaller and potential corridors more constricted.  It is also possible that legal 
trapping in southern British Columbia could limit immigration into Washington’s lynx population 
and be a source of mortality for lynx dispersing from Washington into Canada.  Potential 
management and recovery actions could include resuming surveys and monitoring efforts, 
review current State, Tribal, and Federal management actions to see if they can be more “lynx-
friendly,” conduct population viability analyses to estimate probabilities of persistence over 
various time periods, coordinate with British Columbia on cross-border lynx conservation efforts, 
evaluate the need and feasibility of augmenting female lynx in the Okanogan and reintroducing 
lynx to the Kettle Crest, up-list lynx in Washington to indicate the current status and severity of 
threats, and seek collaboration and funding to support the measures above. 

Status of Lynx in Colorado - Dr. Jake Ivan, Colorado Parks and Wildlife, Fort Collins, 
Colorado 
Lynx in Colorado were State-listed as endangered in 1973.  Based on statewide surveys 
conducted in 1978-1997 that found some possible lynx sign (tracks), the State concluded that if 
lynx were present, too few individuals remained for a viable population and that natural 
recolonization was unlikely due to geographic isolation.  The State initiated a lynx reintroduction 
program, releasing 218 lynx from source populations in Alaska and Canada from 1999 to 2006.  
All animals were released into the San Juan Mountains in the southwest part of the state.  Many 
stayed there and used the area heavily; many others established home ranges in the Sawatch 
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Range in the central part of the state, where the bulk of historical records occurred.  Although 
post-release mortality was initially high, it decreased after release protocols were modified and 
among lynx after they’d been on the ground a year.  Mean annual survival was 0.93 for lynx that 
stayed within the San Juan Mountains core-release area, and 0.82 outside of it.  The first den 
was located in 2003, and 48 dens were subsequently documented in Colorado through 2010, 
including a third-generation of Colorado-born lynx.  The reintroduced population displayed 
reproduction similar to other areas in the DPS in some regards (e.g., mean litter size was 2.75 
kittens), and lower in others (e.g., mean percentage of females that produced kittens was 24% 
[range = 0% - 46%])2.  A deterministic model that uses survival estimates and reproduction data 
from ten years of monitoring reintroduced lynx and assumes that reproductive parameters 
observed during that time would repeat each decade shows a slightly increasing trajectory 
through time.  Although current population size and survival rates are unknown, photos of 
females with kittens in 3 sampling units during occupancy monitoring in the San Juan Mountains 
in 2014-15 and capture of young and unmarked (i.e., “new”) lynx during research efforts in 
2010-15 provide evidence of continued reproduction.  Potential threats to lynx in Colorado 
include climate change, bark beetle outbreaks, fire, increasing human recreation, and 
vulnerability to vehicle collisions and disturbance from highways.  Climate modeling in 2014, 
based on the RCP6 (2nd-highest) emissions scenario, suggests that by mid-century 
temperature will increase by 2°C, precipitation will decrease in the San Juan and other southern 
mountains, and that spruce-fir habitat will migrate upslope, lagging climate conditions by 50-100 
years.  Based on this, the overall vulnerability of spruce-fir in the state is considered moderate 
at mid-century.  As of 2014, over 4 million acres of potential lynx habitat has been impacted by 
bark beetle outbreaks; however, lynx and hares continued to use impacted areas, even when 
beetle impacts are severe.  Red squirrel use declined in areas that were heavily impacted by 
beetles.  Large fires also have impacted lynx habitat, and as elsewhere, fire size, frequency, 
and intensity are expected to increase with climate change.  A cursory, pre-analysis review of 
location data suggests that lynx make use of landscapes in which heavy winter recreation 
occurs.  However, use of developed ski areas is light, and outside of ski areas, heavy lynx use 
tends to occur in thick timber that is not used by snowmobilers and other backcountry users.  
Finally, lynx frequently crossed 2-lane paved highways in home ranges (0.6 crossings/day), 
more often at dusk and night, coincident with lower traffic volumes, and usually at forested 
crossings.  Recent results from a new large-scale monitoring program indicated that lynx 
occupied a similar proportion of the landscape in the San Juans Mountains during winter 2014-
15 as they did during winter 2010-11.  

Expert Elicitation Process 
All questions posed to the 10 lynx expert panelists were framed in the context of the 3Rs, a 
driving principle for evaluating viability under the SSA framework.  In questioning, we used a 
modified Delphi method (e.g., MacMillan and Marshall 2006), which involves eliciting individual 

                                                
2 These data were provided by the presenter after the workshop but were not part of the original 
workshop presentation. 
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responses/scores, exploring response rationale and differences in expert judgment through 
guided discussions, then allowing experts to reconsider their scores in light of those discussions 
if they so desire.   
 
In our implementation of the modified Delphi approach, panel members were first asked to 
respond individually to a particular question and indicate their level of confidence in their 
response.  We then collated and noted the range of responses, which became the mechanism 
for follow-up discussion.  In collating responses, we used a simple numeric coding system 
rather than the experts’ names to provide for a reasonable level of anonymity.  We noted where 
there was high congruence among responses, as well as low congruence and outlying 
responses.  By asking for experts to voluntarily provide their reasoning for particular responses, 
we were able to delve into the basis for varying opinions.  After the discussion period, experts 
were given the opportunity to revise their scores.   
 
In addition to elicited responses to each question, we received substantial feedback from the 
experts on definitional issues and the validity of the questions themselves; we revised the 
questions as needed following these discussions.  In the case of a revised question, scores 
were elicited again following the revision.  The second round of scoring was displayed for 
experts, with a closing opportunity for comment, discussion, or score revision. 
 
All panel members were encouraged to respond to each question but also given the option of 
abstaining from responding to a question if they felt it was beyond the bounds of their expertise.  
With few exceptions, all 10 expert panelists responded as requested to every question.  
Instances where experts either chose not to reply or otherwise replied in a manner differing from 
the expected form of response to the question are noted in the responses below. 

Lynx Status:  Expert Elicitation and Responses 
Questions for experts were scripted by the Lynx SSA Team prior to the meeting to facilitate 
discussion of lynx ecology among the experts, solicit their professional opinions, and to help the 
Service gather and synthesize biological information for use in the SSA, particularly where 
empirical data are lacking in the published literature and projecting habitat and population 
conditions into the future is needed.  Because of the uncertainty of quantifying the population 
status and other aspects of lynx biology, the Service and facilitators decided to generate a 
series of discussion questions with quantifiable responses (scores) concerning the redundancy, 
resilience, and representation (3 Rs) of the DPS.  Although scores provided a starting point for 
discussion among experts and are quantified, analyzed, and summarized as appropriate in the 
following sections of this report, the Service also places high value on the content of the 
discussion among experts.  Therefore, both the analyses of scores and summaries of the 
discussion content are presented and will be considered during development of the SSA, noting 
that both were integral to the expert elicitation process. 
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The types of questions and the format of responses differed based on the information needed to 
inform the status assessment, and the best way to capture the information relevant to the 
question being asked.  For example, responses were requested in the form of lists, when a set 
of influences was desired, in the form of a 4 point elicitation (e.g., the most likely, high, and low 
end of a range, and confidence that the range contains the true value) when an uncertain 
quantitative value was desired, in the form of graphed trajectories when probabilities of 
persistence over time were desired, and other forms as necessary (see questions below).  
Experts submitted their scores independently via submission sheets (sticky notes, index cards, 
graph paper, etc.) with their ID numbers.  Note takers recorded and displayed scores to assist 
discussion.  Facilitators and other members of the SSA Team then asked directed questions to 
clarify responses from the panelists as needed.  Following each round of discussion and 
clarification, the panelists were provided the opportunity to update their response if desired and 
the second round of responses were collected and recorded.  The final responses are the only 
responses reported here.  The range of individual responses that we received was not 
combined (e.g., averaged or otherwise) in any way that would obscure or conceal individual 
responses, and the final scores for each panelist were recorded if the response was revised. 

We present the results of the expert elicitation below under the headings of representation, 
redundancy, and resilience.  Under each heading, the following is provided:  the definition of the 
viability category (3 Rs) under consideration, the question(s) asked of the expert panelists, 
response type (i.e., the form of the response requested of the experts), question clarification 
(i.e., a narrative description of any additional information provided to the experts by the 
facilitators for clarification as the questions were asked), expert responses, and notes from the 
discussion. 

Expert Responses 

Representation 

Definition - Representation contributes to the adaptability and evolutionary capacity of a 
species over time, to accommodate long term issues like climate change.  The breadth of 
genetic ecological, demographic, and behavioral diversity across a species’ range may 
contribute to its capacity to adapt over time.  Measures of genetic and life history variability 
among populations, distribution of populations across a range of ecologically diverse locations 
or niches, etc., are useful proxies to measure.  Consider needs for establishing or reestablishing 
populations in unoccupied habitat that may be necessary or suitable for species adjustment to 
climate change or other stressors, including the need to replace former populations in no longer 
represented ecosystems. 

Representation Questions  

1.  Are any of the geographic units susceptible to genetic drift on a scale that would limit 
genetic viability?  If yes, which geographic units? 
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Response Type:  Experts supplied a written response of “yes” or “no,” with a yes answer 
accompanied by a list of susceptible geographic units. 

Expert Responses:  Five experts responded that none of the geographic units are susceptible to 
meaningful genetic drift, two experts abstained from answering, and three experts responded 
that there are geographic units that are susceptible to such genetic drift.  Among the latter, one 
expert responded that the Colorado geographic unit is susceptible over a long period of time, 
and the other two experts responded that both the Colorado and GYA geographic units are 
susceptible to genetic drift. 

Discussion Points Following Initial Responses:  It wouldn’t take many immigrating lynx to 
provide adequate genetic diversity to prevent genetic drift.  One reproductively successful 
immigrating lynx every 5 to 10 years per geographic unit is likely sufficient to prevent genetic 
drift.  Most experts believed there was a low likelihood that even the smaller lynx populations 
(GYA and Washington) or those in more isolated geographic units (Colorado and GYA) are 
vulnerable to genetic drift at a scale that would impact viability, though several experts felt that 
both the GYA and the western Colorado units could experience meaningful drift in the absence 
of immigration or augmentation.  Overall, most experts felt there is a low risk of genetic drift 
being a problem for lynx in the DPS.  

2.  Are there locations from a lynx perspective that have unique habitat conditions 
relative to other areas in the lynx range that are necessary to foster future adaptive 
capacity of the DPS?  If yes, where? 
 
Response Type:  Open discussion.  No response forms were submitted, but notes were taken 
on the discussion that followed. 
 
Question Clarification:  The experts required some clarification of terms and the intention of this 
question to respond.  Facilitators read the working definition of representation (above), which 
previously had been provided to the experts.  Experts then discussed representation across the 
lynx DPS from an adaptive capacity perspective. 
 
Expert Responses:  The response was an open discussion captured below. 
 
Discussion Points Following Initial Responses:  Maintaining genetic variability is important for 
adaptive capacity.  If uncertain about the capacity for lynx to adapt, then experts encouraged 
that all populations (and hence the genetic variation within each) be maintained.  Experts 
indicated that it doesn’t appear that any U.S. population is more or less important to maintain 
than the others because of relatively similar ecological settings and the generally low level of 
genetic differentiation across the DPS.  Summary:  Experts discussed that maintaining 
representation in the DPS could best be achieved by retaining current DPS populations, 
maintaining connectivity between DPS and Canadian lynx populations, conserving the genetic 
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diversity currently represented in DPS, and avoiding impacts that could facilitate or increase the 
potential for or likelihood of genetic drift. 

It was also noted that lynx north of the DPS in some parts of eastern Canada (in New Brunswick 
and Quebec south of the St. Lawrence Seaway and on Newfoundland Island) have some 
unique alleles, including at functional genes, and should be preserved.  Lynx in these areas are 
relatively more isolated than lynx elsewhere in Canada.  Lynx south of the St. Lawrence are 
separated from lynx to the north by the seaway itself, which historically froze over during winter 
but which is now kept open to facilitate maritime shipping, perhaps reducing the level of genetic 
exchange between lynx on opposite sides.  Lynx on Newfoundland Island are separated from 
lynx in mainland Labrador and Quebec by the 15- to 60-kilometer-wide Strait of Belle Isle.  
Despite the relative isolation of these populations, genetic evidence indicates some interchange 
between lynx south and north of the St. Lawrence and between Newfoundland Island and 
mainland populations.  Eastern Canadian populations north of the St. Lawrence may have 
slightly different genetic composition than lynx in the Maine geographic unit. 

Redundancy 
Definition - Redundancy contributes to the ability of population types to withstand catastrophic 
events (hurricanes, wildfires, etc.).  The number and distribution of populations of each 
representative type contribute to the retention of various representative types despite 
catastrophic events by ensuring that the loss of a population doesn’t lead to the loss of 
representation. 

Redundancy Questions 
 
1.  List the factors/catastrophic events that could functionally extirpate an entire 
geographic unit. 
   
Response Type:  Each expert supplied a written list submitted via index card of the 
factors/catastrophic events. 
 
Question Clarification:  Three issues required clarification prior to obtaining responses to this 
question.  First, we initially asked about eliminating a “population” rather than a geographic unit.  
Because some of the geographic units may support several relatively isolated subpopulations, 
experts questioned whether we meant individual populations or subpopulations.  We clarified 
that we are evaluating the likely persistence of resident lynx populations in each of the six 
geographic units that currently support or recently supported them; therefore, we are interested 
in the likelihood that a catastrophic event could result in the extirpation of resident lynx from the 
entirety of any of the geographic units. Second, we were asked if extirpation meant the 
complete loss of all lynx from a unit.  We clarified that we wanted to know if lynx could be 
“functionally extirpated” from any geographic unit, with functional extirpation described as the 
loss of the unit’s ability to support a resident breeding population(s) of lynx.  Third, experts were 
not clear what an “event” entailed.  After discussion, it was agreed that an event was defined as 



26 

a single occurrence of some form, such as a fire, drought, hurricane, etc., that occurs over a 
relatively brief period of time, rather than a series of smaller cumulative events (e.g., a series of 
climate change-associated occurrences of fires or insect outbreaks over the course of a 
decade) causing a cumulative catastrophic result. 

Expert Response:  Six of the ten experts did not list any catastrophic events that could result in 
the functional extirpation of lynx from any entire geographic unit.  Three of the experts listed 
multiple catastrophic events they felt could result in at least temporary functional extirpation of 
lynx in a unit.  Among these, two of the experts listed fire, three listed disease, one listed insect 
outbreak, and one listed a failure of winter conditions due to a combination of heat or drought 
conditions.  One expert listed geographic unit-specific events, namely fire or insect outbreak for 
the Washington geographic unit, insect outbreak in Maine, and either insect outbreak or fire for 
one of the Minnesota geographic unit’s groupings of individuals, but not all. 

Discussion Points Following Initial Responses:  Experts were told that climate change was not 
considered a catastrophic event because it is both a driver of events and influences severity, 
rather than being an event itself as defined above.  Experts discussed the possibility that the 
Washington geographic unit, because of its relatively smaller size and history of recent 
extensive fires in lynx habitat, may be at risk of functional extirpation from multiple catastrophic 
events; disease, fire, and beetle outbreak were all mentioned as possible events.  One expert 
suggested that the Minnesota geographic unit could potentially be eliminated by a very large 
fire, although there was a low probability of this occurring.  Experts expressed some uncertainty 
whether fire could occur at the severity and scale sufficient to eliminate an entire geographic 
unit; however, a series of fires over a short time period may have the potential to cause 
functional extirpation of lynx from a geographic unit or significantly reduce the number of 
resident lynx it could support, at least temporarily. 

2.  Could any of the catastrophic events listed in response to redundancy question 1 
eliminate all 6 geographic units simultaneously? 
 
Response Type:  Each expert supplied a written response of “yes” or “no.” 

Expert Response:  All experts answered “no.” 

3.  What is the probability (expressed as a percentage) that any single geographic unit 
could be eliminated by a single catastrophic event in the next 10 years? 
 
Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  In response to the discussion around question #1, which resulted in the 
inclusion of question 3, this question was modified from its original script to include a 10-year 
time frame (underlined). 



27 

Expert Responses:  All responders gave a relatively low probability (≤ 10%, median of 1%) that 
any single geographic unit could be eliminated (resident lynx functionally extirpated) by a single 
catastrophic event in the next 10 years (Figure 2).   

4. What is the percent likelihood that a series of catastrophic events within the next 10 
years could cause functional extirpation of one or more lynx geographic units? 

Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  This question was developed after discussion of question 3 to capture 
the possibility of functional extirpation of lynx from geographic units due to a series of 
catastrophic events over a relatively short time rather than a single event that occurs at one 
point in time. 

Expert Responses:  The percent likelihood ranged from 0.5% to 60%, with a median response 
of 7.5% (Figure 2).  Expert responses indicated a higher probability of a series of catastrophic 
events over 10 years resulting in functional extirpation than a single event in the next 10 years, 
as in question 3.  

 

Figure 2.  Individual scores and summary boxplots of the percent chance that a geographic unit 
is eliminated by a single catastrophic event (question #3, left) or a series of catastrophic events 
(question #4, right) in the next 10 years.  Note:  This and all subsequent figures below were 
generated using the statistical software R (Appendix 6).  
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In Figure 2, individual responses to a single catastrophic event were 0.01%, 0.1%, five 
responses of 1%, 5%, and two responses of 10%.  Individuals responses to a series of 
catastrophic events were 0.5%, 1.1%, three responses of 5%, 10%, 15%, 20%, 40%, and 60%).  
Boxplots illustrate response mean values (bold black lines), the 25% and 75% quartiles (upper 
and lower bounds of boxes), and the highest and lowest values within 1.5 times the quartile 
range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of the 
whiskers (outside 1.5 times the quartile range) are considered outliers and plotted as points 
beyond the ends of the whiskers (i.e., experts 3 & 4 in Q3 and experts 3 and 10 in Q4, as 
indicated by the points plotted between experts 5 and 6).  The individual expert responses used 
to produce the boxplots are indicated by x-marks.  Boxplots are provided as a summarizing 
visualization to aid comprehension of the experts’ responses and their range, and the summary 
values are presented in this context and not intended for use outside of the context of the full set 
of responses. 

Discussion Points Following Initial Responses:  One expert noted that the probability of 
extirpation in any one of the 6 geographic units is greater than the probability of a single specific 
geographic unit being extirpated.  Also, any combination of a series of events over a decade 
increases the likelihood of extirpation in any one geographic unit relative to the probability of 
extirpation due to a single event.  

Although median probabilities of extirpation were low, experts felt the geographically smallest 
unit (Washington) and those units believed currently to support the fewest resident lynx (GYA, 
Washington, and Minnesota) were the most vulnerable geographic units when scoring this 
exercise.  Fire, drought, and beetle kill were the most frequently mentioned events that were 
considered by the experts when answering this question.  Some experts felt that these 
geographic units may be susceptible to such a scenario because of small geographic and/or 
population sizes and distribution.  In particular, it was noted that this past year there were many 
fires in lynx habitat, especially in Washington, and another year with similar fire impacts, or a 
few such fire years in a 10 year period, could lead to extirpation of lynx in the Washington 
geographic unit.  An expert noted there currently may be as few as 24 remaining females in 
Washington and that with fewer individuals in this area it would result in a higher probability of at 
least temporary extirpation.  Experts noted that fire disturbance data are likely available that 
could be used to model the likelihood of future fire impacts to each geographic unit.  

Experts with outlier responses provided their rationales.  Experts having the lowest scores 
believed that even the smallest geographic units would have only a low probability of extirpation 
in the next decade - that the time frame under consideration was very short.   

5.  What length of time would be required for a geographic unit eliminated by a 
catastrophic event to reestablish naturally? 
  
Response type:  4-point elicitation.  Each expert supplied a written response in years for the 
longest, shortest, and most plausible time periods for reestablishment of a resident lynx 
population within a geographic unit following functional extirpation.  They were also asked to 
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indicate their confidence, as a percentage chance, that the true amount of time necessary for 
reestablishment would fall between the shortest and longest plausible time periods provided. 
 
Expert Responses:  The responses to each of the points elicited are shown below in Table 1.  
Two experts provided additional information beyond the 4 points elicited when responding.  One 
presented two scenarios, one in which connectivity is intact and the habitat was damaged by the 
catastrophic event (e.g., insect outbreak or fire) which would require habitat regrowth first, and 
the second in which the habitat remained present.  In the case of habitat being present the most 
likely time period response was less than 10 years.  In the habitat elimination scenario the 
expert felt given climate changes to habitat that the geographic unit would not re-establish.  The 
second expert responded by geographic unit, with the exception of the Minnesota geographic 
unit for which there was no response.  Their responses are summarized in Table 1 using the 
overall longest and shortest responses as well as the average of the most plausible time (see 
footnote 3). 
 
Table 1.  Expert responses regarding the natural reestablishment time in years for a geographic 
unit after extirpation by a catastrophic event. 
 

Expert # 
Reestablishment Time in Years Percent Confidence in 

Range3 Shortest Plausible 
Time 

Most Plausible 
Time  

Longest Plausible 
Time 

1 10 40 100 50% 
2 15 100 300 80% 
3 15 35 60 5% 
44 1, 

will not reestablish 
<10,  

will not 
reestablish 

will not reestablish 100% 

5 25 50 100 75% 
6 20 30 50 90% 
7 15 20 25 90% 
8 15 50 will not reestablish 40% 
9 20 30 100 50% 

105 15 55 200 50% 
 

Expert responses are also visualized in Figure 3 and Figure 4 below.  The raw responses are 
visualized in box plot form to aid communication of the results (Figure 3).  Confidence ranges 
provided in a four point elicitations enable expert responses to be rescaled to produce a 
common confidence bound across experts using linear extrapolation (e.g., McBride et al. 2012).  

                                                
3 Expert confidence that the true recovery time would fall between the shortest and longest time periods 
of their response. 
4 This expert provided a response for two scenarios, first that the catastrophic event does not result in 
habitat loss, and second that habitat is lost and therefore connectivity to extant populations is lost. 
5 This expert provided separate responses for each geographic unit.  The values in this table are the 
overall shortest, longest, and average most plausible number of years indicated in the responses across 
geographic units. 
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We calculated the 95% confidence interval for the shortest and longest plausible time periods 
for each expert (Figure 4).  In cases where the linear extrapolation resulted in negative years for 
the shortest time periods, we adjusted to zero.  This may indicate underconfidence in the 
responses provided by the experts, or that the use of linear extrapolation for these 4-point 
elicitation responses fails to distribute expert uncertainty in a manner consistent with the actual 
uncertainty present in expert responses (i.e., the experts could have been more confident in 
their shortest plausible time response than their longest plausible time responses, which the 
linear extrapolation doesn’t account for). 

 
Figure 3.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events. 

The raw responses for each of the three time periods (longest plausible time to reestablishment, 
most plausible time, and shortest plausible time period) are displayed in the box plots in Figure 
3 above.  Boxplots illustrate response mean values (bold black lines), the 25% and 75% 
quartiles (upper and lower bounds of boxes), and the highest and lowest values within 1.5 times 
the quartile range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of 
the whiskers are considered outliers and plotted as points.  The individual expert responses 
used to produce the boxplots are indicated by x-marks.  Boxplots are provided as a 
summarizing visualization to aid comprehension of the experts’ responses and their range, and 
the summary values are presented in this context and not intended for use outside of the 
context of the full set of responses. 
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Figure 4.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events, adjusted to provide 95% confidence bounds. 

In Figure 4, 95% confidence bounds were produced from the 4-point responses using linear 
extrapolation.  Shortest plausible time period is in blue, most plausible is green, and longest 
plausible is red.  For plotting purposes negative shortest time period values were adjusted to 
zero, and all zeroes in the plot indicate 95% confidence bounds that extended below zero.  
Longest time periods beyond 350 years were plotted at 350, with the actual time period noted in 
text left and below those points.  Also note that expert 10 responded by geographic unit, so the 
figure displays the 95% confidence bound adjusted overall longest, overall shortest, and 
average most plausible time periods across the six units for expert 10. 

Discussion Points Following Initial Responses:  Experts discussed the amount of time it takes 
for habitat to recover after catastrophic events (e.g., fire, insects) when considering timeframes 
for repopulation.  Some experts could picture some geographic units never being recolonized 
again, and that some could be recolonized immediately, depending on which geographic unit is 
being evaluated and the level of connectivity to other geographic units and to lynx populations in 
Canada.  Washington is more connected to Canada than the Colorado geographic unit for 
example.  The rate of recolonization was variable for each geographic unit because of the size 
of each geographic unit, status of adjacent source geographic units, and the level of 
connectivity.  Experts found it hard to generalize across the range of the species for this 
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question.  The variances in the geographic units across the range need to be considered.  
Experts believed GYA and CO would have a long period for recolonization, if ever recolonized, 
after a potential extirpation event because of the lack of connectivity with Canadian populations.  
It is likely that those geographic units with connectivity to Canada would recover much sooner 
than geographic units not connected to Canada. 

Resiliency 

Definition - Resiliency speaks to an individual population’s ability to tolerate environmental and 
demographic stochasticity, such as fluctuations in temperature or genetic drift.  It is often 
measured in terms of population size and growth rate, but in fact is dependent on a number of 
traits, both demographic and environmental.  These include, among others: age or stage class 
distribution, genetic heterogeneity, birth rates, annual survivorship, sex ratios, etc., and the 
quality and extent of habitat, the degree of disease, competition, etc.  Metapopulation dynamics 
and distribution can also contribute to population resiliency in some species. 

Resiliency Questions:  Probability of Persistence Exercise  

Exercise Summary 

The first two resiliency questions were asked concurrently as part of a probability-of-persistence 
exercise conducted for each geographic unit.  Experts were asked to graphically provide the 
probability of persistence of resident lynx through time for each geographic unit, as well as the 
major factors influencing persistence in those geographic units, one geographic unit at a time.  
Experts were asked to provide persistence probabilities and influencing factors for the near-term 
(2025), mid-term (2050) and longer-term (2100).  Experts were also asked to indicate on each 
of their graph sheets the emissions scenario (low, moderate, or high/status quo) they were 
considering in graphing persistence probabilities and listing influencing factors.  
 
We began this exercise with the Northern Maine geographic unit, and the discussion and 
questions among experts that followed the initial persistence-graphing and factor-listing efforts 
indicated that a review of the status and major issues confronting lynx in each unit (a quick 
reminder and summary of the earlier status update presentations) would be helpful.  Therefore, 
prior to expert responses for the remaining units, the expert(s) most familiar with the geographic 
unit in question gave a 5-10 minute summary of what they viewed as the most relevant 
information about the current and likely future status of lynx populations and habitats in that unit.  
They also presented any other conditions or issues they thought could affect the probability of 
persistence of resident lynx in that unit.  All experts then completed their graphs and lists of the 
factors that influenced the probabilities of persistence they selected for each time frame for the 
geographic unit in question.  For the Maine unit, the discussion following initial responses 
served the same purpose, and after that discussion, experts were given the opportunity to 
revise their responses if they felt it necessary. 
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After all experts completed their responses, the graphs and influence lists from each expert 
were posted on the wall, and workshop participants were invited to gather around to view and 
discuss the range of responses.  Facilitators and SSA Team members then polled the experts 
about what drove their responses.  These questions were a mix of directed questions about 
unique responses, the role of particular factors noted in the responses, and open-ended 
questions to allow experts to describe their thinking.  Experts and team members were also 
encouraged to ask clarifying questions about the responses.  Experts were encouraged to 
modify their responses by posting a revised sheet above their first response if they wished to 
adjust their responses based on the discussions. 
 
1.  What is the probability of persistence over time (particularly at present, 2025, 2050, 
and 2100) for each of the 6 major geographic units? 
 
Response Type:  Graphical 3-point elicitation.  Each expert was provided a blank sheet of 
graphing paper with a y axis of probability of persistence, and an x axis of time, with 4 time 
periods bolded (2015, 2025, 2050, and 2100).  For each of those years, experts were asked to 
add a point to the graph representing the lowest, highest, and most likely probabilities of 
persistence at that time period.  Experts were also asked to connect the points through time. 
 
Question Clarification:  It was explained that the most likely point should represent the 
probability of persistence that the expert anticipates to be most likely to occur for that 
geographic unit at each time period, and that  the points for lowest and highest probability of 
persistence were intended to capture the expert’s uncertainty in the future probability of 
persistence.  Experts preferred to indicate a most likely probability and to provide a full 
confidence interval (i.e., upper and lower bounds within which they felt 100% certain the future 
probability of persistence would fall) rather than indicate a confidence level associated with the 
lowest and highest probability responses. 
 
Expert Responses:  Responses are by geographic unit and are presented below in conjunction 
with the responses to question #2 below. 
 
2.  What are the major drivers/factors (up to 3) reducing probability of persistence for 
each of the major geographic units? 
 
Response Type:  Ranked list of top three factors, for each point in time (present, 2025, 2050, 
and 2100), with % contribution of each factor. 
 
Question Clarification:  Resiliency questions 1 and 2 were asked concurrently.  Experts were 
provided a sheet of paper for each geographic unit and the area at the bottom of the sheet 
below the graphing area was used to list the three major factors they expected would most 
significantly influence the probability of persistence at each time period.  Influencing factors 
were described as those anthropogenic or naturally-occurring activities, events or factors that 
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could influence the probability that resident lynx populations will persist in a given geographic 
unit. 
 
Expert  Responses:  For each geographic unit an overview of the unit from the area expert are 
provided, as well a summary of the hand drawn graphs via a figure (Figures 5 - 10), the 
responses and major factors are summarized via text, and the discussion that the responses 
generated are presented.   

Northern Maine  

Pre-graphing Overview from Unit Experts:  This step was not added to the process until after the 
probability of persistence exercise for this unit.  Because this unit was the first for which experts 
attempted to graph persistence over time, there were many questions and much discussion 
about process and intent.  It was the discussion following this initial graphing exercise that led 
the SSA Team to request unit summaries prior to subsequent graphing exercises.  The Team 
felt that overview information similar to that provided prior to graphing persistence for 
subsequent units (below) came out during the discussion.  Further, because experts were 
encouraged to update their Northern Maine geographic unit responses as necessary following 
that discussion, the Team felt that the results of the graphing exercise for the Northern Maine 
geographic unit were valid and comparable to the results generated for the other units. 

Expert Responses:  All experts indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Maine through the end of the century, with uncertainty (range 
between lowest and highest probabilities) also increasing over time.  Nearly all experts 
predicted near-term (year 2025) persistence probability >= 90% and mid-century persistence >= 
70%.  All experts predicted end-of-century persistence probability >= 50% for this unit, with most 
predicting a 40% to 60% probability of persistence by 2100 (Figure 5).  Near-term drivers that 
influenced experts’ probabilities of persistence for this geographic unit were changes in private 
forest land ownership, changes in forestry management (timber harvest methods, volumes, and 
spatial distributions), habitat decline (succession of previous clear-cuts from young, dense 
regenerating stands to mature stands less conducive to high hare densities), spruce budworm 
outbreak, climate change-induced loss of spruce-fir habitats, and competition with bobcats due 
to climate change-induced loss of snow conditions that favor lynx.  Longer-term (2050, 2100) 
drivers similarly included changes in forestry practices, but also climate-driven loss of snow 
conditions favorable to lynx/competition with bobcats, and loss of spruce-fir forest.  As with 
responses for other geographic units, not all experts provided the factors that influenced their 
persistence probabilities for each time period, and not all provided the percent contribution of 
each factor. 
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Figure 5.  Expected probability of persistence for the Northern Maine geographic unit at present, 
2015, and in 2025, 2050 and 2100. 

Note:  In Figure 5, above, and figures 6 through 10, below, points for each of the 10 expert 
responses, for each of the three probability of persistence levels, i.e., highest, most likely, and 
lowest probabilities of persistence, are represented by the hollow red, filled green, and hollow 
blue points respectively.  The black x mark is the median of the most likely responses across 
the experts in each response year.  The red, green, and blue dashed lines connect the median 
of the highest, most likely, and lowest probability of persistence responses across the experts in 
each response year.  The edges of the grey area were defined by the extreme responses, i.e., 
the range from the largest of the highest probability of persistence responses to the smallest of 
the lowest probability of persistence responses.  The median lines and grey area are provided 
as a summarizing visualization to aid comprehension of the experts’ responses and their range, 
and should not be viewed are a substitute for individual responses or presented outside the 
context of the accompanying discussion. 

Discussion Points Following Initial Responses:  One expert expressed confidence that the lynx 
population in Maine will be stable in the near term; that climate change out to 2050 will primarily 
affect coastal areas, which support few lynx; and that there will likely still be favorable conditions 
for lynx in northern Maine where most lynx currently occur.  A second expert disagreed, and 
indicated that a combination of aging of the last of the budworm-era (1970s-80s) clear-cuts, the 
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cumulative effects of the last 25-years of partial harvesting (in accordance with the Maine Forest 
Practices Act), and the coming spruce budworm outbreak will all substantially reduce the 
amount of high quality lynx/hare habitat in this unit.  Projecting past 2050, experts generally 
agreed that climate change will likely create unfavorable conditions (e.g., insufficient snow, loss 
[northward migration] of spruce-fir forests) in northern Maine’s core area for lynx, and the 
probability of persistence will decline over the longer term.  Although uncertainty increases with 
time from the present, climate-related loss of favorable snow conditions (amount, consistency, 
and duration), loss of spruce-fir, and bobcat competition will likely reduce the probability of 
persistence in this unit beyond 2050.   

There was some concern that timber companies would not respond to the pending spruce 
budworm outbreak like they did in the 1970s (extensive clear-cuts).  Some experts also 
expressed concerns about the effects of the current clear-cuts aging past conditions that 
support hares and lynx.  Out to year 2050, changes in snow conditions and loss of spruce-fir 
associated with climate change will contribute to habitat loss.  Past 2050, diminished snow, 
successional loss of high-quality habitats, increased competition from bobcats, and spruce-fir 
decline will make conditions unfavorable for lynx.  Some experts assumed a high-emissions 
climate change scenario, but others said their predictions would not change under moderate 
emissions scenarios.  The second expert (above) indicated that current data show spruce-fir 
habitat is being replaced with a hardwood forest (red maple) system, and that this will continue 
throughout the century.  This expert indicated hardwood forest invasion isn’t being controlled by 
herbicides as it was in the last budworm outbreak.  The first expert (above) disagreed and said 
that lynx are resilient and forestry practices will likely sustain spruce-fir habitats in Maine, 
providing an example of one timber company that has already invested in spruce plantations.  
The second expert indicated that most of the land base is owned now by Timber Investment 
Management Organizations and Real Estate Investment Trusts who will not employ intensive or 
expensive (plantation, herbicide) forms of forestry.  In summary, experts expressed a variety of 
opinions about how forest management may change in the future in Maine and, in particular, 
how forest landowners and managers may respond to the pending spruce budworm outbreak, 
and how these responses may impact resident lynx.  

Other factors considered by the experts included budworm outbreaks, the potential for disease 
in a lynx population (not currently a recognized or documented threat and typically unexpected, 
but always a possibility), ecosystem change induced by climate change, forest tree species 
composition changes, competition with other temperate forest animals.  There are many 
interrelated factors and different stresses and factors that may occur in the future.  It is difficult 
to anticipate the factors that will affect lynx in the future.   

Experts discussed the role of competition between lynx and other carnivores, especially 
bobcats, throughout the DPS.  One expert remarked that in some parts of Montana there is 
complete overlap of lynx and bobcat home ranges and little or no evidence of competition 
effects.  Others indicated relatively narrow regions of overlap and sharp demarcation between 
areas that support home ranges of the two species that correspond with annual snowfall 
amounts in Maine and Minnesota.  Experts were unsure whether bobcat-lynx overlap is more a 
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function of snow conditions in these areas or competition between the species (i.e., competition 
for food or behavioral competition).  Although separation of the species has been documented, 
the nature and causes of the separation are not certain.  Bobcats are a more generalist predator 
than lynx and less reliant upon hares than lynx.  Experts expressed varying opinions regarding 
seasonal differences in overlap among lynx and bobcat diets, the effect and importance of 
competition between the two species, and whether it is behavioral or resource competition.    

Lynx in Maine have not responded to changes in hare abundance exactly as lynx in Canada 
and Alaska have to hare population cycles.  In Maine, the proportion of females that reproduced 
and average litter size declined during low hare years, as in the north, but home range sizes in 
Maine did not increase as they did in the north when hare abundance was low.  Hare densities 
do not appear to have dropped below a critical threshold to alter lynx home range size in Maine 
as in the North.   

An SSA Team member asked how hare cycles or fluctuations may affect predictions of 
persistence in Maine.  The first expert (above) said that hare declines documented by University 
of Maine monitoring is likely due to the aging forest, and that lynx in Maine haven’t yet 
responded biologically to the range of hare densities observed in Maine, as suggested by the 
lack of change in home range sizes and survival.  The second expert (above) disagreed, and 
cited University of Maine research that showed hare populations declined by ~50% in all stand 
types sampled starting in 2006, that forests where hares were monitored have not yet 
progressed to the self-thinning stage, and that the hare decline in Maine is mirrored by hare 
data from southern Quebec.   

Northeastern Minnesota 

Pre-graphing Overview from Unit Experts:  There are probably 50-200 resident lynx in 
Minnesota but there is much uncertainty and survey protocols do not support generation of 
precise abundance estimates.  Lynx occupancy and reproduction both have been consistently 
documented in the state since it was listed in 2000.  Lynx in this geographic unit are interacting 
with, and possibly depending on, southern Ontario populations.  Although females exhibit high 
reproductive rates, radio-telemetry data suggest low recruitment of Minnesota-born kittens into 
the breeding population of this geographic unit.  Bobcats are a potential future stressor as they 
are encroaching into lynx areas; fire is a threat in dry years (e.g., there have been 3 fires in last 
15 years that have burned approximately 20% of lynx habitat).  The forest management industry 
is tied to softwoods and continued management of softwood tree species is expected in the 
future. 

Expert Responses:  As with the previous unit, all expert graphs showed initially high and 
subsequently declining probability of lynx persistence in Minnesota over time, along with 
increasing uncertainty through the end of the century.  Nearly all experts predicted near-term 
(year 2025) persistence probability >= 90%, and all experts predicted mid-century persistence at 
60% to 90% (median = 80%).  Experts predicted end-of-century persistence probabilities of 10% 
to 60%, with a median of 35%, by 2100 (Figure 6).  Near term drivers were reduced snow, 
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bobcat competition, disease in lynx (e.g., lungworm, liver fluke, feline leukemia), and forest 
insects.  Long term drivers were reduced snow, competition with bobcat, loss of spruce-fir 
forests, fires, and climate change. 

 

Figure 6.  Expected probability of persistence for the Minnesota geographic unit at present 
(2015), and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts expressed uncertainty whether 
potential climate change impacts will be realized in the short term, but that the cumulative 
effects of climate-induced changes seem more likely in the longer term.  This uncertainty may 
be a source of variability in predicted persistence probabilities.   Some experts expressed 
uncertainty about the accuracy of the rough estimate of the size of the lynx population in this 
unit because surveys were not designed to provide population estimates.  Some experts wanted 
clarification on the distribution of lynx in the state, and which areas of the state have the highest 
use.  The core-use spatial extent was described as a 20-mile-wide strip inland from the north 
shore of Lake Superior and extending about 60 miles from the northeast tip of the “arrowhead” 
southwest into the Superior National Forest (SNF).  Lynx occasionally occur further west in the 
SNF and in other areas such as Voyageurs National Park.  Recent snow-track surveys suggest 
lynx may be using a larger portion of the arrowhead region, and radio-telemetry data have 
documented travel to and from southern Ontario.  Lynx also have been documented to use the 
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1-million-acre Boundary Waters Canoe Area Wilderness (BWCAW) that borders Canada for 
dispersal in both directions across the border.  However, because the BWCAW has not been 
surveyed for lynx, the number of lynx that may use this area is unknown.  The SNF does not 
actively manage the BWCAW.  The current connectivity between lynx in this unit and the larger 
population in Ontario reduces the likelihood of local extirpation in this geographic unit, but the 
likelihood would increase if connectivity was compromised and cross-border interactions 
reduced. 

Factors considered included potential disease, fire, loss of boreal forest, competition with 
bobcats and possibly other hare predators.  Some experts questioned the validity of disease as 
an influence in this and other geographic units because although disease has been documented 
in some felines, it has not been documented as a threat to lynx in any of the DPS populations to 
date.  Some experts speculated that because there is a link between disease and temperature 
increases in other animals, projected climate warming could contribute to disease in lynx.  
Therefore, although not a factor for lynx currently, it is not unreasonable that disease could 
impact lynx populations in the DPS in the future, so we may want to consider disease in future 
conservation planning.  Experts also discussed the possibility that climate warming may 
facilitate the westward expansion of the spruce budworm outbreak that is projected for Maine 
and eastern Canada into southern Ontario and the Minnesota geographic unit. 

Northwestern Montana/ Northeastern Idaho 

Pre-graphing Overview from Unit Experts:  There are likely 200-300 lynx in this unit in several 
subpopulations (expert stressed that this is a guess and not a true population estimate), and 
there is currently a connection with lynx in Canada.  Climate models project that some boreal 
forest will persist in this unit and that it will maintain snow into the future.  In this unit, lynx 
primarily occupy public lands, which are actively managed for lynx into the future.  In recent 
decades, fires have occurred on a large scale, with high intensity and increasing frequency.  
There have been no documented cases of beetle infestations in lynx habitats in this unit. 

Expert Responses:  As for previous units, all expert graphs showed an initially high and 
subsequently decreasing probability of persistence for this unit, with increasing uncertainty over 
time, but a higher probability of persistence at all time frames than other units.  All experts 
predicted near-term (year 2025) persistence probability >= 95%, and all predicted mid-century 
persistence at 70% to 100% (median = 90%).  All experts predicted end-of-century persistence 
probabilities >= 50%, with a median of 78%, by 2100 (Figure 7). 
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Figure 7.  Expected probability of persistence for the Northwestern Montana/Northeastern Idaho 
geographic unit at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Overall, experts assigned a higher probability of 
persistence in this unit compared to the other two units discussed thus far.  Most lynx habitats in 
this unit occur on Federal lands that are managed for lynx conservation, but one expert noted 
that little has been done to document whether lynx are responding to this management.  The 
recent sale of large tracts of private commercial timberlands in the central part of this unit to The 
Nature Conservancy has increased protection for lynx via conservation easements managed for 
lynx.  Habitats in some areas should improve in the near future as previously cut or burned 
areas mature into dense stands.  Unlike the Maine and Minnesota geographic units (but similar 
to most other western units), high elevations in this unit could buffer the effects of climate 
change by providing for the upslope migration of lynx habitats and snow conditions that climate 
models predict.  However, this would result in even patchier and more isolated islands of habitat 
in high elevation areas that would be more prone to extirpation due to catastrophic or stochastic 
events.  Competition from coyotes and bobcats seem to be less of a concern for this unit. 

This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 
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occurring or will into the future.  There doesn’t appear to be much demographic input from 
recent cycles.  There is evidence of lynx from this unit moving north into Canada, but little 
evidence of demographic interactions among the three subpopulations (Purcell Mountains, 
Seeley Lake, and Garnet Mountains) in this unit.  Experts noted that the Garnets Mountains 
subpopulation at the southern end of this unit may have recently become extirpated.     

Discussion among experts indicated that fire was more of a concern for this area.  Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit.  Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels.  Out to 2050 and 
beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity.  Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 

Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats.  Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change.  It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level.  One expert reminded that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation.  Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in future.   

North-central Washington 

Pre-graphing Overview from Unit Expert:  This geographic unit is thought to currently support 
roughly 50 resident lynx.  There may have been more lynx prior to recent major fires.  This unit 
is currently connected to Canada, and there is no indication that this connection will be 
disrupted.  Some of the best lynx habitat in this unit occurs on plateaus that may be more 
vulnerable to impacts of climate change because of the absence of higher-elevation areas to 
which habitats, lynx and hares could migrate in response to warming.  In areas that receive 
maritime climate influences, projected climate-induced changes to snow conditions could be 
detrimental for lynx.  Studies have shown good lynx survival rates in this unit. 

Expert Responses:  Compared to the previous units, most expert graphs showed a lower 
probability of persistence for this unit over the short term, and then lower probability of 
persistence along with increasing uncertainty by 2100, reflecting a more pessimistic outcome for 
this unit compared to previous units (Figure 8).  Experts predicted near-term (year 2025) 
persistence probabilities of 60% to 90% (median = 80%), and mid-century persistence at 30% to 
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80% (median = 70%).  All experts predicted end-of-century persistence probabilities less than 
50%, with a median of 38%, by 2100 (Figure 8).  However, one expert predicted an increase in 
persistence probability by mid-century as habitats impacted by recent large-scale fires 
regenerate into optimal hare-lynx habitat. 

 

Figure 8.  Expected probability of persistence for the North-central Washington geographic unit 
at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  The probability of lynx persistence in this unit 
could decrease sharply over the next 10-20 years because of extensive recent fires in lynx 
habitats and the time needed for these areas to regenerate back to good hare/lynx habitat.  
After that, the probability could rebound (or decline more slowly) over the longer term as these 
large areas return to prime habitat providing high hare densities.  The current small population is 
likely at greater risk of extirpation because of stochastic events, particularly if large fires in lynx 
habitat continue to occur in the near future as they have in the recent past.  A small population 
also could be more susceptible to disease, though none has been documented among lynx in 
this unit.  Experts discussed the extent to which small lynx populations could be reduced before 
they would become highly susceptible to stochastic demographic effects.  It was suggested that 
15-20 breeding individuals might be the minimum needed to avoid such susceptibility.  
Unimpeded connectivity between Canada and the Okanogan area of this unit could allow lynx to 
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repopulate currently-unsuitable areas after the habitat recovers.  Lynx in this unit are likely the 
southern portion of a larger population in Canada, not really a separate, isolated small 
population.  Factors that influenced expert persistence probabilities for this unit included fire, 
habitat loss, and the future loss of favorable snow conditions predicted by climate change 
models. 

Greater Yellowstone Area (GYA) 

Pre-graphing Overview from Unit Experts:  This unit has a long history of lynx presence, but the 
consistency of occupancy over time is uncertain.  Research and surveys since 1997 have 
detected few lynx in this unit.  Lynx are likely spatially limited within the unit because of the 
patchy distribution of high-quality habitat and the generally low or marginal hare densities in 
much of the unit.  Lynx have large home ranges in this area, an indicator of lower habitat quality.  
Nevertheless, until recently, this unit appears to have supported a small resident lynx 
population.  The current lynx population in this unit is very small - likely fewer than 10 lynx, and 
possibly zero.  This population may have been somewhat larger in the past; however, there is 
some uncertainty about this.  Recent surveys and trapping efforts have not detected resident 
lynx, only several that were previously released in Colorado.  Several Colorado-released lynx 
have established home ranges in the GYA unit, and there is evidence of overlapping male and 
female home ranges.  In the late 1800s and early 1900s, there was notable predator control in 
some parts of this unit.  There currently is oil and gas exploration and development activity in 
parts of this unit, but potential impacts to lynx are uncertain, and projects are attempting to 
minimize impacts to lynx habitat. 

Expert Responses:  The expert graphs for this unit were widely variable and had different 
outcomes and high uncertainty at all time frames.  Experts predicted near-term (year 2025) 
persistence probabilities of 10% to 70% (median = 52%), and mid-century persistence at 15% to 
60% (median = 35%).  All experts predicted end-of-century persistence probabilities less than 
50% for this unit, with a median of 15%, by 2100 (Figure 9).  This was the only unit for which 
most experts believed the present probability of persistence is low (i.e., that it is uncertain 
whether this area currently supports a resident lynx population).  Some experts increased 
probability of persistence into mid-century as the 1980s-era fires regenerate into hare/lynx 
habitat, and with the possibility of continued immigration of lynx from Colorado.  Other experts 
project a 10% to 20% probability of persistence by 2100.  One reason given for wide variability 
in responses is because of the uncertainty whether a population currently exists.  There were 
wide confidence intervals around the probabilities for all time periods for this area. 
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Figure 9.  Expected probability of persistence for the GYA geographic unit at present, 2015, and 
in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Current and future factors expressed by experts 
as influencing probability of persistence for this unit included small population size, forest 
disease and insect pests, and fire.  Some experts doubt that the GYA unit currently supports a 
resident breeding population of lynx.  Experts indicated that climate models predict that some 
parts of the GYA unit could provide refuge from climate change impacts because of their high 
elevations and potential to maintain winter snow levels into the future.  Summer conditions in 
this unit, however, could be drier in the future, resulting in increased fire frequency, extent and 
intensity, and additional temporary habitat loss.  However, regeneration of these areas and the 
extensive areas that have burned in the recent past may provide good habitat over the next 
several decades.  Lynx immigrating to this unit from Colorado could occupy such improved 
habitats in the near future.  Colorado lynx have made exploratory movements into the GYA in 
summer months, and analysis of available data could improve our understanding of Colorado 
lynx movement into and use of the GYA.  It is possible that lynx from Colorado are maintaining 
or could maintain lynx in GYA. 
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Western Colorado 

Pre-graphing Overview from Area Expert:  From 1999 to 2006, Colorado Division of Wildlife 
(CDOW; now Colorado Parks and Wildlife [CPW]) released 218 Canadian and Alaskan lynx into 
western Colorado.  Survival and litter sizes have been similar to rates observed in other DPS 
populations.  There are probably 100-250 lynx in Colorado today.  There are currently 5-6 
million acres of habitat in this unit thought capable of supporting lynx and where hares are 
present in sufficient numbers to support persistent reproduction.  Extensive bark beetle 
infestations have impacted large areas of lynx habitat, but snowshoe hare are still occupying 
areas with beetle damage.  Three large fires have occurred in recent years, resulting in some 
lynx habitat burned.  Salvage operations in burned areas could diminish future habitat quality.  
This unit is more isolated from Canadian and other DPS lynx populations; separated by a large 
swath of inhospitable habitat.  Road mortality of released lynx was initially high but it doesn’t 
seem to be a problem now (about 1 per year killed on roads on average since the first year of 
the reintroduction).  There is no incidental take from trapping because foothold traps are banned 
in Colorado.  Climate models show CO will maintain habitat over time with anticipated climate 
changes.  Like other western units, habitat is patchily-distributed across this unit. 

 
Figure 10.  Expected probability of persistence for the Western Colorado geographic unit at 
present, 2015, and in 2025, 2050 and 2100. 
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Expert Responses:  Similar to most of the other units, most expert graphs indicate an initially 
high probability of persistence in this unit that will decline gradually with increasing uncertainty 
through the end of the century.  Experts predicted near-term (year 2025) persistence 
probabilities of 60% to 100% (median = 90%), and mid-century persistence at 50% to 85% 
(median = 80%).  Experts predicted end-of-century persistence probabilities of 20% to 70% for 
this unit, with a median of 50%, by 2100 (Figure 10). 

Discussion Points Following Initial Responses:  Some experts indicated that beetle kill and fire 
could potentially create poor habitat conditions in large areas of this unit by mid-century, but that 
regeneration after these impacts could result in good lynx/hare habitats.  Others expressed 
uncertainty about whether fire and insect impacts would be temporary or permanent, especially 
considering climate change and the potential for conversion from boreal/subalpine forests to 
other forest types.  Although 8 of 10 experts graphed 50% to 70% probability of persistence at 
2100, during subsequent discussions, several expressed greater uncertainty about whether 
resident lynx will persist in the unit at the end of the century.  Higher-quality lynx habitat occurs 
primarily in two areas and is patchily-distributed.  Lynx in this unit may occur as several smaller, 
relatively isolated subpopulations, which are likely more vulnerable to stochastic events (similar 
to MT).  This unit’s relative isolation may limit exchange with other lynx populations, increasing 
the likelihood of genetic drift and reducing the chance of demographic rescue or recolonization if 
extirpated.  There was discussion about whether ski areas may affect daily movements of lynx, 
and hares may be declining in ski areas.  Ski areas tend to expand and may, therefore, have 
larger impacts on lynx in future.  There is some evidence of lynx using ski areas in summer 
months but avoiding them during the ski season.  It is uncertain whether ski areas may affect 
genetic connectivity within the Western Colorado geographic unit.  Two-thirds to three-quarters 
of the lynx in this unit are in the southern portion of the range in the San Juan Mountains.  There 
is a large area (Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, 
so it is possible that lynx also could be using that area. 

Summary across Geographic Units 

This section extrapolates from the probability of persistence responses for each geographic unit 
in the section above.  In this section we show the combined probabilities of persistence for 
those geographic units to provide a sense of what the DPS-wide results could be when the 
results for the individual geographic units are combined.  This is shown as a summary of the 
probability that a given number of geographic units persist into the future (See Figure 11) using 
the probabilities provided for each individual unit.  Note that no additional information was 
elicited to produce this summary; rather, the probabilities for each geographic unit were treated 
as independent probabilities of persistence and used to determine the joint probability of 
persistence for a given number of geographic units in total.  Computationally these joint 
probabilities were computed using a convolution of the Bernoulli probability distribution of 
persistence for each geographic unit via a custom convolve function executed in the statistical 
software R (see Appendix 6 for the R code used to produce these and the other summaries and 
figures presented in the report).  The results of this convolution are shown in two forms, first is 
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the probability that a particular number of geographic units persists (Figure 11) and the second 
is the cumulative probability that at least a given number of geographic units persist (Figure 12). 

 

Figure 11.  Summarized probability of persistence of a given number of geographic units given 
the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 11 is the probability that the specific number of geographic 
units indicated by the x axis of the grid persist.  The probability sums to one in each grid.  
Moving from top to bottom the grids show the probabilities of a specific number of geographic 
units persisting by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by selection type and probability response.6  Therefore 
looking down a column of grids provides a view of the trend in persistence through time and 
looking across a row of grids provides a view of the range of uncertainty in persistence experts 
                                                
6 “Median_High” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the highest probability response in each geographic unit. 
“Median_Likely” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the most likely probability response in each geographic unit. 
“Median_Low” is the probability of persistence generated by selecting the median probability of 
persistence across experts from the lowest probability response in each geographic unit. 
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had for a given time period.  The summarized probabilities presented here are provided to aid 
understanding of the implications of the individual persistence probabilities provided above, and 
are derived directly from those responses and therefore should be presented and considered in 
conjunction with those figures. 

 

Figure 12.  Summarized probability of persistence of at least a given number of geographic units 
given the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 12 is the probability that at least the number of geographic 
units indicated by the x axis of the grid persist.  The probability in a bar reaches 1 when there is 
no probability of fewer geographic units persisting.  Moving from top to bottom the grids show 
the probabilities by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by summary selection type and probability response as in 
Figure 11.  Therefore looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period.  The summarized probabilities presented here are provided 
to aid understanding of the implications of the individual persistence probabilities provided 
above, and are derived directly from those responses and therefore should be presented and 
considered in conjunction with those figures. 

Expert Assumptions during Persistence Graphing Exercises 

Experts were asked to summarize the assumptions that informed their responses to resiliency 
questions 1 and 2.  This was done via open discussion, with facilitators asking both direct 
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questions about particular issues that could impact responses (e.g., climate change conditions), 
and open ended questions (e.g., what other assumptions were considered?). 

Notes:  Climate-change emissions scenarios considered during this exercise differed among 
experts (and some responses did not indicate an emissions scenario).  However, in discussions 
following the graphing exercise, experts indicated that the confidence intervals around their 
persistence probabilities were likely to capture the variance associated with different emission 
scenarios and other climate change uncertainties. 

Experts were asked whether regulatory protections influenced their predictions.  Some experts 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies).  Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections.  Their focus was on the biology and ecology of the species, not listing status-related 
impacts or regulatory scenarios in the future, and they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status.   

Experts were asked what they meant by “small population size effects.”  They explained that 
because small populations are more vulnerable to both demographic and genetic impacts and 
at increased risk from catastrophic and other stochastic events than are larger populations, they 
also have a lower likelihood of persistence.  Experts indicated that connectivity with other 
populations reduces the vulnerability of small populations as it does for larger populations.   

Experts were asked if their projections were influenced by considerations of whether historical 
patterns of cyclic irruptions of lynx into the DPS from Canada will continue in the future.  Most 
agreed that the magnitude of irruptions has declined from the historical highs of the 1960s and 
1970s, and that irruptions may have ceased in recent decades in some parts of the range, 
particularly in the West.  However, most experts felt that connectivity remains good between 
Canada and those DPS geographic units that abut the international border, and most assumed 
some level of regular or intermittent interaction between lynx in those units and Canada, even if 
full-blown irruptions have not been documented recently.  Some experts said that the likelihood 
of future irruptions had little influence on their persistence graphs, especially for the more 
isolated units (GYA and Western Colorado), where an influx of lynx from Canada may be less 
likely. 

Conservation Actions to Address Influencing Factors and Increase 
Probability of Persistence 

3.  What conservation actions could be taken that would address the factors impacting 
the probability of persistence, or would otherwise increase the probability of 
persistence? 
 
Response Type:  Individual list with rounds responses.  Experts were given 5 minutes to write a 
list of three potential conservation actions that could be taken.  Facilitators then asked one 
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expert at a time to provide one item from their list, cycling through the set of experts until all 
experts had exhausted their lists.  Experts were given the opportunity to add items when it was 
their turn that had not been on their written lists.  Experts were not asked if they agreed with 
conservation actions presented by other experts, thus the following list should not be viewed as 
consensus among lynx experts. 
 
Expert Responses:  List of potential conservation actions in the order provided. 

● Reduce CO2 emissions  
● Continue protections associated with Federal and/or State listing 
● Adjust forest management to retain spruce and fir, and reduce fire burn rates 
● Promote/maintain habitat connectivity with Canadian populations through coordinated 

cross-border land use planning 
● Manage salvage logging associated with fire and insect damage to minimize impacts to 

and/or facilitate restoration of lynx/hare habitats 
● Configure and design lynx-friendly landscapes at appropriate scales; design and 

maintain a mosaic of lynx/hare habitats 
● Manage fuels reduction (fire management) projects while maintaining or enhancing 

hare/lynx habitat features. 
● Augment small populations and reintroduce lynx to former, historic range with suitable  

habitat  (GYA, Kettle Range in Washington, perhaps other areas); bolster populations 
before future climate change impacts 

● Support additional research to fill knowledge gaps, particularly related to effectiveness of 
conservation efforts – it remains unclear exactly what is needed for lynx across the 
range to achieve/maintain viability (e.g., habitat quality/amount/distribution, landscape-
level hare densities, forest conditions that support hares, etc.)  

● Enhance cross-border cooperation with Canada to increase near-border lynx 
populations and maintain connectivity 

● Consider cumulative impacts of mining, ski areas, oil and gas, etc., in management 
● Promote reforestation of heavily fragmented areas (e.g., some parts of the GYA and 

Minnesota units); reduce fragmentation 
● Apply strategic habitat conservation concepts; model and identify key areas and focus 

on those areas still in need of protection and management (e.g., private forest lands) 
● Maximize redundancy of lynx populations throughout the DPS 
● Implement fire management Best Management Practices (BMPs)( e.g., allow/encourage 

burns to occur in a way that creates high- and low-intensity mosaic fire patterns) 
● Evaluate whether there is a need for monitoring lynx (and hares) using consistent 

methods throughout the DPS, perhaps coupled with monitoring of other carnivores; 
structured occupancy modeling with genetics sampling could be very informative and is 
cost effective; also known-fate monitoring; monitoring pellet plots is proven and reliable 
way to monitor hares 
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● Devote increased funding to lynx conservation - lynx are in worse shape than other 
mesocarnivore species, but receive less funding than those species that have more 
secure populations and appear less vulnerable to climate change  

Other Considerations 
After completing the elicitation exercises and prior to adjourning the workshop, facilitators asked 
if there were any other considerations the lynx experts or subject matter experts felt are relevant 
to the SSA.  One subject matter expert indicated that monitoring of prey base (hares, red 
squirrels) would help inform lynx recovery, and that pellet-based or mark-recapture methods are 
most reliable.  This expert suggested a need to determine whether areas that we think are going 
to become poor habitat for a variety of reasons could still hold hares and lynx in the future.  
Maybe hares still can use areas we think will be poor habitat, and monitoring these areas could 
help inform our understanding of how lynx persist at the edge of their range. 

Synthesis 
Although uncertainty remains about the historical distribution and sizes of resident lynx 
populations in the DPS, as well as current population sizes, much more is known now than 
when the DPS was listed under the ESA in 2000.  Based on research conducted since the DPS 
was listed, including the summaries of that work provided at this workshop, as well as ongoing 
research, conservation, and management efforts, we have a much better understanding of the 
distribution and status of populations throughout the DPS range.  For example, in 2000, it was 
unclear whether Maine and Minnesota supported resident populations or were only occasionally 
visited by lynx dispersing from Canada during and after northern hare population crashes.  We 
now know that both northern Maine and northeastern Minnesota support resident lynx 
populations, and both are likely larger now than they were historically (Maine), or before they 
were protected by State and Federal regulations (Minnesota).  In contrast, resident lynx appear 
to be naturally less abundant and more patchily-distributed in some parts of the DPS than 
thought at the time of listing, including the West (Interagency Lynx Biology Team 2013, p. 23), 
where potential lynx habitats also appear to have been initially overestimated.  We also have a 
better understanding of the habitat features and hare densities that appear necessary to support 
resident lynx at the southern margin of the species’ range, and of the parts of the contiguous 
U.S. that contain these features.  The presentations in conjunction with expert elicitation 
responses at this workshop have informed and refined our understanding of key aspects of the 
status of, and potential threats to, the lynx DPS.  
 
For example, we were provided a thorough history of the evolution of regulatory mechanisms 
that have been developed and implemented through conservation agreements and formal 
amendments to Federal agency management plans to address the singular threat for which the 
DPS was listed under the ESA - the inadequacy of regulatory mechanisms in Federal land 
management plans prior to listing.  Given our improved understanding of resident lynx 
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populations in Maine and Minnesota (above), where State and private lands constitute much 
more of the lynx habitat than elsewhere in the DPS (98.9% in Maine; 51.7% in Minnesota), an 
assessment of the adequacy of regulatory mechanisms on those State and private lands will be 
a necessary component of the status assessment.  Likewise, our understanding of lynx genetics 
also has improved, with evidence of continued high levels of gene flow range-wide, despite fine-
scale genetic sub-structuring in some populations and additional evidence of lynx hybridization 
with bobcats.  Bobcats appear to be encroaching at the edge of the lynx range in Minnesota 
(Appendix 3, p. 9) and their numbers appear to have increased recently in New Hampshire, 
Vermont, and southern Quebec (Lavoie et al. 2009, entire; Roberts and Crimmins 2010, p. 170; 
Broman et al. 2014, p. 230) adjacent to the northern Maine lynx distribution.  Whether this 
represents a threat to lynx populations in Minnesota and Maine via increased hybridization, 
behavioral mechanisms, or competition for hares is not documented at this time; however, 
encroachment of bobcats in the southern periphery of lynx range may result in lynx 
displacement or niche contraction (Peers et al. 2013, entire). 
 
Canadian researchers also provided updated information on lynx status, management (including 
legal harvest), threats, genetics, and hare population cycles in southern Canada, adjacent to 
some DPS lynx populations.  Forest ecologists and climate modelers also presented information 
regarding potential impacts of timber management and climate change on lynx and boreal forest 
habitats in the contiguous U.S.  Knowledge of lynx and hare responses to various silvicultural 
treatments continues to improve, although the need for continuing research remains.  Climate 
models continue to point toward the future northward and upslope migration of lynx and hare 
habitats and loss of snow conditions favorable to lynx, although uncertainty remains regarding 
the timing, extent, and biological consequences of such impacts.  Increases in the size, 
intensity, and frequency of wildfires and insect outbreaks in boreal/subalpine forests may also 
be related to climate change, but whether these represent temporary or permanent impacts to 
lynx habitats remains unclear.  Finally, much research has been done on hare population 
dynamics and habitat relationships at the southern extent of their range, much of which overlaps 
that of lynx in the contiguous U.S., but questions remain regarding regional variation in hare 
densities and what landscape-level hare abundances are necessary to support persistent 
resident lynx populations across the DPS. 
 
Based on the summaries of post-listing research and the status and threat updates provided at 
this workshop, and on the results of the expert elicitation process, the Service provides the 
following synthesis of the status and likely viability of the DPS in terms of the 3 Rs.  This 
information will be considered as appropriate, along with more detailed analysis of the published 
literature, in the subsequent SSA report for the DPS.  The conclusions below are based on the 
information provided and the results of expert elicitation conducted at this workshop; they may 
be complemented or altered by the additional analyses yet to be conducted as part of the SSA 
process. 
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Representation 
Expert presentations on lynx genetics in the DPS and in Canada and expert responses and 
discussion with regard to representation questions suggest few threats to the genetic fitness or 
adaptive capacity of lynx in the DPS.  High gene flow across the continental lynx range, 
indicated by very low Fst values (see Subject Matter Presentations, above), suggests the 
absence of substantial barriers to genetic interchange, and little evidence or risk of significant 
genetic drift among DPS populations.  Most experts indicated that none of the six geographic 
units known or thought to support lynx populations in the DPS is susceptible to meaningful 
genetic drift, although several experts indicated that the more geographically isolated units (the 
GYA and Western Colorado units) are likely more susceptible to such drift than the units that 
are directly connected to lynx populations and habitats in Canada.  Overall, according to both 
the expert panel and the subject matter presentations, there appears to be a low risk of 
biologically consequential drift for lynx populations in the DPS.  Likewise, expert responses 
indicated that the generally low level of genetic differentiation and relatively similar ecological 
settings across the DPS suggest little life history variability or niche differentiation among DPS 
populations that would indicate that any are more or less important to maintain than others in 
terms of representation.  Individual experts indicated that representation can best be maintained 
by conserving current DPS populations (and hence the genetic variation in each), maintaining 
connectivity between DPS and Canadian populations, and avoiding impacts that would facilitate 
or increase the potential for or likelihood of genetic drift.  Our interpretation of this part of the 
elicitation is that the adaptability and evolutionary capacity of the DPS over time does not 
appear to have been diminished and is unlikely to become so, independent of threats that may 
impact the redundancy and persistence of lynx populations.  We will consider this information 
along with available empirical data and the published literature when evaluating representation 
in the DPS for the SSA. 

Redundancy 
With resident lynx populations and subpopulations in at least five of six large (the smallest is 
over 2,000 square miles, the others are all over 8,000 square miles), widely-distributed (from 
Maine to Washington and south along the Rocky Mountains), and relatively discrete geographic 
areas (see Figure 1), the DPS as a whole appears invulnerable to extirpation from a single 
catastrophic event.  Expert responses indicated no catastrophic event that could result in the 
functional extirpation of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units due to a single catastrophic event.  We 
interpreted these responses to indicate there is a small chance of decreased redundancy from a 
single catastrophic event because the probability of any geographic unit being lost to a 
catastrophic event is low.  Experts indicated that functional extirpation of the geographically 
smallest unit (Washington) and those supporting the fewest resident lynx (Washington, GYA, 
and perhaps Minnesota) would be more likely to occur as a result of a series of catastrophic 
events over a 10-year period than to any single event over the next 10 years (see Figure 2 
above).  Experts listed fire, drought, insect outbreaks, loss of favorable winter conditions, and 
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disease as potential events that could lead to functional extirpation in these units.  In 
Washington in particular, where large fires have impacted nearly 40 percent of the occupied 
lynx habitat over the past 10-15 years, experts felt that several more successive years of such 
fires could result in functional extirpation.  However, because fire and insects are likely to cause 
only temporary (20-40 years) losses of lynx and hare habitats, and because connectivity 
between the Washington unit and lynx habitats and populations in southern British Columbia 
remains intact, experts indicated this unit (and others abutting habitats and lynx populations in 
Canada) would likely be naturally re-colonized relatively quickly by dispersing lynx.  Therefore, 
extirpation in these units because of catastrophic events (or a series of them over time) would 
be temporary (likely lasting only one or several decades) unless events permanently altered the 
habitats.  Experts indicated that if lynx were functionally extirpated in the GYA or western 
Colorado units, which are not connected to habitats or populations in Canada and are relatively 
isolated from other DPS populations, natural re-colonization would be less likely, would take 
longer, or may never occur. 

Overall, expert responses indicated that extirpation of the DPS as a whole, or of resident lynx 
populations in most individual geographic units, because of a catastrophic event is very unlikely.  
Because we lack evidence that persistent resident lynx populations occurred historically but 
have been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels.  That is, the 
loss of resident lynx populations in the DPS, to the extent suggested by the historic record, was 
likely in areas (e.g., northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge 
area of northeastern Washington, perhaps Isle Royale in Lake Superior) peripheral to the 
geographic units that currently support resident lynx, and not in discrete geographic units that 
would have represented greater redundancy in the contiguous U.S.  However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear.  The historic record and recent research show that the GYA has supported resident 
lynx, but it is unclear whether the area consistently supported a persistent resident population 
over time or whether it naturally supported resident lynx only some of the time (was “winked on” 
in a metapopulation sense) when habitat conditions and hare densities were favorable, and at 
other times, when habitats and hare densities were less favorable, it did not support resident 
lynx (“winked off” in a metapopulation sense).  Given the protected conservation status of 
millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx.  If so, its 
contribution to redundancy within the DPS is questionable. 

Resiliency 
Because we lack reliable estimates of the sizes and trends of most lynx populations in the DPS, 
we are unable to use these parameters to evaluate the resiliency of individual populations or the 
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DPS as a whole.  Efforts to understand resiliency are also confounded by the metapopulation 
structure thought to govern lynx populations at the southern margin of their continental range 
(i.e., populations and subpopulations in the DPS), the related uncertainty about the extent to 
which DPS populations may rely on cyclic immigration of lynx from Canada during population 
irruptions, and the ambiguity in the historic record that limits our understanding of the relative 
persistence of lynx in various geographical areas of the contiguous U.S. and, thus, the 
contribution of those areas to the viability of the DPS.  Our evaluation of the resiliency of lynx 
populations in the DPS is limited, therefore, to a largely qualitative assessment of the current 
status of populations in each of the six geographic units along with the quantitative summary of 
expert professional judgment of their likelihood of persistence over time given known or 
perceived potential threats. 
 
As expected, both expert estimates of probability of persistence and expert confidence in those 
estimates were higher over the short-term than the long-term.  Median probability of persistence 
(MPOP) at year 2025 was >= 0.90 for all but one of the six geographic areas.  The GYA had a 
MPOP of 0.52, apparently reflecting the uncertainty regarding whether this unit consistently 
supported a resident lynx population historically and whether it currently supports resident lynx.  
At year 2025, confidence bounds were smallest (indicating higher expert confidence) for the 
units with the highest MPOPs (Northern Maine, Northeastern Minnesota, and Northwestern 
Montana/ Northeastern Idaho), and larger for units with lower MPOPS (North-central 
Washington, GYA, and Western Colorado).  At mid-century, MPOP declined for all units but 
remained >= 0.70 for all but the GYA (0.35), and confidence bounds increased for estimates for 
all units but the GYA, where it remained the same as at year 2025.  At end-of-century, 
persistence probabilities declined further, as expected, and only the Northern Maine, 
Northwestern Montana/ Northeastern Idaho and Western Colorado units had MPOPs >= 0.50.  
Also as expected, confidence bounds were very large around persistence estimates at year 
2100, with the median confidence range extending across more than 50% of the range of 
possible outcomes for all but the Northwestern Montana/ Northeastern Idaho population, and 
the extremes of the range nearly covering the full range (0% to 100% probability of persistence) 
of possible outcomes. 
 
Experts listed a number of factors that influenced their probability of persistence estimates for 
each unit (see unit summaries above in the Resiliency section).  Near-term factors varied by unit 
(e.g., post-harvest forest succession in Maine, where hare abundance is expected to decline as 
currently dense regenerating clear-cuts mature; continued large-scale fires in lynx habitats in 
Washington; and insect outbreaks in Maine, Minnesota, and Colorado), but longer term factors 
seemed to coalesce around anticipated direct and indirect effects of climate change.  These 
included potentially climate-driven increases in the size, frequency, and intensity of fire and 
insect outbreaks; decreases in snow amount, duration and quality, leading perhaps to increased 
competition with bobcats and other hare predators; and the projected warming-induced 
northward and upslope migration of boreal and subalpine forests that would result in the loss 
and further fragmentation and isolation of lynx and hare habitats in the contiguous U.S.  Expert 
responses and ensuing discussions indicated that continued climate warming and associated 



56 

direct and indirect effects will likely exert the greatest negative influence on the probability of 
persistence for lynx populations in the DPS regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
Overall, expert responses to this part of the elicitation indicate that all five of the geographic 
units known to currently support resident lynx populations have a greater than 70% expectation 
of doing so by mid-century, but a declining likelihood and greater uncertainty of doing so by the 
end of the century.  It is uncertain whether the remaining geographic unit (the GYA) currently 
supports resident lynx, and expert responses indicate a lower probability that it will do so in the 
future compared to the other units.  Responses also suggest that the overarching threat to the 
long-term persistence of lynx populations in the DPS is climate change, which is anticipated to 
result first in loss of snow conditions favorable for lynx and, after an uncertain lag time following 
continued climate warming, loss (northward and upslope migration) of boreal forest habitats, 
although the timing and magnitude of such losses are uncertain. 

Conclusion 
The Service and the Lynx SSA Team appreciate the willingness of lynx and subject matter 
experts to attend this workshop and share their knowledge, professional judgments, and 
opinions.  We have gained considerable insight into the current status of lynx populations 
throughout the DPS and the factors most likely to influence the DPS’s future viability - including 
information that is not currently available in the peer-reviewed literature.  We will incorporate this 
information into the SSA as appropriate, along with the published scientific literature, to inform 
recovery planning for the DPS and any other ESA-related determinations the Service is 
authorized and required to make.  As we develop the SSA report, we will continue to solicit 
expert input from workshop panelists and from other lynx and subject matter experts who were 
unable to attend this workshop, including peer review of the SSA report. 
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Appendices 
All appendices will be made available on the Service’s Region 6 Canada lynx webpage: 
http://www.fws.gov/mountain-prairie/es/canadaLynx.php 
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Purpose  
The purpose of this report is to convey the results of an expert workshop convened by the U.S. 
Fish and Wildlife Service (Service) in October 2015 to improve our understanding of the status 
of the contiguous U.S. distinct population segment (DPS) of Canada lynx (Lynx canadensis).  
This workshop was held in conjunction with a species status assessment (SSA; see Appendix 
1) for the DPS.  The SSA, which will incorporate the best available scientific information on lynx, 
is needed to inform the Service’s response to a June 2014 court order to complete a recovery 
plan for the DPS by January 2018, or make a formal determination that a recovery plan is not 
necessary.   
 
The workshop was organized by a Lynx SSA Team consisting of Service and USGS staff who 
have developed and piloted implementation of the SSA framework, and Service biologists who 
are working on lynx throughout the range of the DPS.  In the interest of collaboration and 
transparency, this team partnered with State agencies, other Federal agencies, and academic 
researchers to elicit expert input regarding the current and likely future status of lynx populations 
within the DPS. 
  
Expert input is needed because the published scientific literature and other available information 
provide inadequate empirical data on many aspects of lynx population dynamics in the DPS 
range.  We lack sufficient information on the status, sizes, and trends of lynx populations and on 
threats to lynx habitats and those of their primary prey, snowshoe hares (Lepus americanus).  
We therefore designed a process to elicit and capture the knowledge, professional judgments, 
and opinions of lynx experts to help us assess the current status of, and the nature and 
magnitude of potential threats to, lynx populations and habitats within the DPS.  We also sought 
expert knowledge to help us evaluate the viability of the DPS (in terms of the “3 Rs” - 
redundancy, representation, and resiliency; see definitions below) under a range of future 
threats, habitat conditions, and climate scenarios, and to identify and make explicit areas of 
uncertainty and potential differences of opinion among experts. 
 
The results of the workshop will contribute to the SSA, which will compile and summarize the 
best available scientific and commercial data, including empirical data, published literature, and 
expert input.  This information will then be used by Service decision makers to inform 
classification decisions, recovery planning direction, and other determinations required by the 
Endangered Species Act (ESA). 

Background 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws.  Its long, 
black ear tufts and short, black-tipped tail distinguish the lynx from the similar bobcat (Lynx 
rufus), which is much more common in the contiguous U.S.  The lynx’s large feet and long legs 
make it highly adapted for hunting snowshoe hares in the deep or powdery snow that persists 
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across much of its boreal forest distribution, most of which occurs in Canada and Alaska.  
These adaptations provide lynx a competitive advantage over potential competitors, such as 
bobcats or coyotes (Canis latrans), which have much smaller feet and higher foot-loadings that 
prevent them from hunting efficiently in deep, powdery snow (McCord and Cardoza 1982, p. 
748; Buskirk et al. 2000, pp. 86–95; Ruediger et al. 2000, pp. 1–11; Ruggiero et al. 2000, pp. 
445, 450). 

The southern periphery of the boreal forest extends into parts of the northern contiguous U.S., 
where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 1, 3), 
deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40–41).  In the contiguous U.S., 
these transitional boreal forests become discontinuous and patchy, preventing both lynx and 
hares from broadly achieving densities similar to those of the northern boreal forests (Wolff 
1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and 
Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394).  These forests eventually become 
too fragmented and isolated in the contiguous United States to support hares at the landscape 
densities and distributions necessary to support lynx home ranges (Interagency Lynx Biology 
Team 2013, p. 77) or lynx populations over time.   

The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms.  
Specifically, at that time the Service believed that most lynx and lynx habitats occurred on 
national forests, and that the Land and Resource Management Plans that guided management 
of those forests included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat.  The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052).  In 2003, in response to a court memorandum opinion on the 2000 listing rule, the 
Service reaffirmed its determination of the lynx DPS and its status as threatened under the ESA 
(68 FR 40076).  The Service completed a recovery outline in 2005 (U.S. Fish and Wildlife 
Service 2005), designated critical habitat for the DPS in 2006 (71 FR 66008) and, in 2007, again 
in response to a court order, clarified its determinations of “significant portion of the range” and 
that all lynx in the contiguous U.S. constitute a single DPS (72 FR 1186).  Also in 2007, the 
Service initiated a 5-year status review of the DPS (72 FR 19549).  The Service revised the 
critical habitat designation for the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782). 

Although the Service identified the DPS as occurring in forested portions of 14 states (Colorado, 
Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, Oregon, Utah, 
Vermont, Washington, Wisconsin, and Wyoming) (65 FR 16052, 16085), it recognized at the 
time of listing that both lynx and the boreal forests that support them in the Lower 48 States are 
at the southern margins of their ranges, where habitats naturally become patchy and 
fragmented and snowshoe hare densities in many places are not consistently high enough to 
support resident lynx populations (65 FR 16052-59).  It also recognized that inherent limitations 
in historic occurrence information made it difficult to distinguish between areas that consistently 
supported resident populations; other areas that may have occasionally supported resident, 
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breeding lynx; and yet other areas that intermittently and temporarily contained dispersing or 
transient lynx but did not support lynx home ranges or reproduction (65 FR 16054-59).  Many 
lynx records in the DPS range seem to have been associated with cyclic “irruptions” of lynx from 
southern Canada into the northern contiguous U.S. when northern hare populations crashed, as 
they did historically every 8-11 years (Elton and Nicholson 1942, entire; McKelvey et al. 2000, 
entire; Mowat et al. 2000, pp. 281–294; Interagency Lynx Biology Team 2013, p. 33).  Lack of 
reliable information also precluded determination of sizes or trends of lynx populations within the 
DPS. 

Recent research and monitoring have improved our understanding of many aspects of lynx 
biology, distribution, and potential threats in the DPS.  However, we still lack reliable estimates 
of the sizes and important demographic rates of most populations.  Likewise, our understanding 
of the natural range and causes of variation in lynx and hare numbers, hare densities necessary 
to support resident lynx populations throughout the DPS, the influence of immigration of lynx 
from Canada on the demographic and genetic fitness of DPS populations, and the timing, 
extent, and magnitude of potential threats associated with climate change remains imperfect.  
The Lynx SSA Team organized this expert elicitation workshop to help fill some of these 
information gaps with the knowledge, professional judgments, and opinions of lynx experts. 

Currently, there are five geographic areas known to support resident lynx populations in the 
DPS:  northern Maine (with occasional/sporadic breeding by small numbers of lynx in 
northernmost New Hampshire and Vermont); northeastern Minnesota; northwestern Montana 
and northeastern Idaho; north-central Washington; and western Colorado (Figure 1).  The 
Greater Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming is 
believed to have historically (and as recently as 2003-04) supported a small but relatively 
persistent lynx population, but it is uncertain whether it currently supports any resident lynx. 
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Figure 1.  Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations.     

Expert Elicitation 

Workshop Protocol 
As mentioned under Purpose, above, the Lynx SSA Team convened the October 2015 
workshop to elicit expert knowledge and opinion on critical uncertainties regarding the current 
status and future viability of resident lynx populations within the DPS range, and thus the DPS 
as a whole.  To facilitate this, a 10-member panel of recognized lynx experts from across the 
DPS range first observed and discussed presentations by subject matter experts summarizing 
the current state of available information on topics relevant to lynx populations in the DPS (see 
Preparing Experts section below).  After subject matter presentations, members of the lynx 
expert panel presented updates on lynx populations in each of the six geographic areas 
described above under Background.  The subject matter and update presentations were 
intended to ensure that all lynx experts had a common baseline of information prior to the 
elicitation process.  
 
In accordance with the expert elicitation literature (e.g., Burgman 2005, USEPA 2011, Gregory 
et al. 2012, Drescher et al. 2013, Morgan 2014), we then used best practices to elicit opinions 
from the expert panel.  Although invited experts were expected to contribute openly and 
effectively to group discussions, we did not seek consensus among experts; rather, we probed 
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differences of opinion or interpretation of scientific and technical information.  We also asked 
experts and other participants to focus on scientific questions and to refrain from discussing or 
recommending management or policy decisions related to the Service’s authorities and 
responsibilities in implementing the ESA. 
   
In addition to the lynx expert panel and subject matter experts, workshop participants included 
members of the USFWS/USGS Lynx SSA Team, facilitators, and observers (see Appendix 2 for 
a full list of attendees and their respective roles).  As a basic ground rule, only members of the 
expert panel participated in the elicitation process, although panelists were encouraged to 
confer with the subject matter specialists and SSA Team members as needed.  All workshop 
participants were welcome to participate in discussions that ensued from review of panel 
responses to various questions.  Due to time constraints and to minimize interference with the 
elicitation process, observers were encouraged to write and submit “parking lot” questions, 
which were collected at the end of the first two days of the workshop and presented to lynx and 
subject matter experts for responses and discussion the following mornings (see workshop 
notes, Appendix 3).  The expert elicitation process was facilitated by USFWS and USGS 
structured decision making practitioners who encouraged open discussion among experts, 
structured input from both panelists and subject matter experts, and ensured that observers 
could witness the process without inappropriately influencing it. 

Identifying Experts 
 
SSA Team members reviewed the relevant literature and used their first-hand knowledge to 
identify experts involved in lynx and hare research or management, boreal forest ecology, and 
climate modeling.  We then developed a priori selection criteria based on professional 
credentials, positions, areas of expertise, and pertinent experience to develop a list of candidate 
lynx experts and other subject matter experts.  Selection criteria (below) helped ensure that 
invitations to participate were made only to scientists with expertise highly relevant to workshop 
topics and, further, that the selections were transparent, unbiased, and adequately captured the 
diversity of expertise and professional judgments related to the topics.  Selection was not based 
on affiliation with a particular organization or interested party; however, States and other 
partners were asked to review the draft list of workshop invitees and suggest alternate or 
additional qualified experts.  The SSA Team then invited experts who met the selection criteria 
and represented lynx expertise throughout the range of the DPS and in adjacent southern 
Canada.  The number of invited experts was necessarily limited to improve the efficiency and 
effectiveness of the elicitation process, avoid redundancy, maximize scientific discussion among 
all participants, and maintain an open, comfortable meeting environment.  

Expert Selection Criteria  

Expert panelist candidates had to meet all of the following criteria: 
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1.   Candidate must hold a graduate degree in a scientific discipline highly relevant to the 
workshop topics.  Typically this may include advanced degrees in wildlife biology, ecology, 
zoology, genetics, modeling, or statistical inference. 

2.  Candidate must hold a research position in government (State, Tribal, or Federal), academia, 
or in the nonprofit research sector; or participant must hold a governmental management 
agency position with responsibility for the species’ conservation. 

3.  Candidate must have expertise in the ecology or management of the species or related 
species, demonstrated by recent (within the past 10 years) peer-reviewed publications or 
related types of professional scientific expression. 

Candidates also had to meet one or more of the following criteria: 
  
4.  Candidate is directly engaged in the species’ management, monitoring, or analysis of 
populations or habitat. 

5.  Candidate is directly engaged in the study of a specific workshop topic. 

6.  Candidate is a government or academic research scientist with expertise in conservation 
biology, population or landscape ecology, genetics, or other relevant fields, as demonstrated by 
recent (within the past 10 years) peer-reviewed publications or related types of professional 
scientific expression. 

Using these criteria, the SSA Team identified 19 candidates for the lynx expert panel who were 
contacted to determine their interest and ability to attend the workshop (Appendix 4).  Among 
those both interested in and able to attend the workshop, the team extended invitations to 13 
candidates, 10 of whom ultimately participated as panelists and who together represent lynx 
expertise throughout the range of the DPS and in southern Canada.  Experts who could not 
attend this workshop may provide their expertise later in the SSA process as peer review 
experts.    

Preparing Experts 
Before the workshop, the SSA Team contacted all lynx experts and other subject matter experts 
by email and phone to discuss their roles and, for some, their willingness to prepare and deliver 
subject matter or lynx population status presentations at the workshop.  Correspondence with 
lynx and subject matter experts and other workshop participants explained the SSA framework 
and its application to the lynx DPS, the use of expert elicitation in SSAs, and the workshop’s 
purpose, ground rules, and draft agenda. 
 
At the workshop, the Service introduced the Lynx SSA Team, provided a brief overview of the 
SSA framework and its application to the lynx DPS, and outlined workshop objectives.  Prior to 
elicitation exercises, subject matter experts presented information on the historic and current 
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distribution of lynx in the contiguous U.S., regulatory mechanisms that apply to lynx on Federal 
lands, genetics considerations, lynx status and management in adjacent southern Canada, 
potential climate change impacts on boreal forest vegetation and snow conditions important to 
lynx, effects of forest management and policy on lynx habitat, and snowshoe hare ecology (see 
Subject Matter Presentations, below).  After these presentations, lynx expert panelists provided 
updates on lynx populations and habitats, research efforts, conservation measures, and 
potential threats to lynx in each of the six geographic areas (Fig. 1).  The subject matter and 
status-update presentations were intended to provide the expert panel with information that 
could inform their responses to elicitation questions and to ensure that the panelists shared a 
common understanding of the current status of lynx throughout the DPS.  All workshop 
presentations are included in Appendix 5 and are accessible at the Service’s Region 6 Canada 
lynx web page (http://www.fws.gov/mountain-prairie/es/canadaLynx.php). 

Subject Matter Presentations 

Canada Lynx Species Status Assessment, Expert Elicitation Workshop - Jim Zelenak, 
U.S. Fish and Wildlife Service, Montana Ecological Services Field Office, Helena, 
Montana 
The objectives of this workshop are to (1) gather scientific information from experts on the 
current status, threats, and future viability of lynx populations in the contiguous U.S.; and (2) 
where empirical data are lacking, elicit expert knowledge, professional judgment, and opinion on 
the nature and magnitude of potential threats to DPS populations and the DPS as a whole.  We 
need this information to complete a status assessment for the DPS that will be used by Service 
decision makers to inform recovery planning and other determinations the Service must make in 
accordance with the ESA.  We have a court order to complete a recovery plan for the DPS by 
January, 2018, unless we determine that a recovery plan is not necessary (i.e., that the threat 
for which the DPS was listed has been adequately addressed and ameliorated and no new 
threats have been identified that pose an immediate or reasonably foreseeable risk of 
extinction).  However, we are not here to make that determination or others regarding the ESA 
status of the DPS.  Rather, we are here to understand the current status of lynx populations and 
habitats in the DPS and hear from experts on factors influencing the current status and future 
viability of those populations.  The DPS was listed as threatened under the ESA in 2000 
because of the inadequacy at that time of regulatory mechanisms in Federal land management 
plans to protect lynx and their habitats.  The Service completed a recovery outline in 2005 and 
designated critical habitat for the DPS in 2006.  In 2007, we clarified our determination of 
“significant portion of the range” of the DPS and withdrew the 2006 critical habitat designation.  
We revised critical habitat in 2009 and 2014 and, also in 2014, we received the court order to 
complete a recovery plan.  The results of this workshop will contribute to the SSA, and the 
expert information gathered here will complement the best available scientific information that 
will be compiled and summarized in the SSA report.  After it is peer-reviewed and finalized, the 
SSA report will be considered by Service decision makers to inform recovery planning and other 
determinations required under the ESA. 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php
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Historical Distribution of Lynx in the Contiguous U.S. - Dr. Kevin McKelvey, USDA 
Forest Service, Rocky Mountain Research Station, Missoula, Montana   
Understanding historical range is important because it provides context for modern 
conservation; however, historical data must be interpreted carefully because they may not be 
representative, are often unreliable, and their meaning may be unclear.  This is especially true 
for rare animals like lynx, and even more so if they are easily mistaken for another more 
common animal, as bobcats are mistaken for lynx in the southern portion of lynx range.  
Because even relatively low identification error rates can lead to significant errors in determining 
distribution, it is important to rely on verified, and not anecdotal, occurrence records, when 
attempting to establish historical range.  The issue is further complicated by the noted cyclicity 
in lynx population dynamics associated with snowshoe hare population cycles, which resulted 
historically in irruptions or pulses of lynx from Canada into the DPS when northern hare 
populations crashed.  This can be described as a wave in which a large number of dispersing 
lynx intermittently flooded into the northern contiguous U.S. over the course of several years 
into a variety of potentially suitable and unsuitable habitats.  As the irruptions waned (i.e., as the 
waves receded), lynx disappeared relatively quickly from areas of unsuitable or poor habitat, 
more slowly from areas of marginal or suboptimal habitat, and persisted (like permanent tide 
pools) in those areas with habitats and hare densities capable of supporting them over time. 
This yielded verified records in the contiguous U.S. in places that clearly cannot support lynx 
populations but, in other places where habitats are or appear to be suitable, it also confounds 
efforts to distinguish between those that have supported persistent lynx populations, those that 
may occasionally but not consistently support resident lynx (“winked off’ more than “winked on” 
in a metapopulation sense), and those where dispersing lynx occurred regularly, if intermittently, 
but could not persist.  Given these ambiguities, there remains irresolvable uncertainty about the 
historic distribution of resident lynx in the DPS.  Despite this uncertainty, it appears that resident 
lynx naturally persist now in most areas that the available reliable data most strongly suggest 
historically supported resident populations in the contiguous U.S. (Maine, Minnesota, Montana, 
Idaho, and Washington).  Several other areas may have historically supported populations but 
no longer do (with evidence most compelling for northern New Hampshire and Michigan’s Upper 
Peninsula; less compelling for the Adirondack region of northern New York, northern Wisconsin, 
and northwestern Wyoming). 

Canada Lynx Habitat Regulatory Environment - Scott Jackson, USDA Forest Service, 
National Carnivore Program Leader, Missoula, Montana 
Before the lynx DPS was listed under the ESA, there was very little information available and 
little management direction for lynx habitats on national forests or other Federal lands.  Given 
the uncertain status of lynx and lack of information on habitat relationships, an interagency Lynx 
Steering Committee was chartered almost immediately after the DPS was proposed for listing in 
1998.  The committee appointed the Lynx Science Team to assemble the available information 
on lynx and the Interagency Lynx Biology Team to develop a lynx conservation strategy 
applicable to Federal lands.  In 2000, the Science Team published Ecology and Conservation of 
Lynx in the United States (Ruggiero et al. 2000), and the Biology Team completed the Lynx 
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Conservation Assessment and Strategy (LCAS; Ruediger et al. 2000).  The committee also 
directed the completion of the 1999 biological assessment (BA) in which the U.S. Forest Service 
(USFS) and Bureau of Land Management (BLM) evaluated potential impacts to lynx of 
management plans for 57 national forests and 56 BLM units and concluded that implementation 
of existing plans could result in some adverse effects to lynx.  The BA recommended amending 
or revising management plans to incorporate conservation measures that would reduce or 
eliminate the identified adverse effects to lynx, and to consider the conservation measures 
identified by the Science Team and Biology Team, once finalized.  In March of 2000, the DPS 
was listed as threatened due to the inadequacy of existing regulatory mechanisms, specifically 
the lack of guidance for conservation of lynx in national forest Land and Resource Management 
Plans and BLM Land Use Plans.  In October 2000, FWS completed a biological opinion on the 
1999 BA, concluding that if forest plans were revised or amended to incorporate the 
conservation measures in the LCAS, they would reduce or avoid the potential for adverse 
effects on lynx.  Also in 2000, USFS and BLM entered into conservation agreements with FWS 
to guide management until plans could be amended or revised.  By 2004, BLM revised plans in 
all units with lynx or potential habitat to incorporate LCAS guidance.  By 2006, USFS similarly 
revised plans for national forests in the Northeast and Great Lakes.  In 2007 and 2008, USFS 
formally amended plans for 18 national forests in the Northern Rockies and 8 in the Southern 
Rockies to address the risk factors identified in the LCAS and adopt management standards 
and guidelines.  Currently, all national forests and BLM units with lynx or potential habitats are 
governed by plans that have adopted conservation measures identified in the LCAS, 
subsequent interagency conservations agreements, or by management direction that formally 
amended or revised land use plans and established standards and guidelines designed to apply 
the best available scientific information to avoid and minimize potential impacts to lynx.  Future 
challenges include developing effective responses to larger, hotter, and more frequent fires and 
extensive insect outbreaks, and designing thinning and salvage harvest treatments conducive to 
creating habitat conditions favorable to lynx and hares.    

Lynx Genetics Considerations - Dr. Michael Schwartz, USDA Forest Service, National 
Genomics Center for Wildlife and Fish Conservation, Missoula, Montana 
Review of lynx genetic studies shows, despite some sub-structuring over distance, high gene 
flow across the continental range of lynx, likely because of high dispersal rates, large dispersal 
distances, and few geographic barriers to dispersal.  Some research suggests that the Northern 
Rocky Mountains may provide some gene flow restriction in western Canada, as well as an 
“invisible barrier” to gene flow in eastern Canada south of James Bay/Hudson’s Bay that may be 
related to differences in snow conditions driven by large-scale climatic factors (e.g., the Pacific-
North America and North Atlantic Oscillation climatic systems).  North of the DPS, low levels of 
genetic substructure have been documented in populations in eastern Canada between 
populations north versus south of the St. Lawrence Seaway, and between island (Newfoundland 
and Cape Breton islands) and mainland populations.  However, there is evidence of genetic 
interaction among even these relatively isolated eastern Canadian populations.  Within the DPS, 
minor genetic sub-structuring has been documented among lynx subpopulations in western 
Montana.  However, very low Fst values (a measure of the proportional reduction in 
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heterozygosity due to population subdivision, with values near zero indicating high levels of 
gene flow and values approaching one indicating poor gene flow) suggest the absence of 
significant barriers to genetic interchange throughout much of the lynx range, including the DPS.  
Across 17 lynx populations in Alaska, Canada, and the contiguous U.S., Fst = 0.033, and the 
highest Fst for any two populations was 0.070 when lynx from the Kenai Peninsula in Alaska 
were compared to those in the Seeley Lake area of Montana.  Lynx-bobcat hybrids have been 
documented in Minnesota, Maine, and eastern Canada, but not in the western part of the range.  
Hybridization does not seem to be a major issue, nor does it appear to be increasing despite 
significant increases in bobcat numbers in some parts of DPS range.  Genomics research (the 
genetic mapping and DNA sequencing of sets of genes or complete genomes) on lynx would 
increase power and precision of genetic analyses and perhaps identify genes under selection at 
the periphery of the range.  The goal for lynx in the DPS should be to conserve the genetic 
diversity currently represented in resident populations, recognizing that maintaining connectivity 
between DPS and Canadian populations is likely important to achieving that goal.  The genetic 
variation at the edge of the range may be of value to future populations, especially as related to 
changing climate.  

Lynx Distribution, Status, and Management in Southern Canada - Dr. Jeff Bowman, 
Ontario Ministry of Natural Resources and Forestry, and Trent University, Ontario 
Lynx are managed provincially in Canada, with each province responsible for its own 
management program, harvest (trapping) policies, and conservation strategies.  Data from 
registered trap lines show cyclic decadal peaks in the numbers of lynx harvested, and these 
align well with (and lag by one year) cyclic peaks in snowshoe hare indices.  In western 
provinces (British Columbia, Alberta, Saskatchewan, Manitoba, Northwest Territories, and the 
Yukon), the magnitude of lynx cycles appears to have dampened dramatically after the 1980s-
1990s, while eastern provinces (Ontario, Quebec, and Newfoundland and Labrador) have seen 
less dramatic declines in peak lynx numbers trapped.  There is some evidence that hare 
numbers in the Yukon have not recovered to past levels after declines beginning in about 2000, 
and that hare numbers in southern Ontario have been low for the past 5-6 years.  There also is 
indication that the range of lynx in eastern Ontario has contracted northward since the 1970s, 
and modeling suggests that this contraction is likely influenced by habitat loss perhaps related 
to changes in forestry practices and an increase in tolerant hardwoods replacing spruce-fir 
forests resulting from climate warming (Koen et al. 2014).  This has been accompanied by 
reduced genetic heterozygosity (allele richness) at this margin of the lynx range.  Recent studies 
also show some differences in functional genetic markers (unique alleles) in lynx south versus 
north of the St. Lawrence Seaway/River, suggesting the potential for evolutionarily significant 
differences in lynx in those areas (Koen et al. 2015, Prentice unpubl.).  Research also suggests 
an “invisible” genetic barrier south of Hudson’s Bay likely related to climate-driven differences in 
snow conditions, which could be amplified in the future with continued climate warming.  A few 
lynx-bobcat hybrids have been documented.  Lynx are listed as endangered provincially in New 
Brunswick and Nova Scotia, which also have by far the highest numbers of bobcats, and where 
bobcat populations have been increasing since about 1990.  Lynx are considered secure in all 
other provinces.   
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Seven Ways a Warming Climate can Kill the Boreal Forest - Dr. Lee Frelich, Director, 
University of Minnesota Center for Forest Ecology, St. Paul, Minnesota  
Northern Minnesota is at the southern edge of the ranges of boreal forest tree species (balsam 
fir, white spruce, paper birch) and the northern extent of temperate forest species (sugar maple, 
red maple, red oak).  A number of climate-mediated processes are likely to shift these ranges 
northward, potentially resulting in the complete disappearance of boreal forest from Minnesota 
before the end of the century.  These include projected declines in snow depth, invasion of 
boreal forests by temperate species and a widening of the mixed forest ecotone, warming 
summer and winter temperatures, declines in boreal trees under both low- and high-emission 
climate scenarios, severe wind- and hail-producing thunderstorms (derechos) of greater extent 
and frequency, large wind-driven fires, heat and drought stress, increased insect infestations 
due to lack of extreme cold temperatures, and phenological disturbance.  These processes, 
alone or in combination may result in gradual or relatively sudden conversion of boreal forests to 
temperate forests, savanna, or grassland at the southern edge of the boreal forest range.  A 
mosaic of conversion mechanisms and rates of change will occur at landscape/ecoregion 
scales.  With unmitigated climate change, Minnesota is likely to lose the boreal biome and about 
one-third of its native species, including lynx, possibly within the next 60-70 years. 

Climate Change and Uncertainty:  Implications for Canada Lynx Conservation and 
Management in the Contiguous U.S. - Alexej Siren, DOI Northeast Climate Science 
Center and University of Massachusetts Department of Environmental Conservation, 
Amherst, Massachusetts 
Climate models are better at detecting long-term trends in temperature and precipitation than 
short-term climate variability.  Generally, projections of precipitation are less robust compared to 
temperature, and within the lynx DPS units, projected trends in precipitation are more certain for 
winter than for summer.  Consequently, the resulting model biases may affect climate 
projections.  Global surface temperatures have increased steadily over the 20th century, 
especially since the 1970s, with an overall increase in winter temperatures in the U.S.  These 
changes are most pronounced from the Northern Rockies to the northeastern U.S., where 
winter precipitation has also increased.  However, the northwestern U.S. has experienced drier 
winters with less snow over the past several decades.  Importantly, numerous studies have 
shown that Canada lynx distribution is related to snowpack characteristics (e.g., snowfall, 
density, and persistence), which may directly or indirectly affect lynx through 1) increased 
competition (exploitative and interference) with sympatric carnivores, 2) altering hare and lynx 
population cycles, and 3) reduced genetic diversity.  Therefore, climate projections with a 
specific emphasis on winter climate are a valuable tool for assessing the long-term viability of 
lynx in the contiguous U.S.  Below are the climate trends for the past several decades and end-
of-century model projections for each of the DPS units; projections are multi-model means with 
the high emissions scenario (A2).  In the Northeast, recent trends are toward reductions in 
snowfall, the number of snow-covered days per season, and the proportion of winter 
precipitation occurring as snow.  Projections include increased winter precipitation, but with a 
lower proportion occurring as snow, and a decline in snowfall and length of snowpack coverage.  
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In the Great Lakes region, recent trends indicate an increase in lake effect snow and longer 
snow seasons to the north.  Winter precipitation is projected to increase throughout the 
Midwest, with a lower proportion occurring as snow, except that lake effect snow is projected to 
increase around Lake Superior and north of the eastern Great Lakes until 2050, and eventually 
decline towards the end of this century.  Overall, models project a decline in snowfall and length 
of snowpack coverage by 2100 for the Midwestern region.  The Northeast and Midwest DPS 
units are especially vulnerable to snowpack loss due to lack of elevational refugia.  In the 
western DPS units and the Colorado population, recent trends show decreasing spring 
snowpack at lower elevations, an overall decline in snowpack by the latter half of the 20th 
century, and a lower proportion of winter precipitation occurring as snow.  Projections include 
decreases in snowfall season and snowfall amount, fewer days with snowfall, and continued 
reduction in the proportion of winter precipitation occurring as snow.  However, projections 
indicate that snowpack and winter severity may be less impacted in the Northern Rockies 
compared to other DPS units.  In summary, model projections are not favorable for lynx within 
the DPS units, especially towards the latter half of the 21st century, with less severe winters and 
diminished snowpack characteristics that favor competing species.    

Projected Climate-change Impacts on Snow, Vegetation, and Lynx Populations in the 
Western U.S. - Dr. Joshua Lawler, University of Washington, School of Environmental 
and Forest Sciences, Seattle, Washington and Dr. Chad Wilsey, National Audubon 
Society Science Division, New York, New York 

Climate modeling suggests reductions in the amount of precipitation falling as snow and a shift 
from subalpine forest to temperate evergreen needleleaf forests in a generalized lynx range in 
the western U.S.  Fire is projected to increase in both frequency and fire size, doubling by 2040 
and tripling by 2080.  Simulated lynx densities were projected for the 2020s, 2050s, and 2090s.  
Of 25 ecoregions included in the study area, 14 had simulated lynx populations greater than 
0.10 individuals/100 km2 across all time points.  Of those, and across various Global Circulation 
Models (GCMs), 3 ecoregions had simulated increasing populations by the 2050s and 11 had 
declining populations. Populations were projected to continue increasing in the 3 ecoregions by 
the 2090s, while declines were projected to deepen in 8 of the remaining 11 ecoregions. 
Growing populations were projected to occur in the sparsely populated Fescue-Mixed Grass 
Prairie, Middle Rocky-Blue Mountains, and Great Steppe ecoregions, whereas the largest 
proportional declines were projected to occur in the West Cascades, Pacific Northwest Coast, 
Northern Cascades, East Cascades – Modoc, and Aspen Parkland ecoregions.  The study also 
looked at the effect of population cycling on projected changes and found that simulated 
declines differed more due to GCM model used than due to population cycling (i.e., modeling 
suggested lynx population declines were not strongly influenced by population cycles). 

Forest Management and Lynx Habitat Trends - Dr. Erin Simons-Legaard, University of 
Maine School of Forest Resources, Orono, Maine 
Lynx in Maine occur in the Northern Appalachian/Acadian Ecoregion where their distribution is 
governed by snowfall and extent of deciduous cover.  The eastern spruce budworm 
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(Choristoneura fumiferana) is endemic to forests in this region, and extensive outbreaks of this 
insect pest occurred in northern Maine in the 1970s-80s, resulting in millions of acres of spruce-
fir die-offs, despite extensive aerial insecticide applications.  For several decades, salvage 
logging via extensive landscape-scale clear-cutting occurred in impacted forests, until passage 
in 1989 of the Maine Forest Practices Act, which regulated clear-cut size, configuration, and 
regeneration.  Regenerating clear-cuts became very dense stands supporting high densities of 
snowshoe hares.  Although the Forest Practices Act reduced the amount of clear-cut harvest 
over the following two decades, overall harvest increased as partial-cut harvesting replaced 
clear-cutting.  At the same time, land ownership patterns in northern Maine were shifting from 
large blocks of commercial timber interests to smaller blocks and more diverse land 
management goals, including development and financial investment, as well as some non-
development easements (though these do not regulate forest management).  The University of 
Maine modeled lynx habitat occurrence from snow track data, a series of Landsat satellite time-
series imagery since 1970, and indices of hare densities for various stand ages post-timber 
harvest to model past, present, and future lynx occurrence in northern Maine.  They found that 
the proliferation of regenerating partial-cuts produce lower landscape hare densities than 
regenerating clear-cuts from the 1970s and 1980s.  Landscape hare densities will likely decline 
in the future as the clear-cut-era stands mature into less dense conifer stands, beginning about 
35-40 years post-harvest.  High-quality stands are being replaced by lower-quality regeneration 
of partial harvests. High-quality habitat for lynx/hares is currently about 8% of the northern 
Maine landscape.  Model projections indicate it will decline to about 5% of the landscape by 
2030, and then level off, and that the prevalence of partial-harvesting will lead to elimination of 
many areas with concentrated high-quality habitat and a lower future probability of supporting 
lynx.      

Southern Snowshoe Hares: Updates, Questions, Forecasts - Dr. Karen Hodges, 
University of British Columbia Okanagan Department of Biology, Kelowna, British 
Columbia 

Northern hare cycles are more variable than commonly portrayed in some literature, with 
questionable synchrony and variation in peak heights and amplitudes.  Some southern hare 
populations (i.e., within the lynx DPS range) show “cycle-ish” dynamics and high densities, but 
variability in abundances is not obviously linked to forest stand type (thinned, unthinned, 
mature).  Some areas of high hare density are occupied by bobcats instead of lynx (e.g., the 
Tally Lake area of the Flathead National Forest in Montana).  Hare densities in the western 
contiguous U.S. differ substantially across regions and landscapes.  For example, within the 
GYA, hare densities varied from very low (0.2 hares per hectare) in Yellowstone National Park 
to very high (0.5 - 1.7 hares/ha) in the Wyoming Range south of the park.  Hare densities also 
vary in the eastern part of the lynx DPS, with ranges from 0 - 1.8 hares/ha in Maine and, in 
Minnesota, densities of 0.64 hares/ha in the northeast part of the state (which supports resident 
lynx) and 0.35 hares/ha in Voyageurs National Park (which does not support resident lynx).  
Landscape attributes (e.g., tree densities and moisture gradients) also influence stand quality 
for hares.  Hare population dynamics (cyclicity, synchrony, amplitude, and peak densities) also 
vary regionally.  Forest management that reduces stand structure reduces hare abundances.  
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For example, hares declined after experimental precommercial thinning in Montana, and, in 
Quebec, hare densities increased with time since commercial thinning, harvest, and fire.  Fire 
destroys hare habitat temporarily, but hares return to burned areas as soon as favorable habitat 
conditions return.  Post-fire hare densities also vary regionally; in stands burned by large fires in 
1988, hare densities by 2007 were higher in Glacier National Park than in Yellowstone National 
Park.  Hare densities necessary to support resident lynx remain poorly understood but appear to 
vary regionally, as do lynx diets and home range sizes.  If southern boreal/montane forests are 
lost, hares will decline.  Fire, timber harvest, and thinning will result in fewer hares, at least 
temporarily, and the impacts of post-fire salvage logging are unknown.  Understory cover and 
browse are very important, but we know little about the influence of shrubs or snow on hares.  
Like lynx, hares in the DPS are at the southern extent of their continental range.  Also like lynx, 
hares show high gene flow across most of the northern range in Canada but lower gene flow 
(higher genetic structure) in the southern part of the range, with some lineages potentially at risk 
of genetic drift.  Climate-mediated increases in fires and insect outbreaks and changes in forest 
regeneration may alter hare habitats and, thus, hare distribution and abundance.  Climate 
change may also affect hare vulnerability to predation by creating a mismatch between pelage 
color, which is controlled by photoperiod, and their surroundings (e.g., reduced snow season 
resulting in white hares on dark forest floors).  It may also alter predator communities, with 
uncertain impacts on hare populations.  Continued research is needed to better explain regional 
variation in population dynamics and peak abundances, to predict post-fire recolonization and 
densities and responses to climate change, and to better understand links between physiology 
and demography (e.g., predation stress and reproduction).      

Lynx Status Update Presentations1 

Status of Lynx in Maine - Jennifer Vashon, Maine Department of Inland Fisheries and 
Wildlife, Bangor, Maine 
Much of the current lynx habitat in Maine was created from extensive harvests to salvage 
spruce budworm-damaged forests during 1970-1985, and the amount and distribution of high-
quality lynx/hare habitat are likely greater now than historic conditions.  Many stands were 
treated with herbicides to create extensive regeneration of spruce and fir.  Analysis of Forest 
Inventory and Analysis (FIA) data indicates that half of the 3 million forested acres of spruce-fir 
in northern Maine is currently sapling stage that should provide lynx with high quality foraging 
habitat.  Also based on FIA data, the amount of dense spruce-fir (supporting the highest hare 
densities) increased from 700,000 acres in 2006 to 805,000 acres in 2010.  The Maine 
Department of Inland Fisheries and Wildlife (MDIFW) conducted a telemetry study of lynx from 
2000-2011 in a study area with extensive areas of regenerating spruce-fir stands in 

                                                 
1 These are summaries of status updates presented by lynx experts for each of the geographic 
units in the DPS.  Summaries were written by the Lynx SSA Team based on the presentations 
and notes submitted by expert presenters and on the notes taken at the workshop during 
presentations.  Experts reviewed drafts of these summaries and provided clarifications/ 
corrections if needed, which were incorporated into the final summaries.    
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northwestern Maine and found that lynx had relatively small home ranges.  Lynx strongly 
selected these high-quality hare habitats in former clear-cut areas.  Although hare densities 
declined from 2 hares/hectare to 1 hare/hectare mid-way through the study, lynx did not 
increase their home range sizes or alter their habitat use.  Reproduction declined initially after 
hare populations declined, but later recovered, with all females producing litters.  An average of 
65% of females bred each year throughout the study.  Litter sizes ranged from 1 to 5 and 
averaged 2.63 kittens/breeding female.  Kitten survival remained high (averaged 78%).  
Densities of 4.5 adults and 5 to 9 kittens were observed in 100 km2 areas.  Based on estimates 
of occupied habitat and home range information, MDIFW estimated there were between 750 
and 1,000 lynx in northern Maine in 2006, and more than 1,000 lynx in 2015 (or at least more 
animals than 2006).  Indices (number incidentally trapped, observed, or killed on roads) have 
increased, suggesting there are more lynx than in 2006, and the distribution of the population 
also appears to be expanding.  MDIFW initiated a third round of periodic lynx snow track survey 
in 2015 that support increased populations and expanding range.  Additional surveys are 
planned in 2016 and 2017 to update estimates.  Although a model by the University of Maine 
suggests the effects of the Maine Forest Practices Act could lead to a decrease in lynx habitat, 
thus far, it does not appear that lynx have declined in response to aging clear-cuts and the 
prevalence of partial harvests resulting from the Act.  A budworm outbreak is expected in the 
near future that will also impact future amounts of habitat for lynx and snowshoe hare.  MDIFW 
provides landowners with descriptions of lynx-hare habitat for their management plans through 
published peer-reviewed papers and reports on lynx status and habitat use in Maine and 
consultation.  

Canada Lynx in Minnesota - Dr. Ron Moen, Natural Resources Research Institute, 
University of Minnesota Biology Department, Duluth, Minnesota, and Susan Catton, 
USDA Forest Service, Superior National Forest, Duluth, Minnesota 
Prior to 1965, lynx in Minnesota were unprotected, had a bounty placed on them, and were 
overexploited by trapping.  From 1930-1977, harvest in Minnesota was twice that of Montana 
and 40 times that of other states.  In 1976, State protection was provided in the spring and 
summer months, and in 1984 the trapping season was closed.  In the 1990s and when listed 
under the ESA in 2000, it was unknown if lynx in Minnesota were residents or migrants from 
Canada, but now it is known that the Minnesota lynx population consists of both residents and 
migrants from Canada.  Since then, there have been hair snare and snow-tracking surveys, 
DNA analyses, and a multi-year telemetry project – none of these monitoring efforts were 
designed to estimate densities or abundances of the species.  However, as of 2015, it is thought 
that there are somewhere between 50 and 300 lynx in Minnesota (this expert later refined the 
range as 50 - 200 lynx, as indicated in the summary presentation preceding the graphing 
exercise below), with the core habitat in the arrowhead region of the state (St. Louis, Lake, and 
Cook counties), although there have been verified and probable lynx sightings elsewhere in the 
state.  At least 5 of 27 adult lynx radio-collared in Minnesota were later legally trapped in 
Ontario, and other collared lynx did not return from Canada, therefore their fates are unknown.  
Telemetry data showed that about half of males radio-marked in Minnesota moved back-and-
forth across the border, traveling at all times of the year; that Minnesota females that dispersed 
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into Canada tended not to return to Minnesota; that males had much larger home ranges (267 
km2) than females (21 km2); and that females with kittens had the smallest home ranges.  About 
half of the mortality of collared lynx was from vehicle collisions, incidental catch, illegal kills, or 
unknown causes.  Moen et al. (2008) documented 10 den sites and showed that denning 
habitat is not limiting in Minnesota.  Since 2000, incidental take of lynx tracked by the USFWS 
Twin Cities Field Office has ranged from 0-14 per year and included vehicle (car and train) 
collisions, gunshot, incidental trapping, and unknown causes.  Approximately 50% of reported 
take was of incidentally trapped lynx, about half of which were released alive.  Home range 
analyses showed mean distance to nearest linear feature is approximately 200m, suggesting 
that lynx do not avoid roads.  Bobcat harvest data show a concentration of bobcats adjacent to 
the core of the lynx range.  The IPCC SRES A1B Scenario climate change model (Gonzalez et 
al. 2007, p. 14) shows snow conditions potentially suitable for lynx throughout the northern half 
of Minnesota to the end of this century; however, the snow and/or biological assumptions in the 
model need work, because it predicts a range for lynx that is larger than the current suitable 
range based on snow depth.  Other climate modeling (e.g., Morgan, in prep.) suggests that 
suitable snow-depth range will shrink significantly by 2055, be limited to extreme northeastern 
Minnesota by 2070, and may be entirely absent from the state by 2095.  Since 2000, the 
Superior National Forest (SNF) and others have identified 268 unique individual lynx (47% 
Female, 53% Male) from 1,306 DNA samples, primarily from SNF lands.  These samples also 
documented 13 unique individual lynx-bobcat hybrids (5 Female, 8 Male).  The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota.  The SNF annually documents 3-5 family groups and is working with 
North Carolina State University and the Twin Cities Field Office on a study of the distribution of 
lynx that can be used to inform future study designs aimed at monitoring lynx occupancy and 
designing more intensive studies to estimate abundance. 

Current Distribution, Status, and Threats to Canada Lynx in Montana and Wyoming - 
Dr. John Squires, USDA Forest Service, Rocky Mountain Research Station, Missoula, 
Montana 
Northwestern Montana - This area is believed to support the largest lynx population in the 
western U.S., but minimum population size has not been calculated.  The Forest Service’s 
Rocky Mountain Research Station in Missoula initiated a lynx research program in 1998 to 
investigate lynx resource and prey selection, competition, activity patterns, detection and 
monitoring, and connectivity.  From 1998 to 2007, researchers trapped and radio-marked 175 
lynx in northwestern Montana and collected nearly 170,000 GPS and over 3,000 VHS telemetry 
locations documenting lynx movements, resource use, survival, and productivity.  From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area (the central 
portion of this geographic unit) and from 2003-2007, 2.95 kittens/litter (N = 22) in the Purcell 
Mountains (the northwestern portion of the unit).  In Seeley Lake, 61% of breeding-age females 
(N = 52) produced kittens; in the Purcells, 83% of females (N = 28) produced kittens.  Recent 
research (Kosterman 2014) suggests kitten production is correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges.  Annual survival rates for 
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subadult and adult female lynx were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 
0.85, respectively, in the Purcells.  There was no evidence of cyclicity in these vital rates, and 
no indication of irruptions of lynx into this unit from Canada after the 1980s.  Starvation, 
predation by mountain lions, and human-caused deaths each accounted for roughly one-third of 
documented sources of lynx mortality.  Population viability analyses yielded population growth 
rates of 0.92 for the Seeley Lake area (i.e., declining population trend, 1999-2007) and 1.16 for 
the Purcells (increasing trend, 2003-2007).  The distribution of lynx in this unit appears to have 
contracted recently; lynx were documented in the Garnet Mountain Range in the southern 
portion of the unit from at least 1980 into the early 2000s, but in 2010, extensive trapping 
yielded only two males, and snow-track and camera-trap surveys in winter 2014-2015 detected 
no lynx.  Genetic analyses revealed fine-scale genetic sub-structuring among the Garnets, 
Purcells, and Seeley Lake subpopulations, suggesting some level of relative isolation among 
lynx in those areas.  Most lynx habitat in this unit occurs on Federal lands (USFS, BLM, NPS).  
Recent conservation land purchases substantially increased protection of lynx habitat in the 
Seeley Lake core area.  The extent of fire in this area has increased, with over one million acres 
burned in 2000-2013.  Forest management (timber harvest, silviculture, and fire management) 
can have negative, neutral, or positive impacts on lynx habitat; current research is investigating 
lynx response to management actions. 
      
Wyoming/GYA – The long-term persistence of lynx in the GYA is unknown, but early records 
from Yellowstone National Park documented lynx presence in the 1920s-30s, and more recent 
(2001-2004) surveys in the park documented several lynx and evidence of reproduction on the 
east side of Yellowstone Lake.  South of the park, lynx were also detected reliably in the late 
1990s-early 2000s in the Union Pass and Togwotee Pass areas of the Wyoming Range in the 
Bridger-Teton National Forest.  Several lynx released in Colorado (1999-2006) dispersed to the 
GYA and occupied home ranges (including males and females with overlapping home ranges) 
in areas of the Wyoming Range previously occupied by “native” resident lynx.  Recent (2005-
2010) research trapping and survey efforts in the Wyoming Range have detected only 
Colorado-released lynx, and the current status of lynx in the GYA is uncertain but believed to be 
at low numbers based on on-going surveys.  In addition to fire and forest management (as 
described above for northwestern Montana), oil and gas exploration and development may pose 
a potential risk to lynx and habitat in the Wyoming Range.             

Lynx in Washington: Current Status and Potential Threats - Benjamin Maletzke, 
Washington Department of Fish and Wildlife, Olympia, Washington 
Lynx in Washington were State-listed as threatened in 1993, but with recent large-scale impacts 
to lynx habitats and likely declines in lynx numbers, upgrading to State-endangered may be 
justified.  The Washington Department of Fish and Wildlife completed a lynx recovery plan in 
2001, and the Department of Natural Resources completed a habitat management plan for its 
lands in 1996, which it revised in 2006.  The majority of lynx habitat in Washington occurs on 
public lands including State Forests and National Forests.  Although individual lynx are 
occasionally documented in the northeastern part of the state, only the Okanogan area (eastern 
Cascade Mountains abutting the border with Canada) in the north-central part of the state has 
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consistent records and evidence of a resident breeding population.  In terms of the ESA’s five 
listing factors, over-utilization (Factor B), disease/predation (Factor C), and inadequacy of 
existing regulatory mechanisms (Factor D) are not issues for lynx in Washington.  Lynx trapping 
was prohibited in 1991, and only live-trapping is allowed for bobcats, so there is little chance for 
incidental trapping.  There is no documented disease and little evidence of predation (though 
these could occur/increase with climate change).  With ESA and State listings, critical habitat 
designation, and State recovery and State and Federal habitat management plans in place, 
regulatory mechanisms appear adequate.  Recently, much lynx habitat has been lost, at least 
temporarily, to frequent large-scale fires and insect outbreaks (Factor A), and climate change 
(Factor E) may pose additional (or exacerbate existing) threats to lynx and habitats in 
Washington.  From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan 
(Eastern Cascades) area, and female home ranges were estimated at 38 - 41 km2, suggesting 
the potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat).  By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss and 
fragmentation resulted in female home ranges increasing to an estimated 91 km2, with a 
potential to support roughly 27 resident females.  Although areas impacted by fires and insects 
should regenerate to hare/lynx habitat, it may take 35-40 years or more for that to happen.  
Climate change will likely reduce snow depth, condition, and persistence, potentially influencing 
interspecific competition.  It also may cause temperature- and precipitation-driven changes in 
vegetation and increased fire frequency, size, and intensity, resulting in further reduction, 
fragmentation, and isolation of suitable habitats and impacts to prey abundance.  Connectivity 
between the Okanogan area and lynx populations and habitats in Canada seems adequate; it is 
more tenuous in the northeastern part of the state, where cross-border populations/habitats in 
Canada are smaller and potential corridors more constricted.  It is also possible that legal 
trapping in southern British Columbia could limit immigration into Washington’s lynx population 
and be a source of mortality for lynx dispersing from Washington into Canada.  Potential 
management and recovery actions could include resuming surveys and monitoring efforts, 
review current State, Tribal, and Federal management actions to see if they can be more “lynx-
friendly,” conduct population viability analyses to estimate probabilities of persistence over 
various time periods, coordinate with British Columbia on cross-border lynx conservation efforts, 
evaluate the need and feasibility of augmenting female lynx in the Okanogan and reintroducing 
lynx to the Kettle Crest, up-list lynx in Washington to indicate the current status and severity of 
threats, and seek collaboration and funding to support the measures above. 

Status of Lynx in Colorado - Dr. Jake Ivan, Colorado Parks and Wildlife, Fort Collins, 
Colorado 
Lynx in Colorado were State-listed as endangered in 1973.  Based on statewide surveys 
conducted in 1978-1997 that found some possible lynx sign (tracks), the State concluded that if 
lynx were present, too few individuals remained for a viable population and that natural 
recolonization was unlikely due to geographic isolation.  The State initiated a lynx reintroduction 
program, releasing 218 lynx from source populations in Alaska and Canada from 1999 to 2006.  
All animals were released into the San Juan Mountains in the southwest part of the state.  Many 
stayed there and used the area heavily; many others established home ranges in the Sawatch 
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Range in the central part of the state, where the bulk of historical records occurred.  Although 
post-release mortality was initially high, it decreased after release protocols were modified and 
among lynx after they’d been on the ground a year.  Mean annual survival was 0.93 for lynx that 
stayed within the San Juan Mountains core-release area, and 0.82 outside of it.  The first den 
was located in 2003, and 48 dens were subsequently documented in Colorado through 2010, 
including a third-generation of Colorado-born lynx.  The reintroduced population displayed 
reproduction similar to other areas in the DPS in some regards (e.g., mean litter size was 2.75 
kittens), and lower in others (e.g., mean percentage of females that produced kittens was 24% 
[range = 0% - 46%])2.  A deterministic model that uses survival estimates and reproduction data 
from ten years of monitoring reintroduced lynx and assumes that reproductive parameters 
observed during that time would repeat each decade shows a slightly increasing trajectory 
through time.  Although current population size and survival rates are unknown, photos of 
females with kittens in 3 sampling units during occupancy monitoring in the San Juan Mountains 
in 2014-15 and capture of young and unmarked (i.e., “new”) lynx during research efforts in 
2010-15 provide evidence of continued reproduction.  Potential threats to lynx in Colorado 
include climate change, bark beetle outbreaks, fire, increasing human recreation, and 
vulnerability to vehicle collisions and disturbance from highways.  Climate modeling in 2014, 
based on the RCP6 (2nd-highest) emissions scenario, suggests that by mid-century 
temperature will increase by 2°C, precipitation will decrease in the San Juan and other southern 
mountains, and that spruce-fir habitat will migrate upslope, lagging climate conditions by 50-100 
years.  Based on this, the overall vulnerability of spruce-fir in the state is considered moderate 
at mid-century.  As of 2014, over 4 million acres of potential lynx habitat has been impacted by 
bark beetle outbreaks; however, lynx and hares continued to use impacted areas, even when 
beetle impacts are severe.  Red squirrel use declined in areas that were heavily impacted by 
beetles.  Large fires also have impacted lynx habitat, and as elsewhere, fire size, frequency, 
and intensity are expected to increase with climate change.  A cursory, pre-analysis review of 
location data suggests that lynx make use of landscapes in which heavy winter recreation 
occurs.  However, use of developed ski areas is light, and outside of ski areas, heavy lynx use 
tends to occur in thick timber that is not used by snowmobilers and other backcountry users.  
Finally, lynx frequently crossed 2-lane paved highways in home ranges (0.6 crossings/day), 
more often at dusk and night, coincident with lower traffic volumes, and usually at forested 
crossings.  Recent results from a new large-scale monitoring program indicated that lynx 
occupied a similar proportion of the landscape in the San Juans Mountains during winter 2014-
15 as they did during winter 2010-11.  

Expert Elicitation Process 
All questions posed to the 10 lynx expert panelists were framed in the context of the 3Rs, a 
driving principle for evaluating viability under the SSA framework.  In questioning, we used a 
modified Delphi method (e.g., MacMillan and Marshall 2006), which involves eliciting individual 

                                                 
2 These data were provided by the presenter after the workshop but were not part of the original 
workshop presentation. 
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responses/scores, exploring response rationale and differences in expert judgment through 
guided discussions, then allowing experts to reconsider their scores in light of those discussions 
if they so desire.   
 
In our implementation of the modified Delphi approach, panel members were first asked to 
respond individually to a particular question and indicate their level of confidence in their 
response.  We then collated and noted the range of responses, which became the mechanism 
for follow-up discussion.  In collating responses, we used a simple numeric coding system 
rather than the experts’ names to provide for a reasonable level of anonymity.  We noted where 
there was high congruence among responses, as well as low congruence and outlying 
responses.  By asking for experts to voluntarily provide their reasoning for particular responses, 
we were able to delve into the basis for varying opinions.  After the discussion period, experts 
were given the opportunity to revise their scores.   
 
In addition to elicited responses to each question, we received substantial feedback from the 
experts on definitional issues and the validity of the questions themselves; we revised the 
questions as needed following these discussions.  In the case of a revised question, scores 
were elicited again following the revision.  The second round of scoring was displayed for 
experts, with a closing opportunity for comment, discussion, or score revision. 
 
All panel members were encouraged to respond to each question but also given the option of 
abstaining from responding to a question if they felt it was beyond the bounds of their expertise.  
With few exceptions, all 10 expert panelists responded as requested to every question.  
Instances where experts either chose not to reply or otherwise replied in a manner differing from 
the expected form of response to the question are noted in the responses below. 

Lynx Status:  Expert Elicitation and Responses 
Questions for experts were scripted by the Lynx SSA Team prior to the meeting to facilitate 
discussion of lynx ecology among the experts, solicit their professional opinions, and to help the 
Service gather and synthesize biological information for use in the SSA, particularly where 
empirical data are lacking in the published literature and projecting habitat and population 
conditions into the future is needed.  Because of the uncertainty of quantifying the population 
status and other aspects of lynx biology, the Service and facilitators decided to generate a 
series of discussion questions with quantifiable responses (scores) concerning the redundancy, 
resilience, and representation (3 Rs) of the DPS.  Although scores provided a starting point for 
discussion among experts and are quantified, analyzed, and summarized as appropriate in the 
following sections of this report, the Service also places high value on the content of the 
discussion among experts.  Therefore, both the analyses of scores and summaries of the 
discussion content are presented and will be considered during development of the SSA, noting 
that both were integral to the expert elicitation process. 
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The types of questions and the format of responses differed based on the information needed to 
inform the status assessment, and the best way to capture the information relevant to the 
question being asked.  For example, responses were requested in the form of lists, when a set 
of influences was desired, in the form of a 4 point elicitation (e.g., the most likely, high, and low 
end of a range, and confidence that the range contains the true value) when an uncertain 
quantitative value was desired, in the form of graphed trajectories when probabilities of 
persistence over time were desired, and other forms as necessary (see questions below).  
Experts submitted their scores independently via submission sheets (sticky notes, index cards, 
graph paper, etc.) with their ID numbers.  Note takers recorded and displayed scores to assist 
discussion.  Facilitators and other members of the SSA Team then asked directed questions to 
clarify responses from the panelists as needed.  Following each round of discussion and 
clarification, the panelists were provided the opportunity to update their response if desired and 
the second round of responses were collected and recorded.  The final responses are the only 
responses reported here.  The range of individual responses that we received was not 
combined (e.g., averaged or otherwise) in any way that would obscure or conceal individual 
responses, and the final scores for each panelist were recorded if the response was revised. 

We present the results of the expert elicitation below under the headings of representation, 
redundancy, and resilience.  Under each heading, the following is provided:  the definition of the 
viability category (3 Rs) under consideration, the question(s) asked of the expert panelists, 
response type (i.e., the form of the response requested of the experts), question clarification 
(i.e., a narrative description of any additional information provided to the experts by the 
facilitators for clarification as the questions were asked), expert responses, and notes from the 
discussion. 

Expert Responses 

Representation 

Definition - Representation contributes to the adaptability and evolutionary capacity of a 
species over time, to accommodate long term issues like climate change.  The breadth of 
genetic ecological, demographic, and behavioral diversity across a species’ range may 
contribute to its capacity to adapt over time.  Measures of genetic and life history variability 
among populations, distribution of populations across a range of ecologically diverse locations 
or niches, etc., are useful proxies to measure.  Consider needs for establishing or reestablishing 
populations in unoccupied habitat that may be necessary or suitable for species adjustment to 
climate change or other stressors, including the need to replace former populations in no longer 
represented ecosystems. 

Representation Questions  

1.  Are any of the geographic units susceptible to genetic drift on a scale that would limit 
genetic viability?  If yes, which geographic units? 
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Response Type:  Experts supplied a written response of “yes” or “no,” with a yes answer 
accompanied by a list of susceptible geographic units. 

Expert Responses:  Five experts responded that none of the geographic units are susceptible to 
meaningful genetic drift, two experts abstained from answering, and three experts responded 
that there are geographic units that are susceptible to such genetic drift.  Among the latter, one 
expert responded that the Colorado geographic unit is susceptible over a long period of time, 
and the other two experts responded that both the Colorado and GYA geographic units are 
susceptible to genetic drift. 

Discussion Points Following Initial Responses:  It wouldn’t take many immigrating lynx to 
provide adequate genetic diversity to prevent genetic drift.  One reproductively successful 
immigrating lynx every 5 to 10 years per geographic unit is likely sufficient to prevent genetic 
drift.  Most experts believed there was a low likelihood that even the smaller lynx populations 
(GYA and Washington) or those in more isolated geographic units (Colorado and GYA) are 
vulnerable to genetic drift at a scale that would impact viability, though several experts felt that 
both the GYA and the western Colorado units could experience meaningful drift in the absence 
of immigration or augmentation.  Overall, most experts felt there is a low risk of genetic drift 
being a problem for lynx in the DPS.  

2.  Are there locations from a lynx perspective that have unique habitat conditions 
relative to other areas in the lynx range that are necessary to foster future adaptive 
capacity of the DPS?  If yes, where? 
 
Response Type:  Open discussion.  No response forms were submitted, but notes were taken 
on the discussion that followed. 
 
Question Clarification:  The experts required some clarification of terms and the intention of this 
question to respond.  Facilitators read the working definition of representation (above), which 
previously had been provided to the experts.  Experts then discussed representation across the 
lynx DPS from an adaptive capacity perspective. 
 
Expert Responses:  The response was an open discussion captured below. 
 
Discussion Points Following Initial Responses:  Maintaining genetic variability is important for 
adaptive capacity.  If uncertain about the capacity for lynx to adapt, then experts encouraged 
that all populations (and hence the genetic variation within each) be maintained.  Experts 
indicated that it doesn’t appear that any U.S. population is more or less important to maintain 
than the others because of relatively similar ecological settings and the generally low level of 
genetic differentiation across the DPS.  Summary:  Experts discussed that maintaining 
representation in the DPS could best be achieved by retaining current DPS populations, 
maintaining connectivity between DPS and Canadian lynx populations, conserving the genetic 
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diversity currently represented in DPS, and avoiding impacts that could facilitate or increase the 
potential for or likelihood of genetic drift. 

It was also noted that lynx north of the DPS in some parts of eastern Canada (in New Brunswick 
and Quebec south of the St. Lawrence Seaway and on Newfoundland Island) have some 
unique alleles, including at functional genes, and should be preserved.  Lynx in these areas are 
relatively more isolated than lynx elsewhere in Canada.  Lynx south of the St. Lawrence are 
separated from lynx to the north by the seaway itself, which historically froze over during winter 
but which is now kept open to facilitate maritime shipping, perhaps reducing the level of genetic 
exchange between lynx on opposite sides.  Lynx on Newfoundland Island are separated from 
lynx in mainland Labrador and Quebec by the 15- to 60-kilometer-wide Strait of Belle Isle.  
Despite the relative isolation of these populations, genetic evidence indicates some interchange 
between lynx south and north of the St. Lawrence and between Newfoundland Island and 
mainland populations.  Eastern Canadian populations north of the St. Lawrence may have 
slightly different genetic composition than lynx in the Maine geographic unit. 

Redundancy 
Definition - Redundancy contributes to the ability of population types to withstand catastrophic 
events (hurricanes, wildfires, etc.).  The number and distribution of populations of each 
representative type contribute to the retention of various representative types despite 
catastrophic events by ensuring that the loss of a population doesn’t lead to the loss of 
representation. 

Redundancy Questions 
 
1.  List the factors/catastrophic events that could functionally extirpate an entire 
geographic unit. 
   
Response Type:  Each expert supplied a written list submitted via index card of the 
factors/catastrophic events. 
 
Question Clarification:  Three issues required clarification prior to obtaining responses to this 
question.  First, we initially asked about eliminating a “population” rather than a geographic unit.  
Because some of the geographic units may support several relatively isolated subpopulations, 
experts questioned whether we meant individual populations or subpopulations.  We clarified 
that we are evaluating the likely persistence of resident lynx populations in each of the six 
geographic units that currently support or recently supported them; therefore, we are interested 
in the likelihood that a catastrophic event could result in the extirpation of resident lynx from the 
entirety of any of the geographic units. Second, we were asked if extirpation meant the 
complete loss of all lynx from a unit.  We clarified that we wanted to know if lynx could be 
“functionally extirpated” from any geographic unit, with functional extirpation described as the 
loss of the unit’s ability to support a resident breeding population(s) of lynx.  Third, experts were 
not clear what an “event” entailed.  After discussion, it was agreed that an event was defined as 
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a single occurrence of some form, such as a fire, drought, hurricane, etc., that occurs over a 
relatively brief period of time, rather than a series of smaller cumulative events (e.g., a series of 
climate change-associated occurrences of fires or insect outbreaks over the course of a 
decade) causing a cumulative catastrophic result. 

Expert Response:  Six of the ten experts did not list any catastrophic events that could result in 
the functional extirpation of lynx from any entire geographic unit.  Three of the experts listed 
multiple catastrophic events they felt could result in at least temporary functional extirpation of 
lynx in a unit.  Among these, two of the experts listed fire, three listed disease, one listed insect 
outbreak, and one listed a failure of winter conditions due to a combination of heat or drought 
conditions.  One expert listed geographic unit-specific events, namely fire or insect outbreak for 
the Washington geographic unit, insect outbreak in Maine, and either insect outbreak or fire for 
one of the Minnesota geographic unit’s groupings of individuals, but not all. 

Discussion Points Following Initial Responses:  Experts were told that climate change was not 
considered a catastrophic event because it is both a driver of events and influences severity, 
rather than being an event itself as defined above.  Experts discussed the possibility that the 
Washington geographic unit, because of its relatively smaller size and history of recent 
extensive fires in lynx habitat, may be at risk of functional extirpation from multiple catastrophic 
events; disease, fire, and beetle outbreak were all mentioned as possible events.  One expert 
suggested that the Minnesota geographic unit could potentially be eliminated by a very large 
fire, although there was a low probability of this occurring.  Experts expressed some uncertainty 
whether fire could occur at the severity and scale sufficient to eliminate an entire geographic 
unit; however, a series of fires over a short time period may have the potential to cause 
functional extirpation of lynx from a geographic unit or significantly reduce the number of 
resident lynx it could support, at least temporarily. 

2.  Could any of the catastrophic events listed in response to redundancy question 1 
eliminate all 6 geographic units simultaneously? 
 
Response Type:  Each expert supplied a written response of “yes” or “no.” 

Expert Response:  All experts answered “no.” 

3.  What is the probability (expressed as a percentage) that any single geographic unit 
could be eliminated by a single catastrophic event in the next 10 years? 
 
Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  In response to the discussion around question #1, which resulted in the 
inclusion of question 3, this question was modified from its original script to include a 10-year 
time frame (underlined). 
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Expert Responses:  All responders gave a relatively low probability (≤ 10%, median of 1%) that 
any single geographic unit could be eliminated (resident lynx functionally extirpated) by a single 
catastrophic event in the next 10 years (Figure 2).   

4. What is the percent likelihood that a series of catastrophic events within the next 10 
years could cause functional extirpation of one or more lynx geographic units? 

Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  This question was developed after discussion of question 3 to capture 
the possibility of functional extirpation of lynx from geographic units due to a series of 
catastrophic events over a relatively short time rather than a single event that occurs at one 
point in time. 

Expert Responses:  The percent likelihood ranged from 0.5% to 60%, with a median response 
of 7.5% (Figure 2).  Expert responses indicated a higher probability of a series of catastrophic 
events over 10 years resulting in functional extirpation than a single event in the next 10 years, 
as in question 3.  

 

Figure 2.  Individual scores and summary boxplots of the percent chance that a geographic unit 
is eliminated by a single catastrophic event (question #3, left) or a series of catastrophic events 
(question #4, right) in the next 10 years.  Note:  This and all subsequent figures below were 
generated using the statistical software R (Appendix 6).  
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In Figure 2, individual responses to a single catastrophic event were 0.01%, 0.1%, five 
responses of 1%, 5%, and two responses of 10%.  Individuals responses to a series of 
catastrophic events were 0.5%, 1.1%, three responses of 5%, 10%, 15%, 20%, 40%, and 60%).  
Boxplots illustrate response mean values (bold black lines), the 25% and 75% quartiles (upper 
and lower bounds of boxes), and the highest and lowest values within 1.5 times the quartile 
range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of the 
whiskers (outside 1.5 times the quartile range) are considered outliers and plotted as points 
beyond the ends of the whiskers (i.e., experts 3 & 4 in Q3 and experts 3 and 10 in Q4, as 
indicated by the points plotted between experts 5 and 6).  The individual expert responses used 
to produce the boxplots are indicated by x-marks.  Boxplots are provided as a summarizing 
visualization to aid comprehension of the experts’ responses and their range, and the summary 
values are presented in this context and not intended for use outside of the context of the full set 
of responses. 

Discussion Points Following Initial Responses:  One expert noted that the probability of 
extirpation in any one of the 6 geographic units is greater than the probability of a single specific 
geographic unit being extirpated.  Also, any combination of a series of events over a decade 
increases the likelihood of extirpation in any one geographic unit relative to the probability of 
extirpation due to a single event.  

Although median probabilities of extirpation were low, experts felt the geographically smallest 
unit (Washington) and those units believed currently to support the fewest resident lynx (GYA, 
Washington, and Minnesota) were the most vulnerable geographic units when scoring this 
exercise.  Fire, drought, and beetle kill were the most frequently mentioned events that were 
considered by the experts when answering this question.  Some experts felt that these 
geographic units may be susceptible to such a scenario because of small geographic and/or 
population sizes and distribution.  In particular, it was noted that this past year there were many 
fires in lynx habitat, especially in Washington, and another year with similar fire impacts, or a 
few such fire years in a 10 year period, could lead to extirpation of lynx in the Washington 
geographic unit.  An expert noted there currently may be as few as 24 remaining females in 
Washington and that with fewer individuals in this area it would result in a higher probability of at 
least temporary extirpation.  Experts noted that fire disturbance data are likely available that 
could be used to model the likelihood of future fire impacts to each geographic unit.  

Experts with outlier responses provided their rationales.  Experts having the lowest scores 
believed that even the smallest geographic units would have only a low probability of extirpation 
in the next decade - that the time frame under consideration was very short.   

5.  What length of time would be required for a geographic unit eliminated by a 
catastrophic event to reestablish naturally? 
  
Response type:  4-point elicitation.  Each expert supplied a written response in years for the 
longest, shortest, and most plausible time periods for reestablishment of a resident lynx 
population within a geographic unit following functional extirpation.  They were also asked to 
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indicate their confidence, as a percentage chance, that the true amount of time necessary for 
reestablishment would fall between the shortest and longest plausible time periods provided. 
 
Expert Responses:  The responses to each of the points elicited are shown below in Table 1.  
Two experts provided additional information beyond the 4 points elicited when responding.  One 
presented two scenarios, one in which connectivity is intact and the habitat was damaged by the 
catastrophic event (e.g., insect outbreak or fire) which would require habitat regrowth first, and 
the second in which the habitat remained present.  In the case of habitat being present the most 
likely time period response was less than 10 years.  In the habitat elimination scenario the 
expert felt given climate changes to habitat that the geographic unit would not re-establish.  The 
second expert responded by geographic unit, with the exception of the Minnesota geographic 
unit for which there was no response.  Their responses are summarized in Table 1 using the 
overall longest and shortest responses as well as the average of the most plausible time (see 
footnote 3). 
 
Table 1.  Expert responses regarding the natural reestablishment time in years for a geographic 
unit after extirpation by a catastrophic event. 
 

Expert # 
Reestablishment Time in Years Percent Confidence in 

Range3 Shortest Plausible 
Time 

Most Plausible 
Time  

Longest Plausible 
Time 

1 10 40 100 50% 
2 15 100 300 80% 
3 15 35 60 5% 
44 1, 

will not reestablish 
<10,  

will not 
reestablish 

will not reestablish 100% 

5 25 50 100 75% 
6 20 30 50 90% 
7 15 20 25 90% 
8 15 50 will not reestablish 40% 
9 20 30 100 50% 

105 15 55 200 50% 
 

Expert responses are also visualized in Figure 3 and Figure 4 below.  The raw responses are 
visualized in box plot form to aid communication of the results (Figure 3).  Confidence ranges 
provided in a four point elicitations enable expert responses to be rescaled to produce a 
common confidence bound across experts using linear extrapolation (e.g., McBride et al. 2012).  

                                                 
3 Expert confidence that the true recovery time would fall between the shortest and longest time periods 
of their response. 
4 This expert provided a response for two scenarios, first that the catastrophic event does not result in 
habitat loss, and second that habitat is lost and therefore connectivity to extant populations is lost. 
5 This expert provided separate responses for each geographic unit.  The values in this table are the 
overall shortest, longest, and average most plausible number of years indicated in the responses across 
geographic units. 
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We calculated the 95% confidence interval for the shortest and longest plausible time periods 
for each expert (Figure 4).  In cases where the linear extrapolation resulted in negative years for 
the shortest time periods, we adjusted to zero.  This may indicate underconfidence in the 
responses provided by the experts, or that the use of linear extrapolation for these 4-point 
elicitation responses fails to distribute expert uncertainty in a manner consistent with the actual 
uncertainty present in expert responses (i.e., the experts could have been more confident in 
their shortest plausible time response than their longest plausible time responses, which the 
linear extrapolation doesn’t account for). 

 
Figure 3.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events. 

The raw responses for each of the three time periods (longest plausible time to reestablishment, 
most plausible time, and shortest plausible time period) are displayed in the box plots in Figure 
3 above.  Boxplots illustrate response mean values (bold black lines), the 25% and 75% 
quartiles (upper and lower bounds of boxes), and the highest and lowest values within 1.5 times 
the quartile range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of 
the whiskers are considered outliers and plotted as points.  The individual expert responses 
used to produce the boxplots are indicated by x-marks.  Boxplots are provided as a 
summarizing visualization to aid comprehension of the experts’ responses and their range, and 
the summary values are presented in this context and not intended for use outside of the 
context of the full set of responses. 
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Figure 4.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events, adjusted to provide 95% confidence bounds. 

In Figure 4, 95% confidence bounds were produced from the 4-point responses using linear 
extrapolation.  Shortest plausible time period is in blue, most plausible is green, and longest 
plausible is red.  For plotting purposes negative shortest time period values were adjusted to 
zero, and all zeroes in the plot indicate 95% confidence bounds that extended below zero.  
Longest time periods beyond 350 years were plotted at 350, with the actual time period noted in 
text left and below those points.  Also note that expert 10 responded by geographic unit, so the 
figure displays the 95% confidence bound adjusted overall longest, overall shortest, and 
average most plausible time periods across the six units for expert 10. 

Discussion Points Following Initial Responses:  Experts discussed the amount of time it takes 
for habitat to recover after catastrophic events (e.g., fire, insects) when considering timeframes 
for repopulation.  Some experts could picture some geographic units never being recolonized 
again, and that some could be recolonized immediately, depending on which geographic unit is 
being evaluated and the level of connectivity to other geographic units and to lynx populations in 
Canada.  Washington is more connected to Canada than the Colorado geographic unit for 
example.  The rate of recolonization was variable for each geographic unit because of the size 
of each geographic unit, status of adjacent source geographic units, and the level of 
connectivity.  Experts found it hard to generalize across the range of the species for this 



32 

question.  The variances in the geographic units across the range need to be considered.  
Experts believed GYA and CO would have a long period for recolonization, if ever recolonized, 
after a potential extirpation event because of the lack of connectivity with Canadian populations.  
It is likely that those geographic units with connectivity to Canada would recover much sooner 
than geographic units not connected to Canada. 

Resiliency 

Definition - Resiliency speaks to an individual population’s ability to tolerate environmental and 
demographic stochasticity, such as fluctuations in temperature or genetic drift.  It is often 
measured in terms of population size and growth rate, but in fact is dependent on a number of 
traits, both demographic and environmental.  These include, among others: age or stage class 
distribution, genetic heterogeneity, birth rates, annual survivorship, sex ratios, etc., and the 
quality and extent of habitat, the degree of disease, competition, etc.  Metapopulation dynamics 
and distribution can also contribute to population resiliency in some species. 

Resiliency Questions:  Probability of Persistence Exercise  

Exercise Summary 

The first two resiliency questions were asked concurrently as part of a probability-of-persistence 
exercise conducted for each geographic unit.  Experts were asked to graphically provide the 
probability of persistence of resident lynx through time for each geographic unit, as well as the 
major factors influencing persistence in those geographic units, one geographic unit at a time.  
Experts were asked to provide persistence probabilities and influencing factors for the near-term 
(2025), mid-term (2050) and longer-term (2100).  Experts were also asked to indicate on each 
of their graph sheets the emissions scenario (low, moderate, or high/status quo) they were 
considering in graphing persistence probabilities and listing influencing factors.  
 
We began this exercise with the Northern Maine geographic unit, and the discussion and 
questions among experts that followed the initial persistence-graphing and factor-listing efforts 
indicated that a review of the status and major issues confronting lynx in each unit (a quick 
reminder and summary of the earlier status update presentations) would be helpful.  Therefore, 
prior to expert responses for the remaining units, the expert(s) most familiar with the geographic 
unit in question gave a 5-10 minute summary of what they viewed as the most relevant 
information about the current and likely future status of lynx populations and habitats in that unit.  
They also presented any other conditions or issues they thought could affect the probability of 
persistence of resident lynx in that unit.  All experts then completed their graphs and lists of the 
factors that influenced the probabilities of persistence they selected for each time frame for the 
geographic unit in question.  For the Maine unit, the discussion following initial responses 
served the same purpose, and after that discussion, experts were given the opportunity to 
revise their responses if they felt it necessary. 
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After all experts completed their responses, the graphs and influence lists from each expert 
were posted on the wall, and workshop participants were invited to gather around to view and 
discuss the range of responses.  Facilitators and SSA Team members then polled the experts 
about what drove their responses.  These questions were a mix of directed questions about 
unique responses, the role of particular factors noted in the responses, and open-ended 
questions to allow experts to describe their thinking.  Experts and team members were also 
encouraged to ask clarifying questions about the responses.  Experts were encouraged to 
modify their responses by posting a revised sheet above their first response if they wished to 
adjust their responses based on the discussions. 
 
1.  What is the probability of persistence over time (particularly at present, 2025, 2050, 
and 2100) for each of the 6 major geographic units? 
 
Response Type:  Graphical 3-point elicitation.  Each expert was provided a blank sheet of 
graphing paper with a y axis of probability of persistence, and an x axis of time, with 4 time 
periods bolded (2015, 2025, 2050, and 2100).  For each of those years, experts were asked to 
add a point to the graph representing the lowest, highest, and most likely probabilities of 
persistence at that time period.  Experts were also asked to connect the points through time. 
 
Question Clarification:  It was explained that the most likely point should represent the 
probability of persistence that the expert anticipates to be most likely to occur for that 
geographic unit at each time period, and that  the points for lowest and highest probability of 
persistence were intended to capture the expert’s uncertainty in the future probability of 
persistence.  Experts preferred to indicate a most likely probability and to provide a full 
confidence interval (i.e., upper and lower bounds within which they felt 100% certain the future 
probability of persistence would fall) rather than indicate a confidence level associated with the 
lowest and highest probability responses. 
 
Expert Responses:  Responses are by geographic unit and are presented below in conjunction 
with the responses to question #2 below. 
 
2.  What are the major drivers/factors (up to 3) reducing probability of persistence for 
each of the major geographic units? 
 
Response Type:  Ranked list of top three factors, for each point in time (present, 2025, 2050, 
and 2100), with % contribution of each factor. 
 
Question Clarification:  Resiliency questions 1 and 2 were asked concurrently.  Experts were 
provided a sheet of paper for each geographic unit and the area at the bottom of the sheet 
below the graphing area was used to list the three major factors they expected would most 
significantly influence the probability of persistence at each time period.  Influencing factors 
were described as those anthropogenic or naturally-occurring activities, events or factors that 
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could influence the probability that resident lynx populations will persist in a given geographic 
unit. 
 
Expert  Responses:  For each geographic unit an overview of the unit from the area expert are 
provided, as well a summary of the hand drawn graphs via a figure (Figures 5 - 10), the 
responses and major factors are summarized via text, and the discussion that the responses 
generated are presented.   

Northern Maine  

Pre-graphing Overview from Unit Experts:  This step was not added to the process until after the 
probability of persistence exercise for this unit.  Because this unit was the first for which experts 
attempted to graph persistence over time, there were many questions and much discussion 
about process and intent.  It was the discussion following this initial graphing exercise that led 
the SSA Team to request unit summaries prior to subsequent graphing exercises.  The Team 
felt that overview information similar to that provided prior to graphing persistence for 
subsequent units (below) came out during the discussion.  Further, because experts were 
encouraged to update their Northern Maine geographic unit responses as necessary following 
that discussion, the Team felt that the results of the graphing exercise for the Northern Maine 
geographic unit were valid and comparable to the results generated for the other units. 

Expert Responses:  All experts indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Maine through the end of the century, with uncertainty (range 
between lowest and highest probabilities) also increasing over time.  Nearly all experts 
predicted near-term (year 2025) persistence probability >= 90% and mid-century persistence >= 
70%.  All experts predicted end-of-century persistence probability >= 50% for this unit, with most 
predicting a 40% to 60% probability of persistence by 2100 (Figure 5).  Near-term drivers that 
influenced experts’ probabilities of persistence for this geographic unit were changes in private 
forest land ownership, changes in forestry management (timber harvest methods, volumes, and 
spatial distributions), habitat decline (succession of previous clear-cuts from young, dense 
regenerating stands to mature stands less conducive to high hare densities), spruce budworm 
outbreak, climate change-induced loss of spruce-fir habitats, and competition with bobcats due 
to climate change-induced loss of snow conditions that favor lynx.  Longer-term (2050, 2100) 
drivers similarly included changes in forestry practices, but also climate-driven loss of snow 
conditions favorable to lynx/competition with bobcats, and loss of spruce-fir forest.  As with 
responses for other geographic units, not all experts provided the factors that influenced their 
persistence probabilities for each time period, and not all provided the percent contribution of 
each factor. 
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Figure 5.  Expected probability of persistence for the Northern Maine geographic unit at present, 
2015, and in 2025, 2050 and 2100. 

Note:  In Figure 5, above, and figures 6 through 10, below, points for each of the 10 expert 
responses, for each of the three probability of persistence levels, i.e., highest, most likely, and 
lowest probabilities of persistence, are represented by the hollow red, filled green, and hollow 
blue points respectively.  The black x mark is the median of the most likely responses across 
the experts in each response year.  The red, green, and blue dashed lines connect the median 
of the highest, most likely, and lowest probability of persistence responses across the experts in 
each response year.  The edges of the grey area were defined by the extreme responses, i.e., 
the range from the largest of the highest probability of persistence responses to the smallest of 
the lowest probability of persistence responses.  The median lines and grey area are provided 
as a summarizing visualization to aid comprehension of the experts’ responses and their range, 
and should not be viewed are a substitute for individual responses or presented outside the 
context of the accompanying discussion. 

Discussion Points Following Initial Responses:  One expert expressed confidence that the lynx 
population in Maine will be stable in the near term; that climate change out to 2050 will primarily 
affect coastal areas, which support few lynx; and that there will likely still be favorable conditions 
for lynx in northern Maine where most lynx currently occur.  A second expert disagreed, and 
indicated that a combination of aging of the last of the budworm-era (1970s-80s) clear-cuts, the 
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cumulative effects of the last 25-years of partial harvesting (in accordance with the Maine Forest 
Practices Act), and the coming spruce budworm outbreak will all substantially reduce the 
amount of high quality lynx/hare habitat in this unit.  Projecting past 2050, experts generally 
agreed that climate change will likely create unfavorable conditions (e.g., insufficient snow, loss 
[northward migration] of spruce-fir forests) in northern Maine’s core area for lynx, and the 
probability of persistence will decline over the longer term.  Although uncertainty increases with 
time from the present, climate-related loss of favorable snow conditions (amount, consistency, 
and duration), loss of spruce-fir, and bobcat competition will likely reduce the probability of 
persistence in this unit beyond 2050.   

There was some concern that timber companies would not respond to the pending spruce 
budworm outbreak like they did in the 1970s (extensive clear-cuts).  Some experts also 
expressed concerns about the effects of the current clear-cuts aging past conditions that 
support hares and lynx.  Out to year 2050, changes in snow conditions and loss of spruce-fir 
associated with climate change will contribute to habitat loss.  Past 2050, diminished snow, 
successional loss of high-quality habitats, increased competition from bobcats, and spruce-fir 
decline will make conditions unfavorable for lynx.  Some experts assumed a high-emissions 
climate change scenario, but others said their predictions would not change under moderate 
emissions scenarios.  The second expert (above) indicated that current data show spruce-fir 
habitat is being replaced with a hardwood forest (red maple) system, and that this will continue 
throughout the century.  This expert indicated hardwood forest invasion isn’t being controlled by 
herbicides as it was in the last budworm outbreak.  The first expert (above) disagreed and said 
that lynx are resilient and forestry practices will likely sustain spruce-fir habitats in Maine, 
providing an example of one timber company that has already invested in spruce plantations.  
The second expert indicated that most of the land base is owned now by Timber Investment 
Management Organizations and Real Estate Investment Trusts who will not employ intensive or 
expensive (plantation, herbicide) forms of forestry.  In summary, experts expressed a variety of 
opinions about how forest management may change in the future in Maine and, in particular, 
how forest landowners and managers may respond to the pending spruce budworm outbreak, 
and how these responses may impact resident lynx.  

Other factors considered by the experts included budworm outbreaks, the potential for disease 
in a lynx population (not currently a recognized or documented threat and typically unexpected, 
but always a possibility), ecosystem change induced by climate change, forest tree species 
composition changes, competition with other temperate forest animals.  There are many 
interrelated factors and different stresses and factors that may occur in the future.  It is difficult 
to anticipate the factors that will affect lynx in the future.   

Experts discussed the role of competition between lynx and other carnivores, especially 
bobcats, throughout the DPS.  One expert remarked that in some parts of Montana there is 
complete overlap of lynx and bobcat home ranges and little or no evidence of competition 
effects.  Others indicated relatively narrow regions of overlap and sharp demarcation between 
areas that support home ranges of the two species that correspond with annual snowfall 
amounts in Maine and Minnesota.  Experts were unsure whether bobcat-lynx overlap is more a 
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function of snow conditions in these areas or competition between the species (i.e., competition 
for food or behavioral competition).  Although separation of the species has been documented, 
the nature and causes of the separation are not certain.  Bobcats are a more generalist predator 
than lynx and less reliant upon hares than lynx.  Experts expressed varying opinions regarding 
seasonal differences in overlap among lynx and bobcat diets, the effect and importance of 
competition between the two species, and whether it is behavioral or resource competition.    

Lynx in Maine have not responded to changes in hare abundance exactly as lynx in Canada 
and Alaska have to hare population cycles.  In Maine, the proportion of females that reproduced 
and average litter size declined during low hare years, as in the north, but home range sizes in 
Maine did not increase as they did in the north when hare abundance was low.  Hare densities 
do not appear to have dropped below a critical threshold to alter lynx home range size in Maine 
as in the North.   

An SSA Team member asked how hare cycles or fluctuations may affect predictions of 
persistence in Maine.  The first expert (above) said that hare declines documented by University 
of Maine monitoring is likely due to the aging forest, and that lynx in Maine haven’t yet 
responded biologically to the range of hare densities observed in Maine, as suggested by the 
lack of change in home range sizes and survival.  The second expert (above) disagreed, and 
cited University of Maine research that showed hare populations declined by ~50% in all stand 
types sampled starting in 2006, that forests where hares were monitored have not yet 
progressed to the self-thinning stage, and that the hare decline in Maine is mirrored by hare 
data from southern Quebec.   

Northeastern Minnesota 

Pre-graphing Overview from Unit Experts:  There are probably 50-200 resident lynx in 
Minnesota but there is much uncertainty and survey protocols do not support generation of 
precise abundance estimates.  Lynx occupancy and reproduction both have been consistently 
documented in the state since it was listed in 2000.  Lynx in this geographic unit are interacting 
with, and possibly depending on, southern Ontario populations.  Although females exhibit high 
reproductive rates, radio-telemetry data suggest low recruitment of Minnesota-born kittens into 
the breeding population of this geographic unit.  Bobcats are a potential future stressor as they 
are encroaching into lynx areas; fire is a threat in dry years (e.g., there have been 3 fires in last 
15 years that have burned approximately 20% of lynx habitat).  The forest management industry 
is tied to softwoods and continued management of softwood tree species is expected in the 
future. 

Expert Responses:  As with the previous unit, all expert graphs showed initially high and 
subsequently declining probability of lynx persistence in Minnesota over time, along with 
increasing uncertainty through the end of the century.  Nearly all experts predicted near-term 
(year 2025) persistence probability >= 90%, and all experts predicted mid-century persistence at 
60% to 90% (median = 80%).  Experts predicted end-of-century persistence probabilities of 10% 
to 60%, with a median of 35%, by 2100 (Figure 6).  Near term drivers were reduced snow, 
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bobcat competition, disease in lynx (e.g., lungworm, liver fluke, feline leukemia), and forest 
insects.  Long term drivers were reduced snow, competition with bobcat, loss of spruce-fir 
forests, fires, and climate change. 

 

Figure 6.  Expected probability of persistence for the Minnesota geographic unit at present 
(2015), and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts expressed uncertainty whether 
potential climate change impacts will be realized in the short term, but that the cumulative 
effects of climate-induced changes seem more likely in the longer term.  This uncertainty may 
be a source of variability in predicted persistence probabilities.   Some experts expressed 
uncertainty about the accuracy of the rough estimate of the size of the lynx population in this 
unit because surveys were not designed to provide population estimates.  Some experts wanted 
clarification on the distribution of lynx in the state, and which areas of the state have the highest 
use.  The core-use spatial extent was described as a 20-mile-wide strip inland from the north 
shore of Lake Superior and extending about 60 miles from the northeast tip of the “arrowhead” 
southwest into the Superior National Forest (SNF).  Lynx occasionally occur further west in the 
SNF and in other areas such as Voyageurs National Park.  Recent snow-track surveys suggest 
lynx may be using a larger portion of the arrowhead region, and radio-telemetry data have 
documented travel to and from southern Ontario.  Lynx also have been documented to use the 
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1-million-acre Boundary Waters Canoe Area Wilderness (BWCAW) that borders Canada for 
dispersal in both directions across the border.  However, because the BWCAW has not been 
surveyed for lynx, the number of lynx that may use this area is unknown.  The SNF does not 
actively manage the BWCAW.  The current connectivity between lynx in this unit and the larger 
population in Ontario reduces the likelihood of local extirpation in this geographic unit, but the 
likelihood would increase if connectivity was compromised and cross-border interactions 
reduced. 

Factors considered included potential disease, fire, loss of boreal forest, competition with 
bobcats and possibly other hare predators.  Some experts questioned the validity of disease as 
an influence in this and other geographic units because although disease has been documented 
in some felines, it has not been documented as a threat to lynx in any of the DPS populations to 
date.  Some experts speculated that because there is a link between disease and temperature 
increases in other animals, projected climate warming could contribute to disease in lynx.  
Therefore, although not a factor for lynx currently, it is not unreasonable that disease could 
impact lynx populations in the DPS in the future, so we may want to consider disease in future 
conservation planning.  Experts also discussed the possibility that climate warming may 
facilitate the westward expansion of the spruce budworm outbreak that is projected for Maine 
and eastern Canada into southern Ontario and the Minnesota geographic unit. 

Northwestern Montana/ Northeastern Idaho 

Pre-graphing Overview from Unit Experts:  There are likely 200-300 lynx in this unit in several 
subpopulations (expert stressed that this is a guess and not a true population estimate), and 
there is currently a connection with lynx in Canada.  Climate models project that some boreal 
forest will persist in this unit and that it will maintain snow into the future.  In this unit, lynx 
primarily occupy public lands, which are actively managed for lynx into the future.  In recent 
decades, fires have occurred on a large scale, with high intensity and increasing frequency.  
There have been no documented cases of beetle infestations in lynx habitats in this unit. 

Expert Responses:  As for previous units, all expert graphs showed an initially high and 
subsequently decreasing probability of persistence for this unit, with increasing uncertainty over 
time, but a higher probability of persistence at all time frames than other units.  All experts 
predicted near-term (year 2025) persistence probability >= 95%, and all predicted mid-century 
persistence at 70% to 100% (median = 90%).  All experts predicted end-of-century persistence 
probabilities >= 50%, with a median of 78%, by 2100 (Figure 7). 
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Figure 7.  Expected probability of persistence for the Northwestern Montana/Northeastern Idaho 
geographic unit at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Overall, experts assigned a higher probability of 
persistence in this unit compared to the other two units discussed thus far.  Most lynx habitats in 
this unit occur on Federal lands that are managed for lynx conservation, but one expert noted 
that little has been done to document whether lynx are responding to this management.  The 
recent sale of large tracts of private commercial timberlands in the central part of this unit to The 
Nature Conservancy has increased protection for lynx via conservation easements managed for 
lynx.  Habitats in some areas should improve in the near future as previously cut or burned 
areas mature into dense stands.  Unlike the Maine and Minnesota geographic units (but similar 
to most other western units), high elevations in this unit could buffer the effects of climate 
change by providing for the upslope migration of lynx habitats and snow conditions that climate 
models predict.  However, this would result in even patchier and more isolated islands of habitat 
in high elevation areas that would be more prone to extirpation due to catastrophic or stochastic 
events.  Competition from coyotes and bobcats seem to be less of a concern for this unit. 

This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 
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occurring or will into the future.  There doesn’t appear to be much demographic input from 
recent cycles.  There is evidence of lynx from this unit moving north into Canada, but little 
evidence of demographic interactions among the three subpopulations (Purcell Mountains, 
Seeley Lake, and Garnet Mountains) in this unit.  Experts noted that the Garnets Mountains 
subpopulation at the southern end of this unit may have recently become extirpated.     

Discussion among experts indicated that fire was more of a concern for this area.  Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit.  Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels.  Out to 2050 and 
beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity.  Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 

Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats.  Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change.  It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level.  One expert reminded that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation.  Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in future.   

North-central Washington 

Pre-graphing Overview from Unit Expert:  This geographic unit is thought to currently support 
roughly 50 resident lynx.  There may have been more lynx prior to recent major fires.  This unit 
is currently connected to Canada, and there is no indication that this connection will be 
disrupted.  Some of the best lynx habitat in this unit occurs on plateaus that may be more 
vulnerable to impacts of climate change because of the absence of higher-elevation areas to 
which habitats, lynx and hares could migrate in response to warming.  In areas that receive 
maritime climate influences, projected climate-induced changes to snow conditions could be 
detrimental for lynx.  Studies have shown good lynx survival rates in this unit. 

Expert Responses:  Compared to the previous units, most expert graphs showed a lower 
probability of persistence for this unit over the short term, and then lower probability of 
persistence along with increasing uncertainty by 2100, reflecting a more pessimistic outcome for 
this unit compared to previous units (Figure 8).  Experts predicted near-term (year 2025) 
persistence probabilities of 60% to 90% (median = 80%), and mid-century persistence at 30% to 
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80% (median = 70%).  All experts predicted end-of-century persistence probabilities less than 
50%, with a median of 38%, by 2100 (Figure 8).  However, one expert predicted an increase in 
persistence probability by mid-century as habitats impacted by recent large-scale fires 
regenerate into optimal hare-lynx habitat. 

 

Figure 8.  Expected probability of persistence for the North-central Washington geographic unit 
at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  The probability of lynx persistence in this unit 
could decrease sharply over the next 10-20 years because of extensive recent fires in lynx 
habitats and the time needed for these areas to regenerate back to good hare/lynx habitat.  
After that, the probability could rebound (or decline more slowly) over the longer term as these 
large areas return to prime habitat providing high hare densities.  The current small population is 
likely at greater risk of extirpation because of stochastic events, particularly if large fires in lynx 
habitat continue to occur in the near future as they have in the recent past.  A small population 
also could be more susceptible to disease, though none has been documented among lynx in 
this unit.  Experts discussed the extent to which small lynx populations could be reduced before 
they would become highly susceptible to stochastic demographic effects.  It was suggested that 
15-20 breeding individuals might be the minimum needed to avoid such susceptibility.  
Unimpeded connectivity between Canada and the Okanogan area of this unit could allow lynx to 
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repopulate currently-unsuitable areas after the habitat recovers.  Lynx in this unit are likely the 
southern portion of a larger population in Canada, not really a separate, isolated small 
population.  Factors that influenced expert persistence probabilities for this unit included fire, 
habitat loss, and the future loss of favorable snow conditions predicted by climate change 
models. 

Greater Yellowstone Area (GYA) 

Pre-graphing Overview from Unit Experts:  This unit has a long history of lynx presence, but the 
consistency of occupancy over time is uncertain.  Research and surveys since 1997 have 
detected few lynx in this unit.  Lynx are likely spatially limited within the unit because of the 
patchy distribution of high-quality habitat and the generally low or marginal hare densities in 
much of the unit.  Lynx have large home ranges in this area, an indicator of lower habitat quality.  
Nevertheless, until recently, this unit appears to have supported a small resident lynx 
population.  The current lynx population in this unit is very small - likely fewer than 10 lynx, and 
possibly zero.  This population may have been somewhat larger in the past; however, there is 
some uncertainty about this.  Recent surveys and trapping efforts have not detected resident 
lynx, only several that were previously released in Colorado.  Several Colorado-released lynx 
have established home ranges in the GYA unit, and there is evidence of overlapping male and 
female home ranges.  In the late 1800s and early 1900s, there was notable predator control in 
some parts of this unit.  There currently is oil and gas exploration and development activity in 
parts of this unit, but potential impacts to lynx are uncertain, and projects are attempting to 
minimize impacts to lynx habitat. 

Expert Responses:  The expert graphs for this unit were widely variable and had different 
outcomes and high uncertainty at all time frames.  Experts predicted near-term (year 2025) 
persistence probabilities of 10% to 70% (median = 52%), and mid-century persistence at 15% to 
60% (median = 35%).  All experts predicted end-of-century persistence probabilities less than 
50% for this unit, with a median of 15%, by 2100 (Figure 9).  This was the only unit for which 
most experts believed the present probability of persistence is low (i.e., that it is uncertain 
whether this area currently supports a resident lynx population).  Some experts increased 
probability of persistence into mid-century as the 1980s-era fires regenerate into hare/lynx 
habitat, and with the possibility of continued immigration of lynx from Colorado.  Other experts 
project a 10% to 20% probability of persistence by 2100.  One reason given for wide variability 
in responses is because of the uncertainty whether a population currently exists.  There were 
wide confidence intervals around the probabilities for all time periods for this area. 
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Figure 9.  Expected probability of persistence for the GYA geographic unit at present, 2015, and 
in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Current and future factors expressed by experts 
as influencing probability of persistence for this unit included small population size, forest 
disease and insect pests, and fire.  Some experts doubt that the GYA unit currently supports a 
resident breeding population of lynx.  Experts indicated that climate models predict that some 
parts of the GYA unit could provide refuge from climate change impacts because of their high 
elevations and potential to maintain winter snow levels into the future.  Summer conditions in 
this unit, however, could be drier in the future, resulting in increased fire frequency, extent and 
intensity, and additional temporary habitat loss.  However, regeneration of these areas and the 
extensive areas that have burned in the recent past may provide good habitat over the next 
several decades.  Lynx immigrating to this unit from Colorado could occupy such improved 
habitats in the near future.  Colorado lynx have made exploratory movements into the GYA in 
summer months, and analysis of available data could improve our understanding of Colorado 
lynx movement into and use of the GYA.  It is possible that lynx from Colorado are maintaining 
or could maintain lynx in GYA. 
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Western Colorado 

Pre-graphing Overview from Area Expert:  From 1999 to 2006, Colorado Division of Wildlife 
(CDOW; now Colorado Parks and Wildlife [CPW]) released 218 Canadian and Alaskan lynx into 
western Colorado.  Survival and litter sizes have been similar to rates observed in other DPS 
populations.  There are probably 100-250 lynx in Colorado today.  There are currently 5-6 
million acres of habitat in this unit thought capable of supporting lynx and where hares are 
present in sufficient numbers to support persistent reproduction.  Extensive bark beetle 
infestations have impacted large areas of lynx habitat, but snowshoe hare are still occupying 
areas with beetle damage.  Three large fires have occurred in recent years, resulting in some 
lynx habitat burned.  Salvage operations in burned areas could diminish future habitat quality.  
This unit is more isolated from Canadian and other DPS lynx populations; separated by a large 
swath of inhospitable habitat.  Road mortality of released lynx was initially high but it doesn’t 
seem to be a problem now (about 1 per year killed on roads on average since the first year of 
the reintroduction).  There is no incidental take from trapping because foothold traps are banned 
in Colorado.  Climate models show CO will maintain habitat over time with anticipated climate 
changes.  Like other western units, habitat is patchily-distributed across this unit. 

 
Figure 10.  Expected probability of persistence for the Western Colorado geographic unit at 
present, 2015, and in 2025, 2050 and 2100. 
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Expert Responses:  Similar to most of the other units, most expert graphs indicate an initially 
high probability of persistence in this unit that will decline gradually with increasing uncertainty 
through the end of the century.  Experts predicted near-term (year 2025) persistence 
probabilities of 60% to 100% (median = 90%), and mid-century persistence at 50% to 85% 
(median = 80%).  Experts predicted end-of-century persistence probabilities of 20% to 70% for 
this unit, with a median of 50%, by 2100 (Figure 10). 

Discussion Points Following Initial Responses:  Some experts indicated that beetle kill and fire 
could potentially create poor habitat conditions in large areas of this unit by mid-century, but that 
regeneration after these impacts could result in good lynx/hare habitats.  Others expressed 
uncertainty about whether fire and insect impacts would be temporary or permanent, especially 
considering climate change and the potential for conversion from boreal/subalpine forests to 
other forest types.  Although 8 of 10 experts graphed 50% to 70% probability of persistence at 
2100, during subsequent discussions, several expressed greater uncertainty about whether 
resident lynx will persist in the unit at the end of the century.  Higher-quality lynx habitat occurs 
primarily in two areas and is patchily-distributed.  Lynx in this unit may occur as several smaller, 
relatively isolated subpopulations, which are likely more vulnerable to stochastic events (similar 
to MT).  This unit’s relative isolation may limit exchange with other lynx populations, increasing 
the likelihood of genetic drift and reducing the chance of demographic rescue or recolonization if 
extirpated.  There was discussion about whether ski areas may affect daily movements of lynx, 
and hares may be declining in ski areas.  Ski areas tend to expand and may, therefore, have 
larger impacts on lynx in future.  There is some evidence of lynx using ski areas in summer 
months but avoiding them during the ski season.  It is uncertain whether ski areas may affect 
genetic connectivity within the Western Colorado geographic unit.  Two-thirds to three-quarters 
of the lynx in this unit are in the southern portion of the range in the San Juan Mountains.  There 
is a large area (Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, 
so it is possible that lynx also could be using that area. 

Summary across Geographic Units 

This section extrapolates from the probability of persistence responses for each geographic unit 
in the section above.  In this section we show the combined probabilities of persistence for 
those geographic units to provide a sense of what the DPS-wide results could be when the 
results for the individual geographic units are combined.  This is shown as a summary of the 
probability that a given number of geographic units persist into the future (See Figure 11) using 
the probabilities provided for each individual unit.  Note that no additional information was 
elicited to produce this summary; rather, the probabilities for each geographic unit were treated 
as independent probabilities of persistence and used to determine the joint probability of 
persistence for a given number of geographic units in total.  Computationally these joint 
probabilities were computed using a convolution of the Bernoulli probability distribution of 
persistence for each geographic unit via a custom convolve function executed in the statistical 
software R (see Appendix 6 for the R code used to produce these and the other summaries and 
figures presented in the report).  The results of this convolution are shown in two forms, first is 
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the probability that a particular number of geographic units persists (Figure 11) and the second 
is the cumulative probability that at least a given number of geographic units persist (Figure 12). 

 

Figure 11.  Summarized probability of persistence of a given number of geographic units given 
the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 11 is the probability that the specific number of geographic 
units indicated by the x axis of the grid persist.  The probability sums to one in each grid.  
Moving from top to bottom the grids show the probabilities of a specific number of geographic 
units persisting by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by selection type and probability response.6  Therefore 
looking down a column of grids provides a view of the trend in persistence through time and 
looking across a row of grids provides a view of the range of uncertainty in persistence experts 
                                                 
6 “Median_High” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the highest probability response in each geographic unit. 
“Median_Likely” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the most likely probability response in each geographic unit. 
“Median_Low” is the probability of persistence generated by selecting the median probability of 
persistence across experts from the lowest probability response in each geographic unit. 
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had for a given time period.  The summarized probabilities presented here are provided to aid 
understanding of the implications of the individual persistence probabilities provided above, and 
are derived directly from those responses and therefore should be presented and considered in 
conjunction with those figures. 

 

Figure 12.  Summarized probability of persistence of at least a given number of geographic units 
given the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 12 is the probability that at least the number of geographic 
units indicated by the x axis of the grid persist.  The probability in a bar reaches 1 when there is 
no probability of fewer geographic units persisting.  Moving from top to bottom the grids show 
the probabilities by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by summary selection type and probability response as in 
Figure 11.  Therefore looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period.  The summarized probabilities presented here are provided 
to aid understanding of the implications of the individual persistence probabilities provided 
above, and are derived directly from those responses and therefore should be presented and 
considered in conjunction with those figures. 

Expert Assumptions during Persistence Graphing Exercises 

Experts were asked to summarize the assumptions that informed their responses to resiliency 
questions 1 and 2.  This was done via open discussion, with facilitators asking both direct 
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questions about particular issues that could impact responses (e.g., climate change conditions), 
and open ended questions (e.g., what other assumptions were considered?). 

Notes:  Climate-change emissions scenarios considered during this exercise differed among 
experts (and some responses did not indicate an emissions scenario).  However, in discussions 
following the graphing exercise, experts indicated that the confidence intervals around their 
persistence probabilities were likely to capture the variance associated with different emission 
scenarios and other climate change uncertainties. 

Experts were asked whether regulatory protections influenced their predictions.  Some experts 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies).  Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections.  Their focus was on the biology and ecology of the species, not listing status-related 
impacts or regulatory scenarios in the future, and they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status.   

Experts were asked what they meant by “small population size effects.”  They explained that 
because small populations are more vulnerable to both demographic and genetic impacts and 
at increased risk from catastrophic and other stochastic events than are larger populations, they 
also have a lower likelihood of persistence.  Experts indicated that connectivity with other 
populations reduces the vulnerability of small populations as it does for larger populations.   

Experts were asked if their projections were influenced by considerations of whether historical 
patterns of cyclic irruptions of lynx into the DPS from Canada will continue in the future.  Most 
agreed that the magnitude of irruptions has declined from the historical highs of the 1960s and 
1970s, and that irruptions may have ceased in recent decades in some parts of the range, 
particularly in the West.  However, most experts felt that connectivity remains good between 
Canada and those DPS geographic units that abut the international border, and most assumed 
some level of regular or intermittent interaction between lynx in those units and Canada, even if 
full-blown irruptions have not been documented recently.  Some experts said that the likelihood 
of future irruptions had little influence on their persistence graphs, especially for the more 
isolated units (GYA and Western Colorado), where an influx of lynx from Canada may be less 
likely. 

Conservation Actions to Address Influencing Factors and Increase 
Probability of Persistence 

3.  What conservation actions could be taken that would address the factors impacting 
the probability of persistence, or would otherwise increase the probability of 
persistence? 
 
Response Type:  Individual list with rounds responses.  Experts were given 5 minutes to write a 
list of three potential conservation actions that could be taken.  Facilitators then asked one 
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expert at a time to provide one item from their list, cycling through the set of experts until all 
experts had exhausted their lists.  Experts were given the opportunity to add items when it was 
their turn that had not been on their written lists.  Experts were not asked if they agreed with 
conservation actions presented by other experts, thus the following list should not be viewed as 
consensus among lynx experts. 
 
Expert Responses:  List of potential conservation actions in the order provided. 

● Reduce CO2 emissions  
● Continue protections associated with Federal and/or State listing 
● Adjust forest management to retain spruce and fir, and reduce fire burn rates 
● Promote/maintain habitat connectivity with Canadian populations through coordinated 

cross-border land use planning 
● Manage salvage logging associated with fire and insect damage to minimize impacts to 

and/or facilitate restoration of lynx/hare habitats 
● Configure and design lynx-friendly landscapes at appropriate scales; design and 

maintain a mosaic of lynx/hare habitats 
● Manage fuels reduction (fire management) projects while maintaining or enhancing 

hare/lynx habitat features. 
● Augment small populations and reintroduce lynx to former, historic range with suitable  

habitat  (GYA, Kettle Range in Washington, perhaps other areas); bolster populations 
before future climate change impacts 

● Support additional research to fill knowledge gaps, particularly related to effectiveness of 
conservation efforts – it remains unclear exactly what is needed for lynx across the 
range to achieve/maintain viability (e.g., habitat quality/amount/distribution, landscape-
level hare densities, forest conditions that support hares, etc.)  

● Enhance cross-border cooperation with Canada to increase near-border lynx 
populations and maintain connectivity 

● Consider cumulative impacts of mining, ski areas, oil and gas, etc., in management 
● Promote reforestation of heavily fragmented areas (e.g., some parts of the GYA and 

Minnesota units); reduce fragmentation 
● Apply strategic habitat conservation concepts; model and identify key areas and focus 

on those areas still in need of protection and management (e.g., private forest lands) 
● Maximize redundancy of lynx populations throughout the DPS 
● Implement fire management Best Management Practices (BMPs)( e.g., allow/encourage 

burns to occur in a way that creates high- and low-intensity mosaic fire patterns) 
● Evaluate whether there is a need for monitoring lynx (and hares) using consistent 

methods throughout the DPS, perhaps coupled with monitoring of other carnivores; 
structured occupancy modeling with genetics sampling could be very informative and is 
cost effective; also known-fate monitoring; monitoring pellet plots is proven and reliable 
way to monitor hares 



51 

● Devote increased funding to lynx conservation - lynx are in worse shape than other 
mesocarnivore species, but receive less funding than those species that have more 
secure populations and appear less vulnerable to climate change  

Other Considerations 
After completing the elicitation exercises and prior to adjourning the workshop, facilitators asked 
if there were any other considerations the lynx experts or subject matter experts felt are relevant 
to the SSA.  One subject matter expert indicated that monitoring of prey base (hares, red 
squirrels) would help inform lynx recovery, and that pellet-based or mark-recapture methods are 
most reliable.  This expert suggested a need to determine whether areas that we think are going 
to become poor habitat for a variety of reasons could still hold hares and lynx in the future.  
Maybe hares still can use areas we think will be poor habitat, and monitoring these areas could 
help inform our understanding of how lynx persist at the edge of their range. 

Synthesis 
Although uncertainty remains about the historical distribution and sizes of resident lynx 
populations in the DPS, as well as current population sizes, much more is known now than 
when the DPS was listed under the ESA in 2000.  Based on research conducted since the DPS 
was listed, including the summaries of that work provided at this workshop, as well as ongoing 
research, conservation, and management efforts, we have a much better understanding of the 
distribution and status of populations throughout the DPS range.  For example, in 2000, it was 
unclear whether Maine and Minnesota supported resident populations or were only occasionally 
visited by lynx dispersing from Canada during and after northern hare population crashes.  We 
now know that both northern Maine and northeastern Minnesota support resident lynx 
populations, and both are likely larger now than they were historically (Maine), or before they 
were protected by State and Federal regulations (Minnesota).  In contrast, resident lynx appear 
to be naturally less abundant and more patchily-distributed in some parts of the DPS than 
thought at the time of listing, including the West (Interagency Lynx Biology Team 2013, p. 23), 
where potential lynx habitats also appear to have been initially overestimated.  We also have a 
better understanding of the habitat features and hare densities that appear necessary to support 
resident lynx at the southern margin of the species’ range, and of the parts of the contiguous 
U.S. that contain these features.  The presentations in conjunction with expert elicitation 
responses at this workshop have informed and refined our understanding of key aspects of the 
status of, and potential threats to, the lynx DPS.  
 
For example, we were provided a thorough history of the evolution of regulatory mechanisms 
that have been developed and implemented through conservation agreements and formal 
amendments to Federal agency management plans to address the singular threat for which the 
DPS was listed under the ESA - the inadequacy of regulatory mechanisms in Federal land 
management plans prior to listing.  Given our improved understanding of resident lynx 
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populations in Maine and Minnesota (above), where State and private lands constitute much 
more of the lynx habitat than elsewhere in the DPS (98.9% in Maine; 51.7% in Minnesota), an 
assessment of the adequacy of regulatory mechanisms on those State and private lands will be 
a necessary component of the status assessment.  Likewise, our understanding of lynx genetics 
also has improved, with evidence of continued high levels of gene flow range-wide, despite fine-
scale genetic sub-structuring in some populations and additional evidence of lynx hybridization 
with bobcats.  Bobcats appear to be encroaching at the edge of the lynx range in Minnesota 
(Appendix 3, p. 9) and their numbers appear to have increased recently in New Hampshire, 
Vermont, and southern Quebec (Lavoie et al. 2009, entire; Roberts and Crimmins 2010, p. 170; 
Broman et al. 2014, p. 230) adjacent to the northern Maine lynx distribution.  Whether this 
represents a threat to lynx populations in Minnesota and Maine via increased hybridization, 
behavioral mechanisms, or competition for hares is not documented at this time; however, 
encroachment of bobcats in the southern periphery of lynx range may result in lynx 
displacement or niche contraction (Peers et al. 2013, entire). 
 
Canadian researchers also provided updated information on lynx status, management (including 
legal harvest), threats, genetics, and hare population cycles in southern Canada, adjacent to 
some DPS lynx populations.  Forest ecologists and climate modelers also presented information 
regarding potential impacts of timber management and climate change on lynx and boreal forest 
habitats in the contiguous U.S.  Knowledge of lynx and hare responses to various silvicultural 
treatments continues to improve, although the need for continuing research remains.  Climate 
models continue to point toward the future northward and upslope migration of lynx and hare 
habitats and loss of snow conditions favorable to lynx, although uncertainty remains regarding 
the timing, extent, and biological consequences of such impacts.  Increases in the size, 
intensity, and frequency of wildfires and insect outbreaks in boreal/subalpine forests may also 
be related to climate change, but whether these represent temporary or permanent impacts to 
lynx habitats remains unclear.  Finally, much research has been done on hare population 
dynamics and habitat relationships at the southern extent of their range, much of which overlaps 
that of lynx in the contiguous U.S., but questions remain regarding regional variation in hare 
densities and what landscape-level hare abundances are necessary to support persistent 
resident lynx populations across the DPS. 
 
Based on the summaries of post-listing research and the status and threat updates provided at 
this workshop, and on the results of the expert elicitation process, the Service provides the 
following synthesis of the status and likely viability of the DPS in terms of the 3 Rs.  This 
information will be considered as appropriate, along with more detailed analysis of the published 
literature, in the subsequent SSA report for the DPS.  The conclusions below are based on the 
information provided and the results of expert elicitation conducted at this workshop; they may 
be complemented or altered by the additional analyses yet to be conducted as part of the SSA 
process. 
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Representation 
Expert presentations on lynx genetics in the DPS and in Canada and expert responses and 
discussion with regard to representation questions suggest few threats to the genetic fitness or 
adaptive capacity of lynx in the DPS.  High gene flow across the continental lynx range, 
indicated by very low Fst values (see Subject Matter Presentations, above), suggests the 
absence of substantial barriers to genetic interchange, and little evidence or risk of significant 
genetic drift among DPS populations.  Most experts indicated that none of the six geographic 
units known or thought to support lynx populations in the DPS is susceptible to meaningful 
genetic drift, although several experts indicated that the more geographically isolated units (the 
GYA and Western Colorado units) are likely more susceptible to such drift than the units that 
are directly connected to lynx populations and habitats in Canada.  Overall, according to both 
the expert panel and the subject matter presentations, there appears to be a low risk of 
biologically consequential drift for lynx populations in the DPS.  Likewise, expert responses 
indicated that the generally low level of genetic differentiation and relatively similar ecological 
settings across the DPS suggest little life history variability or niche differentiation among DPS 
populations that would indicate that any are more or less important to maintain than others in 
terms of representation.  Individual experts indicated that representation can best be maintained 
by conserving current DPS populations (and hence the genetic variation in each), maintaining 
connectivity between DPS and Canadian populations, and avoiding impacts that would facilitate 
or increase the potential for or likelihood of genetic drift.  Our interpretation of this part of the 
elicitation is that the adaptability and evolutionary capacity of the DPS over time does not 
appear to have been diminished and is unlikely to become so, independent of threats that may 
impact the redundancy and persistence of lynx populations.  We will consider this information 
along with available empirical data and the published literature when evaluating representation 
in the DPS for the SSA. 

Redundancy 
With resident lynx populations and subpopulations in at least five of six large (the smallest is 
over 2,000 square miles, the others are all over 8,000 square miles), widely-distributed (from 
Maine to Washington and south along the Rocky Mountains), and relatively discrete geographic 
areas (see Figure 1), the DPS as a whole appears invulnerable to extirpation from a single 
catastrophic event.  Expert responses indicated no catastrophic event that could result in the 
functional extirpation of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units due to a single catastrophic event.  We 
interpreted these responses to indicate there is a small chance of decreased redundancy from a 
single catastrophic event because the probability of any geographic unit being lost to a 
catastrophic event is low.  Experts indicated that functional extirpation of the geographically 
smallest unit (Washington) and those supporting the fewest resident lynx (Washington, GYA, 
and perhaps Minnesota) would be more likely to occur as a result of a series of catastrophic 
events over a 10-year period than to any single event over the next 10 years (see Figure 2 
above).  Experts listed fire, drought, insect outbreaks, loss of favorable winter conditions, and 
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disease as potential events that could lead to functional extirpation in these units.  In 
Washington in particular, where large fires have impacted nearly 40 percent of the occupied 
lynx habitat over the past 10-15 years, experts felt that several more successive years of such 
fires could result in functional extirpation.  However, because fire and insects are likely to cause 
only temporary (20-40 years) losses of lynx and hare habitats, and because connectivity 
between the Washington unit and lynx habitats and populations in southern British Columbia 
remains intact, experts indicated this unit (and others abutting habitats and lynx populations in 
Canada) would likely be naturally re-colonized relatively quickly by dispersing lynx.  Therefore, 
extirpation in these units because of catastrophic events (or a series of them over time) would 
be temporary (likely lasting only one or several decades) unless events permanently altered the 
habitats.  Experts indicated that if lynx were functionally extirpated in the GYA or western 
Colorado units, which are not connected to habitats or populations in Canada and are relatively 
isolated from other DPS populations, natural re-colonization would be less likely, would take 
longer, or may never occur. 

Overall, expert responses indicated that extirpation of the DPS as a whole, or of resident lynx 
populations in most individual geographic units, because of a catastrophic event is very unlikely.  
Because we lack evidence that persistent resident lynx populations occurred historically but 
have been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels.  That is, the 
loss of resident lynx populations in the DPS, to the extent suggested by the historic record, was 
likely in areas (e.g., northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge 
area of northeastern Washington, perhaps Isle Royale in Lake Superior) peripheral to the 
geographic units that currently support resident lynx, and not in discrete geographic units that 
would have represented greater redundancy in the contiguous U.S.  However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear.  The historic record and recent research show that the GYA has supported resident 
lynx, but it is unclear whether the area consistently supported a persistent resident population 
over time or whether it naturally supported resident lynx only some of the time (was “winked on” 
in a metapopulation sense) when habitat conditions and hare densities were favorable, and at 
other times, when habitats and hare densities were less favorable, it did not support resident 
lynx (“winked off” in a metapopulation sense).  Given the protected conservation status of 
millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx.  If so, its 
contribution to redundancy within the DPS is questionable. 

Resiliency 
Because we lack reliable estimates of the sizes and trends of most lynx populations in the DPS, 
we are unable to use these parameters to evaluate the resiliency of individual populations or the 
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DPS as a whole.  Efforts to understand resiliency are also confounded by the metapopulation 
structure thought to govern lynx populations at the southern margin of their continental range 
(i.e., populations and subpopulations in the DPS), the related uncertainty about the extent to 
which DPS populations may rely on cyclic immigration of lynx from Canada during population 
irruptions, and the ambiguity in the historic record that limits our understanding of the relative 
persistence of lynx in various geographical areas of the contiguous U.S. and, thus, the 
contribution of those areas to the viability of the DPS.  Our evaluation of the resiliency of lynx 
populations in the DPS is limited, therefore, to a largely qualitative assessment of the current 
status of populations in each of the six geographic units along with the quantitative summary of 
expert professional judgment of their likelihood of persistence over time given known or 
perceived potential threats. 
 
As expected, both expert estimates of probability of persistence and expert confidence in those 
estimates were higher over the short-term than the long-term.  Median probability of persistence 
(MPOP) at year 2025 was >= 0.90 for all but one of the six geographic areas.  The GYA had a 
MPOP of 0.52, apparently reflecting the uncertainty regarding whether this unit consistently 
supported a resident lynx population historically and whether it currently supports resident lynx.  
At year 2025, confidence bounds were smallest (indicating higher expert confidence) for the 
units with the highest MPOPs (Northern Maine, Northeastern Minnesota, and Northwestern 
Montana/ Northeastern Idaho), and larger for units with lower MPOPS (North-central 
Washington, GYA, and Western Colorado).  At mid-century, MPOP declined for all units but 
remained >= 0.70 for all but the GYA (0.35), and confidence bounds increased for estimates for 
all units but the GYA, where it remained the same as at year 2025.  At end-of-century, 
persistence probabilities declined further, as expected, and only the Northern Maine, 
Northwestern Montana/ Northeastern Idaho and Western Colorado units had MPOPs >= 0.50.  
Also as expected, confidence bounds were very large around persistence estimates at year 
2100, with the median confidence range extending across more than 50% of the range of 
possible outcomes for all but the Northwestern Montana/ Northeastern Idaho population, and 
the extremes of the range nearly covering the full range (0% to 100% probability of persistence) 
of possible outcomes. 
 
Experts listed a number of factors that influenced their probability of persistence estimates for 
each unit (see unit summaries above in the Resiliency section).  Near-term factors varied by unit 
(e.g., post-harvest forest succession in Maine, where hare abundance is expected to decline as 
currently dense regenerating clear-cuts mature; continued large-scale fires in lynx habitats in 
Washington; and insect outbreaks in Maine, Minnesota, and Colorado), but longer term factors 
seemed to coalesce around anticipated direct and indirect effects of climate change.  These 
included potentially climate-driven increases in the size, frequency, and intensity of fire and 
insect outbreaks; decreases in snow amount, duration and quality, leading perhaps to increased 
competition with bobcats and other hare predators; and the projected warming-induced 
northward and upslope migration of boreal and subalpine forests that would result in the loss 
and further fragmentation and isolation of lynx and hare habitats in the contiguous U.S.  Expert 
responses and ensuing discussions indicated that continued climate warming and associated 
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direct and indirect effects will likely exert the greatest negative influence on the probability of 
persistence for lynx populations in the DPS regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
Overall, expert responses to this part of the elicitation indicate that all five of the geographic 
units known to currently support resident lynx populations have a greater than 70% expectation 
of doing so by mid-century, but a declining likelihood and greater uncertainty of doing so by the 
end of the century.  It is uncertain whether the remaining geographic unit (the GYA) currently 
supports resident lynx, and expert responses indicate a lower probability that it will do so in the 
future compared to the other units.  Responses also suggest that the overarching threat to the 
long-term persistence of lynx populations in the DPS is climate change, which is anticipated to 
result first in loss of snow conditions favorable for lynx and, after an uncertain lag time following 
continued climate warming, loss (northward and upslope migration) of boreal forest habitats, 
although the timing and magnitude of such losses are uncertain. 

Conclusion 
The Service and the Lynx SSA Team appreciate the willingness of lynx and subject matter 
experts to attend this workshop and share their knowledge, professional judgments, and 
opinions.  We have gained considerable insight into the current status of lynx populations 
throughout the DPS and the factors most likely to influence the DPS’s future viability - including 
information that is not currently available in the peer-reviewed literature.  We will incorporate this 
information into the SSA as appropriate, along with the published scientific literature, to inform 
recovery planning for the DPS and any other ESA-related determinations the Service is 
authorized and required to make.  As we develop the SSA report, we will continue to solicit 
expert input from workshop panelists and from other lynx and subject matter experts who were 
unable to attend this workshop, including peer review of the SSA report. 
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Purpose  
The purpose of this report is to convey the results of an expert workshop convened by the U.S. 
Fish and Wildlife Service (Service) in October 2015 to improve our understanding of the status 
of the contiguous U.S. distinct population segment (DPS) of Canada lynx (Lynx canadensis).  
This workshop was held in conjunction with a species status assessment (SSA; see Appendix 
1) for the DPS.  The SSA, which will incorporate the best available scientific information on lynx, 
is needed to inform the Service’s response to a June 2014 court order to complete a recovery 
plan for the DPS by January 2018, or make a formal determination that a recovery plan is not 
necessary.   
 
The workshop was organized by a Lynx SSA Team consisting of Service and USGS staff who 
have developed and piloted implementation of the SSA framework, and Service biologists who 
are working on lynx throughout the range of the DPS.  In the interest of collaboration and 
transparency, this team partnered with State agencies, other Federal agencies, and academic 
researchers to elicit expert input regarding the current and likely future status of lynx populations 
within the DPS. 
  
Expert input is needed because the published scientific literature and other available information 
provide inadequate empirical data on many aspects of lynx population dynamics in the DPS 
range.  We lack sufficient information on the status, sizes, and trends of lynx populations and on 
threats to lynx habitats and those of their primary prey, snowshoe hares (Lepus americanus).  
We therefore designed a process to elicit and capture the knowledge, professional judgments, 
and opinions of lynx experts to help us assess the current status of, and the nature and 
magnitude of potential threats to, lynx populations and habitats within the DPS.  We also sought 
expert knowledge to help us evaluate the viability of the DPS (in terms of the “3 Rs” - 
redundancy, representation, and resiliency; see definitions below) under a range of future 
threats, habitat conditions, and climate scenarios, and to identify and make explicit areas of 
uncertainty and potential differences of opinion among experts. 
 
The results of the workshop will contribute to the SSA, which will compile and summarize the 
best available scientific and commercial data, including empirical data, published literature, and 
expert input.  This information will then be used by Service decision makers to inform 
classification decisions, recovery planning direction, and other determinations required by the 
Endangered Species Act (ESA). 

Background 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws.  Its long, 
black ear tufts and short, black-tipped tail distinguish the lynx from the similar bobcat (Lynx 
rufus), which is much more common in the contiguous U.S.  The lynx’s large feet and long legs 
make it highly adapted for hunting snowshoe hares in the deep or powdery snow that persists 
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across much of its boreal forest distribution, most of which occurs in Canada and Alaska.  
These adaptations provide lynx a competitive advantage over potential competitors, such as 
bobcats or coyotes (Canis latrans), which have much smaller feet and higher foot-loadings that 
prevent them from hunting efficiently in deep, powdery snow (McCord and Cardoza 1982, p. 
748; Buskirk et al. 2000, pp. 86–95; Ruediger et al. 2000, pp. 1–11; Ruggiero et al. 2000, pp. 
445, 450). 

The southern periphery of the boreal forest extends into parts of the northern contiguous U.S., 
where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 1, 3), 
deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40–41).  In the contiguous U.S., 
these transitional boreal forests become discontinuous and patchy, preventing both lynx and 
hares from broadly achieving densities similar to those of the northern boreal forests (Wolff 
1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and 
Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394).  These forests eventually become 
too fragmented and isolated in the contiguous United States to support hares at the landscape 
densities and distributions necessary to support lynx home ranges (Interagency Lynx Biology 
Team 2013, p. 77) or lynx populations over time.   

The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms.  
Specifically, at that time the Service believed that most lynx and lynx habitats occurred on 
national forests, and that the Land and Resource Management Plans that guided management 
of those forests included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat.  The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052).  In 2003, in response to a court memorandum opinion on the 2000 listing rule, the 
Service reaffirmed its determination of the lynx DPS and its status as threatened under the ESA 
(68 FR 40076).  The Service completed a recovery outline in 2005 (U.S. Fish and Wildlife 
Service 2005), designated critical habitat for the DPS in 2006 (71 FR 66008) and, in 2007, again 
in response to a court order, clarified its determinations of “significant portion of the range” and 
that all lynx in the contiguous U.S. constitute a single DPS (72 FR 1186).  Also in 2007, the 
Service initiated a 5-year status review of the DPS (72 FR 19549).  The Service revised the 
critical habitat designation for the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782). 

Although the Service identified the DPS as occurring in forested portions of 14 states (Colorado, 
Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, Oregon, Utah, 
Vermont, Washington, Wisconsin, and Wyoming) (65 FR 16052, 16085), it recognized at the 
time of listing that both lynx and the boreal forests that support them in the Lower 48 States are 
at the southern margins of their ranges, where habitats naturally become patchy and 
fragmented and snowshoe hare densities in many places are not consistently high enough to 
support resident lynx populations (65 FR 16052-59).  It also recognized that inherent limitations 
in historic occurrence information made it difficult to distinguish between areas that consistently 
supported resident populations; other areas that may have occasionally supported resident, 
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breeding lynx; and yet other areas that intermittently and temporarily contained dispersing or 
transient lynx but did not support lynx home ranges or reproduction (65 FR 16054-59).  Many 
lynx records in the DPS range seem to have been associated with cyclic “irruptions” of lynx from 
southern Canada into the northern contiguous U.S. when northern hare populations crashed, as 
they did historically every 8-11 years (Elton and Nicholson 1942, entire; McKelvey et al. 2000, 
entire; Mowat et al. 2000, pp. 281–294; Interagency Lynx Biology Team 2013, p. 33).  Lack of 
reliable information also precluded determination of sizes or trends of lynx populations within the 
DPS. 

Recent research and monitoring have improved our understanding of many aspects of lynx 
biology, distribution, and potential threats in the DPS.  However, we still lack reliable estimates 
of the sizes and important demographic rates of most populations.  Likewise, our understanding 
of the natural range and causes of variation in lynx and hare numbers, hare densities necessary 
to support resident lynx populations throughout the DPS, the influence of immigration of lynx 
from Canada on the demographic and genetic fitness of DPS populations, and the timing, 
extent, and magnitude of potential threats associated with climate change remains imperfect.  
The Lynx SSA Team organized this expert elicitation workshop to help fill some of these 
information gaps with the knowledge, professional judgments, and opinions of lynx experts. 

Currently, there are five geographic areas known to support resident lynx populations in the 
DPS:  northern Maine (with occasional/sporadic breeding by small numbers of lynx in 
northernmost New Hampshire and Vermont); northeastern Minnesota; northwestern Montana 
and northeastern Idaho; north-central Washington; and western Colorado (Figure 1).  The 
Greater Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming is 
believed to have historically (and as recently as 2003-04) supported a small but relatively 
persistent lynx population, but it is uncertain whether it currently supports any resident lynx. 

   



6 

 

Figure 1.  Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations.     

Expert Elicitation 

Workshop Protocol 
As mentioned under Purpose, above, the Lynx SSA Team convened the October 2015 
workshop to elicit expert knowledge and opinion on critical uncertainties regarding the current 
status and future viability of resident lynx populations within the DPS range, and thus the DPS 
as a whole.  To facilitate this, a 10-member panel of recognized lynx experts from across the 
DPS range first observed and discussed presentations by subject matter experts summarizing 
the current state of available information on topics relevant to lynx populations in the DPS (see 
Preparing Experts section below).  After subject matter presentations, members of the lynx 
expert panel presented updates on lynx populations in each of the six geographic areas 
described above under Background.  The subject matter and update presentations were 
intended to ensure that all lynx experts had a common baseline of information prior to the 
elicitation process.  
 
In accordance with the expert elicitation literature (e.g., Burgman 2005, USEPA 2011, Gregory 
et al. 2012, Drescher et al. 2013, Morgan 2014), we then used best practices to elicit opinions 
from the expert panel.  Although invited experts were expected to contribute openly and 
effectively to group discussions, we did not seek consensus among experts; rather, we probed 
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differences of opinion or interpretation of scientific and technical information.  We also asked 
experts and other participants to focus on scientific questions and to refrain from discussing or 
recommending management or policy decisions related to the Service’s authorities and 
responsibilities in implementing the ESA. 
   
In addition to the lynx expert panel and subject matter experts, workshop participants included 
members of the USFWS/USGS Lynx SSA Team, facilitators, and observers (see Appendix 2 for 
a full list of attendees and their respective roles).  As a basic ground rule, only members of the 
expert panel participated in the elicitation process, although panelists were encouraged to 
confer with the subject matter specialists and SSA Team members as needed.  All workshop 
participants were welcome to participate in discussions that ensued from review of panel 
responses to various questions.  Due to time constraints and to minimize interference with the 
elicitation process, observers were encouraged to write and submit “parking lot” questions, 
which were collected at the end of the first two days of the workshop and presented to lynx and 
subject matter experts for responses and discussion the following mornings (see workshop 
notes, Appendix 3).  The expert elicitation process was facilitated by USFWS and USGS 
structured decision making practitioners who encouraged open discussion among experts, 
structured input from both panelists and subject matter experts, and ensured that observers 
could witness the process without inappropriately influencing it. 

Identifying Experts 
 
SSA Team members reviewed the relevant literature and used their first-hand knowledge to 
identify experts involved in lynx and hare research or management, boreal forest ecology, and 
climate modeling.  We then developed a priori selection criteria based on professional 
credentials, positions, areas of expertise, and pertinent experience to develop a list of candidate 
lynx experts and other subject matter experts.  Selection criteria (below) helped ensure that 
invitations to participate were made only to scientists with expertise highly relevant to workshop 
topics and, further, that the selections were transparent, unbiased, and adequately captured the 
diversity of expertise and professional judgments related to the topics.  Selection was not based 
on affiliation with a particular organization or interested party; however, States and other 
partners were asked to review the draft list of workshop invitees and suggest alternate or 
additional qualified experts.  The SSA Team then invited experts who met the selection criteria 
and represented lynx expertise throughout the range of the DPS and in adjacent southern 
Canada.  The number of invited experts was necessarily limited to improve the efficiency and 
effectiveness of the elicitation process, avoid redundancy, maximize scientific discussion among 
all participants, and maintain an open, comfortable meeting environment.  

Expert Selection Criteria  

Expert panelist candidates had to meet all of the following criteria: 
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1.   Candidate must hold a graduate degree in a scientific discipline highly relevant to the 
workshop topics.  Typically this may include advanced degrees in wildlife biology, ecology, 
zoology, genetics, modeling, or statistical inference. 

2.  Candidate must hold a research position in government (State, Tribal, or Federal), academia, 
or in the nonprofit research sector; or participant must hold a governmental management 
agency position with responsibility for the species’ conservation. 

3.  Candidate must have expertise in the ecology or management of the species or related 
species, demonstrated by recent (within the past 10 years) peer-reviewed publications or 
related types of professional scientific expression. 

Candidates also had to meet one or more of the following criteria: 
  
4.  Candidate is directly engaged in the species’ management, monitoring, or analysis of 
populations or habitat. 

5.  Candidate is directly engaged in the study of a specific workshop topic. 

6.  Candidate is a government or academic research scientist with expertise in conservation 
biology, population or landscape ecology, genetics, or other relevant fields, as demonstrated by 
recent (within the past 10 years) peer-reviewed publications or related types of professional 
scientific expression. 

Using these criteria, the SSA Team identified 19 candidates for the lynx expert panel who were 
contacted to determine their interest and ability to attend the workshop (Appendix 4).  Among 
those both interested in and able to attend the workshop, the team extended invitations to 13 
candidates, 10 of whom ultimately participated as panelists and who together represent lynx 
expertise throughout the range of the DPS and in southern Canada.  Experts who could not 
attend this workshop may provide their expertise later in the SSA process as peer review 
experts.    

Preparing Experts 
Before the workshop, the SSA Team contacted all lynx experts and other subject matter experts 
by email and phone to discuss their roles and, for some, their willingness to prepare and deliver 
subject matter or lynx population status presentations at the workshop.  Correspondence with 
lynx and subject matter experts and other workshop participants explained the SSA framework 
and its application to the lynx DPS, the use of expert elicitation in SSAs, and the workshop’s 
purpose, ground rules, and draft agenda. 
 
At the workshop, the Service introduced the Lynx SSA Team, provided a brief overview of the 
SSA framework and its application to the lynx DPS, and outlined workshop objectives.  Prior to 
elicitation exercises, subject matter experts presented information on the historic and current 
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distribution of lynx in the contiguous U.S., regulatory mechanisms that apply to lynx on Federal 
lands, genetics considerations, lynx status and management in adjacent southern Canada, 
potential climate change impacts on boreal forest vegetation and snow conditions important to 
lynx, effects of forest management and policy on lynx habitat, and snowshoe hare ecology (see 
Subject Matter Presentations, below).  After these presentations, lynx expert panelists provided 
updates on lynx populations and habitats, research efforts, conservation measures, and 
potential threats to lynx in each of the six geographic areas (Fig. 1).  The subject matter and 
status-update presentations were intended to provide the expert panel with information that 
could inform their responses to elicitation questions and to ensure that the panelists shared a 
common understanding of the current status of lynx throughout the DPS.  All workshop 
presentations are included in Appendix 5 and are accessible at the Service’s Region 6 Canada 
lynx web page (http://www.fws.gov/mountain-prairie/es/canadaLynx.php). 

Subject Matter Presentations 

Canada Lynx Species Status Assessment, Expert Elicitation Workshop - Jim Zelenak, 
U.S. Fish and Wildlife Service, Montana Ecological Services Field Office, Helena, 
Montana 
The objectives of this workshop are to (1) gather scientific information from experts on the 
current status, threats, and future viability of lynx populations in the contiguous U.S.; and (2) 
where empirical data are lacking, elicit expert knowledge, professional judgment, and opinion on 
the nature and magnitude of potential threats to DPS populations and the DPS as a whole.  We 
need this information to complete a status assessment for the DPS that will be used by Service 
decision makers to inform recovery planning and other determinations the Service must make in 
accordance with the ESA.  We have a court order to complete a recovery plan for the DPS by 
January, 2018, unless we determine that a recovery plan is not necessary (i.e., that the threat 
for which the DPS was listed has been adequately addressed and ameliorated and no new 
threats have been identified that pose an immediate or reasonably foreseeable risk of 
extinction).  However, we are not here to make that determination or others regarding the ESA 
status of the DPS.  Rather, we are here to understand the current status of lynx populations and 
habitats in the DPS and hear from experts on factors influencing the current status and future 
viability of those populations.  The DPS was listed as threatened under the ESA in 2000 
because of the inadequacy at that time of regulatory mechanisms in Federal land management 
plans to protect lynx and their habitats.  The Service completed a recovery outline in 2005 and 
designated critical habitat for the DPS in 2006.  In 2007, we clarified our determination of 
“significant portion of the range” of the DPS and withdrew the 2006 critical habitat designation.  
We revised critical habitat in 2009 and 2014 and, also in 2014, we received the court order to 
complete a recovery plan.  The results of this workshop will contribute to the SSA, and the 
expert information gathered here will complement the best available scientific information that 
will be compiled and summarized in the SSA report.  After it is peer-reviewed and finalized, the 
SSA report will be considered by Service decision makers to inform recovery planning and other 
determinations required under the ESA. 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php
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Historical Distribution of Lynx in the Contiguous U.S. - Dr. Kevin McKelvey, USDA 
Forest Service, Rocky Mountain Research Station, Missoula, Montana   
Understanding historical range is important because it provides context for modern 
conservation; however, historical data must be interpreted carefully because they may not be 
representative, are often unreliable, and their meaning may be unclear.  This is especially true 
for rare animals like lynx, and even more so if they are easily mistaken for another more 
common animal, as bobcats are mistaken for lynx in the southern portion of lynx range.  
Because even relatively low identification error rates can lead to significant errors in determining 
distribution, it is important to rely on verified, and not anecdotal, occurrence records, when 
attempting to establish historical range.  The issue is further complicated by the noted cyclicity 
in lynx population dynamics associated with snowshoe hare population cycles, which resulted 
historically in irruptions or pulses of lynx from Canada into the DPS when northern hare 
populations crashed.  This can be described as a wave in which a large number of dispersing 
lynx intermittently flooded into the northern contiguous U.S. over the course of several years 
into a variety of potentially suitable and unsuitable habitats.  As the irruptions waned (i.e., as the 
waves receded), lynx disappeared relatively quickly from areas of unsuitable or poor habitat, 
more slowly from areas of marginal or suboptimal habitat, and persisted (like permanent tide 
pools) in those areas with habitats and hare densities capable of supporting them over time. 
This yielded verified records in the contiguous U.S. in places that clearly cannot support lynx 
populations but, in other places where habitats are or appear to be suitable, it also confounds 
efforts to distinguish between those that have supported persistent lynx populations, those that 
may occasionally but not consistently support resident lynx (“winked off’ more than “winked on” 
in a metapopulation sense), and those where dispersing lynx occurred regularly, if intermittently, 
but could not persist.  Given these ambiguities, there remains irresolvable uncertainty about the 
historic distribution of resident lynx in the DPS.  Despite this uncertainty, it appears that resident 
lynx naturally persist now in most areas that the available reliable data most strongly suggest 
historically supported resident populations in the contiguous U.S. (Maine, Minnesota, Montana, 
Idaho, and Washington).  Several other areas may have historically supported populations but 
no longer do (with evidence most compelling for northern New Hampshire and Michigan’s Upper 
Peninsula; less compelling for the Adirondack region of northern New York, northern Wisconsin, 
and northwestern Wyoming). 

Canada Lynx Habitat Regulatory Environment - Scott Jackson, USDA Forest Service, 
National Carnivore Program Leader, Missoula, Montana 
Before the lynx DPS was listed under the ESA, there was very little information available and 
little management direction for lynx habitats on national forests or other Federal lands.  Given 
the uncertain status of lynx and lack of information on habitat relationships, an interagency Lynx 
Steering Committee was chartered almost immediately after the DPS was proposed for listing in 
1998.  The committee appointed the Lynx Science Team to assemble the available information 
on lynx and the Interagency Lynx Biology Team to develop a lynx conservation strategy 
applicable to Federal lands.  In 2000, the Science Team published Ecology and Conservation of 
Lynx in the United States (Ruggiero et al. 2000), and the Biology Team completed the Lynx 
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Conservation Assessment and Strategy (LCAS; Ruediger et al. 2000).  The committee also 
directed the completion of the 1999 biological assessment (BA) in which the U.S. Forest Service 
(USFS) and Bureau of Land Management (BLM) evaluated potential impacts to lynx of 
management plans for 57 national forests and 56 BLM units and concluded that implementation 
of existing plans could result in some adverse effects to lynx.  The BA recommended amending 
or revising management plans to incorporate conservation measures that would reduce or 
eliminate the identified adverse effects to lynx, and to consider the conservation measures 
identified by the Science Team and Biology Team, once finalized.  In March of 2000, the DPS 
was listed as threatened due to the inadequacy of existing regulatory mechanisms, specifically 
the lack of guidance for conservation of lynx in national forest Land and Resource Management 
Plans and BLM Land Use Plans.  In October 2000, FWS completed a biological opinion on the 
1999 BA, concluding that if forest plans were revised or amended to incorporate the 
conservation measures in the LCAS, they would reduce or avoid the potential for adverse 
effects on lynx.  Also in 2000, USFS and BLM entered into conservation agreements with FWS 
to guide management until plans could be amended or revised.  By 2004, BLM revised plans in 
all units with lynx or potential habitat to incorporate LCAS guidance.  By 2006, USFS similarly 
revised plans for national forests in the Northeast and Great Lakes.  In 2007 and 2008, USFS 
formally amended plans for 18 national forests in the Northern Rockies and 8 in the Southern 
Rockies to address the risk factors identified in the LCAS and adopt management standards 
and guidelines.  Currently, all national forests and BLM units with lynx or potential habitats are 
governed by plans that have adopted conservation measures identified in the LCAS, 
subsequent interagency conservations agreements, or by management direction that formally 
amended or revised land use plans and established standards and guidelines designed to apply 
the best available scientific information to avoid and minimize potential impacts to lynx.  Future 
challenges include developing effective responses to larger, hotter, and more frequent fires and 
extensive insect outbreaks, and designing thinning and salvage harvest treatments conducive to 
creating habitat conditions favorable to lynx and hares.    

Lynx Genetics Considerations - Dr. Michael Schwartz, USDA Forest Service, National 
Genomics Center for Wildlife and Fish Conservation, Missoula, Montana 
Review of lynx genetic studies shows, despite some sub-structuring over distance, high gene 
flow across the continental range of lynx, likely because of high dispersal rates, large dispersal 
distances, and few geographic barriers to dispersal.  Some research suggests that the Northern 
Rocky Mountains may provide some gene flow restriction in western Canada, as well as an 
“invisible barrier” to gene flow in eastern Canada south of James Bay/Hudson’s Bay that may be 
related to differences in snow conditions driven by large-scale climatic factors (e.g., the Pacific-
North America and North Atlantic Oscillation climatic systems).  North of the DPS, low levels of 
genetic substructure have been documented in populations in eastern Canada between 
populations north versus south of the St. Lawrence Seaway, and between island (Newfoundland 
and Cape Breton islands) and mainland populations.  However, there is evidence of genetic 
interaction among even these relatively isolated eastern Canadian populations.  Within the DPS, 
minor genetic sub-structuring has been documented among lynx subpopulations in western 
Montana.  However, very low Fst values (a measure of the proportional reduction in 
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heterozygosity due to population subdivision, with values near zero indicating high levels of 
gene flow and values approaching one indicating poor gene flow) suggest the absence of 
significant barriers to genetic interchange throughout much of the lynx range, including the DPS.  
Across 17 lynx populations in Alaska, Canada, and the contiguous U.S., Fst = 0.033, and the 
highest Fst for any two populations was 0.070 when lynx from the Kenai Peninsula in Alaska 
were compared to those in the Seeley Lake area of Montana.  Lynx-bobcat hybrids have been 
documented in Minnesota, Maine, and eastern Canada, but not in the western part of the range.  
Hybridization does not seem to be a major issue, nor does it appear to be increasing despite 
significant increases in bobcat numbers in some parts of DPS range.  Genomics research (the 
genetic mapping and DNA sequencing of sets of genes or complete genomes) on lynx would 
increase power and precision of genetic analyses and perhaps identify genes under selection at 
the periphery of the range.  The goal for lynx in the DPS should be to conserve the genetic 
diversity currently represented in resident populations, recognizing that maintaining connectivity 
between DPS and Canadian populations is likely important to achieving that goal.  The genetic 
variation at the edge of the range may be of value to future populations, especially as related to 
changing climate.  

Lynx Distribution, Status, and Management in Southern Canada - Dr. Jeff Bowman, 
Ontario Ministry of Natural Resources and Forestry, and Trent University, Ontario 
Lynx are managed provincially in Canada, with each province responsible for its own 
management program, harvest (trapping) policies, and conservation strategies.  Data from 
registered trap lines show cyclic decadal peaks in the numbers of lynx harvested, and these 
align well with (and lag by one year) cyclic peaks in snowshoe hare indices.  In western 
provinces (British Columbia, Alberta, Saskatchewan, Manitoba, Northwest Territories, and the 
Yukon), the magnitude of lynx cycles appears to have dampened dramatically after the 1980s-
1990s, while eastern provinces (Ontario, Quebec, and Newfoundland and Labrador) have seen 
less dramatic declines in peak lynx numbers trapped.  There is some evidence that hare 
numbers in the Yukon have not recovered to past levels after declines beginning in about 2000, 
and that hare numbers in southern Ontario have been low for the past 5-6 years.  There also is 
indication that the range of lynx in eastern Ontario has contracted northward since the 1970s, 
and modeling suggests that this contraction is likely influenced by habitat loss perhaps related 
to changes in forestry practices and an increase in tolerant hardwoods replacing spruce-fir 
forests resulting from climate warming (Koen et al. 2014).  This has been accompanied by 
reduced genetic heterozygosity (allele richness) at this margin of the lynx range.  Recent studies 
also show some differences in functional genetic markers (unique alleles) in lynx south versus 
north of the St. Lawrence Seaway/River, suggesting the potential for evolutionarily significant 
differences in lynx in those areas (Koen et al. 2015, Prentice unpubl.).  Research also suggests 
an “invisible” genetic barrier south of Hudson’s Bay likely related to climate-driven differences in 
snow conditions, which could be amplified in the future with continued climate warming.  A few 
lynx-bobcat hybrids have been documented.  Lynx are listed as endangered provincially in New 
Brunswick and Nova Scotia, which also have by far the highest numbers of bobcats, and where 
bobcat populations have been increasing since about 1990.  Lynx are considered secure in all 
other provinces.   
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Seven Ways a Warming Climate can Kill the Boreal Forest - Dr. Lee Frelich, Director, 
University of Minnesota Center for Forest Ecology, St. Paul, Minnesota  
Northern Minnesota is at the southern edge of the ranges of boreal forest tree species (balsam 
fir, white spruce, paper birch) and the northern extent of temperate forest species (sugar maple, 
red maple, red oak).  A number of climate-mediated processes are likely to shift these ranges 
northward, potentially resulting in the complete disappearance of boreal forest from Minnesota 
before the end of the century.  These include projected declines in snow depth, invasion of 
boreal forests by temperate species and a widening of the mixed forest ecotone, warming 
summer and winter temperatures, declines in boreal trees under both low- and high-emission 
climate scenarios, severe wind- and hail-producing thunderstorms (derechos) of greater extent 
and frequency, large wind-driven fires, heat and drought stress, increased insect infestations 
due to lack of extreme cold temperatures, and phenological disturbance.  These processes, 
alone or in combination may result in gradual or relatively sudden conversion of boreal forests to 
temperate forests, savanna, or grassland at the southern edge of the boreal forest range.  A 
mosaic of conversion mechanisms and rates of change will occur at landscape/ecoregion 
scales.  With unmitigated climate change, Minnesota is likely to lose the boreal biome and about 
one-third of its native species, including lynx, possibly within the next 60-70 years. 

Climate Change and Uncertainty:  Implications for Canada Lynx Conservation and 
Management in the Contiguous U.S. - Alexej Siren, DOI Northeast Climate Science 
Center and University of Massachusetts Department of Environmental Conservation, 
Amherst, Massachusetts 
Climate models are better at detecting long-term trends in temperature and precipitation than 
short-term climate variability.  Generally, projections of precipitation are less robust compared to 
temperature, and within the lynx DPS units, projected trends in precipitation are more certain for 
winter than for summer.  Consequently, the resulting model biases may affect climate 
projections.  Global surface temperatures have increased steadily over the 20th century, 
especially since the 1970s, with an overall increase in winter temperatures in the U.S.  These 
changes are most pronounced from the Northern Rockies to the northeastern U.S., where 
winter precipitation has also increased.  However, the northwestern U.S. has experienced drier 
winters with less snow over the past several decades.  Importantly, numerous studies have 
shown that Canada lynx distribution is related to snowpack characteristics (e.g., snowfall, 
density, and persistence), which may directly or indirectly affect lynx through 1) increased 
competition (exploitative and interference) with sympatric carnivores, 2) altering hare and lynx 
population cycles, and 3) reduced genetic diversity.  Therefore, climate projections with a 
specific emphasis on winter climate are a valuable tool for assessing the long-term viability of 
lynx in the contiguous U.S.  Below are the climate trends for the past several decades and end-
of-century model projections for each of the DPS units; projections are multi-model means with 
the high emissions scenario (A2).  In the Northeast, recent trends are toward reductions in 
snowfall, the number of snow-covered days per season, and the proportion of winter 
precipitation occurring as snow.  Projections include increased winter precipitation, but with a 
lower proportion occurring as snow, and a decline in snowfall and length of snowpack coverage.  
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In the Great Lakes region, recent trends indicate an increase in lake effect snow and longer 
snow seasons to the north.  Winter precipitation is projected to increase throughout the 
Midwest, with a lower proportion occurring as snow, except that lake effect snow is projected to 
increase around Lake Superior and north of the eastern Great Lakes until 2050, and eventually 
decline towards the end of this century.  Overall, models project a decline in snowfall and length 
of snowpack coverage by 2100 for the Midwestern region.  The Northeast and Midwest DPS 
units are especially vulnerable to snowpack loss due to lack of elevational refugia.  In the 
western DPS units and the Colorado population, recent trends show decreasing spring 
snowpack at lower elevations, an overall decline in snowpack by the latter half of the 20th 
century, and a lower proportion of winter precipitation occurring as snow.  Projections include 
decreases in snowfall season and snowfall amount, fewer days with snowfall, and continued 
reduction in the proportion of winter precipitation occurring as snow.  However, projections 
indicate that snowpack and winter severity may be less impacted in the Northern Rockies 
compared to other DPS units.  In summary, model projections are not favorable for lynx within 
the DPS units, especially towards the latter half of the 21st century, with less severe winters and 
diminished snowpack characteristics that favor competing species.    

Projected Climate-change Impacts on Snow, Vegetation, and Lynx Populations in the 
Western U.S. - Dr. Joshua Lawler, University of Washington, School of Environmental 
and Forest Sciences, Seattle, Washington and Dr. Chad Wilsey, National Audubon 
Society Science Division, New York, New York 

Climate modeling suggests reductions in the amount of precipitation falling as snow and a shift 
from subalpine forest to temperate evergreen needleleaf forests in a generalized lynx range in 
the western U.S.  Fire is projected to increase in both frequency and fire size, doubling by 2040 
and tripling by 2080.  Simulated lynx densities were projected for the 2020s, 2050s, and 2090s.  
Of 25 ecoregions included in the study area, 14 had simulated lynx populations greater than 
0.10 individuals/100 km2 across all time points.  Of those, and across various Global Circulation 
Models (GCMs), 3 ecoregions had simulated increasing populations by the 2050s and 11 had 
declining populations. Populations were projected to continue increasing in the 3 ecoregions by 
the 2090s, while declines were projected to deepen in 8 of the remaining 11 ecoregions. 
Growing populations were projected to occur in the sparsely populated Fescue-Mixed Grass 
Prairie, Middle Rocky-Blue Mountains, and Great Steppe ecoregions, whereas the largest 
proportional declines were projected to occur in the West Cascades, Pacific Northwest Coast, 
Northern Cascades, East Cascades – Modoc, and Aspen Parkland ecoregions.  The study also 
looked at the effect of population cycling on projected changes and found that simulated 
declines differed more due to GCM model used than due to population cycling (i.e., modeling 
suggested lynx population declines were not strongly influenced by population cycles). 

Forest Management and Lynx Habitat Trends - Dr. Erin Simons-Legaard, University of 
Maine School of Forest Resources, Orono, Maine 
Lynx in Maine occur in the Northern Appalachian/Acadian Ecoregion where their distribution is 
governed by snowfall and extent of deciduous cover.  The eastern spruce budworm 
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(Choristoneura fumiferana) is endemic to forests in this region, and extensive outbreaks of this 
insect pest occurred in northern Maine in the 1970s-80s, resulting in millions of acres of spruce-
fir die-offs, despite extensive aerial insecticide applications.  For several decades, salvage 
logging via extensive landscape-scale clear-cutting occurred in impacted forests, until passage 
in 1989 of the Maine Forest Practices Act, which regulated clear-cut size, configuration, and 
regeneration.  Regenerating clear-cuts became very dense stands supporting high densities of 
snowshoe hares.  Although the Forest Practices Act reduced the amount of clear-cut harvest 
over the following two decades, overall harvest increased as partial-cut harvesting replaced 
clear-cutting.  At the same time, land ownership patterns in northern Maine were shifting from 
large blocks of commercial timber interests to smaller blocks and more diverse land 
management goals, including development and financial investment, as well as some non-
development easements (though these do not regulate forest management).  The University of 
Maine modeled lynx habitat occurrence from snow track data, a series of Landsat satellite time-
series imagery since 1970, and indices of hare densities for various stand ages post-timber 
harvest to model past, present, and future lynx occurrence in northern Maine.  They found that 
the proliferation of regenerating partial-cuts produce lower landscape hare densities than 
regenerating clear-cuts from the 1970s and 1980s.  Landscape hare densities will likely decline 
in the future as the clear-cut-era stands mature into less dense conifer stands, beginning about 
35-40 years post-harvest.  High-quality stands are being replaced by lower-quality regeneration 
of partial harvests. High-quality habitat for lynx/hares is currently about 8% of the northern 
Maine landscape.  Model projections indicate it will decline to about 5% of the landscape by 
2030, and then level off, and that the prevalence of partial-harvesting will lead to elimination of 
many areas with concentrated high-quality habitat and a lower future probability of supporting 
lynx.      

Southern Snowshoe Hares: Updates, Questions, Forecasts - Dr. Karen Hodges, 
University of British Columbia Okanagan Department of Biology, Kelowna, British 
Columbia 

Northern hare cycles are more variable than commonly portrayed in some literature, with 
questionable synchrony and variation in peak heights and amplitudes.  Some southern hare 
populations (i.e., within the lynx DPS range) show “cycle-ish” dynamics and high densities, but 
variability in abundances is not obviously linked to forest stand type (thinned, unthinned, 
mature).  Some areas of high hare density are occupied by bobcats instead of lynx (e.g., the 
Tally Lake area of the Flathead National Forest in Montana).  Hare densities in the western 
contiguous U.S. differ substantially across regions and landscapes.  For example, within the 
GYA, hare densities varied from very low (0.2 hares per hectare) in Yellowstone National Park 
to very high (0.5 - 1.7 hares/ha) in the Wyoming Range south of the park.  Hare densities also 
vary in the eastern part of the lynx DPS, with ranges from 0 - 1.8 hares/ha in Maine and, in 
Minnesota, densities of 0.64 hares/ha in the northeast part of the state (which supports resident 
lynx) and 0.35 hares/ha in Voyageurs National Park (which does not support resident lynx).  
Landscape attributes (e.g., tree densities and moisture gradients) also influence stand quality 
for hares.  Hare population dynamics (cyclicity, synchrony, amplitude, and peak densities) also 
vary regionally.  Forest management that reduces stand structure reduces hare abundances.  
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For example, hares declined after experimental precommercial thinning in Montana, and, in 
Quebec, hare densities increased with time since commercial thinning, harvest, and fire.  Fire 
destroys hare habitat temporarily, but hares return to burned areas as soon as favorable habitat 
conditions return.  Post-fire hare densities also vary regionally; in stands burned by large fires in 
1988, hare densities by 2007 were higher in Glacier National Park than in Yellowstone National 
Park.  Hare densities necessary to support resident lynx remain poorly understood but appear to 
vary regionally, as do lynx diets and home range sizes.  If southern boreal/montane forests are 
lost, hares will decline.  Fire, timber harvest, and thinning will result in fewer hares, at least 
temporarily, and the impacts of post-fire salvage logging are unknown.  Understory cover and 
browse are very important, but we know little about the influence of shrubs or snow on hares.  
Like lynx, hares in the DPS are at the southern extent of their continental range.  Also like lynx, 
hares show high gene flow across most of the northern range in Canada but lower gene flow 
(higher genetic structure) in the southern part of the range, with some lineages potentially at risk 
of genetic drift.  Climate-mediated increases in fires and insect outbreaks and changes in forest 
regeneration may alter hare habitats and, thus, hare distribution and abundance.  Climate 
change may also affect hare vulnerability to predation by creating a mismatch between pelage 
color, which is controlled by photoperiod, and their surroundings (e.g., reduced snow season 
resulting in white hares on dark forest floors).  It may also alter predator communities, with 
uncertain impacts on hare populations.  Continued research is needed to better explain regional 
variation in population dynamics and peak abundances, to predict post-fire recolonization and 
densities and responses to climate change, and to better understand links between physiology 
and demography (e.g., predation stress and reproduction).      

Lynx Status Update Presentations1 

Status of Lynx in Maine - Jennifer Vashon, Maine Department of Inland Fisheries and 
Wildlife, Bangor, Maine 
Much of the current lynx habitat in Maine was created from extensive harvests to salvage 
spruce budworm-damaged forests during 1970-1985, and the amount and distribution of high-
quality lynx/hare habitat are likely greater now than historic conditions.  Many stands were 
treated with herbicides to create extensive regeneration of spruce and fir.  Analysis of Forest 
Inventory and Analysis (FIA) data indicates that half of the 3 million forested acres of spruce-fir 
in northern Maine is currently sapling stage that should provide lynx with high quality foraging 
habitat.  Also based on FIA data, the amount of dense spruce-fir (supporting the highest hare 
densities) increased from 700,000 acres in 2006 to 805,000 acres in 2010.  The Maine 
Department of Inland Fisheries and Wildlife (MDIFW) conducted a telemetry study of lynx from 
2000-2011 in a study area with extensive areas of regenerating spruce-fir stands in 

                                                 
1 These are summaries of status updates presented by lynx experts for each of the geographic 
units in the DPS.  Summaries were written by the Lynx SSA Team based on the presentations 
and notes submitted by expert presenters and on the notes taken at the workshop during 
presentations.  Experts reviewed drafts of these summaries and provided clarifications/ 
corrections if needed, which were incorporated into the final summaries.    
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northwestern Maine and found that lynx had relatively small home ranges.  Lynx strongly 
selected these high-quality hare habitats in former clear-cut areas.  Although hare densities 
declined from 2 hares/hectare to 1 hare/hectare mid-way through the study, lynx did not 
increase their home range sizes or alter their habitat use.  Reproduction declined initially after 
hare populations declined, but later recovered, with all females producing litters.  An average of 
65% of females bred each year throughout the study.  Litter sizes ranged from 1 to 5 and 
averaged 2.63 kittens/breeding female.  Kitten survival remained high (averaged 78%).  
Densities of 4.5 adults and 5 to 9 kittens were observed in 100 km2 areas.  Based on estimates 
of occupied habitat and home range information, MDIFW estimated there were between 750 
and 1,000 lynx in northern Maine in 2006, and more than 1,000 lynx in 2015 (or at least more 
animals than 2006).  Indices (number incidentally trapped, observed, or killed on roads) have 
increased, suggesting there are more lynx than in 2006, and the distribution of the population 
also appears to be expanding.  MDIFW initiated a third round of periodic lynx snow track survey 
in 2015 that support increased populations and expanding range.  Additional surveys are 
planned in 2016 and 2017 to update estimates.  Although a model by the University of Maine 
suggests the effects of the Maine Forest Practices Act could lead to a decrease in lynx habitat, 
thus far, it does not appear that lynx have declined in response to aging clear-cuts and the 
prevalence of partial harvests resulting from the Act.  A budworm outbreak is expected in the 
near future that will also impact future amounts of habitat for lynx and snowshoe hare.  MDIFW 
provides landowners with descriptions of lynx-hare habitat for their management plans through 
published peer-reviewed papers and reports on lynx status and habitat use in Maine and 
consultation.  

Canada Lynx in Minnesota - Dr. Ron Moen, Natural Resources Research Institute, 
University of Minnesota Biology Department, Duluth, Minnesota, and Susan Catton, 
USDA Forest Service, Superior National Forest, Duluth, Minnesota 
Prior to 1965, lynx in Minnesota were unprotected, had a bounty placed on them, and were 
overexploited by trapping.  From 1930-1977, harvest in Minnesota was twice that of Montana 
and 40 times that of other states.  In 1976, State protection was provided in the spring and 
summer months, and in 1984 the trapping season was closed.  In the 1990s and when listed 
under the ESA in 2000, it was unknown if lynx in Minnesota were residents or migrants from 
Canada, but now it is known that the Minnesota lynx population consists of both residents and 
migrants from Canada.  Since then, there have been hair snare and snow-tracking surveys, 
DNA analyses, and a multi-year telemetry project – none of these monitoring efforts were 
designed to estimate densities or abundances of the species.  However, as of 2015, it is thought 
that there are somewhere between 50 and 300 lynx in Minnesota (this expert later refined the 
range as 50 - 200 lynx, as indicated in the summary presentation preceding the graphing 
exercise below), with the core habitat in the arrowhead region of the state (St. Louis, Lake, and 
Cook counties), although there have been verified and probable lynx sightings elsewhere in the 
state.  At least 5 of 27 adult lynx radio-collared in Minnesota were later legally trapped in 
Ontario, and other collared lynx did not return from Canada, therefore their fates are unknown.  
Telemetry data showed that about half of males radio-marked in Minnesota moved back-and-
forth across the border, traveling at all times of the year; that Minnesota females that dispersed 
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into Canada tended not to return to Minnesota; that males had much larger home ranges (267 
km2) than females (21 km2); and that females with kittens had the smallest home ranges.  About 
half of the mortality of collared lynx was from vehicle collisions, incidental catch, illegal kills, or 
unknown causes.  Moen et al. (2008) documented 10 den sites and showed that denning 
habitat is not limiting in Minnesota.  Since 2000, incidental take of lynx tracked by the USFWS 
Twin Cities Field Office has ranged from 0-14 per year and included vehicle (car and train) 
collisions, gunshot, incidental trapping, and unknown causes.  Approximately 50% of reported 
take was of incidentally trapped lynx, about half of which were released alive.  Home range 
analyses showed mean distance to nearest linear feature is approximately 200m, suggesting 
that lynx do not avoid roads.  Bobcat harvest data show a concentration of bobcats adjacent to 
the core of the lynx range.  The IPCC SRES A1B Scenario climate change model (Gonzalez et 
al. 2007, p. 14) shows snow conditions potentially suitable for lynx throughout the northern half 
of Minnesota to the end of this century; however, the snow and/or biological assumptions in the 
model need work, because it predicts a range for lynx that is larger than the current suitable 
range based on snow depth.  Other climate modeling (e.g., Morgan, in prep.) suggests that 
suitable snow-depth range will shrink significantly by 2055, be limited to extreme northeastern 
Minnesota by 2070, and may be entirely absent from the state by 2095.  Since 2000, the 
Superior National Forest (SNF) and others have identified 268 unique individual lynx (47% 
Female, 53% Male) from 1,306 DNA samples, primarily from SNF lands.  These samples also 
documented 13 unique individual lynx-bobcat hybrids (5 Female, 8 Male).  The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota.  The SNF annually documents 3-5 family groups and is working with 
North Carolina State University and the Twin Cities Field Office on a study of the distribution of 
lynx that can be used to inform future study designs aimed at monitoring lynx occupancy and 
designing more intensive studies to estimate abundance. 

Current Distribution, Status, and Threats to Canada Lynx in Montana and Wyoming - 
Dr. John Squires, USDA Forest Service, Rocky Mountain Research Station, Missoula, 
Montana 
Northwestern Montana - This area is believed to support the largest lynx population in the 
western U.S., but minimum population size has not been calculated.  The Forest Service’s 
Rocky Mountain Research Station in Missoula initiated a lynx research program in 1998 to 
investigate lynx resource and prey selection, competition, activity patterns, detection and 
monitoring, and connectivity.  From 1998 to 2007, researchers trapped and radio-marked 175 
lynx in northwestern Montana and collected nearly 170,000 GPS and over 3,000 VHS telemetry 
locations documenting lynx movements, resource use, survival, and productivity.  From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area (the central 
portion of this geographic unit) and from 2003-2007, 2.95 kittens/litter (N = 22) in the Purcell 
Mountains (the northwestern portion of the unit).  In Seeley Lake, 61% of breeding-age females 
(N = 52) produced kittens; in the Purcells, 83% of females (N = 28) produced kittens.  Recent 
research (Kosterman 2014) suggests kitten production is correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges.  Annual survival rates for 
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subadult and adult female lynx were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 
0.85, respectively, in the Purcells.  There was no evidence of cyclicity in these vital rates, and 
no indication of irruptions of lynx into this unit from Canada after the 1980s.  Starvation, 
predation by mountain lions, and human-caused deaths each accounted for roughly one-third of 
documented sources of lynx mortality.  Population viability analyses yielded population growth 
rates of 0.92 for the Seeley Lake area (i.e., declining population trend, 1999-2007) and 1.16 for 
the Purcells (increasing trend, 2003-2007).  The distribution of lynx in this unit appears to have 
contracted recently; lynx were documented in the Garnet Mountain Range in the southern 
portion of the unit from at least 1980 into the early 2000s, but in 2010, extensive trapping 
yielded only two males, and snow-track and camera-trap surveys in winter 2014-2015 detected 
no lynx.  Genetic analyses revealed fine-scale genetic sub-structuring among the Garnets, 
Purcells, and Seeley Lake subpopulations, suggesting some level of relative isolation among 
lynx in those areas.  Most lynx habitat in this unit occurs on Federal lands (USFS, BLM, NPS).  
Recent conservation land purchases substantially increased protection of lynx habitat in the 
Seeley Lake core area.  The extent of fire in this area has increased, with over one million acres 
burned in 2000-2013.  Forest management (timber harvest, silviculture, and fire management) 
can have negative, neutral, or positive impacts on lynx habitat; current research is investigating 
lynx response to management actions. 
      
Wyoming/GYA – The long-term persistence of lynx in the GYA is unknown, but early records 
from Yellowstone National Park documented lynx presence in the 1920s-30s, and more recent 
(2001-2004) surveys in the park documented several lynx and evidence of reproduction on the 
east side of Yellowstone Lake.  South of the park, lynx were also detected reliably in the late 
1990s-early 2000s in the Union Pass and Togwotee Pass areas of the Wyoming Range in the 
Bridger-Teton National Forest.  Several lynx released in Colorado (1999-2006) dispersed to the 
GYA and occupied home ranges (including males and females with overlapping home ranges) 
in areas of the Wyoming Range previously occupied by “native” resident lynx.  Recent (2005-
2010) research trapping and survey efforts in the Wyoming Range have detected only 
Colorado-released lynx, and the current status of lynx in the GYA is uncertain but believed to be 
at low numbers based on on-going surveys.  In addition to fire and forest management (as 
described above for northwestern Montana), oil and gas exploration and development may pose 
a potential risk to lynx and habitat in the Wyoming Range.             

Lynx in Washington: Current Status and Potential Threats - Benjamin Maletzke, 
Washington Department of Fish and Wildlife, Olympia, Washington 
Lynx in Washington were State-listed as threatened in 1993, but with recent large-scale impacts 
to lynx habitats and likely declines in lynx numbers, upgrading to State-endangered may be 
justified.  The Washington Department of Fish and Wildlife completed a lynx recovery plan in 
2001, and the Department of Natural Resources completed a habitat management plan for its 
lands in 1996, which it revised in 2006.  The majority of lynx habitat in Washington occurs on 
public lands including State Forests and National Forests.  Although individual lynx are 
occasionally documented in the northeastern part of the state, only the Okanogan area (eastern 
Cascade Mountains abutting the border with Canada) in the north-central part of the state has 
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consistent records and evidence of a resident breeding population.  In terms of the ESA’s five 
listing factors, over-utilization (Factor B), disease/predation (Factor C), and inadequacy of 
existing regulatory mechanisms (Factor D) are not issues for lynx in Washington.  Lynx trapping 
was prohibited in 1991, and only live-trapping is allowed for bobcats, so there is little chance for 
incidental trapping.  There is no documented disease and little evidence of predation (though 
these could occur/increase with climate change).  With ESA and State listings, critical habitat 
designation, and State recovery and State and Federal habitat management plans in place, 
regulatory mechanisms appear adequate.  Recently, much lynx habitat has been lost, at least 
temporarily, to frequent large-scale fires and insect outbreaks (Factor A), and climate change 
(Factor E) may pose additional (or exacerbate existing) threats to lynx and habitats in 
Washington.  From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan 
(Eastern Cascades) area, and female home ranges were estimated at 38 - 41 km2, suggesting 
the potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat).  By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss and 
fragmentation resulted in female home ranges increasing to an estimated 91 km2, with a 
potential to support roughly 27 resident females.  Although areas impacted by fires and insects 
should regenerate to hare/lynx habitat, it may take 35-40 years or more for that to happen.  
Climate change will likely reduce snow depth, condition, and persistence, potentially influencing 
interspecific competition.  It also may cause temperature- and precipitation-driven changes in 
vegetation and increased fire frequency, size, and intensity, resulting in further reduction, 
fragmentation, and isolation of suitable habitats and impacts to prey abundance.  Connectivity 
between the Okanogan area and lynx populations and habitats in Canada seems adequate; it is 
more tenuous in the northeastern part of the state, where cross-border populations/habitats in 
Canada are smaller and potential corridors more constricted.  It is also possible that legal 
trapping in southern British Columbia could limit immigration into Washington’s lynx population 
and be a source of mortality for lynx dispersing from Washington into Canada.  Potential 
management and recovery actions could include resuming surveys and monitoring efforts, 
review current State, Tribal, and Federal management actions to see if they can be more “lynx-
friendly,” conduct population viability analyses to estimate probabilities of persistence over 
various time periods, coordinate with British Columbia on cross-border lynx conservation efforts, 
evaluate the need and feasibility of augmenting female lynx in the Okanogan and reintroducing 
lynx to the Kettle Crest, up-list lynx in Washington to indicate the current status and severity of 
threats, and seek collaboration and funding to support the measures above. 

Status of Lynx in Colorado - Dr. Jake Ivan, Colorado Parks and Wildlife, Fort Collins, 
Colorado 
Lynx in Colorado were State-listed as endangered in 1973.  Based on statewide surveys 
conducted in 1978-1997 that found some possible lynx sign (tracks), the State concluded that if 
lynx were present, too few individuals remained for a viable population and that natural 
recolonization was unlikely due to geographic isolation.  The State initiated a lynx reintroduction 
program, releasing 218 lynx from source populations in Alaska and Canada from 1999 to 2006.  
All animals were released into the San Juan Mountains in the southwest part of the state.  Many 
stayed there and used the area heavily; many others established home ranges in the Sawatch 
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Range in the central part of the state, where the bulk of historical records occurred.  Although 
post-release mortality was initially high, it decreased after release protocols were modified and 
among lynx after they’d been on the ground a year.  Mean annual survival was 0.93 for lynx that 
stayed within the San Juan Mountains core-release area, and 0.82 outside of it.  The first den 
was located in 2003, and 48 dens were subsequently documented in Colorado through 2010, 
including a third-generation of Colorado-born lynx.  The reintroduced population displayed 
reproduction similar to other areas in the DPS in some regards (e.g., mean litter size was 2.75 
kittens), and lower in others (e.g., mean percentage of females that produced kittens was 24% 
[range = 0% - 46%])2.  A deterministic model that uses survival estimates and reproduction data 
from ten years of monitoring reintroduced lynx and assumes that reproductive parameters 
observed during that time would repeat each decade shows a slightly increasing trajectory 
through time.  Although current population size and survival rates are unknown, photos of 
females with kittens in 3 sampling units during occupancy monitoring in the San Juan Mountains 
in 2014-15 and capture of young and unmarked (i.e., “new”) lynx during research efforts in 
2010-15 provide evidence of continued reproduction.  Potential threats to lynx in Colorado 
include climate change, bark beetle outbreaks, fire, increasing human recreation, and 
vulnerability to vehicle collisions and disturbance from highways.  Climate modeling in 2014, 
based on the RCP6 (2nd-highest) emissions scenario, suggests that by mid-century 
temperature will increase by 2°C, precipitation will decrease in the San Juan and other southern 
mountains, and that spruce-fir habitat will migrate upslope, lagging climate conditions by 50-100 
years.  Based on this, the overall vulnerability of spruce-fir in the state is considered moderate 
at mid-century.  As of 2014, over 4 million acres of potential lynx habitat has been impacted by 
bark beetle outbreaks; however, lynx and hares continued to use impacted areas, even when 
beetle impacts are severe.  Red squirrel use declined in areas that were heavily impacted by 
beetles.  Large fires also have impacted lynx habitat, and as elsewhere, fire size, frequency, 
and intensity are expected to increase with climate change.  A cursory, pre-analysis review of 
location data suggests that lynx make use of landscapes in which heavy winter recreation 
occurs.  However, use of developed ski areas is light, and outside of ski areas, heavy lynx use 
tends to occur in thick timber that is not used by snowmobilers and other backcountry users.  
Finally, lynx frequently crossed 2-lane paved highways in home ranges (0.6 crossings/day), 
more often at dusk and night, coincident with lower traffic volumes, and usually at forested 
crossings.  Recent results from a new large-scale monitoring program indicated that lynx 
occupied a similar proportion of the landscape in the San Juans Mountains during winter 2014-
15 as they did during winter 2010-11.  

Expert Elicitation Process 
All questions posed to the 10 lynx expert panelists were framed in the context of the 3Rs, a 
driving principle for evaluating viability under the SSA framework.  In questioning, we used a 
modified Delphi method (e.g., MacMillan and Marshall 2006), which involves eliciting individual 

                                                 
2 These data were provided by the presenter after the workshop but were not part of the original 
workshop presentation. 
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responses/scores, exploring response rationale and differences in expert judgment through 
guided discussions, then allowing experts to reconsider their scores in light of those discussions 
if they so desire.   
 
In our implementation of the modified Delphi approach, panel members were first asked to 
respond individually to a particular question and indicate their level of confidence in their 
response.  We then collated and noted the range of responses, which became the mechanism 
for follow-up discussion.  In collating responses, we used a simple numeric coding system 
rather than the experts’ names to provide for a reasonable level of anonymity.  We noted where 
there was high congruence among responses, as well as low congruence and outlying 
responses.  By asking for experts to voluntarily provide their reasoning for particular responses, 
we were able to delve into the basis for varying opinions.  After the discussion period, experts 
were given the opportunity to revise their scores.   
 
In addition to elicited responses to each question, we received substantial feedback from the 
experts on definitional issues and the validity of the questions themselves; we revised the 
questions as needed following these discussions.  In the case of a revised question, scores 
were elicited again following the revision.  The second round of scoring was displayed for 
experts, with a closing opportunity for comment, discussion, or score revision. 
 
All panel members were encouraged to respond to each question but also given the option of 
abstaining from responding to a question if they felt it was beyond the bounds of their expertise.  
With few exceptions, all 10 expert panelists responded as requested to every question.  
Instances where experts either chose not to reply or otherwise replied in a manner differing from 
the expected form of response to the question are noted in the responses below. 

Lynx Status:  Expert Elicitation and Responses 
Questions for experts were scripted by the Lynx SSA Team prior to the meeting to facilitate 
discussion of lynx ecology among the experts, solicit their professional opinions, and to help the 
Service gather and synthesize biological information for use in the SSA, particularly where 
empirical data are lacking in the published literature and projecting habitat and population 
conditions into the future is needed.  Because of the uncertainty of quantifying the population 
status and other aspects of lynx biology, the Service and facilitators decided to generate a 
series of discussion questions with quantifiable responses (scores) concerning the redundancy, 
resilience, and representation (3 Rs) of the DPS.  Although scores provided a starting point for 
discussion among experts and are quantified, analyzed, and summarized as appropriate in the 
following sections of this report, the Service also places high value on the content of the 
discussion among experts.  Therefore, both the analyses of scores and summaries of the 
discussion content are presented and will be considered during development of the SSA, noting 
that both were integral to the expert elicitation process. 
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The types of questions and the format of responses differed based on the information needed to 
inform the status assessment, and the best way to capture the information relevant to the 
question being asked.  For example, responses were requested in the form of lists, when a set 
of influences was desired, in the form of a 4 point elicitation (e.g., the most likely, high, and low 
end of a range, and confidence that the range contains the true value) when an uncertain 
quantitative value was desired, in the form of graphed trajectories when probabilities of 
persistence over time were desired, and other forms as necessary (see questions below).  
Experts submitted their scores independently via submission sheets (sticky notes, index cards, 
graph paper, etc.) with their ID numbers.  Note takers recorded and displayed scores to assist 
discussion.  Facilitators and other members of the SSA Team then asked directed questions to 
clarify responses from the panelists as needed.  Following each round of discussion and 
clarification, the panelists were provided the opportunity to update their response if desired and 
the second round of responses were collected and recorded.  The final responses are the only 
responses reported here.  The range of individual responses that we received was not 
combined (e.g., averaged or otherwise) in any way that would obscure or conceal individual 
responses, and the final scores for each panelist were recorded if the response was revised. 

We present the results of the expert elicitation below under the headings of representation, 
redundancy, and resilience.  Under each heading, the following is provided:  the definition of the 
viability category (3 Rs) under consideration, the question(s) asked of the expert panelists, 
response type (i.e., the form of the response requested of the experts), question clarification 
(i.e., a narrative description of any additional information provided to the experts by the 
facilitators for clarification as the questions were asked), expert responses, and notes from the 
discussion. 

Expert Responses 

Representation 

Definition - Representation contributes to the adaptability and evolutionary capacity of a 
species over time, to accommodate long term issues like climate change.  The breadth of 
genetic ecological, demographic, and behavioral diversity across a species’ range may 
contribute to its capacity to adapt over time.  Measures of genetic and life history variability 
among populations, distribution of populations across a range of ecologically diverse locations 
or niches, etc., are useful proxies to measure.  Consider needs for establishing or reestablishing 
populations in unoccupied habitat that may be necessary or suitable for species adjustment to 
climate change or other stressors, including the need to replace former populations in no longer 
represented ecosystems. 

Representation Questions  

1.  Are any of the geographic units susceptible to genetic drift on a scale that would limit 
genetic viability?  If yes, which geographic units? 
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Response Type:  Experts supplied a written response of “yes” or “no,” with a yes answer 
accompanied by a list of susceptible geographic units. 

Expert Responses:  Five experts responded that none of the geographic units are susceptible to 
meaningful genetic drift, two experts abstained from answering, and three experts responded 
that there are geographic units that are susceptible to such genetic drift.  Among the latter, one 
expert responded that the Colorado geographic unit is susceptible over a long period of time, 
and the other two experts responded that both the Colorado and GYA geographic units are 
susceptible to genetic drift. 

Discussion Points Following Initial Responses:  It wouldn’t take many immigrating lynx to 
provide adequate genetic diversity to prevent genetic drift.  One reproductively successful 
immigrating lynx every 5 to 10 years per geographic unit is likely sufficient to prevent genetic 
drift.  Most experts believed there was a low likelihood that even the smaller lynx populations 
(GYA and Washington) or those in more isolated geographic units (Colorado and GYA) are 
vulnerable to genetic drift at a scale that would impact viability, though several experts felt that 
both the GYA and the western Colorado units could experience meaningful drift in the absence 
of immigration or augmentation.  Overall, most experts felt there is a low risk of genetic drift 
being a problem for lynx in the DPS.  

2.  Are there locations from a lynx perspective that have unique habitat conditions 
relative to other areas in the lynx range that are necessary to foster future adaptive 
capacity of the DPS?  If yes, where? 
 
Response Type:  Open discussion.  No response forms were submitted, but notes were taken 
on the discussion that followed. 
 
Question Clarification:  The experts required some clarification of terms and the intention of this 
question to respond.  Facilitators read the working definition of representation (above), which 
previously had been provided to the experts.  Experts then discussed representation across the 
lynx DPS from an adaptive capacity perspective. 
 
Expert Responses:  The response was an open discussion captured below. 
 
Discussion Points Following Initial Responses:  Maintaining genetic variability is important for 
adaptive capacity.  If uncertain about the capacity for lynx to adapt, then experts encouraged 
that all populations (and hence the genetic variation within each) be maintained.  Experts 
indicated that it doesn’t appear that any U.S. population is more or less important to maintain 
than the others because of relatively similar ecological settings and the generally low level of 
genetic differentiation across the DPS.  Summary:  Experts discussed that maintaining 
representation in the DPS could best be achieved by retaining current DPS populations, 
maintaining connectivity between DPS and Canadian lynx populations, conserving the genetic 
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diversity currently represented in DPS, and avoiding impacts that could facilitate or increase the 
potential for or likelihood of genetic drift. 

It was also noted that lynx north of the DPS in some parts of eastern Canada (in New Brunswick 
and Quebec south of the St. Lawrence Seaway and on Newfoundland Island) have some 
unique alleles, including at functional genes, and should be preserved.  Lynx in these areas are 
relatively more isolated than lynx elsewhere in Canada.  Lynx south of the St. Lawrence are 
separated from lynx to the north by the seaway itself, which historically froze over during winter 
but which is now kept open to facilitate maritime shipping, perhaps reducing the level of genetic 
exchange between lynx on opposite sides.  Lynx on Newfoundland Island are separated from 
lynx in mainland Labrador and Quebec by the 15- to 60-kilometer-wide Strait of Belle Isle.  
Despite the relative isolation of these populations, genetic evidence indicates some interchange 
between lynx south and north of the St. Lawrence and between Newfoundland Island and 
mainland populations.  Eastern Canadian populations north of the St. Lawrence may have 
slightly different genetic composition than lynx in the Maine geographic unit. 

Redundancy 
Definition - Redundancy contributes to the ability of population types to withstand catastrophic 
events (hurricanes, wildfires, etc.).  The number and distribution of populations of each 
representative type contribute to the retention of various representative types despite 
catastrophic events by ensuring that the loss of a population doesn’t lead to the loss of 
representation. 

Redundancy Questions 
 
1.  List the factors/catastrophic events that could functionally extirpate an entire 
geographic unit. 
   
Response Type:  Each expert supplied a written list submitted via index card of the 
factors/catastrophic events. 
 
Question Clarification:  Three issues required clarification prior to obtaining responses to this 
question.  First, we initially asked about eliminating a “population” rather than a geographic unit.  
Because some of the geographic units may support several relatively isolated subpopulations, 
experts questioned whether we meant individual populations or subpopulations.  We clarified 
that we are evaluating the likely persistence of resident lynx populations in each of the six 
geographic units that currently support or recently supported them; therefore, we are interested 
in the likelihood that a catastrophic event could result in the extirpation of resident lynx from the 
entirety of any of the geographic units. Second, we were asked if extirpation meant the 
complete loss of all lynx from a unit.  We clarified that we wanted to know if lynx could be 
“functionally extirpated” from any geographic unit, with functional extirpation described as the 
loss of the unit’s ability to support a resident breeding population(s) of lynx.  Third, experts were 
not clear what an “event” entailed.  After discussion, it was agreed that an event was defined as 
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a single occurrence of some form, such as a fire, drought, hurricane, etc., that occurs over a 
relatively brief period of time, rather than a series of smaller cumulative events (e.g., a series of 
climate change-associated occurrences of fires or insect outbreaks over the course of a 
decade) causing a cumulative catastrophic result. 

Expert Response:  Six of the ten experts did not list any catastrophic events that could result in 
the functional extirpation of lynx from any entire geographic unit.  Three of the experts listed 
multiple catastrophic events they felt could result in at least temporary functional extirpation of 
lynx in a unit.  Among these, two of the experts listed fire, three listed disease, one listed insect 
outbreak, and one listed a failure of winter conditions due to a combination of heat or drought 
conditions.  One expert listed geographic unit-specific events, namely fire or insect outbreak for 
the Washington geographic unit, insect outbreak in Maine, and either insect outbreak or fire for 
one of the Minnesota geographic unit’s groupings of individuals, but not all. 

Discussion Points Following Initial Responses:  Experts were told that climate change was not 
considered a catastrophic event because it is both a driver of events and influences severity, 
rather than being an event itself as defined above.  Experts discussed the possibility that the 
Washington geographic unit, because of its relatively smaller size and history of recent 
extensive fires in lynx habitat, may be at risk of functional extirpation from multiple catastrophic 
events; disease, fire, and beetle outbreak were all mentioned as possible events.  One expert 
suggested that the Minnesota geographic unit could potentially be eliminated by a very large 
fire, although there was a low probability of this occurring.  Experts expressed some uncertainty 
whether fire could occur at the severity and scale sufficient to eliminate an entire geographic 
unit; however, a series of fires over a short time period may have the potential to cause 
functional extirpation of lynx from a geographic unit or significantly reduce the number of 
resident lynx it could support, at least temporarily. 

2.  Could any of the catastrophic events listed in response to redundancy question 1 
eliminate all 6 geographic units simultaneously? 
 
Response Type:  Each expert supplied a written response of “yes” or “no.” 

Expert Response:  All experts answered “no.” 

3.  What is the probability (expressed as a percentage) that any single geographic unit 
could be eliminated by a single catastrophic event in the next 10 years? 
 
Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  In response to the discussion around question #1, which resulted in the 
inclusion of question 3, this question was modified from its original script to include a 10-year 
time frame (underlined). 



27 

Expert Responses:  All responders gave a relatively low probability (≤ 10%, median of 1%) that 
any single geographic unit could be eliminated (resident lynx functionally extirpated) by a single 
catastrophic event in the next 10 years (Figure 2).   

4. What is the percent likelihood that a series of catastrophic events within the next 10 
years could cause functional extirpation of one or more lynx geographic units? 

Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  This question was developed after discussion of question 3 to capture 
the possibility of functional extirpation of lynx from geographic units due to a series of 
catastrophic events over a relatively short time rather than a single event that occurs at one 
point in time. 

Expert Responses:  The percent likelihood ranged from 0.5% to 60%, with a median response 
of 7.5% (Figure 2).  Expert responses indicated a higher probability of a series of catastrophic 
events over 10 years resulting in functional extirpation than a single event in the next 10 years, 
as in question 3.  

 

Figure 2.  Individual scores and summary boxplots of the percent chance that a geographic unit 
is eliminated by a single catastrophic event (question #3, left) or a series of catastrophic events 
(question #4, right) in the next 10 years.  Note:  This and all subsequent figures below were 
generated using the statistical software R (Appendix 6).  
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In Figure 2, individual responses to a single catastrophic event were 0.01%, 0.1%, five 
responses of 1%, 5%, and two responses of 10%.  Individuals responses to a series of 
catastrophic events were 0.5%, 1.1%, three responses of 5%, 10%, 15%, 20%, 40%, and 60%).  
Boxplots illustrate response mean values (bold black lines), the 25% and 75% quartiles (upper 
and lower bounds of boxes), and the highest and lowest values within 1.5 times the quartile 
range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of the 
whiskers (outside 1.5 times the quartile range) are considered outliers and plotted as points 
beyond the ends of the whiskers (i.e., experts 3 & 4 in Q3 and experts 3 and 10 in Q4, as 
indicated by the points plotted between experts 5 and 6).  The individual expert responses used 
to produce the boxplots are indicated by x-marks.  Boxplots are provided as a summarizing 
visualization to aid comprehension of the experts’ responses and their range, and the summary 
values are presented in this context and not intended for use outside of the context of the full set 
of responses. 

Discussion Points Following Initial Responses:  One expert noted that the probability of 
extirpation in any one of the 6 geographic units is greater than the probability of a single specific 
geographic unit being extirpated.  Also, any combination of a series of events over a decade 
increases the likelihood of extirpation in any one geographic unit relative to the probability of 
extirpation due to a single event.  

Although median probabilities of extirpation were low, experts felt the geographically smallest 
unit (Washington) and those units believed currently to support the fewest resident lynx (GYA, 
Washington, and Minnesota) were the most vulnerable geographic units when scoring this 
exercise.  Fire, drought, and beetle kill were the most frequently mentioned events that were 
considered by the experts when answering this question.  Some experts felt that these 
geographic units may be susceptible to such a scenario because of small geographic and/or 
population sizes and distribution.  In particular, it was noted that this past year there were many 
fires in lynx habitat, especially in Washington, and another year with similar fire impacts, or a 
few such fire years in a 10 year period, could lead to extirpation of lynx in the Washington 
geographic unit.  An expert noted there currently may be as few as 24 remaining females in 
Washington and that with fewer individuals in this area it would result in a higher probability of at 
least temporary extirpation.  Experts noted that fire disturbance data are likely available that 
could be used to model the likelihood of future fire impacts to each geographic unit.  

Experts with outlier responses provided their rationales.  Experts having the lowest scores 
believed that even the smallest geographic units would have only a low probability of extirpation 
in the next decade - that the time frame under consideration was very short.   

5.  What length of time would be required for a geographic unit eliminated by a 
catastrophic event to reestablish naturally? 
  
Response type:  4-point elicitation.  Each expert supplied a written response in years for the 
longest, shortest, and most plausible time periods for reestablishment of a resident lynx 
population within a geographic unit following functional extirpation.  They were also asked to 
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indicate their confidence, as a percentage chance, that the true amount of time necessary for 
reestablishment would fall between the shortest and longest plausible time periods provided. 
 
Expert Responses:  The responses to each of the points elicited are shown below in Table 1.  
Two experts provided additional information beyond the 4 points elicited when responding.  One 
presented two scenarios, one in which connectivity is intact and the habitat was damaged by the 
catastrophic event (e.g., insect outbreak or fire) which would require habitat regrowth first, and 
the second in which the habitat remained present.  In the case of habitat being present the most 
likely time period response was less than 10 years.  In the habitat elimination scenario the 
expert felt given climate changes to habitat that the geographic unit would not re-establish.  The 
second expert responded by geographic unit, with the exception of the Minnesota geographic 
unit for which there was no response.  Their responses are summarized in Table 1 using the 
overall longest and shortest responses as well as the average of the most plausible time (see 
footnote 3). 
 
Table 1.  Expert responses regarding the natural reestablishment time in years for a geographic 
unit after extirpation by a catastrophic event. 
 

Expert # 
Reestablishment Time in Years Percent Confidence in 

Range3 Shortest Plausible 
Time 

Most Plausible 
Time  

Longest Plausible 
Time 

1 10 40 100 50% 
2 15 100 300 80% 
3 15 35 60 5% 
44 1, 

will not reestablish 
<10,  

will not 
reestablish 

will not reestablish 100% 

5 25 50 100 75% 
6 20 30 50 90% 
7 15 20 25 90% 
8 15 50 will not reestablish 40% 
9 20 30 100 50% 

105 15 55 200 50% 
 

Expert responses are also visualized in Figure 3 and Figure 4 below.  The raw responses are 
visualized in box plot form to aid communication of the results (Figure 3).  Confidence ranges 
provided in a four point elicitations enable expert responses to be rescaled to produce a 
common confidence bound across experts using linear extrapolation (e.g., McBride et al. 2012).  

                                                 
3 Expert confidence that the true recovery time would fall between the shortest and longest time periods 
of their response. 
4 This expert provided a response for two scenarios, first that the catastrophic event does not result in 
habitat loss, and second that habitat is lost and therefore connectivity to extant populations is lost. 
5 This expert provided separate responses for each geographic unit.  The values in this table are the 
overall shortest, longest, and average most plausible number of years indicated in the responses across 
geographic units. 
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We calculated the 95% confidence interval for the shortest and longest plausible time periods 
for each expert (Figure 4).  In cases where the linear extrapolation resulted in negative years for 
the shortest time periods, we adjusted to zero.  This may indicate underconfidence in the 
responses provided by the experts, or that the use of linear extrapolation for these 4-point 
elicitation responses fails to distribute expert uncertainty in a manner consistent with the actual 
uncertainty present in expert responses (i.e., the experts could have been more confident in 
their shortest plausible time response than their longest plausible time responses, which the 
linear extrapolation doesn’t account for). 

 
Figure 3.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events. 

The raw responses for each of the three time periods (longest plausible time to reestablishment, 
most plausible time, and shortest plausible time period) are displayed in the box plots in Figure 
3 above.  Boxplots illustrate response mean values (bold black lines), the 25% and 75% 
quartiles (upper and lower bounds of boxes), and the highest and lowest values within 1.5 times 
the quartile range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of 
the whiskers are considered outliers and plotted as points.  The individual expert responses 
used to produce the boxplots are indicated by x-marks.  Boxplots are provided as a 
summarizing visualization to aid comprehension of the experts’ responses and their range, and 
the summary values are presented in this context and not intended for use outside of the 
context of the full set of responses. 
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Figure 4.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events, adjusted to provide 95% confidence bounds. 

In Figure 4, 95% confidence bounds were produced from the 4-point responses using linear 
extrapolation.  Shortest plausible time period is in blue, most plausible is green, and longest 
plausible is red.  For plotting purposes negative shortest time period values were adjusted to 
zero, and all zeroes in the plot indicate 95% confidence bounds that extended below zero.  
Longest time periods beyond 350 years were plotted at 350, with the actual time period noted in 
text left and below those points.  Also note that expert 10 responded by geographic unit, so the 
figure displays the 95% confidence bound adjusted overall longest, overall shortest, and 
average most plausible time periods across the six units for expert 10. 

Discussion Points Following Initial Responses:  Experts discussed the amount of time it takes 
for habitat to recover after catastrophic events (e.g., fire, insects) when considering timeframes 
for repopulation.  Some experts could picture some geographic units never being recolonized 
again, and that some could be recolonized immediately, depending on which geographic unit is 
being evaluated and the level of connectivity to other geographic units and to lynx populations in 
Canada.  Washington is more connected to Canada than the Colorado geographic unit for 
example.  The rate of recolonization was variable for each geographic unit because of the size 
of each geographic unit, status of adjacent source geographic units, and the level of 
connectivity.  Experts found it hard to generalize across the range of the species for this 
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question.  The variances in the geographic units across the range need to be considered.  
Experts believed GYA and CO would have a long period for recolonization, if ever recolonized, 
after a potential extirpation event because of the lack of connectivity with Canadian populations.  
It is likely that those geographic units with connectivity to Canada would recover much sooner 
than geographic units not connected to Canada. 

Resiliency 

Definition - Resiliency speaks to an individual population’s ability to tolerate environmental and 
demographic stochasticity, such as fluctuations in temperature or genetic drift.  It is often 
measured in terms of population size and growth rate, but in fact is dependent on a number of 
traits, both demographic and environmental.  These include, among others: age or stage class 
distribution, genetic heterogeneity, birth rates, annual survivorship, sex ratios, etc., and the 
quality and extent of habitat, the degree of disease, competition, etc.  Metapopulation dynamics 
and distribution can also contribute to population resiliency in some species. 

Resiliency Questions:  Probability of Persistence Exercise  

Exercise Summary 

The first two resiliency questions were asked concurrently as part of a probability-of-persistence 
exercise conducted for each geographic unit.  Experts were asked to graphically provide the 
probability of persistence of resident lynx through time for each geographic unit, as well as the 
major factors influencing persistence in those geographic units, one geographic unit at a time.  
Experts were asked to provide persistence probabilities and influencing factors for the near-term 
(2025), mid-term (2050) and longer-term (2100).  Experts were also asked to indicate on each 
of their graph sheets the emissions scenario (low, moderate, or high/status quo) they were 
considering in graphing persistence probabilities and listing influencing factors.  
 
We began this exercise with the Northern Maine geographic unit, and the discussion and 
questions among experts that followed the initial persistence-graphing and factor-listing efforts 
indicated that a review of the status and major issues confronting lynx in each unit (a quick 
reminder and summary of the earlier status update presentations) would be helpful.  Therefore, 
prior to expert responses for the remaining units, the expert(s) most familiar with the geographic 
unit in question gave a 5-10 minute summary of what they viewed as the most relevant 
information about the current and likely future status of lynx populations and habitats in that unit.  
They also presented any other conditions or issues they thought could affect the probability of 
persistence of resident lynx in that unit.  All experts then completed their graphs and lists of the 
factors that influenced the probabilities of persistence they selected for each time frame for the 
geographic unit in question.  For the Maine unit, the discussion following initial responses 
served the same purpose, and after that discussion, experts were given the opportunity to 
revise their responses if they felt it necessary. 
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After all experts completed their responses, the graphs and influence lists from each expert 
were posted on the wall, and workshop participants were invited to gather around to view and 
discuss the range of responses.  Facilitators and SSA Team members then polled the experts 
about what drove their responses.  These questions were a mix of directed questions about 
unique responses, the role of particular factors noted in the responses, and open-ended 
questions to allow experts to describe their thinking.  Experts and team members were also 
encouraged to ask clarifying questions about the responses.  Experts were encouraged to 
modify their responses by posting a revised sheet above their first response if they wished to 
adjust their responses based on the discussions. 
 
1.  What is the probability of persistence over time (particularly at present, 2025, 2050, 
and 2100) for each of the 6 major geographic units? 
 
Response Type:  Graphical 3-point elicitation.  Each expert was provided a blank sheet of 
graphing paper with a y axis of probability of persistence, and an x axis of time, with 4 time 
periods bolded (2015, 2025, 2050, and 2100).  For each of those years, experts were asked to 
add a point to the graph representing the lowest, highest, and most likely probabilities of 
persistence at that time period.  Experts were also asked to connect the points through time. 
 
Question Clarification:  It was explained that the most likely point should represent the 
probability of persistence that the expert anticipates to be most likely to occur for that 
geographic unit at each time period, and that  the points for lowest and highest probability of 
persistence were intended to capture the expert’s uncertainty in the future probability of 
persistence.  Experts preferred to indicate a most likely probability and to provide a full 
confidence interval (i.e., upper and lower bounds within which they felt 100% certain the future 
probability of persistence would fall) rather than indicate a confidence level associated with the 
lowest and highest probability responses. 
 
Expert Responses:  Responses are by geographic unit and are presented below in conjunction 
with the responses to question #2 below. 
 
2.  What are the major drivers/factors (up to 3) reducing probability of persistence for 
each of the major geographic units? 
 
Response Type:  Ranked list of top three factors, for each point in time (present, 2025, 2050, 
and 2100), with % contribution of each factor. 
 
Question Clarification:  Resiliency questions 1 and 2 were asked concurrently.  Experts were 
provided a sheet of paper for each geographic unit and the area at the bottom of the sheet 
below the graphing area was used to list the three major factors they expected would most 
significantly influence the probability of persistence at each time period.  Influencing factors 
were described as those anthropogenic or naturally-occurring activities, events or factors that 



34 

could influence the probability that resident lynx populations will persist in a given geographic 
unit. 
 
Expert  Responses:  For each geographic unit an overview of the unit from the area expert are 
provided, as well a summary of the hand drawn graphs via a figure (Figures 5 - 10), the 
responses and major factors are summarized via text, and the discussion that the responses 
generated are presented.   

Northern Maine  

Pre-graphing Overview from Unit Experts:  This step was not added to the process until after the 
probability of persistence exercise for this unit.  Because this unit was the first for which experts 
attempted to graph persistence over time, there were many questions and much discussion 
about process and intent.  It was the discussion following this initial graphing exercise that led 
the SSA Team to request unit summaries prior to subsequent graphing exercises.  The Team 
felt that overview information similar to that provided prior to graphing persistence for 
subsequent units (below) came out during the discussion.  Further, because experts were 
encouraged to update their Northern Maine geographic unit responses as necessary following 
that discussion, the Team felt that the results of the graphing exercise for the Northern Maine 
geographic unit were valid and comparable to the results generated for the other units. 

Expert Responses:  All experts indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Maine through the end of the century, with uncertainty (range 
between lowest and highest probabilities) also increasing over time.  Nearly all experts 
predicted near-term (year 2025) persistence probability >= 90% and mid-century persistence >= 
70%.  All experts predicted end-of-century persistence probability >= 50% for this unit, with most 
predicting a 40% to 60% probability of persistence by 2100 (Figure 5).  Near-term drivers that 
influenced experts’ probabilities of persistence for this geographic unit were changes in private 
forest land ownership, changes in forestry management (timber harvest methods, volumes, and 
spatial distributions), habitat decline (succession of previous clear-cuts from young, dense 
regenerating stands to mature stands less conducive to high hare densities), spruce budworm 
outbreak, climate change-induced loss of spruce-fir habitats, and competition with bobcats due 
to climate change-induced loss of snow conditions that favor lynx.  Longer-term (2050, 2100) 
drivers similarly included changes in forestry practices, but also climate-driven loss of snow 
conditions favorable to lynx/competition with bobcats, and loss of spruce-fir forest.  As with 
responses for other geographic units, not all experts provided the factors that influenced their 
persistence probabilities for each time period, and not all provided the percent contribution of 
each factor. 
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Figure 5.  Expected probability of persistence for the Northern Maine geographic unit at present, 
2015, and in 2025, 2050 and 2100. 

Note:  In Figure 5, above, and figures 6 through 10, below, points for each of the 10 expert 
responses, for each of the three probability of persistence levels, i.e., highest, most likely, and 
lowest probabilities of persistence, are represented by the hollow red, filled green, and hollow 
blue points respectively.  The black x mark is the median of the most likely responses across 
the experts in each response year.  The red, green, and blue dashed lines connect the median 
of the highest, most likely, and lowest probability of persistence responses across the experts in 
each response year.  The edges of the grey area were defined by the extreme responses, i.e., 
the range from the largest of the highest probability of persistence responses to the smallest of 
the lowest probability of persistence responses.  The median lines and grey area are provided 
as a summarizing visualization to aid comprehension of the experts’ responses and their range, 
and should not be viewed are a substitute for individual responses or presented outside the 
context of the accompanying discussion. 

Discussion Points Following Initial Responses:  One expert expressed confidence that the lynx 
population in Maine will be stable in the near term; that climate change out to 2050 will primarily 
affect coastal areas, which support few lynx; and that there will likely still be favorable conditions 
for lynx in northern Maine where most lynx currently occur.  A second expert disagreed, and 
indicated that a combination of aging of the last of the budworm-era (1970s-80s) clear-cuts, the 
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cumulative effects of the last 25-years of partial harvesting (in accordance with the Maine Forest 
Practices Act), and the coming spruce budworm outbreak will all substantially reduce the 
amount of high quality lynx/hare habitat in this unit.  Projecting past 2050, experts generally 
agreed that climate change will likely create unfavorable conditions (e.g., insufficient snow, loss 
[northward migration] of spruce-fir forests) in northern Maine’s core area for lynx, and the 
probability of persistence will decline over the longer term.  Although uncertainty increases with 
time from the present, climate-related loss of favorable snow conditions (amount, consistency, 
and duration), loss of spruce-fir, and bobcat competition will likely reduce the probability of 
persistence in this unit beyond 2050.   

There was some concern that timber companies would not respond to the pending spruce 
budworm outbreak like they did in the 1970s (extensive clear-cuts).  Some experts also 
expressed concerns about the effects of the current clear-cuts aging past conditions that 
support hares and lynx.  Out to year 2050, changes in snow conditions and loss of spruce-fir 
associated with climate change will contribute to habitat loss.  Past 2050, diminished snow, 
successional loss of high-quality habitats, increased competition from bobcats, and spruce-fir 
decline will make conditions unfavorable for lynx.  Some experts assumed a high-emissions 
climate change scenario, but others said their predictions would not change under moderate 
emissions scenarios.  The second expert (above) indicated that current data show spruce-fir 
habitat is being replaced with a hardwood forest (red maple) system, and that this will continue 
throughout the century.  This expert indicated hardwood forest invasion isn’t being controlled by 
herbicides as it was in the last budworm outbreak.  The first expert (above) disagreed and said 
that lynx are resilient and forestry practices will likely sustain spruce-fir habitats in Maine, 
providing an example of one timber company that has already invested in spruce plantations.  
The second expert indicated that most of the land base is owned now by Timber Investment 
Management Organizations and Real Estate Investment Trusts who will not employ intensive or 
expensive (plantation, herbicide) forms of forestry.  In summary, experts expressed a variety of 
opinions about how forest management may change in the future in Maine and, in particular, 
how forest landowners and managers may respond to the pending spruce budworm outbreak, 
and how these responses may impact resident lynx.  

Other factors considered by the experts included budworm outbreaks, the potential for disease 
in a lynx population (not currently a recognized or documented threat and typically unexpected, 
but always a possibility), ecosystem change induced by climate change, forest tree species 
composition changes, competition with other temperate forest animals.  There are many 
interrelated factors and different stresses and factors that may occur in the future.  It is difficult 
to anticipate the factors that will affect lynx in the future.   

Experts discussed the role of competition between lynx and other carnivores, especially 
bobcats, throughout the DPS.  One expert remarked that in some parts of Montana there is 
complete overlap of lynx and bobcat home ranges and little or no evidence of competition 
effects.  Others indicated relatively narrow regions of overlap and sharp demarcation between 
areas that support home ranges of the two species that correspond with annual snowfall 
amounts in Maine and Minnesota.  Experts were unsure whether bobcat-lynx overlap is more a 
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function of snow conditions in these areas or competition between the species (i.e., competition 
for food or behavioral competition).  Although separation of the species has been documented, 
the nature and causes of the separation are not certain.  Bobcats are a more generalist predator 
than lynx and less reliant upon hares than lynx.  Experts expressed varying opinions regarding 
seasonal differences in overlap among lynx and bobcat diets, the effect and importance of 
competition between the two species, and whether it is behavioral or resource competition.    

Lynx in Maine have not responded to changes in hare abundance exactly as lynx in Canada 
and Alaska have to hare population cycles.  In Maine, the proportion of females that reproduced 
and average litter size declined during low hare years, as in the north, but home range sizes in 
Maine did not increase as they did in the north when hare abundance was low.  Hare densities 
do not appear to have dropped below a critical threshold to alter lynx home range size in Maine 
as in the North.   

An SSA Team member asked how hare cycles or fluctuations may affect predictions of 
persistence in Maine.  The first expert (above) said that hare declines documented by University 
of Maine monitoring is likely due to the aging forest, and that lynx in Maine haven’t yet 
responded biologically to the range of hare densities observed in Maine, as suggested by the 
lack of change in home range sizes and survival.  The second expert (above) disagreed, and 
cited University of Maine research that showed hare populations declined by ~50% in all stand 
types sampled starting in 2006, that forests where hares were monitored have not yet 
progressed to the self-thinning stage, and that the hare decline in Maine is mirrored by hare 
data from southern Quebec.   

Northeastern Minnesota 

Pre-graphing Overview from Unit Experts:  There are probably 50-200 resident lynx in 
Minnesota but there is much uncertainty and survey protocols do not support generation of 
precise abundance estimates.  Lynx occupancy and reproduction both have been consistently 
documented in the state since it was listed in 2000.  Lynx in this geographic unit are interacting 
with, and possibly depending on, southern Ontario populations.  Although females exhibit high 
reproductive rates, radio-telemetry data suggest low recruitment of Minnesota-born kittens into 
the breeding population of this geographic unit.  Bobcats are a potential future stressor as they 
are encroaching into lynx areas; fire is a threat in dry years (e.g., there have been 3 fires in last 
15 years that have burned approximately 20% of lynx habitat).  The forest management industry 
is tied to softwoods and continued management of softwood tree species is expected in the 
future. 

Expert Responses:  As with the previous unit, all expert graphs showed initially high and 
subsequently declining probability of lynx persistence in Minnesota over time, along with 
increasing uncertainty through the end of the century.  Nearly all experts predicted near-term 
(year 2025) persistence probability >= 90%, and all experts predicted mid-century persistence at 
60% to 90% (median = 80%).  Experts predicted end-of-century persistence probabilities of 10% 
to 60%, with a median of 35%, by 2100 (Figure 6).  Near term drivers were reduced snow, 
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bobcat competition, disease in lynx (e.g., lungworm, liver fluke, feline leukemia), and forest 
insects.  Long term drivers were reduced snow, competition with bobcat, loss of spruce-fir 
forests, fires, and climate change. 

 

Figure 6.  Expected probability of persistence for the Minnesota geographic unit at present 
(2015), and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts expressed uncertainty whether 
potential climate change impacts will be realized in the short term, but that the cumulative 
effects of climate-induced changes seem more likely in the longer term.  This uncertainty may 
be a source of variability in predicted persistence probabilities.   Some experts expressed 
uncertainty about the accuracy of the rough estimate of the size of the lynx population in this 
unit because surveys were not designed to provide population estimates.  Some experts wanted 
clarification on the distribution of lynx in the state, and which areas of the state have the highest 
use.  The core-use spatial extent was described as a 20-mile-wide strip inland from the north 
shore of Lake Superior and extending about 60 miles from the northeast tip of the “arrowhead” 
southwest into the Superior National Forest (SNF).  Lynx occasionally occur further west in the 
SNF and in other areas such as Voyageurs National Park.  Recent snow-track surveys suggest 
lynx may be using a larger portion of the arrowhead region, and radio-telemetry data have 
documented travel to and from southern Ontario.  Lynx also have been documented to use the 
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1-million-acre Boundary Waters Canoe Area Wilderness (BWCAW) that borders Canada for 
dispersal in both directions across the border.  However, because the BWCAW has not been 
surveyed for lynx, the number of lynx that may use this area is unknown.  The SNF does not 
actively manage the BWCAW.  The current connectivity between lynx in this unit and the larger 
population in Ontario reduces the likelihood of local extirpation in this geographic unit, but the 
likelihood would increase if connectivity was compromised and cross-border interactions 
reduced. 

Factors considered included potential disease, fire, loss of boreal forest, competition with 
bobcats and possibly other hare predators.  Some experts questioned the validity of disease as 
an influence in this and other geographic units because although disease has been documented 
in some felines, it has not been documented as a threat to lynx in any of the DPS populations to 
date.  Some experts speculated that because there is a link between disease and temperature 
increases in other animals, projected climate warming could contribute to disease in lynx.  
Therefore, although not a factor for lynx currently, it is not unreasonable that disease could 
impact lynx populations in the DPS in the future, so we may want to consider disease in future 
conservation planning.  Experts also discussed the possibility that climate warming may 
facilitate the westward expansion of the spruce budworm outbreak that is projected for Maine 
and eastern Canada into southern Ontario and the Minnesota geographic unit. 

Northwestern Montana/ Northeastern Idaho 

Pre-graphing Overview from Unit Experts:  There are likely 200-300 lynx in this unit in several 
subpopulations (expert stressed that this is a guess and not a true population estimate), and 
there is currently a connection with lynx in Canada.  Climate models project that some boreal 
forest will persist in this unit and that it will maintain snow into the future.  In this unit, lynx 
primarily occupy public lands, which are actively managed for lynx into the future.  In recent 
decades, fires have occurred on a large scale, with high intensity and increasing frequency.  
There have been no documented cases of beetle infestations in lynx habitats in this unit. 

Expert Responses:  As for previous units, all expert graphs showed an initially high and 
subsequently decreasing probability of persistence for this unit, with increasing uncertainty over 
time, but a higher probability of persistence at all time frames than other units.  All experts 
predicted near-term (year 2025) persistence probability >= 95%, and all predicted mid-century 
persistence at 70% to 100% (median = 90%).  All experts predicted end-of-century persistence 
probabilities >= 50%, with a median of 78%, by 2100 (Figure 7). 
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Figure 7.  Expected probability of persistence for the Northwestern Montana/Northeastern Idaho 
geographic unit at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Overall, experts assigned a higher probability of 
persistence in this unit compared to the other two units discussed thus far.  Most lynx habitats in 
this unit occur on Federal lands that are managed for lynx conservation, but one expert noted 
that little has been done to document whether lynx are responding to this management.  The 
recent sale of large tracts of private commercial timberlands in the central part of this unit to The 
Nature Conservancy has increased protection for lynx via conservation easements managed for 
lynx.  Habitats in some areas should improve in the near future as previously cut or burned 
areas mature into dense stands.  Unlike the Maine and Minnesota geographic units (but similar 
to most other western units), high elevations in this unit could buffer the effects of climate 
change by providing for the upslope migration of lynx habitats and snow conditions that climate 
models predict.  However, this would result in even patchier and more isolated islands of habitat 
in high elevation areas that would be more prone to extirpation due to catastrophic or stochastic 
events.  Competition from coyotes and bobcats seem to be less of a concern for this unit. 

This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 
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occurring or will into the future.  There doesn’t appear to be much demographic input from 
recent cycles.  There is evidence of lynx from this unit moving north into Canada, but little 
evidence of demographic interactions among the three subpopulations (Purcell Mountains, 
Seeley Lake, and Garnet Mountains) in this unit.  Experts noted that the Garnets Mountains 
subpopulation at the southern end of this unit may have recently become extirpated.     

Discussion among experts indicated that fire was more of a concern for this area.  Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit.  Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels.  Out to 2050 and 
beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity.  Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 

Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats.  Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change.  It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level.  One expert reminded that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation.  Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in future.   

North-central Washington 

Pre-graphing Overview from Unit Expert:  This geographic unit is thought to currently support 
roughly 50 resident lynx.  There may have been more lynx prior to recent major fires.  This unit 
is currently connected to Canada, and there is no indication that this connection will be 
disrupted.  Some of the best lynx habitat in this unit occurs on plateaus that may be more 
vulnerable to impacts of climate change because of the absence of higher-elevation areas to 
which habitats, lynx and hares could migrate in response to warming.  In areas that receive 
maritime climate influences, projected climate-induced changes to snow conditions could be 
detrimental for lynx.  Studies have shown good lynx survival rates in this unit. 

Expert Responses:  Compared to the previous units, most expert graphs showed a lower 
probability of persistence for this unit over the short term, and then lower probability of 
persistence along with increasing uncertainty by 2100, reflecting a more pessimistic outcome for 
this unit compared to previous units (Figure 8).  Experts predicted near-term (year 2025) 
persistence probabilities of 60% to 90% (median = 80%), and mid-century persistence at 30% to 
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80% (median = 70%).  All experts predicted end-of-century persistence probabilities less than 
50%, with a median of 38%, by 2100 (Figure 8).  However, one expert predicted an increase in 
persistence probability by mid-century as habitats impacted by recent large-scale fires 
regenerate into optimal hare-lynx habitat. 

 

Figure 8.  Expected probability of persistence for the North-central Washington geographic unit 
at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  The probability of lynx persistence in this unit 
could decrease sharply over the next 10-20 years because of extensive recent fires in lynx 
habitats and the time needed for these areas to regenerate back to good hare/lynx habitat.  
After that, the probability could rebound (or decline more slowly) over the longer term as these 
large areas return to prime habitat providing high hare densities.  The current small population is 
likely at greater risk of extirpation because of stochastic events, particularly if large fires in lynx 
habitat continue to occur in the near future as they have in the recent past.  A small population 
also could be more susceptible to disease, though none has been documented among lynx in 
this unit.  Experts discussed the extent to which small lynx populations could be reduced before 
they would become highly susceptible to stochastic demographic effects.  It was suggested that 
15-20 breeding individuals might be the minimum needed to avoid such susceptibility.  
Unimpeded connectivity between Canada and the Okanogan area of this unit could allow lynx to 
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repopulate currently-unsuitable areas after the habitat recovers.  Lynx in this unit are likely the 
southern portion of a larger population in Canada, not really a separate, isolated small 
population.  Factors that influenced expert persistence probabilities for this unit included fire, 
habitat loss, and the future loss of favorable snow conditions predicted by climate change 
models. 

Greater Yellowstone Area (GYA) 

Pre-graphing Overview from Unit Experts:  This unit has a long history of lynx presence, but the 
consistency of occupancy over time is uncertain.  Research and surveys since 1997 have 
detected few lynx in this unit.  Lynx are likely spatially limited within the unit because of the 
patchy distribution of high-quality habitat and the generally low or marginal hare densities in 
much of the unit.  Lynx have large home ranges in this area, an indicator of lower habitat quality.  
Nevertheless, until recently, this unit appears to have supported a small resident lynx 
population.  The current lynx population in this unit is very small - likely fewer than 10 lynx, and 
possibly zero.  This population may have been somewhat larger in the past; however, there is 
some uncertainty about this.  Recent surveys and trapping efforts have not detected resident 
lynx, only several that were previously released in Colorado.  Several Colorado-released lynx 
have established home ranges in the GYA unit, and there is evidence of overlapping male and 
female home ranges.  In the late 1800s and early 1900s, there was notable predator control in 
some parts of this unit.  There currently is oil and gas exploration and development activity in 
parts of this unit, but potential impacts to lynx are uncertain, and projects are attempting to 
minimize impacts to lynx habitat. 

Expert Responses:  The expert graphs for this unit were widely variable and had different 
outcomes and high uncertainty at all time frames.  Experts predicted near-term (year 2025) 
persistence probabilities of 10% to 70% (median = 52%), and mid-century persistence at 15% to 
60% (median = 35%).  All experts predicted end-of-century persistence probabilities less than 
50% for this unit, with a median of 15%, by 2100 (Figure 9).  This was the only unit for which 
most experts believed the present probability of persistence is low (i.e., that it is uncertain 
whether this area currently supports a resident lynx population).  Some experts increased 
probability of persistence into mid-century as the 1980s-era fires regenerate into hare/lynx 
habitat, and with the possibility of continued immigration of lynx from Colorado.  Other experts 
project a 10% to 20% probability of persistence by 2100.  One reason given for wide variability 
in responses is because of the uncertainty whether a population currently exists.  There were 
wide confidence intervals around the probabilities for all time periods for this area. 
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Figure 9.  Expected probability of persistence for the GYA geographic unit at present, 2015, and 
in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Current and future factors expressed by experts 
as influencing probability of persistence for this unit included small population size, forest 
disease and insect pests, and fire.  Some experts doubt that the GYA unit currently supports a 
resident breeding population of lynx.  Experts indicated that climate models predict that some 
parts of the GYA unit could provide refuge from climate change impacts because of their high 
elevations and potential to maintain winter snow levels into the future.  Summer conditions in 
this unit, however, could be drier in the future, resulting in increased fire frequency, extent and 
intensity, and additional temporary habitat loss.  However, regeneration of these areas and the 
extensive areas that have burned in the recent past may provide good habitat over the next 
several decades.  Lynx immigrating to this unit from Colorado could occupy such improved 
habitats in the near future.  Colorado lynx have made exploratory movements into the GYA in 
summer months, and analysis of available data could improve our understanding of Colorado 
lynx movement into and use of the GYA.  It is possible that lynx from Colorado are maintaining 
or could maintain lynx in GYA. 
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Western Colorado 

Pre-graphing Overview from Area Expert:  From 1999 to 2006, Colorado Division of Wildlife 
(CDOW; now Colorado Parks and Wildlife [CPW]) released 218 Canadian and Alaskan lynx into 
western Colorado.  Survival and litter sizes have been similar to rates observed in other DPS 
populations.  There are probably 100-250 lynx in Colorado today.  There are currently 5-6 
million acres of habitat in this unit thought capable of supporting lynx and where hares are 
present in sufficient numbers to support persistent reproduction.  Extensive bark beetle 
infestations have impacted large areas of lynx habitat, but snowshoe hare are still occupying 
areas with beetle damage.  Three large fires have occurred in recent years, resulting in some 
lynx habitat burned.  Salvage operations in burned areas could diminish future habitat quality.  
This unit is more isolated from Canadian and other DPS lynx populations; separated by a large 
swath of inhospitable habitat.  Road mortality of released lynx was initially high but it doesn’t 
seem to be a problem now (about 1 per year killed on roads on average since the first year of 
the reintroduction).  There is no incidental take from trapping because foothold traps are banned 
in Colorado.  Climate models show CO will maintain habitat over time with anticipated climate 
changes.  Like other western units, habitat is patchily-distributed across this unit. 

 
Figure 10.  Expected probability of persistence for the Western Colorado geographic unit at 
present, 2015, and in 2025, 2050 and 2100. 
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Expert Responses:  Similar to most of the other units, most expert graphs indicate an initially 
high probability of persistence in this unit that will decline gradually with increasing uncertainty 
through the end of the century.  Experts predicted near-term (year 2025) persistence 
probabilities of 60% to 100% (median = 90%), and mid-century persistence at 50% to 85% 
(median = 80%).  Experts predicted end-of-century persistence probabilities of 20% to 70% for 
this unit, with a median of 50%, by 2100 (Figure 10). 

Discussion Points Following Initial Responses:  Some experts indicated that beetle kill and fire 
could potentially create poor habitat conditions in large areas of this unit by mid-century, but that 
regeneration after these impacts could result in good lynx/hare habitats.  Others expressed 
uncertainty about whether fire and insect impacts would be temporary or permanent, especially 
considering climate change and the potential for conversion from boreal/subalpine forests to 
other forest types.  Although 8 of 10 experts graphed 50% to 70% probability of persistence at 
2100, during subsequent discussions, several expressed greater uncertainty about whether 
resident lynx will persist in the unit at the end of the century.  Higher-quality lynx habitat occurs 
primarily in two areas and is patchily-distributed.  Lynx in this unit may occur as several smaller, 
relatively isolated subpopulations, which are likely more vulnerable to stochastic events (similar 
to MT).  This unit’s relative isolation may limit exchange with other lynx populations, increasing 
the likelihood of genetic drift and reducing the chance of demographic rescue or recolonization if 
extirpated.  There was discussion about whether ski areas may affect daily movements of lynx, 
and hares may be declining in ski areas.  Ski areas tend to expand and may, therefore, have 
larger impacts on lynx in future.  There is some evidence of lynx using ski areas in summer 
months but avoiding them during the ski season.  It is uncertain whether ski areas may affect 
genetic connectivity within the Western Colorado geographic unit.  Two-thirds to three-quarters 
of the lynx in this unit are in the southern portion of the range in the San Juan Mountains.  There 
is a large area (Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, 
so it is possible that lynx also could be using that area. 

Summary across Geographic Units 

This section extrapolates from the probability of persistence responses for each geographic unit 
in the section above.  In this section we show the combined probabilities of persistence for 
those geographic units to provide a sense of what the DPS-wide results could be when the 
results for the individual geographic units are combined.  This is shown as a summary of the 
probability that a given number of geographic units persist into the future (See Figure 11) using 
the probabilities provided for each individual unit.  Note that no additional information was 
elicited to produce this summary; rather, the probabilities for each geographic unit were treated 
as independent probabilities of persistence and used to determine the joint probability of 
persistence for a given number of geographic units in total.  Computationally these joint 
probabilities were computed using a convolution of the Bernoulli probability distribution of 
persistence for each geographic unit via a custom convolve function executed in the statistical 
software R (see Appendix 6 for the R code used to produce these and the other summaries and 
figures presented in the report).  The results of this convolution are shown in two forms, first is 



47 

the probability that a particular number of geographic units persists (Figure 11) and the second 
is the cumulative probability that at least a given number of geographic units persist (Figure 12). 

 

Figure 11.  Summarized probability of persistence of a given number of geographic units given 
the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 11 is the probability that the specific number of geographic 
units indicated by the x axis of the grid persist.  The probability sums to one in each grid.  
Moving from top to bottom the grids show the probabilities of a specific number of geographic 
units persisting by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by selection type and probability response.6  Therefore 
looking down a column of grids provides a view of the trend in persistence through time and 
looking across a row of grids provides a view of the range of uncertainty in persistence experts 
                                                 
6 “Median_High” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the highest probability response in each geographic unit. 
“Median_Likely” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the most likely probability response in each geographic unit. 
“Median_Low” is the probability of persistence generated by selecting the median probability of 
persistence across experts from the lowest probability response in each geographic unit. 
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had for a given time period.  The summarized probabilities presented here are provided to aid 
understanding of the implications of the individual persistence probabilities provided above, and 
are derived directly from those responses and therefore should be presented and considered in 
conjunction with those figures. 

 

Figure 12.  Summarized probability of persistence of at least a given number of geographic units 
given the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 12 is the probability that at least the number of geographic 
units indicated by the x axis of the grid persist.  The probability in a bar reaches 1 when there is 
no probability of fewer geographic units persisting.  Moving from top to bottom the grids show 
the probabilities by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by summary selection type and probability response as in 
Figure 11.  Therefore looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period.  The summarized probabilities presented here are provided 
to aid understanding of the implications of the individual persistence probabilities provided 
above, and are derived directly from those responses and therefore should be presented and 
considered in conjunction with those figures. 

Expert Assumptions during Persistence Graphing Exercises 

Experts were asked to summarize the assumptions that informed their responses to resiliency 
questions 1 and 2.  This was done via open discussion, with facilitators asking both direct 
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questions about particular issues that could impact responses (e.g., climate change conditions), 
and open ended questions (e.g., what other assumptions were considered?). 

Notes:  Climate-change emissions scenarios considered during this exercise differed among 
experts (and some responses did not indicate an emissions scenario).  However, in discussions 
following the graphing exercise, experts indicated that the confidence intervals around their 
persistence probabilities were likely to capture the variance associated with different emission 
scenarios and other climate change uncertainties. 

Experts were asked whether regulatory protections influenced their predictions.  Some experts 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies).  Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections.  Their focus was on the biology and ecology of the species, not listing status-related 
impacts or regulatory scenarios in the future, and they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status.   

Experts were asked what they meant by “small population size effects.”  They explained that 
because small populations are more vulnerable to both demographic and genetic impacts and 
at increased risk from catastrophic and other stochastic events than are larger populations, they 
also have a lower likelihood of persistence.  Experts indicated that connectivity with other 
populations reduces the vulnerability of small populations as it does for larger populations.   

Experts were asked if their projections were influenced by considerations of whether historical 
patterns of cyclic irruptions of lynx into the DPS from Canada will continue in the future.  Most 
agreed that the magnitude of irruptions has declined from the historical highs of the 1960s and 
1970s, and that irruptions may have ceased in recent decades in some parts of the range, 
particularly in the West.  However, most experts felt that connectivity remains good between 
Canada and those DPS geographic units that abut the international border, and most assumed 
some level of regular or intermittent interaction between lynx in those units and Canada, even if 
full-blown irruptions have not been documented recently.  Some experts said that the likelihood 
of future irruptions had little influence on their persistence graphs, especially for the more 
isolated units (GYA and Western Colorado), where an influx of lynx from Canada may be less 
likely. 

Conservation Actions to Address Influencing Factors and Increase 
Probability of Persistence 

3.  What conservation actions could be taken that would address the factors impacting 
the probability of persistence, or would otherwise increase the probability of 
persistence? 
 
Response Type:  Individual list with rounds responses.  Experts were given 5 minutes to write a 
list of three potential conservation actions that could be taken.  Facilitators then asked one 
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expert at a time to provide one item from their list, cycling through the set of experts until all 
experts had exhausted their lists.  Experts were given the opportunity to add items when it was 
their turn that had not been on their written lists.  Experts were not asked if they agreed with 
conservation actions presented by other experts, thus the following list should not be viewed as 
consensus among lynx experts. 
 
Expert Responses:  List of potential conservation actions in the order provided. 

● Reduce CO2 emissions  
● Continue protections associated with Federal and/or State listing 
● Adjust forest management to retain spruce and fir, and reduce fire burn rates 
● Promote/maintain habitat connectivity with Canadian populations through coordinated 

cross-border land use planning 
● Manage salvage logging associated with fire and insect damage to minimize impacts to 

and/or facilitate restoration of lynx/hare habitats 
● Configure and design lynx-friendly landscapes at appropriate scales; design and 

maintain a mosaic of lynx/hare habitats 
● Manage fuels reduction (fire management) projects while maintaining or enhancing 

hare/lynx habitat features. 
● Augment small populations and reintroduce lynx to former, historic range with suitable  

habitat  (GYA, Kettle Range in Washington, perhaps other areas); bolster populations 
before future climate change impacts 

● Support additional research to fill knowledge gaps, particularly related to effectiveness of 
conservation efforts – it remains unclear exactly what is needed for lynx across the 
range to achieve/maintain viability (e.g., habitat quality/amount/distribution, landscape-
level hare densities, forest conditions that support hares, etc.)  

● Enhance cross-border cooperation with Canada to increase near-border lynx 
populations and maintain connectivity 

● Consider cumulative impacts of mining, ski areas, oil and gas, etc., in management 
● Promote reforestation of heavily fragmented areas (e.g., some parts of the GYA and 

Minnesota units); reduce fragmentation 
● Apply strategic habitat conservation concepts; model and identify key areas and focus 

on those areas still in need of protection and management (e.g., private forest lands) 
● Maximize redundancy of lynx populations throughout the DPS 
● Implement fire management Best Management Practices (BMPs)( e.g., allow/encourage 

burns to occur in a way that creates high- and low-intensity mosaic fire patterns) 
● Evaluate whether there is a need for monitoring lynx (and hares) using consistent 

methods throughout the DPS, perhaps coupled with monitoring of other carnivores; 
structured occupancy modeling with genetics sampling could be very informative and is 
cost effective; also known-fate monitoring; monitoring pellet plots is proven and reliable 
way to monitor hares 
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● Devote increased funding to lynx conservation - lynx are in worse shape than other 
mesocarnivore species, but receive less funding than those species that have more 
secure populations and appear less vulnerable to climate change  

Other Considerations 
After completing the elicitation exercises and prior to adjourning the workshop, facilitators asked 
if there were any other considerations the lynx experts or subject matter experts felt are relevant 
to the SSA.  One subject matter expert indicated that monitoring of prey base (hares, red 
squirrels) would help inform lynx recovery, and that pellet-based or mark-recapture methods are 
most reliable.  This expert suggested a need to determine whether areas that we think are going 
to become poor habitat for a variety of reasons could still hold hares and lynx in the future.  
Maybe hares still can use areas we think will be poor habitat, and monitoring these areas could 
help inform our understanding of how lynx persist at the edge of their range. 

Synthesis 
Although uncertainty remains about the historical distribution and sizes of resident lynx 
populations in the DPS, as well as current population sizes, much more is known now than 
when the DPS was listed under the ESA in 2000.  Based on research conducted since the DPS 
was listed, including the summaries of that work provided at this workshop, as well as ongoing 
research, conservation, and management efforts, we have a much better understanding of the 
distribution and status of populations throughout the DPS range.  For example, in 2000, it was 
unclear whether Maine and Minnesota supported resident populations or were only occasionally 
visited by lynx dispersing from Canada during and after northern hare population crashes.  We 
now know that both northern Maine and northeastern Minnesota support resident lynx 
populations, and both are likely larger now than they were historically (Maine), or before they 
were protected by State and Federal regulations (Minnesota).  In contrast, resident lynx appear 
to be naturally less abundant and more patchily-distributed in some parts of the DPS than 
thought at the time of listing, including the West (Interagency Lynx Biology Team 2013, p. 23), 
where potential lynx habitats also appear to have been initially overestimated.  We also have a 
better understanding of the habitat features and hare densities that appear necessary to support 
resident lynx at the southern margin of the species’ range, and of the parts of the contiguous 
U.S. that contain these features.  The presentations in conjunction with expert elicitation 
responses at this workshop have informed and refined our understanding of key aspects of the 
status of, and potential threats to, the lynx DPS.  
 
For example, we were provided a thorough history of the evolution of regulatory mechanisms 
that have been developed and implemented through conservation agreements and formal 
amendments to Federal agency management plans to address the singular threat for which the 
DPS was listed under the ESA - the inadequacy of regulatory mechanisms in Federal land 
management plans prior to listing.  Given our improved understanding of resident lynx 
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populations in Maine and Minnesota (above), where State and private lands constitute much 
more of the lynx habitat than elsewhere in the DPS (98.9% in Maine; 51.7% in Minnesota), an 
assessment of the adequacy of regulatory mechanisms on those State and private lands will be 
a necessary component of the status assessment.  Likewise, our understanding of lynx genetics 
also has improved, with evidence of continued high levels of gene flow range-wide, despite fine-
scale genetic sub-structuring in some populations and additional evidence of lynx hybridization 
with bobcats.  Bobcats appear to be encroaching at the edge of the lynx range in Minnesota 
(Appendix 3, p. 9) and their numbers appear to have increased recently in New Hampshire, 
Vermont, and southern Quebec (Lavoie et al. 2009, entire; Roberts and Crimmins 2010, p. 170; 
Broman et al. 2014, p. 230) adjacent to the northern Maine lynx distribution.  Whether this 
represents a threat to lynx populations in Minnesota and Maine via increased hybridization, 
behavioral mechanisms, or competition for hares is not documented at this time; however, 
encroachment of bobcats in the southern periphery of lynx range may result in lynx 
displacement or niche contraction (Peers et al. 2013, entire). 
 
Canadian researchers also provided updated information on lynx status, management (including 
legal harvest), threats, genetics, and hare population cycles in southern Canada, adjacent to 
some DPS lynx populations.  Forest ecologists and climate modelers also presented information 
regarding potential impacts of timber management and climate change on lynx and boreal forest 
habitats in the contiguous U.S.  Knowledge of lynx and hare responses to various silvicultural 
treatments continues to improve, although the need for continuing research remains.  Climate 
models continue to point toward the future northward and upslope migration of lynx and hare 
habitats and loss of snow conditions favorable to lynx, although uncertainty remains regarding 
the timing, extent, and biological consequences of such impacts.  Increases in the size, 
intensity, and frequency of wildfires and insect outbreaks in boreal/subalpine forests may also 
be related to climate change, but whether these represent temporary or permanent impacts to 
lynx habitats remains unclear.  Finally, much research has been done on hare population 
dynamics and habitat relationships at the southern extent of their range, much of which overlaps 
that of lynx in the contiguous U.S., but questions remain regarding regional variation in hare 
densities and what landscape-level hare abundances are necessary to support persistent 
resident lynx populations across the DPS. 
 
Based on the summaries of post-listing research and the status and threat updates provided at 
this workshop, and on the results of the expert elicitation process, the Service provides the 
following synthesis of the status and likely viability of the DPS in terms of the 3 Rs.  This 
information will be considered as appropriate, along with more detailed analysis of the published 
literature, in the subsequent SSA report for the DPS.  The conclusions below are based on the 
information provided and the results of expert elicitation conducted at this workshop; they may 
be complemented or altered by the additional analyses yet to be conducted as part of the SSA 
process. 
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Representation 
Expert presentations on lynx genetics in the DPS and in Canada and expert responses and 
discussion with regard to representation questions suggest few threats to the genetic fitness or 
adaptive capacity of lynx in the DPS.  High gene flow across the continental lynx range, 
indicated by very low Fst values (see Subject Matter Presentations, above), suggests the 
absence of substantial barriers to genetic interchange, and little evidence or risk of significant 
genetic drift among DPS populations.  Most experts indicated that none of the six geographic 
units known or thought to support lynx populations in the DPS is susceptible to meaningful 
genetic drift, although several experts indicated that the more geographically isolated units (the 
GYA and Western Colorado units) are likely more susceptible to such drift than the units that 
are directly connected to lynx populations and habitats in Canada.  Overall, according to both 
the expert panel and the subject matter presentations, there appears to be a low risk of 
biologically consequential drift for lynx populations in the DPS.  Likewise, expert responses 
indicated that the generally low level of genetic differentiation and relatively similar ecological 
settings across the DPS suggest little life history variability or niche differentiation among DPS 
populations that would indicate that any are more or less important to maintain than others in 
terms of representation.  Individual experts indicated that representation can best be maintained 
by conserving current DPS populations (and hence the genetic variation in each), maintaining 
connectivity between DPS and Canadian populations, and avoiding impacts that would facilitate 
or increase the potential for or likelihood of genetic drift.  Our interpretation of this part of the 
elicitation is that the adaptability and evolutionary capacity of the DPS over time does not 
appear to have been diminished and is unlikely to become so, independent of threats that may 
impact the redundancy and persistence of lynx populations.  We will consider this information 
along with available empirical data and the published literature when evaluating representation 
in the DPS for the SSA. 

Redundancy 
With resident lynx populations and subpopulations in at least five of six large (the smallest is 
over 2,000 square miles, the others are all over 8,000 square miles), widely-distributed (from 
Maine to Washington and south along the Rocky Mountains), and relatively discrete geographic 
areas (see Figure 1), the DPS as a whole appears invulnerable to extirpation from a single 
catastrophic event.  Expert responses indicated no catastrophic event that could result in the 
functional extirpation of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units due to a single catastrophic event.  We 
interpreted these responses to indicate there is a small chance of decreased redundancy from a 
single catastrophic event because the probability of any geographic unit being lost to a 
catastrophic event is low.  Experts indicated that functional extirpation of the geographically 
smallest unit (Washington) and those supporting the fewest resident lynx (Washington, GYA, 
and perhaps Minnesota) would be more likely to occur as a result of a series of catastrophic 
events over a 10-year period than to any single event over the next 10 years (see Figure 2 
above).  Experts listed fire, drought, insect outbreaks, loss of favorable winter conditions, and 
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disease as potential events that could lead to functional extirpation in these units.  In 
Washington in particular, where large fires have impacted nearly 40 percent of the occupied 
lynx habitat over the past 10-15 years, experts felt that several more successive years of such 
fires could result in functional extirpation.  However, because fire and insects are likely to cause 
only temporary (20-40 years) losses of lynx and hare habitats, and because connectivity 
between the Washington unit and lynx habitats and populations in southern British Columbia 
remains intact, experts indicated this unit (and others abutting habitats and lynx populations in 
Canada) would likely be naturally re-colonized relatively quickly by dispersing lynx.  Therefore, 
extirpation in these units because of catastrophic events (or a series of them over time) would 
be temporary (likely lasting only one or several decades) unless events permanently altered the 
habitats.  Experts indicated that if lynx were functionally extirpated in the GYA or western 
Colorado units, which are not connected to habitats or populations in Canada and are relatively 
isolated from other DPS populations, natural re-colonization would be less likely, would take 
longer, or may never occur. 

Overall, expert responses indicated that extirpation of the DPS as a whole, or of resident lynx 
populations in most individual geographic units, because of a catastrophic event is very unlikely.  
Because we lack evidence that persistent resident lynx populations occurred historically but 
have been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels.  That is, the 
loss of resident lynx populations in the DPS, to the extent suggested by the historic record, was 
likely in areas (e.g., northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge 
area of northeastern Washington, perhaps Isle Royale in Lake Superior) peripheral to the 
geographic units that currently support resident lynx, and not in discrete geographic units that 
would have represented greater redundancy in the contiguous U.S.  However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear.  The historic record and recent research show that the GYA has supported resident 
lynx, but it is unclear whether the area consistently supported a persistent resident population 
over time or whether it naturally supported resident lynx only some of the time (was “winked on” 
in a metapopulation sense) when habitat conditions and hare densities were favorable, and at 
other times, when habitats and hare densities were less favorable, it did not support resident 
lynx (“winked off” in a metapopulation sense).  Given the protected conservation status of 
millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx.  If so, its 
contribution to redundancy within the DPS is questionable. 

Resiliency 
Because we lack reliable estimates of the sizes and trends of most lynx populations in the DPS, 
we are unable to use these parameters to evaluate the resiliency of individual populations or the 
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DPS as a whole.  Efforts to understand resiliency are also confounded by the metapopulation 
structure thought to govern lynx populations at the southern margin of their continental range 
(i.e., populations and subpopulations in the DPS), the related uncertainty about the extent to 
which DPS populations may rely on cyclic immigration of lynx from Canada during population 
irruptions, and the ambiguity in the historic record that limits our understanding of the relative 
persistence of lynx in various geographical areas of the contiguous U.S. and, thus, the 
contribution of those areas to the viability of the DPS.  Our evaluation of the resiliency of lynx 
populations in the DPS is limited, therefore, to a largely qualitative assessment of the current 
status of populations in each of the six geographic units along with the quantitative summary of 
expert professional judgment of their likelihood of persistence over time given known or 
perceived potential threats. 
 
As expected, both expert estimates of probability of persistence and expert confidence in those 
estimates were higher over the short-term than the long-term.  Median probability of persistence 
(MPOP) at year 2025 was >= 0.90 for all but one of the six geographic areas.  The GYA had a 
MPOP of 0.52, apparently reflecting the uncertainty regarding whether this unit consistently 
supported a resident lynx population historically and whether it currently supports resident lynx.  
At year 2025, confidence bounds were smallest (indicating higher expert confidence) for the 
units with the highest MPOPs (Northern Maine, Northeastern Minnesota, and Northwestern 
Montana/ Northeastern Idaho), and larger for units with lower MPOPS (North-central 
Washington, GYA, and Western Colorado).  At mid-century, MPOP declined for all units but 
remained >= 0.70 for all but the GYA (0.35), and confidence bounds increased for estimates for 
all units but the GYA, where it remained the same as at year 2025.  At end-of-century, 
persistence probabilities declined further, as expected, and only the Northern Maine, 
Northwestern Montana/ Northeastern Idaho and Western Colorado units had MPOPs >= 0.50.  
Also as expected, confidence bounds were very large around persistence estimates at year 
2100, with the median confidence range extending across more than 50% of the range of 
possible outcomes for all but the Northwestern Montana/ Northeastern Idaho population, and 
the extremes of the range nearly covering the full range (0% to 100% probability of persistence) 
of possible outcomes. 
 
Experts listed a number of factors that influenced their probability of persistence estimates for 
each unit (see unit summaries above in the Resiliency section).  Near-term factors varied by unit 
(e.g., post-harvest forest succession in Maine, where hare abundance is expected to decline as 
currently dense regenerating clear-cuts mature; continued large-scale fires in lynx habitats in 
Washington; and insect outbreaks in Maine, Minnesota, and Colorado), but longer term factors 
seemed to coalesce around anticipated direct and indirect effects of climate change.  These 
included potentially climate-driven increases in the size, frequency, and intensity of fire and 
insect outbreaks; decreases in snow amount, duration and quality, leading perhaps to increased 
competition with bobcats and other hare predators; and the projected warming-induced 
northward and upslope migration of boreal and subalpine forests that would result in the loss 
and further fragmentation and isolation of lynx and hare habitats in the contiguous U.S.  Expert 
responses and ensuing discussions indicated that continued climate warming and associated 



56 

direct and indirect effects will likely exert the greatest negative influence on the probability of 
persistence for lynx populations in the DPS regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
Overall, expert responses to this part of the elicitation indicate that all five of the geographic 
units known to currently support resident lynx populations have a greater than 70% expectation 
of doing so by mid-century, but a declining likelihood and greater uncertainty of doing so by the 
end of the century.  It is uncertain whether the remaining geographic unit (the GYA) currently 
supports resident lynx, and expert responses indicate a lower probability that it will do so in the 
future compared to the other units.  Responses also suggest that the overarching threat to the 
long-term persistence of lynx populations in the DPS is climate change, which is anticipated to 
result first in loss of snow conditions favorable for lynx and, after an uncertain lag time following 
continued climate warming, loss (northward and upslope migration) of boreal forest habitats, 
although the timing and magnitude of such losses are uncertain. 

Conclusion 
The Service and the Lynx SSA Team appreciate the willingness of lynx and subject matter 
experts to attend this workshop and share their knowledge, professional judgments, and 
opinions.  We have gained considerable insight into the current status of lynx populations 
throughout the DPS and the factors most likely to influence the DPS’s future viability - including 
information that is not currently available in the peer-reviewed literature.  We will incorporate this 
information into the SSA as appropriate, along with the published scientific literature, to inform 
recovery planning for the DPS and any other ESA-related determinations the Service is 
authorized and required to make.  As we develop the SSA report, we will continue to solicit 
expert input from workshop panelists and from other lynx and subject matter experts who were 
unable to attend this workshop, including peer review of the SSA report. 
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Appendices 
All appendices will be made available on the Service’s Region 6 Canada lynx webpage: 
http://www.fws.gov/mountain-prairie/es/canadaLynx.php 
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Subject: Fine Scale Climate Modeling for Lynx
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Attachments: USFWS Lynx Climate Study Scoping Ballpark Est.pdf

Jodi, perfect timing, I guess.   Here is the estimate from NOAA to work on the finer scale climate
modeling for the lynx work, focusing primarily on information for the recovery plan.  The ballpark
cost estimate seems reasonable.  Let me know when you would like to discuss.
 
Steve
 
Stephen C. Torbit
Assistant Regional Director
Science Applications
U.S. Fish and Wildlife Service
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USFWS	Lynx	Climate	Study:				
18	March	2016		
Notes	for	Steve	Torbit	on	Possible	Scope	of	work	by	NOAA/Physical	Science	Division,	
Effort,	Timing,	Budget	est	
	
Duration	of	project:		through	the	recovery	plan	delivery	date	(Early	CY	2018)		(roughly	18	
months)	
	
Time	table:			Produce	a	study	report	by	Early	Spring	2017.				
Consultation	after	that	with	USFWS.		Possible	presentations/meetings	to	present	information	
until	Early	2018.			
	
Regions:		Priority	areas:		Maine,		Minnesota,	Cascade	Mountains.	Plus	take	advantage	of	
existing	San	Juan	Mountains	Scenarios	Planning	work	for	Central	Rockies.					
	
Time	Frame	for	projections:		Mid-century	is	priority,	less	attention	on	~2030,	2090.			(let’s	say	
2060,	to	be	agreed	upon	with	FWS?)				
	
	
Report:		Telescoping	analysis	in	spatial	scale	
	

I. Continental	Scale	Summary	(0.5	Mo)	
A. Common	climatic	processes	that	are	important	for	Boreal	forests	and	likely	

changes	in	these	processes	
B. Continental	-scale	summary	of	climate	change	in			forested	snow	climates/	

Boreal	forest.			Observed	trends.		Projected	trends.			
II. Document	relevant	regional	climatic	drivers	specific	drivers	(1	mo)	

A. From	meteorological/climatological	perspective	and		regional	snow	science	
studies.			

B. From	ecological	perspective	[e.g.	expansion	of	climatically	suitable	habitat	for	
mountain	lion.		[	in	consultation	with	ecologists/	biologists/	managers]		

C. Climatic	drivers	of	boreal	forest	change,	incl.		stressors	such	as	wildfire	
III. Develop	regionally	specific	scenarios	(1.0	mo	/	region	x	4	=	4.0)	

A.	Observed	climatology	and	trends	in	each	region.			
B.	Future	climate	scenarios	for	each	region.		Projected	trends	in	climatic	variable		

chosen	based	on	regional	drivers	and	spanning	plausible	futures.			
i.	Summarize	broad	range	of	futures	using	GCM	analysis	–	broad	brush	climate	
scenarios.		T	vs	P	change&		more	detailed	ecologically	.		Snow	cover/depth	
(where	topographic	relief	is	not	as	important:	Maine,	Minnesota).			Discuss	
sources	of	uncertainty	&	levels	of	confidence.		Graphs	and	tables	to	illustrate	
points.			
ii.	Develop	a	smaller	number	of	more	detailed	“planning”	climate	scenarios	(3-5)	
based	on	regionally	&	ecologically	relevant	climate	drivers,	downscaled	data,	and	
quantify	changes	in	impact-sensitive	climate	variables	under	different	climate	



scenarios	identified.		This	strategy	follows	on	to	the	work	Rangwala	has	done	in	
the	San	Juan	Mtns,	Ray	is	doing	with	NPS	(Fisichelli	and	Schuurmann)		

a. relevant	climate	scenarios,	provide	a	narrative	of	future	climate	
including	a	range	of	plausible,	scientifically	defensible	futures.		
Graphs	and	Charts,	as	well	as	access	to	more	detailed	data	such	as	
time	series	for	use	in	follow-on	ecological	modeling.		Provide	access	
to	regional	subsets	of	the	data	data	used	to	derive	these	scenarios.	

b. Use	statistical	downscaling	+	hydrological	model	–	based	on	existing	
datasets.	These	have	detailed	and	more	realistic	snowcover,	typically.	
(e.g.,	NASA	Nex-BCSD	(800m),	1/16	degree	BCSD/VIC	(6	km)		MACA	
(4km)	will	discuss	pros	and	cons	of	these	with	FWS).			

c. Investigate	(existing)	Dynamical	Downscaling	–	will	explore	availability	
and	quality	of			data	from	CORDEX/NA.		(Note	a	pending	DOD/SERDP	
project	at	PSD	and	NCAR,	if	funded	will	involve	us	in	setting	up	a	
database	and	evaluation	of	many	CMIP5	RCMs	available	at	25	km	or	
better	resolution).		Evaluate	representation	of	regional	processes	(e.g.	
lake	effect	snow).			

	

IV. Snow	Refugia	“Proof	of	concept”:	Identify	and	investigate	factors	that	may	not	be	
captured	in	the	regional	scale	analysis.			–		Can	“snow	refugia”	be	identified	within	
the	landscape?				(1.5	mo)		
A. Fine	scale	~250	m)	modeling	(DHSVM	w/	Livneh	and	Badger).				Analyze	data	

from	ongoing	projects	incl.	Uncompahgre	R	basin	in	San	Juan	Mountains.			Proof	
of	concept.		

B. Analysis	of	Satellite-derived	snow	products.			Analyze	historic	variability	in	snow.	
Perhaps	in	the	San	Juan	mountains	where	we	have	access	to	existing	products	
with	250	m	resolution.									

	
V. Other	Tasks		[1-2	months?]	

A. Consultation	with	FWS	after	the	report,	e.g.	from	early	spring	2017-recovery	
plan	final	

B. Recommendation	on	climatic	datasets	driving	for	detailed	lynx/boreal	forest	
studies.		

C. Facilitate	access	to	this	data	by	ecologists	if	needed.				(perhaps	staging	subsets	
of	data).				

D. Travel	to	consult	with	FWS	and	presentations	to	FWS,	as	needed	(3-4	short	trips,	
~$1500	or	less	each)	

VI. Other	budget:	~5K	for	data	storage	(i.e.	computer	hardware	to	handle	the	big	
datasets)		

	
Total	FTE:		8-9	person	months	among	Barsugli,	Rangwala,	Dewes,	plus	some	time	of	Ray	that	
would	be	in	in-kind	contributed	by	NOAA	
	
Rough	budget	estimate:	$150K,	could	be	split	over	FYs	



From: Bush, Jodi
To: Paul Phifer; Paul Henson; Lynn Lewis; Michael Thabault
Cc: Mary Parkin; Sarah Hall; Alisa Shull; Seth Willey; Mark McCollough; Kurt Broderdorp; Bryon Holt; Jim Zelenak;

Tamara Smith; Marjorie Nelson
Subject: Re: For Review: Lynx Expert Workshop Report
Date: Tuesday, April 05, 2016 1:02:19 PM

Just checking in to remind folks that we are requesting your review of this by tomorrow.  If
that's not going to work and you need more time or you wont be providing comments please
let me or Jim Zelenak know. Thanks.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Mar 23, 2016 at 9:41 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Hi Folks.  As we discussed during our briefing on March 11, I have attached the final draft
lynx panel report for your review.  Your field staff have been very engaged in its
development but as we discussed we wanted to give your staff in the Regional Office an
opportunity to review it before it is finalized.  Also as discussed we will not finalize nor
release this document until we have briefed our RD which will happen on April 11.  To that
end, please have your comments to Jim Zelenak or myself by by April 6 if possible.  We
would like to be ready to go once we've briefed Noreen.  

Some words about the report: 

We will be fixing the Table of Contents and will add a picture on the front of the
report.  
We have not attached the Appendices as they are too big for email but we have them
on google drive so folks can see them if needed. If you are interested in viewing those
please send an email to Jim Zelenak and we will get you shared access.  
Please provide your comments in track changes. 

If you have any questions or concerns please let me know.  Thanks.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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From: Bush, Jodi
To: Barbara Chavez
Subject: Table of contents
Date: Wednesday, April 06, 2016 9:55:57 AM
Attachments: Workshop Report DRAFT Table of Contents.docx

To work with...Feel free to change roman numerals to something else but the nesting should
remain the same.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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From: Bush, Jodi
To: Jim Zelenak
Subject: here is updated briefing for RD
Date: Wednesday, April 06, 2016 4:27:59 PM
Attachments: 20160411_RD Briefing Lynx SSA Status Update.docx

Please add one slide called Decision Points -after timeline and before Main Messages.  Add
the following.  Thanks.  JB

We asked ARDs: 

Do we need better information to address likely impacts to lynx from CC?
Based on the additional timeline needed to gather that information, ARDs
determined no.

Are we comfortable with the range of climate scenario years from the
panel report?  Present, mid-century (2050), and end of century (2100)?  
ARDs indicated they were.

When conducting Peer review of SSA, do we want our State counterparts
to receive it at the same time?  Based on discussions with ARDs, we will
provide State counterparts with an opportunity to review the SSA during
the PEER review. 

Do managers want any recommendation from team in the SSA? The
ARDs agreed that the five-year review would be the place for a
recommendation from the team. 

When you have updated briefing PPT please send to Seth, and Marj Nelson along with
briefing paper attached.  Thanks.  JB 

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

mailto:jodi_bush@fws.gov
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INFORMATION/ BRIEFING MEMORANDUM  
FOR THE REGIONAL DIRECTOR 

 
 
DATE:   March 11, 2016  
 
FROM: Jodi Bush, Supervisor, Montana Ecological Services Office, (406) 449-5225. 
 
SUBJECT: Status of Lynx SSA Process for RD Briefing 
 
We are implementing the Species Status Assessment (SSA) framework, in order to meet a court 
ordered deadline to complete a Recovery Plan for Canada Lynx (if determined to still warrant 
listing) by January 2018.  Prior to moving forward with recovery planning – the SSA will 
provide the additional analysis to re-evaluate the status of the species and document that through 
a five year review. 
 
BACKGROUND 
 
In 2000 (remanded 2003), the Canada lynx was listed in the contiguous U.S. DPS as a threatened 
species under the Endangered Species Act (Act) because of the inadequacy, at that time, of 
existing regulatory mechanisms.   In 2005, we completed a Recovery Outline which focused on 
lynx conservation in 6 “Core” areas.  At that time, these included the Kettle/Wedge area in 
Washington and the Greater Yellowstone Area; areas we no longer think are occupied.  
Currently, there are six geographic areas known to currently support or that recently supported 
(as in the Greater Yellowstone Area) resident lynx populations in the DPS:  northern Maine 
(with occasional/sporadic breeding by small numbers of lynx in northernmost New Hampshire 
and Vermont); northeastern Minnesota; northwestern Montana and northeastern Idaho; the 
Greater Yellowstone Area, north-central Washington; and western Colorado (Figure 1).  
 
In 2006, critical habitat was designated and then revised in 2009 and again in 2014 due to court 
remands as the result of litigation.  Our current revised designation (2014) is under litigation. 
 
KEY POINTS 
 
• We announced the initiation of a five-year status review on December 8, 2014.  Shortly 

thereafter, we embarked on the SSA framework.  Information in the SSA will be used by 
Service decision makers to inform classification decisions, recovery planning direction, and 
other determinations required by the Act. 

• Through the SSA framework we intend to assess the species’ needs, current and future 
condition including viability of the Canada lynx DPS using a compilation of the best 
available scientific and commercial data, including empirical data, published literature, and 
expert input.  

• During the SSA process, we have been prioritizing information and modeling to best evaluate 
potential future conditions and viability. 

• We continue to engage State, Tribal and other Federal, and Canadian partners and other 
stakeholders, as well as Service managers typically through monthly coordination calls.  

• In the fall of 2015, we convened a workshop for scientific experts to address the current and 
likely future status of the Canada lynx DPS.  The participants included state agencies, 
biologists from other federal agencies, and academic researchers to elicit input from experts 
across the range of the DPS.  The resultant workshop report is one component of the SSA.  



• The Service Lynx SSA team developed expert selection criteria based on professional 
credentials, positions, areas of expertise, and pertinent experience and coordinated with State 
and other partners to develop a list of candidate lynx experts and other subject matter experts.   

• Information solicited from the 10 member lynx expert panel addressed the viability of the 
DPS based on the 3Rs: Representation, Redundancy, Resiliency and what is known about 
climate science related to lynx. 

• After the workshop, we contacted Steve Torbit, ARD for Scientific Applications in Denver, 
for assistance because of the uncertainty we had regarding climate science and lynx.  He 
made some contacts for us and determined that additional modeling – if needed- could take 
up to 6 weeks per area to complete.  

• Earlier in March, the Service Lynx SSA Team met in Denver for 3 full days to make progress 
on the SSA report, address outstanding questions, identify decision points for managers and 
assign work.   

• Results from the SSA meeting in Denver included some decision points for managers.  These 
were discussed and decisions made on the ARD webinar on March 11, 2016.   

o Do we need better information to address likely impacts to lynx from CC? Based on 
the additional timeline needed to gather that information, ARDs determined no.   

o Are we comfortable with the range of climate scenario years from the panel report?  
Present, mid-century (2050), and end of century (2100)?   ARDs indicated they were.  

o When conducting Peer review of SSA, do we want our State counterparts to receive it 
at the same time?  Based on discussions with ARDs, we will provide State 
counterparts with an opportunity to review the SSA during the PEER review.   

o Do managers want any recommendation from team in the SSA? The ARDs agreed 
that the five-year review would be the place for a recommendation from the team.  

o  
TIMELINES 

• Workshop Report       FINAL -MARCH 25, 2016 
 

• Species Status Report           DRAFT, APRIL 15, 2016 
o Internal Review Complete                      APRIL 29. 2016 
o Peer Review Complete             MAY 15, 2016 
o Final Report Complete              MAY 30, 2016 

 
• Five-year Review  

o Draft              DRAFT, MAY 5, 2016 
o Final             FINAL, MAY 30, 2016 

 
• Draft Recovery Plan (if necessary)              DRAFT, JANUARY 2017?? 

 
• Final Recovery Plan (If necessary)      FINAL, JANUARY 2018 

 
IMPORTANT MESSAGES: 

• We are behind in the development of the recovery planning process by 3 to 6 months.   
• If we do additional climate science scenarios –we will further delay the timeline by 

another 3 to 6 months as we would need to ask the court and the reduction in uncertainty 
is only likely to be important in the end of the century (2100) analysis scenario.   

• In general, the Service Core Team feels comfortable with the outcome from the expert 
panel workshop. 



 
 

Figure 1.  Six geographic units within the range of  the contiguous U.S. distinct population segment of  
Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) resident lynx 
populations.  



From: Bush, Jodi
To: Barbara Chavez
Subject: Fwd: Final Lynx Workshop Report
Date: Thursday, April 07, 2016 3:21:22 PM
Attachments: 2016 04 07 FINAL Lynx SSA EE Workshop Report jz.docx

LYNX SSA Workshop report Appendices.docx

Barb here is the document that the Table of Contents goes into.  Please look through it for
Figures and Tables. I've also attached the list of the appendices.  Thank you !  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Thu, Apr 7, 2016 at 2:09 PM
Subject: Final Lynx Workshop Report
To: Jodi Bush <jodi_bush@fws.gov>

Jodi,

Attached is the final final (I hope) report.  I've made the edits and incorporated the comments submitted by Paul
Phifer and Patricia Zenone.  I don't think there are any more reviews outstanding.  I've also added a photo to the
cover.

The only thing that remains to be done is to designate a place on the R6 lynx website and, as per Heather, on
ServeCat where all the appendices will be accessible, and to include those specific links in the report.  There are
place holders for them now, and the final links should not change page numbers, etc. I will work with Heather to get
the ServeCat link, and I continue to reach out to R6 EA contact Roberst Mansheim to create an SSA section on our
existing lynx webpage.

Therefore, I think this is ready for Barb to work on the table of contents and list of figures/tables, etc.  Hopefully we
will be ready to send it to all workshop participants next week after we brief Noreen, and to get it posted on both
sites soon thereafter.

Let me know if anything else is needed now.  

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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mailto:barbara_chavez@fws.gov
mailto:jim_zelenak@fws.gov
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Purpose  
The purpose of this report is to convey the results of an expert workshop convened by the U.S. 
Fish and Wildlife Service (Service) in October 2015 to improve our understanding of the status 
of the contiguous U.S. distinct population segment (DPS) of Canada lynx (Lynx canadensis).  
This workshop was held in conjunction with a species status assessment (SSA; see Appendix 1 
[All appendices are accessible at: xxx.xxx]) for the DPS.  The SSA, which will incorporate the 
best available scientific information on lynx, is needed to inform the Service’s response to a 
June 2014 court order to complete a recovery plan for the DPS by January 2018, or make a 
formal determination that a recovery plan is not necessary.   
 
The workshop was organized by a Lynx SSA Team consisting of Service and USGS staff who 
have developed and piloted implementation of the SSA framework, and Service biologists who 
are working on lynx throughout the range of the DPS.  In the interest of collaboration and 
transparency, this team partnered with State agencies, other Federal agencies, and academic 
researchers to elicit expert input regarding the current and likely future status of lynx populations 
within the DPS. 
  
Expert input is needed to complement the published scientific literature and other available 
information on many aspects of lynx population dynamics in the DPS range.  In particular, we 
were looking for additional information on the status, sizes, and trends of lynx populations and 
on threats to lynx habitats and those of their primary prey, snowshoe hares (Lepus americanus).  
We therefore designed a process to elicit and capture the knowledge, professional judgments, 
and opinions of lynx experts to help us assess the current status of, and the nature and 
magnitude of potential threats to, lynx populations and habitats within the DPS.  We also sought 
expert knowledge to help us evaluate the viability of the DPS (in terms of the “3 Rs” - 
redundancy, representation, and resiliency; see definitions below) under a range of future 
threats, habitat conditions, and climate scenarios, and to identify and make explicit areas of 
uncertainty and potential differences of opinion among experts. 
 
The results of the workshop will contribute to the SSA, which will compile and summarize the 
best available scientific and commercial data, including empirical data, published literature, and 
expert input.  This information will then be used by Service decision makers to inform recovery 
planning direction, classification decisions, and other determinations required by the 
Endangered Species Act (ESA). 

Background 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws.  Its long, 
black ear tufts and short, black-tipped tail distinguish the lynx from the similar bobcat (Lynx 
rufus), which is much more common in the contiguous U.S.  The lynx’s large feet and long legs 
make it highly adapted for hunting snowshoe hares in the deep or powdery snow that persists 
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across much of its boreal forest distribution, most of which occurs in Canada and Alaska.  
These adaptations provide lynx a competitive advantage over potential competitors, such as 
bobcats or coyotes (Canis latrans), which have much smaller feet and higher foot-loadings that 
prevent them from hunting efficiently in deep, powdery snow (McCord and Cardoza 1982, p. 
748; Buskirk et al. 2000, pp. 86–95; Ruediger et al. 2000, pp. 1–11; Ruggiero et al. 2000, pp. 
445, 450). 

The southern periphery of the boreal forest extends into parts of the northern contiguous U.S., 
where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 1, 3), 
deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40–41).  In the contiguous U.S., 
these transitional boreal forests become discontinuous and patchy, preventing both lynx and 
hares from broadly achieving densities similar to those of the northern boreal forests (Wolff 
1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and 
Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394).  These forests eventually become 
too fragmented and isolated in the contiguous United States to support hares at the landscape 
densities and distributions necessary to support lynx home ranges (Interagency Lynx Biology 
Team 2013, p. 77) or lynx populations over time.   

The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms.  
Specifically, at that time the Service believed that most lynx and lynx habitats occurred on 
national forests, and that the Land and Resource Management Plans that guided management 
of those forests included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat.  The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052).  In 2003, in response to a court memorandum opinion on the 2000 listing rule, the 
Service reaffirmed its determination of the lynx DPS and its status as threatened under the ESA 
(68 FR 40076).  The Service completed a recovery outline in 2005 (U.S. Fish and Wildlife 
Service 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) and, in 
2007, again in response to a court order, clarified its determinations of “significant portion of the 
range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 1186).  Also in 
2007, the Service initiated a 5-year status review of the DPS (72 FR 19549).  The Service 
revised the critical habitat designation for the DPS in 2009 (74 FR 8616) and 2014 (79 FR 
54782) and, concurrent with the latter, rescinded the state-based definition of the DPS boundary 
to extend ESA protection to lynx “where found” in the contiguous U.S., including New Mexico 
and other states that were not included in the original DPS range (79 FR 54804). 

Although the Service originally identified the DPS as occurring in forested portions of 14 states 
(Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, Oregon, 
Utah, Vermont, Washington, Wisconsin, and Wyoming) (65 FR 16052, 16085), it recognized at 
the time of listing that both lynx and the boreal forests that support them in the Lower 48 States 
are at the southern margins of their ranges, where habitats naturally become patchy and 
fragmented and snowshoe hare densities in many places are not consistently high enough to 
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support resident lynx populations (65 FR 16052-59).  It also recognized that inherent limitations 
in historic occurrence information made it difficult to distinguish between areas that consistently 
supported resident populations; other areas that may have occasionally supported resident, 
breeding lynx; and yet other areas that intermittently and temporarily contained dispersing or 
transient lynx but did not support lynx home ranges or reproduction (65 FR 16054-59).  Many 
lynx records in the DPS range seem to have been associated with cyclic “irruptions” of lynx from 
southern Canada into the northern contiguous U.S. when northern hare populations crashed, as 
they did historically every 8-11 years (Elton and Nicholson 1942, entire; McKelvey et al. 2000, 
entire; Mowat et al. 2000, pp. 281–294; Interagency Lynx Biology Team 2013, p. 33).  Lack of 
reliable information also precluded determination of sizes or trends of lynx populations within the 
DPS. 

Recent research and monitoring have improved our understanding of many aspects of lynx 
biology, distribution, and potential threats in the DPS.  However, we still lack reliable estimates 
of the sizes and important demographic rates of most populations.  Likewise, we would benefit 
from further understanding of the natural range and causes of variation in lynx and hare 
numbers; hare densities necessary to support resident lynx populations throughout the DPS; the 
influence of immigration of lynx from Canada on the demographic and genetic fitness of DPS 
populations; and the timing, extent, magnitude, and severity of potential threats associated with 
climate change.  The Lynx SSA Team organized this expert elicitation workshop to help fill 
some of these information gaps with the knowledge, professional judgments, and opinions of 
lynx experts. 

Currently, there are five geographic areas known to support resident lynx populations in the 
DPS:  northern Maine (with occasional/sporadic breeding by small numbers of lynx in 
northernmost New Hampshire and Vermont); northeastern Minnesota; northwestern Montana 
and northeastern Idaho; north-central Washington; and western Colorado (Figure 1).  After 
statewide surveys conducted in 1978-1997 suggested the absence of viable resident lynx 
populations in Colorado, the State, from 1999 to 2006, released 218 lynx captured in Canada 
and Alaska into southwest Colorado to establish the current resident population.  Additionally, 
the Greater Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming is 
believed historically (and as recently as 2003-04) to have supported a small but relatively 
persistent lynx population, but it is uncertain whether it currently supports any resident lynx.   
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Figure 1.  Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations.     

Expert Elicitation 

Workshop Protocol 
As mentioned under Purpose, above, the Lynx SSA Team convened the October 2015 
workshop to elicit expert knowledge and opinion on critical uncertainties regarding the current 
status and future viability of resident lynx populations within the DPS range, and thus the DPS 
as a whole.  To facilitate this, a 10-member panel of recognized lynx experts from across the 
DPS range first observed and discussed presentations by subject matter experts summarizing 
the current state of available information on topics relevant to lynx populations in the DPS (see 
Preparing Experts section below).  After subject matter presentations, members of the lynx 
expert panel presented updates on lynx populations in each of the six geographic areas 
described above under Background.  The subject matter and update presentations were 
intended to ensure that all lynx experts had a common baseline of information prior to the 
elicitation process.  
 
In accordance with the expert elicitation literature (e.g., Burgman 2005, USEPA 2011, Gregory 
et al. 2012, Drescher et al. 2013, Morgan 2014), we then used best practices to elicit opinions 
from the expert panel.  Although invited experts were expected to contribute openly and 
effectively to group discussions, we did not seek consensus among experts; rather, we probed 
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differences of opinion or interpretation of scientific and technical information.  We also asked 
experts and other participants to focus on scientific questions and to refrain from discussing or 
recommending management or policy decisions related to the Service’s authorities and 
responsibilities in implementing the ESA. 
   
In addition to the lynx expert panel and subject matter experts, workshop participants included 
members of the USFWS/USGS Lynx SSA Team, facilitators, and observers (see Appendix 2 for 
a full list of attendees and their respective roles).  As a basic ground rule, only members of the 
expert panel participated in the elicitation process, although panelists were encouraged to 
confer with the subject matter specialists and SSA Team members as needed.  All workshop 
participants were welcome to participate in discussions that ensued from review of panel 
responses to various questions.  Due to time constraints and to minimize interference with the 
elicitation process, observers were encouraged to write and submit “parking lot” questions, 
which were collected at the end of the first two days of the workshop and presented to lynx and 
subject matter experts for responses and discussion the following mornings (see workshop 
notes, Appendix 3).  The expert elicitation process was facilitated by USFWS and USGS 
structured decision making practitioners who encouraged open discussion among experts, 
structured input from both panelists and subject matter experts, and ensured that observers 
could witness the process without inappropriately influencing it. 

Identifying Experts 
 
SSA Team members reviewed the relevant literature and used their first-hand knowledge to 
identify experts involved in lynx and hare research or management, boreal forest ecology, and 
climate modeling.  We then developed a priori selection criteria based on professional 
credentials, positions, areas of expertise, and pertinent experience to develop a list of candidate 
lynx experts and other subject matter experts.  Selection criteria (below) helped ensure that 
invitations to participate were made only to scientists with expertise highly relevant to workshop 
topics and, further, that the selections were transparent, unbiased, and adequately captured the 
diversity of expertise and professional judgments related to the topics.  Selection was not based 
on affiliation with a particular organization or interested party; however, States and other 
partners were asked to review the draft list of workshop invitees and suggest alternate or 
additional qualified experts.  The SSA Team then invited experts who met the selection criteria 
and represented lynx expertise throughout the range of the DPS and in adjacent southern 
Canada.  The number of invited experts was necessarily limited to improve the efficiency and 
effectiveness of the elicitation process, avoid redundancy, maximize scientific discussion among 
all participants, and maintain an open, comfortable meeting environment.  

Expert Selection Criteria  

Expert panelist candidates had to meet all of the following criteria: 
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1.   Candidate must hold a graduate degree in a scientific discipline highly relevant to the 
workshop topics.  Typically this may include advanced degrees in wildlife biology, ecology, 
zoology, genetics, modeling, or statistical inference. 

2.  Candidate must hold a research position in government (State, Tribal, or Federal), academia, 
or in the nonprofit research sector; or participant must hold a governmental management 
agency position with responsibility for the species’ conservation. 

3.  Candidate must have expertise in the ecology or management of the species or related 
species, demonstrated by recent (within the past 10 years) peer-reviewed publications or 
related types of professional scientific expression. 

Candidates also had to meet one or more of the following criteria: 
  
4.  Candidate is directly engaged in the species’ management, monitoring, or analysis of 
populations or habitat. 

5.  Candidate is directly engaged in the study of a specific workshop topic. 

6.  Candidate is a government or academic research scientist with expertise in conservation 
biology, population or landscape ecology, genetics, or other relevant fields, as demonstrated by 
recent (within the past 10 years) peer-reviewed publications or related types of professional 
scientific expression. 

Using these criteria, the SSA Team identified 19 candidates for the lynx expert panel who were 
contacted to determine their interest and ability to attend the workshop (Appendix 4).  Among 
those both interested in and able to attend the workshop, the team extended invitations to 13 
candidates, 10 of whom ultimately participated as panelists and who together represent lynx 
expertise throughout the range of the DPS and in southern Canada.  Experts who could not 
attend this workshop may provide their expertise later in the SSA process as peer review 
experts.    

Preparing Experts 
Before the workshop, the SSA Team contacted all lynx experts and other subject matter experts 
by email and phone to discuss their roles and, for some, their willingness to prepare and deliver 
subject matter or lynx population status presentations at the workshop.  Correspondence with 
lynx and subject matter experts and other workshop participants explained the SSA framework 
and its application to the lynx DPS, the use of expert elicitation in SSAs, and the workshop’s 
purpose, ground rules, and draft agenda. 
 
At the workshop, the Service introduced the Lynx SSA Team, provided a brief overview of the 
SSA framework and its application to the lynx DPS, and outlined workshop objectives.  Prior to 
elicitation exercises, subject matter experts presented information on the historic and current 
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distribution of lynx in the contiguous U.S., regulatory mechanisms that apply to lynx on Federal 
lands, genetics considerations, lynx status and management in adjacent southern Canada, 
potential climate change impacts on boreal forest vegetation and snow conditions important to 
lynx, effects of forest management and policy on lynx habitat, and snowshoe hare ecology (see 
Subject Matter Presentations, below).  After these presentations, lynx expert panelists provided 
updates on lynx populations and habitats, research efforts, conservation measures, and 
potential threats to lynx in each of the six geographic areas (Fig. 1).  The subject matter and 
status-update presentations were intended to provide the expert panel with information that 
could inform their responses to elicitation questions and to ensure that the panelists shared a 
common understanding of the current status of lynx throughout the DPS.  All workshop 
presentations are included in Appendix 5 and are accessible at the Service’s Region 6 Canada 
lynx web page (http://www.fws.gov/mountain-prairie/es/canadaLynx.php). 

Subject Matter Presentations 

Canada Lynx Species Status Assessment, Expert Elicitation Workshop - Jim Zelenak, 
U.S. Fish and Wildlife Service, Montana Ecological Services Field Office, Helena, 
Montana 
The objectives of this workshop are to (1) gather scientific information from experts on the 
current status, threats, and future viability of lynx populations in the contiguous U.S.; and (2) 
where empirical data are lacking, elicit expert knowledge, professional judgment, and opinion on 
the nature and magnitude of potential threats to DPS populations and the DPS as a whole.  We 
need this information to complete a status assessment for the DPS that will be used by Service 
decision makers to inform recovery planning and other determinations the Service must make in 
accordance with the ESA.  We have a court order to complete a recovery plan for the DPS by 
January, 2018, unless we determine that a recovery plan is not necessary (i.e., that the threat 
for which the DPS was listed has been adequately addressed and ameliorated and no new 
threats have been identified that pose an immediate or reasonably foreseeable risk of 
extinction).  However, we are not here to make that determination or others regarding the ESA 
status of the DPS.  Rather, we are here to understand the current status of lynx populations and 
habitats in the DPS and hear from experts on factors influencing the current status and future 
viability of those populations.  The DPS was listed as threatened under the ESA in 2000 
because of the inadequacy at that time of regulatory mechanisms in Federal land management 
plans to protect lynx and their habitats.  The Service completed a recovery outline in 2005 and 
designated critical habitat for the DPS in 2006.  In 2007, we clarified our determination of 
“significant portion of the range” of the DPS and withdrew the 2006 critical habitat designation.  
We revised critical habitat in 2009 and 2014 and, also in 2014, we received the court order to 
complete a recovery plan.  The results of this workshop will contribute to the SSA, and the 
expert information gathered here will complement the best available scientific information that 
will be compiled and summarized in the SSA report.  After it is peer-reviewed and finalized, the 
SSA report will be considered by Service decision makers to inform recovery planning and other 
determinations required under the ESA. 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php
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Historical Distribution of Lynx in the Contiguous U.S. - Dr. Kevin McKelvey, USDA 
Forest Service, Rocky Mountain Research Station, Missoula, Montana   
Understanding historical range is important because it provides context for modern 
conservation; however, historical data must be interpreted carefully because they may not be 
representative, are often unreliable, and their meaning may be unclear.  This is especially true 
for rare animals like lynx, and even more so if they are easily mistaken for another more 
common animal, as bobcats are mistaken for lynx in the southern portion of lynx range.  
Because even relatively low identification error rates can lead to significant errors in determining 
distribution, it is important to rely on verified, and not anecdotal, occurrence records, when 
attempting to establish historical range.  The issue is further complicated by the noted cyclicity 
in lynx population dynamics associated with snowshoe hare population cycles, which resulted 
historically in irruptions or pulses of lynx from Canada into the DPS when northern hare 
populations crashed.  This can be described as a wave in which a large number of dispersing 
lynx intermittently flooded into the northern contiguous U.S. over the course of several years 
into a variety of potentially suitable and unsuitable habitats.  As the irruptions waned (i.e., as the 
waves receded), lynx disappeared relatively quickly from areas of unsuitable or poor habitat, 
more slowly from areas of marginal or suboptimal habitat, and persisted (like permanent tide 
pools) in those areas with habitats and hare densities capable of supporting them over time. 
This yielded verified records in the contiguous U.S. in places that clearly cannot support lynx 
populations but, in other places where habitats are or appear to be suitable, it also confounds 
efforts to distinguish between those that have supported persistent lynx populations, those that 
may occasionally but not consistently support resident lynx (“winked off’ more than “winked on” 
in a metapopulation sense), and those where dispersing lynx occurred regularly, if intermittently, 
but could not persist.  Given these ambiguities, there remains irresolvable uncertainty about the 
historic distribution of resident lynx in the DPS.  Despite this uncertainty, it appears that resident 
lynx naturally persist now in most areas that the available reliable data most strongly suggest 
historically supported resident populations in the contiguous U.S. (Maine, Minnesota, Montana, 
Idaho, and Washington).  Several other areas may have historically supported populations but 
no longer do (with evidence most compelling for northern New Hampshire and Michigan’s Upper 
Peninsula; less compelling for the Adirondack region of northern New York, northern Wisconsin, 
and northwestern Wyoming). 

Canada Lynx Habitat Regulatory Environment - Scott Jackson, USDA Forest Service, 
National Carnivore Program Leader, Missoula, Montana 
Before the lynx DPS was listed under the ESA, there was very little information available and 
little management direction for lynx habitats on national forests or other Federal lands.  Given 
the uncertain status of lynx and lack of information on habitat relationships, an interagency Lynx 
Steering Committee was chartered almost immediately after the DPS was proposed for listing in 
1998.  The committee appointed the Lynx Science Team to assemble the available information 
on lynx and the Interagency Lynx Biology Team to develop a lynx conservation strategy 
applicable to Federal lands.  In 2000, the Science Team published Ecology and Conservation of 
Lynx in the United States (Ruggiero et al. 2000), and the Biology Team completed the Lynx 
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Conservation Assessment and Strategy (LCAS; Ruediger et al. 2000).  The committee also 
directed the completion of the 1999 biological assessment (BA) in which the U.S. Forest Service 
(USFS) and Bureau of Land Management (BLM) evaluated potential impacts to lynx of 
management plans for 57 national forests and 56 BLM units and concluded that implementation 
of existing plans could result in some adverse effects to lynx.  The BA recommended amending 
or revising management plans to incorporate conservation measures that would reduce or 
eliminate the identified adverse effects to lynx, and to consider the conservation measures 
identified by the Science Team and Biology Team, once finalized.  In March of 2000, the DPS 
was listed as threatened due to the inadequacy of existing regulatory mechanisms, specifically 
the lack of guidance for conservation of lynx in national forest Land and Resource Management 
Plans and BLM Land Use Plans.  In October 2000, FWS completed a biological opinion on the 
1999 BA, concluding that if forest plans were revised or amended to incorporate the 
conservation measures in the LCAS, they would reduce or avoid the potential for adverse 
effects on lynx.  Also in 2000, USFS and BLM entered into conservation agreements with FWS 
to guide management until plans could be amended or revised.  By 2004, BLM revised plans in 
all units with lynx or potential habitat to incorporate LCAS guidance.  By 2006, USFS similarly 
revised plans for national forests in the Northeast and Great Lakes.  In 2007 and 2008, USFS 
formally amended plans for 18 national forests in the Northern Rockies and 8 in the Southern 
Rockies to address the risk factors identified in the LCAS and adopt management standards 
and guidelines.  Currently, all national forests and BLM units with lynx or potential habitats are 
governed by plans that have adopted conservation measures identified in the LCAS, 
subsequent interagency conservations agreements, or by management direction that formally 
amended or revised land use plans and established standards and guidelines designed to apply 
the best available scientific information to avoid and minimize potential impacts to lynx.  Future 
challenges include developing effective responses to larger, hotter, and more frequent fires and 
extensive insect outbreaks, and designing thinning and salvage harvest treatments conducive to 
creating habitat conditions favorable to lynx and hares.    

Lynx Genetics Considerations - Dr. Michael Schwartz, USDA Forest Service, National 
Genomics Center for Wildlife and Fish Conservation, Missoula, Montana 
Review of lynx genetic studies shows, despite some sub-structuring over distance, high gene 
flow across the continental range of lynx, likely because of high dispersal rates, large dispersal 
distances, and few geographic barriers to dispersal.  Some research suggests that the Northern 
Rocky Mountains may provide some gene flow restriction in western Canada, as well as an 
“invisible barrier” to gene flow in eastern Canada south of James Bay/Hudson’s Bay that may be 
related to differences in snow conditions driven by large-scale climatic factors (e.g., the Pacific-
North America and North Atlantic Oscillation climatic systems).  North of the DPS, low levels of 
genetic substructure have been documented in populations in eastern Canada between 
populations north versus south of the St. Lawrence Seaway, and between island (Newfoundland 
and Cape Breton islands) and mainland populations.  However, there is evidence of genetic 
interaction among even these relatively isolated eastern Canadian populations.  Within the DPS, 
minor genetic sub-structuring has been documented among lynx subpopulations in western 
Montana.  However, very low Fst values (a measure of the proportional reduction in 
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heterozygosity due to population subdivision, with values near zero indicating high levels of 
gene flow and values approaching one indicating poor gene flow) suggest the absence of 
significant barriers to genetic interchange throughout much of the lynx range, including the DPS.  
Across 17 lynx populations in Alaska, Canada, and the contiguous U.S., Fst = 0.033, and the 
highest Fst for any two populations was 0.070 when lynx from the Kenai Peninsula in Alaska 
were compared to those in the Seeley Lake area of Montana.  Lynx-bobcat hybrids have been 
documented in Minnesota, Maine, and eastern Canada, but not in the western part of the range.  
Hybridization does not seem to be a major issue, nor does it appear to be increasing despite 
significant increases in bobcat numbers in some parts of DPS range.  Genomics research (the 
genetic mapping and DNA sequencing of sets of genes or complete genomes) on lynx would 
increase power and precision of genetic analyses and perhaps identify genes under selection at 
the periphery of the range.  The goal for lynx in the DPS should be to conserve the genetic 
diversity currently represented in resident populations, recognizing that maintaining connectivity 
between DPS and Canadian populations is likely important to achieving that goal.  The genetic 
variation at the edge of the range may be of value to future populations, especially as related to 
changing climate.  

Lynx Distribution, Status, and Management in Southern Canada - Dr. Jeff Bowman, 
Ontario Ministry of Natural Resources and Forestry, and Trent University, Ontario 
Lynx are managed provincially in Canada, with each province responsible for its own 
management program, harvest (trapping) policies, and conservation strategies.  Data from 
registered trap lines show cyclic decadal peaks in the numbers of lynx harvested, and these 
align well with (and lag by one year) cyclic peaks in snowshoe hare indices.  In western 
provinces (British Columbia, Alberta, Saskatchewan, Manitoba, Northwest Territories, and the 
Yukon), the magnitude of lynx cycles appears to have dampened dramatically after the 1980s-
1990s, while eastern provinces (Ontario, Quebec, and Newfoundland and Labrador) have seen 
less dramatic declines in peak lynx numbers trapped.  There is some evidence that hare 
numbers in the Yukon have not recovered to past levels after declines beginning in about 2000, 
and that hare numbers in southern Ontario have been low for the past 5-6 years.  There also is 
indication that the range of lynx in eastern Ontario has contracted northward since the 1970s, 
and modeling suggests that this contraction is likely influenced by habitat loss perhaps related 
to changes in forestry practices and an increase in tolerant hardwoods replacing spruce-fir 
forests resulting from climate warming (Koen et al. 2014).  This has been accompanied by 
reduced genetic heterozygosity (allele richness) at this margin of the lynx range.  Recent studies 
also show some differences in functional genetic markers (unique alleles) in lynx south versus 
north of the St. Lawrence Seaway/River, suggesting the potential for evolutionarily significant 
differences in lynx in those areas (Koen et al. 2015, Prentice unpubl.).  Research also suggests 
an “invisible” genetic barrier south of Hudson’s Bay likely related to climate-driven differences in 
snow conditions, which could be amplified in the future with continued climate warming.  A few 
lynx-bobcat hybrids have been documented.  Lynx are listed as endangered provincially in New 
Brunswick and Nova Scotia, which also have by far the highest numbers of bobcats, and where 
bobcat populations have been increasing since about 1990.  Lynx are considered secure in all 
other provinces.   
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Seven Ways a Warming Climate can Kill the Boreal Forest - Dr. Lee Frelich, Director, 
University of Minnesota Center for Forest Ecology, St. Paul, Minnesota  
Northern Minnesota is at the southern edge of the ranges of boreal forest tree species (balsam 
fir, white spruce, paper birch) and the northern extent of temperate forest species (sugar maple, 
red maple, red oak).  A number of climate-mediated processes are likely to shift these ranges 
northward, potentially resulting in the complete disappearance of boreal forest from Minnesota 
before the end of the century.  These include projected declines in snow depth, invasion of 
boreal forests by temperate species and a widening of the mixed forest ecotone, warming 
summer and winter temperatures, declines in boreal trees under both low- and high-emission 
climate scenarios, severe wind- and hail-producing thunderstorms (derechos) of greater extent 
and frequency, large wind-driven fires, heat and drought stress, increased insect infestations 
due to lack of extreme cold temperatures, and phenological disturbance.  These processes, 
alone or in combination may result in gradual or relatively sudden conversion of boreal forests to 
temperate forests, savanna, or grassland at the southern edge of the boreal forest range.  A 
mosaic of conversion mechanisms and rates of change will occur at landscape/ecoregion 
scales.  With unmitigated climate change, Minnesota is likely to lose the boreal biome and about 
one-third of its native species, including lynx, possibly within the next 60-70 years. 

Climate Change and Uncertainty:  Implications for Canada Lynx Conservation and 
Management in the Contiguous U.S. - Alexej Siren, DOI Northeast Climate Science 
Center and University of Massachusetts Department of Environmental Conservation, 
Amherst, Massachusetts 
Climate models are better at detecting long-term trends in temperature and precipitation than 
short-term climate variability.  Generally, projections of precipitation are less robust compared to 
temperature, and within the lynx DPS units, projected trends in precipitation are more certain for 
winter than for summer.  Consequently, the resulting model biases may affect climate 
projections.  Global surface temperatures have increased steadily over the 20th century, 
especially since the 1970s, with an overall increase in winter temperatures in the U.S.  These 
changes are most pronounced from the Northern Rockies to the northeastern U.S., where 
winter precipitation has also increased.  However, the northwestern U.S. has experienced drier 
winters with less snow over the past several decades.  Importantly, numerous studies have 
shown that Canada lynx distribution is related to snowpack characteristics (e.g., snowfall, 
density, and persistence), which may directly or indirectly affect lynx through 1) increased 
competition (exploitative and interference) with sympatric carnivores, 2) altering hare and lynx 
population cycles, and 3) reduced genetic diversity.  Therefore, climate projections with a 
specific emphasis on winter climate are a valuable tool for assessing the long-term viability of 
lynx in the contiguous U.S.  Below are the climate trends for the past several decades and end-
of-century model projections for each of the DPS units; projections are multi-model means with 
the high emissions scenario (A2).  In the Northeast, recent trends are toward reductions in 
snowfall, the number of snow-covered days per season, and the proportion of winter 
precipitation occurring as snow.  Projections include increased winter precipitation, but with a 
lower proportion occurring as snow, and a decline in snowfall and length of snowpack coverage.  
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In the Great Lakes region, recent trends indicate an increase in lake effect snow and longer 
snow seasons to the north.  Winter precipitation is projected to increase throughout the 
Midwest, with a lower proportion occurring as snow, except that lake effect snow is projected to 
increase around Lake Superior and north of the eastern Great Lakes until 2050, and eventually 
decline towards the end of this century.  Overall, models project a decline in snowfall and length 
of snowpack coverage by 2100 for the Midwestern region.  The Northeast and Midwest DPS 
units are especially vulnerable to snowpack loss due to lack of elevational refugia.  In the 
western DPS units and the Colorado population, recent trends show decreasing spring 
snowpack at lower elevations, an overall decline in snowpack by the latter half of the 20th 
century, and a lower proportion of winter precipitation occurring as snow.  Projections include 
decreases in snowfall season and snowfall amount, fewer days with snowfall, and continued 
reduction in the proportion of winter precipitation occurring as snow.  However, projections 
indicate that snowpack and winter severity may be less impacted in the Northern Rockies 
compared to other DPS units.  In summary, model projections are not favorable for lynx within 
the DPS units, especially towards the latter half of the 21st century, with less severe winters and 
diminished snowpack characteristics that favor competing species.    

Projected Climate-change Impacts on Snow, Vegetation, and Lynx Populations in the 
Western U.S. - Dr. Joshua Lawler, University of Washington, School of Environmental 
and Forest Sciences, Seattle, Washington and Dr. Chad Wilsey, National Audubon 
Society Science Division, New York, New York 

Climate modeling suggests reductions in the amount of precipitation falling as snow and a shift 
from subalpine forest to temperate evergreen needleleaf forests in a generalized lynx range in 
the western U.S.  Fire is projected to increase in both frequency and fire size, doubling by 2040 
and tripling by 2080.  Simulated lynx densities were projected for the 2020s, 2050s, and 2090s.  
Of 25 ecoregions included in the study area, 14 had simulated lynx populations greater than 
0.10 individuals/100 km2 across all time points.  Of those, and across various Global Circulation 
Models (GCMs), 3 ecoregions had simulated increasing populations by the 2050s and 11 had 
declining populations. Populations were projected to continue increasing in the 3 ecoregions by 
the 2090s, while declines were projected to deepen in 8 of the remaining 11 ecoregions. 
Growing populations were projected to occur in the sparsely populated Fescue-Mixed Grass 
Prairie, Middle Rocky-Blue Mountains, and Great Steppe ecoregions, whereas the largest 
proportional declines were projected to occur in the West Cascades, Pacific Northwest Coast, 
Northern Cascades, East Cascades – Modoc, and Aspen Parkland ecoregions.  The study also 
looked at the effect of population cycling on projected changes and found that simulated 
declines differed more due to GCM model used than due to population cycling (i.e., modeling 
suggested lynx population declines were not strongly influenced by population cycles). 

Forest Management and Lynx Habitat Trends - Dr. Erin Simons-Legaard, University of 
Maine School of Forest Resources, Orono, Maine 
Lynx in Maine occur in the Northern Appalachian/Acadian Ecoregion where their distribution is 
governed by snowfall and extent of deciduous cover.  The eastern spruce budworm 
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(Choristoneura fumiferana) is endemic to forests in this region, and extensive outbreaks of this 
insect pest occurred in northern Maine in the 1970s-80s, resulting in millions of acres of spruce-
fir die-offs, despite extensive aerial insecticide applications.  For several decades, salvage 
logging via extensive landscape-scale clear-cutting occurred in impacted forests, until passage 
in 1989 of the Maine Forest Practices Act, which regulated clear-cut size, configuration, and 
regeneration.  Regenerating clear-cuts became very dense stands supporting high densities of 
snowshoe hares.  Although the Forest Practices Act reduced the amount of clear-cut harvest 
over the following two decades, overall harvest increased as partial-cut harvesting replaced 
clear-cutting.  At the same time, land ownership patterns in northern Maine were shifting from 
large blocks of commercial timber interests to smaller blocks and more diverse land 
management goals, including development and financial investment, as well as some non-
development easements (though these do not regulate forest management).  The University of 
Maine modeled lynx habitat occurrence from snow track data, a series of Landsat satellite time-
series imagery since 1970, and indices of hare densities for various stand ages post-timber 
harvest to model past, present, and future lynx occurrence in northern Maine.  They found that 
the proliferation of regenerating partial-cuts produce lower landscape hare densities than 
regenerating clear-cuts from the 1970s and 1980s.  Landscape hare densities will likely decline 
in the future as the clear-cut-era stands mature into less dense conifer stands, beginning about 
35-40 years post-harvest.  High-quality stands are being replaced by lower-quality regeneration 
of partial harvests. High-quality habitat for lynx/hares is currently about 8% of the northern 
Maine landscape.  Model projections indicate it will decline to about 5% of the landscape by 
2030, and then level off, and that the prevalence of partial-harvesting will lead to elimination of 
many areas with concentrated high-quality habitat and a lower future probability of supporting 
lynx.      

Southern Snowshoe Hares: Updates, Questions, Forecasts - Dr. Karen Hodges, 
University of British Columbia Okanagan Department of Biology, Kelowna, British 
Columbia 

Northern hare cycles are more variable than commonly portrayed in some literature, with 
questionable synchrony and variation in peak heights and amplitudes.  Some southern hare 
populations (i.e., within the lynx DPS range) show “cycle-ish” dynamics and high densities, but 
variability in abundances is not obviously linked to forest stand type (thinned, unthinned, 
mature).  Some areas of high hare density are occupied by bobcats instead of lynx (e.g., the 
Tally Lake area of the Flathead National Forest in Montana).  Hare densities in the western 
contiguous U.S. differ substantially across regions and landscapes.  For example, within the 
GYA, hare densities varied from very low (0.2 hares per hectare) in Yellowstone National Park 
to very high (0.5 - 1.7 hares/ha) in the Wyoming Range south of the park.  Hare densities also 
vary in the eastern part of the lynx DPS, with ranges from 0 - 1.8 hares/ha in Maine and, in 
Minnesota, densities of 0.64 hares/ha in the northeast part of the state (which supports resident 
lynx) and 0.35 hares/ha in Voyageurs National Park (which does not support resident lynx).  
Landscape attributes (e.g., tree densities and moisture gradients) also influence stand quality 
for hares.  Hare population dynamics (cyclicity, synchrony, amplitude, and peak densities) also 
vary regionally.  Forest management that reduces stand structure reduces hare abundances.  
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For example, hares declined after experimental precommercial thinning in Montana, and, in 
Quebec, hare densities increased with time since commercial thinning, harvest, and fire.  Fire 
destroys hare habitat temporarily, but hares return to burned areas as soon as favorable habitat 
conditions return.  Post-fire hare densities also vary regionally; in stands burned by large fires in 
1988, hare densities by 2007 were higher in Glacier National Park than in Yellowstone National 
Park.  Hare densities necessary to support resident lynx remain poorly understood but appear to 
vary regionally, as do lynx diets and home range sizes.  If southern boreal/montane forests are 
lost, hares will decline.  Fire, timber harvest, and thinning will result in fewer hares, at least 
temporarily, and the impacts of post-fire salvage logging are unknown.  Understory cover and 
browse are very important, but we know little about the influence of shrubs or snow on hares.  
Like lynx, hares in the DPS are at the southern extent of their continental range.  Also like lynx, 
hares show high gene flow across most of the northern range in Canada but lower gene flow 
(higher genetic structure) in the southern part of the range, with some lineages potentially at risk 
of genetic drift.  Climate-mediated increases in fires and insect outbreaks and changes in forest 
regeneration may alter hare habitats and, thus, hare distribution and abundance.  Climate 
change may also affect hare vulnerability to predation by creating a mismatch between pelage 
color, which is controlled by photoperiod, and their surroundings (e.g., reduced snow season 
resulting in white hares on dark forest floors).  It may also alter predator communities, with 
uncertain impacts on hare populations.  Continued research is needed to better explain regional 
variation in population dynamics and peak abundances, to predict post-fire recolonization and 
densities and responses to climate change, and to better understand links between physiology 
and demography (e.g., predation stress and reproduction).      

Lynx Status Update Presentations1 

Status of Lynx in Maine - Jennifer Vashon, Maine Department of Inland Fisheries and 
Wildlife, Bangor, Maine 
Much of the current lynx habitat in Maine was created from extensive harvests to salvage 
spruce budworm-damaged forests during 1970-1985, and the amount and distribution of high-
quality lynx/hare habitat are likely greater now than historic conditions.  Many stands were 
treated with herbicides to create extensive regeneration of spruce and fir.  Analysis of Forest 
Inventory and Analysis (FIA) data indicates that half of the 3 million forested acres of spruce-fir 
in northern Maine is currently sapling stage that should provide lynx with high quality foraging 
habitat.  Also based on FIA data, the amount of dense spruce-fir (supporting the highest hare 
densities) increased from 700,000 acres in 2006 to 805,000 acres in 2010.  The Maine 
Department of Inland Fisheries and Wildlife (MDIFW) conducted a telemetry study of lynx from 
2000-2011 in a study area with extensive areas of regenerating spruce-fir stands in 

                                                 
1 These are summaries of status updates presented by lynx experts for each of the geographic 
units in the DPS.  Summaries were written by the Lynx SSA Team based on the presentations 
and notes submitted by expert presenters and on the notes taken at the workshop during 
presentations.  Experts reviewed drafts of these summaries and provided clarifications/ 
corrections if needed, which were incorporated into the final summaries.    
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northwestern Maine and found that lynx had relatively small home ranges.  Lynx strongly 
selected these high-quality hare habitats in former clear-cut areas.  Although hare densities 
declined from 2 hares/hectare to 1 hare/hectare mid-way through the study, lynx did not 
increase their home range sizes or alter their habitat use.  Reproduction declined initially after 
hare populations declined, but later recovered, with all females producing litters.  An average of 
65% of females bred each year throughout the study.  Litter sizes ranged from 1 to 5 and 
averaged 2.63 kittens/breeding female.  Kitten survival remained high (averaged 78%).  
Densities of 4.5 adults and 5 to 9 kittens were observed in 100 km2 areas.  Based on estimates 
of occupied habitat and home range information, MDIFW estimated there were between 750 
and 1,000 lynx in northern Maine in 2006, and more than 1,000 lynx in 2015 (or at least more 
animals than 2006).  Indices (number incidentally trapped, observed, or killed on roads) have 
increased, suggesting there are more lynx than in 2006, and the distribution of the population 
also appears to be expanding.  MDIFW initiated a third round of periodic lynx snow track survey 
in 2015 that support increased populations and expanding range.  Additional surveys are 
planned in 2016 and 2017 to update estimates.  Although a model by the University of Maine 
suggests the effects of the Maine Forest Practices Act could lead to a decrease in lynx habitat, 
thus far, it does not appear that lynx have declined in response to aging clear-cuts and the 
prevalence of partial harvests resulting from the Act.  A budworm outbreak is expected in the 
near future that will also impact future amounts of habitat for lynx and snowshoe hare.  MDIFW 
provides landowners with descriptions of lynx-hare habitat for their management plans through 
published peer-reviewed papers and reports on lynx status and habitat use in Maine and 
consultation.  

Canada Lynx in Minnesota - Dr. Ron Moen, Natural Resources Research Institute, 
University of Minnesota Biology Department, Duluth, Minnesota, and Susan Catton, 
USDA Forest Service, Superior National Forest, Duluth, Minnesota 
Prior to 1965, lynx in Minnesota were unprotected, had a bounty placed on them, and were 
overexploited by trapping.  From 1930-1977, harvest in Minnesota was twice that of Montana 
and 40 times that of other states.  In 1976, State protection was provided in the spring and 
summer months, and in 1984 the trapping season was closed.  In the 1990s and when listed 
under the ESA in 2000, it was unknown if lynx in Minnesota were residents or migrants from 
Canada, but now it is known that the Minnesota lynx population consists of both residents and 
migrants from Canada.  Since then, there have been hair snare and snow-tracking surveys, 
DNA analyses, and a multi-year telemetry project – none of these monitoring efforts were 
designed to estimate densities or abundances of the species.  However, as of 2015, it is thought 
that there are somewhere between 50 and 300 lynx in Minnesota (this expert later refined the 
range as 50 - 200 lynx, as indicated in the summary presentation preceding the graphing 
exercise below), with the core habitat in the arrowhead region of the state (St. Louis, Lake, and 
Cook counties), although there have been verified and probable lynx sightings elsewhere in the 
state.  At least 5 of 27 adult lynx radio-collared in Minnesota were later legally trapped in 
Ontario, and other collared lynx did not return from Canada, therefore their fates are unknown.  
Telemetry data showed that about half of males radio-marked in Minnesota moved back-and-
forth across the border, traveling at all times of the year; that Minnesota females that dispersed 
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into Canada tended not to return to Minnesota; that males had much larger home ranges (267 
km2) than females (21 km2); and that females with kittens had the smallest home ranges.  About 
half of the mortality of collared lynx was from vehicle collisions, incidental catch, illegal kills, or 
unknown causes.  Moen et al. (2008) documented 10 den sites and showed that denning 
habitat is not limiting in Minnesota.  Since 2000, incidental take of lynx tracked by the USFWS 
Twin Cities Field Office has ranged from 0-14 per year and included vehicle (car and train) 
collisions, gunshot, incidental trapping, and unknown causes.  Approximately 50% of reported 
take was of incidentally trapped lynx, about half of which were released alive.  Home range 
analyses showed mean distance to nearest linear feature is approximately 200m, suggesting 
that lynx do not avoid roads.  Bobcat harvest data show a concentration of bobcats adjacent to 
the core of the lynx range.  The IPCC SRES A1B Scenario climate change model (Gonzalez et 
al. 2007, p. 14) shows snow conditions potentially suitable for lynx throughout the northern half 
of Minnesota to the end of this century; however, the snow and/or biological assumptions in the 
model need work, because it predicts a range for lynx that is larger than the current suitable 
range based on snow depth.  Other climate modeling (e.g., Morgan, in prep.) suggests that 
suitable snow-depth range will shrink significantly by 2055, be limited to extreme northeastern 
Minnesota by 2070, and may be entirely absent from the state by 2095.  Since 2000, the 
Superior National Forest (SNF) and others have identified 268 unique individual lynx (47% 
Female, 53% Male) from 1,306 DNA samples, primarily from SNF lands.  These samples also 
documented 13 unique individual lynx-bobcat hybrids (5 Female, 8 Male).  The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota.  The SNF annually documents 3-5 family groups and is working with 
North Carolina State University and the Twin Cities Field Office on a study of the distribution of 
lynx that can be used to inform future study designs aimed at monitoring lynx occupancy and 
designing more intensive studies to estimate abundance. 

Current Distribution, Status, and Threats to Canada Lynx in Montana and Wyoming - 
Dr. John Squires, USDA Forest Service, Rocky Mountain Research Station, Missoula, 
Montana 
Northwestern Montana - This area is believed to support the largest lynx population in the 
western U.S., but minimum population size has not been calculated.  The Forest Service’s 
Rocky Mountain Research Station in Missoula initiated a lynx research program in 1998 to 
investigate lynx resource and prey selection, competition, activity patterns, detection and 
monitoring, and connectivity.  From 1998 to 2007, researchers trapped and radio-marked 175 
lynx in northwestern Montana and collected nearly 170,000 GPS and over 3,000 VHS telemetry 
locations documenting lynx movements, resource use, survival, and productivity.  From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area (the central 
portion of this geographic unit) and from 2003-2007, 2.95 kittens/litter (N = 22) in the Purcell 
Mountains (the northwestern portion of the unit).  In Seeley Lake, 61% of breeding-age females 
(N = 52) produced kittens; in the Purcells, 83% of females (N = 28) produced kittens.  Recent 
research (Kosterman 2014) suggests kitten production is correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges.  Annual survival rates for 
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subadult and adult female lynx were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 
0.85, respectively, in the Purcells.  There was no evidence of cyclicity in these vital rates, and 
no indication of irruptions of lynx into this unit from Canada after the 1980s.  Starvation, 
predation by mountain lions, and human-caused deaths each accounted for roughly one-third of 
documented sources of lynx mortality.  Population viability analyses yielded population growth 
rates of 0.92 for the Seeley Lake area (i.e., declining population trend, 1999-2007) and 1.16 for 
the Purcells (increasing trend, 2003-2007).  The distribution of lynx in this unit appears to have 
contracted recently; lynx were documented in the Garnet Mountain Range in the southern 
portion of the unit from at least 1980 into the early 2000s, but in 2010, extensive research 
trapping efforts yielded only two males, and snow-track and camera-trap surveys in winter 2014-
2015 detected no lynx.  Genetic analyses revealed fine-scale genetic sub-structuring among the 
Garnets, Purcells, and Seeley Lake subpopulations, suggesting some level of relative isolation 
among lynx in those areas.  Most lynx habitat in this unit occurs on Federal lands (USFS, BLM, 
NPS).  Recent conservation land purchases substantially increased protection of lynx habitat in 
the Seeley Lake core area.  The extent of fire in this area has increased, with over one million 
acres burned in 2000-2013.  Forest management (timber harvest, silviculture, and fire 
management) can have negative, neutral, or positive impacts on lynx habitat; current research 
is investigating lynx response to management actions. 
      
Wyoming/GYA – The long-term persistence of lynx in the GYA is unknown, but early records 
from Yellowstone National Park documented lynx presence in the 1920s-30s, and more recent 
(2001-2004) surveys in the park documented several lynx and evidence of reproduction on the 
east side of Yellowstone Lake.  South of the park, lynx were also detected reliably in the late 
1990s-early 2000s in the Union Pass and Togwotee Pass areas of the Wyoming Range in the 
Bridger-Teton National Forest.  Several lynx released in Colorado (1999-2006) dispersed to the 
GYA and occupied home ranges (including males and females with overlapping home ranges) 
in areas of the Wyoming Range previously occupied by “native” resident lynx.  Recent (2005-
2010) research trapping and survey efforts in the Wyoming Range have detected only 
Colorado-released lynx, and the current status of lynx in the GYA is uncertain but believed to be 
at low numbers based on on-going surveys.  In addition to fire and forest management (as 
described above for northwestern Montana), oil and gas exploration and development may pose 
a potential risk to lynx and habitat in the Wyoming Range.             

Lynx in Washington: Current Status and Potential Threats - Benjamin Maletzke, 
Washington Department of Fish and Wildlife, Olympia, Washington 
Lynx in Washington were State-listed as threatened in 1993, but with recent large-scale impacts 
to lynx habitats and likely declines in lynx numbers, upgrading to State-endangered may be 
justified.  The Washington Department of Fish and Wildlife completed a lynx recovery plan in 
2001, and the Department of Natural Resources completed a habitat management plan for its 
lands in 1996, which it revised in 2006.  The majority of lynx habitat in Washington occurs on 
public lands including State Forests and National Forests.  Although individual lynx are 
occasionally documented in the northeastern part of the state, only the Okanogan area (eastern 
Cascade Mountains abutting the border with Canada) in the north-central part of the state has 
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consistent records and evidence of a resident breeding population.  In terms of the ESA’s five 
listing factors, over-utilization, disease/predation, and inadequacy of existing regulatory 
mechanisms are not issues for lynx in Washington.  Lynx trapping was prohibited in 1991, and 
only live-trapping is allowed for bobcats, so there is little chance for incidental trapping.  There is 
no documented disease and little evidence of predation (though these could occur/increase with 
climate change).  With ESA and State listings, critical habitat designation, and State recovery 
and State and Federal habitat management plans in place, regulatory mechanisms appear 
adequate.  Recently, much lynx habitat has been lost, at least temporarily, to frequent large-
scale fires and insect outbreaks, and climate change may pose additional (or exacerbate 
existing) threats to lynx and habitats in Washington.  From 1990-2002, there were about 2,600 
km2 of lynx habitat in the Okanogan (Eastern Cascades) area, and female home ranges were 
estimated at 38 - 41 km2, suggesting the potential to support roughly 90-115 resident females 
(home ranges include “matrix” or non-habitat).  By 2014, habitat had been reduced by fire to 
about 1,600 km2, and habitat loss and fragmentation resulted in female home ranges increasing 
to an estimated 91 km2, with a potential to support roughly 27 resident females.  Although areas 
impacted by fires and insects should regenerate to hare/lynx habitat, it may take 35-40 years or 
more for that to happen.  Climate change will likely reduce snow depth, condition, and 
persistence, potentially influencing interspecific competition.  It also may cause temperature- 
and precipitation-driven changes in vegetation and increased fire frequency, size, and intensity, 
resulting in further reduction, fragmentation, and isolation of suitable habitats and impacts to 
prey abundance.  Connectivity between the Okanogan area and lynx populations and habitats in 
Canada seems adequate; it is more tenuous in the northeastern part of the state, where cross-
border populations/habitats in Canada are smaller and potential corridors more constricted.  It is 
also possible that legal trapping in southern British Columbia could limit immigration into 
Washington’s lynx population and be a source of mortality for lynx dispersing from Washington 
into Canada.  Potential management and recovery actions could include resuming surveys and 
monitoring efforts, reviewing current State, Tribal, and Federal management actions to see if 
they can be more “lynx-friendly,” conducting population viability analyses to estimate 
probabilities of persistence over various time periods, coordinating with British Columbia on 
cross-border lynx conservation efforts, evaluating the need and feasibility of augmenting female 
lynx in the Okanogan and reintroducing lynx to the Kettle Crest, up-listing lynx in Washington to 
indicate the current status and severity of threats, and seeking collaboration and funding to 
support the measures above. 

Status of Lynx in Colorado - Dr. Jake Ivan, Colorado Parks and Wildlife, Fort Collins, 
Colorado 
Lynx in Colorado were State-listed as endangered in 1973.  Based on statewide surveys 
conducted in 1978-1997 that found some possible lynx sign (tracks), the State concluded that if 
lynx were present, too few individuals remained for a viable population and that natural 
recolonization was unlikely due to geographic isolation.  The State initiated a lynx reintroduction 
program, releasing 218 lynx from source populations in Alaska and Canada from 1999 to 2006.  
All animals were released into the San Juan Mountains in the southwest part of the state.  Many 
stayed there and used the area heavily; many others established home ranges in the Sawatch 
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Range in the central part of the state, where the bulk of historical records occurred.  Although 
post-release mortality was initially high, it decreased after release protocols were modified and 
among lynx after they’d been on the ground a year.  Mean annual survival was 0.93 for lynx that 
stayed within the San Juan Mountains core-release area, and 0.82 outside of it.  The first den 
was located in 2003, and 48 dens were subsequently documented in Colorado through 2010, 
including a third-generation of Colorado-born lynx.  The reintroduced population displayed 
reproduction similar to other areas in the DPS in some regards (e.g., mean litter size was 2.75 
kittens), and lower in others (e.g., mean percentage of females that produced kittens was 24% 
[range = 0% - 46%])2.  A deterministic model that uses survival estimates and reproduction data 
from ten years of monitoring reintroduced lynx and assumes that reproductive parameters 
observed during that time would repeat each decade shows a slightly increasing trajectory 
through time.  Although current population size and survival rates are unknown, photos of 
females with kittens in 3 sampling units during occupancy monitoring in the San Juan Mountains 
in 2014-15 and capture of young and unmarked (i.e., “new”) lynx during research efforts in 
2010-15 provide evidence of continued reproduction.  Potential threats to lynx in Colorado 
include climate change, bark beetle outbreaks, fire, increasing human recreation, and 
vulnerability to vehicle collisions and disturbance from highways.  Climate modeling in 2014, 
based on the RCP6 (2nd-highest) emissions scenario, suggests that by mid-century 
temperature will increase by 2°C, precipitation will decrease in the San Juan and other southern 
mountains, and that spruce-fir habitat will migrate upslope, lagging climate conditions by 50-100 
years.  Based on this, the overall vulnerability of spruce-fir in the state is considered moderate 
at mid-century.  As of 2014, over 4 million acres of potential lynx habitat has been impacted by 
bark beetle outbreaks; however, lynx and hares continued to use impacted areas, even when 
beetle impacts are severe.  Red squirrel use declined in areas that were heavily impacted by 
beetles.  Large fires also have impacted lynx habitat, and as elsewhere, fire size, frequency, 
and intensity are expected to increase with climate change.  A cursory, pre-analysis review of 
location data suggests that lynx make use of landscapes in which heavy winter recreation 
occurs.  However, use of developed ski areas is light, and outside of ski areas, heavy lynx use 
tends to occur in thick timber that is not used by snowmobilers and other backcountry users.  
Finally, lynx frequently crossed 2-lane paved highways in home ranges (0.6 crossings/day), 
more often at dusk and night, coincident with lower traffic volumes, and usually at forested 
crossings.  Recent results from a new large-scale monitoring program indicated that lynx 
occupied a similar proportion of the landscape in the San Juans Mountains during winter 2014-
15 as they did during winter 2010-11.  

Expert Elicitation Process 
All questions posed to the 10 lynx expert panelists were framed in the context of the 3Rs, a 
driving principle for evaluating viability under the SSA framework.  In questioning, we used a 
modified Delphi method (e.g., MacMillan and Marshall 2006), which involves eliciting individual 

                                                 
2 These data were provided by the presenter after the workshop but were not part of the original 
workshop presentation. 
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responses/scores, exploring response rationale and differences in expert judgment through 
guided discussions, then allowing experts to reconsider their scores in light of those discussions 
if they so desire.   
 
In our implementation of the modified Delphi approach, panel members were first asked to 
respond individually to a particular question and indicate their level of confidence in their 
response.  We then collated and noted the range of responses, which became the mechanism 
for follow-up discussion.  In collating responses, we used a simple numeric coding system 
rather than the experts’ names to provide for a reasonable level of anonymity.  We noted where 
there was high congruence among responses, as well as low congruence and outlying 
responses.  By asking for experts to voluntarily provide their reasoning for particular responses, 
we were able to delve into the basis for varying opinions.  After the discussion period, experts 
were given the opportunity to revise their scores.   
 
In addition to elicited responses to each question, we received substantial feedback from the 
experts on definitional issues and the validity of the questions themselves; we revised the 
questions as needed following these discussions.  In the case of a revised question, scores 
were elicited again following the revision.  The second round of scoring was displayed for 
experts, with a closing opportunity for comment, discussion, or score revision. 
 
All panel members were encouraged to respond to each question but also given the option of 
abstaining from responding to a question if they felt it was beyond the bounds of their expertise.  
With few exceptions, all 10 expert panelists responded as requested to every question.  
Instances where experts either chose not to reply or otherwise replied in a manner differing from 
the expected form of response to the question are noted in the responses below. 

Lynx Status:  Expert Elicitation and Responses 
Questions for experts were scripted by the Lynx SSA Team prior to the meeting to facilitate 
discussion of lynx ecology among the experts, solicit their professional opinions, and to help the 
Service gather and synthesize biological information for use in the SSA, particularly where 
empirical data are lacking in the published literature and projecting habitat and population 
conditions into the future is needed.  Because of the uncertainty of quantifying the population 
status and other aspects of lynx biology, the Service and facilitators decided to generate a 
series of discussion questions with quantifiable responses (scores) concerning the redundancy, 
resilience, and representation (3 Rs) of the DPS.  Although scores provided a starting point for 
discussion among experts and are quantified, analyzed, and summarized as appropriate in the 
following sections of this report, the Service also places high value on the content of the 
discussion among experts.  Therefore, both the analyses of scores and summaries of the 
discussion content are presented and will be considered during development of the SSA, noting 
that both were integral to the expert elicitation process. 
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The types of questions and the format of responses differed based on the information needed to 
inform the status assessment, and the best way to capture the information relevant to the 
question being asked.  For example, responses were requested in the form of lists, when a set 
of influences was desired, in the form of a 4 point elicitation (e.g., the most likely, high, and low 
end of a range, and confidence that the range contains the true value) when an uncertain 
quantitative value was desired, in the form of graphed trajectories when probabilities of 
persistence over time were desired, and other forms as necessary (see questions below).  
Experts submitted their scores independently via submission sheets (sticky notes, index cards, 
graph paper, etc.) with their ID numbers.  Note takers recorded and displayed scores to assist 
discussion.  Facilitators and other members of the SSA Team then asked directed questions to 
clarify responses from the panelists as needed.  Following each round of discussion and 
clarification, the panelists were provided the opportunity to update their response if desired and 
the second round of responses were collected and recorded.  The final responses are the only 
responses reported here.  The range of individual responses that we received was not 
combined (e.g., averaged or otherwise) in any way that would obscure or conceal individual 
responses, and the final scores for each panelist were recorded if the response was revised. 

We present the results of the expert elicitation below under the headings of representation, 
redundancy, and resilience.  Under each heading, the following is provided:  the definition of the 
viability category (3 Rs) under consideration, the question(s) asked of the expert panelists, 
response type (i.e., the form of the response requested of the experts), question clarification 
(i.e., a narrative description of any additional information provided to the experts by the 
facilitators for clarification as the questions were asked), expert responses, and notes from the 
discussion. 

Expert Responses 

Representation 

Definition - Representation contributes to the adaptability and evolutionary capacity of a 
species over time, to accommodate long term issues like climate change.  The breadth of 
genetic ecological, demographic, and behavioral diversity across a species’ range may 
contribute to its capacity to adapt over time.  Measures of genetic and life history variability 
among populations, distribution of populations across a range of ecologically diverse locations 
or niches, etc., are useful proxies to measure.  Consider needs for establishing or reestablishing 
populations in unoccupied habitat that may be necessary or suitable for species adjustment to 
climate change or other stressors, including the need to replace former populations in no longer 
represented ecosystems. 

Representation Questions  

1.  Are any of the geographic units susceptible to genetic drift on a scale that would limit 
genetic viability?  If yes, which geographic units? 
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Response Type:  Experts supplied a written response of “yes” or “no,” with a yes answer 
accompanied by a list of susceptible geographic units. 

Expert Responses:  Five experts responded that none of the geographic units are susceptible to 
meaningful genetic drift, two experts abstained from answering, and three experts responded 
that there are geographic units that are susceptible to such genetic drift.  Among the latter, one 
expert responded that the Colorado geographic unit is susceptible over a long period of time, 
and the other two experts responded that both the Colorado and GYA geographic units are 
susceptible to genetic drift. 

Discussion Points Following Initial Responses:  It wouldn’t take many immigrating lynx to 
provide adequate genetic diversity to prevent genetic drift.  One reproductively successful 
immigrating lynx every 5 to 10 years per geographic unit is likely sufficient to prevent genetic 
drift.  Most experts believed there was a low likelihood that even the smaller lynx populations 
(GYA and Washington) or those in more isolated geographic units (Colorado and GYA) are 
vulnerable to genetic drift at a scale that would impact viability, though several experts felt that 
both the GYA and the western Colorado units could experience meaningful drift in the absence 
of immigration or augmentation.  Overall, most experts felt there is a low risk of genetic drift 
being a problem for lynx in the DPS.  

2.  Are there locations from a lynx perspective that have unique habitat conditions 
relative to other areas in the lynx range that are necessary to foster future adaptive 
capacity of the DPS?  If yes, where? 
 
Response Type:  Open discussion.  No response forms were submitted, but notes were taken 
on the discussion that followed. 
 
Question Clarification:  The experts required some clarification of terms and the intention of this 
question to respond.  Facilitators read the working definition of representation (above), which 
previously had been provided to the experts.  Experts then discussed representation across the 
lynx DPS from an adaptive capacity perspective. 
 
Expert Responses:  The response was an open discussion captured below. 
 
Discussion Points Following Initial Responses:  Maintaining genetic variability is important for 
adaptive capacity.  If uncertain about the capacity for lynx to adapt, then experts encouraged 
that all populations (and hence the genetic variation within each) be maintained.  Experts 
indicated that it doesn’t appear that any U.S. population is more or less important to maintain 
than the others because of relatively similar ecological settings and the generally low level of 
genetic differentiation across the DPS.  Summary:  Experts discussed that maintaining 
representation in the DPS could best be achieved by retaining current DPS populations, 
maintaining connectivity between DPS and Canadian lynx populations, conserving the genetic 
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diversity currently represented in DPS, and avoiding impacts that could facilitate or increase the 
potential for or likelihood of genetic drift. 

It was also noted that lynx north of the DPS in some parts of eastern Canada (in New Brunswick 
and Quebec south of the St. Lawrence Seaway and on Newfoundland Island) have some 
unique alleles, including at functional genes, and should be preserved.  Lynx in these areas are 
relatively more isolated than lynx elsewhere in Canada.  Lynx south of the St. Lawrence are 
separated from lynx to the north by the seaway itself, which historically froze over during winter 
but which is now kept open to facilitate maritime shipping, perhaps reducing the level of genetic 
exchange between lynx on opposite sides.  Lynx on Newfoundland Island are separated from 
lynx in mainland Labrador and Quebec by the 15- to 60-kilometer-wide Strait of Belle Isle.  
Despite the relative isolation of these populations, genetic evidence indicates some interchange 
between lynx south and north of the St. Lawrence and between Newfoundland Island and 
mainland populations.  Eastern Canadian populations north of the St. Lawrence may have 
slightly different genetic composition than lynx in the Maine geographic unit. 

Redundancy 
Definition - Redundancy contributes to the ability of population types to withstand catastrophic 
events (hurricanes, wildfires, etc.).  The number and distribution of populations of each 
representative type contribute to the retention of various representative types despite 
catastrophic events by ensuring that the loss of a population doesn’t lead to the loss of 
representation. 

Redundancy Questions 
 
1.  List the factors/catastrophic events that could functionally extirpate an entire 
geographic unit. 
   
Response Type:  Each expert supplied a written list submitted via index card of the 
factors/catastrophic events. 
 
Question Clarification:  Three issues required clarification prior to obtaining responses to this 
question.  First, we initially asked about eliminating a “population” rather than a geographic unit.  
Because some of the geographic units may support several relatively isolated subpopulations, 
experts questioned whether we meant individual populations or subpopulations.  We clarified 
that we are evaluating the likely persistence of resident lynx populations in each of the six 
geographic units that currently support or recently supported them; therefore, we are interested 
in the likelihood that a catastrophic event could result in the extirpation of resident lynx from the 
entirety of any of the geographic units. Second, we were asked if extirpation meant the 
complete loss of all lynx from a unit.  We clarified that we wanted to know if lynx could be 
“functionally extirpated” from any geographic unit, with functional extirpation described as the 
loss of the unit’s ability to support a resident breeding population(s) of lynx.  Third, experts were 
not clear what an “event” entailed.  After discussion, it was agreed that an event was defined as 
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a single occurrence of some form, such as a fire, drought, hurricane, etc., that occurs over a 
relatively brief period of time, rather than a series of smaller cumulative events (e.g., a series of 
climate change-associated occurrences of fires or insect outbreaks over the course of a 
decade) causing a cumulative catastrophic result. 

Expert Response:  Six of the ten experts did not list any catastrophic events that could result in 
the functional extirpation of lynx from any entire geographic unit.  Three of the experts listed 
multiple catastrophic events they felt could result in at least temporary functional extirpation of 
lynx in a unit.  Among these, two of the experts listed fire, three listed disease, one listed insect 
outbreak, and one listed a failure of winter conditions due to a combination of heat or drought 
conditions.  One expert listed geographic unit-specific events, namely fire or insect outbreak for 
the Washington geographic unit, insect outbreak in Maine, and either insect outbreak or fire for 
one of the Minnesota geographic unit’s groupings of individuals, but not all. 

Discussion Points Following Initial Responses:  Experts were told that climate change was not 
considered a catastrophic event because it is both a driver of events and influences severity, 
rather than being an event itself as defined above.  Experts discussed the possibility that the 
Washington geographic unit, because of its relatively smaller size and history of recent 
extensive fires in lynx habitat, may be at risk of functional extirpation from multiple catastrophic 
events; disease, fire, and beetle outbreak were all mentioned as possible events.  One expert 
suggested that the Minnesota geographic unit could potentially be eliminated by a very large 
fire, although there was a low probability of this occurring.  Experts expressed some uncertainty 
whether fire could occur at the severity and scale sufficient to eliminate an entire geographic 
unit; however, a series of fires over a short time period may have the potential to cause 
functional extirpation of lynx from a geographic unit or significantly reduce the number of 
resident lynx it could support, at least temporarily. 

2.  Could any of the catastrophic events listed in response to redundancy question 1 
eliminate all 6 geographic units simultaneously? 
 
Response Type:  Each expert supplied a written response of “yes” or “no.” 

Expert Response:  All experts answered “no.” 

3.  What is the probability (expressed as a percentage) that any single geographic unit 
could be eliminated by a single catastrophic event in the next 10 years? 
 
Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  In response to the discussion around question #1, which resulted in the 
inclusion of question 3, this question was modified from its original script to include a 10-year 
time frame (underlined). 
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Expert Responses:  All responders gave a relatively low probability (≤ 10%, median of 1%) that 
any single geographic unit could be eliminated (resident lynx functionally extirpated) by a single 
catastrophic event in the next 10 years (Figure 2).   

4. What is the percent likelihood that a series of catastrophic events within the next 10 
years could cause functional extirpation of one or more lynx geographic units? 

Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  This question was developed after discussion of question 3 to capture 
the possibility of functional extirpation of lynx from geographic units due to a series of 
catastrophic events over a relatively short time rather than a single event that occurs at one 
point in time. 

Expert Responses:  The percent likelihood ranged from 0.5% to 60%, with a median response 
of 7.5% (Figure 2).  Expert responses indicated a higher probability of a series of catastrophic 
events over 10 years resulting in functional extirpation than a single event in the next 10 years, 
as in question 3.  

 

Figure 2.  Individual scores and summary boxplots of the percent chance that a geographic unit 
is eliminated by a single catastrophic event (question #3, left) or a series of catastrophic events 
(question #4, right) in the next 10 years.  Note:  This and all subsequent figures below were 
generated using the statistical software R (Appendix 6).  
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In Figure 2, individual responses to a single catastrophic event were 0.01%, 0.1%, five 
responses of 1%, 5%, and two responses of 10%.  Individuals responses to a series of 
catastrophic events were 0.5%, 1.1%, three responses of 5%, 10%, 15%, 20%, 40%, and 60%).  
Boxplots illustrate response mean values (bold black lines), the 25% and 75% quartiles (upper 
and lower bounds of boxes), and the highest and lowest values within 1.5 times the quartile 
range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of the 
whiskers (outside 1.5 times the quartile range) are considered outliers and plotted as points 
beyond the ends of the whiskers (i.e., experts 3 & 4 in Q3 and experts 3 and 10 in Q4, as 
indicated by the points plotted between experts 5 and 6).  The individual expert responses used 
to produce the boxplots are indicated by x-marks.  Boxplots are provided as a summarizing 
visualization to aid comprehension of the experts’ responses and their range, and the summary 
values are presented in this context and not intended for use outside of the context of the full set 
of responses. 

Discussion Points Following Initial Responses:  One expert noted that the probability of 
extirpation in any one of the 6 geographic units is greater than the probability of a single specific 
geographic unit being extirpated.  Also, any combination of a series of events over a decade 
increases the likelihood of extirpation in any one geographic unit relative to the probability of 
extirpation due to a single event.  

Although median probabilities of extirpation were low, experts felt the geographically smallest 
unit (Washington) and those units believed currently to support the fewest resident lynx (GYA, 
Washington, and Minnesota) were the most vulnerable geographic units when scoring this 
exercise.  Fire, drought, and beetle kill were the most frequently mentioned events that were 
considered by the experts when answering this question.  Some experts felt that these 
geographic units may be susceptible to such a scenario because of small geographic and/or 
population sizes and distribution.  In particular, it was noted that this past year there were many 
fires in lynx habitat, especially in Washington, and another year with similar fire impacts, or a 
few such fire years in a 10 year period, could lead to extirpation of lynx in the Washington 
geographic unit.  An expert noted there currently may be as few as 24 remaining females in 
Washington and that with fewer individuals in this area it would result in a higher probability of at 
least temporary extirpation.  Experts noted that fire disturbance data are likely available that 
could be used to model the likelihood of future fire impacts to each geographic unit.  

Experts with outlier responses provided their rationales.  Experts having the lowest scores 
believed that even the smallest geographic units would have only a low probability of extirpation 
in the next decade - that the time frame under consideration was very short.   

5.  What length of time would be required for a geographic unit eliminated by a 
catastrophic event to reestablish naturally? 
  
Response type:  4-point elicitation.  Each expert supplied a written response in years for the 
longest, shortest, and most plausible time periods for reestablishment of a resident lynx 
population within a geographic unit following functional extirpation.  They were also asked to 
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indicate their confidence, as a percentage chance, that the true amount of time necessary for 
reestablishment would fall between the shortest and longest plausible time periods provided. 
 
Expert Responses:  The responses to each of the points elicited are shown below in Table 1.  
Two experts provided additional information beyond the 4 points elicited when responding.  One 
presented two scenarios, one in which connectivity is intact and the habitat was damaged by the 
catastrophic event (e.g., insect outbreak or fire) which would require habitat regrowth first, and 
the second in which the habitat remained present.  In the case of habitat being present the most 
likely time period response was less than 10 years.  In the habitat elimination scenario the 
expert felt given climate changes to habitat that the geographic unit would not re-establish.  The 
second expert responded by geographic unit, with the exception of the Minnesota geographic 
unit for which there was no response.  Their responses are summarized in Table 1 using the 
overall longest and shortest responses as well as the average of the most plausible time (see 
footnote 3). 
 
Table 1.  Expert responses regarding the natural reestablishment time in years for a geographic 
unit after extirpation by a catastrophic event. 
 

Expert # 
Reestablishment Time in Years Percent Confidence in 

Range3 Shortest Plausible 
Time 

Most Plausible 
Time  

Longest Plausible 
Time 

1 10 40 100 50% 
2 15 100 300 80% 
3 15 35 60 5% 
44 1, 

will not reestablish 
<10,  

will not 
reestablish 

will not reestablish 100% 

5 25 50 100 75% 
6 20 30 50 90% 
7 15 20 25 90% 
8 15 50 will not reestablish 40% 
9 20 30 100 50% 

105 15 55 200 50% 
 

Expert responses are also visualized in Figure 3 and Figure 4 below.  The raw responses are 
visualized in box plot form to aid communication of the results (Figure 3).  Confidence ranges 
provided in a four point elicitations enable expert responses to be rescaled to produce a 
common confidence bound across experts using linear extrapolation (e.g., McBride et al. 2012).  

                                                 
3 Expert confidence that the true recovery time would fall between the shortest and longest time periods 
of their response. 
4 This expert provided a response for two scenarios, first that the catastrophic event does not result in 
habitat loss, and second that habitat is lost and therefore connectivity to extant populations is lost. 
5 This expert provided separate responses for each geographic unit.  The values in this table are the 
overall shortest, longest, and average most plausible number of years indicated in the responses across 
geographic units. 
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We calculated the 95% confidence interval for the shortest and longest plausible time periods 
for each expert (Figure 4).  In cases where the linear extrapolation resulted in negative years for 
the shortest time periods, we adjusted to zero.  This may indicate underconfidence in the 
responses provided by the experts, or that the use of linear extrapolation for these 4-point 
elicitation responses fails to distribute expert uncertainty in a manner consistent with the actual 
uncertainty present in expert responses (i.e., the experts could have been more confident in 
their shortest plausible time response than their longest plausible time responses, which the 
linear extrapolation doesn’t account for). 

 
Figure 3.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events. 

The raw responses for each of the three time periods (longest plausible time to reestablishment, 
most plausible time, and shortest plausible time period) are displayed in the box plots in Figure 
3 above.  Boxplots illustrate response mean values (bold black lines), the 25% and 75% 
quartiles (upper and lower bounds of boxes), and the highest and lowest values within 1.5 times 
the quartile range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of 
the whiskers are considered outliers and plotted as points.  The individual expert responses 
used to produce the boxplots are indicated by x-marks.  Boxplots are provided as a 
summarizing visualization to aid comprehension of the experts’ responses and their range, and 
the summary values are presented in this context and not intended for use outside of the 
context of the full set of responses. 
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Figure 4.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events, adjusted to provide 95% confidence bounds. 

In Figure 4, 95% confidence bounds were produced from the 4-point responses using linear 
extrapolation.  Shortest plausible time period is in blue, most plausible is green, and longest 
plausible is red.  For plotting purposes negative shortest time period values were adjusted to 
zero, and all zeroes in the plot indicate 95% confidence bounds that extended below zero.  
Longest time periods beyond 350 years were plotted at 350, with the actual time period noted in 
text left and below those points.  Also note that expert 10 responded by geographic unit, so the 
figure displays the 95% confidence bound adjusted overall longest, overall shortest, and 
average most plausible time periods across the six units for expert 10. 

Discussion Points Following Initial Responses:  Experts discussed the amount of time it takes 
for habitat to recover after catastrophic events (e.g., fire, insects) when considering timeframes 
for repopulation.  Some experts could picture some geographic units never being recolonized 
again, and that some could be recolonized immediately, depending on which geographic unit is 
being evaluated and the level of connectivity to other geographic units and to lynx populations in 
Canada.  Washington is more connected to Canada than the Colorado geographic unit for 
example.  The rate of recolonization was variable for each geographic unit because of the size 
of each geographic unit, status of adjacent source geographic units, and the level of 
connectivity.  Experts found it hard to generalize across the range of the species for this 
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question.  The variances in the geographic units across the range need to be considered.  
Experts believed GYA and CO would have a long period for recolonization, if ever recolonized, 
after a potential extirpation event because of the lack of connectivity with Canadian populations.  
It is likely that those geographic units with connectivity to Canada would recover much sooner 
than geographic units not connected to Canada. 

Resiliency 

Definition - Resiliency speaks to an individual population’s ability to tolerate environmental and 
demographic stochasticity, such as fluctuations in temperature or genetic drift.  It is often 
measured in terms of population size and growth rate, but in fact is dependent on a number of 
traits, both demographic and environmental.  These include, among others: age or stage class 
distribution, genetic heterogeneity, birth rates, annual survivorship, sex ratios, etc., and the 
quality and extent of habitat, the degree of disease, competition, etc.  Metapopulation dynamics 
and distribution can also contribute to population resiliency in some species. 

Resiliency Questions:  Probability of Persistence Exercise  

Exercise Summary 

The first two resiliency questions were asked concurrently as part of a probability-of-persistence 
exercise conducted for each geographic unit.  Experts were asked to graphically provide the 
probability of persistence of resident lynx through time for each geographic unit, as well as the 
major factors influencing persistence in those geographic units, one geographic unit at a time.  
Experts were asked to provide persistence probabilities and influencing factors for the near-term 
(2025), mid-term (2050) and longer-term (2100).  Experts were also asked to indicate on each 
of their graph sheets the emissions scenario (low, moderate, or high/status quo) they were 
considering in graphing persistence probabilities and listing influencing factors.  
 
We began this exercise with the Northern Maine geographic unit, and the discussion and 
questions among experts that followed the initial persistence-graphing and factor-listing efforts 
indicated that a review of the status and major issues confronting lynx in each unit (a quick 
reminder and summary of the earlier status update presentations) would be helpful.  Therefore, 
prior to expert responses for the remaining units, the expert(s) most familiar with the geographic 
unit in question gave a 5-10 minute summary of what they viewed as the most relevant 
information about the current and likely future status of lynx populations and habitats in that unit.  
They also presented any other conditions or issues they thought could affect the probability of 
persistence of resident lynx in that unit.  All experts then completed their graphs and lists of the 
factors that influenced the probabilities of persistence they selected for each time frame for the 
geographic unit in question.  For the Maine unit, the discussion following initial responses 
served the same purpose, and after that discussion, experts were given the opportunity to 
revise their responses if they felt it necessary. 
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After all experts completed their responses, the graphs and influence lists from each expert 
were posted on the wall, and workshop participants were invited to gather around to view and 
discuss the range of responses.  Facilitators and SSA Team members then polled the experts 
about what drove their responses.  These questions were a mix of directed questions about 
unique responses, the role of particular factors noted in the responses, and open-ended 
questions to allow experts to describe their thinking.  Experts and team members were also 
encouraged to ask clarifying questions about the responses.  Experts were encouraged to 
modify their responses by posting a revised sheet above their first response if they wished to 
adjust their responses based on the discussions. 
 
1.  What is the probability of persistence over time (particularly at present, 2025, 2050, 
and 2100) for each of the 6 major geographic units? 
 
Response Type:  Graphical 3-point elicitation.  Each expert was provided a blank sheet of 
graphing paper with a y axis of probability of persistence, and an x axis of time, with 4 time 
periods bolded (2015, 2025, 2050, and 2100).  For each of those years, experts were asked to 
add a point to the graph representing the lowest, highest, and most likely probabilities of 
persistence at that time period.  Experts were also asked to connect the points through time. 
 
Question Clarification:  It was explained that the most likely point should represent the 
probability of persistence that the expert anticipates to be most likely to occur for that 
geographic unit at each time period, and that  the points for lowest and highest probability of 
persistence were intended to capture the expert’s uncertainty in the future probability of 
persistence.  Experts preferred to indicate a most likely probability and to provide a full 
confidence interval (i.e., upper and lower bounds within which they felt 100% certain the future 
probability of persistence would fall) rather than indicate a confidence level associated with the 
lowest and highest probability responses. 
 
Expert Responses:  Responses are by geographic unit and are presented below in conjunction 
with the responses to question #2 below. 
 
2.  What are the major drivers/factors (up to 3) reducing probability of persistence for 
each of the major geographic units? 
 
Response Type:  Ranked list of top three factors, for each point in time (present, 2025, 2050, 
and 2100), with % contribution of each factor. 
 
Question Clarification:  Resiliency questions 1 and 2 were asked concurrently.  Experts were 
provided a sheet of paper for each geographic unit and the area at the bottom of the sheet 
below the graphing area was used to list the three major factors they expected would most 
significantly influence the probability of persistence at each time period.  Influencing factors 
were described as those anthropogenic or naturally-occurring activities, events or factors that 
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could influence the probability that resident lynx populations will persist in a given geographic 
unit. 
 
Expert  Responses:  For each geographic unit an overview of the unit from the area expert are 
provided, as well a summary of the hand drawn graphs via a figure (Figures 5 - 10), the 
responses and major factors are summarized via text, and the discussion that the responses 
generated are presented.   

Northern Maine  

Pre-graphing Overview from Unit Experts:  This step was not added to the process until after the 
probability of persistence exercise for this unit.  Because this unit was the first for which experts 
attempted to graph persistence over time, there were many questions and much discussion 
about process and intent.  It was the discussion following this initial graphing exercise that led 
the SSA Team to request unit summaries prior to subsequent graphing exercises.  The Team 
felt that overview information similar to that provided prior to graphing persistence for 
subsequent units (below) came out during the discussion.  Further, because experts were 
encouraged to update their Northern Maine geographic unit responses as necessary following 
that discussion, the Team felt that the results of the graphing exercise for the Northern Maine 
geographic unit were valid and comparable to the results generated for the other units. 

Expert Responses:  All experts indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Maine through the end of the century, with uncertainty (range 
between lowest and highest probabilities) also increasing over time.  Nearly all experts 
predicted near-term (year 2025) persistence probability >= 90% and mid-century persistence >= 
70%.  All experts predicted end-of-century persistence probability >= 50% for this unit, with most 
predicting a 40% to 60% probability of persistence by 2100 (Figure 5).  Near-term drivers that 
influenced experts’ probabilities of persistence for this geographic unit were changes in private 
forest land ownership, changes in forestry management (timber harvest methods, volumes, and 
spatial distributions), habitat decline (succession of previous clear-cuts from young, dense 
regenerating stands to mature stands less conducive to high hare densities), spruce budworm 
outbreak, climate change-induced loss of spruce-fir habitats, and competition with bobcats due 
to climate change-induced loss of snow conditions that favor lynx.  Longer-term (2050, 2100) 
drivers similarly included changes in forestry practices, but also climate-driven loss of snow 
conditions favorable to lynx/competition with bobcats, and loss of spruce-fir forest.  As with 
responses for other geographic units, not all experts provided the factors that influenced their 
persistence probabilities for each time period, and not all provided the percent contribution of 
each factor. 

 



35 

  
Figure 5.  Expected probability of persistence for the Northern Maine geographic unit at present, 
2015, and in 2025, 2050 and 2100. 

Note:  In Figure 5, above, and figures 6 through 10, below, points for each of the 10 expert 
responses, for each of the three probability of persistence levels, i.e., highest, most likely, and 
lowest probabilities of persistence, are represented by the hollow red, filled green, and hollow 
blue points respectively.  The black x mark is the median of the most likely responses across 
the experts in each response year.  The red, green, and blue dashed lines connect the median 
of the highest, most likely, and lowest probability of persistence responses across the experts in 
each response year.  The edges of the grey area were defined by the extreme responses, i.e., 
the range from the largest of the highest probability of persistence responses to the smallest of 
the lowest probability of persistence responses.  The median lines and grey area are provided 
as a summarizing visualization to aid comprehension of the experts’ responses and their range, 
and should not be viewed as a substitute for individual responses or presented outside the 
context of the accompanying discussion. 

Discussion Points Following Initial Responses:  One expert expressed confidence that the lynx 
population in Maine will be stable in the near term; that climate change out to 2050 will primarily 
affect coastal areas, which support few lynx; and that there will likely still be favorable conditions 
for lynx in northern Maine where most lynx currently occur.  A second expert disagreed, and 
indicated that a combination of aging of the last of the budworm-era (1970s-80s) clear-cuts, the 
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cumulative effects of the last 25-years of partial harvesting (in accordance with the Maine Forest 
Practices Act), and the coming spruce budworm outbreak will all substantially reduce the 
amount of high quality lynx/hare habitat in this unit.  Projecting past 2050, experts generally 
agreed that climate change will likely create unfavorable conditions (e.g., insufficient snow, loss 
[northward migration] of spruce-fir forests) in northern Maine’s core area for lynx, and the 
probability of persistence will decline over the longer term.  Although uncertainty increases with 
time from the present, climate-related loss of favorable snow conditions (amount, consistency, 
and duration), loss of spruce-fir, and bobcat competition will likely reduce the probability of 
persistence in this unit beyond 2050.   

There was some concern that timber companies would not respond to the pending spruce 
budworm outbreak like they did in the 1970s (extensive clear-cuts).  Some experts also 
expressed concerns about the effects of the current clear-cuts aging past conditions that 
support hares and lynx.  Out to year 2050, changes in snow conditions and loss of spruce-fir 
associated with climate change will contribute to habitat loss.  Past 2050, diminished snow, 
successional loss of high-quality habitats, increased competition from bobcats, and spruce-fir 
decline will make conditions unfavorable for lynx.  Some experts assumed a high-emissions 
climate change scenario, but others said their predictions would not change under moderate 
emissions scenarios.  The second expert (above) indicated that current data show spruce-fir 
habitat is being replaced with a hardwood forest (red maple) system, and that this will continue 
throughout the century.  This expert indicated hardwood forest invasion isn’t being controlled by 
herbicides as it was in the last budworm outbreak.  The first expert (above) disagreed and said 
that lynx are resilient and forestry practices will likely sustain spruce-fir habitats in Maine, 
providing an example of one timber company that has already invested in spruce plantations.  
The second expert indicated that most of the land base is owned now by Timber Investment 
Management Organizations and Real Estate Investment Trusts who will not employ intensive or 
expensive (plantation, herbicide) forms of forestry.  In summary, experts expressed a variety of 
opinions about how forest management may change in the future in Maine and, in particular, 
how forest landowners and managers may respond to the pending spruce budworm outbreak, 
and how these responses may impact resident lynx.  

Other factors considered by the experts included budworm outbreaks, the potential for disease 
in a lynx population (not currently a recognized or documented threat and typically unexpected, 
but always a possibility), ecosystem change induced by climate change, forest tree species 
composition changes, competition with other temperate forest animals.  There are many 
interrelated factors and different stresses and factors that may occur in the future.  It is difficult 
to anticipate the factors that will affect lynx in the future.   

Experts discussed the role of competition between lynx and other carnivores, especially 
bobcats, throughout the DPS.  One expert remarked that in some parts of Montana there is 
complete overlap of lynx and bobcat home ranges and little or no evidence of competition 
effects.  Others indicated relatively narrow regions of overlap and sharp demarcation between 
areas that support home ranges of the two species that correspond with annual snowfall 
amounts in Maine and Minnesota.  Experts were unsure whether bobcat-lynx overlap is more a 
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function of snow conditions in these areas or competition between the species (i.e., competition 
for food or behavioral competition).  Although separation of the species has been documented, 
the nature and causes of the separation are not certain.  Bobcats are a more generalist predator 
than lynx and less reliant upon hares than lynx.  Experts expressed varying opinions regarding 
seasonal differences in overlap among lynx and bobcat diets, the effect and importance of 
competition between the two species, and whether it is behavioral or resource competition.    

Lynx in Maine have not responded to changes in hare abundance exactly as lynx in Canada 
and Alaska have to hare population cycles.  In Maine, the proportion of females that reproduced 
and average litter size declined during low hare years, as in the north, but home range sizes in 
Maine did not increase as they did in the north when hare abundance was low.  Hare densities 
do not appear to have dropped below a critical threshold to alter lynx home range size in Maine 
as in the North.   

An SSA Team member asked how hare cycles or fluctuations may affect predictions of 
persistence in Maine.  The first expert (above) said that hare declines documented by University 
of Maine monitoring is likely due to the aging forest, and that lynx in Maine haven’t yet 
responded biologically to the range of hare densities observed in Maine, as suggested by the 
lack of change in home range sizes and survival.  The second expert (above) disagreed, and 
cited University of Maine research that showed hare populations declined by ~50% in all stand 
types sampled starting in 2006, that forests where hares were monitored have not yet 
progressed to the self-thinning stage, and that the hare decline in Maine is mirrored by hare 
data from southern Quebec.   

Northeastern Minnesota 

Pre-graphing Overview from Unit Experts:  There are probably 50-200 resident lynx in 
Minnesota but there is much uncertainty and survey protocols do not support generation of 
precise abundance estimates.  Lynx occupancy and reproduction both have been consistently 
documented in the state since it was listed in 2000.  Lynx in this geographic unit are interacting 
with, and possibly depending on, southern Ontario populations.  Although females exhibit high 
reproductive rates, radio-telemetry data suggest low recruitment of Minnesota-born kittens into 
the breeding population of this geographic unit.  Bobcats are a potential future stressor as they 
are encroaching into lynx areas; fire is a threat in dry years (e.g., there have been 3 fires in last 
15 years that have burned approximately 20% of lynx habitat).  The forest management industry 
is tied to softwoods and continued management of softwood tree species is expected in the 
future. 

Expert Responses:  As with the previous unit, all expert graphs showed initially high and 
subsequently declining probability of lynx persistence in Minnesota over time, along with 
increasing uncertainty through the end of the century.  Nearly all experts predicted near-term 
(year 2025) persistence probability >= 90%, and all experts predicted mid-century persistence at 
60% to 90% (median = 80%).  Experts predicted end-of-century persistence probabilities of 10% 
to 60%, with a median of 35%, by 2100 (Figure 6).  Near term drivers were reduced snow, 
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bobcat competition, disease in lynx (e.g., lungworm, liver fluke, feline leukemia), and forest 
insects.  Long term drivers were reduced snow, competition with bobcat, loss of spruce-fir 
forests, fires, and climate change. 

 

Figure 6.  Expected probability of persistence for the Minnesota geographic unit at present 
(2015), and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts expressed uncertainty whether 
potential climate change impacts will be realized in the short term, but that the cumulative 
effects of climate-induced changes seem more likely in the longer term.  This uncertainty may 
be a source of variability in predicted persistence probabilities.   Some experts expressed 
uncertainty about the accuracy of the rough estimate of the size of the lynx population in this 
unit because surveys were not designed to provide population estimates.  Some experts wanted 
clarification on the distribution of lynx in the state, and which areas of the state have the highest 
use.  The core-use spatial extent was described as a 20-mile-wide strip inland from the north 
shore of Lake Superior and extending about 60 miles from the northeast tip of the “arrowhead” 
southwest into the Superior National Forest (SNF).  Lynx occasionally occur further west in the 
SNF and in other areas such as Voyageurs National Park.  Recent snow-track surveys suggest 
lynx may be using a larger portion of the arrowhead region, and radio-telemetry data have 
documented travel to and from southern Ontario.  Lynx also have been documented to use the 
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1-million-acre Boundary Waters Canoe Area Wilderness (BWCAW) that borders Canada for 
dispersal in both directions across the border.  However, because the BWCAW has not been 
surveyed for lynx, the number of lynx that may use this area is unknown.  The SNF does not 
actively manage the BWCAW.  The current connectivity between lynx in this unit and the larger 
population in Ontario reduces the likelihood of local extirpation in this geographic unit, but the 
likelihood would increase if connectivity was compromised and cross-border interactions 
reduced. 

Factors considered included potential disease, fire, loss of boreal forest, competition with 
bobcats and possibly other hare predators.  Some experts questioned the validity of disease as 
an influence in this and other geographic units because although disease has been documented 
in some felines, it has not been documented as a threat to lynx in any of the DPS populations to 
date.  Some experts speculated that because there is a link between disease and temperature 
increases in other animals, projected climate warming could contribute to disease in lynx.  
Therefore, although not a factor for lynx currently, it is not unreasonable that disease could 
impact lynx populations in the DPS in the future, so we may want to consider disease in future 
conservation planning.  Experts also discussed the possibility that climate warming may 
facilitate the westward expansion of the spruce budworm outbreak that is projected for Maine 
and eastern Canada into southern Ontario and the Minnesota geographic unit. 

Northwestern Montana/ Northeastern Idaho 

Pre-graphing Overview from Unit Experts:  There are likely 200-300 lynx in this unit in several 
subpopulations (expert stressed that this is a guess and not a true population estimate), and 
there is currently a connection with lynx in Canada.  Climate models project that some boreal 
forest will persist in this unit and that it will maintain snow into the future.  In this unit, lynx 
primarily occupy public lands, which are actively managed for lynx into the future.  In recent 
decades, fires have occurred on a large scale, with high intensity and increasing frequency.  
There have been no documented cases of beetle infestations in lynx habitats in this unit. 

Expert Responses:  As for previous units, all expert graphs showed an initially high and 
subsequently decreasing probability of persistence for this unit, with increasing uncertainty over 
time, but a higher probability of persistence at all time frames than other units.  All experts 
predicted near-term (year 2025) persistence probability >= 95%, and all predicted mid-century 
persistence at 70% to 100% (median = 90%).  All experts predicted end-of-century persistence 
probabilities >= 50%, with a median of 78%, by 2100 (Figure 7). 
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Figure 7.  Expected probability of persistence for the Northwestern Montana/Northeastern Idaho 
geographic unit at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Overall, experts assigned a higher probability of 
persistence in this unit compared to the other two units discussed thus far.  Most lynx habitats in 
this unit occur on Federal lands that are managed for lynx conservation, but one expert noted 
that little has been done to document whether lynx are responding to this management.  The 
recent sale of large tracts of private commercial timberlands in the central part of this unit to The 
Nature Conservancy has increased protection for lynx via conservation easements managed for 
lynx.  Habitats in some areas should improve in the near future as previously cut or burned 
areas mature into dense stands.  Unlike the Maine and Minnesota geographic units (but similar 
to most other western units), high elevations in this unit could buffer the effects of climate 
change by providing for the upslope migration of lynx habitats and snow conditions that climate 
models predict.  However, this would result in even patchier and more isolated islands of habitat 
in high elevation areas that would be more prone to extirpation due to catastrophic or stochastic 
events.  Competition from coyotes and bobcats seem to be less of a concern for this unit. 

This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 
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occurring or will into the future.  There doesn’t appear to be much demographic input from 
recent cycles.  There is evidence of lynx from this unit moving north into Canada, but little 
evidence of demographic interactions among the three subpopulations (Purcell Mountains, 
Seeley Lake, and Garnet Mountains) in this unit.  Experts noted that the Garnets Mountains 
subpopulation at the southern end of this unit may have recently become extirpated.     

Discussion among experts indicated that fire was more of a concern for this area.  Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit.  Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels.  Out to 2050 and 
beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity.  Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 

Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats.  Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change.  It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level.  One expert reminded that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation.  Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in future.   

North-central Washington 

Pre-graphing Overview from Unit Expert:  This geographic unit is thought to currently support 
roughly 50 resident lynx.  There may have been more lynx prior to recent major fires.  This unit 
is currently connected to Canada, and there is no indication that this connection will be 
disrupted.  Some of the best lynx habitat in this unit occurs on plateaus that may be more 
vulnerable to impacts of climate change because of the absence of higher-elevation areas to 
which habitats, lynx and hares could migrate in response to warming.  In areas that receive 
maritime climate influences, projected climate-induced changes to snow conditions could be 
detrimental for lynx.  Studies have shown good lynx survival rates in this unit. 

Expert Responses:  Compared to the previous units, most expert graphs showed a lower 
probability of persistence for this unit over the short term, and then lower probability of 
persistence along with increasing uncertainty by 2100, reflecting a more pessimistic outcome for 
this unit compared to previous units (Figure 8).  Experts predicted near-term (year 2025) 
persistence probabilities of 60% to 90% (median = 80%), and mid-century persistence at 30% to 
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80% (median = 70%).  All experts predicted end-of-century persistence probabilities less than 
50%, with a median of 38%, by 2100 (Figure 8).  However, one expert predicted an increase in 
persistence probability by mid-century as habitats impacted by recent large-scale fires 
regenerate into optimal hare-lynx habitat. 

 

Figure 8.  Expected probability of persistence for the North-central Washington geographic unit 
at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  The probability of lynx persistence in this unit 
could decrease sharply over the next 10-20 years because of extensive recent fires in lynx 
habitats and the time needed for these areas to regenerate back to good hare/lynx habitat.  
After that, the probability could rebound (or decline more slowly) over the longer term as these 
large areas return to prime habitat providing high hare densities.  The current small population is 
likely at greater risk of extirpation because of stochastic events, particularly if large fires in lynx 
habitat continue to occur in the near future as they have in the recent past.  A small population 
also could be more susceptible to disease, though none has been documented among lynx in 
this unit.  Experts discussed the extent to which small lynx populations could be reduced before 
they would become highly susceptible to stochastic demographic effects.  It was suggested that 
15-20 breeding individuals might be the minimum needed to avoid such susceptibility.  
Unimpeded connectivity between Canada and the Okanogan area of this unit could allow lynx to 
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repopulate currently-unsuitable areas after the habitat recovers.  Lynx in this unit are likely the 
southern portion of a larger population in Canada, not really a separate, isolated small 
population.  Factors that influenced expert persistence probabilities for this unit included fire, 
habitat loss, and the future loss of favorable snow conditions predicted by climate change 
models. 

Greater Yellowstone Area (GYA) 

Pre-graphing Overview from Unit Experts:  This unit has a long history of lynx presence, but the 
consistency of occupancy over time is uncertain.  Research and surveys since 1997 have 
detected few lynx in this unit.  Lynx are likely spatially limited within the unit because of the 
patchy distribution of high-quality habitat and the generally low or marginal hare densities in 
much of the unit.  Lynx have large home ranges in this area, an indicator of lower habitat quality.  
Nevertheless, until recently, this unit appears to have supported a small resident lynx 
population.  The current lynx population in this unit is very small - likely fewer than 10 lynx, and 
possibly zero.  This population may have been somewhat larger in the past; however, there is 
some uncertainty about this.  Recent surveys and trapping efforts have not detected resident 
lynx, only several that were previously released in Colorado.  Several Colorado-released lynx 
have established home ranges in the GYA unit, and there is evidence of overlapping male and 
female home ranges.  In the late 1800s and early 1900s, there was notable predator control in 
some parts of this unit.  There currently is oil and gas exploration and development activity in 
parts of this unit, but potential impacts to lynx are uncertain, and projects are attempting to 
minimize impacts to lynx habitat. 

Expert Responses:  The expert graphs for this unit were widely variable and had different 
outcomes and high uncertainty at all time frames.  Experts predicted near-term (year 2025) 
persistence probabilities of 10% to 70% (median = 52%), and mid-century persistence at 15% to 
60% (median = 35%).  All experts predicted end-of-century persistence probabilities less than 
50% for this unit, with a median of 15%, by 2100 (Figure 9).  This was the only unit for which 
most experts believed the present probability of persistence is low (i.e., that it is uncertain 
whether this area currently supports a resident lynx population).  Some experts increased 
probability of persistence into mid-century as the 1980s-era fires regenerate into hare/lynx 
habitat, and with the possibility of continued immigration of lynx from Colorado.  Other experts 
project a 10% to 20% probability of persistence by 2100.  One reason given for wide variability 
in responses is because of the uncertainty whether a population currently exists.  There were 
wide confidence intervals around the probabilities for all time periods for this area. 
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Figure 9.  Expected probability of persistence for the GYA geographic unit at present, 2015, and 
in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Current and future factors expressed by experts 
as influencing probability of persistence for this unit included small population size, forest 
disease and insect pests, and fire.  Some experts doubt that the GYA unit currently supports a 
resident breeding population of lynx.  Experts indicated that climate models predict that some 
parts of the GYA unit could provide refuge from climate change impacts because of their high 
elevations and potential to maintain winter snow levels into the future.  Summer conditions in 
this unit, however, could be drier in the future, resulting in increased fire frequency, extent and 
intensity, and additional temporary habitat loss.  However, regeneration of these areas and the 
extensive areas that have burned in the recent past may provide good habitat over the next 
several decades.  Lynx immigrating to this unit from Colorado could occupy such improved 
habitats in the near future.  Colorado lynx have made exploratory movements into the GYA in 
summer months, and analysis of available data could improve our understanding of Colorado 
lynx movement into and use of the GYA.  It is possible that lynx from Colorado are maintaining 
or could maintain lynx in GYA. 
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Western Colorado 

Pre-graphing Overview from Area Expert:  From 1999 to 2006, Colorado Division of Wildlife 
(CDOW; now Colorado Parks and Wildlife [CPW]) released 218 Canadian and Alaskan lynx into 
western Colorado.  Survival and litter sizes have been similar to rates observed in other DPS 
populations.  There are probably 100-250 lynx in Colorado today.  There are currently 5-6 
million acres of habitat in this unit thought capable of supporting lynx and where hares are 
present in sufficient numbers to support persistent reproduction.  Extensive bark beetle 
infestations have impacted large areas of lynx habitat, but snowshoe hare are still occupying 
areas with beetle damage.  Three large fires have occurred in recent years, resulting in some 
lynx habitat burned.  Salvage operations in burned areas could diminish future habitat quality.  
This unit is more isolated from Canadian and other DPS lynx populations; separated by a large 
swath of inhospitable habitat.  Road mortality of released lynx was initially high but it doesn’t 
seem to be a problem now (about 1 per year killed on roads on average since the first year of 
the reintroduction).  There is no incidental take from trapping because foothold traps are banned 
in Colorado.  Climate models show CO will maintain habitat over time with anticipated climate 
changes.  Like other western units, habitat is patchily-distributed across this unit. 

Expert Responses:  Similar to most of the other units, most expert graphs indicate an initially 
high probability of persistence in this unit that will decline gradually with increasing uncertainty 
through the end of the century.  Experts predicted near-term (year 2025) persistence 
probabilities of 60% to 100% (median = 90%), and mid-century persistence at 50% to 85% 
(median = 80%).  Experts predicted end-of-century persistence probabilities of 20% to 70% for 
this unit, with a median of 50%, by 2100 (Figure 10). 
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Figure 10.  Expected probability of persistence for the Western Colorado geographic unit at 
present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts indicated that beetle kill and fire 
could potentially create poor habitat conditions in large areas of this unit by mid-century, but that 
regeneration after these impacts could result in good lynx/hare habitats.  Others expressed 
uncertainty about whether fire and insect impacts would be temporary or permanent, especially 
considering climate change and the potential for conversion from boreal/subalpine forests to 
other forest types.  Although 8 of 10 experts graphed 50% to 70% probability of persistence at 
2100, during subsequent discussions, several expressed greater uncertainty about whether 
resident lynx will persist in the unit at the end of the century.  Higher-quality lynx habitat occurs 
primarily in two areas and is patchily-distributed.  Lynx in this unit may occur as several smaller, 
relatively isolated subpopulations, which are likely more vulnerable to stochastic events (similar 
to MT).  This unit’s relative isolation may limit exchange with other lynx populations, increasing 
the likelihood of genetic drift and reducing the chance of demographic rescue or recolonization if 
extirpated.  There was discussion about whether ski areas may affect daily movements of lynx, 
and hares may be declining in ski areas.  Ski areas tend to expand and may, therefore, have 
larger impacts on lynx in future.  There is some evidence of lynx using ski areas in summer 
months but avoiding them during the ski season.  It is uncertain whether ski areas may affect 
genetic connectivity within the Western Colorado geographic unit.  Two-thirds to three-quarters 
of the lynx in this unit are in the southern portion of the range in the San Juan Mountains.  There 
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is a large area (Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, 
so it is possible that lynx also could be using that area. 

Summary across Geographic Units 

This section extrapolates from the probability of persistence responses for each geographic unit 
in the section above.  In this section we show the combined probabilities of persistence for 
those geographic units to provide a sense of what the DPS-wide results could be when the 
results for the individual geographic units are combined.  This is shown as a summary of the 
probability that a given number of geographic units persist into the future (See Figure 11) using 
the probabilities provided for each individual unit.  Note that no additional information was 
elicited to produce this summary; rather, the probabilities for each geographic unit were treated 
as independent probabilities of persistence and used to determine the joint probability of 
persistence for a given number of geographic units in total.  Computationally these joint 
probabilities were computed using a convolution of the Bernoulli probability distribution of 
persistence for each geographic unit via a custom convolve function executed in the statistical 
software R (see Appendix 6 for the R code used to produce these and the other summaries and 
figures presented in the report).  The results of this convolution are shown in two forms, first is 
the probability that a particular number of geographic units persists (Figure 11) and the second 
is the cumulative probability that at least a given number of geographic units persist (Figure 12). 
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Figure 11.  Summarized probability of persistence of a given number of geographic units given 
the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 11 is the probability that the specific number of geographic 
units indicated by the x axis of the grid persist.  The probability sums to one in each grid.  
Moving from top to bottom the grids show the probabilities of a specific number of geographic 
units persisting by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by selection type and probability response.6  Therefore 
looking down a column of grids provides a view of the trend in persistence through time and 
looking across a row of grids provides a view of the range of uncertainty in persistence experts 
had for a given time period.  The summarized probabilities presented here are provided to aid 
understanding of the implications of the individual persistence probabilities provided above, and 

                                                 
6 “Median_High” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the highest probability response in each geographic unit. 
“Median_Likely” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the most likely probability response in each geographic unit. 
“Median_Low” is the probability of persistence generated by selecting the median probability of 
persistence across experts from the lowest probability response in each geographic unit. 
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are derived directly from those responses and therefore should be presented and considered in 
conjunction with those figures. 

 

Figure 12.  Summarized probability of persistence of at least a given number of geographic units 
given the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 12 is the probability that at least the number of geographic 
units indicated by the x axis of the grid persist.  The probability in a bar reaches 1 when there is 
no probability of fewer geographic units persisting.  Moving from top to bottom the grids show 
the probabilities by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by summary selection type and probability response as in 
Figure 11.  Therefore looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period.  The summarized probabilities presented here are provided 
to aid understanding of the implications of the individual persistence probabilities provided 
above, and are derived directly from those responses and therefore should be presented and 
considered in conjunction with those figures. 

Expert Assumptions during Persistence Graphing Exercises 

Experts were asked to summarize the assumptions that informed their responses to resiliency 
questions 1 and 2.  This was done via open discussion, with facilitators asking both direct 
questions about particular issues that could impact responses (e.g., climate change conditions), 
and open ended questions (e.g., what other assumptions were considered?). 
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Notes:  Climate-change emissions scenarios considered during this exercise differed among 
experts (and some responses did not indicate an emissions scenario).  However, in discussions 
following the graphing exercise, experts indicated that the confidence intervals around their 
persistence probabilities were likely to capture the variance associated with different emission 
scenarios and other climate change uncertainties. 

Experts were asked whether regulatory protections influenced their predictions.  Some experts 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies).  Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections.  Their focus was on the biology and ecology of the species, not listing status-related 
impacts or regulatory scenarios in the future, and they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status.   

Experts were asked what they meant by “small population size effects.”  They explained that 
because small populations are more vulnerable to both demographic and genetic impacts and 
at increased risk from catastrophic and other stochastic events than are larger populations, they 
also have a lower likelihood of persistence.  Experts indicated that connectivity with other 
populations reduces the vulnerability of small populations as it does for larger populations.   

Experts were asked if their projections were influenced by considerations of whether historical 
patterns of cyclic irruptions of lynx into the DPS from Canada will continue in the future.  Most 
agreed that the magnitude of irruptions has declined from the historical highs of the 1960s and 
1970s, and that irruptions may have ceased in recent decades in some parts of the range, 
particularly in the West.  However, most experts felt that connectivity remains good between 
Canada and those DPS geographic units that abut the international border, and most assumed 
some level of regular or intermittent interaction between lynx in those units and Canada, even if 
full-blown irruptions have not been documented recently.  Some experts said that the likelihood 
of future irruptions had little influence on their persistence graphs, especially for the more 
isolated units (GYA and Western Colorado), where an influx of lynx from Canada may be less 
likely. 

Conservation Actions to Address Influencing Factors and Increase 
Probability of Persistence 

3.  What conservation actions could be taken that would address the factors impacting 
the probability of persistence, or would otherwise increase the probability of 
persistence? 
 
Response Type:  Individual list with rounds responses.  Experts were given 5 minutes to write a 
list of three potential conservation actions that could be taken.  Facilitators then asked one 
expert at a time to provide one item from their list, cycling through the set of experts until all 
experts had exhausted their lists.  Experts were given the opportunity to add items when it was 
their turn that had not been on their written lists.  Experts were not asked if they agreed with 
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conservation actions presented by other experts, thus the following list should not be viewed as 
consensus among lynx experts. 
 
Expert Responses:  List of potential conservation actions in the order provided. 

● Reduce CO2 emissions  
● Continue protections associated with Federal and/or State listing 
● Adjust forest management to retain spruce and fir, and reduce fire burn rates 
● Promote/maintain habitat connectivity with Canadian populations through coordinated 

cross-border land use planning 
● Manage salvage logging associated with fire and insect damage to minimize impacts to 

and/or facilitate restoration of lynx/hare habitats 
● Configure and design lynx-friendly landscapes at appropriate scales; design and 

maintain a mosaic of lynx/hare habitats 
● Manage fuels reduction (fire management) projects while maintaining or enhancing 

hare/lynx habitat features. 
● Augment small populations and reintroduce lynx to former, historic range with suitable  

habitat  (GYA, Kettle Range in Washington, perhaps other areas); bolster populations 
before future climate change impacts 

● Support additional research to fill knowledge gaps, particularly related to effectiveness of 
conservation efforts – it remains unclear exactly what is needed for lynx across the 
range to achieve/maintain viability (e.g., habitat quality/amount/distribution, landscape-
level hare densities, forest conditions that support hares, etc.)  

● Enhance cross-border cooperation with Canada to increase near-border lynx 
populations and maintain connectivity 

● Consider cumulative impacts of mining, ski areas, oil and gas, etc., in management 
● Promote reforestation of heavily fragmented areas (e.g., some parts of the GYA and 

Minnesota units); reduce fragmentation 
● Apply strategic habitat conservation concepts; model and identify key areas and focus 

on those areas still in need of protection and management (e.g., private forest lands) 
● Maximize redundancy of lynx populations throughout the DPS 
● Implement fire management Best Management Practices (BMPs)( e.g., allow/encourage 

burns to occur in a way that creates high- and low-intensity mosaic fire patterns) 
● Evaluate whether there is a need for monitoring lynx (and hares) using consistent 

methods throughout the DPS, perhaps coupled with monitoring of other carnivores; 
structured occupancy modeling with genetics sampling could be very informative and is 
cost effective; also known-fate monitoring; monitoring pellet plots is proven and reliable 
way to monitor hares 

● Devote increased funding to lynx conservation - lynx are in worse shape than other 
mesocarnivore species, but receive less funding than those species that have more 
secure populations and appear less vulnerable to climate change  
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Other Considerations 
After completing the elicitation exercises and prior to adjourning the workshop, facilitators asked 
if there were any other considerations the lynx experts or subject matter experts felt are relevant 
to the SSA.  One subject matter expert indicated that monitoring of prey base (hares, red 
squirrels) would help inform lynx recovery, and that pellet-based or mark-recapture methods are 
most reliable.  This expert suggested a need to determine whether areas that we think are going 
to become poor habitat for a variety of reasons could still hold hares and lynx in the future.  
Maybe hares still can use areas we think will be poor habitat, and monitoring these areas could 
help inform our understanding of how lynx persist at the edge of their range. 

Synthesis 
Although uncertainty remains about the historical distribution and sizes of resident lynx 
populations in the DPS, as well as current population sizes, much more is known now than 
when the DPS was listed under the ESA in 2000.  Based on research conducted since the DPS 
was listed, including the summaries of that work provided at this workshop, as well as ongoing 
research, conservation, and management efforts, we have a much better understanding of the 
distribution and status of populations throughout the DPS range.  For example, in 2000, it was 
unclear whether Maine and Minnesota supported resident populations or were only occasionally 
visited by lynx dispersing from Canada during and after northern hare population crashes.  We 
now know that both northern Maine and northeastern Minnesota support resident lynx 
populations, and both are likely larger now than they were historically (Maine), or before they 
were protected by State and Federal regulations (Minnesota).  In contrast, resident lynx appear 
to be naturally less abundant and more patchily-distributed in some parts of the DPS than 
thought at the time of listing, including the West (Interagency Lynx Biology Team 2013, p. 23), 
where potential lynx habitats also appear to have been initially overestimated.  We also have a 
better understanding of the habitat features and hare densities that appear necessary to support 
resident lynx at the southern margin of the species’ range, and of the parts of the contiguous 
U.S. that contain these features.  The presentations in conjunction with expert elicitation 
responses at this workshop have informed and refined our understanding of key aspects of the 
status of, and potential threats to, the lynx DPS.  
 
For example, we were provided a thorough history of the evolution of regulatory mechanisms 
that have been developed and implemented through conservation agreements and formal 
amendments to Federal agency management plans to address the singular threat for which the 
DPS was listed under the ESA - the inadequacy of regulatory mechanisms in Federal land 
management plans prior to listing.  Given our improved understanding of resident lynx 
populations in Maine and Minnesota (above), where State and private lands constitute much 
more of the lynx habitat than elsewhere in the DPS (98.9% in Maine; 51.7% in Minnesota), an 
assessment of the adequacy of regulatory mechanisms on those State and private lands will be 
a necessary component of the status assessment.  Likewise, our understanding of lynx genetics 
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also has improved, with evidence of continued high levels of gene flow range-wide, despite fine-
scale genetic sub-structuring in some populations and additional evidence of lynx hybridization 
with bobcats.  Bobcats appear to be encroaching at the edge of the lynx range in Minnesota 
(Appendix 3, p. 9) and their numbers appear to have increased recently in New Hampshire, 
Vermont, and southern Quebec (Lavoie et al. 2009, entire; Roberts and Crimmins 2010, p. 170; 
Broman et al. 2014, p. 230) adjacent to the northern Maine lynx distribution.  Whether this 
represents a threat to lynx populations in Minnesota and Maine via increased hybridization, 
behavioral mechanisms, or competition for hares is not documented at this time; however, 
encroachment of bobcats in the southern periphery of lynx range may result in lynx 
displacement or niche contraction (Peers et al. 2013, entire). 
 
Canadian researchers also provided updated information on lynx status, management (including 
legal harvest), threats, genetics, and hare population cycles in southern Canada, adjacent to 
some DPS lynx populations.  Forest ecologists and climate modelers also presented information 
regarding potential impacts of timber management and climate change on lynx and boreal forest 
habitats in the contiguous U.S.  Knowledge of lynx and hare responses to various silvicultural 
treatments continues to improve, although the need for continuing research remains.  Climate 
models continue to point toward the future northward and upslope migration of lynx and hare 
habitats and loss of snow conditions favorable to lynx, although uncertainty remains regarding 
the timing, extent, and biological consequences of such impacts.  Increases in the size, 
intensity, and frequency of wildfires and insect outbreaks in boreal/subalpine forests may also 
be related to climate change, but whether these represent temporary or permanent impacts to 
lynx habitats remains unclear.  Finally, much research has been done on hare population 
dynamics and habitat relationships at the southern extent of their range, much of which overlaps 
that of lynx in the contiguous U.S., but questions remain regarding regional variation in hare 
densities and what landscape-level hare abundances are necessary to support persistent 
resident lynx populations across the DPS. 
 
Based on the summaries of post-listing research and the status and threat updates provided at 
this workshop, and on the results of the expert elicitation process, the Service provides the 
following synthesis of the status and likely viability of the DPS in terms of the 3 Rs.  This 
information will be considered as appropriate, along with more detailed analysis of the published 
literature, in the subsequent SSA report for the DPS.  The conclusions below are based on the 
information provided and the results of expert elicitation conducted at this workshop; they may 
be complemented or altered by the additional analyses yet to be conducted as part of the SSA 
process. 

Representation 
Expert presentations on lynx genetics in the DPS and in Canada and expert responses and 
discussion with regard to representation questions suggest few threats to the genetic fitness or 
adaptive capacity of lynx in the DPS.  High gene flow across the continental lynx range, 
indicated by very low Fst values (see Subject Matter Presentations, above), suggests the 
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absence of substantial barriers to genetic interchange, and little evidence or risk of significant 
genetic drift among DPS populations.  Most experts indicated that none of the six geographic 
units known or thought to support lynx populations in the DPS is susceptible to meaningful 
genetic drift, although several experts indicated that the more geographically isolated units (the 
GYA and Western Colorado units) are likely more susceptible to such drift than the units that 
are directly connected to lynx populations and habitats in Canada.  Overall, according to both 
the expert panel and the subject matter presentations, there appears to be a low risk of 
biologically consequential drift for lynx populations in the DPS.  Likewise, expert responses 
indicated that the generally low level of genetic differentiation and relatively similar ecological 
settings across the DPS suggest little life history variability or niche differentiation among DPS 
populations that would indicate that any are more or less important to maintain than others in 
terms of representation.  Individual experts indicated that representation can best be maintained 
by conserving current DPS populations (and hence the genetic variation in each), maintaining 
connectivity between DPS and Canadian populations, and avoiding impacts that would facilitate 
or increase the potential for or likelihood of genetic drift.  Our interpretation of this part of the 
elicitation is that the adaptability and evolutionary capacity of the DPS over time does not 
appear to have been diminished and is unlikely to become so, independent of threats that may 
impact the redundancy and persistence of lynx populations.  We will consider this information 
along with available empirical data and the published literature when evaluating representation 
in the DPS for the SSA. 

Redundancy 
With resident lynx populations and subpopulations in at least five of six large (the smallest is 
over 2,000 square miles, the others are all over 8,000 square miles), widely-distributed (from 
Maine to Washington and south along the Rocky Mountains), and relatively discrete geographic 
areas (see Figure 1), the DPS as a whole appears invulnerable to extirpation from a single 
catastrophic event.  Expert responses indicated no catastrophic event that could result in the 
functional extirpation of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units due to a single catastrophic event.  We 
interpreted these responses to indicate there is a small chance of decreased redundancy from a 
single catastrophic event because the probability of any geographic unit being lost to a 
catastrophic event is low.  Experts indicated that functional extirpation of the geographically 
smallest unit (Washington) and those supporting the fewest resident lynx (Washington, GYA, 
and perhaps Minnesota) would be more likely to occur as a result of a series of catastrophic 
events over a 10-year period than to any single event over the next 10 years (see Figure 2 
above).  Experts listed fire, drought, insect outbreaks, loss of favorable winter conditions, and 
disease as potential events that could lead to functional extirpation in these units.  In 
Washington in particular, where large fires have impacted nearly 40 percent of the occupied 
lynx habitat over the past 10-15 years, experts felt that several more successive years of such 
fires could result in functional extirpation.  However, because fire and insects are likely to cause 
only temporary (20-40 years) losses of lynx and hare habitats, and because connectivity 
between the Washington unit and lynx habitats and populations in southern British Columbia 
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remains intact, experts indicated this unit (and others abutting habitats and lynx populations in 
Canada) would likely be naturally re-colonized relatively quickly by dispersing lynx.  Therefore, 
extirpation in these units because of catastrophic events (or a series of them over time) would 
be temporary (likely lasting only one or several decades) unless events permanently altered the 
habitats.  Experts indicated that if lynx were functionally extirpated in the GYA or western 
Colorado units, which are not connected to habitats or populations in Canada and are relatively 
isolated from other DPS populations, natural re-colonization would be less likely, would take 
longer, or may never occur. 

Overall, expert responses indicated that extirpation of the DPS as a whole, or of resident lynx 
populations in most individual geographic units, because of a catastrophic event is very unlikely.  
Because we lack evidence that persistent resident lynx populations occurred historically but 
have been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels.  That is, the 
loss of resident lynx populations in the DPS, to the extent suggested by the historic record, was 
likely in areas (e.g., northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge 
area of northeastern Washington, perhaps Isle Royale in Lake Superior) peripheral to the 
geographic units that currently support resident lynx, and not in discrete geographic units that 
would have represented greater redundancy in the contiguous U.S.  However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear.  The historic record and recent research show that the GYA has supported resident 
lynx, but it is unclear whether the area consistently supported a persistent resident population 
over time or whether it naturally supported resident lynx only some of the time (was “winked on” 
in a metapopulation sense) when habitat conditions and hare densities were favorable, and at 
other times, when habitats and hare densities were less favorable, it did not support resident 
lynx (“winked off” in a metapopulation sense).  Given the protected conservation status of 
millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx.  If so, its 
contribution to redundancy within the DPS is questionable. 

Resiliency 
Because we lack reliable estimates of the sizes and trends of most lynx populations in the DPS, 
we are unable to use these parameters to evaluate the resiliency of individual populations or the 
DPS as a whole.  Efforts to understand resiliency are also confounded by the metapopulation 
structure thought to govern lynx populations at the southern margin of their continental range 
(i.e., populations and subpopulations in the DPS), the related uncertainty about the extent to 
which DPS populations may rely on cyclic immigration of lynx from Canada during population 
irruptions, and the ambiguity in the historic record that limits our understanding of the relative 
persistence of lynx in various geographical areas of the contiguous U.S. and, thus, the 
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contribution of those areas to the viability of the DPS.  Our evaluation of the resiliency of lynx 
populations in the DPS is limited, therefore, to a largely qualitative assessment of the current 
status of populations in each of the six geographic units along with the quantitative summary of 
expert professional judgment of their likelihood of persistence over time given known or 
perceived potential threats. 
 
As expected, both expert estimates of probability of persistence and expert confidence in those 
estimates were higher over the short-term than the long-term.  Median probability of persistence 
(MPOP) at year 2025 was >= 0.90 for all but one of the six geographic areas.  The GYA had a 
MPOP of 0.52, apparently reflecting the uncertainty regarding whether this unit consistently 
supported a resident lynx population historically and whether it currently supports resident lynx.  
At year 2025, confidence bounds were smallest (indicating higher expert confidence) for the 
units with the highest MPOPs (Northern Maine, Northeastern Minnesota, and Northwestern 
Montana/ Northeastern Idaho), and larger for units with lower MPOPS (North-central 
Washington, GYA, and Western Colorado).  At mid-century, MPOP declined for all units but 
remained >= 0.70 for all but the GYA (0.35), and confidence bounds increased for estimates for 
all units but the GYA, where it remained the same as at year 2025.  At end-of-century, 
persistence probabilities declined further, as expected, and only the Northern Maine, 
Northwestern Montana/ Northeastern Idaho and Western Colorado units had MPOPs >= 0.50.  
Also as expected, confidence bounds were very large around persistence estimates at year 
2100, with the median confidence range extending across more than 50% of the range of 
possible outcomes for all but the Northwestern Montana/ Northeastern Idaho population, and 
the extremes of the range nearly covering the full range (0% to 100% probability of persistence) 
of possible outcomes. 
 
Experts listed a number of factors that influenced their probability of persistence estimates for 
each unit (see unit summaries above in the Resiliency section).  Near-term factors varied by unit 
(e.g., post-harvest forest succession in Maine, where hare abundance is expected to decline as 
currently dense regenerating clear-cuts mature; continued large-scale fires in lynx habitats in 
Washington; and insect outbreaks in Maine, Minnesota, and Colorado), but longer term factors 
seemed to coalesce around anticipated direct and indirect effects of climate change.  These 
included potentially climate-driven increases in the size, frequency, and intensity of fire and 
insect outbreaks; decreases in snow amount, duration and quality, leading perhaps to increased 
competition with bobcats and other hare predators; and the projected warming-induced 
northward and upslope migration of boreal and subalpine forests that would result in the loss 
and further fragmentation and isolation of lynx and hare habitats in the contiguous U.S.  Expert 
responses and ensuing discussions indicated that continued climate warming and associated 
direct and indirect effects will likely exert the greatest negative influence on the probability of 
persistence for lynx populations in the DPS regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
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Overall, expert responses to this part of the elicitation indicate that all five of the geographic 
units known to currently support resident lynx populations have a greater than 70% expectation 
of doing so by mid-century, but a declining likelihood and greater uncertainty of doing so by the 
end of the century.  It is uncertain whether the remaining geographic unit (the GYA) currently 
supports resident lynx, and expert responses indicate a lower probability that it will do so in the 
future compared to the other units.  Responses also suggest that the overarching threat to the 
long-term persistence of lynx populations in the DPS is climate change, which is anticipated to 
result first in loss of snow conditions favorable for lynx and, after an uncertain lag time following 
continued climate warming, loss (northward and upslope migration) of boreal forest habitats, 
although the timing and magnitude of such losses are uncertain. 

Conclusion 
The Service and the Lynx SSA Team appreciate the willingness of lynx and subject matter 
experts to attend this workshop and share their knowledge, professional judgments, and 
opinions.  We have gained considerable insight into the current status of lynx populations 
throughout the DPS and the factors most likely to influence the DPS’s future viability - including 
information that is not currently available in the peer-reviewed literature.  We will incorporate this 
information into the SSA as appropriate, along with the published scientific literature, to inform 
recovery planning for the DPS and any other ESA-related determinations the Service is 
authorized and required to make.  As we develop the SSA report, we will continue to solicit 
expert input from workshop panelists and from other lynx and subject matter experts who were 
unable to attend this workshop, including peer review of the SSA report. 
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From: Zenone, Patricia
To: Bush, Jodi; Jim Zelenak
Subject: Comment for Canada Lynx Expert Workshop Report
Date: Thursday, April 07, 2016 6:21:19 AM
Attachments: 2016 03 17 FINAL Lynx SSA EE Workshop Report pz comm.docx

Hi Jodi and JIm,

Thank you forwarding the Canada lynx Expert Workshop Report for review.  I have a
comment to suggest on page 4:  

The 2014 Final Rule included Canada lynx occurrences in New Mexico under ESA
protections for the species.  However, New Mexico is not mentioned in this report. 
For clarity to the reader, please consider adding a brief description of Canada lynx
occurrences in New Mexico and how such occurrences are evaluated in the species
status assessment.

Thanks again for the opportunity to comment.

Patricia G. Zenone, Ph.D.
Senior Fish and Wildlife Biologist
New Mexico Ecological Services Field Office
U.S. Fish and Wildlife Service
2105 Osuna, N.E.
Albuquerque, New Mexico 87113
Email: patricia_zenone@fws.gov
Phone: (505) 761-4718; Fax: (505) 346-2542

On Tue, Apr 5, 2016 at 11:03 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Sorry we missed you Patricia.  If you can get us a quick review that would be great but
understand this is the first time you are seeing it.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Wed, Mar 23, 2016 at 9:41 AM
Subject: For Review: Lynx Expert Workshop Report
To: Paul Phifer <paul_phifer@fws.gov>, Paul Henson <paul_henson@fws.gov>, Lynn
Lewis <lynn_lewis@fws.gov>, Michael Thabault <michael_thabault@fws.gov>
Cc: Mary Parkin <mary_parkin@fws.gov>, Sarah Hall <Sarah_Hall@fws.gov>, Alisa Shull
<alisa_shull@fws.gov>, Seth Willey <seth_willey@fws.gov>, Mark McCollough
<Mark_McCollough@fws.gov>, Kurt Broderdorp <Kurt_Broderdorp@fws.gov>, Bryon
Holt <Bryon_Holt@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Tamara Smith
<Tamara_Smith@fws.gov>, Marjorie Nelson <Marjorie_Nelson@fws.gov>
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Hi Folks.  As we discussed during our briefing on March 11, I have attached the final draft
lynx panel report for your review.  Your field staff have been very engaged in its
development but as we discussed we wanted to give your staff in the Regional Office an
opportunity to review it before it is finalized.  Also as discussed we will not finalize nor
release this document until we have briefed our RD which will happen on April 11.  To that
end, please have your comments to Jim Zelenak or myself by by April 6 if possible.  We
would like to be ready to go once we've briefed Noreen.  

Some words about the report: 

We will be fixing the Table of Contents and will add a picture on the front of the
report.  
We have not attached the Appendices as they are too big for email but we have them
on google drive so folks can see them if needed. If you are interested in viewing those
please send an email to Jim Zelenak and we will get you shared access.  
Please provide your comments in track changes. 

If you have any questions or concerns please let me know.  Thanks.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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Purpose  
The purpose of this report is to convey the results of an expert workshop convened by the U.S. 
Fish and Wildlife Service (Service) in October 2015 to improve our understanding of the status 
of the contiguous U.S. distinct population segment (DPS) of Canada lynx (Lynx canadensis).  
This workshop was held in conjunction with a species status assessment (SSA; see Appendix 
1) for the DPS.  The SSA, which will incorporate the best available scientific information on lynx, 
is needed to inform the Service’s response to a June 2014 court order to complete a recovery 
plan for the DPS by January 2018, or make a formal determination that a recovery plan is not 
necessary.   
 
The workshop was organized by a Lynx SSA Team consisting of Service and USGS staff who 
have developed and piloted implementation of the SSA framework, and Service biologists who 
are working on lynx throughout the range of the DPS.  In the interest of collaboration and 
transparency, this team partnered with State agencies, other Federal agencies, and academic 
researchers to elicit expert input regarding the current and likely future status of lynx populations 
within the DPS. 
  
Expert input is needed because the published scientific literature and other available information 
provide inadequate empirical data on many aspects of lynx population dynamics in the DPS 
range.  We lack sufficient information on the status, sizes, and trends of lynx populations and on 
threats to lynx habitats and those of their primary prey, snowshoe hares (Lepus americanus).  
We therefore designed a process to elicit and capture the knowledge, professional judgments, 
and opinions of lynx experts to help us assess the current status of, and the nature and 
magnitude of potential threats to, lynx populations and habitats within the DPS.  We also sought 
expert knowledge to help us evaluate the viability of the DPS (in terms of the “3 Rs” - 
redundancy, representation, and resiliency; see definitions below) under a range of future 
threats, habitat conditions, and climate scenarios, and to identify and make explicit areas of 
uncertainty and potential differences of opinion among experts. 
 
The results of the workshop will contribute to the SSA, which will compile and summarize the 
best available scientific and commercial data, including empirical data, published literature, and 
expert input.  This information will then be used by Service decision makers to inform 
classification decisions, recovery planning direction, and other determinations required by the 
Endangered Species Act (ESA). 

Background 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws.  Its long, 
black ear tufts and short, black-tipped tail distinguish the lynx from the similar bobcat (Lynx 
rufus), which is much more common in the contiguous U.S.  The lynx’s large feet and long legs 
make it highly adapted for hunting snowshoe hares in the deep or powdery snow that persists 



4 

across much of its boreal forest distribution, most of which occurs in Canada and Alaska.  
These adaptations provide lynx a competitive advantage over potential competitors, such as 
bobcats or coyotes (Canis latrans), which have much smaller feet and higher foot-loadings that 
prevent them from hunting efficiently in deep, powdery snow (McCord and Cardoza 1982, p. 
748; Buskirk et al. 2000, pp. 86–95; Ruediger et al. 2000, pp. 1–11; Ruggiero et al. 2000, pp. 
445, 450). 

The southern periphery of the boreal forest extends into parts of the northern contiguous U.S., 
where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 1, 3), 
deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40–41).  In the contiguous U.S., 
these transitional boreal forests become discontinuous and patchy, preventing both lynx and 
hares from broadly achieving densities similar to those of the northern boreal forests (Wolff 
1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and 
Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394).  These forests eventually become 
too fragmented and isolated in the contiguous United States to support hares at the landscape 
densities and distributions necessary to support lynx home ranges (Interagency Lynx Biology 
Team 2013, p. 77) or lynx populations over time.   

The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms.  
Specifically, at that time the Service believed that most lynx and lynx habitats occurred on 
national forests, and that the Land and Resource Management Plans that guided management 
of those forests included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat.  The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052).  In 2003, in response to a court memorandum opinion on the 2000 listing rule, the 
Service reaffirmed its determination of the lynx DPS and its status as threatened under the ESA 
(68 FR 40076).  The Service completed a recovery outline in 2005 (U.S. Fish and Wildlife 
Service 2005), designated critical habitat for the DPS in 2006 (71 FR 66008) and, in 2007, again 
in response to a court order, clarified its determinations of “significant portion of the range” and 
that all lynx in the contiguous U.S. constitute a single DPS (72 FR 1186).  Also in 2007, the 
Service initiated a 5-year status review of the DPS (72 FR 19549).  The Service revised the 
critical habitat designation for the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782). 

Although the Service identified the DPS as occurring in forested portions of 14 states (Colorado, 
Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, Oregon, Utah, 
Vermont, Washington, Wisconsin, and Wyoming) (65 FR 16052, 16085), it recognized at the 
time of listing that both lynx and the boreal forests that support them in the Lower 48 States are 
at the southern margins of their ranges, where habitats naturally become patchy and 
fragmented and snowshoe hare densities in many places are not consistently high enough to 
support resident lynx populations (65 FR 16052-59).  It also recognized that inherent limitations 
in historic occurrence information made it difficult to distinguish between areas that consistently 
supported resident populations; other areas that may have occasionally supported resident, 

Commented [PZ1]: The 2014 Final Rule included Canada 
lynx occurrences in New Mexico under ESA protections for 
the species.  However, New Mexico is not mentioned in this 
report.  For clarity to the reader, please consider adding a 
brief description of Canada lynx occurrences in New Mexico 
and how such occurrences are evaluated in the species status 
assessment.  Thank you! 
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breeding lynx; and yet other areas that intermittently and temporarily contained dispersing or 
transient lynx but did not support lynx home ranges or reproduction (65 FR 16054-59).  Many 
lynx records in the DPS range seem to have been associated with cyclic “irruptions” of lynx from 
southern Canada into the northern contiguous U.S. when northern hare populations crashed, as 
they did historically every 8-11 years (Elton and Nicholson 1942, entire; McKelvey et al. 2000, 
entire; Mowat et al. 2000, pp. 281–294; Interagency Lynx Biology Team 2013, p. 33).  Lack of 
reliable information also precluded determination of sizes or trends of lynx populations within the 
DPS. 

Recent research and monitoring have improved our understanding of many aspects of lynx 
biology, distribution, and potential threats in the DPS.  However, we still lack reliable estimates 
of the sizes and important demographic rates of most populations.  Likewise, our understanding 
of the natural range and causes of variation in lynx and hare numbers, hare densities necessary 
to support resident lynx populations throughout the DPS, the influence of immigration of lynx 
from Canada on the demographic and genetic fitness of DPS populations, and the timing, 
extent, and magnitude of potential threats associated with climate change remains imperfect.  
The Lynx SSA Team organized this expert elicitation workshop to help fill some of these 
information gaps with the knowledge, professional judgments, and opinions of lynx experts. 

Currently, there are five geographic areas known to support resident lynx populations in the 
DPS:  northern Maine (with occasional/sporadic breeding by small numbers of lynx in 
northernmost New Hampshire and Vermont); northeastern Minnesota; northwestern Montana 
and northeastern Idaho; north-central Washington; and western Colorado (Figure 1).  The 
Greater Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming is 
believed to have historically (and as recently as 2003-04) supported a small but relatively 
persistent lynx population, but it is uncertain whether it currently supports any resident lynx. 
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Figure 1.  Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations.     

Expert Elicitation 

Workshop Protocol 
As mentioned under Purpose, above, the Lynx SSA Team convened the October 2015 
workshop to elicit expert knowledge and opinion on critical uncertainties regarding the current 
status and future viability of resident lynx populations within the DPS range, and thus the DPS 
as a whole.  To facilitate this, a 10-member panel of recognized lynx experts from across the 
DPS range first observed and discussed presentations by subject matter experts summarizing 
the current state of available information on topics relevant to lynx populations in the DPS (see 
Preparing Experts section below).  After subject matter presentations, members of the lynx 
expert panel presented updates on lynx populations in each of the six geographic areas 
described above under Background.  The subject matter and update presentations were 
intended to ensure that all lynx experts had a common baseline of information prior to the 
elicitation process.  
 
In accordance with the expert elicitation literature (e.g., Burgman 2005, USEPA 2011, Gregory 
et al. 2012, Drescher et al. 2013, Morgan 2014), we then used best practices to elicit opinions 
from the expert panel.  Although invited experts were expected to contribute openly and 
effectively to group discussions, we did not seek consensus among experts; rather, we probed 
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differences of opinion or interpretation of scientific and technical information.  We also asked 
experts and other participants to focus on scientific questions and to refrain from discussing or 
recommending management or policy decisions related to the Service’s authorities and 
responsibilities in implementing the ESA. 
   
In addition to the lynx expert panel and subject matter experts, workshop participants included 
members of the USFWS/USGS Lynx SSA Team, facilitators, and observers (see Appendix 2 for 
a full list of attendees and their respective roles).  As a basic ground rule, only members of the 
expert panel participated in the elicitation process, although panelists were encouraged to 
confer with the subject matter specialists and SSA Team members as needed.  All workshop 
participants were welcome to participate in discussions that ensued from review of panel 
responses to various questions.  Due to time constraints and to minimize interference with the 
elicitation process, observers were encouraged to write and submit “parking lot” questions, 
which were collected at the end of the first two days of the workshop and presented to lynx and 
subject matter experts for responses and discussion the following mornings (see workshop 
notes, Appendix 3).  The expert elicitation process was facilitated by USFWS and USGS 
structured decision making practitioners who encouraged open discussion among experts, 
structured input from both panelists and subject matter experts, and ensured that observers 
could witness the process without inappropriately influencing it. 

Identifying Experts 
 
SSA Team members reviewed the relevant literature and used their first-hand knowledge to 
identify experts involved in lynx and hare research or management, boreal forest ecology, and 
climate modeling.  We then developed a priori selection criteria based on professional 
credentials, positions, areas of expertise, and pertinent experience to develop a list of candidate 
lynx experts and other subject matter experts.  Selection criteria (below) helped ensure that 
invitations to participate were made only to scientists with expertise highly relevant to workshop 
topics and, further, that the selections were transparent, unbiased, and adequately captured the 
diversity of expertise and professional judgments related to the topics.  Selection was not based 
on affiliation with a particular organization or interested party; however, States and other 
partners were asked to review the draft list of workshop invitees and suggest alternate or 
additional qualified experts.  The SSA Team then invited experts who met the selection criteria 
and represented lynx expertise throughout the range of the DPS and in adjacent southern 
Canada.  The number of invited experts was necessarily limited to improve the efficiency and 
effectiveness of the elicitation process, avoid redundancy, maximize scientific discussion among 
all participants, and maintain an open, comfortable meeting environment.  

Expert Selection Criteria  

Expert panelist candidates had to meet all of the following criteria: 
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1.   Candidate must hold a graduate degree in a scientific discipline highly relevant to the 
workshop topics.  Typically this may include advanced degrees in wildlife biology, ecology, 
zoology, genetics, modeling, or statistical inference. 

2.  Candidate must hold a research position in government (State, Tribal, or Federal), academia, 
or in the nonprofit research sector; or participant must hold a governmental management 
agency position with responsibility for the species’ conservation. 

3.  Candidate must have expertise in the ecology or management of the species or related 
species, demonstrated by recent (within the past 10 years) peer-reviewed publications or 
related types of professional scientific expression. 

Candidates also had to meet one or more of the following criteria: 
  
4.  Candidate is directly engaged in the species’ management, monitoring, or analysis of 
populations or habitat. 

5.  Candidate is directly engaged in the study of a specific workshop topic. 

6.  Candidate is a government or academic research scientist with expertise in conservation 
biology, population or landscape ecology, genetics, or other relevant fields, as demonstrated by 
recent (within the past 10 years) peer-reviewed publications or related types of professional 
scientific expression. 

Using these criteria, the SSA Team identified 19 candidates for the lynx expert panel who were 
contacted to determine their interest and ability to attend the workshop (Appendix 4).  Among 
those both interested in and able to attend the workshop, the team extended invitations to 13 
candidates, 10 of whom ultimately participated as panelists and who together represent lynx 
expertise throughout the range of the DPS and in southern Canada.  Experts who could not 
attend this workshop may provide their expertise later in the SSA process as peer review 
experts.    

Preparing Experts 
Before the workshop, the SSA Team contacted all lynx experts and other subject matter experts 
by email and phone to discuss their roles and, for some, their willingness to prepare and deliver 
subject matter or lynx population status presentations at the workshop.  Correspondence with 
lynx and subject matter experts and other workshop participants explained the SSA framework 
and its application to the lynx DPS, the use of expert elicitation in SSAs, and the workshop’s 
purpose, ground rules, and draft agenda. 
 
At the workshop, the Service introduced the Lynx SSA Team, provided a brief overview of the 
SSA framework and its application to the lynx DPS, and outlined workshop objectives.  Prior to 
elicitation exercises, subject matter experts presented information on the historic and current 
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distribution of lynx in the contiguous U.S., regulatory mechanisms that apply to lynx on Federal 
lands, genetics considerations, lynx status and management in adjacent southern Canada, 
potential climate change impacts on boreal forest vegetation and snow conditions important to 
lynx, effects of forest management and policy on lynx habitat, and snowshoe hare ecology (see 
Subject Matter Presentations, below).  After these presentations, lynx expert panelists provided 
updates on lynx populations and habitats, research efforts, conservation measures, and 
potential threats to lynx in each of the six geographic areas (Fig. 1).  The subject matter and 
status-update presentations were intended to provide the expert panel with information that 
could inform their responses to elicitation questions and to ensure that the panelists shared a 
common understanding of the current status of lynx throughout the DPS.  All workshop 
presentations are included in Appendix 5 and are accessible at the Service’s Region 6 Canada 
lynx web page (http://www.fws.gov/mountain-prairie/es/canadaLynx.php). 

Subject Matter Presentations 

Canada Lynx Species Status Assessment, Expert Elicitation Workshop - Jim Zelenak, 
U.S. Fish and Wildlife Service, Montana Ecological Services Field Office, Helena, 
Montana 
The objectives of this workshop are to (1) gather scientific information from experts on the 
current status, threats, and future viability of lynx populations in the contiguous U.S.; and (2) 
where empirical data are lacking, elicit expert knowledge, professional judgment, and opinion on 
the nature and magnitude of potential threats to DPS populations and the DPS as a whole.  We 
need this information to complete a status assessment for the DPS that will be used by Service 
decision makers to inform recovery planning and other determinations the Service must make in 
accordance with the ESA.  We have a court order to complete a recovery plan for the DPS by 
January, 2018, unless we determine that a recovery plan is not necessary (i.e., that the threat 
for which the DPS was listed has been adequately addressed and ameliorated and no new 
threats have been identified that pose an immediate or reasonably foreseeable risk of 
extinction).  However, we are not here to make that determination or others regarding the ESA 
status of the DPS.  Rather, we are here to understand the current status of lynx populations and 
habitats in the DPS and hear from experts on factors influencing the current status and future 
viability of those populations.  The DPS was listed as threatened under the ESA in 2000 
because of the inadequacy at that time of regulatory mechanisms in Federal land management 
plans to protect lynx and their habitats.  The Service completed a recovery outline in 2005 and 
designated critical habitat for the DPS in 2006.  In 2007, we clarified our determination of 
“significant portion of the range” of the DPS and withdrew the 2006 critical habitat designation.  
We revised critical habitat in 2009 and 2014 and, also in 2014, we received the court order to 
complete a recovery plan.  The results of this workshop will contribute to the SSA, and the 
expert information gathered here will complement the best available scientific information that 
will be compiled and summarized in the SSA report.  After it is peer-reviewed and finalized, the 
SSA report will be considered by Service decision makers to inform recovery planning and other 
determinations required under the ESA. 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php
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Historical Distribution of Lynx in the Contiguous U.S. - Dr. Kevin McKelvey, USDA 
Forest Service, Rocky Mountain Research Station, Missoula, Montana   
Understanding historical range is important because it provides context for modern 
conservation; however, historical data must be interpreted carefully because they may not be 
representative, are often unreliable, and their meaning may be unclear.  This is especially true 
for rare animals like lynx, and even more so if they are easily mistaken for another more 
common animal, as bobcats are mistaken for lynx in the southern portion of lynx range.  
Because even relatively low identification error rates can lead to significant errors in determining 
distribution, it is important to rely on verified, and not anecdotal, occurrence records, when 
attempting to establish historical range.  The issue is further complicated by the noted cyclicity 
in lynx population dynamics associated with snowshoe hare population cycles, which resulted 
historically in irruptions or pulses of lynx from Canada into the DPS when northern hare 
populations crashed.  This can be described as a wave in which a large number of dispersing 
lynx intermittently flooded into the northern contiguous U.S. over the course of several years 
into a variety of potentially suitable and unsuitable habitats.  As the irruptions waned (i.e., as the 
waves receded), lynx disappeared relatively quickly from areas of unsuitable or poor habitat, 
more slowly from areas of marginal or suboptimal habitat, and persisted (like permanent tide 
pools) in those areas with habitats and hare densities capable of supporting them over time. 
This yielded verified records in the contiguous U.S. in places that clearly cannot support lynx 
populations but, in other places where habitats are or appear to be suitable, it also confounds 
efforts to distinguish between those that have supported persistent lynx populations, those that 
may occasionally but not consistently support resident lynx (“winked off’ more than “winked on” 
in a metapopulation sense), and those where dispersing lynx occurred regularly, if intermittently, 
but could not persist.  Given these ambiguities, there remains irresolvable uncertainty about the 
historic distribution of resident lynx in the DPS.  Despite this uncertainty, it appears that resident 
lynx naturally persist now in most areas that the available reliable data most strongly suggest 
historically supported resident populations in the contiguous U.S. (Maine, Minnesota, Montana, 
Idaho, and Washington).  Several other areas may have historically supported populations but 
no longer do (with evidence most compelling for northern New Hampshire and Michigan’s Upper 
Peninsula; less compelling for the Adirondack region of northern New York, northern Wisconsin, 
and northwestern Wyoming). 

Canada Lynx Habitat Regulatory Environment - Scott Jackson, USDA Forest Service, 
National Carnivore Program Leader, Missoula, Montana 
Before the lynx DPS was listed under the ESA, there was very little information available and 
little management direction for lynx habitats on national forests or other Federal lands.  Given 
the uncertain status of lynx and lack of information on habitat relationships, an interagency Lynx 
Steering Committee was chartered almost immediately after the DPS was proposed for listing in 
1998.  The committee appointed the Lynx Science Team to assemble the available information 
on lynx and the Interagency Lynx Biology Team to develop a lynx conservation strategy 
applicable to Federal lands.  In 2000, the Science Team published Ecology and Conservation of 
Lynx in the United States (Ruggiero et al. 2000), and the Biology Team completed the Lynx 
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Conservation Assessment and Strategy (LCAS; Ruediger et al. 2000).  The committee also 
directed the completion of the 1999 biological assessment (BA) in which the U.S. Forest Service 
(USFS) and Bureau of Land Management (BLM) evaluated potential impacts to lynx of 
management plans for 57 national forests and 56 BLM units and concluded that implementation 
of existing plans could result in some adverse effects to lynx.  The BA recommended amending 
or revising management plans to incorporate conservation measures that would reduce or 
eliminate the identified adverse effects to lynx, and to consider the conservation measures 
identified by the Science Team and Biology Team, once finalized.  In March of 2000, the DPS 
was listed as threatened due to the inadequacy of existing regulatory mechanisms, specifically 
the lack of guidance for conservation of lynx in national forest Land and Resource Management 
Plans and BLM Land Use Plans.  In October 2000, FWS completed a biological opinion on the 
1999 BA, concluding that if forest plans were revised or amended to incorporate the 
conservation measures in the LCAS, they would reduce or avoid the potential for adverse 
effects on lynx.  Also in 2000, USFS and BLM entered into conservation agreements with FWS 
to guide management until plans could be amended or revised.  By 2004, BLM revised plans in 
all units with lynx or potential habitat to incorporate LCAS guidance.  By 2006, USFS similarly 
revised plans for national forests in the Northeast and Great Lakes.  In 2007 and 2008, USFS 
formally amended plans for 18 national forests in the Northern Rockies and 8 in the Southern 
Rockies to address the risk factors identified in the LCAS and adopt management standards 
and guidelines.  Currently, all national forests and BLM units with lynx or potential habitats are 
governed by plans that have adopted conservation measures identified in the LCAS, 
subsequent interagency conservations agreements, or by management direction that formally 
amended or revised land use plans and established standards and guidelines designed to apply 
the best available scientific information to avoid and minimize potential impacts to lynx.  Future 
challenges include developing effective responses to larger, hotter, and more frequent fires and 
extensive insect outbreaks, and designing thinning and salvage harvest treatments conducive to 
creating habitat conditions favorable to lynx and hares.    

Lynx Genetics Considerations - Dr. Michael Schwartz, USDA Forest Service, National 
Genomics Center for Wildlife and Fish Conservation, Missoula, Montana 
Review of lynx genetic studies shows, despite some sub-structuring over distance, high gene 
flow across the continental range of lynx, likely because of high dispersal rates, large dispersal 
distances, and few geographic barriers to dispersal.  Some research suggests that the Northern 
Rocky Mountains may provide some gene flow restriction in western Canada, as well as an 
“invisible barrier” to gene flow in eastern Canada south of James Bay/Hudson’s Bay that may be 
related to differences in snow conditions driven by large-scale climatic factors (e.g., the Pacific-
North America and North Atlantic Oscillation climatic systems).  North of the DPS, low levels of 
genetic substructure have been documented in populations in eastern Canada between 
populations north versus south of the St. Lawrence Seaway, and between island (Newfoundland 
and Cape Breton islands) and mainland populations.  However, there is evidence of genetic 
interaction among even these relatively isolated eastern Canadian populations.  Within the DPS, 
minor genetic sub-structuring has been documented among lynx subpopulations in western 
Montana.  However, very low Fst values (a measure of the proportional reduction in 
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heterozygosity due to population subdivision, with values near zero indicating high levels of 
gene flow and values approaching one indicating poor gene flow) suggest the absence of 
significant barriers to genetic interchange throughout much of the lynx range, including the DPS.  
Across 17 lynx populations in Alaska, Canada, and the contiguous U.S., Fst = 0.033, and the 
highest Fst for any two populations was 0.070 when lynx from the Kenai Peninsula in Alaska 
were compared to those in the Seeley Lake area of Montana.  Lynx-bobcat hybrids have been 
documented in Minnesota, Maine, and eastern Canada, but not in the western part of the range.  
Hybridization does not seem to be a major issue, nor does it appear to be increasing despite 
significant increases in bobcat numbers in some parts of DPS range.  Genomics research (the 
genetic mapping and DNA sequencing of sets of genes or complete genomes) on lynx would 
increase power and precision of genetic analyses and perhaps identify genes under selection at 
the periphery of the range.  The goal for lynx in the DPS should be to conserve the genetic 
diversity currently represented in resident populations, recognizing that maintaining connectivity 
between DPS and Canadian populations is likely important to achieving that goal.  The genetic 
variation at the edge of the range may be of value to future populations, especially as related to 
changing climate.  

Lynx Distribution, Status, and Management in Southern Canada - Dr. Jeff Bowman, 
Ontario Ministry of Natural Resources and Forestry, and Trent University, Ontario 
Lynx are managed provincially in Canada, with each province responsible for its own 
management program, harvest (trapping) policies, and conservation strategies.  Data from 
registered trap lines show cyclic decadal peaks in the numbers of lynx harvested, and these 
align well with (and lag by one year) cyclic peaks in snowshoe hare indices.  In western 
provinces (British Columbia, Alberta, Saskatchewan, Manitoba, Northwest Territories, and the 
Yukon), the magnitude of lynx cycles appears to have dampened dramatically after the 1980s-
1990s, while eastern provinces (Ontario, Quebec, and Newfoundland and Labrador) have seen 
less dramatic declines in peak lynx numbers trapped.  There is some evidence that hare 
numbers in the Yukon have not recovered to past levels after declines beginning in about 2000, 
and that hare numbers in southern Ontario have been low for the past 5-6 years.  There also is 
indication that the range of lynx in eastern Ontario has contracted northward since the 1970s, 
and modeling suggests that this contraction is likely influenced by habitat loss perhaps related 
to changes in forestry practices and an increase in tolerant hardwoods replacing spruce-fir 
forests resulting from climate warming (Koen et al. 2014).  This has been accompanied by 
reduced genetic heterozygosity (allele richness) at this margin of the lynx range.  Recent studies 
also show some differences in functional genetic markers (unique alleles) in lynx south versus 
north of the St. Lawrence Seaway/River, suggesting the potential for evolutionarily significant 
differences in lynx in those areas (Koen et al. 2015, Prentice unpubl.).  Research also suggests 
an “invisible” genetic barrier south of Hudson’s Bay likely related to climate-driven differences in 
snow conditions, which could be amplified in the future with continued climate warming.  A few 
lynx-bobcat hybrids have been documented.  Lynx are listed as endangered provincially in New 
Brunswick and Nova Scotia, which also have by far the highest numbers of bobcats, and where 
bobcat populations have been increasing since about 1990.  Lynx are considered secure in all 
other provinces.   
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Seven Ways a Warming Climate can Kill the Boreal Forest - Dr. Lee Frelich, Director, 
University of Minnesota Center for Forest Ecology, St. Paul, Minnesota  
Northern Minnesota is at the southern edge of the ranges of boreal forest tree species (balsam 
fir, white spruce, paper birch) and the northern extent of temperate forest species (sugar maple, 
red maple, red oak).  A number of climate-mediated processes are likely to shift these ranges 
northward, potentially resulting in the complete disappearance of boreal forest from Minnesota 
before the end of the century.  These include projected declines in snow depth, invasion of 
boreal forests by temperate species and a widening of the mixed forest ecotone, warming 
summer and winter temperatures, declines in boreal trees under both low- and high-emission 
climate scenarios, severe wind- and hail-producing thunderstorms (derechos) of greater extent 
and frequency, large wind-driven fires, heat and drought stress, increased insect infestations 
due to lack of extreme cold temperatures, and phenological disturbance.  These processes, 
alone or in combination may result in gradual or relatively sudden conversion of boreal forests to 
temperate forests, savanna, or grassland at the southern edge of the boreal forest range.  A 
mosaic of conversion mechanisms and rates of change will occur at landscape/ecoregion 
scales.  With unmitigated climate change, Minnesota is likely to lose the boreal biome and about 
one-third of its native species, including lynx, possibly within the next 60-70 years. 

Climate Change and Uncertainty:  Implications for Canada Lynx Conservation and 
Management in the Contiguous U.S. - Alexej Siren, DOI Northeast Climate Science 
Center and University of Massachusetts Department of Environmental Conservation, 
Amherst, Massachusetts 
Climate models are better at detecting long-term trends in temperature and precipitation than 
short-term climate variability.  Generally, projections of precipitation are less robust compared to 
temperature, and within the lynx DPS units, projected trends in precipitation are more certain for 
winter than for summer.  Consequently, the resulting model biases may affect climate 
projections.  Global surface temperatures have increased steadily over the 20th century, 
especially since the 1970s, with an overall increase in winter temperatures in the U.S.  These 
changes are most pronounced from the Northern Rockies to the northeastern U.S., where 
winter precipitation has also increased.  However, the northwestern U.S. has experienced drier 
winters with less snow over the past several decades.  Importantly, numerous studies have 
shown that Canada lynx distribution is related to snowpack characteristics (e.g., snowfall, 
density, and persistence), which may directly or indirectly affect lynx through 1) increased 
competition (exploitative and interference) with sympatric carnivores, 2) altering hare and lynx 
population cycles, and 3) reduced genetic diversity.  Therefore, climate projections with a 
specific emphasis on winter climate are a valuable tool for assessing the long-term viability of 
lynx in the contiguous U.S.  Below are the climate trends for the past several decades and end-
of-century model projections for each of the DPS units; projections are multi-model means with 
the high emissions scenario (A2).  In the Northeast, recent trends are toward reductions in 
snowfall, the number of snow-covered days per season, and the proportion of winter 
precipitation occurring as snow.  Projections include increased winter precipitation, but with a 
lower proportion occurring as snow, and a decline in snowfall and length of snowpack coverage.  
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In the Great Lakes region, recent trends indicate an increase in lake effect snow and longer 
snow seasons to the north.  Winter precipitation is projected to increase throughout the 
Midwest, with a lower proportion occurring as snow, except that lake effect snow is projected to 
increase around Lake Superior and north of the eastern Great Lakes until 2050, and eventually 
decline towards the end of this century.  Overall, models project a decline in snowfall and length 
of snowpack coverage by 2100 for the Midwestern region.  The Northeast and Midwest DPS 
units are especially vulnerable to snowpack loss due to lack of elevational refugia.  In the 
western DPS units and the Colorado population, recent trends show decreasing spring 
snowpack at lower elevations, an overall decline in snowpack by the latter half of the 20th 
century, and a lower proportion of winter precipitation occurring as snow.  Projections include 
decreases in snowfall season and snowfall amount, fewer days with snowfall, and continued 
reduction in the proportion of winter precipitation occurring as snow.  However, projections 
indicate that snowpack and winter severity may be less impacted in the Northern Rockies 
compared to other DPS units.  In summary, model projections are not favorable for lynx within 
the DPS units, especially towards the latter half of the 21st century, with less severe winters and 
diminished snowpack characteristics that favor competing species.    

Projected Climate-change Impacts on Snow, Vegetation, and Lynx Populations in the 
Western U.S. - Dr. Joshua Lawler, University of Washington, School of Environmental 
and Forest Sciences, Seattle, Washington and Dr. Chad Wilsey, National Audubon 
Society Science Division, New York, New York 

Climate modeling suggests reductions in the amount of precipitation falling as snow and a shift 
from subalpine forest to temperate evergreen needleleaf forests in a generalized lynx range in 
the western U.S.  Fire is projected to increase in both frequency and fire size, doubling by 2040 
and tripling by 2080.  Simulated lynx densities were projected for the 2020s, 2050s, and 2090s.  
Of 25 ecoregions included in the study area, 14 had simulated lynx populations greater than 
0.10 individuals/100 km2 across all time points.  Of those, and across various Global Circulation 
Models (GCMs), 3 ecoregions had simulated increasing populations by the 2050s and 11 had 
declining populations. Populations were projected to continue increasing in the 3 ecoregions by 
the 2090s, while declines were projected to deepen in 8 of the remaining 11 ecoregions. 
Growing populations were projected to occur in the sparsely populated Fescue-Mixed Grass 
Prairie, Middle Rocky-Blue Mountains, and Great Steppe ecoregions, whereas the largest 
proportional declines were projected to occur in the West Cascades, Pacific Northwest Coast, 
Northern Cascades, East Cascades – Modoc, and Aspen Parkland ecoregions.  The study also 
looked at the effect of population cycling on projected changes and found that simulated 
declines differed more due to GCM model used than due to population cycling (i.e., modeling 
suggested lynx population declines were not strongly influenced by population cycles). 

Forest Management and Lynx Habitat Trends - Dr. Erin Simons-Legaard, University of 
Maine School of Forest Resources, Orono, Maine 
Lynx in Maine occur in the Northern Appalachian/Acadian Ecoregion where their distribution is 
governed by snowfall and extent of deciduous cover.  The eastern spruce budworm 
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(Choristoneura fumiferana) is endemic to forests in this region, and extensive outbreaks of this 
insect pest occurred in northern Maine in the 1970s-80s, resulting in millions of acres of spruce-
fir die-offs, despite extensive aerial insecticide applications.  For several decades, salvage 
logging via extensive landscape-scale clear-cutting occurred in impacted forests, until passage 
in 1989 of the Maine Forest Practices Act, which regulated clear-cut size, configuration, and 
regeneration.  Regenerating clear-cuts became very dense stands supporting high densities of 
snowshoe hares.  Although the Forest Practices Act reduced the amount of clear-cut harvest 
over the following two decades, overall harvest increased as partial-cut harvesting replaced 
clear-cutting.  At the same time, land ownership patterns in northern Maine were shifting from 
large blocks of commercial timber interests to smaller blocks and more diverse land 
management goals, including development and financial investment, as well as some non-
development easements (though these do not regulate forest management).  The University of 
Maine modeled lynx habitat occurrence from snow track data, a series of Landsat satellite time-
series imagery since 1970, and indices of hare densities for various stand ages post-timber 
harvest to model past, present, and future lynx occurrence in northern Maine.  They found that 
the proliferation of regenerating partial-cuts produce lower landscape hare densities than 
regenerating clear-cuts from the 1970s and 1980s.  Landscape hare densities will likely decline 
in the future as the clear-cut-era stands mature into less dense conifer stands, beginning about 
35-40 years post-harvest.  High-quality stands are being replaced by lower-quality regeneration 
of partial harvests. High-quality habitat for lynx/hares is currently about 8% of the northern 
Maine landscape.  Model projections indicate it will decline to about 5% of the landscape by 
2030, and then level off, and that the prevalence of partial-harvesting will lead to elimination of 
many areas with concentrated high-quality habitat and a lower future probability of supporting 
lynx.      

Southern Snowshoe Hares: Updates, Questions, Forecasts - Dr. Karen Hodges, 
University of British Columbia Okanagan Department of Biology, Kelowna, British 
Columbia 

Northern hare cycles are more variable than commonly portrayed in some literature, with 
questionable synchrony and variation in peak heights and amplitudes.  Some southern hare 
populations (i.e., within the lynx DPS range) show “cycle-ish” dynamics and high densities, but 
variability in abundances is not obviously linked to forest stand type (thinned, unthinned, 
mature).  Some areas of high hare density are occupied by bobcats instead of lynx (e.g., the 
Tally Lake area of the Flathead National Forest in Montana).  Hare densities in the western 
contiguous U.S. differ substantially across regions and landscapes.  For example, within the 
GYA, hare densities varied from very low (0.2 hares per hectare) in Yellowstone National Park 
to very high (0.5 - 1.7 hares/ha) in the Wyoming Range south of the park.  Hare densities also 
vary in the eastern part of the lynx DPS, with ranges from 0 - 1.8 hares/ha in Maine and, in 
Minnesota, densities of 0.64 hares/ha in the northeast part of the state (which supports resident 
lynx) and 0.35 hares/ha in Voyageurs National Park (which does not support resident lynx).  
Landscape attributes (e.g., tree densities and moisture gradients) also influence stand quality 
for hares.  Hare population dynamics (cyclicity, synchrony, amplitude, and peak densities) also 
vary regionally.  Forest management that reduces stand structure reduces hare abundances.  
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For example, hares declined after experimental precommercial thinning in Montana, and, in 
Quebec, hare densities increased with time since commercial thinning, harvest, and fire.  Fire 
destroys hare habitat temporarily, but hares return to burned areas as soon as favorable habitat 
conditions return.  Post-fire hare densities also vary regionally; in stands burned by large fires in 
1988, hare densities by 2007 were higher in Glacier National Park than in Yellowstone National 
Park.  Hare densities necessary to support resident lynx remain poorly understood but appear to 
vary regionally, as do lynx diets and home range sizes.  If southern boreal/montane forests are 
lost, hares will decline.  Fire, timber harvest, and thinning will result in fewer hares, at least 
temporarily, and the impacts of post-fire salvage logging are unknown.  Understory cover and 
browse are very important, but we know little about the influence of shrubs or snow on hares.  
Like lynx, hares in the DPS are at the southern extent of their continental range.  Also like lynx, 
hares show high gene flow across most of the northern range in Canada but lower gene flow 
(higher genetic structure) in the southern part of the range, with some lineages potentially at risk 
of genetic drift.  Climate-mediated increases in fires and insect outbreaks and changes in forest 
regeneration may alter hare habitats and, thus, hare distribution and abundance.  Climate 
change may also affect hare vulnerability to predation by creating a mismatch between pelage 
color, which is controlled by photoperiod, and their surroundings (e.g., reduced snow season 
resulting in white hares on dark forest floors).  It may also alter predator communities, with 
uncertain impacts on hare populations.  Continued research is needed to better explain regional 
variation in population dynamics and peak abundances, to predict post-fire recolonization and 
densities and responses to climate change, and to better understand links between physiology 
and demography (e.g., predation stress and reproduction).      

Lynx Status Update Presentations1 

Status of Lynx in Maine - Jennifer Vashon, Maine Department of Inland Fisheries and 
Wildlife, Bangor, Maine 
Much of the current lynx habitat in Maine was created from extensive harvests to salvage 
spruce budworm-damaged forests during 1970-1985, and the amount and distribution of high-
quality lynx/hare habitat are likely greater now than historic conditions.  Many stands were 
treated with herbicides to create extensive regeneration of spruce and fir.  Analysis of Forest 
Inventory and Analysis (FIA) data indicates that half of the 3 million forested acres of spruce-fir 
in northern Maine is currently sapling stage that should provide lynx with high quality foraging 
habitat.  Also based on FIA data, the amount of dense spruce-fir (supporting the highest hare 
densities) increased from 700,000 acres in 2006 to 805,000 acres in 2010.  The Maine 
Department of Inland Fisheries and Wildlife (MDIFW) conducted a telemetry study of lynx from 
2000-2011 in a study area with extensive areas of regenerating spruce-fir stands in 

                                                 
1 These are summaries of status updates presented by lynx experts for each of the geographic 
units in the DPS.  Summaries were written by the Lynx SSA Team based on the presentations 
and notes submitted by expert presenters and on the notes taken at the workshop during 
presentations.  Experts reviewed drafts of these summaries and provided clarifications/ 
corrections if needed, which were incorporated into the final summaries.    
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northwestern Maine and found that lynx had relatively small home ranges.  Lynx strongly 
selected these high-quality hare habitats in former clear-cut areas.  Although hare densities 
declined from 2 hares/hectare to 1 hare/hectare mid-way through the study, lynx did not 
increase their home range sizes or alter their habitat use.  Reproduction declined initially after 
hare populations declined, but later recovered, with all females producing litters.  An average of 
65% of females bred each year throughout the study.  Litter sizes ranged from 1 to 5 and 
averaged 2.63 kittens/breeding female.  Kitten survival remained high (averaged 78%).  
Densities of 4.5 adults and 5 to 9 kittens were observed in 100 km2 areas.  Based on estimates 
of occupied habitat and home range information, MDIFW estimated there were between 750 
and 1,000 lynx in northern Maine in 2006, and more than 1,000 lynx in 2015 (or at least more 
animals than 2006).  Indices (number incidentally trapped, observed, or killed on roads) have 
increased, suggesting there are more lynx than in 2006, and the distribution of the population 
also appears to be expanding.  MDIFW initiated a third round of periodic lynx snow track survey 
in 2015 that support increased populations and expanding range.  Additional surveys are 
planned in 2016 and 2017 to update estimates.  Although a model by the University of Maine 
suggests the effects of the Maine Forest Practices Act could lead to a decrease in lynx habitat, 
thus far, it does not appear that lynx have declined in response to aging clear-cuts and the 
prevalence of partial harvests resulting from the Act.  A budworm outbreak is expected in the 
near future that will also impact future amounts of habitat for lynx and snowshoe hare.  MDIFW 
provides landowners with descriptions of lynx-hare habitat for their management plans through 
published peer-reviewed papers and reports on lynx status and habitat use in Maine and 
consultation.  

Canada Lynx in Minnesota - Dr. Ron Moen, Natural Resources Research Institute, 
University of Minnesota Biology Department, Duluth, Minnesota, and Susan Catton, 
USDA Forest Service, Superior National Forest, Duluth, Minnesota 
Prior to 1965, lynx in Minnesota were unprotected, had a bounty placed on them, and were 
overexploited by trapping.  From 1930-1977, harvest in Minnesota was twice that of Montana 
and 40 times that of other states.  In 1976, State protection was provided in the spring and 
summer months, and in 1984 the trapping season was closed.  In the 1990s and when listed 
under the ESA in 2000, it was unknown if lynx in Minnesota were residents or migrants from 
Canada, but now it is known that the Minnesota lynx population consists of both residents and 
migrants from Canada.  Since then, there have been hair snare and snow-tracking surveys, 
DNA analyses, and a multi-year telemetry project – none of these monitoring efforts were 
designed to estimate densities or abundances of the species.  However, as of 2015, it is thought 
that there are somewhere between 50 and 300 lynx in Minnesota (this expert later refined the 
range as 50 - 200 lynx, as indicated in the summary presentation preceding the graphing 
exercise below), with the core habitat in the arrowhead region of the state (St. Louis, Lake, and 
Cook counties), although there have been verified and probable lynx sightings elsewhere in the 
state.  At least 5 of 27 adult lynx radio-collared in Minnesota were later legally trapped in 
Ontario, and other collared lynx did not return from Canada, therefore their fates are unknown.  
Telemetry data showed that about half of males radio-marked in Minnesota moved back-and-
forth across the border, traveling at all times of the year; that Minnesota females that dispersed 
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into Canada tended not to return to Minnesota; that males had much larger home ranges (267 
km2) than females (21 km2); and that females with kittens had the smallest home ranges.  About 
half of the mortality of collared lynx was from vehicle collisions, incidental catch, illegal kills, or 
unknown causes.  Moen et al. (2008) documented 10 den sites and showed that denning 
habitat is not limiting in Minnesota.  Since 2000, incidental take of lynx tracked by the USFWS 
Twin Cities Field Office has ranged from 0-14 per year and included vehicle (car and train) 
collisions, gunshot, incidental trapping, and unknown causes.  Approximately 50% of reported 
take was of incidentally trapped lynx, about half of which were released alive.  Home range 
analyses showed mean distance to nearest linear feature is approximately 200m, suggesting 
that lynx do not avoid roads.  Bobcat harvest data show a concentration of bobcats adjacent to 
the core of the lynx range.  The IPCC SRES A1B Scenario climate change model (Gonzalez et 
al. 2007, p. 14) shows snow conditions potentially suitable for lynx throughout the northern half 
of Minnesota to the end of this century; however, the snow and/or biological assumptions in the 
model need work, because it predicts a range for lynx that is larger than the current suitable 
range based on snow depth.  Other climate modeling (e.g., Morgan, in prep.) suggests that 
suitable snow-depth range will shrink significantly by 2055, be limited to extreme northeastern 
Minnesota by 2070, and may be entirely absent from the state by 2095.  Since 2000, the 
Superior National Forest (SNF) and others have identified 268 unique individual lynx (47% 
Female, 53% Male) from 1,306 DNA samples, primarily from SNF lands.  These samples also 
documented 13 unique individual lynx-bobcat hybrids (5 Female, 8 Male).  The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota.  The SNF annually documents 3-5 family groups and is working with 
North Carolina State University and the Twin Cities Field Office on a study of the distribution of 
lynx that can be used to inform future study designs aimed at monitoring lynx occupancy and 
designing more intensive studies to estimate abundance. 

Current Distribution, Status, and Threats to Canada Lynx in Montana and Wyoming - 
Dr. John Squires, USDA Forest Service, Rocky Mountain Research Station, Missoula, 
Montana 
Northwestern Montana - This area is believed to support the largest lynx population in the 
western U.S., but minimum population size has not been calculated.  The Forest Service’s 
Rocky Mountain Research Station in Missoula initiated a lynx research program in 1998 to 
investigate lynx resource and prey selection, competition, activity patterns, detection and 
monitoring, and connectivity.  From 1998 to 2007, researchers trapped and radio-marked 175 
lynx in northwestern Montana and collected nearly 170,000 GPS and over 3,000 VHS telemetry 
locations documenting lynx movements, resource use, survival, and productivity.  From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area (the central 
portion of this geographic unit) and from 2003-2007, 2.95 kittens/litter (N = 22) in the Purcell 
Mountains (the northwestern portion of the unit).  In Seeley Lake, 61% of breeding-age females 
(N = 52) produced kittens; in the Purcells, 83% of females (N = 28) produced kittens.  Recent 
research (Kosterman 2014) suggests kitten production is correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges.  Annual survival rates for 
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subadult and adult female lynx were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 
0.85, respectively, in the Purcells.  There was no evidence of cyclicity in these vital rates, and 
no indication of irruptions of lynx into this unit from Canada after the 1980s.  Starvation, 
predation by mountain lions, and human-caused deaths each accounted for roughly one-third of 
documented sources of lynx mortality.  Population viability analyses yielded population growth 
rates of 0.92 for the Seeley Lake area (i.e., declining population trend, 1999-2007) and 1.16 for 
the Purcells (increasing trend, 2003-2007).  The distribution of lynx in this unit appears to have 
contracted recently; lynx were documented in the Garnet Mountain Range in the southern 
portion of the unit from at least 1980 into the early 2000s, but in 2010, extensive trapping 
yielded only two males, and snow-track and camera-trap surveys in winter 2014-2015 detected 
no lynx.  Genetic analyses revealed fine-scale genetic sub-structuring among the Garnets, 
Purcells, and Seeley Lake subpopulations, suggesting some level of relative isolation among 
lynx in those areas.  Most lynx habitat in this unit occurs on Federal lands (USFS, BLM, NPS).  
Recent conservation land purchases substantially increased protection of lynx habitat in the 
Seeley Lake core area.  The extent of fire in this area has increased, with over one million acres 
burned in 2000-2013.  Forest management (timber harvest, silviculture, and fire management) 
can have negative, neutral, or positive impacts on lynx habitat; current research is investigating 
lynx response to management actions. 
      
Wyoming/GYA – The long-term persistence of lynx in the GYA is unknown, but early records 
from Yellowstone National Park documented lynx presence in the 1920s-30s, and more recent 
(2001-2004) surveys in the park documented several lynx and evidence of reproduction on the 
east side of Yellowstone Lake.  South of the park, lynx were also detected reliably in the late 
1990s-early 2000s in the Union Pass and Togwotee Pass areas of the Wyoming Range in the 
Bridger-Teton National Forest.  Several lynx released in Colorado (1999-2006) dispersed to the 
GYA and occupied home ranges (including males and females with overlapping home ranges) 
in areas of the Wyoming Range previously occupied by “native” resident lynx.  Recent (2005-
2010) research trapping and survey efforts in the Wyoming Range have detected only 
Colorado-released lynx, and the current status of lynx in the GYA is uncertain but believed to be 
at low numbers based on on-going surveys.  In addition to fire and forest management (as 
described above for northwestern Montana), oil and gas exploration and development may pose 
a potential risk to lynx and habitat in the Wyoming Range.             

Lynx in Washington: Current Status and Potential Threats - Benjamin Maletzke, 
Washington Department of Fish and Wildlife, Olympia, Washington 
Lynx in Washington were State-listed as threatened in 1993, but with recent large-scale impacts 
to lynx habitats and likely declines in lynx numbers, upgrading to State-endangered may be 
justified.  The Washington Department of Fish and Wildlife completed a lynx recovery plan in 
2001, and the Department of Natural Resources completed a habitat management plan for its 
lands in 1996, which it revised in 2006.  The majority of lynx habitat in Washington occurs on 
public lands including State Forests and National Forests.  Although individual lynx are 
occasionally documented in the northeastern part of the state, only the Okanogan area (eastern 
Cascade Mountains abutting the border with Canada) in the north-central part of the state has 
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consistent records and evidence of a resident breeding population.  In terms of the ESA’s five 
listing factors, over-utilization (Factor B), disease/predation (Factor C), and inadequacy of 
existing regulatory mechanisms (Factor D) are not issues for lynx in Washington.  Lynx trapping 
was prohibited in 1991, and only live-trapping is allowed for bobcats, so there is little chance for 
incidental trapping.  There is no documented disease and little evidence of predation (though 
these could occur/increase with climate change).  With ESA and State listings, critical habitat 
designation, and State recovery and State and Federal habitat management plans in place, 
regulatory mechanisms appear adequate.  Recently, much lynx habitat has been lost, at least 
temporarily, to frequent large-scale fires and insect outbreaks (Factor A), and climate change 
(Factor E) may pose additional (or exacerbate existing) threats to lynx and habitats in 
Washington.  From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan 
(Eastern Cascades) area, and female home ranges were estimated at 38 - 41 km2, suggesting 
the potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat).  By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss and 
fragmentation resulted in female home ranges increasing to an estimated 91 km2, with a 
potential to support roughly 27 resident females.  Although areas impacted by fires and insects 
should regenerate to hare/lynx habitat, it may take 35-40 years or more for that to happen.  
Climate change will likely reduce snow depth, condition, and persistence, potentially influencing 
interspecific competition.  It also may cause temperature- and precipitation-driven changes in 
vegetation and increased fire frequency, size, and intensity, resulting in further reduction, 
fragmentation, and isolation of suitable habitats and impacts to prey abundance.  Connectivity 
between the Okanogan area and lynx populations and habitats in Canada seems adequate; it is 
more tenuous in the northeastern part of the state, where cross-border populations/habitats in 
Canada are smaller and potential corridors more constricted.  It is also possible that legal 
trapping in southern British Columbia could limit immigration into Washington’s lynx population 
and be a source of mortality for lynx dispersing from Washington into Canada.  Potential 
management and recovery actions could include resuming surveys and monitoring efforts, 
review current State, Tribal, and Federal management actions to see if they can be more “lynx-
friendly,” conduct population viability analyses to estimate probabilities of persistence over 
various time periods, coordinate with British Columbia on cross-border lynx conservation efforts, 
evaluate the need and feasibility of augmenting female lynx in the Okanogan and reintroducing 
lynx to the Kettle Crest, up-list lynx in Washington to indicate the current status and severity of 
threats, and seek collaboration and funding to support the measures above. 

Status of Lynx in Colorado - Dr. Jake Ivan, Colorado Parks and Wildlife, Fort Collins, 
Colorado 
Lynx in Colorado were State-listed as endangered in 1973.  Based on statewide surveys 
conducted in 1978-1997 that found some possible lynx sign (tracks), the State concluded that if 
lynx were present, too few individuals remained for a viable population and that natural 
recolonization was unlikely due to geographic isolation.  The State initiated a lynx reintroduction 
program, releasing 218 lynx from source populations in Alaska and Canada from 1999 to 2006.  
All animals were released into the San Juan Mountains in the southwest part of the state.  Many 
stayed there and used the area heavily; many others established home ranges in the Sawatch 
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Range in the central part of the state, where the bulk of historical records occurred.  Although 
post-release mortality was initially high, it decreased after release protocols were modified and 
among lynx after they’d been on the ground a year.  Mean annual survival was 0.93 for lynx that 
stayed within the San Juan Mountains core-release area, and 0.82 outside of it.  The first den 
was located in 2003, and 48 dens were subsequently documented in Colorado through 2010, 
including a third-generation of Colorado-born lynx.  The reintroduced population displayed 
reproduction similar to other areas in the DPS in some regards (e.g., mean litter size was 2.75 
kittens), and lower in others (e.g., mean percentage of females that produced kittens was 24% 
[range = 0% - 46%])2.  A deterministic model that uses survival estimates and reproduction data 
from ten years of monitoring reintroduced lynx and assumes that reproductive parameters 
observed during that time would repeat each decade shows a slightly increasing trajectory 
through time.  Although current population size and survival rates are unknown, photos of 
females with kittens in 3 sampling units during occupancy monitoring in the San Juan Mountains 
in 2014-15 and capture of young and unmarked (i.e., “new”) lynx during research efforts in 
2010-15 provide evidence of continued reproduction.  Potential threats to lynx in Colorado 
include climate change, bark beetle outbreaks, fire, increasing human recreation, and 
vulnerability to vehicle collisions and disturbance from highways.  Climate modeling in 2014, 
based on the RCP6 (2nd-highest) emissions scenario, suggests that by mid-century 
temperature will increase by 2°C, precipitation will decrease in the San Juan and other southern 
mountains, and that spruce-fir habitat will migrate upslope, lagging climate conditions by 50-100 
years.  Based on this, the overall vulnerability of spruce-fir in the state is considered moderate 
at mid-century.  As of 2014, over 4 million acres of potential lynx habitat has been impacted by 
bark beetle outbreaks; however, lynx and hares continued to use impacted areas, even when 
beetle impacts are severe.  Red squirrel use declined in areas that were heavily impacted by 
beetles.  Large fires also have impacted lynx habitat, and as elsewhere, fire size, frequency, 
and intensity are expected to increase with climate change.  A cursory, pre-analysis review of 
location data suggests that lynx make use of landscapes in which heavy winter recreation 
occurs.  However, use of developed ski areas is light, and outside of ski areas, heavy lynx use 
tends to occur in thick timber that is not used by snowmobilers and other backcountry users.  
Finally, lynx frequently crossed 2-lane paved highways in home ranges (0.6 crossings/day), 
more often at dusk and night, coincident with lower traffic volumes, and usually at forested 
crossings.  Recent results from a new large-scale monitoring program indicated that lynx 
occupied a similar proportion of the landscape in the San Juans Mountains during winter 2014-
15 as they did during winter 2010-11.  

Expert Elicitation Process 
All questions posed to the 10 lynx expert panelists were framed in the context of the 3Rs, a 
driving principle for evaluating viability under the SSA framework.  In questioning, we used a 
modified Delphi method (e.g., MacMillan and Marshall 2006), which involves eliciting individual 

                                                 
2 These data were provided by the presenter after the workshop but were not part of the original 
workshop presentation. 
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responses/scores, exploring response rationale and differences in expert judgment through 
guided discussions, then allowing experts to reconsider their scores in light of those discussions 
if they so desire.   
 
In our implementation of the modified Delphi approach, panel members were first asked to 
respond individually to a particular question and indicate their level of confidence in their 
response.  We then collated and noted the range of responses, which became the mechanism 
for follow-up discussion.  In collating responses, we used a simple numeric coding system 
rather than the experts’ names to provide for a reasonable level of anonymity.  We noted where 
there was high congruence among responses, as well as low congruence and outlying 
responses.  By asking for experts to voluntarily provide their reasoning for particular responses, 
we were able to delve into the basis for varying opinions.  After the discussion period, experts 
were given the opportunity to revise their scores.   
 
In addition to elicited responses to each question, we received substantial feedback from the 
experts on definitional issues and the validity of the questions themselves; we revised the 
questions as needed following these discussions.  In the case of a revised question, scores 
were elicited again following the revision.  The second round of scoring was displayed for 
experts, with a closing opportunity for comment, discussion, or score revision. 
 
All panel members were encouraged to respond to each question but also given the option of 
abstaining from responding to a question if they felt it was beyond the bounds of their expertise.  
With few exceptions, all 10 expert panelists responded as requested to every question.  
Instances where experts either chose not to reply or otherwise replied in a manner differing from 
the expected form of response to the question are noted in the responses below. 

Lynx Status:  Expert Elicitation and Responses 
Questions for experts were scripted by the Lynx SSA Team prior to the meeting to facilitate 
discussion of lynx ecology among the experts, solicit their professional opinions, and to help the 
Service gather and synthesize biological information for use in the SSA, particularly where 
empirical data are lacking in the published literature and projecting habitat and population 
conditions into the future is needed.  Because of the uncertainty of quantifying the population 
status and other aspects of lynx biology, the Service and facilitators decided to generate a 
series of discussion questions with quantifiable responses (scores) concerning the redundancy, 
resilience, and representation (3 Rs) of the DPS.  Although scores provided a starting point for 
discussion among experts and are quantified, analyzed, and summarized as appropriate in the 
following sections of this report, the Service also places high value on the content of the 
discussion among experts.  Therefore, both the analyses of scores and summaries of the 
discussion content are presented and will be considered during development of the SSA, noting 
that both were integral to the expert elicitation process. 
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The types of questions and the format of responses differed based on the information needed to 
inform the status assessment, and the best way to capture the information relevant to the 
question being asked.  For example, responses were requested in the form of lists, when a set 
of influences was desired, in the form of a 4 point elicitation (e.g., the most likely, high, and low 
end of a range, and confidence that the range contains the true value) when an uncertain 
quantitative value was desired, in the form of graphed trajectories when probabilities of 
persistence over time were desired, and other forms as necessary (see questions below).  
Experts submitted their scores independently via submission sheets (sticky notes, index cards, 
graph paper, etc.) with their ID numbers.  Note takers recorded and displayed scores to assist 
discussion.  Facilitators and other members of the SSA Team then asked directed questions to 
clarify responses from the panelists as needed.  Following each round of discussion and 
clarification, the panelists were provided the opportunity to update their response if desired and 
the second round of responses were collected and recorded.  The final responses are the only 
responses reported here.  The range of individual responses that we received was not 
combined (e.g., averaged or otherwise) in any way that would obscure or conceal individual 
responses, and the final scores for each panelist were recorded if the response was revised. 

We present the results of the expert elicitation below under the headings of representation, 
redundancy, and resilience.  Under each heading, the following is provided:  the definition of the 
viability category (3 Rs) under consideration, the question(s) asked of the expert panelists, 
response type (i.e., the form of the response requested of the experts), question clarification 
(i.e., a narrative description of any additional information provided to the experts by the 
facilitators for clarification as the questions were asked), expert responses, and notes from the 
discussion. 

Expert Responses 

Representation 

Definition - Representation contributes to the adaptability and evolutionary capacity of a 
species over time, to accommodate long term issues like climate change.  The breadth of 
genetic ecological, demographic, and behavioral diversity across a species’ range may 
contribute to its capacity to adapt over time.  Measures of genetic and life history variability 
among populations, distribution of populations across a range of ecologically diverse locations 
or niches, etc., are useful proxies to measure.  Consider needs for establishing or reestablishing 
populations in unoccupied habitat that may be necessary or suitable for species adjustment to 
climate change or other stressors, including the need to replace former populations in no longer 
represented ecosystems. 

Representation Questions  

1.  Are any of the geographic units susceptible to genetic drift on a scale that would limit 
genetic viability?  If yes, which geographic units? 
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Response Type:  Experts supplied a written response of “yes” or “no,” with a yes answer 
accompanied by a list of susceptible geographic units. 

Expert Responses:  Five experts responded that none of the geographic units are susceptible to 
meaningful genetic drift, two experts abstained from answering, and three experts responded 
that there are geographic units that are susceptible to such genetic drift.  Among the latter, one 
expert responded that the Colorado geographic unit is susceptible over a long period of time, 
and the other two experts responded that both the Colorado and GYA geographic units are 
susceptible to genetic drift. 

Discussion Points Following Initial Responses:  It wouldn’t take many immigrating lynx to 
provide adequate genetic diversity to prevent genetic drift.  One reproductively successful 
immigrating lynx every 5 to 10 years per geographic unit is likely sufficient to prevent genetic 
drift.  Most experts believed there was a low likelihood that even the smaller lynx populations 
(GYA and Washington) or those in more isolated geographic units (Colorado and GYA) are 
vulnerable to genetic drift at a scale that would impact viability, though several experts felt that 
both the GYA and the western Colorado units could experience meaningful drift in the absence 
of immigration or augmentation.  Overall, most experts felt there is a low risk of genetic drift 
being a problem for lynx in the DPS.  

2.  Are there locations from a lynx perspective that have unique habitat conditions 
relative to other areas in the lynx range that are necessary to foster future adaptive 
capacity of the DPS?  If yes, where? 
 
Response Type:  Open discussion.  No response forms were submitted, but notes were taken 
on the discussion that followed. 
 
Question Clarification:  The experts required some clarification of terms and the intention of this 
question to respond.  Facilitators read the working definition of representation (above), which 
previously had been provided to the experts.  Experts then discussed representation across the 
lynx DPS from an adaptive capacity perspective. 
 
Expert Responses:  The response was an open discussion captured below. 
 
Discussion Points Following Initial Responses:  Maintaining genetic variability is important for 
adaptive capacity.  If uncertain about the capacity for lynx to adapt, then experts encouraged 
that all populations (and hence the genetic variation within each) be maintained.  Experts 
indicated that it doesn’t appear that any U.S. population is more or less important to maintain 
than the others because of relatively similar ecological settings and the generally low level of 
genetic differentiation across the DPS.  Summary:  Experts discussed that maintaining 
representation in the DPS could best be achieved by retaining current DPS populations, 
maintaining connectivity between DPS and Canadian lynx populations, conserving the genetic 
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diversity currently represented in DPS, and avoiding impacts that could facilitate or increase the 
potential for or likelihood of genetic drift. 

It was also noted that lynx north of the DPS in some parts of eastern Canada (in New Brunswick 
and Quebec south of the St. Lawrence Seaway and on Newfoundland Island) have some 
unique alleles, including at functional genes, and should be preserved.  Lynx in these areas are 
relatively more isolated than lynx elsewhere in Canada.  Lynx south of the St. Lawrence are 
separated from lynx to the north by the seaway itself, which historically froze over during winter 
but which is now kept open to facilitate maritime shipping, perhaps reducing the level of genetic 
exchange between lynx on opposite sides.  Lynx on Newfoundland Island are separated from 
lynx in mainland Labrador and Quebec by the 15- to 60-kilometer-wide Strait of Belle Isle.  
Despite the relative isolation of these populations, genetic evidence indicates some interchange 
between lynx south and north of the St. Lawrence and between Newfoundland Island and 
mainland populations.  Eastern Canadian populations north of the St. Lawrence may have 
slightly different genetic composition than lynx in the Maine geographic unit. 

Redundancy 
Definition - Redundancy contributes to the ability of population types to withstand catastrophic 
events (hurricanes, wildfires, etc.).  The number and distribution of populations of each 
representative type contribute to the retention of various representative types despite 
catastrophic events by ensuring that the loss of a population doesn’t lead to the loss of 
representation. 

Redundancy Questions 
 
1.  List the factors/catastrophic events that could functionally extirpate an entire 
geographic unit. 
   
Response Type:  Each expert supplied a written list submitted via index card of the 
factors/catastrophic events. 
 
Question Clarification:  Three issues required clarification prior to obtaining responses to this 
question.  First, we initially asked about eliminating a “population” rather than a geographic unit.  
Because some of the geographic units may support several relatively isolated subpopulations, 
experts questioned whether we meant individual populations or subpopulations.  We clarified 
that we are evaluating the likely persistence of resident lynx populations in each of the six 
geographic units that currently support or recently supported them; therefore, we are interested 
in the likelihood that a catastrophic event could result in the extirpation of resident lynx from the 
entirety of any of the geographic units. Second, we were asked if extirpation meant the 
complete loss of all lynx from a unit.  We clarified that we wanted to know if lynx could be 
“functionally extirpated” from any geographic unit, with functional extirpation described as the 
loss of the unit’s ability to support a resident breeding population(s) of lynx.  Third, experts were 
not clear what an “event” entailed.  After discussion, it was agreed that an event was defined as 
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a single occurrence of some form, such as a fire, drought, hurricane, etc., that occurs over a 
relatively brief period of time, rather than a series of smaller cumulative events (e.g., a series of 
climate change-associated occurrences of fires or insect outbreaks over the course of a 
decade) causing a cumulative catastrophic result. 

Expert Response:  Six of the ten experts did not list any catastrophic events that could result in 
the functional extirpation of lynx from any entire geographic unit.  Three of the experts listed 
multiple catastrophic events they felt could result in at least temporary functional extirpation of 
lynx in a unit.  Among these, two of the experts listed fire, three listed disease, one listed insect 
outbreak, and one listed a failure of winter conditions due to a combination of heat or drought 
conditions.  One expert listed geographic unit-specific events, namely fire or insect outbreak for 
the Washington geographic unit, insect outbreak in Maine, and either insect outbreak or fire for 
one of the Minnesota geographic unit’s groupings of individuals, but not all. 

Discussion Points Following Initial Responses:  Experts were told that climate change was not 
considered a catastrophic event because it is both a driver of events and influences severity, 
rather than being an event itself as defined above.  Experts discussed the possibility that the 
Washington geographic unit, because of its relatively smaller size and history of recent 
extensive fires in lynx habitat, may be at risk of functional extirpation from multiple catastrophic 
events; disease, fire, and beetle outbreak were all mentioned as possible events.  One expert 
suggested that the Minnesota geographic unit could potentially be eliminated by a very large 
fire, although there was a low probability of this occurring.  Experts expressed some uncertainty 
whether fire could occur at the severity and scale sufficient to eliminate an entire geographic 
unit; however, a series of fires over a short time period may have the potential to cause 
functional extirpation of lynx from a geographic unit or significantly reduce the number of 
resident lynx it could support, at least temporarily. 

2.  Could any of the catastrophic events listed in response to redundancy question 1 
eliminate all 6 geographic units simultaneously? 
 
Response Type:  Each expert supplied a written response of “yes” or “no.” 

Expert Response:  All experts answered “no.” 

3.  What is the probability (expressed as a percentage) that any single geographic unit 
could be eliminated by a single catastrophic event in the next 10 years? 
 
Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  In response to the discussion around question #1, which resulted in the 
inclusion of question 3, this question was modified from its original script to include a 10-year 
time frame (underlined). 
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Expert Responses:  All responders gave a relatively low probability (≤ 10%, median of 1%) that 
any single geographic unit could be eliminated (resident lynx functionally extirpated) by a single 
catastrophic event in the next 10 years (Figure 2).   

4. What is the percent likelihood that a series of catastrophic events within the next 10 
years could cause functional extirpation of one or more lynx geographic units? 

Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  This question was developed after discussion of question 3 to capture 
the possibility of functional extirpation of lynx from geographic units due to a series of 
catastrophic events over a relatively short time rather than a single event that occurs at one 
point in time. 

Expert Responses:  The percent likelihood ranged from 0.5% to 60%, with a median response 
of 7.5% (Figure 2).  Expert responses indicated a higher probability of a series of catastrophic 
events over 10 years resulting in functional extirpation than a single event in the next 10 years, 
as in question 3.  

 

Figure 2.  Individual scores and summary boxplots of the percent chance that a geographic unit 
is eliminated by a single catastrophic event (question #3, left) or a series of catastrophic events 
(question #4, right) in the next 10 years.  Note:  This and all subsequent figures below were 
generated using the statistical software R (Appendix 6).  
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In Figure 2, individual responses to a single catastrophic event were 0.01%, 0.1%, five 
responses of 1%, 5%, and two responses of 10%.  Individuals responses to a series of 
catastrophic events were 0.5%, 1.1%, three responses of 5%, 10%, 15%, 20%, 40%, and 60%).  
Boxplots illustrate response mean values (bold black lines), the 25% and 75% quartiles (upper 
and lower bounds of boxes), and the highest and lowest values within 1.5 times the quartile 
range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of the 
whiskers (outside 1.5 times the quartile range) are considered outliers and plotted as points 
beyond the ends of the whiskers (i.e., experts 3 & 4 in Q3 and experts 3 and 10 in Q4, as 
indicated by the points plotted between experts 5 and 6).  The individual expert responses used 
to produce the boxplots are indicated by x-marks.  Boxplots are provided as a summarizing 
visualization to aid comprehension of the experts’ responses and their range, and the summary 
values are presented in this context and not intended for use outside of the context of the full set 
of responses. 

Discussion Points Following Initial Responses:  One expert noted that the probability of 
extirpation in any one of the 6 geographic units is greater than the probability of a single specific 
geographic unit being extirpated.  Also, any combination of a series of events over a decade 
increases the likelihood of extirpation in any one geographic unit relative to the probability of 
extirpation due to a single event.  

Although median probabilities of extirpation were low, experts felt the geographically smallest 
unit (Washington) and those units believed currently to support the fewest resident lynx (GYA, 
Washington, and Minnesota) were the most vulnerable geographic units when scoring this 
exercise.  Fire, drought, and beetle kill were the most frequently mentioned events that were 
considered by the experts when answering this question.  Some experts felt that these 
geographic units may be susceptible to such a scenario because of small geographic and/or 
population sizes and distribution.  In particular, it was noted that this past year there were many 
fires in lynx habitat, especially in Washington, and another year with similar fire impacts, or a 
few such fire years in a 10 year period, could lead to extirpation of lynx in the Washington 
geographic unit.  An expert noted there currently may be as few as 24 remaining females in 
Washington and that with fewer individuals in this area it would result in a higher probability of at 
least temporary extirpation.  Experts noted that fire disturbance data are likely available that 
could be used to model the likelihood of future fire impacts to each geographic unit.  

Experts with outlier responses provided their rationales.  Experts having the lowest scores 
believed that even the smallest geographic units would have only a low probability of extirpation 
in the next decade - that the time frame under consideration was very short.   

5.  What length of time would be required for a geographic unit eliminated by a 
catastrophic event to reestablish naturally? 
  
Response type:  4-point elicitation.  Each expert supplied a written response in years for the 
longest, shortest, and most plausible time periods for reestablishment of a resident lynx 
population within a geographic unit following functional extirpation.  They were also asked to 
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indicate their confidence, as a percentage chance, that the true amount of time necessary for 
reestablishment would fall between the shortest and longest plausible time periods provided. 
 
Expert Responses:  The responses to each of the points elicited are shown below in Table 1.  
Two experts provided additional information beyond the 4 points elicited when responding.  One 
presented two scenarios, one in which connectivity is intact and the habitat was damaged by the 
catastrophic event (e.g., insect outbreak or fire) which would require habitat regrowth first, and 
the second in which the habitat remained present.  In the case of habitat being present the most 
likely time period response was less than 10 years.  In the habitat elimination scenario the 
expert felt given climate changes to habitat that the geographic unit would not re-establish.  The 
second expert responded by geographic unit, with the exception of the Minnesota geographic 
unit for which there was no response.  Their responses are summarized in Table 1 using the 
overall longest and shortest responses as well as the average of the most plausible time (see 
footnote 3). 
 
Table 1.  Expert responses regarding the natural reestablishment time in years for a geographic 
unit after extirpation by a catastrophic event. 
 

Expert # 
Reestablishment Time in Years Percent Confidence in 

Range3 Shortest Plausible 
Time 

Most Plausible 
Time  

Longest Plausible 
Time 

1 10 40 100 50% 
2 15 100 300 80% 
3 15 35 60 5% 
44 1, 

will not reestablish 
<10,  

will not 
reestablish 

will not reestablish 100% 

5 25 50 100 75% 
6 20 30 50 90% 
7 15 20 25 90% 
8 15 50 will not reestablish 40% 
9 20 30 100 50% 

105 15 55 200 50% 
 

Expert responses are also visualized in Figure 3 and Figure 4 below.  The raw responses are 
visualized in box plot form to aid communication of the results (Figure 3).  Confidence ranges 
provided in a four point elicitations enable expert responses to be rescaled to produce a 
common confidence bound across experts using linear extrapolation (e.g., McBride et al. 2012).  

                                                 
3 Expert confidence that the true recovery time would fall between the shortest and longest time periods 
of their response. 
4 This expert provided a response for two scenarios, first that the catastrophic event does not result in 
habitat loss, and second that habitat is lost and therefore connectivity to extant populations is lost. 
5 This expert provided separate responses for each geographic unit.  The values in this table are the 
overall shortest, longest, and average most plausible number of years indicated in the responses across 
geographic units. 
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We calculated the 95% confidence interval for the shortest and longest plausible time periods 
for each expert (Figure 4).  In cases where the linear extrapolation resulted in negative years for 
the shortest time periods, we adjusted to zero.  This may indicate underconfidence in the 
responses provided by the experts, or that the use of linear extrapolation for these 4-point 
elicitation responses fails to distribute expert uncertainty in a manner consistent with the actual 
uncertainty present in expert responses (i.e., the experts could have been more confident in 
their shortest plausible time response than their longest plausible time responses, which the 
linear extrapolation doesn’t account for). 

 
Figure 3.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events. 

The raw responses for each of the three time periods (longest plausible time to reestablishment, 
most plausible time, and shortest plausible time period) are displayed in the box plots in Figure 
3 above.  Boxplots illustrate response mean values (bold black lines), the 25% and 75% 
quartiles (upper and lower bounds of boxes), and the highest and lowest values within 1.5 times 
the quartile range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of 
the whiskers are considered outliers and plotted as points.  The individual expert responses 
used to produce the boxplots are indicated by x-marks.  Boxplots are provided as a 
summarizing visualization to aid comprehension of the experts’ responses and their range, and 
the summary values are presented in this context and not intended for use outside of the 
context of the full set of responses. 
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Figure 4.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events, adjusted to provide 95% confidence bounds. 

In Figure 4, 95% confidence bounds were produced from the 4-point responses using linear 
extrapolation.  Shortest plausible time period is in blue, most plausible is green, and longest 
plausible is red.  For plotting purposes negative shortest time period values were adjusted to 
zero, and all zeroes in the plot indicate 95% confidence bounds that extended below zero.  
Longest time periods beyond 350 years were plotted at 350, with the actual time period noted in 
text left and below those points.  Also note that expert 10 responded by geographic unit, so the 
figure displays the 95% confidence bound adjusted overall longest, overall shortest, and 
average most plausible time periods across the six units for expert 10. 

Discussion Points Following Initial Responses:  Experts discussed the amount of time it takes 
for habitat to recover after catastrophic events (e.g., fire, insects) when considering timeframes 
for repopulation.  Some experts could picture some geographic units never being recolonized 
again, and that some could be recolonized immediately, depending on which geographic unit is 
being evaluated and the level of connectivity to other geographic units and to lynx populations in 
Canada.  Washington is more connected to Canada than the Colorado geographic unit for 
example.  The rate of recolonization was variable for each geographic unit because of the size 
of each geographic unit, status of adjacent source geographic units, and the level of 
connectivity.  Experts found it hard to generalize across the range of the species for this 
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question.  The variances in the geographic units across the range need to be considered.  
Experts believed GYA and CO would have a long period for recolonization, if ever recolonized, 
after a potential extirpation event because of the lack of connectivity with Canadian populations.  
It is likely that those geographic units with connectivity to Canada would recover much sooner 
than geographic units not connected to Canada. 

Resiliency 

Definition - Resiliency speaks to an individual population’s ability to tolerate environmental and 
demographic stochasticity, such as fluctuations in temperature or genetic drift.  It is often 
measured in terms of population size and growth rate, but in fact is dependent on a number of 
traits, both demographic and environmental.  These include, among others: age or stage class 
distribution, genetic heterogeneity, birth rates, annual survivorship, sex ratios, etc., and the 
quality and extent of habitat, the degree of disease, competition, etc.  Metapopulation dynamics 
and distribution can also contribute to population resiliency in some species. 

Resiliency Questions:  Probability of Persistence Exercise  

Exercise Summary 

The first two resiliency questions were asked concurrently as part of a probability-of-persistence 
exercise conducted for each geographic unit.  Experts were asked to graphically provide the 
probability of persistence of resident lynx through time for each geographic unit, as well as the 
major factors influencing persistence in those geographic units, one geographic unit at a time.  
Experts were asked to provide persistence probabilities and influencing factors for the near-term 
(2025), mid-term (2050) and longer-term (2100).  Experts were also asked to indicate on each 
of their graph sheets the emissions scenario (low, moderate, or high/status quo) they were 
considering in graphing persistence probabilities and listing influencing factors.  
 
We began this exercise with the Northern Maine geographic unit, and the discussion and 
questions among experts that followed the initial persistence-graphing and factor-listing efforts 
indicated that a review of the status and major issues confronting lynx in each unit (a quick 
reminder and summary of the earlier status update presentations) would be helpful.  Therefore, 
prior to expert responses for the remaining units, the expert(s) most familiar with the geographic 
unit in question gave a 5-10 minute summary of what they viewed as the most relevant 
information about the current and likely future status of lynx populations and habitats in that unit.  
They also presented any other conditions or issues they thought could affect the probability of 
persistence of resident lynx in that unit.  All experts then completed their graphs and lists of the 
factors that influenced the probabilities of persistence they selected for each time frame for the 
geographic unit in question.  For the Maine unit, the discussion following initial responses 
served the same purpose, and after that discussion, experts were given the opportunity to 
revise their responses if they felt it necessary. 
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After all experts completed their responses, the graphs and influence lists from each expert 
were posted on the wall, and workshop participants were invited to gather around to view and 
discuss the range of responses.  Facilitators and SSA Team members then polled the experts 
about what drove their responses.  These questions were a mix of directed questions about 
unique responses, the role of particular factors noted in the responses, and open-ended 
questions to allow experts to describe their thinking.  Experts and team members were also 
encouraged to ask clarifying questions about the responses.  Experts were encouraged to 
modify their responses by posting a revised sheet above their first response if they wished to 
adjust their responses based on the discussions. 
 
1.  What is the probability of persistence over time (particularly at present, 2025, 2050, 
and 2100) for each of the 6 major geographic units? 
 
Response Type:  Graphical 3-point elicitation.  Each expert was provided a blank sheet of 
graphing paper with a y axis of probability of persistence, and an x axis of time, with 4 time 
periods bolded (2015, 2025, 2050, and 2100).  For each of those years, experts were asked to 
add a point to the graph representing the lowest, highest, and most likely probabilities of 
persistence at that time period.  Experts were also asked to connect the points through time. 
 
Question Clarification:  It was explained that the most likely point should represent the 
probability of persistence that the expert anticipates to be most likely to occur for that 
geographic unit at each time period, and that  the points for lowest and highest probability of 
persistence were intended to capture the expert’s uncertainty in the future probability of 
persistence.  Experts preferred to indicate a most likely probability and to provide a full 
confidence interval (i.e., upper and lower bounds within which they felt 100% certain the future 
probability of persistence would fall) rather than indicate a confidence level associated with the 
lowest and highest probability responses. 
 
Expert Responses:  Responses are by geographic unit and are presented below in conjunction 
with the responses to question #2 below. 
 
2.  What are the major drivers/factors (up to 3) reducing probability of persistence for 
each of the major geographic units? 
 
Response Type:  Ranked list of top three factors, for each point in time (present, 2025, 2050, 
and 2100), with % contribution of each factor. 
 
Question Clarification:  Resiliency questions 1 and 2 were asked concurrently.  Experts were 
provided a sheet of paper for each geographic unit and the area at the bottom of the sheet 
below the graphing area was used to list the three major factors they expected would most 
significantly influence the probability of persistence at each time period.  Influencing factors 
were described as those anthropogenic or naturally-occurring activities, events or factors that 
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could influence the probability that resident lynx populations will persist in a given geographic 
unit. 
 
Expert  Responses:  For each geographic unit an overview of the unit from the area expert are 
provided, as well a summary of the hand drawn graphs via a figure (Figures 5 - 10), the 
responses and major factors are summarized via text, and the discussion that the responses 
generated are presented.   

Northern Maine  

Pre-graphing Overview from Unit Experts:  This step was not added to the process until after the 
probability of persistence exercise for this unit.  Because this unit was the first for which experts 
attempted to graph persistence over time, there were many questions and much discussion 
about process and intent.  It was the discussion following this initial graphing exercise that led 
the SSA Team to request unit summaries prior to subsequent graphing exercises.  The Team 
felt that overview information similar to that provided prior to graphing persistence for 
subsequent units (below) came out during the discussion.  Further, because experts were 
encouraged to update their Northern Maine geographic unit responses as necessary following 
that discussion, the Team felt that the results of the graphing exercise for the Northern Maine 
geographic unit were valid and comparable to the results generated for the other units. 

Expert Responses:  All experts indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Maine through the end of the century, with uncertainty (range 
between lowest and highest probabilities) also increasing over time.  Nearly all experts 
predicted near-term (year 2025) persistence probability >= 90% and mid-century persistence >= 
70%.  All experts predicted end-of-century persistence probability >= 50% for this unit, with most 
predicting a 40% to 60% probability of persistence by 2100 (Figure 5).  Near-term drivers that 
influenced experts’ probabilities of persistence for this geographic unit were changes in private 
forest land ownership, changes in forestry management (timber harvest methods, volumes, and 
spatial distributions), habitat decline (succession of previous clear-cuts from young, dense 
regenerating stands to mature stands less conducive to high hare densities), spruce budworm 
outbreak, climate change-induced loss of spruce-fir habitats, and competition with bobcats due 
to climate change-induced loss of snow conditions that favor lynx.  Longer-term (2050, 2100) 
drivers similarly included changes in forestry practices, but also climate-driven loss of snow 
conditions favorable to lynx/competition with bobcats, and loss of spruce-fir forest.  As with 
responses for other geographic units, not all experts provided the factors that influenced their 
persistence probabilities for each time period, and not all provided the percent contribution of 
each factor. 
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Figure 5.  Expected probability of persistence for the Northern Maine geographic unit at present, 
2015, and in 2025, 2050 and 2100. 

Note:  In Figure 5, above, and figures 6 through 10, below, points for each of the 10 expert 
responses, for each of the three probability of persistence levels, i.e., highest, most likely, and 
lowest probabilities of persistence, are represented by the hollow red, filled green, and hollow 
blue points respectively.  The black x mark is the median of the most likely responses across 
the experts in each response year.  The red, green, and blue dashed lines connect the median 
of the highest, most likely, and lowest probability of persistence responses across the experts in 
each response year.  The edges of the grey area were defined by the extreme responses, i.e., 
the range from the largest of the highest probability of persistence responses to the smallest of 
the lowest probability of persistence responses.  The median lines and grey area are provided 
as a summarizing visualization to aid comprehension of the experts’ responses and their range, 
and should not be viewed are a substitute for individual responses or presented outside the 
context of the accompanying discussion. 

Discussion Points Following Initial Responses:  One expert expressed confidence that the lynx 
population in Maine will be stable in the near term; that climate change out to 2050 will primarily 
affect coastal areas, which support few lynx; and that there will likely still be favorable conditions 
for lynx in northern Maine where most lynx currently occur.  A second expert disagreed, and 
indicated that a combination of aging of the last of the budworm-era (1970s-80s) clear-cuts, the 
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cumulative effects of the last 25-years of partial harvesting (in accordance with the Maine Forest 
Practices Act), and the coming spruce budworm outbreak will all substantially reduce the 
amount of high quality lynx/hare habitat in this unit.  Projecting past 2050, experts generally 
agreed that climate change will likely create unfavorable conditions (e.g., insufficient snow, loss 
[northward migration] of spruce-fir forests) in northern Maine’s core area for lynx, and the 
probability of persistence will decline over the longer term.  Although uncertainty increases with 
time from the present, climate-related loss of favorable snow conditions (amount, consistency, 
and duration), loss of spruce-fir, and bobcat competition will likely reduce the probability of 
persistence in this unit beyond 2050.   

There was some concern that timber companies would not respond to the pending spruce 
budworm outbreak like they did in the 1970s (extensive clear-cuts).  Some experts also 
expressed concerns about the effects of the current clear-cuts aging past conditions that 
support hares and lynx.  Out to year 2050, changes in snow conditions and loss of spruce-fir 
associated with climate change will contribute to habitat loss.  Past 2050, diminished snow, 
successional loss of high-quality habitats, increased competition from bobcats, and spruce-fir 
decline will make conditions unfavorable for lynx.  Some experts assumed a high-emissions 
climate change scenario, but others said their predictions would not change under moderate 
emissions scenarios.  The second expert (above) indicated that current data show spruce-fir 
habitat is being replaced with a hardwood forest (red maple) system, and that this will continue 
throughout the century.  This expert indicated hardwood forest invasion isn’t being controlled by 
herbicides as it was in the last budworm outbreak.  The first expert (above) disagreed and said 
that lynx are resilient and forestry practices will likely sustain spruce-fir habitats in Maine, 
providing an example of one timber company that has already invested in spruce plantations.  
The second expert indicated that most of the land base is owned now by Timber Investment 
Management Organizations and Real Estate Investment Trusts who will not employ intensive or 
expensive (plantation, herbicide) forms of forestry.  In summary, experts expressed a variety of 
opinions about how forest management may change in the future in Maine and, in particular, 
how forest landowners and managers may respond to the pending spruce budworm outbreak, 
and how these responses may impact resident lynx.  

Other factors considered by the experts included budworm outbreaks, the potential for disease 
in a lynx population (not currently a recognized or documented threat and typically unexpected, 
but always a possibility), ecosystem change induced by climate change, forest tree species 
composition changes, competition with other temperate forest animals.  There are many 
interrelated factors and different stresses and factors that may occur in the future.  It is difficult 
to anticipate the factors that will affect lynx in the future.   

Experts discussed the role of competition between lynx and other carnivores, especially 
bobcats, throughout the DPS.  One expert remarked that in some parts of Montana there is 
complete overlap of lynx and bobcat home ranges and little or no evidence of competition 
effects.  Others indicated relatively narrow regions of overlap and sharp demarcation between 
areas that support home ranges of the two species that correspond with annual snowfall 
amounts in Maine and Minnesota.  Experts were unsure whether bobcat-lynx overlap is more a 
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function of snow conditions in these areas or competition between the species (i.e., competition 
for food or behavioral competition).  Although separation of the species has been documented, 
the nature and causes of the separation are not certain.  Bobcats are a more generalist predator 
than lynx and less reliant upon hares than lynx.  Experts expressed varying opinions regarding 
seasonal differences in overlap among lynx and bobcat diets, the effect and importance of 
competition between the two species, and whether it is behavioral or resource competition.    

Lynx in Maine have not responded to changes in hare abundance exactly as lynx in Canada 
and Alaska have to hare population cycles.  In Maine, the proportion of females that reproduced 
and average litter size declined during low hare years, as in the north, but home range sizes in 
Maine did not increase as they did in the north when hare abundance was low.  Hare densities 
do not appear to have dropped below a critical threshold to alter lynx home range size in Maine 
as in the North.   

An SSA Team member asked how hare cycles or fluctuations may affect predictions of 
persistence in Maine.  The first expert (above) said that hare declines documented by University 
of Maine monitoring is likely due to the aging forest, and that lynx in Maine haven’t yet 
responded biologically to the range of hare densities observed in Maine, as suggested by the 
lack of change in home range sizes and survival.  The second expert (above) disagreed, and 
cited University of Maine research that showed hare populations declined by ~50% in all stand 
types sampled starting in 2006, that forests where hares were monitored have not yet 
progressed to the self-thinning stage, and that the hare decline in Maine is mirrored by hare 
data from southern Quebec.   

Northeastern Minnesota 

Pre-graphing Overview from Unit Experts:  There are probably 50-200 resident lynx in 
Minnesota but there is much uncertainty and survey protocols do not support generation of 
precise abundance estimates.  Lynx occupancy and reproduction both have been consistently 
documented in the state since it was listed in 2000.  Lynx in this geographic unit are interacting 
with, and possibly depending on, southern Ontario populations.  Although females exhibit high 
reproductive rates, radio-telemetry data suggest low recruitment of Minnesota-born kittens into 
the breeding population of this geographic unit.  Bobcats are a potential future stressor as they 
are encroaching into lynx areas; fire is a threat in dry years (e.g., there have been 3 fires in last 
15 years that have burned approximately 20% of lynx habitat).  The forest management industry 
is tied to softwoods and continued management of softwood tree species is expected in the 
future. 

Expert Responses:  As with the previous unit, all expert graphs showed initially high and 
subsequently declining probability of lynx persistence in Minnesota over time, along with 
increasing uncertainty through the end of the century.  Nearly all experts predicted near-term 
(year 2025) persistence probability >= 90%, and all experts predicted mid-century persistence at 
60% to 90% (median = 80%).  Experts predicted end-of-century persistence probabilities of 10% 
to 60%, with a median of 35%, by 2100 (Figure 6).  Near term drivers were reduced snow, 
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bobcat competition, disease in lynx (e.g., lungworm, liver fluke, feline leukemia), and forest 
insects.  Long term drivers were reduced snow, competition with bobcat, loss of spruce-fir 
forests, fires, and climate change. 

 

Figure 6.  Expected probability of persistence for the Minnesota geographic unit at present 
(2015), and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts expressed uncertainty whether 
potential climate change impacts will be realized in the short term, but that the cumulative 
effects of climate-induced changes seem more likely in the longer term.  This uncertainty may 
be a source of variability in predicted persistence probabilities.   Some experts expressed 
uncertainty about the accuracy of the rough estimate of the size of the lynx population in this 
unit because surveys were not designed to provide population estimates.  Some experts wanted 
clarification on the distribution of lynx in the state, and which areas of the state have the highest 
use.  The core-use spatial extent was described as a 20-mile-wide strip inland from the north 
shore of Lake Superior and extending about 60 miles from the northeast tip of the “arrowhead” 
southwest into the Superior National Forest (SNF).  Lynx occasionally occur further west in the 
SNF and in other areas such as Voyageurs National Park.  Recent snow-track surveys suggest 
lynx may be using a larger portion of the arrowhead region, and radio-telemetry data have 
documented travel to and from southern Ontario.  Lynx also have been documented to use the 
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1-million-acre Boundary Waters Canoe Area Wilderness (BWCAW) that borders Canada for 
dispersal in both directions across the border.  However, because the BWCAW has not been 
surveyed for lynx, the number of lynx that may use this area is unknown.  The SNF does not 
actively manage the BWCAW.  The current connectivity between lynx in this unit and the larger 
population in Ontario reduces the likelihood of local extirpation in this geographic unit, but the 
likelihood would increase if connectivity was compromised and cross-border interactions 
reduced. 

Factors considered included potential disease, fire, loss of boreal forest, competition with 
bobcats and possibly other hare predators.  Some experts questioned the validity of disease as 
an influence in this and other geographic units because although disease has been documented 
in some felines, it has not been documented as a threat to lynx in any of the DPS populations to 
date.  Some experts speculated that because there is a link between disease and temperature 
increases in other animals, projected climate warming could contribute to disease in lynx.  
Therefore, although not a factor for lynx currently, it is not unreasonable that disease could 
impact lynx populations in the DPS in the future, so we may want to consider disease in future 
conservation planning.  Experts also discussed the possibility that climate warming may 
facilitate the westward expansion of the spruce budworm outbreak that is projected for Maine 
and eastern Canada into southern Ontario and the Minnesota geographic unit. 

Northwestern Montana/ Northeastern Idaho 

Pre-graphing Overview from Unit Experts:  There are likely 200-300 lynx in this unit in several 
subpopulations (expert stressed that this is a guess and not a true population estimate), and 
there is currently a connection with lynx in Canada.  Climate models project that some boreal 
forest will persist in this unit and that it will maintain snow into the future.  In this unit, lynx 
primarily occupy public lands, which are actively managed for lynx into the future.  In recent 
decades, fires have occurred on a large scale, with high intensity and increasing frequency.  
There have been no documented cases of beetle infestations in lynx habitats in this unit. 

Expert Responses:  As for previous units, all expert graphs showed an initially high and 
subsequently decreasing probability of persistence for this unit, with increasing uncertainty over 
time, but a higher probability of persistence at all time frames than other units.  All experts 
predicted near-term (year 2025) persistence probability >= 95%, and all predicted mid-century 
persistence at 70% to 100% (median = 90%).  All experts predicted end-of-century persistence 
probabilities >= 50%, with a median of 78%, by 2100 (Figure 7). 
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Figure 7.  Expected probability of persistence for the Northwestern Montana/Northeastern Idaho 
geographic unit at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Overall, experts assigned a higher probability of 
persistence in this unit compared to the other two units discussed thus far.  Most lynx habitats in 
this unit occur on Federal lands that are managed for lynx conservation, but one expert noted 
that little has been done to document whether lynx are responding to this management.  The 
recent sale of large tracts of private commercial timberlands in the central part of this unit to The 
Nature Conservancy has increased protection for lynx via conservation easements managed for 
lynx.  Habitats in some areas should improve in the near future as previously cut or burned 
areas mature into dense stands.  Unlike the Maine and Minnesota geographic units (but similar 
to most other western units), high elevations in this unit could buffer the effects of climate 
change by providing for the upslope migration of lynx habitats and snow conditions that climate 
models predict.  However, this would result in even patchier and more isolated islands of habitat 
in high elevation areas that would be more prone to extirpation due to catastrophic or stochastic 
events.  Competition from coyotes and bobcats seem to be less of a concern for this unit. 

This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 
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occurring or will into the future.  There doesn’t appear to be much demographic input from 
recent cycles.  There is evidence of lynx from this unit moving north into Canada, but little 
evidence of demographic interactions among the three subpopulations (Purcell Mountains, 
Seeley Lake, and Garnet Mountains) in this unit.  Experts noted that the Garnets Mountains 
subpopulation at the southern end of this unit may have recently become extirpated.     

Discussion among experts indicated that fire was more of a concern for this area.  Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit.  Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels.  Out to 2050 and 
beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity.  Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 

Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats.  Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change.  It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level.  One expert reminded that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation.  Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in future.   

North-central Washington 

Pre-graphing Overview from Unit Expert:  This geographic unit is thought to currently support 
roughly 50 resident lynx.  There may have been more lynx prior to recent major fires.  This unit 
is currently connected to Canada, and there is no indication that this connection will be 
disrupted.  Some of the best lynx habitat in this unit occurs on plateaus that may be more 
vulnerable to impacts of climate change because of the absence of higher-elevation areas to 
which habitats, lynx and hares could migrate in response to warming.  In areas that receive 
maritime climate influences, projected climate-induced changes to snow conditions could be 
detrimental for lynx.  Studies have shown good lynx survival rates in this unit. 

Expert Responses:  Compared to the previous units, most expert graphs showed a lower 
probability of persistence for this unit over the short term, and then lower probability of 
persistence along with increasing uncertainty by 2100, reflecting a more pessimistic outcome for 
this unit compared to previous units (Figure 8).  Experts predicted near-term (year 2025) 
persistence probabilities of 60% to 90% (median = 80%), and mid-century persistence at 30% to 
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80% (median = 70%).  All experts predicted end-of-century persistence probabilities less than 
50%, with a median of 38%, by 2100 (Figure 8).  However, one expert predicted an increase in 
persistence probability by mid-century as habitats impacted by recent large-scale fires 
regenerate into optimal hare-lynx habitat. 

 

Figure 8.  Expected probability of persistence for the North-central Washington geographic unit 
at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  The probability of lynx persistence in this unit 
could decrease sharply over the next 10-20 years because of extensive recent fires in lynx 
habitats and the time needed for these areas to regenerate back to good hare/lynx habitat.  
After that, the probability could rebound (or decline more slowly) over the longer term as these 
large areas return to prime habitat providing high hare densities.  The current small population is 
likely at greater risk of extirpation because of stochastic events, particularly if large fires in lynx 
habitat continue to occur in the near future as they have in the recent past.  A small population 
also could be more susceptible to disease, though none has been documented among lynx in 
this unit.  Experts discussed the extent to which small lynx populations could be reduced before 
they would become highly susceptible to stochastic demographic effects.  It was suggested that 
15-20 breeding individuals might be the minimum needed to avoid such susceptibility.  
Unimpeded connectivity between Canada and the Okanogan area of this unit could allow lynx to 
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repopulate currently-unsuitable areas after the habitat recovers.  Lynx in this unit are likely the 
southern portion of a larger population in Canada, not really a separate, isolated small 
population.  Factors that influenced expert persistence probabilities for this unit included fire, 
habitat loss, and the future loss of favorable snow conditions predicted by climate change 
models. 

Greater Yellowstone Area (GYA) 

Pre-graphing Overview from Unit Experts:  This unit has a long history of lynx presence, but the 
consistency of occupancy over time is uncertain.  Research and surveys since 1997 have 
detected few lynx in this unit.  Lynx are likely spatially limited within the unit because of the 
patchy distribution of high-quality habitat and the generally low or marginal hare densities in 
much of the unit.  Lynx have large home ranges in this area, an indicator of lower habitat quality.  
Nevertheless, until recently, this unit appears to have supported a small resident lynx 
population.  The current lynx population in this unit is very small - likely fewer than 10 lynx, and 
possibly zero.  This population may have been somewhat larger in the past; however, there is 
some uncertainty about this.  Recent surveys and trapping efforts have not detected resident 
lynx, only several that were previously released in Colorado.  Several Colorado-released lynx 
have established home ranges in the GYA unit, and there is evidence of overlapping male and 
female home ranges.  In the late 1800s and early 1900s, there was notable predator control in 
some parts of this unit.  There currently is oil and gas exploration and development activity in 
parts of this unit, but potential impacts to lynx are uncertain, and projects are attempting to 
minimize impacts to lynx habitat. 

Expert Responses:  The expert graphs for this unit were widely variable and had different 
outcomes and high uncertainty at all time frames.  Experts predicted near-term (year 2025) 
persistence probabilities of 10% to 70% (median = 52%), and mid-century persistence at 15% to 
60% (median = 35%).  All experts predicted end-of-century persistence probabilities less than 
50% for this unit, with a median of 15%, by 2100 (Figure 9).  This was the only unit for which 
most experts believed the present probability of persistence is low (i.e., that it is uncertain 
whether this area currently supports a resident lynx population).  Some experts increased 
probability of persistence into mid-century as the 1980s-era fires regenerate into hare/lynx 
habitat, and with the possibility of continued immigration of lynx from Colorado.  Other experts 
project a 10% to 20% probability of persistence by 2100.  One reason given for wide variability 
in responses is because of the uncertainty whether a population currently exists.  There were 
wide confidence intervals around the probabilities for all time periods for this area. 
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Figure 9.  Expected probability of persistence for the GYA geographic unit at present, 2015, and 
in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Current and future factors expressed by experts 
as influencing probability of persistence for this unit included small population size, forest 
disease and insect pests, and fire.  Some experts doubt that the GYA unit currently supports a 
resident breeding population of lynx.  Experts indicated that climate models predict that some 
parts of the GYA unit could provide refuge from climate change impacts because of their high 
elevations and potential to maintain winter snow levels into the future.  Summer conditions in 
this unit, however, could be drier in the future, resulting in increased fire frequency, extent and 
intensity, and additional temporary habitat loss.  However, regeneration of these areas and the 
extensive areas that have burned in the recent past may provide good habitat over the next 
several decades.  Lynx immigrating to this unit from Colorado could occupy such improved 
habitats in the near future.  Colorado lynx have made exploratory movements into the GYA in 
summer months, and analysis of available data could improve our understanding of Colorado 
lynx movement into and use of the GYA.  It is possible that lynx from Colorado are maintaining 
or could maintain lynx in GYA. 
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Western Colorado 

Pre-graphing Overview from Area Expert:  From 1999 to 2006, Colorado Division of Wildlife 
(CDOW; now Colorado Parks and Wildlife [CPW]) released 218 Canadian and Alaskan lynx into 
western Colorado.  Survival and litter sizes have been similar to rates observed in other DPS 
populations.  There are probably 100-250 lynx in Colorado today.  There are currently 5-6 
million acres of habitat in this unit thought capable of supporting lynx and where hares are 
present in sufficient numbers to support persistent reproduction.  Extensive bark beetle 
infestations have impacted large areas of lynx habitat, but snowshoe hare are still occupying 
areas with beetle damage.  Three large fires have occurred in recent years, resulting in some 
lynx habitat burned.  Salvage operations in burned areas could diminish future habitat quality.  
This unit is more isolated from Canadian and other DPS lynx populations; separated by a large 
swath of inhospitable habitat.  Road mortality of released lynx was initially high but it doesn’t 
seem to be a problem now (about 1 per year killed on roads on average since the first year of 
the reintroduction).  There is no incidental take from trapping because foothold traps are banned 
in Colorado.  Climate models show CO will maintain habitat over time with anticipated climate 
changes.  Like other western units, habitat is patchily-distributed across this unit. 

 
Figure 10.  Expected probability of persistence for the Western Colorado geographic unit at 
present, 2015, and in 2025, 2050 and 2100. 
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Expert Responses:  Similar to most of the other units, most expert graphs indicate an initially 
high probability of persistence in this unit that will decline gradually with increasing uncertainty 
through the end of the century.  Experts predicted near-term (year 2025) persistence 
probabilities of 60% to 100% (median = 90%), and mid-century persistence at 50% to 85% 
(median = 80%).  Experts predicted end-of-century persistence probabilities of 20% to 70% for 
this unit, with a median of 50%, by 2100 (Figure 10). 

Discussion Points Following Initial Responses:  Some experts indicated that beetle kill and fire 
could potentially create poor habitat conditions in large areas of this unit by mid-century, but that 
regeneration after these impacts could result in good lynx/hare habitats.  Others expressed 
uncertainty about whether fire and insect impacts would be temporary or permanent, especially 
considering climate change and the potential for conversion from boreal/subalpine forests to 
other forest types.  Although 8 of 10 experts graphed 50% to 70% probability of persistence at 
2100, during subsequent discussions, several expressed greater uncertainty about whether 
resident lynx will persist in the unit at the end of the century.  Higher-quality lynx habitat occurs 
primarily in two areas and is patchily-distributed.  Lynx in this unit may occur as several smaller, 
relatively isolated subpopulations, which are likely more vulnerable to stochastic events (similar 
to MT).  This unit’s relative isolation may limit exchange with other lynx populations, increasing 
the likelihood of genetic drift and reducing the chance of demographic rescue or recolonization if 
extirpated.  There was discussion about whether ski areas may affect daily movements of lynx, 
and hares may be declining in ski areas.  Ski areas tend to expand and may, therefore, have 
larger impacts on lynx in future.  There is some evidence of lynx using ski areas in summer 
months but avoiding them during the ski season.  It is uncertain whether ski areas may affect 
genetic connectivity within the Western Colorado geographic unit.  Two-thirds to three-quarters 
of the lynx in this unit are in the southern portion of the range in the San Juan Mountains.  There 
is a large area (Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, 
so it is possible that lynx also could be using that area. 

Summary across Geographic Units 

This section extrapolates from the probability of persistence responses for each geographic unit 
in the section above.  In this section we show the combined probabilities of persistence for 
those geographic units to provide a sense of what the DPS-wide results could be when the 
results for the individual geographic units are combined.  This is shown as a summary of the 
probability that a given number of geographic units persist into the future (See Figure 11) using 
the probabilities provided for each individual unit.  Note that no additional information was 
elicited to produce this summary; rather, the probabilities for each geographic unit were treated 
as independent probabilities of persistence and used to determine the joint probability of 
persistence for a given number of geographic units in total.  Computationally these joint 
probabilities were computed using a convolution of the Bernoulli probability distribution of 
persistence for each geographic unit via a custom convolve function executed in the statistical 
software R (see Appendix 6 for the R code used to produce these and the other summaries and 
figures presented in the report).  The results of this convolution are shown in two forms, first is 
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the probability that a particular number of geographic units persists (Figure 11) and the second 
is the cumulative probability that at least a given number of geographic units persist (Figure 12). 

 

Figure 11.  Summarized probability of persistence of a given number of geographic units given 
the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 11 is the probability that the specific number of geographic 
units indicated by the x axis of the grid persist.  The probability sums to one in each grid.  
Moving from top to bottom the grids show the probabilities of a specific number of geographic 
units persisting by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by selection type and probability response.6  Therefore 
looking down a column of grids provides a view of the trend in persistence through time and 
looking across a row of grids provides a view of the range of uncertainty in persistence experts 
                                                 
6 “Median_High” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the highest probability response in each geographic unit. 
“Median_Likely” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the most likely probability response in each geographic unit. 
“Median_Low” is the probability of persistence generated by selecting the median probability of 
persistence across experts from the lowest probability response in each geographic unit. 
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had for a given time period.  The summarized probabilities presented here are provided to aid 
understanding of the implications of the individual persistence probabilities provided above, and 
are derived directly from those responses and therefore should be presented and considered in 
conjunction with those figures. 

 

Figure 12.  Summarized probability of persistence of at least a given number of geographic units 
given the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 12 is the probability that at least the number of geographic 
units indicated by the x axis of the grid persist.  The probability in a bar reaches 1 when there is 
no probability of fewer geographic units persisting.  Moving from top to bottom the grids show 
the probabilities by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by summary selection type and probability response as in 
Figure 11.  Therefore looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period.  The summarized probabilities presented here are provided 
to aid understanding of the implications of the individual persistence probabilities provided 
above, and are derived directly from those responses and therefore should be presented and 
considered in conjunction with those figures. 

Expert Assumptions during Persistence Graphing Exercises 

Experts were asked to summarize the assumptions that informed their responses to resiliency 
questions 1 and 2.  This was done via open discussion, with facilitators asking both direct 
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questions about particular issues that could impact responses (e.g., climate change conditions), 
and open ended questions (e.g., what other assumptions were considered?). 

Notes:  Climate-change emissions scenarios considered during this exercise differed among 
experts (and some responses did not indicate an emissions scenario).  However, in discussions 
following the graphing exercise, experts indicated that the confidence intervals around their 
persistence probabilities were likely to capture the variance associated with different emission 
scenarios and other climate change uncertainties. 

Experts were asked whether regulatory protections influenced their predictions.  Some experts 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies).  Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections.  Their focus was on the biology and ecology of the species, not listing status-related 
impacts or regulatory scenarios in the future, and they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status.   

Experts were asked what they meant by “small population size effects.”  They explained that 
because small populations are more vulnerable to both demographic and genetic impacts and 
at increased risk from catastrophic and other stochastic events than are larger populations, they 
also have a lower likelihood of persistence.  Experts indicated that connectivity with other 
populations reduces the vulnerability of small populations as it does for larger populations.   

Experts were asked if their projections were influenced by considerations of whether historical 
patterns of cyclic irruptions of lynx into the DPS from Canada will continue in the future.  Most 
agreed that the magnitude of irruptions has declined from the historical highs of the 1960s and 
1970s, and that irruptions may have ceased in recent decades in some parts of the range, 
particularly in the West.  However, most experts felt that connectivity remains good between 
Canada and those DPS geographic units that abut the international border, and most assumed 
some level of regular or intermittent interaction between lynx in those units and Canada, even if 
full-blown irruptions have not been documented recently.  Some experts said that the likelihood 
of future irruptions had little influence on their persistence graphs, especially for the more 
isolated units (GYA and Western Colorado), where an influx of lynx from Canada may be less 
likely. 

Conservation Actions to Address Influencing Factors and Increase 
Probability of Persistence 

3.  What conservation actions could be taken that would address the factors impacting 
the probability of persistence, or would otherwise increase the probability of 
persistence? 
 
Response Type:  Individual list with rounds responses.  Experts were given 5 minutes to write a 
list of three potential conservation actions that could be taken.  Facilitators then asked one 
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expert at a time to provide one item from their list, cycling through the set of experts until all 
experts had exhausted their lists.  Experts were given the opportunity to add items when it was 
their turn that had not been on their written lists.  Experts were not asked if they agreed with 
conservation actions presented by other experts, thus the following list should not be viewed as 
consensus among lynx experts. 
 
Expert Responses:  List of potential conservation actions in the order provided. 

● Reduce CO2 emissions  
● Continue protections associated with Federal and/or State listing 
● Adjust forest management to retain spruce and fir, and reduce fire burn rates 
● Promote/maintain habitat connectivity with Canadian populations through coordinated 

cross-border land use planning 
● Manage salvage logging associated with fire and insect damage to minimize impacts to 

and/or facilitate restoration of lynx/hare habitats 
● Configure and design lynx-friendly landscapes at appropriate scales; design and 

maintain a mosaic of lynx/hare habitats 
● Manage fuels reduction (fire management) projects while maintaining or enhancing 

hare/lynx habitat features. 
● Augment small populations and reintroduce lynx to former, historic range with suitable  

habitat  (GYA, Kettle Range in Washington, perhaps other areas); bolster populations 
before future climate change impacts 

● Support additional research to fill knowledge gaps, particularly related to effectiveness of 
conservation efforts – it remains unclear exactly what is needed for lynx across the 
range to achieve/maintain viability (e.g., habitat quality/amount/distribution, landscape-
level hare densities, forest conditions that support hares, etc.)  

● Enhance cross-border cooperation with Canada to increase near-border lynx 
populations and maintain connectivity 

● Consider cumulative impacts of mining, ski areas, oil and gas, etc., in management 
● Promote reforestation of heavily fragmented areas (e.g., some parts of the GYA and 

Minnesota units); reduce fragmentation 
● Apply strategic habitat conservation concepts; model and identify key areas and focus 

on those areas still in need of protection and management (e.g., private forest lands) 
● Maximize redundancy of lynx populations throughout the DPS 
● Implement fire management Best Management Practices (BMPs)( e.g., allow/encourage 

burns to occur in a way that creates high- and low-intensity mosaic fire patterns) 
● Evaluate whether there is a need for monitoring lynx (and hares) using consistent 

methods throughout the DPS, perhaps coupled with monitoring of other carnivores; 
structured occupancy modeling with genetics sampling could be very informative and is 
cost effective; also known-fate monitoring; monitoring pellet plots is proven and reliable 
way to monitor hares 
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● Devote increased funding to lynx conservation - lynx are in worse shape than other 
mesocarnivore species, but receive less funding than those species that have more 
secure populations and appear less vulnerable to climate change  

Other Considerations 
After completing the elicitation exercises and prior to adjourning the workshop, facilitators asked 
if there were any other considerations the lynx experts or subject matter experts felt are relevant 
to the SSA.  One subject matter expert indicated that monitoring of prey base (hares, red 
squirrels) would help inform lynx recovery, and that pellet-based or mark-recapture methods are 
most reliable.  This expert suggested a need to determine whether areas that we think are going 
to become poor habitat for a variety of reasons could still hold hares and lynx in the future.  
Maybe hares still can use areas we think will be poor habitat, and monitoring these areas could 
help inform our understanding of how lynx persist at the edge of their range. 

Synthesis 
Although uncertainty remains about the historical distribution and sizes of resident lynx 
populations in the DPS, as well as current population sizes, much more is known now than 
when the DPS was listed under the ESA in 2000.  Based on research conducted since the DPS 
was listed, including the summaries of that work provided at this workshop, as well as ongoing 
research, conservation, and management efforts, we have a much better understanding of the 
distribution and status of populations throughout the DPS range.  For example, in 2000, it was 
unclear whether Maine and Minnesota supported resident populations or were only occasionally 
visited by lynx dispersing from Canada during and after northern hare population crashes.  We 
now know that both northern Maine and northeastern Minnesota support resident lynx 
populations, and both are likely larger now than they were historically (Maine), or before they 
were protected by State and Federal regulations (Minnesota).  In contrast, resident lynx appear 
to be naturally less abundant and more patchily-distributed in some parts of the DPS than 
thought at the time of listing, including the West (Interagency Lynx Biology Team 2013, p. 23), 
where potential lynx habitats also appear to have been initially overestimated.  We also have a 
better understanding of the habitat features and hare densities that appear necessary to support 
resident lynx at the southern margin of the species’ range, and of the parts of the contiguous 
U.S. that contain these features.  The presentations in conjunction with expert elicitation 
responses at this workshop have informed and refined our understanding of key aspects of the 
status of, and potential threats to, the lynx DPS.  
 
For example, we were provided a thorough history of the evolution of regulatory mechanisms 
that have been developed and implemented through conservation agreements and formal 
amendments to Federal agency management plans to address the singular threat for which the 
DPS was listed under the ESA - the inadequacy of regulatory mechanisms in Federal land 
management plans prior to listing.  Given our improved understanding of resident lynx 
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populations in Maine and Minnesota (above), where State and private lands constitute much 
more of the lynx habitat than elsewhere in the DPS (98.9% in Maine; 51.7% in Minnesota), an 
assessment of the adequacy of regulatory mechanisms on those State and private lands will be 
a necessary component of the status assessment.  Likewise, our understanding of lynx genetics 
also has improved, with evidence of continued high levels of gene flow range-wide, despite fine-
scale genetic sub-structuring in some populations and additional evidence of lynx hybridization 
with bobcats.  Bobcats appear to be encroaching at the edge of the lynx range in Minnesota 
(Appendix 3, p. 9) and their numbers appear to have increased recently in New Hampshire, 
Vermont, and southern Quebec (Lavoie et al. 2009, entire; Roberts and Crimmins 2010, p. 170; 
Broman et al. 2014, p. 230) adjacent to the northern Maine lynx distribution.  Whether this 
represents a threat to lynx populations in Minnesota and Maine via increased hybridization, 
behavioral mechanisms, or competition for hares is not documented at this time; however, 
encroachment of bobcats in the southern periphery of lynx range may result in lynx 
displacement or niche contraction (Peers et al. 2013, entire). 
 
Canadian researchers also provided updated information on lynx status, management (including 
legal harvest), threats, genetics, and hare population cycles in southern Canada, adjacent to 
some DPS lynx populations.  Forest ecologists and climate modelers also presented information 
regarding potential impacts of timber management and climate change on lynx and boreal forest 
habitats in the contiguous U.S.  Knowledge of lynx and hare responses to various silvicultural 
treatments continues to improve, although the need for continuing research remains.  Climate 
models continue to point toward the future northward and upslope migration of lynx and hare 
habitats and loss of snow conditions favorable to lynx, although uncertainty remains regarding 
the timing, extent, and biological consequences of such impacts.  Increases in the size, 
intensity, and frequency of wildfires and insect outbreaks in boreal/subalpine forests may also 
be related to climate change, but whether these represent temporary or permanent impacts to 
lynx habitats remains unclear.  Finally, much research has been done on hare population 
dynamics and habitat relationships at the southern extent of their range, much of which overlaps 
that of lynx in the contiguous U.S., but questions remain regarding regional variation in hare 
densities and what landscape-level hare abundances are necessary to support persistent 
resident lynx populations across the DPS. 
 
Based on the summaries of post-listing research and the status and threat updates provided at 
this workshop, and on the results of the expert elicitation process, the Service provides the 
following synthesis of the status and likely viability of the DPS in terms of the 3 Rs.  This 
information will be considered as appropriate, along with more detailed analysis of the published 
literature, in the subsequent SSA report for the DPS.  The conclusions below are based on the 
information provided and the results of expert elicitation conducted at this workshop; they may 
be complemented or altered by the additional analyses yet to be conducted as part of the SSA 
process. 



53 

Representation 
Expert presentations on lynx genetics in the DPS and in Canada and expert responses and 
discussion with regard to representation questions suggest few threats to the genetic fitness or 
adaptive capacity of lynx in the DPS.  High gene flow across the continental lynx range, 
indicated by very low Fst values (see Subject Matter Presentations, above), suggests the 
absence of substantial barriers to genetic interchange, and little evidence or risk of significant 
genetic drift among DPS populations.  Most experts indicated that none of the six geographic 
units known or thought to support lynx populations in the DPS is susceptible to meaningful 
genetic drift, although several experts indicated that the more geographically isolated units (the 
GYA and Western Colorado units) are likely more susceptible to such drift than the units that 
are directly connected to lynx populations and habitats in Canada.  Overall, according to both 
the expert panel and the subject matter presentations, there appears to be a low risk of 
biologically consequential drift for lynx populations in the DPS.  Likewise, expert responses 
indicated that the generally low level of genetic differentiation and relatively similar ecological 
settings across the DPS suggest little life history variability or niche differentiation among DPS 
populations that would indicate that any are more or less important to maintain than others in 
terms of representation.  Individual experts indicated that representation can best be maintained 
by conserving current DPS populations (and hence the genetic variation in each), maintaining 
connectivity between DPS and Canadian populations, and avoiding impacts that would facilitate 
or increase the potential for or likelihood of genetic drift.  Our interpretation of this part of the 
elicitation is that the adaptability and evolutionary capacity of the DPS over time does not 
appear to have been diminished and is unlikely to become so, independent of threats that may 
impact the redundancy and persistence of lynx populations.  We will consider this information 
along with available empirical data and the published literature when evaluating representation 
in the DPS for the SSA. 

Redundancy 
With resident lynx populations and subpopulations in at least five of six large (the smallest is 
over 2,000 square miles, the others are all over 8,000 square miles), widely-distributed (from 
Maine to Washington and south along the Rocky Mountains), and relatively discrete geographic 
areas (see Figure 1), the DPS as a whole appears invulnerable to extirpation from a single 
catastrophic event.  Expert responses indicated no catastrophic event that could result in the 
functional extirpation of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units due to a single catastrophic event.  We 
interpreted these responses to indicate there is a small chance of decreased redundancy from a 
single catastrophic event because the probability of any geographic unit being lost to a 
catastrophic event is low.  Experts indicated that functional extirpation of the geographically 
smallest unit (Washington) and those supporting the fewest resident lynx (Washington, GYA, 
and perhaps Minnesota) would be more likely to occur as a result of a series of catastrophic 
events over a 10-year period than to any single event over the next 10 years (see Figure 2 
above).  Experts listed fire, drought, insect outbreaks, loss of favorable winter conditions, and 
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disease as potential events that could lead to functional extirpation in these units.  In 
Washington in particular, where large fires have impacted nearly 40 percent of the occupied 
lynx habitat over the past 10-15 years, experts felt that several more successive years of such 
fires could result in functional extirpation.  However, because fire and insects are likely to cause 
only temporary (20-40 years) losses of lynx and hare habitats, and because connectivity 
between the Washington unit and lynx habitats and populations in southern British Columbia 
remains intact, experts indicated this unit (and others abutting habitats and lynx populations in 
Canada) would likely be naturally re-colonized relatively quickly by dispersing lynx.  Therefore, 
extirpation in these units because of catastrophic events (or a series of them over time) would 
be temporary (likely lasting only one or several decades) unless events permanently altered the 
habitats.  Experts indicated that if lynx were functionally extirpated in the GYA or western 
Colorado units, which are not connected to habitats or populations in Canada and are relatively 
isolated from other DPS populations, natural re-colonization would be less likely, would take 
longer, or may never occur. 

Overall, expert responses indicated that extirpation of the DPS as a whole, or of resident lynx 
populations in most individual geographic units, because of a catastrophic event is very unlikely.  
Because we lack evidence that persistent resident lynx populations occurred historically but 
have been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels.  That is, the 
loss of resident lynx populations in the DPS, to the extent suggested by the historic record, was 
likely in areas (e.g., northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge 
area of northeastern Washington, perhaps Isle Royale in Lake Superior) peripheral to the 
geographic units that currently support resident lynx, and not in discrete geographic units that 
would have represented greater redundancy in the contiguous U.S.  However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear.  The historic record and recent research show that the GYA has supported resident 
lynx, but it is unclear whether the area consistently supported a persistent resident population 
over time or whether it naturally supported resident lynx only some of the time (was “winked on” 
in a metapopulation sense) when habitat conditions and hare densities were favorable, and at 
other times, when habitats and hare densities were less favorable, it did not support resident 
lynx (“winked off” in a metapopulation sense).  Given the protected conservation status of 
millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx.  If so, its 
contribution to redundancy within the DPS is questionable. 

Resiliency 
Because we lack reliable estimates of the sizes and trends of most lynx populations in the DPS, 
we are unable to use these parameters to evaluate the resiliency of individual populations or the 
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DPS as a whole.  Efforts to understand resiliency are also confounded by the metapopulation 
structure thought to govern lynx populations at the southern margin of their continental range 
(i.e., populations and subpopulations in the DPS), the related uncertainty about the extent to 
which DPS populations may rely on cyclic immigration of lynx from Canada during population 
irruptions, and the ambiguity in the historic record that limits our understanding of the relative 
persistence of lynx in various geographical areas of the contiguous U.S. and, thus, the 
contribution of those areas to the viability of the DPS.  Our evaluation of the resiliency of lynx 
populations in the DPS is limited, therefore, to a largely qualitative assessment of the current 
status of populations in each of the six geographic units along with the quantitative summary of 
expert professional judgment of their likelihood of persistence over time given known or 
perceived potential threats. 
 
As expected, both expert estimates of probability of persistence and expert confidence in those 
estimates were higher over the short-term than the long-term.  Median probability of persistence 
(MPOP) at year 2025 was >= 0.90 for all but one of the six geographic areas.  The GYA had a 
MPOP of 0.52, apparently reflecting the uncertainty regarding whether this unit consistently 
supported a resident lynx population historically and whether it currently supports resident lynx.  
At year 2025, confidence bounds were smallest (indicating higher expert confidence) for the 
units with the highest MPOPs (Northern Maine, Northeastern Minnesota, and Northwestern 
Montana/ Northeastern Idaho), and larger for units with lower MPOPS (North-central 
Washington, GYA, and Western Colorado).  At mid-century, MPOP declined for all units but 
remained >= 0.70 for all but the GYA (0.35), and confidence bounds increased for estimates for 
all units but the GYA, where it remained the same as at year 2025.  At end-of-century, 
persistence probabilities declined further, as expected, and only the Northern Maine, 
Northwestern Montana/ Northeastern Idaho and Western Colorado units had MPOPs >= 0.50.  
Also as expected, confidence bounds were very large around persistence estimates at year 
2100, with the median confidence range extending across more than 50% of the range of 
possible outcomes for all but the Northwestern Montana/ Northeastern Idaho population, and 
the extremes of the range nearly covering the full range (0% to 100% probability of persistence) 
of possible outcomes. 
 
Experts listed a number of factors that influenced their probability of persistence estimates for 
each unit (see unit summaries above in the Resiliency section).  Near-term factors varied by unit 
(e.g., post-harvest forest succession in Maine, where hare abundance is expected to decline as 
currently dense regenerating clear-cuts mature; continued large-scale fires in lynx habitats in 
Washington; and insect outbreaks in Maine, Minnesota, and Colorado), but longer term factors 
seemed to coalesce around anticipated direct and indirect effects of climate change.  These 
included potentially climate-driven increases in the size, frequency, and intensity of fire and 
insect outbreaks; decreases in snow amount, duration and quality, leading perhaps to increased 
competition with bobcats and other hare predators; and the projected warming-induced 
northward and upslope migration of boreal and subalpine forests that would result in the loss 
and further fragmentation and isolation of lynx and hare habitats in the contiguous U.S.  Expert 
responses and ensuing discussions indicated that continued climate warming and associated 



56 

direct and indirect effects will likely exert the greatest negative influence on the probability of 
persistence for lynx populations in the DPS regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
Overall, expert responses to this part of the elicitation indicate that all five of the geographic 
units known to currently support resident lynx populations have a greater than 70% expectation 
of doing so by mid-century, but a declining likelihood and greater uncertainty of doing so by the 
end of the century.  It is uncertain whether the remaining geographic unit (the GYA) currently 
supports resident lynx, and expert responses indicate a lower probability that it will do so in the 
future compared to the other units.  Responses also suggest that the overarching threat to the 
long-term persistence of lynx populations in the DPS is climate change, which is anticipated to 
result first in loss of snow conditions favorable for lynx and, after an uncertain lag time following 
continued climate warming, loss (northward and upslope migration) of boreal forest habitats, 
although the timing and magnitude of such losses are uncertain. 

Conclusion 
The Service and the Lynx SSA Team appreciate the willingness of lynx and subject matter 
experts to attend this workshop and share their knowledge, professional judgments, and 
opinions.  We have gained considerable insight into the current status of lynx populations 
throughout the DPS and the factors most likely to influence the DPS’s future viability - including 
information that is not currently available in the peer-reviewed literature.  We will incorporate this 
information into the SSA as appropriate, along with the published scientific literature, to inform 
recovery planning for the DPS and any other ESA-related determinations the Service is 
authorized and required to make.  As we develop the SSA report, we will continue to solicit 
expert input from workshop panelists and from other lynx and subject matter experts who were 
unable to attend this workshop, including peer review of the SSA report. 
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Appendices 
All appendices will be made available on the Service’s Region 6 Canada lynx webpage: 
http://www.fws.gov/mountain-prairie/es/canadaLynx.php 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php
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Purpose  
The purpose of this report is to convey the results of an expert workshop convened by the U.S. 
Fish and Wildlife Service (Service) in October 2015 to improve our understanding of the status 
of the contiguous U.S. distinct population segment (DPS) of Canada lynx (Lynx canadensis).  
This workshop was held in conjunction with a species status assessment (SSA; see Appendix 
1) for the DPS.  The SSA, which will incorporate the best available scientific information on lynx, 
is needed to inform the Service’s response to a June 2014 court order to complete a recovery 
plan for the DPS by January 2018, or make a formal determination that a recovery plan is not 
necessary.   
 
The workshop was organized by a Lynx SSA Team consisting of Service and USGS staff who 
have developed and piloted implementation of the SSA framework, and Service biologists who 
are working on lynx throughout the range of the DPS.  In the interest of collaboration and 
transparency, this team partnered with State agencies, other Federal agencies, and academic 
researchers to elicit expert input regarding the current and likely future status of lynx populations 
within the DPS. 
  
Expert input is needed because the published scientific literature and other available information 
provide inadequate empirical data on many aspects of lynx population dynamics in the DPS 
range.  We lack sufficient information on the status, sizes, and trends of lynx populations and on 
threats to lynx habitats and those of their primary prey, snowshoe hares (Lepus americanus).  
We therefore designed a process to elicit and capture the knowledge, professional judgments, 
and opinions of lynx experts to help us assess the current status of, and the nature and 
magnitude of potential threats to, lynx populations and habitats within the DPS.  We also sought 
expert knowledge to help us evaluate the viability of the DPS (in terms of the “3 Rs” - 
redundancy, representation, and resiliency; see definitions below) under a range of future 
threats, habitat conditions, and climate scenarios, and to identify and make explicit areas of 
uncertainty and potential differences of opinion among experts. 
 
The results of the workshop will contribute to the SSA, which will compile and summarize the 
best available scientific and commercial data, including empirical data, published literature, and 
expert input.  This information will then be used by Service decision makers to inform 
classification decisions, recovery planning direction, and other determinations required by the 
Endangered Species Act (ESA). 

Background 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws.  Its long, 
black ear tufts and short, black-tipped tail distinguish the lynx from the similar bobcat (Lynx 
rufus), which is much more common in the contiguous U.S.  The lynx’s large feet and long legs 
make it highly adapted for hunting snowshoe hares in the deep or powdery snow that persists 
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across much of its boreal forest distribution, most of which occurs in Canada and Alaska.  
These adaptations provide lynx a competitive advantage over potential competitors, such as 
bobcats or coyotes (Canis latrans), which have much smaller feet and higher foot-loadings that 
prevent them from hunting efficiently in deep, powdery snow (McCord and Cardoza 1982, p. 
748; Buskirk et al. 2000, pp. 86–95; Ruediger et al. 2000, pp. 1–11; Ruggiero et al. 2000, pp. 
445, 450). 

The southern periphery of the boreal forest extends into parts of the northern contiguous U.S., 
where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 1, 3), 
deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40–41).  In the contiguous U.S., 
these transitional boreal forests become discontinuous and patchy, preventing both lynx and 
hares from broadly achieving densities similar to those of the northern boreal forests (Wolff 
1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and 
Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394).  These forests eventually become 
too fragmented and isolated in the contiguous United States to support hares at the landscape 
densities and distributions necessary to support lynx home ranges (Interagency Lynx Biology 
Team 2013, p. 77) or lynx populations over time.   

The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms.  
Specifically, at that time the Service believed that most lynx and lynx habitats occurred on 
national forests, and that the Land and Resource Management Plans that guided management 
of those forests included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat.  The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052).  In 2003, in response to a court memorandum opinion on the 2000 listing rule, the 
Service reaffirmed its determination of the lynx DPS and its status as threatened under the ESA 
(68 FR 40076).  The Service completed a recovery outline in 2005 (U.S. Fish and Wildlife 
Service 2005), designated critical habitat for the DPS in 2006 (71 FR 66008) and, in 2007, again 
in response to a court order, clarified its determinations of “significant portion of the range” and 
that all lynx in the contiguous U.S. constitute a single DPS (72 FR 1186).  Also in 2007, the 
Service initiated a 5-year status review of the DPS (72 FR 19549).  The Service revised the 
critical habitat designation for the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782). 

Although the Service identified the DPS as occurring in forested portions of 14 states (Colorado, 
Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, Oregon, Utah, 
Vermont, Washington, Wisconsin, and Wyoming) (65 FR 16052, 16085), it recognized at the 
time of listing that both lynx and the boreal forests that support them in the Lower 48 States are 
at the southern margins of their ranges, where habitats naturally become patchy and 
fragmented and snowshoe hare densities in many places are not consistently high enough to 
support resident lynx populations (65 FR 16052-59).  It also recognized that inherent limitations 
in historic occurrence information made it difficult to distinguish between areas that consistently 
supported resident populations; other areas that may have occasionally supported resident, 

Comment [PZ1]: The 2014 Final Rule 
included Canada lynx occurrences in New 
Mexico under ESA protections for the species.  
However, New Mexico is not mentioned in this 
report.  For clarity to the reader, please consider 
adding a brief description of Canada lynx 
occurrences in New Mexico and how such 
occurrences are evaluated in the species status 
assessment.  Thank you! 
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breeding lynx; and yet other areas that intermittently and temporarily contained dispersing or 
transient lynx but did not support lynx home ranges or reproduction (65 FR 16054-59).  Many 
lynx records in the DPS range seem to have been associated with cyclic “irruptions” of lynx from 
southern Canada into the northern contiguous U.S. when northern hare populations crashed, as 
they did historically every 8-11 years (Elton and Nicholson 1942, entire; McKelvey et al. 2000, 
entire; Mowat et al. 2000, pp. 281–294; Interagency Lynx Biology Team 2013, p. 33).  Lack of 
reliable information also precluded determination of sizes or trends of lynx populations within the 
DPS. 

Recent research and monitoring have improved our understanding of many aspects of lynx 
biology, distribution, and potential threats in the DPS.  However, we still lack reliable estimates 
of the sizes and important demographic rates of most populations.  Likewise, our understanding 
of the natural range and causes of variation in lynx and hare numbers, hare densities necessary 
to support resident lynx populations throughout the DPS, the influence of immigration of lynx 
from Canada on the demographic and genetic fitness of DPS populations, and the timing, 
extent, and magnitude of potential threats associated with climate change remains imperfect.  
The Lynx SSA Team organized this expert elicitation workshop to help fill some of these 
information gaps with the knowledge, professional judgments, and opinions of lynx experts. 

Currently, there are five geographic areas known to support resident lynx populations in the 
DPS:  northern Maine (with occasional/sporadic breeding by small numbers of lynx in 
northernmost New Hampshire and Vermont); northeastern Minnesota; northwestern Montana 
and northeastern Idaho; north-central Washington; and western Colorado (Figure 1).  The 
Greater Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming is 
believed to have historically (and as recently as 2003-04) supported a small but relatively 
persistent lynx population, but it is uncertain whether it currently supports any resident lynx. 
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Figure 1.  Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations.     

Expert Elicitation 

Workshop Protocol 
As mentioned under Purpose, above, the Lynx SSA Team convened the October 2015 
workshop to elicit expert knowledge and opinion on critical uncertainties regarding the current 
status and future viability of resident lynx populations within the DPS range, and thus the DPS 
as a whole.  To facilitate this, a 10-member panel of recognized lynx experts from across the 
DPS range first observed and discussed presentations by subject matter experts summarizing 
the current state of available information on topics relevant to lynx populations in the DPS (see 
Preparing Experts section below).  After subject matter presentations, members of the lynx 
expert panel presented updates on lynx populations in each of the six geographic areas 
described above under Background.  The subject matter and update presentations were 
intended to ensure that all lynx experts had a common baseline of information prior to the 
elicitation process.  
 
In accordance with the expert elicitation literature (e.g., Burgman 2005, USEPA 2011, Gregory 
et al. 2012, Drescher et al. 2013, Morgan 2014), we then used best practices to elicit opinions 
from the expert panel.  Although invited experts were expected to contribute openly and 
effectively to group discussions, we did not seek consensus among experts; rather, we probed 
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differences of opinion or interpretation of scientific and technical information.  We also asked 
experts and other participants to focus on scientific questions and to refrain from discussing or 
recommending management or policy decisions related to the Service’s authorities and 
responsibilities in implementing the ESA. 
   
In addition to the lynx expert panel and subject matter experts, workshop participants included 
members of the USFWS/USGS Lynx SSA Team, facilitators, and observers (see Appendix 2 for 
a full list of attendees and their respective roles).  As a basic ground rule, only members of the 
expert panel participated in the elicitation process, although panelists were encouraged to 
confer with the subject matter specialists and SSA Team members as needed.  All workshop 
participants were welcome to participate in discussions that ensued from review of panel 
responses to various questions.  Due to time constraints and to minimize interference with the 
elicitation process, observers were encouraged to write and submit “parking lot” questions, 
which were collected at the end of the first two days of the workshop and presented to lynx and 
subject matter experts for responses and discussion the following mornings (see workshop 
notes, Appendix 3).  The expert elicitation process was facilitated by USFWS and USGS 
structured decision making practitioners who encouraged open discussion among experts, 
structured input from both panelists and subject matter experts, and ensured that observers 
could witness the process without inappropriately influencing it. 

Identifying Experts 
 
SSA Team members reviewed the relevant literature and used their first-hand knowledge to 
identify experts involved in lynx and hare research or management, boreal forest ecology, and 
climate modeling.  We then developed a priori selection criteria based on professional 
credentials, positions, areas of expertise, and pertinent experience to develop a list of candidate 
lynx experts and other subject matter experts.  Selection criteria (below) helped ensure that 
invitations to participate were made only to scientists with expertise highly relevant to workshop 
topics and, further, that the selections were transparent, unbiased, and adequately captured the 
diversity of expertise and professional judgments related to the topics.  Selection was not based 
on affiliation with a particular organization or interested party; however, States and other 
partners were asked to review the draft list of workshop invitees and suggest alternate or 
additional qualified experts.  The SSA Team then invited experts who met the selection criteria 
and represented lynx expertise throughout the range of the DPS and in adjacent southern 
Canada.  The number of invited experts was necessarily limited to improve the efficiency and 
effectiveness of the elicitation process, avoid redundancy, maximize scientific discussion among 
all participants, and maintain an open, comfortable meeting environment.  

Expert Selection Criteria  

Expert panelist candidates had to meet all of the following criteria: 
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1.   Candidate must hold a graduate degree in a scientific discipline highly relevant to the 
workshop topics.  Typically this may include advanced degrees in wildlife biology, ecology, 
zoology, genetics, modeling, or statistical inference. 

2.  Candidate must hold a research position in government (State, Tribal, or Federal), academia, 
or in the nonprofit research sector; or participant must hold a governmental management 
agency position with responsibility for the species’ conservation. 

3.  Candidate must have expertise in the ecology or management of the species or related 
species, demonstrated by recent (within the past 10 years) peer-reviewed publications or 
related types of professional scientific expression. 

Candidates also had to meet one or more of the following criteria: 
  
4.  Candidate is directly engaged in the species’ management, monitoring, or analysis of 
populations or habitat. 

5.  Candidate is directly engaged in the study of a specific workshop topic. 

6.  Candidate is a government or academic research scientist with expertise in conservation 
biology, population or landscape ecology, genetics, or other relevant fields, as demonstrated by 
recent (within the past 10 years) peer-reviewed publications or related types of professional 
scientific expression. 

Using these criteria, the SSA Team identified 19 candidates for the lynx expert panel who were 
contacted to determine their interest and ability to attend the workshop (Appendix 4).  Among 
those both interested in and able to attend the workshop, the team extended invitations to 13 
candidates, 10 of whom ultimately participated as panelists and who together represent lynx 
expertise throughout the range of the DPS and in southern Canada.  Experts who could not 
attend this workshop may provide their expertise later in the SSA process as peer review 
experts.    

Preparing Experts 
Before the workshop, the SSA Team contacted all lynx experts and other subject matter experts 
by email and phone to discuss their roles and, for some, their willingness to prepare and deliver 
subject matter or lynx population status presentations at the workshop.  Correspondence with 
lynx and subject matter experts and other workshop participants explained the SSA framework 
and its application to the lynx DPS, the use of expert elicitation in SSAs, and the workshop’s 
purpose, ground rules, and draft agenda. 
 
At the workshop, the Service introduced the Lynx SSA Team, provided a brief overview of the 
SSA framework and its application to the lynx DPS, and outlined workshop objectives.  Prior to 
elicitation exercises, subject matter experts presented information on the historic and current 
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distribution of lynx in the contiguous U.S., regulatory mechanisms that apply to lynx on Federal 
lands, genetics considerations, lynx status and management in adjacent southern Canada, 
potential climate change impacts on boreal forest vegetation and snow conditions important to 
lynx, effects of forest management and policy on lynx habitat, and snowshoe hare ecology (see 
Subject Matter Presentations, below).  After these presentations, lynx expert panelists provided 
updates on lynx populations and habitats, research efforts, conservation measures, and 
potential threats to lynx in each of the six geographic areas (Fig. 1).  The subject matter and 
status-update presentations were intended to provide the expert panel with information that 
could inform their responses to elicitation questions and to ensure that the panelists shared a 
common understanding of the current status of lynx throughout the DPS.  All workshop 
presentations are included in Appendix 5 and are accessible at the Service’s Region 6 Canada 
lynx web page (http://www.fws.gov/mountain-prairie/es/canadaLynx.php). 

Subject Matter Presentations 

Canada Lynx Species Status Assessment, Expert Elicitation Workshop - Jim Zelenak, 
U.S. Fish and Wildlife Service, Montana Ecological Services Field Office, Helena, 
Montana 
The objectives of this workshop are to (1) gather scientific information from experts on the 
current status, threats, and future viability of lynx populations in the contiguous U.S.; and (2) 
where empirical data are lacking, elicit expert knowledge, professional judgment, and opinion on 
the nature and magnitude of potential threats to DPS populations and the DPS as a whole.  We 
need this information to complete a status assessment for the DPS that will be used by Service 
decision makers to inform recovery planning and other determinations the Service must make in 
accordance with the ESA.  We have a court order to complete a recovery plan for the DPS by 
January, 2018, unless we determine that a recovery plan is not necessary (i.e., that the threat 
for which the DPS was listed has been adequately addressed and ameliorated and no new 
threats have been identified that pose an immediate or reasonably foreseeable risk of 
extinction).  However, we are not here to make that determination or others regarding the ESA 
status of the DPS.  Rather, we are here to understand the current status of lynx populations and 
habitats in the DPS and hear from experts on factors influencing the current status and future 
viability of those populations.  The DPS was listed as threatened under the ESA in 2000 
because of the inadequacy at that time of regulatory mechanisms in Federal land management 
plans to protect lynx and their habitats.  The Service completed a recovery outline in 2005 and 
designated critical habitat for the DPS in 2006.  In 2007, we clarified our determination of 
“significant portion of the range” of the DPS and withdrew the 2006 critical habitat designation.  
We revised critical habitat in 2009 and 2014 and, also in 2014, we received the court order to 
complete a recovery plan.  The results of this workshop will contribute to the SSA, and the 
expert information gathered here will complement the best available scientific information that 
will be compiled and summarized in the SSA report.  After it is peer-reviewed and finalized, the 
SSA report will be considered by Service decision makers to inform recovery planning and other 
determinations required under the ESA. 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php
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Historical Distribution of Lynx in the Contiguous U.S. - Dr. Kevin McKelvey, USDA 
Forest Service, Rocky Mountain Research Station, Missoula, Montana   
Understanding historical range is important because it provides context for modern 
conservation; however, historical data must be interpreted carefully because they may not be 
representative, are often unreliable, and their meaning may be unclear.  This is especially true 
for rare animals like lynx, and even more so if they are easily mistaken for another more 
common animal, as bobcats are mistaken for lynx in the southern portion of lynx range.  
Because even relatively low identification error rates can lead to significant errors in determining 
distribution, it is important to rely on verified, and not anecdotal, occurrence records, when 
attempting to establish historical range.  The issue is further complicated by the noted cyclicity 
in lynx population dynamics associated with snowshoe hare population cycles, which resulted 
historically in irruptions or pulses of lynx from Canada into the DPS when northern hare 
populations crashed.  This can be described as a wave in which a large number of dispersing 
lynx intermittently flooded into the northern contiguous U.S. over the course of several years 
into a variety of potentially suitable and unsuitable habitats.  As the irruptions waned (i.e., as the 
waves receded), lynx disappeared relatively quickly from areas of unsuitable or poor habitat, 
more slowly from areas of marginal or suboptimal habitat, and persisted (like permanent tide 
pools) in those areas with habitats and hare densities capable of supporting them over time. 
This yielded verified records in the contiguous U.S. in places that clearly cannot support lynx 
populations but, in other places where habitats are or appear to be suitable, it also confounds 
efforts to distinguish between those that have supported persistent lynx populations, those that 
may occasionally but not consistently support resident lynx (“winked off’ more than “winked on” 
in a metapopulation sense), and those where dispersing lynx occurred regularly, if intermittently, 
but could not persist.  Given these ambiguities, there remains irresolvable uncertainty about the 
historic distribution of resident lynx in the DPS.  Despite this uncertainty, it appears that resident 
lynx naturally persist now in most areas that the available reliable data most strongly suggest 
historically supported resident populations in the contiguous U.S. (Maine, Minnesota, Montana, 
Idaho, and Washington).  Several other areas may have historically supported populations but 
no longer do (with evidence most compelling for northern New Hampshire and Michigan’s Upper 
Peninsula; less compelling for the Adirondack region of northern New York, northern Wisconsin, 
and northwestern Wyoming). 

Canada Lynx Habitat Regulatory Environment - Scott Jackson, USDA Forest Service, 
National Carnivore Program Leader, Missoula, Montana 
Before the lynx DPS was listed under the ESA, there was very little information available and 
little management direction for lynx habitats on national forests or other Federal lands.  Given 
the uncertain status of lynx and lack of information on habitat relationships, an interagency Lynx 
Steering Committee was chartered almost immediately after the DPS was proposed for listing in 
1998.  The committee appointed the Lynx Science Team to assemble the available information 
on lynx and the Interagency Lynx Biology Team to develop a lynx conservation strategy 
applicable to Federal lands.  In 2000, the Science Team published Ecology and Conservation of 
Lynx in the United States (Ruggiero et al. 2000), and the Biology Team completed the Lynx 



11 

Conservation Assessment and Strategy (LCAS; Ruediger et al. 2000).  The committee also 
directed the completion of the 1999 biological assessment (BA) in which the U.S. Forest Service 
(USFS) and Bureau of Land Management (BLM) evaluated potential impacts to lynx of 
management plans for 57 national forests and 56 BLM units and concluded that implementation 
of existing plans could result in some adverse effects to lynx.  The BA recommended amending 
or revising management plans to incorporate conservation measures that would reduce or 
eliminate the identified adverse effects to lynx, and to consider the conservation measures 
identified by the Science Team and Biology Team, once finalized.  In March of 2000, the DPS 
was listed as threatened due to the inadequacy of existing regulatory mechanisms, specifically 
the lack of guidance for conservation of lynx in national forest Land and Resource Management 
Plans and BLM Land Use Plans.  In October 2000, FWS completed a biological opinion on the 
1999 BA, concluding that if forest plans were revised or amended to incorporate the 
conservation measures in the LCAS, they would reduce or avoid the potential for adverse 
effects on lynx.  Also in 2000, USFS and BLM entered into conservation agreements with FWS 
to guide management until plans could be amended or revised.  By 2004, BLM revised plans in 
all units with lynx or potential habitat to incorporate LCAS guidance.  By 2006, USFS similarly 
revised plans for national forests in the Northeast and Great Lakes.  In 2007 and 2008, USFS 
formally amended plans for 18 national forests in the Northern Rockies and 8 in the Southern 
Rockies to address the risk factors identified in the LCAS and adopt management standards 
and guidelines.  Currently, all national forests and BLM units with lynx or potential habitats are 
governed by plans that have adopted conservation measures identified in the LCAS, 
subsequent interagency conservations agreements, or by management direction that formally 
amended or revised land use plans and established standards and guidelines designed to apply 
the best available scientific information to avoid and minimize potential impacts to lynx.  Future 
challenges include developing effective responses to larger, hotter, and more frequent fires and 
extensive insect outbreaks, and designing thinning and salvage harvest treatments conducive to 
creating habitat conditions favorable to lynx and hares.    

Lynx Genetics Considerations - Dr. Michael Schwartz, USDA Forest Service, National 
Genomics Center for Wildlife and Fish Conservation, Missoula, Montana 
Review of lynx genetic studies shows, despite some sub-structuring over distance, high gene 
flow across the continental range of lynx, likely because of high dispersal rates, large dispersal 
distances, and few geographic barriers to dispersal.  Some research suggests that the Northern 
Rocky Mountains may provide some gene flow restriction in western Canada, as well as an 
“invisible barrier” to gene flow in eastern Canada south of James Bay/Hudson’s Bay that may be 
related to differences in snow conditions driven by large-scale climatic factors (e.g., the Pacific-
North America and North Atlantic Oscillation climatic systems).  North of the DPS, low levels of 
genetic substructure have been documented in populations in eastern Canada between 
populations north versus south of the St. Lawrence Seaway, and between island (Newfoundland 
and Cape Breton islands) and mainland populations.  However, there is evidence of genetic 
interaction among even these relatively isolated eastern Canadian populations.  Within the DPS, 
minor genetic sub-structuring has been documented among lynx subpopulations in western 
Montana.  However, very low Fst values (a measure of the proportional reduction in 
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heterozygosity due to population subdivision, with values near zero indicating high levels of 
gene flow and values approaching one indicating poor gene flow) suggest the absence of 
significant barriers to genetic interchange throughout much of the lynx range, including the DPS.  
Across 17 lynx populations in Alaska, Canada, and the contiguous U.S., Fst = 0.033, and the 
highest Fst for any two populations was 0.070 when lynx from the Kenai Peninsula in Alaska 
were compared to those in the Seeley Lake area of Montana.  Lynx-bobcat hybrids have been 
documented in Minnesota, Maine, and eastern Canada, but not in the western part of the range.  
Hybridization does not seem to be a major issue, nor does it appear to be increasing despite 
significant increases in bobcat numbers in some parts of DPS range.  Genomics research (the 
genetic mapping and DNA sequencing of sets of genes or complete genomes) on lynx would 
increase power and precision of genetic analyses and perhaps identify genes under selection at 
the periphery of the range.  The goal for lynx in the DPS should be to conserve the genetic 
diversity currently represented in resident populations, recognizing that maintaining connectivity 
between DPS and Canadian populations is likely important to achieving that goal.  The genetic 
variation at the edge of the range may be of value to future populations, especially as related to 
changing climate.  

Lynx Distribution, Status, and Management in Southern Canada - Dr. Jeff Bowman, 
Ontario Ministry of Natural Resources and Forestry, and Trent University, Ontario 
Lynx are managed provincially in Canada, with each province responsible for its own 
management program, harvest (trapping) policies, and conservation strategies.  Data from 
registered trap lines show cyclic decadal peaks in the numbers of lynx harvested, and these 
align well with (and lag by one year) cyclic peaks in snowshoe hare indices.  In western 
provinces (British Columbia, Alberta, Saskatchewan, Manitoba, Northwest Territories, and the 
Yukon), the magnitude of lynx cycles appears to have dampened dramatically after the 1980s-
1990s, while eastern provinces (Ontario, Quebec, and Newfoundland and Labrador) have seen 
less dramatic declines in peak lynx numbers trapped.  There is some evidence that hare 
numbers in the Yukon have not recovered to past levels after declines beginning in about 2000, 
and that hare numbers in southern Ontario have been low for the past 5-6 years.  There also is 
indication that the range of lynx in eastern Ontario has contracted northward since the 1970s, 
and modeling suggests that this contraction is likely influenced by habitat loss perhaps related 
to changes in forestry practices and an increase in tolerant hardwoods replacing spruce-fir 
forests resulting from climate warming (Koen et al. 2014).  This has been accompanied by 
reduced genetic heterozygosity (allele richness) at this margin of the lynx range.  Recent studies 
also show some differences in functional genetic markers (unique alleles) in lynx south versus 
north of the St. Lawrence Seaway/River, suggesting the potential for evolutionarily significant 
differences in lynx in those areas (Koen et al. 2015, Prentice unpubl.).  Research also suggests 
an “invisible” genetic barrier south of Hudson’s Bay likely related to climate-driven differences in 
snow conditions, which could be amplified in the future with continued climate warming.  A few 
lynx-bobcat hybrids have been documented.  Lynx are listed as endangered provincially in New 
Brunswick and Nova Scotia, which also have by far the highest numbers of bobcats, and where 
bobcat populations have been increasing since about 1990.  Lynx are considered secure in all 
other provinces.   
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Seven Ways a Warming Climate can Kill the Boreal Forest - Dr. Lee Frelich, Director, 
University of Minnesota Center for Forest Ecology, St. Paul, Minnesota  
Northern Minnesota is at the southern edge of the ranges of boreal forest tree species (balsam 
fir, white spruce, paper birch) and the northern extent of temperate forest species (sugar maple, 
red maple, red oak).  A number of climate-mediated processes are likely to shift these ranges 
northward, potentially resulting in the complete disappearance of boreal forest from Minnesota 
before the end of the century.  These include projected declines in snow depth, invasion of 
boreal forests by temperate species and a widening of the mixed forest ecotone, warming 
summer and winter temperatures, declines in boreal trees under both low- and high-emission 
climate scenarios, severe wind- and hail-producing thunderstorms (derechos) of greater extent 
and frequency, large wind-driven fires, heat and drought stress, increased insect infestations 
due to lack of extreme cold temperatures, and phenological disturbance.  These processes, 
alone or in combination may result in gradual or relatively sudden conversion of boreal forests to 
temperate forests, savanna, or grassland at the southern edge of the boreal forest range.  A 
mosaic of conversion mechanisms and rates of change will occur at landscape/ecoregion 
scales.  With unmitigated climate change, Minnesota is likely to lose the boreal biome and about 
one-third of its native species, including lynx, possibly within the next 60-70 years. 

Climate Change and Uncertainty:  Implications for Canada Lynx Conservation and 
Management in the Contiguous U.S. - Alexej Siren, DOI Northeast Climate Science 
Center and University of Massachusetts Department of Environmental Conservation, 
Amherst, Massachusetts 
Climate models are better at detecting long-term trends in temperature and precipitation than 
short-term climate variability.  Generally, projections of precipitation are less robust compared to 
temperature, and within the lynx DPS units, projected trends in precipitation are more certain for 
winter than for summer.  Consequently, the resulting model biases may affect climate 
projections.  Global surface temperatures have increased steadily over the 20th century, 
especially since the 1970s, with an overall increase in winter temperatures in the U.S.  These 
changes are most pronounced from the Northern Rockies to the northeastern U.S., where 
winter precipitation has also increased.  However, the northwestern U.S. has experienced drier 
winters with less snow over the past several decades.  Importantly, numerous studies have 
shown that Canada lynx distribution is related to snowpack characteristics (e.g., snowfall, 
density, and persistence), which may directly or indirectly affect lynx through 1) increased 
competition (exploitative and interference) with sympatric carnivores, 2) altering hare and lynx 
population cycles, and 3) reduced genetic diversity.  Therefore, climate projections with a 
specific emphasis on winter climate are a valuable tool for assessing the long-term viability of 
lynx in the contiguous U.S.  Below are the climate trends for the past several decades and end-
of-century model projections for each of the DPS units; projections are multi-model means with 
the high emissions scenario (A2).  In the Northeast, recent trends are toward reductions in 
snowfall, the number of snow-covered days per season, and the proportion of winter 
precipitation occurring as snow.  Projections include increased winter precipitation, but with a 
lower proportion occurring as snow, and a decline in snowfall and length of snowpack coverage.  
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In the Great Lakes region, recent trends indicate an increase in lake effect snow and longer 
snow seasons to the north.  Winter precipitation is projected to increase throughout the 
Midwest, with a lower proportion occurring as snow, except that lake effect snow is projected to 
increase around Lake Superior and north of the eastern Great Lakes until 2050, and eventually 
decline towards the end of this century.  Overall, models project a decline in snowfall and length 
of snowpack coverage by 2100 for the Midwestern region.  The Northeast and Midwest DPS 
units are especially vulnerable to snowpack loss due to lack of elevational refugia.  In the 
western DPS units and the Colorado population, recent trends show decreasing spring 
snowpack at lower elevations, an overall decline in snowpack by the latter half of the 20th 
century, and a lower proportion of winter precipitation occurring as snow.  Projections include 
decreases in snowfall season and snowfall amount, fewer days with snowfall, and continued 
reduction in the proportion of winter precipitation occurring as snow.  However, projections 
indicate that snowpack and winter severity may be less impacted in the Northern Rockies 
compared to other DPS units.  In summary, model projections are not favorable for lynx within 
the DPS units, especially towards the latter half of the 21st century, with less severe winters and 
diminished snowpack characteristics that favor competing species.    

Projected Climate-change Impacts on Snow, Vegetation, and Lynx Populations in the 
Western U.S. - Dr. Joshua Lawler, University of Washington, School of Environmental 
and Forest Sciences, Seattle, Washington and Dr. Chad Wilsey, National Audubon 
Society Science Division, New York, New York 

Climate modeling suggests reductions in the amount of precipitation falling as snow and a shift 
from subalpine forest to temperate evergreen needleleaf forests in a generalized lynx range in 
the western U.S.  Fire is projected to increase in both frequency and fire size, doubling by 2040 
and tripling by 2080.  Simulated lynx densities were projected for the 2020s, 2050s, and 2090s.  
Of 25 ecoregions included in the study area, 14 had simulated lynx populations greater than 
0.10 individuals/100 km2 across all time points.  Of those, and across various Global Circulation 
Models (GCMs), 3 ecoregions had simulated increasing populations by the 2050s and 11 had 
declining populations. Populations were projected to continue increasing in the 3 ecoregions by 
the 2090s, while declines were projected to deepen in 8 of the remaining 11 ecoregions. 
Growing populations were projected to occur in the sparsely populated Fescue-Mixed Grass 
Prairie, Middle Rocky-Blue Mountains, and Great Steppe ecoregions, whereas the largest 
proportional declines were projected to occur in the West Cascades, Pacific Northwest Coast, 
Northern Cascades, East Cascades – Modoc, and Aspen Parkland ecoregions.  The study also 
looked at the effect of population cycling on projected changes and found that simulated 
declines differed more due to GCM model used than due to population cycling (i.e., modeling 
suggested lynx population declines were not strongly influenced by population cycles). 

Forest Management and Lynx Habitat Trends - Dr. Erin Simons-Legaard, University of 
Maine School of Forest Resources, Orono, Maine 
Lynx in Maine occur in the Northern Appalachian/Acadian Ecoregion where their distribution is 
governed by snowfall and extent of deciduous cover.  The eastern spruce budworm 
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(Choristoneura fumiferana) is endemic to forests in this region, and extensive outbreaks of this 
insect pest occurred in northern Maine in the 1970s-80s, resulting in millions of acres of spruce-
fir die-offs, despite extensive aerial insecticide applications.  For several decades, salvage 
logging via extensive landscape-scale clear-cutting occurred in impacted forests, until passage 
in 1989 of the Maine Forest Practices Act, which regulated clear-cut size, configuration, and 
regeneration.  Regenerating clear-cuts became very dense stands supporting high densities of 
snowshoe hares.  Although the Forest Practices Act reduced the amount of clear-cut harvest 
over the following two decades, overall harvest increased as partial-cut harvesting replaced 
clear-cutting.  At the same time, land ownership patterns in northern Maine were shifting from 
large blocks of commercial timber interests to smaller blocks and more diverse land 
management goals, including development and financial investment, as well as some non-
development easements (though these do not regulate forest management).  The University of 
Maine modeled lynx habitat occurrence from snow track data, a series of Landsat satellite time-
series imagery since 1970, and indices of hare densities for various stand ages post-timber 
harvest to model past, present, and future lynx occurrence in northern Maine.  They found that 
the proliferation of regenerating partial-cuts produce lower landscape hare densities than 
regenerating clear-cuts from the 1970s and 1980s.  Landscape hare densities will likely decline 
in the future as the clear-cut-era stands mature into less dense conifer stands, beginning about 
35-40 years post-harvest.  High-quality stands are being replaced by lower-quality regeneration 
of partial harvests. High-quality habitat for lynx/hares is currently about 8% of the northern 
Maine landscape.  Model projections indicate it will decline to about 5% of the landscape by 
2030, and then level off, and that the prevalence of partial-harvesting will lead to elimination of 
many areas with concentrated high-quality habitat and a lower future probability of supporting 
lynx.      

Southern Snowshoe Hares: Updates, Questions, Forecasts - Dr. Karen Hodges, 
University of British Columbia Okanagan Department of Biology, Kelowna, British 
Columbia 

Northern hare cycles are more variable than commonly portrayed in some literature, with 
questionable synchrony and variation in peak heights and amplitudes.  Some southern hare 
populations (i.e., within the lynx DPS range) show “cycle-ish” dynamics and high densities, but 
variability in abundances is not obviously linked to forest stand type (thinned, unthinned, 
mature).  Some areas of high hare density are occupied by bobcats instead of lynx (e.g., the 
Tally Lake area of the Flathead National Forest in Montana).  Hare densities in the western 
contiguous U.S. differ substantially across regions and landscapes.  For example, within the 
GYA, hare densities varied from very low (0.2 hares per hectare) in Yellowstone National Park 
to very high (0.5 - 1.7 hares/ha) in the Wyoming Range south of the park.  Hare densities also 
vary in the eastern part of the lynx DPS, with ranges from 0 - 1.8 hares/ha in Maine and, in 
Minnesota, densities of 0.64 hares/ha in the northeast part of the state (which supports resident 
lynx) and 0.35 hares/ha in Voyageurs National Park (which does not support resident lynx).  
Landscape attributes (e.g., tree densities and moisture gradients) also influence stand quality 
for hares.  Hare population dynamics (cyclicity, synchrony, amplitude, and peak densities) also 
vary regionally.  Forest management that reduces stand structure reduces hare abundances.  
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For example, hares declined after experimental precommercial thinning in Montana, and, in 
Quebec, hare densities increased with time since commercial thinning, harvest, and fire.  Fire 
destroys hare habitat temporarily, but hares return to burned areas as soon as favorable habitat 
conditions return.  Post-fire hare densities also vary regionally; in stands burned by large fires in 
1988, hare densities by 2007 were higher in Glacier National Park than in Yellowstone National 
Park.  Hare densities necessary to support resident lynx remain poorly understood but appear to 
vary regionally, as do lynx diets and home range sizes.  If southern boreal/montane forests are 
lost, hares will decline.  Fire, timber harvest, and thinning will result in fewer hares, at least 
temporarily, and the impacts of post-fire salvage logging are unknown.  Understory cover and 
browse are very important, but we know little about the influence of shrubs or snow on hares.  
Like lynx, hares in the DPS are at the southern extent of their continental range.  Also like lynx, 
hares show high gene flow across most of the northern range in Canada but lower gene flow 
(higher genetic structure) in the southern part of the range, with some lineages potentially at risk 
of genetic drift.  Climate-mediated increases in fires and insect outbreaks and changes in forest 
regeneration may alter hare habitats and, thus, hare distribution and abundance.  Climate 
change may also affect hare vulnerability to predation by creating a mismatch between pelage 
color, which is controlled by photoperiod, and their surroundings (e.g., reduced snow season 
resulting in white hares on dark forest floors).  It may also alter predator communities, with 
uncertain impacts on hare populations.  Continued research is needed to better explain regional 
variation in population dynamics and peak abundances, to predict post-fire recolonization and 
densities and responses to climate change, and to better understand links between physiology 
and demography (e.g., predation stress and reproduction).      

Lynx Status Update Presentations1 

Status of Lynx in Maine - Jennifer Vashon, Maine Department of Inland Fisheries and 
Wildlife, Bangor, Maine 
Much of the current lynx habitat in Maine was created from extensive harvests to salvage 
spruce budworm-damaged forests during 1970-1985, and the amount and distribution of high-
quality lynx/hare habitat are likely greater now than historic conditions.  Many stands were 
treated with herbicides to create extensive regeneration of spruce and fir.  Analysis of Forest 
Inventory and Analysis (FIA) data indicates that half of the 3 million forested acres of spruce-fir 
in northern Maine is currently sapling stage that should provide lynx with high quality foraging 
habitat.  Also based on FIA data, the amount of dense spruce-fir (supporting the highest hare 
densities) increased from 700,000 acres in 2006 to 805,000 acres in 2010.  The Maine 
Department of Inland Fisheries and Wildlife (MDIFW) conducted a telemetry study of lynx from 
2000-2011 in a study area with extensive areas of regenerating spruce-fir stands in 

                                                
1 These are summaries of status updates presented by lynx experts for each of the geographic 
units in the DPS.  Summaries were written by the Lynx SSA Team based on the presentations 
and notes submitted by expert presenters and on the notes taken at the workshop during 
presentations.  Experts reviewed drafts of these summaries and provided clarifications/ 
corrections if needed, which were incorporated into the final summaries.    



17 

northwestern Maine and found that lynx had relatively small home ranges.  Lynx strongly 
selected these high-quality hare habitats in former clear-cut areas.  Although hare densities 
declined from 2 hares/hectare to 1 hare/hectare mid-way through the study, lynx did not 
increase their home range sizes or alter their habitat use.  Reproduction declined initially after 
hare populations declined, but later recovered, with all females producing litters.  An average of 
65% of females bred each year throughout the study.  Litter sizes ranged from 1 to 5 and 
averaged 2.63 kittens/breeding female.  Kitten survival remained high (averaged 78%).  
Densities of 4.5 adults and 5 to 9 kittens were observed in 100 km2 areas.  Based on estimates 
of occupied habitat and home range information, MDIFW estimated there were between 750 
and 1,000 lynx in northern Maine in 2006, and more than 1,000 lynx in 2015 (or at least more 
animals than 2006).  Indices (number incidentally trapped, observed, or killed on roads) have 
increased, suggesting there are more lynx than in 2006, and the distribution of the population 
also appears to be expanding.  MDIFW initiated a third round of periodic lynx snow track survey 
in 2015 that support increased populations and expanding range.  Additional surveys are 
planned in 2016 and 2017 to update estimates.  Although a model by the University of Maine 
suggests the effects of the Maine Forest Practices Act could lead to a decrease in lynx habitat, 
thus far, it does not appear that lynx have declined in response to aging clear-cuts and the 
prevalence of partial harvests resulting from the Act.  A budworm outbreak is expected in the 
near future that will also impact future amounts of habitat for lynx and snowshoe hare.  MDIFW 
provides landowners with descriptions of lynx-hare habitat for their management plans through 
published peer-reviewed papers and reports on lynx status and habitat use in Maine and 
consultation.  

Canada Lynx in Minnesota - Dr. Ron Moen, Natural Resources Research Institute, 
University of Minnesota Biology Department, Duluth, Minnesota, and Susan Catton, 
USDA Forest Service, Superior National Forest, Duluth, Minnesota 
Prior to 1965, lynx in Minnesota were unprotected, had a bounty placed on them, and were 
overexploited by trapping.  From 1930-1977, harvest in Minnesota was twice that of Montana 
and 40 times that of other states.  In 1976, State protection was provided in the spring and 
summer months, and in 1984 the trapping season was closed.  In the 1990s and when listed 
under the ESA in 2000, it was unknown if lynx in Minnesota were residents or migrants from 
Canada, but now it is known that the Minnesota lynx population consists of both residents and 
migrants from Canada.  Since then, there have been hair snare and snow-tracking surveys, 
DNA analyses, and a multi-year telemetry project – none of these monitoring efforts were 
designed to estimate densities or abundances of the species.  However, as of 2015, it is thought 
that there are somewhere between 50 and 300 lynx in Minnesota (this expert later refined the 
range as 50 - 200 lynx, as indicated in the summary presentation preceding the graphing 
exercise below), with the core habitat in the arrowhead region of the state (St. Louis, Lake, and 
Cook counties), although there have been verified and probable lynx sightings elsewhere in the 
state.  At least 5 of 27 adult lynx radio-collared in Minnesota were later legally trapped in 
Ontario, and other collared lynx did not return from Canada, therefore their fates are unknown.  
Telemetry data showed that about half of males radio-marked in Minnesota moved back-and-
forth across the border, traveling at all times of the year; that Minnesota females that dispersed 
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into Canada tended not to return to Minnesota; that males had much larger home ranges (267 
km2) than females (21 km2); and that females with kittens had the smallest home ranges.  About 
half of the mortality of collared lynx was from vehicle collisions, incidental catch, illegal kills, or 
unknown causes.  Moen et al. (2008) documented 10 den sites and showed that denning 
habitat is not limiting in Minnesota.  Since 2000, incidental take of lynx tracked by the USFWS 
Twin Cities Field Office has ranged from 0-14 per year and included vehicle (car and train) 
collisions, gunshot, incidental trapping, and unknown causes.  Approximately 50% of reported 
take was of incidentally trapped lynx, about half of which were released alive.  Home range 
analyses showed mean distance to nearest linear feature is approximately 200m, suggesting 
that lynx do not avoid roads.  Bobcat harvest data show a concentration of bobcats adjacent to 
the core of the lynx range.  The IPCC SRES A1B Scenario climate change model (Gonzalez et 
al. 2007, p. 14) shows snow conditions potentially suitable for lynx throughout the northern half 
of Minnesota to the end of this century; however, the snow and/or biological assumptions in the 
model need work, because it predicts a range for lynx that is larger than the current suitable 
range based on snow depth.  Other climate modeling (e.g., Morgan, in prep.) suggests that 
suitable snow-depth range will shrink significantly by 2055, be limited to extreme northeastern 
Minnesota by 2070, and may be entirely absent from the state by 2095.  Since 2000, the 
Superior National Forest (SNF) and others have identified 268 unique individual lynx (47% 
Female, 53% Male) from 1,306 DNA samples, primarily from SNF lands.  These samples also 
documented 13 unique individual lynx-bobcat hybrids (5 Female, 8 Male).  The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota.  The SNF annually documents 3-5 family groups and is working with 
North Carolina State University and the Twin Cities Field Office on a study of the distribution of 
lynx that can be used to inform future study designs aimed at monitoring lynx occupancy and 
designing more intensive studies to estimate abundance. 

Current Distribution, Status, and Threats to Canada Lynx in Montana and Wyoming - 
Dr. John Squires, USDA Forest Service, Rocky Mountain Research Station, Missoula, 
Montana 
Northwestern Montana - This area is believed to support the largest lynx population in the 
western U.S., but minimum population size has not been calculated.  The Forest Service’s 
Rocky Mountain Research Station in Missoula initiated a lynx research program in 1998 to 
investigate lynx resource and prey selection, competition, activity patterns, detection and 
monitoring, and connectivity.  From 1998 to 2007, researchers trapped and radio-marked 175 
lynx in northwestern Montana and collected nearly 170,000 GPS and over 3,000 VHS telemetry 
locations documenting lynx movements, resource use, survival, and productivity.  From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area (the central 
portion of this geographic unit) and from 2003-2007, 2.95 kittens/litter (N = 22) in the Purcell 
Mountains (the northwestern portion of the unit).  In Seeley Lake, 61% of breeding-age females 
(N = 52) produced kittens; in the Purcells, 83% of females (N = 28) produced kittens.  Recent 
research (Kosterman 2014) suggests kitten production is correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges.  Annual survival rates for 
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subadult and adult female lynx were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 
0.85, respectively, in the Purcells.  There was no evidence of cyclicity in these vital rates, and 
no indication of irruptions of lynx into this unit from Canada after the 1980s.  Starvation, 
predation by mountain lions, and human-caused deaths each accounted for roughly one-third of 
documented sources of lynx mortality.  Population viability analyses yielded population growth 
rates of 0.92 for the Seeley Lake area (i.e., declining population trend, 1999-2007) and 1.16 for 
the Purcells (increasing trend, 2003-2007).  The distribution of lynx in this unit appears to have 
contracted recently; lynx were documented in the Garnet Mountain Range in the southern 
portion of the unit from at least 1980 into the early 2000s, but in 2010, extensive trapping 
yielded only two males, and snow-track and camera-trap surveys in winter 2014-2015 detected 
no lynx.  Genetic analyses revealed fine-scale genetic sub-structuring among the Garnets, 
Purcells, and Seeley Lake subpopulations, suggesting some level of relative isolation among 
lynx in those areas.  Most lynx habitat in this unit occurs on Federal lands (USFS, BLM, NPS).  
Recent conservation land purchases substantially increased protection of lynx habitat in the 
Seeley Lake core area.  The extent of fire in this area has increased, with over one million acres 
burned in 2000-2013.  Forest management (timber harvest, silviculture, and fire management) 
can have negative, neutral, or positive impacts on lynx habitat; current research is investigating 
lynx response to management actions. 
      
Wyoming/GYA – The long-term persistence of lynx in the GYA is unknown, but early records 
from Yellowstone National Park documented lynx presence in the 1920s-30s, and more recent 
(2001-2004) surveys in the park documented several lynx and evidence of reproduction on the 
east side of Yellowstone Lake.  South of the park, lynx were also detected reliably in the late 
1990s-early 2000s in the Union Pass and Togwotee Pass areas of the Wyoming Range in the 
Bridger-Teton National Forest.  Several lynx released in Colorado (1999-2006) dispersed to the 
GYA and occupied home ranges (including males and females with overlapping home ranges) 
in areas of the Wyoming Range previously occupied by “native” resident lynx.  Recent (2005-
2010) research trapping and survey efforts in the Wyoming Range have detected only 
Colorado-released lynx, and the current status of lynx in the GYA is uncertain but believed to be 
at low numbers based on on-going surveys.  In addition to fire and forest management (as 
described above for northwestern Montana), oil and gas exploration and development may pose 
a potential risk to lynx and habitat in the Wyoming Range.             

Lynx in Washington: Current Status and Potential Threats - Benjamin Maletzke, 
Washington Department of Fish and Wildlife, Olympia, Washington 
Lynx in Washington were State-listed as threatened in 1993, but with recent large-scale impacts 
to lynx habitats and likely declines in lynx numbers, upgrading to State-endangered may be 
justified.  The Washington Department of Fish and Wildlife completed a lynx recovery plan in 
2001, and the Department of Natural Resources completed a habitat management plan for its 
lands in 1996, which it revised in 2006.  The majority of lynx habitat in Washington occurs on 
public lands including State Forests and National Forests.  Although individual lynx are 
occasionally documented in the northeastern part of the state, only the Okanogan area (eastern 
Cascade Mountains abutting the border with Canada) in the north-central part of the state has 
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consistent records and evidence of a resident breeding population.  In terms of the ESA’s five 
listing factors, over-utilization (Factor B), disease/predation (Factor C), and inadequacy of 
existing regulatory mechanisms (Factor D) are not issues for lynx in Washington.  Lynx trapping 
was prohibited in 1991, and only live-trapping is allowed for bobcats, so there is little chance for 
incidental trapping.  There is no documented disease and little evidence of predation (though 
these could occur/increase with climate change).  With ESA and State listings, critical habitat 
designation, and State recovery and State and Federal habitat management plans in place, 
regulatory mechanisms appear adequate.  Recently, much lynx habitat has been lost, at least 
temporarily, to frequent large-scale fires and insect outbreaks (Factor A), and climate change 
(Factor E) may pose additional (or exacerbate existing) threats to lynx and habitats in 
Washington.  From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan 
(Eastern Cascades) area, and female home ranges were estimated at 38 - 41 km2, suggesting 
the potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat).  By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss and 
fragmentation resulted in female home ranges increasing to an estimated 91 km2, with a 
potential to support roughly 27 resident females.  Although areas impacted by fires and insects 
should regenerate to hare/lynx habitat, it may take 35-40 years or more for that to happen.  
Climate change will likely reduce snow depth, condition, and persistence, potentially influencing 
interspecific competition.  It also may cause temperature- and precipitation-driven changes in 
vegetation and increased fire frequency, size, and intensity, resulting in further reduction, 
fragmentation, and isolation of suitable habitats and impacts to prey abundance.  Connectivity 
between the Okanogan area and lynx populations and habitats in Canada seems adequate; it is 
more tenuous in the northeastern part of the state, where cross-border populations/habitats in 
Canada are smaller and potential corridors more constricted.  It is also possible that legal 
trapping in southern British Columbia could limit immigration into Washington’s lynx population 
and be a source of mortality for lynx dispersing from Washington into Canada.  Potential 
management and recovery actions could include resuming surveys and monitoring efforts, 
review current State, Tribal, and Federal management actions to see if they can be more “lynx-
friendly,” conduct population viability analyses to estimate probabilities of persistence over 
various time periods, coordinate with British Columbia on cross-border lynx conservation efforts, 
evaluate the need and feasibility of augmenting female lynx in the Okanogan and reintroducing 
lynx to the Kettle Crest, up-list lynx in Washington to indicate the current status and severity of 
threats, and seek collaboration and funding to support the measures above. 

Status of Lynx in Colorado - Dr. Jake Ivan, Colorado Parks and Wildlife, Fort Collins, 
Colorado 
Lynx in Colorado were State-listed as endangered in 1973.  Based on statewide surveys 
conducted in 1978-1997 that found some possible lynx sign (tracks), the State concluded that if 
lynx were present, too few individuals remained for a viable population and that natural 
recolonization was unlikely due to geographic isolation.  The State initiated a lynx reintroduction 
program, releasing 218 lynx from source populations in Alaska and Canada from 1999 to 2006.  
All animals were released into the San Juan Mountains in the southwest part of the state.  Many 
stayed there and used the area heavily; many others established home ranges in the Sawatch 
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Range in the central part of the state, where the bulk of historical records occurred.  Although 
post-release mortality was initially high, it decreased after release protocols were modified and 
among lynx after they’d been on the ground a year.  Mean annual survival was 0.93 for lynx that 
stayed within the San Juan Mountains core-release area, and 0.82 outside of it.  The first den 
was located in 2003, and 48 dens were subsequently documented in Colorado through 2010, 
including a third-generation of Colorado-born lynx.  The reintroduced population displayed 
reproduction similar to other areas in the DPS in some regards (e.g., mean litter size was 2.75 
kittens), and lower in others (e.g., mean percentage of females that produced kittens was 24% 
[range = 0% - 46%])2.  A deterministic model that uses survival estimates and reproduction data 
from ten years of monitoring reintroduced lynx and assumes that reproductive parameters 
observed during that time would repeat each decade shows a slightly increasing trajectory 
through time.  Although current population size and survival rates are unknown, photos of 
females with kittens in 3 sampling units during occupancy monitoring in the San Juan Mountains 
in 2014-15 and capture of young and unmarked (i.e., “new”) lynx during research efforts in 
2010-15 provide evidence of continued reproduction.  Potential threats to lynx in Colorado 
include climate change, bark beetle outbreaks, fire, increasing human recreation, and 
vulnerability to vehicle collisions and disturbance from highways.  Climate modeling in 2014, 
based on the RCP6 (2nd-highest) emissions scenario, suggests that by mid-century 
temperature will increase by 2°C, precipitation will decrease in the San Juan and other southern 
mountains, and that spruce-fir habitat will migrate upslope, lagging climate conditions by 50-100 
years.  Based on this, the overall vulnerability of spruce-fir in the state is considered moderate 
at mid-century.  As of 2014, over 4 million acres of potential lynx habitat has been impacted by 
bark beetle outbreaks; however, lynx and hares continued to use impacted areas, even when 
beetle impacts are severe.  Red squirrel use declined in areas that were heavily impacted by 
beetles.  Large fires also have impacted lynx habitat, and as elsewhere, fire size, frequency, 
and intensity are expected to increase with climate change.  A cursory, pre-analysis review of 
location data suggests that lynx make use of landscapes in which heavy winter recreation 
occurs.  However, use of developed ski areas is light, and outside of ski areas, heavy lynx use 
tends to occur in thick timber that is not used by snowmobilers and other backcountry users.  
Finally, lynx frequently crossed 2-lane paved highways in home ranges (0.6 crossings/day), 
more often at dusk and night, coincident with lower traffic volumes, and usually at forested 
crossings.  Recent results from a new large-scale monitoring program indicated that lynx 
occupied a similar proportion of the landscape in the San Juans Mountains during winter 2014-
15 as they did during winter 2010-11.  

Expert Elicitation Process 
All questions posed to the 10 lynx expert panelists were framed in the context of the 3Rs, a 
driving principle for evaluating viability under the SSA framework.  In questioning, we used a 
modified Delphi method (e.g., MacMillan and Marshall 2006), which involves eliciting individual 

                                                
2 These data were provided by the presenter after the workshop but were not part of the original 
workshop presentation. 
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responses/scores, exploring response rationale and differences in expert judgment through 
guided discussions, then allowing experts to reconsider their scores in light of those discussions 
if they so desire.   
 
In our implementation of the modified Delphi approach, panel members were first asked to 
respond individually to a particular question and indicate their level of confidence in their 
response.  We then collated and noted the range of responses, which became the mechanism 
for follow-up discussion.  In collating responses, we used a simple numeric coding system 
rather than the experts’ names to provide for a reasonable level of anonymity.  We noted where 
there was high congruence among responses, as well as low congruence and outlying 
responses.  By asking for experts to voluntarily provide their reasoning for particular responses, 
we were able to delve into the basis for varying opinions.  After the discussion period, experts 
were given the opportunity to revise their scores.   
 
In addition to elicited responses to each question, we received substantial feedback from the 
experts on definitional issues and the validity of the questions themselves; we revised the 
questions as needed following these discussions.  In the case of a revised question, scores 
were elicited again following the revision.  The second round of scoring was displayed for 
experts, with a closing opportunity for comment, discussion, or score revision. 
 
All panel members were encouraged to respond to each question but also given the option of 
abstaining from responding to a question if they felt it was beyond the bounds of their expertise.  
With few exceptions, all 10 expert panelists responded as requested to every question.  
Instances where experts either chose not to reply or otherwise replied in a manner differing from 
the expected form of response to the question are noted in the responses below. 

Lynx Status:  Expert Elicitation and Responses 
Questions for experts were scripted by the Lynx SSA Team prior to the meeting to facilitate 
discussion of lynx ecology among the experts, solicit their professional opinions, and to help the 
Service gather and synthesize biological information for use in the SSA, particularly where 
empirical data are lacking in the published literature and projecting habitat and population 
conditions into the future is needed.  Because of the uncertainty of quantifying the population 
status and other aspects of lynx biology, the Service and facilitators decided to generate a 
series of discussion questions with quantifiable responses (scores) concerning the redundancy, 
resilience, and representation (3 Rs) of the DPS.  Although scores provided a starting point for 
discussion among experts and are quantified, analyzed, and summarized as appropriate in the 
following sections of this report, the Service also places high value on the content of the 
discussion among experts.  Therefore, both the analyses of scores and summaries of the 
discussion content are presented and will be considered during development of the SSA, noting 
that both were integral to the expert elicitation process. 
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The types of questions and the format of responses differed based on the information needed to 
inform the status assessment, and the best way to capture the information relevant to the 
question being asked.  For example, responses were requested in the form of lists, when a set 
of influences was desired, in the form of a 4 point elicitation (e.g., the most likely, high, and low 
end of a range, and confidence that the range contains the true value) when an uncertain 
quantitative value was desired, in the form of graphed trajectories when probabilities of 
persistence over time were desired, and other forms as necessary (see questions below).  
Experts submitted their scores independently via submission sheets (sticky notes, index cards, 
graph paper, etc.) with their ID numbers.  Note takers recorded and displayed scores to assist 
discussion.  Facilitators and other members of the SSA Team then asked directed questions to 
clarify responses from the panelists as needed.  Following each round of discussion and 
clarification, the panelists were provided the opportunity to update their response if desired and 
the second round of responses were collected and recorded.  The final responses are the only 
responses reported here.  The range of individual responses that we received was not 
combined (e.g., averaged or otherwise) in any way that would obscure or conceal individual 
responses, and the final scores for each panelist were recorded if the response was revised. 

We present the results of the expert elicitation below under the headings of representation, 
redundancy, and resilience.  Under each heading, the following is provided:  the definition of the 
viability category (3 Rs) under consideration, the question(s) asked of the expert panelists, 
response type (i.e., the form of the response requested of the experts), question clarification 
(i.e., a narrative description of any additional information provided to the experts by the 
facilitators for clarification as the questions were asked), expert responses, and notes from the 
discussion. 

Expert Responses 

Representation 

Definition - Representation contributes to the adaptability and evolutionary capacity of a 
species over time, to accommodate long term issues like climate change.  The breadth of 
genetic ecological, demographic, and behavioral diversity across a species’ range may 
contribute to its capacity to adapt over time.  Measures of genetic and life history variability 
among populations, distribution of populations across a range of ecologically diverse locations 
or niches, etc., are useful proxies to measure.  Consider needs for establishing or reestablishing 
populations in unoccupied habitat that may be necessary or suitable for species adjustment to 
climate change or other stressors, including the need to replace former populations in no longer 
represented ecosystems. 

Representation Questions  

1.  Are any of the geographic units susceptible to genetic drift on a scale that would limit 
genetic viability?  If yes, which geographic units? 
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Response Type:  Experts supplied a written response of “yes” or “no,” with a yes answer 
accompanied by a list of susceptible geographic units. 

Expert Responses:  Five experts responded that none of the geographic units are susceptible to 
meaningful genetic drift, two experts abstained from answering, and three experts responded 
that there are geographic units that are susceptible to such genetic drift.  Among the latter, one 
expert responded that the Colorado geographic unit is susceptible over a long period of time, 
and the other two experts responded that both the Colorado and GYA geographic units are 
susceptible to genetic drift. 

Discussion Points Following Initial Responses:  It wouldn’t take many immigrating lynx to 
provide adequate genetic diversity to prevent genetic drift.  One reproductively successful 
immigrating lynx every 5 to 10 years per geographic unit is likely sufficient to prevent genetic 
drift.  Most experts believed there was a low likelihood that even the smaller lynx populations 
(GYA and Washington) or those in more isolated geographic units (Colorado and GYA) are 
vulnerable to genetic drift at a scale that would impact viability, though several experts felt that 
both the GYA and the western Colorado units could experience meaningful drift in the absence 
of immigration or augmentation.  Overall, most experts felt there is a low risk of genetic drift 
being a problem for lynx in the DPS.  

2.  Are there locations from a lynx perspective that have unique habitat conditions 
relative to other areas in the lynx range that are necessary to foster future adaptive 
capacity of the DPS?  If yes, where? 
 
Response Type:  Open discussion.  No response forms were submitted, but notes were taken 
on the discussion that followed. 
 
Question Clarification:  The experts required some clarification of terms and the intention of this 
question to respond.  Facilitators read the working definition of representation (above), which 
previously had been provided to the experts.  Experts then discussed representation across the 
lynx DPS from an adaptive capacity perspective. 
 
Expert Responses:  The response was an open discussion captured below. 
 
Discussion Points Following Initial Responses:  Maintaining genetic variability is important for 
adaptive capacity.  If uncertain about the capacity for lynx to adapt, then experts encouraged 
that all populations (and hence the genetic variation within each) be maintained.  Experts 
indicated that it doesn’t appear that any U.S. population is more or less important to maintain 
than the others because of relatively similar ecological settings and the generally low level of 
genetic differentiation across the DPS.  Summary:  Experts discussed that maintaining 
representation in the DPS could best be achieved by retaining current DPS populations, 
maintaining connectivity between DPS and Canadian lynx populations, conserving the genetic 
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diversity currently represented in DPS, and avoiding impacts that could facilitate or increase the 
potential for or likelihood of genetic drift. 

It was also noted that lynx north of the DPS in some parts of eastern Canada (in New Brunswick 
and Quebec south of the St. Lawrence Seaway and on Newfoundland Island) have some 
unique alleles, including at functional genes, and should be preserved.  Lynx in these areas are 
relatively more isolated than lynx elsewhere in Canada.  Lynx south of the St. Lawrence are 
separated from lynx to the north by the seaway itself, which historically froze over during winter 
but which is now kept open to facilitate maritime shipping, perhaps reducing the level of genetic 
exchange between lynx on opposite sides.  Lynx on Newfoundland Island are separated from 
lynx in mainland Labrador and Quebec by the 15- to 60-kilometer-wide Strait of Belle Isle.  
Despite the relative isolation of these populations, genetic evidence indicates some interchange 
between lynx south and north of the St. Lawrence and between Newfoundland Island and 
mainland populations.  Eastern Canadian populations north of the St. Lawrence may have 
slightly different genetic composition than lynx in the Maine geographic unit. 

Redundancy 
Definition - Redundancy contributes to the ability of population types to withstand catastrophic 
events (hurricanes, wildfires, etc.).  The number and distribution of populations of each 
representative type contribute to the retention of various representative types despite 
catastrophic events by ensuring that the loss of a population doesn’t lead to the loss of 
representation. 

Redundancy Questions 
 
1.  List the factors/catastrophic events that could functionally extirpate an entire 
geographic unit. 
   
Response Type:  Each expert supplied a written list submitted via index card of the 
factors/catastrophic events. 
 
Question Clarification:  Three issues required clarification prior to obtaining responses to this 
question.  First, we initially asked about eliminating a “population” rather than a geographic unit.  
Because some of the geographic units may support several relatively isolated subpopulations, 
experts questioned whether we meant individual populations or subpopulations.  We clarified 
that we are evaluating the likely persistence of resident lynx populations in each of the six 
geographic units that currently support or recently supported them; therefore, we are interested 
in the likelihood that a catastrophic event could result in the extirpation of resident lynx from the 
entirety of any of the geographic units. Second, we were asked if extirpation meant the 
complete loss of all lynx from a unit.  We clarified that we wanted to know if lynx could be 
“functionally extirpated” from any geographic unit, with functional extirpation described as the 
loss of the unit’s ability to support a resident breeding population(s) of lynx.  Third, experts were 
not clear what an “event” entailed.  After discussion, it was agreed that an event was defined as 
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a single occurrence of some form, such as a fire, drought, hurricane, etc., that occurs over a 
relatively brief period of time, rather than a series of smaller cumulative events (e.g., a series of 
climate change-associated occurrences of fires or insect outbreaks over the course of a 
decade) causing a cumulative catastrophic result. 

Expert Response:  Six of the ten experts did not list any catastrophic events that could result in 
the functional extirpation of lynx from any entire geographic unit.  Three of the experts listed 
multiple catastrophic events they felt could result in at least temporary functional extirpation of 
lynx in a unit.  Among these, two of the experts listed fire, three listed disease, one listed insect 
outbreak, and one listed a failure of winter conditions due to a combination of heat or drought 
conditions.  One expert listed geographic unit-specific events, namely fire or insect outbreak for 
the Washington geographic unit, insect outbreak in Maine, and either insect outbreak or fire for 
one of the Minnesota geographic unit’s groupings of individuals, but not all. 

Discussion Points Following Initial Responses:  Experts were told that climate change was not 
considered a catastrophic event because it is both a driver of events and influences severity, 
rather than being an event itself as defined above.  Experts discussed the possibility that the 
Washington geographic unit, because of its relatively smaller size and history of recent 
extensive fires in lynx habitat, may be at risk of functional extirpation from multiple catastrophic 
events; disease, fire, and beetle outbreak were all mentioned as possible events.  One expert 
suggested that the Minnesota geographic unit could potentially be eliminated by a very large 
fire, although there was a low probability of this occurring.  Experts expressed some uncertainty 
whether fire could occur at the severity and scale sufficient to eliminate an entire geographic 
unit; however, a series of fires over a short time period may have the potential to cause 
functional extirpation of lynx from a geographic unit or significantly reduce the number of 
resident lynx it could support, at least temporarily. 

2.  Could any of the catastrophic events listed in response to redundancy question 1 
eliminate all 6 geographic units simultaneously? 
 
Response Type:  Each expert supplied a written response of “yes” or “no.” 

Expert Response:  All experts answered “no.” 

3.  What is the probability (expressed as a percentage) that any single geographic unit 
could be eliminated by a single catastrophic event in the next 10 years? 
 
Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  In response to the discussion around question #1, which resulted in the 
inclusion of question 3, this question was modified from its original script to include a 10-year 
time frame (underlined). 
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Expert Responses:  All responders gave a relatively low probability (≤ 10%, median of 1%) that 
any single geographic unit could be eliminated (resident lynx functionally extirpated) by a single 
catastrophic event in the next 10 years (Figure 2).   

4. What is the percent likelihood that a series of catastrophic events within the next 10 
years could cause functional extirpation of one or more lynx geographic units? 

Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  This question was developed after discussion of question 3 to capture 
the possibility of functional extirpation of lynx from geographic units due to a series of 
catastrophic events over a relatively short time rather than a single event that occurs at one 
point in time. 

Expert Responses:  The percent likelihood ranged from 0.5% to 60%, with a median response 
of 7.5% (Figure 2).  Expert responses indicated a higher probability of a series of catastrophic 
events over 10 years resulting in functional extirpation than a single event in the next 10 years, 
as in question 3.  

 

Figure 2.  Individual scores and summary boxplots of the percent chance that a geographic unit 
is eliminated by a single catastrophic event (question #3, left) or a series of catastrophic events 
(question #4, right) in the next 10 years.  Note:  This and all subsequent figures below were 
generated using the statistical software R (Appendix 6).  
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In Figure 2, individual responses to a single catastrophic event were 0.01%, 0.1%, five 
responses of 1%, 5%, and two responses of 10%.  Individuals responses to a series of 
catastrophic events were 0.5%, 1.1%, three responses of 5%, 10%, 15%, 20%, 40%, and 60%).  
Boxplots illustrate response mean values (bold black lines), the 25% and 75% quartiles (upper 
and lower bounds of boxes), and the highest and lowest values within 1.5 times the quartile 
range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of the 
whiskers (outside 1.5 times the quartile range) are considered outliers and plotted as points 
beyond the ends of the whiskers (i.e., experts 3 & 4 in Q3 and experts 3 and 10 in Q4, as 
indicated by the points plotted between experts 5 and 6).  The individual expert responses used 
to produce the boxplots are indicated by x-marks.  Boxplots are provided as a summarizing 
visualization to aid comprehension of the experts’ responses and their range, and the summary 
values are presented in this context and not intended for use outside of the context of the full set 
of responses. 

Discussion Points Following Initial Responses:  One expert noted that the probability of 
extirpation in any one of the 6 geographic units is greater than the probability of a single specific 
geographic unit being extirpated.  Also, any combination of a series of events over a decade 
increases the likelihood of extirpation in any one geographic unit relative to the probability of 
extirpation due to a single event.  

Although median probabilities of extirpation were low, experts felt the geographically smallest 
unit (Washington) and those units believed currently to support the fewest resident lynx (GYA, 
Washington, and Minnesota) were the most vulnerable geographic units when scoring this 
exercise.  Fire, drought, and beetle kill were the most frequently mentioned events that were 
considered by the experts when answering this question.  Some experts felt that these 
geographic units may be susceptible to such a scenario because of small geographic and/or 
population sizes and distribution.  In particular, it was noted that this past year there were many 
fires in lynx habitat, especially in Washington, and another year with similar fire impacts, or a 
few such fire years in a 10 year period, could lead to extirpation of lynx in the Washington 
geographic unit.  An expert noted there currently may be as few as 24 remaining females in 
Washington and that with fewer individuals in this area it would result in a higher probability of at 
least temporary extirpation.  Experts noted that fire disturbance data are likely available that 
could be used to model the likelihood of future fire impacts to each geographic unit.  

Experts with outlier responses provided their rationales.  Experts having the lowest scores 
believed that even the smallest geographic units would have only a low probability of extirpation 
in the next decade - that the time frame under consideration was very short.   

5.  What length of time would be required for a geographic unit eliminated by a 
catastrophic event to reestablish naturally? 
  
Response type:  4-point elicitation.  Each expert supplied a written response in years for the 
longest, shortest, and most plausible time periods for reestablishment of a resident lynx 
population within a geographic unit following functional extirpation.  They were also asked to 
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indicate their confidence, as a percentage chance, that the true amount of time necessary for 
reestablishment would fall between the shortest and longest plausible time periods provided. 
 
Expert Responses:  The responses to each of the points elicited are shown below in Table 1.  
Two experts provided additional information beyond the 4 points elicited when responding.  One 
presented two scenarios, one in which connectivity is intact and the habitat was damaged by the 
catastrophic event (e.g., insect outbreak or fire) which would require habitat regrowth first, and 
the second in which the habitat remained present.  In the case of habitat being present the most 
likely time period response was less than 10 years.  In the habitat elimination scenario the 
expert felt given climate changes to habitat that the geographic unit would not re-establish.  The 
second expert responded by geographic unit, with the exception of the Minnesota geographic 
unit for which there was no response.  Their responses are summarized in Table 1 using the 
overall longest and shortest responses as well as the average of the most plausible time (see 
footnote 3). 
 
Table 1.  Expert responses regarding the natural reestablishment time in years for a geographic 
unit after extirpation by a catastrophic event. 
 

Expert # 
Reestablishment Time in Years Percent Confidence in 

Range3 Shortest Plausible 
Time 

Most Plausible 
Time  

Longest Plausible 
Time 

1 10 40 100 50% 
2 15 100 300 80% 
3 15 35 60 5% 
44 1, 

will not reestablish 
<10,  

will not 
reestablish 

will not reestablish 100% 

5 25 50 100 75% 
6 20 30 50 90% 
7 15 20 25 90% 
8 15 50 will not reestablish 40% 
9 20 30 100 50% 

105 15 55 200 50% 
 

Expert responses are also visualized in Figure 3 and Figure 4 below.  The raw responses are 
visualized in box plot form to aid communication of the results (Figure 3).  Confidence ranges 
provided in a four point elicitations enable expert responses to be rescaled to produce a 
common confidence bound across experts using linear extrapolation (e.g., McBride et al. 2012).  

                                                
3 Expert confidence that the true recovery time would fall between the shortest and longest time periods 
of their response. 
4 This expert provided a response for two scenarios, first that the catastrophic event does not result in 
habitat loss, and second that habitat is lost and therefore connectivity to extant populations is lost. 
5 This expert provided separate responses for each geographic unit.  The values in this table are the 
overall shortest, longest, and average most plausible number of years indicated in the responses across 
geographic units. 
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We calculated the 95% confidence interval for the shortest and longest plausible time periods 
for each expert (Figure 4).  In cases where the linear extrapolation resulted in negative years for 
the shortest time periods, we adjusted to zero.  This may indicate underconfidence in the 
responses provided by the experts, or that the use of linear extrapolation for these 4-point 
elicitation responses fails to distribute expert uncertainty in a manner consistent with the actual 
uncertainty present in expert responses (i.e., the experts could have been more confident in 
their shortest plausible time response than their longest plausible time responses, which the 
linear extrapolation doesn’t account for). 

 
Figure 3.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events. 

The raw responses for each of the three time periods (longest plausible time to reestablishment, 
most plausible time, and shortest plausible time period) are displayed in the box plots in Figure 
3 above.  Boxplots illustrate response mean values (bold black lines), the 25% and 75% 
quartiles (upper and lower bounds of boxes), and the highest and lowest values within 1.5 times 
the quartile range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of 
the whiskers are considered outliers and plotted as points.  The individual expert responses 
used to produce the boxplots are indicated by x-marks.  Boxplots are provided as a 
summarizing visualization to aid comprehension of the experts’ responses and their range, and 
the summary values are presented in this context and not intended for use outside of the 
context of the full set of responses. 
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Figure 4.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events, adjusted to provide 95% confidence bounds. 

In Figure 4, 95% confidence bounds were produced from the 4-point responses using linear 
extrapolation.  Shortest plausible time period is in blue, most plausible is green, and longest 
plausible is red.  For plotting purposes negative shortest time period values were adjusted to 
zero, and all zeroes in the plot indicate 95% confidence bounds that extended below zero.  
Longest time periods beyond 350 years were plotted at 350, with the actual time period noted in 
text left and below those points.  Also note that expert 10 responded by geographic unit, so the 
figure displays the 95% confidence bound adjusted overall longest, overall shortest, and 
average most plausible time periods across the six units for expert 10. 

Discussion Points Following Initial Responses:  Experts discussed the amount of time it takes 
for habitat to recover after catastrophic events (e.g., fire, insects) when considering timeframes 
for repopulation.  Some experts could picture some geographic units never being recolonized 
again, and that some could be recolonized immediately, depending on which geographic unit is 
being evaluated and the level of connectivity to other geographic units and to lynx populations in 
Canada.  Washington is more connected to Canada than the Colorado geographic unit for 
example.  The rate of recolonization was variable for each geographic unit because of the size 
of each geographic unit, status of adjacent source geographic units, and the level of 
connectivity.  Experts found it hard to generalize across the range of the species for this 
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question.  The variances in the geographic units across the range need to be considered.  
Experts believed GYA and CO would have a long period for recolonization, if ever recolonized, 
after a potential extirpation event because of the lack of connectivity with Canadian populations.  
It is likely that those geographic units with connectivity to Canada would recover much sooner 
than geographic units not connected to Canada. 

Resiliency 

Definition - Resiliency speaks to an individual population’s ability to tolerate environmental and 
demographic stochasticity, such as fluctuations in temperature or genetic drift.  It is often 
measured in terms of population size and growth rate, but in fact is dependent on a number of 
traits, both demographic and environmental.  These include, among others: age or stage class 
distribution, genetic heterogeneity, birth rates, annual survivorship, sex ratios, etc., and the 
quality and extent of habitat, the degree of disease, competition, etc.  Metapopulation dynamics 
and distribution can also contribute to population resiliency in some species. 

Resiliency Questions:  Probability of Persistence Exercise  

Exercise Summary 

The first two resiliency questions were asked concurrently as part of a probability-of-persistence 
exercise conducted for each geographic unit.  Experts were asked to graphically provide the 
probability of persistence of resident lynx through time for each geographic unit, as well as the 
major factors influencing persistence in those geographic units, one geographic unit at a time.  
Experts were asked to provide persistence probabilities and influencing factors for the near-term 
(2025), mid-term (2050) and longer-term (2100).  Experts were also asked to indicate on each 
of their graph sheets the emissions scenario (low, moderate, or high/status quo) they were 
considering in graphing persistence probabilities and listing influencing factors.  
 
We began this exercise with the Northern Maine geographic unit, and the discussion and 
questions among experts that followed the initial persistence-graphing and factor-listing efforts 
indicated that a review of the status and major issues confronting lynx in each unit (a quick 
reminder and summary of the earlier status update presentations) would be helpful.  Therefore, 
prior to expert responses for the remaining units, the expert(s) most familiar with the geographic 
unit in question gave a 5-10 minute summary of what they viewed as the most relevant 
information about the current and likely future status of lynx populations and habitats in that unit.  
They also presented any other conditions or issues they thought could affect the probability of 
persistence of resident lynx in that unit.  All experts then completed their graphs and lists of the 
factors that influenced the probabilities of persistence they selected for each time frame for the 
geographic unit in question.  For the Maine unit, the discussion following initial responses 
served the same purpose, and after that discussion, experts were given the opportunity to 
revise their responses if they felt it necessary. 
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After all experts completed their responses, the graphs and influence lists from each expert 
were posted on the wall, and workshop participants were invited to gather around to view and 
discuss the range of responses.  Facilitators and SSA Team members then polled the experts 
about what drove their responses.  These questions were a mix of directed questions about 
unique responses, the role of particular factors noted in the responses, and open-ended 
questions to allow experts to describe their thinking.  Experts and team members were also 
encouraged to ask clarifying questions about the responses.  Experts were encouraged to 
modify their responses by posting a revised sheet above their first response if they wished to 
adjust their responses based on the discussions. 
 
1.  What is the probability of persistence over time (particularly at present, 2025, 2050, 
and 2100) for each of the 6 major geographic units? 
 
Response Type:  Graphical 3-point elicitation.  Each expert was provided a blank sheet of 
graphing paper with a y axis of probability of persistence, and an x axis of time, with 4 time 
periods bolded (2015, 2025, 2050, and 2100).  For each of those years, experts were asked to 
add a point to the graph representing the lowest, highest, and most likely probabilities of 
persistence at that time period.  Experts were also asked to connect the points through time. 
 
Question Clarification:  It was explained that the most likely point should represent the 
probability of persistence that the expert anticipates to be most likely to occur for that 
geographic unit at each time period, and that  the points for lowest and highest probability of 
persistence were intended to capture the expert’s uncertainty in the future probability of 
persistence.  Experts preferred to indicate a most likely probability and to provide a full 
confidence interval (i.e., upper and lower bounds within which they felt 100% certain the future 
probability of persistence would fall) rather than indicate a confidence level associated with the 
lowest and highest probability responses. 
 
Expert Responses:  Responses are by geographic unit and are presented below in conjunction 
with the responses to question #2 below. 
 
2.  What are the major drivers/factors (up to 3) reducing probability of persistence for 
each of the major geographic units? 
 
Response Type:  Ranked list of top three factors, for each point in time (present, 2025, 2050, 
and 2100), with % contribution of each factor. 
 
Question Clarification:  Resiliency questions 1 and 2 were asked concurrently.  Experts were 
provided a sheet of paper for each geographic unit and the area at the bottom of the sheet 
below the graphing area was used to list the three major factors they expected would most 
significantly influence the probability of persistence at each time period.  Influencing factors 
were described as those anthropogenic or naturally-occurring activities, events or factors that 
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could influence the probability that resident lynx populations will persist in a given geographic 
unit. 
 
Expert  Responses:  For each geographic unit an overview of the unit from the area expert are 
provided, as well a summary of the hand drawn graphs via a figure (Figures 5 - 10), the 
responses and major factors are summarized via text, and the discussion that the responses 
generated are presented.   

Northern Maine  

Pre-graphing Overview from Unit Experts:  This step was not added to the process until after the 
probability of persistence exercise for this unit.  Because this unit was the first for which experts 
attempted to graph persistence over time, there were many questions and much discussion 
about process and intent.  It was the discussion following this initial graphing exercise that led 
the SSA Team to request unit summaries prior to subsequent graphing exercises.  The Team 
felt that overview information similar to that provided prior to graphing persistence for 
subsequent units (below) came out during the discussion.  Further, because experts were 
encouraged to update their Northern Maine geographic unit responses as necessary following 
that discussion, the Team felt that the results of the graphing exercise for the Northern Maine 
geographic unit were valid and comparable to the results generated for the other units. 

Expert Responses:  All experts indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Maine through the end of the century, with uncertainty (range 
between lowest and highest probabilities) also increasing over time.  Nearly all experts 
predicted near-term (year 2025) persistence probability >= 90% and mid-century persistence >= 
70%.  All experts predicted end-of-century persistence probability >= 50% for this unit, with most 
predicting a 40% to 60% probability of persistence by 2100 (Figure 5).  Near-term drivers that 
influenced experts’ probabilities of persistence for this geographic unit were changes in private 
forest land ownership, changes in forestry management (timber harvest methods, volumes, and 
spatial distributions), habitat decline (succession of previous clear-cuts from young, dense 
regenerating stands to mature stands less conducive to high hare densities), spruce budworm 
outbreak, climate change-induced loss of spruce-fir habitats, and competition with bobcats due 
to climate change-induced loss of snow conditions that favor lynx.  Longer-term (2050, 2100) 
drivers similarly included changes in forestry practices, but also climate-driven loss of snow 
conditions favorable to lynx/competition with bobcats, and loss of spruce-fir forest.  As with 
responses for other geographic units, not all experts provided the factors that influenced their 
persistence probabilities for each time period, and not all provided the percent contribution of 
each factor. 
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Figure 5.  Expected probability of persistence for the Northern Maine geographic unit at present, 
2015, and in 2025, 2050 and 2100. 

Note:  In Figure 5, above, and figures 6 through 10, below, points for each of the 10 expert 
responses, for each of the three probability of persistence levels, i.e., highest, most likely, and 
lowest probabilities of persistence, are represented by the hollow red, filled green, and hollow 
blue points respectively.  The black x mark is the median of the most likely responses across 
the experts in each response year.  The red, green, and blue dashed lines connect the median 
of the highest, most likely, and lowest probability of persistence responses across the experts in 
each response year.  The edges of the grey area were defined by the extreme responses, i.e., 
the range from the largest of the highest probability of persistence responses to the smallest of 
the lowest probability of persistence responses.  The median lines and grey area are provided 
as a summarizing visualization to aid comprehension of the experts’ responses and their range, 
and should not be viewed are a substitute for individual responses or presented outside the 
context of the accompanying discussion. 

Discussion Points Following Initial Responses:  One expert expressed confidence that the lynx 
population in Maine will be stable in the near term; that climate change out to 2050 will primarily 
affect coastal areas, which support few lynx; and that there will likely still be favorable conditions 
for lynx in northern Maine where most lynx currently occur.  A second expert disagreed, and 
indicated that a combination of aging of the last of the budworm-era (1970s-80s) clear-cuts, the 
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cumulative effects of the last 25-years of partial harvesting (in accordance with the Maine Forest 
Practices Act), and the coming spruce budworm outbreak will all substantially reduce the 
amount of high quality lynx/hare habitat in this unit.  Projecting past 2050, experts generally 
agreed that climate change will likely create unfavorable conditions (e.g., insufficient snow, loss 
[northward migration] of spruce-fir forests) in northern Maine’s core area for lynx, and the 
probability of persistence will decline over the longer term.  Although uncertainty increases with 
time from the present, climate-related loss of favorable snow conditions (amount, consistency, 
and duration), loss of spruce-fir, and bobcat competition will likely reduce the probability of 
persistence in this unit beyond 2050.   

There was some concern that timber companies would not respond to the pending spruce 
budworm outbreak like they did in the 1970s (extensive clear-cuts).  Some experts also 
expressed concerns about the effects of the current clear-cuts aging past conditions that 
support hares and lynx.  Out to year 2050, changes in snow conditions and loss of spruce-fir 
associated with climate change will contribute to habitat loss.  Past 2050, diminished snow, 
successional loss of high-quality habitats, increased competition from bobcats, and spruce-fir 
decline will make conditions unfavorable for lynx.  Some experts assumed a high-emissions 
climate change scenario, but others said their predictions would not change under moderate 
emissions scenarios.  The second expert (above) indicated that current data show spruce-fir 
habitat is being replaced with a hardwood forest (red maple) system, and that this will continue 
throughout the century.  This expert indicated hardwood forest invasion isn’t being controlled by 
herbicides as it was in the last budworm outbreak.  The first expert (above) disagreed and said 
that lynx are resilient and forestry practices will likely sustain spruce-fir habitats in Maine, 
providing an example of one timber company that has already invested in spruce plantations.  
The second expert indicated that most of the land base is owned now by Timber Investment 
Management Organizations and Real Estate Investment Trusts who will not employ intensive or 
expensive (plantation, herbicide) forms of forestry.  In summary, experts expressed a variety of 
opinions about how forest management may change in the future in Maine and, in particular, 
how forest landowners and managers may respond to the pending spruce budworm outbreak, 
and how these responses may impact resident lynx.  

Other factors considered by the experts included budworm outbreaks, the potential for disease 
in a lynx population (not currently a recognized or documented threat and typically unexpected, 
but always a possibility), ecosystem change induced by climate change, forest tree species 
composition changes, competition with other temperate forest animals.  There are many 
interrelated factors and different stresses and factors that may occur in the future.  It is difficult 
to anticipate the factors that will affect lynx in the future.   

Experts discussed the role of competition between lynx and other carnivores, especially 
bobcats, throughout the DPS.  One expert remarked that in some parts of Montana there is 
complete overlap of lynx and bobcat home ranges and little or no evidence of competition 
effects.  Others indicated relatively narrow regions of overlap and sharp demarcation between 
areas that support home ranges of the two species that correspond with annual snowfall 
amounts in Maine and Minnesota.  Experts were unsure whether bobcat-lynx overlap is more a 
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function of snow conditions in these areas or competition between the species (i.e., competition 
for food or behavioral competition).  Although separation of the species has been documented, 
the nature and causes of the separation are not certain.  Bobcats are a more generalist predator 
than lynx and less reliant upon hares than lynx.  Experts expressed varying opinions regarding 
seasonal differences in overlap among lynx and bobcat diets, the effect and importance of 
competition between the two species, and whether it is behavioral or resource competition.    

Lynx in Maine have not responded to changes in hare abundance exactly as lynx in Canada 
and Alaska have to hare population cycles.  In Maine, the proportion of females that reproduced 
and average litter size declined during low hare years, as in the north, but home range sizes in 
Maine did not increase as they did in the north when hare abundance was low.  Hare densities 
do not appear to have dropped below a critical threshold to alter lynx home range size in Maine 
as in the North.   

An SSA Team member asked how hare cycles or fluctuations may affect predictions of 
persistence in Maine.  The first expert (above) said that hare declines documented by University 
of Maine monitoring is likely due to the aging forest, and that lynx in Maine haven’t yet 
responded biologically to the range of hare densities observed in Maine, as suggested by the 
lack of change in home range sizes and survival.  The second expert (above) disagreed, and 
cited University of Maine research that showed hare populations declined by ~50% in all stand 
types sampled starting in 2006, that forests where hares were monitored have not yet 
progressed to the self-thinning stage, and that the hare decline in Maine is mirrored by hare 
data from southern Quebec.   

Northeastern Minnesota 

Pre-graphing Overview from Unit Experts:  There are probably 50-200 resident lynx in 
Minnesota but there is much uncertainty and survey protocols do not support generation of 
precise abundance estimates.  Lynx occupancy and reproduction both have been consistently 
documented in the state since it was listed in 2000.  Lynx in this geographic unit are interacting 
with, and possibly depending on, southern Ontario populations.  Although females exhibit high 
reproductive rates, radio-telemetry data suggest low recruitment of Minnesota-born kittens into 
the breeding population of this geographic unit.  Bobcats are a potential future stressor as they 
are encroaching into lynx areas; fire is a threat in dry years (e.g., there have been 3 fires in last 
15 years that have burned approximately 20% of lynx habitat).  The forest management industry 
is tied to softwoods and continued management of softwood tree species is expected in the 
future. 

Expert Responses:  As with the previous unit, all expert graphs showed initially high and 
subsequently declining probability of lynx persistence in Minnesota over time, along with 
increasing uncertainty through the end of the century.  Nearly all experts predicted near-term 
(year 2025) persistence probability >= 90%, and all experts predicted mid-century persistence at 
60% to 90% (median = 80%).  Experts predicted end-of-century persistence probabilities of 10% 
to 60%, with a median of 35%, by 2100 (Figure 6).  Near term drivers were reduced snow, 
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bobcat competition, disease in lynx (e.g., lungworm, liver fluke, feline leukemia), and forest 
insects.  Long term drivers were reduced snow, competition with bobcat, loss of spruce-fir 
forests, fires, and climate change. 

 

Figure 6.  Expected probability of persistence for the Minnesota geographic unit at present 
(2015), and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts expressed uncertainty whether 
potential climate change impacts will be realized in the short term, but that the cumulative 
effects of climate-induced changes seem more likely in the longer term.  This uncertainty may 
be a source of variability in predicted persistence probabilities.   Some experts expressed 
uncertainty about the accuracy of the rough estimate of the size of the lynx population in this 
unit because surveys were not designed to provide population estimates.  Some experts wanted 
clarification on the distribution of lynx in the state, and which areas of the state have the highest 
use.  The core-use spatial extent was described as a 20-mile-wide strip inland from the north 
shore of Lake Superior and extending about 60 miles from the northeast tip of the “arrowhead” 
southwest into the Superior National Forest (SNF).  Lynx occasionally occur further west in the 
SNF and in other areas such as Voyageurs National Park.  Recent snow-track surveys suggest 
lynx may be using a larger portion of the arrowhead region, and radio-telemetry data have 
documented travel to and from southern Ontario.  Lynx also have been documented to use the 
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1-million-acre Boundary Waters Canoe Area Wilderness (BWCAW) that borders Canada for 
dispersal in both directions across the border.  However, because the BWCAW has not been 
surveyed for lynx, the number of lynx that may use this area is unknown.  The SNF does not 
actively manage the BWCAW.  The current connectivity between lynx in this unit and the larger 
population in Ontario reduces the likelihood of local extirpation in this geographic unit, but the 
likelihood would increase if connectivity was compromised and cross-border interactions 
reduced. 

Factors considered included potential disease, fire, loss of boreal forest, competition with 
bobcats and possibly other hare predators.  Some experts questioned the validity of disease as 
an influence in this and other geographic units because although disease has been documented 
in some felines, it has not been documented as a threat to lynx in any of the DPS populations to 
date.  Some experts speculated that because there is a link between disease and temperature 
increases in other animals, projected climate warming could contribute to disease in lynx.  
Therefore, although not a factor for lynx currently, it is not unreasonable that disease could 
impact lynx populations in the DPS in the future, so we may want to consider disease in future 
conservation planning.  Experts also discussed the possibility that climate warming may 
facilitate the westward expansion of the spruce budworm outbreak that is projected for Maine 
and eastern Canada into southern Ontario and the Minnesota geographic unit. 

Northwestern Montana/ Northeastern Idaho 

Pre-graphing Overview from Unit Experts:  There are likely 200-300 lynx in this unit in several 
subpopulations (expert stressed that this is a guess and not a true population estimate), and 
there is currently a connection with lynx in Canada.  Climate models project that some boreal 
forest will persist in this unit and that it will maintain snow into the future.  In this unit, lynx 
primarily occupy public lands, which are actively managed for lynx into the future.  In recent 
decades, fires have occurred on a large scale, with high intensity and increasing frequency.  
There have been no documented cases of beetle infestations in lynx habitats in this unit. 

Expert Responses:  As for previous units, all expert graphs showed an initially high and 
subsequently decreasing probability of persistence for this unit, with increasing uncertainty over 
time, but a higher probability of persistence at all time frames than other units.  All experts 
predicted near-term (year 2025) persistence probability >= 95%, and all predicted mid-century 
persistence at 70% to 100% (median = 90%).  All experts predicted end-of-century persistence 
probabilities >= 50%, with a median of 78%, by 2100 (Figure 7). 
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Figure 7.  Expected probability of persistence for the Northwestern Montana/Northeastern Idaho 
geographic unit at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Overall, experts assigned a higher probability of 
persistence in this unit compared to the other two units discussed thus far.  Most lynx habitats in 
this unit occur on Federal lands that are managed for lynx conservation, but one expert noted 
that little has been done to document whether lynx are responding to this management.  The 
recent sale of large tracts of private commercial timberlands in the central part of this unit to The 
Nature Conservancy has increased protection for lynx via conservation easements managed for 
lynx.  Habitats in some areas should improve in the near future as previously cut or burned 
areas mature into dense stands.  Unlike the Maine and Minnesota geographic units (but similar 
to most other western units), high elevations in this unit could buffer the effects of climate 
change by providing for the upslope migration of lynx habitats and snow conditions that climate 
models predict.  However, this would result in even patchier and more isolated islands of habitat 
in high elevation areas that would be more prone to extirpation due to catastrophic or stochastic 
events.  Competition from coyotes and bobcats seem to be less of a concern for this unit. 

This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 
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occurring or will into the future.  There doesn’t appear to be much demographic input from 
recent cycles.  There is evidence of lynx from this unit moving north into Canada, but little 
evidence of demographic interactions among the three subpopulations (Purcell Mountains, 
Seeley Lake, and Garnet Mountains) in this unit.  Experts noted that the Garnets Mountains 
subpopulation at the southern end of this unit may have recently become extirpated.     

Discussion among experts indicated that fire was more of a concern for this area.  Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit.  Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels.  Out to 2050 and 
beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity.  Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 

Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats.  Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change.  It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level.  One expert reminded that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation.  Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in future.   

North-central Washington 

Pre-graphing Overview from Unit Expert:  This geographic unit is thought to currently support 
roughly 50 resident lynx.  There may have been more lynx prior to recent major fires.  This unit 
is currently connected to Canada, and there is no indication that this connection will be 
disrupted.  Some of the best lynx habitat in this unit occurs on plateaus that may be more 
vulnerable to impacts of climate change because of the absence of higher-elevation areas to 
which habitats, lynx and hares could migrate in response to warming.  In areas that receive 
maritime climate influences, projected climate-induced changes to snow conditions could be 
detrimental for lynx.  Studies have shown good lynx survival rates in this unit. 

Expert Responses:  Compared to the previous units, most expert graphs showed a lower 
probability of persistence for this unit over the short term, and then lower probability of 
persistence along with increasing uncertainty by 2100, reflecting a more pessimistic outcome for 
this unit compared to previous units (Figure 8).  Experts predicted near-term (year 2025) 
persistence probabilities of 60% to 90% (median = 80%), and mid-century persistence at 30% to 
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80% (median = 70%).  All experts predicted end-of-century persistence probabilities less than 
50%, with a median of 38%, by 2100 (Figure 8).  However, one expert predicted an increase in 
persistence probability by mid-century as habitats impacted by recent large-scale fires 
regenerate into optimal hare-lynx habitat. 

 

Figure 8.  Expected probability of persistence for the North-central Washington geographic unit 
at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  The probability of lynx persistence in this unit 
could decrease sharply over the next 10-20 years because of extensive recent fires in lynx 
habitats and the time needed for these areas to regenerate back to good hare/lynx habitat.  
After that, the probability could rebound (or decline more slowly) over the longer term as these 
large areas return to prime habitat providing high hare densities.  The current small population is 
likely at greater risk of extirpation because of stochastic events, particularly if large fires in lynx 
habitat continue to occur in the near future as they have in the recent past.  A small population 
also could be more susceptible to disease, though none has been documented among lynx in 
this unit.  Experts discussed the extent to which small lynx populations could be reduced before 
they would become highly susceptible to stochastic demographic effects.  It was suggested that 
15-20 breeding individuals might be the minimum needed to avoid such susceptibility.  
Unimpeded connectivity between Canada and the Okanogan area of this unit could allow lynx to 
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repopulate currently-unsuitable areas after the habitat recovers.  Lynx in this unit are likely the 
southern portion of a larger population in Canada, not really a separate, isolated small 
population.  Factors that influenced expert persistence probabilities for this unit included fire, 
habitat loss, and the future loss of favorable snow conditions predicted by climate change 
models. 

Greater Yellowstone Area (GYA) 

Pre-graphing Overview from Unit Experts:  This unit has a long history of lynx presence, but the 
consistency of occupancy over time is uncertain.  Research and surveys since 1997 have 
detected few lynx in this unit.  Lynx are likely spatially limited within the unit because of the 
patchy distribution of high-quality habitat and the generally low or marginal hare densities in 
much of the unit.  Lynx have large home ranges in this area, an indicator of lower habitat quality.  
Nevertheless, until recently, this unit appears to have supported a small resident lynx 
population.  The current lynx population in this unit is very small - likely fewer than 10 lynx, and 
possibly zero.  This population may have been somewhat larger in the past; however, there is 
some uncertainty about this.  Recent surveys and trapping efforts have not detected resident 
lynx, only several that were previously released in Colorado.  Several Colorado-released lynx 
have established home ranges in the GYA unit, and there is evidence of overlapping male and 
female home ranges.  In the late 1800s and early 1900s, there was notable predator control in 
some parts of this unit.  There currently is oil and gas exploration and development activity in 
parts of this unit, but potential impacts to lynx are uncertain, and projects are attempting to 
minimize impacts to lynx habitat. 

Expert Responses:  The expert graphs for this unit were widely variable and had different 
outcomes and high uncertainty at all time frames.  Experts predicted near-term (year 2025) 
persistence probabilities of 10% to 70% (median = 52%), and mid-century persistence at 15% to 
60% (median = 35%).  All experts predicted end-of-century persistence probabilities less than 
50% for this unit, with a median of 15%, by 2100 (Figure 9).  This was the only unit for which 
most experts believed the present probability of persistence is low (i.e., that it is uncertain 
whether this area currently supports a resident lynx population).  Some experts increased 
probability of persistence into mid-century as the 1980s-era fires regenerate into hare/lynx 
habitat, and with the possibility of continued immigration of lynx from Colorado.  Other experts 
project a 10% to 20% probability of persistence by 2100.  One reason given for wide variability 
in responses is because of the uncertainty whether a population currently exists.  There were 
wide confidence intervals around the probabilities for all time periods for this area. 
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Figure 9.  Expected probability of persistence for the GYA geographic unit at present, 2015, and 
in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Current and future factors expressed by experts 
as influencing probability of persistence for this unit included small population size, forest 
disease and insect pests, and fire.  Some experts doubt that the GYA unit currently supports a 
resident breeding population of lynx.  Experts indicated that climate models predict that some 
parts of the GYA unit could provide refuge from climate change impacts because of their high 
elevations and potential to maintain winter snow levels into the future.  Summer conditions in 
this unit, however, could be drier in the future, resulting in increased fire frequency, extent and 
intensity, and additional temporary habitat loss.  However, regeneration of these areas and the 
extensive areas that have burned in the recent past may provide good habitat over the next 
several decades.  Lynx immigrating to this unit from Colorado could occupy such improved 
habitats in the near future.  Colorado lynx have made exploratory movements into the GYA in 
summer months, and analysis of available data could improve our understanding of Colorado 
lynx movement into and use of the GYA.  It is possible that lynx from Colorado are maintaining 
or could maintain lynx in GYA. 
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Western Colorado 

Pre-graphing Overview from Area Expert:  From 1999 to 2006, Colorado Division of Wildlife 
(CDOW; now Colorado Parks and Wildlife [CPW]) released 218 Canadian and Alaskan lynx into 
western Colorado.  Survival and litter sizes have been similar to rates observed in other DPS 
populations.  There are probably 100-250 lynx in Colorado today.  There are currently 5-6 
million acres of habitat in this unit thought capable of supporting lynx and where hares are 
present in sufficient numbers to support persistent reproduction.  Extensive bark beetle 
infestations have impacted large areas of lynx habitat, but snowshoe hare are still occupying 
areas with beetle damage.  Three large fires have occurred in recent years, resulting in some 
lynx habitat burned.  Salvage operations in burned areas could diminish future habitat quality.  
This unit is more isolated from Canadian and other DPS lynx populations; separated by a large 
swath of inhospitable habitat.  Road mortality of released lynx was initially high but it doesn’t 
seem to be a problem now (about 1 per year killed on roads on average since the first year of 
the reintroduction).  There is no incidental take from trapping because foothold traps are banned 
in Colorado.  Climate models show CO will maintain habitat over time with anticipated climate 
changes.  Like other western units, habitat is patchily-distributed across this unit. 

 
Figure 10.  Expected probability of persistence for the Western Colorado geographic unit at 
present, 2015, and in 2025, 2050 and 2100. 
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Expert Responses:  Similar to most of the other units, most expert graphs indicate an initially 
high probability of persistence in this unit that will decline gradually with increasing uncertainty 
through the end of the century.  Experts predicted near-term (year 2025) persistence 
probabilities of 60% to 100% (median = 90%), and mid-century persistence at 50% to 85% 
(median = 80%).  Experts predicted end-of-century persistence probabilities of 20% to 70% for 
this unit, with a median of 50%, by 2100 (Figure 10). 

Discussion Points Following Initial Responses:  Some experts indicated that beetle kill and fire 
could potentially create poor habitat conditions in large areas of this unit by mid-century, but that 
regeneration after these impacts could result in good lynx/hare habitats.  Others expressed 
uncertainty about whether fire and insect impacts would be temporary or permanent, especially 
considering climate change and the potential for conversion from boreal/subalpine forests to 
other forest types.  Although 8 of 10 experts graphed 50% to 70% probability of persistence at 
2100, during subsequent discussions, several expressed greater uncertainty about whether 
resident lynx will persist in the unit at the end of the century.  Higher-quality lynx habitat occurs 
primarily in two areas and is patchily-distributed.  Lynx in this unit may occur as several smaller, 
relatively isolated subpopulations, which are likely more vulnerable to stochastic events (similar 
to MT).  This unit’s relative isolation may limit exchange with other lynx populations, increasing 
the likelihood of genetic drift and reducing the chance of demographic rescue or recolonization if 
extirpated.  There was discussion about whether ski areas may affect daily movements of lynx, 
and hares may be declining in ski areas.  Ski areas tend to expand and may, therefore, have 
larger impacts on lynx in future.  There is some evidence of lynx using ski areas in summer 
months but avoiding them during the ski season.  It is uncertain whether ski areas may affect 
genetic connectivity within the Western Colorado geographic unit.  Two-thirds to three-quarters 
of the lynx in this unit are in the southern portion of the range in the San Juan Mountains.  There 
is a large area (Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, 
so it is possible that lynx also could be using that area. 

Summary across Geographic Units 

This section extrapolates from the probability of persistence responses for each geographic unit 
in the section above.  In this section we show the combined probabilities of persistence for 
those geographic units to provide a sense of what the DPS-wide results could be when the 
results for the individual geographic units are combined.  This is shown as a summary of the 
probability that a given number of geographic units persist into the future (See Figure 11) using 
the probabilities provided for each individual unit.  Note that no additional information was 
elicited to produce this summary; rather, the probabilities for each geographic unit were treated 
as independent probabilities of persistence and used to determine the joint probability of 
persistence for a given number of geographic units in total.  Computationally these joint 
probabilities were computed using a convolution of the Bernoulli probability distribution of 
persistence for each geographic unit via a custom convolve function executed in the statistical 
software R (see Appendix 6 for the R code used to produce these and the other summaries and 
figures presented in the report).  The results of this convolution are shown in two forms, first is 
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the probability that a particular number of geographic units persists (Figure 11) and the second 
is the cumulative probability that at least a given number of geographic units persist (Figure 12). 

 

Figure 11.  Summarized probability of persistence of a given number of geographic units given 
the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 11 is the probability that the specific number of geographic 
units indicated by the x axis of the grid persist.  The probability sums to one in each grid.  
Moving from top to bottom the grids show the probabilities of a specific number of geographic 
units persisting by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by selection type and probability response.6  Therefore 
looking down a column of grids provides a view of the trend in persistence through time and 
looking across a row of grids provides a view of the range of uncertainty in persistence experts 
                                                
6 “Median_High” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the highest probability response in each geographic unit. 
“Median_Likely” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the most likely probability response in each geographic unit. 
“Median_Low” is the probability of persistence generated by selecting the median probability of 
persistence across experts from the lowest probability response in each geographic unit. 
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had for a given time period.  The summarized probabilities presented here are provided to aid 
understanding of the implications of the individual persistence probabilities provided above, and 
are derived directly from those responses and therefore should be presented and considered in 
conjunction with those figures. 

 

Figure 12.  Summarized probability of persistence of at least a given number of geographic units 
given the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 12 is the probability that at least the number of geographic 
units indicated by the x axis of the grid persist.  The probability in a bar reaches 1 when there is 
no probability of fewer geographic units persisting.  Moving from top to bottom the grids show 
the probabilities by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by summary selection type and probability response as in 
Figure 11.  Therefore looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period.  The summarized probabilities presented here are provided 
to aid understanding of the implications of the individual persistence probabilities provided 
above, and are derived directly from those responses and therefore should be presented and 
considered in conjunction with those figures. 

Expert Assumptions during Persistence Graphing Exercises 

Experts were asked to summarize the assumptions that informed their responses to resiliency 
questions 1 and 2.  This was done via open discussion, with facilitators asking both direct 
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questions about particular issues that could impact responses (e.g., climate change conditions), 
and open ended questions (e.g., what other assumptions were considered?). 

Notes:  Climate-change emissions scenarios considered during this exercise differed among 
experts (and some responses did not indicate an emissions scenario).  However, in discussions 
following the graphing exercise, experts indicated that the confidence intervals around their 
persistence probabilities were likely to capture the variance associated with different emission 
scenarios and other climate change uncertainties. 

Experts were asked whether regulatory protections influenced their predictions.  Some experts 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies).  Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections.  Their focus was on the biology and ecology of the species, not listing status-related 
impacts or regulatory scenarios in the future, and they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status.   

Experts were asked what they meant by “small population size effects.”  They explained that 
because small populations are more vulnerable to both demographic and genetic impacts and 
at increased risk from catastrophic and other stochastic events than are larger populations, they 
also have a lower likelihood of persistence.  Experts indicated that connectivity with other 
populations reduces the vulnerability of small populations as it does for larger populations.   

Experts were asked if their projections were influenced by considerations of whether historical 
patterns of cyclic irruptions of lynx into the DPS from Canada will continue in the future.  Most 
agreed that the magnitude of irruptions has declined from the historical highs of the 1960s and 
1970s, and that irruptions may have ceased in recent decades in some parts of the range, 
particularly in the West.  However, most experts felt that connectivity remains good between 
Canada and those DPS geographic units that abut the international border, and most assumed 
some level of regular or intermittent interaction between lynx in those units and Canada, even if 
full-blown irruptions have not been documented recently.  Some experts said that the likelihood 
of future irruptions had little influence on their persistence graphs, especially for the more 
isolated units (GYA and Western Colorado), where an influx of lynx from Canada may be less 
likely. 

Conservation Actions to Address Influencing Factors and Increase 
Probability of Persistence 

3.  What conservation actions could be taken that would address the factors impacting 
the probability of persistence, or would otherwise increase the probability of 
persistence? 
 
Response Type:  Individual list with rounds responses.  Experts were given 5 minutes to write a 
list of three potential conservation actions that could be taken.  Facilitators then asked one 
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expert at a time to provide one item from their list, cycling through the set of experts until all 
experts had exhausted their lists.  Experts were given the opportunity to add items when it was 
their turn that had not been on their written lists.  Experts were not asked if they agreed with 
conservation actions presented by other experts, thus the following list should not be viewed as 
consensus among lynx experts. 
 
Expert Responses:  List of potential conservation actions in the order provided. 

● Reduce CO2 emissions  
● Continue protections associated with Federal and/or State listing 
● Adjust forest management to retain spruce and fir, and reduce fire burn rates 
● Promote/maintain habitat connectivity with Canadian populations through coordinated 

cross-border land use planning 
● Manage salvage logging associated with fire and insect damage to minimize impacts to 

and/or facilitate restoration of lynx/hare habitats 
● Configure and design lynx-friendly landscapes at appropriate scales; design and 

maintain a mosaic of lynx/hare habitats 
● Manage fuels reduction (fire management) projects while maintaining or enhancing 

hare/lynx habitat features. 
● Augment small populations and reintroduce lynx to former, historic range with suitable  

habitat  (GYA, Kettle Range in Washington, perhaps other areas); bolster populations 
before future climate change impacts 

● Support additional research to fill knowledge gaps, particularly related to effectiveness of 
conservation efforts – it remains unclear exactly what is needed for lynx across the 
range to achieve/maintain viability (e.g., habitat quality/amount/distribution, landscape-
level hare densities, forest conditions that support hares, etc.)  

● Enhance cross-border cooperation with Canada to increase near-border lynx 
populations and maintain connectivity 

● Consider cumulative impacts of mining, ski areas, oil and gas, etc., in management 
● Promote reforestation of heavily fragmented areas (e.g., some parts of the GYA and 

Minnesota units); reduce fragmentation 
● Apply strategic habitat conservation concepts; model and identify key areas and focus 

on those areas still in need of protection and management (e.g., private forest lands) 
● Maximize redundancy of lynx populations throughout the DPS 
● Implement fire management Best Management Practices (BMPs)( e.g., allow/encourage 

burns to occur in a way that creates high- and low-intensity mosaic fire patterns) 
● Evaluate whether there is a need for monitoring lynx (and hares) using consistent 

methods throughout the DPS, perhaps coupled with monitoring of other carnivores; 
structured occupancy modeling with genetics sampling could be very informative and is 
cost effective; also known-fate monitoring; monitoring pellet plots is proven and reliable 
way to monitor hares 
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● Devote increased funding to lynx conservation - lynx are in worse shape than other 
mesocarnivore species, but receive less funding than those species that have more 
secure populations and appear less vulnerable to climate change  

Other Considerations 
After completing the elicitation exercises and prior to adjourning the workshop, facilitators asked 
if there were any other considerations the lynx experts or subject matter experts felt are relevant 
to the SSA.  One subject matter expert indicated that monitoring of prey base (hares, red 
squirrels) would help inform lynx recovery, and that pellet-based or mark-recapture methods are 
most reliable.  This expert suggested a need to determine whether areas that we think are going 
to become poor habitat for a variety of reasons could still hold hares and lynx in the future.  
Maybe hares still can use areas we think will be poor habitat, and monitoring these areas could 
help inform our understanding of how lynx persist at the edge of their range. 

Synthesis 
Although uncertainty remains about the historical distribution and sizes of resident lynx 
populations in the DPS, as well as current population sizes, much more is known now than 
when the DPS was listed under the ESA in 2000.  Based on research conducted since the DPS 
was listed, including the summaries of that work provided at this workshop, as well as ongoing 
research, conservation, and management efforts, we have a much better understanding of the 
distribution and status of populations throughout the DPS range.  For example, in 2000, it was 
unclear whether Maine and Minnesota supported resident populations or were only occasionally 
visited by lynx dispersing from Canada during and after northern hare population crashes.  We 
now know that both northern Maine and northeastern Minnesota support resident lynx 
populations, and both are likely larger now than they were historically (Maine), or before they 
were protected by State and Federal regulations (Minnesota).  In contrast, resident lynx appear 
to be naturally less abundant and more patchily-distributed in some parts of the DPS than 
thought at the time of listing, including the West (Interagency Lynx Biology Team 2013, p. 23), 
where potential lynx habitats also appear to have been initially overestimated.  We also have a 
better understanding of the habitat features and hare densities that appear necessary to support 
resident lynx at the southern margin of the species’ range, and of the parts of the contiguous 
U.S. that contain these features.  The presentations in conjunction with expert elicitation 
responses at this workshop have informed and refined our understanding of key aspects of the 
status of, and potential threats to, the lynx DPS.  
 
For example, we were provided a thorough history of the evolution of regulatory mechanisms 
that have been developed and implemented through conservation agreements and formal 
amendments to Federal agency management plans to address the singular threat for which the 
DPS was listed under the ESA - the inadequacy of regulatory mechanisms in Federal land 
management plans prior to listing.  Given our improved understanding of resident lynx 
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populations in Maine and Minnesota (above), where State and private lands constitute much 
more of the lynx habitat than elsewhere in the DPS (98.9% in Maine; 51.7% in Minnesota), an 
assessment of the adequacy of regulatory mechanisms on those State and private lands will be 
a necessary component of the status assessment.  Likewise, our understanding of lynx genetics 
also has improved, with evidence of continued high levels of gene flow range-wide, despite fine-
scale genetic sub-structuring in some populations and additional evidence of lynx hybridization 
with bobcats.  Bobcats appear to be encroaching at the edge of the lynx range in Minnesota 
(Appendix 3, p. 9) and their numbers appear to have increased recently in New Hampshire, 
Vermont, and southern Quebec (Lavoie et al. 2009, entire; Roberts and Crimmins 2010, p. 170; 
Broman et al. 2014, p. 230) adjacent to the northern Maine lynx distribution.  Whether this 
represents a threat to lynx populations in Minnesota and Maine via increased hybridization, 
behavioral mechanisms, or competition for hares is not documented at this time; however, 
encroachment of bobcats in the southern periphery of lynx range may result in lynx 
displacement or niche contraction (Peers et al. 2013, entire). 
 
Canadian researchers also provided updated information on lynx status, management (including 
legal harvest), threats, genetics, and hare population cycles in southern Canada, adjacent to 
some DPS lynx populations.  Forest ecologists and climate modelers also presented information 
regarding potential impacts of timber management and climate change on lynx and boreal forest 
habitats in the contiguous U.S.  Knowledge of lynx and hare responses to various silvicultural 
treatments continues to improve, although the need for continuing research remains.  Climate 
models continue to point toward the future northward and upslope migration of lynx and hare 
habitats and loss of snow conditions favorable to lynx, although uncertainty remains regarding 
the timing, extent, and biological consequences of such impacts.  Increases in the size, 
intensity, and frequency of wildfires and insect outbreaks in boreal/subalpine forests may also 
be related to climate change, but whether these represent temporary or permanent impacts to 
lynx habitats remains unclear.  Finally, much research has been done on hare population 
dynamics and habitat relationships at the southern extent of their range, much of which overlaps 
that of lynx in the contiguous U.S., but questions remain regarding regional variation in hare 
densities and what landscape-level hare abundances are necessary to support persistent 
resident lynx populations across the DPS. 
 
Based on the summaries of post-listing research and the status and threat updates provided at 
this workshop, and on the results of the expert elicitation process, the Service provides the 
following synthesis of the status and likely viability of the DPS in terms of the 3 Rs.  This 
information will be considered as appropriate, along with more detailed analysis of the published 
literature, in the subsequent SSA report for the DPS.  The conclusions below are based on the 
information provided and the results of expert elicitation conducted at this workshop; they may 
be complemented or altered by the additional analyses yet to be conducted as part of the SSA 
process. 
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Representation 
Expert presentations on lynx genetics in the DPS and in Canada and expert responses and 
discussion with regard to representation questions suggest few threats to the genetic fitness or 
adaptive capacity of lynx in the DPS.  High gene flow across the continental lynx range, 
indicated by very low Fst values (see Subject Matter Presentations, above), suggests the 
absence of substantial barriers to genetic interchange, and little evidence or risk of significant 
genetic drift among DPS populations.  Most experts indicated that none of the six geographic 
units known or thought to support lynx populations in the DPS is susceptible to meaningful 
genetic drift, although several experts indicated that the more geographically isolated units (the 
GYA and Western Colorado units) are likely more susceptible to such drift than the units that 
are directly connected to lynx populations and habitats in Canada.  Overall, according to both 
the expert panel and the subject matter presentations, there appears to be a low risk of 
biologically consequential drift for lynx populations in the DPS.  Likewise, expert responses 
indicated that the generally low level of genetic differentiation and relatively similar ecological 
settings across the DPS suggest little life history variability or niche differentiation among DPS 
populations that would indicate that any are more or less important to maintain than others in 
terms of representation.  Individual experts indicated that representation can best be maintained 
by conserving current DPS populations (and hence the genetic variation in each), maintaining 
connectivity between DPS and Canadian populations, and avoiding impacts that would facilitate 
or increase the potential for or likelihood of genetic drift.  Our interpretation of this part of the 
elicitation is that the adaptability and evolutionary capacity of the DPS over time does not 
appear to have been diminished and is unlikely to become so, independent of threats that may 
impact the redundancy and persistence of lynx populations.  We will consider this information 
along with available empirical data and the published literature when evaluating representation 
in the DPS for the SSA. 

Redundancy 
With resident lynx populations and subpopulations in at least five of six large (the smallest is 
over 2,000 square miles, the others are all over 8,000 square miles), widely-distributed (from 
Maine to Washington and south along the Rocky Mountains), and relatively discrete geographic 
areas (see Figure 1), the DPS as a whole appears invulnerable to extirpation from a single 
catastrophic event.  Expert responses indicated no catastrophic event that could result in the 
functional extirpation of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units due to a single catastrophic event.  We 
interpreted these responses to indicate there is a small chance of decreased redundancy from a 
single catastrophic event because the probability of any geographic unit being lost to a 
catastrophic event is low.  Experts indicated that functional extirpation of the geographically 
smallest unit (Washington) and those supporting the fewest resident lynx (Washington, GYA, 
and perhaps Minnesota) would be more likely to occur as a result of a series of catastrophic 
events over a 10-year period than to any single event over the next 10 years (see Figure 2 
above).  Experts listed fire, drought, insect outbreaks, loss of favorable winter conditions, and 
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disease as potential events that could lead to functional extirpation in these units.  In 
Washington in particular, where large fires have impacted nearly 40 percent of the occupied 
lynx habitat over the past 10-15 years, experts felt that several more successive years of such 
fires could result in functional extirpation.  However, because fire and insects are likely to cause 
only temporary (20-40 years) losses of lynx and hare habitats, and because connectivity 
between the Washington unit and lynx habitats and populations in southern British Columbia 
remains intact, experts indicated this unit (and others abutting habitats and lynx populations in 
Canada) would likely be naturally re-colonized relatively quickly by dispersing lynx.  Therefore, 
extirpation in these units because of catastrophic events (or a series of them over time) would 
be temporary (likely lasting only one or several decades) unless events permanently altered the 
habitats.  Experts indicated that if lynx were functionally extirpated in the GYA or western 
Colorado units, which are not connected to habitats or populations in Canada and are relatively 
isolated from other DPS populations, natural re-colonization would be less likely, would take 
longer, or may never occur. 

Overall, expert responses indicated that extirpation of the DPS as a whole, or of resident lynx 
populations in most individual geographic units, because of a catastrophic event is very unlikely.  
Because we lack evidence that persistent resident lynx populations occurred historically but 
have been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels.  That is, the 
loss of resident lynx populations in the DPS, to the extent suggested by the historic record, was 
likely in areas (e.g., northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge 
area of northeastern Washington, perhaps Isle Royale in Lake Superior) peripheral to the 
geographic units that currently support resident lynx, and not in discrete geographic units that 
would have represented greater redundancy in the contiguous U.S.  However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear.  The historic record and recent research show that the GYA has supported resident 
lynx, but it is unclear whether the area consistently supported a persistent resident population 
over time or whether it naturally supported resident lynx only some of the time (was “winked on” 
in a metapopulation sense) when habitat conditions and hare densities were favorable, and at 
other times, when habitats and hare densities were less favorable, it did not support resident 
lynx (“winked off” in a metapopulation sense).  Given the protected conservation status of 
millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx.  If so, its 
contribution to redundancy within the DPS is questionable. 

Resiliency 
Because we lack reliable estimates of the sizes and trends of most lynx populations in the DPS, 
we are unable to use these parameters to evaluate the resiliency of individual populations or the 
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DPS as a whole.  Efforts to understand resiliency are also confounded by the metapopulation 
structure thought to govern lynx populations at the southern margin of their continental range 
(i.e., populations and subpopulations in the DPS), the related uncertainty about the extent to 
which DPS populations may rely on cyclic immigration of lynx from Canada during population 
irruptions, and the ambiguity in the historic record that limits our understanding of the relative 
persistence of lynx in various geographical areas of the contiguous U.S. and, thus, the 
contribution of those areas to the viability of the DPS.  Our evaluation of the resiliency of lynx 
populations in the DPS is limited, therefore, to a largely qualitative assessment of the current 
status of populations in each of the six geographic units along with the quantitative summary of 
expert professional judgment of their likelihood of persistence over time given known or 
perceived potential threats. 
 
As expected, both expert estimates of probability of persistence and expert confidence in those 
estimates were higher over the short-term than the long-term.  Median probability of persistence 
(MPOP) at year 2025 was >= 0.90 for all but one of the six geographic areas.  The GYA had a 
MPOP of 0.52, apparently reflecting the uncertainty regarding whether this unit consistently 
supported a resident lynx population historically and whether it currently supports resident lynx.  
At year 2025, confidence bounds were smallest (indicating higher expert confidence) for the 
units with the highest MPOPs (Northern Maine, Northeastern Minnesota, and Northwestern 
Montana/ Northeastern Idaho), and larger for units with lower MPOPS (North-central 
Washington, GYA, and Western Colorado).  At mid-century, MPOP declined for all units but 
remained >= 0.70 for all but the GYA (0.35), and confidence bounds increased for estimates for 
all units but the GYA, where it remained the same as at year 2025.  At end-of-century, 
persistence probabilities declined further, as expected, and only the Northern Maine, 
Northwestern Montana/ Northeastern Idaho and Western Colorado units had MPOPs >= 0.50.  
Also as expected, confidence bounds were very large around persistence estimates at year 
2100, with the median confidence range extending across more than 50% of the range of 
possible outcomes for all but the Northwestern Montana/ Northeastern Idaho population, and 
the extremes of the range nearly covering the full range (0% to 100% probability of persistence) 
of possible outcomes. 
 
Experts listed a number of factors that influenced their probability of persistence estimates for 
each unit (see unit summaries above in the Resiliency section).  Near-term factors varied by unit 
(e.g., post-harvest forest succession in Maine, where hare abundance is expected to decline as 
currently dense regenerating clear-cuts mature; continued large-scale fires in lynx habitats in 
Washington; and insect outbreaks in Maine, Minnesota, and Colorado), but longer term factors 
seemed to coalesce around anticipated direct and indirect effects of climate change.  These 
included potentially climate-driven increases in the size, frequency, and intensity of fire and 
insect outbreaks; decreases in snow amount, duration and quality, leading perhaps to increased 
competition with bobcats and other hare predators; and the projected warming-induced 
northward and upslope migration of boreal and subalpine forests that would result in the loss 
and further fragmentation and isolation of lynx and hare habitats in the contiguous U.S.  Expert 
responses and ensuing discussions indicated that continued climate warming and associated 
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direct and indirect effects will likely exert the greatest negative influence on the probability of 
persistence for lynx populations in the DPS regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
Overall, expert responses to this part of the elicitation indicate that all five of the geographic 
units known to currently support resident lynx populations have a greater than 70% expectation 
of doing so by mid-century, but a declining likelihood and greater uncertainty of doing so by the 
end of the century.  It is uncertain whether the remaining geographic unit (the GYA) currently 
supports resident lynx, and expert responses indicate a lower probability that it will do so in the 
future compared to the other units.  Responses also suggest that the overarching threat to the 
long-term persistence of lynx populations in the DPS is climate change, which is anticipated to 
result first in loss of snow conditions favorable for lynx and, after an uncertain lag time following 
continued climate warming, loss (northward and upslope migration) of boreal forest habitats, 
although the timing and magnitude of such losses are uncertain. 

Conclusion 
The Service and the Lynx SSA Team appreciate the willingness of lynx and subject matter 
experts to attend this workshop and share their knowledge, professional judgments, and 
opinions.  We have gained considerable insight into the current status of lynx populations 
throughout the DPS and the factors most likely to influence the DPS’s future viability - including 
information that is not currently available in the peer-reviewed literature.  We will incorporate this 
information into the SSA as appropriate, along with the published scientific literature, to inform 
recovery planning for the DPS and any other ESA-related determinations the Service is 
authorized and required to make.  As we develop the SSA report, we will continue to solicit 
expert input from workshop panelists and from other lynx and subject matter experts who were 
unable to attend this workshop, including peer review of the SSA report. 
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Appendices 
All appendices will be made available on the Service’s Region 6 Canada lynx webpage: 
http://www.fws.gov/mountain-prairie/es/canadaLynx.php 
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Hi Seth,

Let me know if you think there's anything that needs to be added or deleted from the attached presentation for our
briefing with Noreen next Monday to make it most useful for her.  This one is revised only slightly from the one we
gave Tuesday to the larger FWS audience.

Also attached is a briefing memo.

I will follow up with the conference line and webinar access information 

Thanks.

Craig - could you hang on to the powerpoint, too, just in case there's a glitch with the webinar and we need to do it
the old-fashioned way?  Thanks. 

-- 
Jim Zelenak, Biologist
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INFORMATION/ BRIEFING MEMORANDUM  
FOR THE REGIONAL DIRECTOR 

 
 
DATE:   April 11, 2016  
 
FROM: Jodi Bush, Supervisor, Montana Ecological Services Office, (406) 449-5225. 
 
SUBJECT: Status of Lynx SSA Process for RD Briefing 
 
We are implementing the Species Status Assessment (SSA) framework in order to meet a court 
ordered deadline to complete a Recovery Plan for Canada Lynx (if determined to still warrant 
listing) by January 2018.  Prior to moving forward with recovery planning – the SSA will 
provide the additional analysis to re-evaluate the status of the species and document that through 
a five year review. 
 
BACKGROUND 
 
In 2000 (remanded 2003), the Canada lynx was listed in the contiguous U.S. DPS as a threatened 
species under the Endangered Species Act (Act) because of the inadequacy, at that time, of 
existing regulatory mechanisms.   In 2005, we completed a Recovery Outline which focused on 
lynx conservation in 6 “Core” areas.  At that time, these included the Kettle/Wedge area in 
Washington and the Greater Yellowstone Area; areas we no longer think are occupied.  
Currently, there are six geographic areas known to currently support or that recently supported 
(as in the Greater Yellowstone Area) resident lynx populations in the DPS:  northern Maine 
(with occasional/sporadic breeding by small numbers of lynx in northernmost New Hampshire 
and Vermont); northeastern Minnesota; northwestern Montana and northeastern Idaho; the 
Greater Yellowstone Area, north-central Washington; and western Colorado (Figure 1).  
 
In 2006, critical habitat was designated and then revised in 2009 and again in 2014 due to court 
remands as the result of litigation.  Our current revised designation (2014) is under litigation. 
 
KEY POINTS 
 
• We announced the initiation of a five-year status review on December 8, 2014.  Shortly 

thereafter, we embarked on the SSA framework.  Information in the SSA will be used by 
Service decision makers to inform classification decisions, recovery planning direction, and 
other determinations required by the Act. 

• Through the SSA framework we intend to assess the species’ needs, current and future 
condition including viability of the Canada lynx DPS using a compilation of the best 
available scientific and commercial data, including empirical data, published literature, and 
expert input.  

• During the SSA process, we have been prioritizing information and modeling to best evaluate 
potential future conditions and viability. 

• We continue to engage State, Tribal and other Federal, and Canadian partners and other 
stakeholders, as well as Service managers typically through monthly coordination calls.  

• In the fall of 2015, we convened a workshop for scientific experts to address the current and 
likely future status of the Canada lynx DPS.  The participants included state agencies, 
biologists from other federal agencies, and academic researchers to elicit input from experts 
across the range of the DPS.  The resultant workshop report is one component of the SSA.  



• The Service Lynx SSA team developed expert selection criteria based on professional 
credentials, positions, areas of expertise, and pertinent experience and coordinated with State 
and other partners to develop a list of candidate lynx experts and other subject matter experts.   

• Information solicited from the 10 member lynx expert panel addressed the viability of the 
DPS based on the 3Rs: Representation, Redundancy, Resiliency and what is known about 
climate science related to lynx. 

• After the workshop, we contacted Steve Torbit, ARD for Scientific Applications in Denver, 
for assistance because of the uncertainty we had regarding climate science and lynx.  He 
made some contacts for us and determined that additional modeling – if needed- could take 
up to 6 weeks per area to complete.  

• Earlier in March, the Service Lynx SSA Team met in Denver for 3 full days to make progress 
on the SSA report, address outstanding questions, identify decision points for managers and 
assign work.   

• Results from the SSA meeting in Denver included some decision points for managers.  These 
were discussed and decisions made on the ARD webinar on March 11, 2016.   

o Do we need better information to address likely impacts to lynx from CC? Based on 
the additional timeline needed to gather that information, ARDs determined no.   

o Are we comfortable with the future time frames used to elicit expert opinion on 
viability of the DPS as presented in the panel report - near term (year 2025), mid-
century (2050), and end of century (2100)?   ARDs indicated they were.  

o When conducting peer review of SSA, do we want our State counterparts to receive it 
at the same time?  Based on discussions with ARDs, we will provide State 
counterparts with an opportunity to review the SSA during the PEER review.   

o Do managers want any recommendation from team in the SSA? The ARDs agreed 
that the five-year review would be the place for a recommendation from the team.  
 

TIMELINES 
• Workshop Report       FINAL -MARCH 25, 2016 

 
• Species Status Report           DRAFT, APRIL 15, 2016 

o Internal Review Complete                      APRIL 29. 2016 
o Peer Review Complete             MAY 15, 2016 
o Final Report Complete              MAY 30, 2016 

 
• Five-year Review  

o Draft              DRAFT, MAY 5, 2016 
o Final             FINAL, MAY 30, 2016 

 
• Draft Recovery Plan (if necessary)              DRAFT, JANUARY 2017?? 

 
• Final Recovery Plan (If necessary)      FINAL, JANUARY 2018 

 
IMPORTANT MESSAGES: 

• We are behind in the development of the recovery planning process by 3 to 6 months.   
• If we do additional climate science scenarios –we will further delay the timeline by 

another 3 to 6 months as we would need to ask the court and the reduction in uncertainty 
is only likely to be important in the end of the century (2100) analysis scenario.   

• In general, the Service Core Team feels comfortable with the outcome from the expert 
panel workshop. 



 
 

Figure 1.  Six geographic units within the range of  the contiguous U.S. distinct population segment of  
Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) resident lynx 
populations.  
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 What are we doing and why?
 Completing an SSA to inform recovery planning 

Court-ordered deadline to finalize a lynx recovery 
plan by January 2018

Unless we determine one is not needed (i.e., the 
DPS is recovered)

 Prior to moving forward with recovery planning
 SSA provides analysis necessary to re-evaluate the 

status of the DPS
 Documented through a five year review

Objectives



Lynx Basics

 Boreal forest species dependent on snowshoe hares 
and favorable snow conditions

 At southern periphery of ranges in contiguous US

 Habitat becomes patchy; hare densities and snow 
conditions become suboptimal/marginal for 
supporting lynx populations

 Historical cyclic “irruptions” of lynx from Canada 
into northern U.S. when hares in Canada declined 
(currently?)



 Contiguous U.S. lynx DPS listed as T in 2000
 Factor D - inadequacy, at that time, of existing 

regulatory mechanisms on federal lands

 Critical habitat designated 2006, revised 2009 
and 2014 (currently under litigation)

 2005 Recovery Outline focused on interim 
conservation measures in 6 “Core” areas
 Historic/current resident population(s); 

reproduction; 0.5 hares/ha; >= 1,250 km2 habitat
 S. Rockies (western CO and south central WY) -

“provisional” core area

Background



 6 geographic areas known or thought to support 
resident lynx populations in the DPS:  
 1. Northern Maine (& northernmost NH and VT)
 2. Northeastern Minnesota 
 3. Northwestern Montana/northeastern Idaho 
 4. North-central Washington
 5. GYA of southwest Montana/northwest Wyoming
 6. Western Colorado – introduced population

Current DPS Distribution



Figure 1.  Six geographic units within the range of  the contiguous U.S. distinct 
population segment of  Canada lynx (Lynx canadensis) that currently support or 
recently supported (GYA) resident lynx populations.



Key Points

 December 2014 - announced initiation of five-year 
status review

 March 2015 – determined need to complete SSA
 Information in the SSA will be used by FWS 

decision makers to inform:
 Recovery planning direction
 Classification decisions
 Other determinations required by the ESA 



Potential Findings

DPS remains T

DPS warrants 
Delisting

Final Recovery Plan
due 1/15/2018

Future Uplisting/ 
Delisting Rule

Formal Memo 
Exempting DPS 
from Recovery 

Planning

DPS warrants E



 Through the SSA process we are:
 Assessing the current status of, threats to, and future 

viability of the lynx DPS 
 Compiling and summarizing the best available 

scientific and commercial data, including empirical 
data, published literature, and expert input

 Prioritizing information and modeling to best 
evaluate potential future conditions, threats and 
viability

Key Points



Key Points

 We continue to engage State, Tribal and other 
Federal, and Canadian partners and other 
stakeholders 

 We continue to work and coordinate with other 
regions across DPS range 

 Monthly State and internal FWS coordination 
calls/webinars

 We briefed ARDs from other regions



Expert Elicitation Workshop

 October 2015 – Lynx SSA Team (FWS & USGS) 
convened a workshop with lynx experts to address 
current and likely future status of lynx populations 
in the DPS
 Expert panel included state and federal biologists and 

academic researchers across the range of the DPS and 
southern Canada 

 The resultant workshop report is one component of 
the SSA 



 SSA Team developed expert selection criteria and 
coordinated with State and other partners to develop 
list of candidate lynx and other subject matter (e.g., 
CC, genetics) experts across the DPS range

 Criteria ensured that only scientists with expertise 
highly relevant to workshop topics were selected

 Selections were transparent, unbiased, and captured 
the diversity of expertise and professional judgments 
related to lynx status and viability

Expert Elicitation Workshop



 Using the criteria, 19 candidates were identified 
and contacted to determine availability

 Lynx Expert Panel – 10 members representing 
expertise across DPS and southern Canada

 Information from other experts on lynx 
management, genetics, snowshoe hares, boreal 
forest ecology, and climate modeling 

 Information elicited from expert panel addressed 
viability of the DPS based on the 3Rs: 
Representation, Redundancy, Resiliency and 
considering climate science related to lynx

Expert Elicitation Workshop



 Responses:  Representation
 Few threats to the genetic fitness or adaptive 

capacity of lynx in the DPS
High gene flow; no major barriers to dispersal

 Adaptability and evolutionary capacity of the 
DPS does not appear to have been diminished 
and is unlikely to become so, independent of 
threats that may impact the redundancy and 
persistence of lynx populations

Expert Elicitation Workshop



 Responses:  Redundancy
 DPS as a whole is not vulnerable to extirpation 

from a single catastrophic event
No catastrophic event that could result in the 

functional extirpation of the entire DPS

 No or a very low likelihood of functional 
extirpation of any of the individual geographic 
units due to a single catastrophic event

Expert Elicitation Workshop



 Responses:  Resiliency
 All 5 occupied units have >70% expectation of 

supporting resident lynx populations by year 2050

 Declining likelihood and greater uncertainty by 2100

 Responses suggest overarching threat to long-term 
persistence of DPS is climate change
 Loss of snow conditions favorable for lynx
 Subsequent (lagged) loss of boreal forest habitats
 Timing and magnitude of such losses are uncertain

Expert Elicitation Workshop



 Overall message of the expert workshop report
Expert Elicitation Workshop



 What happens next with workshop report?
 Have incorporated comments/edits from experts
 Completed internal FWS review
 Brief FWS R6 Regional Director April 11
 Post on internet and share with partners by mid-April

 Continuing work on the SSA
 SSA Team convened in Denver early March
 Writing the SSA and compiling /assessing/ 

summarizing new information

Next Steps



Revised Timeline

 Workshop Report FINAL, MID-APRIL 2016
 Species Status Report DRAFT, APRIL 15, 2016

 Internal Review Complete ~APRIL 29, 2016
 Peer & State Review Complete ~MAY 15, 2016
 Final Report Complete ~MAY 30, 2016

 Five-year Review
 Draft ~MAY 5, 2016
 Final ~MAY 30, 2016

 Draft Recovery Plan (if necessary) JANUARY 2017??
 Final Recovery Plan (if necessary) JANUARY 2018



Decision Points
We asked ARDs: 
 Do we need better information to address likely impacts to lynx 

from CC? Based on the additional timeline needed to gather that 
information, ARDs determined no.

 Are we comfortable with the time frames used to assess viability 
of the DPS as presented in the panel report - near term (year 
2025), mid-century (2050), and end of century (2100)?   ARDs 
indicated they were. 

 When conducting Peer review of SSA, do we want our State 
counterparts to receive it at the same time?  Based on discussions 
with ARDs, we will provide State counterparts with an 
opportunity to review the SSA during the PEER review. 

 Do managers want any recommendation from team in the SSA? 
ARDs agreed that the five-year review would be the place for a 
recommendation from the team. 



Main Messages
 We are making progress but we are behind in the 

recovery planning process by 3 to 6 months

 We are hopeful that the SSA process and report 
will facilitate a quick, streamlined, REV-compliant 
draft recovery plan by Jan. 2017 so we can 
complete the final by Jan. 2018

 In general, the FWS Lynx SSA Team feels 
comfortable with the outcomes from the expert 
panel workshop



Questions?



From: Bush, Jodi
To: Jackson, Scott -FS
Cc: Jim Zelenak
Subject: Re: Draft mapping request USFS
Date: Thursday, April 07, 2016 1:56:20 PM
Attachments: image001.png

image002.png
image004.png
image003.png

Thanks Scott.  

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Thu, Apr 7, 2016 at 12:41 PM, Jackson, Scott -FS <sjackson03@fs.fed.us> wrote:

Thanks, Jodi.  I’ll discuss internally and with Jim and determine best
way to proceed to get this information. 

 

Scott Jackson 
National Carnivore Program Leader
Forest Service

Northern Regional Office

p: 406-329-3664 
f: 406-329-3171 
sjackson03@fs.fed.us

26 Fort Missoula Road
Missoula, MT 59804
www.fs.fed.us 

Caring for the land and serving people

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Tuesday, April 05, 2016 3:05 PM
To: Jackson, Scott -FS <sjackson03@fs.fed.us>
Cc: Jim Zelenak <jim_zelenak@fws.gov>
Subject: Fwd: Draft mapping request USFS

 

 

mailto:jodi_bush@fws.gov
mailto:sjackson03@fs.fed.us
mailto:jim_zelenak@fws.gov
mailto:sjackson03@fs.fed.us
mailto:sjackson03@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
https://www.facebook.com/pages/US-Forest-Service/1431984283714112
mailto:jodi_bush@fws.gov
mailto:sjackson03@fs.fed.us
mailto:jim_zelenak@fws.gov


Scott, as the carnivore lead for the Forest Service, we are wondering whether the Forest
Service could provide some mapping and data for lynx habitat in LAUs within the 2014
final critical habitat boundaries.   

 

We would like it across the range but don't know who to reach out to in ME, MN and WA
from the FS and your counterparts.  Is this something you could help with?  

 

If you can only help with your Region we need information specifically for CH units 3 and 5
- N. Rockies and GYA.  

 

We plan on using this information In the SSA, to present/summarize:

 

1.  Total number of, and total area (km2) covered by, LAUs on USFS lands within the CH
units

 

2. Total area (km2) of mapped habitat (vs. matrix/non-habitat) within all LAUs

 

3.  Mean area of mapped habitat per LAU and range of areas/amount/proportion of habitat
per LAU 

 

4.  Proportion of mapped lynx habitat in wilderness or other conservation/non-development
land-use designations

 

5.  If possible, the amount of vegetation management (harvest, thinning, fuels mgmt., or
other silvicultural prescription) that has occurred since listing in mapped lynx habitats.  We
think this is being tracked as part of consultation but aren't sure. 

 

 

Please feel free to contact Jim to discuss if you need additional information.   Thanks for any
help you can give us and let me know if there are better channels to do this in.   Thanks.  JB

 



This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender
and delete the email immediately.
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Cc: Mary Parkin; Jonathan Cummings; Heather Bell
Subject: Final(ish) EE workshop report
Date: Thursday, April 07, 2016 4:39:12 PM
Attachments: 2016 04 07 FINAL Lynx SSA EE Workshop Report jz.docx

Hi Team:

I've incorporated the edits/comments we received from ARD review of the workshop report.  Only R2 and R5
submitted comments, and they were minor.  Attached here in case you want to take one more look.  Let me know if
you see anything troubling.

Jodi is having our admin assistant here convert the linked table of contents to a traditional TOC and List of
Figures/Tables.

Other than that, there are several placeholders for final links to the appendices, which we intend to make accessible
on both R6's lynx webpage - I'm working with EA to have an SSA folder/link added there - and, per Heather, on
ServeCat.

Heather, let me know what has to happen for the report, once truly final, and the appendices to be uploaded to
ServeCat.

We should be ready for uploads to both places after we brief R6RD next week, and concurrent with sending the final
report to workshop participants.

Our RD briefing is next Monday, April 11, at 10 AM Mountain Time.  Jodi agreed that you all should be invited to
listen in to that if you like, and I will send the conference line and webinar link via separate email.  We will use a
presentation revised only slightly from the one we used on the FWS call on Tuesday.  

Cheers!

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:tamara_smith@fws.gov
mailto:bryon_holt@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:mary_parkin@fws.gov
mailto:jwcummings@usgs.gov
mailto:heather_bell@fws.gov
mailto:jim_zelenak@fws.gov


Canada Lynx Expert Elicitation Workshop 
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Purpose  
The purpose of this report is to convey the results of an expert workshop convened by the U.S. 
Fish and Wildlife Service (Service) in October 2015 to improve our understanding of the status 
of the contiguous U.S. distinct population segment (DPS) of Canada lynx (Lynx canadensis).  
This workshop was held in conjunction with a species status assessment (SSA; see Appendix 1 
[All appendices are accessible at: xxx.xxx]) for the DPS.  The SSA, which will incorporate the 
best available scientific information on lynx, is needed to inform the Service’s response to a 
June 2014 court order to complete a recovery plan for the DPS by January 2018, or make a 
formal determination that a recovery plan is not necessary.   
 
The workshop was organized by a Lynx SSA Team consisting of Service and USGS staff who 
have developed and piloted implementation of the SSA framework, and Service biologists who 
are working on lynx throughout the range of the DPS.  In the interest of collaboration and 
transparency, this team partnered with State agencies, other Federal agencies, and academic 
researchers to elicit expert input regarding the current and likely future status of lynx populations 
within the DPS. 
  
Expert input is needed to complement the published scientific literature and other available 
information on many aspects of lynx population dynamics in the DPS range.  In particular, we 
were looking for additional information on the status, sizes, and trends of lynx populations and 
on threats to lynx habitats and those of their primary prey, snowshoe hares (Lepus americanus).  
We therefore designed a process to elicit and capture the knowledge, professional judgments, 
and opinions of lynx experts to help us assess the current status of, and the nature and 
magnitude of potential threats to, lynx populations and habitats within the DPS.  We also sought 
expert knowledge to help us evaluate the viability of the DPS (in terms of the “3 Rs” - 
redundancy, representation, and resiliency; see definitions below) under a range of future 
threats, habitat conditions, and climate scenarios, and to identify and make explicit areas of 
uncertainty and potential differences of opinion among experts. 
 
The results of the workshop will contribute to the SSA, which will compile and summarize the 
best available scientific and commercial data, including empirical data, published literature, and 
expert input.  This information will then be used by Service decision makers to inform recovery 
planning direction, classification decisions, and other determinations required by the 
Endangered Species Act (ESA). 

Background 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws.  Its long, 
black ear tufts and short, black-tipped tail distinguish the lynx from the similar bobcat (Lynx 
rufus), which is much more common in the contiguous U.S.  The lynx’s large feet and long legs 
make it highly adapted for hunting snowshoe hares in the deep or powdery snow that persists 
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across much of its boreal forest distribution, most of which occurs in Canada and Alaska.  
These adaptations provide lynx a competitive advantage over potential competitors, such as 
bobcats or coyotes (Canis latrans), which have much smaller feet and higher foot-loadings that 
prevent them from hunting efficiently in deep, powdery snow (McCord and Cardoza 1982, p. 
748; Buskirk et al. 2000, pp. 86–95; Ruediger et al. 2000, pp. 1–11; Ruggiero et al. 2000, pp. 
445, 450). 

The southern periphery of the boreal forest extends into parts of the northern contiguous U.S., 
where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 1, 3), 
deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40–41).  In the contiguous U.S., 
these transitional boreal forests become discontinuous and patchy, preventing both lynx and 
hares from broadly achieving densities similar to those of the northern boreal forests (Wolff 
1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and 
Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394).  These forests eventually become 
too fragmented and isolated in the contiguous United States to support hares at the landscape 
densities and distributions necessary to support lynx home ranges (Interagency Lynx Biology 
Team 2013, p. 77) or lynx populations over time.   

The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms.  
Specifically, at that time the Service believed that most lynx and lynx habitats occurred on 
national forests, and that the Land and Resource Management Plans that guided management 
of those forests included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat.  The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052).  In 2003, in response to a court memorandum opinion on the 2000 listing rule, the 
Service reaffirmed its determination of the lynx DPS and its status as threatened under the ESA 
(68 FR 40076).  The Service completed a recovery outline in 2005 (U.S. Fish and Wildlife 
Service 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) and, in 
2007, again in response to a court order, clarified its determinations of “significant portion of the 
range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 1186).  Also in 
2007, the Service initiated a 5-year status review of the DPS (72 FR 19549).  The Service 
revised the critical habitat designation for the DPS in 2009 (74 FR 8616) and 2014 (79 FR 
54782) and, concurrent with the latter, rescinded the state-based definition of the DPS boundary 
to extend ESA protection to lynx “where found” in the contiguous U.S., including New Mexico 
and other states that were not included in the original DPS range (79 FR 54804). 

Although the Service originally identified the DPS as occurring in forested portions of 14 states 
(Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, Oregon, 
Utah, Vermont, Washington, Wisconsin, and Wyoming) (65 FR 16052, 16085), it recognized at 
the time of listing that both lynx and the boreal forests that support them in the Lower 48 States 
are at the southern margins of their ranges, where habitats naturally become patchy and 
fragmented and snowshoe hare densities in many places are not consistently high enough to 
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support resident lynx populations (65 FR 16052-59).  It also recognized that inherent limitations 
in historic occurrence information made it difficult to distinguish between areas that consistently 
supported resident populations; other areas that may have occasionally supported resident, 
breeding lynx; and yet other areas that intermittently and temporarily contained dispersing or 
transient lynx but did not support lynx home ranges or reproduction (65 FR 16054-59).  Many 
lynx records in the DPS range seem to have been associated with cyclic “irruptions” of lynx from 
southern Canada into the northern contiguous U.S. when northern hare populations crashed, as 
they did historically every 8-11 years (Elton and Nicholson 1942, entire; McKelvey et al. 2000, 
entire; Mowat et al. 2000, pp. 281–294; Interagency Lynx Biology Team 2013, p. 33).  Lack of 
reliable information also precluded determination of sizes or trends of lynx populations within the 
DPS. 

Recent research and monitoring have improved our understanding of many aspects of lynx 
biology, distribution, and potential threats in the DPS.  However, we still lack reliable estimates 
of the sizes and important demographic rates of most populations.  Likewise, we would benefit 
from further understanding of the natural range and causes of variation in lynx and hare 
numbers; hare densities necessary to support resident lynx populations throughout the DPS; the 
influence of immigration of lynx from Canada on the demographic and genetic fitness of DPS 
populations; and the timing, extent, magnitude, and severity of potential threats associated with 
climate change.  The Lynx SSA Team organized this expert elicitation workshop to help fill 
some of these information gaps with the knowledge, professional judgments, and opinions of 
lynx experts. 

Currently, there are five geographic areas known to support resident lynx populations in the 
DPS:  northern Maine (with occasional/sporadic breeding by small numbers of lynx in 
northernmost New Hampshire and Vermont); northeastern Minnesota; northwestern Montana 
and northeastern Idaho; north-central Washington; and western Colorado (Figure 1).  After 
statewide surveys conducted in 1978-1997 suggested the absence of viable resident lynx 
populations in Colorado, the State, from 1999 to 2006, released 218 lynx captured in Canada 
and Alaska into southwest Colorado to establish the current resident population.  Additionally, 
the Greater Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming is 
believed historically (and as recently as 2003-04) to have supported a small but relatively 
persistent lynx population, but it is uncertain whether it currently supports any resident lynx.   
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Figure 1.  Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations.     

Expert Elicitation 

Workshop Protocol 
As mentioned under Purpose, above, the Lynx SSA Team convened the October 2015 
workshop to elicit expert knowledge and opinion on critical uncertainties regarding the current 
status and future viability of resident lynx populations within the DPS range, and thus the DPS 
as a whole.  To facilitate this, a 10-member panel of recognized lynx experts from across the 
DPS range first observed and discussed presentations by subject matter experts summarizing 
the current state of available information on topics relevant to lynx populations in the DPS (see 
Preparing Experts section below).  After subject matter presentations, members of the lynx 
expert panel presented updates on lynx populations in each of the six geographic areas 
described above under Background.  The subject matter and update presentations were 
intended to ensure that all lynx experts had a common baseline of information prior to the 
elicitation process.  
 
In accordance with the expert elicitation literature (e.g., Burgman 2005, USEPA 2011, Gregory 
et al. 2012, Drescher et al. 2013, Morgan 2014), we then used best practices to elicit opinions 
from the expert panel.  Although invited experts were expected to contribute openly and 
effectively to group discussions, we did not seek consensus among experts; rather, we probed 



7 

differences of opinion or interpretation of scientific and technical information.  We also asked 
experts and other participants to focus on scientific questions and to refrain from discussing or 
recommending management or policy decisions related to the Service’s authorities and 
responsibilities in implementing the ESA. 
   
In addition to the lynx expert panel and subject matter experts, workshop participants included 
members of the USFWS/USGS Lynx SSA Team, facilitators, and observers (see Appendix 2 for 
a full list of attendees and their respective roles).  As a basic ground rule, only members of the 
expert panel participated in the elicitation process, although panelists were encouraged to 
confer with the subject matter specialists and SSA Team members as needed.  All workshop 
participants were welcome to participate in discussions that ensued from review of panel 
responses to various questions.  Due to time constraints and to minimize interference with the 
elicitation process, observers were encouraged to write and submit “parking lot” questions, 
which were collected at the end of the first two days of the workshop and presented to lynx and 
subject matter experts for responses and discussion the following mornings (see workshop 
notes, Appendix 3).  The expert elicitation process was facilitated by USFWS and USGS 
structured decision making practitioners who encouraged open discussion among experts, 
structured input from both panelists and subject matter experts, and ensured that observers 
could witness the process without inappropriately influencing it. 

Identifying Experts 
 
SSA Team members reviewed the relevant literature and used their first-hand knowledge to 
identify experts involved in lynx and hare research or management, boreal forest ecology, and 
climate modeling.  We then developed a priori selection criteria based on professional 
credentials, positions, areas of expertise, and pertinent experience to develop a list of candidate 
lynx experts and other subject matter experts.  Selection criteria (below) helped ensure that 
invitations to participate were made only to scientists with expertise highly relevant to workshop 
topics and, further, that the selections were transparent, unbiased, and adequately captured the 
diversity of expertise and professional judgments related to the topics.  Selection was not based 
on affiliation with a particular organization or interested party; however, States and other 
partners were asked to review the draft list of workshop invitees and suggest alternate or 
additional qualified experts.  The SSA Team then invited experts who met the selection criteria 
and represented lynx expertise throughout the range of the DPS and in adjacent southern 
Canada.  The number of invited experts was necessarily limited to improve the efficiency and 
effectiveness of the elicitation process, avoid redundancy, maximize scientific discussion among 
all participants, and maintain an open, comfortable meeting environment.  

Expert Selection Criteria  

Expert panelist candidates had to meet all of the following criteria: 
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1.   Candidate must hold a graduate degree in a scientific discipline highly relevant to the 
workshop topics.  Typically this may include advanced degrees in wildlife biology, ecology, 
zoology, genetics, modeling, or statistical inference. 

2.  Candidate must hold a research position in government (State, Tribal, or Federal), academia, 
or in the nonprofit research sector; or participant must hold a governmental management 
agency position with responsibility for the species’ conservation. 

3.  Candidate must have expertise in the ecology or management of the species or related 
species, demonstrated by recent (within the past 10 years) peer-reviewed publications or 
related types of professional scientific expression. 

Candidates also had to meet one or more of the following criteria: 
  
4.  Candidate is directly engaged in the species’ management, monitoring, or analysis of 
populations or habitat. 

5.  Candidate is directly engaged in the study of a specific workshop topic. 

6.  Candidate is a government or academic research scientist with expertise in conservation 
biology, population or landscape ecology, genetics, or other relevant fields, as demonstrated by 
recent (within the past 10 years) peer-reviewed publications or related types of professional 
scientific expression. 

Using these criteria, the SSA Team identified 19 candidates for the lynx expert panel who were 
contacted to determine their interest and ability to attend the workshop (Appendix 4).  Among 
those both interested in and able to attend the workshop, the team extended invitations to 13 
candidates, 10 of whom ultimately participated as panelists and who together represent lynx 
expertise throughout the range of the DPS and in southern Canada.  Experts who could not 
attend this workshop may provide their expertise later in the SSA process as peer review 
experts.    

Preparing Experts 
Before the workshop, the SSA Team contacted all lynx experts and other subject matter experts 
by email and phone to discuss their roles and, for some, their willingness to prepare and deliver 
subject matter or lynx population status presentations at the workshop.  Correspondence with 
lynx and subject matter experts and other workshop participants explained the SSA framework 
and its application to the lynx DPS, the use of expert elicitation in SSAs, and the workshop’s 
purpose, ground rules, and draft agenda. 
 
At the workshop, the Service introduced the Lynx SSA Team, provided a brief overview of the 
SSA framework and its application to the lynx DPS, and outlined workshop objectives.  Prior to 
elicitation exercises, subject matter experts presented information on the historic and current 
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distribution of lynx in the contiguous U.S., regulatory mechanisms that apply to lynx on Federal 
lands, genetics considerations, lynx status and management in adjacent southern Canada, 
potential climate change impacts on boreal forest vegetation and snow conditions important to 
lynx, effects of forest management and policy on lynx habitat, and snowshoe hare ecology (see 
Subject Matter Presentations, below).  After these presentations, lynx expert panelists provided 
updates on lynx populations and habitats, research efforts, conservation measures, and 
potential threats to lynx in each of the six geographic areas (Fig. 1).  The subject matter and 
status-update presentations were intended to provide the expert panel with information that 
could inform their responses to elicitation questions and to ensure that the panelists shared a 
common understanding of the current status of lynx throughout the DPS.  All workshop 
presentations are included in Appendix 5 and are accessible at the Service’s Region 6 Canada 
lynx web page (http://www.fws.gov/mountain-prairie/es/canadaLynx.php). 

Subject Matter Presentations 

Canada Lynx Species Status Assessment, Expert Elicitation Workshop - Jim Zelenak, 
U.S. Fish and Wildlife Service, Montana Ecological Services Field Office, Helena, 
Montana 
The objectives of this workshop are to (1) gather scientific information from experts on the 
current status, threats, and future viability of lynx populations in the contiguous U.S.; and (2) 
where empirical data are lacking, elicit expert knowledge, professional judgment, and opinion on 
the nature and magnitude of potential threats to DPS populations and the DPS as a whole.  We 
need this information to complete a status assessment for the DPS that will be used by Service 
decision makers to inform recovery planning and other determinations the Service must make in 
accordance with the ESA.  We have a court order to complete a recovery plan for the DPS by 
January, 2018, unless we determine that a recovery plan is not necessary (i.e., that the threat 
for which the DPS was listed has been adequately addressed and ameliorated and no new 
threats have been identified that pose an immediate or reasonably foreseeable risk of 
extinction).  However, we are not here to make that determination or others regarding the ESA 
status of the DPS.  Rather, we are here to understand the current status of lynx populations and 
habitats in the DPS and hear from experts on factors influencing the current status and future 
viability of those populations.  The DPS was listed as threatened under the ESA in 2000 
because of the inadequacy at that time of regulatory mechanisms in Federal land management 
plans to protect lynx and their habitats.  The Service completed a recovery outline in 2005 and 
designated critical habitat for the DPS in 2006.  In 2007, we clarified our determination of 
“significant portion of the range” of the DPS and withdrew the 2006 critical habitat designation.  
We revised critical habitat in 2009 and 2014 and, also in 2014, we received the court order to 
complete a recovery plan.  The results of this workshop will contribute to the SSA, and the 
expert information gathered here will complement the best available scientific information that 
will be compiled and summarized in the SSA report.  After it is peer-reviewed and finalized, the 
SSA report will be considered by Service decision makers to inform recovery planning and other 
determinations required under the ESA. 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php
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Historical Distribution of Lynx in the Contiguous U.S. - Dr. Kevin McKelvey, USDA 
Forest Service, Rocky Mountain Research Station, Missoula, Montana   
Understanding historical range is important because it provides context for modern 
conservation; however, historical data must be interpreted carefully because they may not be 
representative, are often unreliable, and their meaning may be unclear.  This is especially true 
for rare animals like lynx, and even more so if they are easily mistaken for another more 
common animal, as bobcats are mistaken for lynx in the southern portion of lynx range.  
Because even relatively low identification error rates can lead to significant errors in determining 
distribution, it is important to rely on verified, and not anecdotal, occurrence records, when 
attempting to establish historical range.  The issue is further complicated by the noted cyclicity 
in lynx population dynamics associated with snowshoe hare population cycles, which resulted 
historically in irruptions or pulses of lynx from Canada into the DPS when northern hare 
populations crashed.  This can be described as a wave in which a large number of dispersing 
lynx intermittently flooded into the northern contiguous U.S. over the course of several years 
into a variety of potentially suitable and unsuitable habitats.  As the irruptions waned (i.e., as the 
waves receded), lynx disappeared relatively quickly from areas of unsuitable or poor habitat, 
more slowly from areas of marginal or suboptimal habitat, and persisted (like permanent tide 
pools) in those areas with habitats and hare densities capable of supporting them over time. 
This yielded verified records in the contiguous U.S. in places that clearly cannot support lynx 
populations but, in other places where habitats are or appear to be suitable, it also confounds 
efforts to distinguish between those that have supported persistent lynx populations, those that 
may occasionally but not consistently support resident lynx (“winked off’ more than “winked on” 
in a metapopulation sense), and those where dispersing lynx occurred regularly, if intermittently, 
but could not persist.  Given these ambiguities, there remains irresolvable uncertainty about the 
historic distribution of resident lynx in the DPS.  Despite this uncertainty, it appears that resident 
lynx naturally persist now in most areas that the available reliable data most strongly suggest 
historically supported resident populations in the contiguous U.S. (Maine, Minnesota, Montana, 
Idaho, and Washington).  Several other areas may have historically supported populations but 
no longer do (with evidence most compelling for northern New Hampshire and Michigan’s Upper 
Peninsula; less compelling for the Adirondack region of northern New York, northern Wisconsin, 
and northwestern Wyoming). 

Canada Lynx Habitat Regulatory Environment - Scott Jackson, USDA Forest Service, 
National Carnivore Program Leader, Missoula, Montana 
Before the lynx DPS was listed under the ESA, there was very little information available and 
little management direction for lynx habitats on national forests or other Federal lands.  Given 
the uncertain status of lynx and lack of information on habitat relationships, an interagency Lynx 
Steering Committee was chartered almost immediately after the DPS was proposed for listing in 
1998.  The committee appointed the Lynx Science Team to assemble the available information 
on lynx and the Interagency Lynx Biology Team to develop a lynx conservation strategy 
applicable to Federal lands.  In 2000, the Science Team published Ecology and Conservation of 
Lynx in the United States (Ruggiero et al. 2000), and the Biology Team completed the Lynx 
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Conservation Assessment and Strategy (LCAS; Ruediger et al. 2000).  The committee also 
directed the completion of the 1999 biological assessment (BA) in which the U.S. Forest Service 
(USFS) and Bureau of Land Management (BLM) evaluated potential impacts to lynx of 
management plans for 57 national forests and 56 BLM units and concluded that implementation 
of existing plans could result in some adverse effects to lynx.  The BA recommended amending 
or revising management plans to incorporate conservation measures that would reduce or 
eliminate the identified adverse effects to lynx, and to consider the conservation measures 
identified by the Science Team and Biology Team, once finalized.  In March of 2000, the DPS 
was listed as threatened due to the inadequacy of existing regulatory mechanisms, specifically 
the lack of guidance for conservation of lynx in national forest Land and Resource Management 
Plans and BLM Land Use Plans.  In October 2000, FWS completed a biological opinion on the 
1999 BA, concluding that if forest plans were revised or amended to incorporate the 
conservation measures in the LCAS, they would reduce or avoid the potential for adverse 
effects on lynx.  Also in 2000, USFS and BLM entered into conservation agreements with FWS 
to guide management until plans could be amended or revised.  By 2004, BLM revised plans in 
all units with lynx or potential habitat to incorporate LCAS guidance.  By 2006, USFS similarly 
revised plans for national forests in the Northeast and Great Lakes.  In 2007 and 2008, USFS 
formally amended plans for 18 national forests in the Northern Rockies and 8 in the Southern 
Rockies to address the risk factors identified in the LCAS and adopt management standards 
and guidelines.  Currently, all national forests and BLM units with lynx or potential habitats are 
governed by plans that have adopted conservation measures identified in the LCAS, 
subsequent interagency conservations agreements, or by management direction that formally 
amended or revised land use plans and established standards and guidelines designed to apply 
the best available scientific information to avoid and minimize potential impacts to lynx.  Future 
challenges include developing effective responses to larger, hotter, and more frequent fires and 
extensive insect outbreaks, and designing thinning and salvage harvest treatments conducive to 
creating habitat conditions favorable to lynx and hares.    

Lynx Genetics Considerations - Dr. Michael Schwartz, USDA Forest Service, National 
Genomics Center for Wildlife and Fish Conservation, Missoula, Montana 
Review of lynx genetic studies shows, despite some sub-structuring over distance, high gene 
flow across the continental range of lynx, likely because of high dispersal rates, large dispersal 
distances, and few geographic barriers to dispersal.  Some research suggests that the Northern 
Rocky Mountains may provide some gene flow restriction in western Canada, as well as an 
“invisible barrier” to gene flow in eastern Canada south of James Bay/Hudson’s Bay that may be 
related to differences in snow conditions driven by large-scale climatic factors (e.g., the Pacific-
North America and North Atlantic Oscillation climatic systems).  North of the DPS, low levels of 
genetic substructure have been documented in populations in eastern Canada between 
populations north versus south of the St. Lawrence Seaway, and between island (Newfoundland 
and Cape Breton islands) and mainland populations.  However, there is evidence of genetic 
interaction among even these relatively isolated eastern Canadian populations.  Within the DPS, 
minor genetic sub-structuring has been documented among lynx subpopulations in western 
Montana.  However, very low Fst values (a measure of the proportional reduction in 
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heterozygosity due to population subdivision, with values near zero indicating high levels of 
gene flow and values approaching one indicating poor gene flow) suggest the absence of 
significant barriers to genetic interchange throughout much of the lynx range, including the DPS.  
Across 17 lynx populations in Alaska, Canada, and the contiguous U.S., Fst = 0.033, and the 
highest Fst for any two populations was 0.070 when lynx from the Kenai Peninsula in Alaska 
were compared to those in the Seeley Lake area of Montana.  Lynx-bobcat hybrids have been 
documented in Minnesota, Maine, and eastern Canada, but not in the western part of the range.  
Hybridization does not seem to be a major issue, nor does it appear to be increasing despite 
significant increases in bobcat numbers in some parts of DPS range.  Genomics research (the 
genetic mapping and DNA sequencing of sets of genes or complete genomes) on lynx would 
increase power and precision of genetic analyses and perhaps identify genes under selection at 
the periphery of the range.  The goal for lynx in the DPS should be to conserve the genetic 
diversity currently represented in resident populations, recognizing that maintaining connectivity 
between DPS and Canadian populations is likely important to achieving that goal.  The genetic 
variation at the edge of the range may be of value to future populations, especially as related to 
changing climate.  

Lynx Distribution, Status, and Management in Southern Canada - Dr. Jeff Bowman, 
Ontario Ministry of Natural Resources and Forestry, and Trent University, Ontario 
Lynx are managed provincially in Canada, with each province responsible for its own 
management program, harvest (trapping) policies, and conservation strategies.  Data from 
registered trap lines show cyclic decadal peaks in the numbers of lynx harvested, and these 
align well with (and lag by one year) cyclic peaks in snowshoe hare indices.  In western 
provinces (British Columbia, Alberta, Saskatchewan, Manitoba, Northwest Territories, and the 
Yukon), the magnitude of lynx cycles appears to have dampened dramatically after the 1980s-
1990s, while eastern provinces (Ontario, Quebec, and Newfoundland and Labrador) have seen 
less dramatic declines in peak lynx numbers trapped.  There is some evidence that hare 
numbers in the Yukon have not recovered to past levels after declines beginning in about 2000, 
and that hare numbers in southern Ontario have been low for the past 5-6 years.  There also is 
indication that the range of lynx in eastern Ontario has contracted northward since the 1970s, 
and modeling suggests that this contraction is likely influenced by habitat loss perhaps related 
to changes in forestry practices and an increase in tolerant hardwoods replacing spruce-fir 
forests resulting from climate warming (Koen et al. 2014).  This has been accompanied by 
reduced genetic heterozygosity (allele richness) at this margin of the lynx range.  Recent studies 
also show some differences in functional genetic markers (unique alleles) in lynx south versus 
north of the St. Lawrence Seaway/River, suggesting the potential for evolutionarily significant 
differences in lynx in those areas (Koen et al. 2015, Prentice unpubl.).  Research also suggests 
an “invisible” genetic barrier south of Hudson’s Bay likely related to climate-driven differences in 
snow conditions, which could be amplified in the future with continued climate warming.  A few 
lynx-bobcat hybrids have been documented.  Lynx are listed as endangered provincially in New 
Brunswick and Nova Scotia, which also have by far the highest numbers of bobcats, and where 
bobcat populations have been increasing since about 1990.  Lynx are considered secure in all 
other provinces.   
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Seven Ways a Warming Climate can Kill the Boreal Forest - Dr. Lee Frelich, Director, 
University of Minnesota Center for Forest Ecology, St. Paul, Minnesota  
Northern Minnesota is at the southern edge of the ranges of boreal forest tree species (balsam 
fir, white spruce, paper birch) and the northern extent of temperate forest species (sugar maple, 
red maple, red oak).  A number of climate-mediated processes are likely to shift these ranges 
northward, potentially resulting in the complete disappearance of boreal forest from Minnesota 
before the end of the century.  These include projected declines in snow depth, invasion of 
boreal forests by temperate species and a widening of the mixed forest ecotone, warming 
summer and winter temperatures, declines in boreal trees under both low- and high-emission 
climate scenarios, severe wind- and hail-producing thunderstorms (derechos) of greater extent 
and frequency, large wind-driven fires, heat and drought stress, increased insect infestations 
due to lack of extreme cold temperatures, and phenological disturbance.  These processes, 
alone or in combination may result in gradual or relatively sudden conversion of boreal forests to 
temperate forests, savanna, or grassland at the southern edge of the boreal forest range.  A 
mosaic of conversion mechanisms and rates of change will occur at landscape/ecoregion 
scales.  With unmitigated climate change, Minnesota is likely to lose the boreal biome and about 
one-third of its native species, including lynx, possibly within the next 60-70 years. 

Climate Change and Uncertainty:  Implications for Canada Lynx Conservation and 
Management in the Contiguous U.S. - Alexej Siren, DOI Northeast Climate Science 
Center and University of Massachusetts Department of Environmental Conservation, 
Amherst, Massachusetts 
Climate models are better at detecting long-term trends in temperature and precipitation than 
short-term climate variability.  Generally, projections of precipitation are less robust compared to 
temperature, and within the lynx DPS units, projected trends in precipitation are more certain for 
winter than for summer.  Consequently, the resulting model biases may affect climate 
projections.  Global surface temperatures have increased steadily over the 20th century, 
especially since the 1970s, with an overall increase in winter temperatures in the U.S.  These 
changes are most pronounced from the Northern Rockies to the northeastern U.S., where 
winter precipitation has also increased.  However, the northwestern U.S. has experienced drier 
winters with less snow over the past several decades.  Importantly, numerous studies have 
shown that Canada lynx distribution is related to snowpack characteristics (e.g., snowfall, 
density, and persistence), which may directly or indirectly affect lynx through 1) increased 
competition (exploitative and interference) with sympatric carnivores, 2) altering hare and lynx 
population cycles, and 3) reduced genetic diversity.  Therefore, climate projections with a 
specific emphasis on winter climate are a valuable tool for assessing the long-term viability of 
lynx in the contiguous U.S.  Below are the climate trends for the past several decades and end-
of-century model projections for each of the DPS units; projections are multi-model means with 
the high emissions scenario (A2).  In the Northeast, recent trends are toward reductions in 
snowfall, the number of snow-covered days per season, and the proportion of winter 
precipitation occurring as snow.  Projections include increased winter precipitation, but with a 
lower proportion occurring as snow, and a decline in snowfall and length of snowpack coverage.  
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In the Great Lakes region, recent trends indicate an increase in lake effect snow and longer 
snow seasons to the north.  Winter precipitation is projected to increase throughout the 
Midwest, with a lower proportion occurring as snow, except that lake effect snow is projected to 
increase around Lake Superior and north of the eastern Great Lakes until 2050, and eventually 
decline towards the end of this century.  Overall, models project a decline in snowfall and length 
of snowpack coverage by 2100 for the Midwestern region.  The Northeast and Midwest DPS 
units are especially vulnerable to snowpack loss due to lack of elevational refugia.  In the 
western DPS units and the Colorado population, recent trends show decreasing spring 
snowpack at lower elevations, an overall decline in snowpack by the latter half of the 20th 
century, and a lower proportion of winter precipitation occurring as snow.  Projections include 
decreases in snowfall season and snowfall amount, fewer days with snowfall, and continued 
reduction in the proportion of winter precipitation occurring as snow.  However, projections 
indicate that snowpack and winter severity may be less impacted in the Northern Rockies 
compared to other DPS units.  In summary, model projections are not favorable for lynx within 
the DPS units, especially towards the latter half of the 21st century, with less severe winters and 
diminished snowpack characteristics that favor competing species.    

Projected Climate-change Impacts on Snow, Vegetation, and Lynx Populations in the 
Western U.S. - Dr. Joshua Lawler, University of Washington, School of Environmental 
and Forest Sciences, Seattle, Washington and Dr. Chad Wilsey, National Audubon 
Society Science Division, New York, New York 

Climate modeling suggests reductions in the amount of precipitation falling as snow and a shift 
from subalpine forest to temperate evergreen needleleaf forests in a generalized lynx range in 
the western U.S.  Fire is projected to increase in both frequency and fire size, doubling by 2040 
and tripling by 2080.  Simulated lynx densities were projected for the 2020s, 2050s, and 2090s.  
Of 25 ecoregions included in the study area, 14 had simulated lynx populations greater than 
0.10 individuals/100 km2 across all time points.  Of those, and across various Global Circulation 
Models (GCMs), 3 ecoregions had simulated increasing populations by the 2050s and 11 had 
declining populations. Populations were projected to continue increasing in the 3 ecoregions by 
the 2090s, while declines were projected to deepen in 8 of the remaining 11 ecoregions. 
Growing populations were projected to occur in the sparsely populated Fescue-Mixed Grass 
Prairie, Middle Rocky-Blue Mountains, and Great Steppe ecoregions, whereas the largest 
proportional declines were projected to occur in the West Cascades, Pacific Northwest Coast, 
Northern Cascades, East Cascades – Modoc, and Aspen Parkland ecoregions.  The study also 
looked at the effect of population cycling on projected changes and found that simulated 
declines differed more due to GCM model used than due to population cycling (i.e., modeling 
suggested lynx population declines were not strongly influenced by population cycles). 

Forest Management and Lynx Habitat Trends - Dr. Erin Simons-Legaard, University of 
Maine School of Forest Resources, Orono, Maine 
Lynx in Maine occur in the Northern Appalachian/Acadian Ecoregion where their distribution is 
governed by snowfall and extent of deciduous cover.  The eastern spruce budworm 
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(Choristoneura fumiferana) is endemic to forests in this region, and extensive outbreaks of this 
insect pest occurred in northern Maine in the 1970s-80s, resulting in millions of acres of spruce-
fir die-offs, despite extensive aerial insecticide applications.  For several decades, salvage 
logging via extensive landscape-scale clear-cutting occurred in impacted forests, until passage 
in 1989 of the Maine Forest Practices Act, which regulated clear-cut size, configuration, and 
regeneration.  Regenerating clear-cuts became very dense stands supporting high densities of 
snowshoe hares.  Although the Forest Practices Act reduced the amount of clear-cut harvest 
over the following two decades, overall harvest increased as partial-cut harvesting replaced 
clear-cutting.  At the same time, land ownership patterns in northern Maine were shifting from 
large blocks of commercial timber interests to smaller blocks and more diverse land 
management goals, including development and financial investment, as well as some non-
development easements (though these do not regulate forest management).  The University of 
Maine modeled lynx habitat occurrence from snow track data, a series of Landsat satellite time-
series imagery since 1970, and indices of hare densities for various stand ages post-timber 
harvest to model past, present, and future lynx occurrence in northern Maine.  They found that 
the proliferation of regenerating partial-cuts produce lower landscape hare densities than 
regenerating clear-cuts from the 1970s and 1980s.  Landscape hare densities will likely decline 
in the future as the clear-cut-era stands mature into less dense conifer stands, beginning about 
35-40 years post-harvest.  High-quality stands are being replaced by lower-quality regeneration 
of partial harvests. High-quality habitat for lynx/hares is currently about 8% of the northern 
Maine landscape.  Model projections indicate it will decline to about 5% of the landscape by 
2030, and then level off, and that the prevalence of partial-harvesting will lead to elimination of 
many areas with concentrated high-quality habitat and a lower future probability of supporting 
lynx.      

Southern Snowshoe Hares: Updates, Questions, Forecasts - Dr. Karen Hodges, 
University of British Columbia Okanagan Department of Biology, Kelowna, British 
Columbia 

Northern hare cycles are more variable than commonly portrayed in some literature, with 
questionable synchrony and variation in peak heights and amplitudes.  Some southern hare 
populations (i.e., within the lynx DPS range) show “cycle-ish” dynamics and high densities, but 
variability in abundances is not obviously linked to forest stand type (thinned, unthinned, 
mature).  Some areas of high hare density are occupied by bobcats instead of lynx (e.g., the 
Tally Lake area of the Flathead National Forest in Montana).  Hare densities in the western 
contiguous U.S. differ substantially across regions and landscapes.  For example, within the 
GYA, hare densities varied from very low (0.2 hares per hectare) in Yellowstone National Park 
to very high (0.5 - 1.7 hares/ha) in the Wyoming Range south of the park.  Hare densities also 
vary in the eastern part of the lynx DPS, with ranges from 0 - 1.8 hares/ha in Maine and, in 
Minnesota, densities of 0.64 hares/ha in the northeast part of the state (which supports resident 
lynx) and 0.35 hares/ha in Voyageurs National Park (which does not support resident lynx).  
Landscape attributes (e.g., tree densities and moisture gradients) also influence stand quality 
for hares.  Hare population dynamics (cyclicity, synchrony, amplitude, and peak densities) also 
vary regionally.  Forest management that reduces stand structure reduces hare abundances.  
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For example, hares declined after experimental precommercial thinning in Montana, and, in 
Quebec, hare densities increased with time since commercial thinning, harvest, and fire.  Fire 
destroys hare habitat temporarily, but hares return to burned areas as soon as favorable habitat 
conditions return.  Post-fire hare densities also vary regionally; in stands burned by large fires in 
1988, hare densities by 2007 were higher in Glacier National Park than in Yellowstone National 
Park.  Hare densities necessary to support resident lynx remain poorly understood but appear to 
vary regionally, as do lynx diets and home range sizes.  If southern boreal/montane forests are 
lost, hares will decline.  Fire, timber harvest, and thinning will result in fewer hares, at least 
temporarily, and the impacts of post-fire salvage logging are unknown.  Understory cover and 
browse are very important, but we know little about the influence of shrubs or snow on hares.  
Like lynx, hares in the DPS are at the southern extent of their continental range.  Also like lynx, 
hares show high gene flow across most of the northern range in Canada but lower gene flow 
(higher genetic structure) in the southern part of the range, with some lineages potentially at risk 
of genetic drift.  Climate-mediated increases in fires and insect outbreaks and changes in forest 
regeneration may alter hare habitats and, thus, hare distribution and abundance.  Climate 
change may also affect hare vulnerability to predation by creating a mismatch between pelage 
color, which is controlled by photoperiod, and their surroundings (e.g., reduced snow season 
resulting in white hares on dark forest floors).  It may also alter predator communities, with 
uncertain impacts on hare populations.  Continued research is needed to better explain regional 
variation in population dynamics and peak abundances, to predict post-fire recolonization and 
densities and responses to climate change, and to better understand links between physiology 
and demography (e.g., predation stress and reproduction).      

Lynx Status Update Presentations1 

Status of Lynx in Maine - Jennifer Vashon, Maine Department of Inland Fisheries and 
Wildlife, Bangor, Maine 
Much of the current lynx habitat in Maine was created from extensive harvests to salvage 
spruce budworm-damaged forests during 1970-1985, and the amount and distribution of high-
quality lynx/hare habitat are likely greater now than historic conditions.  Many stands were 
treated with herbicides to create extensive regeneration of spruce and fir.  Analysis of Forest 
Inventory and Analysis (FIA) data indicates that half of the 3 million forested acres of spruce-fir 
in northern Maine is currently sapling stage that should provide lynx with high quality foraging 
habitat.  Also based on FIA data, the amount of dense spruce-fir (supporting the highest hare 
densities) increased from 700,000 acres in 2006 to 805,000 acres in 2010.  The Maine 
Department of Inland Fisheries and Wildlife (MDIFW) conducted a telemetry study of lynx from 
2000-2011 in a study area with extensive areas of regenerating spruce-fir stands in 

                                                 
1 These are summaries of status updates presented by lynx experts for each of the geographic 
units in the DPS.  Summaries were written by the Lynx SSA Team based on the presentations 
and notes submitted by expert presenters and on the notes taken at the workshop during 
presentations.  Experts reviewed drafts of these summaries and provided clarifications/ 
corrections if needed, which were incorporated into the final summaries.    
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northwestern Maine and found that lynx had relatively small home ranges.  Lynx strongly 
selected these high-quality hare habitats in former clear-cut areas.  Although hare densities 
declined from 2 hares/hectare to 1 hare/hectare mid-way through the study, lynx did not 
increase their home range sizes or alter their habitat use.  Reproduction declined initially after 
hare populations declined, but later recovered, with all females producing litters.  An average of 
65% of females bred each year throughout the study.  Litter sizes ranged from 1 to 5 and 
averaged 2.63 kittens/breeding female.  Kitten survival remained high (averaged 78%).  
Densities of 4.5 adults and 5 to 9 kittens were observed in 100 km2 areas.  Based on estimates 
of occupied habitat and home range information, MDIFW estimated there were between 750 
and 1,000 lynx in northern Maine in 2006, and more than 1,000 lynx in 2015 (or at least more 
animals than 2006).  Indices (number incidentally trapped, observed, or killed on roads) have 
increased, suggesting there are more lynx than in 2006, and the distribution of the population 
also appears to be expanding.  MDIFW initiated a third round of periodic lynx snow track survey 
in 2015 that support increased populations and expanding range.  Additional surveys are 
planned in 2016 and 2017 to update estimates.  Although a model by the University of Maine 
suggests the effects of the Maine Forest Practices Act could lead to a decrease in lynx habitat, 
thus far, it does not appear that lynx have declined in response to aging clear-cuts and the 
prevalence of partial harvests resulting from the Act.  A budworm outbreak is expected in the 
near future that will also impact future amounts of habitat for lynx and snowshoe hare.  MDIFW 
provides landowners with descriptions of lynx-hare habitat for their management plans through 
published peer-reviewed papers and reports on lynx status and habitat use in Maine and 
consultation.  

Canada Lynx in Minnesota - Dr. Ron Moen, Natural Resources Research Institute, 
University of Minnesota Biology Department, Duluth, Minnesota, and Susan Catton, 
USDA Forest Service, Superior National Forest, Duluth, Minnesota 
Prior to 1965, lynx in Minnesota were unprotected, had a bounty placed on them, and were 
overexploited by trapping.  From 1930-1977, harvest in Minnesota was twice that of Montana 
and 40 times that of other states.  In 1976, State protection was provided in the spring and 
summer months, and in 1984 the trapping season was closed.  In the 1990s and when listed 
under the ESA in 2000, it was unknown if lynx in Minnesota were residents or migrants from 
Canada, but now it is known that the Minnesota lynx population consists of both residents and 
migrants from Canada.  Since then, there have been hair snare and snow-tracking surveys, 
DNA analyses, and a multi-year telemetry project – none of these monitoring efforts were 
designed to estimate densities or abundances of the species.  However, as of 2015, it is thought 
that there are somewhere between 50 and 300 lynx in Minnesota (this expert later refined the 
range as 50 - 200 lynx, as indicated in the summary presentation preceding the graphing 
exercise below), with the core habitat in the arrowhead region of the state (St. Louis, Lake, and 
Cook counties), although there have been verified and probable lynx sightings elsewhere in the 
state.  At least 5 of 27 adult lynx radio-collared in Minnesota were later legally trapped in 
Ontario, and other collared lynx did not return from Canada, therefore their fates are unknown.  
Telemetry data showed that about half of males radio-marked in Minnesota moved back-and-
forth across the border, traveling at all times of the year; that Minnesota females that dispersed 
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into Canada tended not to return to Minnesota; that males had much larger home ranges (267 
km2) than females (21 km2); and that females with kittens had the smallest home ranges.  About 
half of the mortality of collared lynx was from vehicle collisions, incidental catch, illegal kills, or 
unknown causes.  Moen et al. (2008) documented 10 den sites and showed that denning 
habitat is not limiting in Minnesota.  Since 2000, incidental take of lynx tracked by the USFWS 
Twin Cities Field Office has ranged from 0-14 per year and included vehicle (car and train) 
collisions, gunshot, incidental trapping, and unknown causes.  Approximately 50% of reported 
take was of incidentally trapped lynx, about half of which were released alive.  Home range 
analyses showed mean distance to nearest linear feature is approximately 200m, suggesting 
that lynx do not avoid roads.  Bobcat harvest data show a concentration of bobcats adjacent to 
the core of the lynx range.  The IPCC SRES A1B Scenario climate change model (Gonzalez et 
al. 2007, p. 14) shows snow conditions potentially suitable for lynx throughout the northern half 
of Minnesota to the end of this century; however, the snow and/or biological assumptions in the 
model need work, because it predicts a range for lynx that is larger than the current suitable 
range based on snow depth.  Other climate modeling (e.g., Morgan, in prep.) suggests that 
suitable snow-depth range will shrink significantly by 2055, be limited to extreme northeastern 
Minnesota by 2070, and may be entirely absent from the state by 2095.  Since 2000, the 
Superior National Forest (SNF) and others have identified 268 unique individual lynx (47% 
Female, 53% Male) from 1,306 DNA samples, primarily from SNF lands.  These samples also 
documented 13 unique individual lynx-bobcat hybrids (5 Female, 8 Male).  The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota.  The SNF annually documents 3-5 family groups and is working with 
North Carolina State University and the Twin Cities Field Office on a study of the distribution of 
lynx that can be used to inform future study designs aimed at monitoring lynx occupancy and 
designing more intensive studies to estimate abundance. 

Current Distribution, Status, and Threats to Canada Lynx in Montana and Wyoming - 
Dr. John Squires, USDA Forest Service, Rocky Mountain Research Station, Missoula, 
Montana 
Northwestern Montana - This area is believed to support the largest lynx population in the 
western U.S., but minimum population size has not been calculated.  The Forest Service’s 
Rocky Mountain Research Station in Missoula initiated a lynx research program in 1998 to 
investigate lynx resource and prey selection, competition, activity patterns, detection and 
monitoring, and connectivity.  From 1998 to 2007, researchers trapped and radio-marked 175 
lynx in northwestern Montana and collected nearly 170,000 GPS and over 3,000 VHS telemetry 
locations documenting lynx movements, resource use, survival, and productivity.  From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area (the central 
portion of this geographic unit) and from 2003-2007, 2.95 kittens/litter (N = 22) in the Purcell 
Mountains (the northwestern portion of the unit).  In Seeley Lake, 61% of breeding-age females 
(N = 52) produced kittens; in the Purcells, 83% of females (N = 28) produced kittens.  Recent 
research (Kosterman 2014) suggests kitten production is correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges.  Annual survival rates for 
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subadult and adult female lynx were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 
0.85, respectively, in the Purcells.  There was no evidence of cyclicity in these vital rates, and 
no indication of irruptions of lynx into this unit from Canada after the 1980s.  Starvation, 
predation by mountain lions, and human-caused deaths each accounted for roughly one-third of 
documented sources of lynx mortality.  Population viability analyses yielded population growth 
rates of 0.92 for the Seeley Lake area (i.e., declining population trend, 1999-2007) and 1.16 for 
the Purcells (increasing trend, 2003-2007).  The distribution of lynx in this unit appears to have 
contracted recently; lynx were documented in the Garnet Mountain Range in the southern 
portion of the unit from at least 1980 into the early 2000s, but in 2010, extensive research 
trapping efforts yielded only two males, and snow-track and camera-trap surveys in winter 2014-
2015 detected no lynx.  Genetic analyses revealed fine-scale genetic sub-structuring among the 
Garnets, Purcells, and Seeley Lake subpopulations, suggesting some level of relative isolation 
among lynx in those areas.  Most lynx habitat in this unit occurs on Federal lands (USFS, BLM, 
NPS).  Recent conservation land purchases substantially increased protection of lynx habitat in 
the Seeley Lake core area.  The extent of fire in this area has increased, with over one million 
acres burned in 2000-2013.  Forest management (timber harvest, silviculture, and fire 
management) can have negative, neutral, or positive impacts on lynx habitat; current research 
is investigating lynx response to management actions. 
      
Wyoming/GYA – The long-term persistence of lynx in the GYA is unknown, but early records 
from Yellowstone National Park documented lynx presence in the 1920s-30s, and more recent 
(2001-2004) surveys in the park documented several lynx and evidence of reproduction on the 
east side of Yellowstone Lake.  South of the park, lynx were also detected reliably in the late 
1990s-early 2000s in the Union Pass and Togwotee Pass areas of the Wyoming Range in the 
Bridger-Teton National Forest.  Several lynx released in Colorado (1999-2006) dispersed to the 
GYA and occupied home ranges (including males and females with overlapping home ranges) 
in areas of the Wyoming Range previously occupied by “native” resident lynx.  Recent (2005-
2010) research trapping and survey efforts in the Wyoming Range have detected only 
Colorado-released lynx, and the current status of lynx in the GYA is uncertain but believed to be 
at low numbers based on on-going surveys.  In addition to fire and forest management (as 
described above for northwestern Montana), oil and gas exploration and development may pose 
a potential risk to lynx and habitat in the Wyoming Range.             

Lynx in Washington: Current Status and Potential Threats - Benjamin Maletzke, 
Washington Department of Fish and Wildlife, Olympia, Washington 
Lynx in Washington were State-listed as threatened in 1993, but with recent large-scale impacts 
to lynx habitats and likely declines in lynx numbers, upgrading to State-endangered may be 
justified.  The Washington Department of Fish and Wildlife completed a lynx recovery plan in 
2001, and the Department of Natural Resources completed a habitat management plan for its 
lands in 1996, which it revised in 2006.  The majority of lynx habitat in Washington occurs on 
public lands including State Forests and National Forests.  Although individual lynx are 
occasionally documented in the northeastern part of the state, only the Okanogan area (eastern 
Cascade Mountains abutting the border with Canada) in the north-central part of the state has 
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consistent records and evidence of a resident breeding population.  In terms of the ESA’s five 
listing factors, over-utilization, disease/predation, and inadequacy of existing regulatory 
mechanisms are not issues for lynx in Washington.  Lynx trapping was prohibited in 1991, and 
only live-trapping is allowed for bobcats, so there is little chance for incidental trapping.  There is 
no documented disease and little evidence of predation (though these could occur/increase with 
climate change).  With ESA and State listings, critical habitat designation, and State recovery 
and State and Federal habitat management plans in place, regulatory mechanisms appear 
adequate.  Recently, much lynx habitat has been lost, at least temporarily, to frequent large-
scale fires and insect outbreaks, and climate change may pose additional (or exacerbate 
existing) threats to lynx and habitats in Washington.  From 1990-2002, there were about 2,600 
km2 of lynx habitat in the Okanogan (Eastern Cascades) area, and female home ranges were 
estimated at 38 - 41 km2, suggesting the potential to support roughly 90-115 resident females 
(home ranges include “matrix” or non-habitat).  By 2014, habitat had been reduced by fire to 
about 1,600 km2, and habitat loss and fragmentation resulted in female home ranges increasing 
to an estimated 91 km2, with a potential to support roughly 27 resident females.  Although areas 
impacted by fires and insects should regenerate to hare/lynx habitat, it may take 35-40 years or 
more for that to happen.  Climate change will likely reduce snow depth, condition, and 
persistence, potentially influencing interspecific competition.  It also may cause temperature- 
and precipitation-driven changes in vegetation and increased fire frequency, size, and intensity, 
resulting in further reduction, fragmentation, and isolation of suitable habitats and impacts to 
prey abundance.  Connectivity between the Okanogan area and lynx populations and habitats in 
Canada seems adequate; it is more tenuous in the northeastern part of the state, where cross-
border populations/habitats in Canada are smaller and potential corridors more constricted.  It is 
also possible that legal trapping in southern British Columbia could limit immigration into 
Washington’s lynx population and be a source of mortality for lynx dispersing from Washington 
into Canada.  Potential management and recovery actions could include resuming surveys and 
monitoring efforts, reviewing current State, Tribal, and Federal management actions to see if 
they can be more “lynx-friendly,” conducting population viability analyses to estimate 
probabilities of persistence over various time periods, coordinating with British Columbia on 
cross-border lynx conservation efforts, evaluating the need and feasibility of augmenting female 
lynx in the Okanogan and reintroducing lynx to the Kettle Crest, up-listing lynx in Washington to 
indicate the current status and severity of threats, and seeking collaboration and funding to 
support the measures above. 

Status of Lynx in Colorado - Dr. Jake Ivan, Colorado Parks and Wildlife, Fort Collins, 
Colorado 
Lynx in Colorado were State-listed as endangered in 1973.  Based on statewide surveys 
conducted in 1978-1997 that found some possible lynx sign (tracks), the State concluded that if 
lynx were present, too few individuals remained for a viable population and that natural 
recolonization was unlikely due to geographic isolation.  The State initiated a lynx reintroduction 
program, releasing 218 lynx from source populations in Alaska and Canada from 1999 to 2006.  
All animals were released into the San Juan Mountains in the southwest part of the state.  Many 
stayed there and used the area heavily; many others established home ranges in the Sawatch 
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Range in the central part of the state, where the bulk of historical records occurred.  Although 
post-release mortality was initially high, it decreased after release protocols were modified and 
among lynx after they’d been on the ground a year.  Mean annual survival was 0.93 for lynx that 
stayed within the San Juan Mountains core-release area, and 0.82 outside of it.  The first den 
was located in 2003, and 48 dens were subsequently documented in Colorado through 2010, 
including a third-generation of Colorado-born lynx.  The reintroduced population displayed 
reproduction similar to other areas in the DPS in some regards (e.g., mean litter size was 2.75 
kittens), and lower in others (e.g., mean percentage of females that produced kittens was 24% 
[range = 0% - 46%])2.  A deterministic model that uses survival estimates and reproduction data 
from ten years of monitoring reintroduced lynx and assumes that reproductive parameters 
observed during that time would repeat each decade shows a slightly increasing trajectory 
through time.  Although current population size and survival rates are unknown, photos of 
females with kittens in 3 sampling units during occupancy monitoring in the San Juan Mountains 
in 2014-15 and capture of young and unmarked (i.e., “new”) lynx during research efforts in 
2010-15 provide evidence of continued reproduction.  Potential threats to lynx in Colorado 
include climate change, bark beetle outbreaks, fire, increasing human recreation, and 
vulnerability to vehicle collisions and disturbance from highways.  Climate modeling in 2014, 
based on the RCP6 (2nd-highest) emissions scenario, suggests that by mid-century 
temperature will increase by 2°C, precipitation will decrease in the San Juan and other southern 
mountains, and that spruce-fir habitat will migrate upslope, lagging climate conditions by 50-100 
years.  Based on this, the overall vulnerability of spruce-fir in the state is considered moderate 
at mid-century.  As of 2014, over 4 million acres of potential lynx habitat has been impacted by 
bark beetle outbreaks; however, lynx and hares continued to use impacted areas, even when 
beetle impacts are severe.  Red squirrel use declined in areas that were heavily impacted by 
beetles.  Large fires also have impacted lynx habitat, and as elsewhere, fire size, frequency, 
and intensity are expected to increase with climate change.  A cursory, pre-analysis review of 
location data suggests that lynx make use of landscapes in which heavy winter recreation 
occurs.  However, use of developed ski areas is light, and outside of ski areas, heavy lynx use 
tends to occur in thick timber that is not used by snowmobilers and other backcountry users.  
Finally, lynx frequently crossed 2-lane paved highways in home ranges (0.6 crossings/day), 
more often at dusk and night, coincident with lower traffic volumes, and usually at forested 
crossings.  Recent results from a new large-scale monitoring program indicated that lynx 
occupied a similar proportion of the landscape in the San Juans Mountains during winter 2014-
15 as they did during winter 2010-11.  

Expert Elicitation Process 
All questions posed to the 10 lynx expert panelists were framed in the context of the 3Rs, a 
driving principle for evaluating viability under the SSA framework.  In questioning, we used a 
modified Delphi method (e.g., MacMillan and Marshall 2006), which involves eliciting individual 

                                                 
2 These data were provided by the presenter after the workshop but were not part of the original 
workshop presentation. 
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responses/scores, exploring response rationale and differences in expert judgment through 
guided discussions, then allowing experts to reconsider their scores in light of those discussions 
if they so desire.   
 
In our implementation of the modified Delphi approach, panel members were first asked to 
respond individually to a particular question and indicate their level of confidence in their 
response.  We then collated and noted the range of responses, which became the mechanism 
for follow-up discussion.  In collating responses, we used a simple numeric coding system 
rather than the experts’ names to provide for a reasonable level of anonymity.  We noted where 
there was high congruence among responses, as well as low congruence and outlying 
responses.  By asking for experts to voluntarily provide their reasoning for particular responses, 
we were able to delve into the basis for varying opinions.  After the discussion period, experts 
were given the opportunity to revise their scores.   
 
In addition to elicited responses to each question, we received substantial feedback from the 
experts on definitional issues and the validity of the questions themselves; we revised the 
questions as needed following these discussions.  In the case of a revised question, scores 
were elicited again following the revision.  The second round of scoring was displayed for 
experts, with a closing opportunity for comment, discussion, or score revision. 
 
All panel members were encouraged to respond to each question but also given the option of 
abstaining from responding to a question if they felt it was beyond the bounds of their expertise.  
With few exceptions, all 10 expert panelists responded as requested to every question.  
Instances where experts either chose not to reply or otherwise replied in a manner differing from 
the expected form of response to the question are noted in the responses below. 

Lynx Status:  Expert Elicitation and Responses 
Questions for experts were scripted by the Lynx SSA Team prior to the meeting to facilitate 
discussion of lynx ecology among the experts, solicit their professional opinions, and to help the 
Service gather and synthesize biological information for use in the SSA, particularly where 
empirical data are lacking in the published literature and projecting habitat and population 
conditions into the future is needed.  Because of the uncertainty of quantifying the population 
status and other aspects of lynx biology, the Service and facilitators decided to generate a 
series of discussion questions with quantifiable responses (scores) concerning the redundancy, 
resilience, and representation (3 Rs) of the DPS.  Although scores provided a starting point for 
discussion among experts and are quantified, analyzed, and summarized as appropriate in the 
following sections of this report, the Service also places high value on the content of the 
discussion among experts.  Therefore, both the analyses of scores and summaries of the 
discussion content are presented and will be considered during development of the SSA, noting 
that both were integral to the expert elicitation process. 
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The types of questions and the format of responses differed based on the information needed to 
inform the status assessment, and the best way to capture the information relevant to the 
question being asked.  For example, responses were requested in the form of lists, when a set 
of influences was desired, in the form of a 4 point elicitation (e.g., the most likely, high, and low 
end of a range, and confidence that the range contains the true value) when an uncertain 
quantitative value was desired, in the form of graphed trajectories when probabilities of 
persistence over time were desired, and other forms as necessary (see questions below).  
Experts submitted their scores independently via submission sheets (sticky notes, index cards, 
graph paper, etc.) with their ID numbers.  Note takers recorded and displayed scores to assist 
discussion.  Facilitators and other members of the SSA Team then asked directed questions to 
clarify responses from the panelists as needed.  Following each round of discussion and 
clarification, the panelists were provided the opportunity to update their response if desired and 
the second round of responses were collected and recorded.  The final responses are the only 
responses reported here.  The range of individual responses that we received was not 
combined (e.g., averaged or otherwise) in any way that would obscure or conceal individual 
responses, and the final scores for each panelist were recorded if the response was revised. 

We present the results of the expert elicitation below under the headings of representation, 
redundancy, and resilience.  Under each heading, the following is provided:  the definition of the 
viability category (3 Rs) under consideration, the question(s) asked of the expert panelists, 
response type (i.e., the form of the response requested of the experts), question clarification 
(i.e., a narrative description of any additional information provided to the experts by the 
facilitators for clarification as the questions were asked), expert responses, and notes from the 
discussion. 

Expert Responses 

Representation 

Definition - Representation contributes to the adaptability and evolutionary capacity of a 
species over time, to accommodate long term issues like climate change.  The breadth of 
genetic ecological, demographic, and behavioral diversity across a species’ range may 
contribute to its capacity to adapt over time.  Measures of genetic and life history variability 
among populations, distribution of populations across a range of ecologically diverse locations 
or niches, etc., are useful proxies to measure.  Consider needs for establishing or reestablishing 
populations in unoccupied habitat that may be necessary or suitable for species adjustment to 
climate change or other stressors, including the need to replace former populations in no longer 
represented ecosystems. 

Representation Questions  

1.  Are any of the geographic units susceptible to genetic drift on a scale that would limit 
genetic viability?  If yes, which geographic units? 
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Response Type:  Experts supplied a written response of “yes” or “no,” with a yes answer 
accompanied by a list of susceptible geographic units. 

Expert Responses:  Five experts responded that none of the geographic units are susceptible to 
meaningful genetic drift, two experts abstained from answering, and three experts responded 
that there are geographic units that are susceptible to such genetic drift.  Among the latter, one 
expert responded that the Colorado geographic unit is susceptible over a long period of time, 
and the other two experts responded that both the Colorado and GYA geographic units are 
susceptible to genetic drift. 

Discussion Points Following Initial Responses:  It wouldn’t take many immigrating lynx to 
provide adequate genetic diversity to prevent genetic drift.  One reproductively successful 
immigrating lynx every 5 to 10 years per geographic unit is likely sufficient to prevent genetic 
drift.  Most experts believed there was a low likelihood that even the smaller lynx populations 
(GYA and Washington) or those in more isolated geographic units (Colorado and GYA) are 
vulnerable to genetic drift at a scale that would impact viability, though several experts felt that 
both the GYA and the western Colorado units could experience meaningful drift in the absence 
of immigration or augmentation.  Overall, most experts felt there is a low risk of genetic drift 
being a problem for lynx in the DPS.  

2.  Are there locations from a lynx perspective that have unique habitat conditions 
relative to other areas in the lynx range that are necessary to foster future adaptive 
capacity of the DPS?  If yes, where? 
 
Response Type:  Open discussion.  No response forms were submitted, but notes were taken 
on the discussion that followed. 
 
Question Clarification:  The experts required some clarification of terms and the intention of this 
question to respond.  Facilitators read the working definition of representation (above), which 
previously had been provided to the experts.  Experts then discussed representation across the 
lynx DPS from an adaptive capacity perspective. 
 
Expert Responses:  The response was an open discussion captured below. 
 
Discussion Points Following Initial Responses:  Maintaining genetic variability is important for 
adaptive capacity.  If uncertain about the capacity for lynx to adapt, then experts encouraged 
that all populations (and hence the genetic variation within each) be maintained.  Experts 
indicated that it doesn’t appear that any U.S. population is more or less important to maintain 
than the others because of relatively similar ecological settings and the generally low level of 
genetic differentiation across the DPS.  Summary:  Experts discussed that maintaining 
representation in the DPS could best be achieved by retaining current DPS populations, 
maintaining connectivity between DPS and Canadian lynx populations, conserving the genetic 
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diversity currently represented in DPS, and avoiding impacts that could facilitate or increase the 
potential for or likelihood of genetic drift. 

It was also noted that lynx north of the DPS in some parts of eastern Canada (in New Brunswick 
and Quebec south of the St. Lawrence Seaway and on Newfoundland Island) have some 
unique alleles, including at functional genes, and should be preserved.  Lynx in these areas are 
relatively more isolated than lynx elsewhere in Canada.  Lynx south of the St. Lawrence are 
separated from lynx to the north by the seaway itself, which historically froze over during winter 
but which is now kept open to facilitate maritime shipping, perhaps reducing the level of genetic 
exchange between lynx on opposite sides.  Lynx on Newfoundland Island are separated from 
lynx in mainland Labrador and Quebec by the 15- to 60-kilometer-wide Strait of Belle Isle.  
Despite the relative isolation of these populations, genetic evidence indicates some interchange 
between lynx south and north of the St. Lawrence and between Newfoundland Island and 
mainland populations.  Eastern Canadian populations north of the St. Lawrence may have 
slightly different genetic composition than lynx in the Maine geographic unit. 

Redundancy 
Definition - Redundancy contributes to the ability of population types to withstand catastrophic 
events (hurricanes, wildfires, etc.).  The number and distribution of populations of each 
representative type contribute to the retention of various representative types despite 
catastrophic events by ensuring that the loss of a population doesn’t lead to the loss of 
representation. 

Redundancy Questions 
 
1.  List the factors/catastrophic events that could functionally extirpate an entire 
geographic unit. 
   
Response Type:  Each expert supplied a written list submitted via index card of the 
factors/catastrophic events. 
 
Question Clarification:  Three issues required clarification prior to obtaining responses to this 
question.  First, we initially asked about eliminating a “population” rather than a geographic unit.  
Because some of the geographic units may support several relatively isolated subpopulations, 
experts questioned whether we meant individual populations or subpopulations.  We clarified 
that we are evaluating the likely persistence of resident lynx populations in each of the six 
geographic units that currently support or recently supported them; therefore, we are interested 
in the likelihood that a catastrophic event could result in the extirpation of resident lynx from the 
entirety of any of the geographic units. Second, we were asked if extirpation meant the 
complete loss of all lynx from a unit.  We clarified that we wanted to know if lynx could be 
“functionally extirpated” from any geographic unit, with functional extirpation described as the 
loss of the unit’s ability to support a resident breeding population(s) of lynx.  Third, experts were 
not clear what an “event” entailed.  After discussion, it was agreed that an event was defined as 
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a single occurrence of some form, such as a fire, drought, hurricane, etc., that occurs over a 
relatively brief period of time, rather than a series of smaller cumulative events (e.g., a series of 
climate change-associated occurrences of fires or insect outbreaks over the course of a 
decade) causing a cumulative catastrophic result. 

Expert Response:  Six of the ten experts did not list any catastrophic events that could result in 
the functional extirpation of lynx from any entire geographic unit.  Three of the experts listed 
multiple catastrophic events they felt could result in at least temporary functional extirpation of 
lynx in a unit.  Among these, two of the experts listed fire, three listed disease, one listed insect 
outbreak, and one listed a failure of winter conditions due to a combination of heat or drought 
conditions.  One expert listed geographic unit-specific events, namely fire or insect outbreak for 
the Washington geographic unit, insect outbreak in Maine, and either insect outbreak or fire for 
one of the Minnesota geographic unit’s groupings of individuals, but not all. 

Discussion Points Following Initial Responses:  Experts were told that climate change was not 
considered a catastrophic event because it is both a driver of events and influences severity, 
rather than being an event itself as defined above.  Experts discussed the possibility that the 
Washington geographic unit, because of its relatively smaller size and history of recent 
extensive fires in lynx habitat, may be at risk of functional extirpation from multiple catastrophic 
events; disease, fire, and beetle outbreak were all mentioned as possible events.  One expert 
suggested that the Minnesota geographic unit could potentially be eliminated by a very large 
fire, although there was a low probability of this occurring.  Experts expressed some uncertainty 
whether fire could occur at the severity and scale sufficient to eliminate an entire geographic 
unit; however, a series of fires over a short time period may have the potential to cause 
functional extirpation of lynx from a geographic unit or significantly reduce the number of 
resident lynx it could support, at least temporarily. 

2.  Could any of the catastrophic events listed in response to redundancy question 1 
eliminate all 6 geographic units simultaneously? 
 
Response Type:  Each expert supplied a written response of “yes” or “no.” 

Expert Response:  All experts answered “no.” 

3.  What is the probability (expressed as a percentage) that any single geographic unit 
could be eliminated by a single catastrophic event in the next 10 years? 
 
Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  In response to the discussion around question #1, which resulted in the 
inclusion of question 3, this question was modified from its original script to include a 10-year 
time frame (underlined). 
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Expert Responses:  All responders gave a relatively low probability (≤ 10%, median of 1%) that 
any single geographic unit could be eliminated (resident lynx functionally extirpated) by a single 
catastrophic event in the next 10 years (Figure 2).   

4. What is the percent likelihood that a series of catastrophic events within the next 10 
years could cause functional extirpation of one or more lynx geographic units? 

Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  This question was developed after discussion of question 3 to capture 
the possibility of functional extirpation of lynx from geographic units due to a series of 
catastrophic events over a relatively short time rather than a single event that occurs at one 
point in time. 

Expert Responses:  The percent likelihood ranged from 0.5% to 60%, with a median response 
of 7.5% (Figure 2).  Expert responses indicated a higher probability of a series of catastrophic 
events over 10 years resulting in functional extirpation than a single event in the next 10 years, 
as in question 3.  

 

Figure 2.  Individual scores and summary boxplots of the percent chance that a geographic unit 
is eliminated by a single catastrophic event (question #3, left) or a series of catastrophic events 
(question #4, right) in the next 10 years.  Note:  This and all subsequent figures below were 
generated using the statistical software R (Appendix 6).  
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In Figure 2, individual responses to a single catastrophic event were 0.01%, 0.1%, five 
responses of 1%, 5%, and two responses of 10%.  Individuals responses to a series of 
catastrophic events were 0.5%, 1.1%, three responses of 5%, 10%, 15%, 20%, 40%, and 60%).  
Boxplots illustrate response mean values (bold black lines), the 25% and 75% quartiles (upper 
and lower bounds of boxes), and the highest and lowest values within 1.5 times the quartile 
range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of the 
whiskers (outside 1.5 times the quartile range) are considered outliers and plotted as points 
beyond the ends of the whiskers (i.e., experts 3 & 4 in Q3 and experts 3 and 10 in Q4, as 
indicated by the points plotted between experts 5 and 6).  The individual expert responses used 
to produce the boxplots are indicated by x-marks.  Boxplots are provided as a summarizing 
visualization to aid comprehension of the experts’ responses and their range, and the summary 
values are presented in this context and not intended for use outside of the context of the full set 
of responses. 

Discussion Points Following Initial Responses:  One expert noted that the probability of 
extirpation in any one of the 6 geographic units is greater than the probability of a single specific 
geographic unit being extirpated.  Also, any combination of a series of events over a decade 
increases the likelihood of extirpation in any one geographic unit relative to the probability of 
extirpation due to a single event.  

Although median probabilities of extirpation were low, experts felt the geographically smallest 
unit (Washington) and those units believed currently to support the fewest resident lynx (GYA, 
Washington, and Minnesota) were the most vulnerable geographic units when scoring this 
exercise.  Fire, drought, and beetle kill were the most frequently mentioned events that were 
considered by the experts when answering this question.  Some experts felt that these 
geographic units may be susceptible to such a scenario because of small geographic and/or 
population sizes and distribution.  In particular, it was noted that this past year there were many 
fires in lynx habitat, especially in Washington, and another year with similar fire impacts, or a 
few such fire years in a 10 year period, could lead to extirpation of lynx in the Washington 
geographic unit.  An expert noted there currently may be as few as 24 remaining females in 
Washington and that with fewer individuals in this area it would result in a higher probability of at 
least temporary extirpation.  Experts noted that fire disturbance data are likely available that 
could be used to model the likelihood of future fire impacts to each geographic unit.  

Experts with outlier responses provided their rationales.  Experts having the lowest scores 
believed that even the smallest geographic units would have only a low probability of extirpation 
in the next decade - that the time frame under consideration was very short.   

5.  What length of time would be required for a geographic unit eliminated by a 
catastrophic event to reestablish naturally? 
  
Response type:  4-point elicitation.  Each expert supplied a written response in years for the 
longest, shortest, and most plausible time periods for reestablishment of a resident lynx 
population within a geographic unit following functional extirpation.  They were also asked to 
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indicate their confidence, as a percentage chance, that the true amount of time necessary for 
reestablishment would fall between the shortest and longest plausible time periods provided. 
 
Expert Responses:  The responses to each of the points elicited are shown below in Table 1.  
Two experts provided additional information beyond the 4 points elicited when responding.  One 
presented two scenarios, one in which connectivity is intact and the habitat was damaged by the 
catastrophic event (e.g., insect outbreak or fire) which would require habitat regrowth first, and 
the second in which the habitat remained present.  In the case of habitat being present the most 
likely time period response was less than 10 years.  In the habitat elimination scenario the 
expert felt given climate changes to habitat that the geographic unit would not re-establish.  The 
second expert responded by geographic unit, with the exception of the Minnesota geographic 
unit for which there was no response.  Their responses are summarized in Table 1 using the 
overall longest and shortest responses as well as the average of the most plausible time (see 
footnote 3). 
 
Table 1.  Expert responses regarding the natural reestablishment time in years for a geographic 
unit after extirpation by a catastrophic event. 
 

Expert # 
Reestablishment Time in Years Percent Confidence in 

Range3 Shortest Plausible 
Time 

Most Plausible 
Time  

Longest Plausible 
Time 

1 10 40 100 50% 
2 15 100 300 80% 
3 15 35 60 5% 
44 1, 

will not reestablish 
<10,  

will not 
reestablish 

will not reestablish 100% 

5 25 50 100 75% 
6 20 30 50 90% 
7 15 20 25 90% 
8 15 50 will not reestablish 40% 
9 20 30 100 50% 

105 15 55 200 50% 
 

Expert responses are also visualized in Figure 3 and Figure 4 below.  The raw responses are 
visualized in box plot form to aid communication of the results (Figure 3).  Confidence ranges 
provided in a four point elicitations enable expert responses to be rescaled to produce a 
common confidence bound across experts using linear extrapolation (e.g., McBride et al. 2012).  

                                                 
3 Expert confidence that the true recovery time would fall between the shortest and longest time periods 
of their response. 
4 This expert provided a response for two scenarios, first that the catastrophic event does not result in 
habitat loss, and second that habitat is lost and therefore connectivity to extant populations is lost. 
5 This expert provided separate responses for each geographic unit.  The values in this table are the 
overall shortest, longest, and average most plausible number of years indicated in the responses across 
geographic units. 
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We calculated the 95% confidence interval for the shortest and longest plausible time periods 
for each expert (Figure 4).  In cases where the linear extrapolation resulted in negative years for 
the shortest time periods, we adjusted to zero.  This may indicate underconfidence in the 
responses provided by the experts, or that the use of linear extrapolation for these 4-point 
elicitation responses fails to distribute expert uncertainty in a manner consistent with the actual 
uncertainty present in expert responses (i.e., the experts could have been more confident in 
their shortest plausible time response than their longest plausible time responses, which the 
linear extrapolation doesn’t account for). 

 
Figure 3.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events. 

The raw responses for each of the three time periods (longest plausible time to reestablishment, 
most plausible time, and shortest plausible time period) are displayed in the box plots in Figure 
3 above.  Boxplots illustrate response mean values (bold black lines), the 25% and 75% 
quartiles (upper and lower bounds of boxes), and the highest and lowest values within 1.5 times 
the quartile range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of 
the whiskers are considered outliers and plotted as points.  The individual expert responses 
used to produce the boxplots are indicated by x-marks.  Boxplots are provided as a 
summarizing visualization to aid comprehension of the experts’ responses and their range, and 
the summary values are presented in this context and not intended for use outside of the 
context of the full set of responses. 
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Figure 4.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events, adjusted to provide 95% confidence bounds. 

In Figure 4, 95% confidence bounds were produced from the 4-point responses using linear 
extrapolation.  Shortest plausible time period is in blue, most plausible is green, and longest 
plausible is red.  For plotting purposes negative shortest time period values were adjusted to 
zero, and all zeroes in the plot indicate 95% confidence bounds that extended below zero.  
Longest time periods beyond 350 years were plotted at 350, with the actual time period noted in 
text left and below those points.  Also note that expert 10 responded by geographic unit, so the 
figure displays the 95% confidence bound adjusted overall longest, overall shortest, and 
average most plausible time periods across the six units for expert 10. 

Discussion Points Following Initial Responses:  Experts discussed the amount of time it takes 
for habitat to recover after catastrophic events (e.g., fire, insects) when considering timeframes 
for repopulation.  Some experts could picture some geographic units never being recolonized 
again, and that some could be recolonized immediately, depending on which geographic unit is 
being evaluated and the level of connectivity to other geographic units and to lynx populations in 
Canada.  Washington is more connected to Canada than the Colorado geographic unit for 
example.  The rate of recolonization was variable for each geographic unit because of the size 
of each geographic unit, status of adjacent source geographic units, and the level of 
connectivity.  Experts found it hard to generalize across the range of the species for this 
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question.  The variances in the geographic units across the range need to be considered.  
Experts believed GYA and CO would have a long period for recolonization, if ever recolonized, 
after a potential extirpation event because of the lack of connectivity with Canadian populations.  
It is likely that those geographic units with connectivity to Canada would recover much sooner 
than geographic units not connected to Canada. 

Resiliency 

Definition - Resiliency speaks to an individual population’s ability to tolerate environmental and 
demographic stochasticity, such as fluctuations in temperature or genetic drift.  It is often 
measured in terms of population size and growth rate, but in fact is dependent on a number of 
traits, both demographic and environmental.  These include, among others: age or stage class 
distribution, genetic heterogeneity, birth rates, annual survivorship, sex ratios, etc., and the 
quality and extent of habitat, the degree of disease, competition, etc.  Metapopulation dynamics 
and distribution can also contribute to population resiliency in some species. 

Resiliency Questions:  Probability of Persistence Exercise  

Exercise Summary 

The first two resiliency questions were asked concurrently as part of a probability-of-persistence 
exercise conducted for each geographic unit.  Experts were asked to graphically provide the 
probability of persistence of resident lynx through time for each geographic unit, as well as the 
major factors influencing persistence in those geographic units, one geographic unit at a time.  
Experts were asked to provide persistence probabilities and influencing factors for the near-term 
(2025), mid-term (2050) and longer-term (2100).  Experts were also asked to indicate on each 
of their graph sheets the emissions scenario (low, moderate, or high/status quo) they were 
considering in graphing persistence probabilities and listing influencing factors.  
 
We began this exercise with the Northern Maine geographic unit, and the discussion and 
questions among experts that followed the initial persistence-graphing and factor-listing efforts 
indicated that a review of the status and major issues confronting lynx in each unit (a quick 
reminder and summary of the earlier status update presentations) would be helpful.  Therefore, 
prior to expert responses for the remaining units, the expert(s) most familiar with the geographic 
unit in question gave a 5-10 minute summary of what they viewed as the most relevant 
information about the current and likely future status of lynx populations and habitats in that unit.  
They also presented any other conditions or issues they thought could affect the probability of 
persistence of resident lynx in that unit.  All experts then completed their graphs and lists of the 
factors that influenced the probabilities of persistence they selected for each time frame for the 
geographic unit in question.  For the Maine unit, the discussion following initial responses 
served the same purpose, and after that discussion, experts were given the opportunity to 
revise their responses if they felt it necessary. 
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After all experts completed their responses, the graphs and influence lists from each expert 
were posted on the wall, and workshop participants were invited to gather around to view and 
discuss the range of responses.  Facilitators and SSA Team members then polled the experts 
about what drove their responses.  These questions were a mix of directed questions about 
unique responses, the role of particular factors noted in the responses, and open-ended 
questions to allow experts to describe their thinking.  Experts and team members were also 
encouraged to ask clarifying questions about the responses.  Experts were encouraged to 
modify their responses by posting a revised sheet above their first response if they wished to 
adjust their responses based on the discussions. 
 
1.  What is the probability of persistence over time (particularly at present, 2025, 2050, 
and 2100) for each of the 6 major geographic units? 
 
Response Type:  Graphical 3-point elicitation.  Each expert was provided a blank sheet of 
graphing paper with a y axis of probability of persistence, and an x axis of time, with 4 time 
periods bolded (2015, 2025, 2050, and 2100).  For each of those years, experts were asked to 
add a point to the graph representing the lowest, highest, and most likely probabilities of 
persistence at that time period.  Experts were also asked to connect the points through time. 
 
Question Clarification:  It was explained that the most likely point should represent the 
probability of persistence that the expert anticipates to be most likely to occur for that 
geographic unit at each time period, and that  the points for lowest and highest probability of 
persistence were intended to capture the expert’s uncertainty in the future probability of 
persistence.  Experts preferred to indicate a most likely probability and to provide a full 
confidence interval (i.e., upper and lower bounds within which they felt 100% certain the future 
probability of persistence would fall) rather than indicate a confidence level associated with the 
lowest and highest probability responses. 
 
Expert Responses:  Responses are by geographic unit and are presented below in conjunction 
with the responses to question #2 below. 
 
2.  What are the major drivers/factors (up to 3) reducing probability of persistence for 
each of the major geographic units? 
 
Response Type:  Ranked list of top three factors, for each point in time (present, 2025, 2050, 
and 2100), with % contribution of each factor. 
 
Question Clarification:  Resiliency questions 1 and 2 were asked concurrently.  Experts were 
provided a sheet of paper for each geographic unit and the area at the bottom of the sheet 
below the graphing area was used to list the three major factors they expected would most 
significantly influence the probability of persistence at each time period.  Influencing factors 
were described as those anthropogenic or naturally-occurring activities, events or factors that 
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could influence the probability that resident lynx populations will persist in a given geographic 
unit. 
 
Expert  Responses:  For each geographic unit an overview of the unit from the area expert are 
provided, as well a summary of the hand drawn graphs via a figure (Figures 5 - 10), the 
responses and major factors are summarized via text, and the discussion that the responses 
generated are presented.   

Northern Maine  

Pre-graphing Overview from Unit Experts:  This step was not added to the process until after the 
probability of persistence exercise for this unit.  Because this unit was the first for which experts 
attempted to graph persistence over time, there were many questions and much discussion 
about process and intent.  It was the discussion following this initial graphing exercise that led 
the SSA Team to request unit summaries prior to subsequent graphing exercises.  The Team 
felt that overview information similar to that provided prior to graphing persistence for 
subsequent units (below) came out during the discussion.  Further, because experts were 
encouraged to update their Northern Maine geographic unit responses as necessary following 
that discussion, the Team felt that the results of the graphing exercise for the Northern Maine 
geographic unit were valid and comparable to the results generated for the other units. 

Expert Responses:  All experts indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Maine through the end of the century, with uncertainty (range 
between lowest and highest probabilities) also increasing over time.  Nearly all experts 
predicted near-term (year 2025) persistence probability >= 90% and mid-century persistence >= 
70%.  All experts predicted end-of-century persistence probability >= 50% for this unit, with most 
predicting a 40% to 60% probability of persistence by 2100 (Figure 5).  Near-term drivers that 
influenced experts’ probabilities of persistence for this geographic unit were changes in private 
forest land ownership, changes in forestry management (timber harvest methods, volumes, and 
spatial distributions), habitat decline (succession of previous clear-cuts from young, dense 
regenerating stands to mature stands less conducive to high hare densities), spruce budworm 
outbreak, climate change-induced loss of spruce-fir habitats, and competition with bobcats due 
to climate change-induced loss of snow conditions that favor lynx.  Longer-term (2050, 2100) 
drivers similarly included changes in forestry practices, but also climate-driven loss of snow 
conditions favorable to lynx/competition with bobcats, and loss of spruce-fir forest.  As with 
responses for other geographic units, not all experts provided the factors that influenced their 
persistence probabilities for each time period, and not all provided the percent contribution of 
each factor. 
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Figure 5.  Expected probability of persistence for the Northern Maine geographic unit at present, 
2015, and in 2025, 2050 and 2100. 

Note:  In Figure 5, above, and figures 6 through 10, below, points for each of the 10 expert 
responses, for each of the three probability of persistence levels, i.e., highest, most likely, and 
lowest probabilities of persistence, are represented by the hollow red, filled green, and hollow 
blue points respectively.  The black x mark is the median of the most likely responses across 
the experts in each response year.  The red, green, and blue dashed lines connect the median 
of the highest, most likely, and lowest probability of persistence responses across the experts in 
each response year.  The edges of the grey area were defined by the extreme responses, i.e., 
the range from the largest of the highest probability of persistence responses to the smallest of 
the lowest probability of persistence responses.  The median lines and grey area are provided 
as a summarizing visualization to aid comprehension of the experts’ responses and their range, 
and should not be viewed as a substitute for individual responses or presented outside the 
context of the accompanying discussion. 

Discussion Points Following Initial Responses:  One expert expressed confidence that the lynx 
population in Maine will be stable in the near term; that climate change out to 2050 will primarily 
affect coastal areas, which support few lynx; and that there will likely still be favorable conditions 
for lynx in northern Maine where most lynx currently occur.  A second expert disagreed, and 
indicated that a combination of aging of the last of the budworm-era (1970s-80s) clear-cuts, the 
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cumulative effects of the last 25-years of partial harvesting (in accordance with the Maine Forest 
Practices Act), and the coming spruce budworm outbreak will all substantially reduce the 
amount of high quality lynx/hare habitat in this unit.  Projecting past 2050, experts generally 
agreed that climate change will likely create unfavorable conditions (e.g., insufficient snow, loss 
[northward migration] of spruce-fir forests) in northern Maine’s core area for lynx, and the 
probability of persistence will decline over the longer term.  Although uncertainty increases with 
time from the present, climate-related loss of favorable snow conditions (amount, consistency, 
and duration), loss of spruce-fir, and bobcat competition will likely reduce the probability of 
persistence in this unit beyond 2050.   

There was some concern that timber companies would not respond to the pending spruce 
budworm outbreak like they did in the 1970s (extensive clear-cuts).  Some experts also 
expressed concerns about the effects of the current clear-cuts aging past conditions that 
support hares and lynx.  Out to year 2050, changes in snow conditions and loss of spruce-fir 
associated with climate change will contribute to habitat loss.  Past 2050, diminished snow, 
successional loss of high-quality habitats, increased competition from bobcats, and spruce-fir 
decline will make conditions unfavorable for lynx.  Some experts assumed a high-emissions 
climate change scenario, but others said their predictions would not change under moderate 
emissions scenarios.  The second expert (above) indicated that current data show spruce-fir 
habitat is being replaced with a hardwood forest (red maple) system, and that this will continue 
throughout the century.  This expert indicated hardwood forest invasion isn’t being controlled by 
herbicides as it was in the last budworm outbreak.  The first expert (above) disagreed and said 
that lynx are resilient and forestry practices will likely sustain spruce-fir habitats in Maine, 
providing an example of one timber company that has already invested in spruce plantations.  
The second expert indicated that most of the land base is owned now by Timber Investment 
Management Organizations and Real Estate Investment Trusts who will not employ intensive or 
expensive (plantation, herbicide) forms of forestry.  In summary, experts expressed a variety of 
opinions about how forest management may change in the future in Maine and, in particular, 
how forest landowners and managers may respond to the pending spruce budworm outbreak, 
and how these responses may impact resident lynx.  

Other factors considered by the experts included budworm outbreaks, the potential for disease 
in a lynx population (not currently a recognized or documented threat and typically unexpected, 
but always a possibility), ecosystem change induced by climate change, forest tree species 
composition changes, competition with other temperate forest animals.  There are many 
interrelated factors and different stresses and factors that may occur in the future.  It is difficult 
to anticipate the factors that will affect lynx in the future.   

Experts discussed the role of competition between lynx and other carnivores, especially 
bobcats, throughout the DPS.  One expert remarked that in some parts of Montana there is 
complete overlap of lynx and bobcat home ranges and little or no evidence of competition 
effects.  Others indicated relatively narrow regions of overlap and sharp demarcation between 
areas that support home ranges of the two species that correspond with annual snowfall 
amounts in Maine and Minnesota.  Experts were unsure whether bobcat-lynx overlap is more a 
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function of snow conditions in these areas or competition between the species (i.e., competition 
for food or behavioral competition).  Although separation of the species has been documented, 
the nature and causes of the separation are not certain.  Bobcats are a more generalist predator 
than lynx and less reliant upon hares than lynx.  Experts expressed varying opinions regarding 
seasonal differences in overlap among lynx and bobcat diets, the effect and importance of 
competition between the two species, and whether it is behavioral or resource competition.    

Lynx in Maine have not responded to changes in hare abundance exactly as lynx in Canada 
and Alaska have to hare population cycles.  In Maine, the proportion of females that reproduced 
and average litter size declined during low hare years, as in the north, but home range sizes in 
Maine did not increase as they did in the north when hare abundance was low.  Hare densities 
do not appear to have dropped below a critical threshold to alter lynx home range size in Maine 
as in the North.   

An SSA Team member asked how hare cycles or fluctuations may affect predictions of 
persistence in Maine.  The first expert (above) said that hare declines documented by University 
of Maine monitoring is likely due to the aging forest, and that lynx in Maine haven’t yet 
responded biologically to the range of hare densities observed in Maine, as suggested by the 
lack of change in home range sizes and survival.  The second expert (above) disagreed, and 
cited University of Maine research that showed hare populations declined by ~50% in all stand 
types sampled starting in 2006, that forests where hares were monitored have not yet 
progressed to the self-thinning stage, and that the hare decline in Maine is mirrored by hare 
data from southern Quebec.   

Northeastern Minnesota 

Pre-graphing Overview from Unit Experts:  There are probably 50-200 resident lynx in 
Minnesota but there is much uncertainty and survey protocols do not support generation of 
precise abundance estimates.  Lynx occupancy and reproduction both have been consistently 
documented in the state since it was listed in 2000.  Lynx in this geographic unit are interacting 
with, and possibly depending on, southern Ontario populations.  Although females exhibit high 
reproductive rates, radio-telemetry data suggest low recruitment of Minnesota-born kittens into 
the breeding population of this geographic unit.  Bobcats are a potential future stressor as they 
are encroaching into lynx areas; fire is a threat in dry years (e.g., there have been 3 fires in last 
15 years that have burned approximately 20% of lynx habitat).  The forest management industry 
is tied to softwoods and continued management of softwood tree species is expected in the 
future. 

Expert Responses:  As with the previous unit, all expert graphs showed initially high and 
subsequently declining probability of lynx persistence in Minnesota over time, along with 
increasing uncertainty through the end of the century.  Nearly all experts predicted near-term 
(year 2025) persistence probability >= 90%, and all experts predicted mid-century persistence at 
60% to 90% (median = 80%).  Experts predicted end-of-century persistence probabilities of 10% 
to 60%, with a median of 35%, by 2100 (Figure 6).  Near term drivers were reduced snow, 
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bobcat competition, disease in lynx (e.g., lungworm, liver fluke, feline leukemia), and forest 
insects.  Long term drivers were reduced snow, competition with bobcat, loss of spruce-fir 
forests, fires, and climate change. 

 

Figure 6.  Expected probability of persistence for the Minnesota geographic unit at present 
(2015), and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts expressed uncertainty whether 
potential climate change impacts will be realized in the short term, but that the cumulative 
effects of climate-induced changes seem more likely in the longer term.  This uncertainty may 
be a source of variability in predicted persistence probabilities.   Some experts expressed 
uncertainty about the accuracy of the rough estimate of the size of the lynx population in this 
unit because surveys were not designed to provide population estimates.  Some experts wanted 
clarification on the distribution of lynx in the state, and which areas of the state have the highest 
use.  The core-use spatial extent was described as a 20-mile-wide strip inland from the north 
shore of Lake Superior and extending about 60 miles from the northeast tip of the “arrowhead” 
southwest into the Superior National Forest (SNF).  Lynx occasionally occur further west in the 
SNF and in other areas such as Voyageurs National Park.  Recent snow-track surveys suggest 
lynx may be using a larger portion of the arrowhead region, and radio-telemetry data have 
documented travel to and from southern Ontario.  Lynx also have been documented to use the 
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1-million-acre Boundary Waters Canoe Area Wilderness (BWCAW) that borders Canada for 
dispersal in both directions across the border.  However, because the BWCAW has not been 
surveyed for lynx, the number of lynx that may use this area is unknown.  The SNF does not 
actively manage the BWCAW.  The current connectivity between lynx in this unit and the larger 
population in Ontario reduces the likelihood of local extirpation in this geographic unit, but the 
likelihood would increase if connectivity was compromised and cross-border interactions 
reduced. 

Factors considered included potential disease, fire, loss of boreal forest, competition with 
bobcats and possibly other hare predators.  Some experts questioned the validity of disease as 
an influence in this and other geographic units because although disease has been documented 
in some felines, it has not been documented as a threat to lynx in any of the DPS populations to 
date.  Some experts speculated that because there is a link between disease and temperature 
increases in other animals, projected climate warming could contribute to disease in lynx.  
Therefore, although not a factor for lynx currently, it is not unreasonable that disease could 
impact lynx populations in the DPS in the future, so we may want to consider disease in future 
conservation planning.  Experts also discussed the possibility that climate warming may 
facilitate the westward expansion of the spruce budworm outbreak that is projected for Maine 
and eastern Canada into southern Ontario and the Minnesota geographic unit. 

Northwestern Montana/ Northeastern Idaho 

Pre-graphing Overview from Unit Experts:  There are likely 200-300 lynx in this unit in several 
subpopulations (expert stressed that this is a guess and not a true population estimate), and 
there is currently a connection with lynx in Canada.  Climate models project that some boreal 
forest will persist in this unit and that it will maintain snow into the future.  In this unit, lynx 
primarily occupy public lands, which are actively managed for lynx into the future.  In recent 
decades, fires have occurred on a large scale, with high intensity and increasing frequency.  
There have been no documented cases of beetle infestations in lynx habitats in this unit. 

Expert Responses:  As for previous units, all expert graphs showed an initially high and 
subsequently decreasing probability of persistence for this unit, with increasing uncertainty over 
time, but a higher probability of persistence at all time frames than other units.  All experts 
predicted near-term (year 2025) persistence probability >= 95%, and all predicted mid-century 
persistence at 70% to 100% (median = 90%).  All experts predicted end-of-century persistence 
probabilities >= 50%, with a median of 78%, by 2100 (Figure 7). 
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Figure 7.  Expected probability of persistence for the Northwestern Montana/Northeastern Idaho 
geographic unit at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Overall, experts assigned a higher probability of 
persistence in this unit compared to the other two units discussed thus far.  Most lynx habitats in 
this unit occur on Federal lands that are managed for lynx conservation, but one expert noted 
that little has been done to document whether lynx are responding to this management.  The 
recent sale of large tracts of private commercial timberlands in the central part of this unit to The 
Nature Conservancy has increased protection for lynx via conservation easements managed for 
lynx.  Habitats in some areas should improve in the near future as previously cut or burned 
areas mature into dense stands.  Unlike the Maine and Minnesota geographic units (but similar 
to most other western units), high elevations in this unit could buffer the effects of climate 
change by providing for the upslope migration of lynx habitats and snow conditions that climate 
models predict.  However, this would result in even patchier and more isolated islands of habitat 
in high elevation areas that would be more prone to extirpation due to catastrophic or stochastic 
events.  Competition from coyotes and bobcats seem to be less of a concern for this unit. 

This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 
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occurring or will into the future.  There doesn’t appear to be much demographic input from 
recent cycles.  There is evidence of lynx from this unit moving north into Canada, but little 
evidence of demographic interactions among the three subpopulations (Purcell Mountains, 
Seeley Lake, and Garnet Mountains) in this unit.  Experts noted that the Garnets Mountains 
subpopulation at the southern end of this unit may have recently become extirpated.     

Discussion among experts indicated that fire was more of a concern for this area.  Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit.  Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels.  Out to 2050 and 
beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity.  Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 

Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats.  Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change.  It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level.  One expert reminded that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation.  Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in future.   

North-central Washington 

Pre-graphing Overview from Unit Expert:  This geographic unit is thought to currently support 
roughly 50 resident lynx.  There may have been more lynx prior to recent major fires.  This unit 
is currently connected to Canada, and there is no indication that this connection will be 
disrupted.  Some of the best lynx habitat in this unit occurs on plateaus that may be more 
vulnerable to impacts of climate change because of the absence of higher-elevation areas to 
which habitats, lynx and hares could migrate in response to warming.  In areas that receive 
maritime climate influences, projected climate-induced changes to snow conditions could be 
detrimental for lynx.  Studies have shown good lynx survival rates in this unit. 

Expert Responses:  Compared to the previous units, most expert graphs showed a lower 
probability of persistence for this unit over the short term, and then lower probability of 
persistence along with increasing uncertainty by 2100, reflecting a more pessimistic outcome for 
this unit compared to previous units (Figure 8).  Experts predicted near-term (year 2025) 
persistence probabilities of 60% to 90% (median = 80%), and mid-century persistence at 30% to 
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80% (median = 70%).  All experts predicted end-of-century persistence probabilities less than 
50%, with a median of 38%, by 2100 (Figure 8).  However, one expert predicted an increase in 
persistence probability by mid-century as habitats impacted by recent large-scale fires 
regenerate into optimal hare-lynx habitat. 

 

Figure 8.  Expected probability of persistence for the North-central Washington geographic unit 
at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  The probability of lynx persistence in this unit 
could decrease sharply over the next 10-20 years because of extensive recent fires in lynx 
habitats and the time needed for these areas to regenerate back to good hare/lynx habitat.  
After that, the probability could rebound (or decline more slowly) over the longer term as these 
large areas return to prime habitat providing high hare densities.  The current small population is 
likely at greater risk of extirpation because of stochastic events, particularly if large fires in lynx 
habitat continue to occur in the near future as they have in the recent past.  A small population 
also could be more susceptible to disease, though none has been documented among lynx in 
this unit.  Experts discussed the extent to which small lynx populations could be reduced before 
they would become highly susceptible to stochastic demographic effects.  It was suggested that 
15-20 breeding individuals might be the minimum needed to avoid such susceptibility.  
Unimpeded connectivity between Canada and the Okanogan area of this unit could allow lynx to 
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repopulate currently-unsuitable areas after the habitat recovers.  Lynx in this unit are likely the 
southern portion of a larger population in Canada, not really a separate, isolated small 
population.  Factors that influenced expert persistence probabilities for this unit included fire, 
habitat loss, and the future loss of favorable snow conditions predicted by climate change 
models. 

Greater Yellowstone Area (GYA) 

Pre-graphing Overview from Unit Experts:  This unit has a long history of lynx presence, but the 
consistency of occupancy over time is uncertain.  Research and surveys since 1997 have 
detected few lynx in this unit.  Lynx are likely spatially limited within the unit because of the 
patchy distribution of high-quality habitat and the generally low or marginal hare densities in 
much of the unit.  Lynx have large home ranges in this area, an indicator of lower habitat quality.  
Nevertheless, until recently, this unit appears to have supported a small resident lynx 
population.  The current lynx population in this unit is very small - likely fewer than 10 lynx, and 
possibly zero.  This population may have been somewhat larger in the past; however, there is 
some uncertainty about this.  Recent surveys and trapping efforts have not detected resident 
lynx, only several that were previously released in Colorado.  Several Colorado-released lynx 
have established home ranges in the GYA unit, and there is evidence of overlapping male and 
female home ranges.  In the late 1800s and early 1900s, there was notable predator control in 
some parts of this unit.  There currently is oil and gas exploration and development activity in 
parts of this unit, but potential impacts to lynx are uncertain, and projects are attempting to 
minimize impacts to lynx habitat. 

Expert Responses:  The expert graphs for this unit were widely variable and had different 
outcomes and high uncertainty at all time frames.  Experts predicted near-term (year 2025) 
persistence probabilities of 10% to 70% (median = 52%), and mid-century persistence at 15% to 
60% (median = 35%).  All experts predicted end-of-century persistence probabilities less than 
50% for this unit, with a median of 15%, by 2100 (Figure 9).  This was the only unit for which 
most experts believed the present probability of persistence is low (i.e., that it is uncertain 
whether this area currently supports a resident lynx population).  Some experts increased 
probability of persistence into mid-century as the 1980s-era fires regenerate into hare/lynx 
habitat, and with the possibility of continued immigration of lynx from Colorado.  Other experts 
project a 10% to 20% probability of persistence by 2100.  One reason given for wide variability 
in responses is because of the uncertainty whether a population currently exists.  There were 
wide confidence intervals around the probabilities for all time periods for this area. 
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Figure 9.  Expected probability of persistence for the GYA geographic unit at present, 2015, and 
in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Current and future factors expressed by experts 
as influencing probability of persistence for this unit included small population size, forest 
disease and insect pests, and fire.  Some experts doubt that the GYA unit currently supports a 
resident breeding population of lynx.  Experts indicated that climate models predict that some 
parts of the GYA unit could provide refuge from climate change impacts because of their high 
elevations and potential to maintain winter snow levels into the future.  Summer conditions in 
this unit, however, could be drier in the future, resulting in increased fire frequency, extent and 
intensity, and additional temporary habitat loss.  However, regeneration of these areas and the 
extensive areas that have burned in the recent past may provide good habitat over the next 
several decades.  Lynx immigrating to this unit from Colorado could occupy such improved 
habitats in the near future.  Colorado lynx have made exploratory movements into the GYA in 
summer months, and analysis of available data could improve our understanding of Colorado 
lynx movement into and use of the GYA.  It is possible that lynx from Colorado are maintaining 
or could maintain lynx in GYA. 
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Western Colorado 

Pre-graphing Overview from Area Expert:  From 1999 to 2006, Colorado Division of Wildlife 
(CDOW; now Colorado Parks and Wildlife [CPW]) released 218 Canadian and Alaskan lynx into 
western Colorado.  Survival and litter sizes have been similar to rates observed in other DPS 
populations.  There are probably 100-250 lynx in Colorado today.  There are currently 5-6 
million acres of habitat in this unit thought capable of supporting lynx and where hares are 
present in sufficient numbers to support persistent reproduction.  Extensive bark beetle 
infestations have impacted large areas of lynx habitat, but snowshoe hare are still occupying 
areas with beetle damage.  Three large fires have occurred in recent years, resulting in some 
lynx habitat burned.  Salvage operations in burned areas could diminish future habitat quality.  
This unit is more isolated from Canadian and other DPS lynx populations; separated by a large 
swath of inhospitable habitat.  Road mortality of released lynx was initially high but it doesn’t 
seem to be a problem now (about 1 per year killed on roads on average since the first year of 
the reintroduction).  There is no incidental take from trapping because foothold traps are banned 
in Colorado.  Climate models show CO will maintain habitat over time with anticipated climate 
changes.  Like other western units, habitat is patchily-distributed across this unit. 

Expert Responses:  Similar to most of the other units, most expert graphs indicate an initially 
high probability of persistence in this unit that will decline gradually with increasing uncertainty 
through the end of the century.  Experts predicted near-term (year 2025) persistence 
probabilities of 60% to 100% (median = 90%), and mid-century persistence at 50% to 85% 
(median = 80%).  Experts predicted end-of-century persistence probabilities of 20% to 70% for 
this unit, with a median of 50%, by 2100 (Figure 10). 
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Figure 10.  Expected probability of persistence for the Western Colorado geographic unit at 
present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts indicated that beetle kill and fire 
could potentially create poor habitat conditions in large areas of this unit by mid-century, but that 
regeneration after these impacts could result in good lynx/hare habitats.  Others expressed 
uncertainty about whether fire and insect impacts would be temporary or permanent, especially 
considering climate change and the potential for conversion from boreal/subalpine forests to 
other forest types.  Although 8 of 10 experts graphed 50% to 70% probability of persistence at 
2100, during subsequent discussions, several expressed greater uncertainty about whether 
resident lynx will persist in the unit at the end of the century.  Higher-quality lynx habitat occurs 
primarily in two areas and is patchily-distributed.  Lynx in this unit may occur as several smaller, 
relatively isolated subpopulations, which are likely more vulnerable to stochastic events (similar 
to MT).  This unit’s relative isolation may limit exchange with other lynx populations, increasing 
the likelihood of genetic drift and reducing the chance of demographic rescue or recolonization if 
extirpated.  There was discussion about whether ski areas may affect daily movements of lynx, 
and hares may be declining in ski areas.  Ski areas tend to expand and may, therefore, have 
larger impacts on lynx in future.  There is some evidence of lynx using ski areas in summer 
months but avoiding them during the ski season.  It is uncertain whether ski areas may affect 
genetic connectivity within the Western Colorado geographic unit.  Two-thirds to three-quarters 
of the lynx in this unit are in the southern portion of the range in the San Juan Mountains.  There 
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is a large area (Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, 
so it is possible that lynx also could be using that area. 

Summary across Geographic Units 

This section extrapolates from the probability of persistence responses for each geographic unit 
in the section above.  In this section we show the combined probabilities of persistence for 
those geographic units to provide a sense of what the DPS-wide results could be when the 
results for the individual geographic units are combined.  This is shown as a summary of the 
probability that a given number of geographic units persist into the future (See Figure 11) using 
the probabilities provided for each individual unit.  Note that no additional information was 
elicited to produce this summary; rather, the probabilities for each geographic unit were treated 
as independent probabilities of persistence and used to determine the joint probability of 
persistence for a given number of geographic units in total.  Computationally these joint 
probabilities were computed using a convolution of the Bernoulli probability distribution of 
persistence for each geographic unit via a custom convolve function executed in the statistical 
software R (see Appendix 6 for the R code used to produce these and the other summaries and 
figures presented in the report).  The results of this convolution are shown in two forms, first is 
the probability that a particular number of geographic units persists (Figure 11) and the second 
is the cumulative probability that at least a given number of geographic units persist (Figure 12). 
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Figure 11.  Summarized probability of persistence of a given number of geographic units given 
the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 11 is the probability that the specific number of geographic 
units indicated by the x axis of the grid persist.  The probability sums to one in each grid.  
Moving from top to bottom the grids show the probabilities of a specific number of geographic 
units persisting by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by selection type and probability response.6  Therefore 
looking down a column of grids provides a view of the trend in persistence through time and 
looking across a row of grids provides a view of the range of uncertainty in persistence experts 
had for a given time period.  The summarized probabilities presented here are provided to aid 
understanding of the implications of the individual persistence probabilities provided above, and 

                                                 
6 “Median_High” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the highest probability response in each geographic unit. 
“Median_Likely” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the most likely probability response in each geographic unit. 
“Median_Low” is the probability of persistence generated by selecting the median probability of 
persistence across experts from the lowest probability response in each geographic unit. 
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are derived directly from those responses and therefore should be presented and considered in 
conjunction with those figures. 

 

Figure 12.  Summarized probability of persistence of at least a given number of geographic units 
given the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 12 is the probability that at least the number of geographic 
units indicated by the x axis of the grid persist.  The probability in a bar reaches 1 when there is 
no probability of fewer geographic units persisting.  Moving from top to bottom the grids show 
the probabilities by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by summary selection type and probability response as in 
Figure 11.  Therefore looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period.  The summarized probabilities presented here are provided 
to aid understanding of the implications of the individual persistence probabilities provided 
above, and are derived directly from those responses and therefore should be presented and 
considered in conjunction with those figures. 

Expert Assumptions during Persistence Graphing Exercises 

Experts were asked to summarize the assumptions that informed their responses to resiliency 
questions 1 and 2.  This was done via open discussion, with facilitators asking both direct 
questions about particular issues that could impact responses (e.g., climate change conditions), 
and open ended questions (e.g., what other assumptions were considered?). 
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Notes:  Climate-change emissions scenarios considered during this exercise differed among 
experts (and some responses did not indicate an emissions scenario).  However, in discussions 
following the graphing exercise, experts indicated that the confidence intervals around their 
persistence probabilities were likely to capture the variance associated with different emission 
scenarios and other climate change uncertainties. 

Experts were asked whether regulatory protections influenced their predictions.  Some experts 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies).  Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections.  Their focus was on the biology and ecology of the species, not listing status-related 
impacts or regulatory scenarios in the future, and they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status.   

Experts were asked what they meant by “small population size effects.”  They explained that 
because small populations are more vulnerable to both demographic and genetic impacts and 
at increased risk from catastrophic and other stochastic events than are larger populations, they 
also have a lower likelihood of persistence.  Experts indicated that connectivity with other 
populations reduces the vulnerability of small populations as it does for larger populations.   

Experts were asked if their projections were influenced by considerations of whether historical 
patterns of cyclic irruptions of lynx into the DPS from Canada will continue in the future.  Most 
agreed that the magnitude of irruptions has declined from the historical highs of the 1960s and 
1970s, and that irruptions may have ceased in recent decades in some parts of the range, 
particularly in the West.  However, most experts felt that connectivity remains good between 
Canada and those DPS geographic units that abut the international border, and most assumed 
some level of regular or intermittent interaction between lynx in those units and Canada, even if 
full-blown irruptions have not been documented recently.  Some experts said that the likelihood 
of future irruptions had little influence on their persistence graphs, especially for the more 
isolated units (GYA and Western Colorado), where an influx of lynx from Canada may be less 
likely. 

Conservation Actions to Address Influencing Factors and Increase 
Probability of Persistence 

3.  What conservation actions could be taken that would address the factors impacting 
the probability of persistence, or would otherwise increase the probability of 
persistence? 
 
Response Type:  Individual list with rounds responses.  Experts were given 5 minutes to write a 
list of three potential conservation actions that could be taken.  Facilitators then asked one 
expert at a time to provide one item from their list, cycling through the set of experts until all 
experts had exhausted their lists.  Experts were given the opportunity to add items when it was 
their turn that had not been on their written lists.  Experts were not asked if they agreed with 
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conservation actions presented by other experts, thus the following list should not be viewed as 
consensus among lynx experts. 
 
Expert Responses:  List of potential conservation actions in the order provided. 

● Reduce CO2 emissions  
● Continue protections associated with Federal and/or State listing 
● Adjust forest management to retain spruce and fir, and reduce fire burn rates 
● Promote/maintain habitat connectivity with Canadian populations through coordinated 

cross-border land use planning 
● Manage salvage logging associated with fire and insect damage to minimize impacts to 

and/or facilitate restoration of lynx/hare habitats 
● Configure and design lynx-friendly landscapes at appropriate scales; design and 

maintain a mosaic of lynx/hare habitats 
● Manage fuels reduction (fire management) projects while maintaining or enhancing 

hare/lynx habitat features. 
● Augment small populations and reintroduce lynx to former, historic range with suitable  

habitat  (GYA, Kettle Range in Washington, perhaps other areas); bolster populations 
before future climate change impacts 

● Support additional research to fill knowledge gaps, particularly related to effectiveness of 
conservation efforts – it remains unclear exactly what is needed for lynx across the 
range to achieve/maintain viability (e.g., habitat quality/amount/distribution, landscape-
level hare densities, forest conditions that support hares, etc.)  

● Enhance cross-border cooperation with Canada to increase near-border lynx 
populations and maintain connectivity 

● Consider cumulative impacts of mining, ski areas, oil and gas, etc., in management 
● Promote reforestation of heavily fragmented areas (e.g., some parts of the GYA and 

Minnesota units); reduce fragmentation 
● Apply strategic habitat conservation concepts; model and identify key areas and focus 

on those areas still in need of protection and management (e.g., private forest lands) 
● Maximize redundancy of lynx populations throughout the DPS 
● Implement fire management Best Management Practices (BMPs)( e.g., allow/encourage 

burns to occur in a way that creates high- and low-intensity mosaic fire patterns) 
● Evaluate whether there is a need for monitoring lynx (and hares) using consistent 

methods throughout the DPS, perhaps coupled with monitoring of other carnivores; 
structured occupancy modeling with genetics sampling could be very informative and is 
cost effective; also known-fate monitoring; monitoring pellet plots is proven and reliable 
way to monitor hares 

● Devote increased funding to lynx conservation - lynx are in worse shape than other 
mesocarnivore species, but receive less funding than those species that have more 
secure populations and appear less vulnerable to climate change  
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Other Considerations 
After completing the elicitation exercises and prior to adjourning the workshop, facilitators asked 
if there were any other considerations the lynx experts or subject matter experts felt are relevant 
to the SSA.  One subject matter expert indicated that monitoring of prey base (hares, red 
squirrels) would help inform lynx recovery, and that pellet-based or mark-recapture methods are 
most reliable.  This expert suggested a need to determine whether areas that we think are going 
to become poor habitat for a variety of reasons could still hold hares and lynx in the future.  
Maybe hares still can use areas we think will be poor habitat, and monitoring these areas could 
help inform our understanding of how lynx persist at the edge of their range. 

Synthesis 
Although uncertainty remains about the historical distribution and sizes of resident lynx 
populations in the DPS, as well as current population sizes, much more is known now than 
when the DPS was listed under the ESA in 2000.  Based on research conducted since the DPS 
was listed, including the summaries of that work provided at this workshop, as well as ongoing 
research, conservation, and management efforts, we have a much better understanding of the 
distribution and status of populations throughout the DPS range.  For example, in 2000, it was 
unclear whether Maine and Minnesota supported resident populations or were only occasionally 
visited by lynx dispersing from Canada during and after northern hare population crashes.  We 
now know that both northern Maine and northeastern Minnesota support resident lynx 
populations, and both are likely larger now than they were historically (Maine), or before they 
were protected by State and Federal regulations (Minnesota).  In contrast, resident lynx appear 
to be naturally less abundant and more patchily-distributed in some parts of the DPS than 
thought at the time of listing, including the West (Interagency Lynx Biology Team 2013, p. 23), 
where potential lynx habitats also appear to have been initially overestimated.  We also have a 
better understanding of the habitat features and hare densities that appear necessary to support 
resident lynx at the southern margin of the species’ range, and of the parts of the contiguous 
U.S. that contain these features.  The presentations in conjunction with expert elicitation 
responses at this workshop have informed and refined our understanding of key aspects of the 
status of, and potential threats to, the lynx DPS.  
 
For example, we were provided a thorough history of the evolution of regulatory mechanisms 
that have been developed and implemented through conservation agreements and formal 
amendments to Federal agency management plans to address the singular threat for which the 
DPS was listed under the ESA - the inadequacy of regulatory mechanisms in Federal land 
management plans prior to listing.  Given our improved understanding of resident lynx 
populations in Maine and Minnesota (above), where State and private lands constitute much 
more of the lynx habitat than elsewhere in the DPS (98.9% in Maine; 51.7% in Minnesota), an 
assessment of the adequacy of regulatory mechanisms on those State and private lands will be 
a necessary component of the status assessment.  Likewise, our understanding of lynx genetics 
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also has improved, with evidence of continued high levels of gene flow range-wide, despite fine-
scale genetic sub-structuring in some populations and additional evidence of lynx hybridization 
with bobcats.  Bobcats appear to be encroaching at the edge of the lynx range in Minnesota 
(Appendix 3, p. 9) and their numbers appear to have increased recently in New Hampshire, 
Vermont, and southern Quebec (Lavoie et al. 2009, entire; Roberts and Crimmins 2010, p. 170; 
Broman et al. 2014, p. 230) adjacent to the northern Maine lynx distribution.  Whether this 
represents a threat to lynx populations in Minnesota and Maine via increased hybridization, 
behavioral mechanisms, or competition for hares is not documented at this time; however, 
encroachment of bobcats in the southern periphery of lynx range may result in lynx 
displacement or niche contraction (Peers et al. 2013, entire). 
 
Canadian researchers also provided updated information on lynx status, management (including 
legal harvest), threats, genetics, and hare population cycles in southern Canada, adjacent to 
some DPS lynx populations.  Forest ecologists and climate modelers also presented information 
regarding potential impacts of timber management and climate change on lynx and boreal forest 
habitats in the contiguous U.S.  Knowledge of lynx and hare responses to various silvicultural 
treatments continues to improve, although the need for continuing research remains.  Climate 
models continue to point toward the future northward and upslope migration of lynx and hare 
habitats and loss of snow conditions favorable to lynx, although uncertainty remains regarding 
the timing, extent, and biological consequences of such impacts.  Increases in the size, 
intensity, and frequency of wildfires and insect outbreaks in boreal/subalpine forests may also 
be related to climate change, but whether these represent temporary or permanent impacts to 
lynx habitats remains unclear.  Finally, much research has been done on hare population 
dynamics and habitat relationships at the southern extent of their range, much of which overlaps 
that of lynx in the contiguous U.S., but questions remain regarding regional variation in hare 
densities and what landscape-level hare abundances are necessary to support persistent 
resident lynx populations across the DPS. 
 
Based on the summaries of post-listing research and the status and threat updates provided at 
this workshop, and on the results of the expert elicitation process, the Service provides the 
following synthesis of the status and likely viability of the DPS in terms of the 3 Rs.  This 
information will be considered as appropriate, along with more detailed analysis of the published 
literature, in the subsequent SSA report for the DPS.  The conclusions below are based on the 
information provided and the results of expert elicitation conducted at this workshop; they may 
be complemented or altered by the additional analyses yet to be conducted as part of the SSA 
process. 

Representation 
Expert presentations on lynx genetics in the DPS and in Canada and expert responses and 
discussion with regard to representation questions suggest few threats to the genetic fitness or 
adaptive capacity of lynx in the DPS.  High gene flow across the continental lynx range, 
indicated by very low Fst values (see Subject Matter Presentations, above), suggests the 
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absence of substantial barriers to genetic interchange, and little evidence or risk of significant 
genetic drift among DPS populations.  Most experts indicated that none of the six geographic 
units known or thought to support lynx populations in the DPS is susceptible to meaningful 
genetic drift, although several experts indicated that the more geographically isolated units (the 
GYA and Western Colorado units) are likely more susceptible to such drift than the units that 
are directly connected to lynx populations and habitats in Canada.  Overall, according to both 
the expert panel and the subject matter presentations, there appears to be a low risk of 
biologically consequential drift for lynx populations in the DPS.  Likewise, expert responses 
indicated that the generally low level of genetic differentiation and relatively similar ecological 
settings across the DPS suggest little life history variability or niche differentiation among DPS 
populations that would indicate that any are more or less important to maintain than others in 
terms of representation.  Individual experts indicated that representation can best be maintained 
by conserving current DPS populations (and hence the genetic variation in each), maintaining 
connectivity between DPS and Canadian populations, and avoiding impacts that would facilitate 
or increase the potential for or likelihood of genetic drift.  Our interpretation of this part of the 
elicitation is that the adaptability and evolutionary capacity of the DPS over time does not 
appear to have been diminished and is unlikely to become so, independent of threats that may 
impact the redundancy and persistence of lynx populations.  We will consider this information 
along with available empirical data and the published literature when evaluating representation 
in the DPS for the SSA. 

Redundancy 
With resident lynx populations and subpopulations in at least five of six large (the smallest is 
over 2,000 square miles, the others are all over 8,000 square miles), widely-distributed (from 
Maine to Washington and south along the Rocky Mountains), and relatively discrete geographic 
areas (see Figure 1), the DPS as a whole appears invulnerable to extirpation from a single 
catastrophic event.  Expert responses indicated no catastrophic event that could result in the 
functional extirpation of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units due to a single catastrophic event.  We 
interpreted these responses to indicate there is a small chance of decreased redundancy from a 
single catastrophic event because the probability of any geographic unit being lost to a 
catastrophic event is low.  Experts indicated that functional extirpation of the geographically 
smallest unit (Washington) and those supporting the fewest resident lynx (Washington, GYA, 
and perhaps Minnesota) would be more likely to occur as a result of a series of catastrophic 
events over a 10-year period than to any single event over the next 10 years (see Figure 2 
above).  Experts listed fire, drought, insect outbreaks, loss of favorable winter conditions, and 
disease as potential events that could lead to functional extirpation in these units.  In 
Washington in particular, where large fires have impacted nearly 40 percent of the occupied 
lynx habitat over the past 10-15 years, experts felt that several more successive years of such 
fires could result in functional extirpation.  However, because fire and insects are likely to cause 
only temporary (20-40 years) losses of lynx and hare habitats, and because connectivity 
between the Washington unit and lynx habitats and populations in southern British Columbia 
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remains intact, experts indicated this unit (and others abutting habitats and lynx populations in 
Canada) would likely be naturally re-colonized relatively quickly by dispersing lynx.  Therefore, 
extirpation in these units because of catastrophic events (or a series of them over time) would 
be temporary (likely lasting only one or several decades) unless events permanently altered the 
habitats.  Experts indicated that if lynx were functionally extirpated in the GYA or western 
Colorado units, which are not connected to habitats or populations in Canada and are relatively 
isolated from other DPS populations, natural re-colonization would be less likely, would take 
longer, or may never occur. 

Overall, expert responses indicated that extirpation of the DPS as a whole, or of resident lynx 
populations in most individual geographic units, because of a catastrophic event is very unlikely.  
Because we lack evidence that persistent resident lynx populations occurred historically but 
have been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels.  That is, the 
loss of resident lynx populations in the DPS, to the extent suggested by the historic record, was 
likely in areas (e.g., northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge 
area of northeastern Washington, perhaps Isle Royale in Lake Superior) peripheral to the 
geographic units that currently support resident lynx, and not in discrete geographic units that 
would have represented greater redundancy in the contiguous U.S.  However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear.  The historic record and recent research show that the GYA has supported resident 
lynx, but it is unclear whether the area consistently supported a persistent resident population 
over time or whether it naturally supported resident lynx only some of the time (was “winked on” 
in a metapopulation sense) when habitat conditions and hare densities were favorable, and at 
other times, when habitats and hare densities were less favorable, it did not support resident 
lynx (“winked off” in a metapopulation sense).  Given the protected conservation status of 
millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx.  If so, its 
contribution to redundancy within the DPS is questionable. 

Resiliency 
Because we lack reliable estimates of the sizes and trends of most lynx populations in the DPS, 
we are unable to use these parameters to evaluate the resiliency of individual populations or the 
DPS as a whole.  Efforts to understand resiliency are also confounded by the metapopulation 
structure thought to govern lynx populations at the southern margin of their continental range 
(i.e., populations and subpopulations in the DPS), the related uncertainty about the extent to 
which DPS populations may rely on cyclic immigration of lynx from Canada during population 
irruptions, and the ambiguity in the historic record that limits our understanding of the relative 
persistence of lynx in various geographical areas of the contiguous U.S. and, thus, the 
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contribution of those areas to the viability of the DPS.  Our evaluation of the resiliency of lynx 
populations in the DPS is limited, therefore, to a largely qualitative assessment of the current 
status of populations in each of the six geographic units along with the quantitative summary of 
expert professional judgment of their likelihood of persistence over time given known or 
perceived potential threats. 
 
As expected, both expert estimates of probability of persistence and expert confidence in those 
estimates were higher over the short-term than the long-term.  Median probability of persistence 
(MPOP) at year 2025 was >= 0.90 for all but one of the six geographic areas.  The GYA had a 
MPOP of 0.52, apparently reflecting the uncertainty regarding whether this unit consistently 
supported a resident lynx population historically and whether it currently supports resident lynx.  
At year 2025, confidence bounds were smallest (indicating higher expert confidence) for the 
units with the highest MPOPs (Northern Maine, Northeastern Minnesota, and Northwestern 
Montana/ Northeastern Idaho), and larger for units with lower MPOPS (North-central 
Washington, GYA, and Western Colorado).  At mid-century, MPOP declined for all units but 
remained >= 0.70 for all but the GYA (0.35), and confidence bounds increased for estimates for 
all units but the GYA, where it remained the same as at year 2025.  At end-of-century, 
persistence probabilities declined further, as expected, and only the Northern Maine, 
Northwestern Montana/ Northeastern Idaho and Western Colorado units had MPOPs >= 0.50.  
Also as expected, confidence bounds were very large around persistence estimates at year 
2100, with the median confidence range extending across more than 50% of the range of 
possible outcomes for all but the Northwestern Montana/ Northeastern Idaho population, and 
the extremes of the range nearly covering the full range (0% to 100% probability of persistence) 
of possible outcomes. 
 
Experts listed a number of factors that influenced their probability of persistence estimates for 
each unit (see unit summaries above in the Resiliency section).  Near-term factors varied by unit 
(e.g., post-harvest forest succession in Maine, where hare abundance is expected to decline as 
currently dense regenerating clear-cuts mature; continued large-scale fires in lynx habitats in 
Washington; and insect outbreaks in Maine, Minnesota, and Colorado), but longer term factors 
seemed to coalesce around anticipated direct and indirect effects of climate change.  These 
included potentially climate-driven increases in the size, frequency, and intensity of fire and 
insect outbreaks; decreases in snow amount, duration and quality, leading perhaps to increased 
competition with bobcats and other hare predators; and the projected warming-induced 
northward and upslope migration of boreal and subalpine forests that would result in the loss 
and further fragmentation and isolation of lynx and hare habitats in the contiguous U.S.  Expert 
responses and ensuing discussions indicated that continued climate warming and associated 
direct and indirect effects will likely exert the greatest negative influence on the probability of 
persistence for lynx populations in the DPS regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
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Overall, expert responses to this part of the elicitation indicate that all five of the geographic 
units known to currently support resident lynx populations have a greater than 70% expectation 
of doing so by mid-century, but a declining likelihood and greater uncertainty of doing so by the 
end of the century.  It is uncertain whether the remaining geographic unit (the GYA) currently 
supports resident lynx, and expert responses indicate a lower probability that it will do so in the 
future compared to the other units.  Responses also suggest that the overarching threat to the 
long-term persistence of lynx populations in the DPS is climate change, which is anticipated to 
result first in loss of snow conditions favorable for lynx and, after an uncertain lag time following 
continued climate warming, loss (northward and upslope migration) of boreal forest habitats, 
although the timing and magnitude of such losses are uncertain. 

Conclusion 
The Service and the Lynx SSA Team appreciate the willingness of lynx and subject matter 
experts to attend this workshop and share their knowledge, professional judgments, and 
opinions.  We have gained considerable insight into the current status of lynx populations 
throughout the DPS and the factors most likely to influence the DPS’s future viability - including 
information that is not currently available in the peer-reviewed literature.  We will incorporate this 
information into the SSA as appropriate, along with the published scientific literature, to inform 
recovery planning for the DPS and any other ESA-related determinations the Service is 
authorized and required to make.  As we develop the SSA report, we will continue to solicit 
expert input from workshop panelists and from other lynx and subject matter experts who were 
unable to attend this workshop, including peer review of the SSA report. 
  



58 

Literature Cited 
65 FR 16052. Endangered and Threatened Wildlife and Plants; Determination of Threatened 

Status for the Contiguous U.S. Distinct Population Segment of the Canada Lynx and 
Related Rule. March 24, 2000. http://www.gpo.gov/fdsys/pkg/FR-2000-03-24/pdf/00-
7145.pdf 

 
68 FR 40076. Endangered and Threatened Wildlife and Plants; Notice of Remanded 

Determination of Status for the Contiguous United States Distinct Population Segment of 
the Canada Lynx. July 3, 2003. http://www.gpo.gov/fdsys/pkg/FR-2003-07-03/pdf/03-
16664.pdf 

 
71 FR 66008. Endangered and Threatened Wildlife and Plants; Designation of Critical Habitat 

for the Contiguous United States Distinct Population Segment of the Canada Lynx. 
November 9, 2006. http://www.gpo.gov/fdsys/pkg/FR-2006-11-09/pdf/06-
9090.pdf#page=1 

 
72 FR 1186. Endangered and Threatened Wildlife and Plants; Clarification of Significant Portion 

of the Range for the Contiguous United States Distinct Population Segment of the 
Canada Lynx. January 10, 2007. http://www.gpo.gov/fdsys/pkg/FR-2007-01-10/pdf/E6-
22633.pdf#page=1 

 
72 FR 19549. Endangered and Threatened Wildlife and Plants; Initiation of 5-Year Reviews of 

Seven Wildlife Species and Two Plant Species in the Mountain-Prairie Region. April 18, 
2007.  https://www.gpo.gov/fdsys/pkg/FR-2007-04-18/pdf/E7-7342.pdf#page=1 

 
74 FR 8616. Endangered and Threatened Wildlife and Plants; Revised Designation of Critical 

Habitat for the Contiguous United States Distinct Population Segment of the Canada 
Lynx; Final Rule. February 25, 2009. http://www.gpo.gov/fdsys/pkg/FR-2009-02-
25/pdf/E9-3512.pdf#page=1 

 
79 FR 54782. Endangered and Threatened Wildlife and Plants; Revised Designation of Critical 

Habitat for the Contiguous United States Distinct Population Segment of the Canada 
Lynx and Revised Distinct Population Segment Boundary. September 12, 2014. 
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf 

 
Agee, J. K. 2000. Disturbance ecology of North American boreal forests and associated 

northern mixed/subalpine forests. Pages 39-82 in Ruggiero, L. F., K. B. Aubry, S. W. 
Buskirk, G. M. Koehler, C. J. Krebs, K. S. McKelvey, and J. R. Squires, (eds.). Ecology 
and conservation of lynx in the contiguous United States. University Press of Colorado, 
Boulder, Colorado. 

 

http://www.gpo.gov/fdsys/pkg/FR-2000-03-24/pdf/00-7145.pdf
http://www.gpo.gov/fdsys/pkg/FR-2000-03-24/pdf/00-7145.pdf
http://www.gpo.gov/fdsys/pkg/FR-2003-07-03/pdf/03-16664.pdf
http://www.gpo.gov/fdsys/pkg/FR-2003-07-03/pdf/03-16664.pdf
http://www.gpo.gov/fdsys/pkg/FR-2006-11-09/pdf/06-9090.pdf#page=1
http://www.gpo.gov/fdsys/pkg/FR-2006-11-09/pdf/06-9090.pdf#page=1
http://www.gpo.gov/fdsys/pkg/FR-2007-01-10/pdf/E6-22633.pdf#page=1
http://www.gpo.gov/fdsys/pkg/FR-2007-01-10/pdf/E6-22633.pdf#page=1
https://www.gpo.gov/fdsys/pkg/FR-2007-04-18/pdf/E7-7342.pdf#page=1
https://www.gpo.gov/fdsys/pkg/FR-2007-04-18/pdf/E7-7342.pdf#page=1
http://www.gpo.gov/fdsys/pkg/FR-2009-02-25/pdf/E9-3512.pdf#page=1
http://www.gpo.gov/fdsys/pkg/FR-2009-02-25/pdf/E9-3512.pdf#page=1
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf


59 

Aubry, K. B., G. M. Koehler, and J. R. Squires. 2000. Ecology of Canada lynx in southern boreal 
forests. Pages 373-396 in Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. 
J. Krebs, K. S. McKelvey, and J. R. Squires, (eds.). Ecology and conservation of lynx in 
the contiguous United States. University Press of Colorado, Boulder, Colorado. 

 
Broman, D. J. A., J. A. Litvaitis, M. Ellingwood, P. Tate, and G. C. Reed. 2014. Modeling bobcat 

Lynx rufus habitat associations using telemetry locations and citizen-scientist 
observations: are the results comparable? Wildlife Biology 20: 229-237. 

 
Buehler, D. A. and L. B. Keith. 1982. Snowshoe hare distribution and habitat use in Wisconsin. 

Canadian Field-Naturalist 96: 19-29. 
 
Burgman, M. 2005. Risks and decisions for conservation and environmental management. 

Cambridge University Press. 
 
Buskirk, S. W., L. F. Ruggiero, and C. J. Krebs. 2000b. Habitat fragmentation and interspecific 

competition: implications for lynx conservation. Pages 83-100 in Ruggiero, L. F., K. B. 
Aubry, S. W. Buskirk, G. M. Koehler, C. J. Krebs, K. S. McKelvey, and J. R. Squires, 
(eds.). Ecology and conservation of lynx in the contiguous United States. University Press 
of Colorado, Boulder, Colorado. 

 
Drescher, M., A. H. Perera, C. J. Johnson, L. J. Buse, C. A. Drew, and M. A. Burgman.  2013.  

Toward rigorous use of expert knowledge in ecological research.  Ecosphere 4:Article 83. 
(http://dx.doi.org/10.1890/ES12-00415.1) 

 
Elton, C. and M. Nicholson. 1942. The ten-year cycle in numbers of the lynx in Canada. Journal 

of Animal Ecology 11: 215-244. 
 
Gonzalez, P., R. P. Neilson, K. S. McKelvey, J. M. Lenihan, and R. J. Drapek. 2007. Potential 

impacts of climate change on habitat and conservation priority areas for Lynx canadensis 
(Canada lynx). Report to the Forest Service, U.S. Department of Agriculture, Washington 
D.C., and NatureServe, Arlington, Virginia. 19 pp. 

 
Gregory, R., L. Failing, M. Harstone, G. Long, T. McDaniels, and D. Ohlson. 2012. Structured 

decision making: a practical guide to environmental management choices. John Wiley & 
Sons. 

 
Interagency Lynx Biology Team. 2013. Canada lynx conservation assessment and strategy. 3rd 

edition. USDA Forest Service, USDI Fish and Wildlife Service, USDI Bureau of Land 
Management, and USDI National Park Service. Forest Service Publication #R1-13-19, 
Missoula, MT. 128 pp. 
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf 

 

https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf


60 

Koehler, G. M. 1990. Population and habitat characteristics of lynx and snowshoe hares in north 
central Washington. Canadian Journal of Zoology 68: 845-851. 

 
Koehler, G. M. and K. B. Aubry. 1994. Lynx. Pages 74-98 in Ruggiero, L. F., K. B. Aubry, S. W. 

Buskirk, L. J. Lyon, and W. J. Zielinski, (eds.). The scientific basis for conserving forest 
carnivores: American marten, fisher, lynx, and wolverine in the Western United States. 
USDA Forest Service Gen. Tech. Rep. RM-254. 

 
Kosterman, M. K. 2014. Correlates of Canada Lynx Reproductive Success in Northwestern 

Montana.  M.S. Thesis, University of Montana, Missoula. 69 pp. 
 
Lavoie, M., Collin, P-Y, Lemieux, F., Jolicoeur, H., Canac-Marquis, P., Lariviere, S. 2009. 

Understanding fluctuations in bobcat harvest at the northern limit of their 
Range. Journal of Wildlife Management 73: 870-875. 

 
MacMillan, D.C. and K. Marshall. 2006. The Delphi process – an expert-based approach to 

ecological modelling in data-poor environments. Animal Conservation, 9: 11–19. 
 
McBride, M. F., S. T. Garnett, J. K. Szabo, A. H. Burbidge, S. H. M. Butchart, L. Christidis, G. 

Dutson, H. A. Ford, R. H. Loyn, D. M. Watson, and M. A. Burgman. 2012. Structured 
elicitation of expert judgments for threatened species assessment: A case study on a 
continental scale using email. Methods in Ecology and Evolution 3: 906–920. doi: 
10.1111/j.2041-210X.2012.00221.x http://onlinelibrary.wiley.com/doi/10.1111/j.2041-
210X.2012.00221.x/full 

 
McCord, C. M. and J. E. Cardoza. 1982. Bobcat and lynx. Pages 728-766 in J. A. Chapman and 

G. A. Feldhamer (eds.). Wild mammals of North America biology, management and 
economics. Johns Hopkins University Press, Baltimore, MD. 

 
McKelvey, K. S., K. B. Aubry, and Y. K. Ortega. 2000. History and distribution of lynx in the 

contiguous United States. Pages 207-264 in Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, 
G. M. Koehler, C. J. Krebs, K. S. McKelvey, and J. R. Squires, (eds.). Ecology and 
conservation of lynx in the contiguous United States. University Press of Colorado, 
Boulder, Colorado. 

 
Moen, R., C. L. Burdett, and G. Niemi. 2008. Movement and habitat use of Canada lynx during 

denning in Minnesota. Journal of Wildlife Management 72: 1507-1513.  
 
Morgan, in prep. 
 
Morgan, M. G.  2014.  Use (and abuse) of expert elicitation in support of decision making for 

public policy.  Proceedings of the National Academy of Sciences 111(20):7176-7184. 
 

http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.2041-210X.2012.00221.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.2041-210X.2012.00221.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.2041-210X.2012.00221.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.2041-210X.2012.00221.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.2041-210X.2012.00221.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.2041-210X.2012.00221.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.2041-210X.2012.00221.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.2041-210X.2012.00221.x/full


61 

Mowat, G., K. G. Poole, and M. O'Donoghue. 2000. Ecology of lynx in northern Canada and 
Alaska. Pages 265-306 in Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. 
J. Krebs, K. S. McKelvey, and J. R. Squires, (eds.). Ecology and conservation of lynx in 
the contiguous United States. University Press of Colorado, Boulder, Colorado. 

 
Peers M. J. L., D. H. Thornton, and D. L. Murray. 2013. Evidence for large-scale effects of 

competition: niche displacement in Canada lynx and bobcat. Proceedings of the Royal 
Society B 280: 1-10. http://dx.doi.org/10.1098/rspb.2013.2495 

 
Roberts, N. M. and S. M. Crimmins. 2010. Bobcat population status and management in North 

America: Evidence of large-scale population increase. Journal of Fish and Wildlife 
Management 1: 169-174; e1944-687X. doi: 10.3996/122009-JFWM-026 

 
Ruediger, B., J. Claar, S. Gniadek, B. Holt, L. Lewis, S. Mighton, B. Naney, G. Patton, T. 

Rinaldi, J. Trick, A. Vandehey, F. Wahl, N. Warren, D. Wenger, and A. Williams. 2000. 
Canada lynx conservation assessment and strategy, second edition. USDA Forest 
Service, USDI Fish and Wildlife Service, USDI Bureau of Land Management, USDI 
National Park Service. Forest Service Publication #R1-00-53, Missoula, MT. 

 
Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. J. Krebs, K. S. McKelvey, and J. 

R. Squires. 2000. The scientific basis for lynx conservation: qualified insights. Pages 443-
454 in Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. J. Krebs, K. S. 
McKelvey, and J. R. Squires, (eds.). Ecology and conservation of lynx in the contiguous 
United States. University Press of Colorado, Boulder, Colorado. 

 
Seymour, R. S. and M. L. Hunter, Jr. 1992. New forestry in eastern spruce-fir forests: principles 

and applications in Maine.  Maine Agricultural and Forest Experiment Station, University 
of Maine, Miscellaneous Publication 716, Orono, Maine, USA. 36 pp. 

 
U.S. Environmental Protection Agency (USEPA).  2011.  Expert elicitation task force white 

paper.  Science and Technology Policy Council, USEPA, Washington DC.  
(http://www.epa.gov/stpc/pdfs/ee-white-paper-final.pdf) 

 
U.S. Fish and Wildlife Service. 2005. Draft recovery outline for the contiguous United States 

distinct population segment of the Canada lynx. Unpublished draft. U.S. Fish and Wildlife 
Service, Region 6, Denver, Colorado. 21 pp. 

 
Wolff, J. O. 1980. The role of habitat patchiness in the population dynamics of snowshoe hares. 

Ecological Monographs 50: 111-130. 
 



62 

Appendices 
All appendices are available on the Service’s Region 6 Canada lynx webpage 
(http://www.fws.gov/mountain-prairie/es/canadaLynx.php) and ServeCat (XXX). 



From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Final(ish) EE workshop report
Date: Friday, April 08, 2016 8:26:35 AM

Hi Jim: 

I went out to lunch with Dan Harrison about two weeks ago, and discussed whether he would
be interested in serving as a peer reviewer.  He would.  No firm commitments were made, just
a discussion of whether he would be interested.  Dan reiterated his concerns about the events
leading up to the lynx workshop and asked questions about where the MDIFW and USFWS
were concerning lynx and lynx listing.  I briefed Dan on where we were the SSA process,
decisions to be made, and completion of the Workshop Report.  He is still interested in helping
us with peer review.

I am in support of Dennis Murray and Gary Koehler given their publishing record concerning
lynx in the southern portion of the range and that they were not able to make the workshop. 
Both bring perspectives concerning overall status of lynx, hare cycles, climate change, etc.
that would help us know if we adequately covered the full breadth of the these subjects.  That
is one of my lingering concerns...we have been tasked not to write a "book report" yet we have
had little time to do the literature review that is necessary for threats concerning climate
change, forest management, and perhaps insect and fire ecology.  We simply are running out
of time.

I have nothing against Jake Ivan, but it seems to me to open a Pandora's Box of possibilities of
others who attended the expert workshop.  We could have other attendees ask, "why Jake and
not me?" I don't see expertise concerning the Colorado population nearly as important as a
peer reviewer(s) that make sure the Service accurately reflects the science concerning hare and
cycles, climate change, and other threats like forest management and whether the
recommendations in the LCAS are effective and working.  Karen Hodges was technically not
one of the workshop experts (more of an advisory role).  I think her peer review would
compliment Dan and Dennis' concerning hares and hare cycles.  

I asked Dan about whether he thought Charlie Krebs would be a good peer reviewer.  Charlie
has not been in the "circle" of advisors to U. S. lynx recovery, so, if willing, he may bring a
fresh perspective.  He is also coauthor on the series of papers from the University of Oslo
concerning climate change, lynx, and hares.  I think this is an important line of science that we
did not discuss much at the expert workshop (Jeff Bowman touched on some aspects).  If
climate change is already affecting the amplitude and synchronicity of hare-lynx cycles in
Canada, then lynx may have a difficult time in the core and periphery of their range.

I think I sent you draft sections on climate change last week.  I thought I may work on writing
up the threat of forestry and lynx for Maine/Northeast.  We haven't discussed this much in
detail.  We need to address the regulatory threats resulting from the Maine Forest Practices
Act.  Given the importance of lynx in ME to the DPS, we have not addressed the original
threat of lack of forest planning in Maine on private forest lands.

I was at a 3-day workshop on "Open Standards" practice for conservation this week
(http://cmp-openstandards.org/).  Our regional office has challenged ES, Refuges, and
Fisheries in Maine to develop a "One Service" plan to do  "better conservation."   Maine

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
http://cmp-openstandards.org/


Service staff have discussed potential projects that we could collaborate on together.  We
eventually found the Open Standards group to strategically identify what we could do in our
chosen geographic areas of the state, including a focus in northern Maine.  The Open
Standards process was strikingly similar to what we are doing in SSA identifying conservation
targets (e.g., lynx recovery), threats, viability analysis of targets (lynx, hare), developing
conceptual models, identifying conservation strategies, and developing strategic conservation
(i.e. recovery actions).  We may want to introduce the concept to our SSA folks.  The concept
and free use of software materials are all explained on the Open Standards web page. 

Anything else I should know about having missed the conference call earlier this week?

Mark

On Thu, Apr 7, 2016 at 5:01 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
No worries Mark.  Sounds like you are busy.

Have you had a chance, or will you soon, to reach out informally to Dan H. regarding potential peer review of the
SSA report?  I haven't reached out to anyone yet, but intend to soon to Kevin McKelvey and Dennis Murray, and
to likewise ask Bryon to reach out to Gary Koehler and Kurt probably to Jake Ivan.

What are your thoughts on that group as first level PR candidates?

Of course any communication has to be explicit that this is informal at this point to assess interest and availability,
and may or may not be followed by formal request for peer review.

On Thu, Apr 7, 2016 at 2:54 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Jim:  Sorry I missed the SSA call earlier this week.  I was at a workshop on a remote area
of the coast will almost no cell phone or email coverage.  I will be in all day tomorrow. 
Next week we have a R5 endangered species meeting on Long Island, so its not likely I
will be able to be on the Monday call.

Mark

On Thu, Apr 7, 2016 at 4:39 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Team:

I've incorporated the edits/comments we received from ARD review of the workshop report.  Only R2 and
R5 submitted comments, and they were minor.  Attached here in case you want to take one more look.  Let
me know if you see anything troubling.

Jodi is having our admin assistant here convert the linked table of contents to a traditional TOC and List of
Figures/Tables.

Other than that, there are several placeholders for final links to the appendices, which we intend to make
accessible on both R6's lynx webpage - I'm working with EA to have an SSA folder/link added there - and,
per Heather, on ServeCat.

Heather, let me know what has to happen for the report, once truly final, and the appendices to be uploaded
to ServeCat.

We should be ready for uploads to both places after we brief R6RD next week, and concurrent with sending
the final report to workshop participants.

Our RD briefing is next Monday, April 11, at 10 AM Mountain Time.  Jodi agreed that you all should be
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invited to listen in to that if you like, and I will send the conference line and webinar link via separate email. 
We will use a presentation revised only slightly from the one we used on the FWS call on Tuesday.  

Cheers!

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Subject: Lynx SSA
Date: Friday, April 08, 2016 5:31:01 PM
Attachments: 2016 04 08 DRAFT Current Condition MT_ ID.docx

Current Condition Template.docx

Hi Core Team:

I'd like to have a team call next Tuesday, 4/12, 10 - 11 AM Mountain Time.  Same call-in info as for the Monday
briefing that I just sent you.  I'm feeling under the gun and like I'm not making much progress writing sections of the
SSA Report, and I'd like to circle the wagons with you so you can help me with prioritization and updates on
progress.

I'm attaching here a template for "current conditions" that contains my thoughts on necessary content - I'd like you
to take a look at that and let me know what's missing.  I've also attached the not-complete current conditions for the
MT/ID unit - I'd wanted to have the wrapped up to share as an example, but I'm still digging things up for it.  Mark
has already made progress on current conditions for his unit, and he has upload that to the drive.  I'll do the same
with the attached so you can access them there as well.

In addition to trying to assemble the current condition info, I'd like to ask each of you to begin thinking about and
trying to summarize the best available info on how climate change is expected to impact lynx, hares and habitats in
your geographic area. Alexej's summary in the workshop report is a good place to start, as are the regional sections
of the recent National Climate Assessment, though a cursory review of the regions in the latter shows that they did
not all use a consistent approach or necessarily provide info relevant to boreal forest, lynx, hares.  They do have
some good general information that we may find useful.  Also check the climate change folder

Mark has also taken a stab at some overarching climate science/modeling language and is working on CC for his
unit.  Per his request, I will post the former on the drive, too, so that you all can take a look and see if you agree with
the direction or if there are other things to add.

I hope you all have a great weekend. 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Current Condition – Template 

Current conditions narratives for each lynx SSA geographic unit should include: 

1.  Unit Description (location, size, ownership, relationship [distance/connectivity] to other lynx habitats 
and populations): 

2.  Habitat description (vegetation associations and species, disturbance regime/factors, topographical 
patterns, hare densities, snowfall amount/duration, etc.): 

3.  Habitat Status (current v. historical v. time-of-listing distribution/mapping/understanding of 
influencing factors, trends [losses/gains], management strategies/protections/conservation measures 
[by ownership if available]): 

4.  Lynx Status (distribution [current v. historic v. time of listing] and demographic rates/trends [if 
available - specify dates of data collection/surveys], single population v. several subpopulations, home 
range size [relative to/compared with other areas], connectivity, genetics [e.g., sub-structuring if 
demonstrated], evidence of immigration/emigration, sources of mortality/levels of incidental take, etc.):    

5.  Potential Threats/Stressors/Factors Influencing Viability (i.e., the ability of the geographic unit to 
continue to support a resident lynx population or subpopulations into the future; regulatory 
environment/management – on both sides of the border, expected impacts and extent related to 
climate change, etc.): 

 



Current Condition – Northwest Montana/Northeast Idaho Geographic Unit 

1.  Unit Description (location, size, ownership, relationship [distance/connectivity] to other lynx habitats 
and populations): 

This unit encompasses approximately 27,200 square kilometers (10,500 square miles) in northwestern 
Montana and northern Idaho.  It includes the area designated as critical habitat in 2014 (79 FR 54782) 
and an additional relatively small area of northern Idaho (the southern Selkirk Mountains) that was not 
designated as critical habitat but which is thought to support at small number of resident lynx, at least 
intermittently (Holt 2016, pers. comm.).  Land ownership in this unit is about 84% Federal (U.S. Forest 
Service [USFS], National Park Service [NPS], and Bureau of Land Management [BLM]); 8% private; 4% 
State; and 4% Tribal (Confederated Salish and Kootenai Tribes Flathead Reservation).  This unit includes 
most of Glacier National Park and parts of the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and 
Clark, and Lolo national forests and the BLM’s Garnet Resource Area.  In addition to the Selkirks, this 
unit includes (from northwest to southeast) all or parts of the Purcell, Cabinet, Salish, Whitefish, Lewis, 
Flathead, Swan, and Garnet mountain ranges.  This unit is directly connected to lynx habitats and 
populations in Canada, and lynx in this unit likely represent the southern extent of a larger cross-border 
population, most of which occurs in southwestern Alberta and southeastern British Columbia (BC). 
Relative to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) west of the 
Northeastern Minnesota geographic unit. 

2.  Habitat description (vegetation associations and species, disturbance regime/factors, topographical 
patterns, hare densities, snowfall amount/duration, etc.): 

In the Northern Rocky Mountains, most lynx occurrences are associated with the Rocky Mountain 
Conifer Forest or Western Spruce-Fir Forest vegetative class (Kuchler 1964, p. 4; McKelvey et al. 2000a, 
p. 246) at elevations ranging from 1,250 m (4,100 ft) to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–
380; McKelvey et al. 2000a, pp. 243–245).  The dominant vegetation that constitutes lynx habitat in 
these areas is subalpine fir (Abies lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine 
(Pinus contorta) (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4–8—4–10).  Within these 
vegetation types, lynx appear to prefer areas of moderate to gentle topographic relief (Apps 2000, p. 
352; Squires et al. 2013, pp. 187, 191).  Lynx use large landscapes that include a temporally- and 
spatially-shifting mosaic of forest age classes, where natural or anthropogenic disturbances may reset 
forest succession.  Early successional stages that often provide dense horizontal cover at ground/snow 
level and support high hare densities may be created and maintained by natural disturbance processes 
including wildfire, insect infestations, tree diseases, and wind events, or by timber harvest and other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation (Interagency Lynx Biology Team 2013, pp. 27-29, 71-76).     

In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 ft]) 
moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and including 



Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole pine (Squires et al. 
2010, pp. 1653-1654).  These lynx habitats occur below the alpine zone and above drier, more open 
forest types (e.g., ponderosa pine [Pinus ponderosa] and dry Douglas-fir/western larch/lodgepole pine) 
that do not provide lynx habitat (Berg 2009, p. 20; Squires et al. 2010, p. 1655).  As elsewhere in the 
western portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than in the 
continuous boreal forest landscape in the core of the lynx’s North American range in northern Canada 
and interior Alaska (65 FR 16052-53, 78 FR 59438).  This results in naturally lower densities of both 
snowshoe hares and lynx (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 
849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 

In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly spruce-fir, 
with dense horizontal cover, and they avoid clearcuts and large forest openings (Squires et al. 2010, pp. 
1648, 1653–1656).  In summer, lynx also select young stands with dense spruce-fir saplings, do not 
appear to avoid openings as in winter, and use slightly higher elevations (Ibid.).  Both mature 
multistoried and young regenerating stands provide dense horizontal structure at ground/snow level, 
which supports higher snowshoe hare densities than more open young or mature forests.  In the central 
(Seeley Lake study area) part of this unit when hare populations appeared stable (1999-2003), summer 
and winter hare densities, respectively, were 0.34 hares/hectare (ha) and 0.53/ha in mature dense 
stands and 0.64/ha and 0.47/ha in young dense stands – habitats selected by lynx, compared to 0.18/ha 
and 0.20/ha in mature open stands and 0.18/ha and 0.12/ha in young open stands that lynx did not 
select (Squires and Ruggiero 2007, p. 313-314).  Even the relatively higher hare densities in the dense 
mature and dense young stands only marginally achieve the threshold density of 0.5/ha thought 
necessary to support lynx within home ranges (Ruggiero et al. 2000, pp. 446–447; Interagency Lynx 
Biology Team 2013, pp. 24, 26, 90).  Nonetheless, hares accounted for 96% of the biomass in lynx diets 
in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), suggesting that even 
small declines in landscape-level hare densities could reduce the ability of habitats in this unit to support 
resident lynx (Squires et al. 2010, p. 1656).  

Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/West 
Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 216 cm (85 
in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in Rexford, Montana near 
the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, in the central part of the unit 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016). 

3.  Habitat Status (current v. historical v. time-of-listing distribution/mapping/understanding of 
influencing factors, trends [losses/gains], management strategies/protections/conservation measures 
[by ownership if available]): 

… This unit is directly connected to lynx habitats and populations in southwestern Alberta and 
southeastern British Columbia (BC), where lynx are considered “sensitive” and “secure,” respectively 
(Environment Canada 2014, entire).  Modeling lynx resource selection and movement behavior, Squires 
et al. (2013, pp. 187, 191-193) concluded that connectivity between this unit and lynx habitats and 

https://snowfall.weatherdb.com/d/a/Montana


populations in Canada may be facilitated by only a relatively few predicted corridors that extend south 
from the international border. 

4.  Lynx Status (distribution [current v. historic v. time of listing] and demographic rates/trends [if 
available - specify dates of data collection/surveys], single population v. several subpopulations, home 
range size [relative to/compared with other areas], connectivity, genetics [e.g., sub-structuring if 
demonstrated], sources of mortality/levels of incidental take, etc.):   

5.  Potential Threats/Stressors/Factors Influencing Viability (i.e., the ability of the geographic unit to 
continue to support a resident lynx population or subpopulations into the future; regulatory 
environment/management – on both sides of the border, expected impacts and extent related to 
climate change, etc.): 



From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp; Mary Parkin; Jonathan Cummings; Heather Bell;

Jodi Bush; Seth Willey; David Smith; Jennifer Szymanski; Kurt Johnson; Tara Nicolaysen
Subject: SSA Examples on Lynx SSA Drive
Date: Tuesday, April 12, 2016 6:09:52 PM

Hi All:

Not sure if you received separate notice from Google Drive, but Jonathan sent along the draft Lesser Prairie Chicken
SSA as an example for the lynx Core Team to view/use, and Tam and Jennifer agreed to likewise provide the draft
Rusty Patched Bumble Bee SSA.

Neither of these documents should be shared or distributed beyond this group, which has access to the doc on the
drive at:

Lynx SSA > SSA > SSA Documentation & Report > Examples

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Lynx SSA
Date: Tuesday, April 12, 2016 7:56:11 PM

Jim:  As you may know, Mary and I are at a R5 endangered species workshop.  In fact, all day
tomorrow is devoted to SSA, and we will be presenting the lynx as a case history.  Sorry we
missed the call today.  I have the last two weeks of April more or less blocked out to write.  I
think I sent you drafts of climate change sections a week ago.  Mark

On Fri, Apr 8, 2016 at 5:30 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Core Team:

I'd like to have a team call next Tuesday, 4/12, 10 - 11 AM Mountain Time.  Same call-in info as for the Monday
briefing that I just sent you.  I'm feeling under the gun and like I'm not making much progress writing sections of
the SSA Report, and I'd like to circle the wagons with you so you can help me with prioritization and updates on
progress.

I'm attaching here a template for "current conditions" that contains my thoughts on necessary content - I'd like
you to take a look at that and let me know what's missing.  I've also attached the not-complete current conditions
for the MT/ID unit - I'd wanted to have the wrapped up to share as an example, but I'm still digging things up for
it.  Mark has already made progress on current conditions for his unit, and he has upload that to the drive.  I'll do
the same with the attached so you can access them there as well.

In addition to trying to assemble the current condition info, I'd like to ask each of you to begin thinking about and
trying to summarize the best available info on how climate change is expected to impact lynx, hares and habitats
in your geographic area. Alexej's summary in the workshop report is a good place to start, as are the regional
sections of the recent National Climate Assessment, though a cursory review of the regions in the latter shows
that they did not all use a consistent approach or necessarily provide info relevant to boreal forest, lynx, hares. 
They do have some good general information that we may find useful.  Also check the climate change folder

Mark has also taken a stab at some overarching climate science/modeling language and is working on CC for his
unit.  Per his request, I will post the former on the drive, too, so that you all can take a look and see if you agree
with the direction or if there are other things to add.

I hope you all have a great weekend. 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
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17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Mary Parkin
Subject: lynx power point for tomorrow
Date: Tuesday, April 12, 2016 9:35:40 PM
Attachments: 2016 04 12 R5 SSA workshop.ppt

Mary:  Not sure how I got into Bison-Connect, but I did...

Here is a draft PP for tomorrow - a hybrid of Jim's PP and things we talked about this evening.

I will be in the lobby for breakfast ~6:45 if you want to meet.

Mark

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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Update on Canada Lynx 
Species Status Assessment

April 13, 2016



 What are we doing and why?
 Completing an SSA to inform recovery planning 

Court-ordered deadline to finalize a lynx recovery 
plan by January 2018

Unless we determine one is not needed (i.e., the 
DPS is recovered)

 Prior to moving forward with recovery planning
 SSA provides analysis necessary to re-evaluate the 

status of the DPS
 Documented through a five year review

Objectives



Key Points

 December 2014 - announced initiation of five-year 
status review

 April 2015 – determined need to complete SSA
 Information in the SSA will be used by FWS 

decision makers to inform:
 Classification decisions 
 Recovery planning direction
 Other determinations required by the ESA 



Lynx Basics
 Boreal forest species dependent on snowshoe hares 

and favorable snow conditions

 At southern periphery of ranges in contiguous US –
populations and trends unknown

 Habitat becomes patchy; hare densities and snow 
conditions become suboptimal/marginal for 
supporting lynx populations

 Historical cyclic “irruptions” of lynx from Canada 
into northern U.S. when hares in Canada declined 
(currently with climate change?)





Figure 1.  Six geographic units within the range of  the contiguous U.S. distinct 
population segment of  Canada lynx (Lynx canadensis) that currently support or 
recently supported (GYA) resident lynx populations.



Potential Findings

DPS remains T

DPS warrants 
Delisting

Final Recovery Plan
due 1/15/2018

Future Uplisting/ 
Delisting Rule

Formal Memo 
Exempting DPS 
from Recovery 

Planning

DPS warrants E



 Through the SSA process we are:
 Assessing the current status, threats, and future 

viability of the lynx DPS 
 Compiling and summarizing the best available 

scientific and commercial data, including empirical 
data, published literature, and expert input

 How is SSA different from traditional recovery 
planning? – No 5-factor analysis. Status assessed 
by how threats affect resiliency, redundancy, 
representation; modeling to best evaluate 
potential future conditions, threats and viability

Key Points













Expert Elicitation Workshop

 October 2015 – Lynx SSA Team (FWS & USGS) 
convened a workshop with lynx experts to address 
current and likely future status of lynx populations 
in the DPS
 Expert panel included state and federal biologists and 

academic researchers across the range of the DPS and 
southern Canada 

 The resultant workshop report is one component of 
the SSA 



 Developed criteria; 19 candidates were identified 
and contacted to determine availability

 Lynx Expert Panel – 10 members representing 
expertise across DPS and southern Canada

 Information from other experts on lynx 
management, genetics, snowshoe hares, boreal 
forest ecology, and climate modeling 

 Information elicited from expert panel addressed 
viability of the DPS based on the 3Rs: 
Representation, Redundancy, Resiliency and 
considering climate science related to lynx

Expert Elicitation Workshop



 Responses:  Representation
 Few threats to the genetic fitness or adaptive 

capacity of lynx in the DPS
High gene flow; no major barriers to dispersal

 Adaptability and evolutionary capacity of the 
DPS does not appear to have been diminished 
and is unlikely to become so, independent of 
threats that may impact the redundancy and 
persistence of lynx populations

Expert Elicitation Workshop



 Responses:  Redundancy
 DPS as a whole is not vulnerable to extirpation 

from a single catastrophic event
No catastrophic event that could result in the 

functional extirpation of the entire DPS

 No or a very low likelihood of functional 
extirpation of any of the individual geographic 
units due to a single catastrophic event

Expert Elicitation Workshop





 Responses:  Resiliency
 All 5 occupied units have >70% expectation of 

supporting resident lynx populations by year 2050

 Declining likelihood and greater uncertainty by 2100

 Responses suggest overarching threat to long-term 
persistence of DPS is climate change
 Loss of snow conditions favorable for lynx
 Subsequent (lagged) loss of boreal forest habitats
 Timing and magnitude of such losses are uncertain

Expert Elicitation Workshop



 Overall message of the expert workshop report
Expert Elicitation Workshop





Workshop notes             core team            experts             project leader              experts

ARDs               RDs



 What happens next with workshop report?
 Brief FWS R6 Regional Director (Walsh) April 11
 Post on internet and share with partners by mid-April

 Continuing work on the SSA
 SSA Team convened in Denver early March
 Writing the SSA and compiling /assessing/ 

summarizing new information

Next Steps



Revised Timeline

 Workshop Report FINAL, MID-APRIL 2016
 SSA “light”      DRAFT, APRIL 15, 2016

 Internal Review Complete ~APRIL 29, 2016
 Peer & State Review Complete ~MAY 15, 2016
 Final Report Complete ~MAY 30, 2016

 Five-year Review
 Draft ~MAY 5, 2016
 Final ~MAY 30, 2016

 Complete final SSA ??????????
 Draft Recovery Plan (if necessary) JANUARY 2017??
 Final Recovery Plan (If necessary) JANUARY 2018



Concerns and observations

• SSA methodology still evolving; reliant on 
USGS/USFWS coaches

• Applicability of  many SSA exercises still unclear to 
Core Team

• SSA too reliant on expert opinion; too little on peer-
reviewed literature?

• Challenge: to simply and quickly explain to decision 
makers how threats influence complex biological 
relationships and the nature and importance of  
uncertainty?

• How to address political influences in background of  
SSA process?

• Difficult writing by committee.  Short timeframes. 



Questions?



From: Parkin, Mary
To: Mark McCollough
Subject: PPTs and case study outline
Date: Wednesday, April 13, 2016 7:06:08 AM
Attachments: LYNX SSA Case Study Outline.docx

Hi Mark,

Just constructed an outline based on the slides you pulled together -- thanks so much for doing
that!  See you in a few,

Mary

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov
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LYNX SSA CASE STUDY 

OUTLINE 

 

I. Brief overview (MARY, slides 1-3) 

II. Background on lynx (MARK, slides 4-6) 

III. Outcomes and key points of process (MARY, slides 7-8) 

IV. SSA exercises (MARK, slides 9-13) 

a. Cardinal questions 

b. IPS tables 

c. Conceptual models 

V. Expert workshop results (MARY, slides 14-18) 

VI. Expert input for Maine and overall (MARK, slides 19-20) 

VII. Final workshop report and Core Team workshop (MARK, slides 21-22) 

VIII. Next steps (MARY, slides 23-24) 

IX. Observations and concerns (MARK, slides 25-26) 

 



From: Bush, Jodi
To: Zelenak, Jim
Subject: Re: R6 lynx web page
Date: Friday, April 15, 2016 2:04:17 PM

that sounds fine. JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Apr 15, 2016 at 2:02 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
This one includes Heather's idea to also post the workshop report on ServeCat - and she said she can do that for
us,maybe concurrent with when it goes up on R6 lynx webpage?

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Mon, Apr 4, 2016 at 11:06 AM
Subject: Re: R6 lynx web page
To: "Bell, Heather" <heather_bell@fws.gov>

Thanks Heather.  Sorry to inundate you after leave....

All the final appendices for the EE workshop report are on the google drive now, but shouldn't go to ServeCat
until the final workshop report is on there.  We've asked reviewing ARDs to have their comments on the final
workshop report back to me by today (none so far), so that we can finalize.  We will brief Noreen next Monday
and should have the final report ready soon after.

Would you want to wait until the SSA report is final and ready to post before posting the EE workshop report and
appendices?  I hadn't' thought of that I guess.  If we do that, we will still need to make the EE report available to
partners before then, as that's what we've been telling them for a while now.

Hope you had a nice break.

On Mon, Apr 4, 2016 at 10:56 AM, Bell, Heather <heather_bell@fws.gov> wrote:
Jim, i think i mentioned this before but we want to begin putting all SSAs and related
documents on ServeCat, and then either redundantly post them on websites or just put
links to ServeCat.  so when you are ready let me know and i will post to ServeCat and
then your web guy can get them from there.  

Heather Bell
Ecological Services HQ
Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
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303-236-4514

Check it out!  SSA Framework - Google Site for Staff
at https://sites.google.com/a/fws.gov/ssa/ and  the REV Google
Site: https://sites.google.com/a/fws.gov/rev/.  For audiences outside FWS
visit http://www.fws.gov/endangered/improving_ESA/SSA.html.

On Tue, Mar 22, 2016 at 2:34 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Rob,

We're getting close on the final workshop report, and I've got the appendices ready to go.  Would like to talk
to you about getting the report and appendices posted to the R6 lynx webpage once the report has gone
through final review.  I'm thinking the most efficient way to get the docs to you is via google drive, but I'm
not quite sure how to get you access to the lynx SSA folders.  I'm guessing it's pretty easy though.

Let me know when you have a few moments to discuss this.

Thanks,

Jim 

On Wed, Feb 3, 2016 at 11:23 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Rob,

I wanted to give you a heads up that we are working to finalize a report from the lynx expert elicitation
workshop, and when it is finalized I'd like to have it added to the R6 lynx web page, along with its various
appendices.  This is part of the larger effort to complete a Species Status Assessment (SSA) report for the
lynx DPS in the next few months.

Therefore, it would probably be best to add a new item to the list currently at:

http://www.fws.gov/mountain-prairie/es/canadaLynx.php 

Could you create one titled "Species Status Assessment (SSA)" and, under that heading, a subheading or
folder titled "Canada lynx Expert Elicitation Workshop" where we could place the final workshop report,
appendices, and other information?  Some of the report appendices will be large - e.g., PDFs of 15 or so
presentations from the workshop - so I'd like to just point readers of the report to the web site to access the
appendices, rather than attach them all electronically or as hard copies, when we send the report out to
partners. 

The SSA link shouldn't "go live" on the web page until the report is done and ready to post, but I thought
you might be able to begin work on it in the mean time, and I can send you some of the appendices as they
are completed/ready.

Let me know what you think, if you need more information, or if you'd like to discuss this over the phone
or otherwise.

Thanks,

Jim 

On Tue, Dec 1, 2015 at 10:20 AM, Robert Mansheim <robert_mansheim@fws.gov>
wrote:

https://sites.google.com/a/fws.gov/ssa/
https://sites.google.com/a/fws.gov/rev/
http://www.fws.gov/endangered/improving_ESA/SSA.html
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
http://www.fws.gov/mountain-prairie/es/canadaLynx.php
mailto:robert_mansheim@fws.gov


Good deal. I'm out in R8 til Friday. Just an FYI. 

Rob Mansheim  |  Digital Communications Specialist
USFWS  Mountain-Prairie Region  External Affairs
134 Union Blvd, Lakewood, CO 80228
robert_mansheim@fws.gov  
303-236-4267 | c.720.390.0160
http://www.fws.gov/mountain-prairie

On Dec 1, 2015, at 9:19 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

Thanks Seth, and thanks in advance Rob - I'll be in touch soon about what we think we'd
like to do on the web page.

Jim

On Tue, Dec 1, 2015 at 10:15 AM, Willey, Seth
<seth_willey@fws.gov> wrote:

Rob Mansheim (cc'd) can make changes as needed.  Just drop Rob a
line (or email) on what needs to change.  Rob is super responsive and
very helpful!  Thanks in advance Rob!  

Thanks,
Seth 

****************************************
Seth L. Willey
Acting Regional ESA Chief
Mountain-Prairie Region, USFWS
Seth_Willey@fws.gov 
303-236-4257 
****************************************

On Tue, Dec 1, 2015 at 9:47 AM, Zelenak, Jim
<jim_zelenak@fws.gov> wrote:

Who is the current keeper of the lynx web page?

http://www.fws.gov/mountain-prairie/es/canadaLynx.php

We (lynx SSA teams) are thinking that posting some materials (e.g., expert
workshop report, subsequent SSA report) under a new "SSA" link might be the
most efficient way to share those docs with stakeholders.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:robert_mansheim@fws.gov
tel:303-236-4267
tel:720.390.0160
http://www.fws.gov/mountain-prairie/
mailto:jim_zelenak@fws.gov
mailto:seth_willey@fws.gov
mailto:Seth_Willey@fws.gov
mailto:jim_zelenak@fws.gov
http://www.fws.gov/mountain-prairie/es/canadaLynx.php
mailto:jim_zelenak@fws.gov


-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
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Attached.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Executive Summary 
As part of a Species Status Assessment (SSA) for the contiguous United States distinct 
population segment (DPS) of the Canada lynx (Lynx canadensis), the U.S. Fish and Wildlife 
Service (Service) convened an expert elicitation workshop to gather (1) the best available 
information on the current status of lynx populations within the DPS and (2) the professional 
judgment and opinions of lynx experts regarding the future viability of the DPS.  This report 
summarizes the results of the workshop regarding the current and likely future condition of lynx 
populations in six geographic areas within the DPS in terms of representation, redundancy, and 
resiliency (the “3 Rs”).  The Service will incorporate the information gathered at this workshop 
into the SSA as appropriate, along with the published scientific literature, to inform recovery 
planning for the DPS and any other ESA-related determinations the Service is authorized and 
required to make.     

Purpose  
The purpose of this report is to convey the results of an expert workshop convened by the U.S. 
Fish and Wildlife Service (Service) in October 2015 to improve our understanding of the status 
of the contiguous U.S. distinct population segment (DPS) of Canada lynx (Lynx canadensis).  
This workshop was held in conjunction with a species status assessment (SSA; see Appendix 1 
[All appendices are accessible at: http://www.fws.gov/mountain-prairie/es/canadaLynx.php]) for 
the DPS.  The SSA, which will incorporate the best available scientific information on lynx, is 
needed to inform the Service’s response to a June 2014 court order to complete a recovery plan 
for the DPS by January 2018, or make a formal determination that a recovery plan is not 
necessary.   
 
The workshop was organized by a Lynx SSA Team consisting of Service and USGS staff who 
have developed and piloted implementation of the SSA framework, and Service biologists who 
are working on lynx throughout the range of the DPS.  In the interest of collaboration and 
transparency, this team partnered with State agencies, other Federal agencies, and academic 
researchers to elicit expert input regarding the current and likely future status of lynx populations 
within the DPS. 
  
Expert input is needed to complement the published scientific literature and other available 
information on many aspects of lynx population dynamics in the DPS range.  In particular, we 
were looking for additional information on the status, sizes, and trends of lynx populations and 
on threats to lynx habitats and those of their primary prey, snowshoe hares (Lepus americanus).  
We therefore designed a process to elicit and capture the knowledge, professional judgments, 
and opinions of lynx experts to help us assess the current status of, and the nature and 
magnitude of potential threats to, lynx populations and habitats within the DPS.  We also sought 
expert knowledge to help us evaluate the viability of the DPS (in terms of the “3 Rs” - 
redundancy, representation, and resiliency; see definitions below) under a range of future 
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threats, habitat conditions, and climate scenarios, and to identify and make explicit areas of 
uncertainty and potential differences of opinion among experts. 
 
The results of the workshop will contribute to the SSA, which will compile and summarize the 
best available scientific and commercial data, including empirical data, published literature, and 
expert input.  This information will then be used by Service decision makers to inform recovery 
planning direction, classification decisions, and other determinations required by the 
Endangered Species Act (ESA). 

Background 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws.  Its long, 
black ear tufts and short, black-tipped tail distinguish the lynx from the similar bobcat (Lynx 
rufus), which is much more common in the contiguous U.S.  The lynx’s large feet and long legs 
make it highly adapted for hunting snowshoe hares in the deep or powdery snow that persists 
across much of its boreal forest distribution, most of which occurs in Canada and Alaska.  
These adaptations provide lynx a competitive advantage over potential competitors, such as 
bobcats or coyotes (Canis latrans), which have much smaller feet and higher foot-loadings that 
prevent them from hunting efficiently in deep, powdery snow (McCord and Cardoza 1982, p. 
748; Buskirk et al. 2000, pp. 86–95; Ruediger et al. 2000, pp. 1–11; Ruggiero et al. 2000, pp. 
445, 450). 

The southern periphery of the boreal forest extends into parts of the northern contiguous U.S., 
where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 1, 3), 
deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40–41).  In the contiguous U.S., 
these transitional boreal forests become discontinuous and patchy, preventing both lynx and 
hares from broadly achieving densities similar to those of the northern boreal forests (Wolff 
1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and 
Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394).  These forests eventually become 
too fragmented and isolated in the contiguous United States to support hares at the landscape 
densities and distributions necessary to support lynx home ranges (Interagency Lynx Biology 
Team 2013, p. 77) or lynx populations over time.   

The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms.  
Specifically, at that time the Service believed that most lynx and lynx habitats occurred on 
national forests, and that the Land and Resource Management Plans that guided management 
of those forests included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat.  The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052).  In 2003, in response to a court memorandum opinion on the 2000 listing rule, the 
Service reaffirmed its determination of the lynx DPS and its status as threatened under the ESA 
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(68 FR 40076).  The Service completed a recovery outline in 2005 (U.S. Fish and Wildlife 
Service 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) and, in 
2007, again in response to a court order, clarified its determinations of “significant portion of the 
range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 1186).  Also in 
2007, the Service initiated a 5-year status review of the DPS (72 FR 19549).  The Service 
revised the critical habitat designation for the DPS in 2009 (74 FR 8616) and 2014 (79 FR 
54782) and, concurrent with the latter, rescinded the state-based definition of the DPS boundary 
to extend ESA protection to lynx “where found” in the contiguous U.S., including New Mexico 
and other states that were not included in the original DPS range (79 FR 54804). 

Although the Service originally identified the DPS as occurring in forested portions of 14 states 
(Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, Oregon, 
Utah, Vermont, Washington, Wisconsin, and Wyoming) (65 FR 16052, 16085), it recognized at 
the time of listing that both lynx and the boreal forests that support them in the Lower 48 States 
are at the southern margins of their ranges, where habitats naturally become patchy and 
fragmented and snowshoe hare densities in many places are not consistently high enough to 
support resident lynx populations (65 FR 16052-59).  It also recognized that inherent limitations 
in historic occurrence information made it difficult to distinguish between areas that consistently 
supported resident populations; other areas that may have occasionally supported resident, 
breeding lynx; and yet other areas that intermittently and temporarily contained dispersing or 
transient lynx but did not support lynx home ranges or reproduction (65 FR 16054-59).  Many 
lynx records in the DPS range seem to have been associated with cyclic “irruptions” of lynx from 
southern Canada into the northern contiguous U.S. when northern hare populations crashed, as 
they did historically every 8-11 years (Elton and Nicholson 1942, entire; McKelvey et al. 2000, 
entire; Mowat et al. 2000, pp. 281–294; Interagency Lynx Biology Team 2013, p. 33).  Lack of 
reliable information also precluded determination of sizes or trends of lynx populations within the 
DPS. 

Recent research and monitoring have improved our understanding of many aspects of lynx 
biology, distribution, and potential threats in the DPS.  However, we still lack reliable estimates 
of the sizes and important demographic rates of most populations.  Likewise, we would benefit 
from further understanding of the natural range and causes of variation in lynx and hare 
numbers; hare densities necessary to support resident lynx populations throughout the DPS; the 
influence of immigration of lynx from Canada on the demographic and genetic fitness of DPS 
populations; and the timing, extent, magnitude, and severity of potential threats associated with 
climate change.  The Lynx SSA Team organized this expert elicitation workshop to help fill 
some of these information gaps with the knowledge, professional judgments, and opinions of 
lynx experts. 

Currently, there are five geographic areas known to support resident lynx populations in the 
DPS:  northern Maine (with occasional/sporadic breeding by small numbers of lynx in 
northernmost New Hampshire and Vermont); northeastern Minnesota; northwestern Montana 
and northeastern Idaho; north-central Washington; and western Colorado (Figure 1).  After 
statewide surveys conducted in 1978-1997 suggested the absence of viable resident lynx 
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populations in Colorado, the State, from 1999 to 2006, released 218 lynx captured in Canada 
and Alaska into southwest Colorado to establish the current resident population.  Additionally, 
the Greater Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming is 
believed historically (and as recently as 2003-04) to have supported a small but relatively 
persistent lynx population, but it is uncertain whether it currently supports any resident lynx.   

   

 

Figure 1.  Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations.     

Expert Elicitation 

Workshop Protocol 
As mentioned under Purpose, above, the Lynx SSA Team convened the October 2015 
workshop to elicit expert knowledge and opinion on critical uncertainties regarding the current 
status and future viability of resident lynx populations within the DPS range, and thus the DPS 
as a whole.  To facilitate this, a 10-member panel of recognized lynx experts from across the 
DPS range first observed and discussed presentations by subject matter experts summarizing 
the current state of available information on topics relevant to lynx populations in the DPS (see 
Preparing Experts section below).  After subject matter presentations, members of the lynx 
expert panel presented updates on lynx populations in each of the six geographic areas 
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described above under Background.  The subject matter and update presentations were 
intended to ensure that all lynx experts had a common baseline of information prior to the 
elicitation process.  
 
In accordance with the expert elicitation literature (e.g., Burgman 2005, USEPA 2011, Gregory 
et al. 2012, Drescher et al. 2013, Morgan 2014), we then used best practices to elicit opinions 
from the expert panel.  Although invited experts were expected to contribute openly and 
effectively to group discussions, we did not seek consensus among experts; rather, we probed 
differences of opinion or interpretation of scientific and technical information.  We also asked 
experts and other participants to focus on scientific questions and to refrain from discussing or 
recommending management or policy decisions related to the Service’s authorities and 
responsibilities in implementing the ESA. 
   
In addition to the lynx expert panel and subject matter experts, workshop participants included 
members of the USFWS/USGS Lynx SSA Team, facilitators, and observers (see Appendix 2 for 
a full list of attendees and their respective roles).  As a basic ground rule, only members of the 
expert panel participated in the elicitation process, although panelists were encouraged to 
confer with the subject matter specialists and SSA Team members as needed.  All workshop 
participants were welcome to participate in discussions that ensued from review of panel 
responses to various questions.  Due to time constraints and to minimize interference with the 
elicitation process, observers were encouraged to write and submit “parking lot” questions, 
which were collected at the end of the first two days of the workshop and presented to lynx and 
subject matter experts for responses and discussion the following mornings (see workshop 
notes, Appendix 3).  The expert elicitation process was facilitated by USFWS and USGS 
structured decision making practitioners who encouraged open discussion among experts, 
structured input from both panelists and subject matter experts, and ensured that observers 
could witness the process without inappropriately influencing it. 

Identifying Experts 
 
SSA Team members reviewed the relevant literature and used their first-hand knowledge to 
identify experts involved in lynx and hare research or management, boreal forest ecology, and 
climate modeling.  We then developed a priori selection criteria based on professional 
credentials, positions, areas of expertise, and pertinent experience to develop a list of candidate 
lynx experts and other subject matter experts.  Selection criteria (below) helped ensure that 
invitations to participate were made only to scientists with expertise highly relevant to workshop 
topics and, further, that the selections were transparent, unbiased, and adequately captured the 
diversity of expertise and professional judgments related to the topics.  Selection was not based 
on affiliation with a particular organization or interested party; however, States and other 
partners were asked to review the draft list of workshop invitees and suggest alternate or 
additional qualified experts.  The SSA Team then invited experts who met the selection criteria 
and represented lynx expertise throughout the range of the DPS and in adjacent southern 
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Canada.  The number of invited experts was necessarily limited to improve the efficiency and 
effectiveness of the elicitation process, avoid redundancy, maximize scientific discussion among 
all participants, and maintain an open, comfortable meeting environment.  

Expert Selection Criteria  

Expert panelist candidates had to meet all of the following criteria: 

1.   Candidate must hold a graduate degree in a scientific discipline highly relevant to the 
workshop topics.  Typically this may include advanced degrees in wildlife biology, ecology, 
zoology, genetics, modeling, or statistical inference. 

2.  Candidate must hold a research position in government (State, Tribal, or Federal), academia, 
or in the nonprofit research sector; or participant must hold a governmental management 
agency position with responsibility for the species’ conservation. 

3.  Candidate must have expertise in the ecology or management of the species or related 
species, demonstrated by recent (within the past 10 years) peer-reviewed publications or 
related types of professional scientific expression. 

Candidates also had to meet one or more of the following criteria: 
  
4.  Candidate is directly engaged in the species’ management, monitoring, or analysis of 
populations or habitat. 

5.  Candidate is directly engaged in the study of a specific workshop topic. 

6.  Candidate is a government or academic research scientist with expertise in conservation 
biology, population or landscape ecology, genetics, or other relevant fields, as demonstrated by 
recent (within the past 10 years) peer-reviewed publications or related types of professional 
scientific expression. 

Using these criteria, the SSA Team identified 19 candidates for the lynx expert panel who were 
contacted to determine their interest and ability to attend the workshop (Appendix 4).  Among 
those both interested in and able to attend the workshop, the team extended invitations to 13 
candidates, 10 of whom ultimately participated as panelists and who together represent lynx 
expertise throughout the range of the DPS and in southern Canada.  Experts who could not 
attend this workshop may provide their expertise later in the SSA process as peer review 
experts.    

Preparing Experts 
Before the workshop, the SSA Team contacted all lynx experts and other subject matter experts 
by email and phone to discuss their roles and, for some, their willingness to prepare and deliver 
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subject matter or lynx population status presentations at the workshop.  Correspondence with 
lynx and subject matter experts and other workshop participants explained the SSA framework 
and its application to the lynx DPS, the use of expert elicitation in SSAs, and the workshop’s 
purpose, ground rules, and draft agenda. 
 
At the workshop, the Service introduced the Lynx SSA Team, provided a brief overview of the 
SSA framework and its application to the lynx DPS, and outlined workshop objectives.  Prior to 
elicitation exercises, subject matter experts presented information on the historic and current 
distribution of lynx in the contiguous U.S., regulatory mechanisms that apply to lynx on Federal 
lands, genetics considerations, lynx status and management in adjacent southern Canada, 
potential climate change impacts on boreal forest vegetation and snow conditions important to 
lynx, effects of forest management and policy on lynx habitat, and snowshoe hare ecology (see 
Subject Matter Presentations, below).  After these presentations, lynx expert panelists provided 
updates on lynx populations and habitats, research efforts, conservation measures, and 
potential threats to lynx in each of the six geographic areas (Fig. 1).  The subject matter and 
status-update presentations were intended to provide the expert panel with information that 
could inform their responses to elicitation questions and to ensure that the panelists shared a 
common understanding of the current status of lynx throughout the DPS.  All workshop 
presentations are included in Appendix 5 and are accessible at the Service’s Region 6 Canada 
lynx web page (http://www.fws.gov/mountain-prairie/es/canadaLynx.php). 

Subject Matter Presentations 
Canada Lynx Species Status Assessment, Expert Elicitation Workshop - Jim Zelenak, 
U.S. Fish and Wildlife Service, Montana Ecological Services Field Office, Helena, 
Montana 
The objectives of this workshop are to (1) gather scientific information from experts on the 
current status, threats, and future viability of lynx populations in the contiguous U.S.; and (2) 
where empirical data are lacking, elicit expert knowledge, professional judgment, and opinion on 
the nature and magnitude of potential threats to DPS populations and the DPS as a whole.  We 
need this information to complete a status assessment for the DPS that will be used by Service 
decision makers to inform recovery planning and other determinations the Service must make in 
accordance with the ESA.  We have a court order to complete a recovery plan for the DPS by 
January, 2018, unless we determine that a recovery plan is not necessary (i.e., that the threat 
for which the DPS was listed has been adequately addressed and ameliorated and no new 
threats have been identified that pose an immediate or reasonably foreseeable risk of 
extinction).  However, we are not here to make that determination or others regarding the ESA 
status of the DPS.  Rather, we are here to understand the current status of lynx populations and 
habitats in the DPS and hear from experts on factors influencing the current status and future 
viability of those populations.  The DPS was listed as threatened under the ESA in 2000 
because of the inadequacy at that time of regulatory mechanisms in Federal land management 
plans to protect lynx and their habitats.  The Service completed a recovery outline in 2005 and 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php
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designated critical habitat for the DPS in 2006.  In 2007, we clarified our determination of 
“significant portion of the range” of the DPS and withdrew the 2006 critical habitat designation.  
We revised critical habitat in 2009 and 2014 and, also in 2014, we received the court order to 
complete a recovery plan.  The results of this workshop will contribute to the SSA, and the 
expert information gathered here will complement the best available scientific information that 
will be compiled and summarized in the SSA report.  After it is peer-reviewed and finalized, the 
SSA report will be considered by Service decision makers to inform recovery planning and other 
determinations required under the ESA. 

Historical Distribution of Lynx in the Contiguous U.S. - Dr. Kevin McKelvey, USDA 
Forest Service, Rocky Mountain Research Station, Missoula, Montana   
Understanding historical range is important because it provides context for modern 
conservation; however, historical data must be interpreted carefully because they may not be 
representative, are often unreliable, and their meaning may be unclear.  This is especially true 
for rare animals like lynx, and even more so if they are easily mistaken for another more 
common animal, as bobcats are mistaken for lynx in the southern portion of lynx range.  
Because even relatively low identification error rates can lead to significant errors in determining 
distribution, it is important to rely on verified, and not anecdotal, occurrence records, when 
attempting to establish historical range.  The issue is further complicated by the noted cyclicity 
in lynx population dynamics associated with snowshoe hare population cycles, which resulted 
historically in irruptions or pulses of lynx from Canada into the DPS when northern hare 
populations crashed.  This can be described as a wave in which a large number of dispersing 
lynx intermittently flooded into the northern contiguous U.S. over the course of several years 
into a variety of potentially suitable and unsuitable habitats.  As the irruptions waned (i.e., as the 
waves receded), lynx disappeared relatively quickly from areas of unsuitable or poor habitat, 
more slowly from areas of marginal or suboptimal habitat, and persisted (like permanent tide 
pools) in those areas with habitats and hare densities capable of supporting them over time. 
This yielded verified records in the contiguous U.S. in places that clearly cannot support lynx 
populations but, in other places where habitats are or appear to be suitable, it also confounds 
efforts to distinguish between those that have supported persistent lynx populations, those that 
may occasionally but not consistently support resident lynx (“winked off’ more than “winked on” 
in a metapopulation sense), and those where dispersing lynx occurred regularly, if intermittently, 
but could not persist.  Given these ambiguities, there remains irresolvable uncertainty about the 
historic distribution of resident lynx in the DPS.  Despite this uncertainty, it appears that resident 
lynx naturally persist now in most areas that the available reliable data most strongly suggest 
historically supported resident populations in the contiguous U.S. (Maine, Minnesota, Montana, 
Idaho, and Washington).  Several other areas may have historically supported populations but 
no longer do (with evidence most compelling for northern New Hampshire and Michigan’s Upper 
Peninsula; less compelling for the Adirondack region of northern New York, northern Wisconsin, 
and northwestern Wyoming). 
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Canada Lynx Habitat Regulatory Environment - Scott Jackson, USDA Forest Service, 
National Carnivore Program Leader, Missoula, Montana 
Before the lynx DPS was listed under the ESA, there was very little information available and 
little management direction for lynx habitats on national forests or other Federal lands.  Given 
the uncertain status of lynx and lack of information on habitat relationships, an interagency Lynx 
Steering Committee was chartered almost immediately after the DPS was proposed for listing in 
1998.  The committee appointed the Lynx Science Team to assemble the available information 
on lynx and the Interagency Lynx Biology Team to develop a lynx conservation strategy 
applicable to Federal lands.  In 2000, the Science Team published Ecology and Conservation of 
Lynx in the United States (Ruggiero et al. 2000), and the Biology Team completed the Lynx 
Conservation Assessment and Strategy (LCAS; Ruediger et al. 2000).  The committee also 
directed the completion of the 1999 biological assessment (BA) in which the U.S. Forest Service 
(USFS) and Bureau of Land Management (BLM) evaluated potential impacts to lynx of 
management plans for 57 national forests and 56 BLM units and concluded that implementation 
of existing plans could result in some adverse effects to lynx.  The BA recommended amending 
or revising management plans to incorporate conservation measures that would reduce or 
eliminate the identified adverse effects to lynx, and to consider the conservation measures 
identified by the Science Team and Biology Team, once finalized.  In March of 2000, the DPS 
was listed as threatened due to the inadequacy of existing regulatory mechanisms, specifically 
the lack of guidance for conservation of lynx in national forest Land and Resource Management 
Plans and BLM Land Use Plans.  In October 2000, FWS completed a biological opinion on the 
1999 BA, concluding that if forest plans were revised or amended to incorporate the 
conservation measures in the LCAS, they would reduce or avoid the potential for adverse 
effects on lynx.  Also in 2000, USFS and BLM entered into conservation agreements with FWS 
to guide management until plans could be amended or revised.  By 2004, BLM revised plans in 
all units with lynx or potential habitat to incorporate LCAS guidance.  By 2006, USFS similarly 
revised plans for national forests in the Northeast and Great Lakes.  In 2007 and 2008, USFS 
formally amended plans for 18 national forests in the Northern Rockies and 8 in the Southern 
Rockies to address the risk factors identified in the LCAS and adopt management standards 
and guidelines.  Currently, all national forests and BLM units with lynx or potential habitats are 
governed by plans that have adopted conservation measures identified in the LCAS, 
subsequent interagency conservations agreements, or by management direction that formally 
amended or revised land use plans and established standards and guidelines designed to apply 
the best available scientific information to avoid and minimize potential impacts to lynx.  Future 
challenges include developing effective responses to larger, hotter, and more frequent fires and 
extensive insect outbreaks, and designing thinning and salvage harvest treatments conducive to 
creating habitat conditions favorable to lynx and hares.    

Lynx Genetics Considerations - Dr. Michael Schwartz, USDA Forest Service, National 
Genomics Center for Wildlife and Fish Conservation, Missoula, Montana 
Review of lynx genetic studies shows, despite some sub-structuring over distance, high gene 
flow across the continental range of lynx, likely because of high dispersal rates, large dispersal 
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distances, and few geographic barriers to dispersal.  Some research suggests that the Northern 
Rocky Mountains may provide some gene flow restriction in western Canada, as well as an 
“invisible barrier” to gene flow in eastern Canada south of James Bay/Hudson’s Bay that may be 
related to differences in snow conditions driven by large-scale climatic factors (e.g., the Pacific-
North America and North Atlantic Oscillation climatic systems).  North of the DPS, low levels of 
genetic substructure have been documented in populations in eastern Canada between 
populations north versus south of the St. Lawrence Seaway, and between island (Newfoundland 
and Cape Breton islands) and mainland populations.  However, there is evidence of genetic 
interaction among even these relatively isolated eastern Canadian populations.  Within the DPS, 
minor genetic sub-structuring has been documented among lynx subpopulations in western 
Montana.  However, very low Fst values (a measure of the proportional reduction in 
heterozygosity due to population subdivision, with values near zero indicating high levels of 
gene flow and values approaching one indicating poor gene flow) suggest the absence of 
significant barriers to genetic interchange throughout much of the lynx range, including the DPS.  
Across 17 lynx populations in Alaska, Canada, and the contiguous U.S., Fst = 0.033, and the 
highest Fst for any two populations was 0.070 when lynx from the Kenai Peninsula in Alaska 
were compared to those in the Seeley Lake area of Montana.  Lynx-bobcat hybrids have been 
documented in Minnesota, Maine, and eastern Canada, but not in the western part of the range.  
Hybridization does not seem to be a major issue, nor does it appear to be increasing despite 
significant increases in bobcat numbers in some parts of DPS range.  Genomics research (the 
genetic mapping and DNA sequencing of sets of genes or complete genomes) on lynx would 
increase power and precision of genetic analyses and perhaps identify genes under selection at 
the periphery of the range.  The goal for lynx in the DPS should be to conserve the genetic 
diversity currently represented in resident populations, recognizing that maintaining connectivity 
between DPS and Canadian populations is likely important to achieving that goal.  The genetic 
variation at the edge of the range may be of value to future populations, especially as related to 
changing climate.  

Lynx Distribution, Status, and Management in Southern Canada - Dr. Jeff Bowman, 
Ontario Ministry of Natural Resources and Forestry, and Trent University, Ontario 
Lynx are managed provincially in Canada, with each province responsible for its own 
management program, harvest (trapping) policies, and conservation strategies.  Data from 
registered trap lines show cyclic decadal peaks in the numbers of lynx harvested, and these 
align well with (and lag by one year) cyclic peaks in snowshoe hare indices.  In western 
provinces (British Columbia, Alberta, Saskatchewan, Manitoba, Northwest Territories, and the 
Yukon), the magnitude of lynx cycles appears to have dampened dramatically after the 1980s-
1990s, while eastern provinces (Ontario, Quebec, and Newfoundland and Labrador) have seen 
less dramatic declines in peak lynx numbers trapped.  There is some evidence that hare 
numbers in the Yukon have not recovered to past levels after declines beginning in about 2000, 
and that hare numbers in southern Ontario have been low for the past 5-6 years.  There also is 
indication that the range of lynx in eastern Ontario has contracted northward since the 1970s, 
and modeling suggests that this contraction is likely influenced by habitat loss perhaps related 
to changes in forestry practices and an increase in tolerant hardwoods replacing spruce-fir 
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forests resulting from climate warming (Koen et al. 2014).  This has been accompanied by 
reduced genetic heterozygosity (allele richness) at this margin of the lynx range.  Recent studies 
also show some differences in functional genetic markers (unique alleles) in lynx south versus 
north of the St. Lawrence Seaway/River, suggesting the potential for evolutionarily significant 
differences in lynx in those areas (Koen et al. 2015, Prentice unpubl.).  Research also suggests 
an “invisible” genetic barrier south of Hudson’s Bay likely related to climate-driven differences in 
snow conditions, which could be amplified in the future with continued climate warming.  A few 
lynx-bobcat hybrids have been documented.  Lynx are listed as endangered provincially in New 
Brunswick and Nova Scotia, which also have by far the highest numbers of bobcats, and where 
bobcat populations have been increasing since about 1990.  Lynx are considered secure in all 
other provinces.   

Seven Ways a Warming Climate can Kill the Boreal Forest - Dr. Lee Frelich, Director, 
University of Minnesota Center for Forest Ecology, St. Paul, Minnesota  
Northern Minnesota is at the southern edge of the ranges of boreal forest tree species (balsam 
fir, white spruce, paper birch) and the northern extent of temperate forest species (sugar maple, 
red maple, red oak).  A number of climate-mediated processes are likely to shift these ranges 
northward, potentially resulting in the complete disappearance of boreal forest from Minnesota 
before the end of the century.  These include projected declines in snow depth, invasion of 
boreal forests by temperate species and a widening of the mixed forest ecotone, warming 
summer and winter temperatures, declines in boreal trees under both low- and high-emission 
climate scenarios, severe wind- and hail-producing thunderstorms (derechos) of greater extent 
and frequency, large wind-driven fires, heat and drought stress, increased insect infestations 
due to lack of extreme cold temperatures, and phenological disturbance.  These processes, 
alone or in combination may result in gradual or relatively sudden conversion of boreal forests to 
temperate forests, savanna, or grassland at the southern edge of the boreal forest range.  A 
mosaic of conversion mechanisms and rates of change will occur at landscape/ecoregion 
scales.  With unmitigated climate change, Minnesota is likely to lose the boreal biome and about 
one-third of its native species, including lynx, possibly within the next 60-70 years. 

Climate Change and Uncertainty:  Implications for Canada Lynx Conservation and 
Management in the Contiguous U.S. - Alexej Siren, DOI Northeast Climate Science 
Center and University of Massachusetts Department of Environmental Conservation, 
Amherst, Massachusetts 
Climate models are better at detecting long-term trends in temperature and precipitation than 
short-term climate variability.  Generally, projections of precipitation are less robust compared to 
temperature, and within the lynx DPS units, projected trends in precipitation are more certain for 
winter than for summer.  Consequently, the resulting model biases may affect climate 
projections.  Global surface temperatures have increased steadily over the 20th century, 
especially since the 1970s, with an overall increase in winter temperatures in the U.S.  These 
changes are most pronounced from the Northern Rockies to the northeastern U.S., where 
winter precipitation has also increased.  However, the northwestern U.S. has experienced drier 
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winters with less snow over the past several decades.  Importantly, numerous studies have 
shown that Canada lynx distribution is related to snowpack characteristics (e.g., snowfall, 
density, and persistence), which may directly or indirectly affect lynx through 1) increased 
competition (exploitative and interference) with sympatric carnivores, 2) altering hare and lynx 
population cycles, and 3) reduced genetic diversity.  Therefore, climate projections with a 
specific emphasis on winter climate are a valuable tool for assessing the long-term viability of 
lynx in the contiguous U.S.  Below are the climate trends for the past several decades and end-
of-century model projections for each of the DPS units; projections are multi-model means with 
the high emissions scenario (A2).  In the Northeast, recent trends are toward reductions in 
snowfall, the number of snow-covered days per season, and the proportion of winter 
precipitation occurring as snow.  Projections include increased winter precipitation, but with a 
lower proportion occurring as snow, and a decline in snowfall and length of snowpack coverage.  
In the Great Lakes region, recent trends indicate an increase in lake effect snow and longer 
snow seasons to the north.  Winter precipitation is projected to increase throughout the 
Midwest, with a lower proportion occurring as snow, except that lake effect snow is projected to 
increase around Lake Superior and north of the eastern Great Lakes until 2050, and eventually 
decline towards the end of this century.  Overall, models project a decline in snowfall and length 
of snowpack coverage by 2100 for the Midwestern region.  The Northeast and Midwest DPS 
units are especially vulnerable to snowpack loss due to lack of elevational refugia.  In the 
western DPS units and the Colorado population, recent trends show decreasing spring 
snowpack at lower elevations, an overall decline in snowpack by the latter half of the 20th 
century, and a lower proportion of winter precipitation occurring as snow.  Projections include 
decreases in snowfall season and snowfall amount, fewer days with snowfall, and continued 
reduction in the proportion of winter precipitation occurring as snow.  However, projections 
indicate that snowpack and winter severity may be less impacted in the Northern Rockies 
compared to other DPS units.  In summary, model projections are not favorable for lynx within 
the DPS units, especially towards the latter half of the 21st century, with less severe winters and 
diminished snowpack characteristics that favor competing species.    

Projected Climate-change Impacts on Snow, Vegetation, and Lynx Populations in the 
Western U.S. - Dr. Joshua Lawler, University of Washington, School of Environmental 
and Forest Sciences, Seattle, Washington and Dr. Chad Wilsey, National Audubon 
Society Science Division, New York, New York 

Climate modeling suggests reductions in the amount of precipitation falling as snow and a shift 
from subalpine forest to temperate evergreen needleleaf forests in a generalized lynx range in 
the western U.S.  Fire is projected to increase in both frequency and fire size, doubling by 2040 
and tripling by 2080.  Simulated lynx densities were projected for the 2020s, 2050s, and 2090s.  
Of 25 ecoregions included in the study area, 14 had simulated lynx populations greater than 
0.10 individuals/100 km2 across all time points.  Of those, and across various Global Circulation 
Models (GCMs), 3 ecoregions had simulated increasing populations by the 2050s and 11 had 
declining populations. Populations were projected to continue increasing in the 3 ecoregions by 
the 2090s, while declines were projected to deepen in 8 of the remaining 11 ecoregions. 
Growing populations were projected to occur in the sparsely populated Fescue-Mixed Grass 
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Prairie, Middle Rocky-Blue Mountains, and Great Steppe ecoregions, whereas the largest 
proportional declines were projected to occur in the West Cascades, Pacific Northwest Coast, 
Northern Cascades, East Cascades – Modoc, and Aspen Parkland ecoregions.  The study also 
looked at the effect of population cycling on projected changes and found that simulated 
declines differed more due to GCM model used than due to population cycling (i.e., modeling 
suggested lynx population declines were not strongly influenced by population cycles). 

Forest Management and Lynx Habitat Trends - Dr. Erin Simons-Legaard, University of 
Maine School of Forest Resources, Orono, Maine 
Lynx in Maine occur in the Northern Appalachian/Acadian Ecoregion where their distribution is 
governed by snowfall and extent of deciduous cover.  The eastern spruce budworm 
(Choristoneura fumiferana) is endemic to forests in this region, and extensive outbreaks of this 
insect pest occurred in northern Maine in the 1970s-80s, resulting in millions of acres of spruce-
fir die-offs, despite extensive aerial insecticide applications.  For several decades, salvage 
logging via extensive landscape-scale clear-cutting occurred in impacted forests, until passage 
in 1989 of the Maine Forest Practices Act, which regulated clear-cut size, configuration, and 
regeneration.  Regenerating clear-cuts became very dense stands supporting high densities of 
snowshoe hares.  Although the Forest Practices Act reduced the amount of clear-cut harvest 
over the following two decades, overall harvest increased as partial-cut harvesting replaced 
clear-cutting.  At the same time, land ownership patterns in northern Maine were shifting from 
large blocks of commercial timber interests to smaller blocks and more diverse land 
management goals, including development and financial investment, as well as some non-
development easements (though these do not regulate forest management).  The University of 
Maine modeled lynx habitat occurrence from snow track data, a series of Landsat satellite time-
series imagery since 1970, and indices of hare densities for various stand ages post-timber 
harvest to model past, present, and future lynx occurrence in northern Maine.  They found that 
the proliferation of regenerating partial-cuts produce lower landscape hare densities than 
regenerating clear-cuts from the 1970s and 1980s.  Landscape hare densities will likely decline 
in the future as the clear-cut-era stands mature into less dense conifer stands, beginning about 
35-40 years post-harvest.  High-quality stands are being replaced by lower-quality regeneration 
of partial harvests. High-quality habitat for lynx/hares is currently about 8% of the northern 
Maine landscape.  Model projections indicate it will decline to about 5% of the landscape by 
2030, and then level off, and that the prevalence of partial-harvesting will lead to elimination of 
many areas with concentrated high-quality habitat and a lower future probability of supporting 
lynx.      

Southern Snowshoe Hares: Updates, Questions, Forecasts - Dr. Karen Hodges, 
University of British Columbia Okanagan Department of Biology, Kelowna, British 
Columbia 

Northern hare cycles are more variable than commonly portrayed in some literature, with 
questionable synchrony and variation in peak heights and amplitudes.  Some southern hare 
populations (i.e., within the lynx DPS range) show “cycle-ish” dynamics and high densities, but 
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variability in abundances is not obviously linked to forest stand type (thinned, unthinned, 
mature).  Some areas of high hare density are occupied by bobcats instead of lynx (e.g., the 
Tally Lake area of the Flathead National Forest in Montana).  Hare densities in the western 
contiguous U.S. differ substantially across regions and landscapes.  For example, within the 
GYA, hare densities varied from very low (0.2 hares per hectare) in Yellowstone National Park 
to very high (0.5 - 1.7 hares/ha) in the Wyoming Range south of the park.  Hare densities also 
vary in the eastern part of the lynx DPS, with ranges from 0 - 1.8 hares/ha in Maine and, in 
Minnesota, densities of 0.64 hares/ha in the northeast part of the state (which supports resident 
lynx) and 0.35 hares/ha in Voyageurs National Park (which does not support resident lynx).  
Landscape attributes (e.g., tree densities and moisture gradients) also influence stand quality 
for hares.  Hare population dynamics (cyclicity, synchrony, amplitude, and peak densities) also 
vary regionally.  Forest management that reduces stand structure reduces hare abundances.  
For example, hares declined after experimental precommercial thinning in Montana, and, in 
Quebec, hare densities increased with time since commercial thinning, harvest, and fire.  Fire 
destroys hare habitat temporarily, but hares return to burned areas as soon as favorable habitat 
conditions return.  Post-fire hare densities also vary regionally; in stands burned by large fires in 
1988, hare densities by 2007 were higher in Glacier National Park than in Yellowstone National 
Park.  Hare densities necessary to support resident lynx remain poorly understood but appear to 
vary regionally, as do lynx diets and home range sizes.  If southern boreal/montane forests are 
lost, hares will decline.  Fire, timber harvest, and thinning will result in fewer hares, at least 
temporarily, and the impacts of post-fire salvage logging are unknown.  Understory cover and 
browse are very important, but we know little about the influence of shrubs or snow on hares.  
Like lynx, hares in the DPS are at the southern extent of their continental range.  Also like lynx, 
hares show high gene flow across most of the northern range in Canada but lower gene flow 
(higher genetic structure) in the southern part of the range, with some lineages potentially at risk 
of genetic drift.  Climate-mediated increases in fires and insect outbreaks and changes in forest 
regeneration may alter hare habitats and, thus, hare distribution and abundance.  Climate 
change may also affect hare vulnerability to predation by creating a mismatch between pelage 
color, which is controlled by photoperiod, and their surroundings (e.g., reduced snow season 
resulting in white hares on dark forest floors).  It may also alter predator communities, with 
uncertain impacts on hare populations.  Continued research is needed to better explain regional 
variation in population dynamics and peak abundances, to predict post-fire recolonization and 
densities and responses to climate change, and to better understand links between physiology 
and demography (e.g., predation stress and reproduction).      
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Lynx Status Update Presentations1 
Status of Lynx in Maine - Jennifer Vashon, Maine Department of Inland Fisheries and 
Wildlife, Bangor, Maine 
Much of the current lynx habitat in Maine was created from extensive harvests to salvage 
spruce budworm-damaged forests during 1970-1985, and the amount and distribution of high-
quality lynx/hare habitat are likely greater now than historic conditions.  Many stands were 
treated with herbicides to create extensive regeneration of spruce and fir.  Analysis of Forest 
Inventory and Analysis (FIA) data indicates that half of the 3 million forested acres of spruce-fir 
in northern Maine is currently sapling stage that should provide lynx with high quality foraging 
habitat.  Also based on FIA data, the amount of dense spruce-fir (supporting the highest hare 
densities) increased from 700,000 acres in 2006 to 805,000 acres in 2010.  The Maine 
Department of Inland Fisheries and Wildlife (MDIFW) conducted a telemetry study of lynx from 
2000-2011 in a study area with extensive areas of regenerating spruce-fir stands in 
northwestern Maine and found that lynx had relatively small home ranges.  Lynx strongly 
selected these high-quality hare habitats in former clear-cut areas.  Although hare densities 
declined from 2 hares/hectare to 1 hare/hectare mid-way through the study, lynx did not 
increase their home range sizes or alter their habitat use.  Reproduction declined initially after 
hare populations declined, but later recovered, with all females producing litters.  An average of 
65% of females bred each year throughout the study.  Litter sizes ranged from 1 to 5 and 
averaged 2.63 kittens/breeding female.  Kitten survival remained high (averaged 78%).  
Densities of 4.5 adults and 5 to 9 kittens were observed in 100 km2 areas.  Based on estimates 
of occupied habitat and home range information, MDIFW estimated there were between 750 
and 1,000 lynx in northern Maine in 2006, and more than 1,000 lynx in 2015 (or at least more 
animals than 2006).  Indices (number incidentally trapped, observed, or killed on roads) have 
increased, suggesting there are more lynx than in 2006, and the distribution of the population 
also appears to be expanding.  MDIFW initiated a third round of periodic lynx snow track survey 
in 2015 that support increased populations and expanding range.  Additional surveys are 
planned in 2016 and 2017 to update estimates.  Although a model by the University of Maine 
suggests the effects of the Maine Forest Practices Act could lead to a decrease in lynx habitat, 
thus far, it does not appear that lynx have declined in response to aging clear-cuts and the 
prevalence of partial harvests resulting from the Act.  A budworm outbreak is expected in the 
near future that will also impact future amounts of habitat for lynx and snowshoe hare.  MDIFW 
provides landowners with descriptions of lynx-hare habitat for their management plans through 
published peer-reviewed papers and reports on lynx status and habitat use in Maine and 
consultation.  

                                                 
1 These are summaries of status updates presented by lynx experts for each of the geographic 
units in the DPS.  Summaries were written by the Lynx SSA Team based on the presentations 
and notes submitted by expert presenters and on the notes taken at the workshop during 
presentations.  Experts reviewed drafts of these summaries and provided clarifications/ 
corrections if needed, which were incorporated into the final summaries.    
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Canada Lynx in Minnesota - Dr. Ron Moen, Natural Resources Research Institute, 
University of Minnesota Biology Department, Duluth, Minnesota, and Susan Catton, 
USDA Forest Service, Superior National Forest, Duluth, Minnesota 
Prior to 1965, lynx in Minnesota were unprotected, had a bounty placed on them, and were 
overexploited by trapping.  From 1930-1977, harvest in Minnesota was twice that of Montana 
and 40 times that of other states.  In 1976, State protection was provided in the spring and 
summer months, and in 1984 the trapping season was closed.  In the 1990s and when listed 
under the ESA in 2000, it was unknown if lynx in Minnesota were residents or migrants from 
Canada, but now it is known that the Minnesota lynx population consists of both residents and 
migrants from Canada.  Since then, there have been hair snare and snow-tracking surveys, 
DNA analyses, and a multi-year telemetry project – none of these monitoring efforts were 
designed to estimate densities or abundances of the species.  However, as of 2015, it is thought 
that there are somewhere between 50 and 300 lynx in Minnesota (this expert later refined the 
range as 50 - 200 lynx, as indicated in the summary presentation preceding the graphing 
exercise below), with the core habitat in the arrowhead region of the state (St. Louis, Lake, and 
Cook counties), although there have been verified and probable lynx sightings elsewhere in the 
state.  At least 5 of 27 adult lynx radio-collared in Minnesota were later legally trapped in 
Ontario, and other collared lynx did not return from Canada, therefore their fates are unknown.  
Telemetry data showed that about half of males radio-marked in Minnesota moved back-and-
forth across the border, traveling at all times of the year; that Minnesota females that dispersed 
into Canada tended not to return to Minnesota; that males had much larger home ranges (267 
km2) than females (21 km2); and that females with kittens had the smallest home ranges.  About 
half of the mortality of collared lynx was from vehicle collisions, incidental catch, illegal kills, or 
unknown causes.  Moen et al. (2008) documented 10 den sites and showed that denning 
habitat is not limiting in Minnesota.  Since 2000, incidental take of lynx tracked by the USFWS 
Twin Cities Field Office has ranged from 0-14 per year and included vehicle (car and train) 
collisions, gunshot, incidental trapping, and unknown causes.  Approximately 50% of reported 
take was of incidentally trapped lynx, about half of which were released alive.  Home range 
analyses showed mean distance to nearest linear feature is approximately 200m, suggesting 
that lynx do not avoid roads.  Bobcat harvest data show a concentration of bobcats adjacent to 
the core of the lynx range.  The IPCC SRES A1B Scenario climate change model (Gonzalez et 
al. 2007, p. 14) shows snow conditions potentially suitable for lynx throughout the northern half 
of Minnesota to the end of this century; however, the snow and/or biological assumptions in the 
model need work, because it predicts a range for lynx that is larger than the current suitable 
range based on snow depth.  Other climate modeling (e.g., Morgan, in prep.) suggests that 
suitable snow-depth range will shrink significantly by 2055, be limited to extreme northeastern 
Minnesota by 2070, and may be entirely absent from the state by 2095.  Since 2000, the 
Superior National Forest (SNF) and others have identified 268 unique individual lynx (47% 
Female, 53% Male) from 1,306 DNA samples, primarily from SNF lands.  These samples also 
documented 13 unique individual lynx-bobcat hybrids (5 Female, 8 Male).  The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota.  The SNF annually documents 3-5 family groups and is working with 
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North Carolina State University and the Twin Cities Field Office on a study of the distribution of 
lynx that can be used to inform future study designs aimed at monitoring lynx occupancy and 
designing more intensive studies to estimate abundance. 

Current Distribution, Status, and Threats to Canada Lynx in Montana and Wyoming - 
Dr. John Squires, USDA Forest Service, Rocky Mountain Research Station, Missoula, 
Montana 
Northwestern Montana - This area is believed to support the largest lynx population in the 
western U.S., but minimum population size has not been calculated.  The Forest Service’s 
Rocky Mountain Research Station in Missoula initiated a lynx research program in 1998 to 
investigate lynx resource and prey selection, competition, activity patterns, detection and 
monitoring, and connectivity.  From 1998 to 2007, researchers trapped and radio-marked 175 
lynx in northwestern Montana and collected nearly 170,000 GPS and over 3,000 VHS telemetry 
locations documenting lynx movements, resource use, survival, and productivity.  From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area (the central 
portion of this geographic unit) and from 2003-2007, 2.95 kittens/litter (N = 22) in the Purcell 
Mountains (the northwestern portion of the unit).  In Seeley Lake, 61% of breeding-age females 
(N = 52) produced kittens; in the Purcells, 83% of females (N = 28) produced kittens.  Recent 
research (Kosterman 2014) suggests kitten production is correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges.  Annual survival rates for 
subadult and adult female lynx were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 
0.85, respectively, in the Purcells.  There was no evidence of cyclicity in these vital rates, and 
no indication of irruptions of lynx into this unit from Canada after the 1980s.  Starvation, 
predation by mountain lions, and human-caused deaths each accounted for roughly one-third of 
documented sources of lynx mortality.  Population viability analyses yielded population growth 
rates of 0.92 for the Seeley Lake area (i.e., declining population trend, 1999-2007) and 1.16 for 
the Purcells (increasing trend, 2003-2007).  The distribution of lynx in this unit appears to have 
contracted recently; lynx were documented in the Garnet Mountain Range in the southern 
portion of the unit from at least 1980 into the early 2000s, but in 2010, extensive research 
trapping efforts yielded only two males, and snow-track and camera-trap surveys in winter 2014-
2015 detected no lynx.  Genetic analyses revealed fine-scale genetic sub-structuring among the 
Garnets, Purcells, and Seeley Lake subpopulations, suggesting some level of relative isolation 
among lynx in those areas.  Most lynx habitat in this unit occurs on Federal lands (USFS, BLM, 
NPS).  Recent conservation land purchases substantially increased protection of lynx habitat in 
the Seeley Lake core area.  The extent of fire in this area has increased, with over one million 
acres burned in 2000-2013.  Forest management (timber harvest, silviculture, and fire 
management) can have negative, neutral, or positive impacts on lynx habitat; current research 
is investigating lynx response to management actions. 
      
Wyoming/GYA – The long-term persistence of lynx in the GYA is unknown, but early records 
from Yellowstone National Park documented lynx presence in the 1920s-30s, and more recent 
(2001-2004) surveys in the park documented several lynx and evidence of reproduction on the 
east side of Yellowstone Lake.  South of the park, lynx were also detected reliably in the late 



20 

1990s-early 2000s in the Union Pass and Togwotee Pass areas of the Wyoming Range in the 
Bridger-Teton National Forest.  Several lynx released in Colorado (1999-2006) dispersed to the 
GYA and occupied home ranges (including males and females with overlapping home ranges) 
in areas of the Wyoming Range previously occupied by “native” resident lynx.  Recent (2005-
2010) research trapping and survey efforts in the Wyoming Range have detected only 
Colorado-released lynx, and the current status of lynx in the GYA is uncertain but believed to be 
at low numbers based on on-going surveys.  In addition to fire and forest management (as 
described above for northwestern Montana), oil and gas exploration and development may pose 
a potential risk to lynx and habitat in the Wyoming Range.             

Lynx in Washington: Current Status and Potential Threats - Benjamin Maletzke, 
Washington Department of Fish and Wildlife, Olympia, Washington 
Lynx in Washington were State-listed as threatened in 1993, but with recent large-scale impacts 
to lynx habitats and likely declines in lynx numbers, upgrading to State-endangered may be 
justified.  The Washington Department of Fish and Wildlife completed a lynx recovery plan in 
2001, and the Department of Natural Resources completed a habitat management plan for its 
lands in 1996, which it revised in 2006.  The majority of lynx habitat in Washington occurs on 
public lands including State Forests and National Forests.  Although individual lynx are 
occasionally documented in the northeastern part of the state, only the Okanogan area (eastern 
Cascade Mountains abutting the border with Canada) in the north-central part of the state has 
consistent records and evidence of a resident breeding population.  In terms of the ESA’s five 
listing factors, over-utilization, disease/predation, and inadequacy of existing regulatory 
mechanisms are not issues for lynx in Washington.  Lynx trapping was prohibited in 1991, and 
only live-trapping is allowed for bobcats, so there is little chance for incidental trapping.  There is 
no documented disease and little evidence of predation (though these could occur/increase with 
climate change).  With ESA and State listings, critical habitat designation, and State recovery 
and State and Federal habitat management plans in place, regulatory mechanisms appear 
adequate.  Recently, much lynx habitat has been lost, at least temporarily, to frequent large-
scale fires and insect outbreaks, and climate change may pose additional (or exacerbate 
existing) threats to lynx and habitats in Washington.  From 1990-2002, there were about 2,600 
km2 of lynx habitat in the Okanogan (Eastern Cascades) area, and female home ranges were 
estimated at 38 - 41 km2, suggesting the potential to support roughly 90-115 resident females 
(home ranges include “matrix” or non-habitat).  By 2014, habitat had been reduced by fire to 
about 1,600 km2, and habitat loss and fragmentation resulted in female home ranges increasing 
to an estimated 91 km2, with a potential to support roughly 27 resident females.  Although areas 
impacted by fires and insects should regenerate to hare/lynx habitat, it may take 35-40 years or 
more for that to happen.  Climate change will likely reduce snow depth, condition, and 
persistence, potentially influencing interspecific competition.  It also may cause temperature- 
and precipitation-driven changes in vegetation and increased fire frequency, size, and intensity, 
resulting in further reduction, fragmentation, and isolation of suitable habitats and impacts to 
prey abundance.  Connectivity between the Okanogan area and lynx populations and habitats in 
Canada seems adequate; it is more tenuous in the northeastern part of the state, where cross-
border populations/habitats in Canada are smaller and potential corridors more constricted.  It is 
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also possible that legal trapping in southern British Columbia could limit immigration into 
Washington’s lynx population and be a source of mortality for lynx dispersing from Washington 
into Canada.  Potential management and recovery actions could include resuming surveys and 
monitoring efforts, reviewing current State, Tribal, and Federal management actions to see if 
they can be more “lynx-friendly,” conducting population viability analyses to estimate 
probabilities of persistence over various time periods, coordinating with British Columbia on 
cross-border lynx conservation efforts, evaluating the need and feasibility of augmenting female 
lynx in the Okanogan and reintroducing lynx to the Kettle Crest, up-listing lynx in Washington to 
indicate the current status and severity of threats, and seeking collaboration and funding to 
support the measures above. 

Status of Lynx in Colorado - Dr. Jake Ivan, Colorado Parks and Wildlife, Fort Collins, 
Colorado 
Lynx in Colorado were State-listed as endangered in 1973.  Based on statewide surveys 
conducted in 1978-1997 that found some possible lynx sign (tracks), the State concluded that if 
lynx were present, too few individuals remained for a viable population and that natural 
recolonization was unlikely due to geographic isolation.  The State initiated a lynx reintroduction 
program, releasing 218 lynx from source populations in Alaska and Canada from 1999 to 2006.  
All animals were released into the San Juan Mountains in the southwest part of the state.  Many 
stayed there and used the area heavily; many others established home ranges in the Sawatch 
Range in the central part of the state, where the bulk of historical records occurred.  Although 
post-release mortality was initially high, it decreased after release protocols were modified and 
among lynx after they’d been on the ground a year.  Mean annual survival was 0.93 for lynx that 
stayed within the San Juan Mountains core-release area, and 0.82 outside of it.  The first den 
was located in 2003, and 48 dens were subsequently documented in Colorado through 2010, 
including a third-generation of Colorado-born lynx.  The reintroduced population displayed 
reproduction similar to other areas in the DPS in some regards (e.g., mean litter size was 2.75 
kittens), and lower in others (e.g., mean percentage of females that produced kittens was 24% 
[range = 0% - 46%])2.  A deterministic model that uses survival estimates and reproduction data 
from ten years of monitoring reintroduced lynx and assumes that reproductive parameters 
observed during that time would repeat each decade shows a slightly increasing trajectory 
through time.  Although current population size and survival rates are unknown, photos of 
females with kittens in 3 sampling units during occupancy monitoring in the San Juan Mountains 
in 2014-15 and capture of young and unmarked (i.e., “new”) lynx during research efforts in 
2010-15 provide evidence of continued reproduction.  Potential threats to lynx in Colorado 
include climate change, bark beetle outbreaks, fire, increasing human recreation, and 
vulnerability to vehicle collisions and disturbance from highways.  Climate modeling in 2014, 
based on the RCP6 (2nd-highest) emissions scenario, suggests that by mid-century 
temperature will increase by 2°C, precipitation will decrease in the San Juan and other southern 
mountains, and that spruce-fir habitat will migrate upslope, lagging climate conditions by 50-100 

                                                 
2 These data were provided by the presenter after the workshop but were not part of the original 
workshop presentation. 
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years.  Based on this, the overall vulnerability of spruce-fir in the state is considered moderate 
at mid-century.  As of 2014, over 4 million acres of potential lynx habitat has been impacted by 
bark beetle outbreaks; however, lynx and hares continued to use impacted areas, even when 
beetle impacts are severe.  Red squirrel use declined in areas that were heavily impacted by 
beetles.  Large fires also have impacted lynx habitat, and as elsewhere, fire size, frequency, 
and intensity are expected to increase with climate change.  A cursory, pre-analysis review of 
location data suggests that lynx make use of landscapes in which heavy winter recreation 
occurs.  However, use of developed ski areas is light, and outside of ski areas, heavy lynx use 
tends to occur in thick timber that is not used by snowmobilers and other backcountry users.  
Finally, lynx frequently crossed 2-lane paved highways in home ranges (0.6 crossings/day), 
more often at dusk and night, coincident with lower traffic volumes, and usually at forested 
crossings.  Recent results from a new large-scale monitoring program indicated that lynx 
occupied a similar proportion of the landscape in the San Juans Mountains during winter 2014-
15 as they did during winter 2010-11.  

Expert Elicitation Process 
All questions posed to the 10 lynx expert panelists were framed in the context of the 3Rs, a 
driving principle for evaluating viability under the SSA framework.  In questioning, we used a 
modified Delphi method (e.g., MacMillan and Marshall 2006), which involves eliciting individual 
responses/scores, exploring response rationale and differences in expert judgment through 
guided discussions, then allowing experts to reconsider their scores in light of those discussions 
if they so desire.   
 
In our implementation of the modified Delphi approach, panel members were first asked to 
respond individually to a particular question and indicate their level of confidence in their 
response.  We then collated and noted the range of responses, which became the mechanism 
for follow-up discussion.  In collating responses, we used a simple numeric coding system 
rather than the experts’ names to provide for a reasonable level of anonymity.  We noted where 
there was high congruence among responses, as well as low congruence and outlying 
responses.  By asking for experts to voluntarily provide their reasoning for particular responses, 
we were able to delve into the basis for varying opinions.  After the discussion period, experts 
were given the opportunity to revise their scores.   
 
In addition to elicited responses to each question, we received substantial feedback from the 
experts on definitional issues and the validity of the questions themselves; we revised the 
questions as needed following these discussions.  In the case of a revised question, scores 
were elicited again following the revision.  The second round of scoring was displayed for 
experts, with a closing opportunity for comment, discussion, or score revision. 
 
All panel members were encouraged to respond to each question but also given the option of 
abstaining from responding to a question if they felt it was beyond the bounds of their expertise.  
With few exceptions, all 10 expert panelists responded as requested to every question.  
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Instances where experts either chose not to reply or otherwise replied in a manner differing from 
the expected form of response to the question are noted in the responses below. 

Lynx Status:  Expert Elicitation and Responses 
Questions for experts were scripted by the Lynx SSA Team prior to the meeting to facilitate 
discussion of lynx ecology among the experts, solicit their professional opinions, and to help the 
Service gather and synthesize biological information for use in the SSA, particularly where 
empirical data are lacking in the published literature and projecting habitat and population 
conditions into the future is needed.  Because of the uncertainty of quantifying the population 
status and other aspects of lynx biology, the Service and facilitators decided to generate a 
series of discussion questions with quantifiable responses (scores) concerning the redundancy, 
resilience, and representation (3 Rs) of the DPS.  Although scores provided a starting point for 
discussion among experts and are quantified, analyzed, and summarized as appropriate in the 
following sections of this report, the Service also places high value on the content of the 
discussion among experts.  Therefore, both the analyses of scores and summaries of the 
discussion content are presented and will be considered during development of the SSA, noting 
that both were integral to the expert elicitation process. 

The types of questions and the format of responses differed based on the information needed to 
inform the status assessment, and the best way to capture the information relevant to the 
question being asked.  For example, responses were requested in the form of lists, when a set 
of influences was desired, in the form of a 4 point elicitation (e.g., the most likely, high, and low 
end of a range, and confidence that the range contains the true value) when an uncertain 
quantitative value was desired, in the form of graphed trajectories when probabilities of 
persistence over time were desired, and other forms as necessary (see questions below).  
Experts submitted their scores independently via submission sheets (sticky notes, index cards, 
graph paper, etc.) with their ID numbers.  Note takers recorded and displayed scores to assist 
discussion.  Facilitators and other members of the SSA Team then asked directed questions to 
clarify responses from the panelists as needed.  Following each round of discussion and 
clarification, the panelists were provided the opportunity to update their response if desired and 
the second round of responses were collected and recorded.  The final responses are the only 
responses reported here.  The range of individual responses that we received was not 
combined (e.g., averaged or otherwise) in any way that would obscure or conceal individual 
responses, and the final scores for each panelist were recorded if the response was revised. 

We present the results of the expert elicitation below under the headings of representation, 
redundancy, and resilience.  Under each heading, the following is provided:  the definition of the 
viability category (3 Rs) under consideration, the question(s) asked of the expert panelists, 
response type (i.e., the form of the response requested of the experts), question clarification 
(i.e., a narrative description of any additional information provided to the experts by the 
facilitators for clarification as the questions were asked), expert responses, and notes from the 
discussion. 
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Expert Responses 

Representation 

Definition - Representation contributes to the adaptability and evolutionary capacity of a 
species over time, to accommodate long term issues like climate change.  The breadth of 
genetic ecological, demographic, and behavioral diversity across a species’ range may 
contribute to its capacity to adapt over time.  Measures of genetic and life history variability 
among populations, distribution of populations across a range of ecologically diverse locations 
or niches, etc., are useful proxies to measure.  Consider needs for establishing or reestablishing 
populations in unoccupied habitat that may be necessary or suitable for species adjustment to 
climate change or other stressors, including the need to replace former populations in no longer 
represented ecosystems. 

Representation Questions  

1.  Are any of the geographic units susceptible to genetic drift on a scale that would limit 
genetic viability?  If yes, which geographic units? 
 
Response Type:  Experts supplied a written response of “yes” or “no,” with a yes answer 
accompanied by a list of susceptible geographic units. 

Expert Responses:  Five experts responded that none of the geographic units are susceptible to 
meaningful genetic drift, two experts abstained from answering, and three experts responded 
that there are geographic units that are susceptible to such genetic drift.  Among the latter, one 
expert responded that the Colorado geographic unit is susceptible over a long period of time, 
and the other two experts responded that both the Colorado and GYA geographic units are 
susceptible to genetic drift. 

Discussion Points Following Initial Responses:  It wouldn’t take many immigrating lynx to 
provide adequate genetic diversity to prevent genetic drift.  One reproductively successful 
immigrating lynx every 5 to 10 years per geographic unit is likely sufficient to prevent genetic 
drift.  Most experts believed there was a low likelihood that even the smaller lynx populations 
(GYA and Washington) or those in more isolated geographic units (Colorado and GYA) are 
vulnerable to genetic drift at a scale that would impact viability, though several experts felt that 
both the GYA and the western Colorado units could experience meaningful drift in the absence 
of immigration or augmentation.  Overall, most experts felt there is a low risk of genetic drift 
being a problem for lynx in the DPS.  

2.  Are there locations from a lynx perspective that have unique habitat conditions 
relative to other areas in the lynx range that are necessary to foster future adaptive 
capacity of the DPS?  If yes, where? 
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Response Type:  Open discussion.  No response forms were submitted, but notes were taken 
on the discussion that followed. 
 
Question Clarification:  The experts required some clarification of terms and the intention of this 
question to respond.  Facilitators read the working definition of representation (above), which 
previously had been provided to the experts.  Experts then discussed representation across the 
lynx DPS from an adaptive capacity perspective. 
 
Expert Responses:  The response was an open discussion captured below. 
 
Discussion Points Following Initial Responses:  Maintaining genetic variability is important for 
adaptive capacity.  If uncertain about the capacity for lynx to adapt, then experts encouraged 
that all populations (and hence the genetic variation within each) be maintained.  Experts 
indicated that it doesn’t appear that any U.S. population is more or less important to maintain 
than the others because of relatively similar ecological settings and the generally low level of 
genetic differentiation across the DPS.  Summary:  Experts discussed that maintaining 
representation in the DPS could best be achieved by retaining current DPS populations, 
maintaining connectivity between DPS and Canadian lynx populations, conserving the genetic 
diversity currently represented in DPS, and avoiding impacts that could facilitate or increase the 
potential for or likelihood of genetic drift. 

It was also noted that lynx north of the DPS in some parts of eastern Canada (in New Brunswick 
and Quebec south of the St. Lawrence Seaway and on Newfoundland Island) have some 
unique alleles, including at functional genes, and should be preserved.  Lynx in these areas are 
relatively more isolated than lynx elsewhere in Canada.  Lynx south of the St. Lawrence are 
separated from lynx to the north by the seaway itself, which historically froze over during winter 
but which is now kept open to facilitate maritime shipping, perhaps reducing the level of genetic 
exchange between lynx on opposite sides.  Lynx on Newfoundland Island are separated from 
lynx in mainland Labrador and Quebec by the 15- to 60-kilometer-wide Strait of Belle Isle.  
Despite the relative isolation of these populations, genetic evidence indicates some interchange 
between lynx south and north of the St. Lawrence and between Newfoundland Island and 
mainland populations.  Eastern Canadian populations north of the St. Lawrence may have 
slightly different genetic composition than lynx in the Maine geographic unit. 

Redundancy 
Definition - Redundancy contributes to the ability of population types to withstand catastrophic 
events (hurricanes, wildfires, etc.).  The number and distribution of populations of each 
representative type contribute to the retention of various representative types despite 
catastrophic events by ensuring that the loss of a population doesn’t lead to the loss of 
representation. 

Redundancy Questions 
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1.  List the factors/catastrophic events that could functionally extirpate an entire 
geographic unit. 
   
Response Type:  Each expert supplied a written list submitted via index card of the 
factors/catastrophic events. 
 
Question Clarification:  Three issues required clarification prior to obtaining responses to this 
question.  First, we initially asked about eliminating a “population” rather than a geographic unit.  
Because some of the geographic units may support several relatively isolated subpopulations, 
experts questioned whether we meant individual populations or subpopulations.  We clarified 
that we are evaluating the likely persistence of resident lynx populations in each of the six 
geographic units that currently support or recently supported them; therefore, we are interested 
in the likelihood that a catastrophic event could result in the extirpation of resident lynx from the 
entirety of any of the geographic units. Second, we were asked if extirpation meant the 
complete loss of all lynx from a unit.  We clarified that we wanted to know if lynx could be 
“functionally extirpated” from any geographic unit, with functional extirpation described as the 
loss of the unit’s ability to support a resident breeding population(s) of lynx.  Third, experts were 
not clear what an “event” entailed.  After discussion, it was agreed that an event was defined as 
a single occurrence of some form, such as a fire, drought, hurricane, etc., that occurs over a 
relatively brief period of time, rather than a series of smaller cumulative events (e.g., a series of 
climate change-associated occurrences of fires or insect outbreaks over the course of a 
decade) causing a cumulative catastrophic result. 

Expert Response:  Six of the ten experts did not list any catastrophic events that could result in 
the functional extirpation of lynx from any entire geographic unit.  Three of the experts listed 
multiple catastrophic events they felt could result in at least temporary functional extirpation of 
lynx in a unit.  Among these, two of the experts listed fire, three listed disease, one listed insect 
outbreak, and one listed a failure of winter conditions due to a combination of heat or drought 
conditions.  One expert listed geographic unit-specific events, namely fire or insect outbreak for 
the Washington geographic unit, insect outbreak in Maine, and either insect outbreak or fire for 
one of the Minnesota geographic unit’s groupings of individuals, but not all. 

Discussion Points Following Initial Responses:  Experts were told that climate change was not 
considered a catastrophic event because it is both a driver of events and influences severity, 
rather than being an event itself as defined above.  Experts discussed the possibility that the 
Washington geographic unit, because of its relatively smaller size and history of recent 
extensive fires in lynx habitat, may be at risk of functional extirpation from multiple catastrophic 
events; disease, fire, and beetle outbreak were all mentioned as possible events.  One expert 
suggested that the Minnesota geographic unit could potentially be eliminated by a very large 
fire, although there was a low probability of this occurring.  Experts expressed some uncertainty 
whether fire could occur at the severity and scale sufficient to eliminate an entire geographic 
unit; however, a series of fires over a short time period may have the potential to cause 
functional extirpation of lynx from a geographic unit or significantly reduce the number of 
resident lynx it could support, at least temporarily. 



27 

2.  Could any of the catastrophic events listed in response to redundancy question 1 
eliminate all 6 geographic units simultaneously? 
 
Response Type:  Each expert supplied a written response of “yes” or “no.” 

Expert Response:  All experts answered “no.” 

3.  What is the probability (expressed as a percentage) that any single geographic unit 
could be eliminated by a single catastrophic event in the next 10 years? 
 
Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  In response to the discussion around question #1, which resulted in the 
inclusion of question 3, this question was modified from its original script to include a 10-year 
time frame (underlined). 

Expert Responses:  All responders gave a relatively low probability (≤ 10%, median of 1%) that 
any single geographic unit could be eliminated (resident lynx functionally extirpated) by a single 
catastrophic event in the next 10 years (Figure 2).   

4. What is the percent likelihood that a series of catastrophic events within the next 10 
years could cause functional extirpation of one or more lynx geographic units? 

Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  This question was developed after discussion of question 3 to capture 
the possibility of functional extirpation of lynx from geographic units due to a series of 
catastrophic events over a relatively short time rather than a single event that occurs at one 
point in time. 

Expert Responses:  The percent likelihood ranged from 0.5% to 60%, with a median response 
of 7.5% (Figure 2).  Expert responses indicated a higher probability of a series of catastrophic 
events over 10 years resulting in functional extirpation than a single event in the next 10 years, 
as in question 3.  
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Figure 2.  Individual scores and summary boxplots of the percent chance that a geographic unit 
is eliminated by a single catastrophic event (question #3, left) or a series of catastrophic events 
(question #4, right) in the next 10 years.  Note:  This and all subsequent figures below were 
generated using the statistical software R (Appendix 6).  

In Figure 2, individual responses to a single catastrophic event were 0.01%, 0.1%, five 
responses of 1%, 5%, and two responses of 10%.  Individuals responses to a series of 
catastrophic events were 0.5%, 1.1%, three responses of 5%, 10%, 15%, 20%, 40%, and 60%).  
Boxplots illustrate response mean values (bold black lines), the 25% and 75% quartiles (upper 
and lower bounds of boxes), and the highest and lowest values within 1.5 times the quartile 
range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of the 
whiskers (outside 1.5 times the quartile range) are considered outliers and plotted as points 
beyond the ends of the whiskers (i.e., experts 3 & 4 in Q3 and experts 3 and 10 in Q4, as 
indicated by the points plotted between experts 5 and 6).  The individual expert responses used 
to produce the boxplots are indicated by x-marks.  Boxplots are provided as a summarizing 
visualization to aid comprehension of the experts’ responses and their range, and the summary 
values are presented in this context and not intended for use outside of the context of the full set 
of responses. 

Discussion Points Following Initial Responses:  One expert noted that the probability of 
extirpation in any one of the 6 geographic units is greater than the probability of a single specific 
geographic unit being extirpated.  Also, any combination of a series of events over a decade 
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increases the likelihood of extirpation in any one geographic unit relative to the probability of 
extirpation due to a single event.  

Although median probabilities of extirpation were low, experts felt the geographically smallest 
unit (Washington) and those units believed currently to support the fewest resident lynx (GYA, 
Washington, and Minnesota) were the most vulnerable geographic units when scoring this 
exercise.  Fire, drought, and beetle kill were the most frequently mentioned events that were 
considered by the experts when answering this question.  Some experts felt that these 
geographic units may be susceptible to such a scenario because of small geographic and/or 
population sizes and distribution.  In particular, it was noted that this past year there were many 
fires in lynx habitat, especially in Washington, and another year with similar fire impacts, or a 
few such fire years in a 10 year period, could lead to extirpation of lynx in the Washington 
geographic unit.  An expert noted there currently may be as few as 24 remaining females in 
Washington and that with fewer individuals in this area it would result in a higher probability of at 
least temporary extirpation.  Experts noted that fire disturbance data are likely available that 
could be used to model the likelihood of future fire impacts to each geographic unit.  

Experts with outlier responses provided their rationales.  Experts having the lowest scores 
believed that even the smallest geographic units would have only a low probability of extirpation 
in the next decade - that the time frame under consideration was very short.   

5.  What length of time would be required for a geographic unit eliminated by a 
catastrophic event to reestablish naturally? 
  
Response type:  4-point elicitation.  Each expert supplied a written response in years for the 
longest, shortest, and most plausible time periods for reestablishment of a resident lynx 
population within a geographic unit following functional extirpation.  They were also asked to 
indicate their confidence, as a percentage chance, that the true amount of time necessary for 
reestablishment would fall between the shortest and longest plausible time periods provided. 
 
Expert Responses:  The responses to each of the points elicited are shown below in Table 1.  
Two experts provided additional information beyond the 4 points elicited when responding.  One 
presented two scenarios, one in which connectivity is intact and the habitat was damaged by the 
catastrophic event (e.g., insect outbreak or fire) which would require habitat regrowth first, and 
the second in which the habitat remained present.  In the case of habitat being present the most 
likely time period response was less than 10 years.  In the habitat elimination scenario the 
expert felt given climate changes to habitat that the geographic unit would not re-establish.  The 
second expert responded by geographic unit, with the exception of the Minnesota geographic 
unit for which there was no response.  Their responses are summarized in Table 1 using the 
overall longest and shortest responses as well as the average of the most plausible time (see 
footnote 3). 
 
Table 1.  Expert responses regarding the natural reestablishment time in years for a geographic 
unit after extirpation by a catastrophic event. 
 



30 

Expert # 
Reestablishment Time in Years Percent Confidence in 

Range3 Shortest Plausible 
Time 

Most Plausible 
Time  

Longest Plausible 
Time 

1 10 40 100 50% 
2 15 100 300 80% 
3 15 35 60 5% 
44 1, 

will not reestablish 
<10,  

will not 
reestablish 

will not reestablish 100% 

5 25 50 100 75% 
6 20 30 50 90% 
7 15 20 25 90% 
8 15 50 will not reestablish 40% 
9 20 30 100 50% 

105 15 55 200 50% 
 

Expert responses are also visualized in Figure 3 and Figure 4 below.  The raw responses are 
visualized in box plot form to aid communication of the results (Figure 3).  Confidence ranges 
provided in a four point elicitations enable expert responses to be rescaled to produce a 
common confidence bound across experts using linear extrapolation (e.g., McBride et al. 2012).  
We calculated the 95% confidence interval for the shortest and longest plausible time periods 
for each expert (Figure 4).  In cases where the linear extrapolation resulted in negative years for 
the shortest time periods, we adjusted to zero.  This may indicate underconfidence in the 
responses provided by the experts, or that the use of linear extrapolation for these 4-point 
elicitation responses fails to distribute expert uncertainty in a manner consistent with the actual 
uncertainty present in expert responses (i.e., the experts could have been more confident in 
their shortest plausible time response than their longest plausible time responses, which the 
linear extrapolation doesn’t account for). 

                                                 
3 Expert confidence that the true recovery time would fall between the shortest and longest time periods 
of their response. 
4 This expert provided a response for two scenarios, first that the catastrophic event does not result in 
habitat loss, and second that habitat is lost and therefore connectivity to extant populations is lost. 
5 This expert provided separate responses for each geographic unit.  The values in this table are the 
overall shortest, longest, and average most plausible number of years indicated in the responses across 
geographic units. 



31 

 
Figure 3.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events. 

The raw responses for each of the three time periods (longest plausible time to reestablishment, 
most plausible time, and shortest plausible time period) are displayed in the box plots in Figure 
3 above.  Boxplots illustrate response mean values (bold black lines), the 25% and 75% 
quartiles (upper and lower bounds of boxes), and the highest and lowest values within 1.5 times 
the quartile range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of 
the whiskers are considered outliers and plotted as points.  The individual expert responses 
used to produce the boxplots are indicated by x-marks.  Boxplots are provided as a 
summarizing visualization to aid comprehension of the experts’ responses and their range, and 
the summary values are presented in this context and not intended for use outside of the 
context of the full set of responses. 
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Figure 4.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events, adjusted to provide 95% confidence bounds. 

In Figure 4, 95% confidence bounds were produced from the 4-point responses using linear 
extrapolation.  Shortest plausible time period is in blue, most plausible is green, and longest 
plausible is red.  For plotting purposes negative shortest time period values were adjusted to 
zero, and all zeroes in the plot indicate 95% confidence bounds that extended below zero.  
Longest time periods beyond 350 years were plotted at 350, with the actual time period noted in 
text left and below those points.  Also note that expert 10 responded by geographic unit, so the 
figure displays the 95% confidence bound adjusted overall longest, overall shortest, and 
average most plausible time periods across the six units for expert 10. 

Discussion Points Following Initial Responses:  Experts discussed the amount of time it takes 
for habitat to recover after catastrophic events (e.g., fire, insects) when considering timeframes 
for repopulation.  Some experts could picture some geographic units never being recolonized 
again, and that some could be recolonized immediately, depending on which geographic unit is 
being evaluated and the level of connectivity to other geographic units and to lynx populations in 
Canada.  Washington is more connected to Canada than the Colorado geographic unit for 
example.  The rate of recolonization was variable for each geographic unit because of the size 
of each geographic unit, status of adjacent source geographic units, and the level of 
connectivity.  Experts found it hard to generalize across the range of the species for this 
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question.  The variances in the geographic units across the range need to be considered.  
Experts believed GYA and CO would have a long period for recolonization, if ever recolonized, 
after a potential extirpation event because of the lack of connectivity with Canadian populations.  
It is likely that those geographic units with connectivity to Canada would recover much sooner 
than geographic units not connected to Canada. 

Resiliency 

Definition - Resiliency speaks to an individual population’s ability to tolerate environmental and 
demographic stochasticity, such as fluctuations in temperature or genetic drift.  It is often 
measured in terms of population size and growth rate, but in fact is dependent on a number of 
traits, both demographic and environmental.  These include, among others: age or stage class 
distribution, genetic heterogeneity, birth rates, annual survivorship, sex ratios, etc., and the 
quality and extent of habitat, the degree of disease, competition, etc.  Metapopulation dynamics 
and distribution can also contribute to population resiliency in some species. 

Resiliency Questions:  Probability of Persistence Exercise  

Exercise Summary 

The first two resiliency questions were asked concurrently as part of a probability-of-persistence 
exercise conducted for each geographic unit.  Experts were asked to graphically provide the 
probability of persistence of resident lynx through time for each geographic unit, as well as the 
major factors influencing persistence in those geographic units, one geographic unit at a time.  
Experts were asked to provide persistence probabilities and influencing factors for the near-term 
(2025), mid-term (2050) and longer-term (2100).  Experts were also asked to indicate on each 
of their graph sheets the emissions scenario (low, moderate, or high/status quo) they were 
considering in graphing persistence probabilities and listing influencing factors.  
 
We began this exercise with the Northern Maine geographic unit, and the discussion and 
questions among experts that followed the initial persistence-graphing and factor-listing efforts 
indicated that a review of the status and major issues confronting lynx in each unit (a quick 
reminder and summary of the earlier status update presentations) would be helpful.  Therefore, 
prior to expert responses for the remaining units, the expert(s) most familiar with the geographic 
unit in question gave a 5-10 minute summary of what they viewed as the most relevant 
information about the current and likely future status of lynx populations and habitats in that unit.  
They also presented any other conditions or issues they thought could affect the probability of 
persistence of resident lynx in that unit.  All experts then completed their graphs and lists of the 
factors that influenced the probabilities of persistence they selected for each time frame for the 
geographic unit in question.  For the Maine unit, the discussion following initial responses 
served the same purpose, and after that discussion, experts were given the opportunity to 
revise their responses if they felt it necessary. 
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After all experts completed their responses, the graphs and influence lists from each expert 
were posted on the wall, and workshop participants were invited to gather around to view and 
discuss the range of responses.  Facilitators and SSA Team members then polled the experts 
about what drove their responses.  These questions were a mix of directed questions about 
unique responses, the role of particular factors noted in the responses, and open-ended 
questions to allow experts to describe their thinking.  Experts and team members were also 
encouraged to ask clarifying questions about the responses.  Experts were encouraged to 
modify their responses by posting a revised sheet above their first response if they wished to 
adjust their responses based on the discussions. 
 
1.  What is the probability of persistence over time (particularly at present, 2025, 2050, 
and 2100) for each of the 6 major geographic units? 
 
Response Type:  Graphical 3-point elicitation.  Each expert was provided a blank sheet of 
graphing paper with a y axis of probability of persistence, and an x axis of time, with 4 time 
periods bolded (2015, 2025, 2050, and 2100).  For each of those years, experts were asked to 
add a point to the graph representing the lowest, highest, and most likely probabilities of 
persistence at that time period.  Experts were also asked to connect the points through time. 
 
Question Clarification:  It was explained that the most likely point should represent the 
probability of persistence that the expert anticipates to be most likely to occur for that 
geographic unit at each time period, and that  the points for lowest and highest probability of 
persistence were intended to capture the expert’s uncertainty in the future probability of 
persistence.  Experts preferred to indicate a most likely probability and to provide a full 
confidence interval (i.e., upper and lower bounds within which they felt 100% certain the future 
probability of persistence would fall) rather than indicate a confidence level associated with the 
lowest and highest probability responses. 
 
Expert Responses:  Responses are by geographic unit and are presented below in conjunction 
with the responses to question #2 below. 
 
2.  What are the major drivers/factors (up to 3) reducing probability of persistence for 
each of the major geographic units? 
 
Response Type:  Ranked list of top three factors, for each point in time (present, 2025, 2050, 
and 2100), with % contribution of each factor. 
 
Question Clarification:  Resiliency questions 1 and 2 were asked concurrently.  Experts were 
provided a sheet of paper for each geographic unit and the area at the bottom of the sheet 
below the graphing area was used to list the three major factors they expected would most 
significantly influence the probability of persistence at each time period.  Influencing factors 
were described as those anthropogenic or naturally-occurring activities, events or factors that 
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could influence the probability that resident lynx populations will persist in a given geographic 
unit. 
 

Expert  Responses:  For each geographic unit an overview of the unit from the area 
expert are provided, as well a summary of the hand drawn graphs via a figure (Figures 
5 - 10), the responses and major factors are summarized via text, and the discussion 
that the responses generated are presented. 

Results by Geographic Unit 

Northern Maine  

Pre-graphing Overview from Unit Experts:  This step was not added to the process until after the 
probability of persistence exercise for this unit.  Because this unit was the first for which experts 
attempted to graph persistence over time, there were many questions and much discussion 
about process and intent.  It was the discussion following this initial graphing exercise that led 
the SSA Team to request unit summaries prior to subsequent graphing exercises.  The Team 
felt that overview information similar to that provided prior to graphing persistence for 
subsequent units (below) came out during the discussion.  Further, because experts were 
encouraged to update their Northern Maine geographic unit responses as necessary following 
that discussion, the Team felt that the results of the graphing exercise for the Northern Maine 
geographic unit were valid and comparable to the results generated for the other units. 

Expert Responses:  All experts indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Maine through the end of the century, with uncertainty (range 
between lowest and highest probabilities) also increasing over time.  Nearly all experts 
predicted near-term (year 2025) persistence probability >= 90% and mid-century persistence >= 
70%.  All experts predicted end-of-century persistence probability >= 50% for this unit, with most 
predicting a 40% to 60% probability of persistence by 2100 (Figure 5).  Near-term drivers that 
influenced experts’ probabilities of persistence for this geographic unit were changes in private 
forest land ownership, changes in forestry management (timber harvest methods, volumes, and 
spatial distributions), habitat decline (succession of previous clear-cuts from young, dense 
regenerating stands to mature stands less conducive to high hare densities), spruce budworm 
outbreak, climate change-induced loss of spruce-fir habitats, and competition with bobcats due 
to climate change-induced loss of snow conditions that favor lynx.  Longer-term (2050, 2100) 
drivers similarly included changes in forestry practices, but also climate-driven loss of snow 
conditions favorable to lynx/competition with bobcats, and loss of spruce-fir forest.  As with 
responses for other geographic units, not all experts provided the factors that influenced their 
persistence probabilities for each time period, and not all provided the percent contribution of 
each factor. 
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Figure 5.  Expected probability of persistence for the Northern Maine geographic unit at present, 
2015, and in 2025, 2050 and 2100. 

Note:  In Figure 5, above, and figures 6 through 10, below, points for each of the 10 expert 
responses, for each of the three probability of persistence levels, i.e., highest, most likely, and 
lowest probabilities of persistence, are represented by the hollow red, filled green, and hollow 
blue points respectively.  The black x mark is the median of the most likely responses across 
the experts in each response year.  The red, green, and blue dashed lines connect the median 
of the highest, most likely, and lowest probability of persistence responses across the experts in 
each response year.  The edges of the grey area were defined by the extreme responses, i.e., 
the range from the largest of the highest probability of persistence responses to the smallest of 
the lowest probability of persistence responses.  The median lines and grey area are provided 
as a summarizing visualization to aid comprehension of the experts’ responses and their range, 
and should not be viewed as a substitute for individual responses or presented outside the 
context of the accompanying discussion. 

Discussion Points Following Initial Responses:  One expert expressed confidence that the lynx 
population in Maine will be stable in the near term; that climate change out to 2050 will primarily 
affect coastal areas, which support few lynx; and that there will likely still be favorable conditions 
for lynx in northern Maine where most lynx currently occur.  A second expert disagreed, and 
indicated that a combination of aging of the last of the budworm-era (1970s-80s) clear-cuts, the 
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cumulative effects of the last 25-years of partial harvesting (in accordance with the Maine Forest 
Practices Act), and the coming spruce budworm outbreak will all substantially reduce the 
amount of high quality lynx/hare habitat in this unit.  Projecting past 2050, experts generally 
agreed that climate change will likely create unfavorable conditions (e.g., insufficient snow, loss 
[northward migration] of spruce-fir forests) in northern Maine’s core area for lynx, and the 
probability of persistence will decline over the longer term.  Although uncertainty increases with 
time from the present, climate-related loss of favorable snow conditions (amount, consistency, 
and duration), loss of spruce-fir, and bobcat competition will likely reduce the probability of 
persistence in this unit beyond 2050.   

There was some concern that timber companies would not respond to the pending spruce 
budworm outbreak like they did in the 1970s (extensive clear-cuts).  Some experts also 
expressed concerns about the effects of the current clear-cuts aging past conditions that 
support hares and lynx.  Out to year 2050, changes in snow conditions and loss of spruce-fir 
associated with climate change will contribute to habitat loss.  Past 2050, diminished snow, 
successional loss of high-quality habitats, increased competition from bobcats, and spruce-fir 
decline will make conditions unfavorable for lynx.  Some experts assumed a high-emissions 
climate change scenario, but others said their predictions would not change under moderate 
emissions scenarios.  The second expert (above) indicated that current data show spruce-fir 
habitat is being replaced with a hardwood forest (red maple) system, and that this will continue 
throughout the century.  This expert indicated hardwood forest invasion isn’t being controlled by 
herbicides as it was in the last budworm outbreak.  The first expert (above) disagreed and said 
that lynx are resilient and forestry practices will likely sustain spruce-fir habitats in Maine, 
providing an example of one timber company that has already invested in spruce plantations.  
The second expert indicated that most of the land base is owned now by Timber Investment 
Management Organizations and Real Estate Investment Trusts who will not employ intensive or 
expensive (plantation, herbicide) forms of forestry.  In summary, experts expressed a variety of 
opinions about how forest management may change in the future in Maine and, in particular, 
how forest landowners and managers may respond to the pending spruce budworm outbreak, 
and how these responses may impact resident lynx.  

Other factors considered by the experts included budworm outbreaks, the potential for disease 
in a lynx population (not currently a recognized or documented threat and typically unexpected, 
but always a possibility), ecosystem change induced by climate change, forest tree species 
composition changes, competition with other temperate forest animals.  There are many 
interrelated factors and different stresses and factors that may occur in the future.  It is difficult 
to anticipate the factors that will affect lynx in the future.   

Experts discussed the role of competition between lynx and other carnivores, especially 
bobcats, throughout the DPS.  One expert remarked that in some parts of Montana there is 
complete overlap of lynx and bobcat home ranges and little or no evidence of competition 
effects.  Others indicated relatively narrow regions of overlap and sharp demarcation between 
areas that support home ranges of the two species that correspond with annual snowfall 
amounts in Maine and Minnesota.  Experts were unsure whether bobcat-lynx overlap is more a 
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function of snow conditions in these areas or competition between the species (i.e., competition 
for food or behavioral competition).  Although separation of the species has been documented, 
the nature and causes of the separation are not certain.  Bobcats are a more generalist predator 
than lynx and less reliant upon hares than lynx.  Experts expressed varying opinions regarding 
seasonal differences in overlap among lynx and bobcat diets, the effect and importance of 
competition between the two species, and whether it is behavioral or resource competition.    

Lynx in Maine have not responded to changes in hare abundance exactly as lynx in Canada 
and Alaska have to hare population cycles.  In Maine, the proportion of females that reproduced 
and average litter size declined during low hare years, as in the north, but home range sizes in 
Maine did not increase as they did in the north when hare abundance was low.  Hare densities 
do not appear to have dropped below a critical threshold to alter lynx home range size in Maine 
as in the North.   

An SSA Team member asked how hare cycles or fluctuations may affect predictions of 
persistence in Maine.  The first expert (above) said that hare declines documented by University 
of Maine monitoring is likely due to the aging forest, and that lynx in Maine haven’t yet 
responded biologically to the range of hare densities observed in Maine, as suggested by the 
lack of change in home range sizes and survival.  The second expert (above) disagreed, and 
cited University of Maine research that showed hare populations declined by ~50% in all stand 
types sampled starting in 2006, that forests where hares were monitored have not yet 
progressed to the self-thinning stage, and that the hare decline in Maine is mirrored by hare 
data from southern Quebec.   

Northeastern Minnesota 

Pre-graphing Overview from Unit Experts:  There are probably 50-200 resident lynx in 
Minnesota but there is much uncertainty and survey protocols do not support generation of 
precise abundance estimates.  Lynx occupancy and reproduction both have been consistently 
documented in the state since it was listed in 2000.  Lynx in this geographic unit are interacting 
with, and possibly depending on, southern Ontario populations.  Although females exhibit high 
reproductive rates, radio-telemetry data suggest low recruitment of Minnesota-born kittens into 
the breeding population of this geographic unit.  Bobcats are a potential future stressor as they 
are encroaching into lynx areas; fire is a threat in dry years (e.g., there have been 3 fires in last 
15 years that have burned approximately 20% of lynx habitat).  The forest management industry 
is tied to softwoods and continued management of softwood tree species is expected in the 
future. 

Expert Responses:  As with the previous unit, all expert graphs showed initially high and 
subsequently declining probability of lynx persistence in Minnesota over time, along with 
increasing uncertainty through the end of the century.  Nearly all experts predicted near-term 
(year 2025) persistence probability >= 90%, and all experts predicted mid-century persistence at 
60% to 90% (median = 80%).  Experts predicted end-of-century persistence probabilities of 10% 
to 60%, with a median of 35%, by 2100 (Figure 6).  Near term drivers were reduced snow, 
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bobcat competition, disease in lynx (e.g., lungworm, liver fluke, feline leukemia), and forest 
insects.  Long term drivers were reduced snow, competition with bobcat, loss of spruce-fir 
forests, fires, and climate change. 

 

Figure 6.  Expected probability of persistence for the Minnesota geographic unit at present 
(2015), and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts expressed uncertainty whether 
potential climate change impacts will be realized in the short term, but that the cumulative 
effects of climate-induced changes seem more likely in the longer term.  This uncertainty may 
be a source of variability in predicted persistence probabilities.   Some experts expressed 
uncertainty about the accuracy of the rough estimate of the size of the lynx population in this 
unit because surveys were not designed to provide population estimates.  Some experts wanted 
clarification on the distribution of lynx in the state, and which areas of the state have the highest 
use.  The core-use spatial extent was described as a 20-mile-wide strip inland from the north 
shore of Lake Superior and extending about 60 miles from the northeast tip of the “arrowhead” 
southwest into the Superior National Forest (SNF).  Lynx occasionally occur further west in the 
SNF and in other areas such as Voyageurs National Park.  Recent snow-track surveys suggest 
lynx may be using a larger portion of the arrowhead region, and radio-telemetry data have 
documented travel to and from southern Ontario.  Lynx also have been documented to use the 
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1-million-acre Boundary Waters Canoe Area Wilderness (BWCAW) that borders Canada for 
dispersal in both directions across the border.  However, because the BWCAW has not been 
surveyed for lynx, the number of lynx that may use this area is unknown.  The SNF does not 
actively manage the BWCAW.  The current connectivity between lynx in this unit and the larger 
population in Ontario reduces the likelihood of local extirpation in this geographic unit, but the 
likelihood would increase if connectivity was compromised and cross-border interactions 
reduced. 

Factors considered included potential disease, fire, loss of boreal forest, competition with 
bobcats and possibly other hare predators.  Some experts questioned the validity of disease as 
an influence in this and other geographic units because although disease has been documented 
in some felines, it has not been documented as a threat to lynx in any of the DPS populations to 
date.  Some experts speculated that because there is a link between disease and temperature 
increases in other animals, projected climate warming could contribute to disease in lynx.  
Therefore, although not a factor for lynx currently, it is not unreasonable that disease could 
impact lynx populations in the DPS in the future, so we may want to consider disease in future 
conservation planning.  Experts also discussed the possibility that climate warming may 
facilitate the westward expansion of the spruce budworm outbreak that is projected for Maine 
and eastern Canada into southern Ontario and the Minnesota geographic unit. 

Northwestern Montana/ Northeastern Idaho 

Pre-graphing Overview from Unit Experts:  There are likely 200-300 lynx in this unit in several 
subpopulations (expert stressed that this is a guess and not a true population estimate), and 
there is currently a connection with lynx in Canada.  Climate models project that some boreal 
forest will persist in this unit and that it will maintain snow into the future.  In this unit, lynx 
primarily occupy public lands, which are actively managed for lynx into the future.  In recent 
decades, fires have occurred on a large scale, with high intensity and increasing frequency.  
There have been no documented cases of beetle infestations in lynx habitats in this unit. 

Expert Responses:  As for previous units, all expert graphs showed an initially high and 
subsequently decreasing probability of persistence for this unit, with increasing uncertainty over 
time, but a higher probability of persistence at all time frames than other units.  All experts 
predicted near-term (year 2025) persistence probability >= 95%, and all predicted mid-century 
persistence at 70% to 100% (median = 90%).  All experts predicted end-of-century persistence 
probabilities >= 50%, with a median of 78%, by 2100 (Figure 7). 
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Figure 7.  Expected probability of persistence for the Northwestern Montana/Northeastern Idaho 
geographic unit at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Overall, experts assigned a higher probability of 
persistence in this unit compared to the other two units discussed thus far.  Most lynx habitats in 
this unit occur on Federal lands that are managed for lynx conservation, but one expert noted 
that little has been done to document whether lynx are responding to this management.  The 
recent sale of large tracts of private commercial timberlands in the central part of this unit to The 
Nature Conservancy has increased protection for lynx via conservation easements managed for 
lynx.  Habitats in some areas should improve in the near future as previously cut or burned 
areas mature into dense stands.  Unlike the Maine and Minnesota geographic units (but similar 
to most other western units), high elevations in this unit could buffer the effects of climate 
change by providing for the upslope migration of lynx habitats and snow conditions that climate 
models predict.  However, this would result in even patchier and more isolated islands of habitat 
in high elevation areas that would be more prone to extirpation due to catastrophic or stochastic 
events.  Competition from coyotes and bobcats seem to be less of a concern for this unit. 

This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 
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occurring or will into the future.  There doesn’t appear to be much demographic input from 
recent cycles.  There is evidence of lynx from this unit moving north into Canada, but little 
evidence of demographic interactions among the three subpopulations (Purcell Mountains, 
Seeley Lake, and Garnet Mountains) in this unit.  Experts noted that the Garnets Mountains 
subpopulation at the southern end of this unit may have recently become extirpated.     

Discussion among experts indicated that fire was more of a concern for this area.  Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit.  Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels.  Out to 2050 and 
beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity.  Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 

Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats.  Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change.  It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level.  One expert reminded that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation.  Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in future.   

North-central Washington 

Pre-graphing Overview from Unit Expert:  This geographic unit is thought to currently support 
roughly 50 resident lynx.  There may have been more lynx prior to recent major fires.  This unit 
is currently connected to Canada, and there is no indication that this connection will be 
disrupted.  Some of the best lynx habitat in this unit occurs on plateaus that may be more 
vulnerable to impacts of climate change because of the absence of higher-elevation areas to 
which habitats, lynx and hares could migrate in response to warming.  In areas that receive 
maritime climate influences, projected climate-induced changes to snow conditions could be 
detrimental for lynx.  Studies have shown good lynx survival rates in this unit. 

Expert Responses:  Compared to the previous units, most expert graphs showed a lower 
probability of persistence for this unit over the short term, and then lower probability of 
persistence along with increasing uncertainty by 2100, reflecting a more pessimistic outcome for 
this unit compared to previous units (Figure 8).  Experts predicted near-term (year 2025) 
persistence probabilities of 60% to 90% (median = 80%), and mid-century persistence at 30% to 



43 

80% (median = 70%).  All experts predicted end-of-century persistence probabilities less than 
50%, with a median of 38%, by 2100 (Figure 8).  However, one expert predicted an increase in 
persistence probability by mid-century as habitats impacted by recent large-scale fires 
regenerate into optimal hare-lynx habitat. 

 

Figure 8.  Expected probability of persistence for the North-central Washington geographic unit 
at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  The probability of lynx persistence in this unit 
could decrease sharply over the next 10-20 years because of extensive recent fires in lynx 
habitats and the time needed for these areas to regenerate back to good hare/lynx habitat.  
After that, the probability could rebound (or decline more slowly) over the longer term as these 
large areas return to prime habitat providing high hare densities.  The current small population is 
likely at greater risk of extirpation because of stochastic events, particularly if large fires in lynx 
habitat continue to occur in the near future as they have in the recent past.  A small population 
also could be more susceptible to disease, though none has been documented among lynx in 
this unit.  Experts discussed the extent to which small lynx populations could be reduced before 
they would become highly susceptible to stochastic demographic effects.  It was suggested that 
15-20 breeding individuals might be the minimum needed to avoid such susceptibility.  
Unimpeded connectivity between Canada and the Okanogan area of this unit could allow lynx to 
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repopulate currently-unsuitable areas after the habitat recovers.  Lynx in this unit are likely the 
southern portion of a larger population in Canada, not really a separate, isolated small 
population.  Factors that influenced expert persistence probabilities for this unit included fire, 
habitat loss, and the future loss of favorable snow conditions predicted by climate change 
models. 

Greater Yellowstone Area (GYA) 

Pre-graphing Overview from Unit Experts:  This unit has a long history of lynx presence, but the 
consistency of occupancy over time is uncertain.  Research and surveys since 1997 have 
detected few lynx in this unit.  Lynx are likely spatially limited within the unit because of the 
patchy distribution of high-quality habitat and the generally low or marginal hare densities in 
much of the unit.  Lynx have large home ranges in this area, an indicator of lower habitat quality.  
Nevertheless, until recently, this unit appears to have supported a small resident lynx 
population.  The current lynx population in this unit is very small - likely fewer than 10 lynx, and 
possibly zero.  This population may have been somewhat larger in the past; however, there is 
some uncertainty about this.  Recent surveys and trapping efforts have not detected resident 
lynx, only several that were previously released in Colorado.  Several Colorado-released lynx 
have established home ranges in the GYA unit, and there is evidence of overlapping male and 
female home ranges.  In the late 1800s and early 1900s, there was notable predator control in 
some parts of this unit.  There currently is oil and gas exploration and development activity in 
parts of this unit, but potential impacts to lynx are uncertain, and projects are attempting to 
minimize impacts to lynx habitat. 

Expert Responses:  The expert graphs for this unit were widely variable and had different 
outcomes and high uncertainty at all time frames.  Experts predicted near-term (year 2025) 
persistence probabilities of 10% to 70% (median = 52%), and mid-century persistence at 15% to 
60% (median = 35%).  All experts predicted end-of-century persistence probabilities less than 
50% for this unit, with a median of 15%, by 2100 (Figure 9).  This was the only unit for which 
most experts believed the present probability of persistence is low (i.e., that it is uncertain 
whether this area currently supports a resident lynx population).  Some experts increased 
probability of persistence into mid-century as the 1980s-era fires regenerate into hare/lynx 
habitat, and with the possibility of continued immigration of lynx from Colorado.  Other experts 
project a 10% to 20% probability of persistence by 2100.  One reason given for wide variability 
in responses is because of the uncertainty whether a population currently exists.  There were 
wide confidence intervals around the probabilities for all time periods for this area. 
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Figure 9.  Expected probability of persistence for the GYA geographic unit at present, 2015, and 
in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Current and future factors expressed by experts 
as influencing probability of persistence for this unit included small population size, forest 
disease and insect pests, and fire.  Some experts doubt that the GYA unit currently supports a 
resident breeding population of lynx.  Experts indicated that climate models predict that some 
parts of the GYA unit could provide refuge from climate change impacts because of their high 
elevations and potential to maintain winter snow levels into the future.  Summer conditions in 
this unit, however, could be drier in the future, resulting in increased fire frequency, extent and 
intensity, and additional temporary habitat loss.  However, regeneration of these areas and the 
extensive areas that have burned in the recent past may provide good habitat over the next 
several decades.  Lynx immigrating to this unit from Colorado could occupy such improved 
habitats in the near future.  Colorado lynx have made exploratory movements into the GYA in 
summer months, and analysis of available data could improve our understanding of Colorado 
lynx movement into and use of the GYA.  It is possible that lynx from Colorado are maintaining 
or could maintain lynx in GYA. 
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Western Colorado 

Pre-graphing Overview from Area Expert:  From 1999 to 2006, Colorado Division of Wildlife 
(CDOW; now Colorado Parks and Wildlife [CPW]) released 218 Canadian and Alaskan lynx into 
western Colorado.  Survival and litter sizes have been similar to rates observed in other DPS 
populations.  There are probably 100-250 lynx in Colorado today.  There are currently 5-6 
million acres of habitat in this unit thought capable of supporting lynx and where hares are 
present in sufficient numbers to support persistent reproduction.  Extensive bark beetle 
infestations have impacted large areas of lynx habitat, but snowshoe hare are still occupying 
areas with beetle damage.  Three large fires have occurred in recent years, resulting in some 
lynx habitat burned.  Salvage operations in burned areas could diminish future habitat quality.  
This unit is more isolated from Canadian and other DPS lynx populations; separated by a large 
swath of inhospitable habitat.  Road mortality of released lynx was initially high but it doesn’t 
seem to be a problem now (about 1 per year killed on roads on average since the first year of 
the reintroduction).  There is no incidental take from trapping because foothold traps are banned 
in Colorado.  Climate models show CO will maintain habitat over time with anticipated climate 
changes.  Like other western units, habitat is patchily-distributed across this unit. 

Expert Responses:  Similar to most of the other units, most expert graphs indicate an initially 
high probability of persistence in this unit that will decline gradually with increasing uncertainty 
through the end of the century.  Experts predicted near-term (year 2025) persistence 
probabilities of 60% to 100% (median = 90%), and mid-century persistence at 50% to 85% 
(median = 80%).  Experts predicted end-of-century persistence probabilities of 20% to 70% for 
this unit, with a median of 50%, by 2100 (Figure 10). 
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Figure 10.  Expected probability of persistence for the Western Colorado geographic unit at 
present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts indicated that beetle kill and fire 
could potentially create poor habitat conditions in large areas of this unit by mid-century, but that 
regeneration after these impacts could result in good lynx/hare habitats.  Others expressed 
uncertainty about whether fire and insect impacts would be temporary or permanent, especially 
considering climate change and the potential for conversion from boreal/subalpine forests to 
other forest types.  Although 8 of 10 experts graphed 50% to 70% probability of persistence at 
2100, during subsequent discussions, several expressed greater uncertainty about whether 
resident lynx will persist in the unit at the end of the century.  Higher-quality lynx habitat occurs 
primarily in two areas and is patchily-distributed.  Lynx in this unit may occur as several smaller, 
relatively isolated subpopulations, which are likely more vulnerable to stochastic events (similar 
to MT).  This unit’s relative isolation may limit exchange with other lynx populations, increasing 
the likelihood of genetic drift and reducing the chance of demographic rescue or recolonization if 
extirpated.  There was discussion about whether ski areas may affect daily movements of lynx, 
and hares may be declining in ski areas.  Ski areas tend to expand and may, therefore, have 
larger impacts on lynx in future.  There is some evidence of lynx using ski areas in summer 
months but avoiding them during the ski season.  It is uncertain whether ski areas may affect 
genetic connectivity within the Western Colorado geographic unit.  Two-thirds to three-quarters 
of the lynx in this unit are in the southern portion of the range in the San Juan Mountains.  There 
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is a large area (Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, 
so it is possible that lynx also could be using that area. 

Summary across Geographic Units 

This section extrapolates from the probability of persistence responses for each geographic unit 
in the section above.  In this section we show the combined probabilities of persistence for 
those geographic units to provide a sense of what the DPS-wide results could be when the 
results for the individual geographic units are combined.  This is shown as a summary of the 
probability that a given number of geographic units persist into the future (See Figure 11) using 
the probabilities provided for each individual unit.  Note that no additional information was 
elicited to produce this summary; rather, the probabilities for each geographic unit were treated 
as independent probabilities of persistence and used to determine the joint probability of 
persistence for a given number of geographic units in total.  Computationally these joint 
probabilities were computed using a convolution of the Bernoulli probability distribution of 
persistence for each geographic unit via a custom convolve function executed in the statistical 
software R (see Appendix 6 for the R code used to produce these and the other summaries and 
figures presented in the report).  The results of this convolution are shown in two forms, first is 
the probability that a particular number of geographic units persists (Figure 11) and the second 
is the cumulative probability that at least a given number of geographic units persist (Figure 12). 
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Figure 11.  Summarized probability of persistence of a given number of geographic units given 
the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 11 is the probability that the specific number of geographic 
units indicated by the x axis of the grid persist.  The probability sums to one in each grid.  
Moving from top to bottom the grids show the probabilities of a specific number of geographic 
units persisting by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by selection type and probability response.6  Therefore 
looking down a column of grids provides a view of the trend in persistence through time and 
looking across a row of grids provides a view of the range of uncertainty in persistence experts 
had for a given time period.  The summarized probabilities presented here are provided to aid 
understanding of the implications of the individual persistence probabilities provided above, and 

                                                 
6 “Median_High” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the highest probability response in each geographic unit. 
“Median_Likely” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the most likely probability response in each geographic unit. 
“Median_Low” is the probability of persistence generated by selecting the median probability of 
persistence across experts from the lowest probability response in each geographic unit. 
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are derived directly from those responses and therefore should be presented and considered in 
conjunction with those figures. 

 

Figure 12.  Summarized probability of persistence of at least a given number of geographic units 
given the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 12 is the probability that at least the number of geographic 
units indicated by the x axis of the grid persist.  The probability in a bar reaches 1 when there is 
no probability of fewer geographic units persisting.  Moving from top to bottom the grids show 
the probabilities by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by summary selection type and probability response as in 
Figure 11.  Therefore looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period.  The summarized probabilities presented here are provided 
to aid understanding of the implications of the individual persistence probabilities provided 
above, and are derived directly from those responses and therefore should be presented and 
considered in conjunction with those figures. 

Expert Assumptions during Persistence Graphing Exercises 

Experts were asked to summarize the assumptions that informed their responses to resiliency 
questions 1 and 2.  This was done via open discussion, with facilitators asking both direct 
questions about particular issues that could impact responses (e.g., climate change conditions), 
and open ended questions (e.g., what other assumptions were considered?). 
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Notes:  Climate-change emissions scenarios considered during this exercise differed among 
experts (and some responses did not indicate an emissions scenario).  However, in discussions 
following the graphing exercise, experts indicated that the confidence intervals around their 
persistence probabilities were likely to capture the variance associated with different emission 
scenarios and other climate change uncertainties. 

Experts were asked whether regulatory protections influenced their predictions.  Some experts 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies).  Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections.  Their focus was on the biology and ecology of the species, not listing status-related 
impacts or regulatory scenarios in the future, and they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status.   

Experts were asked what they meant by “small population size effects.”  They explained that 
because small populations are more vulnerable to both demographic and genetic impacts and 
at increased risk from catastrophic and other stochastic events than are larger populations, they 
also have a lower likelihood of persistence.  Experts indicated that connectivity with other 
populations reduces the vulnerability of small populations as it does for larger populations.   

Experts were asked if their projections were influenced by considerations of whether historical 
patterns of cyclic irruptions of lynx into the DPS from Canada will continue in the future.  Most 
agreed that the magnitude of irruptions has declined from the historical highs of the 1960s and 
1970s, and that irruptions may have ceased in recent decades in some parts of the range, 
particularly in the West.  However, most experts felt that connectivity remains good between 
Canada and those DPS geographic units that abut the international border, and most assumed 
some level of regular or intermittent interaction between lynx in those units and Canada, even if 
full-blown irruptions have not been documented recently.  Some experts said that the likelihood 
of future irruptions had little influence on their persistence graphs, especially for the more 
isolated units (GYA and Western Colorado), where an influx of lynx from Canada may be less 
likely. 

Conservation Actions to Address Influencing Factors and Increase Probability of 
Persistence 

3.  What conservation actions could be taken that would address the factors impacting 
the probability of persistence, or would otherwise increase the probability of 
persistence? 
 
Response Type:  Individual list with rounds responses.  Experts were given 5 minutes to write a 
list of three potential conservation actions that could be taken.  Facilitators then asked one 
expert at a time to provide one item from their list, cycling through the set of experts until all 
experts had exhausted their lists.  Experts were given the opportunity to add items when it was 
their turn that had not been on their written lists.  Experts were not asked if they agreed with 
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conservation actions presented by other experts, thus the following list should not be viewed as 
consensus among lynx experts. 
 
Expert Responses:  List of potential conservation actions in the order provided. 

● Reduce CO2 emissions  
● Continue protections associated with Federal and/or State listing 
● Adjust forest management to retain spruce and fir, and reduce fire burn rates 
● Promote/maintain habitat connectivity with Canadian populations through coordinated 

cross-border land use planning 
● Manage salvage logging associated with fire and insect damage to minimize impacts to 

and/or facilitate restoration of lynx/hare habitats 
● Configure and design lynx-friendly landscapes at appropriate scales; design and 

maintain a mosaic of lynx/hare habitats 
● Manage fuels reduction (fire management) projects while maintaining or enhancing 

hare/lynx habitat features. 
● Augment small populations and reintroduce lynx to former, historic range with suitable  

habitat  (GYA, Kettle Range in Washington, perhaps other areas); bolster populations 
before future climate change impacts 

● Support additional research to fill knowledge gaps, particularly related to effectiveness of 
conservation efforts – it remains unclear exactly what is needed for lynx across the 
range to achieve/maintain viability (e.g., habitat quality/amount/distribution, landscape-
level hare densities, forest conditions that support hares, etc.)  

● Enhance cross-border cooperation with Canada to increase near-border lynx 
populations and maintain connectivity 

● Consider cumulative impacts of mining, ski areas, oil and gas, etc., in management 
● Promote reforestation of heavily fragmented areas (e.g., some parts of the GYA and 

Minnesota units); reduce fragmentation 
● Apply strategic habitat conservation concepts; model and identify key areas and focus 

on those areas still in need of protection and management (e.g., private forest lands) 
● Maximize redundancy of lynx populations throughout the DPS 
● Implement fire management Best Management Practices (BMPs)( e.g., allow/encourage 

burns to occur in a way that creates high- and low-intensity mosaic fire patterns) 
● Evaluate whether there is a need for monitoring lynx (and hares) using consistent 

methods throughout the DPS, perhaps coupled with monitoring of other carnivores; 
structured occupancy modeling with genetics sampling could be very informative and is 
cost effective; also known-fate monitoring; monitoring pellet plots is proven and reliable 
way to monitor hares 

● Devote increased funding to lynx conservation - lynx are in worse shape than other 
mesocarnivore species, but receive less funding than those species that have more 
secure populations and appear less vulnerable to climate change  
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Other Considerations 
After completing the elicitation exercises and prior to adjourning the workshop, facilitators asked 
if there were any other considerations the lynx experts or subject matter experts felt are relevant 
to the SSA.  One subject matter expert indicated that monitoring of prey base (hares, red 
squirrels) would help inform lynx recovery, and that pellet-based or mark-recapture methods are 
most reliable.  This expert suggested a need to determine whether areas that we think are going 
to become poor habitat for a variety of reasons could still hold hares and lynx in the future.  
Maybe hares still can use areas we think will be poor habitat, and monitoring these areas could 
help inform our understanding of how lynx persist at the edge of their range. 

Synthesis 
Although uncertainty remains about the historical distribution and sizes of resident lynx 
populations in the DPS, as well as current population sizes, much more is known now than 
when the DPS was listed under the ESA in 2000.  Based on research conducted since the DPS 
was listed, including the summaries of that work provided at this workshop, as well as ongoing 
research, conservation, and management efforts, we have a much better understanding of the 
distribution and status of populations throughout the DPS range.  For example, in 2000, it was 
unclear whether Maine and Minnesota supported resident populations or were only occasionally 
visited by lynx dispersing from Canada during and after northern hare population crashes.  We 
now know that both northern Maine and northeastern Minnesota support resident lynx 
populations, and both are likely larger now than they were historically (Maine), or before they 
were protected by State and Federal regulations (Minnesota).  In contrast, resident lynx appear 
to be naturally less abundant and more patchily-distributed in some parts of the DPS than 
thought at the time of listing, including the West (Interagency Lynx Biology Team 2013, p. 23), 
where potential lynx habitats also appear to have been initially overestimated.  We also have a 
better understanding of the habitat features and hare densities that appear necessary to support 
resident lynx at the southern margin of the species’ range, and of the parts of the contiguous 
U.S. that contain these features.  The presentations in conjunction with expert elicitation 
responses at this workshop have informed and refined our understanding of key aspects of the 
status of, and potential threats to, the lynx DPS.  
 
For example, we were provided a thorough history of the evolution of regulatory mechanisms 
that have been developed and implemented through conservation agreements and formal 
amendments to Federal agency management plans to address the singular threat for which the 
DPS was listed under the ESA - the inadequacy of regulatory mechanisms in Federal land 
management plans prior to listing.  Given our improved understanding of resident lynx 
populations in Maine and Minnesota (above), where State and private lands constitute much 
more of the lynx habitat than elsewhere in the DPS (98.9% in Maine; 51.7% in Minnesota), an 
assessment of the adequacy of regulatory mechanisms on those State and private lands will be 
a necessary component of the status assessment.  Likewise, our understanding of lynx genetics 
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also has improved, with evidence of continued high levels of gene flow range-wide, despite fine-
scale genetic sub-structuring in some populations and additional evidence of lynx hybridization 
with bobcats.  Bobcats appear to be encroaching at the edge of the lynx range in Minnesota 
(Appendix 3, p. 9) and their numbers appear to have increased recently in New Hampshire, 
Vermont, and southern Quebec (Lavoie et al. 2009, entire; Roberts and Crimmins 2010, p. 170; 
Broman et al. 2014, p. 230) adjacent to the northern Maine lynx distribution.  Whether this 
represents a threat to lynx populations in Minnesota and Maine via increased hybridization, 
behavioral mechanisms, or competition for hares is not documented at this time; however, 
encroachment of bobcats in the southern periphery of lynx range may result in lynx 
displacement or niche contraction (Peers et al. 2013, entire). 
 
Canadian researchers also provided updated information on lynx status, management (including 
legal harvest), threats, genetics, and hare population cycles in southern Canada, adjacent to 
some DPS lynx populations.  Forest ecologists and climate modelers also presented information 
regarding potential impacts of timber management and climate change on lynx and boreal forest 
habitats in the contiguous U.S.  Knowledge of lynx and hare responses to various silvicultural 
treatments continues to improve, although the need for continuing research remains.  Climate 
models continue to point toward the future northward and upslope migration of lynx and hare 
habitats and loss of snow conditions favorable to lynx, although uncertainty remains regarding 
the timing, extent, and biological consequences of such impacts.  Increases in the size, 
intensity, and frequency of wildfires and insect outbreaks in boreal/subalpine forests may also 
be related to climate change, but whether these represent temporary or permanent impacts to 
lynx habitats remains unclear.  Finally, much research has been done on hare population 
dynamics and habitat relationships at the southern extent of their range, much of which overlaps 
that of lynx in the contiguous U.S., but questions remain regarding regional variation in hare 
densities and what landscape-level hare abundances are necessary to support persistent 
resident lynx populations across the DPS. 
 
Based on the summaries of post-listing research and the status and threat updates provided at 
this workshop, and on the results of the expert elicitation process, the Service provides the 
following synthesis of the status and likely viability of the DPS in terms of the 3 Rs.  This 
information will be considered as appropriate, along with more detailed analysis of the published 
literature, in the subsequent SSA report for the DPS.  The conclusions below are based on the 
information provided and the results of expert elicitation conducted at this workshop; they may 
be complemented or altered by the additional analyses yet to be conducted as part of the SSA 
process. 

Representation 
Expert presentations on lynx genetics in the DPS and in Canada and expert responses and 
discussion with regard to representation questions suggest few threats to the genetic fitness or 
adaptive capacity of lynx in the DPS.  High gene flow across the continental lynx range, 
indicated by very low Fst values (see Subject Matter Presentations, above), suggests the 
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absence of substantial barriers to genetic interchange, and little evidence or risk of significant 
genetic drift among DPS populations.  Most experts indicated that none of the six geographic 
units known or thought to support lynx populations in the DPS is susceptible to meaningful 
genetic drift, although several experts indicated that the more geographically isolated units (the 
GYA and Western Colorado units) are likely more susceptible to such drift than the units that 
are directly connected to lynx populations and habitats in Canada.  Overall, according to both 
the expert panel and the subject matter presentations, there appears to be a low risk of 
biologically consequential drift for lynx populations in the DPS.  Likewise, expert responses 
indicated that the generally low level of genetic differentiation and relatively similar ecological 
settings across the DPS suggest little life history variability or niche differentiation among DPS 
populations that would indicate that any are more or less important to maintain than others in 
terms of representation.  Individual experts indicated that representation can best be maintained 
by conserving current DPS populations (and hence the genetic variation in each), maintaining 
connectivity between DPS and Canadian populations, and avoiding impacts that would facilitate 
or increase the potential for or likelihood of genetic drift.  Our interpretation of this part of the 
elicitation is that the adaptability and evolutionary capacity of the DPS over time does not 
appear to have been diminished and is unlikely to become so, independent of threats that may 
impact the redundancy and persistence of lynx populations.  We will consider this information 
along with available empirical data and the published literature when evaluating representation 
in the DPS for the SSA. 

Redundancy 
With resident lynx populations and subpopulations in at least five of six large (the smallest is 
over 2,000 square miles, the others are all over 8,000 square miles), widely-distributed (from 
Maine to Washington and south along the Rocky Mountains), and relatively discrete geographic 
areas (see Figure 1), the DPS as a whole appears invulnerable to extirpation from a single 
catastrophic event.  Expert responses indicated no catastrophic event that could result in the 
functional extirpation of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units due to a single catastrophic event.  We 
interpreted these responses to indicate there is a small chance of decreased redundancy from a 
single catastrophic event because the probability of any geographic unit being lost to a 
catastrophic event is low.  Experts indicated that functional extirpation of the geographically 
smallest unit (Washington) and those supporting the fewest resident lynx (Washington, GYA, 
and perhaps Minnesota) would be more likely to occur as a result of a series of catastrophic 
events over a 10-year period than to any single event over the next 10 years (see Figure 2 
above).  Experts listed fire, drought, insect outbreaks, loss of favorable winter conditions, and 
disease as potential events that could lead to functional extirpation in these units.  In 
Washington in particular, where large fires have impacted nearly 40 percent of the occupied 
lynx habitat over the past 10-15 years, experts felt that several more successive years of such 
fires could result in functional extirpation.  However, because fire and insects are likely to cause 
only temporary (20-40 years) losses of lynx and hare habitats, and because connectivity 
between the Washington unit and lynx habitats and populations in southern British Columbia 
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remains intact, experts indicated this unit (and others abutting habitats and lynx populations in 
Canada) would likely be naturally re-colonized relatively quickly by dispersing lynx.  Therefore, 
extirpation in these units because of catastrophic events (or a series of them over time) would 
be temporary (likely lasting only one or several decades) unless events permanently altered the 
habitats.  Experts indicated that if lynx were functionally extirpated in the GYA or western 
Colorado units, which are not connected to habitats or populations in Canada and are relatively 
isolated from other DPS populations, natural re-colonization would be less likely, would take 
longer, or may never occur. 

Overall, expert responses indicated that extirpation of the DPS as a whole, or of resident lynx 
populations in most individual geographic units, because of a catastrophic event is very unlikely.  
Because we lack evidence that persistent resident lynx populations occurred historically but 
have been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels.  That is, the 
loss of resident lynx populations in the DPS, to the extent suggested by the historic record, was 
likely in areas (e.g., northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge 
area of northeastern Washington, perhaps Isle Royale in Lake Superior) peripheral to the 
geographic units that currently support resident lynx, and not in discrete geographic units that 
would have represented greater redundancy in the contiguous U.S.  However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear.  The historic record and recent research show that the GYA has supported resident 
lynx, but it is unclear whether the area consistently supported a persistent resident population 
over time or whether it naturally supported resident lynx only some of the time (was “winked on” 
in a metapopulation sense) when habitat conditions and hare densities were favorable, and at 
other times, when habitats and hare densities were less favorable, it did not support resident 
lynx (“winked off” in a metapopulation sense).  Given the protected conservation status of 
millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx.  If so, its 
contribution to redundancy within the DPS is questionable. 

Resiliency 
Because we lack reliable estimates of the sizes and trends of most lynx populations in the DPS, 
we are unable to use these parameters to evaluate the resiliency of individual populations or the 
DPS as a whole.  Efforts to understand resiliency are also confounded by the metapopulation 
structure thought to govern lynx populations at the southern margin of their continental range 
(i.e., populations and subpopulations in the DPS), the related uncertainty about the extent to 
which DPS populations may rely on cyclic immigration of lynx from Canada during population 
irruptions, and the ambiguity in the historic record that limits our understanding of the relative 
persistence of lynx in various geographical areas of the contiguous U.S. and, thus, the 
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contribution of those areas to the viability of the DPS.  Our evaluation of the resiliency of lynx 
populations in the DPS is limited, therefore, to a largely qualitative assessment of the current 
status of populations in each of the six geographic units along with the quantitative summary of 
expert professional judgment of their likelihood of persistence over time given known or 
perceived potential threats. 
 
As expected, both expert estimates of probability of persistence and expert confidence in those 
estimates were higher over the short-term than the long-term.  Median probability of persistence 
(MPOP) at year 2025 was >= 0.90 for all but one of the six geographic areas.  The GYA had a 
MPOP of 0.52, apparently reflecting the uncertainty regarding whether this unit consistently 
supported a resident lynx population historically and whether it currently supports resident lynx.  
At year 2025, confidence bounds were smallest (indicating higher expert confidence) for the 
units with the highest MPOPs (Northern Maine, Northeastern Minnesota, and Northwestern 
Montana/ Northeastern Idaho), and larger for units with lower MPOPS (North-central 
Washington, GYA, and Western Colorado).  At mid-century, MPOP declined for all units but 
remained >= 0.70 for all but the GYA (0.35), and confidence bounds increased for estimates for 
all units but the GYA, where it remained the same as at year 2025.  At end-of-century, 
persistence probabilities declined further, as expected, and only the Northern Maine, 
Northwestern Montana/ Northeastern Idaho and Western Colorado units had MPOPs >= 0.50.  
Also as expected, confidence bounds were very large around persistence estimates at year 
2100, with the median confidence range extending across more than 50% of the range of 
possible outcomes for all but the Northwestern Montana/ Northeastern Idaho population, and 
the extremes of the range nearly covering the full range (0% to 100% probability of persistence) 
of possible outcomes. 
 
Experts listed a number of factors that influenced their probability of persistence estimates for 
each unit (see unit summaries above in the Resiliency section).  Near-term factors varied by unit 
(e.g., post-harvest forest succession in Maine, where hare abundance is expected to decline as 
currently dense regenerating clear-cuts mature; continued large-scale fires in lynx habitats in 
Washington; and insect outbreaks in Maine, Minnesota, and Colorado), but longer term factors 
seemed to coalesce around anticipated direct and indirect effects of climate change.  These 
included potentially climate-driven increases in the size, frequency, and intensity of fire and 
insect outbreaks; decreases in snow amount, duration and quality, leading perhaps to increased 
competition with bobcats and other hare predators; and the projected warming-induced 
northward and upslope migration of boreal and subalpine forests that would result in the loss 
and further fragmentation and isolation of lynx and hare habitats in the contiguous U.S.  Expert 
responses and ensuing discussions indicated that continued climate warming and associated 
direct and indirect effects will likely exert the greatest negative influence on the probability of 
persistence for lynx populations in the DPS regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
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Overall, expert responses to this part of the elicitation indicate that all five of the geographic 
units known to currently support resident lynx populations have a greater than 70% expectation 
of doing so by mid-century, but a declining likelihood and greater uncertainty of doing so by the 
end of the century.  It is uncertain whether the remaining geographic unit (the GYA) currently 
supports resident lynx, and expert responses indicate a lower probability that it will do so in the 
future compared to the other units.  Responses also suggest that the overarching threat to the 
long-term persistence of lynx populations in the DPS is climate change, which is anticipated to 
result first in loss of snow conditions favorable for lynx and, after an uncertain lag time following 
continued climate warming, loss (northward and upslope migration) of boreal forest habitats, 
although the timing and magnitude of such losses are uncertain. 

Conclusion 
The Service and the Lynx SSA Team appreciate the willingness of lynx and subject matter 
experts to attend this workshop and share their knowledge, professional judgments, and 
opinions.  We have gained considerable insight into the current status of lynx populations 
throughout the DPS and the factors most likely to influence the DPS’s future viability - including 
information that is not currently available in the peer-reviewed literature.  We will incorporate this 
information into the SSA as appropriate, along with the published scientific literature, to inform 
recovery planning for the DPS and any other ESA-related determinations the Service is 
authorized and required to make.  As we develop the SSA report, we will continue to solicit 
expert input from workshop panelists and from other lynx and subject matter experts who were 
unable to attend this workshop, including peer review of the SSA report. 
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All appendices are available on the Service’s Region 6 Canada lynx webpage 
(http://www.fws.gov/mountain-prairie/es/canadaLynx.php). 
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Executive Summary 
As part of a Species Status Assessment (SSA) for the contiguous United States distinct 
population segment (DPS) of the Canada lynx (Lynx canadensis), the U.S. Fish and Wildlife 
Service (Service) convened an expert elicitation workshop to gather (1) the best available 
information on the current status of lynx populations within the DPS and (2) the professional 
judgment and opinions of lynx experts regarding the future viability of the DPS.  This report 
summarizes the results of the workshop regarding the current and likely future condition of lynx 
populations in six geographic areas within the DPS in terms of representation, redundancy, and 
resiliency (the “3 Rs”).  The Service will incorporate the information gathered at this workshop 
into the SSA as appropriate, along with the published scientific literature, to inform recovery 
planning for the DPS and any other ESA-related determinations the Service is authorized and 
required to make.     

Purpose  
The purpose of this report is to convey the results of an expert workshop convened by the U.S. 
Fish and Wildlife Service (Service) in October 2015 to improve our understanding of the status 
of the contiguous U.S. distinct population segment (DPS) of Canada lynx (Lynx canadensis).  
This workshop was held in conjunction with a species status assessment (SSA; see Appendix 1 
[All appendices are accessible at: http://www.fws.gov/mountain-prairie/es/canadaLynx.php]) for 
the DPS.  The SSA, which will incorporate the best available scientific information on lynx, is 
needed to inform the Service’s response to a June 2014 court order to complete a recovery plan 
for the DPS by January 2018, or make a formal determination that a recovery plan is not 
necessary.   
 
The workshop was organized by a Lynx SSA Team consisting of Service and USGS staff who 
have developed and piloted implementation of the SSA framework, and Service biologists who 
are working on lynx throughout the range of the DPS.  In the interest of collaboration and 
transparency, this team partnered with State agencies, other Federal agencies, and academic 
researchers to elicit expert input regarding the current and likely future status of lynx populations 
within the DPS. 
  
Expert input is needed to complement the published scientific literature and other available 
information on many aspects of lynx population dynamics in the DPS range.  In particular, we 
were looking for additional information on the status, sizes, and trends of lynx populations and 
on threats to lynx habitats and those of their primary prey, snowshoe hares (Lepus americanus).  
We therefore designed a process to elicit and capture the knowledge, professional judgments, 
and opinions of lynx experts to help us assess the current status of, and the nature and 
magnitude of potential threats to, lynx populations and habitats within the DPS.  We also sought 
expert knowledge to help us evaluate the viability of the DPS (in terms of the “3 Rs” - 
redundancy, representation, and resiliency; see definitions below) under a range of future 
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threats, habitat conditions, and climate scenarios, and to identify and make explicit areas of 
uncertainty and potential differences of opinion among experts. 
 
The results of the workshop will contribute to the SSA, which will compile and summarize the 
best available scientific and commercial data, including empirical data, published literature, and 
expert input.  This information will then be used by Service decision makers to inform recovery 
planning direction, classification decisions, and other determinations required by the 
Endangered Species Act (ESA). 

Background 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws.  Its long, 
black ear tufts and short, black-tipped tail distinguish the lynx from the similar bobcat (Lynx 
rufus), which is much more common in the contiguous U.S.  The lynx’s large feet and long legs 
make it highly adapted for hunting snowshoe hares in the deep or powdery snow that persists 
across much of its boreal forest distribution, most of which occurs in Canada and Alaska.  
These adaptations provide lynx a competitive advantage over potential competitors, such as 
bobcats or coyotes (Canis latrans), which have much smaller feet and higher foot-loadings that 
prevent them from hunting efficiently in deep, powdery snow (McCord and Cardoza 1982, p. 
748; Buskirk et al. 2000, pp. 86–95; Ruediger et al. 2000, pp. 1–11; Ruggiero et al. 2000, pp. 
445, 450). 

The southern periphery of the boreal forest extends into parts of the northern contiguous U.S., 
where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 1, 3), 
deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40–41).  In the contiguous U.S., 
these transitional boreal forests become discontinuous and patchy, preventing both lynx and 
hares from broadly achieving densities similar to those of the northern boreal forests (Wolff 
1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and 
Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394).  These forests eventually become 
too fragmented and isolated in the contiguous United States to support hares at the landscape 
densities and distributions necessary to support lynx home ranges (Interagency Lynx Biology 
Team 2013, p. 77) or lynx populations over time.   

The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms.  
Specifically, at that time the Service believed that most lynx and lynx habitats occurred on 
national forests, and that the Land and Resource Management Plans that guided management 
of those forests included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat.  The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052).  In 2003, in response to a court memorandum opinion on the 2000 listing rule, the 
Service reaffirmed its determination of the lynx DPS and its status as threatened under the ESA 
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(68 FR 40076).  The Service completed a recovery outline in 2005 (U.S. Fish and Wildlife 
Service 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) and, in 
2007, again in response to a court order, clarified its determinations of “significant portion of the 
range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 1186).  Also in 
2007, the Service initiated a 5-year status review of the DPS (72 FR 19549).  The Service 
revised the critical habitat designation for the DPS in 2009 (74 FR 8616) and 2014 (79 FR 
54782) and, concurrent with the latter, rescinded the state-based definition of the DPS boundary 
to extend ESA protection to lynx “where found” in the contiguous U.S., including New Mexico 
and other states that were not included in the original DPS range (79 FR 54804). 

Although the Service originally identified the DPS as occurring in forested portions of 14 states 
(Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, Oregon, 
Utah, Vermont, Washington, Wisconsin, and Wyoming) (65 FR 16052, 16085), it recognized at 
the time of listing that both lynx and the boreal forests that support them in the Lower 48 States 
are at the southern margins of their ranges, where habitats naturally become patchy and 
fragmented and snowshoe hare densities in many places are not consistently high enough to 
support resident lynx populations (65 FR 16052-59).  It also recognized that inherent limitations 
in historic occurrence information made it difficult to distinguish between areas that consistently 
supported resident populations; other areas that may have occasionally supported resident, 
breeding lynx; and yet other areas that intermittently and temporarily contained dispersing or 
transient lynx but did not support lynx home ranges or reproduction (65 FR 16054-59).  Many 
lynx records in the DPS range seem to have been associated with cyclic “irruptions” of lynx from 
southern Canada into the northern contiguous U.S. when northern hare populations crashed, as 
they did historically every 8-11 years (Elton and Nicholson 1942, entire; McKelvey et al. 2000, 
entire; Mowat et al. 2000, pp. 281–294; Interagency Lynx Biology Team 2013, p. 33).  Lack of 
reliable information also precluded determination of sizes or trends of lynx populations within the 
DPS. 

Recent research and monitoring have improved our understanding of many aspects of lynx 
biology, distribution, and potential threats in the DPS.  However, we still lack reliable estimates 
of the sizes and important demographic rates of most populations.  Likewise, we would benefit 
from further understanding of the natural range and causes of variation in lynx and hare 
numbers; hare densities necessary to support resident lynx populations throughout the DPS; the 
influence of immigration of lynx from Canada on the demographic and genetic fitness of DPS 
populations; and the timing, extent, magnitude, and severity of potential threats associated with 
climate change.  The Lynx SSA Team organized this expert elicitation workshop to help fill 
some of these information gaps with the knowledge, professional judgments, and opinions of 
lynx experts. 

Currently, there are five geographic areas known to support resident lynx populations in the 
DPS:  northern Maine (with occasional/sporadic breeding by small numbers of lynx in 
northernmost New Hampshire and Vermont); northeastern Minnesota; northwestern Montana 
and northeastern Idaho; north-central Washington; and western Colorado (Figure 1).  After 
statewide surveys conducted in 1978-1997 suggested the absence of viable resident lynx 
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populations in Colorado, the State, from 1999 to 2006, released 218 lynx captured in Canada 
and Alaska into southwest Colorado to establish the current resident population.  Additionally, 
the Greater Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming is 
believed historically (and as recently as 2003-04) to have supported a small but relatively 
persistent lynx population, but it is uncertain whether it currently supports any resident lynx.   

   

 

Figure 1.  Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations.     

Expert Elicitation 

Workshop Protocol 
As mentioned under Purpose, above, the Lynx SSA Team convened the October 2015 
workshop to elicit expert knowledge and opinion on critical uncertainties regarding the current 
status and future viability of resident lynx populations within the DPS range, and thus the DPS 
as a whole.  To facilitate this, a 10-member panel of recognized lynx experts from across the 
DPS range first observed and discussed presentations by subject matter experts summarizing 
the current state of available information on topics relevant to lynx populations in the DPS (see 
Preparing Experts section below).  After subject matter presentations, members of the lynx 
expert panel presented updates on lynx populations in each of the six geographic areas 
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described above under Background.  The subject matter and update presentations were 
intended to ensure that all lynx experts had a common baseline of information prior to the 
elicitation process.  
 
In accordance with the expert elicitation literature (e.g., Burgman 2005, USEPA 2011, Gregory 
et al. 2012, Drescher et al. 2013, Morgan 2014), we then used best practices to elicit opinions 
from the expert panel.  Although invited experts were expected to contribute openly and 
effectively to group discussions, we did not seek consensus among experts; rather, we probed 
differences of opinion or interpretation of scientific and technical information.  We also asked 
experts and other participants to focus on scientific questions and to refrain from discussing or 
recommending management or policy decisions related to the Service’s authorities and 
responsibilities in implementing the ESA. 
   
In addition to the lynx expert panel and subject matter experts, workshop participants included 
members of the USFWS/USGS Lynx SSA Team, facilitators, and observers (see Appendix 2 for 
a full list of attendees and their respective roles).  As a basic ground rule, only members of the 
expert panel participated in the elicitation process, although panelists were encouraged to 
confer with the subject matter specialists and SSA Team members as needed.  All workshop 
participants were welcome to participate in discussions that ensued from review of panel 
responses to various questions.  Due to time constraints and to minimize interference with the 
elicitation process, observers were encouraged to write and submit “parking lot” questions, 
which were collected at the end of the first two days of the workshop and presented to lynx and 
subject matter experts for responses and discussion the following mornings (see workshop 
notes, Appendix 3).  The expert elicitation process was facilitated by USFWS and USGS 
structured decision making practitioners who encouraged open discussion among experts, 
structured input from both panelists and subject matter experts, and ensured that observers 
could witness the process without inappropriately influencing it. 

Identifying Experts 
 
SSA Team members reviewed the relevant literature and used their first-hand knowledge to 
identify experts involved in lynx and hare research or management, boreal forest ecology, and 
climate modeling.  We then developed a priori selection criteria based on professional 
credentials, positions, areas of expertise, and pertinent experience to develop a list of candidate 
lynx experts and other subject matter experts.  Selection criteria (below) helped ensure that 
invitations to participate were made only to scientists with expertise highly relevant to workshop 
topics and, further, that the selections were transparent, unbiased, and adequately captured the 
diversity of expertise and professional judgments related to the topics.  Selection was not based 
on affiliation with a particular organization or interested party; however, States and other 
partners were asked to review the draft list of workshop invitees and suggest alternate or 
additional qualified experts.  The SSA Team then invited experts who met the selection criteria 
and represented lynx expertise throughout the range of the DPS and in adjacent southern 
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Canada.  The number of invited experts was necessarily limited to improve the efficiency and 
effectiveness of the elicitation process, avoid redundancy, maximize scientific discussion among 
all participants, and maintain an open, comfortable meeting environment.  

Expert Selection Criteria  

Expert panelist candidates had to meet all of the following criteria: 

1.   Candidate must hold a graduate degree in a scientific discipline highly relevant to the 
workshop topics.  Typically this may include advanced degrees in wildlife biology, ecology, 
zoology, genetics, modeling, or statistical inference. 

2.  Candidate must hold a research position in government (State, Tribal, or Federal), academia, 
or in the nonprofit research sector; or participant must hold a governmental management 
agency position with responsibility for the species’ conservation. 

3.  Candidate must have expertise in the ecology or management of the species or related 
species, demonstrated by recent (within the past 10 years) peer-reviewed publications or 
related types of professional scientific expression. 

Candidates also had to meet one or more of the following criteria: 
  
4.  Candidate is directly engaged in the species’ management, monitoring, or analysis of 
populations or habitat. 

5.  Candidate is directly engaged in the study of a specific workshop topic. 

6.  Candidate is a government or academic research scientist with expertise in conservation 
biology, population or landscape ecology, genetics, or other relevant fields, as demonstrated by 
recent (within the past 10 years) peer-reviewed publications or related types of professional 
scientific expression. 

Using these criteria, the SSA Team identified 19 candidates for the lynx expert panel who were 
contacted to determine their interest and ability to attend the workshop (Appendix 4).  Among 
those both interested in and able to attend the workshop, the team extended invitations to 13 
candidates, 10 of whom ultimately participated as panelists and who together represent lynx 
expertise throughout the range of the DPS and in southern Canada.  Experts who could not 
attend this workshop may provide their expertise later in the SSA process as peer review 
experts.    

Preparing Experts 
Before the workshop, the SSA Team contacted all lynx experts and other subject matter experts 
by email and phone to discuss their roles and, for some, their willingness to prepare and deliver 
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subject matter or lynx population status presentations at the workshop.  Correspondence with 
lynx and subject matter experts and other workshop participants explained the SSA framework 
and its application to the lynx DPS, the use of expert elicitation in SSAs, and the workshop’s 
purpose, ground rules, and draft agenda. 
 
At the workshop, the Service introduced the Lynx SSA Team, provided a brief overview of the 
SSA framework and its application to the lynx DPS, and outlined workshop objectives.  Prior to 
elicitation exercises, subject matter experts presented information on the historic and current 
distribution of lynx in the contiguous U.S., regulatory mechanisms that apply to lynx on Federal 
lands, genetics considerations, lynx status and management in adjacent southern Canada, 
potential climate change impacts on boreal forest vegetation and snow conditions important to 
lynx, effects of forest management and policy on lynx habitat, and snowshoe hare ecology (see 
Subject Matter Presentations, below).  After these presentations, lynx expert panelists provided 
updates on lynx populations and habitats, research efforts, conservation measures, and 
potential threats to lynx in each of the six geographic areas (Fig. 1).  The subject matter and 
status-update presentations were intended to provide the expert panel with information that 
could inform their responses to elicitation questions and to ensure that the panelists shared a 
common understanding of the current status of lynx throughout the DPS.  All workshop 
presentations are included in Appendix 5 and are accessible at the Service’s Region 6 Canada 
lynx web page (http://www.fws.gov/mountain-prairie/es/canadaLynx.php). 

Subject Matter Presentations 
Canada Lynx Species Status Assessment, Expert Elicitation Workshop - Jim Zelenak, 
U.S. Fish and Wildlife Service, Montana Ecological Services Field Office, Helena, 
Montana 
The objectives of this workshop are to (1) gather scientific information from experts on the 
current status, threats, and future viability of lynx populations in the contiguous U.S.; and (2) 
where empirical data are lacking, elicit expert knowledge, professional judgment, and opinion on 
the nature and magnitude of potential threats to DPS populations and the DPS as a whole.  We 
need this information to complete a status assessment for the DPS that will be used by Service 
decision makers to inform recovery planning and other determinations the Service must make in 
accordance with the ESA.  We have a court order to complete a recovery plan for the DPS by 
January, 2018, unless we determine that a recovery plan is not necessary (i.e., that the threat 
for which the DPS was listed has been adequately addressed and ameliorated and no new 
threats have been identified that pose an immediate or reasonably foreseeable risk of 
extinction).  However, we are not here to make that determination or others regarding the ESA 
status of the DPS.  Rather, we are here to understand the current status of lynx populations and 
habitats in the DPS and hear from experts on factors influencing the current status and future 
viability of those populations.  The DPS was listed as threatened under the ESA in 2000 
because of the inadequacy at that time of regulatory mechanisms in Federal land management 
plans to protect lynx and their habitats.  The Service completed a recovery outline in 2005 and 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php
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designated critical habitat for the DPS in 2006.  In 2007, we clarified our determination of 
“significant portion of the range” of the DPS and withdrew the 2006 critical habitat designation.  
We revised critical habitat in 2009 and 2014 and, also in 2014, we received the court order to 
complete a recovery plan.  The results of this workshop will contribute to the SSA, and the 
expert information gathered here will complement the best available scientific information that 
will be compiled and summarized in the SSA report.  After it is peer-reviewed and finalized, the 
SSA report will be considered by Service decision makers to inform recovery planning and other 
determinations required under the ESA. 

Historical Distribution of Lynx in the Contiguous U.S. - Dr. Kevin McKelvey, USDA 
Forest Service, Rocky Mountain Research Station, Missoula, Montana   
Understanding historical range is important because it provides context for modern 
conservation; however, historical data must be interpreted carefully because they may not be 
representative, are often unreliable, and their meaning may be unclear.  This is especially true 
for rare animals like lynx, and even more so if they are easily mistaken for another more 
common animal, as bobcats are mistaken for lynx in the southern portion of lynx range.  
Because even relatively low identification error rates can lead to significant errors in determining 
distribution, it is important to rely on verified, and not anecdotal, occurrence records, when 
attempting to establish historical range.  The issue is further complicated by the noted cyclicity 
in lynx population dynamics associated with snowshoe hare population cycles, which resulted 
historically in irruptions or pulses of lynx from Canada into the DPS when northern hare 
populations crashed.  This can be described as a wave in which a large number of dispersing 
lynx intermittently flooded into the northern contiguous U.S. over the course of several years 
into a variety of potentially suitable and unsuitable habitats.  As the irruptions waned (i.e., as the 
waves receded), lynx disappeared relatively quickly from areas of unsuitable or poor habitat, 
more slowly from areas of marginal or suboptimal habitat, and persisted (like permanent tide 
pools) in those areas with habitats and hare densities capable of supporting them over time. 
This yielded verified records in the contiguous U.S. in places that clearly cannot support lynx 
populations but, in other places where habitats are or appear to be suitable, it also confounds 
efforts to distinguish between those that have supported persistent lynx populations, those that 
may occasionally but not consistently support resident lynx (“winked off’ more than “winked on” 
in a metapopulation sense), and those where dispersing lynx occurred regularly, if intermittently, 
but could not persist.  Given these ambiguities, there remains irresolvable uncertainty about the 
historic distribution of resident lynx in the DPS.  Despite this uncertainty, it appears that resident 
lynx naturally persist now in most areas that the available reliable data most strongly suggest 
historically supported resident populations in the contiguous U.S. (Maine, Minnesota, Montana, 
Idaho, and Washington).  Several other areas may have historically supported populations but 
no longer do (with evidence most compelling for northern New Hampshire and Michigan’s Upper 
Peninsula; less compelling for the Adirondack region of northern New York, northern Wisconsin, 
and northwestern Wyoming). 
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Canada Lynx Habitat Regulatory Environment - Scott Jackson, USDA Forest Service, 
National Carnivore Program Leader, Missoula, Montana 
Before the lynx DPS was listed under the ESA, there was very little information available and 
little management direction for lynx habitats on national forests or other Federal lands.  Given 
the uncertain status of lynx and lack of information on habitat relationships, an interagency Lynx 
Steering Committee was chartered almost immediately after the DPS was proposed for listing in 
1998.  The committee appointed the Lynx Science Team to assemble the available information 
on lynx and the Interagency Lynx Biology Team to develop a lynx conservation strategy 
applicable to Federal lands.  In 2000, the Science Team published Ecology and Conservation of 
Lynx in the United States (Ruggiero et al. 2000), and the Biology Team completed the Lynx 
Conservation Assessment and Strategy (LCAS; Ruediger et al. 2000).  The committee also 
directed the completion of the 1999 biological assessment (BA) in which the U.S. Forest Service 
(USFS) and Bureau of Land Management (BLM) evaluated potential impacts to lynx of 
management plans for 57 national forests and 56 BLM units and concluded that implementation 
of existing plans could result in some adverse effects to lynx.  The BA recommended amending 
or revising management plans to incorporate conservation measures that would reduce or 
eliminate the identified adverse effects to lynx, and to consider the conservation measures 
identified by the Science Team and Biology Team, once finalized.  In March of 2000, the DPS 
was listed as threatened due to the inadequacy of existing regulatory mechanisms, specifically 
the lack of guidance for conservation of lynx in national forest Land and Resource Management 
Plans and BLM Land Use Plans.  In October 2000, FWS completed a biological opinion on the 
1999 BA, concluding that if forest plans were revised or amended to incorporate the 
conservation measures in the LCAS, they would reduce or avoid the potential for adverse 
effects on lynx.  Also in 2000, USFS and BLM entered into conservation agreements with FWS 
to guide management until plans could be amended or revised.  By 2004, BLM revised plans in 
all units with lynx or potential habitat to incorporate LCAS guidance.  By 2006, USFS similarly 
revised plans for national forests in the Northeast and Great Lakes.  In 2007 and 2008, USFS 
formally amended plans for 18 national forests in the Northern Rockies and 8 in the Southern 
Rockies to address the risk factors identified in the LCAS and adopt management standards 
and guidelines.  Currently, all national forests and BLM units with lynx or potential habitats are 
governed by plans that have adopted conservation measures identified in the LCAS, 
subsequent interagency conservations agreements, or by management direction that formally 
amended or revised land use plans and established standards and guidelines designed to apply 
the best available scientific information to avoid and minimize potential impacts to lynx.  Future 
challenges include developing effective responses to larger, hotter, and more frequent fires and 
extensive insect outbreaks, and designing thinning and salvage harvest treatments conducive to 
creating habitat conditions favorable to lynx and hares.    

Lynx Genetics Considerations - Dr. Michael Schwartz, USDA Forest Service, National 
Genomics Center for Wildlife and Fish Conservation, Missoula, Montana 
Review of lynx genetic studies shows, despite some sub-structuring over distance, high gene 
flow across the continental range of lynx, likely because of high dispersal rates, large dispersal 
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distances, and few geographic barriers to dispersal.  Some research suggests that the Northern 
Rocky Mountains may provide some gene flow restriction in western Canada, as well as an 
“invisible barrier” to gene flow in eastern Canada south of James Bay/Hudson’s Bay that may be 
related to differences in snow conditions driven by large-scale climatic factors (e.g., the Pacific-
North America and North Atlantic Oscillation climatic systems).  North of the DPS, low levels of 
genetic substructure have been documented in populations in eastern Canada between 
populations north versus south of the St. Lawrence Seaway, and between island (Newfoundland 
and Cape Breton islands) and mainland populations.  However, there is evidence of genetic 
interaction among even these relatively isolated eastern Canadian populations.  Within the DPS, 
minor genetic sub-structuring has been documented among lynx subpopulations in western 
Montana.  However, very low Fst values (a measure of the proportional reduction in 
heterozygosity due to population subdivision, with values near zero indicating high levels of 
gene flow and values approaching one indicating poor gene flow) suggest the absence of 
significant barriers to genetic interchange throughout much of the lynx range, including the DPS.  
Across 17 lynx populations in Alaska, Canada, and the contiguous U.S., Fst = 0.033, and the 
highest Fst for any two populations was 0.070 when lynx from the Kenai Peninsula in Alaska 
were compared to those in the Seeley Lake area of Montana.  Lynx-bobcat hybrids have been 
documented in Minnesota, Maine, and eastern Canada, but not in the western part of the range.  
Hybridization does not seem to be a major issue, nor does it appear to be increasing despite 
significant increases in bobcat numbers in some parts of DPS range.  Genomics research (the 
genetic mapping and DNA sequencing of sets of genes or complete genomes) on lynx would 
increase power and precision of genetic analyses and perhaps identify genes under selection at 
the periphery of the range.  The goal for lynx in the DPS should be to conserve the genetic 
diversity currently represented in resident populations, recognizing that maintaining connectivity 
between DPS and Canadian populations is likely important to achieving that goal.  The genetic 
variation at the edge of the range may be of value to future populations, especially as related to 
changing climate.  

Lynx Distribution, Status, and Management in Southern Canada - Dr. Jeff Bowman, 
Ontario Ministry of Natural Resources and Forestry, and Trent University, Ontario 
Lynx are managed provincially in Canada, with each province responsible for its own 
management program, harvest (trapping) policies, and conservation strategies.  Data from 
registered trap lines show cyclic decadal peaks in the numbers of lynx harvested, and these 
align well with (and lag by one year) cyclic peaks in snowshoe hare indices.  In western 
provinces (British Columbia, Alberta, Saskatchewan, Manitoba, Northwest Territories, and the 
Yukon), the magnitude of lynx cycles appears to have dampened dramatically after the 1980s-
1990s, while eastern provinces (Ontario, Quebec, and Newfoundland and Labrador) have seen 
less dramatic declines in peak lynx numbers trapped.  There is some evidence that hare 
numbers in the Yukon have not recovered to past levels after declines beginning in about 2000, 
and that hare numbers in southern Ontario have been low for the past 5-6 years.  There also is 
indication that the range of lynx in eastern Ontario has contracted northward since the 1970s, 
and modeling suggests that this contraction is likely influenced by habitat loss perhaps related 
to changes in forestry practices and an increase in tolerant hardwoods replacing spruce-fir 
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forests resulting from climate warming (Koen et al. 2014).  This has been accompanied by 
reduced genetic heterozygosity (allele richness) at this margin of the lynx range.  Recent studies 
also show some differences in functional genetic markers (unique alleles) in lynx south versus 
north of the St. Lawrence Seaway/River, suggesting the potential for evolutionarily significant 
differences in lynx in those areas (Koen et al. 2015, Prentice unpubl.).  Research also suggests 
an “invisible” genetic barrier south of Hudson’s Bay likely related to climate-driven differences in 
snow conditions, which could be amplified in the future with continued climate warming.  A few 
lynx-bobcat hybrids have been documented.  Lynx are listed as endangered provincially in New 
Brunswick and Nova Scotia, which also have by far the highest numbers of bobcats, and where 
bobcat populations have been increasing since about 1990.  Lynx are considered secure in all 
other provinces.   

Seven Ways a Warming Climate can Kill the Boreal Forest - Dr. Lee Frelich, Director, 
University of Minnesota Center for Forest Ecology, St. Paul, Minnesota  
Northern Minnesota is at the southern edge of the ranges of boreal forest tree species (balsam 
fir, white spruce, paper birch) and the northern extent of temperate forest species (sugar maple, 
red maple, red oak).  A number of climate-mediated processes are likely to shift these ranges 
northward, potentially resulting in the complete disappearance of boreal forest from Minnesota 
before the end of the century.  These include projected declines in snow depth, invasion of 
boreal forests by temperate species and a widening of the mixed forest ecotone, warming 
summer and winter temperatures, declines in boreal trees under both low- and high-emission 
climate scenarios, severe wind- and hail-producing thunderstorms (derechos) of greater extent 
and frequency, large wind-driven fires, heat and drought stress, increased insect infestations 
due to lack of extreme cold temperatures, and phenological disturbance.  These processes, 
alone or in combination may result in gradual or relatively sudden conversion of boreal forests to 
temperate forests, savanna, or grassland at the southern edge of the boreal forest range.  A 
mosaic of conversion mechanisms and rates of change will occur at landscape/ecoregion 
scales.  With unmitigated climate change, Minnesota is likely to lose the boreal biome and about 
one-third of its native species, including lynx, possibly within the next 60-70 years. 

Climate Change and Uncertainty:  Implications for Canada Lynx Conservation and 
Management in the Contiguous U.S. - Alexej Siren, DOI Northeast Climate Science 
Center and University of Massachusetts Department of Environmental Conservation, 
Amherst, Massachusetts 
Climate models are better at detecting long-term trends in temperature and precipitation than 
short-term climate variability.  Generally, projections of precipitation are less robust compared to 
temperature, and within the lynx DPS units, projected trends in precipitation are more certain for 
winter than for summer.  Consequently, the resulting model biases may affect climate 
projections.  Global surface temperatures have increased steadily over the 20th century, 
especially since the 1970s, with an overall increase in winter temperatures in the U.S.  These 
changes are most pronounced from the Northern Rockies to the northeastern U.S., where 
winter precipitation has also increased.  However, the northwestern U.S. has experienced drier 
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winters with less snow over the past several decades.  Importantly, numerous studies have 
shown that Canada lynx distribution is related to snowpack characteristics (e.g., snowfall, 
density, and persistence), which may directly or indirectly affect lynx through 1) increased 
competition (exploitative and interference) with sympatric carnivores, 2) altering hare and lynx 
population cycles, and 3) reduced genetic diversity.  Therefore, climate projections with a 
specific emphasis on winter climate are a valuable tool for assessing the long-term viability of 
lynx in the contiguous U.S.  Below are the climate trends for the past several decades and end-
of-century model projections for each of the DPS units; projections are multi-model means with 
the high emissions scenario (A2).  In the Northeast, recent trends are toward reductions in 
snowfall, the number of snow-covered days per season, and the proportion of winter 
precipitation occurring as snow.  Projections include increased winter precipitation, but with a 
lower proportion occurring as snow, and a decline in snowfall and length of snowpack coverage.  
In the Great Lakes region, recent trends indicate an increase in lake effect snow and longer 
snow seasons to the north.  Winter precipitation is projected to increase throughout the 
Midwest, with a lower proportion occurring as snow, except that lake effect snow is projected to 
increase around Lake Superior and north of the eastern Great Lakes until 2050, and eventually 
decline towards the end of this century.  Overall, models project a decline in snowfall and length 
of snowpack coverage by 2100 for the Midwestern region.  The Northeast and Midwest DPS 
units are especially vulnerable to snowpack loss due to lack of elevational refugia.  In the 
western DPS units and the Colorado population, recent trends show decreasing spring 
snowpack at lower elevations, an overall decline in snowpack by the latter half of the 20th 
century, and a lower proportion of winter precipitation occurring as snow.  Projections include 
decreases in snowfall season and snowfall amount, fewer days with snowfall, and continued 
reduction in the proportion of winter precipitation occurring as snow.  However, projections 
indicate that snowpack and winter severity may be less impacted in the Northern Rockies 
compared to other DPS units.  In summary, model projections are not favorable for lynx within 
the DPS units, especially towards the latter half of the 21st century, with less severe winters and 
diminished snowpack characteristics that favor competing species.    

Projected Climate-change Impacts on Snow, Vegetation, and Lynx Populations in the 
Western U.S. - Dr. Joshua Lawler, University of Washington, School of Environmental 
and Forest Sciences, Seattle, Washington and Dr. Chad Wilsey, National Audubon 
Society Science Division, New York, New York 

Climate modeling suggests reductions in the amount of precipitation falling as snow and a shift 
from subalpine forest to temperate evergreen needleleaf forests in a generalized lynx range in 
the western U.S.  Fire is projected to increase in both frequency and fire size, doubling by 2040 
and tripling by 2080.  Simulated lynx densities were projected for the 2020s, 2050s, and 2090s.  
Of 25 ecoregions included in the study area, 14 had simulated lynx populations greater than 
0.10 individuals/100 km2 across all time points.  Of those, and across various Global Circulation 
Models (GCMs), 3 ecoregions had simulated increasing populations by the 2050s and 11 had 
declining populations. Populations were projected to continue increasing in the 3 ecoregions by 
the 2090s, while declines were projected to deepen in 8 of the remaining 11 ecoregions. 
Growing populations were projected to occur in the sparsely populated Fescue-Mixed Grass 
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Prairie, Middle Rocky-Blue Mountains, and Great Steppe ecoregions, whereas the largest 
proportional declines were projected to occur in the West Cascades, Pacific Northwest Coast, 
Northern Cascades, East Cascades – Modoc, and Aspen Parkland ecoregions.  The study also 
looked at the effect of population cycling on projected changes and found that simulated 
declines differed more due to GCM model used than due to population cycling (i.e., modeling 
suggested lynx population declines were not strongly influenced by population cycles). 

Forest Management and Lynx Habitat Trends - Dr. Erin Simons-Legaard, University of 
Maine School of Forest Resources, Orono, Maine 
Lynx in Maine occur in the Northern Appalachian/Acadian Ecoregion where their distribution is 
governed by snowfall and extent of deciduous cover.  The eastern spruce budworm 
(Choristoneura fumiferana) is endemic to forests in this region, and extensive outbreaks of this 
insect pest occurred in northern Maine in the 1970s-80s, resulting in millions of acres of spruce-
fir die-offs, despite extensive aerial insecticide applications.  For several decades, salvage 
logging via extensive landscape-scale clear-cutting occurred in impacted forests, until passage 
in 1989 of the Maine Forest Practices Act, which regulated clear-cut size, configuration, and 
regeneration.  Regenerating clear-cuts became very dense stands supporting high densities of 
snowshoe hares.  Although the Forest Practices Act reduced the amount of clear-cut harvest 
over the following two decades, overall harvest increased as partial-cut harvesting replaced 
clear-cutting.  At the same time, land ownership patterns in northern Maine were shifting from 
large blocks of commercial timber interests to smaller blocks and more diverse land 
management goals, including development and financial investment, as well as some non-
development easements (though these do not regulate forest management).  The University of 
Maine modeled lynx habitat occurrence from snow track data, a series of Landsat satellite time-
series imagery since 1970, and indices of hare densities for various stand ages post-timber 
harvest to model past, present, and future lynx occurrence in northern Maine.  They found that 
the proliferation of regenerating partial-cuts produce lower landscape hare densities than 
regenerating clear-cuts from the 1970s and 1980s.  Landscape hare densities will likely decline 
in the future as the clear-cut-era stands mature into less dense conifer stands, beginning about 
35-40 years post-harvest.  High-quality stands are being replaced by lower-quality regeneration 
of partial harvests. High-quality habitat for lynx/hares is currently about 8% of the northern 
Maine landscape.  Model projections indicate it will decline to about 5% of the landscape by 
2030, and then level off, and that the prevalence of partial-harvesting will lead to elimination of 
many areas with concentrated high-quality habitat and a lower future probability of supporting 
lynx.      

Southern Snowshoe Hares: Updates, Questions, Forecasts - Dr. Karen Hodges, 
University of British Columbia Okanagan Department of Biology, Kelowna, British 
Columbia 

Northern hare cycles are more variable than commonly portrayed in some literature, with 
questionable synchrony and variation in peak heights and amplitudes.  Some southern hare 
populations (i.e., within the lynx DPS range) show “cycle-ish” dynamics and high densities, but 
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variability in abundances is not obviously linked to forest stand type (thinned, unthinned, 
mature).  Some areas of high hare density are occupied by bobcats instead of lynx (e.g., the 
Tally Lake area of the Flathead National Forest in Montana).  Hare densities in the western 
contiguous U.S. differ substantially across regions and landscapes.  For example, within the 
GYA, hare densities varied from very low (0.2 hares per hectare) in Yellowstone National Park 
to very high (0.5 - 1.7 hares/ha) in the Wyoming Range south of the park.  Hare densities also 
vary in the eastern part of the lynx DPS, with ranges from 0 - 1.8 hares/ha in Maine and, in 
Minnesota, densities of 0.64 hares/ha in the northeast part of the state (which supports resident 
lynx) and 0.35 hares/ha in Voyageurs National Park (which does not support resident lynx).  
Landscape attributes (e.g., tree densities and moisture gradients) also influence stand quality 
for hares.  Hare population dynamics (cyclicity, synchrony, amplitude, and peak densities) also 
vary regionally.  Forest management that reduces stand structure reduces hare abundances.  
For example, hares declined after experimental precommercial thinning in Montana, and, in 
Quebec, hare densities increased with time since commercial thinning, harvest, and fire.  Fire 
destroys hare habitat temporarily, but hares return to burned areas as soon as favorable habitat 
conditions return.  Post-fire hare densities also vary regionally; in stands burned by large fires in 
1988, hare densities by 2007 were higher in Glacier National Park than in Yellowstone National 
Park.  Hare densities necessary to support resident lynx remain poorly understood but appear to 
vary regionally, as do lynx diets and home range sizes.  If southern boreal/montane forests are 
lost, hares will decline.  Fire, timber harvest, and thinning will result in fewer hares, at least 
temporarily, and the impacts of post-fire salvage logging are unknown.  Understory cover and 
browse are very important, but we know little about the influence of shrubs or snow on hares.  
Like lynx, hares in the DPS are at the southern extent of their continental range.  Also like lynx, 
hares show high gene flow across most of the northern range in Canada but lower gene flow 
(higher genetic structure) in the southern part of the range, with some lineages potentially at risk 
of genetic drift.  Climate-mediated increases in fires and insect outbreaks and changes in forest 
regeneration may alter hare habitats and, thus, hare distribution and abundance.  Climate 
change may also affect hare vulnerability to predation by creating a mismatch between pelage 
color, which is controlled by photoperiod, and their surroundings (e.g., reduced snow season 
resulting in white hares on dark forest floors).  It may also alter predator communities, with 
uncertain impacts on hare populations.  Continued research is needed to better explain regional 
variation in population dynamics and peak abundances, to predict post-fire recolonization and 
densities and responses to climate change, and to better understand links between physiology 
and demography (e.g., predation stress and reproduction).      
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Lynx Status Update Presentations1 
Status of Lynx in Maine - Jennifer Vashon, Maine Department of Inland Fisheries and 
Wildlife, Bangor, Maine 
Much of the current lynx habitat in Maine was created from extensive harvests to salvage 
spruce budworm-damaged forests during 1970-1985, and the amount and distribution of high-
quality lynx/hare habitat are likely greater now than historic conditions.  Many stands were 
treated with herbicides to create extensive regeneration of spruce and fir.  Analysis of Forest 
Inventory and Analysis (FIA) data indicates that half of the 3 million forested acres of spruce-fir 
in northern Maine is currently sapling stage that should provide lynx with high quality foraging 
habitat.  Also based on FIA data, the amount of dense spruce-fir (supporting the highest hare 
densities) increased from 700,000 acres in 2006 to 805,000 acres in 2010.  The Maine 
Department of Inland Fisheries and Wildlife (MDIFW) conducted a telemetry study of lynx from 
2000-2011 in a study area with extensive areas of regenerating spruce-fir stands in 
northwestern Maine and found that lynx had relatively small home ranges.  Lynx strongly 
selected these high-quality hare habitats in former clear-cut areas.  Although hare densities 
declined from 2 hares/hectare to 1 hare/hectare mid-way through the study, lynx did not 
increase their home range sizes or alter their habitat use.  Reproduction declined initially after 
hare populations declined, but later recovered, with all females producing litters.  An average of 
65% of females bred each year throughout the study.  Litter sizes ranged from 1 to 5 and 
averaged 2.63 kittens/breeding female.  Kitten survival remained high (averaged 78%).  
Densities of 4.5 adults and 5 to 9 kittens were observed in 100 km2 areas.  Based on estimates 
of occupied habitat and home range information, MDIFW estimated there were between 750 
and 1,000 lynx in northern Maine in 2006, and more than 1,000 lynx in 2015 (or at least more 
animals than 2006).  Indices (number incidentally trapped, observed, or killed on roads) have 
increased, suggesting there are more lynx than in 2006, and the distribution of the population 
also appears to be expanding.  MDIFW initiated a third round of periodic lynx snow track survey 
in 2015 that support increased populations and expanding range.  Additional surveys are 
planned in 2016 and 2017 to update estimates.  Although a model by the University of Maine 
suggests the effects of the Maine Forest Practices Act could lead to a decrease in lynx habitat, 
thus far, it does not appear that lynx have declined in response to aging clear-cuts and the 
prevalence of partial harvests resulting from the Act.  A budworm outbreak is expected in the 
near future that will also impact future amounts of habitat for lynx and snowshoe hare.  MDIFW 
provides landowners with descriptions of lynx-hare habitat for their management plans through 
published peer-reviewed papers and reports on lynx status and habitat use in Maine and 
consultation.  

                                                 
1 These are summaries of status updates presented by lynx experts for each of the geographic 
units in the DPS.  Summaries were written by the Lynx SSA Team based on the presentations 
and notes submitted by expert presenters and on the notes taken at the workshop during 
presentations.  Experts reviewed drafts of these summaries and provided clarifications/ 
corrections if needed, which were incorporated into the final summaries.    
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Canada Lynx in Minnesota - Dr. Ron Moen, Natural Resources Research Institute, 
University of Minnesota Biology Department, Duluth, Minnesota, and Susan Catton, 
USDA Forest Service, Superior National Forest, Duluth, Minnesota 
Prior to 1965, lynx in Minnesota were unprotected, had a bounty placed on them, and were 
overexploited by trapping.  From 1930-1977, harvest in Minnesota was twice that of Montana 
and 40 times that of other states.  In 1976, State protection was provided in the spring and 
summer months, and in 1984 the trapping season was closed.  In the 1990s and when listed 
under the ESA in 2000, it was unknown if lynx in Minnesota were residents or migrants from 
Canada, but now it is known that the Minnesota lynx population consists of both residents and 
migrants from Canada.  Since then, there have been hair snare and snow-tracking surveys, 
DNA analyses, and a multi-year telemetry project – none of these monitoring efforts were 
designed to estimate densities or abundances of the species.  However, as of 2015, it is thought 
that there are somewhere between 50 and 300 lynx in Minnesota (this expert later refined the 
range as 50 - 200 lynx, as indicated in the summary presentation preceding the graphing 
exercise below), with the core habitat in the arrowhead region of the state (St. Louis, Lake, and 
Cook counties), although there have been verified and probable lynx sightings elsewhere in the 
state.  At least 5 of 27 adult lynx radio-collared in Minnesota were later legally trapped in 
Ontario, and other collared lynx did not return from Canada, therefore their fates are unknown.  
Telemetry data showed that about half of males radio-marked in Minnesota moved back-and-
forth across the border, traveling at all times of the year; that Minnesota females that dispersed 
into Canada tended not to return to Minnesota; that males had much larger home ranges (267 
km2) than females (21 km2); and that females with kittens had the smallest home ranges.  About 
half of the mortality of collared lynx was from vehicle collisions, incidental catch, illegal kills, or 
unknown causes.  Moen et al. (2008) documented 10 den sites and showed that denning 
habitat is not limiting in Minnesota.  Since 2000, incidental take of lynx tracked by the USFWS 
Twin Cities Field Office has ranged from 0-14 per year and included vehicle (car and train) 
collisions, gunshot, incidental trapping, and unknown causes.  Approximately 50% of reported 
take was of incidentally trapped lynx, about half of which were released alive.  Home range 
analyses showed mean distance to nearest linear feature is approximately 200m, suggesting 
that lynx do not avoid roads.  Bobcat harvest data show a concentration of bobcats adjacent to 
the core of the lynx range.  The IPCC SRES A1B Scenario climate change model (Gonzalez et 
al. 2007, p. 14) shows snow conditions potentially suitable for lynx throughout the northern half 
of Minnesota to the end of this century; however, the snow and/or biological assumptions in the 
model need work, because it predicts a range for lynx that is larger than the current suitable 
range based on snow depth.  Other climate modeling (e.g., Morgan, in prep.) suggests that 
suitable snow-depth range will shrink significantly by 2055, be limited to extreme northeastern 
Minnesota by 2070, and may be entirely absent from the state by 2095.  Since 2000, the 
Superior National Forest (SNF) and others have identified 268 unique individual lynx (47% 
Female, 53% Male) from 1,306 DNA samples, primarily from SNF lands.  These samples also 
documented 13 unique individual lynx-bobcat hybrids (5 Female, 8 Male).  The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota.  The SNF annually documents 3-5 family groups and is working with 
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North Carolina State University and the Twin Cities Field Office on a study of the distribution of 
lynx that can be used to inform future study designs aimed at monitoring lynx occupancy and 
designing more intensive studies to estimate abundance. 

Current Distribution, Status, and Threats to Canada Lynx in Montana and Wyoming - 
Dr. John Squires, USDA Forest Service, Rocky Mountain Research Station, Missoula, 
Montana 
Northwestern Montana - This area is believed to support the largest lynx population in the 
western U.S., but minimum population size has not been calculated.  The Forest Service’s 
Rocky Mountain Research Station in Missoula initiated a lynx research program in 1998 to 
investigate lynx resource and prey selection, competition, activity patterns, detection and 
monitoring, and connectivity.  From 1998 to 2007, researchers trapped and radio-marked 175 
lynx in northwestern Montana and collected nearly 170,000 GPS and over 3,000 VHS telemetry 
locations documenting lynx movements, resource use, survival, and productivity.  From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area (the central 
portion of this geographic unit) and from 2003-2007, 2.95 kittens/litter (N = 22) in the Purcell 
Mountains (the northwestern portion of the unit).  In Seeley Lake, 61% of breeding-age females 
(N = 52) produced kittens; in the Purcells, 83% of females (N = 28) produced kittens.  Recent 
research (Kosterman 2014) suggests kitten production is correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges.  Annual survival rates for 
subadult and adult female lynx were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 
0.85, respectively, in the Purcells.  There was no evidence of cyclicity in these vital rates, and 
no indication of irruptions of lynx into this unit from Canada after the 1980s.  Starvation, 
predation by mountain lions, and human-caused deaths each accounted for roughly one-third of 
documented sources of lynx mortality.  Population viability analyses yielded population growth 
rates of 0.92 for the Seeley Lake area (i.e., declining population trend, 1999-2007) and 1.16 for 
the Purcells (increasing trend, 2003-2007).  The distribution of lynx in this unit appears to have 
contracted recently; lynx were documented in the Garnet Mountain Range in the southern 
portion of the unit from at least 1980 into the early 2000s, but in 2010, extensive research 
trapping efforts yielded only two males, and snow-track and camera-trap surveys in winter 2014-
2015 detected no lynx.  Genetic analyses revealed fine-scale genetic sub-structuring among the 
Garnets, Purcells, and Seeley Lake subpopulations, suggesting some level of relative isolation 
among lynx in those areas.  Most lynx habitat in this unit occurs on Federal lands (USFS, BLM, 
NPS).  Recent conservation land purchases substantially increased protection of lynx habitat in 
the Seeley Lake core area.  The extent of fire in this area has increased, with over one million 
acres burned in 2000-2013.  Forest management (timber harvest, silviculture, and fire 
management) can have negative, neutral, or positive impacts on lynx habitat; current research 
is investigating lynx response to management actions. 
      
Wyoming/GYA – The long-term persistence of lynx in the GYA is unknown, but early records 
from Yellowstone National Park documented lynx presence in the 1920s-30s, and more recent 
(2001-2004) surveys in the park documented several lynx and evidence of reproduction on the 
east side of Yellowstone Lake.  South of the park, lynx were also detected reliably in the late 
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1990s-early 2000s in the Union Pass and Togwotee Pass areas of the Wyoming Range in the 
Bridger-Teton National Forest.  Several lynx released in Colorado (1999-2006) dispersed to the 
GYA and occupied home ranges (including males and females with overlapping home ranges) 
in areas of the Wyoming Range previously occupied by “native” resident lynx.  Recent (2005-
2010) research trapping and survey efforts in the Wyoming Range have detected only 
Colorado-released lynx, and the current status of lynx in the GYA is uncertain but believed to be 
at low numbers based on on-going surveys.  In addition to fire and forest management (as 
described above for northwestern Montana), oil and gas exploration and development may pose 
a potential risk to lynx and habitat in the Wyoming Range.             

Lynx in Washington: Current Status and Potential Threats - Benjamin Maletzke, 
Washington Department of Fish and Wildlife, Olympia, Washington 
Lynx in Washington were State-listed as threatened in 1993, but with recent large-scale impacts 
to lynx habitats and likely declines in lynx numbers, upgrading to State-endangered may be 
justified.  The Washington Department of Fish and Wildlife completed a lynx recovery plan in 
2001, and the Department of Natural Resources completed a habitat management plan for its 
lands in 1996, which it revised in 2006.  The majority of lynx habitat in Washington occurs on 
public lands including State Forests and National Forests.  Although individual lynx are 
occasionally documented in the northeastern part of the state, only the Okanogan area (eastern 
Cascade Mountains abutting the border with Canada) in the north-central part of the state has 
consistent records and evidence of a resident breeding population.  In terms of the ESA’s five 
listing factors, over-utilization, disease/predation, and inadequacy of existing regulatory 
mechanisms are not issues for lynx in Washington.  Lynx trapping was prohibited in 1991, and 
only live-trapping is allowed for bobcats, so there is little chance for incidental trapping.  There is 
no documented disease and little evidence of predation (though these could occur/increase with 
climate change).  With ESA and State listings, critical habitat designation, and State recovery 
and State and Federal habitat management plans in place, regulatory mechanisms appear 
adequate.  Recently, much lynx habitat has been lost, at least temporarily, to frequent large-
scale fires and insect outbreaks, and climate change may pose additional (or exacerbate 
existing) threats to lynx and habitats in Washington.  From 1990-2002, there were about 2,600 
km2 of lynx habitat in the Okanogan (Eastern Cascades) area, and female home ranges were 
estimated at 38 - 41 km2, suggesting the potential to support roughly 90-115 resident females 
(home ranges include “matrix” or non-habitat).  By 2014, habitat had been reduced by fire to 
about 1,600 km2, and habitat loss and fragmentation resulted in female home ranges increasing 
to an estimated 91 km2, with a potential to support roughly 27 resident females.  Although areas 
impacted by fires and insects should regenerate to hare/lynx habitat, it may take 35-40 years or 
more for that to happen.  Climate change will likely reduce snow depth, condition, and 
persistence, potentially influencing interspecific competition.  It also may cause temperature- 
and precipitation-driven changes in vegetation and increased fire frequency, size, and intensity, 
resulting in further reduction, fragmentation, and isolation of suitable habitats and impacts to 
prey abundance.  Connectivity between the Okanogan area and lynx populations and habitats in 
Canada seems adequate; it is more tenuous in the northeastern part of the state, where cross-
border populations/habitats in Canada are smaller and potential corridors more constricted.  It is 
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also possible that legal trapping in southern British Columbia could limit immigration into 
Washington’s lynx population and be a source of mortality for lynx dispersing from Washington 
into Canada.  Potential management and recovery actions could include resuming surveys and 
monitoring efforts, reviewing current State, Tribal, and Federal management actions to see if 
they can be more “lynx-friendly,” conducting population viability analyses to estimate 
probabilities of persistence over various time periods, coordinating with British Columbia on 
cross-border lynx conservation efforts, evaluating the need and feasibility of augmenting female 
lynx in the Okanogan and reintroducing lynx to the Kettle Crest, up-listing lynx in Washington to 
indicate the current status and severity of threats, and seeking collaboration and funding to 
support the measures above. 

Status of Lynx in Colorado - Dr. Jake Ivan, Colorado Parks and Wildlife, Fort Collins, 
Colorado 
Lynx in Colorado were State-listed as endangered in 1973.  Based on statewide surveys 
conducted in 1978-1997 that found some possible lynx sign (tracks), the State concluded that if 
lynx were present, too few individuals remained for a viable population and that natural 
recolonization was unlikely due to geographic isolation.  The State initiated a lynx reintroduction 
program, releasing 218 lynx from source populations in Alaska and Canada from 1999 to 2006.  
All animals were released into the San Juan Mountains in the southwest part of the state.  Many 
stayed there and used the area heavily; many others established home ranges in the Sawatch 
Range in the central part of the state, where the bulk of historical records occurred.  Although 
post-release mortality was initially high, it decreased after release protocols were modified and 
among lynx after they’d been on the ground a year.  Mean annual survival was 0.93 for lynx that 
stayed within the San Juan Mountains core-release area, and 0.82 outside of it.  The first den 
was located in 2003, and 48 dens were subsequently documented in Colorado through 2010, 
including a third-generation of Colorado-born lynx.  The reintroduced population displayed 
reproduction similar to other areas in the DPS in some regards (e.g., mean litter size was 2.75 
kittens), and lower in others (e.g., mean percentage of females that produced kittens was 24% 
[range = 0% - 46%])2.  A deterministic model that uses survival estimates and reproduction data 
from ten years of monitoring reintroduced lynx and assumes that reproductive parameters 
observed during that time would repeat each decade shows a slightly increasing trajectory 
through time.  Although current population size and survival rates are unknown, photos of 
females with kittens in 3 sampling units during occupancy monitoring in the San Juan Mountains 
in 2014-15 and capture of young and unmarked (i.e., “new”) lynx during research efforts in 
2010-15 provide evidence of continued reproduction.  Potential threats to lynx in Colorado 
include climate change, bark beetle outbreaks, fire, increasing human recreation, and 
vulnerability to vehicle collisions and disturbance from highways.  Climate modeling in 2014, 
based on the RCP6 (2nd-highest) emissions scenario, suggests that by mid-century 
temperature will increase by 2°C, precipitation will decrease in the San Juan and other southern 
mountains, and that spruce-fir habitat will migrate upslope, lagging climate conditions by 50-100 

                                                 
2 These data were provided by the presenter after the workshop but were not part of the original 
workshop presentation. 
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years.  Based on this, the overall vulnerability of spruce-fir in the state is considered moderate 
at mid-century.  As of 2014, over 4 million acres of potential lynx habitat has been impacted by 
bark beetle outbreaks; however, lynx and hares continued to use impacted areas, even when 
beetle impacts are severe.  Red squirrel use declined in areas that were heavily impacted by 
beetles.  Large fires also have impacted lynx habitat, and as elsewhere, fire size, frequency, 
and intensity are expected to increase with climate change.  A cursory, pre-analysis review of 
location data suggests that lynx make use of landscapes in which heavy winter recreation 
occurs.  However, use of developed ski areas is light, and outside of ski areas, heavy lynx use 
tends to occur in thick timber that is not used by snowmobilers and other backcountry users.  
Finally, lynx frequently crossed 2-lane paved highways in home ranges (0.6 crossings/day), 
more often at dusk and night, coincident with lower traffic volumes, and usually at forested 
crossings.  Recent results from a new large-scale monitoring program indicated that lynx 
occupied a similar proportion of the landscape in the San Juans Mountains during winter 2014-
15 as they did during winter 2010-11.  

Expert Elicitation Process 
All questions posed to the 10 lynx expert panelists were framed in the context of the 3Rs, a 
driving principle for evaluating viability under the SSA framework.  In questioning, we used a 
modified Delphi method (e.g., MacMillan and Marshall 2006), which involves eliciting individual 
responses/scores, exploring response rationale and differences in expert judgment through 
guided discussions, then allowing experts to reconsider their scores in light of those discussions 
if they so desire.   
 
In our implementation of the modified Delphi approach, panel members were first asked to 
respond individually to a particular question and indicate their level of confidence in their 
response.  We then collated and noted the range of responses, which became the mechanism 
for follow-up discussion.  In collating responses, we used a simple numeric coding system 
rather than the experts’ names to provide for a reasonable level of anonymity.  We noted where 
there was high congruence among responses, as well as low congruence and outlying 
responses.  By asking for experts to voluntarily provide their reasoning for particular responses, 
we were able to delve into the basis for varying opinions.  After the discussion period, experts 
were given the opportunity to revise their scores.   
 
In addition to elicited responses to each question, we received substantial feedback from the 
experts on definitional issues and the validity of the questions themselves; we revised the 
questions as needed following these discussions.  In the case of a revised question, scores 
were elicited again following the revision.  The second round of scoring was displayed for 
experts, with a closing opportunity for comment, discussion, or score revision. 
 
All panel members were encouraged to respond to each question but also given the option of 
abstaining from responding to a question if they felt it was beyond the bounds of their expertise.  
With few exceptions, all 10 expert panelists responded as requested to every question.  
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Instances where experts either chose not to reply or otherwise replied in a manner differing from 
the expected form of response to the question are noted in the responses below. 

Lynx Status:  Expert Elicitation and Responses 
Questions for experts were scripted by the Lynx SSA Team prior to the meeting to facilitate 
discussion of lynx ecology among the experts, solicit their professional opinions, and to help the 
Service gather and synthesize biological information for use in the SSA, particularly where 
empirical data are lacking in the published literature and projecting habitat and population 
conditions into the future is needed.  Because of the uncertainty of quantifying the population 
status and other aspects of lynx biology, the Service and facilitators decided to generate a 
series of discussion questions with quantifiable responses (scores) concerning the redundancy, 
resilience, and representation (3 Rs) of the DPS.  Although scores provided a starting point for 
discussion among experts and are quantified, analyzed, and summarized as appropriate in the 
following sections of this report, the Service also places high value on the content of the 
discussion among experts.  Therefore, both the analyses of scores and summaries of the 
discussion content are presented and will be considered during development of the SSA, noting 
that both were integral to the expert elicitation process. 

The types of questions and the format of responses differed based on the information needed to 
inform the status assessment, and the best way to capture the information relevant to the 
question being asked.  For example, responses were requested in the form of lists, when a set 
of influences was desired, in the form of a 4 point elicitation (e.g., the most likely, high, and low 
end of a range, and confidence that the range contains the true value) when an uncertain 
quantitative value was desired, in the form of graphed trajectories when probabilities of 
persistence over time were desired, and other forms as necessary (see questions below).  
Experts submitted their scores independently via submission sheets (sticky notes, index cards, 
graph paper, etc.) with their ID numbers.  Note takers recorded and displayed scores to assist 
discussion.  Facilitators and other members of the SSA Team then asked directed questions to 
clarify responses from the panelists as needed.  Following each round of discussion and 
clarification, the panelists were provided the opportunity to update their response if desired and 
the second round of responses were collected and recorded.  The final responses are the only 
responses reported here.  The range of individual responses that we received was not 
combined (e.g., averaged or otherwise) in any way that would obscure or conceal individual 
responses, and the final scores for each panelist were recorded if the response was revised. 

We present the results of the expert elicitation below under the headings of representation, 
redundancy, and resilience.  Under each heading, the following is provided:  the definition of the 
viability category (3 Rs) under consideration, the question(s) asked of the expert panelists, 
response type (i.e., the form of the response requested of the experts), question clarification 
(i.e., a narrative description of any additional information provided to the experts by the 
facilitators for clarification as the questions were asked), expert responses, and notes from the 
discussion. 
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Expert Responses 

Representation 

Definition - Representation contributes to the adaptability and evolutionary capacity of a 
species over time, to accommodate long term issues like climate change.  The breadth of 
genetic ecological, demographic, and behavioral diversity across a species’ range may 
contribute to its capacity to adapt over time.  Measures of genetic and life history variability 
among populations, distribution of populations across a range of ecologically diverse locations 
or niches, etc., are useful proxies to measure.  Consider needs for establishing or reestablishing 
populations in unoccupied habitat that may be necessary or suitable for species adjustment to 
climate change or other stressors, including the need to replace former populations in no longer 
represented ecosystems. 

Representation Questions  

1.  Are any of the geographic units susceptible to genetic drift on a scale that would limit 
genetic viability?  If yes, which geographic units? 
 
Response Type:  Experts supplied a written response of “yes” or “no,” with a yes answer 
accompanied by a list of susceptible geographic units. 

Expert Responses:  Five experts responded that none of the geographic units are susceptible to 
meaningful genetic drift, two experts abstained from answering, and three experts responded 
that there are geographic units that are susceptible to such genetic drift.  Among the latter, one 
expert responded that the Colorado geographic unit is susceptible over a long period of time, 
and the other two experts responded that both the Colorado and GYA geographic units are 
susceptible to genetic drift. 

Discussion Points Following Initial Responses:  It wouldn’t take many immigrating lynx to 
provide adequate genetic diversity to prevent genetic drift.  One reproductively successful 
immigrating lynx every 5 to 10 years per geographic unit is likely sufficient to prevent genetic 
drift.  Most experts believed there was a low likelihood that even the smaller lynx populations 
(GYA and Washington) or those in more isolated geographic units (Colorado and GYA) are 
vulnerable to genetic drift at a scale that would impact viability, though several experts felt that 
both the GYA and the western Colorado units could experience meaningful drift in the absence 
of immigration or augmentation.  Overall, most experts felt there is a low risk of genetic drift 
being a problem for lynx in the DPS.  

2.  Are there locations from a lynx perspective that have unique habitat conditions 
relative to other areas in the lynx range that are necessary to foster future adaptive 
capacity of the DPS?  If yes, where? 
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Response Type:  Open discussion.  No response forms were submitted, but notes were taken 
on the discussion that followed. 
 
Question Clarification:  The experts required some clarification of terms and the intention of this 
question to respond.  Facilitators read the working definition of representation (above), which 
previously had been provided to the experts.  Experts then discussed representation across the 
lynx DPS from an adaptive capacity perspective. 
 
Expert Responses:  The response was an open discussion captured below. 
 
Discussion Points Following Initial Responses:  Maintaining genetic variability is important for 
adaptive capacity.  If uncertain about the capacity for lynx to adapt, then experts encouraged 
that all populations (and hence the genetic variation within each) be maintained.  Experts 
indicated that it doesn’t appear that any U.S. population is more or less important to maintain 
than the others because of relatively similar ecological settings and the generally low level of 
genetic differentiation across the DPS.  Summary:  Experts discussed that maintaining 
representation in the DPS could best be achieved by retaining current DPS populations, 
maintaining connectivity between DPS and Canadian lynx populations, conserving the genetic 
diversity currently represented in DPS, and avoiding impacts that could facilitate or increase the 
potential for or likelihood of genetic drift. 

It was also noted that lynx north of the DPS in some parts of eastern Canada (in New Brunswick 
and Quebec south of the St. Lawrence Seaway and on Newfoundland Island) have some 
unique alleles, including at functional genes, and should be preserved.  Lynx in these areas are 
relatively more isolated than lynx elsewhere in Canada.  Lynx south of the St. Lawrence are 
separated from lynx to the north by the seaway itself, which historically froze over during winter 
but which is now kept open to facilitate maritime shipping, perhaps reducing the level of genetic 
exchange between lynx on opposite sides.  Lynx on Newfoundland Island are separated from 
lynx in mainland Labrador and Quebec by the 15- to 60-kilometer-wide Strait of Belle Isle.  
Despite the relative isolation of these populations, genetic evidence indicates some interchange 
between lynx south and north of the St. Lawrence and between Newfoundland Island and 
mainland populations.  Eastern Canadian populations north of the St. Lawrence may have 
slightly different genetic composition than lynx in the Maine geographic unit. 

Redundancy 
Definition - Redundancy contributes to the ability of population types to withstand catastrophic 
events (hurricanes, wildfires, etc.).  The number and distribution of populations of each 
representative type contribute to the retention of various representative types despite 
catastrophic events by ensuring that the loss of a population doesn’t lead to the loss of 
representation. 

Redundancy Questions 
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1.  List the factors/catastrophic events that could functionally extirpate an entire 
geographic unit. 
   
Response Type:  Each expert supplied a written list submitted via index card of the 
factors/catastrophic events. 
 
Question Clarification:  Three issues required clarification prior to obtaining responses to this 
question.  First, we initially asked about eliminating a “population” rather than a geographic unit.  
Because some of the geographic units may support several relatively isolated subpopulations, 
experts questioned whether we meant individual populations or subpopulations.  We clarified 
that we are evaluating the likely persistence of resident lynx populations in each of the six 
geographic units that currently support or recently supported them; therefore, we are interested 
in the likelihood that a catastrophic event could result in the extirpation of resident lynx from the 
entirety of any of the geographic units. Second, we were asked if extirpation meant the 
complete loss of all lynx from a unit.  We clarified that we wanted to know if lynx could be 
“functionally extirpated” from any geographic unit, with functional extirpation described as the 
loss of the unit’s ability to support a resident breeding population(s) of lynx.  Third, experts were 
not clear what an “event” entailed.  After discussion, it was agreed that an event was defined as 
a single occurrence of some form, such as a fire, drought, hurricane, etc., that occurs over a 
relatively brief period of time, rather than a series of smaller cumulative events (e.g., a series of 
climate change-associated occurrences of fires or insect outbreaks over the course of a 
decade) causing a cumulative catastrophic result. 

Expert Response:  Six of the ten experts did not list any catastrophic events that could result in 
the functional extirpation of lynx from any entire geographic unit.  Three of the experts listed 
multiple catastrophic events they felt could result in at least temporary functional extirpation of 
lynx in a unit.  Among these, two of the experts listed fire, three listed disease, one listed insect 
outbreak, and one listed a failure of winter conditions due to a combination of heat or drought 
conditions.  One expert listed geographic unit-specific events, namely fire or insect outbreak for 
the Washington geographic unit, insect outbreak in Maine, and either insect outbreak or fire for 
one of the Minnesota geographic unit’s groupings of individuals, but not all. 

Discussion Points Following Initial Responses:  Experts were told that climate change was not 
considered a catastrophic event because it is both a driver of events and influences severity, 
rather than being an event itself as defined above.  Experts discussed the possibility that the 
Washington geographic unit, because of its relatively smaller size and history of recent 
extensive fires in lynx habitat, may be at risk of functional extirpation from multiple catastrophic 
events; disease, fire, and beetle outbreak were all mentioned as possible events.  One expert 
suggested that the Minnesota geographic unit could potentially be eliminated by a very large 
fire, although there was a low probability of this occurring.  Experts expressed some uncertainty 
whether fire could occur at the severity and scale sufficient to eliminate an entire geographic 
unit; however, a series of fires over a short time period may have the potential to cause 
functional extirpation of lynx from a geographic unit or significantly reduce the number of 
resident lynx it could support, at least temporarily. 
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2.  Could any of the catastrophic events listed in response to redundancy question 1 
eliminate all 6 geographic units simultaneously? 
 
Response Type:  Each expert supplied a written response of “yes” or “no.” 

Expert Response:  All experts answered “no.” 

3.  What is the probability (expressed as a percentage) that any single geographic unit 
could be eliminated by a single catastrophic event in the next 10 years? 
 
Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  In response to the discussion around question #1, which resulted in the 
inclusion of question 3, this question was modified from its original script to include a 10-year 
time frame (underlined). 

Expert Responses:  All responders gave a relatively low probability (≤ 10%, median of 1%) that 
any single geographic unit could be eliminated (resident lynx functionally extirpated) by a single 
catastrophic event in the next 10 years (Figure 2).   

4. What is the percent likelihood that a series of catastrophic events within the next 10 
years could cause functional extirpation of one or more lynx geographic units? 

Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  This question was developed after discussion of question 3 to capture 
the possibility of functional extirpation of lynx from geographic units due to a series of 
catastrophic events over a relatively short time rather than a single event that occurs at one 
point in time. 

Expert Responses:  The percent likelihood ranged from 0.5% to 60%, with a median response 
of 7.5% (Figure 2).  Expert responses indicated a higher probability of a series of catastrophic 
events over 10 years resulting in functional extirpation than a single event in the next 10 years, 
as in question 3.  
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Figure 2.  Individual scores and summary boxplots of the percent chance that a geographic unit 
is eliminated by a single catastrophic event (question #3, left) or a series of catastrophic events 
(question #4, right) in the next 10 years.  Note:  This and all subsequent figures below were 
generated using the statistical software R (Appendix 6).  

In Figure 2, individual responses to a single catastrophic event were 0.01%, 0.1%, five 
responses of 1%, 5%, and two responses of 10%.  Individuals responses to a series of 
catastrophic events were 0.5%, 1.1%, three responses of 5%, 10%, 15%, 20%, 40%, and 60%).  
Boxplots illustrate response mean values (bold black lines), the 25% and 75% quartiles (upper 
and lower bounds of boxes), and the highest and lowest values within 1.5 times the quartile 
range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of the 
whiskers (outside 1.5 times the quartile range) are considered outliers and plotted as points 
beyond the ends of the whiskers (i.e., experts 3 & 4 in Q3 and experts 3 and 10 in Q4, as 
indicated by the points plotted between experts 5 and 6).  The individual expert responses used 
to produce the boxplots are indicated by x-marks.  Boxplots are provided as a summarizing 
visualization to aid comprehension of the experts’ responses and their range, and the summary 
values are presented in this context and not intended for use outside of the context of the full set 
of responses. 

Discussion Points Following Initial Responses:  One expert noted that the probability of 
extirpation in any one of the 6 geographic units is greater than the probability of a single specific 
geographic unit being extirpated.  Also, any combination of a series of events over a decade 
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increases the likelihood of extirpation in any one geographic unit relative to the probability of 
extirpation due to a single event.  

Although median probabilities of extirpation were low, experts felt the geographically smallest 
unit (Washington) and those units believed currently to support the fewest resident lynx (GYA, 
Washington, and Minnesota) were the most vulnerable geographic units when scoring this 
exercise.  Fire, drought, and beetle kill were the most frequently mentioned events that were 
considered by the experts when answering this question.  Some experts felt that these 
geographic units may be susceptible to such a scenario because of small geographic and/or 
population sizes and distribution.  In particular, it was noted that this past year there were many 
fires in lynx habitat, especially in Washington, and another year with similar fire impacts, or a 
few such fire years in a 10 year period, could lead to extirpation of lynx in the Washington 
geographic unit.  An expert noted there currently may be as few as 24 remaining females in 
Washington and that with fewer individuals in this area it would result in a higher probability of at 
least temporary extirpation.  Experts noted that fire disturbance data are likely available that 
could be used to model the likelihood of future fire impacts to each geographic unit.  

Experts with outlier responses provided their rationales.  Experts having the lowest scores 
believed that even the smallest geographic units would have only a low probability of extirpation 
in the next decade - that the time frame under consideration was very short.   

5.  What length of time would be required for a geographic unit eliminated by a 
catastrophic event to reestablish naturally? 
  
Response type:  4-point elicitation.  Each expert supplied a written response in years for the 
longest, shortest, and most plausible time periods for reestablishment of a resident lynx 
population within a geographic unit following functional extirpation.  They were also asked to 
indicate their confidence, as a percentage chance, that the true amount of time necessary for 
reestablishment would fall between the shortest and longest plausible time periods provided. 
 
Expert Responses:  The responses to each of the points elicited are shown below in Table 1.  
Two experts provided additional information beyond the 4 points elicited when responding.  One 
presented two scenarios, one in which connectivity is intact and the habitat was damaged by the 
catastrophic event (e.g., insect outbreak or fire) which would require habitat regrowth first, and 
the second in which the habitat remained present.  In the case of habitat being present the most 
likely time period response was less than 10 years.  In the habitat elimination scenario the 
expert felt given climate changes to habitat that the geographic unit would not re-establish.  The 
second expert responded by geographic unit, with the exception of the Minnesota geographic 
unit for which there was no response.  Their responses are summarized in Table 1 using the 
overall longest and shortest responses as well as the average of the most plausible time (see 
footnote 3). 
 
Table 1.  Expert responses regarding the natural reestablishment time in years for a geographic 
unit after extirpation by a catastrophic event. 
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Expert # 
Reestablishment Time in Years Percent Confidence in 

Range3 Shortest Plausible 
Time 

Most Plausible 
Time  

Longest Plausible 
Time 

1 10 40 100 50% 
2 15 100 300 80% 
3 15 35 60 5% 
44 1, 

will not reestablish 
<10,  

will not 
reestablish 

will not reestablish 100% 

5 25 50 100 75% 
6 20 30 50 90% 
7 15 20 25 90% 
8 15 50 will not reestablish 40% 
9 20 30 100 50% 

105 15 55 200 50% 
 

Expert responses are also visualized in Figure 3 and Figure 4 below.  The raw responses are 
visualized in box plot form to aid communication of the results (Figure 3).  Confidence ranges 
provided in a four point elicitations enable expert responses to be rescaled to produce a 
common confidence bound across experts using linear extrapolation (e.g., McBride et al. 2012).  
We calculated the 95% confidence interval for the shortest and longest plausible time periods 
for each expert (Figure 4).  In cases where the linear extrapolation resulted in negative years for 
the shortest time periods, we adjusted to zero.  This may indicate underconfidence in the 
responses provided by the experts, or that the use of linear extrapolation for these 4-point 
elicitation responses fails to distribute expert uncertainty in a manner consistent with the actual 
uncertainty present in expert responses (i.e., the experts could have been more confident in 
their shortest plausible time response than their longest plausible time responses, which the 
linear extrapolation doesn’t account for). 

                                                 
3 Expert confidence that the true recovery time would fall between the shortest and longest time periods 
of their response. 
4 This expert provided a response for two scenarios, first that the catastrophic event does not result in 
habitat loss, and second that habitat is lost and therefore connectivity to extant populations is lost. 
5 This expert provided separate responses for each geographic unit.  The values in this table are the 
overall shortest, longest, and average most plausible number of years indicated in the responses across 
geographic units. 
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Figure 3.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events. 

The raw responses for each of the three time periods (longest plausible time to reestablishment, 
most plausible time, and shortest plausible time period) are displayed in the box plots in Figure 
3 above.  Boxplots illustrate response mean values (bold black lines), the 25% and 75% 
quartiles (upper and lower bounds of boxes), and the highest and lowest values within 1.5 times 
the quartile range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of 
the whiskers are considered outliers and plotted as points.  The individual expert responses 
used to produce the boxplots are indicated by x-marks.  Boxplots are provided as a 
summarizing visualization to aid comprehension of the experts’ responses and their range, and 
the summary values are presented in this context and not intended for use outside of the 
context of the full set of responses. 
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Figure 4.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events, adjusted to provide 95% confidence bounds. 

In Figure 4, 95% confidence bounds were produced from the 4-point responses using linear 
extrapolation.  Shortest plausible time period is in blue, most plausible is green, and longest 
plausible is red.  For plotting purposes negative shortest time period values were adjusted to 
zero, and all zeroes in the plot indicate 95% confidence bounds that extended below zero.  
Longest time periods beyond 350 years were plotted at 350, with the actual time period noted in 
text left and below those points.  Also note that expert 10 responded by geographic unit, so the 
figure displays the 95% confidence bound adjusted overall longest, overall shortest, and 
average most plausible time periods across the six units for expert 10. 

Discussion Points Following Initial Responses:  Experts discussed the amount of time it takes 
for habitat to recover after catastrophic events (e.g., fire, insects) when considering timeframes 
for repopulation.  Some experts could picture some geographic units never being recolonized 
again, and that some could be recolonized immediately, depending on which geographic unit is 
being evaluated and the level of connectivity to other geographic units and to lynx populations in 
Canada.  Washington is more connected to Canada than the Colorado geographic unit for 
example.  The rate of recolonization was variable for each geographic unit because of the size 
of each geographic unit, status of adjacent source geographic units, and the level of 
connectivity.  Experts found it hard to generalize across the range of the species for this 
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question.  The variances in the geographic units across the range need to be considered.  
Experts believed GYA and CO would have a long period for recolonization, if ever recolonized, 
after a potential extirpation event because of the lack of connectivity with Canadian populations.  
It is likely that those geographic units with connectivity to Canada would recover much sooner 
than geographic units not connected to Canada. 

Resiliency 

Definition - Resiliency speaks to an individual population’s ability to tolerate environmental and 
demographic stochasticity, such as fluctuations in temperature or genetic drift.  It is often 
measured in terms of population size and growth rate, but in fact is dependent on a number of 
traits, both demographic and environmental.  These include, among others: age or stage class 
distribution, genetic heterogeneity, birth rates, annual survivorship, sex ratios, etc., and the 
quality and extent of habitat, the degree of disease, competition, etc.  Metapopulation dynamics 
and distribution can also contribute to population resiliency in some species. 

Resiliency Questions:  Probability of Persistence Exercise  

Exercise Summary 

The first two resiliency questions were asked concurrently as part of a probability-of-persistence 
exercise conducted for each geographic unit.  Experts were asked to graphically provide the 
probability of persistence of resident lynx through time for each geographic unit, as well as the 
major factors influencing persistence in those geographic units, one geographic unit at a time.  
Experts were asked to provide persistence probabilities and influencing factors for the near-term 
(2025), mid-term (2050) and longer-term (2100).  Experts were also asked to indicate on each 
of their graph sheets the emissions scenario (low, moderate, or high/status quo) they were 
considering in graphing persistence probabilities and listing influencing factors.  
 
We began this exercise with the Northern Maine geographic unit, and the discussion and 
questions among experts that followed the initial persistence-graphing and factor-listing efforts 
indicated that a review of the status and major issues confronting lynx in each unit (a quick 
reminder and summary of the earlier status update presentations) would be helpful.  Therefore, 
prior to expert responses for the remaining units, the expert(s) most familiar with the geographic 
unit in question gave a 5-10 minute summary of what they viewed as the most relevant 
information about the current and likely future status of lynx populations and habitats in that unit.  
They also presented any other conditions or issues they thought could affect the probability of 
persistence of resident lynx in that unit.  All experts then completed their graphs and lists of the 
factors that influenced the probabilities of persistence they selected for each time frame for the 
geographic unit in question.  For the Maine unit, the discussion following initial responses 
served the same purpose, and after that discussion, experts were given the opportunity to 
revise their responses if they felt it necessary. 
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After all experts completed their responses, the graphs and influence lists from each expert 
were posted on the wall, and workshop participants were invited to gather around to view and 
discuss the range of responses.  Facilitators and SSA Team members then polled the experts 
about what drove their responses.  These questions were a mix of directed questions about 
unique responses, the role of particular factors noted in the responses, and open-ended 
questions to allow experts to describe their thinking.  Experts and team members were also 
encouraged to ask clarifying questions about the responses.  Experts were encouraged to 
modify their responses by posting a revised sheet above their first response if they wished to 
adjust their responses based on the discussions. 
 
1.  What is the probability of persistence over time (particularly at present, 2025, 2050, 
and 2100) for each of the 6 major geographic units? 
 
Response Type:  Graphical 3-point elicitation.  Each expert was provided a blank sheet of 
graphing paper with a y axis of probability of persistence, and an x axis of time, with 4 time 
periods bolded (2015, 2025, 2050, and 2100).  For each of those years, experts were asked to 
add a point to the graph representing the lowest, highest, and most likely probabilities of 
persistence at that time period.  Experts were also asked to connect the points through time. 
 
Question Clarification:  It was explained that the most likely point should represent the 
probability of persistence that the expert anticipates to be most likely to occur for that 
geographic unit at each time period, and that  the points for lowest and highest probability of 
persistence were intended to capture the expert’s uncertainty in the future probability of 
persistence.  Experts preferred to indicate a most likely probability and to provide a full 
confidence interval (i.e., upper and lower bounds within which they felt 100% certain the future 
probability of persistence would fall) rather than indicate a confidence level associated with the 
lowest and highest probability responses. 
 
Expert Responses:  Responses are by geographic unit and are presented below in conjunction 
with the responses to question #2 below. 
 
2.  What are the major drivers/factors (up to 3) reducing probability of persistence for 
each of the major geographic units? 
 
Response Type:  Ranked list of top three factors, for each point in time (present, 2025, 2050, 
and 2100), with % contribution of each factor. 
 
Question Clarification:  Resiliency questions 1 and 2 were asked concurrently.  Experts were 
provided a sheet of paper for each geographic unit and the area at the bottom of the sheet 
below the graphing area was used to list the three major factors they expected would most 
significantly influence the probability of persistence at each time period.  Influencing factors 
were described as those anthropogenic or naturally-occurring activities, events or factors that 
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could influence the probability that resident lynx populations will persist in a given geographic 
unit. 
 

Expert  Responses:  For each geographic unit an overview of the unit from the area 
expert are provided, as well a summary of the hand drawn graphs via a figure (Figures 
5 - 10), the responses and major factors are summarized via text, and the discussion 
that the responses generated are presented. 

Results by Geographic Unit 

Northern Maine  

Pre-graphing Overview from Unit Experts:  This step was not added to the process until after the 
probability of persistence exercise for this unit.  Because this unit was the first for which experts 
attempted to graph persistence over time, there were many questions and much discussion 
about process and intent.  It was the discussion following this initial graphing exercise that led 
the SSA Team to request unit summaries prior to subsequent graphing exercises.  The Team 
felt that overview information similar to that provided prior to graphing persistence for 
subsequent units (below) came out during the discussion.  Further, because experts were 
encouraged to update their Northern Maine geographic unit responses as necessary following 
that discussion, the Team felt that the results of the graphing exercise for the Northern Maine 
geographic unit were valid and comparable to the results generated for the other units. 

Expert Responses:  All experts indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Maine through the end of the century, with uncertainty (range 
between lowest and highest probabilities) also increasing over time.  Nearly all experts 
predicted near-term (year 2025) persistence probability >= 90% and mid-century persistence >= 
70%.  All experts predicted end-of-century persistence probability >= 50% for this unit, with most 
predicting a 40% to 60% probability of persistence by 2100 (Figure 5).  Near-term drivers that 
influenced experts’ probabilities of persistence for this geographic unit were changes in private 
forest land ownership, changes in forestry management (timber harvest methods, volumes, and 
spatial distributions), habitat decline (succession of previous clear-cuts from young, dense 
regenerating stands to mature stands less conducive to high hare densities), spruce budworm 
outbreak, climate change-induced loss of spruce-fir habitats, and competition with bobcats due 
to climate change-induced loss of snow conditions that favor lynx.  Longer-term (2050, 2100) 
drivers similarly included changes in forestry practices, but also climate-driven loss of snow 
conditions favorable to lynx/competition with bobcats, and loss of spruce-fir forest.  As with 
responses for other geographic units, not all experts provided the factors that influenced their 
persistence probabilities for each time period, and not all provided the percent contribution of 
each factor. 
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Figure 5.  Expected probability of persistence for the Northern Maine geographic unit at present, 
2015, and in 2025, 2050 and 2100. 

Note:  In Figure 5, above, and figures 6 through 10, below, points for each of the 10 expert 
responses, for each of the three probability of persistence levels, i.e., highest, most likely, and 
lowest probabilities of persistence, are represented by the hollow red, filled green, and hollow 
blue points respectively.  The black x mark is the median of the most likely responses across 
the experts in each response year.  The red, green, and blue dashed lines connect the median 
of the highest, most likely, and lowest probability of persistence responses across the experts in 
each response year.  The edges of the grey area were defined by the extreme responses, i.e., 
the range from the largest of the highest probability of persistence responses to the smallest of 
the lowest probability of persistence responses.  The median lines and grey area are provided 
as a summarizing visualization to aid comprehension of the experts’ responses and their range, 
and should not be viewed as a substitute for individual responses or presented outside the 
context of the accompanying discussion. 

Discussion Points Following Initial Responses:  One expert expressed confidence that the lynx 
population in Maine will be stable in the near term; that climate change out to 2050 will primarily 
affect coastal areas, which support few lynx; and that there will likely still be favorable conditions 
for lynx in northern Maine where most lynx currently occur.  A second expert disagreed, and 
indicated that a combination of aging of the last of the budworm-era (1970s-80s) clear-cuts, the 
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cumulative effects of the last 25-years of partial harvesting (in accordance with the Maine Forest 
Practices Act), and the coming spruce budworm outbreak will all substantially reduce the 
amount of high quality lynx/hare habitat in this unit.  Projecting past 2050, experts generally 
agreed that climate change will likely create unfavorable conditions (e.g., insufficient snow, loss 
[northward migration] of spruce-fir forests) in northern Maine’s core area for lynx, and the 
probability of persistence will decline over the longer term.  Although uncertainty increases with 
time from the present, climate-related loss of favorable snow conditions (amount, consistency, 
and duration), loss of spruce-fir, and bobcat competition will likely reduce the probability of 
persistence in this unit beyond 2050.   

There was some concern that timber companies would not respond to the pending spruce 
budworm outbreak like they did in the 1970s (extensive clear-cuts).  Some experts also 
expressed concerns about the effects of the current clear-cuts aging past conditions that 
support hares and lynx.  Out to year 2050, changes in snow conditions and loss of spruce-fir 
associated with climate change will contribute to habitat loss.  Past 2050, diminished snow, 
successional loss of high-quality habitats, increased competition from bobcats, and spruce-fir 
decline will make conditions unfavorable for lynx.  Some experts assumed a high-emissions 
climate change scenario, but others said their predictions would not change under moderate 
emissions scenarios.  The second expert (above) indicated that current data show spruce-fir 
habitat is being replaced with a hardwood forest (red maple) system, and that this will continue 
throughout the century.  This expert indicated hardwood forest invasion isn’t being controlled by 
herbicides as it was in the last budworm outbreak.  The first expert (above) disagreed and said 
that lynx are resilient and forestry practices will likely sustain spruce-fir habitats in Maine, 
providing an example of one timber company that has already invested in spruce plantations.  
The second expert indicated that most of the land base is owned now by Timber Investment 
Management Organizations and Real Estate Investment Trusts who will not employ intensive or 
expensive (plantation, herbicide) forms of forestry.  In summary, experts expressed a variety of 
opinions about how forest management may change in the future in Maine and, in particular, 
how forest landowners and managers may respond to the pending spruce budworm outbreak, 
and how these responses may impact resident lynx.  

Other factors considered by the experts included budworm outbreaks, the potential for disease 
in a lynx population (not currently a recognized or documented threat and typically unexpected, 
but always a possibility), ecosystem change induced by climate change, forest tree species 
composition changes, competition with other temperate forest animals.  There are many 
interrelated factors and different stresses and factors that may occur in the future.  It is difficult 
to anticipate the factors that will affect lynx in the future.   

Experts discussed the role of competition between lynx and other carnivores, especially 
bobcats, throughout the DPS.  One expert remarked that in some parts of Montana there is 
complete overlap of lynx and bobcat home ranges and little or no evidence of competition 
effects.  Others indicated relatively narrow regions of overlap and sharp demarcation between 
areas that support home ranges of the two species that correspond with annual snowfall 
amounts in Maine and Minnesota.  Experts were unsure whether bobcat-lynx overlap is more a 
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function of snow conditions in these areas or competition between the species (i.e., competition 
for food or behavioral competition).  Although separation of the species has been documented, 
the nature and causes of the separation are not certain.  Bobcats are a more generalist predator 
than lynx and less reliant upon hares than lynx.  Experts expressed varying opinions regarding 
seasonal differences in overlap among lynx and bobcat diets, the effect and importance of 
competition between the two species, and whether it is behavioral or resource competition.    

Lynx in Maine have not responded to changes in hare abundance exactly as lynx in Canada 
and Alaska have to hare population cycles.  In Maine, the proportion of females that reproduced 
and average litter size declined during low hare years, as in the north, but home range sizes in 
Maine did not increase as they did in the north when hare abundance was low.  Hare densities 
do not appear to have dropped below a critical threshold to alter lynx home range size in Maine 
as in the North.   

An SSA Team member asked how hare cycles or fluctuations may affect predictions of 
persistence in Maine.  The first expert (above) said that hare declines documented by University 
of Maine monitoring is likely due to the aging forest, and that lynx in Maine haven’t yet 
responded biologically to the range of hare densities observed in Maine, as suggested by the 
lack of change in home range sizes and survival.  The second expert (above) disagreed, and 
cited University of Maine research that showed hare populations declined by ~50% in all stand 
types sampled starting in 2006, that forests where hares were monitored have not yet 
progressed to the self-thinning stage, and that the hare decline in Maine is mirrored by hare 
data from southern Quebec.   

Northeastern Minnesota 

Pre-graphing Overview from Unit Experts:  There are probably 50-200 resident lynx in 
Minnesota but there is much uncertainty and survey protocols do not support generation of 
precise abundance estimates.  Lynx occupancy and reproduction both have been consistently 
documented in the state since it was listed in 2000.  Lynx in this geographic unit are interacting 
with, and possibly depending on, southern Ontario populations.  Although females exhibit high 
reproductive rates, radio-telemetry data suggest low recruitment of Minnesota-born kittens into 
the breeding population of this geographic unit.  Bobcats are a potential future stressor as they 
are encroaching into lynx areas; fire is a threat in dry years (e.g., there have been 3 fires in last 
15 years that have burned approximately 20% of lynx habitat).  The forest management industry 
is tied to softwoods and continued management of softwood tree species is expected in the 
future. 

Expert Responses:  As with the previous unit, all expert graphs showed initially high and 
subsequently declining probability of lynx persistence in Minnesota over time, along with 
increasing uncertainty through the end of the century.  Nearly all experts predicted near-term 
(year 2025) persistence probability >= 90%, and all experts predicted mid-century persistence at 
60% to 90% (median = 80%).  Experts predicted end-of-century persistence probabilities of 10% 
to 60%, with a median of 35%, by 2100 (Figure 6).  Near term drivers were reduced snow, 
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bobcat competition, disease in lynx (e.g., lungworm, liver fluke, feline leukemia), and forest 
insects.  Long term drivers were reduced snow, competition with bobcat, loss of spruce-fir 
forests, fires, and climate change. 

 

Figure 6.  Expected probability of persistence for the Minnesota geographic unit at present 
(2015), and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts expressed uncertainty whether 
potential climate change impacts will be realized in the short term, but that the cumulative 
effects of climate-induced changes seem more likely in the longer term.  This uncertainty may 
be a source of variability in predicted persistence probabilities.   Some experts expressed 
uncertainty about the accuracy of the rough estimate of the size of the lynx population in this 
unit because surveys were not designed to provide population estimates.  Some experts wanted 
clarification on the distribution of lynx in the state, and which areas of the state have the highest 
use.  The core-use spatial extent was described as a 20-mile-wide strip inland from the north 
shore of Lake Superior and extending about 60 miles from the northeast tip of the “arrowhead” 
southwest into the Superior National Forest (SNF).  Lynx occasionally occur further west in the 
SNF and in other areas such as Voyageurs National Park.  Recent snow-track surveys suggest 
lynx may be using a larger portion of the arrowhead region, and radio-telemetry data have 
documented travel to and from southern Ontario.  Lynx also have been documented to use the 
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1-million-acre Boundary Waters Canoe Area Wilderness (BWCAW) that borders Canada for 
dispersal in both directions across the border.  However, because the BWCAW has not been 
surveyed for lynx, the number of lynx that may use this area is unknown.  The SNF does not 
actively manage the BWCAW.  The current connectivity between lynx in this unit and the larger 
population in Ontario reduces the likelihood of local extirpation in this geographic unit, but the 
likelihood would increase if connectivity was compromised and cross-border interactions 
reduced. 

Factors considered included potential disease, fire, loss of boreal forest, competition with 
bobcats and possibly other hare predators.  Some experts questioned the validity of disease as 
an influence in this and other geographic units because although disease has been documented 
in some felines, it has not been documented as a threat to lynx in any of the DPS populations to 
date.  Some experts speculated that because there is a link between disease and temperature 
increases in other animals, projected climate warming could contribute to disease in lynx.  
Therefore, although not a factor for lynx currently, it is not unreasonable that disease could 
impact lynx populations in the DPS in the future, so we may want to consider disease in future 
conservation planning.  Experts also discussed the possibility that climate warming may 
facilitate the westward expansion of the spruce budworm outbreak that is projected for Maine 
and eastern Canada into southern Ontario and the Minnesota geographic unit. 

Northwestern Montana/ Northeastern Idaho 

Pre-graphing Overview from Unit Experts:  There are likely 200-300 lynx in this unit in several 
subpopulations (expert stressed that this is a guess and not a true population estimate), and 
there is currently a connection with lynx in Canada.  Climate models project that some boreal 
forest will persist in this unit and that it will maintain snow into the future.  In this unit, lynx 
primarily occupy public lands, which are actively managed for lynx into the future.  In recent 
decades, fires have occurred on a large scale, with high intensity and increasing frequency.  
There have been no documented cases of beetle infestations in lynx habitats in this unit. 

Expert Responses:  As for previous units, all expert graphs showed an initially high and 
subsequently decreasing probability of persistence for this unit, with increasing uncertainty over 
time, but a higher probability of persistence at all time frames than other units.  All experts 
predicted near-term (year 2025) persistence probability >= 95%, and all predicted mid-century 
persistence at 70% to 100% (median = 90%).  All experts predicted end-of-century persistence 
probabilities >= 50%, with a median of 78%, by 2100 (Figure 7). 
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Figure 7.  Expected probability of persistence for the Northwestern Montana/Northeastern Idaho 
geographic unit at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Overall, experts assigned a higher probability of 
persistence in this unit compared to the other two units discussed thus far.  Most lynx habitats in 
this unit occur on Federal lands that are managed for lynx conservation, but one expert noted 
that little has been done to document whether lynx are responding to this management.  The 
recent sale of large tracts of private commercial timberlands in the central part of this unit to The 
Nature Conservancy has increased protection for lynx via conservation easements managed for 
lynx.  Habitats in some areas should improve in the near future as previously cut or burned 
areas mature into dense stands.  Unlike the Maine and Minnesota geographic units (but similar 
to most other western units), high elevations in this unit could buffer the effects of climate 
change by providing for the upslope migration of lynx habitats and snow conditions that climate 
models predict.  However, this would result in even patchier and more isolated islands of habitat 
in high elevation areas that would be more prone to extirpation due to catastrophic or stochastic 
events.  Competition from coyotes and bobcats seem to be less of a concern for this unit. 

This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 
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occurring or will into the future.  There doesn’t appear to be much demographic input from 
recent cycles.  There is evidence of lynx from this unit moving north into Canada, but little 
evidence of demographic interactions among the three subpopulations (Purcell Mountains, 
Seeley Lake, and Garnet Mountains) in this unit.  Experts noted that the Garnets Mountains 
subpopulation at the southern end of this unit may have recently become extirpated.     

Discussion among experts indicated that fire was more of a concern for this area.  Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit.  Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels.  Out to 2050 and 
beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity.  Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 

Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats.  Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change.  It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level.  One expert reminded that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation.  Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in future.   

North-central Washington 

Pre-graphing Overview from Unit Expert:  This geographic unit is thought to currently support 
roughly 50 resident lynx.  There may have been more lynx prior to recent major fires.  This unit 
is currently connected to Canada, and there is no indication that this connection will be 
disrupted.  Some of the best lynx habitat in this unit occurs on plateaus that may be more 
vulnerable to impacts of climate change because of the absence of higher-elevation areas to 
which habitats, lynx and hares could migrate in response to warming.  In areas that receive 
maritime climate influences, projected climate-induced changes to snow conditions could be 
detrimental for lynx.  Studies have shown good lynx survival rates in this unit. 

Expert Responses:  Compared to the previous units, most expert graphs showed a lower 
probability of persistence for this unit over the short term, and then lower probability of 
persistence along with increasing uncertainty by 2100, reflecting a more pessimistic outcome for 
this unit compared to previous units (Figure 8).  Experts predicted near-term (year 2025) 
persistence probabilities of 60% to 90% (median = 80%), and mid-century persistence at 30% to 
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80% (median = 70%).  All experts predicted end-of-century persistence probabilities less than 
50%, with a median of 38%, by 2100 (Figure 8).  However, one expert predicted an increase in 
persistence probability by mid-century as habitats impacted by recent large-scale fires 
regenerate into optimal hare-lynx habitat. 

 

Figure 8.  Expected probability of persistence for the North-central Washington geographic unit 
at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  The probability of lynx persistence in this unit 
could decrease sharply over the next 10-20 years because of extensive recent fires in lynx 
habitats and the time needed for these areas to regenerate back to good hare/lynx habitat.  
After that, the probability could rebound (or decline more slowly) over the longer term as these 
large areas return to prime habitat providing high hare densities.  The current small population is 
likely at greater risk of extirpation because of stochastic events, particularly if large fires in lynx 
habitat continue to occur in the near future as they have in the recent past.  A small population 
also could be more susceptible to disease, though none has been documented among lynx in 
this unit.  Experts discussed the extent to which small lynx populations could be reduced before 
they would become highly susceptible to stochastic demographic effects.  It was suggested that 
15-20 breeding individuals might be the minimum needed to avoid such susceptibility.  
Unimpeded connectivity between Canada and the Okanogan area of this unit could allow lynx to 



45 

repopulate currently-unsuitable areas after the habitat recovers.  Lynx in this unit are likely the 
southern portion of a larger population in Canada, not really a separate, isolated small 
population.  Factors that influenced expert persistence probabilities for this unit included fire, 
habitat loss, and the future loss of favorable snow conditions predicted by climate change 
models. 

Greater Yellowstone Area (GYA) 

Pre-graphing Overview from Unit Experts:  This unit has a long history of lynx presence, but the 
consistency of occupancy over time is uncertain.  Research and surveys since 1997 have 
detected few lynx in this unit.  Lynx are likely spatially limited within the unit because of the 
patchy distribution of high-quality habitat and the generally low or marginal hare densities in 
much of the unit.  Lynx have large home ranges in this area, an indicator of lower habitat quality.  
Nevertheless, until recently, this unit appears to have supported a small resident lynx 
population.  The current lynx population in this unit is very small - likely fewer than 10 lynx, and 
possibly zero.  This population may have been somewhat larger in the past; however, there is 
some uncertainty about this.  Recent surveys and trapping efforts have not detected resident 
lynx, only several that were previously released in Colorado.  Several Colorado-released lynx 
have established home ranges in the GYA unit, and there is evidence of overlapping male and 
female home ranges.  In the late 1800s and early 1900s, there was notable predator control in 
some parts of this unit.  There currently is oil and gas exploration and development activity in 
parts of this unit, but potential impacts to lynx are uncertain, and projects are attempting to 
minimize impacts to lynx habitat. 

Expert Responses:  The expert graphs for this unit were widely variable and had different 
outcomes and high uncertainty at all time frames.  Experts predicted near-term (year 2025) 
persistence probabilities of 10% to 70% (median = 52%), and mid-century persistence at 15% to 
60% (median = 35%).  All experts predicted end-of-century persistence probabilities less than 
50% for this unit, with a median of 15%, by 2100 (Figure 9).  This was the only unit for which 
most experts believed the present probability of persistence is low (i.e., that it is uncertain 
whether this area currently supports a resident lynx population).  Some experts increased 
probability of persistence into mid-century as the 1980s-era fires regenerate into hare/lynx 
habitat, and with the possibility of continued immigration of lynx from Colorado.  Other experts 
project a 10% to 20% probability of persistence by 2100.  One reason given for wide variability 
in responses is because of the uncertainty whether a population currently exists.  There were 
wide confidence intervals around the probabilities for all time periods for this area. 
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Figure 9.  Expected probability of persistence for the GYA geographic unit at present, 2015, and 
in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Current and future factors expressed by experts 
as influencing probability of persistence for this unit included small population size, forest 
disease and insect pests, and fire.  Some experts doubt that the GYA unit currently supports a 
resident breeding population of lynx.  Experts indicated that climate models predict that some 
parts of the GYA unit could provide refuge from climate change impacts because of their high 
elevations and potential to maintain winter snow levels into the future.  Summer conditions in 
this unit, however, could be drier in the future, resulting in increased fire frequency, extent and 
intensity, and additional temporary habitat loss.  However, regeneration of these areas and the 
extensive areas that have burned in the recent past may provide good habitat over the next 
several decades.  Lynx immigrating to this unit from Colorado could occupy such improved 
habitats in the near future.  Colorado lynx have made exploratory movements into the GYA in 
summer months, and analysis of available data could improve our understanding of Colorado 
lynx movement into and use of the GYA.  It is possible that lynx from Colorado are maintaining 
or could maintain lynx in GYA. 
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Western Colorado 

Pre-graphing Overview from Area Expert:  From 1999 to 2006, Colorado Division of Wildlife 
(CDOW; now Colorado Parks and Wildlife [CPW]) released 218 Canadian and Alaskan lynx into 
western Colorado.  Survival and litter sizes have been similar to rates observed in other DPS 
populations.  There are probably 100-250 lynx in Colorado today.  There are currently 5-6 
million acres of habitat in this unit thought capable of supporting lynx and where hares are 
present in sufficient numbers to support persistent reproduction.  Extensive bark beetle 
infestations have impacted large areas of lynx habitat, but snowshoe hare are still occupying 
areas with beetle damage.  Three large fires have occurred in recent years, resulting in some 
lynx habitat burned.  Salvage operations in burned areas could diminish future habitat quality.  
This unit is more isolated from Canadian and other DPS lynx populations; separated by a large 
swath of inhospitable habitat.  Road mortality of released lynx was initially high but it doesn’t 
seem to be a problem now (about 1 per year killed on roads on average since the first year of 
the reintroduction).  There is no incidental take from trapping because foothold traps are banned 
in Colorado.  Climate models show CO will maintain habitat over time with anticipated climate 
changes.  Like other western units, habitat is patchily-distributed across this unit. 

Expert Responses:  Similar to most of the other units, most expert graphs indicate an initially 
high probability of persistence in this unit that will decline gradually with increasing uncertainty 
through the end of the century.  Experts predicted near-term (year 2025) persistence 
probabilities of 60% to 100% (median = 90%), and mid-century persistence at 50% to 85% 
(median = 80%).  Experts predicted end-of-century persistence probabilities of 20% to 70% for 
this unit, with a median of 50%, by 2100 (Figure 10). 
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Figure 10.  Expected probability of persistence for the Western Colorado geographic unit at 
present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts indicated that beetle kill and fire 
could potentially create poor habitat conditions in large areas of this unit by mid-century, but that 
regeneration after these impacts could result in good lynx/hare habitats.  Others expressed 
uncertainty about whether fire and insect impacts would be temporary or permanent, especially 
considering climate change and the potential for conversion from boreal/subalpine forests to 
other forest types.  Although 8 of 10 experts graphed 50% to 70% probability of persistence at 
2100, during subsequent discussions, several expressed greater uncertainty about whether 
resident lynx will persist in the unit at the end of the century.  Higher-quality lynx habitat occurs 
primarily in two areas and is patchily-distributed.  Lynx in this unit may occur as several smaller, 
relatively isolated subpopulations, which are likely more vulnerable to stochastic events (similar 
to MT).  This unit’s relative isolation may limit exchange with other lynx populations, increasing 
the likelihood of genetic drift and reducing the chance of demographic rescue or recolonization if 
extirpated.  There was discussion about whether ski areas may affect daily movements of lynx, 
and hares may be declining in ski areas.  Ski areas tend to expand and may, therefore, have 
larger impacts on lynx in future.  There is some evidence of lynx using ski areas in summer 
months but avoiding them during the ski season.  It is uncertain whether ski areas may affect 
genetic connectivity within the Western Colorado geographic unit.  Two-thirds to three-quarters 
of the lynx in this unit are in the southern portion of the range in the San Juan Mountains.  There 
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is a large area (Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, 
so it is possible that lynx also could be using that area. 

Summary across Geographic Units 

This section extrapolates from the probability of persistence responses for each geographic unit 
in the section above.  In this section we show the combined probabilities of persistence for 
those geographic units to provide a sense of what the DPS-wide results could be when the 
results for the individual geographic units are combined.  This is shown as a summary of the 
probability that a given number of geographic units persist into the future (See Figure 11) using 
the probabilities provided for each individual unit.  Note that no additional information was 
elicited to produce this summary; rather, the probabilities for each geographic unit were treated 
as independent probabilities of persistence and used to determine the joint probability of 
persistence for a given number of geographic units in total.  Computationally these joint 
probabilities were computed using a convolution of the Bernoulli probability distribution of 
persistence for each geographic unit via a custom convolve function executed in the statistical 
software R (see Appendix 6 for the R code used to produce these and the other summaries and 
figures presented in the report).  The results of this convolution are shown in two forms, first is 
the probability that a particular number of geographic units persists (Figure 11) and the second 
is the cumulative probability that at least a given number of geographic units persist (Figure 12). 
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Figure 11.  Summarized probability of persistence of a given number of geographic units given 
the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 11 is the probability that the specific number of geographic 
units indicated by the x axis of the grid persist.  The probability sums to one in each grid.  
Moving from top to bottom the grids show the probabilities of a specific number of geographic 
units persisting by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by selection type and probability response.6  Therefore 
looking down a column of grids provides a view of the trend in persistence through time and 
looking across a row of grids provides a view of the range of uncertainty in persistence experts 
had for a given time period.  The summarized probabilities presented here are provided to aid 
understanding of the implications of the individual persistence probabilities provided above, and 

                                                 
6 “Median_High” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the highest probability response in each geographic unit. 
“Median_Likely” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the most likely probability response in each geographic unit. 
“Median_Low” is the probability of persistence generated by selecting the median probability of 
persistence across experts from the lowest probability response in each geographic unit. 
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are derived directly from those responses and therefore should be presented and considered in 
conjunction with those figures. 

 

Figure 12.  Summarized probability of persistence of at least a given number of geographic units 
given the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 12 is the probability that at least the number of geographic 
units indicated by the x axis of the grid persist.  The probability in a bar reaches 1 when there is 
no probability of fewer geographic units persisting.  Moving from top to bottom the grids show 
the probabilities by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by summary selection type and probability response as in 
Figure 11.  Therefore looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period.  The summarized probabilities presented here are provided 
to aid understanding of the implications of the individual persistence probabilities provided 
above, and are derived directly from those responses and therefore should be presented and 
considered in conjunction with those figures. 

Expert Assumptions during Persistence Graphing Exercises 

Experts were asked to summarize the assumptions that informed their responses to resiliency 
questions 1 and 2.  This was done via open discussion, with facilitators asking both direct 
questions about particular issues that could impact responses (e.g., climate change conditions), 
and open ended questions (e.g., what other assumptions were considered?). 
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Notes:  Climate-change emissions scenarios considered during this exercise differed among 
experts (and some responses did not indicate an emissions scenario).  However, in discussions 
following the graphing exercise, experts indicated that the confidence intervals around their 
persistence probabilities were likely to capture the variance associated with different emission 
scenarios and other climate change uncertainties. 

Experts were asked whether regulatory protections influenced their predictions.  Some experts 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies).  Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections.  Their focus was on the biology and ecology of the species, not listing status-related 
impacts or regulatory scenarios in the future, and they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status.   

Experts were asked what they meant by “small population size effects.”  They explained that 
because small populations are more vulnerable to both demographic and genetic impacts and 
at increased risk from catastrophic and other stochastic events than are larger populations, they 
also have a lower likelihood of persistence.  Experts indicated that connectivity with other 
populations reduces the vulnerability of small populations as it does for larger populations.   

Experts were asked if their projections were influenced by considerations of whether historical 
patterns of cyclic irruptions of lynx into the DPS from Canada will continue in the future.  Most 
agreed that the magnitude of irruptions has declined from the historical highs of the 1960s and 
1970s, and that irruptions may have ceased in recent decades in some parts of the range, 
particularly in the West.  However, most experts felt that connectivity remains good between 
Canada and those DPS geographic units that abut the international border, and most assumed 
some level of regular or intermittent interaction between lynx in those units and Canada, even if 
full-blown irruptions have not been documented recently.  Some experts said that the likelihood 
of future irruptions had little influence on their persistence graphs, especially for the more 
isolated units (GYA and Western Colorado), where an influx of lynx from Canada may be less 
likely. 

Conservation Actions to Address Influencing Factors and Increase Probability of 
Persistence 

3.  What conservation actions could be taken that would address the factors impacting 
the probability of persistence, or would otherwise increase the probability of 
persistence? 
 
Response Type:  Individual list with rounds responses.  Experts were given 5 minutes to write a 
list of three potential conservation actions that could be taken.  Facilitators then asked one 
expert at a time to provide one item from their list, cycling through the set of experts until all 
experts had exhausted their lists.  Experts were given the opportunity to add items when it was 
their turn that had not been on their written lists.  Experts were not asked if they agreed with 
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conservation actions presented by other experts, thus the following list should not be viewed as 
consensus among lynx experts. 
 
Expert Responses:  List of potential conservation actions in the order provided. 

● Reduce CO2 emissions  
● Continue protections associated with Federal and/or State listing 
● Adjust forest management to retain spruce and fir, and reduce fire burn rates 
● Promote/maintain habitat connectivity with Canadian populations through coordinated 

cross-border land use planning 
● Manage salvage logging associated with fire and insect damage to minimize impacts to 

and/or facilitate restoration of lynx/hare habitats 
● Configure and design lynx-friendly landscapes at appropriate scales; design and 

maintain a mosaic of lynx/hare habitats 
● Manage fuels reduction (fire management) projects while maintaining or enhancing 

hare/lynx habitat features. 
● Augment small populations and reintroduce lynx to former, historic range with suitable  

habitat  (GYA, Kettle Range in Washington, perhaps other areas); bolster populations 
before future climate change impacts 

● Support additional research to fill knowledge gaps, particularly related to effectiveness of 
conservation efforts – it remains unclear exactly what is needed for lynx across the 
range to achieve/maintain viability (e.g., habitat quality/amount/distribution, landscape-
level hare densities, forest conditions that support hares, etc.)  

● Enhance cross-border cooperation with Canada to increase near-border lynx 
populations and maintain connectivity 

● Consider cumulative impacts of mining, ski areas, oil and gas, etc., in management 
● Promote reforestation of heavily fragmented areas (e.g., some parts of the GYA and 

Minnesota units); reduce fragmentation 
● Apply strategic habitat conservation concepts; model and identify key areas and focus 

on those areas still in need of protection and management (e.g., private forest lands) 
● Maximize redundancy of lynx populations throughout the DPS 
● Implement fire management Best Management Practices (BMPs)( e.g., allow/encourage 

burns to occur in a way that creates high- and low-intensity mosaic fire patterns) 
● Evaluate whether there is a need for monitoring lynx (and hares) using consistent 

methods throughout the DPS, perhaps coupled with monitoring of other carnivores; 
structured occupancy modeling with genetics sampling could be very informative and is 
cost effective; also known-fate monitoring; monitoring pellet plots is proven and reliable 
way to monitor hares 

● Devote increased funding to lynx conservation - lynx are in worse shape than other 
mesocarnivore species, but receive less funding than those species that have more 
secure populations and appear less vulnerable to climate change  
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Other Considerations 
After completing the elicitation exercises and prior to adjourning the workshop, facilitators asked 
if there were any other considerations the lynx experts or subject matter experts felt are relevant 
to the SSA.  One subject matter expert indicated that monitoring of prey base (hares, red 
squirrels) would help inform lynx recovery, and that pellet-based or mark-recapture methods are 
most reliable.  This expert suggested a need to determine whether areas that we think are going 
to become poor habitat for a variety of reasons could still hold hares and lynx in the future.  
Maybe hares still can use areas we think will be poor habitat, and monitoring these areas could 
help inform our understanding of how lynx persist at the edge of their range. 

Synthesis 
Although uncertainty remains about the historical distribution and sizes of resident lynx 
populations in the DPS, as well as current population sizes, much more is known now than 
when the DPS was listed under the ESA in 2000.  Based on research conducted since the DPS 
was listed, including the summaries of that work provided at this workshop, as well as ongoing 
research, conservation, and management efforts, we have a much better understanding of the 
distribution and status of populations throughout the DPS range.  For example, in 2000, it was 
unclear whether Maine and Minnesota supported resident populations or were only occasionally 
visited by lynx dispersing from Canada during and after northern hare population crashes.  We 
now know that both northern Maine and northeastern Minnesota support resident lynx 
populations, and both are likely larger now than they were historically (Maine), or before they 
were protected by State and Federal regulations (Minnesota).  In contrast, resident lynx appear 
to be naturally less abundant and more patchily-distributed in some parts of the DPS than 
thought at the time of listing, including the West (Interagency Lynx Biology Team 2013, p. 23), 
where potential lynx habitats also appear to have been initially overestimated.  We also have a 
better understanding of the habitat features and hare densities that appear necessary to support 
resident lynx at the southern margin of the species’ range, and of the parts of the contiguous 
U.S. that contain these features.  The presentations in conjunction with expert elicitation 
responses at this workshop have informed and refined our understanding of key aspects of the 
status of, and potential threats to, the lynx DPS.  
 
For example, we were provided a thorough history of the evolution of regulatory mechanisms 
that have been developed and implemented through conservation agreements and formal 
amendments to Federal agency management plans to address the singular threat for which the 
DPS was listed under the ESA - the inadequacy of regulatory mechanisms in Federal land 
management plans prior to listing.  Given our improved understanding of resident lynx 
populations in Maine and Minnesota (above), where State and private lands constitute much 
more of the lynx habitat than elsewhere in the DPS (98.9% in Maine; 51.7% in Minnesota), an 
assessment of the adequacy of regulatory mechanisms on those State and private lands will be 
a necessary component of the status assessment.  Likewise, our understanding of lynx genetics 
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also has improved, with evidence of continued high levels of gene flow range-wide, despite fine-
scale genetic sub-structuring in some populations and additional evidence of lynx hybridization 
with bobcats.  Bobcats appear to be encroaching at the edge of the lynx range in Minnesota 
(Appendix 3, p. 9) and their numbers appear to have increased recently in New Hampshire, 
Vermont, and southern Quebec (Lavoie et al. 2009, entire; Roberts and Crimmins 2010, p. 170; 
Broman et al. 2014, p. 230) adjacent to the northern Maine lynx distribution.  Whether this 
represents a threat to lynx populations in Minnesota and Maine via increased hybridization, 
behavioral mechanisms, or competition for hares is not documented at this time; however, 
encroachment of bobcats in the southern periphery of lynx range may result in lynx 
displacement or niche contraction (Peers et al. 2013, entire). 
 
Canadian researchers also provided updated information on lynx status, management (including 
legal harvest), threats, genetics, and hare population cycles in southern Canada, adjacent to 
some DPS lynx populations.  Forest ecologists and climate modelers also presented information 
regarding potential impacts of timber management and climate change on lynx and boreal forest 
habitats in the contiguous U.S.  Knowledge of lynx and hare responses to various silvicultural 
treatments continues to improve, although the need for continuing research remains.  Climate 
models continue to point toward the future northward and upslope migration of lynx and hare 
habitats and loss of snow conditions favorable to lynx, although uncertainty remains regarding 
the timing, extent, and biological consequences of such impacts.  Increases in the size, 
intensity, and frequency of wildfires and insect outbreaks in boreal/subalpine forests may also 
be related to climate change, but whether these represent temporary or permanent impacts to 
lynx habitats remains unclear.  Finally, much research has been done on hare population 
dynamics and habitat relationships at the southern extent of their range, much of which overlaps 
that of lynx in the contiguous U.S., but questions remain regarding regional variation in hare 
densities and what landscape-level hare abundances are necessary to support persistent 
resident lynx populations across the DPS. 
 
Based on the summaries of post-listing research and the status and threat updates provided at 
this workshop, and on the results of the expert elicitation process, the Service provides the 
following synthesis of the status and likely viability of the DPS in terms of the 3 Rs.  This 
information will be considered as appropriate, along with more detailed analysis of the published 
literature, in the subsequent SSA report for the DPS.  The conclusions below are based on the 
information provided and the results of expert elicitation conducted at this workshop; they may 
be complemented or altered by the additional analyses yet to be conducted as part of the SSA 
process. 

Representation 
Expert presentations on lynx genetics in the DPS and in Canada and expert responses and 
discussion with regard to representation questions suggest few threats to the genetic fitness or 
adaptive capacity of lynx in the DPS.  High gene flow across the continental lynx range, 
indicated by very low Fst values (see Subject Matter Presentations, above), suggests the 
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absence of substantial barriers to genetic interchange, and little evidence or risk of significant 
genetic drift among DPS populations.  Most experts indicated that none of the six geographic 
units known or thought to support lynx populations in the DPS is susceptible to meaningful 
genetic drift, although several experts indicated that the more geographically isolated units (the 
GYA and Western Colorado units) are likely more susceptible to such drift than the units that 
are directly connected to lynx populations and habitats in Canada.  Overall, according to both 
the expert panel and the subject matter presentations, there appears to be a low risk of 
biologically consequential drift for lynx populations in the DPS.  Likewise, expert responses 
indicated that the generally low level of genetic differentiation and relatively similar ecological 
settings across the DPS suggest little life history variability or niche differentiation among DPS 
populations that would indicate that any are more or less important to maintain than others in 
terms of representation.  Individual experts indicated that representation can best be maintained 
by conserving current DPS populations (and hence the genetic variation in each), maintaining 
connectivity between DPS and Canadian populations, and avoiding impacts that would facilitate 
or increase the potential for or likelihood of genetic drift.  Our interpretation of this part of the 
elicitation is that the adaptability and evolutionary capacity of the DPS over time does not 
appear to have been diminished and is unlikely to become so, independent of threats that may 
impact the redundancy and persistence of lynx populations.  We will consider this information 
along with available empirical data and the published literature when evaluating representation 
in the DPS for the SSA. 

Redundancy 
With resident lynx populations and subpopulations in at least five of six large (the smallest is 
over 2,000 square miles, the others are all over 8,000 square miles), widely-distributed (from 
Maine to Washington and south along the Rocky Mountains), and relatively discrete geographic 
areas (see Figure 1), the DPS as a whole appears invulnerable to extirpation from a single 
catastrophic event.  Expert responses indicated no catastrophic event that could result in the 
functional extirpation of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units due to a single catastrophic event.  We 
interpreted these responses to indicate there is a small chance of decreased redundancy from a 
single catastrophic event because the probability of any geographic unit being lost to a 
catastrophic event is low.  Experts indicated that functional extirpation of the geographically 
smallest unit (Washington) and those supporting the fewest resident lynx (Washington, GYA, 
and perhaps Minnesota) would be more likely to occur as a result of a series of catastrophic 
events over a 10-year period than to any single event over the next 10 years (see Figure 2 
above).  Experts listed fire, drought, insect outbreaks, loss of favorable winter conditions, and 
disease as potential events that could lead to functional extirpation in these units.  In 
Washington in particular, where large fires have impacted nearly 40 percent of the occupied 
lynx habitat over the past 10-15 years, experts felt that several more successive years of such 
fires could result in functional extirpation.  However, because fire and insects are likely to cause 
only temporary (20-40 years) losses of lynx and hare habitats, and because connectivity 
between the Washington unit and lynx habitats and populations in southern British Columbia 
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remains intact, experts indicated this unit (and others abutting habitats and lynx populations in 
Canada) would likely be naturally re-colonized relatively quickly by dispersing lynx.  Therefore, 
extirpation in these units because of catastrophic events (or a series of them over time) would 
be temporary (likely lasting only one or several decades) unless events permanently altered the 
habitats.  Experts indicated that if lynx were functionally extirpated in the GYA or western 
Colorado units, which are not connected to habitats or populations in Canada and are relatively 
isolated from other DPS populations, natural re-colonization would be less likely, would take 
longer, or may never occur. 

Overall, expert responses indicated that extirpation of the DPS as a whole, or of resident lynx 
populations in most individual geographic units, because of a catastrophic event is very unlikely.  
Because we lack evidence that persistent resident lynx populations occurred historically but 
have been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels.  That is, the 
loss of resident lynx populations in the DPS, to the extent suggested by the historic record, was 
likely in areas (e.g., northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge 
area of northeastern Washington, perhaps Isle Royale in Lake Superior) peripheral to the 
geographic units that currently support resident lynx, and not in discrete geographic units that 
would have represented greater redundancy in the contiguous U.S.  However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear.  The historic record and recent research show that the GYA has supported resident 
lynx, but it is unclear whether the area consistently supported a persistent resident population 
over time or whether it naturally supported resident lynx only some of the time (was “winked on” 
in a metapopulation sense) when habitat conditions and hare densities were favorable, and at 
other times, when habitats and hare densities were less favorable, it did not support resident 
lynx (“winked off” in a metapopulation sense).  Given the protected conservation status of 
millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx.  If so, its 
contribution to redundancy within the DPS is questionable. 

Resiliency 
Because we lack reliable estimates of the sizes and trends of most lynx populations in the DPS, 
we are unable to use these parameters to evaluate the resiliency of individual populations or the 
DPS as a whole.  Efforts to understand resiliency are also confounded by the metapopulation 
structure thought to govern lynx populations at the southern margin of their continental range 
(i.e., populations and subpopulations in the DPS), the related uncertainty about the extent to 
which DPS populations may rely on cyclic immigration of lynx from Canada during population 
irruptions, and the ambiguity in the historic record that limits our understanding of the relative 
persistence of lynx in various geographical areas of the contiguous U.S. and, thus, the 
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contribution of those areas to the viability of the DPS.  Our evaluation of the resiliency of lynx 
populations in the DPS is limited, therefore, to a largely qualitative assessment of the current 
status of populations in each of the six geographic units along with the quantitative summary of 
expert professional judgment of their likelihood of persistence over time given known or 
perceived potential threats. 
 
As expected, both expert estimates of probability of persistence and expert confidence in those 
estimates were higher over the short-term than the long-term.  Median probability of persistence 
(MPOP) at year 2025 was >= 0.90 for all but one of the six geographic areas.  The GYA had a 
MPOP of 0.52, apparently reflecting the uncertainty regarding whether this unit consistently 
supported a resident lynx population historically and whether it currently supports resident lynx.  
At year 2025, confidence bounds were smallest (indicating higher expert confidence) for the 
units with the highest MPOPs (Northern Maine, Northeastern Minnesota, and Northwestern 
Montana/ Northeastern Idaho), and larger for units with lower MPOPS (North-central 
Washington, GYA, and Western Colorado).  At mid-century, MPOP declined for all units but 
remained >= 0.70 for all but the GYA (0.35), and confidence bounds increased for estimates for 
all units but the GYA, where it remained the same as at year 2025.  At end-of-century, 
persistence probabilities declined further, as expected, and only the Northern Maine, 
Northwestern Montana/ Northeastern Idaho and Western Colorado units had MPOPs >= 0.50.  
Also as expected, confidence bounds were very large around persistence estimates at year 
2100, with the median confidence range extending across more than 50% of the range of 
possible outcomes for all but the Northwestern Montana/ Northeastern Idaho population, and 
the extremes of the range nearly covering the full range (0% to 100% probability of persistence) 
of possible outcomes. 
 
Experts listed a number of factors that influenced their probability of persistence estimates for 
each unit (see unit summaries above in the Resiliency section).  Near-term factors varied by unit 
(e.g., post-harvest forest succession in Maine, where hare abundance is expected to decline as 
currently dense regenerating clear-cuts mature; continued large-scale fires in lynx habitats in 
Washington; and insect outbreaks in Maine, Minnesota, and Colorado), but longer term factors 
seemed to coalesce around anticipated direct and indirect effects of climate change.  These 
included potentially climate-driven increases in the size, frequency, and intensity of fire and 
insect outbreaks; decreases in snow amount, duration and quality, leading perhaps to increased 
competition with bobcats and other hare predators; and the projected warming-induced 
northward and upslope migration of boreal and subalpine forests that would result in the loss 
and further fragmentation and isolation of lynx and hare habitats in the contiguous U.S.  Expert 
responses and ensuing discussions indicated that continued climate warming and associated 
direct and indirect effects will likely exert the greatest negative influence on the probability of 
persistence for lynx populations in the DPS regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
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Overall, expert responses to this part of the elicitation indicate that all five of the geographic 
units known to currently support resident lynx populations have a greater than 70% expectation 
of doing so by mid-century, but a declining likelihood and greater uncertainty of doing so by the 
end of the century.  It is uncertain whether the remaining geographic unit (the GYA) currently 
supports resident lynx, and expert responses indicate a lower probability that it will do so in the 
future compared to the other units.  Responses also suggest that the overarching threat to the 
long-term persistence of lynx populations in the DPS is climate change, which is anticipated to 
result first in loss of snow conditions favorable for lynx and, after an uncertain lag time following 
continued climate warming, loss (northward and upslope migration) of boreal forest habitats, 
although the timing and magnitude of such losses are uncertain. 

Conclusion 
The Service and the Lynx SSA Team appreciate the willingness of lynx and subject matter 
experts to attend this workshop and share their knowledge, professional judgments, and 
opinions.  We have gained considerable insight into the current status of lynx populations 
throughout the DPS and the factors most likely to influence the DPS’s future viability - including 
information that is not currently available in the peer-reviewed literature.  We will incorporate this 
information into the SSA as appropriate, along with the published scientific literature, to inform 
recovery planning for the DPS and any other ESA-related determinations the Service is 
authorized and required to make.  As we develop the SSA report, we will continue to solicit 
expert input from workshop panelists and from other lynx and subject matter experts who were 
unable to attend this workshop, including peer review of the SSA report. 
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Executive Summary 
As part of a Species Status Assessment (SSA) for the contiguous United States distinct 
population segment (DPS) of the Canada lynx (Lynx canadensis), the U.S. Fish and Wildlife 
Service (Service) convened an expert elicitation workshop to gather (1) the best available 
information on the current status of lynx populations within the DPS and (2) the professional 
judgment and opinions of lynx experts regarding the future viability of the DPS.  This report 
summarizes the results of the workshop regarding the current and likely future condition of lynx 
populations in six geographic areas within the DPS in terms of representation, redundancy, and 
resiliency (the “3 Rs”).  The Service will incorporate the information gathered at this workshop 
into the SSA as appropriate, along with the published scientific literature, to inform recovery 
planning for the DPS and any other ESA-related determinations the Service is authorized and 
required to make.     

Purpose  
The purpose of this report is to convey the results of an expert workshop convened by the U.S. 
Fish and Wildlife Service (Service) in October 2015 to improve our understanding of the status 
of the contiguous U.S. distinct population segment (DPS) of Canada lynx (Lynx canadensis).  
This workshop was held in conjunction with a species status assessment (SSA; see Appendix 1 
[All appendices are accessible at: http://www.fws.gov/mountain-prairie/es/canadaLynx.php]) for 
the DPS.  The SSA, which will incorporate the best available scientific information on lynx, is 
needed to inform the Service’s response to a June 2014 court order to complete a recovery plan 
for the DPS by January 2018, or make a formal determination that a recovery plan is not 
necessary.   
 
The workshop was organized by a Lynx SSA Team consisting of Service and USGS staff who 
have developed and piloted implementation of the SSA framework, and Service biologists who 
are working on lynx throughout the range of the DPS.  In the interest of collaboration and 
transparency, this team partnered with State agencies, other Federal agencies, and academic 
researchers to elicit expert input regarding the current and likely future status of lynx populations 
within the DPS. 
  
Expert input is needed to complement the published scientific literature and other available 
information on many aspects of lynx population dynamics in the DPS range.  In particular, we 
were looking for additional information on the status, sizes, and trends of lynx populations and 
on threats to lynx habitats and those of their primary prey, snowshoe hares (Lepus americanus).  
We therefore designed a process to elicit and capture the knowledge, professional judgments, 
and opinions of lynx experts to help us assess the current status of, and the nature and 
magnitude of potential threats to, lynx populations and habitats within the DPS.  We also sought 
expert knowledge to help us evaluate the viability of the DPS (in terms of the “3 Rs” - 
redundancy, representation, and resiliency; see definitions below) under a range of future 
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threats, habitat conditions, and climate scenarios, and to identify and make explicit areas of 
uncertainty and potential differences of opinion among experts. 
 
The results of the workshop will contribute to the SSA, which will compile and summarize the 
best available scientific and commercial data, including empirical data, published literature, and 
expert input.  This information will then be used by Service decision makers to inform recovery 
planning direction, classification decisions, and other determinations required by the 
Endangered Species Act (ESA). 

Background 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws.  Its long, 
black ear tufts and short, black-tipped tail distinguish the lynx from the similar bobcat (Lynx 
rufus), which is much more common in the contiguous U.S.  The lynx’s large feet and long legs 
make it highly adapted for hunting snowshoe hares in the deep or powdery snow that persists 
across much of its boreal forest distribution, most of which occurs in Canada and Alaska.  
These adaptations provide lynx a competitive advantage over potential competitors, such as 
bobcats or coyotes (Canis latrans), which have much smaller feet and higher foot-loadings that 
prevent them from hunting efficiently in deep, powdery snow (McCord and Cardoza 1982, p. 
748; Buskirk et al. 2000, pp. 86–95; Ruediger et al. 2000, pp. 1–11; Ruggiero et al. 2000, pp. 
445, 450). 

The southern periphery of the boreal forest extends into parts of the northern contiguous U.S., 
where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 1, 3), 
deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40–41).  In the contiguous U.S., 
these transitional boreal forests become discontinuous and patchy, preventing both lynx and 
hares from broadly achieving densities similar to those of the northern boreal forests (Wolff 
1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and 
Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394).  These forests eventually become 
too fragmented and isolated in the contiguous United States to support hares at the landscape 
densities and distributions necessary to support lynx home ranges (Interagency Lynx Biology 
Team 2013, p. 77) or lynx populations over time.   

The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms.  
Specifically, at that time the Service believed that most lynx and lynx habitats occurred on 
national forests, and that the Land and Resource Management Plans that guided management 
of those forests included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat.  The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052).  In 2003, in response to a court memorandum opinion on the 2000 listing rule, the 
Service reaffirmed its determination of the lynx DPS and its status as threatened under the ESA 
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(68 FR 40076).  The Service completed a recovery outline in 2005 (U.S. Fish and Wildlife 
Service 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) and, in 
2007, again in response to a court order, clarified its determinations of “significant portion of the 
range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 1186).  Also in 
2007, the Service initiated a 5-year status review of the DPS (72 FR 19549).  The Service 
revised the critical habitat designation for the DPS in 2009 (74 FR 8616) and 2014 (79 FR 
54782) and, concurrent with the latter, rescinded the state-based definition of the DPS boundary 
to extend ESA protection to lynx “where found” in the contiguous U.S., including New Mexico 
and other states that were not included in the original DPS range (79 FR 54804). 

Although the Service originally identified the DPS as occurring in forested portions of 14 states 
(Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, Oregon, 
Utah, Vermont, Washington, Wisconsin, and Wyoming) (65 FR 16052, 16085), it recognized at 
the time of listing that both lynx and the boreal forests that support them in the Lower 48 States 
are at the southern margins of their ranges, where habitats naturally become patchy and 
fragmented and snowshoe hare densities in many places are not consistently high enough to 
support resident lynx populations (65 FR 16052-59).  It also recognized that inherent limitations 
in historic occurrence information made it difficult to distinguish between areas that consistently 
supported resident populations; other areas that may have occasionally supported resident, 
breeding lynx; and yet other areas that intermittently and temporarily contained dispersing or 
transient lynx but did not support lynx home ranges or reproduction (65 FR 16054-59).  Many 
lynx records in the DPS range seem to have been associated with cyclic “irruptions” of lynx from 
southern Canada into the northern contiguous U.S. when northern hare populations crashed, as 
they did historically every 8-11 years (Elton and Nicholson 1942, entire; McKelvey et al. 2000, 
entire; Mowat et al. 2000, pp. 281–294; Interagency Lynx Biology Team 2013, p. 33).  Lack of 
reliable information also precluded determination of sizes or trends of lynx populations within the 
DPS. 

Recent research and monitoring have improved our understanding of many aspects of lynx 
biology, distribution, and potential threats in the DPS.  However, we still lack reliable estimates 
of the sizes and important demographic rates of most populations.  Likewise, we would benefit 
from further understanding of the natural range and causes of variation in lynx and hare 
numbers; hare densities necessary to support resident lynx populations throughout the DPS; the 
influence of immigration of lynx from Canada on the demographic and genetic fitness of DPS 
populations; and the timing, extent, magnitude, and severity of potential threats associated with 
climate change.  The Lynx SSA Team organized this expert elicitation workshop to help fill 
some of these information gaps with the knowledge, professional judgments, and opinions of 
lynx experts. 

Currently, there are five geographic areas known to support resident lynx populations in the 
DPS:  northern Maine (with occasional/sporadic breeding by small numbers of lynx in 
northernmost New Hampshire and Vermont); northeastern Minnesota; northwestern Montana 
and northeastern Idaho; north-central Washington; and western Colorado (Figure 1).  After 
statewide surveys conducted in 1978-1997 suggested the absence of viable resident lynx 
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populations in Colorado, the State, from 1999 to 2006, released 218 lynx captured in Canada 
and Alaska into southwest Colorado to establish the current resident population.  Additionally, 
the Greater Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming is 
believed historically (and as recently as 2003-04) to have supported a small but relatively 
persistent lynx population, but it is uncertain whether it currently supports any resident lynx.   

   

 

Figure 1.  Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations.     

Expert Elicitation 

Workshop Protocol 
As mentioned under Purpose, above, the Lynx SSA Team convened the October 2015 
workshop to elicit expert knowledge and opinion on critical uncertainties regarding the current 
status and future viability of resident lynx populations within the DPS range, and thus the DPS 
as a whole.  To facilitate this, a 10-member panel of recognized lynx experts from across the 
DPS range first observed and discussed presentations by subject matter experts summarizing 
the current state of available information on topics relevant to lynx populations in the DPS (see 
Preparing Experts section below).  After subject matter presentations, members of the lynx 
expert panel presented updates on lynx populations in each of the six geographic areas 



8 

described above under Background.  The subject matter and update presentations were 
intended to ensure that all lynx experts had a common baseline of information prior to the 
elicitation process.  
 
In accordance with the expert elicitation literature (e.g., Burgman 2005, USEPA 2011, Gregory 
et al. 2012, Drescher et al. 2013, Morgan 2014), we then used best practices to elicit opinions 
from the expert panel.  Although invited experts were expected to contribute openly and 
effectively to group discussions, we did not seek consensus among experts; rather, we probed 
differences of opinion or interpretation of scientific and technical information.  We also asked 
experts and other participants to focus on scientific questions and to refrain from discussing or 
recommending management or policy decisions related to the Service’s authorities and 
responsibilities in implementing the ESA. 
   
In addition to the lynx expert panel and subject matter experts, workshop participants included 
members of the USFWS/USGS Lynx SSA Team, facilitators, and observers (see Appendix 2 for 
a full list of attendees and their respective roles).  As a basic ground rule, only members of the 
expert panel participated in the elicitation process, although panelists were encouraged to 
confer with the subject matter specialists and SSA Team members as needed.  All workshop 
participants were welcome to participate in discussions that ensued from review of panel 
responses to various questions.  Due to time constraints and to minimize interference with the 
elicitation process, observers were encouraged to write and submit “parking lot” questions, 
which were collected at the end of the first two days of the workshop and presented to lynx and 
subject matter experts for responses and discussion the following mornings (see workshop 
notes, Appendix 3).  The expert elicitation process was facilitated by USFWS and USGS 
structured decision making practitioners who encouraged open discussion among experts, 
structured input from both panelists and subject matter experts, and ensured that observers 
could witness the process without inappropriately influencing it. 

Identifying Experts 
 
SSA Team members reviewed the relevant literature and used their first-hand knowledge to 
identify experts involved in lynx and hare research or management, boreal forest ecology, and 
climate modeling.  We then developed a priori selection criteria based on professional 
credentials, positions, areas of expertise, and pertinent experience to develop a list of candidate 
lynx experts and other subject matter experts.  Selection criteria (below) helped ensure that 
invitations to participate were made only to scientists with expertise highly relevant to workshop 
topics and, further, that the selections were transparent, unbiased, and adequately captured the 
diversity of expertise and professional judgments related to the topics.  Selection was not based 
on affiliation with a particular organization or interested party; however, States and other 
partners were asked to review the draft list of workshop invitees and suggest alternate or 
additional qualified experts.  The SSA Team then invited experts who met the selection criteria 
and represented lynx expertise throughout the range of the DPS and in adjacent southern 
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Canada.  The number of invited experts was necessarily limited to improve the efficiency and 
effectiveness of the elicitation process, avoid redundancy, maximize scientific discussion among 
all participants, and maintain an open, comfortable meeting environment.  

Expert Selection Criteria  

Expert panelist candidates had to meet all of the following criteria: 

1.   Candidate must hold a graduate degree in a scientific discipline highly relevant to the 
workshop topics.  Typically this may include advanced degrees in wildlife biology, ecology, 
zoology, genetics, modeling, or statistical inference. 

2.  Candidate must hold a research position in government (State, Tribal, or Federal), academia, 
or in the nonprofit research sector; or participant must hold a governmental management 
agency position with responsibility for the species’ conservation. 

3.  Candidate must have expertise in the ecology or management of the species or related 
species, demonstrated by recent (within the past 10 years) peer-reviewed publications or 
related types of professional scientific expression. 

Candidates also had to meet one or more of the following criteria: 
  
4.  Candidate is directly engaged in the species’ management, monitoring, or analysis of 
populations or habitat. 

5.  Candidate is directly engaged in the study of a specific workshop topic. 

6.  Candidate is a government or academic research scientist with expertise in conservation 
biology, population or landscape ecology, genetics, or other relevant fields, as demonstrated by 
recent (within the past 10 years) peer-reviewed publications or related types of professional 
scientific expression. 

Using these criteria, the SSA Team identified 19 candidates for the lynx expert panel who were 
contacted to determine their interest and ability to attend the workshop (Appendix 4).  Among 
those both interested in and able to attend the workshop, the team extended invitations to 13 
candidates, 10 of whom ultimately participated as panelists and who together represent lynx 
expertise throughout the range of the DPS and in southern Canada.  Experts who could not 
attend this workshop may provide their expertise later in the SSA process as peer review 
experts.    

Preparing Experts 
Before the workshop, the SSA Team contacted all lynx experts and other subject matter experts 
by email and phone to discuss their roles and, for some, their willingness to prepare and deliver 
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subject matter or lynx population status presentations at the workshop.  Correspondence with 
lynx and subject matter experts and other workshop participants explained the SSA framework 
and its application to the lynx DPS, the use of expert elicitation in SSAs, and the workshop’s 
purpose, ground rules, and draft agenda. 
 
At the workshop, the Service introduced the Lynx SSA Team, provided a brief overview of the 
SSA framework and its application to the lynx DPS, and outlined workshop objectives.  Prior to 
elicitation exercises, subject matter experts presented information on the historic and current 
distribution of lynx in the contiguous U.S., regulatory mechanisms that apply to lynx on Federal 
lands, genetics considerations, lynx status and management in adjacent southern Canada, 
potential climate change impacts on boreal forest vegetation and snow conditions important to 
lynx, effects of forest management and policy on lynx habitat, and snowshoe hare ecology (see 
Subject Matter Presentations, below).  After these presentations, lynx expert panelists provided 
updates on lynx populations and habitats, research efforts, conservation measures, and 
potential threats to lynx in each of the six geographic areas (Fig. 1).  The subject matter and 
status-update presentations were intended to provide the expert panel with information that 
could inform their responses to elicitation questions and to ensure that the panelists shared a 
common understanding of the current status of lynx throughout the DPS.  All workshop 
presentations are included in Appendix 5 and are accessible at the Service’s Region 6 Canada 
lynx web page (http://www.fws.gov/mountain-prairie/es/canadaLynx.php). 

Subject Matter Presentations 
Canada Lynx Species Status Assessment, Expert Elicitation Workshop - Jim Zelenak, 
U.S. Fish and Wildlife Service, Montana Ecological Services Field Office, Helena, 
Montana 
The objectives of this workshop are to (1) gather scientific information from experts on the 
current status, threats, and future viability of lynx populations in the contiguous U.S.; and (2) 
where empirical data are lacking, elicit expert knowledge, professional judgment, and opinion on 
the nature and magnitude of potential threats to DPS populations and the DPS as a whole.  We 
need this information to complete a status assessment for the DPS that will be used by Service 
decision makers to inform recovery planning and other determinations the Service must make in 
accordance with the ESA.  We have a court order to complete a recovery plan for the DPS by 
January, 2018, unless we determine that a recovery plan is not necessary (i.e., that the threat 
for which the DPS was listed has been adequately addressed and ameliorated and no new 
threats have been identified that pose an immediate or reasonably foreseeable risk of 
extinction).  However, we are not here to make that determination or others regarding the ESA 
status of the DPS.  Rather, we are here to understand the current status of lynx populations and 
habitats in the DPS and hear from experts on factors influencing the current status and future 
viability of those populations.  The DPS was listed as threatened under the ESA in 2000 
because of the inadequacy at that time of regulatory mechanisms in Federal land management 
plans to protect lynx and their habitats.  The Service completed a recovery outline in 2005 and 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php
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designated critical habitat for the DPS in 2006.  In 2007, we clarified our determination of 
“significant portion of the range” of the DPS and withdrew the 2006 critical habitat designation.  
We revised critical habitat in 2009 and 2014 and, also in 2014, we received the court order to 
complete a recovery plan.  The results of this workshop will contribute to the SSA, and the 
expert information gathered here will complement the best available scientific information that 
will be compiled and summarized in the SSA report.  After it is peer-reviewed and finalized, the 
SSA report will be considered by Service decision makers to inform recovery planning and other 
determinations required under the ESA. 

Historical Distribution of Lynx in the Contiguous U.S. - Dr. Kevin McKelvey, USDA 
Forest Service, Rocky Mountain Research Station, Missoula, Montana   
Understanding historical range is important because it provides context for modern 
conservation; however, historical data must be interpreted carefully because they may not be 
representative, are often unreliable, and their meaning may be unclear.  This is especially true 
for rare animals like lynx, and even more so if they are easily mistaken for another more 
common animal, as bobcats are mistaken for lynx in the southern portion of lynx range.  
Because even relatively low identification error rates can lead to significant errors in determining 
distribution, it is important to rely on verified, and not anecdotal, occurrence records, when 
attempting to establish historical range.  The issue is further complicated by the noted cyclicity 
in lynx population dynamics associated with snowshoe hare population cycles, which resulted 
historically in irruptions or pulses of lynx from Canada into the DPS when northern hare 
populations crashed.  This can be described as a wave in which a large number of dispersing 
lynx intermittently flooded into the northern contiguous U.S. over the course of several years 
into a variety of potentially suitable and unsuitable habitats.  As the irruptions waned (i.e., as the 
waves receded), lynx disappeared relatively quickly from areas of unsuitable or poor habitat, 
more slowly from areas of marginal or suboptimal habitat, and persisted (like permanent tide 
pools) in those areas with habitats and hare densities capable of supporting them over time. 
This yielded verified records in the contiguous U.S. in places that clearly cannot support lynx 
populations but, in other places where habitats are or appear to be suitable, it also confounds 
efforts to distinguish between those that have supported persistent lynx populations, those that 
may occasionally but not consistently support resident lynx (“winked off’ more than “winked on” 
in a metapopulation sense), and those where dispersing lynx occurred regularly, if intermittently, 
but could not persist.  Given these ambiguities, there remains irresolvable uncertainty about the 
historic distribution of resident lynx in the DPS.  Despite this uncertainty, it appears that resident 
lynx naturally persist now in most areas that the available reliable data most strongly suggest 
historically supported resident populations in the contiguous U.S. (Maine, Minnesota, Montana, 
Idaho, and Washington).  Several other areas may have historically supported populations but 
no longer do (with evidence most compelling for northern New Hampshire and Michigan’s Upper 
Peninsula; less compelling for the Adirondack region of northern New York, northern Wisconsin, 
and northwestern Wyoming). 
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Canada Lynx Habitat Regulatory Environment - Scott Jackson, USDA Forest Service, 
National Carnivore Program Leader, Missoula, Montana 
Before the lynx DPS was listed under the ESA, there was very little information available and 
little management direction for lynx habitats on national forests or other Federal lands.  Given 
the uncertain status of lynx and lack of information on habitat relationships, an interagency Lynx 
Steering Committee was chartered almost immediately after the DPS was proposed for listing in 
1998.  The committee appointed the Lynx Science Team to assemble the available information 
on lynx and the Interagency Lynx Biology Team to develop a lynx conservation strategy 
applicable to Federal lands.  In 2000, the Science Team published Ecology and Conservation of 
Lynx in the United States (Ruggiero et al. 2000), and the Biology Team completed the Lynx 
Conservation Assessment and Strategy (LCAS; Ruediger et al. 2000).  The committee also 
directed the completion of the 1999 biological assessment (BA) in which the U.S. Forest Service 
(USFS) and Bureau of Land Management (BLM) evaluated potential impacts to lynx of 
management plans for 57 national forests and 56 BLM units and concluded that implementation 
of existing plans could result in some adverse effects to lynx.  The BA recommended amending 
or revising management plans to incorporate conservation measures that would reduce or 
eliminate the identified adverse effects to lynx, and to consider the conservation measures 
identified by the Science Team and Biology Team, once finalized.  In March of 2000, the DPS 
was listed as threatened due to the inadequacy of existing regulatory mechanisms, specifically 
the lack of guidance for conservation of lynx in national forest Land and Resource Management 
Plans and BLM Land Use Plans.  In October 2000, FWS completed a biological opinion on the 
1999 BA, concluding that if forest plans were revised or amended to incorporate the 
conservation measures in the LCAS, they would reduce or avoid the potential for adverse 
effects on lynx.  Also in 2000, USFS and BLM entered into conservation agreements with FWS 
to guide management until plans could be amended or revised.  By 2004, BLM revised plans in 
all units with lynx or potential habitat to incorporate LCAS guidance.  By 2006, USFS similarly 
revised plans for national forests in the Northeast and Great Lakes.  In 2007 and 2008, USFS 
formally amended plans for 18 national forests in the Northern Rockies and 8 in the Southern 
Rockies to address the risk factors identified in the LCAS and adopt management standards 
and guidelines.  Currently, all national forests and BLM units with lynx or potential habitats are 
governed by plans that have adopted conservation measures identified in the LCAS, 
subsequent interagency conservations agreements, or by management direction that formally 
amended or revised land use plans and established standards and guidelines designed to apply 
the best available scientific information to avoid and minimize potential impacts to lynx.  Future 
challenges include developing effective responses to larger, hotter, and more frequent fires and 
extensive insect outbreaks, and designing thinning and salvage harvest treatments conducive to 
creating habitat conditions favorable to lynx and hares.    

Lynx Genetics Considerations - Dr. Michael Schwartz, USDA Forest Service, National 
Genomics Center for Wildlife and Fish Conservation, Missoula, Montana 
Review of lynx genetic studies shows, despite some sub-structuring over distance, high gene 
flow across the continental range of lynx, likely because of high dispersal rates, large dispersal 



13 

distances, and few geographic barriers to dispersal.  Some research suggests that the Northern 
Rocky Mountains may provide some gene flow restriction in western Canada, as well as an 
“invisible barrier” to gene flow in eastern Canada south of James Bay/Hudson’s Bay that may be 
related to differences in snow conditions driven by large-scale climatic factors (e.g., the Pacific-
North America and North Atlantic Oscillation climatic systems).  North of the DPS, low levels of 
genetic substructure have been documented in populations in eastern Canada between 
populations north versus south of the St. Lawrence Seaway, and between island (Newfoundland 
and Cape Breton islands) and mainland populations.  However, there is evidence of genetic 
interaction among even these relatively isolated eastern Canadian populations.  Within the DPS, 
minor genetic sub-structuring has been documented among lynx subpopulations in western 
Montana.  However, very low Fst values (a measure of the proportional reduction in 
heterozygosity due to population subdivision, with values near zero indicating high levels of 
gene flow and values approaching one indicating poor gene flow) suggest the absence of 
significant barriers to genetic interchange throughout much of the lynx range, including the DPS.  
Across 17 lynx populations in Alaska, Canada, and the contiguous U.S., Fst = 0.033, and the 
highest Fst for any two populations was 0.070 when lynx from the Kenai Peninsula in Alaska 
were compared to those in the Seeley Lake area of Montana.  Lynx-bobcat hybrids have been 
documented in Minnesota, Maine, and eastern Canada, but not in the western part of the range.  
Hybridization does not seem to be a major issue, nor does it appear to be increasing despite 
significant increases in bobcat numbers in some parts of DPS range.  Genomics research (the 
genetic mapping and DNA sequencing of sets of genes or complete genomes) on lynx would 
increase power and precision of genetic analyses and perhaps identify genes under selection at 
the periphery of the range.  The goal for lynx in the DPS should be to conserve the genetic 
diversity currently represented in resident populations, recognizing that maintaining connectivity 
between DPS and Canadian populations is likely important to achieving that goal.  The genetic 
variation at the edge of the range may be of value to future populations, especially as related to 
changing climate.  

Lynx Distribution, Status, and Management in Southern Canada - Dr. Jeff Bowman, 
Ontario Ministry of Natural Resources and Forestry, and Trent University, Ontario 
Lynx are managed provincially in Canada, with each province responsible for its own 
management program, harvest (trapping) policies, and conservation strategies.  Data from 
registered trap lines show cyclic decadal peaks in the numbers of lynx harvested, and these 
align well with (and lag by one year) cyclic peaks in snowshoe hare indices.  In western 
provinces (British Columbia, Alberta, Saskatchewan, Manitoba, Northwest Territories, and the 
Yukon), the magnitude of lynx cycles appears to have dampened dramatically after the 1980s-
1990s, while eastern provinces (Ontario, Quebec, and Newfoundland and Labrador) have seen 
less dramatic declines in peak lynx numbers trapped.  There is some evidence that hare 
numbers in the Yukon have not recovered to past levels after declines beginning in about 2000, 
and that hare numbers in southern Ontario have been low for the past 5-6 years.  There also is 
indication that the range of lynx in eastern Ontario has contracted northward since the 1970s, 
and modeling suggests that this contraction is likely influenced by habitat loss perhaps related 
to changes in forestry practices and an increase in tolerant hardwoods replacing spruce-fir 
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forests resulting from climate warming (Koen et al. 2014).  This has been accompanied by 
reduced genetic heterozygosity (allele richness) at this margin of the lynx range.  Recent studies 
also show some differences in functional genetic markers (unique alleles) in lynx south versus 
north of the St. Lawrence Seaway/River, suggesting the potential for evolutionarily significant 
differences in lynx in those areas (Koen et al. 2015, Prentice unpubl.).  Research also suggests 
an “invisible” genetic barrier south of Hudson’s Bay likely related to climate-driven differences in 
snow conditions, which could be amplified in the future with continued climate warming.  A few 
lynx-bobcat hybrids have been documented.  Lynx are listed as endangered provincially in New 
Brunswick and Nova Scotia, which also have by far the highest numbers of bobcats, and where 
bobcat populations have been increasing since about 1990.  Lynx are considered secure in all 
other provinces.   

Seven Ways a Warming Climate can Kill the Boreal Forest - Dr. Lee Frelich, Director, 
University of Minnesota Center for Forest Ecology, St. Paul, Minnesota  
Northern Minnesota is at the southern edge of the ranges of boreal forest tree species (balsam 
fir, white spruce, paper birch) and the northern extent of temperate forest species (sugar maple, 
red maple, red oak).  A number of climate-mediated processes are likely to shift these ranges 
northward, potentially resulting in the complete disappearance of boreal forest from Minnesota 
before the end of the century.  These include projected declines in snow depth, invasion of 
boreal forests by temperate species and a widening of the mixed forest ecotone, warming 
summer and winter temperatures, declines in boreal trees under both low- and high-emission 
climate scenarios, severe wind- and hail-producing thunderstorms (derechos) of greater extent 
and frequency, large wind-driven fires, heat and drought stress, increased insect infestations 
due to lack of extreme cold temperatures, and phenological disturbance.  These processes, 
alone or in combination may result in gradual or relatively sudden conversion of boreal forests to 
temperate forests, savanna, or grassland at the southern edge of the boreal forest range.  A 
mosaic of conversion mechanisms and rates of change will occur at landscape/ecoregion 
scales.  With unmitigated climate change, Minnesota is likely to lose the boreal biome and about 
one-third of its native species, including lynx, possibly within the next 60-70 years. 

Climate Change and Uncertainty:  Implications for Canada Lynx Conservation and 
Management in the Contiguous U.S. - Alexej Siren, DOI Northeast Climate Science 
Center and University of Massachusetts Department of Environmental Conservation, 
Amherst, Massachusetts 
Climate models are better at detecting long-term trends in temperature and precipitation than 
short-term climate variability.  Generally, projections of precipitation are less robust compared to 
temperature, and within the lynx DPS units, projected trends in precipitation are more certain for 
winter than for summer.  Consequently, the resulting model biases may affect climate 
projections.  Global surface temperatures have increased steadily over the 20th century, 
especially since the 1970s, with an overall increase in winter temperatures in the U.S.  These 
changes are most pronounced from the Northern Rockies to the northeastern U.S., where 
winter precipitation has also increased.  However, the northwestern U.S. has experienced drier 
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winters with less snow over the past several decades.  Importantly, numerous studies have 
shown that Canada lynx distribution is related to snowpack characteristics (e.g., snowfall, 
density, and persistence), which may directly or indirectly affect lynx through 1) increased 
competition (exploitative and interference) with sympatric carnivores, 2) altering hare and lynx 
population cycles, and 3) reduced genetic diversity.  Therefore, climate projections with a 
specific emphasis on winter climate are a valuable tool for assessing the long-term viability of 
lynx in the contiguous U.S.  Below are the climate trends for the past several decades and end-
of-century model projections for each of the DPS units; projections are multi-model means with 
the high emissions scenario (A2).  In the Northeast, recent trends are toward reductions in 
snowfall, the number of snow-covered days per season, and the proportion of winter 
precipitation occurring as snow.  Projections include increased winter precipitation, but with a 
lower proportion occurring as snow, and a decline in snowfall and length of snowpack coverage.  
In the Great Lakes region, recent trends indicate an increase in lake effect snow and longer 
snow seasons to the north.  Winter precipitation is projected to increase throughout the 
Midwest, with a lower proportion occurring as snow, except that lake effect snow is projected to 
increase around Lake Superior and north of the eastern Great Lakes until 2050, and eventually 
decline towards the end of this century.  Overall, models project a decline in snowfall and length 
of snowpack coverage by 2100 for the Midwestern region.  The Northeast and Midwest DPS 
units are especially vulnerable to snowpack loss due to lack of elevational refugia.  In the 
western DPS units and the Colorado population, recent trends show decreasing spring 
snowpack at lower elevations, an overall decline in snowpack by the latter half of the 20th 
century, and a lower proportion of winter precipitation occurring as snow.  Projections include 
decreases in snowfall season and snowfall amount, fewer days with snowfall, and continued 
reduction in the proportion of winter precipitation occurring as snow.  However, projections 
indicate that snowpack and winter severity may be less impacted in the Northern Rockies 
compared to other DPS units.  In summary, model projections are not favorable for lynx within 
the DPS units, especially towards the latter half of the 21st century, with less severe winters and 
diminished snowpack characteristics that favor competing species.    

Projected Climate-change Impacts on Snow, Vegetation, and Lynx Populations in the 
Western U.S. - Dr. Joshua Lawler, University of Washington, School of Environmental 
and Forest Sciences, Seattle, Washington and Dr. Chad Wilsey, National Audubon 
Society Science Division, New York, New York 

Climate modeling suggests reductions in the amount of precipitation falling as snow and a shift 
from subalpine forest to temperate evergreen needleleaf forests in a generalized lynx range in 
the western U.S.  Fire is projected to increase in both frequency and fire size, doubling by 2040 
and tripling by 2080.  Simulated lynx densities were projected for the 2020s, 2050s, and 2090s.  
Of 25 ecoregions included in the study area, 14 had simulated lynx populations greater than 
0.10 individuals/100 km2 across all time points.  Of those, and across various Global Circulation 
Models (GCMs), 3 ecoregions had simulated increasing populations by the 2050s and 11 had 
declining populations. Populations were projected to continue increasing in the 3 ecoregions by 
the 2090s, while declines were projected to deepen in 8 of the remaining 11 ecoregions. 
Growing populations were projected to occur in the sparsely populated Fescue-Mixed Grass 
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Prairie, Middle Rocky-Blue Mountains, and Great Steppe ecoregions, whereas the largest 
proportional declines were projected to occur in the West Cascades, Pacific Northwest Coast, 
Northern Cascades, East Cascades – Modoc, and Aspen Parkland ecoregions.  The study also 
looked at the effect of population cycling on projected changes and found that simulated 
declines differed more due to GCM model used than due to population cycling (i.e., modeling 
suggested lynx population declines were not strongly influenced by population cycles). 

Forest Management and Lynx Habitat Trends - Dr. Erin Simons-Legaard, University of 
Maine School of Forest Resources, Orono, Maine 
Lynx in Maine occur in the Northern Appalachian/Acadian Ecoregion where their distribution is 
governed by snowfall and extent of deciduous cover.  The eastern spruce budworm 
(Choristoneura fumiferana) is endemic to forests in this region, and extensive outbreaks of this 
insect pest occurred in northern Maine in the 1970s-80s, resulting in millions of acres of spruce-
fir die-offs, despite extensive aerial insecticide applications.  For several decades, salvage 
logging via extensive landscape-scale clear-cutting occurred in impacted forests, until passage 
in 1989 of the Maine Forest Practices Act, which regulated clear-cut size, configuration, and 
regeneration.  Regenerating clear-cuts became very dense stands supporting high densities of 
snowshoe hares.  Although the Forest Practices Act reduced the amount of clear-cut harvest 
over the following two decades, overall harvest increased as partial-cut harvesting replaced 
clear-cutting.  At the same time, land ownership patterns in northern Maine were shifting from 
large blocks of commercial timber interests to smaller blocks and more diverse land 
management goals, including development and financial investment, as well as some non-
development easements (though these do not regulate forest management).  The University of 
Maine modeled lynx habitat occurrence from snow track data, a series of Landsat satellite time-
series imagery since 1970, and indices of hare densities for various stand ages post-timber 
harvest to model past, present, and future lynx occurrence in northern Maine.  They found that 
the proliferation of regenerating partial-cuts produce lower landscape hare densities than 
regenerating clear-cuts from the 1970s and 1980s.  Landscape hare densities will likely decline 
in the future as the clear-cut-era stands mature into less dense conifer stands, beginning about 
35-40 years post-harvest.  High-quality stands are being replaced by lower-quality regeneration 
of partial harvests. High-quality habitat for lynx/hares is currently about 8% of the northern 
Maine landscape.  Model projections indicate it will decline to about 5% of the landscape by 
2030, and then level off, and that the prevalence of partial-harvesting will lead to elimination of 
many areas with concentrated high-quality habitat and a lower future probability of supporting 
lynx.      

Southern Snowshoe Hares: Updates, Questions, Forecasts - Dr. Karen Hodges, 
University of British Columbia Okanagan Department of Biology, Kelowna, British 
Columbia 

Northern hare cycles are more variable than commonly portrayed in some literature, with 
questionable synchrony and variation in peak heights and amplitudes.  Some southern hare 
populations (i.e., within the lynx DPS range) show “cycle-ish” dynamics and high densities, but 



17 

variability in abundances is not obviously linked to forest stand type (thinned, unthinned, 
mature).  Some areas of high hare density are occupied by bobcats instead of lynx (e.g., the 
Tally Lake area of the Flathead National Forest in Montana).  Hare densities in the western 
contiguous U.S. differ substantially across regions and landscapes.  For example, within the 
GYA, hare densities varied from very low (0.2 hares per hectare) in Yellowstone National Park 
to very high (0.5 - 1.7 hares/ha) in the Wyoming Range south of the park.  Hare densities also 
vary in the eastern part of the lynx DPS, with ranges from 0 - 1.8 hares/ha in Maine and, in 
Minnesota, densities of 0.64 hares/ha in the northeast part of the state (which supports resident 
lynx) and 0.35 hares/ha in Voyageurs National Park (which does not support resident lynx).  
Landscape attributes (e.g., tree densities and moisture gradients) also influence stand quality 
for hares.  Hare population dynamics (cyclicity, synchrony, amplitude, and peak densities) also 
vary regionally.  Forest management that reduces stand structure reduces hare abundances.  
For example, hares declined after experimental precommercial thinning in Montana, and, in 
Quebec, hare densities increased with time since commercial thinning, harvest, and fire.  Fire 
destroys hare habitat temporarily, but hares return to burned areas as soon as favorable habitat 
conditions return.  Post-fire hare densities also vary regionally; in stands burned by large fires in 
1988, hare densities by 2007 were higher in Glacier National Park than in Yellowstone National 
Park.  Hare densities necessary to support resident lynx remain poorly understood but appear to 
vary regionally, as do lynx diets and home range sizes.  If southern boreal/montane forests are 
lost, hares will decline.  Fire, timber harvest, and thinning will result in fewer hares, at least 
temporarily, and the impacts of post-fire salvage logging are unknown.  Understory cover and 
browse are very important, but we know little about the influence of shrubs or snow on hares.  
Like lynx, hares in the DPS are at the southern extent of their continental range.  Also like lynx, 
hares show high gene flow across most of the northern range in Canada but lower gene flow 
(higher genetic structure) in the southern part of the range, with some lineages potentially at risk 
of genetic drift.  Climate-mediated increases in fires and insect outbreaks and changes in forest 
regeneration may alter hare habitats and, thus, hare distribution and abundance.  Climate 
change may also affect hare vulnerability to predation by creating a mismatch between pelage 
color, which is controlled by photoperiod, and their surroundings (e.g., reduced snow season 
resulting in white hares on dark forest floors).  It may also alter predator communities, with 
uncertain impacts on hare populations.  Continued research is needed to better explain regional 
variation in population dynamics and peak abundances, to predict post-fire recolonization and 
densities and responses to climate change, and to better understand links between physiology 
and demography (e.g., predation stress and reproduction).      
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Lynx Status Update Presentations1 
Status of Lynx in Maine - Jennifer Vashon, Maine Department of Inland Fisheries and 
Wildlife, Bangor, Maine 
Much of the current lynx habitat in Maine was created from extensive harvests to salvage 
spruce budworm-damaged forests during 1970-1985, and the amount and distribution of high-
quality lynx/hare habitat are likely greater now than historic conditions.  Many stands were 
treated with herbicides to create extensive regeneration of spruce and fir.  Analysis of Forest 
Inventory and Analysis (FIA) data indicates that half of the 3 million forested acres of spruce-fir 
in northern Maine is currently sapling stage that should provide lynx with high quality foraging 
habitat.  Also based on FIA data, the amount of dense spruce-fir (supporting the highest hare 
densities) increased from 700,000 acres in 2006 to 805,000 acres in 2010.  The Maine 
Department of Inland Fisheries and Wildlife (MDIFW) conducted a telemetry study of lynx from 
2000-2011 in a study area with extensive areas of regenerating spruce-fir stands in 
northwestern Maine and found that lynx had relatively small home ranges.  Lynx strongly 
selected these high-quality hare habitats in former clear-cut areas.  Although hare densities 
declined from 2 hares/hectare to 1 hare/hectare mid-way through the study, lynx did not 
increase their home range sizes or alter their habitat use.  Reproduction declined initially after 
hare populations declined, but later recovered, with all females producing litters.  An average of 
65% of females bred each year throughout the study.  Litter sizes ranged from 1 to 5 and 
averaged 2.63 kittens/breeding female.  Kitten survival remained high (averaged 78%).  
Densities of 4.5 adults and 5 to 9 kittens were observed in 100 km2 areas.  Based on estimates 
of occupied habitat and home range information, MDIFW estimated there were between 750 
and 1,000 lynx in northern Maine in 2006, and more than 1,000 lynx in 2015 (or at least more 
animals than 2006).  Indices (number incidentally trapped, observed, or killed on roads) have 
increased, suggesting there are more lynx than in 2006, and the distribution of the population 
also appears to be expanding.  MDIFW initiated a third round of periodic lynx snow track survey 
in 2015 that support increased populations and expanding range.  Additional surveys are 
planned in 2016 and 2017 to update estimates.  Although a model by the University of Maine 
suggests the effects of the Maine Forest Practices Act could lead to a decrease in lynx habitat, 
thus far, it does not appear that lynx have declined in response to aging clear-cuts and the 
prevalence of partial harvests resulting from the Act.  A budworm outbreak is expected in the 
near future that will also impact future amounts of habitat for lynx and snowshoe hare.  MDIFW 
provides landowners with descriptions of lynx-hare habitat for their management plans through 
published peer-reviewed papers and reports on lynx status and habitat use in Maine and 
consultation.  

                                                
1 These are summaries of status updates presented by lynx experts for each of the geographic 
units in the DPS.  Summaries were written by the Lynx SSA Team based on the presentations 
and notes submitted by expert presenters and on the notes taken at the workshop during 
presentations.  Experts reviewed drafts of these summaries and provided clarifications/ 
corrections if needed, which were incorporated into the final summaries.    
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Canada Lynx in Minnesota - Dr. Ron Moen, Natural Resources Research Institute, 
University of Minnesota Biology Department, Duluth, Minnesota, and Susan Catton, 
USDA Forest Service, Superior National Forest, Duluth, Minnesota 
Prior to 1965, lynx in Minnesota were unprotected, had a bounty placed on them, and were 
overexploited by trapping.  From 1930-1977, harvest in Minnesota was twice that of Montana 
and 40 times that of other states.  In 1976, State protection was provided in the spring and 
summer months, and in 1984 the trapping season was closed.  In the 1990s and when listed 
under the ESA in 2000, it was unknown if lynx in Minnesota were residents or migrants from 
Canada, but now it is known that the Minnesota lynx population consists of both residents and 
migrants from Canada.  Since then, there have been hair snare and snow-tracking surveys, 
DNA analyses, and a multi-year telemetry project – none of these monitoring efforts were 
designed to estimate densities or abundances of the species.  However, as of 2015, it is thought 
that there are somewhere between 50 and 300 lynx in Minnesota (this expert later refined the 
range as 50 - 200 lynx, as indicated in the summary presentation preceding the graphing 
exercise below), with the core habitat in the arrowhead region of the state (St. Louis, Lake, and 
Cook counties), although there have been verified and probable lynx sightings elsewhere in the 
state.  At least 5 of 27 adult lynx radio-collared in Minnesota were later legally trapped in 
Ontario, and other collared lynx did not return from Canada, therefore their fates are unknown.  
Telemetry data showed that about half of males radio-marked in Minnesota moved back-and-
forth across the border, traveling at all times of the year; that Minnesota females that dispersed 
into Canada tended not to return to Minnesota; that males had much larger home ranges (267 
km2) than females (21 km2); and that females with kittens had the smallest home ranges.  About 
half of the mortality of collared lynx was from vehicle collisions, incidental catch, illegal kills, or 
unknown causes.  Moen et al. (2008) documented 10 den sites and showed that denning 
habitat is not limiting in Minnesota.  Since 2000, incidental take of lynx tracked by the USFWS 
Twin Cities Field Office has ranged from 0-14 per year and included vehicle (car and train) 
collisions, gunshot, incidental trapping, and unknown causes.  Approximately 50% of reported 
take was of incidentally trapped lynx, about half of which were released alive.  Home range 
analyses showed mean distance to nearest linear feature is approximately 200m, suggesting 
that lynx do not avoid roads.  Bobcat harvest data show a concentration of bobcats adjacent to 
the core of the lynx range.  The IPCC SRES A1B Scenario climate change model (Gonzalez et 
al. 2007, p. 14) shows snow conditions potentially suitable for lynx throughout the northern half 
of Minnesota to the end of this century; however, the snow and/or biological assumptions in the 
model need work, because it predicts a range for lynx that is larger than the current suitable 
range based on snow depth.  Other climate modeling (e.g., Morgan, in prep.) suggests that 
suitable snow-depth range will shrink significantly by 2055, be limited to extreme northeastern 
Minnesota by 2070, and may be entirely absent from the state by 2095.  Since 2000, the 
Superior National Forest (SNF) and others have identified 268 unique individual lynx (47% 
Female, 53% Male) from 1,306 DNA samples, primarily from SNF lands.  These samples also 
documented 13 unique individual lynx-bobcat hybrids (5 Female, 8 Male).  The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota.  The SNF annually documents 3-5 family groups and is working with 
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North Carolina State University and the Twin Cities Field Office on a study of the distribution of 
lynx that can be used to inform future study designs aimed at monitoring lynx occupancy and 
designing more intensive studies to estimate abundance. 

Current Distribution, Status, and Threats to Canada Lynx in Montana and Wyoming - 
Dr. John Squires, USDA Forest Service, Rocky Mountain Research Station, Missoula, 
Montana 
Northwestern Montana - This area is believed to support the largest lynx population in the 
western U.S., but minimum population size has not been calculated.  The Forest Service’s 
Rocky Mountain Research Station in Missoula initiated a lynx research program in 1998 to 
investigate lynx resource and prey selection, competition, activity patterns, detection and 
monitoring, and connectivity.  From 1998 to 2007, researchers trapped and radio-marked 175 
lynx in northwestern Montana and collected nearly 170,000 GPS and over 3,000 VHS telemetry 
locations documenting lynx movements, resource use, survival, and productivity.  From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area (the central 
portion of this geographic unit) and from 2003-2007, 2.95 kittens/litter (N = 22) in the Purcell 
Mountains (the northwestern portion of the unit).  In Seeley Lake, 61% of breeding-age females 
(N = 52) produced kittens; in the Purcells, 83% of females (N = 28) produced kittens.  Recent 
research (Kosterman 2014) suggests kitten production is correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges.  Annual survival rates for 
subadult and adult female lynx were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 
0.85, respectively, in the Purcells.  There was no evidence of cyclicity in these vital rates, and 
no indication of irruptions of lynx into this unit from Canada after the 1980s.  Starvation, 
predation by mountain lions, and human-caused deaths each accounted for roughly one-third of 
documented sources of lynx mortality.  Population viability analyses yielded population growth 
rates of 0.92 for the Seeley Lake area (i.e., declining population trend, 1999-2007) and 1.16 for 
the Purcells (increasing trend, 2003-2007).  The distribution of lynx in this unit appears to have 
contracted recently; lynx were documented in the Garnet Mountain Range in the southern 
portion of the unit from at least 1980 into the early 2000s, but in 2010, extensive research 
trapping efforts yielded only two males, and snow-track and camera-trap surveys in winter 2014-
2015 detected no lynx.  Genetic analyses revealed fine-scale genetic sub-structuring among the 
Garnets, Purcells, and Seeley Lake subpopulations, suggesting some level of relative isolation 
among lynx in those areas.  Most lynx habitat in this unit occurs on Federal lands (USFS, BLM, 
NPS).  Recent conservation land purchases substantially increased protection of lynx habitat in 
the Seeley Lake core area.  The extent of fire in this area has increased, with over one million 
acres burned in 2000-2013.  Forest management (timber harvest, silviculture, and fire 
management) can have negative, neutral, or positive impacts on lynx habitat; current research 
is investigating lynx response to management actions. 
      
Wyoming/GYA – The long-term persistence of lynx in the GYA is unknown, but early records 
from Yellowstone National Park documented lynx presence in the 1920s-30s, and more recent 
(2001-2004) surveys in the park documented several lynx and evidence of reproduction on the 
east side of Yellowstone Lake.  South of the park, lynx were also detected reliably in the late 
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1990s-early 2000s in the Union Pass and Togwotee Pass areas of the Wyoming Range in the 
Bridger-Teton National Forest.  Several lynx released in Colorado (1999-2006) dispersed to the 
GYA and occupied home ranges (including males and females with overlapping home ranges) 
in areas of the Wyoming Range previously occupied by “native” resident lynx.  Recent (2005-
2010) research trapping and survey efforts in the Wyoming Range have detected only 
Colorado-released lynx, and the current status of lynx in the GYA is uncertain but believed to be 
at low numbers based on on-going surveys.  In addition to fire and forest management (as 
described above for northwestern Montana), oil and gas exploration and development may pose 
a potential risk to lynx and habitat in the Wyoming Range.             

Lynx in Washington: Current Status and Potential Threats - Benjamin Maletzke, 
Washington Department of Fish and Wildlife, Olympia, Washington 
Lynx in Washington were State-listed as threatened in 1993, but with recent large-scale impacts 
to lynx habitats and likely declines in lynx numbers, upgrading to State-endangered may be 
justified.  The Washington Department of Fish and Wildlife completed a lynx recovery plan in 
2001, and the Department of Natural Resources completed a habitat management plan for its 
lands in 1996, which it revised in 2006.  The majority of lynx habitat in Washington occurs on 
public lands including State Forests and National Forests.  Although individual lynx are 
occasionally documented in the northeastern part of the state, only the Okanogan area (eastern 
Cascade Mountains abutting the border with Canada) in the north-central part of the state has 
consistent records and evidence of a resident breeding population.  In terms of the ESA’s five 
listing factors, over-utilization, disease/predation, and inadequacy of existing regulatory 
mechanisms are not issues for lynx in Washington.  Lynx trapping was prohibited in 1991, and 
only live-trapping is allowed for bobcats, so there is little chance for incidental trapping.  There is 
no documented disease and little evidence of predation (though these could occur/increase with 
climate change).  With ESA and State listings, critical habitat designation, and State recovery 
and State and Federal habitat management plans in place, regulatory mechanisms appear 
adequate.  Recently, much lynx habitat has been lost, at least temporarily, to frequent large-
scale fires and insect outbreaks, and climate change may pose additional (or exacerbate 
existing) threats to lynx and habitats in Washington.  From 1990-2002, there were about 2,600 
km2 of lynx habitat in the Okanogan (Eastern Cascades) area, and female home ranges were 
estimated at 38 - 41 km2, suggesting the potential to support roughly 90-115 resident females 
(home ranges include “matrix” or non-habitat).  By 2014, habitat had been reduced by fire to 
about 1,600 km2, and habitat loss and fragmentation resulted in female home ranges increasing 
to an estimated 91 km2, with a potential to support roughly 27 resident females.  Although areas 
impacted by fires and insects should regenerate to hare/lynx habitat, it may take 35-40 years or 
more for that to happen.  Climate change will likely reduce snow depth, condition, and 
persistence, potentially influencing interspecific competition.  It also may cause temperature- 
and precipitation-driven changes in vegetation and increased fire frequency, size, and intensity, 
resulting in further reduction, fragmentation, and isolation of suitable habitats and impacts to 
prey abundance.  Connectivity between the Okanogan area and lynx populations and habitats in 
Canada seems adequate; it is more tenuous in the northeastern part of the state, where cross-
border populations/habitats in Canada are smaller and potential corridors more constricted.  It is 
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also possible that legal trapping in southern British Columbia could limit immigration into 
Washington’s lynx population and be a source of mortality for lynx dispersing from Washington 
into Canada.  Potential management and recovery actions could include resuming surveys and 
monitoring efforts, reviewing current State, Tribal, and Federal management actions to see if 
they can be more “lynx-friendly,” conducting population viability analyses to estimate 
probabilities of persistence over various time periods, coordinating with British Columbia on 
cross-border lynx conservation efforts, evaluating the need and feasibility of augmenting female 
lynx in the Okanogan and reintroducing lynx to the Kettle Crest, up-listing lynx in Washington to 
indicate the current status and severity of threats, and seeking collaboration and funding to 
support the measures above. 

Status of Lynx in Colorado - Dr. Jake Ivan, Colorado Parks and Wildlife, Fort Collins, 
Colorado 
Lynx in Colorado were State-listed as endangered in 1973.  Based on statewide surveys 
conducted in 1978-1997 that found some possible lynx sign (tracks), the State concluded that if 
lynx were present, too few individuals remained for a viable population and that natural 
recolonization was unlikely due to geographic isolation.  The State initiated a lynx reintroduction 
program, releasing 218 lynx from source populations in Alaska and Canada from 1999 to 2006.  
All animals were released into the San Juan Mountains in the southwest part of the state.  Many 
stayed there and used the area heavily; many others established home ranges in the Sawatch 
Range in the central part of the state, where the bulk of historical records occurred.  Although 
post-release mortality was initially high, it decreased after release protocols were modified and 
among lynx after they’d been on the ground a year.  Mean annual survival was 0.93 for lynx that 
stayed within the San Juan Mountains core-release area, and 0.82 outside of it.  The first den 
was located in 2003, and 48 dens were subsequently documented in Colorado through 2010, 
including a third-generation of Colorado-born lynx.  The reintroduced population displayed 
reproduction similar to other areas in the DPS in some regards (e.g., mean litter size was 2.75 
kittens), and lower in others (e.g., mean percentage of females that produced kittens was 24% 
[range = 0% - 46%])2.  A deterministic model that uses survival estimates and reproduction data 
from ten years of monitoring reintroduced lynx and assumes that reproductive parameters 
observed during that time would repeat each decade shows a slightly increasing trajectory 
through time.  Although current population size and survival rates are unknown, photos of 
females with kittens in 3 sampling units during occupancy monitoring in the San Juan Mountains 
in 2014-15 and capture of young and unmarked (i.e., “new”) lynx during research efforts in 
2010-15 provide evidence of continued reproduction.  Potential threats to lynx in Colorado 
include climate change, bark beetle outbreaks, fire, increasing human recreation, and 
vulnerability to vehicle collisions and disturbance from highways.  Climate modeling in 2014, 
based on the RCP6 (2nd-highest) emissions scenario, suggests that by mid-century 
temperature will increase by 2°C, precipitation will decrease in the San Juan and other southern 
mountains, and that spruce-fir habitat will migrate upslope, lagging climate conditions by 50-100 

                                                
2 These data were provided by the presenter after the workshop but were not part of the original 
workshop presentation. 
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years.  Based on this, the overall vulnerability of spruce-fir in the state is considered moderate 
at mid-century.  As of 2014, over 4 million acres of potential lynx habitat has been impacted by 
bark beetle outbreaks; however, lynx and hares continued to use impacted areas, even when 
beetle impacts are severe.  Red squirrel use declined in areas that were heavily impacted by 
beetles.  Large fires also have impacted lynx habitat, and as elsewhere, fire size, frequency, 
and intensity are expected to increase with climate change.  A cursory, pre-analysis review of 
location data suggests that lynx make use of landscapes in which heavy winter recreation 
occurs.  However, use of developed ski areas is light, and outside of ski areas, heavy lynx use 
tends to occur in thick timber that is not used by snowmobilers and other backcountry users.  
Finally, lynx frequently crossed 2-lane paved highways in home ranges (0.6 crossings/day), 
more often at dusk and night, coincident with lower traffic volumes, and usually at forested 
crossings.  Recent results from a new large-scale monitoring program indicated that lynx 
occupied a similar proportion of the landscape in the San Juans Mountains during winter 2014-
15 as they did during winter 2010-11.  

Expert Elicitation Process 
All questions posed to the 10 lynx expert panelists were framed in the context of the 3Rs, a 
driving principle for evaluating viability under the SSA framework.  In questioning, we used a 
modified Delphi method (e.g., MacMillan and Marshall 2006), which involves eliciting individual 
responses/scores, exploring response rationale and differences in expert judgment through 
guided discussions, then allowing experts to reconsider their scores in light of those discussions 
if they so desire.   
 
In our implementation of the modified Delphi approach, panel members were first asked to 
respond individually to a particular question and indicate their level of confidence in their 
response.  We then collated and noted the range of responses, which became the mechanism 
for follow-up discussion.  In collating responses, we used a simple numeric coding system 
rather than the experts’ names to provide for a reasonable level of anonymity.  We noted where 
there was high congruence among responses, as well as low congruence and outlying 
responses.  By asking for experts to voluntarily provide their reasoning for particular responses, 
we were able to delve into the basis for varying opinions.  After the discussion period, experts 
were given the opportunity to revise their scores.   
 
In addition to elicited responses to each question, we received substantial feedback from the 
experts on definitional issues and the validity of the questions themselves; we revised the 
questions as needed following these discussions.  In the case of a revised question, scores 
were elicited again following the revision.  The second round of scoring was displayed for 
experts, with a closing opportunity for comment, discussion, or score revision. 
 
All panel members were encouraged to respond to each question but also given the option of 
abstaining from responding to a question if they felt it was beyond the bounds of their expertise.  
With few exceptions, all 10 expert panelists responded as requested to every question.  
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Instances where experts either chose not to reply or otherwise replied in a manner differing from 
the expected form of response to the question are noted in the responses below. 

Lynx Status:  Expert Elicitation and Responses 
Questions for experts were scripted by the Lynx SSA Team prior to the meeting to facilitate 
discussion of lynx ecology among the experts, solicit their professional opinions, and to help the 
Service gather and synthesize biological information for use in the SSA, particularly where 
empirical data are lacking in the published literature and projecting habitat and population 
conditions into the future is needed.  Because of the uncertainty of quantifying the population 
status and other aspects of lynx biology, the Service and facilitators decided to generate a 
series of discussion questions with quantifiable responses (scores) concerning the redundancy, 
resilience, and representation (3 Rs) of the DPS.  Although scores provided a starting point for 
discussion among experts and are quantified, analyzed, and summarized as appropriate in the 
following sections of this report, the Service also places high value on the content of the 
discussion among experts.  Therefore, both the analyses of scores and summaries of the 
discussion content are presented and will be considered during development of the SSA, noting 
that both were integral to the expert elicitation process. 

The types of questions and the format of responses differed based on the information needed to 
inform the status assessment, and the best way to capture the information relevant to the 
question being asked.  For example, responses were requested in the form of lists, when a set 
of influences was desired, in the form of a 4 point elicitation (e.g., the most likely, high, and low 
end of a range, and confidence that the range contains the true value) when an uncertain 
quantitative value was desired, in the form of graphed trajectories when probabilities of 
persistence over time were desired, and other forms as necessary (see questions below).  
Experts submitted their scores independently via submission sheets (sticky notes, index cards, 
graph paper, etc.) with their ID numbers.  Note takers recorded and displayed scores to assist 
discussion.  Facilitators and other members of the SSA Team then asked directed questions to 
clarify responses from the panelists as needed.  Following each round of discussion and 
clarification, the panelists were provided the opportunity to update their response if desired and 
the second round of responses were collected and recorded.  The final responses are the only 
responses reported here.  The range of individual responses that we received was not 
combined (e.g., averaged or otherwise) in any way that would obscure or conceal individual 
responses, and the final scores for each panelist were recorded if the response was revised. 

We present the results of the expert elicitation below under the headings of representation, 
redundancy, and resilience.  Under each heading, the following is provided:  the definition of the 
viability category (3 Rs) under consideration, the question(s) asked of the expert panelists, 
response type (i.e., the form of the response requested of the experts), question clarification 
(i.e., a narrative description of any additional information provided to the experts by the 
facilitators for clarification as the questions were asked), expert responses, and notes from the 
discussion. 
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Expert Responses 

Representation 

Definition - Representation contributes to the adaptability and evolutionary capacity of a 
species over time, to accommodate long term issues like climate change.  The breadth of 
genetic ecological, demographic, and behavioral diversity across a species’ range may 
contribute to its capacity to adapt over time.  Measures of genetic and life history variability 
among populations, distribution of populations across a range of ecologically diverse locations 
or niches, etc., are useful proxies to measure.  Consider needs for establishing or reestablishing 
populations in unoccupied habitat that may be necessary or suitable for species adjustment to 
climate change or other stressors, including the need to replace former populations in no longer 
represented ecosystems. 

Representation Questions  

1.  Are any of the geographic units susceptible to genetic drift on a scale that would limit 
genetic viability?  If yes, which geographic units? 
 
Response Type:  Experts supplied a written response of “yes” or “no,” with a yes answer 
accompanied by a list of susceptible geographic units. 

Expert Responses:  Five experts responded that none of the geographic units are susceptible to 
meaningful genetic drift, two experts abstained from answering, and three experts responded 
that there are geographic units that are susceptible to such genetic drift.  Among the latter, one 
expert responded that the Colorado geographic unit is susceptible over a long period of time, 
and the other two experts responded that both the Colorado and GYA geographic units are 
susceptible to genetic drift. 

Discussion Points Following Initial Responses:  It wouldn’t take many immigrating lynx to 
provide adequate genetic diversity to prevent genetic drift.  One reproductively successful 
immigrating lynx every 5 to 10 years per geographic unit is likely sufficient to prevent genetic 
drift.  Most experts believed there was a low likelihood that even the smaller lynx populations 
(GYA and Washington) or those in more isolated geographic units (Colorado and GYA) are 
vulnerable to genetic drift at a scale that would impact viability, though several experts felt that 
both the GYA and the western Colorado units could experience meaningful drift in the absence 
of immigration or augmentation.  Overall, most experts felt there is a low risk of genetic drift 
being a problem for lynx in the DPS.  

2.  Are there locations from a lynx perspective that have unique habitat conditions 
relative to other areas in the lynx range that are necessary to foster future adaptive 
capacity of the DPS?  If yes, where? 
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Response Type:  Open discussion.  No response forms were submitted, but notes were taken 
on the discussion that followed. 
 
Question Clarification:  The experts required some clarification of terms and the intention of this 
question to respond.  Facilitators read the working definition of representation (above), which 
previously had been provided to the experts.  Experts then discussed representation across the 
lynx DPS from an adaptive capacity perspective. 
 
Expert Responses:  The response was an open discussion captured below. 
 
Discussion Points Following Initial Responses:  Maintaining genetic variability is important for 
adaptive capacity.  If uncertain about the capacity for lynx to adapt, then experts encouraged 
that all populations (and hence the genetic variation within each) be maintained.  Experts 
indicated that it doesn’t appear that any U.S. population is more or less important to maintain 
than the others because of relatively similar ecological settings and the generally low level of 
genetic differentiation across the DPS.  Summary:  Experts discussed that maintaining 
representation in the DPS could best be achieved by retaining current DPS populations, 
maintaining connectivity between DPS and Canadian lynx populations, conserving the genetic 
diversity currently represented in DPS, and avoiding impacts that could facilitate or increase the 
potential for or likelihood of genetic drift. 

It was also noted that lynx north of the DPS in some parts of eastern Canada (in New Brunswick 
and Quebec south of the St. Lawrence Seaway and on Newfoundland Island) have some 
unique alleles, including at functional genes, and should be preserved.  Lynx in these areas are 
relatively more isolated than lynx elsewhere in Canada.  Lynx south of the St. Lawrence are 
separated from lynx to the north by the seaway itself, which historically froze over during winter 
but which is now kept open to facilitate maritime shipping, perhaps reducing the level of genetic 
exchange between lynx on opposite sides.  Lynx on Newfoundland Island are separated from 
lynx in mainland Labrador and Quebec by the 15- to 60-kilometer-wide Strait of Belle Isle.  
Despite the relative isolation of these populations, genetic evidence indicates some interchange 
between lynx south and north of the St. Lawrence and between Newfoundland Island and 
mainland populations.  Eastern Canadian populations north of the St. Lawrence may have 
slightly different genetic composition than lynx in the Maine geographic unit. 

Redundancy 
Definition - Redundancy contributes to the ability of population types to withstand catastrophic 
events (hurricanes, wildfires, etc.).  The number and distribution of populations of each 
representative type contribute to the retention of various representative types despite 
catastrophic events by ensuring that the loss of a population doesn’t lead to the loss of 
representation. 

Redundancy Questions 
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1.  List the factors/catastrophic events that could functionally extirpate an entire 
geographic unit. 
   
Response Type:  Each expert supplied a written list submitted via index card of the 
factors/catastrophic events. 
 
Question Clarification:  Three issues required clarification prior to obtaining responses to this 
question.  First, we initially asked about eliminating a “population” rather than a geographic unit.  
Because some of the geographic units may support several relatively isolated subpopulations, 
experts questioned whether we meant individual populations or subpopulations.  We clarified 
that we are evaluating the likely persistence of resident lynx populations in each of the six 
geographic units that currently support or recently supported them; therefore, we are interested 
in the likelihood that a catastrophic event could result in the extirpation of resident lynx from the 
entirety of any of the geographic units. Second, we were asked if extirpation meant the 
complete loss of all lynx from a unit.  We clarified that we wanted to know if lynx could be 
“functionally extirpated” from any geographic unit, with functional extirpation described as the 
loss of the unit’s ability to support a resident breeding population(s) of lynx.  Third, experts were 
not clear what an “event” entailed.  After discussion, it was agreed that an event was defined as 
a single occurrence of some form, such as a fire, drought, hurricane, etc., that occurs over a 
relatively brief period of time, rather than a series of smaller cumulative events (e.g., a series of 
climate change-associated occurrences of fires or insect outbreaks over the course of a 
decade) causing a cumulative catastrophic result. 

Expert Response:  Six of the ten experts did not list any catastrophic events that could result in 
the functional extirpation of lynx from any entire geographic unit.  Three of the experts listed 
multiple catastrophic events they felt could result in at least temporary functional extirpation of 
lynx in a unit.  Among these, two of the experts listed fire, three listed disease, one listed insect 
outbreak, and one listed a failure of winter conditions due to a combination of heat or drought 
conditions.  One expert listed geographic unit-specific events, namely fire or insect outbreak for 
the Washington geographic unit, insect outbreak in Maine, and either insect outbreak or fire for 
one of the Minnesota geographic unit’s groupings of individuals, but not all. 

Discussion Points Following Initial Responses:  Experts were told that climate change was not 
considered a catastrophic event because it is both a driver of events and influences severity, 
rather than being an event itself as defined above.  Experts discussed the possibility that the 
Washington geographic unit, because of its relatively smaller size and history of recent 
extensive fires in lynx habitat, may be at risk of functional extirpation from multiple catastrophic 
events; disease, fire, and beetle outbreak were all mentioned as possible events.  One expert 
suggested that the Minnesota geographic unit could potentially be eliminated by a very large 
fire, although there was a low probability of this occurring.  Experts expressed some uncertainty 
whether fire could occur at the severity and scale sufficient to eliminate an entire geographic 
unit; however, a series of fires over a short time period may have the potential to cause 
functional extirpation of lynx from a geographic unit or significantly reduce the number of 
resident lynx it could support, at least temporarily. 
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2.  Could any of the catastrophic events listed in response to redundancy question 1 
eliminate all 6 geographic units simultaneously? 
 
Response Type:  Each expert supplied a written response of “yes” or “no.” 

Expert Response:  All experts answered “no.” 

3.  What is the probability (expressed as a percentage) that any single geographic unit 
could be eliminated by a single catastrophic event in the next 10 years? 
 
Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  In response to the discussion around question #1, which resulted in the 
inclusion of question 3, this question was modified from its original script to include a 10-year 
time frame (underlined). 

Expert Responses:  All responders gave a relatively low probability (≤ 10%, median of 1%) that 
any single geographic unit could be eliminated (resident lynx functionally extirpated) by a single 
catastrophic event in the next 10 years (Figure 2).   

4. What is the percent likelihood that a series of catastrophic events within the next 10 
years could cause functional extirpation of one or more lynx geographic units? 

Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  This question was developed after discussion of question 3 to capture 
the possibility of functional extirpation of lynx from geographic units due to a series of 
catastrophic events over a relatively short time rather than a single event that occurs at one 
point in time. 

Expert Responses:  The percent likelihood ranged from 0.5% to 60%, with a median response 
of 7.5% (Figure 2).  Expert responses indicated a higher probability of a series of catastrophic 
events over 10 years resulting in functional extirpation than a single event in the next 10 years, 
as in question 3.  
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Figure 2.  Individual scores and summary boxplots of the percent chance that a geographic unit 
is eliminated by a single catastrophic event (question #3, left) or a series of catastrophic events 
(question #4, right) in the next 10 years.  Note:  This and all subsequent figures below were 
generated using the statistical software R (Appendix 6).  

In Figure 2, individual responses to a single catastrophic event were 0.01%, 0.1%, five 
responses of 1%, 5%, and two responses of 10%.  Individuals responses to a series of 
catastrophic events were 0.5%, 1.1%, three responses of 5%, 10%, 15%, 20%, 40%, and 60%).  
Boxplots illustrate response mean values (bold black lines), the 25% and 75% quartiles (upper 
and lower bounds of boxes), and the highest and lowest values within 1.5 times the quartile 
range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of the 
whiskers (outside 1.5 times the quartile range) are considered outliers and plotted as points 
beyond the ends of the whiskers (i.e., experts 3 & 4 in Q3 and experts 3 and 10 in Q4, as 
indicated by the points plotted between experts 5 and 6).  The individual expert responses used 
to produce the boxplots are indicated by x-marks.  Boxplots are provided as a summarizing 
visualization to aid comprehension of the experts’ responses and their range, and the summary 
values are presented in this context and not intended for use outside of the context of the full set 
of responses. 

Discussion Points Following Initial Responses:  One expert noted that the probability of 
extirpation in any one of the 6 geographic units is greater than the probability of a single specific 
geographic unit being extirpated.  Also, any combination of a series of events over a decade 
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increases the likelihood of extirpation in any one geographic unit relative to the probability of 
extirpation due to a single event.  

Although median probabilities of extirpation were low, experts felt the geographically smallest 
unit (Washington) and those units believed currently to support the fewest resident lynx (GYA, 
Washington, and Minnesota) were the most vulnerable geographic units when scoring this 
exercise.  Fire, drought, and beetle kill were the most frequently mentioned events that were 
considered by the experts when answering this question.  Some experts felt that these 
geographic units may be susceptible to such a scenario because of small geographic and/or 
population sizes and distribution.  In particular, it was noted that this past year there were many 
fires in lynx habitat, especially in Washington, and another year with similar fire impacts, or a 
few such fire years in a 10 year period, could lead to extirpation of lynx in the Washington 
geographic unit.  An expert noted there currently may be as few as 24 remaining females in 
Washington and that with fewer individuals in this area it would result in a higher probability of at 
least temporary extirpation.  Experts noted that fire disturbance data are likely available that 
could be used to model the likelihood of future fire impacts to each geographic unit.  

Experts with outlier responses provided their rationales.  Experts having the lowest scores 
believed that even the smallest geographic units would have only a low probability of extirpation 
in the next decade - that the time frame under consideration was very short.   

5.  What length of time would be required for a geographic unit eliminated by a 
catastrophic event to reestablish naturally? 
  
Response type:  4-point elicitation.  Each expert supplied a written response in years for the 
longest, shortest, and most plausible time periods for reestablishment of a resident lynx 
population within a geographic unit following functional extirpation.  They were also asked to 
indicate their confidence, as a percentage chance, that the true amount of time necessary for 
reestablishment would fall between the shortest and longest plausible time periods provided. 
 
Expert Responses:  The responses to each of the points elicited are shown below in Table 1.  
Two experts provided additional information beyond the 4 points elicited when responding.  One 
presented two scenarios, one in which connectivity is intact and the habitat was damaged by the 
catastrophic event (e.g., insect outbreak or fire) which would require habitat regrowth first, and 
the second in which the habitat remained present.  In the case of habitat being present the most 
likely time period response was less than 10 years.  In the habitat elimination scenario the 
expert felt given climate changes to habitat that the geographic unit would not re-establish.  The 
second expert responded by geographic unit, with the exception of the Minnesota geographic 
unit for which there was no response.  Their responses are summarized in Table 1 using the 
overall longest and shortest responses as well as the average of the most plausible time (see 
footnote 3). 
 
Table 1.  Expert responses regarding the natural reestablishment time in years for a geographic 
unit after extirpation by a catastrophic event. 
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Expert # 
Reestablishment Time in Years Percent Confidence in 

Range3 Shortest Plausible 
Time 

Most Plausible 
Time  

Longest Plausible 
Time 

1 10 40 100 50% 
2 15 100 300 80% 
3 15 35 60 5% 
44 1, 

will not reestablish 
<10,  

will not 
reestablish 

will not reestablish 100% 

5 25 50 100 75% 
6 20 30 50 90% 
7 15 20 25 90% 
8 15 50 will not reestablish 40% 
9 20 30 100 50% 

105 15 55 200 50% 
 

Expert responses are also visualized in Figure 3 and Figure 4 below.  The raw responses are 
visualized in box plot form to aid communication of the results (Figure 3).  Confidence ranges 
provided in a four point elicitations enable expert responses to be rescaled to produce a 
common confidence bound across experts using linear extrapolation (e.g., McBride et al. 2012).  
We calculated the 95% confidence interval for the shortest and longest plausible time periods 
for each expert (Figure 4).  In cases where the linear extrapolation resulted in negative years for 
the shortest time periods, we adjusted to zero.  This may indicate underconfidence in the 
responses provided by the experts, or that the use of linear extrapolation for these 4-point 
elicitation responses fails to distribute expert uncertainty in a manner consistent with the actual 
uncertainty present in expert responses (i.e., the experts could have been more confident in 
their shortest plausible time response than their longest plausible time responses, which the 
linear extrapolation doesn’t account for). 

                                                
3 Expert confidence that the true recovery time would fall between the shortest and longest time periods 
of their response. 
4 This expert provided a response for two scenarios, first that the catastrophic event does not result in 
habitat loss, and second that habitat is lost and therefore connectivity to extant populations is lost. 
5 This expert provided separate responses for each geographic unit.  The values in this table are the 
overall shortest, longest, and average most plausible number of years indicated in the responses across 
geographic units. 
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Figure 3.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events. 

The raw responses for each of the three time periods (longest plausible time to reestablishment, 
most plausible time, and shortest plausible time period) are displayed in the box plots in Figure 
3 above.  Boxplots illustrate response mean values (bold black lines), the 25% and 75% 
quartiles (upper and lower bounds of boxes), and the highest and lowest values within 1.5 times 
the quartile range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of 
the whiskers are considered outliers and plotted as points.  The individual expert responses 
used to produce the boxplots are indicated by x-marks.  Boxplots are provided as a 
summarizing visualization to aid comprehension of the experts’ responses and their range, and 
the summary values are presented in this context and not intended for use outside of the 
context of the full set of responses. 
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Figure 4.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events, adjusted to provide 95% confidence bounds. 

In Figure 4, 95% confidence bounds were produced from the 4-point responses using linear 
extrapolation.  Shortest plausible time period is in blue, most plausible is green, and longest 
plausible is red.  For plotting purposes negative shortest time period values were adjusted to 
zero, and all zeroes in the plot indicate 95% confidence bounds that extended below zero.  
Longest time periods beyond 350 years were plotted at 350, with the actual time period noted in 
text left and below those points.  Also note that expert 10 responded by geographic unit, so the 
figure displays the 95% confidence bound adjusted overall longest, overall shortest, and 
average most plausible time periods across the six units for expert 10. 

Discussion Points Following Initial Responses:  Experts discussed the amount of time it takes 
for habitat to recover after catastrophic events (e.g., fire, insects) when considering timeframes 
for repopulation.  Some experts could picture some geographic units never being recolonized 
again, and that some could be recolonized immediately, depending on which geographic unit is 
being evaluated and the level of connectivity to other geographic units and to lynx populations in 
Canada.  Washington is more connected to Canada than the Colorado geographic unit for 
example.  The rate of recolonization was variable for each geographic unit because of the size 
of each geographic unit, status of adjacent source geographic units, and the level of 
connectivity.  Experts found it hard to generalize across the range of the species for this 
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question.  The variances in the geographic units across the range need to be considered.  
Experts believed GYA and CO would have a long period for recolonization, if ever recolonized, 
after a potential extirpation event because of the lack of connectivity with Canadian populations.  
It is likely that those geographic units with connectivity to Canada would recover much sooner 
than geographic units not connected to Canada. 

Resiliency 

Definition - Resiliency speaks to an individual population’s ability to tolerate environmental and 
demographic stochasticity, such as fluctuations in temperature or genetic drift.  It is often 
measured in terms of population size and growth rate, but in fact is dependent on a number of 
traits, both demographic and environmental.  These include, among others: age or stage class 
distribution, genetic heterogeneity, birth rates, annual survivorship, sex ratios, etc., and the 
quality and extent of habitat, the degree of disease, competition, etc.  Metapopulation dynamics 
and distribution can also contribute to population resiliency in some species. 

Resiliency Questions:  Probability of Persistence Exercise  

Exercise Summary 

The first two resiliency questions were asked concurrently as part of a probability-of-persistence 
exercise conducted for each geographic unit.  Experts were asked to graphically provide the 
probability of persistence of resident lynx through time for each geographic unit, as well as the 
major factors influencing persistence in those geographic units, one geographic unit at a time.  
Experts were asked to provide persistence probabilities and influencing factors for the near-term 
(2025), mid-term (2050) and longer-term (2100).  Experts were also asked to indicate on each 
of their graph sheets the emissions scenario (low, moderate, or high/status quo) they were 
considering in graphing persistence probabilities and listing influencing factors.  
 
We began this exercise with the Northern Maine geographic unit, and the discussion and 
questions among experts that followed the initial persistence-graphing and factor-listing efforts 
indicated that a review of the status and major issues confronting lynx in each unit (a quick 
reminder and summary of the earlier status update presentations) would be helpful.  Therefore, 
prior to expert responses for the remaining units, the expert(s) most familiar with the geographic 
unit in question gave a 5-10 minute summary of what they viewed as the most relevant 
information about the current and likely future status of lynx populations and habitats in that unit.  
They also presented any other conditions or issues they thought could affect the probability of 
persistence of resident lynx in that unit.  All experts then completed their graphs and lists of the 
factors that influenced the probabilities of persistence they selected for each time frame for the 
geographic unit in question.  For the Maine unit, the discussion following initial responses 
served the same purpose, and after that discussion, experts were given the opportunity to 
revise their responses if they felt it necessary. 
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After all experts completed their responses, the graphs and influence lists from each expert 
were posted on the wall, and workshop participants were invited to gather around to view and 
discuss the range of responses.  Facilitators and SSA Team members then polled the experts 
about what drove their responses.  These questions were a mix of directed questions about 
unique responses, the role of particular factors noted in the responses, and open-ended 
questions to allow experts to describe their thinking.  Experts and team members were also 
encouraged to ask clarifying questions about the responses.  Experts were encouraged to 
modify their responses by posting a revised sheet above their first response if they wished to 
adjust their responses based on the discussions. 
 
1.  What is the probability of persistence over time (particularly at present, 2025, 2050, 
and 2100) for each of the 6 major geographic units? 
 
Response Type:  Graphical 3-point elicitation.  Each expert was provided a blank sheet of 
graphing paper with a y axis of probability of persistence, and an x axis of time, with 4 time 
periods bolded (2015, 2025, 2050, and 2100).  For each of those years, experts were asked to 
add a point to the graph representing the lowest, highest, and most likely probabilities of 
persistence at that time period.  Experts were also asked to connect the points through time. 
 
Question Clarification:  It was explained that the most likely point should represent the 
probability of persistence that the expert anticipates to be most likely to occur for that 
geographic unit at each time period, and that  the points for lowest and highest probability of 
persistence were intended to capture the expert’s uncertainty in the future probability of 
persistence.  Experts preferred to indicate a most likely probability and to provide a full 
confidence interval (i.e., upper and lower bounds within which they felt 100% certain the future 
probability of persistence would fall) rather than indicate a confidence level associated with the 
lowest and highest probability responses. 
 
Expert Responses:  Responses are by geographic unit and are presented below in conjunction 
with the responses to question #2 below. 
 
2.  What are the major drivers/factors (up to 3) reducing probability of persistence for 
each of the major geographic units? 
 
Response Type:  Ranked list of top three factors, for each point in time (present, 2025, 2050, 
and 2100), with % contribution of each factor. 
 
Question Clarification:  Resiliency questions 1 and 2 were asked concurrently.  Experts were 
provided a sheet of paper for each geographic unit and the area at the bottom of the sheet 
below the graphing area was used to list the three major factors they expected would most 
significantly influence the probability of persistence at each time period.  Influencing factors 
were described as those anthropogenic or naturally-occurring activities, events or factors that 
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could influence the probability that resident lynx populations will persist in a given geographic 
unit. 
 

Expert  Responses:  For each geographic unit an overview of the unit from the area 
expert are provided, as well a summary of the hand drawn graphs via a figure (Figures 
5 - 10), the responses and major factors are summarized via text, and the discussion 
that the responses generated are presented. 

Results by Geographic Unit 

Northern Maine  

Pre-graphing Overview from Unit Experts:  This step was not added to the process until after the 
probability of persistence exercise for this unit.  Because this unit was the first for which experts 
attempted to graph persistence over time, there were many questions and much discussion 
about process and intent.  It was the discussion following this initial graphing exercise that led 
the SSA Team to request unit summaries prior to subsequent graphing exercises.  The Team 
felt that overview information similar to that provided prior to graphing persistence for 
subsequent units (below) came out during the discussion.  Further, because experts were 
encouraged to update their Northern Maine geographic unit responses as necessary following 
that discussion, the Team felt that the results of the graphing exercise for the Northern Maine 
geographic unit were valid and comparable to the results generated for the other units. 

Expert Responses:  All experts indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Maine through the end of the century, with uncertainty (range 
between lowest and highest probabilities) also increasing over time.  Nearly all experts 
predicted near-term (year 2025) persistence probability >= 90% and mid-century persistence >= 
70%.  All experts predicted end-of-century persistence probability >= 50% for this unit, with most 
predicting a 40% to 60% probability of persistence by 2100 (Figure 5).  Near-term drivers that 
influenced experts’ probabilities of persistence for this geographic unit were changes in private 
forest land ownership, changes in forestry management (timber harvest methods, volumes, and 
spatial distributions), habitat decline (succession of previous clear-cuts from young, dense 
regenerating stands to mature stands less conducive to high hare densities), spruce budworm 
outbreak, climate change-induced loss of spruce-fir habitats, and competition with bobcats due 
to climate change-induced loss of snow conditions that favor lynx.  Longer-term (2050, 2100) 
drivers similarly included changes in forestry practices, but also climate-driven loss of snow 
conditions favorable to lynx/competition with bobcats, and loss of spruce-fir forest.  As with 
responses for other geographic units, not all experts provided the factors that influenced their 
persistence probabilities for each time period, and not all provided the percent contribution of 
each factor. 
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Figure 5.  Expected probability of persistence for the Northern Maine geographic unit at present, 
2015, and in 2025, 2050 and 2100. 

Note:  In Figure 5, above, and figures 6 through 10, below, points for each of the 10 expert 
responses, for each of the three probability of persistence levels, i.e., highest, most likely, and 
lowest probabilities of persistence, are represented by the hollow red, filled green, and hollow 
blue points respectively.  The black x mark is the median of the most likely responses across 
the experts in each response year.  The red, green, and blue dashed lines connect the median 
of the highest, most likely, and lowest probability of persistence responses across the experts in 
each response year.  The edges of the grey area were defined by the extreme responses, i.e., 
the range from the largest of the highest probability of persistence responses to the smallest of 
the lowest probability of persistence responses.  The median lines and grey area are provided 
as a summarizing visualization to aid comprehension of the experts’ responses and their range, 
and should not be viewed as a substitute for individual responses or presented outside the 
context of the accompanying discussion. 

Discussion Points Following Initial Responses:  One expert expressed confidence that the lynx 
population in Maine will be stable in the near term; that climate change out to 2050 will primarily 
affect coastal areas, which support few lynx; and that there will likely still be favorable conditions 
for lynx in northern Maine where most lynx currently occur.  A second expert disagreed, and 
indicated that a combination of aging of the last of the budworm-era (1970s-80s) clear-cuts, the 
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cumulative effects of the last 25-years of partial harvesting (in accordance with the Maine Forest 
Practices Act), and the coming spruce budworm outbreak will all substantially reduce the 
amount of high quality lynx/hare habitat in this unit.  Projecting past 2050, experts generally 
agreed that climate change will likely create unfavorable conditions (e.g., insufficient snow, loss 
[northward migration] of spruce-fir forests) in northern Maine’s core area for lynx, and the 
probability of persistence will decline over the longer term.  Although uncertainty increases with 
time from the present, climate-related loss of favorable snow conditions (amount, consistency, 
and duration), loss of spruce-fir, and bobcat competition will likely reduce the probability of 
persistence in this unit beyond 2050.   

There was some concern that timber companies would not respond to the pending spruce 
budworm outbreak like they did in the 1970s (extensive clear-cuts).  Some experts also 
expressed concerns about the effects of the current clear-cuts aging past conditions that 
support hares and lynx.  Out to year 2050, changes in snow conditions and loss of spruce-fir 
associated with climate change will contribute to habitat loss.  Past 2050, diminished snow, 
successional loss of high-quality habitats, increased competition from bobcats, and spruce-fir 
decline will make conditions unfavorable for lynx.  Some experts assumed a high-emissions 
climate change scenario, but others said their predictions would not change under moderate 
emissions scenarios.  The second expert (above) indicated that current data show spruce-fir 
habitat is being replaced with a hardwood forest (red maple) system, and that this will continue 
throughout the century.  This expert indicated hardwood forest invasion isn’t being controlled by 
herbicides as it was in the last budworm outbreak.  The first expert (above) disagreed and said 
that lynx are resilient and forestry practices will likely sustain spruce-fir habitats in Maine, 
providing an example of one timber company that has already invested in spruce plantations.  
The second expert indicated that most of the land base is owned now by Timber Investment 
Management Organizations and Real Estate Investment Trusts who will not employ intensive or 
expensive (plantation, herbicide) forms of forestry.  In summary, experts expressed a variety of 
opinions about how forest management may change in the future in Maine and, in particular, 
how forest landowners and managers may respond to the pending spruce budworm outbreak, 
and how these responses may impact resident lynx.  

Other factors considered by the experts included budworm outbreaks, the potential for disease 
in a lynx population (not currently a recognized or documented threat and typically unexpected, 
but always a possibility), ecosystem change induced by climate change, forest tree species 
composition changes, competition with other temperate forest animals.  There are many 
interrelated factors and different stresses and factors that may occur in the future.  It is difficult 
to anticipate the factors that will affect lynx in the future.   

Experts discussed the role of competition between lynx and other carnivores, especially 
bobcats, throughout the DPS.  One expert remarked that in some parts of Montana there is 
complete overlap of lynx and bobcat home ranges and little or no evidence of competition 
effects.  Others indicated relatively narrow regions of overlap and sharp demarcation between 
areas that support home ranges of the two species that correspond with annual snowfall 
amounts in Maine and Minnesota.  Experts were unsure whether bobcat-lynx overlap is more a 
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function of snow conditions in these areas or competition between the species (i.e., competition 
for food or behavioral competition).  Although separation of the species has been documented, 
the nature and causes of the separation are not certain.  Bobcats are a more generalist predator 
than lynx and less reliant upon hares than lynx.  Experts expressed varying opinions regarding 
seasonal differences in overlap among lynx and bobcat diets, the effect and importance of 
competition between the two species, and whether it is behavioral or resource competition.    

Lynx in Maine have not responded to changes in hare abundance exactly as lynx in Canada 
and Alaska have to hare population cycles.  In Maine, the proportion of females that reproduced 
and average litter size declined during low hare years, as in the north, but home range sizes in 
Maine did not increase as they did in the north when hare abundance was low.  Hare densities 
do not appear to have dropped below a critical threshold to alter lynx home range size in Maine 
as in the North.   

An SSA Team member asked how hare cycles or fluctuations may affect predictions of 
persistence in Maine.  The first expert (above) said that hare declines documented by University 
of Maine monitoring is likely due to the aging forest, and that lynx in Maine haven’t yet 
responded biologically to the range of hare densities observed in Maine, as suggested by the 
lack of change in home range sizes and survival.  The second expert (above) disagreed, and 
cited University of Maine research that showed hare populations declined by ~50% in all stand 
types sampled starting in 2006, that forests where hares were monitored have not yet 
progressed to the self-thinning stage, and that the hare decline in Maine is mirrored by hare 
data from southern Quebec.   

Northeastern Minnesota 

Pre-graphing Overview from Unit Experts:  There are probably 50-200 resident lynx in 
Minnesota but there is much uncertainty and survey protocols do not support generation of 
precise abundance estimates.  Lynx occupancy and reproduction both have been consistently 
documented in the state since it was listed in 2000.  Lynx in this geographic unit are interacting 
with, and possibly depending on, southern Ontario populations.  Although females exhibit high 
reproductive rates, radio-telemetry data suggest low recruitment of Minnesota-born kittens into 
the breeding population of this geographic unit.  Bobcats are a potential future stressor as they 
are encroaching into lynx areas; fire is a threat in dry years (e.g., there have been 3 fires in last 
15 years that have burned approximately 20% of lynx habitat).  The forest management industry 
is tied to softwoods and continued management of softwood tree species is expected in the 
future. 

Expert Responses:  As with the previous unit, all expert graphs showed initially high and 
subsequently declining probability of lynx persistence in Minnesota over time, along with 
increasing uncertainty through the end of the century.  Nearly all experts predicted near-term 
(year 2025) persistence probability >= 90%, and all experts predicted mid-century persistence at 
60% to 90% (median = 80%).  Experts predicted end-of-century persistence probabilities of 10% 
to 60%, with a median of 35%, by 2100 (Figure 6).  Near term drivers were reduced snow, 
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bobcat competition, disease in lynx (e.g., lungworm, liver fluke, feline leukemia), and forest 
insects.  Long term drivers were reduced snow, competition with bobcat, loss of spruce-fir 
forests, fires, and climate change. 

 

Figure 6.  Expected probability of persistence for the Minnesota geographic unit at present 
(2015), and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts expressed uncertainty whether 
potential climate change impacts will be realized in the short term, but that the cumulative 
effects of climate-induced changes seem more likely in the longer term.  This uncertainty may 
be a source of variability in predicted persistence probabilities.   Some experts expressed 
uncertainty about the accuracy of the rough estimate of the size of the lynx population in this 
unit because surveys were not designed to provide population estimates.  Some experts wanted 
clarification on the distribution of lynx in the state, and which areas of the state have the highest 
use.  The core-use spatial extent was described as a 20-mile-wide strip inland from the north 
shore of Lake Superior and extending about 60 miles from the northeast tip of the “arrowhead” 
southwest into the Superior National Forest (SNF).  Lynx occasionally occur further west in the 
SNF and in other areas such as Voyageurs National Park.  Recent snow-track surveys suggest 
lynx may be using a larger portion of the arrowhead region, and radio-telemetry data have 
documented travel to and from southern Ontario.  Lynx also have been documented to use the 
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1-million-acre Boundary Waters Canoe Area Wilderness (BWCAW) that borders Canada for 
dispersal in both directions across the border.  However, because the BWCAW has not been 
surveyed for lynx, the number of lynx that may use this area is unknown.  The SNF does not 
actively manage the BWCAW.  The current connectivity between lynx in this unit and the larger 
population in Ontario reduces the likelihood of local extirpation in this geographic unit, but the 
likelihood would increase if connectivity was compromised and cross-border interactions 
reduced. 

Factors considered included potential disease, fire, loss of boreal forest, competition with 
bobcats and possibly other hare predators.  Some experts questioned the validity of disease as 
an influence in this and other geographic units because although disease has been documented 
in some felines, it has not been documented as a threat to lynx in any of the DPS populations to 
date.  Some experts speculated that because there is a link between disease and temperature 
increases in other animals, projected climate warming could contribute to disease in lynx.  
Therefore, although not a factor for lynx currently, it is not unreasonable that disease could 
impact lynx populations in the DPS in the future, so we may want to consider disease in future 
conservation planning.  Experts also discussed the possibility that climate warming may 
facilitate the westward expansion of the spruce budworm outbreak that is projected for Maine 
and eastern Canada into southern Ontario and the Minnesota geographic unit. 

Northwestern Montana/ Northeastern Idaho 

Pre-graphing Overview from Unit Experts:  There are likely 200-300 lynx in this unit in several 
subpopulations (expert stressed that this is a guess and not a true population estimate), and 
there is currently a connection with lynx in Canada.  Climate models project that some boreal 
forest will persist in this unit and that it will maintain snow into the future.  In this unit, lynx 
primarily occupy public lands, which are actively managed for lynx into the future.  In recent 
decades, fires have occurred on a large scale, with high intensity and increasing frequency.  
There have been no documented cases of beetle infestations in lynx habitats in this unit. 

Expert Responses:  As for previous units, all expert graphs showed an initially high and 
subsequently decreasing probability of persistence for this unit, with increasing uncertainty over 
time, but a higher probability of persistence at all time frames than other units.  All experts 
predicted near-term (year 2025) persistence probability >= 95%, and all predicted mid-century 
persistence at 70% to 100% (median = 90%).  All experts predicted end-of-century persistence 
probabilities >= 50%, with a median of 78%, by 2100 (Figure 7). 
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Figure 7.  Expected probability of persistence for the Northwestern Montana/Northeastern Idaho 
geographic unit at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Overall, experts assigned a higher probability of 
persistence in this unit compared to the other two units discussed thus far.  Most lynx habitats in 
this unit occur on Federal lands that are managed for lynx conservation, but one expert noted 
that little has been done to document whether lynx are responding to this management.  The 
recent sale of large tracts of private commercial timberlands in the central part of this unit to The 
Nature Conservancy has increased protection for lynx via conservation easements managed for 
lynx.  Habitats in some areas should improve in the near future as previously cut or burned 
areas mature into dense stands.  Unlike the Maine and Minnesota geographic units (but similar 
to most other western units), high elevations in this unit could buffer the effects of climate 
change by providing for the upslope migration of lynx habitats and snow conditions that climate 
models predict.  However, this would result in even patchier and more isolated islands of habitat 
in high elevation areas that would be more prone to extirpation due to catastrophic or stochastic 
events.  Competition from coyotes and bobcats seem to be less of a concern for this unit. 

This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 
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occurring or will into the future.  There doesn’t appear to be much demographic input from 
recent cycles.  There is evidence of lynx from this unit moving north into Canada, but little 
evidence of demographic interactions among the three subpopulations (Purcell Mountains, 
Seeley Lake, and Garnet Mountains) in this unit.  Experts noted that the Garnets Mountains 
subpopulation at the southern end of this unit may have recently become extirpated.     

Discussion among experts indicated that fire was more of a concern for this area.  Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit.  Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels.  Out to 2050 and 
beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity.  Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 

Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats.  Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change.  It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level.  One expert reminded that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation.  Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in future.   

North-central Washington 

Pre-graphing Overview from Unit Expert:  This geographic unit is thought to currently support 
roughly 50 resident lynx.  There may have been more lynx prior to recent major fires.  This unit 
is currently connected to Canada, and there is no indication that this connection will be 
disrupted.  Some of the best lynx habitat in this unit occurs on plateaus that may be more 
vulnerable to impacts of climate change because of the absence of higher-elevation areas to 
which habitats, lynx and hares could migrate in response to warming.  In areas that receive 
maritime climate influences, projected climate-induced changes to snow conditions could be 
detrimental for lynx.  Studies have shown good lynx survival rates in this unit. 

Expert Responses:  Compared to the previous units, most expert graphs showed a lower 
probability of persistence for this unit over the short term, and then lower probability of 
persistence along with increasing uncertainty by 2100, reflecting a more pessimistic outcome for 
this unit compared to previous units (Figure 8).  Experts predicted near-term (year 2025) 
persistence probabilities of 60% to 90% (median = 80%), and mid-century persistence at 30% to 
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80% (median = 70%).  All experts predicted end-of-century persistence probabilities less than 
50%, with a median of 38%, by 2100 (Figure 8).  However, one expert predicted an increase in 
persistence probability by mid-century as habitats impacted by recent large-scale fires 
regenerate into optimal hare-lynx habitat. 

 

Figure 8.  Expected probability of persistence for the North-central Washington geographic unit 
at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  The probability of lynx persistence in this unit 
could decrease sharply over the next 10-20 years because of extensive recent fires in lynx 
habitats and the time needed for these areas to regenerate back to good hare/lynx habitat.  
After that, the probability could rebound (or decline more slowly) over the longer term as these 
large areas return to prime habitat providing high hare densities.  The current small population is 
likely at greater risk of extirpation because of stochastic events, particularly if large fires in lynx 
habitat continue to occur in the near future as they have in the recent past.  A small population 
also could be more susceptible to disease, though none has been documented among lynx in 
this unit.  Experts discussed the extent to which small lynx populations could be reduced before 
they would become highly susceptible to stochastic demographic effects.  It was suggested that 
15-20 breeding individuals might be the minimum needed to avoid such susceptibility.  
Unimpeded connectivity between Canada and the Okanogan area of this unit could allow lynx to 
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repopulate currently-unsuitable areas after the habitat recovers.  Lynx in this unit are likely the 
southern portion of a larger population in Canada, not really a separate, isolated small 
population.  Factors that influenced expert persistence probabilities for this unit included fire, 
habitat loss, and the future loss of favorable snow conditions predicted by climate change 
models. 

Greater Yellowstone Area (GYA) 

Pre-graphing Overview from Unit Experts:  This unit has a long history of lynx presence, but the 
consistency of occupancy over time is uncertain.  Research and surveys since 1997 have 
detected few lynx in this unit.  Lynx are likely spatially limited within the unit because of the 
patchy distribution of high-quality habitat and the generally low or marginal hare densities in 
much of the unit.  Lynx have large home ranges in this area, an indicator of lower habitat quality.  
Nevertheless, until recently, this unit appears to have supported a small resident lynx 
population.  The current lynx population in this unit is very small - likely fewer than 10 lynx, and 
possibly zero.  This population may have been somewhat larger in the past; however, there is 
some uncertainty about this.  Recent surveys and trapping efforts have not detected resident 
lynx, only several that were previously released in Colorado.  Several Colorado-released lynx 
have established home ranges in the GYA unit, and there is evidence of overlapping male and 
female home ranges.  In the late 1800s and early 1900s, there was notable predator control in 
some parts of this unit.  There currently is oil and gas exploration and development activity in 
parts of this unit, but potential impacts to lynx are uncertain, and projects are attempting to 
minimize impacts to lynx habitat. 

Expert Responses:  The expert graphs for this unit were widely variable and had different 
outcomes and high uncertainty at all time frames.  Experts predicted near-term (year 2025) 
persistence probabilities of 10% to 70% (median = 52%), and mid-century persistence at 15% to 
60% (median = 35%).  All experts predicted end-of-century persistence probabilities less than 
50% for this unit, with a median of 15%, by 2100 (Figure 9).  This was the only unit for which 
most experts believed the present probability of persistence is low (i.e., that it is uncertain 
whether this area currently supports a resident lynx population).  Some experts increased 
probability of persistence into mid-century as the 1980s-era fires regenerate into hare/lynx 
habitat, and with the possibility of continued immigration of lynx from Colorado.  Other experts 
project a 10% to 20% probability of persistence by 2100.  One reason given for wide variability 
in responses is because of the uncertainty whether a population currently exists.  There were 
wide confidence intervals around the probabilities for all time periods for this area. 
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Figure 9.  Expected probability of persistence for the GYA geographic unit at present, 2015, and 
in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Current and future factors expressed by experts 
as influencing probability of persistence for this unit included small population size, forest 
disease and insect pests, and fire.  Some experts doubt that the GYA unit currently supports a 
resident breeding population of lynx.  Experts indicated that climate models predict that some 
parts of the GYA unit could provide refuge from climate change impacts because of their high 
elevations and potential to maintain winter snow levels into the future.  Summer conditions in 
this unit, however, could be drier in the future, resulting in increased fire frequency, extent and 
intensity, and additional temporary habitat loss.  However, regeneration of these areas and the 
extensive areas that have burned in the recent past may provide good habitat over the next 
several decades.  Lynx immigrating to this unit from Colorado could occupy such improved 
habitats in the near future.  Colorado lynx have made exploratory movements into the GYA in 
summer months, and analysis of available data could improve our understanding of Colorado 
lynx movement into and use of the GYA.  It is possible that lynx from Colorado are maintaining 
or could maintain lynx in GYA. 
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Western Colorado 

Pre-graphing Overview from Area Expert:  From 1999 to 2006, Colorado Division of Wildlife 
(CDOW; now Colorado Parks and Wildlife [CPW]) released 218 Canadian and Alaskan lynx into 
western Colorado.  Survival and litter sizes have been similar to rates observed in other DPS 
populations.  There are probably 100-250 lynx in Colorado today.  There are currently 5-6 
million acres of habitat in this unit thought capable of supporting lynx and where hares are 
present in sufficient numbers to support persistent reproduction.  Extensive bark beetle 
infestations have impacted large areas of lynx habitat, but snowshoe hare are still occupying 
areas with beetle damage.  Three large fires have occurred in recent years, resulting in some 
lynx habitat burned.  Salvage operations in burned areas could diminish future habitat quality.  
This unit is more isolated from Canadian and other DPS lynx populations; separated by a large 
swath of inhospitable habitat.  Road mortality of released lynx was initially high but it doesn’t 
seem to be a problem now (about 1 per year killed on roads on average since the first year of 
the reintroduction).  There is no incidental take from trapping because foothold traps are banned 
in Colorado.  Climate models show CO will maintain habitat over time with anticipated climate 
changes.  Like other western units, habitat is patchily-distributed across this unit. 

Expert Responses:  Similar to most of the other units, most expert graphs indicate an initially 
high probability of persistence in this unit that will decline gradually with increasing uncertainty 
through the end of the century.  Experts predicted near-term (year 2025) persistence 
probabilities of 60% to 100% (median = 90%), and mid-century persistence at 50% to 85% 
(median = 80%).  Experts predicted end-of-century persistence probabilities of 20% to 70% for 
this unit, with a median of 50%, by 2100 (Figure 10). 
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Figure 10.  Expected probability of persistence for the Western Colorado geographic unit at 
present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts indicated that beetle kill and fire 
could potentially create poor habitat conditions in large areas of this unit by mid-century, but that 
regeneration after these impacts could result in good lynx/hare habitats.  Others expressed 
uncertainty about whether fire and insect impacts would be temporary or permanent, especially 
considering climate change and the potential for conversion from boreal/subalpine forests to 
other forest types.  Although 8 of 10 experts graphed 50% to 70% probability of persistence at 
2100, during subsequent discussions, several expressed greater uncertainty about whether 
resident lynx will persist in the unit at the end of the century.  Higher-quality lynx habitat occurs 
primarily in two areas and is patchily-distributed.  Lynx in this unit may occur as several smaller, 
relatively isolated subpopulations, which are likely more vulnerable to stochastic events (similar 
to MT).  This unit’s relative isolation may limit exchange with other lynx populations, increasing 
the likelihood of genetic drift and reducing the chance of demographic rescue or recolonization if 
extirpated.  There was discussion about whether ski areas may affect daily movements of lynx, 
and hares may be declining in ski areas.  Ski areas tend to expand and may, therefore, have 
larger impacts on lynx in future.  There is some evidence of lynx using ski areas in summer 
months but avoiding them during the ski season.  It is uncertain whether ski areas may affect 
genetic connectivity within the Western Colorado geographic unit.  Two-thirds to three-quarters 
of the lynx in this unit are in the southern portion of the range in the San Juan Mountains.  There 
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is a large area (Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, 
so it is possible that lynx also could be using that area. 

Summary across Geographic Units 

This section extrapolates from the probability of persistence responses for each geographic unit 
in the section above.  In this section we show the combined probabilities of persistence for 
those geographic units to provide a sense of what the DPS-wide results could be when the 
results for the individual geographic units are combined.  This is shown as a summary of the 
probability that a given number of geographic units persist into the future (See Figure 11) using 
the probabilities provided for each individual unit.  Note that no additional information was 
elicited to produce this summary; rather, the probabilities for each geographic unit were treated 
as independent probabilities of persistence and used to determine the joint probability of 
persistence for a given number of geographic units in total.  Computationally these joint 
probabilities were computed using a convolution of the Bernoulli probability distribution of 
persistence for each geographic unit via a custom convolve function executed in the statistical 
software R (see Appendix 6 for the R code used to produce these and the other summaries and 
figures presented in the report).  The results of this convolution are shown in two forms, first is 
the probability that a particular number of geographic units persists (Figure 11) and the second 
is the cumulative probability that at least a given number of geographic units persist (Figure 12). 
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Figure 11.  Summarized probability of persistence of a given number of geographic units given 
the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 11 is the probability that the specific number of geographic 
units indicated by the x axis of the grid persist.  The probability sums to one in each grid.  
Moving from top to bottom the grids show the probabilities of a specific number of geographic 
units persisting by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by selection type and probability response.6  Therefore 
looking down a column of grids provides a view of the trend in persistence through time and 
looking across a row of grids provides a view of the range of uncertainty in persistence experts 
had for a given time period.  The summarized probabilities presented here are provided to aid 
understanding of the implications of the individual persistence probabilities provided above, and 

                                                
6 “Median_High” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the highest probability response in each geographic unit. 
“Median_Likely” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the most likely probability response in each geographic unit. 
“Median_Low” is the probability of persistence generated by selecting the median probability of 
persistence across experts from the lowest probability response in each geographic unit. 
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are derived directly from those responses and therefore should be presented and considered in 
conjunction with those figures. 

 

Figure 12.  Summarized probability of persistence of at least a given number of geographic units 
given the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 12 is the probability that at least the number of geographic 
units indicated by the x axis of the grid persist.  The probability in a bar reaches 1 when there is 
no probability of fewer geographic units persisting.  Moving from top to bottom the grids show 
the probabilities by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by summary selection type and probability response as in 
Figure 11.  Therefore looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period.  The summarized probabilities presented here are provided 
to aid understanding of the implications of the individual persistence probabilities provided 
above, and are derived directly from those responses and therefore should be presented and 
considered in conjunction with those figures. 

Expert Assumptions during Persistence Graphing Exercises 

Experts were asked to summarize the assumptions that informed their responses to resiliency 
questions 1 and 2.  This was done via open discussion, with facilitators asking both direct 
questions about particular issues that could impact responses (e.g., climate change conditions), 
and open ended questions (e.g., what other assumptions were considered?). 
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Notes:  Climate-change emissions scenarios considered during this exercise differed among 
experts (and some responses did not indicate an emissions scenario).  However, in discussions 
following the graphing exercise, experts indicated that the confidence intervals around their 
persistence probabilities were likely to capture the variance associated with different emission 
scenarios and other climate change uncertainties. 

Experts were asked whether regulatory protections influenced their predictions.  Some experts 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies).  Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections.  Their focus was on the biology and ecology of the species, not listing status-related 
impacts or regulatory scenarios in the future, and they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status.   

Experts were asked what they meant by “small population size effects.”  They explained that 
because small populations are more vulnerable to both demographic and genetic impacts and 
at increased risk from catastrophic and other stochastic events than are larger populations, they 
also have a lower likelihood of persistence.  Experts indicated that connectivity with other 
populations reduces the vulnerability of small populations as it does for larger populations.   

Experts were asked if their projections were influenced by considerations of whether historical 
patterns of cyclic irruptions of lynx into the DPS from Canada will continue in the future.  Most 
agreed that the magnitude of irruptions has declined from the historical highs of the 1960s and 
1970s, and that irruptions may have ceased in recent decades in some parts of the range, 
particularly in the West.  However, most experts felt that connectivity remains good between 
Canada and those DPS geographic units that abut the international border, and most assumed 
some level of regular or intermittent interaction between lynx in those units and Canada, even if 
full-blown irruptions have not been documented recently.  Some experts said that the likelihood 
of future irruptions had little influence on their persistence graphs, especially for the more 
isolated units (GYA and Western Colorado), where an influx of lynx from Canada may be less 
likely. 

Conservation Actions to Address Influencing Factors and Increase Probability of 
Persistence 

3.  What conservation actions could be taken that would address the factors impacting 
the probability of persistence, or would otherwise increase the probability of 
persistence? 
 
Response Type:  Individual list with rounds responses.  Experts were given 5 minutes to write a 
list of three potential conservation actions that could be taken.  Facilitators then asked one 
expert at a time to provide one item from their list, cycling through the set of experts until all 
experts had exhausted their lists.  Experts were given the opportunity to add items when it was 
their turn that had not been on their written lists.  Experts were not asked if they agreed with 
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conservation actions presented by other experts, thus the following list should not be viewed as 
consensus among lynx experts. 
 
Expert Responses:  List of potential conservation actions in the order provided. 

● Reduce CO2 emissions  
● Continue protections associated with Federal and/or State listing 
● Adjust forest management to retain spruce and fir, and reduce fire burn rates 
● Promote/maintain habitat connectivity with Canadian populations through coordinated 

cross-border land use planning 
● Manage salvage logging associated with fire and insect damage to minimize impacts to 

and/or facilitate restoration of lynx/hare habitats 
● Configure and design lynx-friendly landscapes at appropriate scales; design and 

maintain a mosaic of lynx/hare habitats 
● Manage fuels reduction (fire management) projects while maintaining or enhancing 

hare/lynx habitat features. 
● Augment small populations and reintroduce lynx to former, historic range with suitable  

habitat  (GYA, Kettle Range in Washington, perhaps other areas); bolster populations 
before future climate change impacts 

● Support additional research to fill knowledge gaps, particularly related to effectiveness of 
conservation efforts – it remains unclear exactly what is needed for lynx across the 
range to achieve/maintain viability (e.g., habitat quality/amount/distribution, landscape-
level hare densities, forest conditions that support hares, etc.)  

● Enhance cross-border cooperation with Canada to increase near-border lynx 
populations and maintain connectivity 

● Consider cumulative impacts of mining, ski areas, oil and gas, etc., in management 
● Promote reforestation of heavily fragmented areas (e.g., some parts of the GYA and 

Minnesota units); reduce fragmentation 
● Apply strategic habitat conservation concepts; model and identify key areas and focus 

on those areas still in need of protection and management (e.g., private forest lands) 
● Maximize redundancy of lynx populations throughout the DPS 
● Implement fire management Best Management Practices (BMPs)( e.g., allow/encourage 

burns to occur in a way that creates high- and low-intensity mosaic fire patterns) 
● Evaluate whether there is a need for monitoring lynx (and hares) using consistent 

methods throughout the DPS, perhaps coupled with monitoring of other carnivores; 
structured occupancy modeling with genetics sampling could be very informative and is 
cost effective; also known-fate monitoring; monitoring pellet plots is proven and reliable 
way to monitor hares 

● Devote increased funding to lynx conservation - lynx are in worse shape than other 
mesocarnivore species, but receive less funding than those species that have more 
secure populations and appear less vulnerable to climate change  
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Other Considerations 

After completing the elicitation exercises and prior to adjourning the workshop, facilitators asked 
if there were any other considerations the lynx experts or subject matter experts felt are relevant 
to the SSA.  One subject matter expert indicated that monitoring of prey base (hares, red 
squirrels) would help inform lynx recovery, and that pellet-based or mark-recapture methods are 
most reliable.  This expert suggested a need to determine whether areas that we think are going 
to become poor habitat for a variety of reasons could still hold hares and lynx in the future.  
Maybe hares still can use areas we think will be poor habitat, and monitoring these areas could 
help inform our understanding of how lynx persist at the edge of their range. 

Synthesis 
Although uncertainty remains about the historical distribution and sizes of resident lynx 
populations in the DPS, as well as current population sizes, much more is known now than 
when the DPS was listed under the ESA in 2000.  Based on research conducted since the DPS 
was listed, including the summaries of that work provided at this workshop, as well as ongoing 
research, conservation, and management efforts, we have a much better understanding of the 
distribution and status of populations throughout the DPS range.  For example, in 2000, it was 
unclear whether Maine and Minnesota supported resident populations or were only occasionally 
visited by lynx dispersing from Canada during and after northern hare population crashes.  We 
now know that both northern Maine and northeastern Minnesota support resident lynx 
populations, and both are likely larger now than they were historically (Maine), or before they 
were protected by State and Federal regulations (Minnesota).  In contrast, resident lynx appear 
to be naturally less abundant and more patchily-distributed in some parts of the DPS than 
thought at the time of listing, including the West (Interagency Lynx Biology Team 2013, p. 23), 
where potential lynx habitats also appear to have been initially overestimated.  We also have a 
better understanding of the habitat features and hare densities that appear necessary to support 
resident lynx at the southern margin of the species’ range, and of the parts of the contiguous 
U.S. that contain these features.  The presentations in conjunction with expert elicitation 
responses at this workshop have informed and refined our understanding of key aspects of the 
status of, and potential threats to, the lynx DPS.  
 
For example, we were provided a thorough history of the evolution of regulatory mechanisms 
that have been developed and implemented through conservation agreements and formal 
amendments to Federal agency management plans to address the singular threat for which the 
DPS was listed under the ESA - the inadequacy of regulatory mechanisms in Federal land 
management plans prior to listing.  Given our improved understanding of resident lynx 
populations in Maine and Minnesota (above), where State and private lands constitute much 
more of the lynx habitat than elsewhere in the DPS (98.9% in Maine; 51.7% in Minnesota), an 
assessment of the adequacy of regulatory mechanisms on those State and private lands will be 
a necessary component of the status assessment.  Likewise, our understanding of lynx genetics 
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also has improved, with evidence of continued high levels of gene flow range-wide, despite fine-
scale genetic sub-structuring in some populations and additional evidence of lynx hybridization 
with bobcats.  Bobcats appear to be encroaching at the edge of the lynx range in Minnesota 
(Appendix 3, p. 9) and their numbers appear to have increased recently in New Hampshire, 
Vermont, and southern Quebec (Lavoie et al. 2009, entire; Roberts and Crimmins 2010, p. 170; 
Broman et al. 2014, p. 230) adjacent to the northern Maine lynx distribution.  Whether this 
represents a threat to lynx populations in Minnesota and Maine via increased hybridization, 
behavioral mechanisms, or competition for hares is not documented at this time; however, 
encroachment of bobcats in the southern periphery of lynx range may result in lynx 
displacement or niche contraction (Peers et al. 2013, entire). 
 
Canadian researchers also provided updated information on lynx status, management (including 
legal harvest), threats, genetics, and hare population cycles in southern Canada, adjacent to 
some DPS lynx populations.  Forest ecologists and climate modelers also presented information 
regarding potential impacts of timber management and climate change on lynx and boreal forest 
habitats in the contiguous U.S.  Knowledge of lynx and hare responses to various silvicultural 
treatments continues to improve, although the need for continuing research remains.  Climate 
models continue to point toward the future northward and upslope migration of lynx and hare 
habitats and loss of snow conditions favorable to lynx, although uncertainty remains regarding 
the timing, extent, and biological consequences of such impacts.  Increases in the size, 
intensity, and frequency of wildfires and insect outbreaks in boreal/subalpine forests may also 
be related to climate change, but whether these represent temporary or permanent impacts to 
lynx habitats remains unclear.  Finally, much research has been done on hare population 
dynamics and habitat relationships at the southern extent of their range, much of which overlaps 
that of lynx in the contiguous U.S., but questions remain regarding regional variation in hare 
densities and what landscape-level hare abundances are necessary to support persistent 
resident lynx populations across the DPS. 
 
Based on the summaries of post-listing research and the status and threat updates provided at 
this workshop, and on the results of the expert elicitation process, the Service provides the 
following synthesis of the status and likely viability of the DPS in terms of the 3 Rs.  This 
information will be considered as appropriate, along with more detailed analysis of the published 
literature, in the subsequent SSA report for the DPS.  The conclusions below are based on the 
information provided and the results of expert elicitation conducted at this workshop; they may 
be complemented or altered by the additional analyses yet to be conducted as part of the SSA 
process. 

Representation 
Expert presentations on lynx genetics in the DPS and in Canada and expert responses and 
discussion with regard to representation questions suggest few threats to the genetic fitness or 
adaptive capacity of lynx in the DPS.  High gene flow across the continental lynx range, 
indicated by very low Fst values (see Subject Matter Presentations, above), suggests the 
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absence of substantial barriers to genetic interchange, and little evidence or risk of significant 
genetic drift among DPS populations.  Most experts indicated that none of the six geographic 
units known or thought to support lynx populations in the DPS is susceptible to meaningful 
genetic drift, although several experts indicated that the more geographically isolated units (the 
GYA and Western Colorado units) are likely more susceptible to such drift than the units that 
are directly connected to lynx populations and habitats in Canada.  Overall, according to both 
the expert panel and the subject matter presentations, there appears to be a low risk of 
biologically consequential drift for lynx populations in the DPS.  Likewise, expert responses 
indicated that the generally low level of genetic differentiation and relatively similar ecological 
settings across the DPS suggest little life history variability or niche differentiation among DPS 
populations that would indicate that any are more or less important to maintain than others in 
terms of representation.  Individual experts indicated that representation can best be maintained 
by conserving current DPS populations (and hence the genetic variation in each), maintaining 
connectivity between DPS and Canadian populations, and avoiding impacts that would facilitate 
or increase the potential for or likelihood of genetic drift.  Our interpretation of this part of the 
elicitation is that the adaptability and evolutionary capacity of the DPS over time does not 
appear to have been diminished and is unlikely to become so, independent of threats that may 
impact the redundancy and persistence of lynx populations.  We will consider this information 
along with available empirical data and the published literature when evaluating representation 
in the DPS for the SSA. 

Redundancy 
With resident lynx populations and subpopulations in at least five of six large (the smallest is 
over 2,000 square miles, the others are all over 8,000 square miles), widely-distributed (from 
Maine to Washington and south along the Rocky Mountains), and relatively discrete geographic 
areas (see Figure 1), the DPS as a whole appears invulnerable to extirpation from a single 
catastrophic event.  Expert responses indicated no catastrophic event that could result in the 
functional extirpation of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units due to a single catastrophic event.  We 
interpreted these responses to indicate there is a small chance of decreased redundancy from a 
single catastrophic event because the probability of any geographic unit being lost to a 
catastrophic event is low.  Experts indicated that functional extirpation of the geographically 
smallest unit (Washington) and those supporting the fewest resident lynx (Washington, GYA, 
and perhaps Minnesota) would be more likely to occur as a result of a series of catastrophic 
events over a 10-year period than to any single event over the next 10 years (see Figure 2 
above).  Experts listed fire, drought, insect outbreaks, loss of favorable winter conditions, and 
disease as potential events that could lead to functional extirpation in these units.  In 
Washington in particular, where large fires have impacted nearly 40 percent of the occupied 
lynx habitat over the past 10-15 years, experts felt that several more successive years of such 
fires could result in functional extirpation.  However, because fire and insects are likely to cause 
only temporary (20-40 years) losses of lynx and hare habitats, and because connectivity 
between the Washington unit and lynx habitats and populations in southern British Columbia 
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remains intact, experts indicated this unit (and others abutting habitats and lynx populations in 
Canada) would likely be naturally re-colonized relatively quickly by dispersing lynx.  Therefore, 
extirpation in these units because of catastrophic events (or a series of them over time) would 
be temporary (likely lasting only one or several decades) unless events permanently altered the 
habitats.  Experts indicated that if lynx were functionally extirpated in the GYA or western 
Colorado units, which are not connected to habitats or populations in Canada and are relatively 
isolated from other DPS populations, natural re-colonization would be less likely, would take 
longer, or may never occur. 

Overall, expert responses indicated that extirpation of the DPS as a whole, or of resident lynx 
populations in most individual geographic units, because of a catastrophic event is very unlikely.  
Because we lack evidence that persistent resident lynx populations occurred historically but 
have been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels.  That is, the 
loss of resident lynx populations in the DPS, to the extent suggested by the historic record, was 
likely in areas (e.g., northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge 
area of northeastern Washington, perhaps Isle Royale in Lake Superior) peripheral to the 
geographic units that currently support resident lynx, and not in discrete geographic units that 
would have represented greater redundancy in the contiguous U.S.  However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear.  The historic record and recent research show that the GYA has supported resident 
lynx, but it is unclear whether the area consistently supported a persistent resident population 
over time or whether it naturally supported resident lynx only some of the time (was “winked on” 
in a metapopulation sense) when habitat conditions and hare densities were favorable, and at 
other times, when habitats and hare densities were less favorable, it did not support resident 
lynx (“winked off” in a metapopulation sense).  Given the protected conservation status of 
millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx.  If so, its 
contribution to redundancy within the DPS is questionable. 

Resiliency 
Because we lack reliable estimates of the sizes and trends of most lynx populations in the DPS, 
we are unable to use these parameters to evaluate the resiliency of individual populations or the 
DPS as a whole.  Efforts to understand resiliency are also confounded by the metapopulation 
structure thought to govern lynx populations at the southern margin of their continental range 
(i.e., populations and subpopulations in the DPS), the related uncertainty about the extent to 
which DPS populations may rely on cyclic immigration of lynx from Canada during population 
irruptions, and the ambiguity in the historic record that limits our understanding of the relative 
persistence of lynx in various geographical areas of the contiguous U.S. and, thus, the 
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contribution of those areas to the viability of the DPS.  Our evaluation of the resiliency of lynx 
populations in the DPS is limited, therefore, to a largely qualitative assessment of the current 
status of populations in each of the six geographic units along with the quantitative summary of 
expert professional judgment of their likelihood of persistence over time given known or 
perceived potential threats. 
 
As expected, both expert estimates of probability of persistence and expert confidence in those 
estimates were higher over the short-term than the long-term.  Median probability of persistence 
(MPOP) at year 2025 was >= 0.90 for all but one of the six geographic areas.  The GYA had a 
MPOP of 0.52, apparently reflecting the uncertainty regarding whether this unit consistently 
supported a resident lynx population historically and whether it currently supports resident lynx.  
At year 2025, confidence bounds were smallest (indicating higher expert confidence) for the 
units with the highest MPOPs (Northern Maine, Northeastern Minnesota, and Northwestern 
Montana/ Northeastern Idaho), and larger for units with lower MPOPS (North-central 
Washington, GYA, and Western Colorado).  At mid-century, MPOP declined for all units but 
remained >= 0.70 for all but the GYA (0.35), and confidence bounds increased for estimates for 
all units but the GYA, where it remained the same as at year 2025.  At end-of-century, 
persistence probabilities declined further, as expected, and only the Northern Maine, 
Northwestern Montana/ Northeastern Idaho and Western Colorado units had MPOPs >= 0.50.  
Also as expected, confidence bounds were very large around persistence estimates at year 
2100, with the median confidence range extending across more than 50% of the range of 
possible outcomes for all but the Northwestern Montana/ Northeastern Idaho population, and 
the extremes of the range nearly covering the full range (0% to 100% probability of persistence) 
of possible outcomes. 
 
Experts listed a number of factors that influenced their probability of persistence estimates for 
each unit (see unit summaries above in the Resiliency section).  Near-term factors varied by unit 
(e.g., post-harvest forest succession in Maine, where hare abundance is expected to decline as 
currently dense regenerating clear-cuts mature; continued large-scale fires in lynx habitats in 
Washington; and insect outbreaks in Maine, Minnesota, and Colorado), but longer term factors 
seemed to coalesce around anticipated direct and indirect effects of climate change.  These 
included potentially climate-driven increases in the size, frequency, and intensity of fire and 
insect outbreaks; decreases in snow amount, duration and quality, leading perhaps to increased 
competition with bobcats and other hare predators; and the projected warming-induced 
northward and upslope migration of boreal and subalpine forests that would result in the loss 
and further fragmentation and isolation of lynx and hare habitats in the contiguous U.S.  Expert 
responses and ensuing discussions indicated that continued climate warming and associated 
direct and indirect effects will likely exert the greatest negative influence on the probability of 
persistence for lynx populations in the DPS regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 



59 

Overall, expert responses to this part of the elicitation indicate that all five of the geographic 
units known to currently support resident lynx populations have a greater than 70% expectation 
of doing so by mid-century, but a declining likelihood and greater uncertainty of doing so by the 
end of the century.  It is uncertain whether the remaining geographic unit (the GYA) currently 
supports resident lynx, and expert responses indicate a lower probability that it will do so in the 
future compared to the other units.  Responses also suggest that the overarching threat to the 
long-term persistence of lynx populations in the DPS is climate change, which is anticipated to 
result first in loss of snow conditions favorable for lynx and, after an uncertain lag time following 
continued climate warming, loss (northward and upslope migration) of boreal forest habitats, 
although the timing and magnitude of such losses are uncertain. 

Conclusion 
The Service and the Lynx SSA Team appreciate the willingness of lynx and subject matter 
experts to attend this workshop and share their knowledge, professional judgments, and 
opinions.  We have gained considerable insight into the current status of lynx populations 
throughout the DPS and the factors most likely to influence the DPS’s future viability - including 
information that is not currently available in the peer-reviewed literature.  We will incorporate this 
information into the SSA as appropriate, along with the published scientific literature, to inform 
recovery planning for the DPS and any other ESA-related determinations the Service is 
authorized and required to make.  As we develop the SSA report, we will continue to solicit 
expert input from workshop panelists and from other lynx and subject matter experts who were 
unable to attend this workshop, including peer review of the SSA report. 
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Executive Summary 
As part of a Species Status Assessment (SSA) for the contiguous United States distinct 
population segment (DPS) of the Canada lynx (Lynx canadensis), the U.S. Fish and Wildlife 
Service (Service) convened an expert elicitation workshop to gather (1) the best available 
information on the current status of lynx populations within the DPS and (2) the professional 
judgment and opinions of lynx experts regarding the future viability of the DPS.  This report 
summarizes the results of the workshop regarding the current and likely future condition of lynx 
populations in six geographic areas within the DPS in terms of representation, redundancy, and 
resiliency (the “3 Rs”).  The Service will incorporate the information gathered at this workshop 
into the SSA as appropriate, along with the published scientific literature, to inform recovery 
planning for the DPS and any other ESA-related determinations the Service is authorized and 
required to make.     

Purpose  
The purpose of this report is to convey the results of an expert workshop convened by the U.S. 
Fish and Wildlife Service (Service) in October 2015 to improve our understanding of the status 
of the contiguous U.S. distinct population segment (DPS) of Canada lynx (Lynx canadensis).  
This workshop was held in conjunction with a species status assessment (SSA; see Appendix 1 
[All appendices are accessible at: http://www.fws.gov/mountain-prairie/es/canadaLynx.php]) for 
the DPS.  The SSA, which will incorporate the best available scientific information on lynx, is 
needed to inform the Service’s response to a June 2014 court order to complete a recovery plan 
for the DPS by January 2018, or make a formal determination that a recovery plan is not 
necessary.   
 
The workshop was organized by a Lynx SSA Team consisting of Service and USGS staff who 
have developed and piloted implementation of the SSA framework, and Service biologists who 
are working on lynx throughout the range of the DPS.  In the interest of collaboration and 
transparency, this team partnered with State agencies, other Federal agencies, and academic 
researchers to elicit expert input regarding the current and likely future status of lynx populations 
within the DPS. 
  
Expert input is needed to complement the published scientific literature and other available 
information on many aspects of lynx population dynamics in the DPS range.  In particular, we 
were looking for additional information on the status, sizes, and trends of lynx populations and 
on threats to lynx habitats and those of their primary prey, snowshoe hares (Lepus americanus).  
We therefore designed a process to elicit and capture the knowledge, professional judgments, 
and opinions of lynx experts to help us assess the current status of, and the nature and 
magnitude of potential threats to, lynx populations and habitats within the DPS.  We also sought 
expert knowledge to help us evaluate the viability of the DPS (in terms of the “3 Rs” - 
redundancy, representation, and resiliency; see definitions below) under a range of future 
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threats, habitat conditions, and climate scenarios, and to identify and make explicit areas of 
uncertainty and potential differences of opinion among experts. 
 
The results of the workshop will contribute to the SSA, which will compile and summarize the 
best available scientific and commercial data, including empirical data, published literature, and 
expert input.  This information will then be used by Service decision makers to inform recovery 
planning direction, classification decisions, and other determinations required by the 
Endangered Species Act (ESA). 

Background 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws.  Its long, 
black ear tufts and short, black-tipped tail distinguish the lynx from the similar bobcat (Lynx 
rufus), which is much more common in the contiguous U.S.  The lynx’s large feet and long legs 
make it highly adapted for hunting snowshoe hares in the deep or powdery snow that persists 
across much of its boreal forest distribution, most of which occurs in Canada and Alaska.  
These adaptations provide lynx a competitive advantage over potential competitors, such as 
bobcats or coyotes (Canis latrans), which have much smaller feet and higher foot-loadings that 
prevent them from hunting efficiently in deep, powdery snow (McCord and Cardoza 1982, p. 
748; Buskirk et al. 2000, pp. 86–95; Ruediger et al. 2000, pp. 1–11; Ruggiero et al. 2000, pp. 
445, 450). 

The southern periphery of the boreal forest extends into parts of the northern contiguous U.S., 
where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 1, 3), 
deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40–41).  In the contiguous U.S., 
these transitional boreal forests become discontinuous and patchy, preventing both lynx and 
hares from broadly achieving densities similar to those of the northern boreal forests (Wolff 
1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and 
Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394).  These forests eventually become 
too fragmented and isolated in the contiguous United States to support hares at the landscape 
densities and distributions necessary to support lynx home ranges (Interagency Lynx Biology 
Team 2013, p. 77) or lynx populations over time.   

The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms.  
Specifically, at that time the Service believed that most lynx and lynx habitats occurred on 
national forests, and that the Land and Resource Management Plans that guided management 
of those forests included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat.  The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052).  In 2003, in response to a court memorandum opinion on the 2000 listing rule, the 
Service reaffirmed its determination of the lynx DPS and its status as threatened under the ESA 
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(68 FR 40076).  The Service completed a recovery outline in 2005 (U.S. Fish and Wildlife 
Service 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) and, in 
2007, again in response to a court order, clarified its determinations of “significant portion of the 
range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 1186).  Also in 
2007, the Service initiated a 5-year status review of the DPS (72 FR 19549).  The Service 
revised the critical habitat designation for the DPS in 2009 (74 FR 8616) and 2014 (79 FR 
54782) and, concurrent with the latter, rescinded the state-based definition of the DPS boundary 
to extend ESA protection to lynx “where found” in the contiguous U.S., including New Mexico 
and other states that were not included in the original DPS range (79 FR 54804). 

Although the Service originally identified the DPS as occurring in forested portions of 14 states 
(Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, Oregon, 
Utah, Vermont, Washington, Wisconsin, and Wyoming) (65 FR 16052, 16085), it recognized at 
the time of listing that both lynx and the boreal forests that support them in the Lower 48 States 
are at the southern margins of their ranges, where habitats naturally become patchy and 
fragmented and snowshoe hare densities in many places are not consistently high enough to 
support resident lynx populations (65 FR 16052-59).  It also recognized that inherent limitations 
in historic occurrence information made it difficult to distinguish between areas that consistently 
supported resident populations; other areas that may have occasionally supported resident, 
breeding lynx; and yet other areas that intermittently and temporarily contained dispersing or 
transient lynx but did not support lynx home ranges or reproduction (65 FR 16054-59).  Many 
lynx records in the DPS range seem to have been associated with cyclic “irruptions” of lynx from 
southern Canada into the northern contiguous U.S. when northern hare populations crashed, as 
they did historically every 8-11 years (Elton and Nicholson 1942, entire; McKelvey et al. 2000, 
entire; Mowat et al. 2000, pp. 281–294; Interagency Lynx Biology Team 2013, p. 33).  Lack of 
reliable information also precluded determination of sizes or trends of lynx populations within the 
DPS. 

Recent research and monitoring have improved our understanding of many aspects of lynx 
biology, distribution, and potential threats in the DPS.  However, we still lack reliable estimates 
of the sizes and important demographic rates of most populations.  Likewise, we would benefit 
from further understanding of the natural range and causes of variation in lynx and hare 
numbers; hare densities necessary to support resident lynx populations throughout the DPS; the 
influence of immigration of lynx from Canada on the demographic and genetic fitness of DPS 
populations; and the timing, extent, magnitude, and severity of potential threats associated with 
climate change.  The Lynx SSA Team organized this expert elicitation workshop to help fill 
some of these information gaps with the knowledge, professional judgments, and opinions of 
lynx experts. 

Currently, there are five geographic areas known to support resident lynx populations in the 
DPS:  northern Maine (with occasional/sporadic breeding by small numbers of lynx in 
northernmost New Hampshire and Vermont); northeastern Minnesota; northwestern Montana 
and northeastern Idaho; north-central Washington; and western Colorado (Figure 1).  After 
statewide surveys conducted in 1978-1997 suggested the absence of viable resident lynx 
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populations in Colorado, the State, from 1999 to 2006, released 218 lynx captured in Canada 
and Alaska into southwest Colorado to establish the current resident population.  Additionally, 
the Greater Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming is 
believed historically (and as recently as 2003-04) to have supported a small but relatively 
persistent lynx population, but it is uncertain whether it currently supports any resident lynx.   

   

 

Figure 1.  Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations.     

Expert Elicitation 

Workshop Protocol 
As mentioned under Purpose, above, the Lynx SSA Team convened the October 2015 
workshop to elicit expert knowledge and opinion on critical uncertainties regarding the current 
status and future viability of resident lynx populations within the DPS range, and thus the DPS 
as a whole.  To facilitate this, a 10-member panel of recognized lynx experts from across the 
DPS range first observed and discussed presentations by subject matter experts summarizing 
the current state of available information on topics relevant to lynx populations in the DPS (see 
Preparing Experts section below).  After subject matter presentations, members of the lynx 
expert panel presented updates on lynx populations in each of the six geographic areas 
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described above under Background.  The subject matter and update presentations were 
intended to ensure that all lynx experts had a common baseline of information prior to the 
elicitation process.  
 
In accordance with the expert elicitation literature (e.g., Burgman 2005, USEPA 2011, Gregory 
et al. 2012, Drescher et al. 2013, Morgan 2014), we then used best practices to elicit opinions 
from the expert panel.  Although invited experts were expected to contribute openly and 
effectively to group discussions, we did not seek consensus among experts; rather, we probed 
differences of opinion or interpretation of scientific and technical information.  We also asked 
experts and other participants to focus on scientific questions and to refrain from discussing or 
recommending management or policy decisions related to the Service’s authorities and 
responsibilities in implementing the ESA. 
   
In addition to the lynx expert panel and subject matter experts, workshop participants included 
members of the USFWS/USGS Lynx SSA Team, facilitators, and observers (see Appendix 2 for 
a full list of attendees and their respective roles).  As a basic ground rule, only members of the 
expert panel participated in the elicitation process, although panelists were encouraged to 
confer with the subject matter specialists and SSA Team members as needed.  All workshop 
participants were welcome to participate in discussions that ensued from review of panel 
responses to various questions.  Due to time constraints and to minimize interference with the 
elicitation process, observers were encouraged to write and submit “parking lot” questions, 
which were collected at the end of the first two days of the workshop and presented to lynx and 
subject matter experts for responses and discussion the following mornings (see workshop 
notes, Appendix 3).  The expert elicitation process was facilitated by USFWS and USGS 
structured decision making practitioners who encouraged open discussion among experts, 
structured input from both panelists and subject matter experts, and ensured that observers 
could witness the process without inappropriately influencing it. 

Identifying Experts 
 
SSA Team members reviewed the relevant literature and used their first-hand knowledge to 
identify experts involved in lynx and hare research or management, boreal forest ecology, and 
climate modeling.  We then developed a priori selection criteria based on professional 
credentials, positions, areas of expertise, and pertinent experience to develop a list of candidate 
lynx experts and other subject matter experts.  Selection criteria (below) helped ensure that 
invitations to participate were made only to scientists with expertise highly relevant to workshop 
topics and, further, that the selections were transparent, unbiased, and adequately captured the 
diversity of expertise and professional judgments related to the topics.  Selection was not based 
on affiliation with a particular organization or interested party; however, States and other 
partners were asked to review the draft list of workshop invitees and suggest alternate or 
additional qualified experts.  The SSA Team then invited experts who met the selection criteria 
and represented lynx expertise throughout the range of the DPS and in adjacent southern 
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Canada.  The number of invited experts was necessarily limited to improve the efficiency and 
effectiveness of the elicitation process, avoid redundancy, maximize scientific discussion among 
all participants, and maintain an open, comfortable meeting environment.  

Expert Selection Criteria  

Expert panelist candidates had to meet all of the following criteria: 

1.   Candidate must hold a graduate degree in a scientific discipline highly relevant to the 
workshop topics.  Typically this may include advanced degrees in wildlife biology, ecology, 
zoology, genetics, modeling, or statistical inference. 

2.  Candidate must hold a research position in government (State, Tribal, or Federal), academia, 
or in the nonprofit research sector; or participant must hold a governmental management 
agency position with responsibility for the species’ conservation. 

3.  Candidate must have expertise in the ecology or management of the species or related 
species, demonstrated by recent (within the past 10 years) peer-reviewed publications or 
related types of professional scientific expression. 

Candidates also had to meet one or more of the following criteria: 
  
4.  Candidate is directly engaged in the species’ management, monitoring, or analysis of 
populations or habitat. 

5.  Candidate is directly engaged in the study of a specific workshop topic. 

6.  Candidate is a government or academic research scientist with expertise in conservation 
biology, population or landscape ecology, genetics, or other relevant fields, as demonstrated by 
recent (within the past 10 years) peer-reviewed publications or related types of professional 
scientific expression. 

Using these criteria, the SSA Team identified 19 candidates for the lynx expert panel who were 
contacted to determine their interest and ability to attend the workshop (Appendix 4).  Among 
those both interested in and able to attend the workshop, the team extended invitations to 13 
candidates, 10 of whom ultimately participated as panelists and who together represent lynx 
expertise throughout the range of the DPS and in southern Canada.  Experts who could not 
attend this workshop may provide their expertise later in the SSA process as peer review 
experts.    

Preparing Experts 
Before the workshop, the SSA Team contacted all lynx experts and other subject matter experts 
by email and phone to discuss their roles and, for some, their willingness to prepare and deliver 
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subject matter or lynx population status presentations at the workshop.  Correspondence with 
lynx and subject matter experts and other workshop participants explained the SSA framework 
and its application to the lynx DPS, the use of expert elicitation in SSAs, and the workshop’s 
purpose, ground rules, and draft agenda. 
 
At the workshop, the Service introduced the Lynx SSA Team, provided a brief overview of the 
SSA framework and its application to the lynx DPS, and outlined workshop objectives.  Prior to 
elicitation exercises, subject matter experts presented information on the historic and current 
distribution of lynx in the contiguous U.S., regulatory mechanisms that apply to lynx on Federal 
lands, genetics considerations, lynx status and management in adjacent southern Canada, 
potential climate change impacts on boreal forest vegetation and snow conditions important to 
lynx, effects of forest management and policy on lynx habitat, and snowshoe hare ecology (see 
Subject Matter Presentations, below).  After these presentations, lynx expert panelists provided 
updates on lynx populations and habitats, research efforts, conservation measures, and 
potential threats to lynx in each of the six geographic areas (Fig. 1).  The subject matter and 
status-update presentations were intended to provide the expert panel with information that 
could inform their responses to elicitation questions and to ensure that the panelists shared a 
common understanding of the current status of lynx throughout the DPS.  All workshop 
presentations are included in Appendix 5 and are accessible at the Service’s Region 6 Canada 
lynx web page (http://www.fws.gov/mountain-prairie/es/canadaLynx.php). 

Subject Matter Presentations 
Canada Lynx Species Status Assessment, Expert Elicitation Workshop - Jim Zelenak, 
U.S. Fish and Wildlife Service, Montana Ecological Services Field Office, Helena, 
Montana 
The objectives of this workshop are to (1) gather scientific information from experts on the 
current status, threats, and future viability of lynx populations in the contiguous U.S.; and (2) 
where empirical data are lacking, elicit expert knowledge, professional judgment, and opinion on 
the nature and magnitude of potential threats to DPS populations and the DPS as a whole.  We 
need this information to complete a status assessment for the DPS that will be used by Service 
decision makers to inform recovery planning and other determinations the Service must make in 
accordance with the ESA.  We have a court order to complete a recovery plan for the DPS by 
January, 2018, unless we determine that a recovery plan is not necessary (i.e., that the threat 
for which the DPS was listed has been adequately addressed and ameliorated and no new 
threats have been identified that pose an immediate or reasonably foreseeable risk of 
extinction).  However, we are not here to make that determination or others regarding the ESA 
status of the DPS.  Rather, we are here to understand the current status of lynx populations and 
habitats in the DPS and hear from experts on factors influencing the current status and future 
viability of those populations.  The DPS was listed as threatened under the ESA in 2000 
because of the inadequacy at that time of regulatory mechanisms in Federal land management 
plans to protect lynx and their habitats.  The Service completed a recovery outline in 2005 and 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php
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designated critical habitat for the DPS in 2006.  In 2007, we clarified our determination of 
“significant portion of the range” of the DPS and withdrew the 2006 critical habitat designation.  
We revised critical habitat in 2009 and 2014 and, also in 2014, we received the court order to 
complete a recovery plan.  The results of this workshop will contribute to the SSA, and the 
expert information gathered here will complement the best available scientific information that 
will be compiled and summarized in the SSA report.  After it is peer-reviewed and finalized, the 
SSA report will be considered by Service decision makers to inform recovery planning and other 
determinations required under the ESA. 

Historical Distribution of Lynx in the Contiguous U.S. - Dr. Kevin McKelvey, USDA 
Forest Service, Rocky Mountain Research Station, Missoula, Montana   
Understanding historical range is important because it provides context for modern 
conservation; however, historical data must be interpreted carefully because they may not be 
representative, are often unreliable, and their meaning may be unclear.  This is especially true 
for rare animals like lynx, and even more so if they are easily mistaken for another more 
common animal, as bobcats are mistaken for lynx in the southern portion of lynx range.  
Because even relatively low identification error rates can lead to significant errors in determining 
distribution, it is important to rely on verified, and not anecdotal, occurrence records, when 
attempting to establish historical range.  The issue is further complicated by the noted cyclicity 
in lynx population dynamics associated with snowshoe hare population cycles, which resulted 
historically in irruptions or pulses of lynx from Canada into the DPS when northern hare 
populations crashed.  This can be described as a wave in which a large number of dispersing 
lynx intermittently flooded into the northern contiguous U.S. over the course of several years 
into a variety of potentially suitable and unsuitable habitats.  As the irruptions waned (i.e., as the 
waves receded), lynx disappeared relatively quickly from areas of unsuitable or poor habitat, 
more slowly from areas of marginal or suboptimal habitat, and persisted (like permanent tide 
pools) in those areas with habitats and hare densities capable of supporting them over time. 
This yielded verified records in the contiguous U.S. in places that clearly cannot support lynx 
populations but, in other places where habitats are or appear to be suitable, it also confounds 
efforts to distinguish between those that have supported persistent lynx populations, those that 
may occasionally but not consistently support resident lynx (“winked off’ more than “winked on” 
in a metapopulation sense), and those where dispersing lynx occurred regularly, if intermittently, 
but could not persist.  Given these ambiguities, there remains irresolvable uncertainty about the 
historic distribution of resident lynx in the DPS.  Despite this uncertainty, it appears that resident 
lynx naturally persist now in most areas that the available reliable data most strongly suggest 
historically supported resident populations in the contiguous U.S. (Maine, Minnesota, Montana, 
Idaho, and Washington).  Several other areas may have historically supported populations but 
no longer do (with evidence most compelling for northern New Hampshire and Michigan’s Upper 
Peninsula; less compelling for the Adirondack region of northern New York, northern Wisconsin, 
and northwestern Wyoming). 
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Canada Lynx Habitat Regulatory Environment - Scott Jackson, USDA Forest Service, 
National Carnivore Program Leader, Missoula, Montana 
Before the lynx DPS was listed under the ESA, there was very little information available and 
little management direction for lynx habitats on national forests or other Federal lands.  Given 
the uncertain status of lynx and lack of information on habitat relationships, an interagency Lynx 
Steering Committee was chartered almost immediately after the DPS was proposed for listing in 
1998.  The committee appointed the Lynx Science Team to assemble the available information 
on lynx and the Interagency Lynx Biology Team to develop a lynx conservation strategy 
applicable to Federal lands.  In 2000, the Science Team published Ecology and Conservation of 
Lynx in the United States (Ruggiero et al. 2000), and the Biology Team completed the Lynx 
Conservation Assessment and Strategy (LCAS; Ruediger et al. 2000).  The committee also 
directed the completion of the 1999 biological assessment (BA) in which the U.S. Forest Service 
(USFS) and Bureau of Land Management (BLM) evaluated potential impacts to lynx of 
management plans for 57 national forests and 56 BLM units and concluded that implementation 
of existing plans could result in some adverse effects to lynx.  The BA recommended amending 
or revising management plans to incorporate conservation measures that would reduce or 
eliminate the identified adverse effects to lynx, and to consider the conservation measures 
identified by the Science Team and Biology Team, once finalized.  In March of 2000, the DPS 
was listed as threatened due to the inadequacy of existing regulatory mechanisms, specifically 
the lack of guidance for conservation of lynx in national forest Land and Resource Management 
Plans and BLM Land Use Plans.  In October 2000, FWS completed a biological opinion on the 
1999 BA, concluding that if forest plans were revised or amended to incorporate the 
conservation measures in the LCAS, they would reduce or avoid the potential for adverse 
effects on lynx.  Also in 2000, USFS and BLM entered into conservation agreements with FWS 
to guide management until plans could be amended or revised.  By 2004, BLM revised plans in 
all units with lynx or potential habitat to incorporate LCAS guidance.  By 2006, USFS similarly 
revised plans for national forests in the Northeast and Great Lakes.  In 2007 and 2008, USFS 
formally amended plans for 18 national forests in the Northern Rockies and 8 in the Southern 
Rockies to address the risk factors identified in the LCAS and adopt management standards 
and guidelines.  Currently, all national forests and BLM units with lynx or potential habitats are 
governed by plans that have adopted conservation measures identified in the LCAS, 
subsequent interagency conservations agreements, or by management direction that formally 
amended or revised land use plans and established standards and guidelines designed to apply 
the best available scientific information to avoid and minimize potential impacts to lynx.  Future 
challenges include developing effective responses to larger, hotter, and more frequent fires and 
extensive insect outbreaks, and designing thinning and salvage harvest treatments conducive to 
creating habitat conditions favorable to lynx and hares.    

Lynx Genetics Considerations - Dr. Michael Schwartz, USDA Forest Service, National 
Genomics Center for Wildlife and Fish Conservation, Missoula, Montana 
Review of lynx genetic studies shows, despite some sub-structuring over distance, high gene 
flow across the continental range of lynx, likely because of high dispersal rates, large dispersal 
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distances, and few geographic barriers to dispersal.  Some research suggests that the Northern 
Rocky Mountains may provide some gene flow restriction in western Canada, as well as an 
“invisible barrier” to gene flow in eastern Canada south of James Bay/Hudson’s Bay that may be 
related to differences in snow conditions driven by large-scale climatic factors (e.g., the Pacific-
North America and North Atlantic Oscillation climatic systems).  North of the DPS, low levels of 
genetic substructure have been documented in populations in eastern Canada between 
populations north versus south of the St. Lawrence Seaway, and between island (Newfoundland 
and Cape Breton islands) and mainland populations.  However, there is evidence of genetic 
interaction among even these relatively isolated eastern Canadian populations.  Within the DPS, 
minor genetic sub-structuring has been documented among lynx subpopulations in western 
Montana.  However, very low Fst values (a measure of the proportional reduction in 
heterozygosity due to population subdivision, with values near zero indicating high levels of 
gene flow and values approaching one indicating poor gene flow) suggest the absence of 
significant barriers to genetic interchange throughout much of the lynx range, including the DPS.  
Across 17 lynx populations in Alaska, Canada, and the contiguous U.S., Fst = 0.033, and the 
highest Fst for any two populations was 0.070 when lynx from the Kenai Peninsula in Alaska 
were compared to those in the Seeley Lake area of Montana.  Lynx-bobcat hybrids have been 
documented in Minnesota, Maine, and eastern Canada, but not in the western part of the range.  
Hybridization does not seem to be a major issue, nor does it appear to be increasing despite 
significant increases in bobcat numbers in some parts of DPS range.  Genomics research (the 
genetic mapping and DNA sequencing of sets of genes or complete genomes) on lynx would 
increase power and precision of genetic analyses and perhaps identify genes under selection at 
the periphery of the range.  The goal for lynx in the DPS should be to conserve the genetic 
diversity currently represented in resident populations, recognizing that maintaining connectivity 
between DPS and Canadian populations is likely important to achieving that goal.  The genetic 
variation at the edge of the range may be of value to future populations, especially as related to 
changing climate.  

Lynx Distribution, Status, and Management in Southern Canada - Dr. Jeff Bowman, 
Ontario Ministry of Natural Resources and Forestry, and Trent University, Ontario 
Lynx are managed provincially in Canada, with each province responsible for its own 
management program, harvest (trapping) policies, and conservation strategies.  Data from 
registered trap lines show cyclic decadal peaks in the numbers of lynx harvested, and these 
align well with (and lag by one year) cyclic peaks in snowshoe hare indices.  In western 
provinces (British Columbia, Alberta, Saskatchewan, Manitoba, Northwest Territories, and the 
Yukon), the magnitude of lynx cycles appears to have dampened dramatically after the 1980s-
1990s, while eastern provinces (Ontario, Quebec, and Newfoundland and Labrador) have seen 
less dramatic declines in peak lynx numbers trapped.  There is some evidence that hare 
numbers in the Yukon have not recovered to past levels after declines beginning in about 2000, 
and that hare numbers in southern Ontario have been low for the past 5-6 years.  There also is 
indication that the range of lynx in eastern Ontario has contracted northward since the 1970s, 
and modeling suggests that this contraction is likely influenced by habitat loss perhaps related 
to changes in forestry practices and an increase in tolerant hardwoods replacing spruce-fir 
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forests resulting from climate warming (Koen et al. 2014).  This has been accompanied by 
reduced genetic heterozygosity (allele richness) at this margin of the lynx range.  Recent studies 
also show some differences in functional genetic markers (unique alleles) in lynx south versus 
north of the St. Lawrence Seaway/River, suggesting the potential for evolutionarily significant 
differences in lynx in those areas (Koen et al. 2015, Prentice unpubl.).  Research also suggests 
an “invisible” genetic barrier south of Hudson’s Bay likely related to climate-driven differences in 
snow conditions, which could be amplified in the future with continued climate warming.  A few 
lynx-bobcat hybrids have been documented.  Lynx are listed as endangered provincially in New 
Brunswick and Nova Scotia, which also have by far the highest numbers of bobcats, and where 
bobcat populations have been increasing since about 1990.  Lynx are considered secure in all 
other provinces.   

Seven Ways a Warming Climate can Kill the Boreal Forest - Dr. Lee Frelich, Director, 
University of Minnesota Center for Forest Ecology, St. Paul, Minnesota  
Northern Minnesota is at the southern edge of the ranges of boreal forest tree species (balsam 
fir, white spruce, paper birch) and the northern extent of temperate forest species (sugar maple, 
red maple, red oak).  A number of climate-mediated processes are likely to shift these ranges 
northward, potentially resulting in the complete disappearance of boreal forest from Minnesota 
before the end of the century.  These include projected declines in snow depth, invasion of 
boreal forests by temperate species and a widening of the mixed forest ecotone, warming 
summer and winter temperatures, declines in boreal trees under both low- and high-emission 
climate scenarios, severe wind- and hail-producing thunderstorms (derechos) of greater extent 
and frequency, large wind-driven fires, heat and drought stress, increased insect infestations 
due to lack of extreme cold temperatures, and phenological disturbance.  These processes, 
alone or in combination may result in gradual or relatively sudden conversion of boreal forests to 
temperate forests, savanna, or grassland at the southern edge of the boreal forest range.  A 
mosaic of conversion mechanisms and rates of change will occur at landscape/ecoregion 
scales.  With unmitigated climate change, Minnesota is likely to lose the boreal biome and about 
one-third of its native species, including lynx, possibly within the next 60-70 years. 

Climate Change and Uncertainty:  Implications for Canada Lynx Conservation and 
Management in the Contiguous U.S. - Alexej Siren, DOI Northeast Climate Science 
Center and University of Massachusetts Department of Environmental Conservation, 
Amherst, Massachusetts 
Climate models are better at detecting long-term trends in temperature and precipitation than 
short-term climate variability.  Generally, projections of precipitation are less robust compared to 
temperature, and within the lynx DPS units, projected trends in precipitation are more certain for 
winter than for summer.  Consequently, the resulting model biases may affect climate 
projections.  Global surface temperatures have increased steadily over the 20th century, 
especially since the 1970s, with an overall increase in winter temperatures in the U.S.  These 
changes are most pronounced from the Northern Rockies to the northeastern U.S., where 
winter precipitation has also increased.  However, the northwestern U.S. has experienced drier 
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winters with less snow over the past several decades.  Importantly, numerous studies have 
shown that Canada lynx distribution is related to snowpack characteristics (e.g., snowfall, 
density, and persistence), which may directly or indirectly affect lynx through 1) increased 
competition (exploitative and interference) with sympatric carnivores, 2) altering hare and lynx 
population cycles, and 3) reduced genetic diversity.  Therefore, climate projections with a 
specific emphasis on winter climate are a valuable tool for assessing the long-term viability of 
lynx in the contiguous U.S.  Below are the climate trends for the past several decades and end-
of-century model projections for each of the DPS units; projections are multi-model means with 
the high emissions scenario (A2).  In the Northeast, recent trends are toward reductions in 
snowfall, the number of snow-covered days per season, and the proportion of winter 
precipitation occurring as snow.  Projections include increased winter precipitation, but with a 
lower proportion occurring as snow, and a decline in snowfall and length of snowpack coverage.  
In the Great Lakes region, recent trends indicate an increase in lake effect snow and longer 
snow seasons to the north.  Winter precipitation is projected to increase throughout the 
Midwest, with a lower proportion occurring as snow, except that lake effect snow is projected to 
increase around Lake Superior and north of the eastern Great Lakes until 2050, and eventually 
decline towards the end of this century.  Overall, models project a decline in snowfall and length 
of snowpack coverage by 2100 for the Midwestern region.  The Northeast and Midwest DPS 
units are especially vulnerable to snowpack loss due to lack of elevational refugia.  In the 
western DPS units and the Colorado population, recent trends show decreasing spring 
snowpack at lower elevations, an overall decline in snowpack by the latter half of the 20th 
century, and a lower proportion of winter precipitation occurring as snow.  Projections include 
decreases in snowfall season and snowfall amount, fewer days with snowfall, and continued 
reduction in the proportion of winter precipitation occurring as snow.  However, projections 
indicate that snowpack and winter severity may be less impacted in the Northern Rockies 
compared to other DPS units.  In summary, model projections are not favorable for lynx within 
the DPS units, especially towards the latter half of the 21st century, with less severe winters and 
diminished snowpack characteristics that favor competing species.    

Projected Climate-change Impacts on Snow, Vegetation, and Lynx Populations in the 
Western U.S. - Dr. Joshua Lawler, University of Washington, School of Environmental 
and Forest Sciences, Seattle, Washington and Dr. Chad Wilsey, National Audubon 
Society Science Division, New York, New York 

Climate modeling suggests reductions in the amount of precipitation falling as snow and a shift 
from subalpine forest to temperate evergreen needleleaf forests in a generalized lynx range in 
the western U.S.  Fire is projected to increase in both frequency and fire size, doubling by 2040 
and tripling by 2080.  Simulated lynx densities were projected for the 2020s, 2050s, and 2090s.  
Of 25 ecoregions included in the study area, 14 had simulated lynx populations greater than 
0.10 individuals/100 km2 across all time points.  Of those, and across various Global Circulation 
Models (GCMs), 3 ecoregions had simulated increasing populations by the 2050s and 11 had 
declining populations. Populations were projected to continue increasing in the 3 ecoregions by 
the 2090s, while declines were projected to deepen in 8 of the remaining 11 ecoregions. 
Growing populations were projected to occur in the sparsely populated Fescue-Mixed Grass 
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Prairie, Middle Rocky-Blue Mountains, and Great Steppe ecoregions, whereas the largest 
proportional declines were projected to occur in the West Cascades, Pacific Northwest Coast, 
Northern Cascades, East Cascades – Modoc, and Aspen Parkland ecoregions.  The study also 
looked at the effect of population cycling on projected changes and found that simulated 
declines differed more due to GCM model used than due to population cycling (i.e., modeling 
suggested lynx population declines were not strongly influenced by population cycles). 

Forest Management and Lynx Habitat Trends - Dr. Erin Simons-Legaard, University of 
Maine School of Forest Resources, Orono, Maine 
Lynx in Maine occur in the Northern Appalachian/Acadian Ecoregion where their distribution is 
governed by snowfall and extent of deciduous cover.  The eastern spruce budworm 
(Choristoneura fumiferana) is endemic to forests in this region, and extensive outbreaks of this 
insect pest occurred in northern Maine in the 1970s-80s, resulting in millions of acres of spruce-
fir die-offs, despite extensive aerial insecticide applications.  For several decades, salvage 
logging via extensive landscape-scale clear-cutting occurred in impacted forests, until passage 
in 1989 of the Maine Forest Practices Act, which regulated clear-cut size, configuration, and 
regeneration.  Regenerating clear-cuts became very dense stands supporting high densities of 
snowshoe hares.  Although the Forest Practices Act reduced the amount of clear-cut harvest 
over the following two decades, overall harvest increased as partial-cut harvesting replaced 
clear-cutting.  At the same time, land ownership patterns in northern Maine were shifting from 
large blocks of commercial timber interests to smaller blocks and more diverse land 
management goals, including development and financial investment, as well as some non-
development easements (though these do not regulate forest management).  The University of 
Maine modeled lynx habitat occurrence from snow track data, a series of Landsat satellite time-
series imagery since 1970, and indices of hare densities for various stand ages post-timber 
harvest to model past, present, and future lynx occurrence in northern Maine.  They found that 
the proliferation of regenerating partial-cuts produce lower landscape hare densities than 
regenerating clear-cuts from the 1970s and 1980s.  Landscape hare densities will likely decline 
in the future as the clear-cut-era stands mature into less dense conifer stands, beginning about 
35-40 years post-harvest.  High-quality stands are being replaced by lower-quality regeneration 
of partial harvests. High-quality habitat for lynx/hares is currently about 8% of the northern 
Maine landscape.  Model projections indicate it will decline to about 5% of the landscape by 
2030, and then level off, and that the prevalence of partial-harvesting will lead to elimination of 
many areas with concentrated high-quality habitat and a lower future probability of supporting 
lynx.      

Southern Snowshoe Hares: Updates, Questions, Forecasts - Dr. Karen Hodges, 
University of British Columbia Okanagan Department of Biology, Kelowna, British 
Columbia 

Northern hare cycles are more variable than commonly portrayed in some literature, with 
questionable synchrony and variation in peak heights and amplitudes.  Some southern hare 
populations (i.e., within the lynx DPS range) show “cycle-ish” dynamics and high densities, but 
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variability in abundances is not obviously linked to forest stand type (thinned, unthinned, 
mature).  Some areas of high hare density are occupied by bobcats instead of lynx (e.g., the 
Tally Lake area of the Flathead National Forest in Montana).  Hare densities in the western 
contiguous U.S. differ substantially across regions and landscapes.  For example, within the 
GYA, hare densities varied from very low (0.2 hares per hectare) in Yellowstone National Park 
to very high (0.5 - 1.7 hares/ha) in the Wyoming Range south of the park.  Hare densities also 
vary in the eastern part of the lynx DPS, with ranges from 0 - 1.8 hares/ha in Maine and, in 
Minnesota, densities of 0.64 hares/ha in the northeast part of the state (which supports resident 
lynx) and 0.35 hares/ha in Voyageurs National Park (which does not support resident lynx).  
Landscape attributes (e.g., tree densities and moisture gradients) also influence stand quality 
for hares.  Hare population dynamics (cyclicity, synchrony, amplitude, and peak densities) also 
vary regionally.  Forest management that reduces stand structure reduces hare abundances.  
For example, hares declined after experimental precommercial thinning in Montana, and, in 
Quebec, hare densities increased with time since commercial thinning, harvest, and fire.  Fire 
destroys hare habitat temporarily, but hares return to burned areas as soon as favorable habitat 
conditions return.  Post-fire hare densities also vary regionally; in stands burned by large fires in 
1988, hare densities by 2007 were higher in Glacier National Park than in Yellowstone National 
Park.  Hare densities necessary to support resident lynx remain poorly understood but appear to 
vary regionally, as do lynx diets and home range sizes.  If southern boreal/montane forests are 
lost, hares will decline.  Fire, timber harvest, and thinning will result in fewer hares, at least 
temporarily, and the impacts of post-fire salvage logging are unknown.  Understory cover and 
browse are very important, but we know little about the influence of shrubs or snow on hares.  
Like lynx, hares in the DPS are at the southern extent of their continental range.  Also like lynx, 
hares show high gene flow across most of the northern range in Canada but lower gene flow 
(higher genetic structure) in the southern part of the range, with some lineages potentially at risk 
of genetic drift.  Climate-mediated increases in fires and insect outbreaks and changes in forest 
regeneration may alter hare habitats and, thus, hare distribution and abundance.  Climate 
change may also affect hare vulnerability to predation by creating a mismatch between pelage 
color, which is controlled by photoperiod, and their surroundings (e.g., reduced snow season 
resulting in white hares on dark forest floors).  It may also alter predator communities, with 
uncertain impacts on hare populations.  Continued research is needed to better explain regional 
variation in population dynamics and peak abundances, to predict post-fire recolonization and 
densities and responses to climate change, and to better understand links between physiology 
and demography (e.g., predation stress and reproduction).      
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Lynx Status Update Presentations1 
Status of Lynx in Maine - Jennifer Vashon, Maine Department of Inland Fisheries and 
Wildlife, Bangor, Maine 
Much of the current lynx habitat in Maine was created from extensive harvests to salvage 
spruce budworm-damaged forests during 1970-1985, and the amount and distribution of high-
quality lynx/hare habitat are likely greater now than historic conditions.  Many stands were 
treated with herbicides to create extensive regeneration of spruce and fir.  Analysis of Forest 
Inventory and Analysis (FIA) data indicates that half of the 3 million forested acres of spruce-fir 
in northern Maine is currently sapling stage that should provide lynx with high quality foraging 
habitat.  Also based on FIA data, the amount of dense spruce-fir (supporting the highest hare 
densities) increased from 700,000 acres in 2006 to 805,000 acres in 2010.  The Maine 
Department of Inland Fisheries and Wildlife (MDIFW) conducted a telemetry study of lynx from 
2000-2011 in a study area with extensive areas of regenerating spruce-fir stands in 
northwestern Maine and found that lynx had relatively small home ranges.  Lynx strongly 
selected these high-quality hare habitats in former clear-cut areas.  Although hare densities 
declined from 2 hares/hectare to 1 hare/hectare mid-way through the study, lynx did not 
increase their home range sizes or alter their habitat use.  Reproduction declined initially after 
hare populations declined, but later recovered, with all females producing litters.  An average of 
65% of females bred each year throughout the study.  Litter sizes ranged from 1 to 5 and 
averaged 2.63 kittens/breeding female.  Kitten survival remained high (averaged 78%).  
Densities of 4.5 adults and 5 to 9 kittens were observed in 100 km2 areas.  Based on estimates 
of occupied habitat and home range information, MDIFW estimated there were between 750 
and 1,000 lynx in northern Maine in 2006, and more than 1,000 lynx in 2015 (or at least more 
animals than 2006).  Indices (number incidentally trapped, observed, or killed on roads) have 
increased, suggesting there are more lynx than in 2006, and the distribution of the population 
also appears to be expanding.  MDIFW initiated a third round of periodic lynx snow track survey 
in 2015 that support increased populations and expanding range.  Additional surveys are 
planned in 2016 and 2017 to update estimates.  Although a model by the University of Maine 
suggests the effects of the Maine Forest Practices Act could lead to a decrease in lynx habitat, 
thus far, it does not appear that lynx have declined in response to aging clear-cuts and the 
prevalence of partial harvests resulting from the Act.  A budworm outbreak is expected in the 
near future that will also impact future amounts of habitat for lynx and snowshoe hare.  MDIFW 
provides landowners with descriptions of lynx-hare habitat for their management plans through 
published peer-reviewed papers and reports on lynx status and habitat use in Maine and 
consultation.  

                                                
1 These are summaries of status updates presented by lynx experts for each of the geographic 
units in the DPS.  Summaries were written by the Lynx SSA Team based on the presentations 
and notes submitted by expert presenters and on the notes taken at the workshop during 
presentations.  Experts reviewed drafts of these summaries and provided clarifications/ 
corrections if needed, which were incorporated into the final summaries.    
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Canada Lynx in Minnesota - Dr. Ron Moen, Natural Resources Research Institute, 
University of Minnesota Biology Department, Duluth, Minnesota, and Susan Catton, 
USDA Forest Service, Superior National Forest, Duluth, Minnesota 
Prior to 1965, lynx in Minnesota were unprotected, had a bounty placed on them, and were 
overexploited by trapping.  From 1930-1977, harvest in Minnesota was twice that of Montana 
and 40 times that of other states.  In 1976, State protection was provided in the spring and 
summer months, and in 1984 the trapping season was closed.  In the 1990s and when listed 
under the ESA in 2000, it was unknown if lynx in Minnesota were residents or migrants from 
Canada, but now it is known that the Minnesota lynx population consists of both residents and 
migrants from Canada.  Since then, there have been hair snare and snow-tracking surveys, 
DNA analyses, and a multi-year telemetry project – none of these monitoring efforts were 
designed to estimate densities or abundances of the species.  However, as of 2015, it is thought 
that there are somewhere between 50 and 300 lynx in Minnesota (this expert later refined the 
range as 50 - 200 lynx, as indicated in the summary presentation preceding the graphing 
exercise below), with the core habitat in the arrowhead region of the state (St. Louis, Lake, and 
Cook counties), although there have been verified and probable lynx sightings elsewhere in the 
state.  At least 5 of 27 adult lynx radio-collared in Minnesota were later legally trapped in 
Ontario, and other collared lynx did not return from Canada, therefore their fates are unknown.  
Telemetry data showed that about half of males radio-marked in Minnesota moved back-and-
forth across the border, traveling at all times of the year; that Minnesota females that dispersed 
into Canada tended not to return to Minnesota; that males had much larger home ranges (267 
km2) than females (21 km2); and that females with kittens had the smallest home ranges.  About 
half of the mortality of collared lynx was from vehicle collisions, incidental catch, illegal kills, or 
unknown causes.  Moen et al. (2008) documented 10 den sites and showed that denning 
habitat is not limiting in Minnesota.  Since 2000, incidental take of lynx tracked by the USFWS 
Twin Cities Field Office has ranged from 0-14 per year and included vehicle (car and train) 
collisions, gunshot, incidental trapping, and unknown causes.  Approximately 50% of reported 
take was of incidentally trapped lynx, about half of which were released alive.  Home range 
analyses showed mean distance to nearest linear feature is approximately 200m, suggesting 
that lynx do not avoid roads.  Bobcat harvest data show a concentration of bobcats adjacent to 
the core of the lynx range.  The IPCC SRES A1B Scenario climate change model (Gonzalez et 
al. 2007, p. 14) shows snow conditions potentially suitable for lynx throughout the northern half 
of Minnesota to the end of this century; however, the snow and/or biological assumptions in the 
model need work, because it predicts a range for lynx that is larger than the current suitable 
range based on snow depth.  Other climate modeling (e.g., Morgan, in prep.) suggests that 
suitable snow-depth range will shrink significantly by 2055, be limited to extreme northeastern 
Minnesota by 2070, and may be entirely absent from the state by 2095.  Since 2000, the 
Superior National Forest (SNF) and others have identified 268 unique individual lynx (47% 
Female, 53% Male) from 1,306 DNA samples, primarily from SNF lands.  These samples also 
documented 13 unique individual lynx-bobcat hybrids (5 Female, 8 Male).  The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota.  The SNF annually documents 3-5 family groups and is working with 
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North Carolina State University and the Twin Cities Field Office on a study of the distribution of 
lynx that can be used to inform future study designs aimed at monitoring lynx occupancy and 
designing more intensive studies to estimate abundance. 

Current Distribution, Status, and Threats to Canada Lynx in Montana and Wyoming - 
Dr. John Squires, USDA Forest Service, Rocky Mountain Research Station, Missoula, 
Montana 
Northwestern Montana - This area is believed to support the largest lynx population in the 
western U.S., but minimum population size has not been calculated.  The Forest Service’s 
Rocky Mountain Research Station in Missoula initiated a lynx research program in 1998 to 
investigate lynx resource and prey selection, competition, activity patterns, detection and 
monitoring, and connectivity.  From 1998 to 2007, researchers trapped and radio-marked 175 
lynx in northwestern Montana and collected nearly 170,000 GPS and over 3,000 VHS telemetry 
locations documenting lynx movements, resource use, survival, and productivity.  From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area (the central 
portion of this geographic unit) and from 2003-2007, 2.95 kittens/litter (N = 22) in the Purcell 
Mountains (the northwestern portion of the unit).  In Seeley Lake, 61% of breeding-age females 
(N = 52) produced kittens; in the Purcells, 83% of females (N = 28) produced kittens.  Recent 
research (Kosterman 2014) suggests kitten production is correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges.  Annual survival rates for 
subadult and adult female lynx were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 
0.85, respectively, in the Purcells.  There was no evidence of cyclicity in these vital rates, and 
no indication of irruptions of lynx into this unit from Canada after the 1980s.  Starvation, 
predation by mountain lions, and human-caused deaths each accounted for roughly one-third of 
documented sources of lynx mortality.  Population viability analyses yielded population growth 
rates of 0.92 for the Seeley Lake area (i.e., declining population trend, 1999-2007) and 1.16 for 
the Purcells (increasing trend, 2003-2007).  The distribution of lynx in this unit appears to have 
contracted recently; lynx were documented in the Garnet Mountain Range in the southern 
portion of the unit from at least 1980 into the early 2000s, but in 2010, extensive research 
trapping efforts yielded only two males, and snow-track and camera-trap surveys in winter 2014-
2015 detected no lynx.  Genetic analyses revealed fine-scale genetic sub-structuring among the 
Garnets, Purcells, and Seeley Lake subpopulations, suggesting some level of relative isolation 
among lynx in those areas.  Most lynx habitat in this unit occurs on Federal lands (USFS, BLM, 
NPS).  Recent conservation land purchases substantially increased protection of lynx habitat in 
the Seeley Lake core area.  The extent of fire in this area has increased, with over one million 
acres burned in 2000-2013.  Forest management (timber harvest, silviculture, and fire 
management) can have negative, neutral, or positive impacts on lynx habitat; current research 
is investigating lynx response to management actions. 
      
Wyoming/GYA – The long-term persistence of lynx in the GYA is unknown, but early records 
from Yellowstone National Park documented lynx presence in the 1920s-30s, and more recent 
(2001-2004) surveys in the park documented several lynx and evidence of reproduction on the 
east side of Yellowstone Lake.  South of the park, lynx were also detected reliably in the late 
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1990s-early 2000s in the Union Pass and Togwotee Pass areas of the Wyoming Range in the 
Bridger-Teton National Forest.  Several lynx released in Colorado (1999-2006) dispersed to the 
GYA and occupied home ranges (including males and females with overlapping home ranges) 
in areas of the Wyoming Range previously occupied by “native” resident lynx.  Recent (2005-
2010) research trapping and survey efforts in the Wyoming Range have detected only 
Colorado-released lynx, and the current status of lynx in the GYA is uncertain but believed to be 
at low numbers based on on-going surveys.  In addition to fire and forest management (as 
described above for northwestern Montana), oil and gas exploration and development may pose 
a potential risk to lynx and habitat in the Wyoming Range.             

Lynx in Washington: Current Status and Potential Threats - Benjamin Maletzke, 
Washington Department of Fish and Wildlife, Olympia, Washington 
Lynx in Washington were State-listed as threatened in 1993, but with recent large-scale impacts 
to lynx habitats and likely declines in lynx numbers, upgrading to State-endangered may be 
justified.  The Washington Department of Fish and Wildlife completed a lynx recovery plan in 
2001, and the Department of Natural Resources completed a habitat management plan for its 
lands in 1996, which it revised in 2006.  The majority of lynx habitat in Washington occurs on 
public lands including State Forests and National Forests.  Although individual lynx are 
occasionally documented in the northeastern part of the state, only the Okanogan area (eastern 
Cascade Mountains abutting the border with Canada) in the north-central part of the state has 
consistent records and evidence of a resident breeding population.  In terms of the ESA’s five 
listing factors, over-utilization, disease/predation, and inadequacy of existing regulatory 
mechanisms are not issues for lynx in Washington.  Lynx trapping was prohibited in 1991, and 
only live-trapping is allowed for bobcats, so there is little chance for incidental trapping.  There is 
no documented disease and little evidence of predation (though these could occur/increase with 
climate change).  With ESA and State listings, critical habitat designation, and State recovery 
and State and Federal habitat management plans in place, regulatory mechanisms appear 
adequate.  Recently, much lynx habitat has been lost, at least temporarily, to frequent large-
scale fires and insect outbreaks, and climate change may pose additional (or exacerbate 
existing) threats to lynx and habitats in Washington.  From 1990-2002, there were about 2,600 
km2 of lynx habitat in the Okanogan (Eastern Cascades) area, and female home ranges were 
estimated at 38 - 41 km2, suggesting the potential to support roughly 90-115 resident females 
(home ranges include “matrix” or non-habitat).  By 2014, habitat had been reduced by fire to 
about 1,600 km2, and habitat loss and fragmentation resulted in female home ranges increasing 
to an estimated 91 km2, with a potential to support roughly 27 resident females.  Although areas 
impacted by fires and insects should regenerate to hare/lynx habitat, it may take 35-40 years or 
more for that to happen.  Climate change will likely reduce snow depth, condition, and 
persistence, potentially influencing interspecific competition.  It also may cause temperature- 
and precipitation-driven changes in vegetation and increased fire frequency, size, and intensity, 
resulting in further reduction, fragmentation, and isolation of suitable habitats and impacts to 
prey abundance.  Connectivity between the Okanogan area and lynx populations and habitats in 
Canada seems adequate; it is more tenuous in the northeastern part of the state, where cross-
border populations/habitats in Canada are smaller and potential corridors more constricted.  It is 
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also possible that legal trapping in southern British Columbia could limit immigration into 
Washington’s lynx population and be a source of mortality for lynx dispersing from Washington 
into Canada.  Potential management and recovery actions could include resuming surveys and 
monitoring efforts, reviewing current State, Tribal, and Federal management actions to see if 
they can be more “lynx-friendly,” conducting population viability analyses to estimate 
probabilities of persistence over various time periods, coordinating with British Columbia on 
cross-border lynx conservation efforts, evaluating the need and feasibility of augmenting female 
lynx in the Okanogan and reintroducing lynx to the Kettle Crest, up-listing lynx in Washington to 
indicate the current status and severity of threats, and seeking collaboration and funding to 
support the measures above. 

Status of Lynx in Colorado - Dr. Jake Ivan, Colorado Parks and Wildlife, Fort Collins, 
Colorado 
Lynx in Colorado were State-listed as endangered in 1973.  Based on statewide surveys 
conducted in 1978-1997 that found some possible lynx sign (tracks), the State concluded that if 
lynx were present, too few individuals remained for a viable population and that natural 
recolonization was unlikely due to geographic isolation.  The State initiated a lynx reintroduction 
program, releasing 218 lynx from source populations in Alaska and Canada from 1999 to 2006.  
All animals were released into the San Juan Mountains in the southwest part of the state.  Many 
stayed there and used the area heavily; many others established home ranges in the Sawatch 
Range in the central part of the state, where the bulk of historical records occurred.  Although 
post-release mortality was initially high, it decreased after release protocols were modified and 
among lynx after they’d been on the ground a year.  Mean annual survival was 0.93 for lynx that 
stayed within the San Juan Mountains core-release area, and 0.82 outside of it.  The first den 
was located in 2003, and 48 dens were subsequently documented in Colorado through 2010, 
including a third-generation of Colorado-born lynx.  The reintroduced population displayed 
reproduction similar to other areas in the DPS in some regards (e.g., mean litter size was 2.75 
kittens), and lower in others (e.g., mean percentage of females that produced kittens was 24% 
[range = 0% - 46%])2.  A deterministic model that uses survival estimates and reproduction data 
from ten years of monitoring reintroduced lynx and assumes that reproductive parameters 
observed during that time would repeat each decade shows a slightly increasing trajectory 
through time.  Although current population size and survival rates are unknown, photos of 
females with kittens in 3 sampling units during occupancy monitoring in the San Juan Mountains 
in 2014-15 and capture of young and unmarked (i.e., “new”) lynx during research efforts in 
2010-15 provide evidence of continued reproduction.  Potential threats to lynx in Colorado 
include climate change, bark beetle outbreaks, fire, increasing human recreation, and 
vulnerability to vehicle collisions and disturbance from highways.  Climate modeling in 2014, 
based on the RCP6 (2nd-highest) emissions scenario, suggests that by mid-century 
temperature will increase by 2°C, precipitation will decrease in the San Juan and other southern 
mountains, and that spruce-fir habitat will migrate upslope, lagging climate conditions by 50-100 

                                                
2 These data were provided by the presenter after the workshop but were not part of the original 
workshop presentation. 
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years.  Based on this, the overall vulnerability of spruce-fir in the state is considered moderate 
at mid-century.  As of 2014, over 4 million acres of potential lynx habitat has been impacted by 
bark beetle outbreaks; however, lynx and hares continued to use impacted areas, even when 
beetle impacts are severe.  Red squirrel use declined in areas that were heavily impacted by 
beetles.  Large fires also have impacted lynx habitat, and as elsewhere, fire size, frequency, 
and intensity are expected to increase with climate change.  A cursory, pre-analysis review of 
location data suggests that lynx make use of landscapes in which heavy winter recreation 
occurs.  However, use of developed ski areas is light, and outside of ski areas, heavy lynx use 
tends to occur in thick timber that is not used by snowmobilers and other backcountry users.  
Finally, lynx frequently crossed 2-lane paved highways in home ranges (0.6 crossings/day), 
more often at dusk and night, coincident with lower traffic volumes, and usually at forested 
crossings.  Recent results from a new large-scale monitoring program indicated that lynx 
occupied a similar proportion of the landscape in the San Juans Mountains during winter 2014-
15 as they did during winter 2010-11.  

Expert Elicitation Process 
All questions posed to the 10 lynx expert panelists were framed in the context of the 3Rs, a 
driving principle for evaluating viability under the SSA framework.  In questioning, we used a 
modified Delphi method (e.g., MacMillan and Marshall 2006), which involves eliciting individual 
responses/scores, exploring response rationale and differences in expert judgment through 
guided discussions, then allowing experts to reconsider their scores in light of those discussions 
if they so desire.   
 
In our implementation of the modified Delphi approach, panel members were first asked to 
respond individually to a particular question and indicate their level of confidence in their 
response.  We then collated and noted the range of responses, which became the mechanism 
for follow-up discussion.  In collating responses, we used a simple numeric coding system 
rather than the experts’ names to provide for a reasonable level of anonymity.  We noted where 
there was high congruence among responses, as well as low congruence and outlying 
responses.  By asking for experts to voluntarily provide their reasoning for particular responses, 
we were able to delve into the basis for varying opinions.  After the discussion period, experts 
were given the opportunity to revise their scores.   
 
In addition to elicited responses to each question, we received substantial feedback from the 
experts on definitional issues and the validity of the questions themselves; we revised the 
questions as needed following these discussions.  In the case of a revised question, scores 
were elicited again following the revision.  The second round of scoring was displayed for 
experts, with a closing opportunity for comment, discussion, or score revision. 
 
All panel members were encouraged to respond to each question but also given the option of 
abstaining from responding to a question if they felt it was beyond the bounds of their expertise.  
With few exceptions, all 10 expert panelists responded as requested to every question.  
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Instances where experts either chose not to reply or otherwise replied in a manner differing from 
the expected form of response to the question are noted in the responses below. 

Lynx Status:  Expert Elicitation and Responses 
Questions for experts were scripted by the Lynx SSA Team prior to the meeting to facilitate 
discussion of lynx ecology among the experts, solicit their professional opinions, and to help the 
Service gather and synthesize biological information for use in the SSA, particularly where 
empirical data are lacking in the published literature and projecting habitat and population 
conditions into the future is needed.  Because of the uncertainty of quantifying the population 
status and other aspects of lynx biology, the Service and facilitators decided to generate a 
series of discussion questions with quantifiable responses (scores) concerning the redundancy, 
resilience, and representation (3 Rs) of the DPS.  Although scores provided a starting point for 
discussion among experts and are quantified, analyzed, and summarized as appropriate in the 
following sections of this report, the Service also places high value on the content of the 
discussion among experts.  Therefore, both the analyses of scores and summaries of the 
discussion content are presented and will be considered during development of the SSA, noting 
that both were integral to the expert elicitation process. 

The types of questions and the format of responses differed based on the information needed to 
inform the status assessment, and the best way to capture the information relevant to the 
question being asked.  For example, responses were requested in the form of lists, when a set 
of influences was desired, in the form of a 4 point elicitation (e.g., the most likely, high, and low 
end of a range, and confidence that the range contains the true value) when an uncertain 
quantitative value was desired, in the form of graphed trajectories when probabilities of 
persistence over time were desired, and other forms as necessary (see questions below).  
Experts submitted their scores independently via submission sheets (sticky notes, index cards, 
graph paper, etc.) with their ID numbers.  Note takers recorded and displayed scores to assist 
discussion.  Facilitators and other members of the SSA Team then asked directed questions to 
clarify responses from the panelists as needed.  Following each round of discussion and 
clarification, the panelists were provided the opportunity to update their response if desired and 
the second round of responses were collected and recorded.  The final responses are the only 
responses reported here.  The range of individual responses that we received was not 
combined (e.g., averaged or otherwise) in any way that would obscure or conceal individual 
responses, and the final scores for each panelist were recorded if the response was revised. 

We present the results of the expert elicitation below under the headings of representation, 
redundancy, and resilience.  Under each heading, the following is provided:  the definition of the 
viability category (3 Rs) under consideration, the question(s) asked of the expert panelists, 
response type (i.e., the form of the response requested of the experts), question clarification 
(i.e., a narrative description of any additional information provided to the experts by the 
facilitators for clarification as the questions were asked), expert responses, and notes from the 
discussion. 
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Expert Responses 

Representation 

Definition - Representation contributes to the adaptability and evolutionary capacity of a 
species over time, to accommodate long term issues like climate change.  The breadth of 
genetic ecological, demographic, and behavioral diversity across a species’ range may 
contribute to its capacity to adapt over time.  Measures of genetic and life history variability 
among populations, distribution of populations across a range of ecologically diverse locations 
or niches, etc., are useful proxies to measure.  Consider needs for establishing or reestablishing 
populations in unoccupied habitat that may be necessary or suitable for species adjustment to 
climate change or other stressors, including the need to replace former populations in no longer 
represented ecosystems. 

Representation Questions  

1.  Are any of the geographic units susceptible to genetic drift on a scale that would limit 
genetic viability?  If yes, which geographic units? 
 
Response Type:  Experts supplied a written response of “yes” or “no,” with a yes answer 
accompanied by a list of susceptible geographic units. 

Expert Responses:  Five experts responded that none of the geographic units are susceptible to 
meaningful genetic drift, two experts abstained from answering, and three experts responded 
that there are geographic units that are susceptible to such genetic drift.  Among the latter, one 
expert responded that the Colorado geographic unit is susceptible over a long period of time, 
and the other two experts responded that both the Colorado and GYA geographic units are 
susceptible to genetic drift. 

Discussion Points Following Initial Responses:  It wouldn’t take many immigrating lynx to 
provide adequate genetic diversity to prevent genetic drift.  One reproductively successful 
immigrating lynx every 5 to 10 years per geographic unit is likely sufficient to prevent genetic 
drift.  Most experts believed there was a low likelihood that even the smaller lynx populations 
(GYA and Washington) or those in more isolated geographic units (Colorado and GYA) are 
vulnerable to genetic drift at a scale that would impact viability, though several experts felt that 
both the GYA and the western Colorado units could experience meaningful drift in the absence 
of immigration or augmentation.  Overall, most experts felt there is a low risk of genetic drift 
being a problem for lynx in the DPS.  

2.  Are there locations from a lynx perspective that have unique habitat conditions 
relative to other areas in the lynx range that are necessary to foster future adaptive 
capacity of the DPS?  If yes, where? 
 



26 

Response Type:  Open discussion.  No response forms were submitted, but notes were taken 
on the discussion that followed. 
 
Question Clarification:  The experts required some clarification of terms and the intention of this 
question to respond.  Facilitators read the working definition of representation (above), which 
previously had been provided to the experts.  Experts then discussed representation across the 
lynx DPS from an adaptive capacity perspective. 
 
Expert Responses:  The response was an open discussion captured below. 
 
Discussion Points Following Initial Responses:  Maintaining genetic variability is important for 
adaptive capacity.  If uncertain about the capacity for lynx to adapt, then experts encouraged 
that all populations (and hence the genetic variation within each) be maintained.  Experts 
indicated that it doesn’t appear that any U.S. population is more or less important to maintain 
than the others because of relatively similar ecological settings and the generally low level of 
genetic differentiation across the DPS.  Summary:  Experts discussed that maintaining 
representation in the DPS could best be achieved by retaining current DPS populations, 
maintaining connectivity between DPS and Canadian lynx populations, conserving the genetic 
diversity currently represented in DPS, and avoiding impacts that could facilitate or increase the 
potential for or likelihood of genetic drift. 

It was also noted that lynx north of the DPS in some parts of eastern Canada (in New Brunswick 
and Quebec south of the St. Lawrence Seaway and on Newfoundland Island) have some 
unique alleles, including at functional genes, and should be preserved.  Lynx in these areas are 
relatively more isolated than lynx elsewhere in Canada.  Lynx south of the St. Lawrence are 
separated from lynx to the north by the seaway itself, which historically froze over during winter 
but which is now kept open to facilitate maritime shipping, perhaps reducing the level of genetic 
exchange between lynx on opposite sides.  Lynx on Newfoundland Island are separated from 
lynx in mainland Labrador and Quebec by the 15- to 60-kilometer-wide Strait of Belle Isle.  
Despite the relative isolation of these populations, genetic evidence indicates some interchange 
between lynx south and north of the St. Lawrence and between Newfoundland Island and 
mainland populations.  Eastern Canadian populations north of the St. Lawrence may have 
slightly different genetic composition than lynx in the Maine geographic unit. 

Redundancy 
Definition - Redundancy contributes to the ability of population types to withstand catastrophic 
events (hurricanes, wildfires, etc.).  The number and distribution of populations of each 
representative type contribute to the retention of various representative types despite 
catastrophic events by ensuring that the loss of a population doesn’t lead to the loss of 
representation. 

Redundancy Questions 
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1.  List the factors/catastrophic events that could functionally extirpate an entire 
geographic unit. 
   
Response Type:  Each expert supplied a written list submitted via index card of the 
factors/catastrophic events. 
 
Question Clarification:  Three issues required clarification prior to obtaining responses to this 
question.  First, we initially asked about eliminating a “population” rather than a geographic unit.  
Because some of the geographic units may support several relatively isolated subpopulations, 
experts questioned whether we meant individual populations or subpopulations.  We clarified 
that we are evaluating the likely persistence of resident lynx populations in each of the six 
geographic units that currently support or recently supported them; therefore, we are interested 
in the likelihood that a catastrophic event could result in the extirpation of resident lynx from the 
entirety of any of the geographic units. Second, we were asked if extirpation meant the 
complete loss of all lynx from a unit.  We clarified that we wanted to know if lynx could be 
“functionally extirpated” from any geographic unit, with functional extirpation described as the 
loss of the unit’s ability to support a resident breeding population(s) of lynx.  Third, experts were 
not clear what an “event” entailed.  After discussion, it was agreed that an event was defined as 
a single occurrence of some form, such as a fire, drought, hurricane, etc., that occurs over a 
relatively brief period of time, rather than a series of smaller cumulative events (e.g., a series of 
climate change-associated occurrences of fires or insect outbreaks over the course of a 
decade) causing a cumulative catastrophic result. 

Expert Response:  Six of the ten experts did not list any catastrophic events that could result in 
the functional extirpation of lynx from any entire geographic unit.  Three of the experts listed 
multiple catastrophic events they felt could result in at least temporary functional extirpation of 
lynx in a unit.  Among these, two of the experts listed fire, three listed disease, one listed insect 
outbreak, and one listed a failure of winter conditions due to a combination of heat or drought 
conditions.  One expert listed geographic unit-specific events, namely fire or insect outbreak for 
the Washington geographic unit, insect outbreak in Maine, and either insect outbreak or fire for 
one of the Minnesota geographic unit’s groupings of individuals, but not all. 

Discussion Points Following Initial Responses:  Experts were told that climate change was not 
considered a catastrophic event because it is both a driver of events and influences severity, 
rather than being an event itself as defined above.  Experts discussed the possibility that the 
Washington geographic unit, because of its relatively smaller size and history of recent 
extensive fires in lynx habitat, may be at risk of functional extirpation from multiple catastrophic 
events; disease, fire, and beetle outbreak were all mentioned as possible events.  One expert 
suggested that the Minnesota geographic unit could potentially be eliminated by a very large 
fire, although there was a low probability of this occurring.  Experts expressed some uncertainty 
whether fire could occur at the severity and scale sufficient to eliminate an entire geographic 
unit; however, a series of fires over a short time period may have the potential to cause 
functional extirpation of lynx from a geographic unit or significantly reduce the number of 
resident lynx it could support, at least temporarily. 
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2.  Could any of the catastrophic events listed in response to redundancy question 1 
eliminate all 6 geographic units simultaneously? 
 
Response Type:  Each expert supplied a written response of “yes” or “no.” 

Expert Response:  All experts answered “no.” 

3.  What is the probability (expressed as a percentage) that any single geographic unit 
could be eliminated by a single catastrophic event in the next 10 years? 
 
Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  In response to the discussion around question #1, which resulted in the 
inclusion of question 3, this question was modified from its original script to include a 10-year 
time frame (underlined). 

Expert Responses:  All responders gave a relatively low probability (≤ 10%, median of 1%) that 
any single geographic unit could be eliminated (resident lynx functionally extirpated) by a single 
catastrophic event in the next 10 years (Figure 2).   

4. What is the percent likelihood that a series of catastrophic events within the next 10 
years could cause functional extirpation of one or more lynx geographic units? 

Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  This question was developed after discussion of question 3 to capture 
the possibility of functional extirpation of lynx from geographic units due to a series of 
catastrophic events over a relatively short time rather than a single event that occurs at one 
point in time. 

Expert Responses:  The percent likelihood ranged from 0.5% to 60%, with a median response 
of 7.5% (Figure 2).  Expert responses indicated a higher probability of a series of catastrophic 
events over 10 years resulting in functional extirpation than a single event in the next 10 years, 
as in question 3.  
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Figure 2.  Individual scores and summary boxplots of the percent chance that a geographic unit 
is eliminated by a single catastrophic event (question #3, left) or a series of catastrophic events 
(question #4, right) in the next 10 years.  Note:  This and all subsequent figures below were 
generated using the statistical software R (Appendix 6).  

In Figure 2, individual responses to a single catastrophic event were 0.01%, 0.1%, five 
responses of 1%, 5%, and two responses of 10%.  Individuals responses to a series of 
catastrophic events were 0.5%, 1.1%, three responses of 5%, 10%, 15%, 20%, 40%, and 60%).  
Boxplots illustrate response mean values (bold black lines), the 25% and 75% quartiles (upper 
and lower bounds of boxes), and the highest and lowest values within 1.5 times the quartile 
range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of the 
whiskers (outside 1.5 times the quartile range) are considered outliers and plotted as points 
beyond the ends of the whiskers (i.e., experts 3 & 4 in Q3 and experts 3 and 10 in Q4, as 
indicated by the points plotted between experts 5 and 6).  The individual expert responses used 
to produce the boxplots are indicated by x-marks.  Boxplots are provided as a summarizing 
visualization to aid comprehension of the experts’ responses and their range, and the summary 
values are presented in this context and not intended for use outside of the context of the full set 
of responses. 

Discussion Points Following Initial Responses:  One expert noted that the probability of 
extirpation in any one of the 6 geographic units is greater than the probability of a single specific 
geographic unit being extirpated.  Also, any combination of a series of events over a decade 
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increases the likelihood of extirpation in any one geographic unit relative to the probability of 
extirpation due to a single event.  

Although median probabilities of extirpation were low, experts felt the geographically smallest 
unit (Washington) and those units believed currently to support the fewest resident lynx (GYA, 
Washington, and Minnesota) were the most vulnerable geographic units when scoring this 
exercise.  Fire, drought, and beetle kill were the most frequently mentioned events that were 
considered by the experts when answering this question.  Some experts felt that these 
geographic units may be susceptible to such a scenario because of small geographic and/or 
population sizes and distribution.  In particular, it was noted that this past year there were many 
fires in lynx habitat, especially in Washington, and another year with similar fire impacts, or a 
few such fire years in a 10 year period, could lead to extirpation of lynx in the Washington 
geographic unit.  An expert noted there currently may be as few as 24 remaining females in 
Washington and that with fewer individuals in this area it would result in a higher probability of at 
least temporary extirpation.  Experts noted that fire disturbance data are likely available that 
could be used to model the likelihood of future fire impacts to each geographic unit.  

Experts with outlier responses provided their rationales.  Experts having the lowest scores 
believed that even the smallest geographic units would have only a low probability of extirpation 
in the next decade - that the time frame under consideration was very short.   

5.  What length of time would be required for a geographic unit eliminated by a 
catastrophic event to reestablish naturally? 
  
Response type:  4-point elicitation.  Each expert supplied a written response in years for the 
longest, shortest, and most plausible time periods for reestablishment of a resident lynx 
population within a geographic unit following functional extirpation.  They were also asked to 
indicate their confidence, as a percentage chance, that the true amount of time necessary for 
reestablishment would fall between the shortest and longest plausible time periods provided. 
 
Expert Responses:  The responses to each of the points elicited are shown below in Table 1.  
Two experts provided additional information beyond the 4 points elicited when responding.  One 
presented two scenarios, one in which connectivity is intact and the habitat was damaged by the 
catastrophic event (e.g., insect outbreak or fire) which would require habitat regrowth first, and 
the second in which the habitat remained present.  In the case of habitat being present the most 
likely time period response was less than 10 years.  In the habitat elimination scenario the 
expert felt given climate changes to habitat that the geographic unit would not re-establish.  The 
second expert responded by geographic unit, with the exception of the Minnesota geographic 
unit for which there was no response.  Their responses are summarized in Table 1 using the 
overall longest and shortest responses as well as the average of the most plausible time (see 
footnote 3). 
 
Table 1.  Expert responses regarding the natural reestablishment time in years for a geographic 
unit after extirpation by a catastrophic event. 
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Expert # 
Reestablishment Time in Years Percent Confidence in 

Range3 Shortest Plausible 
Time 

Most Plausible 
Time  

Longest Plausible 
Time 

1 10 40 100 50% 
2 15 100 300 80% 
3 15 35 60 5% 
44 1, 

will not reestablish 
<10,  

will not 
reestablish 

will not reestablish 100% 

5 25 50 100 75% 
6 20 30 50 90% 
7 15 20 25 90% 
8 15 50 will not reestablish 40% 
9 20 30 100 50% 

105 15 55 200 50% 
 

Expert responses are also visualized in Figure 3 and Figure 4 below.  The raw responses are 
visualized in box plot form to aid communication of the results (Figure 3).  Confidence ranges 
provided in a four point elicitations enable expert responses to be rescaled to produce a 
common confidence bound across experts using linear extrapolation (e.g., McBride et al. 2012).  
We calculated the 95% confidence interval for the shortest and longest plausible time periods 
for each expert (Figure 4).  In cases where the linear extrapolation resulted in negative years for 
the shortest time periods, we adjusted to zero.  This may indicate underconfidence in the 
responses provided by the experts, or that the use of linear extrapolation for these 4-point 
elicitation responses fails to distribute expert uncertainty in a manner consistent with the actual 
uncertainty present in expert responses (i.e., the experts could have been more confident in 
their shortest plausible time response than their longest plausible time responses, which the 
linear extrapolation doesn’t account for). 

                                                
3 Expert confidence that the true recovery time would fall between the shortest and longest time periods 
of their response. 
4 This expert provided a response for two scenarios, first that the catastrophic event does not result in 
habitat loss, and second that habitat is lost and therefore connectivity to extant populations is lost. 
5 This expert provided separate responses for each geographic unit.  The values in this table are the 
overall shortest, longest, and average most plausible number of years indicated in the responses across 
geographic units. 
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Figure 3.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events. 

The raw responses for each of the three time periods (longest plausible time to reestablishment, 
most plausible time, and shortest plausible time period) are displayed in the box plots in Figure 
3 above.  Boxplots illustrate response mean values (bold black lines), the 25% and 75% 
quartiles (upper and lower bounds of boxes), and the highest and lowest values within 1.5 times 
the quartile range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of 
the whiskers are considered outliers and plotted as points.  The individual expert responses 
used to produce the boxplots are indicated by x-marks.  Boxplots are provided as a 
summarizing visualization to aid comprehension of the experts’ responses and their range, and 
the summary values are presented in this context and not intended for use outside of the 
context of the full set of responses. 
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Figure 4.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events, adjusted to provide 95% confidence bounds. 

In Figure 4, 95% confidence bounds were produced from the 4-point responses using linear 
extrapolation.  Shortest plausible time period is in blue, most plausible is green, and longest 
plausible is red.  For plotting purposes negative shortest time period values were adjusted to 
zero, and all zeroes in the plot indicate 95% confidence bounds that extended below zero.  
Longest time periods beyond 350 years were plotted at 350, with the actual time period noted in 
text left and below those points.  Also note that expert 10 responded by geographic unit, so the 
figure displays the 95% confidence bound adjusted overall longest, overall shortest, and 
average most plausible time periods across the six units for expert 10. 

Discussion Points Following Initial Responses:  Experts discussed the amount of time it takes 
for habitat to recover after catastrophic events (e.g., fire, insects) when considering timeframes 
for repopulation.  Some experts could picture some geographic units never being recolonized 
again, and that some could be recolonized immediately, depending on which geographic unit is 
being evaluated and the level of connectivity to other geographic units and to lynx populations in 
Canada.  Washington is more connected to Canada than the Colorado geographic unit for 
example.  The rate of recolonization was variable for each geographic unit because of the size 
of each geographic unit, status of adjacent source geographic units, and the level of 
connectivity.  Experts found it hard to generalize across the range of the species for this 
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question.  The variances in the geographic units across the range need to be considered.  
Experts believed GYA and CO would have a long period for recolonization, if ever recolonized, 
after a potential extirpation event because of the lack of connectivity with Canadian populations.  
It is likely that those geographic units with connectivity to Canada would recover much sooner 
than geographic units not connected to Canada. 

Resiliency 

Definition - Resiliency speaks to an individual population’s ability to tolerate environmental and 
demographic stochasticity, such as fluctuations in temperature or genetic drift.  It is often 
measured in terms of population size and growth rate, but in fact is dependent on a number of 
traits, both demographic and environmental.  These include, among others: age or stage class 
distribution, genetic heterogeneity, birth rates, annual survivorship, sex ratios, etc., and the 
quality and extent of habitat, the degree of disease, competition, etc.  Metapopulation dynamics 
and distribution can also contribute to population resiliency in some species. 

Resiliency Questions:  Probability of Persistence Exercise  

Exercise Summary 

The first two resiliency questions were asked concurrently as part of a probability-of-persistence 
exercise conducted for each geographic unit.  Experts were asked to graphically provide the 
probability of persistence of resident lynx through time for each geographic unit, as well as the 
major factors influencing persistence in those geographic units, one geographic unit at a time.  
Experts were asked to provide persistence probabilities and influencing factors for the near-term 
(2025), mid-term (2050) and longer-term (2100).  Experts were also asked to indicate on each 
of their graph sheets the emissions scenario (low, moderate, or high/status quo) they were 
considering in graphing persistence probabilities and listing influencing factors.  
 
We began this exercise with the Northern Maine geographic unit, and the discussion and 
questions among experts that followed the initial persistence-graphing and factor-listing efforts 
indicated that a review of the status and major issues confronting lynx in each unit (a quick 
reminder and summary of the earlier status update presentations) would be helpful.  Therefore, 
prior to expert responses for the remaining units, the expert(s) most familiar with the geographic 
unit in question gave a 5-10 minute summary of what they viewed as the most relevant 
information about the current and likely future status of lynx populations and habitats in that unit.  
They also presented any other conditions or issues they thought could affect the probability of 
persistence of resident lynx in that unit.  All experts then completed their graphs and lists of the 
factors that influenced the probabilities of persistence they selected for each time frame for the 
geographic unit in question.  For the Maine unit, the discussion following initial responses 
served the same purpose, and after that discussion, experts were given the opportunity to 
revise their responses if they felt it necessary. 
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After all experts completed their responses, the graphs and influence lists from each expert 
were posted on the wall, and workshop participants were invited to gather around to view and 
discuss the range of responses.  Facilitators and SSA Team members then polled the experts 
about what drove their responses.  These questions were a mix of directed questions about 
unique responses, the role of particular factors noted in the responses, and open-ended 
questions to allow experts to describe their thinking.  Experts and team members were also 
encouraged to ask clarifying questions about the responses.  Experts were encouraged to 
modify their responses by posting a revised sheet above their first response if they wished to 
adjust their responses based on the discussions. 
 
1.  What is the probability of persistence over time (particularly at present, 2025, 2050, 
and 2100) for each of the 6 major geographic units? 
 
Response Type:  Graphical 3-point elicitation.  Each expert was provided a blank sheet of 
graphing paper with a y axis of probability of persistence, and an x axis of time, with 4 time 
periods bolded (2015, 2025, 2050, and 2100).  For each of those years, experts were asked to 
add a point to the graph representing the lowest, highest, and most likely probabilities of 
persistence at that time period.  Experts were also asked to connect the points through time. 
 
Question Clarification:  It was explained that the most likely point should represent the 
probability of persistence that the expert anticipates to be most likely to occur for that 
geographic unit at each time period, and that  the points for lowest and highest probability of 
persistence were intended to capture the expert’s uncertainty in the future probability of 
persistence.  Experts preferred to indicate a most likely probability and to provide a full 
confidence interval (i.e., upper and lower bounds within which they felt 100% certain the future 
probability of persistence would fall) rather than indicate a confidence level associated with the 
lowest and highest probability responses. 
 
Expert Responses:  Responses are by geographic unit and are presented below in conjunction 
with the responses to question #2 below. 
 
2.  What are the major drivers/factors (up to 3) reducing probability of persistence for 
each of the major geographic units? 
 
Response Type:  Ranked list of top three factors, for each point in time (present, 2025, 2050, 
and 2100), with % contribution of each factor. 
 
Question Clarification:  Resiliency questions 1 and 2 were asked concurrently.  Experts were 
provided a sheet of paper for each geographic unit and the area at the bottom of the sheet 
below the graphing area was used to list the three major factors they expected would most 
significantly influence the probability of persistence at each time period.  Influencing factors 
were described as those anthropogenic or naturally-occurring activities, events or factors that 
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could influence the probability that resident lynx populations will persist in a given geographic 
unit. 
 

Expert  Responses:  For each geographic unit an overview of the unit from the area 
expert are provided, as well a summary of the hand drawn graphs via a figure (Figures 
5 - 10), the responses and major factors are summarized via text, and the discussion 
that the responses generated are presented. 

Results by Geographic Unit 

Northern Maine  

Pre-graphing Overview from Unit Experts:  This step was not added to the process until after the 
probability of persistence exercise for this unit.  Because this unit was the first for which experts 
attempted to graph persistence over time, there were many questions and much discussion 
about process and intent.  It was the discussion following this initial graphing exercise that led 
the SSA Team to request unit summaries prior to subsequent graphing exercises.  The Team 
felt that overview information similar to that provided prior to graphing persistence for 
subsequent units (below) came out during the discussion.  Further, because experts were 
encouraged to update their Northern Maine geographic unit responses as necessary following 
that discussion, the Team felt that the results of the graphing exercise for the Northern Maine 
geographic unit were valid and comparable to the results generated for the other units. 

Expert Responses:  All experts indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Maine through the end of the century, with uncertainty (range 
between lowest and highest probabilities) also increasing over time.  Nearly all experts 
predicted near-term (year 2025) persistence probability >= 90% and mid-century persistence >= 
70%.  All experts predicted end-of-century persistence probability >= 50% for this unit, with most 
predicting a 40% to 60% probability of persistence by 2100 (Figure 5).  Near-term drivers that 
influenced experts’ probabilities of persistence for this geographic unit were changes in private 
forest land ownership, changes in forestry management (timber harvest methods, volumes, and 
spatial distributions), habitat decline (succession of previous clear-cuts from young, dense 
regenerating stands to mature stands less conducive to high hare densities), spruce budworm 
outbreak, climate change-induced loss of spruce-fir habitats, and competition with bobcats due 
to climate change-induced loss of snow conditions that favor lynx.  Longer-term (2050, 2100) 
drivers similarly included changes in forestry practices, but also climate-driven loss of snow 
conditions favorable to lynx/competition with bobcats, and loss of spruce-fir forest.  As with 
responses for other geographic units, not all experts provided the factors that influenced their 
persistence probabilities for each time period, and not all provided the percent contribution of 
each factor. 
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Figure 5.  Expected probability of persistence for the Northern Maine geographic unit at present, 
2015, and in 2025, 2050 and 2100. 

Note:  In Figure 5, above, and figures 6 through 10, below, points for each of the 10 expert 
responses, for each of the three probability of persistence levels, i.e., highest, most likely, and 
lowest probabilities of persistence, are represented by the hollow red, filled green, and hollow 
blue points respectively.  The black x mark is the median of the most likely responses across 
the experts in each response year.  The red, green, and blue dashed lines connect the median 
of the highest, most likely, and lowest probability of persistence responses across the experts in 
each response year.  The edges of the grey area were defined by the extreme responses, i.e., 
the range from the largest of the highest probability of persistence responses to the smallest of 
the lowest probability of persistence responses.  The median lines and grey area are provided 
as a summarizing visualization to aid comprehension of the experts’ responses and their range, 
and should not be viewed as a substitute for individual responses or presented outside the 
context of the accompanying discussion. 

Discussion Points Following Initial Responses:  One expert expressed confidence that the lynx 
population in Maine will be stable in the near term; that climate change out to 2050 will primarily 
affect coastal areas, which support few lynx; and that there will likely still be favorable conditions 
for lynx in northern Maine where most lynx currently occur.  A second expert disagreed, and 
indicated that a combination of aging of the last of the budworm-era (1970s-80s) clear-cuts, the 
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cumulative effects of the last 25-years of partial harvesting (in accordance with the Maine Forest 
Practices Act), and the coming spruce budworm outbreak will all substantially reduce the 
amount of high quality lynx/hare habitat in this unit.  Projecting past 2050, experts generally 
agreed that climate change will likely create unfavorable conditions (e.g., insufficient snow, loss 
[northward migration] of spruce-fir forests) in northern Maine’s core area for lynx, and the 
probability of persistence will decline over the longer term.  Although uncertainty increases with 
time from the present, climate-related loss of favorable snow conditions (amount, consistency, 
and duration), loss of spruce-fir, and bobcat competition will likely reduce the probability of 
persistence in this unit beyond 2050.   

There was some concern that timber companies would not respond to the pending spruce 
budworm outbreak like they did in the 1970s (extensive clear-cuts).  Some experts also 
expressed concerns about the effects of the current clear-cuts aging past conditions that 
support hares and lynx.  Out to year 2050, changes in snow conditions and loss of spruce-fir 
associated with climate change will contribute to habitat loss.  Past 2050, diminished snow, 
successional loss of high-quality habitats, increased competition from bobcats, and spruce-fir 
decline will make conditions unfavorable for lynx.  Some experts assumed a high-emissions 
climate change scenario, but others said their predictions would not change under moderate 
emissions scenarios.  The second expert (above) indicated that current data show spruce-fir 
habitat is being replaced with a hardwood forest (red maple) system, and that this will continue 
throughout the century.  This expert indicated hardwood forest invasion isn’t being controlled by 
herbicides as it was in the last budworm outbreak.  The first expert (above) disagreed and said 
that lynx are resilient and forestry practices will likely sustain spruce-fir habitats in Maine, 
providing an example of one timber company that has already invested in spruce plantations.  
The second expert indicated that most of the land base is owned now by Timber Investment 
Management Organizations and Real Estate Investment Trusts who will not employ intensive or 
expensive (plantation, herbicide) forms of forestry.  In summary, experts expressed a variety of 
opinions about how forest management may change in the future in Maine and, in particular, 
how forest landowners and managers may respond to the pending spruce budworm outbreak, 
and how these responses may impact resident lynx.  

Other factors considered by the experts included budworm outbreaks, the potential for disease 
in a lynx population (not currently a recognized or documented threat and typically unexpected, 
but always a possibility), ecosystem change induced by climate change, forest tree species 
composition changes, competition with other temperate forest animals.  There are many 
interrelated factors and different stresses and factors that may occur in the future.  It is difficult 
to anticipate the factors that will affect lynx in the future.   

Experts discussed the role of competition between lynx and other carnivores, especially 
bobcats, throughout the DPS.  One expert remarked that in some parts of Montana there is 
complete overlap of lynx and bobcat home ranges and little or no evidence of competition 
effects.  Others indicated relatively narrow regions of overlap and sharp demarcation between 
areas that support home ranges of the two species that correspond with annual snowfall 
amounts in Maine and Minnesota.  Experts were unsure whether bobcat-lynx overlap is more a 
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function of snow conditions in these areas or competition between the species (i.e., competition 
for food or behavioral competition).  Although separation of the species has been documented, 
the nature and causes of the separation are not certain.  Bobcats are a more generalist predator 
than lynx and less reliant upon hares than lynx.  Experts expressed varying opinions regarding 
seasonal differences in overlap among lynx and bobcat diets, the effect and importance of 
competition between the two species, and whether it is behavioral or resource competition.    

Lynx in Maine have not responded to changes in hare abundance exactly as lynx in Canada 
and Alaska have to hare population cycles.  In Maine, the proportion of females that reproduced 
and average litter size declined during low hare years, as in the north, but home range sizes in 
Maine did not increase as they did in the north when hare abundance was low.  Hare densities 
do not appear to have dropped below a critical threshold to alter lynx home range size in Maine 
as in the North.   

An SSA Team member asked how hare cycles or fluctuations may affect predictions of 
persistence in Maine.  The first expert (above) said that hare declines documented by University 
of Maine monitoring is likely due to the aging forest, and that lynx in Maine haven’t yet 
responded biologically to the range of hare densities observed in Maine, as suggested by the 
lack of change in home range sizes and survival.  The second expert (above) disagreed, and 
cited University of Maine research that showed hare populations declined by ~50% in all stand 
types sampled starting in 2006, that forests where hares were monitored have not yet 
progressed to the self-thinning stage, and that the hare decline in Maine is mirrored by hare 
data from southern Quebec.   

Northeastern Minnesota 

Pre-graphing Overview from Unit Experts:  There are probably 50-200 resident lynx in 
Minnesota but there is much uncertainty and survey protocols do not support generation of 
precise abundance estimates.  Lynx occupancy and reproduction both have been consistently 
documented in the state since it was listed in 2000.  Lynx in this geographic unit are interacting 
with, and possibly depending on, southern Ontario populations.  Although females exhibit high 
reproductive rates, radio-telemetry data suggest low recruitment of Minnesota-born kittens into 
the breeding population of this geographic unit.  Bobcats are a potential future stressor as they 
are encroaching into lynx areas; fire is a threat in dry years (e.g., there have been 3 fires in last 
15 years that have burned approximately 20% of lynx habitat).  The forest management industry 
is tied to softwoods and continued management of softwood tree species is expected in the 
future. 

Expert Responses:  As with the previous unit, all expert graphs showed initially high and 
subsequently declining probability of lynx persistence in Minnesota over time, along with 
increasing uncertainty through the end of the century.  Nearly all experts predicted near-term 
(year 2025) persistence probability >= 90%, and all experts predicted mid-century persistence at 
60% to 90% (median = 80%).  Experts predicted end-of-century persistence probabilities of 10% 
to 60%, with a median of 35%, by 2100 (Figure 6).  Near term drivers were reduced snow, 
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bobcat competition, disease in lynx (e.g., lungworm, liver fluke, feline leukemia), and forest 
insects.  Long term drivers were reduced snow, competition with bobcat, loss of spruce-fir 
forests, fires, and climate change. 

 

Figure 6.  Expected probability of persistence for the Minnesota geographic unit at present 
(2015), and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts expressed uncertainty whether 
potential climate change impacts will be realized in the short term, but that the cumulative 
effects of climate-induced changes seem more likely in the longer term.  This uncertainty may 
be a source of variability in predicted persistence probabilities.   Some experts expressed 
uncertainty about the accuracy of the rough estimate of the size of the lynx population in this 
unit because surveys were not designed to provide population estimates.  Some experts wanted 
clarification on the distribution of lynx in the state, and which areas of the state have the highest 
use.  The core-use spatial extent was described as a 20-mile-wide strip inland from the north 
shore of Lake Superior and extending about 60 miles from the northeast tip of the “arrowhead” 
southwest into the Superior National Forest (SNF).  Lynx occasionally occur further west in the 
SNF and in other areas such as Voyageurs National Park.  Recent snow-track surveys suggest 
lynx may be using a larger portion of the arrowhead region, and radio-telemetry data have 
documented travel to and from southern Ontario.  Lynx also have been documented to use the 
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1-million-acre Boundary Waters Canoe Area Wilderness (BWCAW) that borders Canada for 
dispersal in both directions across the border.  However, because the BWCAW has not been 
surveyed for lynx, the number of lynx that may use this area is unknown.  The SNF does not 
actively manage the BWCAW.  The current connectivity between lynx in this unit and the larger 
population in Ontario reduces the likelihood of local extirpation in this geographic unit, but the 
likelihood would increase if connectivity was compromised and cross-border interactions 
reduced. 

Factors considered included potential disease, fire, loss of boreal forest, competition with 
bobcats and possibly other hare predators.  Some experts questioned the validity of disease as 
an influence in this and other geographic units because although disease has been documented 
in some felines, it has not been documented as a threat to lynx in any of the DPS populations to 
date.  Some experts speculated that because there is a link between disease and temperature 
increases in other animals, projected climate warming could contribute to disease in lynx.  
Therefore, although not a factor for lynx currently, it is not unreasonable that disease could 
impact lynx populations in the DPS in the future, so we may want to consider disease in future 
conservation planning.  Experts also discussed the possibility that climate warming may 
facilitate the westward expansion of the spruce budworm outbreak that is projected for Maine 
and eastern Canada into southern Ontario and the Minnesota geographic unit. 

Northwestern Montana/ Northeastern Idaho 

Pre-graphing Overview from Unit Experts:  There are likely 200-300 lynx in this unit in several 
subpopulations (expert stressed that this is a guess and not a true population estimate), and 
there is currently a connection with lynx in Canada.  Climate models project that some boreal 
forest will persist in this unit and that it will maintain snow into the future.  In this unit, lynx 
primarily occupy public lands, which are actively managed for lynx into the future.  In recent 
decades, fires have occurred on a large scale, with high intensity and increasing frequency.  
There have been no documented cases of beetle infestations in lynx habitats in this unit. 

Expert Responses:  As for previous units, all expert graphs showed an initially high and 
subsequently decreasing probability of persistence for this unit, with increasing uncertainty over 
time, but a higher probability of persistence at all time frames than other units.  All experts 
predicted near-term (year 2025) persistence probability >= 95%, and all predicted mid-century 
persistence at 70% to 100% (median = 90%).  All experts predicted end-of-century persistence 
probabilities >= 50%, with a median of 78%, by 2100 (Figure 7). 
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Figure 7.  Expected probability of persistence for the Northwestern Montana/Northeastern Idaho 
geographic unit at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Overall, experts assigned a higher probability of 
persistence in this unit compared to the other two units discussed thus far.  Most lynx habitats in 
this unit occur on Federal lands that are managed for lynx conservation, but one expert noted 
that little has been done to document whether lynx are responding to this management.  The 
recent sale of large tracts of private commercial timberlands in the central part of this unit to The 
Nature Conservancy has increased protection for lynx via conservation easements managed for 
lynx.  Habitats in some areas should improve in the near future as previously cut or burned 
areas mature into dense stands.  Unlike the Maine and Minnesota geographic units (but similar 
to most other western units), high elevations in this unit could buffer the effects of climate 
change by providing for the upslope migration of lynx habitats and snow conditions that climate 
models predict.  However, this would result in even patchier and more isolated islands of habitat 
in high elevation areas that would be more prone to extirpation due to catastrophic or stochastic 
events.  Competition from coyotes and bobcats seem to be less of a concern for this unit. 

This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 



43 

occurring or will into the future.  There doesn’t appear to be much demographic input from 
recent cycles.  There is evidence of lynx from this unit moving north into Canada, but little 
evidence of demographic interactions among the three subpopulations (Purcell Mountains, 
Seeley Lake, and Garnet Mountains) in this unit.  Experts noted that the Garnets Mountains 
subpopulation at the southern end of this unit may have recently become extirpated.     

Discussion among experts indicated that fire was more of a concern for this area.  Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit.  Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels.  Out to 2050 and 
beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity.  Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 

Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats.  Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change.  It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level.  One expert reminded that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation.  Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in future.   

North-central Washington 

Pre-graphing Overview from Unit Expert:  This geographic unit is thought to currently support 
roughly 50 resident lynx.  There may have been more lynx prior to recent major fires.  This unit 
is currently connected to Canada, and there is no indication that this connection will be 
disrupted.  Some of the best lynx habitat in this unit occurs on plateaus that may be more 
vulnerable to impacts of climate change because of the absence of higher-elevation areas to 
which habitats, lynx and hares could migrate in response to warming.  In areas that receive 
maritime climate influences, projected climate-induced changes to snow conditions could be 
detrimental for lynx.  Studies have shown good lynx survival rates in this unit. 

Expert Responses:  Compared to the previous units, most expert graphs showed a lower 
probability of persistence for this unit over the short term, and then lower probability of 
persistence along with increasing uncertainty by 2100, reflecting a more pessimistic outcome for 
this unit compared to previous units (Figure 8).  Experts predicted near-term (year 2025) 
persistence probabilities of 60% to 90% (median = 80%), and mid-century persistence at 30% to 
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80% (median = 70%).  All experts predicted end-of-century persistence probabilities less than 
50%, with a median of 38%, by 2100 (Figure 8).  However, one expert predicted an increase in 
persistence probability by mid-century as habitats impacted by recent large-scale fires 
regenerate into optimal hare-lynx habitat. 

 

Figure 8.  Expected probability of persistence for the North-central Washington geographic unit 
at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  The probability of lynx persistence in this unit 
could decrease sharply over the next 10-20 years because of extensive recent fires in lynx 
habitats and the time needed for these areas to regenerate back to good hare/lynx habitat.  
After that, the probability could rebound (or decline more slowly) over the longer term as these 
large areas return to prime habitat providing high hare densities.  The current small population is 
likely at greater risk of extirpation because of stochastic events, particularly if large fires in lynx 
habitat continue to occur in the near future as they have in the recent past.  A small population 
also could be more susceptible to disease, though none has been documented among lynx in 
this unit.  Experts discussed the extent to which small lynx populations could be reduced before 
they would become highly susceptible to stochastic demographic effects.  It was suggested that 
15-20 breeding individuals might be the minimum needed to avoid such susceptibility.  
Unimpeded connectivity between Canada and the Okanogan area of this unit could allow lynx to 
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repopulate currently-unsuitable areas after the habitat recovers.  Lynx in this unit are likely the 
southern portion of a larger population in Canada, not really a separate, isolated small 
population.  Factors that influenced expert persistence probabilities for this unit included fire, 
habitat loss, and the future loss of favorable snow conditions predicted by climate change 
models. 

Greater Yellowstone Area (GYA) 

Pre-graphing Overview from Unit Experts:  This unit has a long history of lynx presence, but the 
consistency of occupancy over time is uncertain.  Research and surveys since 1997 have 
detected few lynx in this unit.  Lynx are likely spatially limited within the unit because of the 
patchy distribution of high-quality habitat and the generally low or marginal hare densities in 
much of the unit.  Lynx have large home ranges in this area, an indicator of lower habitat quality.  
Nevertheless, until recently, this unit appears to have supported a small resident lynx 
population.  The current lynx population in this unit is very small - likely fewer than 10 lynx, and 
possibly zero.  This population may have been somewhat larger in the past; however, there is 
some uncertainty about this.  Recent surveys and trapping efforts have not detected resident 
lynx, only several that were previously released in Colorado.  Several Colorado-released lynx 
have established home ranges in the GYA unit, and there is evidence of overlapping male and 
female home ranges.  In the late 1800s and early 1900s, there was notable predator control in 
some parts of this unit.  There currently is oil and gas exploration and development activity in 
parts of this unit, but potential impacts to lynx are uncertain, and projects are attempting to 
minimize impacts to lynx habitat. 

Expert Responses:  The expert graphs for this unit were widely variable and had different 
outcomes and high uncertainty at all time frames.  Experts predicted near-term (year 2025) 
persistence probabilities of 10% to 70% (median = 52%), and mid-century persistence at 15% to 
60% (median = 35%).  All experts predicted end-of-century persistence probabilities less than 
50% for this unit, with a median of 15%, by 2100 (Figure 9).  This was the only unit for which 
most experts believed the present probability of persistence is low (i.e., that it is uncertain 
whether this area currently supports a resident lynx population).  Some experts increased 
probability of persistence into mid-century as the 1980s-era fires regenerate into hare/lynx 
habitat, and with the possibility of continued immigration of lynx from Colorado.  Other experts 
project a 10% to 20% probability of persistence by 2100.  One reason given for wide variability 
in responses is because of the uncertainty whether a population currently exists.  There were 
wide confidence intervals around the probabilities for all time periods for this area. 
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Figure 9.  Expected probability of persistence for the GYA geographic unit at present, 2015, and 
in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Current and future factors expressed by experts 
as influencing probability of persistence for this unit included small population size, forest 
disease and insect pests, and fire.  Some experts doubt that the GYA unit currently supports a 
resident breeding population of lynx.  Experts indicated that climate models predict that some 
parts of the GYA unit could provide refuge from climate change impacts because of their high 
elevations and potential to maintain winter snow levels into the future.  Summer conditions in 
this unit, however, could be drier in the future, resulting in increased fire frequency, extent and 
intensity, and additional temporary habitat loss.  However, regeneration of these areas and the 
extensive areas that have burned in the recent past may provide good habitat over the next 
several decades.  Lynx immigrating to this unit from Colorado could occupy such improved 
habitats in the near future.  Colorado lynx have made exploratory movements into the GYA in 
summer months, and analysis of available data could improve our understanding of Colorado 
lynx movement into and use of the GYA.  It is possible that lynx from Colorado are maintaining 
or could maintain lynx in GYA. 
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Western Colorado 

Pre-graphing Overview from Area Expert:  From 1999 to 2006, Colorado Division of Wildlife 
(CDOW; now Colorado Parks and Wildlife [CPW]) released 218 Canadian and Alaskan lynx into 
western Colorado.  Survival and litter sizes have been similar to rates observed in other DPS 
populations.  There are probably 100-250 lynx in Colorado today.  There are currently 5-6 
million acres of habitat in this unit thought capable of supporting lynx and where hares are 
present in sufficient numbers to support persistent reproduction.  Extensive bark beetle 
infestations have impacted large areas of lynx habitat, but snowshoe hare are still occupying 
areas with beetle damage.  Three large fires have occurred in recent years, resulting in some 
lynx habitat burned.  Salvage operations in burned areas could diminish future habitat quality.  
This unit is more isolated from Canadian and other DPS lynx populations; separated by a large 
swath of inhospitable habitat.  Road mortality of released lynx was initially high but it doesn’t 
seem to be a problem now (about 1 per year killed on roads on average since the first year of 
the reintroduction).  There is no incidental take from trapping because foothold traps are banned 
in Colorado.  Climate models show CO will maintain habitat over time with anticipated climate 
changes.  Like other western units, habitat is patchily-distributed across this unit. 

Expert Responses:  Similar to most of the other units, most expert graphs indicate an initially 
high probability of persistence in this unit that will decline gradually with increasing uncertainty 
through the end of the century.  Experts predicted near-term (year 2025) persistence 
probabilities of 60% to 100% (median = 90%), and mid-century persistence at 50% to 85% 
(median = 80%).  Experts predicted end-of-century persistence probabilities of 20% to 70% for 
this unit, with a median of 50%, by 2100 (Figure 10). 
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Figure 10.  Expected probability of persistence for the Western Colorado geographic unit at 
present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts indicated that beetle kill and fire 
could potentially create poor habitat conditions in large areas of this unit by mid-century, but that 
regeneration after these impacts could result in good lynx/hare habitats.  Others expressed 
uncertainty about whether fire and insect impacts would be temporary or permanent, especially 
considering climate change and the potential for conversion from boreal/subalpine forests to 
other forest types.  Although 8 of 10 experts graphed 50% to 70% probability of persistence at 
2100, during subsequent discussions, several expressed greater uncertainty about whether 
resident lynx will persist in the unit at the end of the century.  Higher-quality lynx habitat occurs 
primarily in two areas and is patchily-distributed.  Lynx in this unit may occur as several smaller, 
relatively isolated subpopulations, which are likely more vulnerable to stochastic events (similar 
to MT).  This unit’s relative isolation may limit exchange with other lynx populations, increasing 
the likelihood of genetic drift and reducing the chance of demographic rescue or recolonization if 
extirpated.  There was discussion about whether ski areas may affect daily movements of lynx, 
and hares may be declining in ski areas.  Ski areas tend to expand and may, therefore, have 
larger impacts on lynx in future.  There is some evidence of lynx using ski areas in summer 
months but avoiding them during the ski season.  It is uncertain whether ski areas may affect 
genetic connectivity within the Western Colorado geographic unit.  Two-thirds to three-quarters 
of the lynx in this unit are in the southern portion of the range in the San Juan Mountains.  There 



49 

is a large area (Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, 
so it is possible that lynx also could be using that area. 

Summary across Geographic Units 

This section extrapolates from the probability of persistence responses for each geographic unit 
in the section above.  In this section we show the combined probabilities of persistence for 
those geographic units to provide a sense of what the DPS-wide results could be when the 
results for the individual geographic units are combined.  This is shown as a summary of the 
probability that a given number of geographic units persist into the future (See Figure 11) using 
the probabilities provided for each individual unit.  Note that no additional information was 
elicited to produce this summary; rather, the probabilities for each geographic unit were treated 
as independent probabilities of persistence and used to determine the joint probability of 
persistence for a given number of geographic units in total.  Computationally these joint 
probabilities were computed using a convolution of the Bernoulli probability distribution of 
persistence for each geographic unit via a custom convolve function executed in the statistical 
software R (see Appendix 6 for the R code used to produce these and the other summaries and 
figures presented in the report).  The results of this convolution are shown in two forms, first is 
the probability that a particular number of geographic units persists (Figure 11) and the second 
is the cumulative probability that at least a given number of geographic units persist (Figure 12). 
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Figure 11.  Summarized probability of persistence of a given number of geographic units given 
the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 11 is the probability that the specific number of geographic 
units indicated by the x axis of the grid persist.  The probability sums to one in each grid.  
Moving from top to bottom the grids show the probabilities of a specific number of geographic 
units persisting by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by selection type and probability response.6  Therefore 
looking down a column of grids provides a view of the trend in persistence through time and 
looking across a row of grids provides a view of the range of uncertainty in persistence experts 
had for a given time period.  The summarized probabilities presented here are provided to aid 
understanding of the implications of the individual persistence probabilities provided above, and 

                                                
6 “Median_High” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the highest probability response in each geographic unit. 
“Median_Likely” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the most likely probability response in each geographic unit. 
“Median_Low” is the probability of persistence generated by selecting the median probability of 
persistence across experts from the lowest probability response in each geographic unit. 
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are derived directly from those responses and therefore should be presented and considered in 
conjunction with those figures. 

 

Figure 12.  Summarized probability of persistence of at least a given number of geographic units 
given the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 12 is the probability that at least the number of geographic 
units indicated by the x axis of the grid persist.  The probability in a bar reaches 1 when there is 
no probability of fewer geographic units persisting.  Moving from top to bottom the grids show 
the probabilities by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by summary selection type and probability response as in 
Figure 11.  Therefore looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period.  The summarized probabilities presented here are provided 
to aid understanding of the implications of the individual persistence probabilities provided 
above, and are derived directly from those responses and therefore should be presented and 
considered in conjunction with those figures. 

Expert Assumptions during Persistence Graphing Exercises 

Experts were asked to summarize the assumptions that informed their responses to resiliency 
questions 1 and 2.  This was done via open discussion, with facilitators asking both direct 
questions about particular issues that could impact responses (e.g., climate change conditions), 
and open ended questions (e.g., what other assumptions were considered?). 
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Notes:  Climate-change emissions scenarios considered during this exercise differed among 
experts (and some responses did not indicate an emissions scenario).  However, in discussions 
following the graphing exercise, experts indicated that the confidence intervals around their 
persistence probabilities were likely to capture the variance associated with different emission 
scenarios and other climate change uncertainties. 

Experts were asked whether regulatory protections influenced their predictions.  Some experts 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies).  Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections.  Their focus was on the biology and ecology of the species, not listing status-related 
impacts or regulatory scenarios in the future, and they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status.   

Experts were asked what they meant by “small population size effects.”  They explained that 
because small populations are more vulnerable to both demographic and genetic impacts and 
at increased risk from catastrophic and other stochastic events than are larger populations, they 
also have a lower likelihood of persistence.  Experts indicated that connectivity with other 
populations reduces the vulnerability of small populations as it does for larger populations.   

Experts were asked if their projections were influenced by considerations of whether historical 
patterns of cyclic irruptions of lynx into the DPS from Canada will continue in the future.  Most 
agreed that the magnitude of irruptions has declined from the historical highs of the 1960s and 
1970s, and that irruptions may have ceased in recent decades in some parts of the range, 
particularly in the West.  However, most experts felt that connectivity remains good between 
Canada and those DPS geographic units that abut the international border, and most assumed 
some level of regular or intermittent interaction between lynx in those units and Canada, even if 
full-blown irruptions have not been documented recently.  Some experts said that the likelihood 
of future irruptions had little influence on their persistence graphs, especially for the more 
isolated units (GYA and Western Colorado), where an influx of lynx from Canada may be less 
likely. 

Conservation Actions to Address Influencing Factors and Increase Probability of 
Persistence 

3.  What conservation actions could be taken that would address the factors impacting 
the probability of persistence, or would otherwise increase the probability of 
persistence? 
 
Response Type:  Individual list with rounds responses.  Experts were given 5 minutes to write a 
list of three potential conservation actions that could be taken.  Facilitators then asked one 
expert at a time to provide one item from their list, cycling through the set of experts until all 
experts had exhausted their lists.  Experts were given the opportunity to add items when it was 
their turn that had not been on their written lists.  Experts were not asked if they agreed with 
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conservation actions presented by other experts, thus the following list should not be viewed as 
consensus among lynx experts. 
 
Expert Responses:  List of potential conservation actions in the order provided. 

● Reduce CO2 emissions  
● Continue protections associated with Federal and/or State listing 
● Adjust forest management to retain spruce and fir, and reduce fire burn rates 
● Promote/maintain habitat connectivity with Canadian populations through coordinated 

cross-border land use planning 
● Manage salvage logging associated with fire and insect damage to minimize impacts to 

and/or facilitate restoration of lynx/hare habitats 
● Configure and design lynx-friendly landscapes at appropriate scales; design and 

maintain a mosaic of lynx/hare habitats 
● Manage fuels reduction (fire management) projects while maintaining or enhancing 

hare/lynx habitat features. 
● Augment small populations and reintroduce lynx to former, historic range with suitable  

habitat  (GYA, Kettle Range in Washington, perhaps other areas); bolster populations 
before future climate change impacts 

● Support additional research to fill knowledge gaps, particularly related to effectiveness of 
conservation efforts – it remains unclear exactly what is needed for lynx across the 
range to achieve/maintain viability (e.g., habitat quality/amount/distribution, landscape-
level hare densities, forest conditions that support hares, etc.)  

● Enhance cross-border cooperation with Canada to increase near-border lynx 
populations and maintain connectivity 

● Consider cumulative impacts of mining, ski areas, oil and gas, etc., in management 
● Promote reforestation of heavily fragmented areas (e.g., some parts of the GYA and 

Minnesota units); reduce fragmentation 
● Apply strategic habitat conservation concepts; model and identify key areas and focus 

on those areas still in need of protection and management (e.g., private forest lands) 
● Maximize redundancy of lynx populations throughout the DPS 
● Implement fire management Best Management Practices (BMPs)( e.g., allow/encourage 

burns to occur in a way that creates high- and low-intensity mosaic fire patterns) 
● Evaluate whether there is a need for monitoring lynx (and hares) using consistent 

methods throughout the DPS, perhaps coupled with monitoring of other carnivores; 
structured occupancy modeling with genetics sampling could be very informative and is 
cost effective; also known-fate monitoring; monitoring pellet plots is proven and reliable 
way to monitor hares 

● Devote increased funding to lynx conservation - lynx are in worse shape than other 
mesocarnivore species, but receive less funding than those species that have more 
secure populations and appear less vulnerable to climate change  
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Other Considerations 

After completing the elicitation exercises and prior to adjourning the workshop, facilitators asked 
if there were any other considerations the lynx experts or subject matter experts felt are relevant 
to the SSA.  One subject matter expert indicated that monitoring of prey base (hares, red 
squirrels) would help inform lynx recovery, and that pellet-based or mark-recapture methods are 
most reliable.  This expert suggested a need to determine whether areas that we think are going 
to become poor habitat for a variety of reasons could still hold hares and lynx in the future.  
Maybe hares still can use areas we think will be poor habitat, and monitoring these areas could 
help inform our understanding of how lynx persist at the edge of their range. 

Synthesis 
Although uncertainty remains about the historical distribution and sizes of resident lynx 
populations in the DPS, as well as current population sizes, much more is known now than 
when the DPS was listed under the ESA in 2000.  Based on research conducted since the DPS 
was listed, including the summaries of that work provided at this workshop, as well as ongoing 
research, conservation, and management efforts, we have a much better understanding of the 
distribution and status of populations throughout the DPS range.  For example, in 2000, it was 
unclear whether Maine and Minnesota supported resident populations or were only occasionally 
visited by lynx dispersing from Canada during and after northern hare population crashes.  We 
now know that both northern Maine and northeastern Minnesota support resident lynx 
populations, and both are likely larger now than they were historically (Maine), or before they 
were protected by State and Federal regulations (Minnesota).  In contrast, resident lynx appear 
to be naturally less abundant and more patchily-distributed in some parts of the DPS than 
thought at the time of listing, including the West (Interagency Lynx Biology Team 2013, p. 23), 
where potential lynx habitats also appear to have been initially overestimated.  We also have a 
better understanding of the habitat features and hare densities that appear necessary to support 
resident lynx at the southern margin of the species’ range, and of the parts of the contiguous 
U.S. that contain these features.  The presentations in conjunction with expert elicitation 
responses at this workshop have informed and refined our understanding of key aspects of the 
status of, and potential threats to, the lynx DPS.  
 
For example, we were provided a thorough history of the evolution of regulatory mechanisms 
that have been developed and implemented through conservation agreements and formal 
amendments to Federal agency management plans to address the singular threat for which the 
DPS was listed under the ESA - the inadequacy of regulatory mechanisms in Federal land 
management plans prior to listing.  Given our improved understanding of resident lynx 
populations in Maine and Minnesota (above), where State and private lands constitute much 
more of the lynx habitat than elsewhere in the DPS (98.9% in Maine; 51.7% in Minnesota), an 
assessment of the adequacy of regulatory mechanisms on those State and private lands will be 
a necessary component of the status assessment.  Likewise, our understanding of lynx genetics 
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also has improved, with evidence of continued high levels of gene flow range-wide, despite fine-
scale genetic sub-structuring in some populations and additional evidence of lynx hybridization 
with bobcats.  Bobcats appear to be encroaching at the edge of the lynx range in Minnesota 
(Appendix 3, p. 9) and their numbers appear to have increased recently in New Hampshire, 
Vermont, and southern Quebec (Lavoie et al. 2009, entire; Roberts and Crimmins 2010, p. 170; 
Broman et al. 2014, p. 230) adjacent to the northern Maine lynx distribution.  Whether this 
represents a threat to lynx populations in Minnesota and Maine via increased hybridization, 
behavioral mechanisms, or competition for hares is not documented at this time; however, 
encroachment of bobcats in the southern periphery of lynx range may result in lynx 
displacement or niche contraction (Peers et al. 2013, entire). 
 
Canadian researchers also provided updated information on lynx status, management (including 
legal harvest), threats, genetics, and hare population cycles in southern Canada, adjacent to 
some DPS lynx populations.  Forest ecologists and climate modelers also presented information 
regarding potential impacts of timber management and climate change on lynx and boreal forest 
habitats in the contiguous U.S.  Knowledge of lynx and hare responses to various silvicultural 
treatments continues to improve, although the need for continuing research remains.  Climate 
models continue to point toward the future northward and upslope migration of lynx and hare 
habitats and loss of snow conditions favorable to lynx, although uncertainty remains regarding 
the timing, extent, and biological consequences of such impacts.  Increases in the size, 
intensity, and frequency of wildfires and insect outbreaks in boreal/subalpine forests may also 
be related to climate change, but whether these represent temporary or permanent impacts to 
lynx habitats remains unclear.  Finally, much research has been done on hare population 
dynamics and habitat relationships at the southern extent of their range, much of which overlaps 
that of lynx in the contiguous U.S., but questions remain regarding regional variation in hare 
densities and what landscape-level hare abundances are necessary to support persistent 
resident lynx populations across the DPS. 
 
Based on the summaries of post-listing research and the status and threat updates provided at 
this workshop, and on the results of the expert elicitation process, the Service provides the 
following synthesis of the status and likely viability of the DPS in terms of the 3 Rs.  This 
information will be considered as appropriate, along with more detailed analysis of the published 
literature, in the subsequent SSA report for the DPS.  The conclusions below are based on the 
information provided and the results of expert elicitation conducted at this workshop; they may 
be complemented or altered by the additional analyses yet to be conducted as part of the SSA 
process. 

Representation 
Expert presentations on lynx genetics in the DPS and in Canada and expert responses and 
discussion with regard to representation questions suggest few threats to the genetic fitness or 
adaptive capacity of lynx in the DPS.  High gene flow across the continental lynx range, 
indicated by very low Fst values (see Subject Matter Presentations, above), suggests the 
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absence of substantial barriers to genetic interchange, and little evidence or risk of significant 
genetic drift among DPS populations.  Most experts indicated that none of the six geographic 
units known or thought to support lynx populations in the DPS is susceptible to meaningful 
genetic drift, although several experts indicated that the more geographically isolated units (the 
GYA and Western Colorado units) are likely more susceptible to such drift than the units that 
are directly connected to lynx populations and habitats in Canada.  Overall, according to both 
the expert panel and the subject matter presentations, there appears to be a low risk of 
biologically consequential drift for lynx populations in the DPS.  Likewise, expert responses 
indicated that the generally low level of genetic differentiation and relatively similar ecological 
settings across the DPS suggest little life history variability or niche differentiation among DPS 
populations that would indicate that any are more or less important to maintain than others in 
terms of representation.  Individual experts indicated that representation can best be maintained 
by conserving current DPS populations (and hence the genetic variation in each), maintaining 
connectivity between DPS and Canadian populations, and avoiding impacts that would facilitate 
or increase the potential for or likelihood of genetic drift.  Our interpretation of this part of the 
elicitation is that the adaptability and evolutionary capacity of the DPS over time does not 
appear to have been diminished and is unlikely to become so, independent of threats that may 
impact the redundancy and persistence of lynx populations.  We will consider this information 
along with available empirical data and the published literature when evaluating representation 
in the DPS for the SSA. 

Redundancy 
With resident lynx populations and subpopulations in at least five of six large (the smallest is 
over 2,000 square miles, the others are all over 8,000 square miles), widely-distributed (from 
Maine to Washington and south along the Rocky Mountains), and relatively discrete geographic 
areas (see Figure 1), the DPS as a whole appears invulnerable to extirpation from a single 
catastrophic event.  Expert responses indicated no catastrophic event that could result in the 
functional extirpation of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units due to a single catastrophic event.  We 
interpreted these responses to indicate there is a small chance of decreased redundancy from a 
single catastrophic event because the probability of any geographic unit being lost to a 
catastrophic event is low.  Experts indicated that functional extirpation of the geographically 
smallest unit (Washington) and those supporting the fewest resident lynx (Washington, GYA, 
and perhaps Minnesota) would be more likely to occur as a result of a series of catastrophic 
events over a 10-year period than to any single event over the next 10 years (see Figure 2 
above).  Experts listed fire, drought, insect outbreaks, loss of favorable winter conditions, and 
disease as potential events that could lead to functional extirpation in these units.  In 
Washington in particular, where large fires have impacted nearly 40 percent of the occupied 
lynx habitat over the past 10-15 years, experts felt that several more successive years of such 
fires could result in functional extirpation.  However, because fire and insects are likely to cause 
only temporary (20-40 years) losses of lynx and hare habitats, and because connectivity 
between the Washington unit and lynx habitats and populations in southern British Columbia 
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remains intact, experts indicated this unit (and others abutting habitats and lynx populations in 
Canada) would likely be naturally re-colonized relatively quickly by dispersing lynx.  Therefore, 
extirpation in these units because of catastrophic events (or a series of them over time) would 
be temporary (likely lasting only one or several decades) unless events permanently altered the 
habitats.  Experts indicated that if lynx were functionally extirpated in the GYA or western 
Colorado units, which are not connected to habitats or populations in Canada and are relatively 
isolated from other DPS populations, natural re-colonization would be less likely, would take 
longer, or may never occur. 

Overall, expert responses indicated that extirpation of the DPS as a whole, or of resident lynx 
populations in most individual geographic units, because of a catastrophic event is very unlikely.  
Because we lack evidence that persistent resident lynx populations occurred historically but 
have been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels.  That is, the 
loss of resident lynx populations in the DPS, to the extent suggested by the historic record, was 
likely in areas (e.g., northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge 
area of northeastern Washington, perhaps Isle Royale in Lake Superior) peripheral to the 
geographic units that currently support resident lynx, and not in discrete geographic units that 
would have represented greater redundancy in the contiguous U.S.  However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear.  The historic record and recent research show that the GYA has supported resident 
lynx, but it is unclear whether the area consistently supported a persistent resident population 
over time or whether it naturally supported resident lynx only some of the time (was “winked on” 
in a metapopulation sense) when habitat conditions and hare densities were favorable, and at 
other times, when habitats and hare densities were less favorable, it did not support resident 
lynx (“winked off” in a metapopulation sense).  Given the protected conservation status of 
millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx.  If so, its 
contribution to redundancy within the DPS is questionable. 

Resiliency 
Because we lack reliable estimates of the sizes and trends of most lynx populations in the DPS, 
we are unable to use these parameters to evaluate the resiliency of individual populations or the 
DPS as a whole.  Efforts to understand resiliency are also confounded by the metapopulation 
structure thought to govern lynx populations at the southern margin of their continental range 
(i.e., populations and subpopulations in the DPS), the related uncertainty about the extent to 
which DPS populations may rely on cyclic immigration of lynx from Canada during population 
irruptions, and the ambiguity in the historic record that limits our understanding of the relative 
persistence of lynx in various geographical areas of the contiguous U.S. and, thus, the 
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contribution of those areas to the viability of the DPS.  Our evaluation of the resiliency of lynx 
populations in the DPS is limited, therefore, to a largely qualitative assessment of the current 
status of populations in each of the six geographic units along with the quantitative summary of 
expert professional judgment of their likelihood of persistence over time given known or 
perceived potential threats. 
 
As expected, both expert estimates of probability of persistence and expert confidence in those 
estimates were higher over the short-term than the long-term.  Median probability of persistence 
(MPOP) at year 2025 was >= 0.90 for all but one of the six geographic areas.  The GYA had a 
MPOP of 0.52, apparently reflecting the uncertainty regarding whether this unit consistently 
supported a resident lynx population historically and whether it currently supports resident lynx.  
At year 2025, confidence bounds were smallest (indicating higher expert confidence) for the 
units with the highest MPOPs (Northern Maine, Northeastern Minnesota, and Northwestern 
Montana/ Northeastern Idaho), and larger for units with lower MPOPS (North-central 
Washington, GYA, and Western Colorado).  At mid-century, MPOP declined for all units but 
remained >= 0.70 for all but the GYA (0.35), and confidence bounds increased for estimates for 
all units but the GYA, where it remained the same as at year 2025.  At end-of-century, 
persistence probabilities declined further, as expected, and only the Northern Maine, 
Northwestern Montana/ Northeastern Idaho and Western Colorado units had MPOPs >= 0.50.  
Also as expected, confidence bounds were very large around persistence estimates at year 
2100, with the median confidence range extending across more than 50% of the range of 
possible outcomes for all but the Northwestern Montana/ Northeastern Idaho population, and 
the extremes of the range nearly covering the full range (0% to 100% probability of persistence) 
of possible outcomes. 
 
Experts listed a number of factors that influenced their probability of persistence estimates for 
each unit (see unit summaries above in the Resiliency section).  Near-term factors varied by unit 
(e.g., post-harvest forest succession in Maine, where hare abundance is expected to decline as 
currently dense regenerating clear-cuts mature; continued large-scale fires in lynx habitats in 
Washington; and insect outbreaks in Maine, Minnesota, and Colorado), but longer term factors 
seemed to coalesce around anticipated direct and indirect effects of climate change.  These 
included potentially climate-driven increases in the size, frequency, and intensity of fire and 
insect outbreaks; decreases in snow amount, duration and quality, leading perhaps to increased 
competition with bobcats and other hare predators; and the projected warming-induced 
northward and upslope migration of boreal and subalpine forests that would result in the loss 
and further fragmentation and isolation of lynx and hare habitats in the contiguous U.S.  Expert 
responses and ensuing discussions indicated that continued climate warming and associated 
direct and indirect effects will likely exert the greatest negative influence on the probability of 
persistence for lynx populations in the DPS regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
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Overall, expert responses to this part of the elicitation indicate that all five of the geographic 
units known to currently support resident lynx populations have a greater than 70% expectation 
of doing so by mid-century, but a declining likelihood and greater uncertainty of doing so by the 
end of the century.  It is uncertain whether the remaining geographic unit (the GYA) currently 
supports resident lynx, and expert responses indicate a lower probability that it will do so in the 
future compared to the other units.  Responses also suggest that the overarching threat to the 
long-term persistence of lynx populations in the DPS is climate change, which is anticipated to 
result first in loss of snow conditions favorable for lynx and, after an uncertain lag time following 
continued climate warming, loss (northward and upslope migration) of boreal forest habitats, 
although the timing and magnitude of such losses are uncertain. 

Conclusion 
The Service and the Lynx SSA Team appreciate the willingness of lynx and subject matter 
experts to attend this workshop and share their knowledge, professional judgments, and 
opinions.  We have gained considerable insight into the current status of lynx populations 
throughout the DPS and the factors most likely to influence the DPS’s future viability - including 
information that is not currently available in the peer-reviewed literature.  We will incorporate this 
information into the SSA as appropriate, along with the published scientific literature, to inform 
recovery planning for the DPS and any other ESA-related determinations the Service is 
authorized and required to make.  As we develop the SSA report, we will continue to solicit 
expert input from workshop panelists and from other lynx and subject matter experts who were 
unable to attend this workshop, including peer review of the SSA report. 
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Executive Summary 
As part of a Species Status Assessment (SSA) for the contiguous United States distinct 
population segment (DPS) of the Canada lynx (Lynx canadensis), the U.S. Fish and Wildlife 
Service (Service) convened an expert elicitation workshop to gather (1) the best available 
information on the current status of lynx populations within the DPS and (2) the professional 
judgment and opinions of lynx experts regarding the future viability of the DPS.  This report 
summarizes the results of the workshop regarding the current and likely future condition of lynx 
populations in six geographic areas within the DPS in terms of representation, redundancy, and 
resiliency (the “3 Rs”).  The Service will incorporate the information gathered at this workshop 
into the SSA as appropriate, along with the published scientific literature, to inform recovery 
planning for the DPS and any other ESA-related determinations the Service is authorized and 
required to make.     

Purpose  
The purpose of this report is to convey the results of an expert workshop convened by the U.S. 
Fish and Wildlife Service (Service) in October 2015 to improve our understanding of the status 
of the contiguous U.S. distinct population segment (DPS) of Canada lynx (Lynx canadensis).  
This workshop was held in conjunction with a species status assessment (SSA; see Appendix 1 
[All appendices are accessible at: http://www.fws.gov/mountain-prairie/es/canadaLynx.php]) for 
the DPS.  The SSA, which will incorporate the best available scientific information on lynx, is 
needed to inform the Service’s response to a June 2014 court order to complete a recovery plan 
for the DPS by January 2018, or make a formal determination that a recovery plan is not 
necessary.   
 
The workshop was organized by a Lynx SSA Team consisting of Service and USGS staff who 
have developed and piloted implementation of the SSA framework, and Service biologists who 
are working on lynx throughout the range of the DPS.  In the interest of collaboration and 
transparency, this team partnered with State agencies, other Federal agencies, and academic 
researchers to elicit expert input regarding the current and likely future status of lynx populations 
within the DPS. 
  
Expert input is needed to complement the published scientific literature and other available 
information on many aspects of lynx population dynamics in the DPS range.  In particular, we 
were looking for additional information on the status, sizes, and trends of lynx populations and 
on threats to lynx habitats and those of their primary prey, snowshoe hares (Lepus americanus).  
We therefore designed a process to elicit and capture the knowledge, professional judgments, 
and opinions of lynx experts to help us assess the current status of, and the nature and 
magnitude of potential threats to, lynx populations and habitats within the DPS.  We also sought 
expert knowledge to help us evaluate the viability of the DPS (in terms of the “3 Rs” - 
redundancy, representation, and resiliency; see definitions below) under a range of future 



5 

threats, habitat conditions, and climate scenarios, and to identify and make explicit areas of 
uncertainty and potential differences of opinion among experts. 
 
The results of the workshop will contribute to the SSA, which will compile and summarize the 
best available scientific and commercial data, including empirical data, published literature, and 
expert input.  This information will then be used by Service decision makers to inform recovery 
planning direction, classification decisions, and other determinations required by the 
Endangered Species Act (ESA). 

Background 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws.  Its long, 
black ear tufts and short, black-tipped tail distinguish the lynx from the similar bobcat (Lynx 
rufus), which is much more common in the contiguous U.S.  The lynx’s large feet and long legs 
make it highly adapted for hunting snowshoe hares in the deep or powdery snow that persists 
across much of its boreal forest distribution, most of which occurs in Canada and Alaska.  
These adaptations provide lynx a competitive advantage over potential competitors, such as 
bobcats or coyotes (Canis latrans), which have much smaller feet and higher foot-loadings that 
prevent them from hunting efficiently in deep, powdery snow (McCord and Cardoza 1982, p. 
748; Buskirk et al. 2000, pp. 86–95; Ruediger et al. 2000, pp. 1–11; Ruggiero et al. 2000, pp. 
445, 450). 

The southern periphery of the boreal forest extends into parts of the northern contiguous U.S., 
where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 1, 3), 
deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40–41).  In the contiguous U.S., 
these transitional boreal forests become discontinuous and patchy, preventing both lynx and 
hares from broadly achieving densities similar to those of the northern boreal forests (Wolff 
1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and 
Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394).  These forests eventually become 
too fragmented and isolated in the contiguous United States to support hares at the landscape 
densities and distributions necessary to support lynx home ranges (Interagency Lynx Biology 
Team 2013, p. 77) or lynx populations over time.   

The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms.  
Specifically, at that time the Service believed that most lynx and lynx habitats occurred on 
national forests, and that the Land and Resource Management Plans that guided management 
of those forests included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat.  The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052).  In 2003, in response to a court memorandum opinion on the 2000 listing rule, the 
Service reaffirmed its determination of the lynx DPS and its status as threatened under the ESA 
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(68 FR 40076).  The Service completed a recovery outline in 2005 (U.S. Fish and Wildlife 
Service 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) and, in 
2007, again in response to a court order, clarified its determinations of “significant portion of the 
range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 1186).  Also in 
2007, the Service initiated a 5-year status review of the DPS (72 FR 19549).  The Service 
revised the critical habitat designation for the DPS in 2009 (74 FR 8616) and 2014 (79 FR 
54782) and, concurrent with the latter, rescinded the state-based definition of the DPS boundary 
to extend ESA protection to lynx “where found” in the contiguous U.S., including New Mexico 
and other states that were not included in the original DPS range (79 FR 54804). 

Although the Service originally identified the DPS as occurring in forested portions of 14 states 
(Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, Oregon, 
Utah, Vermont, Washington, Wisconsin, and Wyoming) (65 FR 16052, 16085), it recognized at 
the time of listing that both lynx and the boreal forests that support them in the Lower 48 States 
are at the southern margins of their ranges, where habitats naturally become patchy and 
fragmented and snowshoe hare densities in many places are not consistently high enough to 
support resident lynx populations (65 FR 16052-59).  It also recognized that inherent limitations 
in historic occurrence information made it difficult to distinguish between areas that consistently 
supported resident populations; other areas that may have occasionally supported resident, 
breeding lynx; and yet other areas that intermittently and temporarily contained dispersing or 
transient lynx but did not support lynx home ranges or reproduction (65 FR 16054-59).  Many 
lynx records in the DPS range seem to have been associated with cyclic “irruptions” of lynx from 
southern Canada into the northern contiguous U.S. when northern hare populations crashed, as 
they did historically every 8-11 years (Elton and Nicholson 1942, entire; McKelvey et al. 2000, 
entire; Mowat et al. 2000, pp. 281–294; Interagency Lynx Biology Team 2013, p. 33).  Lack of 
reliable information also precluded determination of sizes or trends of lynx populations within the 
DPS. 

Recent research and monitoring have improved our understanding of many aspects of lynx 
biology, distribution, and potential threats in the DPS.  However, we still lack reliable estimates 
of the sizes and important demographic rates of most populations.  Likewise, we would benefit 
from further understanding of the natural range and causes of variation in lynx and hare 
numbers; hare densities necessary to support resident lynx populations throughout the DPS; the 
influence of immigration of lynx from Canada on the demographic and genetic fitness of DPS 
populations; and the timing, extent, magnitude, and severity of potential threats associated with 
climate change.  The Lynx SSA Team organized this expert elicitation workshop to help fill 
some of these information gaps with the knowledge, professional judgments, and opinions of 
lynx experts. 

Currently, there are five geographic areas known to support resident lynx populations in the 
DPS:  northern Maine (with occasional/sporadic breeding by small numbers of lynx in 
northernmost New Hampshire and Vermont); northeastern Minnesota; northwestern Montana 
and northeastern Idaho; north-central Washington; and western Colorado (Figure 1).  After 
statewide surveys conducted in 1978-1997 suggested the absence of viable resident lynx 
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populations in Colorado, the State, from 1999 to 2006, released 218 lynx captured in Canada 
and Alaska into southwest Colorado to establish the current resident population.  Additionally, 
the Greater Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming is 
believed historically (and as recently as 2003-04) to have supported a small but relatively 
persistent lynx population, but it is uncertain whether it currently supports any resident lynx.   

   

 

Figure 1.  Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations.     

Expert Elicitation 

Workshop Protocol 
As mentioned under Purpose, above, the Lynx SSA Team convened the October 2015 
workshop to elicit expert knowledge and opinion on critical uncertainties regarding the current 
status and future viability of resident lynx populations within the DPS range, and thus the DPS 
as a whole.  To facilitate this, a 10-member panel of recognized lynx experts from across the 
DPS range first observed and discussed presentations by subject matter experts summarizing 
the current state of available information on topics relevant to lynx populations in the DPS (see 
Preparing Experts section below).  After subject matter presentations, members of the lynx 
expert panel presented updates on lynx populations in each of the six geographic areas 
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described above under Background.  The subject matter and update presentations were 
intended to ensure that all lynx experts had a common baseline of information prior to the 
elicitation process.  
 
In accordance with the expert elicitation literature (e.g., Burgman 2005, USEPA 2011, Gregory 
et al. 2012, Drescher et al. 2013, Morgan 2014), we then used best practices to elicit opinions 
from the expert panel.  Although invited experts were expected to contribute openly and 
effectively to group discussions, we did not seek consensus among experts; rather, we probed 
differences of opinion or interpretation of scientific and technical information.  We also asked 
experts and other participants to focus on scientific questions and to refrain from discussing or 
recommending management or policy decisions related to the Service’s authorities and 
responsibilities in implementing the ESA. 
   
In addition to the lynx expert panel and subject matter experts, workshop participants included 
members of the USFWS/USGS Lynx SSA Team, facilitators, and observers (see Appendix 2 for 
a full list of attendees and their respective roles).  As a basic ground rule, only members of the 
expert panel participated in the elicitation process, although panelists were encouraged to 
confer with the subject matter specialists and SSA Team members as needed.  All workshop 
participants were welcome to participate in discussions that ensued from review of panel 
responses to various questions.  Due to time constraints and to minimize interference with the 
elicitation process, observers were encouraged to write and submit “parking lot” questions, 
which were collected at the end of the first two days of the workshop and presented to lynx and 
subject matter experts for responses and discussion the following mornings (see workshop 
notes, Appendix 3).  The expert elicitation process was facilitated by USFWS and USGS 
structured decision making practitioners who encouraged open discussion among experts, 
structured input from both panelists and subject matter experts, and ensured that observers 
could witness the process without inappropriately influencing it. 

Identifying Experts 
 
SSA Team members reviewed the relevant literature and used their first-hand knowledge to 
identify experts involved in lynx and hare research or management, boreal forest ecology, and 
climate modeling.  We then developed a priori selection criteria based on professional 
credentials, positions, areas of expertise, and pertinent experience to develop a list of candidate 
lynx experts and other subject matter experts.  Selection criteria (below) helped ensure that 
invitations to participate were made only to scientists with expertise highly relevant to workshop 
topics and, further, that the selections were transparent, unbiased, and adequately captured the 
diversity of expertise and professional judgments related to the topics.  Selection was not based 
on affiliation with a particular organization or interested party; however, States and other 
partners were asked to review the draft list of workshop invitees and suggest alternate or 
additional qualified experts.  The SSA Team then invited experts who met the selection criteria 
and represented lynx expertise throughout the range of the DPS and in adjacent southern 
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Canada.  The number of invited experts was necessarily limited to improve the efficiency and 
effectiveness of the elicitation process, avoid redundancy, maximize scientific discussion among 
all participants, and maintain an open, comfortable meeting environment.  

Expert Selection Criteria  

Expert panelist candidates had to meet all of the following criteria: 

1.   Candidate must hold a graduate degree in a scientific discipline highly relevant to the 
workshop topics.  Typically this may include advanced degrees in wildlife biology, ecology, 
zoology, genetics, modeling, or statistical inference. 

2.  Candidate must hold a research position in government (State, Tribal, or Federal), academia, 
or in the nonprofit research sector; or participant must hold a governmental management 
agency position with responsibility for the species’ conservation. 

3.  Candidate must have expertise in the ecology or management of the species or related 
species, demonstrated by recent (within the past 10 years) peer-reviewed publications or 
related types of professional scientific expression. 

Candidates also had to meet one or more of the following criteria: 
  
4.  Candidate is directly engaged in the species’ management, monitoring, or analysis of 
populations or habitat. 

5.  Candidate is directly engaged in the study of a specific workshop topic. 

6.  Candidate is a government or academic research scientist with expertise in conservation 
biology, population or landscape ecology, genetics, or other relevant fields, as demonstrated by 
recent (within the past 10 years) peer-reviewed publications or related types of professional 
scientific expression. 

Using these criteria, the SSA Team identified 19 candidates for the lynx expert panel who were 
contacted to determine their interest and ability to attend the workshop (Appendix 4).  Among 
those both interested in and able to attend the workshop, the team extended invitations to 13 
candidates, 10 of whom ultimately participated as panelists and who together represent lynx 
expertise throughout the range of the DPS and in southern Canada.  Experts who could not 
attend this workshop may provide their expertise later in the SSA process as peer review 
experts.    

Preparing Experts 
Before the workshop, the SSA Team contacted all lynx experts and other subject matter experts 
by email and phone to discuss their roles and, for some, their willingness to prepare and deliver 



10 

subject matter or lynx population status presentations at the workshop.  Correspondence with 
lynx and subject matter experts and other workshop participants explained the SSA framework 
and its application to the lynx DPS, the use of expert elicitation in SSAs, and the workshop’s 
purpose, ground rules, and draft agenda. 
 
At the workshop, the Service introduced the Lynx SSA Team, provided a brief overview of the 
SSA framework and its application to the lynx DPS, and outlined workshop objectives.  Prior to 
elicitation exercises, subject matter experts presented information on the historic and current 
distribution of lynx in the contiguous U.S., regulatory mechanisms that apply to lynx on Federal 
lands, genetics considerations, lynx status and management in adjacent southern Canada, 
potential climate change impacts on boreal forest vegetation and snow conditions important to 
lynx, effects of forest management and policy on lynx habitat, and snowshoe hare ecology (see 
Subject Matter Presentations, below).  After these presentations, lynx expert panelists provided 
updates on lynx populations and habitats, research efforts, conservation measures, and 
potential threats to lynx in each of the six geographic areas (Fig. 1).  The subject matter and 
status-update presentations were intended to provide the expert panel with information that 
could inform their responses to elicitation questions and to ensure that the panelists shared a 
common understanding of the current status of lynx throughout the DPS.  All workshop 
presentations are included in Appendix 5 and are accessible at the Service’s Region 6 Canada 
lynx web page (http://www.fws.gov/mountain-prairie/es/canadaLynx.php). 

Subject Matter Presentations 
Canada Lynx Species Status Assessment, Expert Elicitation Workshop - Jim Zelenak, 
U.S. Fish and Wildlife Service, Montana Ecological Services Field Office, Helena, 
Montana 
The objectives of this workshop are to (1) gather scientific information from experts on the 
current status, threats, and future viability of lynx populations in the contiguous U.S.; and (2) 
where empirical data are lacking, elicit expert knowledge, professional judgment, and opinion on 
the nature and magnitude of potential threats to DPS populations and the DPS as a whole.  We 
need this information to complete a status assessment for the DPS that will be used by Service 
decision makers to inform recovery planning and other determinations the Service must make in 
accordance with the ESA.  We have a court order to complete a recovery plan for the DPS by 
January, 2018, unless we determine that a recovery plan is not necessary (i.e., that the threat 
for which the DPS was listed has been adequately addressed and ameliorated and no new 
threats have been identified that pose an immediate or reasonably foreseeable risk of 
extinction).  However, we are not here to make that determination or others regarding the ESA 
status of the DPS.  Rather, we are here to understand the current status of lynx populations and 
habitats in the DPS and hear from experts on factors influencing the current status and future 
viability of those populations.  The DPS was listed as threatened under the ESA in 2000 
because of the inadequacy at that time of regulatory mechanisms in Federal land management 
plans to protect lynx and their habitats.  The Service completed a recovery outline in 2005 and 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php
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designated critical habitat for the DPS in 2006.  In 2007, we clarified our determination of 
“significant portion of the range” of the DPS and withdrew the 2006 critical habitat designation.  
We revised critical habitat in 2009 and 2014 and, also in 2014, we received the court order to 
complete a recovery plan.  The results of this workshop will contribute to the SSA, and the 
expert information gathered here will complement the best available scientific information that 
will be compiled and summarized in the SSA report.  After it is peer-reviewed and finalized, the 
SSA report will be considered by Service decision makers to inform recovery planning and other 
determinations required under the ESA. 

Historical Distribution of Lynx in the Contiguous U.S. - Dr. Kevin McKelvey, USDA 
Forest Service, Rocky Mountain Research Station, Missoula, Montana   
Understanding historical range is important because it provides context for modern 
conservation; however, historical data must be interpreted carefully because they may not be 
representative, are often unreliable, and their meaning may be unclear.  This is especially true 
for rare animals like lynx, and even more so if they are easily mistaken for another more 
common animal, as bobcats are mistaken for lynx in the southern portion of lynx range.  
Because even relatively low identification error rates can lead to significant errors in determining 
distribution, it is important to rely on verified, and not anecdotal, occurrence records, when 
attempting to establish historical range.  The issue is further complicated by the noted cyclicity 
in lynx population dynamics associated with snowshoe hare population cycles, which resulted 
historically in irruptions or pulses of lynx from Canada into the DPS when northern hare 
populations crashed.  This can be described as a wave in which a large number of dispersing 
lynx intermittently flooded into the northern contiguous U.S. over the course of several years 
into a variety of potentially suitable and unsuitable habitats.  As the irruptions waned (i.e., as the 
waves receded), lynx disappeared relatively quickly from areas of unsuitable or poor habitat, 
more slowly from areas of marginal or suboptimal habitat, and persisted (like permanent tide 
pools) in those areas with habitats and hare densities capable of supporting them over time. 
This yielded verified records in the contiguous U.S. in places that clearly cannot support lynx 
populations but, in other places where habitats are or appear to be suitable, it also confounds 
efforts to distinguish between those that have supported persistent lynx populations, those that 
may occasionally but not consistently support resident lynx (“winked off’ more than “winked on” 
in a metapopulation sense), and those where dispersing lynx occurred regularly, if intermittently, 
but could not persist.  Given these ambiguities, there remains irresolvable uncertainty about the 
historic distribution of resident lynx in the DPS.  Despite this uncertainty, it appears that resident 
lynx naturally persist now in most areas that the available reliable data most strongly suggest 
historically supported resident populations in the contiguous U.S. (Maine, Minnesota, Montana, 
Idaho, and Washington).  Several other areas may have historically supported populations but 
no longer do (with evidence most compelling for northern New Hampshire and Michigan’s Upper 
Peninsula; less compelling for the Adirondack region of northern New York, northern Wisconsin, 
and northwestern Wyoming). 
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Canada Lynx Habitat Regulatory Environment - Scott Jackson, USDA Forest Service, 
National Carnivore Program Leader, Missoula, Montana 
Before the lynx DPS was listed under the ESA, there was very little information available and 
little management direction for lynx habitats on national forests or other Federal lands.  Given 
the uncertain status of lynx and lack of information on habitat relationships, an interagency Lynx 
Steering Committee was chartered almost immediately after the DPS was proposed for listing in 
1998.  The committee appointed the Lynx Science Team to assemble the available information 
on lynx and the Interagency Lynx Biology Team to develop a lynx conservation strategy 
applicable to Federal lands.  In 2000, the Science Team published Ecology and Conservation of 
Lynx in the United States (Ruggiero et al. 2000), and the Biology Team completed the Lynx 
Conservation Assessment and Strategy (LCAS; Ruediger et al. 2000).  The committee also 
directed the completion of the 1999 biological assessment (BA) in which the U.S. Forest Service 
(USFS) and Bureau of Land Management (BLM) evaluated potential impacts to lynx of 
management plans for 57 national forests and 56 BLM units and concluded that implementation 
of existing plans could result in some adverse effects to lynx.  The BA recommended amending 
or revising management plans to incorporate conservation measures that would reduce or 
eliminate the identified adverse effects to lynx, and to consider the conservation measures 
identified by the Science Team and Biology Team, once finalized.  In March of 2000, the DPS 
was listed as threatened due to the inadequacy of existing regulatory mechanisms, specifically 
the lack of guidance for conservation of lynx in national forest Land and Resource Management 
Plans and BLM Land Use Plans.  In October 2000, FWS completed a biological opinion on the 
1999 BA, concluding that if forest plans were revised or amended to incorporate the 
conservation measures in the LCAS, they would reduce or avoid the potential for adverse 
effects on lynx.  Also in 2000, USFS and BLM entered into conservation agreements with FWS 
to guide management until plans could be amended or revised.  By 2004, BLM revised plans in 
all units with lynx or potential habitat to incorporate LCAS guidance.  By 2006, USFS similarly 
revised plans for national forests in the Northeast and Great Lakes.  In 2007 and 2008, USFS 
formally amended plans for 18 national forests in the Northern Rockies and 8 in the Southern 
Rockies to address the risk factors identified in the LCAS and adopt management standards 
and guidelines.  Currently, all national forests and BLM units with lynx or potential habitats are 
governed by plans that have adopted conservation measures identified in the LCAS, 
subsequent interagency conservations agreements, or by management direction that formally 
amended or revised land use plans and established standards and guidelines designed to apply 
the best available scientific information to avoid and minimize potential impacts to lynx.  Future 
challenges include developing effective responses to larger, hotter, and more frequent fires and 
extensive insect outbreaks, and designing thinning and salvage harvest treatments conducive to 
creating habitat conditions favorable to lynx and hares.    

Lynx Genetics Considerations - Dr. Michael Schwartz, USDA Forest Service, National 
Genomics Center for Wildlife and Fish Conservation, Missoula, Montana 
Review of lynx genetic studies shows, despite some sub-structuring over distance, high gene 
flow across the continental range of lynx, likely because of high dispersal rates, large dispersal 
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distances, and few geographic barriers to dispersal.  Some research suggests that the Northern 
Rocky Mountains may provide some gene flow restriction in western Canada, as well as an 
“invisible barrier” to gene flow in eastern Canada south of James Bay/Hudson’s Bay that may be 
related to differences in snow conditions driven by large-scale climatic factors (e.g., the Pacific-
North America and North Atlantic Oscillation climatic systems).  North of the DPS, low levels of 
genetic substructure have been documented in populations in eastern Canada between 
populations north versus south of the St. Lawrence Seaway, and between island (Newfoundland 
and Cape Breton islands) and mainland populations.  However, there is evidence of genetic 
interaction among even these relatively isolated eastern Canadian populations.  Within the DPS, 
minor genetic sub-structuring has been documented among lynx subpopulations in western 
Montana.  However, very low Fst values (a measure of the proportional reduction in 
heterozygosity due to population subdivision, with values near zero indicating high levels of 
gene flow and values approaching one indicating poor gene flow) suggest the absence of 
significant barriers to genetic interchange throughout much of the lynx range, including the DPS.  
Across 17 lynx populations in Alaska, Canada, and the contiguous U.S., Fst = 0.033, and the 
highest Fst for any two populations was 0.070 when lynx from the Kenai Peninsula in Alaska 
were compared to those in the Seeley Lake area of Montana.  Lynx-bobcat hybrids have been 
documented in Minnesota, Maine, and eastern Canada, but not in the western part of the range.  
Hybridization does not seem to be a major issue, nor does it appear to be increasing despite 
significant increases in bobcat numbers in some parts of DPS range.  Genomics research (the 
genetic mapping and DNA sequencing of sets of genes or complete genomes) on lynx would 
increase power and precision of genetic analyses and perhaps identify genes under selection at 
the periphery of the range.  The goal for lynx in the DPS should be to conserve the genetic 
diversity currently represented in resident populations, recognizing that maintaining connectivity 
between DPS and Canadian populations is likely important to achieving that goal.  The genetic 
variation at the edge of the range may be of value to future populations, especially as related to 
changing climate.  

Lynx Distribution, Status, and Management in Southern Canada - Dr. Jeff Bowman, 
Ontario Ministry of Natural Resources and Forestry, and Trent University, Ontario 
Lynx are managed provincially in Canada, with each province responsible for its own 
management program, harvest (trapping) policies, and conservation strategies.  Data from 
registered trap lines show cyclic decadal peaks in the numbers of lynx harvested, and these 
align well with (and lag by one year) cyclic peaks in snowshoe hare indices.  In western 
provinces (British Columbia, Alberta, Saskatchewan, Manitoba, Northwest Territories, and the 
Yukon), the magnitude of lynx cycles appears to have dampened dramatically after the 1980s-
1990s, while eastern provinces (Ontario, Quebec, and Newfoundland and Labrador) have seen 
less dramatic declines in peak lynx numbers trapped.  There is some evidence that hare 
numbers in the Yukon have not recovered to past levels after declines beginning in about 2000, 
and that hare numbers in southern Ontario have been low for the past 5-6 years.  There also is 
indication that the range of lynx in eastern Ontario has contracted northward since the 1970s, 
and modeling suggests that this contraction is likely influenced by habitat loss perhaps related 
to changes in forestry practices and an increase in tolerant hardwoods replacing spruce-fir 
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forests resulting from climate warming (Koen et al. 2014).  This has been accompanied by 
reduced genetic heterozygosity (allele richness) at this margin of the lynx range.  Recent studies 
also show some differences in functional genetic markers (unique alleles) in lynx south versus 
north of the St. Lawrence Seaway/River, suggesting the potential for evolutionarily significant 
differences in lynx in those areas (Koen et al. 2015, Prentice unpubl.).  Research also suggests 
an “invisible” genetic barrier south of Hudson’s Bay likely related to climate-driven differences in 
snow conditions, which could be amplified in the future with continued climate warming.  A few 
lynx-bobcat hybrids have been documented.  Lynx are listed as endangered provincially in New 
Brunswick and Nova Scotia, which also have by far the highest numbers of bobcats, and where 
bobcat populations have been increasing since about 1990.  Lynx are considered secure in all 
other provinces.   

Seven Ways a Warming Climate can Kill the Boreal Forest - Dr. Lee Frelich, Director, 
University of Minnesota Center for Forest Ecology, St. Paul, Minnesota  
Northern Minnesota is at the southern edge of the ranges of boreal forest tree species (balsam 
fir, white spruce, paper birch) and the northern extent of temperate forest species (sugar maple, 
red maple, red oak).  A number of climate-mediated processes are likely to shift these ranges 
northward, potentially resulting in the complete disappearance of boreal forest from Minnesota 
before the end of the century.  These include projected declines in snow depth, invasion of 
boreal forests by temperate species and a widening of the mixed forest ecotone, warming 
summer and winter temperatures, declines in boreal trees under both low- and high-emission 
climate scenarios, severe wind- and hail-producing thunderstorms (derechos) of greater extent 
and frequency, large wind-driven fires, heat and drought stress, increased insect infestations 
due to lack of extreme cold temperatures, and phenological disturbance.  These processes, 
alone or in combination may result in gradual or relatively sudden conversion of boreal forests to 
temperate forests, savanna, or grassland at the southern edge of the boreal forest range.  A 
mosaic of conversion mechanisms and rates of change will occur at landscape/ecoregion 
scales.  With unmitigated climate change, Minnesota is likely to lose the boreal biome and about 
one-third of its native species, including lynx, possibly within the next 60-70 years. 

Climate Change and Uncertainty:  Implications for Canada Lynx Conservation and 
Management in the Contiguous U.S. - Alexej Siren, DOI Northeast Climate Science 
Center and University of Massachusetts Department of Environmental Conservation, 
Amherst, Massachusetts 
Climate models are better at detecting long-term trends in temperature and precipitation than 
short-term climate variability.  Generally, projections of precipitation are less robust compared to 
temperature, and within the lynx DPS units, projected trends in precipitation are more certain for 
winter than for summer.  Consequently, the resulting model biases may affect climate 
projections.  Global surface temperatures have increased steadily over the 20th century, 
especially since the 1970s, with an overall increase in winter temperatures in the U.S.  These 
changes are most pronounced from the Northern Rockies to the northeastern U.S., where 
winter precipitation has also increased.  However, the northwestern U.S. has experienced drier 
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winters with less snow over the past several decades.  Importantly, numerous studies have 
shown that Canada lynx distribution is related to snowpack characteristics (e.g., snowfall, 
density, and persistence), which may directly or indirectly affect lynx through 1) increased 
competition (exploitative and interference) with sympatric carnivores, 2) altering hare and lynx 
population cycles, and 3) reduced genetic diversity.  Therefore, climate projections with a 
specific emphasis on winter climate are a valuable tool for assessing the long-term viability of 
lynx in the contiguous U.S.  Below are the climate trends for the past several decades and end-
of-century model projections for each of the DPS units; projections are multi-model means with 
the high emissions scenario (A2).  In the Northeast, recent trends are toward reductions in 
snowfall, the number of snow-covered days per season, and the proportion of winter 
precipitation occurring as snow.  Projections include increased winter precipitation, but with a 
lower proportion occurring as snow, and a decline in snowfall and length of snowpack coverage.  
In the Great Lakes region, recent trends indicate an increase in lake effect snow and longer 
snow seasons to the north.  Winter precipitation is projected to increase throughout the 
Midwest, with a lower proportion occurring as snow, except that lake effect snow is projected to 
increase around Lake Superior and north of the eastern Great Lakes until 2050, and eventually 
decline towards the end of this century.  Overall, models project a decline in snowfall and length 
of snowpack coverage by 2100 for the Midwestern region.  The Northeast and Midwest DPS 
units are especially vulnerable to snowpack loss due to lack of elevational refugia.  In the 
western DPS units and the Colorado population, recent trends show decreasing spring 
snowpack at lower elevations, an overall decline in snowpack by the latter half of the 20th 
century, and a lower proportion of winter precipitation occurring as snow.  Projections include 
decreases in snowfall season and snowfall amount, fewer days with snowfall, and continued 
reduction in the proportion of winter precipitation occurring as snow.  However, projections 
indicate that snowpack and winter severity may be less impacted in the Northern Rockies 
compared to other DPS units.  In summary, model projections are not favorable for lynx within 
the DPS units, especially towards the latter half of the 21st century, with less severe winters and 
diminished snowpack characteristics that favor competing species.    

Projected Climate-change Impacts on Snow, Vegetation, and Lynx Populations in the 
Western U.S. - Dr. Joshua Lawler, University of Washington, School of Environmental 
and Forest Sciences, Seattle, Washington and Dr. Chad Wilsey, National Audubon 
Society Science Division, New York, New York 

Climate modeling suggests reductions in the amount of precipitation falling as snow and a shift 
from subalpine forest to temperate evergreen needleleaf forests in a generalized lynx range in 
the western U.S.  Fire is projected to increase in both frequency and fire size, doubling by 2040 
and tripling by 2080.  Simulated lynx densities were projected for the 2020s, 2050s, and 2090s.  
Of 25 ecoregions included in the study area, 14 had simulated lynx populations greater than 
0.10 individuals/100 km2 across all time points.  Of those, and across various Global Circulation 
Models (GCMs), 3 ecoregions had simulated increasing populations by the 2050s and 11 had 
declining populations. Populations were projected to continue increasing in the 3 ecoregions by 
the 2090s, while declines were projected to deepen in 8 of the remaining 11 ecoregions. 
Growing populations were projected to occur in the sparsely populated Fescue-Mixed Grass 
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Prairie, Middle Rocky-Blue Mountains, and Great Steppe ecoregions, whereas the largest 
proportional declines were projected to occur in the West Cascades, Pacific Northwest Coast, 
Northern Cascades, East Cascades – Modoc, and Aspen Parkland ecoregions.  The study also 
looked at the effect of population cycling on projected changes and found that simulated 
declines differed more due to GCM model used than due to population cycling (i.e., modeling 
suggested lynx population declines were not strongly influenced by population cycles). 

Forest Management and Lynx Habitat Trends - Dr. Erin Simons-Legaard, University of 
Maine School of Forest Resources, Orono, Maine 
Lynx in Maine occur in the Northern Appalachian/Acadian Ecoregion where their distribution is 
governed by snowfall and extent of deciduous cover.  The eastern spruce budworm 
(Choristoneura fumiferana) is endemic to forests in this region, and extensive outbreaks of this 
insect pest occurred in northern Maine in the 1970s-80s, resulting in millions of acres of spruce-
fir die-offs, despite extensive aerial insecticide applications.  For several decades, salvage 
logging via extensive landscape-scale clear-cutting occurred in impacted forests, until passage 
in 1989 of the Maine Forest Practices Act, which regulated clear-cut size, configuration, and 
regeneration.  Regenerating clear-cuts became very dense stands supporting high densities of 
snowshoe hares.  Although the Forest Practices Act reduced the amount of clear-cut harvest 
over the following two decades, overall harvest increased as partial-cut harvesting replaced 
clear-cutting.  At the same time, land ownership patterns in northern Maine were shifting from 
large blocks of commercial timber interests to smaller blocks and more diverse land 
management goals, including development and financial investment, as well as some non-
development easements (though these do not regulate forest management).  The University of 
Maine modeled lynx habitat occurrence from snow track data, a series of Landsat satellite time-
series imagery since 1970, and indices of hare densities for various stand ages post-timber 
harvest to model past, present, and future lynx occurrence in northern Maine.  They found that 
the proliferation of regenerating partial-cuts produce lower landscape hare densities than 
regenerating clear-cuts from the 1970s and 1980s.  Landscape hare densities will likely decline 
in the future as the clear-cut-era stands mature into less dense conifer stands, beginning about 
35-40 years post-harvest.  High-quality stands are being replaced by lower-quality regeneration 
of partial harvests. High-quality habitat for lynx/hares is currently about 8% of the northern 
Maine landscape.  Model projections indicate it will decline to about 5% of the landscape by 
2030, and then level off, and that the prevalence of partial-harvesting will lead to elimination of 
many areas with concentrated high-quality habitat and a lower future probability of supporting 
lynx.      

Southern Snowshoe Hares: Updates, Questions, Forecasts - Dr. Karen Hodges, 
University of British Columbia Okanagan Department of Biology, Kelowna, British 
Columbia 

Northern hare cycles are more variable than commonly portrayed in some literature, with 
questionable synchrony and variation in peak heights and amplitudes.  Some southern hare 
populations (i.e., within the lynx DPS range) show “cycle-ish” dynamics and high densities, but 
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variability in abundances is not obviously linked to forest stand type (thinned, unthinned, 
mature).  Some areas of high hare density are occupied by bobcats instead of lynx (e.g., the 
Tally Lake area of the Flathead National Forest in Montana).  Hare densities in the western 
contiguous U.S. differ substantially across regions and landscapes.  For example, within the 
GYA, hare densities varied from very low (0.2 hares per hectare) in Yellowstone National Park 
to very high (0.5 - 1.7 hares/ha) in the Wyoming Range south of the park.  Hare densities also 
vary in the eastern part of the lynx DPS, with ranges from 0 - 1.8 hares/ha in Maine and, in 
Minnesota, densities of 0.64 hares/ha in the northeast part of the state (which supports resident 
lynx) and 0.35 hares/ha in Voyageurs National Park (which does not support resident lynx).  
Landscape attributes (e.g., tree densities and moisture gradients) also influence stand quality 
for hares.  Hare population dynamics (cyclicity, synchrony, amplitude, and peak densities) also 
vary regionally.  Forest management that reduces stand structure reduces hare abundances.  
For example, hares declined after experimental precommercial thinning in Montana, and, in 
Quebec, hare densities increased with time since commercial thinning, harvest, and fire.  Fire 
destroys hare habitat temporarily, but hares return to burned areas as soon as favorable habitat 
conditions return.  Post-fire hare densities also vary regionally; in stands burned by large fires in 
1988, hare densities by 2007 were higher in Glacier National Park than in Yellowstone National 
Park.  Hare densities necessary to support resident lynx remain poorly understood but appear to 
vary regionally, as do lynx diets and home range sizes.  If southern boreal/montane forests are 
lost, hares will decline.  Fire, timber harvest, and thinning will result in fewer hares, at least 
temporarily, and the impacts of post-fire salvage logging are unknown.  Understory cover and 
browse are very important, but we know little about the influence of shrubs or snow on hares.  
Like lynx, hares in the DPS are at the southern extent of their continental range.  Also like lynx, 
hares show high gene flow across most of the northern range in Canada but lower gene flow 
(higher genetic structure) in the southern part of the range, with some lineages potentially at risk 
of genetic drift.  Climate-mediated increases in fires and insect outbreaks and changes in forest 
regeneration may alter hare habitats and, thus, hare distribution and abundance.  Climate 
change may also affect hare vulnerability to predation by creating a mismatch between pelage 
color, which is controlled by photoperiod, and their surroundings (e.g., reduced snow season 
resulting in white hares on dark forest floors).  It may also alter predator communities, with 
uncertain impacts on hare populations.  Continued research is needed to better explain regional 
variation in population dynamics and peak abundances, to predict post-fire recolonization and 
densities and responses to climate change, and to better understand links between physiology 
and demography (e.g., predation stress and reproduction).      
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Lynx Status Update Presentations1 
Status of Lynx in Maine - Jennifer Vashon, Maine Department of Inland Fisheries and 
Wildlife, Bangor, Maine 
Much of the current lynx habitat in Maine was created from extensive harvests to salvage 
spruce budworm-damaged forests during 1970-1985, and the amount and distribution of high-
quality lynx/hare habitat are likely greater now than historic conditions.  Many stands were 
treated with herbicides to create extensive regeneration of spruce and fir.  Analysis of Forest 
Inventory and Analysis (FIA) data indicates that half of the 3 million forested acres of spruce-fir 
in northern Maine is currently sapling stage that should provide lynx with high quality foraging 
habitat.  Also based on FIA data, the amount of dense spruce-fir (supporting the highest hare 
densities) increased from 700,000 acres in 2006 to 805,000 acres in 2010.  The Maine 
Department of Inland Fisheries and Wildlife (MDIFW) conducted a telemetry study of lynx from 
2000-2011 in a study area with extensive areas of regenerating spruce-fir stands in 
northwestern Maine and found that lynx had relatively small home ranges.  Lynx strongly 
selected these high-quality hare habitats in former clear-cut areas.  Although hare densities 
declined from 2 hares/hectare to 1 hare/hectare mid-way through the study, lynx did not 
increase their home range sizes or alter their habitat use.  Reproduction declined initially after 
hare populations declined, but later recovered, with all females producing litters.  An average of 
65% of females bred each year throughout the study.  Litter sizes ranged from 1 to 5 and 
averaged 2.63 kittens/breeding female.  Kitten survival remained high (averaged 78%).  
Densities of 4.5 adults and 5 to 9 kittens were observed in 100 km2 areas.  Based on estimates 
of occupied habitat and home range information, MDIFW estimated there were between 750 
and 1,000 lynx in northern Maine in 2006, and more than 1,000 lynx in 2015 (or at least more 
animals than 2006).  Indices (number incidentally trapped, observed, or killed on roads) have 
increased, suggesting there are more lynx than in 2006, and the distribution of the population 
also appears to be expanding.  MDIFW initiated a third round of periodic lynx snow track survey 
in 2015 that support increased populations and expanding range.  Additional surveys are 
planned in 2016 and 2017 to update estimates.  Although a model by the University of Maine 
suggests the effects of the Maine Forest Practices Act could lead to a decrease in lynx habitat, 
thus far, it does not appear that lynx have declined in response to aging clear-cuts and the 
prevalence of partial harvests resulting from the Act.  A budworm outbreak is expected in the 
near future that will also impact future amounts of habitat for lynx and snowshoe hare.  MDIFW 
provides landowners with descriptions of lynx-hare habitat for their management plans through 
published peer-reviewed papers and reports on lynx status and habitat use in Maine and 
consultation.  

                                                
1 These are summaries of status updates presented by lynx experts for each of the geographic 
units in the DPS.  Summaries were written by the Lynx SSA Team based on the presentations 
and notes submitted by expert presenters and on the notes taken at the workshop during 
presentations.  Experts reviewed drafts of these summaries and provided clarifications/ 
corrections if needed, which were incorporated into the final summaries.    



19 

Canada Lynx in Minnesota - Dr. Ron Moen, Natural Resources Research Institute, 
University of Minnesota Biology Department, Duluth, Minnesota, and Susan Catton, 
USDA Forest Service, Superior National Forest, Duluth, Minnesota 
Prior to 1965, lynx in Minnesota were unprotected, had a bounty placed on them, and were 
overexploited by trapping.  From 1930-1977, harvest in Minnesota was twice that of Montana 
and 40 times that of other states.  In 1976, State protection was provided in the spring and 
summer months, and in 1984 the trapping season was closed.  In the 1990s and when listed 
under the ESA in 2000, it was unknown if lynx in Minnesota were residents or migrants from 
Canada, but now it is known that the Minnesota lynx population consists of both residents and 
migrants from Canada.  Since then, there have been hair snare and snow-tracking surveys, 
DNA analyses, and a multi-year telemetry project – none of these monitoring efforts were 
designed to estimate densities or abundances of the species.  However, as of 2015, it is thought 
that there are somewhere between 50 and 300 lynx in Minnesota (this expert later refined the 
range as 50 - 200 lynx, as indicated in the summary presentation preceding the graphing 
exercise below), with the core habitat in the arrowhead region of the state (St. Louis, Lake, and 
Cook counties), although there have been verified and probable lynx sightings elsewhere in the 
state.  At least 5 of 27 adult lynx radio-collared in Minnesota were later legally trapped in 
Ontario, and other collared lynx did not return from Canada, therefore their fates are unknown.  
Telemetry data showed that about half of males radio-marked in Minnesota moved back-and-
forth across the border, traveling at all times of the year; that Minnesota females that dispersed 
into Canada tended not to return to Minnesota; that males had much larger home ranges (267 
km2) than females (21 km2); and that females with kittens had the smallest home ranges.  About 
half of the mortality of collared lynx was from vehicle collisions, incidental catch, illegal kills, or 
unknown causes.  Moen et al. (2008) documented 10 den sites and showed that denning 
habitat is not limiting in Minnesota.  Since 2000, incidental take of lynx tracked by the USFWS 
Twin Cities Field Office has ranged from 0-14 per year and included vehicle (car and train) 
collisions, gunshot, incidental trapping, and unknown causes.  Approximately 50% of reported 
take was of incidentally trapped lynx, about half of which were released alive.  Home range 
analyses showed mean distance to nearest linear feature is approximately 200m, suggesting 
that lynx do not avoid roads.  Bobcat harvest data show a concentration of bobcats adjacent to 
the core of the lynx range.  The IPCC SRES A1B Scenario climate change model (Gonzalez et 
al. 2007, p. 14) shows snow conditions potentially suitable for lynx throughout the northern half 
of Minnesota to the end of this century; however, the snow and/or biological assumptions in the 
model need work, because it predicts a range for lynx that is larger than the current suitable 
range based on snow depth.  Other climate modeling (e.g., Morgan, in prep.) suggests that 
suitable snow-depth range will shrink significantly by 2055, be limited to extreme northeastern 
Minnesota by 2070, and may be entirely absent from the state by 2095.  Since 2000, the 
Superior National Forest (SNF) and others have identified 268 unique individual lynx (47% 
Female, 53% Male) from 1,306 DNA samples, primarily from SNF lands.  These samples also 
documented 13 unique individual lynx-bobcat hybrids (5 Female, 8 Male).  The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota.  The SNF annually documents 3-5 family groups and is working with 
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North Carolina State University and the Twin Cities Field Office on a study of the distribution of 
lynx that can be used to inform future study designs aimed at monitoring lynx occupancy and 
designing more intensive studies to estimate abundance. 

Current Distribution, Status, and Threats to Canada Lynx in Montana and Wyoming - 
Dr. John Squires, USDA Forest Service, Rocky Mountain Research Station, Missoula, 
Montana 
Northwestern Montana - This area is believed to support the largest lynx population in the 
western U.S., but minimum population size has not been calculated.  The Forest Service’s 
Rocky Mountain Research Station in Missoula initiated a lynx research program in 1998 to 
investigate lynx resource and prey selection, competition, activity patterns, detection and 
monitoring, and connectivity.  From 1998 to 2007, researchers trapped and radio-marked 175 
lynx in northwestern Montana and collected nearly 170,000 GPS and over 3,000 VHS telemetry 
locations documenting lynx movements, resource use, survival, and productivity.  From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area (the central 
portion of this geographic unit) and from 2003-2007, 2.95 kittens/litter (N = 22) in the Purcell 
Mountains (the northwestern portion of the unit).  In Seeley Lake, 61% of breeding-age females 
(N = 52) produced kittens; in the Purcells, 83% of females (N = 28) produced kittens.  Recent 
research (Kosterman 2014) suggests kitten production is correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges.  Annual survival rates for 
subadult and adult female lynx were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 
0.85, respectively, in the Purcells.  There was no evidence of cyclicity in these vital rates, and 
no indication of irruptions of lynx into this unit from Canada after the 1980s.  Starvation, 
predation by mountain lions, and human-caused deaths each accounted for roughly one-third of 
documented sources of lynx mortality.  Population viability analyses yielded population growth 
rates of 0.92 for the Seeley Lake area (i.e., declining population trend, 1999-2007) and 1.16 for 
the Purcells (increasing trend, 2003-2007).  The distribution of lynx in this unit appears to have 
contracted recently; lynx were documented in the Garnet Mountain Range in the southern 
portion of the unit from at least 1980 into the early 2000s, but in 2010, extensive research 
trapping efforts yielded only two males, and snow-track and camera-trap surveys in winter 2014-
2015 detected no lynx.  Genetic analyses revealed fine-scale genetic sub-structuring among the 
Garnets, Purcells, and Seeley Lake subpopulations, suggesting some level of relative isolation 
among lynx in those areas.  Most lynx habitat in this unit occurs on Federal lands (USFS, BLM, 
NPS).  Recent conservation land purchases substantially increased protection of lynx habitat in 
the Seeley Lake core area.  The extent of fire in this area has increased, with over one million 
acres burned in 2000-2013.  Forest management (timber harvest, silviculture, and fire 
management) can have negative, neutral, or positive impacts on lynx habitat; current research 
is investigating lynx response to management actions. 
      
Wyoming/GYA – The long-term persistence of lynx in the GYA is unknown, but early records 
from Yellowstone National Park documented lynx presence in the 1920s-30s, and more recent 
(2001-2004) surveys in the park documented several lynx and evidence of reproduction on the 
east side of Yellowstone Lake.  South of the park, lynx were also detected reliably in the late 
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1990s-early 2000s in the Union Pass and Togwotee Pass areas of the Wyoming Range in the 
Bridger-Teton National Forest.  Several lynx released in Colorado (1999-2006) dispersed to the 
GYA and occupied home ranges (including males and females with overlapping home ranges) 
in areas of the Wyoming Range previously occupied by “native” resident lynx.  Recent (2005-
2010) research trapping and survey efforts in the Wyoming Range have detected only 
Colorado-released lynx, and the current status of lynx in the GYA is uncertain but believed to be 
at low numbers based on on-going surveys.  In addition to fire and forest management (as 
described above for northwestern Montana), oil and gas exploration and development may pose 
a potential risk to lynx and habitat in the Wyoming Range.             

Lynx in Washington: Current Status and Potential Threats - Benjamin Maletzke, 
Washington Department of Fish and Wildlife, Olympia, Washington 
Lynx in Washington were State-listed as threatened in 1993, but with recent large-scale impacts 
to lynx habitats and likely declines in lynx numbers, upgrading to State-endangered may be 
justified.  The Washington Department of Fish and Wildlife completed a lynx recovery plan in 
2001, and the Department of Natural Resources completed a habitat management plan for its 
lands in 1996, which it revised in 2006.  The majority of lynx habitat in Washington occurs on 
public lands including State Forests and National Forests.  Although individual lynx are 
occasionally documented in the northeastern part of the state, only the Okanogan area (eastern 
Cascade Mountains abutting the border with Canada) in the north-central part of the state has 
consistent records and evidence of a resident breeding population.  In terms of the ESA’s five 
listing factors, over-utilization, disease/predation, and inadequacy of existing regulatory 
mechanisms are not issues for lynx in Washington.  Lynx trapping was prohibited in 1991, and 
only live-trapping is allowed for bobcats, so there is little chance for incidental trapping.  There is 
no documented disease and little evidence of predation (though these could occur/increase with 
climate change).  With ESA and State listings, critical habitat designation, and State recovery 
and State and Federal habitat management plans in place, regulatory mechanisms appear 
adequate.  Recently, much lynx habitat has been lost, at least temporarily, to frequent large-
scale fires and insect outbreaks, and climate change may pose additional (or exacerbate 
existing) threats to lynx and habitats in Washington.  From 1990-2002, there were about 2,600 
km2 of lynx habitat in the Okanogan (Eastern Cascades) area, and female home ranges were 
estimated at 38 - 41 km2, suggesting the potential to support roughly 90-115 resident females 
(home ranges include “matrix” or non-habitat).  By 2014, habitat had been reduced by fire to 
about 1,600 km2, and habitat loss and fragmentation resulted in female home ranges increasing 
to an estimated 91 km2, with a potential to support roughly 27 resident females.  Although areas 
impacted by fires and insects should regenerate to hare/lynx habitat, it may take 35-40 years or 
more for that to happen.  Climate change will likely reduce snow depth, condition, and 
persistence, potentially influencing interspecific competition.  It also may cause temperature- 
and precipitation-driven changes in vegetation and increased fire frequency, size, and intensity, 
resulting in further reduction, fragmentation, and isolation of suitable habitats and impacts to 
prey abundance.  Connectivity between the Okanogan area and lynx populations and habitats in 
Canada seems adequate; it is more tenuous in the northeastern part of the state, where cross-
border populations/habitats in Canada are smaller and potential corridors more constricted.  It is 
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also possible that legal trapping in southern British Columbia could limit immigration into 
Washington’s lynx population and be a source of mortality for lynx dispersing from Washington 
into Canada.  Potential management and recovery actions could include resuming surveys and 
monitoring efforts, reviewing current State, Tribal, and Federal management actions to see if 
they can be more “lynx-friendly,” conducting population viability analyses to estimate 
probabilities of persistence over various time periods, coordinating with British Columbia on 
cross-border lynx conservation efforts, evaluating the need and feasibility of augmenting female 
lynx in the Okanogan and reintroducing lynx to the Kettle Crest, up-listing lynx in Washington to 
indicate the current status and severity of threats, and seeking collaboration and funding to 
support the measures above. 

Status of Lynx in Colorado - Dr. Jake Ivan, Colorado Parks and Wildlife, Fort Collins, 
Colorado 
Lynx in Colorado were State-listed as endangered in 1973.  Based on statewide surveys 
conducted in 1978-1997 that found some possible lynx sign (tracks), the State concluded that if 
lynx were present, too few individuals remained for a viable population and that natural 
recolonization was unlikely due to geographic isolation.  The State initiated a lynx reintroduction 
program, releasing 218 lynx from source populations in Alaska and Canada from 1999 to 2006.  
All animals were released into the San Juan Mountains in the southwest part of the state.  Many 
stayed there and used the area heavily; many others established home ranges in the Sawatch 
Range in the central part of the state, where the bulk of historical records occurred.  Although 
post-release mortality was initially high, it decreased after release protocols were modified and 
among lynx after they’d been on the ground a year.  Mean annual survival was 0.93 for lynx that 
stayed within the San Juan Mountains core-release area, and 0.82 outside of it.  The first den 
was located in 2003, and 48 dens were subsequently documented in Colorado through 2010, 
including a third-generation of Colorado-born lynx.  The reintroduced population displayed 
reproduction similar to other areas in the DPS in some regards (e.g., mean litter size was 2.75 
kittens), and lower in others (e.g., mean percentage of females that produced kittens was 24% 
[range = 0% - 46%])2.  A deterministic model that uses survival estimates and reproduction data 
from ten years of monitoring reintroduced lynx and assumes that reproductive parameters 
observed during that time would repeat each decade shows a slightly increasing trajectory 
through time.  Although current population size and survival rates are unknown, photos of 
females with kittens in 3 sampling units during occupancy monitoring in the San Juan Mountains 
in 2014-15 and capture of young and unmarked (i.e., “new”) lynx during research efforts in 
2010-15 provide evidence of continued reproduction.  Potential threats to lynx in Colorado 
include climate change, bark beetle outbreaks, fire, increasing human recreation, and 
vulnerability to vehicle collisions and disturbance from highways.  Climate modeling in 2014, 
based on the RCP6 (2nd-highest) emissions scenario, suggests that by mid-century 
temperature will increase by 2°C, precipitation will decrease in the San Juan and other southern 
mountains, and that spruce-fir habitat will migrate upslope, lagging climate conditions by 50-100 

                                                
2 These data were provided by the presenter after the workshop but were not part of the original 
workshop presentation. 
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years.  Based on this, the overall vulnerability of spruce-fir in the state is considered moderate 
at mid-century.  As of 2014, over 4 million acres of potential lynx habitat has been impacted by 
bark beetle outbreaks; however, lynx and hares continued to use impacted areas, even when 
beetle impacts are severe.  Red squirrel use declined in areas that were heavily impacted by 
beetles.  Large fires also have impacted lynx habitat, and as elsewhere, fire size, frequency, 
and intensity are expected to increase with climate change.  A cursory, pre-analysis review of 
location data suggests that lynx make use of landscapes in which heavy winter recreation 
occurs.  However, use of developed ski areas is light, and outside of ski areas, heavy lynx use 
tends to occur in thick timber that is not used by snowmobilers and other backcountry users.  
Finally, lynx frequently crossed 2-lane paved highways in home ranges (0.6 crossings/day), 
more often at dusk and night, coincident with lower traffic volumes, and usually at forested 
crossings.  Recent results from a new large-scale monitoring program indicated that lynx 
occupied a similar proportion of the landscape in the San Juans Mountains during winter 2014-
15 as they did during winter 2010-11.  

Expert Elicitation Process 
All questions posed to the 10 lynx expert panelists were framed in the context of the 3Rs, a 
driving principle for evaluating viability under the SSA framework.  In questioning, we used a 
modified Delphi method (e.g., MacMillan and Marshall 2006), which involves eliciting individual 
responses/scores, exploring response rationale and differences in expert judgment through 
guided discussions, then allowing experts to reconsider their scores in light of those discussions 
if they so desire.   
 
In our implementation of the modified Delphi approach, panel members were first asked to 
respond individually to a particular question and indicate their level of confidence in their 
response.  We then collated and noted the range of responses, which became the mechanism 
for follow-up discussion.  In collating responses, we used a simple numeric coding system 
rather than the experts’ names to provide for a reasonable level of anonymity.  We noted where 
there was high congruence among responses, as well as low congruence and outlying 
responses.  By asking for experts to voluntarily provide their reasoning for particular responses, 
we were able to delve into the basis for varying opinions.  After the discussion period, experts 
were given the opportunity to revise their scores.   
 
In addition to elicited responses to each question, we received substantial feedback from the 
experts on definitional issues and the validity of the questions themselves; we revised the 
questions as needed following these discussions.  In the case of a revised question, scores 
were elicited again following the revision.  The second round of scoring was displayed for 
experts, with a closing opportunity for comment, discussion, or score revision. 
 
All panel members were encouraged to respond to each question but also given the option of 
abstaining from responding to a question if they felt it was beyond the bounds of their expertise.  
With few exceptions, all 10 expert panelists responded as requested to every question.  
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Instances where experts either chose not to reply or otherwise replied in a manner differing from 
the expected form of response to the question are noted in the responses below. 

Lynx Status:  Expert Elicitation and Responses 
Questions for experts were scripted by the Lynx SSA Team prior to the meeting to facilitate 
discussion of lynx ecology among the experts, solicit their professional opinions, and to help the 
Service gather and synthesize biological information for use in the SSA, particularly where 
empirical data are lacking in the published literature and projecting habitat and population 
conditions into the future is needed.  Because of the uncertainty of quantifying the population 
status and other aspects of lynx biology, the Service and facilitators decided to generate a 
series of discussion questions with quantifiable responses (scores) concerning the redundancy, 
resilience, and representation (3 Rs) of the DPS.  Although scores provided a starting point for 
discussion among experts and are quantified, analyzed, and summarized as appropriate in the 
following sections of this report, the Service also places high value on the content of the 
discussion among experts.  Therefore, both the analyses of scores and summaries of the 
discussion content are presented and will be considered during development of the SSA, noting 
that both were integral to the expert elicitation process. 

The types of questions and the format of responses differed based on the information needed to 
inform the status assessment, and the best way to capture the information relevant to the 
question being asked.  For example, responses were requested in the form of lists, when a set 
of influences was desired, in the form of a 4 point elicitation (e.g., the most likely, high, and low 
end of a range, and confidence that the range contains the true value) when an uncertain 
quantitative value was desired, in the form of graphed trajectories when probabilities of 
persistence over time were desired, and other forms as necessary (see questions below).  
Experts submitted their scores independently via submission sheets (sticky notes, index cards, 
graph paper, etc.) with their ID numbers.  Note takers recorded and displayed scores to assist 
discussion.  Facilitators and other members of the SSA Team then asked directed questions to 
clarify responses from the panelists as needed.  Following each round of discussion and 
clarification, the panelists were provided the opportunity to update their response if desired and 
the second round of responses were collected and recorded.  The final responses are the only 
responses reported here.  The range of individual responses that we received was not 
combined (e.g., averaged or otherwise) in any way that would obscure or conceal individual 
responses, and the final scores for each panelist were recorded if the response was revised. 

We present the results of the expert elicitation below under the headings of representation, 
redundancy, and resilience.  Under each heading, the following is provided:  the definition of the 
viability category (3 Rs) under consideration, the question(s) asked of the expert panelists, 
response type (i.e., the form of the response requested of the experts), question clarification 
(i.e., a narrative description of any additional information provided to the experts by the 
facilitators for clarification as the questions were asked), expert responses, and notes from the 
discussion. 
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Expert Responses 

Representation 

Definition - Representation contributes to the adaptability and evolutionary capacity of a 
species over time, to accommodate long term issues like climate change.  The breadth of 
genetic ecological, demographic, and behavioral diversity across a species’ range may 
contribute to its capacity to adapt over time.  Measures of genetic and life history variability 
among populations, distribution of populations across a range of ecologically diverse locations 
or niches, etc., are useful proxies to measure.  Consider needs for establishing or reestablishing 
populations in unoccupied habitat that may be necessary or suitable for species adjustment to 
climate change or other stressors, including the need to replace former populations in no longer 
represented ecosystems. 

Representation Questions  

1.  Are any of the geographic units susceptible to genetic drift on a scale that would limit 
genetic viability?  If yes, which geographic units? 
 
Response Type:  Experts supplied a written response of “yes” or “no,” with a yes answer 
accompanied by a list of susceptible geographic units. 

Expert Responses:  Five experts responded that none of the geographic units are susceptible to 
meaningful genetic drift, two experts abstained from answering, and three experts responded 
that there are geographic units that are susceptible to such genetic drift.  Among the latter, one 
expert responded that the Colorado geographic unit is susceptible over a long period of time, 
and the other two experts responded that both the Colorado and GYA geographic units are 
susceptible to genetic drift. 

Discussion Points Following Initial Responses:  It wouldn’t take many immigrating lynx to 
provide adequate genetic diversity to prevent genetic drift.  One reproductively successful 
immigrating lynx every 5 to 10 years per geographic unit is likely sufficient to prevent genetic 
drift.  Most experts believed there was a low likelihood that even the smaller lynx populations 
(GYA and Washington) or those in more isolated geographic units (Colorado and GYA) are 
vulnerable to genetic drift at a scale that would impact viability, though several experts felt that 
both the GYA and the western Colorado units could experience meaningful drift in the absence 
of immigration or augmentation.  Overall, most experts felt there is a low risk of genetic drift 
being a problem for lynx in the DPS.  

2.  Are there locations from a lynx perspective that have unique habitat conditions 
relative to other areas in the lynx range that are necessary to foster future adaptive 
capacity of the DPS?  If yes, where? 
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Response Type:  Open discussion.  No response forms were submitted, but notes were taken 
on the discussion that followed. 
 
Question Clarification:  The experts required some clarification of terms and the intention of this 
question to respond.  Facilitators read the working definition of representation (above), which 
previously had been provided to the experts.  Experts then discussed representation across the 
lynx DPS from an adaptive capacity perspective. 
 
Expert Responses:  The response was an open discussion captured below. 
 
Discussion Points Following Initial Responses:  Maintaining genetic variability is important for 
adaptive capacity.  If uncertain about the capacity for lynx to adapt, then experts encouraged 
that all populations (and hence the genetic variation within each) be maintained.  Experts 
indicated that it doesn’t appear that any U.S. population is more or less important to maintain 
than the others because of relatively similar ecological settings and the generally low level of 
genetic differentiation across the DPS.  Summary:  Experts discussed that maintaining 
representation in the DPS could best be achieved by retaining current DPS populations, 
maintaining connectivity between DPS and Canadian lynx populations, conserving the genetic 
diversity currently represented in DPS, and avoiding impacts that could facilitate or increase the 
potential for or likelihood of genetic drift. 

It was also noted that lynx north of the DPS in some parts of eastern Canada (in New Brunswick 
and Quebec south of the St. Lawrence Seaway and on Newfoundland Island) have some 
unique alleles, including at functional genes, and should be preserved.  Lynx in these areas are 
relatively more isolated than lynx elsewhere in Canada.  Lynx south of the St. Lawrence are 
separated from lynx to the north by the seaway itself, which historically froze over during winter 
but which is now kept open to facilitate maritime shipping, perhaps reducing the level of genetic 
exchange between lynx on opposite sides.  Lynx on Newfoundland Island are separated from 
lynx in mainland Labrador and Quebec by the 15- to 60-kilometer-wide Strait of Belle Isle.  
Despite the relative isolation of these populations, genetic evidence indicates some interchange 
between lynx south and north of the St. Lawrence and between Newfoundland Island and 
mainland populations.  Eastern Canadian populations north of the St. Lawrence may have 
slightly different genetic composition than lynx in the Maine geographic unit. 

Redundancy 
Definition - Redundancy contributes to the ability of population types to withstand catastrophic 
events (hurricanes, wildfires, etc.).  The number and distribution of populations of each 
representative type contribute to the retention of various representative types despite 
catastrophic events by ensuring that the loss of a population doesn’t lead to the loss of 
representation. 

Redundancy Questions 
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1.  List the factors/catastrophic events that could functionally extirpate an entire 
geographic unit. 
   
Response Type:  Each expert supplied a written list submitted via index card of the 
factors/catastrophic events. 
 
Question Clarification:  Three issues required clarification prior to obtaining responses to this 
question.  First, we initially asked about eliminating a “population” rather than a geographic unit.  
Because some of the geographic units may support several relatively isolated subpopulations, 
experts questioned whether we meant individual populations or subpopulations.  We clarified 
that we are evaluating the likely persistence of resident lynx populations in each of the six 
geographic units that currently support or recently supported them; therefore, we are interested 
in the likelihood that a catastrophic event could result in the extirpation of resident lynx from the 
entirety of any of the geographic units. Second, we were asked if extirpation meant the 
complete loss of all lynx from a unit.  We clarified that we wanted to know if lynx could be 
“functionally extirpated” from any geographic unit, with functional extirpation described as the 
loss of the unit’s ability to support a resident breeding population(s) of lynx.  Third, experts were 
not clear what an “event” entailed.  After discussion, it was agreed that an event was defined as 
a single occurrence of some form, such as a fire, drought, hurricane, etc., that occurs over a 
relatively brief period of time, rather than a series of smaller cumulative events (e.g., a series of 
climate change-associated occurrences of fires or insect outbreaks over the course of a 
decade) causing a cumulative catastrophic result. 

Expert Response:  Six of the ten experts did not list any catastrophic events that could result in 
the functional extirpation of lynx from any entire geographic unit.  Three of the experts listed 
multiple catastrophic events they felt could result in at least temporary functional extirpation of 
lynx in a unit.  Among these, two of the experts listed fire, three listed disease, one listed insect 
outbreak, and one listed a failure of winter conditions due to a combination of heat or drought 
conditions.  One expert listed geographic unit-specific events, namely fire or insect outbreak for 
the Washington geographic unit, insect outbreak in Maine, and either insect outbreak or fire for 
one of the Minnesota geographic unit’s groupings of individuals, but not all. 

Discussion Points Following Initial Responses:  Experts were told that climate change was not 
considered a catastrophic event because it is both a driver of events and influences severity, 
rather than being an event itself as defined above.  Experts discussed the possibility that the 
Washington geographic unit, because of its relatively smaller size and history of recent 
extensive fires in lynx habitat, may be at risk of functional extirpation from multiple catastrophic 
events; disease, fire, and beetle outbreak were all mentioned as possible events.  One expert 
suggested that the Minnesota geographic unit could potentially be eliminated by a very large 
fire, although there was a low probability of this occurring.  Experts expressed some uncertainty 
whether fire could occur at the severity and scale sufficient to eliminate an entire geographic 
unit; however, a series of fires over a short time period may have the potential to cause 
functional extirpation of lynx from a geographic unit or significantly reduce the number of 
resident lynx it could support, at least temporarily. 
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2.  Could any of the catastrophic events listed in response to redundancy question 1 
eliminate all 6 geographic units simultaneously? 
 
Response Type:  Each expert supplied a written response of “yes” or “no.” 

Expert Response:  All experts answered “no.” 

3.  What is the probability (expressed as a percentage) that any single geographic unit 
could be eliminated by a single catastrophic event in the next 10 years? 
 
Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  In response to the discussion around question #1, which resulted in the 
inclusion of question 3, this question was modified from its original script to include a 10-year 
time frame (underlined). 

Expert Responses:  All responders gave a relatively low probability (≤ 10%, median of 1%) that 
any single geographic unit could be eliminated (resident lynx functionally extirpated) by a single 
catastrophic event in the next 10 years (Figure 2).   

4. What is the percent likelihood that a series of catastrophic events within the next 10 
years could cause functional extirpation of one or more lynx geographic units? 

Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  This question was developed after discussion of question 3 to capture 
the possibility of functional extirpation of lynx from geographic units due to a series of 
catastrophic events over a relatively short time rather than a single event that occurs at one 
point in time. 

Expert Responses:  The percent likelihood ranged from 0.5% to 60%, with a median response 
of 7.5% (Figure 2).  Expert responses indicated a higher probability of a series of catastrophic 
events over 10 years resulting in functional extirpation than a single event in the next 10 years, 
as in question 3.  
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Figure 2.  Individual scores and summary boxplots of the percent chance that a geographic unit 
is eliminated by a single catastrophic event (question #3, left) or a series of catastrophic events 
(question #4, right) in the next 10 years.  Note:  This and all subsequent figures below were 
generated using the statistical software R (Appendix 6).  

In Figure 2, individual responses to a single catastrophic event were 0.01%, 0.1%, five 
responses of 1%, 5%, and two responses of 10%.  Individuals responses to a series of 
catastrophic events were 0.5%, 1.1%, three responses of 5%, 10%, 15%, 20%, 40%, and 60%).  
Boxplots illustrate response mean values (bold black lines), the 25% and 75% quartiles (upper 
and lower bounds of boxes), and the highest and lowest values within 1.5 times the quartile 
range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of the 
whiskers (outside 1.5 times the quartile range) are considered outliers and plotted as points 
beyond the ends of the whiskers (i.e., experts 3 & 4 in Q3 and experts 3 and 10 in Q4, as 
indicated by the points plotted between experts 5 and 6).  The individual expert responses used 
to produce the boxplots are indicated by x-marks.  Boxplots are provided as a summarizing 
visualization to aid comprehension of the experts’ responses and their range, and the summary 
values are presented in this context and not intended for use outside of the context of the full set 
of responses. 

Discussion Points Following Initial Responses:  One expert noted that the probability of 
extirpation in any one of the 6 geographic units is greater than the probability of a single specific 
geographic unit being extirpated.  Also, any combination of a series of events over a decade 
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increases the likelihood of extirpation in any one geographic unit relative to the probability of 
extirpation due to a single event.  

Although median probabilities of extirpation were low, experts felt the geographically smallest 
unit (Washington) and those units believed currently to support the fewest resident lynx (GYA, 
Washington, and Minnesota) were the most vulnerable geographic units when scoring this 
exercise.  Fire, drought, and beetle kill were the most frequently mentioned events that were 
considered by the experts when answering this question.  Some experts felt that these 
geographic units may be susceptible to such a scenario because of small geographic and/or 
population sizes and distribution.  In particular, it was noted that this past year there were many 
fires in lynx habitat, especially in Washington, and another year with similar fire impacts, or a 
few such fire years in a 10 year period, could lead to extirpation of lynx in the Washington 
geographic unit.  An expert noted there currently may be as few as 24 remaining females in 
Washington and that with fewer individuals in this area it would result in a higher probability of at 
least temporary extirpation.  Experts noted that fire disturbance data are likely available that 
could be used to model the likelihood of future fire impacts to each geographic unit.  

Experts with outlier responses provided their rationales.  Experts having the lowest scores 
believed that even the smallest geographic units would have only a low probability of extirpation 
in the next decade - that the time frame under consideration was very short.   

5.  What length of time would be required for a geographic unit eliminated by a 
catastrophic event to reestablish naturally? 
  
Response type:  4-point elicitation.  Each expert supplied a written response in years for the 
longest, shortest, and most plausible time periods for reestablishment of a resident lynx 
population within a geographic unit following functional extirpation.  They were also asked to 
indicate their confidence, as a percentage chance, that the true amount of time necessary for 
reestablishment would fall between the shortest and longest plausible time periods provided. 
 
Expert Responses:  The responses to each of the points elicited are shown below in Table 1.  
Two experts provided additional information beyond the 4 points elicited when responding.  One 
presented two scenarios, one in which connectivity is intact and the habitat was damaged by the 
catastrophic event (e.g., insect outbreak or fire) which would require habitat regrowth first, and 
the second in which the habitat remained present.  In the case of habitat being present the most 
likely time period response was less than 10 years.  In the habitat elimination scenario the 
expert felt given climate changes to habitat that the geographic unit would not re-establish.  The 
second expert responded by geographic unit, with the exception of the Minnesota geographic 
unit for which there was no response.  Their responses are summarized in Table 1 using the 
overall longest and shortest responses as well as the average of the most plausible time (see 
footnote 3). 
 
Table 1.  Expert responses regarding the natural reestablishment time in years for a geographic 
unit after extirpation by a catastrophic event. 
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Expert # 
Reestablishment Time in Years Percent Confidence in 

Range3 Shortest Plausible 
Time 

Most Plausible 
Time  

Longest Plausible 
Time 

1 10 40 100 50% 
2 15 100 300 80% 
3 15 35 60 5% 
44 1, 

will not reestablish 
<10,  

will not 
reestablish 

will not reestablish 100% 

5 25 50 100 75% 
6 20 30 50 90% 
7 15 20 25 90% 
8 15 50 will not reestablish 40% 
9 20 30 100 50% 

105 15 55 200 50% 
 

Expert responses are also visualized in Figure 3 and Figure 4 below.  The raw responses are 
visualized in box plot form to aid communication of the results (Figure 3).  Confidence ranges 
provided in a four point elicitations enable expert responses to be rescaled to produce a 
common confidence bound across experts using linear extrapolation (e.g., McBride et al. 2012).  
We calculated the 95% confidence interval for the shortest and longest plausible time periods 
for each expert (Figure 4).  In cases where the linear extrapolation resulted in negative years for 
the shortest time periods, we adjusted to zero.  This may indicate underconfidence in the 
responses provided by the experts, or that the use of linear extrapolation for these 4-point 
elicitation responses fails to distribute expert uncertainty in a manner consistent with the actual 
uncertainty present in expert responses (i.e., the experts could have been more confident in 
their shortest plausible time response than their longest plausible time responses, which the 
linear extrapolation doesn’t account for). 

                                                
3 Expert confidence that the true recovery time would fall between the shortest and longest time periods 
of their response. 
4 This expert provided a response for two scenarios, first that the catastrophic event does not result in 
habitat loss, and second that habitat is lost and therefore connectivity to extant populations is lost. 
5 This expert provided separate responses for each geographic unit.  The values in this table are the 
overall shortest, longest, and average most plausible number of years indicated in the responses across 
geographic units. 
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Figure 3.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events. 

The raw responses for each of the three time periods (longest plausible time to reestablishment, 
most plausible time, and shortest plausible time period) are displayed in the box plots in Figure 
3 above.  Boxplots illustrate response mean values (bold black lines), the 25% and 75% 
quartiles (upper and lower bounds of boxes), and the highest and lowest values within 1.5 times 
the quartile range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of 
the whiskers are considered outliers and plotted as points.  The individual expert responses 
used to produce the boxplots are indicated by x-marks.  Boxplots are provided as a 
summarizing visualization to aid comprehension of the experts’ responses and their range, and 
the summary values are presented in this context and not intended for use outside of the 
context of the full set of responses. 
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Figure 4.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events, adjusted to provide 95% confidence bounds. 

In Figure 4, 95% confidence bounds were produced from the 4-point responses using linear 
extrapolation.  Shortest plausible time period is in blue, most plausible is green, and longest 
plausible is red.  For plotting purposes negative shortest time period values were adjusted to 
zero, and all zeroes in the plot indicate 95% confidence bounds that extended below zero.  
Longest time periods beyond 350 years were plotted at 350, with the actual time period noted in 
text left and below those points.  Also note that expert 10 responded by geographic unit, so the 
figure displays the 95% confidence bound adjusted overall longest, overall shortest, and 
average most plausible time periods across the six units for expert 10. 

Discussion Points Following Initial Responses:  Experts discussed the amount of time it takes 
for habitat to recover after catastrophic events (e.g., fire, insects) when considering timeframes 
for repopulation.  Some experts could picture some geographic units never being recolonized 
again, and that some could be recolonized immediately, depending on which geographic unit is 
being evaluated and the level of connectivity to other geographic units and to lynx populations in 
Canada.  Washington is more connected to Canada than the Colorado geographic unit for 
example.  The rate of recolonization was variable for each geographic unit because of the size 
of each geographic unit, status of adjacent source geographic units, and the level of 
connectivity.  Experts found it hard to generalize across the range of the species for this 
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question.  The variances in the geographic units across the range need to be considered.  
Experts believed GYA and CO would have a long period for recolonization, if ever recolonized, 
after a potential extirpation event because of the lack of connectivity with Canadian populations.  
It is likely that those geographic units with connectivity to Canada would recover much sooner 
than geographic units not connected to Canada. 

Resiliency 

Definition - Resiliency speaks to an individual population’s ability to tolerate environmental and 
demographic stochasticity, such as fluctuations in temperature or genetic drift.  It is often 
measured in terms of population size and growth rate, but in fact is dependent on a number of 
traits, both demographic and environmental.  These include, among others: age or stage class 
distribution, genetic heterogeneity, birth rates, annual survivorship, sex ratios, etc., and the 
quality and extent of habitat, the degree of disease, competition, etc.  Metapopulation dynamics 
and distribution can also contribute to population resiliency in some species. 

Resiliency Questions:  Probability of Persistence Exercise  

Exercise Summary 

The first two resiliency questions were asked concurrently as part of a probability-of-persistence 
exercise conducted for each geographic unit.  Experts were asked to graphically provide the 
probability of persistence of resident lynx through time for each geographic unit, as well as the 
major factors influencing persistence in those geographic units, one geographic unit at a time.  
Experts were asked to provide persistence probabilities and influencing factors for the near-term 
(2025), mid-term (2050) and longer-term (2100).  Experts were also asked to indicate on each 
of their graph sheets the emissions scenario (low, moderate, or high/status quo) they were 
considering in graphing persistence probabilities and listing influencing factors.  
 
We began this exercise with the Northern Maine geographic unit, and the discussion and 
questions among experts that followed the initial persistence-graphing and factor-listing efforts 
indicated that a review of the status and major issues confronting lynx in each unit (a quick 
reminder and summary of the earlier status update presentations) would be helpful.  Therefore, 
prior to expert responses for the remaining units, the expert(s) most familiar with the geographic 
unit in question gave a 5-10 minute summary of what they viewed as the most relevant 
information about the current and likely future status of lynx populations and habitats in that unit.  
They also presented any other conditions or issues they thought could affect the probability of 
persistence of resident lynx in that unit.  All experts then completed their graphs and lists of the 
factors that influenced the probabilities of persistence they selected for each time frame for the 
geographic unit in question.  For the Maine unit, the discussion following initial responses 
served the same purpose, and after that discussion, experts were given the opportunity to 
revise their responses if they felt it necessary. 
 



35 

After all experts completed their responses, the graphs and influence lists from each expert 
were posted on the wall, and workshop participants were invited to gather around to view and 
discuss the range of responses.  Facilitators and SSA Team members then polled the experts 
about what drove their responses.  These questions were a mix of directed questions about 
unique responses, the role of particular factors noted in the responses, and open-ended 
questions to allow experts to describe their thinking.  Experts and team members were also 
encouraged to ask clarifying questions about the responses.  Experts were encouraged to 
modify their responses by posting a revised sheet above their first response if they wished to 
adjust their responses based on the discussions. 
 
1.  What is the probability of persistence over time (particularly at present, 2025, 2050, 
and 2100) for each of the 6 major geographic units? 
 
Response Type:  Graphical 3-point elicitation.  Each expert was provided a blank sheet of 
graphing paper with a y axis of probability of persistence, and an x axis of time, with 4 time 
periods bolded (2015, 2025, 2050, and 2100).  For each of those years, experts were asked to 
add a point to the graph representing the lowest, highest, and most likely probabilities of 
persistence at that time period.  Experts were also asked to connect the points through time. 
 
Question Clarification:  It was explained that the most likely point should represent the 
probability of persistence that the expert anticipates to be most likely to occur for that 
geographic unit at each time period, and that  the points for lowest and highest probability of 
persistence were intended to capture the expert’s uncertainty in the future probability of 
persistence.  Experts preferred to indicate a most likely probability and to provide a full 
confidence interval (i.e., upper and lower bounds within which they felt 100% certain the future 
probability of persistence would fall) rather than indicate a confidence level associated with the 
lowest and highest probability responses. 
 
Expert Responses:  Responses are by geographic unit and are presented below in conjunction 
with the responses to question #2 below. 
 
2.  What are the major drivers/factors (up to 3) reducing probability of persistence for 
each of the major geographic units? 
 
Response Type:  Ranked list of top three factors, for each point in time (present, 2025, 2050, 
and 2100), with % contribution of each factor. 
 
Question Clarification:  Resiliency questions 1 and 2 were asked concurrently.  Experts were 
provided a sheet of paper for each geographic unit and the area at the bottom of the sheet 
below the graphing area was used to list the three major factors they expected would most 
significantly influence the probability of persistence at each time period.  Influencing factors 
were described as those anthropogenic or naturally-occurring activities, events or factors that 
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could influence the probability that resident lynx populations will persist in a given geographic 
unit. 
 

Expert  Responses:  For each geographic unit an overview of the unit from the area 
expert are provided, as well a summary of the hand drawn graphs via a figure (Figures 
5 - 10), the responses and major factors are summarized via text, and the discussion 
that the responses generated are presented. 

Results by Geographic Unit 

Northern Maine  

Pre-graphing Overview from Unit Experts:  This step was not added to the process until after the 
probability of persistence exercise for this unit.  Because this unit was the first for which experts 
attempted to graph persistence over time, there were many questions and much discussion 
about process and intent.  It was the discussion following this initial graphing exercise that led 
the SSA Team to request unit summaries prior to subsequent graphing exercises.  The Team 
felt that overview information similar to that provided prior to graphing persistence for 
subsequent units (below) came out during the discussion.  Further, because experts were 
encouraged to update their Northern Maine geographic unit responses as necessary following 
that discussion, the Team felt that the results of the graphing exercise for the Northern Maine 
geographic unit were valid and comparable to the results generated for the other units. 

Expert Responses:  All experts indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Maine through the end of the century, with uncertainty (range 
between lowest and highest probabilities) also increasing over time.  Nearly all experts 
predicted near-term (year 2025) persistence probability >= 90% and mid-century persistence >= 
70%.  All experts predicted end-of-century persistence probability >= 50% for this unit, with most 
predicting a 40% to 60% probability of persistence by 2100 (Figure 5).  Near-term drivers that 
influenced experts’ probabilities of persistence for this geographic unit were changes in private 
forest land ownership, changes in forestry management (timber harvest methods, volumes, and 
spatial distributions), habitat decline (succession of previous clear-cuts from young, dense 
regenerating stands to mature stands less conducive to high hare densities), spruce budworm 
outbreak, climate change-induced loss of spruce-fir habitats, and competition with bobcats due 
to climate change-induced loss of snow conditions that favor lynx.  Longer-term (2050, 2100) 
drivers similarly included changes in forestry practices, but also climate-driven loss of snow 
conditions favorable to lynx/competition with bobcats, and loss of spruce-fir forest.  As with 
responses for other geographic units, not all experts provided the factors that influenced their 
persistence probabilities for each time period, and not all provided the percent contribution of 
each factor. 
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Figure 5.  Expected probability of persistence for the Northern Maine geographic unit at present, 
2015, and in 2025, 2050 and 2100. 

Note:  In Figure 5, above, and figures 6 through 10, below, points for each of the 10 expert 
responses, for each of the three probability of persistence levels, i.e., highest, most likely, and 
lowest probabilities of persistence, are represented by the hollow red, filled green, and hollow 
blue points respectively.  The black x mark is the median of the most likely responses across 
the experts in each response year.  The red, green, and blue dashed lines connect the median 
of the highest, most likely, and lowest probability of persistence responses across the experts in 
each response year.  The edges of the grey area were defined by the extreme responses, i.e., 
the range from the largest of the highest probability of persistence responses to the smallest of 
the lowest probability of persistence responses.  The median lines and grey area are provided 
as a summarizing visualization to aid comprehension of the experts’ responses and their range, 
and should not be viewed as a substitute for individual responses or presented outside the 
context of the accompanying discussion. 

Discussion Points Following Initial Responses:  One expert expressed confidence that the lynx 
population in Maine will be stable in the near term; that climate change out to 2050 will primarily 
affect coastal areas, which support few lynx; and that there will likely still be favorable conditions 
for lynx in northern Maine where most lynx currently occur.  A second expert disagreed, and 
indicated that a combination of aging of the last of the budworm-era (1970s-80s) clear-cuts, the 
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cumulative effects of the last 25-years of partial harvesting (in accordance with the Maine Forest 
Practices Act), and the coming spruce budworm outbreak will all substantially reduce the 
amount of high quality lynx/hare habitat in this unit.  Projecting past 2050, experts generally 
agreed that climate change will likely create unfavorable conditions (e.g., insufficient snow, loss 
[northward migration] of spruce-fir forests) in northern Maine’s core area for lynx, and the 
probability of persistence will decline over the longer term.  Although uncertainty increases with 
time from the present, climate-related loss of favorable snow conditions (amount, consistency, 
and duration), loss of spruce-fir, and bobcat competition will likely reduce the probability of 
persistence in this unit beyond 2050.   

There was some concern that timber companies would not respond to the pending spruce 
budworm outbreak like they did in the 1970s (extensive clear-cuts).  Some experts also 
expressed concerns about the effects of the current clear-cuts aging past conditions that 
support hares and lynx.  Out to year 2050, changes in snow conditions and loss of spruce-fir 
associated with climate change will contribute to habitat loss.  Past 2050, diminished snow, 
successional loss of high-quality habitats, increased competition from bobcats, and spruce-fir 
decline will make conditions unfavorable for lynx.  Some experts assumed a high-emissions 
climate change scenario, but others said their predictions would not change under moderate 
emissions scenarios.  The second expert (above) indicated that current data show spruce-fir 
habitat is being replaced with a hardwood forest (red maple) system, and that this will continue 
throughout the century.  This expert indicated hardwood forest invasion isn’t being controlled by 
herbicides as it was in the last budworm outbreak.  The first expert (above) disagreed and said 
that lynx are resilient and forestry practices will likely sustain spruce-fir habitats in Maine, 
providing an example of one timber company that has already invested in spruce plantations.  
The second expert indicated that most of the land base is owned now by Timber Investment 
Management Organizations and Real Estate Investment Trusts who will not employ intensive or 
expensive (plantation, herbicide) forms of forestry.  In summary, experts expressed a variety of 
opinions about how forest management may change in the future in Maine and, in particular, 
how forest landowners and managers may respond to the pending spruce budworm outbreak, 
and how these responses may impact resident lynx.  

Other factors considered by the experts included budworm outbreaks, the potential for disease 
in a lynx population (not currently a recognized or documented threat and typically unexpected, 
but always a possibility), ecosystem change induced by climate change, forest tree species 
composition changes, competition with other temperate forest animals.  There are many 
interrelated factors and different stresses and factors that may occur in the future.  It is difficult 
to anticipate the factors that will affect lynx in the future.   

Experts discussed the role of competition between lynx and other carnivores, especially 
bobcats, throughout the DPS.  One expert remarked that in some parts of Montana there is 
complete overlap of lynx and bobcat home ranges and little or no evidence of competition 
effects.  Others indicated relatively narrow regions of overlap and sharp demarcation between 
areas that support home ranges of the two species that correspond with annual snowfall 
amounts in Maine and Minnesota.  Experts were unsure whether bobcat-lynx overlap is more a 
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function of snow conditions in these areas or competition between the species (i.e., competition 
for food or behavioral competition).  Although separation of the species has been documented, 
the nature and causes of the separation are not certain.  Bobcats are a more generalist predator 
than lynx and less reliant upon hares than lynx.  Experts expressed varying opinions regarding 
seasonal differences in overlap among lynx and bobcat diets, the effect and importance of 
competition between the two species, and whether it is behavioral or resource competition.    

Lynx in Maine have not responded to changes in hare abundance exactly as lynx in Canada 
and Alaska have to hare population cycles.  In Maine, the proportion of females that reproduced 
and average litter size declined during low hare years, as in the north, but home range sizes in 
Maine did not increase as they did in the north when hare abundance was low.  Hare densities 
do not appear to have dropped below a critical threshold to alter lynx home range size in Maine 
as in the North.   

An SSA Team member asked how hare cycles or fluctuations may affect predictions of 
persistence in Maine.  The first expert (above) said that hare declines documented by University 
of Maine monitoring is likely due to the aging forest, and that lynx in Maine haven’t yet 
responded biologically to the range of hare densities observed in Maine, as suggested by the 
lack of change in home range sizes and survival.  The second expert (above) disagreed, and 
cited University of Maine research that showed hare populations declined by ~50% in all stand 
types sampled starting in 2006, that forests where hares were monitored have not yet 
progressed to the self-thinning stage, and that the hare decline in Maine is mirrored by hare 
data from southern Quebec.   

Northeastern Minnesota 

Pre-graphing Overview from Unit Experts:  There are probably 50-200 resident lynx in 
Minnesota but there is much uncertainty and survey protocols do not support generation of 
precise abundance estimates.  Lynx occupancy and reproduction both have been consistently 
documented in the state since it was listed in 2000.  Lynx in this geographic unit are interacting 
with, and possibly depending on, southern Ontario populations.  Although females exhibit high 
reproductive rates, radio-telemetry data suggest low recruitment of Minnesota-born kittens into 
the breeding population of this geographic unit.  Bobcats are a potential future stressor as they 
are encroaching into lynx areas; fire is a threat in dry years (e.g., there have been 3 fires in last 
15 years that have burned approximately 20% of lynx habitat).  The forest management industry 
is tied to softwoods and continued management of softwood tree species is expected in the 
future. 

Expert Responses:  As with the previous unit, all expert graphs showed initially high and 
subsequently declining probability of lynx persistence in Minnesota over time, along with 
increasing uncertainty through the end of the century.  Nearly all experts predicted near-term 
(year 2025) persistence probability >= 90%, and all experts predicted mid-century persistence at 
60% to 90% (median = 80%).  Experts predicted end-of-century persistence probabilities of 10% 
to 60%, with a median of 35%, by 2100 (Figure 6).  Near term drivers were reduced snow, 
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bobcat competition, disease in lynx (e.g., lungworm, liver fluke, feline leukemia), and forest 
insects.  Long term drivers were reduced snow, competition with bobcat, loss of spruce-fir 
forests, fires, and climate change. 

 

Figure 6.  Expected probability of persistence for the Minnesota geographic unit at present 
(2015), and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts expressed uncertainty whether 
potential climate change impacts will be realized in the short term, but that the cumulative 
effects of climate-induced changes seem more likely in the longer term.  This uncertainty may 
be a source of variability in predicted persistence probabilities.   Some experts expressed 
uncertainty about the accuracy of the rough estimate of the size of the lynx population in this 
unit because surveys were not designed to provide population estimates.  Some experts wanted 
clarification on the distribution of lynx in the state, and which areas of the state have the highest 
use.  The core-use spatial extent was described as a 20-mile-wide strip inland from the north 
shore of Lake Superior and extending about 60 miles from the northeast tip of the “arrowhead” 
southwest into the Superior National Forest (SNF).  Lynx occasionally occur further west in the 
SNF and in other areas such as Voyageurs National Park.  Recent snow-track surveys suggest 
lynx may be using a larger portion of the arrowhead region, and radio-telemetry data have 
documented travel to and from southern Ontario.  Lynx also have been documented to use the 
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1-million-acre Boundary Waters Canoe Area Wilderness (BWCAW) that borders Canada for 
dispersal in both directions across the border.  However, because the BWCAW has not been 
surveyed for lynx, the number of lynx that may use this area is unknown.  The SNF does not 
actively manage the BWCAW.  The current connectivity between lynx in this unit and the larger 
population in Ontario reduces the likelihood of local extirpation in this geographic unit, but the 
likelihood would increase if connectivity was compromised and cross-border interactions 
reduced. 

Factors considered included potential disease, fire, loss of boreal forest, competition with 
bobcats and possibly other hare predators.  Some experts questioned the validity of disease as 
an influence in this and other geographic units because although disease has been documented 
in some felines, it has not been documented as a threat to lynx in any of the DPS populations to 
date.  Some experts speculated that because there is a link between disease and temperature 
increases in other animals, projected climate warming could contribute to disease in lynx.  
Therefore, although not a factor for lynx currently, it is not unreasonable that disease could 
impact lynx populations in the DPS in the future, so we may want to consider disease in future 
conservation planning.  Experts also discussed the possibility that climate warming may 
facilitate the westward expansion of the spruce budworm outbreak that is projected for Maine 
and eastern Canada into southern Ontario and the Minnesota geographic unit. 

Northwestern Montana/ Northeastern Idaho 

Pre-graphing Overview from Unit Experts:  There are likely 200-300 lynx in this unit in several 
subpopulations (expert stressed that this is a guess and not a true population estimate), and 
there is currently a connection with lynx in Canada.  Climate models project that some boreal 
forest will persist in this unit and that it will maintain snow into the future.  In this unit, lynx 
primarily occupy public lands, which are actively managed for lynx into the future.  In recent 
decades, fires have occurred on a large scale, with high intensity and increasing frequency.  
There have been no documented cases of beetle infestations in lynx habitats in this unit. 

Expert Responses:  As for previous units, all expert graphs showed an initially high and 
subsequently decreasing probability of persistence for this unit, with increasing uncertainty over 
time, but a higher probability of persistence at all time frames than other units.  All experts 
predicted near-term (year 2025) persistence probability >= 95%, and all predicted mid-century 
persistence at 70% to 100% (median = 90%).  All experts predicted end-of-century persistence 
probabilities >= 50%, with a median of 78%, by 2100 (Figure 7). 
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Figure 7.  Expected probability of persistence for the Northwestern Montana/Northeastern Idaho 
geographic unit at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Overall, experts assigned a higher probability of 
persistence in this unit compared to the other two units discussed thus far.  Most lynx habitats in 
this unit occur on Federal lands that are managed for lynx conservation, but one expert noted 
that little has been done to document whether lynx are responding to this management.  The 
recent sale of large tracts of private commercial timberlands in the central part of this unit to The 
Nature Conservancy has increased protection for lynx via conservation easements managed for 
lynx.  Habitats in some areas should improve in the near future as previously cut or burned 
areas mature into dense stands.  Unlike the Maine and Minnesota geographic units (but similar 
to most other western units), high elevations in this unit could buffer the effects of climate 
change by providing for the upslope migration of lynx habitats and snow conditions that climate 
models predict.  However, this would result in even patchier and more isolated islands of habitat 
in high elevation areas that would be more prone to extirpation due to catastrophic or stochastic 
events.  Competition from coyotes and bobcats seem to be less of a concern for this unit. 

This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 
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occurring or will into the future.  There doesn’t appear to be much demographic input from 
recent cycles.  There is evidence of lynx from this unit moving north into Canada, but little 
evidence of demographic interactions among the three subpopulations (Purcell Mountains, 
Seeley Lake, and Garnet Mountains) in this unit.  Experts noted that the Garnets Mountains 
subpopulation at the southern end of this unit may have recently become extirpated.     

Discussion among experts indicated that fire was more of a concern for this area.  Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit.  Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels.  Out to 2050 and 
beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity.  Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 

Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats.  Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change.  It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level.  One expert reminded that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation.  Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in future.   

North-central Washington 

Pre-graphing Overview from Unit Expert:  This geographic unit is thought to currently support 
roughly 50 resident lynx.  There may have been more lynx prior to recent major fires.  This unit 
is currently connected to Canada, and there is no indication that this connection will be 
disrupted.  Some of the best lynx habitat in this unit occurs on plateaus that may be more 
vulnerable to impacts of climate change because of the absence of higher-elevation areas to 
which habitats, lynx and hares could migrate in response to warming.  In areas that receive 
maritime climate influences, projected climate-induced changes to snow conditions could be 
detrimental for lynx.  Studies have shown good lynx survival rates in this unit. 

Expert Responses:  Compared to the previous units, most expert graphs showed a lower 
probability of persistence for this unit over the short term, and then lower probability of 
persistence along with increasing uncertainty by 2100, reflecting a more pessimistic outcome for 
this unit compared to previous units (Figure 8).  Experts predicted near-term (year 2025) 
persistence probabilities of 60% to 90% (median = 80%), and mid-century persistence at 30% to 
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80% (median = 70%).  All experts predicted end-of-century persistence probabilities less than 
50%, with a median of 38%, by 2100 (Figure 8).  However, one expert predicted an increase in 
persistence probability by mid-century as habitats impacted by recent large-scale fires 
regenerate into optimal hare-lynx habitat. 

 

Figure 8.  Expected probability of persistence for the North-central Washington geographic unit 
at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  The probability of lynx persistence in this unit 
could decrease sharply over the next 10-20 years because of extensive recent fires in lynx 
habitats and the time needed for these areas to regenerate back to good hare/lynx habitat.  
After that, the probability could rebound (or decline more slowly) over the longer term as these 
large areas return to prime habitat providing high hare densities.  The current small population is 
likely at greater risk of extirpation because of stochastic events, particularly if large fires in lynx 
habitat continue to occur in the near future as they have in the recent past.  A small population 
also could be more susceptible to disease, though none has been documented among lynx in 
this unit.  Experts discussed the extent to which small lynx populations could be reduced before 
they would become highly susceptible to stochastic demographic effects.  It was suggested that 
15-20 breeding individuals might be the minimum needed to avoid such susceptibility.  
Unimpeded connectivity between Canada and the Okanogan area of this unit could allow lynx to 
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repopulate currently-unsuitable areas after the habitat recovers.  Lynx in this unit are likely the 
southern portion of a larger population in Canada, not really a separate, isolated small 
population.  Factors that influenced expert persistence probabilities for this unit included fire, 
habitat loss, and the future loss of favorable snow conditions predicted by climate change 
models. 

Greater Yellowstone Area (GYA) 

Pre-graphing Overview from Unit Experts:  This unit has a long history of lynx presence, but the 
consistency of occupancy over time is uncertain.  Research and surveys since 1997 have 
detected few lynx in this unit.  Lynx are likely spatially limited within the unit because of the 
patchy distribution of high-quality habitat and the generally low or marginal hare densities in 
much of the unit.  Lynx have large home ranges in this area, an indicator of lower habitat quality.  
Nevertheless, until recently, this unit appears to have supported a small resident lynx 
population.  The current lynx population in this unit is very small - likely fewer than 10 lynx, and 
possibly zero.  This population may have been somewhat larger in the past; however, there is 
some uncertainty about this.  Recent surveys and trapping efforts have not detected resident 
lynx, only several that were previously released in Colorado.  Several Colorado-released lynx 
have established home ranges in the GYA unit, and there is evidence of overlapping male and 
female home ranges.  In the late 1800s and early 1900s, there was notable predator control in 
some parts of this unit.  There currently is oil and gas exploration and development activity in 
parts of this unit, but potential impacts to lynx are uncertain, and projects are attempting to 
minimize impacts to lynx habitat. 

Expert Responses:  The expert graphs for this unit were widely variable and had different 
outcomes and high uncertainty at all time frames.  Experts predicted near-term (year 2025) 
persistence probabilities of 10% to 70% (median = 52%), and mid-century persistence at 15% to 
60% (median = 35%).  All experts predicted end-of-century persistence probabilities less than 
50% for this unit, with a median of 15%, by 2100 (Figure 9).  This was the only unit for which 
most experts believed the present probability of persistence is low (i.e., that it is uncertain 
whether this area currently supports a resident lynx population).  Some experts increased 
probability of persistence into mid-century as the 1980s-era fires regenerate into hare/lynx 
habitat, and with the possibility of continued immigration of lynx from Colorado.  Other experts 
project a 10% to 20% probability of persistence by 2100.  One reason given for wide variability 
in responses is because of the uncertainty whether a population currently exists.  There were 
wide confidence intervals around the probabilities for all time periods for this area. 
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Figure 9.  Expected probability of persistence for the GYA geographic unit at present, 2015, and 
in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Current and future factors expressed by experts 
as influencing probability of persistence for this unit included small population size, forest 
disease and insect pests, and fire.  Some experts doubt that the GYA unit currently supports a 
resident breeding population of lynx.  Experts indicated that climate models predict that some 
parts of the GYA unit could provide refuge from climate change impacts because of their high 
elevations and potential to maintain winter snow levels into the future.  Summer conditions in 
this unit, however, could be drier in the future, resulting in increased fire frequency, extent and 
intensity, and additional temporary habitat loss.  However, regeneration of these areas and the 
extensive areas that have burned in the recent past may provide good habitat over the next 
several decades.  Lynx immigrating to this unit from Colorado could occupy such improved 
habitats in the near future.  Colorado lynx have made exploratory movements into the GYA in 
summer months, and analysis of available data could improve our understanding of Colorado 
lynx movement into and use of the GYA.  It is possible that lynx from Colorado are maintaining 
or could maintain lynx in GYA. 
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Western Colorado 

Pre-graphing Overview from Area Expert:  From 1999 to 2006, Colorado Division of Wildlife 
(CDOW; now Colorado Parks and Wildlife [CPW]) released 218 Canadian and Alaskan lynx into 
western Colorado.  Survival and litter sizes have been similar to rates observed in other DPS 
populations.  There are probably 100-250 lynx in Colorado today.  There are currently 5-6 
million acres of habitat in this unit thought capable of supporting lynx and where hares are 
present in sufficient numbers to support persistent reproduction.  Extensive bark beetle 
infestations have impacted large areas of lynx habitat, but snowshoe hare are still occupying 
areas with beetle damage.  Three large fires have occurred in recent years, resulting in some 
lynx habitat burned.  Salvage operations in burned areas could diminish future habitat quality.  
This unit is more isolated from Canadian and other DPS lynx populations; separated by a large 
swath of inhospitable habitat.  Road mortality of released lynx was initially high but it doesn’t 
seem to be a problem now (about 1 per year killed on roads on average since the first year of 
the reintroduction).  There is no incidental take from trapping because foothold traps are banned 
in Colorado.  Climate models show CO will maintain habitat over time with anticipated climate 
changes.  Like other western units, habitat is patchily-distributed across this unit. 

Expert Responses:  Similar to most of the other units, most expert graphs indicate an initially 
high probability of persistence in this unit that will decline gradually with increasing uncertainty 
through the end of the century.  Experts predicted near-term (year 2025) persistence 
probabilities of 60% to 100% (median = 90%), and mid-century persistence at 50% to 85% 
(median = 80%).  Experts predicted end-of-century persistence probabilities of 20% to 70% for 
this unit, with a median of 50%, by 2100 (Figure 10). 
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Figure 10.  Expected probability of persistence for the Western Colorado geographic unit at 
present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts indicated that beetle kill and fire 
could potentially create poor habitat conditions in large areas of this unit by mid-century, but that 
regeneration after these impacts could result in good lynx/hare habitats.  Others expressed 
uncertainty about whether fire and insect impacts would be temporary or permanent, especially 
considering climate change and the potential for conversion from boreal/subalpine forests to 
other forest types.  Although 8 of 10 experts graphed 50% to 70% probability of persistence at 
2100, during subsequent discussions, several expressed greater uncertainty about whether 
resident lynx will persist in the unit at the end of the century.  Higher-quality lynx habitat occurs 
primarily in two areas and is patchily-distributed.  Lynx in this unit may occur as several smaller, 
relatively isolated subpopulations, which are likely more vulnerable to stochastic events (similar 
to MT).  This unit’s relative isolation may limit exchange with other lynx populations, increasing 
the likelihood of genetic drift and reducing the chance of demographic rescue or recolonization if 
extirpated.  There was discussion about whether ski areas may affect daily movements of lynx, 
and hares may be declining in ski areas.  Ski areas tend to expand and may, therefore, have 
larger impacts on lynx in future.  There is some evidence of lynx using ski areas in summer 
months but avoiding them during the ski season.  It is uncertain whether ski areas may affect 
genetic connectivity within the Western Colorado geographic unit.  Two-thirds to three-quarters 
of the lynx in this unit are in the southern portion of the range in the San Juan Mountains.  There 
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is a large area (Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, 
so it is possible that lynx also could be using that area. 

Summary across Geographic Units 

This section extrapolates from the probability of persistence responses for each geographic unit 
in the section above.  In this section we show the combined probabilities of persistence for 
those geographic units to provide a sense of what the DPS-wide results could be when the 
results for the individual geographic units are combined.  This is shown as a summary of the 
probability that a given number of geographic units persist into the future (See Figure 11) using 
the probabilities provided for each individual unit.  Note that no additional information was 
elicited to produce this summary; rather, the probabilities for each geographic unit were treated 
as independent probabilities of persistence and used to determine the joint probability of 
persistence for a given number of geographic units in total.  Computationally these joint 
probabilities were computed using a convolution of the Bernoulli probability distribution of 
persistence for each geographic unit via a custom convolve function executed in the statistical 
software R (see Appendix 6 for the R code used to produce these and the other summaries and 
figures presented in the report).  The results of this convolution are shown in two forms, first is 
the probability that a particular number of geographic units persists (Figure 11) and the second 
is the cumulative probability that at least a given number of geographic units persist (Figure 12). 
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Figure 11.  Summarized probability of persistence of a given number of geographic units given 
the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 11 is the probability that the specific number of geographic 
units indicated by the x axis of the grid persist.  The probability sums to one in each grid.  
Moving from top to bottom the grids show the probabilities of a specific number of geographic 
units persisting by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by selection type and probability response.6  Therefore 
looking down a column of grids provides a view of the trend in persistence through time and 
looking across a row of grids provides a view of the range of uncertainty in persistence experts 
had for a given time period.  The summarized probabilities presented here are provided to aid 
understanding of the implications of the individual persistence probabilities provided above, and 

                                                
6 “Median_High” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the highest probability response in each geographic unit. 
“Median_Likely” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the most likely probability response in each geographic unit. 
“Median_Low” is the probability of persistence generated by selecting the median probability of 
persistence across experts from the lowest probability response in each geographic unit. 
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are derived directly from those responses and therefore should be presented and considered in 
conjunction with those figures. 

 

Figure 12.  Summarized probability of persistence of at least a given number of geographic units 
given the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 12 is the probability that at least the number of geographic 
units indicated by the x axis of the grid persist.  The probability in a bar reaches 1 when there is 
no probability of fewer geographic units persisting.  Moving from top to bottom the grids show 
the probabilities by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by summary selection type and probability response as in 
Figure 11.  Therefore looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period.  The summarized probabilities presented here are provided 
to aid understanding of the implications of the individual persistence probabilities provided 
above, and are derived directly from those responses and therefore should be presented and 
considered in conjunction with those figures. 

Expert Assumptions during Persistence Graphing Exercises 

Experts were asked to summarize the assumptions that informed their responses to resiliency 
questions 1 and 2.  This was done via open discussion, with facilitators asking both direct 
questions about particular issues that could impact responses (e.g., climate change conditions), 
and open ended questions (e.g., what other assumptions were considered?). 
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Notes:  Climate-change emissions scenarios considered during this exercise differed among 
experts (and some responses did not indicate an emissions scenario).  However, in discussions 
following the graphing exercise, experts indicated that the confidence intervals around their 
persistence probabilities were likely to capture the variance associated with different emission 
scenarios and other climate change uncertainties. 

Experts were asked whether regulatory protections influenced their predictions.  Some experts 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies).  Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections.  Their focus was on the biology and ecology of the species, not listing status-related 
impacts or regulatory scenarios in the future, and they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status.   

Experts were asked what they meant by “small population size effects.”  They explained that 
because small populations are more vulnerable to both demographic and genetic impacts and 
at increased risk from catastrophic and other stochastic events than are larger populations, they 
also have a lower likelihood of persistence.  Experts indicated that connectivity with other 
populations reduces the vulnerability of small populations as it does for larger populations.   

Experts were asked if their projections were influenced by considerations of whether historical 
patterns of cyclic irruptions of lynx into the DPS from Canada will continue in the future.  Most 
agreed that the magnitude of irruptions has declined from the historical highs of the 1960s and 
1970s, and that irruptions may have ceased in recent decades in some parts of the range, 
particularly in the West.  However, most experts felt that connectivity remains good between 
Canada and those DPS geographic units that abut the international border, and most assumed 
some level of regular or intermittent interaction between lynx in those units and Canada, even if 
full-blown irruptions have not been documented recently.  Some experts said that the likelihood 
of future irruptions had little influence on their persistence graphs, especially for the more 
isolated units (GYA and Western Colorado), where an influx of lynx from Canada may be less 
likely. 

Conservation Actions to Address Influencing Factors and Increase Probability of 
Persistence 

3.  What conservation actions could be taken that would address the factors impacting 
the probability of persistence, or would otherwise increase the probability of 
persistence? 
 
Response Type:  Individual list with rounds responses.  Experts were given 5 minutes to write a 
list of three potential conservation actions that could be taken.  Facilitators then asked one 
expert at a time to provide one item from their list, cycling through the set of experts until all 
experts had exhausted their lists.  Experts were given the opportunity to add items when it was 
their turn that had not been on their written lists.  Experts were not asked if they agreed with 
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conservation actions presented by other experts, thus the following list should not be viewed as 
consensus among lynx experts. 
 
Expert Responses:  List of potential conservation actions in the order provided. 

● Reduce CO2 emissions  
● Continue protections associated with Federal and/or State listing 
● Adjust forest management to retain spruce and fir, and reduce fire burn rates 
● Promote/maintain habitat connectivity with Canadian populations through coordinated 

cross-border land use planning 
● Manage salvage logging associated with fire and insect damage to minimize impacts to 

and/or facilitate restoration of lynx/hare habitats 
● Configure and design lynx-friendly landscapes at appropriate scales; design and 

maintain a mosaic of lynx/hare habitats 
● Manage fuels reduction (fire management) projects while maintaining or enhancing 

hare/lynx habitat features. 
● Augment small populations and reintroduce lynx to former, historic range with suitable  

habitat  (GYA, Kettle Range in Washington, perhaps other areas); bolster populations 
before future climate change impacts 

● Support additional research to fill knowledge gaps, particularly related to effectiveness of 
conservation efforts – it remains unclear exactly what is needed for lynx across the 
range to achieve/maintain viability (e.g., habitat quality/amount/distribution, landscape-
level hare densities, forest conditions that support hares, etc.)  

● Enhance cross-border cooperation with Canada to increase near-border lynx 
populations and maintain connectivity 

● Consider cumulative impacts of mining, ski areas, oil and gas, etc., in management 
● Promote reforestation of heavily fragmented areas (e.g., some parts of the GYA and 

Minnesota units); reduce fragmentation 
● Apply strategic habitat conservation concepts; model and identify key areas and focus 

on those areas still in need of protection and management (e.g., private forest lands) 
● Maximize redundancy of lynx populations throughout the DPS 
● Implement fire management Best Management Practices (BMPs)( e.g., allow/encourage 

burns to occur in a way that creates high- and low-intensity mosaic fire patterns) 
● Evaluate whether there is a need for monitoring lynx (and hares) using consistent 

methods throughout the DPS, perhaps coupled with monitoring of other carnivores; 
structured occupancy modeling with genetics sampling could be very informative and is 
cost effective; also known-fate monitoring; monitoring pellet plots is proven and reliable 
way to monitor hares 

● Devote increased funding to lynx conservation - lynx are in worse shape than other 
mesocarnivore species, but receive less funding than those species that have more 
secure populations and appear less vulnerable to climate change  
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Other Considerations 

After completing the elicitation exercises and prior to adjourning the workshop, facilitators asked 
if there were any other considerations the lynx experts or subject matter experts felt are relevant 
to the SSA.  One subject matter expert indicated that monitoring of prey base (hares, red 
squirrels) would help inform lynx recovery, and that pellet-based or mark-recapture methods are 
most reliable.  This expert suggested a need to determine whether areas that we think are going 
to become poor habitat for a variety of reasons could still hold hares and lynx in the future.  
Maybe hares still can use areas we think will be poor habitat, and monitoring these areas could 
help inform our understanding of how lynx persist at the edge of their range. 

Synthesis 
Although uncertainty remains about the historical distribution and sizes of resident lynx 
populations in the DPS, as well as current population sizes, much more is known now than 
when the DPS was listed under the ESA in 2000.  Based on research conducted since the DPS 
was listed, including the summaries of that work provided at this workshop, as well as ongoing 
research, conservation, and management efforts, we have a much better understanding of the 
distribution and status of populations throughout the DPS range.  For example, in 2000, it was 
unclear whether Maine and Minnesota supported resident populations or were only occasionally 
visited by lynx dispersing from Canada during and after northern hare population crashes.  We 
now know that both northern Maine and northeastern Minnesota support resident lynx 
populations, and both are likely larger now than they were historically (Maine), or before they 
were protected by State and Federal regulations (Minnesota).  In contrast, resident lynx appear 
to be naturally less abundant and more patchily-distributed in some parts of the DPS than 
thought at the time of listing, including the West (Interagency Lynx Biology Team 2013, p. 23), 
where potential lynx habitats also appear to have been initially overestimated.  We also have a 
better understanding of the habitat features and hare densities that appear necessary to support 
resident lynx at the southern margin of the species’ range, and of the parts of the contiguous 
U.S. that contain these features.  The presentations in conjunction with expert elicitation 
responses at this workshop have informed and refined our understanding of key aspects of the 
status of, and potential threats to, the lynx DPS.  
 
For example, we were provided a thorough history of the evolution of regulatory mechanisms 
that have been developed and implemented through conservation agreements and formal 
amendments to Federal agency management plans to address the singular threat for which the 
DPS was listed under the ESA - the inadequacy of regulatory mechanisms in Federal land 
management plans prior to listing.  Given our improved understanding of resident lynx 
populations in Maine and Minnesota (above), where State and private lands constitute much 
more of the lynx habitat than elsewhere in the DPS (98.9% in Maine; 51.7% in Minnesota), an 
assessment of the adequacy of regulatory mechanisms on those State and private lands will be 
a necessary component of the status assessment.  Likewise, our understanding of lynx genetics 
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also has improved, with evidence of continued high levels of gene flow range-wide, despite fine-
scale genetic sub-structuring in some populations and additional evidence of lynx hybridization 
with bobcats.  Bobcats appear to be encroaching at the edge of the lynx range in Minnesota 
(Appendix 3, p. 9) and their numbers appear to have increased recently in New Hampshire, 
Vermont, and southern Quebec (Lavoie et al. 2009, entire; Roberts and Crimmins 2010, p. 170; 
Broman et al. 2014, p. 230) adjacent to the northern Maine lynx distribution.  Whether this 
represents a threat to lynx populations in Minnesota and Maine via increased hybridization, 
behavioral mechanisms, or competition for hares is not documented at this time; however, 
encroachment of bobcats in the southern periphery of lynx range may result in lynx 
displacement or niche contraction (Peers et al. 2013, entire). 
 
Canadian researchers also provided updated information on lynx status, management (including 
legal harvest), threats, genetics, and hare population cycles in southern Canada, adjacent to 
some DPS lynx populations.  Forest ecologists and climate modelers also presented information 
regarding potential impacts of timber management and climate change on lynx and boreal forest 
habitats in the contiguous U.S.  Knowledge of lynx and hare responses to various silvicultural 
treatments continues to improve, although the need for continuing research remains.  Climate 
models continue to point toward the future northward and upslope migration of lynx and hare 
habitats and loss of snow conditions favorable to lynx, although uncertainty remains regarding 
the timing, extent, and biological consequences of such impacts.  Increases in the size, 
intensity, and frequency of wildfires and insect outbreaks in boreal/subalpine forests may also 
be related to climate change, but whether these represent temporary or permanent impacts to 
lynx habitats remains unclear.  Finally, much research has been done on hare population 
dynamics and habitat relationships at the southern extent of their range, much of which overlaps 
that of lynx in the contiguous U.S., but questions remain regarding regional variation in hare 
densities and what landscape-level hare abundances are necessary to support persistent 
resident lynx populations across the DPS. 
 
Based on the summaries of post-listing research and the status and threat updates provided at 
this workshop, and on the results of the expert elicitation process, the Service provides the 
following synthesis of the status and likely viability of the DPS in terms of the 3 Rs.  This 
information will be considered as appropriate, along with more detailed analysis of the published 
literature, in the subsequent SSA report for the DPS.  The conclusions below are based on the 
information provided and the results of expert elicitation conducted at this workshop; they may 
be complemented or altered by the additional analyses yet to be conducted as part of the SSA 
process. 

Representation 
Expert presentations on lynx genetics in the DPS and in Canada and expert responses and 
discussion with regard to representation questions suggest few threats to the genetic fitness or 
adaptive capacity of lynx in the DPS.  High gene flow across the continental lynx range, 
indicated by very low Fst values (see Subject Matter Presentations, above), suggests the 
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absence of substantial barriers to genetic interchange, and little evidence or risk of significant 
genetic drift among DPS populations.  Most experts indicated that none of the six geographic 
units known or thought to support lynx populations in the DPS is susceptible to meaningful 
genetic drift, although several experts indicated that the more geographically isolated units (the 
GYA and Western Colorado units) are likely more susceptible to such drift than the units that 
are directly connected to lynx populations and habitats in Canada.  Overall, according to both 
the expert panel and the subject matter presentations, there appears to be a low risk of 
biologically consequential drift for lynx populations in the DPS.  Likewise, expert responses 
indicated that the generally low level of genetic differentiation and relatively similar ecological 
settings across the DPS suggest little life history variability or niche differentiation among DPS 
populations that would indicate that any are more or less important to maintain than others in 
terms of representation.  Individual experts indicated that representation can best be maintained 
by conserving current DPS populations (and hence the genetic variation in each), maintaining 
connectivity between DPS and Canadian populations, and avoiding impacts that would facilitate 
or increase the potential for or likelihood of genetic drift.  Our interpretation of this part of the 
elicitation is that the adaptability and evolutionary capacity of the DPS over time does not 
appear to have been diminished and is unlikely to become so, independent of threats that may 
impact the redundancy and persistence of lynx populations.  We will consider this information 
along with available empirical data and the published literature when evaluating representation 
in the DPS for the SSA. 

Redundancy 
With resident lynx populations and subpopulations in at least five of six large (the smallest is 
over 2,000 square miles, the others are all over 8,000 square miles), widely-distributed (from 
Maine to Washington and south along the Rocky Mountains), and relatively discrete geographic 
areas (see Figure 1), the DPS as a whole appears invulnerable to extirpation from a single 
catastrophic event.  Expert responses indicated no catastrophic event that could result in the 
functional extirpation of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units due to a single catastrophic event.  We 
interpreted these responses to indicate there is a small chance of decreased redundancy from a 
single catastrophic event because the probability of any geographic unit being lost to a 
catastrophic event is low.  Experts indicated that functional extirpation of the geographically 
smallest unit (Washington) and those supporting the fewest resident lynx (Washington, GYA, 
and perhaps Minnesota) would be more likely to occur as a result of a series of catastrophic 
events over a 10-year period than to any single event over the next 10 years (see Figure 2 
above).  Experts listed fire, drought, insect outbreaks, loss of favorable winter conditions, and 
disease as potential events that could lead to functional extirpation in these units.  In 
Washington in particular, where large fires have impacted nearly 40 percent of the occupied 
lynx habitat over the past 10-15 years, experts felt that several more successive years of such 
fires could result in functional extirpation.  However, because fire and insects are likely to cause 
only temporary (20-40 years) losses of lynx and hare habitats, and because connectivity 
between the Washington unit and lynx habitats and populations in southern British Columbia 
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remains intact, experts indicated this unit (and others abutting habitats and lynx populations in 
Canada) would likely be naturally re-colonized relatively quickly by dispersing lynx.  Therefore, 
extirpation in these units because of catastrophic events (or a series of them over time) would 
be temporary (likely lasting only one or several decades) unless events permanently altered the 
habitats.  Experts indicated that if lynx were functionally extirpated in the GYA or western 
Colorado units, which are not connected to habitats or populations in Canada and are relatively 
isolated from other DPS populations, natural re-colonization would be less likely, would take 
longer, or may never occur. 

Overall, expert responses indicated that extirpation of the DPS as a whole, or of resident lynx 
populations in most individual geographic units, because of a catastrophic event is very unlikely.  
Because we lack evidence that persistent resident lynx populations occurred historically but 
have been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels.  That is, the 
loss of resident lynx populations in the DPS, to the extent suggested by the historic record, was 
likely in areas (e.g., northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge 
area of northeastern Washington, perhaps Isle Royale in Lake Superior) peripheral to the 
geographic units that currently support resident lynx, and not in discrete geographic units that 
would have represented greater redundancy in the contiguous U.S.  However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear.  The historic record and recent research show that the GYA has supported resident 
lynx, but it is unclear whether the area consistently supported a persistent resident population 
over time or whether it naturally supported resident lynx only some of the time (was “winked on” 
in a metapopulation sense) when habitat conditions and hare densities were favorable, and at 
other times, when habitats and hare densities were less favorable, it did not support resident 
lynx (“winked off” in a metapopulation sense).  Given the protected conservation status of 
millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx.  If so, its 
contribution to redundancy within the DPS is questionable. 

Resiliency 
Because we lack reliable estimates of the sizes and trends of most lynx populations in the DPS, 
we are unable to use these parameters to evaluate the resiliency of individual populations or the 
DPS as a whole.  Efforts to understand resiliency are also confounded by the metapopulation 
structure thought to govern lynx populations at the southern margin of their continental range 
(i.e., populations and subpopulations in the DPS), the related uncertainty about the extent to 
which DPS populations may rely on cyclic immigration of lynx from Canada during population 
irruptions, and the ambiguity in the historic record that limits our understanding of the relative 
persistence of lynx in various geographical areas of the contiguous U.S. and, thus, the 
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contribution of those areas to the viability of the DPS.  Our evaluation of the resiliency of lynx 
populations in the DPS is limited, therefore, to a largely qualitative assessment of the current 
status of populations in each of the six geographic units along with the quantitative summary of 
expert professional judgment of their likelihood of persistence over time given known or 
perceived potential threats. 
 
As expected, both expert estimates of probability of persistence and expert confidence in those 
estimates were higher over the short-term than the long-term.  Median probability of persistence 
(MPOP) at year 2025 was >= 0.90 for all but one of the six geographic areas.  The GYA had a 
MPOP of 0.52, apparently reflecting the uncertainty regarding whether this unit consistently 
supported a resident lynx population historically and whether it currently supports resident lynx.  
At year 2025, confidence bounds were smallest (indicating higher expert confidence) for the 
units with the highest MPOPs (Northern Maine, Northeastern Minnesota, and Northwestern 
Montana/ Northeastern Idaho), and larger for units with lower MPOPS (North-central 
Washington, GYA, and Western Colorado).  At mid-century, MPOP declined for all units but 
remained >= 0.70 for all but the GYA (0.35), and confidence bounds increased for estimates for 
all units but the GYA, where it remained the same as at year 2025.  At end-of-century, 
persistence probabilities declined further, as expected, and only the Northern Maine, 
Northwestern Montana/ Northeastern Idaho and Western Colorado units had MPOPs >= 0.50.  
Also as expected, confidence bounds were very large around persistence estimates at year 
2100, with the median confidence range extending across more than 50% of the range of 
possible outcomes for all but the Northwestern Montana/ Northeastern Idaho population, and 
the extremes of the range nearly covering the full range (0% to 100% probability of persistence) 
of possible outcomes. 
 
Experts listed a number of factors that influenced their probability of persistence estimates for 
each unit (see unit summaries above in the Resiliency section).  Near-term factors varied by unit 
(e.g., post-harvest forest succession in Maine, where hare abundance is expected to decline as 
currently dense regenerating clear-cuts mature; continued large-scale fires in lynx habitats in 
Washington; and insect outbreaks in Maine, Minnesota, and Colorado), but longer term factors 
seemed to coalesce around anticipated direct and indirect effects of climate change.  These 
included potentially climate-driven increases in the size, frequency, and intensity of fire and 
insect outbreaks; decreases in snow amount, duration and quality, leading perhaps to increased 
competition with bobcats and other hare predators; and the projected warming-induced 
northward and upslope migration of boreal and subalpine forests that would result in the loss 
and further fragmentation and isolation of lynx and hare habitats in the contiguous U.S.  Expert 
responses and ensuing discussions indicated that continued climate warming and associated 
direct and indirect effects will likely exert the greatest negative influence on the probability of 
persistence for lynx populations in the DPS regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
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Overall, expert responses to this part of the elicitation indicate that all five of the geographic 
units known to currently support resident lynx populations have a greater than 70% expectation 
of doing so by mid-century, but a declining likelihood and greater uncertainty of doing so by the 
end of the century.  It is uncertain whether the remaining geographic unit (the GYA) currently 
supports resident lynx, and expert responses indicate a lower probability that it will do so in the 
future compared to the other units.  Responses also suggest that the overarching threat to the 
long-term persistence of lynx populations in the DPS is climate change, which is anticipated to 
result first in loss of snow conditions favorable for lynx and, after an uncertain lag time following 
continued climate warming, loss (northward and upslope migration) of boreal forest habitats, 
although the timing and magnitude of such losses are uncertain. 

Conclusion 
The Service and the Lynx SSA Team appreciate the willingness of lynx and subject matter 
experts to attend this workshop and share their knowledge, professional judgments, and 
opinions.  We have gained considerable insight into the current status of lynx populations 
throughout the DPS and the factors most likely to influence the DPS’s future viability - including 
information that is not currently available in the peer-reviewed literature.  We will incorporate this 
information into the SSA as appropriate, along with the published scientific literature, to inform 
recovery planning for the DPS and any other ESA-related determinations the Service is 
authorized and required to make.  As we develop the SSA report, we will continue to solicit 
expert input from workshop panelists and from other lynx and subject matter experts who were 
unable to attend this workshop, including peer review of the SSA report. 
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Appendices 
All appendices are available on the Service’s Region 6 Canada lynx webpage 
(http://www.fws.gov/mountain-prairie/es/canadaLynx.php). 
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Executive Summary 
As part of a species status assessment (SSA) for the contiguous United States distinct 
population segment (DPS) of the Canada lynx, the U.S. Fish and Wildlife Service (Service) 
convened an expert elicitation workshop to gather (1) the best available information on the 
current status of lynx populations within the DPS and (2) the professional judgment and 
opinions of lynx experts regarding the future viability of the DPS.  This report summarizes the 
results of the workshop regarding the current and likely future condition of lynx populations in six 
geographic areas within the DPS in terms of representation, redundancy, and resiliency.  The 
Service will incorporate the information gathered at this workshop into the SSA as appropriate, 
along with the published scientific literature, to inform recovery planning for the DPS and any 
other determinations the Service is authorized and required to make in accordance with the 
Endangered Species Act.     

Purpose  
The purpose of this report is to convey the results of an expert workshop convened by the U.S. 
Fish and Wildlife Service (Service) in October 2015 to improve our understanding of the status 
of the contiguous U.S. distinct population segment (DPS) of Canada lynx (Lynx canadensis).  
This workshop was held in conjunction with a species status assessment (SSA; see Appendix 1 
[All appendices are accessible at: http://www.fws.gov/mountain-prairie/es/canadaLynx.php]) for 
the DPS.  The SSA, which will incorporate the best available scientific information on lynx, is 
needed to inform the Service’s response to a June 2014 court order to complete a recovery plan 
for the DPS by January 2018, or make a formal determination that a recovery plan is not 
necessary.   
 
The workshop was organized by a Lynx SSA Team consisting of Service and USGS staff who 
have developed and piloted implementation of the SSA framework, and Service biologists who 
are working on lynx throughout the range of the DPS.  In the interest of collaboration and 
transparency, this team partnered with State agencies, other Federal agencies, and academic 
researchers to elicit expert input regarding the current and likely future status of lynx populations 
within the DPS. 
  
Expert input is needed to complement the published scientific literature and other available 
information on many aspects of lynx population dynamics in the DPS range.  In particular, we 
were looking for additional information on the status, sizes, and trends of lynx populations and 
on threats to lynx habitats and those of their primary prey, snowshoe hares (Lepus americanus).  
We therefore designed a process to elicit and capture the knowledge, professional judgments, 
and opinions of lynx experts to help us assess the current status of, and the nature and 
magnitude of potential threats to, lynx populations and habitats within the DPS.  We also sought 
expert knowledge to help us evaluate the viability of the DPS (in terms of the “3 Rs” - 
redundancy, representation, and resiliency; see definitions below) under a range of future 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php
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threats, habitat conditions, and climate scenarios, and to identify and make explicit areas of 
uncertainty and potential differences of opinion among experts. 
 
The results of the workshop will contribute to the SSA, which will compile and summarize the 
best available scientific and commercial data, including empirical data, published literature, and 
expert input.  This information will then be used by Service decision makers to inform recovery 
planning direction, classification decisions, and other determinations required by the 
Endangered Species Act (ESA). 

Background 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws.  Its long, 
black ear tufts and short, black-tipped tail distinguish the lynx from the similar bobcat (Lynx 
rufus), which is much more common in the contiguous U.S.  The lynx’s large feet and long legs 
make it highly adapted for hunting snowshoe hares in the deep or powdery snow that persists 
across much of its boreal forest distribution, most of which occurs in Canada and Alaska.  
These adaptations provide lynx a competitive advantage over potential competitors, such as 
bobcats or coyotes (Canis latrans), which have much smaller feet and higher foot-loadings that 
prevent them from hunting efficiently in deep, powdery snow (McCord and Cardoza 1982, p. 
748; Buskirk et al. 2000, pp. 86–95; Ruediger et al. 2000, pp. 1–11; Ruggiero et al. 2000, pp. 
445, 450). 

The southern periphery of the boreal forest extends into parts of the northern contiguous U.S., 
where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 1, 3), 
deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40–41).  In the contiguous U.S., 
these transitional boreal forests become discontinuous and patchy, preventing both lynx and 
hares from broadly achieving densities similar to those of the northern boreal forests (Wolff 
1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and 
Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394).  These forests eventually become 
too fragmented and isolated in the contiguous United States to support hares at the landscape 
densities and distributions necessary to support lynx home ranges (Interagency Lynx Biology 
Team 2013, p. 77) or lynx populations over time.   

The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms.  
Specifically, at that time the Service believed that most lynx and lynx habitats occurred on 
national forests, and that the Land and Resource Management Plans that guided management 
of those forests included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat.  The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052).  In 2003, in response to a court memorandum opinion on the 2000 listing rule, the 
Service reaffirmed its determination of the lynx DPS and its status as threatened under the ESA 
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(68 FR 40076).  The Service completed a recovery outline in 2005 (U.S. Fish and Wildlife 
Service 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) and, in 
2007, again in response to a court order, clarified its determinations of “significant portion of the 
range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 1186).  Also in 
2007, the Service initiated a 5-year status review of the DPS (72 FR 19549).  The Service 
revised the critical habitat designation for the DPS in 2009 (74 FR 8616) and 2014 (79 FR 
54782) and, concurrent with the latter, rescinded the state-based definition of the DPS boundary 
to extend ESA protection to lynx “where found” in the contiguous U.S., including New Mexico 
and other states that were not included in the original DPS range (79 FR 54804). 

Although the Service originally identified the DPS as occurring in forested portions of 14 states 
(Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, Oregon, 
Utah, Vermont, Washington, Wisconsin, and Wyoming) (65 FR 16052, 16085), it recognized at 
the time of listing that both lynx and the boreal forests that support them in the Lower 48 States 
are at the southern margins of their ranges, where habitats naturally become patchy and 
fragmented and snowshoe hare densities in many places are not consistently high enough to 
support resident lynx populations (65 FR 16052-59).  It also recognized that inherent limitations 
in historic occurrence information made it difficult to distinguish between areas that consistently 
supported resident populations; other areas that may have occasionally supported resident, 
breeding lynx; and yet other areas that intermittently and temporarily contained dispersing or 
transient lynx but did not support lynx home ranges or reproduction (65 FR 16054-59).  Many 
lynx records in the DPS range seem to have been associated with cyclic “irruptions” of lynx from 
southern Canada into the northern contiguous U.S. when northern hare populations crashed, as 
they did historically every 8-11 years (Elton and Nicholson 1942, entire; McKelvey et al. 2000, 
entire; Mowat et al. 2000, pp. 281–294; Interagency Lynx Biology Team 2013, p. 33).  Lack of 
reliable information also precluded determination of sizes or trends of lynx populations within the 
DPS. 

Recent research and monitoring have improved our understanding of many aspects of lynx 
biology, distribution, and potential threats in the DPS.  However, we still lack reliable estimates 
of the sizes and important demographic rates of most populations.  Likewise, we would benefit 
from further understanding of the natural range and causes of variation in lynx and hare 
numbers; hare densities necessary to support resident lynx populations throughout the DPS; the 
influence of immigration of lynx from Canada on the demographic and genetic fitness of DPS 
populations; and the timing, extent, magnitude, and severity of potential threats associated with 
climate change.  The Lynx SSA Team organized this expert elicitation workshop to help fill 
some of these information gaps with the knowledge, professional judgments, and opinions of 
lynx experts. 

Currently, there are five geographic areas known to support resident lynx populations in the 
DPS:  northern Maine (with occasional/sporadic breeding by small numbers of lynx in 
northernmost New Hampshire and Vermont); northeastern Minnesota; northwestern Montana 
and northeastern Idaho; north-central Washington; and western Colorado (Figure 1).  After 
statewide surveys conducted in 1978-1997 suggested the absence of viable resident lynx 
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populations in Colorado, the State, from 1999 to 2006, released 218 lynx captured in Canada 
and Alaska into southwest Colorado to establish the current resident population.  Additionally, 
the Greater Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming is 
believed historically (and as recently as 2003-04) to have supported a small but relatively 
persistent lynx population, but it is uncertain whether it currently supports any resident lynx.   

   

 

Figure 1.  Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations.     

Expert Elicitation 

Workshop Protocol 
As mentioned under Purpose, above, the Lynx SSA Team convened the October 2015 
workshop to elicit expert knowledge and opinion on critical uncertainties regarding the current 
status and future viability of resident lynx populations within the DPS range, and thus the DPS 
as a whole.  To facilitate this, a 10-member panel of recognized lynx experts from across the 
DPS range first observed and discussed presentations by subject matter experts summarizing 
the current state of available information on topics relevant to lynx populations in the DPS (see 
Preparing Experts section below).  After subject matter presentations, members of the lynx 
expert panel presented updates on lynx populations in each of the six geographic areas 
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described above under Background.  The subject matter and update presentations were 
intended to ensure that all lynx experts had a common baseline of information prior to the 
elicitation process.  
 
In accordance with the expert elicitation literature (e.g., Burgman 2005, USEPA 2011, Gregory 
et al. 2012, Drescher et al. 2013, Morgan 2014), we then used best practices to elicit opinions 
from the expert panel.  Although invited experts were expected to contribute openly and 
effectively to group discussions, we did not seek consensus among experts; rather, we probed 
differences of opinion or interpretation of scientific and technical information.  We also asked 
experts and other participants to focus on scientific questions and to refrain from discussing or 
recommending management or policy decisions related to the Service’s authorities and 
responsibilities in implementing the ESA. 
   
In addition to the lynx expert panel and subject matter experts, workshop participants included 
members of the USFWS/USGS Lynx SSA Team, facilitators, and observers (see Appendix 2 for 
a full list of attendees and their respective roles).  As a basic ground rule, only members of the 
expert panel participated in the elicitation process, although panelists were encouraged to 
confer with the subject matter specialists and SSA Team members as needed.  All workshop 
participants were welcome to participate in discussions that ensued from review of panel 
responses to various questions.  Due to time constraints and to minimize interference with the 
elicitation process, observers were encouraged to write and submit “parking lot” questions, 
which were collected at the end of the first two days of the workshop and presented to lynx and 
subject matter experts for responses and discussion the following mornings (see workshop 
notes, Appendix 3).  The expert elicitation process was facilitated by USFWS and USGS 
structured decision making practitioners who encouraged open discussion among experts, 
structured input from both panelists and subject matter experts, and ensured that observers 
could witness the process without inappropriately influencing it. 

Identifying Experts 
 
SSA Team members reviewed the relevant literature and used their first-hand knowledge to 
identify experts involved in lynx and hare research or management, boreal forest ecology, and 
climate modeling.  We then developed a priori selection criteria based on professional 
credentials, positions, areas of expertise, and pertinent experience to develop a list of candidate 
lynx experts and other subject matter experts.  Selection criteria (below) helped ensure that 
invitations to participate were made only to scientists with expertise highly relevant to workshop 
topics and, further, that the selections were transparent, unbiased, and adequately captured the 
diversity of expertise and professional judgments related to the topics.  Selection was not based 
on affiliation with a particular organization or interested party; however, States and other 
partners were asked to review the draft list of workshop invitees and suggest alternate or 
additional qualified experts.  The SSA Team then invited experts who met the selection criteria 
and represented lynx expertise throughout the range of the DPS and in adjacent southern 
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Canada.  The number of invited experts was necessarily limited to improve the efficiency and 
effectiveness of the elicitation process, avoid redundancy, maximize scientific discussion among 
all participants, and maintain an open, comfortable meeting environment.  

Expert Selection Criteria  

Expert panelist candidates had to meet all of the following criteria: 

1.   Candidate must hold a graduate degree in a scientific discipline highly relevant to the 
workshop topics.  Typically this may include advanced degrees in wildlife biology, ecology, 
zoology, genetics, modeling, or statistical inference. 

2.  Candidate must hold a research position in government (State, Tribal, or Federal), academia, 
or in the nonprofit research sector; or participant must hold a governmental management 
agency position with responsibility for the species’ conservation. 

3.  Candidate must have expertise in the ecology or management of the species or related 
species, demonstrated by recent (within the past 10 years) peer-reviewed publications or 
related types of professional scientific expression. 

Candidates also had to meet one or more of the following criteria: 
  
4.  Candidate is directly engaged in the species’ management, monitoring, or analysis of 
populations or habitat. 

5.  Candidate is directly engaged in the study of a specific workshop topic. 

6.  Candidate is a government or academic research scientist with expertise in conservation 
biology, population or landscape ecology, genetics, or other relevant fields, as demonstrated by 
recent (within the past 10 years) peer-reviewed publications or related types of professional 
scientific expression. 

Using these criteria, the SSA Team identified 19 candidates for the lynx expert panel who were 
contacted to determine their interest and ability to attend the workshop (Appendix 4).  Among 
those both interested in and able to attend the workshop, the team extended invitations to 13 
candidates, 10 of whom ultimately participated as panelists and who together represent lynx 
expertise throughout the range of the DPS and in southern Canada.  Experts who could not 
attend this workshop may provide their expertise later in the SSA process as peer review 
experts.    

Preparing Experts 
Before the workshop, the SSA Team contacted all lynx experts and other subject matter experts 
by email and phone to discuss their roles and, for some, their willingness to prepare and deliver 
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subject matter or lynx population status presentations at the workshop.  Correspondence with 
lynx and subject matter experts and other workshop participants explained the SSA framework 
and its application to the lynx DPS, the use of expert elicitation in SSAs, and the workshop’s 
purpose, ground rules, and draft agenda. 
 
At the workshop, the Service introduced the Lynx SSA Team, provided a brief overview of the 
SSA framework and its application to the lynx DPS, and outlined workshop objectives.  Prior to 
elicitation exercises, subject matter experts presented information on the historic and current 
distribution of lynx in the contiguous U.S., regulatory mechanisms that apply to lynx on Federal 
lands, genetics considerations, lynx status and management in adjacent southern Canada, 
potential climate change impacts on boreal forest vegetation and snow conditions important to 
lynx, effects of forest management and policy on lynx habitat, and snowshoe hare ecology (see 
Subject Matter Presentations, below).  After these presentations, lynx expert panelists provided 
updates on lynx populations and habitats, research efforts, conservation measures, and 
potential threats to lynx in each of the six geographic areas (Fig. 1).  The subject matter and 
status-update presentations were intended to provide the expert panel with information that 
could inform their responses to elicitation questions and to ensure that the panelists shared a 
common understanding of the current status of lynx throughout the DPS.  All workshop 
presentations are included in Appendix 5 and are accessible at the Service’s Region 6 Canada 
lynx web page (http://www.fws.gov/mountain-prairie/es/canadaLynx.php). 

Subject Matter Presentations 
Canada Lynx Species Status Assessment, Expert Elicitation Workshop - Jim Zelenak, 
U.S. Fish and Wildlife Service, Montana Ecological Services Field Office, Helena, 
Montana 
The objectives of this workshop are to (1) gather scientific information from experts on the 
current status, threats, and future viability of lynx populations in the contiguous U.S.; and (2) 
where empirical data are lacking, elicit expert knowledge, professional judgment, and opinion on 
the nature and magnitude of potential threats to DPS populations and the DPS as a whole.  We 
need this information to complete a status assessment for the DPS that will be used by Service 
decision makers to inform recovery planning and other determinations the Service must make in 
accordance with the ESA.  We have a court order to complete a recovery plan for the DPS by 
January, 2018, unless we determine that a recovery plan is not necessary (i.e., that the threat 
for which the DPS was listed has been adequately addressed and ameliorated and no new 
threats have been identified that pose an immediate or reasonably foreseeable risk of 
extinction).  However, we are not here to make that determination or others regarding the ESA 
status of the DPS.  Rather, we are here to understand the current status of lynx populations and 
habitats in the DPS and hear from experts on factors influencing the current status and future 
viability of those populations.  The DPS was listed as threatened under the ESA in 2000 
because of the inadequacy at that time of regulatory mechanisms in Federal land management 
plans to protect lynx and their habitats.  The Service completed a recovery outline in 2005 and 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php
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designated critical habitat for the DPS in 2006.  In 2007, we clarified our determination of 
“significant portion of the range” of the DPS and withdrew the 2006 critical habitat designation.  
We revised critical habitat in 2009 and 2014 and, also in 2014, we received the court order to 
complete a recovery plan.  The results of this workshop will contribute to the SSA, and the 
expert information gathered here will complement the best available scientific information that 
will be compiled and summarized in the SSA report.  After it is peer-reviewed and finalized, the 
SSA report will be considered by Service decision makers to inform recovery planning and other 
determinations required under the ESA. 

Historical Distribution of Lynx in the Contiguous U.S. - Dr. Kevin McKelvey, USDA 
Forest Service, Rocky Mountain Research Station, Missoula, Montana   
Understanding historical range is important because it provides context for modern 
conservation; however, historical data must be interpreted carefully because they may not be 
representative, are often unreliable, and their meaning may be unclear.  This is especially true 
for rare animals like lynx, and even more so if they are easily mistaken for another more 
common animal, as bobcats are mistaken for lynx in the southern portion of lynx range.  
Because even relatively low identification error rates can lead to significant errors in determining 
distribution, it is important to rely on verified, and not anecdotal, occurrence records, when 
attempting to establish historical range.  The issue is further complicated by the noted cyclicity 
in lynx population dynamics associated with snowshoe hare population cycles, which resulted 
historically in irruptions or pulses of lynx from Canada into the DPS when northern hare 
populations crashed.  This can be described as a wave in which a large number of dispersing 
lynx intermittently flooded into the northern contiguous U.S. over the course of several years 
into a variety of potentially suitable and unsuitable habitats.  As the irruptions waned (i.e., as the 
waves receded), lynx disappeared relatively quickly from areas of unsuitable or poor habitat, 
more slowly from areas of marginal or suboptimal habitat, and persisted (like permanent tide 
pools) in those areas with habitats and hare densities capable of supporting them over time. 
This yielded verified records in the contiguous U.S. in places that clearly cannot support lynx 
populations but, in other places where habitats are or appear to be suitable, it also confounds 
efforts to distinguish between those that have supported persistent lynx populations, those that 
may occasionally but not consistently support resident lynx (“winked off’ more than “winked on” 
in a metapopulation sense), and those where dispersing lynx occurred regularly, if intermittently, 
but could not persist.  Given these ambiguities, there remains irresolvable uncertainty about the 
historic distribution of resident lynx in the DPS.  Despite this uncertainty, it appears that resident 
lynx naturally persist now in most areas that the available reliable data most strongly suggest 
historically supported resident populations in the contiguous U.S. (Maine, Minnesota, Montana, 
Idaho, and Washington).  Several other areas may have historically supported populations but 
no longer do (with evidence most compelling for northern New Hampshire and Michigan’s Upper 
Peninsula; less compelling for the Adirondack region of northern New York, northern Wisconsin, 
and northwestern Wyoming). 
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Canada Lynx Habitat Regulatory Environment - Scott Jackson, USDA Forest Service, 
National Carnivore Program Leader, Missoula, Montana 
Before the lynx DPS was listed under the ESA, there was very little information available and 
little management direction for lynx habitats on national forests or other Federal lands.  Given 
the uncertain status of lynx and lack of information on habitat relationships, an interagency Lynx 
Steering Committee was chartered almost immediately after the DPS was proposed for listing in 
1998.  The committee appointed the Lynx Science Team to assemble the available information 
on lynx and the Interagency Lynx Biology Team to develop a lynx conservation strategy 
applicable to Federal lands.  In 2000, the Science Team published Ecology and Conservation of 
Lynx in the United States (Ruggiero et al. 2000), and the Biology Team completed the Lynx 
Conservation Assessment and Strategy (LCAS; Ruediger et al. 2000).  The committee also 
directed the completion of the 1999 biological assessment (BA) in which the U.S. Forest Service 
(USFS) and Bureau of Land Management (BLM) evaluated potential impacts to lynx of 
management plans for 57 national forests and 56 BLM units and concluded that implementation 
of existing plans could result in some adverse effects to lynx.  The BA recommended amending 
or revising management plans to incorporate conservation measures that would reduce or 
eliminate the identified adverse effects to lynx, and to consider the conservation measures 
identified by the Science Team and Biology Team, once finalized.  In March of 2000, the DPS 
was listed as threatened due to the inadequacy of existing regulatory mechanisms, specifically 
the lack of guidance for conservation of lynx in national forest Land and Resource Management 
Plans and BLM Land Use Plans.  In October 2000, FWS completed a biological opinion on the 
1999 BA, concluding that if forest plans were revised or amended to incorporate the 
conservation measures in the LCAS, they would reduce or avoid the potential for adverse 
effects on lynx.  Also in 2000, USFS and BLM entered into conservation agreements with FWS 
to guide management until plans could be amended or revised.  By 2004, BLM revised plans in 
all units with lynx or potential habitat to incorporate LCAS guidance.  By 2006, USFS similarly 
revised plans for national forests in the Northeast and Great Lakes.  In 2007 and 2008, USFS 
formally amended plans for 18 national forests in the Northern Rockies and 8 in the Southern 
Rockies to address the risk factors identified in the LCAS and adopt management standards 
and guidelines.  Currently, all national forests and BLM units with lynx or potential habitats are 
governed by plans that have adopted conservation measures identified in the LCAS, 
subsequent interagency conservations agreements, or by management direction that formally 
amended or revised land use plans and established standards and guidelines designed to apply 
the best available scientific information to avoid and minimize potential impacts to lynx.  Future 
challenges include developing effective responses to larger, hotter, and more frequent fires and 
extensive insect outbreaks, and designing thinning and salvage harvest treatments conducive to 
creating habitat conditions favorable to lynx and hares.    

Lynx Genetics Considerations - Dr. Michael Schwartz, USDA Forest Service, National 
Genomics Center for Wildlife and Fish Conservation, Missoula, Montana 
Review of lynx genetic studies shows, despite some sub-structuring over distance, high gene 
flow across the continental range of lynx, likely because of high dispersal rates, large dispersal 
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distances, and few geographic barriers to dispersal.  Some research suggests that the Northern 
Rocky Mountains may provide some gene flow restriction in western Canada, as well as an 
“invisible barrier” to gene flow in eastern Canada south of James Bay/Hudson’s Bay that may be 
related to differences in snow conditions driven by large-scale climatic factors (e.g., the Pacific-
North America and North Atlantic Oscillation climatic systems).  North of the DPS, low levels of 
genetic substructure have been documented in populations in eastern Canada between 
populations north versus south of the St. Lawrence Seaway, and between island (Newfoundland 
and Cape Breton islands) and mainland populations.  However, there is evidence of genetic 
interaction among even these relatively isolated eastern Canadian populations.  Within the DPS, 
minor genetic sub-structuring has been documented among lynx subpopulations in western 
Montana.  However, very low Fst values (a measure of the proportional reduction in 
heterozygosity due to population subdivision, with values near zero indicating high levels of 
gene flow and values approaching one indicating poor gene flow) suggest the absence of 
significant barriers to genetic interchange throughout much of the lynx range, including the DPS.  
Across 17 lynx populations in Alaska, Canada, and the contiguous U.S., Fst = 0.033, and the 
highest Fst for any two populations was 0.070 when lynx from the Kenai Peninsula in Alaska 
were compared to those in the Seeley Lake area of Montana.  Lynx-bobcat hybrids have been 
documented in Minnesota, Maine, and eastern Canada, but not in the western part of the range.  
Hybridization does not seem to be a major issue, nor does it appear to be increasing despite 
significant increases in bobcat numbers in some parts of DPS range.  Genomics research (the 
genetic mapping and DNA sequencing of sets of genes or complete genomes) on lynx would 
increase power and precision of genetic analyses and perhaps identify genes under selection at 
the periphery of the range.  The goal for lynx in the DPS should be to conserve the genetic 
diversity currently represented in resident populations, recognizing that maintaining connectivity 
between DPS and Canadian populations is likely important to achieving that goal.  The genetic 
variation at the edge of the range may be of value to future populations, especially as related to 
changing climate.  

Lynx Distribution, Status, and Management in Southern Canada - Dr. Jeff Bowman, 
Ontario Ministry of Natural Resources and Forestry, and Trent University, Ontario 
Lynx are managed provincially in Canada, with each province responsible for its own 
management program, harvest (trapping) policies, and conservation strategies.  Data from 
registered trap lines show cyclic decadal peaks in the numbers of lynx harvested, and these 
align well with (and lag by one year) cyclic peaks in snowshoe hare indices.  In western 
provinces (British Columbia, Alberta, Saskatchewan, Manitoba, Northwest Territories, and the 
Yukon), the magnitude of lynx cycles appears to have dampened dramatically after the 1980s-
1990s, while eastern provinces (Ontario, Quebec, and Newfoundland and Labrador) have seen 
less dramatic declines in peak lynx numbers trapped.  There is some evidence that hare 
numbers in the Yukon have not recovered to past levels after declines beginning in about 2000, 
and that hare numbers in southern Ontario have been low for the past 5-6 years.  There also is 
indication that the range of lynx in eastern Ontario has contracted northward since the 1970s, 
and modeling suggests that this contraction is likely influenced by habitat loss perhaps related 
to changes in forestry practices and an increase in tolerant hardwoods replacing spruce-fir 
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forests resulting from climate warming (Koen et al. 2014).  This has been accompanied by 
reduced genetic heterozygosity (allele richness) at this margin of the lynx range.  Recent studies 
also show some differences in functional genetic markers (unique alleles) in lynx south versus 
north of the St. Lawrence Seaway/River, suggesting the potential for evolutionarily significant 
differences in lynx in those areas (Koen et al. 2015, Prentice unpubl.).  Research also suggests 
an “invisible” genetic barrier south of Hudson’s Bay likely related to climate-driven differences in 
snow conditions, which could be amplified in the future with continued climate warming.  A few 
lynx-bobcat hybrids have been documented.  Lynx are listed as endangered provincially in New 
Brunswick and Nova Scotia, which also have by far the highest numbers of bobcats, and where 
bobcat populations have been increasing since about 1990.  Lynx are considered secure in all 
other provinces.   

Seven Ways a Warming Climate can Kill the Boreal Forest - Dr. Lee Frelich, Director, 
University of Minnesota Center for Forest Ecology, St. Paul, Minnesota  
Northern Minnesota is at the southern edge of the ranges of boreal forest tree species (balsam 
fir, white spruce, paper birch) and the northern extent of temperate forest species (sugar maple, 
red maple, red oak).  A number of climate-mediated processes are likely to shift these ranges 
northward, potentially resulting in the complete disappearance of boreal forest from Minnesota 
before the end of the century.  These include projected declines in snow depth, invasion of 
boreal forests by temperate species and a widening of the mixed forest ecotone, warming 
summer and winter temperatures, declines in boreal trees under both low- and high-emission 
climate scenarios, severe wind- and hail-producing thunderstorms (derechos) of greater extent 
and frequency, large wind-driven fires, heat and drought stress, increased insect infestations 
due to lack of extreme cold temperatures, and phenological disturbance.  These processes, 
alone or in combination may result in gradual or relatively sudden conversion of boreal forests to 
temperate forests, savanna, or grassland at the southern edge of the boreal forest range.  A 
mosaic of conversion mechanisms and rates of change will occur at landscape/ecoregion 
scales.  With unmitigated climate change, Minnesota is likely to lose the boreal biome and about 
one-third of its native species, including lynx, possibly within the next 60-70 years. 

Climate Change and Uncertainty:  Implications for Canada Lynx Conservation and 
Management in the Contiguous U.S. - Alexej Siren, DOI Northeast Climate Science 
Center and University of Massachusetts Department of Environmental Conservation, 
Amherst, Massachusetts 
Climate models are better at detecting long-term trends in temperature and precipitation than 
short-term climate variability.  Generally, projections of precipitation are less robust compared to 
temperature, and within the lynx DPS units, projected trends in precipitation are more certain for 
winter than for summer.  Consequently, the resulting model biases may affect climate 
projections.  Global surface temperatures have increased steadily over the 20th century, 
especially since the 1970s, with an overall increase in winter temperatures in the U.S.  These 
changes are most pronounced from the Northern Rockies to the northeastern U.S., where 
winter precipitation has also increased.  However, the northwestern U.S. has experienced drier 
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winters with less snow over the past several decades.  Importantly, numerous studies have 
shown that Canada lynx distribution is related to snowpack characteristics (e.g., snowfall, 
density, and persistence), which may directly or indirectly affect lynx through 1) increased 
competition (exploitative and interference) with sympatric carnivores, 2) altering hare and lynx 
population cycles, and 3) reduced genetic diversity.  Therefore, climate projections with a 
specific emphasis on winter climate are a valuable tool for assessing the long-term viability of 
lynx in the contiguous U.S.  Below are the climate trends for the past several decades and end-
of-century model projections for each of the DPS units; projections are multi-model means with 
the high emissions scenario (A2).  In the Northeast, recent trends are toward reductions in 
snowfall, the number of snow-covered days per season, and the proportion of winter 
precipitation occurring as snow.  Projections include increased winter precipitation, but with a 
lower proportion occurring as snow, and a decline in snowfall and length of snowpack coverage.  
In the Great Lakes region, recent trends indicate an increase in lake effect snow and longer 
snow seasons to the north.  Winter precipitation is projected to increase throughout the 
Midwest, with a lower proportion occurring as snow, except that lake effect snow is projected to 
increase around Lake Superior and north of the eastern Great Lakes until 2050, and eventually 
decline towards the end of this century.  Overall, models project a decline in snowfall and length 
of snowpack coverage by 2100 for the Midwestern region.  The Northeast and Midwest DPS 
units are especially vulnerable to snowpack loss due to lack of elevational refugia.  In the 
western DPS units and the Colorado population, recent trends show decreasing spring 
snowpack at lower elevations, an overall decline in snowpack by the latter half of the 20th 
century, and a lower proportion of winter precipitation occurring as snow.  Projections include 
decreases in snowfall season and snowfall amount, fewer days with snowfall, and continued 
reduction in the proportion of winter precipitation occurring as snow.  However, projections 
indicate that snowpack and winter severity may be less impacted in the Northern Rockies 
compared to other DPS units.  In summary, model projections are not favorable for lynx within 
the DPS units, especially towards the latter half of the 21st century, with less severe winters and 
diminished snowpack characteristics that favor competing species.    

Projected Climate-change Impacts on Snow, Vegetation, and Lynx Populations in the 
Western U.S. - Dr. Joshua Lawler, University of Washington, School of Environmental 
and Forest Sciences, Seattle, Washington and Dr. Chad Wilsey, National Audubon 
Society Science Division, New York, New York 

Climate modeling suggests reductions in the amount of precipitation falling as snow and a shift 
from subalpine forest to temperate evergreen needleleaf forests in a generalized lynx range in 
the western U.S.  Fire is projected to increase in both frequency and fire size, doubling by 2040 
and tripling by 2080.  Simulated lynx densities were projected for the 2020s, 2050s, and 2090s.  
Of 25 ecoregions included in the study area, 14 had simulated lynx populations greater than 
0.10 individuals/100 km2 across all time points.  Of those, and across various Global Circulation 
Models (GCMs), 3 ecoregions had simulated increasing populations by the 2050s and 11 had 
declining populations. Populations were projected to continue increasing in the 3 ecoregions by 
the 2090s, while declines were projected to deepen in 8 of the remaining 11 ecoregions. 
Growing populations were projected to occur in the sparsely populated Fescue-Mixed Grass 
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Prairie, Middle Rocky-Blue Mountains, and Great Steppe ecoregions, whereas the largest 
proportional declines were projected to occur in the West Cascades, Pacific Northwest Coast, 
Northern Cascades, East Cascades – Modoc, and Aspen Parkland ecoregions.  The study also 
looked at the effect of population cycling on projected changes and found that simulated 
declines differed more due to GCM model used than due to population cycling (i.e., modeling 
suggested lynx population declines were not strongly influenced by population cycles). 

Forest Management and Lynx Habitat Trends - Dr. Erin Simons-Legaard, University of 
Maine School of Forest Resources, Orono, Maine 
Lynx in Maine occur in the Northern Appalachian/Acadian Ecoregion where their distribution is 
governed by snowfall and extent of deciduous cover.  The eastern spruce budworm 
(Choristoneura fumiferana) is endemic to forests in this region, and extensive outbreaks of this 
insect pest occurred in northern Maine in the 1970s-80s, resulting in millions of acres of spruce-
fir die-offs, despite extensive aerial insecticide applications.  For several decades, salvage 
logging via extensive landscape-scale clear-cutting occurred in impacted forests, until passage 
in 1989 of the Maine Forest Practices Act, which regulated clear-cut size, configuration, and 
regeneration.  Regenerating clear-cuts became very dense stands supporting high densities of 
snowshoe hares.  Although the Forest Practices Act reduced the amount of clear-cut harvest 
over the following two decades, overall harvest increased as partial-cut harvesting replaced 
clear-cutting.  At the same time, land ownership patterns in northern Maine were shifting from 
large blocks of commercial timber interests to smaller blocks and more diverse land 
management goals, including development and financial investment, as well as some non-
development easements (though these do not regulate forest management).  The University of 
Maine modeled lynx habitat occurrence from snow track data, a series of Landsat satellite time-
series imagery since 1970, and indices of hare densities for various stand ages post-timber 
harvest to model past, present, and future lynx occurrence in northern Maine.  They found that 
the proliferation of regenerating partial-cuts produce lower landscape hare densities than 
regenerating clear-cuts from the 1970s and 1980s.  Landscape hare densities will likely decline 
in the future as the clear-cut-era stands mature into less dense conifer stands, beginning about 
35-40 years post-harvest.  High-quality stands are being replaced by lower-quality regeneration 
of partial harvests. High-quality habitat for lynx/hares is currently about 8% of the northern 
Maine landscape.  Model projections indicate it will decline to about 5% of the landscape by 
2030, and then level off, and that the prevalence of partial-harvesting will lead to elimination of 
many areas with concentrated high-quality habitat and a lower future probability of supporting 
lynx.      

Southern Snowshoe Hares: Updates, Questions, Forecasts - Dr. Karen Hodges, 
University of British Columbia Okanagan Department of Biology, Kelowna, British 
Columbia 

Northern hare cycles are more variable than commonly portrayed in some literature, with 
questionable synchrony and variation in peak heights and amplitudes.  Some southern hare 
populations (i.e., within the lynx DPS range) show “cycle-ish” dynamics and high densities, but 
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variability in abundances is not obviously linked to forest stand type (thinned, unthinned, 
mature).  Some areas of high hare density are occupied by bobcats instead of lynx (e.g., the 
Tally Lake area of the Flathead National Forest in Montana).  Hare densities in the western 
contiguous U.S. differ substantially across regions and landscapes.  For example, within the 
GYA, hare densities varied from very low (0.2 hares per hectare) in Yellowstone National Park 
to very high (0.5 - 1.7 hares/ha) in the Wyoming Range south of the park.  Hare densities also 
vary in the eastern part of the lynx DPS, with ranges from 0 - 1.8 hares/ha in Maine and, in 
Minnesota, densities of 0.64 hares/ha in the northeast part of the state (which supports resident 
lynx) and 0.35 hares/ha in Voyageurs National Park (which does not support resident lynx).  
Landscape attributes (e.g., tree densities and moisture gradients) also influence stand quality 
for hares.  Hare population dynamics (cyclicity, synchrony, amplitude, and peak densities) also 
vary regionally.  Forest management that reduces stand structure reduces hare abundances.  
For example, hares declined after experimental precommercial thinning in Montana, and, in 
Quebec, hare densities increased with time since commercial thinning, harvest, and fire.  Fire 
destroys hare habitat temporarily, but hares return to burned areas as soon as favorable habitat 
conditions return.  Post-fire hare densities also vary regionally; in stands burned by large fires in 
1988, hare densities by 2007 were higher in Glacier National Park than in Yellowstone National 
Park.  Hare densities necessary to support resident lynx remain poorly understood but appear to 
vary regionally, as do lynx diets and home range sizes.  If southern boreal/montane forests are 
lost, hares will decline.  Fire, timber harvest, and thinning will result in fewer hares, at least 
temporarily, and the impacts of post-fire salvage logging are unknown.  Understory cover and 
browse are very important, but we know little about the influence of shrubs or snow on hares.  
Like lynx, hares in the DPS are at the southern extent of their continental range.  Also like lynx, 
hares show high gene flow across most of the northern range in Canada but lower gene flow 
(higher genetic structure) in the southern part of the range, with some lineages potentially at risk 
of genetic drift.  Climate-mediated increases in fires and insect outbreaks and changes in forest 
regeneration may alter hare habitats and, thus, hare distribution and abundance.  Climate 
change may also affect hare vulnerability to predation by creating a mismatch between pelage 
color, which is controlled by photoperiod, and their surroundings (e.g., reduced snow season 
resulting in white hares on dark forest floors).  It may also alter predator communities, with 
uncertain impacts on hare populations.  Continued research is needed to better explain regional 
variation in population dynamics and peak abundances, to predict post-fire recolonization and 
densities and responses to climate change, and to better understand links between physiology 
and demography (e.g., predation stress and reproduction).      
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Lynx Status Update Presentations1 
Status of Lynx in Maine - Jennifer Vashon, Maine Department of Inland Fisheries and 
Wildlife, Bangor, Maine 
Much of the current lynx habitat in Maine was created from extensive harvests to salvage 
spruce budworm-damaged forests during 1970-1985, and the amount and distribution of high-
quality lynx/hare habitat are likely greater now than historic conditions.  Many stands were 
treated with herbicides to create extensive regeneration of spruce and fir.  Analysis of Forest 
Inventory and Analysis (FIA) data indicates that half of the 3 million forested acres of spruce-fir 
in northern Maine is currently sapling stage that should provide lynx with high quality foraging 
habitat.  Also based on FIA data, the amount of dense spruce-fir (supporting the highest hare 
densities) increased from 700,000 acres in 2006 to 805,000 acres in 2010.  The Maine 
Department of Inland Fisheries and Wildlife (MDIFW) conducted a telemetry study of lynx from 
2000-2011 in a study area with extensive areas of regenerating spruce-fir stands in 
northwestern Maine and found that lynx had relatively small home ranges.  Lynx strongly 
selected these high-quality hare habitats in former clear-cut areas.  Although hare densities 
declined from 2 hares/hectare to 1 hare/hectare mid-way through the study, lynx did not 
increase their home range sizes or alter their habitat use.  Reproduction declined initially after 
hare populations declined, but later recovered, with all females producing litters.  An average of 
65% of females bred each year throughout the study.  Litter sizes ranged from 1 to 5 and 
averaged 2.63 kittens/breeding female.  Kitten survival remained high (averaged 78%).  
Densities of 4.5 adults and 5 to 9 kittens were observed in 100 km2 areas.  Based on estimates 
of occupied habitat and home range information, MDIFW estimated there were between 750 
and 1,000 lynx in northern Maine in 2006, and more than 1,000 lynx in 2015 (or at least more 
animals than 2006).  Indices (number incidentally trapped, observed, or killed on roads) have 
increased, suggesting there are more lynx than in 2006, and the distribution of the population 
also appears to be expanding.  MDIFW initiated a third round of periodic lynx snow track survey 
in 2015 that support increased populations and expanding range.  Additional surveys are 
planned in 2016 and 2017 to update estimates.  Although a model by the University of Maine 
suggests the effects of the Maine Forest Practices Act could lead to a decrease in lynx habitat, 
thus far, it does not appear that lynx have declined in response to aging clear-cuts and the 
prevalence of partial harvests resulting from the Act.  A budworm outbreak is expected in the 
near future that will also impact future amounts of habitat for lynx and snowshoe hare.  MDIFW 
provides landowners with descriptions of lynx-hare habitat for their management plans through 
published peer-reviewed papers and reports on lynx status and habitat use in Maine and 
consultation.  

                                                 
1 These are summaries of status updates presented by lynx experts for each of the geographic 
units in the DPS.  Summaries were written by the Lynx SSA Team based on the presentations 
and notes submitted by expert presenters and on the notes taken at the workshop during 
presentations.  Experts reviewed drafts of these summaries and provided clarifications/ 
corrections if needed, which were incorporated into the final summaries.    
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Canada Lynx in Minnesota - Dr. Ron Moen, Natural Resources Research Institute, 
University of Minnesota Biology Department, Duluth, Minnesota, and Susan Catton, 
USDA Forest Service, Superior National Forest, Duluth, Minnesota 
Prior to 1965, lynx in Minnesota were unprotected, had a bounty placed on them, and were 
overexploited by trapping.  From 1930-1977, harvest in Minnesota was twice that of Montana 
and 40 times that of other states.  In 1976, State protection was provided in the spring and 
summer months, and in 1984 the trapping season was closed.  In the 1990s and when listed 
under the ESA in 2000, it was unknown if lynx in Minnesota were residents or migrants from 
Canada, but now it is known that the Minnesota lynx population consists of both residents and 
migrants from Canada.  Since then, there have been hair snare and snow-tracking surveys, 
DNA analyses, and a multi-year telemetry project – none of these monitoring efforts were 
designed to estimate densities or abundances of the species.  However, as of 2015, it is thought 
that there are somewhere between 50 and 300 lynx in Minnesota (this expert later refined the 
range as 50 - 200 lynx, as indicated in the summary presentation preceding the graphing 
exercise below), with the core habitat in the arrowhead region of the state (St. Louis, Lake, and 
Cook counties), although there have been verified and probable lynx sightings elsewhere in the 
state.  At least 5 of 27 adult lynx radio-collared in Minnesota were later legally trapped in 
Ontario, and other collared lynx did not return from Canada, therefore their fates are unknown.  
Telemetry data showed that about half of males radio-marked in Minnesota moved back-and-
forth across the border, traveling at all times of the year; that Minnesota females that dispersed 
into Canada tended not to return to Minnesota; that males had much larger home ranges (267 
km2) than females (21 km2); and that females with kittens had the smallest home ranges.  About 
half of the mortality of collared lynx was from vehicle collisions, incidental catch, illegal kills, or 
unknown causes.  Moen et al. (2008) documented 10 den sites and showed that denning 
habitat is not limiting in Minnesota.  Since 2000, incidental take of lynx tracked by the USFWS 
Twin Cities Field Office has ranged from 0-14 per year and included vehicle (car and train) 
collisions, gunshot, incidental trapping, and unknown causes.  Approximately 50% of reported 
take was of incidentally trapped lynx, about half of which were released alive.  Home range 
analyses showed mean distance to nearest linear feature is approximately 200m, suggesting 
that lynx do not avoid roads.  Bobcat harvest data show a concentration of bobcats adjacent to 
the core of the lynx range.  The IPCC SRES A1B Scenario climate change model (Gonzalez et 
al. 2007, p. 14) shows snow conditions potentially suitable for lynx throughout the northern half 
of Minnesota to the end of this century; however, the snow and/or biological assumptions in the 
model need work, because it predicts a range for lynx that is larger than the current suitable 
range based on snow depth.  Other climate modeling (e.g., Morgan, in prep.) suggests that 
suitable snow-depth range will shrink significantly by 2055, be limited to extreme northeastern 
Minnesota by 2070, and may be entirely absent from the state by 2095.  Since 2000, the 
Superior National Forest (SNF) and others have identified 268 unique individual lynx (47% 
Female, 53% Male) from 1,306 DNA samples, primarily from SNF lands.  These samples also 
documented 13 unique individual lynx-bobcat hybrids (5 Female, 8 Male).  The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota.  The SNF annually documents 3-5 family groups and is working with 
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North Carolina State University and the Twin Cities Field Office on a study of the distribution of 
lynx that can be used to inform future study designs aimed at monitoring lynx occupancy and 
designing more intensive studies to estimate abundance. 

Current Distribution, Status, and Threats to Canada Lynx in Montana and Wyoming - 
Dr. John Squires, USDA Forest Service, Rocky Mountain Research Station, Missoula, 
Montana 
Northwestern Montana - This area is believed to support the largest lynx population in the 
western U.S., but minimum population size has not been calculated.  The Forest Service’s 
Rocky Mountain Research Station in Missoula initiated a lynx research program in 1998 to 
investigate lynx resource and prey selection, competition, activity patterns, detection and 
monitoring, and connectivity.  From 1998 to 2007, researchers trapped and radio-marked 175 
lynx in northwestern Montana and collected nearly 170,000 GPS and over 3,000 VHS telemetry 
locations documenting lynx movements, resource use, survival, and productivity.  From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area (the central 
portion of this geographic unit) and from 2003-2007, 2.95 kittens/litter (N = 22) in the Purcell 
Mountains (the northwestern portion of the unit).  In Seeley Lake, 61% of breeding-age females 
(N = 52) produced kittens; in the Purcells, 83% of females (N = 28) produced kittens.  Recent 
research (Kosterman 2014) suggests kitten production is correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges.  Annual survival rates for 
subadult and adult female lynx were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 
0.85, respectively, in the Purcells.  There was no evidence of cyclicity in these vital rates, and 
no indication of irruptions of lynx into this unit from Canada after the 1980s.  Starvation, 
predation by mountain lions, and human-caused deaths each accounted for roughly one-third of 
documented sources of lynx mortality.  Population viability analyses yielded population growth 
rates of 0.92 for the Seeley Lake area (i.e., declining population trend, 1999-2007) and 1.16 for 
the Purcells (increasing trend, 2003-2007).  The distribution of lynx in this unit appears to have 
contracted recently; lynx were documented in the Garnet Mountain Range in the southern 
portion of the unit from at least 1980 into the early 2000s, but in 2010, extensive research 
trapping efforts yielded only two males, and snow-track and camera-trap surveys in winter 2014-
2015 detected no lynx.  Genetic analyses revealed fine-scale genetic sub-structuring among the 
Garnets, Purcells, and Seeley Lake subpopulations, suggesting some level of relative isolation 
among lynx in those areas.  Most lynx habitat in this unit occurs on Federal lands (USFS, BLM, 
NPS).  Recent conservation land purchases substantially increased protection of lynx habitat in 
the Seeley Lake core area.  The extent of fire in this area has increased, with over one million 
acres burned in 2000-2013.  Forest management (timber harvest, silviculture, and fire 
management) can have negative, neutral, or positive impacts on lynx habitat; current research 
is investigating lynx response to management actions. 
      
Wyoming/GYA – The long-term persistence of lynx in the GYA is unknown, but early records 
from Yellowstone National Park documented lynx presence in the 1920s-30s, and more recent 
(2001-2004) surveys in the park documented several lynx and evidence of reproduction on the 
east side of Yellowstone Lake.  South of the park, lynx were also detected reliably in the late 
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1990s-early 2000s in the Union Pass and Togwotee Pass areas of the Wyoming Range in the 
Bridger-Teton National Forest.  Several lynx released in Colorado (1999-2006) dispersed to the 
GYA and occupied home ranges (including males and females with overlapping home ranges) 
in areas of the Wyoming Range previously occupied by “native” resident lynx.  Recent (2005-
2010) research trapping and survey efforts in the Wyoming Range have detected only 
Colorado-released lynx, and the current status of lynx in the GYA is uncertain but believed to be 
at low numbers based on on-going surveys.  In addition to fire and forest management (as 
described above for northwestern Montana), oil and gas exploration and development may pose 
a potential risk to lynx and habitat in the Wyoming Range.             

Lynx in Washington: Current Status and Potential Threats – Dr. Benjamin Maletzke, 
Washington Department of Fish and Wildlife, Olympia, Washington 
Lynx in Washington were State-listed as threatened in 1993, but with recent large-scale impacts 
to lynx habitats and likely declines in lynx numbers, upgrading to State-endangered may be 
justified.  The Washington Department of Fish and Wildlife completed a lynx recovery plan in 
2001, and the Department of Natural Resources completed a habitat management plan for its 
lands in 1996, which it revised in 2006.  The majority of lynx habitat in Washington occurs on 
public lands including State Forests and National Forests.  Although individual lynx are 
occasionally documented in the northeastern part of the state, only the Okanogan area (eastern 
Cascade Mountains abutting the border with Canada) in the north-central part of the state has 
consistent records and evidence of a resident breeding population.  In terms of the ESA’s five 
listing factors, over-utilization, disease/predation, and inadequacy of existing regulatory 
mechanisms are not issues for lynx in Washington.  Lynx trapping was prohibited in 1991, and 
only live-trapping is allowed for bobcats, so there is little chance for incidental trapping.  There is 
no documented disease and little evidence of predation (though these could occur/increase with 
climate change).  With ESA and State listings, critical habitat designation, and State recovery 
and State and Federal habitat management plans in place, regulatory mechanisms appear 
adequate.  Recently, much lynx habitat has been lost, at least temporarily, to frequent large-
scale fires and insect outbreaks, and climate change may pose additional (or exacerbate 
existing) threats to lynx and habitats in Washington.  From 1990-2002, there were about 2,600 
km2 of lynx habitat in the Okanogan (Eastern Cascades) area, and female home ranges were 
estimated at 38 - 41 km2, suggesting the potential to support roughly 90-115 resident females 
(home ranges include “matrix” or non-habitat).  By 2014, habitat had been reduced by fire to 
about 1,600 km2, and habitat loss and fragmentation resulted in female home ranges increasing 
to an estimated 91 km2, with a potential to support roughly 27 resident females.  Although areas 
impacted by fires and insects should regenerate to hare/lynx habitat, it may take 35-40 years or 
more for that to happen.  Climate change will likely reduce snow depth, condition, and 
persistence, potentially influencing interspecific competition.  It also may cause temperature- 
and precipitation-driven changes in vegetation and increased fire frequency, size, and intensity, 
resulting in further reduction, fragmentation, and isolation of suitable habitats and impacts to 
prey abundance.  Connectivity between the Okanogan area and lynx populations and habitats in 
Canada seems adequate; it is more tenuous in the northeastern part of the state, where cross-
border populations/habitats in Canada are smaller and potential corridors more constricted.  It is 
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also possible that legal trapping in southern British Columbia could limit immigration into 
Washington’s lynx population and be a source of mortality for lynx dispersing from Washington 
into Canada.  Potential management and recovery actions could include resuming surveys and 
monitoring efforts, reviewing current State, Tribal, and Federal management actions to see if 
they can be more “lynx-friendly,” conducting population viability analyses to estimate 
probabilities of persistence over various time periods, coordinating with British Columbia on 
cross-border lynx conservation efforts, evaluating the need and feasibility of augmenting female 
lynx in the Okanogan and reintroducing lynx to the Kettle Crest, up-listing lynx in Washington to 
indicate the current status and severity of threats, and seeking collaboration and funding to 
support the measures above. 

Status of Lynx in Colorado - Dr. Jake Ivan, Colorado Parks and Wildlife, Fort Collins, 
Colorado 
Lynx in Colorado were State-listed as endangered in 1973.  Based on statewide surveys 
conducted in 1978-1997 that found some possible lynx sign (tracks), the State concluded that if 
lynx were present, too few individuals remained for a viable population and that natural 
recolonization was unlikely due to geographic isolation.  The State initiated a lynx reintroduction 
program, releasing 218 lynx from source populations in Alaska and Canada from 1999 to 2006.  
All animals were released into the San Juan Mountains in the southwest part of the state.  Many 
stayed there and used the area heavily; many others established home ranges in the Sawatch 
Range in the central part of the state, where the bulk of historical records occurred.  Although 
post-release mortality was initially high, it decreased after release protocols were modified and 
among lynx after they’d been on the ground a year.  Mean annual survival was 0.93 for lynx that 
stayed within the San Juan Mountains core-release area, and 0.82 outside of it.  The first den 
was located in 2003, and 48 dens were subsequently documented in Colorado through 2010, 
including a third-generation of Colorado-born lynx.  The reintroduced population displayed 
reproduction similar to other areas in the DPS in some regards (e.g., mean litter size was 2.75 
kittens), and lower in others (e.g., mean percentage of females that produced kittens was 24% 
[range = 0% - 46%])2.  A deterministic model that uses survival estimates and reproduction data 
from ten years of monitoring reintroduced lynx and assumes that reproductive parameters 
observed during that time would repeat each decade shows a slightly increasing trajectory 
through time.  Although current population size and survival rates are unknown, photos of 
females with kittens in 3 sampling units during occupancy monitoring in the San Juan Mountains 
in 2014-15 and capture of young and unmarked (i.e., “new”) lynx during research efforts in 
2010-15 provide evidence of continued reproduction.  Potential threats to lynx in Colorado 
include climate change, bark beetle outbreaks, fire, increasing human recreation, and 
vulnerability to vehicle collisions and disturbance from highways.  Climate modeling in 2014, 
based on the RCP6 (2nd-highest) emissions scenario, suggests that by mid-century 
temperature will increase by 2°C, precipitation will decrease in the San Juan and other southern 
mountains, and that spruce-fir habitat will migrate upslope, lagging climate conditions by 50-100 

                                                 
2 These data were provided by the presenter after the workshop but were not part of the original 
workshop presentation. 
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years.  Based on this, the overall vulnerability of spruce-fir in the state is considered moderate 
at mid-century.  As of 2014, over 4 million acres of potential lynx habitat has been impacted by 
bark beetle outbreaks; however, lynx and hares continued to use impacted areas, even when 
beetle impacts are severe.  Red squirrel use declined in areas that were heavily impacted by 
beetles.  Large fires also have impacted lynx habitat, and as elsewhere, fire size, frequency, 
and intensity are expected to increase with climate change.  A cursory, pre-analysis review of 
location data suggests that lynx make use of landscapes in which heavy winter recreation 
occurs.  However, use of developed ski areas is light, and outside of ski areas, heavy lynx use 
tends to occur in thick timber that is not used by snowmobilers and other backcountry users.  
Finally, lynx frequently crossed 2-lane paved highways in home ranges (0.6 crossings/day), 
more often at dusk and night, coincident with lower traffic volumes, and usually at forested 
crossings.  Recent results from a new large-scale monitoring program indicated that lynx 
occupied a similar proportion of the landscape in the San Juan Mountains during winter 2014-15 
as they did during winter 2010-11.  

Expert Elicitation Process 
All questions posed to the 10 lynx expert panelists were framed in the context of the 3Rs, a 
driving principle for evaluating viability under the SSA framework.  In questioning, we used a 
modified Delphi method (e.g., MacMillan and Marshall 2006), which involves eliciting individual 
responses/scores, exploring response rationale and differences in expert judgment through 
guided discussions, then allowing experts to reconsider their scores in light of those discussions 
if they so desire.   
 
In our implementation of the modified Delphi approach, panel members were first asked to 
respond individually to a particular question and indicate their level of confidence in their 
response.  We then collated and noted the range of responses, which became the mechanism 
for follow-up discussion.  In collating responses, we used a simple numeric coding system 
rather than the experts’ names to provide for a reasonable level of anonymity.  We noted where 
there was high congruence among responses, as well as low congruence and outlying 
responses.  By asking for experts to voluntarily provide their reasoning for particular responses, 
we were able to delve into the basis for varying opinions.  After the discussion period, experts 
were given the opportunity to revise their scores.   
 
In addition to elicited responses to each question, we received substantial feedback from the 
experts on definitional issues and the validity of the questions themselves; we revised the 
questions as needed following these discussions.  In the case of a revised question, scores 
were elicited again following the revision.  The second round of scoring was displayed for 
experts, with a closing opportunity for comment, discussion, or score revision. 
 
All panel members were encouraged to respond to each question but also given the option of 
abstaining from responding to a question if they felt it was beyond the bounds of their expertise.  
With few exceptions, all 10 expert panelists responded as requested to every question.  
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Instances where experts either chose not to reply or otherwise replied in a manner differing from 
the expected form of response to the question are noted in the responses below. 

Lynx Status:  Expert Elicitation and Responses 
Questions for experts were scripted by the Lynx SSA Team prior to the meeting to facilitate 
discussion of lynx ecology among the experts, solicit their professional opinions, and to help the 
Service gather and synthesize biological information for use in the SSA, particularly where 
empirical data are lacking in the published literature and projecting habitat and population 
conditions into the future is needed.  Because of the uncertainty of quantifying the population 
status and other aspects of lynx biology, the Service and facilitators decided to generate a 
series of discussion questions with quantifiable responses (scores) concerning the redundancy, 
resilience, and representation (3 Rs) of the DPS.  Although scores provided a starting point for 
discussion among experts and are quantified, analyzed, and summarized as appropriate in the 
following sections of this report, the Service also places high value on the content of the 
discussion among experts.  Therefore, both the analyses of scores and summaries of the 
discussion content are presented and will be considered during development of the SSA, noting 
that both were integral to the expert elicitation process. 

The types of questions and the format of responses differed based on the information needed to 
inform the status assessment, and the best way to capture the information relevant to the 
question being asked.  For example, responses were requested in the form of lists, when a set 
of influences was desired, in the form of a 4 point elicitation (e.g., the most likely, high, and low 
end of a range, and confidence that the range contains the true value) when an uncertain 
quantitative value was desired, in the form of graphed trajectories when probabilities of 
persistence over time were desired, and other forms as necessary (see questions below).  
Experts submitted their scores independently via submission sheets (sticky notes, index cards, 
graph paper, etc.) with their ID numbers.  Note takers recorded and displayed scores to assist 
discussion.  Facilitators and other members of the SSA Team then asked directed questions to 
clarify responses from the panelists as needed.  Following each round of discussion and 
clarification, the panelists were provided the opportunity to update their response if desired and 
the second round of responses were collected and recorded.  The final responses are the only 
responses reported here.  The range of individual responses that we received was not 
combined (e.g., averaged or otherwise) in any way that would obscure or conceal individual 
responses, and the final scores for each panelist were recorded if the response was revised. 

We present the results of the expert elicitation below under the headings of representation, 
redundancy, and resilience.  Under each heading, the following is provided:  the definition of the 
viability category (3 Rs) under consideration, the question(s) asked of the expert panelists, 
response type (i.e., the form of the response requested of the experts), question clarification 
(i.e., a narrative description of any additional information provided to the experts by the 
facilitators for clarification as the questions were asked), expert responses, and notes from the 
discussion. 



25 

Expert Responses 

Representation 

Definition - Representation contributes to the adaptability and evolutionary capacity of a 
species over time, to accommodate long term issues like climate change.  The breadth of 
genetic ecological, demographic, and behavioral diversity across a species’ range may 
contribute to its capacity to adapt over time.  Measures of genetic and life history variability 
among populations, distribution of populations across a range of ecologically diverse locations 
or niches, etc., are useful proxies to measure.  Consider needs for establishing or reestablishing 
populations in unoccupied habitat that may be necessary or suitable for species adjustment to 
climate change or other stressors, including the need to replace former populations in no longer 
represented ecosystems. 

Representation Questions  

1.  Are any of the geographic units susceptible to genetic drift on a scale that would limit 
genetic viability?  If yes, which geographic units? 
 
Response Type:  Experts supplied a written response of “yes” or “no,” with a yes answer 
accompanied by a list of susceptible geographic units. 

Expert Responses:  Five experts responded that none of the geographic units are susceptible to 
meaningful genetic drift, two experts abstained from answering, and three experts responded 
that there are geographic units that are susceptible to such genetic drift.  Among the latter, one 
expert responded that the Colorado geographic unit is susceptible over a long period of time, 
and the other two experts responded that both the Colorado and GYA geographic units are 
susceptible to genetic drift. 

Discussion Points Following Initial Responses:  It wouldn’t take many immigrating lynx to 
provide adequate genetic diversity to prevent genetic drift.  One reproductively successful 
immigrating lynx every 5 to 10 years per geographic unit is likely sufficient to prevent genetic 
drift.  Most experts believed there was a low likelihood that even the smaller lynx populations 
(GYA and Washington) or those in more isolated geographic units (Colorado and GYA) are 
vulnerable to genetic drift at a scale that would impact viability, though several experts felt that 
both the GYA and the western Colorado units could experience meaningful drift in the absence 
of immigration or augmentation.  Overall, most experts felt there is a low risk of genetic drift 
being a problem for lynx in the DPS.  

2.  Are there locations from a lynx perspective that have unique habitat conditions 
relative to other areas in the lynx range that are necessary to foster future adaptive 
capacity of the DPS?  If yes, where? 
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Response Type:  Open discussion.  No response forms were submitted, but notes were taken 
on the discussion that followed. 
 
Question Clarification:  The experts required some clarification of terms and the intention of this 
question to respond.  Facilitators read the working definition of representation (above), which 
previously had been provided to the experts.  Experts then discussed representation across the 
lynx DPS from an adaptive capacity perspective. 
 
Expert Responses:  The response was an open discussion captured below. 
 
Discussion Points Following Initial Responses:  Maintaining genetic variability is important for 
adaptive capacity.  If uncertain about the capacity for lynx to adapt, then experts encouraged 
that all populations (and hence the genetic variation within each) be maintained.  Experts 
indicated that it doesn’t appear that any U.S. population is more or less important to maintain 
than the others because of relatively similar ecological settings and the generally low level of 
genetic differentiation across the DPS.  Summary:  Experts discussed that maintaining 
representation in the DPS could best be achieved by retaining current DPS populations, 
maintaining connectivity between DPS and Canadian lynx populations, conserving the genetic 
diversity currently represented in DPS, and avoiding impacts that could facilitate or increase the 
potential for or likelihood of genetic drift. 

It was also noted that lynx north of the DPS in some parts of eastern Canada (in New Brunswick 
and Quebec south of the St. Lawrence Seaway and on Newfoundland Island) have some 
unique alleles, including at functional genes, and should be preserved.  Lynx in these areas are 
relatively more isolated than lynx elsewhere in Canada.  Lynx south of the St. Lawrence are 
separated from lynx to the north by the seaway itself, which historically froze over during winter 
but which is now kept open to facilitate maritime shipping, perhaps reducing the level of genetic 
exchange between lynx on opposite sides.  Lynx on Newfoundland Island are separated from 
lynx in mainland Labrador and Quebec by the 15- to 60-kilometer-wide Strait of Belle Isle.  
Despite the relative isolation of these populations, genetic evidence indicates some interchange 
between lynx south and north of the St. Lawrence and between Newfoundland Island and 
mainland populations.  Eastern Canadian populations north of the St. Lawrence may have 
slightly different genetic composition than lynx in the Maine geographic unit. 

Redundancy 
Definition - Redundancy contributes to the ability of population types to withstand catastrophic 
events (hurricanes, wildfires, etc.).  The number and distribution of populations of each 
representative type contribute to the retention of various representative types despite 
catastrophic events by ensuring that the loss of a population doesn’t lead to the loss of 
representation. 
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Redundancy Questions 
 
1.  List the factors/catastrophic events that could functionally extirpate an entire 
geographic unit. 
   
Response Type:  Each expert supplied a written list submitted via index card of the 
factors/catastrophic events. 
 
Question Clarification:  Three issues required clarification prior to obtaining responses to this 
question.  First, we initially asked about eliminating a “population” rather than a geographic unit.  
Because some of the geographic units may support several relatively isolated subpopulations, 
experts questioned whether we meant individual populations or subpopulations.  We clarified 
that we are evaluating the likely persistence of resident lynx populations in each of the six 
geographic units that currently support or recently supported them; therefore, we are interested 
in the likelihood that a catastrophic event could result in the extirpation of resident lynx from the 
entirety of any of the geographic units. Second, we were asked if extirpation meant the 
complete loss of all lynx from a unit.  We clarified that we wanted to know if lynx could be 
“functionally extirpated” from any geographic unit, with functional extirpation described as the 
loss of the unit’s ability to support a resident breeding population(s) of lynx.  Third, experts were 
not clear what an “event” entailed.  After discussion, it was agreed that an event was defined as 
a single occurrence of some form, such as a fire, drought, hurricane, etc., that occurs over a 
relatively brief period of time, rather than a series of smaller cumulative events (e.g., a series of 
climate change-associated occurrences of fires or insect outbreaks over the course of a 
decade) causing a cumulative catastrophic result. 

Expert Response:  Six of the ten experts did not list any catastrophic events that could result in 
the functional extirpation of lynx from any entire geographic unit.  Three of the experts listed 
multiple catastrophic events they felt could result in at least temporary functional extirpation of 
lynx in a unit.  Among these, two of the experts listed fire, three listed disease, one listed insect 
outbreak, and one listed a failure of winter conditions due to a combination of heat or drought 
conditions.  One expert listed geographic unit-specific events, namely fire or insect outbreak for 
the Washington geographic unit, insect outbreak in Maine, and either insect outbreak or fire for 
one of the Minnesota geographic unit’s groupings of individuals, but not all. 

Discussion Points Following Initial Responses:  Experts were told that climate change was not 
considered a catastrophic event because it is both a driver of events and influences severity, 
rather than being an event itself as defined above.  Experts discussed the possibility that the 
Washington geographic unit, because of its relatively smaller size and history of recent 
extensive fires in lynx habitat, may be at risk of functional extirpation from multiple catastrophic 
events; disease, fire, and beetle outbreak were all mentioned as possible events.  One expert 
suggested that the Minnesota geographic unit could potentially be eliminated by a very large 
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fire, although there was a low probability of this occurring.  Experts expressed some uncertainty 
whether fire could occur at the severity and scale sufficient to eliminate an entire geographic 
unit; however, a series of fires over a short time period may have the potential to cause 
functional extirpation of lynx from a geographic unit or significantly reduce the number of 
resident lynx it could support, at least temporarily. 

2.  Could any of the catastrophic events listed in response to redundancy question 1 
eliminate all 6 geographic units simultaneously? 
 
Response Type:  Each expert supplied a written response of “yes” or “no.” 

Expert Response:  All experts answered “no.” 

3.  What is the probability (expressed as a percentage) that any single geographic unit 
could be eliminated by a single catastrophic event in the next 10 years? 
 
Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  In response to the discussion around question #1, which resulted in the 
inclusion of question 3, this question was modified from its original script to include a 10-year 
time frame (underlined). 

Expert Responses:  All responders gave a relatively low probability (≤ 10%, median of 1%) that 
any single geographic unit could be eliminated (resident lynx functionally extirpated) by a single 
catastrophic event in the next 10 years (Figure 2).   

4. What is the percent likelihood that a series of catastrophic events within the next 10 
years could cause functional extirpation of one or more lynx geographic units? 

Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  This question was developed after discussion of question 3 to capture 
the possibility of functional extirpation of lynx from geographic units due to a series of 
catastrophic events over a relatively short time rather than a single event that occurs at one 
point in time. 

Expert Responses:  The percent likelihood ranged from 0.5% to 60%, with a median response 
of 7.5% (Figure 2).  Expert responses indicated a higher probability of a series of catastrophic 
events over 10 years resulting in functional extirpation than a single event in the next 10 years, 
as in question 3.  
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Figure 2.  Individual scores and summary boxplots of the percent chance that a geographic unit 
is eliminated by a single catastrophic event (question #3, left) or a series of catastrophic events 
(question #4, right) in the next 10 years.  Note:  This and all subsequent figures below were 
generated using the statistical software R (Appendix 6).  

In Figure 2, individual responses to a single catastrophic event were 0.01%, 0.1%, five 
responses of 1%, 5%, and two responses of 10%.  Individuals responses to a series of 
catastrophic events were 0.5%, 1.1%, three responses of 5%, 10%, 15%, 20%, 40%, and 60%).  
Boxplots illustrate response mean values (bold black lines), the 25% and 75% quartiles (upper 
and lower bounds of boxes), and the highest and lowest values within 1.5 times the quartile 
range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of the 
whiskers (outside 1.5 times the quartile range) are considered outliers and plotted as points 
beyond the ends of the whiskers (i.e., experts 3 & 4 in Q3 and experts 3 and 10 in Q4, as 
indicated by the points plotted between experts 5 and 6).  The individual expert responses used 
to produce the boxplots are indicated by x-marks.  Boxplots are provided as a summarizing 
visualization to aid comprehension of the experts’ responses and their range, and the summary 
values are presented in this context and not intended for use outside of the context of the full set 
of responses. 

Discussion Points Following Initial Responses:  One expert noted that the probability of 
extirpation in any one of the 6 geographic units is greater than the probability of a single specific 
geographic unit being extirpated.  Also, any combination of a series of events over a decade 
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increases the likelihood of extirpation in any one geographic unit relative to the probability of 
extirpation due to a single event.  

Although median probabilities of extirpation were low, experts felt the geographically smallest 
unit (Washington) and those units believed currently to support the fewest resident lynx (GYA, 
Washington, and Minnesota) were the most vulnerable geographic units when scoring this 
exercise.  Fire, drought, and beetle kill were the most frequently mentioned events that were 
considered by the experts when answering this question.  Some experts felt that these 
geographic units may be susceptible to such a scenario because of small geographic and/or 
population sizes and distribution.  In particular, it was noted that this past year there were many 
fires in lynx habitat, especially in Washington, and another year with similar fire impacts, or a 
few such fire years in a 10 year period, could lead to extirpation of lynx in the Washington 
geographic unit.  An expert noted there currently may be as few as 24 remaining females in 
Washington and that with fewer individuals in this area it would result in a higher probability of at 
least temporary extirpation.  Experts noted that fire disturbance data are likely available that 
could be used to model the likelihood of future fire impacts to each geographic unit.  

Experts with outlier responses provided their rationales.  Experts having the lowest scores 
believed that even the smallest geographic units would have only a low probability of extirpation 
in the next decade - that the time frame under consideration was very short.   

5.  What length of time would be required for a geographic unit eliminated by a 
catastrophic event to reestablish naturally? 
  
Response type:  4-point elicitation.  Each expert supplied a written response in years for the 
longest, shortest, and most plausible time periods for reestablishment of a resident lynx 
population within a geographic unit following functional extirpation.  They were also asked to 
indicate their confidence, as a percentage chance, that the true amount of time necessary for 
reestablishment would fall between the shortest and longest plausible time periods provided. 
 
Expert Responses:  The responses to each of the points elicited are shown below in Table 1.  
Two experts provided additional information beyond the 4 points elicited when responding.  One 
presented two scenarios, one in which connectivity is intact and the habitat was damaged by the 
catastrophic event (e.g., insect outbreak or fire) which would require habitat regrowth first, and 
the second in which the habitat remained present.  In the case of habitat being present the most 
likely time period response was less than 10 years.  In the habitat elimination scenario the 
expert felt given climate changes to habitat that the geographic unit would not re-establish.  The 
second expert responded by geographic unit, with the exception of the Minnesota geographic 
unit for which there was no response.  Their responses are summarized in Table 1 using the 
overall longest and shortest responses as well as the average of the most plausible time (see 
footnote 3). 
 
 
 
 



31 

Table 1.  Expert responses regarding the natural reestablishment time in years for a geographic 
unit after extirpation by a catastrophic event. 
 

Expert # 
Reestablishment Time in Years Percent Confidence in 

Range3 Shortest Plausible 
Time 

Most Plausible 
Time  

Longest Plausible 
Time 

1 10 40 100 50% 
2 15 100 300 80% 
3 15 35 60 5% 
44 1, 

will not reestablish 
<10,  

will not 
reestablish 

will not reestablish 100% 

5 25 50 100 75% 
6 20 30 50 90% 
7 15 20 25 90% 
8 15 50 will not reestablish 40% 
9 20 30 100 50% 

105 15 55 200 50% 
 

Expert responses are also visualized in Figure 3 and Figure 4 below.  The raw responses are 
visualized in box plot form to aid communication of the results (Figure 3).  Confidence ranges 
provided in a four point elicitations enable expert responses to be rescaled to produce a 
common confidence bound across experts using linear extrapolation (e.g., McBride et al. 2012).  
We calculated the 95% confidence interval for the shortest and longest plausible time periods 
for each expert (Figure 4).  In cases where the linear extrapolation resulted in negative years for 
the shortest time periods, we adjusted to zero.  This may indicate underconfidence in the 
responses provided by the experts, or that the use of linear extrapolation for these 4-point 
elicitation responses fails to distribute expert uncertainty in a manner consistent with the actual 
uncertainty present in expert responses (i.e., the experts could have been more confident in 
their shortest plausible time response than their longest plausible time responses, which the 
linear extrapolation doesn’t account for). 

                                                 
3 Expert confidence that the true recovery time would fall between the shortest and longest time periods 
of their response. 
4 This expert provided a response for two scenarios, first that the catastrophic event does not result in 
habitat loss, and second that habitat is lost and therefore connectivity to extant populations is lost. 
5 This expert provided separate responses for each geographic unit.  The values in this table are the 
overall shortest, longest, and average most plausible number of years indicated in the responses across 
geographic units. 
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Figure 3.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events. 

The raw responses for each of the three time periods (longest plausible time to reestablishment, 
most plausible time, and shortest plausible time period) are displayed in the box plots in Figure 
3 above.  Boxplots illustrate response mean values (bold black lines), the 25% and 75% 
quartiles (upper and lower bounds of boxes), and the highest and lowest values within 1.5 times 
the quartile range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of 
the whiskers are considered outliers and plotted as points.  The individual expert responses 
used to produce the boxplots are indicated by x-marks.  Boxplots are provided as a 
summarizing visualization to aid comprehension of the experts’ responses and their range, and 
the summary values are presented in this context and not intended for use outside of the 
context of the full set of responses. 
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Figure 4.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events, adjusted to provide 95% confidence bounds. 

In Figure 4, 95% confidence bounds were produced from the 4-point responses using linear 
extrapolation.  Shortest plausible time period is in blue, most plausible is green, and longest 
plausible is red.  For plotting purposes negative shortest time period values were adjusted to 
zero, and all zeroes in the plot indicate 95% confidence bounds that extended below zero.  
Longest time periods beyond 350 years were plotted at 350, with the actual time period noted in 
text left and below those points.  Also note that expert 10 responded by geographic unit, so the 
figure displays the 95% confidence bound adjusted overall longest, overall shortest, and 
average most plausible time periods across the six units for expert 10. 

Discussion Points Following Initial Responses:  Experts discussed the amount of time it takes 
for habitat to recover after catastrophic events (e.g., fire, insects) when considering timeframes 
for repopulation.  Some experts could picture some geographic units never being recolonized 
again, and that some could be recolonized immediately, depending on which geographic unit is 
being evaluated and the level of connectivity to other geographic units and to lynx populations in 
Canada.  Washington is more connected to Canada than the Colorado geographic unit for 
example.  The rate of recolonization was variable for each geographic unit because of the size 
of each geographic unit, status of adjacent source geographic units, and the level of 
connectivity.  Experts found it hard to generalize across the range of the species for this 
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question.  The variances in the geographic units across the range need to be considered.  
Experts believed GYA and CO would have a long period for recolonization, if ever recolonized, 
after a potential extirpation event because of the lack of connectivity with Canadian populations.  
It is likely that those geographic units with connectivity to Canada would recover much sooner 
than geographic units not connected to Canada. 

Resiliency 

Definition - Resiliency speaks to an individual population’s ability to tolerate environmental and 
demographic stochasticity, such as fluctuations in temperature or genetic drift.  It is often 
measured in terms of population size and growth rate, but in fact is dependent on a number of 
traits, both demographic and environmental.  These include, among others: age or stage class 
distribution, genetic heterogeneity, birth rates, annual survivorship, sex ratios, etc., and the 
quality and extent of habitat, the degree of disease, competition, etc.  Metapopulation dynamics 
and distribution can also contribute to population resiliency in some species. 

Resiliency Questions:  Probability of Persistence Exercise  

Exercise Summary 

The first two resiliency questions were asked concurrently as part of a probability-of-persistence 
exercise conducted for each geographic unit.  Experts were asked to graphically provide the 
probability of persistence of resident lynx through time for each geographic unit, as well as the 
major factors influencing persistence in those geographic units, one geographic unit at a time.  
Experts were asked to provide persistence probabilities and influencing factors for the near-term 
(2025), mid-term (2050) and longer-term (2100).  Experts were also asked to indicate on each 
of their graph sheets the emissions scenario (low, moderate, or high/status quo) they were 
considering in graphing persistence probabilities and listing influencing factors.  
 
We began this exercise with the Northern Maine geographic unit, and the discussion and 
questions among experts that followed the initial persistence-graphing and factor-listing efforts 
indicated that a review of the status and major issues confronting lynx in each unit (a quick 
reminder and summary of the earlier status update presentations) would be helpful.  Therefore, 
prior to expert responses for the remaining units, the expert(s) most familiar with the geographic 
unit in question gave a 5-10 minute summary of what they viewed as the most relevant 
information about the current and likely future status of lynx populations and habitats in that unit.  
They also presented any other conditions or issues they thought could affect the probability of 
persistence of resident lynx in that unit.  All experts then completed their graphs and lists of the 
factors that influenced the probabilities of persistence they selected for each time frame for the 
geographic unit in question.  For the Maine unit, the discussion following initial responses 
served the same purpose, and after that discussion, experts were given the opportunity to 
revise their responses if they felt it necessary. 
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After all experts completed their responses, the graphs and influence lists from each expert 
were posted on the wall, and workshop participants were invited to gather around to view and 
discuss the range of responses.  Facilitators and SSA Team members then polled the experts 
about what drove their responses.  These questions were a mix of directed questions about 
unique responses, the role of particular factors noted in the responses, and open-ended 
questions to allow experts to describe their thinking.  Experts and team members were also 
encouraged to ask clarifying questions about the responses.  Experts were encouraged to 
modify their responses by posting a revised sheet above their first response if they wished to 
adjust their responses based on the discussions. 
 
1.  What is the probability of persistence over time (particularly at present, 2025, 2050, 
and 2100) for each of the 6 major geographic units? 
 
Response Type:  Graphical 3-point elicitation.  Each expert was provided a blank sheet of 
graphing paper with a y axis of probability of persistence, and an x axis of time, with 4 time 
periods bolded (2015, 2025, 2050, and 2100).  For each of those years, experts were asked to 
add a point to the graph representing the lowest, highest, and most likely probabilities of 
persistence at that time period.  Experts were also asked to connect the points through time. 
 
Question Clarification:  It was explained that the most likely point should represent the 
probability of persistence that the expert anticipates to be most likely to occur for that 
geographic unit at each time period, and that  the points for lowest and highest probability of 
persistence were intended to capture the expert’s uncertainty in the future probability of 
persistence.  Experts preferred to indicate a most likely probability and to provide a full 
confidence interval (i.e., upper and lower bounds within which they felt 100% certain the future 
probability of persistence would fall) rather than indicate a confidence level associated with the 
lowest and highest probability responses. 
 
Expert Responses:  Responses are by geographic unit and are presented below in conjunction 
with the responses to question #2 below. 
 
2.  What are the major drivers/factors (up to 3) reducing probability of persistence for 
each of the major geographic units? 
 
Response Type:  Ranked list of top three factors, for each point in time (present, 2025, 2050, 
and 2100), with % contribution of each factor. 
 
Question Clarification:  Resiliency questions 1 and 2 were asked concurrently.  Experts were 
provided a sheet of paper for each geographic unit and the area at the bottom of the sheet 
below the graphing area was used to list the three major factors they expected would most 
significantly influence the probability of persistence at each time period.  Influencing factors 
were described as those anthropogenic or naturally-occurring activities, events or factors that 
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could influence the probability that resident lynx populations will persist in a given geographic 
unit. 

Expert  Responses:  For each geographic unit, an overview of the unit from the area 
expert are provided, as well a summary of the hand drawn graphs via a figure (Figures 
5 - 10), the responses and major factors are summarized via text, and the discussion 
that the responses generated are presented. 

Results by Geographic Unit 

Northern Maine  

Pre-graphing Overview from Unit Experts:  This step was not added to the process until after the 
probability of persistence exercise for this unit.  Because this unit was the first for which experts 
attempted to graph persistence over time, there were many questions and much discussion 
about process and intent.  It was the discussion following this initial graphing exercise that led 
the SSA Team to request unit summaries prior to subsequent graphing exercises.  The Team 
felt that overview information similar to that provided prior to graphing persistence for 
subsequent units (below) came out during the discussion.  Further, because experts were 
encouraged to update their Northern Maine geographic unit responses as necessary following 
that discussion, the Team felt that the results of the graphing exercise for the Northern Maine 
geographic unit were valid and comparable to the results generated for the other units. 

Expert Responses:  All experts indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Maine through the end of the century, with uncertainty (range 
between lowest and highest probabilities) also increasing over time.  Nearly all experts 
predicted near-term (year 2025) persistence probability >= 90% and mid-century persistence >= 
70%.  All experts predicted end-of-century persistence probability >= 50% for this unit, with most 
predicting a 40% to 60% probability of persistence by 2100 (Figure 5).  Near-term drivers that 
influenced experts’ probabilities of persistence for this geographic unit were changes in private 
forest land ownership, changes in forestry management (timber harvest methods, volumes, and 
spatial distributions), habitat decline (succession of previous clear-cuts from young, dense 
regenerating stands to mature stands less conducive to high hare densities), spruce budworm 
outbreak, climate change-induced loss of spruce-fir habitats, and competition with bobcats due 
to climate change-induced loss of snow conditions that favor lynx.  Longer-term (2050, 2100) 
drivers similarly included changes in forestry practices, but also climate-driven loss of snow 
conditions favorable to lynx/competition with bobcats, and loss of spruce-fir forest.  As with 
responses for other geographic units, not all experts provided the factors that influenced their 
persistence probabilities for each time period, and not all provided the percent contribution of 
each factor. 
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Figure 5.  Expected probability of persistence for the Northern Maine geographic unit at present, 
2015, and in 2025, 2050 and 2100. 

Note:  In Figure 5, above, and figures 6 through 10, below, points for each of the 10 expert 
responses, for each of the three probability of persistence levels, i.e., highest, most likely, and 
lowest probabilities of persistence, are represented by the hollow red, filled green, and hollow 
blue points respectively.  The black x mark is the median of the most likely responses across 
the experts in each response year.  The red, green, and blue dashed lines connect the median 
of the highest, most likely, and lowest probability of persistence responses across the experts in 
each response year.  The edges of the grey area were defined by the extreme responses, i.e., 
the range from the largest of the highest probability of persistence responses to the smallest of 
the lowest probability of persistence responses.  The median lines and grey area are provided 
as a summarizing visualization to aid comprehension of the experts’ responses and their range, 
and should not be viewed as a substitute for individual responses or presented outside the 
context of the accompanying discussion. 

Discussion Points Following Initial Responses:  One expert expressed confidence that the lynx 
population in Maine will be stable in the near term; that climate change out to 2050 will primarily 
affect coastal areas, which support few lynx; and that there will likely still be favorable conditions 
for lynx in northern Maine where most lynx currently occur.  A second expert disagreed, and 
indicated that a combination of aging of the last of the budworm-era (1970s-80s) clear-cuts, the 
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cumulative effects of the last 25-years of partial harvesting (in accordance with the Maine Forest 
Practices Act), and the coming spruce budworm outbreak will all substantially reduce the 
amount of high quality lynx/hare habitat in this unit.  Projecting past 2050, experts generally 
agreed that climate change will likely create unfavorable conditions (e.g., insufficient snow, loss 
[northward migration] of spruce-fir forests) in northern Maine’s core area for lynx, and the 
probability of persistence will decline over the longer term.  Although uncertainty increases with 
time from the present, climate-related loss of favorable snow conditions (amount, consistency, 
and duration), loss of spruce-fir, and bobcat competition will likely reduce the probability of 
persistence in this unit beyond 2050.   

There was some concern that timber companies would not respond to the pending spruce 
budworm outbreak like they did in the 1970s (extensive clear-cuts).  Some experts also 
expressed concerns about the effects of the current clear-cuts aging past conditions that 
support hares and lynx.  Out to year 2050, changes in snow conditions and loss of spruce-fir 
associated with climate change will contribute to habitat loss.  Past 2050, diminished snow, 
successional loss of high-quality habitats, increased competition from bobcats, and spruce-fir 
decline will make conditions unfavorable for lynx.  Some experts assumed a high-emissions 
climate change scenario, but others said their predictions would not change under moderate 
emissions scenarios.  The second expert (above) indicated that current data show spruce-fir 
habitat is being replaced with a hardwood forest (red maple) system, and that this will continue 
throughout the century.  This expert indicated hardwood forest invasion isn’t being controlled by 
herbicides as it was in the last budworm outbreak.  The first expert (above) disagreed and said 
that lynx are resilient and forestry practices will likely sustain spruce-fir habitats in Maine, 
providing an example of one timber company that has already invested in spruce plantations.  
The second expert indicated that most of the land base is owned now by Timber Investment 
Management Organizations and Real Estate Investment Trusts who will not employ intensive or 
expensive (plantation, herbicide) forms of forestry.  In summary, experts expressed a variety of 
opinions about how forest management may change in the future in Maine and, in particular, 
how forest landowners and managers may respond to the pending spruce budworm outbreak, 
and how these responses may impact resident lynx.  

Other factors considered by the experts included budworm outbreaks, the potential for disease 
in a lynx population (not currently a recognized or documented threat and typically unexpected, 
but always a possibility), ecosystem change induced by climate change, forest tree species 
composition changes, competition with other temperate forest animals.  There are many 
interrelated factors and different stresses and factors that may occur in the future.  It is difficult 
to anticipate the factors that will affect lynx in the future.   

Experts discussed the role of competition between lynx and other carnivores, especially 
bobcats, throughout the DPS.  One expert remarked that in some parts of Montana there is 
complete overlap of lynx and bobcat home ranges and little or no evidence of competition 
effects.  Others indicated relatively narrow regions of overlap and sharp demarcation between 
areas that support home ranges of the two species that correspond with annual snowfall 
amounts in Maine and Minnesota.  Experts were unsure whether bobcat-lynx overlap is more a 
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function of snow conditions in these areas or competition between the species (i.e., competition 
for food or behavioral competition).  Although separation of the species has been documented, 
the nature and causes of the separation are not certain.  Bobcats are a more generalist predator 
than lynx and less reliant upon hares than lynx.  Experts expressed varying opinions regarding 
seasonal differences in overlap among lynx and bobcat diets, the effect and importance of 
competition between the two species, and whether it is behavioral or resource competition.    

Lynx in Maine have not responded to changes in hare abundance exactly as lynx in Canada 
and Alaska have to hare population cycles.  In Maine, the proportion of females that reproduced 
and average litter size declined during low hare years, as in the north, but home range sizes in 
Maine did not increase as they did in the north when hare abundance was low.  Hare densities 
do not appear to have dropped below a critical threshold to alter lynx home range size in Maine 
as in the North.   

An SSA Team member asked how hare cycles or fluctuations may affect predictions of 
persistence in Maine.  The first expert (above) said that hare declines documented by University 
of Maine monitoring is likely due to the aging forest, and that lynx in Maine haven’t yet 
responded biologically to the range of hare densities observed in Maine, as suggested by the 
lack of change in home range sizes and survival.  The second expert (above) disagreed, and 
cited University of Maine research that showed hare populations declined by ~50% in all stand 
types sampled starting in 2006, that forests where hares were monitored have not yet 
progressed to the self-thinning stage, and that the hare decline in Maine is mirrored by hare 
data from southern Quebec.   

Northeastern Minnesota 

Pre-graphing Overview from Unit Experts:  There are probably 50-200 resident lynx in 
Minnesota but there is much uncertainty and survey protocols do not support generation of 
precise abundance estimates.  Lynx occupancy and reproduction both have been consistently 
documented in the state since it was listed in 2000.  Lynx in this geographic unit are interacting 
with, and possibly depending on, southern Ontario populations.  Although females exhibit high 
reproductive rates, radio-telemetry data suggest low recruitment of Minnesota-born kittens into 
the breeding population of this geographic unit.  Bobcats are a potential future stressor as they 
are encroaching into lynx areas; fire is a threat in dry years (e.g., there have been 3 fires in last 
15 years that have burned approximately 20% of lynx habitat).  The forest management industry 
is tied to softwoods and continued management of softwood tree species is expected in the 
future. 

Expert Responses:  As with the previous unit, all expert graphs showed initially high and 
subsequently declining probability of lynx persistence in Minnesota over time, along with 
increasing uncertainty through the end of the century.  Nearly all experts predicted near-term 
(year 2025) persistence probability >= 90%, and all experts predicted mid-century persistence at 
60% to 90% (median = 80%).  Experts predicted end-of-century persistence probabilities of 10% 
to 60%, with a median of 35%, by 2100 (Figure 6).  Near term drivers were reduced snow, 
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bobcat competition, disease in lynx (e.g., lungworm, liver fluke, feline leukemia), and forest 
insects.  Long term drivers were reduced snow, competition with bobcat, loss of spruce-fir 
forests, fires, and climate change. 

 

Figure 6.  Expected probability of persistence for the Minnesota geographic unit at present 
(2015), and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts expressed uncertainty whether 
potential climate change impacts will be realized in the short term, but that the cumulative 
effects of climate-induced changes seem more likely in the longer term.  This uncertainty may 
be a source of variability in predicted persistence probabilities.   Some experts expressed 
uncertainty about the accuracy of the rough estimate of the size of the lynx population in this 
unit because surveys were not designed to provide population estimates.  Some experts wanted 
clarification on the distribution of lynx in the state, and which areas of the state have the highest 
use.  The core-use spatial extent was described as a 20-mile-wide strip inland from the north 
shore of Lake Superior and extending about 60 miles from the northeast tip of the “arrowhead” 
southwest into the Superior National Forest (SNF).  Lynx occasionally occur further west in the 
SNF and in other areas such as Voyageurs National Park.  Recent snow-track surveys suggest 
lynx may be using a larger portion of the arrowhead region, and radio-telemetry data have 
documented travel to and from southern Ontario.  Lynx also have been documented to use the 
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1-million-acre Boundary Waters Canoe Area Wilderness (BWCAW) that borders Canada for 
dispersal in both directions across the border.  However, because the BWCAW has not been 
surveyed for lynx, the number of lynx that may use this area is unknown.  The SNF does not 
actively manage the BWCAW.  The current connectivity between lynx in this unit and the larger 
population in Ontario reduces the likelihood of local extirpation in this geographic unit, but the 
likelihood would increase if connectivity was compromised and cross-border interactions 
reduced. 

Factors considered included potential disease, fire, loss of boreal forest, competition with 
bobcats and possibly other hare predators.  Some experts questioned the validity of disease as 
an influence in this and other geographic units because although disease has been documented 
in some felines, it has not been documented as a threat to lynx in any of the DPS populations to 
date.  Some experts speculated that because there is a link between disease and temperature 
increases in other animals, projected climate warming could contribute to disease in lynx.  
Therefore, although not a factor for lynx currently, it is not unreasonable that disease could 
impact lynx populations in the DPS in the future, so we may want to consider disease in future 
conservation planning.  Experts also discussed the possibility that climate warming may 
facilitate the westward expansion of the spruce budworm outbreak that is projected for Maine 
and eastern Canada into southern Ontario and the Minnesota geographic unit. 

Northwestern Montana/ Northeastern Idaho 

Pre-graphing Overview from Unit Experts:  There are likely 200-300 lynx in this unit in several 
subpopulations (expert stressed that this is a guess and not a true population estimate), and 
there is currently a connection with lynx in Canada.  Climate models project that some boreal 
forest will persist in this unit and that it will maintain snow into the future.  In this unit, lynx 
primarily occupy public lands, which are actively managed for lynx into the future.  In recent 
decades, fires have occurred on a large scale, with high intensity and increasing frequency.  
There have been no documented cases of beetle infestations in lynx habitats in this unit. 

Expert Responses:  As for previous units, all expert graphs showed an initially high and 
subsequently decreasing probability of persistence for this unit, with increasing uncertainty over 
time, but a higher probability of persistence at all time frames than other units.  All experts 
predicted near-term (year 2025) persistence probability >= 95%, and all predicted mid-century 
persistence at 70% to 100% (median = 90%).  All experts predicted end-of-century persistence 
probabilities >= 50%, with a median of 78%, by 2100 (Figure 7). 
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Figure 7.  Expected probability of persistence for the Northwestern Montana/Northeastern Idaho 
geographic unit at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Overall, experts assigned a higher probability of 
persistence in this unit compared to the other two units discussed thus far.  Most lynx habitats in 
this unit occur on Federal lands that are managed for lynx conservation, but one expert noted 
that little has been done to document whether lynx are responding to this management.  The 
recent sale of large tracts of private commercial timberlands in the central part of this unit to The 
Nature Conservancy has increased protection for lynx via conservation easements managed for 
lynx.  Habitats in some areas should improve in the near future as previously cut or burned 
areas mature into dense stands.  Unlike the Maine and Minnesota geographic units (but similar 
to most other western units), high elevations in this unit could buffer the effects of climate 
change by providing for the upslope migration of lynx habitats and snow conditions that climate 
models predict.  However, this would result in even patchier and more isolated islands of habitat 
in high elevation areas that would be more prone to extirpation due to catastrophic or stochastic 
events.  Competition from coyotes and bobcats seem to be less of a concern for this unit. 

This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 
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occurring or will into the future.  There doesn’t appear to be much demographic input from 
recent cycles.  There is evidence of lynx from this unit moving north into Canada, but little 
evidence of demographic interactions among the three subpopulations (Purcell Mountains, 
Seeley Lake, and Garnet Mountains) in this unit.  Experts noted that the Garnets Mountains 
subpopulation at the southern end of this unit may have recently become extirpated.     

Discussion among experts indicated that fire was more of a concern for this area.  Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit.  Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels.  Out to 2050 and 
beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity.  Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 

Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats.  Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change.  It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level.  One expert reminded that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation.  Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in future.   

North-central Washington 

Pre-graphing Overview from Unit Expert:  This geographic unit is thought to currently support 
roughly 50 resident lynx.  There may have been more lynx prior to recent major fires.  This unit 
is currently connected to Canada, and there is no indication that this connection will be 
disrupted.  Some of the best lynx habitat in this unit occurs on plateaus that may be more 
vulnerable to impacts of climate change because of the absence of higher-elevation areas to 
which habitats, lynx and hares could migrate in response to warming.  In areas that receive 
maritime climate influences, projected climate-induced changes to snow conditions could be 
detrimental for lynx.  Studies have shown good lynx survival rates in this unit. 

Expert Responses:  Compared to the previous units, most expert graphs showed a lower 
probability of persistence for this unit over the short term, and then lower probability of 
persistence along with increasing uncertainty by 2100, reflecting a more pessimistic outcome for 
this unit compared to previous units (Figure 8).  Experts predicted near-term (year 2025) 
persistence probabilities of 60% to 90% (median = 80%), and mid-century persistence at 30% to 
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80% (median = 70%).  All experts predicted end-of-century persistence probabilities less than 
50%, with a median of 38%, by 2100 (Figure 8).  However, one expert predicted an increase in 
persistence probability by mid-century as habitats impacted by recent large-scale fires 
regenerate into optimal hare-lynx habitat. 

 

Figure 8.  Expected probability of persistence for the North-central Washington geographic unit 
at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  The probability of lynx persistence in this unit 
could decrease sharply over the next 10-20 years because of extensive recent fires in lynx 
habitats and the time needed for these areas to regenerate back to good hare/lynx habitat.  
After that, the probability could rebound (or decline more slowly) over the longer term as these 
large areas return to prime habitat providing high hare densities.  The current small population is 
likely at greater risk of extirpation because of stochastic events, particularly if large fires in lynx 
habitat continue to occur in the near future as they have in the recent past.  A small population 
also could be more susceptible to disease, though none has been documented among lynx in 
this unit.  Experts discussed the extent to which small lynx populations could be reduced before 
they would become highly susceptible to stochastic demographic effects.  It was suggested that 
15-20 breeding individuals might be the minimum needed to avoid such susceptibility.  
Unimpeded connectivity between Canada and the Okanogan area of this unit could allow lynx to 
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repopulate currently-unsuitable areas after the habitat recovers.  Lynx in this unit are likely the 
southern portion of a larger population in Canada, not really a separate, isolated small 
population.  Factors that influenced expert persistence probabilities for this unit included fire, 
habitat loss, and the future loss of favorable snow conditions predicted by climate change 
models. 

Greater Yellowstone Area (GYA) 

Pre-graphing Overview from Unit Experts:  This unit has a long history of lynx presence, but the 
consistency of occupancy over time is uncertain.  Research and surveys since 1997 have 
detected few lynx in this unit.  Lynx are likely spatially limited within the unit because of the 
patchy distribution of high-quality habitat and the generally low or marginal hare densities in 
much of the unit.  Lynx have large home ranges in this area, an indicator of lower habitat quality.  
Nevertheless, until recently, this unit appears to have supported a small resident lynx 
population.  The current lynx population in this unit is very small - likely fewer than 10 lynx, and 
possibly zero.  This population may have been somewhat larger in the past; however, there is 
some uncertainty about this.  Recent surveys and trapping efforts have not detected resident 
lynx, only several that were previously released in Colorado.  Several Colorado-released lynx 
have established home ranges in the GYA unit, and there is evidence of overlapping male and 
female home ranges.  In the late 1800s and early 1900s, there was notable predator control in 
some parts of this unit.  There currently is oil and gas exploration and development activity in 
parts of this unit, but potential impacts to lynx are uncertain, and projects are attempting to 
minimize impacts to lynx habitat. 

Expert Responses:  The expert graphs for this unit were widely variable and had different 
outcomes and high uncertainty at all time frames.  Experts predicted near-term (year 2025) 
persistence probabilities of 10% to 70% (median = 52%), and mid-century persistence at 15% to 
60% (median = 35%).  All experts predicted end-of-century persistence probabilities less than 
50% for this unit, with a median of 15%, by 2100 (Figure 9).  This was the only unit for which 
most experts believed the present probability of persistence is low (i.e., that it is uncertain 
whether this area currently supports a resident lynx population).  Some experts increased 
probability of persistence into mid-century as the 1980s-era fires regenerate into hare/lynx 
habitat, and with the possibility of continued immigration of lynx from Colorado.  Other experts 
project a 10% to 20% probability of persistence by 2100.  One reason given for wide variability 
in responses is because of the uncertainty whether a population currently exists.  There were 
wide confidence intervals around the probabilities for all time periods for this area. 
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Figure 9.  Expected probability of persistence for the GYA geographic unit at present, 2015, and 
in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Current and future factors expressed by experts 
as influencing probability of persistence for this unit included small population size, forest 
disease and insect pests, and fire.  Some experts doubt that the GYA unit currently supports a 
resident breeding population of lynx.  Experts indicated that climate models predict that some 
parts of the GYA unit could provide refuge from climate change impacts because of their high 
elevations and potential to maintain winter snow levels into the future.  Summer conditions in 
this unit, however, could be drier in the future, resulting in increased fire frequency, extent and 
intensity, and additional temporary habitat loss.  However, regeneration of these areas and the 
extensive areas that have burned in the recent past may provide good habitat over the next 
several decades.  Lynx immigrating to this unit from Colorado could occupy such improved 
habitats in the near future.  Colorado lynx have made exploratory movements into the GYA in 
summer months, and analysis of available data could improve our understanding of Colorado 
lynx movement into and use of the GYA.  It is possible that lynx from Colorado are maintaining 
or could maintain lynx in GYA. 
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Western Colorado 

Pre-graphing Overview from Area Expert:  From 1999 to 2006, Colorado Division of Wildlife 
(CDOW; now Colorado Parks and Wildlife [CPW]) released 218 Canadian and Alaskan lynx into 
western Colorado.  Survival and litter sizes have been similar to rates observed in other DPS 
populations.  There are probably 100-250 lynx in Colorado today.  There are currently 5-6 
million acres of habitat in this unit thought capable of supporting lynx and where hares are 
present in sufficient numbers to support persistent reproduction.  Extensive bark beetle 
infestations have impacted large areas of lynx habitat, but snowshoe hare are still occupying 
areas with beetle damage.  Three large fires have occurred in recent years, resulting in some 
lynx habitat burned.  Salvage operations in burned areas could diminish future habitat quality.  
This unit is more isolated from Canadian and other DPS lynx populations; separated by a large 
swath of inhospitable habitat.  Road mortality of released lynx was initially high but it doesn’t 
seem to be a problem now (about 1 per year killed on roads on average since the first year of 
the reintroduction).  There is no incidental take from trapping because foothold traps are banned 
in Colorado.  Climate models show CO will maintain habitat over time with anticipated climate 
changes.  Like other western units, habitat is patchily-distributed across this unit. 

Expert Responses:  Similar to most of the other units, most expert graphs indicate an initially 
high probability of persistence in this unit that will decline gradually with increasing uncertainty 
through the end of the century.  Experts predicted near-term (year 2025) persistence 
probabilities of 60% to 100% (median = 90%), and mid-century persistence at 50% to 85% 
(median = 80%).  Experts predicted end-of-century persistence probabilities of 20% to 70% for 
this unit, with a median of 50%, by 2100 (Figure 10). 
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Figure 10.  Expected probability of persistence for the Western Colorado geographic unit at 
present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts indicated that beetle kill and fire 
could potentially create poor habitat conditions in large areas of this unit by mid-century, but that 
regeneration after these impacts could result in good lynx/hare habitats.  Others expressed 
uncertainty about whether fire and insect impacts would be temporary or permanent, especially 
considering climate change and the potential for conversion from boreal/subalpine forests to 
other forest types.  Although 8 of 10 experts graphed 50% to 70% probability of persistence at 
2100, during subsequent discussions, several expressed greater uncertainty about whether 
resident lynx will persist in the unit at the end of the century.  Higher-quality lynx habitat occurs 
primarily in two areas and is patchily-distributed.  Lynx in this unit may occur as several smaller, 
relatively isolated subpopulations, which are likely more vulnerable to stochastic events (similar 
to MT).  This unit’s relative isolation may limit exchange with other lynx populations, increasing 
the likelihood of genetic drift and reducing the chance of demographic rescue or recolonization if 
extirpated.  There was discussion about whether ski areas may affect daily movements of lynx, 
and hares may be declining in ski areas.  Ski areas tend to expand and may, therefore, have 
larger impacts on lynx in future.  There is some evidence of lynx using ski areas in summer 
months but avoiding them during the ski season.  It is uncertain whether ski areas may affect 
genetic connectivity within the Western Colorado geographic unit.  Two-thirds to three-quarters 
of the lynx in this unit are in the southern portion of the range in the San Juan Mountains.  There 
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is a large area (Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, 
so it is possible that lynx also could be using that area. 

Summary across Geographic Units 

This section extrapolates from the probability of persistence responses for each geographic unit 
in the section above.  In this section we show the combined probabilities of persistence for 
those geographic units to provide a sense of what the DPS-wide results could be when the 
results for the individual geographic units are combined.  This is shown as a summary of the 
probability that a given number of geographic units persist into the future (See Figure 11) using 
the probabilities provided for each individual unit.  Note that no additional information was 
elicited to produce this summary; rather, the probabilities for each geographic unit were treated 
as independent probabilities of persistence and used to determine the joint probability of 
persistence for a given number of geographic units in total.  Computationally these joint 
probabilities were computed using a convolution of the Bernoulli probability distribution of 
persistence for each geographic unit via a custom convolve function executed in the statistical 
software R (see Appendix 6 for the R code used to produce these and the other summaries and 
figures presented in the report).  The results of this convolution are shown in two forms, first is 
the probability that a particular number of geographic units persists (Figure 11) and the second 
is the cumulative probability that at least a given number of geographic units persist (Figure 12). 
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Figure 11.  Summarized probability of persistence of a given number of geographic units given 
the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 11 is the probability that the specific number of geographic 
units indicated by the x axis of the grid persist.  The probability sums to one in each grid.  
Moving from top to bottom the grids show the probabilities of a specific number of geographic 
units persisting by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by selection type and probability response.6  Therefore 
looking down a column of grids provides a view of the trend in persistence through time and 
looking across a row of grids provides a view of the range of uncertainty in persistence experts 
had for a given time period.  The summarized probabilities presented here are provided to aid 
understanding of the implications of the individual persistence probabilities provided above, and 

                                                 
6 “Median_High” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the highest probability response in each geographic unit. 
“Median_Likely” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the most likely probability response in each geographic unit. 
“Median_Low” is the probability of persistence generated by selecting the median probability of 
persistence across experts from the lowest probability response in each geographic unit. 
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are derived directly from those responses and therefore should be presented and considered in 
conjunction with those figures. 

 

Figure 12.  Summarized probability of persistence of at least a given number of geographic units 
given the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 12 is the probability that at least the number of geographic 
units indicated by the x axis of the grid persist.  The probability in a bar reaches 1 when there is 
no probability of fewer geographic units persisting.  Moving from top to bottom the grids show 
the probabilities by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by summary selection type and probability response as in 
Figure 11.  Therefore looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period.  The summarized probabilities presented here are provided 
to aid understanding of the implications of the individual persistence probabilities provided 
above, and are derived directly from those responses and therefore should be presented and 
considered in conjunction with those figures. 

Expert Assumptions during Persistence Graphing Exercises 

Experts were asked to summarize the assumptions that informed their responses to resiliency 
questions 1 and 2.  This was done via open discussion, with facilitators asking both direct 
questions about particular issues that could impact responses (e.g., climate change conditions), 
and open ended questions (e.g., what other assumptions were considered?). 
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Notes:  Climate-change emissions scenarios considered during this exercise differed among 
experts (and some responses did not indicate an emissions scenario).  However, in discussions 
following the graphing exercise, experts indicated that the confidence intervals around their 
persistence probabilities were likely to capture the variance associated with different emission 
scenarios and other climate change uncertainties. 

Experts were asked whether regulatory protections influenced their predictions.  Some experts 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies).  Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections.  Their focus was on the biology and ecology of the species, not listing status-related 
impacts or regulatory scenarios in the future, and they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status.   

Experts were asked what they meant by “small population size effects.”  They explained that 
because small populations are more vulnerable to both demographic and genetic impacts and 
at increased risk from catastrophic and other stochastic events than are larger populations, they 
also have a lower likelihood of persistence.  Experts indicated that connectivity with other 
populations reduces the vulnerability of small populations as it does for larger populations.   

Experts were asked if their projections were influenced by considerations of whether historical 
patterns of cyclic irruptions of lynx into the DPS from Canada will continue in the future.  Most 
agreed that the magnitude of irruptions has declined from the historical highs of the 1960s and 
1970s, and that irruptions may have ceased in recent decades in some parts of the range, 
particularly in the West.  However, most experts felt that connectivity remains good between 
Canada and those DPS geographic units that abut the international border, and most assumed 
some level of regular or intermittent interaction between lynx in those units and Canada, even if 
full-blown irruptions have not been documented recently.  Some experts said that the likelihood 
of future irruptions had little influence on their persistence graphs, especially for the more 
isolated units (GYA and Western Colorado), where an influx of lynx from Canada may be less 
likely. 

Conservation Actions to Address Influencing Factors and Increase Probability of 
Persistence 

3.  What conservation actions could be taken that would address the factors impacting 
the probability of persistence, or would otherwise increase the probability of 
persistence? 
 
Response Type:  Individual list with rounds responses.  Experts were given 5 minutes to write a 
list of three potential conservation actions that could be taken.  Facilitators then asked one 
expert at a time to provide one item from their list, cycling through the set of experts until all 
experts had exhausted their lists.  Experts were given the opportunity to add items when it was 
their turn that had not been on their written lists.  Experts were not asked if they agreed with 
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conservation actions presented by other experts, thus the following list should not be viewed as 
consensus among lynx experts. 
 
Expert Responses:  List of potential conservation actions in the order provided. 

● Reduce CO2 emissions  
● Continue protections associated with Federal and/or State listing 
● Adjust forest management to retain spruce and fir, and reduce fire burn rates 
● Promote/maintain habitat connectivity with Canadian populations through coordinated 

cross-border land use planning 
● Manage salvage logging associated with fire and insect damage to minimize impacts to 

and/or facilitate restoration of lynx/hare habitats 
● Configure and design lynx-friendly landscapes at appropriate scales; design and 

maintain a mosaic of lynx/hare habitats 
● Manage fuels reduction (fire management) projects while maintaining or enhancing 

hare/lynx habitat features. 
● Augment small populations and reintroduce lynx to former, historic range with suitable  

habitat  (GYA, Kettle Range in Washington, perhaps other areas); bolster populations 
before future climate change impacts 

● Support additional research to fill knowledge gaps, particularly related to effectiveness of 
conservation efforts – it remains unclear exactly what is needed for lynx across the 
range to achieve/maintain viability (e.g., habitat quality/amount/distribution, landscape-
level hare densities, forest conditions that support hares, etc.)  

● Enhance cross-border cooperation with Canada to increase near-border lynx 
populations and maintain connectivity 

● Consider cumulative impacts of mining, ski areas, oil and gas, etc., in management 
● Promote reforestation of heavily fragmented areas (e.g., some parts of the GYA and 

Minnesota units); reduce fragmentation 
● Apply strategic habitat conservation concepts; model and identify key areas and focus 

on those areas still in need of protection and management (e.g., private forest lands) 
● Maximize redundancy of lynx populations throughout the DPS 
● Implement fire management Best Management Practices (BMPs)( e.g., allow/encourage 

burns to occur in a way that creates high- and low-intensity mosaic fire patterns) 
● Evaluate whether there is a need for monitoring lynx (and hares) using consistent 

methods throughout the DPS, perhaps coupled with monitoring of other carnivores; 
structured occupancy modeling with genetics sampling could be very informative and is 
cost effective; also known-fate monitoring; monitoring pellet plots is proven and reliable 
way to monitor hares 

● Devote increased funding to lynx conservation - lynx are in worse shape than other 
mesocarnivore species, but receive less funding than those species that have more 
secure populations and appear less vulnerable to climate change  
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Other Considerations 
After completing the elicitation exercises and prior to adjourning the workshop, facilitators asked 
if there were any other considerations the lynx experts or subject matter experts felt are relevant 
to the SSA.  One subject matter expert indicated that monitoring of prey base (hares, red 
squirrels) would help inform lynx recovery, and that pellet-based or mark-recapture methods are 
most reliable.  This expert suggested a need to determine whether areas that we think are going 
to become poor habitat for a variety of reasons could still hold hares and lynx in the future.  
Maybe hares still can use areas we think will be poor habitat, and monitoring these areas could 
help inform our understanding of how lynx persist at the edge of their range. 

Synthesis 
Although uncertainty remains about the historical distribution and sizes of resident lynx 
populations in the DPS, as well as current population sizes, much more is known now than 
when the DPS was listed under the ESA in 2000.  Based on research conducted since the DPS 
was listed, including the summaries of that work provided at this workshop, as well as ongoing 
research, conservation, and management efforts, we have a much better understanding of the 
distribution and status of populations throughout the DPS range.  For example, in 2000, it was 
unclear whether Maine and Minnesota supported resident populations or were only occasionally 
visited by lynx dispersing from Canada during and after northern hare population crashes.  We 
now know that both northern Maine and northeastern Minnesota support resident lynx 
populations, and both are likely larger now than they were historically (Maine), or before they 
were protected by State and Federal regulations (Minnesota).  In contrast, resident lynx appear 
to be naturally less abundant and more patchily-distributed in some parts of the DPS than 
thought at the time of listing, including the West (Interagency Lynx Biology Team 2013, p. 23), 
where potential lynx habitats also appear to have been initially overestimated.  We also have a 
better understanding of the habitat features and hare densities that appear necessary to support 
resident lynx at the southern margin of the species’ range, and of the parts of the contiguous 
U.S. that contain these features.  The presentations in conjunction with expert elicitation 
responses at this workshop have informed and refined our understanding of key aspects of the 
status of, and potential threats to, the lynx DPS.  
 
For example, we were provided a thorough history of the evolution of regulatory mechanisms 
that have been developed and implemented through conservation agreements and formal 
amendments to Federal agency management plans to address the singular threat for which the 
DPS was listed under the ESA - the inadequacy of regulatory mechanisms in Federal land 
management plans prior to listing.  Given our improved understanding of resident lynx 
populations in Maine and Minnesota (above), where State and private lands constitute much 
more of the lynx habitat than elsewhere in the DPS (98.9% in Maine; 51.7% in Minnesota), an 
assessment of the adequacy of regulatory mechanisms on those State and private lands will be 
a necessary component of the status assessment.  Likewise, our understanding of lynx genetics 
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also has improved, with evidence of continued high levels of gene flow range-wide, despite fine-
scale genetic sub-structuring in some populations and additional evidence of lynx hybridization 
with bobcats.  Bobcats appear to be encroaching at the edge of the lynx range in Minnesota 
(Appendix 3, p. 9) and their numbers appear to have increased recently in New Hampshire, 
Vermont, and southern Quebec (Lavoie et al. 2009, entire; Roberts and Crimmins 2010, p. 170; 
Broman et al. 2014, p. 230) adjacent to the northern Maine lynx distribution.  Whether this 
represents a threat to lynx populations in Minnesota and Maine via increased hybridization, 
behavioral mechanisms, or competition for hares is not documented at this time; however, 
encroachment of bobcats in the southern periphery of lynx range may result in lynx 
displacement or niche contraction (Peers et al. 2013, entire). 
 
Canadian researchers also provided updated information on lynx status, management (including 
legal harvest), threats, genetics, and hare population cycles in southern Canada, adjacent to 
some DPS lynx populations.  Forest ecologists and climate modelers also presented information 
regarding potential impacts of timber management and climate change on lynx and boreal forest 
habitats in the contiguous U.S.  Knowledge of lynx and hare responses to various silvicultural 
treatments continues to improve, although the need for continuing research remains.  Climate 
models continue to point toward the future northward and upslope migration of lynx and hare 
habitats and loss of snow conditions favorable to lynx, although uncertainty remains regarding 
the timing, extent, and biological consequences of such impacts.  Increases in the size, 
intensity, and frequency of wildfires and insect outbreaks in boreal/subalpine forests may also 
be related to climate change, but whether these represent temporary or permanent impacts to 
lynx habitats remains unclear.  Finally, much research has been done on hare population 
dynamics and habitat relationships at the southern extent of their range, much of which overlaps 
that of lynx in the contiguous U.S., but questions remain regarding regional variation in hare 
densities and what landscape-level hare abundances are necessary to support persistent 
resident lynx populations across the DPS. 
 
Based on the summaries of post-listing research and the status and threat updates provided at 
this workshop, and on the results of the expert elicitation process, the Service provides the 
following synthesis of the status and likely viability of the DPS in terms of the 3 Rs.  This 
information will be considered as appropriate, along with more detailed analysis of the published 
literature, in the subsequent SSA report for the DPS.  The conclusions below are based on the 
information provided and the results of expert elicitation conducted at this workshop; they may 
be complemented or altered by the additional analyses yet to be conducted as part of the SSA 
process. 

Representation 
Expert presentations on lynx genetics in the DPS and in Canada and expert responses and 
discussion with regard to representation questions suggest few threats to the genetic fitness or 
adaptive capacity of lynx in the DPS.  High gene flow across the continental lynx range, 
indicated by very low Fst values (see Subject Matter Presentations, above), suggests the 
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absence of substantial barriers to genetic interchange, and little evidence or risk of significant 
genetic drift among DPS populations.  Most experts indicated that none of the six geographic 
units known or thought to support lynx populations in the DPS is susceptible to meaningful 
genetic drift, although several experts indicated that the more geographically isolated units (the 
GYA and Western Colorado units) are likely more susceptible to such drift than the units that 
are directly connected to lynx populations and habitats in Canada.  Overall, according to both 
the expert panel and the subject matter presentations, there appears to be a low risk of 
biologically consequential drift for lynx populations in the DPS.  Likewise, expert responses 
indicated that the generally low level of genetic differentiation and relatively similar ecological 
settings across the DPS suggest little life history variability or niche differentiation among DPS 
populations that would indicate that any are more or less important to maintain than others in 
terms of representation.  Individual experts indicated that representation can best be maintained 
by conserving current DPS populations (and hence the genetic variation in each), maintaining 
connectivity between DPS and Canadian populations, and avoiding impacts that would facilitate 
or increase the potential for or likelihood of genetic drift.  Our interpretation of this part of the 
elicitation is that the adaptability and evolutionary capacity of the DPS over time does not 
appear to have been diminished and is unlikely to become so, independent of threats that may 
impact the redundancy and persistence of lynx populations.  We will consider this information 
along with available empirical data and the published literature when evaluating representation 
in the DPS for the SSA. 

Redundancy 
With resident lynx populations and subpopulations in at least five of six large (the smallest is 
over 2,000 square miles, the others are all over 8,000 square miles), widely-distributed (from 
Maine to Washington and south along the Rocky Mountains), and relatively discrete geographic 
areas (see Figure 1), the DPS as a whole appears invulnerable to extirpation from a single 
catastrophic event.  Expert responses indicated no catastrophic event that could result in the 
functional extirpation of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units due to a single catastrophic event.  We 
interpreted these responses to indicate there is a small chance of decreased redundancy from a 
single catastrophic event because the probability of any geographic unit being lost to a 
catastrophic event is low.  Experts indicated that functional extirpation of the geographically 
smallest unit (Washington) and those supporting the fewest resident lynx (Washington, GYA, 
and perhaps Minnesota) would be more likely to occur as a result of a series of catastrophic 
events over a 10-year period than to any single event over the next 10 years (see Figure 2 
above).  Experts listed fire, drought, insect outbreaks, loss of favorable winter conditions, and 
disease as potential events that could lead to functional extirpation in these units.  In 
Washington in particular, where large fires have impacted nearly 40 percent of the occupied 
lynx habitat over the past 10-15 years, experts felt that several more successive years of such 
fires could result in functional extirpation.  However, because fire and insects are likely to cause 
only temporary (20-40 years) losses of lynx and hare habitats, and because connectivity 
between the Washington unit and lynx habitats and populations in southern British Columbia 
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remains intact, experts indicated this unit (and others abutting habitats and lynx populations in 
Canada) would likely be naturally re-colonized relatively quickly by dispersing lynx.  Therefore, 
extirpation in these units because of catastrophic events (or a series of them over time) would 
be temporary (likely lasting only one or several decades) unless events permanently altered the 
habitats.  Experts indicated that if lynx were functionally extirpated in the GYA or western 
Colorado units, which are not connected to habitats or populations in Canada and are relatively 
isolated from other DPS populations, natural re-colonization would be less likely, would take 
longer, or may never occur. 

Overall, expert responses indicated that extirpation of the DPS as a whole, or of resident lynx 
populations in most individual geographic units, because of a catastrophic event is very unlikely.  
Because we lack evidence that persistent resident lynx populations occurred historically but 
have been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels.  That is, the 
loss of resident lynx populations in the DPS, to the extent suggested by the historic record, was 
likely in areas (e.g., northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge 
area of northeastern Washington, perhaps Isle Royale in Lake Superior) peripheral to the 
geographic units that currently support resident lynx, and not in discrete geographic units that 
would have represented greater redundancy in the contiguous U.S.  However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear.  The historic record and recent research show that the GYA has supported resident 
lynx, but it is unclear whether the area consistently supported a persistent resident population 
over time or whether it naturally supported resident lynx only some of the time (was “winked on” 
in a metapopulation sense) when habitat conditions and hare densities were favorable, and at 
other times, when habitats and hare densities were less favorable, it did not support resident 
lynx (“winked off” in a metapopulation sense).  Given the protected conservation status of 
millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx.  If so, its 
contribution to redundancy within the DPS is questionable. 

Resiliency 
Because we lack reliable estimates of the sizes and trends of most lynx populations in the DPS, 
we are unable to use these parameters to evaluate the resiliency of individual populations or the 
DPS as a whole.  Efforts to understand resiliency are also confounded by the metapopulation 
structure thought to govern lynx populations at the southern margin of their continental range 
(i.e., populations and subpopulations in the DPS), the related uncertainty about the extent to 
which DPS populations may rely on cyclic immigration of lynx from Canada during population 
irruptions, and the ambiguity in the historic record that limits our understanding of the relative 
persistence of lynx in various geographical areas of the contiguous U.S. and, thus, the 
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contribution of those areas to the viability of the DPS.  Our evaluation of the resiliency of lynx 
populations in the DPS is limited, therefore, to a largely qualitative assessment of the current 
status of populations in each of the six geographic units along with the quantitative summary of 
expert professional judgment of their likelihood of persistence over time given known or 
perceived potential threats. 
 
As expected, both expert estimates of probability of persistence and expert confidence in those 
estimates were higher over the short-term than the long-term.  Median probability of persistence 
(MPOP) at year 2025 was >= 0.90 for all but one of the six geographic areas.  The GYA had a 
MPOP of 0.52, apparently reflecting the uncertainty regarding whether this unit consistently 
supported a resident lynx population historically and whether it currently supports resident lynx.  
At year 2025, confidence bounds were smallest (indicating higher expert confidence) for the 
units with the highest MPOPs (Northern Maine, Northeastern Minnesota, and Northwestern 
Montana/ Northeastern Idaho), and larger for units with lower MPOPS (North-central 
Washington, GYA, and Western Colorado).  At mid-century, MPOP declined for all units but 
remained >= 0.70 for all but the GYA (0.35), and confidence bounds increased for estimates for 
all units but the GYA, where it remained the same as at year 2025.  At end-of-century, 
persistence probabilities declined further, as expected, and only the Northern Maine, 
Northwestern Montana/ Northeastern Idaho and Western Colorado units had MPOPs >= 0.50.  
Also as expected, confidence bounds were very large around persistence estimates at year 
2100, with the median confidence range extending across more than 50% of the range of 
possible outcomes for all but the Northwestern Montana/ Northeastern Idaho population, and 
the extremes of the range nearly covering the full range (0% to 100% probability of persistence) 
of possible outcomes. 
 
Experts listed a number of factors that influenced their probability of persistence estimates for 
each unit (see unit summaries above in the Resiliency section).  Near-term factors varied by unit 
(e.g., post-harvest forest succession in Maine, where hare abundance is expected to decline as 
currently dense regenerating clear-cuts mature; continued large-scale fires in lynx habitats in 
Washington; and insect outbreaks in Maine, Minnesota, and Colorado), but longer term factors 
seemed to coalesce around anticipated direct and indirect effects of climate change.  These 
included potentially climate-driven increases in the size, frequency, and intensity of fire and 
insect outbreaks; decreases in snow amount, duration and quality, leading perhaps to increased 
competition with bobcats and other hare predators; and the projected warming-induced 
northward and upslope migration of boreal and subalpine forests that would result in the loss 
and further fragmentation and isolation of lynx and hare habitats in the contiguous U.S.  Expert 
responses and ensuing discussions indicated that continued climate warming and associated 
direct and indirect effects will likely exert the greatest negative influence on the probability of 
persistence for lynx populations in the DPS regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
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Overall, expert responses to this part of the elicitation indicate that all five of the geographic 
units known to currently support resident lynx populations have a greater than 70% expectation 
of doing so by mid-century, but a declining likelihood and greater uncertainty of doing so by the 
end of the century.  It is uncertain whether the remaining geographic unit (the GYA) currently 
supports resident lynx, and expert responses indicate a lower probability that it will do so in the 
future compared to the other units.  Responses also suggest that the overarching threat to the 
long-term persistence of lynx populations in the DPS is climate change, which is anticipated to 
result first in loss of snow conditions favorable for lynx and, after an uncertain lag time following 
continued climate warming, loss (northward and upslope migration) of boreal forest habitats, 
although the timing and magnitude of such losses are uncertain. 

Conclusion 
The Service and the Lynx SSA Team appreciate the willingness of lynx and subject matter 
experts to attend this workshop and share their knowledge, professional judgments, and 
opinions.  We have gained considerable insight into the current status of lynx populations 
throughout the DPS and the factors most likely to influence the DPS’s future viability - including 
information that is not currently available in the peer-reviewed literature.  We will incorporate this 
information into the SSA as appropriate, along with the published scientific literature, to inform 
recovery planning for the DPS and any other ESA-related determinations the Service is 
authorized and required to make.  As we develop the SSA report, we will continue to solicit 
expert input from workshop panelists and from other lynx and subject matter experts who were 
unable to attend this workshop, including peer review of the SSA report. 
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Appendices 
All appendices are available on the Service’s Region 6 Canada lynx webpage 
(http://www.fws.gov/mountain-prairie/es/canadaLynx.php). 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php


From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Hi Team
Date: Tuesday, April 19, 2016 1:04:12 PM

Thanks for all your hard work on this Jim!  Mark

On Tue, Apr 19, 2016 at 12:44 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
The final workshop report (with hyperlinked table of contents!) has been uploaded to the R6 lynx webpage under
SSA link:

http://www.fws.gov/mountain-prairie/es/canadaLynx.php

Had to make some quick changes to the version Jodi sent to our partners yesterday afternoon
because I had an email from Ben Maletzke this morning that he has a PhD like some of the
other experts and felt that should be recognized.  He had not so indicated previously in
reviews of notes or earlier drafts of the report, nor in his previous email signature block.  I
should have asked!

All appendices are also available there.

I've attached the final PDF and the Word doc for your records/uses.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
http://www.fws.gov/mountain-prairie/es/canadaLynx.php
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov


From: Zelenak, Jim
To: McCollough, Mark
Subject: Re: problem with new lynx web page
Date: Tuesday, April 19, 2016 4:00:20 PM

Thanks Mark - same for me, though it seems like the other links are working.  Odd.  I will let EA contact know
something is fishy there.

On Tue, Apr 19, 2016 at 1:55 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Jim: 

I am trying to get to critical habitat archives on the new R6 lynx web page.  The links send
me various places on the page (mostly to the SSA section) and not the archives.  May want
to pass this on to your web person to fix.

Mark

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:mark_mccollough@fws.gov
mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov


From: Bush, Jodi
To: Peter Fasbender
Subject: Re: Lynx SSA Update
Date: Wednesday, April 20, 2016 9:15:34 AM

okay thanks. Pete.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Apr 19, 2016 at 9:53 AM, Peter Fasbender <peter_fasbender@fws.gov> wrote:

Hi Jody –

 

Ed Boggess retired as the MN DNR F&W Chief.  This position has been filled by Jim Leach, who I
forwarded this message on to.  Please remove Ed from this group and add Jim at
jim.leach@state.mn.us.  Thanks –

 

Pete

 

Peter J. Fasbender

U.S. Fish and Wildlife Service

Twin Cities Ecological Services Field Office

4101 American Boulevard East

Bloomington, Minnesota  55425

952/252-0092, extension 210

 

****Please note new telephone number****

 

 

mailto:jodi_bush@fws.gov
mailto:peter_fasbender@fws.gov
mailto:peter_fasbender@fws.gov
mailto:jim.leach@state.mn.us


 

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Monday, April 18, 2016 5:57 PM
To: bob.broscheid@state.co.us; Jake Ivan - DNR; Moore,Virgil; Sallabanks,Rex; Sam Eaton;
Chandler.woodcock@maine.gov; Connolly, James; Vashon, Jennifer; moritzw@michigan.gov; DNR-
Wildlife@michigan.gov; bumpa@michigan.gov; kennedyd@michigan.gov; Boggess, Ed (DNR);
Telander, Paul B (DNR); Baker, Richard (DNR); Erb, John D (DNR); Hagener, Jeff; Tubbs, John;
McDonald, Ken; Inman, Bob; Jay Kolbe; seggeman@mt.gov; Baty, Ross;
glenn.normandeau@wildlife.nh.gov; Mark.Ellingwood@wildlife.nh.gov; Jill.Killborn@wildlife.nh.gov;
William.Staats@wildlife.nh.gov; Patrick.Tate@wildlife.nh.gov; Lexi J., Sandoval;
stewart.liley@state.nm.us; rick.winslow@state.nm.us; Stuart, James N., DGF;
patricia.riexinger@dec.ny.gov; Jensen, Paul G (DEC); curt.melcher@state.or.us; Gregory Sheehan;
Kimberly Hersey; louis.porter@state.vt.us; mark scott; Bernier, Chris; director@dfw.wa.gov;
cpl@dnr.wa.gov; Lewis, Jeffrey C (DFW); Maletzke, Benjamin T (DFW); cathy.stepp@wisconsin.gov;
Thiede, Kurt A - DNR; Sanjay.Olson@wisconsin.gov; Hauge, Tom M - DNR; Erin.Crain@wisconsin.gov;
Owen Boyle; Roberts, Nathan M - DNR; Johnf.olson@wisconsin.gov; David.MacFarland@wisconsin.gov;
John.White@wisconsin.gov; scott.talbot@wyo.gov; Bob Lanka; Nichole Bjornlie;
derek.j.broman@state.or.us; john.kanter@wildlife.nh.gov; Seth Willey; Heather Bell; Mary Parkin;
Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt Broderdorp; Mark McCollough; Tamara
Smith; Brady McGee; Jeffrey Dillon; Lisa Mandell; Ann Belleman; Lisa Solberg Schwab; Ann
Timberman; Anthony Tur; Brad Thompson; Chris Mensing; David Stilwell; Drue DeBerry; Eric Hein; Eric
Rickerson; Grant Canterbury; Jeff Krupka; Karl Halupka; Kate Novak; Kim Garner; Larry Crist; Leslie
Ellwood; Mark Maghini; Mark Sattelberg; Martin Miller; Megan Kosterman; Michelle Eames; Paul Casey;
Paul Henson; Peter Fasbender; Rollie White; Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman;
Tyler Abbott; Wally Murphy; Dennis Mackey; Odell, Eric; Dustin Miller (dustin.miller@osc.idaho.gov);
craig.mclaughlin@state.co.us; Joshua Uriarte
Subject: Re: Lynx SSA Update

 

Dear State Partners.  Attached please find the pdf version of the final Canada Lynx Expert
Elicitation Workshop Report.  We will be posting this on our Service website as well. 

Because appendices were very large we have posted them on our website.  A link is included
in the attached document.  If you have questions please contact Jim Zelenak of my staff at
(406) 449-5225, ext. 220.  Thank you.  JB

 

Jodi L. Bush

Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205
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From: Bush, Jodi
To: Jim Zelenak
Subject: Fwd: Lynx SSA Update
Date: Wednesday, April 20, 2016 9:15:47 AM

for your info.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Peter Fasbender <peter_fasbender@fws.gov>
Date: Tue, Apr 19, 2016 at 9:53 AM
Subject: RE: Lynx SSA Update
To: Jodi Bush <jodi_bush@fws.gov>

Hi Jody –

 

Ed Boggess retired as the MN DNR F&W Chief.  This position has been filled by Jim Leach, who I
forwarded this message on to.  Please remove Ed from this group and add Jim at
jim.leach@state.mn.us.  Thanks –

 

Pete

 

Peter J. Fasbender

U.S. Fish and Wildlife Service

Twin Cities Ecological Services Field Office

4101 American Boulevard East

Bloomington, Minnesota  55425

952/252-0092, extension 210

 

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:peter_fasbender@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim.leach@state.mn.us


****Please note new telephone number****

 

 

 

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Monday, April 18, 2016 5:57 PM
To: bob.broscheid@state.co.us; Jake Ivan - DNR; Moore,Virgil; Sallabanks,Rex; Sam Eaton;
Chandler.woodcock@maine.gov; Connolly, James; Vashon, Jennifer; moritzw@michigan.gov; DNR-
Wildlife@michigan.gov; bumpa@michigan.gov; kennedyd@michigan.gov; Boggess, Ed (DNR); Telander,
Paul B (DNR); Baker, Richard (DNR); Erb, John D (DNR); Hagener, Jeff; Tubbs, John; McDonald, Ken;
Inman, Bob; Jay Kolbe; seggeman@mt.gov; Baty, Ross; glenn.normandeau@wildlife.nh.gov;
Mark.Ellingwood@wildlife.nh.gov; Jill.Killborn@wildlife.nh.gov; William.Staats@wildlife.nh.gov;
Patrick.Tate@wildlife.nh.gov; Lexi J., Sandoval; stewart.liley@state.nm.us; rick.winslow@state.nm.us;
Stuart, James N., DGF; patricia.riexinger@dec.ny.gov; Jensen, Paul G (DEC); curt.melcher@state.or.us;
Gregory Sheehan; Kimberly Hersey; louis.porter@state.vt.us; mark scott; Bernier, Chris;
director@dfw.wa.gov; cpl@dnr.wa.gov; Lewis, Jeffrey C (DFW); Maletzke, Benjamin T (DFW);
cathy.stepp@wisconsin.gov; Thiede, Kurt A - DNR; Sanjay.Olson@wisconsin.gov; Hauge, Tom M - DNR;
Erin.Crain@wisconsin.gov; Owen Boyle; Roberts, Nathan M - DNR; Johnf.olson@wisconsin.gov;
David.MacFarland@wisconsin.gov; John.White@wisconsin.gov; scott.talbot@wyo.gov; Bob Lanka;
Nichole Bjornlie; derek.j.broman@state.or.us; john.kanter@wildlife.nh.gov; Seth Willey; Heather Bell;
Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt Broderdorp; Mark McCollough;
Tamara Smith; Brady McGee; Jeffrey Dillon; Lisa Mandell; Ann Belleman; Lisa Solberg Schwab; Ann
Timberman; Anthony Tur; Brad Thompson; Chris Mensing; David Stilwell; Drue DeBerry; Eric Hein; Eric
Rickerson; Grant Canterbury; Jeff Krupka; Karl Halupka; Kate Novak; Kim Garner; Larry Crist; Leslie
Ellwood; Mark Maghini; Mark Sattelberg; Martin Miller; Megan Kosterman; Michelle Eames; Paul Casey;
Paul Henson; Peter Fasbender; Rollie White; Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman;
Tyler Abbott; Wally Murphy; Dennis Mackey; Odell, Eric; Dustin Miller (dustin.miller@osc.idaho.gov);
craig.mclaughlin@state.co.us; Joshua Uriarte
Subject: Re: Lynx SSA Update

 

Dear State Partners.  Attached please find the pdf version of the final Canada Lynx Expert
Elicitation Workshop Report.  We will be posting this on our Service website as well. 

Because appendices were very large we have posted them on our website.  A link is included
in the attached document.  If you have questions please contact Jim Zelenak of my staff at
(406) 449-5225, ext. 220.  Thank you.  JB

 

Jodi L. Bush

Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1
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Helena, MT  59601

(406) 449-5225, ext.205

 

 



From: Bush, Jodi
To: Nadeau,Steve
Subject: Re: lynx SSA update
Date: Wednesday, April 20, 2016 10:11:33 AM
Attachments: 2016 04 18 FINAL Lynx SSA EE Workshop Report.pdf

Sorry Steve.  Not sure why.  Here it is.  Also at this link.  http://www.fws.gov/mountain-
prairie/es/canadaLynx.php     JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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Executive Summary 
As part of a species status assessment (SSA) for the contiguous United States distinct 
population segment (DPS) of the Canada lynx, the U.S. Fish and Wildlife Service (Service) 
convened an expert elicitation workshop to gather (1) the best available information on the 
current status of lynx populations within the DPS and (2) the professional judgment and 
opinions of lynx experts regarding the future viability of the DPS.  This report summarizes the 
results of the workshop regarding the current and likely future condition of lynx populations in six 
geographic areas within the DPS in terms of representation, redundancy, and resiliency.  The 
Service will incorporate the information gathered at this workshop into the SSA as appropriate, 
along with the published scientific literature, to inform recovery planning for the DPS and any 
other determinations the Service is authorized and required to make in accordance with the 
Endangered Species Act.     

Purpose  
The purpose of this report is to convey the results of an expert workshop convened by the U.S. 
Fish and Wildlife Service (Service) in October 2015 to improve our understanding of the status 
of the contiguous U.S. distinct population segment (DPS) of Canada lynx (Lynx canadensis).  
This workshop was held in conjunction with a species status assessment (SSA; see Appendix 1 
[All appendices are accessible at: http://www.fws.gov/mountain-prairie/es/canadaLynx.php]) for 
the DPS.  The SSA, which will incorporate the best available scientific information on lynx, is 
needed to inform the Service’s response to a June 2014 court order to complete a recovery plan 
for the DPS by January 2018, or make a formal determination that a recovery plan is not 
necessary.   
 
The workshop was organized by a Lynx SSA Team consisting of Service and USGS staff who 
have developed and piloted implementation of the SSA framework, and Service biologists who 
are working on lynx throughout the range of the DPS.  In the interest of collaboration and 
transparency, this team partnered with State agencies, other Federal agencies, and academic 
researchers to elicit expert input regarding the current and likely future status of lynx populations 
within the DPS. 
  
Expert input is needed to complement the published scientific literature and other available 
information on many aspects of lynx population dynamics in the DPS range.  In particular, we 
were looking for additional information on the status, sizes, and trends of lynx populations and 
on threats to lynx habitats and those of their primary prey, snowshoe hares (Lepus americanus).  
We therefore designed a process to elicit and capture the knowledge, professional judgments, 
and opinions of lynx experts to help us assess the current status of, and the nature and 
magnitude of potential threats to, lynx populations and habitats within the DPS.  We also sought 
expert knowledge to help us evaluate the viability of the DPS (in terms of the “3 Rs” - 
redundancy, representation, and resiliency; see definitions below) under a range of future 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php
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threats, habitat conditions, and climate scenarios, and to identify and make explicit areas of 
uncertainty and potential differences of opinion among experts. 
 
The results of the workshop will contribute to the SSA, which will compile and summarize the 
best available scientific and commercial data, including empirical data, published literature, and 
expert input.  This information will then be used by Service decision makers to inform recovery 
planning direction, classification decisions, and other determinations required by the 
Endangered Species Act (ESA). 

Background 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws.  Its long, 
black ear tufts and short, black-tipped tail distinguish the lynx from the similar bobcat (Lynx 
rufus), which is much more common in the contiguous U.S.  The lynx’s large feet and long legs 
make it highly adapted for hunting snowshoe hares in the deep or powdery snow that persists 
across much of its boreal forest distribution, most of which occurs in Canada and Alaska.  
These adaptations provide lynx a competitive advantage over potential competitors, such as 
bobcats or coyotes (Canis latrans), which have much smaller feet and higher foot-loadings that 
prevent them from hunting efficiently in deep, powdery snow (McCord and Cardoza 1982, p. 
748; Buskirk et al. 2000, pp. 86–95; Ruediger et al. 2000, pp. 1–11; Ruggiero et al. 2000, pp. 
445, 450). 

The southern periphery of the boreal forest extends into parts of the northern contiguous U.S., 
where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 1, 3), 
deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40–41).  In the contiguous U.S., 
these transitional boreal forests become discontinuous and patchy, preventing both lynx and 
hares from broadly achieving densities similar to those of the northern boreal forests (Wolff 
1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and 
Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394).  These forests eventually become 
too fragmented and isolated in the contiguous United States to support hares at the landscape 
densities and distributions necessary to support lynx home ranges (Interagency Lynx Biology 
Team 2013, p. 77) or lynx populations over time.   

The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms.  
Specifically, at that time the Service believed that most lynx and lynx habitats occurred on 
national forests, and that the Land and Resource Management Plans that guided management 
of those forests included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat.  The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052).  In 2003, in response to a court memorandum opinion on the 2000 listing rule, the 
Service reaffirmed its determination of the lynx DPS and its status as threatened under the ESA 
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(68 FR 40076).  The Service completed a recovery outline in 2005 (U.S. Fish and Wildlife 
Service 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) and, in 
2007, again in response to a court order, clarified its determinations of “significant portion of the 
range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 1186).  Also in 
2007, the Service initiated a 5-year status review of the DPS (72 FR 19549).  The Service 
revised the critical habitat designation for the DPS in 2009 (74 FR 8616) and 2014 (79 FR 
54782) and, concurrent with the latter, rescinded the state-based definition of the DPS boundary 
to extend ESA protection to lynx “where found” in the contiguous U.S., including New Mexico 
and other states that were not included in the original DPS range (79 FR 54804). 

Although the Service originally identified the DPS as occurring in forested portions of 14 states 
(Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, Oregon, 
Utah, Vermont, Washington, Wisconsin, and Wyoming) (65 FR 16052, 16085), it recognized at 
the time of listing that both lynx and the boreal forests that support them in the Lower 48 States 
are at the southern margins of their ranges, where habitats naturally become patchy and 
fragmented and snowshoe hare densities in many places are not consistently high enough to 
support resident lynx populations (65 FR 16052-59).  It also recognized that inherent limitations 
in historic occurrence information made it difficult to distinguish between areas that consistently 
supported resident populations; other areas that may have occasionally supported resident, 
breeding lynx; and yet other areas that intermittently and temporarily contained dispersing or 
transient lynx but did not support lynx home ranges or reproduction (65 FR 16054-59).  Many 
lynx records in the DPS range seem to have been associated with cyclic “irruptions” of lynx from 
southern Canada into the northern contiguous U.S. when northern hare populations crashed, as 
they did historically every 8-11 years (Elton and Nicholson 1942, entire; McKelvey et al. 2000, 
entire; Mowat et al. 2000, pp. 281–294; Interagency Lynx Biology Team 2013, p. 33).  Lack of 
reliable information also precluded determination of sizes or trends of lynx populations within the 
DPS. 

Recent research and monitoring have improved our understanding of many aspects of lynx 
biology, distribution, and potential threats in the DPS.  However, we still lack reliable estimates 
of the sizes and important demographic rates of most populations.  Likewise, we would benefit 
from further understanding of the natural range and causes of variation in lynx and hare 
numbers; hare densities necessary to support resident lynx populations throughout the DPS; the 
influence of immigration of lynx from Canada on the demographic and genetic fitness of DPS 
populations; and the timing, extent, magnitude, and severity of potential threats associated with 
climate change.  The Lynx SSA Team organized this expert elicitation workshop to help fill 
some of these information gaps with the knowledge, professional judgments, and opinions of 
lynx experts. 

Currently, there are five geographic areas known to support resident lynx populations in the 
DPS:  northern Maine (with occasional/sporadic breeding by small numbers of lynx in 
northernmost New Hampshire and Vermont); northeastern Minnesota; northwestern Montana 
and northeastern Idaho; north-central Washington; and western Colorado (Figure 1).  After 
statewide surveys conducted in 1978-1997 suggested the absence of viable resident lynx 
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populations in Colorado, the State, from 1999 to 2006, released 218 lynx captured in Canada 
and Alaska into southwest Colorado to establish the current resident population.  Additionally, 
the Greater Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming is 
believed historically (and as recently as 2003-04) to have supported a small but relatively 
persistent lynx population, but it is uncertain whether it currently supports any resident lynx.   

   

 

Figure 1.  Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations.     

Expert Elicitation 

Workshop Protocol 
As mentioned under Purpose, above, the Lynx SSA Team convened the October 2015 
workshop to elicit expert knowledge and opinion on critical uncertainties regarding the current 
status and future viability of resident lynx populations within the DPS range, and thus the DPS 
as a whole.  To facilitate this, a 10-member panel of recognized lynx experts from across the 
DPS range first observed and discussed presentations by subject matter experts summarizing 
the current state of available information on topics relevant to lynx populations in the DPS (see 
Preparing Experts section below).  After subject matter presentations, members of the lynx 
expert panel presented updates on lynx populations in each of the six geographic areas 
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described above under Background.  The subject matter and update presentations were 
intended to ensure that all lynx experts had a common baseline of information prior to the 
elicitation process.  
 
In accordance with the expert elicitation literature (e.g., Burgman 2005, USEPA 2011, Gregory 
et al. 2012, Drescher et al. 2013, Morgan 2014), we then used best practices to elicit opinions 
from the expert panel.  Although invited experts were expected to contribute openly and 
effectively to group discussions, we did not seek consensus among experts; rather, we probed 
differences of opinion or interpretation of scientific and technical information.  We also asked 
experts and other participants to focus on scientific questions and to refrain from discussing or 
recommending management or policy decisions related to the Service’s authorities and 
responsibilities in implementing the ESA. 
   
In addition to the lynx expert panel and subject matter experts, workshop participants included 
members of the USFWS/USGS Lynx SSA Team, facilitators, and observers (see Appendix 2 for 
a full list of attendees and their respective roles).  As a basic ground rule, only members of the 
expert panel participated in the elicitation process, although panelists were encouraged to 
confer with the subject matter specialists and SSA Team members as needed.  All workshop 
participants were welcome to participate in discussions that ensued from review of panel 
responses to various questions.  Due to time constraints and to minimize interference with the 
elicitation process, observers were encouraged to write and submit “parking lot” questions, 
which were collected at the end of the first two days of the workshop and presented to lynx and 
subject matter experts for responses and discussion the following mornings (see workshop 
notes, Appendix 3).  The expert elicitation process was facilitated by USFWS and USGS 
structured decision making practitioners who encouraged open discussion among experts, 
structured input from both panelists and subject matter experts, and ensured that observers 
could witness the process without inappropriately influencing it. 

Identifying Experts 
 
SSA Team members reviewed the relevant literature and used their first-hand knowledge to 
identify experts involved in lynx and hare research or management, boreal forest ecology, and 
climate modeling.  We then developed a priori selection criteria based on professional 
credentials, positions, areas of expertise, and pertinent experience to develop a list of candidate 
lynx experts and other subject matter experts.  Selection criteria (below) helped ensure that 
invitations to participate were made only to scientists with expertise highly relevant to workshop 
topics and, further, that the selections were transparent, unbiased, and adequately captured the 
diversity of expertise and professional judgments related to the topics.  Selection was not based 
on affiliation with a particular organization or interested party; however, States and other 
partners were asked to review the draft list of workshop invitees and suggest alternate or 
additional qualified experts.  The SSA Team then invited experts who met the selection criteria 
and represented lynx expertise throughout the range of the DPS and in adjacent southern 
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Canada.  The number of invited experts was necessarily limited to improve the efficiency and 
effectiveness of the elicitation process, avoid redundancy, maximize scientific discussion among 
all participants, and maintain an open, comfortable meeting environment.  

Expert Selection Criteria  

Expert panelist candidates had to meet all of the following criteria: 

1.   Candidate must hold a graduate degree in a scientific discipline highly relevant to the 
workshop topics.  Typically this may include advanced degrees in wildlife biology, ecology, 
zoology, genetics, modeling, or statistical inference. 

2.  Candidate must hold a research position in government (State, Tribal, or Federal), academia, 
or in the nonprofit research sector; or participant must hold a governmental management 
agency position with responsibility for the species’ conservation. 

3.  Candidate must have expertise in the ecology or management of the species or related 
species, demonstrated by recent (within the past 10 years) peer-reviewed publications or 
related types of professional scientific expression. 

Candidates also had to meet one or more of the following criteria: 
  
4.  Candidate is directly engaged in the species’ management, monitoring, or analysis of 
populations or habitat. 

5.  Candidate is directly engaged in the study of a specific workshop topic. 

6.  Candidate is a government or academic research scientist with expertise in conservation 
biology, population or landscape ecology, genetics, or other relevant fields, as demonstrated by 
recent (within the past 10 years) peer-reviewed publications or related types of professional 
scientific expression. 

Using these criteria, the SSA Team identified 19 candidates for the lynx expert panel who were 
contacted to determine their interest and ability to attend the workshop (Appendix 4).  Among 
those both interested in and able to attend the workshop, the team extended invitations to 13 
candidates, 10 of whom ultimately participated as panelists and who together represent lynx 
expertise throughout the range of the DPS and in southern Canada.  Experts who could not 
attend this workshop may provide their expertise later in the SSA process as peer review 
experts.    

Preparing Experts 
Before the workshop, the SSA Team contacted all lynx experts and other subject matter experts 
by email and phone to discuss their roles and, for some, their willingness to prepare and deliver 
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subject matter or lynx population status presentations at the workshop.  Correspondence with 
lynx and subject matter experts and other workshop participants explained the SSA framework 
and its application to the lynx DPS, the use of expert elicitation in SSAs, and the workshop’s 
purpose, ground rules, and draft agenda. 
 
At the workshop, the Service introduced the Lynx SSA Team, provided a brief overview of the 
SSA framework and its application to the lynx DPS, and outlined workshop objectives.  Prior to 
elicitation exercises, subject matter experts presented information on the historic and current 
distribution of lynx in the contiguous U.S., regulatory mechanisms that apply to lynx on Federal 
lands, genetics considerations, lynx status and management in adjacent southern Canada, 
potential climate change impacts on boreal forest vegetation and snow conditions important to 
lynx, effects of forest management and policy on lynx habitat, and snowshoe hare ecology (see 
Subject Matter Presentations, below).  After these presentations, lynx expert panelists provided 
updates on lynx populations and habitats, research efforts, conservation measures, and 
potential threats to lynx in each of the six geographic areas (Fig. 1).  The subject matter and 
status-update presentations were intended to provide the expert panel with information that 
could inform their responses to elicitation questions and to ensure that the panelists shared a 
common understanding of the current status of lynx throughout the DPS.  All workshop 
presentations are included in Appendix 5 and are accessible at the Service’s Region 6 Canada 
lynx web page (http://www.fws.gov/mountain-prairie/es/canadaLynx.php). 

Subject Matter Presentations 
Canada Lynx Species Status Assessment, Expert Elicitation Workshop - Jim Zelenak, 
U.S. Fish and Wildlife Service, Montana Ecological Services Field Office, Helena, 
Montana 
The objectives of this workshop are to (1) gather scientific information from experts on the 
current status, threats, and future viability of lynx populations in the contiguous U.S.; and (2) 
where empirical data are lacking, elicit expert knowledge, professional judgment, and opinion on 
the nature and magnitude of potential threats to DPS populations and the DPS as a whole.  We 
need this information to complete a status assessment for the DPS that will be used by Service 
decision makers to inform recovery planning and other determinations the Service must make in 
accordance with the ESA.  We have a court order to complete a recovery plan for the DPS by 
January, 2018, unless we determine that a recovery plan is not necessary (i.e., that the threat 
for which the DPS was listed has been adequately addressed and ameliorated and no new 
threats have been identified that pose an immediate or reasonably foreseeable risk of 
extinction).  However, we are not here to make that determination or others regarding the ESA 
status of the DPS.  Rather, we are here to understand the current status of lynx populations and 
habitats in the DPS and hear from experts on factors influencing the current status and future 
viability of those populations.  The DPS was listed as threatened under the ESA in 2000 
because of the inadequacy at that time of regulatory mechanisms in Federal land management 
plans to protect lynx and their habitats.  The Service completed a recovery outline in 2005 and 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php
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designated critical habitat for the DPS in 2006.  In 2007, we clarified our determination of 
“significant portion of the range” of the DPS and withdrew the 2006 critical habitat designation.  
We revised critical habitat in 2009 and 2014 and, also in 2014, we received the court order to 
complete a recovery plan.  The results of this workshop will contribute to the SSA, and the 
expert information gathered here will complement the best available scientific information that 
will be compiled and summarized in the SSA report.  After it is peer-reviewed and finalized, the 
SSA report will be considered by Service decision makers to inform recovery planning and other 
determinations required under the ESA. 

Historical Distribution of Lynx in the Contiguous U.S. - Dr. Kevin McKelvey, USDA 
Forest Service, Rocky Mountain Research Station, Missoula, Montana   
Understanding historical range is important because it provides context for modern 
conservation; however, historical data must be interpreted carefully because they may not be 
representative, are often unreliable, and their meaning may be unclear.  This is especially true 
for rare animals like lynx, and even more so if they are easily mistaken for another more 
common animal, as bobcats are mistaken for lynx in the southern portion of lynx range.  
Because even relatively low identification error rates can lead to significant errors in determining 
distribution, it is important to rely on verified, and not anecdotal, occurrence records, when 
attempting to establish historical range.  The issue is further complicated by the noted cyclicity 
in lynx population dynamics associated with snowshoe hare population cycles, which resulted 
historically in irruptions or pulses of lynx from Canada into the DPS when northern hare 
populations crashed.  This can be described as a wave in which a large number of dispersing 
lynx intermittently flooded into the northern contiguous U.S. over the course of several years 
into a variety of potentially suitable and unsuitable habitats.  As the irruptions waned (i.e., as the 
waves receded), lynx disappeared relatively quickly from areas of unsuitable or poor habitat, 
more slowly from areas of marginal or suboptimal habitat, and persisted (like permanent tide 
pools) in those areas with habitats and hare densities capable of supporting them over time. 
This yielded verified records in the contiguous U.S. in places that clearly cannot support lynx 
populations but, in other places where habitats are or appear to be suitable, it also confounds 
efforts to distinguish between those that have supported persistent lynx populations, those that 
may occasionally but not consistently support resident lynx (“winked off’ more than “winked on” 
in a metapopulation sense), and those where dispersing lynx occurred regularly, if intermittently, 
but could not persist.  Given these ambiguities, there remains irresolvable uncertainty about the 
historic distribution of resident lynx in the DPS.  Despite this uncertainty, it appears that resident 
lynx naturally persist now in most areas that the available reliable data most strongly suggest 
historically supported resident populations in the contiguous U.S. (Maine, Minnesota, Montana, 
Idaho, and Washington).  Several other areas may have historically supported populations but 
no longer do (with evidence most compelling for northern New Hampshire and Michigan’s Upper 
Peninsula; less compelling for the Adirondack region of northern New York, northern Wisconsin, 
and northwestern Wyoming). 
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Canada Lynx Habitat Regulatory Environment - Scott Jackson, USDA Forest Service, 
National Carnivore Program Leader, Missoula, Montana 
Before the lynx DPS was listed under the ESA, there was very little information available and 
little management direction for lynx habitats on national forests or other Federal lands.  Given 
the uncertain status of lynx and lack of information on habitat relationships, an interagency Lynx 
Steering Committee was chartered almost immediately after the DPS was proposed for listing in 
1998.  The committee appointed the Lynx Science Team to assemble the available information 
on lynx and the Interagency Lynx Biology Team to develop a lynx conservation strategy 
applicable to Federal lands.  In 2000, the Science Team published Ecology and Conservation of 
Lynx in the United States (Ruggiero et al. 2000), and the Biology Team completed the Lynx 
Conservation Assessment and Strategy (LCAS; Ruediger et al. 2000).  The committee also 
directed the completion of the 1999 biological assessment (BA) in which the U.S. Forest Service 
(USFS) and Bureau of Land Management (BLM) evaluated potential impacts to lynx of 
management plans for 57 national forests and 56 BLM units and concluded that implementation 
of existing plans could result in some adverse effects to lynx.  The BA recommended amending 
or revising management plans to incorporate conservation measures that would reduce or 
eliminate the identified adverse effects to lynx, and to consider the conservation measures 
identified by the Science Team and Biology Team, once finalized.  In March of 2000, the DPS 
was listed as threatened due to the inadequacy of existing regulatory mechanisms, specifically 
the lack of guidance for conservation of lynx in national forest Land and Resource Management 
Plans and BLM Land Use Plans.  In October 2000, FWS completed a biological opinion on the 
1999 BA, concluding that if forest plans were revised or amended to incorporate the 
conservation measures in the LCAS, they would reduce or avoid the potential for adverse 
effects on lynx.  Also in 2000, USFS and BLM entered into conservation agreements with FWS 
to guide management until plans could be amended or revised.  By 2004, BLM revised plans in 
all units with lynx or potential habitat to incorporate LCAS guidance.  By 2006, USFS similarly 
revised plans for national forests in the Northeast and Great Lakes.  In 2007 and 2008, USFS 
formally amended plans for 18 national forests in the Northern Rockies and 8 in the Southern 
Rockies to address the risk factors identified in the LCAS and adopt management standards 
and guidelines.  Currently, all national forests and BLM units with lynx or potential habitats are 
governed by plans that have adopted conservation measures identified in the LCAS, 
subsequent interagency conservations agreements, or by management direction that formally 
amended or revised land use plans and established standards and guidelines designed to apply 
the best available scientific information to avoid and minimize potential impacts to lynx.  Future 
challenges include developing effective responses to larger, hotter, and more frequent fires and 
extensive insect outbreaks, and designing thinning and salvage harvest treatments conducive to 
creating habitat conditions favorable to lynx and hares.    

Lynx Genetics Considerations - Dr. Michael Schwartz, USDA Forest Service, National 
Genomics Center for Wildlife and Fish Conservation, Missoula, Montana 
Review of lynx genetic studies shows, despite some sub-structuring over distance, high gene 
flow across the continental range of lynx, likely because of high dispersal rates, large dispersal 



13 

distances, and few geographic barriers to dispersal.  Some research suggests that the Northern 
Rocky Mountains may provide some gene flow restriction in western Canada, as well as an 
“invisible barrier” to gene flow in eastern Canada south of James Bay/Hudson’s Bay that may be 
related to differences in snow conditions driven by large-scale climatic factors (e.g., the Pacific-
North America and North Atlantic Oscillation climatic systems).  North of the DPS, low levels of 
genetic substructure have been documented in populations in eastern Canada between 
populations north versus south of the St. Lawrence Seaway, and between island (Newfoundland 
and Cape Breton islands) and mainland populations.  However, there is evidence of genetic 
interaction among even these relatively isolated eastern Canadian populations.  Within the DPS, 
minor genetic sub-structuring has been documented among lynx subpopulations in western 
Montana.  However, very low Fst values (a measure of the proportional reduction in 
heterozygosity due to population subdivision, with values near zero indicating high levels of 
gene flow and values approaching one indicating poor gene flow) suggest the absence of 
significant barriers to genetic interchange throughout much of the lynx range, including the DPS.  
Across 17 lynx populations in Alaska, Canada, and the contiguous U.S., Fst = 0.033, and the 
highest Fst for any two populations was 0.070 when lynx from the Kenai Peninsula in Alaska 
were compared to those in the Seeley Lake area of Montana.  Lynx-bobcat hybrids have been 
documented in Minnesota, Maine, and eastern Canada, but not in the western part of the range.  
Hybridization does not seem to be a major issue, nor does it appear to be increasing despite 
significant increases in bobcat numbers in some parts of DPS range.  Genomics research (the 
genetic mapping and DNA sequencing of sets of genes or complete genomes) on lynx would 
increase power and precision of genetic analyses and perhaps identify genes under selection at 
the periphery of the range.  The goal for lynx in the DPS should be to conserve the genetic 
diversity currently represented in resident populations, recognizing that maintaining connectivity 
between DPS and Canadian populations is likely important to achieving that goal.  The genetic 
variation at the edge of the range may be of value to future populations, especially as related to 
changing climate.  

Lynx Distribution, Status, and Management in Southern Canada - Dr. Jeff Bowman, 
Ontario Ministry of Natural Resources and Forestry, and Trent University, Ontario 
Lynx are managed provincially in Canada, with each province responsible for its own 
management program, harvest (trapping) policies, and conservation strategies.  Data from 
registered trap lines show cyclic decadal peaks in the numbers of lynx harvested, and these 
align well with (and lag by one year) cyclic peaks in snowshoe hare indices.  In western 
provinces (British Columbia, Alberta, Saskatchewan, Manitoba, Northwest Territories, and the 
Yukon), the magnitude of lynx cycles appears to have dampened dramatically after the 1980s-
1990s, while eastern provinces (Ontario, Quebec, and Newfoundland and Labrador) have seen 
less dramatic declines in peak lynx numbers trapped.  There is some evidence that hare 
numbers in the Yukon have not recovered to past levels after declines beginning in about 2000, 
and that hare numbers in southern Ontario have been low for the past 5-6 years.  There also is 
indication that the range of lynx in eastern Ontario has contracted northward since the 1970s, 
and modeling suggests that this contraction is likely influenced by habitat loss perhaps related 
to changes in forestry practices and an increase in tolerant hardwoods replacing spruce-fir 
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forests resulting from climate warming (Koen et al. 2014).  This has been accompanied by 
reduced genetic heterozygosity (allele richness) at this margin of the lynx range.  Recent studies 
also show some differences in functional genetic markers (unique alleles) in lynx south versus 
north of the St. Lawrence Seaway/River, suggesting the potential for evolutionarily significant 
differences in lynx in those areas (Koen et al. 2015, Prentice unpubl.).  Research also suggests 
an “invisible” genetic barrier south of Hudson’s Bay likely related to climate-driven differences in 
snow conditions, which could be amplified in the future with continued climate warming.  A few 
lynx-bobcat hybrids have been documented.  Lynx are listed as endangered provincially in New 
Brunswick and Nova Scotia, which also have by far the highest numbers of bobcats, and where 
bobcat populations have been increasing since about 1990.  Lynx are considered secure in all 
other provinces.   

Seven Ways a Warming Climate can Kill the Boreal Forest - Dr. Lee Frelich, Director, 
University of Minnesota Center for Forest Ecology, St. Paul, Minnesota  
Northern Minnesota is at the southern edge of the ranges of boreal forest tree species (balsam 
fir, white spruce, paper birch) and the northern extent of temperate forest species (sugar maple, 
red maple, red oak).  A number of climate-mediated processes are likely to shift these ranges 
northward, potentially resulting in the complete disappearance of boreal forest from Minnesota 
before the end of the century.  These include projected declines in snow depth, invasion of 
boreal forests by temperate species and a widening of the mixed forest ecotone, warming 
summer and winter temperatures, declines in boreal trees under both low- and high-emission 
climate scenarios, severe wind- and hail-producing thunderstorms (derechos) of greater extent 
and frequency, large wind-driven fires, heat and drought stress, increased insect infestations 
due to lack of extreme cold temperatures, and phenological disturbance.  These processes, 
alone or in combination may result in gradual or relatively sudden conversion of boreal forests to 
temperate forests, savanna, or grassland at the southern edge of the boreal forest range.  A 
mosaic of conversion mechanisms and rates of change will occur at landscape/ecoregion 
scales.  With unmitigated climate change, Minnesota is likely to lose the boreal biome and about 
one-third of its native species, including lynx, possibly within the next 60-70 years. 

Climate Change and Uncertainty:  Implications for Canada Lynx Conservation and 
Management in the Contiguous U.S. - Alexej Siren, DOI Northeast Climate Science 
Center and University of Massachusetts Department of Environmental Conservation, 
Amherst, Massachusetts 
Climate models are better at detecting long-term trends in temperature and precipitation than 
short-term climate variability.  Generally, projections of precipitation are less robust compared to 
temperature, and within the lynx DPS units, projected trends in precipitation are more certain for 
winter than for summer.  Consequently, the resulting model biases may affect climate 
projections.  Global surface temperatures have increased steadily over the 20th century, 
especially since the 1970s, with an overall increase in winter temperatures in the U.S.  These 
changes are most pronounced from the Northern Rockies to the northeastern U.S., where 
winter precipitation has also increased.  However, the northwestern U.S. has experienced drier 



15 

winters with less snow over the past several decades.  Importantly, numerous studies have 
shown that Canada lynx distribution is related to snowpack characteristics (e.g., snowfall, 
density, and persistence), which may directly or indirectly affect lynx through 1) increased 
competition (exploitative and interference) with sympatric carnivores, 2) altering hare and lynx 
population cycles, and 3) reduced genetic diversity.  Therefore, climate projections with a 
specific emphasis on winter climate are a valuable tool for assessing the long-term viability of 
lynx in the contiguous U.S.  Below are the climate trends for the past several decades and end-
of-century model projections for each of the DPS units; projections are multi-model means with 
the high emissions scenario (A2).  In the Northeast, recent trends are toward reductions in 
snowfall, the number of snow-covered days per season, and the proportion of winter 
precipitation occurring as snow.  Projections include increased winter precipitation, but with a 
lower proportion occurring as snow, and a decline in snowfall and length of snowpack coverage.  
In the Great Lakes region, recent trends indicate an increase in lake effect snow and longer 
snow seasons to the north.  Winter precipitation is projected to increase throughout the 
Midwest, with a lower proportion occurring as snow, except that lake effect snow is projected to 
increase around Lake Superior and north of the eastern Great Lakes until 2050, and eventually 
decline towards the end of this century.  Overall, models project a decline in snowfall and length 
of snowpack coverage by 2100 for the Midwestern region.  The Northeast and Midwest DPS 
units are especially vulnerable to snowpack loss due to lack of elevational refugia.  In the 
western DPS units and the Colorado population, recent trends show decreasing spring 
snowpack at lower elevations, an overall decline in snowpack by the latter half of the 20th 
century, and a lower proportion of winter precipitation occurring as snow.  Projections include 
decreases in snowfall season and snowfall amount, fewer days with snowfall, and continued 
reduction in the proportion of winter precipitation occurring as snow.  However, projections 
indicate that snowpack and winter severity may be less impacted in the Northern Rockies 
compared to other DPS units.  In summary, model projections are not favorable for lynx within 
the DPS units, especially towards the latter half of the 21st century, with less severe winters and 
diminished snowpack characteristics that favor competing species.    

Projected Climate-change Impacts on Snow, Vegetation, and Lynx Populations in the 
Western U.S. - Dr. Joshua Lawler, University of Washington, School of Environmental 
and Forest Sciences, Seattle, Washington and Dr. Chad Wilsey, National Audubon 
Society Science Division, New York, New York 

Climate modeling suggests reductions in the amount of precipitation falling as snow and a shift 
from subalpine forest to temperate evergreen needleleaf forests in a generalized lynx range in 
the western U.S.  Fire is projected to increase in both frequency and fire size, doubling by 2040 
and tripling by 2080.  Simulated lynx densities were projected for the 2020s, 2050s, and 2090s.  
Of 25 ecoregions included in the study area, 14 had simulated lynx populations greater than 
0.10 individuals/100 km2 across all time points.  Of those, and across various Global Circulation 
Models (GCMs), 3 ecoregions had simulated increasing populations by the 2050s and 11 had 
declining populations. Populations were projected to continue increasing in the 3 ecoregions by 
the 2090s, while declines were projected to deepen in 8 of the remaining 11 ecoregions. 
Growing populations were projected to occur in the sparsely populated Fescue-Mixed Grass 
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Prairie, Middle Rocky-Blue Mountains, and Great Steppe ecoregions, whereas the largest 
proportional declines were projected to occur in the West Cascades, Pacific Northwest Coast, 
Northern Cascades, East Cascades – Modoc, and Aspen Parkland ecoregions.  The study also 
looked at the effect of population cycling on projected changes and found that simulated 
declines differed more due to GCM model used than due to population cycling (i.e., modeling 
suggested lynx population declines were not strongly influenced by population cycles). 

Forest Management and Lynx Habitat Trends - Dr. Erin Simons-Legaard, University of 
Maine School of Forest Resources, Orono, Maine 
Lynx in Maine occur in the Northern Appalachian/Acadian Ecoregion where their distribution is 
governed by snowfall and extent of deciduous cover.  The eastern spruce budworm 
(Choristoneura fumiferana) is endemic to forests in this region, and extensive outbreaks of this 
insect pest occurred in northern Maine in the 1970s-80s, resulting in millions of acres of spruce-
fir die-offs, despite extensive aerial insecticide applications.  For several decades, salvage 
logging via extensive landscape-scale clear-cutting occurred in impacted forests, until passage 
in 1989 of the Maine Forest Practices Act, which regulated clear-cut size, configuration, and 
regeneration.  Regenerating clear-cuts became very dense stands supporting high densities of 
snowshoe hares.  Although the Forest Practices Act reduced the amount of clear-cut harvest 
over the following two decades, overall harvest increased as partial-cut harvesting replaced 
clear-cutting.  At the same time, land ownership patterns in northern Maine were shifting from 
large blocks of commercial timber interests to smaller blocks and more diverse land 
management goals, including development and financial investment, as well as some non-
development easements (though these do not regulate forest management).  The University of 
Maine modeled lynx habitat occurrence from snow track data, a series of Landsat satellite time-
series imagery since 1970, and indices of hare densities for various stand ages post-timber 
harvest to model past, present, and future lynx occurrence in northern Maine.  They found that 
the proliferation of regenerating partial-cuts produce lower landscape hare densities than 
regenerating clear-cuts from the 1970s and 1980s.  Landscape hare densities will likely decline 
in the future as the clear-cut-era stands mature into less dense conifer stands, beginning about 
35-40 years post-harvest.  High-quality stands are being replaced by lower-quality regeneration 
of partial harvests. High-quality habitat for lynx/hares is currently about 8% of the northern 
Maine landscape.  Model projections indicate it will decline to about 5% of the landscape by 
2030, and then level off, and that the prevalence of partial-harvesting will lead to elimination of 
many areas with concentrated high-quality habitat and a lower future probability of supporting 
lynx.      

Southern Snowshoe Hares: Updates, Questions, Forecasts - Dr. Karen Hodges, 
University of British Columbia Okanagan Department of Biology, Kelowna, British 
Columbia 

Northern hare cycles are more variable than commonly portrayed in some literature, with 
questionable synchrony and variation in peak heights and amplitudes.  Some southern hare 
populations (i.e., within the lynx DPS range) show “cycle-ish” dynamics and high densities, but 
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variability in abundances is not obviously linked to forest stand type (thinned, unthinned, 
mature).  Some areas of high hare density are occupied by bobcats instead of lynx (e.g., the 
Tally Lake area of the Flathead National Forest in Montana).  Hare densities in the western 
contiguous U.S. differ substantially across regions and landscapes.  For example, within the 
GYA, hare densities varied from very low (0.2 hares per hectare) in Yellowstone National Park 
to very high (0.5 - 1.7 hares/ha) in the Wyoming Range south of the park.  Hare densities also 
vary in the eastern part of the lynx DPS, with ranges from 0 - 1.8 hares/ha in Maine and, in 
Minnesota, densities of 0.64 hares/ha in the northeast part of the state (which supports resident 
lynx) and 0.35 hares/ha in Voyageurs National Park (which does not support resident lynx).  
Landscape attributes (e.g., tree densities and moisture gradients) also influence stand quality 
for hares.  Hare population dynamics (cyclicity, synchrony, amplitude, and peak densities) also 
vary regionally.  Forest management that reduces stand structure reduces hare abundances.  
For example, hares declined after experimental precommercial thinning in Montana, and, in 
Quebec, hare densities increased with time since commercial thinning, harvest, and fire.  Fire 
destroys hare habitat temporarily, but hares return to burned areas as soon as favorable habitat 
conditions return.  Post-fire hare densities also vary regionally; in stands burned by large fires in 
1988, hare densities by 2007 were higher in Glacier National Park than in Yellowstone National 
Park.  Hare densities necessary to support resident lynx remain poorly understood but appear to 
vary regionally, as do lynx diets and home range sizes.  If southern boreal/montane forests are 
lost, hares will decline.  Fire, timber harvest, and thinning will result in fewer hares, at least 
temporarily, and the impacts of post-fire salvage logging are unknown.  Understory cover and 
browse are very important, but we know little about the influence of shrubs or snow on hares.  
Like lynx, hares in the DPS are at the southern extent of their continental range.  Also like lynx, 
hares show high gene flow across most of the northern range in Canada but lower gene flow 
(higher genetic structure) in the southern part of the range, with some lineages potentially at risk 
of genetic drift.  Climate-mediated increases in fires and insect outbreaks and changes in forest 
regeneration may alter hare habitats and, thus, hare distribution and abundance.  Climate 
change may also affect hare vulnerability to predation by creating a mismatch between pelage 
color, which is controlled by photoperiod, and their surroundings (e.g., reduced snow season 
resulting in white hares on dark forest floors).  It may also alter predator communities, with 
uncertain impacts on hare populations.  Continued research is needed to better explain regional 
variation in population dynamics and peak abundances, to predict post-fire recolonization and 
densities and responses to climate change, and to better understand links between physiology 
and demography (e.g., predation stress and reproduction).      
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Lynx Status Update Presentations1 
Status of Lynx in Maine - Jennifer Vashon, Maine Department of Inland Fisheries and 
Wildlife, Bangor, Maine 
Much of the current lynx habitat in Maine was created from extensive harvests to salvage 
spruce budworm-damaged forests during 1970-1985, and the amount and distribution of high-
quality lynx/hare habitat are likely greater now than historic conditions.  Many stands were 
treated with herbicides to create extensive regeneration of spruce and fir.  Analysis of Forest 
Inventory and Analysis (FIA) data indicates that half of the 3 million forested acres of spruce-fir 
in northern Maine is currently sapling stage that should provide lynx with high quality foraging 
habitat.  Also based on FIA data, the amount of dense spruce-fir (supporting the highest hare 
densities) increased from 700,000 acres in 2006 to 805,000 acres in 2010.  The Maine 
Department of Inland Fisheries and Wildlife (MDIFW) conducted a telemetry study of lynx from 
2000-2011 in a study area with extensive areas of regenerating spruce-fir stands in 
northwestern Maine and found that lynx had relatively small home ranges.  Lynx strongly 
selected these high-quality hare habitats in former clear-cut areas.  Although hare densities 
declined from 2 hares/hectare to 1 hare/hectare mid-way through the study, lynx did not 
increase their home range sizes or alter their habitat use.  Reproduction declined initially after 
hare populations declined, but later recovered, with all females producing litters.  An average of 
65% of females bred each year throughout the study.  Litter sizes ranged from 1 to 5 and 
averaged 2.63 kittens/breeding female.  Kitten survival remained high (averaged 78%).  
Densities of 4.5 adults and 5 to 9 kittens were observed in 100 km2 areas.  Based on estimates 
of occupied habitat and home range information, MDIFW estimated there were between 750 
and 1,000 lynx in northern Maine in 2006, and more than 1,000 lynx in 2015 (or at least more 
animals than 2006).  Indices (number incidentally trapped, observed, or killed on roads) have 
increased, suggesting there are more lynx than in 2006, and the distribution of the population 
also appears to be expanding.  MDIFW initiated a third round of periodic lynx snow track survey 
in 2015 that support increased populations and expanding range.  Additional surveys are 
planned in 2016 and 2017 to update estimates.  Although a model by the University of Maine 
suggests the effects of the Maine Forest Practices Act could lead to a decrease in lynx habitat, 
thus far, it does not appear that lynx have declined in response to aging clear-cuts and the 
prevalence of partial harvests resulting from the Act.  A budworm outbreak is expected in the 
near future that will also impact future amounts of habitat for lynx and snowshoe hare.  MDIFW 
provides landowners with descriptions of lynx-hare habitat for their management plans through 
published peer-reviewed papers and reports on lynx status and habitat use in Maine and 
consultation.  

                                                
1 These are summaries of status updates presented by lynx experts for each of the geographic 
units in the DPS.  Summaries were written by the Lynx SSA Team based on the presentations 
and notes submitted by expert presenters and on the notes taken at the workshop during 
presentations.  Experts reviewed drafts of these summaries and provided clarifications/ 
corrections if needed, which were incorporated into the final summaries.    
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Canada Lynx in Minnesota - Dr. Ron Moen, Natural Resources Research Institute, 
University of Minnesota Biology Department, Duluth, Minnesota, and Susan Catton, 
USDA Forest Service, Superior National Forest, Duluth, Minnesota 
Prior to 1965, lynx in Minnesota were unprotected, had a bounty placed on them, and were 
overexploited by trapping.  From 1930-1977, harvest in Minnesota was twice that of Montana 
and 40 times that of other states.  In 1976, State protection was provided in the spring and 
summer months, and in 1984 the trapping season was closed.  In the 1990s and when listed 
under the ESA in 2000, it was unknown if lynx in Minnesota were residents or migrants from 
Canada, but now it is known that the Minnesota lynx population consists of both residents and 
migrants from Canada.  Since then, there have been hair snare and snow-tracking surveys, 
DNA analyses, and a multi-year telemetry project – none of these monitoring efforts were 
designed to estimate densities or abundances of the species.  However, as of 2015, it is thought 
that there are somewhere between 50 and 300 lynx in Minnesota (this expert later refined the 
range as 50 - 200 lynx, as indicated in the summary presentation preceding the graphing 
exercise below), with the core habitat in the arrowhead region of the state (St. Louis, Lake, and 
Cook counties), although there have been verified and probable lynx sightings elsewhere in the 
state.  At least 5 of 27 adult lynx radio-collared in Minnesota were later legally trapped in 
Ontario, and other collared lynx did not return from Canada, therefore their fates are unknown.  
Telemetry data showed that about half of males radio-marked in Minnesota moved back-and-
forth across the border, traveling at all times of the year; that Minnesota females that dispersed 
into Canada tended not to return to Minnesota; that males had much larger home ranges (267 
km2) than females (21 km2); and that females with kittens had the smallest home ranges.  About 
half of the mortality of collared lynx was from vehicle collisions, incidental catch, illegal kills, or 
unknown causes.  Moen et al. (2008) documented 10 den sites and showed that denning 
habitat is not limiting in Minnesota.  Since 2000, incidental take of lynx tracked by the USFWS 
Twin Cities Field Office has ranged from 0-14 per year and included vehicle (car and train) 
collisions, gunshot, incidental trapping, and unknown causes.  Approximately 50% of reported 
take was of incidentally trapped lynx, about half of which were released alive.  Home range 
analyses showed mean distance to nearest linear feature is approximately 200m, suggesting 
that lynx do not avoid roads.  Bobcat harvest data show a concentration of bobcats adjacent to 
the core of the lynx range.  The IPCC SRES A1B Scenario climate change model (Gonzalez et 
al. 2007, p. 14) shows snow conditions potentially suitable for lynx throughout the northern half 
of Minnesota to the end of this century; however, the snow and/or biological assumptions in the 
model need work, because it predicts a range for lynx that is larger than the current suitable 
range based on snow depth.  Other climate modeling (e.g., Morgan, in prep.) suggests that 
suitable snow-depth range will shrink significantly by 2055, be limited to extreme northeastern 
Minnesota by 2070, and may be entirely absent from the state by 2095.  Since 2000, the 
Superior National Forest (SNF) and others have identified 268 unique individual lynx (47% 
Female, 53% Male) from 1,306 DNA samples, primarily from SNF lands.  These samples also 
documented 13 unique individual lynx-bobcat hybrids (5 Female, 8 Male).  The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota.  The SNF annually documents 3-5 family groups and is working with 
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North Carolina State University and the Twin Cities Field Office on a study of the distribution of 
lynx that can be used to inform future study designs aimed at monitoring lynx occupancy and 
designing more intensive studies to estimate abundance. 

Current Distribution, Status, and Threats to Canada Lynx in Montana and Wyoming - 
Dr. John Squires, USDA Forest Service, Rocky Mountain Research Station, Missoula, 
Montana 
Northwestern Montana - This area is believed to support the largest lynx population in the 
western U.S., but minimum population size has not been calculated.  The Forest Service’s 
Rocky Mountain Research Station in Missoula initiated a lynx research program in 1998 to 
investigate lynx resource and prey selection, competition, activity patterns, detection and 
monitoring, and connectivity.  From 1998 to 2007, researchers trapped and radio-marked 175 
lynx in northwestern Montana and collected nearly 170,000 GPS and over 3,000 VHS telemetry 
locations documenting lynx movements, resource use, survival, and productivity.  From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area (the central 
portion of this geographic unit) and from 2003-2007, 2.95 kittens/litter (N = 22) in the Purcell 
Mountains (the northwestern portion of the unit).  In Seeley Lake, 61% of breeding-age females 
(N = 52) produced kittens; in the Purcells, 83% of females (N = 28) produced kittens.  Recent 
research (Kosterman 2014) suggests kitten production is correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges.  Annual survival rates for 
subadult and adult female lynx were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 
0.85, respectively, in the Purcells.  There was no evidence of cyclicity in these vital rates, and 
no indication of irruptions of lynx into this unit from Canada after the 1980s.  Starvation, 
predation by mountain lions, and human-caused deaths each accounted for roughly one-third of 
documented sources of lynx mortality.  Population viability analyses yielded population growth 
rates of 0.92 for the Seeley Lake area (i.e., declining population trend, 1999-2007) and 1.16 for 
the Purcells (increasing trend, 2003-2007).  The distribution of lynx in this unit appears to have 
contracted recently; lynx were documented in the Garnet Mountain Range in the southern 
portion of the unit from at least 1980 into the early 2000s, but in 2010, extensive research 
trapping efforts yielded only two males, and snow-track and camera-trap surveys in winter 2014-
2015 detected no lynx.  Genetic analyses revealed fine-scale genetic sub-structuring among the 
Garnets, Purcells, and Seeley Lake subpopulations, suggesting some level of relative isolation 
among lynx in those areas.  Most lynx habitat in this unit occurs on Federal lands (USFS, BLM, 
NPS).  Recent conservation land purchases substantially increased protection of lynx habitat in 
the Seeley Lake core area.  The extent of fire in this area has increased, with over one million 
acres burned in 2000-2013.  Forest management (timber harvest, silviculture, and fire 
management) can have negative, neutral, or positive impacts on lynx habitat; current research 
is investigating lynx response to management actions. 
      
Wyoming/GYA – The long-term persistence of lynx in the GYA is unknown, but early records 
from Yellowstone National Park documented lynx presence in the 1920s-30s, and more recent 
(2001-2004) surveys in the park documented several lynx and evidence of reproduction on the 
east side of Yellowstone Lake.  South of the park, lynx were also detected reliably in the late 
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1990s-early 2000s in the Union Pass and Togwotee Pass areas of the Wyoming Range in the 
Bridger-Teton National Forest.  Several lynx released in Colorado (1999-2006) dispersed to the 
GYA and occupied home ranges (including males and females with overlapping home ranges) 
in areas of the Wyoming Range previously occupied by “native” resident lynx.  Recent (2005-
2010) research trapping and survey efforts in the Wyoming Range have detected only 
Colorado-released lynx, and the current status of lynx in the GYA is uncertain but believed to be 
at low numbers based on on-going surveys.  In addition to fire and forest management (as 
described above for northwestern Montana), oil and gas exploration and development may pose 
a potential risk to lynx and habitat in the Wyoming Range.             

Lynx in Washington: Current Status and Potential Threats – Dr. Benjamin Maletzke, 
Washington Department of Fish and Wildlife, Olympia, Washington 
Lynx in Washington were State-listed as threatened in 1993, but with recent large-scale impacts 
to lynx habitats and likely declines in lynx numbers, upgrading to State-endangered may be 
justified.  The Washington Department of Fish and Wildlife completed a lynx recovery plan in 
2001, and the Department of Natural Resources completed a habitat management plan for its 
lands in 1996, which it revised in 2006.  The majority of lynx habitat in Washington occurs on 
public lands including State Forests and National Forests.  Although individual lynx are 
occasionally documented in the northeastern part of the state, only the Okanogan area (eastern 
Cascade Mountains abutting the border with Canada) in the north-central part of the state has 
consistent records and evidence of a resident breeding population.  In terms of the ESA’s five 
listing factors, over-utilization, disease/predation, and inadequacy of existing regulatory 
mechanisms are not issues for lynx in Washington.  Lynx trapping was prohibited in 1991, and 
only live-trapping is allowed for bobcats, so there is little chance for incidental trapping.  There is 
no documented disease and little evidence of predation (though these could occur/increase with 
climate change).  With ESA and State listings, critical habitat designation, and State recovery 
and State and Federal habitat management plans in place, regulatory mechanisms appear 
adequate.  Recently, much lynx habitat has been lost, at least temporarily, to frequent large-
scale fires and insect outbreaks, and climate change may pose additional (or exacerbate 
existing) threats to lynx and habitats in Washington.  From 1990-2002, there were about 2,600 
km2 of lynx habitat in the Okanogan (Eastern Cascades) area, and female home ranges were 
estimated at 38 - 41 km2, suggesting the potential to support roughly 90-115 resident females 
(home ranges include “matrix” or non-habitat).  By 2014, habitat had been reduced by fire to 
about 1,600 km2, and habitat loss and fragmentation resulted in female home ranges increasing 
to an estimated 91 km2, with a potential to support roughly 27 resident females.  Although areas 
impacted by fires and insects should regenerate to hare/lynx habitat, it may take 35-40 years or 
more for that to happen.  Climate change will likely reduce snow depth, condition, and 
persistence, potentially influencing interspecific competition.  It also may cause temperature- 
and precipitation-driven changes in vegetation and increased fire frequency, size, and intensity, 
resulting in further reduction, fragmentation, and isolation of suitable habitats and impacts to 
prey abundance.  Connectivity between the Okanogan area and lynx populations and habitats in 
Canada seems adequate; it is more tenuous in the northeastern part of the state, where cross-
border populations/habitats in Canada are smaller and potential corridors more constricted.  It is 
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also possible that legal trapping in southern British Columbia could limit immigration into 
Washington’s lynx population and be a source of mortality for lynx dispersing from Washington 
into Canada.  Potential management and recovery actions could include resuming surveys and 
monitoring efforts, reviewing current State, Tribal, and Federal management actions to see if 
they can be more “lynx-friendly,” conducting population viability analyses to estimate 
probabilities of persistence over various time periods, coordinating with British Columbia on 
cross-border lynx conservation efforts, evaluating the need and feasibility of augmenting female 
lynx in the Okanogan and reintroducing lynx to the Kettle Crest, up-listing lynx in Washington to 
indicate the current status and severity of threats, and seeking collaboration and funding to 
support the measures above. 

Status of Lynx in Colorado - Dr. Jake Ivan, Colorado Parks and Wildlife, Fort Collins, 
Colorado 
Lynx in Colorado were State-listed as endangered in 1973.  Based on statewide surveys 
conducted in 1978-1997 that found some possible lynx sign (tracks), the State concluded that if 
lynx were present, too few individuals remained for a viable population and that natural 
recolonization was unlikely due to geographic isolation.  The State initiated a lynx reintroduction 
program, releasing 218 lynx from source populations in Alaska and Canada from 1999 to 2006.  
All animals were released into the San Juan Mountains in the southwest part of the state.  Many 
stayed there and used the area heavily; many others established home ranges in the Sawatch 
Range in the central part of the state, where the bulk of historical records occurred.  Although 
post-release mortality was initially high, it decreased after release protocols were modified and 
among lynx after they’d been on the ground a year.  Mean annual survival was 0.93 for lynx that 
stayed within the San Juan Mountains core-release area, and 0.82 outside of it.  The first den 
was located in 2003, and 48 dens were subsequently documented in Colorado through 2010, 
including a third-generation of Colorado-born lynx.  The reintroduced population displayed 
reproduction similar to other areas in the DPS in some regards (e.g., mean litter size was 2.75 
kittens), and lower in others (e.g., mean percentage of females that produced kittens was 24% 
[range = 0% - 46%])2.  A deterministic model that uses survival estimates and reproduction data 
from ten years of monitoring reintroduced lynx and assumes that reproductive parameters 
observed during that time would repeat each decade shows a slightly increasing trajectory 
through time.  Although current population size and survival rates are unknown, photos of 
females with kittens in 3 sampling units during occupancy monitoring in the San Juan Mountains 
in 2014-15 and capture of young and unmarked (i.e., “new”) lynx during research efforts in 
2010-15 provide evidence of continued reproduction.  Potential threats to lynx in Colorado 
include climate change, bark beetle outbreaks, fire, increasing human recreation, and 
vulnerability to vehicle collisions and disturbance from highways.  Climate modeling in 2014, 
based on the RCP6 (2nd-highest) emissions scenario, suggests that by mid-century 
temperature will increase by 2°C, precipitation will decrease in the San Juan and other southern 
mountains, and that spruce-fir habitat will migrate upslope, lagging climate conditions by 50-100 

                                                
2 These data were provided by the presenter after the workshop but were not part of the original 
workshop presentation. 
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years.  Based on this, the overall vulnerability of spruce-fir in the state is considered moderate 
at mid-century.  As of 2014, over 4 million acres of potential lynx habitat has been impacted by 
bark beetle outbreaks; however, lynx and hares continued to use impacted areas, even when 
beetle impacts are severe.  Red squirrel use declined in areas that were heavily impacted by 
beetles.  Large fires also have impacted lynx habitat, and as elsewhere, fire size, frequency, 
and intensity are expected to increase with climate change.  A cursory, pre-analysis review of 
location data suggests that lynx make use of landscapes in which heavy winter recreation 
occurs.  However, use of developed ski areas is light, and outside of ski areas, heavy lynx use 
tends to occur in thick timber that is not used by snowmobilers and other backcountry users.  
Finally, lynx frequently crossed 2-lane paved highways in home ranges (0.6 crossings/day), 
more often at dusk and night, coincident with lower traffic volumes, and usually at forested 
crossings.  Recent results from a new large-scale monitoring program indicated that lynx 
occupied a similar proportion of the landscape in the San Juan Mountains during winter 2014-15 
as they did during winter 2010-11.  

Expert Elicitation Process 
All questions posed to the 10 lynx expert panelists were framed in the context of the 3Rs, a 
driving principle for evaluating viability under the SSA framework.  In questioning, we used a 
modified Delphi method (e.g., MacMillan and Marshall 2006), which involves eliciting individual 
responses/scores, exploring response rationale and differences in expert judgment through 
guided discussions, then allowing experts to reconsider their scores in light of those discussions 
if they so desire.   
 
In our implementation of the modified Delphi approach, panel members were first asked to 
respond individually to a particular question and indicate their level of confidence in their 
response.  We then collated and noted the range of responses, which became the mechanism 
for follow-up discussion.  In collating responses, we used a simple numeric coding system 
rather than the experts’ names to provide for a reasonable level of anonymity.  We noted where 
there was high congruence among responses, as well as low congruence and outlying 
responses.  By asking for experts to voluntarily provide their reasoning for particular responses, 
we were able to delve into the basis for varying opinions.  After the discussion period, experts 
were given the opportunity to revise their scores.   
 
In addition to elicited responses to each question, we received substantial feedback from the 
experts on definitional issues and the validity of the questions themselves; we revised the 
questions as needed following these discussions.  In the case of a revised question, scores 
were elicited again following the revision.  The second round of scoring was displayed for 
experts, with a closing opportunity for comment, discussion, or score revision. 
 
All panel members were encouraged to respond to each question but also given the option of 
abstaining from responding to a question if they felt it was beyond the bounds of their expertise.  
With few exceptions, all 10 expert panelists responded as requested to every question.  
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Instances where experts either chose not to reply or otherwise replied in a manner differing from 
the expected form of response to the question are noted in the responses below. 

Lynx Status:  Expert Elicitation and Responses 
Questions for experts were scripted by the Lynx SSA Team prior to the meeting to facilitate 
discussion of lynx ecology among the experts, solicit their professional opinions, and to help the 
Service gather and synthesize biological information for use in the SSA, particularly where 
empirical data are lacking in the published literature and projecting habitat and population 
conditions into the future is needed.  Because of the uncertainty of quantifying the population 
status and other aspects of lynx biology, the Service and facilitators decided to generate a 
series of discussion questions with quantifiable responses (scores) concerning the redundancy, 
resilience, and representation (3 Rs) of the DPS.  Although scores provided a starting point for 
discussion among experts and are quantified, analyzed, and summarized as appropriate in the 
following sections of this report, the Service also places high value on the content of the 
discussion among experts.  Therefore, both the analyses of scores and summaries of the 
discussion content are presented and will be considered during development of the SSA, noting 
that both were integral to the expert elicitation process. 

The types of questions and the format of responses differed based on the information needed to 
inform the status assessment, and the best way to capture the information relevant to the 
question being asked.  For example, responses were requested in the form of lists, when a set 
of influences was desired, in the form of a 4 point elicitation (e.g., the most likely, high, and low 
end of a range, and confidence that the range contains the true value) when an uncertain 
quantitative value was desired, in the form of graphed trajectories when probabilities of 
persistence over time were desired, and other forms as necessary (see questions below).  
Experts submitted their scores independently via submission sheets (sticky notes, index cards, 
graph paper, etc.) with their ID numbers.  Note takers recorded and displayed scores to assist 
discussion.  Facilitators and other members of the SSA Team then asked directed questions to 
clarify responses from the panelists as needed.  Following each round of discussion and 
clarification, the panelists were provided the opportunity to update their response if desired and 
the second round of responses were collected and recorded.  The final responses are the only 
responses reported here.  The range of individual responses that we received was not 
combined (e.g., averaged or otherwise) in any way that would obscure or conceal individual 
responses, and the final scores for each panelist were recorded if the response was revised. 

We present the results of the expert elicitation below under the headings of representation, 
redundancy, and resilience.  Under each heading, the following is provided:  the definition of the 
viability category (3 Rs) under consideration, the question(s) asked of the expert panelists, 
response type (i.e., the form of the response requested of the experts), question clarification 
(i.e., a narrative description of any additional information provided to the experts by the 
facilitators for clarification as the questions were asked), expert responses, and notes from the 
discussion. 
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Expert Responses 

Representation 

Definition - Representation contributes to the adaptability and evolutionary capacity of a 
species over time, to accommodate long term issues like climate change.  The breadth of 
genetic ecological, demographic, and behavioral diversity across a species’ range may 
contribute to its capacity to adapt over time.  Measures of genetic and life history variability 
among populations, distribution of populations across a range of ecologically diverse locations 
or niches, etc., are useful proxies to measure.  Consider needs for establishing or reestablishing 
populations in unoccupied habitat that may be necessary or suitable for species adjustment to 
climate change or other stressors, including the need to replace former populations in no longer 
represented ecosystems. 

Representation Questions  

1.  Are any of the geographic units susceptible to genetic drift on a scale that would limit 
genetic viability?  If yes, which geographic units? 
 
Response Type:  Experts supplied a written response of “yes” or “no,” with a yes answer 
accompanied by a list of susceptible geographic units. 

Expert Responses:  Five experts responded that none of the geographic units are susceptible to 
meaningful genetic drift, two experts abstained from answering, and three experts responded 
that there are geographic units that are susceptible to such genetic drift.  Among the latter, one 
expert responded that the Colorado geographic unit is susceptible over a long period of time, 
and the other two experts responded that both the Colorado and GYA geographic units are 
susceptible to genetic drift. 

Discussion Points Following Initial Responses:  It wouldn’t take many immigrating lynx to 
provide adequate genetic diversity to prevent genetic drift.  One reproductively successful 
immigrating lynx every 5 to 10 years per geographic unit is likely sufficient to prevent genetic 
drift.  Most experts believed there was a low likelihood that even the smaller lynx populations 
(GYA and Washington) or those in more isolated geographic units (Colorado and GYA) are 
vulnerable to genetic drift at a scale that would impact viability, though several experts felt that 
both the GYA and the western Colorado units could experience meaningful drift in the absence 
of immigration or augmentation.  Overall, most experts felt there is a low risk of genetic drift 
being a problem for lynx in the DPS.  

2.  Are there locations from a lynx perspective that have unique habitat conditions 
relative to other areas in the lynx range that are necessary to foster future adaptive 
capacity of the DPS?  If yes, where? 
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Response Type:  Open discussion.  No response forms were submitted, but notes were taken 
on the discussion that followed. 
 
Question Clarification:  The experts required some clarification of terms and the intention of this 
question to respond.  Facilitators read the working definition of representation (above), which 
previously had been provided to the experts.  Experts then discussed representation across the 
lynx DPS from an adaptive capacity perspective. 
 
Expert Responses:  The response was an open discussion captured below. 
 
Discussion Points Following Initial Responses:  Maintaining genetic variability is important for 
adaptive capacity.  If uncertain about the capacity for lynx to adapt, then experts encouraged 
that all populations (and hence the genetic variation within each) be maintained.  Experts 
indicated that it doesn’t appear that any U.S. population is more or less important to maintain 
than the others because of relatively similar ecological settings and the generally low level of 
genetic differentiation across the DPS.  Summary:  Experts discussed that maintaining 
representation in the DPS could best be achieved by retaining current DPS populations, 
maintaining connectivity between DPS and Canadian lynx populations, conserving the genetic 
diversity currently represented in DPS, and avoiding impacts that could facilitate or increase the 
potential for or likelihood of genetic drift. 

It was also noted that lynx north of the DPS in some parts of eastern Canada (in New Brunswick 
and Quebec south of the St. Lawrence Seaway and on Newfoundland Island) have some 
unique alleles, including at functional genes, and should be preserved.  Lynx in these areas are 
relatively more isolated than lynx elsewhere in Canada.  Lynx south of the St. Lawrence are 
separated from lynx to the north by the seaway itself, which historically froze over during winter 
but which is now kept open to facilitate maritime shipping, perhaps reducing the level of genetic 
exchange between lynx on opposite sides.  Lynx on Newfoundland Island are separated from 
lynx in mainland Labrador and Quebec by the 15- to 60-kilometer-wide Strait of Belle Isle.  
Despite the relative isolation of these populations, genetic evidence indicates some interchange 
between lynx south and north of the St. Lawrence and between Newfoundland Island and 
mainland populations.  Eastern Canadian populations north of the St. Lawrence may have 
slightly different genetic composition than lynx in the Maine geographic unit. 

Redundancy 
Definition - Redundancy contributes to the ability of population types to withstand catastrophic 
events (hurricanes, wildfires, etc.).  The number and distribution of populations of each 
representative type contribute to the retention of various representative types despite 
catastrophic events by ensuring that the loss of a population doesn’t lead to the loss of 
representation. 
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Redundancy Questions 
 
1.  List the factors/catastrophic events that could functionally extirpate an entire 
geographic unit. 
   
Response Type:  Each expert supplied a written list submitted via index card of the 
factors/catastrophic events. 
 
Question Clarification:  Three issues required clarification prior to obtaining responses to this 
question.  First, we initially asked about eliminating a “population” rather than a geographic unit.  
Because some of the geographic units may support several relatively isolated subpopulations, 
experts questioned whether we meant individual populations or subpopulations.  We clarified 
that we are evaluating the likely persistence of resident lynx populations in each of the six 
geographic units that currently support or recently supported them; therefore, we are interested 
in the likelihood that a catastrophic event could result in the extirpation of resident lynx from the 
entirety of any of the geographic units. Second, we were asked if extirpation meant the 
complete loss of all lynx from a unit.  We clarified that we wanted to know if lynx could be 
“functionally extirpated” from any geographic unit, with functional extirpation described as the 
loss of the unit’s ability to support a resident breeding population(s) of lynx.  Third, experts were 
not clear what an “event” entailed.  After discussion, it was agreed that an event was defined as 
a single occurrence of some form, such as a fire, drought, hurricane, etc., that occurs over a 
relatively brief period of time, rather than a series of smaller cumulative events (e.g., a series of 
climate change-associated occurrences of fires or insect outbreaks over the course of a 
decade) causing a cumulative catastrophic result. 

Expert Response:  Six of the ten experts did not list any catastrophic events that could result in 
the functional extirpation of lynx from any entire geographic unit.  Three of the experts listed 
multiple catastrophic events they felt could result in at least temporary functional extirpation of 
lynx in a unit.  Among these, two of the experts listed fire, three listed disease, one listed insect 
outbreak, and one listed a failure of winter conditions due to a combination of heat or drought 
conditions.  One expert listed geographic unit-specific events, namely fire or insect outbreak for 
the Washington geographic unit, insect outbreak in Maine, and either insect outbreak or fire for 
one of the Minnesota geographic unit’s groupings of individuals, but not all. 

Discussion Points Following Initial Responses:  Experts were told that climate change was not 
considered a catastrophic event because it is both a driver of events and influences severity, 
rather than being an event itself as defined above.  Experts discussed the possibility that the 
Washington geographic unit, because of its relatively smaller size and history of recent 
extensive fires in lynx habitat, may be at risk of functional extirpation from multiple catastrophic 
events; disease, fire, and beetle outbreak were all mentioned as possible events.  One expert 
suggested that the Minnesota geographic unit could potentially be eliminated by a very large 
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fire, although there was a low probability of this occurring.  Experts expressed some uncertainty 
whether fire could occur at the severity and scale sufficient to eliminate an entire geographic 
unit; however, a series of fires over a short time period may have the potential to cause 
functional extirpation of lynx from a geographic unit or significantly reduce the number of 
resident lynx it could support, at least temporarily. 

2.  Could any of the catastrophic events listed in response to redundancy question 1 
eliminate all 6 geographic units simultaneously? 
 
Response Type:  Each expert supplied a written response of “yes” or “no.” 

Expert Response:  All experts answered “no.” 

3.  What is the probability (expressed as a percentage) that any single geographic unit 
could be eliminated by a single catastrophic event in the next 10 years? 
 
Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  In response to the discussion around question #1, which resulted in the 
inclusion of question 3, this question was modified from its original script to include a 10-year 
time frame (underlined). 

Expert Responses:  All responders gave a relatively low probability (≤ 10%, median of 1%) that 
any single geographic unit could be eliminated (resident lynx functionally extirpated) by a single 
catastrophic event in the next 10 years (Figure 2).   

4. What is the percent likelihood that a series of catastrophic events within the next 10 
years could cause functional extirpation of one or more lynx geographic units? 

Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  This question was developed after discussion of question 3 to capture 
the possibility of functional extirpation of lynx from geographic units due to a series of 
catastrophic events over a relatively short time rather than a single event that occurs at one 
point in time. 

Expert Responses:  The percent likelihood ranged from 0.5% to 60%, with a median response 
of 7.5% (Figure 2).  Expert responses indicated a higher probability of a series of catastrophic 
events over 10 years resulting in functional extirpation than a single event in the next 10 years, 
as in question 3.  



29 

 

Figure 2.  Individual scores and summary boxplots of the percent chance that a geographic unit 
is eliminated by a single catastrophic event (question #3, left) or a series of catastrophic events 
(question #4, right) in the next 10 years.  Note:  This and all subsequent figures below were 
generated using the statistical software R (Appendix 6).  

In Figure 2, individual responses to a single catastrophic event were 0.01%, 0.1%, five 
responses of 1%, 5%, and two responses of 10%.  Individuals responses to a series of 
catastrophic events were 0.5%, 1.1%, three responses of 5%, 10%, 15%, 20%, 40%, and 60%).  
Boxplots illustrate response mean values (bold black lines), the 25% and 75% quartiles (upper 
and lower bounds of boxes), and the highest and lowest values within 1.5 times the quartile 
range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of the 
whiskers (outside 1.5 times the quartile range) are considered outliers and plotted as points 
beyond the ends of the whiskers (i.e., experts 3 & 4 in Q3 and experts 3 and 10 in Q4, as 
indicated by the points plotted between experts 5 and 6).  The individual expert responses used 
to produce the boxplots are indicated by x-marks.  Boxplots are provided as a summarizing 
visualization to aid comprehension of the experts’ responses and their range, and the summary 
values are presented in this context and not intended for use outside of the context of the full set 
of responses. 

Discussion Points Following Initial Responses:  One expert noted that the probability of 
extirpation in any one of the 6 geographic units is greater than the probability of a single specific 
geographic unit being extirpated.  Also, any combination of a series of events over a decade 
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increases the likelihood of extirpation in any one geographic unit relative to the probability of 
extirpation due to a single event.  

Although median probabilities of extirpation were low, experts felt the geographically smallest 
unit (Washington) and those units believed currently to support the fewest resident lynx (GYA, 
Washington, and Minnesota) were the most vulnerable geographic units when scoring this 
exercise.  Fire, drought, and beetle kill were the most frequently mentioned events that were 
considered by the experts when answering this question.  Some experts felt that these 
geographic units may be susceptible to such a scenario because of small geographic and/or 
population sizes and distribution.  In particular, it was noted that this past year there were many 
fires in lynx habitat, especially in Washington, and another year with similar fire impacts, or a 
few such fire years in a 10 year period, could lead to extirpation of lynx in the Washington 
geographic unit.  An expert noted there currently may be as few as 24 remaining females in 
Washington and that with fewer individuals in this area it would result in a higher probability of at 
least temporary extirpation.  Experts noted that fire disturbance data are likely available that 
could be used to model the likelihood of future fire impacts to each geographic unit.  

Experts with outlier responses provided their rationales.  Experts having the lowest scores 
believed that even the smallest geographic units would have only a low probability of extirpation 
in the next decade - that the time frame under consideration was very short.   

5.  What length of time would be required for a geographic unit eliminated by a 
catastrophic event to reestablish naturally? 
  
Response type:  4-point elicitation.  Each expert supplied a written response in years for the 
longest, shortest, and most plausible time periods for reestablishment of a resident lynx 
population within a geographic unit following functional extirpation.  They were also asked to 
indicate their confidence, as a percentage chance, that the true amount of time necessary for 
reestablishment would fall between the shortest and longest plausible time periods provided. 
 
Expert Responses:  The responses to each of the points elicited are shown below in Table 1.  
Two experts provided additional information beyond the 4 points elicited when responding.  One 
presented two scenarios, one in which connectivity is intact and the habitat was damaged by the 
catastrophic event (e.g., insect outbreak or fire) which would require habitat regrowth first, and 
the second in which the habitat remained present.  In the case of habitat being present the most 
likely time period response was less than 10 years.  In the habitat elimination scenario the 
expert felt given climate changes to habitat that the geographic unit would not re-establish.  The 
second expert responded by geographic unit, with the exception of the Minnesota geographic 
unit for which there was no response.  Their responses are summarized in Table 1 using the 
overall longest and shortest responses as well as the average of the most plausible time (see 
footnote 3). 
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Table 1.  Expert responses regarding the natural reestablishment time in years for a geographic 
unit after extirpation by a catastrophic event. 
 

Expert # 
Reestablishment Time in Years Percent Confidence in 

Range3 Shortest Plausible 
Time 

Most Plausible 
Time  

Longest Plausible 
Time 

1 10 40 100 50% 
2 15 100 300 80% 
3 15 35 60 5% 
44 1, 

will not reestablish 
<10,  

will not 
reestablish 

will not reestablish 100% 

5 25 50 100 75% 
6 20 30 50 90% 
7 15 20 25 90% 
8 15 50 will not reestablish 40% 
9 20 30 100 50% 

105 15 55 200 50% 
 

Expert responses are also visualized in Figure 3 and Figure 4 below.  The raw responses are 
visualized in box plot form to aid communication of the results (Figure 3).  Confidence ranges 
provided in a four point elicitations enable expert responses to be rescaled to produce a 
common confidence bound across experts using linear extrapolation (e.g., McBride et al. 2012).  
We calculated the 95% confidence interval for the shortest and longest plausible time periods 
for each expert (Figure 4).  In cases where the linear extrapolation resulted in negative years for 
the shortest time periods, we adjusted to zero.  This may indicate underconfidence in the 
responses provided by the experts, or that the use of linear extrapolation for these 4-point 
elicitation responses fails to distribute expert uncertainty in a manner consistent with the actual 
uncertainty present in expert responses (i.e., the experts could have been more confident in 
their shortest plausible time response than their longest plausible time responses, which the 
linear extrapolation doesn’t account for). 

                                                
3 Expert confidence that the true recovery time would fall between the shortest and longest time periods 
of their response. 
4 This expert provided a response for two scenarios, first that the catastrophic event does not result in 
habitat loss, and second that habitat is lost and therefore connectivity to extant populations is lost. 
5 This expert provided separate responses for each geographic unit.  The values in this table are the 
overall shortest, longest, and average most plausible number of years indicated in the responses across 
geographic units. 
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Figure 3.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events. 

The raw responses for each of the three time periods (longest plausible time to reestablishment, 
most plausible time, and shortest plausible time period) are displayed in the box plots in Figure 
3 above.  Boxplots illustrate response mean values (bold black lines), the 25% and 75% 
quartiles (upper and lower bounds of boxes), and the highest and lowest values within 1.5 times 
the quartile range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of 
the whiskers are considered outliers and plotted as points.  The individual expert responses 
used to produce the boxplots are indicated by x-marks.  Boxplots are provided as a 
summarizing visualization to aid comprehension of the experts’ responses and their range, and 
the summary values are presented in this context and not intended for use outside of the 
context of the full set of responses. 
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Figure 4.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events, adjusted to provide 95% confidence bounds. 

In Figure 4, 95% confidence bounds were produced from the 4-point responses using linear 
extrapolation.  Shortest plausible time period is in blue, most plausible is green, and longest 
plausible is red.  For plotting purposes negative shortest time period values were adjusted to 
zero, and all zeroes in the plot indicate 95% confidence bounds that extended below zero.  
Longest time periods beyond 350 years were plotted at 350, with the actual time period noted in 
text left and below those points.  Also note that expert 10 responded by geographic unit, so the 
figure displays the 95% confidence bound adjusted overall longest, overall shortest, and 
average most plausible time periods across the six units for expert 10. 

Discussion Points Following Initial Responses:  Experts discussed the amount of time it takes 
for habitat to recover after catastrophic events (e.g., fire, insects) when considering timeframes 
for repopulation.  Some experts could picture some geographic units never being recolonized 
again, and that some could be recolonized immediately, depending on which geographic unit is 
being evaluated and the level of connectivity to other geographic units and to lynx populations in 
Canada.  Washington is more connected to Canada than the Colorado geographic unit for 
example.  The rate of recolonization was variable for each geographic unit because of the size 
of each geographic unit, status of adjacent source geographic units, and the level of 
connectivity.  Experts found it hard to generalize across the range of the species for this 
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question.  The variances in the geographic units across the range need to be considered.  
Experts believed GYA and CO would have a long period for recolonization, if ever recolonized, 
after a potential extirpation event because of the lack of connectivity with Canadian populations.  
It is likely that those geographic units with connectivity to Canada would recover much sooner 
than geographic units not connected to Canada. 

Resiliency 

Definition - Resiliency speaks to an individual population’s ability to tolerate environmental and 
demographic stochasticity, such as fluctuations in temperature or genetic drift.  It is often 
measured in terms of population size and growth rate, but in fact is dependent on a number of 
traits, both demographic and environmental.  These include, among others: age or stage class 
distribution, genetic heterogeneity, birth rates, annual survivorship, sex ratios, etc., and the 
quality and extent of habitat, the degree of disease, competition, etc.  Metapopulation dynamics 
and distribution can also contribute to population resiliency in some species. 

Resiliency Questions:  Probability of Persistence Exercise  

Exercise Summary 

The first two resiliency questions were asked concurrently as part of a probability-of-persistence 
exercise conducted for each geographic unit.  Experts were asked to graphically provide the 
probability of persistence of resident lynx through time for each geographic unit, as well as the 
major factors influencing persistence in those geographic units, one geographic unit at a time.  
Experts were asked to provide persistence probabilities and influencing factors for the near-term 
(2025), mid-term (2050) and longer-term (2100).  Experts were also asked to indicate on each 
of their graph sheets the emissions scenario (low, moderate, or high/status quo) they were 
considering in graphing persistence probabilities and listing influencing factors.  
 
We began this exercise with the Northern Maine geographic unit, and the discussion and 
questions among experts that followed the initial persistence-graphing and factor-listing efforts 
indicated that a review of the status and major issues confronting lynx in each unit (a quick 
reminder and summary of the earlier status update presentations) would be helpful.  Therefore, 
prior to expert responses for the remaining units, the expert(s) most familiar with the geographic 
unit in question gave a 5-10 minute summary of what they viewed as the most relevant 
information about the current and likely future status of lynx populations and habitats in that unit.  
They also presented any other conditions or issues they thought could affect the probability of 
persistence of resident lynx in that unit.  All experts then completed their graphs and lists of the 
factors that influenced the probabilities of persistence they selected for each time frame for the 
geographic unit in question.  For the Maine unit, the discussion following initial responses 
served the same purpose, and after that discussion, experts were given the opportunity to 
revise their responses if they felt it necessary. 
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After all experts completed their responses, the graphs and influence lists from each expert 
were posted on the wall, and workshop participants were invited to gather around to view and 
discuss the range of responses.  Facilitators and SSA Team members then polled the experts 
about what drove their responses.  These questions were a mix of directed questions about 
unique responses, the role of particular factors noted in the responses, and open-ended 
questions to allow experts to describe their thinking.  Experts and team members were also 
encouraged to ask clarifying questions about the responses.  Experts were encouraged to 
modify their responses by posting a revised sheet above their first response if they wished to 
adjust their responses based on the discussions. 
 
1.  What is the probability of persistence over time (particularly at present, 2025, 2050, 
and 2100) for each of the 6 major geographic units? 
 
Response Type:  Graphical 3-point elicitation.  Each expert was provided a blank sheet of 
graphing paper with a y axis of probability of persistence, and an x axis of time, with 4 time 
periods bolded (2015, 2025, 2050, and 2100).  For each of those years, experts were asked to 
add a point to the graph representing the lowest, highest, and most likely probabilities of 
persistence at that time period.  Experts were also asked to connect the points through time. 
 
Question Clarification:  It was explained that the most likely point should represent the 
probability of persistence that the expert anticipates to be most likely to occur for that 
geographic unit at each time period, and that  the points for lowest and highest probability of 
persistence were intended to capture the expert’s uncertainty in the future probability of 
persistence.  Experts preferred to indicate a most likely probability and to provide a full 
confidence interval (i.e., upper and lower bounds within which they felt 100% certain the future 
probability of persistence would fall) rather than indicate a confidence level associated with the 
lowest and highest probability responses. 
 
Expert Responses:  Responses are by geographic unit and are presented below in conjunction 
with the responses to question #2 below. 
 
2.  What are the major drivers/factors (up to 3) reducing probability of persistence for 
each of the major geographic units? 
 
Response Type:  Ranked list of top three factors, for each point in time (present, 2025, 2050, 
and 2100), with % contribution of each factor. 
 
Question Clarification:  Resiliency questions 1 and 2 were asked concurrently.  Experts were 
provided a sheet of paper for each geographic unit and the area at the bottom of the sheet 
below the graphing area was used to list the three major factors they expected would most 
significantly influence the probability of persistence at each time period.  Influencing factors 
were described as those anthropogenic or naturally-occurring activities, events or factors that 
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could influence the probability that resident lynx populations will persist in a given geographic 
unit. 

Expert  Responses:  For each geographic unit, an overview of the unit from the area 
expert are provided, as well a summary of the hand drawn graphs via a figure (Figures 
5 - 10), the responses and major factors are summarized via text, and the discussion 
that the responses generated are presented. 

Results by Geographic Unit 

Northern Maine  

Pre-graphing Overview from Unit Experts:  This step was not added to the process until after the 
probability of persistence exercise for this unit.  Because this unit was the first for which experts 
attempted to graph persistence over time, there were many questions and much discussion 
about process and intent.  It was the discussion following this initial graphing exercise that led 
the SSA Team to request unit summaries prior to subsequent graphing exercises.  The Team 
felt that overview information similar to that provided prior to graphing persistence for 
subsequent units (below) came out during the discussion.  Further, because experts were 
encouraged to update their Northern Maine geographic unit responses as necessary following 
that discussion, the Team felt that the results of the graphing exercise for the Northern Maine 
geographic unit were valid and comparable to the results generated for the other units. 

Expert Responses:  All experts indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Maine through the end of the century, with uncertainty (range 
between lowest and highest probabilities) also increasing over time.  Nearly all experts 
predicted near-term (year 2025) persistence probability >= 90% and mid-century persistence >= 
70%.  All experts predicted end-of-century persistence probability >= 50% for this unit, with most 
predicting a 40% to 60% probability of persistence by 2100 (Figure 5).  Near-term drivers that 
influenced experts’ probabilities of persistence for this geographic unit were changes in private 
forest land ownership, changes in forestry management (timber harvest methods, volumes, and 
spatial distributions), habitat decline (succession of previous clear-cuts from young, dense 
regenerating stands to mature stands less conducive to high hare densities), spruce budworm 
outbreak, climate change-induced loss of spruce-fir habitats, and competition with bobcats due 
to climate change-induced loss of snow conditions that favor lynx.  Longer-term (2050, 2100) 
drivers similarly included changes in forestry practices, but also climate-driven loss of snow 
conditions favorable to lynx/competition with bobcats, and loss of spruce-fir forest.  As with 
responses for other geographic units, not all experts provided the factors that influenced their 
persistence probabilities for each time period, and not all provided the percent contribution of 
each factor. 
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Figure 5.  Expected probability of persistence for the Northern Maine geographic unit at present, 
2015, and in 2025, 2050 and 2100. 

Note:  In Figure 5, above, and figures 6 through 10, below, points for each of the 10 expert 
responses, for each of the three probability of persistence levels, i.e., highest, most likely, and 
lowest probabilities of persistence, are represented by the hollow red, filled green, and hollow 
blue points respectively.  The black x mark is the median of the most likely responses across 
the experts in each response year.  The red, green, and blue dashed lines connect the median 
of the highest, most likely, and lowest probability of persistence responses across the experts in 
each response year.  The edges of the grey area were defined by the extreme responses, i.e., 
the range from the largest of the highest probability of persistence responses to the smallest of 
the lowest probability of persistence responses.  The median lines and grey area are provided 
as a summarizing visualization to aid comprehension of the experts’ responses and their range, 
and should not be viewed as a substitute for individual responses or presented outside the 
context of the accompanying discussion. 

Discussion Points Following Initial Responses:  One expert expressed confidence that the lynx 
population in Maine will be stable in the near term; that climate change out to 2050 will primarily 
affect coastal areas, which support few lynx; and that there will likely still be favorable conditions 
for lynx in northern Maine where most lynx currently occur.  A second expert disagreed, and 
indicated that a combination of aging of the last of the budworm-era (1970s-80s) clear-cuts, the 
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cumulative effects of the last 25-years of partial harvesting (in accordance with the Maine Forest 
Practices Act), and the coming spruce budworm outbreak will all substantially reduce the 
amount of high quality lynx/hare habitat in this unit.  Projecting past 2050, experts generally 
agreed that climate change will likely create unfavorable conditions (e.g., insufficient snow, loss 
[northward migration] of spruce-fir forests) in northern Maine’s core area for lynx, and the 
probability of persistence will decline over the longer term.  Although uncertainty increases with 
time from the present, climate-related loss of favorable snow conditions (amount, consistency, 
and duration), loss of spruce-fir, and bobcat competition will likely reduce the probability of 
persistence in this unit beyond 2050.   

There was some concern that timber companies would not respond to the pending spruce 
budworm outbreak like they did in the 1970s (extensive clear-cuts).  Some experts also 
expressed concerns about the effects of the current clear-cuts aging past conditions that 
support hares and lynx.  Out to year 2050, changes in snow conditions and loss of spruce-fir 
associated with climate change will contribute to habitat loss.  Past 2050, diminished snow, 
successional loss of high-quality habitats, increased competition from bobcats, and spruce-fir 
decline will make conditions unfavorable for lynx.  Some experts assumed a high-emissions 
climate change scenario, but others said their predictions would not change under moderate 
emissions scenarios.  The second expert (above) indicated that current data show spruce-fir 
habitat is being replaced with a hardwood forest (red maple) system, and that this will continue 
throughout the century.  This expert indicated hardwood forest invasion isn’t being controlled by 
herbicides as it was in the last budworm outbreak.  The first expert (above) disagreed and said 
that lynx are resilient and forestry practices will likely sustain spruce-fir habitats in Maine, 
providing an example of one timber company that has already invested in spruce plantations.  
The second expert indicated that most of the land base is owned now by Timber Investment 
Management Organizations and Real Estate Investment Trusts who will not employ intensive or 
expensive (plantation, herbicide) forms of forestry.  In summary, experts expressed a variety of 
opinions about how forest management may change in the future in Maine and, in particular, 
how forest landowners and managers may respond to the pending spruce budworm outbreak, 
and how these responses may impact resident lynx.  

Other factors considered by the experts included budworm outbreaks, the potential for disease 
in a lynx population (not currently a recognized or documented threat and typically unexpected, 
but always a possibility), ecosystem change induced by climate change, forest tree species 
composition changes, competition with other temperate forest animals.  There are many 
interrelated factors and different stresses and factors that may occur in the future.  It is difficult 
to anticipate the factors that will affect lynx in the future.   

Experts discussed the role of competition between lynx and other carnivores, especially 
bobcats, throughout the DPS.  One expert remarked that in some parts of Montana there is 
complete overlap of lynx and bobcat home ranges and little or no evidence of competition 
effects.  Others indicated relatively narrow regions of overlap and sharp demarcation between 
areas that support home ranges of the two species that correspond with annual snowfall 
amounts in Maine and Minnesota.  Experts were unsure whether bobcat-lynx overlap is more a 
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function of snow conditions in these areas or competition between the species (i.e., competition 
for food or behavioral competition).  Although separation of the species has been documented, 
the nature and causes of the separation are not certain.  Bobcats are a more generalist predator 
than lynx and less reliant upon hares than lynx.  Experts expressed varying opinions regarding 
seasonal differences in overlap among lynx and bobcat diets, the effect and importance of 
competition between the two species, and whether it is behavioral or resource competition.    

Lynx in Maine have not responded to changes in hare abundance exactly as lynx in Canada 
and Alaska have to hare population cycles.  In Maine, the proportion of females that reproduced 
and average litter size declined during low hare years, as in the north, but home range sizes in 
Maine did not increase as they did in the north when hare abundance was low.  Hare densities 
do not appear to have dropped below a critical threshold to alter lynx home range size in Maine 
as in the North.   

An SSA Team member asked how hare cycles or fluctuations may affect predictions of 
persistence in Maine.  The first expert (above) said that hare declines documented by University 
of Maine monitoring is likely due to the aging forest, and that lynx in Maine haven’t yet 
responded biologically to the range of hare densities observed in Maine, as suggested by the 
lack of change in home range sizes and survival.  The second expert (above) disagreed, and 
cited University of Maine research that showed hare populations declined by ~50% in all stand 
types sampled starting in 2006, that forests where hares were monitored have not yet 
progressed to the self-thinning stage, and that the hare decline in Maine is mirrored by hare 
data from southern Quebec.   

Northeastern Minnesota 

Pre-graphing Overview from Unit Experts:  There are probably 50-200 resident lynx in 
Minnesota but there is much uncertainty and survey protocols do not support generation of 
precise abundance estimates.  Lynx occupancy and reproduction both have been consistently 
documented in the state since it was listed in 2000.  Lynx in this geographic unit are interacting 
with, and possibly depending on, southern Ontario populations.  Although females exhibit high 
reproductive rates, radio-telemetry data suggest low recruitment of Minnesota-born kittens into 
the breeding population of this geographic unit.  Bobcats are a potential future stressor as they 
are encroaching into lynx areas; fire is a threat in dry years (e.g., there have been 3 fires in last 
15 years that have burned approximately 20% of lynx habitat).  The forest management industry 
is tied to softwoods and continued management of softwood tree species is expected in the 
future. 

Expert Responses:  As with the previous unit, all expert graphs showed initially high and 
subsequently declining probability of lynx persistence in Minnesota over time, along with 
increasing uncertainty through the end of the century.  Nearly all experts predicted near-term 
(year 2025) persistence probability >= 90%, and all experts predicted mid-century persistence at 
60% to 90% (median = 80%).  Experts predicted end-of-century persistence probabilities of 10% 
to 60%, with a median of 35%, by 2100 (Figure 6).  Near term drivers were reduced snow, 
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bobcat competition, disease in lynx (e.g., lungworm, liver fluke, feline leukemia), and forest 
insects.  Long term drivers were reduced snow, competition with bobcat, loss of spruce-fir 
forests, fires, and climate change. 

 

Figure 6.  Expected probability of persistence for the Minnesota geographic unit at present 
(2015), and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts expressed uncertainty whether 
potential climate change impacts will be realized in the short term, but that the cumulative 
effects of climate-induced changes seem more likely in the longer term.  This uncertainty may 
be a source of variability in predicted persistence probabilities.   Some experts expressed 
uncertainty about the accuracy of the rough estimate of the size of the lynx population in this 
unit because surveys were not designed to provide population estimates.  Some experts wanted 
clarification on the distribution of lynx in the state, and which areas of the state have the highest 
use.  The core-use spatial extent was described as a 20-mile-wide strip inland from the north 
shore of Lake Superior and extending about 60 miles from the northeast tip of the “arrowhead” 
southwest into the Superior National Forest (SNF).  Lynx occasionally occur further west in the 
SNF and in other areas such as Voyageurs National Park.  Recent snow-track surveys suggest 
lynx may be using a larger portion of the arrowhead region, and radio-telemetry data have 
documented travel to and from southern Ontario.  Lynx also have been documented to use the 
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1-million-acre Boundary Waters Canoe Area Wilderness (BWCAW) that borders Canada for 
dispersal in both directions across the border.  However, because the BWCAW has not been 
surveyed for lynx, the number of lynx that may use this area is unknown.  The SNF does not 
actively manage the BWCAW.  The current connectivity between lynx in this unit and the larger 
population in Ontario reduces the likelihood of local extirpation in this geographic unit, but the 
likelihood would increase if connectivity was compromised and cross-border interactions 
reduced. 

Factors considered included potential disease, fire, loss of boreal forest, competition with 
bobcats and possibly other hare predators.  Some experts questioned the validity of disease as 
an influence in this and other geographic units because although disease has been documented 
in some felines, it has not been documented as a threat to lynx in any of the DPS populations to 
date.  Some experts speculated that because there is a link between disease and temperature 
increases in other animals, projected climate warming could contribute to disease in lynx.  
Therefore, although not a factor for lynx currently, it is not unreasonable that disease could 
impact lynx populations in the DPS in the future, so we may want to consider disease in future 
conservation planning.  Experts also discussed the possibility that climate warming may 
facilitate the westward expansion of the spruce budworm outbreak that is projected for Maine 
and eastern Canada into southern Ontario and the Minnesota geographic unit. 

Northwestern Montana/ Northeastern Idaho 

Pre-graphing Overview from Unit Experts:  There are likely 200-300 lynx in this unit in several 
subpopulations (expert stressed that this is a guess and not a true population estimate), and 
there is currently a connection with lynx in Canada.  Climate models project that some boreal 
forest will persist in this unit and that it will maintain snow into the future.  In this unit, lynx 
primarily occupy public lands, which are actively managed for lynx into the future.  In recent 
decades, fires have occurred on a large scale, with high intensity and increasing frequency.  
There have been no documented cases of beetle infestations in lynx habitats in this unit. 

Expert Responses:  As for previous units, all expert graphs showed an initially high and 
subsequently decreasing probability of persistence for this unit, with increasing uncertainty over 
time, but a higher probability of persistence at all time frames than other units.  All experts 
predicted near-term (year 2025) persistence probability >= 95%, and all predicted mid-century 
persistence at 70% to 100% (median = 90%).  All experts predicted end-of-century persistence 
probabilities >= 50%, with a median of 78%, by 2100 (Figure 7). 
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Figure 7.  Expected probability of persistence for the Northwestern Montana/Northeastern Idaho 
geographic unit at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Overall, experts assigned a higher probability of 
persistence in this unit compared to the other two units discussed thus far.  Most lynx habitats in 
this unit occur on Federal lands that are managed for lynx conservation, but one expert noted 
that little has been done to document whether lynx are responding to this management.  The 
recent sale of large tracts of private commercial timberlands in the central part of this unit to The 
Nature Conservancy has increased protection for lynx via conservation easements managed for 
lynx.  Habitats in some areas should improve in the near future as previously cut or burned 
areas mature into dense stands.  Unlike the Maine and Minnesota geographic units (but similar 
to most other western units), high elevations in this unit could buffer the effects of climate 
change by providing for the upslope migration of lynx habitats and snow conditions that climate 
models predict.  However, this would result in even patchier and more isolated islands of habitat 
in high elevation areas that would be more prone to extirpation due to catastrophic or stochastic 
events.  Competition from coyotes and bobcats seem to be less of a concern for this unit. 

This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 
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occurring or will into the future.  There doesn’t appear to be much demographic input from 
recent cycles.  There is evidence of lynx from this unit moving north into Canada, but little 
evidence of demographic interactions among the three subpopulations (Purcell Mountains, 
Seeley Lake, and Garnet Mountains) in this unit.  Experts noted that the Garnets Mountains 
subpopulation at the southern end of this unit may have recently become extirpated.     

Discussion among experts indicated that fire was more of a concern for this area.  Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit.  Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels.  Out to 2050 and 
beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity.  Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 

Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats.  Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change.  It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level.  One expert reminded that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation.  Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in future.   

North-central Washington 

Pre-graphing Overview from Unit Expert:  This geographic unit is thought to currently support 
roughly 50 resident lynx.  There may have been more lynx prior to recent major fires.  This unit 
is currently connected to Canada, and there is no indication that this connection will be 
disrupted.  Some of the best lynx habitat in this unit occurs on plateaus that may be more 
vulnerable to impacts of climate change because of the absence of higher-elevation areas to 
which habitats, lynx and hares could migrate in response to warming.  In areas that receive 
maritime climate influences, projected climate-induced changes to snow conditions could be 
detrimental for lynx.  Studies have shown good lynx survival rates in this unit. 

Expert Responses:  Compared to the previous units, most expert graphs showed a lower 
probability of persistence for this unit over the short term, and then lower probability of 
persistence along with increasing uncertainty by 2100, reflecting a more pessimistic outcome for 
this unit compared to previous units (Figure 8).  Experts predicted near-term (year 2025) 
persistence probabilities of 60% to 90% (median = 80%), and mid-century persistence at 30% to 
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80% (median = 70%).  All experts predicted end-of-century persistence probabilities less than 
50%, with a median of 38%, by 2100 (Figure 8).  However, one expert predicted an increase in 
persistence probability by mid-century as habitats impacted by recent large-scale fires 
regenerate into optimal hare-lynx habitat. 

 

Figure 8.  Expected probability of persistence for the North-central Washington geographic unit 
at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  The probability of lynx persistence in this unit 
could decrease sharply over the next 10-20 years because of extensive recent fires in lynx 
habitats and the time needed for these areas to regenerate back to good hare/lynx habitat.  
After that, the probability could rebound (or decline more slowly) over the longer term as these 
large areas return to prime habitat providing high hare densities.  The current small population is 
likely at greater risk of extirpation because of stochastic events, particularly if large fires in lynx 
habitat continue to occur in the near future as they have in the recent past.  A small population 
also could be more susceptible to disease, though none has been documented among lynx in 
this unit.  Experts discussed the extent to which small lynx populations could be reduced before 
they would become highly susceptible to stochastic demographic effects.  It was suggested that 
15-20 breeding individuals might be the minimum needed to avoid such susceptibility.  
Unimpeded connectivity between Canada and the Okanogan area of this unit could allow lynx to 
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repopulate currently-unsuitable areas after the habitat recovers.  Lynx in this unit are likely the 
southern portion of a larger population in Canada, not really a separate, isolated small 
population.  Factors that influenced expert persistence probabilities for this unit included fire, 
habitat loss, and the future loss of favorable snow conditions predicted by climate change 
models. 

Greater Yellowstone Area (GYA) 

Pre-graphing Overview from Unit Experts:  This unit has a long history of lynx presence, but the 
consistency of occupancy over time is uncertain.  Research and surveys since 1997 have 
detected few lynx in this unit.  Lynx are likely spatially limited within the unit because of the 
patchy distribution of high-quality habitat and the generally low or marginal hare densities in 
much of the unit.  Lynx have large home ranges in this area, an indicator of lower habitat quality.  
Nevertheless, until recently, this unit appears to have supported a small resident lynx 
population.  The current lynx population in this unit is very small - likely fewer than 10 lynx, and 
possibly zero.  This population may have been somewhat larger in the past; however, there is 
some uncertainty about this.  Recent surveys and trapping efforts have not detected resident 
lynx, only several that were previously released in Colorado.  Several Colorado-released lynx 
have established home ranges in the GYA unit, and there is evidence of overlapping male and 
female home ranges.  In the late 1800s and early 1900s, there was notable predator control in 
some parts of this unit.  There currently is oil and gas exploration and development activity in 
parts of this unit, but potential impacts to lynx are uncertain, and projects are attempting to 
minimize impacts to lynx habitat. 

Expert Responses:  The expert graphs for this unit were widely variable and had different 
outcomes and high uncertainty at all time frames.  Experts predicted near-term (year 2025) 
persistence probabilities of 10% to 70% (median = 52%), and mid-century persistence at 15% to 
60% (median = 35%).  All experts predicted end-of-century persistence probabilities less than 
50% for this unit, with a median of 15%, by 2100 (Figure 9).  This was the only unit for which 
most experts believed the present probability of persistence is low (i.e., that it is uncertain 
whether this area currently supports a resident lynx population).  Some experts increased 
probability of persistence into mid-century as the 1980s-era fires regenerate into hare/lynx 
habitat, and with the possibility of continued immigration of lynx from Colorado.  Other experts 
project a 10% to 20% probability of persistence by 2100.  One reason given for wide variability 
in responses is because of the uncertainty whether a population currently exists.  There were 
wide confidence intervals around the probabilities for all time periods for this area. 
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Figure 9.  Expected probability of persistence for the GYA geographic unit at present, 2015, and 
in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Current and future factors expressed by experts 
as influencing probability of persistence for this unit included small population size, forest 
disease and insect pests, and fire.  Some experts doubt that the GYA unit currently supports a 
resident breeding population of lynx.  Experts indicated that climate models predict that some 
parts of the GYA unit could provide refuge from climate change impacts because of their high 
elevations and potential to maintain winter snow levels into the future.  Summer conditions in 
this unit, however, could be drier in the future, resulting in increased fire frequency, extent and 
intensity, and additional temporary habitat loss.  However, regeneration of these areas and the 
extensive areas that have burned in the recent past may provide good habitat over the next 
several decades.  Lynx immigrating to this unit from Colorado could occupy such improved 
habitats in the near future.  Colorado lynx have made exploratory movements into the GYA in 
summer months, and analysis of available data could improve our understanding of Colorado 
lynx movement into and use of the GYA.  It is possible that lynx from Colorado are maintaining 
or could maintain lynx in GYA. 
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Western Colorado 

Pre-graphing Overview from Area Expert:  From 1999 to 2006, Colorado Division of Wildlife 
(CDOW; now Colorado Parks and Wildlife [CPW]) released 218 Canadian and Alaskan lynx into 
western Colorado.  Survival and litter sizes have been similar to rates observed in other DPS 
populations.  There are probably 100-250 lynx in Colorado today.  There are currently 5-6 
million acres of habitat in this unit thought capable of supporting lynx and where hares are 
present in sufficient numbers to support persistent reproduction.  Extensive bark beetle 
infestations have impacted large areas of lynx habitat, but snowshoe hare are still occupying 
areas with beetle damage.  Three large fires have occurred in recent years, resulting in some 
lynx habitat burned.  Salvage operations in burned areas could diminish future habitat quality.  
This unit is more isolated from Canadian and other DPS lynx populations; separated by a large 
swath of inhospitable habitat.  Road mortality of released lynx was initially high but it doesn’t 
seem to be a problem now (about 1 per year killed on roads on average since the first year of 
the reintroduction).  There is no incidental take from trapping because foothold traps are banned 
in Colorado.  Climate models show CO will maintain habitat over time with anticipated climate 
changes.  Like other western units, habitat is patchily-distributed across this unit. 

Expert Responses:  Similar to most of the other units, most expert graphs indicate an initially 
high probability of persistence in this unit that will decline gradually with increasing uncertainty 
through the end of the century.  Experts predicted near-term (year 2025) persistence 
probabilities of 60% to 100% (median = 90%), and mid-century persistence at 50% to 85% 
(median = 80%).  Experts predicted end-of-century persistence probabilities of 20% to 70% for 
this unit, with a median of 50%, by 2100 (Figure 10). 
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Figure 10.  Expected probability of persistence for the Western Colorado geographic unit at 
present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts indicated that beetle kill and fire 
could potentially create poor habitat conditions in large areas of this unit by mid-century, but that 
regeneration after these impacts could result in good lynx/hare habitats.  Others expressed 
uncertainty about whether fire and insect impacts would be temporary or permanent, especially 
considering climate change and the potential for conversion from boreal/subalpine forests to 
other forest types.  Although 8 of 10 experts graphed 50% to 70% probability of persistence at 
2100, during subsequent discussions, several expressed greater uncertainty about whether 
resident lynx will persist in the unit at the end of the century.  Higher-quality lynx habitat occurs 
primarily in two areas and is patchily-distributed.  Lynx in this unit may occur as several smaller, 
relatively isolated subpopulations, which are likely more vulnerable to stochastic events (similar 
to MT).  This unit’s relative isolation may limit exchange with other lynx populations, increasing 
the likelihood of genetic drift and reducing the chance of demographic rescue or recolonization if 
extirpated.  There was discussion about whether ski areas may affect daily movements of lynx, 
and hares may be declining in ski areas.  Ski areas tend to expand and may, therefore, have 
larger impacts on lynx in future.  There is some evidence of lynx using ski areas in summer 
months but avoiding them during the ski season.  It is uncertain whether ski areas may affect 
genetic connectivity within the Western Colorado geographic unit.  Two-thirds to three-quarters 
of the lynx in this unit are in the southern portion of the range in the San Juan Mountains.  There 
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is a large area (Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, 
so it is possible that lynx also could be using that area. 

Summary across Geographic Units 

This section extrapolates from the probability of persistence responses for each geographic unit 
in the section above.  In this section we show the combined probabilities of persistence for 
those geographic units to provide a sense of what the DPS-wide results could be when the 
results for the individual geographic units are combined.  This is shown as a summary of the 
probability that a given number of geographic units persist into the future (See Figure 11) using 
the probabilities provided for each individual unit.  Note that no additional information was 
elicited to produce this summary; rather, the probabilities for each geographic unit were treated 
as independent probabilities of persistence and used to determine the joint probability of 
persistence for a given number of geographic units in total.  Computationally these joint 
probabilities were computed using a convolution of the Bernoulli probability distribution of 
persistence for each geographic unit via a custom convolve function executed in the statistical 
software R (see Appendix 6 for the R code used to produce these and the other summaries and 
figures presented in the report).  The results of this convolution are shown in two forms, first is 
the probability that a particular number of geographic units persists (Figure 11) and the second 
is the cumulative probability that at least a given number of geographic units persist (Figure 12). 
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Figure 11.  Summarized probability of persistence of a given number of geographic units given 
the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 11 is the probability that the specific number of geographic 
units indicated by the x axis of the grid persist.  The probability sums to one in each grid.  
Moving from top to bottom the grids show the probabilities of a specific number of geographic 
units persisting by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by selection type and probability response.6  Therefore 
looking down a column of grids provides a view of the trend in persistence through time and 
looking across a row of grids provides a view of the range of uncertainty in persistence experts 
had for a given time period.  The summarized probabilities presented here are provided to aid 
understanding of the implications of the individual persistence probabilities provided above, and 

                                                
6 “Median_High” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the highest probability response in each geographic unit. 
“Median_Likely” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the most likely probability response in each geographic unit. 
“Median_Low” is the probability of persistence generated by selecting the median probability of 
persistence across experts from the lowest probability response in each geographic unit. 
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are derived directly from those responses and therefore should be presented and considered in 
conjunction with those figures. 

 

Figure 12.  Summarized probability of persistence of at least a given number of geographic units 
given the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 12 is the probability that at least the number of geographic 
units indicated by the x axis of the grid persist.  The probability in a bar reaches 1 when there is 
no probability of fewer geographic units persisting.  Moving from top to bottom the grids show 
the probabilities by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by summary selection type and probability response as in 
Figure 11.  Therefore looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period.  The summarized probabilities presented here are provided 
to aid understanding of the implications of the individual persistence probabilities provided 
above, and are derived directly from those responses and therefore should be presented and 
considered in conjunction with those figures. 

Expert Assumptions during Persistence Graphing Exercises 

Experts were asked to summarize the assumptions that informed their responses to resiliency 
questions 1 and 2.  This was done via open discussion, with facilitators asking both direct 
questions about particular issues that could impact responses (e.g., climate change conditions), 
and open ended questions (e.g., what other assumptions were considered?). 
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Notes:  Climate-change emissions scenarios considered during this exercise differed among 
experts (and some responses did not indicate an emissions scenario).  However, in discussions 
following the graphing exercise, experts indicated that the confidence intervals around their 
persistence probabilities were likely to capture the variance associated with different emission 
scenarios and other climate change uncertainties. 

Experts were asked whether regulatory protections influenced their predictions.  Some experts 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies).  Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections.  Their focus was on the biology and ecology of the species, not listing status-related 
impacts or regulatory scenarios in the future, and they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status.   

Experts were asked what they meant by “small population size effects.”  They explained that 
because small populations are more vulnerable to both demographic and genetic impacts and 
at increased risk from catastrophic and other stochastic events than are larger populations, they 
also have a lower likelihood of persistence.  Experts indicated that connectivity with other 
populations reduces the vulnerability of small populations as it does for larger populations.   

Experts were asked if their projections were influenced by considerations of whether historical 
patterns of cyclic irruptions of lynx into the DPS from Canada will continue in the future.  Most 
agreed that the magnitude of irruptions has declined from the historical highs of the 1960s and 
1970s, and that irruptions may have ceased in recent decades in some parts of the range, 
particularly in the West.  However, most experts felt that connectivity remains good between 
Canada and those DPS geographic units that abut the international border, and most assumed 
some level of regular or intermittent interaction between lynx in those units and Canada, even if 
full-blown irruptions have not been documented recently.  Some experts said that the likelihood 
of future irruptions had little influence on their persistence graphs, especially for the more 
isolated units (GYA and Western Colorado), where an influx of lynx from Canada may be less 
likely. 

Conservation Actions to Address Influencing Factors and Increase Probability of 
Persistence 

3.  What conservation actions could be taken that would address the factors impacting 
the probability of persistence, or would otherwise increase the probability of 
persistence? 
 
Response Type:  Individual list with rounds responses.  Experts were given 5 minutes to write a 
list of three potential conservation actions that could be taken.  Facilitators then asked one 
expert at a time to provide one item from their list, cycling through the set of experts until all 
experts had exhausted their lists.  Experts were given the opportunity to add items when it was 
their turn that had not been on their written lists.  Experts were not asked if they agreed with 
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conservation actions presented by other experts, thus the following list should not be viewed as 
consensus among lynx experts. 
 
Expert Responses:  List of potential conservation actions in the order provided. 

● Reduce CO2 emissions  
● Continue protections associated with Federal and/or State listing 
● Adjust forest management to retain spruce and fir, and reduce fire burn rates 
● Promote/maintain habitat connectivity with Canadian populations through coordinated 

cross-border land use planning 
● Manage salvage logging associated with fire and insect damage to minimize impacts to 

and/or facilitate restoration of lynx/hare habitats 
● Configure and design lynx-friendly landscapes at appropriate scales; design and 

maintain a mosaic of lynx/hare habitats 
● Manage fuels reduction (fire management) projects while maintaining or enhancing 

hare/lynx habitat features. 
● Augment small populations and reintroduce lynx to former, historic range with suitable  

habitat  (GYA, Kettle Range in Washington, perhaps other areas); bolster populations 
before future climate change impacts 

● Support additional research to fill knowledge gaps, particularly related to effectiveness of 
conservation efforts – it remains unclear exactly what is needed for lynx across the 
range to achieve/maintain viability (e.g., habitat quality/amount/distribution, landscape-
level hare densities, forest conditions that support hares, etc.)  

● Enhance cross-border cooperation with Canada to increase near-border lynx 
populations and maintain connectivity 

● Consider cumulative impacts of mining, ski areas, oil and gas, etc., in management 
● Promote reforestation of heavily fragmented areas (e.g., some parts of the GYA and 

Minnesota units); reduce fragmentation 
● Apply strategic habitat conservation concepts; model and identify key areas and focus 

on those areas still in need of protection and management (e.g., private forest lands) 
● Maximize redundancy of lynx populations throughout the DPS 
● Implement fire management Best Management Practices (BMPs)( e.g., allow/encourage 

burns to occur in a way that creates high- and low-intensity mosaic fire patterns) 
● Evaluate whether there is a need for monitoring lynx (and hares) using consistent 

methods throughout the DPS, perhaps coupled with monitoring of other carnivores; 
structured occupancy modeling with genetics sampling could be very informative and is 
cost effective; also known-fate monitoring; monitoring pellet plots is proven and reliable 
way to monitor hares 

● Devote increased funding to lynx conservation - lynx are in worse shape than other 
mesocarnivore species, but receive less funding than those species that have more 
secure populations and appear less vulnerable to climate change  
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Other Considerations 
After completing the elicitation exercises and prior to adjourning the workshop, facilitators asked 
if there were any other considerations the lynx experts or subject matter experts felt are relevant 
to the SSA.  One subject matter expert indicated that monitoring of prey base (hares, red 
squirrels) would help inform lynx recovery, and that pellet-based or mark-recapture methods are 
most reliable.  This expert suggested a need to determine whether areas that we think are going 
to become poor habitat for a variety of reasons could still hold hares and lynx in the future.  
Maybe hares still can use areas we think will be poor habitat, and monitoring these areas could 
help inform our understanding of how lynx persist at the edge of their range. 

Synthesis 
Although uncertainty remains about the historical distribution and sizes of resident lynx 
populations in the DPS, as well as current population sizes, much more is known now than 
when the DPS was listed under the ESA in 2000.  Based on research conducted since the DPS 
was listed, including the summaries of that work provided at this workshop, as well as ongoing 
research, conservation, and management efforts, we have a much better understanding of the 
distribution and status of populations throughout the DPS range.  For example, in 2000, it was 
unclear whether Maine and Minnesota supported resident populations or were only occasionally 
visited by lynx dispersing from Canada during and after northern hare population crashes.  We 
now know that both northern Maine and northeastern Minnesota support resident lynx 
populations, and both are likely larger now than they were historically (Maine), or before they 
were protected by State and Federal regulations (Minnesota).  In contrast, resident lynx appear 
to be naturally less abundant and more patchily-distributed in some parts of the DPS than 
thought at the time of listing, including the West (Interagency Lynx Biology Team 2013, p. 23), 
where potential lynx habitats also appear to have been initially overestimated.  We also have a 
better understanding of the habitat features and hare densities that appear necessary to support 
resident lynx at the southern margin of the species’ range, and of the parts of the contiguous 
U.S. that contain these features.  The presentations in conjunction with expert elicitation 
responses at this workshop have informed and refined our understanding of key aspects of the 
status of, and potential threats to, the lynx DPS.  
 
For example, we were provided a thorough history of the evolution of regulatory mechanisms 
that have been developed and implemented through conservation agreements and formal 
amendments to Federal agency management plans to address the singular threat for which the 
DPS was listed under the ESA - the inadequacy of regulatory mechanisms in Federal land 
management plans prior to listing.  Given our improved understanding of resident lynx 
populations in Maine and Minnesota (above), where State and private lands constitute much 
more of the lynx habitat than elsewhere in the DPS (98.9% in Maine; 51.7% in Minnesota), an 
assessment of the adequacy of regulatory mechanisms on those State and private lands will be 
a necessary component of the status assessment.  Likewise, our understanding of lynx genetics 
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also has improved, with evidence of continued high levels of gene flow range-wide, despite fine-
scale genetic sub-structuring in some populations and additional evidence of lynx hybridization 
with bobcats.  Bobcats appear to be encroaching at the edge of the lynx range in Minnesota 
(Appendix 3, p. 9) and their numbers appear to have increased recently in New Hampshire, 
Vermont, and southern Quebec (Lavoie et al. 2009, entire; Roberts and Crimmins 2010, p. 170; 
Broman et al. 2014, p. 230) adjacent to the northern Maine lynx distribution.  Whether this 
represents a threat to lynx populations in Minnesota and Maine via increased hybridization, 
behavioral mechanisms, or competition for hares is not documented at this time; however, 
encroachment of bobcats in the southern periphery of lynx range may result in lynx 
displacement or niche contraction (Peers et al. 2013, entire). 
 
Canadian researchers also provided updated information on lynx status, management (including 
legal harvest), threats, genetics, and hare population cycles in southern Canada, adjacent to 
some DPS lynx populations.  Forest ecologists and climate modelers also presented information 
regarding potential impacts of timber management and climate change on lynx and boreal forest 
habitats in the contiguous U.S.  Knowledge of lynx and hare responses to various silvicultural 
treatments continues to improve, although the need for continuing research remains.  Climate 
models continue to point toward the future northward and upslope migration of lynx and hare 
habitats and loss of snow conditions favorable to lynx, although uncertainty remains regarding 
the timing, extent, and biological consequences of such impacts.  Increases in the size, 
intensity, and frequency of wildfires and insect outbreaks in boreal/subalpine forests may also 
be related to climate change, but whether these represent temporary or permanent impacts to 
lynx habitats remains unclear.  Finally, much research has been done on hare population 
dynamics and habitat relationships at the southern extent of their range, much of which overlaps 
that of lynx in the contiguous U.S., but questions remain regarding regional variation in hare 
densities and what landscape-level hare abundances are necessary to support persistent 
resident lynx populations across the DPS. 
 
Based on the summaries of post-listing research and the status and threat updates provided at 
this workshop, and on the results of the expert elicitation process, the Service provides the 
following synthesis of the status and likely viability of the DPS in terms of the 3 Rs.  This 
information will be considered as appropriate, along with more detailed analysis of the published 
literature, in the subsequent SSA report for the DPS.  The conclusions below are based on the 
information provided and the results of expert elicitation conducted at this workshop; they may 
be complemented or altered by the additional analyses yet to be conducted as part of the SSA 
process. 

Representation 
Expert presentations on lynx genetics in the DPS and in Canada and expert responses and 
discussion with regard to representation questions suggest few threats to the genetic fitness or 
adaptive capacity of lynx in the DPS.  High gene flow across the continental lynx range, 
indicated by very low Fst values (see Subject Matter Presentations, above), suggests the 
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absence of substantial barriers to genetic interchange, and little evidence or risk of significant 
genetic drift among DPS populations.  Most experts indicated that none of the six geographic 
units known or thought to support lynx populations in the DPS is susceptible to meaningful 
genetic drift, although several experts indicated that the more geographically isolated units (the 
GYA and Western Colorado units) are likely more susceptible to such drift than the units that 
are directly connected to lynx populations and habitats in Canada.  Overall, according to both 
the expert panel and the subject matter presentations, there appears to be a low risk of 
biologically consequential drift for lynx populations in the DPS.  Likewise, expert responses 
indicated that the generally low level of genetic differentiation and relatively similar ecological 
settings across the DPS suggest little life history variability or niche differentiation among DPS 
populations that would indicate that any are more or less important to maintain than others in 
terms of representation.  Individual experts indicated that representation can best be maintained 
by conserving current DPS populations (and hence the genetic variation in each), maintaining 
connectivity between DPS and Canadian populations, and avoiding impacts that would facilitate 
or increase the potential for or likelihood of genetic drift.  Our interpretation of this part of the 
elicitation is that the adaptability and evolutionary capacity of the DPS over time does not 
appear to have been diminished and is unlikely to become so, independent of threats that may 
impact the redundancy and persistence of lynx populations.  We will consider this information 
along with available empirical data and the published literature when evaluating representation 
in the DPS for the SSA. 

Redundancy 
With resident lynx populations and subpopulations in at least five of six large (the smallest is 
over 2,000 square miles, the others are all over 8,000 square miles), widely-distributed (from 
Maine to Washington and south along the Rocky Mountains), and relatively discrete geographic 
areas (see Figure 1), the DPS as a whole appears invulnerable to extirpation from a single 
catastrophic event.  Expert responses indicated no catastrophic event that could result in the 
functional extirpation of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units due to a single catastrophic event.  We 
interpreted these responses to indicate there is a small chance of decreased redundancy from a 
single catastrophic event because the probability of any geographic unit being lost to a 
catastrophic event is low.  Experts indicated that functional extirpation of the geographically 
smallest unit (Washington) and those supporting the fewest resident lynx (Washington, GYA, 
and perhaps Minnesota) would be more likely to occur as a result of a series of catastrophic 
events over a 10-year period than to any single event over the next 10 years (see Figure 2 
above).  Experts listed fire, drought, insect outbreaks, loss of favorable winter conditions, and 
disease as potential events that could lead to functional extirpation in these units.  In 
Washington in particular, where large fires have impacted nearly 40 percent of the occupied 
lynx habitat over the past 10-15 years, experts felt that several more successive years of such 
fires could result in functional extirpation.  However, because fire and insects are likely to cause 
only temporary (20-40 years) losses of lynx and hare habitats, and because connectivity 
between the Washington unit and lynx habitats and populations in southern British Columbia 
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remains intact, experts indicated this unit (and others abutting habitats and lynx populations in 
Canada) would likely be naturally re-colonized relatively quickly by dispersing lynx.  Therefore, 
extirpation in these units because of catastrophic events (or a series of them over time) would 
be temporary (likely lasting only one or several decades) unless events permanently altered the 
habitats.  Experts indicated that if lynx were functionally extirpated in the GYA or western 
Colorado units, which are not connected to habitats or populations in Canada and are relatively 
isolated from other DPS populations, natural re-colonization would be less likely, would take 
longer, or may never occur. 

Overall, expert responses indicated that extirpation of the DPS as a whole, or of resident lynx 
populations in most individual geographic units, because of a catastrophic event is very unlikely.  
Because we lack evidence that persistent resident lynx populations occurred historically but 
have been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels.  That is, the 
loss of resident lynx populations in the DPS, to the extent suggested by the historic record, was 
likely in areas (e.g., northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge 
area of northeastern Washington, perhaps Isle Royale in Lake Superior) peripheral to the 
geographic units that currently support resident lynx, and not in discrete geographic units that 
would have represented greater redundancy in the contiguous U.S.  However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear.  The historic record and recent research show that the GYA has supported resident 
lynx, but it is unclear whether the area consistently supported a persistent resident population 
over time or whether it naturally supported resident lynx only some of the time (was “winked on” 
in a metapopulation sense) when habitat conditions and hare densities were favorable, and at 
other times, when habitats and hare densities were less favorable, it did not support resident 
lynx (“winked off” in a metapopulation sense).  Given the protected conservation status of 
millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx.  If so, its 
contribution to redundancy within the DPS is questionable. 

Resiliency 
Because we lack reliable estimates of the sizes and trends of most lynx populations in the DPS, 
we are unable to use these parameters to evaluate the resiliency of individual populations or the 
DPS as a whole.  Efforts to understand resiliency are also confounded by the metapopulation 
structure thought to govern lynx populations at the southern margin of their continental range 
(i.e., populations and subpopulations in the DPS), the related uncertainty about the extent to 
which DPS populations may rely on cyclic immigration of lynx from Canada during population 
irruptions, and the ambiguity in the historic record that limits our understanding of the relative 
persistence of lynx in various geographical areas of the contiguous U.S. and, thus, the 
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contribution of those areas to the viability of the DPS.  Our evaluation of the resiliency of lynx 
populations in the DPS is limited, therefore, to a largely qualitative assessment of the current 
status of populations in each of the six geographic units along with the quantitative summary of 
expert professional judgment of their likelihood of persistence over time given known or 
perceived potential threats. 
 
As expected, both expert estimates of probability of persistence and expert confidence in those 
estimates were higher over the short-term than the long-term.  Median probability of persistence 
(MPOP) at year 2025 was >= 0.90 for all but one of the six geographic areas.  The GYA had a 
MPOP of 0.52, apparently reflecting the uncertainty regarding whether this unit consistently 
supported a resident lynx population historically and whether it currently supports resident lynx.  
At year 2025, confidence bounds were smallest (indicating higher expert confidence) for the 
units with the highest MPOPs (Northern Maine, Northeastern Minnesota, and Northwestern 
Montana/ Northeastern Idaho), and larger for units with lower MPOPS (North-central 
Washington, GYA, and Western Colorado).  At mid-century, MPOP declined for all units but 
remained >= 0.70 for all but the GYA (0.35), and confidence bounds increased for estimates for 
all units but the GYA, where it remained the same as at year 2025.  At end-of-century, 
persistence probabilities declined further, as expected, and only the Northern Maine, 
Northwestern Montana/ Northeastern Idaho and Western Colorado units had MPOPs >= 0.50.  
Also as expected, confidence bounds were very large around persistence estimates at year 
2100, with the median confidence range extending across more than 50% of the range of 
possible outcomes for all but the Northwestern Montana/ Northeastern Idaho population, and 
the extremes of the range nearly covering the full range (0% to 100% probability of persistence) 
of possible outcomes. 
 
Experts listed a number of factors that influenced their probability of persistence estimates for 
each unit (see unit summaries above in the Resiliency section).  Near-term factors varied by unit 
(e.g., post-harvest forest succession in Maine, where hare abundance is expected to decline as 
currently dense regenerating clear-cuts mature; continued large-scale fires in lynx habitats in 
Washington; and insect outbreaks in Maine, Minnesota, and Colorado), but longer term factors 
seemed to coalesce around anticipated direct and indirect effects of climate change.  These 
included potentially climate-driven increases in the size, frequency, and intensity of fire and 
insect outbreaks; decreases in snow amount, duration and quality, leading perhaps to increased 
competition with bobcats and other hare predators; and the projected warming-induced 
northward and upslope migration of boreal and subalpine forests that would result in the loss 
and further fragmentation and isolation of lynx and hare habitats in the contiguous U.S.  Expert 
responses and ensuing discussions indicated that continued climate warming and associated 
direct and indirect effects will likely exert the greatest negative influence on the probability of 
persistence for lynx populations in the DPS regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
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Overall, expert responses to this part of the elicitation indicate that all five of the geographic 
units known to currently support resident lynx populations have a greater than 70% expectation 
of doing so by mid-century, but a declining likelihood and greater uncertainty of doing so by the 
end of the century.  It is uncertain whether the remaining geographic unit (the GYA) currently 
supports resident lynx, and expert responses indicate a lower probability that it will do so in the 
future compared to the other units.  Responses also suggest that the overarching threat to the 
long-term persistence of lynx populations in the DPS is climate change, which is anticipated to 
result first in loss of snow conditions favorable for lynx and, after an uncertain lag time following 
continued climate warming, loss (northward and upslope migration) of boreal forest habitats, 
although the timing and magnitude of such losses are uncertain. 

Conclusion 
The Service and the Lynx SSA Team appreciate the willingness of lynx and subject matter 
experts to attend this workshop and share their knowledge, professional judgments, and 
opinions.  We have gained considerable insight into the current status of lynx populations 
throughout the DPS and the factors most likely to influence the DPS’s future viability - including 
information that is not currently available in the peer-reviewed literature.  We will incorporate this 
information into the SSA as appropriate, along with the published scientific literature, to inform 
recovery planning for the DPS and any other ESA-related determinations the Service is 
authorized and required to make.  As we develop the SSA report, we will continue to solicit 
expert input from workshop panelists and from other lynx and subject matter experts who were 
unable to attend this workshop, including peer review of the SSA report. 
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Appendices 
All appendices are available on the Service’s Region 6 Canada lynx webpage 
(http://www.fws.gov/mountain-prairie/es/canadaLynx.php). 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php


From: Bush, Jodi
To: Mansheim, Robert
Cc: Munoz, Anna; Serena Baker; Jim Zelenak
Subject: Re: Lynx Workshop report verbage...
Date: Wednesday, April 20, 2016 11:10:51 AM

thanks everyone

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Apr 20, 2016 at 11:06 AM, Mansheim, Robert <robert_mansheim@fws.gov> wrote:
This has been updated and will be live in a few. 

 

Rob Mansheim  |  Digital Communications Specialist
USFWS  Mountain-Prairie Region  External Affairs
134 Union Blvd, Lakewood, CO 80228
robert_mansheim@fws.gov  
303.236.4267 | c.720.390.0160
http://www.fws.gov/mountain-prairie

On Wed, Apr 20, 2016 at 11:03 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
S'OK. Thanks for your help.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Apr 20, 2016 at 10:59 AM, Munoz, Anna <anna_munoz@fws.gov> wrote:
I think this might have fallen through the cracks on my end, so my apologies.  We are
getting it inserted now.

Anna

Anna Muñoz
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service, Mountain-Prairie Region
Office: 303-236-4510

mailto:jodi_bush@fws.gov
mailto:robert_mansheim@fws.gov
mailto:anna_munoz@fws.gov
mailto:serena_baker@fws.gov
mailto:jim_zelenak@fws.gov
mailto:robert_mansheim@fws.gov
mailto:robert_mansheim@fws.gov
http://www.fws.gov/mountain-prairie/
mailto:jodi_bush@fws.gov
mailto:anna_munoz@fws.gov


Cell: 720-648-2542

On Wed, Apr 20, 2016 at 9:02 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Anna.  I dont see the verbage I provided you on the Lynx SSA on the website.  Can
we get that up there too?  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Mansheim, Robert <robert_mansheim@fws.gov>
Date: Tue, Apr 19, 2016 at 9:30 AM
Subject: Re: Lynx Workshop report verbage...
To: "Zelenak, Jim" <jim_zelenak@fws.gov>
Cc: "Bush, Jodi" <jodi_bush@fws.gov>

The report is live now. I made the document 508 compliant. 

 

Rob Mansheim  |  Digital Communications Specialist
USFWS  Mountain-Prairie Region  External Affairs
134 Union Blvd, Lakewood, CO 80228
robert_mansheim@fws.gov  
303.236.4267 | c.720.390.0160
http://www.fws.gov/mountain-prairie

On Tue, Apr 19, 2016 at 8:36 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Robert,

I just received an email this AM from one of the experts (Ben Maletzke) who has a PhD but never said
so and did not indicate in his correspondence - and I did not ask.

Anyway, he indicated he would like to be recognized equally with his PhD peers in the document. I
have corrected this oversight in the attached pdf (in the TOC and in text).  Please use this one on the R6
Lynx web page.
Let me know if you have questions.

Thanks,

Jim 

On Mon, Apr 18, 2016 at 4:51 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Robert -Here is the document.  Ready to go.  Thanks for getting this posted.  JB

mailto:jodi_bush@fws.gov
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mailto:jodi_bush@fws.gov


Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Apr 15, 2016 at 2:52 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Ok thanks ! JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Apr 15, 2016 at 2:49 PM, Mansheim, Robert
<robert_mansheim@fws.gov> wrote:

It's ok. It is so the document is accessible to everyone online, ie, blind. I can
take care of it. 

 

Rob Mansheim  |  Digital Communications Specialist
USFWS  Mountain-Prairie Region  External Affairs
134 Union Blvd, Lakewood, CO 80228
robert_mansheim@fws.gov  
303.236.4267 | c.720.390.0160
http://www.fws.gov/mountain-prairie

On Fri, Apr 15, 2016 at 2:39 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
No idea what 508 compliant means or is.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Apr 15, 2016 at 2:31 PM, Mansheim, Robert
<robert_mansheim@fws.gov> wrote:

Awesome I will get it there. Question will the report be 508 compliant? I

mailto:jodi_bush@fws.gov
mailto:robert_mansheim@fws.gov
mailto:robert_mansheim@fws.gov
http://www.fws.gov/mountain-prairie/
mailto:jodi_bush@fws.gov
mailto:robert_mansheim@fws.gov


am working on the appendices now. 

 

Rob Mansheim  |  Digital Communications Specialist
USFWS  Mountain-Prairie Region  External Affairs
134 Union Blvd, Lakewood, CO 80228
robert_mansheim@fws.gov  
303.236.4267 | c.720.390.0160
http://www.fws.gov/mountain-prairie

On Fri, Apr 15, 2016 at 2:30 PM, Bush, Jodi <jodi_bush@fws.gov>
wrote:

Great Anna.  Lets put it above Recovery since it feeds into both
recovery and the 5 year review.  We won't have the report complete
until Monday(had some problems with the Table of contents that we are
fixing), but will have Jim send it then.  Thanks for your help. JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Apr 15, 2016 at 2:13 PM, Munoz, Anna
<anna_munoz@fws.gov> wrote:

Thanks, Jodi.  This is perfect.  I doubt that we will get many if any
media inquiries about this, but if we do, Serena or I will reach out to
you.  Just let us know once it has been posted so we have situational
awareness.

I just spoke to Rob and we can create that new subfolder today, we
just want to know where in the order of folders you want it situated. 
Below 5-year review?  

Anna 

Anna Muñoz
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service, Mountain-Prairie Region
Office: 303-236-4510
Cell: 720-648-2542

On Fri, Apr 15, 2016 at 2:04 PM, Bush, Jodi <jodi_bush@fws.gov>
wrote:

Here is what we are thinking as far as some opening language.  

mailto:robert_mansheim@fws.gov
http://www.fws.gov/mountain-prairie/
mailto:jodi_bush@fws.gov
mailto:anna_munoz@fws.gov
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Canada Lynx Expert Elicitation Workshop Final Report. The
purpose of this report is to convey the results of an expert workshop
convened by the U.S. Fish and Wildlife Service (Service) in
October 2015 to improve our understanding of the status of the
contiguous U.S. distinct population segment (DPS) of Canada lynx
(Lynx canadensis).  This workshop was held in conjunction with a
species status assessment (SSA; see Appendix 1) for the DPS.  The
SSA, which will incorporate the best available scientific
information on lynx, is needed to inform the Service’s response to a
June 2014 court order to complete a recovery plan for the DPS by
January 2018, or make a formal determination that a recovery plan
is not necessary.  

The workshop was organized by a Lynx SSA Team consisting of
Service and USGS staff who have developed and piloted
implementation of the SSA framework, and Service biologists who
are working on lynx throughout the range of the DPS.  In the
interest of collaboration and transparency, this team partnered with
State agencies, other Federal agencies, and academic researchers to
elicit expert input regarding the current and likely future status of
lynx populations within the DPS.

The results of the workshop will contribute to the SSA, which will
compile and summarize the best available scientific and commercial
data, including empirical data, published literature, and expert
input.  This information will then be used by Service decision
makers to inform recovery planning direction, classification
decisions, and other determinations required by the Endangered
Species Act (ESA).

Also we had been talking to Rob about creating a different link for
the report -NOT UNDER FIVE YEAR REVIEW>  we are calling it
SSA.  See below.  

Could you create one titled "Species Status Assessment (SSA)"
and, under that heading, a subheading or folder titled "Canada lynx
Expert Elicitation Workshop" where we could place the final
workshop report, appendices, and other information?  Some of the
report appendices will be large - e.g., PDFs of 15 or so



presentations from the workshop - so we'd like to just point
readers of the report to the web site to access the appendices,
rather than attach them all electronically or as hard copies, when
we send the report out to partners. 

Rob has been pretty tied up lately so don't know if he is ready to go
yet but we have been trying to keep him in the loop.  Please lLet me
know if you have any comments or need more info.   Thanks. JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Bush, Jodi
To: Nelson, Marjorie
Subject: Re: Briefing Papers
Date: Wednesday, April 20, 2016 11:10:38 AM
Attachments: 20160420_Briefing Lynx SSA Status Update.docx

Marj.  Does the attached format work?   JB

FYI.  I'll be out of the office driving to Billings after 2pm today.  So if I need to fix something
I wont be able to get to it til tonite.  

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Apr 19, 2016 at 3:20 PM, Nelson, Marjorie <marjorie_nelson@fws.gov> wrote:
Hi Roger,
I didn't have a list but I asked for BPs topics that would be of interest from the
Project Leaders in MT, WY, UT and CO and gave them until tomorrow to send them
in.  I've cc'd them as a reminder and as an introduction for you.

I think the northern transportation corridor works for desert tortoise.  I believe there
were some wolf BPs that went through recently.  If you don't have them, I'll track
those down.  We periodically update a lesser prairie chicken issue paper for
Noreen, so I'll have an updated one of those for you tomorrow.

Virgin spinedace?  Do you know the issue there?

thanks for your help,
Marj

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258

Check out the SSA Framework - Google site for staff at : https://sites.google.com/a/fws.gov/ssa/

On Tue, Apr 19, 2016 at 3:13 PM, Roger Root <roger_root@fws.gov> wrote:

Marj,

 

I’m sorry for the confusion – Anna forwarded me the briefing papers and hearing prep text
you sent her, so I have those.

 

mailto:jodi_bush@fws.gov
mailto:marjorie_nelson@fws.gov
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mailto:roger_root@fws.gov


From what I can tell, the topics that are still outstanding are:

Mexican Wolf

Gray Wolf

Desert Tortoise (unless this is adequately covered by the Northern Corridor briefing paper
you sent Anna)

Virgin River Spined Dace

Lesser Prairie Chicken

 

Thanks,

Roger

 

 

 

From: Roger Root [mailto:roger_root@fws.gov] 
Sent: Tuesday, April 19, 2016 2:29 PM
To: Marjorie Nelson
Cc: Anna Munoz
Subject: RE: Briefing Papers

 

I should’ve also included grizzly bear in that list.

 

Thank you!

Roger

 

From: Roger Root [mailto:roger_root@fws.gov] 
Sent: Tuesday, April 19, 2016 2:23 PM
To: Marjorie Nelson
Cc: Anna Munoz
Subject: Briefing Papers

 

Hi Marj,

mailto:roger_root@fws.gov
mailto:roger_root@fws.gov


 

My understanding is that Ken Ostrand reached out to you or your staff for briefing papers
on the following topics in support of Noreen’s meetings with Congressionals in DC next
week:

 

Utah Prairie Dog

Mexican Wolf

Desert Tortoise

Virgin River Spined Dace

Lynx

Lesser Prairie Chicken

 

I started my detail as Anna’s deputy yesterday and I’m working on the briefing book so I
wanted to check in with you on the status of the papers.  Please let me know if I should be
following up with someone else on any of the papers.

 

Thank you,

Roger

 

 

 

 

 

 

 



INFORMATION/BRIEFING MEMORANDUM 
FOR THE REGIONAL DIRECTOR 

 
 
DATE:   April 20, 2016  
 
FROM: Jodi Bush, Supervisor, Montana Ecological Services Office, (406) 449-5225. 
 
SUBJECT: Status of Lynx SSA Process for AFWA 
 
We are implementing the Species Status Assessment (SSA) framework, in order to meet a court 
ordered deadline to complete a Recovery Plan for Canada Lynx (if determined to still warrant 
listing) by January 2018.  Prior to moving forward with recovery planning – the SSA will 
provide the additional analysis to re-evaluate the status of the species and document that through 
a five year review. 
 
BACKGROUND 
 
In 2000 (remanded 2003), the Canada lynx was listed in the contiguous U.S. DPS as a threatened 
species under the Endangered Species Act (Act) because of the inadequacy, at that time, of 
existing regulatory mechanisms.  In 2005, we completed a Recovery Outline which focused on 
lynx conservation in “Core” areas.  Currently, there are six geographic areas known to currently 
support resident lynx populations in the DPS:  northern Maine (with occasional/sporadic 
breeding by small numbers of lynx in northernmost New Hampshire and Vermont); northeastern 
Minnesota; northwestern Montana and northeastern Idaho; the Greater Yellowstone Area, north-
central Washington; and western Colorado (Figure 1).  
 
In 2006, critical habitat was designated and then revised in 2009 and again in 2014 due to court 
remands as the result of litigation.  Our current revised designation (2014) is under litigation. 
 
KEY POINTS 
 
• We announced the initiation of a five-year status review on December 8, 2014.  Shortly 

thereafter, we embarked on the SSA framework.  Information in the SSA will be used by 
Service decision makers to inform classification decisions, recovery planning direction, and 
other determinations required by the Act. 

• Through the SSA framework we intend to assess the species’ needs, current and future 
condition including viability of the Canada lynx DPS using a compilation of the best 
available scientific and commercial data, including empirical data, published literature, and 
expert input.  

• During the SSA process, we have been prioritizing information and modeling to best evaluate 
potential future conditions and viability. 

• We continue to engage State, Tribal and other Federal, and Canadian partners and other 
stakeholders, as well as Service managers typically through monthly coordination calls. 



• In the fall of 2015, we convened a workshop for scientific experts to address the current and 
likely future status of the Canada lynx DPS.  The participants included state agencies, 
biologists from other federal agencies, and academic researchers to elicit input from experts 
across the range of the DPS.  The resultant workshop report is one component of the SSA. 
That document was finalized on April 18, 2016 and is posted on our website.  

• Information solicited from the 10 member lynx expert panel addressed the viability of the 
DPS based on the 3Rs: Representation, Redundancy, Resiliency and what is known about 
climate science related to lynx. 

 
TIMELINES (DRAFT) 

• Workshop Report       FINAL –APRIL 18, 2016 
 

• Species Status Report           DRAFT, APRIL 29, 2016 
o Internal Review Complete                        MAY 15, 2016 
o Peer Review concurrent with State/Tribal Review          MAY 30, 2016 
o Final Report Complete              JUNE 15, 2016 

 
• Five-year Review  

o Draft              DRAFT, MAY 15, 2016 
o Final             FINAL, JUNE 15, 2016 

 
• Draft Recovery Plan (if necessary)              DRAFT, JANUARY 2017?? 

 
• Final Recovery Plan (If necessary)      FINAL, JANUARY 2018 

 
IMPORTANT MESSAGES: 

• The report generated from the Expert workshop is a part of the information that will be 
considered in the SSA report.  

• Our State and Tribal partners will have the opportunity to review the SSA report 
concurrent with the Peer Review process in mid to late-May.   

• In general, the Service Core Team feels comfortable with the outcome from the expert 
panel workshop. 

• We are behind in the development of the recovery planning process by about 6 months.   
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 I evaluated the effects of past and future forest management on habitat supply and 

probability of occurrence for Canada lynx (Lynx canadensis) and American martens 

(Martes americana). I used timber harvest and forest composition information derived 

from Landsat satellite imagery to develop spatially-explicit time series of habitat for lynx 

and martens (1970-2007) across 1.62 million hectares of commercial forestland in Maine. 

Timber harvesting was widespread with 55% of the forestlands receiving a harvest 1970-

2007, which ultimately resulted in the broad-scale loss of marten habitat (>435,000 ha) 

and the increase of lynx foraging habitat (~189,000 ha). Rapid declines in habitat supply 

and probability of occurrence for martens occurred 1975-1991, as large blocks of spruce-

fir forest were salvage logged in response to the 1973-1985 spruce budworm 

(Choristoneura fumiferana) outbreak. As regenerating forest created during this period 

began to reach 16 years post-harvest there was a rapid increase in lynx foraging habitat 

  



  

and the mean density of snowshoe hares (Lepus americanus) within potential lynx home 

ranges, 1985-2007. Probability of occurrence for lynx increased during this period in 

areas of increased hare density. Marten habitat continued to decline in the 1990s and 

2000s, which coincided with shifts in timber harvesting patterns that resulted from new 

forest policies implemented in 1991.  

 To provide a better understanding of how past forest management legacy (1970-

2007) will influence outcomes of future forest management, I developed alternative forest 

management scenarios to model the effects on habitat supply and population density for 

lynx and martens, 2007-2032, across 14 townships with diverse legacies. The worst 

scenario for future lynx and marten habitat was a continuation of recent (2001-2007) 

trends in harvest rates, including an aspatial limit (~4% of total acreage harvested) on 

clearcut harvesting to mimic the effects of current forest policies in Maine. Removing the 

limit on clearcut harvesting provided some limited benefit to both species; under all 

harvest scenarios, however, habitat supply and densities for both species are expected to 

decline from current levels as a result of past forest management legacies. Conservation 

planning for these species needs to incorporate the anticipated loss of habitat supply in 

the future.

 

 

 

 

 

 

  



  

PREFACE 

 

 Understanding the spatial and temporal dynamics of landscape change and its 

influence on habitats and species occurrence patterns is essential to predicting and 

mitigating the effects of land-use activities. In the Acadian Forest of Maine, timber 

harvesting is currently the dominant driver of landscape change, and over the last 40 

years timber harvesting rates and patterns have been strongly influenced by natural 

disturbance events and changes in forest policy and forestland ownership. The rate and 

the extent of clearcut harvesting increased significantly during the periods of preemptive 

and salvage logging in the 1970s and 1980s, which occurred in response to the infestation 

of spruce-fir forest during the 1973-1985 spruce budworm (Choristoneura fumiferana) 

outbreak. During this salvage period, there were no legislative definitions or standards in 

place to regulate the size or arrangement of clearcuts in Maine, and eventually the public 

outcry over the large scale of salvage clearcuts lead to the passage of the Maine Forest 

Practices Act (MFPA) in 1989 (12 MRSA §8867-A to §8888 & MFS Rules Chapter 20). 

The immediate effects of the MFPA were that the first year after the legislation was 

passed the number of acres harvested by clear-cut declined by ~40%. In the 10 years 

following passage, the total annual acreage harvested from commercial forestlands 

increased from ~250,000 acres to ~500,000 acres, and the percentage of the acreage 

clearcut declined from 40% to 4%. The partial harvests that have replaced the clearcuts in 

northern Maine include a variety of silivicultural treatments, including both even-aged 

(e.g., shelterwood) and uneven-aged (e.g., selection) management techniques that result 

in a wide range of residual stand conditions (Robinson 2006).  

 ii 



  

 Forest management creates landscape patterns that are persistent and that differ 

significantly from those that develop under natural disturbance regimes (Franklin and 

Forman 1987, Li et al. 1993, Mladenoff et al. 1993, Wallin et al. 1994, James et al. 2007), 

and species-level responses to habitat disturbance can be complex and can take time to 

emerge (Ewers and Didham 2006). Little attention, however, is generally directed at 

documenting the processes that contribute to habitat distribution or the associated 

species-habitat relationships (Knick and Rotenberry 2000). Although numerous studies 

have evaluated species distributions and abundance in landscapes degraded or fragmented 

by timber harvesting (e.g., McGarigal and McComb 1995, Cushman and McGarigal 

2003, Betts et al. 2006), few attempt to also understand the spatial and temporal structure 

of the habitat changes that have previously occurred. Methods are needed that can 

provide insight into how landscape change affects the spatiotemporal variability in 

habitats and species occurrence. Thus, my dissertation research evaluated the influence of 

past and future forest management on the spatial and temporal dynamics of habitat supply 

and probability of occurrence for Canada lynx (Lynx canadensis) and American martens 

(Martes americana) across 1.62 million hectares of commercial forestland in northern 

Maine. My overall goal was to understand the process and the cumulative effects of 

forest management as an agent of broad-scale landscape change using two species that 

represent a range of ecological conditions.  

 Umbrella species have been proposed as a single-species approach that can be 

used for simplifying biodiversity conservation by targeting the protection of habitat for 

species whose protection should also maintain the viability of an array of other species 

with similar habitat associations (Murphy and Wilcox 1986, Noss 1990). Lynx and 
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martens have shown great potential as umbrella species for conservation planning in the 

Acadian forest (Hepinstall and Harrison In preparation), and because the two species 

have different habitat associations, early- and mid-to-late successional forests 

respectively, they also represent complementary groups of species for which they can 

serve as umbrella species (Lambeck 1997). Lynx (Poole 1994, Slough and Mowat 1996, 

Ward and Krebs 1985) and martens (Bissonette et al. 1997, Chapin et al. 1998) also have 

large spatial requirements, which make them good umbrella species for understanding 

how broad-scale habitat conditions have changed over the last 40 years as a result of the 

timber harvesting rates, patterns, natural disturbance events, and changes in forest policy 

and forestland ownership. 

 In Chapter 1, I used timber harvest and forest composition information derived 

from Landsat satellite imagery to develop a spatially-explicit time series of marten habitat 

supply (1975-2007), and used the time series to quantify the changes in marten habitat 

quantity, configuration, and spatial distribution. I documented the reduction in marten 

habitat resulting from habitat loss and fragmentation to better understand how these 

processes contributed to overall declines in marten habitat. I used previously developed 

models based on landscape metrics for predicting the probability of occurrence (POC) for 

male and female martens (Hepinstall et al. In preparation) to develop a time series of 

POC for each sex, and used Empirical Orthogonal Functions (EOFs) to quantify the 

underlying spatiotemporal patterns. I also determined the cumulative percentage, within 

all potential marten home ranges, of the remaining marten habitat ca. 2007 that was 

affected by partial harvesting. These analyses provided insight into the interacting effects 
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of forest management and forest policy on marten habitat, and the potential for partial 

harvesting to compound the effects of habitat loss and fragmentation.  

 In Chapter 2, I modeled landscape-scale lynx occurrence (2nd-order selection; 

Johnson 1980) using presence/absence data provided by snow track surveys conducted 

across townships in northern and western Maine 2003-2006. I used the presence/absence 

data to simulate occupied and non-occupied home ranges and developed a 2004 forest 

cover type map, based on timber harvest and forest composition information from 

Landsat satellite imagery, to derive habitat-based predictor variables. I evaluated whether 

lynx selected habitat based on home range composition, landscape-scale density of 

snowshoe hares (Lepus americanus), and/or habitat configuration. Using the resulting 

top-ranked model, I calculated the POC for lynx and estimated the density of resident 

adults, which allowed me to make recommendations about the importance of maintaining 

regenerating forest to support habitats with high snowshoe hare density and lynx 

occurrence.  

 In Chapter 3, I documented and quantified the effects of forest management 

(1988-2007) on the ecological factors, identified in Chapter 2 (i.e., snowshoe hare density 

and percent mature conifer), that drive lynx occurrence at the home range-scale. I 

generated a spatially-explicit time series of lynx POC using the top-ranked model 

identified in Chapter 2, and quantified spatiotemporal trends in the time series by 

calculating the area of forestland within probability categories and by estimating and 

comparing the density of adult resident lynx in 1991 and 2007. Finally, I estimated the 

future supply of high-quality hare habitat 2007-2022 based on timber harvesting patterns 

in the 1990s and 2000s and compared the spatial distribution of habitat in 2007 and 2022, 
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which allowed me to demonstrate how the distribution of habitat that can support high 

snowshoe hare densities will shift away from areas currently occupied by lynx in the near 

future.  

 In Chapter 4, I used the Remsoft Spatial Planning System to model the outcomes 

of alternative forest management scenarios on habitat supply for lynx and martens over 

the next 25 years. I applied the scenarios to 14 townships with a diverse legacy of past 

forest management to provide a better understanding of how past forest management will 

influence the outcomes of future forest management. I developed scenarios to simulate 

realistic timber harvesting rates and patterns, and applied specific modifications to 

management plans including aspatial and spatial constraints of clearcut harvesting. I 

compared volume harvested, habitat supply for lynx and martens, and estimates of lynx 

and marten densities to evaluate the long-term effects of past and future forest 

management. I ranked each of the scenarios based on the total percent change in habitat 

quantity or density across all 14 townships between 2007 and 2032 to determine if any 

scenario provides some benefit for both lynx and martens, and also compared the percent 

change between the 14 townships across legacy and scenario using repeated measures 

Analysis of Variance. These analyses provided insight into the likely future of habitat 

supply for lynx and martens in northern Maine over the next 25 years, as well as potential 

strategies for maintaining habitat in the future.  
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CHAPTER 1 

SPATIOTEMPORAL DYNAMICS OF AMERICAN MARTEN HABITAT 1975-

2007 ON COMMERICAL FORESTLANDS IN NORTHERN MAINE 

ABSTRACT 

 The American marten (Martes americana) prefers habitats with complex physical 

structure associated with mature, closed-canopy forest, which provides protection from 

predators, resting sites, and access to prey. Previous research has concluded that timber 

harvesting can negatively influence marten density, and clearcut harvesting has been 

implicated in local population declines. Studies also suggest that martens may be 

particularly sensitive to habitat loss, predicting a steep decline in probability of home 

range occupancy in response to a small decline in percent suitable habitat. Little is 

known, however, about the cumulative effects of habitat loss and fragmentation on 

habitat supply for martens or the spatiotemporal dynamics of probability of occurrence 

for martens in a managed landscape. I developed a spatially-explicit time series of marten 

habitat, derived from satellite imagery, to evaluate effects of forest management on 

quantity and distribution of marten habitat, on spatiotemporal patterns of marten 

occurrence, and on estimated densities of martens in a dynamic forest landscape 1975-

2007. Timber harvesting was widespread during this period and habitat that previous 

research has defined as suitable by martens declined by 434,978 ha (32%) as a result of 

stand-replacing harvests 1975-2007. Declines in probability of occurrence followed two 

spatiotemporal trends. The majority of loss occurred in the first 16 years of the time 

series (1975-1991), resulting from salvage logging that occurred in response to the 1973-

1985 spruce budworm (Choristoneura fumiferana) outbreak. Rapid declines in 
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probability of occurrence for both male and female martens occurred where large blocks 

of mature spruce-fir forest were salvaged. Salvage logging also contributed to 

fragmentation of marten habitat with a 5.6-fold increase in the number of suitable habitat 

patches 1975-1991. Declines in habitat supply and probability of occurrence continued 

1991-2007, coinciding with the broad-scale changes in timber harvesting patterns, which 

resulted from the implementation of new forest policies that contributed to a reduction in 

clearcut harvesting but a widespread increase in partial harvesting and total acreage 

harvested. The cumulative effects of loss and fragmentation of marten habitat 1975-2007 

negatively influenced the percent suitable habitat and habitat configuration at the scale of 

a marten home range. These changes resulted in widespread declines in probability of 

occurrence for males and female martens and a substantial reduction in the number of 

townships with a potential marten density of ≥1 martens/km2. Additionally, 307,862 ha 

(33%) of marten habitat received a partial harvest 1988-2007, which cumulatively 

affected >90% of potential marten home ranges. Partial harvesting may increase the 

spatial requirements of martens, suggesting that declines in potential marten densities are 

conservative. Further, based on previously published structural thresholds for marten 

habitat use, it is likely that some proportion of the areas that have received a partial 

harvest no longer represent suitable habitat for martens. Preliminary estimates suggest 

that in many partially-harvested stands the residual basal area is less than published 

thresholds for marten habitat use. This indicates that the actual loss of habitat 1975-2007 

was between 32% and 54%, and strongly suggests that additional research is needed to 

determine the extent that partial harvesting is affecting habitat for martens, and 
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potentially compounding the effects of habitat loss and fragmentation that are reported 

herein.  

INTRODUCTION 

Reliable knowledge about the spatiotemporal distribution of habitat is essential to 

understand the cumulative effects of landscape change on patterns of species occurrence 

(Turner 1989, Turner et al. 2003). Patterns of habitat selection and occurrence for many 

species are influenced both by the amount and configuration of habitat (e.g., McGarigal 

and McComb 1995, Trzcinski et al. 1999), and for those species assessing how land use 

activities influence processes of habitat loss and fragmentation is also an important 

prerequisite to effectively predict population-level responses to habitat change 

(Schmiegelow and Mönkkönen 2002). Further, land management recommendations to 

conserve species will differ when both habitat configuration and habitat loss influence 

species persistence (Trzcinski et al. 1999, Boutin and Hebert 2002, Schmiegelow and 

Mönkkönen 2002). Predicting the outcome of landscape change when forest management 

is the dominant form of disturbance also requires an understanding of how land 

management decisions can scale-up to have large-scale impacts on the composition and 

configuration of forested landscapes (Wickham et al. 2007). Although forest management 

does not generally result in static landscape configurations in the same way as land use 

conversion (Schmiegelow and Mönkkönen 2002), it still can create persistent patterns 

that differ significantly from those that develop under natural disturbance regimes 

(Franklin and Forman 1987, Li et al. 1993, Mladenoff et al. 1993, Wallin et al. 1994, 

James et al. 2007). Thus, it is important to know the relevant spatial and temporal scales 

and patterns associated with land use activities and species habitat use in order to mitigate 
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potential conflicts between the objectives of resource management and habitat 

management (Bissonette et al. 1989, Thompson and Harestad 1994). 

The American marten (Martes americana) has been identified as a species that 

“epitomizes” the potential conflicts between resource and wildlife habitat objectives 

(Sturtevant et al. 1996). Martens have large individual area requirements relative to their 

body mass (Buskirk and McDonald 1989) and select habitat types with complex physical 

structure, which provide protection from predators (Hargis and McCullough 1984, 

Hodgman et al. 1997), resting sites (Buskirk et al. 1989, Bull and Heater 2000), and 

access to prey (Sherburne and Bissonette 1994, Thompson and Curran 1995). Throughout 

much of the southern parts of the marten’s geographic range, clearcut harvesting has 

become a common land management practice (Buskirk and Ruggerio 1994) and along 

with trapping is thought to have contributed to the northern contraction of the geographic 

range of marten in North America (Laliberte and Ripple 2004). Extensive clearcutting 

has been implicated in local declines and reduced landscape-scale carrying capacities 

because clearcuts lack the structure (e.g., coarse woody debris, low hanging branches, 

multi-storied canopies) martens are thought to require (Soutiere 1979, Snyder and 

Bissonette 1987, Phillips 1994, Payer 1999, Poole et al. 2004; but see Payer and Harrison 

2004). Research has indicated that marten are considerably less likely to occupy 

landscapes with greater than 25-40% open areas or regenerating forest (Chapin et al. 

1998, Hargis et al. 1999, Povin et al. 2000). Studies have further suggested that martens 

may be particularly sensitive to the effects of habitat loss, with the probability of home 

range occupancy by martens declining steeply as soon as the percent of suitable habitat 

declines below 100% (Fuller 2006).  Little is known, however, about the cumulative 
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effects of habitat loss and fragmentation on habitat supply for martens or the 

spatiotemporal dynamics of probability of occurrence for martens in a managed 

landscape.  

Because of their sensitivity to habitat loss and its effects on landscape pattern, 

researchers have investigated the effects of landscape composition and configuration on 

the landscape-scale (2nd-order sensu Johnson 1980) habitat selection of martens (Fuller 

2006, Hepinstall et al. In preparation). Fuller (2006) used an information-theoretic 

approach (Burnham and Anderson 2002) to evaluate the relationship between home range 

occupancy and habitat composition and configuration for Newfoundland martens (Martes 

americana atrata), and concluded that occupancy was most influenced by the amount of 

suitable habitat within marten home ranges and, consequently, that habitat loss was the 

most important factor determining species persistence. A similar approach to evaluate 

home range occupancy by female and male martens separately on commercial forestlands 

in north-central Maine, under the assumption that male and females might be 

differentially influenced by landscape composition and configuration (Hepinstall et al. In 

preparation). How male and female martens are affected by changes in habitat amount 

and configuration will be determined by the interaction between the scale(s) at which 

landscape change and habitat selection occur, and male home ranges are larger than 

female home ranges (Buskirk and McDonald 1989). Fuller (2006) compared the extent of 

suitable habitat with a probability of occurrence ≥90% separately for male and female 

martens, but the data used to model home range occupancy was pooled across sex. 

Modeling results in Maine indicated that home range occupancy for males and females in 

Maine was influenced by the amount of suitable habitat and the configuration of habitat 
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(landscape shape index and patch density, respectively), and concluded that occupancy 

was negatively affected by both habitat loss and fragmentation (Hepinstall et al. In 

preparation). These results suggest that a habitat-based approach that considers both 

habitat amount and configuration will be necessary to conserve marten populations in 

managed landscapes.   

Regional habitat conditions for martens in Maine have likely changed 

significantly over the last 30-40 years. In the 1970s and 1980s, large areas of spruce-fir 

forest were preemptively and salvage logged in response to the 1973-1985 spruce 

budworm (Choristoneura fumiferana) outbreak. In the 1990s, timber harvesting rates and 

patterns changed in response to the end of the budworm outbreak and the statewide 

implementation of new policies, which increased regulatory standards and requirements 

associated with clearcut harvesting (Maine Forest Service 1995). Acreage harvested by 

clearcut declined quickly in the 1990s, however, total acreage harvested approximately 

doubled as an increasing number of acres were partially harvested (Maine Forest Service 

1994, 1997, 2003). Since the late 1990s, 500,000-560,000 acres have been harvested 

annually from commercial forestlands in Maine, and >94% of those acres have been 

partially harvested (Maine Forest Service 2003, 2005, 2007). Previous research has 

suggested that, in addition to being sensitive to the habitat loss created by clearcut 

harvesting, partially harvested forest may represent lower quality habitat compared to 

mature, second growth forest (Fuller and Harrison 2005), but little is known about the 

extent to which marten habitat has been reduced or degraded by timber harvesting in 

Maine.  
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Remotely-sensed data greatly contributes to our understanding of how forest 

management influences landscape pattern and forest fragmentation. Satellite-derived 

data, particularly from Landsat Thematic Mapper (TM) and enhanced Thematic Mapper 

Plus (ETM+), are increasingly being used to evaluate changes in land cover composition 

and configuration (e.g., Turner et al. 1996) or to map forest disturbance directly (Sader et 

al. 2003, Jin and Sader 2006, Kuemmerle et al. 2007) using a time-series approach that 

compares image data from consecutive satellite images. Few studies have, however, used 

a similar approach to evaluate habitat change for wildlife (Osborne and Suárez-Seone 

2007, Viña et al. 2007, Mueller et al. 2008), despite the widespread availability of 

satellite data and methodologies. The main goal of my research was to increase 

understanding of how forest management influences marten habitat supply and 

landscape-scale occurrence; so, I used information derived from Landsat satellite imagery 

that depicted the changes in timber harvesting rates and patterns that have occurred over 

the last 30-40 years in Maine (Legaard et al., Maine Image Analysis Laboratory, 

University of Maine, Orono In preparation) to develop a spatially-explicit time series of 

marten habitat supply across ~1.62 million hectares (4 million acres) of commercially-

managed forestland. The objectives of this study were to: 1) document the effects of 

forest management on forest conditions associated with marten occurrence 1975-2007; 2) 

evaluate changes in landscape-scale probability of occurrence 1975-2007 using a 

previously developed predictive model (Hepinstall et al. In preparation); and 3) estimate 

the changes in potential marten densities on commercial forestlands in northern Maine 

1975-2007.  
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STUDY AREA  

 The study area included ~1.62 million hectares (4 million acres) of commercial 

forestland (Figure 1.1) within the Acadian forest ecoregion, an ecological transition zone 

in the northeastern U.S.A. between the southern temperate deciduous-dominated forests 

and the northern boreal forests (Seymour and Hunter 1992). Boundaries of the study area 

were defined by the area of overlap between the Landsat Multispectral Scanner (MSS), 

Thematic Mapper (TM) and Enhanced Thematic Mapper Plus (ETM+) satellite imagery 

(Landsat Worldwide Reference System path 12, row 28) used to construct the harvest 

detection time series (see Methods below) and by the northwestern political boundary 

between Maine and the province of Quebec, Canada. This area included all or part of 174 

unorganized townships that are primarily privately-owned. Forest ownership types (e.g., 

industrial forest products companies, family-owned corporations, investment entities) and 

the recent history of ownership change within this region broadly represent the 

unorganized townships of northern Maine (Hagan et al. 2005, Jin and Sader 2006). 

Interspersed among these townships were some state owned-parcels and reserve areas 

managed by the Maine Bureau of Parks and Lands, as well as the largest of Maine’s state 

forest reserves, Baxter State Park, which was located along the eastern edge of the study 

area (Figure 1.1). Commonly occurring species include: balsam fir (Abies balsamea), 

white (Picea glauca), red (P. rubens) and black (P. mariana) spruce, white pine (Pinus 

strobus), white (Betula papyrifera) and yellow (B. alleghaniensis) birch, red (Acer 

rubrum) and sugar (A. saccharum) maple, and American beech (Fagus grandifolia). 

Forest harvesting was the primary form of forest disturbance within this area (Seymour 

1992, McWilliams et al. 2005) and forest harvesting practices are regulated under the  
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Figure 1.1. The study area (black outline) encompassed ~1.62 million hectares of 
commercial forestland (shown in gray), and was defined by the overlap between the 
Landsat satellite imagery used to construct the harvest detection time series and the 
Maine border. This area also included the majority of Maine’s largest forest reserve, 
Baxter State Park (shown in black).   
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Maine Forest Practices Act (12 MRSA §8867-A to §8888 & MFS Rules Chapter 20). 

Urban and residential development is minimal and concentrated in a few townships in the 

southeastern corner of the region (Hepinstall et al. 1999). 

METHODS 

Marten habitat time series 

The marten habitat time series was derived using a timber harvest detection time 

series (1970-2007) that was assembled from five Multispectral Scanner (MSS) and ten 

Thematic Mapper (TM) and Enhanced Thematic Mapper Plus (ETM+) images (Legaard 

et al., Maine Image Analysis Laboratory, University of Maine, Orono In preparation). 

Consecutive leaf-on (May-September) images with the lowest cloud cover and at the 

shortest temporal interval available were acquired to maximize the detection of harvest 

events based on the Normalized Difference Vegetation Index (NDVI) or Normalized 

Difference Moisture Index (NDMI). Extensive investigations into the use of vegetation 

indices to map forest change in northern Maine have indicated that NDMI-based 

methodology is capable of detecting timber harvests with good accuracy, provided 

Landsat TM images are acquired 1-3 years apart (Wilson and Sader 2002, Jin and Sader 

2005). After co-registration (RMS error <15 m), to improve the consistency of image 

interpretation during subsequent analyses, all images were transformed into a common 

radiometric scale using a relative radiometric normalization procedure (Legaard et al., 

Maine Image Analysis Laboratory, University of Maine, Orono In preparation). NDMI 

images were calculated from the radiometrically normalized images using the TM near 

infrared (NIR) band 4 (0.76-0.90 µm) and mid-infrared (MIR) band 5 (1.55-1.75 µm): 

NDMI = (NIR - MIR) / (NIR + MIR).  
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A series of three-date RGB-NDMI classification sequences (Wilson and Sader 

2002, Jin and Sader 2005) were performed to produce a time series of 9 harvest maps 

based on the TM and ETM+ imagery: 1988-1991, 1991-1993, 1993-1995, 1995-1997, 

1997-1999, 1999-2000, 2000-2001, and 2001-2004. Harvests detected within each 

interval were classified into two intensity classes based on the magnitude of NDMI 

change: heavy or light. This classification scheme was not designed to match current 

regulations in Maine that classify harvests based on the residual structure as “clearcut” 

(currently defined any timber harvest greater than 5 acres in size that results in a residual 

basal area of trees over 4 ½ inches in diameter measured at 4 ½ feet above the ground of 

less than 30 ft2/ac; 12 MRSA §8867-A to §8888 & MFS Rules Chapter 20) or “partial 

harvest” (i.e., all other harvests greater than 5 acres that retain >30 ft2/ac). The heavy 

harvest class represented stand-replacing or regeneration harvests targeted at initiating the 

next cohort of growing stock, which I expected would include both clearcut and heavy 

partial harvests. Light harvests represented partial harvests and tending operations 

targeted at the current growing stock, which I expected would retain >50% of the live 

basal area. A similar process was used to detect heavy harvest entries using the MSS 

imagery based on NDVI, expanding the time series by 5 additional intervals: 1973-1975, 

1975-1978, 1978-1982, 1982-1985, and 1985-1988. NDVI, based on NIR and the red 

band (0.63-0.69 µm), was used in place of NDMI because Landsat MSS does not record 

reflected radiation in the mid-infrared range (1.55-1.75µm). Additionally, areas disturbed 

ca. 1970-1973 were mapped directly from the 1973 MSS image. Light harvests were not 

mapped 1970-1988 because they could not be reliably classified using Landsat MSS 

imagery. Additional details about the image processing and timber harvest detection will 
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be presented in Legaard et al., Maine Image Analysis Laboratory, University of Maine, 

Orono (In preparation).  

 The harvest detection time series was subsequently combined with the Maine 

GAP Vegetation and Land Cover map (MEGAP) (Hepinstall et al. 1999) to create a time 

series of forest cover maps. According to the MEGAP, approximately 89% of the 1.62 

million hectare (4.0 million acre) study area was comprised of forestland ca. 1993, which 

as a superclass the Maine GAP program mapped with omission and commission 

accuracies of 92% and 94% respectively (Hepinstall et al. 1999). Forestland pixels in the 

MEGAP were classified as one of seven classes: four mature forest classes (Coniferous 

Forest, Coniferous/Deciduous Forest, Deciduous/Coniferous Forest, and Deciduous 

Forest), two forested wetland classes (Coniferous Forested Wetland and Deciduous 

Forested Wetland), three harvest classes (Clearcut, Light Partial Cut, and Heavy Partial 

Cut), and two forest regeneration classes (Early Regeneration and Late Regeneration). 

The harvest and regeneration subclasses were originally classified with poor user 

accuracies (4.4 - 54.5% commission error), so they were replaced with updated 

information. The harvest classes (6.5% of the Forestland pixels) were the result of timber 

harvests that occurred 1991-1993 (Hepinstall et al. 1999) and were replaced with ca. 

1991 mature forest cover types (Coniferous Forest, Mixed Forest, Deciduous Forest, 

Coniferous Forested Wetland, Deciduous Forested Wetland) from an unsupervised 

classification of the 1991 TM image. The regeneration classes (19.2% of the Forestland 

pixels) were the result of timber harvests that occurred 1975-1991, and were replaced 

with ca. 1975 mature forest cover types (Coniferous Forest, Mixed Forest, Deciduous 

Forest, Coniferous Forested Wetland, Deciduous Forested Wetland) from an 
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unsupervised classification of the 1975 MSS image using the 1991 TM as a reference 

dataset for classification (Legaard et al., Maine Image Analysis Laboratory, University of 

Maine, Orono In preparation). By replacing the harvest and regeneration classes, which 

contributed negatively to the overall accuracy of the forestland superclass, the 

commission accuracy of mature forest in the revised MEGAP is expected to be >94%. 

At the scale of the forest patch, suitable habitat for martens was defined a priori 

based on the results of previous studies in Maine (Chapin et al. 1998, Payer 1999, Payer 

and Harrison 2003, Fuller and Harrison 2005) as patches ≥2.7 ha with tree height >6 m. 

Using this definition, I developed the first map in the marten habitat time series, 

reflecting habitat conditions ca. 1975, by first recoding the mature forest classes 

(Coniferous Forest, Mixed Forest, Deciduous Forest) and Coniferous Forested Wetland in 

the revised MEGAP as suitable habitat for martens (1) and all remaining land cover 

classes as unsuitable (0). By this definition, suitable marten habitat ca. 1975 was 

characterized by pole- to sawtimber sized trees ca. 1975 and leaf-on canopy closure of 

>75% (Hepinstall et al. 1999). I then generated a map identifying all 1975 habitat patches 

to selectively re-class small islands in lakes and inland waterways and patches of suitable 

habitat <2.7 ha as unsuitable (0).  

Using the 1975 marten habitat map as the first in the time series, I developed the 

remainder of the marten habitat series using a two step procedure for each time step. 

First, I used the harvest detection time series to remove any previously intact marten 

habitat (e.g., ca. 1975) that was affected by heavy harvests (e.g., 1975-1978) from the 

subsequent marten habitat map (e.g., 1978). I retained areas affected by a light harvest as 

marten habitat because the magnitude of the biomass change did not suggest that these 
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disturbances were stand-replacing, but instead represented various forms of tending or 

uneven aged management operations in which the majority of live basal area was retained 

for future operations (e.g., selection harvest, shelterwood establishment). Based on 

previous research indicating that martens occupied home ranges in landscapes with high 

proportions (maximum = 73% leaf-on) of partially-harvested forest with mean residual 

basal area 13 m2/ha (Fuller and Harrison 2005), I assumed in the creation of the initial 

time series that these areas retained sufficient structure to support marten use. Finally, I 

generated a map of habitat patches and removed patches of suitable marten habitat <2.7 

ha (Chapin et al 1998).  I repeated these two steps for each of the harvest intervals to 

create a marten habitat time series comprised of 14 time steps (1975, 1978, 1982, 1985, 

1988, 1991, 1993, 1995, 1997, 1999, 2000, 2001, 2004, and 2007) that allowed me to 

quantify the accumulating change in marten habitat supply across the interval 1975-2007. 

Habitat change  

 I documented and quantified the changes in marten habitat quantity, 

configuration, and distribution directly from the marten habitat time series. For each of 

the 14 time steps, I calculated the total area in marten habitat, the total area of habitat 

patches >2.7 ha, the amount of habitat change between time steps and cumulative habitat 

change since 1975, and the patch size frequency distribution at each time step. When 

calculating the patch size frequencies, I combined patches into bins based on previous 

research in Maine that has determined the minimum patch area requirements for male and 

female martens (Chapin 1995, Chapin et al. 1998). Chapin (1995) calculated the percent 

of a marten’s home range that was composed of a single, contiguous forest (>6 m) patch, 

which I then used to calculate the size of the largest patch (ha) within the home range 
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based on the individual’s home range size. Patches were collapsed into five bins 

representing: habitat patches below the minimum size recorded to support a female 

marten (2.7 - 80 ha), habitat patches within the 50th percentile for female home ranges 

and the 25th percentile for male home ranges (80 - 150 ha), habitat patches within the 75th 

percentile for female home ranges and the 50th percentile for male home ranges (150 - 

247 ha), habitat patches within the 75th percentile for male home ranges (247 - 382 ha), 

and patches large enough to support ≥75% of a male marten’s home range (>382 ha). It is 

important to note that, although based on the definition of suitable habitat (see above 

Marten habitat time series) the overall accuracy of the binary class is expected to be high, 

the estimated quantity of habitat ca. 1975 should be considered an overestimate because, 

since no harvest information was available prior to 1970, the maps of suitable habitat 

likely included some degree of commission error. This source of error would also be 

reflected in subsequent time steps, which would affect the overall range of values 

estimated by the dataset but not the calculated rates or magnitudes of change 1975-2007 

in either habitat quantity or patch size distribution.  

 To account for the growth of regenerating stands into marten habitat I also 

modeled future habitat recruitment using site index curves for the eastern U.S. (Carmean 

et al. 1989). For this analysis, I assumed uniform, moderate tree growth conditions (i.e, 

site index = 50) and optimistic starting stand conditions (i.e., initial stand height = breast 

height (bh) or 4.5 ft) when determining the time lags associated with growth of balsam 

fir, red spruce, red maple and sugar maple. Beginning with the harvest interval (1975-

1978), I divided the harvested acreage from each interval by the number of years 

included in the interval to create an estimate of annual acreage harvested. I then 
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referenced the site index curves to identify the age at bh at which dominant trees would 

be expected to reach 6 m and 9 m, and determined what year that would occur for areas 

harvested during each time step. Six meters represents the threshold height above which 

martens no longer avoid regenerating forest (Katnik 1992), and 9 m is the height above 

which marten show positive stand-level habitat selection (Payer 1999).  

Probability of marten occurrence time series  

In a previous study, Hepinstall et al. (In Preparation) investigated the influences 

of habitat amount and habitat configuration on marten landscape-scale occurrence (2nd 

order habitat selection; Johnson 1980) in north-central Maine based on radiotelemetry 

locations collected over an 11-year field study (Katnik 1992, Phillips 1994, Chapin et al. 

1998, Phillips et al. 1998, Payer 1999, Fuller and Harrison 2005). The original MEGAP 

served as the base map for developing year-specific habitat maps for their study area that 

were used to calculate landscape metrics for occupied home ranges (95% minimum 

convex polygons; n = 121) and simulated unoccupied home ranges areas (n=86). 

Landscape metrics were selected for inclusion as predictor variables in a logistic 

regression analysis a priori based on previous studies in Maine (Katnik 1992, Chapin et 

al. 1998) and elsewhere (Hargis et al. 1999) to reflect measures of landscape composition 

and habitat configuration thought to be important determinants of marten occurrence. For 

example, a metric that quantifies the proportion of suitable habitat within a marten’s 

home range (PHR) was included because of the important role habitat amount appears to 

play in marten occurrence (Katnik 1992, Chapin et al. 1998, Hargis et al. 1999). Metrics 

of landscape configuration were selected to capture various aspects of habitat patch size, 

shape, and spatial distribution within the home range (Hepinstall et al. In preparation). A 
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priori models representing biological hypotheses about landscape-scale marten 

occurrence were constructed and evaluated for male and female martens separately using 

model selection criteria to rank logistic regression model performance based on AICc 

(Burnham and Anderson 1998). See Hepinstall et al. (In preparation) for a more detailed 

description of model development.  

 The top-ranked models for females and males included measures of both habitat 

amount and habitat configuration (Tables 1.1 and 1.2). The top-ranked model for 

predicting female marten occurrence (Table 1.1) included the proportion of 

suitablehabitat within home range (PHR), patch density (PD), and the interaction term 

(PHR*PD). PD is calculated as: the number of patches divided by home range area. The 

top-ranked model for predicting male marten occurrence (Table 1.2) included the 

proportion of suitable habitat within home range (PHR), landscape shape index (LSI), 

and the interaction term (PHR*LSI). LSI is calculated from the total length of class edge 

(or perimeter) divided by the minimum length of class edge (or perimeter) possible for a 

maximally aggregated class.  

Using the top-ranked models developed by Hepinstall et al. (In preparation) and 

the marten habitat time series, I created a time series (1975-2007) to depict the 

probability of occurrence (POC) surfaces for male and female martens across the 1.62 

million hectare study area. I calculated continuous surfaces for each of the metrics for 

each time step in the marten habitat time series using a circular moving window 

approach.  Moving window functions derive a value for each cell of an input map (e.g., 

marten habitat map) within a specified neighborhood surrounding the cell (e.g., circle 

with a specified radius). I based the radius of the circular moving window for males  
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Table 1.1. Parameter estimates and associated odds ratios for the top-ranking female 
marten model (Hepinstall et al. In preparation). Model included the predictor variables: 
percent suitable habitat in home range (PHR), suitable habitat patch density (PD), and the 
interaction (PHR*PD). 
 

Parameter Estimate 95% Lower 95% Upper Odds Ratio 

Constant 0.113 -4.927 5.153  

PHR -0.001 -0.066 0.064 0.999 

PD -7.558 -14.742 -0.374 0.001 

PHR*PD 0.111 0.008 0.213 1.117 

 

 

 

 

 

 

Table 1.2. Parameter estimates and associated odds ratios for the top-ranking male marten 
model (Hepinstall et al. In preparation). Model included the predictor variables: percent 
suitable habitat in home range (PHR), landscape shape index (LSI), and the interaction 
(PHR*LSI). 
 
 

Parameter Estimate 95% Lower 95% Upper Odds Ratio 

Constant -25.835 -54.253 2.583  

PHR 0.187 -0.061 0.436 1.206 

LSI -0.867 -3.769 2.035 0.420 

PHR*LSI 0.073 0.006 0.140 1.076 
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(1025 m) and females (876 m) on the median home range sizes for males and females 

(3.3 km2 and 2.4 km2 respectively) in northern Maine (Hearn 2007).  I used 

FRAGSTATS version 3.3 (McGarigal et al. 2002) to calculate LSI (male radius) and PD 

(female radius) surfaces for each marten habitat map, and ArcGIS 9.0 to calculate PHR 

surfaces to better control the treatment of non-habitat (e.g., water bodies). Before 

calculating metric surfaces I divided each of the 14 marten habitat maps into 6 large tiles 

based on the major rivers that transverse the study area. I did this to ensure that metric 

values reflected realistic potential home range placement on the landscape associated 

with the dominant geophysical barriers to marten movement. The 6 tiles were then 

mosaiced after metric calculation and prior to subsequent analyses. I also used ArcGIS 

9.0 to derive the final probability surfaces for each time step, applying the logistic 

regression parameter coefficients to the appropriate metric surface and then calculating 

the corresponding probability value for each available cell in the study area.  

Spatiotemporal analyses  

I quantified the changes in habitat amount and configuration using the landscape 

metric (PHR, PD, and LSI) and POC surfaces. Using the 1975 and 2007 metric surfaces, 

I calculated and compared the area within binned (e.g., 10% classes) values of PHR and 

of PD and LSI to assess the broad-scale temporal shifts in metric distributions. I also 

calculated the pairwise difference (i.e., each time step as compared to 1975 baseline) for 

all potential home ranges (i.e., center pixel of moving window) and the overall median 

change for each metric to assess the magnitude and directionality of spatiotemporal shifts 

in composition and configuration of marten habitat for males and females at the scale of 

the home range. Finally, I compared the cumulative area within 10% POC classes (0-

 19 



100%) across the endpoints of the time series to quantify total change between 1975 and 

2007. 

To evaluate the complex spatiotemporal patterns in POC for male and female 

martens, I used Empirical Orthogonal Functions (EOFs). EOF analysis is commonly used 

in the atmospheric (e.g., Aldrian and Djamil 2008) and oceanographic sciences (e.g., 

Legaard and Thomas 2007), but based on a review of peer-reviewed literature has never 

been used to evaluate terrestrial wildlife habitat change. The EOF method finds both time 

series and spatial patterns in a single scalar field (Björnsson and Venegas 1997). In the S-

mode of EOF analyses data (e.g., probability values at location xi at time tj) are organized 

into a matrix where each row represents a map of all values at time tj (i.e., one of the 14 

time steps in the series) and the columns represent a time series of values for each 

location xi (Björnsson and Venegas 1997). The EOF analysis, which is very similar to a 

Principal Components Analysis, then partitions the total variance of the two-dimensional 

matrix into a series of orthogonal functions that maximize the amount of variance 

explained with the fewest number of functions (Björnsson and Venegas 1997). I used 

EOF analysis to decompose the data into a set of temporal EOFs describing the 

characteristic patterns in the time series of probability values across all locations and a set 

of spatial amplitude functions describing the relative contribution of each EOF to the 

predicted POC at each location (i.e., pixel or cell). I performed this analysis on the series 

of POC surfaces for males and females separately.  Prior to analysis, each POC map was 

normalized by its standard deviation and pixels experiencing <10% change in probability 

were removed as a data reduction technique. The statistical significance of each EOF 

mode was evaluated using a Monte Carlo approach.  
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Finally, I derived a surface describing the cumulative percent of habitat within a 

potential marten home range affected by light harvest entries for males and females as of 

2007. Although martens have been shown to maintain home ranges in areas with 

moderate to relatively high proportions of partially harvested forest (range = 10-73% 

during the summer), Fuller and Harrison (2005) also concluded that the mean area for 

martens whose home ranges were comprised of >10% partial harvest (males = 6.29 km2, 

and females = 3.25 km2) were nearly double the area of home ranges of martens without 

partial harvest (males = 3.54 km2, and females = 1.77 km2). During winter, these martens 

also exhibited reduced relative selection for partially-harvested forest within their home 

ranges. Additionally, a 3rd-order selection study in Maine concluded that marten prefer 

areas within their home ranges with >18 m2/ha basal area (of residual trees ≥7.6 cm dbh) 

and with overstory CC >50% (leaf-on) (Payer and Harrison 2003). Consequently, it was 

important to consider the degree to which marten habitat has been impacted by all timber 

harvesting since some partially harvested forest may represent lower quality habitat 

compared to mature, second growth forest (Fuller and Harrison 2005). To consider these 

effects, I identified those areas of marten habitat ca. 2007 that received one or more light 

partial harvests according to the harvest detection time series (1988-2007). I then 

generated a surface that quantified for all potential marten home ranges the percentage of 

the available marten habitat ca. 2007 that received at least one light partial harvests.  

Predicted marten density  

 The final way that I measured the effect of the spatiotemporal changes in marten 

habitat was to investigate the change in potential marten density. In order to estimate 

marten density at the township-scale, I calculated average POC using a lattice. A similar 
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method was previously evaluated along with six other methods to estimate potential 

density of Newfoundland martens (Martes americana atrata) across ~2,755 km2 of 

managed forest (Fuller et al. 2007). Estimates of potential marten density calculated by 

summation of probability values within a fixed grid representing marten home ranges 

(0.055 martens/km2) corresponded closely with the density estimated based on a 

companion DNA hair snare study in conjunction with program MARK (0.061 

martens/km2). I determined the appropriate grid size for males through an analysis of the 

intrasexual spatial overlap patterns from previous research conducted in Baxter State 

Park (BSP) (Payer 1999). Using 95% minimum convex polygons (MCPs) calculated with 

radio-telemetry location data collected for male martens in 1995 (N = 16) and 1996 (N = 

17), I calculated the proportion of each home range that was exclusive to that individual 

marten. I then screened individual MCPs on the basis of whether or not the trapping grid 

used to catch marten to attach radio collars was sufficient to capture spatial overlap on all 

sides of each marten’s home range. I calculated the proportion of each MCP that was 

within 1,025 m of the trapping grid and excluded a home range from subsequent analysis 

if >65% of the home range age was outside the 1,025 m radius. Consequently, all home 

ranges (N = 33) contributed to calculating the exclusive areas, but only those home 

ranges for which the spatial access was such that potential overlap with neighboring 

males could be adequately addressed were retained for further analyses. With the 

remaining MCPs I calculated the median exclusive percentage of a male’s home range 

(51%) and used that value to determine the grid cell size for males based on the median 

male home range size (3.3 km2; 1,297 m). Because the grid size is based on the estimated 

exclusive area and not the mean or median home range area, the aggregation of 
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probability values should be appropriately scaled to estimate male marten density. An 

estimate based on the 95% MCP area would result in an underestimate of the estimated 

number of males present at any point in the time series because it would not consider 

home range overlap.  

 Previous research in Maine has shown that female martens tolerate very little 

intrasexual overlap (0-1.6%; Phillips 1994). A comparable MCP dataset was unavailable 

for assessing the effect of intrasexual overlap on the percentage of a female’s home range 

that is exclusive to an individual. Consequently, because the sex ratio of resident, 

nonjuvenile martens in Maine has been found to be 1:1 (Payer 1999), I used the same 

grid size (1,297m) for estimating female marten densities. I aligned the grid with the 

south-west/north-east orientation of my study area to retain the maximum amount of 

surface data and used the square grids to calculate the average POC for each grid cell in 

1975 and 2007. Grid cell values were then summed by township and divided by the 

township area to estimate the township-scale marten density.  

RESULTS 

Habitat change 

 Results indicated that there were 1,381,956 ha (3,414,887 ac) of suitable habitat 

for martens within the study area in 1975, which was comprised of mixed (44%), 

coniferous (28%), deciduous (22%), and wetland coniferous (6%) stands of pole- to 

sawtimber-sized forest. Between 1975 and 2007, the loss of habitat directly attributable to 

heavy harvest of mature forested stands ranged from a low of 6,155 ha/yr (2000-2001) to 

a high of 21,941 ha/year (1985-1988), and resulted in a total cumulative loss of 376,906 

ha (27%) of the marten habitat present in 1975 (Table 1.3). An additional 58,072 ha was  
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Table 1.3. Amount of marten habitat, amount of marten habitat in patches ≥ 2.7 ha, 
annual marten habitat decline attributable directly to timber harvesting effects, and 
cumulative habitat loss for the period 1975-2007. 
 

Period Habitat (ha) Habitat  
(≥ 2.7 ha) 

Annual 
Direct 
Loss (ha) 

Annual 
Patch-size 
Lossa 

Cumulative 
total loss 
(ha) 

1975-1978 1,343,846 1,342,893 12,703 318 39,063 

1978-1982 1,291,002 1,288,729 12,973 568 93,227 

1982-1985 1,237,616 1,233,975 17,038 1,214 147,981 

1985-1988 1,168,151 1,162,495 21,941 1,885 219,461 

1988-1991 1,118,149 1,110,980 14,782 2,390 270,976 

1991-1993 1,095,437 1,087,699 7,772 3,869 294,257 

1993-1995 1,076,468 1,068,182 5,616 4,143 313,774 

1995-1997 1,062,516 1,053,762 2,833 4,377 328,194 

1997-1999 1,040,525 1,031,018 6,618 4,754 350,938 

1999-2000 1,018,560 1,018,123 12,458 4,368 363,833 

2000-2001 1,011,968 1,011,652 6,155 316 370,304 

2001-2004 975,270 973,535 12,127 578 408,421 

2004-2007 948,585 946,978 8,317 536 434,978 

 
a Habitat loss attributable to the formation of residual habitat patches following a heavy 
harvest that were too small (i.e.,<2.7 ha; Chapin et al. 1998) to contribute marten habitat 
requirements. Patches <2.7 ha were identified and area calculated at the end of each 
period. 
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lost due to fragmentation of residual forest into patches too small to receive marten use 

(i.e., <2.7 ha). The magnitude of loss created by this fragmentation effect increased in 

each harvest interval 1975-1999, with a peak annual loss of 4,754 ha/yr (1997-1999) 

(Table 1.3). Since 1999, the trends in direct loss and fragmentation-related loss have 

reversed as direct loss has increased in magnitude as fragmentation loss has declined. In 

total, 32% of the marten habitat in 1975 (434,978 ha) was lost as a result of the combined 

effects of habitat loss and minimum patch size requirements (Table 1.3). 

Additional to the fragmentation losses caused by creation of patches <2.7 ha, the 

total number of habitat patches ≥2.7 ha increased 9.5-fold from 379 in 1975 to 3601 in 

2007 (Table 1.4). The majority of this increase in the total number of habitat patches 

occurred in the smallest size classes that I evaluated (2.7 - 80 ha). In 1975, there were 356 

patches 2.7 - 80 ha in size, but by 1991, there were 2014 patches, and by 2007, the 

number of patches had increased to 3414. Although the greatest increase in the number of 

patches occurred in that smallest size class, the number of patches in all patch size classes 

increased between 1975 and 2007 (Table 1.4), indicating a general trend towards broad-

scale habitat fragmentation. 

 Based on site index curves (index = 50), balsam fir, red spruce, and sugar maple 

can be expected to reach 6 m bh at ages 15, 17, and 15, and 9 m bh at age 25, 27, and 24, 

respectively. Using these values, stands harvested 1975-1995 were recruited back into 

marginal marten habitat starting in 1988 using the 6 m height threshold. This included a 

total of 278,058 ha of habitat ca. 2007. Using the 9 m threshold, stands harvested 1975-

1987 were recruited back into suitable marten habitat starting in 1997, which included a 

total of 172,293 ha ca. 2007. The effect of accounting for habitat recruitment based on the 

 25 



 Table 1.4. Number of habitat patches (≥ 2.7 ha) present within the study area after each 
harvest interval. 
 

Year 2.7 - 80 80 - 150 150 - 247 247 - 382 > 382 Total 

1975 356 7 3 1 12 379 

1978 583 14 6 2 14 619 

1982 928 30 10 4 19 991 

1985 1226 38 14 9 22 1309 

1988 1680 42 17 12 25 1776 

1991 2014 54 24 9 29 2130 

1993 2161 56 27 8 29 2281 

1995 2290 60 25 10 30 2415 

1997 2407 67 25 12 29 2540 

1999 2589 63 28 13 33 2726 

2000 2700 63 30 14 33 2840 

2001 2749 63 30 17 35 2894 

2004 3105 78 34 14 46 3277 

2007 3414 89 34 14 50 3601 
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above assumptions reversed the trend in area of suitable habitat 1975-2007 (Figure 1.2); 

however, even the most optimistic assumptions (i.e., forest is suitable marten habitat 

when trees >6 m) there was a sustained loss of >150,000 ha of marten habitat ca. 2007.  

Spatiotemporal analyses  

 At the scale of the marten home range, the distributions of landscape metrics 

included in the top-models developed to predict marten landscape-scale occurrence in 

northern Maine (Hepinstall et al. In preparation) shifted significantly 1975-2007. Forboth 

male and female martens, there was a broad-scale shift in the distribution of PHR within 

potential home ranges towards increased prevalence of lower PHR values (Figure 1.3). 

Between 1975 and 2007 the median PHR value was reduced from 95% to 64% for both 

sexes. In 1975, >1 million hectares (70%) of marten habitat had ≥90% PHR available for 

both female (1,070,593 ha) and male (1,060,663 ha) martens. This area was reduced to 

218,200 ha and 188,860 ha, respectively, by 2007 (Figure 1.3). Based on a pairwise 

comparison between 1975 and 2007, 27% of potential female home ranges and 24% of 

potential male home ranges experienced a reduction in PHR of only 0-10% over the 32 

year period. However, 43% of potential female home ranges and 43% of potential male 

home ranges experienced a reduction in PHR of ≥30%. Further, 12% of females ranges 

and 10% of male ranges had PHRs which declined by ≥60% from 1975-2007. The 

median change in PHR at the home-range scale was -24% for all potential female home 

ranges and -25% for all potential male home ranges. 

 The negative shifts in PHR were accompanied by significant distributional shifts 

in configuration metrics 1975-2007 (Figure 1.4). The spatial distribution of PD for 

potential female home ranges shifted towards increased prevalence of higher metric 
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Figure 1.2. Total marten habitat amount (1975 - 2007) and predicted habitat recruitment 
at six and nine meters. Six meters represents the threshold height above which martens no 
longer avoid regenerating forest (Katnik 1992), and 9 m is the height above which marten 
show positive stand-level habitat selection (Payer 1999). 
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Figure 1.3. Area distribution of marten percent suitable habitat in home range (PHR) (y-
axis) within 10% classes (x-axis) for a) females and b) males in 1975 and 2007.  
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Figure 1.4. Area distribution of a) Patch Density (PD; females) and b) Landscape Shape 
Index (LSI; males) within potential home-range areas in 1975 and 2007. Median change 
in metric value at the home-range scale (1975-2007) was +0.87 (mean = +0.99) for PD 
and +2.6 (mean = +2.7) for LSI. 
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values (Figure 1.4a), and the median value of PD for potential female home ranges 

shifted from 0.43 (i.e, 1 patch per home range) in 1975 to 1.3 (i.e., 3 patches per home 

range) in 2007. A pairwise comparison indicated that the median change in the PD index 

at the home-range scale was +0.87. This increase corresponds to an approximate increase 

of 2 patches per home range, suggesting that there has been a broad-scale disaggregation 

of marten habitat and increase in patch density within potentially occupied home ranges. 

An even more pronounced shift was detected in the spatial distribution of LSI for 

potential male home ranges (Figure 1.4b), which shifted from a heavily right-skewed 

distribution to a more uniform distribution centered on intermediate LSI values (Figure 

1.4b). The median value of LSI for potential male home ranges increased from 1.99 in 

1975 to 4.89 in 2007. A pairwise comparison indicated that the median change in the LSI 

at the home-range scale was +2.6; LSI values in only 7% of potential male home ranges 

were unchanged 1975-2007. Consequently, for the majority of potential home ranges the 

1975 LSI was less than the 2007 LSI, further indicating that there has been a broad-scale 

increase in level of disaggregation and the length of edge associated with marten habitat 

in northern Maine.  

 The EOF analysis successfully identified the dominant trends that describe the 

spatiotemporal changes in the time series of probability of occurrence (POC) for females 

and males 1975-2007 (Figure 1.5). For females, two significant temporal EOF modes 

explained 83.1% of the variance in the POC time series (Figure 1.6a). The first mode 

accounted for 70.9% of the variability in the dataset and described the effect of the 

interacting processes of habitat loss and habitat fragmentation on the overall broad-scale 

decline in female marten POC 1975-2007. The shape of temporal mode 1 indicated that 
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Figure 1.6. Significant temporal EOF modes 1 (black line) and 2 (dashed line) identified 
from the a) female (variance explained = 83.1) and b) male (variance explained = 82.0%) 
probability of occurrence time series. 
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the initial decline in POC in most areas was initiated early in the time series (1978-1988); 

that the rates of decline tapered off in the mid- to late-1990s; and that rates of decline 

have increased since 2001 (Figure 1.6a). Additionally, three primary patterns were 

captured by the spatial EOF weighting surface associated with temporal mode 1 (Figure 

1.7). First, in those areas with strongly positive spatial weighting (value ≥1) PHR 

decreased 1975-2007 and PD increased 1975-2007 in the expected pattern, accelerating 

the rate and increasing the magnitude of the decline of female POC. Second, in those area 

with weakly positive weighting (value = 0-1), PHR decreased but PD also decreased, 

dampening the decline in POC and highlighting the role of the interaction term 

(PHR*PD) in the female marten model. In these areas the process of habitat loss was near 

complete; consequently, as PHR approached zero, PD also declined towards zero as all 

habitat patches were removed. Third, areas with negative spatial weighting effectively 

did not follow the dominant trend of strong POC decline 1975-2007, instead experiencing 

little habitat loss and, thus, little to no POC decline. 

The second EOF mode describing the female POC time series accounted for an 

additional 12.2% of the variance and captured patterns related to the localized timing and 

magnitude of habitat loss (Figure 1.6a). The pattern of temporal mode 2 must be 

interpreted as modifying the magnitude of mode, rather than interpreted directly, and in 

the case of the female POC time series mode 2 had one of two primary effects on the 

predominant spatial pattern associated with mode 1. In those areas where the spatial 

weightings associated with mode 2 were negative (Figure 1.8), the rate of POC decline 

was significantly elevated 1975-1988, quickly approaching zero. Where spatial 

weightings associated with mode 2 were positive (Figure 1.8), POC decline was initiated 
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Figure 1.7. Surface describing the spatial EOF weighting associated with female temporal 
mode 1. In areas with strongly positive spatial weighting (value ≥1) PHR decreased 
1975-2007 and PD increased 1975-2007 in the expected pattern. In areas with weakly 
positive weighting (value = 0.1-1) the process of habitat loss was near complete and both 
PHR and PD decreased. Areas with zero and negative spatial weighting experienced little 
to no habitat loss and so did not follow the dominant trend of strong POC decline 1975-
2007.    
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Figure 1.8. Surface describing the spatial EOF weighting associated with female temporal 
mode 2. In areas where the spatial weightings associated with mode 2 were negative, the 
decline in POC started at the beginning of the time series (1975-1988) and quickly 
approached 0%. In areas where the spatial weightings were positive, the POC decline was 
initiated after 1985 and continued to decline through the rest of the time series. 
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later than the dominant temporal trend, signifying a significant change in the temporal 

and spatial pattern of marten habitat loss and fragmentation. Although very infrequent, in 

areas where the spatial amplitudes associated with both mode 1 and mode 2 were weakly 

negative (i.e., between -1.0 and 0) the POC actually increased slightly 1975-2007 and 

was associated with a decrease in PD.  

 The EOF analysis also identified two significant temporal modes in the male POC 

time series, which explained 82.0% of the variance in the dataset (Figure 1.6b). The first 

mode accounted for 69.7% of the variance and had a similar shape as the mode 1 for the 

female POC time series (Figure 1.6b). One notable difference was that the rate associated 

with the initial POC decline (1978-1988) was steeper in the male POC time series, but the 

rate of decline after 1991 was reduced compared to the female POC time series; 

consequently, the two temporal trends converged at a very similar value ca. 2007. The 

spatial weights surface associated with mode 1 for the male POC time series (Figure 1.9) 

was also quite similar to that of the female POC time series (Figure 1.7), suggesting 

similar interacting processes. One interesting difference to note is the reduction in 

frequency of negative weightings in the male POC time series, which in the female POC 

time series correlated with areas that did not follow the dominant trend of POC decline 

1975-2007. The second mode accounted for an additional 12.3% of the variance and the 

spatial patterns associated with the second EOF describing the male POC time series 

(Figure 1.10) were also similar to the female mode 2 (Figure 1.8). In those areas that 

followed the dominant pattern associated with mode 1(i.e., positive spatial weights where 

PHR decreased and PD increased), the effect of mode 2 when spatial weightings were 

negative was an increase in the rate of decline 1975-1988 to an even greater degree than 
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Figure 1.9. Surface describing the spatial EOF weighting associated with male temporal 
mode 1. In areas with strongly positive spatial weighting (value ≥1) PHR decreased 
1975-2007 and LSI increased 1975-2007 in the expected pattern. Areas with zero and 
negative spatial weighting experienced little to no habitat loss and so did not follow the 
dominant trend of strong POC decline 1975-2007. 
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Figure 1.10. Surface describing the spatial EOF weighting associated with male temporal 
mode 2. In areas where the spatial weightings associated with mode 2 were negative, the 
decline in POC started at the beginning of the time series (1975-1988) and quickly 
approached 0%. In areas where the spatial weightings were positive, the POC decline was 
initiated after 1985 and continued to decline through the rest of the time series.   
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that seen in the female POC time series. Where mode 2 spatial weightings were strongly 

positive (value ≥1), the period of POC decline was initiated after 1985 and continued 

declining, followed by a slight increase in the rate of decline starting in 2001.  

 Additional to the effects of habitat loss and fragmentation, I estimated that 33% of 

the marten habitat ca. 2007 received a light harvest 1988-2007 (Figure 1.11). More 

strikingly, because of the extensive nature of the light harvesting, habitat within 93-94% 

of the potential male and female home ranges received at least one light harvest (Figure 

1.12). The 6-7% of the potential marten home ranges that were not affected occurred 

primarily within Maine’s largest forest reserve, Baxter State Park, and other smaller 

forest reserves. The percentage of habitat ca. 2007 within potential home ranges that 

received a light harvests ranged widely (1-100%); overall, 34% (median for males and 

females) of the habitat ca. 2007 within all potential home ranges was affected. 

Additionally, 20,955 ha (2.2%) of marten habitat received two or more light harvests 

1988-2007 where timber volume was removed during more than one time series harvest 

interval (e.g., light harvest 1995-1997 and again 2001-2004). These areas likely no longer 

represent suitable marten habitat because of inadequate canopy closure and residual basal 

area of overstory trees >6 m in height. 

Predicted marten density 

 Sufficient data was available to estimate the effects of habitat change on predicted 

marten density for 155 complete townships in northern and western Maine that spatially 

overlapped the study area by >10%. In 1975, 142 townships had estimated potential 

marten densities of ≥1 martens/km2 (Figure 1.13). This density was higher than the mean 

marten density (0.62 martens/km2) that was estimated to occur in Baxter State Park  
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Figure 1.11. Total marten habitat amount (green) and the total amount of marten habitat 
unaffected by light harvesting 1988-2007 (brown). Areas receiving a light harvest may no 
longer represent suitable habitat for martens if they do not retain enough residual basal 
area and canopy closure to exceed published thresholds for marten habitat use (Payer and 
Harrison 2003).  
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Figure 1.12. Percent of habitat within potential male (left) and female (right) home ranges ca. 2007 that received a light partial 
harvest. The 6-7% of the potential marten home ranges that have not been affected (shown in gray) occurred primarily in 
Maine’s largest state park, Baxter State Park, and other smaller forest reserves.
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Figure 1.13. Estimated marten densities in a) 1975 and b) 2007 calculated based on the probability of marten occurrence using 
top-ranked models for males and females (Hepinstall et al. In preparation).  
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during a 5-year field study (1994-1998) (Payer 1999); the road-based trapping design that 

was used in BSP, however, may not have been adequate to capture all resident marten 

(Payer 1999). In 2007, the township-to township range of variability was substantially 

greater and only 31 townships had an estimated potential marten density of ≥1 

martens/km2 (Figure 1.13). A pairwise comparison of townships indicated that the change 

in potential marten density ranged from zero to a decline of >1 martens/km2; no 

townships had an increase in potential marten density 1975-2007. Townships overlapping 

the areas of greatest POC decline experienced the most substantial declines in potential 

marten densities, and potential densities in 16 townships were lower than the mean 

density observed (Payer 1999) for an untrapped but commercially-managed township in 

north-central Maine (0.31 martens/km2) that experienced ~50% habitat loss 1974-1994. 

DISCUSSION 

 In landscapes where forest management is the dominant form of landscape 

disturbance, predicting the outcome of landscape change on wildlife habitat requires 

identification of disturbance events and the resulting changes in landscape composition 

and configuration to understand the species-specific effects of habitat loss and 

fragmentation on habitat quality and quantity. Using a habitat-based spatiotemporal 

approach, I have demonstrated that forest management activities since 1975 have had 

significant impacts on the quantity and configuration of marten habitat in northern Maine. 

The 1973-1985 spruce budworm outbreak initiated a period of rapid marten habitat 

change, resulting in the loss of >20% of marten habitat within the study area and a 5.6-

fold increase in the number of habitat patches (≥2.7 ha) 1975-1991. Significant declines 

in probability of occurrence (POC) occurred as large blocks of mature spruce-fir forest 
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were salvaged and lost as marten habitat, which also set the larger landscape’s trajectory 

towards habitat fragmentation, creating patches too small to sustain the habitat 

requirements of martens and shifting the configuration of marten habitat towards 

increasing disaggregation. Although the majority of marten habitat loss (62%) occurred 

during the period of preemptive and salvage logging, substantial loss of marten habitat 

and decline in marten POC continued 1991-2007, coinciding with changes in forest 

policy that contributed to an extensive increase in partial harvesting and total acreage 

harvested from commercial forestlands. Partial harvesting, thus, replaced clearcut 

harvesting in its role causing the loss and fragmentation of marten habitat. The potential 

for partial harvests to act additively, increasing the rates of habitat loss and 

fragmentation, highlights the need to future research to determine the degree to which 

different forms of partial harvesting can alter habitat quality for martens and other forest 

wildlife.  

 The majority (62%) of marten habitat loss occurred in the first 16 years of the 

time series (1975-1991), during the periods of preemptive followed by salvage logging 

that occurred in response to the 1973-1985 spruce budworm outbreak (Table 1.3). The 

highest annual rate of loss (21,941 ha/yr 1985-1988) coincided with the end of the spruce 

budworm post-salvage period and was consistent with the Maine Forest Service 

landowner annual harvest records (Maine Forest Service 1994, 1997, 2003, 2005, 2007), 

which showed that 1989 was the peak year 1988-2007 in terms of the annual harvested 

acres by clearcut harvesting across all timberlands in Maine. During the salvage period, 

there were no legislative definitions or standards in place to regulate the size or 

arrangement of clearcuts in Maine, but in 1989 the Maine Forest Practices Act (MFPA) 
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(12 MRSA §8867-A to §8888 & MFS Rules Chapter 20) was passed. The MFPA put 

forth Maine’s first definition of a “clearcut” (i.e., any timber harvest greater than 5 acres 

in size that results in a residual basal area of trees over 4 ½ inches in diameter measured 

at 4 ½ feet above the ground of less than 30 ft2/ac) and required that a landowner submit 

a “forest management plan” for clearcuts above certain acreage (35 acres ca. 1995) (Field 

1994). The immediate effects of this legislation on forest management were that leading 

up to and in the first years after the MFPA was fully implemented the number of acres 

harvested by clearcut harvesting declined by >40%, as did the direct loss of marten 

habitat (Table 1.3). The rate at which marten habitat was lost due to fragmentation 

effects, however, increased following this period of forest policy change. The peak in 

fragmentation-related loss (1997-1999) occurred 10-12 years after the peak in direct 

habitat loss (1985-1988) (Table 1.3), which was also likely a result of the changing forest 

management practices that occurred after the MFPA. As the acreage harvested by 

clearcut declined, the average size of a clearcut also declined from >125 acres to <35 

acres (Maine Forest Service 1995). Thus, individual clearcuts were on average smaller 

after the implementation of the MFPA; however, forest managers began to concentrate 

these smaller clearcuts spaced according to the 250 ft separation zones that were required 

by the MFPA. The “checkerboard pattern” of clearcuts that resulted created a landscape 

pattern that was previously not present on the landscape (Maine Forest Service 1995, 

Sader et al. 2003). Loss due to patch-size effects would have occurred as residual forest 

patches too small to contribute to marten habitat requirements (i.e., <2.7 ha; Chapin et al. 

1998) were left as buffer strips in the area surrounding clearcuts. Thus, the MFPA 
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appears to have been responsible both for the slowdown in direct loss of marten habitat 

and the acceleration in loss of marten habitat via fragmentation effects in the early 1990s. 

 The rate at which marten habitat was fragmented into patches (2.7 - 382 ha) 

remained relatively constant 1975-2007 (Table 1.4) even as forest management shifted 

away from the use of clearcut harvests. The partial harvests that largely replaced the 

clearcuts in northern Maine represent a variety of silivicultural treatments, including both 

even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) management techniques 

that result in a wide range of residual stand conditions (Robinson 2006). Some partial 

harvests leave little remaining canopy cover but sufficient live basal area post-harvest to 

exceed the definition of a clearcut in Maine (i.e., >30 ft2/ac) (Robinson 2006). Because of 

the extent of canopy removal, many of these harvests would be categorized as heavy 

along with clearcuts based on the magnitude of NDMI change. As a category, heavy 

harvests represent not just clearcuts, but rather stand-replacing forest disturbances. Thus, 

these “heavy” partial harvests, like traditional clearcut harvests, will also result in loss of 

marten habitat because the residual forest will lack the horizontal and vertical structure 

marten require for protection from predators (Hargis and McCullough 1984, Hodgman et 

al. 1997), resting sites (Buskirk et al. 1989, Bull and Heater 2000), and access to prey 

(Sherburne and Bissonette 1994, Thompson and Curran 1995).  

 The greatest increases in the number of patches occurred in the smaller size 

classes (2.7 - 80 ha and 80 - 150 ha; Table 1.4), which is a concern because martens are 

sensitive to habitat patch size (Snyder and Bissonette 1987, Chapin et al. 1998, Hargis et 

al. 1999). Researchers in Maine concluded that at least half of a female marten’s home 

range in north-central Maine was comprised of a single habitat patch; the median size of 
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those patches was 150 ha (Chapin et al. 1998). Thus, habitat patches in the smallest size 

class (2.7 - 80 ha) are likely too small to sustain the area requirements of a female marten 

in Maine. Patches 80 - 150 ha in size may be of intermediate value for supporting a 

female marten, but are too small to sustain the area requirements of a male marten 

(median size of largest residual patch within male marten home range = 247 ha; Chapin 

et al. 1998). Thus, forest management 1975-2007 created habitat patches that, although 

still relatively large, may only be of limited value to a marten unless they are in close 

proximity to other habitat patches. 

 The broad-scale, cumulative effects of the loss and fragmentation of marten 

habitat have been significant as negative shifts in the amount and configuration of habitat 

were observed at the home-range scale. Pairwise comparisons of PD and LSI (1975 vs. 

2007) indicated that habitat present in the majority of potential home ranges has become 

more disaggregated and has a greater proportion of habitat edge, which is not surprising 

considering the increase in the number of habitat patches (Table 1.4). Concurrently, PHR 

declined for both sexes, with many of the female and male potential marten home ranges 

(29%) experiencing a reduction of only 0-10% in PHR. Because 94% of potential female 

and male marten home ranges in 1975 started with ≥70% PHR, the 1-10% PHR decline 

resulted in home ranges with 2007 PHR values of 60-99% (Figure 1.3). Although this 

range of percentages is still relatively high, previous research has suggested that martens 

are considerably less likely to occupy landscapes with less than 60-80% suitable habitat 

(Chapin et al. 1998, Hargis et al. 1999, Potvin et al. 2000, Fuller 2006). In a comparison 

of occupied and unoccupied home-range areas in north-central Maine, Fuller (2006) 

found that fewer than 30% of the martens occupied landscapes comprised of ≤60% 
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suitable habitat. Additionally, early estimates of PHR should be viewed with caution 

because, since no harvest information was available prior to 1970, the maps of suitable 

habitat likely included some degree of commission error that would contribute to an 

overestimation of habitat quantity.  Thus, the 32% loss in marten habitat 1975-2007 

likely has resulted in a >50% decline in actual marten densities given change in 

distribution of PHR and the non-linear habitat loss versus occupancy relationship (Fuller 

2006).  

 The EOF analysis detailed how the processes of forest loss and fragmentation and 

their effects on the spatial distribution and configuration of marten habitat interacted and 

influenced the probability of occurrence (POC) for male and female martens 1975-2007. 

Two primary spatiotemporal trends emerged in the overall broad-scale decline in POC. In 

the majority of areas, POC decline for both male and female martens was initiated early 

in the time series (1978-1988), which coincided with the spruce budworm salvage period 

and the period of greatest direct habitat loss (Table 1.3). In many of these areas of early 

decline, the loss of marten habitat caused both a decrease in PHR and an increase in 

habitat fragmentation, leading to an increase in PD and LSI (Figure 1.4). In other areas, 

however, the rate and magnitude of marten habitat loss 1978-1988 were so great that PD 

or LSI actually decreased coincidentally with PHR as entire habitat patches were 

removed, further accelerating the rate of POC decline towards zero ca. 1991. So, for a 

species such as the marten that is affected both by habitat amount and habitat 

configuration steep nonlinear declines in POC should be expected in a forest managed 

predominantly by even-aged silvicultural techniques that does not include considerations 

for maintaining marten habitat. Further, the magnitude of early POC decline (1978-1988) 
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was more pronounced in the male POC time series. Based on PHR and LSI, areas are 

either associated with high probabilities or low probabilities with few intermediate 

values, indicating that the study area is more strongly binary for male martens. This 

suggests that larger area requirements may result in a greater initial impact if the average 

clearcut size were to increase substantially in the future. 

 In areas where the POC decline followed the second spatiotemporal trend, the 

decline was initiated at the end of the salvage period, coinciding with the passage of the 

MFPA and the increased reliance on partial harvests. In these areas POC declined at a 

relatively constant rate 1985-2007 with short-term increases in rate of decline (1997-1999 

and 2001-2004). This overall pattern of decline corresponds with the substantial increase 

in the total acreage harvested that has occurred since the passage of the MFPA. In the 10 

years following the passage of the MFPA, the total annual acreage harvested for 

commercial forestlands in Maine increased from ~250,000 acres to ~500,000 and the 

percentage of those harvests that were partial harvests increased from 60% to 94%. The 

total volume harvested, however, changed relatively little in the early 1990s (Maine 

Forest Service 1998). In Maine, as regional spruce and fir harvest declined following the 

spruce-budworm salvage period, there was a concurrent increase in hardwood harvest to 

meet continued market demand for pulpwood following the pulse of salvaged timber 

(Maine Forest Service 1998). Consequently, although it is often ignored as an impact of 

commercial forestland owners’ response to natural disturbances, salvage logging and 

market response can result in a larger forest area being disturbed over the long term than 

would have been directly impacted by an insect outbreak, exacerbating any detrimental 

ecosystem effects (Prestemon and Holmes 2004, Foster and Orwig 2006). Despite these 
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predictable effects, it was recently pointed out that “remarkably little” research has been 

conducted on the effects of salvage operations on wildlife populations (Lindenmayer and 

Noss 2006), and what little research has been conducted has focused on postfire salvage 

logging (Lindenmayer and Noss 2006; but see Radeloff et al. 2000). This is the first study 

to document the immediate and the long-term effects of post-insect epidemic salvage 

logging on the broad-scale quantity and distribution of habitat for a forest-dependent 

wildlife species. 

Previous research in Maine has suggested that home ranges comprised of 

partially-harvested forest are of lower quality for marten compared to those comprised of 

primarily mature, second-growth forest (Fuller and Harrison 2005). Approximately 94% 

of the potential marten home ranges across my study area included habitat that received a 

light harvest 1988-2007, and for 62% of the potential male home ranges (64% of the 

female) the amount of habitat within the home range that received a light harvest 

exceeded the median value (26.6%) Fuller and Harrison (2005) documented for martens 

that expanded their home ranges in the winter to include more mature, second-growth 

forest. Further, 6% of the male and 5% of the female potential home ranges exceeded the 

maximum value (73%) documented by Fuller and Harrison (2005), and if these areas 

effectively no longer represent suitable marten habitat because of a substantial reduction 

in habitat quality, then this would represent an additional loss of marten habitat ca. 2007 

of ~70,907 ha. Martens, thus, may to be able to mitigate the effects of partial harvesting 

by expanding their home ranges in order to reduce the use of partially harvested forest at 

critical times of year (Fuller and Harrison 2005); however, doing so would also increase a 
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marten’s energetic demands (Hodgman et al. 1997) and spatial requirements beyond what 

was modeled here.  

CONSERVATION AND MANAGEMENT IMPLICATIONS 

 The cumulative effects of forest management have been widespread reductions in 

habitat supply for marten, the probability of marten occurrence, and potential marten 

density, which resulted both from habitat loss and fragmentation. Although the majority 

(62%) of marten habitat loss occurred during the period of preemptive followed by 

salvage logging that occurred in response to the 1973-1985 spruce budworm outbreak, 

habitat loss and the associated decline in POC continued after the passage of the MFPA, 

as partial harvesting and total acreage harvested increased. In the near future, habitat 

recruitment may be able to provide some positive offset to future habitat losses. It is, 

however, important for forest and wildlife managers to know that the legacy of past forest 

management will be a sustained loss of >150,000 ha of marten habitat within the study 

area, even based on optimistic assumptions. Further, the NDMI-based methodologies 

used here were not originally designed to predict residual basal area, and it is very likely 

that some proportion of the 307,862 ha of marten habitat that received a light harvest 

1988-2007 (Figure 1.11) will not retain enough basal area to exceed published threshold 

for marten habitat use (i.e., >18 m2/ha live basal area; Payer and Harrison 2003) even 

though a relatively continuous canopy may still remain. If these areas effectively no 

longer represent suitable habitat for martens because of a substantial reduction in habitat 

quality, then this would represent an additional loss of marten habitat. Thus, I recommend 

that additional research is needed to quantify the residual post-harvest structure (e.g., 

basal area and canopy closure) in forested areas that have received a light harvest as 
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classified using TM imagery. Preliminary estimates suggest that in many areas classified 

as light harvest the residual basal area was <13 m2/ha (Legaard et al., Maine Image 

Analysis Laboratory, University of Maine, Orono In preparation), which was the average 

basal area associated the partially-harvested forest occupied by martens in northern 

Maine (Fuller and Harrison 2005). Thus, in evaluating the effects of forest management 

on marten habitat loss I was conservative by focusing on heavy harvests, indicating that 

the actual loss of marten habitat 1975-2007 was between 434,978 ha (32%) and 747,480 

ha (54%).  

I estimated that ~35% of townships within the study area in 2007 support ½ or 

fewer of the adult martens that they could have potentially supported in 1975. If, 

however, the seasonal expansion of home ranges that previous researchers observed in 

north-central Maine (Fuller and Harrison 2005) were to translate into an overall increase 

in home range size for martens in a partially-harvested landscape then the potential 

density in >35% of townships has likely declined by ≥50%. Preliminary estimates 

suggest that township-scale marten densities would be reduced by on average 44% if 

median home range size were to increase uniformly by only 10%, and 10% is 

considerably less than the average observed increase for males and females in north-

central Maine (average = 82%; Fuller and Harrison 2005). Further, although marten 

trapping harvest has remained relatively stable and trapper success rate has remained high 

in Maine since the early 1990s (Maine Department of Inland Fisheries and Wildlife 

Unpublished data), the actual number of martens harvested declined in the northern 

portion of my study area 1991-2006 where light harvesting has been extensive and 

increased 1991-2006 in the southern portion where the extent has been far less. Because 
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of the already extensive nature of partial harvesting, with ~94% of marten home ranges 

already affected to some degree by partial harvesting ca. 2007 and 480,000-500,000 ac of 

commercial forestlands being partially harvested each year, additional efforts should be 

directed at determining the extent that partial harvesting is affecting habitat for martens 

and other forest-dependent wildlife across the commercially managed forests of Maine.  
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CHAPTER 2 

LINKING THE EFFECTS OF FOREST MANAGEMENT TO CANADA LYNX 

OCCURRENCE ON COMMERCIAL FORESTLANDS IN NORTHERN MAINE 

ABSTRACT 

 Increases in Maine’s Canada lynx (Lynx canadensis) population in the late 1990s 

and early 2000s have been credited to regenerating forest conditions created by the 

timber harvesting patterns that resulted from salvage logging within spruce-fir forests 

during the 1973-1985 spruce budworm outbreak (Choristoneura fumiferana). Since the 

early 1990s, however, timber harvesting rates and patterns have changed dramatically 

following changes in forest policy, and current policies provide little guidance for 

maintaining early-successional forest habitat on privately-owned commercial forestlands. 

More research is needed that can help land and wildlife management agencies better 

understand how lynx presence is influenced by changes in forest composition and 

configuration. I developed a 2004 forest cover type map, based on satellite-derived forest 

harvest and overstory composition data, and used the map to identify regenerating forest 

conditions associated with high abundance of the lynx’s primary prey, the snowshoe hare 

(Lepus americanus). I then derived habitat-based predictor variables to model lynx 

occurrence using simulated occupied and unoccupied lynx home ranges based on 

presence/absence data provided by snow track surveys conducted across 60 townships in 

northern and western Maine, 2003-2006. Candidate models were developed to evaluate 

the alternative hypotheses that 2nd-order habitat selection by lynx is influenced by home 

range composition, snowshoe hare density, and/or habitat configuration. The resulting 

top-ranked model included the predictor variables mean hare density, percent mature 
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conifer forest, and the interaction between the two main effects. The area under the 

receiver operating curve (AUC) based on leave-one-out cross validation indicated that 

there was a 69% probability that an occupied home range would have a higher mean hare 

density and percent of mature conifer forest than an unoccupied home range. Based on 

this model, I calculated the probability of occurrence for lynx across 1.62 million 

hectares of commercial forestlands in northern Maine and noted that 29% of the 

landscape had a ≥50% probability of occurrence and only 17% had a probability of 

occurrence ≥80%. Larger blocks of higher probability of occurrence were more spatially 

aggregated in the north-western and central regions of the study area where percent 

mature conifer forest and mean hare density were generally higher as a result of past 

timber harvesting patterns. Estimated potential densities for resident adult lynx were 

generally <3 lynx/100 km2, but exceeded 5 lynx/100 km2 in some townships where 

probability of occurrence was high. This suggests that habitat in Maine can potentially 

support lynx densities that are comparable to some northerly populations during the 

cyclic high in snowshoe hare populations. Snowshoe hare density in occupied areas 

(mean = 0.74 hares/ha), however, was only slightly higher than unoccupied areas (mean 

= 0.62 hares/ha) and probability of occurrence was sensitive to small changes in 

snowshoe hare density, indicating that lynx densities could decline rapidly in townships 

where young regenerating forest is not available to replace the advanced regenerating 

forest that is currently supporting high snowshoe hare densities. Further, ongoing 

research suggests that snowshoe hare populations in northern Maine fluctuate with a 

reduced-amplitude cycle and that hare densities in high-quality hare habitat have declined 
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in recent years, which could exacerbate any habitat-induced decline in the lynx 

population.  

INTRODUCTION 

 Regional conservation planning for threatened and endangered species requires 

reliable information on both a species’ habitat requirements and the current distribution 

of habitat (Osborne et al. 2001, Betts et al. 2003, Osborne and Suárez-Seone 2007, Viña 

et al. 2007). Resource selection functions (Manly et al. 2002) have been widely used to 

quantify species-habitat associations and to inform the species conservation planning 

process (e.g., Johnson et al. 2004, Meggs et al. 2004, Aldridge and Boyce 2007), and the 

availability of satellite data and remote sensing techniques have enabled predictions of 

species occurrence across large areas. However, spatial or temporal extrapolation of 

predictive models to identify areas with high habitat suitability or probability of species 

occurrence can be problematic if the generality or transferability of the model is restricted 

by model calibration or data availability (Fielding and Haworth 1995, Vaughan and 

Oremerod 2003, Miller et al. 2004). Species with broad geographic ranges, for example, 

are likely to experience spatial variation in resource availability that may be expressed as 

region-specific patterns of resource selection (Fortin et al. 2008). Even relatively fine-

scale landscape conditions (composition and configuration) can be highly dynamic 

because of natural or anthropogenic disturbance process (Turner 1989); thus, dynamic 

landscapes limit the utility of habitat data that represents a snapshot in time. 

Consequently, the conservation planning process for many threatened or endangered 

species requires habitat studies in areas where habitat disturbances have occurred to 

ensure model efficacy, particularly if predictive habitat models are to be for monitoring.  
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 The Canada lynx (Lynx canadensis) has a broad geographic range, extending 

across the boreal and sub-boreal forests of Canada and the northern United States. In 

2000, the Canada lynx was designated as federally threatened under the Endangered 

Species Act in the contiguous United States (U. S. Department of Interior 2000) and 

critical habitat was recently designated in five areas currently occupied by lynx, including 

northern Maine, northern Minnesota, and portions of Idaho, Montana, Wyoming, and 

Washington (U. S. Department of Interior 2009). At the regional scale, lynx are generally 

thought to occur in areas with deep snowfall (Buskirk et al. 2000, Hoving et al. 2005) and 

across forest types that provide both denning and foraging habitat (Koehler and Aubry 

1994). Although the specific forest types that provide lynx foraging habitat varies across 

their southern range (Koehler and Aubry 1994), the primary prey association varies far 

less. Lynx are specialist predators on snowshoe hares (Lepus americanus) across their 

range (Koehler and Aubry 1994, Aubry et al. 2000). In a recent analysis Roth et al. 

(2007) used stable isotope analysis to evaluate the degree of geographic variability in the 

prevalence of snowshoe hares in the lynx diet. Although they ultimately conclude that 

lynx are facultative rather than obligate specialists on hares, the estimated percentage of 

hares in the lynx diet was 45-100% for all of the states and provinces included in their 

analysis.  

 Because of the importance of snowshoe hares in the diet of lynx, the presence of 

snowshoe hares and their preferred habitat conditions are considered essential for lynx 

conservation in the U.S. (U. S. Department of Interior 2008). Lynx exhibit strong 

selection for habitat(s) where snowshoe hares are abundant (Parker et al. 1983, Koehler 

1990, Staples 1995, Mowat and Slough 2003, Fuller et al. 2007, Vashon et al. 2008a), 
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and snowshoe hare abundance is closely associated with the density of vegetation cover 

in regenerating forest or mature forest understories (Hodges 2000). Consequently, current 

recommendations on federal lands occupied by lynx (US Forest Service 2000) largely 

emphasize limiting the stand-scale effects of timber harvesting on regenerating forest 

conditions, recommending, for example, precommercial thinning (PCT) be delayed in 

regenerating stands based the effect of PCT on snowshoe hare abundance (e.g., Sullivan 

and Sullivan 1988, Griffin and Mills 2007, Homyack et al. 2007). However, little 

research has actually evaluated the interactions between forest management, snowshoe 

hares, and lynx habitat selection (but see Hoving et al. 2004, Robinson 2006, Fuller et al. 

2007) despite the strong influence of snowshoe hare density on lynx spatial organization 

and population persistence in cyclic populations (Koehler and Aubry 1994, Aubry et al. 

2000, Mowat et al. 2000).  

 Addressing issues of land use at the landscape-scale (2nd order; sensu Johnson 

1980) is of critical importance for territorial and wide-ranging species such as the Canada 

lynx because the number and distribution of home ranges that can be supported by the 

available habitat conditions structures the population (Fretwell and Lucas 1970). 

Although few studies have studied landscape-scale habitat selection by lynx (Koehler 

1990, Poole et al. 1996, Hoving et al. 2004, Vashon et al. 2008a), only one has evaluated 

lynx habitat selection at this scale relative to both forest composition and land-use history 

(Hoving et al 2004). More research is needed that can provide a link between landscape 

change and lynx occurrence to help land and wildlife management agencies make land-

use decisions that will not jeopardize the persistence of lynx in currently occupied areas.   
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 The majority (>50%) of critical habitat for lynx was designated on federal lands 

managed by the federal land management agencies (U. S. Department of Interior 2009), 

while the overwhelming majority (>80%) of designated critical habitat in the western 

states (ID, MT, WA, WY) was on federal lands. In contrast, the distribution of designated 

critical habitat in Maine, which is occupied by the only extant population of lynx in the 

contiguous United States east of Minnesota (U. S. Department of Interior 2008, 2009), is 

comprised of predominantly (~91%) privately-owned lands (U. S. Department of Interior 

2009). A total of 24,597 km2 of northern Maine was designated as critical habitat, and 

these forests are principally managed for the production of wood products (U. S. 

Department of Interior 2009). In fact, increases in Maine’s lynx population in the late 

1990s and early 2000s have been credited to regenerating forest conditions created by 

timber harvesting patterns in the 1970s and 1980s (Hoving et al. 20004). These authors 

concluded that based on the distribution of forest types ca. 1993 landscape-scale 

occurrence of lynx was positively associated with extent of advanced regenerating forest 

that was created via past clearcutting. Model sensitivity was low (38%), however, and 

inferences about forest types selected by lynx were based on regenerating forest with 

undetermined stand histories (Hoving et al. 2004). 

 Since the early 1990s, the landscape patterns and harvest rates associated with 

forest practices have changed dramatically in Maine. In the 1970s and 1980s, clearcut 

harvesting increased as large areas of spruce-fir forest were preemptively and salvage 

harvested in response to the 1973-1985 spruce budworm (Choristoneura fumiferana) 

outbreak. During this period there were no legislative definitions or standards in place to 

regulate the size or arrangement of clearcuts (Maine Forest Service 1995), but in 1989 the 
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Maine Forest Practices Act (MFPA) was passed (12 MRSA §8867-A to §8888 & MFS 

Rules Chapter 20), which increased regulatory standards and requirements associated 

with clearcut harvesting. Following the implementation of the MFPA in 1991, the 

number of acres annually harvested by clearcut immediately declined by >40% and since 

year 2000, clearcuts account for only 4% of the average harvest across commercial 

forestlands. Forest management relies on a variety of partial harvest treatments, including 

both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) management 

techniques. Those treatments result in a wide range of residual stand conditions 

(Robinson 2006), which have important implications for lynx conservation in the 

transitional northern hardwood-boreal forest transition zone near the southeastern extent 

of the lynx’s geographic range. 

 Regional habitat conditions for lynx in Maine have likely changed significantly 

over the last 15 years as forest managers have increased their use of partial harvesting. 

First and foremost, snowshoe hare densities in partially harvested forests are on average 

20-90% lower than in the coniferous or mixed coniferous-deciduous advanced 

regenerating forest that supports the highest snowshoe hare densities in Maine (Robinson 

2006). Additionally, as the total acreage harvested by clearcuts has declined since 1991, 

the average size of a clear-cut has also been reduced from >125 acres (Maine Forest 

Service 1995) to <25 acres (Maine Forest Service 2003, 2005, 2007). Although it has not 

yet been directly evaluated, research suggests that the spatial characteristics of 

regenerating forest may play a role in lynx habitat selection patterns based on studies that 

have shown shifts in habitat selection by lynx during changes in snowshoe hare 

abundance (Murray et al. 1994, Fuller 2006) and selective use of edge habitat adjacent to 
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regenerating forest for foraging (Staples 1995, Mowat et al. 2000). The goal of my 

research was to increase understanding of how forest management influences landscape-

scale occurrence by lynx in the southeastern extent of the species’ geographic range. The 

objectives of this study were to: 1) develop a satellite-based forest type map, including 

forest harvest history (1970-2004) and current forest composition (ca. 2004), that could 

also be updated in the future to facilitate lynx habitat monitoring, 2) evaluate the relative 

influence of home range composition, habitat patch configuration, and snowshoe hare 

density on landscape-scale lynx occurrence using an information-theoretic approach 

(Burnham and Anderson 1998), and 3) provide regional information on the status of lynx 

habitat in northern Maine, which has been identified as one of the primary target areas for 

lynx conservation and recovery.  

STUDY AREA  

 The study area is defined by the area of overlap between the Landsat 

Multispectral Scanner (MSS), Thematic Mapper (TM) and Enhanced Thematic Mapper 

Plus (ETM+) satellite imagery (Landsat Worldwide Reference System (WRS) path 12, 

row 28) used to construct the harvest detection time series (see below) and the 

northwestern border between Maine and the province of Quebec, Canada (Figure 2.1). 

This area includes all or part of 174 unorganized townships that are primarily privately-

owned by industrial forest products companies, family-owned corporations, and 

investment entities. Recent history of ownership changes within this region are broadly 

representative of the unorganized townships of northern Maine (Hagan et al. 2005, Jin 

and Sader 2006) across which 23.8 million acres (96,315 km2) transferred ownership 

between 1980 and 2005. The study area includes approximately 1.62 million hectares of  
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Figure 2.1. The study area (black outline) encompassed ~1.62 million hectares of 
commercial forestland (shown in gray), and was defined by the overlap between the 
Landsat satellite imagery used to construct the harvest detection time series and the 
Maine border. This area also overlapped with the area currently occupied by lynx, as 
defined by the locations of lynx (black dots) detected during  snow track surveys 
conducted from 2003-2006. 
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commercial forestland within the Acadian forest ecoregion, an ecological transition zone 

in the northeastern U.S.A. between the southern temperate deciduous-dominated forests 

and the northern boreal forests (Seymour and Hunter 1992). Commonly occurring species 

include: balsam fir (Abies balsamea), white (Picea glauca), red (P. rubens), and black (P. 

mariana) spruce, white pine (Pinus strobus), white (Betula papyrifera) and yellow (B. 

alleghaniensis) birch, red (Acer rubrum) and sugar (A. saccharum) maple, and American 

beech (Fagus grandifolia). Forest harvesting is the primary form of forest disturbance 

(Seymour 1992, McWilliams et al. 2005) within this area and forest harvesting practices 

are regulated under the Maine Forest Practices Act (12 MRSA §8867-A to §8888 & MFS 

Rules Chapter 20). Urban and residential development is minimal (Hepinstall et al. 1999) 

and was concentrated in only 6% of the townships clustered in the southeastern corner of 

the region. 

METHODS 

Lynx occurrence analyses 

 I defined lynx occurrence and non-occurrence based on the results of snow track 

surveys conducted by the Maine Department of Inland Fisheries and Wildlife (MDIFW). 

Snow track surveys were conducted to establish the status of the lynx population in 

Maine (Vashon et al. 2003) and were targeted at a stratified-random sample of 

unorganized townships (Figure 2.2). Township-scale strata were based on the predicted 

probability of lynx occurrence (low, medium, high) using the model results of Hoving et 

al. (2004). Additionally, digital orthophotographs were used during initial township 

selection to increase the likelihood that ≥55km of suitable secondary roads would be 

accessible in the selected towns (Vashon et al. 2003). MDIFW identified 55 km as the  
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Figure 2.2. Stratified-random sample of 60 townships surveyed (shown in black) for lynx 
occurrence January-March, 2003-2006, with a minimum survey distance of 0.55km/km2. 
Surveys were conducted by snowmobile and lynx tracks crossing survey roads were 
recorded with a GPS. The ~1.62 million hectare study area used for analyses is depicted 
in gray.  
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minimum distance required to detect a resident lynx within a township (MDIFW 

unpublished data). Unplowed logging roads within selected townships were surveyed 

January- March from snowmobiles 2003-2006, generally 24-72 hours after a snow event. 

All survey routes and the locations of lynx track crossings were recorded with a Global 

Positioning System (GPS). In my analysis, I only included townships where a minimum 

survey distance of 0.55 km/km2 was attained. 

Based on the lynx tracks recorded within my study area, I first randomly placed 

simulated circular lynx home ranges on the geographic center of areas of lynx activity 

(locations ≤5.8 km apart). The home range radius that I used to simulate the home ranges 

(2.9 km) was based on the 75% adaptive kernel estimates for home ranges in Maine 

(Vashon et al. 2008a), averaged across males and females (mean = 26.4 km2) because it 

was not possible to reliably determine sex from the track measurements. Basing the 

analysis on the estimated area of a home range rather than, for example, a home range 

core, also constrained the number of home ranges that could be placed within one survey 

township, reducing the potential effect of pseudoreplication on error estimation (Hurlbert 

1984). I then determined the minimum survey distance within these “occupied” home 

ranges and randomly placed “unoccupied” home ranges in surveyed areas with no lynx 

detections and survey effort equal to or greater than the minimum linear distance of track 

reconnaissance within home ranges that were simulated around lynx occurrences; this 

approach ensured equal survey intensity in the use and non-use datasets.  

Forest cover type mapping 

I developed a 2004 forest cover type map for my ~1.62 million hectare (4.0 

million acre) study area based on satellite-derived forest harvest and overstory 
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composition data. Forest harvest data was derived from a harvest detection time series 

(1970-2007) assembled from five Multispectral Scanner (MSS) and nine Thematic 

Mapper (TM) and Enhanced Thematic Mapper Plus (ETM+) images (Legaard et al., 

Maine Image Analysis Laboratory, University of Maine, In preparation). Consecutive 

leaf-on (May-September) images with the lowest cloud cover and at the shortest temporal 

interval available were acquired to maximize the detection of harvest events based on the 

Normalized Difference Vegetation Index (NDVI) or Normalized Difference Moisture 

Index (NDMI). Extensive investigations into the use of vegetation indices to map forest 

change in northern Maine have indicated that NDMI-based methodology is capable of 

detecting partial- and clear-cut harvests with good accuracy, provided Landsat TM 

images are acquired 1-3 years apart (Wilson and Sader 2002, Jin and Sader 2005). After 

co-registration (RMS error <15 m), to improve the consistency of image interpretation 

during subsequent analyses, all images were transformed into a common radiometric 

scale using a relative radiometric normalization procedure (Legaard et al., Maine Image 

Analysis Laboratory, University of Maine, In preparation). NDMI images were 

calculated from the radiometrically normalized images using the TM near infrared (NIR) 

band 4 (0.76-0.90 µm) and mid-infrared (MIR) band 5 (1.55-1.75 µm): NDMI = (NIR - 

MIR) / (NIR + MIR).  

A series of three-date RGB-NDMI classification sequences (Wilson and Sader 

2002, Jin and Sader 2005) were performed to produce a time series of 9 harvest maps 

based on the TM and ETM+ imagery: 1988-1991, 1991-1993, 1993-1995, 1995-1997, 

1997-1999, 1999-2000, 2000-2001, and 2001-2004. Harvests detected within each 

interval were classified into two intensity classes based on the magnitude of NDMI 
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change: heavy or light. This classification scheme was not designed to match current 

regulations in Maine that classify harvests based on the residual structure as “clearcut” 

(currently defined any timber harvest greater than 5 acres in size that results in a residual 

basal area of trees over 4 ½ inches in diameter measured at 4 ½ feet above the ground of 

less than 30 ft2/ac; 12 MRSA §8867-A to §8888 & MFS Rules Chapter 20) or “partial 

harvest” (i.e., all other harvests greater than 5 acres that retain >30 ft2/ac). The heavy 

harvest class represented stand-replacing or regeneration harvests targeted at initiating the 

next cohort of growing stock, which I expected would include both clearcut and heavy 

partial harvests. Light harvests represented partial harvests and tending operations 

targeted at the current growing stock, which I expected would retain >50% of the live 

basal area. A similar process was used to detect heavy harvest entries using the MSS 

imagery based on NDVI, expanding the time series by 5 additional intervals: 1973-1975, 

1975-1978, 1978-1982, 1982-1985, and 1985-1988. NDVI, based on NIR and the red 

band (0.63-0.69 µm), was used in place of NDMI because Landsat MSS does not record 

reflected radiation in the mid-infrared range (1.55-1.75 µm). Additionally, areas disturbed 

ca. 1970-1973 were mapped directly from the 1973 MSS image. Light harvests were not 

mapped 1970-1988 because they could not be reliably classified using Landsat MSS 

imagery. Additional details about the image processing and timber harvest detection will 

be presented in Legaard et al. (Maine Image Analysis Laboratory, University of Maine, 

In preparation).  

I used the timber harvest detection series to map stand-level timber harvest 

operations 1970-2007. Beginning with the earliest time step (1970-1973), these data were 

spatially combined with the subsequent time step (1973-1975) in a process to create 
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stand-level classes defined by their harvest history, including the time series interval 

during which the first timber harvest was detected, and any subsequent harvest treatments 

following the initial harvest entry. Prior to subsequent analysis, a minimum mapping unit 

of 3.5 ha (8.7 ac) was applied to the combined classes. If multiple entries into a stand 

were identified, the satellite images were visually interpreted to determine what harvest 

activities had occurred. This process was repeated with each successive time step (e.g., 

1975-1978) being combined with the previously merged dataset (e.g., 1970-1975). 

Harvest entries classified as heavy in the harvest detection time series represent stand-

replacing events, including commercial clear-cuts and overstory removals. Subsequent 

entries after an initial heavy harvest were assumed to represent intensive management of 

regenerating forest (i.e., manual or chemical thinning) if the second entry occurred ≥15 

years after the initial heavy harvest. Harvests classified as light represent tending 

operations of the mature growing stock and so represent partial harvest treatments (e.g., 

selection and uneven-aged management) that retain overstory trees for future operations.  

Subsequent entries after an initial light entry were classified as partial harvest re-entries if 

light or overstory removals if heavy. This process resulted in the creation of 268 classes 

of single and multiple entry timber harvests (1970-2004), including: mature, second-

growth forest, partially-harvested forest (0-16 years post-harvest), and regenerating forest 

(0-34 years post harvest) (Table 2.1). 

 The 2004 forest cover type map was developed as an update to the 1993 Maine 

Gap Vegetation and Land Cover map (MEGAP) following methods similar to Sader and 

Legaard (2008). The latter half of the harvest detection time series was first used to 

identify those areas where timber harvesting had occurred (1991-2004) in areas identified  
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Table 2.1. Generalized forest types derived from the combined harvest history dataset for 
forestland included in the 1.62 million hectare study area and class area.  
 

 Forest type Hectares 

1 Mature forest 721,323 

2 Partially harvested foresta - recentb 215,124 

3 Partially harvested forest - establishedb 74,300 

4 Regenerating forestc - 0-15 years 179,353 

5 Regenerating forest - 16-34 years 270,260 

6 Non-forestlandd 193,376 

 
a Partially harvested forest identified by light harvests in the harvest detection time series 
(Legaard et al., Maine Image Analysis Laboratory, University of Maine, In preparation). 
b Recent and established partially harvested forest defined based on Fuller et al. (200) as 
light timber harvests 0-10 and 11-26 years post-harvest respectively.  
c Regenerating forest identified by heavy harvests in the harvest detection time series 
(Legaard et al., Maine Image Analysis Laboratory, University of Maine, In preparation). 
d Non-forestland includes water and non-forested wetland classes.  
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by the MEGAP as “Mature Forest.” According to the MEGAP, approximately 89% of the 

study area was comprised of mature forest ca. 1993 and was mapped with >94% accuracy 

based on interpreted aerial videography (Hepinstall et al. 1999). Mature forest pixels in 

the MEGAP were classified into four composition classes (Coniferous Forest, 

Coniferous/Deciduous Forest, Deciduous/Coniferous Forest, and Deciduous Forest; 

Hepinstall et al. 1999) and for the forest pixels that were unaffected by timber harvesting, 

the coniferous and deciduous classes were retained and the two mixed classes were 

combined into a single mixed class. Forest pixels that were affected by timber harvesting 

were replaced with composition data derived from an unsupervised classification of the 

same 2004 Landsat TM image used in the harvest detection time series. If pixels were not 

classifiable into one of the three composition classes (Coniferous, Mixed, or Deciduous 

Forest) resulting from recent timber harvest activity, these pixels were placed into an 

additional “Disturbed Forest” class. 

Habitat model predictor variables 

 I used the combined harvest history dataset and the 2004 forest cover type map to 

develop a suite of habitat-based predictor variables. Variables were chosen to capture the 

relationship(s) between lynx occurrence and ecological factors that could be directly 

influenced by forest management, including elements of landscape composition and 

patch configuration. I calculated three measures of composition at the home-range scale 

that reflected observed relationships between lynx habitat use and forest structure. Lynx 

use of conifer-dominated regenerating forest (approximately 15-35 years old) that 

supports high hare densities has been documented in both the boreal (Mowat and Slough 

2003) and the sub-boreal forest (Parker et al. 1983, Koehler 1990a, 1990b, Hoving et al. 
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2004, Robinson 2006, Fuller et al. 2007, Vashon et al. 2008a). To identify high-quality 

hare habitat that would provide lynx foraging areas ca. 2004 in the Acadian Forest, I first 

used the combined harvest history dataset to identify areas of advanced regenerating 

forest >15 years post-harvest (maximum 34 yrs from harvests that occurred 1970-1971). I 

then used the 2004 forest composition map to identify areas of conifer or mixed forest, 

and combined the two datasets to create a binary map of (1) conifer or mixed, advanced 

regenerating forest and (0) all other forest types.  I created two additional binary maps, 

the first for mature conifer (i.e., uncut since 1970) because of the important role that this 

forest type appears to play in supporting lynx populations in some areas of the boreal 

forest (e.g., Murray et al. 1994, Poole et al. 1996). Finally, landscape-scale lynx 

occurrence in Maine was previously found to be negatively associated with partially-

harvested forest (Hoving et al. 2004). Recently, however, 3rd-order habitat selection by 

lynx was found to be positively associated with “established” partially-harvested forest in 

northern Maine (11-26 years post-harvest; Fuller et al. 2007). Consequently, it seemed 

important to reevaluate the relationship between lynx occurrence and partially-harvested 

forest in the contemporary landscape; so, I created a binary map representing (1) 

established, partially harvested forest and (0) all other forest types. I calculated the 

percent of the available forestland area within the occupied and unoccupied home ranges 

that was comprised of high-quality hare habitat (R), mature conifer (C), and established, 

partially-harvested forest (PH).   

I calculated six landscape configuration metrics that were ecologically relevant 

(Li and Wu 2004) and that quantified different measures of habitat patch area and 

configuration which I hypothesized may influence lynx habitat selection. All metrics 
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chosen used contiguous patches of high-quality hare habitat to define patches. No 

previous study had directly investigated the response of lynx to habitat configuration, but 

previous studies conducted at the 3rd order (Murray et al. 1994) and 4th order (sensu 

Johnson 1980) (Staples 1995, Mowat et al. 2000, Fuller 2006) suggest that habitat 

selection by lynx may be influenced by the spatial characteristics of habitat patches. 

When selecting the candidate metrics, I also referenced Neel et al. (2004) to ensure that 

the selected metrics, as calculated by FRAGSTATS version 3.3 (McGarigal et al. 2002), 

were likely to respond monotonically to the amount and/or aggregation of high-quality 

hare habitat. The metric influenced primarily by the amount of high-quality hare habitat 

was area-weighted mean patch size (AWMPS). AWMPS equals the sum across all 

habitat patches of the mean patch size multiplied by the proportional abundance of each 

patch, which adjusts the estimate of the mean such that larger patches have greater weight 

than smaller patches. Metrics influenced by the configuration of habitat included: patch 

density (PD) and percent like adjacencies (PLADJ). PD is an area-based measure of the 

number of patches and PLADJ provides a measure of the contagion or aggregation of 

habitat patches and is insensitive to class area.  

 Finally, I included mean landscape-scale hare density (HARES) as an additional 

predictor variable to evaluate the cumulative effect of home-range composition on prey 

density and, ultimately, on lynx occurrence. Mean hare density values for occupied and 

unoccupied home ranges were calculated using a map of 2004 forest cover types and their 

associated stand-scale hare densities (Table 2.2). For the majority of types I was able to 

use density estimates provided by research in Maine (Litvaitis et al. 1985, Lachowski 

1997, Fuller and Harrison 2005, Robinson 2006, Homyack et al. 2007) or Quebec (de  
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Table 2.2. Stand-scale snowshoe hare density estimates for forest types associated with 
harvest history (1970-2004) and 2004 overstory composition.  
  
Stand type Years post-harvest hares/ha

Mature foresta  0.25 

Partially-harvested forestb  0.80 

Conifer or mixed regenerating forest (unthinnedc)   

 0 - 9d 0 

 10 - 17e 0.2 - 1.6

 ≥18f 1.8 

Deciduous regenerating forestd  0.4 
 

a Mature forest includes all overstory composition classes, including mature conifer. Hare 
density estimate based on Lachowski (1997) and Fuller and Harrison (2005). 
b Partially-harvested forest includes all overstory composition classes. Hare density 
estimates based on Robinson (2006). 
c Hare density estimates for thinned regenerating forest reduced by 50% based on the 
results of Homyack et al. (2007).  
d Hare density estimate based on de Bellefeuille et al. (2001). 
e Assumed a linear relationship between stand age and hare density 10-18 years post-
harvest, resulting in an estimated increase of 0.2 hares/ha/year. 
f Hare density for regenerating forest ≥18 years post-harvest based on three years of data 
collected for seven conifer-dominated, advanced regenerating stands (≥18 years post-
harvest) in north-central Maine for which researchers documented high hare densities 
2002, 2003, and 2005 (Robinson 2006, Homyack et al. 2007). This period may represent 
a temporal high point for those stands (Scott In preparation).  
g “Deciduous regenerating forest” includes all ages classes of regenerating forest (0-34 
years post-harvest). Hare density estimate based on Litvaitis et al. (1985). 
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Bellefeuille et al. 2001). I estimated the average leaf-off hare density for high-quality  

hare habitat (i.e., 1.8 hares/ha; Table 2.2) based on three years of data collected for seven 

conifer-dominated, advanced regenerating stands (≥18 years post-harvest) in north-

central Maine for which researchers documented relatively high hare densities 2002, 

2003, and 2005 (Robinson 2006, Homyack et al. 2007). Although southern populations 

(<49º N) of snowshoe hares are generally not expected to be strongly cyclic (Hodges  

2000), ongoing research has recently suggested that the years used to derive the average 

hare density for high-quality hare habitat may represent a temporal high point for those 

stands (Scott In preparation). Thus, results should be viewed with some caution as 

potentially being representative of 2nd-oder habitat selection by lynx during a period of 

relative high for snowshoe hare densities in northern Maine. I assumed that young 

regenerating forest <10 years post-harvest would support 0.0 hares/ha (de Bellefeuille et 

al. 2001), and assumed a linear relationship between stand age (10-18 years post-harvest) 

and hare density (0.0-1.8 hares/ha), which resulted in an annual estimated increase of 0.2 

hares/ha/yr. Hare density estimates for conifer or mixed, advanced regenerating stands 

affected by precommerical or commercial thinning were reduced by 50% based on 

research in Maine that compared hare density estimates of thinned vs. unthinned 

regenerating stands of the same age (Homyack et al. 2007). In addition to mean hare 

density, I included a variable that measured the habitat interspersion (IJI) between low 

(0.25 - 0.8 hares/ha), medium (0.8 - 1.4 hares/ha) and high (1.4 - 1.8 hares/ha) hare 

density forest types, because habitat edges may provide valuable foraging habitat for lynx 

(Staples 1995, Mowat et al. 2000). 
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Model development and validation 

 I built a priori candidate models and used the corrected Akaike’s Information 

Criterion (AICc; Burnham and Anderson 1998) to rank the candidate models to obtain a 

resource selection probability function (RSPF; Manly et al. 2002). I used binary logistic 

regression (Systat version 12) to estimate the RSPF coefficients included in the a priori 

models. Prior to subsequent analyses, I used Hosmer and Lemeshow (2000) goodness-of-

fit test statistic to assess model fit. Candidate models (Table 2.3) were chosen to evaluate 

the alternative hypotheses that 2nd-order habitat selection by lynx is based on: 1) home 

range composition (models 1-3); 2) hare density (model 4); 3) landscape-scale hare 

density and home range composition (models 5 and 6); 4) landscape-scale hare density 

and habitat configuration (models 7 - 12); or 5) habitat configuration (model 13). Prior to 

coefficient estimation, I assessed each variable for outliers and influential cases (Cook’s 

D >1) (Hosmer and Lemeshow 2000). Coefficients for the top-ranked RSPF model are 

presented as unstandardized estimates and standard errors. 

 The predictive accuracy of logistic regression models are typically evaluated by 

classifying observations (in-sample or out-of-sample) as used or unused based on a 

threshold value or a range of threshold values (Fielding and Bell 1997, Pearce and Ferrier 

2000). An evaluation conducted over a range of threshold values can be used to generate 

a receiver operating characteristic (ROC) curve and the area under the ROC curve (AUC) 

provides an index of a model’s ability to discriminate between positive and negative 

observations that is independent of species prevalence (Hanley and McNeil 1982). 

Because of the relatively small sample size, I was unable to partition the data into split- 

sample training and testing datasets for validation. Instead I used leave-one-out cross- 
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Table 2.3. A priori set of candidate models chosen to evaluate the influence of: home 
range composition (models 1-3); landscape-scale hare density (model 4); landscape-scale 
hare density and home range composition (models 5 and 6); landscape-scale hare density 
and habitat configuration (models 7 - 12); and habitat configuration (model 13) on 2nd-
order habitat selection by lynx in northern and western Maine. 
 
Model no.  Model variables K

1 Ra 2 

2 Cb 2 

3 R + PHc 3 

4 HARESd 2 

5 HARES + C 3 

6 HARES + C + HARES*C 4 

7 HARES + AWMPSe 3 

8 HARES + PDf 3 

9 HARES + PLADJg 3 

10 HARES + AWMPS + PLADJ 4 

11 HARES + IJIh 3 

12 AWMPS + PLADJ + PD + IJI 5 
 

a R = percent of available forestland within simulated home range comprised by high-
quality hare habitat (i.e., conifer or mixed, advanced regenerating forest >15 years old). 
b C = percent of available forestland within simulated home range comprised by mature 
conifer forest (i.e., uncut since 1970). 
c PH = percent of available forestland within simulated home range comprised by 
established, partially-harvested forest (i.e., 11-26 years post-harvest). 
d HARES =  mean snowshoe hare density (hares/ha) within simulated home range. 
e AWMPS = area-weighted mean patch (ha) size for high-quality hare habitat. 
f PD = patch density (no. patches/home range area) for high-quality hare habitat. 
g PLADJ = percent like adjacencies between pixels of high-quality hare habitat.  
h IJI = interspersion and juxtaposition index describing the interspersion between low 
(0.25 - 0.8 hares/ha), medium (0.8 - 1.4 hares/ha) and high (1.4 - 1.8 hares/ha) hare 
density forest types (see Table 2.2). 
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validation to calculate AUC values to quantify the ability of the candidate models to 

discriminate between occupied and unoccupied home ranges. Additionally, for the top- 

ranked model I also used a k-fold cross-validation procedure recently proposed by Boyce 

et al. (2002). This latter method is used for evaluating RSPFs and is based on presence-

only data. Based on this method, the model in question is used to classify the study area, 

which is then used to bin the per-cell predictions into a number of arbitrary categories (or 

RSPF scores). For each category i, the predicted frequency (Pi) is calculated as:  

 Pi = pi / ∑jpj 

where pi is the number of presence observations predicted to fall in each category and 

∑jpj is the total number of presence observations. Pi is then adjusted for area (Pi/Ei) using 

the expected frequency (Ei), which is given by the relative proportion of the study area in 

each category:  

 Ei = ai / ∑jaj 

where ai is the area (or number of cells) covered by a category i and ∑jaj is the overall 

area (or total number of cells) in the study area. The area-adjusted frequencies (Pi/Ei) 

should be positively correlated with the probability category, and Boyce et al. (2002) 

recommends evaluation using the Spearman-rank correlation. 

Habitat assessment  

 Predictions from the top-ranked candidate model were used to derive a map of 

lynx probability of occurrence for the study area. This continuous surface was calculated 

using a circular moving-window function to provide a value for each cell (30m) within 

the study area based on the characteristics of the neighboring area. I selected 2.9 km as 

the neighborhood radius to match the scale of the simulated home ranges used in the 
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development of the predictive model. I quantified the results by calculating the area of 

forestland within 10% probability bins and by estimating lynx density for the study area 

ca. 2004. Ideally, abundance data would be available when estimating density based on 

habitat suitability (Van Horne 1983); however, abundance data is often unavailable, 

making it necessary to index or estimate abundance directly from the predictions of 

occurrence models (Johnson and Seip 2008). Boyce and McDonald (1999) recommended 

an estimation method based on resource selection function that has since been used to 

estimate densities for grizzly bear (Ursus arctos; Boyce and Waller 2003), black bear 

(Ursus americanus; Gaines et al. 2005), and mountain caribou (Rangifer tarandux 

caribou; Seip et al. 2007). This method requires the availability of reference abundance 

data across all habitat types, which were not readily available for lynx in northern Maine.  

Alternatively, I estimated density using a fixed grid and matched the grid size to 

the exclusive area occupied by an individual resident lynx so that I could simply sum the 

mean grid probability values (Manly et al. 2002). The mean probability value (xij) for grid 

cell i can be thought of as the likelihood (0.01 - 1.0) of an individual lynx occupying i at 

time j. Because it was not possible to identify the sex of the individual lynx detected 

during the snow track surveys, it was necessary that I estimate a single value to represent 

the average (intra-sexual) exclusive home-range area used by a resident adult lynx in 

northern Maine. I determined the appropriate grid size by referencing recent research 

conducted in northern Maine (Vashon et al. 2008a) to provide an estimate of the average 

spatial overlap between neighboring adult lynx (male:male, female:female, male:female). 

Using this research I determined that the weighted-average spatial overlap between adult 

lynx was 20.3% (Vashon et al. 2008a), and estimated the exclusive home-range area 
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(21.0 km2) used by a resident adult based on the average intra-sexual home range size 

(26.4 km2). This estimated exclusive area corresponded to a grid cell side length of 4,095 

m. I aligned the fixed grid with the south-west/north-east orientation of my study area 

(Figure 2.1) to retain all available surface data and intersected it with a GIS layer of 

township boundaries (http://megis.maine.gov). I then calculated the mean probability of 

lynx occurrence for each intersected grid cell (xij). To estimate township-scale lynx 

densities I summed grid cell values by township (Σ xij) and then divided by the forestland 

area (A) within each township, such that: lynx density = Σ xij/A. 

RESULTS 

Lynx occurrence analyses 

 Eighteen of the 70 townships that were surveyed by MDIFW 2003-2006 

overlapped with my study area and had a survey distance of ≥0.55 km/km2 (Figure 2.2). 

The snow track surveys recorded 124 lynx track crossings in 12 of the 18 townships, 

which I used to simulate 18 occupied home ranges using a radius of 2.9 km (26.4 km2) 

(Figure 2.3). The average survey intensity within the occupied home ranges was 19 km 

surveyed per 26.4 km2 home range or 0.72 km/km2 (range = 0.24 - 1.40 km/km2). I 

simulated 25 non-occupied home ranges in areas with a minimum survey intensity of 

0.24 km/km2 and a maximum overlap of 4%, which resulted in an average survey 

intensity within non-occupied home ranges of 0.72 km/km2 (range = 0.51 - 1.15 km/km2). 

The range in the number of simulated home ranges (occupied or unoccupied) per 

township was 1-3 (Figure 2.3). 
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Figure 2.3. Simulated occupied (yellow line) and unoccupied (blue line) lynx home 
ranges located in surveyed townships (black line) overlapping the study area (gray).  
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Model development and validation 

 The top-ranked a priori model describing 2nd-order habitat selection by lynx in 

northern Maine (Table 2.4) included the predictor variables: mean hare density 

(HARES), percent of mature conifer (C), and the interaction between the two 

(HARES*C). Hosmer-Lemeshow statistic values for this model (0.888) and the global 

model (0.918), and McFadden’s rho-squared for the top model (0.272) suggested that the 

data fit the logistic regression model and that the variables included in the top model 

explain a high proportion of the variability in the data. One unoccupied home range was 

removed on the basis of high influence (Cook’s D >1). Correlation between HARES and 

C was low (r < |0.1|) (Table 2.5) and the 95% confidence interval for the odds ratio for 

both C and the HARES*C interaction did not include 1. This model (HARES + C + 

HARES*C; Table 2.4) received 59% of the weight of evidence (wi = 0.59) and no 

candidate model had a ∆AICc ≤2 relative to the top model. Only one candidate model 

(HARES + C) had a ∆AICc ≤4 and the three single variable models (HARES, R, C) 

performed similarly with a ∆AICc = 4 - 6. The HARES + AWMPS model performed the 

best among those including landscape-scale hare density and habitat configuration 

(∆AICc = 6.33). Results for the R + PH model that was included to further evaluate the 

relationship between lynx habitat selection and established, partially-harvested forest 

agreed with previous research in Maine (Hoving et al. 2005) that found a positive 

association with advanced regenerating forest (βR = 4.837) and a negative association 

with partially harvested forest (βPH = -3.865). The configuration-only model (AWMPS + 

PLADJ + PD + IJI) was the only model with ∆AICc >10. 



Table 2.4. Akaike’s Information Criterion corrected for small sample size (AICc) for the a priori set of candidate models for 
predicting presence and absence of lynx at the scale of the 75% adaptive kernel area in northern Maine, USA.  
 

Rank  Model  Ka AICc
 ∆AICc wi

b AUCc Sensitivity Specificity

1 HARES + C + HARES*C 4 50.82 0 0.59 0.692 0.667 0.875 

2 HARES + C 3 52.90 2.08 0.21 0.650 0.667 0.833 

3      

      

       

C 2 55.77 4.95 0.05 0.692 0.556 0.875

4 R 2 56.52 5.70 0.03 0.650 0.500 0.792

5 HARES 2 56.76 5.93 0.03 0.662 0.444 0.792

6 HARES + AWMPS 3 57.16 6.33 0.03 0.660 0.611 0.833 

7 R + PH 3 58.51 7.69 0.01 0.597 0.500 0.750 

8 HARES + IJI 3 58.55 7.73 0.01 0.650 0.389 0.792 

9 HARES + AWMPS+ PLADJ 4 58.62 7.80 0.01 0.688 0.667 0.750 

10 HARES + PLADJ 3 58.82 8.00 0.01 0.631 0.556 0.792 

11 HARES + PD 3 59.07 8.25 0.01 0.648 0.444 0.792 

12 AWMPS + PLADJ + PD + IJI 5 65.03 14.20 0 0.627 0.556 0.750 
 

a K = number of estimable parameters.  
 b wi = Akaike’s weight. 
 c AUC = Area under the ROC curve as determined from leave-one-out cross-validation. 
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Table 2.5. Pearson correlation coefficients among the eight variables considered for inclusion in a priori candidate models for 
predicting presence and absence of lynx at the scale of the 75% adaptive kernel area in northern Maine, USA.  

   

       

 

 

 

 

 

 

 

 

 

a HARES =  mean snowshoe hare density (hares/ha) within simulated home range. 
b R = percent of available forestland within simulated home range comprised by high-quality hare habitat (i.e., conifer or 
mixed, advanced regenerating forest >15 years old). 
c PH = percent of available forestland within simulated home range comprised by established, partially-harvested forest (i.e., 
11-26 years post-harvest). 
d C = percent of available forestland within simulated home range comprised by mature conifer forest (i.e., uncut since 1970). 
e IJI = interspersion and juxtaposition index describing the interspersion between low (0.25 - 0.8 hares/ha), medium (0.8 - 1.4 
hares/ha) and high (1.4 - 1.8 hares/ha) hare density forest types (see Table 2.2).  

 HARES R PH C IJI PD AWMPS PLADJ
HARESa 1.000  
Rb 0.967 1.000  
PHc -0.223 -0.323 1.000  
Cd 0.009 0.055 -0.175 1.000  
IJIe -0.078 -0.111 0.128 0.179 1.000 
PDf 0.174 0.149 -0.063 -0.197 0.290 

 
 

1.000
AWMPSg 0.846 0.874 -0.311 0.023 -0.156 -0.148 1.000
PLADJh 0.694 0.794 -0.225 0.311 -0.020 -0.085 0.694 1.000

f PD = patch density (no. patches/home range area) for high-quality hare habitat. 
g AWMPS = area-weighted mean patch (ha) size for high-quality hare habitat. 
h PLADJ = percent like adjacencies between pixels of high-quality hare habitat.  
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The AUC for the top-ranked model (HARES + C + HARES*C) based on the 

leave-one-out cross-validation method was 0.69 (Table 2.4). This measure of model 

performance suggests that there is a 69% probability that an occupied home range will 

have a higher mean hare density and percentage of mature conifer than an unoccupied 

home range. AUC values were generally >65% for all the candidate models. The 

inclusion of the percent of mature conifer (C) appears to be particularly important for 

improving model sensitivity, and was less influential on model specificity, as the 

sensitivity of the C only model (rank 3; sensitivity = 56%) was quite a bit higher than the 

sensitivity of the HARES only model (rank 5; sensitivity = 44%). Area- adjusted 

frequencies calculated using the “Boyce index” displayed significant positive ranking 

against RSPF bins (rs = 0.736; P <0.01).  

 Although the relationship was moderated by the main effects coefficients, the 

probability of lynx occurrence showed a strong positive association to both mean hare 

density and percent of mature conifer forest (Figure 2.4), as expressed via the interaction 

term. When percent mature conifer was held constant at the average value for occupied 

home ranges (10%), the probability of lynx occurrence increased at the greatest rate when 

landscape-scale hare densities increased from 0.65 hares/ha to 0.70 hares/ha (Figure 2.4). 

Combined across the range of data included in the occurrence dataset, when mean hare 

density was near zero the percent of mature conifer alone provided little increase in the 

predicted probability of lynx occurrence. When the mean hare density was ≥0.5 hares/ha, 

the probability of lynx occurrence was >50% regardless of the percent of mature conifer. 

As the percent mature conifer forest approached approximately 20% and mean hare 

density was ≥0.5 hares/ha, the probability of lynx occurrence increased rapidly to 90- 
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Figure 2.4. The relative probability of occurrence for lynx in northern Maine as a 
function of landscape-scale hare density (mean = 0.74 hares/ha) and percent mature 
conifer (mean = 8%), while holding the other variable constant at the respective overall 
mean. 

  95 



  96 

100%. These strong associations were apparent in the modeling results despite relatively 

small differences in mean values between occupied and unoccupied home ranges for 

these variables (Table 2.6). Mean hare density in occupied ranges was 0.74 hares/ha 

(range = 0.47 - 1.21) and percent mature conifer forest was 10.1% (range = 3.48 - 19.85), 

compared to 0.62 hares/ha (range = 0.38 - 0.98) and 6.1% (range = 1.34 - 27.10) (Table 

2.6) in unoccupied areas. 

Habitat assessment 

I applied the complete top-ranked model, which took the form 

(π /1- π) = -1.268 - 1.271(HARES) - 0.378(C) + 0.926(HARES*C),  Eqn. 1 

to the ca. 2004 surfaces of percent mature conifer (Figure 2.5) and mean hare density 

(Figure 2.6) to create a 2004 probability of lynx occurrence for the study area (Figure 

2.7). When I mapped the probability of lynx habitat into 10% probability bins I found 

that 29% of the landscape (436,851 ha) had a ≥50% probability of lynx occurrence and 

17% (257,050 ha) had a probability of occurrence ≥80%. Areas with probability ≥50% 

were smaller and more interspersed throughout the southern portion of study area (Figure 

2.7) relative to the north, and coincided with localized areas of higher percent mature 

conifer (Figure 2.5) and hare density (Figure 2.6). Large blocks of higher lynx probability 

of occurrence were more spatially aggregated in the north-western and central regions of 

the study area where percent mature conifer and mean hare density were generally higher 

relative to the south. A qualitative comparison of occupied and unoccupied home ranges 

in the northern half of the study area showed that occupied home ranges included a 

higher density of edge habitat between the mature and high quality hare habitat. To 

evaluate this association I performed a post hoc comparison of the edge density between 



   

Table 2.6. Average (SE) values for predictor variables estimated for simulated occupied (n=18) and unoccupied (n=24) lynx 
home ranges. Variables were used in candidate models to evaluate 2nd-order lynx habitat selection in northern Maine.   
 

Predictor variable Occupied Unoccupied 

HARES Mean hare density (hares/ha) 0.74 (0.04) 0.62 (0.04) 

R Percent high-quality hare habitat (%) 26.6 (3.3) 16.8 (3.8) 

PH 

 

 

Percent established partially-harvested forest (%) 4.9 (0.8) 7.1 (1.4) 

C Percent mature conifer (%) 10.1 (1.2) 6.1 (1.1) 

IJI Interspersion and Juxtaposition Indexa 58.95 (2.66) 57.21 (2.64) 

PD Patch densityb (no. patches/lynx home range area) 3.16 (0.23) 2.98 (0.30) 

AWMPS Area-weighted mean patch sizec (ha) 198.39 (48.47) 130.13 (37.37) 

PLADJ Percent like adjacenciesd (%) 80.7 (1.7) 76.2 (1.6) 

 
a Interspersion and Juxtatposition Index provides a measure of the degree to which patch types are interspersed that is 
insensitive to the number, size contiguity, or dispersion of habitat patches.  
b Patch density (PD) is an area-based measure of the number of patches.  
c Area-weighted mean patch size (AWMPS) equals the sum across all habitat patches of the mean patch size multiplied by the 
proportional abundance of each patch. 
d Percent like adjacencies (PLADJ) provides a measure of the contagion or aggregation of habitat patches that is insensitive to 
class area.
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Figure 2.5. Percent mature conifer at the lynx home-range scale across a 1.62 million 
hectare study areas in northern Maine, 2004. Darker colors indicate higher percentages.  
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Figure 2.6. Mean hare density at the lynx home-range scale across a 1.62 million hectare 
study areas in northern Maine, 2004. Darker colors indicate higher hare densities.  
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Figure 2.7. Probability of landscape-scale lynx occurrence across a 1.62 million hectare 
study areas in northern Maine, 2004. Results derived from the mature conifer surface 
(Figure 2.5) and mean hare density surface (Figure 2.6) based on the top-ranked 
candidate model (HARES + C + HARES*C). 
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those two types in occupied and unoccupied ranges (t = -2.94; p-value = 0.003) and found 

that occupied ranges (mean = 7.69 meters/ha; SD = 4.21) had almost 2x greater the 

average edge density compared to unoccupied ranges (mean = 4.0 meter/ha; SD = 3.88). 

I estimated lynx density (lynx/100km2) for the 160 unorganized townships in 

northern and western Maine that overlapped the study area by ≥70% (Figure 2.8). 

Density estimates ranged widely between 0.4 – 6.0 lynx/100 km2 and there was a 

relativelyhigh degree of variability between adjacent townships. The majority of the 

townships (61%; 98 out of 160) had an estimated lynx density of 0.4 – 2.0 lynx/100 km2 

and townships with an estimated lynx density >3.0 lynx/100 km2 occurred almost 

exclusively in the northern half of the study area. 

DISCUSSION 

 In general, my 2nd-order modeling results agree with recent 3rd-order studies 

(Fuller et al. 2007, Vashon et al. 2008a) that have both reinforced the importance of 

dense regenerating forest as essential lynx foraging habitat, and suggested that other 

forest types likely also influence lynx habitat selection in the southeastern region of the 

lynx range. Additionally, this study supports previous landscape modeling studies 

(Hoving et al. 2004), which indicated that 2nd-order habitat selection by lynx in northern 

Maine is negatively influenced by the amount of partially-harvested forest present in an 

area. Although established partial harvests appear to provide a preferred foraging habitat 

within the home ranges of resident lynx in northern Maine (Fuller et al. 2007), my results, 

in conjunction with those of Hoving et al. (2004), indicate that the forest conditions 

created by partial harvests do not, in general, replace even-aged regenerating clearcuts in 

their ability to foster broad-scale lynx presence in the Acadian Forest. 
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Figure 2.8. Potential density of adult resident lynx that could be supported at the 
township-scale (number of lynx/100km2) across 160 townships in northern Maine ca. 
2004. Densities calculated based on the summed probability of lynx occurrence using a 
fixed grid representing exclusive home range area. 
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 This is the first study to address the cumulative effects of forest composition and 

configuration on landscape-scale snowshoe hare density and lynx habitat selection. 

Probability of occurrence by lynx was positively influenced by mean snowshoe hare 

density and percent mature conifer forest in the landscape. The positive association with 

snowshoe hare density was not surprising because snowshoe hares constitute ≥50% of the 

lynx diet throughout its range (Roth et al. 2004). However, until the present study, 

associations between 2nd-order habitat selection by lynx and snowshoe hare density have 

evaluated selection for forest types and made indirect inferences based on stand-scale 

(i.e., 3rd order) hare densities (Koehler 1990, Vashon et al. 2008a). Snowshoe hare 

density was highly dependent on the amount of high-quality hare habitat where snowshoe 

hare abundance is highest (Robinson 2006, Homyack et al. 2007); however, hare density 

performed better than the amount of high-quality hare habitat as a predictor variable 

when coupled with mature conifer. This finding suggests that other forest types likely 

influence lynx occurrence through their mediating effect on landscape-scale hare density. 

Thus, lynx likely place their home ranges in areas with the lowest foraging costs, 

allowing them to maximize optimal foraging habitat, while avoiding large areas of 

unsuitable habitat patches supporting few hares (Palomares 2001). 

 The probability of lynx occurrence was strongly influenced by the percent mature 

conifer, even though the difference between the average percent mature conifer in 

occupied areas (10%) and unoccupied areas (6%) was not very great. Second-order 

selection by lynx for mature conifer forest has been previously noted by other researchers 

when mature conifer forest was associated with high hare densities (Poole et al. 1996), 

but this is the first study to demonstrate 2nd-order selection for mature conifer when 
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snowshoe hare density in this forest type is low (mean = 0.24; Fuller and Harrison 2005). 

Third-order selection by lynx for mature conifer has also been previously noted (Koehler 

1990, Squires et al. 2008), as a forest type that provides the horizontal cover and 

abundant coarse woody debris associated with lynx den sites. In the Acadian forest, 

however, lynx den in a variety of forest types, including sapling stands, pole-sized stands, 

and mature forest stands (Organ et al. 2008). Many of the occupied home ranges occurred 

in the northern half of the study area where mature conifer forest is generally more 

available (Figure 2.5), and a post hoc comparison indicated that the mean edge density 

between mature conifer and high-quality hare habitat in occupied areas (mean = 7.69 

meters/ha; SD = 4.21) was almost 2x the average edge density in unoccupied areas (mean 

= 4.0 meter/ha; SD = 3.88). Edge habitat between mature conifer and advanced 

regenerating forest where hare abundance is high (Robinson 2006, Homyack et al. 2007) 

likely provides valuable foraging habitat (Staples 1995, Mowat et al. 2000), and also 

potential travel corridors (Parker et al. 1983, Vashon et al. 2008a). Thus, as a predictor 

variable in this study, percent mature conifer likely captured both the regional availability 

of mature conifer forest in the broader landscape context and its juxtaposition with high-

quality hare habitat at the home-range scale.  

 Overall, the top candidate model performed reasonably well (AUC=0.69) and 

provided additional insights and enhanced accuracy over earlier work. Previous modeling 

work has focused primarily on the influence of forest composition on landscape-scale 

lynx occurrence with little to no knowledge of forest history or age structure (Koehler 

1990, Poole et al. 1996, Hoving et al. 2004). Model specificity (88%) was comparable to 

the top model developed by Hoving et al. (2004) for lynx in northern Maine (91%), 
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which included limited harvest information based on the Maine GAP Vegetation and 

Land Cover map (Hepinstall et al. 1999). Model sensitivity (67%), however, was 

significantly improved by my top model relative to that previously published model 

(38%), indicating that the current model’s ability to accurately predict occurrence was 

greatly improved. Because model specificity (88%) was higher than the sensitivity 

(67%), there was still a tendency for the model to underestimate probability in some areas 

occupied by lynx. A qualitative assessment indicated that underestimation was 

particularly likely when percent mature conifer forest was <10%. Although I attempted to 

limit the potential for including a false absence in the training dataset by only simulating 

non-occurrence home ranges with adequate survey intensity, it was also possible that 

model sensitivity was reduced (and model specificity increased) due to non-detection. It 

was not possible to calculate the detection probability (MacKenizie et al. 2002) 

associated with the survey design because the snow-track surveys were only conducted 

once in each area. Based on a similar protocol, Squires et al. (2004) estimated that the 

probability of detecting lynx tracks during a single visit ranged from 23-78% depending 

on the number of days after snowfall the survey was conducted. Because it is highly 

likely that the detection probability in the surveyed townships included in this analysis is 

less than one, additional days of survey would have helped to further increase model 

sensitivity.  

  No occupied home ranges occurred in areas where landscape-scale hare densities 

were less than 0.5 hares/ha. Where landscape-scale hare densities were >0.5 hares/ha, the 

probability of lynx occurrence increased rapidly in a threshold fashion (Huggett 2005) as 

percent mature conifer forest increased. For example, the probability of lynx occurrence 
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was predicted to be >50% in areas with mean hare density ≥1 hares/ha when the percent 

mature conifer exceeded just 4%. Previous researchers have suggested that 0.5 hares/ha 

may be a minimum hare density required to maintain a lynx population (Ruggerio et al. 

2000); however, greater than 1.5 hares/ha has been postulated as the minimum density of 

hares that may be required to sustain a southern (<49º N) lynx population (Steury and 

Murray 2004). These estimates have, however, been based on stand-scale estimates in 

presumably optimal habitat; previous work has not addressed the overall density of hare 

required to support lynx at the scale of a home range, which is the parameter most 

important for lynx recovery. Stand-scale hare densities often exceed 1.5 hares/ha in 

conifer-dominated regenerating forest in northern Maine (Robinson 2006, Homyack et al. 

2007), but the maximum landscape-scale hare density estimated ca. 2004 within my study 

areas was 1.25 hare/ha (Figure 2.6). Further, the mean hare density in occupied lynx 

ranges was only 0.74 hares/ha (range = 0.47 – 1.2 hares/ha), suggesting that landscape-

scale hare densities do not need to be as high as 1.5 hares/ha to ensure the occurrence of a 

southern lynx population.  

 The probability of lynx occurrence showed a strongly positive response as mean 

hare density increased from 0.5 hares/ha to 0.95 hare/ha (Figure 2.4). This is important to 

note because of the narrow difference between the mean hare density in occupied (0.74 

hares/ha) and unoccupied (0.61 hares/ha) home ranges, which may suggest that recently 

occupied landscapes could quickly become less suitable if hare densities decline in high-

quality hare habitat as a result of succession-induced reductions in cover and/or forage 

(Fuller et al. 2007). Further, the stand-scale estimates for hare densities in regenerating 

conifer and mixed forest were based on what may have been a relative high for those 
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stands that were measured (1.8 hares/ha; Homyack et al. 2007). Ongoing research 

suggests that snowshoe hare populations in northern Maine fluctuate with a reduced-

amplitude cycle and recent estimates showed that in 2007 hare densities had declined by 

~30% in those same stands (Scott In preparation). Southern populations (<49º N) of 

snowshoe hares are generally not expected to be strongly cyclic (Hodges 2000); 

nonetheless, even a reduced-amplitude cycle in Maine could result in changes in 

landscape-scale hare densities that may be significant enough to negatively influence 

lynx occurrence.  

 Larger and more contiguous areas with associated probability of lynx occurrence 

exceeding 50% were spatially aggregated in the northern and central regions of the study 

area where both mean hare densities and percent mature conifer were generally higher. 

Smaller, more localized areas of predicted lynx occurrence were interspersed throughout 

the southern portion of the study area (Figure 2.7). Approximately 29% of the study area 

had a probability of lynx occurrence ≥50% and only 17% had a probability ≥80%. 

Predicted lynx densities in townships overlapping with these higher probability areas 

were commonly >3 lynx/100km2 and exceeded 5 lynx/100km2 in a few areas. These 

estimated township-scale densities agree with Vashon et al. (2008b), who estimated that 

the adult resident density in what is expected to be an optimal area for lynx in northern 

Maine at 4.8 adults/100 km2. Total lynx density within their ~300 km2 study area was 

estimated to be 9.6 - 13.3 lynx/100 km2 (Vashon et al. 2008b), which suggests that 

habitat in Maine can support lynx densities that are comparable to some more northerly 

populations during the cyclic high in hare populations (Brand et al. 1976, Parker et al. 

1983, O’Donoghue et al. 1997). Maine also appears to be unique among southern 
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populations with respect to the higher hare densities that are supported in regenerating 

stand types associated with lynx foraging habitat (mean = 1.8 hares/ha; Homyack et al. 

2007) compared to other southern areas (mean = 1.09 hares/ha; Murray 2000). From 

2001-2006 (Robinson 2006, Homyack et al 2007) hare densities in these stands were 

higher than has been observed in similar stands during the low hare phase in more 

northerly cyclic populations (Murray 2000, Steury and Murray 2004). Thus, if the lynx 

population in Maine is essentially non-cyclic, as has been suggested for southern 

populations (Hodges 2000, Roth et al. 2007), intermediate and more stable hare densities 

may support a more robust and stable lynx population.  

Conservation and Management Implications  

 Advanced, coniferous or mixed coniferous-deciduous regenerating forest provides 

the most highly preferred lynx habitat in the Acadian Forest at both the 2nd- and 3rd-

orders of selection. Based on the methods used here to identify regenerating forest and to 

map high-quality hare habitat, I predict that this habitat type will decline in extent during 

the next 20-30 years because the amount young regenerating forest (179,353 ha 0-16 

years post-harvest; Table 2.1) within the study area is far less than the amount of 

advanced regenerating forest (270,260 ha 16+ years post-harvest; Table 2.1), which will 

soon start to transition out of lynx habitat. It is also important to note that although the 

NDMI-based methodology has been shown to be 87-91% accurate for mapping clearcut 

vs. partial cuts in the Acadian Forest (Sader et al. 2003), it is likely that a small 

proportion of harvests classified as light (1991-2004) may have adequate conifer stem 

densities to support high (>1 hare/ha) hare densities. For example, if the understory 

conifer stem density prior to harvest is high (>7,000 stems/ha; Robinson 2006), a 
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moderate overstory removal could result in regenerating forest conditions that may also 

support high snowshoe hare densities in the future (Fuller et al. 2007). Additional to this 

potential omission error, the harvest detection time series provides no information about 

harvest history prior to 1970; so, regenerating forest created by clearcuts in the 1960s, for 

example, would not be identified. This potential error is likely a minor consequence 

because regenerating forest that originated prior to 1970 would have been 34+ years old 

ca. 2004 and hare densities are expected to decline after 35 years (Fuller et al. 2007). 

More research is needed to better understand the typical post-harvest structures 

associated with heavy and light harvests and to improve habitat classification; 

nonetheless, maintaining high-quality hare habitat at current levels within the study area 

will require proactive management.  

 Lynx occurrence appears to be sensitive to relatively small increases in high-

quality hare habitat and snowshoe hare density. Occupied lynx home ranges were 

comprised on average of 27% high-quality hare habitat and had a mean landscape-scale 

hare density of 0.74 hares/ha. In unoccupied home ranges the percent high-quality hare 

habitat was 37% less (mean = 17%), but the mean hare density was only 18% lower 

(mean = 0.61 hares/ha), and was caused by the relatively higher percent partial harvest in 

unoccupied home ranges (70% vs. 50% in occupied). These results suggest that lynx 

densities in northern Maine could decline rapidly in townships where young regenerating 

forest is not available to replace advanced regenerating forest once hare densities begin to 

decline in these stands, and where partial harvesting has replaced clearcutting as the 

predominant management practice. I recommend maintaining a minimum of 27% high-

quality hare habitat in townships where lynx conservation is a priority. Configuration of 
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the high-quality hare habitat appeared to have little relative effect on lynx occurrence; 

however, the area-weighted mean patch size of high-quality hare habitat in occupied 

home ranges (198 ha) was substantially larger than in unoccupied areas (130 ha), which 

contributed to the higher landscape-scale hare densities in occupied ranges. Thus, the size 

of clearcuts should be increased in areas targeted for lynx habitat planning. The 

probability of lynx occurrence in townships with sufficient high-quality hare habitat can 

be increased further by also maintaining at least 8-10% mature conifer and promoting 

adjacency between these two forest types. In deciding which townships should be 

targeted for lynx conservation, it is important to consider the location of the township 

relative to the current distribution of lynx densities. Adjacent townships can have very 

different disturbance histories and targeting isolated townships may be of lesser 

conservation value than townships adjacent to or near townships with higher (i.e., >3 

lynx/100 km2) estimated lynx densities.  
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CHAPTER 3 

SPATIOTEMPORAL PATTERNS OF HABITAT CHANGE FOR CANADA 

LYNX IN MAINE 1970-2007 AND THE IMPLICATIONS FOR FUTURE 

HABITAT SUSTAINABILITY  

ABSTRACT 

 Canada lynx (Lynx canadensis) are a specialist predator and often exhibit habitat 

selection for regenerating conifer forests where snowshoe hares (Lepus americanus) are 

abundant. The quantity and spatial distribution of high-quality hare habitats are strongly 

influenced by forest disturbance and succession; however, little is known about 

cumulative effects of timber harvesting on the spatiotemporal dynamics of lynx and hare 

habitat (but see Robinson 2006). I developed a forest cover time series derived from 

Landsat satellite imagery to study the interactions among forest management, snowshoe 

hare density, and predicted lynx occurrence and to evaluate trends in habitat supply for 

lynx within an extensively managed landscape 1970-2007. I also estimated the future 

supply of high-quality hare habitat 2007-2022 based on timber harvesting patterns in the 

1990s and 2000s. Timber harvesting was widespread with 55% of the commercial 

forestlands receiving a timber harvest 1970-2007. Rates and patterns of harvesting during 

the 1970s and 1980s were strongly influenced by salvage logging within spruce-fir 

forests during the 1973-1985 spruce budworm (Choristoneura fumiferana) outbreak, 

which resulted in the removal of >30% of the mature conifer forest 1975-1988. There 

was a broad-scale and rapid increase in high-quality hare habitat as regenerating forest 

created via salvage harvesting began to reach 16 years post-harvest starting in 1986, 

resulting in a median change in hare density within potential lynx home ranges of +0.32 

   122  



hares/ha (range = -0.02 - 1.34 hare/ha) 1988-2007. That increase in landscape-scale hare 

density resulted in broad-scale changes in probability of lynx occurrence, and between 

1991 and 2007 potential lynx density increased on average by 1.23 lynx/100 km2 (range 

= -1.19 - 4.19 lynx/100 km2). These results suggest that the increase in the actual lynx 

population that occurred in northern Maine beginning in the mid-1990s (Hoving et al. 

2004) resulted from human-induced habitat changes. Quantity of high-quality hare 

habitat will remain relatively stable 2007-2022; however, the location and configuration 

will shift substantially as a result of timber harvesting patterns in the 1990s and 2000s. A 

greater proportion of habitat will occur in areas of low estimated lynx density ca. 2007 

and where future lynx occurrence may be constrained by additional extrinsic factors (e.g., 

competition and climate change), suggesting that habitat management to maintain 

Maine’s lynx population should be targeted at providing future habitat in areas that 

currently provide favorable habitat conditions. 

INTRODUCTION 

 Habitat management to conserve wide-ranging wildlife species requires methods 

that link landscape change and species occurrence patterns. Studies targeted at 

understanding the effects of landscape change on species presence or habitat selection are 

often mensurative, taking advantage of the available spatial variation in natural or 

anthropogenic disturbance processes to evaluate, for example, the effects of 

fragmentation on species diversity (McGarigal and Cushman 2002 and citations therein). 

However, little attention is generally directed at documenting or quantifying underlying 

processes that contribute to current habitat distribution or the associated species-habitat 

relationships (Knick and Rotenberry 2000). Forest management, for example, creates 
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landscape patterns that can differ significantly from those that develop under natural 

disturbance regimes (Franklin and Forman 1987, Li et al. 1993, Mladenoff et al. 1993, 

Wallin et al. 1994, James et al. 2007). Although numerous studies have evaluated species 

distributions and abundance in landscapes degraded or fragmented by timber harvesting 

(e.g., McGarigal and McComb 1995, Cushman and McGarigal 2003, Betts et al. 2006), 

few attempt to understand the spatial and temporal structure of the habitat changes that 

have previously occurred. Further, models to predict the effects of habitat change on 

species distributions have generally focused on direct effects (e.g., habitat loss) and 

typically have overlooked potential indirect effects (e.g., interspecific interactions) that 

may also threaten long-term species persistence (Ryall and Fahrig 2006). Species-level 

response to habitat disturbance can be complex and can take time to emerge (Ewers and 

Didham 2006); therefore, understanding the spatial and temporal dynamics of disturbance 

processes that influence species occurrence can enhance land-use decision making.  

 Data provided by satellite sensors (e.g., Landsat Thematic Mapper (TM)) are 

increasingly being used to monitor the broad-scale effects of land use and landscape 

change. Using a time series approach, image data from consecutive satellite images can 

be compared to identify changes in land cover composition and configuration (e.g., 

Turner et al. 1996), or to map forest disturbance directly (Sader et al. 2003, Jin and Sader 

2006, Kuemmerle et al. 2007). Satellite-derived data has also provided new opportunities 

for mapping habitat attributes that are often incorporated into habitat models (e.g., 

Osborne et al. 2001, Betts et al. 2003, Aldridge and Boyce 2007). These types of data 

have been particularly valuable for studying habitat use and availability of wide-ranging 

species such as medium- or large-sized mammalian carnivores (e.g., Mladenoff et al. 
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1995, Mace et al. 1999, Hoving et al. 2004), which are often expected to be sensitive to 

habitat disturbance, but for which it is generally difficult to assess population status. Only 

recently, however, has satellite imagery has been used to map or model broad-scale 

variability in habitat conditions for wildlife using a time series approach similar to that 

which has been applied to monitor landscape change (Osborne and Suárez-Seone 2007, 

Viña et al. 2007, Mueller et al. 2008), despite the widespread availability of satellite data 

and methodologies. Methods that can integrate predictive habitat modeling and time 

series analysis are needed to better understand how landscape change influences habitat 

supply and to predict the effects of future habitat change on species occurrence patterns, 

particularly for wide-ranging species.  

 The Canada lynx (Lynx canadensis) is a U.S. federally threatened species (U.S. 

Department of Interior 2000) that occupies the boreal and sub-boreal forests of Canada 

and the northern United States. Lynx are specialist predators on snowshoe hares (Lepus 

americanus) (Koehler and Aubry 1994, Aubry et al. 2000), which is apparent in the high 

proportion of hares in the diet of lynx throughout their geographic range (45-100%; Roth 

et al. 2007), and via relationships between hare density and lynx survival and 

productivity (Brand and Keith 1979, Parker et al. 1983, Koehler 1990, Poole 1994, 

Slough and Mowat 1996, O’Donoghue et al. 1997). Further, prey abundance is a critical 

characteristic of habitat quality for carnivores (Carbone and Gittleman 2002) and 

research has suggested that forest management can strongly influence lynx habitat use 

through its effects on snowshoe hare density (Hoving et al. 2004, Robinson 2006, Fuller 

et al. 2007, Vashon et al. 2008a, Chapter 2). Snowshoe hare density is closely associated 

with the density of vegetation cover in regenerating forest or mature forest understories 
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(Hodges 2000), and because the quantity and spatial distribution of regenerating forest 

conditions are strongly influenced by forest disturbance and succession dynamics (Agee 

2000), this creates a pathway by which lynx may be indirectly affected by human land-

uses. Theoretical models that have evaluated the potential for indirect effects of 

landscape change on specialist predators such as lynx have indicated that a predator 

population can be driven towards extinction even without direct effects, if the landscape 

change causes a significant loss of prey habitat (Nakagiri et al. 2001). Increased 

understanding of the factors that influence the spatiotemporal variability of habitat supply 

and species occurrence patterns in managed landscapes will be essential for making 

informed land-use decisions and for developing effective strategies for habitat 

monitoring.  

 Despite expressed concerns about the potential for forest management to have 

negative effects on the persistence of lynx populations in the contiguous U.S. (U.S. 

Department of Interior 2000), little research has been conducted that has evaluated the 

interactions among timber harvesting, snowshoe hare density, and lynx occurrence or 

habitat selection (but see Hoving et al. 2004, Fuller et al. 2007). Estimates of the 

minimum hare density required to support a lynx population range from 0.5 hares/ha 

(Ward and Krebs 1985, Brocke et al. 1992) to as high as 1.5 hares/ha (Steury and Murray 

2004); however, these estimates provide no information about the relationship between 

lynx occurrence and snowshoe hare density at the landscape (or home-range) scale. 

Further, nothing is currently known about the cumulative effects of broad-scale landscape 

change on the spatial and temporal dynamics of hare densities or predicted lynx 

occurrence. The main goal of my research was to develop a time series based on Landsat 

   126  



satellite imagery that would allow me to evaluate the direct and indirect effects of forest 

management on the spatiotemporal patterns of habitat supply for lynx across ~1.62 

million hectares (4 million acres) of commercial forestlands in northern Maine. I used a 

predictive model of lynx occurrence based on extensive, systematic field surveys that was 

developed using remotely-identified timber harvesting patterns in northern Maine 

(Chapter 2) to: 1) document the effects of broad-scale harvest patterns on forest 

conditions associated with lynx occurrence 1970-2007; 2) evaluate the influence of 

landscape change 1988-2007 on the spatiotemporal patterns of forest conditions and 

probability of lynx occurrence at the scale of  lynx home range; 3) evaluate the potential 

effects of forest changes on lynx density between 1988 and 2007; and 4) estimate the 

future quantity and spatial distribution of lynx foraging habitat (2007-2022) based on 

timber harvesting spatial patterns. A key strength of this approach is that the data 

structure underlying both the predictive habitat model (Chapter 2) and the time series 

(this study) is the same, which enhances the model’s capacity to accurately predict 

changes in the probability of lynx occurrence in response to habitat changes (Strauss and 

Biederman 2007). 

STUDY AREA  

 The study area was defined by the area of overlap between the Landsat 

Multispectral Scanner (MSS), Thematic Mapper (TM) and Enhanced Thematic Mapper 

Plus (ETM+) satellite imagery (Landsat Worldwide Reference System path 12, row 28) 

used to construct the harvest detection time series (see below) and by the northwestern 

political boundary between Maine and the province of Quebec, Canada (Figure 3.1). This 

area included all or part of 174 unorganized townships that were primarily privately-  
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Figure 3.1. The location of the study area (shown in gray) was defined by the overlap 
between the Landsat satellite imagery used to construct the harvest detection time series 
and the western border of Maine, USA. This area overlapped with the area designated as 
critical habitat for lynx (shown in hatched area), which was considered occupied at the 
time of listing (U.S. Department of Interior 2000, 2008, 2009), and Baxter State Park 
(shown in black).  
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owned and forest ownership types (e.g., industrial forest products companies, family- 

owned corporations, investment entities) within this region were broadly representative 

of the unorganized townships of northern Maine (Hagan et al. 2005, Jin and Sader 2006). 

Interspersed among these townships were some state-owned parcels managed by the 

Maine Bureau of Parks and Lands, including some reserve areas the largest of which, 

Baxter State Park, was located along the eastern edge of the study area (Figure 3.1).  

 The study area included approximately 1.62 million hectares of commercial 

forestland within the Acadian forest ecoregion, an ecological transition zone in the 

northeastern U.S.A. between the southern temperate deciduous-dominated forests and the 

northern boreal forests (Seymour and Hunter 1992). Commonly occurring tree species 

included: balsam fir (Abies balsamea), white (Picea glauca), red (P. rubens), and black 

(P. mariana) spruce, white pine (Pinus strobus), white (Betula papyrifera) and yellow (B. 

alleghaniensis) birch, red (Acer rubrum) and sugar (A. saccharum) maple, and American 

beech (Fagus grandifolia). Forest harvesting was the primary form of forest disturbance 

within this area (Seymour 1992, McWilliams et al. 2005) and forest harvesting practices 

were regulated under the Maine Forest Practices Act (12 MRSA §8867-A to §8888 & 

MFS Rules Chapter 20). Urban and residential development was minimal (Hepinstall et 

al. 1999) and was present in only 6% of the townships clustered in the southeastern 

corner of the area. The study area also overlapped with the majority of the 24,597 km2 

(9,497 mi2) of critical habitat that was designated for lynx in northern Maine (Figure 3.1) 

(U.S. Department of Interior 2009), which represents the area occupied by lynx at the 

time of listing (U.S. Department of Interior 2000, 2008, 2009). Previous research has 

suggested that lynx occurrence within this region of Maine is positively associated with 
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both annual snowfall depth (Hoving et al. 2005) and the quantity of advanced, conifer-

regenerating forest (Hoving et al. 2004, Vashon et al. 2008a). Within home ranges in 

northern Maine, lynx habitat selection (3rd order; Johnson 1980) is influenced by 

snowshoe hare density and forest understory density (Fuller et al. 2007, Vashon et al. 

2008a). Researchers have recommended that in areas where lynx conservation is a 

priority, conifer-regenerating forest with intermediate stem density (7,000-11,000 

stems/ha) and overstory canopy closure <60% should be maintained (Fuller et al. 2007).   

METHODS 

Timber harvest time series  

I developed the forest cover time series for the 1.62 million hectare (4.0 million 

acre) study area to depict the cumulative effects of forest harvesting on forest stand age 

and composition. I then applied the successive cover maps to the predictive habitat 

models developed previously (Chapter 2) to evaluate the effects of forest management on 

the spatiotemporal patterns of lynx habitat supply in northern Maine, 1970-2007. The 

timber harvest detection time series (1970-2007) was assembled from five Multispectral 

Scanner (MSS) and ten Thematic Mapper (TM) and Enhanced Thematic Mapper Plus 

(ETM+) images (Legaard et al., Maine Image Analysis Laboratory, University of Maine, 

Orono In preparation). As described in Chapter 2, the harvest detection time series was 

produced using a series of three-date classification sequences (Wilson and Sader, 2002, 

Jin and Sader, 2005) based on the Normalized Difference Moisture Index (NDMI; 1988-

2007) and the Normalized Difference Vegetation Index (NDVI; 1973-1988). Previous 

investigations into the use of vegetation indices to map forest change in northern Maine 

have indicated that NDMI-based methodology is capable of detecting partial- and clear-
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cut harvests with good accuracy, provided Landsat TM images are acquired with a 

separation interval of 1-3 years (Wilson and Sader, 2002, Jin and Sader, 2005). Harvests 

detected within each interval were classified into two intensity classes based on the 

magnitude of NDMI change: heavy or light. This classification scheme was not designed 

to match current regulations in Maine that classify harvests based on the residual 

structure as “clearcut” (currently defined any timber harvest greater than 5 acres in size 

that results in a residual basal area of trees over 4 ½ inches in diameter measured at 4 ½ 

feet above the ground of less than 30 ft2/ac; 12 MRSA §8867-A to §8888 & MFS Rules 

Chapter 20) or “partial harvest” (i.e., all other harvests greater than 5 acres that retain >30 

ft2/ac). The heavy harvest class represented stand-replacing or regeneration harvests 

targeted at initiating the next cohort of growing stock, which I expected would include 

both clearcut and heavy partial harvests. Light harvests represented partial harvests and 

tending operations targeted at the current growing stock, which I expected would retain 

>50% of the live basal area. A similar process was used to detect heavy harvest entries 

using the MSS imagery based on NDVI, expanding the time series by 5 additional 

intervals: 1973-1975, 1975-1978, 1978-1982, 1982-1985, and 1985-1988. NDVI, based 

on NIR and the red band (0.63-0.69 µm), was used in place of NDMI because Landsat 

MSS does not record reflected radiation in the mid-infrared range (1.55-1.75 µm). 

Additionally, areas disturbed ca. 1970-1973 were mapped directly from the 1973 MSS 

image. Light harvests were not mapped 1970-1988 because they could not be reliably 

classified using Landsat MSS imagery. Additional details about the image processing, 

timber harvest detection methods, and accuracy assessment will be presented in Legaard 

et al. (Maine Image Analysis Laboratory, University of Maine, Orono In preparation).  
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Habitat selection study (Chapter 2) 

During a companion study, information provided by the harvest detection time 

series was used to develop a spatially-explicit habitat model for predicting lynx 

occurrences based on observed patterns of 2nd-order habitat selection by lynx in northern 

and western Maine (Chapter 2). Timber harvest data were combined to map stand-level 

harvest operations 1970-2004, resulting in a classification scheme that included a range 

of regenerating forest (0-34 years post-harvest) and partially harvested forest (0-16 years 

post harvest) conditions ca. 2004. These data were then combined with a 2004 forest 

composition map (Legaard, Maine Image Analysis Laboratory, University of Maine, 

Orono In preparation), which was developed as an update to the 1993 Maine GAP 

Vegetation and Land Cover map (MEGAP; Hepinstall et al. 1999). The resulting 2004 

forest cover type map depicts harvest history, age structure, and current composition (i.e., 

coniferous, mixed, deciduous). A suite of predictor variables were developed from the 

2004 forest cover type map reflecting current knowledge of lynx habitat associations in 

the Acadian Forest (Parker et al. 1983, Hoving et al. 2004, Fuller et al. 2007, Vashon et 

al. 2008a) and elsewhere (Koehler 1990, Staples 1995, Poole et al. 1996, Mowat and 

Slough 2003), and a priori candidate models were constructed to evaluate alternative 

hypotheses about the relationship(s) between landscape-scale occurrence of lynx and 

habitat amount, hare density, and habitat configuration (Chapter 2). Candidate models 

were parameterized using simulated occupied/unoccupied home ranges based on 

systematic snow track surveys conducted by the Maine Department of Inland Fisheries 

and Wildlife 2003-2006 (Chapter 2) and compared using an Information Theoretic 

approach (Burnham and Anderson 1998).  
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 The top-ranked candidate model (wi = 0.59) for predicting lynx occurrence and 

non-occurrence included the predictor variables: mean hare density (HARES), percent 

mature conifer (C), and the interaction term (HARES*C) (Chapter 2). This model took 

the form, 

 (π /1- π) = -1.268 - 1.271(HARES) - 0.378(C) + 0.926(HARES*C). Eqn. 1 

Hosmer-Lemeshow statistic values for this model (0.89) and the global model (0.92), and 

McFadden’s rho-squared for the top model (0.27) suggested that the data fit the logistic 

regression model and that the variables included in the top model explained a high 

proportion of the variability in the data. Correlation between HARES and C was low (r < 

|0.1|) and no candidate model had a ∆AIC ≤ 2 relative to the top model. The predictive 

accuracy was evaluated using leave-one-out cross-validation and based on the area under 

the receiver operating curve (AUC), and the AUC for the top-ranked model was 0.69, 

indicating that the top model provided good overall reliability at predicting areas 

occupied versus unoccupied by lynx. 

Habitat time series 

I used the harvest detection time series and forest composition information to 

track and map changes affecting the ecological factors that drive landscape-scale 

occurrence of lynx (Chapter 2) in northern Maine (i.e., HARES and C). The information 

provided by the harvest detection time series allowed me to track both heavy (i.e., stand-

replacing or regeneration) and light (i.e., partial or tending) harvests and, consequently, to 

map the spatial distribution of regenerating forest, partially-harvested forest, and second-

growth mature forest for each harvest interval. I then determined the spatial distribution 

of mature conifer forest 1975-2007 using a modified version of the MEGAP. 
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Regenerating forest classes resulting from 1975-1993 timber harvests were replaced with 

the ca. 1975 mature forest composition class derived from an unsupervised classification 

of the 1975 MSS image, which used the 1991 TM image included in the original MEGAP 

development as a reference dataset for classification (Legaard et al., Maine Image 

Analysis Laboratory, University of Maine, Orono In preparation). I then used the harvest 

detection time series to create a mature conifer map for each harvest interval, removing 

areas of mature conifer from the resulting time series when either a heavy or light harvest 

had occurred.  

Additional to facilitating delineation of regenerating forest at the end of each 

interval, the harvest detection time series also enabled mapping of subsequent treatments 

after an initial heavy harvest. Subsequent entries (heavy or light) after an initial heavy 

harvest were assumed to be intensive management or stand thinning. Thinning is a 

silvicultural technique that decreases stem density in regenerating stands, which also has 

been shown to reduce snowshoe hare densities (Sullivan and Sullivan 1988, Griffin and 

Mills 2007, Homyack et al. 2007). I then combined each of the resulting regenerating 

forest maps with the 2004 forest composition map to generate maps of snowshoe hare 

density for each interval. Maps of hare density were refined to reflect the classification 

scheme used in development of the predictive model (Chapter 2) by adjusting the density 

values associated with the regenerating forest conditions based on: stand age, the 

presence and type of intensive stand management, and regenerating forest composition 

(Table 3.1). I estimated the average leaf-off hare density for high-quality hare habitat 

(i.e., 1.8 hares/ha; Table 2.2) based on three years of data collected for seven conifer-

dominated, advanced regenerating stands (≥18 years post-harvest) in north-central Maine 
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Table 3.1. Stand-scale snowshoe hare density estimates for forest types associated with 
harvest history (1970-2004) and 2004 overstory composition.   
 

Stand type Years post-harvest hares/ha

Mature foresta  0.25 

Partially-harvested forestb  0.80 

Conifer or mixed regenerating forest (unthinnedc)   

 0 - 9d 0 

 10 - 17e 0.2 - 1.6

 ≥18f 1.8 

Deciduous regenerating forestd  0.4 
 

a “Mature forest” includes all overstory composition classes, including mature conifer. 
Hare density estimate based on Lachowski (1997) and Fuller and Harrison (2005).  
b Partially-harvested forest includes all overstory composition classes. Hare density 
estimates based on Robinson (2006). 
c Hare density estimates for thinned regenerating forest reduced by 50% based on the 
results of Homyack et al. (2007).  
d Hare density estimate based on de Bellefeuille et al. (2001). 
e Assumed a linear relationship between stand age and hare density 10-17 years post-
harvest, resulting in an estimated increase of 0.2 hares/ha/yr. 
f Hare density for regenerating forest ≥18 years post-harvest based on three years of data 
collected for seven conifer-dominated, advanced regenerating stands (≥18 years post-
harvest) in north-central Maine for which researchers documented high hare densities 
2002, 2003, and 2005 (Robinson 2006, Homyack et al. 2007). This period may represent 
a temporal high point for those stands (Scott In preparation).  
g “Deciduous regenerating forest” includes all ages classes of regenerating forest (0-34 
years post-harvest). Hare density estimate based on Litvaitis et al. (1985). 
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for which researchers documented relatively high hare densities 2002, 2003, and 2005 

(Robinson 2006, Homyack et al. 2007). As described in Chapter 2, although southern 

populations (<49º N) of snowshoe hares are generally not expected to be strongly cyclic 

(Hodges 2000), ongoing research has recently suggested that the years used to derive the 

average hare density for high-quality hare habitat may represent a temporal high point for 

those stands (Scott In preparation). I assumed that young regenerating forest <10 years 

post-harvest would support 0.0 hares/ha (de Bellefeuille et al. 2001), and assumed a 

linear relationship between stand age (10-18 years post-harvest) and hare density (0.0-1.8 

hares/ha), which resulted in an annual estimated increase of 0.2 hares/ha/yr. Hare density 

estimates for conifer or mixed, advanced regenerating stands affected by precommerical 

or commercial thinning were reduced by 50% based on research in Maine that compared 

hare density estimates of thinned vs. unthinned regenerating stands of the same age 

(Homyack et al. 2007). 

Spatiotemporal analyses 

 To better understand the broad-scale spatiotemporal patterns associated with hare 

density and mature conifer, I first summarized harvesting trends directly from the harvest 

detection time series. I calculated the area affected by heavy harvest and the area of 

regenerating forest treated with herbicide or thinning 1970-2007. After 1988, I also 

calculated the area affected by light harvest based on the TM-derived portion of the 

harvest data. I quantified the direct effects of the harvesting patterns on mature conifer 

and high-quality hare habitat (HQHH) by calculating the amount of each habitat type 

1988-2007. HQHH was previously defined as conifer or mixed regenerating forest ≥16 

years post-harvest in the habitat selection study (Chapter 2) based on the relationship 
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between stand age and hare density (Homyack et al. 2007). Consequently, I used 1988 as 

the starting point for subsequent analyses because it was during the 1985-1988 harvest 

interval that regenerating forest ≥16 years post-harvest first became available within the 

study area (i.e., regeneration of 1970-1973 heavy harvests into HQHH).  

I also generated a time series depicting temporal changes in percent mature 

conifer and mean snowshoe hare density at the lynx home-range scale. Each continuous 

surface was calculated using a circular moving-widow function to provide a value for 

each cell within the study area based on the characteristics of the neighboring area. I 

selected 2.9 km as the neighborhood radius to match the scale of the simulated home 

ranges used in the development of the predictive model (Chapter 2) and the 75% adaptive 

kernel home-range area for lynx documented during concurrent telemetry studies on my 

study area (Vashon et al. 2008b). I quantified the spatiotemporal variability in the 

resulting hare density series by first categorizing the estimated mean hare densities into 

five bins: 0.0 - 0.25 hares/ha, 0.26 - 0.50 hares/ha, 0.51 - 0.75 hares/ha, 0.76 - 1.0 

hares/ha, and 1.01 - 1.25 hares/ha. I then calculated the percentage of the landscape in 

each category. I performed a similar temporal analysis for the percent of mature conifer 

forest using a 2.9 km neighborhood radius and 10% bins. 

 Finally, I generated a time series of lynx probability of occurrence (1988-2007) 

based on the top-ranked model (see above; Chapter 2). I assumed that the resource 

selection probability function (Eqn. 1) was representative and could be spatially 

extrapolated to the entire study area because the lynx data used in model development 

was collected using a stratified-random sampling scheme and selected townships were 

well distributed within my study area (see Figure 2.2: Chapter 2), which captured a broad 
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range of habitat conditions. Additionally, I assumed that temporal extrapolation based on 

the habitat time series was appropriate because lynx habitat use patterns associated with 

hare abundance are consistent across their range (Parker et al. 1983, Koehler et al. 1990, 

Murray et al. 1994, Staples 1995, Mowat and Slough 2003, Fuller et al. 2007, Vashon et 

al. 2008a) and during all phases of the hare cycle in northerly populations (Murray et al. 

1994, Mowat and Slough 2003). I quantified spatiotemporal trends in the probability time 

series by calculating the area of forestland with ≥50% and ≥80% probability of lynx 

occurrence for each interval 1988-2007, and by estimating lynx density based on the 

1991 and 2007 probability of occurrence surfaces following the methods outlined in 

Chapter 2 (see Habitat assessment).  

Broad-scale future habitat trends 

 The combined harvest dataset allowed me to quantify and depict the broad-scale 

development and current status of lynx habitat conditions ca. 2007 and also provided 

information needed to assess future quantity and spatial distribution of HQHH in 

northwestern Maine over the next 15 years (2007-2022). The map of HQHH map 

represented habitat conditions ca. 2007 and was based on the spatial distribution of 

conifer or mixed regenerating forest 16-36 years post-harvest. Additionally, I mapped the 

spatial distribution of young regenerating forest (0-15 yrs) originating from heavy 

harvests 1991-2007 and combined the results with the modified MEGAP (Habitat time 

series) to determine the overstory composition of those areas prior to heavy harvest (i.e., 

coniferous, mixed, deciduous). I assumed that young regenerating stands in areas that 

were coniferous or mixed coniferous-deciduous composition in 1991 would eventually 

regenerate as coniferous or mixed forest after a heavy harvest and so retained those areas 
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as future HQHH. I did not include young regenerating forest in areas that were previously 

mature deciduous forest as these areas would likely require intensive management (e.g., 

herbicide application or precommerical thinning) to increase the proportional 

representation of conifer in the future stand. Finally, I determined the year in which each 

cohort of young regenerating forest would reach 16 years post-harvest and estimated the 

quantity of HQHH 2007-2022. I assumed that regenerating forest >35 years post-harvest 

would no longer function as HQHH based on research in Maine that has suggested that 

hare densities on average will start to decrease when the maximum stand age exceeds 35 

years post-harvest (Fuller et al. 2007).    

To evaluate the future effects of the changing spatial distribution of HQHH, I 

mapped the 2007 and 2022 probability of lynx occurrence using a single-variable model 

based on the proportion of HQHH within the occupied and unoccupied lynx home ranges 

(R). This model was included in the set of a priori candidate models (model rank #4 from 

Table 2.4; Chapter 2) and took the form:  

(π /1- π) = -1.423 + 5.312(R),       Eqn. 2 

where R ranged from 0-1.0. Ranked candidate models 1-3 were not used for this 

application because they included other predictor variables. Hosmer-Lemeshow statistic 

value (0.349) and McFadden’s rho-squared (0.09) indicated that the data fit the logistic 

regression model reasonably well and the variable explained a limited proportion of the 

variability in the data. The AUC for this model (0.65) was slightly lower than the top 

model (0.69), as were the sensitivity (0.50 vs. 0.67) and specificity (0.79 vs. 0.88). 

Although this model represented an a priori hypothesis (i.e., lynx occurrence determined 

only by the amount of HQHH) that was not strongly supported by the data compared to 
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the top model (Chapter 2), the model does capture an ecological factor that contributes 

heavily to lynx habitat supply in Maine through its strongly positive correlation to mean 

hare density (r = 0.97). Further, it is a factor that can be manipulated by forest 

management operations to benefit lynx habitat in the near-term by providing future 

HQHH. Thus, this single-variable model provides a useful comparison for considering 

the potential for areas to support lynx in the future.  

RESULTS 

Spatiotemporal analyses 

 Based on the satellite-derived time series, 55% of the 1.62 million hectares of 

forestland within my study area was classified as receiving a timber harvest 1970-2007. 

The majority (94%) of timber harvests represented single-entry harvest operations (heavy 

or light). Area affected by heavy harvests increased during each interval 1970-1988 

(Figure 3.2), reflecting the transition from preemptive to salvage logging operations that 

occurred in response to the 1973-1985 spruce budworm (Choristoneura fumiferana) 

outbreak. The annual rate of heavy harvests more than doubled during this period, from 

approximately 11,568 ha/year just before the outbreak (1970-1973) to 25,723 ha/yr at the 

peak of salvage operations (1985-1988). The rate of heavy harvest began to decline after 

1988 and by 1993 was exceeded by the rate of light harvests (Figure 3.2). From 1993-

2007 the annual rate of light partial harvests remained relatively stable at an average of 

approximately 19,400 ha/yr (range = 17,591 - 21,775 ha/yr). The rate of thinning 

operations in salvage origin stands (1973-1985) appeared to increase sharply 2004-2007; 

however, omission error rates were likely high when identifying thinning events, 

particularly in high density stands where PCT primarily affected the stand composition 
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Figure 3.2. Broad-scale temporal harvesting trends, showing the area affected in hectares 
for each of the harvest intervals, as classified by the harvest detection time series 
(Legaard et al., Maine Image Analysis Laboratory, University of Maine, Orono In 
preparation). Single-entry heavy (white bar) and light (gray bar) harvests and stand 
thinning in regenerating stands (black bar) are depicted. Note that light harvests were not 
mapped 1970-1988 because they could not be reliably classified using Landsat MSS 
imagery.  
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(i.e., hardwood saplings were removed) and the relative loss of canopy cover was minor. 

A preliminary estimate of accuracy rates associated with this class was performed using 

an ancillary dataset (Homyack et al. 2007) and results suggested that commission 

accuracy was 42% and omission accuracy was 100%; these results should be viewed with 

caution, however, because estimates were based on a small sample size of ground 

locations of known stand history (n = 26).  

Starting in 1986, there was a broad-scale and rapid increase in high-quality hare 

habitat (HQHH) as the cohort of regenerating forest that was created via preemptive 

salvage harvesting began to reach 15-18 years old. There was a gain of 18,605 ha of 

conifer or mixed advanced regenerating forest 1985-1988 (Figure 3.3), which represented 

1.3% of the available forestland area ca. 1988; area in HQHH accrued at an annual rate of 

~6,200 ha/yr. The HQHH accumulated during the 1991-1993, 1995-1997, and 1997-1999 

periods at an increasing rate as a consequence of elevated harvest rates 1975-1985 

(Figure 3.3). There was a net decline in HQHH 1993-1995 and 1997-1999 resulting from 

a combination of a temporal lag in additional conifer or mixed regenerating ingrowth and 

precommerical thinning in existing HQHH. Overall, there was a total of 63,140 ha of 

conifer or mixed regenerating forest ingrowth and 6,249 ha of thinning, resulting in a net 

gain of 56,891 ha of HQHH 1991-1999. There was a steady gain (16,660-17,540 ha/yr) in 

HQHH 1999-2004, which resulted from stands harvested during the peak heavy harvest 

period (1985-1988, Figure 3.2). In 2004 HQHH accounted for 179,518 ha (11.8% of the 

forestland). Area in HQHH peaked at 188,879 ha in 2007 after accumulating at a slower 

rate 2004-2007 because of the decrease in heavy harvests beginning in 1988 (Figure 3.2) 

and an increase in thinning operations in salvage origin stands (Figure 3.2). In total, 8.4%
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Figure 3.3. Cumulative trends in the quantity of mature conifer (black line) and high-
quality hare habitat (dashed line) 1975-2007. High-quality hare habitat begins to 
accumulate during the 1985-1988 interval as regenerating forest created early in the time 
series (i.e., 1970-1973) begins to reach ≥16 years post-harvest.  
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of the conifer or mixed, advanced regenerating forest ca. 2007 was classified by the time 

series as having received a chemical or manual thinning treatment >15 years post-harvest 

1988-2007. As previously mentioned, however, omission rates associated with thinning 

were likely high, suggesting that a greater percentage of regenerating stands were likely 

thinned than the methods here would indicate, which could have resulted in modest 

overestimates of the area in HQHH.  

The quantity and spatial distribution of mature conifer forest was also largely a 

product of harvest rates and patterns during the spruce budworm salvage period. Harvest 

operations during this period targeted mature spruce-fir stands, leading to the removal of 

31% of the mature conifer forest in the study area by heavy harvests 1975-1988. The 

average annual rate of harvest during this period was ~3%. The 1988 distribution of the 

remaining mature conifer (Figure 3.4) was the result of the pre-existing prevalence of 

mature conifer in the northern half of the study area and harvesting patterns. At the scale 

of a lynx home range (26.4 km2) 34% of the forestland area was comprised of <10% 

mature conifer forest, 83% had <30% mature conifer forest, and 98% had <50% mature 

conifer forest. During the 1990s, the annual rate of harvest of mature conifer tapered off 

towards ~1% (Figure 3.3) and by 1997 64% of potential lynx ranges were comprised of 

<10% mature conifer forest (Figure 3.4). This general rate of harvesting continued 

through most of the 2000s, with a slight increase 2004-2007 (Figure 3.3). By 2007, 50% 

of the mature conifer forest present ca. 1975 remained and the percentage of the potential 

home ranges with <10% mature conifer was 49%, and 1% were comprised of 40-60% 

mature conifer forest. 
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Figure 3.4. Spatial distribution of mature conifer forest at the scale of potential lynx home 
ranges (26.4 km2) in a) 1988, b) 1997, and c) 2007 across my 1.62 million hectare study 
area in northern Maine, USA. Areas with >20% mature conifer (identified by the darker 
color) occur primarily in the east-central and north-western regions of the study area. 
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Figure 3.5. Spatial distribution of mean hare density at the scale of potential lynx home 
ranges (26.4 km2) in a) 1988, b) 1997, and c) 2007 across my 1.62 million hectare study 
area in northern Maine, USA. Areas identified as having ≤0.25 hares/ha in 2007 (yellow) 
occur in Maine’s largest state forest reserve, Baxter State Park.  
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 The cumulative increases in HQHH contributed substantially to increases in 

landscape-scale hare densities 1985-2007. In 1988, 99% of the forestland area had a 

predicted mean hare density of 0.0 - 0.5 hare/ha at the lynx home-range scale (Figure 

3.5), and only 1% had an estimated landscape-scale hare density greater than the inferred 

threshold to support a lynx population (0.5 hares/ha; Ward and Krebs 1985, Brocke et al. 

1992). In 1997, the accumulation of 96,811 ha of HQHH had a broad-scale effect on 

landscape-scale hare densities, and coincided with a decreasing percentage of total 

forestland with mean hare densities 0.0 - 0.25 hare/ha (10%) and an increasing 

percentage of forestland with ≥0.5 hares/ha (21%). Ten years later, only 2% of potential 

home ranges had a mean hare density of 0.0 - 0.25 hare/ha, and these area occurred 

almost exclusively in Maine’s largest forest reserve, Baxter State Park (Figure 3.5). In 

fact, the majority (65%) of potential home ranges had a mean hare density ≥0.5 hares/ha 

in 2007. Approximately 16% of the forestland (246,374.8 ha) had estimated hare 

densities that exceeded the mean hare density observed within simulated home ranges 

around positive lynx occurrences (i.e., 0.74 hares/ha; Chapter 2), and all potential lynx 

home ranges in these areas had 20-70% HQHH (median = 28%). Based on a pairwise 

comparison, the median change in landscape-scale hare density within potential lynx 

home ranges was +0.32 hares/ha (range = -0.02, +1.34) 1988-2007. 

The top model for predicting hare densities (Chapter 2) showed a positive 

association to both mean snowshoe hare density (H), which was increasing during the 

period 1988 to 2004, and the percent forestland in mature conifer forest (C), which was 

declining during that interval, and via a strong interaction between H and C (Table 3.2). 

Overall, increased landscape-scale hare density was the dominant variable influencing 
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Table 3.2. Parameter estimates and associated odds ratios for the top-ranking model for 
predicting lynx occurrence and non-occurrence in northern Maine, USA (Chapter 2). This 
model included the predictor variablesa: mean snowshoe hare densityb at the lynx home-
range scale (HARES), the percent of mature coniferb at the lynx home-range scale (C), 
and the interaction between those two variables (HARES*C). 

 

 

 

 

 

 

 
a Candidate predictor variables were derived from a combination of timber harvest data  
used to map stand-level harvest operations 1970-2004 (Legaard et al., Maine Image 
Analysis Laboratory, University of Maine, Orono In preparation) and a 2004 forest cover 
type map (Chapter 2).  
b Mean snowshoe hare density was included as a candidate variable to evaluate the 
cumulative effect of home-range composition on prey density and lynx occurrence. 
Values for occupied and unoccupied home ranges were calculated by applying stand-
scale hare densities (Table 3.1) to forest types identified by harvest history and 2004 
composition. 
b Percent mature conifer was included as a candidate variable because of the important 
role that this forest type appears to play in supporting lynx populations in some areas of 
the boreal forest (e.g., Murray et al. 1994, Poole et al. 1996). Variable was defined as 
“mature” based on the timber harvest data (i.e., uncut since 1970).  
 

Parameter Estimate 95% Lower 95% Upper Odds Ratio 

Constant -1.268 -5.545 3.010  

HARES -1.271 -7.880 5.337 0.280 

C -0.378 -0.930 0.173 0.685 

HARES*C 0.926 -0.025 1.877 2.525 



     

 

 

 
Figure 3.6. Probability of lynx occurrence across my 1.62 million hectare study area, 1991-2007, based on the top-ranked 
model developed for northern Maine, USA (Chapter 2). Years shown are a) 1991, b) 1993, c) 1995, d) 1997, e) 1999, f) 2001, 
g) 2004, and h) 2007. The first area of decline in probability of occurrence is outlined in 2007. 
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Figure 3.7. Cumulative area (hectares) of forestland at the scale of a lynx home range 
(26.4 km2) with predicted probability of lynx occurrence >50% (black bar) and >80% 
(gray bar).  
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an estimated potential lynx density of 0 - 1.0 lynx/100 km2. Townships with habitat 

potential to support ≥1.0 lynx/100 km2 occurred in areas where landscape-scale hare 

densities were increasing (Figure 3.5) and mature conifer was present ca. 1991 (Figure 

3.4). Between 1991 and 2007, potential lynx density increased on average 
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changes in the probability of lynx occurrence (POC) 1988-2004 because that variable 

experienced a greater magnitude of change. The first areas of ≥50% POC occurrence 

emerged (Figure 3.6) in areas where HQHH increased 1985-1991 (Figure 3.3). In 1991, 

10,961 ha of forestland (1%) had a POC ≥50% and only 3,273 ha (<1%) had a probability 

of lynx occurrence ≥80% (Figure 3.7). During the 1990s, new areas of high POC 

continued to emerge in the northern and central regions of the study area and many 

expanded over time as adjacent regenerating forest stands were recruited into HQHH 

(Figure 3.6). As HQHH steadily accumulated 1999-2004 (Figure 3.3), the area of 

forestland with ≥50% POC increased even more rapidly (Figure 3.7). Between 1999 and 

2004, the area of forestland with ≥50% POC more than doubled and the area with ≥80% 

POC increased by almost 3-fold. After 2004, however, a different pattern started to 

emerge in the lynx time series. There was only a small increase in area with lynx 

probability ≥50% 2004-2007 (Figure 3.7) and this was accompanied by the emergence of 

the first areas of localized decline in lynx POC (Figure 3.6). Areas of localized POC 

decline occurred where little regenerating forest was being recruited and where the 

mature conifer forest also declined. 

I estimated lynx density for the 160 unorganized townships in northern and 

western Maine that overlapped the study area by ≥70% (Figure 3.8) using the 1991 and 

2007 POC maps (Figure 3.6). The majority of the townships in 1991 (78%; n=160) had 
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Figure 3.8. Potential density of adult resident lynx that could be supported at the township-scale (number of lynx/100km2) in a) 
1988 and b) 2007 across 155 townships in northern Maine, USA. Densities calculated based on the summed probability of lynx 
occurrence using a fixed grid representing potential home ranges that would be exclusive of other lynx of the same sex 
(Vashon et al. 2008b, Chapter 2). 
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1.23 lynx/100 km2 (SD = 0.89; range = -1.19 - 4.19 lynx/100 km2) across those townships 

and in 2007, 75% had a potential density of ≥1.0 lynx/100 km2 (Figure 3.8). Twenty-one 

percent of the townships had potential density of ≥3.0 lynx/100 km2, occurring in the 

central and north-western regions of the study area where increases in hare density 

(Figure 3.5) and lynx POC (Figure 3.6) were greatest. 

Broad-scale future habitat trends 

 Between 2007 and 2022, quantity of HQHH is projected to remain relatively 

stable at approximately 200,000 ha (Figure 3.9). The location and configuration of 

HQHH, however, will shift substantially (Figure 3.10). By 2022, HQHH will be more 

uniformly distributed throughout the study area, with substantial increases in the southern 

portion (Figure 3.10). The aggregation of this habitat type in 2022 will be lower in many 

areas compared to 2007, resulting in fewer potential lynx home ranges with >30% 

HQHH. The shift in the spatial distribution of HQHH 2007-2022 (Figure 3.10) will have 

two primary effects on lynx POC. First, areas with POC ≥50% will likely expand in the 

southern region of the study area, and will coincide with a decrease in POC ≥50% the 

central and northern regions (Figure 3.11). This would result in an estimated 51% decline 

of the landscape with ≥50% POC (Equation 2) from 170,283 ha to 83,439 ha. 

Additionally, the successive disaggregation of habitat suggests an outcome where none of 

the landscape will support ≥80% lynx POC by 2022 (Figure 3.11). 

 DISCUSSION 

 The research presented here evaluates interactions between timber harvesting, 

snowshoe hare density, and lynx habitat supply during the period 1970-2007. By 

integrating the spatially- and temporally-explicit information in the habitat time series 
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Figure 3.9. Aspatial trend in cumulative area (hectares) of high-quality hare habitat 
(HQHH) 1985-2022. The  trend (black line) for 1985-2007 was based on accumulation of 
HQHH, as documented via the satellite-derived time series. The trend for 2007-2022 
(dashed line) was estimated based on the accumulation of regenerating forest ingrowth 
from heavy harvests beginning with the 1991-1993 harvest interval. Prior forest 
composition was assumed to predict future composition. Estimations do not account for 
habitat loss resulting from stand thinning after 2007.  
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Figure 3.10. Current (blue) and future (orange) ca. 2022 spatial distribution of high-
quality hare habitat across my 1.62 million hectare study area in northern Maine, USA. 
Spatial projections for 2022 were based on the growth of regenerating forest resulting 
from 1991-2007 heavy harvests in previously conifer or mixed, mature forest. 
Estimations do not account for habitat loss resulting from stand thinning after 2007.  

igure 3.10. Current (blue) and future (orange) ca. 2022 spatial distribution of high-
quality hare habitat across my 1.62 million hectare study area in northern Maine, USA. 
Spatial projections for 2022 were based on the growth of regenerating forest resulting 
from 1991-2007 heavy harvests in previously conifer or mixed, mature forest. 
Estimations do not account for habitat loss resulting from stand thinning after 2007.  
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with the predictive landscape-scale habitat model (Chapter 2), I have demonstrated that 

forest management activities since 1970 have resulted in broad-scale changes in quantity 

and distribution of mature and regenerating forest, and dramatic changes in both the 

spatial and temporal habitat supply for lynx. During the 1973-1985 spruce budworm 

outbreak, harvest rates in mature conifer increased as infested spruce-fir forest stands 

were salvage logged, which created large areas of what would become high-quality hare 

habitat (HQHH) that would support significant increases in landscape-scale hare densities 

beginning in the 1990s. The previously small lynx population in northern Maine is also 

thought to have increased in the mid- to late-1990s (Hoving et al. 2004), suggesting that 

population changes in hares and lynx resulted from human-induced habitat change. 

Clearcut harvesting has significantly decreased since the early 1990s (Figure 3.2) (Maine 

Forest Service 1994, 1997, 2003), resulting in a decline in the cumulative increase of 

HQHH (Figure 3.3), which has important implications for lynx conservation in the 

contiguous U.S. These results provide insight into the role that forest management has 

played and will continue to play as an important process that determines the quantity and 

distribution of habitat for lynx in the forested landscapes of the sub-boreal region.  

 The development of the regenerating forest from preemptive and salvage harvests 

(1970-1988) led to the broad-scale and rapid increase 1986-2004 (Figure 3.3) in 

regenerating forest conditions associated with high snowshoe hare densities in Maine 

(Robinson 2006, Homyack et al. 2007). On average, even-aged regenerating forest with 

high stem densities of conifer saplings in Maine supports 7x the over-winter hare density 

(mean = 1.8 hares/ha) relative to mature forest (mean = 0.25 hares/ha) (Fuller and 

Harrison 2005, Robinson 2006, Homyack et al. 2007), which sets the Acadian Forest 
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apart from the other southern areas of the lynx range in the contiguous United States 

where hare densities rarely exceed 0.6 hares/ha (Orr and Dodds 1982, Apps 2000, Griffin 

2004). Mean hare densities at the scale of lynx home ranges increased across a large 

proportion of the study area 1988-2004 and the extent of forestland with hare densities 

exceeding previously published minimum thresholds for supporting a lynx population 

(≥0.5 hares/ha) increased from <1% to 65% of the landscape. Previous research has 

further suggested that if a lynx population is non-cyclic, as has been suggested for 

populations <49º N (e.g., Hodges 2000), the minimum hare density required for positive 

population growth may be much greater (>1.5 hares/ha; Steury and Murray 2004). 

However, hare densities in my study area rarely exceeded 1 hare/ha at the scale of a lynx 

home range, even though stand-scale hare densities commonly exceed 1.5 hares/ha within 

conifer-regenerating forest stands (Robinson 2006, Homyack et al. 2007). This suggests 

that landscape-scale hare densities do not need to be as high as 1.5 hares/ha to ensure the 

persistence of a southern lynx population. In fact, estimated lynx densities in northern 

Maine (Vashon et al. 2008b, Chapter 2) are comparable to some more northerly 

populations during the cyclic high (Brand et al. 1976, Parker et al. 1983, O’Donoghue et 

al. 1997). 

 Lynx POC increased rapidly through the 1990s to 2004 in central and northern 

regions of the study area (Figure 3.6) as increased landscape-scale hare densities 

generally offset the continued loss of mature conifer forest during this period. However, 

increases in area with ≥80% POC were most pronounced where both mature conifer 

remained (Figure 3.4) and landscape-scale hare densities were high (Figure 3.5). Thus, 

the strongly positive influence of the interaction between mature conifer and HQHH on 
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lynx occurrence in Maine (Chapter 2) emphasizes that lynx require a mosaic of HQHH 

and mature forest within their home ranges (Parker et al. 1983, Koehler and Brittell 1990, 

Mowat et al. 2000). Previously researchers have speculated that lynx may require mature 

conifer forest for denning (Koehler 1990); however, recent studies from Maine indicate 

that lynx will use a variety of structures with a range of forest types and age classes for 

natal dens (Organ et al. 2008). Thus, the positive association of mature conifer forest with 

lynx occurrences may instead be related to enhanced foraging opportunities along edges 

between regenerating and residual conifer stands (Staples 1995, Mowat et al. 2000).

 The broad-scale distribution of both mature conifer and HQHH ca. 2007 were a 

product of the interaction between the distribution of mature conifer at the start of the 

1970s and the large harvest blocks that were created in many of these areas during the 

salvage period that would eventually become HQHH. Another result of this interaction 

was the positive spatial association of mature conifer and HQHH within areas occupied 

by lynx. A post hoc comparison of the edge density between mature conifer and HQHH 

conducted as part of a companion second-order habitat selection study (Chapter 2), 

indicated that occupied lynx home ranges (mean = 7.692 meters/ha; SD = 4.207) had 

almost 2x the edge density of unoccupied ranges (mean = 3.998 meter/ha; SD = 3.883). 

This result strongly suggests that it is not simply the presence of mature conifer that is 

important for influencing lynx occurrence in Maine, but the juxtaposition of this habitat 

type with regenerating conifer-dominated forest (Chapter 2). Researchers have previously 

noted the importance of the edges between regenerating forest and mature conifer as 

providing foraging opportunities, potentially allowing lynx to hunt more successfully 

than within dense regenerating forest (e.g., Staples 1995, Mowat et al. 2000). Further, 
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studies in northern Maine have indicated that patch (Fuller et al. 2007) and within-patch 

(Fuller 2006) habitat selection by lynx is influenced by both prey accessibility and prey 

density. Thus, the salvage logging period and the resulting loss of mature conifer likely 

contributed both to the increase in HQHH and the creation of potentially valuable edge 

habitat within lynx home ranges.   

A new spatiotemporal pattern started to emerge 2004-2007, characterized by a 

substantially reduced rate of increase in the lynx POC across my study area (Figure 3.7). 

HQHH continued to accumulate during this period, but at a slower rate (Figure 3.3). This 

decline occurred because of decreases in heavy harvesting starting in 1988 (Figure 3.3) 

and from thinning operations. The decrease in heavy harvests was a reflection of the 1989 

enactment (12 MRSA §8867-A to §8888 & MFS Rules Chapter 20) of the Maine Forest 

Practices Act (MFPA). The MFPA set forth Maine’s first definition of a “clear-cut” and 

required that landowners adhere to green-up and adjacency standards. The immediate 

effects of this legislation were that between 1989 and 1991 the number of acres harvested 

by clear-cut on Maine’s commercial forestlands declined by almost 50% (Maine Forest 

Service 1995). The annual rate of heavy harvesting on my study area declined by 28% 

1988-1991 followed by an additional 32% 1991-1993 (Figure 3.2). From 2004 to 2007, 

the annual rate of mature conifer harvest and the rate of thinning increased compared to 

2001-2004; consequently, coupled with the decline in regenerating forest ingrowth there 

was only a small increase in the total area with lynx POC ≥50% or with POC ≥80% 

during the interval 2004-2007 (Figure 3.7). The first areas of decline in POC also 

emerged 2004-2007 (Figure 3.6) and the largest area of decline occurred in the central 

portion of the study area where both thinning in HQHH and harvest of mature conifer 
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occurred in close proximity (Figure 3.6). Further, although the NDMI-based 

methodology has been shown to be 87-91% accurate for mapping clearcut vs. partial 

harvests in the Acadian Forest (Sader et al. 2003), the omission error rate associated with 

detecting precommerical thinning in regenerating forest is undoubtedly higher than for 

detecting harvest of mature forest since the method was not originally developed for that 

purpose. This is an important consideration because thinning regenerating stands has 

been shown to result in a ~50% reduction in snowshoe hare density compared to 

unthinned regenerating stands in northern Maine (Homyack et al. 2007). A preliminary 

assessment suggested that the omission accuracy associated with using NDMI to identify 

areas where PCT occurred was <50%, which suggests that a larger proportion of the 

regenerating forest within my study area was likely thinned 1970-2007.  

 It is important to note that estimates of regenerating forest ingrowth from heavy 

harvests should be viewed cautiously because the time series only provided harvest 

information back to 1970. Consequently, regenerating forest created by clearcuts in the 

1960s, for example, would not be mapped or included in estimates of HQHH. However, 

timber harvesting in the 1940s through the 1960s occurred primarily as diameter limit 

cuttings (Hart 1963), which like most current partial harvesting techniques are not 

expected to create the regenerating forest conditions that support high snowshoe hare 

densities (Robinson 2006). It is, however, likely that small proportion of harvests 

classified as light (1991-2004) have resulted in regenerating forest conditions favorable 

to snowshoe hares (Chapter 2). As pointed out in Chapter 2, this situation could arise, for 

example, in the case of an overstory removal if the understory conifer stem density prior 

to harvest is high (>7,000 stems/ha; Robinson 2006), which may under certain 
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circumstances be classified as a light harvest even though it is effectively a stand-

replacing harvest.  

 Based on the harvesting patterns that followed the salvage period, the spatial 

distribution of lynx foraging habitat is expected to change substantially 2007-2022 

(Figure 3.10). The quantity of habitat, however, may actually change relatively little over 

this period, which is consistent with the shifting mosaic steady-state concept first put 

forth by Bormann and Likens (1979). Based on this concept, the seral stage present at any 

given location within a landscape changes over time due to succession, but averaged over 

a large enough scale (spatial and temporal) the proportion of the landscape in each seral 

stage will remain relatively constant in time.  Lynx foraging habitat is also likely to be 

less aggregated in 2022 as a result of the decrease in clearcut size that occurred after the 

passage of the MFPA (Maine Forest Service 1995). Consequently, it is estimated that an 

increasing proportion of forestland will contain <20% HQHH at the lynx home-range 

scale. These changes in location and configuration will be reflected in an expansion of 

the area with ≥30% probability of occurrence in the southern region of the study area, but 

an overall decrease in the area with ≥50% probability of occurrence and a loss of 

connectivity (Figure 3.11) throughout the larger study area.  

 Although the shift in HQHH will increase landscape-scale hare densities in the 

southern region of the study area, the potential for lynx densities to increase in the 

southern region of the study area may be constrained by extrinsic factors, including the 

presence of competitors and less favorable climatic conditions. Researchers have 

speculated that because of their similarity in body size and the potential for a high degree 

of overlap in their diet (Buskirk 2000) that interference competition or resource 
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competition is particularly likely to occur between lynx and bobcats (Lynx rufus) (Parker 

et al. 1983). Although direct competition has yet to be documented, geographic-scale 

modeling efforts in Maine have suggested that lynx occurrence at this larger scale is 

negatively influenced by bobcat presence (Robinson 2006). Additionally, fisher (Martes 

pennanti) might also compete with lynx for snowshoe hares in the winter (Arthur et al. 

1989), and fishers have been documented to kill female lynx and their kittens in northern 

Maine (J. Vashon unpublished data). Thus, because bobcats and fisher have higher foot-

loading and are more limited by snow (Krohn et al. 2005) and therefore occur at higher 

densities in southern Maine where annual snowfall is lower, if the lynx distribution shifts 

south in response to the shift in resources, this is might increase competition with bobcats 

and fisher. Further, lynx occurrence at the regional scale in the Northeastern USA is 

strongly influenced by annual snowfall (Hoving et al. 2005), and it has been suggested 

that lynx distribution is likely to contract northward in some areas if temperatures 

increase and annual snowfall declines in the future as a result of climate change (U.S. 

Department of Interior 2008). Under those conditions, bobcat and fisher distributions 

might also be expected to expand northward, which could also increase competition and 

thereby exacerbate the negative effects of habitat loss and climate change on the lynx 

population in northern Maine.  

CONSERVATION AND MANAGEMENT IMPLICATIONS 

 This study indicates that timber harvesting can create favorable conditions for 

both snowshoe hares and lynx in northern Maine. However, it is important to remember 

that the broad-scale increase in lynx foraging habitat within the study area was an 

unplanned byproduct of the preemptive and salvage logging that occurred as a 
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consequence of the last spruce budworm outbreak, which also lead to the loss of 31% of 

the mature conifer leading up to the implementation of the Maine Forest Practices Act 

(MFPA). The change in harvesting patterns that resulted from the MFPA will mean that 

lynx foraging habitat is not likely to continue to increase as it did 1985-2004. Projections 

suggest that the quantity of habitat could remain relatively stable in the study area 2007-

2022; however, this potential outcome is predicated on the assumption that the rate of 

stand thinning in HQHH does not increase. The recent increase 2004-2007 in stand 

thinning warrants future attention, particularly because the actual magnitude of loss is 

underestimated by the methods used here. Further, recent increases in the rate of harvest 

of the remaining mature conifer in the study area warrants future consideration because 

of the synergistic role that this forest type plays by positively influencing lynx POC, and 

because only 50% of the mature conifer forest that was present in the study area ca. 1975 

remained in 2007.   

 In 2007 only a few townships were estimated to support adult lynx densities of >4 

lynx/100km2; nonetheless, these estimated densities along with previous research 

(Vashon et al. 2008a) suggest that habitat in Maine can potentially support lynx densities 

that are similar to more northerly lynx populations (i.e., <49º N) (Brand et al. 1976, 

Parker et al. 1983, O’Donoghue et al. 1997). However, the spatial distribution of HQHH 

is certain to change over the next 15 years, which may result in increased competition 

with bobcats and fisher. Future habitat management to maintain lynx populations in 

Maine will require coordination across many of Maine’s private forestland owners to 

effectively address both habitat supply and habitat connectivity. Areas targeted for lynx 

conservation should be located in areas that provide favorable habitat conditions for lynx 
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and are likely to provide future HQHH. Forest management should emphasize even-aged 

management and silvicultural techniques that promote high conifer stem densities 

(Robinson 2006). Precommerical thinning should be avoided as a strategy for 

accelerating stand development in lynx management areas unless sufficient habitat is 

otherwise available. Commercial thinning of older regenerating forest (>35 years old) 

may be less detrimental to landscape-scale hare densities than precommerical thinning if 

it occurs after hare densities have already started to decline because of succession-

induced reductions in cover and/or forage. Additional study is needed to help better 

understand the temporal pattern of snowshoe hare density in HQHH in the Acadian 

Forest. 
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CHAPTER 4 

INFLUENCE OF ALTERNATIVE MANAGEMENT STRATEGIES ON 

LANDSCAPE-SCALE TIMBER HARVESTING PATTERNS AND  

FUTURE (2007-2032) HABITAT SUPPLY FOR CANADA  

LYNX AND AMERICAN MARTENS 

ABSTRACT 

 Umbrella species have been proposed as a single-species approach that can be 

used for simplifying biodiversity conservation for land and wildlife mangers, which are 

expected to address the impacts of land-use activities on numerous species. Two species 

that have shown great potential as umbrella species in the Acadian forest of the 

Northeastern U.S. are the American marten (Martes americana) and Canada lynx (Lynx 

canadensis). Regional habitat conditions for martens and lynx have changed significantly 

in Maine over the last 30-40 years as a result of broad-scale forest management. The goal 

of my research was to provide a better understanding of how past forest management 

legacy will influence the outcomes associated with future forest management, and to help 

identify conservation planning alternatives for these important umbrella species and the 

species that they represent. I used the Remsoft Spatial Planning System to develop 

alternative forest management scenarios. Scenarios were compared based on projected 

timber volume harvested and projected habitat supply and population density for lynx and 

martens over the next 25 years across 1,215 km2 of commercial forestlands. Forest 

management scenarios were developed to simulate relatively realistic forest practices and 

patterns and the effects of specific modifications to management plans, including changes 

in aspatial and spatial constraints on clearcut harvesting. Allocation of harvest to different 
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silvicultural treatments and total acreage harvested varied between scenarios, which had 

important implications for habitat supply and densities for lynx and martens. The 

scenario that benefited lynx and martens the least 2007-2032 was the baseline scenario, 

which projected recent (2001-2007) trends in harvest rates including an aspatial limit 

(~4% of the total acreage harvested) on clearcut harvesting to mimic existing patterns and 

effects of current regulations on forest management. The scenario that provided some 

benefit to both species projected recent harvest trends but removed the limit on 

clearcutting. Marten habitat was benefited by a reduction in total acreage harvested and 

acreage partially harvested; lynx foraging habitat increased in latter periods as a result of 

the additional regenerating forest that was created by increased clearcut harvesting under 

this scenario. Increasing the maximum allowable size for clearcuts had little effect on 

total acreage harvested or habitat supply. Under the strategic management objective to 

maximize sustainable volume, habitat supply for lynx was benefited but habitat supply 

for martens declined more drastically than under other scenarios. Habitat supply for 

martens is only expected to increase significantly if timber harvesting were to stop 

altogether. Overall, modifications to forest management plans caused relatively little 

change in the trajectory of habitat supply for lynx or martens and both habitats are 

expected to decline over the next 5-20 years as a result of past forest management legacy 

(1970-2007). This suggests that delisting criteria for the federally-threatened lynx need to 

incorporate the anticipated loss of habitat supply for lynx, and that marten harvest 

management needs to be reconsidered to avoid threatening a population that is likely to 

experience continued habitat loss in the future.  
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INTRODUCTION 

 There is a growing need among land and wildlife managers for tools to 

quantitatively assess effects of land-use decisions on habitats. Regulations are often 

designed to protect species at risk from localized habitat destruction caused by specific 

land uses, but managing for sustainability and connectivity of habitat for those species 

and protecting biodiversity at larger scales continues to be an unmet challenge. 

Forecasting changes in wildlife habitat is an increasingly important objective of the 

forest-management planning process, relying on species-habitat relationships as a fine-

filter strategy to measure the effects of land use activities. Thus, spatial forest planning 

models are emerging as an essential tool for developing management plans to meet 

multiple natural resource goals (Kurttila 2001, Bettinger and Sessions 2003, Bettinger et 

al. 2003). Progress has begun on developing algorithm-derived forest management plans 

that consider spatial as well as aspatial habitat goals. However, much research attempting 

to evaluate the effects of alternative resource-use strategies (e.g., Bettinger et al. 1997, 

Bettinger et al. 1998, Kliskey et al. 1999, Marzluff et al. 2002) has focused on relatively 

small scales (but see Brown et al. 2007). Consequently, it remains important to better 

understand how tactical forest management decisions may scale-up and influence large-

scale landscape pattern (Wickham et al. 2007) and the resulting spatiotemporal variation 

in wildlife habitats. 

 Spatial forest planning differs from conventional planning because the spatial 

patterns of management activities are explicitly integrated into the otherwise temporal 

(e.g., optimizing timber yield) decision-making process (Baskent and Keles 2005). 

Research evaluating large-scale (e.g., >50, 000 ha) effects of forest harvest planning on 
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landscape pattern (Mehta et al. 2004, Gustafson et al. 2006, Radeloff et al. 2006, Zollner 

et al. 2008) and wildlife habitat suitability (Larson et al. 2004, Shifley et al. 2006) has not 

yet utilized spatial forest planning models; rather, this research has been based on 

stochastic simulation generally using the program LANDIS (Mladenoff et al. 1996, 

Mladenoff and He 1999, Gustafson et al. 2000). A shortcoming of LANDIS, however, is 

that it is not designed to develop operational forest management plans (Gustafson et al. 

2000, Mladenoff 2004), and recent research has indicated that the program should not be 

used to develop spatially-explicit forest management plans (Radeloff et al. 2006). The 

stochastic nature of LANDIS also limits its utility for addressing the effects of forest 

management on species that are influenced not only by habitat amount, but also by the 

spatial and temporal arrangement of habitat patches (Bissonette et al. 1989, Thompson 

and Harestad 1994). Forest management guidelines generally address habitat 

requirements for species by invoking spatial constraints on harvests (e.g., adjacency and 

green-up).  Considerable effort has been directed to develop algorithms that can optimize 

tactical harvesting plans under these types of constraints, including mathematical 

optimization techniques (e.g., mixed integer programming) and heuristic approaches 

(e.g., simulated annealing). A number of heuristic techniques have been applied to forest 

planning with objectives to maintain habitat for single species, including elk (Cervus 

elaphus roosevelti) (Bettinger et al. 1997, 1999), red-cockaded woodpecker (Picoides 

borealis) (Boston and Bettinger 2001), northern flying squirrel (Glaucomys sabrinus) 

(Calkin et al. 2002), spotted owl (Strix occidentalis) (Bettinger et al. 2003), and 

woodland caribou (Rangifer tarandus caribou) (Brown et al. 2007). Land and wildlife 

managers are, however, expected to monitor and manage the environmental impacts of 

  180   



management activities on numerous species in order to address the risks to terrestrial 

biodiversity from landscape change, which limits the utility of spatial forest planning 

based on separate simultaneous applications directed at single species.  

 Umbrella species have been proposed as a single-species approach that can be 

used for simplifying biodiversity conservation through focusing on protecting the 

minimum habitat requirements of species whose protection should also maintain the 

viability of an array of other species with similar habitat associations (Murphy and 

Wilcox 1986, Noss 1990). Although species as diverse as Bay checkerspot butterflies 

(Euphydryas editha bayensis; Launer and Murphy 1995) and black rhinos (Diceros 

bicornis; Berger 1997) have been evaluated as umbrella species, medium and large sized 

terrestrial carnivores are often proposed because they tend to have large spatial 

requirements and are often closely associated with a particular habitat type (Noss 1996). 

Two species that have shown great potential as umbrella species for conservation 

planning in the Acadian forest of the Northeastern U.S. are the American marten (Martes 

americana) and the Canada lynx (Lynx canadensis) (Hepinstall and Harrison In 

preparation). Because the two species have different habitat associations, early- and mid-

to-late successional forests respectively, they also represent complementary groups of 

species for which they can serve as umbrella species (Lambeck 1997). In an analysis of 

130 resident forest vertebrates Hepinstall and Harrison (In preparation) showed that 86% 

could be benefited by conservation planning on Maine’s commercial forestlands for lynx 

and martens. Regional habitat conditions for martens (Chapter 1) and lynx (Chapter 3) 

have changed significantly in Maine over the last 30-40 years as timber harvest rates and 

patterns have been influenced by both past natural disturbance events and changes in 
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forest policy (see Chapter 1).  In the 1970s and 1980s, clearcut harvesting increased as 

large areas of spruce-fir forest were preemptively and salvage harvested in response to 

the 1973-1985 spruce budworm (Choristoneura fumiferana) outbreak. In 1989, the Maine 

Forest Practices Act (MFPA) was passed (12 MRSA §8867-A to §8888 & MFS Rules 

Chapter 20), which increased regulatory standards and requirements associated with 

clearcut harvesting. In the first year following the MFPA, the number of acres annually 

harvested by clearcut declined by 36% and the number of total acres harvested increased 

19%, and habitat conditions for martens and lynx changed significantly over a relatively 

short period of time (Chapters 1 and 3).  Thus, broad-scale conservation planning is 

needed to ensure continued habitat supply for those important umbrella species. 

 Since the late 1990s, approximately 500,000 acres of commercial forestland have 

been harvested annually (Maine Forest Service 1994, 1997, 2003, 2006) over the ~17 

million acres of commercial forestland in Maine and forest management has increasingly 

come to rely on a variety of partial harvest treatments that result in a wide range of 

residual forest conditions (Robinson 2006). The goal of my research was to evaluate the 

effects of forest management strategies on habitat supply for lynx and martens in this 

complex landscape to provide a better understanding of past forest management legacy 

on outcomes of future forest management and conservation planning alternatives. 

Recently, systems based on hierarchical spatial forest-management planning have been 

developed that take advantage of the processing strengths of both linear programming 

and heuristic techniques to create an optimized spatial forest-management plan that can 

incorporate spatial constraints (Boston and Bettinger 2001, Bettinger et al 2005). The 

objectives of this study were to: 1) design and generate a forest stand map using satellite 
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and forest inventory information that could successfully model the outcomes of forest 

management using a hierarchical spatial forest-planning system; 2) model a set of 

alternative forest management scenarios that would simulate realistic timber harvesting 

rates and patterns under aspatial and spatial constraints; 3) compare the broad-scale 

outcomes of alternative forest management scenarios on timber harvesting rates and 

patterns, and on current and future habitat supply for lynx and martens; and 4) evaluate 

the interaction between past legacy and future forest management on outcomes of 

alternative management scenarios.  

STUDY AREA 

 The 1,215 km2 study area was defined within the geographic ranges of American 

marten and Canada lynx (Figure 4.1). This area occurs within the Acadian forest 

ecoregion, which is an ecological transition zone in the northeastern U.S.A. between the 

southern temperate deciduous-dominated forests and the northern boreal forests 

(Seymour and Hunter 1992). This area includes 14 unorganized townships in northern 

Maine that comprise 21 individual parcels owned by nine forestland owners, including 

the state on Maine. The study area includes approximately 129,454 ha of commercial 

forestland and commonly occurring tree species include: balsam fir (Abies balsamea), 

white (Picea glauca), red (P. rubens), and black (P. mariana) spruce, white pine (Pinus 

strobus), white (Betula papyrifera) and yellow (B. alleghaniensis) birch, red (Acer 

rubrum) and sugar (A. saccharum) maple, and American beech (Fagus grandifolia). 

Forest harvesting is the primary form of forest disturbance within this area and forest 

harvesting practices are regulated under the Maine Forest Practices Act (12 MRSA  
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§8867-A to §8888 & MFS Rules Chapter 20). Elevation is generally low (average = 369  

m) and varies relatively little across the study area (range = 282 - 731 m). 

METHODS 

Overview 

 I used the Remsoft Spatial Planning System to develop alternative forest 

management scenarios to simulate timber harvesting activities and resulting habitat 

supply for lynx and martens. Scenarios were designed to simulate realistic forest 

harvesting practices and patterns in northern Maine, which were then modified through 

changes to either aspatial (e.g., proportion of annual total harvest by clearcut) or spatial 

harvest constraints (e.g., clearcut harvest size). Trends in habitat supply and potential 

population densities within the study area were determined based on predictive species 

occurrence models developed as part of previous companion studies evaluating lynx 

(Chapter 2) and marten (Hepinstall et al. In preparation) landscape-scale occurrence (2nd-

order habitat selection; sensu Johnson 1980) in northern Maine. The effects of both 

harvest legacy (1970-2007) and future forest management (2007-2032) on habitat supply 

were evaluated at the scale of the study area and at the scale of the ownership parcel.  

Marten habitat suitability   

 Hepinstall et al. (In Preparation) developed resource selection probability 

functions (RSPFs; Manly et al. 2002) to evaluate the effects of habitat amount and habitat 

configuration on the landscape-scale occurrence of male and female martens on 

commercial forestlands in north-central Maine. Location data from radio-collared adult, 

resident male (n=25) and female (n=35) martens collected between 1994 and 1998 (May 

- October) (Katnik 1992, Phillips 1994, Chapin et al. 1998, Phillips et al. 1998, Payer 

  185   



1999, Fuller and Harrison 2005) were used to generate annual home ranges (95% 

minimum convex polygon). The Maine GAP Vegetation and Land Cover map (MEGAP) 

served as the base map for developing year-specific habitat maps that captured habitat 

change caused by timber harvesting activities 1994-1998. At the patch-scale, suitable 

habitat for marten was defined a priori based on the results of previous studies in Maine 

(Chapin et al. 1998, Payer 1999, Payer and Harrison 2003, Fuller and Harrison 2005) as 

patches of forest ≥2.7 ha with tree height >6 m. According to the MEGAP, approximately 

89% of the study area was comprised of mature forest ca. 1993 that was mapped with 

>94% accuracy (Hepinstall et al. 1999). Habitat maps were used to calculate landscape 

metrics for occupied marten home ranges (n=121) and simulated unoccupied home 

ranges areas (n=86) selected based on previous studies in Maine (Katnik 1992, Chapin et 

al. 1998) and elsewhere (Hargis et al. 1999). Metrics were then used to construct a priori 

candidate models which were evaluated separately for male and female martens using 

model selection criteria based on the corrected Akaike’s Information Criterion (AICc; 

Burnham and Anderson 1998) to rank binary logistic regression model performance. 

Models were evaluated with reserved test data (n=66) based on standard error matrix 

statistics and receiver operating characteristic (ROC) curves.  

 The top-ranked models for both females and males included measures of habitat 

amount and habitat configuration (Tables 4.1 and 4.2). In both cases, probability of 

marten occurrence was positively influenced by the amount of habitat and negatively 

influenced by an increase in configuration metric at low to intermediate values of habitat 

amount. The top-ranked model for predicting female marten occurrence (Table 4.1) 
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Table 4.1. Parameter estimates and associated odds ratios for the top-ranking model for 
female martens (Hepinstall et al. In preparation). This model included the predictor 
variables: percent suitable habitat in home range (PHR), suitable habitat patch density 
(PD), and the interaction (PHR*PD). 

 

Parameter Estimate 95% Lower 95% Upper Odds Ratio 

Constant 0.113 -4.927 5.153  

PHR -0.001 -0.066 0.064 0.999 

PD -7.558 -14.742 -0.374 0.001 

PHR*PD 0.111 0.008 0.213 1.117 

 

 

 

 

 

 

Table 4.2. Parameter estimates and associated odds ratios for the top-ranking model for 
male martens (Hepinstall et al. In preparation). This model included the predictor 
variables: percent suitable habitat in home range (PHR), landscape shape index (LSI), 
and the interaction (PHR*LSI). 
 
 

Parameter Estimate 95% Lower 95% Upper Odds Ratio 

Constant -25.835 -54.253 2.583  

PHR 0.187 -0.061 0.436 1.206 

LSI -0.867 -3.769 2.035 0.420 

PHR*LSI 0.073 0.006 0.140 1.076 

 

  

  187   



included: the proportion of suitable habitat within home range (PHR), suitable habitat 

patch density (PD), and the interaction term (PHR*PD).  Hosmer-Lemeshow statistic 

value (0.28) and McFadden’s rho-squared (0.403) for this model suggested that the data 

fit the logistic regression model and that the variables included in the top model 

explained a high proportion of variability in the data. This model received 45% of the 

weight of evidence (wi = 0.45) and no candidate model had a ∆AICc≤ 2 relative to the top 

model. The area under the ROC curve (AUC) for this model based on independent 

validation was 0.94, suggesting that there is an 94% probability that an occupied female 

home range will have a higher PHR and lower PD than an unoccupied home range. The 

top-ranked model for predicting male marten occurrence (Table 4.2) included: the 

proportion of suitable habitat within home range (PHR), landscape shape index (LSI) of 

suitable habitat patches, and the interaction term (PHR*LSI). Hosmer-Lemeshow statistic 

value (0.55) and McFadden’s rho-squared (0.810) for this model suggested that data 

closely fit the logistic regression model and that the variables included in the top model 

explained a high proportion of variability in the data. This model received 66% of the 

weight of evidence (wi = 0.66) and only one candidate model had a ∆AICc≤ 2 relative to 

the top model (∆AICc = 1.5). The AUC for this model based on independent validation 

was 0.89, suggesting that there is an 89% probability that an occupied male home range 

will have a higher PHR and lower LSI than an unoccupied home range. Results highlight 

the important role suitable habitat amount appears to play in marten occurrence, which 

has been previously noted (Katnik 1992, Chapin et al. 1998, Hargis et al. 1999). 
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Lynx habitat suitability 

 A similar process was used to develop a RSPF for predicting landscape-scale 

occurrence of lynx in northern Maine based on forest structure (Chapter 2). Location data 

was based on snow track surveys (January-March) conducted by the Maine Department 

of Inland Fisheries and Wildlife (MDIFW) 2003-2006. Snow track surveys were 

conducted to establish the status of the lynx population in Maine (Vashon et al. 2003) and 

were targeted at a stratified-random sample of unorganized townships based on the 

predicted probability of lynx occurrence (low, medium, high) using the model results of 

Hoving et al. (2004). All survey routes and the locations of lynx track crossings were 

recorded with a GPS. Surveyed areas were only included in subsequent analyses if a 

minimum survey intensity of 0.55 km/km2, which MDIFW identified as the minimum 

required to detect a resident lynx (MDIFW unpublished data). Simulated occupied 

(n=18) and unoccupied (n=25) home ranges were randomly located based on the lynx 

tracks recorded during the surveys. Unoccupied home ranges were located in surveyed 

areas with 1) no lynx detections and 2) equal to or greater than the minimum survey 

distance traversed within the occupied home ranges (i.e., 0.24 km/km2). The habitat map 

used in the lynx modeling analysis was developed as an update to the MEGAP following 

the methods of Sader and Legaard (2008). Forest harvest 1970-2004 and 2004 forest 

overstory composition data were generated using Landsat satellite imagery in a 

companion study (Legaard et al., Maine Image Analysis Laboratory, University of 

Maine, In preparation) and combined with MEGAP in order to derive a ca. 2004 forest 

cover type map reflecting both harvest history, age structure, and current overstory 

composition (Chapter 2). Habitat-based predictor variables and a priori candidate models 
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were chosen to evaluate the alternative hypotheses that 2nd-order habitat selection by lynx 

was based on: 1) home range composition, 2) landscape-scale hare density, 3) landscape-

scale hare density and home range composition, 4) landscape-scale hare density and 

habitat configuration, and 5) habitat configuration (Chapter 2). Analyses were again 

based on binary logistic regression and models were ranked using AICc.  

The probability of lynx occurrence showed a strong positive association to both 

mean hare density and percent of mature conifer forest at the scale of a lynx home range 

(Table 4.3). The top-ranked candidate model received 59% of the weight of evidence (wi 

= 0.59) and included the predictor variables: mean landscape-scale hare density 

(HARES), percent of mature conifer (C), and the interaction (HARES*C). Hosmer-

Lemeshow statistic (0.89) and McFadden’s rho-squared (0.272) suggested that the data fit 

the binary logistic regression model and that the variables included in the top model 

explained a high proportion of variability in the data. No candidate model had a ∆AICc≤ 

2 relative to the top model. The AUC for this model based on the leave-one-out cross-

validation method was 0.69, suggesting that there is an 69% probability that an occupied 

home range will have a higher mean hare density and percentage of mature conifer than 

an unoccupied home range. 

Spatial forest management planning 

 Developing a spatially-feasible harvest plan was a primary objective; therefore, I 

used the spatial forest planning system developed based on the work of Jaminick and 

Walters (1993) to model the outcomes of the alternative forest management scenarios. 

The Remsoft Spatial Planning System includes an integrated set of programs that utilize a 

hierarchical solution approach to timber harvest planning, and which support both  

  190   



Table 4.3. Parameter estimates and associated odds ratios for the top-ranking model for 
predicting occurrence or non-occurrence of lynx (Chapter 2). Model included the 
predictor variables: mean snowshoe hare at the lynx home-range scale (HARES), the 
percent of mature conifer at the lynx home-range scale (C), and the interaction between 
these two variables (HARES*C). 
 

Parameter Estimate 95% Lower 95% Upper Odds Ratio 

Constant -1.268 -5.545 3.010  

HARES -1.271 -7.880 5.337 0.280 

C -0.378 -0.930 0.173 0.685 

HARES*C 0.926 -0.025 1.877 2.525 

 

 

 

 

 

 

a Candidate predictor variables were derived from a combination of timber harvest data  
used to map stand-level harvest operations 1970-2004 (Legaard et al., Maine Image 
Analysis Laboratory, University of Maine, Orono In preparation) and a 2004 forest cover 
type map (Chapter 2).  
b Mean snowshoe hare density was included as a candidate variable to evaluate the 
cumulative effect of home-range composition on prey density and lynx occurrence. 
Values for occupied and unoccupied home ranges were calculated by applying stand-
scale hare densities (Table 3.1; Chapter 3) to forest types identified by harvest history and 
2004 composition. 
b Percent mature conifer was included as a candidate variable because of the important 
role that this forest type appears to play in supporting lynx populations in some areas of 
the boreal forest (e.g., Murray et al. 1994, Poole et al. 1996). Variable was defined as 
“mature” based on the timber harvest data (i.e., uncut since 1970).  
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strategic forest planning (Woodstock) and tactical harvest-block scheduling and layout 

(Stanley). Woodstock uses a stratum-based linear programming (LP) approach to first 

find an optimal solution for the long-term harvest scheduling problem based on the 

strategic objective and subject to aspatial constraints (e.g., harvest even flow) (Remsoft 

Inc. 1999). Stanley then uses the LP solution to guide stand blocking and harvest 

allocation using a Monte Carlo integer programming (MCIP) algorithm subject to spatial 

constraints, including adjacency delay and maximum harvest block size (Remsoft Inc. 

2000).  

 Stanley requires a stand boundary map and in order to use a common 

classification scheme that could be applied to all ownerships included in the study area. I 

used forest harvest (Legaard et al., Maine Image Analysis Laboratory, University of 

Maine, In preparation) and composition information provided by satellite imagery to 

derive the initial stand map. Forest harvest data were generated from multi-temporal 

Landsat satellite imagery spanning the time period 1988-2007 based on the Normalized 

Difference Moisture Index (NDMI) and for 1973-1988 based on the Normalized 

Difference Vegetation Index (NDVI). Areas of biomass reduction created by timber 

harvesting activities 1988-2007 were classified into two classes (‘light’ and ‘heavy’) 

based on the magnitude of NDMI change (Legaard et al., Maine Image Analysis 

Laboratory, University of Maine, In preparation). Light harvest entries were interpreted 

as partial harvests or tending operations of the current mature growing stock, and heavy 

harvest entries were interpreted as stand-replacing or regeneration harvests. Only heavy 

harvest entries were mapped 1973-1988, which coincided with the spruce budworm 

salvage era when even-aged management and clearcut harvests predominated in the 
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spruce-fir forest. Generalized forest composition information was provided by the 

MEGAP for areas where no harvest occurred 1973-2004, and an unsupervised 

classification of a 2004 Landsat satellite image for harvested areas. Forested areas ca. 

2004 were categorized as ‘softwood’, ‘mixed’, or ‘hardwood’ unless recently disturbed 

by forest harvesting; these areas were assigned to a ‘disturbed’ class.  

 Forest harvest and composition data were spatially combined and stands were 

delineated based on contiguous pixels of a common harvest history and composition. I 

then summarized Forest Inventory and Analysis (FIA) field data (United States 

Department of Agriculture Forest Service 2007) for the plots that overlapped with the 

Landsat satellite imagery used to map forest change (Legaard et al., Maine Image 

Analysis Laboratory, University of Maine, In preparation) to derive the frequency 

distributions of forest area by size class (seedling, sapling, poletimber, sawtimber), 

stocking density (relative no. of trees per acre), and age for forest >40 years stratified by 

dominant cover type. I used these distributions to populate initial forest conditions for 

uncut and light harvest stands as a spatially-random process. For regenerating stands 

resulting from heavy harvests, size class and stocking density frequency distributions by 

site quality were derived using the Forest Vegetation Simulator (FVS) (United States 

Department of Agriculture Forest Service 2002) and FIA plot data for the same 

overlapping region. Minimum stand age ca. 2007 was estimated based on the number of 

years elapsed since the heavy harvest event and I used the frequency distributions to 

populate initial forest conditions for regenerating stands by age. Because elevation varies 

little across the study area, stand-level site quality was indexed based on slope calculated 

using a 30m Digital Elevation Model (DEM). Thus, initial conditions for stands within 
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the study area associated with size class, stocking density, and age (in the case of mature 

forest) matched the distributions associated with the FIA field data, but the spatial 

patterning was random. It is important to note that, although the accuracy of the uncut 

forest is expected to be high (>89%), because there is no harvest information prior to 

1970 there is a potential for some degree of commission error associated with the 

assumption that all uncut and light harvest stands are >40 years old. Thus, estimates of 

the amount of forest area with mature forest conditions and regenerating forest conditions 

should be considered an overestimate and an underestimate, respectively. As a final step, 

I intersected the derived stand map with a 2007 parcel ownership map. Stand size ranged 

between a minimum of 2 ha to a maximum of 250 ha. 

 Over the planning horizon, Stanley models stand-level forest dynamics based on 

initial stand conditions and user-defined rules of harvest effects and stand development. 

Harvests are applied to entire stands and stand eligibility for harvest is also user-defined 

and differs by stand conditions and structural attributes such as basal area (BA). FIA data 

was also used to guide estimates of initial forest structure and to project residual stand 

attributes post-harvest. During the blocking phase, a forest stand eligible for harvest is 

chosen as a “seed” at random. Neighboring stands are then examined to determine if any 

are also eligible for harvest, and if so are aggregated with the seed stand to form a 

potential harvest block. This process continues until no more eligible neighbors are found 

or the maximum harvest block size is reached. If the potential block exceeds the 

minimum block size it is assigned a block number, a harvest period, and the harvest 

treatment. The algorithm continues until Woodstock’s LP solution has been fully 

allocated or an acceptable percentage of output targets have been achieved. Stanley 
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produces a new map that incorporates harvest activity and growth during each operational 

period (5-years). 

Simulation scenarios 

 My approach for developing scenarios first simulated realistic forest practices and 

patterns and then modified the forest management plan to enhance understanding of the 

effects of a set of specific alternatives on wildlife habitat relative to a benchmark based 

on current harvesting trends and patterns. The strategic objective for all harvest scenarios 

was to maximize volume subject to even-flow harvest and ending inventory constraints 

while maintaining 95% growing stock over a 100-year planning horizon. The baseline 

scenario (BASE; Table 4.4) was designed to project recent ownership-level harvest rate 

trends (2001-2007) and the effects of current forestry regulations (12 MRSA §8867-A to 

§8888 & MFS Rules Chapter 20) on overall harvesting patterns across commercial 

forestlands while still maintaining the overall strategic objective. Ownership-level, 

annual harvest rates for heavy and light harvests (area harvested/yr) were estimated based 

on the satellite-derived forest harvest data (Legaard et al., Maine Image Analysis 

Laboratory, University of Maine, In preparation) and were used to proportionally 

allocate acreage by harvest types to parcels. Additionally, the proportion of the total 

harvest implemented by clearcut was aspatially constrained to approximately 4% (+/- 

2%) to mimic the current proportion reported by Maine’s forestland owners (Maine 

Forest Service 2003, 2005, 2007). In the remainder of the scenarios I removed the 

aspatial constraint on clearcut harvesting, which was the only modification to the 

BASECC scenario. The MAX scenario simply followed the strategic objective, without 

incorporating recent harvesting trends. In the BASECC500 and MAX500 scenarios, the  
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Table 4.4. Alternative forest management scenarios used to enhance understanding of the 
potential effects of annual harvest rate, regulation of clearcut size, and proportion of 
annual acreage harvested by clearcut on future habitat supply and potential population 
densities of martens and lynx.  
 
Scenario Harvesting strategya Max. clearcutc size (ac) Limit clearcut 

harvestingd 
BASE continue recent trendsb 250 Yes 
BASECC continue recent trends 250 No 
MAX maximize sustainable 250 No 
BASECC500 continue recent trends 500 No 
MAX500 maximize sustainable 500 No 
NOHRV NA NA NA 
 

a The strategic objective for all harvest scenarios was to maximize volume subject to 
even-flow harvest and ending inventory constraints while maintaining 95% growing 
stock over a 100-year planning horizon. 
b ‘Continue recent trends’ projected recent (2001-2007) trends for heavy and light 
harvesting rates per ownership, while still maintaining the overall strategic objective. 
c A clearcut in Maine based on current forestry regulations (12 MRSA §8867-A to §8888 
& MFS Rules Chapter 20) is defined as “any timber harvesting on a forested site greater 
than 5 acres in size that results in a residual basal area of trees over 4 1/2 inches in 
diameter measured at 4 1/2 feet above the ground of less than 30 square feet per acre.” 
Current maximum harvest block size for clearcuts is 250 ac.  
d The proportion of the interval harvest allocated to clearcut harvesting limited to 4% (±1-
2%) based on landowner reports of annual harvest activities (Maine Forest Service 1994, 
1998, 2004).  
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allowable clearcut size was increased from 250 ac to 500 ac to evaluate the effect that 

increase in regulatory size limit might have on future habitat conditions. Finally, a final 

no harvest scenario was included (NOHRV; Table 4.4) to simulate effects of immediate 

cessation of all timber harvesting activities.  

All harvest scenarios shared several characteristics. Harvests were applied to 

entire stands and annual harvest rates were used to guide the acreage harvested in each 

period across 6 silvicultural treatments: 1) clearcutting; 2) shelterwood harvesting 

(establishment); 3) uneven-aged management; 4) overstory removal (OSR); and 5) partial 

harvesting. Heavy harvests included clearcutting, shelterwood harvesting, and OSRs. 

Light harvests included uneven-aged management and partial harvesting. Clearcut harvest  

 blocks were considered adjacent if they were within 250 feet of one another; blocks were 

subject to a 10-year green up delay, and a minimum acceptable block size of 5 acres.  The 

harvested area at the ownership-level was not held rigidly constant between periods but 

was allowed to fluctuate +/- 20% of the average to provide greater opportunity to achieve 

optimized solutions.  

Analysis of model outputs 

 Woodstock software was used to derive aspatial estimates of volume and acreage 

harvest over the planning horizon, and forest management plans for each alternative 

scenario were created for 25 years into the future (5 five-year periods) using Stanley 

software. Spatially-optimized harvest block layouts were output at the end of each period. 

I compared the aspatial target volume identified by Woodstock with the spatial volume 

estimated based on the Stanley harvest block to determine the percent reduction 

associated with the addition of spatial constraints. I also calculated the total area 
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harvested and the area harvested by silvicultural treatment for each scenario from the 

spatially optimized harvest plans. 

 I calculated the total area of marten habitat and lynx foraging habitat in the study 

area (Figure 4.1) 2007-2032 and at the end of each 5-yr period to compare the effects of 

the alternative forest management scenarios on habitat amount. At the stand-scale, marten 

habitat was defined a priori based on previous research in Maine. Martens select habitats 

with complex structure, and research has suggested that the minimum threshold for a 

forest stand to become suitable habitat for adult, resident martens is 18 m2/ha (80 ft2/ac) 

basal area (BA) of live trees with mean height of 9 m (30 ft) for trees ≥7.6 cm (3 in) 

diameter at breast height (dbh) (Payer and Harrison 2003). To provide martens with 

sufficient cover, it has further been suggested that, in addition to maintaining ≥18 m2/ha 

BA, >30% canopy closure also be maintained during summer and winter (Fuller and 

Harrison 2005). Thus, forest stands were only considered as marten habitat at the end of 

each 5-yr period if: BA was ≥18 m2/ha and mean height was ≥30 ft for trees ≥7.6 cm dbh, 

and canopy closure was >30%. Finally, researchers in Maine concluded that martens only 

use forest stands ≥2.7 ha (6.7 ac) in size; so, only stands or groups of stands meeting the 

above criteria that were also ≥2.7 ha were included as marten habitat. Additionally, I 

calculated the amount of marten habitat 2007-2032 with the one additional criterion of 

mean stand dbh ≥15.24 cm (6 in). This was based on previous research that showed that 

the minimum stand dbh associated with mature, second-growth forest and partially 

harvested forest selected for by marten in Maine was ≥15 cm (Fuller et al. 2004, Fuller 

and Harrison 2005). 
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 Additionally, I estimated the area of marten habitat and lynx foraging habitat 

1970-2007 for the 14 townships using the habitat time series developed for martens 

(Chapter 1) and lynx (Chapter 3). Lynx foraging habitat was defined in the same way for 

both the retrospective (1970-2007) and prospective periods (2007-2032) as softwood or 

mixed regenerating forest (16-35 years old), which is the forest type that supports the 

highest snowshoe hare densities in northern Maine (Homyack et al. 2007, Robinson 

2006, Fuller et al. 2007). Composition (softwood, mixed, hardwood) of regenerating 

forest ca. 2007 previously created by heavy harvest (1970-2007) was classified based on 

2004 forest composition (see Spatial forest management planning). If regenerating forest 

was classified as ‘disturbed’ due to recent activity, I assumed that future stand 

composition for these areas would be determined by site index and so only included 

regenerating forest on medium and low quality sites as potential high-quality hare habitat. 

Composition of projected clearcuts (2007-2032) was based on a combination of mature 

forest composition prior to harvest and site quality.  

The definition of marten habitat used in the current study was more rigorous than 

was used during model development (see Marten habitat suitability) or the development 

of the 1970-2007 habitat series (see Chapter 1), because neither analysis was able to 

consider BA or stand height classes >6 m (22 ft).Consequently, it was necessary to 

rescale the 1970-2007 habitat estimates for marten habitat to better match the estimated 

habitat amounts 2007-2032, which were based on the previously published threshold 

criteria (see above). To rescale the 1970-2007 habitat estimates, I first estimated the 

quantity of marten habitat ca. 2007 for the 14 townships based on the criteria used in the 

retrospective time series (e.g., 80,000 ha). I then calculated the quantity of marten habitat 
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ca. 2007 based on the more refined structural characteristics that were incorporated into 

the stand maps (see above Spatial forest management planning) (e.g., 50,000 ha). Finally, 

I compared the two values to determine the proportional difference in habitat quantity 

resulting from the refined criteria (e.g., (80,000-50,000)/80,000 = 37% reduction in 

habitat quantity). The difference was then applied to each of the habitat estimates 1970-

2007 to scale these quantities to be more comparable to 2007-2032 quantities. Because 

subsequent analyses (see below) were only based on the 2007-2032 projections, the 

rescaling only affected graphical output used to illustrate the general habitat for the 14 

townships 1970-2032. 

I estimated the lynx and marten densities for the study area using the previously 

developed lynx (Lynx habitat suitability) and marten (Marten habitat suitability) RSPFs 

to evaluate the effects of harvest scenario on future density. At the end of every period, I 

generated each of the predictor variables included in the marten (Tables 4.1 and 4.2) and 

lynx (Table 4.3) RSPF. For this analysis I defined marten habitat using the ≥7.6 cm (3 in) 

dbh definition. I used the same hare density estimates associated with different forest 

types as were used in the development of the lynx RSPF (Table 2.2; Chapter 2). Conifer 

forest was considered “mature” ca. 2007 if it was left unharvested 1970-2007. As 

previously mentioned, because there was no harvest information prior to 1970 there is a 

potential for some degree of commission error associated with mature forest; thus, 

estimates of the quantity of mature conifer forest at the home-range scale for lynx should 

be considered an overestimate. Once the necessary predictor variables were generated, I 

applied the RSPF and used the resulting probability surfaces to estimate density (Manly 

et al. 2002). I used a fixed grid to calculate the mean probability value (xij) for each i grid 
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cell, the size of which was based on the estimated exclusive area occupied by an adult, 

resident animal. Grid sizes used in this analysis were previously estimated based on the 

spatial ecology of male and female martens (Chapter 1) and lynx (Chapter 2) in Maine. 

The mean probability calculated for a grid cell can be thought of as the likelihood (0.01 - 

1.0) of an individual occupying grid i at time j. Grid values can then be summed (Manly 

et al. 2002) and divided by the total area of forestland (A) to estimate density (d), such 

that d  = Σ xij/A. Finally, to evaluate the effects of the alternative forest management 

scenarios on habitat amount and density, I ranked the estimates of habitat quantity and 

densities of martens and lynx ca. 2032 across harvest scenarios.  

 Additional to evaluating the broad-scale and cumulative effects of the alternative 

forest management scenarios on future trends in habitat quantity and estimated densities 

of lynx and martens, I assessed the influence of past forest management legacy (1973-

2007) on the outcomes of future forest management (2007-2032). I categorized the 

privately-owned parcels (n=21) within the study area into three classes of harvest legacy: 

>50% total acreage harvested occurred as heavy harvest 1973-1988 (n=6); >50% of total 

acreage harvested occurred as light harvest 1988-2007 (n=9); or 25-50% of total acreage 

harvested as heavy 1973-1988 and 25-50% of total acreage harvested as light 1988-2007 

(n=6). I then calculated the percent change in marten and lynx habitat amount between 

2007 and 2032 for each parcel. Variation in the percent change in marten and lynx habitat 

was compared across the legacy and scenario groups using repeated measures Analysis of 

Variance (ANOVA). Standardized residuals were checked to identify outliers and 

influential points, and to verify adherence to assumptions.  
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RESULTS 

 Strategic harvest planning using Woodstock resulted in aspatial harvesting targets 

of 143 to 180 million cubic feet of total volume from the study area 2007-2032. Per 5-

year period harvest rates were 25 to 43 million cubic feet across the 5 harvest scenarios 

(Table 4.5). The targeted harvest volume increased in the BASECC scenario compared to 

benchmark scenario (BASE) as the 4% limit on the proportion of harvesting by clearcut 

was removed, and again in MAX scenario when the overall harvesting strategy was to 

maximize sustainable harvest without being constrained to follow recent trends. No 

difference was seen in the targeted volume of harvest for the BASECC500 or MAX500 

scenarios when the allowable clearcut size was increased from 250 ac to 500 ac (Table 

4.5). Greater than 78% of the target volume estimated by Woodstock was achieved by 

Stanley via the process of spatial optimization across all periods and scenarios (Table 

4.5). An increase of 4-5% was observed in the allocated volume with an increase in the 

allowable clearcut size. 

Average area harvested by the different silvicultural treatments used by Stanley 

varied greatly between the BASE, BASECC, and MAX harvest scenarios (Figure 4.2). 

The average area harvested per period was greatest in the BASE scenario and the 

majority of the harvesting occurred as shelterwood establishments or partial harvests as a 

result of the limits on clearcut size and extent. The average area harvested per period was 

approximately 18% less under the BASECC scenario with the removal of the limits on 

the proportion of the harvest by clearcut. This was accompanied by a greater than 6-fold 

increase in the area clearcut and an almost 5-fold decrease in the area harvested by 

shelterwood establishment. The area clearcut increased to an even greater degree when  
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Table 4.5. Aspatial target volume (ft3) identified as sustainable harvest by Woodstock, 
and the total volume and proportion spatially allocated by Stanley during stand blocking 
and harvest allocation across 14 townships in northern Maine, 2001-2032.  
    

 Perioda 
Target 

Volumeb 
Allocated 
Volumec 

% 
Allocated 

BASE 1 33,237,080.0 27,646,809.8 0.83 
 2 26,657,060.7 24,732,623.6 0.93 
 3 27,611,923.1 24,946,705.5 0.90 
 4 28,288,848.6 24,092,485.0 0.85 
 5 28,070,061.4 29,439,800.6 1.05 
 Total 143,864,973.8 130,858,424.5 0.91 
     
BASECC 1 35,182,513.0 30,378,527.0 0.86 
 2 28,534,406.3 23,645,150.6 0.83 
 3 29,234,252.8 23,848,323.4 0.82 
 4 29,604,225.0 24,784,097.4 0.84 
 5 29,506,646.6 28,606,939.9 0.97 
 Total 152,062,043.7 131,263,038.2 0.86 
     
MAX 1 42,931,633.2 35,237,206.9 0.82 
 2 34,345,306.7 28,004,399.5 0.82 
 3 34,345,306.6 27,547,275.9 0.80 
 4 34,345,306.7 26,724,744.8 0.78 
 5 34,345,306.7 28,033,710.0 0.82 
 Total 180,312,859.9 145,547,337.1 0.81 
     
BASECC500 1 35,182,513.1 30,769,979.6 0.87 
 2 28,534,406.3 25,251,946.7 0.88 
 3 29,234,252.8 27,092,313.7 0.93 
 4 29,604,225.0 25,855,960.2 0.87 
 5 29,506,646.6 29,572,994.3 1.00 
 Total 152,062,043.7 138,543,194.4 0.91 
     
MAX500 1 42,931,633.2 35,787,063.8 0.83 
 2 34,345,306.7 30,079,478.2 0.88 
 3 34,345,306.6 28,862,953.5 0.84 
 4 34,345,306.7 28,314,093.3 0.82 
 5 34,345,306.7 29,807,047.7 0.87 
 Total 180,312,859.9 152,850,636.4 0.85 

 
a Period 1 = 2007-2012; Period 2 = 2012-2017; Period 3 = 2017-2022; Period 4 = 2022-
2027; Period 5 = 2027-2032.  
b Target sustainable harvest volume identified by Woodstock.  
c Total harvest volume spatially allocated to stands satisfying the spatial constraints 
associated with each of the future scenarios (See Table 4.4). 
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Figure 4.2. Average area harvested per period allocated to the different silvicultural 
treatments used by Stanley the harvest scenarios across 14 townships in northern Maine, 
2002-2032. Treatments include uneven-aged management (UNEVN), partial harvest 
(PART), overstory removal (OSR), shelterwood establishment harvest (SHLT), and 
clearcut (CC).  
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the strategy was to maximize sustainable harvest (MAX), and was accompanied by a 

>65% decline in the partial harvest area. There was relatively little difference between 

BASECC and BASECC500 or between MAX and MAX500 in terms of area harvested 

per period or proportion of harvest by treatment; consequently, I focused on harvest 

scenarios BASE, BASECC, and MAX and the no harvest (NOHRV) scenario for the 

remainder of analyses. 

Marten habitat decreased in the 14 townships by approximately 25,000 ha (30%), 

and lynx foraging habitat increased by approximately 18,000 ha (22%) during the 27 

years preceding my projections (1970-2007; Figure 4.3). Temporal patterns associated 

with the projected changes in quantity of habitat for lynx and martens across the 14 

townships were consistent among the three harvest scenarios from 2007-2032 (Figures 

4.3 a-c). Quantity of future marten habitat was projected to decline slowly 2007-2022, but 

to remain between 55,000 and 60,000 ha. Slight increases (6-7%) were projected for 

martens 2022-2027. The 3 harvest scenarios resulted in slight differences in projected 

marten habitat 2017-2032, and ranged from increase (MAX; Figure 4.3c) to stabilizing 

(BASECC; Figure 4.3b) to a return to habitat decline (BASE; Figure 4.3a). Lynx foraging 

habitat was projected to remain relatively constant 2007-2012 at 21,000-23,000 ha under  

the three harvest scenarios (Figures 4.3 e-g), but is projected to decline substantially from 

2012 to 2027. Projections of habitat quantity for lynx under the MAX scenario differed 

from the other two harvest scenarios 2027-2032, with lynx foraging habitat leveling off 

under the BASE and BASECC scenarios (Figures 4.3 a and b) but reversing to a slightly 

increasing trend for the MAX scenario (Figures 4.3c). Under the NOHRV scenario, 

marten habitat increased 4,938-9,544 ha (7-13%) in each 5-yr period 2007-2032, and    
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Figure 4.3. Retrospective and future trends in habitat quantity for martens (green) and 
lynx (yellow) 1970-2032 under the scenarios a) BASE; b) BASECC; c) MAX; and d) 
NOHRV. 
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lynx foraging habitat followed the same trends projected with the BASE and BASECC 

scenarios (Figure 4.3d). 

The effect of including the additional criterion of mean stand dbh ≥15.24 cm (6 

in) on the total estimated amount of marten habitat 2007-2032 was an average 21% 

reduction (range = 16-31%) in any given period  (Figure 4.4). Overall, however, temporal 

patterns were not dramatically different compared to the trends based on the original 

criteria (i.e., ≥18 m2/ha BA and mean height ≥30 ft for trees ≥7.6 cm dbh, leaf-on canopy 

closure was >30%, forest patch size ≥2.7 ha). Across all of the 3 harvest scenarios marten 

habitat decreased monotonically 2007-2032 (Figures 4.4 a-c), without the 2022-2027 

increase that was observed with the original criteria. Patterns were also similar for the 

NOHRV scenario, with an increase in the marten habitat amount starting in 2007 (Figure 

4.4d). 

Estimated marten and lynx densities (Figure 4.5) followed very similar temporal 

patterns as the marten and lynx habitat change 2007-2032 (Figure 4.3). Marten densities 

declined slightly 2007-2022 and then increased slightly 2022-2027, ultimately remaining 

at approximately 0.2 martens/km2 under each of the harvest scenarios. Marten densities 

increased under the no harvest scenario to >0.6 martens/km2 (Figure 4.5d). Lynx 

densities declined 2007-2032 by >50% under each of the harvest scenarios, while under 

the no harvest scenario the onset of the decline was delayed until 2017. Presumably this 

time lag resulted from the absence of mature conifer harvest and precommercial thinning 

of regenerating forest, both of which negatively influence probability of lynx occurrence 

and potential density (Chapter 2), under the NOHRV scenario. Ranking each of the 

scenarios based on the final outcomes ca. 2032 for habitat and densities indicated that the  

  207   



 a) 

0.0

20,000.0

40,000.0

60,000.0

80,000.0

100,000.0

2007 2012 2017 2022 2027 2032

H
ec

ta
re

s

0.0

20,000.0

40,000.0

60,000.0

80,000.0

100,000.0

2007 2012 2017 2022 2027 2032

H
ec

ta
re

s

0.0

20,000.0

40,000.0

60,000.0

80,000.0

100,000.0

2007 2012 2017 2022 2027 2032

H
ec

ta
re

s

0.0

20,000.0

40,000.0

60,000.0

80,000.0

100,000.0

2007 2012 2017 2022 2027 2032

H
ec

ta
re

s

Marten habitat

Marten habitat w /
mean dbh ≥15.24 cm

 

 
 
 
 
 
 
 b) 
 
 
 
 
 
 
 
 
 

c)  
 
 
 
 
 
 
 
 
 d) 
 
 
 
 
 
 
 
 

 
 
Figure 4.4. Projected trends in marten habitat, 2007-2032, under the scenarios a) BASE; 
b) BASECC; c) MAX; and d) NOHRV. Habitat quantity calculated based on refined 
criteria (dark green) and with the added criterion of mean stand dbh ≥15.24 cm (6 in) 
(light green).  
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Figure 4.5. Projected trends in marten (green line) and lynx (yellow line) densities, 2007-
2032, under the scenarios a) BASE; b) BASECC; c) MAX; and d) NOHRV. 
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top-ranked scenario for maintaining or increasing marten habitat and densities was 

NOHRV, while the top-ranked scenario for lynx habitat and densities was MAX (Table 

4.6). ASIS was the 2nd-ranked scenario for both lynx and marten habitat and densities, 

suggesting that this scenario provided some amount of tradeoff between lynx and marten 

habitat maintenance over the next 25 years. ASISCC was the 4th-ranked scenario for all 

but one outcome (Table 4.6). 

For both martens and lynx, the percent change in the quantity of habitat was 

significantly affected by parcel LEGACY (F=5.93 - 6.99, p≤0.009), which suggests that 

the timing and harvest intensity of past forest management will continue to strongly 

influence future changes in habitat quantity, 2007-2032 (Table 4.7). For martens, changes 

in habitat quantity for parcels with a legacy of predominantly heavy harvesting 1973-

1988 were significantly different from both parcels with a legacy of light harvesting 

1988-2007 (Tukey’s HSD Test, p<0.0001) and parcels with a combined legacy of heavy 

(1973-1988) and light (1988-2007) harvesting (Tukey’s HSD Test, p<0.0001), but the 

latter two legacies were not significantly different from each other (p=0.130). 

SCENARIO was also a significant factor (F=78.76; p<0.0001) influencing percent 

change in marten habitat; however, only the NOHRV scenario was significantly different 

from the other 3 scenarios (Tukey’s HSD Test, p<0.0001). The interaction between 

LEGACY and SCENARIO (F=1.91; p=0.094) was not significant (Table 4.7). 

SCENARIO was a significant factor (F=16.32; p<0.0001) influencing percent 

change in lynx habitat; however, the interaction between LEGACY and SCENARIO was 

also significant (F=11.16; p<0.0001) (Table 4.7). Pairwise comparisons indicated that 

changes in habitat quantity for parcels with a legacy of light harvesting 1988-2007 were 
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Table 4.6. Comparison of alternative forest management scenarios with respect to 
maintaining or increasing the quantity of habitat and densities for lynx and martens 2007-
2032 across the entire 14 townships study area. Each scenario is ranked 1-4 for each of 
the outcomes, with the value 1 reflecting the highest value.  
 

Scenario Marten 
habitat 

Marten habitat 
(mean dbh ≥6") 

Marten/km2 Lynx habitat Lynx/100km2 

BASE 4 3 4 4 4 

BASECC 2 2 2 2 2 

MAX 3 4 3 1 1 

NOHRV 1 1 1 3 3 

 

Table 4.7. Results from repeated measures ANOVA testing for the effects of LEGACY 
and SCENARIO on the percent change in the quantity of habitat for martens and lynx 
across the entire 14 township study area between the years 2007 and 2032. 
 
Response variable Source d.f. Mean squares F p 

MARTEN LEGACY 2 6.606 5.931 0.009 

 Errora 20 22.275   

 SCENARIO 3 2.081 78.760 <0.0001

 SCENARIO × LEGACY 6 0.050 1.908   0.094 

 Errorb 60 0.026   

LYNX LEGACY 2 11.162 6.988  0.005 

 Errora 20 1.597   

 SCENARIO 3 3.517 16.321 <0.0001

 SCENARIO × LEGACY 6 2.679 11.160 <0.0001

 Errorb 60 0.216   

 
a Between-subject error from repeated measures ANOVA. 
b Within-subject error from repeated measures ANOVA. 
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significantly different from both parcels with a legacy of predominantly heavy harvesting 

1973-1988 (Tukey’s HSD Test, p<0.0001) and parcels with a combined legacy of heavy 

(1973-1988) and light (1988-2007) harvesting (Tukey’s HSD Test, p<0.0001), but that 

the latter two legacies were not significantly different from each other (p=0.769). Only 

the MAX scenario was significantly different from the other 3 scenarios (Tukey’s HSD 

Test, p<0.0001). When the effects of LEGACY and SCENARIO were combined, the 

only significant differences occurred when parcels with a legacy of light harvesting 1988-

2007 were coupled with the MAX scenario, which resulted in an overall increase in the 

amount of lynx habitat under the MAX scenario (with the exception of one parcel).  

DISCUSSION 

 Forest projection models provide land and wildlife managers with a valuable tool 

for quantitatively assessing the trends in wildlife habitat supply from past and future 

landscape change. My results indicate that the cumulative effects of past forest 

management significantly affect the outcomes of future forest management by 

influencing both long-term strategic planning and harvest-block scheduling. In turn, this 

management legacy influences future habitat supply for two important umbrella species 

in the Northeast. Retrospective changes in marten and lynx habitat supply 1970-2007 

have been largely driven by two factors. The first of these was the spruce budworm 

outbreak of the 1970s and 80s that led to increased rates of clearcutting during the 

preemptive and salvage logging period, which lasted into the early 1990s (Chapter 3). 

Subsequently, the Maine Forest Practices Act (12 MRSA §8867-A to §8888 & MFS 

Rules Chapter 20) was implemented and along with the end of the outbreak contributed 

to the reduction in clearcut harvesting on commercial forestlands in Maine and an 
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increase in the acreage partially harvested (Maine Forest Service 1995). These two 

factors resulted in the broad-scale decline in marten habitat of at least 435,000 ha 

(Chapter 1) and the substantial increase of ~189,000 ha in lynx foraging habitat (Chapter 

3) 1975-2007. Similar trends were also reflected across the 14 township study area 

included in these analyses 1975-2007 (Figure 4.3). The alternative forest management 

scenarios differed with respect to the overall magnitude of future habitat change 2007-

2032 (Figure 4.3), but the predominant trends in habitat quantity for martens and lynx 

over the next 25 years will be strongly influenced by the legacy of past forest 

management. 

 Timber harvesting rates and patterns differed between the harvest scenarios, 

resulting in variability in the targeted volumes and areas harvested. When the proportion 

of the total harvest removed by clearcutting was constrained to ~4%, the total target 

volume (BASE; 143,864,974 ft3) was reduced compared to the harvest without the 4% 

limitation (BASECC; 152,062,044 ft3), but the average area harvested was larger, 

averaging 29,253 ac and 25,132 ac respectively. The difference in the harvest footprint 

resulted in >20,000 additional acres being harvested 2007-2032 under the BASE 

scenario, represented primarily by shelterwood establishment harvests or overstory 

removals (Figure 4.2). The target volume increased when maximizing the sustainable 

harvest was the strategic objective (MAX; 180,312,860 ft3). Under the MAX scenario 

there was an additional reduction in area harvested because an increasing proportion of 

the acres were harvested via clearcut (Figure 4.2). This inverse relationship between acres 

harvested by clearcut and total acres harvested is the same process as was previously 

noted as occurring on Maine’s commercial forestlands in the 1990s (Maine Forest 
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Service 1995); in the 10 years after the passage of the Maine Forest Practices Act the 

total acreage harvested increased by 48% as the acreage harvested by clearcut decreased 

by 85%. When I increased the maximum clearcut size from 250 ac to 500 ac, I observed 

few effects beyond those resulting from removing the aspatial constraint on proportion of 

acreage clearcut (in the case of either the BASECC or MAX scenarios). This suggested 

that silvicultural opportunities for creating larger clearcuts in spruce-fir forest are 

somewhat limited in this landscape. Thus, the aspatial constraint of limiting the broad-

scale proportion of harvest clearcut appears to be a more influential factor than maximum 

allowable clearcut size on future silvicultural outcomes and habitat supply in Maine’s 

commercial forestlands.   

 Projected trends for marten habitat will generally mirror retrospective declines, as 

habitat loss resulting from forest management continues to outpace habitat gain from 

growth in previously harvested areas (Figure 4.3). Results indicate that habitat loss for 

martens will tend to be greatest in areas where stands that were partially harvested 1988-

2007 are re-entered in the future to harvest residual mature trees. It is important to note, 

however, that estimates of continued loss of marten habitat 2007-2032 may be 

overestimated if areas previously receiving a partial harvest 1988-2007 no longer retained 

sufficient structure to be considered marten habitat ca. 2007, which I was unable to 

directly assess (Chapter 2). Only under the no harvest (NOHRV) scenario will marten 

habitat supply increase in the near future (Figure 4.3), which agrees with previous 

research that has compared the effects of forest management strategies on marten habitat 

(Kliskey et al. 1999). In fact, by 2032 amount of marten habitat would exceed the amount 

in 1975 by ~10% under the NOHRV scenario. Marten habitat quantity is also expected to 
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increase under the harvest scenarios but not until 2022 as the forest that regenerated in 

areas that were heavily harvested during the 1970s and 80s spruce budworm outbreak 

matures. These results are, however, dependent on assumptions about the generalized 

rates of average growth for commonly occurring tree species in northern Maine. These 

estimates were based on overstory stand composition and site quality and so should 

capture general patterns of growth, however, because stand characteristics were randomly 

assigned based on FIA-derived distributions, the exact timing of marten habitat gain in 

specific areas should be viewed with caution.  

 Marten density trends (Figure 4.5) followed a similar temporal pattern as the 

habitat trends under the 3 harvest scenarios (Figure 4.3), showing a slow decline until 

2022. Only under the NOHRV scenario is the density of marten expected to exceed the 

2007 density (214%). Thus, regardless of whether or not future harvesting rates follow 

recent trends, marten density will remain near 2007 levels. Estimated marten density 

hovered around 0.2 martens/km2 in all 3 of the harvest scenarios, which is relatively low 

especially considering that the density estimates do not take potential trapping loss into 

account. A density of 0.2 martens/km2 is considerably lower than has been reported for 

Maine’s largest forest reserve (i.e., 0.62 martens/km2), Baxter State Park, which was 

actually considered an underestimate because the road-based trapping design may not 

have been adequate to capture all resident female martens (Payer 1999). Further, average 

marten density on commercial forestlands adjacent to Baxter State Park that were closed 

to marten trapping was reported to be 0.31 martens/km2, which was ~40% greater than an 

adjacent area that was open to trapping (0.19 martens/km2) (Payer 1999). Thus, if 

trapping can be expected to reduce density by 40%, then the actual marten density across 
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the 14 townships can be expected to be closer to 0.1 martens/km2, and, in fact, 2006 

trapping data suggests >40% removal within the study area (MDIFW unpublished data).  

 Differences between harvest scenarios were not apparent for marten habitat trends 

when the additional criterion of mean stand dbh ≥15.24 cm (6 in) (Fuller et al. 2004, 

Fuller and Harrison 2005) was included as part of the habitat definition (Figure 4.4). The 

initial reduction in estimated marten habitat amount ca. 2007 (mean=21%; range = 16-

31%) created by this criterion actually increased in latter periods because the stands from 

the 1970s and 80s harvests that contributed to marten habitat starting in 2022, as 

described above, apparently were still too young to exceed a mean stand dbh of 15.24 cm 

(6 in). Thus, it is important for forest manager to consider that marten habitat amount 

estimated based on previously published thresholds for martens may tend to overestimate 

suitable marten habitat in regenerating forest. Additionally, results presented here are also 

based on a single simulation run for each scenario. Inferences could be made based on 

multiple runs for each scenario to better understand landscape-scale variability in habitat 

quantity for martens and lynx. However, the relative stability of the results across the 

scenarios clearly indicates that the legacy of past forest management strongly influences 

the outcome of future forest management and the resulting effects on habitat quantity and 

densities of martens and lynx habitat over the 25-year period, 2007-2032.  

 Lynx foraging habitat will continue to increase in the near future as a 

consequence of past forest management (Figure 4.3). However, forests that regenerated in 

areas that were heavily harvested during the 1970s and 80s spruce budworm outbreak, 

which has provided the majority of high-quality lynx foraging habitat 1970-2007 

(Chapter 3), continues to mature. Thus, lynx foraging habitat will start to decline 
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precipitously after 2012. In this analysis I assumed that regenerating forest >35 years 

would no longer function as high-quality habitat based on research in Maine that has 

suggested that hare densities on average start to decline as a consequence of succession-

induced reductions in cover and/or forage when the maximum stand age exceeds 35 years 

post-harvest (Fuller et al. 2007). Additionally, a small proportion of habitat will be lost 

prior to the effects of advancing succession from the application of intensive timber 

management techniques such as precommerical thinning, which is known to reduce 

snowshoe hare densities (e.g., Sullivan and Sullivan 1988, Griffin and Mills 2007, 

Homyack et al. 2007).  However, this effect is small relative to the influence of reducing 

the annual acreage clearcut on the future supply of lynx foraging habitat.  The increase in 

the clearcut harvest in the BASECC scenario would have provided for creation of 

additional lynx foraging habitat over the 25 years when compared to the BASE scenario, 

although not as much as the MAX scenario (Figure 4.3). Declines in quantity of lynx 

foraging habitat from 2007-2032 are least severe (-12%) under the MAX scenario 

because of a greater increase in clearcutting and an increase in shelterwood harvesting 

relative to the other scenarios (Figure 4.2). This conclusion, however, is based on the 

assumption that advanced regenerating conifer stands created after the overstory is 

removed from a previous conifer shelterwood establishment harvest will ultimately 

provide the same habitat type as regenerating stands created by clearcutting in Maine 

(Sendak et al. 2003, Saunders and Wagner 2008). Even under the MAX scenario, 

however, lynx density is expected to decline by ~55% from ~2.2/100km2 to 0.75-

1.0/100km2 (Figure 4.5) from 2007-2032, compared to an expected decline of 65%, 61%, 

and 65% under the BASE, BASECC, and NOHRV scenarios.  
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CONSERVATION AND MANAGEMENT IMPLICATIONS 

 Habitat supply trends for martens and lynx will continue to be strongly influenced 

by the legacy of past forest management rates and patterns, but the differences between 

outcomes associated with the alternative management scenarios provide insight into the 

important role that the aspatial constraints associated with strategic forest planning 

objectives play in determining volume and acreage harvested, and the future habitat 

supply for lynx and martens. Different scenarios were top-ranked for marten (NOHRV) 

and lynx (MAX) (Table 4.6); however, the same scenario (BASECC) ranked 2nd for both, 

suggesting that it would benefit both marten and lynx in the future if the proportion of the 

acreage harvested by clearcut was greater than 4%. Increasing the acreage harvested by 

clearcut to ~30% of the harvest had the effect of reducing the acreage partially harvested 

and the total acreage harvested, which helped slow the decline in marten habitat. The 

BASECC scenario also provided some additional lynx foraging habitat as the 

regenerating forest created from future clearcuts 2007-2017 developed into high-quality 

habitat 2022-2032 (Figure 4.2). Conservation planning for these two species, and the 

other species that they represent, clearly requires a broad-scale perspective and in the 

future will require coordination between land and wildlife managers in order to ensure 

habitat sustainability.  

 Current habitat conditions for lynx are a consequence of the preemptive and 

salvage logging the occurred as a consequence of the 1973-1985 spruce budworm 

outbreak (Chapter 3), and forest management will have little opportunity to change the 

trajectory of lynx habitat supply in the near future. The potential for the creating lynx 

foraging habitat in the next 15-25 years appears to be greatest at the parcel-level in areas 
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with a history of predominantly partial harvesting, but only if rates of clearcutting 

increase. Overstory removal harvests may also have the potential to create high-quality 

lynx foraging habitat, but additional research is needed to better understand the residual 

forest structure, successional patterns, and snowshoe hare densities associated with 

regenerating forest stands created by overstory removals with and without a preceding 

shelterwood establishment harvest. Nonetheless, as a result of the changes in harvesting 

rates and patterns that have occurred since the passage of the MFPA, habitat supply will 

decline over the next 10-20 years, within the 14 townships and in the larger landscape 

currently occupied by lynx in northern Maine (Chapter 3). This will be an important 

consideration in setting recovery goals for the federally-threatened lynx.  

 At the time of listing, available data were not adequate to determine the size or 

trend of the lynx population in Maine (USDOI 2000). Since then, however, research 

(Vashon et al. 2008, Chapter 2) has suggested that habitat in northern Maine can support 

lynx densities that are substantially higher than some western populations (Koehler 1990) 

and even similar to some more northerly lynx populations during the cyclic high in the 

snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, O’Donoghue et al. 1997). 

These findings highlight both the importance of the Northeast to the recovery of the 

Distinct Population Segment (DPS), and the potential danger of setting recovery goals 

based on the status of a population at a snapshot in time. Lynx densities will decline as 

habitat supply declines; thus, the recovery team should consider that the spatial 

distribution of lynx habitat will change over time when setting delisting criteria (this 

study; Chapter 3). I further recommend that the USFWS strongly encourage the 

development of a regional conservation plan that enlists the support of private 
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landowners to maintain habitat in areas that are currently occupied by lynx in the 

Northeast.   

 The future for marten habitat appears to be best in parcels with a history of 

salvage harvesting during the 1970s and 80s spruce budworm outbreak and limited partial 

harvesting. Maintaining habitat supply for marten will be dependent on continued 

reduced rates of partial harvesting in these areas to maintain the vertical and horizontal 

structure martens prefer (Payer and Harrison 2003, Fuller and Harrison 2005), 

particularly until the regenerating forest, which is currently providing high-quality lynx 

foraging habitat, matures and develops the characteristics associated with marten 

occupancy (Payer and Harrison 2003, Fuller and Harrison 2005). If a mean stand dbh 

≥15.24 cm (6 in) is required for a forest patch to be suitable marten habitat, marten 

habitat supply will continue to decline 2007-2032, as it has since 1975 (Chapter 1). As a 

consequence of the sustained habitat loss, we will likely be approaching marten densities, 

at least in some Wildlife Management Districts, that are marginal for sustaining fur 

harvest under the current harvest regulations, which were established in the early 1990s 

when habitat conditions for martens in northern Maine were more favorable (Chapter 1). 

Thus, I recommend that the marten harvest management system be reconsidered to avoid 

threatening a population that is already facing a 32-54% loss of habitat over the last 37 

years (Chapter 1), and which is not likely to regain a substantial quantity of habitat in the 

next 25 years under current forest management regulations.  
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From: Zelenak, Jim
To: Bell, Heather
Cc: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp; Mary Parkin; Jonathan Cummings; Seth Willey
Subject: Re: Hi Team
Date: Wednesday, April 20, 2016 2:10:20 PM

Thanks Heather.  We've received only a little feedback so far, but all positive.

Will you be able to grab the workshop report and appendices from the R6 lynx webpage and also post on ServeCat
as you'd mentioned earlier?  Robert Mansheim with EA in Lakewood has been taking care of the web stuff for us, so
don't hesitate to contact him if need be.  Let me know if there's anything I can do in that regard.

Now we have 2 weeks to complete the SSA Report....sort of - Jodi told me she briefed the RO that there is a need to
push the time line back a bit, though she still wants me to give her a draft by end of next week, which will be a
challenge.  I hope to have some sections finished soon and will post on the drive when ready.  Mark also has been
doing some writing, and I suspect other Core members are working on their sections, too.

We should plan a call next week to discuss where we're at and what most urgently needs to be done. 

On Wed, Apr 20, 2016 at 11:50 AM, Bell, Heather <heather_bell@fws.gov> wrote:
CONGRATS!!!!

Heather Bell
Ecological Services HQ
Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff
at https://sites.google.com/a/fws.gov/ssa/ and  the REV Google
Site: https://sites.google.com/a/fws.gov/rev/.  For audiences outside FWS
visit http://www.fws.gov/endangered/improving_ESA/SSA.html.

On Tue, Apr 19, 2016 at 10:44 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
The final workshop report (with hyperlinked table of contents!) has been uploaded to the R6 lynx webpage
under SSA link:

http://www.fws.gov/mountain-prairie/es/canadaLynx.php

Had to make some quick changes to the version Jodi sent to our partners yesterday
afternoon because I had an email from Ben Maletzke this morning that he has a PhD like
some of the other experts and felt that should be recognized.  He had not so indicated
previously in reviews of notes or earlier drafts of the report, nor in his previous email
signature block.  I should have asked!

All appendices are also available there.
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I've attached the final PDF and the Word doc for your records/uses.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Bush, Jodi
To: Jim Zelenak
Subject: Fwd: Fine Scale Climate Modeling for Lynx
Date: Wednesday, April 20, 2016 9:32:41 PM
Attachments: USFWS Lynx Climate Study Scoping Ballpark Est.pdf

Could you share with core team?  

Obviously this won't work for the SSA but if we move forward into recovery perhaps it will
help with that.  I have suggested to Steve that we will get back to him in early June about
whether the information would be helpful or not...  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Stephen Torbit <Stephen_Torbit@fws.gov>
Date: Tue, Apr 5, 2016 at 12:49 PM
Subject: Fine Scale Climate Modeling for Lynx
To: Jodi Bush <jodi_bush@fws.gov>
Cc: Matt Hogan <matt_hogan@fws.gov>, Michael Thabault <michael_thabault@fws.gov>

Jodi, perfect timing, I guess.   Here is the estimate from NOAA to work on the finer scale
climate modeling for the lynx work, focusing primarily on information for the recovery plan. 
The ballpark cost estimate seems reasonable.  Let me know when you would like to discuss.

 

Steve

 

Stephen C. Torbit

Assistant Regional Director

Science Applications

U.S. Fish and Wildlife Service

134 Union Blvd.

Lakewood, Colorado 80228

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:Stephen_Torbit@fws.gov
mailto:jodi_bush@fws.gov
mailto:matt_hogan@fws.gov
mailto:michael_thabault@fws.gov


303-236-4602 – Office

720-626-7504 – Cell

 



USFWS	Lynx	Climate	Study:				
18	March	2016		
Notes	for	Steve	Torbit	on	Possible	Scope	of	work	by	NOAA/Physical	Science	Division,	
Effort,	Timing,	Budget	est	
	
Duration	of	project:		through	the	recovery	plan	delivery	date	(Early	CY	2018)		(roughly	18	
months)	
	
Time	table:			Produce	a	study	report	by	Early	Spring	2017.				
Consultation	after	that	with	USFWS.		Possible	presentations/meetings	to	present	information	
until	Early	2018.			
	
Regions:		Priority	areas:		Maine,		Minnesota,	Cascade	Mountains.	Plus	take	advantage	of	
existing	San	Juan	Mountains	Scenarios	Planning	work	for	Central	Rockies.					
	
Time	Frame	for	projections:		Mid-century	is	priority,	less	attention	on	~2030,	2090.			(let’s	say	
2060,	to	be	agreed	upon	with	FWS?)				
	
	
Report:		Telescoping	analysis	in	spatial	scale	
	

I. Continental	Scale	Summary	(0.5	Mo)	
A. Common	climatic	processes	that	are	important	for	Boreal	forests	and	likely	

changes	in	these	processes	
B. Continental	-scale	summary	of	climate	change	in			forested	snow	climates/	

Boreal	forest.			Observed	trends.		Projected	trends.			
II. Document	relevant	regional	climatic	drivers	specific	drivers	(1	mo)	

A. From	meteorological/climatological	perspective	and		regional	snow	science	
studies.			

B. From	ecological	perspective	[e.g.	expansion	of	climatically	suitable	habitat	for	
mountain	lion.		[	in	consultation	with	ecologists/	biologists/	managers]		

C. Climatic	drivers	of	boreal	forest	change,	incl.		stressors	such	as	wildfire	
III. Develop	regionally	specific	scenarios	(1.0	mo	/	region	x	4	=	4.0)	

A.	Observed	climatology	and	trends	in	each	region.			
B.	Future	climate	scenarios	for	each	region.		Projected	trends	in	climatic	variable		

chosen	based	on	regional	drivers	and	spanning	plausible	futures.			
i.	Summarize	broad	range	of	futures	using	GCM	analysis	–	broad	brush	climate	
scenarios.		T	vs	P	change&		more	detailed	ecologically	.		Snow	cover/depth	
(where	topographic	relief	is	not	as	important:	Maine,	Minnesota).			Discuss	
sources	of	uncertainty	&	levels	of	confidence.		Graphs	and	tables	to	illustrate	
points.			
ii.	Develop	a	smaller	number	of	more	detailed	“planning”	climate	scenarios	(3-5)	
based	on	regionally	&	ecologically	relevant	climate	drivers,	downscaled	data,	and	
quantify	changes	in	impact-sensitive	climate	variables	under	different	climate	



scenarios	identified.		This	strategy	follows	on	to	the	work	Rangwala	has	done	in	
the	San	Juan	Mtns,	Ray	is	doing	with	NPS	(Fisichelli	and	Schuurmann)		

a. relevant	climate	scenarios,	provide	a	narrative	of	future	climate	
including	a	range	of	plausible,	scientifically	defensible	futures.		
Graphs	and	Charts,	as	well	as	access	to	more	detailed	data	such	as	
time	series	for	use	in	follow-on	ecological	modeling.		Provide	access	
to	regional	subsets	of	the	data	data	used	to	derive	these	scenarios.	

b. Use	statistical	downscaling	+	hydrological	model	–	based	on	existing	
datasets.	These	have	detailed	and	more	realistic	snowcover,	typically.	
(e.g.,	NASA	Nex-BCSD	(800m),	1/16	degree	BCSD/VIC	(6	km)		MACA	
(4km)	will	discuss	pros	and	cons	of	these	with	FWS).			

c. Investigate	(existing)	Dynamical	Downscaling	–	will	explore	availability	
and	quality	of			data	from	CORDEX/NA.		(Note	a	pending	DOD/SERDP	
project	at	PSD	and	NCAR,	if	funded	will	involve	us	in	setting	up	a	
database	and	evaluation	of	many	CMIP5	RCMs	available	at	25	km	or	
better	resolution).		Evaluate	representation	of	regional	processes	(e.g.	
lake	effect	snow).			

	

IV. Snow	Refugia	“Proof	of	concept”:	Identify	and	investigate	factors	that	may	not	be	
captured	in	the	regional	scale	analysis.			–		Can	“snow	refugia”	be	identified	within	
the	landscape?				(1.5	mo)		
A. Fine	scale	~250	m)	modeling	(DHSVM	w/	Livneh	and	Badger).				Analyze	data	

from	ongoing	projects	incl.	Uncompahgre	R	basin	in	San	Juan	Mountains.			Proof	
of	concept.		

B. Analysis	of	Satellite-derived	snow	products.			Analyze	historic	variability	in	snow.	
Perhaps	in	the	San	Juan	mountains	where	we	have	access	to	existing	products	
with	250	m	resolution.									

	
V. Other	Tasks		[1-2	months?]	

A. Consultation	with	FWS	after	the	report,	e.g.	from	early	spring	2017-recovery	
plan	final	

B. Recommendation	on	climatic	datasets	driving	for	detailed	lynx/boreal	forest	
studies.		

C. Facilitate	access	to	this	data	by	ecologists	if	needed.				(perhaps	staging	subsets	
of	data).				

D. Travel	to	consult	with	FWS	and	presentations	to	FWS,	as	needed	(3-4	short	trips,	
~$1500	or	less	each)	

VI. Other	budget:	~5K	for	data	storage	(i.e.	computer	hardware	to	handle	the	big	
datasets)		

	
Total	FTE:		8-9	person	months	among	Barsugli,	Rangwala,	Dewes,	plus	some	time	of	Ray	that	
would	be	in	in-kind	contributed	by	NOAA	
	
Rough	budget	estimate:	$150K,	could	be	split	over	FYs	



From: Bush, Jodi
To: Peter Fasbender
Subject: Re: Lynx SSA Update
Date: Wednesday, April 20, 2016 9:15:34 AM

okay thanks. Pete.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Apr 19, 2016 at 9:53 AM, Peter Fasbender <peter_fasbender@fws.gov> wrote:

Hi Jody –

 

Ed Boggess retired as the MN DNR F&W Chief.  This position has been filled by Jim Leach, who I
forwarded this message on to.  Please remove Ed from this group and add Jim at
jim.leach@state.mn.us.  Thanks –

 

Pete

 

Peter J. Fasbender

U.S. Fish and Wildlife Service

Twin Cities Ecological Services Field Office

4101 American Boulevard East

Bloomington, Minnesota  55425

952/252-0092, extension 210

 

****Please note new telephone number****

 

 

mailto:jodi_bush@fws.gov
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From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Monday, April 18, 2016 5:57 PM
To: bob.broscheid@state.co.us; Jake Ivan - DNR; Moore,Virgil; Sallabanks,Rex; Sam Eaton;
Chandler.woodcock@maine.gov; Connolly, James; Vashon, Jennifer; moritzw@michigan.gov; DNR-
Wildlife@michigan.gov; bumpa@michigan.gov; kennedyd@michigan.gov; Boggess, Ed (DNR);
Telander, Paul B (DNR); Baker, Richard (DNR); Erb, John D (DNR); Hagener, Jeff; Tubbs, John;
McDonald, Ken; Inman, Bob; Jay Kolbe; seggeman@mt.gov; Baty, Ross;
glenn.normandeau@wildlife.nh.gov; Mark.Ellingwood@wildlife.nh.gov; Jill.Killborn@wildlife.nh.gov;
William.Staats@wildlife.nh.gov; Patrick.Tate@wildlife.nh.gov; Lexi J., Sandoval;
stewart.liley@state.nm.us; rick.winslow@state.nm.us; Stuart, James N., DGF;
patricia.riexinger@dec.ny.gov; Jensen, Paul G (DEC); curt.melcher@state.or.us; Gregory Sheehan;
Kimberly Hersey; louis.porter@state.vt.us; mark scott; Bernier, Chris; director@dfw.wa.gov;
cpl@dnr.wa.gov; Lewis, Jeffrey C (DFW); Maletzke, Benjamin T (DFW); cathy.stepp@wisconsin.gov;
Thiede, Kurt A - DNR; Sanjay.Olson@wisconsin.gov; Hauge, Tom M - DNR; Erin.Crain@wisconsin.gov;
Owen Boyle; Roberts, Nathan M - DNR; Johnf.olson@wisconsin.gov; David.MacFarland@wisconsin.gov;
John.White@wisconsin.gov; scott.talbot@wyo.gov; Bob Lanka; Nichole Bjornlie;
derek.j.broman@state.or.us; john.kanter@wildlife.nh.gov; Seth Willey; Heather Bell; Mary Parkin;
Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt Broderdorp; Mark McCollough; Tamara
Smith; Brady McGee; Jeffrey Dillon; Lisa Mandell; Ann Belleman; Lisa Solberg Schwab; Ann
Timberman; Anthony Tur; Brad Thompson; Chris Mensing; David Stilwell; Drue DeBerry; Eric Hein; Eric
Rickerson; Grant Canterbury; Jeff Krupka; Karl Halupka; Kate Novak; Kim Garner; Larry Crist; Leslie
Ellwood; Mark Maghini; Mark Sattelberg; Martin Miller; Megan Kosterman; Michelle Eames; Paul Casey;
Paul Henson; Peter Fasbender; Rollie White; Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman;
Tyler Abbott; Wally Murphy; Dennis Mackey; Odell, Eric; Dustin Miller (dustin.miller@osc.idaho.gov);
craig.mclaughlin@state.co.us; Joshua Uriarte
Subject: Re: Lynx SSA Update

 

Dear State Partners.  Attached please find the pdf version of the final Canada Lynx Expert
Elicitation Workshop Report.  We will be posting this on our Service website as well. 

Because appendices were very large we have posted them on our website.  A link is included
in the attached document.  If you have questions please contact Jim Zelenak of my staff at
(406) 449-5225, ext. 220.  Thank you.  JB

 

Jodi L. Bush

Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

mailto:jodi_bush@fws.gov
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From: Bush, Jodi
To: Jim Zelenak
Subject: Fwd: Lynx SSA Update
Date: Wednesday, April 20, 2016 9:15:47 AM

for your info.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Peter Fasbender <peter_fasbender@fws.gov>
Date: Tue, Apr 19, 2016 at 9:53 AM
Subject: RE: Lynx SSA Update
To: Jodi Bush <jodi_bush@fws.gov>

Hi Jody –

 

Ed Boggess retired as the MN DNR F&W Chief.  This position has been filled by Jim Leach, who I
forwarded this message on to.  Please remove Ed from this group and add Jim at
jim.leach@state.mn.us.  Thanks –

 

Pete

 

Peter J. Fasbender

U.S. Fish and Wildlife Service

Twin Cities Ecological Services Field Office

4101 American Boulevard East

Bloomington, Minnesota  55425

952/252-0092, extension 210

 

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:peter_fasbender@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim.leach@state.mn.us


****Please note new telephone number****

 

 

 

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Monday, April 18, 2016 5:57 PM
To: bob.broscheid@state.co.us; Jake Ivan - DNR; Moore,Virgil; Sallabanks,Rex; Sam Eaton;
Chandler.woodcock@maine.gov; Connolly, James; Vashon, Jennifer; moritzw@michigan.gov; DNR-
Wildlife@michigan.gov; bumpa@michigan.gov; kennedyd@michigan.gov; Boggess, Ed (DNR); Telander,
Paul B (DNR); Baker, Richard (DNR); Erb, John D (DNR); Hagener, Jeff; Tubbs, John; McDonald, Ken;
Inman, Bob; Jay Kolbe; seggeman@mt.gov; Baty, Ross; glenn.normandeau@wildlife.nh.gov;
Mark.Ellingwood@wildlife.nh.gov; Jill.Killborn@wildlife.nh.gov; William.Staats@wildlife.nh.gov;
Patrick.Tate@wildlife.nh.gov; Lexi J., Sandoval; stewart.liley@state.nm.us; rick.winslow@state.nm.us;
Stuart, James N., DGF; patricia.riexinger@dec.ny.gov; Jensen, Paul G (DEC); curt.melcher@state.or.us;
Gregory Sheehan; Kimberly Hersey; louis.porter@state.vt.us; mark scott; Bernier, Chris;
director@dfw.wa.gov; cpl@dnr.wa.gov; Lewis, Jeffrey C (DFW); Maletzke, Benjamin T (DFW);
cathy.stepp@wisconsin.gov; Thiede, Kurt A - DNR; Sanjay.Olson@wisconsin.gov; Hauge, Tom M - DNR;
Erin.Crain@wisconsin.gov; Owen Boyle; Roberts, Nathan M - DNR; Johnf.olson@wisconsin.gov;
David.MacFarland@wisconsin.gov; John.White@wisconsin.gov; scott.talbot@wyo.gov; Bob Lanka;
Nichole Bjornlie; derek.j.broman@state.or.us; john.kanter@wildlife.nh.gov; Seth Willey; Heather Bell;
Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt Broderdorp; Mark McCollough;
Tamara Smith; Brady McGee; Jeffrey Dillon; Lisa Mandell; Ann Belleman; Lisa Solberg Schwab; Ann
Timberman; Anthony Tur; Brad Thompson; Chris Mensing; David Stilwell; Drue DeBerry; Eric Hein; Eric
Rickerson; Grant Canterbury; Jeff Krupka; Karl Halupka; Kate Novak; Kim Garner; Larry Crist; Leslie
Ellwood; Mark Maghini; Mark Sattelberg; Martin Miller; Megan Kosterman; Michelle Eames; Paul Casey;
Paul Henson; Peter Fasbender; Rollie White; Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman;
Tyler Abbott; Wally Murphy; Dennis Mackey; Odell, Eric; Dustin Miller (dustin.miller@osc.idaho.gov);
craig.mclaughlin@state.co.us; Joshua Uriarte
Subject: Re: Lynx SSA Update

 

Dear State Partners.  Attached please find the pdf version of the final Canada Lynx Expert
Elicitation Workshop Report.  We will be posting this on our Service website as well. 

Because appendices were very large we have posted them on our website.  A link is included
in the attached document.  If you have questions please contact Jim Zelenak of my staff at
(406) 449-5225, ext. 220.  Thank you.  JB

 

Jodi L. Bush

Field Supervisor

Montana Ecological Services Office

585 Shepard Way, Suite 1
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Helena, MT  59601

(406) 449-5225, ext.205

 

 



From: McCollough, Mark
To: awhitman@manomet.org
Subject: Climate change and lynx
Date: Friday, April 22, 2016 12:39:58 PM

Hi Andy:

The USFWS will shortly be revisiting the federal listing of the Canada lynx to determine whether it still warrants threatened status.  In recent years, we have
acknowledged that climate change is a threat to lynx.  We are reviewing and assembling scientific literature to review effects of climate change on snow and
boreal forest in Maine and other states where lynx occur.  Decision-makers in USFWS will review this information and make a determination on listing.  As part
of our review, we need to advise decision-makers on the range of climate scenarios we considered, and which may be "most likely."   

In two Manomet publications the statement is made: Increases in temperature in the last two decades are tracking high emissions scenarios (Jacobson et al.2009). We cannot find mention of this in
Maine's Climate Future (but perhaps are missing something).  I've contacted Ivan Fernandez and the Climate Change Institute and they are not aware of citations supporting this statement.

We found the statement in both A Summary of Climate Change Projections for forests in the Sagadahoc Region of Coastal
Maine see https://www.manomet.org/sites/default/files/publications_and_tools/Urban%20and%20Community%20Forests/D10)Manomet_ClimateChangeProjections_SagadahocRegionME_Sept2014.pdf and  "Climate
Change and Biodiversity in Maine: A Climate Change Exposure Summary for Species and Key Habitats (Revised)'" Jacobsen et al. 2009 = Maine's Climate Future.
 see https://www.academia.edu/16474308/Climate_Change_and_Biodiversity_in_Maine_A_Climate_Change_Exposure_Summary_for_Species_and_Key_Habitats_Revised_

Can you point me to the info in Maine's Climate Future that supports this or any other citations?  It would be interesting, if supported, to document this for our
decision-makers.

Hope all is going well.  Happy Earth Day!

Thanks, Mark McCollough 
-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:awhitman@manomet.org
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https://www.academia.edu/16474308/Climate_Change_and_Biodiversity_in_Maine_A_Climate_Change_Exposure_Summary_for_Species_and_Key_Habitats_Revised_
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From: Bush, Jodi
To: Tyler Abbott
Subject: Fwd: SIGNATURE NEEDED: Final Lynx Project Plan
Date: Monday, April 25, 2016 11:04:00 AM
Attachments: 2015 06 25 Proj Plan Canada Lynx SSA FINAL.pdf

Hey Tyler-

We need a Wyoming Project Leader signature on the attached signature sheet for the Lynx
Project Plan.  We never received one.  Thanks.  JB  

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Jun 26, 2015 at 10:59 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Attached is the final Lynx Project Plan for the SSA, Recovery Planning and Five-year
Review in both word and pdf format.  I am requesting via this email your signature on page
10 of that document. Comments on the draft project plan were received in late April and
early May and we have incorporated those changes into the attached document.

For ease of collating signatures please use any of the following methods to add your
signature to the document.    

1. Open the attached pdf document in Adobe Reader.  Click on the fill and sign tab and
make a selection for your signature of the document.  Save and send back to Jim Zelenak.
 

2.  Sign a hardopy of the signature page (10), scan and send back to Jim Zelenak.

3.  Add your signature in the word document by adding   /s/ Your Name. Save and send
back to Jim Zelenak. 

You should have also received notice of what will be our monthly internal FWS
coordination calls on the process from Jim Zelanak.  
We will be conducting these calls the first tuesday of every month at 10am Mtn time.  
Call in information is as follows: 866-857-8504, passcode: 7620543.

Shortly I will also be sending out another letter for our state partners.  As we know, the
States are particularly interested in being engaged in our Lynx recovery planning process. 
To that end, the letter updates where we are now and identifies a monthly coordination call
with our state partners to keep them appraised of our progress.  It would be helpful if
versions of this state letter were sent out from your offices.  Please use the version I provide
to you as a template.  

mailto:jodi_bush@fws.gov
mailto:tyler_abbott@fws.gov
mailto:jodi_bush@fws.gov


Thank you for your help and as always feel free to give me a call if you have questions or
concerns.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205



1 
 

CANADA LYNX PROJECT PLAN TO COMPLETE 

A SPECIES STATUS ASSESSMENT, RECOVERY PLAN, AND FIVE-YEAR REVIEW 
 

June 25, 2015 
 

Action:  The U.S. Fish and Wildlife Service (Service) will conduct a species status assessment 

(SSA) as a first step to understand the current status of the contiguous United States distinct 

population segment (DPS) of the Canada lynx (Lynx canadensis), currently listed as threatened 

under the Endangered Species Act (Act).  This SSA is intended to inform and streamline the 

court-ordered recovery plan (due January15, 2018), assuming such a plan is deemed necessary
1
. 

The SSA report will also serve as the basis for the five-year status review (initiated in 2007; 72 

FR 19549) required under the Act and would also provide the scientific foundation to support 

future rulemaking in accordance with the Act should the five-year review indicate that a change 

in the DPS’s listing status is warranted. 

 

Goals of the Project Plan: (1) To facilitate application of the SSA framework to produce a 

scientifically defensible assessment of the status of the lynx DPS, a subsequent recovery plan, if 

needed, and future five-year review and listing rules as necessary; and (2) to ensure that 

expectations for these processes, including approach, roles and responsibilities, and schedule, are 

clear and that managers are aware of and have agreed to these expectations. 

  

Project Approach:  We intend to apply the SSA framework to the lynx DPS and use the SSA 

results to inform the recovery planning process, the five-year review, and future listing 

rules.  The lead field office (FO) will work with other Service Regions and FOs in the DPS range 

to gather and evaluate all relevant information that has become available since our March 2000 

listing rule (65 FR 16053) and our July 2003 Remanded Determination of Status (68 FR 40076) 

for the lynx DPS.  We will avail ourselves of recent efforts to summarize the available scientific 

literature for lynx, including the September 2014 final revised critical habitat designation for the 

DPS (79 FR 54781) and the 2013 revised interagency Lynx Conservation Assessment and 

Strategy (LCAS; 

http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf).  The FOs 

will keep partner agencies informed about progress and request their participation and reviews as 

appropriate.  

 

Species Status Assessment:  The SSA framework is a new, standardized  Service 

methodology for assessing the status of species, which can help inform species listing, status, 

and recovery determinations that the Service is required to make in accordance with section 

4(c)(2) of the Act (https://sites.google.com/a/fws.gov/ssa/about-SSA).  Using the SSA 

framework, we will evaluate the viability of the lynx DPS and potential threats to its viability 

using the principles of representation, resilience, and redundancy.  The SSA also will provide 

                                                           
1
 The Act requires recovery plans for listed species unless a determination is made that such plan will not promote 

the conservation of the species.  If the five-year status review concludes that the DPS warrants delisting, we would 

likely pursue a formal determination that the species is exempt from recovery planning as such a plan would be 

unnecessary (if the species is already recovered, a plan is not needed to move the species to the point of recovery 

and would therefore not promote the conservation of the species).  Although the five-year review is not a final 

agency action, the memorandum exempting the species from recovery planning (should we reach that conclusion) 

would be. 
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critical information needed to guide the recovery planning process, including identification of the 

primary threats to the lynx DPS that remain to be resolved, if any.  Completion of the SSA is the 

first step in the process of determining the current status of the lynx DPS.  We anticipate that the 

SSA will be completed by December 2015.   

 

Recovery Plan:  If a recovery plan is necessary, it will be informed by the SSA.  The 

recovery plan would include an introduction summarizing the recovery vision (what a recovered 

DPS would “look” like) and recovery strategy (the route selected to get the species to recovery).  

It also would include: (1) objective and measurable criteria that when met would allow delisting 

(including, as practicable, demographic and threats-based recovery criteria); (2) broad 

management actions needed to achieve the recovery vision; and (3) time and cost estimates to 

achieve delisting.  Pursuant to the Service’s new recovery planning paradigm – the Recovery 

Enhancement Vision (REV; USFWS 2014, https://sites.google.com/a/fws.gov/rev/) – the SSA 

will facilitate development of a streamlined recovery plan that focuses on these three statutory 

requirements.  A supplemental document, the Recovery Implementation Strategy (RIS), details 

short-term but detailed (site-specific) step down activities needed to achieve the recovery vision.  

If planning is needed, we intend to complete the draft recovery plan by January 2017.  The 

recovery planning process will include peer review and opportunities for public review and 

comment on the draft recovery plan prior to completion of a final recovery plan.  If undertaken, 

the recovery plan will be finalized prior to the January 15, 2018, court deadline. 

 

Five-year Review:  We anticipate that the five-year review will be a streamlined 

document relying heavily on and referring to the SSA.  The five-year review will consider the 

SSA’s scientific determinations and make recommendations regarding the status of the DPS in 

accordance with the Act.  The three possible recommendations of the five-year review are that 

the lynx DPS should: (1) remain listed as threatened; (2) be uplisted to endangered; or (3) be 

delisted.  Recommendation (1) would indicate the need to next complete a recovery plan by the 

court-ordered deadline; recommendation (2) would indicate that both a recovery plan and a 

future listing rule are needed; and recommendation (3) would require both a formal 

determination via memorandum that the DPS is exempt from recovery planning and a future 

listing rule.   

 

Project Lead:  This project will be led by the Montana Ecological Services Field Office 

(MTFO).  Within this office, Jim Zelenak is the species lead and will serve as the project and 

team lead.  This role includes cross-regional intra-Service organizing, coordinating with outside 

partners and experts as appropriate, and developing a project schedule and ensuring adherence to 

associated deadlines.  It also includes primary authorship of the SSA report, recovery plan, five-

year review, and, if necessary, future listing rules.  

 

Project Team:  The Mountain-Prairie Region (6) is the lead Service Region for lynx.  

However, within the DPS range, lynx subpopulations currently occur in parts of 9 states (CO, ID, 

ME, MN, MT, NH, VT, WA, and WY).  Lynx associated with these subpopulations or other 

lynx populations in southern Canada also may occur (usually rarely, intermittently, and 

temporarily) in other states (MI, ND, NE, NM, NY, OR, SD, UT, and WI), and dispersing lynx 

also have occurred very rarely in CT, IA, IL, IN, MA, PA, and NV.  Because the DPS spans 

parts of four other Service Regions (1, 2, 3, and 5), it is especially important that field biologists 
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most familiar with the status of each of the lynx subpopulations within the DPS assist with (1) 

collection and interpretation of information relating to the status of and potential threats to those 

subpopulations; (2) contacting and arranging participation by lynx experts most familiar with the 

status, ecology, population dynamics, and habitat needs of those subpopulations; (3) coordinating 

with our local state, federal and tribal stakeholders, and (4) writing, editing, and reviewing 

relevant parts of the SSA report, recovery plan, and five-year review, as needed.   

 

 Identified biologists from the Maine, Twin Cities, Northern Idaho, and Western 

Colorado FOs will participate consistently on the Project Team and contribute 

meaningfully to the development, review, and completion of the SSA report, recovery 

plan, and five-year review.   

 

 Further, biologists from the New England, New York, Michigan, Wisconsin, Idaho, 

Eastern Idaho, Washington, Oregon, Utah, Wyoming, and New Mexico FOs will 

participate as needed in the development, review and completion of these documents.   

 

 SSA practitioners from the Service and USGS will provide guidance on implementing the 

SSA framework, conceptual modeling, and expert elicitation, and Service ECOS staff 

will provide GIS support including spatial analysis and mapmaking. 

 

Management Team:  In addition to field biologists and SSA and GIS support: 

 

 Field Supervisors from the Maine, Twin Cities, Northern Idaho, Washington, Wyoming, 

Colorado, and Western Colorado FOs will assist with coordination with State and Tribal 

and other federal stakeholders, participate in document review, and obtain Regional 

Office (RO) concurrence with status determinations and final decisions/documents.   

 

 RO representation from affected Service Regions is essential to this process, as is 

headquarters (HQ) participation and guidance.   

 

 Regional ESA Branch Chiefs and/or Regional Recovery Coordinators from Regions 1, 2, 

3, and 5, and HQ Listing and/or Recovery staff will participate in document review and 

concurrence processes.   

 

 Legal staff will engage or be consulted at various points throughout this process. 

 

Focus on Science First – We intend to conduct a thorough scientific review of the lynx 

DPS and to work with our partners to make sure we have and use the best available information 

to develop the SSA report and to guide subsequent recovery planning, five-year review, and/or 

rulemaking.  During the SSA, we will conduct a structured threats assessment using outlines, 

webinars, expert elicitation, and other intermediate products, and we will brief the Management 

Team as necessary throughout the process.  During the recovery planning process, we will also 

bring together experts from the lynx research and management arenas. 
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SSA, Recovery Planning, and Five-year Review Collaborative Process:  We have broken 

the SSA, recovery planning, and five-year review /listing processes down into the following five 

phases: 

 

 Phase 1 – Information Collection.  The lynx’s current distribution in the contiguous U.S. 

and some aspects of its habitat requirements are fairly well-understood; however, we will 

seek to better understand and analyze its historic and current distributions, subpopulation 

sizes and status, and the degree to which DPS subpopulations rely on immigration from 

populations in Canada.  Additionally, to the extent possible, we will focus on the 

numbers and productivity of lynx in each of the DPS subpopulations, how these vary 

over time, the causes of the variation, and the quality and conservation status of lynx and 

hare habitats within the DPS range.  In addition to the information upon which the 2000 

Final Rule listing the DPS as threatened was based, we will collect and evaluate all 

relevant information that has become available since then.  We expect available 

information to be primarily in the form of published, peer-reviewed literature and 

academic dissertations and theses obtainable through academic search engines.  We will 

also gather government reports (e.g., the recently-revised LCAS and survey and 

monitoring reports from federal, State and Tribal partners) and review legal and policy 

considerations. 

 

 Phase 2 – Assessment of the DPS’s Current and Future Conservation Status and Relevant 

Threats, and Completion of the SSA Report.  With the information gathered in Phase 1, 

we will identify and evaluate historical, current, and future threats to lynx and their 

magnitude and relative impact on the viability of the subpopulations that constitute the 

DPS.  As part of the SSA process, we will conduct a structured threats assessment, using 

outlines, webinars and other intermediate products, and we will brief the Project and 

Management teams at appropriate junctions.  We will produce a draft report outlining 

SSA methods and results; the draft SSA report will undergo peer review.  We will revise 

the draft report as needed based on peer review and review/edits/comments provided by 

the Management Team and appropriate partners.  We expect Project Team members to 

participate actively in the collection and interpretation of information specific to DPS 

subpopulations and potential threats to them in their geographic areas and to coordinate 

locally with state and federal agencies, Tribes, conservation organizations, the media and 

the public.  We expect Management Team members from each region to review, edit, and 

approve materials provided by their Project Team members in a timely manner. 

 

 Phase 3 – Decision Making.  In coordination with the Project Team, the MTFO will 

make a preliminary recommendation about the DPS’s legal status (threatened, 

endangered, or recovered), brief R6 leadership, and then provide the recommendation for 

review, comment, and concurrence by the rest of the Management Team.  A final 

decision on the status of the DPS will be made by R6 Regional Director. 

 

 Phase 4 – Unless the SSA report strongly suggests that the DPS no longer needs the 

protection of the Act, the Service will initiate the recovery planning process so that we 

can meet the court’s deadline for finalizing a recovery plan. 
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 Phase 5 – Drafting and Disseminating the Five-year Review.  Based on the SSA report 

and the R6RD decision on the DPS’s status, the Project Lead will draft the five-year 

review with input from and review by the Project and Management teams, and 

concurrence from cooperating Regions.  We will work with R6 EA staff, who will work 

with their counterparts in the other Regions, to draft a news release announcing results 

and availability of the five-year review and supporting SSA report.  We will post both 

documents at the ECOS Species Profile web page 

(http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073). 

    

 Phase 6 – Next Steps.  As mentioned above, there are three possible recommendations of 

the five-year review, each with different listing and recovery requirements and time lines. 

 

o Recommendation 1:  The lynx DPS continues to warrant listing as threatened 

under the Act (i.e., the threat for which the DPS was listed has not been 

adequately addressed and/or a new threat[s] has been identified such that the DPS 

remains likely to become endangered within the foreseeable future throughout all 

or a significant portion of its range).  In this case, a recovery plan would be 

necessary, so we would convene a Recovery Team and implement the REV 

process to develop draft and final recovery plans consistent with the court-ordered 

time line for completing the final plan by January 2018.  We expect that a 

streamlined recovery plan would be completed that relies heavily on and 

references the SSA report and the five-year review; 

 

o Recommendation 2:  The DPS warrants uplisting to endangered status (i.e., the 

threat for which the DPS was listed remains unresolved or has increased and/or a 

new threat[s] has been identified such that the DPS is now determined to be in 

danger of extinction throughout all or a significant portion of its range).  In this 

case, both a recovery plan and a future listing rule would be necessary.  As above, 

we would develop draft and final recovery plans that would rely heavily on and 

reference the SSA report and the five-year review, and complete the final 

recovery plan by the court-ordered deadline.  Work on the uplisting rule would 

commence after the final recovery plan, though a date has not been specified; 

 

o Recommendation 3:  The DPS is deemed recovered and warrants delisting (i.e., 

the threat for which the DPS was listed is found to have been adequately 

addressed and no new threat[s] has been identified that is expected to endanger 

the DPS throughout all or a significant portion of its range now or in the 

reasonably foreseeable future).  In this case, we would recommend a formal 

determination that the species is exempt from recovery planning and we would 

draft a memorandum to that effect.  This outcome would also indicate the need for 

a future delisting rule, with work on the delisting rule commencing after the 

memorandum has been finalized and submitted to the court, though a date for the 

rule has not been specified. 

 

Document Review, Concurrence, Surnaming, and Federal Register Publication.  Jim 

Zelenak is the lead author for these actions.  All members of the Project Team are expected to 

http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073
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provide appropriate scientific review of draft documents.  Management Team members are 

expected to review final documents and provide Regional concurrence with them as needed.  

Seth Willey is expected to provide appropriate policy review for the drafts.  Dana Jacobsen will 

provide an assessment of legal risk.  Mike Thabault will provide an abbreviated review for “big 

picture” issues.  For Federal Register documents, we anticipate surnaming by R6RD, RSOL, and 

HQ prior to publication.   

 

Outreach.  We will work with R6 EA staff and their counterparts in the other Service 

Regions to develop communications plans for the SSA, five-year review, and/or recovery plan as 

needed.  We will communicate to all affected stakeholders and the public about the action we are 

taking and what it means for them, as laid out in the communications plan. 

 

Roles and Responsibilities:  Staff from FOs, ROs, and HQ offices are expected to work together 

collaboratively to collect information, conduct analyses, and assist in developing products 

necessary to complete the actions identified in this project plan.  Management of the process and 

completion of these actions, though led by the MTFO, will be the shared responsibility of the 

ROs and FOs within the DPS range.  Further, individuals responsible for these products will 

communicate and share work products as needed to facilitate an efficient process.  However, all 

team members will keep their supervisors apprised of progress and any issues that arise.  If 

necessary to resolve significant issues of disagreement, we will follow the elevation process 

outlined in the August 13, 2009 “Section 4 Process Memo” (available on the R6 Listing 

Sharepoint site) until an updated process is developed.  Other specific roles and responsibilities 

are described above in “Project Lead,” “Project Team,” “Management Team,” and “SSA, five-

year Review, and Recovery Planning Collaborative Process.”   

 

Schedule:  The Service announced initiation of the lynx DPS five-year review in April 2007 (72 

FR 19549) but was unable to complete a review then because of court deadlines requiring that 

we revise the 2006 (and, subsequently, the 2009) critical habitat designation.  The initial notice 

requested information by June 18, 2007, but it was not a formal comment period and noted that 

we accept new information about all listed species at any time.  At that time, we received 

comments or information from seven respondents; two State agencies and five environmental/ 

conservation Non-governmental organizations (NGOs).  The status review portion of the current 

project was re-initiated in October 2014, when a biologist was assigned by the MTFO to begin 

gathering information to evaluate threats to the lynx DPS and update its status accordingly.  In 

December 2014, the MTFO drafted a “Dear Interested Party” letter announcing the renewed five-

year review effort, which was sent to federal, State, and Tribal partners in Montana, as well as to 

other Service Regions and FOs within the DPS range as a template for use in notifying their 

partners of the effort.  In January 2015, the Service prepared and distributed a news release 

announcing the five-year review and proposed completion date of June 2015, and soliciting 

information for consideration in the review.  To date, we have received responsive information 

from several federal, State and Tribal agencies, industry organizations, and environmental/ 

conservation NGOs.  In March 2015, it was determined that application the SSA Framework to 

the lynx DPS should precede (and facilitate streamlining of) the five-year review and subsequent 

recovery plan, if needed, although it was recognized that in the near term this would push back 

the completion date for the five-year review.     
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Ultimately, the above goals are intended to inform the need for and content within a recovery 

plan.  We have a court order to complete a recovery plan by January 2018 unless the Service 

determines that the DPS warrants delisting and, therefore, that a recovery plan is not necessary.  

To meet this goal, we anticipate having a draft recovery plan written and beginning the formal 

review process by July 2016.  Appendix A illustrates the proposed time line for this process and 

Appendix B provides a list and timing of larger milestones associated with these actions.  

 

Coordination:  A range-wide kick-off call was held on May 28, 2015 to seek commitments from 

relevant ROs and FOs, to familiarize team members with the process and timeline, and respond 

to any issues relevant to the SSA, five-year review, and future recovery planning.  The MTFO 

will schedule and conduct subsequent biweekly calls with the Project Team and monthly 

coordination calls with the Project and Management Teams.  More frequent calls may be 

organized around particularly challenging issues or during particularly challenging points (such 

as when a deadline is approaching).  These calls will include other Service offices and Regions 

as necessary.  Additional calls or meetings with affected State, Tribal, and other federal agencies 

will be scheduled as needed.  Meeting internal and court-ordered deadlines for the SSA, five-

year review, and recovery plan is dependent on all parties fulfilling their roles according to the 

timeline herein.  This project plan may also inform partner and stakeholder expectations. 

 

 Other FWS Regions and Programs:  The lynx DPS occurs (or lynx “may occur”) within 

parts of Service Regions 1, 2, 3, 5, and 6, and this effort will require participation by the ROs and 

Ecological Services FOs in those regions, along with potential participation by other programs 

such as Refuges and Partners for Fish and Wildlife.  FO participation will be needed from the 

following states:  R1 (ID, OR, WA); R2 (NM), R3 (MI, MN, WI), R5 (ME, NH, VT), and R6 

(CO, MT, UT, WY). 

 

 Affected State Agencies:  It will be necessary and helpful to coordinate with the wildlife 

and natural resources management agencies of each of the states listed above.  Coordination will 

be especially important with the following state agencies:  Maine Department of Inland Fisheries 

and Wildlife; Minnesota Department of Natural Resources; Montana Fish, Wildlife and Parks; 

Montana Department of Natural Resources and Conservation; Idaho Fish and Game; Washington 

State Department of Fish and Wildlife; Washington State Department of Natural Resources; 

Wyoming Game and Fish Department; Colorado Division of Wildlife; and New Mexico 

Department of Game and Fish.  State agencies within the DPS range were notified of the 

renewed five-year review effort in December 2014 and January 2015, and they will be contacted 

as appropriate by FOs and/or ROs during development of the SSA, five-year review, and 

recovery planning efforts.  We anticipate at least one meeting with affected states during 

development of the SSA and at least one during recovery planning.  To keep State partners 

informed of progress on the SSA and subsequent recovery planning efforts, we intend to hold 

monthly update calls with State wildlife management agencies.  We may also solicit participation 

by State biologists and/or wildlife managers on a recovery team if one is convened.   

 

 Other Federal Agencies:  Federal agency coordination will follow the July 3, 2013 

Interagency Coordination for Rule Development memo and will include the USDA Forest 

Service and Natural Resources Conservation Service, Bureau of Land Management, National 

Park Service, Bureau of Indian Affairs, and Department of Homeland Security - Customs and 
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Border Protection.  Federal agencies within the DPS range were notified of the renewed five-

year review effort in December 2014 and January 2015, and they will be contacted as appropriate 

by FOs and/or ROs during development of the SSA, five-year review, and recovery planning 

efforts. 

 

 Affected Tribes:  Tribal lands within the DPS range include those of the Aroostook Band 

of Micmac Indians, the Houlton Band of Maliseets, the Passamaquoddy Tribe, and the Penobscot 

Indian Nation in Maine; the Bois Forte Band of Chippewa, Fond du Lac Band of Lake Superior 

Chippewa,  Grand Portage Chippewa, Leech Lake Band of Ojibwe, Mille Lacs Band of Ojibwe, 

Red Lake Band of Chippewa, and White Earth Nation in Minnesota; the Confederated Salish and 

Kootenai Tribes of the Flathead Indian Reservation and the Blackfeet Tribe of the Blackfeet 

Reservation in Montana; the Coeur d'Alene Tribe, Kootenai Tribe of Idaho, Nez Perce Tribe, and 

Shoshone-Bannock Tribes in Idaho; the Confederated Tribes of the Colville Reservation, the 

Kalispel Tribe of Indians, and the Spokane Tribe of Indians in Washington; the Wind River 

Indian Reservation in Wyoming; the Uintah and Ouray Indian Reservation in Utah; and the Ute 

Mountain and Southern Ute Indian Reservations in Colorado.  Tribes within the DPS range were 

notified of the renewed five-year review effort in December 2014 and January 2015, and they 

will be contacted as appropriate by Regional Tribal Liaisons during development of the SSA, 

five-year review, and recovery planning efforts. 

 

 International Coordination:  Because of the suspected importance of connectivity 

between DPS subpopulations and lynx populations in southern Canada in the persistence of the 

DPS subpopulations, it will be important that we coordinate with and seek information from our 

counterparts in the Canadian conservation, management, and lynx research communities.  We 

will seek information on the status of and threats, if any, to lynx populations in Canada that are 

adjacent to and known or believed to interact with DPS subpopulations. 

 

Budget:  No additional funding is available to assist in this effort.  Participating offices should 

fund their participation through existing base funding.  We anticipate that Service ECOS staff 

will provide GIS support for these actions, including spatial analysis and high-quality digital and 

hard copy maps.  

 

Project Plan Revisions:  In light of the court deadline for the final recovery plan, we expect that 

we will meet deadlines for all products and any quality benchmarks associated with those 

products.  However, this project plan and the Project Overview can be revised at any time with 

the agreement of the ARD and Project Leader.  If there are unexpected changed circumstances 

due to competing workloads, budgets, resources, etc., we expect early communication about the 

delay and discussion with the Project Lead, Project Team, and Management Team about 

resolution.  Lead time on potential delays should be commensurate with expected delay.  For 

example, a request for two additional months should not be made the week before a project is 

due.  Further, whatever the results of the five-year review, we expect this project plan will need 

to be revisited soon after the five-year review is signed. 

 

Post-Project Debriefing:  The Project Team and Management Team commit to having a 

conversation after the completion of the project to discuss how this process was implemented, 

what went well, and what can be done better in the future.  This feedback on the process is 
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necessary to ensure we are always using the best available practices and working towards greater 

efficiencies. 

 

 

Project Overview: 
 

Guidance, policy, and template documents can be found at: 

https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/ 

 

Personnel involved in the completion of the Canada lynx SSA, Five-Year Review, and Recovery 

Plan  

Roles Field Office Regional Office HQ RSOL 
Project 

Leads 
Jim Zelenak Seth Willey 

Heather Bell 

Tara Nicolaysen 

Dana 

Jacobsen 

Project 

Team 

Biologists from the Maine, Twin Cities, 

Northern Idaho, and Western Colorado FOs   
   

Management 

Team 

Jodi Bush, MTFO; Field Supervisors from 

the Maine, Twin Cities, Northern Idaho, 

Washington, Wyoming, Colorado, and 

Western Colorado FOs 

R6 TE Chief; 

Nicole Alt, R6 

Geographic Supervisor; 

Mike Thabault, R6 ARD-

ES; 

Matt Hogan, R6 Deputy 

RD; 

Noreen Walsh, R6 RD; 

Recovery Coordinators, 

TE Chiefs, and ARDs-ES 

- R1, R2, R3, and R5; 

  

Others 

Involved 

Biologists and Managers from the New 

England, Michigan, Wisconsin, Idaho, 

Washington, Oregon, Utah, Colorado, and 

New Mexico FOs as needed 

Ext Affairs Specialists, 

ARDs-Ext Affairs, and 

Tribal Liaisons -  R6, R1, 

R2, R3, and R5 

 

SSA Framework 

Implementation Team: 

Mary Parkin (R5), 

Jennifer Szymanski (R3), 

David Smith (USGS), 

Jonathan Cummings 

(USGS) 

ECOS GIS/Spatial 

Analysis/Mapmaking 

Support 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/
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Signed: 

_______________________________________   

Assistant Regional Director,     Project Leader, 

Ecological Services, R6    Montana Ecological Services Field Office 

 

 

       _____________________________________ 

       Project Leader, 

Colorado Ecological Services Field Office 

 

 

       _____________________________________ 

       Project Leader, 

Wyoming Ecological Services Field Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader, 

Ecological Services, R1    Washington Fish and Wildlife Office 

 

 

       _____________________________________ 

       Project Leader,  

Idaho Fish and Wildlife Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader, 

Ecological Service, R2    New Mexico Ecological Services Field Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader, 

Ecological Services, R3    Twin Cities Ecological Services Field Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader,  

Ecological Services, R5    Maine Ecological Services Field Office 

 

 

       _____________________________________ 

       Project Leader, 

New England Ecological Services Field Office 
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Appendix A 

Schedule for Canada Lynx SSA, Five-Year Review and Recovery Plan (if necessary) 

 

 

Activities/Products                                                                              (Quarters**) Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Form SSA Team

Complete Species Needs 

Identify Model Scenarios***

Model development

Identify model framework & scientific validity

Build model (e.g., BBN - Bayesian Belief Network)

Prototype model structure

Expert elicitation for "current conditions into future" scenario****

Run "current conditions into future" scenario 

Evaluate 3Rs for first scenario/determine need for additional scenarios

SSA Peer review

If needed, run additional management scenarios, including EE, for REV

5-year review recommendation

Draft RP

Comments/peer review

Final  RP

Develop RIS

SSA Analysis and Documentation

5-year Review (to final recommendation)

Recovery Planning (to Final Plan)

Project Plan - DRAFT Canada lynx DPS - SSA/ 5-Year Review/ Recovery Plan Conceptual Schedule*

(Calendar Years) 2015 2016 2017 2018

SPECIES STATUS ASSESSMENT (SSA)

5-YEAR REVIEW

REV, IF NEEDED

Summary

* Schedules  and scope of work may be adjusted as  the expectations  for appl ication of the model  are refined through discuss ions  with experts  and FWS.

** Q1 = Jan-Mar, Q2 = Apr-June, Q3 = July-Sept, Q4 = Oct-Dec.

***  Scenarios  include projecting current conditions  into the foreseeable future without further intervention, to be completed in order to make 5-year 

review recommendation, and, i f needed, future conditions  based on a l ternative management scenarios .

**** Includes  planning and actual  el ici tation.
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Appendix B 

Milestones for Canada Lynx SSA, Five-Year Review and Recovery Plan (if necessary) 
 

Date Milestone 

Apr. 18, 2007 FWS announced initiation of five-year review of lynx DPS (72 FR 19549). 

Dec. 8, 2014 “Dear Interested Party” letter sent to Montana State, Federal, Tribal partners and to other FWS 

ROs and FOS announcing the re-initiation of the five-year review for lynx. 

Jan. 13, 2015 FWS news release announcing five-year review and soliciting information to consider in the 

review. 

Ongoing 

beginning 

Jan.  2015 

Work with partners to collect and evaluate available data and information and assess threat 

factors (USFS, BLM, NPS, BIA, State wildlife/natural resources agencies, and Tribes). 

Apr. 29 – 30, 

2015 

SSA workshop to include lynx discussion/case study (R6 RO). 

May 28, 2015 Kick-off call with Project and Management team members.  Additional Project “Core” Team 

calls will be held biweekly, and general coordination calls monthly, beginning June 2015.  The 

MTFO lead will coordinate both calls.  These calls will include other FWS offices and may be 

opened to other parties/stakeholders as necessary/appropriate. 

June – Oct.  

2015 

Set up meetings, develop and conduct a structured threats assessment, using outlines, webinars 

and other intermediate products, and brief the Management Team as necessary through the 

process.  Draft SSA report with assistance from other Service Regions and FOs. 

July 2015 Initiate monthly update calls with affected State wildlife management agencies. 

Aug. – Sept. 

2015 

Expert elicitation meeting(s) on distribution, status, and threats (including climate change).  

Workshop(s) with State agencies to discuss SSA process and DPS status and threats. 

Dec. 2015 Brief ROs and HQ on findings; submit SSA report for RO/HQ review.  Complete peer review 

of SSA report. 

Jan. 2016 Begin recovery planning processes if necessary; select and invite Recovery Team members. 

Jan. – June 

2016 

Develop DRAFT recovery plan including goals and objectives, implementation plan.   

July – Sept. 

2016 

RO/HQ/RSOL review/surname of DRAFT recovery plan.  Review and concurrence from R1, 

R2, R3, and R5 as needed. 

Oct. 2016 Release DRAFT recovery plan to public and commence peer review and/or publish proposed 

listing rule. 

Dec. 2016 60-day comment period closes on DRAFT recovery plan; peer review also complete. 

Jan. – June 

2017 

Revise DRAFT recovery plan; draft the FINAL recovery plan.  

July – Sept. 

2017 

RO/HQ/RSOL review/surname of FINAL recovery.  Review and concurrence from R1, R2, 

R3, and R5. 

Dec. 2017 Finalize recovery plan, publish in FR, and post on webpage; conduct appropriate outreach.  

Communicate with court as necessary regarding completion and submission of FINAL 

recovery plan in accordance with court-ordered deadline. 

 



From: Bush, Jodi
To: Seth Willey; Justin Shoemaker
Subject: Re: SIGNATURE NEEDED: Final Lynx Project Plan
Date: Monday, April 25, 2016 12:01:57 PM
Attachments: 2015 06 25 Proj Plan Canada Lynx SSA FINAL.pdf

here is the plan if you are missing it.  

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Apr 25, 2016 at 12:01 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
We have everyone else's signature but Mike's.  Can we get his so we can close this up?
 thanks.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Jun 26, 2015 at 10:59 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Attached is the final Lynx Project Plan for the SSA, Recovery Planning and Five-
year Review in both word and pdf format.  I am requesting via this email your
signature on page 10 of that document. Comments on the draft project plan were
received in late April and early May and we have incorporated those changes into
the attached document.

For ease of collating signatures please use any of the following methods to add your
signature to the document.    

1. Open the attached pdf document in Adobe Reader.  Click on the fill and sign tab
and make a selection for your signature of the document.  Save and send back to
Jim Zelenak.  

2.  Sign a hardopy of the signature page (10), scan and send back to Jim Zelenak.

3.  Add your signature in the word document by adding   /s/ Your Name. Save and
send back to Jim Zelenak. 

You should have also received notice of what will be our monthly internal FWS
coordination calls on the process from Jim Zelanak.  

mailto:jodi_bush@fws.gov
mailto:seth_willey@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jodi_bush@fws.gov
mailto:jodi_bush@fws.gov


We will be conducting these calls the first tuesday of every month at 10am Mtn
time.  
Call in information is as follows: 866-857-8504, passcode: 7620543.

Shortly I will also be sending out another letter for our state partners.  As we know,
the States are particularly interested in being engaged in our Lynx recovery planning
process.  To that end, the letter updates where we are now and identifies a monthly
coordination call with our state partners to keep them appraised of our progress.  It
would be helpful if versions of this state letter were sent out from your offices. 
Please use the version I provide to you as a template.  

Thank you for your help and as always feel free to give me a call if you have
questions or concerns.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
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CANADA LYNX PROJECT PLAN TO COMPLETE 

A SPECIES STATUS ASSESSMENT, RECOVERY PLAN, AND FIVE-YEAR REVIEW 
 

June 25, 2015 
 

Action:  The U.S. Fish and Wildlife Service (Service) will conduct a species status assessment 

(SSA) as a first step to understand the current status of the contiguous United States distinct 

population segment (DPS) of the Canada lynx (Lynx canadensis), currently listed as threatened 

under the Endangered Species Act (Act).  This SSA is intended to inform and streamline the 

court-ordered recovery plan (due January15, 2018), assuming such a plan is deemed necessary
1
. 

The SSA report will also serve as the basis for the five-year status review (initiated in 2007; 72 

FR 19549) required under the Act and would also provide the scientific foundation to support 

future rulemaking in accordance with the Act should the five-year review indicate that a change 

in the DPS’s listing status is warranted. 

 

Goals of the Project Plan: (1) To facilitate application of the SSA framework to produce a 

scientifically defensible assessment of the status of the lynx DPS, a subsequent recovery plan, if 

needed, and future five-year review and listing rules as necessary; and (2) to ensure that 

expectations for these processes, including approach, roles and responsibilities, and schedule, are 

clear and that managers are aware of and have agreed to these expectations. 

  

Project Approach:  We intend to apply the SSA framework to the lynx DPS and use the SSA 

results to inform the recovery planning process, the five-year review, and future listing 

rules.  The lead field office (FO) will work with other Service Regions and FOs in the DPS range 

to gather and evaluate all relevant information that has become available since our March 2000 

listing rule (65 FR 16053) and our July 2003 Remanded Determination of Status (68 FR 40076) 

for the lynx DPS.  We will avail ourselves of recent efforts to summarize the available scientific 

literature for lynx, including the September 2014 final revised critical habitat designation for the 

DPS (79 FR 54781) and the 2013 revised interagency Lynx Conservation Assessment and 

Strategy (LCAS; 

http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf).  The FOs 

will keep partner agencies informed about progress and request their participation and reviews as 

appropriate.  

 

Species Status Assessment:  The SSA framework is a new, standardized  Service 

methodology for assessing the status of species, which can help inform species listing, status, 

and recovery determinations that the Service is required to make in accordance with section 

4(c)(2) of the Act (https://sites.google.com/a/fws.gov/ssa/about-SSA).  Using the SSA 

framework, we will evaluate the viability of the lynx DPS and potential threats to its viability 

using the principles of representation, resilience, and redundancy.  The SSA also will provide 

                                                           
1
 The Act requires recovery plans for listed species unless a determination is made that such plan will not promote 

the conservation of the species.  If the five-year status review concludes that the DPS warrants delisting, we would 

likely pursue a formal determination that the species is exempt from recovery planning as such a plan would be 

unnecessary (if the species is already recovered, a plan is not needed to move the species to the point of recovery 

and would therefore not promote the conservation of the species).  Although the five-year review is not a final 

agency action, the memorandum exempting the species from recovery planning (should we reach that conclusion) 

would be. 
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critical information needed to guide the recovery planning process, including identification of the 

primary threats to the lynx DPS that remain to be resolved, if any.  Completion of the SSA is the 

first step in the process of determining the current status of the lynx DPS.  We anticipate that the 

SSA will be completed by December 2015.   

 

Recovery Plan:  If a recovery plan is necessary, it will be informed by the SSA.  The 

recovery plan would include an introduction summarizing the recovery vision (what a recovered 

DPS would “look” like) and recovery strategy (the route selected to get the species to recovery).  

It also would include: (1) objective and measurable criteria that when met would allow delisting 

(including, as practicable, demographic and threats-based recovery criteria); (2) broad 

management actions needed to achieve the recovery vision; and (3) time and cost estimates to 

achieve delisting.  Pursuant to the Service’s new recovery planning paradigm – the Recovery 

Enhancement Vision (REV; USFWS 2014, https://sites.google.com/a/fws.gov/rev/) – the SSA 

will facilitate development of a streamlined recovery plan that focuses on these three statutory 

requirements.  A supplemental document, the Recovery Implementation Strategy (RIS), details 

short-term but detailed (site-specific) step down activities needed to achieve the recovery vision.  

If planning is needed, we intend to complete the draft recovery plan by January 2017.  The 

recovery planning process will include peer review and opportunities for public review and 

comment on the draft recovery plan prior to completion of a final recovery plan.  If undertaken, 

the recovery plan will be finalized prior to the January 15, 2018, court deadline. 

 

Five-year Review:  We anticipate that the five-year review will be a streamlined 

document relying heavily on and referring to the SSA.  The five-year review will consider the 

SSA’s scientific determinations and make recommendations regarding the status of the DPS in 

accordance with the Act.  The three possible recommendations of the five-year review are that 

the lynx DPS should: (1) remain listed as threatened; (2) be uplisted to endangered; or (3) be 

delisted.  Recommendation (1) would indicate the need to next complete a recovery plan by the 

court-ordered deadline; recommendation (2) would indicate that both a recovery plan and a 

future listing rule are needed; and recommendation (3) would require both a formal 

determination via memorandum that the DPS is exempt from recovery planning and a future 

listing rule.   

 

Project Lead:  This project will be led by the Montana Ecological Services Field Office 

(MTFO).  Within this office, Jim Zelenak is the species lead and will serve as the project and 

team lead.  This role includes cross-regional intra-Service organizing, coordinating with outside 

partners and experts as appropriate, and developing a project schedule and ensuring adherence to 

associated deadlines.  It also includes primary authorship of the SSA report, recovery plan, five-

year review, and, if necessary, future listing rules.  

 

Project Team:  The Mountain-Prairie Region (6) is the lead Service Region for lynx.  

However, within the DPS range, lynx subpopulations currently occur in parts of 9 states (CO, ID, 

ME, MN, MT, NH, VT, WA, and WY).  Lynx associated with these subpopulations or other 

lynx populations in southern Canada also may occur (usually rarely, intermittently, and 

temporarily) in other states (MI, ND, NE, NM, NY, OR, SD, UT, and WI), and dispersing lynx 

also have occurred very rarely in CT, IA, IL, IN, MA, PA, and NV.  Because the DPS spans 

parts of four other Service Regions (1, 2, 3, and 5), it is especially important that field biologists 
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most familiar with the status of each of the lynx subpopulations within the DPS assist with (1) 

collection and interpretation of information relating to the status of and potential threats to those 

subpopulations; (2) contacting and arranging participation by lynx experts most familiar with the 

status, ecology, population dynamics, and habitat needs of those subpopulations; (3) coordinating 

with our local state, federal and tribal stakeholders, and (4) writing, editing, and reviewing 

relevant parts of the SSA report, recovery plan, and five-year review, as needed.   

 

 Identified biologists from the Maine, Twin Cities, Northern Idaho, and Western 

Colorado FOs will participate consistently on the Project Team and contribute 

meaningfully to the development, review, and completion of the SSA report, recovery 

plan, and five-year review.   

 

 Further, biologists from the New England, New York, Michigan, Wisconsin, Idaho, 

Eastern Idaho, Washington, Oregon, Utah, Wyoming, and New Mexico FOs will 

participate as needed in the development, review and completion of these documents.   

 

 SSA practitioners from the Service and USGS will provide guidance on implementing the 

SSA framework, conceptual modeling, and expert elicitation, and Service ECOS staff 

will provide GIS support including spatial analysis and mapmaking. 

 

Management Team:  In addition to field biologists and SSA and GIS support: 

 

 Field Supervisors from the Maine, Twin Cities, Northern Idaho, Washington, Wyoming, 

Colorado, and Western Colorado FOs will assist with coordination with State and Tribal 

and other federal stakeholders, participate in document review, and obtain Regional 

Office (RO) concurrence with status determinations and final decisions/documents.   

 

 RO representation from affected Service Regions is essential to this process, as is 

headquarters (HQ) participation and guidance.   

 

 Regional ESA Branch Chiefs and/or Regional Recovery Coordinators from Regions 1, 2, 

3, and 5, and HQ Listing and/or Recovery staff will participate in document review and 

concurrence processes.   

 

 Legal staff will engage or be consulted at various points throughout this process. 

 

Focus on Science First – We intend to conduct a thorough scientific review of the lynx 

DPS and to work with our partners to make sure we have and use the best available information 

to develop the SSA report and to guide subsequent recovery planning, five-year review, and/or 

rulemaking.  During the SSA, we will conduct a structured threats assessment using outlines, 

webinars, expert elicitation, and other intermediate products, and we will brief the Management 

Team as necessary throughout the process.  During the recovery planning process, we will also 

bring together experts from the lynx research and management arenas. 

 



4 
 

SSA, Recovery Planning, and Five-year Review Collaborative Process:  We have broken 

the SSA, recovery planning, and five-year review /listing processes down into the following five 

phases: 

 

 Phase 1 – Information Collection.  The lynx’s current distribution in the contiguous U.S. 

and some aspects of its habitat requirements are fairly well-understood; however, we will 

seek to better understand and analyze its historic and current distributions, subpopulation 

sizes and status, and the degree to which DPS subpopulations rely on immigration from 

populations in Canada.  Additionally, to the extent possible, we will focus on the 

numbers and productivity of lynx in each of the DPS subpopulations, how these vary 

over time, the causes of the variation, and the quality and conservation status of lynx and 

hare habitats within the DPS range.  In addition to the information upon which the 2000 

Final Rule listing the DPS as threatened was based, we will collect and evaluate all 

relevant information that has become available since then.  We expect available 

information to be primarily in the form of published, peer-reviewed literature and 

academic dissertations and theses obtainable through academic search engines.  We will 

also gather government reports (e.g., the recently-revised LCAS and survey and 

monitoring reports from federal, State and Tribal partners) and review legal and policy 

considerations. 

 

 Phase 2 – Assessment of the DPS’s Current and Future Conservation Status and Relevant 

Threats, and Completion of the SSA Report.  With the information gathered in Phase 1, 

we will identify and evaluate historical, current, and future threats to lynx and their 

magnitude and relative impact on the viability of the subpopulations that constitute the 

DPS.  As part of the SSA process, we will conduct a structured threats assessment, using 

outlines, webinars and other intermediate products, and we will brief the Project and 

Management teams at appropriate junctions.  We will produce a draft report outlining 

SSA methods and results; the draft SSA report will undergo peer review.  We will revise 

the draft report as needed based on peer review and review/edits/comments provided by 

the Management Team and appropriate partners.  We expect Project Team members to 

participate actively in the collection and interpretation of information specific to DPS 

subpopulations and potential threats to them in their geographic areas and to coordinate 

locally with state and federal agencies, Tribes, conservation organizations, the media and 

the public.  We expect Management Team members from each region to review, edit, and 

approve materials provided by their Project Team members in a timely manner. 

 

 Phase 3 – Decision Making.  In coordination with the Project Team, the MTFO will 

make a preliminary recommendation about the DPS’s legal status (threatened, 

endangered, or recovered), brief R6 leadership, and then provide the recommendation for 

review, comment, and concurrence by the rest of the Management Team.  A final 

decision on the status of the DPS will be made by R6 Regional Director. 

 

 Phase 4 – Unless the SSA report strongly suggests that the DPS no longer needs the 

protection of the Act, the Service will initiate the recovery planning process so that we 

can meet the court’s deadline for finalizing a recovery plan. 
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 Phase 5 – Drafting and Disseminating the Five-year Review.  Based on the SSA report 

and the R6RD decision on the DPS’s status, the Project Lead will draft the five-year 

review with input from and review by the Project and Management teams, and 

concurrence from cooperating Regions.  We will work with R6 EA staff, who will work 

with their counterparts in the other Regions, to draft a news release announcing results 

and availability of the five-year review and supporting SSA report.  We will post both 

documents at the ECOS Species Profile web page 

(http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073). 

    

 Phase 6 – Next Steps.  As mentioned above, there are three possible recommendations of 

the five-year review, each with different listing and recovery requirements and time lines. 

 

o Recommendation 1:  The lynx DPS continues to warrant listing as threatened 

under the Act (i.e., the threat for which the DPS was listed has not been 

adequately addressed and/or a new threat[s] has been identified such that the DPS 

remains likely to become endangered within the foreseeable future throughout all 

or a significant portion of its range).  In this case, a recovery plan would be 

necessary, so we would convene a Recovery Team and implement the REV 

process to develop draft and final recovery plans consistent with the court-ordered 

time line for completing the final plan by January 2018.  We expect that a 

streamlined recovery plan would be completed that relies heavily on and 

references the SSA report and the five-year review; 

 

o Recommendation 2:  The DPS warrants uplisting to endangered status (i.e., the 

threat for which the DPS was listed remains unresolved or has increased and/or a 

new threat[s] has been identified such that the DPS is now determined to be in 

danger of extinction throughout all or a significant portion of its range).  In this 

case, both a recovery plan and a future listing rule would be necessary.  As above, 

we would develop draft and final recovery plans that would rely heavily on and 

reference the SSA report and the five-year review, and complete the final 

recovery plan by the court-ordered deadline.  Work on the uplisting rule would 

commence after the final recovery plan, though a date has not been specified; 

 

o Recommendation 3:  The DPS is deemed recovered and warrants delisting (i.e., 

the threat for which the DPS was listed is found to have been adequately 

addressed and no new threat[s] has been identified that is expected to endanger 

the DPS throughout all or a significant portion of its range now or in the 

reasonably foreseeable future).  In this case, we would recommend a formal 

determination that the species is exempt from recovery planning and we would 

draft a memorandum to that effect.  This outcome would also indicate the need for 

a future delisting rule, with work on the delisting rule commencing after the 

memorandum has been finalized and submitted to the court, though a date for the 

rule has not been specified. 

 

Document Review, Concurrence, Surnaming, and Federal Register Publication.  Jim 

Zelenak is the lead author for these actions.  All members of the Project Team are expected to 

http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073
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provide appropriate scientific review of draft documents.  Management Team members are 

expected to review final documents and provide Regional concurrence with them as needed.  

Seth Willey is expected to provide appropriate policy review for the drafts.  Dana Jacobsen will 

provide an assessment of legal risk.  Mike Thabault will provide an abbreviated review for “big 

picture” issues.  For Federal Register documents, we anticipate surnaming by R6RD, RSOL, and 

HQ prior to publication.   

 

Outreach.  We will work with R6 EA staff and their counterparts in the other Service 

Regions to develop communications plans for the SSA, five-year review, and/or recovery plan as 

needed.  We will communicate to all affected stakeholders and the public about the action we are 

taking and what it means for them, as laid out in the communications plan. 

 

Roles and Responsibilities:  Staff from FOs, ROs, and HQ offices are expected to work together 

collaboratively to collect information, conduct analyses, and assist in developing products 

necessary to complete the actions identified in this project plan.  Management of the process and 

completion of these actions, though led by the MTFO, will be the shared responsibility of the 

ROs and FOs within the DPS range.  Further, individuals responsible for these products will 

communicate and share work products as needed to facilitate an efficient process.  However, all 

team members will keep their supervisors apprised of progress and any issues that arise.  If 

necessary to resolve significant issues of disagreement, we will follow the elevation process 

outlined in the August 13, 2009 “Section 4 Process Memo” (available on the R6 Listing 

Sharepoint site) until an updated process is developed.  Other specific roles and responsibilities 

are described above in “Project Lead,” “Project Team,” “Management Team,” and “SSA, five-

year Review, and Recovery Planning Collaborative Process.”   

 

Schedule:  The Service announced initiation of the lynx DPS five-year review in April 2007 (72 

FR 19549) but was unable to complete a review then because of court deadlines requiring that 

we revise the 2006 (and, subsequently, the 2009) critical habitat designation.  The initial notice 

requested information by June 18, 2007, but it was not a formal comment period and noted that 

we accept new information about all listed species at any time.  At that time, we received 

comments or information from seven respondents; two State agencies and five environmental/ 

conservation Non-governmental organizations (NGOs).  The status review portion of the current 

project was re-initiated in October 2014, when a biologist was assigned by the MTFO to begin 

gathering information to evaluate threats to the lynx DPS and update its status accordingly.  In 

December 2014, the MTFO drafted a “Dear Interested Party” letter announcing the renewed five-

year review effort, which was sent to federal, State, and Tribal partners in Montana, as well as to 

other Service Regions and FOs within the DPS range as a template for use in notifying their 

partners of the effort.  In January 2015, the Service prepared and distributed a news release 

announcing the five-year review and proposed completion date of June 2015, and soliciting 

information for consideration in the review.  To date, we have received responsive information 

from several federal, State and Tribal agencies, industry organizations, and environmental/ 

conservation NGOs.  In March 2015, it was determined that application the SSA Framework to 

the lynx DPS should precede (and facilitate streamlining of) the five-year review and subsequent 

recovery plan, if needed, although it was recognized that in the near term this would push back 

the completion date for the five-year review.     
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Ultimately, the above goals are intended to inform the need for and content within a recovery 

plan.  We have a court order to complete a recovery plan by January 2018 unless the Service 

determines that the DPS warrants delisting and, therefore, that a recovery plan is not necessary.  

To meet this goal, we anticipate having a draft recovery plan written and beginning the formal 

review process by July 2016.  Appendix A illustrates the proposed time line for this process and 

Appendix B provides a list and timing of larger milestones associated with these actions.  

 

Coordination:  A range-wide kick-off call was held on May 28, 2015 to seek commitments from 

relevant ROs and FOs, to familiarize team members with the process and timeline, and respond 

to any issues relevant to the SSA, five-year review, and future recovery planning.  The MTFO 

will schedule and conduct subsequent biweekly calls with the Project Team and monthly 

coordination calls with the Project and Management Teams.  More frequent calls may be 

organized around particularly challenging issues or during particularly challenging points (such 

as when a deadline is approaching).  These calls will include other Service offices and Regions 

as necessary.  Additional calls or meetings with affected State, Tribal, and other federal agencies 

will be scheduled as needed.  Meeting internal and court-ordered deadlines for the SSA, five-

year review, and recovery plan is dependent on all parties fulfilling their roles according to the 

timeline herein.  This project plan may also inform partner and stakeholder expectations. 

 

 Other FWS Regions and Programs:  The lynx DPS occurs (or lynx “may occur”) within 

parts of Service Regions 1, 2, 3, 5, and 6, and this effort will require participation by the ROs and 

Ecological Services FOs in those regions, along with potential participation by other programs 

such as Refuges and Partners for Fish and Wildlife.  FO participation will be needed from the 

following states:  R1 (ID, OR, WA); R2 (NM), R3 (MI, MN, WI), R5 (ME, NH, VT), and R6 

(CO, MT, UT, WY). 

 

 Affected State Agencies:  It will be necessary and helpful to coordinate with the wildlife 

and natural resources management agencies of each of the states listed above.  Coordination will 

be especially important with the following state agencies:  Maine Department of Inland Fisheries 

and Wildlife; Minnesota Department of Natural Resources; Montana Fish, Wildlife and Parks; 

Montana Department of Natural Resources and Conservation; Idaho Fish and Game; Washington 

State Department of Fish and Wildlife; Washington State Department of Natural Resources; 

Wyoming Game and Fish Department; Colorado Division of Wildlife; and New Mexico 

Department of Game and Fish.  State agencies within the DPS range were notified of the 

renewed five-year review effort in December 2014 and January 2015, and they will be contacted 

as appropriate by FOs and/or ROs during development of the SSA, five-year review, and 

recovery planning efforts.  We anticipate at least one meeting with affected states during 

development of the SSA and at least one during recovery planning.  To keep State partners 

informed of progress on the SSA and subsequent recovery planning efforts, we intend to hold 

monthly update calls with State wildlife management agencies.  We may also solicit participation 

by State biologists and/or wildlife managers on a recovery team if one is convened.   

 

 Other Federal Agencies:  Federal agency coordination will follow the July 3, 2013 

Interagency Coordination for Rule Development memo and will include the USDA Forest 

Service and Natural Resources Conservation Service, Bureau of Land Management, National 

Park Service, Bureau of Indian Affairs, and Department of Homeland Security - Customs and 



8 
 

Border Protection.  Federal agencies within the DPS range were notified of the renewed five-

year review effort in December 2014 and January 2015, and they will be contacted as appropriate 

by FOs and/or ROs during development of the SSA, five-year review, and recovery planning 

efforts. 

 

 Affected Tribes:  Tribal lands within the DPS range include those of the Aroostook Band 

of Micmac Indians, the Houlton Band of Maliseets, the Passamaquoddy Tribe, and the Penobscot 

Indian Nation in Maine; the Bois Forte Band of Chippewa, Fond du Lac Band of Lake Superior 

Chippewa,  Grand Portage Chippewa, Leech Lake Band of Ojibwe, Mille Lacs Band of Ojibwe, 

Red Lake Band of Chippewa, and White Earth Nation in Minnesota; the Confederated Salish and 

Kootenai Tribes of the Flathead Indian Reservation and the Blackfeet Tribe of the Blackfeet 

Reservation in Montana; the Coeur d'Alene Tribe, Kootenai Tribe of Idaho, Nez Perce Tribe, and 

Shoshone-Bannock Tribes in Idaho; the Confederated Tribes of the Colville Reservation, the 

Kalispel Tribe of Indians, and the Spokane Tribe of Indians in Washington; the Wind River 

Indian Reservation in Wyoming; the Uintah and Ouray Indian Reservation in Utah; and the Ute 

Mountain and Southern Ute Indian Reservations in Colorado.  Tribes within the DPS range were 

notified of the renewed five-year review effort in December 2014 and January 2015, and they 

will be contacted as appropriate by Regional Tribal Liaisons during development of the SSA, 

five-year review, and recovery planning efforts. 

 

 International Coordination:  Because of the suspected importance of connectivity 

between DPS subpopulations and lynx populations in southern Canada in the persistence of the 

DPS subpopulations, it will be important that we coordinate with and seek information from our 

counterparts in the Canadian conservation, management, and lynx research communities.  We 

will seek information on the status of and threats, if any, to lynx populations in Canada that are 

adjacent to and known or believed to interact with DPS subpopulations. 

 

Budget:  No additional funding is available to assist in this effort.  Participating offices should 

fund their participation through existing base funding.  We anticipate that Service ECOS staff 

will provide GIS support for these actions, including spatial analysis and high-quality digital and 

hard copy maps.  

 

Project Plan Revisions:  In light of the court deadline for the final recovery plan, we expect that 

we will meet deadlines for all products and any quality benchmarks associated with those 

products.  However, this project plan and the Project Overview can be revised at any time with 

the agreement of the ARD and Project Leader.  If there are unexpected changed circumstances 

due to competing workloads, budgets, resources, etc., we expect early communication about the 

delay and discussion with the Project Lead, Project Team, and Management Team about 

resolution.  Lead time on potential delays should be commensurate with expected delay.  For 

example, a request for two additional months should not be made the week before a project is 

due.  Further, whatever the results of the five-year review, we expect this project plan will need 

to be revisited soon after the five-year review is signed. 

 

Post-Project Debriefing:  The Project Team and Management Team commit to having a 

conversation after the completion of the project to discuss how this process was implemented, 

what went well, and what can be done better in the future.  This feedback on the process is 
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necessary to ensure we are always using the best available practices and working towards greater 

efficiencies. 

 

 

Project Overview: 
 

Guidance, policy, and template documents can be found at: 

https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/ 

 

Personnel involved in the completion of the Canada lynx SSA, Five-Year Review, and Recovery 

Plan  

Roles Field Office Regional Office HQ RSOL 
Project 

Leads 
Jim Zelenak Seth Willey 

Heather Bell 

Tara Nicolaysen 

Dana 

Jacobsen 

Project 

Team 

Biologists from the Maine, Twin Cities, 

Northern Idaho, and Western Colorado FOs   
   

Management 

Team 

Jodi Bush, MTFO; Field Supervisors from 

the Maine, Twin Cities, Northern Idaho, 

Washington, Wyoming, Colorado, and 

Western Colorado FOs 

R6 TE Chief; 

Nicole Alt, R6 

Geographic Supervisor; 

Mike Thabault, R6 ARD-

ES; 

Matt Hogan, R6 Deputy 

RD; 

Noreen Walsh, R6 RD; 

Recovery Coordinators, 

TE Chiefs, and ARDs-ES 

- R1, R2, R3, and R5; 

  

Others 

Involved 

Biologists and Managers from the New 

England, Michigan, Wisconsin, Idaho, 

Washington, Oregon, Utah, Colorado, and 

New Mexico FOs as needed 

Ext Affairs Specialists, 

ARDs-Ext Affairs, and 

Tribal Liaisons -  R6, R1, 

R2, R3, and R5 

 

SSA Framework 

Implementation Team: 

Mary Parkin (R5), 

Jennifer Szymanski (R3), 

David Smith (USGS), 

Jonathan Cummings 

(USGS) 

ECOS GIS/Spatial 

Analysis/Mapmaking 

Support 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/
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Signed: 

_______________________________________   

Assistant Regional Director,     Project Leader, 

Ecological Services, R6    Montana Ecological Services Field Office 

 

 

       _____________________________________ 

       Project Leader, 

Colorado Ecological Services Field Office 

 

 

       _____________________________________ 

       Project Leader, 

Wyoming Ecological Services Field Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader, 

Ecological Services, R1    Washington Fish and Wildlife Office 

 

 

       _____________________________________ 

       Project Leader,  

Idaho Fish and Wildlife Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader, 

Ecological Service, R2    New Mexico Ecological Services Field Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader, 

Ecological Services, R3    Twin Cities Ecological Services Field Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader,  

Ecological Services, R5    Maine Ecological Services Field Office 

 

 

       _____________________________________ 

       Project Leader, 

New England Ecological Services Field Office 
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Appendix A 

Schedule for Canada Lynx SSA, Five-Year Review and Recovery Plan (if necessary) 

 

 

Activities/Products                                                                              (Quarters**) Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Form SSA Team

Complete Species Needs 

Identify Model Scenarios***

Model development

Identify model framework & scientific validity

Build model (e.g., BBN - Bayesian Belief Network)

Prototype model structure

Expert elicitation for "current conditions into future" scenario****

Run "current conditions into future" scenario 

Evaluate 3Rs for first scenario/determine need for additional scenarios

SSA Peer review

If needed, run additional management scenarios, including EE, for REV

5-year review recommendation

Draft RP

Comments/peer review

Final  RP

Develop RIS

SSA Analysis and Documentation

5-year Review (to final recommendation)

Recovery Planning (to Final Plan)

Project Plan - DRAFT Canada lynx DPS - SSA/ 5-Year Review/ Recovery Plan Conceptual Schedule*

(Calendar Years) 2015 2016 2017 2018

SPECIES STATUS ASSESSMENT (SSA)

5-YEAR REVIEW

REV, IF NEEDED

Summary

* Schedules  and scope of work may be adjusted as  the expectations  for appl ication of the model  are refined through discuss ions  with experts  and FWS.

** Q1 = Jan-Mar, Q2 = Apr-June, Q3 = July-Sept, Q4 = Oct-Dec.

***  Scenarios  include projecting current conditions  into the foreseeable future without further intervention, to be completed in order to make 5-year 

review recommendation, and, i f needed, future conditions  based on a l ternative management scenarios .

**** Includes  planning and actual  el ici tation.
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Appendix B 

Milestones for Canada Lynx SSA, Five-Year Review and Recovery Plan (if necessary) 
 

Date Milestone 

Apr. 18, 2007 FWS announced initiation of five-year review of lynx DPS (72 FR 19549). 

Dec. 8, 2014 “Dear Interested Party” letter sent to Montana State, Federal, Tribal partners and to other FWS 

ROs and FOS announcing the re-initiation of the five-year review for lynx. 

Jan. 13, 2015 FWS news release announcing five-year review and soliciting information to consider in the 

review. 

Ongoing 

beginning 

Jan.  2015 

Work with partners to collect and evaluate available data and information and assess threat 

factors (USFS, BLM, NPS, BIA, State wildlife/natural resources agencies, and Tribes). 

Apr. 29 – 30, 

2015 

SSA workshop to include lynx discussion/case study (R6 RO). 

May 28, 2015 Kick-off call with Project and Management team members.  Additional Project “Core” Team 

calls will be held biweekly, and general coordination calls monthly, beginning June 2015.  The 

MTFO lead will coordinate both calls.  These calls will include other FWS offices and may be 

opened to other parties/stakeholders as necessary/appropriate. 

June – Oct.  

2015 

Set up meetings, develop and conduct a structured threats assessment, using outlines, webinars 

and other intermediate products, and brief the Management Team as necessary through the 

process.  Draft SSA report with assistance from other Service Regions and FOs. 

July 2015 Initiate monthly update calls with affected State wildlife management agencies. 

Aug. – Sept. 

2015 

Expert elicitation meeting(s) on distribution, status, and threats (including climate change).  

Workshop(s) with State agencies to discuss SSA process and DPS status and threats. 

Dec. 2015 Brief ROs and HQ on findings; submit SSA report for RO/HQ review.  Complete peer review 

of SSA report. 

Jan. 2016 Begin recovery planning processes if necessary; select and invite Recovery Team members. 

Jan. – June 

2016 

Develop DRAFT recovery plan including goals and objectives, implementation plan.   

July – Sept. 

2016 

RO/HQ/RSOL review/surname of DRAFT recovery plan.  Review and concurrence from R1, 

R2, R3, and R5 as needed. 

Oct. 2016 Release DRAFT recovery plan to public and commence peer review and/or publish proposed 

listing rule. 

Dec. 2016 60-day comment period closes on DRAFT recovery plan; peer review also complete. 

Jan. – June 

2017 

Revise DRAFT recovery plan; draft the FINAL recovery plan.  

July – Sept. 

2017 

RO/HQ/RSOL review/surname of FINAL recovery.  Review and concurrence from R1, R2, 

R3, and R5. 

Dec. 2017 Finalize recovery plan, publish in FR, and post on webpage; conduct appropriate outreach.  

Communicate with court as necessary regarding completion and submission of FINAL 

recovery plan in accordance with court-ordered deadline. 

 



From: Zelenak, Jim
To: Chapman, Tom
Cc: Jodi Bush
Subject: Re: SIGNATURE NEEDED: Final Lynx Project Plan
Date: Monday, April 25, 2016 12:02:41 PM
Attachments: Signature Page Only_2015 06 25 Proj Plan Canada Lynx SSA FINAL.docx

Signature Page Only_2015 06 25 Proj Plan Canada Lynx SSA FINAL.pdf

On Mon, Apr 25, 2016 at 11:47 AM, Chapman, Tom <tom_chapman@fws.gov> wrote:
Jim,

Can you send me a PDF of the signature page?

Tom

On Mon, Apr 25, 2016 at 1:43 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Mark - we already have MEFO and R5 ARD signature.

On Mon, Apr 25, 2016 at 11:40 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

I will have our acting PL, Steve Spangle, sign today.  I'll try to get a signed copy back to
you today.  Mark

On Mon, Apr 25, 2016 at 1:01 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Tom/Mark.  We need a NEW ENGLAND Project Leader signature on the attached
signature sheet for the Lynx Project Plan.  We never recieved one.  Your ARD has
signed.  JB  

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Jun 26, 2015 at 10:59 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Attached is the final Lynx Project Plan for the SSA, Recovery Planning and Five-
year Review in both word and pdf format.  I am requesting via this email your
signature on page 10 of that document. Comments on the draft project plan were
received in late April and early May and we have incorporated those changes into
the attached document.

For ease of collating signatures please use any of the following methods to add your
signature to the document.    

1. Open the attached pdf document in Adobe Reader.  Click on the fill and sign tab
and make a selection for your signature of the document.  Save and send back to
Jim Zelenak.  

mailto:jim_zelenak@fws.gov
mailto:tom_chapman@fws.gov
mailto:jodi_bush@fws.gov
mailto:tom_chapman@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:jodi_bush@fws.gov
mailto:jodi_bush@fws.gov


2.  Sign a hardopy of the signature page (10), scan and send back to Jim Zelenak.

3.  Add your signature in the word document by adding   /s/ Your Name. Save and
send back to Jim Zelenak. 

You should have also received notice of what will be our monthly internal FWS
coordination calls on the process from Jim Zelanak.  
We will be conducting these calls the first tuesday of every month at 10am Mtn
time.  
Call in information is as follows: 866-857-8504, passcode: 7620543.

Shortly I will also be sending out another letter for our state partners.  As we know,
the States are particularly interested in being engaged in our Lynx recovery planning
process.  To that end, the letter updates where we are now and identifies a monthly
coordination call with our state partners to keep them appraised of our progress.  It
would be helpful if versions of this state letter were sent out from your offices. 
Please use the version I provide to you as a template.  

Thank you for your help and as always feel free to give me a call if you have
questions or concerns.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 

mailto:mark_mccollough@fws.gov


Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
_______________________________________________________________

Thomas R. Chapman
Supervisor - New England Field Office
U.S. Fish & Wildlife Service 
Northeast Region - Ecological Services
70 Commercial St., Suite 300
Concord, NH 03301

603.223.2541  ext. 6410
603.724.5104  cell
_______________________________________________________________

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


Signed: 

_______________________________________   
Assistant Regional Director,     Project Leader, 
Ecological Services, R6    Montana Ecological Services Field Office 
 
 
       _____________________________________ 
       Project Leader, 

Colorado Ecological Services Field Office 
 

 
       _____________________________________ 
       Project Leader, 

Wyoming Ecological Services Field Office 
 

 
_______________________________________ _____________________________________ 
Assistant Regional Director,    Project Leader, 
Ecological Services, R1    Washington Fish and Wildlife Office 
 
 
       _____________________________________ 
       Project Leader,  

Idaho Fish and Wildlife Office 
 

 
_______________________________________ _____________________________________ 
Assistant Regional Director,    Project Leader, 
Ecological Service, R2    New Mexico Ecological Services Field Office 
 
 
_______________________________________ _____________________________________ 
Assistant Regional Director,    Project Leader, 
Ecological Services, R3    Twin Cities Ecological Services Field Office 
 
 
_______________________________________ _____________________________________ 
Assistant Regional Director,    Project Leader,  
Ecological Services, R5    Maine Ecological Services Field Office 
 
 
       _____________________________________ 
       Project Leader, 

New England Ecological Services Field Office 



  



 



From: McCollough, Mark
To: Anthony Tur; Tom Chapman
Subject: Fwd: SIGNATURE NEEDED: Final Lynx Project Plan
Date: Monday, April 25, 2016 1:52:24 PM
Attachments: 2015 06 25 Proj Plan Canada Lynx SSA FINAL.pdf

Tom:  I misread this request a few minutes ago.  We need your signature on this project plan. 
Please sign and return to Jodi.  Thanks,  Mark
---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Mon, Apr 25, 2016 at 1:01 PM
Subject: Fwd: SIGNATURE NEEDED: Final Lynx Project Plan
To: Tom Chapman <Tom_Chapman@fws.gov>
Cc: Mark McCollough <Mark_McCollough@fws.gov>, Jim Zelenak
<jim_zelenak@fws.gov>

Tom/Mark.  We need a NEW ENGLAND Project Leader signature on the attached signature
sheet for the Lynx Project Plan.  We never recieved one.  Your ARD has signed.  JB  

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Jun 26, 2015 at 10:59 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Attached is the final Lynx Project Plan for the SSA, Recovery Planning and Five-year
Review in both word and pdf format.  I am requesting via this email your signature on page
10 of that document. Comments on the draft project plan were received in late April and
early May and we have incorporated those changes into the attached document.

For ease of collating signatures please use any of the following methods to add your
signature to the document.    

1. Open the attached pdf document in Adobe Reader.  Click on the fill and sign tab and
make a selection for your signature of the document.  Save and send back to Jim Zelenak.
 

2.  Sign a hardopy of the signature page (10), scan and send back to Jim Zelenak.

3.  Add your signature in the word document by adding   /s/ Your Name. Save and send
back to Jim Zelenak. 

You should have also received notice of what will be our monthly internal FWS
coordination calls on the process from Jim Zelanak.  
We will be conducting these calls the first tuesday of every month at 10am Mtn time.  
Call in information is as follows: 866-857-8504, passcode: 7620543.

mailto:mark_mccollough@fws.gov
mailto:anthony_tur@fws.gov
mailto:tom_chapman@fws.gov
mailto:jodi_bush@fws.gov
mailto:Tom_Chapman@fws.gov
mailto:Mark_McCollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov


Shortly I will also be sending out another letter for our state partners.  As we know, the
States are particularly interested in being engaged in our Lynx recovery planning process. 
To that end, the letter updates where we are now and identifies a monthly coordination call
with our state partners to keep them appraised of our progress.  It would be helpful if
versions of this state letter were sent out from your offices.  Please use the version I provide
to you as a template.  

Thank you for your help and as always feel free to give me a call if you have questions or
concerns.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


1 
 

CANADA LYNX PROJECT PLAN TO COMPLETE 

A SPECIES STATUS ASSESSMENT, RECOVERY PLAN, AND FIVE-YEAR REVIEW 
 

June 25, 2015 
 

Action:  The U.S. Fish and Wildlife Service (Service) will conduct a species status assessment 

(SSA) as a first step to understand the current status of the contiguous United States distinct 

population segment (DPS) of the Canada lynx (Lynx canadensis), currently listed as threatened 

under the Endangered Species Act (Act).  This SSA is intended to inform and streamline the 

court-ordered recovery plan (due January15, 2018), assuming such a plan is deemed necessary
1
. 

The SSA report will also serve as the basis for the five-year status review (initiated in 2007; 72 

FR 19549) required under the Act and would also provide the scientific foundation to support 

future rulemaking in accordance with the Act should the five-year review indicate that a change 

in the DPS’s listing status is warranted. 

 

Goals of the Project Plan: (1) To facilitate application of the SSA framework to produce a 

scientifically defensible assessment of the status of the lynx DPS, a subsequent recovery plan, if 

needed, and future five-year review and listing rules as necessary; and (2) to ensure that 

expectations for these processes, including approach, roles and responsibilities, and schedule, are 

clear and that managers are aware of and have agreed to these expectations. 

  

Project Approach:  We intend to apply the SSA framework to the lynx DPS and use the SSA 

results to inform the recovery planning process, the five-year review, and future listing 

rules.  The lead field office (FO) will work with other Service Regions and FOs in the DPS range 

to gather and evaluate all relevant information that has become available since our March 2000 

listing rule (65 FR 16053) and our July 2003 Remanded Determination of Status (68 FR 40076) 

for the lynx DPS.  We will avail ourselves of recent efforts to summarize the available scientific 

literature for lynx, including the September 2014 final revised critical habitat designation for the 

DPS (79 FR 54781) and the 2013 revised interagency Lynx Conservation Assessment and 

Strategy (LCAS; 

http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf).  The FOs 

will keep partner agencies informed about progress and request their participation and reviews as 

appropriate.  

 

Species Status Assessment:  The SSA framework is a new, standardized  Service 

methodology for assessing the status of species, which can help inform species listing, status, 

and recovery determinations that the Service is required to make in accordance with section 

4(c)(2) of the Act (https://sites.google.com/a/fws.gov/ssa/about-SSA).  Using the SSA 

framework, we will evaluate the viability of the lynx DPS and potential threats to its viability 

using the principles of representation, resilience, and redundancy.  The SSA also will provide 

                                                           
1
 The Act requires recovery plans for listed species unless a determination is made that such plan will not promote 

the conservation of the species.  If the five-year status review concludes that the DPS warrants delisting, we would 

likely pursue a formal determination that the species is exempt from recovery planning as such a plan would be 

unnecessary (if the species is already recovered, a plan is not needed to move the species to the point of recovery 

and would therefore not promote the conservation of the species).  Although the five-year review is not a final 

agency action, the memorandum exempting the species from recovery planning (should we reach that conclusion) 

would be. 
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critical information needed to guide the recovery planning process, including identification of the 

primary threats to the lynx DPS that remain to be resolved, if any.  Completion of the SSA is the 

first step in the process of determining the current status of the lynx DPS.  We anticipate that the 

SSA will be completed by December 2015.   

 

Recovery Plan:  If a recovery plan is necessary, it will be informed by the SSA.  The 

recovery plan would include an introduction summarizing the recovery vision (what a recovered 

DPS would “look” like) and recovery strategy (the route selected to get the species to recovery).  

It also would include: (1) objective and measurable criteria that when met would allow delisting 

(including, as practicable, demographic and threats-based recovery criteria); (2) broad 

management actions needed to achieve the recovery vision; and (3) time and cost estimates to 

achieve delisting.  Pursuant to the Service’s new recovery planning paradigm – the Recovery 

Enhancement Vision (REV; USFWS 2014, https://sites.google.com/a/fws.gov/rev/) – the SSA 

will facilitate development of a streamlined recovery plan that focuses on these three statutory 

requirements.  A supplemental document, the Recovery Implementation Strategy (RIS), details 

short-term but detailed (site-specific) step down activities needed to achieve the recovery vision.  

If planning is needed, we intend to complete the draft recovery plan by January 2017.  The 

recovery planning process will include peer review and opportunities for public review and 

comment on the draft recovery plan prior to completion of a final recovery plan.  If undertaken, 

the recovery plan will be finalized prior to the January 15, 2018, court deadline. 

 

Five-year Review:  We anticipate that the five-year review will be a streamlined 

document relying heavily on and referring to the SSA.  The five-year review will consider the 

SSA’s scientific determinations and make recommendations regarding the status of the DPS in 

accordance with the Act.  The three possible recommendations of the five-year review are that 

the lynx DPS should: (1) remain listed as threatened; (2) be uplisted to endangered; or (3) be 

delisted.  Recommendation (1) would indicate the need to next complete a recovery plan by the 

court-ordered deadline; recommendation (2) would indicate that both a recovery plan and a 

future listing rule are needed; and recommendation (3) would require both a formal 

determination via memorandum that the DPS is exempt from recovery planning and a future 

listing rule.   

 

Project Lead:  This project will be led by the Montana Ecological Services Field Office 

(MTFO).  Within this office, Jim Zelenak is the species lead and will serve as the project and 

team lead.  This role includes cross-regional intra-Service organizing, coordinating with outside 

partners and experts as appropriate, and developing a project schedule and ensuring adherence to 

associated deadlines.  It also includes primary authorship of the SSA report, recovery plan, five-

year review, and, if necessary, future listing rules.  

 

Project Team:  The Mountain-Prairie Region (6) is the lead Service Region for lynx.  

However, within the DPS range, lynx subpopulations currently occur in parts of 9 states (CO, ID, 

ME, MN, MT, NH, VT, WA, and WY).  Lynx associated with these subpopulations or other 

lynx populations in southern Canada also may occur (usually rarely, intermittently, and 

temporarily) in other states (MI, ND, NE, NM, NY, OR, SD, UT, and WI), and dispersing lynx 

also have occurred very rarely in CT, IA, IL, IN, MA, PA, and NV.  Because the DPS spans 

parts of four other Service Regions (1, 2, 3, and 5), it is especially important that field biologists 
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most familiar with the status of each of the lynx subpopulations within the DPS assist with (1) 

collection and interpretation of information relating to the status of and potential threats to those 

subpopulations; (2) contacting and arranging participation by lynx experts most familiar with the 

status, ecology, population dynamics, and habitat needs of those subpopulations; (3) coordinating 

with our local state, federal and tribal stakeholders, and (4) writing, editing, and reviewing 

relevant parts of the SSA report, recovery plan, and five-year review, as needed.   

 

 Identified biologists from the Maine, Twin Cities, Northern Idaho, and Western 

Colorado FOs will participate consistently on the Project Team and contribute 

meaningfully to the development, review, and completion of the SSA report, recovery 

plan, and five-year review.   

 

 Further, biologists from the New England, New York, Michigan, Wisconsin, Idaho, 

Eastern Idaho, Washington, Oregon, Utah, Wyoming, and New Mexico FOs will 

participate as needed in the development, review and completion of these documents.   

 

 SSA practitioners from the Service and USGS will provide guidance on implementing the 

SSA framework, conceptual modeling, and expert elicitation, and Service ECOS staff 

will provide GIS support including spatial analysis and mapmaking. 

 

Management Team:  In addition to field biologists and SSA and GIS support: 

 

 Field Supervisors from the Maine, Twin Cities, Northern Idaho, Washington, Wyoming, 

Colorado, and Western Colorado FOs will assist with coordination with State and Tribal 

and other federal stakeholders, participate in document review, and obtain Regional 

Office (RO) concurrence with status determinations and final decisions/documents.   

 

 RO representation from affected Service Regions is essential to this process, as is 

headquarters (HQ) participation and guidance.   

 

 Regional ESA Branch Chiefs and/or Regional Recovery Coordinators from Regions 1, 2, 

3, and 5, and HQ Listing and/or Recovery staff will participate in document review and 

concurrence processes.   

 

 Legal staff will engage or be consulted at various points throughout this process. 

 

Focus on Science First – We intend to conduct a thorough scientific review of the lynx 

DPS and to work with our partners to make sure we have and use the best available information 

to develop the SSA report and to guide subsequent recovery planning, five-year review, and/or 

rulemaking.  During the SSA, we will conduct a structured threats assessment using outlines, 

webinars, expert elicitation, and other intermediate products, and we will brief the Management 

Team as necessary throughout the process.  During the recovery planning process, we will also 

bring together experts from the lynx research and management arenas. 
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SSA, Recovery Planning, and Five-year Review Collaborative Process:  We have broken 

the SSA, recovery planning, and five-year review /listing processes down into the following five 

phases: 

 

 Phase 1 – Information Collection.  The lynx’s current distribution in the contiguous U.S. 

and some aspects of its habitat requirements are fairly well-understood; however, we will 

seek to better understand and analyze its historic and current distributions, subpopulation 

sizes and status, and the degree to which DPS subpopulations rely on immigration from 

populations in Canada.  Additionally, to the extent possible, we will focus on the 

numbers and productivity of lynx in each of the DPS subpopulations, how these vary 

over time, the causes of the variation, and the quality and conservation status of lynx and 

hare habitats within the DPS range.  In addition to the information upon which the 2000 

Final Rule listing the DPS as threatened was based, we will collect and evaluate all 

relevant information that has become available since then.  We expect available 

information to be primarily in the form of published, peer-reviewed literature and 

academic dissertations and theses obtainable through academic search engines.  We will 

also gather government reports (e.g., the recently-revised LCAS and survey and 

monitoring reports from federal, State and Tribal partners) and review legal and policy 

considerations. 

 

 Phase 2 – Assessment of the DPS’s Current and Future Conservation Status and Relevant 

Threats, and Completion of the SSA Report.  With the information gathered in Phase 1, 

we will identify and evaluate historical, current, and future threats to lynx and their 

magnitude and relative impact on the viability of the subpopulations that constitute the 

DPS.  As part of the SSA process, we will conduct a structured threats assessment, using 

outlines, webinars and other intermediate products, and we will brief the Project and 

Management teams at appropriate junctions.  We will produce a draft report outlining 

SSA methods and results; the draft SSA report will undergo peer review.  We will revise 

the draft report as needed based on peer review and review/edits/comments provided by 

the Management Team and appropriate partners.  We expect Project Team members to 

participate actively in the collection and interpretation of information specific to DPS 

subpopulations and potential threats to them in their geographic areas and to coordinate 

locally with state and federal agencies, Tribes, conservation organizations, the media and 

the public.  We expect Management Team members from each region to review, edit, and 

approve materials provided by their Project Team members in a timely manner. 

 

 Phase 3 – Decision Making.  In coordination with the Project Team, the MTFO will 

make a preliminary recommendation about the DPS’s legal status (threatened, 

endangered, or recovered), brief R6 leadership, and then provide the recommendation for 

review, comment, and concurrence by the rest of the Management Team.  A final 

decision on the status of the DPS will be made by R6 Regional Director. 

 

 Phase 4 – Unless the SSA report strongly suggests that the DPS no longer needs the 

protection of the Act, the Service will initiate the recovery planning process so that we 

can meet the court’s deadline for finalizing a recovery plan. 
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 Phase 5 – Drafting and Disseminating the Five-year Review.  Based on the SSA report 

and the R6RD decision on the DPS’s status, the Project Lead will draft the five-year 

review with input from and review by the Project and Management teams, and 

concurrence from cooperating Regions.  We will work with R6 EA staff, who will work 

with their counterparts in the other Regions, to draft a news release announcing results 

and availability of the five-year review and supporting SSA report.  We will post both 

documents at the ECOS Species Profile web page 

(http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073). 

    

 Phase 6 – Next Steps.  As mentioned above, there are three possible recommendations of 

the five-year review, each with different listing and recovery requirements and time lines. 

 

o Recommendation 1:  The lynx DPS continues to warrant listing as threatened 

under the Act (i.e., the threat for which the DPS was listed has not been 

adequately addressed and/or a new threat[s] has been identified such that the DPS 

remains likely to become endangered within the foreseeable future throughout all 

or a significant portion of its range).  In this case, a recovery plan would be 

necessary, so we would convene a Recovery Team and implement the REV 

process to develop draft and final recovery plans consistent with the court-ordered 

time line for completing the final plan by January 2018.  We expect that a 

streamlined recovery plan would be completed that relies heavily on and 

references the SSA report and the five-year review; 

 

o Recommendation 2:  The DPS warrants uplisting to endangered status (i.e., the 

threat for which the DPS was listed remains unresolved or has increased and/or a 

new threat[s] has been identified such that the DPS is now determined to be in 

danger of extinction throughout all or a significant portion of its range).  In this 

case, both a recovery plan and a future listing rule would be necessary.  As above, 

we would develop draft and final recovery plans that would rely heavily on and 

reference the SSA report and the five-year review, and complete the final 

recovery plan by the court-ordered deadline.  Work on the uplisting rule would 

commence after the final recovery plan, though a date has not been specified; 

 

o Recommendation 3:  The DPS is deemed recovered and warrants delisting (i.e., 

the threat for which the DPS was listed is found to have been adequately 

addressed and no new threat[s] has been identified that is expected to endanger 

the DPS throughout all or a significant portion of its range now or in the 

reasonably foreseeable future).  In this case, we would recommend a formal 

determination that the species is exempt from recovery planning and we would 

draft a memorandum to that effect.  This outcome would also indicate the need for 

a future delisting rule, with work on the delisting rule commencing after the 

memorandum has been finalized and submitted to the court, though a date for the 

rule has not been specified. 

 

Document Review, Concurrence, Surnaming, and Federal Register Publication.  Jim 

Zelenak is the lead author for these actions.  All members of the Project Team are expected to 

http://ecos.fws.gov/speciesProfile/profile/speciesProfile?spcode=A073
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provide appropriate scientific review of draft documents.  Management Team members are 

expected to review final documents and provide Regional concurrence with them as needed.  

Seth Willey is expected to provide appropriate policy review for the drafts.  Dana Jacobsen will 

provide an assessment of legal risk.  Mike Thabault will provide an abbreviated review for “big 

picture” issues.  For Federal Register documents, we anticipate surnaming by R6RD, RSOL, and 

HQ prior to publication.   

 

Outreach.  We will work with R6 EA staff and their counterparts in the other Service 

Regions to develop communications plans for the SSA, five-year review, and/or recovery plan as 

needed.  We will communicate to all affected stakeholders and the public about the action we are 

taking and what it means for them, as laid out in the communications plan. 

 

Roles and Responsibilities:  Staff from FOs, ROs, and HQ offices are expected to work together 

collaboratively to collect information, conduct analyses, and assist in developing products 

necessary to complete the actions identified in this project plan.  Management of the process and 

completion of these actions, though led by the MTFO, will be the shared responsibility of the 

ROs and FOs within the DPS range.  Further, individuals responsible for these products will 

communicate and share work products as needed to facilitate an efficient process.  However, all 

team members will keep their supervisors apprised of progress and any issues that arise.  If 

necessary to resolve significant issues of disagreement, we will follow the elevation process 

outlined in the August 13, 2009 “Section 4 Process Memo” (available on the R6 Listing 

Sharepoint site) until an updated process is developed.  Other specific roles and responsibilities 

are described above in “Project Lead,” “Project Team,” “Management Team,” and “SSA, five-

year Review, and Recovery Planning Collaborative Process.”   

 

Schedule:  The Service announced initiation of the lynx DPS five-year review in April 2007 (72 

FR 19549) but was unable to complete a review then because of court deadlines requiring that 

we revise the 2006 (and, subsequently, the 2009) critical habitat designation.  The initial notice 

requested information by June 18, 2007, but it was not a formal comment period and noted that 

we accept new information about all listed species at any time.  At that time, we received 

comments or information from seven respondents; two State agencies and five environmental/ 

conservation Non-governmental organizations (NGOs).  The status review portion of the current 

project was re-initiated in October 2014, when a biologist was assigned by the MTFO to begin 

gathering information to evaluate threats to the lynx DPS and update its status accordingly.  In 

December 2014, the MTFO drafted a “Dear Interested Party” letter announcing the renewed five-

year review effort, which was sent to federal, State, and Tribal partners in Montana, as well as to 

other Service Regions and FOs within the DPS range as a template for use in notifying their 

partners of the effort.  In January 2015, the Service prepared and distributed a news release 

announcing the five-year review and proposed completion date of June 2015, and soliciting 

information for consideration in the review.  To date, we have received responsive information 

from several federal, State and Tribal agencies, industry organizations, and environmental/ 

conservation NGOs.  In March 2015, it was determined that application the SSA Framework to 

the lynx DPS should precede (and facilitate streamlining of) the five-year review and subsequent 

recovery plan, if needed, although it was recognized that in the near term this would push back 

the completion date for the five-year review.     
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Ultimately, the above goals are intended to inform the need for and content within a recovery 

plan.  We have a court order to complete a recovery plan by January 2018 unless the Service 

determines that the DPS warrants delisting and, therefore, that a recovery plan is not necessary.  

To meet this goal, we anticipate having a draft recovery plan written and beginning the formal 

review process by July 2016.  Appendix A illustrates the proposed time line for this process and 

Appendix B provides a list and timing of larger milestones associated with these actions.  

 

Coordination:  A range-wide kick-off call was held on May 28, 2015 to seek commitments from 

relevant ROs and FOs, to familiarize team members with the process and timeline, and respond 

to any issues relevant to the SSA, five-year review, and future recovery planning.  The MTFO 

will schedule and conduct subsequent biweekly calls with the Project Team and monthly 

coordination calls with the Project and Management Teams.  More frequent calls may be 

organized around particularly challenging issues or during particularly challenging points (such 

as when a deadline is approaching).  These calls will include other Service offices and Regions 

as necessary.  Additional calls or meetings with affected State, Tribal, and other federal agencies 

will be scheduled as needed.  Meeting internal and court-ordered deadlines for the SSA, five-

year review, and recovery plan is dependent on all parties fulfilling their roles according to the 

timeline herein.  This project plan may also inform partner and stakeholder expectations. 

 

 Other FWS Regions and Programs:  The lynx DPS occurs (or lynx “may occur”) within 

parts of Service Regions 1, 2, 3, 5, and 6, and this effort will require participation by the ROs and 

Ecological Services FOs in those regions, along with potential participation by other programs 

such as Refuges and Partners for Fish and Wildlife.  FO participation will be needed from the 

following states:  R1 (ID, OR, WA); R2 (NM), R3 (MI, MN, WI), R5 (ME, NH, VT), and R6 

(CO, MT, UT, WY). 

 

 Affected State Agencies:  It will be necessary and helpful to coordinate with the wildlife 

and natural resources management agencies of each of the states listed above.  Coordination will 

be especially important with the following state agencies:  Maine Department of Inland Fisheries 

and Wildlife; Minnesota Department of Natural Resources; Montana Fish, Wildlife and Parks; 

Montana Department of Natural Resources and Conservation; Idaho Fish and Game; Washington 

State Department of Fish and Wildlife; Washington State Department of Natural Resources; 

Wyoming Game and Fish Department; Colorado Division of Wildlife; and New Mexico 

Department of Game and Fish.  State agencies within the DPS range were notified of the 

renewed five-year review effort in December 2014 and January 2015, and they will be contacted 

as appropriate by FOs and/or ROs during development of the SSA, five-year review, and 

recovery planning efforts.  We anticipate at least one meeting with affected states during 

development of the SSA and at least one during recovery planning.  To keep State partners 

informed of progress on the SSA and subsequent recovery planning efforts, we intend to hold 

monthly update calls with State wildlife management agencies.  We may also solicit participation 

by State biologists and/or wildlife managers on a recovery team if one is convened.   

 

 Other Federal Agencies:  Federal agency coordination will follow the July 3, 2013 

Interagency Coordination for Rule Development memo and will include the USDA Forest 

Service and Natural Resources Conservation Service, Bureau of Land Management, National 

Park Service, Bureau of Indian Affairs, and Department of Homeland Security - Customs and 
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Border Protection.  Federal agencies within the DPS range were notified of the renewed five-

year review effort in December 2014 and January 2015, and they will be contacted as appropriate 

by FOs and/or ROs during development of the SSA, five-year review, and recovery planning 

efforts. 

 

 Affected Tribes:  Tribal lands within the DPS range include those of the Aroostook Band 

of Micmac Indians, the Houlton Band of Maliseets, the Passamaquoddy Tribe, and the Penobscot 

Indian Nation in Maine; the Bois Forte Band of Chippewa, Fond du Lac Band of Lake Superior 

Chippewa,  Grand Portage Chippewa, Leech Lake Band of Ojibwe, Mille Lacs Band of Ojibwe, 

Red Lake Band of Chippewa, and White Earth Nation in Minnesota; the Confederated Salish and 

Kootenai Tribes of the Flathead Indian Reservation and the Blackfeet Tribe of the Blackfeet 

Reservation in Montana; the Coeur d'Alene Tribe, Kootenai Tribe of Idaho, Nez Perce Tribe, and 

Shoshone-Bannock Tribes in Idaho; the Confederated Tribes of the Colville Reservation, the 

Kalispel Tribe of Indians, and the Spokane Tribe of Indians in Washington; the Wind River 

Indian Reservation in Wyoming; the Uintah and Ouray Indian Reservation in Utah; and the Ute 

Mountain and Southern Ute Indian Reservations in Colorado.  Tribes within the DPS range were 

notified of the renewed five-year review effort in December 2014 and January 2015, and they 

will be contacted as appropriate by Regional Tribal Liaisons during development of the SSA, 

five-year review, and recovery planning efforts. 

 

 International Coordination:  Because of the suspected importance of connectivity 

between DPS subpopulations and lynx populations in southern Canada in the persistence of the 

DPS subpopulations, it will be important that we coordinate with and seek information from our 

counterparts in the Canadian conservation, management, and lynx research communities.  We 

will seek information on the status of and threats, if any, to lynx populations in Canada that are 

adjacent to and known or believed to interact with DPS subpopulations. 

 

Budget:  No additional funding is available to assist in this effort.  Participating offices should 

fund their participation through existing base funding.  We anticipate that Service ECOS staff 

will provide GIS support for these actions, including spatial analysis and high-quality digital and 

hard copy maps.  

 

Project Plan Revisions:  In light of the court deadline for the final recovery plan, we expect that 

we will meet deadlines for all products and any quality benchmarks associated with those 

products.  However, this project plan and the Project Overview can be revised at any time with 

the agreement of the ARD and Project Leader.  If there are unexpected changed circumstances 

due to competing workloads, budgets, resources, etc., we expect early communication about the 

delay and discussion with the Project Lead, Project Team, and Management Team about 

resolution.  Lead time on potential delays should be commensurate with expected delay.  For 

example, a request for two additional months should not be made the week before a project is 

due.  Further, whatever the results of the five-year review, we expect this project plan will need 

to be revisited soon after the five-year review is signed. 

 

Post-Project Debriefing:  The Project Team and Management Team commit to having a 

conversation after the completion of the project to discuss how this process was implemented, 

what went well, and what can be done better in the future.  This feedback on the process is 
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necessary to ensure we are always using the best available practices and working towards greater 

efficiencies. 

 

 

Project Overview: 
 

Guidance, policy, and template documents can be found at: 

https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/ 

 

Personnel involved in the completion of the Canada lynx SSA, Five-Year Review, and Recovery 

Plan  

Roles Field Office Regional Office HQ RSOL 
Project 

Leads 
Jim Zelenak Seth Willey 

Heather Bell 

Tara Nicolaysen 

Dana 

Jacobsen 

Project 

Team 

Biologists from the Maine, Twin Cities, 

Northern Idaho, and Western Colorado FOs   
   

Management 

Team 

Jodi Bush, MTFO; Field Supervisors from 

the Maine, Twin Cities, Northern Idaho, 

Washington, Wyoming, Colorado, and 

Western Colorado FOs 

R6 TE Chief; 

Nicole Alt, R6 

Geographic Supervisor; 

Mike Thabault, R6 ARD-

ES; 

Matt Hogan, R6 Deputy 

RD; 

Noreen Walsh, R6 RD; 

Recovery Coordinators, 

TE Chiefs, and ARDs-ES 

- R1, R2, R3, and R5; 

  

Others 

Involved 

Biologists and Managers from the New 

England, Michigan, Wisconsin, Idaho, 

Washington, Oregon, Utah, Colorado, and 

New Mexico FOs as needed 

Ext Affairs Specialists, 

ARDs-Ext Affairs, and 

Tribal Liaisons -  R6, R1, 

R2, R3, and R5 

 

SSA Framework 

Implementation Team: 

Mary Parkin (R5), 

Jennifer Szymanski (R3), 

David Smith (USGS), 

Jonathan Cummings 

(USGS) 

ECOS GIS/Spatial 

Analysis/Mapmaking 

Support 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://fishnet.fws.doi.net/regions/6/es/endangeredspecies/
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Signed: 

_______________________________________   

Assistant Regional Director,     Project Leader, 

Ecological Services, R6    Montana Ecological Services Field Office 

 

 

       _____________________________________ 

       Project Leader, 

Colorado Ecological Services Field Office 

 

 

       _____________________________________ 

       Project Leader, 

Wyoming Ecological Services Field Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader, 

Ecological Services, R1    Washington Fish and Wildlife Office 

 

 

       _____________________________________ 

       Project Leader,  

Idaho Fish and Wildlife Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader, 

Ecological Service, R2    New Mexico Ecological Services Field Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader, 

Ecological Services, R3    Twin Cities Ecological Services Field Office 

 

 

_______________________________________ _____________________________________ 

Assistant Regional Director,    Project Leader,  

Ecological Services, R5    Maine Ecological Services Field Office 

 

 

       _____________________________________ 

       Project Leader, 

New England Ecological Services Field Office 
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Appendix A 

Schedule for Canada Lynx SSA, Five-Year Review and Recovery Plan (if necessary) 

 

 

Activities/Products                                                                              (Quarters**) Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Form SSA Team

Complete Species Needs 

Identify Model Scenarios***

Model development

Identify model framework & scientific validity

Build model (e.g., BBN - Bayesian Belief Network)

Prototype model structure

Expert elicitation for "current conditions into future" scenario****

Run "current conditions into future" scenario 

Evaluate 3Rs for first scenario/determine need for additional scenarios

SSA Peer review

If needed, run additional management scenarios, including EE, for REV

5-year review recommendation

Draft RP

Comments/peer review

Final  RP

Develop RIS

SSA Analysis and Documentation

5-year Review (to final recommendation)

Recovery Planning (to Final Plan)

Project Plan - DRAFT Canada lynx DPS - SSA/ 5-Year Review/ Recovery Plan Conceptual Schedule*

(Calendar Years) 2015 2016 2017 2018

SPECIES STATUS ASSESSMENT (SSA)

5-YEAR REVIEW

REV, IF NEEDED

Summary

* Schedules  and scope of work may be adjusted as  the expectations  for appl ication of the model  are refined through discuss ions  with experts  and FWS.

** Q1 = Jan-Mar, Q2 = Apr-June, Q3 = July-Sept, Q4 = Oct-Dec.

***  Scenarios  include projecting current conditions  into the foreseeable future without further intervention, to be completed in order to make 5-year 

review recommendation, and, i f needed, future conditions  based on a l ternative management scenarios .

**** Includes  planning and actual  el ici tation.
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Appendix B 

Milestones for Canada Lynx SSA, Five-Year Review and Recovery Plan (if necessary) 
 

Date Milestone 

Apr. 18, 2007 FWS announced initiation of five-year review of lynx DPS (72 FR 19549). 

Dec. 8, 2014 “Dear Interested Party” letter sent to Montana State, Federal, Tribal partners and to other FWS 

ROs and FOS announcing the re-initiation of the five-year review for lynx. 

Jan. 13, 2015 FWS news release announcing five-year review and soliciting information to consider in the 

review. 

Ongoing 

beginning 

Jan.  2015 

Work with partners to collect and evaluate available data and information and assess threat 

factors (USFS, BLM, NPS, BIA, State wildlife/natural resources agencies, and Tribes). 

Apr. 29 – 30, 

2015 

SSA workshop to include lynx discussion/case study (R6 RO). 

May 28, 2015 Kick-off call with Project and Management team members.  Additional Project “Core” Team 

calls will be held biweekly, and general coordination calls monthly, beginning June 2015.  The 

MTFO lead will coordinate both calls.  These calls will include other FWS offices and may be 

opened to other parties/stakeholders as necessary/appropriate. 

June – Oct.  

2015 

Set up meetings, develop and conduct a structured threats assessment, using outlines, webinars 

and other intermediate products, and brief the Management Team as necessary through the 

process.  Draft SSA report with assistance from other Service Regions and FOs. 

July 2015 Initiate monthly update calls with affected State wildlife management agencies. 

Aug. – Sept. 

2015 

Expert elicitation meeting(s) on distribution, status, and threats (including climate change).  

Workshop(s) with State agencies to discuss SSA process and DPS status and threats. 

Dec. 2015 Brief ROs and HQ on findings; submit SSA report for RO/HQ review.  Complete peer review 

of SSA report. 

Jan. 2016 Begin recovery planning processes if necessary; select and invite Recovery Team members. 

Jan. – June 

2016 

Develop DRAFT recovery plan including goals and objectives, implementation plan.   

July – Sept. 

2016 

RO/HQ/RSOL review/surname of DRAFT recovery plan.  Review and concurrence from R1, 

R2, R3, and R5 as needed. 

Oct. 2016 Release DRAFT recovery plan to public and commence peer review and/or publish proposed 

listing rule. 

Dec. 2016 60-day comment period closes on DRAFT recovery plan; peer review also complete. 

Jan. – June 

2017 

Revise DRAFT recovery plan; draft the FINAL recovery plan.  

July – Sept. 

2017 

RO/HQ/RSOL review/surname of FINAL recovery.  Review and concurrence from R1, R2, 

R3, and R5. 

Dec. 2017 Finalize recovery plan, publish in FR, and post on webpage; conduct appropriate outreach.  

Communicate with court as necessary regarding completion and submission of FINAL 

recovery plan in accordance with court-ordered deadline. 

 



From: Chapman, Tom
To: McCollough, Mark; Jodi Bush; Jim Zelenak
Subject: Re: SIGNATURE NEEDED: Final Lynx Project Plan
Date: Monday, April 25, 2016 1:57:32 PM
Attachments: pdf.PDF

Here's the page with my signature.

Tom

On Mon, Apr 25, 2016 at 1:52 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Tom:  I misread this request a few minutes ago.  We need your signature on this project
plan.  Please sign and return to Jodi.  Thanks,  Mark
---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Mon, Apr 25, 2016 at 1:01 PM
Subject: Fwd: SIGNATURE NEEDED: Final Lynx Project Plan
To: Tom Chapman <Tom_Chapman@fws.gov>
Cc: Mark McCollough <Mark_McCollough@fws.gov>, Jim Zelenak
<jim_zelenak@fws.gov>

Tom/Mark.  We need a NEW ENGLAND Project Leader signature on the attached signature
sheet for the Lynx Project Plan.  We never recieved one.  Your ARD has signed.  JB  

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Jun 26, 2015 at 10:59 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Attached is the final Lynx Project Plan for the SSA, Recovery Planning and Five-year
Review in both word and pdf format.  I am requesting via this email your signature on
page 10 of that document. Comments on the draft project plan were received in late April
and early May and we have incorporated those changes into the attached document.

For ease of collating signatures please use any of the following methods to add your
signature to the document.    

1. Open the attached pdf document in Adobe Reader.  Click on the fill and sign tab and
make a selection for your signature of the document.  Save and send back to Jim
Zelenak.  

2.  Sign a hardopy of the signature page (10), scan and send back to Jim Zelenak.

3.  Add your signature in the word document by adding   /s/ Your Name. Save and send
back to Jim Zelenak. 

mailto:tom_chapman@fws.gov
mailto:mark_mccollough@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:jodi_bush@fws.gov
mailto:Tom_Chapman@fws.gov
mailto:Mark_McCollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov


You should have also received notice of what will be our monthly internal FWS
coordination calls on the process from Jim Zelanak.  
We will be conducting these calls the first tuesday of every month at 10am Mtn time.  
Call in information is as follows: 866-857-8504, passcode: 7620543.

Shortly I will also be sending out another letter for our state partners.  As we know, the
States are particularly interested in being engaged in our Lynx recovery planning process. 
To that end, the letter updates where we are now and identifies a monthly coordination
call with our state partners to keep them appraised of our progress.  It would be helpful if
versions of this state letter were sent out from your offices.  Please use the version I
provide to you as a template.  

Thank you for your help and as always feel free to give me a call if you have questions or
concerns.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
_______________________________________________________________

Thomas R. Chapman
Supervisor - New England Field Office
U.S. Fish & Wildlife Service 
Northeast Region - Ecological Services

mailto:mark_mccollough@fws.gov


70 Commercial St., Suite 300
Concord, NH 03301

603.223.2541  ext. 6410
603.724.5104  cell
_______________________________________________________________





From: McCollough, Mark
To: Chapman, Tom
Subject: Re: SIGNATURE NEEDED: Final Lynx Project Plan
Date: Monday, April 25, 2016 1:58:50 PM

Thanks Tom!  We haven't needed much of Tony's time for the lynx SSA.  But there will be a
time in the near future when we could use his review of sections pertaining to NH and VT. 
Thanks,  Mark

On Mon, Apr 25, 2016 at 1:57 PM, Chapman, Tom <tom_chapman@fws.gov> wrote:
Here's the page with my signature.

Tom

On Mon, Apr 25, 2016 at 1:52 PM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Tom:  I misread this request a few minutes ago.  We need your signature on this project
plan.  Please sign and return to Jodi.  Thanks,  Mark
---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Mon, Apr 25, 2016 at 1:01 PM
Subject: Fwd: SIGNATURE NEEDED: Final Lynx Project Plan
To: Tom Chapman <Tom_Chapman@fws.gov>
Cc: Mark McCollough <Mark_McCollough@fws.gov>, Jim Zelenak
<jim_zelenak@fws.gov>

Tom/Mark.  We need a NEW ENGLAND Project Leader signature on the attached
signature sheet for the Lynx Project Plan.  We never recieved one.  Your ARD has
signed.  JB  

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Jun 26, 2015 at 10:59 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Attached is the final Lynx Project Plan for the SSA, Recovery Planning and Five-year
Review in both word and pdf format.  I am requesting via this email your signature on
page 10 of that document. Comments on the draft project plan were received in late
April and early May and we have incorporated those changes into the attached
document.

For ease of collating signatures please use any of the following methods to add your
signature to the document.    

1. Open the attached pdf document in Adobe Reader.  Click on the fill and sign tab and

mailto:mark_mccollough@fws.gov
mailto:tom_chapman@fws.gov
mailto:tom_chapman@fws.gov
mailto:mark_mccollough@fws.gov
mailto:jodi_bush@fws.gov
mailto:Tom_Chapman@fws.gov
mailto:Mark_McCollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov


make a selection for your signature of the document.  Save and send back to Jim
Zelenak.  

2.  Sign a hardopy of the signature page (10), scan and send back to Jim Zelenak.

3.  Add your signature in the word document by adding   /s/ Your Name. Save and send
back to Jim Zelenak. 

You should have also received notice of what will be our monthly internal FWS
coordination calls on the process from Jim Zelanak.  
We will be conducting these calls the first tuesday of every month at 10am Mtn time.  
Call in information is as follows: 866-857-8504, passcode: 7620543.

Shortly I will also be sending out another letter for our state partners.  As we know, the
States are particularly interested in being engaged in our Lynx recovery planning
process.  To that end, the letter updates where we are now and identifies a monthly
coordination call with our state partners to keep them appraised of our progress.  It
would be helpful if versions of this state letter were sent out from your offices.  Please
use the version I provide to you as a template.  

Thank you for your help and as always feel free to give me a call if you have questions
or concerns.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


-- 
_______________________________________________________________

Thomas R. Chapman
Supervisor - New England Field Office
U.S. Fish & Wildlife Service 
Northeast Region - Ecological Services
70 Commercial St., Suite 300
Concord, NH 03301

603.223.2541  ext. 6410
603.724.5104  cell
_______________________________________________________________

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: SIGNATURE NEEDED: Final Lynx Project Plan
Date: Monday, April 25, 2016 2:47:32 PM

Its hard to start writing this SSA from scratch.  Furthermore, its hard to know how much
information to include in a "light" version.  What do decision-maker's want or not want?  The
example SSAs are a bit helpful, but not the best examples for representing a species for which
we have lots of information.  My sense is that by taking more time to capture the more
detailed information in this SSA,  then we save time in the future by not having to
repeat/rewrite it again.  Or do the powers that be expect something simpler?

Mark 

On Mon, Apr 25, 2016 at 2:39 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I will soon send out a request to Core Team for a call tomorrow.  Think it would be good for us all to touch base.

Was on a call with Heather, Mary, Jonathan when you emailed earlier.

Thanks for taking the initiative on the writing.  I'm struggling to write some of my parts and to see this report
coming together.  But will keep plugging away. 

On Mon, Apr 25, 2016 at 11:48 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Sorry Jim.  I misread New England to mean R5.  I thought we had signed this...

Do we have a Core Team call this week?

I have been working on Chapter 5...stressors.  Hope that is OK.  I revised some of the
climate change section after getting more info from Alexej and the Maine Climate Change
Institute.  Starting on vegetation management/forestry today.  Plan to "borrow" a lot from
the LCAS.  

Let me know if this is OK or whether you would like me to focus on some of the other
things we discussed last week.

Mark

On Mon, Apr 25, 2016 at 1:43 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Mark - we already have MEFO and R5 ARD signature.

On Mon, Apr 25, 2016 at 11:40 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

I will have our acting PL, Steve Spangle, sign today.  I'll try to get a signed copy back
to you today.  Mark

On Mon, Apr 25, 2016 at 1:01 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Tom/Mark.  We need a NEW ENGLAND Project Leader signature on the attached
signature sheet for the Lynx Project Plan.  We never recieved one.  Your ARD has
signed.  JB  
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Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Jun 26, 2015 at 10:59 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Attached is the final Lynx Project Plan for the SSA, Recovery Planning and Five-
year Review in both word and pdf format.  I am requesting via this email your
signature on page 10 of that document. Comments on the draft project plan were
received in late April and early May and we have incorporated those changes into
the attached document.

For ease of collating signatures please use any of the following methods to add
your signature to the document.    

1. Open the attached pdf document in Adobe Reader.  Click on the fill and sign
tab and make a selection for your signature of the document.  Save and send back
to Jim Zelenak.  

2.  Sign a hardopy of the signature page (10), scan and send back to Jim
Zelenak.

3.  Add your signature in the word document by adding   /s/ Your Name. Save
and send back to Jim Zelenak. 

You should have also received notice of what will be our monthly internal FWS
coordination calls on the process from Jim Zelanak.  
We will be conducting these calls the first tuesday of every month at 10am Mtn
time.  
Call in information is as follows: 866-857-8504, passcode: 7620543.

Shortly I will also be sending out another letter for our state partners.  As we
know, the States are particularly interested in being engaged in our Lynx recovery
planning process.  To that end, the letter updates where we are now and identifies
a monthly coordination call with our state partners to keep them appraised of our
progress.  It would be helpful if versions of this state letter were sent out from
your offices.  Please use the version I provide to you as a template.  

Thank you for your help and as always feel free to give me a call if you have
questions or concerns.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office

mailto:jodi_bush@fws.gov


585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
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585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Subject: Fwd: Fine Scale Climate Modeling for Lynx
Date: Monday, April 25, 2016 3:34:27 PM
Attachments: USFWS Lynx Climate Study Scoping Ballpark Est.pdf

FYI.

Haven't looked at this closely yet, but may be something to think about for recovery planning.

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Wed, Apr 20, 2016 at 9:32 PM
Subject: Fwd: Fine Scale Climate Modeling for Lynx
To: Jim Zelenak <jim_zelenak@fws.gov>

Could you share with core team?  

Obviously this won't work for the SSA but if we move forward into recovery perhaps it will
help with that.  I have suggested to Steve that we will get back to him in early June about
whether the information would be helpful or not...  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Stephen Torbit <Stephen_Torbit@fws.gov>
Date: Tue, Apr 5, 2016 at 12:49 PM
Subject: Fine Scale Climate Modeling for Lynx
To: Jodi Bush <jodi_bush@fws.gov>
Cc: Matt Hogan <matt_hogan@fws.gov>, Michael Thabault <michael_thabault@fws.gov>

Jodi, perfect timing, I guess.   Here is the estimate from NOAA to work on the finer scale
climate modeling for the lynx work, focusing primarily on information for the recovery plan. 
The ballpark cost estimate seems reasonable.  Let me know when you would like to discuss.

 

Steve
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Stephen C. Torbit

Assistant Regional Director

Science Applications

U.S. Fish and Wildlife Service

134 Union Blvd.

Lakewood, Colorado 80228

303-236-4602 – Office

720-626-7504 – Cell

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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USFWS	Lynx	Climate	Study:				
18	March	2016		
Notes	for	Steve	Torbit	on	Possible	Scope	of	work	by	NOAA/Physical	Science	Division,	
Effort,	Timing,	Budget	est	
	
Duration	of	project:		through	the	recovery	plan	delivery	date	(Early	CY	2018)		(roughly	18	
months)	
	
Time	table:			Produce	a	study	report	by	Early	Spring	2017.				
Consultation	after	that	with	USFWS.		Possible	presentations/meetings	to	present	information	
until	Early	2018.			
	
Regions:		Priority	areas:		Maine,		Minnesota,	Cascade	Mountains.	Plus	take	advantage	of	
existing	San	Juan	Mountains	Scenarios	Planning	work	for	Central	Rockies.					
	
Time	Frame	for	projections:		Mid-century	is	priority,	less	attention	on	~2030,	2090.			(let’s	say	
2060,	to	be	agreed	upon	with	FWS?)				
	
	
Report:		Telescoping	analysis	in	spatial	scale	
	

I. Continental	Scale	Summary	(0.5	Mo)	
A. Common	climatic	processes	that	are	important	for	Boreal	forests	and	likely	

changes	in	these	processes	
B. Continental	-scale	summary	of	climate	change	in			forested	snow	climates/	

Boreal	forest.			Observed	trends.		Projected	trends.			
II. Document	relevant	regional	climatic	drivers	specific	drivers	(1	mo)	

A. From	meteorological/climatological	perspective	and		regional	snow	science	
studies.			

B. From	ecological	perspective	[e.g.	expansion	of	climatically	suitable	habitat	for	
mountain	lion.		[	in	consultation	with	ecologists/	biologists/	managers]		

C. Climatic	drivers	of	boreal	forest	change,	incl.		stressors	such	as	wildfire	
III. Develop	regionally	specific	scenarios	(1.0	mo	/	region	x	4	=	4.0)	

A.	Observed	climatology	and	trends	in	each	region.			
B.	Future	climate	scenarios	for	each	region.		Projected	trends	in	climatic	variable		

chosen	based	on	regional	drivers	and	spanning	plausible	futures.			
i.	Summarize	broad	range	of	futures	using	GCM	analysis	–	broad	brush	climate	
scenarios.		T	vs	P	change&		more	detailed	ecologically	.		Snow	cover/depth	
(where	topographic	relief	is	not	as	important:	Maine,	Minnesota).			Discuss	
sources	of	uncertainty	&	levels	of	confidence.		Graphs	and	tables	to	illustrate	
points.			
ii.	Develop	a	smaller	number	of	more	detailed	“planning”	climate	scenarios	(3-5)	
based	on	regionally	&	ecologically	relevant	climate	drivers,	downscaled	data,	and	
quantify	changes	in	impact-sensitive	climate	variables	under	different	climate	



scenarios	identified.		This	strategy	follows	on	to	the	work	Rangwala	has	done	in	
the	San	Juan	Mtns,	Ray	is	doing	with	NPS	(Fisichelli	and	Schuurmann)		

a. relevant	climate	scenarios,	provide	a	narrative	of	future	climate	
including	a	range	of	plausible,	scientifically	defensible	futures.		
Graphs	and	Charts,	as	well	as	access	to	more	detailed	data	such	as	
time	series	for	use	in	follow-on	ecological	modeling.		Provide	access	
to	regional	subsets	of	the	data	data	used	to	derive	these	scenarios.	

b. Use	statistical	downscaling	+	hydrological	model	–	based	on	existing	
datasets.	These	have	detailed	and	more	realistic	snowcover,	typically.	
(e.g.,	NASA	Nex-BCSD	(800m),	1/16	degree	BCSD/VIC	(6	km)		MACA	
(4km)	will	discuss	pros	and	cons	of	these	with	FWS).			

c. Investigate	(existing)	Dynamical	Downscaling	–	will	explore	availability	
and	quality	of			data	from	CORDEX/NA.		(Note	a	pending	DOD/SERDP	
project	at	PSD	and	NCAR,	if	funded	will	involve	us	in	setting	up	a	
database	and	evaluation	of	many	CMIP5	RCMs	available	at	25	km	or	
better	resolution).		Evaluate	representation	of	regional	processes	(e.g.	
lake	effect	snow).			

	

IV. Snow	Refugia	“Proof	of	concept”:	Identify	and	investigate	factors	that	may	not	be	
captured	in	the	regional	scale	analysis.			–		Can	“snow	refugia”	be	identified	within	
the	landscape?				(1.5	mo)		
A. Fine	scale	~250	m)	modeling	(DHSVM	w/	Livneh	and	Badger).				Analyze	data	

from	ongoing	projects	incl.	Uncompahgre	R	basin	in	San	Juan	Mountains.			Proof	
of	concept.		

B. Analysis	of	Satellite-derived	snow	products.			Analyze	historic	variability	in	snow.	
Perhaps	in	the	San	Juan	mountains	where	we	have	access	to	existing	products	
with	250	m	resolution.									

	
V. Other	Tasks		[1-2	months?]	

A. Consultation	with	FWS	after	the	report,	e.g.	from	early	spring	2017-recovery	
plan	final	

B. Recommendation	on	climatic	datasets	driving	for	detailed	lynx/boreal	forest	
studies.		

C. Facilitate	access	to	this	data	by	ecologists	if	needed.				(perhaps	staging	subsets	
of	data).				

D. Travel	to	consult	with	FWS	and	presentations	to	FWS,	as	needed	(3-4	short	trips,	
~$1500	or	less	each)	

VI. Other	budget:	~5K	for	data	storage	(i.e.	computer	hardware	to	handle	the	big	
datasets)		

	
Total	FTE:		8-9	person	months	among	Barsugli,	Rangwala,	Dewes,	plus	some	time	of	Ray	that	
would	be	in	in-kind	contributed	by	NOAA	
	
Rough	budget	estimate:	$150K,	could	be	split	over	FYs	



From: Willey, Seth
To: Bush, Jodi; Jim Zelenak
Cc: Justin Shoemaker
Subject: Re: SIGNATURE NEEDED: Final Lynx Project Plan
Date: Tuesday, April 26, 2016 10:01:35 AM
Attachments: 20160425142010.pdf

*******************************************************
Seth L. Willey, Branch Chief
Regional Branch of Classification and Recovery
Mountain-Prairie Region, USFWS
Seth_Willey@fws.gov 
303-236-4257 
*******************************************************

On Mon, Apr 25, 2016 at 12:01 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
here is the plan if you are missing it.  

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Apr 25, 2016 at 12:01 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
We have everyone else's signature but Mike's.  Can we get his so we can close this up?
 thanks.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Jun 26, 2015 at 10:59 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Attached is the final Lynx Project Plan for the SSA, Recovery Planning and Five-
year Review in both word and pdf format.  I am requesting via this email your
signature on page 10 of that document. Comments on the draft project plan were
received in late April and early May and we have incorporated those changes into
the attached document.

For ease of collating signatures please use any of the following methods to add
your signature to the document.    
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1. Open the attached pdf document in Adobe Reader.  Click on the fill and sign
tab and make a selection for your signature of the document.  Save and send back
to Jim Zelenak.  

2.  Sign a hardopy of the signature page (10), scan and send back to Jim
Zelenak.

3.  Add your signature in the word document by adding   /s/ Your Name. Save
and send back to Jim Zelenak. 

You should have also received notice of what will be our monthly internal FWS
coordination calls on the process from Jim Zelanak.  
We will be conducting these calls the first tuesday of every month at 10am Mtn
time.  
Call in information is as follows: 866-857-8504, passcode: 7620543.

Shortly I will also be sending out another letter for our state partners.  As we
know, the States are particularly interested in being engaged in our Lynx recovery
planning process.  To that end, the letter updates where we are now and identifies
a monthly coordination call with our state partners to keep them appraised of our
progress.  It would be helpful if versions of this state letter were sent out from
your offices.  Please use the version I provide to you as a template.  

Thank you for your help and as always feel free to give me a call if you have
questions or concerns.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709



mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: bob.broscheid@state.co.us; craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric; Moore,Virgil; Dustin

Miller (dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam Eaton;
Chandler.woodcock@maine.gov; Connolly, James; Vashon, Jennifer; moritzw@michigan.gov; DNR-
Wildlife@michigan.gov; bumpa@michigan.gov; kennedyd@michigan.gov; commissioner.dnr@state.mn.us;
Paul.Telander@state.mn.us; Baker, Richard (DNR); Erb, John D (DNR); jhagener@mt.gov; JTubbs@mt.gov;
McDonald, Ken; Inman, Bob; Jay Kolbe; seggeman@mt.gov; Baty, Ross; glenn.normandeau@wildlife.nh.gov;
Mark.Ellingwood@wildlife.nh.gov; Jill.Killborn@wildlife.nh.gov; William.Staats@wildlife.nh.gov;
Patrick.Tate@wildlife.nh.gov; alexandra.sandoval@state.nm.us; stewart.liley@state.nm.us;
rick.winslow@state.nm.us; Stuart, James N., DGF; patricia.riexinger@dec.ny.gov; Jensen, Paul G (DEC);
curt.melcher@state.or.us; Gregory Sheehan; Kimberly Hersey; louis.porter@state.vt.us; mark scott; Bernier,
Chris; director@dfw.wa.gov; cpl@dnr.wa.gov; Lewis, Jeffrey C (DFW); Maletzke, Benjamin T (DFW);
cathy.stepp@wisconsin.gov; kurt.thiede@wisconsin.gov; Sanjay.Olson@wisconsin.gov;
Tom.Hauge@wisconsin.gov; Erin.Crain@wisconsin.gov; Owen Boyle; Roberts, Nathan M - DNR;
Johnf.olson@wisconsin.gov; David.MacFarland@wisconsin.gov; John.White@wisconsin.gov;
scott.talbot@wyo.gov; Bob Lanka; Zack Walker; Nichole Bjornlie; derek.j.broman@state.or.us;
john.kanter@wildlife.nh.gov; rita.dixon@idfg.idaho.gov; jim.leach@state.mn.us

Cc: Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt Broderdorp; Mark
McCollough; Tamara Smith; Brady McGee; Jeffrey Dillon; Lisa Mandell; Lisa Solberg Schwab; Ann Timberman;
Anthony Tur; Brad Thompson; Chris Mensing; David Stilwell; Drue DeBerry; Eric Rickerson; Grant Canterbury;
Jeff Krupka; Karl Halupka; Kate Novak; Kim Garner; Larry Crist; Laura Ragan; Leslie Ellwood; Mark Maghini; Mark
Sattelberg; Martin Miller; Megan Kosterman; Michelle Eames; Paul Casey; Paul Henson; Peter Fasbender; Rollie
White; Sarah Hall; Scott Hicks; Steve Duke; Sue Livingston; Tom Chapman; Tyler Abbott; Wally Murphy; Dennis
Mackey; Patricia Zenone

Subject: Cancelled - Lynx SSA Monthly Coordination Call
Date: Tuesday, April 26, 2016 3:16:27 PM

Hi All:

We've decided to cancel this month's call as you've all recently received the report from the lynx expert elicitation
workshop and, other than continuing work on the remainder of the SSA report, there is little else to report at this
time.

If you have questions about the expert workshop report or are having trouble accessing it or its appendices - under
Species Status Assessment at the link below - please email or call me.

http://www.fws.gov/mountain-prairie/es/canadaLynx.php)

The next update/coordination call is scheduled for Wed., May 25.  I'll send out a reminder with call-in info for that
one a day or two ahead. 

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: bob.broscheid@state.co.us; craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric; Moore,Virgil; Dustin

Miller (dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam Eaton;
Chandler.woodcock@maine.gov; Connolly, James; Vashon, Jennifer; moritzw@michigan.gov; DNR-
Wildlife@michigan.gov; bumpa@michigan.gov; kennedyd@michigan.gov; commissioner.dnr@state.mn.us;
Paul.Telander@state.mn.us; Baker, Richard (DNR); Erb, John D (DNR); jhagener@mt.gov; JTubbs@mt.gov;
McDonald, Ken; Inman, Bob; Jay Kolbe; seggeman@mt.gov; Baty, Ross; glenn.normandeau@wildlife.nh.gov;
Mark.Ellingwood@wildlife.nh.gov; Jill.Killborn@wildlife.nh.gov; William.Staats@wildlife.nh.gov;
Patrick.Tate@wildlife.nh.gov; alexandra.sandoval@state.nm.us; stewart.liley@state.nm.us;
rick.winslow@state.nm.us; Stuart, James N., DGF; patricia.riexinger@dec.ny.gov; Jensen, Paul G (DEC);
curt.melcher@state.or.us; Gregory Sheehan; Kimberly Hersey; louis.porter@state.vt.us; mark scott; Bernier,
Chris; director@dfw.wa.gov; cpl@dnr.wa.gov; Lewis, Jeffrey C (DFW); Maletzke, Benjamin T (DFW);
cathy.stepp@wisconsin.gov; kurt.thiede@wisconsin.gov; Sanjay.Olson@wisconsin.gov;
Tom.Hauge@wisconsin.gov; Erin.Crain@wisconsin.gov; Owen Boyle; Roberts, Nathan M - DNR;
Johnf.olson@wisconsin.gov; David.MacFarland@wisconsin.gov; John.White@wisconsin.gov;
scott.talbot@wyo.gov; Bob Lanka; Zack Walker; Nichole Bjornlie; derek.j.broman@state.or.us;
john.kanter@wildlife.nh.gov; rita.dixon@idfg.idaho.gov; jim.leach@state.mn.us

Cc: Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt Broderdorp; Mark
McCollough; Tamara Smith; Brady McGee; Jeffrey Dillon; Lisa Mandell; Lisa Solberg Schwab; Ann Timberman;
Anthony Tur; Brad Thompson; Chris Mensing; David Stilwell; Drue DeBerry; Eric Rickerson; Grant Canterbury;
Jeff Krupka; Karl Halupka; Kate Novak; Kim Garner; Larry Crist; Laura Ragan; Leslie Ellwood; Mark Maghini; Mark
Sattelberg; Martin Miller; Megan Kosterman; Michelle Eames; Paul Casey; Paul Henson; Peter Fasbender; Rollie
White; Sarah Hall; Scott Hicks; Steve Duke; Sue Livingston; Tom Chapman; Tyler Abbott; Wally Murphy; Dennis
Mackey; Patricia Zenone

Subject: Cancelled - Lynx SSA Monthly Coordination Call
Date: Tuesday, April 26, 2016 3:16:27 PM

Hi All:

We've decided to cancel this month's call as you've all recently received the report from the lynx expert elicitation
workshop and, other than continuing work on the remainder of the SSA report, there is little else to report at this
time.

If you have questions about the expert workshop report or are having trouble accessing it or its appendices - under
Species Status Assessment at the link below - please email or call me.

http://www.fws.gov/mountain-prairie/es/canadaLynx.php)

The next update/coordination call is scheduled for Wed., May 25.  I'll send out a reminder with call-in info for that
one a day or two ahead. 

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: McCollough, Mark
Cc: FWHQ NCTC Library
Subject: Re: Help finding a climate change paper concerning boreal forest
Date: Wednesday, April 27, 2016 11:02:39 AM
Attachments: Soja et al 2007 CC-induced boreal forest changePredict v Observ.pdf

Hi Mark

I have that one - it's on the Google Drive under SSA > Literature > Climate Change-Forest Mgmt.

Also attached here if that is easier.

On Wed, Apr 27, 2016 at 8:41 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
John (or others):

Thanks for the WorldCat link, which we have been using to find papers for the Canada lynx
species status assessment.

This paper is eluding me and this journal does not seem to be carried by WorldCat.  Can you
please help us locate the published version.  A pdf of a typed version is at a NASA
website: http://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20080007122.pdf

Citation: 

Soja, A. J. et al. 2007.  Climate-induced boreal forest change: predictions versus current
observations.  Global and Planetary Change 56 (3-4):274-296.

The article is in ScienceDirect.  Does USFWS have access (if so, what is our login and
password?).

thanks,  Mark McCollough
-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601

mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:library@fws.gov
mailto:mark_mccollough@fws.gov
http://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20080007122.pdf
mailto:mark_mccollough@fws.gov
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Abstract

For about three decades, there have been many predictions of the potential ecological response in boreal regions to the currently
warmer conditions. In essence, a widespread, naturally occurring experiment has been conducted over time. In this paper, we describe
previously modeled predictions of ecological change in boreal Alaska, Canada and Russia, and then we investigate potential evidence
of current climate-induced change. For instance, ecological models have suggested that warming will induce the northern and upslope
migration of the treeline and an alteration in the current mosaic structure of boreal forests. We present evidence of the migration of
keystone ecosystems in the upland and lowland treeline of mountainous regions across southern Siberia. Ecological models have also
predicted a moisture-stress-related dieback in white spruce trees in Alaska, and current investigations show that as temperatures
increase, white spruce tree growth is declining. Additionally, it was suggested that increases in infestation and wildfire disturbance
would be catalysts that precipitate the alteration of the current mosaic forest composition. In Siberia, 7 of the last 9 yr have resulted in
extreme fire seasons, and extreme fire years have also been more frequent in both Alaska and Canada. In addition, Alaska has
experienced extreme and geographically expansive multi-year outbreaks of the spruce beetle, which had been previously limited by
the cold, moist environment. We suggest that there is substantial evidence throughout the circumboreal region to conclude that the
biosphere within the boreal terrestrial environment has already responded to the transient effects of climate change. Additionally,
temperature increases and warming-induced change are progressing faster than had been predicted in some regions, suggesting a
potential non-linear rapid response to changes in climate, as opposed to the predicted slow linear response to climate change.
© 2006 Elsevier B.V. All rights reserved.
Keywords: climate change evidence; fire; infestation disturbance; treeline progression; boreal; montane
⁎ Corresponding author. Tel.: +1 757 864 5603; fax: +1 757 864 7996.
E-mail address: a.j.soja@larc.nasa.gov (A.J. Soja).

0921-8181/$ - see front matter © 2006 Elsevier B.V. All rights reserved.
doi:10.1016/j.gloplacha.2006.07.028
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1. Introduction

The boreal forest covers in excess of 1.2 billion
hectares (B ha), spanning North America and Eurasia
(Baumgartner, 1979; Stocks and Lynham, 1996).
Roughly delineated by the 13 °C mean July isotherm
in the north and the 18 °C mean July isotherm in the
south, the boreal zone is typically situated between 45
and 70° north latitude (Larsen, 1980). Two-thirds of the
area of the boreal forest is located in Eurasia, and the
remaining third is located primarily in Canada and
Alaska (Hare and Ritchie, 1972). The boreal forest is
floristically simple and consists of hardy genera of larch
(Larix), pine (Pinus), spruce (Picea), and fir (Abies)
interspersed with deciduous hardwoods of birch (Be-
tula), aspen (Populus), willow (Salix) and alder (Alnus).
Despite this relative simplicity, boreal forest composi-
tion results from a complex interaction between climate,
solar radiation, topography, geology, nutrient availabil-
ity, soil moisture, soil temperature, permafrost, depth
of forest floor organic layer, ecology of species, forest
fires and infestations (Heinselman, 1978; Viereck and
Schandelmeier, 1980; West et al., 1981; Bonan, 1989a;
Bonan and Shugart, 1989). This unique cold weather
interaction creates the conditions necessary for boreal
regions to store the largest reservoir of global terrestrial
carbon (30–35%), primarily held in the organic soils of
the forest floor (Apps et al., 1993; McGuire et al., 1995;
Zoltai and Martikainen, 1996; Alexeyev and Birdsey,
1998).

It is generally accepted that mean global tempera-
tures are increasing and that the largest temperature
increases from climate change are currently found in the
Northern Hemisphere upper latitudes, where the boreal
forest resides (Fig. 1) (Hansen et al., 1996; Balling et al.,
1998; Serreze et al., 2000; IPCC, 2001). Additionally,
the Intergovernmental Panel on Climate Change (IPCC)
recently released the Second and Third Assessment
Reports, which state “the balance of evidence suggests a
discernable human influence on global climate” (IPCC,
2001). Moreover, paleoclimate analysis of the Northern
Hemisphere indicates that 20th century warming is
likely to have been the largest of any century within the
last 1000 yr (Folland et al., 2001). Additionally, the
1990s are likely to have been the warmest decade and
1998 the warmest year in the millennium, which is not
consistent with long-term astronomical forcings (Mann
et al., 1999).

Future climate scenarios predict that the largest
temperature increases from climate change will be in the
Northern Hemisphere upper latitudes (Budyko et al.,
1991; IPCC, 2001). Specifically, Atmosphere–Ocean
Please cite this article as: Amber J. Soja et al., Climate-induced boreal
Planetary Change (2006), doi:10.1016/j.gloplacha.2006.07.028
General Circulation Models (AOGCM) are in agree-
ment that winter warming across the circumboreal
region will be in excess of 40% above the global mean
in 2100, which equates to 1.3 to 6.3 °C (IPCC, 2001;
ACIA, 2004). Summer warming in Northern Eurasia is
predicted to exceed 40% of the global mean, and sum-
mer warming in the boreal regions of Europe and
Canada is predicted to be greater than the global mean.
In Alaska, there is disagreement concerning the mag-
nitude of predicted summer warming. Increases in pre-
cipitation are expected in Northern Eurasia, Alaska, and
Canada, particularly during the winter season, which is
consistent with current trends as shown in Fig. 1.
However, several authors have suggested that increases
in precipitation throughout much of the boreal region
will likely be offset with increases in evapotranspiration
(Stocks et al., 2000; Groisman et al., in press).

For several decades, theories and models have been
used to assess and predict the potential ecological effects
of climate change in boreal regions. Bonan et al. (1992,
1995) suggested that climate-induced warming would
result in boreal forest expansion, which would decrease
snow-covered land and cause further albedo-induced
warming. Alternatively, several authors have suggested
that grasslands and temperate forests would expand
northward and boreal forest expansion would be limited
by poor soils, permafrost, and the time required to
migrate, resulting in decreases in boreal forest (Rizzo
and Wilken, 1992; Smith and Shugart, 1993b). Predic-
tive models have often been criticized because equilib-
rium results can only be compared to a reality that is
100 yr in the future. However, the transient effects of
climate change have also been a topic of discourse, and
corollary research has resulted in numerous peer-
reviewed publications. For example, Smith and Shugart
(1993a,b) found that even though the equilibrium
analysis suggests a net increase in potential terrestrial
carbon stored, the transient response results in increases
of atmospheric CO2 of up to a third of the present level,
which would enhance warming.

After decades of theory-based projections and nu-
merical model-based predictions, we have come to a
time where it is prudent to compare our predictions of
the transient effects of climate change with the climate-
induced changes that are currently evident in our en-
virons. Because boreal and arctic ecosystems lie at lat-
itudes where intense climate-induced change is expected
to first occur, it is essential to examine these regions for
initial indications of climate-induced change. As it turns
out, many of the transient predictions of boreal ecosys-
tem change are already occurring, and this benchmark
validation of the original suppositions and model results
forest change: Predictions versus current observations, Global and
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Fig. 1. Trends in climate over recent time. (A) Monthly trends in temperature over time. (B) Trend in annual precipitation over time. Reprinted with
permission from the IPCC (2001).
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provides credence for the fundamental theory and future
predictions. Additionally, much of the climate-induced
change is occurring faster than originally thought, sug-
gesting potential non-linear rapid change, as opposed to
a slow linear progression of change.

The boreal ecozone is a keystone region where both
its sensitivity to change and its size make it likely to
Please cite this article as: Amber J. Soja et al., Climate-induced boreal
Planetary Change (2006), doi:10.1016/j.gloplacha.2006.07.028
affect the global climate system (Fig. 2). Boreal zones
have the potential to influence climate: (1) by modifying
the global carbon budget by altering the sequestration
and release of carbon (releasing stored pools of carbon);
(2) by altering the radiation budget through emissions
from fire and albedo change (land use change, burned
landscapes and species composition change); and (3) by
forest change: Predictions versus current observations, Global and
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Fig. 2. Boreal biosphere interaction with climate.
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modifying the moisture balance. (Walter, 1979; Van
Cleve and Viereck, 1983; Kurz et al., 1995; Harden et al.,
2000; Kasischke and Stocks, 2000; Dale et al., 2001;
French, 2002; Soja et al., 2004a; Balzter et al., 2005).

2. Objectives

The purpose of this paper is not to serve as a
review, but rather to assess the current state of boreal
ecosystems as they relate to previous predictions of
climate-induced ecological change. Predicted initial
ecological indicators of climate change are: (1) an
overall increase in fire regimes (frequency, severity,
area burned, extent and longer fire seasons); (2) an
increase in infestation (frequency, duration and
extent); (3) an altered treeline; and (4) stand- and
landscape-scale alteration of the mosaic composition
of forests (age, structure and species composition)
(Greenbank, 1963; Mattson and Haack, 1987; Clark,
1988; Bonan, 1989b; Overpeck et al., 1990; Flanni-
gan and Van Wagner, 1991; Bonan et al., 1995;
Stocks et al., 1998; Fleming et al., 2002). The geo-
Fig. 3. Outbreak dynamics of the Siberian moth (Dendrolimus
superans sibiricus) in Krasnojarsk, Siberia, reported in millions of
hectares (M ha) of area damaged. Modified from Baranchikov et al.
(2002).

Please cite this article as: Amber J. Soja et al., Climate-induced boreal
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graphic focus of this work is on North America and
Russia, and the major areas of concentration are
wildfire, vegetation change, and infestation in Alaska.

The subjects we have chosen to circumvent may be
equally or more significant, however the focus of this
paper is on the regions and topics where models have
predicted change and where this change has been
documented. For instance, the effects of climate change
on permafrost in boreal regions (and other regions) are
substantial and well-documented (Jorgenson et al.,
2001; Anisimov and Belolutskaya, 2002; Payette
et al., 2004; Camill, 2005), however these discussions
are beyond the scope of this paper. Secondly, even
though insect disturbance is extensive across Siberia and
Canada, the authors are not aware of investigations that
demonstrate these outbreaks are beyond the range of
“normal” cycles (Fig. 3). However, investigations have
suggested that insect outbreaks will increase under
future warmer conditions (Neuvonen et al., 1999;
Volney and Fleming, 2001; Candau and Fleming,
2005), and anecdotally Logan et al. (2003) noted pine
beetle outbreaks were occurring further north in British
Columbia than had been previously recorded. Addition-
ally, Fleming (2000) highlighted the uncertainties in
estimating changes in patterns of infestation (i.e.
population-wide genetic change) and showed that
wildfire is likely to increase 3–9 yr after spruce
budworm outbreaks (Fleming et al., 2002).

3. Discussion of climate-induced predictions and
current landscape dynamics

3.1. Wildfire as a catalyst for change in North America
and Russia

Wildfire is an integral component of boreal land-
scapes and is widely recognized throughout the
circumboreal zone as a dominant driver of ecological
processes (Chudnikov, 1931; Tumel, 1939; Lutz, 1956;
forest change: Predictions versus current observations, Global and
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Rowe and Scotter, 1973; Van Cleve and Viereck, 1981;
MacLean et al., 1983; Kasischke and Stocks, 2000;
Chapin et al., 2006a). By resolving the beginning and
end of successional processes, wildfire maintains age
structure, species composition, and the floristic diversity
of boreal forest (Zackrisson, 1977; Van Wagner, 1978;
Heinselman, 1981; Antonovski et al., 1992). In a recent
paper, Weber and Flannigan (1997) highlighted the
significance of fire in boreal regions when they wrote
“An altered fire regime may be more important than the
direct effects of climate change in forcing or facilitating
species distribution changes, migration, substitution, and
extinction.”

Even though wildfire acts as a disturbing agent that
maintains the current stability and mosaic structure of
boreal ecosystems in a landscape-scale steady-state
system (Loucks, 1970; Furyaev and Kireev, 1979;
Viereck and Schandelmeier, 1980; Shugart et al.,
1991), climate, both means and extremes, holds the
ultimate key to altering boreal ecosystems. Climate
manifests itself in terms of temperature and precipita-
tion, which are primary factors in determining succes-
sion and the distribution of forest ecosystems along
gradients in boreal regions (Shugart et al., 2000). Cli-
mate also has the potential to affect boreal fire regimes
by altering species composition, fire ignitions from
lightning and the weather conditions conducive to fire.
Wildfire is a catalyst that serves two basic purposes in
boreal forests: (1) a mechanism to maintain stability and
diversity with the climate and; (2) a mechanism by
which forests move more rapidly toward equilibrium
with climate.

General agreement exists that under current climate
change scenarios, fire frequency and area burned in
boreal regions are expected to increase, although there
may be significant spatial and temporal variability in the
response of fire activity to climate change (Flannigan
et al., 1998). Specifically, boreal climate change is ex-
pected to result in increased ignitions from lightning,
increased fire season length and increased fire weath-
er severity (Street, 1989; Flannigan and Van Wagner,
1991; Wotton and Flannigan, 1993; Price and Rind,
1994). Ignitions from lightning are expected to increase
by 20 to 40% between 50 and 60° north latitude due
to the increased convective activity associated with a
warmer atmosphere. Additionally, recent results for
human-caused ignitions suggest increases of 18 and
50% for 2050 and 2100, respectively, for Ontario
(Wotton et al., 2003).

Several investigators have used General Circulation
Models (GCM) to calculate Fire Weather Indices (FWI)
(Nesterov, 1949; Harrington et al., 1983; Van Wagner,
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1987; Flannigan and Harrington, 1988; Haines, 1988),
which relate the potential for fire events to meteorolog-
ical variables, in order to estimate potential fire weather
under 2×CO2 climate change scenarios. Wotton and
Flannigan (1993) estimated the length of the fire season
would be an average of 30 days (22%) longer across
Canada and up to 51 days longer in British Columbia.
Using three GCMs, Flannigan and Van Wagner (1991)
predicted a 46% increase in average seasonal severity,
with a possible 40% increase in area burned. More
recently, Flannigan et al. (2001) used Regional and
GCM to determine FWI under 2×CO2 and 6000 yr BP
(a warm period) scenarios. Results suggested that the
FWI are expected to increase across most of Canada and
decrease in much of eastern Canada, which correlates
well with the historic temporal and spatial patterns of
charcoal anomalies. Flannigan et al. (2005) estimated
area burned in Canada may increase by 74–118% by
the end of this century in 3×CO2 scenarios from the
Canadian and Hadley GCMs. These estimates do not
explicitly take into account any changes in vegeta-
tion, ignitions, fire season length or human activity (fire
management and land use activities) that may influ-
ence area burned. Lastly, Bergeron (2004) found that
estimates of future fire activity were less than the his-
torical fire activity (pre-industrial) for many sites across
the boreal forest, which adds support for projected
estimates by demonstrating that the projected fire ac-
tivity is within the limits of historical means.

Specifically, based on Canadian Climate Center cli-
mate change scenarios, fire weather severity is expected
to increase both temporally and spatially in Alaska,
Canada and Russia. Stocks and Lynham (1996) esti-
mated that Canada and Russia will experience high to
extreme fire danger conditions across large portions of
these countries during the summer months. Fosberg et al.
(1996) predicted an increase in high fire severity months
and an increase in the geographic expanse of high fire
severity in both Canada and Russia. Stocks et al. (2000)
found a significant increase in extreme fire danger and an
earlier start to the fire season in both Alaska and Canada
under a 2×CO2 scenario. Using four GCMs, Stocks et al.
(1998) found strong geographic similarities in estimates
of fire danger across Canada and Russia. Results in-
dicated an earlier start to the fire season, an earlier start in
high to extreme fire severity, a later end in the fire season,
and a dramatic increase in the area under high to extreme
fire danger. Notably, the area under extreme fire danger
in Siberia during the summer months was projected to be
three times the area affected in Canada.

Consequently, if the predictions are correct, under
the currently warmer conditions in Alaska, Canada and
forest change: Predictions versus current observations, Global and
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Russia, we should expect to find increases in area
burned, fire frequency, fire season length and/or fire
severity. Fire severity is used here to define the severity
of a fire in terms of the ecosystem. A low-severity fire
might partially consume litter and understory (∼20%),
and in contrast, a high-severity fire might scorch forest
crowns (resulting in tree death), consume 100% of the
litter and understory, and burn into the soil organic
layer. Boreal fire regimes are significant because they
control the mosaic structure of the forests, which in turn
controls the amount of carbon stored or released
(Harden et al., 2000) and regional-scale albedo (relative
reflectivity of the landscape), both of which directly
feedback to the climate system (Chapin et al., 2000).
For instance, Bonan et al. (1992, 1995) used model
simulations to demonstrate that if the boreal forest was
replaced by non-forest vegetation there would be
significant cooling (albedo increase) and significant
warming would result from boreal forest expansion
(albedo decrease). If fire increases the proportion of
early successional deciduous forest on the landscape,
the resulting increase in albedo in both summer and
winter and the reduction in Bowen ratio (i.e.,
proportional decline in sensible heat flux) should have
a net cooling effect on regional climate (Chapin et al.,
2000).

3.2. Current wildfire situation in Siberia

Even though the genera are equivalent and the
species appear similar across the boreal zone, northern
Eurasian species differentiated during the Quaternary
glacial period and continued throughout interglacial
periods (Tikhomirov, 1963). This resulted in the de-
velopment of unique species assemblages and distinct
cold resistant species in Siberia. This is important to fire
regimes because specific species assemblages (cohorts)
and forest structure characteristically coincide with spe-
cific fire regimes. A case in point is surface fires that
burn every 20–50 yr typically dominate larch [Larix
(sp.)] and Pinus sylvestris forests, whereas crown fires
that burn every 80–300 yr characteristically dominate
in dark-coniferous forests. Dark-coniferous forests
are productive, floristically rich, shade-tolerant, mois-
ture demanding species assemblages [Pinus sibirica
(Siberian cedar), Abies sibirica (Siberian fir) and Picea
obovata (Siberian spruce)] that grow with a thick un-
derstory composed of a variety tree species, ferns and
tall herbs, which, when they become dry, provide the
ladder fuels necessary to sustain extreme crown fires.
Because the average species composition in Russia is
31% Larix (sp.) and 19% P. Sylvestris (both light-
Please cite this article as: Amber J. Soja et al., Climate-induced boreal
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demanding, light-needled forest), the fire regime in
Russia has been historically dominated by surface fires
(Alexeyev and Birdsey, 1998).

During normal fire years, about 22% of the area
burned annually in Russia is by high-severity crown
fires, and in extreme fire years, the area burned annually
represents about 50% of the total area burned (Belov,
1976; Korovin, 1996). However, Soja et al. (2004a)
found that high-severity crown fires dominated 4 of
the 5 yr from 1998 through 2002 [1998 (51%); 1999
(24%); 2000 (49%); 2001 (47%); 2002 (59%)]. Extend-
ing that relationship, based on the relative percentage of
large fire events, 2003, 2005 and 2006 were extreme
fire years and 2004 was a normal fire year. Conse-
quently, 7 of the last 9 yr or 78% of the years between
1998 and 2006 have been extreme fire years in Siberia.
Although the increase in fire season severity is
consistent with currently warmer conditions and with
climate predictions, the high frequency of “extreme fire
years” brings into question what is currently defined as
a “normal” fire year.

Since 1995, the Sukachev Institute of Forestry in
Krasnojarsk, Siberia has estimated area burned using
satellite-derived data products (Soja et al., 2004b;
Sukhinin et al., 2004). In Fig. 4, these estimates are
compared with other published estimates, and Fig. 5
shows the distribution of fires across Siberia. Based on
the Russian Federal Forest Service (RFFS) data, area
burned in the warm decade of the 1990s is 29% greater
than the area burned during the 1980s and 19% greater
than the reported 47-yr mean reported by Korovin
(1996). The average difference between the satellite and
RFFS data is 55%, however caution is warranted when
directly comparing the RFFS data to satellite-based data
for several reasons. First, because Russian Siberia is
remote and vast, about 40% of the Russian Forest Fund
area was not protected, meaning that fire was and is not
monitored, controlled or documented by the RFFS
(Sofronov et al., 1998; Shvidenko and Nilsson, 2000).
However, a substantial portion of this territory is located
in the far north (tundra and sparse forests), where fires
are less likely to burn. Secondly, historic fire recordsmay
have been under-reported before 1988 for economic and
political reason (Shvidenko and Nilsson, 2000). Addi-
tionally, it is suspected that the satellite data over-
estimates some large fire events, and this analysis is
currently being conducted at the University ofMaryland.
Even with these considerations, since 1998, both the
satellite and RFFS data show an increase in area burned,
which coincides with the current warmer and ex-
tended fire seasons, as well as the fire regime change
predictions.
forest change: Predictions versus current observations, Global and
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Fig. 4. Area burned in Russia. Data for this graph was taken from several sources: Forest Service — ground data from the Russian Federal Forest
Service (Shvidenko and Goldammer, 2001; Goldammer, 2003; Goldammer et al., 2003); Sukachev — satellite-based data (Soja et al., 2004b;
Sukhinin et al., 2004). These data are for Russian Siberia only, which extends from east of the Urals to the Far East coast. Fire in European Russia is
estimated to be an average of 10% of the total area burned annually. The years 1996 and 1997 were originally processed with a different algorithm and
then reprocessed to include larger fires with available AVHRR Local Area Coverage data; 1987 — satellite-based data (Cahoon et al., 1994). Area
burned estimates were calculated from only a portion of Siberia in the Amurskia and Chita regions; 1992— satellite-based data (Cahoon et al., 1996);
and 1998 — satellite-based data (Conard et al., 2002). For consistency, the linear regression is for the Russian Federal Forest Service data only.

Fig. 5. Satellite-derived fires in Siberia from 1995 through 2005.
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3.3. Current wildfire situation in North America

In boreal North America, fire has been the dominant
disturbance regime since the last Ice Age. Fire activity
is strongly influenced by four factors — weather/
climate, fuels, ignition agents and humans (Johnson,
1992; Swetnam, 1993; Kasischke and Stocks, 2000;
Flannigan and Wotton, 2001). Observations of area
burned for Canada are available from 1920 to present
with corrections applied to account for regions with
missing data (Fig. 6) (Van Wagner, 1988). On average,
there has been 1.59 million hectares (M ha) burned
annually since 1920, although there is great year-to-
year variability with 3 yr exceeding 6 M ha, all of
which burned since 1989. Approximately, 3% of the
fires are over 200 ha in size, but these are responsible
for 97% of the area burned (Stocks, 1991). These large
fires are typically stand-renewing crown fires (Fig. 7).
Lightning-ignited fires account for 80% of the area
burned in Canada and 90% of the area burned in
Alaska. In Alaska, human ignitions account for about
85% of the fires but only 10% of the area burned,
because people light fire close to bases for fire
suppression and at times in places where fire spread
is less likely to occur (Kasischke et al., 2006; DeWilde
and Chapin, in press).

There has been an increasing trend in area burned
over recent decades (Podur et al., 2002; Gillett et al.,
2004; Kasischke et al., 2006) despite no trend in fire
weather severity (Amiro et al., 2004; Girardin et al.,
2004). The increasing trend of fire activity is occurring
despite increased areas under fire suppression and more
efficient fire suppression techniques. Gillett et al. (2004)
Fig. 6. Area burned annually in Canada reported in millions of hectares (M h
decades.

Fig. 7. Large fires in Alaska and Canada from 1980 through 1999.
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suggested that fire activity in Canada was already
increasing as a result of greenhouse warming. As shown
in Fig. 6, the Canadian fire inventory spans 84 yr, and 5
of the 8 largest fire years transpired in the last 17 yr
(1989–2005).

Alaska is similar to Russia and Canada in that there
is a positive trend in area burned annually (Figs. 4, 6,
and 8), although the statistical relationships are not
strong. The average area burned annually in Alaska is
0.4 M ha, and the variability spans from 1389 ha to
2.72 M ha. Over the 56 yr of record, seven of the eleven
largest fire years have burned since 1988, which is also
consistent with the increased number of large fire years
in Canada and Russia. In Alaska, the largest fire year on
record, in terms of area burned, is 2004 (6.8 times the
56-yr mean) and the 3rd largest is 2005 (4.7 times the
mean). In other words, the frequency of extreme fire
years has increased across the circumboreal region, and
this is noteworthy. Additionally, if the area burned fire
data for Alaska and Canada are combined, the positive
linear relationship doubles. Combining these provides a
realistic view of North American severe fire seasons,
because they are largely under the control of continen-
tal-scale blocking ridges and large-scale weather
patterns (Stocks and Street, 1982; Balzter et al., 2005).

Additionally, fire plays a major role in the carbon
dynamics of the circumboreal region. In Canada, for the
1959–99 period, forest fires released an average of 27 Tg
C per year, but in some years this exceeded 100 Tg C
(Amiro et al., 2001), and in Siberia, an average of 203 Tg
Cwas released from forest fires in the years from 1998 to
2002 (Soja et al., 2004a). The positive feedbacks of
carbon losses from global fire have the potential to be a
a). Note the increase in the number of extreme fire years over the last
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Fig. 8. Area burned annually across North America reported in millions of hectares. Area burned is shown separately for Canada and Alaska and the
cumulative area burned for North America is also shown. Note the recent increase in extreme fire years in Alaska, Canada and North America.
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major factor in our changing climate, whereby increased
carbon emissions results in a warmer and drier climate,
which will create conditions conducive to more fire. This
in turn will increase carbon emissions from fires, which
would continue to feed the warming. Although this
scenario is possible, we believe that the boreal forests
will have some limit to fire occurrence, since younger
forests tend to be less susceptible to fire and have a
cooling effect on climate at local to regional scales
(Johnson, 1992; Baldocchi et al., 2000; Chapin et al.,
2000).

Fire also has substantial social impacts in the short
term through its risk to life and property and in the
longer term through its effects on subsistence resources.
Subsistence is a critical component of rural economies
throughout the boreal zone (Chapin et al., 2004).
Although the immediate effect of fire is to reduce
availability of subsistence resources, over the longer
term the early successional vegetation generated by fire
is critical to the maintenance of important subsistence
resources such as berries, moose, and furbearers. These
resources are both an important component of the diet
and critical to maintaining cultural ties to the land
(Chapin et al., 2003).

4. Increased insect disturbance in Alaska

Although not fully appreciated before the 1990s, it is
apparent that forest health in Alaska is being strongly
affected by climate change. The connection between
warm weather and insect outbreaks has been recognized
(Berg et al., 2006), but the extreme impact of several
years in a row of warm, dry summers on the Kenai
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Peninsula of Alaska on populations of forest insects was
not expected. The multi-year outbreak of spruce beetle
(Dendroctonus rufipennis (Kirby)), previously limited
by cold, wet climate conditions, resulted in about 2.3 M
ac (1M ha) of tree mortality from 1992 to 2000 (National
Assessment Synthesis Team, 2001) or 90% of the
region's spruce. The statewide spruce beetle infestation
area mapped in 2004 increased from 2003 by more than
40% to 129063 ac (52232 ha), but was below the peak
outbreak level in 1996 (U.S. Department of Agriculture,
2005). The increase in the spruce beetle infestation area
in 2004 was attributed to the record warm temperatures
across Alaska in the summer of 2004, allowing outbreaks
in interior and southwestern Alaska where residual
stands of spruce were available despite activity dur-
ing the peak outbreak years (U.S. Department of
Agriculture, 2005). On the Kenai Peninsula, spruce
beetle populations are now returning to endemic levels
because suitable host trees, mature spruce (Picea spp.),
have been decimated across the region.

Although this and other incidences in recent years of
broad-scale insect infestations have been documented
across the state of Alaska (U.S. Department of
Agriculture, 2005; Werner et al., 2005), a connection
between climate and insect outbreaks has just recently
been established through correlations between insect
outbreaks, tree ring evidence and recorded air temper-
ature (Berg et al., 2006). The outbreak appeared to be
triggered in part when temperatures became warm
enough for beetles to complete their life cycle in one
rather than 2 yr, suddenly shifting the balance between
insects and tree defense in favor of the insect. However,
very little has been reported in the literature, and no
forest change: Predictions versus current observations, Global and
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manipulative studies linking the events witnessed in the
Kenai Peninsula to warmer climates have been docu-
mented. Despite this lack of complete documentation,
experts agree that climate warming in Alaska has
resulted in increased forest mortality from insects
(National Assessment Synthesis Team, 2001). Research-
ers in non-boreal regions have also reported the effects of
climate change on insect activity (Williams and Lieb-
hold, 1995). Additionally, the National Assessment
Synthesis Team (2001) stated that the projected warming
trend is likely to increase the risk of insect disturbances
in the future.

Multi-year outbreaks of spruce beetles, and indeed
many forest insects, are not unusual (Berg et al., 2006).
Many scientists believe these seemingly catastroph-
ic events may be important over the long term in main-
taining some forest ecosystems (Logan et al., 2003).
However, few outbreaks have had the impact of the
spruce beetle event on the Kenai, in both longevity and
area. It is apparent that the increased mortality from this
and similar outbreaks in the Alaskan Interior has begun
to modify Alaskan forest ecosystems at broad spatial
scales. In their 2004 forest health report, the USDA
Forest Service states: “Many areas of the state have been
rendered unsuitable for further, large-scale [spruce]
beetle activity due to changes in stand structure and
composition [from earlier beetle mortality]” (U.S.
Department of Agriculture, 2005). The extensive change
in infestation extent and severity documented in recent
years has serious implications for vegetation composi-
tion and successional trajectory changes (Chapin et al.,
2006b).

5. Predicted vegetation shifts in montane southern
Siberia

By the end of the 20th century, scientifically sound
evidence for global warming based on both direct
weather observations and indirect physical and biolog-
ical indicators had accumulated (IPCC, 2001). Moun-
tainous regions are of special interest in climate-change
studies because they are extremely vulnerable lands
where ongoing climate change could quickly disturb the
delicate balance between the natural ecological compo-
nents within these systems (biotic and abiotic). Guisan
et al. (1995) stressed that monitoring treeline shifts was
an excellent tool for detecting the earliest signs of
climate change impacts, and mountainous regions are
located where initial disturbance is expected to be
observed. Due to the combination of micro-climates,
unique soils and complex topography, numerous diverse
habitats have evolved. Habitats that differ in terms of
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water and energy resources may be located at short
distances (hundreds of meters), in contrast to the plains,
where contrasting habitats are located at distances of
hundreds of kilometers. The complex environmental
patterns that occur at short distances across mountainous
landscapes create the opportunity for species to
successfully escape unfavorable habitats and approach
suitable habitats (refuges) by simple migration. The
speed of natural migration corresponds to the distances
between these habitats. Therefore, many refuges are
found across mountains, similar in nature to the Tertiary
flora refuges that are currently found across the Altai–
Sayan Mountains (Polozhiy and Krapivkina, 1985).
Additionally, in comparison to the plains, mountains are
known to have higher biodiversity and a greater number
of endemic species (Guisan et al., 1995). The point here
is that because these regions are expected to be a
primary region of warming and diversity exists within
small distances, these are regions where the initial signs
of change will be found.

The IPCC (2001) suggested that temperature in-
creases, under current climate change scenarios, would
result in an upward shift of vegetation zones in moun-
tainous regions. Plant species are expected to be re-
distributed and some are expected to become extinct.
Vlasenko (2000) postulated that the climate in the Altai–
Sayan Mountains would be similar to that of the mid-
Holocene, where vegetation elevation belts shifted 200–
400 m upwards. Tchebakova and her colleagues used
models to investigate potential climate change impacts
on several montane biomes in southern Siberia, which
include the Altai (Parfenova and Tchebakova, 2000); the
Sayans (Tchebakova et al., 2001); and Transbaikalia
(Parfenova and Tchebakova, 2000) (Fig. 9). These
mountains are located within the 50–56° N latitude
band and are at the limit of the southern boreal zone.
Conservative climate change scenarios, taken from six
GCMs, were used to model vegetation cover in 2100
(summer temperature increase 2 °C, annual precipitation
increase 20%) (IPCC, 1996). Under this climate change
scenario, significant vegetation shifts were predicted in
every montane region. The mountain tundra and
highland sparse forest were predicted to remain as only
remnants, replaced by montane taiga. In addition, the
models estimated that the upper treeline would shift
upland in elevation by about 400 m, and it was predicted
that the transitional lowland forest-steppe biome would
double. The model estimated that the lower treeline
was expected to shift upwards by about 250 m. The
lowland dark-needled taiga dominated by A. sibirica and
P. sibirica [in Russian geobotanic literature “chern”
(black) taiga, a specific type of dark-coniferous forest]
forest change: Predictions versus current observations, Global and
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was predicted to expand across the Altai–Sayan
mountains in a warmer climate (Parfenova and Tcheba-
kova, 2000). The unique “chern” taiga is a successor of
broadleaf forests, which were distributed throughout
much of Siberia during the mid-Holocene warm period,
and this relic vegetation cohort has remained since the
Tertiary period. Chern taiga is a productive and
floristically rich forest type with numerous ferns, and it
thrives in the warm and moist habitat of the Altai–Sayan
foothills. Overall, model results indicated both upslope
shifts and structural changes in vegetation composition,
as the climate changed.

5.1. Evidence of vegetation change in montane south-
ern Siberia

Warming in southern Siberia during the 20th century
is evident and has manifested itself in the current shift
in montane vegetation. In fact, the last decade (1990–
99) was the warmest in the 20th century, as shown
in Table 1. In some regions of the Sayan Mountains,
Fig. 9. Vegetation distribution in Siberia: (A) current and (B) future (2100)
tundra (1), forest–tundra (2), northern dark taiga (3) and light taiga (4), middle
(8), forest–steppe (9), steppe (10), semidesert (11), broadleaved (12), tempe

Please cite this article as: Amber J. Soja et al., Climate-induced boreal
Planetary Change (2006), doi:10.1016/j.gloplacha.2006.07.028
winter temperatures have already exceeded those pre-
dicted by a Hadley Centre scenario for 2090, as shown
in Fig. 10. This example suggests that some of the
warming, hence change, may be more rapid than pre-
dicted. The 21st century is predicted to be 2–10 °C
warmer than the 20th century, while associated warming
rates, as suggested from paleo-climatic reconstructions,
are expected to be the largest in 10000 yr (IPCC, 2001).

By the end of 20th century, climate change in mon-
tane southern Siberia was evident in both the summer
and winter (Table 1 and Figs. 1 and 10). Average sum-
mer temperatures [July or average June, July and August
(J–J–A)] increased between 0–0.5 °C from 1960–1999,
with a significant increase of 1–2 °C in the last decade.
Average winter temperatures [January or an average for
December, January and February (D–J–F)] increased
tremendously from 1–4.5 °C for 40 yr, with an increase
greater than 2–3 °C in the last decade. January and July
temperatures explain 96% of the variance in the growing
season duration (Fig. 11 and Table 1). This is important
because increases in winter and summer temperatures of
based on a Hadley scenario (HadCM3GGal) (IPCC, 1996). Water (0),
dark taiga (5) and light taiga (6), southern dark taiga (7) and light taiga
rate forest–steppe (13) and temperate steppe (14).
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Table 1
Climate change data taken from ground stations across montane southern Siberia. The purpose of these data are to demonstrate change over recent
decades, as compared to earlier in the 20th century [TW — temperature of January or winter (D–J–F) months; TS — temperature of July or summer
(J–J–A) months; Pa — annual precipitation; ⁎ — a 2-yr break in the record; ⁎⁎ — indicates 5-yr break in the record; L5 — days with continuous
temperature above 5 °C calculated from the formula found for 145 stations located throughout Siberia; L=25.3+1.14(TW)+7.85(TS), R

2=0.96, std
err 5.6 days.

Station, (Lat, Lon, Alt) TW ΔTW TS ΔTS ΔL5 Pa ΔPa

The Urals (Shiyatov et al., 2001): Taganai (55°22′ N, 59°55′ E, 1102 m)
Before 1960 −14.3 12.3 +2.5 690
1961–1988 −14.1 +0.2 12.6 +0.3 955 +265

Zlatoust (55°10′ N, 59°40′ E, 457 m)
Before 1960 −15.5 16.4 570
1961–1990 −14.5 +1.0 16.5 +0.1 +2 710 +140
1991–1999 −12.5 +2.0 16.4 −0.1 +1.5 645 −65

The Altai (Narozhnyi et al., 2002; Yaskov et al., 2001): Kara–Tyurek (49°35 N, 86°20′ E, 2600 m)
Before 1960 −15.1 5.2 752
1961–1998 −13.2 +1.9 5.7 +0.5 +6 882 +130

Kosh–Agach (50° N, 88 °40′ E, 1760 m)
Before 1958 −32.1 12.0 110
1958–2000 −27.6 +4.5 12.3 +0.3 +7.5 120 +10

Mongun–Taiga (western Tyva), transient between the Altai and Sayan Mts: Mugur–Aksy (50°20′ N, 90°25′ E, 1860 m)
1975–1990 −20.4 13.2 165
1991–1999 −19.7 +0.7 14.3 +1.1 +9.5 170⁎ +5

The Sayans: East Sayan, Krasnoyarsk (56°04′ N, 92°45′ E, 276 m)
Before 1960 −17.1 18.7 485
1961–1990 −16.0 +1.1 18.4 −0.3 −1 485 0
1991–1999 −14.0 +2.0 19.7 +1.3 +12.5 496 +11

West Sayan, Yermaki (53°20′ N, 93°25′ E, 300 m)
Before 1960 −19.3 18.4 585
1961–1990 −18.1 +1.2 18.4 0 +1.5 550 −35
1991–1999 −15.9 +2.2 20.0 +1.6 +15 592 +42

Oleniya Rechka (52°48′ N, 93°14′ E, 1400 m)
Before 1960 −19.5 12.3 1515
1961–1990 −18.0 +1.5 12.1 −0.2 0 1242 −273
1991–1999 −17.3⁎ +0.7 13.6⁎ +1.5 +12.5 1156⁎⁎ –

Transbaikalia (Ananin et al., 2001), Davsha (52°20′ N, 109°32′ E, 489 m)
Before 1960 −23.2 10.9 436
1961–1990 −23.1 0.1 12.2 +1.3 +10 402 −34
1991–1999 −21.1 +2.0 14.3 +2.1 +18.5 442 +40

Mongolia (Nandinsteteg, 2003), Lake Hovsgol (about 50° N, 100° E, 1300–1650 m)
1970–2002 – +3.2 – +2.4 +22.5 – –
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only 1 °C will extend the growing season by 9 days.
This is particularly significant in interior, dry continental
lands, where the temperatures are expected to increase
the growing season by 2 to 3 weeks. In regions that are
moderated by the Atlantic Ocean influence (i.e.Urals),
the growing season is expected to increase by only 2
to 3 days. Vegetation, insects and fire regimes are all
strongly influenced by warmer temperatures and the
growing season length.

Precipitation patterns are more complicated. In some
regions, precipitation has remained the same (Transbai-
kalia). Precipitation on windward slopes in both the
Urals and the Altai has increased up to 130–260 mm for
40 yr due to the stronger Atlantic influence. On the other
hand, a drastic decrease in precipitation of 230 mm over
Please cite this article as: Amber J. Soja et al., Climate-induced boreal
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40 yr has been noted on leeward slopes of the Sayans in
the interior of Siberia (Table 1).

Upper treeline shifts have been registered (descrip-
tion from west to east) in the southern Urals (Shiyatov
et al., 2001), in the Altai (Ovchinnikov and Vaganov,
1999; Timoshok et al., 2003), in the Sayans (Vlasenko,
2000; Istomov, 2005) and in the Kuznetsky Alatau
(Moiseev, 2002). Photos taken of the southern Urals in
the 1950s, 1970s, and at the end of the 20th century
were compared to measure potential vegetation shifts.
In the middle of the last century, 10–20% of the top of
the Far Taganai mount was covered with spruce groves
of 1–2 m high; in the 1970s, 30–50% was covered by
sparse spruce forests (2–4 m high); and currently,
spruce trees 5–7 m in height cover 50–80% of the
forest change: Predictions versus current observations, Global and
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Fig. 10. Climate change over the Sayan Mountains: observations from 1980–2000 (left) and predicted (right) by a Hadley Centre scenario
(HadCM3GGa1) for 2090. Winter temperatures have already exceeded 2090 model estimates, while summer temperatures have not. Patterns of
precipitation are currently difficult to predict, particularly at the GCM scale.
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mount. The treeline of stocked forests moved 20–40 m
upwards and decreased the adjacent tundra by a factor
of two. Also in the mid-20th century, the overall tundra
Please cite this article as: Amber J. Soja et al., Climate-induced boreal
Planetary Change (2006), doi:10.1016/j.gloplacha.2006.07.028
distribution was 4–5 times greater than today. At this
rate of forest advance, the mountain tundra in the Far
Taganai mount will rapidly disappear.
forest change: Predictions versus current observations, Global and
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Fig. 11. Meanmonthly temperatures recorded from the Davsha, Siberia
station and projected mean monthly temperatures from a 2 °C warmer
scenario. Monthly temperatures cross the 5 °C threshold twice, once in
the spring and once in the fall. The warm days between these dates are
used to determine long-termGrowing Season length (GS). Even though
GS is a function of temperature in all months, the GS can be approx-
imated using January minimum and July maximum temperatures
(positive degree days, L, defined in Table 1) or using the slope of the
line, which results in an extension of the GS by 17.44 and 16.45 days,
respectively, in this example.
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In the Altai Mountains, which are famous for their
glaciers, the area occupied by glaciers decreased notably
from 1958–1998; the aerial extent decreased 7%, while
the ice volume of the glaciers decreased 10%. During
the 20th century, the rate of glacial retreat varied from
12–17.5 m/yr and up to 25–27 m/yr (Mikhailov and
Ostanin, 2001; Narozhnyi et al., 2002). Moraines, left
by glaciers, are currently being colonized by highland
vegetation. During the Little Ice Age, the Big and Small
Aktru glaciers advanced down-slope and disturbed the
forest zone several times during the 16th and 17th
centuries, and from 1952–1998, these glaciers retreated
250 to 450 m. Young larch (Larix sibirica) and Siberian
pine (P. sibirica) forests that survived in relic forest
refuges are currently moving upslope and are colonizing
the moraines (Timoshok et al., 2003). Additionally,
numerous tree rings were measured from the upper tree
line across the vast montane Altai–Sayan territory, and
Ovchinnikov and Vaganov (1999) suggested that the
extensive tree ring growth was directly related to the
warmer 20th century climate.

In the Western Sayan Mountains, Vlasenko (2000)
completed a forest inventory in the Sayan–Shush
Reserve and found that 6% of the open forests bordering
the treeline were young P. sibirica, aged between 40–
80 yr. She concluded that recent climate warming
caused this forest invasion into the tundra. This
relatively abrupt upslope shift in the P. sibirica treeline
was confirmed by satellite images, which showed a
treeline shift of 120 m over the last 63 yr, with the largest
rate of movement beginning in the early 1970s (Istomov,
Please cite this article as: Amber J. Soja et al., Climate-induced boreal
Planetary Change (2006), doi:10.1016/j.gloplacha.2006.07.028
2005). One mechanism for the successful P. sibirica
regeneration may be that the percentage of full seeds in
P. sibirica cones in the open highland forests was
recently found to have significantly increased (Ovchi-
nikova, personal communication).

On the lower treeline, lowland “chern” forests
(floristically rich with ferns and tall herbs) were
predicted to shift upslope and to partially replace
montane dark taiga in a warmer climate (Parfenova
and Tchebakova, 2000). In contrast to this prediction,
Ovchinnikova and Ermolenko (2004) concluded that the
significantly decreased P. sibirica seed production in the
“chern” forests in the West Sayan from 1990–1999 was
related to climate change. One possible hypothesis is a
warmer climate increases moth populations [Dioryctria
abietella (Schft.)], which damage P. sibirica seeds
(Ermolenko, personal communication). In the Bargizin
Reserve of Transbaikalia, reduction of P. sibirica seed
production was also noted in the 1990s and related to
climate warming (Ananin et al., 2001). Along with poor
seed production, warmer spring and summer tempera-
tures resulted in other phenological changes. For
instance, the longer frost-free period resulted in an
earlier birch and larch bud burst. Also, because
precipitation remained the same under elevated spring
and summer temperatures (increased evapotranspira-
tion), the fire danger situation increased, with an
associated increase in forest fire occurrence. Increased
incidence of anthropogenic fire has contributed to a
southerly movement of the treeline in Russia (Vlassova,
2002). These examples highlight the complexity of
interactions between the biotic and abiotic terrestrial
environment and climate.

Additionally, in the lowlands of the eastern Sayan
Mountains, within the Krasnojarsk region, climate
warming has resulted in biological shifts in the seed
production capability of both L. sibirica and P.
sylvestris. Specifically, warm falls, characterized by an
absence of early frosts and a longer growing period,
have damaged microsporocytes (mother cells). An
earlier fall meiosis has caused the species to remain in
prophase-I over the winter, damaging embryonic
development, leading to poor pollen quality and low
pollen quantity. The result is poor cone and seed yield in
L. sibirica and P. sylvestris (Noskova et al., 2004),
ultimately affecting forest composition and structure.

The hardiest tree species in the world are found in the
forests of East Siberia, where the climate is extremely
cold and extremely dry (can reach −70 °C, Verhoyansk
155 mm mean annual precipitation) (Lydolph, 1985). L.
gmelinii and L. cajanderi are the only tree species
capable of growing on the shallow permafrost and cold
forest change: Predictions versus current observations, Global and
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soils of this extreme environment. Because the envi-
ronment is dry, slow melting permafrost provides the
moisture necessary to support forest growth in the
summer in this geographically expansive region (N2 M
km2) (Walter, 1979). In these dry conditions, under
current climate change scenarios, steppe or semidesert
regions were predicted to succeed the current larch
forests (Shumilova, 1962). Additionally, permafrost
currently limits the distribution of dark-needled species
(P. sibirica, A. sibirica and Picea obovata) and light-
needled L. sibirica to about 62° N latitude, 95° E
longitude (Pozdnyakov, 1993). A few small P. sibirica
and Abies groves (40–50 yr) were recently found in
the Putorana Plateau (Ivanov, personal communica-
tion), a distance of 500 km from their typical northern
treeline. Pozdnykov recognized these refuges in the
early sixties.

Retreating permafrost has permitted the continued
northward migration of dark-needled species. Currently,
permafrost degradation in the mountains around Lake
Hovsgol, Mongolia, has been extreme (Sharkhuu,
2003). We hypothesize that in the near future, P.
sibirica undergrowth will appear in larch forests cur-
rently found around the lake. In addition, Moiseev
(2002) recently postulated the stand age structure and
intensive larch regeneration at the Kuznetsky Alatau
treeline over the last 30 yr was directly related to
climate warming.

The upper and lower treelines of the mountainous
regions across southern Siberia have been altered in
response to the currently warmer conditions, as
predicted. The modification of this landscape manifests
itself by: (1) species direct progression northward or
upslope of previous climatological limits; (2) the
modification of species ability to reproduce; (3) altered
soil properties (permafrost) and ecological conditions;
and/or (4) increased fire disturbance regimes, which
modifies the environment and alters species composi-
tion. These large-scale modifications of the landscape
feedback to the regional energy and water balances, thus
continuing to influence regional- to global-scale weather
and climate.

6. Predicted vegetation change in Alaska

Evidence has been mounting that shows plant growth
at Northern latitudes has increased (Myneni et al., 1997;
Sturm et al., 2001; Tape, 2004). Studies have also shown
that interior Alaska has experienced warmer growing
season temperatures since 1950 (Barber et al., 2000;
Keyser et al., 2000; Juday et al., 2003; Hinzman et al.,
2005). Using historic Advanced Very High Resolution
Please cite this article as: Amber J. Soja et al., Climate-induced boreal
Planetary Change (2006), doi:10.1016/j.gloplacha.2006.07.028
Radiometer (AVHRR) satellite imagery from 1981 to
1991, Myneni et al. (1997) found vegetation indices had
increased over the decade of record north of 45° N
latitude, which suggested plant growth had increased.
Sturm et al. (2001) showed similar evidence from
historic photographs of areas in Alaska. However, since
1990, the satellite-based Normalized Difference Vege-
tation Index (NDVI) in boreal Alaska has declined,
suggesting drought-induced declines in growth, whereas
NDVI in the cooler wetter tundra has continued to
increase (Angert et al., 2005; Goetz et al., 2005).
Furthermore, recent Alaskan studies demonstrated that a
complex relationship exists between climate and tree
growth (Barber et al., 2000; Lloyd and Fastie, 2002;
Barber et al., 2004; Wilmking et al., 2004), and in
particular, population-wide white spruce [Picea glauca
(Moench (Voss))] response to warmer temperatures at
the treeline is not straightforward and is not uncondi-
tionally increasing (Wilmking et al., 2004).

In the late-1960s, in several forestry schools across
the United States, a forest modeling approach developed
based on simulating a forest by computing the birth (or
planting), growth and death (thinning or harvest) of
plantation forests. This emphasis on tracking individual
trees was soon taken up by forest ecologists interested in
the simulation of forest structural and compositional
changes in forest succession and in response to
environmental gradients (Shugart, 1998). One of the
features of these early individual-based forest simulators
(Huston et al., 1988) was geometrically elaborate
computation of the effect of each tree on the others
through shading or the use of nutrient and/or water
resources. One simplification of the rather laborious
calculations was to assume the competitive interactions
were primarily occurring on a plot of land that was
roughly the size of a very large canopy tree. This is the
space scale of a gap in a forest canopy associated with
a large tree's death. Hence, this class of models was
termed “gap models” (Shugart and West, 1980). More
powerful modern computers have lifted the computa-
tional limitations that mandated the gap model's
competition-simplification. Nowadays, “gap model”
refers to individual-based models of natural multi-
species forests with natural regeneration.

Gap models provide a quantitative tool for evaluating
the effects of climate change on forests (and other)
ecosystems. The entry of these models into climate
change evaluation was initially in reconstructing the
expected forests under past climatic conditions (Solo-
mon et al., 1980; Solomon and Webb, 1985). These
paleoecological applications lead naturally to an interest
in applying the models to predict the expected forests
forest change: Predictions versus current observations, Global and
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under future, novel climate conditions — such as those
expected from “greenhouse warming” associated with
elevated concentrations of CO2 and other radiatively
active gasses in the atmosphere.

In the early 1990s, Bonan (1989b) and Smith and
Shugart (1993a,b) used a boreal forest gap model to
assess climate change effects to the forest in the vicinity
of Fairbanks, Alaska. They investigated the responses to
several climate change predictions from general circu-
lation models for several hundred years on 100
simulated plots and for conditions associated with
north-facing and south-facing slopes. The cold forests
of black spruce growing on north-facing slopes were
largely unaffected by climatic warming, but the warmer,
white spruce forests of the south-facing slopes were
strongly affected by the predicted changes in climate
(Fig. 12). Conditions on the south-facing slopes were
outside the ecological conditions under which the
common tree species near Fairbanks are known to be
able to persist. For white spruce, the limiting condition
appeared to be moisture stress brought on by the
elevation in evapotranspiration associated with warmer
temperatures. There were several important implications
to this model based study. First, the response to a
climatic warming for the region was heterogeneous
particularly with respect to landscape conditions. Effects
were negative on south-facing slopes and positive (or
neutral) on tree performance on north-facing slopes.
Presumably, this latter result should also hold in Black
Spruce-dominated cold and poorly drained sites.
Second, the increased productivity one might expect
from a warming in this location in the middle- to upper-
range of the boreal forest zone was moderated by
moisture stress. Third, none of these effects are in the
repertoire of larger spatial scale homogeneous models
used for many of the international assessments of the
feedbacks among climate change, vegetation perfor-
mance and the global carbon budget.

When landscape processes of fire, succession, and
migration are incorporated into boreal simulations, the
changes predicted by gap models for specific sites are
magnified in extent. Warming will likely increase the
proportion of early successional forests on the landscape
and could increase the areal extent of grasslands to
create an aspen parkland (Starfield and Chapin, 1996;
Rupp et al., 2000).

6.1. Decreased white spruce growth in Alaska

Over a decade after model-based studies, several
detailed investigations have demonstrated that the
relationship between vegetation and climate is indeed
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complex, as suggested by the models, and that increased
treeline productivity due to warmer temperatures at
Northern latitudes may not be as straightforward as had
been thought. For instance, Lloyd and Fastie (2002)
investigated the response of trees growing at the cold
margins of the boreal forest to climate variation in the
20th century. By comparing tree growth (measured tree
ring-widths) to historic climate data they found regional
variability in response to climate variation. After 1950,
warmer temperatures were associated with decreased
tree growth in all but the wettest regions. The study also
showed substantial variability in response to climate
variation according to distance to treeline. Specifically,
tree growth at sites below the forest margin was
inhibited more often than at sites at the forest margin.
Consequently, the Lloyd and Fastie investigation
showed that growth declines were most common in
the warmer and drier sites, and thus supports the
hypothesis that drought-stress may accompany in-
creased warming in the boreal forest.

In another investigation, Wilmking et al. (2004)
collected tree ring samples from 1558 white spruce at
treeline sites in Alaska. Tree core samples were
compared with mean monthly temperature and total
monthly precipitation records from the early 1900s to
the present. Results showed no correlation to climate for
25% of the samples. For 40% of the white spruce
sampled, a statistically significant relationship showed
warmer July temperatures resulted in decreased growth,
whereas warm spring conditions enhanced growth of
36% of trees. Opposing growth responses were present
in all sites, but with varying proportion of impact on net
growth. Wilmking and colleagues highlight tree growth
as having temperature thresholds where, in the case of
warm July temperatures, little change in radial growth
was apparent at temperatures b∼16 °C, whereas a
strong significant negative relationship between July
temperature and growth was found for temperatures
N∼16 °C. Similarly, the spring temperature effects were
apparent above certain threshold temperatures, but only
after 1950.

Additionally, Barber et al. (2000) documented a
negative growth response in Alaskan white spruce to
drought. In tree ring studies near Fairbanks, Barber et al.
(2000, 2004) used a combination of analysis of late wood
rings and the δ13C isotope ratios to investigate the effects
of historical runs of warmer-than-usual decades on white
spruce. Barber and her colleagues found evidence of the
same moisture-stress-mediated effect predicted by the
earlier gap model study.

Notably each of these investigations came to the same
conclusion (seemingly independently) of the model-
forest change: Predictions versus current observations, Global and
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Fig. 12. Application of a gap model to predict the dynamic response of forests associated with the current climate and two different climate change
scenarios for forests growing in the vicinity of Fairbanks, Alaska. A. The monthly temperature and precipitation for Fairbanks and equivalent
information from the GISS (Hansen et al., 1988) and GFDL (Manabe and Wetherald, 1987) climate simulation models. Note the elevated winter
temperatures in both models. B. Control case is the average of 100 gap models simulations for forest change over 150 yr on north-facing slopes. The
transition from the current climate to the new climate occurred incrementally over the first 50 yr in the GISS and GFDL cases. The only tree species
that occurs in these conditions is Black Spruce (Picea marina). The effect of the transition to a warmer CO2-effect climate is to slightly increase or
have no effect on the simulated Black Spruce forest. C. Average of 100 gap model simulations of forest change over 150 yr on south-facing slopes.
The three species that normally occur in these settings (control case) are eliminated from these sites with climate warming. [Modified from Bonan
(1988)].
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based study over a decade before. Results from the Lloyd
and Fastie and Wilmking et al. investigations suggested
that inverse responses to temperature were widespread,
affecting even the coldest parts of the boreal forest. The
authors of these two studies point out that the observed
responses to temperature may be induced by indirect
effects, such as increased shrubbiness, warming of the
permafrost, or changes in the nutrient regime. Positively
responding trees from springtime climate changes may
be a result of the documented lengthening of the growing
Please cite this article as: Amber J. Soja et al., Climate-induced boreal
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season in the north (Myneni et al., 1997). Differences
detected between study sites in central Alaska versus
sites in northern Alaska, may reflect the onset of snow-
melt at the sites (Wilmking et al., 2004). The studies
reveal that some of the model-based predictions of in-
creased carbon uptake due to a warming northern climate
may be imprecise, as impacts of warming on permafrost
conditions can modify soil water availability and can
result in increases in drought stress during summer
months.
forest change: Predictions versus current observations, Global and
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Having identified a need to account for the landscape-
scale environmental responses of different boreal zone
tree species, work is now underway to produce a regional
scale version of the same type of gap model used in the
Fairbanks study. An initial East Eurasian prototype has
been developed (Yan and Shugart, 2005) and climate-
change-related inspections are being developed.

7. Conclusions

Scientific evidence of the transformation of land-
scapes due to changes in climate is mounting through-
out the circumboreal zone in Alaska, Canada and
Russia. In this investigation, we reviewed previous
predictions of climate-induced landscape-scale change
in an effort to determine whether the currently warmer
conditions have resulted in the predicted effects. We
found that the predicted keystone indicators of initial
change demonstrate that alterations in ecosystems are
currently underway. Given the increases in temperature
in boreal regions over the last decades, these modifica-
tions of the landscape are in agreement with modeled
predictions. In some instances the warming and/or the
effect of warming is more rapid than predicted,
suggesting potential non-linear rapid change, as op-
posed to a slow linear progression of change.

Specific ecological indicators of “predicted” climate-
related change found in this investigation include: (1)
the progression in elevation of the lower and upper
treelines in the southern mountains across Russia; (2) a
decline in the growth and health of white spruce trees in
Alaska; (3) an increase in landscape- and regional-scale
infestation in Alaska; (4) an indication of increased area
burned by fire in Alaska, Canada and Russia; and (5) an
increase in the number of large (or severe) fire seasons
in Alaska, Canada and Siberia.

Not only is the boreal region significant as an area
where the initial signs of climate-induced change are
expected, but this region is also notable because it has the
size and ecosystem contrasts necessary to influence
climate through feedbacks to the climate system. Current
species composition may be altered directly through
changes in climate or indirectly through wildfire and
infestation disturbance (Weber and Flannigan, 1997;
Dale et al., 2001). Alteration of these ecosystems will
affect short-and long-term carbon storage within the
ecosystems, which is significant considering that the
boreal region stores the largest pool of terrestrial carbon
on Earth. Additionally, changes in the mosaic pattern of
the landscape alter landscape- and regional-scale albedo,
which is a direct feedback to the solar radiation balance
and climate.
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Having identified a host of direct and indirect al-
terations of ecosystems across the circumboreal region,
which have the potential to feedback to the climate
system, we look forward to the inclusion of an interactive
biosphere in global models that anticipate future climate
change.
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Help finding a climate change paper concerning boreal forest
Date: Wednesday, April 27, 2016 11:04:19 AM

thanks Jim!

On Wed, Apr 27, 2016 at 11:02 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Mark

I have that one - it's on the Google Drive under SSA > Literature > Climate Change-Forest Mgmt.

Also attached here if that is easier.

On Wed, Apr 27, 2016 at 8:41 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

John (or others):

Thanks for the WorldCat link, which we have been using to find papers for the Canada
lynx species status assessment.

This paper is eluding me and this journal does not seem to be carried by WorldCat.  Can
you please help us locate the published version.  A pdf of a typed version is at a NASA
website: http://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20080007122.pdf

Citation: 

Soja, A. J. et al. 2007.  Climate-induced boreal forest change: predictions versus current
observations.  Global and Planetary Change 56 (3-4):274-296.

The article is in ScienceDirect.  Does USFWS have access (if so, what is our login and
password?).

thanks,  Mark McCollough
-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
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585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Bush, Jodi
To: Steve Spangle; Karen Cathey; Peter Fasbender; Ann Timberman
Cc: Paul Phifer; Paul Henson; Dennis Mackey; Michael Thabault; Drue DeBerry; Mark McCollough; Lynn Lewis;

Tamara Smith; Bryon Holt; Kurt Broderdorp; Jim Zelenak
Subject: Lynx SSA Team and Time Committments
Date: Thursday, April 28, 2016 1:02:57 PM

Fellow Managers.  Just wanted to take a minute and convey my thanks to you for making sure
your staff are focused on the Lynx SSA tasks as outlined and committed to in the Lynx Project
Plan document that we all signed last year.  As you know, this is a National priority and we
are in crunch time mode to get a final draft SSA completed in the next several weeks.  Your
staff are responsible for writing up segments of that document related to your specific area
including current status and management, future conditions and potential threats/influences
that may affect lynx viability in the DPS.  I realize that they have other things on their plates
and as such I appreciate that you are allowing them to focus their time on this pressing
priority.   Thank you again.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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From: Zelenak, Jim
To: Seth Willey; Jodi Bush; Mary Parkin; Heather Bell; Kurt Broderdorp; Ann Timberman; Leslie Ellwood; Drue

DeBerry; Lisa Solberg Schwab; Mark Sattelberg; Tyler Abbott; Larry Crist; Kate Novak; Sarah Hall; Paul Henson;
Bryon Holt; Megan Kosterman; Kim Garner; Eric Rickerson; Jeff Krupka; Brad Thompson; Michelle Eames; Karl
Halupka; Sue Livingston; Rollie White; Dennis Mackey; Jeffrey Dillon; Grant Canterbury; Gary Miller; Wally
Murphy; Patricia Zenone; Brady McGee; Scott Hicks; Chris Mensing; Peter Fasbender; Lisa Mandell; Tamara
Smith; Laura Ragan; Mark McCollough; Paul Casey; Martin Miller; Anthony Tur; Tom Chapman; Mark Maghini;
David Stilwell; Karen Cathey; Steve Spangle

Subject: Cancelled - FWS Lynx SSA Coordination Call
Date: Monday, May 02, 2016 10:37:42 AM

Hi All:

As we did with the State coordination call last week, we are canceling the monthly internal coordination call
scheduled for tomorrow, May 3, 10-11 Mountain Time.  There's little news to share other than that the lynx SSA
team continues to work on drafting the SSA report.

You all should have seen the expert elicitation workshop report - if not, you can get it and all appendices here under
the SSA link:

 http://www.fws.gov/mountain-prairie/es/canadaLynx.php

We will plan on holding the call as scheduled next month, first Tuesday (June 7) at the usual time. We will send a
reminder then and call-in info.

If you have questions or need any info, call or email me.

Thanks,

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Seth Willey; Jodi Bush; Mary Parkin; Heather Bell; Kurt Broderdorp; Ann Timberman; Leslie Ellwood; Drue

DeBerry; Lisa Solberg Schwab; Mark Sattelberg; Tyler Abbott; Larry Crist; Kate Novak; Sarah Hall; Paul Henson;
Bryon Holt; Megan Kosterman; Kim Garner; Eric Rickerson; Jeff Krupka; Brad Thompson; Michelle Eames; Karl
Halupka; Sue Livingston; Rollie White; Dennis Mackey; Jeffrey Dillon; Grant Canterbury; Gary Miller; Wally
Murphy; Patricia Zenone; Brady McGee; Scott Hicks; Chris Mensing; Peter Fasbender; Lisa Mandell; Tamara
Smith; Laura Ragan; Mark McCollough; Paul Casey; Martin Miller; Anthony Tur; Tom Chapman; Mark Maghini;
David Stilwell; Karen Cathey; Steve Spangle

Subject: Cancelled - FWS Lynx SSA Coordination Call
Date: Monday, May 02, 2016 10:37:42 AM

Hi All:

As we did with the State coordination call last week, we are canceling the monthly internal coordination call
scheduled for tomorrow, May 3, 10-11 Mountain Time.  There's little news to share other than that the lynx SSA
team continues to work on drafting the SSA report.

You all should have seen the expert elicitation workshop report - if not, you can get it and all appendices here under
the SSA link:

 http://www.fws.gov/mountain-prairie/es/canadaLynx.php

We will plan on holding the call as scheduled next month, first Tuesday (June 7) at the usual time. We will send a
reminder then and call-in info.

If you have questions or need any info, call or email me.

Thanks,

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Bush, Jodi
Subject: Re: RD briefing powerpoint
Date: Monday, May 02, 2016 12:40:28 PM
Attachments: 2016 04 11 R6RD Update Lynx SSA.ppt

Here you go.

Still writing the SSA.  Have a call with Core Team Tomorrow to get updates on their status and remind of due
dates...

On Mon, May 2, 2016 at 12:36 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Jim can you send me the ppt we did for Noreen.  For whatever reason I dont have it. 
Thanks.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov


Update on Canada Lynx  
Species Status Assessment 

 
 

April 11, 2016 



 What are we doing and why?  
 Completing an SSA to inform recovery planning  

Court-ordered deadline to finalize a lynx recovery 
plan by January 2018 

Unless we determine one is not needed (i.e., the 
DPS is recovered) 

 

  Prior to moving forward with recovery planning 
 SSA provides analysis necessary to re-evaluate the 

status of the DPS  
 Documented through a five year review 

Objectives 



Lynx Basics 

 Boreal forest species dependent on snowshoe hares 
and favorable snow conditions 

 

 At southern periphery of ranges in contiguous US 
 

 Habitat becomes patchy; hare densities and snow 
conditions become suboptimal/marginal for 
supporting lynx populations 

 

 Historical cyclic “irruptions” of lynx from Canada 
into northern U.S. when hares in Canada declined 
(currently?) 



 Contiguous U.S. lynx DPS listed as T in 2000 
 Factor D - inadequacy, at that time, of existing 

regulatory mechanisms on federal lands 

 Critical habitat designated 2006, revised 2009 
and 2014 (currently under litigation) 

 2005 Recovery Outline focused on interim 
conservation measures in 6 “Core” areas 
 Historic/current resident population(s); 

reproduction; 0.5 hares/ha; >= 1,250 km2 habitat 
 S. Rockies (western CO and south central WY) - 

“provisional” core area 
 

 

Background 



 6 geographic areas known or thought to support 
resident lynx populations in the DPS:   
 1. Northern Maine (& northernmost NH and VT) 
 2. Northeastern Minnesota  
 3. Northwestern Montana/northeastern Idaho  
 4. North-central Washington 
 5. GYA of southwest Montana/northwest Wyoming 
 6. Western Colorado – introduced population 

Current DPS Distribution 



Figure 1.  Six geographic units within the range of  the contiguous U.S. distinct 
population segment of  Canada lynx (Lynx canadensis) that currently support or 
recently supported (GYA) resident lynx populations.  



Key Points 

 December 2014 - announced initiation of five-year 
status review 

 March 2015 – determined need to complete SSA 
 Information in the SSA will be used by FWS 

decision makers to inform: 
 Recovery planning direction 
 Classification decisions 
 Other determinations required by the ESA  



Potential Findings 

DPS remains T 

DPS warrants 
Delisting 

Final Recovery Plan 
due 1/15/2018 

Future Uplisting/ 
Delisting Rule 

Formal Memo 
Exempting DPS 
from Recovery 

Planning 

 

DPS warrants E 



 Through the SSA process we are: 
 Assessing the current status of, threats to, and future 

viability of the lynx DPS  
 Compiling and summarizing the best available 

scientific and commercial data, including empirical 
data, published literature, and expert input 

 Prioritizing information and modeling to best 
evaluate potential future conditions, threats and 
viability 

Key Points 



Key Points 

 We continue to engage State, Tribal and other 
Federal, and Canadian partners and other 
stakeholders  

 We continue to work and coordinate with other 
regions across DPS range  

 Monthly State and internal FWS coordination 
calls/webinars 

 We briefed ARDs from other regions 



Expert Elicitation Workshop 

 October 2015 – Lynx SSA Team (FWS & USGS) 
convened a workshop with lynx experts to address 
current and likely future status of lynx populations 
in the DPS   
 Expert panel included state and federal biologists and 

academic researchers across the range of the DPS and 
southern Canada  

 The resultant workshop report is one component of 
the SSA   



 SSA Team developed expert selection criteria and 
coordinated with State and other partners to develop 
list of candidate lynx and other subject matter (e.g., 
CC, genetics) experts across the DPS range 

 

 Criteria ensured that only scientists with expertise 
highly relevant to workshop topics were selected 

 

 Selections were transparent, unbiased, and captured 
the diversity of expertise and professional judgments 
related to lynx status and viability  

Expert Elicitation Workshop 



 Using the criteria, 19 candidates were identified 
and contacted to determine availability 

 Lynx Expert Panel – 10 members representing 
expertise across DPS and southern Canada 

 Information from other experts on lynx 
management, genetics, snowshoe hares, boreal 
forest ecology, and climate modeling  

 Information elicited from expert panel addressed 
viability of the DPS based on the 3Rs: 
Representation, Redundancy, Resiliency and 
considering climate science related to lynx  

Expert Elicitation Workshop 



 Responses:  Representation 
 Few threats to the genetic fitness or adaptive 

capacity of lynx in the DPS 
High gene flow; no major barriers to dispersal 
 

 Adaptability and evolutionary capacity of the 
DPS does not appear to have been diminished 
and is unlikely to become so, independent of 
threats that may impact the redundancy and 
persistence of lynx populations 
 

Expert Elicitation Workshop 



 Responses:  Redundancy 
 DPS as a whole is not vulnerable to extirpation 

from a single catastrophic event 
No catastrophic event that could result in the 

functional extirpation of the entire DPS 
 

 No or a very low likelihood of functional 
extirpation of any of the individual geographic 
units due to a single catastrophic event 
 

Expert Elicitation Workshop 



 Responses:  Resiliency 
 All 5 occupied units have >70% expectation of 

supporting resident lynx populations by year 2050 
 

 Declining likelihood and greater uncertainty by 2100 
 

 Responses suggest overarching threat to long-term 
persistence of DPS is climate change 
 Loss of snow conditions favorable for lynx 
 Subsequent (lagged) loss of boreal forest habitats 
 Timing and magnitude of such losses are uncertain 

 

Expert Elicitation Workshop 



 Overall message of the expert workshop report 
 

Expert Elicitation Workshop 



 What happens next with workshop report? 
 Have incorporated comments/edits from experts 
 Completed internal FWS review 
 Brief FWS R6 Regional Director April 11 
 Post on internet and share with partners by mid-April  
 

 Continuing work on the SSA 
 SSA Team convened in Denver early March 
 Writing the SSA and compiling /assessing/ 

summarizing new information 
 

Next Steps 



Revised Timeline 

 Workshop Report         FINAL, MID-APRIL 2016 
 Species Status Report    DRAFT, APRIL 15, 2016 

 Internal Review Complete            ~APRIL 29, 2016 
 Peer & State Review Complete           ~MAY 15, 2016 
 Final Report Complete             ~MAY 30, 2016 

 Five-year Review  
 Draft                           ~MAY 5, 2016 
 Final              ~MAY 30, 2016 

 Draft Recovery Plan (if necessary)  JANUARY 2017?? 
 Final Recovery Plan (if necessary)     JANUARY 2018 



Decision Points 
We asked ARDs:  
 Do we need better information to address likely impacts to lynx 

from CC?  Based on the additional timeline needed to gather that 
information, ARDs determined no. 

 Are we comfortable with the time frames used to assess viability 
of the DPS as presented in the panel report - near term (year 
2025), mid-century (2050), and end of century (2100)?  ARDs 
indicated they were.  

 When conducting peer review of SSA, do we want our State 
counterparts to receive it at the same time?  Based on discussions 
with ARDs, we will provide State counterparts with an 
opportunity to review the SSA during the peer review.  

 Do managers want any recommendation from team in the SSA? 
ARDs agreed that the five-year review would be the place for a 
recommendation from the team.  



Main Messages 
 We are making progress but we are behind in the 

recovery planning process by 3 to 6 months 
  

 We are hopeful that the SSA process and report 
will facilitate a quick, streamlined, REV-compliant 
draft recovery plan by Jan. 2017 so we can 
complete the final by Jan. 2018 

  

 In general, the FWS Lynx SSA Team feels 
comfortable with the outcomes from the expert 
panel workshop 



Questions? 



From: Bush, Jodi
To: Paul Phifer
Subject: Re: Lynx SSA Team and Time Committments
Date: Monday, May 02, 2016 1:06:31 PM
Attachments: 20160411_RD Briefing Lynx SSA Status Update.docx

2016 04 11 R6RD Update Lynx SSA.ppt

Yes.  Basically used same powerpoint we gave you ARDs but here it is and a briefing
statement. Enjoy.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, May 2, 2016 at 7:30 AM, Paul Phifer <paul_phifer@fws.gov> wrote:
Thanks Jodi.  Have you briefed Noreen?  If so, can you share briefing
materials so I can brief Wendi?

Paul

Sent from my iPad

> On Apr 28, 2016, at 1:02 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
>
> Fellow Managers.  Just wanted to take a minute and convey my thanks to you for making
sure your staff are focused on the Lynx SSA tasks as outlined and committed to in the Lynx
Project Plan document that we all signed last year.  As you know, this is a National priority
and we are in crunch time mode to get a final draft SSA completed in the next several
weeks.  Your staff are responsible for writing up segments of that document related to your
specific area including current status and management, future conditions and potential
threats/influences that may affect lynx viability in the DPS.  I realize that they have other
things on their plates and as such I appreciate that you are allowing them to focus their time
on this pressing priority.   Thank you again.  JB
>
>
> Jodi L. Bush
> Field Supervisor
> Montana Ecological Services Office
> 585 Shepard Way, Suite 1
> Helena, MT  59601
> (406) 449-5225, ext.205
>
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 What are we doing and why?
 Completing an SSA to inform recovery planning 

Court-ordered deadline to finalize a lynx recovery 
plan by January 2018

Unless we determine one is not needed (i.e., the 
DPS is recovered)

 Prior to moving forward with recovery planning
 SSA provides analysis necessary to re-evaluate the 

status of the DPS
 Documented through a five year review

Objectives



Lynx Basics

 Boreal forest species dependent on snowshoe hares 
and favorable snow conditions

 At southern periphery of ranges in contiguous US

 Habitat becomes patchy; hare densities and snow 
conditions become suboptimal/marginal for 
supporting lynx populations

 Historical cyclic “irruptions” of lynx from Canada 
into northern U.S. when hares in Canada declined 
(currently?)



 Contiguous U.S. lynx DPS listed as T in 2000
 Factor D - inadequacy, at that time, of existing 

regulatory mechanisms on federal lands

 Critical habitat designated 2006, revised 2009 
and 2014 (currently under litigation)

 2005 Recovery Outline focused on interim 
conservation measures in 6 “Core” areas
 Historic/current resident population(s); 

reproduction; 0.5 hares/ha; >= 1,250 km2 habitat
 S. Rockies (western CO and south central WY) -

“provisional” core area

Background



 6 geographic areas known or thought to support 
resident lynx populations in the DPS:  
 1. Northern Maine (& northernmost NH and VT)
 2. Northeastern Minnesota 
 3. Northwestern Montana/northeastern Idaho 
 4. North-central Washington
 5. GYA of southwest Montana/northwest Wyoming
 6. Western Colorado – introduced population

Current DPS Distribution



Figure 1.  Six geographic units within the range of  the contiguous U.S. distinct 
population segment of  Canada lynx (Lynx canadensis) that currently support or 
recently supported (GYA) resident lynx populations.



Key Points

 December 2014 - announced initiation of five-year 
status review

 March 2015 – determined need to complete SSA
 Information in the SSA will be used by FWS 

decision makers to inform:
 Recovery planning direction
 Classification decisions
 Other determinations required by the ESA 



Potential Findings

DPS remains T

DPS warrants 
Delisting

Final Recovery Plan
due 1/15/2018

Future Uplisting/ 
Delisting Rule

Formal Memo 
Exempting DPS 
from Recovery 

Planning

DPS warrants E



 Through the SSA process we are:
 Assessing the current status of, threats to, and future 

viability of the lynx DPS 
 Compiling and summarizing the best available 

scientific and commercial data, including empirical 
data, published literature, and expert input

 Prioritizing information and modeling to best 
evaluate potential future conditions, threats and 
viability

Key Points



Key Points

 We continue to engage State, Tribal and other 
Federal, and Canadian partners and other 
stakeholders 

 We continue to work and coordinate with other 
regions across DPS range 

 Monthly State and internal FWS coordination 
calls/webinars

 We briefed ARDs from other regions



Expert Elicitation Workshop

 October 2015 – Lynx SSA Team (FWS & USGS) 
convened a workshop with lynx experts to address 
current and likely future status of lynx populations 
in the DPS
 Expert panel included state and federal biologists and 

academic researchers across the range of the DPS and 
southern Canada 

 The resultant workshop report is one component of 
the SSA 



 SSA Team developed expert selection criteria and 
coordinated with State and other partners to develop 
list of candidate lynx and other subject matter (e.g., 
CC, genetics) experts across the DPS range

 Criteria ensured that only scientists with expertise 
highly relevant to workshop topics were selected

 Selections were transparent, unbiased, and captured 
the diversity of expertise and professional judgments 
related to lynx status and viability

Expert Elicitation Workshop



 Using the criteria, 19 candidates were identified 
and contacted to determine availability

 Lynx Expert Panel – 10 members representing 
expertise across DPS and southern Canada

 Information from other experts on lynx 
management, genetics, snowshoe hares, boreal 
forest ecology, and climate modeling 

 Information elicited from expert panel addressed 
viability of the DPS based on the 3Rs: 
Representation, Redundancy, Resiliency and 
considering climate science related to lynx

Expert Elicitation Workshop



 Responses:  Representation
 Few threats to the genetic fitness or adaptive 

capacity of lynx in the DPS
High gene flow; no major barriers to dispersal

 Adaptability and evolutionary capacity of the 
DPS does not appear to have been diminished 
and is unlikely to become so, independent of 
threats that may impact the redundancy and 
persistence of lynx populations

Expert Elicitation Workshop



 Responses:  Redundancy
 DPS as a whole is not vulnerable to extirpation 

from a single catastrophic event
No catastrophic event that could result in the 

functional extirpation of the entire DPS

 No or a very low likelihood of functional 
extirpation of any of the individual geographic 
units due to a single catastrophic event

Expert Elicitation Workshop



 Responses:  Resiliency
 All 5 occupied units have >70% expectation of 

supporting resident lynx populations by year 2050

 Declining likelihood and greater uncertainty by 2100

 Responses suggest overarching threat to long-term 
persistence of DPS is climate change
 Loss of snow conditions favorable for lynx
 Subsequent (lagged) loss of boreal forest habitats
 Timing and magnitude of such losses are uncertain

Expert Elicitation Workshop



 Overall message of the expert workshop report
Expert Elicitation Workshop



 What happens next with workshop report?
 Have incorporated comments/edits from experts
 Completed internal FWS review
 Brief FWS R6 Regional Director April 11
 Post on internet and share with partners by mid-April

 Continuing work on the SSA
 SSA Team convened in Denver early March
 Writing the SSA and compiling /assessing/ 

summarizing new information

Next Steps



Revised Timeline

 Workshop Report FINAL, MID-APRIL 2016
 Species Status Report DRAFT, APRIL 15, 2016

 Internal Review Complete ~APRIL 29, 2016
 Peer & State Review Complete ~MAY 15, 2016
 Final Report Complete ~MAY 30, 2016

 Five-year Review
 Draft ~MAY 5, 2016
 Final ~MAY 30, 2016

 Draft Recovery Plan (if necessary) JANUARY 2017??
 Final Recovery Plan (if necessary) JANUARY 2018



Decision Points
We asked ARDs: 
 Do we need better information to address likely impacts to lynx 

from CC?  Based on the additional timeline needed to gather that 
information, ARDs determined no.

 Are we comfortable with the time frames used to assess viability 
of the DPS as presented in the panel report - near term (year 
2025), mid-century (2050), and end of century (2100)?  ARDs 
indicated they were. 

 When conducting peer review of SSA, do we want our State 
counterparts to receive it at the same time?  Based on discussions 
with ARDs, we will provide State counterparts with an 
opportunity to review the SSA during the peer review. 

 Do managers want any recommendation from team in the SSA? 
ARDs agreed that the five-year review would be the place for a 
recommendation from the team. 



Main Messages
 We are making progress but we are behind in the 

recovery planning process by 3 to 6 months

 We are hopeful that the SSA process and report 
will facilitate a quick, streamlined, REV-compliant 
draft recovery plan by Jan. 2017 so we can 
complete the final by Jan. 2018

 In general, the FWS Lynx SSA Team feels 
comfortable with the outcomes from the expert 
panel workshop



Questions?



INFORMATION/ BRIEFING MEMORANDUM  
FOR THE REGIONAL DIRECTOR 

 
 
DATE:   March 11, 2016  
 
FROM: Jodi Bush, Supervisor, Montana Ecological Services Office, (406) 449-5225. 
 
SUBJECT: Status of Lynx SSA Process for RD Briefing 
 
We are implementing the Species Status Assessment (SSA) framework, in order to meet a court 
ordered deadline to complete a Recovery Plan for Canada Lynx (if determined to still warrant 
listing) by January 2018.  Prior to moving forward with recovery planning – the SSA will 
provide the additional analysis to re-evaluate the status of the species and document that through 
a five year review. 
 
BACKGROUND 
 
In 2000 (remanded 2003), the Canada lynx was listed in the contiguous U.S. DPS as a threatened 
species under the Endangered Species Act (Act) because of the inadequacy, at that time, of 
existing regulatory mechanisms.   In 2005, we completed a Recovery Outline which focused on 
lynx conservation in 6 “Core” areas.  At that time, these included the Kettle/Wedge area in 
Washington and the Greater Yellowstone Area; areas we no longer think are occupied.  
Currently, there are six geographic areas known to currently support or that recently supported 
(as in the Greater Yellowstone Area) resident lynx populations in the DPS:  northern Maine 
(with occasional/sporadic breeding by small numbers of lynx in northernmost New Hampshire 
and Vermont); northeastern Minnesota; northwestern Montana and northeastern Idaho; the 
Greater Yellowstone Area, north-central Washington; and western Colorado (Figure 1).  
 
In 2006, critical habitat was designated and then revised in 2009 and again in 2014 due to court 
remands as the result of litigation.  Our current revised designation (2014) is under litigation. 
 
KEY POINTS 
 
• We announced the initiation of a five-year status review on December 8, 2014.  Shortly 

thereafter, we embarked on the SSA framework.  Information in the SSA will be used by 
Service decision makers to inform classification decisions, recovery planning direction, and 
other determinations required by the Act. 

• Through the SSA framework we intend to assess the species’ needs, current and future 
condition including viability of the Canada lynx DPS using a compilation of the best 
available scientific and commercial data, including empirical data, published literature, and 
expert input.  

• During the SSA process, we have been prioritizing information and modeling to best evaluate 
potential future conditions and viability. 

• We continue to engage State, Tribal and other Federal, and Canadian partners and other 
stakeholders, as well as Service managers typically through monthly coordination calls.  

• In the fall of 2015, we convened a workshop for scientific experts to address the current and 
likely future status of the Canada lynx DPS.  The participants included state agencies, 
biologists from other federal agencies, and academic researchers to elicit input from experts 
across the range of the DPS.  The resultant workshop report is one component of the SSA.  



• The Service Lynx SSA team developed expert selection criteria based on professional 
credentials, positions, areas of expertise, and pertinent experience and coordinated with State 
and other partners to develop a list of candidate lynx experts and other subject matter experts.   

• Information solicited from the 10 member lynx expert panel addressed the viability of the 
DPS based on the 3Rs: Representation, Redundancy, Resiliency and what is known about 
climate science related to lynx. 

• After the workshop, we contacted Steve Torbit, ARD for Scientific Applications in Denver, 
for assistance because of the uncertainty we had regarding climate science and lynx.  He 
made some contacts for us and determined that additional modeling – if needed- could take 
up to 6 weeks per area to complete.  

• Earlier in March, the Service Lynx SSA Team met in Denver for 3 full days to make progress 
on the SSA report, address outstanding questions, identify decision points for managers and 
assign work.   

• Results from the SSA meeting in Denver included some decision points for managers.  These 
were discussed and decisions made on the ARD webinar on March 11, 2016.   

o Do we need better information to address likely impacts to lynx from CC? Based on 
the additional timeline needed to gather that information, ARDs determined no.   

o Are we comfortable with the range of climate scenario years from the panel report?  
Present, mid-century (2050), and end of century (2100)?   ARDs indicated they were.  

o When conducting Peer review of SSA, do we want our State counterparts to receive it 
at the same time?  Based on discussions with ARDs, we will provide State 
counterparts with an opportunity to review the SSA during the PEER review.   

o Do managers want any recommendation from team in the SSA? The ARDs agreed 
that the five-year review would be the place for a recommendation from the team.  

o  
TIMELINES 

• Workshop Report       FINAL -MARCH 25, 2016 
 

• Species Status Report           DRAFT, APRIL 15, 2016 
o Internal Review Complete                      APRIL 29. 2016 
o Peer Review Complete             MAY 15, 2016 
o Final Report Complete              MAY 30, 2016 

 
• Five-year Review  

o Draft              DRAFT, MAY 5, 2016 
o Final             FINAL, MAY 30, 2016 

 
• Draft Recovery Plan (if necessary)              DRAFT, JANUARY 2017?? 

 
• Final Recovery Plan (If necessary)      FINAL, JANUARY 2018 

 
IMPORTANT MESSAGES: 

• We are behind in the development of the recovery planning process by 3 to 6 months.   
• If we do additional climate science scenarios –we will further delay the timeline by 

another 3 to 6 months as we would need to ask the court and the reduction in uncertainty 
is only likely to be important in the end of the century (2100) analysis scenario.   

• In general, the Service Core Team feels comfortable with the outcome from the expert 
panel workshop. 



 
 

Figure 1.  Six geographic units within the range of  the contiguous U.S. distinct population segment of  
Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) resident lynx 
populations.  



From: Bush, Jodi
To: Lynn Lewis; Michelle Shaughnessy; Eric Hein
Cc: Tamara Smith; Patricia Zenone; Bryon Holt; Jim Zelenak
Subject: Fwd: Lynx SSA Team and Time Committments
Date: Wednesday, May 04, 2016 4:12:00 PM
Attachments: 20160411_RD Briefing Lynx SSA Status Update.docx

2016 04 11 R6RD Update Lynx SSA.ppt

Since Mr. Phifer had asked me about this I thought I would share with the rest of you.  Please
feel free to use the attached documents to brief your RDs and DRD if you wish.  

The dates are still in flux but other than that the PPT and briefing are up to date.  As always if
you have questions, give me a call. JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Mon, May 2, 2016 at 1:06 PM
Subject: Re: Lynx SSA Team and Time Committments
To: Paul Phifer <paul_phifer@fws.gov>

Yes.  Basically used same powerpoint we gave you ARDs but here it is and a briefing
statement. Enjoy.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, May 2, 2016 at 7:30 AM, Paul Phifer <paul_phifer@fws.gov> wrote:
Thanks Jodi.  Have you briefed Noreen?  If so, can you share briefing
materials so I can brief Wendi?

Paul

Sent from my iPad

> On Apr 28, 2016, at 1:02 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
>
> Fellow Managers.  Just wanted to take a minute and convey my thanks to you for making

mailto:jodi_bush@fws.gov
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mailto:patricia_zenone@fws.gov
mailto:bryon_holt@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
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mailto:jodi_bush@fws.gov


sure your staff are focused on the Lynx SSA tasks as outlined and committed to in the Lynx
Project Plan document that we all signed last year.  As you know, this is a National priority
and we are in crunch time mode to get a final draft SSA completed in the next several
weeks.  Your staff are responsible for writing up segments of that document related to your
specific area including current status and management, future conditions and potential
threats/influences that may affect lynx viability in the DPS.  I realize that they have other
things on their plates and as such I appreciate that you are allowing them to focus their time
on this pressing priority.   Thank you again.  JB
>
>
> Jodi L. Bush
> Field Supervisor
> Montana Ecological Services Office
> 585 Shepard Way, Suite 1
> Helena, MT  59601
> (406) 449-5225, ext.205
>
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 What are we doing and why?
 Completing an SSA to inform recovery planning 

Court-ordered deadline to finalize a lynx recovery 
plan by January 2018

Unless we determine one is not needed (i.e., the 
DPS is recovered)

 Prior to moving forward with recovery planning
 SSA provides analysis necessary to re-evaluate the 

status of the DPS
 Documented through a five year review

Objectives



Lynx Basics

 Boreal forest species dependent on snowshoe hares 
and favorable snow conditions

 At southern periphery of ranges in contiguous US

 Habitat becomes patchy; hare densities and snow 
conditions become suboptimal/marginal for 
supporting lynx populations

 Historical cyclic “irruptions” of lynx from Canada 
into northern U.S. when hares in Canada declined 
(currently?)



 Contiguous U.S. lynx DPS listed as T in 2000
 Factor D - inadequacy, at that time, of existing 

regulatory mechanisms on federal lands

 Critical habitat designated 2006, revised 2009 
and 2014 (currently under litigation)

 2005 Recovery Outline focused on interim 
conservation measures in 6 “Core” areas
 Historic/current resident population(s); 

reproduction; 0.5 hares/ha; >= 1,250 km2 habitat
 S. Rockies (western CO and south central WY) -

“provisional” core area

Background



 6 geographic areas known or thought to support 
resident lynx populations in the DPS:  
 1. Northern Maine (& northernmost NH and VT)
 2. Northeastern Minnesota 
 3. Northwestern Montana/northeastern Idaho 
 4. North-central Washington
 5. GYA of southwest Montana/northwest Wyoming
 6. Western Colorado – introduced population

Current DPS Distribution



Figure 1.  Six geographic units within the range of  the contiguous U.S. distinct 
population segment of  Canada lynx (Lynx canadensis) that currently support or 
recently supported (GYA) resident lynx populations.



Key Points

 December 2014 - announced initiation of five-year 
status review

 March 2015 – determined need to complete SSA
 Information in the SSA will be used by FWS 

decision makers to inform:
 Recovery planning direction
 Classification decisions
 Other determinations required by the ESA 



Potential Findings

DPS remains T

DPS warrants 
Delisting

Final Recovery Plan
due 1/15/2018

Future Uplisting/ 
Delisting Rule

Formal Memo 
Exempting DPS 
from Recovery 

Planning

DPS warrants E



 Through the SSA process we are:
 Assessing the current status of, threats to, and future 

viability of the lynx DPS 
 Compiling and summarizing the best available 

scientific and commercial data, including empirical 
data, published literature, and expert input

 Prioritizing information and modeling to best 
evaluate potential future conditions, threats and 
viability

Key Points



Key Points

 We continue to engage State, Tribal and other 
Federal, and Canadian partners and other 
stakeholders 

 We continue to work and coordinate with other 
regions across DPS range 

 Monthly State and internal FWS coordination 
calls/webinars

 We briefed ARDs from other regions



Expert Elicitation Workshop

 October 2015 – Lynx SSA Team (FWS & USGS) 
convened a workshop with lynx experts to address 
current and likely future status of lynx populations 
in the DPS
 Expert panel included state and federal biologists and 

academic researchers across the range of the DPS and 
southern Canada 

 The resultant workshop report is one component of 
the SSA 



 SSA Team developed expert selection criteria and 
coordinated with State and other partners to develop 
list of candidate lynx and other subject matter (e.g., 
CC, genetics) experts across the DPS range

 Criteria ensured that only scientists with expertise 
highly relevant to workshop topics were selected

 Selections were transparent, unbiased, and captured 
the diversity of expertise and professional judgments 
related to lynx status and viability

Expert Elicitation Workshop



 Using the criteria, 19 candidates were identified 
and contacted to determine availability

 Lynx Expert Panel – 10 members representing 
expertise across DPS and southern Canada

 Information from other experts on lynx 
management, genetics, snowshoe hares, boreal 
forest ecology, and climate modeling 

 Information elicited from expert panel addressed 
viability of the DPS based on the 3Rs: 
Representation, Redundancy, Resiliency and 
considering climate science related to lynx

Expert Elicitation Workshop



 Responses:  Representation
 Few threats to the genetic fitness or adaptive 

capacity of lynx in the DPS
High gene flow; no major barriers to dispersal

 Adaptability and evolutionary capacity of the 
DPS does not appear to have been diminished 
and is unlikely to become so, independent of 
threats that may impact the redundancy and 
persistence of lynx populations

Expert Elicitation Workshop



 Responses:  Redundancy
 DPS as a whole is not vulnerable to extirpation 

from a single catastrophic event
No catastrophic event that could result in the 

functional extirpation of the entire DPS

 No or a very low likelihood of functional 
extirpation of any of the individual geographic 
units due to a single catastrophic event

Expert Elicitation Workshop



 Responses:  Resiliency
 All 5 occupied units have >70% expectation of 

supporting resident lynx populations by year 2050

 Declining likelihood and greater uncertainty by 2100

 Responses suggest overarching threat to long-term 
persistence of DPS is climate change
 Loss of snow conditions favorable for lynx
 Subsequent (lagged) loss of boreal forest habitats
 Timing and magnitude of such losses are uncertain

Expert Elicitation Workshop



 Overall message of the expert workshop report
Expert Elicitation Workshop



 What happens next with workshop report?
 Have incorporated comments/edits from experts
 Completed internal FWS review
 Brief FWS R6 Regional Director April 11
 Post on internet and share with partners by mid-April

 Continuing work on the SSA
 SSA Team convened in Denver early March
 Writing the SSA and compiling /assessing/ 

summarizing new information

Next Steps



Revised Timeline

 Workshop Report FINAL, MID-APRIL 2016
 Species Status Report DRAFT, APRIL 15, 2016

 Internal Review Complete ~APRIL 29, 2016
 Peer & State Review Complete ~MAY 15, 2016
 Final Report Complete ~MAY 30, 2016

 Five-year Review
 Draft ~MAY 5, 2016
 Final ~MAY 30, 2016

 Draft Recovery Plan (if necessary) JANUARY 2017??
 Final Recovery Plan (if necessary) JANUARY 2018



Decision Points
We asked ARDs: 
 Do we need better information to address likely impacts to lynx 

from CC?  Based on the additional timeline needed to gather that 
information, ARDs determined no.

 Are we comfortable with the time frames used to assess viability 
of the DPS as presented in the panel report - near term (year 
2025), mid-century (2050), and end of century (2100)?  ARDs 
indicated they were. 

 When conducting peer review of SSA, do we want our State 
counterparts to receive it at the same time?  Based on discussions 
with ARDs, we will provide State counterparts with an 
opportunity to review the SSA during the peer review. 

 Do managers want any recommendation from team in the SSA? 
ARDs agreed that the five-year review would be the place for a 
recommendation from the team. 



Main Messages
 We are making progress but we are behind in the 

recovery planning process by 3 to 6 months

 We are hopeful that the SSA process and report 
will facilitate a quick, streamlined, REV-compliant 
draft recovery plan by Jan. 2017 so we can 
complete the final by Jan. 2018

 In general, the FWS Lynx SSA Team feels 
comfortable with the outcomes from the expert 
panel workshop



Questions?



INFORMATION/ BRIEFING MEMORANDUM  
FOR THE REGIONAL DIRECTOR 

 
 
DATE:   March 11, 2016  
 
FROM: Jodi Bush, Supervisor, Montana Ecological Services Office, (406) 449-5225. 
 
SUBJECT: Status of Lynx SSA Process for RD Briefing 
 
We are implementing the Species Status Assessment (SSA) framework, in order to meet a court 
ordered deadline to complete a Recovery Plan for Canada Lynx (if determined to still warrant 
listing) by January 2018.  Prior to moving forward with recovery planning – the SSA will 
provide the additional analysis to re-evaluate the status of the species and document that through 
a five year review. 
 
BACKGROUND 
 
In 2000 (remanded 2003), the Canada lynx was listed in the contiguous U.S. DPS as a threatened 
species under the Endangered Species Act (Act) because of the inadequacy, at that time, of 
existing regulatory mechanisms.   In 2005, we completed a Recovery Outline which focused on 
lynx conservation in 6 “Core” areas.  At that time, these included the Kettle/Wedge area in 
Washington and the Greater Yellowstone Area; areas we no longer think are occupied.  
Currently, there are six geographic areas known to currently support or that recently supported 
(as in the Greater Yellowstone Area) resident lynx populations in the DPS:  northern Maine 
(with occasional/sporadic breeding by small numbers of lynx in northernmost New Hampshire 
and Vermont); northeastern Minnesota; northwestern Montana and northeastern Idaho; the 
Greater Yellowstone Area, north-central Washington; and western Colorado (Figure 1).  
 
In 2006, critical habitat was designated and then revised in 2009 and again in 2014 due to court 
remands as the result of litigation.  Our current revised designation (2014) is under litigation. 
 
KEY POINTS 
 
• We announced the initiation of a five-year status review on December 8, 2014.  Shortly 

thereafter, we embarked on the SSA framework.  Information in the SSA will be used by 
Service decision makers to inform classification decisions, recovery planning direction, and 
other determinations required by the Act. 

• Through the SSA framework we intend to assess the species’ needs, current and future 
condition including viability of the Canada lynx DPS using a compilation of the best 
available scientific and commercial data, including empirical data, published literature, and 
expert input.  

• During the SSA process, we have been prioritizing information and modeling to best evaluate 
potential future conditions and viability. 

• We continue to engage State, Tribal and other Federal, and Canadian partners and other 
stakeholders, as well as Service managers typically through monthly coordination calls.  

• In the fall of 2015, we convened a workshop for scientific experts to address the current and 
likely future status of the Canada lynx DPS.  The participants included state agencies, 
biologists from other federal agencies, and academic researchers to elicit input from experts 
across the range of the DPS.  The resultant workshop report is one component of the SSA.  



• The Service Lynx SSA team developed expert selection criteria based on professional 
credentials, positions, areas of expertise, and pertinent experience and coordinated with State 
and other partners to develop a list of candidate lynx experts and other subject matter experts.   

• Information solicited from the 10 member lynx expert panel addressed the viability of the 
DPS based on the 3Rs: Representation, Redundancy, Resiliency and what is known about 
climate science related to lynx. 

• After the workshop, we contacted Steve Torbit, ARD for Scientific Applications in Denver, 
for assistance because of the uncertainty we had regarding climate science and lynx.  He 
made some contacts for us and determined that additional modeling – if needed- could take 
up to 6 weeks per area to complete.  

• Earlier in March, the Service Lynx SSA Team met in Denver for 3 full days to make progress 
on the SSA report, address outstanding questions, identify decision points for managers and 
assign work.   

• Results from the SSA meeting in Denver included some decision points for managers.  These 
were discussed and decisions made on the ARD webinar on March 11, 2016.   

o Do we need better information to address likely impacts to lynx from CC? Based on 
the additional timeline needed to gather that information, ARDs determined no.   

o Are we comfortable with the range of climate scenario years from the panel report?  
Present, mid-century (2050), and end of century (2100)?   ARDs indicated they were.  

o When conducting Peer review of SSA, do we want our State counterparts to receive it 
at the same time?  Based on discussions with ARDs, we will provide State 
counterparts with an opportunity to review the SSA during the PEER review.   

o Do managers want any recommendation from team in the SSA? The ARDs agreed 
that the five-year review would be the place for a recommendation from the team.  

o  
TIMELINES 

• Workshop Report       FINAL -MARCH 25, 2016 
 

• Species Status Report           DRAFT, APRIL 15, 2016 
o Internal Review Complete                      APRIL 29. 2016 
o Peer Review Complete             MAY 15, 2016 
o Final Report Complete              MAY 30, 2016 

 
• Five-year Review  

o Draft              DRAFT, MAY 5, 2016 
o Final             FINAL, MAY 30, 2016 

 
• Draft Recovery Plan (if necessary)              DRAFT, JANUARY 2017?? 

 
• Final Recovery Plan (If necessary)      FINAL, JANUARY 2018 

 
IMPORTANT MESSAGES: 

• We are behind in the development of the recovery planning process by 3 to 6 months.   
• If we do additional climate science scenarios –we will further delay the timeline by 

another 3 to 6 months as we would need to ask the court and the reduction in uncertainty 
is only likely to be important in the end of the century (2100) analysis scenario.   

• In general, the Service Core Team feels comfortable with the outcome from the expert 
panel workshop. 



 
 

Figure 1.  Six geographic units within the range of  the contiguous U.S. distinct population segment of  
Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) resident lynx 
populations.  



From: Bush, Jodi
To: Jim Zelenak
Subject: Fwd: Fine Scale Climate Modeling for Lynx
Date: Friday, May 06, 2016 2:31:11 PM
Attachments: USFWS Lynx Climate Study Scoping Ballpark Est.pdf

Can't remember if I forwarded this but just put somewhere for future reference.  Climate work
for potenial recovery plan work.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Stephen Torbit <Stephen_Torbit@fws.gov>
Date: Tue, Apr 5, 2016 at 12:49 PM
Subject: Fine Scale Climate Modeling for Lynx
To: Jodi Bush <jodi_bush@fws.gov>
Cc: Matt Hogan <matt_hogan@fws.gov>, Michael Thabault <michael_thabault@fws.gov>

Jodi, perfect timing, I guess.   Here is the estimate from NOAA to work on the finer scale
climate modeling for the lynx work, focusing primarily on information for the recovery plan. 
The ballpark cost estimate seems reasonable.  Let me know when you would like to discuss.

 

Steve

 

Stephen C. Torbit

Assistant Regional Director

Science Applications

U.S. Fish and Wildlife Service

134 Union Blvd.

Lakewood, Colorado 80228

303-236-4602 – Office

720-626-7504 – Cell

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:Stephen_Torbit@fws.gov
mailto:jodi_bush@fws.gov
mailto:matt_hogan@fws.gov
mailto:michael_thabault@fws.gov


 



USFWS	Lynx	Climate	Study:				
18	March	2016		
Notes	for	Steve	Torbit	on	Possible	Scope	of	work	by	NOAA/Physical	Science	Division,	
Effort,	Timing,	Budget	est	
	
Duration	of	project:		through	the	recovery	plan	delivery	date	(Early	CY	2018)		(roughly	18	
months)	
	
Time	table:			Produce	a	study	report	by	Early	Spring	2017.				
Consultation	after	that	with	USFWS.		Possible	presentations/meetings	to	present	information	
until	Early	2018.			
	
Regions:		Priority	areas:		Maine,		Minnesota,	Cascade	Mountains.	Plus	take	advantage	of	
existing	San	Juan	Mountains	Scenarios	Planning	work	for	Central	Rockies.					
	
Time	Frame	for	projections:		Mid-century	is	priority,	less	attention	on	~2030,	2090.			(let’s	say	
2060,	to	be	agreed	upon	with	FWS?)				
	
	
Report:		Telescoping	analysis	in	spatial	scale	
	

I. Continental	Scale	Summary	(0.5	Mo)	
A. Common	climatic	processes	that	are	important	for	Boreal	forests	and	likely	

changes	in	these	processes	
B. Continental	-scale	summary	of	climate	change	in			forested	snow	climates/	

Boreal	forest.			Observed	trends.		Projected	trends.			
II. Document	relevant	regional	climatic	drivers	specific	drivers	(1	mo)	

A. From	meteorological/climatological	perspective	and		regional	snow	science	
studies.			

B. From	ecological	perspective	[e.g.	expansion	of	climatically	suitable	habitat	for	
mountain	lion.		[	in	consultation	with	ecologists/	biologists/	managers]		

C. Climatic	drivers	of	boreal	forest	change,	incl.		stressors	such	as	wildfire	
III. Develop	regionally	specific	scenarios	(1.0	mo	/	region	x	4	=	4.0)	

A.	Observed	climatology	and	trends	in	each	region.			
B.	Future	climate	scenarios	for	each	region.		Projected	trends	in	climatic	variable		

chosen	based	on	regional	drivers	and	spanning	plausible	futures.			
i.	Summarize	broad	range	of	futures	using	GCM	analysis	–	broad	brush	climate	
scenarios.		T	vs	P	change&		more	detailed	ecologically	.		Snow	cover/depth	
(where	topographic	relief	is	not	as	important:	Maine,	Minnesota).			Discuss	
sources	of	uncertainty	&	levels	of	confidence.		Graphs	and	tables	to	illustrate	
points.			
ii.	Develop	a	smaller	number	of	more	detailed	“planning”	climate	scenarios	(3-5)	
based	on	regionally	&	ecologically	relevant	climate	drivers,	downscaled	data,	and	
quantify	changes	in	impact-sensitive	climate	variables	under	different	climate	



scenarios	identified.		This	strategy	follows	on	to	the	work	Rangwala	has	done	in	
the	San	Juan	Mtns,	Ray	is	doing	with	NPS	(Fisichelli	and	Schuurmann)		

a. relevant	climate	scenarios,	provide	a	narrative	of	future	climate	
including	a	range	of	plausible,	scientifically	defensible	futures.		
Graphs	and	Charts,	as	well	as	access	to	more	detailed	data	such	as	
time	series	for	use	in	follow-on	ecological	modeling.		Provide	access	
to	regional	subsets	of	the	data	data	used	to	derive	these	scenarios.	

b. Use	statistical	downscaling	+	hydrological	model	–	based	on	existing	
datasets.	These	have	detailed	and	more	realistic	snowcover,	typically.	
(e.g.,	NASA	Nex-BCSD	(800m),	1/16	degree	BCSD/VIC	(6	km)		MACA	
(4km)	will	discuss	pros	and	cons	of	these	with	FWS).			

c. Investigate	(existing)	Dynamical	Downscaling	–	will	explore	availability	
and	quality	of			data	from	CORDEX/NA.		(Note	a	pending	DOD/SERDP	
project	at	PSD	and	NCAR,	if	funded	will	involve	us	in	setting	up	a	
database	and	evaluation	of	many	CMIP5	RCMs	available	at	25	km	or	
better	resolution).		Evaluate	representation	of	regional	processes	(e.g.	
lake	effect	snow).			

	

IV. Snow	Refugia	“Proof	of	concept”:	Identify	and	investigate	factors	that	may	not	be	
captured	in	the	regional	scale	analysis.			–		Can	“snow	refugia”	be	identified	within	
the	landscape?				(1.5	mo)		
A. Fine	scale	~250	m)	modeling	(DHSVM	w/	Livneh	and	Badger).				Analyze	data	

from	ongoing	projects	incl.	Uncompahgre	R	basin	in	San	Juan	Mountains.			Proof	
of	concept.		

B. Analysis	of	Satellite-derived	snow	products.			Analyze	historic	variability	in	snow.	
Perhaps	in	the	San	Juan	mountains	where	we	have	access	to	existing	products	
with	250	m	resolution.									

	
V. Other	Tasks		[1-2	months?]	

A. Consultation	with	FWS	after	the	report,	e.g.	from	early	spring	2017-recovery	
plan	final	

B. Recommendation	on	climatic	datasets	driving	for	detailed	lynx/boreal	forest	
studies.		

C. Facilitate	access	to	this	data	by	ecologists	if	needed.				(perhaps	staging	subsets	
of	data).				

D. Travel	to	consult	with	FWS	and	presentations	to	FWS,	as	needed	(3-4	short	trips,	
~$1500	or	less	each)	

VI. Other	budget:	~5K	for	data	storage	(i.e.	computer	hardware	to	handle	the	big	
datasets)		

	
Total	FTE:		8-9	person	months	among	Barsugli,	Rangwala,	Dewes,	plus	some	time	of	Ray	that	
would	be	in	in-kind	contributed	by	NOAA	
	
Rough	budget	estimate:	$150K,	could	be	split	over	FYs	



From: Bush, Jodi
To: Jim Zelenak
Subject: Fwd: FW: Ecological Modeling work in Sub-Alpine Forest in Southern Rockies
Date: Friday, May 06, 2016 2:33:58 PM
Attachments: PIEN_CGH_change.png

Some modeling work in southern Rockies.  just a map.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Stephen Torbit <Stephen_Torbit@fws.gov>
Date: Mon, Mar 7, 2016 at 10:50 AM
Subject: FW: Ecological Modeling work in Sub-Alpine Forest in Southern Rockies
To: Jodi Bush <jodi_bush@fws.gov>

No. 1

Stephen Torbit Ph.D.
ARD - Science Applications
Region 6
Fish and Wildlife Service
Office: 303-236-4602
Cell: 720-626-7504
stephen_torbit@fws.gov

-----Original Message-----
From: Worrall, James -FS [mailto:jworrall@fs.fed.us]
Sent: Thursday, March 03, 2016 4:17 PM
To: Stephen Torbit; imtiaz.rangwala@noaa.gov
Subject: RE: Ecological Modeling work in Sub-Alpine Forest in Southern
Rockies

Hello Steve, and thanks for the connection Imtiaz.  Steve, it might be
easiest to talk on the phone as there might be a lot of information to
exchange.

We had been doing tree species models for southwestern Colorado (south of
38.5 N and west of -105.3).  This includes all the San Juan Mtns.  Then ,
largely because of interacting with the group Imtiaz is working with, The
Nature Conservancy, and partly for other reasons, we decided to do it also
for a window that is farther north but overlaps.  Just last week we realized

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:Stephen_Torbit@fws.gov
mailto:jodi_bush@fws.gov
mailto:stephen_torbit@fws.gov
mailto:jworrall@fs.fed.us
mailto:imtiaz.rangwala@noaa.gov


that was silly so we are redoing models for the whole area, south of 39.45
and the same eastern border.

I'll attach a preliminary map of spruce change projections for the decade
around 2060, just based on the southern window.  It will give you a rough
glimpse into what we're doing.  The new models will be a bit different
because they are based on additional presence-absence data from farther
north.  We will have such models for 14 tree species.

If you want to talk on the phone, for me 8-10 or 10:30-12:00 would be good
tomorrow.

Jim Worrall, PhD
Forest Pathologist
Forest Service
Rocky Mountain Region, Forest Health Protection
p: 970-642-4453
f: 970-642-4425
jworrall@fs.fed.us
216 N. Colorado St.
Gunnison, CO 81230
www.fs.fed.us

Caring for the land and serving people

> -----Original Message-----
> From: Stephen Torbit [mailto:Stephen_Torbit@fws.gov]
> Sent: Thursday, March 03, 2016 3:56 PM
> To: imtiaz.rangwala@noaa.gov; Worrall, James -FS <jworrall@fs.fed.us>
> Subject: RE: Ecological Modeling work in Sub-Alpine Forest in Southern
> Rockies
>
> Thanks for the introduction Imtiaz, I really appreciate it.  Jim, good
> to meet you too, we have a lot of things to talk about.  I look
> forward to discussing lynx, high elevation forests and climate change with
> you soon.
>
> Thanks again for connecting.
>
> Steve
>
> Stephen C. Torbit  Ph.D.
> Assistant Regional Director
> Science Applications
> U.S. Fish and Wildlife Service
> 134 Union Blvd.

mailto:jworrall@fs.fed.us
http://www.fs.fed.us/
mailto:Stephen_Torbit@fws.gov
mailto:imtiaz.rangwala@noaa.gov
mailto:jworrall@fs.fed.us


> Lakewood, Colorado 80228
> 303-236-4602 – Office
> 720-626-7504 – Cell
>
> -----Original Message-----
> From: Imtiaz Rangwala [mailto:imtiaz.rangwala@noaa.gov]
> Sent: Thursday, March 03, 2016 3:50 PM
> To: Worrall, James -FS
> Cc: Steve Torbit
> Subject: Ecological Modeling work in Sub-Alpine Forest in Southern
> Rockies
>
> Hi Jim:
>       As always, great to run into you last week at Spruce-Fir
> workshop in Gunnison. Please allow me to introduce Steve Torbit from
> the US Fish and Wildlife who collaborate with some of my team members
> at NOAA for climate change applications work related to concerned wildlife
> species in his region.
> Among other things, Steve is interested in exploring climate change
> risks to Lynx in the high elevation forested region of SW Colorado (in
> particular, the San Juans), including exploring the issue of recovery
> of habitat and protection of relevant refugia in that region. I
> mentioned to him about your ecological modeling work on the sub-alpine
> forested system in that region driven by different climate scenarios
> selected from CMIP5 models. That information could potentially be a
> very useful information for Steve to look at --- in addition to
> getting some useful insights from you about the risks to these systems as
> they might affect habitat viability for Lynx.
>      Thank you for your time and interest regarding this. Best, Imtiaz
>
> --
> Imtiaz Rangwala, Ph.D.
> Research Scientist
> CIRES/Western Water Assessment, University of Colorado Physical
> Sciences Division, NOAA ESRL
> 325 Broadway, R/PSD NOAA ESRL
> Boulder, CO 80305
> Phone: (303)497-6544
> http://wwa.colorado.edu/about/rangwala
>
> Climate Lead, North Central Climate Science Center
> http://revampclimate.colostate.edu/climate-drivers/team

This electronic message contains information generated by the USDA solely
for the intended recipients. Any unauthorized interception of this message
or the use or disclosure of the information it contains may violate the law
and subject the violator to civil or criminal penalties. If you believe you

mailto:imtiaz.rangwala@noaa.gov
http://wwa.colorado.edu/about/rangwala
http://revampclimate.colostate.edu/climate-drivers/team


have received this message in error, please notify the sender and delete the
email immediately.





From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Cc: Mary Parkin; Jonathan Cummings; Heather Bell; Jodi Bush
Subject: New Climate/Forest Paper out...
Date: Monday, May 09, 2016 12:09:56 PM
Attachments: Li-nard_et_al-2016-Global_Change_Biology.pdf

...makes it hard to be optimistic for lynx habitats in lower 48.....

http://www.eenews.net/climatewire/2016/05/09/stories/1060036867

http://www.climatechangenews.com/2016/05/05/climate-change-will-transform-us-forests-
study/

http://www.newswise.com/articles/view/652400/?sc=dwhr&xy=5013567

The paper (download the PDF): http://onlinelibrary.wiley.com/doi/10.1111/gcb.13291/epdf

or - attached here for your convenience.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:tamara_smith@fws.gov
mailto:bryon_holt@fws.gov
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US forest response to projected climate-related stress: a
tolerance perspective
J EAN L I �ENARD 1 , JOHN HARR I SON2 and NIKOLAY STRIGUL1

1Department of Mathematics & Statistics, Washington State University Vancouver, 14204 NE Salmon Creek Ave, Vancouver,

WA 98686, USA, 2School of the Environment, Washington State University Vancouver, 14204 NE Salmon Creek Ave, Vancouver,

WA 98686, USA

Abstract

Although it is widely recognized that climate change will require a major spatial reorganization of forests, our ability to

predict exactly how and where forest characteristics and distributions will change has been rather limited. Current

efforts to predict future distribution of forested ecosystems as a function of climate include species distribution models

(for fine-scale predictions) and potential vegetation climate envelope models (for coarse-grained, large-scale predic-

tions). Here, we develop and apply an intermediate approach wherein we use stand-level tolerances of environmental

stressors to understand forest distributions and vulnerabilities to anticipated climate change. In contrast to other exist-

ing models, this approach can be applied at a continental scale while maintaining a direct link to ecologically relevant,

climate-related stressors. We first demonstrate that shade, drought, and waterlogging tolerances of forest stands are

strongly correlated with climate and edaphic conditions in the conterminous United States. This discovery allows the

development of a tolerance distribution model (TDM), a novel quantitative tool to assess landscape level impacts of cli-

mate change. We then focus on evaluating the implications of the drought TDM. Using an ensemble of 17 climate

change models to drive this TDM, we estimate that 18% of US ecosystems are vulnerable to drought-related stress over

the coming century. Vulnerable areas include mostly theMidwest United States and Northeast United States, as well as

high-elevation areas of the RockyMountains. We also infer stress incurred by shifting climate should create an opening

for the establishment of forest types not currently seen in the conterminous United States.

Keywords: climate change, drought, shade and waterlogging tolerance indices, drought-related stress, forested ecosystems,

tolerance distribution model

Received 1 September 2015 and accepted 22 February 2016

Introduction

Understanding and predicting how forest distributions

will respond to ongoing and anticipated climate change

is a challenge with great ecological, economic, and cul-

tural implications (Levin, 1999). It is well established

that environmental stressors increase mortality of intol-

erant trees (Hanson & Weltzin, 2000; Thomas et al.,

2004; Engelbrecht et al., 2007; Adams et al., 2009; Choat

et al., 2012; Anderegg et al., 2013). Mechanistic forest

models such as individual-based forest simulators and

their approximations have been used to model ecosys-

tem responses by simulating changes in individual

demography driven by changing environmental factors

and resource competition (Shugart, 1984; Botkin, 1993;

Pacala et al., 1993, 1996; Dube et al., 2001; Scheller &

Mladenoff, 2007; Strigul, 2012; Strigul et al., 2008;

Li�enard & Strigul, 2016). Individual-based models can

simulate forest dynamics at large scales, but doing so

requires enormous, often infeasible, computational

resources, and detailed parametrization of each species

morphological, allometric growth, and demographic

characteristic. Furthermore, detailed spatially explicit

forest census data are required as an initial condition

(Moorcroft et al., 2001; Scheller & Mladenoff, 2005).

Another, often more feasible, approach to predicting

how vegetation distributions will change with climate at

regional to continental scales is to associate biome types

with climate envelopes (Olson et al., 2001; Woodward

et al., 2004) and assume that vegetation will migrate to fill

potential climate niches. To some degree, this approach is

appealing as biome spatial distributions are strongly corre-

lated with climatic variables (Sowell, 1985; Stephenson,

1990; Prentice et al., 1992), particularly temperature and

precipitation (Walter & Box, 1976; Olson et al., 2001; Wood-

ward et al., 2004; Engelbrecht et al., 2007; Moncrieff et al.,

2015). However, the biome approach defines biomes into

discrete entities at the landscape scale based exclusively on

present-day species distributions, without explicit consid-

eration of plant physiological traits. This limits the utility of

this approach to represent ecosystem transitions across

space and time (Moncrieff et al., 2015) or to identify ecosys-
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tems under stress. Alternatively, species distribution mod-

els (SDMs) have been employed to study how plant com-

munities respond to climate across various scales (local to

continental; Pearson & Dawson, 2003; Ara�ujo & Luoto,

2007; Iverson et al., 2008; Schloss et al., 2012; Lawler et al.,

2013). One well-understood shortcoming of SDMs, how-

ever, is that they ignore biocomplexity and species interac-

tion effects. In fact, species distributions depend not only

on climatic factors, but also on biotic interactions within

plant communities, disturbances, and dispersal (Pearson &

Dawson, 2003; Elith & Graham, 2009). Consequently, these

models have been useful in predicting species presence

and absence across environmental gradients, but they have

not been employed to evaluate whole ecosystem vulnera-

bility to climate change; rather, they are generally used to

examine plant presence or absence across environmental

gradients (Thomas et al., 2004; Guisan & Thuiller, 2005;

Schrag et al., 2008; Elith & Leathwick, 2009).

In the sections that follow, we describe, evaluate, and

apply a new approach, a tolerance distribution model

(TDM), which we believe represents an advancement

over past modeling efforts in that it can be applied at

large spatial scales while still retaining information about

climate–species interactions. In this approach, tolerances

are treated as quantitative measures of plant ability to

endure environmental and biotic stressors. In contrast to

SDMs, we scale species tolerances, not abundance, result-

ing in community-scale descriptors that maintain a link

with ecologically relevant stressors and which are not

limited to discrete biome classifications. In our TDM, we

determine relationships between tolerance traits and cli-

mate variables and use the resulting best model to iden-

tify regions that are vulnerable to anticipated climate

change. We first employ species-level rankings of shade,

drought, and waterlogging tolerance developed by fores-

ters (Niinemets & Valladares, 2006; Valladares & Niine-

mets, 2008; Li�enard et al., 2015) to examine whether and

how major climate and edaphic factors in the contermi-

nous United States affect tree species distributions. We

also test for relationships between these tolerance charac-

teristics. We then focus specifically on drought tolerance

and describe, evaluate, and apply a novel drought toler-

ance distribution model. We use it to address the follow-

ing questions: (i) what climate variables best predict

species and stand-level drought tolerance? And (ii) what

can a drought tolerance model tell us about US forest

vulnerability to anticipated climate change?

Materials and Methods

Overview

Our overall approach was to: (i) merge information on tree

species tolerance with species fractional basal area to calculate

a tolerance index for each FIA plot in the United States

(n > 600,000 surveyed plots in all), (ii) analyze the relation-

ships between climate and these community-level tolerance

indices, (iii) choose the optimal climatic variables to relate cli-

mate with drought tolerance, and (iv) use climate change

models to identify regions vulnerable to future climates, areas

where the anticipated increase of drought tolerance index

exceeds the current natural variability. In the following sec-

tions, we describe each of these steps in greater detail.

Tolerance rankings and indices

Foresters, plant physiologists, and agriculturalists have been

studying tree tolerances for decades and have established a

solid physiological basis for species-level tolerance rankings,

numerical representations of tree species (e.g., Kramer, 1969;

Kozlowski, 1997; Kozlowski & Pallardy, 2002; Pallardy, 2010;

Scherrer et al., 2011; Eilmann & Rigling, 2012; Zang et al.,

2014). These rankings are determined based on a combination

of tree physiology and species distributions. We have taken

tolerance rankings from a range of sources and placed them

into an internally consistent, five-level tolerance scale ranging

from zero to one, with the following ranks: very intoler-

ant = 0, intolerant = 0.25, intermediate = 0.5, tolerant = 0.75,

and very tolerant = 1. Shade tolerance rankings were taken

from Baker (1949); Burns & Honkala (1990); Niinemets & Val-

ladares (2006); Humbert et al. (2007) and are described in

detail in Li�enard et al. (2015). Drought tolerance rankings were

mainly taken from Niinemets & Valladares (2006), providing

data for 92% of the trees surveyed in the FIA database. We fur-

ther extended the dataset to cover all species with data coming

from Burns & Honkala (1990) and references gathered from

the TRY database (TRY-DB.org; see Supplementary Materials

1.1 for more detail). A substantial number of drought toler-

ance ranks for US trees were derived from Niinemets & Val-

ladares (2006), who computed them based on expert opinion,

site characteristics (total annual precipitation, ratio of precipi-

tation to potential evapotranspiration and duration of the dry

period), and plant physiology (minimum soil water potential

that can be tolerated over the long term with 50% of foliage

damage or dieback). Specifically, Niinemets & Valladares

(2006) established an ad hoc quantitative scale of site classify-

ing characteristics and plant physiology based on expert

knowledge, ranked all species from different datasets and con-

tinents, and finally cross-calibrated and rectified the rankings

according to many meta-analyses and comparative studies (in-

cluding notably Minore, 1979; Meerow & Norcini, 1997; Kuhns

& Rupp, 2000; Cerny et al., 2002) and expert opinion (see

Appendix B of Niinemets & Valladares, 2006, for details and

more references). Because Niinemets & Valladares (2006), the

source of many species-specific tolerance rank values in this

study, utilize habitat and climate information as two (of many)

factors to estimate species tolerance, one might argue that our

effort to use climate information to re-project ecosystem toler-

ances back onto the landscape (described in details below) is

somewhat circular. We argue, however, that plant physiology

is also ‘baked into’ tolerance indices, so that our drought toler-

ance model provides novel information about plant
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community distribution and vulnerability under anticipated

climate change. Furthermore, even a simple re-projection of

current plant–climate associations with the specificity pro-

vided by tolerance rankings constitutes a significant advance

in our understanding of the vulnerability of plant communi-

ties to climate change.

In addition to shade tolerance and drought tolerance, we

also estimated waterlogging tolerance, which indicates the

degree to which species are able to survive in water-saturated

soils. Waterlogging stress is relevant to only a small fraction of

all US forests, and we adopt here the rankings from Niinemets

& Valladares (2006) without extending it to all species of the

FIA database.

Individual species tolerance traits were scaled up to the

stand level by taking the weighted average of relative abun-

dance of tree species based on basal area (Eq. 1 in Supplemen-

tary Materials 1.2). We refer to these upscaled tolerance traits

as “tolerance indices” throughout the remainder of this paper.

Basal area was taken from the USDA Forest Inventory and

Analysis database (FIADB, Woudenberg et al., 2010, which

includes data from > 600,000 forest stands across the conter-

minous United States). We also extracted land ownership and

soil moisture information from the FIA database. Additional

information on how variables were computed is available in

Section 1.2 of Supplementary Materials.

Model sensitivity and uncertainty

To quantify the degree to which errors in tolerance rank val-

ues might influence our results, we conducted a sensitivity

analysis. In this analysis, we added a random component to

each species ranking of �0.1 points in the [0, 1] scale and

another random component to each individual tree ranking of

�0.1, and subsequently computed the tolerance indices and

drought TDM model using these tree-specific rankings. We

performed the above procedure 100 times and report here the

width of the bootstrapped 95% confidence intervals for (a)

species-level rankings, (b) plot-level index, and (c) TDM mean

values in the climatic space.

Eastern forests are over-represented in the FIA dataset due

to historical and administrative reasons (mainly due to an ear-

lier start of FIA programs on the East coast compared to the

West coast). This sampling bias in the database leads to an

over-representation of some combinations of average tempera-

ture and precipitation. In the computation of correlation

between tolerance indices, we corrected this bias with a boot-

strapping strategy (Efron & Tibshirani, 1994). The procedure

consists of the repeated selection of random subsample of

plots that tile the climatic space evenly, and allows the compu-

tation of 95% confidence intervals. This methodology is

described and illustrated in more detail in Supplementary

Materials 1.3.

Climatic variables

Two databases were independently employed to link vegeta-

tion patterns and climate (Supplementary Materials 1.5):

Worldclim (with normals computed from 1950 to 2000 using

a spatial resolution of 30 s Hijmans et al., 2005) and PRISM

(with normals computed from 1981 to 2010 using a spatial

resolution of 800 m, Prism Group, 2015). In the main text,

we present results obtained with Worldclim database, and

PRISM-based results are included as Supplementary

Materials.

Drought tolerance model

A drought tolerance distribution model was developed that

predicts forest drought tolerance as a function of average

annual temperature and precipitation (Fig. 3a). To construct

the drought TDM, we first binned FIA plots according to

their climate characteristics (0.5°C temperature bins and

60 mm/month precipitation bins) and then computed average

drought tolerance for each bin. Climate bins containing fewer

than 10 forest inventory plots were discarded, and drought

tolerance values were averaged in all other cells. The method

of spatial extrapolation we employed had very little impact on

our results (Supplementary Materials 1.6). In addition, FIA

plots occurring in wetland areas (6% of the FIA plots; Supple-

mentary Materials 1.4) were excluded from this analysis

because in these plots water supply is presumably decoupled

from the local precipitation regime, an assumption supported

by a lack of strong link between waterlogging tolerance and

annual precipitation (Fig. 1f; Supplementary Results S3 and

Supplementary Materials 1.4).

To evaluate which climate variables were most strongly cor-

related with drought tolerance, we evaluated a suite of 88

models, each of which used a pair of bioclimatic variables to

predict drought tolerance. Temperature-related variables

included: mean annual temperature and seasonality, mean

diurnal range, isothermality, temperature range, max/min

monthly temperatures, and mean temperature of the wettest/

driest/warmest/coldest month (Supplementary Materials 1.6;

Fig. S6). Precipitation-related variables included: annual pre-

cipitation and seasonality, max/min monthly precipitation,

and precipitation of the wettest/driest/warmest/coldest

quarter (Supplementary Materials 1.6; Fig. S6). A randomly

selected subset of FIA plots (90% of the entire dataset) was

used to calibrate the model, and remaining 10% of sites were

used to evaluate model skill with greatest model skill defined

as lowest mean squared error of model predictions. This

cross-validation strategy is useful to avoid the possibility of

overfitting when choosing the optimal climatic variables to

build the TDM. Of all models tested, the best model used

average annual temperature and average annual precipitation

as independent variables.

To further evaluate this result, we compared the drought

tolerance index computed from the FIADB (current period)

with the model’s prediction based on current temperature and

precipitation. We computed standard deviation as an indica-

tor of the natural variability of drought tolerance index and

standard error of the mean as an indicator of model fit quality.

We also did an out-of-sample validation by training the model

using a variable fraction (from 10% up to 95%) of FIA plots,

and subsequently comparing predictions with noncalibration

data (Supplementary Results S8).
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Climate change scenarios

To calculate drought tolerance index values under future cli-

mate conditions, we relied on projected climatic data using

two Representative Concentration Pathways (RCP) adopted

on the Fifth Assessment Report from the Intergovernmental

Panel on Climate Change (Collins et al., 2013; see also Supple-

mentary Materials 1.5): moderate forcing (RCP4.5) and severe

forcing (RCP8.5). The climate change models that we consider

are from Worldclim (worldclim.org, Hijmans et al., 2005). In

this collection of model output, high-resolution spatial layers

are obtained by computing the difference between current and

future conditions, and interpolating the differences to a 30 arc-

second (~1 km 9 1 km) grid. These differences are then bias-

corrected with a baseline extracted from the current conditions

of the Worldclim dataset. In the main text of this study, we

computed median-predicted drought tolerance using median

values from the 17 available climate model predictions.

Predictions using each individual climate change model are

presented in Supplementary Results S9.

Drought tolerance indices vary within each climate bin,

which is expected due to the patch-mosaic patterns of forested

ecosystems (resulting from the specific history of plots and

including forest succession, disturbance, management regime,

differences in seasonality and other high-dimensional climate

axes, and different regional species pools). Projecting forest

vulnerability to future climates requires first quantifying the

departure from normal variability under present climatic con-

ditions and then computing whether projected climatic condi-

tions move systems outside of their present-day variability.

We calculate present-day variation in drought tolerance as a

function of climate by deriving three models that predict the

90%, 95%, and 99% upper bounds of the drought tolerance

distribution, respectively (reported in Supplementary Results

S9). These models are then used to estimate the empirical

probability that drought tolerance is lower than these thresh-

olds under projected climate change (reported in the main text

in Fig. 5e, f).

In some regions, projected climatic conditions exceed the

range of the TDM, implying a shift to conditions not currently

found in the mainland United States. To make predictions for

these areas, we relied on an approach inspired by potential

vegetation models; we cross-linked current biomes with future

climatic conditions. Specifically, we relied on the worldwide

biome classification reported in FAO (2012) and on the current

worldwide climatic conditions from Worldclim (Hijmans
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Fig. 1 Overview of the tolerance indices in the conterminous USA. (a) Visualization of forest stands tolerance index mapped onto the

hue–saturation–value color space. In the color triangle key (b), colors at the vertices correspond to forests where one tolerance index is

high while others are low. Colors inside the triangle correspond to forests with intermediate tolerances (for example, yellow indicates

forests resilient to both shade and drought). (c) Cumulative distribution of the plot tolerances within the triangle key, showing that

most plots implement a trade-off between shade and drought tolerance, while plots with high waterlogging tolerance are infrequent.

Separate maps of tolerance indices to drought, shade, and waterlogging are available in Supplementary Results S2. (d–f) Drought,

shade, and waterlogging tolerances of forest stands plotted in climate space with mean annual temperature (x axis) and mean annual

precipitation (y axis). The 5% high outliers for waterlogging tolerance index are represented by purple crosses.

© 2016 John Wiley & Sons Ltd, Global Change Biology, doi: 10.1111/gcb.13291

4 J . LI �ENARD et al.



et al., 2005), to match current climate with current biomes. We

then matched future projected climate in the United States

with current worldwide climate and current biomes, which

allowed us to label the putative forests types (Fig. 5 in main

text). Putative forest types with a drought tolerance index out-

side the current range of US values were then labeled using

current global ecological zones (FAO 2012).

Software

All databases and computations were developed, manipu-

lated, and analyzed using R 3.2.2 (R Core Team, 2014) using

the packages RGDAL 1.0-4 (Bivand et al., 2015) and RASTER 2.4-15

(Hijmans, 2015). The code necessary to reproduce the analyses

is available in an online repository (https://github.com/

jealie/TDM).

Results

Overview of current forest tolerance patterns

Shade, drought, and waterlogging tolerance indices

show distinct spatial patterns (Fig. 1a), demonstrating

that these stand-level indicators can effectively describe

forested ecosystems in the United States. Shade and

drought tolerances were also strongly correlated with

mean annual temperature and precipitation (Fig. 1d, e),

while waterlogging tolerance displayed no clear rela-

tionship with climate parameters except for demon-

strating very low values when the mean annual

temperature was higher than 20°C (Fig. 1f). In addition,

the inverse relationship between shade and drought

tolerances that has been reported for temperate tree

species (Niinemets & Valladares, 2006; Valladares &

Niinemets, 2008) clearly scales up to the landscape level

(correlation between shade and drought tolerances:

�0.794; 95% bootstrapped confidence interval [�0.771,
�0.815]; Fig. 1c–e; cf. Supplementary Results S3).

Regions where drought tolerance was high but shade

and waterlogging tolerances were low included much

of the US Intermountain West and much of the south-

eastern United States (Fig. 1a). Regions where shade

tolerance was high but drought and waterlogging toler-

ance were low included portions of the moist Pacific

Northwest, the Upper Midwest, and the Northeast US

(Fig. 1a). FIA plots with high waterlogging tolerance

but low drought and shade tolerances were located pri-

marily along the Mississippi River or its tributaries,

and along the southwestern US coast (Fig. 1a).

A drought tolerance model

Whereas waterlogging and shade tolerance are only

indirectly linked to climate drivers (Li�enard & Strigul,

2015; Li�enard et al., 2015), drought tolerance can be

directly linked to climate. We utilized this direct link-

age to examine the vulnerability of forests to changing

climate in the United States, and focus the following

analysis on drought tolerance modeling. Overall, the

drought TDM reproduces current drought tolerance

patterns in the continental US (compare Fig. 2c and d).

Areas where the drought TDM does not do as well

include the lower Mississippi River Basin (a wetland-

dominated region where climate and vegetation are

likely decoupled from the overland supply of water)

and some of the montane areas of the West coast

(Fig. 10 in Supplementary Results S8).

Although one might reasonably expect climate vari-

ables such as drought duration or intensity to best pre-

dict drought tolerance, our statistical analysis of 19

bioclimatic variables reveals that mean annual tempera-

ture and mean annual precipitation were the best

variables to minimize model prediction error (Supple-

mentary Results S6). Extreme annual temperature/pre-

cipitation (such as the precipitation of the wettest

quarter with the max temperature of the warmest

month) also did reasonably well as predictor variables

but not as well as mean annual temperature and precip-

itation. Bioclimatic variables linked to subannual vari-

ability of climate (such as the precipitation seasonality

or the annual range of temperature) consistently

resulted in low model performances and thus appear

nonessential for the characterization of drought toler-

ance (Supplementary Results S6).

Supplementary Results S8 show that the best model

had overall low standard errors of the mean (less than

5%), indicating that data are adequately constraining

the model. The analysis of errors reveals a symmetric,

nonskewed profile that follows an exponential decrease

around the mean, consistent with a high predictive

power of the TDM (Supplementary Results S8). An out-

of-sample validation showed that model performance

remained similar when only 70% of FIA plots were

used to train the model meaning that the data at hand

are sufficient to constrain the model (Supplementary

Results S8). Applying alternative regression schemes

based on inverse distance weighting and kriging is also

presented in Supplementary Results S7 and did not

substantively change model predictions or error magni-

tude and distribution.

In addition to the error analyses summarized above,

we conducted an extra sensitivity analysis to evaluate

how errors propagate from rankings of individual tree,

to the plot-level drought tolerance index and to the

drought TDM model. These indicated a roughly two-

fold decrease in uncertainty at each upscaling step

(Supplementary Results S8). Collectively, these analy-

ses suggest that the climate-level drought TDM is

robust to small errors and approximations introduced

© 2016 John Wiley & Sons Ltd, Global Change Biology, doi: 10.1111/gcb.13291
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at the level of drought tolerance rankings of individual

trees.

Using a drought TDM to understand forest vulnerability
to climate change

Mean annual precipitation and temperature are both

expected to change over the coming century (Fig. 3a,

b), and the geographical distribution of drought toler-

ance will need to shift to accommodate this change

(Supplementary Results 1.7). Projected climate trajecto-

ries for forested plots in climate space (Fig. 3b) can be

coupled with the drought tolerance model (Fig. 2a) to

calculate the drought tolerance necessary to accommo-

date modeled future conditions. Extrapolation of the

model to future conditions using an ensemble of 17 cli-

mate models revealed a consistent progression toward

greater required drought tolerance. This progression

was geographically ubiquitous and consistent across

scenarios (from RCP4.5 to RCP8.5, cf. Supplementary

Results S9). Model predictions presented in this section

were robust with respect to the source of current

climatic data (two databases used, Worldclim in

Fig. 1c-f and PRISM in Supplementary Results S5), to

the regression method (binning, inverse distance

weighting, and kriging, Fig. 2 and Supplementary

Results S7), and climate change model choice (17 mod-

els considered in Fig. 3, see Supplementary Results S9

for their individual predictions).

We report both magnitude of expected shifts in

drought tolerance (Fig. 3c, d) and the probability that

this change will require forest ecosystem change

(Fig. 3e, f). Increases in drought tolerance are much

more common than decreases (located in sparsely

forested areas of the western United States; Fig. 3c, d)

and are widespread over forested ecosystems of the

United States in both climate scenarios investigated

(Fig. 3c, d). The greatest predicted increases in drought

tolerance occur in the upper Great Plains temperate

steppe biome (in North Dakota and western Wisconsin)

and in the western mountain systems. Smaller, but still

substantial, changes in drought tolerance are predicted

in the northeastern United States and along the West

Coast (Fig. 3c, d). One must take caution in interpreting

these absolute changes, however, as the drought toler-

ance scale is not linear (e.g., a 0–0.25 shift is not equiva-

lent to a 0.75–1.00 shift). In many regions, predicted

increases in drought tolerance will not necessarily

require significant shifts for forested ecosystems

because in these areas increases in drought tolerance
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are likely to be small compared to natural variability

(Fig. 3e, f). In some areas, however, drought tolerance

distributions will likely move beyond the range of pre-

sent-day variability. These at-risk regions include parts

of the northeastern United States and Northern Great

Plains, as well as, to a lower extent, higher elevation

areas in the Rocky Mountains (Fig. 4e, f). In the north-

eastern United States, where the risks are the most pro-

nounced, at-risk forest types include Maple/Beech/

Birch, Spruce/Fir, and White/Red/Jack Pine combina-

tion. Red pines (Pinus resinosa) in particular, a species

with medium resistance to drought, has a distribution

overlapping the most vulnerable areas identified in

Fig. 3e, f and is already in the list of endangered species

in three northeastern US states. Most (81.9%) of the FIA

plots considered in this study were located on private

lands, with substantially smaller numbers occurring on

public lands (6.6% state and 11.5% federal). We
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Fig. 3 Application of TDM to predict future drought tolerance using multiple climate change models. (a) Overview of the predictions

of 17 climate models for US forested ecosystems, under two scenarios: ‘moderate’ forcing (RCP4.5) and ‘severe’ forcing (RCP8.5). The

current span of climatic conditions is represented by the grey shade and the future climatic boundaries by dotted and thick lines. (b)

The trajectories of a subset of plots are shown. Models predict overall consistent increases of temperatures, while precipitation changes

display a higher variability. (c and d) Median projected tolerance change across climatic models, with RCP4.5 (c) and RCP8.5 (d). (e

and f) Confidence levels of increasing drought tolerance according to the TDM, in RCP4.5 (e) and RCP8.5 (f). Color indicates the likeli-

hood that the median projected required drought tolerance will be higher than current drought tolerance (the probability thresholds of

90%, 95%, and 99% are relative to the tolerance variability displayed in Fig. 2b). In (c–f), the purple areas indicate regions where future

climatic conditions fall outside the predictive range of the TDM (i.e., which are outside the current climate extent in panels a–b), and

grey areas indicate climatic conditions that do not currently sustain forests in the USA, and where the TDM can thus not be applied.
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estimate that climate change over the next century will

affect all three categories of land, but in our analysis

private lands appear to be located in vulnerable areas

more frequently (87.1% of total privately held FIA

plots) than public lands (4.7% and 6.7% of state and

federal lands classified as vulnerable, respectively).

Putative forest types outside the range of the TDM

Some of the climate conditions (and hence drought toler-

ance characteristics) anticipated to occur over the next

several decades do not currently exist in the contermi-

nous United States (Williams et al., 2007; Ackerly et al.,

2010). For regions with these climate conditions (purple

regions Fig. 3), one can look to other continents and find

appropriate forest types (Fig. 4). For example, low-alti-

tude areas of Texas may eventually host tropical dry for-

ests, with potential migrants coming from tropical dry

forests of Eastern Mexico. The Gulf coastal plains of the

southeastern United States could host tropical moist

deciduous forests, such as the Cuban moist forests.

Finally, the tropical desert/shrublands of Mojave, Sono-

ran, and Chihuahuan deserts may well extend north-

ward. The Pacific Northwest’s Cascades are anticipated

to have a climate similar to China’s Fujian Province or

Southern Brazil’s Paran�a and Santa Catarina. As all ana-

logs for the projected US Pacific Northwest climate area

are far away, it is uncertain what species will migrate to

fill the ecological niches created by a changing climate.

Discussion

In this work, we map vegetation tolerance patterns for

the first time and study the relationship between these

tolerance characteristics and climatic variables. The

drought TDM establishes a geography of drought toler-

ance based on the present-day climatic data. Once the

relationship between drought tolerance and climate is

quantified via a TDM, it is possible to use this relation-

ship to examine how drought tolerance will likely

change as climate shifts. It is also possible to identify

‘at-risk’ regions: places where future drought tolerance

plants and plant communities is likely to fall outside

the current range of variation. Somewhat surprisingly,

areas with large predicted changes in drought tolerance

are not necessarily the regions that are most at-risk.

This is because some of these regions have high vari-

ance in drought tolerance, which may buffer them

against future climate change (e.g., the northern Great

Plains). In contrast, regions with relatively uniform

drought tolerance can be at risk in the face of compara-

tively small changes in climate (e.g., the Northeastern

United States). Such an approach has similarity with

the identification of the so-called no-go areas for func-

tional traits, which were deduced by taking empirical

percentiles of observed distribution Stahl et al. (2014).

More broadly, the identification of at-risk areas can also

be seen as the geographical equivalent of the temporal

departure from normality studied in Mora et al. (2013),

which predicts when climatic variations will differ sig-

nificantly from historical ranges.

Relationship with other modeling approaches

Tolerance distribution model, biome envelope models,

SDMs, functional trait models, and climate-based arid-

ity indices can all be used to understand how cli-

mate controls spatial distributions of species and

communities. The drought tolerance index introduced

in this study is a characteristic of forest communities

Putative forest types for projected climates currently absent in the US

Subtropical humid forest

Tropical desert/shrubland

Tropical dry forest

Tropical moist
deciduous forest

Fig. 4 Putative forest types for which projected future climatic conditions are outside the TDM range in the United States (areas in

purple in d and f) using RCP 8.5 as a forcing scenario.
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based on species abundance. This quantity is different

from traditionally used climatic aridity indices such as

the Palmer Drought Severity Index, the Surface Water

Supply Index, or the Standardized Precipitation Index,

which assess drought frequency by summarizing cli-

matic variables (Hayes et al., 2006, Maliva and Mis-

simer 2012). In addition, these modeling approaches

operate at different levels of biological organization

than a TDM. Whereas SDMs predict the distributions

of species and populations, and biome models predict

the presence or absence of whole communities, our

TDM indicates the vulnerability of current vegetation

to future conditions. Models predicting the dynamics

of a single functional trait (such as maximal tree height,

maximal seed mass, or maximal wood density in Stahl

et al., 2014) have a close relationship to the TDM, which

analyzes tolerance indices instead of functional traits.

The TDM approach can be seen as more general in

scope compared to single functional trait analyses.

Indeed, tolerance rankings summarize many functional

traits; for example, drought tolerance ranking is linked

to N content, photosynthetic capacity, leaf life span and

lead dry mass per unit area (Hallik et al., 2009), seed-

ling size (Westoby et al., 2002), deciduousness, and

overall biomass allocation to roots (Poorter & Markes-

teijn, 2008). Whereas previous studies have shown that

single traits are only weakly connected to climatic gra-

dients (Reich et al., 2003; Stahl et al., 2014), vegetation

cover types (Swenson et al., 2012; van Bodegom et al.,

2014) and growth patterns (Paine et al., 2015), by

encompassing several traits at once, tolerance indices

can efficiently describe spatial and climatic patterns

(Figs 1 and 2).

Despite operating at a different scale, TDM-based

predictions are broadly consistent with those of species

and biome models. For example, the northward shift of

ecosystem types in the eastern and northeastern United

States predicted by our TDM is also predicted using

SDM and process-based approaches (Iverson et al.,

2008; Morin et al., 2008; Rehfeldt et al., 2009). We high-

light this region as one that is particularly vulnerable

to climate change (Fig. 4), a result consistent with the

Subtropical desert
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Subtropical humid forest
Subtropical mountain system
Subtropical steppe
Temperate continental forest
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Temperate mountain system
Temperate oceanic forest
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findings of others (e.g., Gonzalez et al., 2010). In the

Western United States, some of the regions identified

here as at risk to drought were also identified by Wor-

rall et al. (2013), who used a SDM to study the ongoing

decline of the drought-intolerant trembling aspen (Pop-

ulus tremuloides). In contrast to the drought TDM,

biome models do not highlight significant risks for

mountain areas in the Western United States, possibly

owing to their coarser resolution (Scholze et al., 2006;

Gonzalez et al., 2010). Our TDM approach also identi-

fies mountainous areas as at particular risk, which is

consistent with a recent study of 6 species across the

western United States (Bell et al., 2014). In fact, we pre-

dict that in the western United States, high-elevation

areas will likely be affected much more by climate

change than the lower elevation areas, perhaps owing

to the fact that high-elevation vegetation in this region

is quite fine-tuned to withstand harsh, high-altitude

conditions.

One can also gain insight by contrasting the results of

biome and TDM approaches. Overall, biomes show

much less specificity with respect to climatic variables

than shade and drought tolerance index, which display

consistent and clear gradients across the whole climatic

space (contrast Fig. 1d, e with 5b, c). Nonmountain

biomes encompass relatively narrow bands in climatic

space, and they display a high overlap at intermediate

temperatures (5–20°C) across a broad range of rainfall

rates (50–150 mm/month; Fig. 5b). The overlap is even

greater with mountain biomes (Fig. 5c), which encom-

pass an exceptionally large range of temperature and

precipitation. The significant overlap between ecotones

in climate space somewhat limits the utility of a biome

envelope approach. This problem persists regardless of

the biome classification scheme used (cf. Supplemen-

tary Results S1).

Model limitations and future directions

Although our drought TDM model effectively predicts

drought tolerance, some unexplained variance remains.

Discrepancies between modeled and measured drought

tolerance may result from multiple sources, including

errors in initial assignment of drought tolerance, errors

in climate data or models, a disconnect between climate

and drought tolerance (e.g., due to overland water

transfer such as occurs in floodplain wetlands), inaccu-

racies in FIA plot locations (which are often intention-

ally obscured to preserve land-owner privacy), or

stochastic disturbances (e.g., harvest or fires).

To evaluate the potential impact of these uncertain-

ties on TDM predictions, we estimated model

robustness at the level of individual trees and species,

at the plot-level of a forested patch, and at the land-

scape level. This exercise indicated that the uncertain-

ties in tolerance rankings decreased markedly with

upscaling, falling by 50% when individual species toler-

ances were used to calculate stand-level tolerance

indices, and decreasing by an additional 50% when

stand-level tolerance indices were scaled up to compute

the TDM. While we cannot rule out the presence of

errors and imprecision in the tolerance rankings, this

analysis shows that their impact on the final model is

likely to be quite small.

To address concerns regarding FIA plot locations, we

relied on the fact that errors in coordinates are not gen-

erally large enough to negatively affect our analysis.

FIA indicates (Woudenberg et al., 2010) that some plot

coordinate data are only slightly altered, with only

about 0–25% of plots swapped, and those within the

same county. Furthermore, FIA states that to allow

landscape level modeling, the ecological similarity is

preserved when plot coordinates are altered and

swapped. The net result of this strategy is that error

caused by FIA plot coordinate alteration is negligible in

SDMs (Gibson et al., 2014), and the same should be true

for the TDMs presented here. To address uncertainty

associated with projected climate, we used 17 climate

change models separately (Supplementary Results S9)

and together (Fig. 4); these models mostly agree on the

areas of drought vulnerability in the United States.

Nonetheless, future research could investigate how

fine-scale differences in the projected climate propagate

to the TDM predictions.

At the landscape level, our TDM focuses on forest

tolerance distributions as a function of climate, while

other forest change drivers in conterminous United

States are largely ignored in this iteration of the model.

In particular, forest distributions in some areas are

affected by fire (Scholl & Taylor, 2010). Phenology can

also play an important role in forest climate change

response (Chuine & Beaubien, 2001). Future versions of

the TDMs presented here can certainly be modified to

include these factors.

In addition to these uncertainties, there is some poten-

tial for circularity in the TDMs presented here.

Although habitat and climatic factors were used in for-

mulating species tolerance rankings, this information

was only one of many types of information used. Future

studies comparing our results with individual-based

tolerance rankings grounded exclusively in plant physi-

ology could determine the degree of circularity in the

establishment of tolerance rankings. However, we argue

that because plant species physiological characteristics

were used in determining tolerance rankings the TDM

approach provides novel insight about ecosystem cli-

mate vulnerability. Furthermore, community-level tol-

erance may be an emergent property giving novel

© 2016 John Wiley & Sons Ltd, Global Change Biology, doi: 10.1111/gcb.13291
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insight beyond the species rankings, as much as com-

munity-weighted trait values have been used in func-

tional trait studies (Ackerly & Cornwell, 2007).

Although the concept of potential vegetation map-

ping has been broadly implemented using climate

envelope models and SDMs, these previously devel-

oped models cannot be used to predict forest vulnera-

bility to specific climate-related stressors. Our study

presents an alternative approach, which considers

community-weighted (as opposed to species or biome)

tolerances to environmental stresses. Output from our

drought TDM has important management implications

in that it highlights regions likely to experience signifi-

cant climate-related vegetation stress.
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Core Team Call tomorrow
Date: Tuesday, May 10, 2016 7:09:03 AM

Jim:  I can make the call at noon eastern time (10:00 mountain).  Mark

On Mon, May 9, 2016 at 4:48 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Team,

I'd like to have a call tomorrow at our usual time (10 Mountain) and number (866-857-8504/7620543).

Let me know if you can or cannot make it.

I'd like to have everyone ready to discuss the current outline of the document on the drive - I've made some
changes in trying to organize things - and to discuss the major gaps and how we best get them filled.

Would also like to touch on any responses to peer review "feelers" that folk shave been sending out, and
whether/when we need to start letting RO folks know that we will need some level of in-house review before we
go out to peer reviewers.  I think Jodi has a plan for the latter, though I'm not certain of the details yet.

Also any thoughts/concerns you all may have.

Thanks.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Zelenak, Jim
Cc: Kurt Broderdorp
Subject: Re: papers on hares in plantations
Date: Tuesday, May 10, 2016 7:09:42 AM

Thanks Jim and Kurt.   Mark

On Mon, May 9, 2016 at 4:56 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I don't have either of those in my (or Shawn's old) files, but they are both cited in the revised LCAS, so Kurt
should have them on the Lit file that Scott Jackson gave him.  Kurt - could you send those two PDFs to Mark?

By the way Kurt - did Scott have any concerns with providing other copies of the lit from the LCAS revision? 
Any chance you can burn additional copies there and send to each other Core Team member?  Or would it be
easier to just ask Scott to send them?   

On Mon, May 9, 2016 at 2:43 PM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:  The journal Forestry Chronicle is not available on WorldCat.  Do you have pdfs of
either of these articles for the forestry section:

Parker, G. R. 1986. The importance of cover on use of conifer plantations by snowshoe
hares in northern New Brunswick. Forestry Chronicle 62:159–163.

 

Parker, G. R. 1984. Use of spruce plantations by snowshoe hare in New Brunswick.
Forestry Chronicle 60:162–166.

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: moving more stuff in drive
Date: Tuesday, May 10, 2016 7:10:14 AM

No problem...move stuff around.  Mark

On Mon, May 9, 2016 at 4:59 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I'm getting ready to move your climate change sections up into the revised outline/document - just wanted to give
you a heads-up.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Zelenak, Jim
To: Mark McCollough
Subject: peer review
Date: Tuesday, May 10, 2016 5:30:14 PM

Hey Mark,

What are your thoughts on Alexej as a a potential peer reviewer for the climate change perspective?  Can't
remember if we discussed this previously ( I thought we had...), but it seems like he would be a good candidate
given his deep familiarity with the climate modeling literature/methods and his focus on and understanding of lynx
ecology.

If you agree, are you comfortable reaching out to him informally to gauge his interest and availability?  If not, I'm
happy to do so - just seems you already have a good working relationship with him.

If you do, remember to include the caveats about this being informal at this point, that a formal request may or may
not be extended at a later date, etc.  Below is the language I used to get that point across to Dr. McKelvey and others
- use it or not as you see fit.

Hi Kevin,

I wanted to get a feel whether you might be interested and available to serve as a peer reviewer for our draft lynx
species status assessment (SSA) - in this case really a DPSSA.  We hope to have a draft soon, though exact timing is
still up in the air - maybe in the next 4-6 weeks.

This is not a formal request - that would likely come later from my supervisor or our regional office - just testing the
water for your potential interest and availability.

We are seeking expressions of interest from a smallish pool - maybe 8 - 12 scientists, with maybe 4 - 5 ultimately be
formally asked to provide peer review.  I'm sure you can guess most of the other potential candidates.

I think the SSA would certainly benefit from your review.

Let me know if you think you're up for it.

Thanks,

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Kurt Broderdorp
To: Jim Zelenak; Mark McCollough; Tamara Smith; Bryon Holt
Subject: RE: Lynx SSA Drive
Date: Wednesday, May 11, 2016 9:02:38 AM

I did get all of them uploaded
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, May 10, 2016 9:12 AM
To: Kurt Broderdorp; Mark McCollough; Tamara Smith; Bryon Holt
Subject: Lynx SSA Drive
 
Kurt uploaded all (? - I think - 461 documents) the lit cited from the 2013 revised LCAS that
USFS provided him.  Should be very useful; thanks, Kurt.   It is at:
 
Lynx SSA > SSA > Literature > LCAS 2013 Lit Cited
 
I uploaded two versions of the 2014 critical habitat maps  - with and without exclusions and
other changes from proposed rule to final rule - and a jpeg and pdf of the map used in the
workshop report.  They are at:
 
Lynx SSA > SSA > Maps
 
Hope these are helpful, too.
 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:kurt_broderdorp@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:tamara_smith@fws.gov
mailto:bryon_holt@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


From: Smith, Tamara
To: Kurt Broderdorp
Cc: Jim Zelenak; Mark McCollough; Bryon Holt
Subject: Re: Lynx SSA Drive
Date: Wednesday, May 11, 2016 11:03:40 AM

Awesome! Thanks.

On Wed, May 11, 2016 at 8:02 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

I did get all of them uploaded

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, May 10, 2016 9:12 AM
To: Kurt Broderdorp; Mark McCollough; Tamara Smith; Bryon Holt
Subject: Lynx SSA Drive

 

Kurt uploaded all (? - I think - 461 documents) the lit cited from the 2013 revised LCAS that
USFS provided him.  Should be very useful; thanks, Kurt.   It is at:

 

Lynx SSA > SSA > Literature > LCAS 2013 Lit Cited

 

I uploaded two versions of the 2014 critical habitat maps  - with and without exclusions and
other changes from proposed rule to final rule - and a jpeg and pdf of the map used in the
workshop report.  They are at:

 

Lynx SSA > SSA > Maps

 

Hope these are helpful, too.
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--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Subject: Future conditions template
Date: Wednesday, May 11, 2016 12:28:39 PM
Attachments: Future Condition Template.docx

Attached here, also uploaded to drive at SSA Documentation and Report > Future Conditions, and I pulled it into the
draft SSA report as a place-holder at top of section 5.2.

Please review the template, let me know if it is missing something, and then use it (or a revised version if something
is missing) as a framework in the future conditions section for your unit.

As we discussed yesterday on the call, addressing the threat for listing and the anthropogenic influences identified in
the 2013 LCAS as potentially having pop.-level impacts and doing it consistently by unit may be the most efficient
approach.  I've added a unit-specific summary of the EE workshop results, which I also think we should present
consistently by unit.  EE results will also be summarized broadly across units at the start of the chapter/section.

Also as we discussed yesterday, if you haven't done so, please try to fit your current conditions narrative into the
template for that - see Tam's current condition for Minn. as an example.  Sorry if this will be a pain for Mark and
Kurt, but I think it will improve consistency and readability.  Let me know if you disagree, iff so, shy, and what you
think might work better.

Thanks Team.

Anyone seeing any light at the end of this tunnel yet? 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Future Condition – Template 

Future conditions narratives for each lynx SSA geographic unit should include each of the Ch. 3 factors 
influencing viability, describe cause and effect pathways to extent practicable, and likely or potential 
consequences for your unit’s continued ability to support resident lynx populations. 

1.  Regulatory Mechanisms (describe current regulatory environment[s] and future consequences of 
their implementation on lynx/hare populations/habitats, distinguishing between Federal vs. State vs. 
Tribal vs. Private ownership/mgmt. to the extent appropriate for your unit; discuss any potential or 
anticipated changes in regulatory environment that may affect lynx): 

2.  Climate Warming (describe anticipated magnitude[s] and consequences of warming, quantifying 
expected loss of favorable snow conditions and boreal vegetation to the extent the existing modeling 
allows, and at mid-century and end-of-century if possible; also consider potential climate-mediated 
increases or changes in extent/severity/return intervals of forest insect outbreaks, wildfires, or other 
factors that may affect lynx habitats and/or populations): 

3.  Vegetation Management (this is related to Fed. vs. State vs. Tribal vs. Private ownership/ 
management/ regulatory environment – highlight which are applicable/most important in your unit, 
describing beneficial vs. neutral vs. adverse consequences for lynx/hare populations/habitats): 

4.  Wildland Fire Management (also related to regulatory mechanisms by ownership and perhaps a 
bigger issue in the west than in the east and Great Lakes):    

5.  Habitat Fragmentation (describe the sources and likely magnitude[s] of future [potential] habitat 
loss/fragmentation and the consequences for your unit’s ability to continue to support a resident lynx 
population[s]; each of the above could be a cause/source of fragmentation): 

6.  Lynx Expert Opinion (summarize your unit-specific results from the EE workshop regarding experts’ 
probability of persistence predictions and the factors/influences that most strongly influenced those 
predictions):   

 



From: McCollough, Mark
To: Jim Zelenak
Subject: latest Simons-Legaard report to USFWS for our files
Date: Thursday, May 12, 2016 11:35:39 AM
Attachments: Simons-Legaard final report to USFWS 2016.pdf

see attached

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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Modeling timber harvest and habitat 
uncertainty: landscape trends (2010-2060) for 
Canada lynx and American marten in Maine 

E. Simons-Legaard 
erin.simons@maine.edu 

Suggested Citation: Simons-Legaard, E. 2016. Modeling timber harvest and habitat 
uncertainty: landscape trends (2010-2060) for Canada lynx and American marten in 
Maine. Final report to the U.S. Fish and Wildlife Service. 19 p.     

Final report: Submitted January 22, 2016 



Introduction: 
     Over the last few decades, timber harvesting patterns on Maine’s commercial forestlands have evolved under 
the influence of significant changes in forest management strategy and forest policy. During the 1970s and 1980s, 
timber harvesting was driven by the salvage of spruce-fir forest infested by the spruce budworm ((Chorisoneura 
fumiferana (Clem.)). More recently, implementation of new forest policies enacted in 1989 in the wake of the last 
budworm outbreak have contributed to a broad-scale shift towards greater reliance on partial harvesting and a 
dramatic increase in the annual acreage harvested (Figure 1). Between 1995 and 2005, greater than 80% of the 
timberland in Maine also changed ownership, often 2 or 3 times. What was a vertically-integrated  
landscape owned by a relatively small number of large 
industrial forest products companies before the last 
budworm outbreak is now substantially more parcelized 
and owned primarily by financial investment firms. Many 
of these new owners are arguably less tied to the long-
term, sustainable production of timber than the previous 
industrial owners. 
     Landscape simulation has become an essential tool for 
understanding the long-term effects of land-use activities 
across large areas. Spatially explicit simulations of forest 
disturbance and succession provide information about 
future forest conditions critical to evaluating interactions 
between resource management and ecosystem process. 
Forest landscape models such as LANDIS (LANDscape 
DIsturbance and Succession) have been used to simulate 

the effects of alternative management strategies on forest composition and landscape pattern (e.g., Radeloff 
et al. 2006, Zollner et al. 2008), wildfire dynamics (e.g., Sturtevant et al. 2009), habitat suitability (e.g., Shifley 
et al. 2006, Shifley et al. 2008), and carbon sequestration (e.g., Swanson 2009). This body of research 
suggests that even small differences forest management can result in broad-scale changes forest dynamics 
over time.  

Figure 1. Annual acres harvested by clearcut (black bars) 
and partial harvest (gray bars) between 1988 and 2006.   



Background: 

Figure 2. Current study area encompassed  approximately10 million acres of 
forestland in Maine. 
 

     In large commercially-managed forests, particularly those that are highly parcelized and privately 
owned, understanding how management will impact landscape pattern and future forest dynamics 

and extensive partial harvesting in a predominantly spruce-fir forest result in comparatively high harvest 
rates, reduced carbon stocks, and higher resource uncertainty. 
     The goal of this project was to provide a better understanding of how timber harvesting has and will 
influence habitat conditions for Canada lynx and, secondarily, American marten. Canada lynx and 
American marten are considered umbrella species for managing biodiversity in young (lynx) and mature 
(marten) forest (J. Hepinstall & D. Harrison Unpublished Report). Specific objectives were to (1) expand 
predictions of probability of lynx occurrence (POC) to the new study area based on current habitat 
conditions; and (2) use the forest landscape model LANDIS-II to simulate the cumulative effects of timber 
harvesting across a diverse owner landscape and disturbance-succession dynamics on lynx and marten 
habitat over the next 50 years.  
 
 

requires consideration of differences in 
management between landowners. This project 
builds upon recent work that expanded forest 
change detection and forest modeling with 
LANDIS-II (Scheller et al. 2007) to include 10 
million acres of Maine (Figure 2). This area 
encompasses >80 major landowners and >500 
parcels. Previous research has focused on 
modeling the effects of forest policy1 or 
interactions between forest harvesting and 
spruce budworm2, and addressed, for example, 
the hypothesis that management strategies that 
include very limited even-aged management 



Methods: 
     I used maps of percent species biomass for the 13 most abundant tree species (Table 1) in the study 
area and disturbance history, developed as part of a companion 

Species Common name 

Abies balsamea Balsam fir 

Acer rubrum Red maple 

Acer saccharum Sugar maple 

Betula alleghaniensis Yellow birch 

Betula papyrifera Paper birch 

Fagus grandifolia American beech 

Fraxinus americana White ash 

Picea glauca White spruce 

Picea mariana Black spruce 

Picea rubens Red spruce 

Pinus strobus White pine 

Thuja occidentalis Northern white cedar 

Tsuga canadensis Eastern hemlock 

regenerating forest created by stand-replacing 
harvests that were 15-35 years post-harvest. I then 
used the percent species biomass maps to identify 
which of those areas were spruce-fir forest (e.g., 
≥50% of the percent biomass composed of balsam 
fir or spruce sp.). Other classes were similarly 
identified. A cell size of 30m was maintained 
through the mapping process. 

Table 1. Tree species included in analyses. 

study (Legaard et al. In preparation), to derive a map of forest 
and habitat conditions ca. 2010 for the study area (Figure 2). 
Both percent biomass and disturbance maps were developed 
using a novel and rigorous modeling framework that combines 
support vector machines (SVMs) and a multi-objective Genetic 
Algorithm (GA). Predictor variables included spectral data 
derived from Landsat imagery, along with terrain and soil data 
for species maps. Reference data was provided by USFS Forest 
Inventory and Analysis (FIA) field plots. And error rate of <15% 
was achieved across all species and disturbance maps. 
     I used a modified version of the schema developed by 
Simons-Legaard et al. (2013) when classifying and mapping 
forest and habitat conditions (Table 2). For example,  
when identifying areas of high-quality hare habitat (HQHH) I 
first used the disturbance history data to identify areas of 

Table 2. Forest types classified based on harvest history and forest composition, 
and associated average density of snowshoe hares. Adapted from Simons-Legaard 
et al. 2013. 



Methods: 
     As in previous analyses, I used the forest type map as the basis for modeling the probability of lynx 
occurrence (POC) ca. 2010. I generated continuous surfaces of the variables included in the top-ranked 
model for predicting POC (i.e., average estimated density of snowshoe hare (HARES) and percent mature 
conifer (C)) using a moving window approach. The radius of the circle (2.9 km) corresponded to the size 
of an average lynx home range in Maine (27 km2; Vashon et al. 2008). Those surfaces then served as 
inputs into the logistic model: (π /1- π) = -1.268 - 1.271(HARES) - 0.378(C) + 0.926(HARES*C), to estimate 
POC for all forested pixels in the study area. The map of current forest conditions also served as the basis 
for simulations using  the forest landscape model LANDIS-II 

Figure 3.Example of the cell-based system used by LANDIS-II to 
represent a single species (Red Spruce) even-aged (100 year old) 
area of forest.  Conditions within each cell are assumed to be 
homogenous.  

version 6.0.  
     LANDIS-II is a raster-based program in which landscapes 
are represented by a grid of cells. Each cell is populated 
with cohorts of trees defined by species and age (Figure 3). 
Each cell can contain multiple cohorts and the successional 
processes of cohort establishment, growth, reproduction, 
and mortality are simulated for each, influenced by both 
intra-cohort and inter-species competition. We used the 
Biomass Succession extension (version 3.1.1) (Scheller & Mladenoff, 2004) to simulate succession and 
the Biomass Harvest extension (version 2.1) (Gustafson et al. 2000) to simulate timber harvesting.  
     I used LANDIS-II to simulate harvest and succession for 50 years, a common timeline for strategic 
planning . I designed the harvest scenario to emulate observed rates and patterns of landowners 
harvesting timber in the study area between 2001 and 2010 (min, max, median), as determined from the 
maps of disturbance history. Management units were delineated based on ownership boundaries ca. 
2010, which encompassed >500 parcels and >80 landowners (Figure 4). In addition to commercially-
managed forest, the study area included ~179,000 ha of publically- or privately-owned forest managed 
as preserves and ~82,000 ha of forest that I identified as inaccessible due to elevation or slope.  



Methods cont’d: 

Figure 4. Study area (black outline) encompassed more 
than 80 private landowners, including Timber Investment 
Management Organizations, Real Estate Investment 
Trusts, and Non-profit organizations (e.g., The Nature 
Conservancy), as well as state and federal public and 
reserve areas.  

     I assigned target harvest rates proportionally and systematically, 
as a percentage of a given owner’s land base to be harvested per 
time step, to two prescriptions: “clearcut” or “partial harvest.” 
Observed total annual harvest rates for individual owners upon 
which I based the simulations ranged from <1% to ~8% of the 
owner land base. During assignment, I also referenced the rate of 
stand-replacing harvests for each owner along with the total 
harvest rate to set clearcut targets. For example, if an owner’s total 
harvest rate was 5% of which 0% was stand-replacing - the owner 
was assigned to harvest 5% of the land base as a “partial harvest.” 
If instead 25% of the 5% was stand-replacing, the owner’s target 
rates were 4% partial harvest and 1% clearcut.  The partial harvest 
prescription was designed to target an overall mean removal of 40-
70% AGB with interspersed patches of higher (90-100%) removal in 
accordance with recent harvest impact data collected in the study 
area (Rice et al. 2012). The clearcut prescription was designed to 
remove all mature trees and 70-100% of live aboveground biomass 
(AGB). Reference clearcut rates were iteratively adjusted to 
maintain an overall ~4% average clearcut rate across ownerships in 

accordance with annual landowner harvest reports to the Maine  
Forest Service (MFS).  
     L-II models stochasticity in some of the successional processes (e.g., seed dispersal and cohort 
establishment). Thus, I replicated each scenario five times to capture variance in modeled outcomes. 
For each replicate, I used available output extensions to map AGB (g m-2) for each tree species at each 
time step, as well as age of oldest cohort.  



Methods cont’d: 
     To track projected changes in forest and habitat conditions between 2010 and 2060, I used the maps of tree 
species AGB and forest age generated from LANDIS-II to identify areas of potential HQHH at each interval. As 
part of this analysis, I summarized projected trends using different thresholds associated with the relative 
abundance of spruce-fir (i.e., 25%, 50%, and 75% of total AGB). Previous research suggests that HQHH may be 
associated with a high density of fir and spruce stems within a stand (e.g., 80-90% of the regenerating 
stems/ha; Homyack et al. 2004) and that hare density increases with conifer stem density (Robinson 2006). 
Hare studies in Maine have not yet, however, identified a lower threshold of spruce-fir abundance associated 
with a reference hare density (e.g., 1.8 hares ha-1) that can be used to “define” HQHH. Thus, I evaluated the 
effects of uncertainty in habitat definition on modeled outcomes for lynx. I also mapped percent HQHH at the 
scale of a lynx home range using the same circular moving window approach described above for POC based on 
the 50% spruce-fir map. I did not model POC for each time interval because of the complete lack of information 
about temporal trends in hare density associated with partial harvests and the limited information about the 
temporal trajectory of hare density in HQHH after 40 years.  

     

Figure 5. Modeled relationship between AGB and basal area based 
on FIA plot data.  

     Finally, I tracked marten habitat change between 2010 and 
2060 using a similar strategy. I defined marten habitat in two 
ways to again assess the effects of habitat definition on model 
outcomes. The first definition was based only on forest age (i.e., 
“mature” forest greater or equal to 40 years-old) as used in 
previous analyses (Simons 2009). The second definition also 
included a threshold based on AGB to mimic marten habitat use 
patterns associated with basal area. Using a simple non-linear 
regression model and reference data from U.S. Forest Service 
Forest Inventory and Analysis plots within our study area (Figure 
5; R2 = 0.827), I converted the previously defined basal area 
threshold (>80 ft2 ac-1; Payer and Harrison 2003) associated with 
marten habitat use in Maine to AGB (>5,855 g m-2) because 
basal area is not a output metric that is available from LANDIS-II.  
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Figure 6. Although the underlying harvest and composition data are different, similar patterns of high vs. low 
probability are evident ca. 2010 between (a) the newly mapped 10 million acre study area and (b) the 
previously mapped 4 million acre study area (Simons-Legaard et al. Accepted). Areas of agreement in high 
probability included 1) west of Baxter State Park, 2) north of Moosehead lake, 3) the Churchill lake area, and 
4) northeast of Baker lake. Newly mapped areas of high probability were primarily in the southern portion of 
the 4 mil acre study area. Areas the new harvest and composition data were able to better resolve high 
probability areas included 1) areas south of Moosehead around the West Shirley bog and southern Indian 
Pond and 2) the area between Moosehead and First Roach pond. 

Results: Probability of lynx occurrence ca. 2010 



Figure 7. Assuming harvest rates and patterns observed between 2000 and 2010 in our study area continue, 
projections indicate that on average ~50 Mg of aboveground live biomass will be harvested every ten years 
(black bars) and that standing biomass (black line) will remain relatively stable at ~250 Mg. These data 
suggest that over the next 50 years forest growth will likely offset harvest.  

Results: Aboveground live biomass (standing and removed by harvest) 



Figure 8. The effects of adopting different definitions of high-quality hare habitat (HQHH) with respect to 
relative spruce-fir abundance increase through time (Note: results from the business-as-usual scenario 
shown). Circa 2010 the percent of forestland identified as HQHH varied from 7% based on a threshold of 
≥75% spruce-fir relative abundance (blue line) to 12%  with a threshold of ≥25% spruce-fir relative 
abundance (red line). In the near term (i.e., 2010 to 2030), HQHH declines at a similar rate regardless of 
habitat definition. After 2030, however, the projected trend varies with definition - from increasing (red line; 
≥25% spruce-fir relative abundance) to relatively stability (blue line; ≥75% spruce-fir relative abundance). It 
is important to note that the harvest projections included no intensive management in regenerating stands, 
such as herbicide application or thinning.  

Results: Habitat definition effects on percent of forestland composed of HQHH  



Figure 9. Projected outcome in terms of the percent of forestland composed of HQHH (in this example based 
on ≥50% spruce-fir relative abundance) varied by simulated harvest rate, providing an assessment of the 
range on uncertainty that may be generated by variability in timber harvesting rates. Lower and upper 
bounds (dotted lines) were associated with the min and median (or business-as-usual) scenarios, 
respectively. As in the previous analysis (Figure 8), near term outcomes (i.e., 2010 to 2030) were similar. 
Between 2030 and 2040, however, assumptions about broad-scale harvest rate were influential on projected 
outcomes. Rate of increase varied from 43% (min) to 74% (median) during that period.  

Results: Harvest rate effects on percent of forestland composed of HQHH 



Percent Home 
      Range

0 - 5

5 - 10

11 - 15

16 - 20

21 - 25

Water/No Data

Figure 10. At the low point in availability of HQHH (i.e., 2030), HQHH will still be distributed broadly across 
northern Maine based on the 50% threshold of relative spruce-fir abundance. Few areas will, however, 
exceed 15% of the forestland at the scale of a lynx home range.  Areas occupied by lynx in Maine ca. 2004 
had an average of 27% HQHH (Simons-Legaard et al. 2014).  

Results: Percent of forestland composed of HQHH at the lynx home-range scale  



Figure 11. As with HQHH (see Figure 8), using a more conservative definition of marten habitat resulted in a 
reduction in habitat amount in all periods (a). Using a more conservative definition based on both forest age 
(>40 years old) and live above ground biomass (AGB >5,855 g m-2), as a proxy for basal area, resulted in an 
average 23% decrease in the area qualifying as marten habitat. Unlike HQHH, different harvest scenarios 
resulted in different trajectories for marten habitat between 2010 and 2030. Under the median harvest 
scenario (lower bound), marten habitat declines slightly over the next 50 years. Under the minimum harvest 
scenario (upper bound), marten habitat increases between 2010 and 2030 and then stabilizes.  

Results: Effects of habitat definition and harvest rate uncertainty on marten habitat 



Discussion: 

      

     The goal of this project was to provide a better understanding of how timber harvesting has and will 
influence habitat conditions for Canada lynx, and secondarily American marten, between 2010 and 
2060. The study area encompassed approximately 10 million acres of primarily privately-owned but 
largely non-industrial commercial forestland. This area also overlaps with the 23,527 km2 that were 
designated as critical habitat for lynx in 2013 (Figure 12), and, thus, provides a  picture of how habitat 
conditions are likely to change within the area of Maine that was identified as essential to lynx recovery.  
       Circa 2010, areas of high probability of lynx occurrence (POC) were 
well-distributed and relatively well connected in northern Maine (Figure 
6). This new map represents an expansion of previous work (Simons-
Legaard et al. 2013) that highlighted new areas of higher POC both 
within and outside the previously modeled 4 million acre study area. 
Differences in predicted POC between the current and previous analysis 
stem primarily from the two underlying harvest datasets, which were 
derived using different methods. Direct comparison of the 4 million acre 
and the 10 million acre POC maps should, thus, be done with caution. In 
the overlapping area, depictions of HQHH ca. 2010 were generally 
similar between datasets; greater differences were apparent in how 
recent harvests (2000-2010) were classified in areas newly predicted to 
have high POC. The general pattern of dissimilarity that caused an 
apparent increase in POC in those areas was that recent harvests were 
generally classified as stand-replacing in the previous harvest dataset 
(Simons-Legaard et al. 2013) and partial in the new dataset (Legaard et 
al. In preparation). As a consequence, the hare density assigned in the 
newer dataset would have been 0.8 hares ha-1 (i.e., partial harvest; Table 
2) compared to 0 hares ha-1 (recent, regenerating; Table 2) in the older 
dataset (Simons-Legaard et al. 2013).  

Figure 12. Overlap between study area (bold black line) 
and area designated as critical habitat for Canada lynx 
in Maine in 2013 (hatched) .  



Discussion: 

      

     Projections indicate that the availability of habitat that can support high densities of lynx’s primary 
prey, snowshoe hare, is very likely to decline over the next 15-20 years (Figures 8 and 9). This decline, 
which is a legacy of the broad-scale shift in harvest practices towards increased reliance on partial 
harvesting that occurred after implementation of Maine’s Forest Practices Act (FPA), follows a high 
period of habitat availability (Figure 13). That lynx habitat is currently at an all time high is also a 
consequence of past harvesting. The extent of clearcut 
harvesting in Maine reached a historical high during 
1980s as a result of 1) the need to salvage infested 
spruce-fir forest during the last outbreak of eastern 
spruce budworm (1973-1985) and 2) the increased 
availability and use of mechanical harvesters. Starting in 
the 1990s, as those clearcuts regenerated, lynx became 
one of the beneficiaries of the budworm salvage.  
     Rates of herbicide application were also high in the 
1990s, and many of the salvage clearcuts regenerated 
into stands with a high density of spruce-fir saplings. In 
the Acadian Forest, conifer stem density is positively 
associated with hare density (Robinson 2006) and HQHH 
is the forest type that support the highest densities of 

Figure 13. Change in percent forestland for high-quality hare habitat 
(HQHH; dotted line) and mature conifer forest (black line) between 
1975 and 2010 on a previously modeled 4 million acre study area.  
Adapted from Simons-Legaard et al. Accepted.   

snowshoe hare in northern Maine. The FPA was, however, intended to limit the application of the type 
of large, unregulated clearcuts (e.g., >250 acres), which contributed to the increase in HQHH (Figure 
13). Its implementation achieved this aim; it also had the more general effect of reducing the size of 
individual clearcuts and the total rate of clearcut harvesting statewide. As a consequence, there will be 
a net loss of HQHH as succession-induced declines in hare density in older regenerating forest will not 
be entirely offset by the amount of HQHH that will be created by partial harvests or limited clearcutting.  



     After 2030, projected outcomes for lynx become more dependent on assumptions about habitat 
definition and harvest rates. Previous analyses of lynx habitat in Maine (Simons-Legaard et al. 2013, 
Simons-Legaard et al. Accepted) were based on pre-defined classes of forest type, as are typically found 
in national land cover data sets (e.g., National Land Cover Dataset or NLCD). Thus, evaluating the effects 
of competing definitions of habitat were not possible. In the current study, maps of individual tree 
species abundance were available (Legaard et al. In Preparation), which offered an opportunity to 
evaluate the effect of varying the threshold of relative abundance of spruce-fir in regenerating forest 
(≥25%, ≥50%, or ≥75%) on projected outcomes. Changing the threshold had some effect on the percent 
of forestland composed of HQHH; decreasing the relative abundance of spruce-fir from 75% to 25% 
resulted in a increase from 6% to 11% of forestland. Changing the threshold had little to no effect on 
the projected habitat trajectory between 2010 and 2030. After 2030, however, redefining the 
composition of HQHH resulted in differing outcomes, with the lower thresholds suggesting that habitat 
might rebound somewhat after 2030. It is important to note, however, that the harvest projections 
included no intensive management in regenerating stands, such as chemical or manual thinning, which 
could reduce habitat quality (Homyack et al. 2004). Further, any reversal in the trajectory after 2030 is 
dependent on the ability of the current system of extensive partial harvesting to generate HQHH. In our 
projections, we allowed for this possibility, but additional research is needed to determine how often 
conditions associated with HQHH occur in the field after different types of partial harvest treatments. 
     Despite high rates of conversion from mature forest to regenerating forest in the 1970s and 1980s, 
results suggest that marten habitat composed a higher percent of forestland in the study area ca. 2010 
than HQHH. Including live aboveground biomass in the definition of marten habitat as a proxy for basal 
area, which resulted in a average reduction in the percent forestland in marten habitat of 23%, likely 
provides a more realistic assessment of current and future marten habitat than forest age alone. Even 
that more conservative habitat definition, however, may produce trend that is overly optimistic because 
live aboveground biomass includes foliage as well as woody biomass. Thus, a biomass-based threshold  
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is likely biased low relative to basal area. Further, forest age is not necessarily a good proxy for other 
stand-level attributes associated with marten habitat, such as forest height (Payer and Harrison 2003, 
Fuller and Harrison 2005). It may be that using average rather than maximum forest age may have 
allowed me to capture additional effects of partial harvesting, in particular, on tree size distribution 
within a stand.  
     Projections suggest that marten habitat is likely to decline over the next 50 years unless harvest rates 
decrease. A primary reason that the apparent decline is, however, not expected to be dramatic is due to 
the transition of older HQHH into marten habitat. As with HQHH, it is important to note that the harvest 
simulations did not include intensive management such as commercial thinning. Were areas of HQHH to 
be thinned after reaching pole-size, this would likely contribute to the negative trend that is otherwise 
being generated by loss of structure in some partial harvests. As harvest events are constrained but also 
stochastic, and because initial forest conditions vary widely across the study area, there is a high degree 
of pixel-to-pixel variability in if marten habitat conditions are met after a simulated partial harvest. The 
ability to represent this realistic variability is an important strength of forest landscape models like 
LANDIS-II.  
     In addition to intensive management, these projections also did not include the next outbreak of 
spruce budworm. After being low for the last 20 years, numbers of spruce budworm are again building 
in Maine and New Brunswick towards epidemic levels. Defoliation is expected to begin in the next 2-5 
years in Maine, given the recent broad-scale increases in moth abundance. Although research in Maine 
has clearly demonstrated that landowner response to the last outbreak resulted in unintended, positive 
benefits for lynx 20 years later - our ability to infer what effects the next outbreak will have on lynx 
habitat is still limited because of how much forest and landowner conditions have changed since the 
1990s. Few of the long-term, industrial landowners present during the last outbreak remain (Hagan et 
al. 2005). The current landowner landscape is dominated by financial investors who may be more 
inclined to pre-salvage stands that are nearing financial maturity but still support elevated hare 
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densities (i.e., pole-sized), and less inclined to intensively manage for spruce and fir after the next 
outbreak. Also now present is the FPA, which may act as an additional constraint on motivation to 
clearcut infested stands even with recently enacted changes (i.e., LD 870) intended to reduce the 
regulatory burden on landowners. How landowners respond to the next outbreak will have important 
implications for the short-term persistence of current habitat and the long-term continuation of habitat 
availability in the northeastern U.S. 

Discussion: 
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Cc: Mary Parkin; Jonathan Cummings; Heather Bell; Jodi Bush
Subject: Lynx SSA call tomorrow
Date: Monday, May 16, 2016 1:45:15 PM

Hi All:

As I discussed last week with the Core Team, I'd like to have a call again this week and get back to weekly Core
Team calls for the next little while to check-in on progress and clarify assignments, etc. as we try to get this SSA
report wrapped up.

Because it's been a little while since we've had regular calls with the rest of the team, I thought we could have dual
Core/Implementation teams call tomorrow, so I'm hoping Mary, Heather and Jonathan will be able to join and
provide guidance on some parts of the documents and on getting the appropriate versions of the conceptual model(s)
and summary tables finalized and ready to import to the report.

Anyway, Mary will send out a calendar invite soon, but please dial in at our normal Core Team time of 10 Mountain
Time at the usual number/passcode:

866-857-8504
7620543

Look forward to talking with you all tomorrow.

Thanks,

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt
Cc: Kurt Broderdorp
Subject: Fwd: Lynx CH GIS data
Date: Wednesday, May 18, 2016 10:03:02 AM
Attachments: Lynx Dist Canada jz from Vahon 2015.pdf

Vashon 2015 IUCN Assessment Lynx canadensis.pdf

Mark, Tam, and Bryon,

Please take a look at the attached figure and let me know if you think it is a reasonable coarse approximation of
current lynx distribution across the border.  If not, make changes you think are necessary and scan/email it back to
me and Kurt.  It is based on the map provided in Vahon 2015 (IUCN Red List update; p. 3), also attached.

I think it would be helpful to provide context for our DPS/SSA units to show where we think lynx occur across the
border.  Then in other places in the report where we talk about cross-border connectivity (or not), we can refer back
to the map.  Kurt's GIS guy is working on a map that will add the Western Colorado Unit to the CH (with 4b2
exclusions thrown back in), and I've asked whether he can also add the approximate distribution in southern Canada.

Let me know i fyou have questions/concerns.

Thanks,

jim
 
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, May 17, 2016 at 1:20 PM
Subject: Re: Lynx CH GIS data
To: Kurt Broderdorp <Kurt_Broderdorp@fws.gov>

We contracted the GIS work for the CH rules out to someone at USGS in Bozeman who has since taken a job in the
private sector.  I have all the GIS files she used/created for both the proposed and final CH rules, but I don't know
which included the exclusions that were ultimately removed from the final designation an no way to quickly find
them.

However, on the R6 lynx page (http://www.fws.gov/mountain-prairie/es/canadaLynx.php) under the bullet:

5 color maps showing the changes in critical habitat between the
proposed and final rules

You can open images that show the 4(b)(2) exclusions in yellow (Tribal) and blue (State or private) for each unit. 
Other colors in units 3 and 5 are for changes from improved mapping, etc.that are already incorporated into the final
CH maps.  If your GIS guy could add the yellow and blue areas back in, those would be the entire units that we
think support (or in the case of the GYA, recently may have supported) resident lynx.

Maine has quite a bit of blue - Healthy Forest Reserve Program enrolled lands - and a bit of
yellow (tribal); Minnesota has only a little tribal in the northeast corner and a small island in
the west-central part of the unit; Montana has a big chunk of tribal in the southwest and quite a
bit of blue state lands, some in small pieces, scattered throughout - he should ignore the green
and red in that unit (3); Washington has a pretty big chunk of blue along the eastern border of
the unit; the GYA shouldn't need changes (there's only a tiny bit of blue in the northwest part -
only about 1.3 mi2, so can be ignored - and the green and red should also be ignored).
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I'm attaching a hand-drawn boundary that shows approximate lynx distribution/range in
Canadian provinces adjacent to the U.S. - would like to know if your GIS guy could add that
to the map as well, labeled as "Approximate lynx distribution in Canada".  Let me know, and
you or he or both can call me if you need additional info or have questions.

Thanks, Kurt.

Jim   

On Tue, May 17, 2016 at 11:53 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

Jim, as I mentioned on our call, I have downloaded the existing lynx
CH GIS data.  We took a quick look at the attributes to see if the
exclusions/exemptions, etc. were still intact.  What we would is that
those properties were no longer part of the dataset.  So, If you can
provide us with a shape file of the exclusions, etc., or a shape file that
includes all CH with exclusions, we can very quickly produce the
appropriate map for the report.  Thanks,

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
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Taxonomy

Kingdom Phylum Class Order Family

Animalia Chordata Mammalia Carnivora Felidae

Taxon Name:  Lynx canadensis Kerr, 1792

Common Name(s):

• English: Canada Lynx, American Lynx
• French: Lynx du Canada
• Spanish: Lince del Canadá, Lince del Canadá

Taxonomic Notes:

Taxonomy is currently under review by the IUCN SSC Cat Specialist Group. Placed in Lynx according to

genetic analysis (Johnson et al. 2006).

Assessment Information

Red List Category & Criteria: Least Concern ver 3.1

Year Published: 2015

Date Assessed: May 10, 2014

Justification:

The Canada lynx (Lynx canadensis) is listed as Least Concern because over most of its range it is

widespread and abundant, it has been legally harvested for the international fur trade for more than

200 hundred years, and recent decades of managed harvests do not appear to have caused any

significant population decline or range loss (Mowat et al. 2000). In the southern part of its range, lynx

are less abundant and as a result are protected from harvest. In New Brunswick, lynx are listed as

“Endangered” under the New Brunswick Species at Risk Act, in Nova Scotia as "Endangered" under Nova

Scotia's Endangered Species Act (Nova Scotia Lynx Recovery Team 2006), and in 14 contiguous United

States as "Threatened" under the US Endangered Species Act due to inadequate protection of habitat on

Federal lands (USFWS 2000). Although a federal recovery plan for lynx in the US has not been started,

since listed as Threatened, lynx in the northeast US have been increasing (Vashon et al. 2012) and only

one state with a resident breeding population has documented significant declines in lynx numbers

(Koehler et al. 2008). Lynx in the contiguous US may require connectivity with northern populations for

persistence (McKelvey et al. 2000, Schwartz et al. 2003, Squires et al. 2013). The US Fish and Wildlife

Service's (USFWS) decision to designate 39,000 acres of critical habitat in portions of Idaho, Maine,

Minnesota, Montana, Washington and Wyoming (USFWS 2009) has been challenged and remanded to

the USFWS (Interagency Lynx Biology Team 2013).

Previously Published Red List Assessments

2008 – Least Concern (LC) – http://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.T12518A3349883.en

2002 – Least Concern (LC)

1996 – Lower Risk/least concern (LR/lc)

© The IUCN Red List of Threatened Species: Lynx canadensis – published in 2015.
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Geographic Range

Range Description:

Canada Lynx generally occupy the boreal forest regions of North America. Its range is coincident with

that of their main prey, the Snowshoe Hare (Lepus americanus) (Nowell and Jackson 1996, Sunquist and

Sunquist 2002). Lynx occur throughout most of mainland Alaska and occupy 95% of their historic range

in Canada (Parker 2001, Poole 2003). In the contiguous United States, lynx historically occurred in 24

states (McKelvey et al. 2000), possibly ranging as far down the Rocky mountain chain to include a 25th,

New Mexico (Frey 2006). However, there is some uncertainty about whether an occurrence or even

many occurrences means the area is part of their historic range (McKelvey et al. 2000). In 2000, the US

Fish and Wildlife Service listed lynx as Threatened in 14 States: Colorado, Idaho, Maine, Michigan,

Minnesota, Montana, New Hampshire, New York, Oregon, Utah, Vermont, Washington, Wisconsin, and

Wyoming. Although a recovery plan has not been written, in 2005 the US Fish and Wildlife Service

identified six "core" areas for recovery where there had been evidence of lynx reproduction within the

last 20 years: northern Maine and New Hampshire, northeastern Minnesota, northwestern Montana

and northeastern Idaho, the Kettle mountain range and “Wedge area” between the Kettle and Columbia

rivers of Washington state, the northern Cascade range of Washington state, and the Greater

Yellowstone area of Wyoming, Montana and Idaho (Nordstrom et al. 2005). A reintroduced population

in the southern Rocky Mountains of Colorado was identified as a provisional core area where 218 lynx

from Canada and Alaska were released between 1999 and 2006. Although there is evidence of

reproduction, the long-term viability of this population has not been demonstrated (Devineau et al.

2010).

Country Occurrence:

Native: Canada; United States

© The IUCN Red List of Threatened Species: Lynx canadensis – published in 2015.
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Distribution Map
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Population
The Canada Lynx is primarily found in Canada and Alaska, where it is managed and trapped for its fur. It

is considered Endangered in New Brunswick and Nova Scotia (Cape Breton), and has been extirpated

from Prince Edward Island and mainland Nova Scotia (Nowell and Jackson 1996, Parker 2001, Poole

2003, Nova Scotia Lynx Recovery Team 2006). In the contiguous US, lynx populations are smaller and

protected from harvest. In 2000, lynx were federally listed as threatened (USFWS 2000) in 14 States.

Currently, resident breeding populations of lynx are supported in four States: Maine, Minnesota,

Montana, and Washington. Lynx populations in Maine have increased in recent years (Vashon et al.

2012). The abundance of lynx in Maine likely has contributed to the recent occurrence of lynx in New

Hampshire and Vermont, including evidence of reproduction (Vashon et al. 2012). The only significant

recent decline in lynx numbers has occurred in Washington following recent forest fires (Koehler et al.

2008). Lynx remain relatively uncommon in Utah, Wyoming, and Idaho and are absent in Oregon, New

York, Wisconsin, and Michigan (USFWS 2000). Lynx were reintroduced unsuccessfully in northern New

York state in the late 1980s (Sunquist and Sunquist 2002), and more recently, successfully, in Colorado

where some offspring born in Colorado have also reproduced (Devineau et al. 2010). In the northern

parts of their range, lynx populations undergo dramatic fluctuations roughly every ten years. These

population fluctuations follow the regular cycles of population increase and decline of their primary

prey, the Snowshoe Hare (Lepus americanus). This pattern of fluctuation is evident in lynx fur trade

records dating back to the early 1800s (Nowell and Jackson 1996). In the southern parts of their range,

lynx and hares appear to maintain a relatively stable but low density (Parker 2001). Schwartz et al.

(2003) documented reduced genetic variation in lynx from the peripheral areas of the range.

Current Population Trend:  Stable

Habitat and Ecology (see Appendix for additional information)

Canada Lynx are found primarily in boreal forests, and their main prey species, the Snowshoe Hare

(Lepus americanus), depends largely on patches of successional growth (Buskirk et al. 2000) in older

multi-layered stands (Ruediger et al. 2000, Koehler et al. 2008, Squires et al. 2008) or younger

regenerating stands following disturbance (Burdett 2008, Vashon et al. 2008, Walpole et al. 2012). Hares

make up 60-97% of the lynx diet, with an average consumption rate of one hare every 1-2 days

(Sunquist and Sunquist 2002). The lynx-hare cycle was first observed in harvest records of the Hudson’s

Bay Company dating back to the early 1800s. Numbers of Snowshoe Hares peak approximately every

ten years in the northern part of their range, and lynx numbers follow the same pattern with a short lag,

typically 1-2 years. The fluctuations can be drastic, with hare abundance reaching 2,300/km² during the

peaks, and crashing to 12/km² during the lows. While the populations of many prey and predator

species are cyclic and roughly synchronous in the northern latitudes, the hare-lynx correlation is

particularly close (Nowell and Jackson 1996, Sunquist and Sunquist 2002). Three primary variables are

suggested to drive the cycle: predation, herbivory, and food-plant availability (Krebs et al. 2001).

Historically, lynx trapping pressure also influenced the amplitude of the cycle (Gamarra and Sole 2000).

Since predator and prey communities are more diverse in the southern part of the lynx range, the

importance of Snowshoe Hares in the diet of southern lynx populations has been questioned (Buskirk et

al. 2000). However, recent studies have shown that lynx in southern areas prey almost exclusively on

Snowshoe Hare (Hanson and Moen 2008, Maletzke et al. 2008, Fuller et al. 2007, Squires and Ruggiero

2007). Ungulates do not usually figure prominently in the lynx's diet, other than as carrion, although

lynx preyed on Caribou calves in Newfoundland after the hare population crashed (Bergerud 1983). Lynx
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home ranges average 15-50 km² and tend to be larger on the southern periphery of their geographic

distribution, suggesting that these areas contain are marginal habitat. Average lynx densities range from

1-45 animals (including young) per 100 km², and fluctuate with hare abundance (Sunquist and Sunquist

2002). However, in an area in Maine where dense young stands of softwood were common, lynx home

ranges were averaged 25 km² for adult females and 50 km² for adult males (Vashon et al. 2008).

Systems:  Terrestrial

Use and Trade
See details under Threats.

Threats (see Appendix for additional information)

In most of Canada and Alaska, trapping of lynx for the fur trade is managed through regulated seasons.

Trapping can reduce lynx populations and can have the greatest impact when hare populations cyclically

crash. In the 1980s, in response to concerns about over-harvest during the cyclic low of the lynx-hare

cycle, Alaska and most Canadian provinces modifying seasons or bag limits to match harvest with lynx

population levels and trends (Golden 1999, Mowat et al. 2000). In the early 1980s (1980-1984), an

average of 35,669 Canada Lynx pelts were exported from the US and Canada during the cyclic high. By

the late 1980s (1986-1989) the annual export of lynx averaged 7,360 pelts during the cyclic low. Exports

have trended lower and fluctuated less severely since then, with annual exports from 2000-2006

averaging 15,387 pelts (UNEP-WCMC 2008). Historical information suggests that, despite minimal

harvest controls for much of the last century, lynx-hare cycles have been largely stable in the northern

part of their range and no permanent range decrease has been detected (Mowat et al. 2000, Poole

2003).

In eastern Canada where lynx are protected, the primary threat is believed to be from interspecific

competition from the eastern coyote, which expanded its range into eastern North America in the last

few decades (Parker 2001). In southern Alberta, road density and the presence of Coyotes influenced

lynx occupancy (Bayne et al. 2008). In the contiguous US, the primary threat to lynx is habitat loss or

fragmentation. Maintaining connectivity with the abundant northern lynx population is considered

essential for recovery of southern lynx populations (Ruediger et al. 2000, Nordstrom 2005,Walpole et al.

2012, Squires et al. 2013) especially with warmer climate (Hoving et al. 2005, Caroll 2005). Older multi-

storied forest provide winter habitat for lynx and Snowshoe Hare (Koehler et al. 2008, Squires et al.

2010) in the western US fire frequency has increased four-fold in the western U.S. in boreal forests that

supports lynx and this disturbance is expected to increase with warmer climate (Westerling et al. 2006) .

However, young dense conifer forest also provides habitat for lynx and Snowshoe Hare, thus natural

disturbance and logging practices that foster dense understoreys of conifers can benefit lynx and hares

(Burdett 2008, Vashon et al. 2008, and Walpole et al. 2012). Climate change increases insect-related

disturbance to boreal forests (Fleming et al. 2002, Logan et al. 2003).

Interspecific competition from other predators whose populations have increased in recent decades

may also affect lynx through direct mortality or competition (Bunnell et al. 2006, Bayne et al. 2008,

Vashon et al. 2012, but see Kolbe et al. 2005). The USFWS concluded that trapping was not responsible

for lower lynx numbers at the edge of their range (USFWS 2000). Since listed as threatened, only a few

lynx are captured and die in traps or snares set for other furbearers (DelGiudice et al. 2007, Vashon et
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al. 2012). Although lynx have been killed on logging roads with lower traffic volumes and speeds

(Vashon et al. 2012), roads with high traffic speed and volumes may result in more road mortalities

(Moen et al. 2008). Although, hybridization with bobcats has been found by genetic analysis in

Minnesota, Maine, and New Brunswick (Schwartz et al. 2003, Homyack et al. 2008), hybridization does

not appear to threaten southern lynx populations (Homyack et al. 2008).

Conservation Actions (see Appendix for additional information)

Although Canada Lynx are one of five North American furbearers included on CITES Appendix II, in order

to monitor the international trade of their fur, there are no quotas or suspensions currently in place. In

Canada, the national and provincial governments manage harvests by region (Government of U.S. 2007),

using closed seasons, quotas, limited entry and long-term trapping concessions (Nowell and Jackson

1996). In the US, trapping takes place only in Alaska, and harvest quotas are increased during periods of

population increase and decreased during periods of cyclic decline (Government of U.S. 2007).

The lynx population in the contiguous US was listed as Threatened under the Endangered Species Act in

2000, due to inadequate regulatory mechanisms to protect lynx or lynx habitat on Federal lands (USFWS

2000) requiring the US government to develop a recovery plan and identify critical habitat for lynx

(Nordstrom 2005). In the absence of a recovery plan, activities on federal lands are guided by the lynx

conservation assessment and strategy (Interagency Lynx Biology Team 2013).

The US Fish and Wildlife Service has recommended various measures to trappers (e.g., avoid the use of

hares or rabbits as bait) to reduce accidental taking of lynx in traps set for other furbearers (Golden and

Krause 2003). In addition, several States have passed trapping regulations to further reduce accidental

capture of lynx in traps set for other furbearers (Del Giudice et al. 2007, Vashon et al. 2012).

Critical habitat designations only apply to federal lands or private lands with federally funded or

permitted activities. This designation gives the federal government the authority to manage activities

that affect the designated habitat. In 2009, the US Fish and Wildlife Service published a revised

designation of critical habitat. The designation significantly increased a 2006 designation of 4,768

square miles within the boundaries of Voyagers National Park in Minnesota, Glacier National Park in

Montana, and North Cascades National Park in Washington (USFWS 2009). In total, 39,000 square miles

of critical lynx habitat was designated in 2009 as follows:

Maine: Approximately 9,497 square miles in portions of Aroostook, Franklin, Penobscot, Piscataquis and

Somerset Counties.

Minnesota: Approximately 8,065 square miles in portions of Cook, Koochiching, Lake, and St. Louis

Counties, and Superior National Forest.

Northern Rocky Mountains: Approximately 10,102 square miles in portions of Boundary County in

Idaho, and Flathead, Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and

Teton Counties in Montana. This area includes the Flathead Indian Reservation, National Forest lands

and Bureau of Land Management (BLM) lands in the Garnet Resource Area. North Cascades:

Approximately 1,836 square miles in portions of Chelan and Okanogan Counties which includes BLM

lands in the Spokane District. Greater Yellowstone Area: Approximately 9,500 square miles in Gallatin,

Park, Sweetgrass, Stillwater, and Carbon Counties in Montana, and Park, Teton, Fremont, Sublette, and

© The IUCN Red List of Threatened Species: Lynx canadensis – published in 2015.
http://dx.doi.org/10.2305/IUCN.UK.2015-4.RLTS.T12518A50655041.en

6



Lincoln Counties in Wyoming. The Kettle range of Washington state was not included as critical habitat

due to lack of recent evidence of reproduction, and the reintroduced population of Colorado and Utah

in the southern Rockies was also not included due to lack of evidence that it is self-sustaining. In

September of 2013, for the 3rd time since lynx were listed as threatened, the US Fish and Wildlife

Service proposed revising lynx critical habitat. If revised, an additional 632 square miles will be

designated as critical habitat (USFWS 2013).
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Appendix

Habitats
(http://www.iucnredlist.org/technical-documents/classification-schemes)

Habitat Season Suitability
Major
Importance?

1. Forest -> 1.1. Forest - Boreal Resident Suitable Yes

1. Forest -> 1.2. Forest - Subarctic - Suitable Yes

1. Forest -> 1.4. Forest - Temperate - Marginal -

3. Shrubland -> 3.3. Shrubland - Boreal - Suitable Yes

4. Grassland -> 4.2. Grassland - Subarctic - Marginal -

Threats
(http://www.iucnredlist.org/technical-documents/classification-schemes)

Threat Timing Scope Severity Impact Score

1. Residential & commercial development -> 1.1.
Housing & urban areas

Ongoing - - -

Stresses: 1. Ecosystem stresses -> 1.1. Ecosystem conversion

1. Ecosystem stresses -> 1.2. Ecosystem degradation

1. Residential & commercial development -> 1.2.
Commercial & industrial areas

Past,
unlikely to
return

- - -

Stresses: 1. Ecosystem stresses -> 1.1. Ecosystem conversion

1. Ecosystem stresses -> 1.2. Ecosystem degradation

2. Agriculture & aquaculture -> 2.1. Annual &
perennial non-timber crops -> 2.1.3. Agro-industry
farming

Past,
unlikely to
return

- - -

Stresses: 1. Ecosystem stresses -> 1.1. Ecosystem conversion

1. Ecosystem stresses -> 1.2. Ecosystem degradation

2. Agriculture & aquaculture -> 2.3. Livestock farming
& ranching -> 2.3.3. Agro-industry grazing, ranching
or farming

Ongoing - - -

Stresses: 1. Ecosystem stresses -> 1.1. Ecosystem conversion

1. Ecosystem stresses -> 1.2. Ecosystem degradation

4. Transportation & service corridors -> 4.1. Roads &
railroads

Ongoing - - -

Stresses: 1. Ecosystem stresses -> 1.1. Ecosystem conversion

1. Ecosystem stresses -> 1.2. Ecosystem degradation

2. Species Stresses -> 2.1. Species mortality

5. Biological resource use -> 5.1. Hunting & trapping
terrestrial animals -> 5.1.1. Intentional use (species is
the target)

Ongoing - - -

Stresses: 2. Species Stresses -> 2.1. Species mortality
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5. Biological resource use -> 5.1. Hunting & trapping
terrestrial animals -> 5.1.2. Unintentional effects
(species is not the target)

Ongoing - - -

Stresses: 2. Species Stresses -> 2.1. Species mortality

5. Biological resource use -> 5.3. Logging & wood
harvesting -> 5.3.4. Unintentional effects: (large
scale)

Ongoing - - -

Stresses: 1. Ecosystem stresses -> 1.1. Ecosystem conversion

1. Ecosystem stresses -> 1.2. Ecosystem degradation

6. Human intrusions & disturbance -> 6.1.
Recreational activities

Ongoing - - -

Stresses: 2. Species Stresses -> 2.2. Species disturbance

7. Natural system modifications -> 7.2. Dams & water
management/use -> 7.2.11. Dams (size unknown)

Past,
unlikely to
return

- - -

Stresses: 1. Ecosystem stresses -> 1.1. Ecosystem conversion

1. Ecosystem stresses -> 1.2. Ecosystem degradation

7. Natural system modifications -> 7.3. Other
ecosystem modifications

Ongoing - - -

Stresses: 1. Ecosystem stresses -> 1.2. Ecosystem degradation

8. Invasive & other problematic species & genes ->
8.1. Invasive non-native/alien species -> 8.1.1.
Unspecified species

Ongoing - - -

Stresses: 2. Species Stresses -> 2.3. Indirect species effects ->
2.3.2. Competition

Conservation Actions in Place
(http://www.iucnredlist.org/technical-documents/classification-schemes)

Conservation Actions in Place

In-Place Research, Monitoring and Planning

Systematic monitoring scheme: Yes

In-Place Land/Water Protection and Management

Occur in at least one PA: Yes

In-Place Species Management

Harvest management plan: Yes

Successfully reintroduced or introduced beningly: Yes

Subject to ex-situ conservation: Yes

In-Place Education

Included in international legislation: Yes

Subject to any international management/trade controls: Yes

© The IUCN Red List of Threatened Species: Lynx canadensis – published in 2015.
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Conservation Actions Needed
(http://www.iucnredlist.org/technical-documents/classification-schemes)

Conservation Actions Needed

1. Land/water protection -> 1.1. Site/area protection

2. Land/water management -> 2.1. Site/area management

2. Land/water management -> 2.3. Habitat & natural process restoration

3. Species management -> 3.1. Species management -> 3.1.1. Harvest management

3. Species management -> 3.1. Species management -> 3.1.2. Trade management

3. Species management -> 3.2. Species recovery

3. Species management -> 3.3. Species re-introduction -> 3.3.1. Reintroduction

5. Law & policy -> 5.1. Legislation -> 5.1.3. Sub-national level

5. Law & policy -> 5.4. Compliance and enforcement -> 5.4.2. National level

5. Law & policy -> 5.4. Compliance and enforcement -> 5.4.3. Sub-national level

Research Needed
(http://www.iucnredlist.org/technical-documents/classification-schemes)

Research Needed

1. Research -> 1.2. Population size, distribution & trends

1. Research -> 1.3. Life history & ecology

1. Research -> 1.5. Threats

1. Research -> 1.6. Actions

3. Monitoring -> 3.1. Population trends

Additional Data Fields

Distribution

Lower elevation limit (m): 0

Upper elevation limit (m): 4310

Population

Population severely fragmented: No

Habitats and Ecology

Movement patterns: Not a Migrant

© The IUCN Red List of Threatened Species: Lynx canadensis – published in 2015.
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From: Zelenak, Jim
To: McCollough, Mark
Cc: Tamara Smith; Bryon Holt; Kurt Broderdorp
Subject: Re: Lynx CH GIS data
Date: Wednesday, May 18, 2016 5:57:35 PM
Attachments: Poole 2003 A review Canada lynx in Canada.pdf

I'm happy to use that line if you think it is more accurate Mark, but you may recall that is the same paper that relied
on questionable (mix of verified and anecdotal occurrence; and in some states pre- versus post-trapping prohibition)
data and an inaccurate summation of and citation to McKelvey's 2000 work (with which Kevin disagreed - see my
email to the core team from Feb. 17, 2016) as support for the statement:

"... lynx distribution in the northern contiguous United States has been greatly reduced and fragmented, largely as a
result of human-induced mortality, human settlement and likely habitat alteration during the past 2 centuries
(McKelvey et al. 2000)."

Not that I disagree that there has likely been some reduction and fragmentation, and maybe it's semantics about how
one defines "range" and/or "distribution," but I think at least the contiguous US part of the map is highly
questionable.  It probably is a better reflection for Canada, and based on better data, but I haven't seen any evidence
based on reliable occurrence data that there were lynx in northern Wisconsin or on the entire UP of Mich. in 2001,
nor southwestern Montana or much of what they show for Idaho.

Anyway - pardon the rant.

Kurt - could you ask your GIS guy if he can use Fig. 1 from Poole 2003 (attached, but also in the LCAS lit cited on
the drive) to better approximate the Canadian general distribution, and not the hand-drawn one I sent earlier? 
Thanks.

On Wed, May 18, 2016 at 2:30 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
I believe the map from the most recent COSEWIC review (Poole 2003) is the most accurate
for eastern Canada.  I don't believe lynx regularly occur immediately north of NY or
Vermont (i.e. they are not in southern Ontario).  The distribution in Poole 2013 in New
Brunswick and Nova Scotia (part of Cape Breton Island) seems accurate.   Mark

On Wed, May 18, 2016 at 10:02 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Mark, Tam, and Bryon,

Please take a look at the attached figure and let me know if you think it is a reasonable coarse approximation of
current lynx distribution across the border.  If not, make changes you think are necessary and scan/email it back
to me and Kurt.  It is based on the map provided in Vahon 2015 (IUCN Red List update; p. 3), also attached.

I think it would be helpful to provide context for our DPS/SSA units to show where we think lynx occur across
the border.  Then in other places in the report where we talk about cross-border connectivity (or not), we can
refer back to the map.  Kurt's GIS guy is working on a map that will add the Western Colorado Unit to the CH
(with 4b2 exclusions thrown back in), and I've asked whether he can also add the approximate distribution in
southern Canada.

Let me know i fyou have questions/concerns.

Thanks,

jim
 
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
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mailto:mark_mccollough@fws.gov
mailto:tamara_smith@fws.gov
mailto:bryon_holt@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


Date: Tue, May 17, 2016 at 1:20 PM
Subject: Re: Lynx CH GIS data
To: Kurt Broderdorp <Kurt_Broderdorp@fws.gov>

We contracted the GIS work for the CH rules out to someone at USGS in Bozeman who has since taken a job
in the private sector.  I have all the GIS files she used/created for both the proposed and final CH rules, but I
don't know which included the exclusions that were ultimately removed from the final designation an no way to
quickly find them.

However, on the R6 lynx page (http://www.fws.gov/mountain-prairie/es/canadaLynx.php) under the bullet:

5 color maps showing the changes in critical habitat between the
proposed and final rules

You can open images that show the 4(b)(2) exclusions in yellow (Tribal) and blue (State or private) for each
unit.  Other colors in units 3 and 5 are for changes from improved mapping, etc.that are already incorporated
into the final CH maps.  If your GIS guy could add the yellow and blue areas back in, those would be the entire
units that we think support (or in the case of the GYA, recently may have supported) resident lynx.

Maine has quite a bit of blue - Healthy Forest Reserve Program enrolled lands - and a bit
of yellow (tribal); Minnesota has only a little tribal in the northeast corner and a small
island in the west-central part of the unit; Montana has a big chunk of tribal in the
southwest and quite a bit of blue state lands, some in small pieces, scattered throughout -
he should ignore the green and red in that unit (3); Washington has a pretty big chunk of
blue along the eastern border of the unit; the GYA shouldn't need changes (there's only a
tiny bit of blue in the northwest part - only about 1.3 mi2, so can be ignored - and the
green and red should also be ignored).

I'm attaching a hand-drawn boundary that shows approximate lynx distribution/range in
Canadian provinces adjacent to the U.S. - would like to know if your GIS guy could add
that to the map as well, labeled as "Approximate lynx distribution in Canada".  Let me
know, and you or he or both can call me if you need additional info or have questions.

Thanks, Kurt.

Jim   

On Tue, May 17, 2016 at 11:53 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov>
wrote:

Jim, as I mentioned on our call, I have downloaded the existing
lynx CH GIS data.  We took a quick look at the attributes to see if
the exclusions/exemptions, etc. were still intact.  What we would is
that those properties were no longer part of the dataset.  So, If you
can provide us with a shape file of the exclusions, etc., or a shape
file that includes all CH with exclusions, we can very quickly
produce the appropriate map for the report.  Thanks,

mailto:Kurt_Broderdorp@fws.gov
http://www.fws.gov/mountain-prairie/es/canadaLynx.php
mailto:Kurt_Broderdorp@fws.gov


 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
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Jim Zelenak, Biologist
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The Canada Lynx (Lynx canadensis), the most com-
mon wild felid in Canada, is an elusive inhabitant of
the forests across much of Canada. Its cyclic fluctua-
tions in numbers, tied closely to those of the Snowshoe
Hare (Lepus americanus), have long fascinated trap-
pers and biologists alike. This report summarizes the
ecology and current status and management of the
Canada Lynx in Canadian jurisdictions. It is based on a
report requested by the Terrestrial Mammals Specialist
Group of the Committee on the Status of Endangered
Wildlife in Canada (COSEWIC) (Poole 2001*), and
updates information provided in the original COSEWIC
status report by Stardom (1989*).

The Canada Lynx has been considered by some
authors as conspecific with Eurasian Lynx Lynx (Felis)
lynx (Linnaeus 1758) (Kurtén and Rausch 1959;
McCord and Cardoza 1982; Quinn and Parker 1987;

Tumlison 1987); however, large differences in size and
marked adaptive differences in prey selection (Nowell
and Jackson 1996) and mitochondrial DNA analysis
of the Lynx taxa (Beltrán et al. 1996; O’Brien 1996)
tend to support full species status for the Canada Lynx
(Hall 1981; Wozencraft 1993). The taxonomy of the
cat family is an area of much disagreement (Werdelin
1996), and further debate will surely occur.

Two subspecies have been recognized (Banfield
1974; Tumlison 1987), L. c. canadensis (Kerr 1792)
from mainland northern United States and Canada, and
L. c. subsolanus (Bangs 1897), a smaller brownish race
restricted to the island of Newfoundland. However, van
Zyll de Jong (1975) concluded that there was no sup-
port for treating the Newfoundland population as a
distinct subspecies based on traditional morphological
traits, suggesting that the species is monotypic in North

A Review of the Canada Lynx, Lynx canadensis, in Canada*

KIM G. POOLE

Aurora Wildlife Research, 2305 Annable Rd., Nelson, British Columbia V1L 6K4 Canada

Poole, Kim G. 2003. A review of the Canada Lynx, Lynx canadensis, in Canada. Canadian Field-Naturalist
117(3): 360-376.

The Canada Lynx (Lynx canadensis) is the most common and widespread member of the cat family in Canada.
Lynx are distributed throughout forested regions of Canada and Alaska and into portions of the northern contigu-
ous United States, closely paralleling the range of its primary prey, the Snowshoe Hare (Lepus americanus).
They are most common in the boreal, sub-boreal and western montane forests, preferring older regenerating
forests (>20 years) and generally avoiding younger stands, and occupy roughly 95% of their former range in
Canada. Lynx population size fluctuates 3–17 fold over an 8–11 year cycle, tracking the abundance of
Snowshoe Hares with a 1–2 year lag. During increasing and high hare abundance, lynx have high reproductive
output and high kit and adult survival. The decline phase is characterized by reproductive failure, increased
natural mortality, and high rates of dispersal. Dispersal distances of over 1000 km have been recorded. During
the cyclic low, kit recruitment essentially fails for 2–3 years, and is followed by several years of modest
reproductive output. Reproductive parameters in southern lynx populations appear similar to those found dur-
ing the cyclic low and early increase phase in more northern populations. Trapping is a significant source of
mortality in some areas. Field studies have documented from 2–45 lynx/100 km2 at various times in the cycle
and in various habitats. Although the amplitude of the cyclic fluctuations in lynx numbers may have decreased
somewhat in recent decades, there is no evidence to suggest a significant decline in numbers in Canada. Lynx are
managed as a furbearer in Canada, with harvest regulated primarily by seasons, quotas, and closures. The harvest
over the past decade has declined concurrent with declining pelt prices, and is currently a fraction of historic
levels. Lynx are fully protected in less than 2–3% of their range in Canada. There is no evidence to suggest that
overall lynx numbers or distribution across Canada have declined significantly over the past two decades, although
loss of habitat through increased urbanization and development and forestry is likely affecting lynx populations
along the southern fringe of its range. Its high potential to increase in numbers and propensity to disperse long
distances suggest that the species is relatively resilient to localized perturbations and reductions, given time and
removal of the factors that cause the initial decrease. Lowered lynx harvests, coupled with a greater awareness
of the need for proactive lynx management, suggests that the overall future of lynx in Canada is secure. 

Key Words: Canada Lynx, Lynx canadensis, COSEWIC, Canada, status, review, ecology.

* This paper is condensed from the official COSEWIC status report submitted to COSEWIC by the author on which a Not at
Risk status was assigned by COSEWIC in May 2001. For access to the official report, contact the Committee on the Status
of Endangered Wildlife in Canada at the Canadian Wildlife Service, Ottawa, Canada, or the author.
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America. The evolutionary history of the Canada Lynx
is unclear. The Canada Lynx and Bobcat (Lynx rufus)
probably resulted from separate invasions of the Eura-
sian Lynx across the Bering Land Bridge during inter-
glacial periods of the Pleistocene; the first resulted in
speciation to the more southern Bobcat, and the second
invasion in speciation into the Canada Lynx (Werde-
lin 1981, 1983).

Description
The Canada Lynx (hereafter lynx) is a medium-sized

cat with a flared facial ruff, black ear tufts, large pad-
ded feet, and a short, black-tipped tail (Banfield 1974;
Quinn and Parker 1987). Their pelage is reddish to
grey-brown, being lighter during winter; the hairs are
generally tipped in light grey or white. A rare colour
phase, the “blue lynx”, has pallid, bluish grey fur that
suggests partial albinism. Lynx show mild sexual di-
morphism in size, males (averaging 80–90 cm long and
9–14 kg) being 15–25% larger than females (76–84 cm
long and 8–11 kg; Quinn and Parker 1987; K. Poole,
unpubl. data). Their long hair, especially during winter,
makes them appear much larger. Subtle differences in
size of lynx occur across Canada with the largest indi-
viduals found in northern areas.

Distribution
The lynx has a wide distribution covering most of

northern North America, with the species currently
occupying roughly 95% of its former Canadian range,
approximately 5 500 000 km2 (Figure 1). In contrast
to the Canadian distribution, lynx distribution in the
northern contiguous United States has been greatly re-
duced and fragmented, largely as a result of human-
induced mortality, human settlement and likely habitat
alteration during the past 2 centuries (McKelvey et al.
2000). Due to cyclic pulses of dispersal, lynx occ-
asionally occur to varying degrees in areas peripheral
to its primary range.

The northern extent of lynx distribution in Canada
appears to have changed little compared to historic
distribution (Figure 1). Treeline defines the northern
boundary throughout Alaska, Yukon, Northwest Terri-
tories, Nunavut, Québec and Labrador. Lynx are absent
or uncommon in the wet coastal forests of the west
coast. Lynx are absent from the southern third of the
Prairie Provinces where their southern limit has likely
been pushed slightly northward because of conversion
of land to agriculture. Lynx were extirpated from
Prince Edward Island during the latter half of the 1800s
and mainland Nova Scotia in the early 1950s, and occur

FIGURE 1. Historic (dotted lines) and 2001 (shaded areas) distribution of the Canada Lynx in North America. Historic distribution
in Canada from de Vos and Matel (1952) and van Zyll de Jong (1971) (see text). Current Canadian distribution from
jurisdiction biologists, and Alaska distribution from H. Golden (personal communication). Historic and current distri-
bution in the contiguous United States from Maj and Garton (1994) and McKelvey et al. (2000).
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in very low numbers throughout New Brunswick, with
their greatest numbers in the northwest corner of the
province. Their range on Cape Breton Island, Nova
Scotia, has been reduced to highland habitat. Settle-
ment and conversion of forest to farmland has elimi-
nated lynx from much of the once extensive mixed
deciduous and coniferous forests of the southern half
of southern Ontario and portions of Québec in the
Eastern Townships bordering the New England states.
The map in de Vos and Matel (1952) as redrawn from
Seton (1929) may not have accurately depicted the his-
toric southern boundary of lynx distribution because
large portions of the Prairie ecoregion were included
(Bailey 1998); this was likely poor lynx habitat even
in historic times. Extensive surveys by Maj and Garton
(1994) and McKelvey et al. (2000) do not support this
historic distribution in the Prairie biome in the con-
tiguous United States.

Most lynx populations cycle dramatically on an
8–11 year basis (see General Biology, below). Some
areas within the normal distribution of the species may
become devoid of lynx for several years during popu-
lation lows. Lynx often undertake large dispersal
movements, primarily in response to region-wide cyc-
lic reductions in Snowshoe Hare populations (see
Movements, below). These pulses of dispersal, with
some individuals moving >500 km (Ward and Krebs
1985; Slough and Mowat 1996; O’Donoghue et al.
1997; Poole 1997), result in periodic shifts of distri-
bution into the periphery of areas where they do not
normally occur (Banfield 1974; Mech 1973, 1977).
These populations may persist for only a few years or,
given the right circumstances, may establish breeding
populations. The cyclic fluctuations in density and
dispersal patterns result in a distribution pattern that
is difficult to accurately depict.

Habitat
Lynx occupy the boreal, sub-boreal and western

montane forests of North America (McCord and Car-
doza 1982; Quinn and Parker 1987). Although they
occur in many forest types that are not truly boreal,
lynx reach their highest densities in boreal and mixed-
wood forests dominated by spruce (Picea spp.), pine
(Pinus spp.) and Balsam Fir (Abies balsamifera) with
a variable deciduous component (Legendre et al. 1978;
Quinn and Thompson 1987; Hatler 1988; Dwyer et
al. 1989; Mowat et al. 2000). Lynx also occur in sub-
arctic forests dominated by Balsam Fir and Paper
Birch (Betula papyrifera) (Legendre et al. 1978). In
the Maritimes and New England states, lynx are found
in Balsam Fir and Black Spruce (Picea mariana) for-
ests, and are often associated with spruce bogs (Parker
1981; Litvaitis et al. 1991; Aubry et al. 2000). In parts
of western Canada (i.e., central and northern Alberta)
lynx occur in upland aspen (Populus tremuloides) for-
ests. In the western mountains, they occur in a more
patchy distribution predominantly within the subalpine

forest zone at elevations of 1200 to 3000 m, in spruce-
Subalpine Fir (Abies lasiocarpa), Douglas-fir (Pseu-
dotsuga menziesii) and fir-hemlock (Tsuga spp.) for-
ests (Koehler and Aubry 1994; Aubry et al. 2000).
Lodgepole Pine (Pinus contorta) is found in these
montane forests as a seral species on drier sites. 

Stand level preferences by lynx follow closely those
of its main prey, the Snowshoe Hare (Hodges 2000a,
2000b; Mowat et al. 2000). Lynx prefer older regen-
erating forest stands, greater than about 20 years of
age, and generally avoid younger stands (Parker
1981; Kesterson 1988; Thompson 1988; Major 1989;
Thompson et al. 1989; Perham 1995; Staples 1995;
Mowat and Slough 2003). Many authors have demon-
strated use (though not selection) of mature forest
stands, especially those included within burns (Kes-
terson 1988; Staples 1995; Poole et al. 1996). The
use of habitat edges (Kesterson 1988; Major 1989;
Staples 1995) may be an important hunting strategy
for lynx, which may allow them to hunt hares that live
in habitats that are normally too dense to hunt effec-
tively (Mowat et al. 2000). Although lynx select against
use of openings such as meadows, farmland, and water
bodies, they occasionally cross them (Murray et al.
1994; Fortin and Huot 1995; Poole et al. 1996; Mowat
et al. 2000).

Lynx den sites described in the literature have sim-
ilar structural attributes regardless of stand type or age.
Denning habitat ranges from regenerating to mature
stands, but most sites are associated with relatively
dense vegetation in a tangle of wind-felled trees and
deadfall or roots providing some form of overhead
protection (Berrie 1974; Stephenson 1986*; Kesterson
1988; Koehler 1990; Slough 1999).

Wildfire, which is the most important factor in the
dynamics of the northern boreal forest ecosystem
(Kelsall et al. 1977; Viereck 1983), is a major habitat
modifier (Johnson et al. 1995; Paragi et al. 1997).
Logging, which is also an important factor in the dyna-
mics of many boreal and montane forests, restarts the
succession necessary to create optimum hare and lynx
habitat, but often removes the structure needed for
denning by lynx and the dense understory resulting
from wildfire (Mowat and Slough 2003). Suppression
of wildfire has likely reduced lynx habitat quality in
some areas, especially in the south, by reducing the
amount of early successional stands (Mowat and
Slough 2003); however, at the landscape level the
degree of impact is unknown. However, vast areas of
Canadian forest burn each year despite suppression
efforts. In western montane and southern landscapes,
lynx habitat is fragmented by low elevation valleys and
interspersions of unsuitable habitat (i.e., urban areas,
transportation corridors, and agricultural lands). Habitat
loss coupled with intensive settlement is probably the
major cause of reduced lynx range in southern Ontario
and Québec. 
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General Biology
The biology of the lynx is closely tied to the biolo-

gy of the Snowshoe Hare. Lynx numbers fluctuate in
synchrony over vast areas in response to population
levels of hares; the decline in lynx numbers generally
lags 1–2 years behind the decline in hare numbers
(Elton and Nicholson 1942; Butler 1953; Keith 1963;
Brand and Keith 1979; Boutin et al. 1995). Lynx den-
sities in most central and northern populations change
3 to 17-fold during a cyclic fluctuation (Keith et al.
1977; Poole 1994; Slough and Mowat 1996; O’Don-
oghue et al. 1997). In the southern boreal and montane
forests Snowshoe Hare populations fluctuate, but at
much lower amplitudes (Hodges 2000b). Southern
lynx populations are not believed to exhibit cyclic
fluctuations in density (Koehler and Aubry 1994);
however, other than trapping records, which can be
influenced by lynx dispersal from great distances and
trapper effort, little objective data are available
(Koehler 1990; Aubry et al. 2000). During the 1900s,
lynx cycles appear to initiate and emanate from central
Canada, following similar trends in the hare cycle
(Smith 1983; Hodges 2000a), such that peak lynx
harvests in Saskatchewan and Manitoba from 1960 to
1980 occurred around the turn of the decade, and 2–4
years later in Yukon, Alaska, and Québec.

The cycle in lynx numbers is often broken into
phases (Poole 1994; Slough and Mowat 1996; O’Don-
oghue et al. 1997). The low period typically lasts 3–5
years and is denoted by low population density and a
mild decline and recovery in numbers through the per-
iod. During the increase phase, about 3 years in dur-
ation, lynx numbers increase quickly, a result of high
fecundity, high kit survival, and low adult mortality.
The peak phase is usually a 2-year period of high lynx
density with modest or no population growth. The
decline or crash phase of the hare cycle is 1–2 years in
duration; after a 1–2-year lag in timing, lynx numbers
also decline dramatically during this phase of the cycle
due to increased dispersal, high natural mortality, and
a collapse in recruitment.

Reproduction
When hares are abundant, lynx have high repro-

ductive potential; adult fecundity is high, litter size
averages 4–5, kitten survival is high, and yearling lynx
reproduce. During the cyclic low, recruitment essen-
tially fails for about two years, and is followed by sev-
eral years of modest recovery. Reproductive para-
meters in southern lynx populations appear similar to
those observed during the later part of the cyclic low
in more northern populations (Aubry et al. 2000).

Lynx breed through March into early April (Quinn
and Parker 1987) and breeding pairs may remain
together for several days (Poole 1994; Mowat and
Slough 1998). During periods of high hare density
essentially all adult female lynx ovulate each year, but
this proportion declines during periods of hare scarcity
(O’Connor 1984; Quinn and Thompson 1987). Gesta-

tion is approximately 60–65 days (Quinn and Parker
1987; Koehler and Aubry 1994). Most births occur in
the later third of May and into early June (Mowat et al.
1996b; Slough and Mowat 1996; K. Poole, unpubl.
data). Den sites are usually surface scrapes (Mowat
1993; Slough 1999).

Yearling females reproduce when hares are abun-
dant (Brand and Keith 1979; Quinn and Thompson
1987; Slough and Mowat 1996); parturition by year-
ling lynx may be delayed approximately 2–3 weeks
compared to adults (Mowat et al. 1996b; Slough and
Mowat 1996). Few if any yearlings conceive during
periods of low hare density (Parker et al. 1983). Male
lynx are thought to be incapable of breeding in their
first year (McCord and Cardoza 1982; Quinn and
Parker 1987). Breeding may continue into old age;
the oldest lynx recorded in the wild were 13–14 years
of age (Quinn and Thompson 1987; Chubbs and
Phillips 1993).

Placental scar counts suggest that at high hare den-
sities pregnancy rates of lynx range from 73–93% for
adults and 33–100% for yearlings (Brand and Keith
1979; Parker et al. 1983; O’Connor 1984; Quinn and
Thompson 1987; Slough and Mowat 1996). Field
observations suggest that birth rates range from 73 to
100% for adults and 33 to 100% for yearlings during
this period (Poole 1994; Mowat et al. 1996b; and see
Table 3 in Mowat et al. 1996a:438). During the in-
crease and peak phase of the hare cycle, litters pro-
duced by adult females average 4–5 kittens, and juve-
nile survival is high (50–83%) (Brand et al. 1976;
Poole 1994; Mowat et al. 1996a; Slough and Mowat
1996). Yearling lynx may contribute little to recruit-
ment; even in high quality habitat when hares peaked
in south-central Yukon survival of kittens of yearling
mothers was low (<26%; Mowat et al. 1996b; Slough
and Mowat 1996). In southern populations few kittens
are born or survive until winter and litter size is small;
in north-central Washington only four litters averaging
two kittens each were observed among 12 resident fe-
males over four winters (Brittell et al. 1989). Similarly
low birth rates and litter sizes have been recorded in
other southern lynx populations, although sample sizes
are small (Aubry et al. 2000).

Adult and yearling lynx birth rate is reduced the
spring following the hare decline (Poole 1994; Slough
and Mowat 1996). Kitten survival also declines to
near zero the year after (Brand et al. 1976; Parker et
al. 1983; Poole 1994) or two years after (Slough and
Mowat 1996) hare numbers crash. Adult females con-
tinue to conceive during the cyclic hare low in nor-
thern lynx populations, but live births are few or none,
a result of lower reproductive rates, preimplantation
and intrauterine losses, and neonatal mortality (Nellis
et al. 1972; Parker et al. 1983; O’Connor 1984; Poole
1994; Slough and Mowat 1996). No studies have
reported kittens present during the second winter fol-
lowing the hare crash (Brand et al. 1976; Poole 1994;
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Slough and Mowat 1996; O’Donoghue et al. 1997).
However, there are anecdotal reports of kittens pre-
sent throughout the cycle in the north in pockets of
optimum hare and lynx habitat (Mowat et al. 2000).
Recruitment essentially fails for 3–4 years (Brand and
Keith 1979; Parker et al. 1983; Poole 1994; Mowat et
al. 1996b), but female lynx may begin to give birth
before an appreciable recovery in hare numbers, as
shown by observations of live litters or kittens in car-
cass collections conducted prior to the hare increase
(Brand et al. 1976; Slough and Mowat 1996). Thus,
northern lynx populations do recruit some individuals
when hares are scarce and these individuals may be
important in maintaining lynx populations through a
hare low phase (Mowat et al. 2000). As hare numbers
increase, yearling females begin to breed and adult litter
size increases (Brand and Keith 1979; O’Connor 1984;
Slough and Mowat 1996).

Survival
Survival of lynx varies greatly as Snowshoe Hare

abundance changes throughout the cycle in northern
populations, and is influenced by the level of trapping
in and around the population under study. In the Yukon
and NWT, annual survival rates of adults during the
increase and peak phase of the hare cycle were >0.70
in a lightly trapped population and >0.89 in largely un-
trapped populations (Poole 1994; Slough and Mowat
1996; O’Donoghue et al. 1997). Annual survival rates
of adult lynx remained high (0.78–0.95; Poole 1994;
Slough and Mowat 1996) or declined moderately
(0.45–0.63; O’Donoghue et al. 1997) through the 1 or
2-year hare decline. The first year of very low hare
numbers was characterized by low adult survival (0.09–
0.40), followed by higher survival in the subsequent
1–2 years of low hare densities (0.63–0.82; Poole 1994;
Slough and Mowat 1996; O’Donoghue et al. 1997).
Survival rates in areas of high trapping pressure are
generally lower; on the Kenai Peninsula in Alaska,
Bailey et al. (1986) found that trapping removed 80%
of individuals over one year. Kitten survival was high
(50–83%) during the increase and peak phase of the
hare cycle but declined to near zero 1–2 years after
hare numbers crashed (Brand et al. 1976; Parker et al.
1983; Poole 1994; Slough and Mowat 1996). In south-
ern lynx populations, kitten survival rates appear to be
low (0.12; Koehler 1990), but data are limited.

Survival tends to be lowest in winter; most mortal-
ity during low hare abundance occurred during mid-
December to mid-February, and most natural mortality
(primarily starvation) appears to coincide with <-35°C
temperatures, when metabolic requirements increase
(Poole 1994; O’Donoghue et al. 1995).

Earlier studies showed high trap-related mortality
and essentially no natural mortality in lynx populations
(Brand et al. 1976; Ward and Krebs 1985). Recent
studies suggest a higher incidence of natural mortality.
All adult deaths recorded in Washington were from
natural causes (Brittell et al. 1989; Koehler 1990). In

southwestern Northwest Territories the annual death
rate from trapping (0.08) was higher than from natural
causes (0.02) during peak and declining hare numbers;
however, during low hare numbers the death rate was
far higher from natural causes (primarily starvation;
0.48) than from trapping (0.20) (Poole 1994). All
detected mortality of resident lynx was from natural
causes during the first full year of low hare densities in
south-central Yukon, although 20 marked lynx (27%
of all emigrants) were trapped after dispersal (Slough
and Mowat 1996). These results suggest that during the
first two winters of hare scarcity, trapping mortality
may be primarily compensatory to natural mortality, at
least in lightly trapped areas.

Causes of natural mortality of lynx are difficult to
determine; a radiocollar and tufts of hair provide little
basis for inference. Ideally, mortality factors should
also be identified as proximate or ultimate causes. Star-
vation (and related conditions) and cases of cannibal-
ism have been recorded, primarily during low prey
abundance (Poole 1994; O’Donoghue et al. 1995;
Slough and Mowat 1996). Predation on lynx by Wol-
verine (Gulo gulo), Wolf (Canis lupus) and Coyote
(C. latrans) has also been confirmed (Slough and
Mowat 1996; O’Donoghue et al. 1995, 1997; Buskirk
et al. 2000). Lynx harbour a diverse parasite fauna,
including nematodes, cestodes, trematodes, lice and
fleas (van Zyll de Jong 1966a; McCord and Cardoza
1982; Smith et al. 1986; Quinn and Parker 1987), but
their influence on lynx health and survival is unknown.

Movements
Recent studies have documented numerous exam-

ples of long distance (>100 km) movements (Ward
and Krebs 1985; Brittell et al. 1989; Perham et al.
1993; O’Donoghue et al. 1995, 1997; Slough and
Mowat 1996; Poole 1997). Straight-line dispersal dis-
tances range up to 1100 km, with 15 documented cases
from northern Canada of dispersal >500 km (Ward
and Krebs 1985; Slough and Mowat 1996; O’Dono-
ghue et al. 1997; Poole 1997). Three dispersals of
100–616 km have been documented from southern
populations, all in a northward direction (Mech 1977;
Brainerd 1985; Brittell et al. 1989). Dispersing lynx
have crossed roads, multilane highways, and large
rivers and lakes, sometimes during the snow-free sea-
son (Aubry et al. 2000; Mowat et al. 2000). Steep
terrain and multilane highways may affect dispersal
movements (Apps 2000). Note that all reported dis-
persal rates and distances must be considered poten-
tially biased. Trappers supply most information on
long-distance movements by lynx. Trapping returns
are affected by the density and distribution of trapping
around study areas, and by behavioural differences in
trap vulnerability among age and sex classes of lynx
(Bailey et al. 1986; Quinn and Thompson 1987; Slough
and Mowat 1996; Poole 1997).

Emigration and immigration of lynx occurs through-
out the hare cycle (Slough and Mowat 1996; O’Don-
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oghue et al. 1997). Immigration rates balance or exceed
losses to emigration during the rapid increase phase
in lynx populations, while emigration rates increase
and exceed immigration during the decline in hare
abundance and the first full year of low hare densities
(Slough and Mowat 1996). In southwestern NWT the
annual probability of dispersal for adult lynx was low
(<24%) at peak hare densities and during the hare
decline, very high during the first 2 years of low hare
numbers (78–100%), and then stabilized during the
third and fourth years of low hare densities (<20%;
Poole 1997). In southwestern Yukon, all long-distance
dispersals of resident adults occurred during or at the
end of the Snowshoe Hare decline (Ward and Krebs
1985; O’Donoghue et al. 1995).

Lynx dispersal may be characterized as either juve-
niles dispersing from natal areas (“innate dispersal”),
or adults dispersing in response to an environmental
“catastrophy” (“environmental dispersal”; Howard
1960) such as the hare decline faced by northern pop-
ulations approximately every 10 years. Annual timing
of dispersal varies. Juvenile lynx tend to disperse pri-
marily in the spring, soon after independence. Most
environmental dispersal occurs during the period of
greatest nutritional stress, generally mid-winter to
spring during or after a decline in hare density. The
period of greatest dispersal in recent northern studies
was March–June during the winter hare decline and
during mid-winter of the subsequent 1–2 winters
(O’Donoghue et al. 1995; Slough and Mowat 1996;
Poole 1997). Dispersal rates or distances are gener-
ally greater for males than females of most mamma-
lian species (Greenwood 1980; Wolff 1994); trapping
returns are inherently biased towards males (Bailey
et al. 1986; Quinn and Thompson 1987).

Initiation of dispersal in northern populations ap-
peared to coincide with temperatures <-35ºC (O’Don-
oghue et al. 1995; Poole 1997). Some dispersing
lynx survived the hare crash and re-established home
ranges some distance from their point of dispersal
(verified at 65–85 km, potentially up to 1000 km;
Slough and Mowat 1996; O’Donoghue et al. 1997;
Poole 1997). These successful re-establishments are
difficult to detect using conventional study methods,
and are likely under-reported. In southern lynx popu-
lations, no cases of successful dispersal (defined as
breeding at the new location) have been reported, al-
though again sample sizes are small (Aubry et al.
2000).

Nutrition
Snowshoe Hares are the key component of the diet

of lynx across North America, comprising from one-
third to nearly all of prey items identified (for food
habit summaries see Quinn and Parker 1987:686;
Koehler and Aubry 1994:75; O’Donoghue et al. 1998b;
Mowat et al. 2000). Estimated maximum kill rates
were about 0.8 hares (Keith et al. 1977) to 1.6 hares
per day (O’Donoghue et al. 1998b, 2001). Other

common prey items include Red Squirrels (Tamias-
ciurus hudsonicus), mice and voles, flying squirrels
(Glaucomys spp.), ground squirrels (Spermophilus
spp.), Beaver (Castor canadensis), Muskrat (Ondatra
zibethica), grouse and ptarmigan (Galliformes and
Lagopus spp.), and occasionally other birds and mam-
mals. Ungulates, primarily young-of-the-year, are eaten
as carrion and occasionally killed, most often during
winter and at cyclic low hare abundance (Saunders
1963a; Bergerud 1971; Parker et al. 1983; Stephen-
son et al. 1991; Apps 2000; K. Poole, unpubl. data).
Predation by lynx on Red Fox (Vulpes vulpes) and
other lynx also occurs, again mostly during periods
of low hare densities (Stephenson et al. 1991;
O’Donoghue et al. 1995). Caching of food by lynx is
rare (O’Donoghue et al. 1998b).

In lynx populations reliant on highly cyclic Snow-
shoe Hare populations, the proportion of hares in the
diet of lynx generally declines and use of alternative
prey increases as hares become scarce (Brand et al.
1976; Parker 1981; Parker et al. 1983; Stephenson et
al. 1991; O’Donoghue et al. 1998b; K. Poole, unpubl.
data). Red Squirrels in particular appear to be an im-
portant alternative food source for lynx during peri-
ods of low hare abundance. Red Squirrels became in-
creasingly important (20–44% biomass) at the lowest
hare density compared to almost no use (0–4% bio-
mass) during years of high hare densities in south-
western Yukon (O’Donoghue et al. 1998b). Similarly,
during years of hare scarcity, use of carrion, Red
Squirrel, Ruffed Grouse (Bonasa umbellus), and
other birds increased in central Alberta (Brand et al.
1976). Lynx generally take fewer Snowshoe Hare
and more alternative prey in summer than in winter
(Quinn and Parker 1987; Koehler and Aubry 1994).
Most studies suggest that hares contribute about 25%
less to lynx diet during summer compared to winter
(van Zyll de Jong 1966b; Parker et al. 1983; Fortin
and Huot 1995; Staples 1995). In southern lynx popu-
lations that contend with consistently low densities of
hare, Red Squirrels may form about one-third of the
diet (Koehler 1990; Apps 2000), and use of ground
squirrels has been observed (Aubry et al. 2000).

Where Coyote and lynx are sympatric and share a
limited resource base, dietary overlap during winter
has been shown to be high; however, there is no evi-
dence of interspecific or exploitation competition
(Murray and Boutin 1991; Fortin and Huot 1995;
Murray et al. 1995; Staples 1995; O’Donoghue et al.
1997, 1998a, 2001). Parker et al. (1983) postulated
that Bobcats may exhibit competitive exclusion over
lynx on Cape Breton Island. 

Behaviour
Lynx have a social organization similar to that of

other North American felids, consisting of social intol-
erance and mutual avoidance (Seidensticker et al. 1973;
Bailey 1974; Brittell et al. 1989). This land tenure
system has been described as “intrasexual territori-

2003 POOLE: A REVIEW OF CANADA LYNX IN CANADA 365

03_01076_Lynx.qxd  6/23/04  12:30 PM  Page 365



ality” (Powell 1979; Kesterson 1988), where resident
individuals maintain exclusive territories within each
sex and males often but not always have larger home
ranges than females. Lynx are passively territorial, and
use feces, sprayed urine, or anal secretions to mark
home ranges and provide both spatial and temporal
information that may reduce confrontations (Saunders
1963b; Mellen 1993; Staples 1995). Some sort of spac-
ing mechanism may operate to keep same-sex animals
separated in time and space, but little or no active
avoidance or overt defence of areas between overlap-
ping or adjacent pairs has been detected, suggesting
that this spacing is upheld by relatively passive means
(Poole 1995). Male and female home ranges overlap
completely while within-sex overlap is usually modest
or may be confined to pairs of possibly related indi-
viduals per study (e.g., Poole 1995). Home range
exclusiveness may be a function of degree; some over-
lap may occur at the 90 or 95% home range contour
level, but little may occur among the 50% contour
core areas (Poole 1995). Conflict among individuals is
rare in lynx, but aggressive intra-species encounters do
occur, primarily during years of food shortage (Poole
1994, 1995; O’Donoghue et al. 1995; Mowat and
Slough 1998).

Lynx home range sizes vary among areas, sexes,
seasons, and cyclical phases, although different meth-
ods of data collection, sample sizes and analysis tech-
niques make it difficult to compare home range sizes
among studies. Dramatic variation in home range size
has been reported for lynx across their North Ameri-
can range (8–738 km2; summarized in Quinn and
Parker 1987; Koehler and Aubry 1994; Aubry et al.
2000; Mowat et al. 2000). During high hare density in
northern lynx populations, annual home ranges of
males often cover 20–45 km2, and female 13–21 km2;
these increase 2–10 fold during low hare densities.
Relatively large home ranges appear to be character-
istic of southern lynx populations, similar to those
found in the North during periods of low hare abun-
dance. Male home range sizes are usually larger than
female ranges (Kesterson 1988; Koehler and Aubry
1994; Fortin and Huot 1995; Perham 1995; Slough
and Mowat 1996; O’Donoghue et al. 2001), but not
always (Ward and Krebs 1985; Poole 1994). Both
sexes show strong range fidelity, often over many years
(Poole 1995; O’Donoghue et al. 2001), but home range
shifts and abandonment are also common (Parker et
al. 1983; Brittell et al. 1989; Koehler 1990; Poole
1994; Perham 1995; Slough and Mowat 1996;
O’Donoghue et al. 2001).

Lynx home range size changes little before the hare
crash but increases dramatically after the crash in
northern Canada (Brand et al. 1976; Ward and Krebs
1985; Poole 1994; Slough and Mowat 1996; O’Don-
oghue et al. 2001). However, a linear relationship
between lynx home range size and hare abundance has
not been demonstrated (Brand et al. 1976; Slough and

Mowat 1996), even when compared against hare abun-
dance the previous year (to accommodate the 1-year
lag in response; O’Donoghue et al. 1997; Mowat et
al. 2000).

Lynx home ranges vary seasonally, although the ob-
served seasonal differences are inconsistent (Aubry
et al. 2000). Females with kittens have smaller ranges
and males during the breeding season have larger
ranges (Kesterson 1988; Mowat and Slough 1998).
Kittens remain with the mother throughout the win-
ter; family groups begin to break-up in early March
(Saunders 1963b; Brand et al. 1976; Parker et al.
1983; Poole 1995; Mowat et al. 1996b). Natal disper-
sal begins in late April to early May; some juveniles
disperse immediately, while others remain in the natal
area for up to one year after their first winter (Kes-
terson 1988; Poole 1994, 1995; Mowat et al. 1996b;
Slough and Mowat 1996).

There is evidence to suggest that female pair bonds,
either mother-daughter or sibling pairs, persist in lynx,
and provide for a social system based on matrilineal
descent (reviewed in Mowat et al. 2000). Female kittens
sometimes establish home ranges within those of their
mothers (Kesterson 1988; Slough and Mowat 1996),
and adult females may retain contact with their female
offspring throughout their life (Carbyn and Patriquin
1983; Staples 1995; Mowat and Slough 1998). Obser-
vations of some female home ranges with large over-
lap, possibly signifying related individuals, have been
reported (Poole 1995; O’Donoghue et al. 1997). The
persistence of female kin bonds in lynx populations
may reduce investment in territorial defence (Mowat
et al. 2000). Territoriality may be relaxed among rela-
tives so that populations with related individuals may
attain higher density (Mowat et al. 2000).

Other than direct influence through trapping activi-
ties, humans may exert potentially negative influences
on lynx by building residences and roads in and through
lynx habitat, by altering and modifying existing habi-
tats, and by direct disturbance through recreation or
travel in areas inhabited by lynx. Although much of
the data are anecdotal, evidence suggests that lynx can
tolerate at least some human disturbance and even con-
tinued presence of humans, including moderate levels
of road and snowmobile traffic (Staples 1995; Mowat
et al. 2000). Lynx occur at moderate densities in areas
with dispersed agricultural areas and reasonably dense
rural human populations (Brand and Keith 1979; Fortin
and Huot 1995), and are observed crossing and along-
side roads and residential areas in both Yukon and
NWT (Mowat et al. 2000). Although lynx will generally
flee when closely approached, they appear to become
bolder and less wary of people during periods of low
prey abundance. They are relatively easy to attract and
capture, having little fear of human scent. Lynx may
tend to avoid areas with higher levels of disturbance
or greater fragmentation of habitat from development,
although this hypothesis has not been rigorously tested.
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Population Size and Trends
An accurate estimate of lynx population size is

impossible over large areas. However, considering the
extent of lynx habitat in Canada (roughly 5 500 000
km2), densities during the low of 2 lynx/100 km2, and
a safety factor of 50%, there may be roughly 50 000
lynx in Canada during the cyclic low and over 500 000
during some cyclic peaks. The few intensive radio
telemetry studies conducted in North America provide
the data for most density estimates. Considering that
many of these studies were conducted over relatively
short time frames, with small sample sizes within poor-
ly bounded study areas, and often for reasons other
than density estimation, even these density estimates
must be considered imprecise. Regional estimates are
generally conservative extrapolations from intensive
radio telemetry studies within different broad biophy-
sical areas. Relative changes in lynx populations may
be indexed using a variety of methods, such as snow
track counts for Snowshoe Hares and/or lynx (Poole
1994; Labonté et al. 1999*; K. Poole, unpublished
data), tracking changes in kits in the harvest using pelt
length measurement (Quinn and Gardner 1984; Slough
1996) or carcass collections (Slough and Mowat 1996),
and trapper questionnaires (Slough et al. 1987).

Peak densities of 30–45 lynx/100 km2 have been
observed in regenerating stands in the north (Poole
1994; Slough and Mowat 1996), and 8–20/100 km2 in
mature forests in the north and more southern ranges
(Parker et al. 1983; Banville 1986; Noiseux and Doucet
1987; Kesterson 1988; Fortin and Huot 1995; O’Don-
oghue et al. 1997). Population densities during the
low in all populations are typically 2–3 lynx/100 km2.
The few published studies in southern boreal forests
suggest relatively static lynx densities of 2–3/100 km2

(Koehler 1990; Aubry et al. 2000), typical of north-
ern populations during the low in the hare cycle.

Fur harvest returns have provided records of lynx
harvests for two centuries, and show dramatic changes
in the amplitude in the cycle (Figure 2). Harvest returns,
however, do not directly represent real population
change. Harvest returns are affected by the host of fac-
tors influencing trapper effort and success, including
changes in socio-economic conditions, season length,
quota and trap type restrictions, fur prices, subsidies,
mode of transportation, and access. Fur prices likely
affect harvest effort over the short term (Brand and
Keith 1979), but it may not be valid to compare infla-
tion-adjusted prices and harvests that occurred decades
apart.
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Citing declining harvest returns and anecdotal infor-
mation, de Vos and Matel (1952) noted a decrease in
lynx numbers and distribution in Canada between 1920
and 1950. They cited overtrapping and ecological
changes in habitat, primarily as a result of forest har-
vesting, as the main factors responsible for the decrease.
Several authors have suggested local populations
also were overexploited during the cyclic low of the
1980s (Todd 1985; Bailey et al. 1986; Hatler 1988;
Nowell and Jackson 1996). This period came after
three cycles from 1960 to 1980 characterized by rela-
tively high peak harvests, and, possibly more impor-
tantly, relatively high harvest levels during the cyclic
lows (Figure 2). Peak harvests (summing the five-year
harvest around each peak) from 1960 to 1980 were
similar to peak harvests during the classic cycles of the
late 1800s, but the five-year harvest during the lows of
1960 to 1980 were about 25% higher than the lows of
the late 1800s. Snowmobiles became readily available
in the late 1950s and early 1960s, likely influencing
trapper access and coverage. Whether or not these in-
creased harvest levels during the cyclic lows cumula-
tively had a significant impact on subsequent popu-
lation levels is unknown. Harvest levels during the
1990 peak were about one quarter of peaks observed
during the 1960s and 1970s, perhaps not unexpected
given the 10-fold decrease in pelt prices over the last

half of the 1980s, and hence lower trapper effort. In
addition, subsequent to the late 1980s most Canadian
jurisdictions enacted more restrictive trapping regula-
tions in reaction to perceived overharvest, which also
restricted harvest levels.

Provincial and territorial management agencies were
questioned in late 1999 about the status and trend of
lynx populations in their jurisdiction over the past two
decades (Tables 1 and 2). Half of the 12 jurisdictions
with lynx populations reported a stable population
trend, one reported an unknown but likely stable trend,
and three reported an unknown trend. On Cape Breton
Island, Nova Scotia, a decreasing population trend and
distribution was noted during the 1960s and 1970s
concurrent with the invasion of Bobcats (Parker et al.
1983). Over the past two decades, lynx numbers in
the highlands of the Island appear to have changed
little, fluctuating with changes in the availability of
Snowshoe Hare (G. Parker, personal communication).
In Alberta, lynx numbers may be depressed in portions
of their range, attributed to overharvest during the prev-
ious two decades (A. Todd, personal communication).

Despite the dramatic decrease in harvest through the
1990 cyclic peak, there is evidence that lynx popula-
tions in much of the northern range were cycling nor-
mally. The highest lynx densities recorded to date were
obtained during the 1990–1992 peak in the southwest-
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TABLE 1. Provincial and territorial Conservation Data Centre rankingsa and jurisdiction status for Canada Lynx, as provided
by agency biologists in fall 1999 and updated in 2003 from government websites.

Province/territory Conservation Data Wild species 2000 Additional Provincial/territorial
Centre rankinga general statusb status

Newfoundland Nfld island: S3S4 Secure –
Labrador: S4

Prince Edward Island Extirpated Extirpated –
Nova Scotia S1 May be at risk Red (species at-risk)
New Brunswick S1 At risk Regionally endangered (threatened with 

imminent extirpation)
Québec S5 May be at risk On list of species likely to be designated 

threatened or vulnerable
Ontario S5 Secure –
Manitoba S5 Secure –
Saskatchewan S5 Sensitive –
Alberta – Sensitive –
British Columbia S4 Secure Yellow (species that are apparently secure and 

not at risk of extinction)
Yukon – Secure –
Northwest Territories – Secure –
Nunavut – Sensitive –

a S1: Extremely rare throughout its range in the province. May be especially vulnerable to extirpation.
S2: Rare throughout its range in the province. May be vulnerable to extirpation due to rarity or other factors.
S3: Uncommon throughout its range in the province, or found in a restricted range, even if abundant in some locations.
S4: Frequent to common; apparently secure but may have a restricted distribution or there may be perceived future threats.
S5: Common to very common; demonstrably secure and essentially ineradicable under present conditions.

b Canadian Endangered Species Conservation Council (CESCC) 2001.
At risk: at risk of extirpation or extinction (i.e., endangered or threatened).
May be at risk: may be at risk of extirpation or extinction.
Sensitive: a species is not believed to be at risk of immediate extirpation or extinction but may require special attention 
or protection to prevent it from becoming at risk.
Secure: a species that is not at risk or sensitive.
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ern Northwest Territories and southern Yukon (Poole
1994; Slough and Mowat 1996). Although the ampli-
tude of lynx abundance may have decreased in some
regions through the 1980s and 1990s, there is little
evidence to conclude that harvest during the low of the
1980s had a long-term impact on contiguous northern
lynx populations.

Temporal trends in the distribution and abundance
of lynx are difficult to identify given the wide natural
fluctuations in population size driven primarily by the
8–11 year Snowshoe Hare cycle and the difficulty in
estimating population size. Areas occupied during the
peak in lynx abundance may be abandoned during the
cyclic low, only to be re-occupied in the subsequent
increase. The amplitude of lynx abundance may be
closely linked to the amplitude of peak densities of
hares. No studies have monitored lynx densities over
more than one complete cycle. However, hare densities
may differ 2–3 fold among peaks (Hodges 2000b:
Table 6.1) and lynx densities may also be expected to
differ among peaks under natural situations. Anecdotal
information based on community fur returns and local
knowledge suggests that there has been no decrease in
range detected in the Northwest Territories, Yukon,
or Alaska through the 1980s and 1990s (K. Poole, B.
Slough, H. Golden, unpublished data). 

Over the past two decades lynx distribution may
have been reduced along the southern edge of its range
in Canada. Some areas may still be recovering from
excessive harvest of the 1970s and 1980s, but these
appear to be showing signs of recovery and are few in
number. Over the vast majority of the country there is
no evidence to suggest that lynx distribution or num-
bers have changed substantially.

Limiting Factors and Threats
Removal of lynx by trapping is a major cause of

mortality in some lynx populations in Canada. Trap-
ping may be primarily compensatory to natural mor-
tality only during the dramatic decline in populations
in lightly trapped areas (Poole 1994; Slough and
Mowat 1996). Lynx are relatively easily trapped, and
with extensive access and pressure, trapping can re-
move a large proportion of a population (Todd 1985;
Bailey et al. 1986). On the other hand, lynx are rela-
tively fecund and populations can increase rapidly dur-
ing periods of increasing or abundant prey (Mowat et
al. 1996b; Slough and Mowat 1996). Lynx also have
been shown to disperse great distances, and therefore
have the ability to re-colonize vacant habitats.

Incidental or illegal harvest of lynx may occur
throughout its range, and have been raised as potential
threats to Cape Breton Island animals, exacerbated
by the increase in use of snares for sympatric species
(M. Elderkin, personal communication; D. Banks,
personal communication). No data are available on the
extent of illegal harvest of lynx in Canada. In areas
with short trapping seasons or quotas, the degree of

incidental or illegal trapping may be substantial.
However for most of Canada where relatively liberal
trapping seasons and open quotas are the norm, inci-
dental and illegal harvests are likely a very small pro-
portion of the overall harvest.

Fire suppression in much of North America over the
past century may have reduced the amount and quality
of early to mid-successional hare and lynx habitat, and
may place forests at risk of large, intensive burns that
fail to mimic natural fire history (Mowat and Slough
2003). A trend in government is surfacing towards a
“let it burn” policy in some areas, which may ultimate-
ly rebalance fire-driven succession in parts of the coun-
try. Logging restarts the succession necessary to create
optimum hare and lynx habitat, but often removes the
structure needed for denning by lynx. The logging,
site preparation and silviculture techniques used for
and after harvest influence the quality of lynx and hare
habitat that results (Mowat and Slough 2003). Changes
to forestry practices in recent years to provide habitats
and structure post-logging more conducive to wildlife
may reduce the impact of logging on lynx habitat.

While threats to habitat may affect lynx populations
to varying degrees throughout its range, especially in
more southern populations, the isolated Cape Breton
Island lynx were the only animals identified in this
review that may be negatively and directly influenced
by threats to habitat. These perceived threats include
habitat fragmentation and loss of mature softwood
stands suitable for denning through forest pathogens,
fire and forest harvesting (M. Elderkin, personal com-
munication). As noted by Parker et al. (1983), large-
scale forest harvesting operations, although initially
reducing densities in specific areas, should ultimately
benefit the population by producing productive mid-
successional habitats.

Clearing of forested lands for agriculture and urban
development should have a minor influence on lynx
distribution since these primarily influence the south-
ern fringe of lynx range in Canada. However, little
data are available on changes in lynx distribution in
more southern ranges in Canada. Development and
human activity may render some habitat as unsuitable
for lynx.

Interspecific competition, primarily with Bobcats
and Coyotes, may influence the distribution and abun-
dance of lynx, although direct evidence is lacking. The
reduction in lynx distribution on Cape Breton Island
occurred concurrent with the invasion of the island by
Bobcats, and although a direct causal link has not been
established, the circumstantial evidence for interspe-
cific competition is compelling. Both Bobcats and
Coyotes are poorly adapted to deep snow. Buskirk et
al. (2000) suggested that man-made trails facilitate
access by Coyotes and Bobcats into areas usually in-
habited by lynx, and may be the cause of reductions
in lynx distribution through its southern range in North
America, but again evidence to support this statement
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is lacking. The recent invasion of Cape Breton Island
by Coyotes and their access on packed roads and trails
into high elevation winter habitats have been suggest-
ed as an additional potential threat to the island’s lynx
(M. Elderkin, personal communication; D. Banks, per-
sonal communication). However, field studies conduct-
ed where lynx and Coyote are sympatric have not iden-
tified exploitation competition between the two species
(Murray and Boutin 1991; Murray et al. 1995; Staples
1995; Slough and Mowat 1996; O’Donoghue et al.
1997, 1998a).

Although purely speculative, global warming may
cause reduced habitat quality for lynx by reducing
snow depths, primarily at the southern edge of its
range. Reduced snow depth may favour Bobcats and
Coyotes over lynx in these areas.

Lynx Status and Management in Canada
Canada Lynx are listed under Appendix II of Con-

vention on International Trade in Endangered Species
of Wild Fauna and Flora (CITES), primarily because
it is a “look-alike” species that could be confused with
other endangered felids. Global ranking assigned by
The Nature Conservancy is G5 (common to very com-
mon; demonstrably secure and essentially ineradicable
under present conditions). Lynx are classified as en-
dangered or threatened in most states in the U.S., with
the exception of Alaska where lynx are classified as a
furbearer and trapping is permitted. Lynx south of the
49th parallel were listed as threatened in 2000 under
the U.S. Endangered Species Act. Legal harvest in the
contiguous states is allowed only in Montana, which
has a state-wide quota of two.

The COSEWIC status assigned to lynx in 1989 was
“Not At Risk” (Stardom 1989*), which was reaffirmed
in 2001 (Poole 2001*). Subnational Conservation Data
Centre (CDC) rankings and status designations vary
(Table 1), with the greatest concern a result of reduced
range, low population levels and threats to the popu-
lation discussed above. Lynx harvest is regulated in
each jurisdiction by provincial/territorial laws. Lynx
are fully protected (including from First Nations har-
vesters) in only a small proportion of their range in
Canada. These areas include most, but not all, national
and provincial parks, and some federal lands such as
military testing areas and bases, and are estimated to
be less than 2–3% of lynx range in Canada.

The lynx is classified as a furbearer in all Canadian
jurisdictions with the exception of British Columbia,
where it is now also classified as a big game species
to facilitate licensing (M. Badry, personal communi-
cation; Table 2). All jurisdictions in Canada allow
harvesting of lynx, except in the Maritime Provinces.
Season length varies up to five months, with the long-
er seasons generally occurring in the more northern
jurisdictions. Most provinces vary season length dur-
ing the lynx cycle, and all jurisdictions reported regu-
lating the harvest using seasons (Table 2). Additional

regulation techniques included quotas and temporary
closures, either regional or jurisdiction-wide. All jur-
isdictions also reported monitoring the harvest by
tracking harvest levels from trapper returns. Addition-
al harvest monitoring techniques included compulsory
inspections (the pelt has to be brought to wildlife offi-
cial and is sealed or tagged), and compulsory reporting
(the trapper has to file a report of harvest at season
end). Population monitoring techniques include track-
ing the hare cycle (through track counts [Labonté et
al. 1999*] or pellet plots [Krebs et al. 1987, 2001]),
monitoring the proportion of kits in the harvest through
pelt measurements (Quinn and Gardner 1984; Slough
1996) or carcass collections, and trapper questionnaires
(Slough et al. 1987) which provide catch per unit effort
and index population trends. Nova Scotia has been ex-
perimenting with track counts at bait sites and using
aircraft to monitor lynx numbers on Cape Breton Island
(M. Elderkin, personal communication).

The number of lynx taken by licensed trappers has
declined since the early 1980s (Figures 2 and 3). Pelt
prices peaked in the mid to late 1980s, concurrent with
the low in the cycle, and declined by 80–90% through
to the early 1990s. Alberta has generally produced
the largest number of lynx pelts, up to one quarter to
one third of the Canadian total (Table 3). Excluding
the Maritime Provinces, the remaining provinces and
territories each produce 8–14% of the annual harvest,
with British Columbia and the Northwest Territories
generally producing higher numbers than most. Har-
vest data are derived primarily from compulsory
inspection and pelt marking or through auction house
records, and can be considered to be a relatively accu-
rate indication of actual harvest level. Game hunters
in British Columbia have harvested an average of 16
lynx annually over the past 15 years (M. Badry, per-
sonal communication). The number of lynx harvest-
ed illegally is unknown but may be insignificant on a
national scale, given current low fur prices and declin-
ing interest in trapping. Almost all lynx trapped in
Canada are exported (Stardom 1989*). The trade in
live specimens is insignificant, totalling less than
0.05% of the total harvest (Stardom 1989*).

Concern for lynx populations in most jurisdictions
in Canada peaked during the 1980s when record high
pelt prices coincided with the low of the cycle, trap-
per effort was high and overharvest was suspected in
many areas (Todd 1985). Many jurisdictions enacted
more restrictive legislation to curb the harvest through
the late 1980s and into the low of the mid-1990s. Some
jurisdictions (e.g., Québec and Manitoba) only lifted
season closures in 1998 after lynx populations were
into the increase phase of the cycle and the “health”
of the population was perceived to be recovering. The
experience of concern and reaction to perceived over-
harvest may result in more careful monitoring and
management of lynx populations in the foreseeable
future. However, given the intensity and accuracy of
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the current monitoring and research programs on lynx
in Canada, most jurisdictions would be unable to iden-
tify anything but a dramatic decline in lynx numbers
or distribution beyond the normal cyclic fluctuations.

The public generally perceives lynx as an elusive
denizen of the Canadian forests. Long important to
the trapping industry, the recent attention to biolog-
ical diversity and conservation biology has meant that
the lynx has been recognized as an important compo-
nent of the ecosystem. The cyclic fluctuations in num-
bers and its close ties to the cyclic abundance of Snow-
shoe Hares have fascinated many over the years, in-
cluding scientists keen on determining the driving
mechanisms behind the hare and lynx cycles. 

While direct assessment of lynx populations is
exceedingly difficult, there is no evidence to suggest
that lynx numbers across most of Canada are declining.
Harvest effort and numbers have declined dramati-
cally over the past decade, and there is little to suggest
a reversal in trend. There is no evidence that illegal
harvest is a serious concern. High reproductive poten-
tial and the propensity to disperse long distances sug-
gest that lynx numbers in affected areas can be re-
populated given time and removal of the factors that
cause the initial decrease. Lynx habitat should be main-
tained given continuing availability of early to mid-

seral stage forests with adequate structure for denning
and cover.

Acknowledgments
I thank COSEWIC, Canadian Wildlife Service for

funding the preparation the full status report submit-
ted to them and M. Festa-Bianchet for administrating
the work and fielding countless questions. Page charges
for this review were covered by Resources, Wildlife
and Economic Development, Government of the North-
west Territories. Numerous people provided informa-
tion and advice from all jurisdictions. G. Mowat kindly
reviewed an earlier draft, and I received additional
comments from members of the COSEWIC Terrestrial
Mammals Specialist Group (M. Festa-Bianchet, J.
Murie, D. Nagorsen, M. Crête, T. Herman, and M.
Brigham) and an anonymous reviewer. I benefited
greatly from involvement in the preparation of Mowat
et al. (2000), and I thank my co-authors G. Mowat and
M. O’Donoghue. The opinions presented here are
solely mine, and do not necessarily represent those of
COSEWIC.

Documents Cited (marked * in the text)
Labonté, J., F. Potvin, J. P. Ouellet, and J. Ferron. 1999.

Analyse d’inventaires de pistes de lynx du Canada dans
cinq secteurs du Québec et proposition de deux approches

372 THE CANADIAN FIELD-NATURALIST Vol. 117

FIGURE 3. Canada Lynx harvest in Canada and average pelt value from 1977 to 2002. Data from Statistics Canada, updated
to August 2003.

0

5,000

10,000

15,000

20,000

25,000

30,000

35,000

40,000

45,000

77/78 79/80 81/82 83/84 85/86 87/88 89/90 91/92 93/94 95/96 97/98 99/00 01/02

C
an

ad
ia

n
 H

ar
ve

st
 o

f 
L

yn
x

$0

$100

$200

$300

$400

$500

$600

$700

A
ve

ra
g

e 
P

el
t 

V
al

u
e 

(C
D

N
)Average pelt value

Lynx harvest

03_01076_Lynx.qxd  6/23/04  12:30 PM  Page 372



applicables à un programme de suivi. Direction de la faune
et des habitats, Ministère de l’Environnement et de la
Faune, Québec, Canada.

Poole, K. G. 2001. COSEWIC status report on Canada lynx
(Lynx canadensis). Committee on the Status of Endangered
Wildlife in Canada, Ottawa, Ontario, Canada.

Stardom, R. 1989. Status report on the lynx Lynx canadensis
in Canada. Committee on the Status of Endangered Wild-
life in Canada, Ottawa, Ontario, Canada.

Stephenson, R. O. 1986. Development of lynx population
estimation techniques. Alaska Department of Fish and
Game. Federal Aid in Wildlife Restoration. Final Report,
Project W-22-5, Job 7.12R. Juneau, Alaska, USA.

Literature Cited
Apps, C. D. 2000. Space-use, diet, demographics, and topo-

graphic associations of lynx in the southern Canadian
Rocky Mountains: a study. Pages 351–371 in Ecology
and conservation of lynx in the United States. Edited by
L. F. Ruggiero, K. B. Aubry, S. W. Buskirk, G. M. Koehler,
C. J. Krebs, K. S. McKelvey, and J. R. Squires. University
Press of Colorado, Boulder, Colorado, USA.

Aubry, K. B., G. M. Koehler, and J. R. Squires. 2000.
Ecology of Canada lynx in the southern boreal forests.
Pages 373–396 in Ecology and conservation of lynx in the
United States. Edited by L. F. Ruggiero K. B. Aubry, S.
W. Buskirk, G. M. Koehler, C. J. Krebs, K. S. McKelvey,
and J. R. Squires. University Press of Colorado, Boulder,
Colorado, USA.

Bailey, R. G. 1998. Ecoregions map of North America:
Explanatory note. Miscellaneous Publications Number
1548. USDA Forest Service, Washington, D.C.

Bailey, T. N. 1974. Social organization in a bobcat popula-
tion. Journal of Wildlife Management 38: 435–446.

Bailey, T. N., E. E. Bangs, M. F. Portner, J. C. Malloy, and
R. J. McAvinchey. 1986. An apparent overexploited lynx
population in the Kenai Peninsula, Alaska. Journal of
Wildlife Management 50: 279–290.

Banfield, A. W. F. 1974. The mammals of Canada. Univer-
sity of Toronto Press, Toronto, Ontario, Canada.

Banville, D. 1986. Étude écologique du lynx du Canada sur
la haute Côte-Nord. Québec Ministère du Loiser, de la
Chasse et de la Pêche, Québec, Canada.

Beltrán, J. F., J. E. Rice, and R. L. Honeycutt. 1996. Taxo-
nomy of the Iberian lynx. Nature 379: 407–408.

Berrie, P. M. 1974. Ecology and status of the lynx in inte-
rior Alaska. Pages 4–41 in The world’s cats. Volume 1.
Edited by R. L. Eaton. World Wildlife Safari, Winston,
Oregon, USA.

Bergerud, A. T. 1971. The population dynamics of the
Newfoundland caribou. Wildlife Monographs 25: 1–55.

Boutin, S., C. J. Krebs, R. Boonstra, M. R. T. Dale, S. J.
Hannon, K. Martin, A. R. E. Sinclair, J. N. M. Smith,
R. Turkington, M. Blower, A. Byrom, F. I. Doyle, C.
Doyle, D. Hik, L. Hofer, A. Hubbs, T. Karels, D. L.
Murray, V. Nams, M. O’Donoghue, C. Rohner, and S.
Schweiger. 1995. Population changes of the vertebrate
community during a snowshoe hare cycle in Canada’s
boreal forest. Oikos 74: 69–80.

Brainerd, S. M. 1985. Reproductive ecology of bobcats and
lynx in western Montana. M.S. thesis, University of Mon-
tana. Missoula, Montana, USA. 85 pages.

Brand, C. J., L. B. Keith, and C. A. Fischer. 1976. Lynx
responses to changing snowshoe hare densities in Alberta.
Journal of Wildlife Management 40: 416–428.

2003 POOLE: A REVIEW OF CANADA LYNX IN CANADA 373

TA
B

L
E

3.
 P

ro
vi

nc
ia

l a
nd

 te
rr

ito
ri

al
 h

ar
ve

st
 r

ec
or

ds
 f

or
 C

an
ad

a 
Ly

nx
,1

98
3–

20
02

. S
ou

rc
e:

St
at

is
tic

s 
C

an
ad

a 
(A

ug
us

t 2
00

3)
.

83
/8

4
84

/8
5

85
/8

6
86

/8
7

87
/8

8
88

/8
9

89
/9

0
90

/9
1

91
/9

2
92

/9
3

93
/9

4
94

/9
5

95
/9

6
96

/9
7

97
/9

8
98

/9
9

99
/0

0
00

/0
1

01
/0

2

N
fld

42
5

46
9

29
7

11
4

76
53

46
34

10
8

11
5

78
61

49
58

89
91

12
1

19
1

63
3

PE
I

N
S

5
6

8
2

11
N

B
Q

ue
17

35
17

99
12

61
10

11
88

0
84

7
83

9
69

9
97

8
11

76
92

4
96

5
13

9
85

63
5

11
05

14
82

18
84

35
88

O
nt

16
77

49
5

67
5

50
8

51
2

57
3

52
6

66
5

93
2

92
9

81
2

99
1

52
7

73
4

83
0

65
5

63
5

10
04

13
43

M
an

59
6

41
9

29
40

0
38

3
40

6
44

6
37

2
53

0
35

6
24

4
19

5
78

95
12

7
24

6
27

5
45

4
57

5
Sa

sk
93

2
56

0
61

0
67

4
15

7
0

38
5

58
1

11
29

63
9

61
3

55
8

36
5

72
4

74
6

81
2

12
29

16
61

17
63

A
lta

30
54

12
79

81
3

85
4

61
7

72
0

18
07

12
78

22
15

13
91

77
3

78
6

59
1

13
65

24
60

14
38

14
56

20
28

16
67

B
C

27
60

16
68

12
06

10
50

11
13

12
43

12
30

60
0

20
17

11
72

75
0

64
1

38
2

71
7

53
3

50
0

60
2

70
1

86
4

Y
uk

on
96

1
92

5
80

5
66

8
79

9
12

35
18

75
12

56
14

03
52

9
10

0
18

7
15

2
31

0
44

2
59

2
45

9
60

3
21

4
N

W
T

13
00

10
05

11
49

16
74

20
37

31
88

28
23

20
94

22
30

87
3

41
9

52
1

53
6

10
83

10
11

70
9

23
03

83
5

57
9

C
A

N
A

D
A

13
44

5
86

25
68

53
69

53
65

74
82

65
99

77
75

79
11

54
2

71
80

47
13

49
07

28
19

51
71

68
73

61
48

85
73

93
61

11
22

6
A

ve
. v

al
ue

$3
40

.9
2

$6
11

.3
8

$6
05

.2
3

$5
31

.3
7

$3
65

.4
4

$2
38

.0
4

$1
17

.4
4

$7
5.

51
$8

6.
57

$7
1.

22
$1

03
.5

1
$8

6.
01

$9
3.

05
$1

06
.0

4
$8

4.
95

$7
2.

70
$5

5.
10

$7
8.

68
$1

04
.3

3

03_01076_Lynx.qxd  6/23/04  12:30 PM  Page 373



Brand, C. J., and L. B. Keith. 1979. Lynx demography dur-
ing a snowshoe hare decline in Alberta. Journal of Wildlife
Management 43: 827–849.

Brittell, J. D., R. J. Poelker, S. J Sweeney, and G. M.
Koehler. 1989. Native cats of Washington. Section III:
Lynx. Washington Department of Wildlife, Olympia,
Washington, USA.

Buskirk, S. W., L. F. Ruggiero, and C. J. Krebs. 2000.
Habitat fragmentation and interspecific competition: impli-
cations for lynx conservation. Pages 83–100 in Ecology
and conservation of lynx in the United States. Edited by
L. F. Ruggiero, K. B. Aubry, S. W. Buskirk, G. M. Koehler,
C. J. Krebs, K. S. McKelvey, and J. R. Squires. University
Press of Colorado, Boulder, Colorado, USA.

Butler, L. 1953. The nature of cycles in populations of Cana-
dian mammals. Canadian Journal of Zoology 31: 242–262.

Canadian Endangered Species Conservation Council
(CESCC). 2001. Wild species 2000: the general status of
species in Canada. Minister of Public Works and Govern-
ment Services Canada, Ottawa, Canada.

Carbyn, L. N., and D. Patriquin. 1983. Observations on
home range sizes, movements and social organization of
lynx, Lynx canadensis, in Riding Mountain National Park,
Manitoba. Canadian Field-Naturalist 97: 262–267.

Chubbs, T. E., and F. R. Phillips. 1993. An apparent longe-
vity record for Canada lynx, Lynx canadensis, in Labrador.
Canadian Field-Naturalist 107: 367–368.

de Vos, A., and S. E. Matel. 1952. The status of the lynx in
Canada, 1929-1952. Journal of Forestry 50: 742–745.

Dwyer, P. M., F. F. Mallory, and J. R. Pitblado. 1989. Pre-
liminary assessment of lynx habitat and distribution during
cyclic population lows in northern Ontario. Musk-ox 37:
129–136.

Elton, C., and M. Nicholson. 1942. The ten year cycle in
numbers of lynx in Canada. Journal of Animal Ecology
11: 215-244.

Fortin, C., and J. Huot. 1995. Ecologie comparée du Coyote,
du Lynx du Canada et du Renard roux au parc national
Forillon. Rapport Final for Parcs Canada, Département de
Biologie, Université Laval, Québec, Canada.

Greenwood, P. J. 1980. Mating systems, philopatry and
dispersal in birds and mammals. Animal Behavior 28:
1140–1162.

Hall, E. R. 1981. Mammals of North America. Second edi-
tion. John Wiley and Sons, New York, N.Y., USA. 1181 pp.

Hatler, D. F. 1988. A lynx management strategy for British
Columbia. Wildlife working report WR-34. B.C. Minis-
try of Environment and Parks, Victoria, B.C., Canada.

Hodges, K. E. 2000a. The ecology of snowshoe hares in
northern boreal forests. Pages 117–161 in Ecology and
conservation of lynx in the United States. Edited by L. F.
Ruggiero, K. B. Aubry, S. W. Buskirk, G. M. Koehler, C.
J. Krebs, K. S. McKelvey, and J. R. Squires. University
Press of Colorado, Boulder, Colorado, USA.

Hodges, K. E. 2000b. Ecology of snowshoe hares in southern
boreal and montane forests. Pages 163–206 in Ecology
and conservation of lynx in the United States. Edited by
L. F. Ruggiero, K. B. Aubry, S. W. Buskirk, G. M. Koehler,
C. J. Krebs, K. S. McKelvey, and J. R. Squires. University
Press of Colorado, Boulder, Colorado, USA.

Howard, W. E. 1960. Innate and environmental dispersal of
individual vertebrates. American Midland Naturalist 63:
152–161

Johnson, W. N., T. F. Paragi, and D. D. Katnik. 1995. The
relationships of wildland fire to lynx and marten popula-

tions and habitat in interior Alaska. Final Report. U.S.
Fish and Wildlife Service, Galena, Alaska, USA.

Keith, L. B. 1963. Wildlife’s ten-year cycle. University of
Wisconsin Press, Madison, Wisconsin, USA.

Keith, L. B., A. W. Todd, C. J. Brand, R. S. Adamcik, and
D. H. Rusch. 1977. An analysis of predation during a
cyclic fluctuation of snowshoe hares. Proceedings of the
International Congress of Game Biologists 13: 151–175.

Kelsall, J., E. S. Telfer, and T. D. Wright. 1977. The effects
of fire on the ecology of the boreal forest, with particular
reference to the Canadian north: a review and selected bib-
liography. Canadian Wildlife Service, Occasional Paper
Number 32, Ottawa, Ontario, Canada.

Kesterson, M. B. 1988. Lynx home range and spatial organi-
zation in relation to population density and prey abundance.
M.S. thesis, University of Alaska, Fairbanks, Alaska, USA.

Koehler, G. M. 1990. Population and habitat characteristics
of lynx and snowshoe hares in north central Washington.
Canadian Journal of Zoology 68: 845–853.

Koehler, G. M., and K. B. Aubry. 1994. Lynx. Pages 74–98
in The scientific basis for conserving forest carnivores:
American marten, fisher, lynx, and wolverine in the west-
ern United States. Edited by L. F. Ruggiero, K. B. Aubry,
S. W. Buskirk, L. J. Lyon, and W. J. Zielinski. U. S. Forest
Service General Technical Report RM-254.

Krebs, C. J., G. S. Gilbert, S. Boutin, and R. Boonstra.
1987. Estimation of snowshoe hare population density from
turd transects. Canadian Journal of Zoology 65: 565–567.

Krebs, C. J., R. Boonstra, V. Nams, M. O’Donoghue, K.
E. Hodges, and S. Boutin. 2001. Estimating snowshoe
hare population density from pellet plots: a further evalu-
ation. Canadian Journal of Zoology 79: 1–4.

Kurtén, B., and R. Rausch. 1959. Biometric comparisons
between North American and European mammals. II. A
comparison between the northern lynxes of Fennoscandia
and Alaska. Acta Arctica 11: 21–45.

Legendre, P., F. Long, R. Bergeron, and J-M. Levasseur.
1978. Inventaire aérien de la faune dans le Moyen Nord
québécois. Canadian Journal of Zoology 56: 451–462.

Litvaitis, J. A., D. Kingman, Jr., and E. Orff. 1991. Status
of lynx in New Hampshire. Transactions of the Northeast
Section of the Wildlife Society 48: 70–75.

McCord, C. M., and J. E. Cardoza. 1982. Bobcat and lynx.
Pages 728–766 in Wild mammals of North America.
Edited by J. A. Chapman and G. A. Feldhamer. The Johns
Hopkins University Press, Baltimore, Maryland, USA.

McKelvey, K. S., K. B. Aubry, and Y. K. Ortega. 2000.
History and distribution of lynx in the contiguous United
States. Pages 207–264 in Ecology and conservation of
lynx in the United States. Edited by L. F. Ruggiero, K. B.
Aubry, S. W. Buskirk, G. M. Koehler, C. J. Krebs, K. S.
McKelvey, and J. R. Squires. University Press of Colorado,
Boulder, Colorado, USA.

Maj, M., and E. O. Garton. 1994. Fisher, lynx, wolverine
summary of distribution information. Pages 169–175 in
The scientific basis for conserving forest carnivores: Amer-
ican marten, fisher, lynx, and wolverine in the western
United States. Edited by L. F. Ruggiero, K. B. Aubry, S.
W. Buskirk, L. J. Lyon, and W. J. Zielinski. U. S. Forest
Service General Technical Report RM-254.

Major, A. R. 1989. Lynx, Lynx canadensis canadensis (Kerr)
predation patterns and habitat use in the Yukon Territory,
Canada. M.S. thesis, State University of New York, Syra-
cuse, New York, USA.

374 THE CANADIAN FIELD-NATURALIST Vol. 117

03_01076_Lynx.qxd  6/23/04  12:30 PM  Page 374



Mech, L. D. 1973. Canada lynx invasion of Minnesota.
Biological Conservation 5: 151–152.

Mech, L. D. 1977. Record movement of a Canadian lynx.
Journal of Mammalogy 58: 676–677.

Mellen, J. D. 1993. A comparative analysis of scent-marking,
social and reproductive behavior in 20 species of small
cats (Felis). American Zoologist 33: 151–166.

Mowat, G. 1993. Lynx recruitment in relation to snowshoe
hare density. M.S. thesis, University of Alberta, Edmonton,
Canada.

Mowat, G., S. Boutin, and B. G. Slough. 1996a. Using pla-
cental scars to estimate litter size and pregnancy rate in
lynx. Journal of Wildlife Management 60: 430–440.

Mowat, G., B. G. Slough, and S. Boutin. 1996b. Lynx
recruitment during a snowshoe hare population peak and
decline in southwest Yukon. Journal of Wildlife Manage-
ment 60: 441–452.

Mowat, G., and B. G. Slough. 1998. Some observations on
the natural history and behaviour of the Canada lynx, Lynx
canadensis. Canadian Field-Naturalist 112: 32–36.

Mowat, G., K. G. Poole, and M. O’Donoghue. 2000. Ecol-
ogy of lynx in northern Canada and Alaska. Pages 265–306
in Ecology and conservation of lynx in the United States.
Edited by L. F. Ruggiero, K. B. Aubry, S. W. Buskirk, G.
M. Koehler, C. J. Krebs, K. S. McKelvey, and J. R. Squires.
University Press of Colorado, Boulder, Colorado, USA.

Mowat, G., and B. G. Slough. 2003. Habitat preference of
Canada lynx through a cycle in snowshoe hare abun-
dance. Canadian Journal of Zoology 81: 1736–1745.

Murray, D. L., and S. Boutin. 1991. The influence of snow
on lynx and coyote movements: does morphology effect
behavior?  Oecologia 88: 463–469.

Murray, D. L., S. Boutin, and M. O’Donoghue. 1994.
Winter habitat selection by lynx and coyotes in relation to
snowshoe hare abundance. Canadian Journal of Zoology
72: 1444–1451.

Murray, D. L., S. Boutin, M. O’Donoghue, and V. O.
Nams. 1995. Hunting behaviour of a sympatric felid and
canid in relation to vegetative cover. Animal Behaviour 50:
1203–1210.

Nellis, C. H., S. P. Wetmore, and L. B. Keith. 1972. Lynx-
prey interactions in central Alberta. Journal of Wildlife
Management 36: 320–329.

Noiseux, F., and G. J. Doucet. 1987. Étude de la population
du lynx du Canada (Lynx canadensis) de la Réserve Fau-
nique des Laurentides, Québec. Québec Ministère du
Loisir, de la Chasse et de la Pêche, Québec, Canada.

Nowell, K., and P. Jackson. 1996. Wild Cats: status survey
and conservation action plan. IUCN/SSC Cat Specialist
Group, Gland, Switzerland.

O’Brien, S. J. 1996. Molecular genetics and phylogenetics
of the Felidae. Pages xxii–xxiv in Wild Cats: status survey
and conservation action plan. Edited by K. Nowell and P.
Jackson. International Union for the Conservation of
Nature and Natural Resources, Gland, Switzerland.

O’Connor, R. M. 1984. Population trends, age structure and
reproductive characteristics of female lynx in Alaska, 1963
through 1973. M.S. thesis, University of Alaska, Fairbanks,
Alaska, USA.

O’Donoghue, M., E. Hofer, and F. I. Doyle. 1995. Predator
versus predator. Natural History 104(3): 6–9.

O’Donoghue, M., S. Boutin, C. J. Krebs, and E. J. Hofer.
1997. Numerical responses of coyotes and lynx to the
snowshoe hare cycle. Oikos 80: 150–162.

O’Donoghue, M., S. Boutin, C. J. Krebs, D. L. Murray,
and E. J. Hofer. 1998a. Behavioural responses of coyotes
and lynx to the snowshoe hare cycle. Oikos 82: 169–183.

O’Donoghue, M., S. Boutin, C. J. Krebs, G. Zuleta, D. L.
Murray, and E. J. Hofer. 1998b. Functional responses of
coyotes and lynx to the snowshoe hare cycle. Ecology 79:
1193–1208.

O’Donoghue, M., S. Boutin, D. L. Murray, C. J. Krebs,
E. J. Hofer, U. Breitenmoser, C. Breitenmoser-
Wüersten, G. Zuleta, C. Doyle, and V. O. Nams. 2001.
Coyotes and lynx. Chapter 13 in Ecosystem dynamics in
the boreal forest: the Kluane Project. Edited by C. J. Krebs,
S. Boutin, and R. Boonstra. Oxford University Press.

Paragi, T. F., W. N. Johnson, and D. D. Katnik. 1997. Selec-
tion of post-fire seres by lynx and snowshoe hares in the
Alaskan taiga. Northwest Naturalist 78: 77–86.

Parker, G. R. 1981. Winter habitat use and hunting activities
of lynx (Lynx canadensis) on Cape Breton Island, Nova
Scotia. Pages 221-248 in Worldwide Furbearer Conference
proceedings, Aug. 3–11, 1980. Edited by J. A. Chapman,
and D. Pursley. Frostburg, Maryland, USA.

Parker, G. R., J. W. Maxwell, L. D. Morton, and G. E. J.
Smith. 1983. The ecology of the lynx (Lynx canadensis)
on Cape Breton Island. Canadian Journal of Zoology 61:
770–786.

Perham, C. T. 1995. Home range, habitat selection, and
movements of lynx in eastern interior Alaska. M. Sc. thesis.
University of Alaska, Fairbanks.

Perham, C., T. Doyle, and B. Route. 1993. Mortality factors,
home range characteristics, and habitat preferences of lynx
inhabiting Tetlin National Wildlife Refuge and Wrangell-
St. Elias National Park and Preserve. U.S. Fish and Wild-
life Service, Tetlin National Wildlife Refuge, Tok, Alaska,
USA.

Poole, K. G. 1994. Characteristics of an unharvested lynx
population during a snowshoe hare decline. Journal of
Wildlife Management 58: 608–618.

Poole, K. G. 1995. Spatial organization of a lynx population.
Canadian Journal of Zoology 73: 632–641.

Poole, K. G. 1997. Dispersal patterns of lynx in the North-
west Territories. Journal of Wildlife Management 61:
497–505.

Poole, K. G., L. A. Wakelyn, and P. N. Nicklen. 1996.
Habitat selection by lynx in the Northwest Territories.
Canadian Journal of Zoology 74: 845–850.

Powell, R. A. 1979. Mustelid spacing patterns: variations
on a theme by Mustela. Zoologica Tierpsychologica 50:
153–165.

Quinn, N. W. S., and J. F. Gardner. 1984. Relationships of
age and sex to lynx pelt characteristics. Journal of Wild-
life Management 48: 953–956.

Quinn, N. W. S., and G. Parker. 1987. Lynx. Pages 683–694
in Wild furbearer management and conservation in North
America. Edited by M. Novak, J. A. Baker, M. E. Obbard,
and B. Malloch. Ontario Trappers Association, North Bay,
Ontario, Canada.

Quinn, N. W. S., and J. E. Thompson. 1987. Dynamics of
an exploited Canada lynx population in Ontario. Journal
of Wildlife Management 51: 297–305.

Saunders, J. K. 1963a. Food habits of lynx in Newfound-
land. Journal of Wildlife Management 27: 384–390.

Saunders. J. K. 1963b. Movements and activities of lynx in
Newfoundland. Journal of Wildlife Management 27: 390–
400.

2003 POOLE: A REVIEW OF CANADA LYNX IN CANADA 375

03_01076_Lynx.qxd  6/23/04  12:30 PM  Page 375



376 THE CANADIAN FIELD-NATURALIST Vol. 117

Seidensticker, J. C., IV, M. G. Hornocker, W. V. Wiles, and
J. P. Messick. 1973. Mountain lion social organization in
the Idaho Primitive Area. Wildlife Monographs 35: 1–60.

Seton, E. T. 1929. Lives of game animals. Doubleday, Doran
& Company, New York, N.Y., USA.

Slough, B. G., R. H. Jessup, D. I. McKay, and A. B.
Stephenson. 1987. Wild furbearer management in western
and northern Canada. Pages 1062–1076 in Wild furbearer
management and conservation in North America. Edited
by M. Novak, J. A. Baker, M. E. Obbard, and B. Malloch.
Ontario Trappers Association, North Bay, Ontario, Canada.

Slough, B. G. 1996. Estimating lynx population age ratio
with pelt length data. Wildlife Society Bulletin 24: 495–
499.

Slough, B. G. 1999. Characteristics of Canada lynx, Lynx
canadensis, maternal dens and denning habitat. Canadian
Field-Naturalist 113: 605–608.

Slough, B. G., and G. Mowat. 1996. Population dynamics of
lynx in a refuge and interactions between harvested and
unharvested populations. Journal of Wildlife Management
60: 946–961.

Smith, C. H. 1983. Spatial trends in Canadian snowshoe hare,
Lepus americanus, population cycles. Canadian Field-
Naturalist 97: 151-160.

Smith, J. D., E. M. Addison, D. G. Joachim, and L. M.
Smith. 1986. Helminth parasites of Canada lynx (Felis
canadensis) from northern Ontario. Canadian Journal of
Zoology 64: 358–364.

Staples, W. R. 1995. Lynx and coyote diet and habitat rela-
tionships during a low hare population on the Kenai
Peninsula, Alaska. M.S. thesis, University of Alaska,
Fairbanks, Alaska, USA.

Stephenson, R. O., D. V. Grangaard, and J. Burch. 1991.
Lynx, Felis lynx, predation on Red Foxes, Vulpes vulpes,
Caribou, Rangifer tarandus, and Dall Sheep, Ovis dalli,
in Alaska. Canadian Field-Naturalist 105: 255–262.

Thompson, I. D. 1988. Habitat needs of furbearers in rela-
tion to logging in boreal Ontario. The Forestry Chronicle
64: 251–261.

Thompson, I. D., I. J. Davidson, S. O’Donnell, and F.
Brazeau. 1989. Use of track transects to measure the rela-
tive occurrence of some boreal mammals in uncut forest
and regeneration stands. Canadian Journal of Zoology 67:
1816–1823.

Todd, A. W. 1985. The Canada lynx: ecology and manage-
ment. Canadian Trapper 13: 15–20.

Tumlison, R. 1987. Felis lynx. Mammalian Species 269: 1–8.
van Zyll de Jong, C. G. 1966a. Parasites of the Canada

lynx, Felis (Lynx) canadensis (Kerr). Canadian Journal
of Zoology 44: 499–509.

van Zyll de Jong, C. G. 1966b. Food habits of the lynx in
Alberta and the Mackenzie District, N. W. T. Canadian
Field-Naturalist 80: 18–23.

van Zyll de Jong, C. G. 1971. The status and management
of the Canada lynx in Canada. Pages 16-22 in Symposium
on the native cats of North America. Edited by S. E. Jor-
gensen and L. D. Mech. U.S. Bureau of Sports Fish and
Wildlife, Federal Building, Fort Snelling, Twin Cities,
Minnesota, USA. 

van Zyll de Jong, C. G. 1975. Differentiation of the Canada
lynx, Felis (Lynx) canadensis subsolana, in Newfoundland.
Canadian Journal of Zoology 53: 699–705.

Viereck, L. A. 1983. The effects of fire in black spruce
ecosystems of Alaska and northern Canada. Pages 201-
220 in The role of fire in northern circumpolar ecosystems.
Edited by R. W. Wein and D. A. MacLean. John Wiley and
Sons, Toronto, Ontario, Canada.

Ward, R. M. P., and C. J. Krebs. 1985. Behavioural
responses of lynx to declining snowshoe hare abundance.
Canadian Journal of Zoology 63: 2817–2824.

Werdelin, L. 1981. The evolution of lynxes. Annales Zoo-
logica Fennici 18: 37–71.

Werdelin, L. 1983. Small Pleistocene felines of North
America. Journal of Vertebrate Paleontology 5: 194–210.

Werdelin, L. 1996. The history of Felid classification.
Pages xviii–xxiii in Wild cats: status survey and conser-
vation action plan. Edited by K. Nowell and P. Jackson.
International Union for the Conservation of Nature and
Natural resources, Gland, Switzerland.

Wolff, J. O. 1994. More on juvenile dispersal in mammals.
Oikos 71: 349–352.

Wozencraft, W. C. 1993. Order Carnivora. Pages 286–346 in
Mammal species of the world, second edition. Edited by
D. E. Wilson and D. M. Reeder. Smithsonian Institution,
Washington, D.C., USA.

Received 20 July 2001
Accepted 20 December 2003

03_01076_Lynx.qxd  6/23/04  12:30 PM  Page 376



From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Lynx CH GIS data
Date: Thursday, May 19, 2016 8:03:38 AM

Jim:

I don't think there are lynx in southern Ontario immediately north of NY.  A few years ago I
reviewed the lynx fur harvest records for Quebec and very few (<5) are caught annually in the
districts immediately north of VT and NH.  Having driven through this area many times, there
is limited lynx habitat - much of the area is agriculture and the forest is predominantly
hardwood.  Jeff Bowman has published on lynx range contraction in southern Ontario. 
Perhaps a quick email to Jeff would provide input on the distribution line in southern Ontario.

Mark

On Wed, May 18, 2016 at 5:57 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I'm happy to use that line if you think it is more accurate Mark, but you may recall that is the same paper that
relied on questionable (mix of verified and anecdotal occurrence; and in some states pre- versus post-trapping
prohibition) data and an inaccurate summation of and citation to McKelvey's 2000 work (with which Kevin
disagreed - see my email to the core team from Feb. 17, 2016) as support for the statement:

"... lynx distribution in the northern contiguous United States has been greatly reduced and fragmented, largely as
a result of human-induced mortality, human settlement and likely habitat alteration during the past 2 centuries
(McKelvey et al. 2000)."

Not that I disagree that there has likely been some reduction and fragmentation, and maybe it's semantics about
how one defines "range" and/or "distribution," but I think at least the contiguous US part of the map is highly
questionable.  It probably is a better reflection for Canada, and based on better data, but I haven't seen any
evidence based on reliable occurrence data that there were lynx in northern Wisconsin or on the entire UP of
Mich. in 2001, nor southwestern Montana or much of what they show for Idaho.

Anyway - pardon the rant.

Kurt - could you ask your GIS guy if he can use Fig. 1 from Poole 2003 (attached, but also in the LCAS lit cited
on the drive) to better approximate the Canadian general distribution, and not the hand-drawn one I sent earlier? 
Thanks.

On Wed, May 18, 2016 at 2:30 PM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

I believe the map from the most recent COSEWIC review (Poole 2003) is the most
accurate for eastern Canada.  I don't believe lynx regularly occur immediately north of NY
or Vermont (i.e. they are not in southern Ontario).  The distribution in Poole 2013 in New
Brunswick and Nova Scotia (part of Cape Breton Island) seems accurate.   Mark

On Wed, May 18, 2016 at 10:02 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Mark, Tam, and Bryon,

Please take a look at the attached figure and let me know if you think it is a reasonable coarse approximation
of current lynx distribution across the border.  If not, make changes you think are necessary and scan/email it
back to me and Kurt.  It is based on the map provided in Vahon 2015 (IUCN Red List update; p. 3), also
attached.

I think it would be helpful to provide context for our DPS/SSA units to show where we think lynx occur

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov


across the border.  Then in other places in the report where we talk about cross-border connectivity (or not),
we can refer back to the map.  Kurt's GIS guy is working on a map that will add the Western Colorado Unit
to the CH (with 4b2 exclusions thrown back in), and I've asked whether he can also add the approximate
distribution in southern Canada.

Let me know i fyou have questions/concerns.

Thanks,

jim
 
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, May 17, 2016 at 1:20 PM
Subject: Re: Lynx CH GIS data
To: Kurt Broderdorp <Kurt_Broderdorp@fws.gov>

We contracted the GIS work for the CH rules out to someone at USGS in Bozeman who has since taken a
job in the private sector.  I have all the GIS files she used/created for both the proposed and final CH rules,
but I don't know which included the exclusions that were ultimately removed from the final designation an
no way to quickly find them.

However, on the R6 lynx page (http://www.fws.gov/mountain-prairie/es/canadaLynx.php) under the bullet:

5 color maps showing the changes in critical habitat between the
proposed and final rules

You can open images that show the 4(b)(2) exclusions in yellow (Tribal) and blue (State or private) for each
unit.  Other colors in units 3 and 5 are for changes from improved mapping, etc.that are already incorporated
into the final CH maps.  If your GIS guy could add the yellow and blue areas back in, those would be the
entire units that we think support (or in the case of the GYA, recently may have supported) resident lynx.

Maine has quite a bit of blue - Healthy Forest Reserve Program enrolled lands - and a bit
of yellow (tribal); Minnesota has only a little tribal in the northeast corner and a small
island in the west-central part of the unit; Montana has a big chunk of tribal in the
southwest and quite a bit of blue state lands, some in small pieces, scattered throughout -
he should ignore the green and red in that unit (3); Washington has a pretty big chunk of
blue along the eastern border of the unit; the GYA shouldn't need changes (there's only a
tiny bit of blue in the northwest part - only about 1.3 mi2, so can be ignored - and the
green and red should also be ignored).

I'm attaching a hand-drawn boundary that shows approximate lynx distribution/range in
Canadian provinces adjacent to the U.S. - would like to know if your GIS guy could add
that to the map as well, labeled as "Approximate lynx distribution in Canada".  Let me
know, and you or he or both can call me if you need additional info or have questions.

Thanks, Kurt.

Jim   

On Tue, May 17, 2016 at 11:53 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov>
wrote:
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Jim, as I mentioned on our call, I have downloaded the existing
lynx CH GIS data.  We took a quick look at the attributes to see if
the exclusions/exemptions, etc. were still intact.  What we would
is that those properties were no longer part of the dataset.  So, If
you can provide us with a shape file of the exclusions, etc., or a
shape file that includes all CH with exclusions, we can very
quickly produce the appropriate map for the report.  Thanks,

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist

mailto:jim_zelenak@fws.gov
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Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Zelenak, Jim
To: Kurt Broderdorp; Mark McCollough
Subject: Re: Lynx CH GIS data
Date: Thursday, May 19, 2016 2:57:05 PM
Attachments: Lynx SSA base map Canada - Poole 2003 Koen 2014.pdf

Hey Kurt and Mark,

I've attached a different map for use in making a map for the lynx SSA report. It uses Poole's 2003 map (p. 361), but
I've hand-drawn a line that I think closely approximates the northward range shift for southeast Ontario presented by
Koen et al. 2014 (p. 758).

Kurt - if your GIS person could use Poole's gray area minus the Koen et al. retraction, and only use Poole for north
of the Canada-U.S. border, then add our SSA/CH units to it, that might be most useful.  The SSA map should show
the full east-west extent of lynx distribution in Canada, and south-to-north it should extend from northern New
Mexico north to include the southern 1/2 or 2/3 of the southern Canadian provinces (see attached).

Let me know if this seems reasonable (you, too, Mark) and if your GIS person is willing to give it a go.

Thanks.

 

On Tue, May 17, 2016 at 1:29 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
P.S.  I'm assuming the GIS guru ( I you sure it's not YOU?) would add a map key with north arrow and scale, etc.
(maybe unit names there and only numbers on the map itself?).

Names of our SSA geographic areas should be consistent with those used in the Expert report and in the TOC for
the SSA report:

1. Northern Maine
2. Northeastern Minnesota
3. Northwestern Montana/Northeastern Idaho
4. North-central Washington
5. Greater Yellowstone Area
6. Western Colorado

Finally, the red hatching I drew on the map for Canada should, of course, continue all the way to the north.

Thanks,

jim

On Tue, May 17, 2016 at 1:20 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
We contracted the GIS work for the CH rules out to someone at USGS in Bozeman who has since taken a job
in the private sector.  I have all the GIS files she used/created for both the proposed and final CH rules, but I
don't know which included the exclusions that were ultimately removed from the final designation an no way to
quickly find them.

However, on the R6 lynx page (http://www.fws.gov/mountain-prairie/es/canadaLynx.php) under the bullet:

5 color maps showing the changes in critical habitat between the
proposed and final rules

You can open images that show the 4(b)(2) exclusions in yellow (Tribal) and blue (State or private)
for each unit.  Other colors in units 3 and 5 are for changes from improved mapping, etc.that are
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already incorporated into the final CH maps.  If your GIS guy could add the yellow and blue areas
back in, those would be the entire units that we think support (or in the case of the GYA, recently
may have supported) resident lynx.

Maine has quite a bit of blue - Healthy Forest Reserve Program enrolled lands - and a bit
of yellow (tribal); Minnesota has only a little tribal in the northeast corner and a small
island in the west-central part of the unit; Montana has a big chunk of tribal in the
southwest and quite a bit of blue state lands, some in small pieces, scattered throughout -
he should ignore the green and red in that unit (3); Washington has a pretty big chunk of
blue along the eastern border of the unit; the GYA shouldn't need changes (there's only a
tiny bit of blue in the northwest part - only about 1.3 mi2, so can be ignored - and the
green and red should also be ignored).

I'm attaching a hand-drawn boundary that shows approximate lynx distribution/range in
Canadian provinces adjacent to the U.S. - would like to know if your GIS guy could add
that to the map as well, labeled as "Approximate lynx distribution in Canada".  Let me
know, and you or he or both can call me if you need additional info or have questions.

Thanks, Kurt.

Jim   

On Tue, May 17, 2016 at 11:53 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov>
wrote:

Jim, as I mentioned on our call, I have downloaded the existing
lynx CH GIS data.  We took a quick look at the attributes to see if
the exclusions/exemptions, etc. were still intact.  What we would is
that those properties were no longer part of the dataset.  So, If you
can provide us with a shape file of the exclusions, etc., or a shape
file that includes all CH with exclusions, we can very quickly
produce the appropriate map for the report.  Thanks,

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

-- 

mailto:Kurt_Broderdorp@fws.gov


Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Lynx CH GIS data
Date: Thursday, May 19, 2016 4:17:52 PM

Jim:  I quickly looked up lynx harvest records from Quebec (for another section of the SSA). 
It seems that the Poole map is accurate for southern Quebec north of NH and VT - no lynx
trapped there.  Not sure if there are similar trapping data for southern Ontario fur districts. 
Mark

On Thu, May 19, 2016 at 2:57 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hey Kurt and Mark,

I've attached a different map for use in making a map for the lynx SSA report. It uses Poole's 2003 map (p. 361),
but I've hand-drawn a line that I think closely approximates the northward range shift for southeast Ontario
presented by Koen et al. 2014 (p. 758).

Kurt - if your GIS person could use Poole's gray area minus the Koen et al. retraction, and only use Poole for
north of the Canada-U.S. border, then add our SSA/CH units to it, that might be most useful.  The SSA map
should show the full east-west extent of lynx distribution in Canada, and south-to-north it should extend from
northern New Mexico north to include the southern 1/2 or 2/3 of the southern Canadian provinces (see attached).

Let me know if this seems reasonable (you, too, Mark) and if your GIS person is willing to give it a go.

Thanks.

 

On Tue, May 17, 2016 at 1:29 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
P.S.  I'm assuming the GIS guru ( I you sure it's not YOU?) would add a map key with north arrow and scale,
etc.(maybe unit names there and only numbers on the map itself?).

Names of our SSA geographic areas should be consistent with those used in the Expert report and in the TOC
for the SSA report:

1. Northern Maine
2. Northeastern Minnesota
3. Northwestern Montana/Northeastern Idaho
4. North-central Washington
5. Greater Yellowstone Area
6. Western Colorado

Finally, the red hatching I drew on the map for Canada should, of course, continue all the way to the north.

Thanks,

jim

On Tue, May 17, 2016 at 1:20 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
We contracted the GIS work for the CH rules out to someone at USGS in Bozeman who has since taken a
job in the private sector.  I have all the GIS files she used/created for both the proposed and final CH rules,
but I don't know which included the exclusions that were ultimately removed from the final designation an
no way to quickly find them.

However, on the R6 lynx page (http://www.fws.gov/mountain-prairie/es/canadaLynx.php) under the bullet:
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5 color maps showing the changes in critical habitat between the
proposed and final rules

You can open images that show the 4(b)(2) exclusions in yellow (Tribal) and blue (State or private)
for each unit.  Other colors in units 3 and 5 are for changes from improved mapping, etc.that are
already incorporated into the final CH maps.  If your GIS guy could add the yellow and blue areas
back in, those would be the entire units that we think support (or in the case of the GYA, recently
may have supported) resident lynx.

Maine has quite a bit of blue - Healthy Forest Reserve Program enrolled lands - and a bit
of yellow (tribal); Minnesota has only a little tribal in the northeast corner and a small
island in the west-central part of the unit; Montana has a big chunk of tribal in the
southwest and quite a bit of blue state lands, some in small pieces, scattered throughout -
he should ignore the green and red in that unit (3); Washington has a pretty big chunk of
blue along the eastern border of the unit; the GYA shouldn't need changes (there's only a
tiny bit of blue in the northwest part - only about 1.3 mi2, so can be ignored - and the
green and red should also be ignored).

I'm attaching a hand-drawn boundary that shows approximate lynx distribution/range in
Canadian provinces adjacent to the U.S. - would like to know if your GIS guy could add
that to the map as well, labeled as "Approximate lynx distribution in Canada".  Let me
know, and you or he or both can call me if you need additional info or have questions.

Thanks, Kurt.

Jim   

On Tue, May 17, 2016 at 11:53 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov>
wrote:

Jim, as I mentioned on our call, I have downloaded the existing
lynx CH GIS data.  We took a quick look at the attributes to see if
the exclusions/exemptions, etc. were still intact.  What we would
is that those properties were no longer part of the dataset.  So, If
you can provide us with a shape file of the exclusions, etc., or a
shape file that includes all CH with exclusions, we can very
quickly produce the appropriate map for the report.  Thanks,

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

mailto:Kurt_Broderdorp@fws.gov


-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt
Cc: Kurt Broderdorp; Daniel Reinkensmeyer
Subject: Fwd: Lynx SSA Map
Date: Friday, May 20, 2016 3:10:40 PM
Attachments: Lynx_SSA_Map_052016.pdf

Hi Team:

Take a look at the attached map for the SSA report and let me and Kurt know if you have any remaining issues or
visceral aversion to the color scheme (or just suggestions for improving it).

Kurt and Dan Reinkensmeyer worked with Colorado Parks and Wildlife to develop that part of the map, and with
Jen Vashon on the GIS data she used in her 2015 IUCN update, then they made some adjustments to the latter based
on the Poole 2003 map, which Mark thought better reflected the situation north of NH, VT and NY, and finally they
incorporated my scratchings to Poole to reflect the range contraction in SE Ontario presented in Koen et al. 2014.

We will note the sources in the figure title in the report.

Thanks very much Kurt and Dan. 

---------- Forwarded message ----------
From: Kurt Broderdorp <Kurt_Broderdorp@fws.gov>
Date: Fri, May 20, 2016 at 11:51 AM
Subject: RE: Lynx SSA Map
To: Jim Zelenak <jim_zelenak@fws.gov>

Jim,  We also changed how we displayed the S. Rockies area, so you can
better see the fragmentation.

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, May 20, 2016 11:46 AM
To: Kurt Broderdorp
Subject: Re: Lynx SSA Map

 

Good timing - I was just about to send it to the team.  Will wait on color changes - and if you
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guys don't think the black/red I suggested looks good, pick whatever looks better to you both.

 

On Fri, May 20, 2016 at 11:41 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

Let us make some color adjustments before we send it out.

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, May 20, 2016 11:32 AM
To: Kurt Broderdorp
Subject: Re: Lynx SSA Map

 

OK with you if I forward this one to Mark, Tam and Bryon for their takes (and maybe
thoughts on color)?

 

On Fri, May 20, 2016 at 11:30 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

Looks reasonable (except for all that green in Western Colorado ;-)

 

Seriously - the range stuff looks great - appreciate the effort to address my and Mark's
concerns.

 

I'm open to suggestions on color, as now that I see my recommended green it seems a bit
garish.

 

If Dan is open to color changes, how about changing the Canada range from pink to just black
or dark gray, and making the DPS units a red similar to the one used for core areas in the new
LCAS, p. 37.
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Thanks Kurt! 

 

On Fri, May 20, 2016 at 10:54 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

Let me know if this works for you.

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

mailto:Kurt_Broderdorp@fws.gov
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Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


Ü

North-central Washington

Northwestern Montana/
Northeastern Idaho

Western Colorado

Northeastern Minnesota

Northern Maine

Greater Yellowstone Area

U.S. and Canada Border
General Lynx Range, Canada
Lynx DPS Geographic Units
State or Province Boundary0 200 400100

Miles

0 200 400100
Kilometers



From: Zelenak, Jim
To: McCollough, Mark
Subject: Re: Lynx SSA Map
Date: Friday, May 20, 2016 3:22:39 PM

I just noticed that the 4(b)(2) exclusions were not added back in - it's noticeable for ME and WA; less so in other
units.  regardless, probably not a big deal.

On Fri, May 20, 2016 at 1:20 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
looks good to me!  Mark

On Fri, May 20, 2016 at 3:10 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Team:

Take a look at the attached map for the SSA report and let me and Kurt know if you have any remaining issues
or visceral aversion to the color scheme (or just suggestions for improving it).

Kurt and Dan Reinkensmeyer worked with Colorado Parks and Wildlife to develop that part of the map, and
with Jen Vashon on the GIS data she used in her 2015 IUCN update, then they made some adjustments to the
latter based on the Poole 2003 map, which Mark thought better reflected the situation north of NH, VT and NY,
and finally they incorporated my scratchings to Poole to reflect the range contraction in SE Ontario presented
in Koen et al. 2014.

We will note the sources in the figure title in the report.

Thanks very much Kurt and Dan. 

---------- Forwarded message ----------
From: Kurt Broderdorp <Kurt_Broderdorp@fws.gov>
Date: Fri, May 20, 2016 at 11:51 AM
Subject: RE: Lynx SSA Map
To: Jim Zelenak <jim_zelenak@fws.gov>

Jim,  We also changed how we displayed the S. Rockies area, so you
can better see the fragmentation.

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
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Sent: Friday, May 20, 2016 11:46 AM
To: Kurt Broderdorp
Subject: Re: Lynx SSA Map

 

Good timing - I was just about to send it to the team.  Will wait on color changes - and if
you guys don't think the black/red I suggested looks good, pick whatever looks better to
you both.

 

On Fri, May 20, 2016 at 11:41 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov>
wrote:

Let us make some color adjustments before we send it out.

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, May 20, 2016 11:32 AM
To: Kurt Broderdorp
Subject: Re: Lynx SSA Map

 

OK with you if I forward this one to Mark, Tam and Bryon for their takes (and maybe
thoughts on color)?

 

On Fri, May 20, 2016 at 11:30 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

Looks reasonable (except for all that green in Western Colorado ;-)

 

Seriously - the range stuff looks great - appreciate the effort to address my and Mark's
concerns.

 

I'm open to suggestions on color, as now that I see my recommended green it seems a bit
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garish.

 

If Dan is open to color changes, how about changing the Canada range from pink to just
black or dark gray, and making the DPS units a red similar to the one used for core areas
in the new LCAS, p. 37.

 

Thanks Kurt! 

 

On Fri, May 20, 2016 at 10:54 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov>
wrote:

Let me know if this works for you.

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov
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--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Kurt Broderdorp
Cc: Mark McCollough; Tamara Smith; Bryon Holt
Subject: Re: Lynx SSA Map
Date: Friday, May 20, 2016 4:06:34 PM

Excellent!  Thanks.

Mark, Tam, Bryon - replace other with this version - it has the 4(b)(2) exclusions incorporated back into the unit
polygons - they were missing in last version but it was only noticeable if you really zoomed in, and only mattered
for ME and WA.

Thanks again Kurt.

Also - Tam has set up an outline for the report on the drive so no more scrolling for miles to get to the section you're
working on.  Select "Document outline" under tools, and it should show up on the left side of the doc, allowing you
to get to where you need to go more efficiently.

Thanks much Tam!

On Fri, May 20, 2016 at 2:00 PM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

Here ya go.

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, May 20, 2016 1:57 PM
To: Kurt Broderdorp
Subject: Re: Lynx SSA Map

 

Thanks!

 

 

On Fri, May 20, 2016 at 1:52 PM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

No problem, we grabbed the final data set instead of the proposed. 
Dan is cleaning it up now.
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Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, May 20, 2016 1:22 PM
To: Kurt Broderdorp
Subject: Re: Lynx SSA Map

 

Hey Kurt- 

 

I hate to be a nuisance about this, but when I downloaded the map and zoomed in on Maine,
it looks like the 4(b)(2) lands (blue and yellow here:

 

http://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/CHFinalRule2014/Lynx_CH_Unit1_2014_Status.pdf)

 

are still missing from that unit.

 

Same for the blue in Washington here:

 

http://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/CHFinalRule2014/Lynx_CH_Unit4_2014_Status.pdf 

 

Also for Minn. and Montana - but not as noticeable for those as for ME and WA.

 

Probably not a big deal. 

 

mailto:jim_zelenak@fws.gov
http://www.fws.gov/mountain-prairie/es/species/mammals/lynx/CHFinalRule2014/Lynx_CH_Unit1_2014_Status.pdf
http://www.fws.gov/mountain-prairie/es/species/mammals/lynx/CHFinalRule2014/Lynx_CH_Unit1_2014_Status.pdf
http://www.fws.gov/mountain-prairie/es/species/mammals/lynx/CHFinalRule2014/Lynx_CH_Unit4_2014_Status.pdf
http://www.fws.gov/mountain-prairie/es/species/mammals/lynx/CHFinalRule2014/Lynx_CH_Unit4_2014_Status.pdf


On Fri, May 20, 2016 at 11:51 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

Jim,  We also changed how we displayed the S. Rockies area, so you
can better see the fragmentation.

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, May 20, 2016 11:46 AM
To: Kurt Broderdorp
Subject: Re: Lynx SSA Map

 

Good timing - I was just about to send it to the team.  Will wait on color changes - and if
you guys don't think the black/red I suggested looks good, pick whatever looks better to you
both.

 

On Fri, May 20, 2016 at 11:41 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

Let us make some color adjustments before we send it out.

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, May 20, 2016 11:32 AM
To: Kurt Broderdorp
Subject: Re: Lynx SSA Map

mailto:Kurt_Broderdorp@fws.gov
mailto:jim_zelenak@fws.gov
mailto:Kurt_Broderdorp@fws.gov
mailto:jim_zelenak@fws.gov


 

OK with you if I forward this one to Mark, Tam and Bryon for their takes (and maybe
thoughts on color)?

 

On Fri, May 20, 2016 at 11:30 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

Looks reasonable (except for all that green in Western Colorado ;-)

 

Seriously - the range stuff looks great - appreciate the effort to address my and Mark's
concerns.

 

I'm open to suggestions on color, as now that I see my recommended green it seems a bit
garish.

 

If Dan is open to color changes, how about changing the Canada range from pink to just
black or dark gray, and making the DPS units a red similar to the one used for core areas in
the new LCAS, p. 37.

 

Thanks Kurt! 

 

On Fri, May 20, 2016 at 10:54 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

Let me know if this works for you.

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

 

mailto:jim_zelenak@fws.gov
mailto:Kurt_Broderdorp@fws.gov


--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Jodi Bush
Subject: Colorado maps
Date: Monday, May 23, 2016 10:53:05 AM
Attachments: Lynx_SSA_Map_052016 (2).pdf

Ivan et al 2012 CPW Predictive Lynx Map Report.pdf
Theobold and Shenk 2011 Lynx habitat use Colorado.pdf

Ivan et al. arbitrarily used 20% of their telemetry-based model results to define "high-quality lynx habitat" and came
up with 18,700 km2 (7,220 mi2) state-wide  - Note that Ivan's map (Fig. 2, p. 14 of attached 2012 doc) does not
show just the top 20%, but all probabilities of lynx winter occurrence for the entire state. I don' think they provided
the 20% map in any of their docs. 

Kurt used 30% and came up with the 25,294 km2 (9,766 mi2) shown in red on his map (PDF) - a 35% larger area
than what Jake et al thought was high-quality lynx habitat in CO.

The maps I was thinking of when you and I talked are from Theobold and Shenk 2011 (attached), figures 4, 5 and 7
(pgs. 11, 122, 15), which i suspect would align better with Ivan's 20%.

Anyway, I'm thinking about asking Jake to map his top 20% so I can compare that with Kurt's map.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
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Areas of high habitat use from 1999‐2010 for radio‐collared Canada 
lynx reintroduced to Colorado 

David M. Theobald, PhD. 
Department of Fish, Wildlife, and Conservation Biology 

Colorado State University 
Fort Collins, CO 80523‐1474 

and 
Tanya M. Shenk* 

Colorado Division of Wildlife, Mammals Research 
Fort Collins, CO 80526 

31 March 2011 
*current affiliation National Park Service, Biological Resources Management Division, Fort Collins, CO 80525 

Introduction 
The purpose of this report is to describe an analysis of current habitat use for the 

218 Canada lynx that were reintroduced to Colorado from 1999 to 2006. The primary 
dataset used here is location data from collared individuals, and collected by the Colorado 
Division of Wildlife from 1999 until present. Data from individual animals were combined 
together to form a “population‐level” estimate of habitat use by weighting locations based 
on the number of months data were collected for an individual. Basic descriptive and 
summary statistics such as a cumulative distribution function provide relative proportion 
of use in a given class of habitat. Note that this study was not intended to examine 
individual home range size, territoriality, or movement relative to land use and/or 
transportation corridors, nor is it intended to predict potential or future habitat use. 

Methods 

Preparation of location dataset 
I received two datasets on lynx locations from CDOW (Tanya Shenk and Jake Ivan, 

personal communication) dated November 9, 2010. The VHF dataset was collected by 
locating individual lynx via telemetry during fixed‐wing airplane flights. Most of the 
locations were south of I‐70, as monitoring was focused on observing animals in the core 
release area, roughly defined as the high elevation areas in southwestern Colorado 
bounded by Taylor Mesa on the west, Gunnison basin on the north, Poncha Pass on the east, 
and New Mexico border on the south. Aerial locations were obtained outside of the core 
area on an opportunistic basis, typically only 1 location per 3 months. The entire VHF 
dataset had 11,356 observations for 257 individuals (103 females, 117 males) collected 
from 2/4/1999 to 6/22/2010.  

The Argos data were collected from lynx that were outfitted with dual VHF/Argos 
satellite collars, beginning in April 2000. These collars were designed to provide locations 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once per week. The Argos dataset had 33,778 observations for 196 individuals (97 females, 
88 males), collected from 3/1/2000 to 8/11/2010.  

Based on a number of discussions with lynx biologists and statisticians1, we filtered the 
datasets in the following ways: 

a. Remove the first 6 months of locations after release for each individual to reduce 
likely bias of “just released” movements. This resulted in 35,276 locations dating 
from 9/13/1999 to 8/11/2010, representing 198 individuals (152 with >30 
locations). 

b. Remove Argos locations with high spatial uncertainty (Table 1; Location Class 1, 0, 
A, B, Z) and retain the rest (Location Class 3 and 2). This resulted in 15,545 locations 
representing 197 individuals (129 with >30 locations). 

c. Remove locations that represent multiple fixes in a day, retaining the most precise 
location estimate (VHF, Argos 3, Argos 2). This resulted in 13,803 locations 
representing 197 individuals (118 with >30 locations). 

d. Remove records for individuals with less than 30 locations, resulting in 12,796 
locations from 118 individuals 

Thus, the final dataset used in the analysis included 12,796 observations for 118 
individuals (Figures 1 & 2; number of individuals: f=64, m=54; total months of data: 
f=2679, m=1784). Note that I did not conduct an analysis that separates summer from 
winter use, or males from females. Figure 3 shows the distribution of lynx locations by 
year. 
 
Table 1. Spatial uncertainty of the location data. * indicates data types used in the analysis. 

Location 
source/class 

Description  Radius (m) 
encompassing 68% 
of error distribution 

Radius  (m) 
encompassing 95% of 
error distribution 

*VHF  Data collected by telemetry  200  400  
*Argos 3  <250 m  250  500 
*Argos 2  250‐500 m  375  750 
Argos 1  1500 m  1500  3000 
Argos 0  N/A  Not used   
Argos A, B, Z  N/A  Not used   
 

                                                        
1 With Tanya Shenk (NPS) and Jake Ivan, Paul Lukacs, and Mindy Rice (CDOW) 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Figure 1.  The number of observations and months for 118 individual lynx used in the 
analysis of habitat use. 

 
 
Figure 2.  The distribution of 118 individual lynx used in the analysis of habitat use. 
Different colors denote different individuals. 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Figure 3.  The distribution of lynx locations used in this analysis, displayed by year from 
1999 to 2010. 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Generate utilization distributions 
I followed the general approach of Millspaugh et al. (2006) to prepare the utilization 

distribution surface and explanatory variables.  
First, I estimated the utilization distribution (UD) for each individual animal using a 

home range estimator called local convex hulls (LoCoH; Getz and Wilmers 2004). We 
selected this approach because it is non‐parametric, produces a UD, and identifies abrupt 
“edges” in the spatial distribution that can occur because of edges in landscape features 
(e.g., topographic constraints) or territoriality among individuals. Generally, LoCoH extends 
the concept of convex hulls to delineate space use, but rather than encompassing all points 
at once (e.g., minimum convex polygon), it works on a sub‐set of points to identify local 
convex hulls. That is, a small or “local” convex hull is identified around point i, which 
contains a set of k nearest neighbors. The local hulls are then sorted by area, smallest to 
largest, and the UD value (or isopleths) are determined by the proportion of points found in 
each local hull. 

Specifically, we used the adaptive version called a‐LoCoH because it is most 
insensitive to sub‐optimal value parameterization (Getz et al. 2007). a‐LoCoH identifies a 
variable number of k nearest neighbors such that it uses all points within a variable circle 
around a root point so that the sum of distance between the points and the root point does 
not exceed a user‐defined threshold value, a. This method adjusts the radius so that smaller 
convex hulls arise in high use areas and provide more clearly defined isopleths in regions 
with higher density of location data. Getz et al. (2007) recommended setting a to the 
maximum distance between location points (with a minimum of k=3), when no other a 
priori information is available. I used the average of the width and height of the maximum 
enclosing convex hull because habitat use often occurred in disjunct clusters. To remove 
artifacts in the LoCoH output that can be introduced by spurious location values, I removed 
the 100% isopleth (leaving all isopleths <=90%). Each UD was normalized so that the area 
under the UD summed to 1.0. 

Second, to combine the UDs for the 118 individuals into a general, population‐level 
estimate of habitat use, I computed the number of months of location data for each 
individual. This provided a weight such that individuals who had a relatively short duration 
of locations would have minor influence, while an individual with a long duration (many 
months) of location data available would have more influence on the population‐level UD 
surface. The weights ranged from 11 to 113, with a mean of 37.82 (SD=18.49).  For each 
cell within an individual, normalized UD values were multiplied by the appropriate weight 
and the result was summed at each raster cell across all individuals.2 Thus, if one cell or 
general area is used intensely by only one individual, it will be high intensity use. 
Conversely, if numerous individuals have used a location, each at a lower intensity, it too, 
will have a high UD. 

Third, I smoothed the UD values from a resolution of 90 m to a more biologically‐
based resolution that was equal to the area of the smallest observed “high use” UD 
observed across all individuals – 225.0 ha. I aggregated the 90 m cells to a cell size of 1440 
m (~207 ha).3  This provides 11,934 cells (at 1,440 m) in the population‐level UD (pUD). 
                                                        
2 Multiplied by 100,000,000 and divided by total to get integer grid, from 1‐1701. 
3 Aggregated based on the smallest high‐quality habitat from 90 to 1440 m using MEAN, not a moving 
window average. 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Generate habitat variables 
  Based on previous work with CDOW lynx biologists that identified likely important 
explanatory variables for habitat use, I developed a set of landscape‐level datasets based on 
regionally‐available datasets (Table 2). These data included compositional measures of the 
proportion of various vegetation types computed from LANDFIRE existing vegetation type 
classes (30 m), topographic variables calculated from the USGS National Elevation Dataset 
(30 m), and distance variables computed from Colorado Department of Transportation 
highways data. In addition, I examined the relationship of habitat use to individual tree 
species to discern what specific forested vegetations types were used more (or less) by 
lynx. 
 
Table 2. Description of the landscape‐level variables used to examine habitat use of lynx. 

Type  Variable  Description 
BHD  Census block housing density (SERGoM v1.1, units * 1000 per 

ha). Data source from Theobald (2005), Bierwagen et al. (2010) 
Composition 

RDENS  Road density (km/km2) 
Lf1  Water (Lakes, reservoirs, large rivers) 
LF2  Rock, snow, ice 
LF3  Urban/built‐up 
LF4  Agriculture (cropland, pasture) 
LF5  Forest (upper montane) – Spruce‐fir, subalpine, lodgepole, 

mixed aspen‐conifer, Douglas fir 
LF6  Forest (lower montane) – ponderosa pine, pinyon‐juniper 
LF7  Shrublands 
LF8  Grasslands – includes sub‐alpine meadows and alpine tundra 
LF9  Shrub (steppe) 

Proportion 

LF10  Riparian & wetlands 
DEM  Elevation (meters) 
SLOPE  Slope – average slope in degrees (computed from 30 m) 

Topographic 

TWIP  Topographic wetness index plus solar insolation 
D4P5HA  Forest (mesic) patches at least 50 ha 
D4r2k  Highways with AADT <2k 
D4R2_5K  Highways with 2k<=AADT<5k 
D4R5_10K  Highways with 5k<=AADT<10k 
DR410K  Highways with AADT>10k 

Distance 

D4RDS  All non‐highway roads 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Results 
Following convention, I defined lynx habitat as areas within the 90% isopleth . Over 

3.5 million acres in Colorado and New Mexico were found to be currently within lynx 
habitat. Figure 4 shows the distribution of the population‐level utilization distribution 
surface, while Figure 5 shows the number of individuals that were found in each of the UD 
polygons and Figure 6 depicts a cumulative distribution function of the UD values. Table 3 
provides a summary of the landscape variables for lynx habitat. 

The average elevation for lynx habitat was 3,285 m (10,780 ft), with the majority 
(68% or + and – 1 SD) of habitat located between 3,027 and 3,543 m (9,900‐11,620 ft). The 
average slope for lynx habitat was 18.9 (with the majority between 12.8 and 25.1 degrees). 
The average topographic wetness index value (TWI+) was 3.38, ranging from 2.64 to 4.12 
(low values indicate high soil moisture near the foot of slopes on north aspects while high 
values indicate low soil moisture indicative of ridge tops and south‐facing aspects). 

Housing density in lynx habitat was low, with a mean value of 0.011 units per ha 
(~1 unit per 80 ha); the majority of habitat was below 0.102 units per ha (~1 unit per 10 
ha). Road density in lynx habitat was also low, with a mean value of 0.51 km/km2, and the 
majority of habitat below 1.22 km/km2. 

The average proportion of forest (upper montane) in lynx habitat was 0.65, with the 
majority occurring in areas with at least 20% forested (upper montane) cover. Habitat use 
was also associated with distance from large patches (>50 ha) of forest (upper montane) 
cover, with the majority of habitat within 3.35 km, and the average at 0.36 km. The average 
proportion of grasslands was 0.16. There was little association of lynx habitat use areas 
with other land cover types.  
  Lynx habitat use areas occurred away from highways with high traffic (AADT >10k), 
averaging at least 43 km, with majority at least 27 km away. This declined to between 25.9 
and 16.0 km average distance for other highway types, with the majority of habitat being at 
least 5.2 km from the nearest highway. Table 4 provides a summary of the most common 
land cover types (from LANDFIRE) found to occur in lynx habitat use areas. Appendix 4 
provides scatterplots for species specific forested vegetation types. Subalpine/spruce‐fir 
forest dominates the UD polygons area with 43.3%. Other upper montane and tundra cover 
types are identified, combining to over 86%. Because of the grain of the vegetation data 
(aggregated to 2.25 km2), cover types such as barren/rock and tundra cover likely include 
small stands of forest and riparian cover. 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Table 3. Summary of landscape variables for the lynx habitat use areas. Units are in 
proportion (0.0  1.0) if not otherwise denoted. Also see Appendix 1 for cumulative 
distributions of these variables and Appendix 2 for distribution maps of each variable. 

Type Variable Min -1 SD Mean +1 SD Max 
Housing density (units per ha) 0 N/A 0.011 0.102 10.531 Composition 
Road density (km/km2)  0  N/A  0.513  1.22  12.7 
Water (Lakes, reservoirs, large rivers)  0  N/A  0.005  0.03  0.9 
Rock, snow, ice  0  N/A  0.063  0.16  0.9 
Urban/built-up  0  N/A  0.002  0.01  0.7 
Agriculture (cropland, pasture)  0  N/A  0.003  0.04  0.95 
Forest (upper montane)  0  0.4201  0.653  0.89  0.99 
Forest (lower montane)  0  N/A  0.009  0.06  1 
Shrublands  0  N/A  0.008  0.06  0.95 
Grasslands  0  N/A  0.163  0.36  1 
Shrub (steppe)  0  N/A  0.061  0.14  0.94 

Proportion (01) 

Riparian & wetlands  0  N/A  0.031  0.06  0.56 
Elevation (meters) 1399 3027 3285 3543 4143 
Slope (degrees)  0.1  12.8  18.9  25.1  37.6 

Topographic 

Topographic wetness index plus  1.40  2.64  3.38  4.12  15.20 
Highways with AADT ≥10k 0.20 27.86 43.88 59.91 77.00 
Highways with 5k<=AADT<10k  0.20  14.59  25.96  37.32  51.80 
Highways with 2k<=AADT<5k  0.20  6.15  16.05  25.95  39.90 
Highways with AADT <2k  0.20  5.22  14.35  23.48  40.70 
All non-highway roads  0.03  N/A  1.88  4.26  35.00 

Distance (km) 

Forest (upper montane) patches  ≥50 ha  0.00  N/A  0.36  3.35  27.10 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Figure 4. The population‐level utilization distribution for 118 lynx in the analysis dataset, 
shown with major highways and county boundaries for reference. Low‐intensity use is 
shown in yellow, moderate in orange, high in blue. 

 



   12 

Figure 5. The number of individual lynx that were found in polygons of the population‐level 
utilization distribution, shown with major highways for reference. 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Figure 6. The cumulative distribution function for the population‐level utilization 
distribution. Roughly 50% of the UD has values less than 12, about 25% between 12 and 
30, and the top 25% between 31 and 950. 

 
 
Table 4. The proportion of dominant land cover types (from LANDFIRE) occurring in lynx 
habitat use areas. (All remaining cover types are less than 1%). 

Existing vegetation type  Percentage 
Subalpine/Spruce‐fir forest  43.3 
Barren/rock/tundra  13.3 
Alpine tundra (“turf”)  7.8 
Aspen forest  7.1 
Aspen‐mixed conifer forest  6.8 
Subalpine/upper montane riparian  6.3 
Snow‐ice  2.1 
Subalpine/spruce‐fir (mesic)  1.7 
Subalpine montane meadow  1.5 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Discussion/conclusion 
This report provides the first estimate of the overall, population‐level habitat 

currently used by lynx in Colorado, with over 3.5 million acres. The majority of the current 
lynx use areas are located on US Forest Service lands (Figure 7). Two large contiguous 
areas of habitat use are found in the San Juan mountain range and the Collegiate Peaks 
ranging north of Monarch Pass to Vail Pass and spanning I‐70 near Loveland Pass to the 
Frasier Experimental Forest. Three other smaller areas were identified, on the Grand Mesa, 
in the West Elks just north of Black Canyon of the Gunnison, and an area centered around 
Rocky Mountain National Park. Eleven of 25 downhill ski areas in Colorado are located in 
lynx habitat. 

The central findings of this analysis are consistent with previous reports that the 
Canada lynx reintroduced to Colorado have primarily used high elevation spruce‐fir and 
aspen vegetation types as habitat. These reports are based on vegetation data collected 
during aerial surveys as well as “on the ground” snow‐track surveys (CDOW 2009; Shenk 
2009). 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Figure 7. – The utilization distribution for current lynx habitat in Colorado, with forest 
service administrative boundaries. 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High use areas (those with larger UD values) are characterized by a high percentage of 
upper montane forest, high elevations, and high moisture positions (i.e. low TWI+ values; 
Figure 8 and Appendix 4). Within forest vegetation types, the strongest relationship to UD 
were sub‐alpine/Spruce‐fir, and aspen and aspen/mixed conifer vegetation types (Figure 
9). 
 
Figure 8. Comparison of UD for current lynx habitat versus upper montane forest (upper 
left), Topographic wetness index plus (upper right), and elevation (lower left). 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Figure 9. Forest vegetation types with strong positive association with current lynx habitat: 
subalpine/spruce‐fir (left) and aspen/aspen‐mixed conifer (right). 

 

Limitations of analysis 
A key limitation to the findings here is that the data represent only a sample of lynx in 

the state. Initially, 100% of the individual lynx were collared, but the percent of lynx in the 
state that were tracked diminished over time.  For example, the number of lynx sampled in 
2010 represents about ¼ of the number sampled during 2005 (Table 5). 

 
Table 5. Annual summary of number of individuals and locations. 
Year  # individuals  # locations 

1999  9  78 
2000  40  443 
2001  38  798 
2002  35  1099 
2003  51  1011 
2004  70  1811 
2005  95  2082 
2006  85  1891 
2007  73  1546 
2008  57  936 
2009  43  786 
2010  27  315 

 
When interpreting the results, it is important to recall that the analysis is restricted to 

areas with lynx habitat use. That is, even “low” use areas provide important habitat, it is 
just relatively lower compared to high use areas. Also, remember that when thinking about 
the relationship between use and the various landscape variables, the various cover types 
are restricted to the habitat use areas, not the full extent of cover types within a broader 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area (e.g., core release site, southern rockies ecoregion, etc.). Areas that are outside of the 
UD polygons identified in this analysis may still be used, and the UD polygons of habitat use 
might change with future distributions of lynx. 

Be careful to interpret the landscape variables that are estimated originally at 30 m 
resolution (from LANDFIRE) because many fine‐grain variables, such as narrow riparian 
areas are not recorded in these data. Also, these data do not capture variation in under‐
story vegetation, rather the satellite imagery predominately captures over‐story 
conditions.  

Recommendations for further analysis 
There are three logical next steps for the analysis of lynx distributions in Colorado: (a) 
comparison of these results to field‐collected vegetation data on understory and 
topographic characteristics; (b) prediction of suitable lynx habitat beyond the core 
reintroduction area; and (c) examination of movement including highway crossing 
locations. 

a. A first step is to compare the findings of this report based on lynx locations and 
landscape‐level variables against the site‐scale habitat data collected by CDOW 
during snow‐tracking of lynx (for winter seasons for all years). At each site, data 
were recorded on the lynx tracked, slope, aspect, forest structure class (grass/forb, 
shrub/seedling, sapling/pole, mature, and old growth), location, and elevation 
(Shenk 2006). These data have been compiled into a database and summarized in 
reports (e.g., Shenk 2009). Currently, CDOW are conducting a quality control 
process to enable more detailed, spatially‐explicit comparison of the site‐level 
habitat variables against landscape‐level variables (Jake Ivan, personal 
communication).  

b. A second step is to develop a spatially‐explicit model that predicts habitat use 
within the state of Colorado, based on the relationships between lynx locations and 
landscape variables such as those described in this report. Generally, the type of 
model that is appropriate depends on the specific management question being 
asked, as well as the nature and quality of the data being used. In particular, 
understanding whether the location data are best considered presence‐absence data 
or presence‐only. “… if presence‐absence survey data are available, we believe it is 
generally advisable to use a presence‐absence modelling method, since in that case 
the models are less susceptible to problems of sample selection bias, the survey 
method will often be known and can be used to appropriately define the response 
variable for modelling, and we take advantage of all information in the data (Elith et 
al. 2011; pgs 45‐46). The lynx dataset used in this report and that would be available 
for a spatial predictive model have some sampling bias issues, but should not be 
considered “presence‐only” data – because of the systematic collection of locations 
via VHF/aerial methods and the complementary data from ARGOS. Certainly there 
are some issues with the location data – such as a focus on data collected south of I‐
70 and likely missing ARGOS locations in high topographic relief/dense vegetation – 
but compared with most other wildlife studies of habitat use the database is robust 
given the large number of individuals and duration of the study. The CDOW has held 
preliminary discussions in December/January 2011 about possible modeling 
approaches and candidate variables. A particular challenge is to understand the 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potential habitat use of lodgepole pine – since it is so prevalent in forests north of I‐
70, yet much of the existing (1999‐2010) locations are dominated by locations near 
the San Juan core area that has very little lodgepole pine. Data on forest stand 
age/structure are a potential surrogate for understory vegetation types that are 
thought to be important for high‐quality habitat (for snowshoe hares). 

c. A third step is to examine lynx movement in relation to transportation and other 
potential conflicting land uses. Given the spatial and temporal resolution of the lynx 
locations, it is reasonable to examine the dataset for some broad, landscape‐level 
quantification of highway crossings. But, the data are not suited to conduct analyses 
to identify specific locations (<~10 km) where lynx may be crossing highways and 
to examine how other land uses might be influencing habitat quality. 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From: Zelenak, Jim
To: Bush, Jodi
Subject: Re: Colorado maps
Date: Monday, May 23, 2016 10:58:51 AM

I read this just after leaving a voice mail for Jake Ivan....

But I agree that we can figure this out later on.

On Mon, May 23, 2016 at 10:55 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
So right now focus on your writing.  Time enough to tackle this after that.  JB

Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, May 23, 2016 at 10:52 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Ivan et al. arbitrarily used 20% of their telemetry-based model results to define "high-quality lynx habitat" and
came up with 18,700 km2 (7,220 mi2) state-wide  - Note that Ivan's map (Fig. 2, p. 14 of attached 2012 doc)
does not show just the top 20%, but all probabilities of lynx winter occurrence for the entire state. I don' think
they provided the 20% map in any of their docs. 

Kurt used 30% and came up with the 25,294 km2 (9,766 mi2) shown in red on his map (PDF) - a 35% larger
area than what Jake et al thought was high-quality lynx habitat in CO.

The maps I was thinking of when you and I talked are from Theobold and Shenk 2011 (attached), figures 4, 5
and 7 (pgs. 11, 122, 15), which i suspect would align better with Ivan's 20%.

Anyway, I'm thinking about asking Jake to map his top 20% so I can compare that with Kurt's map.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
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585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: bob.broscheid@state.co.us; craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric; Moore,Virgil; Dustin

Miller (dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam Eaton;
Chandler.woodcock@maine.gov; Connolly, James; Vashon, Jennifer; moritzw@michigan.gov; DNR-
Wildlife@michigan.gov; bumpa@michigan.gov; kennedyd@michigan.gov; commissioner.dnr@state.mn.us;
rita.dixon@idfg.idaho.gov; jim.leach@state.mn.us; Paul.Telander@state.mn.us; Baker, Richard (DNR); Erb, John
D (DNR); jhagener@mt.gov; JTubbs@mt.gov; McDonald, Ken; Inman, Bob; Jay Kolbe; seggeman@mt.gov; Baty,
Ross; glenn.normandeau@wildlife.nh.gov; Mark.Ellingwood@wildlife.nh.gov; john.kanter@wildlife.nh.gov;
Jill.Killborn@wildlife.nh.gov; William.Staats@wildlife.nh.gov; Patrick.Tate@wildlife.nh.gov;
alexandra.sandoval@state.nm.us; stewart.liley@state.nm.us; rick.winslow@state.nm.us; Stuart, James N., DGF;
patricia.riexinger@dec.ny.gov; Jensen, Paul G (DEC); curt.melcher@state.or.us; derek.j.broman@state.or.us;
Gregory Sheehan; Kimberly Hersey; louis.porter@state.vt.us; mark scott; Bernier, Chris; director@dfw.wa.gov;
cpl@dnr.wa.gov; Lewis, Jeffrey C (DFW); Maletzke, Benjamin T (DFW); cathy.stepp@wisconsin.gov;
kurt.thiede@wisconsin.gov; Sanjay.Olson@wisconsin.gov; Tom.Hauge@wisconsin.gov;
Erin.Crain@wisconsin.gov; Owen Boyle; Roberts, Nathan M - DNR; Johnf.olson@wisconsin.gov;
David.MacFarland@wisconsin.gov; John.White@wisconsin.gov; scott.talbot@wyo.gov; Bob Lanka; Zack Walker;
Nichole Bjornlie

Cc: Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt Broderdorp; Mark
McCollough; Tamara Smith; Brady McGee; Jeffrey Dillon; Lisa Mandell; Lisa Solberg Schwab; Ann Timberman;
Anthony Tur; Brad Thompson; Chris Mensing; David Stilwell; Drue DeBerry; Eric Rickerson; Grant Canterbury;
Jeff Krupka; Karl Halupka; Kate Novak; Kim Garner; Larry Crist; Laura Ragan; Leslie Ellwood; Mark Maghini;
Martin Miller; Megan Kosterman; Michelle Eames; Paul Casey; Paul Henson; Peter Fasbender; Rollie White; Sarah
Hall; Scott Hicks; Steve Duke; Sue Livingston; Tom Chapman; Tyler Abbott; Wally Murphy; Dennis Mackey;
Patricia Zenone

Subject: Lynx SSA Monthly Coordination Call
Date: Monday, May 23, 2016 5:58:16 PM

Hi All:

We will hold the monthly lynx SSA State coordination/update call this Wednesday, May 25, at
1 PM Mountain Time.

Call-in: 866-822-7385
Passcode: 5396168

This will be just a quick update on the SSA Report on our end and any questions you may
have.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: bob.broscheid@state.co.us; craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric; Moore,Virgil; Dustin

Miller (dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam Eaton;
Chandler.woodcock@maine.gov; Connolly, James; Vashon, Jennifer; moritzw@michigan.gov; DNR-
Wildlife@michigan.gov; bumpa@michigan.gov; kennedyd@michigan.gov; commissioner.dnr@state.mn.us;
rita.dixon@idfg.idaho.gov; jim.leach@state.mn.us; Paul.Telander@state.mn.us; Baker, Richard (DNR); Erb, John
D (DNR); jhagener@mt.gov; JTubbs@mt.gov; McDonald, Ken; Inman, Bob; Jay Kolbe; seggeman@mt.gov; Baty,
Ross; glenn.normandeau@wildlife.nh.gov; Mark.Ellingwood@wildlife.nh.gov; john.kanter@wildlife.nh.gov;
Jill.Killborn@wildlife.nh.gov; William.Staats@wildlife.nh.gov; Patrick.Tate@wildlife.nh.gov;
alexandra.sandoval@state.nm.us; stewart.liley@state.nm.us; rick.winslow@state.nm.us; Stuart, James N., DGF;
patricia.riexinger@dec.ny.gov; Jensen, Paul G (DEC); curt.melcher@state.or.us; derek.j.broman@state.or.us;
Gregory Sheehan; Kimberly Hersey; louis.porter@state.vt.us; mark scott; Bernier, Chris; director@dfw.wa.gov;
cpl@dnr.wa.gov; Lewis, Jeffrey C (DFW); Maletzke, Benjamin T (DFW); cathy.stepp@wisconsin.gov;
kurt.thiede@wisconsin.gov; Sanjay.Olson@wisconsin.gov; Tom.Hauge@wisconsin.gov;
Erin.Crain@wisconsin.gov; Owen Boyle; Roberts, Nathan M - DNR; Johnf.olson@wisconsin.gov;
David.MacFarland@wisconsin.gov; John.White@wisconsin.gov; scott.talbot@wyo.gov; Bob Lanka; Zack Walker;
Nichole Bjornlie

Cc: Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt Broderdorp; Mark
McCollough; Tamara Smith; Brady McGee; Jeffrey Dillon; Lisa Mandell; Lisa Solberg Schwab; Ann Timberman;
Anthony Tur; Brad Thompson; Chris Mensing; David Stilwell; Drue DeBerry; Eric Rickerson; Grant Canterbury;
Jeff Krupka; Karl Halupka; Kate Novak; Kim Garner; Larry Crist; Laura Ragan; Leslie Ellwood; Mark Maghini;
Martin Miller; Megan Kosterman; Michelle Eames; Paul Casey; Paul Henson; Peter Fasbender; Rollie White; Sarah
Hall; Scott Hicks; Steve Duke; Sue Livingston; Tom Chapman; Tyler Abbott; Wally Murphy; Dennis Mackey;
Patricia Zenone

Subject: Lynx SSA Monthly Coordination Call
Date: Monday, May 23, 2016 5:58:16 PM

Hi All:

We will hold the monthly lynx SSA State coordination/update call this Wednesday, May 25, at
1 PM Mountain Time.

Call-in: 866-822-7385
Passcode: 5396168

This will be just a quick update on the SSA Report on our end and any questions you may
have.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: McCollough, Mark
To: Jim Zelenak
Subject: Maps of lynx range in Maine
Date: Tuesday, May 24, 2016 2:43:29 PM
Attachments: lynx range maine.PDF

Jim:  Attached are maps for consideration of mapping lynx range in the Northeast.  I've
included some other resources for your files.

I've enclosed a depiction of what is in our GIS.  See dots representing lynx occurrences and
key on left.  These data are from Maine Fish and Wildlife and recent within about two years.

The area in pink has been our Section 7 review range for lynx in Maine for a number of years. 
I think it represents the area of Maine where there have been consistent records of lynx in the
last 10 years.  This would approximate the "breeding" range.  Finally, note a cluster of about a
dozen points in Downeast Maine south of the section 7 area.  MDIFW documented breeding in
southeastern Maine in ~2009-2011 - about the same time lynx "blinked on" in Vermont and
NH following two very deep snow winters.  Normally, this area of the state maintains the
highest densities of bobcats.  I hypothesize the deep snow winters gave lynx a temporary
advantage in these areas for a few winters.  I am not aware of continued documentation of
breeding in southeast Maine.

I cannot find data documenting lynx in SW New Brunswick.  There is an extension of spruce
fir all the way to the coast in southeast Maine and southwest New Brunswick because of cool
water currents in the Gulf of Maine.  So the habitat is right for lynx, but the snow regime is not
because it is greatly reduced by being so close to the ocean.  I don't know the evidence for
breeding or persistent presence of lynx in SW New Brunswick in Vashon 2015.  We would
have to contact Jen or the the furbearer biologist in New Brunswick.

Consistent lynx records in NH are only at the extreme north of the state.  these lynx may even
split their home range in adjacent Maine, but they have been there consistently since about
2006.

The VT population seems to have blinked off.  I have been in touch with the refuge and they
have not seen lynx tracks for about two years.

I extended the polygon from Poole/Vashon into Maine based on my best interpretation of
where lynx have consistently occurred since listing.  I also suggested an ellipse that would
encapsulate these areas.  I have no strong feelings about including VT in the map.  It (and
probably DownEast Maine) is a classic example of Kevin McKelvy's tide pool analogy.  When
conditions are suitable (i.e., deep snow, lack of bobcat/fisher competition) lynx may be able to
persist in some peripheral areas for short periods of time.

Hope this helps.

Mark

-- 
Mark McCollough, Ph.D.
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Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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In late 2007, Governor Baldacci asked the University of 
Maine and its Climate Change Institute to lead a preliminary 
analysis of the effects of climate change in Maine during the 
21st century. This report considers past climate change, recent 
evidence of accelerated rates of change, and the implications of 
continued climate change in Maine as a result of greenhouse 
gas emissions and their associated pollutants. The report also 
highlights examples of adaptation challenges, and emphasizes 
new opportunities that exist in an era of climate change. 
Participating scientists volunteered their time and expertise to 
initiate a process that can both inform and facilitate systematic 
planning and thoughtful decisions for climate change 
challenges facing Maine.

Perhaps more than any other state, our social and 
economic well-being depends on the health and productivity 
of Maine’s forests, fields, lakes, rivers, and the marine waters 
of the Gulf of Maine. The diversity of these natural systems 
and the plants and animals within them result from the wide 
range of geologic, topographic, and climatic conditions present 
in the state. Although many states have a wide variety of 
environments, few have anything approaching Maine’s range 
of climates in close proximity. Our unique diversity of climates 
means that change will not be uniform across the state; indeed 
we are already witnessing different responses in northern 
Maine compared to southern and coastal regions. 

For the past century, the rate of warming in Maine has been 
increasing. All three of Maine’s climate divisions are warmer 
today than 30 years ago. Regional sea surface temperatures 
have increased almost 2° Fahrenheit since 1970, and the rate of 
sea-level rise has intensified. Tide-gauge records in Portland, 
Maine, show a local relative sea-level rise of approximately 
eight inches since 1912. The seasonality of events is also 
shifting, especially in winter and spring, with earlier snowmelt, 
peak river flows, and ice-out on Maine lakes. 

To predict what further changes we can expect over the 
next century, we used simulations of climate change under an 
assumed intermediate level of greenhouse gas emissions (a 
mid-range scenario from the recently completed UN Fourth 
Assessment of the Intergovernmental Panel on Climate 
Change). The results of this assessment can be used to discern 
the direction and range of likely changes in temperature and 
precipitation, and the relative variation among climate zones 
in Maine.

For the 21st century, the models show a strong trend in 
Maine toward warmer conditions with more precipitation 
in all four seasons. A warmer and wetter future will affect the 
seasons as we know them, with more winter precipitation 
in the form of rain and a continued shift in the timing of 
hydrological events, such as spring runoff. Other assessments 
forecast increased intensity of precipitation, as suggested by 
several recent severe storm events. A warmer ocean could 
increase the frequency and intensity of hurricanes, with 
implications for water and wastewater management, coastal 
infrastructure, and water quality.  

Climate change will almost certainly lead to significant 
changes in Maine’s overall assemblage of plants and animals, 
including those living in our coastal waters. It is difficult to 
predict effects on specific species, but we may have fewer 
spruce, loons, chickadees, lynx, halibut, and moose; and more 
oaks, bobcat, summer flounder, and deer. The state list of 
endangered and threatened species will likely grow as a result 
of climate change. In the Gulf of Maine, warm temperatures 
will restrict habitat for certain commercially important species 
such as cod. Fishermen are already noticing significant changes 
in the lobster fishery, including altered growth and migration 
behavior. At the same time, economically important fish 
species from the south may become more common in Maine. 

Climate change is not simply the physical changes in 
temperature and precipitation. Rather, it occurs within a 
complex realm of environmental interactions, often with 
unpredictable results. For example, potential increases in 
commercially important fish or tree species could be tempered 
by simultaneous increases in toxic red tides, invasive species, 
pests, or diseases. Climate change includes, for example, the 
direct “fertilizing” effects of rising atmospheric CO2 and 
nitrogen deposition on forests and agricultural crops, making 
them grow faster. Oceans not only warm and expand, but they 
also absorb excess CO2, which makes them more acidic.

The forest industry can expect continued forest cover in 
Maine, with shifting geography for individual tree species, 
as balsam fir and spruce give way to red maples and other 
hardwoods. Climate change also may affect overall wood 
availability and will certainly change the timing of forest 
operations. A longer mud season and shorter periods of 
hard freeze could restrict the traditional winter harvesting 
season. The forest industry and other sectors will be strongly 

Summary
Earth’s atmosphere is experiencing unprecedented changes that are modifying global climate. Discussions continue around 
the world, the nation, and in Maine on how to reduce and eventually eliminate emissions of carbon dioxide (CO2), other 
greenhouse gases, and other pollutants to the atmosphere, land, and oceans. These efforts are vitally important and urgent. 
However, even if a coordinated response succeeds in eliminating excess greenhouse gas emissions by the end of the century, 
something that appears highly unlikely today, climate change will continue, because the elevated levels of CO2  can persist in 
the atmosphere for thousands of years to come.
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influenced by climate change effects on resources and markets 
outside of Maine. 

As the assemblages of plants and animals change, resource 
managers, landscape planners, and conservationists can expect 
an increase in those species that spread easily, are adapted to a 
variety of conditions, and reproduce rapidly—all characteristics 
of weedy or invasive species.

Farmers might experience greater risk of yield reductions 
due to drought, new pests, and weeds. Access to water for 
irrigation is becoming more important with increasing 
drought stress later in the growing season, as the growing 
season becomes warmer and longer. However, with adequate 
preparation, farmers will also have access to a new and broader 
range of crops to serve a population increasingly interested 
in locally produced food. The latter trend will be especially 
important as Maine strives to become more energy-efficient and 
self-sustainable.

Maine’s growing tourism economy, which relies heavily on 
outdoor activities, must prepare for shorter ice-fishing, skating, 
skiing, and snowmobiling seasons, while simultaneously 
anticipating more visitors during longer “shoulder” seasons in 
spring and fall. Tourism attractions and activities associated 
with our cultural and natural heritage may be diminished by the 
potential loss of moose, trout, and brown ash trees from certain 
areas of the state. 

Transportation planners are already considering climate 
change when assessing new construction projects, but a 
more comprehensive assessment of the vulnerability of our 
roads, bridges, dams, wastewater treatment plants, and other 
infrastructure is warranted.

Opportunities exist today to design structures with the 
capacity for future conditions. One important near-term priority 
should be to review engineering standards, taking into account 
the implications of climate change.

The mechanisms of climate change impacts on human 
health are difficult to forecast with confidence. Increasing 
temperatures will change the distribution of disease-bearing 
insects and pathogens. For example, Lyme disease is carried 
by the deer tick associated with populations of deer and white-
footed mice in deciduous forests. All signs suggest northward 
spread of those conditions and cases of Lyme disease are on 
the rise in Maine. Maine’s statewide public health system is 
still relatively new, and it will need to grow quickly and be 
flexible in order to define and address new and emerging 
health threats related to a changing climate. 

The Wabanaki peoples of Maine, like many other residents 
of the state, depend heavily on agriculture, forest products, 
and tourism. The Wabanaki are spiritually and culturally 
invested in specific areas of Maine, and many of their values, 
meanings, and identities are closely linked with the natural 
landscape and physical interactions with that landscape. Tribal 
members tend to have close affinity with natural ecosystems, 
and the projected changes in biodiversity are likely to present 
adaptive challenges to the communities involved. Potential 
ecosystem responses to climate change may alter livelihoods 
and traditions of indigenous peoples in Maine, and may 
require special monitoring of health and economic effects. The 
vitality of Maine’s indigenous peoples may very well depend 
on their abilities to help shape new economies and sustainable 
development, including decisions on natural resource 
management.

Reducing human and ecosystem vulnerability to harm and 
increasing resilience in the face of change is both an economic 
and a moral imperative. From our first greenhouse gas emissions 
inventory in 1995 to the nation’s first statewide climate 
change law in 2003, Maine has been a leader in addressing 
climate change and reducing greenhouse gas emissions. These 
important mitigation efforts must continue. Maine also needs 
an adaptation plan that includes the development of new 
opportunities that will be available in a changing climate. 

A climate adaptation plan for Maine would first assess the 
vulnerability of natural and built systems, as well as the costs 
and benefits of action versus inaction. Evaluating vulnerabilities 
will reveal opportunities. Second, an adaptation plan would 
evaluate local adaptive capacity (i.e., is current policy or 
infrastructure ignoring, combating, or promoting change?). This 
would include the range of technical options, the availability 
and equitability of resources, the structure and functionality of 
critical institutions, and human and social capital. 

Assessments of the consequences of climate change tend 
to focus on the negative because of the obvious difficulties and 
costs of change in our society. In this report, we have tried to 
highlight some of the critical challenges faced during this period 
of transition in various ecosystems and economic sectors in 
Maine. This information is intended to help frame the policy 
and management discussions on adaptation that are urgently 
needed. In addition, however, we have emphasized the idea that 
this period of transition is a unique time of opportunity. Maine 
can lead the nation by making the 21st century transition a 
positive one. 
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I IntroductIon

The Earth’s atmosphere is experiencing unprecedented changes that are modifying the global climate, with 
consequences for all regions and societies. Discussions have begun on how to reduce and eventually eliminate 
the rapid and accelerating additions of carbon dioxide, other greenhouse gases, and other pollutants to the 
world’s atmosphere and oceans. These efforts are vitally important and urgent for Maine and the rest of the world.  

This report considers past change over geologic time, recent evidence of accelerated rates of change, and 
the implications of continued climate change in Maine during the 21st century as a result of greenhouse 
gas emissions and their associated pollutants. Even if a coordinated response succeeds in eliminating excess 
greenhouse gas emissions by the end of the century, something that appears highly unlikely today, climate 
change will continue because the elevated levels of carbon dioxide (CO2) can persist in the atmosphere for 
thousands of years to come.

therein. The US Climate Change Program issued a national 
and regional overview (NERAG 2001), and the Union of 
Concerned Scientists recently released a regional Northeast 
Climate Impacts Assessment (Frumhoff et al. 2006). None have 
focused on the unique character of Maine.

Maine has some  characteristics that deserve particular 
attention and analysis. Perhaps more than any other state, 
our social and economic well-being depends on the health 
and productivity of Maine’s forests, fields, lakes, rivers, 
and the marine waters of the Gulf of Maine. The diversity 
of these natural systems results from the wide range of 
geologic, topographic, and climatic conditions present in the 
state. Although many regions of the world have a variety of 
environments, few have such variety in close proximity. In 
fact, the primary reason for such high biodiversity in Maine 
is the extreme range in climates within a relatively small area. 
While the southern coast generally remains relatively mild, 
even in winter, northern Aroostook County has some of the 
coldest weather in the coterminous US. Maine’s character and 
complexity can be expected to offer unique challenges and 
opportunities as a result of a changing climate. This report is 
distinctly about Maine.

About this report

Letter from the Governor

 Maine’s Climate Future

About this report
In late 2007, Governor Baldacci asked the University of Maine 
and its Climate Change Institute to lead a wide-ranging analysis 
of the state’s future in the context of changing climate during 
the 21st century. The assignment involved making use of 
existing knowledge and understanding of climate change; the 
terrestrial, freshwater, and marine ecosystems that characterize 
our environment; and the socioeconomic characteristics of the 
state. The project involved no financial support for new research 
or data collection, but participating scientists contributed 
their time and expertise to initiate a process that could lead to 
systematic planning and thoughtful decisions for the future. 
Based on considerable prior research, this report serves as a 
preliminary step designed to frame future detailed analyses 
focused on Maine by teams that will likely continue for years.

Why should this evaluation focus specifically on Maine? 
Several well-known useful assessments have been published 
in recent years, each addressing the implications of the climate 
changes likely to result from the steep increases in atmospheric 
concentrations of greenhouse gases. The Intergovernmental 
Panel on Climate Change (IPCC 2007a,b) report provides an 
updated, comprehensive global view of the issues, and readers 
are well served by the reliable and well documented information 
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II maine’s climate yesterday, today, and tomorrow

team Leader George Jacobson 
authors  Ivan Fernandez,1 George Jacobson,2 Shaleen Jain,3 Kirk Maasch,4 Paul Mayewski,4 and Stephen Norton4 

Maine’s unique and wide range of climates and landscapes from the mountains to the sea is an important 
consideration when assessing and addressing climate change here, compared to the rest of New England or 
the world . 

Since 1970, the northeastern US has experienced a 0 .45°F (0 .25°C) average temperature increase per decade, 
and the surface temperature of Maine’s coastal waters has increased almost 2°F (1 .1°C ) . An accelerated rate of 
climate change is highly likely to continue in the 21st century . 

Depending on future emissions scenarios, changes in the region’s climate over the next century include a 3-10 °F 
(2-6 °C) increase in average annual temperature, a longer growing season, a 2-14 % increase in precipitation, less 
snow, more rain, and highly variable precipitation .

Integrated with changes in the physical climate (i.e., temperature and moisture) are simultaneous changes in our 
chemical climate (i.e., CO2, sulfur, nitrogen, ozone, metals, and persistent organic pollutants) . While some of these 
substances occur naturally in our environment, their concentrations have increased as a result of human 
activities, with maximum pollution of some metals and sulfur occurring in the 1970s . Concentrations of 
greenhouse gases continue to increase .

Since the late 1970s, atmospheric deposition of sulfur (mostly as sulfate), cadmium, mercury, and lead has 
declined significantly . Despite some evidence for recent reversals of these trends, the declines in pollution 
achieved at the end of the 20th century demonstrate our ability to make improvements in the environment by timely and 
committed action . More work needs to be done . The most urgent need is to reduce greenhouse gas emissions on a global 

scale . Maine’s Climate Action Plan is an important step in this direction .

1 Plant, Soil, & Environmental Sciences, University of Maine. 2 School of Biology and Ecology and Climate Change Institute, University of 
Maine. 3 Civil and Environmental Engineering and Climate Change Institute, University of Maine. 4 Earth Sciences and Climate Change 
Institute, University of Maine.

Weather vs. Climate
There’s an old saying that “climate is what you expect, weather is what you get.” Weather is the state of the atmosphere in 
terms of hot or cold, wet or dry, windy or calm, cloudy or clear. Instantaneous, or synoptic, measurements of meteorological 
variables—namely temperature, precipitation, humidity, pressure, winds, and cloudiness—are used to quantify the weather. 
These variables are often shown on a map or chart at a given time for a particular region.

Climate is the statistical collection of average weather conditions at a given place, typically defined over a 30-year time interval 
(or “normal”). At present, “normal” refers to the 1971-2000 average for a particular variable. Note that the climate defined 
using different periods of time may be different (e.g., the normals defined by the 1931-1960 average are different from those 
of 1961-1990); spatial scale also affects the definition of normals. Long-term climate is usually defined as a time average of a 
century or more.

Maine’s instrumental record of meteorological variables has been systematically kept for about 130 years, although 
measurement stations are not distributed uniformly in time or space. It is from this instrumental record that climate variables 
can be calculated and examined in terms of any systematic climatic change that may have occurred. For the purposes of this 
discussion, we restrict ourselves to temperature and precipitation as diagnostics of climate and climate change.     
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Climate past
Maine’s climate has changed continuously in the past, and will 
continue to do so in the future. For at least the past million 
years, growing and melting ice sheets have covered the state 
and then retreated, making distinct changes on the land. The 
smoothed mountains and hills, the scratched rock surfaces, 
the stones carried from far away, and the flat sand plains of 
blueberry barrens all resulted from the large glaciers that once 
covered Maine. The Ice Age Trail in eastern Maine now guides 
visitors through many of these interesting features (CCI 2006).

Maine was still completely covered by ice as recently as 
15,000 years ago. Yet, in just 4,000 years, the ice was gone and 
most of our current forest tree species were present. That rapid 
transition from ice-age conditions to warmer “interglacial” 
climate was characteristic of the end of many of the recent ice 
ages. The first Native Americans who entered this area around 
12,000 years ago almost certainly walked on the last remnants 
of the huge Laurentide ice sheet that once extended from the 
Canadian arctic across the Gulf of Maine.

Yet even during the past 11,000 years of warm, ice-free 
conditions, the climate changed continuously. For example, the 
first half of that period had warmer, drier summers than today 
and probably colder winters. These conditions strongly affected 
the forests, lakes, and rivers of the region, and forest fires were 
common in the summer.

During the last 4,000 years, Maine’s climate gradually 
became cooler and moister. These changes influenced forest 
growth, and must have provided challenges to the long-
established Wabanaki people, as well as to European settlers. 
Written records from the past few hundred years, including 
diaries kept by early farmers in Maine, provide clear evidence 
that the growing seasons were at times much shorter than 
present, with later frosts in the spring and earlier frosts in the fall 
(Figure 1; Baron and Smith 1996, NEISA 2005). 

Climate present 
Today, Maine has a wide variety of climates, a fact that is easy 
to take for granted. Although the National Weather Service 
divides the state into three climate divisions (Figure 2), the  
actual diversity of climate is much greater, and accounts for the 

wide variety of plants and animals in Maine. Maine’s present-day 
climate can be quantified by looking at year-to-year variations 
of monthly (seasonal or annual) average temperature and 
precipitation in each of the three climate divisions (Figures 2  
and 3). Although climate division data provide only a broad 
view of the climatic variations within the state, they are the 
benchmark often used to monitor and assess long-term changes. 

Statewide, the warmest month is July and the coldest month 
is January. But viewed seasonally, monthly average high and 

low temperatures from south to north 
vary considerably. In the summer (May-
August), the Southern Interior division 
is warmer than both the Northern and 
Coastal divisions. The waters of the Gulf 
of Maine moderate both summer and 
winter temperatures along the coastal zone, 
keeping the Coastal division relatively mild 
for the remainder of the year. In contrast, 
the interior of northern Aroostook County 
experiences warm summers and some of the 
coldest temperatures and highest snowfalls 
in the eastern US. The average annual frost-

free period shrinks from close to 200 days in the south to around 
160 days in the north. 

Long-term average monthly precipitation is evenly 
distributed throughout the entire year, with slight differences 
between divisions. Monthly precipitation across the state 
averages between 2.9 and 3.9 inches for all 12 months. The coast 
is wettest in winter, while in the north summer is slightly wetter 
than winter. It is worth noting that the evenness of monthly 
precipitation in Maine is highly unusual globally; most places 
have high variability in moisture from season to season.

A comparison that illustrates Maine’s extraordinary range 
in climate is presented in Figure 4. The climate gradient that 
exists in just three degrees of latitude in Maine occurs over 20 
degrees of latitude in Europe, a distance approximately twice the 
length of California. The sharp contrasts in climate across our 
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Figure 1 Growing season length in days for each climate division in Maine, based on data from Baron and Smith (1996) and NEISA (2005). Growing 
seasons were at times much shorter than present, with later frosts in the spring and earlier frosts in the fall.

Growing Season Length, 1850-2000 

Figure 2 Long-term average temperature (˚F) and precipitation (inches) for 
the three climate divisions in Maine, based on data from NOAA’s National Climatic 

Data Center for the period of record 1895 through 2007. These climate divisions span 
54%, 31%, and 15% of the state’s total area, respectively. See Appendix for details. 
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state mean that we have a much greater range in environments 
than is the case in most similarly-sized regions of the world. This 
is one of the reasons that Maine citizens and visitors find the 
area so appealing. It is also the reason that so many plants and 
animals reach the northern or southern edge of their range in 
Maine (see Biodiversity section, Figure 18) as well as in Maine’s 
marine waters. The great variety of climates and environments in 
Maine also makes the challenges and opportunities we face in a 
changing climate both diverse and complex.

Changes over the 19th and 20th centuries
The rise of the Industrial Revolution at the end of 18th century 
led to major advances in agriculture, manufacturing, and 
transportation, as well as exponential growth in the world’s 
population and resource consumption (i.e., mining activities and 
the burning of wood, coal, oil, and natural gas). As a result, the 
Industrial Revolution marks the period during which humans 
began to substantially alter the composition of the atmosphere. 

The influence of increased fossil fuel burning and other 
practices that release pollutants into the atmosphere rapidly 
accelerated during the 20th century, and is revealed in 
paleoclimatic records (i.e., ice cores) and direct measurements 
of atmospheric chemicals (Figure 5). Increased levels of 
greenhouse gases and sulfate in the atmosphere affect Earth’s 
energy balance and thus contribute to the observed changes in 
globally-averaged near-surface temperature (Figure 6).

While the overall trend of global temperature since 1850 
has been one of warming, it has not been monotonic. Global 
temperature trends have increased over time as shown in 
Figure 6. The same is true for temperature trends in Maine 
(Figure 7). The US Global Change Research Program’s New 
England Regional Overview (NERAG 2001) indicated that 
Maine had cooled over the period from 1885-1999 (and the 
global cooling between the 1940s and 1970s is evident in records 
from Maine). However, for this analysis we completed a closer 
examination of temperature trends for the length of record for 
each climate division, as well as for more recent time spans.  

Our evaluation reveals that for the past century the rate of 
warming in Maine has been increasing (Figure 7). Today, all 
three of Maine’s climate divisions are warmer than they were 
30 years ago (a trend also experienced on a global scale, mostly 
because atmospheric pollutants like sulfate that produce acid 
rain and block solar radiation have been cleaned up; see box, 
“Maine’s Chemical Climate” next page). These changes have 
affected growing conditions (Figure 1), and the horticultural 
plant hardiness zones for Maine have shifted by one zone to the 
north (see Agriculture, Figure 20).

The hydrologic cycle has also changed significantly over 
the last century (Figure 8). Although both the Northern and 
Southern Interior divisions show a negative trend in annual 
precipitation for the entire period of record, all three climate 
divisions have trended toward wetter conditions over the time 
span from 1950-2007.
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Figure 3 Linear trends in temperature and precipitation for the 1895-2007 period were computed based on 
area-averaged monthly data for the three climate divisions. See Appendix for details. 
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Figure 4 The climate gradient that exists in just three degrees of latitude in Maine occurs over 20 degrees of latitude in 
Europe, a distance approximately twice the length of California. Figure by K. Maasch.
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Figure 5 The panels show population (top) and concentrations of various chemicals in the atmosphere 
over the last 5,000 years. Paleoclimate records (i.e., ice cores) and observations of large rises in atmospheric 
concentrations of greenhouse gases, chlorofluorocarbons, radioactive material (e.g., beta activity from atomic 
bomb testing), sulfate and nitrate (precursors of acid rain), and trace metals reveal the influence of human 
activities, especially in the last 100 years. Data sources: Blunier et al. 1995; Chappallez et al. 1997;  ESRL 2008 
(http://www.cmdl.noaa.gov/ozwv/dobson/select.htm l); Etheridge et al. 1994, 1996, 1998; Hong et al. 1994, 1996;  
Hou et al. 2002; Indermühle et al. 1999; Kang et al. 2001, 2002a, 2002b; Leuenberger and Siegenthaler 1994; 
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Figure 6 Global annual average temperature from 1850-2005 (black dots) along with simple fits to the data  
(IPCC 2007a). Linear trend fits to the last 25 (red), 50 (green), 100 (brown), and 150  (blue) years correspond 
to 1981 to 2005, 1956 to 2005, 1906 to 2005, and 1856 to 2005, respectively. For shorter, more recent 
periods, the rate of temperature increase is greater, indicating accelerated warming.

Maine’s Chemical Climate
Climate change consists of physical changes in our environment as well as 
chemical changes in Earth’s atmosphere. The increases in carbon dioxide (CO2) 
and other greenhouse gases that are associated with warmer temperatures 
and altered precipitation occur in an atmosphere that contains other chemicals 
(some of which occur naturally in our environment, such as the trace metals 
cadmium, mercury, and lead). Many of these other chemicals can be harmful to 
humans and other living things. Concentrations of these and other substances 
also have increased as a result of human activities, with maximum pollution in 
North America occurring about 1970. 

The recent history of human influence on concentrations of chemicals other 
than CO2 illustrates how appropriate policy and management actions can 
be effective at reducing atmospheric pollution. Between 1970 and 2000, 
atmospheric deposition of sulfur (mostly in the form of sulfate), cadmium, 
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Figure 8 Annual Precipitation
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Figure 7 Annual average temperature for each climate division,1895-2007 (black dots). Linear trends since 
1895 (brown), 1975 (red), and 1950 (green), computed based on area-averaged monthly data for the three 
climate divisions, show the increasing rate of warming in the last three decades. See Appendix for details.

Maine Temperature by Climate Division, 1895-2007 Maine Precipitation by Climate Division, 1895-2007

Figure 8 Annual average precipitation for each climate division, 1895-2007 (black dots). Linear trends since 
1895 (brown), 1975 (red), and 1950 (green), computed based on area-averaged monthly data for the three 
climate divisions. All three climate divisions have trended toward wetter conditions since 1950. See Appendix 
for details.

mercury, and lead declined more than 50%, 75%, 75%, and 95%, 
respectively. The Clean Air Act (1970) and subsequent Amendments (1990) 
that resulted in declines in the emission and deposition of certain chemicals 
have produced a cleaner atmosphere, and a recovering environment. 
However, elevated levels of other chemicals such as ground-based ozone, 
organic acids, and some trace elements still pose major concerns.

What goes up must come down, and atmospheric chemicals eventually fall 
back to Earth as dust, rain, and snow, and wash into rivers and lakes. By this 
process, air pollution becomes water pollution, as surface water reflects 
chemical changes in the atmosphere. Layers of peat in Caribou Bog (Orono, 
ME) and sediment in Sargent Mountain Pond (Mount Desert, ME) show 
the long-term presence of mercury in our environment, the pronounced 
increase as a result of human activity, and recent declines due to policy and 
regulation (Roos-Barraclough et al. 2006, Norton unpublished). Ice core 

records show a recent one-third decline in sulfate, the principal cause of 
acid rain in the northeastern US. Similarly, removal of lead from gasoline 
caused a dramatic reduction in deposition of lead from the atmosphere.

Human influences can rival the effects of the sun and volcanoes. Sulfate and 
other chemicals that go into the air along with CO2 shield the Earth from 
incoming radiation, so some forms of pollution offset heating caused by 
greenhouse gases. (This cooling or “global dimming” effect can also result 
from forest fires and dust). As a result, temperature increases have lagged 
behind increases in CO2 and other greenhouse gases. Another cause for 
the lag is the enormous capacity of the ocean to absorb CO2 and hold heat. 
Since 1957 when direct measurements of atmospheric CO2 began, the 
oceans have absorbed 22 times as much heat as the atmosphere (Levitus 
et al. 2005), although recent research suggests that this capacity may have 
been reached (Le Quéré et al. 2007). 
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Climate future
In this report, climate simulations from a number of coupled 
ocean-atmospheric models are analyzed. We used simulations 
of 21st century climate change forced by scenario A1B (which 
assumes an intermediate level of greenhouse gas emissions; 
Meehl et al. 2007) from the recently completed Fourth 
Assessment of the Intergovernmental Panel on Climate 
Change (IPCC 2007a; see Appendix for details). We then 
used climate simulations to predict seasonal temperature 
and precipitation in Maine for the next century using a suite 
of models and the grid points covering Maine. The results 
discussed here can be used to discern the broad direction and 
range of likely changes in temperature and precipitation. 

Global Climate Models & Uncertainty
The Earth’s climate is overwhelmingly complex and incompletely 
understood. Any attempts to generate numerical predictions of the 
future are almost certain to be oversimplified and of limited use 
in planning for specific locations. Still, scientists do their best, and 
climate modeling is evolving with frequent advances. Large ensembles of climate simulations reduce uncertainty stemming from perceived 
weaknesses in any individual model, and provide the “best” consensus from the current generation of climate models. 

Regional assessments based on global climate models offer limited fidelity and resolution. The spatial resolution of the global climate models 
used in international and national climate change assessments ranges from 75 to 250 miles, making regional or local views fuzzy. Recent 
regional models, such as the one used for the Northeast Climate Impacts Assessment (Frumhoff et al. 2006), revised the scale to 5-50 miles. 

In the latest IPCC assessment, climate modelers grappled with multiple sources of uncertainty—socioeconomic development, future use of 
fossil fuels, and limits to climate prediction. Climate projections are almost always presented as a range of outcomes rather than one particular 
value. This also offers a useful tool to explore mitigation and adaptation options over a range of outcomes, each with a likelihood assigned 
to it. Given these considerations, current projections of 21st century climate are premised on storyline scenarios that base greenhouse gas 
emissions on the best estimates of population and socioeconomic growth. The IPCC notes that the key drivers of future greenhouse emissions 
are demographic change, social and economic development, and the rate and direction of technological change. 

Other climate change assessments have typically used a convention of comparing the present to a future time with twice the pre-industrial CO2 
concentration. Thus, the IPCC and other reports are consistent in the “questions” asked of the models. It is important to understand that the CO2 
concentrations may very well increase to three or even four times the pre-industrial levels, leading to global changes that are larger than the 
commonly reported model results. We thus consider the trends and changes discussed in this report to be conservative estimates, which may 
well be exceeded in the reality of time.

For further detail on global climate change and climate models, see the Appendix.

“ Prediction is very difficult, 
especially about the future.”

  —Physicist Neils Bohr
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Overall, the models show a strong trend in Maine toward 
warmer and generally wetter conditions in all for seasons over 
the 21st century with the exception of summer precipitation 
(Figure 9). Projected increases in both temperature and 
precipitation tend to be greatest in the north, and least along 
the coast. These warming trends imply a significant shift in 
the regional hydrology, from a snowmelt-dominated regime 
(in Northern and Southern Interior climate divisions) to one 

that shows significant runoff during winter. This shift, coupled 
with projected precipitation increases in the winters, will likely 
pose challenges for managing water supplies, flood mitigation, 
and understanding ecosystem response and potential 
adaptation during this century. However, slight changes in 
seasonality of precipitation and increases in evaporation and 
plant transpiration that are likely to accompany warming all 
complicate predictions of the net change in water balance. 

Maine’s Future Climate

Figure 9 Multi-model prediction of 21st century winter, spring, summer, and autumn temperature and precipitation changes in each Maine climate division from model runs forced with scenario A1B (IPCC 2007a; 
see Appendix for details). Boxes depict median (solid horizontal line with numerical value), 25th and 75th percentiles for 42 model simulations. Vertical lines span minimum to maximum variation among the models.  
Special thanks to Cameron Wake for his constructive comments on model output.
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III  the meaning of a changed Environment:  
Initial assessment of climate change In maine

Gulf of Maine
team leaders Fei Chai and Paul Anderson
authors Paul Anderson,1 Fei Chai,2 Joseph Kelly,3 Lewis Incze,4 Andrew Pershing,2 and Robert Steneck2 
reviewers Steve Dickson,5 Linda Mercer,6  and Esperanza Stancioff7

1 Maine Sea Grant. 2 School of Marine Sciences, University of Maine. 3 Earth Sciences, University of Maine. 4 University of Southern Maine. 5 Maine Geological 
Survey. 6 Maine Department of Marine Resources. 7 University of Maine Cooperative Extension and Maine Sea Grant

The Gulf of Maine (Figure 10) is one of most productive 
ecosystems in the world, supporting commercial and 
recreational fisheries with a combined annual value to 
the US economy in excess of $1 billion (Steinback et al. 
2004) and providing upwards of 26,000 jobs (NMFS 
2000). The coastal zone of Maine is home to the 
majority of the state’s population and, as the destination 
for millions of visitors, contributes significantly to the 
tourism economy. 

Over the next century, the Gulf of Maine will 
experience warmer temperatures and changes in water 
chemistry such as increased nutrient inputs and ocean 
acidification. Sea surface temperatures have already 
increased, as demonstrated by the 100-year record 
from Boothbay Harbor (Figure 11; Fogarty et al. 2007). 
Regional sea surface temperatures have increased 
almost 1.1°C (2°F) since 1970, and could rise another 
3-4°C (6-8°F). Warmer temperatures cause sea levels to 
rise as warmer ocean water expands, and the rate of sea-
level rise has intensified in recent decades, threatening 
to de-stabilize many of our coastal environments and 
developed properties.

Climate change affects the physical and chemical properties of Gulf of Maine waters, altering the food web that 
supports commercially important fish, shellfish, and other marine species .

As levels of atmospheric CO2 increase, more CO2 dissolves in ocean water, making it more acidic . Shelled animals are 
particularly sensitive to this acidity .

The current rate of sea-level rise is accelerating from half a foot in the last century to a predicted two-foot rise or more 
by 2100, threatening to disrupt many of our coastal environments . 

Rising sea level will make all storms more damaging, and some assessments predict that severe storms will occur 
more frequently . 
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Climate and the Gulf of Maine
Home to a great diversity of marine species, the Gulf of Maine 
provides safe, sustainably harvested protein for over half a million 
coastal residents in Maine and millions more people around the 
world. Climate drives processes in the ocean that in turn control 
the Gulf of Maine’s biological production, affecting commercially 
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Figure 11 Observed and predicted sea surface temperature anomaly (relative to 30-year average) at Boothbay Harbor 
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valuable species such as lobster (Butler et al. 2006), herring 
(Overholtz and Friedland 2002), shrimp (Clark et al. 1999), and 
various fish species (Mountain and Murawski 1992). 

The majority of marine water flowing into the Gulf of 
Maine comes from the continental slope and enters via 
the deep Northeast Channel (Figure 10; Townsend 1998). 
Temperature, salinity, and nutrients in the Gulf depend on 
whether this deep slope water comes from the north, where 
cold and relatively fresher water from the Labrador Sea 
flows southwest, or from the south, where saltier, warmer 
water flows north (and is influenced by the Gulf Stream). 
The southern slope water has higher concentrations of some 
nutrients compared with Labrador slope water (Drinkwater  
et al. 2002, Townsend et al. 2006). 

Large-scale climate patterns (such as the North Atlantic 
Oscillation; Greene and Pershing 2003) are known to influence 
the source, temperature, and nutrient content of water entering 
the Gulf of Maine, in turn affecting the marine food web. For 
example, during the 1990s, an influx of relatively cold, fresh 
water that originated in the Canadian Arctic (Smith et al. 2001, 
Greene and Pershing 2007) strongly influenced the plankton 
community in the Gulf of Maine (Figure 12; Pershing et al. 

2005, Greene and Pershing 
2007, Greene et al. 2008). The 
abundance of phytoplankton 
during the fall and winter 
fueled an increase in many 
zooplankton species, which 
attracted herring. 

The North Atlantic is 
expected to be fresher in 
the future due to increased 
precipitation and melting in 
the Arctic (Curry et al. 2003, 
Greene and Pershing 2007). 
Based on these predictions 
and observations in the 1990s, 
we can expect the Gulf of 
Maine to be more stratified 
thermally, and the abundance of 
zooplankton to increase in the 
future (although the abundance 
of a given species may increase 
or decrease). As colder, fresher 
Arctic waters flow south along 
the continental shelf, northern 
species could actually move 
south, if temporarily (e.g., 
Greene et al. 2008). These 
changes will affect the entire 
marine food web.

Figure 12 Salinity, phytoplankton, and zooplankton data from the Gulf of Maine and 
Georges Bank (Greene et al. 2008) illustrate ecosystem changes associated with an 
influx of cold, less salty water originating from melting in the Arctic in the early 1990s 
(Greene and Pershing 2007). In the graphs, dashed lines are mean values during 
1980 to 1989 and 1990 to 1999; shaded areas are 95% confidence intervals. Decadal 
mean salinities, based on annual mean (blue) and annual minimum (red) salinities, 
decrease after the regime shift (top). Phytoplankton abundances, based on annual 
mean phytoplankton color index values, increase after the regime shift (middle). 
Zooplankton abundances, based on annual mean small copepod abundance anomaly 
values, increase after the regime shift (bottom).

Climate-driven Ecosystem Shift in the Gulf of Maine
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Climate and ocean chemistry:  
Trouble ahead for shellfish and corals 
The oceans absorb about one third of the carbon dioxide 
emitted worldwide (Sabine et al. 2004). While this pathway is 
an important “sink” for greenhouse gases, the story does not end 
there. CO2 combines with water at the ocean surface to form 
carbonic acid, releasing acidic hydrogen ions in the process. 
Today, with 30% more CO2 in the atmosphere, more of it is 
entering the world’s oceans at a faster rate, making the ocean 
more acidic (Hoegh-Guldberg et al. 2007).

The important result of these chemical reactions is that more 
acid in the ocean lowers the concentration of carbonate, which 
is needed by clams, mussels, lobsters, barnacles, sea urchins, 
coralline algae, and some plankton to build their shells and other 
hard parts. While not all species are negatively affected by changes 
in pH, acidic water can dissolve the shells of animals ranging from 
single-celled algae to reef-building corals; others cannot build 
shells properly (Orr et al. 2005). A damaged shell can affect an 
animal’s physical functioning and reproduction, causing it to stop 
eating, grow more slowly, and eventually die (Fabry et al. 2008). 
CO2 levels beyond 1,000 parts per million (the IPCC worst case 
scenario) will significantly lower the fertilization rates of copepods 
and sea urchins (Kurihara et al. 2004). 

Acidification could combine with or magnify other stressors 
in unpredictable ways. For example, if lobsters build softer shells 
or change their time of shedding during spring and fall, their 
susceptibility to shell disease would increase. This could happen 
without any prior warning signs, as may have been the case in 
southern New England where sudden mortality events occurred 
at a time when lobster abundance and landings had been steadily 
increasing (Castro and Angell 2000). If ocean acidification 
leads to disturbances in the populations of shelled organisms, 
other organisms may out-compete them for food and nutrients, 
leading to ecosystem-wide changes.

The future of Maine’s marine resources 
The Gulf of Maine lies along a boundary between the subarctic 
zone to the north and the temperate zone to the south, and 
represents the southern limit for many cold-water marine species 
and the northern limit for many warm-water species. Many 
subarctic species such as the copepod Calanus finmarchicus, an 
important food species for North Atlantic right whales, are at the 
southern extent of their range in the Gulf of Maine (Adey and 
Steneck 2001), and these will likely be replaced by temperate 
species from south of Cape Cod as the Gulf of Maine warms. The 
Gulf of Maine also is home to many species that can tolerate large 
temperature variations, though this may not prevent them from 
being out-competed by more southern species as the seasons and 
years change. 

Some of the species moving in from the south could be 
commercially valuable. Already during warm years, reports of 
blue crabs and sea bass increase along the coast of Maine. These 
changes can happen relatively quickly. European oysters in 

Harpswell failed to reproduce for 40 years, and then within six 
years, summer bottom temperatures warmed enough to allow 
for reproduction (Incze, pers. comm.). 

Other new arrivals are potential nuisance or invasive species, 
such as the Asian shore crab. Within four years of reaching 
southern New England, the introduced Asian shore crab was 
established in southern Maine. The population has failed to 
spread significantly beyond Penobscot Bay (Stephenson et al. 
2008) likely because warm temperatures are not present long 
enough for Asian shore crab eggs and larvae to grow. Should 
sea temperatures continue to warm, the Asian shore crab may 
spread throughout Maine’s coastal zone, potentially resulting 
in a loss of locally adapted species (see box, “Cod and Lobster” 
next page) creating an unstable system with less potential for 
recovery in the face of rapid change (Worm et al. 2006). 

Another threat to commercial fisheries—and human 
health—are harmful algal blooms, or “red tides,” which occur 
when any of several species of marine phytoplankton proliferate. 
The most common species in the Gulf of Maine is Alexandrium, 
which can contain toxins that cause paralytic shellfish poisoning 
in humans who eat contaminated shellfish. Blooms of these 
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marine phytoplankton are difficult to predict, but are likely a 
result of a confluence of factors including ocean temperature, 
nutrient levels, salinity, and oceanographic conditions. The 
incidence of Alexandrium in the Gulf of Maine has been 
on the rise in recent years and it is not known how climate 

change will influence the blooms of this organism. Under 
certain environmental conditions, other potentially harmful 
phytoplankton species could appear in the Gulf of Maine, 
including the organisms responsible for diarrhetic shellfish 
poisoning and amnesiac shellfish poisoning. 

Cod and Lobster Fisheries in a Future Climate 
Species departures and arrivals will be occurring in the same waters that are home to commercially important species such as cod and lobster. 
These two species are well-studied and offer examples of the challenges ahead for Maine’s fishing industry.

Atlantic cod, the species that once dominated coastal zones throughout the western North Atlantic (Steneck et al. 2004), is predicted to decline in 
the Gulf of Maine by 2100 (Drinkwater 2005). Warm temperatures near the ocean floor will restrict cod habitat, especially for sensitive early life 
stages, in areas such as Georges Bank (Fogarty et al. 2008). 

Yet changes in cod distribution patterns will be difficult to detect because the species is so heavily overfished that it is already rare in areas where 
it was once highly abundant (Myers et al. 1997). Once extirpated, local cod populations recover slowly (or possibly not at all; Hutchings 2000) so 
climate induced changes may be 
hard to discern over fishing effects, 
a complication that exists with other 
species as well. 

In contrast, the American lobster 
fishery is thriving. More than half 
of the annual US lobster catch is 
landed in Maine, and landings 
here have increased steadily since 
the early 1970s. The remarkable 
increase in lobster landings over 
the past two decades could be the 
result of bottom water warming over 
that period, which would enhance 
conditions for settling juvenile 
lobsters (Figure 13; Steneck 2006). 
Growth rates of lobsters increase 
with warmer temperatures, as they 
reach reproductive maturity at a 
smaller size and at an earlier age.

Yet fish predation on lobsters is 
higher in southern New England 
than in Maine, likely owing to a more 
diverse assemblage of predators (Steneck, pers. comm). As the Gulf warms, the southern fish community could expand northward, resulting in higher 
predation. And, finally, at very warm temperatures (above 25˚C/77°F), lobsters become physiologically stressed (McLeese 1956). 

Fishermen are already noticing significant changes in the lobster fishery, including altered growth and migration behavior (Hayden and 
Garratt-Reed 2008). Changes in the lobster fishery have serious implications for Maine’s coastal communities, where thousands of licensed 
lobstermen and women support numerous related industries such as boatbuilding, lobster trap production, bait distribution and transport, and 
marketing infrastructure. In the event of a collapse, the social landscape along the coast would shift away from commercial fishing with little 
chance for reversion back to a working waterfront should stocks recover in the future (Steneck et al. in prep.). 
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Figure 13 Juvenile lobsters settle where the water in the subtidal zone is warm enough; as surface waters warm, the subtidal habitat available 
to young lobsters will increase (from Steneck 2006).
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Climate and the Coast of Maine
The 4,000-plus miles of the Maine coast encompass a wide 
array of ecosystem types, from salt marshes and sandy beaches 
to steep cliffs and mountains to numerous bays, inlets, harbors, 
and estuaries. The coastal zone is also home to the majority of 
Maine’s population, and attracts the majority of tourists.

The coast has always been a dynamic environment, whatever 
the climate. For the past 2,500 years, sea level has been rising 
at a slow and relatively stable rate of 0.5-0.9 millimeters (0.02-
0.04 inches) per year. During this time, sand accumulated 
along Maine’s beaches, in some places forming dunes that were 
colonized by maritime forests. Salt marshes established on tidal 
flats and grew in tune with the tide. Many marshes developed in 
front of the bluffs of Ice Age deposits that are common along the 
coast, and guarded these sensitive features from erosion. 

Global sea levels have been rising at an accelerated rate of 3.1 
millimeters per year (mm/yr or 0.12 inches) since 1993 (IPCC 
2007b), a rate that agrees with the higher IPCC projections and 
suggests that previous assessments may have underestimated 
future sea-level rise (Rahmstorf et al. 2007). This rate is enough 
to de-stabilize many of our coastal environments. Tide gauge 
records in Portland show a local relative sea-level rise rate of 1.9 
mm/yr (0.07 inches) since 1912 (Figure 14). 

Half of Maine’s coastline is made of bedrock, which 
resists erosion and generally is not affected by rising seas. The 
remaining 50% of the coastline is composed of bluffs, sand 
beaches, and vegetated wetlands (Dickson 2001, Kelley 2004), 
which are very sensitive to rising sea level. 

Bluffs are unstable along 17% of the coastline (Kelley and 
Dickson 2000), and many bluffs were developed with property 

before modern setback ordinances existed. An additional 17% of 
the bluff coast is already armored with seawalls. These structures 
are expensive and can fail, leading to catastrophic property loss.  

Accelerated sea-level rise also threatens coastal wetlands, 
which provide flood protection and habitat for birds and fish. 
Salt marshes exist in the narrow zone between the tides; if the 
sea rises quickly, the marsh must respond by rapidly adding 
sediment to its surface. Failure to keep up with rising sea level 
results in waterlogging and death to plants. Many high salt 
marsh environments may revert to low salt marsh habitats 
(Slovinsky and Dickson 2006), or may disappear altogether 
where development blocks their landward migration. 

The vast freshwater bogs and marshes that lie just inland 
of many salt marshes in Maine will die as salt reaches them, 
completely changing the shape of many stretches of shoreline. 
Tidal mudflats may be flooded too frequently to serve the 
millions of hungry shorebirds that visit on their annual 
migrations. Other low-lying lands are heavily developed and 
vulnerable to annual flooding due to higher sea levels. Finally, 
beaches will respond to rising sea level by moving landward or 
otherwise changing their shape and location.  

Almost all of Maine’s developed beaches are at risk of 
damage from a truly large storm that comes at the time of an 
astronomically high tide (Kelley et al. 1989), as was the case 
during the 2007 Patriots’ Day Storm. Over the next several 
decades, the “100-year coastal storm” could occur every two 
to three years in the Northeast (Frumhoff et al. 2006). Heavier 
rainfall could trigger sewer overflows, threatening coastal water 
quality and closing beaches. 
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Figure 14  Tide-gauge records in Portland, Maine, show a sea-level rise of 0.07 inches per year (1.77 mm/yr) since 1912 (Belknap 2008). The Intergovernmental Panel on Climate Change (IPCC 2007a) projection of another 
one-foot rise in sea level by century’s end is considered conservative (minimal) by many glacial geologists and climate change experts (Oppenheimer et al. 2007; Rahmstorf 2007), because the IPCC projections did not 
account for increased melting of polar glaciers, and they are already behind observations of sea-level change from satellite data. Future sea-level rise may be triple those of the IPCC projections (Rahmstorf 2007).
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Increased ocean temperatures may increase the frequency 
and intensity of hurricanes (Emanuel 2005, Webster et al. 2005). 
Nineteen hurricanes have made landfall in the Northeast since 
1850. Six occurred in the relatively active period between 1935 
and 1960. If the region were to experience a similar period of 
activity today, it would result in about $55 billion in damage, 
not including damages to natural ecosystems or the costs of lost 
recreation and tourism opportunities (Ashton et al. 2007).

In southern Maine, a one-foot rise in sea level will make all 
storms more damaging (FEMA 2003) with serious economic 
and ecosystem consequences to the region and state. In York 
County alone, over 260 businesses representing $41.6 million in 
wages are at risk from coastal flooding and the resulting property 
destruction and higher insurance costs, although it is possible that 
long before storm surge reaches the hotels and restaurants along 
Route 1, the beaches which draw tourists to southern Maine will 
have disappeared (Colgan and Merrill 2008).

Opportunities & Adaptation
Changes in the ecology of the Gulf of Maine will likely result in 
population shifts for many marine species. This may result in the 
opportunity for commercial fishermen to target new or different 
species. Recreational fishing opportunities will also change with a 
strong likelihood of more sport fish being available. Commercial 
fishermen also need to be prepared to use different fishing gear, 
and to expect modified fisheries management regulations.

Specific fisheries and related industries with significance to 
the state warrant special focus. For example, with the potential 
increased vulnerability of lobster to disease due to warming and 
ocean acidification, increased vigilance should be practiced in 
monitoring the health of lobster populations.

Supporting and expanding oceanographic observation 
networks, such as the Gulf of Maine Ocean Observing 
System (GoMOOS),  will ensure that timely and accurate 
environmental data are available to managers. For example, 
up-to-date information on potential storm surge threats will 
enable emergency management officials to establish evacuation 
routes and other emergency responses. Observation networks 
can complement existing monitoring programs, such as those 
for paralytic shellfish poisoning. The state’s red tide monitoring 
program must be maintained and expanded to include other, 
less typically harmful algal bloom species (and toxins) of 

concern. Maintaining monitoring of marine organisms is also 
important for tracking contaminant levels (e.g., persistent 
organic pollutants) and the incidence of disease.

Coastal managers are already dealing with many of the 
problems expected to worsen with climate change. Maine’s 
coastal communities need tools to identify locations and 
properties that are vulnerable to inundation due to sea-level 
rise and storm-related surges. Risk assessment tools to assess 
the potential need to remove or relocate infrastructure such as 
wastewater treatment plants, docks, and piers are required. With 
the increased risk for property loss on the coast, an assessment 
of current flood insurance programs and their applicability 
to Maine’s coastal residents should be conducted in order to 
help property owners understand their vulnerabilities. Maine 
has been very progressive in beach management strategies and 
related regulatory structures (e.g., Sand Dune Rules), but the 
need to review and amend these policies is ongoing to ensure 
that adaptive management principles are being implemented. 

Knowledge gaps
The IPCC model projections are too coarse to predict how the 
Gulf of Maine will change. Regional ocean modeling approaches 
with higher resolution and incorporating coastal processes 
are needed. What are the future temperature ranges, physical 
conditions, and nutrient inputs in the North Atlantic? 

What do we need to know about marine plankton 
population dynamics in order to predict ecological changes 
resulting from food web-based changes in other species?

Ocean acidification has the potential to be very damaging to 
many species in the Gulf of Maine. What are the trends in local 
pH, and the relative risks to wild fisheries, capture fisheries, and 
the general ecology of shelled organisms?

Science-based management of the coastal zone requires 
practical knowledge of where and when not to build roads and 
structures, the effects of coastal armoring and beach management, 
and realistic plans for ecosystem management and restoration 
within planning-level time frames of 5, 10, and 15 years (see 
Ashton et al. 2007, Tribbia and Moser 2008). How will Maine’s 
shoreline respond to rising sea level and storms? Do we have the 
information and capacity to manage the coast in a sustainable 
way? How will changes in freshwater flows and runoff affect 
pollutant loads, temperature, and salinity of coastal waters?
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Freshwater Ecosystems
team leader  David Hart
authors David Hart,1 Shaleen Jain,2 John Peckenham,1 and Josh Royte3  
reviewer Barbara Vickery3

Other assessments forecast increased intensity of precipitation 
(Hayhoe et al. 2007). Although it is not possible to predict 
specific changes at a given location, several 100- to 500-year 
precipitation events have occurred in recent years. 

Changes in climate will affect the inputs of water to aquatic 
systems in Maine and changes in temperature will affect freezing 
dates and evaporation (Huntington et al. 2003). These changes 
will drive changes such as earlier spring runoff, decreased snow 
depth, greater lake level fluctuations, and saline intrusion of 
coastal aquifers. A number of stream gauges in Maine show a 
shift in peak flows earlier in spring and lower flows later in the 
season (Figure 15a; also Hodgkins and Dudley 2006). Similarly, 

Thanks to a history of glaciation and a 
humid climate, Maine has thousands 
of lakes and ponds, thousands of 
miles of streams and rivers, plentiful 
groundwater aquifers, and numerous 
wetlands such as bogs, swamps, and 
marshes. All this water supports a 
diversity of ecosystems, plants, and 
animals, and provides valuable services 
to humans, such as drinking water and 
crop irrigation. 

Climate and freshwater 
ecosystems
Temperature, precipitation, and timing 
of significant aquatic events (intense 
rain, ice-out, spring flooding, drought, 
etc.) are “master variables” that 
influence freshwater ecosystems and 
that are predicted to change according 
to all climate model predictions (e.g., 
this report and Hayhoe et al. 2007). Local effects, such as stream 
flow, have been linked directly to global-scale climate behavior 
(Kingston et al. 2007).

Changes in temperature will affect the abundance and 
distribution of freshwater plants and animals. Increased air and 
water temperatures will increase overall production in lakes, 
ponds, rivers, and streams, as plant growth is enhanced in 
warmer surface waters. Warmer temperatures and more frequent 
rainstorms also might increase the incidence of West Nile virus 
and other mosquito-borne diseases (Poff et al. 2002).

This preliminary assessment predicts a wetter future, 
with more winter precipitation in the form of rain (Figure 9). 

Climate change will affect Maine’s lakes, rivers, and wetlands by altering the 
timing and magnitude of precipitation, length of growing season, spring ice-out, 
and spring runoff .

As a result, warming water will reduce the distribution of cold-water fisheries, the ice fishing season will be shorter, and 
local flooding and stream erosion damage may become more common in some areas .

Freshwater supply, especially in coastal communities, will become less reliable due to altered hydrology, rising sea level, 
and increased demand .

1 Senator George J. Mitchell Center for Environmental & Watershed Research, University of Maine; 2 Civil and Environmental Engineering, University of Maine;  
3 The Nature Conservancy
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lake ice-out dates in the New England region have advanced 
by up to two weeks since the 1800s (Figure 15b; Hodgkins et 
al. 2002, Hodgkins et al. 2003), resulting in shorter seasons for 
ice-fishing, skating, skiing, and snowmobiling. Southern Maine 
could ultimately stop having safe ice conditions.

The timing of spring snowmelt influencing river flows and 
the warming of waters are critical events in the lives of water-
dependent wildlife. Warming water and spring rains trigger 
spawning for salamanders and frogs, while spring flows and 
water temperatures signal hatching times for aquatic insects 
like mayflies, stoneflies, and dragonflies. Water levels and 

temperatures also cue migration of sea-run 
fish such as alewives, shad, and Atlantic 
salmon into our rivers, and the arrival or 
concentration of birds that feed on these fish.

Lower flows in summer will reduce 
aquatic habitats like vernal pools, cold-
water holding pools, and spawning beds. If 
we experience longer periods without rain, 
Maine’s thousands of acres of peatlands, 
marshes, and forested swamps could dry 
out, releasing stored carbon and other 
greenhouse gases. Increases in severe storms 
(and droughts in between) will change 
the boundaries of wetlands as they adjust 
to fluctuating water levels. For example, 
the unique floodplain forests of the Saco, 
Penobscot, upper Kennebec, and Sebasticook 

rivers could convert to meadow or upland forests.
Changes in the water cycle will interact with changes on 

land. Water flowing through watersheds where tree and plant 
communities are changing in response to climate will deliver 
altered inputs of nutrients and organic matter into lakes and 
streams, changing their chemistry and biota. For example, the 
trend of decreased calcium in lakes is leading to the demise 
of zooplankton species that are important to lake food webs 
( Jeziorski et al. 2008).

Surface water recharges groundwater, and groundwater 
provides baseflow to streams and rivers during periods of low 
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Figure 15b Lake ice-out dates, or the dates of ice break-up, are the annual dates in spring when winter ice cover leaves a lake. Lake ice-out 
dates in Maine have advanced by up to two weeks since the 1800s (Hodgkins et al. 2002).

Changes in Timing of Maine River Flows, 1952-2007   

Figure 15a Stream gauges across the state (see maps) show statistically significant increases (blue) and decreases (brown) in river flows 
in late winter and spring, respectively. The shaded block represents the regulatory season used by the Maine Department of Environmental 
Protection to prescribe season-specific Aquatic Base Flow levels. A Mann-Kendall statistical test on daily streamflow data confirmed trends 
during the period (Ricupero and Jain 2008).
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rainfall. As the surface water regime changes, so too will the 
timing and delivery of recharge to groundwater.

More frequent large storms and scouring flows will damage 
habitat, especially where aquatic systems are already stressed 
by increased runoff, poor water quality, and siltation of lakes 
and stream beds. These disruptions ripple through watersheds, 
altering stream flows and re-distributing sediments, affecting 
infrastructure such as the size and ratings of culverts and 
bridges. As a result, roadway flooding, dam breaches, or wash-
outs may occur more frequently.

The future of Maine’s freshwater resources
Some of the ecosystem processes affected by changes in 
temperature and hydrology have direct societal costs. Maine lakes 
attract residents and visitors for fishing, paddling, and wildlife 
watching, generating $3.5 billion each year (Maine Congress of 
Lake Associations 2006). Many of Maine’s lakes supply high-
quality drinking water. Warmer water and increased nutrients 
from stormwater runoff threaten to degrade lake water quality 
through more frequent or more intense algal blooms, with 
resulting effects on waterfront property values. Severe storms can 
flood waterfront properties, causing expensive damage. 

Demands on freshwater supplies in the US are increasing, 
and water shortages are likely in the near future (GAO 2003). In 
the New England region, freshwater withdrawals are projected 
to increase by 550 million gallons per day, or 15%, over the next 
20 years (Brown 1999). In coastal areas, increasing residential 
development and tourism will raise the demand for water at 
the same time as warmer temperatures and salt water intrusion 
threaten water quality. 

Opportunities & Adaptation
While freshwater availability is a critically important factor 
influencing socioeconomic development, the maintenance 
of water quality and ecosystem services can have far-reaching 
effects on the long-term sustainability of river systems. In a 
changing climate, added stresses from urbanization and land-
use change present an important challenge in balancing human 
and ecosystems water needs. Maine has recently promulgated a 
first-in-the-nation water regulation that limits water withdrawal 
from rivers and lakes with a goal of maintaining the integrity of 
the river and riparian ecosystems. These laws regulate human 
consumptive uses to protect aquatic systems, based on current 
hydrological conditions. Compliance with these regulations may 
be impossible when hydrologic conditions change in response 
to climate shifts, unless flexibility and adaptive management are 
incorporated during rulemaking.

It is not unreasonable to imagine a time in the future when 
water-starved regions begin eyeing Maine’s abundant freshwater 
supplies, and the potential for conflict inherent in such a 

scenario. We have already seen suggestions of this conflict, in 
Downeast Maine where blueberry farmers drew irrigation water 
from rivers home to endangered Atlantic salmon; in western 
and southern Maine where commercial bottlers continue to 
search for and develop new water sources; and in coastal Maine 
where the 2001-2002 drought magnified imbalances of drinking 
water supply and demand (Schmitt et al. 2008). Although 
public debate has begun on how water from Maine could/
should be sold for profit by private companies, water resource 
managers and other communities should anticipate that the 
value of “their” water could become more contentious. As peaks 
in demand increase, water managers will have to look further 
afield for new supplies, or pursue costly interconnections with 
neighboring supplies, at the same time that suitable water 
sources become scarcer.

Finally, we need to know the extent to which key species 
(e.g., brook trout) can respond to increasing water temperatures 
by moving to cooler (e.g., more northerly) habitats, and how 
such movements are constrained by barriers to mobility, 
such as culverts. Depending on the answers to these research 
questions, we might accelerate barrier removal efforts to 
increase the resilience of key species. Policy will need to address 
what measures will be taken to protect ecologically unique 
species in the event that they are unable to adapt. For example, 
constructing and managing artificial wetlands may be needed to 
preserve these ecosystems from seasonal drought. 

Knowledge gaps
Where are freshwater ecosystems (lakes, floodplains, wetlands) 
most vulnerable to floods and droughts, and are management 
techniques (e.g., maintaining water levels) available to help 
maintain resilience in the face of these extremes? 

Increased warming is likely to increase the susceptibility 
of Maine’s aquatic flora and fauna to new pests and pathogens. 
How will this affect large areas of habitat conversion and species 
loss or displacement? 

Roads with improperly sized and placed culverts and bridges 
fragment river and stream habitat, preventing the movement of 
aquatic species. Roads and related development also alter the 
surface and subsurface flow of water through the landscape to 
aquifers, streams, and ponds. How will less predictable weather 
and seasonal changes enhance or interact with these stresses? 

Much of our infrastructure for water delivery, wastewater 
transport, and transportation is not designed to handle the 
predicted increase in intense precipitation events. What happens 
when flood zones, bridges, culverts, and water treatment plants 
designed for “20-year” storms are overwhelmed with sediment 
and other precipitation-related pollutants? How will Maine’s 
current hydroelectric power regime be influenced by expected 
changes in seasonal hydrology, storm events, and river levels?
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Maine is the most heavily forested state in the nation, and our 
forests are diverse in both form and function (McMahon et al. 
1990, Fernandez et al. 2000). These extensive forest resources 
have long supported a forest-based economy, and although 
some traditional forest product industry sectors have declined 
in recent years, we are witnessing a renewed interest in the 
importance of forests for new products like wood pellets and 
ethanol, for services such as carbon storage and water quality 
protection, and for tourism. The forest products industry is 
discussed later in this report; here, we describe forest-climate 
interactions and anticipated changes to the forests themselves.

Climate and forests
Forest-climate relationships of the past provide important clues 
about the rate and direction of change in forest composition that 
we are experiencing today, and are likely to face in the coming 
decades and centuries. These relationships are recorded in lake 
sediments, which contain fossilized pollen and other plant matter 
that reflect the makeup of the lake’s surrounding forests over time. 

Research on Maine lake sediments indicates that between 
9,000 and 5,000 years ago, temperatures were as much as 

2°C (4°F) warmer and the air was considerably drier than 
today. White pine was widespread and abundant, probably 
because frequent fires created conditions favorable for seedling 
establishment ( Jacobson and Dieffenbacher-Krall 1995). 
During that same time, both white pine and hemlock grew at 
much higher elevations than their present upper limit in the 
White Mountains of New Hampshire and the Adirondack 
Mountains of New York (Davis et al. 1980).

Conditions changed considerably during the past few 
thousand years, however, as the climate became cooler and 
moister, fires became less frequent, and the distribution of white 
pine steadily diminished. As white pine (and oak) became less 
abundant, other tree species became more prominent, and the 
forests began to resemble those of modern times. Within the 
past 1,000 years, boreal trees, including spruce and balsam fir, 
expanded along the southern margins of their distribution in 
Canada and along the northern tier of the US from Minnesota 
to Maine (Figure 16; Schauffler and Jacobson 2002). The strong 
expansion of spruce in the Great Lakes-New England region, 
especially in the past 500 years, appears to have been associated 
with summer cooling during the Little Ice Age (1450-1850 AD).

Forests
team leader  Richard Jagels
authors Michael Day,1 Ivan Fernandez,2  
George Jacobson,3 and Richard Jagels1

reviewers: John Campbell,4 Lindsey Rustad,4  
Barbara Vickery,5 Robert Wagner,6 and Alan White1

Maine forest composition has shifted in response to 
a changing climate over millennia . Today’s spruce-fir 
forests are relatively recent, their populations having 
expanded southward in the past 500-1,000 years .  

Maine will continue to have abundant forests, but 
the composition of the forest and the way trees grow 
will be different from today . Warmer temperatures 
and the fertilization effects of CO2 and nitrogen may 
promote accelerated tree growth . Increased disease, 
insect infestations, and forest fires threaten to temper 
predicted increases in wood production . 

Forest management will play a critical role in 
maximizing forest utilization opportunities while 
maintaining forest sustainability and carbon storage .

1 School of Forest Resources, University of Maine; 2 Plant, Soil, & Environmental Sciences, University of Maine; 3 School of Biology & Ecology and Climate Change 
Institute, University of Maine; 4 USDA Forest Service; 5 The Nature Conservancy; 6 Cooperative Forestry Research Unit, University of Maine 
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Climate-driven changes in Maine’s forests have 
not been uniform across the state. Just as there is 
a strong coastal-inland gradient in climate today, 
similar patterns influenced the vegetation of the 
state for much of the past 10,000 years since the 
ice sheets withdrew from Maine. Paleoecological 
studies show that spruce forests have persisted along 
the narrow coastal zone, even when white pine 
and oak dominated inland areas (Schauffler and 
Jacobson 2002). Then, as today, the dramatic twice-
daily tidal mixing of the Gulf of Maine brought 
deep, cold water to the surface, and southwesterly 
currents along the coast brought cool temperatures, 
often accompanied by fog. This dramatic “coastal 
cooling” effect will continue into the future, 
allowing spruce-fir forests to remain on a narrow 
strip of east-coastal Maine, in greater contrast to 
inland areas.

Maine’s future forests 
Several recent efforts to model forest response 
to changing climate predict that increasing 
temperature, changing water balance, rising 
CO2 concentrations, and ongoing atmospheric 
deposition of nitrogen are all important and 
interacting factors that are changing the way 
northeastern US forests grow (Campbell et al. 
2008, Ollinger et al. 2008). In general, models 
predict that increased CO2  and nitrogen in the 
atmosphere will lead to accelerated growth in some 
tree species while slowing growth in other species. 
The increased growth is attributed to more wood 
production, and less foliage and root production 
likely as a result of summer drought stress. 
These models do not include the effects of forest 
management on the trajectory of change, despite 
the potential for significant changes in management 
approaches and objectives in the years ahead.

Spruce Forest Cover in the Northeast 

Figure 16 Spruce forest cover in northeastern North America as revealed by 
percentage of spruce pollen in lake sediments (Schauffler and Jacobson 2002). [Darker 
green indicates greater density of spruce.] Spruce cover has increased over the last 
1,000 years as the regional climate became cooler and wetter.

Current and Projected Forest Cover in the Northeast

Figure 17   Maps showing modeled current and predicted future ranges for three important Maine tree species based on Forest Inventory 
and Analysis (FIA) data (Prasad et al. 2007) and 38 predictor variables. Future model projections were made using the average of three general 
circulation models (CM3Avg Hi), and the high future greenhouse gas emission scenario (A1fi) for potential suitable tree habitat in the year 2100 
(Iverson et al. 2008). Importance values reflect species basal area and number of stems as determined by FIA protocols.   

Figure 16: Changes in spruce forest over the last 3,000 years (Schauffler and Jacobson 2002).
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Changes in temperature and precipitation will influence 
processes related to water stress in trees. In general, periods of 
drought will result in growth declines. Species that are more 
sensitive to water stress than to temperature alone, such as 
red spruce, may decline in interior Maine while persisting in 
habitats of higher moisture availability such as the Downeast 
coast, offshore islands, and wetlands. Balsam fir, essentially a 
boreal species, could become scarce in Maine (Figure 17).

Fortunately, many of our tree species can tolerate moderate 
to wide temperature gradients, an indication of considerable 
genetic flexibility. Some of Maine’s species with larger ranges, 
such as red maple, may be genetically adapted to wider climate 
regimes, and would be expected to increase in abundance. Other 
species with more limited genetic resilience like red spruce may 
face local extirpation. 

Changes in forest composition can be slow for existing 
forests because of the longevity of canopy tree species and 
the relative tolerance of mature trees to environmental 
stresses. Therefore, the rate of change will, to a large extent, 
depend on disturbances such as fires, storms, insect or disease 
outbreaks; and management practices such as harvests, artificial 
regeneration, and forest fragmentation (Logan and Gottschalk 
2007). Hurricanes, ice storms, and nor’easters clear the way for 
the establishment of new individuals, both of current species 
and new migrants from the south, and represent opportunities 
for rapid change in the forested landscape.

For example, as the boreal forest shifts further northward, 
increased drying and summer heat are expected to 
disproportionately stress the central and southern forests 
of Canada (Notaro et al. 2007). Signs that this process has 
already begun can be seen in recent increased fire frequency in 
Canada’s boreal forests, and by unusual outbreaks of mountain 
pine beetle in northern British Columbia, resulting from 
prolonged drought (Kurz et al. 2008). These events  
can undermine the carbon sequestration potential of forests, 
and could represent important threshold events that accelerate 
landscape change. These changes are not confined to boreal 
forests.

Many of the species that currently dominate Maine’s forests 
are adapted to be competitive on relatively acidic, nutrient-poor 
soils. These adaptations could be less useful in future conditions 
of increased CO2, and greater availability of some nutrients, 
which would favor fast-growing, competitive deciduous species 
like red maple (Figure 17), and “weedy” shrubs like brambles 
and invasive species.  

The climate scenarios (Figure 9) indicate warmer 
temperatures but slightly higher precipitation throughout 
the year, coupled with possible increased drought late in the 
growing season. Thus, the potential for continued forest cover in 
Maine is high, though suitable habitat for individual tree species 
is likely to shift. 

Opportunities & Adaptation
The growing emphasis on managing carbon emissions is 
rapidly changing the way we think about the role of forests 
in greenhouse gas mitigation, and the consequences of forest 
management decisions with respect to forest carbon storage 
(sequestration). Forests store more carbon than nearly all other 
land uses (IPCC 2007a, 2007b). According to a recent estimate, 
Maine forests represent 1,686 million metric tons of carbon, 
up to 80% of which is below ground in soils (Birdsey and 
Lewis 2003,  Fernandez 2008). While the most rapid carbon 
accumulation in trees can occur with fast-growing species above 
ground, the highest whole-ecosystem carbon accumulations are 
typically in old-growth forests. 

Changes in other forested regions beyond Maine could create 
opportunities here. Forests in the southeastern US will likely 
suffer disproportionately from global warming, perhaps even 
converting to dry scrubland. These forests capture an estimated 
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13% of greenhouse emissions from the region (Han et al. 2007). 
With increasing drought and consequent increases in insect and 
disease outbreaks, the potential for carbon sequestration is likely 
to decline substantially in the southeastern US as more drought-
resistant tree species with reduced commercial potential may be 
needed to maintain some forest cover. Maine and other northern 
New England states will thus have increased opportunities 
to expand forest-based industries and also to increase carbon 
sequestration in the coming decades by focusing on species 
adapted to the new climate and suited to the emerging markets.

Forest management will play a critical role in maximizing 
forest utilization opportunities while maintaining forest 
sustainability and carbon storage. Forest management systems 
can have a profound influence on the speed of change in forest 
ecosystems. Silvicultural practices generally focus on regenerating 
new forests following harvest or other disturbance. It is in the 
early stages of development (seedling, sapling) that trees are most 

susceptible to stress. Forest managers can influence the stress 
experienced by young trees by altering the physical environment 
(e.g., temperature, humidity, soil water, wind, snowpack) and 
the potential competitors to be faced by the regenerating forest. 
Silvicultural practices can enhance retention of critical species, 
or facilitate introduction of new species that are better adapted to 
future environments and markets.

Management strategies and objectives need to address the 
most relevant forest production and carbon sequestration goals 
under expected disturbances, while providing an insurance 
cushion for unpredicted possibilities. For instance, spring 
warming and summer drought will have disproportionately 
greater influence on faster-growing species that are not drought 
tolerant (Welp et al. 2007). By avoiding the vulnerabilities of 
single-species forests, mixed-forest communities might be 
more resilient and thus provide some security in the face of 
uncertainty (Bodin and Wiman 2007).

Finally, it should be noted that forest cover can significantly 
affect local climate even in the absence of broad-scale climate 
change. This has been documented for the Brazilian Amazon 
and in East Asia, where deforestation influences the summer 
monsoon season (Sen et al. 2004). Maintaining a substantial 
forest cover in Maine will help to preserve economic and 
environmental benefits, including a healthy hydrologic cycle, and 
provide protection against catastrophic weather events.

Knowledge gaps
What are appropriate prescriptions for forest management 

in Maine during the period of transition over the next century? 
What are the thresholds of forest response that can dramatically 
alter the anticipated rate and direction of change in forests? 
What ecological and economic thresholds will determine the 
viability of new opportunities for the forest sector? A recent 
report of the US Climate Change Science Program (Fagre et al. 
2009) focused on the importance of thresholds in ecosystem 
response to climate change calling for (1) measures to increase 
resilience in ecosystems to slow the crossing of thresholds, 
(2) the identification of early warning signals of impending 
threshold changes, and (3) the use of adaptive management 
strategies to deal with new conditions.

What are the critical research needs for forests? Are there 
new incentives for research in Maine, such as experimental 
plantations of tree species that have potential to thrive in a 
warmer climate and have unique advantages in emerging 
bioproducts markets?  

How will increasing development pressures on Maine’s 
forestland (see box on page 45) reduce the land base available 
for both carbon storage and forest resource goals?

Can we identify emerging biological responses to a changing 
climate through monitoring of forest growth, physiology, 
phenology, and biogeochemistry, knowledge which is essential 
for planning and making decisions?

Rob Lilieholm
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Biodiversity
team leader  Malcolm Hunter
authors  Catherine Burns,1 Malcolm Hunter,1 Philip deMaynadier,2 Lewis Incze,3 William Krohn,1 Peter Vaux,4 and Barbara Vickery5

reviewers Brad Allen,2 Andy Cutko,6 Merry Gallagher,2 Tom Hodgman,2 Wally Jakubas,2 Jonathan Mays,2 Brenda McComb,7  
Beth Swartz,2 Charlie Todd,2 and Lindsay Tudor2  

Some plants and animals will disappear from Maine as new ones arrive and become established . The state’s official 
list of endangered and threatened species will likely grow . 

The species most likely to increase in the state are southern species that are at the northern edge of their range in 
Maine, warm-water fish species, and especially invasive species .

Maintaining or restoring landscape-scale connectivity is a priority, because a landscape fragmented by roads, 
dams, and development presents a barrier to many species during the process of geographic range shift .

1 Wildlife Ecology, University of Maine; 2 Maine Department of Inland Fisheries & Wildlife; 3 University of Southern Maine; 4 Senator George J. Mitchell Center for 
Environmental & Watershed Research; 5 The Nature Conservancy; 6 Maine Natural Areas Program; 7 University of Massachusetts

From an ecological perspective, Maine is defined in large part 
by the diversity of plants and animals that live here, and many 
of these species also have important economic and cultural 
roles. Consider a future in which climate change leads to sharp 
declines in populations of lobster, brook trout, moose, loons, 
puffins, or sugar maple. 

Climate and biological diversity
Climate is a key factor determining where plants and animals 
live, and how abundant they are in any given location. All of 
Maine’s species existed on the Earth hundreds of thousands, and 
in most cases millions of years ago. Thus, the species in Maine 
today have experienced dramatic climate change before, and 
their distribution and abundance have shifted in response many 
times during the recent ice ages. 

Such shifts are easier for some species than others. Larger 
mammals, river fish, birds accustomed to long-distance travel, 
and those plants that disperse seeds can spread into new habitats 
more readily than relatively sedentary animals such as snails 
and salamanders or plants with heavy seeds. Furthermore, 
species that are confined to uncommon, isolated habitat patches 
will find range shifts relatively difficult compared to species 
associated with widespread habitats. In some cases species could 
be lost from Maine, or for those species with narrow geographic 
ranges, even driven to global extinction. 

Maine’s future flora and fauna
In a warmer climate, Maine could lose some of its most iconic 
species such as loons, moose, and puffins. Many species reach 
the northern or southern edge of their geographic range in 
Maine (Figure 18), and climate change will almost certainly 
lead to significant changes in Maine’s overall assembly of plants 

      Figure 18 The lines on the map show the 
geographic range limit for all of the native woody 

plants that reach the edge of their range in the state. They 
constitute about half of the state’s 240 species of native woody 

plants (McMahon et al. 1990, Boone and Krohn 2000). Light green 
lines are trees and shrubs that reach their northern limit in southern Maine, 

consistent with the southern growing season; dark green lines are trees and shrubs 
that reach their limit approximately along the Northern-Southern Interior climate divide.

Range Limits for 
Native Woody Plants

and animals. This unusual concentration of edge-of-range 
species occurs because of Maine’s unique climatic diversity (as 
described in “Maine’s Climate Past, Present, Future,” page 10). 
While we can anticipate dramatic broad changes in Maine’s 
biota, it is difficult to make confident, precise predictions about 
the future of any particular species because climate is just one 
element of a species’ habitat and because our understanding of 
the ecology of most species is quite limited (e.g., birds, see box 
on page 31; Walther et al. 2002). 



Maine’s Climate  Future Maine’s Climate Future

31Initial Assessment of Climate Change In Maine

Maine’s Climate  Future Maine’s Climate Future

Climate Change and Bird Distribution Patterns 
Of the 114 bird species currently in Maine, two species are likely to be lost and seven gained under moderate climate 
change predictions, versus a loss of 22 and a gain of 12 species under the most severe climate change (Matthews et al. 2004, 
Rodenhouse et al. 2008). 

These predictions 
are illustrated for 
the black-capped 
chickadee, 
Maine’s state 
bird and a common bird from the 
Great Lakes east through New 
York and north throughout New 
England (Figure 19). Depending on 
the magnitude of climate change, 
the black-capped chickadee could 
become less widespread and less 
common in southern Maine (Figure 
19b), or could disappear from most 
areas except for western and northern 
Maine (Figure 19c).

Northern species that are at the southern edge of their range 
in Maine, such as Canada lynx, purple lesser fritillary, Atlantic 
halibut, and giant rattlesnake plantain, could withdraw to the far 
reaches of the state or leave Maine entirely (see box, “Lynx and 
Marten” below). Some species that are confined to the highest 
altitudes, such as the Katahdin arctic butterfly, American pipit, 
Bicknell’s thrush, and Lapland diapensia, could decline as our 
alpine ecosystems shrink or perhaps disappear. 

Conversely, some southern species like chestnut oak and 
Virginia opossum might greatly expand their currently limited 
ranges in Maine while species from southern New England (e.g., 
marbled salamander and summer flounder) could immigrate 
and become established in Maine if they can find suitable 
habitat for dispersal and colonization.

Future Distribution of the Black-capped Chickadee

Figure 19 The black-capped chickadee, Maine’s state bird, currently ranges from the Great Lakes east through New York and 
north throughout New England (a). Depending on the magnitude of climate change, the black-capped chickadee could become 
less widespread and less common in southern Maine (b), or could disappear from most areas except for western and northern  
Maine (c).  Maps from Matthews et al. 2004.
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Some of our most vulnerable ecosystems 
are also the rarest. Out of over 4,000 miles of 
coastline, Maine has only about 35 miles of 
sandy beach, where the endangered piping 
plover is already losing the competition with 
humans for undisturbed nesting beaches. Similarly, Maine’s 
coast has only about 30 square miles of tidal salt marshes, which 
are home to many specialized species, including the salt marsh 
sharp-tailed sparrow that nests only a few centimeters above the 
peat and incoming tidewater. Both beaches and salt marshes are 
examples of coastal ecosystems at risk of disappearing due to 
sea-level rise.

Because there are so many pathways by which climate can 
influence a species and because each species has a unique niche 

or ecological role, every species will respond to climate 
change differently. One upshot of this complexity is that 
the groups of species that we often think of as forming a 
distinct, coherent ecological community such as spruce-
fir forest or oak-pine forest may dissolve during climate 
change, leading to potentially novel communities that 
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The Future of Lynx and Marten  
Both the American marten (Carroll 2007) and Canada lynx (Hoving et al. 
2005, Gonzalez et al. 2007) travel easily in the snow. Martens hunt beneath 
the snow, and the lynx’s long legs allow for movement through soft, 
deep snows. Both species occur in northwestern Maine, the part of the 
state with the greatest average annual snowfall. Wildlife biologists 
expect that once annual snowfall declines below some estimated 
threshold—270 centimeters per year (cm/yr or 106 inches) for lynx 
(Hoving et al. 2005) and 192 cm/yr (76 inches) for marten (Krohn et al. 
1995)—these two species will decline and eventually disappear from 
the state, and will be replaced with two closely related but less snow-
adapted species, the bobcat and the fisher. US
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are compositionally and ecologically unlike any others we have 
known (Williams et al. 2007). 

Overall, we will probably gain more species than we lose 
because the expansion of southern species is predicted to be 
greater than the contraction of northern species (Parmesan et 
al. 1999, Thomas and Lennon 1999). The species most likely to 
increase rapidly in the state, whether native or exotic to North 
America, are those that travel easily, are adapted to a variety of 
conditions, and reproduce fast—all characteristics of weedy or 
invasive species.

We have focused on how species respond to climate change 
by shifting their geographic ranges because this is the best 
documented type of response. However, organisms can also 
respond to climate change by altering their behavior, such as by 
foraging at different times of day (e.g., when it is cooler), or by 
shifting their diets in response to climate-induced changes in 
available food resources. Some individuals may be better adapted 
genetically to the new conditions compared to others of the same 
species. Rapid evolutionary responses to warming temperatures, 
leading to an enhanced ability to survive and reproduce under 
warmer conditions, have been shown to occur in a variety of 
organisms, mainly those with short lifespans (Hendry and 
Kinnison 1999, Skelly et al. 2007). Although some species may be 
flexible enough to cope with climate change, long-lived species, 
and those with small population sizes, are less likely to be able to 
adapt fast enough to the predicted rate of change.

Biodiversity represents the reservoir of options that 
ecosystems have to respond to environmental change. Therefore, 
conservationists strive to protect Maine’s entire native biota, 
especially focusing on rare and endangered species because they are 
already in the greatest jeopardy of disappearing (see list at the end 
of this section). The state’s official list of endangered and threatened 
species will likely grow as a result of climate change. Species most 
likely to be added to the list include those at the extreme southern 
edge of their range, alpine species confined to shrinking islands 
of high-elevation habitat, and coastal species susceptible to ocean 
storm events and habitat inundation. Unfortunately, many of the 
species currently state-listed because they have a limited geographic 
range in southern Maine, (like the black racer snake, New England 
cottontail, and twilight moth), are quite specialized in their habitat 
requirements, or are not good candidates for dispersing through 
heavily developed landscapes, are unlikely to increase in population 
as a result of a warmer climate. 

Most people are likely to consider the decline of any native 
species a negative consequence of climate change, and having 
high ecological, economic, or cultural value will add to the loss. 
In the worst case scenario, for species confined to Maine or a 
small portion of our region, extinction here could mean global 
extinction. Fortunately for most species, a decline in Maine may 
still leave them reasonably widespread and common in Canada, 
although having moose and loons in Quebec and not in Maine 
would be small consolation for Mainers.

Conversely, the prospect of southern species extending their 
ranges in Maine may or may not be viewed as a positive change. 
We are likely to accept native species with presumably benign or 
neutral effects such as Fowler’s toads or Carolina wrens, but this 
does not apply to all species. Consider the prospect of having deer 
ticks (and the threat of Lyme disease) expanding to cover the 
whole state (see Health section). The idea of undesirable changes 
in Maine’s biota comes to the fore dramatically when considering 
the potential impacts of exotic invasive species such as hemlock 
wooly adelgid (an invertebrate pest of hemlock capable of causing 
up to 90% mortality), Asiatic clam (a recent invader in southern 
New England lakes that competes with native mussels), or 
largemouth bass, a warm-water predator of native fishes.  

Opportunities & Adaptation
Changes in climate are likely to exacerbate existing stresses, 
especially for species that are already under assault from issues 
such as habitat loss, contamination, and overharvesting. For 
example, brook trout populations are known to be greatly 
reduced in many watersheds of southern Maine, probably 
reflecting the action of multiple stressors in addition to climate 
change. Similarly, warming of the Gulf of Maine may join 
overfishing to further stress cod populations (see box, “Cod and 
Lobster,” page 20). In short, while species have a long history 
of adapting to climate change, the potential for unprecedented 
rates of climate change coupled with existing human-induced 
stressors are likely to make the next few decades a very 
challenging period for many species.

As humans who share this landscape, what, if anything, do 
we do? Attempts to conserve species that are withdrawing from 
the state may ultimately be futile, but we should be reluctant to 
accept the argument that “we might as well give up on this species 
because it’s disappearing as a result of climate change.” It is often 
difficult to distinguish the role of climate change among all the 
factors that might contribute to the decline of a species and given 
a chance, some species might be able to adapt to a changing 
climate better than we would predict. Indeed, because the stresses 
imposed by a rapidly shifting climate are not within our direct 
control, we should intensify our efforts to reduce other sources of 
stress that are within our control, especially habitat loss. 

Maintaining or restoring landscape-scale connectivity is a 
priority, because a landscape fragmented by roads, dams, and 
development presents a barrier to many species during the 
process of geographic range shift. Maine may be in a somewhat 
better position than many states in this respect because of 
our extensive forests and relatively low human population 
density. However, fragmentation is increasing here, too, as land 
development is far outpacing land conservation in many areas. 
Conserving a connected network of ecological reserves within 
a matrix of undeveloped land, such as working forests, offers the 
best chance of retaining a rich, if rapidly-changing, mixture of 
plants and animals. 
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Controlling the effects of invasive exotic species may be 
possible, especially if we can act before a population becomes 
well-established. Maine’s effort to stem the expansion of 
Eurasian water milfoil and other invasive aquatic plants 
is a good example of what can be done with proactive 
management and policy. 

Some people may propose assisting species to colonize 
new habitat, especially rare plants that do not disperse readily 
(Hunter 2007). For example, if the St. John flooding regime 
were no longer able to support Furbish lousewort (see box 
above), moving some plants to a similar river ecosystem 
on Quebec’s Gaspé Peninsula could ensure their survival. 
Similarly, Maine might provide suitable habitat for some 
“climate refugees” from the south. However, translocating 
populations is a very expensive and ecologically risky 
undertaking (e.g., a refugee could become a problematic 
invasive species) so such proposals should be very carefully 
examined before implementation, and unauthorized private 
initiatives should be prohibited.   

Because we don’t know how plants and animals will 
respond to climate change, it would be wise to use diverse, 
flexible, and adaptive approaches to conservation. We can start 
by incorporating the issue of climate change more explicitly 
into existing plans and programs, such as the State Wildlife 

Action Plan, Gulf of Maine Plan, Forest Legacy Program, Land 
for Maine’s Future, State Conservation and Outdoor Recreation 
Plan, Natural Areas Program, Maine Coastal Program, and 
Beginning with Habitat. 

Knowledge gaps
How will species shift in range and adapt in response to 
climate change? And what do these responses mean in terms of 
Maine’s ecosystems and economy? There is surprisingly little 
known about a majority of Maine’s species, including many of 
ecological and economic importance. These assessments are 
needed for both our existing biota and species that may move 
into the state, including exotic pathogens and parasites. 

Ecosystem and species monitoring rarely receives the 
attention it deserves. We need increased and improved ecological 
monitoring, especially of relatively undisturbed ecosystems, 
such as those found in the state’s system of ecological reserves, 
in order to better distinguish climate change effects from other 
stressors more under our control and to examine the efficacy 
of management actions. Maine could be a leader in this kind of 
research, because we have the intact ecosystems and large tracts of 
undeveloped land required to gain such knowledge. 

Floods on the St. John River
One of Maine’s most famous plant species and the only one federally listed as 
endangered is the Furbish lousewort. Its habitat is almost entirely limited to the 
banks of the St. John River, where almost every year spring thaws of river ice lead to 
major ice dams that scour the bank of the river as the meltwater pushes downstream. 
The lousewort colonizes the banks thus cleared of vegetation. Between scour events, 
alders grow up and begin to shade out the lousewort. Lousewort shares this narrow 
band of habitat and precarious balance between ice scour and succession with a host 
of other plants that are rare in Maine but well-adapted to these conditions. With less 
snow and milder winters, ice scour events will likely be less frequent. While those 
plants that grow on the cobbles and rock ledges of the river will probably persist, the 
lousewort and other species may disappear from the river banks as alders and other 
trees take over.
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 E = Endangered
 T = Threatened
 SC = Special Concern

*   This list is the outcome of a ‘rapid assessment’ based primarily on habitat associations—rather than an in-depth review that considers reproductive biology, population 
viability, etc.  It is also an assessment of the risk of loss from Maine, rather than extinction globally.

Common Name Scientific Name State 
Status Vulnerability Notes

Birds

American pipit 
(breeding population only) Anthus rubescens E Alpine tundra habitat at risk of decline or loss.

least tern Sterna antillarum E Limited beach nesting habitat at risk of decline or loss due to rising sea levels.

roseate tern Sterna dougallii E Few small, flat nesting islands at risk of rising sea levels; changing marine food 
supply.

piping plover Charadrius melodus E Limited beach nesting habitat at risk of decline or loss due to rising sea levels; 
increased nest flooding likely.

Arctic tern Sterna paradisaea T Limited nesting islands at risk of rising sea levels; changing marine food supply.

Atlantic puffin Fratercula arctica T Limited nesting islands at risk of rising sea levels; changing marine food supply.

great cormorant 
(breeding population only) Phalacrocorax carbo T Limited nesting islands at risk of rising sea levels; changing marine food supply.

razorbill Alca torda T Limited nesting islands at risk of rising sea levels; changing marine food supply.

Leach’s storm-petrel Oceanodroma leucorhoa SC Limited nesting islands at risk of rising sea levels; changing marine food supply.

Bicknell’s thrush Catharus bicknelli SC Subalpine spruce-fir habitat islands likely to decline; Northeast endemic.

rusty blackbird Euphagus carolinus SC Northern wetland species at extreme southern edge of range.

Nelson’s sharp-tailed sparrow Ammodramus nelsoni SC Saltmarsh nesting habitat at risk of inundation with rising sea levels.

salt marsh sharp-tailed sparrow Ammodramus caudacutus SC Salt marsh nesting habitat at risk of inundation with rising sea levels.

Mammals

Northern bog lemming Synaptomys borealis T Alpine tundra and boggy forest species at southern edge of range.

Canada lynx Lynx canadensis SC Northern forest species at southern edge of range; lower snow depths may reduce 
habitat and increase competition.

Fish

redfin pickerel Esox a. americanus E Low-gradient coastal stream inhabitant potentially subject to habitat loss as sea 
levels rise and saline conditions ascend stream networks.

Arctic charr Salvelinus alpinus SC Inhabits cold-water, oligotrophic lakes; Maine populations at southern edge of range.

lake whitefish Coregonus clupeaformis SC Inhabits cold-water, oligotrophic lakes; Maine populations at southern edge of range.

Invertebrates

Roaring Brook mayfly Epeorus frisoni E Restricted to cold, high elevation streams; Northeast endemic. 

unnamed mayfly Baetisca rubescens SC Rare species restricted to cold, high elevation streams.

unnamed mayfly Ameletus browni SC Rare species restricted to cold, high elevation, first-order streams; Northeast endemic.

Katahdin arctic butterfly     Oenis polixenes katahdin E Alpine tundra habitat at risk of decline or loss; Maine endemic.

purple lesser fritillary butterfly Boloria chariclea grandis T Boreal forest species at extreme southern edge of range.

Frigga fritillary butterfly Boloria frigga SC Sub-boreal peatland species at extr eme southern edge of range.

Canada whiteface dragonfly Leucorrhinia patricia SC Boreal peatland species at extreme southern edge of range.

Quebec emerald dragonfly Somatochlora brevicincta SC Northern peatland species at southern edge of range.

sedge darner dragonfly Aeshna juncea SC Northern species of boggy ponds and peatlands at extreme southern edge of range.

salt marsh tiger beetle Cicindela marginata SC Coastal mud and sand flats used for breeding at risk of inundation and decline with 
rising sea levels.

 

Maine State Endangered, Threatened, and Special Concern Species at 
potentially elevated vulnerability to the effects of climate change  E = Endangered

 T = Threatened
 SC = Special Concern
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Common Name Scientific Name State 
Status Vulnerability Notes

Plants

Aleutian maidenhair fern Adiantum aleuticum E Disjunct and at southern end of range in northeastern US.

Nova Scotia false-foxglove Agalinis neoscotica T Southern edge of range.

boreal bentgrass Agrostis mertensii T Alpine, southern edge of range.

small round-leaved orchis Amerorchis rotundifolia T Southern edge of range.

cut-leaved anemone Anemone multifida T Rivershore, southern edge of range.

alpine bearberry Arctostaphylos alpina T Alpine, southern edge of range.

hairy arnica Arnica lanceolata T Rivershore and sub-alpine, southern edge of range.

green spleenwort Asplenium trichomanes-ramosum E Southern edge of range.

tundra dwarf birch Betula glandulosa E Southern edge of range.

dwarf white birch Betula minor E Southern edge of range.

Pickering’s reed bent-grass Calamagrostis pickeringii T Southern edge of range.

Northern reed grass Calamagrostis stricta ssp inexpansa E Southern edge of range.

neglected reed-grass Calamagrostis stricta ssp stricta T Southern edge of range.

alpine bitter-cress Cardamine bellidifolia E Alpine, southern edge of range.

Long’s bitter-cress Cardamine longii T Tidal marsh.

intermediate sedge Carex norvegica E Southern edge of range in the east.

Orono sedge Carex oronensis T Endemic.

variable sedge Carex polymorpha E Small, fragmented habitat.

Russett sedge Carex saxatilis E Alpine, southern edge of range.

brackish sedge Carex vacillans E Tidal marsh.

Alaskan clubmoss Diphasiastrum sitchense T Alpine, southern edge of range.

rock whitlow-grass Draba arabisans T Mountain tops, southern edge of range.

lance-leaved draba Draba cana E Mountain tops.    

rock whitlow-grass Draba glabella E Southern edge of range.

English sundew Drosera anglica E Southern edge of range.

slender-leaved sundew Drosera linearis E Southern edge of range. 

male fern Dryopteris filix-mas E Southern edge of range in the east.

alpine willow-herb Epilobium anagallidifolium E Alpine, southern edge of range.

Hornemann’s willow-herb Epilobium hornemannii E Alpine, southern edge of range.

Oakes’ eyebright Euphrasia oakesii E Alpine, southern edge of range.

Arctic red fescue Festuca prolifera E Alpine, southern edge of range.

boreal bedstraw Galium kamtschaticum T Southern edge of range.

Northern gentian Gentianella amarella E Southern edge of range.

giant rattlesnake-plantain Goodyera oblongifolia E Southern edge of range in the east

moss bell-heather Harrimanella hypnoides T Alpine, southern edge of range.

Robinson’s hawkweed Hieracium robinsonii E Rivershore, southern edge of range.

alpine sweet-grass Hierochloe alpina T Alpine, southern edge of range.

alpine clubmoss Huperzia selago T Southern edge of range.

slender blue flag Iris prismatica T Tidal marsh.

prototype quillwort Isoetes prototypus T Limited to Northern New England & Maritime Provinces.

marsh-elder Iva frutescens E Tidal marsh.

slender rush Juncus subtilis T Southern edge of range.
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Common Name Scientific Name State 
Status Vulnerability Notes

Plants

Lilaeopsis Lilaeopsis chinensis T Tidal marsh.

auricled twayblade Listera auriculata T Southern edge of range.

alpine azalea Loiseleuria procumbens T Alpine, southern edge of range.

marsh felwort Lomatogonium rotatum T Southern end of range.

Northern wood-rush Luzula confusa E Alpine, southern edge of range.

spiked wood-rush Luzula spicata T Alpine, southern edge of range.

Arctic sandwort Minuartia rubella E Southern edge of range in the East.

pygmy water-lily Nymphaea leibergii T Southern end of range.

alpine cudweed Omalotheca supina E Alpine, southern edge of range.

St . John oxytrope Oxytropis campestris T Rivershore, southern edge of range.

silverling Paronychia argyrocoma T Mountain tops and rivershores.

Furbish’s lousewort Pedicularis furbishiae E Endemic to shores of St. John River in Maine and New Brunswick.

alpine bistort Persicaria vivipara E Alpine, southern edge of range.

mountain timothy Phleum alpinum T Rivershore, southern edge of range.

mountain heath Phyllodoce caerulea T Alpine, southern edge of range.

common butterwort Pinguicula vulgaris E Alpine, southern edge of range.

prairie white-fringed orchid Platanthera leucophaea E Rare throughout range, single disjunct population in northern Maine.

wavy bluegrass Poa fernaldiana E Alpine, southern edge of range.

white bluegrass Poa glauca T Southern edge of range in the East.

Boott’s rattlesnake root Prenanthes boottii E Alpine, southern edge of range.

dwarf rattlesnake root Prenanthes nana E Alpine, southern edge of range.

small yellow water crowfoot Ranunculus gmelinii T Southern edge of range in the East.

Lapland buttercup Ranunculus lapponicus T Southern edge of range.

Lapland rosebay Rhododendron lapponicum T Alpine, southern edge of range.

stiff arrow-head Sagittaria rigida T Tidal in part.

Arctic willow Salix arctophila E Alpine, southern edge of range.

dwarf willow Salix herbacea T Alpine, southern edge of range.

blue-leaf willow Salix myricoides T Southern edge of range.

tea-leaved willow Salix planifolia T Alpine, southern edge of range.

bearberry willow Salix uva-ursi T Alpine, southern edge of range.

star saxifrage Saxifraga foliolosa E Alpine, southern edge of range.

low spike-moss Selaginella selaginoides T Southern edge of range.

Cutler’s goldenrod Solidago multiradiata T Alpine, southern edge of range.

American sea-blite Suaeda calceoliformis T Tidal marsh.

Anticosti aster Symphyotrichum anticostense E Rivershore, southern edge of range.

small salt-marsh aster Symphyotrichum subulatum E Tidal marsh.

mountain hairgrass Vahlodea atropurpurea E Alpine, southern edge of range.

alpine speedwell Veronica wormskjoldii E Alpine, southern edge of range.

alpine marsh violet Viola palustris E Alpine, southern edge of range.

Northern woodsia Woodsia alpina T Southern edge of range, mountain tops.

smooth woodsia Woodsia glabella T Southern edge of range, mountain tops.
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A strong and multifaceted dependence on natural 
resources makes indigenous populations around the 
world, and in Maine, particularly vulnerable to climate 
change .

Maine’s four recognized Wabanaki tribes face 
geographical range changes of plant and animal 
species, and a potential loss of traditional resources, 
affecting tribal culture, economies, and government 
budgets .

The livelihoods of Maine’s indigenous peoples may 
very well depend on their abilities to help shape new 
economies and sustainable development, including 
decisions on natural resource management .  

The Intergovernmental Panel on Climate Change recognizes 
that indigenous peoples of North America and those who are 
socially and economically disadvantaged are disproportionately 
vulnerable to climate change (Field et al. 2007). Although our 
focus here is on indigenous peoples of Maine, the potential 
effects of climate change are highly applicable and relevant to 
other residents in the state. 

Climate and indigenous peoples
Four tribes make up the indigenous peoples of Maine and 
have been allied for centuries in the Wabanaki Confederacy. 
Wabanaki means People of the Dawn, or East, and includes 
the Penobscot Nation, Passamaquoddy Tribes, Houlton Band 
of Maliseet Indians, and the Aroostook Band of Micmacs. All 
are federally recognized, with similar yet distinct languages 
and cultures.

Glooskap came first of all into this 
country, into the land of the Wabanaki, 
next to sunrise. There were no Indians 
here then. And in this way he made 
man: He took his bow and arrows and 
shot at trees,  the basket trees, the ash. 
Then Indians came out of the bark of 
the ash tree.  

— Wabanaki Creation Story

Brown ash  Decrease in number of basket quality trees caused by damaging periods of drought and loss of protective 
snow cover is also threatened by an invasive species pest called the emerald ash borer, bringing fear to the Wabanaki 
people of losing a vital link to their ancestral ways.
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Many important Wabanaki stories including the “creation 
story” are tied to specific natural features of the landscape. 
Modern Wabanaki artists continue to use birch bark from 
the forests, brown ash from the river banks, and sweetgrass 
from the salt marshes to create distinctive traditional arts. The 
plants and wildlife are still utilized for subsistence as well as 
for other important socio-cultural functions such as spiritual 
enlightenment, family bonding, and learning traditional lifeways.  

Many indigenous communities in northern Canada and 
Alaska are already experiencing constraints on lifestyles and 
economic activity from less reliable sea and lake ice (for 
traveling, hunting, fishing, and whaling), loss of forest resources 
from insect damage, stress on caribou, and more exposed coastal 
infrastructure from diminishing sea ice (Field et al. 2007). 
It is believed that the strong and multifaceted dependence 
on natural resources that make indigenous populations as a 
whole particularly vulnerable to climate change will be highly 
applicable to the indigenous peoples of Maine. According to 
Houser et al. (2001), approximately 1.2 million (60%) of US 
tribal members live on or near reservations, and many pursue 
lifestyles with a mix of traditional subsistence activities and 
wage labor. Maine wild foods such as fiddleheads, deer, moose, 
birds, fish, berries, and seafood provide not only sustenance 

but cultural connections through storytelling, harvesting, 
processing, and sharing of food sources.  

Some of the specific threats to indigenous peoples of Maine 
inherent in climate change scenarios involve the potential loss 
of traditional resources and geographical range changes of 
plant and animal species. For example, moose populations are 
likely to be affected by an increase in ticks as well as less than 
optimal habitat conditions. Rising sea levels may endanger 
Native American coastal middens or damage Wabanaki coastal 
petroglyph sites. Coastal lands likely will continue to be highly 
attractive and potential for housing development both on the 
coast and inland will lead to further land-use changes that may 
restrict access to traditional resource gathering areas. 

  Many reservation economies and budgets of indigenous 
governments depend heavily on agriculture, forest products, 
and tourism. The availability and access to birch, brown ash, 
and sweetgrass, utilized by the indigenous peoples of Maine 
for making fancy baskets and other artistic works, are an 
important component within the tourism industry. However, 
climate change is expected to affect tree health due to two 
major processes: damage to tree tissues resulting in diebacks 
and declines, and increased survival of tree pests due to warmer 
winter temperatures. Maine’s current climate of abundant 
moisture throughout the year predisposes trees to drought 
damage. This occurs when trees can regenerate on sites that 
have enough moisture in normal years but inadequate moisture 
during drought extremes. Such a situation occurred with brown 
ash (or black ash, Fraxinus nigra) when a “100-year” drought in 
May 1985 and 1987 resulted in severe dieback in trees growing 
on sites where high water tables resulted in shallow rooting 
(Livingston 2008). Future scenarios predict more frequent 
drought cycles that may further magnify this relationship and 
reduce future availability of brown ash (Prasad et al. 2007). 

Opportunities & Adaptation
For indigenous peoples around the world, climate change 
brings different kinds of risks and threats to cultural survival, 
and undermines indigenous human rights (IWGIA 2008). As 
illustrated above, the consequences of ecosystem change have 
potential implications to indigenous peoples of Maine for the 
use, protection, and management of wildlife (e.g., moose), 
fisheries (e.g., Atlantic salmon), and forests (e.g., brown ash), 
that may affect customary uses of culturally and economically 
important species. 

Part of the risk assessment that specifically identifies 
indigenous peoples as being disproportionately vulnerable 
to climate change are other issues faced such as political and 
economic marginalization, loss of land and resources, human 
rights violations, discrimination, and unemployment. Native 
Americans historically have suffered higher mortality rates as 
a result of epidemics such as influenza, smallpox, measles, and 
diphtheria. Climate change is projected to directly and indirectly 

Picking sweetgrass  Sea-level rise and human development along the coast may impact opportunities for the 
Wabanaki people to collect sweetgrass utilized for fancy baskets and tribal ceremonies.
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promote the mutation and spread of pathogens responsible for 
epidemic diseases. Significant economic and health disparities 
exist between the indigenous peoples of Maine and all of 
Maine’s population (see box above). Climate change will likely 
magnify these existing problems and this in turn will likely 
influence adaptive capacity of the indigenous peoples of Maine. 

Indigenous peoples worldwide are vital to, and active in, 
the many ecosystems of their lands and territories and may 
therefore help to enhance the resilience of these ecosystems 
(IWGIA 2008, UNPFII 2008). This is critically vital as most of 
the plant and animal species diversity is located predominantly 
in these natural environments where indigenous populations 
co-exist. Wabanaki ancestors have lived in and around Maine for 
more than 12,000 years and have exhibited resilience to changes 
in their local climate. Wabanaki people have survived mass 
immigration, economic destitution, environmental degradation, 
and political, social, and cultural domination. Some of 
indigenous peoples’ contemporary solutions may help society at 
large to cope with impending changes. 

In North America, some indigenous groups are striving 
to cope with climate change by focusing on the economic 
opportunities that it may create (IWGIA 2008, UNPFII 2008).  
For example, the increased demand for wind and solar power 
could make tribal lands an important source of renewable 
energy. This has been explored by indigenous peoples of the 
western and midwestern US, and could be done in Maine. 
In addition, opportunities exist for carbon sequestration 
with tribal forest lands in Maine, as well as with increases in 
summer tourism potential as other parts of the country become 
warmer. Ultimately, lessons and approaches undertaken by 

the indigenous peoples of Maine may 
contribute to efforts being made by 
indigenous peoples worldwide.

Despite being among the most affected 
by climate change, indigenous peoples’ 
rights and concerns in most parts of the 
world have so far been almost silent in the 
climate change discussions and solutions 
proposed at the national, regional, 
and international level (IWGIA 2008, 
UNPFII 2008). It will be important to 
examine closely any legal or institutional 
barriers that may inhibit involvement of 
indigenous peoples of Maine in decision-
making processes as well as design and 
implementation of initiatives to address 
climate change. The livelihoods and 
cultures of the indigenous peoples of 
Maine may very well depend on their 
abilities to participate and provide input in 
the shaping of the new forms of economies 
and sustainable development, including 

decisions on management of natural resources.  
Indigenous peoples are spiritually and culturally invested 

in specific areas of Maine and many of their values, meanings, 
and identities are closely interlinked with features of the 
natural landscape and physical interactions with that landscape. 
Potential ecosystem responses to climate change may alter 
livelihoods and traditions of indigenous peoples in Maine 
and may require monitoring of certain social pathological 
phenomena such as anomie that is sometimes associated with 
rapid and profound cultural changes in society. Additional 
financial resources will be necessary to assist with adaptive 
capacity and mitigation scenarios for the potential responses to 
climate change.

Combinations of public policy (national security, health) 
and climate changes may further challenge indigenous peoples 
of Maine. Increasing restrictions on the US-Canadian border 
have been problematic for indigenous peoples, hampering access 
to traditional hunting and gathering areas and maintaining 
connections with relatives on both sides of the border. As noted 
previously, culturally significant plant and animal species will 
likely migrate northward and near the international boundaries 
of Maine and Canada. The fragmentation of communities 
due to border restrictions, economic reasons in part related to 
availability and access to natural resources, may negatively result 
in further loss of language and cultural identity. 

Challenges still exist in the recognition and application of 
indigenous knowledge systems. How this might be recognized 
and applied in Maine as we move forward seems critical for 
success, and this cooperative endeavor may ultimately be a 
showcase for others to learn from around the world. Indigenous 

Economic and Health Disparities
compared to all of the state’s population, maine’s indigenous peoples: 

have lower per capita incomes ($12,700 versus $19,727);■■

experience higher rates of unemployment (on average double—14.4% versus 6.6%);■■

drop out of school at higher rates and attain higher education at lower rates (more ■■

than 50% fewer complete a degree once starting college as compared to other Maine 
students);

experience higher rates of teen births (on average much higher and nearly doubled ■■

within the 1993-1997 time period to 67.1% as compared to 34.1%);

die at a younger age (on average 60 years old versus 74 years old for all Mainers);■■

may die at higher rates from cancer, particularly lung cancer; and■■

experience higher rates of tobacco addiction, problem alcohol use, and obesity.■■

Barriers to health identified by Maine tribal health directors include transportation; low 
income; prejudice and racism; shortages of qualified health personnel; inadequate state 
and federal funding; lack of access and/or culturally appropriate health care, especially for 
substance abuse treatment and nursing home care; threats from environmental toxics such 
as dioxin, mercury, lead, arsenic, and cadmium; and inadequate public policy, in part due 
to an absence of voting representation in the Maine legislature.

(Kuenhnert 2000, Mills 2002)
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human culture in Maine must be considered one of our most 
precious natural resources. It should be protected, fostered, and 
supported in a manner commensurate with its high value.   

Knowledge gaps
Projections of climate change still have important uncertainties 
regarding the range of effects on ecosystems and specifically 
the frequency and amounts of precipitation as compared 
to temperature (Christensen et al. 2007). For example, will 
increased precipitation and other climate-related changes 
exacerbate health-related concerns with mercury and other 
harmful air pollutants that interfere with people’s ability to 
consume freshwater fishes?

A better understanding of the stressors of climate change 
and interrelationships with land-use changes are important. For 
example, the health of brown ash is dependent on a number 
of factors such as human utilization levels, tree disease, and 
hydrology modifications as a result of dams and other human 
development. Opportunities exist to better understand these 

effects, especially on hydrological influences with dams 
planned for removal on lower portions of the Penobscot 
River. Finally, more research is needed on culturally significant 
animal species as well as other important plant species such as 
fiddleheads and sweetgrass.  

Most of the current climate change research focuses on 
impacts to single sectors (e.g., tourism, wildlife, forests, health). 
More studies are needed to address the interacting responses 
of diverse sectors to climate change. As illustrated above, the 
indigenous peoples of Maine have complex and intertwined 
relationships with multiple sectors. A better understanding 
of these relationships and culturally compatible ways of 
communicating this information will improve adaptive capacity 
and mitigation scenarios.  

What is the level of adaptive capacity and mitigation most 
helpful to the indigenous peoples of Maine? There are important 
lessons to be learned from indigenous peoples of the polar region 
and other parts of the world where the magnitude of change 
caused by climate change is most prevalent (UNPFII 2008). 

moose  An iconic species of Maine – moose are likely to be negatively impacted by tick populations with social, cultural, and economic implications to Wabanaki people and residents of Maine as well as the tourism-related 
branding and visitor viewing opportunities.
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The plant hardiness zones used by farmers and 
gardeners have shifted north, allowing Mainers to 
grow crops, plants, and flowers previously available 
only in warmer climes . Warmer temperatures 
will give farmers and the horticulture industry 
continued access to new crops and livestock .

Farmers and gardeners can expect a greater 
need for irrigation, particularly for high value 
crops, to offset increased soil moisture loss 
through evaporation and transpiration . Increasing 
temperatures will also negatively affect confined 
livestock in the state .

New pests, invasive plants, and pathogens will 
increasingly encroach into Maine, threatening plants, animals, and humans, 
and making management more difficult .

Agriculture is a diverse industry, contributing over $1 billion 
annually to Maine’s economy. Although agriculture has 
undergone significant consolidation in the US over the past 40 
years, farming in Maine is still dominated by small to moderate-
sized, family-owned farms, with major products including dairy, 
potatoes, grains, vegetables and fruits, wild blueberries, and 
ornamental and turf products.

This industry, like other natural resource-based industries 
in Maine, faces substantial effects from projected increases 
in temperature and shifts in the amount and distribution 
of precipitation. In addition to factors like soil texture and 
management inputs, temperature and precipitation are two of 
the driving forces controlling the productivity and, ultimately, 
the viability of agriculture in Maine. This includes both direct 
effects (like the effect of higher temperature on current or 
potential crops) and indirect effects (changing pest pressure, 
for example).

Climate and agriculture: direct and indirect effects
Increasing temperature affects the length of the crop growing 
season and frost-free periods. Amounts and patterns of 
precipitation determine the amount of water available in the soil. 

But agricultural systems can also be affected directly 
by increasing atmospheric CO2 concentration. The “CO2 
fertilization effect” is an increase in plant biomass or yield 
resulting from increased CO2 concentration in the air, which 
increases a plant’s photosynthetic rate and water use efficiency. 
CO2 concentrations of 550-600 ppm (which is predicted under 
the IPCC’s B1 scenario) have been shown to increase plant 
biomass up to 35% (Long et al. 2004), although an increase of 
12-15% is probably more realistic. The CO2 effect is particularly 
striking for cool-season crops, of which Maine has many: 
potatoes, oats, barley, lettuce, broccoli, strawberries. In addition 
to enhanced growth, some evidence suggests that plants under 
these conditions may be moderately more drought-tolerant. 
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One consistent plant response to increasing CO2 levels is 
a reduction in protein concentration in the plant (Idso and 
Idso 2001, Taub et al. 2008), which has clear implications for 
both human and animal nutrition. Potentially serious and 
unpredictable effects, such as how plants defend themselves 
against insects and other pests, could result as plant chemistry 
changes in response to CO2 concentrations.  

Maine farms in the future
All plants respond to temperature. A plant’s growth rate 
generally increases up to some optimum temperature (or range), 
and then declines with further warming. Different crops have 
different optima, which means that the effect of warming will 
not be the same for all of the crops that are grown (or could be 
grown) in Maine. Potatoes have a relatively low temperature 
optima (15-18°C/60-64oF; about the growing season average 
for Presque Isle), and projected temperature increases would 
result in common yield reductions of 25-35%. Some cool-season 
grains would be affected in a similar way, although these losses 
can be moderated by changes in cultural practices like planting 
date. Other vegetable crops, like tomatoes and pumpkins, have 
temperature optima of 25°C (77oF) or above, so in some parts 
of Maine, projected temperatures would be moving towards, 
not away from, their optimal range. An optimum temperature 
range of 30-35°C (86-95oF) makes warm-season grasses like 
corn currently challenging to grow in Maine; these crops would 
benefit from both higher temperatures and a longer growing 
season (depending on related changes in precipitation). Warmer 
temperatures will give farmers access to a broader range of 
hybrids or cultivars for many crops.  

Winter temperatures, which may increase more rapidly than 
growing season temperatures in some parts of Maine, will affect 
a broad range of perennial crops, from the forage grasses and 
legumes grown on dairy farms to tree fruits and wild blueberries. 
Winter warming can negatively influence perennials in several 
ways. First, warm periods during the winter may be sufficient 
to deacclimate these plants, causing them to lose their winter 
hardiness. Subsequent cold weather increases the likelihood 
of winter injury or winterkill (Bélanger et al. 2002). Second, a 
number of crops benefit from the consistent insulation provided 
by snowpack. If winter warming reduces (or eliminates) the 
snowpack, or results in the formation of ice sheets, severe 
winterkill is likely. Warming in winter and during the growing 
season will also shift the timing of significant developmental 
events (like bud break and flowering) for tree fruit and other 
crops. Wolfe et al. (2005) have already documented that leaf and 
flower emergence of lilac, apple, and grape shifted two to eight 
days earlier in the spring during the period from 1965 to 2001. 
These changes are similar to those shown by Chmielewski et al. 
(2004) in Europe. While the US Department of Agriculture has 
not yet revised the official plant hardiness zones, the Arbor Day 
Foundation (2006) released new maps in 2006 (Figure 20).

Even if precipitation during the growing season is uniformly 
distributed, less water will be available for plants, because the 
higher temperatures will result in greater transpiration (loss of 
water from the plants) and evaporation (from soil). The more 
frequent, high-intensity rainfall events predicted for the future 
are less effective at replenishing soil water supplies and more 
likely to erode soil. Crops that complete their development 
and set yield during the summer months (including high-value 

wild blueberries and potato) will be 
severely affected if irrigation is  
not available.  

Agricultural pests, including 
insects, weeds, viruses, and other 
pathogens, are serious threats. Like 
crops, weeds respond to increasing 
CO2 concentration, and could gain 
advantage over associated crops. 
Higher temperatures increase 
development rates of insects, just as 
they do for plants, and this can alter 
plant-pest interactions in several 
ways (Ward and Masters 2007). 
Current pests like the Colorado 
potato beetle, which completes one 
full generation per season in Maine 
under current conditions, may 
complete multiple generations under 
warmer temperatures and a longer 
growing season, increasing potential 
crop damage and the cost of control 

Zone
 ■ 3
 ■ 4 
 ■ 5
 ■ 6
 ■ 7      

1990 2006

Maine Hardiness Zones, 1990 and 2006 

Figure 20  The Arbor Day Foundation (2006) revised plant hardiness zones used by farmers and gardners, based on data from 5,000 National Climatic Data 
Center cooperative stations across the continental United States. A northward shift in zones reflects a warming climate.
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strategies. Multiple generations of this pest already occur 
in Massachusetts and Connecticut. 

With warmer temperatures, new pests will arrive 
and survive in Maine. For example, the blueberry gall 
midge, which has been a problem in southern areas 
like New Jersey, is already affecting wild blueberries 
in eastern Maine. Moderating winter temperatures, 
especially in coastal and southern Maine, also increase 
the likelihood that pests that are currently migratory 
and thus sporadic in Maine could successfully 
overwinter here; for example, many aphid species 
arrive with storm fronts from the south each year 
(aphids are primary vectors for many plant viral 
diseases). While there is a possibility that natural 
predators and the activity of beneficial insects may 
also increase, most of these potential changes in 
plant pests suggest increased use of pesticides, which 
carries economic, environmental, and human health 
implications.

The effects of increasing temperatures are 
largely negative for animal agriculture in the state. As pointed 
out by Wolfe et al. (2008), a few days of high temperatures 
(and humidity) have a prolonged impact on productivity or 
output, and semi-confined animals like dairy cows already 
experience periods of heat stress. In simulations of the higher 
emission scenarios, Wolfe et al. (2008) noted the heat stress 
would be prevalent throughout most areas of Maine (and the 
Northeast), except for perhaps the northern part of Maine. As 
the cumulative amount of time under even moderate heat stress 
increases, productivity declines, reproductive function may be 
compromised, and the incidence and severity of infections like 
mastitis (an udder infection of dairy cows) increases. Increased 
temperature and precipitation also present a challenge to 
farmers in managing feedstocks on their farm. Feed stored in 
silos can spoil where it is exposed to air and humidity, and feed 
degrades more rapidly in warmer temperatures.

Higher winter temperatures, a greater proportion of rainfall 
to snow, and more frequent high-intensity events all result in 
wetter or muddier conditions, which contribute directly to 
animal stress and may also increase populations of organisms 
responsible for mastitis. For cattle in particular, this increased 
stress level contributes to respiratory infections (pneumonia).  

Opportunities & Adaptation
A warmer growing season represents an opportunity for crop 
agriculture in Maine. Farmers will have access not only to new 
crops that are not currently viable here, but also to a broader 
genetic base for current crops. The likelihood that energy prices 
will increase in the future adds to this opportunity; about 71 
million people currently live within a day’s drive of Maine, 
and transportation costs may make cross-continental (or 
international) movement of food cost prohibitive. 

Agriculture can also play a significant role in the mitigation 
of climate change, as soil is a large potential sink for carbon. 
No-till and low-tillage agriculture, reduced use of inorganic 
nitrogen fertilizers, legume-based cover cropping strategies, 
and on-farm composting all reduce greenhouse gas emissions 
from agriculture. The increasing prevalence of farmers markets, 
community supported agriculture (CSAs), and wholesale and 
retail outlets relying on locally produced foods also can reduce 
the greenhouse gas contributions of food production and can 
increase food quality.

Several prospects temper these opportunities. First, crop 
production will require more inputs; as noted previously, 
pesticide inputs will likely increase and the reliance of 
agriculture on petroleum remains a vulnerability. Second, 
the infrastructure and supporting industries (including input 
retailers, marketing, and processing) have been shrinking in 
Maine for decades as the physical footprint of farming has 
gotten smaller. Crop acreage in Maine has fallen from 600,000 
to 250,000 acres in the last 40 years. It is not realistic to expect 
that Maine can take advantage of any opportunities that climate 
change may present without a concurrent investment in 
infrastructure, including protecting farmland from development.

A recent report from the USDA Forest Service (Figure 21; 
White and Mazza 2008) identifies portions of Maine that are 
expected to experience significant residential expansion.  
This report is relevant to farmland since agriculture and forest 
are intertwined throughout the state, as most farms include 
forest acreage.

Water availability can be manipulated to some extent by 
management techniques, but increased irrigation capacity will be 
a necessity for many sectors of the agricultural industry in Maine, 
particularly for high-value crops. Groundwater is used to a limited 
extent for irrigation in Maine, and withdrawals are replenished 
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by precipitation and snowmelt before the next season. Reduced 
precipitation inputs and increased evapotranspiration may result 
in long-term depletion of some aquifers. Where groundwater 
is not a feasible source of irrigation water, constructed 
impoundments (ponds) will be needed, requiring significant 
investment. Withdrawing water from streams and rivers during 
the growing season will likely be a less prominent source of 
irrigation because of regulation and habitat protection concerns.

Transitional issues like crop selection or modification of 
specific production practices are extensions of what Maine 
farmers have been doing for generations. There are, however, 
several areas where farmers will likely have to make changes 
that require capital expenditures. For example, increased 
temperatures can be managed on dairy farms by either 
modifying existing buildings to provide better ventilation and 
cooling, or constructing new facilities. This is clearly expensive, 
and larger farms may find it easier to capitalize on these changes 
than smaller farms. The same could be said of orchards: if 
climate change results in current apple varieties becoming less 
viable, replacement represents a very large investment. 

Public policy and investment can reduce the negative 
economic impact of these types of changes, and ease the 
transition. Educational programs and research on short-
term adaptation is critical, including in such areas as crop 
adaptation and changes in crop management. Medium-term 
infrastructure improvement, including the development 
and refinement of irrigation, could be aided by cost-share 
agreements, as they have been in the past. Assuring long-term 
access to both land and water resources requires clarification 
and extension of existing policy.

Knowledge gaps
What are the potential effects of increased temperatures on 
the diverse mix of crops and animals produced in Maine? 
For example, the interactions among the components of 
climate change (this includes temperature, water, and CO2 
concentration) are complex, and much of the research to date 
deals with single factors or components. 

What are the estimated costs of replacing infrastructure and 
building flexible capacity for changing crops?  
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positively affect the industry. In particular, the solid wood and 
building materials sectors would benefit from increasing growth 
of traditional high-value species like white pine and aspen. 
However, this simplified view assumes that species and product 
mix do not change, an unlikely scenario as the mix of species, 
and species diversity within forest types, are expected to change.

In addition to the types of trees, climate change also may affect 
overall wood availability and will certainly change the timing of 
forest operations. For example, a longer mud season and shorter 
periods of hard freeze would restrict the harvesting season. 

If climate change results in increased susceptibility to 
insects and disease, the resulting growth losses and dieback 
could profoundly affect the industry. Larger shifts in species 
composition could spur massive areas of die-off, with stumpage 
prices plummeting as salvaged dead and dying timber 
overwhelms the logging sector and floods local markets, and  
forestland owners struggle to coordinate salvage operations, 
deal with fire protection issues, and accelerate reforestation 
schedules. The combination of low stumpage values and 
increased management costs would harm landowners while 
favoring processors, at least in the short term. Particularly 
vulnerable are mills that depend on one or a few species, such as 
mills producing cedar decking, boards, and log homes; veneer 
mills reliant on high-value hardwood species like yellow birch; 
and oriented strand board mills that use aspen. Finally, even if 
catastrophic species losses were avoided in Maine, the industry 

1 Forest Bioproducts Research Initiative, University of Maine; 2 School of Forest Resources and Forest Bioproducts Research Initiative, University of Maine;  
3 Chemical and Biological Engineering and Forest Bioproducts Research Initiative, University of Maine; 4 School of Forestry and Environmental Studies, Yale 
University; 5 Innovative Natural Resource Solutions LLC

As the world’s population grows larger and 
wealthier, pressure will increase on forest resources 
for sustainable building materials, furniture, paper, 
and energy . 

A significant factor affecting the industry will be 
the rate and magnitude of climate change, and 
how these changes influence the adoption of new 
technologies and resulting product mix .

Development pressure reduces the land base available for Maine’s natural resource industries, limiting their 
ability to expand and adapt . Development also reduces carbon stored on the landscape in forests, wetlands, 
and other ecosystems, adding to greenhouse gas emissions .

Forests have been a pillar of Maine’s economy for over 200 
years. Today, Maine’s forest products sector includes 90,000 
private forestland owners, about 2,500 logging and hauling 
service providers, and roughly 300 primary forest products 
processors collectively engaged in the growing, harvesting, 
transporting, and processing of an array of forest products 
(McWilliams et al. 2005, McBride et al. 2008). These products 
range from pulp and paper, hardwood and softwood lumber, 
and various wood composites and panel products, to specialty 
items like dowels and tool handles, and an increasing interest 
in energy products like wood pellets and cellulosic ethanol 
(Benjamin et al. 2009).

Overall, forest-based manufacturing is Maine’s largest 
manufacturing sector, contributing $5.31 billion or roughly 36% 
of the state’s manufacturing sales (NEFA 2007). With direct 
employment of nearly 20,000 people and a payroll of $750 
million, the forest industry is the largest employer in Maine’s 
manufacturing sector and, with wages at roughly twice the state 
average, serves as the lifeblood of many Maine communities. 

Climate and the forest products industry
By directly influencing the geographic distribution, health (tree 
quality and growth rate), and species composition of forests, 
climate indirectly influences the likely products from the forest. 

As described in the forest ecosystems section of this 
report, forest growth rate is expected to increase, which would 
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is still vulnerable to a massive die-off in other parts of the globe 
if other regions dump inexpensive wood and wood products on 
global markets. 

The future of Maine’s forest products industry
Changes in technology, global competition, and forest 
conditions due to climate change will create opportunities 
for the forest products industry as well as the need for 
current industry to adapt to these changes. The foundations 
of Maine´s forest industry include the land, harvest and 
distribution contractors, primary and secondary processors, 
and the employees and business owners that comprise the 
sector. Each step of the production process is subject to wide 
uncertainties under likely global climate change scenarios. As 
a result, the industry should be viewed as an integrated whole 
in assessing opportunities for adaptation to climate change. 
As in the case of a terrestrial ecosystem, if this industrial 
ecosystem or economic “cluster” loses key links due to the 
inability to adapt to rapid transitions, then the entire sector is 
endangered.

The Maine forest products sector is part of a global industry, 
and thus is influenced by multiple external factors in addition 
to climate: changing forest conditions, consumer demands (see 
box below), labor and environmental regulations, processing 

and distribution costs and technologies, and increased global 
competition (Trask et al. 2008).

A key attribute of the Maine forest is its ability to naturally 
regenerate without expensive planting. Global forest products 
competitors from areas such as Chile, Brazil, New Zealand, and 
parts of the southeastern US are largely plantation-based, and 
an increasing proportion of global harvests are coming from 
plantations (Sampson 2005). Plantations would represent a 
significant change for the Maine forest and create questions 
regarding biodiversity. One element of biomass sustainability is 
maintaining the biodiversity of the source forests. 

It is unclear how climate change will influence workforce 
development issues, such as aging demographics within Maine’s 
logging sector (Egan and Taggart 2004) and the increasing 
investment needed to remain competitive in harvesting and 
hauling timber. Fuel costs for harvesting and hauling are also 
climate-sensitive.

Finally, the foundation of Maine’s forest industry is the land. 
Maine lies at the eastern edge of the 26-million-acre Northern 
Forest, and hosts the largest undeveloped forested block in the 
eastern US. The health of Maine’s forest products economy—as 
well as the region’s rural communities—depends on access to 
this forest. Such access is increasingly uncertain under changing 
ownership patterns and land-use trends (see box on next page). 

Supply & Demand in the Forest Products Industry
Maine is 90% forested, and over 95% of that—roughly 17 million acres—is classified as productive timberland, both the highest percentage for 
any state in the nation (NEFA 2007). 

Maine ranks first in timber harvests and forest products output in the northeastern US, and second in the nation in paper production (Innovative 
Natural Resource Solutions 2005). Moreover, harvests are stable and at or near long-term sustainable levels, while softwood and hardwood 
lumber production have increased 250% and 400%, respectively, since 1975 (Innovative Natural Resource Solutions 2005). Unfortunately, these 
efficiency gains have largely occurred through increased capitalization that has displaced labor as a factor of production, and resulted in job 
losses throughout the sector. Changing markets and technologies have led to closure of many small wood processing plants.

Nationally, wood consumption, imports, and harvests also increased during this time. However, beginning in the late 1980s, globalization, a 
strong dollar, and steep declines in federal timber harvests led to increased imports of lumber and panel products, as well as a loss of many 
export markets. Growth in the pulp and paper sector has slowed in recent years, and analysts expect little expansion in US pulp and paper 
manufacturing capacity for at least the next decade (Haynes 2003). 

Global timber harvests, mostly for pulpwood, have increased by 60% since the early 1960s, and demand for forest products is growing as the 
world’s population increases. Rapidly increasing living standards in densely populated developing countries such as China and India (Friedman 
2005) will further intensify pressure on forests. As rural populations decline worldwide (United Nations 2008), forest product consumption 
becomes more reflective of the demands of urban dwellers (e.g., less demand for single family homes and firewood).

Along with the increased demands for building and consumer products will be an increased need for energy. Today, most of the world still relies 
on wood for heating and cooking. Even in Maine, forests supply 20% of the state’s electrical needs, and 25% of overall energy (NEFA 2007). Nine 
biomass-fueled electricity generating plants and three wood pellet mills are located in Maine, with additional mills being planned. Many forest 
industries rely on wood to generate much of the energy they need to support their manufacturing process. Firewood sales topped 400,000 cords 
in 1999 (latest available data), and are expected to increase as fuel oil costs rise (NEFA 2007). 
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Opportunities & Adaptation
A significant factor affecting the industry will be the rate and 
magnitude of climate change, and how these changes influence 
the adoption of new technologies and resulting product mix. 
In general, rapid change is difficult to respond to given fixed 
technologies and input uncertainties that increase the inherent 
risks within the forest products sector.

New technologies have allowed the manufacture of a wider 
variety of products from the forest, expanding the usable portions 
of the tree. The introduction of pulp and paper to Maine over 
100 years ago created a market for smaller trees not suitable for 
the sawmill industry. More recently, composite materials use 
small trees to manufacture large, more uniform materials to both 
compete with traditional lumber markets (beams, sheathing, 

packaging) and evolve into new markets not possible without 
technological advances (e.g., long-span beams and narrow 
aspect shear walls). The interaction of forest characteristics and 
conversion technology ultimately dictate those products which 
are made and also help define the future forest condition. New 
products which are more flexible about the type and attributes of 
the wood required will be more adaptable to change. 

As industry consolidation continues, the need to be globally 
competitive will drive the need for continued investments, such 
as the current $39 million investment at the Huber oriented 
strand board (OSB) mill in Easton (although such investments 
are predicated on long-term availability of wood). The recent 
$140 million conversion of the LP mill in New Limerick from 

Development Pressure on Maine Forests
The last few decades have seen a major shift from forest industry control of Maine timberlands to a host of largely financial interests. 
Financial investors now control approximately one-half of Maine’s large timberland tracts, while industry control has fallen to just 
15% (Hagan et al. 2005). Changing tax and investment laws, globalization, intense competition within the forest products sector, and 
increased demands for residential and resort development drove these ownership changes. As a result, management objectives of Maine’s 
forestlands now include a broader range of goals. 

In addition, development pressure is fragmenting Maine’s forests into smaller parcels, especially near existing metropolitan centers 
(Brookings Institution 2006). Between 1980 and 2000, development altered over 850,000 acres of Maine forest—an area the size of 
Rhode Island. This loss was the result of just 65,000 new residential dwellings, making Maine’s conversion rate of 10 acres per new 
housing unit the third highest behind Vermont and West Virginia (Brookings Institution 2006). These trends will likely continue based on 
analyses by the USDA Forest Service (Figure 21; Stein et al. 2005, White and Mazza 2008). Even in remote areas, forest land values have 
risen to prices above that which can be solely attributed to long-term forest management (LeVert et al. 2007). And one acre converted to 
residential development can compromise many more acres for future timber production, a phenomenon known as “shadow conversion.” 

Over time, these pressures 
have the potential to 
adversely affect the state’s 
forest-based economy 
through (Alig et al. 2004): 
(1) increased parcelization 
of ownerships; (2) increased 
residential development and 
the fragmentation of forests; 
(3) heightened concerns 
and regulation over timber 
harvests and recreational 
use; (4) reductions in the 
land area available for 
timber harvests, recreation, 
and tourism; (5) decreased 
landowner investment in forest 
management; (6) increased 
taxes as municipal budgets and demands for services rise; and (7) increased traffic and congestion that may affect timber hauling costs. A 
related concern is the long-term energy costs of servicing sprawling suburban development across the landscape.

Housing units/sq mile
        No data
       16 or fewer
       More than16, less than 65
       65 or more

Towns
Interstate
Major roads
ME watersheds
ME counties
Public land
Water

   Figure 21   Current and projected housing unit density in southern Maine over the next two decades (White and Mazza 2008).

Development in Maine’s Private Forests, 2000 and 2030
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OSB to oriented strand lumber added 40 jobs to an older facility 
which was becoming increasingly uncompetitive.

Maine’s paper industry is dominated by coated fine paper 
and specialty paper production, which have a major competitive 
advantage because of the quality of fiber from Maine’s slow-
growing tree species. As a result, manufacturing infrastructure 
has evolved over recent decades to focus on coated paper. 
Transitioning to specialty or technical grades of paper (or paper 
made from different trees) represents potential technical and 
economic challenges, and innovation will be key to future 
success in this area. 

The development of products that can use biomass 
components of the forest that are not currently economically 
viable could create opportunities for forest management 
practices (e.g., pre-commercial thinning), which could 
increase growth rate and may permit longer rotation ages. 
Hardwood species such as oaks and hard maples, which can 
be converted to high-value lumber for furniture markets, 
could increase in quantity and quality under appropriate 
silvicultural prescriptions. Alternatively, products and uses that 
are indiscriminate to wood quality may create preference for 
shorter-rotation, biomass-oriented management schemes for 
lower timber grades (e.g., pulpwood and smaller). 

One technology based on lower grade wood supply is the 
“biorefinery” model, which adds value by selling a wide range 
of consumer and industrial chemicals derived from wood. Like 
the oil refining business, it will be anchored with a relatively 
large volume commodity product, such as paper, which enables 
the economy of scale necessary to process large quantities of 
raw material. Also like the oil refinery model, smaller-volume, 
higher-value products will need to be diversified between 
refineries. Biorefineries cannot expect to receive high value for 
products that become over-produced. Where the biorefinery 

model differs from the existing pulp and paper industry is that 
instead of using the residual wood components as a boiler fuel, 
which is a low-value use, they are used for higher-end products. 
This is accomplished through separating the wood components 
and then using each for their own highest-value use. 
Structurally-strong cellulose is best for paper and construction 
materials, and lignin is the highest energy-containing 
component in wood. Hemicellulose is a relatively poor fuel for 
combustion, but is valuable as a food source for organisms that 
produce higher value chemical products, such as organic acids 
and higher alcohols. 

Forest biomass has been used as a fuel for all of human 
history and is the most widely used fuel in the world. Unlike 
other renewable energy resources suitable for Maine, such as 
wind or tidal power, biomass can be stored over time. Wood 
has low density, is relatively dirty to burn (though low in net 
CO2) and cannot be used in internal combustion engines, 
therefore it commands a low price as a fuel. Thus, to add 
value to wood as a fuel, it needs to be improved along these 
three metrics. Pellets are an improvement over biomass and 
firewood as they burn more cleanly and are easier to deliver 
through automated feed systems. If wood is fractionated, the 
lignin portion makes a more valuable fuel as it is more energy 
dense. Adding lignin to pellets improves their pelletizing 
properties and increases their energy density. Gasifying wood 
reduces the pollution associated with burning wood and makes 
it possible to run a combined-cycle gas turbine, making it 
more efficient for generating power than current steam-cycle 
applications. Ethanol from biomass adds considerable value 
to the fuel as it is a good quality transportation fuel. So-called 
second generation biofuels such as butanol or biomass-derived 
hydrocarbons deliver higher energy density than ethanol 
and are more compatible with the existing hydrocarbon fuel 

infrastructure. In some cases, some of the energy 
needed to upgrade wood to higher quality fuels 
can be derived from low-grade waste heat in a 
biorefinery. However, as with all energy supplies, it 
requires an expenditure of some energy to raise the 
quality and utility of other energy. 

Market dynamics and policies will influence 
the success of products (e.g., pyrolysis oils, levulinic 
acid, pellets) which use technologies distinct 
from pulping processes, and their competition 
with traditional forest product industries. This 
competition is already occurring in Sweden, where a 
1991 carbon tax has resulted in significant increases 
in the use of wood biomass for energy. 

Maine may have a significant opportunity in 
this transition due to the existence of smaller pulp 
and other forest products facilities, which are of 
an appropriate scale to be modified over time. 
The transition of such existing infrastructure in 
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conjunction with existing supply-chains, rather 
than construction of new “green-field” sites, will 
require adaptation. 

Increased public awareness of climate change is 
likely to drive consumer interest in climate-friendly 
products. In this respect, forest products offer a 
number of advantages over product substitutes, being 
renewable, recyclable, and sustainable. Indeed, the 
inherent lower energy requirements of wood will 
make products from sustainably managed forests 
more attractive (Sathre and O’Connor 2008).

 Here, Maine has been a national leader, 
with 37% of the state’s productive forestlands 
under independent third-party environmental 
certification through standards set by the 
Sustainable Forestry Initiative, Forest Stewardship 
Council (FSC), and the American Tree Farm 
System. Maine’s first-in-the-nation Master 
Logger program has certified over 100 loggers 
across the state in environmentally sensitive 
harvest practices. And the 2003 Maine Forest 
Certification Initiative set forth a goal of 10 million acres of 
certified forestland in the state. While Maine was an early leader, 
the amount of certified timber has rapidly increased worldwide. 
Over 250 million acres are FSC-certified, the equivalent of 7% 
of the world´s productive forests.

For continued success, marketing of Maine’s forest products 
needs to increase, as certification processes will become more 
sophisticated and techniques such as Life Cycle Analysis and 
documentation of the carbon sequestration value of solid wood 
products and forest system will be necessary.

Alternative policies should include a firm commitment to 
shared prosperity for the region’s rural communities through 
economic diversification strategies that take advantage of the 
region’s social and natural assets. 

Knowledge gaps
Knowledge gaps fall within four broad areas: (1) uncertainty 
regarding feedstock availability; (2) global changes within the 
forest products sector that affect product supplies and market 
competition; (3) effects of future regulations and policies on 
markets and competitiveness between sectors; and (4) the mix 
of products produced within the forest products sector. 

Specific gaps within these areas include:
How will global climate change affect forest species 

composition, productivity, health, and mortality? Will climate 
change cause increased severe weather, which will induce code 
requirements for higher performance building materials? How 
will these changes in turn affect the composition and timing of 
raw material supplies to the industry?

Will changing climate alter the ability of Maine’s forests 
to naturally regenerate? If artificial regeneration is required 

through planting, how would this affect biodiversity and 
forest-related stakeholder values, such as scenic quality and 
recreational suitability?

How will changing ownerships and land uses like residential 
development affect forest investment and access to timber? How 
will industry respond to these changes?

How will climate-induced changes in forest productivity 
here and abroad affect global competition within the forest 
products sector? What are likely differential effects on the 
industry and silvicultural investment?

How will changing consumer preferences for green products 
affect the forest products industry? What effect will carbon 
markets and sustainability issues have on long-term price and 
demand for forest products and forestland ownership, and can 
Maine position itself to use this as a competitive advantage?

How will the production of different forest products in 
response to a changing climate affect employment within 
Maine’s manufacturing sector? How would such changes affect 
the configuration of the forest products cluster (e.g., harvesting, 
transportation, milling, and business-to-business sales of chips 
and shavings)? Emerging evidence suggests that wood-based 
energy uses like pellet mills will be far less labor intensive than 
pulp and paper production.

Finally, how will rising energy costs affect the industry? 
Will higher costs stimulate new markets for wood-based fuels, 
provide opportunities for energy sales to the electrical power 
grid, or drive the co-location of compatible industries that can 
more fully utilize co-generated heat and electrical power? Or 
will higher energy costs undermine profitability within the 
sector? The implications are likely to be complex and unique to 
different players within the broader forest products sector.

Ro
b 

Lil
ieh

ol
m



50 Sector Issues & Opportunities

Maine’s Climate  Future Maine’s Climate FutureMaine’s Climate  Future Maine’s Climate Future

Tourism & Recreation
team leader   Harold Daniel
authors Kathleen P. Bell,1 John Daigle,2 Harold Daniel,3  
Todd Gabe,1 Jessica Leahy2

reviewers David Vail,4 and Andy Shepard5

The future of tourism in Maine
Increasing temperatures may lengthen the season for some 
activities. By extending the peak tourism season, climate change 
could enhance Maine’s perceived strengths related to mountain 
climbing, bicycling, and sailing, and lengthen the season for 
swimming, golf, and riding all-terrain vehicles (ATVs). Currently, 
tourism activity (as indicated by lodging sales) peaks in the 
summer, with July and August accounting for over 40% of total 
lodging sales in recent years (based on data from Maine Revenue 
Services). In comparison, May and October are now considered 
part of the “shoulder seasons” on either side of the peak summer 
tourism season. Under the climate change scenarios, the average 
temperatures in May and October are expected to increase by an 
average of 0.3-0.4°C (0.5-0.7°F) per decade. By the end of this 
century, the average temperatures in May and October could be 
only slightly lower than current average temperatures in June and 
September, respectively. This would benefit tourism businesses, 
but may deter visitors seeking to avoid crowds and high costs 
during what is now the shoulder season.

Warmer temperatures will reduce the number of days with 
suitable conditions for other pursuits. The effects of climate 
change on tourism and recreation are likely to differ across the 
state. Figure 22 shows average March temperatures in northern 
Maine and average April temperatures in coastal Maine. In 
northern Maine, the month of March has historically offered 
temperatures that are ideal for cold-weather outdoor activities 

 
1 School of Economics, University of Maine; 2 School of Forest Resources, University of Maine; 3 Center for Tourism Research and Outreach (CenTRO), University 
of Maine; 4 Bowdoin College; 5 Maine Winter Sports Center

Tourism in Maine relies heavily on outdoor and 
recreational activities, most of which are defined by 
climate conditions . Climate change will likely lengthen the 
season for some recreational activities, while decreasing 
the number of days available for enjoying others . 

While some tourism experiences (e.g., snowmobiling) may 
be degraded by increasing temperatures, Maine tourism 
may still benefit overall if Maine’s climate remains superior 
to the climate in competing regions .

Tourists who visit Maine to fish or view wildlife may be forced to seek recreation elsewhere 
if certain desirable species migrate north as a result of climate change .

Tourism is a major component of the Maine economy. In 2006, 
residents and out-of-state visitors made 10 million overnight 
trips and 32 million day trips to Maine destinations.  These 
trips accounted for $6.7 billion in sales revenue across the state 
(Longwoods International 2007). The Maine State Planning 
Office estimates that the tourism industry supports 140,000 
jobs and generates $3 billion per year in earnings.

Climate and tourism
Tourism in Maine relies heavily on outdoor and recreational 
activities, all of which depend on certain climate conditions. 
Relative to national averages, a high percentage of Maine’s 
overnight visitors participate in activities such as canoeing, 
day cruising, swimming, bird watching, hiking, fishing, 
and experiencing the natural environment (Longwoods 
International 2007). Some of the perceived strengths of Maine’s 
tourism industry include, but are not limited to, “excellent snow 
skiing/snowboarding,” “great river rafting,” “excellent mountain 
climbing,” “great for mountain/off-road bicycling,” “great for 
sailing,” “good for viewing wildlife/birds,” “not too crowded,” 
and “good weather in the summer.” 

Some of the perceived weaknesses of Maine’s tourism 
industry, most relevant to climate change, are revealed by low 
ratings for “good weather in the spring” and “excellent climate 
overall.” Temperature warming trends could diminish or 
enhance these perceived strengths and weaknesses.  
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such as snowmobiling, skiing, ice fishing, and dog mushing (of 
course, December, January, and February also offer conditions 
suitable for these activities). Conditions must be below freezing 
in order to maintain a snow base for snowmobiling and safe 
ice conditions on lakes; in the absence of snow and cold, local 
economies and lifestyles are affected. For example, in 2006 a 
mild winter prompted Piscataquis County officials to ask for 
state and federal assistance to help winter tourism-dependent 
businesses (Associated Press 2006). Piscataquis County, which 
does not feature a network of roads that are maintained in the 
winter, relies heavily on snowmobiling and the network of trails 
throughout the county and state to provide access to local retail 
businesses, restaurants, and lodging. 

Figure 22 shows that average March temperatures 
historically have been well below freezing in northern Maine, 
but by the second half of the 21st century, northern Maine 
may experience less than ideal conditions for cold weather 
activities in the month of March.

During the month of April (Figure 22), the southern coast of 
Maine has historically experienced average temperatures around 
4°C (40°F). Although everyone has a different “comfort zone” for 

participating in outdoor activities, we are using 7°C (45°F) as the 
minimum (daily high) temperature required for activities such 
as golf, tennis, and bicycling (WeatherBill 2007). April climate 
conditions may be suitable in coastal Maine for many warm 
weather activities by the second half of the 21st century.

These examples illustrate how climate change may have 
positive and negative effects on tourism and recreational 
activities. Northern parts of the state may see a decline in 
the annual number of days with weather conditions suitable 
for cold-weather activities. This reduction in the season for 
activities such as skiing and snowmobiling may reduce the 
viability of some tourism-based businesses in northern Maine. 
On the other hand, coastal areas may experience an increase in 
the annual number of days with conditions favorable for warm-
weather activities. This may provide additional opportunities for 
tourism-based businesses in southern and coastal areas.

Temperatures do not tell the entire story. Increasing 
temperatures may also bring increases in summer humidity 
and rain, rendering summer tourism less attractive in spite of 
the longer season in which to enjoy it. Likewise, increasing 
temperatures during the peak of the winter tourist season may 
damage Maine’s winter tourism image with erratic temperatures 
and conditions (e.g., mid-winter rain). This could yield less than 
ideal snow conditions for skiing or snowmobiling even in the 
middle of the winter when conditions should be at their best for 
these activities. 

The cost of fuel will also affect transportation-based tourism, 
such as snowmobiling and boating. All of these potential 
changes could lead to unpredictable summer and winter 
tourism. Climate change, as it affects the landscape, may also 
affect tourist experiences in activities such as bird watching, 
wildlife viewing, and fishing. Cultural heritage tourism 
attractions and activities may be diminished by the potential loss 

Figure 22. Average seasonal temperature in Northern and Coastal Maine per decade
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of moose, trout, and brown ash trees from certain areas of the 
state. Tourists who visit Maine to fish or view wildlife may be 
forced to seek recreation elsewhere if certain desirable species 
migrate north.

Opportunities & Adaptation
Changes occurring outside of Maine influence tourism here. 
If warmer temperatures in southern areas increase the number 
of visitors to Maine during the summer months, the state may 
need additional infrastructure (e.g., hotel rooms, roads, etc.) to 
accommodate tourists during what is already the peak season. 
Likewise, if the summer tourism season is extended by several 
weeks into both May and October, the industry will need 
workers able to commit to a longer period of employment. 
This may increase the current conflict with the US government 
over the limited number of work visas for young workers from 
foreign countries who seek seasonal employment in Maine’s 
hospitality businesses. The state’s tourism industry depends 
heavily on these seasonal workers. Additional vehicular traffic 
could also add to the air pollution that already clouds some of 
Maine’s most scenic attractions.

Other influences may affect how readily a longer season can 
be converted into increased numbers of travelers and increased 
travel dollars during what is currently an off-peak travel time. 
These influences include the traditional timing when schools 
open and close, which affects family travel plans and the 
availability of student labor to staff seasonal businesses.

Tourists may be drawn to the one part of Maine that is 
likely to remain relatively unchanged.  The narrow coastal 
strip of Downeast Maine from Penobscot Bay to Cobscook 
Bay is cooled dramatically by the upwelling cold waters in the 
eastern Gulf of Maine/Bay of Fundy. As described earlier in 
this report in “Maine’s Climate Past,” (page 10) this region 
remained cool and moist even thousands of years ago, when 
interior Maine was much warmer and drier, and there is every 
reason to suspect that the region will be cool and moist in the 
future (as the twice-a-day tides will continue to bring cold water 
to the coast). As heavily populated regions of the Northeast 
megalopolis (Washington, DC to Boston) become increasingly 
uncomfortable in future summers, the cool environment of 
coastal Maine could be even more valued than it is today.  

Knowledge gaps
Will changing weather conditions affect the number of visitors 
to Maine?

Given that other regions will be affected by climate change 
as well, how will Maine’s competitive advantage change relative 
to other places? An examination of climate change projections 
elsewhere and surveys of current tourists (and those who do not 
visit Maine) could help shed light onto these issues.

How will future visitors (and residents) respond to degraded 
natural resources, affected directly by changing weather 
conditions and indirectly from a potential increase in visitors?  

Can we quantify the economic impact of climate change 
on tourism and recreation in 
Maine? This type of analysis 
would require a system to 
monitor tourism visitation, as 
well as climate and changes in 
ecosystems that attract Maine’s 
visitors, such as bird and mammal 
populations (e.g., moose). 
The temperature and relative 
humidity, as well as the number 
of rainy/snowy days, should also 
be monitored at a scale and scope 
that will facilitate analysis of 
visitor impacts across the state.
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Transportation
team leader   Jonathan Rubin
author  Jonathan Rubin1

reviewers  Malcolm Burson2  and Samuel Merrill3

Transportation accounts for 40% of Maine’s 
greenhouse gas emissions . More than 95% of Maine’s 
transportation energy comes from petroleum . 

Reducing transportation-related petroleum demand 
and emissions will benefit Maine’s economy, and 
requires increasing vehicle efficiency, switching to 
alternative fuels that have lower emissions per mile, 
and reducing local demand for transportation . 

Reducing transportation emissions to mitigate climate 
change can have other benefits by improving air quality, alleviating traffic, 
and reducing oil dependency . 

1 Margaret Chase Smith Policy Center, University of Maine; 2 Maine Department of Environmental Protection; 3 Muskie School of Public Service, University of 
Southern Maine

Transportation accounts for 28% of US greenhouse gas 
emissions (EIA 2007). In Maine, transportation accounts for 
40% of the state’s greenhouse gas emissions (MDEP 2008), 
reflecting the rural character of the state. Maine ranks 14th in 
the nation for the number of highway miles traveled (14,912 
miles per year per capita) and 89% of Maine’s work force 
commutes to work by passenger vehicle (Noblet et al. 2006). 

 Since greenhouse gas emissions are proportional to the 
amount of fuel purchased or (in the short term) the number 
of miles driven, the price of fuel can have a large influence on 
emissions. Figure 23a shows the nominal and inflation-adjusted 
average price of gasoline from 1950 to 2008. By historical 
standards, the price of gasoline has been low until quite recently, 
and prices were falling again in late 2008. Inexpensive fuel has 
led, in part, to the shift towards heavier and larger vehicles with 
lower fuel economy. Figure 23b shows a clear, upward trend in 
total vehicle miles traveled (VMT) on Maine’s roads, with a 59% 
increase between 1985 and 2006. How much of the leveling 
off of VMT growth in 2007 is due to the rise in fuel prices is 
unclear. Other factors, such as low population growth with a 
general population shift towards southern and coastal parts of 
Maine, are also important. 

The future transportation climate in Maine
Very few studies have examined state or regional vulnerabilities 
to climate change in the transportation sector. One notable 
exception is the Gulf Coast Study (US Department of 
Transportation 2008), which found that 27% of major roads, 
9% of rail lines, and 72% of ports are potentially vulnerable to 

Transportation is key to the economic and social well-being of 
human society. We all have to move around. Yet transportation 
is responsible for many pressing problems related to climate 
change, including local and regional air quality, land-use change, 
quality of life, oil dependency, and greenhouse gas emissions. 

Climate and transportation
There are two ways of thinking about transportation and climate 
change: how transportation systems affect the climate, and 
how climate change is likely to influence the various modes of 
our transportation system. These dual effects demand that we 
mitigate emissions as well as adapt our transportation system to 
the changing climate. Reducing emissions in response to climate 
change, in turn, can have other benefits by improving air quality, 
alleviating traffic, and reducing oil dependency (Kahn-Ribeiro 
et al. 2007). 

Transportation-related greenhouse gas emissions consist 
largely of CO2 from combustion, but they also include methane 
and nitrous oxide from combustion, and chlorofluorocarbons 
from the use of refrigerants for mobile source air-conditioning 
units. Nationally, 96% of transportation energy comes from 
petroleum (Davis and Diegel 2007); this amount is even higher 
in Maine, as currently we use very little biofuels, natural gas, or 
electricity in transportation. Transportation’s total influence on 
global warming is likely underrated, as aircraft emit greenhouse 
gases directly into the upper troposphere and lower stratosphere 
(Penner et al. 1999). Transportation also has an indirect effect 
on climate change by affecting land development patterns 
(Rubin 2006, Ewing et al. 2008).
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flooding from sea-level rise in the central Gulf Coast region. 
Although a recent study has evaluated some types of economic 
impact of sea-level rise for coastal York County (Colgan and 
Merrill 2008), no comparable assessment has been conducted for 
Maine or New England. While these numbers cannot be used to 
assess Maine’s potential vulnerability, they do give an indication 
of the potential magnitude of the problem. Through flooding 
and erosion, major storms may cause road washouts, rendering 
transportation infrastructure inoperable for long periods of time 
and requiring unplanned and high-cost replacement and repair 
(MDOT 2008). 

Some climate changes will be beneficial for Maine’s 
transportation system. As described in the section on tourism, 
the expected decrease in the length and severity of the winter 
season will likely reduce the cost of snow and ice control and 
provide safer travel conditions. Effects on transportation-
oriented recreation including snowmobiling, ATV use,  and 
boating can be expected, but the net impact on the economy is 
not clear. For example, expected decreases in snow cover will 
lessen the opportunities for recreational snowmobiling, but 
some of this loss may be offset by increases in the use of ATVs. 

The larger issue of replacing infrastructure related to 
transportation and other sectors raises the important issue of 

engineering standards. Although national and state 
standards for construction of roads, bridges, culverts, and 
coastal structures are developed in a conservative manner, 
the implications of changing climate provide an excellent 
opportunity  for reviewing those standards, especially 
as they are influenced by frequency and intensity of 
flooding, coastal storms, etc., in some localities. The 
Maine Department of Transportation has a major project 
underway to assess and develop strategies to replace 
existing culverts.

Opportunities & Adaptation
Actions to reduce petroleum energy use in 
transportation will directly aid Maine’s economy. 
Maine DOT estimates that the strategic investments 
in highway and transit projects identified in their long-
range transportation plan will reduce CO2 emissions 
by 40 to 48 metric tons by 2030 (MDOT 2008). 
Reducing transportation-related petroleum demand 
and greenhouse gas emissions in Maine requires

increasing the efficiency of vehicles  ■■

(e.g., miles per gallon);
switching to alternative fuels that have lower ■■

emissions per mile; and
reducing the demand for transportation. ■■

Vehicle efficiency
In 2005, the Maine Department of Environmental 
Protection adopted two priority recommendations 
identified in Maine’s Climate Action Plan: California 
emission standards for vehicles and California zero-

emission vehicle mandates. Implementation of the tailpipe 
standards is subject to the legal challenge of EPA’s denial of 
California’s waiver for the California standards by Maine and 
other states. The zero-emission vehicle mandate has recently 
been changed by the California Air Resources Board to 
give vehicle manufacturers greater flexibility in meeting the 
production goals by increasing the number of plug-in hybrid and 
other advanced technology vehicles (CARB 2008). 

These measures illustrate the complexity in designing and 
implementing policies to reduce transportation energy use. 
Unlike other sectors of the economy, transportation decisions 
involve multiple actors: private consumers and businesses that 
purchase and use vehicles; local, regional, and state entities 
who make decisions on land-use zoning and infrastructure 
development; and state and national representatives who rule 
on vehicle fuel efficiency and provide funds for transportation 
infrastructure and research. 

Despite the setback in implementing California tailpipe 
standards, landmark federal legislation accomplishes similar 
goals. The Energy Independence and Security Act of 2007 
increases the Corporate Automotive Fuel Efficiency (CAFE) 
standards of the US light-duty vehicle fleet from the 2007 
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Figure 23a   Actual and inflation-adjusted price of gasoline in Maine, 1985-2008 (EIA 2008b).

Figure 23b   Annual vehicle miles traveled in Maine, 1985-2008 (Federal Highway Administration 2008).
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(combined) level of about 25 miles per gallon (mpg) to the 
maximum feasible average to attain 35 mpg—a 40% increase. In 
addition, starting in 2011, the CAFE program will include SUVs 
that were previously exempt. These are national requirements 
that must be met on an average level. The actual fuel economy 
of new vehicles purchased in Maine depends, of course, on the 
decisions of Maine consumers and businesses. Public education 
on the value of purchasing more fuel-efficient cars and trucks 
can help ensure that Maine benefits from the greater availability 
of fuel-efficient vehicles that will be produced by automobile 
manufacturers. However, increases in vehicle and per capita 
miles traveled will more than offset the gains expected from 
higher CAFE standards (Ewing et al. 2008).

Alternative fuels
The Energy Independence and Security Act extends and 
increases the renewable fuel standard to require nine billion 
gallons of renewable transportation fuels in 2008, rising to 36 
billion gallons by 2022. This equals approximately 16% of all 
the fuel used by cars, trucks, and SUVs, or 11% of fuel used by 
all vehicles including buses and heavy-duty trucks. As of 2016, 
all of the increase in renewable fuels must be met with advanced 
biofuels, defined as cellulosic ethanol and other biofuels derived 
from feedstocks other than corn starch (such as municipal 
waste or sugar); mandatory greenhouse gas emission reductions 
associated with these renewable fuels range from 20% to 60%. 
These reductions include methane and nitrous oxide, but do 
not include emissions from direct or indirect land-use change 
related to fuel sources or production.

The University of Maine’s Forest Bioproducts 
Research Initiative is developing cellulosic biofuels 
using wood from Maine forests (FBRI 2008). The 
success and growth of this industry will depend, 
in part, on the technology-forcing mandates and 
standards that emerge in federal legislation. Success 
also depends on Maine vehicle owners’ willingness 
to purchase these new fuels when they become 
available. 

The Bangor Area Transit System uses biodiesel 
and the Island Explorer service on Mount Desert 
Island uses a completely propane-fueled fleet. The 
construction of a compressed natural gas fueling 
station in Portland will enable the METRO transit 
system, school buses, and US Postal Service fleet to 
switch to cleaner fuel (MDOT 2008).

Reducing demand
Compact development can be a crucial strategy 
in combating greenhouse gas emissions from 
automobiles. One of the best ways to get people to 
drive less is to build pedestrian-friendly places with 
a mix of uses, where people can walk, bike, or take 

transit from their homes to offices, schools, restaurants, and 
shopping (Ewing et al. 2008). Efforts by the Governor’s Council 
on Maine Quality of Place and GrowSmart Maine to promote 
sustainable development and combat sprawl, if successful, will 
also help reduce demand for transportation. As jobs concentrate 
in the service center communities, the number of commuters 
will increase, requiring more park-and-ride facilities and 
commuter van pools. Urban transit systems may need to be 
expanded to more distant areas (MDOT 2008).

Knowledge gaps
Clearly, it would be prudent for Maine, alone or in conjunction 
with its New England and Atlantic Province neighbors, to pursue 
an inventory of the transportation sector’s vulnerability to climate 
change. The Transportation Research Board of the National 
Academy of Sciences has made the following recommendations: 
inventory critical infrastructure such as coastal roads, railways, 
transit systems, and runways to assess their vulnerability to 
flooding due to severe storms and sea-level rise; factor anticipated 
climate change into investment and land-use planning decisions; 
integrate evacuation and emergency response to extreme 
weather events into transportation operations; and develop and 
implement monitoring technologies to give advance warning of 
infrastructure failures due to water levels, waves, and wind (TRB 
2008). The State of Maine would be well-advised to undertake all 
of these recommended steps.

How can we promote sustainable development and 
transportation infrastructure without also changing the rural 
nature and quality of life of the state? 

Public Transportation
One of the ways communities and individuals in Maine can use transportation 
to reduce their contribution to climate change is by increasingly choosing to use 
more public, and less private, transportation. According to the American Public 
Transportation Association, the use of public transportation reduces CO2 emissions 
by more than 7.4 million tons per year across the nation (APTA 2008). Not only will 
this lower emissions by having fewer cars on the road, it will help individuals save 
from increasing fuel costs. 

Overall, Maine has seen a significant rise in public transit use over the last 
ten years. According to Maine DOT, ridership not including air or rail was 
at approximately 3.8 million in 2004 compared to 2.4 million in 1999. The 
Downeaster rail service from Portland to Boston has seen significant increases 
since its inaugural year, starting at approximately 164,000 riders in 2002 to nearly 
half a million riders in 2008 (NNEPRA 2008). Increases in public transportation use 
in local areas can also be credited to the University of Maine’s efforts to provide 
free bus service for students and staff. 

Yet public transportation possibilities and capacity remain limited in Maine, 
because mass transit is only feasible in areas with certain population densitites 
and ridership rates.
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Energy
team leader  Mick Peterson
authors  Anna Demeo,1 Mick Peterson,2 and Jonathan Rubin3 
reviewers  John Ferland4 and Michelle Portman5

Imported fossil fuels account for nearly three-quarters of all energy currently 
used in Maine . Maine’s industrial and commercial sector uses more energy than 
the transportation and residential sector . Over 80% of Maine households heat 
with fuel oil, the largest percentage of any state in the United States . 

Maine has significant potential for land-based and offshore wind and wood-fired 
electricity generation, and some of the best tidal energy resources in the United 
States .

Maine has shown regional and national leadership to reduce our greenhouse gas 
emissions . Maine could reduce energy expenditures by adopting cost effective 
measures used in other states, saving hundreds of millions of dollars .

Energy conservation, alternative home heating sources, wind, and tidal power have 
important implications for economic development, cost reductions, and price stability for 
customers, in addition to significant greenhouse gas emission reductions . 

1 School of Marine Sciences, University of Maine; 2 Mechanical Engineering, University of Maine; 3 Margaret Chase Smith Policy Center, University of Maine; 4 
Ocean Renewable Power; 5 Woods Hole Oceanographic Institution

Energy can be viewed in terms of outputs, measured by 
emissions, and inputs, or sources of energy. Fossil fuels (coal, 
petroleum, and natural gas) account for nearly three-quarters 
of all energy used in Maine, and we import all petroleum and 
natural gas used for heating, transportation, and electricity 
generation. Biomass (mostly wood and wood waste) represents 
more than one-fifth of the electricity generation in Maine, a 
higher percentage than any other state (EIA 2008), a reflection 
of Maine’s continuing economic activity in manufacturing and 
the forest products industry. 

Maine’s energy portfolio is unique among New England 
states and, in many ways, the entire country for two reasons. 
First, Maine differs from the rest of the New England region 
by having an industrial sector that uses more energy than the 
commercial and residential sectors. However, Maine’s industrial 
sector uses a significant portion of renewable energy in the form 
of hydroelectricity and biomass (Figure 24). 

The second most striking aspect of Maine’s energy profile 
is that over 80% of households rely on oil for heat, the largest 
percentage in the US (EIA 2008). This, in addition to the fact 
that burning oil produces more greenhouse gases than other 
heating sources such as natural gas, is the reason why Portland 
has the highest per capita residential CO2 emissions of the 
100 largest metropolitan areas in the US (Brown et al. 2008). 
In northern parts of the state, per capita emissions are also 

higher because of the greater number of degree heating days 
(EIA 2008). Maine’s large dependency on oil for heat is also a 
source of significant fiscal vulnerability due to the volatility of 
fuel oil prices. 

Opportunities & Adaptation
Efforts to diversify residential, commercial, and industrial 
energy use away from oil and toward renewable resources 
can reduce emissions and vulnerability to a fluctuating 
global commodity market. Diversity of sources ensures that 
concerns which have occurred in the biofuels sector (such as 
environmental or financial costs), or which would be associated 
with a single high-risk approach, are avoided. 

Alternative energy sources have important implications for 
economic development and cost reduction and price stability for 
customers. In fact, the economics of these technologies are such 
that they can provide an economic engine for the state economy 
by creating new companies and jobs, expanding business for 
existing firms, and lowering energy costs. 

Energy efficiency & conservation
Increased energy efficiency has been identified as the single 
most effective way to enhance Maine’s business climate and 
economic competitiveness (Colgan et al. 2008a). If Maine could 
reduce energy expenditures by adopting cost effective measures 

Ph
ot

os
.co

m



Maine’s Climate  Future Maine’s Climate Future

57Sector Issues & Opportunities

Maine’s Climate  Future Maine’s Climate Future

used in other states, businesses in the commercial 
(non-manufacturing) sector could save $230 million 
annually in energy costs, while businesses in the 
industrial (manufacturing) sector could save up 
to $129 million annually, for a total savings to the 
Maine economy of over $450 million per year at 
today’s energy prices and utilization rates (Colgan et 
al. 2008a). 

Alternative heating methods
Conservation through efficiency improvements and 
increased use of fuels other than oil are both key to 
reducing greenhouse gas emissions from residential 
heating. Over time, natural gas could play a greater 
role as regulation, incentives, and market forces 
increase pipeline infrastructure and allow more 
households the option of switching from oil to gas. 
Alternative hydrocarbon energy sources such as natural gas or 
propane result in lower emissions, but local supplies of these 
fuels could tighten in the future. 

Near-term opportunities exist related to wood, combined 
with electric heat pumps. Heat pumps use electricity to 
transfer heat from cool to warm areas. The most common types 
move heat between the outside air and a house or building. 
Geothermal heat pumps transfer heat from the ground or 
a nearby water source. Because they move heat rather than 
generate heat, heat pumps can provide up to four times the 
amount of energy they consume (DOE 2008). 

Heat pumps are very efficient under all conditions except 
for the coldest days when the ability to extract heat from the 
exterior air or near surface ground is limited, and here is where 

wood can play an important role in Maine’s overall mix of 
heating sources. Wood can serve as an alternative, supplemental 
heat source on very cold days, when heat pump technologies are 
least efficient. Heat pumps are more effective on warmer days, 
when a wood heating system operating with a fully open damper 
(the most efficient mode) generates too much heat. Since only a 
small number of days during the year require large quantities of 
heat from a wood stove, particularly in the southern and coastal 
portions of the state, households in these areas would benefit 
from using complementary heat pump-wood products heating 
systems. The Governor’s Task Force on Wood to Energy (2008) 
recently concluded that Maine has a sufficient amount of wood 
that can be sustainably harvested to supply the conversion of 
45,000 homes (about 10% of Maine residences) from oil to 

wood heat over the next five to seven years. 
The implementation of heat pump-wood 
systems would greatly expand the use of 
wood heat for home heating beyond the 
current 10% projection.

Heat pumps rely on electricity. The 
savings in emissions gained by converting 
to heat pumps requires an increase between 
2.5 and 4 gigawatts of electricity generating 
capacity, more than four times the output 
of the Vermont Yankee nuclear power 
plant. Increased use of traditional electric 
resistance heating would at least triple this 
need. Therefore, widespread implementation 
of heat pumps depends on the success 
of efforts to increase renewable energy 
generating capacity in the state.

Maine is fortunate to have a number of 
renewable resources that could be utilized 
such as water and wind power in addition to 
other conventional sources such as nuclear. 
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fossil fuel-based sources (Wiser and Bolinger 
2007). Energy costs average $0.03-$0.06/
kilowatt-hour, depending on whether or not 
the Federal Production Tax Credit is applied 
(Maine Public Utilities Commission 2005).  

With the Gulf of Maine’s strong, steady, 
year-round winds, Maine is considered to be 
the best state for offshore wind on the East 
Coast (Gies 2008). Offshore wind projects 
are already making significant progress in 
Massachusetts, New Jersey, and Delaware. 
Proposals for projects in Maine waters differ 
in that they will be located much farther from 

shore and in deeper water, to capitalize on the steadier and 40% 
stronger winds that exist offshore. Wind turbines in these areas 
may be expected to produce up to twice as much energy as 
onshore ones (Berlinski and Connors 2006), although they also 
cost twice as much to build.

The extra cost of offshore wind farms is mostly due to 
construction and maintenance difficulties associated with 
working offshore in waters ranging from 60-90 meters deep, 
where 90% of Maine’s offshore wind capacity lies (Musial 
2005). Once constructed, however, offshore wind farms are 
expected to produce greater revenue per unit. The challenges 
facing offshore wind are the overwhelming costs of the required 
generating capacity, the realities of the capital markets, and 
the need to understand the value of the resource and the 
environmental costs (Pehnta 2008).

Power from the sea
The development of new technology is making possible the 
generation of emission-free electricity from Maine’s tidal, river, 
and ocean currents. Tidal in-stream energy conversion devices 
hold promise of being one of the most sustainable methods of 
generating power, and several of North America’s most robust 
tidal energy sites are located in Maine (Bedard and Hagerman 
2006). Unlike dams, which impound tidal waters and operate 
similar to conventional hydroelectric plants, the new devices are 
placed in the free-flowing tidal stream to harness power from 
moving water, to capture part of its kinetic energy. Because 
the devices are deployed below the water surface, there are 
fewer visibility or navigation issues.  Although power output 
is variable like many other renewable energy resources, tidal 
energy is predictable and therefore can be more easily integrated 
into the electricity grid for providing reliable power. Initial 
estimates put the total value of the resource in the range of 200-
250 megawatts (Bedard and Hagerman 2006), although this 
number could prove conservative as research to develop and test 
the technology advances.

Because of the high degree of interest and the unique 
resources that exist in Maine, in-stream tidal energy is a 
promising near-term energy source which could have significant 
employment implications for the state, and provide the initial 
manufacturing and services infrastructure for the eventual 
creation of an ocean energy industry cluster.

Power from the wind
Maine has significant potential for developing wind energy 
both on land and offshore, and is listed as the best state for wind 
energy development on the East Coast and the 19th best in the 
nation (EIA 2008). Land-based wind production is already a 
reality in Maine, in the form of large-scale wind farms, as well as 
small independent wind turbine projects. Currently about half a 
dozen wind farm projects are at various stages of development, 
and only a fraction of the estimated eight gigawatts of potential 
wind power has been realized. 

Terrestrial wind energy technology has seen a reduction 
in cost over the past two decades and is now competitive with Ph
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Nuclear
With the bulk of uranium sources located outside of the US, 
nuclear power does not take us closer to energy independence, 
but it is a step towards lowering CO2 emissions in the state. 
However, other environmental risks and security concerns 
and the associated costs need to be addressed in factoring this 
resource into Maine’s overall energy plan. While such a plant is 
unlikely to be permitted within the state of Maine, nuclear will 
be a part of the overall generating mix with power coming from 
plants located in neighboring states and provinces. 

The economics of conversion
A plan for gradually replacing fossil fuels with electricity 
generated from renewable sources is important for the health 
of Maine’s economy, to promote energy independence, and 
to reduce Maine’s greenhouse gas emissions. While cap-and-
trade systems or a carbon tax may provide incentives for this 
conversion, the cost remains daunting.  

Alternative energy sources in Maine are attractive 
because Maine’s average electricity rate is 39% above the 
national average (although costs are lower than in many of 
our neighboring states). Significant portions of electricity 
costs are unrelated to generation, and include transmission, 
distribution, and “stranded” costs (OPA 2008). Stranded costs 
in Maine are associated with closed or divested generation 
capacity that remains as debts on the utility balance sheet 
which must be paid by the utility customers. These costs are 
insensitive to changes in the source of supply, and thus the 
addition of new sources of electricity will have minimal effect 
on consumers’ electric bills. These non-supply related costs are 
a significant barrier to widespread substitution of electricity as 
a primary heat source.

Cost estimates must consider not only installation and 
construction costs, but also the capacity or efficiency of the 
generation technology. Nuclear plants have an average capacity 
factor of over 91%, depending on how often a plant stops and 
restarts (Blake 2007). Wind has a capacity factor of 25% to 
40%, with recent gains due to improved turbine design and 
siting of turbines (Bird et al. 2005). It is reasonable to assume 
that this capacity factor applies to offshore wind, which is 
more consistent but carries greater logistical difficulties for 
maintenance and support. Tidal energy will likely have a similar 
or slightly higher capacity factor.  

Another factor to consider when estimating costs (and 
carbon footprints) is the entire “life cycle” of a fuel source or 
power plant. Even offshore wind has related emissions and 
environmental concerns (Pehnta et al. 2008). Nuclear power is 
regularly touted as an energy source with zero carbon emissions. 
Although this is true at the point of generation, nuclear power 
plants do contribute CO2 to the atmosphere via mining and 
processing of fuel, plant construction and operation, disposal of 
used fuel and waste products, and decommissioning activities. 

The size of nuclear power’s carbon footprint varies widely due 
to differences in plant type, location capacity, efficiency and 
expected lifetime (Sustainable Development Commission 
2006). A reasonable estimate of total emissions from a 2.5 
gigawatt nuclear plant is 1,354 million pounds of CO2 (Sovacool 
2008), which is far less than the 10,649 million pounds 
produced by the use of oil heat. 

We have estimated that the conversion of 425,000 homes 
from oil to heat pumps would carry a one-time cost of $1.5 
billion. This would require a major effort, but could potentially 
save $4,580 per year per house for a total savings of $1.94 billion 
per year. An additional cost would be incurred for wood pellet 
or other space heating for days when the temperature is too low 
for a heat pump to function efficiently.

Converting to heat pumps would require between $6.5 and 
$22 billion in capital investment in electricity generating capacity 
and upgrades to the transmission and distribution system.  This 
capacity is unlikely to be met by any single source alone. 

Capital costs for the construction and maintenance of 
terrestrial wind farms vary widely based on many factors 
including project size and location, but an average estimate of 
installed true capacity is $2,500-$4,000 per kilowatt-hour (kW; 
Maine Public Utilities Commission 2005).

Current estimates for deep-water offshore wind are $5,000 
to $9,000/kW. The first offshore wind plants, such as the 
General Electric facility in Arklow, Ireland, cost an estimated 
$3,600/kW even though it was located in relatively shallow 
water where a single tower could be placed on the sea bottom. 
Current European shallow-water projects have cost between 
$1,800 and $4,000/kW of capacity with an actual output costing 
an average of $6,900/kW with the 39% average availability 
(European Wind Energy Association 2008).

The cost of constructing a new nuclear power plant is 
estimated at $5,000-$10,000/kW,  with a total initial investment 
of $12 to $18 billion. 

Tidal power has an estimated cost of $5,500/kW installed 
capacity.

Knowledge gaps
Realizing Maine’s alternative energy sources like offshore wind 
will reduce the state’s carbon emissions while creating a new 
industry in the state, but initial investment is necessary. How 
can the state prioritize energy spending in a global economy of 
wildly fluctuating energy costs?

What will it take in terms of cost, effort, and time to convert 
residential heating systems from oil to natural gas, wood, heat 
pumps, or some combination of these? 

What can the state do in support of Maine’s nacscent heat 
pump, tidal, and wind energy industries to ensure business 
competition and the existence of a trained workforce with 
reliable installation skills?
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An Overview of Human Health Issues
author Marcella H. Sorg, Margaret Chase Smith Policy Center, University of Maine

Anticipated climate changes threaten to decrease air quality, increase the spread of animal and microbial sources 
of disease, and increase danger from extreme weather events .

Maine’s readiness for climate disruptions will require expansion of its public health monitoring systems, especially 
for infectious disease and lung health, improved connections with regional and federal health systems, and 
increased disaster response capability .

Humans can survive and even thrive in a wide range of climates. 
Although humans have built physical and technological buffers 
against some conditions, our health ultimately depends on the 
whole of our environmental surroundings, both natural and 
built—our modern human ecology. This is particularly evident 
in our vulnerability to factors mediated by climate, such as air 
and water quality, the spread of animal and microbial sources 
of disease, and the dangers posed by extreme weather events. 
Climate change has major implications for human health 
around the world, and this section provides a generalized 
overview of the issues most relevant to public health in Maine.

Climate and human health
Humans, like all other species, have adapted to a range 
of temperatures and available food sources, in systematic 
relationship to the plants, animals, and even the germs in our 
environment. This ecological view places humans in nature 
in an interacting community of organisms which feed us, and 
also which transmit disease. Just as our health is influenced 
by diseases in our environment, germs and viruses depend on 
humans for survival. All parts of a living community are affected 
by changes in temperature, rainfall, or the geographic ranges of 
organisms. Some of these effects are predictable, but the huge 
complexity of biological relationships creates uncertainty. The 
major areas of human health vulnerability include: (1) threats 
to clean air and fresh water; (2) a largely unpredictable influx 
of new germ-caused diseases; (3) increasing extreme weather 
events; and (4) mental health issues produced by disasters and 
human population death, injury, and displacement.

Temperature affects the geographic range of infectious 
diseases, but weather events affect the timing and intensity of 
outbreaks. The United Nation’s World Health Organization 
(WHO) has warned that more storms, floods, droughts, and 
heat waves will be accompanied by an increase in climate-
sensitive diseases, including malnutrition, diarrhea (an 
important cause of infant mortality), and malaria (McMichael et 
al. 2003). Two inches of rain in 24 hours is the threshold for the 
spread of infectious diseases, which have increased 14% in the 
US (Epstein 2008). Drought punctuated by heavy rains can be 
particularly destabilizing. Clusters of disease (borne by water, 

rodents, and mosquitoes) follow disasters, as public health 
infrastructure is damaged.  

 The future of public health in Maine
In Maine, climate change may have positive effects on health by 
increasing the agricultural growing season and reducing stress, 
injury, or deaths due to the cold. Nevertheless, most health effects 
are expected to be negative, and Maine will be influenced by 
climate effects on the health of populations around the world.

Warmer temperatures in the summer months and more 
frequent heat waves will increase heat-related illness. Heat 
stroke claimed tens of thousands of lives in Europe during 2003, 
and some US cities have also experienced increased deaths 
(Epstein 2005).  

As temperatures increase, the geographic territories of 
disease-bearing insects will likely change, although the exact 
mechanisms are too complex for precise modeling. Because 
insects have metamorphic life cycles, temperature extremes 
and averages may affect life stages (e.g., eggs, larva, and adult) 
differently. For example, Lyme disease is carried by the deer 
tick, Ixodes scapularis, which is associated with abundant 
deciduous forest, a moist climate, and the distribution of its 
most common animal host, the white-tailed deer (Rand et 
al. 2004). The deer tick also carries at least two other human 
diseases: human granulocytic anaplasmosis and babesiosis, and 
may carry Powassan encephalitis as well.  

Lyme disease, identified in 1979 in Lyme, Connecticut, 
appeared in Maine at about the same time the first deer ticks were 
identified, the late 1980s (Rand et al. 2007). The incidence of 
Lyme disease, tracked by the Maine Center for Disease Control 
and Prevention (Robbins 2007), increased gradually at first, and 
has accelerated since the late 1990s, with a 37% increase in 2006 
and 56% increase in 2007 (528 cases; Figure 25).

Since 1989, the Vector-Borne Disease Laboratory at Maine 
Medical Research Institute has researched ticks and their 
association with Lyme disease. Most cases are reported in 
southern and coastal Maine, particularly York and Cumberland 
counties, contiguous with the greatest frequency of identified 
deer ticks (Figure 26). The distribution of deer ticks has been 
moving north along the coast and up the major river valleys. 
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Scientists expect air quality to diminish (Patz 
et al. 2000, McMichael et al. 2003, Weiland et al. 
2004, Confalonieri et al. 2007). Increasing ozone 
and CO2 contribute to smog, which causes 
more hospitalizations and deaths from asthma 
and chronic obstructive pulmonary disease 
(COPD; ALA 2007, Bell et al. 2007). In contrast 
to reductions in atmospheric concentrations of 
sulfate and toxic metals (page 14), deposition 
of nitrate, an acid rain-forming compound and 
an important forest nutrient, has not declined 
and remains an environmental concern. Nitrate, 
along with sunlight and airborne hydrocarbons, 
is important in the formation of ground-level 
ozone (or tropospheric ozone). The relatively 

constant levels of nitrate, sunlight, and natural hydrocarbons 
in the air assures a continuing presence of unhealthy ozone 
episodes. This is not to be confused with stratospheric or 
“good” ozone, which at high elevations (six to 30 miles) in 
the atmosphere protects life from the sun’s ultraviolet light. 

Figure 25 Number of cases of Lyme disease reported to the Maine Center 
for Disease Control.  Source: Maine CDC. 
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Figure 25   Number of cases of Lyme disease reported to the Maine Center for Disease Control, 1986-2007 (Robbins 2007).
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Figure 26  Cumulative number of deer ticks submitted for identification through 2007 to the Vector-Borne 
Disease Laboratory at Maine Medical Research Institute. 

Similarly, cases of Lyme disease have increased in Sagadahoc, 
Knox, and Lincoln counties, and in the lower Kennebec 
River valley. Model studies show that all of Maine will have 
conditions conducive to Lyme disease by 2080 (Epstein 2008). 

Unstable weather is expected to alter the distribution of 
disease-causing mosquito species (Rosenzweig et al. 2001), 
and mosquito-borne diseases are increasing in Maine. Both 
West Nile virus and Eastern equine encephalitis have been 
identified in Maine animals, although no human cases have 
been reported. 

Climate change extremes, including heavy precipitation 
in some areas and drought in others, can affect the supply 
of fresh water. More than 100 pathogens can cause illness 
through contact with water contaminated by sewage, including 
norovirus Norwalk, hepatitis A, and E. coli. Maine is at risk for 
water contamination with increased flood events, particularly 
in communities where sewer systems are not separate from 
stormwater systems, or in areas where surface water supplies 
are vulnerable to contamination. Outbreaks of water-borne 
disease such as giardiasis and cryptosporidiosis are expected 
to increase due to local precipitation-caused flooding (Relman 
et al. 2008). Giardiasis, sometimes called “beaver fever,” is an 
intestinal parasite that lives in humans and other mammals and 
can contaminate drinking water. The number of giardiasis cases in 
Maine has fluctuated from 238 in 2000 to 197 in 2007 (Robbins 
2007). Cryptosporidiosis, caused by an intestinal parasite, is 
frequently found in contaminated water such as swimming pools 
(it is resistant to many chlorine disinfectants), and is often linked 
to contact with farm animals. Reports of cryptosporidiosis cases 
remained stable at 20 reports in both 2000 and 2001, rising to 30 
in 2005, 52 in 2006, and 56 in 2007 (Robbins 2007).

With rising ocean levels, coastal groundwater is at risk 
from increased salinity as seawater invades formerly freshwater 
aquifers. Warmer temperatures and increased rain and snowfall 
may increase the length and intensity of toxic algal blooms or 
“red tides” in coastal waters (Edwards et al. 2006; see also the 
Gulf of Maine section of this report). 



62 Sector Issues & Opportunities

Maine’s Climate  Future Maine’s Climate FutureMaine’s Climate  Future Maine’s Climate Future

Emissions of synthetic chemicals from human activity (e.g., 
chlorofluorocarbons) have depleted this ozone layer, leading 
to increased risks to human health.

Rising amounts of particulate matter, which can originate 
in areas outside Maine or locally from heating fuels and other 
combustion processes, also impair lung health. As heating oil 
becomes more expensive and Mainers are encouraged to burn 
wood, the potential exists for air quality degradation from 
wood smoke, even with newer stove types. Recent research 
comparing residential heating systems has found that, while 
the new pellet stoves produce about 10 times less particulate 
matter than conventional wood stoves, they still produce about 
50 times more particulates than conventional oil furnaces, and 
more of some toxic substances (polycyclic organic compounds 
and naphthalene) than either conventional wood stoves or 
conventional oil furnaces (Dixon 2008). Thus, decisions about 
heating are linked to public health, especially the health of 
children and elders, and should be considered as part of the 
cost-benefit analysis in setting priorities (Byun 2008).

Pollen is one form of airborne particulate matter that can 
cause allergic responses, potentially compounding problems 
from air pollution, especially for those with asthma and/or 
COPD. Plants that produce allergenic pollens such as ragweed 
may be more numerous with higher levels of carbon dioxide, 
and produce greater quanities of pollen, or pollen that is more 
allergenic (Epstein 2005).

Finally, with the anticipated increase in severe weather 
events, along with the rising sea levels, the probability that 
people will be displaced from their homes will also increase. 
Mental health issues that accompany such family disasters are 
also expected to increase.  

Opportunities & Adaptation
Public health successes in the 20th century, mostly focused 
on better sanitation and immunization, made great strides in 
reducing deaths due to infectious childhood diseases. Newer 
challenges have come from chronic diseases and diseases of 
addiction, and the behavioral changes needed to combat them. 
Now we must be prepared for an expanded variety of problems, 
some of which are difficult or impossible to predict (Frumkin et 
al. 2008).  

Maine’s statewide public health system is still relatively new, 
and will need to grow quickly and remain nimble as it faces the 
incoming threats that will be created with the changing climate. A 
robust public health system is one that can respond quickly to a 
range of potential problems, including issues with water supplies, air 
pollution, and a changing and largely new assortment of infectious 
diseases that need to be monitored and addressed (Epstein 2002). 

Our ability to adapt to climate changes that affect health 
depends on having the knowledge to define and address 
new and emerging problems. It also depends on the speed 
with which we can respond to threats. Movement away from 

homeostatic systems of weather and climate, for which we have 
developed solutions to known problems, will present strong 
challenges to public health infrastructure. Maine’s readiness for 
climate disruptions will depend in large part on investment in 
the expansion of the state’s public health monitoring systems, 
especially with respect to infectious disease and lung health, 
interoperability with regional and federal health systems, and 
investment in disaster response capability (Frumkin et al. 2008).

Disaster and public health threat preparedness presents 
challenges in both policymaking and implementation. Some 
decisions about climate-related interventions for health will 
have to be made in the absence of secure data, and our public 
health infrastructure will need to incorporate expertise and 
resources for managing uncertainty (Glass 2008). The climate 
influences on health involve traditional public health topics 
of disease morbidity, mortality, and epidemics, but they also 
involve interactions among large-scale ecological processes 
and socioeconomic systems, and so public health planning will 
increasingly play an explicit role in policy decisions influencing 
the environment and the economy.

Knowledge gaps
Can we evaluate the public health risks posed by storms, 
flooding, and sea-level rise to water quality, and prioritize 
investment in upgrading  wastewater treatment plants, 
combined sewer overflows, and private subsurface wastewater 
disposal systems? 

More research is needed on emerging disease ecologies, 
particularly for vector-borne diseases as they invade temperate 
climates. Species-specific models will be required to differentiate 
complex relationships between vectors, hosts, and within an 
environment of changing population density, land-use patterns, 
and biodiversity issues.

Little is known about the specific pollutants carried in air 
and their effects on human health. Such pollutants change with 
new industrial and agricultural use and atmospheric release of 
chemicals, and potentially react with other substances in the air or 
water. What are the acute and chronic effects of these chemicals?

How can we create residential heating methods for Maine 
that reduce dependence on fossil fuels, but do not further 
pollute air and cause respiratory health problems?

Health policy research is needed to refine understanding 
of the complex public health needs and the roles of the public 
health system in natural disasters, including benefit/cost 
assessments that consider the diverse health consequences that 
occur: trauma, infection, nutritional deprivation, psychological 
damage, population displacement, economic loss. 

Research is needed to develop methods of death 
investigation that better serve public health and safety 
surveillance and outcome evaluation. Expanded skills and 
protocols are needed to consider and document environmental 
causes of death.



Maine’s Climate  Future Maine’s Climate Future

63Sector Issues & Opportunities

Maine’s Climate  Future Maine’s Climate Future

An Overview of Economic Issues
author  Charles Colgan, University of Southern Maine

will occur in Maine independent of events elsewhere, the 
key to determining the extent of the cost effects will be how 
change in Maine takes place relative to changes elsewhere. 
Since climate change is literally a global problem, it will be 
affecting costs everywhere. The key question is: Will Maine be 
disproportionately negatively affected?

For example, as described in the section on freshwater 
ecosystems, water may become more scarce and costly in 
parts of Maine. The perception that Maine is “water-rich” will 
likely change as precipitation patterns become more variable 
and unpredictable. Extended periods of drought could drive 
up water prices, or require more expensive investments in 
infrastructure to maintain water quality and quantity. At the 
other extreme, periods of high precipitation will require greater 
investments in infrastructure to manage flooding events. Recent 
high-volume rain storms have already shown an alarming 
deficiency in the size of culverts needed to protect roads, and 
Maine is facing significant issues and rising costs in managing 
stormwater with existing water systems.

Other changes may be subtle but very real. A number of 
studies have pointed to the vulnerability of significant portions 
of Maine’s coast to the increasing frequency and intensity of 
coastal storm damages resulting from sea-level rise associated 
with climate change. This is true in the beach communities of 
York County, but also in Portland, where the Commercial Street 
area is the site of regular flooding from storms (Slovinsky and 
Dickinson 2006).  

Following the disasters of hurricanes Andrew (1992) and 
Katrina (2005), the private property insurance industry has 
been re-evaluating rates for property insurance in coastal areas. 
Private property insurance is almost unattainable in Florida 

Climate change will affect agricultural lands, forests, and aquatic ecosystems, resources key to Maine’s traditional 
economic foundation . Losses may be offset by new opportunities such as those presented by longer summers or 
new species . 

Climate change could indirectly raise the costs of doing business in Maine . Warmer temperatures and sea-level rise 
will increase risks of flooding and coastal property damages, which will be incorporated into insurance rates and 
availability even before lasting damage occurs . Policy responses to climate change, such as cap and trade emission 
rules or carbon taxes, will alter costs in unknown ways, some of which may be to Maine’s advantage and some of 
which may not .

Economic opportunities include the growing alternative energy industry, inventing new technologies for energy- 
and carbon-efficient products, and developing the expertise to help individuals and businesses adapt across all 
sectors of the economy .

Climate change offers the opportunity to build the local economy and healthier living through locally grown 
foods, community supported agriculture and fisheries, and reduced exposure to harmful chemicals .

In response to climate change, certain economic activities will 
be reduced or even eliminated. Costs will increase for some 
sectors and decrease for others. The potential growth of new 
economic activity could offset some or all of the negative effects 
of a destabilized climate.

Absent an abrupt or clearly dramatic climate change or sea-
level rise scenario, the net effect of climate change, including 
the effects of mitigating actions, could be significantly negative 
or maybe slightly positive. The ultimate answer depends on the 
interaction of four different factors: changes in outputs, changes 
in costs, changed opportunities, and changed perceptions of 
time and risk.

Other sections of this report have described how climate 
change threatens the natural resources on which the Maine 
economy has depended. These include lobsters and other 
commercial fish species, the forests on which the forest products 
industry depends, four-season recreation, and sport fisheries.   

At the same time, warmer temperatures may extend seasons 
for tourism activities such as cruise ships and boating. Longer 
growing seasons will permit farmers to expand the range of crops 
and animals in Maine agriculture. The forest products industry, 
which has been adapting to a changing softwood/hardwood mix 
since the spruce budworm outbreak of the 1970s, will continue 
and accelerate this adaptation. It is highly likely that Maine will 
continue to be characterized by forest products, fishing, and 
agriculture well into the future, but all of these industries will 
likely look somewhat different than they do today.

The impacts of climate change on the costs of doing business 
in Maine are less visible than changes in natural resources, yet 
changes in costs are likely to be as or more significant. Unlike 
the changes in the natural resource industries, some of which 
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and has become a major issue in places like Cape Cod (Mohl 
2007). Federal flood insurance fills part of the need but does 
not cover damage from wind, as many homeowners along the 
Gulf of Mexico have discovered. The “insurance crisis” that is 
now afflicting many other coastal areas has not yet hit Maine, 
but it will probably only take one or two more repeats of 2007’s 
Patriot’s Day Storm to bring the issue to the fore.

Another set of changing costs will emerge from the 
responses designed to mitigate climate change. The two most 
significant economic strategies proposed for mitigation are 
cap-and-trade systems and carbon taxes. Maine is already 
participating in a cap-and-trade system through the Regional 
Greenhouse Gas Initiative. This approach will progressively 
ratchet down emissions, with those electric utilities able to do 
so most efficiently gaining an economic advantage, although the 
effects on different states are still unclear. Federal cap-and-trade 
systems may be created within the next two years. Their effects 
are even more uncertain, particularly how a national system 
would interact with a regional one.

A carbon tax, which many economists believe is the most 
effective strategy for mitigating greenhouse gas emissions (GAO 
2008), is more uncertain as a policy measure. Maine’s heavy 
dependence on fossil fuels would make the state vulnerable to 
disproportionate increases in costs, at least in the short run. 

However, in the long run, the state’s response to a carbon 
tax could offset these cost disadvantages.

Opportunities & Adaptation
The need to mitigate and adapt to climate change also 
presents Maine with economic opportunities. These 
include ideas covered in more detail in many other 
parts of this report, including developing markets for 
Maine forests to be used for carbon sequestration and 
bioproducts. Most notable has been the significant 
investment already underway and planned in alternative 
energy generation, particularly wind power. If fully 
realized, the development of wind power generation 
could be a major industry in Maine for the next decade.

Other opportunities exist in developing and 
marketing the expertise to deal with climate change. 
Maine already has significant economic activity in its 
energy and environment clusters, including a significant 
environmental engineering industry. In addition, the 
worldwide demand for environmentally and energy 

efficient products is likely to grow significantly in response to 
climate change issues, creating significant opportunities for 
Maine firms that can tap these markets (Colgan et al. 2008b).

Knowledge gaps
One of the most significant economic questions emerging 
from the issue of climate change is how to respond to climate 
change when the most significant effects may be decades 
away, but the costs of mitigation and adaptation must be 
borne today, when resources to meet critical social, economic, 
and environmental needs are already short? Economists are 
criticized for believing that costs to be incurred in the far distant 
future are worth less than costs to be paid now, implying that the 
future consequences of climate change should be disregarded. 
Positive net economic benefits could result if the right choices 
on mitigation and adaptation are made, even while society 
continues to debate whether to make those choices, given the 
many uncertainties in the exact extent and timing of climate 
change (Nordhaus 2008).   

Maine people are challenged to reduce the causes of 
climate change by reducing greenhouse gas emissions, while 
simultaneously adapting to a changing climate that is already 
reflecting our history of escalating greenhouse gas emissions 
from the past century or longer.
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Historically, Maine has shown regional and national leadership in addressing environmental issues, and we continue to do so in 
the context of climate change associated with greenhouse gas emissions (see box). Maine conducted its first emissions inventory in 
1995 (Figure 27), and Maine’s Climate Action Plan is a pioneering initiative focused on reducing greenhouse gas emissions to limit 
the degree of climate disruption. However, evidence from ecosystem research and the climate record shows that Maine is already 
experiencing a changing climate, consistent with global warming predictions, perhaps at rates not experienced in modern times. We 
also know that given the amount of CO2  already in the atmosphere, some degree of continued climate change is expected in the 
coming centuries. 

Consequently, Maine needs to expand climate planning beyond mitigation to encompass adaptation to the changes that are 
inevitable, and to capture the economic and management opportunities presented by our changing chemical and physical climate. 

Natural climate change and accompanying changes in ecosystems have defined Maine’s landscape through geologic time. One 
major difference today is that more than 1.3 million people in Maine depend on the ecosystem services and natural resource-based 

economy that has been defined by the climate of the 20th 
century. The current challenge for Maine is to minimize the 
disruption to society and Maine’s economy during a period of 
rapidly changing climate. A successful strategy for addressing 
both climate change and related energy concerns will identify 
and pursue new opportunities during this period of transition. 
The purpose of this initial assessment was to begin a dialogue 
that brings together a broad range of expertise to transform 
existing knowledge into meaningful and productive change.

V conclusion: maine’s Leadership on climate Issues
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Figure 27   Maine’s initial (and thusfar only) greenhouse gas emissions inventory conducted in 1995 using 
1990 data (Simmons and Bates 1995). Total emissions from fossil fuel energy combustion are captured 
in the “Total Energy” column. Additional emissions are from non-combustion sources such as methane 
produced from waste and agricultural operations. Forest carbon storage increases are estimated to offset 
about 12% of total emissions.  

A Timeline of Maine’s Climate 
Actions (from Brooks 2008) 
1995 First statewide greenhouse gas emissions inventory.

2000 State Planning Office drafts a Climate Action Plan.

2001 Governor King joins other Northeastern US governors 
and Eastern Canadian premiers in agreeing to regional 
greenhouse gas reduction goals.

2003 The Maine Legislature enacts the first state law to 
address climate change. Public Law 2003, Chapter 237, 
An Act to Provide Leadership in Addressing the Threat 
of Climate Change (38 MRSA §574-579), required the 
Department of Environmental Protection to develop and 
submit a Climate Action Plan for Maine with the goal of 
reducing emissions to 10% below 1990 levels by 2020 
and, in the long term, “reduction sufficient to eliminate 
any dangerous threat to the climate. To accomplish this 
goal, reduction to 75% to 80% below 2003 levels may be 
required.” 

2004 Climate Change Action Plan is finalized.

2007 Maine becomes a charter member of The Climate 
Registry.

2007 Maine and other states adopt legislation to implement 
the Regional Greenhouse Gas Initiative.

2008 Governor Baldacci asks the University of Maine to draft 
an initial assessment of climate-related changes in Maine 
ecosystems.

2008 Maine takes part in the nation’s first regional greenhouse 
gas emissions auction. 
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 Greenhouse gas concentrations up to the year 2000 are 
observed values; thereafter, the concentrations are based upon 
the Special Report on Emission Scenario A1B (Meehl et al. 
2007; see below). This scenario results in a CO2 concentration 
of about 700 parts per million by the end of the 21st century 
(current concentration is 387 parts per million). The spatial 
resolution of the models is approximately 2° latitude by 2.5° 
longitude, which smooths topography and uses area-averaged 
representations of land and atmospheric processes.

Model Name 
(Country of Origin)

# of 
Runs

Run Duration Year 
start end

CCSM3, (USA) 6 1870 2099

CGGM 3 .1, T47 (Canada) 1 1850 2100

CNRM-CM3 (France) 1 1860 2209

ECHAM5/MPI (Germany) 3 1860 2200

ECHO-G (Germany/Korea) 3 1880 2099

FGOALS-g1 .0 (China) 1 1850 2199

GFDL-CM2 .0 (USA) 1 1861 2200

GFDL-CM2 .1 (USA) 1 1861 2300

GISS-AOM (USA) 2 1850 2100

GISS-EH (USA) 3 1880 2099

GISS-ER (USA) 2 1880 2200

INM-CM3 .0 (Russia) 3 1871 2200

IPSL-CM4 (France) 1 1860 2100

MIROC3 .2-hires (Japan) 1 1900 2100

MIROC3 .2-medres (Japan) 3 1850 2100

MRI-CGCM2 .3 .2 (Japan) 5 1901 2100

PCM (USA) 4 1890 2099

UKMO-HadCM3 (UK) 1 1860 2199

Total: 42

table a1  Individual Model Information. Organized table for the 42 model simulations used. Model names, 
country of origin, number of runs for each model, and year of the beginning and end of the simulations are 
shown. In the case where models having multiple runs run different lengths of time, the period common to 
all simulations is shown.

Historical data
Changes in Maine’s climate were analyzed based on temperature 
and precipitation records from NOAA’s National Cl imatic Data 
Center. Linear trends for the 1895-2007 period were computed 
based on area-averaged monthly data for the three climate 
divisions (Northern, Southern Interior, and Coastal; above). 
These climate divisions span 54%, 31%, and 15% of the state’s 
total area, respectively. 

Although climate division data provide only a broad 
view of the climatic variation within the state, this dataset is 
considered a benchmark for monitoring and assessing long-
term changes. Weather stations representative of the general 
climatic characteristic of a division are used in computations 
of the divisional averages. Furthermore, care is taken to adjust 
the records for reporting errors, and eliminate systematic biases 
and errors stemming from the time of observation, station 
relocation, and instrument change. As with most other climatic 
records, the quality and density of weather station data were 
somewhat sparse during the first half of the 20th century; as a 
result, for the pre-1931 period, simple averaging of all available 
data in the state was used to determine the divisional estimates 
(Guttman and Quayle 1996).

Climate model simulations
As part of the World Climate Research Program’s Coupled 
Model Intercomparison Project, a coordinated effort led to the 
latest compilation of 42 simulations (from 18 different Coupled 
Atmospheric Ocean General Circulation Models, some of which 
are run multiple times) of the Earth’s past, present, and future 
climate (see Table A1 for details; also Chandler 2008). 
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Emissions Scenario for the 21st century (A1B)
One important assumption used in the Coupled Model 
Intercomparison Project models involves the concentrations of 
CO2 for each year in the 21st century. The different projections 
for greenhouse gas emissions are shown in Figure A1; Scenario 
A1B (green) is used for all models in this assessment. Each 
scenario is based on different projections of demographic 
development, socioeconomic evolution, and future 
technologies. None of the scenarios are asserted to be the best, 
because the variables involved are highly uncertain. All scenarios 
are equally likely, according to the IPCC. Scenario A1B is 
utilized herein because it is considered a medium projection 
(Meehl et al. 2007).

Scenario A1B assumes a future world of rapid economic 
growth. The world gross domestic product is assumed to grow 
to approximately $56 trillion (based on 1990 US dollars) in 

2020, $181 trillion by mid-century, and $529 trillion by 2100. 
One major theme includes the declining wealth gap between the 
richest nations and those still developing. The ratio of the per 
capita income in the developed and transitioning countries to 
those in development is 6.4 in 2020, 2.8 in 2050, and 1.6 by the 
end of the 21st century.   

World population is projected to increase at slower rates, 
until a peak of 8.7 billion around 2050. Energy consumption 
is expected to triple between 2020 and 2100, from 711 x 1018 
joules ( J) in 2020, to 1347 x 1018 J in 2050, and 2226 x 1018 J in 
2100. Another major theme of this scenario involves the quick 
development of non-fossil fuel related energy sources. A balance 
of energy sources is assumed. The fraction of energy derived 
from zero carbon sources grows from 16% in 2020 to 36% by 
mid-century to 65% by 2100.   
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Figure a1  Projected global greenhouse gas emission scenarios, 2001 to 2100 (IPCC 2007a). The effects 
of anthropogenic forcing are evident in the models. The 5th and 95th percentile range of models using only 
natural forcing (solar and volcanic) is in blue, and the same ranges for models that also include greenhouse 
gas forcing in pink.   

21st Century Global Emission Scenarios



Maine’s Climate  Future Maine’s Climate Future



MSG-E-09-01
NA06OAR4170108

3000



 

Journal of 
Ecology

 

 2002 

 

90

 

, 235–250

 

© 2002 British 
Ecological Society

 

Blackwell Science Ltd

 

Persistence of coastal spruce refugia during the Holocene 
in northern New England, USA, detected by stand-scale 
pollen stratigraphies

 

MOLLY SCHAUFFLER and GEORGE L. JACOBSON JR

 

Institute for Quaternary and Climate Studies, and Department of Biological Sciences, University of Maine, Orono, 
ME 04469

 

Summary

1

 

Pollen data from wet, forested hollows in five spruce (

 

Picea

 

) stands on the eastern
coast of Maine, USA, reveal that spruce has been well-established (spruce pollen > 6%)
for at least 5000 years at four of the sites (Isle au Haut, Schoodic Peninsula, and Roque
Island). Spruce became dominant in the fifth stand (Blackwoods, Mount Desert Island)
only in the last 2000 years. This is in contrast to pollen stratigraphies from two inland
forest hollows and from inland lakes that indicate a significant region-wide increase in
the abundance of spruce only 1000 years ago.

 

2

 

All five coastal pollen stratigraphies suggest that conditions along the east coast of Maine
became cooler and moister sometime between 6000 and 5000 years ago. Mid-Holocene
changes in vegetation and sediment accumulation correspond with the timing of rapid
increases in tidal amplitude and diurnal mixing of  cold water in the Gulf  of  Maine,
suggestive that these resulted in increased marine effects on the local climate at a time
that was generally warmer than present.

 

3

 

Two inland forest-hollow stratigraphies do not show evidence of mid-Holocene cooling.
Coastal effects therefore persisted for several thousand years despite regional climate
changes.

 

4

 

The pollen data suggest that refugia along the coast (and probably in isolated
sites inland), may have played a critical role in allowing the rapid regional expansion
of  spruce around 1000 years ago. The steep increases in the abundance of  spruce
pollen in all forest-hollow and lake pollen stratigraphies in northern New England at
that time corroborate other evidence of  a region-wide shift to cooler and moister
conditions.

 

5

 

Pollen stratigraphies from small forested hollows provide a means to examine
local vegetation dynamics and interpret those dynamics in the context of  regional
signals.

 

Key-words

 

: climate change, forest hollows, Gulf of Maine, palaeoecology, spruce–fir
forests
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Introduction

 

Palaeoecological evidence from north-eastern North
America has shown that the last millennium was a time
of rapid vegetation change throughout the region
(Jacobson 

 

et al

 

. 1987; Gajewski 1988; Webb 

 

et al

 

. 1993;
Davis 

 

et al

 

. 1980). One of the most notable of these
changes is a large increase – as much as four-fold – in
the amount of spruce (

 

Picea

 

 spp.) between 1000 and

500 years ago. Pollen stratigraphies from lakes across
northern New England and the Midwest indicate that
for most of the Holocene, the north-eastern forests were
dominated by changing assemblages of pine (

 

Pinus

 

spp.), hemlock (

 

Tsuga canadensis

 

 (L.) Carrière) and
hardwoods, with only small amounts of spruce. Spruce
pollen percentages at these sites often begin to rise
steeply around 1000 years ago (Fig. 1) but do not
reach modern proportions until a few centuries before
European settlement.

This recent expansion of the southernmost popu-
lations of  spruce in North America accompanied a
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climate cooling on the order of 1 

 

°

 

C or less during the
last millennium, and a longer-term cooling of approx-
imately 2 

 

°

 

C and moistening since the mid-Holocene
(Davis 

 

et al

 

. (1980); Gajewski 1988; Almquist 

 

et al

 

. 2001,
and others). This cooling trend during the last half  of
the Holocene is also evident in European pollen data and

was at least hemispheric in extent (Huntley & Prentice
1988). Spruce (

 

Picea

 

 

 

rubens

 

, 

 

P. glauca

 

, 

 

P. mariana

 

) is
favoured by cool and moist growing seasons, and, in
association with fir (

 

Abies balsamea

 

), expanded rapidly
to its present-day range. This extends across the north-
ern part of Maine and along its eastern and middle

Fig. 1 Relative abundances of spruce pollen throughout the Holocene in lake-pollen stratigraphies in northern New England. Y-
axis = cal year , X-axis = percentage of the terrestrial pollen sum. Data are acquired from the North American Pollen Database
(Livingstone 1968 (SL), Davis et al. 1975 (MP), Hadden 1975 (SB), Mott 1975 (LL, BRL), Bostwick 1978 (MIM), Spear 1981
(KP), Suter 1985 (WP), Winkler 1985 (DP), Anderson et al. 1986, 1992 (USBP, GP); Kellogg 1991 (RP), Jacobson unpublished
data (PSP, SP)).
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coast, reaching farthest south in high-altitude sites
along the western and central mountains (Davis 1966;
Seymour 1992) (Fig. 2), where growing seasons are
cooler and moister than in interior lowlands away from
the cold tidal waters of the Gulf of Maine. In fact, the
range for spruce–fir forests in northern New England
follows the boundaries of a hook-shaped regional tran-
sition zone between temperate and northern vegetation
types formed by a cluster of northern or southern range
limits for more than 60 woody taxa of these cooler
regions (McMahon 1990) (Fig. 2).

During the warmer middle Holocene, this regional-
scale transition zone, and in particular the distribution
of spruce-dominated forests, may have assumed a dif-
ferent position (and possibly a different shape). An
isopoll map constructed from data stored in the
North American Pollen Database (available electro-
nically from NGDC, NOAA; Boulder, CO) shows the
broad-scale spatial expansion of  the southern popu-
lations of  spruce in the Great Lakes–Maritimes
region within the last millennium (Fig. 3). The map is
based on a collation of  fossil spruce-pollen records in
lake and peat sediments from 289 sites in north-eastern
North America, and provides a regional overview of
spatial changes in the abundance of  spruce during the
last 3000 years in 250-year time-steps (Schauffler
1998). The rapid expansion of spruce around 1000 years
ago is remarkable because it apparently occurred
across a wide region within just a few centuries, i.e.
within one or two generations.

Regional pollen records from lakes do not have
sufficient spatial resolution to describe the long-term
vegetation changes that occur locally within the transition
zone and help define its position and shape. Here we
examine local pollen records from forested hollows
in coastal and inland sites in Maine and contrast and
compare them with regional pollen records to refine
further the interpretation of vegetation dynamics across
a region during times of changing climate. Several studies
have used forest-hollow pollen stratigraphies to recon-
struct local ecological processes and land-use changes
over time (Björkman 1996; Lagerås 1996; Davis 

 

et al

 

.
1998; others) but few of these local reconstructions have
been assessed in a regional palaeoecological context.
The two types of pollen data represent vegetation
dynamics at different scales and comparisons between
them can reveal much about the regional significance

Fig. 2 Locations of the seven forest-hollow core sites, the
vegetation transition zone formed by northern or southern range
limits for 64 woody taxa in Maine (lines), and the approximate
southern limit for extensive spruce–fir forests (shading).

Fig. 3 Isopoll maps showing changing densities of Picea pollen in eastern North America during the past 3000 years. The 4%
contour on the present-day map approximately follows the modern range for spruce (Burns & Honkala 1990). Pollen data are
from sites in the North American Pollen Database (NAPD).
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of local processes such as fire and other disturbances
(Lindbladh, Bradshaw & Holmqvist 2000).

How did a relatively uncommon species in northern
New England (e.g. spruce) increase so rapidly and
widely with climate change? Were there many small but
ecologically significant populations of spruce scattered
over the landscape that allowed such a rapid expan-
sion? If  such refugia populations of spruce existed, how
may they have been distributed on the landscape and to
what extent have they escaped detection in the regional
pollen records based on lake sediments?

We selected five forest-hollow sites in red spruce
stands along the eastern coast of Maine and two inland
forest-hollow sites in spruce–fir stands in north-central
Maine to reconstruct the local vegetation history at
each site through analysis of fossil pollen and charcoal
in sediments. We used these data to:

 

1

 

investigate how long-term changes in the intensity
of  the marine influences might have an impact on
terrestrial ecosystems during a time of regional climate
change;

 

2

 

compare and contrast evidence of local vegetation
dynamics with regionally observed signals, and;

 

3

 

discuss insights gained from local pollen records
about possible mechanisms for the rapid expansion of
spruce in the region between 1000 and 750 years ago.

 

Materials and methods

 

Stand-scale vegetation dynamics can be identified by
analyses of fossil pollen deposited in wet depressions
within the forest (Bradshaw 1988). These forested depres-
sions are from one to several tens of metres in radius,
are under a closed canopy and are often positioned
between shallow granite bedrock outcroppings or low
rises with thin upland soils. Although the surface may
appear dry in summer and autumn, trapped drainage
and the absorbent organic material keep the underlying
sediment wet year-round, creating anaerobic conditions
in which pollen, and sometimes plant macrofossils,
are preserved stratigraphically for thousands of years.
Roughly half  of the pollen deposited in wet depressions
under a closed canopy comes from local sources (from
within 50 m to a few hundred metres at most, depend-

ing on forest type and canopy structure), a proportion
considered sufficient to describe changes in dominant
taxa in the stand over time ( Jackson & Wong 1994;
Calcote 1995, 1998; Sugita 1995).

 

    

 

The hollows selected all have organic sediment 0.5
and 2.0 m deep, are free of large roots and stones, and
have basal deposits between 4500 and 11 000 years
old. They are at least 100 m from shorelines or forest
edges, are on flat terrain, and are not near any apparent
watercourses or seasonal flowages that would disturb
the sediments. Soils are acidic and are covered by a

 

Sphagnum

 

 carpet occasionally interspersed with sedges,
grasses, and small forest herbs (Table 1). Altitudes are
between 10 and 80 m above mean sea level (coastal
sites) or < 360 m a.s.l. (inland).

 

Coastal sites

 

The five coastal sites are all located within 1.0 km of the
saltwater shoreline (Fig. 2) and range from positions
with island outer-shore exposure to the Gulf of Maine
(the south end of Isle au Haut), to the leeward (east) side
of Mount Desert Island (Blackwoods). The coastal
stands are nearly pure red spruce (

 

Picea

 

 

 

rubens

 

) with
minor amounts of black and white spruce (

 

P. mariana

 

and 

 

P. glauca

 

), fir (

 

Abies balsamea

 

), yellow birch
(

 

Betula allegheniensis

 

), paper birch (

 

B. papyrifera

 

) and
red maple (

 

Acer rubrum

 

). Although spruce and fir are
typically associated with one another in Acadian forests,
amounts of fir are relatively small here.

 

Inland sites

 

The two inland stands are located in Big Reed Pond
Preserve (BRPP), a 1950-ha old-growth forest tract in
north central Maine (Fig. 2) in the upper limits of the
Aroostook River drainage. The Nature Conservancy
Preserve is approximately 80 km north of Upper South
Branch Pond, the nearest lake with a published regional
pollen stratigraphy (Anderson 

 

et al

 

. 1986), and approxim-
ately 250 km north-west of the coast. The two stands in

Table 1 Site characteristics for the seven forest-hollow sites in northern New England. Size refers to the rough dimensions of the
contiguous wet depression from which the core was taken. The depth is the depth of the depression where the core was sampled

Site Size (m)
Depth 
(cm)

Altitude 
(m a.s.l.) Ground cover Modern forest type

Coastal
Isle au Haut, north 5 × 15 68 80 Sphagnum, Carex Red spruce
Isle au Haut, south 1 × 1 46 70 Sphagnum Red spruce, red maple, pitch pine
Blackwoods 80 × 40 179 30 Sphagnum, Carex Red spruce
Schoodic 10 × 30 66 10 Sphagnum Red spruce, red cedar, fir
Roque Island 60 × 15 113 20 Sphagnum, Carex Red spruce

Inland
Big Reed Pond Hollow 15 × 40 56 370 Sphagnum, Carex Spruce–fir, red cedar, mixed hardwood
Buckley Pond Hollow 1 × 2 82 360 Sphagnum Spruce–fir, red cedar, mixed hardwood
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Big Reed presently contain large proportions of red
and white spruce and balsam fir together with a mixture
of northern hardwoods typical of the ‘seepage forest’
type, described by Widoff (1985). Detailed ecological
descriptions of the forest communities in BRPP are
found in Kasmer (1985) and Widoff (1985).

 



 

Sediment cores were collected using a 5.0-cm hand-
driven Russian peat corer (Jowsey 1966) and were
wrapped in plastic and stored at 5 

 

°

 

C until analysis. In
all cases, sediments were uniform highly humified peat
(indicated by highly uniform loss on ignition curves in
each case) except the bottom few centimetres in some
of the cores, which contained a higher proportion of
clay.

 

 

 

For pollen analysis, 0.5 cm

 

3

 

 of sediment was subsampled
from each core at 0.5 cm intervals, except in sections of
cores where pollen concentrations were predicted to be
low, when 1.0 cm

 

3

 

 was used. Subsamples were soaked in
10% KOH and sieved through 143 

 

µ

 

m mesh; 

 

Lycopodium

 

-
spore tablets were added for calculation of  pollen
concentration. Pollen was extracted using HF and
acetolysis, and then suspended in silicon oil, according
to standard procedures used in the Laboratory for
Paleoecology and Paleohydrology at the University of
Maine, modified from Faegri & Iversen (1989).

At least 300 terrestrial pollen grains (arboreal, shrub,
and herbaceous taxa) were counted at each stratigraphic
interval at 400

 

×

 

 magnification (1000

 

×

 

 was used for
verification when necessary). The reported pollen per-
centages are based on the sum of terrestrial pollen and
were calculated and diagrammed using 

 



 

 and

 



 

 software (Grimm 1994). Pollen zones were
defined with the aid of a stratigraphically constrained

 



 

 ordination (Constrained Incremental Sum of
Squares), using a square-root transformation on all
terrestrial pollen taxa that reach percentages larger
than 2% after recalculating sums and percentages (Grimm
1987).

Non-arboreal pollen (NAP) includes the total
number of  all herbaceous terrestrial pollen types and
does not include shrubs or trees. Taxonomy and
authorities for vascular plants follow Gleason &
Cronquist (1991).

Spruce pollen was differentiated only to genus.
Although morphological distinctions have been described
for 

 

P.

 

 

 

rubens

 

, 

 

P. glauca

 

, and 

 

P. mariana

 

 pollen (Birks &
Peglar 1980; Hansen & Engstrom 1985), until very
recently no study has attempted to compare morpho-
logical types from pollen collected only within the
Acadian region, the sole place where the three coexist
(Lindbladh, Jacobson & Schauffler, unpublished). 

 

Pinus

 

pollen grains were differentiated into 

 

Pinus

 

 (sect.

 

Strobus

 

) (

 

Pinus

 

 

 

strobus

 

, white pine) and 

 

Pinus

 

 (sect. 

 

Pinus

 

)

(

 

P. rigida

 

 (pitch pine), 

 

P. banksiana

 

 (jack pine), or

 

P. resinosa

 

 (red pine)) whenever preservation was suf-
ficient to distinguish the two. These are referred to as

 

Pinus

 

 

 

strobus

 

 and 

 

Pinus

 

 (sect. 

 

Pinus

 

).
Palynological distinctions among 

 

Betula

 

 and 

 

Acer

 

pollen types were frequently difficult because of cor-
rosion, and therefore were not attempted.

 

   

 

Local pollen contributes on the order of 45–50% of the
pollen input to small forested hollows in mixed hard-
wood and softwood settings, which is enough to
characterize the contributions of major taxa within about
50–100 m of the sample point (Jackson & Wong 1994;
Calcote 1995, 1998; Sugita 1995). Taxa differ widely in
pollen productivity and dispersivity, which complicates
interpretation of pollen data. Pollen percentages of 6%
(spruce), 20% (pine), 20% (birch) are taken to indicate
presence of these taxa in the local stand, based on sur-
face samples collected in a suite of 20 forest-stands in
northern and coastal Maine (Schauffler 1998). Such
values are typical where several to many trees are found;
but lower percentages are usually associated with the
taxa being absent. Pollen percentages as high as 7% for
hemlock (

 

Tsuga canadensis

 

), 8% for oak (

 

Quercus

 

), and
2% for beech (

 

Fagus

 

) were found in sediments, although
these taxa were absent from local canopies (Schauffler
1998), but fir, generally under-represented in pollen
assemblages, is assumed to be locally present whenever
its pollen is found. Although larch and cedar (

 

Thuja

 

),
are likely to have grown here, the very local representation
of the former and inconsistent preservation of the latter
leads (as here) to low levels in pollen assemblages, and
thus to difficulty in determining the history of their
abundance.

 

   
 

 

Estimated time-scales in calibrated radiocarbon years
(cal year 

 



 

) are based on linear interpolations between
calibrated accelerator mass spectrography (AMS) dates
on plant macrofossils picked from the sediment. All
cores were sieved with a 425-

 

µ

 

m sieve and any identi-
fiable material was picked and archived for possible
dating. With the exception of the bottom section of the
core from Blackwoods, the cores contained relatively
few macrofossils intact enough to identify and thus be
reliable for dating.

Samples were dried, weighed, and analysed by
reduction to graphite according to standard AMS pro-
cedures used by Beta Analytic of Miami, Florida.

Ages reported in cal year 

 



 

 are described in the text
as ‘years ago’. Uncalibrated radiocarbon ages (before
1950) (

 

14

 

C 

 



 

) with 1 

 

σ

 

 errors are presented in Table 2a
and 2b to facilitate comparison with other published
pollen stratigraphies from Maine. Calibrated age ranges
and error bars on age–depth curves include the 2 

 

σ
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Table 2a

 

Radiocarbon ages for coastal forest-hollow sites in northern New England expressed as conventional and calibrated
ages and the type of material analysed. Calibrations were made by Beta Analytic, Inc., using the Pretoria calibration curve (Vogel

 

et al

 

. 1993)

 

Table 2b

 

Radiocarbon ages for inland forest-hollow sites in northern New England (Big Reed and Buckley Hollows) expressed
as conventional and calibrated ages and the type of material analysed. Calibrations were made by Beta Analytic, Inc., using the
Pretoria calibration curve (Vogel 

 

et al

 

. 1993)

Site and laboratory number Depth (cm)
Conventional 

 

14

 

C 

 



 

 (

 

±

 

1 

 

σ

 

)
Calibrated 

 

14

 

C age 
(cal 

 



 

) (

 

±

 

2 

 

σ

 

) Basis

 

13

 

C/

 

12

 

C

Isle au Haut – north site
Beta-92824 40–40.5 1020 

 

± 

 

40 975–835 Charred material –28.5
Beta-94801 47–47.5 1400 

 

± 

 

60 1390–1190 Charred material –29.7
Beta-92825 57–64 3880 

 

± 

 

40 4415–4155 Mixed plant material –27.3
Outliers
Beta-89918  49–51 1046 

 

± 

 

110 Bulk date –27.7

Isle au Haut – south site
Beta-89919 33.5–34 2520 

 

± 

 

60 1145–1540 Charred material, twig –30.2
Beta-94800  43–45 4410 

 

± 

 

60 5275–4850 Charred material –27.9
Outliers
Beta-115565  24–24.5 120 

 

± 

 

140 Bark –28.2
Beta-94799  27–27.5 140 

 

± 

 

60 Twigs –30.0

Mt. Desert Island – Blackwoods
Beta-113234  33–33.5 2980 

 

± 

 

50 3330–2970 Charred material, bark –30.4
Beta-113235  60–60.5 5490 

 

± 

 

50 6395–6195 Charred material –29.3
Beta-103240 89.5–90 7210 

 

± 

 

70 8120–7895

 

Aster

 

 seeds, wood –32.4
Beta-115772  103–103.5 7280 

 

± 

 

60 8145–7930 Seeds and bark –30.4
Beta-113237  136–136.5 9510 

 

± 60 10895–10370 Mixed plant material –27.4
Beta-113238  179–179.5 9970 ± 60 11480–11000 Mixed plant material –34.9
Outliers
Beta-113236  100–100.5 3620 ± 50 Wood & charred material –26.6

Schoodic Peninsula
Beta-114802  42–42.5 3340 ± 50 3685–3455 Bark –32.8
Beta-114803  50–51.5 3720 ± 40 4150–3925 Bark, seeds, insect parts –28.4
Beta-103242  63–64 7140 ± 60 7995–7805 Bark and plant fragments –36.6
Outliers
Beta-113233  30–30.5 250 ± 40 Mixed plant material –27.5

Roque Island
Beta-104757  24–24.5 640 ± 50 670–535 Wood with bark –32.5
Beta-104758  38–38.5 1250 ± 50 1280–1060 Wood with bark –27.2
Beta-104759  55–55.5 2700 ± 40 2860–2750 Conifer cone bract, bark –27.5
Beta-104760  75–75.5 5250 ± 40 6165–5925 Mixed plant material –26.4
Beta-104761  87–87.5 6130 ± 50 7170–6875 Wood fragment, seeds –24.1
Beta-89920  111–113 8510 ± 80 9565–9380 Bulk date –28.7

Site and laboratory number Depth (cm)
Conventional 
14C  (±1 σ)

Calibrated 14C age 
(cal ) (±2 σ) Basis 13C/12C

Big Reed Hollow
Beta-109079  23–23.5 840 ± 40 885–675 Wood –24.9
Beta-94797  32–32.5 1170 ± 60 1245–950 Bark, needles –31.5
Beta-115564  55–55.5 5550 ± 50 6425–6280 Wood –28.8
Beta-81548  57–59 5490 ± 70 6415–6175 Mixed plant material –27.3
Outliers
Beta-94798  44–44.5 2100 ± 50 Plant fragments, twig –25.5

Buckley Hollow
Beta-112287  17–17.5 460 ± 50 540–330 Seeds, wood, insect elytra –27.4
Beta-109080  24–24.5 1220 ± 60 1265–990 Insects, wood fragments –29.6
Beta-112288  29–29.5 2350 ± 50 2465–2315 Wood, flower bract –26.2
Beta-109081  40–40.5 3380 ± 50 3710–3475 Insects, wood fragments –29.6
Beta-112291  69–69.5 6540 ± 50 7480–7295 Wood, plant fragments –26.8
Beta-103239 77.5–78 9550 ± 110 10975–10330 Mixed plant material –38.2
Outliers
Beta-112289 48.5–49 3680 ± 60 Wood fragment –26.1
Beta-109082  52–52.5 2700 ± 50 Wood fragment –25.9
Beta-112290 57.5–58 3850 ± 40 Wood with bark –25.1
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calibration error associated with the Pretoria Calibra-
tion Curve reported by Beta Analytic (Vogel et al. 1993).
Age–depth relationships are also based on two key
events evident in pollen stratigraphies throughout
north-eastern North America: (1) a marked rise in rag-
weed (Ambrosia) pollen and other non-arboreal pollen
types indicates the timing of forest clearance for timber
and agriculture around the late 1700s (McLane 1982;
McLane & McLane 1989), and (2) a broad-scale, rapid,
and apparently synchronous decimation of hemlock
(Tsuga) populations probably by a pathogen which
occurred throughout its range in north-eastern North
America 5500 years ago (14C  4800) (Davis 1981;
Allison et al. 1986; others). Although the increase in
ragweed pollen in an undisturbed forested hollow
could underestimate the timing of regional agricultural
clearing, it is not likely to be by more than a few decades
because of the rapid rate at which the historic clearing
of forests occurred in the region.

  

The total area of macroscopic charred fragments > 425 µm
in sediment subsamples was determined by counting
the number of 1 mm grid squares covered by charred
particles in a known volume of sediment at 1.0 cm
intervals. The area was summed and expressed in terms
of  volume of  sediment (mm2 charred material/cm3

sediment).

Results

The general similarity of the small-hollow pollen profiles
to regional pollen records and the absence of abrupt
stratigraphic changes suggest that these sediment records
are continuous, with no evident hiatuses and no in situ
disturbance of the sediment stratigraphies, with the
exception of a possible hiatus in the middle of the core
from Roque Island. Although the overall proportion of
degraded, unidentifiable pollen in the forest-hollow
sediments is higher than in most lake-sediment strati-
graphies, preservation was sufficient to readily identify
300 grains per level, except in occasional sections of
cores. Sections of  cores that contained a high pro-
portion of indeterminable (corroded or degraded) grains
(i.e. > 15%) probably indicate episodes of drier condi-
tions, when sediments were oxidized.

The rate of pollen deposition in forest hollows is
probably reasonably constant as long as stands remain
forested (Hannon & Bradshaw 1989). Here, pollen con-
centrations vary greatly within each core (as is typical
in peat stratigraphies from bogs), probably indicating
temporal variability in the rate of decomposition of
organic sediments, which increases as temperatures
warm and as sediments become dry and aerated.

Both coastal and inland forest-hollow pollen strati-
graphies indicate the presence of a spruce–tundra
woodland during the early Holocene (in the older cores),
and a late-Holocene increase in the abundance of

spruce (in all cores). However, beyond these broad
similarities, several differences among the stratigraphies
are significant.

 - 

Isle au Haut (north and south sites)

Spruce has been established in both stands on Isle au
Haut since the time sediment began accumulating in
these hollows 4500–5000 years ago, and has remained
well-established until present (Picea pollen 8–20%)
(Fig. 4a,b). Recent increases in spruce and alder (Alnus)
pollen in both pollen stratigraphies suggest conditions
that cooled and moistened 1000–1500 years ago. Large
decreases in tree pollen at around 20 cm, especially at
the southern site, and increases in non-arboreal pollen
(NAP) corroborate historical accounts that report much
of the island was cleared for sheep pasture in the 1800s.

Macrofossils of charred material occur throughout
the top two-thirds of both cores, suggesting fires burned
in the vicinity of both sites during the last 1500 years
(north site) to 2800 years (south site). The wide, visible
band of charcoal between 17 and 19 cm in the core from
the south site contains an order of magnitude more
charred material and particles in a wider range of size-
classes than elsewhere in the core, and could be associated
with Island-wide burning around the time of European
settlement at or very near the sampled hollow.

Blackwoods – Mount Desert Island

The sediment in the Blackwoods hollow is twice as
deep as sediment in other hollows in this study, and
radiocarbon dates indicate an unusually rapid rate of
sediment accumulation in the bottom third of the core,
where macrofossils were well-preserved. The vegeta-
tion history of this site is highly dynamic (Fig. 4c).
Aquatic and wetland pollen types suggest that basal
sediments were deposited in a small postglacial pond
surrounded by a shrub fen in a spruce–tundra setting.
The disappearance of aquatic macrofossils around
135 cm suggests that the pond had become open fen by
10 500 years ago. Increases in tree pollen and Sphagnum
spores, and the disappearance of well-preserved macro-
fossils around 80–85 cm indicate that conditions became
drier between 7500 and 7000 years ago and that the
canopy closed in with hemlock, pine, and spruce.

The stand remained mixed softwoods and hard-
woods for much of the middle Holocene, dominated by
hemlock, white pine, and mixed northern hardwoods
(birch, maple, and beech) and winterberry/mountain
holly (Ilex /Nemopanthus) shrubs in the understorey.
The hemlock decline around 5500 years ago apparently
coincided with a moistening trend (indicated by small
increases in Picea pollen and Sphagnum-type spores).
Hemlock recovered within a few centuries, while spruce
percentages remain low, indicating that conditions here
were apparently not yet ideally suited for spruce.
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Fig. 4 (a)–(g) Lithology and summary pollen diagrams for selected taxa for (a) Isle au Haut (north site) (b) Isle au Haut (south site) (c) Blackwoods (d)
Schoodic Peninsula (e) Roque Island (f ) Big Reed Pond hollow, and (g) Buckley Pond hollow. Pollen percentages are based on the total terrestrial pollen
count. The total area (mm2) for charred material (CP) includes particles larger than 425 µm. The time-scale is in calibrated 14C years, based on AMS dates
and the Ambrosia rise. Note different scales on X-axes. Macrofossils (at Blackwoods only) are indicated by black dots.
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Fig. 4 Continued
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Although it was present, spruce did not begin to
dominate the stand until around 2000 years ago, at
least 1000 years earlier than the regional late-Holocene
spruce rise, reaching present-day proportions only
around 500 years ago.

Schoodic Peninsula

The pollen data here span most of the Holocene and
indicate that spruce has been dominant in the canopy
for the last 5000–6000 years (Fig. 4d). After the mid-
Holocene hemlock decline, hemlock and pine were
apparently replaced by spruce, birch, and fir, which have
remained dominant since. An increase in the moisture
balance between 2000 and 3000 years ago is suggested
by increases in pollen of understorey wetland shrubs
(Alnus, Ilex/Nemopanthus) at around 33 cm.

The small amount of charred material suggests that
major fires burned infrequently, if  at all, in or near this
stand. A major disturbance (the hemlock decline) com-
bined with the development of cool conditions probably
facilitated the subsequent rapid establishment of spruce
and fir.

The percentage of NAP between 12 and 15 cm is 10–
20%, similar to other presently forested sites known to
have been open at one time (Foster et al. 1992). These
high NAP values are accompanied by abrupt decreases
in spruce and fir pollen and by a spike in birch pollen,
suggesting significant local clearing. This possibility is
supported by historic accounts of  farm settlements
on the north end of Schoodic peninsula in the 1800s
(Smallidge 1994).

Roque Island

Spruce pollen percentages > 10% throughout the
length of this core implies that spruce has dominated
for the last 9500 years, probably since its initial arrival

following deglaciation (Fig. 4e). Lake-sediment pollen
stratigraphies elsewhere in northern New England
indicate that spruce had decreased to a mid-Holocene
low by around 10 000 years ago, except those in northern-
most Maine and on Monhegan Island where it decreased
later (Davis & Jacobson 1985). This time-frame is close
enough to suggest that spruce never left the stand on
Roque Island.

The constricted dates and high percentages of
indeterminable (degraded) pollen between 5000 and
3000 years ago suggests there may be a mid-Holocene
hiatus in this core. Spruce does not appear to increase
as much around 5000 years ago here as it does at the other
coastal sites, possibly because it is already abundant in the
canopy (Picea pollen percentages are between 10 and
20%). However, the sharp decrease in Pinus strobus pollen,
and increases in Abies pollen and Sphagnum spores are
other indications that, as at the other coastal small hollows,
cool and moist conditions developed around this time.

Spruce apparently did not reach its present nearly
100% dominance in the canopy until around 800 years
ago, when the local population increased abruptly within
200 years, indicated by a nearly three-fold increase in
its pollen percentage between 25 and 30 cm.

 - 

Big Reed Pond Hollow

Sediments in the stand near Big Reed Pond began
accumulating around 6300 years ago under a canopy
dominated by pine (sect. Pinus) and white pine, with
significant amounts of  hemlock and birch, and ferns
(Polypodium and Osmunda) abundant in the under-
storey (Fig. 4f ). Scattered individuals of  spruce and
fir were probably present, but neither was abundant;
Picea pollen was less than the 6% needed to indicate
significant presence in the canopy (Schauffler 1998).

Fig. 4 Continued
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The nearly five-fold increase in Picea pollen begin-
ning around 1000 years ago, from its low percentages
during the middle Holocene, mirrors the widespread
increase in spruce seen in lake pollen records through-
out north-eastern North America. Increased proportions
of Alnus, Ilex/Nemopanthus, cedar or juniper, and sedge
(Cyperaceae) pollen and Sphagnum spores accompany
the rise in spruce, providing further evidence that
conditions cooled and moistened.

The increase in Ambrosia and other non-arboreal
pollen (NAP) at the top of the core is slight (to 4%), sug-
gesting that there was not significant clearing in the
stand when Europeans settled in the area (c. 1790 ).
Coincident abrupt decreases in tree pollen (possible
indications of forest cutting) are relatively minor.

Buckley Hollow

During the early Holocene, spruce, shrubs (birch spp.,
alder and probably Juniperus), and sedges occupied
this site. The low concentrations of  pollen and high
proportions of NAP (10%) indicate an open and sparsely
covered landscape, which was widespread across the
region following deglaciation (Davis & Jacobson 1985).
Proportions of spruce began to decrease between 9000
and 8500 years ago, and by 7200 years ago a mixed
canopy of white pine, birch, alder, spruce, fir and
understorey ferns replaced the tundra woodland.

The pollen data suggest that this was a mixed soft-
woods stand throughout the mid-Holocene, with a
canopy of Pinus (sect. Strobus) (40–60%), Picea, Abies
and (towards the later Holocene) Tsuga (Fig. 4g). Picea
pollen remained around or slightly above 5% through-
out the mid-Holocene, suggesting that spruce was
present in significant amounts, and possibly codomin-
ant with other softwoods. Hardwoods are less evident
in this stand than in the stand near Big Reed Pond. As
in other small hollow cores in this study and as in lake
pollen records in the region, the proportion of Picea pollen
at Buckley Hollow increased around 1000 years ago.

Evidence of local clearing and agricultural land-use
by European settlers in the late 1700s is slight. Decreases
in the pollen of dominant tree taxa are small, and the
rise in NAP is gradual and increases to only 3% or less.
This implies that although there may have been some
cutting of scattered individual trees, the local canopy
was probably not opened significantly.

The small quantity of charred material in both cores
from Big Reed Preserve indicate that large fires have
not often burned in these stands.

Discussion

     
    
 

The five pollen records from coastal hollows provide
evidence that spruce has been well-established since

the mid-Holocene on the eastern coast of  Maine and
in some places may have persisted throughout the
Holocene since its initial arrival after deglaciation
(Fig. 5). Lake pollen records across northern New
England provide no evidence that spruce was domi-
nant at the landscape-scale during the mid-Holocene
(Fig. 1) and the two cores from Big Reed Preserve have
similarly low abundance of spruce pollen prior to
1000 years ago. One of  the inland cores (Buckley
Hollow), does have enough spruce pollen to suggest
that it may have been codominant in the canopy, with
other softwoods, suggesting that spruce existed in
distinct populations not distinguishable in regional
signals, with its distribution influenced by climatic
variation at both regional and local scales. These
populations appear to have occurred in higher density
along the coast.

The longest documented continuous spruce stand
is at Roque Island, the easternmost of our coastal sites,
where it has been well-established for at least the last
9000 years. Mean monthly temperature data averaged
over the last 78 years for Bar Harbor (Mt. Desert
Island, near the Blackwoods site) and Eastport (east of
Roque Island) indicate that average July temperatures
are 2.6 °C lower at the more easterly station. In addi-
tion, although the entire Maine coast experiences fog
during the summer, easternmost sections receive twice
as many hours of  fog as do regions west and south
of Penobscot Bay (Fobes 1946), creating a gradient in
potential evapotranspiration which decreases eastward
along the coast (McMahon 1990). The cores from
Roque Island and Schoodic Peninsula also contain the
least amounts of charred material, further supporting
the long-term presence of this trend.

Although spruce was already well-established at
all five coastal stands, each of  the stand-scale pollen
stratigraphies indicate a further proliferation of spruce
around 1000 years ago. Similar two- to six-fold increases
in spruce pollen occur in the inland forest-hollow
stratigraphies and in lake-sediment stratigraphies
throughout northern New England; the ubiquity and
magnitude of the increase indicates that this recent
expansion of spruce was widespread and probably
occurred in response to a regional climate cooling
(Figs 1 and 5).

-    
 (     
  ,   
     )

Despite the differences in the timing and development
of the stands, the three older records (Roque Island,
Schoodic Peninsula, and Blackwoods) all indicate major
vegetation changes around 5500 years ago, supported
by high-level splits in  dissimilarity clusters. In
each one, spruce and other taxa favoured by cool con-
ditions increased or pine decreased, or both. The two
cores from Isle au Haut, although too young to show
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these vegetation changes, both began accumulating
sediment between 5200 and 4500 years ago, a possible
indication that conditions had become cool and wet
enough to slow the rate of decomposition and form
perennially wet, anaerobic sediment capable of pre-
serving pollen. Neither of  the inland cores shows
evidence of a cooling in the mid-Holocene, suggesting
that the mid-Holocene cooling was stronger on, and
possibly restricted to, the coast.

The timing of the vegetation change between 6000
and 5000 years ago in these coastal forest stands co-
incides with the time-frame of other indications of cool-
ing of the Gulf of Maine and the possible formation of
foggy conditions along the eastern coast. As the sea-
level rose from a minimum at 12 000 years ago (60 m
below present sea-level), the shape of the semi-enclosed
basin of the Gulf of Maine changed and approached
natural resonance with the lunar diurnal period of tidal
forcing (12.42 h) (Gehrels et al. 1995). Tidal amplitude
increased rapidly between 8000 and 4500 years ago, so
that by 4500 years ago it was about 78% of the present
amplitude (Scott & Greenberg 1983; Gehrels et al.
1995). Shifts in the Labrador Currents may also have
introduced cooler water to the Gulf of Maine during
the middle Holocene (Scott & Collins 1996). Although

there are no precise quantitative estimates of temper-
ature changes in the Gulf, many lines of  evidence
indicate that surface waters cooled during the middle
Holocene (Sanger 1975; McAlice 1981; Schnitker &
Jorgensen 1990; others).

This shift to large tides in the Bay of Fundy–Gulf of
Maine system by the mid-Holocene, combined with
continued rise in sea-level, must have had a large influ-
ence on coastal environments. The stronger tides
caused diurnal mixing of the warm surface water with
cold layers below, lowering surface-water temperatures
and favouring the frequent formation of fog (Schnitker
& Jorgensen 1990). This would have favoured spruce
and fir and discouraged pine by increasing moisture
and lowering temperatures during the growing season
(Davis 1966). Populations of swordfish (which prefer
warm surface water temperatures and had been abund-
ant in the Gulf ) declined during the mid-Holocene
(Sanger 1975), while broad tidal flats formed and
shellfish populations expanded, nourished by increased
productivity of the cold, well-mixed surface-water.
Thus, swordfish bones disappear from the oldest
midden sites around 4000 years ago and numerous
shell-heap middens appear by around 3200 years ago
(Sanger 1975).

Fig. 5 Summary diagram for major taxa and charred material for all seven forest-hollows. Charcoal units are mm2 charcoal /cm3 sediment.
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The long-term presence of spruce in the coastal stands
suggests that the eastern coast of Maine and Canadian
Maritimes, as well as in high-elevation sites elsewhere
in New England (the nearest known large populations
of mid-Holocene spruce) (Davis et al. 1980; Jackson &
Whitehead 1991; Spear et al. 1993) provided locally
favourable conditions and thus enabled spruce survival
during the regionally warmer mid-Holocene. This is
supported by the lake data in Fig. 1 where three of the
six coastal sites (Silver Lake, Shaw’s Bog, and Monhegan
Island Meadow) have higher percentages of  spruce
pollen during the mid-Holocene than the other lakes
do. Neither Ross Pond nor Little Lake, only a few
kilometres from the coast, indicate significant spruce
during the middle-Holocene, suggesting that the influ-
ences that permitted spruce to grow affected only a very
narrow band near the shore, and perhaps even just
stands on coastal islands and peninsulas. Such narrow
ecological zones that harbour refugia may easily be
overlooked by regional palaeoecological reconstructions.

The presence of moderately abundant spruce at
Buckley Hollow throughout the Holocene suggests
however, that microsites favourable for spruce also
occurred inland. But because none of the inland lake
stratigraphies contain much spruce pollen during the
mid-Holocene and because the percentages for spruce
even at Buckley are lower than in the coastal hollows, it
seems likely that refugia spruce stands occurred in lower
density inland, or contained spruce in lower densities,
or both. Analyses from a larger suite of small-hollow
and small-basin stratigraphies in both coastal and inter-
ior geographical areas are needed to test (1) the extent
to which these results can be generalized to coastal and
interior regions and (2) the potential contribution of
other local factors besides climate to differences in
vegetation histories (e.g. fire and other disturbances).

The variable histories of both the inland and coastal
stands, and the length of time for which differences per-
sisted (centuries to millennia) demonstrate that forest
stands respond individually to changes in regional and
extra-local climate and other factors, and that differences
can persist for thousands of years (Davis et al. 1994,
1998). Differences in local factors, including soil type,
local hydrology, bedrock geology, local topography
and local disturbances, in addition to climate, probably
have contributed to the differences in the long-term
success of spruce in the coastal stands. The develop-
ment of forest stands thousands of years ago, influ-
enced by local factors, may have formed a template for
the distribution of stand types in today’s forests (Frelich
et al. 1993). For example, the difference in the relative
proportions of hardwoods and softwoods in the two
stands from Big Reed Pond Preserve have apparently
persisted for thousands of years and up until the
present day. Regional pollen stratigraphies provide a
regional context for interpreting major changes in the

forest-hollow stratigraphies; the unique presence of
aquatic macrofossils and high sedimentation rate in the
depression at Blackwoods during the early Holocene
was probably the result of specific local hydrological
conditions, which probably influenced the relatively
late arrival of forest cover evident at that site compared
with the establishment of forests regionally.

     
   

The large increase in spruce pollen in the last 500–
1000 years evident in all lake and forest-hollow pollen
stratigraphies across northern New England suggests
that scattered refugia populations probably played a
critical role in the recent and extremely rapid expansion
of spruce across the region.

The long-term presence of spruce at several coastal
sites raises questions about which factors most strongly
influence its success. The association of increases in
spruce in coastal stands with the timing of changes in
the Gulf of Maine suggests that marine influences such
as temperature and humidity are important, although
they interact to determine potential evapotranspiration
rates and are difficult to test separately in field condi-
tions. Preliminary observations of red spruce seedlings
in growing chambers, however, suggest a greater growth
response to increases in humidity than to decreases in
temperature (M. Day & R. Jagels personal comm.).
Other studies attempting to isolate the effects of high
temperatures on growth in red spruce suggest that there
is a physiological decline when growing season temper-
atures become too warm (Vann et al. 1993; Alexander
et al. 1995). Other climate-related factors, including low
light-levels associated with frequent fog, direct inter-
action of fog with spruce needles, and the combined influ-
ences of high moisture and low temperatures on improved
water-use efficiency and carbon balance, may give spruce
a competitive advantage over less tolerant species in
coastal settings (Warkentin et al. 1992; Jagels 1991;
M. Day personal comm.). Further, red spruce is susceptible
to winter injury, and its north-eastern maritime distri-
bution may be influenced by moderating effects of
the Gulf  of  Maine on extreme winter temperatures
(Livingston & Day 1999; Lund & Livingston 1999).

-   
       
 

Sampling small hollows allows ecological processes to
be refined spatially and, by comparison with lake pollen
data, local changes can be interpreted in a regional
palaeoecological context. The site-specific nature of
these records (evident in the high variability among the
forest-hollow stratigraphies) means that they can be
used to understand edaphic and microclimate influences
on the forest ecosystems, as well as the history of local
disturbances.
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The pollen stratigraphies from Big Reed Pond Pre-
serve sites corroborate other evidence that major tim-
ber harvesting did not occur here (Cogbill 1985; Moehs
1995), as it did along Maine’s coast. The NAP percent-
ages at the tops of both cores from Big Reed Preserve
are less than 3–4%, well below NAP percentages of 15%
or more in stands in western Massachusetts that had
‘significant cutting in the canopy and sprouting of
chestnut’, and where intensive extra-local clearing of land
is documented (Foster et al. 1992). This is also in con-
trast to NAP between 10 and 20% in sediments deposited
during the last two centuries at Upper South Branch
Pond (Anderson et al. 1986), which suggests there was
less significant harvesting in the stands in Big Reed
than was characteristic elsewhere in northern interior
Maine. All coastal sites had NAP > 5–10% during recent
centuries, and on Isle au Haut (which historic records
describe as largely cleared during the 1800s), recent NAP
percentages are as high as 35% (Schauffler 1998).



With a few exceptions, both interior and coastal cores
contain only minor amounts of charred material. Because
of local variability in forest structure, topography and
variability in the intensity and nature of individual
fires, it is difficult to compare charred material quant-
itatively from site to site. However, in a separate unpub-
lished study, we found a several-cm wide band of
charred material of mixed size-classes in similar forest-
hollow sediments from a stand that was known to have
burned in 1947. Although pollen and charcoal data were
not sampled in this study on a time-scale fine enough to
identify the precise frequency and nature of major dis-
turbances in these stands, the small amount of charred
material and the uniformly small size-distribution of
particles (most charred material is < 1 mm2) present in
the cores suggests strongly that fires have been infrequ-
ent in both coastal and interior stands for much of the
Holocene. Land-survey records confirm that fire fre-
quency has been roughly 800–1100 years or more in
spruce–fir forests in north-central Maine (Lorimer
1977) and are consistent with the decreasing trend in
sediment charcoal across a west-to-east gradient from
Minnesota to Maine documented by Clark & Royall
(1995).

Charred particles in a range of size-classes are, how-
ever, abundant in late-Holocene sediments in the two
coastal cores from Isle au Haut. At these sites, the charred
material dates to times of known local human occupation
in the area during the last 3000–1500 years (Belcher
1989). Although the link between human activities and
the presence of charred material is only temporal, it is
nevertheless interesting.

Conclusions

Spruce has been well-established throughout the Holocene
at several places on the eastern coast of Maine, and at

least since the mid-Holocene at other sites, suggesting
that local marine influences probably overwhelmed the
influence of regional climate warming, if only in a narrow
band and predominantly in the cooler and wetter east.

Major shifts in vegetation were coincident with
archaeological and oceanographic indications of cool-
ing of the surface waters of the Gulf of Maine and the
possible increase in foggy conditions along the eastern
coast between 6000 and 5000 years ago. The local coastal
influence was apparently strong enough to allow the
persistence of a coastal–interior environmental gradient
for at least several thousand years, even in the face of a
changing regional climate.

Favourable microsites also appear to have existed
inland throughout the Holocene and are likely to have
enabled the rapid regional expansion of spruce 1000 years
ago. Lake records alone are not necessarily sufficient to
describe the dynamics of vegetation change in a region,
especially in areas where regional environmental
gradients exist, and where local and regional influences
are likely to be strong enough to compete with one another.
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From: McCollough, Mark
To: Jim Zelenak
Subject: Another citation for spruce-fir and Holocene climate changes
Date: Wednesday, May 25, 2016 10:29:58 AM
Attachments: Golblum and Rigg 2005 climate change spruce fir.pdf

I found this passage this morning in another publication.  The Saarnisto 1975 article may have
important info:

Based on pollen evidence, Edwards et al. (1996) identified
four climate regimes during the Holocene for southern Ontario:
(i) a postglacial cold and dry period ending around
7400 years before present (YBP), (ii) a warm and drier period
ending around 6000 YBP, (iii) a warmer and wetter period
ending around 2000 YBP, and (iv) the cool, temperate
climate of today. These periods are well represented locally
in the postglacial pollen record for one site within LSPP and
three others <3 km from the northern boundary of LSPP
(Saarnisto 1975). In all four locations, white spruce and
black spruce are well represented in the pollen record until
~7800 YBP and are in regional decline through the warmer
periods (7400–2000 YBP) (Saarnisto 1975). During the past
~2000 years, spruce begins to increase in the pollen record,
most likely in response to moderately cooler conditions.

Fir, according to Saarnisto
(1975), experienced a decline in pollen abundance at some
sites during the warm periods from 7400 to 2000 YBP,
while at other sites, pollen influx increased. Pollen evidence
from Upper Mallot Lake (80 km southeast of the study site)
indicates that maple was regionally minor until ~6000 YBP
and became more prominent during the warm–moist period
through 2000 YBP, remaining in the pollen record to the
present (McAndrews and Campbell 1993). This record, which
may include red maple, suggests that maple responded positively
to the regional warming from 6000 to 2000 YBP, corroborating
the response of sugar maple in our study.
-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
306 Hatchery Road
East Orland, Maine 04431
Telephone: (207) 469-7300, Extension 1115
Fax: (207) 469-6725
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Another citation for spruce-fir and Holocene climate changes
Date: Wednesday, May 25, 2016 10:51:59 AM

Also see Jacobson GL Jr, Dieffenbacker-Krall A. 1995. White pine and climate change:
insights from the past. J Fore 93:39-42.

I forgot about your request about lynx PVA.  Will be back to you with more info. 

mark

On Wed, May 25, 2016 at 10:50 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Mark - think we had this in the Climate Change - Forest Mgmt. section of lit on the drive, but there are so
many sources it's hard to keep track.

I've also compiled what I could for PVA-type docs and requested several others from John Fisher at NCTC that I
was unable to download.  I made a new folder on the drive lit cited for PVA, though not all the docs are
specifically about PVA analysis.

On Wed, May 25, 2016 at 8:29 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

I found this passage this morning in another publication.  The Saarnisto 1975 article may
have important info:

Based on pollen evidence, Edwards et al. (1996) identified
four climate regimes during the Holocene for southern Ontario:
(i) a postglacial cold and dry period ending around
7400 years before present (YBP), (ii) a warm and drier period
ending around 6000 YBP, (iii) a warmer and wetter period
ending around 2000 YBP, and (iv) the cool, temperate
climate of today. These periods are well represented locally
in the postglacial pollen record for one site within LSPP and
three others <3 km from the northern boundary of LSPP
(Saarnisto 1975). In all four locations, white spruce and
black spruce are well represented in the pollen record until
~7800 YBP and are in regional decline through the warmer
periods (7400–2000 YBP) (Saarnisto 1975). During the past
~2000 years, spruce begins to increase in the pollen record,
most likely in response to moderately cooler conditions.

Fir, according to Saarnisto
(1975), experienced a decline in pollen abundance at some
sites during the warm periods from 7400 to 2000 YBP,
while at other sites, pollen influx increased. Pollen evidence
from Upper Mallot Lake (80 km southeast of the study site)
indicates that maple was regionally minor until ~6000 YBP
and became more prominent during the warm–moist period
through 2000 YBP, remaining in the pollen record to the
present (McAndrews and Campbell 1993). This record, which
may include red maple, suggests that maple responded positively
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to the regional warming from 6000 to 2000 YBP, corroborating
the response of sugar maple in our study.
-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
306 Hatchery Road
East Orland, Maine 04431
Telephone: (207) 469-7300, Extension 1115
Fax: (207) 469-6725
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
306 Hatchery Road
East Orland, Maine 04431
Telephone: (207) 469-7300, Extension 1115
Fax: (207) 469-6725
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Willey, Seth
To: Zelenak, Jim
Subject: Re: Lynx SSA Monthly Coordination Call
Date: Wednesday, May 25, 2016 1:39:51 PM

no worries.  thanks! 

*******************************************************
Seth L. Willey, Branch Chief
Regional Branch of Classification and Recovery
Mountain-Prairie Region, USFWS
Seth_Willey@fws.gov 
303-236-4257 
*******************************************************

On Wed, May 25, 2016 at 1:33 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I must have replaced your name with Justin's when he was acting for you. Will make sure you are on the next
one. 

On Wed, May 25, 2016 at 1:25 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Will do.

Sorry Seth - I thought we always had you on these, and I copy-pasted from last message, then updated with
changes from State or Service lists ( retirements, job changes, etc.).

I will work with Mary P. to try to get these on FWS calendars again - think we were doing that for a while.

On Wed, May 25, 2016 at 12:50 PM, Willey, Seth <seth_willey@fws.gov> wrote:
can you add me to these in the future?  

*******************************************************
Seth L. Willey, Branch Chief
Regional Branch of Classification and Recovery
Mountain-Prairie Region, USFWS
Seth_Willey@fws.gov 
303-236-4257 
*******************************************************

---------- Forwarded message ----------
From: Abbott, Tyler <tyler_abbott@fws.gov>
Date: Wed, May 25, 2016 at 12:48 PM
Subject: Fwd: Lynx SSA Monthly Coordination Call
To: Seth Willey <seth_willey@fws.gov>

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Mon, May 23, 2016 at 3:58 PM
Subject: Lynx SSA Monthly Coordination Call
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To: bob.broscheid@state.co.us, craig.mclaughlin@state.co.us, Jake Ivan - DNR
<Jake.ivan@state.co.us>, "Odell, Eric" <eric.odell@state.co.us>, "Moore,Virgil"
<virgil.moore@idfg.idaho.gov>, "Dustin Miller (dustin.miller@osc.idaho.gov)"
<dustin.miller@osc.idaho.gov>, Joshua Uriarte <Joshua.Uriarte@osc.idaho.gov>,
"Sallabanks,Rex" <rex.sallabanks@idfg.idaho.gov>, Sam Eaton
<Sam.Eaton@osc.idaho.gov>, Chandler.woodcock@maine.gov, "Connolly, James"
<James.Connolly@maine.gov>, "Vashon, Jennifer" <jennifer.vashon@maine.gov>,
moritzw@michigan.gov, DNR-Wildlife@michigan.gov, bumpa@michigan.gov,
kennedyd@michigan.gov, commissioner.dnr@state.mn.us, rita.dixon@idfg.idaho.gov,
jim.leach@state.mn.us, Paul.Telander@state.mn.us, "Baker, Richard (DNR)"
<richard.baker@state.mn.us>, "Erb, John D (DNR)" <john.erb@state.mn.us>,
jhagener@mt.gov, JTubbs@mt.gov, "McDonald, Ken" <kmcdonald@mt.gov>, "Inman,
Bob" <bobinman@mt.gov>, Jay Kolbe <jkolbe.fwp@gmail.com>, seggeman@mt.gov,
"Baty, Ross" <rbaty@mt.gov>, glenn.normandeau@wildlife.nh.gov,
Mark.Ellingwood@wildlife.nh.gov, john.kanter@wildlife.nh.gov,
Jill.Killborn@wildlife.nh.gov, William.Staats@wildlife.nh.gov,
Patrick.Tate@wildlife.nh.gov, alexandra.sandoval@state.nm.us,
stewart.liley@state.nm.us, rick.winslow@state.nm.us, "Stuart, James N., DGF"
<james.stuart@state.nm.us>, patricia.riexinger@dec.ny.gov, "Jensen, Paul G (DEC)"
<paul.jensen@dec.ny.gov>, curt.melcher@state.or.us, derek.j.broman@state.or.us,
Gregory Sheehan <GregSheehan@utah.gov>, Kimberly Hersey
<kimberlyasmus@utah.gov>, louis.porter@state.vt.us, mark scott
<mark.scott@state.vt.us>, "Bernier, Chris" <Chris.Bernier@state.vt.us>,
director@dfw.wa.gov, cpl@dnr.wa.gov, "Lewis, Jeffrey C (DFW)"
<Jeffrey.Lewis@dfw.wa.gov>, "Maletzke, Benjamin T (DFW)"
<Benjamin.Maletzke@dfw.wa.gov>, cathy.stepp@wisconsin.gov,
kurt.thiede@wisconsin.gov, Sanjay.Olson@wisconsin.gov,
Tom.Hauge@wisconsin.gov, Erin.Crain@wisconsin.gov, Owen Boyle
<Owen.Boyle@wisconsin.gov>, "Roberts, Nathan M - DNR"
<NathanM.Roberts@wisconsin.gov>, Johnf.olson@wisconsin.gov,
David.MacFarland@wisconsin.gov, John.White@wisconsin.gov, scott.talbot@wyo.gov,
Bob Lanka <bob.lanka@wyo.gov>, Zack Walker <zack.walker@wyo.gov>, Nichole
Bjornlie <nichole.cudworth@wyo.gov>
Cc: Jodi Bush <jodi_bush@fws.gov>, Heather Bell <heather_bell@fws.gov>, Mary
Parkin <mary_parkin@fws.gov>, Jonathan Cummings <jwcummings@usgs.gov>,
Justin Shoemaker <justin_shoemaker@fws.gov>, Bryon Holt <bryon_holt@fws.gov>,
Kurt Broderdorp <kurt_broderdorp@fws.gov>, Mark McCollough
<mark_mccollough@fws.gov>, Tamara Smith <tamara_smith@fws.gov>, Brady
McGee <brady_mcgee@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>, Lisa
Mandell <lisa_mandell@fws.gov>, Lisa Solberg Schwab
<lisa_solbergschwab@fws.gov>, Ann Timberman <ann_timberman@fws.gov>,
Anthony Tur <Anthony_Tur@fws.gov>, Brad Thompson <brad_thompson@fws.gov>,
Chris Mensing <chris_mensing@fws.gov>, David Stilwell <David_Stilwell@fws.gov>,
Drue DeBerry <drue_deberry@fws.gov>, Eric Rickerson <eric_rickerson@fws.gov>,
Grant Canterbury <Grant_Canterbury@fws.gov>, Jeff Krupka <jeff_krupka@fws.gov>,
Karl Halupka <Karl_Halupka@fws.gov>, Kate Novak <kate_novak@fws.gov>, Kim
Garner <kim_garner@fws.gov>, Larry Crist <Larry_Crist@fws.gov>, Laura Ragan
<Laura_Ragan@fws.gov>, Leslie Ellwood <leslie_ellwood@fws.gov>, Mark Maghini
<mark_maghini@fws.gov>, Martin Miller <Martin_Miller@fws.gov>, Megan
Kosterman <megan_kosterman@fws.gov>, Michelle Eames
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<michelle_eames@fws.gov>, Paul Casey <paul_casey@fws.gov>, Paul Henson
<paul_henson@fws.gov>, Peter Fasbender <peter_fasbender@fws.gov>, Rollie White
<rollie_white@fws.gov>, Sarah Hall <sarah_hall@fws.gov>, Scott Hicks
<scott_hicks@fws.gov>, Steve Duke <steve_duke@fws.gov>, Sue Livingston
<sue_livingston@fws.gov>, Tom Chapman <Tom_Chapman@fws.gov>, Tyler Abbott
<Tyler_Abbott@fws.gov>, Wally Murphy <wally_murphy@fws.gov>, Dennis Mackey
<Dennis_Mackey@fws.gov>, Patricia Zenone <patricia_zenone@fws.gov>

Hi All:

We will hold the monthly lynx SSA State coordination/update call this Wednesday, May
25, at 1 PM Mountain Time.

Call-in: 866-822-7385
Passcode: 5396168

This will be just a quick update on the SSA Report on our end and any questions you
may have.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 

Tyler Abbott, Acting Field Supervisor

U.S. Fish and Wildlife Service
Wyoming Ecological Services Field Office
5353 Yellowstone Road, Suite 308A
Cheyenne, WY  82009
Office: (307) 772-2374 x 231
Cell: (307) 286-7242
tyler_abbott@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Parkin, Mary
To: Mark McCollough
Subject: Fwd: Lynx SSA Monthly Coordination Call
Date: Wednesday, May 25, 2016 3:06:58 PM

here 'tis.  sorry I didn't get it on the calendar.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Mon, May 23, 2016 at 5:58 PM
Subject: Lynx SSA Monthly Coordination Call
To: bob.broscheid@state.co.us, craig.mclaughlin@state.co.us, Jake Ivan - DNR
<Jake.ivan@state.co.us>, "Odell, Eric" <eric.odell@state.co.us>, "Moore,Virgil"
<virgil.moore@idfg.idaho.gov>, "Dustin Miller (dustin.miller@osc.idaho.gov)"
<dustin.miller@osc.idaho.gov>, Joshua Uriarte <Joshua.Uriarte@osc.idaho.gov>,
"Sallabanks,Rex" <rex.sallabanks@idfg.idaho.gov>, Sam Eaton
<Sam.Eaton@osc.idaho.gov>, Chandler.woodcock@maine.gov, "Connolly, James"
<James.Connolly@maine.gov>, "Vashon, Jennifer" <jennifer.vashon@maine.gov>,
moritzw@michigan.gov, DNR-Wildlife@michigan.gov, bumpa@michigan.gov,
kennedyd@michigan.gov, commissioner.dnr@state.mn.us, rita.dixon@idfg.idaho.gov,
jim.leach@state.mn.us, Paul.Telander@state.mn.us, "Baker, Richard (DNR)"
<richard.baker@state.mn.us>, "Erb, John D (DNR)" <john.erb@state.mn.us>,
jhagener@mt.gov, JTubbs@mt.gov, "McDonald, Ken" <kmcdonald@mt.gov>, "Inman, Bob"
<bobinman@mt.gov>, Jay Kolbe <jkolbe.fwp@gmail.com>, seggeman@mt.gov, "Baty,
Ross" <rbaty@mt.gov>, glenn.normandeau@wildlife.nh.gov,
Mark.Ellingwood@wildlife.nh.gov, john.kanter@wildlife.nh.gov,
Jill.Killborn@wildlife.nh.gov, William.Staats@wildlife.nh.gov, Patrick.Tate@wildlife.nh.gov,
alexandra.sandoval@state.nm.us, stewart.liley@state.nm.us, rick.winslow@state.nm.us,
"Stuart, James N., DGF" <james.stuart@state.nm.us>, patricia.riexinger@dec.ny.gov, "Jensen,
Paul G (DEC)" <paul.jensen@dec.ny.gov>, curt.melcher@state.or.us,
derek.j.broman@state.or.us, Gregory Sheehan <GregSheehan@utah.gov>, Kimberly Hersey
<kimberlyasmus@utah.gov>, louis.porter@state.vt.us, mark scott <mark.scott@state.vt.us>,
"Bernier, Chris" <Chris.Bernier@state.vt.us>, director@dfw.wa.gov, cpl@dnr.wa.gov,
"Lewis, Jeffrey C (DFW)" <Jeffrey.Lewis@dfw.wa.gov>, "Maletzke, Benjamin T (DFW)"
<Benjamin.Maletzke@dfw.wa.gov>, cathy.stepp@wisconsin.gov,
kurt.thiede@wisconsin.gov, Sanjay.Olson@wisconsin.gov, Tom.Hauge@wisconsin.gov,
Erin.Crain@wisconsin.gov, Owen Boyle <Owen.Boyle@wisconsin.gov>, "Roberts, Nathan
M - DNR" <NathanM.Roberts@wisconsin.gov>, Johnf.olson@wisconsin.gov,
David.MacFarland@wisconsin.gov, John.White@wisconsin.gov, scott.talbot@wyo.gov, Bob
Lanka <bob.lanka@wyo.gov>, Zack Walker <zack.walker@wyo.gov>, Nichole Bjornlie
<nichole.cudworth@wyo.gov>
Cc: Jodi Bush <jodi_bush@fws.gov>, Heather Bell <heather_bell@fws.gov>, Mary Parkin
<mary_parkin@fws.gov>, Jonathan Cummings <jwcummings@usgs.gov>, Justin Shoemaker
<justin_shoemaker@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>, Mark McCollough <mark_mccollough@fws.gov>, Tamara
Smith <tamara_smith@fws.gov>, Brady McGee <brady_mcgee@fws.gov>, Jeffrey Dillon
<jeffrey_dillon@fws.gov>, Lisa Mandell <lisa_mandell@fws.gov>, Lisa Solberg Schwab
<lisa_solbergschwab@fws.gov>, Ann Timberman <ann_timberman@fws.gov>, Anthony Tur
<Anthony_Tur@fws.gov>, Brad Thompson <brad_thompson@fws.gov>, Chris Mensing
<chris_mensing@fws.gov>, David Stilwell <David_Stilwell@fws.gov>, Drue DeBerry
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<drue_deberry@fws.gov>, Eric Rickerson <eric_rickerson@fws.gov>, Grant Canterbury
<Grant_Canterbury@fws.gov>, Jeff Krupka <jeff_krupka@fws.gov>, Karl Halupka
<Karl_Halupka@fws.gov>, Kate Novak <kate_novak@fws.gov>, Kim Garner
<kim_garner@fws.gov>, Larry Crist <Larry_Crist@fws.gov>, Laura Ragan
<Laura_Ragan@fws.gov>, Leslie Ellwood <leslie_ellwood@fws.gov>, Mark Maghini
<mark_maghini@fws.gov>, Martin Miller <Martin_Miller@fws.gov>, Megan Kosterman
<megan_kosterman@fws.gov>, Michelle Eames <michelle_eames@fws.gov>, Paul Casey
<paul_casey@fws.gov>, Paul Henson <paul_henson@fws.gov>, Peter Fasbender
<peter_fasbender@fws.gov>, Rollie White <rollie_white@fws.gov>, Sarah Hall
<sarah_hall@fws.gov>, Scott Hicks <scott_hicks@fws.gov>, Steve Duke
<steve_duke@fws.gov>, Sue Livingston <sue_livingston@fws.gov>, Tom Chapman
<Tom_Chapman@fws.gov>, Tyler Abbott <Tyler_Abbott@fws.gov>, Wally Murphy
<wally_murphy@fws.gov>, Dennis Mackey <Dennis_Mackey@fws.gov>, Patricia Zenone
<patricia_zenone@fws.gov>

Hi All:

We will hold the monthly lynx SSA State coordination/update call this Wednesday, May 25, at
1 PM Mountain Time.

Call-in: 866-822-7385
Passcode: 5396168

This will be just a quick update on the SSA Report on our end and any questions you may
have.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov
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From: Parkin, Mary
To: Mark McCollough
Subject: Fwd: Lynx SSA Monthly Coordination Call
Date: Wednesday, May 25, 2016 3:06:58 PM

here 'tis.  sorry I didn't get it on the calendar.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Mon, May 23, 2016 at 5:58 PM
Subject: Lynx SSA Monthly Coordination Call
To: bob.broscheid@state.co.us, craig.mclaughlin@state.co.us, Jake Ivan - DNR
<Jake.ivan@state.co.us>, "Odell, Eric" <eric.odell@state.co.us>, "Moore,Virgil"
<virgil.moore@idfg.idaho.gov>, "Dustin Miller (dustin.miller@osc.idaho.gov)"
<dustin.miller@osc.idaho.gov>, Joshua Uriarte <Joshua.Uriarte@osc.idaho.gov>,
"Sallabanks,Rex" <rex.sallabanks@idfg.idaho.gov>, Sam Eaton
<Sam.Eaton@osc.idaho.gov>, Chandler.woodcock@maine.gov, "Connolly, James"
<James.Connolly@maine.gov>, "Vashon, Jennifer" <jennifer.vashon@maine.gov>,
moritzw@michigan.gov, DNR-Wildlife@michigan.gov, bumpa@michigan.gov,
kennedyd@michigan.gov, commissioner.dnr@state.mn.us, rita.dixon@idfg.idaho.gov,
jim.leach@state.mn.us, Paul.Telander@state.mn.us, "Baker, Richard (DNR)"
<richard.baker@state.mn.us>, "Erb, John D (DNR)" <john.erb@state.mn.us>,
jhagener@mt.gov, JTubbs@mt.gov, "McDonald, Ken" <kmcdonald@mt.gov>, "Inman, Bob"
<bobinman@mt.gov>, Jay Kolbe <jkolbe.fwp@gmail.com>, seggeman@mt.gov, "Baty,
Ross" <rbaty@mt.gov>, glenn.normandeau@wildlife.nh.gov,
Mark.Ellingwood@wildlife.nh.gov, john.kanter@wildlife.nh.gov,
Jill.Killborn@wildlife.nh.gov, William.Staats@wildlife.nh.gov, Patrick.Tate@wildlife.nh.gov,
alexandra.sandoval@state.nm.us, stewart.liley@state.nm.us, rick.winslow@state.nm.us,
"Stuart, James N., DGF" <james.stuart@state.nm.us>, patricia.riexinger@dec.ny.gov, "Jensen,
Paul G (DEC)" <paul.jensen@dec.ny.gov>, curt.melcher@state.or.us,
derek.j.broman@state.or.us, Gregory Sheehan <GregSheehan@utah.gov>, Kimberly Hersey
<kimberlyasmus@utah.gov>, louis.porter@state.vt.us, mark scott <mark.scott@state.vt.us>,
"Bernier, Chris" <Chris.Bernier@state.vt.us>, director@dfw.wa.gov, cpl@dnr.wa.gov,
"Lewis, Jeffrey C (DFW)" <Jeffrey.Lewis@dfw.wa.gov>, "Maletzke, Benjamin T (DFW)"
<Benjamin.Maletzke@dfw.wa.gov>, cathy.stepp@wisconsin.gov,
kurt.thiede@wisconsin.gov, Sanjay.Olson@wisconsin.gov, Tom.Hauge@wisconsin.gov,
Erin.Crain@wisconsin.gov, Owen Boyle <Owen.Boyle@wisconsin.gov>, "Roberts, Nathan
M - DNR" <NathanM.Roberts@wisconsin.gov>, Johnf.olson@wisconsin.gov,
David.MacFarland@wisconsin.gov, John.White@wisconsin.gov, scott.talbot@wyo.gov, Bob
Lanka <bob.lanka@wyo.gov>, Zack Walker <zack.walker@wyo.gov>, Nichole Bjornlie
<nichole.cudworth@wyo.gov>
Cc: Jodi Bush <jodi_bush@fws.gov>, Heather Bell <heather_bell@fws.gov>, Mary Parkin
<mary_parkin@fws.gov>, Jonathan Cummings <jwcummings@usgs.gov>, Justin Shoemaker
<justin_shoemaker@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>, Mark McCollough <mark_mccollough@fws.gov>, Tamara
Smith <tamara_smith@fws.gov>, Brady McGee <brady_mcgee@fws.gov>, Jeffrey Dillon
<jeffrey_dillon@fws.gov>, Lisa Mandell <lisa_mandell@fws.gov>, Lisa Solberg Schwab
<lisa_solbergschwab@fws.gov>, Ann Timberman <ann_timberman@fws.gov>, Anthony Tur
<Anthony_Tur@fws.gov>, Brad Thompson <brad_thompson@fws.gov>, Chris Mensing
<chris_mensing@fws.gov>, David Stilwell <David_Stilwell@fws.gov>, Drue DeBerry
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<drue_deberry@fws.gov>, Eric Rickerson <eric_rickerson@fws.gov>, Grant Canterbury
<Grant_Canterbury@fws.gov>, Jeff Krupka <jeff_krupka@fws.gov>, Karl Halupka
<Karl_Halupka@fws.gov>, Kate Novak <kate_novak@fws.gov>, Kim Garner
<kim_garner@fws.gov>, Larry Crist <Larry_Crist@fws.gov>, Laura Ragan
<Laura_Ragan@fws.gov>, Leslie Ellwood <leslie_ellwood@fws.gov>, Mark Maghini
<mark_maghini@fws.gov>, Martin Miller <Martin_Miller@fws.gov>, Megan Kosterman
<megan_kosterman@fws.gov>, Michelle Eames <michelle_eames@fws.gov>, Paul Casey
<paul_casey@fws.gov>, Paul Henson <paul_henson@fws.gov>, Peter Fasbender
<peter_fasbender@fws.gov>, Rollie White <rollie_white@fws.gov>, Sarah Hall
<sarah_hall@fws.gov>, Scott Hicks <scott_hicks@fws.gov>, Steve Duke
<steve_duke@fws.gov>, Sue Livingston <sue_livingston@fws.gov>, Tom Chapman
<Tom_Chapman@fws.gov>, Tyler Abbott <Tyler_Abbott@fws.gov>, Wally Murphy
<wally_murphy@fws.gov>, Dennis Mackey <Dennis_Mackey@fws.gov>, Patricia Zenone
<patricia_zenone@fws.gov>

Hi All:

We will hold the monthly lynx SSA State coordination/update call this Wednesday, May 25, at
1 PM Mountain Time.

Call-in: 866-822-7385
Passcode: 5396168

This will be just a quick update on the SSA Report on our end and any questions you may
have.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov
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From: Google Calendar on behalf of Mary Parkin
To: mark_mccollough@fws.gov; tamara_smith@fws.gov; jim_zelenak@fws.gov; bryon_holt@fws.gov; kurt_broderdorp@fws.gov
Cc: heather_bell@fws.gov; jodi_bush@fws.gov; jwcummings@usgs.gov; seth_willey@fws.gov
Subject: Lynx SSA Core Team Call
Start: Tuesday, May 31, 2016 12:00:00 PM
End: Tuesday, May 31, 2016 1:00:00 PM
Location: 866-857-8504, passcode 7620543
Attachments: invite.ics

HYPERLINK "https://www.google.com/calendar/event?
action=VIEW&eid=cXA4cmczMDh2NW9rYzBsNWw3MjluYXMxb28gbWFya19tY2NvbGxvdWdoQGZ3cy5nb3Y&tok=MTkjbWFyeV9wYXJraW5AZndzLmdvdmI5NGZkNjMwM2MyYzRhOWYxZmI1NmQ5YTRiMzgzMjk2YTM5ODljYmY&ctz=America/New_York&hl=en"more details »

Lynx SSA Core Team Call

Weekly lynx core team calls through September.
When
Weekly from 12pm to 1pm on Tuesday from Tue May 31 to Tue Sep 27 Eastern Time 
Where
866-857-8504, passcode 7620543 (HYPERLINK "https://maps.google.com/maps?q=866-857-8504,+passcode+7620543&hl=en"map) 
Calendar
mark_mccollough@fws.gov 
Who
• mary_parkin@fws.gov
- organizer, optional
• mark_mccollough@fws.gov
• tamara_smith@fws.gov
• jim_zelenak@fws.gov
• bryon_holt@fws.gov
• kurt_broderdorp@fws.gov
• heather_bell@fws.gov
- optional
• jodi_bush@fws.gov
- optional
• jwcummings@usgs.gov
- optional
• seth_willey@fws.gov
- optional

Going?   All events in this series:   
HYPERLINK "https://www.google.com/calendar/event?
action=RESPOND&eid=cXA4cmczMDh2NW9rYzBsNWw3MjluYXMxb28gbWFya19tY2NvbGxvdWdoQGZ3cy5nb3Y&rst=1&tok=MTkjbWFyeV9wYXJraW5AZndzLmdvdmI5NGZkNjMwM2MyYzRhOWYxZmI1NmQ5YTRiMzgzMjk2YTM5ODljYmY&ctz=America/New_York&hl=en"Yes - 
HYPERLINK "https://www.google.com/calendar/event?
action=RESPOND&eid=cXA4cmczMDh2NW9rYzBsNWw3MjluYXMxb28gbWFya19tY2NvbGxvdWdoQGZ3cy5nb3Y&rst=3&tok=MTkjbWFyeV9wYXJraW5AZndzLmdvdmI5NGZkNjMwM2MyYzRhOWYxZmI1NmQ5YTRiMzgzMjk2YTM5ODljYmY&ctz=America/New_York&hl=en"Maybe - 
HYPERLINK "https://www.google.com/calendar/event?
action=RESPOND&eid=cXA4cmczMDh2NW9rYzBsNWw3MjluYXMxb28gbWFya19tY2NvbGxvdWdoQGZ3cy5nb3Y&rst=2&tok=MTkjbWFyeV9wYXJraW5AZndzLmdvdmI5NGZkNjMwM2MyYzRhOWYxZmI1NmQ5YTRiMzgzMjk2YTM5ODljYmY&ctz=America/New_York&hl=en"No    HYPERLINK
"https://www.google.com/calendar/event?
action=VIEW&eid=cXA4cmczMDh2NW9rYzBsNWw3MjluYXMxb28gbWFya19tY2NvbGxvdWdoQGZ3cy5nb3Y&tok=MTkjbWFyeV9wYXJraW5AZndzLmdvdmI5NGZkNjMwM2MyYzRhOWYxZmI1NmQ5YTRiMzgzMjk2YTM5ODljYmY&ctz=America/New_York&hl=en"more options »

Invitation from HYPERLINK "https://www.google.com/calendar/"Google Calendar

You are receiving this email at the account mark_mccollough@fws.gov because you are subscribed for invitations on calendar mark_mccollough@fws.gov.

To stop receiving these emails, please log in to https://www.google.com/calendar/ and change your notification settings for this calendar.

Forwarding this invitation could allow any recipient to modify your RSVP response. HYPERLINK "https://support.google.com/calendar/answer/37135#forwarding"Learn More.
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BEGIN:VCALENDAR
PRODID:-//Google Inc//Google Calendar 70.9054//EN
VERSION:2.0
CALSCALE:GREGORIAN
METHOD:REQUEST
BEGIN:VTIMEZONE
TZID:America/Denver
X-LIC-LOCATION:America/Denver
BEGIN:DAYLIGHT
TZOFFSETFROM:-0700
TZOFFSETTO:-0600
TZNAME:MDT
DTSTART:19700308T020000
RRULE:FREQ=YEARLY;BYMONTH=3;BYDAY=2SU
END:DAYLIGHT
BEGIN:STANDARD
TZOFFSETFROM:-0600
TZOFFSETTO:-0700
TZNAME:MST
DTSTART:19701101T020000
RRULE:FREQ=YEARLY;BYMONTH=11;BYDAY=1SU
END:STANDARD
END:VTIMEZONE
BEGIN:VEVENT
DTSTART;TZID=America/Denver:20160531T100000
DTEND;TZID=America/Denver:20160531T110000
RRULE:FREQ=WEEKLY;UNTIL=20160927T160000Z;BYDAY=TU
DTSTAMP:20160525T220145Z
ORGANIZER;CN=mary_parkin@fws.gov:mailto:mary_parkin@fws.gov
UID:qp8rg308v5okc0l5l729nas1oo@google.com
ATTENDEE;CUTYPE=INDIVIDUAL;ROLE=OPT-PARTICIPANT;PARTSTAT=NEEDS-ACTION;RSVP=
 TRUE;CN=heather_bell@fws.gov;X-NUM-GUESTS=0:mailto:heather_bell@fws.gov
ATTENDEE;CUTYPE=INDIVIDUAL;ROLE=OPT-PARTICIPANT;PARTSTAT=NEEDS-ACTION;RSVP=
 TRUE;CN=jodi_bush@fws.gov;X-NUM-GUESTS=0:mailto:jodi_bush@fws.gov
ATTENDEE;CUTYPE=INDIVIDUAL;ROLE=REQ-PARTICIPANT;PARTSTAT=NEEDS-ACTION;RSVP=
 TRUE;CN=mark_mccollough@fws.gov;X-NUM-GUESTS=0:mailto:mark_mccollough@fws.g
 ov
ATTENDEE;CUTYPE=INDIVIDUAL;ROLE=OPT-PARTICIPANT;PARTSTAT=NEEDS-ACTION;RSVP=
 TRUE;CN=jwcummings@usgs.gov;X-NUM-GUESTS=0:mailto:jwcummings@usgs.gov
ATTENDEE;CUTYPE=INDIVIDUAL;ROLE=REQ-PARTICIPANT;PARTSTAT=NEEDS-ACTION;RSVP=
 TRUE;CN=tamara_smith@fws.gov;X-NUM-GUESTS=0:mailto:tamara_smith@fws.gov
ATTENDEE;CUTYPE=INDIVIDUAL;ROLE=REQ-PARTICIPANT;PARTSTAT=NEEDS-ACTION;RSVP=
 TRUE;CN=jim_zelenak@fws.gov;X-NUM-GUESTS=0:mailto:jim_zelenak@fws.gov
ATTENDEE;CUTYPE=INDIVIDUAL;ROLE=OPT-PARTICIPANT;PARTSTAT=NEEDS-ACTION;RSVP=
 TRUE;CN=seth_willey@fws.gov;X-NUM-GUESTS=0:mailto:seth_willey@fws.gov
ATTENDEE;CUTYPE=INDIVIDUAL;ROLE=REQ-PARTICIPANT;PARTSTAT=NEEDS-ACTION;RSVP=
 TRUE;CN=bryon_holt@fws.gov;X-NUM-GUESTS=0:mailto:bryon_holt@fws.gov
ATTENDEE;CUTYPE=INDIVIDUAL;ROLE=OPT-PARTICIPANT;PARTSTAT=ACCEPTED;RSVP=TRUE
 ;CN=mary_parkin@fws.gov;X-NUM-GUESTS=0:mailto:mary_parkin@fws.gov
ATTENDEE;CUTYPE=INDIVIDUAL;ROLE=REQ-PARTICIPANT;PARTSTAT=NEEDS-ACTION;RSVP=
 TRUE;CN=kurt_broderdorp@fws.gov;X-NUM-GUESTS=0:mailto:kurt_broderdorp@fws.g
 ov
CREATED:20160525T215632Z
DESCRIPTION:Weekly lynx core team calls through September.\nView your event
  at https://www.google.com/calendar/event?action=VIEW&eid=cXA4cmczMDh2NW9rY
 zBsNWw3MjluYXMxb28gbWFya19tY2NvbGxvdWdoQGZ3cy5nb3Y&tok=MTkjbWFyeV9wYXJraW5A
 ZndzLmdvdmI5NGZkNjMwM2MyYzRhOWYxZmI1NmQ5YTRiMzgzMjk2YTM5ODljYmY&ctz=America
 /New_York&hl=en.
LAST-MODIFIED:20160525T220145Z
LOCATION:866-857-8504\, passcode 7620543
SEQUENCE:1
STATUS:CONFIRMED
SUMMARY:Lynx SSA Core Team Call
TRANSP:OPAQUE
END:VEVENT
END:VCALENDAR




From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Coyotes in the east
Date: Tuesday, May 31, 2016 11:10:13 AM

Jim:  Eastern coyotes occur everywhere south of the St. Lawrence River - ME, New Brunswick, Prince Edward Island, Nova Scotia.  About 15 years ago, they crossed the ice from Labrador and colonized the entire island.  They co-occur throughout southern Quebec and Labrador where they share the range (and hybridize) with the eastern Canadian wold (Canis lycaon).  I do not believe eastern coyotes occur in northern Quebec and Labrador where larger gray wolves (Canis lupus) occur.

See the range map at http://bioscience.oxfordjournals.org/content/52/2/185.full, which is more accurate than NatureServe.

Mark

On Fri, May 27, 2016 at 11:46 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Trying to reconcile the differences on NatureServe between the range map (shows absence of resident breeding coyotes in most of Quebec except the southwest part of the province, also absent on Gaspe Penin., Newfoundland and Labrador, New Brunswick and Nova Scotia) and the State/Province Conservation Status map (which shows them as "secure" in those places except Labrador, where it is considered "vulnerable").

Can you shed some light on there dist./abundance in Maine and surrounding provinces?

http://explorer.natureserve.org/servlet/NatureServe?
sourceTemplate=tabular_report.wmt&loadTemplate=species_RptComprehensive.wmt&selectedReport=RptComprehensive.wmt&summaryView=tabular_report.wmt&elKey=102680&paging=home&save=true&startIndex=1&nextStartIndex=1&reset=false&offPageSelectedElKey=113471&offPageSelectedElType=species&offPageYesNo=true&post_processes=&radiobutton=radiobutton&selectedIndexes=113471&selectedIndexes=118434&selectedIndexes=102680&selectedIndexes=156330&selectedIndexes=129051&selectedIndexes=160806&selectedIndexes=143800&selectedIndexes=139410&selectedIndexes=135098&selectedIndexes=148491&selectedIndexes=146709&selectedIndexes=154980&selectedIndexes=139247&selectedIndexes=129667&selectedIndexes=151261&selectedIndexes=144899&selectedIndexes=154052&selectedIndexes=152379&selectedIndexes=145473&selectedIndexes=145733 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
306 Hatchery Road
East Orland, Maine 04431
Telephone: (207) 469-7300,  Extension 1115
Fax: (207) 469-6725
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
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From: McCollough, Mark
To: Mark Maghini; Anthony Tur; Bernier, Chris; Rachel Cliche
Cc: Alexej Siren; Jim Zelenak
Subject: Request for update about lynx in VT from USFWS
Date: Thursday, June 02, 2016 4:27:13 PM

Hi all:

The USFWS is in the midst of writing the Canada lynx species status assessment.  We want to
be 100% accurate in our statements concerning the recent status of lynx in Vermont.  I haven't
seen formal survey reports, but I believe it has been two or three years since lynx have been
documented in the Nulhegan area.

Could any of you please clarify the status of surveys in recent years and lynx occurrences (if
any) since 2012.

We greatly appreciate your help and the information.  Please cc. all in the email so we do not
duplicate efforts.  Thanks.

Sincerely,  Mark McCollough

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
306 Hatchery Road
East Orland, Maine 04431
Telephone: (207) 469-7300, Extension 1115
Fax: (207) 469-6725
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:mark_maghini@fws.gov
mailto:anthony_tur@fws.gov
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From: McCollough, Mark
To: Jim Zelenak
Subject: My activity next few working days
Date: Thursday, June 02, 2016 4:35:36 PM

Jim:  

As you may have seen, I worked on page numbers for citations and literature cited on the ME
current conditions for a few hours yesterday.  I will probably be able to work a couple hours
tomorrow as well.

I will be setting up a home office next week and with any luck will get my computer to
connect with the new Pulse Secure from home.  I should be able to participate in the call on
Tuesday.  If the computer works from home, I should be able to continue working on the SSA
Wednesday.  However, we have to be at the hatchery on Thursday for a picnic (So certain
people can take photos to show the Regional Office that the move was accomplished and we
are all happy with our new 50-mile commutes).

If you need to reach me, send emails that I should be able to get from my work iPhone.  My
only phone contact for about two weeks will be via cell phone.  See my new address and
office phone number below.

Bottom line is that I should be able to continue some progress with literature cited on the
sections I wrote.  I am editing/revision and responding to your comments as I go.

Mark

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
306 Hatchery Road
East Orland, Maine 04431
Telephone: (207) 469-7300, Extension 1115
Fax: (207) 469-6725
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
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From: Zelenak, Jim
To: McCollough, Mark
Subject: Re: Updated Folder on Lynx SSA Drive
Date: Friday, June 03, 2016 9:32:23 AM

Sorry I missed that zip file Mark. I removed it from the drive and replaced it - you should be able to access those
docs now.  Let me know if not.

On Fri, Jun 3, 2016 at 6:34 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Jim:  I checked out the comment file that you set up on Google Drive and reviewed the
comments for Maine.  There is still a zip file for the Maine Forest Products Council under
the Maine tab.  I can open the folder, but not the pdfs contained therein.  Any chance you
could make those available.  There may be some information on large industrial land
ownership and its management that would be useful for the SSA.  

I remember reading a letter from the Forest Products Council in 2015 (with all the nice
photos of lynx), but could not find it in my email archive.  I must have received a hard copy,
which is now packed away somewhere.

Thanks,  Mark

On Thu, Jun 2, 2016 at 6:00 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
My apologies if Google Drive already notified you of this, but I wanted to make sure the Core Team especially
was aware.  I had earlier moved some of the comments we received after we re-initiated the 5-year review for
lynx to the drive at:

Lynx SSA > 5-Year Review > Comments Received 2015

In checking on some info for Vermont and New Hampshire after emails with Mark, I realized that some of the
(zipped) files had not transferred properly, and that some of the comment files I'd received but not moved may
have information useful for the Team in writing their sections of the report.  So I unzipped/re-copied and
moved the files anew to the drive folder above.

I encourage Core Team members to take a look at those files relevant to their geographic areas. They are filed
by state, with updated info provided by several of the state agencies. A few other folders are also included:
"Received from Public" has a single comment letter from someone in Maine (so that's yours, Mark!), and
"Tribal" likewise has a single comment from the Leech lake Ojibwe in Minnesota (yours, Tam!).

The Defenders letter ("Conservation community_lynx status review_02012015") provides some info on N.
Rockies and Maine that I suspect we already have, but it also includes their 5-factor analysis, which you also
might find interesting/useful.

Hope these are helpful.
-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
306 Hatchery Road
East Orland, Maine 04431
Telephone: (207) 469-7300, Extension 1115
Fax: (207) 469-6725
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Seth Willey; Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt

Broderdorp; Mark McCollough; Tamara Smith; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab; Ann
Timberman; Anthony Tur; Brad Thompson; Chris Mensing; David Stilwell; Drue DeBerry; Eric Rickerson; Grant
Canterbury; Jeff Krupka; Karl Halupka; Kate Novak; Kim Garner; Larry Crist; Laura Ragan; Leslie Ellwood; Mark
Maghini; Martin Miller; Megan Kosterman; Michelle Eames; Paul Casey; Paul Henson; Peter Fasbender; Rollie
White; Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman; Tyler Abbott; Wally Murphy; Dennis Mackey;
Patricia Zenone; Gary Miller; Karen Cathey; Steve Spangle

Subject: Reminder: Lynx SSA Internal Coordination Call
Date: Monday, June 06, 2016 5:42:37 PM

Hi All:

Our monthly Lynx SSA FWS coordination call/update is scheduled for tomorrow, Tues. June
7, 10 AM Mountain Time.  Call-in info below.

866-857-8504
Passcode: 7620543

I anticipate a very quick call to let folks know where we're at with the SSA report (scrambling
to finish the draft) and to see if folks have questions.

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Jodi Bush
Subject: Fwd: Lynx Status Review
Date: Tuesday, June 07, 2016 9:04:26 AM
Attachments: image003.png
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As you requested, and Peter's response.

---------- Forwarded message ----------
From: McDonald, Peter M -FS <petermcdonald@fs.fed.us>
Date: Tue, Jun 7, 2016 at 8:54 AM
Subject: RE: Lynx Status Review
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Jim thanks very much for that detailed update, I really appreciate it. It’s a herculean task for
sure and good to see the Service taking such a thoughtful approach to the review.

 

Peter

Peter McDonald
Regional Program Leader
Threatened, Endangered and Sensitive Species

Forest Service
Rocky Mountain Region

p: 303-275-5029 (primary)
c: 303-475-3515 (travel & telework)
petermcdonald@fs.fed.us

740 Simms Street
Golden, CO 80401
www.fs.usda.gov/detail/r2/landmanagement/?cid=stelprdb5188017 (program website)
fsweb.r2.fs.fed.us/rr/R2_TES_Site_2007 (intranet site - FS only)
www.fs.usda.gov/detail/r2/landmanagement/?cid=stelprdb5341949 (interagency ESA site)

Caring for the land and serving people

 

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, June 07, 2016 7:56 AM
To: McDonald, Peter M -FS <petermcdonald@fs.fed.us>
Subject: Lynx Status Review
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mailto:petermcdonald@fs.fed.us
mailto:jim_zelenak@fws.gov
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http://fsweb.r2.fs.fed.us/rr/R2_TES_Site_2007
http://www.fs.usda.gov/detail/r2/landmanagement/?cid=stelprdb5341949
http://usda.gov/
https://twitter.com/forestservice
https://www.facebook.com/pages/US-Forest-Service/1431984283714112
mailto:jim_zelenak@fws.gov
mailto:petermcdonald@fs.fed.us


Hi Peter,

 

Jodi and Marj forwarded to me your request for an update on the lynx status review.

 

After announcing in Jan. 2015 that we were re-initiating the 5-year review for the lynx
DPS, our regional office determined that before we complete that review, we needed to
first complete a "Species Status Assessment" (SSA)  - a relatively new framework the
Service has developed and is in the early stages of implementing that is intended to be
a single source of biological information to inform all ESA-related determinations we
may need to make for a given species.

 

General SSA information can be found here:

 

http://www.fws.gov/endangered/improving_ESA/SSA.html

 

We announced to our partners (USFS, BLM, States, Tribes, etc.) last June/July that we
would complete an SSA for the lynx DPS.  Along the way it was determined that we
needed to have an Expert Elicitation Workshop to fill some information gaps (things
like population size and trend and other demographic variables for which we lack
adequate information to build empirical models) with expert opinion/professional
judgement.  We held that workshop last Oct. and circulated the workshop report in
April.  It can be found, along with other workshop materials and the presentations from
the workshop, at our regional lynx web page at the SSA tab: 

 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php

 

We (a FWS Core Team - myself, Mark McCollough, Tam Smith, Kurt Broderdorp,and
Bryon Holt, with some help from SSA implementation folks) are currently working to
complete the SSA report, which will undergo internal review before being sent for peer
review and review by States and other partners. I hope to have a draft ready for internal
review in the next week or two, but it is turning out to be a bear to write.  It will be
reviewed by FWS regions/offices across the lynx range - not sure how long that might
take - before we tidy it up and send it for peer/external review.

 

My understanding is that once the SSA report is finalized, it will be used to generate a
quick, short-form 5-year review, which will be followed by a determination regarding

http://www.fws.gov/endangered/improving_ESA/SSA.html
http://www.fws.gov/mountain-prairie/es/canadaLynx.php


recovery planning.  If we do move into recovery plan development, we will be hard-
pressed to meet the court-ordered deadline for a final plan by Jan. 2018.

 

Hope this helps.  Let me know if you have questions.

 

Jim 

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Subject: Fwd: Lynx Status Review
Date: Tuesday, June 07, 2016 1:37:35 PM
Attachments: image004.png
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FYI

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, Jun 7, 2016 at 9:04 AM
Subject: Fwd: Lynx Status Review
To: Jodi Bush <jodi_bush@fws.gov>

As you requested, and Peter's response.

---------- Forwarded message ----------
From: McDonald, Peter M -FS <petermcdonald@fs.fed.us>
Date: Tue, Jun 7, 2016 at 8:54 AM
Subject: RE: Lynx Status Review
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Jim thanks very much for that detailed update, I really appreciate it. It’s a herculean task for
sure and good to see the Service taking such a thoughtful approach to the review.

 

Peter

Peter McDonald
Regional Program Leader
Threatened, Endangered and Sensitive Species

Forest Service
Rocky Mountain Region

p: 303-275-5029 (primary)
c: 303-475-3515 (travel & telework)
petermcdonald@fs.fed.us

740 Simms Street
Golden, CO 80401
www.fs.usda.gov/detail/r2/landmanagement/?cid=stelprdb5188017 (program website)
fsweb.r2.fs.fed.us/rr/R2_TES_Site_2007 (intranet site - FS only)
www.fs.usda.gov/detail/r2/landmanagement/?cid=stelprdb5341949 (interagency ESA site)

Caring for the land and serving people
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From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, June 07, 2016 7:56 AM
To: McDonald, Peter M -FS <petermcdonald@fs.fed.us>
Subject: Lynx Status Review

 

Hi Peter,

 

Jodi and Marj forwarded to me your request for an update on the lynx status review.

 

After announcing in Jan. 2015 that we were re-initiating the 5-year review for the lynx
DPS, our regional office determined that before we complete that review, we needed to
first complete a "Species Status Assessment" (SSA)  - a relatively new framework the
Service has developed and is in the early stages of implementing that is intended to be
a single source of biological information to inform all ESA-related determinations we
may need to make for a given species.

 

General SSA information can be found here:

 

http://www.fws.gov/endangered/improving_ESA/SSA.html

 

We announced to our partners (USFS, BLM, States, Tribes, etc.) last June/July that we
would complete an SSA for the lynx DPS.  Along the way it was determined that we
needed to have an Expert Elicitation Workshop to fill some information gaps (things
like population size and trend and other demographic variables for which we lack
adequate information to build empirical models) with expert opinion/professional
judgement.  We held that workshop last Oct. and circulated the workshop report in
April.  It can be found, along with other workshop materials and the presentations from
the workshop, at our regional lynx web page at the SSA tab: 

 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php

 

We (a FWS Core Team - myself, Mark McCollough, Tam Smith, Kurt Broderdorp,and
Bryon Holt, with some help from SSA implementation folks) are currently working to
complete the SSA report, which will undergo internal review before being sent for peer

mailto:jim_zelenak@fws.gov
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review and review by States and other partners. I hope to have a draft ready for internal
review in the next week or two, but it is turning out to be a bear to write.  It will be
reviewed by FWS regions/offices across the lynx range - not sure how long that might
take - before we tidy it up and send it for peer/external review.

 

My understanding is that once the SSA report is finalized, it will be used to generate a
quick, short-form 5-year review, which will be followed by a determination regarding
recovery planning.  If we do move into recovery plan development, we will be hard-
pressed to meet the court-ordered deadline for a final plan by Jan. 2018.

 

Hope this helps.  Let me know if you have questions.

 

Jim 

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.

-- 
Jim Zelenak, Biologist

mailto:jim_zelenak@fws.gov


U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Subject: Fwd: Lynx Status Review
Date: Tuesday, June 07, 2016 1:37:35 PM
Attachments: image004.png

image002.png
image001.png
image003.png

FYI

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, Jun 7, 2016 at 9:04 AM
Subject: Fwd: Lynx Status Review
To: Jodi Bush <jodi_bush@fws.gov>

As you requested, and Peter's response.

---------- Forwarded message ----------
From: McDonald, Peter M -FS <petermcdonald@fs.fed.us>
Date: Tue, Jun 7, 2016 at 8:54 AM
Subject: RE: Lynx Status Review
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Jim thanks very much for that detailed update, I really appreciate it. It’s a herculean task for
sure and good to see the Service taking such a thoughtful approach to the review.

 

Peter

Peter McDonald
Regional Program Leader
Threatened, Endangered and Sensitive Species

Forest Service
Rocky Mountain Region

p: 303-275-5029 (primary)
c: 303-475-3515 (travel & telework)
petermcdonald@fs.fed.us

740 Simms Street
Golden, CO 80401
www.fs.usda.gov/detail/r2/landmanagement/?cid=stelprdb5188017 (program website)
fsweb.r2.fs.fed.us/rr/R2_TES_Site_2007 (intranet site - FS only)
www.fs.usda.gov/detail/r2/landmanagement/?cid=stelprdb5341949 (interagency ESA site)

Caring for the land and serving people
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From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, June 07, 2016 7:56 AM
To: McDonald, Peter M -FS <petermcdonald@fs.fed.us>
Subject: Lynx Status Review

 

Hi Peter,

 

Jodi and Marj forwarded to me your request for an update on the lynx status review.

 

After announcing in Jan. 2015 that we were re-initiating the 5-year review for the lynx
DPS, our regional office determined that before we complete that review, we needed to
first complete a "Species Status Assessment" (SSA)  - a relatively new framework the
Service has developed and is in the early stages of implementing that is intended to be
a single source of biological information to inform all ESA-related determinations we
may need to make for a given species.

 

General SSA information can be found here:

 

http://www.fws.gov/endangered/improving_ESA/SSA.html

 

We announced to our partners (USFS, BLM, States, Tribes, etc.) last June/July that we
would complete an SSA for the lynx DPS.  Along the way it was determined that we
needed to have an Expert Elicitation Workshop to fill some information gaps (things
like population size and trend and other demographic variables for which we lack
adequate information to build empirical models) with expert opinion/professional
judgement.  We held that workshop last Oct. and circulated the workshop report in
April.  It can be found, along with other workshop materials and the presentations from
the workshop, at our regional lynx web page at the SSA tab: 

 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php

 

We (a FWS Core Team - myself, Mark McCollough, Tam Smith, Kurt Broderdorp,and
Bryon Holt, with some help from SSA implementation folks) are currently working to
complete the SSA report, which will undergo internal review before being sent for peer

mailto:jim_zelenak@fws.gov
mailto:petermcdonald@fs.fed.us
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review and review by States and other partners. I hope to have a draft ready for internal
review in the next week or two, but it is turning out to be a bear to write.  It will be
reviewed by FWS regions/offices across the lynx range - not sure how long that might
take - before we tidy it up and send it for peer/external review.

 

My understanding is that once the SSA report is finalized, it will be used to generate a
quick, short-form 5-year review, which will be followed by a determination regarding
recovery planning.  If we do move into recovery plan development, we will be hard-
pressed to meet the court-ordered deadline for a final plan by Jan. 2018.

 

Hope this helps.  Let me know if you have questions.

 

Jim 

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.

-- 
Jim Zelenak, Biologist

mailto:jim_zelenak@fws.gov


U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: SSA next steps
Date: Wednesday, June 08, 2016 8:31:52 AM

Will work on this if I can find everything.  My office is turned upside down and somewhere in
transition.  However, I should be able to make some progress.  

Mark

On Tue, Jun 7, 2016 at 3:39 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Mark.  Sorry to gripe; I feel a bit like the whiner I never thought I was.... Regardless, I appreciate the
support.

I also appreciate and welcome your offer to tackle some additional sections.  At the current rate, you are going to
be primary author...

In the pop. needs section, I had intended to start by noting that populations essentially need what individuals need
(hares on a large snowy landscape), just on a larger scale/landscape.  That we don't know minimum viable pop
size, but the recovery outline suggested at least 1,250 km2 that might support 25 lynx home ranges. Wanted to see
if the Eurasian/Iberian lynx lit. offered thoughts on MVP sizes that we might mention/adopt.

I haven't gotten thru the PVA lit.and not shore we have a good handle for the DPS or it's individual
pops/geographic areas, or that we know exactly how to interpret results like Squires' for the Purcells vs. Seeley
Lake pops. Especially given Slough and Mowat's range of lambda's in the s. Yukon, which bounced around from
doubling annually during hare abundance, to stable for a short while in the early decline, to nearly zero at hare
lows. 

You've already pulled together some thoughts on fragmentation for your other sections, so hopefully describing it
from the 60,000-foot view will come across easily.  My thoughts for that and the fire section were to review
LCAS for general overview and add only as much detail as necessary to paint the big picture, noting that more
detailed discussion may follow in CH. 4 & 5.

OK - I'm going to work on my geographic sections and at least try to make progress there.

Thanks again Mark - I sincerely appreciate your willingness to keep after this, especially with all you have going
on there.

Jim 

On Tue, Jun 7, 2016 at 11:57 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:  Thanks for the call today.  Remember that we are doing this as a team, and this is not
just your responsibility!  I've been through the same treatment and stress with the lynx
trapping HCP.  I had vacations cancelled, details cancelled, I was not even allowed to
travel two miles to UMaine to hear David Mallett (lynx grad student that we funded) give
his final seminar or attend a retirement lunch for one of my coworkers because of writing
deadlines.  I applied for other jobs (and was offered a position in the NPS, which I turned
down).  I wondered about my future with an agency that used its staff this way.  Thus, my
couseling at EAP.

Our Region frequently makes the same mistakes - asking for work products with
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unrealistic timelines.  The same people ask us to do less with less, but that is seldom the
reality.

That said...I would be able to help the remainder of this week and next with:

Sect. 2.2.2 population requirements of populations and the DPS
Review what you wrote in Sect. 2.3
Sect. 3.5 Fragmentation
and pull some thoughts together for Chapter 6

I can't promise polished, completed sections, but will at least get some draft text in each of
these slots for all of us to look at.

We are supposed to report to our new office location next Monday.  We will also have a
new acting supervisor that day.  I will talk to her  and try to get permission to avoid the
unpacking activities and work on the SSA most of next week.

Have a good week off, and as we all advised you LEAVE THE SSA IN HELENA!

Mark
-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
306 Hatchery Road
East Orland, Maine 04431
Telephone: (207) 469-7300, Extension 1115
Fax: (207) 469-6725
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
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Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
306 Hatchery Road
East Orland, Maine 04431
Telephone: (207) 469-7300, Extension 1115
Fax: (207) 469-6725
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: Holt, Bryon
To: McCollough, Mark
Subject: Re: Lynx SSA - climate section
Date: Wednesday, June 08, 2016 10:58:00 AM

Cool,

But if (when) you read my section, I would really appreciate any thoughts you may have,
especially if you see some weakness in my analysis.  Like Jim said, you are a good writer and
you seem to have a pretty good handle on this climate stuff - much better than me.

Bryon

On Wed, Jun 8, 2016 at 7:51 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Great that you found good information.  I haven't had a chance to read anyone else's sections
and probably will not be able to for awhile.  Good luck writing.  We need to take care of
Jim!

Mark

On Wed, Jun 8, 2016 at 10:50 AM, Holt, Bryon <bryon_holt@fws.gov> wrote:
Hey Mark,

Thanks for the information/suggestion, but I think the citations and information I've
already used in my discussion for the Cascades should cover it well enough - the
information was specific to the Cascades.  However, if the information I've provided is not
sufficient, I can look for additional science on the subject.

Regards,

Bryon

On Wed, Jun 8, 2016 at 7:28 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

After yesterday's call I wanted to briefly suggest that you review your sections of Alexej
Siren's climate change powerpoint from the lynx workshop.  He did literature searches
for each of the areas and cites several key studies on snow and future climate.  I found
his citations useful.

Also, I noticed when doing the climate section for Maine there was a fair amount of
published literature on how climate change is  affecting and will affect snowpack
conditions in the Rockies.  This is a big issue for you folks for water management and
the ski industry, so I suspect some studies have been done.  I would suggest doing a
quick Google Scholar search for snow, climate change, etc. for your regions.  

thanks,  Mark

-- 
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Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
306 Hatchery Road
East Orland, Maine 04431
Telephone: (207) 469-7300, Extension 1115
Fax: (207) 469-6725
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
306 Hatchery Road
East Orland, Maine 04431
Telephone: (207) 469-7300, Extension 1115
Fax: (207) 469-6725
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov
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*************************************************



From: Alexej Siren
To: "Zelenak, Jim"
Cc: "Mark McCollough"
Subject: RE: additional question or two about climate change citations
Date: Thursday, June 09, 2016 9:48:24 PM
Attachments: EK000009.JPG

EK000010.JPG
lynx 03252016_1.jpg
p_000267.jpg
p_001683.jpg
p_000680.jpg
p_000682.jpg
IMG_0059.JPG
IMG_1763.JPG
PICT1036.JPG
DSC00165.JPG
DSC01172.JPG
Winter 2015 Report.zip

Hello Jim,
 
Good to hear from you.  We had plenty of lynx detections during the winter of 2014-2015 in the
northern part of the study area (see attached folder Winter 2015), and recorded a local expansion in
the area where we typically detect them.  I have attached a very brief summary of the effort. 
Unfortunately, most of our cameras either failed during that winter or missed lynx!  We have since
purchased new units and have had better success. 
 
I haven’t written a new report for this winter but will do so soon.  Briefly, we saw an increased
southward expansion in New Hampshire this winter, including a detection in the Zealand Range of
the White Mountains which was the last stronghold during the 1970s.  We also recorded consistent
detections in the same locales to the south of the core area, suggesting residency.  US Customs and
Border Patrol also continued to feed pics our way (see attached pics and a subset of ours too). 
 
Please let me know when you need the summaries.  I’m in the middle of a field season but will
prioritize a report for you all.
 
Best,
 
Alexej
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: June 9, 2016 5:16 PM
To: Alexej Siren <asiren@umass.edu>
Cc: Mark McCollough <mark_mccollough@fws.gov>
Subject: Re: additional question or two about climate change citations
 
Hi Alexej,
 
Have lynx detections for New Hampshire in winters 2014/15 and 2015/16 been documented or
summarized anywhere?  We have both your reports with data thru 2013/14, but not for the
past two winters that I'm aware of.
 

mailto:asiren@umass.edu
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As with VT, we just want to make sure we have the most current info for the SSA.
 
Let me know, and thanks again for all the help.
 
Jim
 
On Wed, Mar 30, 2016 at 2:50 PM, Alexej Siren <asiren@umass.edu> wrote:

Mark,
 
Attached are the two references that you requested.  The Bryan et al. (2015) is a chapter (chapter
1) within the Staudinger et al. (2015) report.  Below are the references. 
 
Staudinger, M. D., T. L. Morelli, and A. M. Bryan. 2015. Integrating Climate Change into
Northeast and Midwest State Wildlife Action Plans. DOI Northeast Climate Science Center
 
Rawlins, M.A., Bradley, R.S. and Diaz, H.F., 2012. Assessment of regional climate model
simulation estimates over the northeast United States.Journal of Geophysical Research:
Atmospheres, 117(D23).
 
Regarding lynx… we are continuing to get pictures and tracks throughout the winter in northern
Pittsburg which makes me lean towards resident individuals.  Recently we detected a lynx where I
did my marten research which was pretty neat because it’s further to the south and I never
detected lynx during 2.5 years of year round fieldwork.  Lynx tracks were detected in the same
location earlier in the winter and after backtracking it to obtain genetic samples I had the feeling it
was a resident.  It seemed to know the area very well and was scent marking the entire time I
backtracked it.  Interestingly, a bobcat was either following it or being followed by the lynx
because their tracks overlapped and looked to be similar in age.  By my assessment, the bobcat
looked to be a large tom.  I obtained a scat and a large hair sample from the bed. 
 
At some point I’d like to chat with you more about collecting genetic data.  I have always thought
that your idea of doing intensive snow track surveys to collect genetic data made sense and I have
been exploring ideas of collecting both lynx and bobcat samples.  If I could help you out at all with
collecting data that would be great. 
 
Let me know if you need any more information!
 
Alexej
 
 
From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: March 30, 2016 4:15 PM
To: Alexej Siren <alexejpksiren@gmail.com>
Cc: Jim Zelenak <jim_zelenak@fws.gov>
Subject: additional question or two about climate change citations
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Alexej:
 
I am back to writing the climate change section of the lynx SSA (or at least focusing on the
Northeast part of that section).
 
I've carefully reviewed your previous emails.  Thanks so much for providing additional
citations and sources of information on snow, particularly in the West.  I've forwarded to
our biologists writing those sections.
 
I am still trying to track down two citations on the Northeast slide in your power point:
 
Rawlings et al. 2012
 
Bryan (or Brian) et al. 2015
 
could you please provide a full citation (or better yet pdfs if you have them)?
 
Glad to hear you are picking up more lynx in NH.  Do you think they are resident (i.e.
breeding) or dispersers?  Are you picking them up consistently in these areas on your
cameras?  Are you going to keep your cameras operating after winter?
 
We have a consultation doing camera studies this winter for a proposed, large (6 township,
125 turbine) wind project in lynx critical habitat.  They are getting a large number of photos
and genetic samples to determine the distribution of lynx in the area and hopefully a
population estimate.
 
Thanks again for your help.
 
Mark
 
--
Mark McCollough, Ph.D.
Endangered Species Specialist
Maine Field Office
U. S. Fish and Wildlife Service
17 Godfrey Drive, Suite 2
Orono, ME 04473
Phone 207 866-3344 x115
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
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(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Winter 2014–2015 New Hampshire Canada lynx snow track and camera surveys   

 

Survey summary:  We surveyed a total of 394 km of snowmobile and hiking trails during winter 

2014–2015 (Fig. 1) and recorded 24 lynx track intercepts during 3 of 5 surveys in northern 

Pittsburg.  We detected an expansion southward and westward from the core area where we 

consistently detect lynx (northeastern tip of Pittsburg along the Maine/Quebec border).  No lynx 

were detected on cameras within the survey area due to camera malfunction.  We plan to outfit 

this area with the same camera brand and model that we are using in the WMNF, as these units 

continue to provide reliable and high quality data.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
Fig. 1.  Distribution of lynx detections relative to snow track and camera surveys during winter 2014–2015.  





route agency date distance (m)distance (km)
Jefferson USFS 1/15/2015 13117.1 13.1
Jefferson USFS 2/11/2015 13117.1 13.1
Kilkenny USFS 1/14/2015 15124.3 15.1
Kilkenny USFS 2/4/2015 15581.6 15.6
Pittsburg NHFG 1/22/2015 26463.5 26.5
Pittsburg NHFG 1/29/2015 25792.7 25.8
Pittsburg NHFG 3/5/2015 38864.8 38.9
Pittsburg NHFG 3/20/2015 31192.3 31.2
Pittsburg NHFG 4/1/2015 62487.1 62.5
Kinsman Katie (NHFG) 1/25/2015 3580.0 3.6
Kinsman Katie (NHFG) 11/11/2014 6012.5 6.0
Kinsman Katie (NHFG) 2/22/2015 6520.8 6.5
Kinsman Katie (NHFG) 2/27/2015 3040.7 3.0
Kinsman Katie (NHFG) 3/29/2015 12902.5 12.9
Kinsman Katie (NHFG) 4/11/2015 899.2 0.9
Kinsman Katie (NHFG) 4/19/2015 9863.8 9.9
Sandwich Katie (NHFG) 11/3/2014 9140.5 9.1
Sandwich Katie (NHFG) 12/20/2014 9140.5 9.1
Tecumseh Katie (NHFG) 1/1/2015 3941.8 3.9
Tecumseh Katie (NHFG) 1/11/2015 15383.8 15.4
Tecumseh Katie (NHFG) 2/24/2015 4244.6 4.2
Tecumseh Katie (NHFG) 3/1/2015 16332.8 16.3
Tecumseh Katie (NHFG) 3/21/2015 16332.8 16.3
Tecumseh Katie (NHFG) 3/22/2015 4244.62 4.2
Tecumseh Katie (NHFG) 4/11/2015 4244.62 4.2
Tecumseh Katie (NHFG) 4/16/2015 16332.8 16.3
Wonalancet Katie (NHFG) 12/22/2014 2912.71 2.9
Wonalancet Katie (NHFG) 2/1/2015 2322.71 2.3
Wonalancet Katie (NHFG) 3/22/2015 2020.52 2.0
Wonalancet Katie (NHFG) 4/12/2015 2864.83 2.9

394.0





















From: Zelenak, Jim
To: Alexej Siren
Cc: Mark McCollough
Subject: Re: additional question or two about climate change citations
Date: Friday, June 10, 2016 9:36:22 AM

Thanks Alexej,

I think the summary you've provided here should suffice for now (for draft SSA purposes), so no need to rush a
report on our account, though we will look forward to seeing it when it's finished.

Jim

On Thu, Jun 9, 2016 at 7:46 PM, Alexej Siren <asiren@umass.edu> wrote:

Hello Jim,

 

Good to hear from you.  We had plenty of lynx detections during the winter of 2014-2015 in the
northern part of the study area (see attached folder Winter 2015), and recorded a local expansion
in the area where we typically detect them.  I have attached a very brief summary of the effort. 
Unfortunately, most of our cameras either failed during that winter or missed lynx!  We have since
purchased new units and have had better success. 

 

I haven’t written a new report for this winter but will do so soon.  Briefly, we saw an increased
southward expansion in New Hampshire this winter, including a detection in the Zealand Range of
the White Mountains which was the last stronghold during the 1970s.  We also recorded
consistent detections in the same locales to the south of the core area, suggesting residency.  US
Customs and Border Patrol also continued to feed pics our way (see attached pics and a subset of
ours too). 

 

Please let me know when you need the summaries.  I’m in the middle of a field season but will
prioritize a report for you all.

 

Best,

 

Alexej

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: June 9, 2016 5:16 PM
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To: Alexej Siren <asiren@umass.edu>
Cc: Mark McCollough <mark_mccollough@fws.gov>
Subject: Re: additional question or two about climate change citations

 

Hi Alexej,

 

Have lynx detections for New Hampshire in winters 2014/15 and 2015/16 been documented
or summarized anywhere?  We have both your reports with data thru 2013/14, but not for
the past two winters that I'm aware of.

 

As with VT, we just want to make sure we have the most current info for the SSA.

 

Let me know, and thanks again for all the help.

 

Jim

 

On Wed, Mar 30, 2016 at 2:50 PM, Alexej Siren <asiren@umass.edu> wrote:

Mark,

 

Attached are the two references that you requested.  The Bryan et al. (2015) is a chapter
(chapter 1) within the Staudinger et al. (2015) report.  Below are the references. 

 

Staudinger, M. D., T. L. Morelli, and A. M. Bryan. 2015. Integrating Climate Change into
Northeast and Midwest State Wildlife Action Plans. DOI Northeast Climate Science Center

 

Rawlins, M.A., Bradley, R.S. and Diaz, H.F., 2012. Assessment of regional climate model
simulation estimates over the northeast United States.Journal of Geophysical Research:
Atmospheres, 117(D23).

 

Regarding lynx… we are continuing to get pictures and tracks throughout the winter in northern
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Pittsburg which makes me lean towards resident individuals.  Recently we detected a lynx
where I did my marten research which was pretty neat because it’s further to the south and I
never detected lynx during 2.5 years of year round fieldwork.  Lynx tracks were detected in the
same location earlier in the winter and after backtracking it to obtain genetic samples I had the
feeling it was a resident.  It seemed to know the area very well and was scent marking the entire
time I backtracked it.  Interestingly, a bobcat was either following it or being followed by the
lynx because their tracks overlapped and looked to be similar in age.  By my assessment, the
bobcat looked to be a large tom.  I obtained a scat and a large hair sample from the bed. 

 

At some point I’d like to chat with you more about collecting genetic data.  I have always
thought that your idea of doing intensive snow track surveys to collect genetic data made sense
and I have been exploring ideas of collecting both lynx and bobcat samples.  If I could help you
out at all with collecting data that would be great. 

 

Let me know if you need any more information!

 

Alexej

 

 

From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: March 30, 2016 4:15 PM
To: Alexej Siren <alexejpksiren@gmail.com>
Cc: Jim Zelenak <jim_zelenak@fws.gov>
Subject: additional question or two about climate change citations

 

Alexej:

 

I am back to writing the climate change section of the lynx SSA (or at least focusing on
the Northeast part of that section).

 

I've carefully reviewed your previous emails.  Thanks so much for providing additional
citations and sources of information on snow, particularly in the West.  I've forwarded to
our biologists writing those sections.
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I am still trying to track down two citations on the Northeast slide in your power point:

 

Rawlings et al. 2012

 

Bryan (or Brian) et al. 2015

 

could you please provide a full citation (or better yet pdfs if you have them)?

 

Glad to hear you are picking up more lynx in NH.  Do you think they are resident (i.e.
breeding) or dispersers?  Are you picking them up consistently in these areas on your
cameras?  Are you going to keep your cameras operating after winter?

 

We have a consultation doing camera studies this winter for a proposed, large (6
township, 125 turbine) wind project in lynx critical habitat.  They are getting a large
number of photos and genetic samples to determine the distribution of lynx in the area and
hopefully a population estimate.

 

Thanks again for your help.

 

Mark

 

--

Mark McCollough, Ph.D.

Endangered Species Specialist

Maine Field Office

U. S. Fish and Wildlife Service

17 Godfrey Drive, Suite 2

Orono, ME 04473

Phone 207 866-3344 x115



Cell Phone: 207 944-5709

mark_mccollough@fws.gov

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Lamothe, Peter
To: McCollough, Mark
Subject: Re: Forestry Brief
Date: Friday, June 10, 2016 9:54:01 AM

Thank you for the feedback Mark. I think they are trying to profile lesser know efforts? We
did discuss the potential of highlighting the Canada lynx recovery efforts but it was not one of
the final selections. I don't believe the discussion topics for this upcoming meeting minimizes
the importance of lynx recovery.

Peter

On Fri, Jun 10, 2016 at 9:38 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Nice job Peter.  I hope this helps Paul and others. 

 I told Paul that options for lousewort conservation were limited with large, commercial
landowners on the upper St. John River.  I think 7 Islands and Irving own most of the habitat
in this part of the river.  TNC has been actively trying to conserve the river corridor for the
last decade, first with their 280K acre acquisition north of Baker Lake, and later with land
swaps, etc. on other sections of the river.

As I indicated in another email to Paul, Canada lynx recovery is by far the greatest priority
with northern ME (and NH) landowners.  As we develop the lynx SSA, it has become
apparent that we are far, far behind the West in assuring long term conservation and
management of landscapes for lynx.  Most of the lynx habitat in the West is on Federal
lands, which have long-term conservation agreements with the US Forest Service.  The
Northeast is very different with >95% of the habitat in private ownership.  

This should be no surprise to Henning Stabens, who will be attending the meeting next
week.  As Paul will recall, we worked for two years on an HCP for Plum Creek's
development plans in the Moosehead Lake region.  Plum Creek decided to discontinue work
on the HCP.  Mitigation would have resulted in significant commitments to specific
management for lynx.

We developed lynx management guidelines to help landowners manage for lynx based on
state and university research on how forest practices affect lynx habitat in Maine.

See you Monday...

Mark 

On Thu, Jun 9, 2016 at 5:28 PM, Lamothe, Peter <peter_lamothe@fws.gov> wrote:
Hi Mark -

Here's the summary document I put together at Paul's request. Thanks for your
conservation work with this really amazing plant.

Peter

-- 
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Peter Lamothe
Maine Fish & Wildlife Service Complex
Program Manager
306 Hatchery Road
East Orland, ME 04431
Craig Brook NFH: Phone: 207-469-6498
Green Lake NFH: Phone: 207-667-9531
Cell: 207-801-1350
Fax: 207-469-6725

 

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
306 Hatchery Road
East Orland, Maine 04431
Telephone: (207) 469-7300, Extension 1115
Fax: (207) 469-6725
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Peter Lamothe
Maine Fish & Wildlife Service Complex
Program Manager
306 Hatchery Road
East Orland, ME 04431
Craig Brook NFH: Phone: 207-469-6498
Green Lake NFH: Phone: 207-667-9531
Cell: 207-801-1350
Fax: 207-469-6725
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp; Mary Parkin; Jonathan Cummings; Heather Bell;

Jodi Bush; Seth Willey
Subject: Re: Lynx SSA Core/FIT call
Date: Tuesday, June 21, 2016 10:52:22 AM

Hi All:

Hope Core Team can make the call this morning at 10 Mountain Time. FIT Team and managers welcome, too.  Will
have a quick rundown on where we are with the SSA Report and what sections remain to complete; other items as
necessary.

866-857-8504
7620543

On Mon, Jun 13, 2016 at 1:16 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

Just a note to let folks know I'll be out of the office tomorrow, 6/14, and for the following 5 work days, so unable
to lead/participate in the regularly-scheduled Tues. morning SSA call.

I'll be back next Tues., 6/21, and will plan on having the normal call (10 AM Mountain Time) then.

I appreciate Core Team folks' continued work on finalizing/tightening-up their sections of the draft report.

If anyone is up to it, I feel like the first 2 chapters are ready for review, although we still need to decide which
graphics to use and where.

Still some work needed to fill holes, mostly mine, in the remaining chapters, which I'll continue to work on. 

Thanks,

Jim
-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: McCollough, Mark
Subject: Re: Lynx SSA Core/FIT call
Date: Wednesday, June 22, 2016 2:54:38 PM

It was nice to step away from the SSA for almost a week.  I did not take my computer along, and I slept better most
nights than I have at home lately.  It was also nice to see friends and family again, and for Abby to "meet" some of
her cousins who haven't' seen her since she was 2 (and of course she has no memories of that).

I never did get to see small-whorled pogonia in WV - I think there were only a very few known occurrences in the
state...

No need to apologize - you've already done more than your share on the SSA, and I know you have other
responsibilities.  Bryon and Kurt also could not be on the call, so it was a brief discussion with Tam, Mary and
Jonathan.  I've been meaning to send an email to let you and the others know what we discussed and to get some
thoughts on time lines for having sections finished.

If I'm disappointed in anything, it is in my own inability to pull this document toward some semblance of
completion.  I'm still struggling to write some of the pop. requirements section and to get thru Ch. 3, 4 and 5. Not
sure why, but writing this is like pulling teeth for me lately.  Every time I make a little progress, i think of other
details/nuances that seem important to discuss.  

I don't have any requests for additional particular work - I guess if you have time and feel inclined you could work
on polishing the fragmentation section - I have not had a chance to carefully review what you put together there (or
your other sections for that matter).

I will send a follow-up email to the Core Team in a few minutes asking everyone to have their Ch. 4 and 5 sections
finished and as tight and concise as possible by the end of next week (that's when Tam thought she might have time
to get hers done).  It looks like you are mostly done, maybe completely, but if you have time to edit out any
redundancies and tighten things up, that would be great.  I don't anticipate me or the others going into the level of
detail you provided for your unit. At some point, we will likely have to edit for consistency among units, but I can't
worry about that at the moment.

Wish I was joining you at NCTC for the climate change course.

Thanks for your continuing efforts Mark.

Jim  

On Wed, Jun 22, 2016 at 10:07 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:  I hope you had a good week away from the SSA.

My apologies that I could not participate yesterday.  I was on a site visit with Federal Aid
and state biologist at some small whorled pogonia sites in southern Maine.

You probably were disappointed to see that I did not make much progress on the SSA while
you were gone.  I did draft a fragmentation section.  

We have a new supervisor-of-the-month who raised her eyebrows when I said I had set aside
a BA from early April from USDA APHIS for their mammal trapping program in ME, VT,
NH (consultation on lynx).  So, I've had to work on that last week.  The document was in
rough shape and likely needs to be redeveloped as a programmatic consultation on a wide
variety of animal damage control and rabies projects.  I still need another day or two to
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complete.  I also have a draft EA from April from the Corps for a piping plover beach that
needs a response.  In other words, work has backed up because of the SSA and I need to do
some things to ease the pressure.

I hope to be back to SSA work next week.

Let me know if there is anything in particular you would like me to work on.

I will be gone to NCTC for a climate change class (that I hope will help with the lynx and
Furbish's lousewort SSAs) the week of July 11.  I will be taking the next week for annual
leave to visit my parents in PA.

Mark 

On Tue, Jun 21, 2016 at 10:52 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

Hope Core Team can make the call this morning at 10 Mountain Time. FIT Team and managers welcome, too. 
Will have a quick rundown on where we are with the SSA Report and what sections remain to complete; other
items as necessary.

866-857-8504
7620543

On Mon, Jun 13, 2016 at 1:16 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

Just a note to let folks know I'll be out of the office tomorrow, 6/14, and for the following 5 work days, so
unable to lead/participate in the regularly-scheduled Tues. morning SSA call.

I'll be back next Tues., 6/21, and will plan on having the normal call (10 AM Mountain Time) then.

I appreciate Core Team folks' continued work on finalizing/tightening-up their sections of the draft report.

If anyone is up to it, I feel like the first 2 chapters are ready for review, although we still need to decide
which graphics to use and where.

Still some work needed to fill holes, mostly mine, in the remaining chapters, which I'll continue to work on. 

Thanks,

Jim
-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 469-7300, Extension 1115
Fax: (207) 469-6725
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Subject: Lynx SSA work
Date: Wednesday, June 22, 2016 3:01:40 PM

Sorry that most of you could not make the Core Team call yesterday - I understand folks have other responsibilities. 
Tam and I had a brief call with Mary and Jonathan.

I'm still struggling with writing some sections of the SSA report, but hope to make good progress this week and
next.

I request that each of you, if you haven't already, please have your Ch. 4 and 5 (current and future conditions)
sections completed and as tight/concise as possible, using the supplied templates and sub-headings, by the end of
next week.  If you anticipate this being a problem, please let me know ASAP and when you think you can have them
done. 

Thanks, Mark, for your work on other sections in addition to your chapters 4 and 5 parts.

Thanks, All, for continuing to make the lynx SSA a priority.

Cheers!

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Timber Barons and REITs in MT news
Date: Monday, June 27, 2016 8:21:33 AM

Jim:  Previously, Plum Creek blamed the Service for why they discontinued work on an HCP
for lynx in Maine,  In reality, there were lots of things going on within the corporation,
including the sale to Weyerhauser.  Plum Creek (or Weyerhaeuser) have not pursued (yet) the
extensive development plans in lynx ch near Moosehead Lake.  I'm sure that some of what is
going on in Montana is similar.

Mark

On Thu, Jun 23, 2016 at 5:52 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Been buried in lynx SSA but got a call from Gary Hanvey a few minutes ago in which he
relayed Forest Service angst (upper mgmt., with some lynx litigation overtones), at
Congressional and State legislator anger at his agency in response to Weyerhaeuser's
announcement last night that they are closing up shop & cutting 100 jobs in Columbia Falls,
MT.

Anyway - a local enviro has a comment to the story below in the Helena paper where he
talks about REITs - thought this might be of interest.

http://helenair.com/news/state-and-regional/weyerhaeuser-to-close-columbia-falls-lumber-
and-plywood-mill-jobs/article_f80444b9-1a10-53a1-aeed-3c326d8298a4.html

Another piece on this from the Flathead Beacon up in Kalispell:

http://flatheadbeacon.com/2016/06/22/weyerhaeuser-announces-plans-close-columbia-falls-
mills/

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
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East Orland, Maine 04431
Telephone: (207) 469-7300, Extension 1115
Fax: (207) 469-6725
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Cummings, Jonathan
To: Jim Zelenak; Kurt Broderdorp; Mark McCollough; Tamara Smith; Heather Bell; Mary Parkin; Bryon Holt
Subject: Lynx SSA report feedback
Date: Monday, June 27, 2016 4:26:03 PM

Hi All,

I've read Ch 1&2, and the Northern Maine and Montana units in Ch 4&5.  You've made a lot of progress on the SSA report!  
I've made comments in the document, but here's a summary so you don't have to scroll through them all:

Chapter 1: Looks good, a few minor comments
Chapter 2: 

There is a lot of detail here which is good but I'm not sure all of it is necessary.  
I personally would remove (or move to appendices) detail that is not needed to understand the text in
chapters 4 and 5, I tried to note paragraphs where I thought that might be the case

Because there is a lot of text and detail 
include the influence diagrams here, and edit the text/diagrams so that they correspond with one
another and a diagram can be referred to as a reminder when reading later chapters.
Once the details of chapters 4 & 5 are known edit the text/diagrams in chapter 2 to focus on the
relevant details needed to understand chapters 4 & 5 and to match with the details from the EE
workshop results.

Chapter 4: 

Some of the detail here I think repeated information from chapter 2.  Check that the unit specific conditions are
unit specific, and describe current condition rather than:

ecological requirements which was chapter 2 and can be moved there, or
future condition, which can be moved to chapter 5.

There wasn't much detail on lynx status itself (i.e., lynx populations rather than lynx habitat).
include clear measures of distribution and abundance estimates where possible
estimates of lynx density within portions of a unit were included.  This can be a good proxy measure of
lynx population status. Highlight those density estimates more if that is the direct measure of lynx
population status being used

I noticed a potential mismatch between stated ecological requirements and realized lynx status (Re: snow duration)

Chapter 5: 

The is a substantial overlap in the text of some sections of chapter 4 and 5 currently, where the text looks
duplicated, aim to minimize redundancy
There wasn't much detail on lynx status itself (i.e., lynx populations rather than lynx habitat).
The expert elicitation section didn't really address lynx status (i.e., lynx populations), but mainly the
factors influencing lynx status (i.e., habitat/hare status)

Where are the lynx status results from the expert elicitation workshop?  I suggest including the figures
from the workshop report.

Overall my feedback is that this is very strong on supporting/secondary information (i.e., the ecological status of the systems
that supports lynx), which is good! There isn't much of what I think of as the primary information though, i.e., on lynx status
itself (viability measured with the relevant 3R measurable attributes).  I know that this primary information is less readily
available, particularly in the literature which makes it hard, but I think there could be more.  In particularly the viability
assessments provided by the expert elicitation are absent from what I read.  Currently the expert opinion section seemed to
focus on habitat status, and the status of other ecological requirements for lynx, but not the viability assessment results for
lynx populations.  Without inclusion of the EE workshop persistence results I felt like I was left to mentally assess lynx
population status in a geographic unit based on the description of habitat status rather than through a direct estimate of lynx
status provided via the text.

When I read an SSA or a FR notice I look for an easily understandable portrayal of the biological viability of the species,
presented in a way that I can clearly compare to other species.  The more directly the population status can be described, and
the more quantitatively, the easier that comparison is.  To me the purpose of information beyond a direct biological statement
of viability is to support and build trust that the presented biological viability is accurate.  Additional detail, at least for a
listing decision, is superfluous.  
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I know chapters 4 & 5 are still works in progress, so sorry if I'm just jumping ahead.  There is a lot here, and I think this is
actually quite close.  Working in the EE results shouldn't take much more than pasting in the figures and providing some
quick results summaries.  I might start here and then work backwards through the chapters to match up the details with those
results, or to include other important details the EE results didn't address.

Let me know if there are questions and how I can help!
Jonathan

-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Patuxent Wildlife Research Center (remotely located)
12100 Beech Forest Road
Laurel, MD 20708 USA
jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings

Remote Contact Info:
Ph: 802-999-8684
243 Locust St
Dover, NH 03820
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From: Zelenak, Jim
To: bob.broscheid@state.co.us; craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric; Moore,Virgil; Dustin

Miller (dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam Eaton;
Chandler.woodcock@maine.gov; Connolly, James; Vashon, Jennifer; moritzw@michigan.gov; DNR-
Wildlife@michigan.gov; bumpa@michigan.gov; kennedyd@michigan.gov; commissioner.dnr@state.mn.us;
rita.dixon@idfg.idaho.gov; jim.leach@state.mn.us; Paul.Telander@state.mn.us; Baker, Richard (DNR); Erb, John
D (DNR); jhagener@mt.gov; JTubbs@mt.gov; McDonald, Ken; Inman, Bob; Jay Kolbe; seggeman@mt.gov; Baty,
Ross; glenn.normandeau@wildlife.nh.gov; Mark.Ellingwood@wildlife.nh.gov; john.kanter@wildlife.nh.gov;
Jill.Killborn@wildlife.nh.gov; William.Staats@wildlife.nh.gov; Patrick.Tate@wildlife.nh.gov;
alexandra.sandoval@state.nm.us; stewart.liley@state.nm.us; rick.winslow@state.nm.us; Stuart, James N., DGF;
patricia.riexinger@dec.ny.gov; Jensen, Paul G (DEC); curt.melcher@state.or.us; derek.j.broman@state.or.us;
Gregory Sheehan; Kimberly Hersey; louis.porter@state.vt.us; mark scott; Bernier, Chris; director@dfw.wa.gov;
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Subject: Cancelled - Lynx SSA Monthly State Coordination Call
Date: Tuesday, June 28, 2016 4:13:24 PM

Hi All:

Because we value your time and there is little to convey other than continuing progress on the
lynx SSA report, we've decided to cancel this month's update/coordination call.

The next call is scheduled for Wed., July 27.  I'll send out a reminder with call-in info for that
one a day or two ahead.

If you have questions or need any other information, don't hesitate to email or call me. 

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Because we value your time and there is little to convey other than continuing progress on the
lynx SSA report, we've decided to cancel this month's update/coordination call.
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Lynx Regulatory Summary
Date: Wednesday, June 29, 2016 9:00:47 AM

Jim:  I forgot about the incremental effects memo.  Thanks for sending it along.

Our "slow motion" move is still in progress.  Pretty much nothing went as planned.  Office
spaces were not built out.  Computers and phones don't work most of the time.  Most of our
files are still in boxes.  

I found my SSA files yesterday and have them organized once again.  I also have a home
office set up and have permission to telework two days a week.  I seem much more efficient
here (home) than at the hatchery where we are constantly being tagged to unload boxes (to
save the Service $$$).

I hope to get back to work on the SSA today after finishing up comments on a BA and EA that
have been hanging over my head for months.

Mark

On Tue, Jun 28, 2016 at 2:59 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
As I mentioned on the call, I had to pull together and summarize the various Acts, regs., policy, guidance, etc.
relevant to lynx on federal, State, and Tribal lands for the Incremental Effects Memo (IEM) for the economics
analysis for critical habitat.  In the document, I also discussed the various conservation agreements, the LCAS,
and revisions and amendments to Forest Service and BLM plans, HCPs, NRCS Healthy FOrest Reserve Program,
etc., as well as state-by-state trapping regs, etc.  I've attached the IEM here so you don't have to go looking for it
and in the hopes that it will save you some time on the regulatory components of your Ch. 4 and 5 sections.  See
pages 15-38.

Again, Kurt gets left somewhat in the cold because we didn't' designate CH in the S. Rockies - therefore the S.
Rockies Lynx Amendment is mentioned but not discussed in detail in the IEM.

Hope this is helpful.   

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
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Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 469-7300, Extension 1115
Fax: (207) 469-6725
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Zelenak, Jim
To: Seth Willey; Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt

Broderdorp; Mark McCollough; Tamara Smith; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab; Ann
Timberman; Anthony Tur; Brad Thompson; Chris Mensing; David Stilwell; Drue DeBerry; Eric Rickerson; Grant
Canterbury; Jeff Krupka; Karl Halupka; Kate Novak; Kim Garner; Larry Crist; Laura Ragan; Leslie Ellwood; Mark
Maghini; Martin Miller; Megan Kosterman; Michelle Eames; Paul Casey; Paul Henson; Peter Fasbender; Rollie
White; Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman; Tyler Abbott; Wally Murphy; Dennis Mackey;
Patricia Zenone; Gary Miller; Karen Cathey; Steve Spangle

Subject: Cancelled - Lynx SSA Monthly FWS Coordination Call
Date: Thursday, June 30, 2016 3:04:26 PM

Hi All:

As we did with the monthly State call (and for the same reason), we are cancelling the monthly internal FWS
update/coordination call for the lynx SSA scheduled for next Tuesday, July 5.

The next call is scheduled for Tues., Aug. 2.  I'll send out a reminder with call-in info for that one a day or two ahead.

If you have questions or need any other information, don't hesitate to email or call me. 

Thanks,

Jim  

-- 

Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Hi All:

As we did with the monthly State call (and for the same reason), we are cancelling the monthly internal FWS
update/coordination call for the lynx SSA scheduled for next Tuesday, July 5.

The next call is scheduled for Tues., Aug. 2.  I'll send out a reminder with call-in info for that one a day or two ahead.

If you have questions or need any other information, don't hesitate to email or call me. 

Thanks,

Jim  
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Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:seth_willey@fws.gov
mailto:jodi_bush@fws.gov
mailto:heather_bell@fws.gov
mailto:mary_parkin@fws.gov
mailto:jwcummings@usgs.gov
mailto:justin_shoemaker@fws.gov
mailto:bryon_holt@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:mark_mccollough@fws.gov
mailto:tamara_smith@fws.gov
mailto:brady_mcgee@fws.gov
mailto:jeffrey_dillon@fws.gov
mailto:lisa_solbergschwab@fws.gov
mailto:ann_timberman@fws.gov
mailto:ann_timberman@fws.gov
mailto:anthony_tur@fws.gov
mailto:brad_thompson@fws.gov
mailto:chris_mensing@fws.gov
mailto:david_stilwell@fws.gov
mailto:drue_deberry@fws.gov
mailto:eric_rickerson@fws.gov
mailto:grant_canterbury@fws.gov
mailto:grant_canterbury@fws.gov
mailto:jeff_krupka@fws.gov
mailto:karl_halupka@fws.gov
mailto:kate_novak@fws.gov
mailto:kim_garner@fws.gov
mailto:larry_crist@fws.gov
mailto:laura_ragan@fws.gov
mailto:leslie_ellwood@fws.gov
mailto:mark_maghini@fws.gov
mailto:mark_maghini@fws.gov
mailto:martin_miller@fws.gov
mailto:megan_kosterman@fws.gov
mailto:michelle_eames@fws.gov
mailto:paul_casey@fws.gov
mailto:paul_henson@fws.gov
mailto:peter_fasbender@fws.gov
mailto:rollie_white@fws.gov
mailto:rollie_white@fws.gov
mailto:sarah_hall@fws.gov
mailto:scott_hicks@fws.gov
mailto:sue_livingston@fws.gov
mailto:tom_chapman@fws.gov
mailto:tyler_abbott@fws.gov
mailto:wally_murphy@fws.gov
mailto:Dennis_Mackey@fws.gov
mailto:patricia_zenone@fws.gov
mailto:gary_miller@fws.gov
mailto:karen_cathey@fws.gov
mailto:steve_spangle@fws.gov
mailto:jim_zelenak@fws.gov


From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: AA Wolf SSA
Date: Friday, July 01, 2016 8:10:30 AM

Jim:

Thanks for sharing this.  I am going to download and print the wolf SSA to add to my SSA
template pile.  Perhaps there are some good suggestions that can help us write the remaining
sections of the SSA.

We were required to participate in 3 conference calls and webinars yesterday, but I had time to
get through chapter 4 for northern Maine unit.  I've incorporated most of your and Jonathan's
comments.  I will move on to Chapter 5 next week.  As you recall, some of the climate change
information will be moved to Ch. 5.  I see redundancy in some of my sections and am trying to
remove this and merge paragraphs as much as possible.  This happens in part from cut and
pasting from the LCAS and other documents and in part because there is some redundancy in
the SSA outline.

It looks like Michele took about a year to finish AA wolf SSA (I was not aware of this
listing).  The lynx is more complex because of the size of the DPS, more complex
biology/ecology/threats, having to arrange an expert workshop (it looks like they didn't for the
AA wolf), state "involvement," and having to herd five cats (authors). In retrospect, we
probably spent far too much time with the FIT team doing exercises of questionable value.  

 It seems the AA wolf, like other SSAs (massasuaga) relied heavily on modeling. I think the
FIT team thought we were going to be heavy into modeling as well, which is why we may
have done all those exercises.  I'm not sure if modeling is expected in our SSA.  Mary
mentioned something  earlier this week about "we still will have to model?"  The SSA process
and expected outcomes are still somewhat elusive. That is because I think every species is
different and the SSA process is still evolving.   R5 biologists had a one-day overview of SSA
 in April and we are planning to have multi-day training this fall.  

Once I get through the northern Maine Chapter 5 early next week, I could probably help with
another assignment.  I got two major consultation projects off my desk this week.  Although I
still have a backlog of section 7, I can breath a little easier.  I will be gone to NCTC for a
climate change class July 11-14 and will take advantage of being in that part of the country to
visit my parents in western PA July 18-22.

Hang in there.  We have good justification for taking the time we have to write, especially
since we really did not begin until mid-April.  You ARE DOING A GREAT JOB!

Mark

On Thu, Jun 30, 2016 at 5:48 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Mark,

For now, I'm sharing this only with you - though I may share it with the rest of the team eventually; haven't had a
lot of time to think about it - because I know you share some of my concerns with SSA process and time lines,
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etc.

I think Michelle did an amazing job on the AA Wolf SSA given the needs and time line she was operating under. 
We could have used someone like her (rather than me) to lead this lynx SSA.

I only looked over her SSA briefly to see what might be useful for me to think about for ours, but I thought it was
very solid. Even more impressive given her schedule, below.

Regardless, I thought you might appreciate this, especially her thoughts in the final paragraph of her message.

Hope you have a great holiday weekend and that your work environment there returns to some semblance of
normal soon.

Jim  
---------- Forwarded message ----------
From: Kissling, Michelle <michelle_kissling@fws.gov>
Date: Thu, Jun 30, 2016 at 3:12 PM
Subject: Re: AA Wolf SSA
To: "Zelenak, Jim" <jim_zelenak@fws.gov>
Cc: "steve_brockman@fws.gov Brockmann" <Steve_Brockmann@fws.gov>

Hi Jim,
So nice to see your name! I hope that you are doing well. It looks like you still are working
for the FWS. Glad to hear it.

I purposefully did not put my name on the AA wolf SSA, or have it associated with the FR
decision document. I was not proud of the work or final products, which was due in large
part to lack of resources and changes in leadership at the time. Nonetheless, although I didn't
like the process, I think that the decision in the end was the right one, even though it didn't
feel very good (to be honest).

Regarding time to complete the SSA, I'm including a monthly schedule here. 

October 2014 - received assignment, started reading literature, older documents, etc.
November-December 2014 - continued reading materials, tracked down wolf model
for POW, developed listing plan, internal and external coordination meetings,
contacted UAF about updating model for POW
January 2015 - drafted contract with UAF for wolf model, hired two post docs to
assist with model, weekly phone calls with modeling team, scheduling peer review of
model, internal meetings to discuss genetics and listing entity
February 2015 - collated data for revised/updated model, internal meeting to continue
discussions of genetics and listing entity, initiated discussions with BC, drafted
contract for peer review of SSA
March 2015 - ran draft model for POW, outline of model report, held workshop for
peer review of model, arranged for peer review of model report, draft of outline of
SSA
April-June 15, 2015 - drafted SSA, finalized model based on peer review workshop
feedback, drafted model report
June 16-30, 2015 - internal review of SSA and model report
July 1-20, 2015 - revision of SSA and model report
July 20-August 28, 2015 - external peer review of SSA and model report
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September 2015 - reviewed peer review comments, finalized SSA and model report,
reached preliminary decision
October 2015 - drafted FR notice, sent to HQ
November 2015 - finalized FR notice based on HQ comments
December 2015 - finalized entire package, published

So, to answer your question, I spent about 2 months reviewing literature and getting up-to-
speed (I had been out of Tongass and wolf issues for a long time). Then, because the listable
entity was in question, I spent 2-3 months reviewing the genetic evidence, discussing it with
genetic experts, and reconciling the information with policy experts. Simultaneously, I had
to move forward with the model update/revision because of time constraints. Overall, I
wrote the SSA in about 6-8 weeks, but had about 4-5 months to prepare for it. Not ideal. Of
course, I had some support from others, but nobody was dedicated solely to the task except
for me. 

Hope this helps. I'm guessing that you might have a SSA on your horizon. If so, I urge you
(or your staff) to spend A LOT of time upfront deciding what analyses need to be done and
which ones would be nice to do, but aren't quite necessary. This part requires a lot of
communication with your decision maker. Then, the key to a good SSA is a good outline of
it. If everyone agrees to the outline, it seems to go much more smoothly. However, do not
underestimate the amount of time and work that it takes to complete a SSA. You need
someone that can write, conduct statistical analyses, can function in GIS, communicate
effectively with decision makers, facilitate meetings, and can herd cats. I've done a few of
these things now and the problem is that most biologists don't have all of these skills, which
is understandable, but it can be difficult acquiring reliable help within the time constraints
that we typically work under for ESA decisions.

Feel free to give me a call if you want to discuss anything further. I hope you're well, Jim!
Michelle

On Thu, Jun 23, 2016 at 8:15 AM, Brockmann, steve_brockman@fws.gov
<steve_brockmann@fws.gov> wrote:

Jim,
The author of the AA wolf SSA was Michelle Kissling.  I'm not sure how long it took to
complete the assessment, but I do know that we did not have the time we wanted to do it. 
I've included her in the cc list. Her office phone is 907-780-1168. She's out of the office
until July 5, but I'm sure she'd be happy to talk to you about it once she's back.  

Thanks for the chance to talk yesterday. It was nice catching up a little bit.

Steve

On Thu, Jun 23, 2016 at 5:57 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
HI Steve,

Good talking with you yesterday.  I found the wolf SSA on line.  Can you tell me, or point me to who can,
how long it took to complete the SSA?

-- 
Jim Zelenak, Biologist
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U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Steve Brockmann
Southeast Alaska Coordinator
Juneau Field Office
U.S. Fish and Wildlife Service
3000 Vintage Blvd, Suite 201
Juneau, AK 99801

Office (907) 780-1181
cell (907) 723-7839
Fax (907) 586-7099

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 469-7300, Extension 1115
Fax: (207) 469-6725
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: AA Wolf SSA
Date: Friday, July 01, 2016 8:10:30 AM

Jim:

Thanks for sharing this.  I am going to download and print the wolf SSA to add to my SSA
template pile.  Perhaps there are some good suggestions that can help us write the remaining
sections of the SSA.

We were required to participate in 3 conference calls and webinars yesterday, but I had time to
get through chapter 4 for northern Maine unit.  I've incorporated most of your and Jonathan's
comments.  I will move on to Chapter 5 next week.  As you recall, some of the climate change
information will be moved to Ch. 5.  I see redundancy in some of my sections and am trying to
remove this and merge paragraphs as much as possible.  This happens in part from cut and
pasting from the LCAS and other documents and in part because there is some redundancy in
the SSA outline.

It looks like Michele took about a year to finish AA wolf SSA (I was not aware of this
listing).  The lynx is more complex because of the size of the DPS, more complex
biology/ecology/threats, having to arrange an expert workshop (it looks like they didn't for the
AA wolf), state "involvement," and having to herd five cats (authors). In retrospect, we
probably spent far too much time with the FIT team doing exercises of questionable value.  

 It seems the AA wolf, like other SSAs (massasuaga) relied heavily on modeling. I think the
FIT team thought we were going to be heavy into modeling as well, which is why we may
have done all those exercises.  I'm not sure if modeling is expected in our SSA.  Mary
mentioned something  earlier this week about "we still will have to model?"  The SSA process
and expected outcomes are still somewhat elusive. That is because I think every species is
different and the SSA process is still evolving.   R5 biologists had a one-day overview of SSA
 in April and we are planning to have multi-day training this fall.  

Once I get through the northern Maine Chapter 5 early next week, I could probably help with
another assignment.  I got two major consultation projects off my desk this week.  Although I
still have a backlog of section 7, I can breath a little easier.  I will be gone to NCTC for a
climate change class July 11-14 and will take advantage of being in that part of the country to
visit my parents in western PA July 18-22.

Hang in there.  We have good justification for taking the time we have to write, especially
since we really did not begin until mid-April.  You ARE DOING A GREAT JOB!

Mark

On Thu, Jun 30, 2016 at 5:48 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Mark,

For now, I'm sharing this only with you - though I may share it with the rest of the team eventually; haven't had a
lot of time to think about it - because I know you share some of my concerns with SSA process and time lines,
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etc.

I think Michelle did an amazing job on the AA Wolf SSA given the needs and time line she was operating under. 
We could have used someone like her (rather than me) to lead this lynx SSA.

I only looked over her SSA briefly to see what might be useful for me to think about for ours, but I thought it was
very solid. Even more impressive given her schedule, below.

Regardless, I thought you might appreciate this, especially her thoughts in the final paragraph of her message.

Hope you have a great holiday weekend and that your work environment there returns to some semblance of
normal soon.

Jim  
---------- Forwarded message ----------
From: Kissling, Michelle <michelle_kissling@fws.gov>
Date: Thu, Jun 30, 2016 at 3:12 PM
Subject: Re: AA Wolf SSA
To: "Zelenak, Jim" <jim_zelenak@fws.gov>
Cc: "steve_brockman@fws.gov Brockmann" <Steve_Brockmann@fws.gov>

Hi Jim,
So nice to see your name! I hope that you are doing well. It looks like you still are working
for the FWS. Glad to hear it.

I purposefully did not put my name on the AA wolf SSA, or have it associated with the FR
decision document. I was not proud of the work or final products, which was due in large
part to lack of resources and changes in leadership at the time. Nonetheless, although I didn't
like the process, I think that the decision in the end was the right one, even though it didn't
feel very good (to be honest).

Regarding time to complete the SSA, I'm including a monthly schedule here. 

October 2014 - received assignment, started reading literature, older documents, etc.
November-December 2014 - continued reading materials, tracked down wolf model
for POW, developed listing plan, internal and external coordination meetings,
contacted UAF about updating model for POW
January 2015 - drafted contract with UAF for wolf model, hired two post docs to
assist with model, weekly phone calls with modeling team, scheduling peer review of
model, internal meetings to discuss genetics and listing entity
February 2015 - collated data for revised/updated model, internal meeting to continue
discussions of genetics and listing entity, initiated discussions with BC, drafted
contract for peer review of SSA
March 2015 - ran draft model for POW, outline of model report, held workshop for
peer review of model, arranged for peer review of model report, draft of outline of
SSA
April-June 15, 2015 - drafted SSA, finalized model based on peer review workshop
feedback, drafted model report
June 16-30, 2015 - internal review of SSA and model report
July 1-20, 2015 - revision of SSA and model report
July 20-August 28, 2015 - external peer review of SSA and model report
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September 2015 - reviewed peer review comments, finalized SSA and model report,
reached preliminary decision
October 2015 - drafted FR notice, sent to HQ
November 2015 - finalized FR notice based on HQ comments
December 2015 - finalized entire package, published

So, to answer your question, I spent about 2 months reviewing literature and getting up-to-
speed (I had been out of Tongass and wolf issues for a long time). Then, because the listable
entity was in question, I spent 2-3 months reviewing the genetic evidence, discussing it with
genetic experts, and reconciling the information with policy experts. Simultaneously, I had
to move forward with the model update/revision because of time constraints. Overall, I
wrote the SSA in about 6-8 weeks, but had about 4-5 months to prepare for it. Not ideal. Of
course, I had some support from others, but nobody was dedicated solely to the task except
for me. 

Hope this helps. I'm guessing that you might have a SSA on your horizon. If so, I urge you
(or your staff) to spend A LOT of time upfront deciding what analyses need to be done and
which ones would be nice to do, but aren't quite necessary. This part requires a lot of
communication with your decision maker. Then, the key to a good SSA is a good outline of
it. If everyone agrees to the outline, it seems to go much more smoothly. However, do not
underestimate the amount of time and work that it takes to complete a SSA. You need
someone that can write, conduct statistical analyses, can function in GIS, communicate
effectively with decision makers, facilitate meetings, and can herd cats. I've done a few of
these things now and the problem is that most biologists don't have all of these skills, which
is understandable, but it can be difficult acquiring reliable help within the time constraints
that we typically work under for ESA decisions.

Feel free to give me a call if you want to discuss anything further. I hope you're well, Jim!
Michelle

On Thu, Jun 23, 2016 at 8:15 AM, Brockmann, steve_brockman@fws.gov
<steve_brockmann@fws.gov> wrote:

Jim,
The author of the AA wolf SSA was Michelle Kissling.  I'm not sure how long it took to
complete the assessment, but I do know that we did not have the time we wanted to do it. 
I've included her in the cc list. Her office phone is 907-780-1168. She's out of the office
until July 5, but I'm sure she'd be happy to talk to you about it once she's back.  

Thanks for the chance to talk yesterday. It was nice catching up a little bit.

Steve

On Thu, Jun 23, 2016 at 5:57 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
HI Steve,

Good talking with you yesterday.  I found the wolf SSA on line.  Can you tell me, or point me to who can,
how long it took to complete the SSA?

-- 
Jim Zelenak, Biologist
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U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Steve Brockmann
Southeast Alaska Coordinator
Juneau Field Office
U.S. Fish and Wildlife Service
3000 Vintage Blvd, Suite 201
Juneau, AK 99801

Office (907) 780-1181
cell (907) 723-7839
Fax (907) 586-7099

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 469-7300, Extension 1115
Fax: (207) 469-6725
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Good News Read About Big Hole Grayling
Date: Tuesday, July 05, 2016 9:54:25 AM

I don't have anything to report other than I am working on sections 4 and 5 - incorporating
your and Jonathan's comments as I go.  I plan to work on the SSA Wed. and Thurs. of this
week.

I don't think we need a call as long as everyone continues to work on their sections.

Mark

On Tue, Jul 5, 2016 at 9:52 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I'm not sure we need one - maybe just let folks have the time to keep writing.  What do you think? 

On Tue, Jul 5, 2016 at 7:50 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Do we have a Core Team call today?  Mark

On Tue, Jul 5, 2016 at 9:49 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Good, fair piece by Ted Williams on Arctic grayling.

---------- Forwarded message ----------
From: Fredenberg, Wade <wade_fredenberg@fws.gov>
Date: Fri, Jul 1, 2016 at 8:00 AM
Subject: Good News Read About Big Hole Grayling
To: FW6 ES Helena <fw6_es_helena@fws.gov>

http://blog.nature.org/science/2016/06/27/recovery-saving-grayling-carrot-stick-
cooperation-ranching-endangered-fish/

Wade Fredenberg
Fish Biologist
Montana Ecological Services SubOffice
Creston Fish and Wildlife Center
780 Creston Hatchery Road
Kalispell, MT  59901
(406) 758-6872

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 469-7300, Extension 1115
Fax: (207) 469-6725
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 469-7300, Extension 1115
Fax: (207) 469-6725
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Cc: Mary Parkin; Jonathan Cummings; Heather Bell; Jodi Bush; Seth Willey
Subject: Cancelled - Lynx SSA Core Team Call July 5
Date: Tuesday, July 05, 2016 10:00:31 AM

Hi All;

Because I touched base with most of the Core Team last week and everyone is working on writing/polishing their
sections of the draft SSA report, I don't think the weekly scheduled Core Team call is necessary today.  maybe better
to keep plugging away at the writing.

We will have the call next Tuesday at the usual time and number, and I'll send out a reminder before then.

Call or email if questions.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Google Calendar on behalf of Mary Parkin
To: mark_mccollough@fws.gov
Subject: Lynx SSA Core Team Call
Attachments: invite.ics

This event has been canceled and removed from your calendar.

Lynx SSA Core Team Call

Weekly lynx core team calls through September.
When
Tue Jul 5, 2016 12pm – 1pm Eastern Time 
Where
866-857-8504, passcode 7620543 (HYPERLINK "https://maps.google.com/maps?q=866-857-8504,+passcode+7620543&hl=en"map) 
Calendar
mark_mccollough@fws.gov 
Who
• mary_parkin@fws.gov
- organizer, optional
• mark_mccollough@fws.gov
• kurt_broderdorp@fws.gov
• jim_zelenak@fws.gov
• tamara_smith@fws.gov
• bryon_holt@fws.gov
• jwcummings@usgs.gov
- optional
• jodi_bush@fws.gov
- optional
• heather_bell@fws.gov
- optional
• seth_willey@fws.gov
- optional
Invitation from HYPERLINK "https://www.google.com/calendar/"Google Calendar

You are receiving this email at the account mark_mccollough@fws.gov because you are subscribed for cancellations on calendar
mark_mccollough@fws.gov.

To stop receiving these emails, please log in to https://www.google.com/calendar/ and change your notification settings for this calendar.

Forwarding this invitation could allow any recipient to modify your RSVP response. HYPERLINK
"https://support.google.com/calendar/answer/37135#forwarding"Learn More.
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mailto:mark_mccollough@fws.gov

BEGIN:VCALENDAR
PRODID:-//Google Inc//Google Calendar 70.9054//EN
VERSION:2.0
CALSCALE:GREGORIAN
METHOD:CANCEL
BEGIN:VTIMEZONE
TZID:America/Denver
X-LIC-LOCATION:America/Denver
BEGIN:DAYLIGHT
TZOFFSETFROM:-0700
TZOFFSETTO:-0600
TZNAME:MDT
DTSTART:19700308T020000
RRULE:FREQ=YEARLY;BYMONTH=3;BYDAY=2SU
END:DAYLIGHT
BEGIN:STANDARD
TZOFFSETFROM:-0600
TZOFFSETTO:-0700
TZNAME:MST
DTSTART:19701101T020000
RRULE:FREQ=YEARLY;BYMONTH=11;BYDAY=1SU
END:STANDARD
END:VTIMEZONE
BEGIN:VEVENT
DTSTART;TZID=America/Denver:20160705T100000
DTEND;TZID=America/Denver:20160705T110000
DTSTAMP:20160705T142040Z
ORGANIZER;CN=mary_parkin@fws.gov:mailto:mary_parkin@fws.gov
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Subject: SSA Unit ownership and percentages
Date: Monday, July 11, 2016 1:21:26 PM
Attachments: 2016 07 08 Revised SSA Unit Ownership jz.docx

Hi Team,

I uploaded this to the drive, too, but thought I'd send along.

Please take a look and let me know if you see any errors.  Units 1-5 based on CH; Unit 6 numbers generated by
Kurt.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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2016 07 08 - Land ownership in the geographic units evaluated in the lynx DPS SSA (jz - based on GIS data from the 2013 proposed and 2014 final critical habitat 
designations). 

SSA 
Geographic Unit 

km2 

(% of SSA) 
Federal 

Private State Tribal 
USFS NPS BLM Total Federal 

1 - N Maine1 28,909 (22.0) 0 0 0 0 26,482 (91.6) 2,122 (7.3) 248 (0.9) 
2 - NE Minnesota 21,101 (16.1) 9,473 (44.9) 530 (2.5) 3 (0.01) 10,006 (47.4) 3,260 (15.5) 7,633 (36.2) 202 (1.0) 
3 - NW Montana/ 

NE Idaho 26,997 (20.6) 18,695 (69.3) 3,658 (13.6) 397 (1.5) 22,761 (84.3)2 2,172 (8.0) 1,106 (4.1) 958 (3.5) 

4 - N-C 
Washington 5,176 (3.9) 4,383 (84.6) 346 (6.7) 7 (0.1) 4,736 (91.5) 14 (0.3) 426 (8.2) 0 

5 - GYA 23,687 (18.1) 18,877 (79.7) 3,944 (16.7) 271 (1.1) 23,109 (97.6)3 518 (2.2) 59 (0.3) 0 
6 - W Colorado 25,294 (19.3) 21,555 (85.2) 452 (1.8) 772 (3.1) 22,779 (90.1) 2,350 (9.3) 164 (0.6) 0 
Total - All Units 131,164 72,983 (55.6) 8,930 (6.8) 1,450 (1.1) 83,391 (63.6) 34,796 (26.5) 11,510 (8.8) 1,408 (1.1) 

1 – N Maine unit included 57 km2 mapped as “other” in CH rule. 

2 – Unit 3 CH Fed designation included 11.1 km2 of FWS (1.4 km2) and BOR (9.7 km2) lands. 

3 – Unit 5CH Fed designation included 18 km2 of FWS (5 km2) and “other (13 km2) lands. 

 

Geographic Unit Unit Size 
(km2) 

Percent of 
SSA Area 

Land Ownership/Management (Percent) 
Federal 

Private State Tribal 
All Federal USFS NPS BLM 

1 - N Maine 28,909 22.0 0 0 0 0 91.6 7.3 0.9 
2 - NE Minnesota 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 
3 - NW Montana/ 

NE Idaho 26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 - N-C 
Washington 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 - GYA 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 
6 - W Colorado 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 
Total - All Units 131,164  63.6 55.6 6.8 1.1 26.5 8.8 1.1 

 



From: Bush, Jodi
To: Tamara Smith; Mark McCollough; Bryon Holt; Kurt Broderdorp; Jim Zelenak
Subject: Lynx SSA Peer Review Process-comments needed by COB TODAY
Date: Tuesday, July 12, 2016 1:38:46 PM
Attachments: Draft Final SOW Lynx SSA_July 15 2016.doc

As we discussed on Lynx Call today, we are moving forward with a outside contract to
conduct a PEER review for the Lynx SSA.  To meet contracting deadlines I need to do that by
Thursday.  Please look at attached SOW and questions.  I'm interested primarily in your
feedback on the questions (developed by your FIT crew), the stuff highlited and any other high
level comments you have.  Its only 6 pages.   JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

mailto:jodi_bush@fws.gov
mailto:tamara_smith@fws.gov
mailto:mark_mccollough@fws.gov
mailto:bryon_holt@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:jim_zelenak@fws.gov
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Order Statement of Work 
Peer Review (without attribution) of the Scientific Findings in  

U.S. Fish and Wildlife Service’s Species Status Assessment for the contiguous United States 
distinct population segment (DPS) of the Canada lynx (Lynx canadensis. 

 
Date: July 15, 2016 

 
1. Introduction/Background  
The U.S. Fish and Wildlife Service (Service) has conducted a species status assessment (SSA) as 
a first step to understand the current status of the contiguous United States distinct population 
segment (DPS) of the Canada lynx (Lynx canadensis), currently listed as threatened under the 
Endangered Species Act (Act).  The SSA is intended to inform and streamline the court-ordered 
recovery plan (due January15, 2018), assuming such a plan is deemed necessary . The SSA 
report will also serve as the basis for the five-year status review (initiated in 2007; 72 FR 19549) 
required under the Act and would also provide the scientific foundation to support future 
rulemaking in accordance with the Act should the five-year review indicate that a change in the 
DPS’s listing status is warranted.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under the 
ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms.  
Specifically, at that time the Service believed that most lynx and lynx habitats occurred on 
national forests, and that the Land and Resource Management Plans that guided management of 
those forests included “...programs, practices, and activities within the authority and jurisdiction 
of Federal land management agencies that may threaten lynx or lynx habitat.  The lack of 
protection for lynx in these Plans render them inadequate to protect the species” (65 FR 16052).  
 
Currently, there are five geographic areas known to support resident lynx populations in the 
DPS:  northern Maine (with occasional/sporadic breeding by small numbers of lynx in 
northernmost New Hampshire and Vermont); northeastern Minnesota; northwestern Montana 
and northeastern Idaho; north-central Washington; and western Colorado (Figure 1).  After 
statewide surveys conducted in 1978-1997 suggested the absence of viable resident lynx 
populations in Colorado, the State, from 1999 to 2006, released 218 lynx captured in Canada and 
Alaska into southwest Colorado to establish the current resident population.  Additionally, the 
Greater Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming is 
believed historically (and as recently as 2003-04) to have supported a small but relatively 
persistent lynx population, but it is uncertain whether it currently supports any resident lynx  
 
As part of the Service peer review policy we are requesting peer review of this species status 
assessment (SSA). 
 
2.  Description of Review 
 
We are seeking peer review on this species status assessment (SSA). The purpose of the review 
is to help us ensure that we have used the best scientific and commercial information when we 
make our final decision as to the current status of the lynx. Thus, we are looking for independent 
scientific perspectives on the comprehensiveness and logic of the document, as well as how well 
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the technical conclusions are supported by the data and analyses. Peer Reviewers should be 
advised that they are not to provide advice on policy.  
 
3.  Methods, Protocols and/or Scientific Standards 
The independent peer reviewers shall be experienced senior-level ecologists, carnivore  
biologists, or population modelers, and furbearer managers who have previously conducted 
similar reviews or regularly provided reviews of research and conservation articles for the 
scientific literature. Reviewers must be well-versed in the demographic management of 
mammals, preferably lynx or other carnivores. Potential conflicts of interest include: 
employment or affiliation with the Service, the States, the Interagency Lynx Conservation Team, 
the Western Governors Association; peer reviewers who have offered a public opinion or a 
statement either for or against delisting; and peer reviewers directly or indirectly employed by or 
associated in any way with any organization that has either litigated the federal government 
concerning lynx or taken a position on one side or the other about recovery and listing of lynx. 
The contractor will be responsible for assigning an experienced, senior and well-qualified 
manager to lead this review and for the selection of 3-5 well-qualified, independent reviewers.  
The expertise of qualified reviewers shall include at least 2 reviewers who meet 1 and 2 and 4, 
and at least one reviewer who meets 1 and 3 and 4: 
 
1. A Ph.D. or an M.S. (with significant experience) in Wildlife Biology/Ecology, Ecology, or 

Wildlife Management or other related fields as long as they meet the other qualifications 
below. 

2. Demonstrated experience working with the management of large carnivores, especially lynx or 
other furbearers, and wildlife population management. 

3. Expert knowledge of wildlife biology, wildlife management, demographic management of 
mammals (especially carnivores), wildlife population dynamics, and/or wildlife 
population modeling, as well as being generally versed in available literature on lynx  and 
other carnivores, boreal forest systems, and changes in climate within boreal forest 
systems And/or,3.   

4. Expert knowledge of boreal forest ecosystems and effects of climate change within those 
ecosystems within Canada and the US is preferred.     

5. Experience as a peer reviewer for scientific publications. 
 
In addition, the reviewers must have no financial or other conflicts of interest with the outcome 
or implications of the report (reviewers should not be currently employed by the Service, the 
States or employed by or contracted by any organization that has either litigated or taken a 
position on lynx listing or recovery.  
  
The Service will have an opportunity to seek clarification on any review comments through the 
contractor (Task 003.1), for a period of 10 days, starting 60 days after the Service receives the 
reviews from the contractor. 
 
Peer Reviewers will provide individual, written responses. Peer Reviewers should be advised 
that their reviews, including their names and affiliations, will (1) be included in our 
administrative record, and (2) will be made available to the public.  We will summarize and 
respond to the issues raised by the peer reviewers in the record.   

Commented [JB1]: Stay or go?  The States will have their own 
opportunity to review and provide comments on this document.  And 
since we are trying to have a review by folks who have no dogs in 
the fight this list might make sense… 

Commented [BH2]: I would then say something to the effect 
that if the contractor is considering scientists who work for any of 
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should all sign a statement anyway as to their ability to review the 
documents and provide comments without influence of their position 
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Collectively, the review should cover, but not be limited to, the topics listed below. Individual 
reviewers should, at their own discretion, provide comments, criticisms, and ideas about any of 
the topics they feel qualified to comment on. The most valuable reviews will focus on how 
thoroughly and logically the topics have been treated, and how well the conclusions are 
supported by the data and analyses. Not all reviewers are required to address all issues noted 
below. Reviewers should comment on areas within their expertise, and may choose to abstain 
from other areas.   
 
Questions for Peer Review 
 

Available Data  
 

1. Please identify any oversights or omissions of data or information, and their relevance to 
the assessment. Are there others sources of information or studies that were not included 
that are relevant to assessing the viability of this species? What are they are how are they 
relevant?  

 
2. Provide advice on the overall strengths and limitations of the scientific data used in the 

document. Have the authors been explicit about concerns over the data, and are they 
qualified correctly? Are there concerns that the Service should have identified, and if so, 
how relevant are these concerns to the assessment of viability? Are there any 
inconsistencies in how the data are presented or assessed?  

 
Analysis of Available Data 

 
3. Have the assumptions and methods used in the SSA report been clearly and logically 

stated in light of the best available information? If not, please identify the specific 
assumptions and methods that are unclear or illogical. 

 
4. Have the authors of the SSA report provided reasonable and scientifically sound 

interpretations and syntheses from the scientific information presented in the report? Are 
there instances in the SSA report where a different but equally reasonable and sound 
interpretation might be reached that differs from that provided by the Service? If any 
instances are found where this is the case, please provide the specifics regarding those 
particular concerns. 

 
5. Provide feedback on the inclusion and portrayal of uncertainty in the SSA report. Have 

the scientific uncertainties present given the data and the analyses conducted been clearly 
identified and has the degree of uncertainty been appropriately characterized? If not, 
please identify the specifics. 

 
Text to be added to correspondence with Peer Reviewers:  
 
The Species Status Assessment process is a new tool the U.S. Fish and Wildlife Service is using 
to improve transparency while conducting listing determinations and other ESA actions, and 
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peer review of our analyses of the viability of species is part of that new process.  As you will 
see, the attached draft SSA report is a rough draft; we are seeking your comments at this stage to 
ensure that we have time to incorporate any substantial comments as we finalize the report. 
 
As you review the document, please note that this draft SSA report does not result in or 
predetermine a decision by the Service on whether the Canada lynx warrants protections of the 
Endangered Species Act.  This document is strictly a characterization of the viability of the 
species. 
 
As a reminder, all peer reviews and comments will be public documents, and portions may be 
incorporated verbatim into the Service’s final decision Document, should there be one, with 
appropriate credit given to the author of the review.  If you do not want your name to appear in 
a final decision document, as published in the Federal Register, please inform us of this as soon 
as possible.   
 
In general we ask that your comments on the draft SSA report focus specifically on whether the 
best available information was used, the quality of the scientific information,  and, our 
interpretation and analyses of the data with regard to the species’ viability.  We request that you 
direct your review to the scientific issues and assumptions related to your expertise. 
 
 
In accordance with the agreement terms and Performance Work Statement, the contractor(s) is 
(are) reminded of the requirements to protect information and that services shall consist of 
unbiased assessments through proper management and enforcement of scientific integrity 
standards, to avoid any conflict of interest.   
 
 
4.  Required Service (Work) Items - Task Line Item Numbers (TLIN):  As described in the 
agreement’s Performance Work Statement, paragraph 2B, the below TLINs are required in the 
performance of this requirement.  The TLINs are different, but interrelated to the tasks listed in 
task/deliverable and payment schedule: 
TLIN 001: Selecting for peer reviews or review panels, or for task orders to provide scientific 
support.  
TLIN 002: Organizing, structuring, leading, and managing the scientific reviews and task order 
products.  
TLIN 003: Managing and producing a final product. 
TLIN 004: Responding to any follow-up questions from the Service on original review 
comments (not to exceed 10 consecutive days)  
TLIN 005: Maintaining an official record for peer reviews or task orders.  
 
5.  Deliverables 
The following deliverables are in addition to the agreement’s Performance Work Statement  
paragraph 3, which states, “The Contractor shall provide the COR with three key deliverables: 
(1) Proposed Timeline, (2) Original individual scientific reviews and a transmittal letter to the 
Service (to Regional Director, Noreen Walsh), and (3) Complete Official Record.”  
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There are no additional deliverables.  However, the contractor will be required to respond to 
questions, inquiries, or other related requests after the contract expiration date, and final 
acceptance, as needed.  These request(s) will be by the Contracting Officer Representative (in 
coordination with the Contracting Officer).  Inquiries or requests are limited to the products 
provided, and work performed under this contract (order).  Responses include, but not limited to: 
phone calls, written responses, and/or meetings.  
 
Review comments by the Contracting Officer Representative will be provided to the Contractor 
via the Contracting Officer. 
 
6. Task Schedule.   
The period of performance shall not exceed the contract expiration date without a contract 
modification.  In accordance with the terms of the contract, the contractor shall notify the 
Contracting Officer of any delays. Delays by the Government or Contractor must be rectified by 
accelerating the next deliverable on a one to one basis (i.e., if the delay was 2 days then the next 
deliverable must be submitted 2 days early). Deliverables that fall on a holiday or weekend must 
be delivered on the first work day after the weekend or holiday.  The period of performance 
(contract expiration date) includes all possible holidays or weekend deliveries: 
 

TASK/DELIVERABLE CALENDAR 
DAYSAFTER 
AWARD 

Task 1:  Contracting Officer and COR will provide access 
to materials needed for the review  

 3 

Task 2:  The contractor(s) shall conduct a thorough, 
objective peer review of the Service Species Status 
Assessment for the contiguous United States distinct 
population segment (DPS) of the Canada lynx (Lynx 
Canadensis)  

 17 (14 days) 

Task 3:  The contractor(s) will provide 3-5 expert peer 
reviews and a transmittal letter to the Service (to Regional 
Director, Noreen Walsh)  

22 ( 5 days)  

Task 4:  The project manager facilitates specific follow-up 
questions/answers between the Service and the reviewers 
(task limited to a 10-day period, 60 days after delivering 
initial review comments to the Service).  

32 (10 days )   

Task 5: The project manager will provide all applicable 
official records to the project manager  

42 (10 days )  

  
   
7.  Official Administrative Record 
The preparation of an official administrative record is required. 
 
8.  Information Sources 
The key information sources and links for this review will include the document referenced in 
the Notice of Availability published in the Federal Register:  (1) the Species Status Assessment 
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for the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
Canadensis. Pertinent literature for each document will be provided.   
 
9.  Payment Schedule:   
 
The payment schedule is as follows:  100 percent upon completion of Task 5 above.   
 
 
10.  Points of Contact:   
Contracting Officer, Mr. Steve Gess.   Mr. Gess’s phone number is 303-236-4334 or email: 

steve_gess@fws.gov. 
 
Contracting Officer’s Technical Expert):  Marjorie Nelson, who can be reached at 303-236-
4258 or marjorie_nelson@fws.gov Project Leaders: Jim Zelenak, Mailing Address:  585 
Shepard Road, Suite 1, Helena, MT 59601 Telephone:  406.449.5225, ext. 220 Email:  
Jim_Zelenak@fws.gov 
 
11.  List of Enclosures/Attachments 

1. Species Status Assessment for the contiguous United States distinct population segment 
(DPS) of the Canada lynx (Lynx Canadensis);  

2. Final Report from the Canada Lynx Expert Elicitation Workshop 
3. Electronic copies of literature cited in each of the above documents 

 
 
12.  Evaluation Criteria (This paragraph will be deleted upon award) 
This requirement will be awarded based on best value.  Best value will take into consideration 
price (to include the level of effort applied to each major task), approach (to include the labor 
categories, TLINs applied to each major task, and the reviewer’s resumes (raptor or eagle 
ecologist/statistician/modeler having performed similar reviews) (reference paragraph 3).   
 
Price must detail cost in accordance with the agreement.  The approach must include a detailed/ 
proposed schedule (timeline), and the disciplines/skill mix of reviewers.  The approach should be 
no more than 2 pages (8 1/2” x 11”, 12 point font), excluding information on costs.  All 
contractors must propose five reviewers.  Be sure to include the discipline/skills of all reviewers 
(e.g., a resume or CV).   

Commented [JB4]: Anything else?  The workshop report… 
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From: Mark McCollough
To: jim_zelenak@fws.gov
Subject: Climate change reviewer
Date: Tuesday, July 12, 2016 2:33:52 PM

Jim in addition to Lynx experts, we should have climate science
reviewer(s).  Any ideas who?  Mark

Sent from my iPhone

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Bush, Jodi
Cc: Tamara Smith; Mark McCollough; Bryon Holt; Kurt Broderdorp
Subject: Re: Lynx SSA Peer Review Process-comments needed by COB TODAY
Date: Tuesday, July 12, 2016 3:47:26 PM
Attachments: Draft Final SOW Lynx SSA_July 15 2016 jzeds.doc

Attached are my edits/comments.

On Tue, Jul 12, 2016 at 11:38 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
As we discussed on Lynx Call today, we are moving forward with a outside contract to
conduct a PEER review for the Lynx SSA.  To meet contracting deadlines I need to do that
by Thursday.  Please look at attached SOW and questions.  I'm interested primarily in your
feedback on the questions (developed by your FIT crew), the stuff highlited and any other
high level comments you have.  Its only 6 pages.   JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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mailto:tamara_smith@fws.gov
mailto:mark_mccollough@fws.gov
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mailto:kurt_broderdorp@fws.gov
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Order Statement of Work 
Peer Review (without attribution) of the Scientific Findings in  

U.S. Fish and Wildlife Service’s Species Status Assessment for the contiguous United States 
distinct population segment (DPS) of the Canada lynx (Lynx canadensis). 

 
Date: July 15, 2016 

 
1. Introduction/Background  
The U.S. Fish and Wildlife Service (Service) has conducted a species status assessment (SSA) as 
a first step to understand the current status of the contiguous United States distinct population 
segment (DPS) of the Canada lynx (Lynx canadensis), currently listed as threatened under the 
Endangered Species Act (Act).  The SSA is intended to inform and streamline the court-ordered 
recovery plan (due January15, 2018), assuming such a plan is deemed necessary . The SSA 
report will also serve as the basis for the five-year status review (initiated in 2007; 72 FR 19549) 
required under the Act and would also provide the scientific foundation to support future 
rulemaking in accordance with the Act should the five-year review indicate that a change in the 
DPS’s listing status is warranted.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under the 
ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms.  
Specifically, at that time the Service believed that most lynx and lynx habitats occurred on 
national forests, and that the Land and Resource Management Plans that guided management of 
those forests included “...programs, practices, and activities within the authority and jurisdiction 
of Federal land management agencies that may threaten lynx or lynx habitat.  The lack of 
protection for lynx in these Plans render them inadequate to protect the species” (65 FR 16052).  
 
Currently, there are five geographic areas known to support resident lynx populations in the 
DPS:  northern Maine (with occasional/sporadic breeding by small numbers of lynx in 
northernmost New Hampshire and Vermont); northeastern Minnesota; northwestern Montana 
and northeastern Idaho; north-central Washington; and western Colorado (Figure 1).  After 
statewide surveys conducted in 1978-1997 suggested the absence of viable resident lynx 
populations in Colorado, the State, from 1999 to 2006, released 218 lynx captured in Canada and 
Alaska into southwest Colorado to establish the current resident population.  Additionally, the 
Greater Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming is 
believed historically (and as recently as 2003-04) to have supported a small but relatively 
persistent lynx population, but it is uncertain whether it currently supports any resident lynx.  
 
As part of the Service peer review policy, we are requesting peer review of this species status 
assessment (SSA). 
 
2.  Description of Review 
 
We are seeking peer review onf this species status assessment (SSA). The purpose of the review 
is to help us ensure that we have used the best scientific and commercial information when we 
make our final decision as to the current status of the lynx. Thus, we are looking for independent 
scientific perspectives on the comprehensiveness and logic of the document, as well as how well 
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the technical conclusions are supported by the data and analyses. Peer rReviewers should be 
advised that they are not to provide advice on policy.  
 
3.  Methods, Protocols and/or Scientific Standards 
The independent peer reviewers shall be experienced senior-level ecologists, carnivore  
biologists, or population modelers, and furbearer managers who have previously conducted 
similar reviews or regularly provided reviews of research and conservation articles for the 
scientific literature. Reviewers must be well-versed in the demographic management of 
mammals, preferably lynx or other carnivores. Potential conflicts of interest include: 
employment or affiliation with the Service, the States, the Interagency Lynx Conservation Team, 
the Western Governors Association; peer reviewers who have offered a public opinion or a 
statement either for or against delisting; and peer reviewers directly or indirectly employed by or 
associated in any way with any organization that has either litigated the federal government 
concerning lynx or taken a position on one side or the other about recovery and listing of lynx. 
The contractor will be responsible for assigning an experienced, senior and well-qualified 
manager to lead this review and for the selection of 3-5 well-qualified, objective, independent 
reviewers.  The expertise of qualified reviewers shall include at least 2 reviewers who meet 
criteria 1 and 2 and 4 below, and at least one reviewer who meets criteria 1 and 3 and 4: 
 
1. A Ph.D. or an M.S. (with significant experience) in Wildlife Biology/Ecology, Ecology, or 

Wildlife Management or other related fields as long as they meet the other qualifications 
below. 

2. Demonstrated experience working with the management of large carnivores, especially lynx or 
other furbearers, and wildlife population management. 

3. Expert knowledge of wildlife biology, wildlife management, demographic management of 
mammals (especially carnivores), wildlife population dynamics, and/or wildlife 
population modeling, as well as being generally versed in available literature on lynx  and 
other carnivores, boreal forest systems, and changes in climate within boreal forest 
systems And/or,3.   

4. Expert knowledge of boreal forest ecosystems and effects of climate change within those 
ecosystems within Canada and the US is preferred.     

5. Experience as a peer reviewer for scientific publications. 
 
In addition, the reviewers must have no financial or other conflicts of interest with the outcome 
or implications of the report (reviewers should not be currently employed by the Service, the 
State agencies within the DPS range,s or employed by (or contracted by) any organization that 
has either litigated or taken a position on lynx listing or recovery.  
  
The Service will have an opportunity to seek clarification on any review comments through the 
contractor (Task 003.1), for a period of 10 days, starting 60 days after the Service receives the 
reviews from the contractor. 
 
Peer Reviewers will provide individual, written responses. Peer Reviewers should be advised 
that their reviews, including their names and affiliations, will (1) be included in our 
administrative record, and (2) will be made available to the public.  We will summarize and 
respond to the issues raised by the peer reviewers in the record.   
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Collectively, the review should cover, but not be limited to, the topics listed below. Individual 
reviewers should, at their own discretion, provide comments, criticisms, and ideas about any of 
the topics they feel qualified to comment on. The most valuable reviews will focus on how 
thoroughly and logically the topics have been treated, and how well the conclusions are 
supported by the data and analyses. Not all reviewers are required to address all issues noted 
below. Reviewers should comment on areas within their expertise, and may choose to abstain 
from other areas.   
 
Questions for Peer Review 
 

Available Data  
 

1. Please identify any oversights or omissions of data or information, and their relevance to 
the assessment. Are there others sources of information or studies that were not included 
that are relevant to assessing the viability of this species? What are they are how are they 
relevant?  

 
2. Provide advice on the overall strengths and limitations of the scientific data used in the 

document. Have the authors been explicit about assumptions and limitations of, and 
concerns over regarding, the data, and are thesey appropriately qualified correctly? Are 
there concerns that the Service should have identified, and if so, how relevant are these 
concerns to the assessment of viability? Are there any inconsistencies in how the data are 
presented or assessed?  

 
Analysis of Available Data 

 
3. Have the assumptions and methods used in the SSA report been clearly and logically 

stated in light of the best available information? If not, please identify the specific 
assumptions and methods that are unclear or illogical. 

 
4. Have the authors of the SSA report provided reasonable and scientifically sound 

interpretations and syntheses from the scientific information presented in the report? Are 
there instances in the SSA report where a different but equally reasonable and sound 
interpretation might be reached that differs from that provided by the Service? If any 
instances are found where this is the case, please provide the specifics regarding those 
particular concerns. 

 
5. Provide feedback on the inclusion and portrayal of uncertainty in the SSA report. Have 

the scientific uncertainties present given the data and the analyses conducted been clearly 
identified and has the degree of uncertainty been appropriately characterized? If not, 
please identify the specifics. 

 
Text to be added to correspondence with Peer Reviewers:  
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The Species Status Assessment process is a new tool the U.S. Fish and Wildlife Service is using 
to improve transparency while conducting listing determinations and other ESA actions, and 
peer review of our analyses of the viability of species is part of that new process.  As you will 
see, the attached draft SSA report is a rough draft; we are seeking your comments at this stage to 
ensure that we have time to incorporate any substantial comments as we finalize the report. 
 
As you review the document, please note that this draft SSA report does not result in or 
predetermine a decision by the Service on whether the Canada lynx warrants protections of the 
Endangered Species Act.  This document is strictly a characterization of the viability of the 
species. 
 
As a reminder, all peer reviews and comments will be public documents, and portions may be 
incorporated verbatim into the Service’s final decision Document, should there be one, with 
appropriate credit given to the author of the review.  If you do not want your name to appear in 
a final decision document, as published in the Federal Register, please inform us of this as soon 
as possible.   
 
In general we ask that your comments on the draft SSA report focus specifically on whether the 
best available information was used, the quality of the scientific information,  and, our 
interpretation and analyses of the data with regard to the species’ viability in the contiguous 
United States.  We request that you direct your review to the scientific issues and assumptions 
related to your expertise. 
 
 
In accordance with the agreement terms and Performance Work Statement, the contractor(s) is 
(are) reminded of the requirements to protect information and that services shall consist of 
unbiased assessments through proper management and enforcement of scientific integrity 
standards, to avoid any conflict of interest.   
 
 
4.  Required Service (Work) Items - Task Line Item Numbers (TLIN):  As described in the 
agreement’s Performance Work Statement, paragraph 2B, the below TLINs are required in the 
performance of this requirement.  The TLINs are different, but interrelated to the tasks listed in 
task/deliverable and payment schedule: 
TLIN 001: Selecting for peer reviews or review panels, or for task orders to provide scientific 
support.  
TLIN 002: Organizing, structuring, leading, and managing the scientific reviews and task order 
products.  
TLIN 003: Managing and producing a final product. 
TLIN 004: Responding to any follow-up questions from the Service on original review 
comments (not to exceed 10 consecutive days)  
TLIN 005: Maintaining an official record for peer reviews or task orders.  
 
5.  Deliverables 
The following deliverables are in addition to the agreement’s Performance Work Statement  
paragraph 3, which states, “The Contractor shall provide the COR with three key deliverables: 
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(1) Proposed Timeline, (2) Original individual scientific reviews and a transmittal letter to the 
Service (to Regional Director, Noreen Walsh), and (3) Complete Official Record.”  
  
There are no additional deliverables.  However, the contractor will be required to respond to 
questions, inquiries, or other related requests after the contract expiration date, and final 
acceptance, as needed.  These request(s) will be by the Contracting Officer Representative (in 
coordination with the Contracting Officer).  Inquiries or requests are limited to the products 
provided, and work performed under this contract (order).  Responses include, but not limited to: 
phone calls, written responses, and/or meetings.  
 
Review comments by the Contracting Officer Representative will be provided to the Contractor 
via the Contracting Officer. 
 
6. Task Schedule.   
The period of performance shall not exceed the contract expiration date without a contract 
modification.  In accordance with the terms of the contract, the contractor shall notify the 
Contracting Officer of any delays. Delays by the Government or Contractor must be rectified by 
accelerating the next deliverable on a one to one basis (i.e., if the delay was 2 days then the next 
deliverable must be submitted 2 days early). Deliverables that fall on a holiday or weekend must 
be delivered on the first work day after the weekend or holiday.  The period of performance 
(contract expiration date) includes all possible holidays or weekend deliveries: 
 

TASK/DELIVERABLE CALENDAR 
DAYSAFTER 
AWARD 

Task 1:  Contracting Officer and COR will provide access 
to materials needed for the review  

 3 

Task 2:  The contractor(s) shall conduct a thorough, 
objective peer review of the Service’s Species Status 
Assessment for the contiguous United States distinct 
population segment (DPS) of the Canada lynx (Lynx 
Canadensis)  

 17 (14 days) 

Task 3:  The contractor(s) will provide 3-5 expert peer 
reviews and a transmittal letter to the Service (to Regional 
Director, Noreen Walsh)  

22 ( 5 days)  

Task 4:  The project manager facilitates specific follow-up 
questions/answers between the Service and the reviewers 
(task limited to a 10-day period, 60 days after delivering 
initial review comments to the Service).  

32 (10 days )   

Task 5: The contracted project manager will provide all 
applicable official records to the Service project manager  

42 (10 days )  

  
   
7.  Official Administrative Record 
The preparation of an official administrative record is required. 
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8.  Information Sources 
The key information sources and links for this review will include the document referenced in 
the Notice of Availability published in the Federal Register:  (1) the Draft Species Status 
Assessment for the contiguous United States distinct population segment (DPS) of the Canada 
lynx (Lynx Canadensis, (2) the Final Report of the Canada Lynx Expert Elicitation Workshop, 
(3) the revised (Aug. 2013) interagency Lynx Conservation Assessment and Strategy (LCAS). 
Pertinent literature for each document will be provided.   
 
9.  Payment Schedule:   
 
The payment schedule is as follows:  100 percent upon completion of Task 5 above.   
 
 
10.  Service Points of Contact:   
Contracting Officer, Mr. Steve Gess.   Mr. Gess’s  (phone number is: 303-236-4334, or email: 

steve_gess@fws.gov). 
 
Contracting Officer’s Technical Expert):  Marjorie Nelson, who can be reached at (phone: 
303-236-4258, or email: marjorie_nelson@fws.gov). Project Leaders: Jim Zelenak, Mailing 
Address:  585 Shepard Road, Suite 1, Helena, MT 59601 Telephone:  406-.449-.5225, ext. 220 
Email:  jJim_zZelenak@fws.gov 
 
11.  List of Enclosures/Attachments 

1. Species Status Assessment for the contiguous United States distinct population segment 
(DPS) of the Canada lynx (Lynx Canadensis);  

2. Final Report from of the Canada Lynx Expert Elicitation Workshop 
3. Electronic copies of literature cited in each of the above documents 

 
 
12.  Evaluation Criteria (This paragraph will be deleted upon award) 
This requirement will be awarded based on best value.  Best value will take into consideration 
price (to include the level of effort applied to each major task), approach (to include the labor 
categories, TLINs applied to each major task, and the reviewer’s resumes (raptor or eaglelynx or 
carnivore ecologist/researcher/statisticianmanager/modeler having performed similar reviews) 
(reference paragraph 3).   
 
Price must detail cost in accordance with the agreement.  The approach must include a detailed/ 
proposed schedule (timeline), and the disciplines/skill mix of reviewers.  The approach should be 
no more than 2 pages (8 1/2” x 11”, 12 point font), excluding information on costs.  All 
contractors must propose five reviewers.  Be sure to include the discipline/skills of all reviewers 
(e.g., a resume or CV).   
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From: Zelenak, Jim
To: Jodi Bush
Cc: Mark McCollough; Tamara Smith; Kurt Broderdorp; Bryon Holt
Subject: Lynx SSA Peer Review
Date: Tuesday, July 12, 2016 4:55:52 PM

Jodi,

We have so far reached out informally to the following candidates for SSA peer review (affiliation, geographic
expertise, and who contacted):

1. Kevin McKelvey, USDA Rocky Mtn Research Station (tentative) - Range-wide distribution (Jim). 
2. Dan Harrison, University of Maine (interested/willing) -  Northeast (Mark). 
3. Ron Moen, Univ. of Minnesota, NRRI (interested/willing) - Great Lakes (Tam). 
4. John Squires, USDA Rocky Mtn Research Station (interested/willing) - N. Rockies (Jim).
5. Keith Auby, USDA Pacific NWt Research Station (retired; tentative) - WA (Bryon).
6. Gary Koehler, WA DFW (retired; interested/willing) - WA (Bryon).
7. Jake Ivan, CPW (tentative [State agency]) - S. Rockies/CO (Kurt).
8. Steve Buskirk, Univ. Wyoming (response?) - Rocky Mtns/WY (Kurt).
9. Dennis Murray, Trent Univ., Ontario (no response) - S. Canada (Jim)
10. Charles Krebs, Univ. of B.C. (no response) - S. Canada (Jim)

We also have discussed reaching out to Alexej Siren because of his climate change expertise and knowledge of lynx,
but I don't think he has been contacted about interest/availability for peer review (Mark?).

Core Team - let us now if I missed anyone else to who you've reached out regarding peer review of the lynx SSA.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:mark_mccollough@fws.gov
mailto:tamara_smith@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:bryon_holt@fws.gov
mailto:jim_zelenak@fws.gov


From: Smith, Tamara
To: Bush, Jodi
Cc: Mark McCollough; Bryon Holt; Kurt Broderdorp; Jim Zelenak
Subject: Re: Lynx SSA Peer Review Process-comments needed by COB TODAY
Date: Tuesday, July 12, 2016 5:07:07 PM
Attachments: Draft Final SOW Lynx SSA_July 15 2016_TS.doc

Hi Jodi - I've attached the document with just a few comments/edits/suggestions. Thank you
for the opportunity to provide feedback. 

Thanks, 
Tam

On Tue, Jul 12, 2016 at 12:38 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
As we discussed on Lynx Call today, we are moving forward with a outside contract to
conduct a PEER review for the Lynx SSA.  To meet contracting deadlines I need to do that
by Thursday.  Please look at attached SOW and questions.  I'm interested primarily in your
feedback on the questions (developed by your FIT crew), the stuff highlited and any other
high level comments you have.  Its only 6 pages.   JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

mailto:tamara_smith@fws.gov
mailto:jodi_bush@fws.gov
mailto:mark_mccollough@fws.gov
mailto:bryon_holt@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
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Order Statement of Work 
Peer Review (without attribution) of the Scientific Findings in  

U.S. Fish and Wildlife Service’s Species Status Assessment for the contiguous United States 
distinct population segment (DPS) of the Canada lynx (Lynx canadensis. 

 
Date: July 15, 2016 

 
1. Introduction/Background  
The U.S. Fish and Wildlife Service (Service) has conducted a species status assessment (SSA) as 
a first step to understand the current status of the contiguous United States distinct population 
segment (DPS) of the Canada lynx (Lynx canadensis), currently listed as threatened under the 
Endangered Species Act (Act).  The SSA is intended to inform and streamline the court-ordered 
recovery plan (due January15, 2018), assuming such a plan is deemed necessary . necessary. The 
SSA report will also serve as the basis for the five-year status review (initiated in 2007; 72 FR 
19549) required under the Act and would also provide the scientific foundation to support future 
rulemaking in accordance with the Act should the five-year review indicate that a change in the 
DPS’s listing status is warranted.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under the 
ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms.  
Specifically, at that time the Service believed that most lynx and lynx habitats occurred on 
national forests, and that the Land and Resource Management Plans that guided management of 
those forests included “...programs, practices, and activities within the authority and jurisdiction 
of Federal land management agencies that may threaten lynx or lynx habitat.  The lack of 
protection for lynx in these Plans render them inadequate to protect the species” (65 FR 16052).  
 
Currently, there are five geographic areas known to support resident lynx populations in the 
DPS:  northern Maine (with occasional/sporadic breeding by small numbers of lynx in 
northernmost New Hampshire and Vermont); northeastern Minnesota; northwestern Montana 
and northeastern Idaho; north-central Washington; and western Colorado (Figure 1).  After 
statewide surveys conducted in 1978-1997 suggested the absence of viable resident lynx 
populations in Colorado, the State, from 1999 to 2006, released 218 lynx captured in Canada and 
Alaska into southwest Colorado to establish the current resident population.  Additionally, the 
Greater Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming is 
believed historically (and as recently as 2003-04) to have supported a small but relatively 
persistent lynx population, but it is uncertain whether it currently supports any resident lynx  
 
As part of the Service peer review policy we are requesting peer review of this species status 
assessment (SSA). 
 
2.  Description of Review 
 
We are seeking peer review on this species status assessment (SSA). The purpose of the review 
is to help us ensure that we have used the best scientific and commercial information when we 
make our final decision as to the current status of the lynx. Thus, we are looking for independent 
scientific perspectives on the comprehensiveness and logic of the document, as well as how well 
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the technical conclusions are supported by the data and analyses. Peer Reviewers reviewers 
should be advised that they are not to provide advice on policy.  
 
3.  Methods, Protocols and/or Scientific Standards 
The independent peer reviewers shall be experienced senior-level ecologists, carnivore  
biologistscarnivore biologists, or population modelers, and furbearer managers who have 
previously conducted similar reviews or regularly provided reviews of research and conservation 
articles for the scientific literature. Reviewers must be well-versed in the demographic 
management of mammals, preferably lynx or other carnivores. Potential conflicts of interest 
include: employment or affiliation with the Service, the States, the Interagency Lynx 
Conservation Team, the Western Governors Association; peer reviewers who have offered a 
public opinion or a statement either for or against delisting; and peer reviewers directly or 
indirectly employed by or associated in any way with any organization that has either litigated 
the federal government concerning lynx or taken a position on one side or the other about 
recovery and listing of lynx. The contractor will be responsible for assigning an experienced, 
senior and well-qualified manager to lead this review and for the selection of 3-5 well-qualified, 
independent reviewers.  The expertise of qualified reviewers shall include at least 2 reviewers 
who meet 1 and 2 and 4, and at least one reviewer who meets 1 and 3 and 4: 
 
1. A Ph.D. or an M.S. (with significant experience) in Wildlife Biology/Ecology, Ecology, or 

Wildlife Management or other equivalent or related fields as long as they meet the other 
qualifications below. 

2. Demonstrated experience working with the management of large carnivores, especially lynx or 
other furbearers, and wildlife population management. 

3. Expert knowledge of wildlife biology, wildlife management, demographic management of 
mammals (especially carnivores), wildlife population dynamics, and/or wildlife 
population modeling, as well as being generally versed in available literature on lynx  and 
other carnivores, boreal forest systems, and changes in climate within boreal forest 
systems Andand/or, 3.   

4. Expert knowledge of boreal forest ecosystems and effects of climate change within those 
ecosystems within Canada and the U.S. is preferred.     

5. Experience as a peer reviewer for scientific publications. 
 
In addition, the reviewers must have no financial or other conflicts of interest with the outcome 
or implications of the report (reviewers should not be currently employed by the Service, the 
States or employed by or contracted by any organization that has either litigated or taken a 
position on lynx listing or recovery.  
  
The Service will have an opportunity to seek clarification on any review comments through the 
contractor (Task 003.1), for a period of 10 days, starting 60 days after the Service receives the 
reviews from the contractor. 
 
Peer Reviewers will provide individual, written responses. Peer Reviewers should be advised 
that their reviews, including their names and affiliations, will (1) be included in our 
administrative record, and (2) will be made available to the public.  We will summarize and 
respond to the issues raised by the peer reviewers in the record.   

Commented [TAS1]: Capitalize or not? 

Commented [TAS2]: Carnivore population modelers or general 
population modelers? If the latter, remove “or” from the sentence. If 
the former, include the word carnivore before population modelers 
to qualify that. 

Commented [JB3]: Stay or go?  The States will have their own 
opportunity to review and provide comments on this document.  And 
since we are trying to have a review by folks who have no dogs in 
the fight this list might make sense… 

Commented [TAS4]: This sentence seems out of place here and 
if kept in, might be used as examples in the paragraph below that 
begins with “In addition…” 

Commented [TAS5]: Selection of 3-5 – does that mean that a 
minimum of three completed reviews are required or that just 3-5 
persons will be asked to do the review? 

Commented [BH6]: I would then say something to the effect 
that if the contractor is considering scientists who work for any of 
the States in which lynx currently exist they should consider 
carefully if the sceintiest can be truly independent.  Perhaps they 
should all sign a statement anyway as to their ability to review the 
documents and provide comments without influence of their position 
or personal views.  

Commented [TAS7]: I think this type of language is pretty 
standard with peer reviews, so I think it is ok to keep in. This might 
be a good place for the highlighted sentence above. A statement like 
Heather mentions above for signature is a good idea – I think I’ve 
seen something like that before… 

Commented [JB8]: In or Out? 



  

Page 3 of 6 
 

 
Please read the document carefully and evaluate it objectively.  Collectively, the review should 
cover, but not be limited to, the topics listed below. Individual reviewers should, at their own 
discretion, provide comments, criticisms, and ideas about any of the topics they feel qualified to 
comment on. The most valuable reviews will focus on how thoroughly and logically the topics 
have been treated, and how well the conclusions are supported by the data and analyses. Not all 
reviewers are required to address all issues noted below. Reviewers should comment on areas 
within their expertise, and may choose to abstain from other areas.   
 
Questions for Peer Review 
 

Available Data  
 

1. Please identify any oversights or omissions of data or information, and their relevance to 
the assessment. Are there others sources of information or studies that were not included 
that are relevant to assessing the viability of this species? What are they are how are they 
relevant?  

 
2. Provide advice on the overall strengths and limitations of the scientific data used in the 

document. Have the authors been explicit about concerns over the data, and are they 
qualified  correctly explained? Are there concerns that the Service should havedid not 
identify, identified, and if so, how relevant are these concerns to the assessment of 
viability of lynx in the contiguous U.S.? Are there any inconsistencies in how the data are 
presented or assessed?  

 
Analysis of Available Data 

 
3. Have the assumptions and methods used in the SSA report been clearly and logically 

stated in light of the best available information? If not, please identify the specific 
assumptions and methods that are unclear or illogical. 

 
4. Are there demonstrable errors of fact or interpretation? Have the authors of the SSA 

report provided reasonable and scientifically sound interpretations and syntheses from the 
scientific information presented in the report? Are there instances in the SSA report 
where a different but equally reasonable and sound interpretation might be reached that 
differs from that provided by the Service? If any instances are found where this is the 
case, please provide the specifics regarding those particular concerns. 

 
5. Provide feedback on the inclusion and portrayal of uncertainty in the SSA report. Have 

the scientific uncertainties present, given the data and the analyses conducted, been 
clearly identified and has the degree of uncertainty been appropriately characterized? If 
not, please identify any the specific concernss. 

 
Text to be added to correspondence with Peer Reviewers:  
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The Species Status Assessment process is a new tool the U.S. Fish and Wildlife Service is using 
to improve transparency while conducting listing determinations and other ESA actions, and 
peer review of our analyses of the viability of species is part of that new process.  As you will 
see, the attached draft SSA report is a rough draft; we are seeking your comments at this stage to 
ensure that we have time to incorporate any substantial comments as we finalize the report. 
 
As you review the document, please note that this draft SSA report does not result in or 
predetermine a decision by the Service on whether the Canada lynx warrants protections of the 
Endangered Species Act.  This document is strictly a characterization of the viability of the 
species. 
 
As a reminder, all peer reviews and comments will be public documents, and portions may be 
incorporated verbatim into the Service’s final decision Document, should there be one, with 
appropriate credit given to the author of the review.  If you do not want your name to appear in 
a final decision document, as published in the Federal Register, please inform us of this as soon 
as possible.   
 
In general we ask that your comments on the draft SSA report focus specifically on whether the 
best available information was used, the quality of the scientific information,  and, our 
interpretation and analyses of the data with regard to the species’ viability in the contiguous 
U.S.  We request that you direct your review to the scientific issues and assumptions related to 
your expertise. 
 
 
In accordance with the agreement terms and Performance Work Statement, the contractor(s) is 
(are) reminded of the requirements to protect information and that services shall consist of 
unbiased assessments through proper management and enforcement of scientific integrity 
standards, to avoid any conflict of interest.   
 
 
4.  Required Service (Work) Items - Task Line Item Numbers (TLIN):  As described in the 
agreement’s Performance Work Statement, paragraph 2B, the below TLINs are required in the 
performance of this requirement.  The TLINs are different, but interrelated to the tasks listed in 
task/deliverable and payment schedule: 
TLIN 001: Selecting for peer reviews or review panels, or for task orders to provide scientific 
support.  
TLIN 002: Organizing, structuring, leading, and managing the scientific reviews and task order 
products.  
TLIN 003: Managing and producing a final product. 
TLIN 004: Responding to any follow-up questions from the Service on original review 
comments (not to exceed 10 consecutive days)  
TLIN 005: Maintaining an official record for peer reviews or task orders.  
 
5.  Deliverables 
The following deliverables are in addition to the agreement’s Performance Work Statement  
paragraph 3, which states, “The Contractor shall provide the COR with three key deliverables: 
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(1) Proposed Timeline, (2) Original individual scientific reviews and a transmittal letter to the 
Service (to Regional Director, Noreen Walsh), and (3) Complete Official Record.”  
  
There are no additional deliverables.  However, the contractor will be required to respond to 
questions, inquiries, or other related requests after the contract expiration date, and final 
acceptance, as needed.  These request(s) will be by the Contracting Officer Representative (in 
coordination with the Contracting Officer).  Inquiries or requests are limited to the products 
provided, and work performed under this contract (order).  Responses include, but not limited to: 
phone calls, written responses, and/or meetings.  
 
Review comments by the Contracting Officer Representative will be provided to the Contractor 
via the Contracting Officer. 
 
6. Task Schedule.   
The period of performance shall not exceed the contract expiration date without a contract 
modification.  In accordance with the terms of the contract, the contractor shall notify the 
Contracting Officer of any delays. Delays by the Government or Contractor must be rectified by 
accelerating the next deliverable on a one to one basis (i.e., if the delay was 2 days then the next 
deliverable must be submitted 2 days early). Deliverables that fall on a holiday or weekend must 
be delivered on the first work day after the weekend or holiday.  The period of performance 
(contract expiration date) includes all possible holidays or weekend deliveries: 
 

TASK/DELIVERABLE CALENDAR 
DAYSAFTER 
AWARD 

Task 1:  Contracting Officer and COR will provide access 
to materials needed for the review  

 3 

Task 2:  The contractor(s) shall conduct a thorough, 
objective peer review of the Service Species Status 
Assessment for the contiguous United States distinct 
population segment (DPS) of the Canada lynx (Lynx 
Canadensis)  

 17 (14 days) 

Task 3:  The contractor(s) will provide 3-5 expert peer 
reviews and a transmittal letter to the Service (to Regional 
Director, Noreen Walsh)  

22 ( 5 days)  

Task 4:  The project manager facilitates specific follow-up 
questions/answers between the Service and the reviewers 
(task limited to a 10-day period, 60 days after delivering 
initial review comments to the Service).  

32 (10 days )   

Task 5: The project manager will provide all applicable 
official records to the project manager  

42 (10 days )  

  
   
7.  Official Administrative Record 
The preparation of an official administrative record is required. 
 

Commented [TAS10]:  You may want to state in the text that a 
minimum of three peer reviews is required for this contract.   
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8.  Information Sources 
The key information sources and links for this review will include the document referenced in 
the Notice of Availability published in the Federal Register:  (1) the Species Status Assessment 
for the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
Canadensis. Pertinent literature for each document will be provided.   
 
9.  Payment Schedule:   
 
The payment schedule is as follows:  100 percent upon completion of Task 5 above.   
 
 
10.  Points of Contact:   
Contracting Officer, Mr. Steve Gess.   Mr. Gess’s phone number is 303-236-4334 or email: 

steve_gess@fws.gov. 
 
Contracting Officer’s Technical Expert):  Marjorie Nelson, who can be reached at 303-236-
4258 or marjorie_nelson@fws.gov Project Leaders: Jim Zelenak, Mailing Address:  585 
Shepard Road, Suite 1, Helena, MT 59601 Telephone:  406.449.5225, ext. 220 Email:  
Jim_Zelenak@fws.gov 
 
11.  List of Enclosures/Attachments 

1. Species Status Assessment for the contiguous United States distinct population segment 
(DPS) of the Canada lynx (Lynx Canadensis);  

2. Final Report from the Canada Lynx Expert Elicitation Workshop 
3. Electronic copies of literature cited in each of the above documents 

 
 
12.  Evaluation Criteria (This paragraph will be deleted upon award) 
This requirement will be awarded based on best value.  Best value will take into consideration 
price (to include the level of effort applied to each major task), approach (to include the labor 
categories, TLINs applied to each major task, and the reviewer’s resumes (raptor or eagle 
ecologist/statistician/modeler having performed similar reviews) (reference paragraph 3).   
 
Price must detail cost in accordance with the agreement.  The approach must include a detailed/ 
proposed schedule (timeline), and the disciplines/skill mix of reviewers.  The approach should be 
no more than 2 pages (8 1/2” x 11”, 12 point font), excluding information on costs.  All 
contractors must propose five reviewers.  Be sure to include the discipline/skills of all reviewers 
(e.g., a resume or CV).   
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Cc: Jodi Bush
Subject: Lynx SSA Report
Date: Tuesday, July 12, 2016 6:38:15 PM

Hi Team,

We had a Core and FIT Teams call today that only Tam was able to make - I know some of you had previously
mentioned NCTC training and annual leave.

We discussed contracting out the peer review, and you should have seen Jodi's draft Scope of Work for that and
supplied comments.

We also discussed the schedule. I need to have the draft report ready for  review by the FIT Team by Monday,
July18.  Therefore, I need all of you to have your sections completed and as tight and concise and well-cited as
possible by COB this Friday, July 15.  Please try to address missing template items in Ch. 4 and 5 if you have any.

I am working on the non-Federal part of the Regulatory Mechanisms section of Ch. 3 and I need you to look at that
section and see if there are any regs., etc. that influence lynx on non-federal lands in your unit that are not addressed
(or inadequately addressed).  If so, please provide a brief addition of what you think is missing.  Most of that info
comes from the CH IEM with a few edits.  It does not have specific info for Colorado because we did not designate
CH there - that means, Kurt, I'll need you to supply any pertinent info for that part.  The intent is to have a pretty
broad brush approach in Ch. 3 and note that additional detail, if necessary, will provided in the unit-specific parts of
Ch. 4 and 5. I will also be working on the fire mgmt. part of chapter 3 and completing my units in Ch. 4 and 5.
 hopefully also getting to the synthesis. 

We will have a Core Team call next Tuesday, usual time. We will also have a FIT Team call on Monday, July 25
too see where they are with the review, and we will likely begin detailed Core Team review, editing, and addressing
FIT comments then.  While FIT is reviewing, Core will need to continue working on pg. nos. for citations and
adding full citations to the Lit Cited part of the report.

Let me know if you have questions.

Thanks,

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: McCollough, Mark
To: Guinotte, John; Jim Zelenak
Subject: Re: snow pack
Date: Monday, July 25, 2016 3:44:30 PM

John:  I enjoyed sharing the climate change scenarios class with you at NCTC a few weeks
ago.  I trust you had a safe trip home.  I took a week afterwards to visit my parents in PA,
about a 3-hour drive from NCTC.

Thanks for checking with your co-workers about expanding the snow analysis for wolverines
to lower elevations to apply to lynx.  You are correct that our Species Status Assessment will
be used to review the listing status for the lynx.  If it remains threatened (which seems likely),
then we would be use the Assessment in developing a recovery plan.  It would be helpful to
understand how snow conditions may change under future climate scenarios.  Jodi Bush has
discussed doing some modeling with USGS.  Perhaps USGS and USFWS could collaborate?

I'm sure our paths will cross again.  Best wishes with the snow modeling for wolverines.  I
look forward to hearing more about this work.

Mark McCollough

On Fri, Jul 15, 2016 at 3:47 PM, Guinotte, John <john_guinotte@fws.gov> wrote:
Hi Mark,

Steve T. said ES has to make a decision on the status of lynx before the model work can
move forward. Looks like the wolverine model work will lead the way. Nice meeting and
chatting with you this week. Drop me a line if/when you get back CO way. 

Best, John

John Guinotte
Fish and Wildlife Biologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
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Telephone: (207) 469-7300, Extension 1115
Fax: (207) 469-6725
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: Cummings, Jonathan
To: Zelenak, Jim
Cc: Mark McCollough; Tamara Smith; Kurt Broderdorp; Bryon Holt; Jodi Bush; Mary Parkin; Heather Bell
Subject: Re: Lynx SSA Call
Date: Monday, July 25, 2016 6:46:59 PM

I'm working on the SSA review between my travels.  I should have Ch. 3 to you some time
soon.  With my travel, and without Ch. 6 (and the portions of 4 and 5 that most closely support
Ch. 6) complete I'm going to hold off on reviewing those until they are complete and I'm
through travels (I return August 8th).

In regards to figures, there is room for updating the conceptual models to match the text and
simplify them (e.g., removing the demographic portion of the resiliency diagram).  I would
encourage a summary table of current condition in some form, whether the one developed in
Denver or an adaptation the team develops.

I wont be able to join the calls this week or next, but can comment via email if you want my
input on anything.

Jonathan

On Mon, Jul 25, 2016 at 2:53 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Teams,

Seems like a while since more than a few of us were available for a lynx call/update, but I'm hoping most will be
able to join the call tomorrow, 7/26, at 10 AM Mountain Time.  We talked a while back about combining the Core
and FIT Team calls, and that's sort of what we did for the last few weeks.

As folks who have been in the draft report on the drive can see, I'm still struggling to fill in remaining sections.
For the call tomorrow, I'd like to talk about Core Team review of the first 3 Chapters, with each member then
checking their Ch. 4 and 5 sections looking to remove and redundancy. I'd also like Core Team to ensure that
template topics for each section (Ch. 4 and 5) have been addressed and that expert workshop results for their unit
have been summarized and pulled into Ch. 5, along with the probability of persistence graph from the workshop
report.

I'd also like to talk about and settle on which figures (conceptual models and others) we should use and where,
whether any need to be changed/refined, and whether other tables are needed and where (e.g., some version of the
current conditions table that we worked on in Denver?).

I'm sure there are other things to talk about.  If you have specific issues you'e like to address, you can let me know
ahead of time or just bring up on the call.

Talk to you tomorrow.

866-857-8504
7620543 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601

mailto:jwcummings@usgs.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:tamara_smith@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:bryon_holt@fws.gov
mailto:jodi_bush@fws.gov
mailto:mary_parkin@fws.gov
mailto:heather_bell@fws.gov
mailto:jim_zelenak@fws.gov


(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Patuxent Wildlife Research Center (remotely located)
12100 Beech Forest Road
Laurel, MD 20708 USA
jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings

Remote Contact Info:
Ph: 802-999-8684
243 Locust St
Dover, NH 03820
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Lynx SSA Call
Date: Tuesday, July 26, 2016 8:28:50 AM

Jim:

I will be on the call today and ready to dive back into the SSA.  Sorry for my absence the last
2 or 3 weeks.

I still have a backlog of section 7 consultations hanging over my head and I am still required
to work on sorting out our office files - left in shambles by the mover.  There's just not enough
hours in the day.

Mark

On Mon, Jul 25, 2016 at 4:53 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Teams,

Seems like a while since more than a few of us were available for a lynx call/update, but I'm hoping most will be
able to join the call tomorrow, 7/26, at 10 AM Mountain Time.  We talked a while back about combining the Core
and FIT Team calls, and that's sort of what we did for the last few weeks.

As folks who have been in the draft report on the drive can see, I'm still struggling to fill in remaining sections.
For the call tomorrow, I'd like to talk about Core Team review of the first 3 Chapters, with each member then
checking their Ch. 4 and 5 sections looking to remove and redundancy. I'd also like Core Team to ensure that
template topics for each section (Ch. 4 and 5) have been addressed and that expert workshop results for their unit
have been summarized and pulled into Ch. 5, along with the probability of persistence graph from the workshop
report.

I'd also like to talk about and settle on which figures (conceptual models and others) we should use and where,
whether any need to be changed/refined, and whether other tables are needed and where (e.g., some version of the
current conditions table that we worked on in Denver?).

I'm sure there are other things to talk about.  If you have specific issues you'e like to address, you can let me know
ahead of time or just bring up on the call.

Talk to you tomorrow.

866-857-8504
7620543 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


-- 
Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 469-7300, Extension 1115
Fax: (207) 469-6725
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Zelenak, Jim
To: bob.broscheid@state.co.us; craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric; Moore,Virgil; Dustin

Miller (dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam Eaton;
Chandler.woodcock@maine.gov; Connolly, James; Vashon, Jennifer; moritzw@michigan.gov;
bumpa@michigan.gov; kennedyd@michigan.gov; commissioner.dnr@state.mn.us; rita.dixon@idfg.idaho.gov;
jim.leach@state.mn.us; Paul.Telander@state.mn.us; Baker, Richard (DNR); Erb, John D (DNR);
jhagener@mt.gov; JTubbs@mt.gov; McDonald, Ken; Inman, Bob; Jay Kolbe; seggeman@mt.gov; Baty, Ross;
glenn.normandeau@wildlife.nh.gov; Mark.Ellingwood@wildlife.nh.gov; john.kanter@wildlife.nh.gov;
Jill.Killborn@wildlife.nh.gov; William.Staats@wildlife.nh.gov; Patrick.Tate@wildlife.nh.gov;
alexandra.sandoval@state.nm.us; stewart.liley@state.nm.us; rick.winslow@state.nm.us; Stuart, James N., DGF;
patricia.riexinger@dec.ny.gov; Jensen, Paul G (DEC); curt.melcher@state.or.us; derek.j.broman@state.or.us;
Gregory Sheehan; Kimberly Hersey; louis.porter@state.vt.us; mark scott; Bernier, Chris; director@dfw.wa.gov;
cpl@dnr.wa.gov; Lewis, Jeffrey C (DFW); Maletzke, Benjamin T (DFW); cathy.stepp@wisconsin.gov;
kurt.thiede@wisconsin.gov; Sanjay.Olson@wisconsin.gov; Tom.Hauge@wisconsin.gov;
Erin.Crain@wisconsin.gov; Owen Boyle; Roberts, Nathan M - DNR; Johnf.olson@wisconsin.gov;
David.MacFarland@wisconsin.gov; John.White@wisconsin.gov; scott.talbot@wyo.gov; Bob Lanka; Zack Walker;
Nichole Bjornlie

Cc: Seth Willey; Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt
Broderdorp; Mark McCollough; Tamara Smith; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab; Ann
Timberman; Anthony Tur; Brad Thompson; Chris Mensing; David Stilwell; Drue DeBerry; Eric Rickerson; Grant
Canterbury; Jeff Krupka; Karl Halupka; Kate Novak; Kim Garner; Larry Crist; Laura Ragan; Leslie Ellwood; Mark
Maghini; Martin Miller; Megan Kosterman; Michelle Eames; Paul Casey; Paul Henson; Peter Fasbender; Rollie
White; Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman; Tyler Abbott; Wally Murphy; Dennis Mackey;
Patricia Zenone; Gary Miller; Karen Cathey; Steve Spangle

Subject: Lynx SSA Coordination Call
Date: Tuesday, July 26, 2016 4:49:48 PM

Hi All:

We will hold a brief coordination call tomorrow, Wed., July 27, at 1:00 PM Mountain Time,
to update State agencies on progress on the SSA report and to try to answer any questions
folks might have.

866-822-7385
passcode: 5396168

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_ zelenak@fws.gov
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt
Cc: Kurt Broderdorp
Subject: Fwd: New lynx papers
Date: Wednesday, July 27, 2016 9:53:01 AM
Attachments: Ivan_et_al-2016-The_Journal_of_Wildlife_Management.pdf

Baigas et al._2017_Landscape and Urban Planning.pdf

Couple new papers from Jake attached below, plus a link to one cited in the second one that looks relevant and that
I'm not sure I had before.

http://onlinelibrary.wiley.com/doi/10.1111/j.1095-8312.1991.tb00552.x/epdf

---------- Forwarded message ----------
From: Ivan - DNR, Jake <jake.ivan@state.co.us>
Date: Tue, Jul 26, 2016 at 5:07 PM
Subject: New lynx papers
To: "Zelenak, Jim" <jim_zelenak@fws.gov>, "Broderdorp, Kurt"
<Kurt_Broderdorp@fws.gov>

Hi Jim & Kurt,

I attached a couple of new papers about lynx in Colorado.  Not sure if they are
helpful in any way to the SSA or for general information, and you probably already
saw them.  Just figured I would forward in case they are useful and you haven't
seen them yet.  Hope all is well.

Jake

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Lynx  crossed  two-lane  paved  highways  an  average  of  0.6 times  per  day.
Lynx  crossed  roads  more  at  dusk  and  night,  coincident  with  lower  traffic volumes.
Forest  cover  was  predictive  of lynx  highway  crossings  at fine  and  landscape  scales.
Predictions  from  remotely-sensed  covariates  validate  well  with  independent  data.
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a  b  s  t  r  a  c  t

Carnivores  are particularly  sensitive  to reductions  in population  connectivity  caused  by  human  distur-
bance  and  habitat  fragmentation.  Permeability  of  transportation  corridors  to carnivore  movements  is
central to species  conservation  given  the large  spatial  extent  of  transportation  networks  and  the  high
mobility  of  many  carnivore  species.  We  investigated  the degree  to which  two-lane  highways  were  perme-
able to  movements  of resident  Canada  lynx  in the Southern  Rocky  Mountains  based  on  highway  crossings
(n  = 593)  documented  with  GPS  telemetry.  All lynx  crossed  highways  when  present  in  home  ranges  at
an  average  rate of  0.6  crossings  per  day.  Lynx  mostly  crossed  highways  during  the  night  and  early  dawn
when  traffic  volumes  were  low.  Five  of 13 lynx  crossed  highways  less  frequently  than  expected  when
compared  to random  expectation,  but even  these  individuals  crossed  highways  frequently  in parts  of
their home  range.  We  developed  fine-  and  landscape-scale  resource  selection  function  (RSF)  models
with  field  and  remotely  sensed  data,  respectively.  At the fine  scale,  lynx  selected  crossings  with  low
distances  to vegetative  cover  and  higher  tree  basal  area;  we  found  no support  that  topography  or  road

infrastructure  affected  lynx  crossing.  At the  landscape  scale,  lynx  crossed  highways  in  areas  with  high
forest  canopy  cover  in  drainages  on  primarily  north-facing  aspects.  The  predicted  crossing  probabilities
generated  from  the  landscape-scale  RSF  model  across  western  Colorado,  USA,  were  successful  in iden-
tifying known  lynx  crossing  sites  as documented  with  independent  snow-tracking  and  road-mortality
data.  We  discuss  effective  mitigation  based  on model  results.

Published  by Elsevier  B.V.  This  is  an open  access  article  under  the  CC  BY-NC-ND  license  (http://
. Introduction
Road distribution and density can have a significant impact on
he connectivity of wildlife populations (Andrews, 1990; Forman &
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Alexander, 1998). Increased human activity, vehicle-related mor-
tality, and behavioral avoidance of roads can all contribute to
changes in movement, survival, and reproductive success of indi-
viduals and populations (Forman & Alexander, 1998; Ferreras,
Aldama, Beltran, & Delibes, 1992; Trombulak & Frissell, 2000).
Roads may  also reduce gene flow for some species (Jackson & Fahrig,

2011; Riley et al., 2006). In particular, carnivores are susceptible
to reduced population connectivity due to roads given their large
home ranges, long-distance movements, and low recruitment rates

D license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

dx.doi.org/10.1016/j.landurbplan.2016.06.007
http://www.sciencedirect.com/science/journal/01692046
http://www.elsevier.com/locate/landurbplan
http://crossmark.crossref.org/dialog/?doi=10.1016/j.landurbplan.2016.06.007&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:pebaigas@gmail.com
mailto:jsquires@fs.fed.us
mailto:lucretiaolson@fs.fed.us
mailto:jake.ivan@state.co.us
mailto:ekroberts@fs.fed.us
dx.doi.org/10.1016/j.landurbplan.2016.06.007
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


 Urba

(
G

r
e
i
W
s
&
2
&
S
e
t
l
e
P
n
a
&

t
c
a
E
o
a
&
m
a
g
(
a
(
s
r
i
l
f
c
l
i
d

r
a
K
f
t
c
2
l
p
o
d
S
p
w
t
c
l
2
r
2
(

P.E. Baigas et al. / Landscape and

Noss, Quigley, Hornocker, Merrill, & Paquet, 1996; Woodroffe &
insberg, 2000).

Actions that promote highway permeability for carnivores
equire an empirical basis so that highway mitigation is most
ffective. Methods used to site animal-crossing structures and to
dentify animal crossing zones include expert opinion (Clevenger,

ierzchowski, Chruszcz, & Gunson, 2002), wildlife-vehicle colli-
ion patterns (Clevenger, Chruszcz, & Gunson, 2003; Malo, Suarez,

 Diez, 2004), remote cameras (Cain, Tuovila, Hewitta, & Tewes,
003), track surveys (Clevenger & Waltho, 2005; Grilo, Bissonette,

 Santos-Reis, 2009), and telemetry (Dodd, Gagnon, Boe, &
chweinsburg, 2007; Tigas, Van Vuren, & Sauvajot, 2002). How-
ver, the use of actual crossing locations to determine attributes
hat carnivores select at highway crossings ensures that already
imited funds are expended on conservation measures that truly
nhance highway permeability and reduce carnivore mortality.
hysical structures that increase permeability of highways to car-
ivores, such as underpasses and overpasses, must be placed in
reas that are consistent with the species’ resource-use (Clevenger

 Waltho, 2000).
For many species, crossing zones and vehicle-related mortali-

ies tend to be spatially clustered, an indication that animals may
ross highways non-randomly in response to habitat or road char-
cteristics (Malo et al., 2004; Neumann et al., 2012; Ramp, Caldwell,
dwards, Warton, & Croft, 2005). The types and spatial distribution
f these characteristics vary by species, depending on life history
nd habitat preferences (Chetkiewicz & Boyce, 2009; Ramp, Wilson,

 Croft, 2006). Vegetation characteristics tend to be important for
any species. For instance, Seiler (2005) found that moose (Alces

lces) and vehicle collisions were more likely to occur in areas with
reater forest cover and proximity to forest edge. Clevenger et al.
2003) found that small mammal  vehicle collisions tended to occur
long roads near vegetative cover, and Finder, Roseberry, and Woolf
1999) showed that white-tail deer (Odocoileus virginianus) colli-
ions were more likely in areas nearer to forest cover, gullies, or
iparian zones. Lewis et al. (2011) modeled black bear (Ursus amer-
canus) road-crossing probability and found that bears were more
ikely to cross in areas with less human development and greater
orest cover. Thus, species-specific models that predict highway
rossing zones should provide more accurate information on the
ikelihood of a given area to be used as a crossing, and therefore
ncrease our ability to manage highway permeability and reduce
irect vehicle-related mortality of rare carnivores.

The need for connectivity may  be particularly important for
eintroduced species at their range periphery, given low density
nd high degree of geographic isolation (Devineau, Shenk, Lukacs, &
ahn, 2010). Populations that are small and geographically isolated

rom their core range are generally vulnerable to local extinc-
ions (Harrison, 1991; Lawton, 1993) that may  be exacerbated by
ollision-mortality of dispersers and road avoidance (Forman et al.,
003). This concern is particularly acute for reintroduced popu-

ations of Canada lynx (Lynx canadensis)  at their southern range
eriphery. Canada lynx are a medium-sized felid that generally
ccupy spatially distinct home ranges, but are also capable of long-
istance exploratory or dispersal movements (Aubry, Koehler, &
quires, 2000; Squires & Oakleaf, 2005). Canada lynx are specialist
redators of snowshoe hare (Lepus americanus) and are associated
ith moist, high-elevation spruce-fir forests in the Rocky Moun-

ains of North America (McKelvey, Aubry, & Ortega, 2000). Vehicle
ollisions accounted for nearly half of mortalities for reintroduced
ynx in the Adirondack Mountains, New York (McKelvey et al.,
000). Vehicle collision was also an important mortality factor for

eintroduced lynx in Colorado (20% of mortalities; Devineau et al.,
010) and 45% of Eurasian lynx (Lynx lynx) mortalities in Germany
Kramer-Schadt, Revilla, & Wiegand, 2005).
n Planning 157 (2017) 200–213 201

Here we examine the road crossing characteristics of a reintro-
duced population of Canada lynx in the Southern Rocky Mountains
of Colorado, USA. We  first evaluated highway-crossing behav-
ior of Canada lynx in terms of diel timing and road avoidance.
We then evaluated the extent to which environmental variables
at two spatial scales (fine scale and landscape scale) could be
used to predict the probability of highway crossings by lynx. At
lynx highway crossings, we quantified fine-scale environmental
covariates in the field to evaluate crossings using variables not
easily evaluated with remote sensing, such as forest structure
and composition, presence of highway guard rails and barri-
ers, and the distance that oncoming traffic was  visible. Next,
given that lynx are highly mobile (Devineau et al., 2010), our
landscape-scale analysis evaluated if environmental heterogene-
ity quantified with remotely-sensed data could be used to predict
highway crossings throughout western Colorado for region-wide
planning. Given that lynx generally prefer spruce-fir forests with
high horizontal cover (Fuller & Harrison, 2010; Koehler et al.,
2008; Squires, DeCesare, Kolbe, & Ruggiero, 2010), we predicted
that lynx at both fine and landscape scales would preferentially
select forested crossing zones and generally avoid open habitat
types.

2. Material and methods

2.1. Study area

Our study areas were in western Colorado, USA and included
portions of the San Juan National Forest (37.6◦N, 108.0◦W)  (referred
to as SJNF hereafter) in Ouray, San Miguel, and Dolores counties,
and the White River National Forest (39.5◦N, 106.2◦W)  (referred
to as WRNF hereafter), in Summit County (Fig. 1). The SJNF area
occurred within the western San Juan Mountains and encompassed
portions of the upper Animas, Dolores, and San Miguel River water-
sheds. The San Juan Mountain range was the core area in which the
Colorado Division of Wildlife reintroduced lynx between 1999 and
2006 (Devineau et al., 2010). The SJNF included portions of two-
lane U.S. Highway 550 and State Highway 145, with average daily
traffic volumes between 2000 and 2500 vehicles per day (Colorado
Department of Transportation, 2014). In the WRNF, the primary
highways included Interstate 70 (I-70; 23,000 vehicles/day), a four-
lane highway, and two-lane State Highway 91 (4000 vehicles/day;
Colorado Department of Transportation, 2014).

Study areas were typical of the Southern Rockies with steep
mountains and narrow valleys at elevations ranging approximately
2000–4300 m asl. Steep elevation gradients and high topographic
variation across the study area produced a mosaic of conifer and
aspen forests extending to alpine tundra, with herbaceous and
shrub openings occurring as avalanche paths, meadows, and wet-
lands. Conifer-dominated forests, which provide most lynx habitat,
occur between 2500 m to 3500 m asl in elevation and were com-
posed primarily of Engelmann spruce (Picea engelmannii) and
subalpine fir (Abies lasiocarpa).  Aspen (Populus tremuloides) and wil-
low (Salix spp.) were common on disturbed slopes and intermixed
with conifers in mid-seral stands, while Douglas fir (Pseudotsuga
menziesii) occurred at low elevations. Lodgepole pine (Pinus con-
torta) dominated relatively drier forests on the WRNF but was
largely absent from the SJNF. Winters were relatively long and
cold; summers were drier but included monsoonal rain patterns
that resulted in regular but brief afternoon precipitation. Maxi-

mum snow depth averaged 138 cm (range = 97–201 cm;  Natural
Resources Conservation Service, 2015), and snow generally per-
sisted from November through May  (low elevations) or June (high
elevations and northerly aspects).
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ig. 1. Canada lynx study areas in western Colorado, USA including the White Rive
rea  are indicated by gray lines; inset shows the location of Colorado in the United 

.2. Lynx capture and highway-crossing behavior

During winters 2010–2012, we captured lynx in box traps
ccording to Kolbe, Squires, and Parker (2003). Lynx were captured
nd handled under the guidelines in Animal Care and Use Permit
DOW-ACUC File#13-2009. We  fitted captured lynx with global
ositioning system (GPS) collars (Sirtrack Ltd., Havelock North, New
ealand) programmed to collect locations every 20 or 30 min, from

anuary to April. We programmed collars to automatically drop off
etween April and May. Using GPS-collar data, we  defined lynx
ovement segments as straight-line vectors between consecutive
PS locations. We  identified lynx crossing segments as movement

egments intersecting highway centerlines (Laurian et al., 2008;
chwab & Zandbergen, 2011). We  limited analyses to crossing seg-
ents with at least one lynx location within 200 m of a highway to

nsure accuracy.
We investigated lynx avoidance of highways by quantifying

ovements within home ranges relative to simulated movements.
e created home ranges using package ‘adehabitatHR’ (Calenge,

006) in R (R Development Core Team, 2014) and calculated a
tilization distribution for each lynx with a 90% kernel density
stimate and reference bandwidth as the smoothing parameter
Worton, 1989). In each 90% home range, we compared the num-
er of times that lynx actually crossed a highway to the number
f random highway crossings simulated by correlated random
alks (CRW; Kareiva & Shigesada, 1983). We  used the Geospa-

ial Modeling Environment (GME; Beyer, 2012) to generate 500
RW simulations per lynx. Each CRW simulation started at the

ynx capture location and drew from the observed distribution of
ovement segment lengths and turning angles to create an equal

umber of random movement segments within the home range. At
ach CRW iteration, we tallied the number of movement segments

hat crossed highways and had either the start or end point within
00 m of a highway, to be consistent with how lynx crossings were
ounted. We then compared the empirical frequency distribution of
andom crossing segments generated for each lynx to the observed
nal Forest (WRNF) and the San Juan National Forest (SJNF). Major highways in the
.

number of highway crossing segments per lynx as a non-parametric
bootstrap test of highway avoidance. We  defined significant avoid-
ance of highways to have occurred when the observed number of
highway crossings was equal to or less than the bottom 5% of the
simulated crossing segment distribution (Shepard, Kuhns, Dreslik,
& Phillips, 2008).

Although lynx are active throughout diel periods (Kolbe &
Squires, 2007; Olson, Squires, DeCesare, & Kolbe, 2011), we
expected most highway crossings would occur at night or dur-
ing twilight periods when traffic volumes were low (Colorado
Department of Transportation, 2014). We  defined the time of high-
way crossing as the midpoint between the start and end times
of lynx crossing movements. We categorized crossing times into
four time periods: (1) dawn (2 h; sunrise ±1 h), (2) day (10 h;
sunrise + 1 h to sunset − 1 h), (3) dusk (2 h; sunset ±1 h), and (4)
night (10 h; sunset + 1 h to sunrise − 1 h); daily sunrise and sunset
times were obtained from the National Oceanic and Atmospheric
Earth Systems Research Laboratory (Cornwall, Horiuchi, & Lehman,
2015). We  tallied the number of crossing segments within each
time period for each lynx and then used a Poisson generalized lin-
ear mixed model to fit the number of crossings as a function of time
period. We  included time period as a fixed effect, individual lynx as
a random intercept, and an offset term of log(time period hours) to
account for differences in the length of each time period. We  fur-
ther qualitatively examined whether lynx crossed highways during
times when they were most active by plotting the temporal pat-
tern of lynx highway crossings relative to the temporal pattern of
active lynx movement segments. Active movement segments were
defined as those longer than the spatial error of stationary collars
(92.5 m;  Squires et al., 2013); segments shorter than this distance
were considered to be resting or stationary.
2.3. Modeling resource selection

We  developed resource selection functions (RSFs) at a fine
(field-collected variables) and a landscape (remotely-sensed vari-
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bles) scale to predict highway crossing probability by lynx (Manly,
cDonald, Thomas, McDonald, & Erickson, 2002). We  restricted

ur model-fitting to data from two-lane paved highways because
f their prevalence in lynx home ranges; however, we  did apply
he model predictions (see Model Validation section) to I-70, the
nly four-lane highway in lynx habitat in western Colorado. We
lso provide anecdotal observations of lynx crossing I-70 due to the
entral role that this high-volume, four-lane highway could have
n lynx population connectivity. At fine and landscape scales, we
sed the glmer function in package ‘lme4′ (Bates, Maechler, Bolker,

 Walker, 2014) in R to build RSF models using mixed-effects logis-
ic regression, and accounted for differences in crossing behavior
f individual lynx with a random intercept for individual. Predictor
ovariates were standardized by subtracting the mean and divid-
ng by the standard deviation to facilitate comparison between
ariables measured at different scales. We  developed plausible a
riori multivariate candidate models (Appendix A) with covariates
hat were more informative than the null model in a univariate
ense based on Akaike’s Information Criterion (AIC; Burnham &
nderson, 2002). We  excluded covariates with high collinearity

|r| > 0.6); if correlated, we retained the variable that was  most
iologically meaningful and available to managers. We  estimated

ogistic regression models describing the probability of lynx high-
ay crossing as:

ˆ  = exp
(

�0 + �1x1 + ... + �nxn
)
/
(

1 + exp
(

�0 + �1x1 + ... + �nxn
))

(1)

where ŵ is the probability of selection as a function of xn covari-
tes, ˇn are the parameter coefficients, and �0 is the intercept
Manly et al., 2002). We  evaluated candidate models using AIC and
dentified top models as those within 4 �AIC of the best perform-
ng model that did not contain uninformative parameters (Arnold,
010; Burnham & Anderson, 2002).

For fine-scale resource-use modeling, we quantified predictor
ovariates in the field at lynx highway crossings. We  buffered used
oints by 100 m then selected available points from outside the
uffers. This ensured that used and available points were non-
verlapping to reduce the potential of used crossings being also
onsidered as available (sample contamination; Johnson, Nielsen,
errill, McDonald, & Boyce, 2006; Keating & Cherry, 2004). We

andomly selected 15 actual crossing locations per lynx and 15
crossings” randomly available in each lynx home range. For three
ynx with <15 total highway crossings, we sampled all used cross-
ng points regardless of overlap. We  fit 13 multivariate candidate

odels (see Appendix A).
At the landscape scale, we evaluated lynx highway crossing

ehavior by comparing used lynx crossings (n = 593) to avail-
ble crossing locations (n = 4331) distributed across highways in
estern Colorado. Since a large available sample is required to min-

mize bias in RSF models (Hooten, Hanks, Johnson, & Alldredge,
013; Northrup, Hooten, Anderson, & Wittemyer, 2013), and to
llow prediction across all highways in western Colorado within
he elevation zone of lynx, we sampled available crossing points
ystematically spaced 1 km apart along all highways within the
levation zone used by lynx in our sample (2000–4183 m asl). We
onsidered 29 multivariate candidate models (see Appendix A). Our
ixed model framework required an available sample specific to

ach individual lynx; however, since our available landscape was
ommon to all lynx, we used a bootstrap procedure to refit the
odel with a different random sample of all systematic points

o verify model performance. We  performed 1000 bootstrap iter-
tions that randomly sampled each lynx’s used and all available

rossing points with replacement and fitted all 28 candidate mod-
ls at each iteration. We  used AIC values for model selection, and
erified this using the number of times each model was  ranked
est across bootstrap iterations. We  then spatially extrapolated
n Planning 157 (2017) 200–213 203

our best-performing model to predict probability of crossing along
major highways in western Colorado above 2000 m asl elevation.

2.4. Predictor covariates

We quantified fine-scale vegetation covariates at crossing points
with eight plots aligned in an “X” configuration (Appendix B1;
Fig. 2). At each vegetation plot, we quantified tree basal area with
a 10-factor prism and recorded diameter at breast height (DBH)
by species. We also measured vegetative horizontal cover in each
cardinal direction using a cover-board viewed at 10 m away, consis-
tent with Squires et al. (2010). We  measured distance to vegetative
cover as the shortest distance to continuous vegetation greater than
2 m tall and in patches >25 m2. We  measured roadside covariates at
three points to account for the spatial uncertainty of crossing loca-
tions (Appendix B1; Fig. 2). We  quantified the slope of approaches
to highways at 10 m perpendicular to the road with a clinometer.
We used a rangefinder to measure the length of highway visible to
a crossing animal, defined as the line-of-sight distance of contin-
uous pavement in both directions. Given that highway structures
can have physical or visual impact on wildlife crossings (Gunson,
Mountrakis, & Quackenbush, 2011), we  mapped the locations of
physical barriers (e.g., guard rails, jersey barriers, vertical cliffs).
We calculated the mean and standard deviation for all variables
across all eight vegetation or three roadside plots at each crossing
point.

At the landscape scale, we  used remotely-sensed topographic
and vegetation data (Appendix B2) at two spatial scales (200 m
and 500 m radii circular moving windows) that we  selected arbi-
trarily to capture the environment associated with highways. We
selected landscape-scale covariates that best represented impor-
tant variables associated with crossings identified during fine
scale sampling and those that we thought were most biologically
meaningful for landscape-level modeling. Topographic variables
including slope, aspect, and terrain roughness were obtained from
a 10 m digital elevation model (DEM; Gesch, 2007). Terrain rough-
ness was calculated from the standard deviation of elevation values
(Wilson & Gallant 2000). We  calculated an index of “northness”
using the percentage of cells in a 200 m or 500 m neighborhood with
slope >10% and northerly aspects (>270◦ and <90◦). Topographic
position index (TPI), a measure of terrain concavity or convexity
(Jenness, 2006), was calculated at a 1000 m scale, in addition to
200 and 500 m;  the 1000 m radii plot was  added to better char-
acterize drainages in mountainous topography. Euclidian distance
to hydrologic features was  determined using the National Hydrog-
raphy Dataset (NHD; United States Geological Survey, 2013). We
obtained six 30 m resolution Landsat 5 Thematic Mapper (http://
earthexplorer.usgs.gov/) scenes dated 8 June to 24 June 2011, each
with less than 1% cloud cover. From these images, we  derived the
Normalized Difference Vegetation Index (NDVI; Jensen, 2005), an
index of vegetation biomass, and performed tasseled cap transfor-
mations (Crist & Cicone, 1984), which created variables that index
soil reflectivity (brightness), vegetation presence (greenness), and
soil or surface moisture (wetness). We  calculated the mean and
standard deviation of NDVI, Brightness, Greenness, and Wetness.
Finally, we evaluated forest structure based on a 30 m LANDFIRE v.
1.2.0 (Rollins, 2009) layer of canopy cover.

2.5. Model validation

We evaluated our best fine-scale model using four-fold cross
validation (Boyce, Vernier, Nielsen, & Schmiegelow, 2002). We

randomly divided all used locations into four groups, sequen-
tially withheld each group, fit the model on the remaining three
groups, and used the model to predict the outcome of the
withheld group according to Boyce et al. (2002). This method

http://earthexplorer.usgs.gov/
http://earthexplorer.usgs.gov/
http://earthexplorer.usgs.gov/
http://earthexplorer.usgs.gov/
http://earthexplorer.usgs.gov/
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ig. 2. Configuration of fine-scale vegetation plots at lynx highway crossings in we
oints  were spaced across putative crossing zones to quantify roadside characterist

hould generate a high Spearman’s rank correlation coefficient
rs) between predictions from the withheld sample and the
in numbers generated from the entire dataset if the model is
redicting the relative probability of road crossings given the
ange of probabilities over the entire area sampled (Boyce et al.,
002).

We  evaluated the landscape-scale RSF model using two meth-
ds. First, we conducted a 10-fold cross validation according to
oyce et al. (2002), similar to the fine scale. Second, we used an

ndependent dataset of lynx highway crossings in Colorado that
onsisted of winter lynx back-tracks from 2000 to 2009 (n = 117;
olorado Parks and Wildlife, unpublished data) and lynx highway
ortalities from collisions with vehicles 1999–2015 (n = 11; Col-

rado Parks and Wildlife, unpublished data). We  believed these
ndependent data provided our best evaluation of model perfor-

ance that mimicked actual field application. We  extracted the
SF predicted probability value at each independent crossing loca-
ion using our landscape-scale model; higher crossing probabilities
ndicated better predictive performance.

. Results

We  collected an average of 4810 GPS locations (SD = 2415, range:
52–8300) on each of 14 lynx (7 M,  7 F). Data collection ranged
etween 27 Jan and 17 Jun (Appendix C). Home ranges of all
ut one lynx were bisected by 4.0–52.9 km of two-lane highway
x̄ = 18.7 km,  SD = 14.8). We  documented 735 total lynx highway
rossings; 88 of these were lower quality crossings (GPS locations
200 m off the highway and/or >40 min  between locations) that
ere eliminated from further analysis. We  used 11 of 13 lynx to

odel resource selection at 593 crossings; data from two  lynx were

ot available for resource-use modeling due to late collar drop-offs.
levation of lynx crossings averaged 3041 m (SD = 134 m,  range:
778–3451).
Colorado; eight plots in an “X” configuration were sampled. Three roadside sample

3.1. Highway crossing behavior

Lynx crossed highways more frequently during dusk and night
than during dawn and day (�dawn = −0.17, SE = 0.13, p = 0.18;
�dusk = 0.76, SE = 0.09, p < 0.001, �night = 1.31, SE = 0.05, p < 0.001).
Lynx crossed highways at increased frequency after sunset until
0100 h; crossing frequency remained relatively high until sunrise,
after which it declined (Fig. 3). Lynx crossed highways during all
hours, but crossings were 1.85 times more frequent during night
(n = 393) than day (n = 212). Also, observed diel pattern of lynx high-
way crossings appeared to deviate from the general pattern of lynx
activity (Fig. 3). For example, lynx movement activity generally
decreased from sunset (1800 h) to 2400 h, while the frequency at
which lynx crossed highways increased during this period.

Lynx crossed two-lane highways an average of 0.6 times per
day (SD = 0.4, range: 0.2–1.4; Appendix C). The mean number of
highway crossings per lynx was 50 (SD = 45.4; range: 6–148) com-
pared to CRW paths that crossed an average of 90 times (SD = 60.0;
range: 20–221; Appendix C). Correlated random walk simulations
suggested that 5 (3 F, 2 M)  of 13 lynx crossed highways significantly
less than expected (p < 0.05) whereas 8 lynx exhibited no highway
avoidance (0.07 < p < 0.52; Appendix C); all lynx with highways in
their home ranges crossed more than once (Fig. 4).

Three of 5 lynx with adjacent home ranges crossed the four-lane
interstate I-70 on 25 occasions. These crossings provided impor-
tant anecdotal observations of behavior associated with crossing
a high traffic volume highway, but the number of observations
was insufficient for statistical evaluation with a resource selection
function. These lynx mostly crossed I-70 near first- and second-
order stream tributaries where eastbound interstate lanes were
elevated by bridges 75–100 m long and 15–25 m in height with con-

tinuous tall woody vegetation underneath. The highway median
between east and west-bound traffic in these areas was  approx-
imately 150–200 m wide and included patches of forest cover.
Although traffic averaged approximately 1200 vehicles/hr during
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eviation)  per hour for Canada lynx (N = 13) in western Colorado.

he day, volume was reduced to <200 vehicles/hr between 0100 h
nd 0500 h (Colorado Department of Transportation, 2014). Seven
f 25 crossings occurred during this 0100–0500 h period of low
raffic, while 9 crossings occurred during other dark hours. Snow
racking data from an independent data set of lynx not included in
his study indicated that lynx successfully crossed I-70 on at least
hree occasions, all about 30 km east of where collared individuals
rossed. Large elevated bridges over natural habitat were absent
rom this stretch of the interstate and these crossings occurred at
rade, over the road surface. However, two lynx in the indepen-
ent data set were killed while attempting to cross at grade in
his area and two were killed attempting to cross at grade near
he underpasses described above. It is unclear whether those killed
hile attempting to cross I-70 had crossed successfully in previous

ttempts.

.2. RSF models at multiple scales

At the fine scale, lynx were most influenced by vegetation char-
cteristics. No topographic or highway infrastructure covariates
erformed better than null models in univariate analyses, so they
ere not considered further. Based on final multivariate models,

ynx selected highway crossing zones that were closer to veg-
tative cover (MaxDistCover) and had greater mean basal area
AvgBasalArea) (Table 1). There were five models within four �AIC;
ollowing Arnold (2010), we considered models that differed by one
xtra parameter but were within two AIC of the top-performing
odel to contain uninformative terms. Thus, only MaxDistCover

nd AvgBasalArea were meaningful predictors of lynx crossings,
lthough AvgBasalArea was only weakly predictive, as its 95%
onfidence interval slightly overlapped zero (Table 3). This sug-
ested that lynx were most sensitive to the amount of forest and
ther vegetative cover along roads when selecting highway cross-

ngs. The mean MaxDistCover for used lynx crossings was 17.8 m
SD = 16.3 m),  compared to 29.8 m (SD = 34.3 m)  for available high-

ay crossings. For every 1 m increase in distance to cover, the odds

f highway crossing declined approximately 1.9%. Lynx also tended
o select crossing zones with higher tree density compared to ran-
om: trees basal area was 78.3 m2/ha (SD = 31.3 m2/ha) at crossings
our, versus proportion of all active movement segments (black circles +/−standard

compared to 59.5 m2/ha (SD = 31.3 m2/ha) at available locations.
Mean horizontal cover and the proportion of spruce and fir trees at
a crossing appeared among the top models but did not contribute to
model performance. Lynx appeared insensitive to roadside slope,
the presence of barriers, or line-of-sight distances when selecting
highway crossing locations.

At the landscape scale, lynx selected crossings in areas of high
forest canopy cover within the surrounding 500 m (LfCanCvr 500),
concave topographic positions relative to the surrounding 1000 m
(TPI 1000), and predominately northerly aspects within 200 m of
the highway (PctNorth 200; Table 2). This top multivariate model
ranked best in 57% of bootstrap iterations and was four times
more likely than the next candidate model to explain the proba-
bility of where lynx crossed highways (Table 2). The second best
performing multivariate model ranked best in 42% of bootstrap
iterations and included canopy cover within the surrounding 500 m
(LfCanCvr 500) and the standard deviation of brightness within the
surrounding 500 m (StdBrt 500). All four predictors were strong
with 95% confidence intervals that did not overlap zero (Table 3).
We averaged predictions from the top 2 multivariate models (<4
�AIC) to produce a statewide RSF surface of potential lynx crossing
zones along 4359 km of highways (i.e., those above 2000 m eleva-
tion) in western Colorado (Fig. 5). Model results suggest that 80% of
highways within the elevation zone of lynx habitat in Colorado had
less than a 50% chance of being used by lynx for crossings. In con-
trast, high probability crossing areas were relatively few and were
concentrated in areas of high forest cover on north-facing slopes
(Fig. 6).

3.3. Model validation

Cross-validation of the fine- and landscape-scale models indi-
cated good model fit. A four-fold cross-validation of the best
performing fine-scale RSF model had a Spearman correlation
coefficient of |rs| = 0.94. The 10-fold cross-validation for the

landscape-scale averaged model yielded a Spearman correlation
coefficient of 0.95. The independent data that we used for the
landscape model validation consisted of 117 snow tracks of lynx
crossing highways and 11 road-killed lynx mortalities. These inde-
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Fig. 4. Examples that illustrate most avoidance (top) and least avoidance (bottom) of 2-lane highways by Canada lynx based on GPS locations, western Colorado. Night
locations (20:00 h–06:00 h) are shown in blue, while day locations (07:00 h–19:00 h) are shown in yellow. Even the individual exhibiting most highway avoidance (top)
frequently used habitats immediately adjacent to the road. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this
article.)

Table 1
Model selection results for fine-scale mixed-effects logistic regression models predicting Canada lynx highway crossings in western Colorado. The number of fixed effect
parameters (K), AIC score, �AIC, AIC weight, and log-likelihood (LL) are given. Model variables include maximum distance to cover (MaxDistCover), mean basal area
(AvgBasalArea), mean horizontal cover (AvgHorizCover), and the proportion of spruce and fir trees (PropSF). Only the 5 best performing models plus the null are reported.

Model K AIC �AIC AICwt LL

1 MaxDistCover + AvgBasalArea 4 409.79 0.00 0.36 −200.90
2  MaxDistCover 3 411.23 1.43 0.18 −202.62
3  MaxDistCover + AvgBasalArea + AvgHorizCover 5 411.29 1.50 0.17 −200.65
4  MaxDistCover + AvgBasalArea + PropSF 5 411.76 1.97 0.13 −200.88
5  MaxDistCover + AvgBasalArea + AvgHorizCover + PropSF 6 413.23 3.43 0.06 −200.62
6  NULL 2 424.77 14.84 0.00 −210.38
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Table  2
Model selection results for landscape-scale mixed-effects resource selection models predicting Canada lynx highway crossings in western Colorado, giving the number of
fixed  effect parameters (K), AIC score, �AIC, AIC weight, log-likelihood (LL), and proportion of bootstrap iterations each model was  ranked best (Prop Best). Variables included
in  the top models were mean percent canopy cover (LfCanCvr 500), topographic position index, percentage of area composed of north-facing aspects, standard deviation of
brightness (StdBrt 500), and mean wetness (MeanWet 200). The number after each covariate denotes the size of the radius at which each covariate was  calculated. Only the
5  best performing models plus the null are reported.

Model K AIC �AIC AICwt LL Prop Best

1 LfCanCvr 500 + TPI 1000 + PctNorth 200 5 828.03 0.00 0.80 −409.01 0.57
2  LfCanCvr 500 + StdBrt 500 4 830.80 2.78 0.20 −411.40 0.42
3  LfCanCvr 500 + MeanWet 200 + TPI 1000 5 839.22 11.19 0.00 −414.61 0.01
4  LfCanCvr 500 + TPI 1000 4 851.11 23.08 0.00 −421.56 0
5  LfCanCvr 500 + MeanWet 200 + PctNorth 200 5 868.10 40.07 0.00 −429.05 0
6  Null 2 1510.81 682.79 0 −753.41 0

Table 3
Model coefficients, with 95% confidence intervals, of covariates in top performing models within 4 �AIC used to predict Canada lynx highway crossings at two spatial scales
(fine  and landscape) in western Colorado. Model numbers correspond to Tables 1 and 2. Covariates included are maximum distance to cover (MaxDistCover), mean basal
area  (AvgBasalArea), mean percent canopy cover (LfCanCvr), topographic position index (TPI), percentage of an area composed of north-facing aspects (PctNorth), and the
standard deviation of brightness (StdBrt). Numbers after the landscape scale model covariates indicate the size of the radius at which each covariate was calculated.

Scale Model Variable Coefficient Lower 95% CI Upper 95% CI

Fine Scale Models Model 1 MaxDistCover −0.44 −0.80 −0.12
AvgBasalArea 0.24 −0.01 0.51

Model 2 MaxDistCover −0.57 −0.91 −0.27

Landscape Scale
Models

Model 1 LfCanCvr 500 1.82 1.66 2.01
TPI 1000 −0.56 −0.68 −0.45
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endent lynx crossings had a predicted average RSF value of 0.75
range 0.15–0.98; SD = 0.18) from the landscape-scale RSF model
Fig. 6). Additionally, the predicted RSF values associated with all
ndependent lynx crossings were largely between 0.6 and 0.8, with
nly 7% of independent data associated with modeled values less
han 0.5 (Fig. 6). In contrast, the distribution of RSF values at all
vailable locations across Colorado was largely between 0 and 0.1,
ith 78.82% of predicted probabilities less than 0.5. This suggested

he landscape model was effective at predicting the actual areas
hat lynx would use when crossing highways.

. Discussion

Canada lynx in the Southern Rocky Mountains of western Col-
rado crossed 2-lane highways (traffic volumes of 2000–4000
ehicles/day) approximately every other day. We  found that most
ynx (8 of 13) did not appear to avoid crossing roads, likely due to the
abitat configuration of lynx home ranges in our study area. Lynx
hose home ranges included extensive sections of highways lived

n close proximity to them and crossed frequently. Lynx mitigated
he risk of increased highway exposure by crossing roads at greater
requency during dusk and night, when traffic volume was lower.
ur resource selection models were successful at predicting the
robability of lynx crossing given fine- and landscape-scale envi-
onmental characteristics. At both spatial scales, lynx were more
ikely to cross highways in areas with greater vegetative cover,

hile at the landscape scale, lynx also preferred north-facing slopes
nd areas of topographical concavity, such as river drainages.

Despite the fact that all lynx crossed highways, we found that
 of 13 individuals (39%) exhibited some degree of road avoid-
nce behavior as defined by crossing significantly less than CRW
imulations. Other studies have documented highway-avoidance
ehavior by lynx (Apps, 2000; Squires et al., 2013), although the

ynx in our study that exhibited road avoidance behavior still

requently crossed roads in some regions of their home range,
epending on forest vegetation near crossing zones (Fig. 4). Lynx
eintroduced to the Southern Rocky Mountains occupied habitat
n high-elevation mountain valleys that were bounded at upper
0.38 0.28 0.48
2.38 0.86 1.05
0.86 0.67 1.05

elevations by open rock and tundra. Given the mountainous topog-
raphy, two-lane highways in western Colorado were present in
valley bottoms with vegetation too sparse for lynx, while other
sections were high on mountain passes in good lynx habitat. We
acknowledge that reintroduced lynx may  exhibit different crossing
behavior than native populations. However, of the 13 individuals in
our study, five were born in the Southern Rockies, and the remain-
ing eight were resident in the Southern Rocky Mountains for more
than 5 years and had established home ranges. Thus, we  believe our
results reflected behaviors of established individuals and were not
uninformed movements of naïve individuals in a new environment.

One way that lynx accommodated vehicle-related disturbance
was to cross highways more frequently at night when traffic vol-
umes were relatively low. The proclivity for lynx to cross highways
at night was similar to other wide-ranging felids such as bob-
cat (Lynx rufus; Cain et al., 2003) and European wildcat (Felis
silvestris; Klar, Herrmann, & Kramer-Schadt., 2009), as well as
other taxa such as grizzly bears (Ursus arctos;  Waller & Servheen,
2005) and elk (Cervus elaphus; Gagnon, Theimer, Dodd, Boe, &
Schweinsburg, 2007). Tigas et al. (2002) reported that bobcats and
coyote (Canis latrans)  tended to utilize areas with high human activ-
ity more often at night. Nighttime traffic volumes on highways
in western Colorado were generally <5% of peak early-afternoon
volumes of 200–400 vehicles per hour (Colorado Department of
Transportation, 2014). We  assumed that increased crossings at
night were an avoidance behavior to vehicle-related disturbance
because lynx were generally active across all diel periods (Fig. 3).
The tendency of lynx to preferentially traverse highways during
periods of low traffic volume may also reduce the risk of vehicle-
related mortality (Neumann et al., 2012). For example, Waller and
Servheen (2005) demonstrated that grizzly bears experience lower
risk in crossing highways at night compared to peak traffic volumes.

At a fine scale, lynx crossed highways in close proximity to
vegetative cover, similar to several other large mammal species

(Clevenger & Waltho, 2005). Vegetative cover was  primarily pro-
vided by conifers in stands with higher basal area compared to
randomly available along highways. We  assume that road-side
vegetation provided security cover and that higher horizontal



208 P.E. Baigas et al. / Landscape and Urban Planning 157 (2017) 200–213

F  highw
C

c
H
w
f
d
e
i
(
b
u
l
c
w
s
p

h
t
w
m
m
i

ig. 5. Resource selection probability surface predicting Canada lynx crossings of
olorado.

over could support greater snowshoe hare densities (Fuller &
arrison, 2010; Hodges, 2000; Squires et al., 2010). Consistent
ith fine-scale results, lynx at the landscape scale selected north-

acing crossings in areas of high forest canopy cover primarily in
rainage bottoms. The landscape-scale model we  developed gen-
rally agreed with other studies of wildlife highway crossings that
dentified important crossing areas near drainages with forest cover
Clevenger et al., 2003; Grilo et al., 2009). Our landscape model
ased on remotely-sensed environmental covariates provides a
seful management tool to predict areas of high permeability to

ynx movement, as evidenced by performance with independent
rossing data. The fact that independent lynx crossing locations
ere generally associated with high-probability crossing zones

upports the use of model outputs by highway planners to evaluate
otential crossing zones in western Colorado.

Species with high adjacency to transportation corridors have a
eightened vulnerability to vehicle-related mortality compared to
hose with considerable spatial separation. The high frequency at
hich lynx crossed highways suggests that risk of vehicle-related

ortality was high, which in turn justifies appropriate highway
itigation. Model results at the landscape scale indicate that mit-

gation actions that promote forest cover immediately adjacent
ays (gray area indicates >2000 m elevation) at a landscape scale across western

to highways may  increase permeability by lynx, especially on
north-facing slopes and in drainage bottoms. In addition, the diel
crossing pattern of lynx suggests that lower nighttime speed lim-
its on highways in lynx habitat may  decrease collision mortality.
These suggested mitigation measures are based on resident lynx
in winter-spring home ranges that contain highways; we  did not
directly investigate movements of dispersers or individuals mak-
ing long distance movements from established territories. Thus, we
acknowledge that transient or dispersing felids, or those engaging
in exploratory movements, may  cross highways where few pre-
dictive factors occur (Tewes & Hughes, 2001); these lynx may  be
more susceptible to vehicle collision than resident animals due to
unfamiliar terrain (Beier, 1995; Ferreras et al., 1992).

Physical crossing structures, such as over/under passes and fenc-
ing, effectively facilitate safe wildlife crossings of major highways
(Foster & Humphrey, 1995; Ng, Dole, Sauvajot, Riley, & Valone,
2004; Yanes, Velasco, & Suárez, 1995). However, the extent to
which these improvements benefit lynx may  depend on size of
the highway and related traffic volume, as well as the landscape

structures around the passes. Our GPS locations at 20 min  inter-
vals were inadequate to provide detailed depictions of how lynx
responded to physical highway structures, like guard rails and cul-
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Fig. 6. Examples of the predicted resource selection function surface showing the probability of Canada lynx crossing a highway compared to independent known crossing
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rossing at all available locations in the landscape-scale RSF versus actual probabil
requency within the top deciles of binned crossing probabilities (panel D).

erts. In future studies, collars with greater temporal resolution,
uch as 10 or even 5 min  intervals, might be more successful in doc-
menting animal movement relative to highway structures at a fine
patial and temporal scale. However, the broad spatial distribution
nd sheer number of highway crossings that we documented indi-
ate that lynx mostly crossed two-lane highways at road grade, and
hey did not depend on physical highway improvements to traverse
wo-lane highways. Similarly, Tigas et al. (2002) reported a prefer-
nce by bobcats to cross highways at the surface and Crooks et al.
2008) failed to detect lynx using any of seven underpasses that
ere constructed specifically to reduce lynx highway mortalities

n Colorado.
Our anecdotal observations of lynx crossing I-70, a high traf-

c four-lane divided highway, suggested that resident lynx did
ocate safe, below-grade crossings at large underpasses and used
hem repeatedly. They were also capable of crossing I-70 at road-
rade during periods of low traffic volume. The use of underpasses
or crossing high volume roads was consistent with other stud-
es. For example, Beier (1995) observed numerous cougars crossing

nderneath major highway bridges over watercourses and Henke,
awood-Hellmund, and Sprunk (2001) showed that several mam-
alian species in Colorado, including bobcats, used below grade

ighway crossings on major interstate highways. We  assume lynx
rn Colorado (panels A, B). Panel C shows distribution of predicted probabilities of
t independent crossing locations; independent crossings occurred with increasing

cross high-volume, four-lane highways similar to other wildlife in
their proclivity to use larger underpasses with dense native veg-
etation close to passage entrances (Cain et al., 2003) in favorable
habitat with low human disturbance (Beier, 1995; Ng et al., 2004).

5. Conclusions

We demonstrated that, at a fine scale, lynx crossed two-lane
highways in forests with higher tree basal area and lower distance
to cover. At the landscape scale, lynx selected highway crossings
in areas of high forest canopy cover, especially in drainages and
on north-facing slopes. The presence of highway infrastructure
(guard rails and barriers) was  not predictive of crossing two-lane
highways. Model results indicated considerable individual varia-
tion in crossing behavior and the presence of multiple crossing
zones within home ranges when bisected by extensive highway
sections. Thus, appropriate mitigation to enhance connectivity for
Canada lynx across 2-lane highways may  include reduced speed
limits at night and vegetation management rather than inten-

sive investments for physical overpasses in few putative crossing
zones. However, our anecdotal observations (n = 25 crossings) of
lynx crossing a high-volume four-lane highway (I-70) suggest
that investment in large elevated underpasses across drainages,
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specially in highway sections with forested medians, may  be war-
anted.
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ppendix A. Candidate RSF models

Candidate fine- and landscape-scale resource selection func-
ion models considered to predict Canada lynx highway crossing
ocations in western Colorado.

cale Model # Model Structure

ine Scale Models 1 AvgDistCover
2 MaxDistCover
3 AvgBasalArea
4 AvgHorizCover
5 MinHorizCover
6 MaxDistCover + AvgBasalArea
7  MaxDistCover + AvgBasalArea + AvgHorizCover
8  MaxDistCover + AvgBasalArea + AvgHorizCover + PropSF
9  MaxDistCover + AvgBasalArea + PropSF
10 AvgDistCover + AvgHorizCover
11  AvgBasalArea + AvgHorizCover
12  AvgBasalArea + AvgHorizCover + PropSF
13  Null

road Scale Models 1 MEANBRT500
2 MEANWET200 + MEANBRT500
3  MEANWET200 + MEANBRT500 + STDBRT500
4  MEANBRT500 + STDBRT500
5  LFCNCVR500
6 MEANWET200 + LFCNCVR500
7  MEANWET200 + NDVI200 + LFCNCVR500
8  NDVI200 + STDBRT500 + LFCNCVR500
9  MEANBRT500 + PCTNRTH200
10  MEANBRT500 + TPI1000
11  MEANBRT500 + TPI1000 + PCTNRTH200
12  MEANBRT500 + ROUGH500
13  MEANBRT500 + MEANSLP500
14  MEANWET200 + MEANBRT500 + PCTNRTH200
15  MEANWET200 + MEANBRT500 + TPI1000
16  MEANWET200 + MEANBRT500 + TPI1000 + PCTNRTH200
17  MEANWET200 + MEANBRT500 + ROUGH500
18  MEANWET200 + MEANSLP500
19  MEANBRT500 + STDBRT500 + PCTNRTH200
20  MEANBRT500 + STDBRT500 + TPI1000
21  MEANBRT500 + STDBRT500 + TPI1000 + PCTNRTH200
22  MEANBRT500 + STDBRT500 + ROUGH500
23  MEANBRT500 + STDBRT500 + MEANSLP500
24  LFCNCVR500 + PCTNRTH200
25  LFCNCVR500 + TPI1000

26  L
27  M
28 M
29 N
FCNCVR500 + TPI1000 + PCTNRTH200
EANWET200 + LFCNCVR500 + PCTNRTH200
EANWET200 + LFCNCVR500 + TPI000
DVI200 + STDBRT500 + LFCNCVR500 + TPI1000



A

T

u

T

V

R

T

f
a

P.E. Baigas et al. / Landscape and Urban Planning 157 (2017) 200–213 211

ppendix B. Predictor variables

able B1

Variables aggregated from eight vegetation plots and three roadside sample points at used and available lynx highway crossing points,
sed to evaluate fine scale resource selection functions predicting Canada lynx highway crossing locations in western Colorado.

ype Variable Name Description

egetation Plots PropSpruceFir Percentage of “In” trees on plots that were Engelmann spruce or Subalpine fir.
AvgBasalArea Average basal area (sq. meters/ha) of plots, measured with a 10-BAF prism.
MaxBasalArea Maximum basal area among plots, measured with a 10-BAF prism.
AvgHorizCover Mean horizontal cover of plots.
MinHorizCover Minimum horizontal cover among plots.
AvgPlotSlope Average slope (%) of plots.
MaxPlotSlope Maximum slope (%) among plots.
PctTreesLess Percentage of “In” trees on plots with diameter <5”.
PctTreesGE5Less9 Percentage of “In” trees on plots with diameter ≥5 and <9”.
PctTreesGE9Less20 Percentage of “In” trees on plots with diameter ≥9 and <20”.
PctTreesGE20 Percentage of “In” trees on plots with diameter ≥20”.

oadside Sample Plots AvgRoadSlope Average roadside slope (%) at sample points.
MaxRoadSlope Maximum roadside slope (%) among sample points.
AvgRoadVisibility Average distance of continuous pavement visible from sample points.
AvgDistCover Average distance from sample points to the nearest stand of continuous trees or shrubs >2 m tall and ≥25 m2.
MaxDistCover Maximum distance among sample points to the nearest stand of vegetation >2 m tall and ≥25 m2.
MinDistCover Minimum distance among sample points to the nearest stand of vegetation >2 m tall and ≥25 m2.
RoadCliff Tally of vertical roadside cliffs >5 m high within 25 m of sample points
RoadManBarrier Tally of man-made structures, including guard rails and jersey barriers, within 25 m of sample points.

able B2

Variables extracted from GIS at used and available lynx highway crossings and used to evaluate landscape scale resource selection
unctions to predict Canada lynx highway crossing locations in western Colorado. Variables were calculated at two spatial scales: within

 200 or 500 m buffer around each crossing point.

Type Variable Name Description

Topography MEANSLOPE Average slope (%) from a 10 m digital elevation model.
ROUGH An index of terrain roughness, calculated as the standard deviation (SD) of elevations.
PCTNORTH Percentage of area composed of north-facing aspects (>270◦ and <90◦) for slopes >10%.
TPI  Relative topographic position index, where negative values represent topographic concavities and positive

values represent ridges.
DISTHYDRO Average distance to the nearest 14th-level (HUC) national hydrography dataset stream or waterbody.

Vegetation LFCANCVR Average of LANDFIRE canopy cover values, expressed as a percentage.
NDVI  Average Normalized Difference Vegetation Index values derived from Landsat 5 TM images.
MEANBRT Average spectral variations in soil background reflectance (Brightness) derived from a Tasseled Cap

transformation of Landsat 5 TM images.
STDBRT Standard deviation of spectral variations in soil background reflectance (Brightness) derived from a Tasseled

Cap transformation of Landsat 5 TM images.
MEANGRN Average spectral variations in the vigor of green vegetation (Greenness) derived from a Tasseled Cap

transformation of Landsat 5 TM images.
STDGRN Standard deviation of spectral variations in the vigor of green vegetation (Greenness) derived from a Tasseled

Cap  transformation of Landsat 5 TM images.
MEANWET Average spectral variations related to canopy and soil moisture (Wetness) derived from a Tasseled Cap

transformation of Landsat 5 TM images.
STDWET Standard deviation of spectral variations related to canopy and soil moisture (Wetness) derived from a
Tasseled Cap transformation o
MEANPCA1 Average of values from the fir

which generally correspond t
MEANPCA2 Average of values from the se

which generally describes var
f Landsat 5 TM images.
st Principal Component transformation of Landsat 5 TM image band ratios,
o image brightness.
cond Principal Component transformation of Landsat 5 TM image band ratios,
iations in vegetation cover.
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ppendix C. Lynx Highway Crossing Summary

able C1

Summary information for each Canada lynx used to assess highway crossing avoidance within a home range in western Colorado,
010–2012. Columns show the lynx ID, sex, start and end date of collaring, number of days the animal was collared, number of GPS  points
ollected during this time, percent of GPS fix attempts that were successful, number of road crossings exhibited during this time, number
f crossings per day, mean number of crossings as simulated by correlated random walk (Avg Sim Cross), and the non-parametric p-value
rom the comparison of actual crossings against the simulated distribution. Bold values indicate significantly fewer crossings than expected
y chance at � = 0.05.

ynx Sex Start Date End Date # Days # Points % Success # Cross Cross/Day Avg Sim Cross p-value

02 F 16-Mar-10 16-Apr-10 31 1925 86 24 0.77 64 0.01
03  F 28-Feb-12 31-May-12 92 5602 85 62 0.67 61 0.52
01  M 19-Feb-12 31-May-12 101 6730 93 68 0.67 88 0.35

04  F 22-Mar-10 10-Apr-10 19 1096 80 6 0.32 19 0.13
02  M 11-Mar-11 14-Apr-11 34 752 92 9 0.26 79 0.01

06  F 22-Feb-12 31-May-12 98 5693 81 33 0.34 114 0.04
04  M 25-Feb-12 31-May-12 95 6510 95 105 1.11 142 0.17

07  F 27-Jan-12 17-Jun-12 141 8300 82 106 0.75 221 0.02
05  M 12-Feb-12 31-May-12 108 7399 95 148 1.37 184 0.21
06  M 18-Feb-12 31-May-12 102 6658 91 27 0.26 53 0.29
07  M 28-Feb-12 31-May-12 92 5883 89 19 0.21 41 0.24
08  M 17-Feb-11 14-Jun-11 117 2611 93 29 0.25 71 0.01

08  F 5-Feb-11 15-Jun-11 130 2890 93 11 0.0 32 0.07
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Research Article

Winter Diet and Hunting Success of Canada
Lynx in Colorado

JACOB S. IVAN,1 Colorado Parks and Wildlife, 317 W. Prospect Rd., Fort Collins, CO 80526, USA

TANYA M. SHENK, National Park Service, Great Plains Cooperative Ecosystem Studies Unit, University of Nebraska, 515 Hardin Hall, 3310
Holdrege Street, Lincoln, NE 68583-0989, USA

ABSTRACT Information regarding the diet of Canada lynx (Lynx canadensis) at the southernmost extent of
its range is critical for managing the species under current and predicted climate conditions. Therefore, from
1999–2009, we investigated winter diet and hunting strategies of Canada lynx in Colorado, USA by tracking
individuals in the snow to identify sites where lynx encountered and killed prey. Similar to other parts of lynx
range, snowshoe hares (Lepus americanus) were the primary winter food in Colorado, especially when
considering total biomass consumed. Red squirrels (Tamiasciurus hudsonicus) comprised the bulk of the
remaining food items and were a substantial occurrence during several years, which is consistent with
previous hypotheses regarding the diet of lynx in southerly populations. Lynx successfully captured snowshoe
hares on 31% of attempts and red squirrels on 47% of attempts, similar to lynx in other regions. In contrast to
other populations, the majority of chases of both prey species were initiated while actively hunting rather than
by ambush and this behavior did not change through time. We found evidence for snowshoe hare refugia
during winter; hunting success for hares peaked at sites with approximately 3,000 stems/ha, but was lower in
more dense vegetation where hare densities were greater. Given this finding and the apparent importance of
red squirrels as alternate prey, we suggest that management for lynx in the southern RockyMountains, USA,
focus on maintenance of mature, uneven-aged Engelmann spruce (Picea engelmannii)-subalpine fir (Abies
lasiocarpa) stands. Such stands naturally provide patches of dense and open habitats juxtaposed closely
together that should simultaneously facilitate high hare densities (and refuge from predation) and
accessibility to hares by lynx. Mature trees in such stands also provide abundant cone crops to sustain
populations of red squirrels for use as alternate prey. � 2016 The Authors. Journal of Wildlife Management
published by Wiley Periodicals, Inc. on behalf of The Wildlife Society.

KEY WORDS Canada lynx, Colorado, diet, hunting success, Lepus americanus, Lynx canadensis, red squirrel, refugia,
snowshoe hare, stem density, Tamiasciurus hudsonicus.

The Canada lynx (Lynx canadensis) is a dietary specialist
whose occurrence and life history are intimately linked to its
primary prey, the snowshoe hare (Lepus americanus; Koehler
and Aubry 1994, Aubry et al. 2000, Mowat et al. 2000). The
relationship between the 2 species is thought to be strongest
in northern populations (i.e., those populations that occur
in boreal forests of Canada and Alaska) where lynx and hare
populations are strongly cyclic. In boreal forests, winter diet
of lynx is comprised almost exclusively of snowshoe hares
(e.g., frequency of occurrence in scats or kill sites is 85–
100%) when hares are abundant (Saunders 1963, Brand
et al. 1976, O’Donoghue et al. 1998b); lynx switch to
alternate prey, such as red squirrels (Tamiasciurus hudsoni-
cus), when hares become rare (e.g., frequency of occurrence
of hares in scats or kills drops to �10–83%; Brand et al.

1976, O’Donoghue et al. 1998a, b). Concurrently, when
hares become rare, lynx tend to switch their hunting
behavior from stalking prey to hunting from ambush beds
(O’Donoghue et al. 1998a), which may (Murray et al. 1995)
or may not (O’Donoghue et al. 1998a) improve their
hunting success, but probably serves to conserve energy
during periods of scarce resources (O’Donoghue et al.
1998a). Despite the switch in diet and hunting strategy,
snowshoe hares comprise the bulk of winter diet items in
most years, and by biomass they almost always comprise a
majority of the diet even during years when alternate prey
are consumed more often (Brand et al. 1976, O’Donoghue
et al. 1998b). Furthermore, lynx survival and productivity
decline sharply following declines in snowshoe hares,
illustrating the pivotal role hares play in the dynamics of
northern lynx populations despite the ability of lynx to use
alternate prey (Poole 1994, Mowat et al. 1996, Slough and
Mowat 1996, O’Donoghue et al. 2001).
Because snowshoe hare densities at the southern periphery

of lynx–hare range (i.e., southern Canada and the contiguous
United States) most resemble northern populations during
cyclic lows, Apps (2000) hypothesized that southern lynx
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populations should be characterized by a diet that includes
substantial alternate prey (i.e., red squirrels). Results from
snow tracking in southeast British Columbia and southwest
Alberta, Canada were consistent with this hypothesis; 47% of
kills were items other than snowshoe hares (Apps 2000).
Similarly, alternate prey comprised a significant portion of
scat contents during winter in Washington (24–28% red
squirrel; Koehler 1990, Von Kienast 2003). Based on a
range-wide analysis of stable isotopes, Roth et al. (2007)
concluded that lynx specialize more on snowshoe hares with
increasing latitude and use more alternate prey, such as red
squirrels, at southern localities. However, over 4 winters in
Montana, snowshoe hares comprised 96% of the biomass in
lynx diet; red squirrels and other alternate prey were
unimportant and taken only opportunistically (Squires and
Ruggiero 2007). Furthermore, in Nova Scotia, snowshoe
hares dominated lynx diet by occurrence during winter (93%
of items in scat samples were snowshoe hares; Parker et al.
1983), and in Maine, recent evidence suggests that
characteristics of the lynx–hare system align closely with
northern populations (Vashon et al. 2008a, b). Thus,
evidence that the winter diet of lynx is broader in southern
portions of its range, where they are listed as threatened by
the United States Fish andWildlife Service (2000), has been
somewhat inconsistent.
In northern populations, snowshoe hares persist in patches

of high-quality habitat as predation increases during
declining and low phases of the lynx–hare cycle (Keith
1966, Wolff 1980). These patches are typified by dense
vegetation that provides abundant food and cover. Addi-
tionally, these patches offer refuge from heavy predation by
lynx and serve as sources for population recovery after lynx
numbers subside (Wolff 1980). Thus, refugia for hares are a
critical component of lynx–hare ecology. In fact, although
empirical evidence suggests that the lynx–hare cycle is
influenced largely by predation and food limitation (Krebs
et al. 1995, 2001), recent theoretical work suggests that the
existence of hare refugia alone can lead to models of
predator–prey dynamics that account for all of the character-
istics of the dynamic lynx–hare relationship (Chivers et al.
2014). Refugia clearly exist in the southern population of
Maine also; hares select for stands with high stem density,
but lynx choose to forage in stands where stem density is
intermediate and hares are more accessible (Fuller et al.
2007). However, in Montana and Washington (also
southern populations), lynx hunted in stands where hare
densities were highest (Squires and Ruggiero 2007,Maletzke
et al. 2008), indicating a lack of refugia, at least with respect
to lynx predation. Perhaps, strong differences in stem
densities between the regions (3,496 stems/ha in Wash-
ington vs. >14,000 stems/ha in some stands in Maine)
accounts for the disparate evidence for refuge habitat among
southern populations.
Given that lynx and snowshoe hares are adapted to cold,

snowy, and high-elevation or high-latitude environments,
they are both species of concern with respect to climate
change. Current modeling suggests that the range of boreal
forests and persistent snow will diminish, especially at the

southern distributional limits for lynx and snowshoe hares
(Pierce and Cayan 2013, Fisichelli et al. 2014). However,
current models also predict that extensive areas of lynx
habitat in the southern Rocky Mountains, USA may persist
because impacts to these high-elevation subalpine forests are
expected to be moderate compared to impacts to lower
elevation systems (McKelvey et al. 2011, Decker and Fink
2014, Peers et al. 2014). Furthermore, the predicted effects
of climate change might be mitigated if lynx in this region
can successfully expand their diet, given that the range of red
squirrels is expected to remain somewhat robust to climate
change compared to that of snowshoe hares (Peers et al.
2014). Thus, an examination of lynx diet at their southern
range limit and a determination of their ability to use
alternate prey are important factors in conservation planning
for the species.
Lynx occurred historically in Colorado (McKelvey et al.

2000) but were apparently extirpated by the early 1970s
(Meaney 2002). The Colorado Division of Wildlife (now
Colorado Parks andWildlife) translocated lynx fromCanada
and Alaska into Colorado from 1999–2006 (Devineau et al.
2010). At the conclusion of the reintroduction effort in 2010,
Shenk (2010) estimated that the population would sustain
itself given survival and productivity patterns observed
during the previous decade. Furthermore, occupancy was
largely unchanged from the end of the reintroduction
through winter 2014–2015 (Ivan et al. 2015). Thus, we
presently consider the lynx population in Colorado to be
established and secure. Colorado represents an extreme
peninsular extension of the southern range limit for lynx and
snowshoe hares, but contains over 1.8million ha of habitat
(Ivan et al. 2011) that may resist climate change better than
expected because of its high elevation. Thus, Colorado could
prove to be important for recovery and resiliency of lynx, yet
no information exists regarding their local diet, hunting
patterns, or management actions that could optimize their
hunting efficiency.
Our goal was to describe winter diet and hunting habits of

lynx in Colorado for comparison with work conducted
throughout the species range and to provide local managers
with reliable information upon which to make decisions. We
focused on winter diet because most of the comparative
literature characterizes winter diet only and winter diet likely
contributes most directly to body condition during the
breeding season, which occurs in mid–late winter. In
addition to describing diet and hunting habits, we also
tested for the existence of refugia. Generally, we wanted to
differentiate among the following broad hypotheses: diet and
hunting characteristics of lynx in Colorado should 1) reflect
those of northern populations during cyclic lows (i.e., diet
contains significant portions of prey other than snowshoe
hares, refugia exist), especially because reintroduced individ-
uals were obtained from northern populations; 2) reflect lynx
populations in Montana, the closest Rocky Mountain
population, where evidence for refugia is lacking and lynx
do not make significant use of alternate prey; or 3) reflect a
blending of these characteristics that may have changed
through time as lynx from northern populations have
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acclimated and adapted to conditions in the southern Rocky
Mountains.

STUDY AREA

We assessed diet and hunting success of Canada lynx in
southwest and central Colorado, USA, primarily in the San
Juan and Sawatch mountain ranges. However, we also
tracked individuals that colonized the Central Front Range,
Elk Mountains, and Grand Mesa (Fig. 1). Lynx occurred
primarily on public lands managed by the United States
Forest Service and Bureau of Land Management.
Sagebrush (Artemisia spp.) parks dominated relatively low-

elevation (1,200–2,500m) valleys that heavily dissected the
study area. Montane forest vegetation (1,700–2,700m)
consisted largely of ponderosa pine (Pinus ponderosa) and
Douglas-fir (Pseudotsuga menziesii). Subalpine forests
(2,700–3,500m) in the San Juan Mountains and Grand
Mesa were comprised of Engelmann spruce (Picea engel-
mannii) and subalpine fir (Abies lasiocarpa) with aspen
(Populus tremuloides), high meadows, and willow (Salix spp.)
carrs intermixed. In addition, subalpine forests elsewhere in
the study area included significant stands of climax (drier
sites) or seral (moister sites) lodgepole pine (Pinus contorta).
Alpine tundra and rocky peaks topped the highest elevations
(3,500–4,200m). The majority of lynx use (and thus our
sampling efforts) occurred within forests composed of a
mixture of Engelmann spruce and subalpine fir.
Mean July temperature on the study area was 138C; mean

January temperature was �108C (National Oceanic and
Atmospheric Administration 2015). In the subalpine zone
where sampling occurred, snow cover generally persisted
from November through May or June and maximum snow
depth during the study averaged 146 cm (Natural Resources
Conservation Service 2015). Other predators in the study
area that may have directly or indirectly affected diet choices
of lynx included coyotes (Canis latrans), cougars (Puma
concolor), bobcats (Lynx rufus), red foxes (Vulpes vulpes), black

bears (Ursus americanus), American martens (Martes
americana), northern goshawks (Accipter gentilis), and
great-horned owls (Bubo virginanus).

METHODS

Sampling
From 1999–2006, the Colorado Division of Wildlife
(CDOW) released 218 wild-caught lynx from Canada
and Alaska into Colorado. Forty-six lynx released in 1999
and 2000 were instrumented with very high frequency
(VHF) transmitters (TelonicsTM, Mesa, AZ, USA). All
remaining lynx released in 2000 and those released from
2001 to 2006 were instrumented with dual platform
transmitter terminal (PTT) and VHF collars (SirtrackTM,
Havelock North, New Zealand). We made an annual effort
to trap and re-collar (using dual PTT and VHF collars)
individuals to maintain as many working telemetry trans-
mitters as possible. All capture and handling procedures were
approved by CDOW Animal Care and Use Committee
(ACUC Protocol #04-2000). The PTTs were active for a
single 12-hour block each week during which 1–21 locations
were recorded (�x¼ 2.7 locations/12-hr block). Aerial flights
to locate individuals via VHF typically occurred once per
week during winter.
Crews tracked lynx in the snow from February through

mid-May 1999, and approximately December through
March or April each winter from 1999–2000 through
2008–2009. We used weekly telemetry locations to deter-
mine where to search for tracks on the ground.Most tracking
areas were accessed via snowmobile 1–4 days following a
location. We used Argos locations of class 1–3, aerial VHF,
and ground-based VHF on the day of tracking to assign
known individuals to tracks. Lynx living primarily in
wilderness or roadless areas were rarely sampled due to
inaccessibility. We assumed that diet and hunting character-
istics did not differ appreciably between lynx living in
wilderness areas and those residing outside of wilderness
because management activity (e.g., timber harvest) in the
areas we sampled was relatively light. Each winter, we
attempted to sample as many individuals as possible and to
spread this effort evenly across individuals and throughout
the study area. However, because of differences in
accessibility, survival, collar life, long-distance movements,
and logistics, we were unable to sample individuals equally.
For example, 10 lynx (7%) were sampled on >30 occasions
and 12 (9%) only once. The majority (70 individuals, 53%),
however, were sampled on 5–25 occasions and overall,
individuals were sampled an average of 11.7 times. Thus, our
effort was representative of lynx hunting habits in the area
and was not overly influenced by outlier individuals tracked
very frequently or very infrequently.
Once crews discovered tracks, they generally back-tracked

but forward-tracked if telemetry signals indicated the lynx
was no longer in the area or distant enough that their
behavior would unlikely be influenced by trackers. When
crews encountered a site marking the start of a chase (i.e.,
where tracks indicated that the lynx had discovered prey and

Figure 1. Gray shaded area is the approximate area where we examined the
diet of Canada lynx in Colorado, USA. Open circles indicate where we
tracked lynx during February through mid-May 1999, and December 1999
through April 2009. Inset: Range of Canada lynx and approximate boundary
(dashed line) between northern and southern populations.
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both animals abruptly erupted into bounding gaits), they
recorded Universal Transverse Mercator (UTM) coordinates,
aspect, slope, and elevation. Chases were assumed to be
successful (i.e., ultimately ended in a kill) if tracks indicated
that the prey was overtaken by the lynx or if remains of dead
prey were discovered at the end of the chase. Prey species were
identifiedby tracks and/or remains at thekill site.At a subset of
sites where evidence was unambiguous, crews recorded
whether the chase was initiated from a bed (i.e., bounding
after prey started immediately from a crouched, stationary
position) or while the lynx was actively hunting. In addition to
sites of interest for this work (i.e., initiation of chases), crews
also recorded coordinates for the beginning and end of their
tracking session andother sites of interest (i.e., territorymarks,
road crossings, beds). We used locations of all such sites to
estimate the distance tracked each day.
From 2000–2006, crews sampled vegetation where chases

were initiated using a 5� 5 grid of sample points (3-m
spacing) centered at the site. At each of the 25 points, crews
recorded snow depth, understory cover (0 or 1 indicating
whether a tree, shrub, or coarse wood intersected a column
6-cm in diameter rising above the snow to 150 cm),
understory density (no. tree, shrub, or coarse wood branches
intersecting the 6-cm column at half-meter intervals above
the snow to 150 cm), and overstory cover (0 or 1 indicating
whether a tree, shrub, or coarse wood intersected the
crosshair of a densitometer at each point). Crews also tallied
the number of trees (stem density) that protruded through
the snow surface within the 144-m2 plot.
Crews initially tallied understory, understory cover, and

overstory measurements by species, but given that 90% of all
chase sites occurred within spruce-fir forests, we merged all
species together for analysis. The only exception was that we
noted the presence of a willow component when it occurred
at the site because previous anecdotal evidence from the area
(Shenk 2005) and elsewhere (Mowat and Slough 2003)
suggests that hares, and thus lynx, may select for willow
components where available. Also, we excluded 7 sites that
occurred in pure willow thickets so dense that they precluded
tracking and measurement. We recognize that exclusion of
the densest sites from our analysis may have introduced bias
into the results. However, these sites were relatively few
(0.9% of total sites where chases were initiated) and differed
markedly in structure and composition from the majority of
other sites. We assume that our results are informative and
pertinent to the majority of lynx habitat in the study area.

Analysis
To describe the winter diet and hunting patterns of lynx in
Colorado for comparison with other regions, we tallied the
frequency of occurrence of snowshoe hares and red
squirrels recorded at kill sites by year based on the pooled
number of kills across individuals. We also converted
occurrence data to percent biomass by assuming that the
average mass consumed from each snowshoe hare and red
squirrel was 1,250 g and 225 g, respectively (Armstrong
et al. 2011). Occasional other prey included mountain
cottontail (Sylvilagus nuttallii; n¼ 10), white-tailed

ptarmigan (Lagopus leucura; n¼ 2), gray jay (Perisoreus
canadensis; n¼ 2), American marten (Martes americana;
n¼ 2), mice (Peromyscus spp.; n¼ 2), white-tailed jackrab-
bit (Lepus townsendii; n¼ 1), mule deer (Odocoileus
hemionus; n¼ 1 hindquarter of a yearling), ermine (Mustela
erminea; n¼ 1), dusky grouse (Dendragapus obscures; n¼ 1),
and woodpeckers (Picoides spp.; n¼ 1). We included
published weights of these species in calculations of lynx
diet by biomass (Armstrong et al. 2011, Cornell Lab of
Ornithology 2016). We also calculated kill rate (kills
identified/km tracked), overall hunting success (no. kills/
no. chases), and hunting success from a bed compared to
stalking for both snowshoe hares and red squirrels.
To assess the existence and structure of refugia in the study

area, we used package lme4 (Bates et al. 2015) in R (R
Development Core Team 2015) to fit logistic regression
models relating hunting success to a suite of covariates
measured where the chase initiated. This analysis was limited
to 2000–2006 because these were the only years that we
collected vegetation data at chase sites. We initially
considered all vegetation measurements taken at each site
as potential predictors of success. However, understory cover
and understory density were highly correlated (r¼ 0.72), and
measure much the same phenomenon as stem density
(although we note that mature trees may count little toward
stem density but more toward understory if they have thick
lower branches near the snow surface). To simplify the
number of parameters (and models) under consideration and
avoid redundancy in model construction, we chose to retain
stem density as a broad representation of cover, and discarded
understory cover and understory density from further
analysis. Of these measurements, stem density is most
compatible with metrics routinely collected and used by
forest managers and by previous researchers. We also
considered (stem density)2 as a potential predictor variable to
allow for the possibility that hunting success may be highest
at intermediate stem densities, as reported elsewhere (e.g.,
Fuller et al. 2007). We retained overstory as a potential
predictor because it has a direct impact on understory, can
affect overall visibility at a site, and is a proxy for escape cover
for red squirrels. We included (overstory)2 to allow for the
existence of non-linear relationships. Because we sampled
individuals repeatedly but unequally and expected average
hunting success to vary by individual attributes (e.g., age, sex,
origin of translocation), we included individual lynx as a
random intercept in eachmodel.We included individual year
effects as potential predictor variables to allow for variation in
environmental conditions on an annual basis. We also
included year as a linear trend to allow for the possibility that
hunting success generally increased or decreased linearly as
the reintroduction progressed.
We initially considered a model set containing all possible

combinations of the 7 variables described above (year, trend
across years, stem density, [stem density]2, overstory,
[overstory]2, and willow). However, we omitted models in
which squared terms occurred without inclusion of lower
order terms, and we only allowed 1 type of year effect in any
given model. This resulted in a final set of 54 candidate
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models. We considered the same model set for both
snowshoe hare and red squirrel chases. However, willow
rarely occurred at sites where red squirrel chases were
initiated and including this effect caused model-fitting
algorithms to fail. Thus, for the red squirrel analysis, we
removed any model that included willow (27 candidate
models remained). For both snowshoe hare and red squirrel
data sets, we conducted model selection using Akaike’s
Information Criterion (AIC; Burnham and Anderson 2002)
and made inference based largely on those models within 2
AIC units of the top model.

RESULTS

We tracked 132 lynx for 4,612 km across 11 winters. We
documented 1,746 chases and 546 kills (Table 1). Overall,
snowshoe hares comprised the majority of winter diet by
occurrence (�x¼ 70%, range¼ 26–90%), but in 7 of 11 years,
red squirrels comprised at least 20% of the diet, and during
the final year of the study, lynx diet consisted of 72% red
squirrels (Table 1). By biomass, snowshoe hares were the
most significant prey species for lynx across all years
(�x¼ 89%, range¼ 65–98), even during winters when lynx
killed a higher proportion of red squirrels. Other species
comprised relatively insignificant portions of the diet (3%
occurrence, 3% biomass; Table 1).

Once a chase was initiated, lynx were more successful at
capturing red squirrels than hares (Table 2). Regardless of
prey species, lynx hunted via stalking more often than they
attempted to capture prey from a bed, and they were
generally more successful while stalking than from a bed
(Table 2). From year to year, hunting success was variable for
both snowshoe hares (range¼ 18–54%) and red squirrels
(range¼ 33–75%), but the primary hunting method
remained fairly consistent across years (lynx stalked hares
on 89–98% of hunting occasions; lynx stalked red squirrels on
76–100% of occasions; Table 2). We estimated that lynx
killed on average 0.08 (95% CI¼ 0.06–0.09) hares for
every km traveled (1 hare/12.5 km) and 0.03 (95% CI
¼ 0.01–0.05) red squirrels for every km traveled (1 red
squirrel/33.3 km; Table 2).
For snowshoe hares, the top model relating hunting success

to habitat included additive effects for year, stem density,
(stem density)2, and presence of willow (Table 3). Hunting
success was highest for the second winter analyzed
(2001–2002) and lowest for the last winter (2005–2006),
although confidence intervals slightly overlapped 0 for all
years. The presence of willow at the site where a chase began
was associated with an increase in hunting success (b¼ 0.67,
95% CI¼�0.05 to 1.39). Hunting success peaked at
approximately 3,000 stems/ha and declined dramatically

Table 1. Percent occurrence (% biomass) of snowshoe hares, red squirrels, and other prey items in the winter diet of Canada lynx in Colorado, USA,
1999–2009.

Winter No. lynx tracked Total km tracked Total kills Snowshoe hare (%) Red squirrel (%) Other (%)

1999 12 157 6 67 (92) 33 (8) 0 (0)
1999–2000 19 493 68 72 (84) 22 (5) 6 (12)
2000–2001 47 611 77 65 (84) 22 (5) 13 (11)
2001–2002 32 388 42 90 (97) 7 (1) 2 (2)
2002–2003 27 557 50 88 (97) 8 (2) 4 (2)
2003–2004 33 403 36 69 (91) 28 (7) 3 (3)
2004–2005 42 520 65 86 (97) 12 (2) 2 (1)
2005–2006 45 485 67 88 (98) 9 (2) 3 (1)
2006–2007 32 357 36 56 (87) 44 (13) 0 (0)
2007–2008 25 345 46 59 (89) 39 (11) 2 (0)
2008–2009 25 296 53 26 (65) 72 (32) 2 (4)
�x 31 419 50 70 (89) 27 (8) 3 (3)

Table 2. Hunting success (% of chases initiated) of Canada lynx for 2 primary prey items in Colorado USA, 1999–2009.

Snowshoe hare Red squirrel

% success % success

Winter Chases Kills/km Overall Stalking From bed Chases Kills/km Overall Stalking From bed

1999 21 0.03 19 21 (90) 0 (10) 6 0.01 33 33 (83) 100 (17)
1999–2000 113 0.10 43 46 (90) 27 (10) 29 0.03 52 68 (76) 29 (24)
2000–2001 129 0.08 39 38 (98) 50 (2) 22 0.03 77 84 (91) 0 (9)
2001–2002 72 0.10 53 54 (96) 0 (4) 4 0.01 75 75 (100) 0 (0)
2002–2003 145 0.08 30 31 (90) 21 (10) 12 0.01 33 36 (92) 0 (8)
2003–2004 86 0.06 29 30 (89) 11 (11) 21 0.02 48 59 (81) 0 (19)
2004–2005 208 0.11 27 27 (92) 31 (8) 14 0.02 57 55 (79) 67 (21)
2005–2006 189 0.12 31 32 (92) 20 (8) 15 0.01 40 46 (93) 0 (7)
2006–2007 102 0.06 20 18 (90) 20 (10) 32 0.04 50 48 (69) 50 (31)
2007–2008 113 0.08 24 25 (97) 0 (3) 49 0.05 37 39 (94) 33 (6)
2008–2009 80 0.05 18 18 (95) 0 (5) 86 0.13 44 43 (91) 63 (9)
�x 114 0.08 30 31 (93) 16 (7) 26 0.03 50 53 (86) 31 (14)
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beyond 6,000 stems/ha (Fig. 2; bstem density¼ 2.41, 95%
CI¼�0.79 to 5.62; bstem density

2¼�4.25, 95% CI¼�8.62
to 0.12). Other models within 2 AIC units of the top model,
and most of those within the top 10 models (�3.1 DAIC),
had structures that were nested within the top model
(Table 3). Two models in the top 10 included an effect for
overstory cover, but the addition of overstory actually
worsened the AIC score compared to the base model without
it, and the 95% confidence intervals for the coefficient for
overstory substantially overlapped 0 (e.g., when included
with stem density: b¼�0.40, 95% CI¼�1.35 to 0.55).
Thus, it added little information and was a poor predictor of
hunting success.
The top model relating red squirrel hunting success to

habitat included additive effects of year (linear trend) and
overstory cover (Table 4). Hunting success declined linearly
through time (b¼�0.36, 95% CI¼�0.64 to �0.08) and
was positively associated with overstory cover (b¼ 2.00, 95%
CI¼�0.51 to 4.51). Other models within 2 AIC units of
the top model included additional variables, but similar to

above, addition of these variables increased AIC scores
compared to base models without them indicating they
added little information.

DISCUSSION

In general, snowshoe hares comprised the bulk of Canada
lynx winter diet in Colorado by occurrence, and dominated
the diet by biomass in all years. Hare occurrence peaked in
the diet from 2001 to 2006, whereas red squirrels peaked in
occurrence opposite of hares during the first and last 3 years
of the study (but note 2003–2004 as an exception to this
pattern). During several winters, the red squirrel portion of
the diet topped 20% by occurrence and even comprised a
third of the diet by biomass during the last winter. In one
portion of the study area, Ivan et al. (2014) documented a
decline in snowshoe hare density in spruce-fir stands during
winters of 2006–2007 and 2007–2008 followed by a partial
recovery during 2008–2009. Thus, the apparent shift in
occurrence from hares to squirrels during the final years of
the study may have been precipitated by a reduction in their
primary prey source. Conversely, anecdotal evidence sug-
gested that red squirrel numbers peaked during these last
years, so lynx may have simply taken advantage of an
abundant resource. Although hunting success for snowshoe
hares was lower during these later years, the proportion of
chases initiated from beds remained low and did not change
throughout the study. Thus, lynx did not appear to alter their
hunting strategy in response to apparent changes in prey
abundance as has been shown in northern populations
(Murray et al. 1995, O’Donoghue et al. 1998a). Rather, they
simply adjusted their diet to include more alternate prey
items.
The winter diet of lynx in Colorado were heavily skewed

toward snowshoe hares as has been documented throughout
lynx range (Van Zyll de Jong 1966, Brand et al. 1976, More
1976, Parker et al. 1983, Squires and Ruggiero 2007).
However, the substantial proportion of red squirrel in winter
diet we observed also aligns with hypotheses regarding
increased dietary breadth of southern lynx populations (Apps
2000), and empirical results from diet studies in this part of
the range (Koehler 1990, Apps 2000, Roth et al. 2007).
Notably, our results stand in contrast to results from

Table 3. Model selection results for hunting success of Canada lynx on snowshoe hares as a function of vegetation attributes at the site where the chase
began, Colorado, USA, 2000–2006. We compared 54 models and present the top 10 based on Akaike’s Information Criterion (AIC). We also present the
difference between the AIC score of each model relative to the best (minimum score) model (DAIC), the probability that a model is the best in the set given
the data and model set under consideration (wi), and the number of parameters in the model (K), including the random intercept for individuals. T indicates
that a year effect was included as a linear trend through time, whereas t indicates that each year was allowed to have its own additive effect.

Model AIC DAIC wi K

Year(t)þ stem density þ stem density2 þ willow 877.0 0.0 0.16 10
Year(t) þ stem density þ stem density2 878.3 1.3 0.09 9
Year(t) þ stem density þ stem density2 þ overstory þ willow 878.3 1.3 0.08 11
Year(t) þ willow 879.1 2.1 0.06 8
Year(t) þ stem density þ stem density2 þ overstory 879.2 2.2 0.05 10
Year(t) þ stem density þ willow 879.3 2.2 0.05 9
Year(t) þstem density 879.7 2.7 0.04 8
Year(t) 879.7 2.7 0.04 7
Year(T) þ stem density þ stem density2 þ willow 879.9 2.9 0.04 6
Year(t) þ stem density þ stem density2 þ overstory þ overstory2 þ willow 880.1 3.1 0.03 12

Figure 2. Probability that a Canada lynx captured a snowshoe hare as a
function of the stem density (trees/ha) at the site where the chase began. The
relationship is based on the top model in the set we considered based on
Akaike’s Information Criterion; all other covariates in the model were fixed
to their mean level. The gray shaded area is the 95% confidence interval. We
sampled lynx throughout southwest and central Colorado during February
through mid-May 1999, and December 1999 through April 2009.
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Montana, the closest study area geographically to ours, where
red squirrels were taken by lynx more infrequently and nearly
half of predation attempts occurred from beds (Squires and
Ruggiero 2007). Our occurrence data suggested a shift from
relatively high (>20%) use of red squirrels, to relatively low
use (�12%), then back to high use, which reflects results
obtained from highly cyclic lynx–hare systems in Yukon
Territory (O’Donoghue et al. 1998b), although less dramatic.
Like O’Donoghue et al. (1998b), we also documented
consistent preference for snowshoe hares by biomass, even
through bouts of apparent prey switching as indexed by
percent occurrence.
Overall hunting success (31%) for snowshoe hares was

within the range of that reported elsewhere (Nellis and
Keith 1968, Koehler 1990, Murray et al. 1995, O’Donog-
hue et al. 1998b). However, high overall success rates (47%)
for red squirrels were matched only by lynx in Yukon
Territory, Canada (O’Donoghue et al. 1998b). The kill rate
of snowshoe hares in Colorado (0.08 kills/km) was lower
than that reported for lynx in central Alberta, Canada
(0.15–0.55 kills/km; Brand et al. 1976), Nova Scotia,
Canada (0.13 kills/km; Parker et al. 1983), and Montana,
USA (0.12 kills/km; Squires and Ruggiero 2007). Lower
kill rates in Colorado could be due to overall lower densities
of snowshoe hares in the region (mean winter hare densities
in spruce-fir forests from 2006–2009 were 0.05–0.21 hares/
ha; Ivan et al. 2014), which would require more travel to
obtain the same number of prey. Alternatively, perhaps the
increased patchiness of the southern Rocky Mountain
landscape (Dolbeer and Clark 1975, Wolff 1980) necessi-
tated more travel (across vegetation types that do not
provide habitat for snowshoe hares) to access a similar
number of hunting patches compared to more continuous
habitat farther north.
We found that the winter diet and hunting characteristics

of lynx in Colorado were a blend of characteristics common
to all lynx populations (e.g., snowshoe hares comprise the
majority of the diet in most years, especially by biomass),
characteristics more closely aligned to northern populations
(e.g., over the course of the 11-year study, lynx shifted the
proportion of their diet allocated to red squirrels and
snowshoe), and elements that have been hypothesized to be

unique to southern populations (e.g., in most years, red
squirrels comprised a substantial portion of the diet). It is
plausible that lynx in our study area exhibited this blending of
diet and hunting characteristics because they were trans-
located from northern populations (Quebec, Manitoba,
British Columbia, Yukon Territory, and Alaska) into the
extreme southern limit of lynx range. However, our study
occurred over a decade and included 14 Colorado-born
individuals, 3 winters of data collection after the release of
the last individual, and numerous cases in which individuals
were tracked >5 years after they were translocated. Thus, we
feel that the individuals in this study had ample time to
acclimate to local conditions in Colorado and their hunting
preferences likely reflect behavioral responses to those local
resources rather than hunting strategies formed prior to
being translocated. O’Donoghue et al. (1998b) documented a
lag of up to a year in prey-switching by lynx; individuals that
had grown used to preying on red squirrels continued to do so
for an extra winter, even when hare numbers began to
increase. That this strong focus on red squirrels lasted only
1 year supports our claim that our results reflect resident
animals responding to current, local conditions rather than
individuals exhibiting habits formed previously.
Peers et al. (2014) suggested that the ability of lynx to cope

with a changing climate will be in part related to their
capacity to successfully include red squirrels in their diet.
This is because the impacts of climate change on the
retraction of red squirrel habitat at the trailing edge of lynx
range is expected to be less dramatic than that of snowshoe
hares (Peers et al. 2014). Our findings indicate that lynx are
capable of exploiting red squirrels in Colorado when they are
readily available or when snowshoe hares are relatively sparse.
We also documented successful reproduction in 2009 after a
winter of heavy reliance on red squirrels (Shenk 2009).
However, prevailing evidence suggests that lynx reproduc-
tion and recruitment will suffer in the long term when their
diet is consistently skewed toward red squirrels and deficient
in snowshoe hares (Poole 1994, Mowat et al. 1996, Slough
and Mowat 1996, O’Donoghue et al. 2001). Furthermore, a
number of factors other than prey-switching will likely affect
the ability of lynx to cope with climate change. For instance,
extensive bark beetle outbreaks are currently affecting

Table 4. Model selection results for hunting success of Canada lynx on red squirrels as a function of vegetation attributes at the site where the chase began,
Colorado, USA, 2000–2006. We compared 27 models and present the top 10 based on Akaike’s Information criterion (AIC). We also present the difference
between the AIC score of each model relative to the best (minimum score) model (DAIC), the probability that a model is the best in the set given the data
and model set under consideration (wi), and the total number of parameters in the model (K), including the random intercept for individuals. T indicates that
a year effect was included as a linear trend through time, whereas t indicates that each year was allowed to have its own additive effect.

Model AIC DAIC wi K

Year(T) þ overstory 104.5 0.0 0.15 4
Year(T) 105.0 0.5 0.12 3
Year(T) þ stem density þ stem density2 þ overstory 105.0 0.5 0.11 6
Year(T) þ overstory þ overstory2 106.3 1.8 0.06 5
Year(t) þ stem density þ stem density2 þ overstory 106.4 1.9 0.06 10
Year(T) þ stem density 106.5 2.0 0.06 4
Year(T) þ stem density þ overstory 106.5 2.0 0.06 5
Year(t) 106.7 2.2 0.05 7
Year(T) þ stem density þ stem density2 106.8 2.3 0.05 5
Year(T) þ stem density þ stem density2 þ overstory þ overstory2 107.0 2.5 0.04 7
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spruce-fir systems in Colorado and beyond. This is likely to
have a large-scale, negative impact on red squirrels due to a
reduction in cone-producing trees (Ivan and Seglund 2015).
Also, prolongedmismatch between the environment and pelt
color of snowshoe hares due to diminished duration of snow
cover could have a drastic population-level impact on that
species, which may or may not be alleviated by evolutionary
adaption (Zimova et al. 2016). Thus, the ability of lynx to
cope with changing future conditions remains questionable.
Our logistic regression analysis for snowshoe hares

indicated a quadratic relationship between hunting success
and stem density such that capture success peaked at
2,000–4,000 stems/ha and dropped dramatically beyond
6,000 stems/ha. The highest snowshoe hare densities
documented by Ivan et al. (2014) in Colorado occurred
during summer in late-seral Engelmann spruce-subalpine fir
and early seral lodgepole pine stands, which had total stem
densities of 5,874 stems/ha and 6,231 stems/ha, respectively
(Ivan et al. 2014:Appendix A). During winter, the replicates
with the highest snowshoe hare densities averaged
5,828 stems/ha (J. S. Ivan, Colorado Parks and Wildlife,
unpublished data). These results suggest that snowshoe hare
refugia exist in Colorado; peak hunting success occurred at
stem densities below which peak hare density occurred. This
pattern stands in contrast to results from Montana, which
suggested that lynx select habitat with the highest densities
of hares (Squires and Ruggiero 2007). Our results are,
however, consistent with lynx hunting behavior documented
in Maine (Fuller et al. 2007) and Alaska (Wolff 1980).
We found that the presence of willow at a chase site was

positively associated with capture success of snowshoe hares.
Ivan et al. (2014) noted that snowshoe hare density on their
study site in central Colorado was positively associated with
the amount of willow present in the surrounding landscape
and negatively associated with distance to the nearest willow
patch, although both associations were relatively weak.
Shenk (2005) reported that riparian willow zones and edges
were a heavily used habitat by lynx, at least during summer.
Thus, that willow was associated with snowshoe hare activity
is unsurprising. Why willow would facilitate successful
capture of hares once a chase begins is unclear, however.
Hunting success for red squirrels was positively correlated

with overstory cover. As with snowshoe hares and willow, we
expected increased overstory cover (and presumably, in-
creased no. mature trees) to be positively associated with
increased abundance of red squirrels because of their reliance
on cone crops (Armstrong et al. 2011). However, more
mature trees seem likely to provide more escape cover for
squirrels, which should hinder capture success. Thus, we see
no clear biological mechanism for this relationship.
In summary, our results demonstrate that snowshoe hares

are a highly preferred prey item for Canada lynx inhabiting
the southern Rocky Mountains, just as they are in more
northerly lynx populations. However, we also demonstrated
that the diet of lynx in Colorado is flexible enough to
accommodate some fluctuation in snowshoe hare and red
squirrel abundance. Other diet and hunting patterns of lynx
in Colorado were a mix of elements thought to be

characteristic of southern populations and those indicative
of northerly populations.

MANAGEMENT IMPLICATIONS

Management of winter hunting habitat for Canada lynx in
Colorado should include a matrix of vegetation types in
which dense patches (>6,000 stems/ha) capable of support-
ing abundant snowshoe hares are closely juxtaposed with
less-dense patches (2,000–4,000 stems/ha) where lynx can
more successfully capture prey. Small (<5 ha), regenerating
clear cuts scattered within an untreated matrix could
produce this type of environment, albeit for a finite period
of time when the regenerating stand is of the appropriate
height and density. However, we suggest that optimal
conditions can be met most effectively by managing for
mature, uneven-aged spruce-fir stands, which tend to
naturally include small patches of both types juxtaposed at
finer scales. Additionally, the large trees within these
mature stands, especially subalpine fir, often exhibit a
growth form where dense lower branches fan out for some
distance along the ground, creating a microhabitat with
high horizontal cover in areas where stem density may
otherwise be relatively sparse. Thus, thick and moderate
cover can be intermingled at an even finer sub-patch scale
within mature stands. Finally, mature stands provide cone
crops necessary to support red squirrels, which is an
important alternate prey item in Colorado. We note that
other life-history requirements (e.g., denning habitat,
summer prey) may not be captured by these management
recommendations for winter hunting habitat.
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a  b  s  t  r  a  c  t

Carnivores  are particularly  sensitive  to reductions  in population  connectivity  caused  by  human  distur-
bance  and  habitat  fragmentation.  Permeability  of  transportation  corridors  to carnivore  movements  is
central to species  conservation  given  the large  spatial  extent  of  transportation  networks  and  the  high
mobility  of  many  carnivore  species.  We  investigated  the degree  to which  two-lane  highways  were  perme-
able to  movements  of resident  Canada  lynx  in the Southern  Rocky  Mountains  based  on  highway  crossings
(n  = 593)  documented  with  GPS  telemetry.  All lynx  crossed  highways  when  present  in  home  ranges  at
an  average  rate of  0.6  crossings  per  day.  Lynx  mostly  crossed  highways  during  the  night  and  early  dawn
when  traffic  volumes  were  low.  Five  of 13 lynx  crossed  highways  less  frequently  than  expected  when
compared  to random  expectation,  but even  these  individuals  crossed  highways  frequently  in parts  of
their home  range.  We  developed  fine-  and  landscape-scale  resource  selection  function  (RSF)  models
with  field  and  remotely  sensed  data,  respectively.  At the fine  scale,  lynx  selected  crossings  with  low
distances  to vegetative  cover  and  higher  tree  basal  area;  we  found  no support  that  topography  or  road

infrastructure  affected  lynx  crossing.  At the  landscape  scale,  lynx  crossed  highways  in  areas  with  high
forest  canopy  cover  in  drainages  on  primarily  north-facing  aspects.  The  predicted  crossing  probabilities
generated  from  the  landscape-scale  RSF  model  across  western  Colorado,  USA,  were  successful  in iden-
tifying known  lynx  crossing  sites  as documented  with  independent  snow-tracking  and  road-mortality
data.  We  discuss  effective  mitigation  based  on model  results.

Published  by Elsevier  B.V.  This  is  an open  access  article  under  the  CC  BY-NC-ND  license  (http://
. Introduction
Road distribution and density can have a significant impact on
he connectivity of wildlife populations (Andrews, 1990; Forman &

∗ Corresponding author.
E-mail addresses: pebaigas@gmail.com (P.E. Baigas), jsquires@fs.fed.us

J.R. Squires), lucretiaolson@fs.fed.us (L.E. Olson), jake.ivan@state.co.us (J.S. Ivan),
kroberts@fs.fed.us (Elizabeth.K. Roberts).

ttp://dx.doi.org/10.1016/j.landurbplan.2016.06.007
169-2046/Published by Elsevier B.V. This is an open access article under the CC BY-NC-N
creativecommons.org/licenses/by-nc-nd/4.0/).

Alexander, 1998). Increased human activity, vehicle-related mor-
tality, and behavioral avoidance of roads can all contribute to
changes in movement, survival, and reproductive success of indi-
viduals and populations (Forman & Alexander, 1998; Ferreras,
Aldama, Beltran, & Delibes, 1992; Trombulak & Frissell, 2000).
Roads may  also reduce gene flow for some species (Jackson & Fahrig,

2011; Riley et al., 2006). In particular, carnivores are susceptible
to reduced population connectivity due to roads given their large
home ranges, long-distance movements, and low recruitment rates

D license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Noss, Quigley, Hornocker, Merrill, & Paquet, 1996; Woodroffe &
insberg, 2000).

Actions that promote highway permeability for carnivores
equire an empirical basis so that highway mitigation is most
ffective. Methods used to site animal-crossing structures and to
dentify animal crossing zones include expert opinion (Clevenger,

ierzchowski, Chruszcz, & Gunson, 2002), wildlife-vehicle colli-
ion patterns (Clevenger, Chruszcz, & Gunson, 2003; Malo, Suarez,

 Diez, 2004), remote cameras (Cain, Tuovila, Hewitta, & Tewes,
003), track surveys (Clevenger & Waltho, 2005; Grilo, Bissonette,

 Santos-Reis, 2009), and telemetry (Dodd, Gagnon, Boe, &
chweinsburg, 2007; Tigas, Van Vuren, & Sauvajot, 2002). How-
ver, the use of actual crossing locations to determine attributes
hat carnivores select at highway crossings ensures that already
imited funds are expended on conservation measures that truly
nhance highway permeability and reduce carnivore mortality.
hysical structures that increase permeability of highways to car-
ivores, such as underpasses and overpasses, must be placed in
reas that are consistent with the species’ resource-use (Clevenger

 Waltho, 2000).
For many species, crossing zones and vehicle-related mortali-

ies tend to be spatially clustered, an indication that animals may
ross highways non-randomly in response to habitat or road char-
cteristics (Malo et al., 2004; Neumann et al., 2012; Ramp, Caldwell,
dwards, Warton, & Croft, 2005). The types and spatial distribution
f these characteristics vary by species, depending on life history
nd habitat preferences (Chetkiewicz & Boyce, 2009; Ramp, Wilson,

 Croft, 2006). Vegetation characteristics tend to be important for
any species. For instance, Seiler (2005) found that moose (Alces

lces) and vehicle collisions were more likely to occur in areas with
reater forest cover and proximity to forest edge. Clevenger et al.
2003) found that small mammal  vehicle collisions tended to occur
long roads near vegetative cover, and Finder, Roseberry, and Woolf
1999) showed that white-tail deer (Odocoileus virginianus) colli-
ions were more likely in areas nearer to forest cover, gullies, or
iparian zones. Lewis et al. (2011) modeled black bear (Ursus amer-
canus) road-crossing probability and found that bears were more
ikely to cross in areas with less human development and greater
orest cover. Thus, species-specific models that predict highway
rossing zones should provide more accurate information on the
ikelihood of a given area to be used as a crossing, and therefore
ncrease our ability to manage highway permeability and reduce
irect vehicle-related mortality of rare carnivores.

The need for connectivity may  be particularly important for
eintroduced species at their range periphery, given low density
nd high degree of geographic isolation (Devineau, Shenk, Lukacs, &
ahn, 2010). Populations that are small and geographically isolated

rom their core range are generally vulnerable to local extinc-
ions (Harrison, 1991; Lawton, 1993) that may  be exacerbated by
ollision-mortality of dispersers and road avoidance (Forman et al.,
003). This concern is particularly acute for reintroduced popu-

ations of Canada lynx (Lynx canadensis)  at their southern range
eriphery. Canada lynx are a medium-sized felid that generally
ccupy spatially distinct home ranges, but are also capable of long-
istance exploratory or dispersal movements (Aubry, Koehler, &
quires, 2000; Squires & Oakleaf, 2005). Canada lynx are specialist
redators of snowshoe hare (Lepus americanus) and are associated
ith moist, high-elevation spruce-fir forests in the Rocky Moun-

ains of North America (McKelvey, Aubry, & Ortega, 2000). Vehicle
ollisions accounted for nearly half of mortalities for reintroduced
ynx in the Adirondack Mountains, New York (McKelvey et al.,
000). Vehicle collision was also an important mortality factor for

eintroduced lynx in Colorado (20% of mortalities; Devineau et al.,
010) and 45% of Eurasian lynx (Lynx lynx) mortalities in Germany
Kramer-Schadt, Revilla, & Wiegand, 2005).
n Planning 157 (2017) 200–213 201

Here we examine the road crossing characteristics of a reintro-
duced population of Canada lynx in the Southern Rocky Mountains
of Colorado, USA. We  first evaluated highway-crossing behav-
ior of Canada lynx in terms of diel timing and road avoidance.
We then evaluated the extent to which environmental variables
at two spatial scales (fine scale and landscape scale) could be
used to predict the probability of highway crossings by lynx. At
lynx highway crossings, we quantified fine-scale environmental
covariates in the field to evaluate crossings using variables not
easily evaluated with remote sensing, such as forest structure
and composition, presence of highway guard rails and barri-
ers, and the distance that oncoming traffic was  visible. Next,
given that lynx are highly mobile (Devineau et al., 2010), our
landscape-scale analysis evaluated if environmental heterogene-
ity quantified with remotely-sensed data could be used to predict
highway crossings throughout western Colorado for region-wide
planning. Given that lynx generally prefer spruce-fir forests with
high horizontal cover (Fuller & Harrison, 2010; Koehler et al.,
2008; Squires, DeCesare, Kolbe, & Ruggiero, 2010), we predicted
that lynx at both fine and landscape scales would preferentially
select forested crossing zones and generally avoid open habitat
types.

2. Material and methods

2.1. Study area

Our study areas were in western Colorado, USA and included
portions of the San Juan National Forest (37.6◦N, 108.0◦W)  (referred
to as SJNF hereafter) in Ouray, San Miguel, and Dolores counties,
and the White River National Forest (39.5◦N, 106.2◦W)  (referred
to as WRNF hereafter), in Summit County (Fig. 1). The SJNF area
occurred within the western San Juan Mountains and encompassed
portions of the upper Animas, Dolores, and San Miguel River water-
sheds. The San Juan Mountain range was the core area in which the
Colorado Division of Wildlife reintroduced lynx between 1999 and
2006 (Devineau et al., 2010). The SJNF included portions of two-
lane U.S. Highway 550 and State Highway 145, with average daily
traffic volumes between 2000 and 2500 vehicles per day (Colorado
Department of Transportation, 2014). In the WRNF, the primary
highways included Interstate 70 (I-70; 23,000 vehicles/day), a four-
lane highway, and two-lane State Highway 91 (4000 vehicles/day;
Colorado Department of Transportation, 2014).

Study areas were typical of the Southern Rockies with steep
mountains and narrow valleys at elevations ranging approximately
2000–4300 m asl. Steep elevation gradients and high topographic
variation across the study area produced a mosaic of conifer and
aspen forests extending to alpine tundra, with herbaceous and
shrub openings occurring as avalanche paths, meadows, and wet-
lands. Conifer-dominated forests, which provide most lynx habitat,
occur between 2500 m to 3500 m asl in elevation and were com-
posed primarily of Engelmann spruce (Picea engelmannii) and
subalpine fir (Abies lasiocarpa).  Aspen (Populus tremuloides) and wil-
low (Salix spp.) were common on disturbed slopes and intermixed
with conifers in mid-seral stands, while Douglas fir (Pseudotsuga
menziesii) occurred at low elevations. Lodgepole pine (Pinus con-
torta) dominated relatively drier forests on the WRNF but was
largely absent from the SJNF. Winters were relatively long and
cold; summers were drier but included monsoonal rain patterns
that resulted in regular but brief afternoon precipitation. Maxi-

mum snow depth averaged 138 cm (range = 97–201 cm;  Natural
Resources Conservation Service, 2015), and snow generally per-
sisted from November through May  (low elevations) or June (high
elevations and northerly aspects).
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ig. 1. Canada lynx study areas in western Colorado, USA including the White Rive
rea  are indicated by gray lines; inset shows the location of Colorado in the United 

.2. Lynx capture and highway-crossing behavior

During winters 2010–2012, we captured lynx in box traps
ccording to Kolbe, Squires, and Parker (2003). Lynx were captured
nd handled under the guidelines in Animal Care and Use Permit
DOW-ACUC File#13-2009. We  fitted captured lynx with global
ositioning system (GPS) collars (Sirtrack Ltd., Havelock North, New
ealand) programmed to collect locations every 20 or 30 min, from

anuary to April. We programmed collars to automatically drop off
etween April and May. Using GPS-collar data, we  defined lynx
ovement segments as straight-line vectors between consecutive
PS locations. We  identified lynx crossing segments as movement

egments intersecting highway centerlines (Laurian et al., 2008;
chwab & Zandbergen, 2011). We  limited analyses to crossing seg-
ents with at least one lynx location within 200 m of a highway to

nsure accuracy.
We investigated lynx avoidance of highways by quantifying

ovements within home ranges relative to simulated movements.
e created home ranges using package ‘adehabitatHR’ (Calenge,

006) in R (R Development Core Team, 2014) and calculated a
tilization distribution for each lynx with a 90% kernel density
stimate and reference bandwidth as the smoothing parameter
Worton, 1989). In each 90% home range, we compared the num-
er of times that lynx actually crossed a highway to the number
f random highway crossings simulated by correlated random
alks (CRW; Kareiva & Shigesada, 1983). We  used the Geospa-

ial Modeling Environment (GME; Beyer, 2012) to generate 500
RW simulations per lynx. Each CRW simulation started at the

ynx capture location and drew from the observed distribution of
ovement segment lengths and turning angles to create an equal

umber of random movement segments within the home range. At
ach CRW iteration, we tallied the number of movement segments

hat crossed highways and had either the start or end point within
00 m of a highway, to be consistent with how lynx crossings were
ounted. We then compared the empirical frequency distribution of
andom crossing segments generated for each lynx to the observed
nal Forest (WRNF) and the San Juan National Forest (SJNF). Major highways in the
.

number of highway crossing segments per lynx as a non-parametric
bootstrap test of highway avoidance. We  defined significant avoid-
ance of highways to have occurred when the observed number of
highway crossings was equal to or less than the bottom 5% of the
simulated crossing segment distribution (Shepard, Kuhns, Dreslik,
& Phillips, 2008).

Although lynx are active throughout diel periods (Kolbe &
Squires, 2007; Olson, Squires, DeCesare, & Kolbe, 2011), we
expected most highway crossings would occur at night or dur-
ing twilight periods when traffic volumes were low (Colorado
Department of Transportation, 2014). We  defined the time of high-
way crossing as the midpoint between the start and end times
of lynx crossing movements. We categorized crossing times into
four time periods: (1) dawn (2 h; sunrise ±1 h), (2) day (10 h;
sunrise + 1 h to sunset − 1 h), (3) dusk (2 h; sunset ±1 h), and (4)
night (10 h; sunset + 1 h to sunrise − 1 h); daily sunrise and sunset
times were obtained from the National Oceanic and Atmospheric
Earth Systems Research Laboratory (Cornwall, Horiuchi, & Lehman,
2015). We  tallied the number of crossing segments within each
time period for each lynx and then used a Poisson generalized lin-
ear mixed model to fit the number of crossings as a function of time
period. We  included time period as a fixed effect, individual lynx as
a random intercept, and an offset term of log(time period hours) to
account for differences in the length of each time period. We  fur-
ther qualitatively examined whether lynx crossed highways during
times when they were most active by plotting the temporal pat-
tern of lynx highway crossings relative to the temporal pattern of
active lynx movement segments. Active movement segments were
defined as those longer than the spatial error of stationary collars
(92.5 m;  Squires et al., 2013); segments shorter than this distance
were considered to be resting or stationary.
2.3. Modeling resource selection

We  developed resource selection functions (RSFs) at a fine
(field-collected variables) and a landscape (remotely-sensed vari-
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bles) scale to predict highway crossing probability by lynx (Manly,
cDonald, Thomas, McDonald, & Erickson, 2002). We  restricted

ur model-fitting to data from two-lane paved highways because
f their prevalence in lynx home ranges; however, we  did apply
he model predictions (see Model Validation section) to I-70, the
nly four-lane highway in lynx habitat in western Colorado. We
lso provide anecdotal observations of lynx crossing I-70 due to the
entral role that this high-volume, four-lane highway could have
n lynx population connectivity. At fine and landscape scales, we
sed the glmer function in package ‘lme4′ (Bates, Maechler, Bolker,

 Walker, 2014) in R to build RSF models using mixed-effects logis-
ic regression, and accounted for differences in crossing behavior
f individual lynx with a random intercept for individual. Predictor
ovariates were standardized by subtracting the mean and divid-
ng by the standard deviation to facilitate comparison between
ariables measured at different scales. We  developed plausible a
riori multivariate candidate models (Appendix A) with covariates
hat were more informative than the null model in a univariate
ense based on Akaike’s Information Criterion (AIC; Burnham &
nderson, 2002). We  excluded covariates with high collinearity

|r| > 0.6); if correlated, we retained the variable that was  most
iologically meaningful and available to managers. We  estimated

ogistic regression models describing the probability of lynx high-
ay crossing as:

ˆ  = exp
(

�0 + �1x1 + ... + �nxn
)
/
(

1 + exp
(

�0 + �1x1 + ... + �nxn
))

(1)

where ŵ is the probability of selection as a function of xn covari-
tes, ˇn are the parameter coefficients, and �0 is the intercept
Manly et al., 2002). We  evaluated candidate models using AIC and
dentified top models as those within 4 �AIC of the best perform-
ng model that did not contain uninformative parameters (Arnold,
010; Burnham & Anderson, 2002).

For fine-scale resource-use modeling, we quantified predictor
ovariates in the field at lynx highway crossings. We  buffered used
oints by 100 m then selected available points from outside the
uffers. This ensured that used and available points were non-
verlapping to reduce the potential of used crossings being also
onsidered as available (sample contamination; Johnson, Nielsen,
errill, McDonald, & Boyce, 2006; Keating & Cherry, 2004). We

andomly selected 15 actual crossing locations per lynx and 15
crossings” randomly available in each lynx home range. For three
ynx with <15 total highway crossings, we sampled all used cross-
ng points regardless of overlap. We  fit 13 multivariate candidate

odels (see Appendix A).
At the landscape scale, we evaluated lynx highway crossing

ehavior by comparing used lynx crossings (n = 593) to avail-
ble crossing locations (n = 4331) distributed across highways in
estern Colorado. Since a large available sample is required to min-

mize bias in RSF models (Hooten, Hanks, Johnson, & Alldredge,
013; Northrup, Hooten, Anderson, & Wittemyer, 2013), and to
llow prediction across all highways in western Colorado within
he elevation zone of lynx, we sampled available crossing points
ystematically spaced 1 km apart along all highways within the
levation zone used by lynx in our sample (2000–4183 m asl). We
onsidered 29 multivariate candidate models (see Appendix A). Our
ixed model framework required an available sample specific to

ach individual lynx; however, since our available landscape was
ommon to all lynx, we used a bootstrap procedure to refit the
odel with a different random sample of all systematic points

o verify model performance. We  performed 1000 bootstrap iter-
tions that randomly sampled each lynx’s used and all available

rossing points with replacement and fitted all 28 candidate mod-
ls at each iteration. We  used AIC values for model selection, and
erified this using the number of times each model was  ranked
est across bootstrap iterations. We  then spatially extrapolated
n Planning 157 (2017) 200–213 203

our best-performing model to predict probability of crossing along
major highways in western Colorado above 2000 m asl elevation.

2.4. Predictor covariates

We quantified fine-scale vegetation covariates at crossing points
with eight plots aligned in an “X” configuration (Appendix B1;
Fig. 2). At each vegetation plot, we quantified tree basal area with
a 10-factor prism and recorded diameter at breast height (DBH)
by species. We also measured vegetative horizontal cover in each
cardinal direction using a cover-board viewed at 10 m away, consis-
tent with Squires et al. (2010). We  measured distance to vegetative
cover as the shortest distance to continuous vegetation greater than
2 m tall and in patches >25 m2. We  measured roadside covariates at
three points to account for the spatial uncertainty of crossing loca-
tions (Appendix B1; Fig. 2). We  quantified the slope of approaches
to highways at 10 m perpendicular to the road with a clinometer.
We used a rangefinder to measure the length of highway visible to
a crossing animal, defined as the line-of-sight distance of contin-
uous pavement in both directions. Given that highway structures
can have physical or visual impact on wildlife crossings (Gunson,
Mountrakis, & Quackenbush, 2011), we  mapped the locations of
physical barriers (e.g., guard rails, jersey barriers, vertical cliffs).
We calculated the mean and standard deviation for all variables
across all eight vegetation or three roadside plots at each crossing
point.

At the landscape scale, we  used remotely-sensed topographic
and vegetation data (Appendix B2) at two spatial scales (200 m
and 500 m radii circular moving windows) that we  selected arbi-
trarily to capture the environment associated with highways. We
selected landscape-scale covariates that best represented impor-
tant variables associated with crossings identified during fine
scale sampling and those that we thought were most biologically
meaningful for landscape-level modeling. Topographic variables
including slope, aspect, and terrain roughness were obtained from
a 10 m digital elevation model (DEM; Gesch, 2007). Terrain rough-
ness was calculated from the standard deviation of elevation values
(Wilson & Gallant 2000). We  calculated an index of “northness”
using the percentage of cells in a 200 m or 500 m neighborhood with
slope >10% and northerly aspects (>270◦ and <90◦). Topographic
position index (TPI), a measure of terrain concavity or convexity
(Jenness, 2006), was calculated at a 1000 m scale, in addition to
200 and 500 m;  the 1000 m radii plot was  added to better char-
acterize drainages in mountainous topography. Euclidian distance
to hydrologic features was  determined using the National Hydrog-
raphy Dataset (NHD; United States Geological Survey, 2013). We
obtained six 30 m resolution Landsat 5 Thematic Mapper (http://
earthexplorer.usgs.gov/) scenes dated 8 June to 24 June 2011, each
with less than 1% cloud cover. From these images, we  derived the
Normalized Difference Vegetation Index (NDVI; Jensen, 2005), an
index of vegetation biomass, and performed tasseled cap transfor-
mations (Crist & Cicone, 1984), which created variables that index
soil reflectivity (brightness), vegetation presence (greenness), and
soil or surface moisture (wetness). We  calculated the mean and
standard deviation of NDVI, Brightness, Greenness, and Wetness.
Finally, we evaluated forest structure based on a 30 m LANDFIRE v.
1.2.0 (Rollins, 2009) layer of canopy cover.

2.5. Model validation

We evaluated our best fine-scale model using four-fold cross
validation (Boyce, Vernier, Nielsen, & Schmiegelow, 2002). We

randomly divided all used locations into four groups, sequen-
tially withheld each group, fit the model on the remaining three
groups, and used the model to predict the outcome of the
withheld group according to Boyce et al. (2002). This method

http://earthexplorer.usgs.gov/
http://earthexplorer.usgs.gov/
http://earthexplorer.usgs.gov/
http://earthexplorer.usgs.gov/
http://earthexplorer.usgs.gov/
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ig. 2. Configuration of fine-scale vegetation plots at lynx highway crossings in we
oints  were spaced across putative crossing zones to quantify roadside characterist

hould generate a high Spearman’s rank correlation coefficient
rs) between predictions from the withheld sample and the
in numbers generated from the entire dataset if the model is
redicting the relative probability of road crossings given the
ange of probabilities over the entire area sampled (Boyce et al.,
002).

We  evaluated the landscape-scale RSF model using two meth-
ds. First, we conducted a 10-fold cross validation according to
oyce et al. (2002), similar to the fine scale. Second, we used an

ndependent dataset of lynx highway crossings in Colorado that
onsisted of winter lynx back-tracks from 2000 to 2009 (n = 117;
olorado Parks and Wildlife, unpublished data) and lynx highway
ortalities from collisions with vehicles 1999–2015 (n = 11; Col-

rado Parks and Wildlife, unpublished data). We  believed these
ndependent data provided our best evaluation of model perfor-

ance that mimicked actual field application. We  extracted the
SF predicted probability value at each independent crossing loca-
ion using our landscape-scale model; higher crossing probabilities
ndicated better predictive performance.

. Results

We  collected an average of 4810 GPS locations (SD = 2415, range:
52–8300) on each of 14 lynx (7 M,  7 F). Data collection ranged
etween 27 Jan and 17 Jun (Appendix C). Home ranges of all
ut one lynx were bisected by 4.0–52.9 km of two-lane highway
x̄ = 18.7 km,  SD = 14.8). We  documented 735 total lynx highway
rossings; 88 of these were lower quality crossings (GPS locations
200 m off the highway and/or >40 min  between locations) that
ere eliminated from further analysis. We  used 11 of 13 lynx to

odel resource selection at 593 crossings; data from two  lynx were

ot available for resource-use modeling due to late collar drop-offs.
levation of lynx crossings averaged 3041 m (SD = 134 m,  range:
778–3451).
Colorado; eight plots in an “X” configuration were sampled. Three roadside sample

3.1. Highway crossing behavior

Lynx crossed highways more frequently during dusk and night
than during dawn and day (�dawn = −0.17, SE = 0.13, p = 0.18;
�dusk = 0.76, SE = 0.09, p < 0.001, �night = 1.31, SE = 0.05, p < 0.001).
Lynx crossed highways at increased frequency after sunset until
0100 h; crossing frequency remained relatively high until sunrise,
after which it declined (Fig. 3). Lynx crossed highways during all
hours, but crossings were 1.85 times more frequent during night
(n = 393) than day (n = 212). Also, observed diel pattern of lynx high-
way crossings appeared to deviate from the general pattern of lynx
activity (Fig. 3). For example, lynx movement activity generally
decreased from sunset (1800 h) to 2400 h, while the frequency at
which lynx crossed highways increased during this period.

Lynx crossed two-lane highways an average of 0.6 times per
day (SD = 0.4, range: 0.2–1.4; Appendix C). The mean number of
highway crossings per lynx was 50 (SD = 45.4; range: 6–148) com-
pared to CRW paths that crossed an average of 90 times (SD = 60.0;
range: 20–221; Appendix C). Correlated random walk simulations
suggested that 5 (3 F, 2 M)  of 13 lynx crossed highways significantly
less than expected (p < 0.05) whereas 8 lynx exhibited no highway
avoidance (0.07 < p < 0.52; Appendix C); all lynx with highways in
their home ranges crossed more than once (Fig. 4).

Three of 5 lynx with adjacent home ranges crossed the four-lane
interstate I-70 on 25 occasions. These crossings provided impor-
tant anecdotal observations of behavior associated with crossing
a high traffic volume highway, but the number of observations
was insufficient for statistical evaluation with a resource selection
function. These lynx mostly crossed I-70 near first- and second-
order stream tributaries where eastbound interstate lanes were
elevated by bridges 75–100 m long and 15–25 m in height with con-

tinuous tall woody vegetation underneath. The highway median
between east and west-bound traffic in these areas was  approx-
imately 150–200 m wide and included patches of forest cover.
Although traffic averaged approximately 1200 vehicles/hr during
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eviation)  per hour for Canada lynx (N = 13) in western Colorado.

he day, volume was reduced to <200 vehicles/hr between 0100 h
nd 0500 h (Colorado Department of Transportation, 2014). Seven
f 25 crossings occurred during this 0100–0500 h period of low
raffic, while 9 crossings occurred during other dark hours. Snow
racking data from an independent data set of lynx not included in
his study indicated that lynx successfully crossed I-70 on at least
hree occasions, all about 30 km east of where collared individuals
rossed. Large elevated bridges over natural habitat were absent
rom this stretch of the interstate and these crossings occurred at
rade, over the road surface. However, two lynx in the indepen-
ent data set were killed while attempting to cross at grade in
his area and two were killed attempting to cross at grade near
he underpasses described above. It is unclear whether those killed
hile attempting to cross I-70 had crossed successfully in previous

ttempts.

.2. RSF models at multiple scales

At the fine scale, lynx were most influenced by vegetation char-
cteristics. No topographic or highway infrastructure covariates
erformed better than null models in univariate analyses, so they
ere not considered further. Based on final multivariate models,

ynx selected highway crossing zones that were closer to veg-
tative cover (MaxDistCover) and had greater mean basal area
AvgBasalArea) (Table 1). There were five models within four �AIC;
ollowing Arnold (2010), we considered models that differed by one
xtra parameter but were within two AIC of the top-performing
odel to contain uninformative terms. Thus, only MaxDistCover

nd AvgBasalArea were meaningful predictors of lynx crossings,
lthough AvgBasalArea was only weakly predictive, as its 95%
onfidence interval slightly overlapped zero (Table 3). This sug-
ested that lynx were most sensitive to the amount of forest and
ther vegetative cover along roads when selecting highway cross-

ngs. The mean MaxDistCover for used lynx crossings was 17.8 m
SD = 16.3 m),  compared to 29.8 m (SD = 34.3 m)  for available high-

ay crossings. For every 1 m increase in distance to cover, the odds

f highway crossing declined approximately 1.9%. Lynx also tended
o select crossing zones with higher tree density compared to ran-
om: trees basal area was 78.3 m2/ha (SD = 31.3 m2/ha) at crossings
our, versus proportion of all active movement segments (black circles +/−standard

compared to 59.5 m2/ha (SD = 31.3 m2/ha) at available locations.
Mean horizontal cover and the proportion of spruce and fir trees at
a crossing appeared among the top models but did not contribute to
model performance. Lynx appeared insensitive to roadside slope,
the presence of barriers, or line-of-sight distances when selecting
highway crossing locations.

At the landscape scale, lynx selected crossings in areas of high
forest canopy cover within the surrounding 500 m (LfCanCvr 500),
concave topographic positions relative to the surrounding 1000 m
(TPI 1000), and predominately northerly aspects within 200 m of
the highway (PctNorth 200; Table 2). This top multivariate model
ranked best in 57% of bootstrap iterations and was four times
more likely than the next candidate model to explain the proba-
bility of where lynx crossed highways (Table 2). The second best
performing multivariate model ranked best in 42% of bootstrap
iterations and included canopy cover within the surrounding 500 m
(LfCanCvr 500) and the standard deviation of brightness within the
surrounding 500 m (StdBrt 500). All four predictors were strong
with 95% confidence intervals that did not overlap zero (Table 3).
We averaged predictions from the top 2 multivariate models (<4
�AIC) to produce a statewide RSF surface of potential lynx crossing
zones along 4359 km of highways (i.e., those above 2000 m eleva-
tion) in western Colorado (Fig. 5). Model results suggest that 80% of
highways within the elevation zone of lynx habitat in Colorado had
less than a 50% chance of being used by lynx for crossings. In con-
trast, high probability crossing areas were relatively few and were
concentrated in areas of high forest cover on north-facing slopes
(Fig. 6).

3.3. Model validation

Cross-validation of the fine- and landscape-scale models indi-
cated good model fit. A four-fold cross-validation of the best
performing fine-scale RSF model had a Spearman correlation
coefficient of |rs| = 0.94. The 10-fold cross-validation for the

landscape-scale averaged model yielded a Spearman correlation
coefficient of 0.95. The independent data that we used for the
landscape model validation consisted of 117 snow tracks of lynx
crossing highways and 11 road-killed lynx mortalities. These inde-
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Fig. 4. Examples that illustrate most avoidance (top) and least avoidance (bottom) of 2-lane highways by Canada lynx based on GPS locations, western Colorado. Night
locations (20:00 h–06:00 h) are shown in blue, while day locations (07:00 h–19:00 h) are shown in yellow. Even the individual exhibiting most highway avoidance (top)
frequently used habitats immediately adjacent to the road. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this
article.)

Table 1
Model selection results for fine-scale mixed-effects logistic regression models predicting Canada lynx highway crossings in western Colorado. The number of fixed effect
parameters (K), AIC score, �AIC, AIC weight, and log-likelihood (LL) are given. Model variables include maximum distance to cover (MaxDistCover), mean basal area
(AvgBasalArea), mean horizontal cover (AvgHorizCover), and the proportion of spruce and fir trees (PropSF). Only the 5 best performing models plus the null are reported.

Model K AIC �AIC AICwt LL

1 MaxDistCover + AvgBasalArea 4 409.79 0.00 0.36 −200.90
2  MaxDistCover 3 411.23 1.43 0.18 −202.62
3  MaxDistCover + AvgBasalArea + AvgHorizCover 5 411.29 1.50 0.17 −200.65
4  MaxDistCover + AvgBasalArea + PropSF 5 411.76 1.97 0.13 −200.88
5  MaxDistCover + AvgBasalArea + AvgHorizCover + PropSF 6 413.23 3.43 0.06 −200.62
6  NULL 2 424.77 14.84 0.00 −210.38
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Table  2
Model selection results for landscape-scale mixed-effects resource selection models predicting Canada lynx highway crossings in western Colorado, giving the number of
fixed  effect parameters (K), AIC score, �AIC, AIC weight, log-likelihood (LL), and proportion of bootstrap iterations each model was  ranked best (Prop Best). Variables included
in  the top models were mean percent canopy cover (LfCanCvr 500), topographic position index, percentage of area composed of north-facing aspects, standard deviation of
brightness (StdBrt 500), and mean wetness (MeanWet 200). The number after each covariate denotes the size of the radius at which each covariate was  calculated. Only the
5  best performing models plus the null are reported.

Model K AIC �AIC AICwt LL Prop Best

1 LfCanCvr 500 + TPI 1000 + PctNorth 200 5 828.03 0.00 0.80 −409.01 0.57
2  LfCanCvr 500 + StdBrt 500 4 830.80 2.78 0.20 −411.40 0.42
3  LfCanCvr 500 + MeanWet 200 + TPI 1000 5 839.22 11.19 0.00 −414.61 0.01
4  LfCanCvr 500 + TPI 1000 4 851.11 23.08 0.00 −421.56 0
5  LfCanCvr 500 + MeanWet 200 + PctNorth 200 5 868.10 40.07 0.00 −429.05 0
6  Null 2 1510.81 682.79 0 −753.41 0

Table 3
Model coefficients, with 95% confidence intervals, of covariates in top performing models within 4 �AIC used to predict Canada lynx highway crossings at two spatial scales
(fine  and landscape) in western Colorado. Model numbers correspond to Tables 1 and 2. Covariates included are maximum distance to cover (MaxDistCover), mean basal
area  (AvgBasalArea), mean percent canopy cover (LfCanCvr), topographic position index (TPI), percentage of an area composed of north-facing aspects (PctNorth), and the
standard deviation of brightness (StdBrt). Numbers after the landscape scale model covariates indicate the size of the radius at which each covariate was calculated.

Scale Model Variable Coefficient Lower 95% CI Upper 95% CI

Fine Scale Models Model 1 MaxDistCover −0.44 −0.80 −0.12
AvgBasalArea 0.24 −0.01 0.51

Model 2 MaxDistCover −0.57 −0.91 −0.27

Landscape Scale
Models

Model 1 LfCanCvr 500 1.82 1.66 2.01
TPI 1000 −0.56 −0.68 −0.45
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endent lynx crossings had a predicted average RSF value of 0.75
range 0.15–0.98; SD = 0.18) from the landscape-scale RSF model
Fig. 6). Additionally, the predicted RSF values associated with all
ndependent lynx crossings were largely between 0.6 and 0.8, with
nly 7% of independent data associated with modeled values less
han 0.5 (Fig. 6). In contrast, the distribution of RSF values at all
vailable locations across Colorado was largely between 0 and 0.1,
ith 78.82% of predicted probabilities less than 0.5. This suggested

he landscape model was effective at predicting the actual areas
hat lynx would use when crossing highways.

. Discussion

Canada lynx in the Southern Rocky Mountains of western Col-
rado crossed 2-lane highways (traffic volumes of 2000–4000
ehicles/day) approximately every other day. We  found that most
ynx (8 of 13) did not appear to avoid crossing roads, likely due to the
abitat configuration of lynx home ranges in our study area. Lynx
hose home ranges included extensive sections of highways lived

n close proximity to them and crossed frequently. Lynx mitigated
he risk of increased highway exposure by crossing roads at greater
requency during dusk and night, when traffic volume was lower.
ur resource selection models were successful at predicting the
robability of lynx crossing given fine- and landscape-scale envi-
onmental characteristics. At both spatial scales, lynx were more
ikely to cross highways in areas with greater vegetative cover,

hile at the landscape scale, lynx also preferred north-facing slopes
nd areas of topographical concavity, such as river drainages.

Despite the fact that all lynx crossed highways, we found that
 of 13 individuals (39%) exhibited some degree of road avoid-
nce behavior as defined by crossing significantly less than CRW
imulations. Other studies have documented highway-avoidance
ehavior by lynx (Apps, 2000; Squires et al., 2013), although the

ynx in our study that exhibited road avoidance behavior still

requently crossed roads in some regions of their home range,
epending on forest vegetation near crossing zones (Fig. 4). Lynx
eintroduced to the Southern Rocky Mountains occupied habitat
n high-elevation mountain valleys that were bounded at upper
0.38 0.28 0.48
2.38 0.86 1.05
0.86 0.67 1.05

elevations by open rock and tundra. Given the mountainous topog-
raphy, two-lane highways in western Colorado were present in
valley bottoms with vegetation too sparse for lynx, while other
sections were high on mountain passes in good lynx habitat. We
acknowledge that reintroduced lynx may  exhibit different crossing
behavior than native populations. However, of the 13 individuals in
our study, five were born in the Southern Rockies, and the remain-
ing eight were resident in the Southern Rocky Mountains for more
than 5 years and had established home ranges. Thus, we  believe our
results reflected behaviors of established individuals and were not
uninformed movements of naïve individuals in a new environment.

One way that lynx accommodated vehicle-related disturbance
was to cross highways more frequently at night when traffic vol-
umes were relatively low. The proclivity for lynx to cross highways
at night was similar to other wide-ranging felids such as bob-
cat (Lynx rufus; Cain et al., 2003) and European wildcat (Felis
silvestris; Klar, Herrmann, & Kramer-Schadt., 2009), as well as
other taxa such as grizzly bears (Ursus arctos;  Waller & Servheen,
2005) and elk (Cervus elaphus; Gagnon, Theimer, Dodd, Boe, &
Schweinsburg, 2007). Tigas et al. (2002) reported that bobcats and
coyote (Canis latrans)  tended to utilize areas with high human activ-
ity more often at night. Nighttime traffic volumes on highways
in western Colorado were generally <5% of peak early-afternoon
volumes of 200–400 vehicles per hour (Colorado Department of
Transportation, 2014). We  assumed that increased crossings at
night were an avoidance behavior to vehicle-related disturbance
because lynx were generally active across all diel periods (Fig. 3).
The tendency of lynx to preferentially traverse highways during
periods of low traffic volume may also reduce the risk of vehicle-
related mortality (Neumann et al., 2012). For example, Waller and
Servheen (2005) demonstrated that grizzly bears experience lower
risk in crossing highways at night compared to peak traffic volumes.

At a fine scale, lynx crossed highways in close proximity to
vegetative cover, similar to several other large mammal species

(Clevenger & Waltho, 2005). Vegetative cover was  primarily pro-
vided by conifers in stands with higher basal area compared to
randomly available along highways. We  assume that road-side
vegetation provided security cover and that higher horizontal
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ig. 5. Resource selection probability surface predicting Canada lynx crossings of
olorado.

over could support greater snowshoe hare densities (Fuller &
arrison, 2010; Hodges, 2000; Squires et al., 2010). Consistent
ith fine-scale results, lynx at the landscape scale selected north-

acing crossings in areas of high forest canopy cover primarily in
rainage bottoms. The landscape-scale model we  developed gen-
rally agreed with other studies of wildlife highway crossings that
dentified important crossing areas near drainages with forest cover
Clevenger et al., 2003; Grilo et al., 2009). Our landscape model
ased on remotely-sensed environmental covariates provides a
seful management tool to predict areas of high permeability to

ynx movement, as evidenced by performance with independent
rossing data. The fact that independent lynx crossing locations
ere generally associated with high-probability crossing zones

upports the use of model outputs by highway planners to evaluate
otential crossing zones in western Colorado.

Species with high adjacency to transportation corridors have a
eightened vulnerability to vehicle-related mortality compared to
hose with considerable spatial separation. The high frequency at
hich lynx crossed highways suggests that risk of vehicle-related

ortality was high, which in turn justifies appropriate highway
itigation. Model results at the landscape scale indicate that mit-

gation actions that promote forest cover immediately adjacent
ays (gray area indicates >2000 m elevation) at a landscape scale across western

to highways may  increase permeability by lynx, especially on
north-facing slopes and in drainage bottoms. In addition, the diel
crossing pattern of lynx suggests that lower nighttime speed lim-
its on highways in lynx habitat may  decrease collision mortality.
These suggested mitigation measures are based on resident lynx
in winter-spring home ranges that contain highways; we  did not
directly investigate movements of dispersers or individuals mak-
ing long distance movements from established territories. Thus, we
acknowledge that transient or dispersing felids, or those engaging
in exploratory movements, may  cross highways where few pre-
dictive factors occur (Tewes & Hughes, 2001); these lynx may  be
more susceptible to vehicle collision than resident animals due to
unfamiliar terrain (Beier, 1995; Ferreras et al., 1992).

Physical crossing structures, such as over/under passes and fenc-
ing, effectively facilitate safe wildlife crossings of major highways
(Foster & Humphrey, 1995; Ng, Dole, Sauvajot, Riley, & Valone,
2004; Yanes, Velasco, & Suárez, 1995). However, the extent to
which these improvements benefit lynx may  depend on size of
the highway and related traffic volume, as well as the landscape

structures around the passes. Our GPS locations at 20 min  inter-
vals were inadequate to provide detailed depictions of how lynx
responded to physical highway structures, like guard rails and cul-
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Fig. 6. Examples of the predicted resource selection function surface showing the probability of Canada lynx crossing a highway compared to independent known crossing
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rossing at all available locations in the landscape-scale RSF versus actual probabil
requency within the top deciles of binned crossing probabilities (panel D).

erts. In future studies, collars with greater temporal resolution,
uch as 10 or even 5 min  intervals, might be more successful in doc-
menting animal movement relative to highway structures at a fine
patial and temporal scale. However, the broad spatial distribution
nd sheer number of highway crossings that we documented indi-
ate that lynx mostly crossed two-lane highways at road grade, and
hey did not depend on physical highway improvements to traverse
wo-lane highways. Similarly, Tigas et al. (2002) reported a prefer-
nce by bobcats to cross highways at the surface and Crooks et al.
2008) failed to detect lynx using any of seven underpasses that
ere constructed specifically to reduce lynx highway mortalities

n Colorado.
Our anecdotal observations of lynx crossing I-70, a high traf-

c four-lane divided highway, suggested that resident lynx did
ocate safe, below-grade crossings at large underpasses and used
hem repeatedly. They were also capable of crossing I-70 at road-
rade during periods of low traffic volume. The use of underpasses
or crossing high volume roads was consistent with other stud-
es. For example, Beier (1995) observed numerous cougars crossing

nderneath major highway bridges over watercourses and Henke,
awood-Hellmund, and Sprunk (2001) showed that several mam-
alian species in Colorado, including bobcats, used below grade

ighway crossings on major interstate highways. We  assume lynx
rn Colorado (panels A, B). Panel C shows distribution of predicted probabilities of
t independent crossing locations; independent crossings occurred with increasing

cross high-volume, four-lane highways similar to other wildlife in
their proclivity to use larger underpasses with dense native veg-
etation close to passage entrances (Cain et al., 2003) in favorable
habitat with low human disturbance (Beier, 1995; Ng et al., 2004).

5. Conclusions

We demonstrated that, at a fine scale, lynx crossed two-lane
highways in forests with higher tree basal area and lower distance
to cover. At the landscape scale, lynx selected highway crossings
in areas of high forest canopy cover, especially in drainages and
on north-facing slopes. The presence of highway infrastructure
(guard rails and barriers) was  not predictive of crossing two-lane
highways. Model results indicated considerable individual varia-
tion in crossing behavior and the presence of multiple crossing
zones within home ranges when bisected by extensive highway
sections. Thus, appropriate mitigation to enhance connectivity for
Canada lynx across 2-lane highways may  include reduced speed
limits at night and vegetation management rather than inten-

sive investments for physical overpasses in few putative crossing
zones. However, our anecdotal observations (n = 25 crossings) of
lynx crossing a high-volume four-lane highway (I-70) suggest
that investment in large elevated underpasses across drainages,
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specially in highway sections with forested medians, may  be war-
anted.
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ppendix A. Candidate RSF models

Candidate fine- and landscape-scale resource selection func-
ion models considered to predict Canada lynx highway crossing
ocations in western Colorado.

cale Model # Model Structure

ine Scale Models 1 AvgDistCover
2 MaxDistCover
3 AvgBasalArea
4 AvgHorizCover
5 MinHorizCover
6 MaxDistCover + AvgBasalArea
7  MaxDistCover + AvgBasalArea + AvgHorizCover
8  MaxDistCover + AvgBasalArea + AvgHorizCover + PropSF
9  MaxDistCover + AvgBasalArea + PropSF
10 AvgDistCover + AvgHorizCover
11  AvgBasalArea + AvgHorizCover
12  AvgBasalArea + AvgHorizCover + PropSF
13  Null

road Scale Models 1 MEANBRT500
2 MEANWET200 + MEANBRT500
3  MEANWET200 + MEANBRT500 + STDBRT500
4  MEANBRT500 + STDBRT500
5  LFCNCVR500
6 MEANWET200 + LFCNCVR500
7  MEANWET200 + NDVI200 + LFCNCVR500
8  NDVI200 + STDBRT500 + LFCNCVR500
9  MEANBRT500 + PCTNRTH200
10  MEANBRT500 + TPI1000
11  MEANBRT500 + TPI1000 + PCTNRTH200
12  MEANBRT500 + ROUGH500
13  MEANBRT500 + MEANSLP500
14  MEANWET200 + MEANBRT500 + PCTNRTH200
15  MEANWET200 + MEANBRT500 + TPI1000
16  MEANWET200 + MEANBRT500 + TPI1000 + PCTNRTH200
17  MEANWET200 + MEANBRT500 + ROUGH500
18  MEANWET200 + MEANSLP500
19  MEANBRT500 + STDBRT500 + PCTNRTH200
20  MEANBRT500 + STDBRT500 + TPI1000
21  MEANBRT500 + STDBRT500 + TPI1000 + PCTNRTH200
22  MEANBRT500 + STDBRT500 + ROUGH500
23  MEANBRT500 + STDBRT500 + MEANSLP500
24  LFCNCVR500 + PCTNRTH200
25  LFCNCVR500 + TPI1000

26  L
27  M
28 M
29 N
FCNCVR500 + TPI1000 + PCTNRTH200
EANWET200 + LFCNCVR500 + PCTNRTH200
EANWET200 + LFCNCVR500 + TPI000
DVI200 + STDBRT500 + LFCNCVR500 + TPI1000
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ppendix B. Predictor variables

able B1

Variables aggregated from eight vegetation plots and three roadside sample points at used and available lynx highway crossing points,
sed to evaluate fine scale resource selection functions predicting Canada lynx highway crossing locations in western Colorado.

ype Variable Name Description

egetation Plots PropSpruceFir Percentage of “In” trees on plots that were Engelmann spruce or Subalpine fir.
AvgBasalArea Average basal area (sq. meters/ha) of plots, measured with a 10-BAF prism.
MaxBasalArea Maximum basal area among plots, measured with a 10-BAF prism.
AvgHorizCover Mean horizontal cover of plots.
MinHorizCover Minimum horizontal cover among plots.
AvgPlotSlope Average slope (%) of plots.
MaxPlotSlope Maximum slope (%) among plots.
PctTreesLess Percentage of “In” trees on plots with diameter <5”.
PctTreesGE5Less9 Percentage of “In” trees on plots with diameter ≥5 and <9”.
PctTreesGE9Less20 Percentage of “In” trees on plots with diameter ≥9 and <20”.
PctTreesGE20 Percentage of “In” trees on plots with diameter ≥20”.

oadside Sample Plots AvgRoadSlope Average roadside slope (%) at sample points.
MaxRoadSlope Maximum roadside slope (%) among sample points.
AvgRoadVisibility Average distance of continuous pavement visible from sample points.
AvgDistCover Average distance from sample points to the nearest stand of continuous trees or shrubs >2 m tall and ≥25 m2.
MaxDistCover Maximum distance among sample points to the nearest stand of vegetation >2 m tall and ≥25 m2.
MinDistCover Minimum distance among sample points to the nearest stand of vegetation >2 m tall and ≥25 m2.
RoadCliff Tally of vertical roadside cliffs >5 m high within 25 m of sample points
RoadManBarrier Tally of man-made structures, including guard rails and jersey barriers, within 25 m of sample points.

able B2

Variables extracted from GIS at used and available lynx highway crossings and used to evaluate landscape scale resource selection
unctions to predict Canada lynx highway crossing locations in western Colorado. Variables were calculated at two spatial scales: within

 200 or 500 m buffer around each crossing point.

Type Variable Name Description

Topography MEANSLOPE Average slope (%) from a 10 m digital elevation model.
ROUGH An index of terrain roughness, calculated as the standard deviation (SD) of elevations.
PCTNORTH Percentage of area composed of north-facing aspects (>270◦ and <90◦) for slopes >10%.
TPI  Relative topographic position index, where negative values represent topographic concavities and positive

values represent ridges.
DISTHYDRO Average distance to the nearest 14th-level (HUC) national hydrography dataset stream or waterbody.

Vegetation LFCANCVR Average of LANDFIRE canopy cover values, expressed as a percentage.
NDVI  Average Normalized Difference Vegetation Index values derived from Landsat 5 TM images.
MEANBRT Average spectral variations in soil background reflectance (Brightness) derived from a Tasseled Cap

transformation of Landsat 5 TM images.
STDBRT Standard deviation of spectral variations in soil background reflectance (Brightness) derived from a Tasseled

Cap transformation of Landsat 5 TM images.
MEANGRN Average spectral variations in the vigor of green vegetation (Greenness) derived from a Tasseled Cap

transformation of Landsat 5 TM images.
STDGRN Standard deviation of spectral variations in the vigor of green vegetation (Greenness) derived from a Tasseled

Cap  transformation of Landsat 5 TM images.
MEANWET Average spectral variations related to canopy and soil moisture (Wetness) derived from a Tasseled Cap

transformation of Landsat 5 TM images.
STDWET Standard deviation of spectral variations related to canopy and soil moisture (Wetness) derived from a
Tasseled Cap transformation o
MEANPCA1 Average of values from the fir

which generally correspond t
MEANPCA2 Average of values from the se

which generally describes var
f Landsat 5 TM images.
st Principal Component transformation of Landsat 5 TM image band ratios,
o image brightness.
cond Principal Component transformation of Landsat 5 TM image band ratios,
iations in vegetation cover.
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ppendix C. Lynx Highway Crossing Summary

able C1

Summary information for each Canada lynx used to assess highway crossing avoidance within a home range in western Colorado,
010–2012. Columns show the lynx ID, sex, start and end date of collaring, number of days the animal was collared, number of GPS  points
ollected during this time, percent of GPS fix attempts that were successful, number of road crossings exhibited during this time, number
f crossings per day, mean number of crossings as simulated by correlated random walk (Avg Sim Cross), and the non-parametric p-value
rom the comparison of actual crossings against the simulated distribution. Bold values indicate significantly fewer crossings than expected
y chance at � = 0.05.

ynx Sex Start Date End Date # Days # Points % Success # Cross Cross/Day Avg Sim Cross p-value

02 F 16-Mar-10 16-Apr-10 31 1925 86 24 0.77 64 0.01
03  F 28-Feb-12 31-May-12 92 5602 85 62 0.67 61 0.52
01  M 19-Feb-12 31-May-12 101 6730 93 68 0.67 88 0.35

04  F 22-Mar-10 10-Apr-10 19 1096 80 6 0.32 19 0.13
02  M 11-Mar-11 14-Apr-11 34 752 92 9 0.26 79 0.01

06  F 22-Feb-12 31-May-12 98 5693 81 33 0.34 114 0.04
04  M 25-Feb-12 31-May-12 95 6510 95 105 1.11 142 0.17

07  F 27-Jan-12 17-Jun-12 141 8300 82 106 0.75 221 0.02
05  M 12-Feb-12 31-May-12 108 7399 95 148 1.37 184 0.21
06  M 18-Feb-12 31-May-12 102 6658 91 27 0.26 53 0.29
07  M 28-Feb-12 31-May-12 92 5883 89 19 0.21 41 0.24
08  M 17-Feb-11 14-Jun-11 117 2611 93 29 0.25 71 0.01

08  F 5-Feb-11 15-Jun-11 130 2890 93 11 0.0 32 0.07
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From: Cummings, Jonathan
To: Zelenak, Jim
Cc: Mark McCollough; Tamara Smith; Kurt Broderdorp; Bryon Holt; Jodi Bush; Mary Parkin; Heather Bell
Subject: Re: Lynx SSA Call
Date: Wednesday, July 27, 2016 7:16:10 PM
Attachments: 2016 07 20 DraftLynxSSAReport_JWC.docx

My comments on Ch. 3 are attached.  I did some of the editing on a plane, so different devises
resulted in different edit and comment colors/labels, sorry.  Hope that's not to hard to deal
with.

On Tue, Jul 26, 2016 at 2:26 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks for you time and contributions on the call today.

Heather asked that I follow up with an email about assignments we discussed for Core Team, so:

1. Make sure your unit parts of chapters 4 and 5 are as tight as you can make them, addressing the template items
for each.  In Ch. 5, the last part of the unit-specific sections should be "lynx viability" - where you should
summarize the expert workshop results and import the probability of persistence graph for your unit and discuss if
need be. Tam has already take a stab at this, so take a look at her Ch. 5/Unit 2.

2. Review and comment on Chapters 1-3 with an eye to anything that might be repeated in later chapters - if so,
look for opportunities to reduce redundancy by referring to the earlier sections if appropriate/applicable.

3. Review figures/conceptual models and make any comments/suggestions that you think might improve them
(except for the map, which we've already discussed and will work thru another time soon).

4. Also see (at link below to the drive) the spreadsheet Jonathan pulled together while we were working on a
current conditions table in Denver: Take a look at the various sheets and think about how we might generate a
table that would be useful in the SSA report (at the end of Ch. 4). I'd welcome thoughts on or efforts at turning it
into a table for the report.

https://docs.google.com/spreadsheets/d/1BkxJiAfXH4QyqXv86A-
Bj0VBfHyTJtwQXBd9Le0giZw/edit#gid=1917623158 

4. Provide bullets or general thoughts for the DPS-wide summaries at the ends of Ch. 4 and 5, and for the
synthesis section.

5. As Kurt mentioned, make sure you add any new citations to the list and move pdfs to the drive (only docs that
are not already in the LCAS 2013 lit cited file).

I'm probably forgetting something, but I think that's most of it.

I'll send out a reminder for the state coordination call tomorrow and hope you can join that, too.

Thanks again.

Jim   

On Mon, Jul 25, 2016 at 2:53 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Teams,

Seems like a while since more than a few of us were available for a lynx call/update, but I'm hoping most will
be able to join the call tomorrow, 7/26, at 10 AM Mountain Time.  We talked a while back about combining the
Core and FIT Team calls, and that's sort of what we did for the last few weeks.
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As folks who have been in the draft report on the drive can see, I'm still struggling to fill in remaining sections.
For the call tomorrow, I'd like to talk about Core Team review of the first 3 Chapters, with each member then
checking their Ch. 4 and 5 sections looking to remove and redundancy. I'd also like Core Team to ensure that
template topics for each section (Ch. 4 and 5) have been addressed and that expert workshop results for their
unit have been summarized and pulled into Ch. 5, along with the probability of persistence graph from the
workshop report.

I'd also like to talk about and settle on which figures (conceptual models and others) we should use and where,
whether any need to be changed/refined, and whether other tables are needed and where (e.g., some version of
the current conditions table that we worked on in Denver?).

I'm sure there are other things to talk about.  If you have specific issues you'e like to address, you can let me
know ahead of time or just bring up on the call.

Talk to you tomorrow.

866-857-8504
7620543 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Patuxent Wildlife Research Center (remotely located)
12100 Beech Forest Road
Laurel, MD 20708 USA
jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings

Remote Contact Info:
Ph: 802-999-8684
243 Locust St
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Executive Summary 
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
canadensis). We considered the available scientific literature and formally elicited the 
professional judgments and opinions of recognized lynx experts to evaluate the historic and 
current distribution and status of resident lynx populations in the DPS, the factors that appear to 
influence those populations, and to assess the likely future viability of the DPS in terms of 
representation, redundancy, and the resiliency of its resident lynx populations (the “3 Rs”). The 
six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or recently supported resident lynx populations. We found…..   

Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a DPS 
and listed it as threatened under the Endangered Species Act of 1973, as amended (ESA) in 
2000 (65 FR 16052-16086). On May 8, 2014, the United States District Court for the District of 
Montana ordered the Service to complete recovery planning for the lynx DPS (U.S. District 
Court MT 2014a, p. 8). On June 25, 2014, the same court ordered the Service to complete a 
recovery plan by January 15, 2018 “…unless the Service finds that such a plan will not promote 
the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). Thus, we conducted this 
SSA (version 1.0) to summarize the best available information on the current status and likely 
future viability of the DPS to inform a determination by Service decision makers of whether (1) 
the DPS continues to warrant protection under the ESA and (2) a recovery plan is needed to 
guide conservation and recovery of the lynx DPS. Commented [1]: Heather & Mary, thoughts on SSA having 
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1.1 Background 
The Canada lynx is a North American wild cat that is strongly associated with northern-latitude 
boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 2000, 
pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It relies heavily on its 
primary prey, the snowshoe hare (Lepus americanus), to support survival, reproduction, 
recruitment, and, therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 
2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; U.S. Fish and Wildlife Service 2005, 
p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx 
distribution is also influenced by snow conditions; it is generally restricted to areas that receive 
deep, powdery, and persistent snow that allows lynx, with their proportionately longer limbs and 
very large feet, to outcompete other hare predators that are less efficient in such conditions 
(McCord and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, 
pp. 89-94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, 
p. 75; Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 
2013, pp. 25-26; 79 FR 54809). 
 
Maybe insert simple resiliency conceptual model here as well as somewhere in Ch. 2? 
 
Lynx are distributed across approximately 5.5 million km2 (2.1 million mi2) in Canada 
(Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in Alaska (University of 
Alaska Center for Science Conservation, http://akgap.uaa.alaska.edu/species-data/canadian-
lynx-annual- 
distribution/#content, accessed 4/28/2016; Reimer 2016, pers. comm.). Lynx are generally 
considered secure, widespread, abundant, and distributed throughout most of their historic 
ranges in Canada and Alaska, which, combined, account for roughly 98 percent of the species’ 
distribution. The southern peripheries of the boreal forest and the distributions of snowshoe 
hares and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; 
McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA (Figure 1, Table 1) represent the remaining 2 percent of the species’ 
breeding distribution (approximately 131,168 km2 [50,644 mi2]). Lynx populations in the DPS 
appear to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below), and the demographic and genetic health and persistence of DPS populations are 
thought to be influenced by connectivity with, and immigration of lynx from, larger populations in 
Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 
79 FR 54815). 
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Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations relative to the general range of lynx in Canada. Range in Canada 
based on Poole (2003), Koen et al. (2014), and Vashon (2015).  
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada when hare populations crashed, many occurred in 
anomalous habitats, and lynx were unable to persist and establish populations in most of these 
areas (Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 
2006, pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2, below). Habitats capable of supporting 
persistent resident lynx populations in the contiguous U.S. (and, therefore, important to the 
conservation and recovery of the DPS) occur over a much smaller geographic area that 
includes parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; U.S. Fish and Wildlife Service 2005, p. 3; 79 FR 
54806-54807; Lynx SSA Team 2016, pp. 6-7). Although uncertainty remains regarding the 
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historic distribution of resident lynx in the contiguous U.S. and breeding populations may have 
been lost from some places, neither broad-scale breeding range contraction nor substantial 
population decline in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (U.S. Fish and Wildlife Service 2005, entire), designated critical habitat for the DPS in 
2006 (71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations 
of “significant portion of the range” and that all lynx in the contiguous U.S. constitute a single 
DPS (72 FR 1186). Also in 2007, the Service initiated a 5-year status review of the DPS (72 FR 
19549). The Service revised the critical habitat designation for the DPS in 2009 (74 FR 8616) 
and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based definition of 
the DPS boundary to formally extend ESA protection to lynx “where found” in the contiguous 
U.S., including New Mexico and other states that were not included in the original DPS range 
(79 FR 54804). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx 
populations. Some areas adjacent to but outside these geographic units are known or 
suspected to intermittently support lynx home ranges and occasional reproduction, and 
uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here. Five of the six geographic units (with 
the exception of the Western Colorado Unit) encompass and closely mirror the areas the 
Service designated as critical habitat in 2014. The geographic units include Federal, private, 
State, and Tribal lands, and the amounts in each ownership vary among the units, with private 
and State lands predominating in the Maine and Minnesota, respectively, and Federal lands 
predominating in the remaining (western) units (Table 1). 
 
 Table 1. Lynx SSA Unit Sizes and Percent Ownership. 
 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent) 

Federal 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 0 0 0 0 91.6 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 
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3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.6 55.6 6.8 1.1 26.5 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of 
this effort, our Endangered Species Program developed a new 
framework, the Species Status Assessment (SSA) Framework 
to guide how we assess the best scientific and commercial 
data available when evaluating the biological status of 
species. In conducting an SSA, we take into consideration the 
life history and ecology of the species to understand how the 
species maintains itself over time, and the likely changes in 
the environment – past, current, and future – to help us 
understand what factors drive the viability of the species.   
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and future condition of the species. 
Briefly, resiliency describes the ability of the species to withstand stochasticity; redundancy 
describes the ability of the species to withstand catastrophic events; and representation 
describes the ability of the species to adapt over time to long-term changes in the environment. 
As a result, the SSA characterizes a species’ ability to sustain populations in the wild over time 
based on the best scientific understanding of current and future abundance and distribution 
within the species’ ecological settings. Importantly, the SSA neither results in, nor 
predetermines, any decisions by the Service under the ESA. 
  
                                                 
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time.  USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 
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The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html    

1.3 Analytical Approach/Methods 
We used the SSA Framework (October 2015, version 3.3) described briefly in 1.2 above, as the 
analytical framework for the assessment process. We evaluated the current status of resident 
lynx populations in the contiguous U.S. as well as the likelihood that the geographic areas 
supporting resident lynx in the DPS would continue to do so in the near term and at mid- and 
end-of-century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs 
(Fig. 2) based on available published literature and other information regarding historic and 
current status of and threats to lynx populations in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgement (Lynx SSA Team 
2016, entire). 
 

 
Figure 2. Conceptual model of the factors influencing the 3 Rs as they pertain to lynx viability. 
 
 
We used the definitions from the SSA Framework 3.3 applied specifically for lynx (see the 
bullets under each “R” below). We evaluated representation and redundancy at the scale of the 
DPS as a whole, and resiliency at the scale of lynx populations within each of the six geographic 
units known or thought to support them in the contiguous U.S. (see Fig. 1 and Table 1, above).  
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Persistence refers to the ability of a population to sustain itself over time. 

Redundancy describes the ability of a species to withstand catastrophic events.  Measured by 
the number of populations, their resiliency, and their distribution (and connectivity), redundancy 
gauges the probability that the species has a margin of safety to withstand or can bounce back 
from catastrophic events; combined with resiliency and representation to form the three-pronged 
biodiversity principles. 
 

● For the lynx DPS, we are using the current and likely future (based on modeling 
projections and expert opinion) geographic distributions of resident breeding populations  
to evaluate redundancy. 

Representation describes the ability of a species to adapt to changing environmental 
conditions. Measured by the breadth of genetic or environmental diversity within and among 
populations, representation gauges the probability that a species is capable of adapting to 
environmental changes; combined with resiliency and redundancy to form the three-pronged 
biodiversity principles. 
 

● We are using  measures of genetic diversity and heterozygosity, the current and likely 
future geographic distributions of resident breeding populations, and the documented 
dispersal capabilities of the species to describe representation for the lynx DPS. 

 
Resiliency describes the ability of the populations to withstand stochastic events. Measured by 
the size and growth rate of each population, resiliency gauges the probability that the 
populations comprising a species are able to withstand or bounce back from environmental or 
demographic stochastic events; combined with representation and redundancy to form the 
three-pronged biodiversity principles. 
 

● Because we lack reliable estimates of population sizes and trends, growth rates, and 
other long-term demographic data for most populations in the DPS, our evaluation of the 
resiliency of lynx populations in the DPS is based largely on recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain 
viable into the future. 

Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
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ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 
lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Retrieved April 14, 2016, from the Integrated Taxonomic Information System online 
database, http://www.itis.gov). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with grayish-brown mixed of buff or pale 
brown fur on the back, and grayish-white or buff-white fur on the belly, legs and feet. In summer, 
its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long tufts of 
black hairs extending from the tips of its ears, a short, completely black-tipped tail, and often a 
distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 cm (30 to 
35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen et al. 
2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished data), 
and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s large 
feet and long legs make it highly adapted for traversing and hunting in deep, powdery snow, 
where its low foot-loading (weight per surface area of foot) is thought to provide a competitive 
advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) over other 
terrestrial predators of snowshoe hares (Lepus americanus), the lynx’s primary prey. In 
southern Canada and the northern contiguous U.S, where the southern edge of the lynx range 
overlaps the northern edge of the bobcat (Lynx rufus) range, the two species are easily 
confused because of their similar size and appearance. However, the lynx’s longer ear-tufts, 
larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear tufts, small 
feet, white on the underside of the tail, and is much more common and abundant in most of the 
contiguous U.S. than lynx. 
 
Overall, genetics research suggests high gene flow across the continental range of lynx, likely 
because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12, Fig XXXX). Genetic evidence also indicates interactions 
between lynx populations even where physical barriers appear most likely to restrict gene flow. 
For example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, 
pp. 1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx, there is evidence of genetic exchange between the two areas, 
indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Isle of Belle Strait that 
separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional 
genetic markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in 
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eastern Canada, which suggest the potential for evolutionarily significant differences in those 
areas, recent analyses reveal genetic exchange among lynx on either side, indicating that some 
lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA 
Team 2016, p. 12-13). 
 

 
Fig XXXX 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range. While recognizing that 
small changes in genetic variation can lead to large changes in population fitness, the authors 
noted that the differences between core and peripheral populations in their study were small 
enough to suggest a lack of significant population subdivision (i.e., no indication of genetic 
isolation, substantial genetic drift, or potential genetic ‘‘bottlenecks’’ among DPS populations; 
Schwartz et al. 2003, p. 1814; 79 FR 54793). This finding is consistent with their earlier work, 
which documented high levels of gene flow (the highest yet documented for any carnivore) 
between core and peripheral lynx populations despite large separation distances (Schwartz et 
al. 2002, pp. 520–522). Their results did not suggest that reduced genetic variation among 
peripheral populations was due to human disturbance (i.e., habitat loss/ fragmentation on the 
southern periphery of the geographic range; Schwartz et al. 2003, p. 1814), but they did imply 
that the persistence of lynx populations in the contiguous U.S. depends on dispersal from larger 
(core) populations (Schwartz et al. 2002, p. 522). Currently, there is no indication that the levels 
of connectivity and gene flow between lynx populations in the DPS and those in the core of the 
lynx’s range are inadequate to maintain the genetic health of DPS populations. Given the 
connectivity of most DPS units with lynx populations and habitats in Canada, the noted 
dispersal capabilities of lynx, evidence of dispersal in both directions across the Canada-U.S. 
border (Aubry et al. 2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and the small number of immigrants thought necessary to 
maintain genetic variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic 
isolation, biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely 
among most DPS populations in the future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
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Additionally, lynx-bobcat hybridization has been documented in Minnesota and Maine, as well 
as New Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male 
bobcats bred with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate 
foot-size, and bobcat-like fur (ILBT 2013, p. 35).  In Minnesota from 2000 to 2015, DNA 
analyses documented 13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016, 
pp. 13, 19); no hybrids have been documented in the western portion of the lynx’s range 
(Schwartz in Lynx SSA Team 2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Fig. 
3). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 5, Table 8), and hare abundance is the major driver of lynx 
population dynamics. Lynx den site selection, litter sizes, pregnancy, as well as recruitment, 
survival (kitten, subadult and adult) and dispersal rates, and population age structure, home 
range sizes, density, and distribution are all strongly influenced by hare abundance (Koehler 
and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, pp. 375-390; Mowat et 
al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
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Figure 3. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 136-
140 and 2000b, pp. 183-191; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000b, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 136-140 
and 2000b, pp. 183-195). Over much of the lynx’s range, hare densities are higher in 
regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000b, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares can be abundant in mature forests with dense 
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understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Hodges et 
al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 2012, pp. 1483-1487). These 
mature forests may be a source of hares for other adjacent forest types (Griffin and Mills 2009, 
pp. 1492, 1495-1496), they may provide especially important winter foraging habitats for lynx 
(Squires et al. 2010, pp. 1655-1657), and they are more temporally-stable (i.e., provide high-
quality hare habitat for a longer period of time) than regenerating stands, which may foster high 
hare densities for a variable window of time between stand-initiation and stem-exclusion stages 
of succession, after which they may persist, in the absence of disturbance, for many years as 
lower-quality hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000a, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession (transition from one stage to another in the development of a mature 
forest) after natural or human-caused disturbances such as fire, insect epidemics, wind, ice, 
disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69).  As a 
result, lynx habitat within the boreal forest landscape is a shifting mosaic of habitat patches of 
variable and continually changing quality (68 FR 40077). That is, boreal forests contain stands 
of differing ages and conditions, some of which provide lynx foraging or denning habitat (or may 
provide these in the future depending on patterns of disturbance and forest succession) and 
some of which serve as travel routes for lynx moving between foraging and denning habitats 
(McKelvey et al. 2000c, pp. 427-434; Hoving et al. 2004, pp. 290-292). Lynx generally 
concentrate hunting activities in areas where snowshoe hare densities are high (Koehler et al. 
1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; O’Donoghue 
et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time as the stand undergoes 
succession, (i.e., as earlier successional stages with dense understories advance to more 
mature stands with reduced understory structure), hare habitat quality and corresponding hare 
densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000a, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
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less pronounced or absent entirely among some hare populations in southern Canada and in 
the contiguous U.S. (Hodges 2000b, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., hare densities may exceed 2 hares/ha (0.8 hares/ac) (McCann 2006, p. 
15; Robinson 2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Vashon et al. 2012, p. 
14), but in many parts of the DPS, densities are lower, ranging from above to well below the 0.5 
hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and populations 
(Hodges 2000b, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and Ruggiero 
2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, pp. 910-
911; Hodges et al. 2009, pp. 873-877; Ivan 2011c, pp. 91-92, 95-102; Berg et al. 2012, p. 1483; 
ILBT 2013, pp. 24, 26, 90).   
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
appear to breed as yearlings and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810), and the amount of structure (e.g., 
downed, large, woody debris) appears to be more important than the age of the forest stand for 
lynx denning habitat (Mowat et al. 2000, pp. 274-275). Dens must be near foraging habitat to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den 
site and one or more alternate or maternal dens until kittens are about 6-10 weeks old (Squires 
et al. 2008, p. 1502; Vashon et al. 2012, p. 17; ILBT 2013, p. 29). Kittens remain with their 
mothers through winter and early spring, apparently learning from her how to hunt and capture 
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prey, initially on a small portion of her home range, but by fall on the larger area the female used 
before kittens were born (Mowat et al. 2000, pp. 269, 278). Juveniles remain closely associated 
with their mothers until February or March, when family groups begin to break up, with young 
typically dispersing in April and May (Mowat et al. 2000, pp. 278-279) to establish their own 
home ranges. Female offspring may establish home ranges overlapping or adjacent to their 
mother’s home range and maintain mother-daughter bonds throughout their lives (Mowat et al. 
2000, pp. 279-280). Otherwise, although there is often some overlap among adjacent lynx home 
ranges, with male home ranges typically overlapping one to three female home ranges, and 
female home ranges partially or completely encompassed by a male’s home range, core areas 
within home ranges appear to be exclusive except during the breeding season (Koehler and 
Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 2012, pp. 17, 22-23). 
Fidelity to home ranges over several years has been documented for both sexes, but shifts and 
abandonment of home ranges have also been documented (Koehler and Aubry 1994, p. 91; 
Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 years in the wild (Kolbe 
and Squires 2006, entire).    
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000a, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).   
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
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Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities declined from 2/ha (0.8/ac) to 1/ha (0.4/ac) 
(Vashon in Lynx SSA Team 2016, p. 18). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 
contiguous U.S., and all are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. appear to function as subpopulations of a larger 
metapopulation centered in northern Canada (McKelvey et al. 2000b, pp. 21, 25, 33; 65 FR 
16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641); they are 
connected to the core population by dispersal (Hanski and Gilpin 1991, entire; McKelvey et al. 
2000b, p. 25).  Populations in the DPS are generally small and isolated from one another, 
though most are directly connected to larger lynx populations in Canada (McKelvey et al. 2000b, 
pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2).  Lynx disperse in both directions across the 
Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon 
et al. 2012, p. 22), and this connectivity and interchange with lynx populations in Canada is 
thought to be important to the conservation of lynx populations in the contiguous U.S. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if (1) it is born to a female 
who occupies a home range with (a) secure denning habitat, (b) adequate hare abundance to 
support lactation during the early kitten stage and later provisioning of the kitten with hare meat, 
(c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and (d) a low likelihood of encounters with lynx mortality 
agents (predators, trappers, vehicles, etc.); (2) the mother’s home range occurs within a larger 

Commented [32]: so really the metapopulation is through 
canada.  make that statment here 

Commented [33]: This is a long list, I have trouble holding 
that much information in my short term memory while reading.  
Consider inserting a table to summarize or adapting one of the 
influence diagrams to include these requirements. 

Commented [34]: I'm not happy with it either, though I 
thought it could be helpful to try to present the whole general 
picture of what an individual lynx needs in one place. I tried to 
make it as concise as possible while still retaining all the 
relevant information. 

Commented [35]: I think the list is necessary, and should 
be here as is, I would just like a table or other visual to refer to 
as well and have that cited here too. 



landscape that also contains adequate hare abundance and available habitat into which the 
yearling lynx may disperse and establish its own home range after the period of maternal 
dependence, with low likelihood of adverse competition and mortality; and (3) the larger 
landscape also supports other secure lynx home ranges and ensures the opportunity to 
encounter a lynx of the opposite sex, breed successfully, and contribute to the recruitment of at 
least one offspring into the breeding population during its lifetime.  
 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met: during the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), where hare population 
cycles are of lower amplitude or absent (Hodges 2000b, pp. 163–173; Hodges et al. 2009, pp. 
870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016, pp. 16-17), and where hare and lynx abundances and lynx demographic rates are 
typically like those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; 
Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367), the likelihood that an individual lynx 
will have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000, entire). These factors probably further 
reduce the likelihood that an individual lynx in the southern periphery of the range will survive, 
reproduce successfully, and have one or more offspring recruited into the resident breeding 
population. 
 
Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Den sites are typically located where 
coarse woody debris, such as downed logs and windfalls, or other dense horizontal structure 
provides security and thermal cover for lynx kittens (McCord and Cardoza 1982, pp. 743–744; 
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Koehler 1990, pp. 847–849; Slough 1999, p. 607; Squires and Laurion 2000, pp. 346–347; 
Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501–1505; Moen and Burdett 2009, 
entire). The amount of structure appears to be more important than the age of the forest stand 
for lynx denning habitat (Mowat et al. 2000, pp. 274–275), although in western Montana, 80 
percent of documented dens occurred in mature stands (Squires et al. 2008, p. 1497). 
 
The size of lynx home ranges is strongly influenced by the quality of the habitat, particularly the 
abundance of snowshoe hares, in addition to other factors such as gender, age, season, and 
density of the lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). 
Generally, females with kittens have the smallest home ranges, likely related to their need to 
stay close to dens and dependent kittens, and males have the largest home ranges (Moen et al. 
2005, p. 11; Burdett et al. 2007, p. 463; ILBT 2013, p. 24). The increased natural patchiness 
and fragmentation of high-quality hare habitat where boreal forest conditions transition to 
temperate forest types require individual lynx in many parts of the DPS to maintain relatively 
large home ranges that include patches of higher hare densities within a matrix of lower-quality 
habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 59434; also see 2.3.3, below). 
Larger home ranges likely require more energy output associated with greater foraging effort 
(Apps 2000, p. 364) and possibly increased exposure to predation and other mortality factors 
than lynx face in the core of their range (78 FR 59438). Annual home range sizes reported for 
lynx in the contiguous U.S. (Table1, below) vary greatly across the DPS but are generally larger 
in the west than the east; however, differences should be interpreted with caution because 
different methods, sample sizes, and estimators were used to generate them (ILBT 2013, pp. 
23-24).   
 
Table 1. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 

Reported Lynx Home Range Size 
km2 (mi2) 

 
References (pages) 

Female Male 

N Maine 26 (10) 54 (21) Vashon et al. 2012 (16-17) 

NE 
Minnesota 

17-21 (7-8) 160-267 (62-103) Burdett et al. 2007 (460-463); Moen et 
al. 2008 (17)  

NW Montana/ 
NE Idaho 

43-115 (17-44) 122-238 (47-91) Brainerd 1985 (20); Squires and 
Laurion 2000 (344); Squires et al. 

2004a (13) 

N-C 
Washington 

37-91 (14-35) 49-69 (19-27) Brittell 1989 in Stinson 2001 (5); 
Koehler 1990a (847); Maletzke in Lynx 

SSA Team 2016 (21) 

GYA 114 (44) 137 (53) Squires and Laurion 2000 (344) 



W Colorado 75-704 (29-272) 103-387 (40-149) Shenk 2008 (10) 

 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963a, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125 ). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but Voyageurs National Park, where hare 
density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et al. 
2012, pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter predators (mountain lion [Puma concolor], coyote [Canis latrans], 
wolverine [Gulo gulo], gray wolf [Canis lupus], fisher [Pekania pennanti], and other lynx) (ILBT 
2013, pp. 33, 35). Although lynx have co-evolved with predators, the influence of predation on 
lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain lions and coyotes are now 
more widespread and abundant in the southern periphery of the lynx distribution than they 
appear to have been historically (Buskirk et al. 2000a, p. 83; Gompper 2002, entire). Lynx also 
need landscapes where they are unlikely to suffer reduced fitness because of competition with 
other hare predators, or encounter traps or other anthropogenic causes of mortality. Except for 
fisher and marten (Martes americana), lynx predators and potential terrestrial competitors for 
hares (the species above plus bobcat; maybe red fox [Vulpes vulpes] in some situations) all 
have higher foot-loading (weight per surface area of the foot), making them less efficient at 
traveling and hunting in the deep powdery snow conditions favorable for lynx (Buskirk et al. 
2000a, pp 86-95) and, therefore, likely limiting, at least seasonally, interactions between lynx 
and these species. Analysis of lynx occurrence data in the contiguous U.S. suggests that lynx 
require at least four months (December through March) of continuous snow coverage (Gonzalez 
et al. 2007, p. 7). Where snow conditions do not consistently favor lynx, increased potential for 
predation and competition would be expected. Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure low (Slough and Mowat 1996, entire), high-speed/ 
high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.  
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
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breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow conditions for about 4 months are needed to support lynx 
occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, some 
places, including within the range of the DPS, appear naturally to barely meet these 
requirements or to do so inconsistently.  
 

 
Fig XX. Resiliency Influence diagram 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see section 2.2.1, 
above; Fig XX.), but on a larger landscape with hare densities and habitat conditions capable of 
consistently supporting multiple home ranges, breeding and dispersal opportunities, and 
reproductive and survival rates such that recruitment and immigration will, on average over the 
long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions recover or improve. As with 
individual lynx, populations are more likely to persist in landscapes where the effects of 
competition, predation, and human-caused mortality (e.g., trapping, vehicle collisions) are 
relatively lower. 
 
At the periphery of the range of a species with a mainland-island metapopulation structure, like 
that thought to govern lynx populations in the DPS (McKelvey et al. 2000b, p. 25), it is 
anticipated that, in addition to habitat islands that support persistent populations, there will be 
other islands that support resident lynx only occasionally, intermittently, or temporarily and 
which may sometimes act as “sources” that produce surplus animals that may disperse to other 
islands and, at other times, as “sinks” that depend on immigration from sources (McKelvey et al. 
2000b, p. 30; also see section 2.3.2, below). The persistence of lynx in each island type is 
determined by colonization and extinction rates - the former are driven by the number of islands, 
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the distances between them, and the species’ dispersal capabilities and timing; the latter by 
population size and demographic and environmental stochasticity, with extinction more likely in 
smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31; Fig XXX).    
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000a, pp. 22, 30). There are few and temporally-limited demographic 
data for most lynx populations in the contiguous U.S.; there remains uncertainty about whether, 
and if so to what extent, the demographic health of DPS populations relies on immigration from 
northern (Canadian) populations; and immigration rates are not known for DPS populations 
(McKelvey et al. 2000a, pp. 24-34). These factors likely preclude development of meaningful 
DPS-wide or unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in southern Yukon, followed by a rate of λ = 1.01 (stable) during the first year 
of a hare decline, and λ = 0.01 (note - this appears to be an error; the correct value for λ in a 
population in which the estimated number of individuals declined from 135 in 1992 to 13 in 1993 
should be 13/135 = 0.10 [rounded to two decimals]) and λ = 0.46 (rapid decline) during the first 
two years of the lynx population decline when hares were scarce. However, the natural range in 
λ that would be expected among peripheral, isolated, or semi-isolated and non-cyclic or weakly-
cyclic lynx populations in the DPS, thought to be subpopulations in a larger metapopulation 
structure, versus those that would signal long-term population decline or instability is unknown. 
Despite this, and the limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 
20) calculated population growth rates in northwestern Montana of λ = 0.92 for lynx in the 
Seeley Lake area (i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the 
Purcell Mountains (increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; 
USFWS, Vortex10, deterministic population simulation) used demographic data from Vashon et 
al. 2012 (pp. XX-XX) to calculate finite growth rates during a period of high hare density (λ = 
1.16; increasing trend) and during a period of low hare density (λ = 0.88; decreasing trend) for 
the lynx population in northern Maine (see also section 4.1.1, below).     
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx  (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 square kilometers (USFWS 2005, p. 5). McKelvey et al. 
(2000b, p. 29) noted that extinction (extirpation) risk should decrease with increasing population 
size, and that extinction resulting from demographic stochasticity is very unlikely even for a 
population (generally; not specific to lynx) with as few as 20 reproducing females. Kramer-
Schadt et al. (2005, entire) developed a spatially explicit population model for Eurasian lynx in 
Germany which they combined with demographic scenarios to evaluate the likely success of 
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potential reintroduction efforts; they concluded that at least 10 females and 5 males would be 
required to establish a population with an extinction probability less than 5 percent over 50 
years. Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian 
lynx; they found that extinction occurred only in small populations that occupied habitats of less 
than 500 km2 and that extinction within 35 years was unlikely among populations occupying 
areas of at least 500 km2 of adequate habitat quality. 
 
In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; U.S. Fish and Wildlife 
Service 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 
54789).    
 
 
 
 

 
Fig XXX 



2.3 Historic and Current Lynx Distribution 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; Alaska 
Center for Conservation Science 2016, p. 1). It is strongly associated with the expansive, 
continuous boreal forests of those areas, and its range largely overlaps that of its primary prey, 
the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 146; Mowat et 
al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to occupy about 
5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their historic range in that 
country (Environment Canada 2014, p. 2), and over 89 percent of the species’ entire 
distribution. Nationally in Canada, lynx are classified as secure, widespread, and abundant; they 
are managed for long-term population stability, with a conservative estimate of 110,000 
individuals during cyclic lows; and no acute, widespread threats to lynx have been identified 
(Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Science Conservation, 
http://akgap.uaa.alaska.edu/species-data/canadian-lynx-annual-distribution/#content, accessed 
4/28/2016; Reimer 2016, pers. comm.), which represents about 8.7 percent of the species’ 
distribution. Lynx in Alaska are apparently secure, with low to moderate threats, and populations 
appear stable statewide, although total abundance is unknown (Alaska Natural Heritage 
Program 2008, pp. 2-4). In both Alaska and Canada, lynx trapping is managed through 
regulated seasons and harvest levels, which are adjusted to avoid overexploitation, especially 
during the low phase of the hare-lynx population cycle (Alaska Natural Heritage Program 2008, 
pp. 2-6; Vashon 2015, pp. 5-6). Along the Canada-U.S. border in provinces adjacent to DPS 
lynx populations, lynx trapping is prohibited in New Brunswick (adjacent to northeastern Maine) 
but regulated trapping is permitted in Quebec (adjacent to northwestern Maine, northern New 
Hampshire, and northern Vermont), Ontario (adjacent to northeastern Minnesota), Alberta 
(adjacent to northwestern Montana), and British Columbia (adjacent to northwestern Montana, 
northern Idaho, and northern Washington). 
 

http://akgap.uaa.alaska.edu/species-data/canadian-lynx-annual-distribution/#content


2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historic conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historic range of lynx in the contiguous 
U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Because of this, resident lynx populations never occurred everywhere boreal forest existed in 
the contiguous U.S. Where the boreal forest was naturally more patchy and marginal, the 
habitat was incapable of supporting an adequate snowshoe hare population that in turn was 
incapable of supporting a resident lynx population over time. As a result, only a few areas in the 
contiguous U.S. historically supported an adequate quantity and quality of habitat to support 
resident lynx populations over time, and many historical lynx occurrences across a large area of 
the contiguous U.S. were likely dispersers. The occurrence of dispersing lynx is unpredictable, 
and dispersing lynx will likely continue to periodically move into areas that are not lynx habitat 
(68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (U.S. Fish and Wildlife Service 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 
54812-54823). Many records of lynx in the contiguous U.S. appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 



numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16), suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous U.S.exist either as 
resident populations or as dispersers, that dispersing lynx are often found repeatedly and for 
variable amounts of time in habitats that cannot sustain breeding populations over time (though 
some breeding may occur occasionally in some of these areas), and that such areas probably 
contribute little to the persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated 
dispersal into habitats that ultimately cannot support the species (‘‘sink’’ habitats) often leads to 
confusion among scientists and the public about where lynx populations may be viable (74 FR 
66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the metapopulation structure thought 
to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see Section 2.2, 
above) and the transitional (and, therefore, increasingly fragmented and isolated) and spatially- 
and temporally-shifting nature of lynx habitat at the southern periphery of the range (Koehler 
and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 FR 54814) also 
present challenges in defining the distribution of lynx. Both factors suggest that some areas of 
the contiguous U.S. may naturally support resident lynx only temporarily or occasionally when 
habitat conditions (both boreal forest vegetation supporting abundant hares and snow 
conditions favoring lynx) are adequate and/or when immigration is sufficient to offset the lower 
productivity and recruitment rates expected among lynx populations in marginal or suboptimal 
habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... source-sink 
mosaics that shift with disturbance and succession,” and the contribution, if any, of these places 
(especially those that act more often as “sinks” than “sources”) to the maintenance and 
persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-
5). Because of the large effect that relatively few errors in identification can have on 
assessments of the distribution of rare animals, especially those that are easily confused with a 
similar and more common species, McKelvey et al. (2000a, p. 209; 2008, pp. 553-554) suggest 
that anecdotal information should be interpreted with caution, and only verified occurrence data 
should be used to assess historical and current lynx distributions. 
 



These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult to precisely delineate the historic or current extent of the range of lynx in the contiguous 
U.S. (68 FR 40084). While recognizing these limitations, we use our best professional 
judgement of the best scientific and commercial data available to make conclusions about the 
range of the lynx for the purposes of this SSA. In the following section, we describe the types 
and distributions of potential lynx habitats in the contiguous U.S., and our current understanding 
of the historical and current distributions of resident lynx populations in the DPS considering the 
factors discussed above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6) and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077).  Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128).  As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
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Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods.  These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000b, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx.  Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Puma concolor; 
Squires and Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 
90; Krohn et al. 2005, p. 123), making them less efficient in deep, fluffy snow conditions.   
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historic or recent evidence of the habitat quality or 
quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 66940-
66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx in the 
DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and snow 
conditions, and that they were not capable historically and are not capable now of supporting 
resident lynx populations.  
 
The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best historic 
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and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 40097-
40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.      
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historic and potential future occurrences of lynx in these states most likely 
represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident, 
breeding lynx, but that it’s ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historic lynx reports for the Southern Rockies, questioned its 
original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historic records were of periodic dispersing lynx during “extremely high populations cycles” 
and that a resident population never existed in southeastern Wyoming (68 FR 40081, 40091). 
The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now Colorado 
Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into southwestern 
Colorado (with plans to release an additional 186 lynx from 2003-2009) in an effort to 



reestablish a resident lynx population, that reproduction among some of the released lynx had 
been documented by 2003, but that it was too early to whether the program would be successful 
(68 FR 40091).  In that rule, the Service also concluded that, despite evidence of reproduction in 
northwestern Wyoming (part of the GYA), potential habitat there is naturally marginal (patchier 
and composed of drier forest types), may be incapable of supporting a resident lynx population, 
and that lynx in northern Wyoming are most likely dispersers (68 FR 40090). Also in 2003, the 
Service concluded that it was possible resident lynx occurred in northern New York prior to 1900 
but the potential habitat there is small, marginal, and likely has only supported dispersing lynx 
since then, and that an effort to reintroduce lynx there failed quickly, suggesting the habitat is 
incapable of supporting a resident population (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan, 2011a, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011a, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (CPW 2015, p.1; Ivan in Lynx SSA Team 2016, 
pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service concluded 
that the historic record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016, p. 47), and it is uncertain whether resident lynx occur outside the San 
Juan Mountains in the southwest part of the state. We continue to believe that available 
information suggests Colorado did not historically support a persistent resident lynx population 
and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historic occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historic records were most likely of dispersing lynx, and 
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dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016 pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

“Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historic and recent records and 
survey efforts” (79 FR 54791). 
 

We concluded that the historic record and recent evidence of lynx occupancy and reproduction 
suggested the presence of a small but persistent resident lynx population in the GYA of 
northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 54825-54826); 
however, the consistency of occupancy over time remains uncertain (Lynx SSA Team 2016, pp. 
11, 45, 57). Uncertainty about whether this area consistently or only intermittently supported 
resident lynx historically makes it difficult to interpret their recent apparent absence from the 
area (Lynx SSA Team 2016, p. 57). If residency was intermittent historically, the current 
apparent absence of resident lynx might be a natural condition related to the area’s largely 
marginal or suboptimal habitat conditions - i.e., it may naturally be capable of supporting 
resident lynx only intermittently when habitat conditions and hare densities are optimal. In that 
case, future intermittent residency would be expected, but only if lynx dispersing from a source 
population immigrate to the GYA when habitat conditions and hare densities return to more 
favorable levels.  Conversely, if the GYA always historically supported a small number of 
resident lynx but no longer does, it may suggest that some factor or factors have acted to tip the 
quality of the area’s habitat from just barely capable of supporting a small resident population to 
no longer capable of doing so, resulting in extirpation. We conclude that this uncertainty cannot 
be resolved based on the available information but, given the protected conservation status of 
millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 



the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its historic inability to support a robust, persistent resident population 
and its apparent recent inability to support any resident lynx may be a reflection of naturally 
marginal and patchy habitats and relatively low hare abundance in much of the unit, resulting in 
only an intermittent ability of this unit to support resident lynx. We also note that extensive areas 
of the GYA were burned by the large, intense wildfires of 1988, and that these areas may soon 
(perhaps in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer 
structure favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the 
likelihood that it may support resident lynx again in the near future.  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx  detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in northern New Hampshire. We conclude that northern and central New 
Hampshire likely supported a small resident lynx population historically that was extirpated 
during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821) and temporarily 
favorable snow conditions that may have reduced bobcat numbers.        
  
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historic lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
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anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historic record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court Idaho 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx appear to be confined to the Purcell, Selkirk, and possibly the Cabinet 
mountain ranges in the northern panhandle. The number of resident lynx in northern Idaho is 
unknown but certainly small based on the amount of potential habitat, and resident lynx here are 
part of a larger (sub?)population that occurs primarily in northwestern Montana and 
southeastern British Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state, which currently supports the largest lynx 
population in the DPS (McKelvey et al. 2000a, pp. 211-212; Hoving et al. 2003, entire; Vashon 
et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA Team 
2016, p. 18). The lynx population in Maine is much larger than was suspected at the time of 
listing or the 2003 remand (thought now to number 750-1,000+ individuals [Vashon in Lynx SSA 
Team 2016, p. 18], though a reliable population estimate is lacking). The current abundance of 
lynx is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
budworm outbreak (68 FR 40087; 79 FR 54792; also see section 4.1.1, below). As these 
regenerating clearcuts, which currently provide the dense horizontal structure preferred by 
hares, mature beyond about 35 years post-harvest, hare densities decline as cover and forage 
are reduced due to forest succession (Simons 2009, p. 217). The current lynx population is 
probably larger than the likely historic condition, when relatively small amounts of the spruce-fir 
forests in the state are thought to have been composed of young stands (Lorimer 1977, entire; 
68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting 
following enactment of the Maine Forest Practices Act of 1989, it is projected that lynx densities 
in Maine will decline by 55 to 65 percent by 2032 (Simons 2009, p. 217). Lynx in Maine likely 
represent the southern periphery of a larger population that occurs in western New Brunswick 
and southern Quebec south of the St. Lawrence Seaway/River, which appears to partially 
isolate lynx in this region, demographically and genetically, from populations in the core of the 
species’ range (Cite - Koen et al. 2014,  2015?). The extent to which lynx persistence in Maine 
relies on immigration from Canada is unknown.     
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that appears to be 
the southern periphery of a larger (sub?)population in southwestern Ontario (Moen in Lynx SSA 
Team 2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to 
be between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 
and areas to the south and west are dominated by bobcats (cite?). Although there are currently 
more lynx in Minnesota than suspected at the time of listing, it is unclear whether current 
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numbers and distribution are similar to the historical condition. The extent to which lynx 
persistence in Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016 pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally   (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008, p. 2). 
Recently, frequent and large-scale wildfires and insect outbreaks have resulted in the loss, at 
least temporarily, of nearly 40 percent of the lynx habitat in the Okanogan region, a more than 
doubling of the estimated average size of female lynx home ranges, and a roughly 50 percent 
decline in the resident lynx population to perhaps 50 individuals (Maletzke in Lynx SSA 2016, 
pp. 21, 43). Although these areas should regenerate into lynx and hare habitat, it may take 35-
40 years (Maletzke in Lynx SSA 2016, p. 21), during which time additional fire and insect 
impacts could further diminish habitat availability and the lynx population’s probability of 
persistence (Lynx SSA Team 2016, p. 44).    
  



In summary, although uncertainty remains regarding the historic distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire, though lynx persistence in New Hampshire is uncertain and lynx 
numbers in Maine are projected to decline over the next several decades. In the West, small 
breeding populations in the GYA and the Garnet Mountains of Montana may recently have 
become extirpated (although both also may be only temporarily “winked off” in a metapopulation 
dynamics sense). In north-central Washington, lynx habitat and numbers have declined 
because of recent large fires and insect outbreaks, and the persistence of the breeding 
population there could be threatened if additional such impacts occur with similar magnitude 
and frequency over the next several decades. As a result of the release of 218 Canadian and 
Alaskan lynx from 1999-2006, resident lynx currently occur in western Colorado. Although the 
number of lynx in this population and its future persistence are uncertain, Colorado currently 
supports more lynx than it likely did, based on the historic record, for much of the previous 
century. The geographic units evaluated in this SSA include all areas in the contiguous U.S. 
with strong historical and recent evidence of persistent resident lynx populations. Detailed 
assessments of the current status and future viability of resident lynx populations and habitats in 
these areas are presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historic and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78).    

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx - through impacts to lynx habitat suitability, 
productivity, mortality, and movement -s due tovia habitat loss or fragmentation, creation of 
barriers to movement, or that otherwise alterations of the vegetation mosaics and prey 
abundances maintained historically by natural disturbance processes, may occur in lynx 
habitats regardless of land ownership and management. The extent to which regulations guide 
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such activities to avoid, minimize, or mitigate impacts to lynx influences the current and future 
likelihoods that those habitats will provide the physical and biological features needed to support 
resident lynx populations. As described in more detail below, the lynx DPS was listed as 
threatened because of athe lack of specific conservation direction and associated regulations on 
Federal lands. At that time, the available information indicated that most lynx habitat in the DPS 
occurred on Federal lands, predominantly in the western U.S. (65 FR 16061). Since then, 
research and monitoring have revealed that non-Federal lands contribute more to the 
conservation of the DPS than was known at the time of listing, particularly in the Northeast and 
Great Lakes regions. Therefore, in the following sections we describe and compare the Federal 
regulatory environment for lynx in the DPS at the time of listing and currently, and we describe 
other regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat be designated for listed species and section 7 
prohibits the destruction or adverse modification of such designated habitats. Critical habitat 
was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 also 
requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet been 
completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those lands, roughly 87 percent is managed by the 
U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 percent by 
the Bureau of Land Management (BLM). The amount of Federal land varies by unit, ranging 
from 0 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see Chapter 4 
below for ownership in each geographic unit). Federal lands management is guided by a 
number of statutes and associated regulations, policies, standards, guidelines, and best 
management practices applied by managing agencies to meet legislative mandates and achieve 
agency missions (for a summary of relevant Acts and associated regulations and guidance, see 
USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some benefits to lynx 
and protect lynx habitats (USFWS 2014, pp. 24-34). For example, the conservation priority in 
the management of NPS lands in accordance with the National Park Service Organic Act (16 
USC 1 et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and 
the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However,  USFS ad BLM lands vary in their regulatory 
status as it pertains to lynx conservation. it was the absence of specific management direction 

Commented [65]: From a listing perspective does the status 
of a species relative to its historic level matter, or does only it's 
current status relative to endangerment matter?  In my 
Interpretation of the ESA only current and projected status is 
important, historic just helps estimate the current and future 
status relative to extinction likelihood based on trend.  In my 
interpretation the any comparisons of factors through time go 
in FR notices to explain decisions, not in species status 
documents.  The comparison also isn't likely to be useful or 
understandable across SSA versions.  My recommendation is 
to focus on the impacts regulatory mechanisms have in this 
chapter, not changes in regulation unless to help explain 
regulatory impacts. 

Commented [66]: See comment below - maybe a quick 
note here summarizing the protections lynx have under the 
ESA? E.g., the prohibition on take (harm harass, etc.,) under 
Sec 9 applies on all lands; the consultation requirement under 
sec 7 applies to any activities carried out, funded by, or 
requiring a permit from any FEderal agency, regardless of 
ownership, etc.? 

Commented [67]: As is, this section is all about the 
absence of adequate regulations (i.e., specific conservation 
direction/ guidance) in USFS and BLM plans at the time of 
listing and what has been done since listing to address that 
inadequacy. 
 
Should this section also discuss/ address the ESA regulatory 
framework and associated protections provided to lynx under 
it? 



and conservation measures for lynx and lynx habitats in USFS and BLM land management 
plans that led the Service to conclude that the regulatory mechanisms in those plans at the time 
of listing were inadequate to provide for the conservation of the DPS. Therefore, the evaluation 
below focuses on the variation in regulatory practices on efforts of on USFS and BLM and their 
impacts to lynx viability, in collaboration with the Service, to address the regulatory inadequacy 
for which the DPS was listed.    
  
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms 
(Factor D as described in section 4(a)(1) of the ESA). Specifically, at that time the Service 
believed that most lynx populations and potential lynx habitats (broad forest vegetation classes 
defined as “lynx forest types” [65 FR 16071]) in the contiguous U.S. occurred on Federal 
(USFS, NPS, and BLM) lands in the western states, and that the plans that guided management 
of those lands (particularly USFS and BLM lands) included “...programs, practices, and activities 
within the authority and jurisdiction of Federal land management agencies that may threaten 
lynx or lynx habitat. The lack of protection for lynx in these Plans render them inadequate to 
protect the species” (65 FR 16052, 16082). At that time, the Service found that USFS and BLM 
management plans did not adequately address risks to lynx and, as identified in the LCAS 
(Ruediger et al. 2000, pp. 2-1 through 6-3), those plans allowed actions that cumulatively could 
result in significant detrimental effects to lynx in the contiguous U.S. As a result, the Service 
concluded in the final rule that the lack of Federal Land Management Plan guidance for the 
conservation of lynx and the potential for those plans to allow or direct actions that could 
adversely affect lynx constituted a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed a Lynx Biology Team to prepare a 
lynx conservation strategy applicable to Federal land management in the contiguous U.S. 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements, and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
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populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, Tthe LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historic conditions and landscape-scale disturbance patterns 
and to maintain or improve lynx and hare habitats at both local (project-level) and landscape 
scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM managers 
within the range of the DPS agreed to implement the standards and guidelines identified in the 
LCAS until management plans could be formally amended to specifically address lynx 
conservation. In 2000, the Service, USFS, and BLM developed and adopted Canada Lynx 
Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and USFWS 2000, 
entire) in which the BLM and USFS agreed to coordinate assessment and planning efforts with 
the Service to assure a comprehensive approach to lynx conservation and to use the LCAS, 
supporting science, and locally specific information as the basis for the approach and to 
streamline consultation under section 7 of the ESA. The USFS further committed to deferring 
any actions not involving third parties that would adversely affect lynx until such time as the 
Forest Plans were amended or revised to adequately conserve lynx (USFS and USFWS 2000, 
p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx, which 
identified and evaluated the potential effects to lynx of implementation of 57 USFS Land and 
Resource Management Plans and 56 BLM Land Use Plans throughout the 14 states in which 
the lynx DPS was proposed for listing (USFS and BLM 1999, entire). The BA concluded that the 
potential for adverse effects to lynx existed on each administrative unit in each geographic area 
and that, cumulatively, implementation of the existing plans was likely to adversely affect the 
DPS; it recommended that all of the plans be amended or revised to incorporate conservation 
measures to reduce or eliminate adverse effects to lynx (USFS and BLM 1999, p. 14). In its 
2000 biological opinion, the Service evaluated the plans described in the BA in conjunction with 
the CAs described above (USFWS 2000, p. 15) and concluded that implementation of the 
existing plans in accordance with the CAs until plans could be formally amended or revised was 
not likely to jeopardize the DPS, but that amendments or revisions to those plans were needed 
to further reduce or avoid the potential for adverse effects to lynx (USFWS 2000, pp. 48-50). 
 



In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the effects of Federal land management activities on lynx, but that amendment of USFS and 
BLM land management plans to conserve lynx would be the strongest mechanism to ensure 
long-term conservation of lynx and lynx habitat on Federal lands (68 FR 40096-97). It concluded 
that although Federal, State, and Tribal regulations and plans had reduced threats to the DPS, 
the inadequacy of existing regulatory mechanisms still posed a moderate, albeit lower-level 
threat, and would continue to do so until Federal land management plans were specifically 
amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, Mmost Forest Service units with lynx forest types have formally 
amended or revised to their land management plans to incorporate the conservation measures, 
standards, and guidelines identified in the LCAS. From 2004-2006, forest plans for seven 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the 
Northern Rockies Lynx Management Direction (NRLMD), which formally amended management 
plans to include lynx conservation measures, standards, and guidelines for 18 national forests 
covering over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 
72,000 km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 
79 FR 54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS 
similarly completed the Southern Rockies Lynx Amendment (SRLA), which formally amended 
forest plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decisionmaking process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
Over 99 percent of BLM lands in SSA geographic units occurs in Colorado (53 percent), 
Montana (27 percent), and Wyoming (19 percent). In the Western Colorado SSA unit, BLM Field 
Offices that contain potential lynx habitat  include the Colorado River Valley, Grand Junction, 
Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, 
and White River Field Offices. These BLM areas were subject to the 2000 interagency CA; 
however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed.  Since 
then, BLM Resource Management Plans (RMPs) have been revised on the Colorado River 
Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices.  The Gunnison, 
Royal Gorge, San Luis Valley, Uncompahgre, and White River Field Offices have not been 
revised and do not contain specific measures for the conservation of lynx.  BLM lands in the 



Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale districts in 
Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA geographic 
areas, respectively. These areas were also designated as lynx critical habitat. The RMP for the 
Garnet area was amended in 2004 to formally adopt the conservation measures of the LCAS 
(BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts were 
revised in 2008 and 2010, respectively, to adopt conservation measures and best management 
practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to limit potentially adverse effects and promote beneficial effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the the NRLMD, the Service concluded that its 
application “...would substantially reduce or eliminate adverse effects to lynx from Forest 
Service land management activities on at least 94 percent of this area, and more likely nearer to 
98 percent” (USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the 
Service concluded that vegetation management standards in the SRLA would prohibit 
treatments that could adversely affect essential components of lynx habitat on 95.5 percent of 
the mapped (potential) lynx habitat in the SRLA area (USFWS 2008, p. 52).       
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them, and they represent the agencies’ efforts, 
in collaboration with the Service, to address and ameliorate the singular threat for which the lynx 



DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively. The amount of private land varies by unit, 
ranging from 0.3 percent in the North-central Washington Unit to almost 92 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units (see Chapter 4 below for ownership in 
each geographic unit). Private, State, and Tribal lands, combined, constitute all of the lands in 
the Northern Maine Geographic Unit and over half of those in the Northeastern Minnesota Unit. 
Because both of these units support larger resident lynx populations than was known when the 
DPS was listed and, therefore, may contribute more substantially to the conservation of the DPS 
than was understood at the time of listing, we must evaluate the regulatory mechanisms that 
pertain to lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, State, and Tribal 
lands constitute much smaller proportions of the other four (western) geographic units (from 
about 3 percent to 16 percent, combined), important lynx habitats occur on some of those lands, 
and regulatory mechanisms may influence their contributions to the conservation and 
persistence of DPS populations or parts of them. Therefore, iIn this section, we summarize the 
relevant regulatory frameworks and mechanisms that may affect lynx on private, State, and 
Tribal lands within the six geographic units of the DPS, but with a focus on those units with the 
greatest proportions of these lands and on activities on these lands with the greatest potential to 
impact lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
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2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take of lynx during legal trapping of other furbearers. These 
efforts benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations where lynx may occur which address 
specifics about traps types and sets that may be used to legally harvest other furbearers and 
that are intended to minimize the likelihood of incidentally trapping lynx 
(http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/). MDIFW 
also adopted and made available for download on its web page the interagency brochure How 
to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats and other Furbearers, and 
modified it to be more specific to Maine and to include a quick reference guide 
(http://www.maine.gov/ifw/hunting_trapping/pdfs/lynx_brochure_updated_october_2009_final.pd
f). MDIFW also set-up an incidental lynx capture hotline and requires that all incidentally trapped 
lynx be reported (http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm), and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. This program has resulted in the successful 
release of many lynx, uninjured, that were incidentally trapped in northern Maine. In 2014, the 
MDIFW obtained an incidental take permit from the Service for lynx trapped incidental to other 
legal furbearer trapping in Maine. After two lynx were killed in killer-type traps in 2014, MDIFW 
imposed additional trapping restrictions to further reduce mortality and injury of incidentally-
trapped lynx (see Other Factors in section 4.1.1 below). The MDIFW also is responsible for 
implementing the Maine Endangered Species Act 
(https://www.maine.gov/ifw/pdfs/listingHandbook.pdf). Although the lynx is not State-listed as 
threatened or endangered because its population is estimated to exceed the State’s listing 
threshold, it is considered a species of special concern 
(https://www.maine.gov/ifw/wildlife/pdfs/Canada_Lynx_2011.pdf). The MDIFW works 
collaboratively with the Service to conduct research and monitor lynx populations and habitats.  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
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conservation officers within 24 hours (pages 52-54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2013/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating  additional  restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 
trapping lynx. Like Maine, Minnesota has a State Endangered Species Statute which requires 
the Minnesota DNR to adopt rules designating species meeting the statutory definitions of 
endangered, threatened, or species of special concern. The Statute also authorizes the DNR to 
adopt rules that regulate treatment of species designated as endangered and threatened. Also 
like Maine, Minnesota has designated the lynx a species of special concern 
(http://files.dnr.state.mn.us/natural_resources/ets/endlist.pdf), and coordinates with the Service 
and other agencies to conduct research and monitor lynx populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - The harvest of lynx was prohibited in Idaho 
and Montana in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2016, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court Idaho 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MFWP 2016, p. 5). 
Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was designated a State Endangered Species in 1993. Under the State’s Endangered 
Species Program, the Washington Department of Fish and Wildlife (DFW) developed a Lynx 
Recovery Plan (http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
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and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foot-hold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973. The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations.  Because these activities have 
the potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota, where State and private 
lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 92 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.1.1 and 5.1.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworn outbreak, which resulted in the recent, unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this excellent post-clear-cut excellent hare habitat 
likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage - 3 to 8 times higher than historic conditions, when only 3-7 percent of 
stands were likely in such condition at any given time (68 FR 40094). Current timber harvest 
and management on State and private lands in Maine are governed by the Maine Forest 
Practices Act of 1989 and administered by the Maine Forest Service within the Department of 
Agriculture, Conservation & Forestry to regulate the size, arrangement, regeneration, and 
management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, the extensive clear-cutting 



of the past has largely been replaced by partial harvest techniques that are unlikely to maintain 
the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this shift in forest management on Maine’s current lynx population, which is 
also much larger than was likely possible under the natural historic disturbance regime, are 
discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and state landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).   
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit, and almost all are in the Montana portion 
of the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution (http://dnrc.mt.gov/divisions/forestry/forestry-
assistance/forest-practices, accessed July 18, 2016). Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers over 63 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in sections 4.1.3 
and 5.1.3 below.  
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit.t, and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent state agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
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Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001; Washington DNR 2006). The WADNR LHMP guides 
timber harvest and other vegetation management on these lands, including the part of the 
Loomis State Forest that occurs in this unit, with the goal of creating and preserving quality lynx 
habitat through its forest management activities. Additional information on the LHMP are 
provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit aAnd, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent ) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.   
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (about 202 km2 [78 mi2] in Unit 
2), and the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead 
Reservation in Montana (about 958 km2 [370 mi2] in Unit 3). Tribal management of these lands 
is expected to benefit lynx and lynx habitats. No tribal lands occur within SSA units 4, 5 ,or 6. 
 
Unit 1: Northern Maine - Tribal lands represent just under 1 percent of the this unit. The 
Passamaquoddy Tribe’s stated  environmental mission is “...to protect the environment and 
conserve natural resources within all Passamaquoddy lands, waters, and the air we share” 
(http://www.passamaquoddy.com/?page_id=13). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (http://www.penobscotnation.org/DNR/DNR1.htm). Hunting, trapping or possessing  
lynx are prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and 
Game Regulations – Section 204. (http://www.penobscotnation.org/DNR/PDF/Chapter 
percent20VII/Chapter percent207 percent20Fish percent20& percent20Game 
percent20Regs.pdf). 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
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2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation - Flathead Reservation in Montana represent nearly 4 
percent of this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and 
Conservation Division is “...to protect and enhance the fish, wildlife, and wildland resources of 
the Tribes for continued use by the generations of today and tomorrow” 
(http://www.cskt.org/tr/fwrc.htm). The Tribes’ 2014 Tribal Wildlife Management Program Plan 
provides guidance to develop and implement habitat management guidelines for Canadian lynx 
in coordination with the Tribes’ Forestry Department as specified in the Forest Management 
Plan (http://www.cskt.org/FWRC/docs/WILDLIFE.PROGRAM.PLAN.FY.2014.pdf).  
2000 Forest Management Plan (http://www.cskt.org/documents/forestry/fmp05.pdf). The Forest 
Management Plan (p. 285) indicates: “Standards for lynx management and habitat protection 
are set forth in the Canada Lynx Conservation Assessment and Strategy, 1999. This strategy 
guides land management activity in lynx foraging and denning habitat. Lynx occurrence and 
populations will continue to be monitored on the Reservation." 

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
  
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is due to 
natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
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The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service did not believe we had sufficient information to consider 
whether climate change affected lynx (FR 2000 pp. 16068-16069). In 2003 we determined that 
the best available science concerning climate change that we had at that time (Hoving 2001) 
was too uncertain (68 FR 40083, 40098).  In our 2006 critical habitat rule we indicated that the 
extent that climate change may affect lynx habitat was not known (71 FR 66014).  In the 2009 
critical habitat rule, the Service acknowledged that new science concerning climate change was 
available, and that climate change may pose a risk to the future conservation of lynx (74 FR 
8617, 8621).  In the 2014 critical habitat rule, we assembled the best available science 
concerning climate change stresses and how modeled projections may influence the primary 
physical and biological features of lynx critical habitat; snow, boreal forest, and snowshoe hares 
(79 FR 54783-54793, 54810-54811, 54822-54826) and.  We concluded that recent information 
on regional climate changes and potential effects to lynx habitat has been developed (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al.2012, pp. 6–13), which suggestsed that climate 
change is likely to be a significant issue of concern for the future conservation of the lynx DPS 
(79 FR 54811). Specifically, climate models projected reductions in the extent of  boreal forest 
habitats and snow conditions needed to support lynx throughout the DPS, with both features 
forecasted modeled to migrate to higher elevations (where possible) and northward in latitude, 
resulting in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx (XXX). Climate change also may also have synergistic effects with other stressors 
(e.g., forest insect outbreaks and wildfire frequency, size, and intensity) that could further 
reduce and  isolate lynx populations within the DPS and reduce connectivity to lynx in Canada. 
  
Lynx biologists identified climate change as the most important and overarching factor 
influencing resiliency of the DPS (Fig. X) (Workshop report 2016, Lynx BioTeam 2013).  Climate 
change is likely to be exacerbated at the southern edge of the range where habitat and snow 
conditions are patchy and becoming increasingly marginal for the continued existence of lynx 
(Gonzales et al. 2007).  Across North America, a significant decrease in winter snow cover 
extent and an increasing ratio of precipitation the for of rain relative to /snow precipitation, 
especially in winter, has resulted in reduced persistence of the winter snowpack (Dyer and Mote 
2006), increased snow density (Dudley and Hodgkins), and decrease in the extent of deeper 
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snowpacks (Dyer and Mote 2006, Brown 2000). Climate change models suggest that future 
snow cover in the contiguous U.S. will be further reduced in extent and distribution (McKelvey et 
al. 2011).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure; 
The character of the snowpack, namely harder, crustier snow conditions are occurring at higher 
latitudes (Callaghan et al. 2011, entire).  As the climate warms, winter temperatures are rising 
above freezing more often.  This results in more rain on snow events and winter thaws that 
change the structure of the snowpack; larger grain size, basal ice layers, depth hoar (weak 
layers in the snowpack), slip planes (crusts and ice layers within the snowpack)(Callaghan et al. 
2011, p. 23).  Various forms of snow compaction and structure within the snowpack give a 
competitive advantage to bobcats and other predators/competitors with higher foot loading that 
would normally have difficulty surviving in deep, fluffy snow conditions (Murray and Boutin 1991, 
Murray et al. 1994, Kolbe et al. 2010).  Lynx habitat (boreal forest with appropriate snow 
conditions) could decrease by up to two-thirds in the lower 48 U.S. and one-fifth across the 
continent by 2100 (Gonzales et al. 2007).  These trends indicate the range of the lynx in the 
DPS is likely to contract (see sections 4._.X and 5._.X).  Because of climate change and other 
stressors, lynx biologists believed three or four of the six units would not persist to the end of the 
century (Workshop report 2016, p. ). 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006).  Globally, greenhouse gas emissions are increasing and 
tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et al. 
2013, Friedlingstein et al. 2014, p. 709, 712. Fuss et al. 2014, p. 851, IPCC 2013).  Analysis of 
paleoclimate indicates 20th century warming is likely to have been the largest of any century 
within the last 1000 years (Folland et al. 2001).  
  
Climate change is manifested in different ways throughout the geographic area that includes the 
lynx DPS.  Observed and predicted increases in surface temperatures are greater in the 
northern Rockies and Northeast (much of the lynx DPS) than elsewhere in the U. S. (IPCC 
2014, pp. 12, 61, Workshop Report 2016, pp. 14-15). Climate history and projections from 
regional climate models for regions within the lynx DPS corroborate global models indicating 
that both eastern and western North America, including all portions of the lynx DPS, have 
warmed in the last century and are likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 
(IPCC 2007b, p. 889). For example, in the Northern Rocky Mountains at Glacier National Park, 
mean summer temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and 
Fagre 2003, pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional 
shifts in vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
  
These changes are predicted to continue and accelerate under future climate scenarios (Hall 
and Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 
°C) to 10.8 °F (6 °C) for North America, with warming higher than this average in areas that are 
inland, northerly, or mountainous. 
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Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS.  The strong warming in the 1980s corresponded to large 
decline of snow cover in North America (Mote et al. 2005), particularly in the western U.S.  In 
accordance, spring snowpack has decreased by about 11 percent.  Temperature has increased 
more in the winter than summer (Knowles et al. 2006), which has increased the amount of 
winter precipitation falling as rain instead of snow throughout the DPS (Feng and Hu 2007, 
entire; Knowles et al. 2006, entire, Huntington et al. 2004, entire).  An analysis of potential snow 
cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Based on a 
general circulation model, Kerr and Packer (1998) predicted that lynx would be among the 25 
mammal species in Canada likely to undergo significant loss of habitat, with accompanying 
decreases in population size. 
  
Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Remaining lynx populations would likely be smaller than at present and, because 
of small population size and increased isolation, populations would likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103). 
  
Near-term effects of climate warming on lynx are more certain than long-term effects.  Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six units 
primarily because of the effects of climate warming (Workshop report 2016 p. X).  The rates of 
change and magnitude of effects of climate warming is difficult to predict.  Climate change is 
anticipated to affect each unit differently as summarized below.   
 
Fig. X.  A simplified effects pathway depicting how climate change affects resiliency of lynx 
populations in the DPS. 
  
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS and in the core of their range in Canada and Alaska (Fig. X).  Climate warming 
will continue to stress populations into the foreseeable future. Effects to lynx, hares, and their 
habitat that are occurring or can be reasonably be anticipated include 1) range contraction, 2) 
reduction in the periodicity of and amplitude of the hare cycle, 3) reduction in snow conditions 
necessary to give lynx a competitive advantage, 4) reduction in hare habitat quality and 
populations, 5) reduction in the amount of lynx and hare habitat in the U.S., 6) changes in the 
frequency and pattern of disturbance events, 7) introduction of disease and parasites, and 8) 
reduced gene flow.  Synergistic effects between these factors and other stressors (e.g., forest 
management, trapping, development) may intensify their effects (Carroll 2007). Diminished 
snow, increasing drought and fire, and increased forest pests and disease are believed to 
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currently be the most important stressors for lynx in the DPS (Fig. X), but it is possible that other 
pathways are, or may become, equally important. Over the next decades, southern lynx 
populations will continue to be affected by climate change and associated shifts in habitat, prey 
base, and competition.  The extent of such changes and whether lynx are able to adapt to them 
will determine not how, but if, this species can persist in the contiguous U.S. (Murray et al. 
2008). 
  
Range Contraction - In response to climate change, lynx range in the DPS is expected to 
contract due tofrom upward shifts in elevation (Danby and Hik 2007) or northward shifts in 
latitudinal distribution of boreal habitat and snow conditions able to support lynx (Sturm et al. 
2001, Rosenzweig et al. 2007, Gonzales et al. 2007, Koen et al. 2014, Lynx Biology Team 
2013, p. 69).  For example, lynx distribution in southeastern Ontario has shifted northward >175 
km over the past 40 years (Koen et al. 2014, pp. 757-758).  Habitat patches will become 
smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et al. 2012, p. 
11) and lynx will become more vulnerable to stochastic and environmental and demographic 
effects because of smaller population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering major 
climate pathways such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect northern hemispheric temperature 
and snow.  Climate change-induced disruptions are believed to have caused the collapse of 
cycles in voles, lemming, and snowshoe hares (Ims et al. 2008, p. 81, Murray 2000).  The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extent of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances (Schmitz et al. 2003, Ims et al. 2008). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced cycle of 
snowshoe hares in its northern range of North America, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008). 
  
These changes have already influenced the climate and snow conditions throughout the 
geographic range of the lynx in North America (Stenseth et al. 1999, Krebs et al. 2001b, 
Huntington et al. 2003). Climate change has caused the dampening or disappearance of 
snowshoe hare and lynx cycles in Canada (Yan et al. 2013) noted in the Lynx Workshop Report 
(2016, p. 13) and reduced the synchronicity in hare cycles (Yan et al. 2013, p. 3264?).  With 
more pronounced troughs in hare abundance, lynx populations will decline (Hone et al. 2011, p. 
424).  Diminished lynx population in the core of the range in Canada is a concern because most 
of the populations of lynx in the DPS are believed to be dependent on periodic immigration from 
Canada for demographic persistence and genetic stability (68 FR 40091, 40097-40100).  The 
disrupted hare cycle will likely translate into a reduced potential for lynx to expand into new or 
unoccupied habitat in Canada or the adjoining U.S. (Lynx Biology Team 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage -  
Climate-induced changes in snow depth and quality are critical because they reduce the extent 

Commented [76]: This sounds very definitive. 

Commented [77]: and amplitude? 

Commented [78]: Cite Schwartz here, maybe also the 2000 
science report. 



of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, Carroll 2007, McKelvey et al. 
2011, Lynx BioTeam 2012 p. 69, Gonzales et al. 2007).  Across their worldwide distribution, lynx 
rely on deep, powdery and persistent snow because they restrict potential lynx competitors such 
as bobcat or coyote and predators such as fishers and cougars from effectively encroaching on 
or hunting hares in winter lynx habitat (Peers et al. 2016, entire; 79 FR 54809).  
  
Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549). 
This trend is expected to continue with future warming (Hamlet and Lettenmaier 1999, p. 1611; 
Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 2007b, p. 850). The IPCC (2007b, 
p. 850) concludes that ‘‘snow season length and snow depth are very likely to decrease in most 
of North America except in the northernmost part of Canada where maximum snow depth is 
likely to increase.’’ Shifts in the timing of the initiation of spring runoff toward earlier dates in 
western North America are also well documented (Hamlet and Lettenmaier 1999, p. 1609; 
Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et 
al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a feedback effect causes the loss of 
snow cover due to the reflective nature of snow and the relative heat-absorbing properties of 
non-snow-covered ground. This feedback effect leads to the highest magnitude of warming 
occurring at the interface of snow-covered and exposed areas, increasing the rate at which 
melting occurs in spring (Groisman et al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 
198–200). This effect has led to the average date of peak snowmelt to shift 3 weeks earlier in 
spring in the Intermountain West (Fagre 2005, p. 4). Snow accumulation and duration are 
expected to decline generally in the geographic areas that contain the central and eastern 
portion of the lynx DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Due to the importance to 
lynx of prolonged periods of deep fluffy snow, current habitats that lose this feature would 
decline in value for lynx (Hoving 2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, 
entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). Bobcat are the 
closest related species to lynx in North America, and they outcompete or displace lynx wherever 
the two species overlap at a broad geographic scale (Peers et al. 2016, entire) and local scale 
(Parker et al. 1983, Robinson 2006, pp. 120-129).  In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120).  Snow depth likely acts as a mediator of competition between the two species.  
Bobcats have a higher foot loading than lynx and are unable to hunt hares successfully in areas 
with deep, soft snow (Krohn et al. 2004, Hoving et al. 2005) and experience high mortality in 
deep snow winters (Litvaitis et al. 1986).  Lynx have a high foot loading and long legs (Buskirk 
et al. 2000, p. 90, Hoving et al. 2003) that give them a competitive advantage over bobcats in 
deep, fluffy snow conditions.  This has important implications for lynx persistence and range 



distribution at the southern edge of their range considering the current and projected changes in 
snow cover, stable or increasing bobcat populations in DPS (Roberts and Crimmins 2010, p. 
170) and the predicted northward expansion of bobcat into areas currently occupied by lynx 
(Lavoie et al. 2009, Roberts and Crimmins 2010, Anderson and Lovallo 2003). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other potential species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (Lynx Biology Team 2013, p. 36).  Cougars are also 
predators of lynx in the West (Lynx Biology Team 2013, p. 35), but like bobcats also have high 
foot loading in deep, fluffy snow (Buskirk et al. 2000, p. 90).  Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2004, entire).   
  
Introgression of lynx and bobcats are an uncertain threat to lynx conservation. Bobcats have 
hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, Homyack 
et al. 2008), where low topographic relief and variability in winter severity may allow more 
interaction between the two species during the breeding season (Lynx Biology Team 2013, p. 
34).  Hybrids were capable of reproducing successfully (Homyack et al. 2008).  The rates of 
hybridization are currently low between the species (0.24 percent) but could increase as bobcat 
populations move north with climate change (Koen et al. 2014).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations by several other mechanisms 
especially at the southern extent of the range.  Changing snow conditions may influence lynx 
hunting behavior and effectiveness.  For example, hard-packed snow is reported to be 
associated with a higher kill rate of hares by lynx than soft snow (Stenseth et al. 2004, p. 
10633).  The higher kill rate could generate higher lynx abundance as a numeric response 
(Hone et al. 2011). This increased functional and numeric response by lynx and other predators 
could drive hare populations to lower levels (Stenseth et al. 2004, p. 10633), and could explain 
why hare populations have declined and seem to remain low in Maine (Scott 2009, p. 43).  
Climate change is causing increased summer precipitation in eastern North America (Jacobson 
et al. 2009, Yan et al. 2013).  Damp, cold summers in the Northeast reduce the survival of 
young hares (citation in Yan et al.) and anticipated decreased summer precipitation in central 
and western North America (Inkley et a. 2004) has a similar effect on hare survival (citation).  
Finally, the shortened duration and diminished snow cover in the DPS may lead to a mismatch 
in the phenology of hare pelage change that reduces hare survival (Mills et al. 2013, 2014). 
  
Incremental changes in climate would affect lynx directly or indirectly through effects on prey 
abundance. Annual weather patterns are known to affect survival and reproduction of snow-



shoe hares, which in turn would influence lynx productivity and survival. Reductions in lynx 
population size and the amount of available habitat possibly could decrease the likelihood of 
persistence of smaller subpopulations and successful genetic interchange between 
subpopulations (Gonzalez et al. 2007). 
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species (see Reduction in Snow Conditions that are 
Necessary to Provide Lynx a Competitive Advantage), and b) reducing the amount of spruce-fir 
habitat required by snowshoe hares.  An analysis of potential snow cover and vegetation, under 
a range of IPCC future climate scenarios and modeling of vegetation using a dynamic 
vegetation model, indicates that potential lynx habitat could decrease by as much as two-thirds 
in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). 
McKelvey et al. (2011) estimated that contiguous areas of spring snow cover would become 
smaller and more isolated throughout the Columbia, Upper Missouri, and Upper Colorado 
Basins, with greatest losses at the southern periphery, which likely is an indicator of the 
trajectory of lynx habitat. According to Carroll (2007), climate change could result in dwindling of 
potential lynx habitat in the northern Appalachians to small areas in the Canadian Maritime 
Provinces.   
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
supporting northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby 
and Hik 2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, 
these ecosystems that support lynx are likely to shift, tracking the change of temperature, but 
with a time lag depending on the migration rate ability of individual plant and animal species to 
migrate (McDonald and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, 
p. 652). On the basis of the best existing data distribution and associated climate information for 
130 tree species in North America, including those making up the forests supporting lynx and 
associated climate information, and assuming no limitations to individual tree growth, McKenney 
et al.(2007) predicted that the average range for a given tree species will decrease in size by 12 
percent and will shift northward by 700 kilometers (km) during this century.  In the contiguous 
U.S., researchers expect that lynx in mountainous habitat will, to some extent, track these 
climate induced vegetation changes climate changes by using higher elevations on mountain 
slopes, assuming that vegetation communities supportive of lynx and hare habitats also move 
upslope (Gonzalez et al. 2007, p. 7).  Some areas of the DPS (e.g., Maine, Minnesota) lack 
altitudinal refugia and climate change and lynx populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102). 
  
In particular, tThese studies predict lynx and hare habitats—boreal spruce-fir and subalpine 
forests—and,  therefore, lynx distribution, are likely to shift upward in elevation within its 
currently occupied range and recede northward as temperatures increase (Gonzalez et al. 
2007, pp. 7, 13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; 
Vashon et al. 2012, pp. 60, 64; ILBT 2013, p. 69). Lienard et al. (2016, p. 7) assessed forests in 
New England, Northern Great Plains, and higher elevations in the Rockies, including spruce-fir 
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types, as vulnerable to drought-related stress from climate change during the next century.  The 
boreal spruce-fir forests that provide habitat for lynx and snowshoe hares is thought to be 
limited by summer temperatures and drought (Iverson and Prasad 2001, pp.192–196) and, 
under a suite of emissions and climate change scenarios, is projected to diminish dramatically 
or disappear from much of the eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 
2008, pp. 390–400). Within the last 20 to 25 years, widespread mortality and reduced growth in 
red spruce in the Northeast are believed to be linked to climate stress (McLaughlin et al. 1987, 
p. 501, Johnson et al. 1988, p. 5373.).   Climate modeling suggests that lynx habitat and 
populations are anticipated to decline accordingly (Carroll 2007, pp. 1098–1102) and may 
disappear completely from parts of the range of the DPS by the end of this century (Johnston et 
al. 2012, pp. 6–13). 
  
Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11).  Remaining lynx populations would likely be smaller than at present and, because 
of small population size and increased isolation, populations would likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is also disproportionately affecting the boreal forest in Canada, source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Millar 2004).  Boreal forests have been identified as a critical `tipping 
element' of the Earth's climate system and are believed to be more sensitive to drought than 
other forests (Lenton et al. 2008).  Global temperatures are increasing and snowfall is declining 
at the fastest rate in higher latitudes within the boreal forest region of Canada and Eurasia 
(Budyko et al. 1991, IPCC 2014).  Climate change predictions to the boreal forest are already 
occurring, and much of the climate-induced change is occurring faster than originally predicted, 
suggesting rapid change as opposed to slow linear change (Soja et al. 2007, pp. 5-6).  General 
circulation models are in agreement that winter warming across the circumboreal region will be 
in excess of 40 percent above the global mean (Soja et al. 2007).  Increases in precipitation are 
expected in the boreal region of Canada, particularly during the winter, but may be offset with 
increases in summer drought, heat stress and evapotranspiration (Stocks et al. 2000).  Thus, 
boreal forest are experiencing rapid increases in tree mortality (Peng et al. 2011, entire). Boreal 
forest Several authors have suggested that grasslands, aspen parklands, and temperate forest 
will expand northward resulting in decreases in boreal forest (Rizzo and Wilken 1992, Smith and 
Shugart 1993, Starfield and Chapin 1996, Rupp et al. 2000), which could further more 
fragmented spruce-fir habitat (Prasad et al. 2007, Iverson et al. 2008, Olinger et al. 2008, Tang 
and Beckage 2010, Seymour 1992, Simons 2009, Rustad et al. 2012).   This is expected to 
further fragment boreal forest in southern Canada (Hogg 1994), and would reduce habitat 
connectivity between lynx metapopulations in the U. S. and southern Canada, and limit the 
ability of lynx to disperse into the DPS. 
  
Changes in the Frequency and Pattern of Disturbance Events - An increasing occurrence and 
persistence of drought, along with associated insect outbreaks and wildfires, could rapidly and 
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dramatically affect the distribution, amount, and composition of lynx habitat (Lynx Biology Team 
2013, p. 70). Cohen and Miller (2001) suggested climate change could alter both the nature and 
extent of wildfire and beetle outbreaks. With warming climate, fire seasons in the western U.S. 
will likely be extended and the total area burned may increase (McKenzie et al. 2004). 
Westerling et al. (2006) predicted that warmer springs could increase the frequency and 
duration of wildfires, which in turn could reduce the resistance of surviving trees to bark beetle 
attack. Raffa et al. (2008) suggested that increasing temperatures and forest homogeneity likely 
will result in bark beetle outbreaks that exceed natural disturbance thresholds; this may set the 
landscape for additional outbreaks since there will be even-aged forests over a larger area. 
  
Westerling et al. (2006) compiled information on large wildfires in the western U.S. from 1970–
2004; large wildfire activity increased suddenly and markedly in the mid-1980s, with higher 
large-wildfire frequency, longer wildfire durations, and longer wildfire seasons. The greatest 
increases occurred in mesic, middle- and high-elevation forest types (such as lodgepole pine 
and spruce-fir) in the northern Rocky Mountains. Fire exclusion has had little impact on natural 
fire regimes of these higher-elevation forest types in this area; rather, cli-mate appears to be the 
primary driver of forest wildfire risk. Large wildfires were strongly associated with increased 
spring and summer temperatures and an earlier spring snowmelt. 
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests that affect disturbance patterns in spruce-fir forests.  For example, native 
bark beetles, such as the spruce beetle and mountain pine beetle, are a key agent of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009).  Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609).  In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire).  However, widespread clearcutting following the 
most recent spruce budworm outbreak in Maine was the primary driver creating widespread lynx 
habitat (Hoving et al. 2005, Vashon et al. 2012). 
 
Paragraph on the results of fire and insects on boreal forests in terms of Lynx impacts, I.e., loss 
of boreal forest as per presentation at EE workshop about boreal forest being replaced following 
disturbance, and impact of succession caused by fire/insects.     
  
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire).  Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-born diseases (Daszak et al. 2000).  
  



No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but experts believed this was difficult to predict and a 
possibility (Workshop Report 2016, p. XXXXX).  A few pathogens have been documented in 
lynx in the DPS.  For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, none 
of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed to plague by 
infected prey after their release in Colorado.  Exposure of some lynx to feline parvovirus was 
detected in six areas in western North America (Montana-Alaska)(Biek et al. 2002).   
Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats (Sarmiento 
1956, Van Zyll de Jong 1966, Kumar 1974, and Reichard 2004) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24).  Lynx with heavy infestations have difficulty breathing and succumb 
to starvation as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
  
Reduction in Gene Flow - Koen et al. (2014) hypothesized that climate change would create 
increasingly unsuitable environmental conditions for lynx (e.g., milder winters with reduce snow 
quality, declining and fragmented boreal forest), which was associated with low genetic diversity 
and high genetic differentiation at the trailing (southern) edge of the range.  Furthermore, high 
winter temperature, low snow depth, and low proportion of suitable habitat were strongly 
correlated with neutral genetic diversity, low allelic richness, and high genetic differentiation 
(Koen et al. 2014, p. 757).  They surmised that genetic structuring in southern lynx populations 
could be caused by northward shift in optimal conditions causing isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes of snowshoe hare or 
bobcats causing lynx to shift northward. Lynx with the greatest allelic richness were found in 
areas with the deepest snow in the core of their range in northern Ontario (Koen et al. 2014, p. 
758).  The authors conclude that climate warming has reduced gene flow at the receding 
(southern) edge of the lynx’s range, and that southward gene flow from Canada into threatened 
U.S. population is unlikely (Koen et al. 2014, p. 760). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations.  For example, gene flow between eastern Canada and Maine 
lynx populations depend on an ice bridge for dispersal across the St. Lawrence River.  Although 
some lynx currently cross the river, Koen et al. (2014, entire) found genetic structuring on either 
side of the river.  Thus, the river already restricts gene flow.  Climate-induced deteriorating ice 
conditions on the St. Lawrence River could further restrict gene flow between lynx populations 
north and south of the river (Koen et al. 2014, p. 528).  Between 1969 and 2002 there was a 20 
to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the St. Lawrence 
(Johnston et al. 2005).  Conversely, reduced ice on the St. Lawrence may prevent bobcats from 
dispersing northward into lynx areas in central Quebec (Koen et al. 2014, p. 528). 



3.3 Vegetation Management 
Forest management is the most prevalent land use throughout the lynx DPS and can have 
beneficial, neutral, or adverse effects on lynx and snowshoe hare habitat and populations.  
Forest management affects stand structure, composition, and arrangement on the landscape, 
which are important elements of habitat for snowshoe hares and lynx.  At the home range scale, 
lynx throughout the DPS select landscapes having the greatest snowshoe hare densities 
(citation).  In Maine and Minnesota these are young, regenerating spruce-fir forests (Hoving et 
al. 2004, McCann and Moen 2011) and in the West regenerating lodgepole pine (Koehler, 
Maletzke, Berg et al. 2012) and dense mature conifer forest (Griffin 2004, Squires et al. , Berg 
et al.).  Silvicultural prescriptions and cutting practices in boreal forest types vary widely 
throughout the lynx DPS depending on the landowner, forest ecology and ecoregion, tree 
species, site conditions (e.g. moisture, slope, aspect), disturbance regimes (e.g., fire, insect 
outbreaks), forest policy and regulations, logging equipment, and markets for forest products. 
Forest management that creates habitat for hares and lynx in one geographic area may not be 
beneficial to hares and lynx in another. 
  
Nevertheless, snowshoe hares throughout the region respond to one common denominator. 
Dense understory (horizontal cover) is the most important forest structural characteristics for 
hares throughout their range (Ferron and Ouellet 1992, Wolfe et al. 1982, Litvaitis et al. 1985).  
Dense, horizontal cover provides hares with a source of browse and cover from predation.  
Softwood (e.g., spruce-fir) has about three times more cover value as hardwoods (Litvaitis et al. 
1985).  Thus, stem density (or stem cover units) and snowshoe hare density are directly and 
positively correlated (Conroy et al. 1979, Sullivan and Sullivan 1988, Koehler 1990b, Koehler 
and Brittell 1990, Thomas et al. 1997, Hodges 2000a, Mowat et al. 2000, Homyack et al. 2006, 
Robinson 2006, Scott 2009, Fuller and Harrison 2013).  Forest practices that promote high stem 
density and dense horizontal cover can increase snowshoe hare densities (Keith and Surrendi 
1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 1983; Livaitis et al. 1985; Bailey et 
al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; Fuller et al. 2007; Homyack et al. 
2007; Scott 2009; McCann and Moen 2011).  Forest practices that reduce dense understory 
generally are a stressor to hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979, Sullivan and Sullivan 1988, Koehler 1990b, Thomas et al. 1997, 
Homyack et al. 2005, Robinson 2006, Griffin and Mills 2007, Berg 2010, Ivan 2011a, Lewis et 
al. 2011, McCann and Moen 2011, Robinson 2006, Scott 2009).  Similarly, the effects of forest 
management on lynx habitat use, movements, and home range have been investigated by 
Koehler (1990a), Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et 
al. (2008), Vashon et al. (2008b), Squires et al. (2010), Simons (2009), Simons-Legaard et al. 
(2013), Simons-Legaard et al. (2016). The results of these studies show... 
  
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
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negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (Federal Register, July 3, 2003, vol. 68, no. 28, pp. 40076-40101). 
  
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, 
Seymour et al. 2002, Lorimer and White 2003).  In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S.  After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event.  Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 meters depending on tree species) the tree crowns lift and lower 
branches self-prune, thus reducing the live horizontal branches providing food and cover for 
snowshoe hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where 
mature trees die or fall down) and food and cover may again become available to support 
snowshoe hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction).  The 
culmination of the process (or a forest rotation) is harvesting of forest products.  Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 



● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with support hares and lynx.  Where the 
objective is to provide snowshoe hare habitat by creating additional early-successional forest 
conditions, management considerations include selecting areas that are capable of, but not 
currently providing, dense horizontal cover, designing the appropriate size and shape of 
treatment units, retaining coarse woody debris, and maintaining high stem densities in 
regenerated forests (Koehler and Brittell 1990, Homyack et al. 2004, Bull et al. 2005, Fuller and 
Harrison 2005, Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products.  Therefore, 
worldwide and trends in forest products markets greatly affect forest management outcomes 
and thus, the amount and quality of lynx habitat in the DPS.  Forest management decisions 
(e.g., to focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 hasve contributed to declines in U. 
S. wood product output.  Within the northern region of the U. S. (Maine to North Dakota) there 
has been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011).  As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009.  The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse.  Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011).  Under depressed markets, 
landowners may reduce harvests, which may be to the detriment of lynx in some parts of the 
DPS (e.g., Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors, which are difficult to 
predict the future. In recent years, the forest products industry throughout the U. S. experienced 
a downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595).  Despite depressed markets, one area of increasing 
interest is bioenergy production.  Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125).   The wood pellet sector is expected to grow, although woody biomass is typically 
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the lowest value wood commodity sold from the forest.  Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of state and federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable.  This has resulted in major shifts in forest management strategies, outcomes, and 
products.  For example, in the last two decades in Maine, where nearly all the lynx critical 
habitat is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in 
the “northern forest” (Adirondacks to northern Maine) was sold to a host of  financial groups 
(Hagan et al. 2005).  These groups have short-term investment goals and different management 
objectives and have dramatically changes harvest practices.  Whereas the previous large 
industrial landowners focused on the forest land base as a supply for their manufacturing 
facilities, the new TIMOs and REITs focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178).  Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicate these landowners 
increased harvest rates, shortened rotation rates, and a shifted to managing for and harvesting 
of hardwood tree species (Jin and Sader 2006, p. 183-185).  On one hand, these trends in 
Maine private lands management make lynx management commitments more difficult because 
short-term landowners are not interested in long-term commitments.  On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004, Lilieholm et al. 2010). Conservation land as percentage of 
Maine’s state area increases from less than 5 percent in 1987 to approximately 19 percent 
today (Beck et al. 2012, p. 15).  Conservation easements restrict development and usually do 
not affect forest management.  Neither do they typically require management for lynx and other 
rare species.  Some private forestlands were sold to state and federal agencies and 
conservation interests.  For example, in recent years The Nature Conservancy purchased 
310,000 acres of private forestland in Montana and 185,000 acres of private forestland in 
northern Maine.  Lands in conservation ownership have a high probability of being managed to 
benefit hares and lynx.   
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire).  Many models have been developed to project how U. S. timber production and 
markets will adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia et 
al. 1997, Sohngen and Mendelsohn 1998).  Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate.  Some models predict that 
consumers will gain from climate change while landowners in some regions will lose.  The forest 
industry will adapt to climate change in many ways including using alternate tree species in 
manufacturing, shifts to geographic regions of the country with economic advantages in timber 
growth, and increasing forest plantations with new species that are favorably adapted to the 



new climate and markets.  Many strategies have been evaluated to increase the quantity of 
carbon stored in North American forests (Irland et al. 2003) including discontinuing or greatly 
reducing harvest in some forests to build carbon reserves, increased recycling to reduce use of 
forest products, converting agricultural lands to forests, and substituting wood products for more 
energy-intensive products.  Increased atmospheric carbon will increase forest growth slightly, 
except for softwood (Irland et al. 2001, p. 757-758).  Sawtimber production, which sequesters 
more carbon, is expected to increase (Irland et al. 2001, p. 758).  Expanding landscapes with 
older growth conifer forest to sequester carbon could benefit lynx in the West and be to the 
detriment of lynx in the East. 
  
Climate change will affect forest-related recreation.  Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759).  
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001).  These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting)(Swanson and Loomis 1996).  At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affect many of the requirements necessary for the 
continued existence of lynx in the DPS.  Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire).  Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal 
lands).  Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably 
be anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and 
pattern of disturbance events.  Synergetic effects between forest management and other 
stressors (e.g., climate change, trapping, development) may intensify their effects (Carroll 
2007). Habitat loss and fragmentation are believed to currently be the most important stressors 
for lynx in the DPS (Fig. X), but it is possible that other pathways for forest management are, or 
may become, equally important.  Hares and lynx will continue to be affected (both positively 
and negatively) by forest management into the foreseeable future.  Forest management 
stressors primarily affect lynx by lowering landscape hare densities, which in turn reduce lynx 
reproduction and lower 

  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
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to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees.  Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). 
  
Precommercial thinning has been shown to reduce hare numbers by as much as 2- and 3-fold 
(Griffin and Mills 2004, 2007; Homyack et al. 2007) because of reduced cover and decreased 
availability of browse. Griffin and Mills (2007) reported that, if their results were representative, 
the practice of precommercial thinning could significantly reduce snowshoe hares across the 
range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support snowshoe hare densities to the level that were present pre-
treatment. At this time, no other data are available to quantify the re-establishment of snowshoe 
hare habitat and over what time period, or the response by snowshoe hares, as compared with 
sites that were not precommercially thinned, so this remains an unproven management 
technique. As an alternative to standard precommercial thinning (i.e., complete thinning 
resulting in a homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 
percent of the patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare 
habitat in the short term. However, Lewis et al. (2011) found that landscapes with patches of 



high-quality habitat surrounded by similar vegetation supported more hares than did more 
fragmented landscapes composed of high-quality patches in a matrix of poorer-quality habitat. 
Further long-term studies of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2008 the USFS amended Forest Plans to incorporate management that would conserve lynx, 
including direction that minimized (or eliminated?) the impacts of precommercial thinning in lynx 
habitat. However, precommercial thinning is not regulated on private forest lands throughout the 
remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat and reduces fuels. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand.  Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management.  Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed).  Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire).  In recent years, about 
425,000 acres of Maine forest are harvested annually and 96 percent of this land is partially 
harvested (Maine Forest Service 2016? Check).  After 17 years of extensive partial harvests, 
much of the northern Maine landscape has been influenced by this form of forestry, and will 
continue to be into the future. The popularity of this form of harvesting extends beyond Maine.  
From the mid-1980s to mid-1990s, partial harvesting comprised 62 percent of the harvest in the 
U. S., and clearcuts comprised the other 38 percent.  Partial harvested stands result in a wide 
range of residual stand conditions, but many have lower conifer stem densities and higher 
hardwood density than regenerating clearcuts (Robinson 2006).  On average, partial harvested 
stands supported about 50 percent of the hare densities observed in regenerating clearcuts 
(Robinson 2006).  Shelterwood cuts, a form of even-aged management, are the exception and 
have maintained densities similar to regenerating clearcut stands (D. Harrison, UMaine, unpubl. 
data).  Current hare densities in partial harvested stands in Maine average about 0.4 hares/ha 
(Simons 2009, p. XXX, check), which is below the landscape hare densities (0.5 hares/ha 
(Ruggiero et al. 2000b, Simons-Legaard et al. 2013) needed to support lynx. 
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In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types (Plate 4.4). In these instances there is a short-term (10–30 years) impact on snowshoe 
hare habitat. In the western U.S., prescribed fire for ecosystem restoration is most applicable to 
the dry ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir 
forests are generally composed of thinner-barked trees that are easily killed even with light fire, 
this technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (Plate 4.3). These types of projects 
are becoming more common. In the western U.S., projects designed to restore forests to a 
condition more representative of the historical range of variability are generally targeted to drier, 
lower-elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx 
habitat. Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest.  In fact, forested landscapes have increased in 
some parts of the DPS (especially in the Northeast) because of farm abandonment and 
recolonization by second-growth forest.  However, some forms of forest management such as 
selective harvesting and fire suppression can intentionally (or not) alter tree species composition 
away from boreal forest types that support snowshoe hare and lynx.  Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest.  For example, in northern New England clearcutting leads to drying of the 
forest floor and consequent heavy mortality in spruce and fir regeneration and increased light 
levels that increase hardwood competition (White and Cogbill in Eagar and Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare.  Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition.  
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44).  Hare densities may increase after trees in a plantation reach the sapling stage 
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and branches intermingle at the ground level creating horizontal cover if the lateral branches are 
not pruned (Parker 1984, p. 163, Parker 1986 p. 160, Roy et al. 2010, p. 285).  However, the 
period of time that that spruce plantations may support high hare densities in Maine and eastern 
Canada may be relatively short (10 to 17 years post-harvest) compared to regenerating 
softwood clearcuts (15-35 years post-harvest)(Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus reducing food, 
cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et al. 
2003 p. 462).  Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10).  In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
  
Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013).  In Maine and northern Washington, landscapes where habitat was more 
contiguous supported more snowshoe hares than landscapes that were more fragmented 
(Simons 2009, Lewis et al. 2011).  Within their home ranges, lynx strongly select for habitat 
patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller 
and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in Maine 
indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that land-scapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016).  In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx (FR 74(36)). 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range.  For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 



quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northeast Geographic Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands.  In some 
instances, forest management has greatly altered the disturbance regime.  For example, the 
Acadian forest in Maine and eastern Canada was driven by gap dynamics (similar to some parts 
of the West today) and true stand-replacing disturbances were quite uncommon with recurrent 
intervals of thousands of years.  After several centuries of forest management, stand age 
structures have become simplified, and commercial timber rotations are a fraction (15 to 40 
percent) of the lifespan of boreal tree species (Seymour 2002).  Whereas prevalent, these 
younger even-aged  forest stands on the landscape may benefit hares and lynx in Maine, 
forestry has shifted the species composition of Maine’s forest to species favored by frequent 
harvest disturbance, such as red-maple, paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
65 FR 16076 - “we further conclude that 
timber harvest and fire suppression may 
have regional or local impacts but do 
not currently threaten the contiguous 
United States population.” 
 
Same - We conclude that timber 
harvest and fire suppression may be 
impacting lynx and prey habitat in the 
Great Lakes Region. 
 
68 FR 40093-94 - The final (2000) rule explained that natural fire plays a significant role in 
creating the mosaic of vegetation patterns, forest stand ages and structure that provide good 
lynx and snowshoe hare habitat in the western mountain ranges of the United States. The final 
rule also explained that fire suppression in the Northern Rocky Mountains/Cascades and 
Southern Rocky Mountains during the past 50 years has likely had little impact on lynx, because 
most forests where lynx habitat occurs have natural fire return intervals that are longer than the 
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period of time of human fire suppression or because fires that do occur in lynx habitat are large, 
high-intensity fires that are difficult to suppress. Where fire suppression does occur in lynx 
habitat, it can reduce the quality of habitat by reducing the amount of younger forests or by 
changing the species composition and structure of forests. As in the final rule, we conclude that 
past fire suppression has had limited impact in lynx habitat in the Northern Rocky 
Mountains/Cascades and Southern Rocky Mountains; however, it may affect lynx habitat quality 
at some local scales, particularly on non-Federal lands. Although increased interest in fire 
suppression and reduction of heavy fuels has the potential to affect snowshoe hare habitat, we 
conclude the threat to lynx in the Northern Rocky Mountains/Cascades and Southern Rocky 
Mountains as a result of the current effects of fire suppression is currently low. 
 
40094 - in the Northeast forests fire return intervals are very long as a result of the moist 
maritime influence. Thus, fire did not historically play a significant role in creating early 
successional habitats. While current fire suppression may have localized minor effects, it is not 
likely affecting lynx habitat overall in the Northeast. 
 
40095 - The final rule described natural fire regimes and the history of fire suppression in the 
Great Lakes. Fire suppression policies across all land ownerships in the Great Lakes are such 
that fire is unlikely to assume its natural role in creating a mosaic of vegetation communities and 
age classes across the landscape. However, the final rule established that on some Federal 
lands in northeastern Minnesota, where the region’s highest quality and quantity of lynx habitat 
is found, and where numerous lynx have been documented in the past 3 years (Minnesota 
Department of Natural Resources in litt. 2003), fires are allowed to burn. The LCAS 
recommends that on Federal lands fire be restored as an ecological process. Locally, fire 
suppression may reduce the quality of lynx habitat in the Great Lakes. 
 
USFS and BLM 1999 (BA), p. 34: “Continued fire suppression, over time, can also alter 
vegetation mosaics and stand composition, and may reduce foraging habitat for hare (Ruediger 
et al. in press 1999). Fire exclusion may have permanently changed the dominant successional 
pathways and stand composition in jack pine forests of the Great Lakes geographic area. 
However, in western ecosystems, the removal of fire from high elevation boreal forests has not 
been as significant as in lower elevation warm/dry forests, such as ponderosa pine (Agee in 
press 1999).” 
 
Same, p. 58: LCAS identified risk factors to lynx in Cascades geographic area including “Fire 
exclusion that changes the vegetation mosaic maintained by natural disturbance processes.” 
  
 
 
 
 



3.5 Habitat Fragmentation 
 
Natural fragmentation of habitat limits lynx populations throughout the DPS and largely explains 
their patchy distribution in the contiguous United States.  In contrast, lynx habitat in Canada and 
Alaska is comprised of large expanses of contiguous boreal spruce-fir forests in gentle, rolling 
topography, with favorable deep, fluffy snow conditions (Section 2.3.2, Aubrey et al. 2000, Poole 
XXXX).  
 
In lynx units in the western contiguous United States (Cascades, northern Rockies, Greater 
Yellowstone, Colorado), boreal forest occurs in a relatively narrow elevational band in the Rocky 
Mountains.  These “islands” of habitat can be extensive (e.g. the Okanagan or northern 
Montana) or small (e.g. Garnet Range, southern Montana) depending on topography and 
precipitation.  Sometimes areas of boreal forest are separated by inhospitable habitats in the 
valleys (e.g., sage flats) that may restrict dispersal between habitat patches.  In other areas, 
matrix forest in the valleys facilitates lynx movements between suitable habitats.  
 
Lynx habitat is also naturally fragmented  in the eastern contiguous United States (Minnesota 
and northern Maine).  In these areas there is comparably little topographic relief, and the 
extensive forests  in these regions are characterized as an ecotone between northern hardwood 
and spruce-fir forests.   Spruce-fir habitat is patchily distributed and often associated with low-
lying areas (peatlands, fens, riparian corridors, and low topography “flats”) and sometimes at 
higher elevations.   Patches of spruce-fir become progressively larger at higher latitudes where 
they eventually become contiguous with boreal forest in Canada.  Patches of spruce-fir become 
progressively smaller and more widely-spaced with decreasing latitude to a point where there is 
no longer sufficient landscape hare densities to support lynx. 
 
Throughout the DPS, human activities exacerbate natural fragmentation effects.  Anthropogenic 
activities such as forest management, development, and highways further alter natural 
landscape patterns.  They cumulatively reduce the total area of habitat, diminish the quality of 
habitat, increase the isolation of habitat patches, and impair the ability of lynx and other wildlife 
to effectively move between patches of habitat. Fragmentation may be permanent, for example 
by converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. 
Fragmentation of habitat (both natural and anthropogenic) increase the risk of extirpation of 
small lynx populations.   
 
Lynx populations are clearly most viable in areas having extensive, unfragmented habitats with 
large patches of high-quality foraging habitat.  Both lynx and hares are influenced by the spatial 
arrangement of preferred habitat. In Maine and northern Washington, landscapes where habitat 
was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Several studies (Koehler 1990a, Mowat et al. 
2000, von Kienast 2003, Maletzke 2004, Squires and Ruggiero 2007, Squires et al. 2010) have 
reported that lynx avoid large openings, especially during winter. Mowat et al. (2000) suggested 
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that relatively few snowshoe hares use large openings, and consequently lynx spend little time 
hunting in these areas. Koehler (1990a) speculated that vegetation management prescriptions 
that result in distance to cover >100 m (328 ft) may change lynx movement and use patterns 
until such time as sufficient reestablishment of forest vegetation occurs. Opening size can also 
influence seedling regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat.  Within their home ranges, lynx 
strongly select for habitat patches that enhance their foraging opportunities (Moen et al. 2008, 
Vashon et al. 2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter 
movements of lynx in Maine indicated that lynx responded to habitat heterogeneity at a coarse 
scale within their home ranges, by maximizing their access to snowshoe hare prey (Fuller and 
Harrison 2010). In Montana, lynx selected homogeneous spruce-fir patches that supported 
snowshoe hares and avoided recent clearcuts or other open patches (Squires et al. 2010). 
Similarly, in Washington, Lewis et al. (2011) reported that landscapes in which hare habitat was 
more contiguous, or surrounded by a mosaic of similar habitat quality, supported more hares 
than did more fragmented landscapes. 
 
Additional human-caused fragmentation of the already naturally patchy pattern of lynx habitat in 
the contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (Lynx Biology Team 2013, p. 77). 
 
Roads Paved highways fragment lynx habitat.  In the West, they typically follow natural features 
such as rivers, valleys, and mountain passes that may have high value for lynx in providing 
habitat or connectivity.  They surround large blocks of lynx habitat in Minnesota and northern 
Maine.  Various studies have documented lynx crossings of highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). In Colorado, lynx successfully and 
repeatedly crossed major highways, including I-70 (J.Squires, personal communication 2012; 
Ivan 2011b, c, 2012). However, in Alberta, Canada, high road densities, human activity, and 
associated developments appeared to reduce the habitat quality based on decreased 
occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 13 times less likely to 
cross the Trans-Canada Highway relative to random expectation, but only 2.2 and 3.1 times 
less likely to cross Highway 93 and Highway 1A, respectively, compared to random expectation. 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 



of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
As the standard of roads increases from gravel to 2-lane or 4-lane highways, traffic volumes and 
the degree of impact are expected to increase. Four-lane highways, such as the interstate 
highway system, commonly have fences on both sides, service roads, parallel railroads or 
power lines, and impediments like "Jersey barriers" that make successful crossing more difficult, 
or impossible, for wildlife (Lynx Biology Team 2013, p. 78). Alexander et al. (2005) suggested 
traffic volumes between 3,000 and 5,000 vehicles per day may be the threshold above which 
successful crossings by carnivores are impeded. 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 3 in 
Montana (compiled by K. Broderdorp, U.S. Fish and Wildlife Service, unpub. data 2016). 
Between 1995 and 2011, 15 lynx were reported killed on British Columbia highways (British 
Columbia Wildlife Accident Reporting System 2012).  Most of these mortalities are on higher 
speed paved highways.  However, in Maine, about 41 percent (22 of 54) were killed on lower 
speed dirt logging roads. 
 
Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 mortalities of translocated animals were attributed to road kills (Brocke et al. 
1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of translocated lynx 
were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado highways where 
the 13 lynx mortalities occurred were estimated to range from about 2,300 to >25,000 vehicles 
per day (K. Broderdorp, personal communication 2012). 
 
Although some forest management can benefit lynx by creating a shifting mosaic of lynx habitat, 
it can also have deleterious effect by fragmenting habitat into small, widely-spaced parcels.  In 
Maine, the shift to partial harvesting forms of forest management  is increasing the number of 
patches of high quality hare habitat, but the size of patches is greatly diminished and patches 
are becoming more isolated (Simons-Legaard et al. 2016, pp. 5-6).  This is diminishing 
landscape conditions conducive to supporting lynx. 
 
Residential and commercial development Other sources of fragmentation pose unique or 
unknown effects on lynx.  Residential and commercial development (see Maine section 5.1.1) is 
increasing on private lands.  It is uncertain to what degree lynx can tolerate habitat 
fragmentation from roads and forest clearing, and how human and pet activity affect lynx use of 
habitats.  Some anecdotal information suggests that lynx are quite tolerant of humans, although 



given differences in individuals and contexts, a variety of behavioral responses to human 
presence may be expected (Staples 1995, Mowat et al. 2000). 
 
Ski resorts  Ski areas have similar effects on permanent habitat loss and fragmentation.  One 
ski run is often separated from the next only by small inter-trail forest is ands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreation use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (J. Squires, personal communication 2012). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous United States 
(Lynx Biology Team 2013, pp 82-83). Most ski areas are located on north-facing slopes, where 
ample snow conditions provide for extended ski/snowboard recreational seasons. In the western 
states, many of these landscapes feature spruce-fir forests. While ski resorts occupy a small 
proportion of the landscape, spruce-fir forests provide important stable habitat for snowshoe 
hares and lynx at the southern extent of their range. In winter, alpine and Nordic skiing and 
snowboarding are the primary uses. Most of these resorts offer year-round recreation, with 
summer activities typically including hiking and mountain biking.  
 
Mining Leasable minerals. Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS.  Very little mining development occurs in 
Minnesota and northern Maine.  Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable minerals. Only a fraction of the historical number of mines is operating today.  Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation.  The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 



consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable minerals. In general, salable minerals are found close to the surface. During exploration 
activities, equipment is moved to the site and a number of test pits are dug or holes drilled to 
determine the quality of material. If desired minerals are found in suitable quantity, then 
vegetation is removed and materials are excavated.  For example, gravel pits are needed for 
logging road development and maintenance and are common occurrences throughout areas of 
the DPS that are in active forest management.  Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind energy. Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities would likely continue 
through the life of the project, which may exceed 20 years. 
 
Utility corridors. Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation, likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Corridor areas connecting lynx metapopulations in the DPS with those in Canada are poorly 
documented.  In some cases, these corridors are broad (i.e., northern Maine connecting to 
southern Quebec) while others are relatively narrow (high mountain passes in northern Montana 
and Idaho).  Given the perceived importance of lynx immigration from Canada to the DPS 
metapopulations during the peak hare cycle, roads and other forms of habitat fragmentation that  
impede lynx movements in the border regions of Canada and the United States are of concern.   
 
At this time, there is little coordination or discussion of maintaining effective lynx corridors with 
Canada.  Coordination of management across international, federal, state, county, and private 
land boundaries is essential to minimize fragmentation. Connectivity to source populations in 



Canada is considered critical to persistence of populations in most parts of the range in the 
United States (Federal Register Vol. 68 pp. 40076– 40101, Squires et al. 2013). 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts throughout the range of the 
DPS, of the current status of lynx populations and habitats in each geographic unit and the 
factors influencing them. Based on these unit-specific assessments, we then provide our 
assessment of the current status of lynx and their habitats throughout the DPS. Where 
appropriate, we compare our current understanding to what was known or believed when the 
DPS was listed under the ESA in 2000. 
 
The geographic units evaluated below and in Chapter 5 are those with the strongest historical 
and recent evidence of an ability to support persistent resident lynx populations. Five of the 
units are larger than 20,000 km2 (7,722 mi2); the other is over 5,000 km2 (1,931 mi2) (See Figure 
1 and Table 1 in section 1.1, above). Land ownership within the units varies from mostly private 
in Maine, to a mix of private, State, and Federal in Minnesota, to mostly Federal lands in the 
West (Table 1). Overall, Federal lands account for nearly 64 percent of the areas encompassed 
by the SSA units, with USFS managing almost 88 percent of Federal lands and 56 percent of all 
SSA areas, followed by the NPS and BLM, which manage about 7 percent and 1 percent of all 
SSA lands, respectively. Of non-Federal areas, private lands make up almost 27 percent of the 
total followed by State and Tribal lands, which represent almost 9 percent and just over 1 
percent of the total area (Table 1). 

4.1 Current Conditions by Geographic Unit 
4.1.1 Unit 1 - Northern Maine 
The “Northern Maine unit” includes areas where lynx have recently occurred in northern New 
Hampshire and Vermont. To be consistent with the Workshop Report, we refer to this collective 
region as the northern Maine unit.   
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont.  Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S; a function of latitude, elevation, and 
distance from the ocean.  The average terrain rises in northern Maine  to 1000-1500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet.  This region is far enough inland to be unaffected by marine influences.  
Annual precipitation is 41 inches (104 cm), with greatest precipitation in winter in the form of 
snow 228 cm to 280 cm (90 to 110-plus inches), with higher amounts at higher elevations.  
Snow duration is about four months (mid-November through mid-April). 
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Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 square kilometers (11,162 square miles) all in 
northern Maine (79 FR pp. 54823-54828).  Land ownership in the critical habitat unit boundary 
is about 0 percent Federal, 1 percent tribal (Passamaquoddy Tribe, Penobscot Indian Nation), 7 
percent State (primarily Baxter State Park), and 92 percent private.  Lynx regularly occur 
outside of the designated critical habitat boundary.  The Service considers the range of the lynx 
for regulatory review (section 7, ESA) to be approximately  46,796 square kilometers (18,068 
square miles).  Land ownership in this area is about 0.4 percent Federal (Aroostook National 
Wildlife Refuge) 1 percent tribal (Passamaquoddy Tribe, Penobscot Indian Nation, Aroostook 
Band of Micmacs, Houlton Band of Maliseets), 7 percent State, and 92 percent private. Private 
lands are almost entirely commercial forestlands. 
 
New Hampshire  - The habitat in northern New Hampshire is not within the designated critical 
habitat.  Habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). 
Hoving estimated approximately 1000 square kilometers (386 square miles) of potential habitat 
having a greater than 50 percent probability of being occupied by lynx . Litvaitis and Tash (2005, 
p. A–298) estimated that New Hampshire contains about 342 km2 (888 km2) of Canada lynx 
habitat.  Historic distribution in New Hampshire included Coos and northern Carroll and Grafton 
counties (i.e. White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 2003).  
Habitats with the highest probability of occurrence are in Pittsburg in northern New Hampshire 
and the White Mountain National Forest in the central area of the state (Siren 2014, p. 34). The 
majority of the habitat in northern New Hampshire is located on the Connecticut Lakes Natural 
Area WMA which is owned and managed by NHFG. Surrounding habitat is owned and 
managed by the Connecticut Lakes Timber Company under a conservation easement held by 
the State of NH. Occurrence records from the past 10 years have been centered on these two 
ownerships (Kilborn 2015, App. A pp. 42-43).  Habitat on the Connecticut Lakes Natural Area 
has a conservation easement with 15,000 acres of the core lynx habitat also being part of an 
unmanaged area of the 25,000 acre property. As a result these core 15,000 acres will be 
allowed to mature to a climax forest type potentially allowing for good denning habitat but 
restricting the amount of snowshoe hare habitat in the foreseeable future. Current conditions are 
in a transition state, and portions of the 15,000 acres are supporting higher densities of 
snowshoe hare because of past forest management (Kilborn 2015, App. A pp. 42-43).  
Regional-scale modeling suggests that habitat and snow conditions in New Hampshire are likely 
insufficient to support viable lynx populations over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont  - The habitat in northern Vermont is not within the designated critical habitat.  Recent 
modeling to determine lynx habitat connectivity in the Northeast suggests that the Nulhegan 
River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530 square kilometer (205 
square mile area) is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 
percent State (Vermont Department of Natural Resources), and 63 percent private commercial 
timber lands (with easement).  The future of lynx and their habitat is unlikely because of the 
patchy and limited amount of habitat, climate change (decreasing snow), trends toward 
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hardwood management, and increasing human disturbance (Vermont Fish and Wildlife 2015, 
Appendix A5 p. 127).  
 
New York - The habitat in the Adirondack region of New York is not within the designated critical 
habitat.  Potential habitat occurs in an island of boreal forest types in the Adirondack Mountains 
of northeastern New York. Hoving estimated approximately 190 km2 (73 mi2) of potential 
habitat having a greater than 50 percent probability of being occupied by lynx (68 FR 40086–
40087).  The boreal forest in New York is protected as Adirondack State Park, however much of 
the forest is mature without the understory necessary to support a snowshoe hare population 
capable of sustaining lynx (G. Batcheller, New York State Division of Fish, Wildlife and Marine 
Resources, pers. Comm. 2003; 68 FR 40087). It seems that habitat quality is marginal and 
isolated from occupied lynx habitat in Canada and Maine.  
 
Collectively, the “Northern Maine” unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada.  Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km north of Maine).  Lynx populations in Maine and eastern Canada are 
geographically isolated from other lynx populations on the island of Newfoundland (900 km east 
of Maine), and on Cape Breton Island, Nova Scotia (650 km southeast of Maine)(Koen et al. 
2015, entire).  The closest lynx population in the DPS is located in northeastern Minnesota, 
about 1,700 km west of Maine.  
 
Habitat Description:  In the northern Maine unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR, p. 40086). 
This habitat type occurs along the northern Appalachian Mountain range from southeastern 
Quebec, western New Brunswick, and western Maine, south through northern New Hampshire. 
This habitat type becomes naturally fragmented and begins to diminish to the south and west, 
with a disjunct segment running north-south through Vermont, and a patch of habitat in the 
Adirondacks of northern New York (McKelvey et al. 2000b, pp. 248-250).  This area is part of 
the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between northern 
boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and Hunter 
1992, pp. 3-4).  Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations up to 1600 meters (Katahdin highlands, western Maine, White Mountains in central 
New Hampshire).  Higher elevations support a predominantly coniferous forest (white, red, and 
black spruce; balsam fir; eastern white pine) intermixed with northern hardwoods (red maple, 
aspen, white birch, sugar maple, beech, and yellow birch).  Lowland areas include spruce-fir 
flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitat are associated with spruce-fir stands repeatedly harvested for 
forest products.  Hares and lynx are associated with stands of regenerating sapling (15–35 
years old) spruce-fir forest that provide dense cover are preferred (Robinson 2006, pp. 26–36; 
Vashon et al. 2012, p. 15). Lynx are more likely to occur in large (100 square kilometer, 40 
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square mile) landscapes having a high percentage (>27 percent) of regenerating forest, and 
less likely to occur in landscapes with very recent clearcut or partial harvest (Hoving et al. 2004, 
pp. 291–292, Simons-Legaard et al. 2013, entire). Regenerating stands used by lynx generally 
develop after forest disturbance (almost exclusively logging) and are characterized by dense 
horizontal structure and high stem density within a meter of the ground. These habitats support 
the highest snowshoe hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 
719; Vashon et al. 2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected 
older (11- to 26-year-old), tall (15 to 24 feet (ft) (4.6 to 7.3 meters (m)) regenerating clearcut 
stands and older (11- to 21-year-old) partially harvested stands (Fuller et al. 2007, pp. 1980, 
1983–1985). At the home range scale, lynx also select landscapes having some mature conifer 
forest (Simons-Legaard et al. 2013b, pp. 572–573). Lynx may select partial harvested and 
mature conifer stands because of increased ease of travel and prey access along the extensive 
edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard et al. 2013b, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Some of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56).  Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem cycle at 10-year intervals, but have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44, D. Harrison, UMaine, unpub. data, Vashon et al. 2012, p. 14).  Prior to 2006, several 
estimates of  hare densities in the highest quality, regenerating conifer or mixed forest averaged 
1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,).  After 2006, hare 
densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109, D. Harrison, UMaine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire).  In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61).  More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only (0.19 to 0.28 hares/ha).  Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100 km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the northern Maine 
unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 



peatlands.  USFS forest inventory data indicate that four million acres of forestland are 
classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in 
northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is in areas 
occupied by lynx.  In a 10 million acre area area in northern Maine (approximately 50 percent of 
the designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 
950,000 acres (9.5 percent) of spruce-fir was in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741).  
The current range of lynx in the northern Maine unit is associated with areas of deep snowfall, 
extensive (100 km2 [40 mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; (Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; 
Federal Register Vol. 74 pp. 8616–8701).  Patches of boreal forest in New Hampshire, Vermont, 
and New York are more highly fragmented than in northern Maine.  These more southerly 
forests also contain a higher proportion of northern hardwood.  These forests are believed to 
lack the conifer component needed to produce sufficient snowshoe hare densities to 
consistently support viable populations of lynx (Hoving et al. 2005, p. 749, Carroll 2007, p. 
1100). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, pp. 1984-
1985). Lynx avoided mature stands (>40 years old) and short (3.4–4.3 m [11–14 ft]) 
regenerating clear-cut or partially harvested stands <10 years post-harvest (Fuller et al. 2007, 
pp. 1275-1278). Further research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). Lynx 
tended to forage in areas with intermediate to high snowshoe hare densities (tall regenerating or 
older partial harvest stands), which afforded lynx with greater mobility and where snowshoe 
hares were more vulnerable to predation, rather than in the densest stands (short regenerating 
stands; Fuller and Harrison 2010, pp. 1276-1278). 
 
Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008a, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
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>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008a, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008a, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008a, pp. 1492-1493).  
 
Historically lynx habitat in the northern Maine unit was likely uncommon.  Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56).  In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
are often characterized by an even-aged wind-throw phenomenon known as fir-waves (Sprugel 
1976, entire). Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are 
rare (interval of several hundred to several thousand years) and highly variable in size 
(Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce 
beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). In this 
geographic area, wildfire is less significant as a natural agent of disturbance. The typical fire 
regime is infrequent surface fires in the dormant season in the hardwood forests, and slightly 
more frequent but long-interval fires in conifer forests (Kilgore and Heinselman 1990, entire; 
Seymour et al. 2002, pp. 359-365, Lorimer and White 2003, p. 59). For the past several 
decades, early successional forests in northern Maine, New Brunswick, and southern Quebec 
have been created almost exclusively by forest management (Lorimer and White 2003, pp. 42-
43). 
 
In contrast, current habitat is likely peaking and at historical highs.  Favorable habitat conditions 
for snowshoe hare and lynx in Maine resulted from large-scale salvage cutting (clearcutting) 
following a spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, p. 291). After 
salvage harvest of the affected trees, a portion of the area was sprayed with herbicide to reduce 
deciduous competition (Scott 2009, pp. 7, 14). The resulting vegetation was dominated by 



balsam fir and red or black spruce (Scott 2009, p. 60). This created favorable habitat conditions 
for snowshoe hares and lynx.  Habitat conditions for hares and lynx in the unit improved from 
the late-1980s to present,  benefitting from stand-replacing salvage harvests during the last 
budworm outbreak (Simons 2009, pp. 122-229; Simons-Legaard et al. 2016, entire).   During 
this time period, the percentage of forestland with an average landscape hare density greater 
than 0.5 hares/ha increased 400 percent (Simons-Legaard et al. 2016, p. 7).    
 
Lynx habitat will decline in the near future. In response the widespread clearcutting in the 
1980s, in 1989 Maine passed the Forest Practices Act.  This Act regulated clearcutting.  Various 
forms of partial harvesting replaced clearcutting as the predominant form of forest management 
in northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27).   
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act.  Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime supports lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009) and is projected to result in reduced habitat and 
lynx populations in Maine (Simons 2009, pp. 206, 209, 217; Simons-Legaard et al. 2016, p. 8, 
Simons-Legaard 2016, entire). 
 
Long-term, binding land management commitments are lacking in the northern Maine unit.  
Unlike, Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a federal nexus for review of projects is almost nonexistent.  
Furthermore, there continues to be high turnover in forest land ownership (Hagan et al. 2005, 
Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work with private 
landowners.  As of 2005, there were 23 landowners in northern Maine with land holdings in 
excess of 100,000 acres including the State, Federal government (White Mountain National 
Forest south of lynx range), a conservation group (The Nature Conservancy), two tribes 
(Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) and 
18 private forest landowners (Nadeau-Drillen and Ippoliti 2006,  p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit.  In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon 
sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, Arkansas, 
and Mississippi were chosen as pilot States to receive funding through their respective Natural 
Resources Conservation Service (NRCS) State offices. Based on a successful pilot program, in 
2008, the HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final 
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rule in the Federal Register (75 FR 6539) amending regulations for the HFRP based on 
provisions amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management 
plans. Since that time four private landowners, The Nature Conservancy, the Passamaquoddy 
Tribe, Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program.  
Collectively, these land ownerships comprised 943.2 mi2 (2,443 km2), or 9.3 percent of the total 
designated critical habitat in northern Maine. 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation 
benefit for lynx, which was achieved by employing the lynx guidelines, identifying baseline 
habitat conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP 
criteria and guidelines and complied with numerous environmental standards. Plans were 
reviewed and approved by the NRCS with assistance from the Service. The details of the plans 
are proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management are soon to expire.  Unlike lynx forest plans on 
Federal lands, HFRP plans lack long term commitments.  Plans were prepared for a forest 
rotation (70 years) and include a decade-by-decade assessment of the location and anticipated 
condition of lynx habitat on the ownership. However, landowners are only committed to a 10-
year contract, and long-term commitments to lynx management are voluntary.  Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
and other biodiversity objectives. All four plans have been completed and contracts with NRCS 
will expire in 2016 and 2017.  Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit have commitments to 
endangered species management through forest certification programs. For example, The 
Nature Conservancy land enrolled in the HFRP is also enrolled in the Forest Stewardship 
Council (FSC) forest certification program, which requires safeguards for threatened and 
endangered species. Other landowners are certified under the Sustainable Forestry Initiative 
(SFI).  Both certification programs require planning for threatened and endangered species. 
However, certification programs are also voluntary and may not be long-term commitments.  
Given the frequent turnover in Maine forest lands, new landowners do not always renew 
certification or resume the certification programs initiated by the previous landowner. 
 



Lynx Status:  At the time of listing, lynx were known to be present in northern Maine but little 
was known about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge.  Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire).  Population size and trends are still uncertain. 
  
The Northern Maine unit Unit currently supports a breeding population of lynx that encompasses 
northern Maine, New Hampshire and Vermont and is part of a larger, contiguous 
metapopulation that extends into northern New Brunswick and the Gaspe region of southern 
Quebec.  Extensive areas of contiguous forestland in this region provide high connectivity 
between the population in Maine with Canadian populations.  Although potential lynx habitat in 
New Hampshire and Vermont is fragmented, there is 100 percent connectivity for lynx 
movement between these areas and habitats in northern Maine (Farrell 2013 personal 
communication, FR 54821).  Breeding lynx in New Hampshire and Vermon are not directly 
connected to Canadian populations, but they are connected to the larger population in northern 
Maine via habitat in western Maine.   
 
Lynx in the northern Maine unit and adjacent populations in southern Quebec and northern New 
Brunswick are separated from lynx populations in the interior of Canada.  The St. Lawrence 
River restricts lynx dispersal and demographically isolates this metapopulation from those in 
northern Quebec, Labrador, and Ontario.  However, sufficient numbers of individuals cross the 
river on the ice each generation to prevent genetic drift of this metapopulation (Koen et al. 
2015). 
 
At the time of listing, the northern Maine unit was not believed to contribute significantly to the 
DPS. However, we now know that a significant populations exists because of extensive young, 
regenerating spruce-fir habitat created by clearcutting in the 1970s and 1980s.  Habitat in 
northern Maine can support lynx densities in localized areas of high quality habitat that are 
substantially higher than elsewhere in the DPS (LCAS 2013, p. 23).  In 2003 when hare 
populations were high, lynx density (juveniles and adults) in one of Maine’s highest quality 
habitats was estimated to be 9.2-13.0 lynx/100km2 (Vashon et al. 2008, Vashon et al. 2012, p. 
15). At about the same time, the density of lynx in nearby Gaspe Peninsula, Quebec was 
estimated to be 10 lynx/100km2 (Ray et al. 2002).  These densities are intermediate to those in 
Canada during the high (17.0-44.9/100km2) and low periods (2.3 – 3.0/100km2) of the lynx-hare 
cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997).  Simons (2009, p. 102) 
estimated the potential for a population of about 236 to 355 adult lynx to occur on a 3.56 million 
acre study area (about half of the critical habitat area) in northern Maine, and Vashon et al. 



(2012, appendix IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of 
northern Maine in 2006.  The actual number of lynx is unknown because there are no methods 
available to measure and produce true population estimates over such a large geographic area. 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals, although 
breeding has occurred in both locations in recent years. Most historic lynx records from New 
Hampshire are from trapping records from the 1930s to the 1960s (Brocke et al. 1993, 
McKelvey et al. 2000).  There were only two records in the 1990s.  In 2003, the Service 
determined that, despite a lack of breeding records, a small resident population likely occurred 
historically in New Hampshire but not longer exists (68 FR 40087).  Lynx were detected in 
northern New Hampshire in 2006 and have occurred there annually since (Siren 2014 pp. 53, 
55). In 2011, 4 lynx kittens were observed in Pittsburg and considered evidence of breeding in 
New Hampshire (Kilborn 2015 Appendix A p.44).  There are only four historic records of lynx in 
Vermont prior to 2003.  Since then, nine lynx sightings have been confirmed.  Reproduction was 
first documented in 2012 in the Nulhegan Basin when the tracks of three lynx, a presumed 
family group, were observed travelling together in late February (Vermont Fish and Wildlife 
2015, Appendix A5 p. 126). 
 
Lynx do not presently occur in the Adirondacks region of New York. A resident lynx population 
reportedly occurred in the northern region of New York, particularly in the Adirondack 
Mountains, but it was considered extirpated by 1900 (Brocke 1982, McKelvey et al. 2000b). 
However, there are 23 verified lynx occurrences since 1900, primarily from the Adirondack 
Mountains (McKelvey et al. 2000b). The most recent verified record was from 1973 (McKelvey 
et al. 2000b), which correlates to an extreme cyclic population high. Habitat and prey conditions 
were deemed suitable for a lynx reintroduction in 1989–1991 (Brocke 1982). The reintroduction 
was unsuccessful in establishing a population.  In 2003 the Service concluded that a resident 
population may have existed in New York prior to 1900, however, records of lynx since 1900 are 
of dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997).  Maine lynx had among the smallest home ranges in the DPS (LCAS 
2013, p. 24).  During the period when snowshoe hare populations were highest, Maine lynx had 
among the highest reproductive rates (average litter size 2.74, 89 percent of adult females 
producing litters) in the DPS (Vashon et al. 2012, pp. 18-19).  During periods of low hare 
density, litter size was smaller, only 30 percent of females have litters, and mortality is greater.  
Home ranges are among the smallest in the DPS (54 + 5 km2 males; 26 + 4 km2 females, 
LCAS p. 24, Vashon et al. 2008a).  Home range size were similar during periods of high and low 
hare density (Mallett 2014).  Lynx populations likely increased during the period of high hare 
density (lambda [λ] = 1.16) and declined during periods of low hare density (λ = 0.88) (USFWS, 
Vortex10, deterministic population simulation 2016; demographic data from Vashon et al. 2012). 
  
In summary, Maine lynx and hare habitat are at historical highs.  In the Northeast prior to 
European settlement, lynx habitat was created and maintained by small-scale, frequent forest 
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gap dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour 
et al. 2002, Lorimer and White 2003).  Historically, lynx distribution was patchy, and lynx 
populations were likely low and dependent on immigration from Canada.  Current habitat is the 
result of widespread clearcutting and herbiciding to salvage spruce and fir damaged by a spruce 
budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, Vashon et al. 2008).  Maine lynx 
at multiple scales select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) 
spruce-fir stands 15 to 35 years after clearcut or other even-aged harvest (Hoving et al. 2005, 
Fuller et al. 2007, Vashon et al. 2008, Simons-Legaard et al. 2013).  Lynx habitat is expected to 
remain stable for the next few years soon, then decline (Simons-Legaard et al. 2016). 
 
Factors Affecting Current Conditions: Climate Change - Climate change is affecting the 
Northeast, and the rate of change is faster than expected (Rustad et al. 2014).  Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
reduced persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are 
increasing 0.42-0.46o C/decade with the greatest warming occurring in the coldest months of 
winter (January, February)(Burakowski et al. 2008).  Climate change has, and will continue to 
affect lynx by reducing snow and boreal forest (see section 5.1.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx require at least four months 
(120 days) of continuous snow coverage (Gonzales et al. 2007).  Snow cover days in northern 
New England (1965-2005) ranged from 60-121 days and declined an average of 3.6 
days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 days in 
the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another two weeks in 
Maine by mid-century (Fernandez et al. 2015).   Thus, conditions in Maine are at or below the 
snow persistence thresholds needed to support lynx (Gonzales et al. 2007). 
  
Lynx in the Northeast and eastern Canada require a threshold of 270 cm/yr (106 in/yr; Hoving et 
al. 2005), which defines the distribution of lynx and bobcat in this region (Hoving et al. 2005, 
Carroll 2007, Peers et al. 2013).  Average annual snow depth at 5 weather stations within the 
range of the lynx in northern Maine (1981-2010) was below this threshold, 228-263 cm (NOAA 
2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced reduce 
depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-2005) 
declined an average of 4.6 cm/decade (Burakowski et al. 2008).  Thus, conditions in Maine are 
at or below the snow depth threshold needed to support lynx (Hoving et al. 2005). 
 
As noted in chapter 2, lynx and snowshoe hare require deep, fluffy snow (FR XXX) that provides 
lynx with a competitive advantage over bobcats (XXXXX) and hares the ability to reach winter 
browse (XXXXX). Snow quality (‘fluffiness”) has deteriorated in the Northeast. Unlike other 
units, annual precipitation in Maine is increasing because of climate change, but primarily as 
rain (A. Siren, Workshop Notes 2016, XXXX, Fernandez et al. 2016), and especially rain on 
snow events in winter in northern Maine (Huntington and Hodgkins 2004, Deser et al. 2013, 
Fernandez et al. 2015).  Snow density and compaction (caused by wet, heavy snow or rain on 
snow events in winter) has increased in northern New England (Dudley and Hodgkins 2002, 
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Huntington et al. 2004, Huntington 2005, Hodgkins and Dudley 2006) and southern Canada 
(Karl et al. 1993).  
 
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzales et al. 2007, entire).  Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2007 Beckage et al. 2008, Tang and Beckage 2010, 
Whitman et al. 2010, p. 12, Jacobson et al. 2009, p. 27) or disappear (Iverson and Prasad 2001, 
pp. 192-193, Prasad et al. 2007) because of climate change.  Thus, boreal forest will become 
increasingly fragmented in northern New England (Iverson et al. 2008, Ollinger et al. 2008, 
Whitman et al. 2013) as will lynx habitat (Simons 2009).  Even under the lowest emissions 
scenarios, spruce-fir forest would be greatly reduced by 2100 (Williams and Liebhold 1997, 
Prasad et al. 2007), although some may persist at highest elevations (Tang and Beckage 2010) 
and along the eastern coast (Jacobson et al. 2009).   
 
The spruce-fir forest type has come and gone from New England during the post-glacial period.  
It nearly disappeared from the Northeast during interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, DeHayes  et al. 2000).  Because of its sensitivity to climate and 
mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low emissions) or the 
disappearance (high emissions) of the spruce-fir forest type in northern Maine in response to 
climate change.   
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species  
in the Northeast and will be affected by climate change in different ways.  Mechanisms of injury 
to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of reduced 
snowpack), and reduced seed germination (Perfect et al. 1987, Auclair et al. 2010).  Thus, the 
summer boundary of spruce-fir is limited by summer heat and drought.  Mohan et al. 2009 
projected that suitable habitat for balsam fir would decline by 80 percent in 2100 under an 
average to high emissions scenario. In contrast, Ollinger et al. (2008) projected growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.    
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, and synergistic effects with other pollutants). 
Arguments in favor of an accelerated decline include studies indicating that spruce-fir is already 
in decline (Seymour 1992, Simons 2009) and is being replaced in Maine by northern hardwoods 
(oak, pine, red maple).  The decline of the spruce-fir forest type is accelerated by forest 
disturbances.  A pending spruce budworm outbreak and frequent disturbance from forest 
management could accelerate conversion to northern hardwoods in northern Maine and eastern 
Canada (Flannigan et al. 2001, Gauthier et al. 2015).  Climate-induced forest disturbances 
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(forestry, pests, diseases)could further accelerate conversion to northern hardwoods (Iverson et 
al. 2008, p. 404).   
 
In contrast, some authors note that trees migrate slowly and are long-lived. Therefore, a time 
lag may be expected in shifting forest composition from spruce-fir to northern hardwoods 
(Mohan et al. 2009, Zhu et al. 2012).  Furthermore, some northern Maine industrial forest 
landowners could “adapt” to climate change by intentionally favoring spruce-fir (e.g., by 
plantations and herbicides).  McWilliams et al. 2005 (p. 8) noted that balsam fir actually 
increased in Maine forest inventory in the 2000s.  Models (Simons-Legaard  et al.2013) 
projected increases in  spruce-fir biomass over the next century because of partial harvesting 
and periodic budworm outbreaks, but did not take climate change into consideration.     
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine.  Annual precipitation is comparatively greater in this unit 
than others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval), small (several acres) surface fires in the dormant season and less frequent 
interval (800- to 9000-year), large (up to 80,000 acre) stand-replacing fires (Seymour et al. 2002 
p. 360).  In contrast, spruce budworm outbreaks cause stand-replacement over large areas 
every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping season has been closed in the northern Maine unit (including New 
Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). In 
2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) obtained an incidental 
take permit from FWS for lynx trapped incidental to other furbearer trapping in Maine.  From 
2000 to 2015, 108 lynx have been reported captured in traps set for other species and 7 of 
those were killed (Vashon et al. 2012, MDIFW 2014, p. 75).  No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000.  In Maine, after two lynx were 
killed in killer-type traps in 2014, MDIFW imposed additional trapping restrictions (e.g., requiring 
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killer-type traps be placed in  exclusion boxes, eliminating the use of drag sets for foothold 
traps) to further reduce mortality and injury of incidentally-trapped lynx.  
 
Trapping of Canada lynx can be additive to other sources of mortality and have population-level 
effects (Brand and Keith 1979, Koehler and Qubrey 1994). Thus, harvest regulations for lynx 
are modified when hare and lynx populations are low (Bailey et al. 1986).  Trapping mortality is 
not likely to have a great effect on lynx populations in northern Maine and adjacent Canada 
when lynx are at historically high numbers, but trapping could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development -  In response to climate change, interest in wind development has 
escalated in northern and western Maine increasing threats to high elevation and potential 
spruce-fir refugia (Whitman et al. 2013). Climate conditions are at or falling below threshold 
values needed to support lynx in Maine. 
Maine has experienced a rapid increase in wind energy development (citation), and there is 
increased interest in unpopulated areas throughout northern Maine, New Hampshire, and 
Vermont. Wind energy is an increasingly appealing source of income for investment companies 
and other landowners who own forestland in the northern Maine unit.   As of 2016, at least 11 
wind projects have been proposed in northern Maine and 5 projects are in operation; 2 have 
been proposed in northern New Hampshire and 2 are in operation; and 3 have been proposed 
for northeast Vermont and 2 are in operation or under construction.  Maine largest wind project 
(120 turbines covering 180 mi2) is proposed entirely within Maine’s lynx critical habitat. The 
effects of wind energy projects on lynx, hares and their habitat are undocumented.  Potential 
direct effects include disturbance or displacement of resident lynx and loss and fragmentation of 
habitat from turbines, roads, transmission lines. Increasing power infrastructure associated with 
these projects could greatly change development potential and patterns in northern Maine by 
bringing electricity into the interior of Maine’s vast, undeveloped forest region.  Extensive road 
construction further fragments habitat and increases access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped, industrial forestland, but land ownership patterns have changed 
significantly in the last 15 years (Nadeau-Drillen and Ippoliti 2006).  Some investment-oriented 
landowners are seeking diversified financial returns on their investment, including developing 
residential housing, second homes, and resorts.  Two large residential and resort areas have 
been proposed on forestlands within the Maine critical habitat area.  Both would result in 
substantial (100,000s of acres) of conservation easements or surrounding forestland.  Another 
private landowner proposes donation of a 87,000 acres within the lynx critical habitat for a 
Federally-designated national monument.  This area currently has a legacy of young-
regenerating spruce-fir habitat from previous industrial forest landowners, but a park or 
monument designation would forego future forest management.  Another conservation 
landowner, The Nature Conservancy, continues forest management on about half of its 185,000 
acre ownership, including managing part of the area for Canada lynx.  
 



Construction or expansion of developed areas such as residential areas and resorts, as well as 
smaller recreational sites like nordic ski huts or campgrounds, may directly remove forest cover. 
Such removal in lynx habitat could decrease prey availability, affect lynx movement within home 
ranges, or result in a more fragmented landscape.  Development further fragments habitat from 
road and highway construction (along with associated increases in traffic volumes and/or 
speeds). 
  
Northern Maine Unit Summary - In summary, lynx are currently widespread throughout northern 
Maine and in small patches of habitat in northern New Hampshire and Vermont. Habitat created 
by extensive clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the 
next 15 to 20 years (Simons-Legaard 2016).  Furthermore, hare populations declined by 50 
percent starting in about 2006 and have remained at lower levels.  Future fluctuations or cycles 
are uncertain.  Active management of forest lands can produce lynx habitat, but no landowners 
have long-term commitments for doing so.  Land ownership has dramatically changed in 
northern Maine to investment companies who wish to diversify income from their investments.  
Greatest stressors are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
climate change (diminishing snow depth, quality and duration; competition from bobcats and 
fishers; loss of spruce-fir to northern hardwoods; and future isolation of the metapopulation 
because of diminishing ice conditions on the St. Lawrence River). 
 
4.1.2 Unit 2 - Northeastern Minnesota 
Unit Description:  This unit encompasses approximately 21,100 square kilometers (8,147 
square miles) in northeastern Minnesota.  It includes the area designated as critical habitat in 
2014 (79 FR 54782) and an additional relatively small area of tribal land northern Minnesota that 
was excluded from critical habitat.  Land ownership in this unit is about 47 percent Federal 
(USFS, NPS, and BLM); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation).  This unit includes most of Superior National Forest (SNF; including the 
Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park.   This unit 
is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 mi) east 
of the Northwest Montana/Northeast Idaho Unit  and about 1,610 km (1000 mi) west of the 
Northeastern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000) within the Laurentian Mixed Forest Province 
(McNab et al. 2005). Most of this province is characterized by low-relief hilly landscapes with 
glacial features and an elevation from sea level to 2,400 feet (730 meters), including many lakes 
and rivers.  This unit contains a mix of upland conifer and hardwood interspersed with lowland 
conifer, alder or willow shrub swamps and black spruce or tamarack bogs.  Coniferous and 
mixed-coniferous/deciduous vegetation types are dominated by balsam fir; black and white 
spruce; northern white cedar; Jack, white and red pine; hemlock; and tamarack; mixed with 
aspen and paper birch (Burdett 2008, Moen et al. 2009, McCann and Moen 2011). Burdett 
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(2008) reported that lynx in Minnesota selected regenerating forest, dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites were associated with 
regenerating and mixed forest. McCann and Moen (2011) found snowshoe hare densities were 
highest in regenerating forests. Females selected large woody debris and dense horizontal 
cover in lowland conifer cover for denning in northern Minnesota (Moen et al. 2008), but other 
cover types were used if recent blowdowns were present (Moen and Burdett 2008). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008), ranging between 0.3–2.0 hares/ha (0.12–0.8 hares/ac; McCann 
2006). Hare populations in northeastern Minnesota appear to be patchily distributed, but are 
most consistently abundant in 10-30 year old regenerating forests (McCann 2006).  Pellet count 
data prior to the 1990s show evidence of density fluctuations of snowshoe hare populations 
occupying Minnesota (Fuller and Heisey 1986), but these fluctuations were not observed during 
the 1990s (Hodges 2000b).  Snowshoe hare habitat in Minnesota primarily consists of conifer 
forests with dense low-growing understories, lowland shrub and conifer bogs.  Conifer bogs or 
lowland conifer forests may be especially important during low points in hare cycles by acting as 
refugia for hares. Early regenerating or pole-sized stands are not used as much as in other 
portions of their range, although older regeneration stands were used frequently in Minnesota 
(McCann 2006). Sapling-sized aspen adjacent to conifer cover may also provide functional 
snowshoe hare habitat. McCann and Moen (2011) mapped the distribution of predicted 
snowshoe hare habitat across northeastern Minnesota. In northeastern Minnesota, edge 
habitats and regenerating conifer stands appeared to be important for snowshoe hare 
populations (Burdett 2008, McCann 2006), as were dense habitats containing balsam fir, white 
spruce, and cedar (Fuller and Heisey 1986). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2007; Hanson & Moen 
2008). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit.  More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey.  The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990.  White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 



percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015 (USDA 2016, unpublished data) estimated that there was approximately 759,700acres 
(60 percent of lynx habitat on the Superior National Forest) of suitable snowshoe hare habitat 
on the SNF and that only 23,800 acres of habitat on the SNF was in a condition unsuitable to 
lynx. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USDA 2004, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits (USDA 2004, entire). The Forest Plan 
includes many objectives, standards, and guidelines for the protection of lynx and enhancement 
of lynx habitat that are based on recommendations in the 2000 Lynx Conservation Assessment 
and Strategy (LCAS). Lynx Analysis Units (LAUs) were delineated on the SNF in 2000 as the 
smallest landscape scale on which to analyze effects to lynx. The boundaries have remained in 
place since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District; designating the BWCAW a lynx refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based –radio-telemetry has documented lynx 
movements between Minnesota and Ontario (Moen et al. 2008, Moen 2009, Moen et al. 2010b, 
Terwilliger and Moen 2012). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota.   Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
population of about 50 to 200 lynx to occur in northeastern Minnesota.  In 2008, Moen et al. 
(2008b), estimated the number of lynx that might be resident in northeastern Minnesota at a 
given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.    
 
Home range sizes in Minnesota were reported as 194 km2 (75 mi2) males and 87 km2 (34 mi2) 
females (Mech 1980).  Later radio-collar data show that males had much larger home ranges 
267 km2 (103 mi2) than females 21 km2 (8 mi2); and that females with kittens had the smallest 
home range (Burdett 2007). A study of radio-collared lynx in Minnesota documented 
approximately 40 percent of male and female lynx making long distance movements outside of 
their home range between Ontario, Canada and Minnesota (Moen et al. 2010). Of those lynx 



that made long-distance movements, females tended to move 62-124 miles (100-200 km) and 
did not return to their original home range, while males moved 31-49 miles (50-80km) back and 
forth between Ontario and Minnesota (Moen et al. 2010). While topographic features may 
influence lynx movements in mountainous western states, lynx in Minnesota tended to move 
nearly straight paths (Moen et al. 2010). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1).  Of the 1,306 DNA 
samples, 1,039 were identified as lynx, however 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1).  Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1).  The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000 the U.S. Fish and Wildlife Service has been tracking incidental take of lynx; 49 lynx 
mortalities have been reported.  Thus far, 26 lynx have been incidentally trapped in Minnesota, 
11 of the 26 have resulted in mortalities, while 15 of the 26 were released alive (U.S. Fish and 
Wildlife Service, unpublished database 2016). The documented incidents largely occurred 
during legal trapping that targeted bobcat, coyote, fox, and marten, and involved a variety of 
traps including foot-holds, body gripping traps, and snares (U.S. Fish and Wildlife Service, 
unpublished database 2016). In addition, seven lynx mortalities as a result of being incidentally 
shot have been documented in Minnesota and 16 died of unknown causes (U.S. Fish and 
Wildlife Service, unpublished database 2016). Lynx emigrating from Minnesota to Ontario 
exposes them to trapping and shooting that is allowed in accordance with regulated harvest in 
Canada. At least a third of the animals radio-collared in Minnesota spent time in Ontario; 4 
radio-collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 
two died of unknown causes (U.S. Fish and Wildlife Service, unpublished database 2016). 
Furthermore, nine lynx mortalities due to vehicle collisions have been documented in Minnesota 
since 2000 (U.S. Fish and Wildlife Service, unpublished database 2016).  Minnesota has 
relatively high forest road and highway densities that intersect lynx habitat and several radio-
collared lynx in Minnesota inhabited home ranges that were bisected by highways. In addition to 
road mortalities, two railroad mortalities have been documented since 2000 (U.S. Fish and 
Wildlife Service, unpublished database 2016). It is probable that there are additional incidental 
catches that are not reported each year (Moen 2009). 
   
Factors Affecting Current Conditions:  Identified factors affecting to the current conditions of lynx 
in Minnesota include reduction in habitat quality or quantity, habitat fragmentation, climate 
change, increased access for competing carnivores, and human-caused mortality. The SNF is 
currently implementing the 2004 SNF Plan (USDA 2004), which has direction based on the 
LCAS and Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (2000), for all forest activities that occur within LAUs. Active management of forest 
lands can produce lynx habitat, the Superior National Forest has a long-term commitment for 
doing so, and however private landowners do not. Under the Sustainable Forest Resource Act 



of 1995, the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-
level timber harvesting and forest management (MFRC 2012, p. 1) - these voluntary guidelines 
are intended for private and state landowners and include some general recommendations for 
wildlife including lynx. The implementation of the MFRC guidelines is monitored annually (e.g., 
MDNR 2015, entire). Thus, the several risk factors are being minimized and managed to 
promote the conservation of lynx within the SNF, however privately owned lands, is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the Superior National Forest and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Mineral exploration and development is 
increasing in portions of Minnesota, particularly for hard rock (non-ferrous) minerals. Some of 
the area of interest for minerals overlaps with lynx habitat in northeastern Minnesota. Mineral 
exploration may result in short-term displacement of lynx. Mining activities and associated 
development may result in an irreversible loss of habitat or increased mortality risk. The specific 
effects to lynx and their habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012). Where lynx and bobcat overlap, there is potential for 
accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all have the effect of compacting snow. Outside the BWCAW, snowmobile activity is extensive 
and increasing significantly. The Superior National Forest has 705 miles of snowmobile trails 
and 1,562miles on all ownerships within the proclamation boundary (USDA 2011). Advances in 
snowmobile capabilities have raised concerns about intrusion and new snow compaction in 
areas previously not vulnerable to high levels of snowmobile use. In addition, new road 
construction in lynx habitat has made more areas accessible during winter. These routes could 
be used by snowmobiles even if new roads are designated as closed to motorized public travel 
during other seasons. The Superior National Forest has 1,927miles of low standard roads (OML 
1 and 2) and 158 miles of temporary roads (USDA 2011). All of these factors have potential to 
reduce the deep and fluffy winter snow conditions and to reduce the competitive advantage of 
lynx in areas that typically receive deep snows. 
 
Lynx are morphologically and physiologically adapted for hunting snowshoe hares and surviving 
in areas that have cold winters with deep, fluffy snow for extended periods. These adaptations 



provide lynx a competitive advantage over potential competitors, such as bobcats (Lynx rufus) 
or coyotes (Canis latrans) (Buskirk et al. 2000; McCord & Cardoza. 1982; Ruediger et al. 2000). 
Long-term snow conditions presumably limit the winter distribution of potential lynx competitors 
such as bobcats (McCord & Cardoza. 1982), wolves, or coyotes.  The geographical distribution 
of bobcat harvest in Minnesota has remained relatively static with a lack of harvest in the 
Arrowhead region of Minnesota (the region encompassed by Cook, Lake and St. Louis counties 
in northeastern Minnesota) (Erb 2009 cited in Kapfer 2012, p. 16, Erb 2012, pp. 7-9) and annual 
snow track and scent stations surveys support the conclusion that bobcats are as rare in the 
Arrowhead as harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). 
However, this may change with decreased snow conditions predicted to occur due to climate 
change (Kapfer 2012, p.25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40).  If snow depth and duration decrease in the Arrowhead, deer 
mortality may be reduced which may potentially increase bobcat densities and bobcat 
expansion into northeast Minnesota (Kapfer 2012, p. 25).  According to annual track surveys, 
wolf populations in Minneosta are currently stable (Erb 2014, p. 40), however, similar to bobcat, 
wolf populations may increase with changing snow conditions and prey availability as influenced 
by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014, p. 113).  
 
4.1.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal . Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit likely represent the southern 



extent of a larger cross-border population, most of which occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245).  
The dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10).  Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Apps 2000, p. 352; Squires et 
al. 2013, pp. 187, 191). Lynx use large landscapes that include a temporally- and spatially-
shifting mosaic of forest age classes, where natural or anthropogenic disturbances may reset 
forest succession (ILBT 2013, p. 28).  Early successional stages that often provide dense 
horizontal cover at ground/snow level and support high hare densities (Griffin 2004, pp. 53-54, 
70; Squires et al. 2010, pp. 1654-1656) may be created and maintained by natural disturbance 
processes including wildfire, insect infestations, tree diseases, and wind events (ILBT 2013, p. 
28).  Timber harvest, other silvicultural treatments, wildfire management, or other vegetation 
management, which may be beneficial, benign, or adverse to lynx and hare habitats depending 
on prescription, extent, and implementation, can also influence the amount and distribution of 
early successional stands (ILBT 2013, pp. 28, 71-76).  Likewise, natural disturbance regimes 
and forest management can also influence the amount and distribution of mature multistoried 
spruce-fir stands, which can include dense horizontal structure, support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 
1483-1485), and provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 
1653-1657). 
      
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Berg 2009, p. 20; Squires et al. 2010, p. 1655).  As elsewhere in the western portion of the 
DPS, this elevational pattern contributes, along with the transition from boreal to more 
temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than in 
the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77;  Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
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km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely-distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189) This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656).  In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.).  Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests.  In the central (Seeley Lake study area) part of this unit 
when hare populations appeared stable (1999-2003), summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in mature dense stands and 0.64/ha and 
0.47/ha in young dense stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
mature open stands and 0.18/ha and 0.12/ha in young open stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314).  Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90).  Nonetheless, hares accounted for 96 percent of the biomass in lynx 
diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016). Gonzalez et al. (2007, pp. 4-
7) compared the highest-precision lynx occurrence data in the contiguous U.S. from 1966-1998 



with snow-cover data available for those locations and concluded that lynx require nearly 
continuous snow cover from December through March. The authors modeled the probability of 
suitable snow across North America, showing that this geographic unit has a 90-95 percent 
probability of providing snow cover conditions supportive of lynx presence (Gonzalez et al. 
2007, p. 12).    
 
Habitat Status: Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal ownership, 
including 18,695 km2 (7,218 mi2) in national forests under USFS management, 3,658 km2 (1,412 
mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) managed by BLM in its 
Garnet Resource Area. As described above under Habitat Description, potential lynx habitat in 
this unit is patchily-distributed and interspersed with areas of non-habitat. Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of of the total national forest area (both inside and outside this SSA unit). 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with conservation of lynx. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components (USFWS 2007, 
p. 77), and these areas contain large portions of wilderness or other natural areas. Timber 
harvest and construction of roads or fire suppression typically do not occur or are very limited in 
lands managed in non-developmental allocations. Among all 18 national forests covered by the 
NRLMD, which includes all six national forests that contribute to this SSA unit, about 56 percent 
of the areas mapped as potential lynx habitat occurs in nondevelopmental allocations (USFS 
2007, p. 39).    
 
In this unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead, the 139-km2 (54-
mi2) Rattlesnake Wilderness Area on the Lolo, and the 371-km2 (143-mi2) Mission Mountain 
Tribal Wilderness on the Flathead Reservation. Management of both NPS lands and wilderness 
areas provide restrictions on land use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-
29), and adverse effects of management activities on lynx habitats in these areas are unlikely. 
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30) that were developed based on the scientific findings and 
recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). Similarly, the BLM in 
2004 amended the Resource Management Plan (RMP) that covers the Garnets Resource Area 
to incorporate the conservation measures identified in the LCAS (Sparks 2016, pers. comm.). 
Both documents provide guidance on the kinds of activities that can and cannot be implemented 
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in important lynx habitats and thresholds for the proportions of lynx habitat in lynx analysis units 
(LAUs) that can be in an unsuitable state at any given time and how much can be converted 
from suitable to (temporarily) unsuitable over particular time frames.  
 
Montana - MTDNRC HCP: State of Montana Department of Natural Resources and 
Conservation Forested State Trust Lands Habitat Conservation Plan (Montana DNRC HCP): 
Units 3 and 5 
The Montana DNRC worked closely with the Service in developing and completing NEPA 
analysis on this multi-species HCP (Montana DNRC and U.S. Fish and Wildlife Service 2010). It 
includes a Lynx Conservation Strategy that minimizes impacts of forest management activities 
on lynx, complements lynx conservation objectives set forth in the State’s Comprehensive Fish 
and Wildlife Conservation Strategy (Montana Department of Fish, Wildlife and Parks 2005), and 
describes conservation commitments that are based on recent information from lynx research in 
Montana. It also commits to active lynx monitoring and adaptive management programs. 
In our biological opinion regarding potential impacts to lynx of implementation of the HCP, the 
Service concluded that the HCP “…promotes the conservation of lynx and their habitat through 
increased conservation commitments by DNRC for forest management practices, maintenance 
of the habitat mosaic, structure, and components required to support lynx and their primary 
prey, the snowshoe hare, monitoring, and adaptive management.” We determined that the 
proposed action is not likely to jeopardize the continued existence of Canada lynx within the 
contiguous U.S. DPS and that forest management activities managed under the conservation 
commitments of the DNRC HCP would not appreciably reduce the likelihood of survival and 
recovery of Canada lynx. Therefore, we are considering excluding 271.4 mi2 of forested State 
Trust lands in western Montana managed in accordance with the DNRC HCP from the revised 
lynx critical habitat designation in Unit 3, and 1.3 mi2 in southwest Montana from designation in 
Unit 5. Recent conservation land purchases substantially increased protection of lynx habitat in 
the Seeley Lake core area . The extent of fire in this area has increased, with over one million 
acres burned in 2000-2013.  Forest management (timber harvest, silviculture, and fire 
management) can have negative, neutral, or positive impacts on lynx habitat; current research 
is investigating lynx response to management actions. 
 
Tribal - Most lynx and lynx habitat on the Confederated Salish and Kootenai Tribes Flathead 
Reservation occur in areas with formal protective status, including: (1) The long-designated 
Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely roadless and 
managed for wilderness qualities; and (2) the South Fork/Jocko Primitive Area, which is open to 
use only by Tribe members and in which commercial timber harvest is prohibited (79 FR 
54831). 
 
 
AS described above in section 3.1, State trapping regulations; efforts to avoid/minimize 
incidental take. - expected to benefit lynx 
 
This unit is directly connected to lynx habitats and populations in southwestern Alberta and 
southeastern British Columbia (BC), where lynx are considered “sensitive” and “secure,” 



respectively (Environment Canada 2014, entire).  Modeling lynx resource selection and 
movement behavior, Squires et al. (2013, pp. 187, 191-193) concluded that connectivity 
between this unit and lynx habitats and populations in Canada may be facilitated by only a 
relatively few predicted corridors that extend south from the international border. 
 
Lynx Status:  (distribution [current v. historic v. time of listing] and demographic rates/trends [if 
available - specify dates of data collection/surveys], single population v. several subpopulations, 
home range size [relative to/compared with other areas], connectivity, genetics [e.g., sub-
structuring if demonstrated], sources of mortality/levels of incidental take, etc.): 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016 pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). 
 
Lynx are known to be widely distributed throughout this unit occupying X area, and breeding has 
been documented in multiple locations (Gehman et al. 2004, pp. 24–29; Squires et al. 2004a, 
pp. 8–10, 2004b, entire, and 2004c, pp. 7–10; Squires et al. 2008, entire). This area appears to 
support the highest density lynx populations in the Northern Rocky Mountain region of the lynx’s 
range. It likely acts as a source for lynx and provides connectivity to other portions of the lynx’s 
range in the Rocky Mountains, particularly the Greater Yellowstone Area (79 FR 54825). This 
area is believed to support the largest lynx population in the western U.S., but minimum 
population size has not been calculated.  The Forest Service’s Rocky Mountain Research 
Station in Missoula initiated a lynx research program in 1998 to investigate lynx resource and 
prey selection, competition, activity patterns, detection and monitoring, and connectivity.  From 
1998 to 2007, researchers trapped and radio-marked 175 lynx in northwestern Montana and 
collected nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx 
movements, resource use, survival, and productivity.  From 1999-2007, litter sizes averaged 
2.24 kittens/litter (N = 33) in the Seeley Lake area (the central portion of this geographic unit) 
and from 2003-2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains (the northwestern 
portion of the unit).  In Seeley Lake, 61 percent of breeding-age females (N = 52) produced 
kittens; in the Purcells, 83 percent of females (N = 28) produced kittens.  Recent research 
(Kosterman 2014, entire) suggests kitten production is correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges.  Annual survival rates for 
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subadult and adult female lynx were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 
0.85, respectively, in the Purcells.  There was no evidence of cyclicity in these vital rates, and 
no indication of irruptions of lynx into this unit from Canada after the 1980s.  Starvation, 
predation by mountain lions, and human-caused deaths each accounted for roughly one-third of 
documented sources of lynx mortality.  Population viability analyses yielded population growth 
rates of 0.92 for the Seeley Lake area (i.e., declining population trend, 1999-2007) and 1.16 for 
the Purcells (increasing trend, 2003-2007).  The distribution of lynx in this unit appears to have 
contracted recently; lynx were documented in the Garnet Mountain Range in the southern 
portion of the unit from at least 1980 into the early 2000s, but in 2010, extensive research 
trapping efforts yielded only two males, and snow-track and camera-trap surveys in winter 2014-
2015 detected no lynx.  Genetic analyses revealed fine-scale genetic sub-structuring among the 
Garnets, Purcells, and Seeley Lake subpopulations, suggesting some level of relative isolation 
among lynx in those areas.   
 
Factors Affecting Current Conditions:  Regulatory mechanisms, climate warming, vegetation 
management, fire management, habitat fragmentation, other factors  
 
Timber harvest and management are 
dominant land uses (68 FR 40075); 
therefore, special management may be 
required depending on the silvicultural 
practices implemented. Timber 
management practices that provide for a 
dense understory are beneficial for lynx 
and snowshoe hares. In this area, 
climate change is expected to result in 
the potential loss of snow conditions 
suitable for lynx by the end of this 
century (Gonzalez et al. 2007, p. 14). 
Therefore, climate change represents a 
potential habitat-related threat to lynx 
in this unit. Fire suppression or fuels 
treatment, habitat fragmentation 
associated with road-building (and 
associated increases in traffic volumes 
and/or speeds), and commercial, 
recreational, and energy/mineral 
development pose other potential 
habitat-related threats to lynx in this 
Unit. 
 
4.1.4 Unit 4 - North-central Washington 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
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Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825).  The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825).  It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands.  This area was occupied at the time lynx was 
listed and is currently occupied by the species.  Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented.  Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx.  Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult.  This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx.  Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46).  According to the LCAS, connectivity currently appears functional, as lynx 
dispersal from Washington into Canada was recently documented.  A male lynx radio-collared in 
2008 in the Loomis State Forest remained there until late winter in 2009, when it dispersed 
north into Canada toward Hope, British Columbia, and then headed north-east toward 
Kamloops where it appeared to establish a home range just southeast of Kamloops. This 
individual was later trapped and killed in British Columbia, highlighting the need for cooperation 
and shared management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently.  One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18).  Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523).  For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s.  In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986.  One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977.  A single lynx was taken 
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each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63).  Prior to 1961, lynx trapping 
records were not maintained in Washington.  Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month.  In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (Service 
2008).  Lynx habitat in the Kettle Range is limited in size and capable of supporting few lynx.  
According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 10 to 23 
lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) 
of lynx habitat.  It should be noted that the lynx density estimate was derived from research 
conducted in the Cascade Range within a large area of contiguous, high quality habitat (Koehler 
1990, pp. 845, 847).  Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2.  The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia.  The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523).  These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult.  Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000, p. 322; 
Stinson 2001, p. 9).  Within this area lynx primarily use forests dominated by Engelmann spruce 
(Picea engelmannii), subalpine fir (Abies lasiocarpa), or lodgepole pine (Pinus contorta) on mild 
to moderate slopes (less than 30 degrees), and avoid Douglas-fir (Pseudotsuga menziesii) and 
ponderosa pine (Pinus ponderosa) forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17).  Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523).  Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47).  Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75).  
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268).  Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 



23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice.  
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446).  In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities reach approximately 4-6 hares/ha (1.6-2.4 hares/ac), and cycle 
as low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000, pp. 119-120).  In the southern 
portion of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in 
northern regions (Aubry et al. 2000, p. 375).  Walker (2005, p. 20) estimated an average 
snowshoe hare density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha 
(0.01 to 1.94 hares/ac) in north central Washington (i.e., the Cascades).  The Washington 
Department of Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 
0.7 hares/ha (0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84).  Snowshoe hares are limited to 
environments with snowy climates (Ruggiero et al. 2000b, p. 448).  Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest.  However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historic range of lynx in the 
U.S. (68 FR 40084).  McKelvey et al. (2000, pp. 245-246) described the historic range of lynx in 
the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with the 
Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests.  These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46).  The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63).  In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit.  Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23).  Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
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this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
studies conducted from 2002 through 2004.  More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx Workshop Report 2016, p. 21).  
Cumulatively, over the past 2 decades these wildfires have burned greater than 50 percent of 
the suitable lynx habitat within this geographic unit (Koehler et al. 2008, p. 1523).  These acres 
are expected to regenerate back into suitable lynx habitat, but it may take several decades for 
this to occur. 
 
State lands protected by WADNR lynx Habitat Management Plan - see 2014 IEM for CH - The 
objectives and strategies of the LHMP are developed for multiple planning scales (ecoprovince 
and ecodivision, Lynx Management Zone, Lynx Analysis Unit (LAU), and ecological community), 
and include: 
(1) Encouraging genetic integrity at the species level by preventing bottlenecks between British 
Columbia and Washington by limiting size and shape of temporary non-habitat along the border 
and maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; 
(3) Maintaining the integrity of requisite habitat types within individual home ranges by 
maintaining connectivity between and integrity within home ranges used by individuals and/or 
family groups; and 
(4) Providing a diversity of successional stages within each LAU and connecting denning sites 
and foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. 
The LHMP identifies specific guidelines to achieve the objectives and strategies at each scale; it 
also describes how WDNR will monitor and evaluate the implementation and effectiveness of 
the LHMP. WDNR has been managing for lynx for almost two decades, and the Service has 
concluded that the management strategies implemented are effective. 
In the final revised critical habitat designation, published in the Federal Register on February 25, 
2009 (74 FR 8657–8658), we determined that the benefits of excluding lands managed in 
accordance with the WDNR LHMP outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WDNR LHMP from 
the revised lynx critical habitat designation. 
 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13).  From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13).  
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14).  In 2001, the WDFW 
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considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).   
  
In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16).  However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16).  More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx.  This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847).  However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”.  During the time of Koehler’s 
(1990, entire) study the Meadows provided some of the best lynx habitat in Washington, 
whereas most other lynx habitat in Washington is lower in elevation and more highly fragmented 
(Walker 2005, pp. 3, 6).  Thus, the lynx densities Koehler observed in his study area in the 
Meadows may not translate to lynx densities throughout the rest of lynx habitat in Washington, 
because as habitat becomes more fragmented and isolated (i.e., marginal), the carrying 
capacity for a particular species declines.  Thus, applying Koehler’s estimated lynx density 
uniformly throughout Washington, may overestimate the overall lynx population capable of 
being supported in Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16).  This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16).  The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat.  
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc.  Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 



the suitability of lynx habitat.  They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522).  Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington.  During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847).  Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2).  Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2.  Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53).  Maletzke assessed the effects of recent fires 
in the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat).  By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx Workshop Report 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population.   Note:  while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable.  However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population.  Further informing the effects of these recent fires in the Cascades on lynx 



habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires.  Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21).  The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted.  The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition:  Within Washington, the vast majority of lynx habitat is 
administered by the Okanogan/Wenatchee (OWNF) and Colville (CNF) National Forests.  The 
North Cascades (aka the Okanogan LMZ in north-central Washington), which supports the only 
known, long-term persistent lynx breeding population in Washington, and within which critical 
habitat was designated for lynx in 2014 (79 FR 54782), is administered by the OWNF.  
Subsequent to listing lynx under the ESA, the Forest Service entered into a Conservation 
Agreement (CA) with the Service in 2000 (USFS and USFWS 2000, entire), which was revised 
and extended in 2006 (USFS and USFWS 2006, entire).  The CA committed the ONWF and 
CNF to use the Lynx Conservation Assessment and Strategy (LCAS) for management of lynx 
and its habitat on their ownerships, and will remain in place until the forests amend or revise 
their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation.  To promote conservation 
of lynx and its habitat the LCAS contains conservation measures addressing the identification 
and maintenance of lynx habitat (foraging, denning, habitat connectivity) on federal lands.  
Toward this end, the LCAS recommends that federal land managers identify and map lynx 
habitat on their ownerships, and delineate lynx analysis units (LAUs) containing the mapped 
lynx habitat, within which the effects of management actions on lynx habitat will be monitored 
and analyzed.  The LCAS also recommends that the size of LAUs should be based on the 
average size of a female lynx home range and contain year-round habitat components (i.e., 
foraging and denning habitat).  Thus, in Washington, and the north Cascades specifically, it 
appears that the single threat for which lynx were listed under the ESA (i.e., inadequacy of 
regulatory mechanisms) has largely been addressed through the development of the LCAS, and 
CA between the Forest Service and Service which commits the Forest Service, specifically for 
Washington the OWNF and CNF, to use the LCAS in the management of lynx habitat on their 
ownerships and when designing and implementing projects within LAUs. 
  
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades, which has significantly affected the status of and current 
viability of the lynx population within this geographic unit.  As discussed below under Potential 
Threats/Stressors/Factors Influencing Viability, there is significant risk of potential future 



wildfires to further affect the viability of lynx in this geographic unit.  Recent wildfire severity, 
extent, and intensity in lynx habitat within this geographic unit may have been influenced by 
climate change (Westerling et al. 2006, pp. 942-943), and as discussed below, climate change 
may similarly affect the future viability of lynx within this geographic unit. 
 
4.1.5 Unit 5 - Greater Yellowstone Area 
1.  Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826).  It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State.  This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton,Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts.  It also 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges.  This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (see Devineau et al 2010, p. 526).  Relative to other 
DPS lynx populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

2.  Habitat Description: In northwestern Wyoming and the GYA, lynx are generally associated 
with the Rocky Mountain Conifer Forest vegetation class, as described above (Section 4.1.3) for 
the Northwestern Montana/Northeastern Idaho area, although this habitat and, thus, lynx 
typically occur at higher elevations (2,250-3,000 m [7,380-9,850 ft]) in the GYA (McKelvey et al. 
2000a, p. 245). Lynx habitat in much of the GYA is naturally marginal (patchier and composed 
in many places of drier forest types) and hare densities low to marginal, resulting in a spatially-
limited distribution of lynx with large home ranges (68 FR 40090; 71 FR 66010, 66029; 74 FR 
8624, 8643–8644; Hodges et al. 2009, entire; 79 FR 54796; Lynx SSA Team 2016, p. 45). 
However, some pockets of high hare density - Wyoming Range, see Berg’s work.  

3.  Habitat Status (current v. historical v. time-of-listing distribution/mapping/understanding of 
influencing factors, trends [losses/gains], management strategies/protections/conservation 
measures [by ownership if available]): 

Much of unit in national parks, wilderness areas, and other non-development land-use 
designations - mgmt. should preserve lynx/hare habitats.  Other areas (Fed) are managed in 
accordance with NRLMD or conservation agreements that incorporate the 
recommendations/standards and guidelines form the LCAS (2000). 

BLM plans revised in 2008 (Pinedale) and 2010 (Kemmerer) - formally adopted conservation 
measures and BMPs for lynx based on LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. 
A-9 - A-12).4.  Lynx Status (distribution [current v. historic v. time of listing] and demographic 
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rates/trends [if available - specify dates of data collection/surveys], single population v. several 
subpopulations, home range size [relative to/compared with other areas], connectivity, genetics 
[e.g., sub-structuring if demonstrated], evidence of immigration/emigration, sources of 
mortality/levels of incidental take, etc.):    

5. Factors Affecting Current Conditions - e.g., of the influencing factors described above in 
Chapter 3, those that appear currently to influence lynx and lynx/hare habitats in this geographic 
unit include….. (then explain why/how [cause-and-effect pathways]; be as concise as possible).  
It is OK to foreshadow a bit here - e.g., if climate impacts have not been demonstrated to be 
currently affecting lynx, but are expected to do so in the future, note here that future impacts of 
this or other influencing factor will be discussed below in Chapter 5. 

4.1.6 Unit 6 - Southern Rockies Geographic Area 
 
Unit Description - The overall geographic unit includes Colorado, south-central Wyoming, and 
north-central New Mexico.  However, within the southern Rockies, since we currently have no 
evidence of resident lynx in southern Wyoming or northern New Mexico, and we question the 
ability of these two areas to support breeding populations we are not including these two areas 
in the unit description.  Lynx habitat  in Colorado totals approximately 25,294 km2 (9,766 mi2), 
and is distributed west of US Interstate-25.  We excluded the northwest part of the state 
bounded on the south by US Interstate-70 and the east by Colorado State Highway 13, because  
it lacks sufficient habitat to support lynx.  Lynx habitat in Colorado falls within the following land 
ownerships, USFS 21,555 km2 (8,322 mi2), BLM 772 km2, (298 mi2), NPS 452 km2 (174 mi2), 
Private 2,350 km2 (907 mi2), State 164 km2 (63 mi2).   
 
The southern Rockies are separated from the rest of the Rocky Mountain chain, and thus lynx 
habitat in northern and western Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.   
 
Habitat Description - Lynx habitat in the southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009 page 
10).  In the upper elevations of the subalpine zone, forests are typically dominated by subalpine 
fir and Engelmann spruce.  As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen.  On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir.  Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains.  The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites.  Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  



Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, page 15).  Riparian and riparian-mix was the third most-used cover type, with a 
pattern of increasing use beginning in July, peaking in November, and dropping off in 
December.  Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012 page 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands).  We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan’s EE 
presentation), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975 page 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within 
their study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 2008, 
p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains 
Geographic Unit, which limits their abundance.  Zahratka and Shenk (2008) found densities of 
snowshoe hares to be greatest in mature Engelmann spruce-subalpine fir stands when 
compared to mature lodgepole pine stands in Taylor Park, Colorado.  Their density estimates 
were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in Engelmann spruce-subalpine fir 
habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 hares/ac) in lodgepole pine habitats 
(Zahratka and Shenk 2008). 
  
Ivan (2011a) compared snowshoe hare density, survival, and recruitment in mature uneven-
aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) stands (20–25 
years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned lodgepole pine 
stands (40–60 years old) in Colorado.  During summer, Ivan (2011a) recorded densities of 
0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small lodgepole pine forest, 0.01+0.04 
to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium lodgepole forest, and 0.01±0.002 to 
0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir forest; densities were more similar across 
the 3 forest types during the winter months.  He concluded that “hares reached their highest 
densities and recruited juveniles most consistently in stands of small lodgepole, followed closely 
by spruce/fir, but survival was highest in spruce/fir stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the southern Rockies (i.e. Colorado and southern Wyoming) [65 FR 16052).  In 
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2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the southern Rockies (68 
FR 40076).  As stated above, our focus here is limited to the state of Colorado.  In 2008, the 
USFS reported that most of their LAUs in the Southern Rockies fell within a range of 3-8 percent 
in a currently unsuitable condition, with only one LAU exceeding 30 percent unsuitable (USFS 
2008 page 19).   
 
Ivan et al. (2012 page 6), developed a predictive map of lynx habitat use by using lynx location 
data collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx.  Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use.  Therefore, we 
selected the top 30 percent of the Ivan et al. (2012 entire) predictions and the associated habitat 
to represent the amount of potential lynx habitat in Colorado totaling 25,294 km2 (9,766 mi2).  
This habitat estimate falls between the Ivan et al. (2012, page 6) estimate and the USFS’s 
habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008 page 18), while retaining a greater than 
60 percent probability of detecting lynx as described by Ivan et al. (2012).   
 
Conservation management within lynx habitat in Colorado is largely accomplished through 
Forest Service planning documents.  All USFS Land Management plans were amended in 2008 
to provide for the conservation of lynx.  Three BLM plans in Colorado have been amended or 
revised to conserve lynx following the 2013 LCAS, totalling approximately 126 km2 (49 mi2).  
One additional plan provides conservation measures for timber management actions only, but 
the FO contains only about 1 km2 (0.39 mi2).  The remaining FOs currently have not amended 
or revised their plans specifically to provide conservation for lynx (approximately 1,128 km2 (436 
mi2),  Since the 2000 listing however, all BLM Field Offices in Colorado have been conserving 
lynx through application of conservation measures provided in the Lynx Conservation 
Assessment and Strategy (Ruediger et al. 2000, entire; ILBT 2013, entire).  Rocky Mountain 
National Park has a fire management plan that includes conservation measures for lynx.  We 
are not aware of any specific conservation planning guiding activities on non-federal lands. 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado.  
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
state of Colorado (Odell pers comm. April 4, 2016), and Rocky Mountain National Park (Shenk 
2008, page 3).  The CPW is developing a minimally-invasive, long-term, statewide monitoring 
program to track the distribution, stability, and persistence of lynx in Colorado (Ivan J. 2012 
entire). 
  
As of 2015, anecdotal evidence of recent lynx reproduction is provided through kittens captured 
on game cameras accompanying adult females at three locations during 2014-2015 monitoring 
effort (Ivan presentation 2015).  In addition 38 percent of lynx captured during recent (2010-
2015) USFS Rocky Mountain Research Station research projects in Colorado have been young 
and/or unmarked cats (Ivan EE Presentation 2015), suggesting continued reproduction within 
Colorado.  However, reproductive rates are currently unknown. 
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As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, page 5).  Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–
0.90; Slough and Mowat 1996 entire, O’Donoghue et al. 1997, page 155) or in the Northwest 
Territories (~0.90; Poole 1994, page 612).  Successful reproduction, including by females born 
in Colorado, has been documented (Shenk 2008, page 2), and kitten survival was 0.2260 (Jake 
Ivan, pers comm. March 9, 2016). 
  
Factors Affecting Current Conditions - Colorado is currently experiencing major bark beetle 
epidemics in lodgepole pine and spruce-fir forests.  Although bark beetles are native insects, 
and forests in the western U.S. have experienced regular insect infestations throughout their 
history, the current bark beetle epidemic is notable for its intensity and extensive geographic 
range.  The causes of this epidemic include: relatively even-aged, dense, and homogenous 
forest conditions, which are highly susceptible to beetle attack, and which were created by 
large-scale logging in the late 1800s and subsequent fire suppression efforts; warmer winters 
due to climate change (cold winters typically reduce beetle populations); and a multi-year 
drought that occurred in the mid-1990s through early 2000s, stressing the trees and making 
them more susceptible to beetle attack (USFS 2011, pp. 4). 

In lodgepole pine forests, a mountain pine beetle (Dendroctonus ponderosae) epidemic typically 
kills the entire overstory and results in a stand-replacing disturbance event.  In Colorado, more 
than 1,375,931 ha (3,400,000 ac) has been affected by mountain pine beetle, and 639,000 ha 
(1,579,000 acres) affected by spruce beetle since 1996 (USFS 2015, p. 3), a portion of which 
overlaps with lynx habitat.   
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares.  
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine.  If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event.  Because of the importance of spruce-fir forests for production and survival 
of snowshoe hares (Ivan 2011a), widespread mortality of mature spruce/fir forests could impact 
lynx habitat for a long duration.  By 2015, the spruce beetle outbreak influenced approximately 
95 percent of the mature spruce component of the subalpine cover types on the Rio Grande 
National Forest (Squires et al. unpublished report 2016, page 1).  Despite the large scale, and 
almost complete mortality of the mature spruce component within their study area, lynx continue 
to use and reproduce in the beetle-infested forests (Squires et al. unpublished report 2016, 
page 2).  Since the majority of lynx habitat in Colorado is under Federal land management (88 
Percent), actions occurring on other ownerships are unlikely to result in significant losses of lynx 
habitat within Colorado.  However, habitat connectivity may be negatively affected by intense 
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recreational use or development within strategic areas that are important for habitat 
connectivity. 
 
Interagency Lynx Biology Team (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006).  Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003.  When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were 
exposed to plague by infected prey after their release in Colorado. 
 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing.  
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006).  Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016).  A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012).  At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat.  Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
  
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
  



Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 
  

Table of Current Condition 
4.2 DPS-wide Current Conditions  - Jim summarize above. 
 

Chapter 5: Future Conditions 
In this chapter, we evaluate the potential effects of the influencing factors described in Chapter 
3, above, on the persistence and future viability of lynx populations in each geographic unit and 
the DPS as a whole. We also present and summarize the professional judgments and opinions 
of lynx experts and their estimates of the probability that each of the SSA units will continue to 
support resident breeding populations of lynx into the future (at years 2025, 2050, and 2100). 

5.1 Future Conditions by Geographic Unit 
 
5.1.1 Unit 1 - Northern Maine 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Forest Practices Act (FPA).  The FPA 
regulates maximum size of clear cuts (250 acres), separation zones between clearcuts, harvest 
plans, and notification to the Maine Forest Service.  As a result, the number of clearcuts 
completed annually has declined significantly and have been replaced by various forms of 
partial harvesting (Sader et al. 2003, p. 349-350, McWilliams et al. 2003, p. 35).  In general (with 
exception of shelterwood harvests), partial harvested stands support significantly lower 
densities of snowshoe hares (Robinson 2006, entire), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons-Legaard et al. 2016, p. 7-8, 
Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems.  The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-FPA to 550,000 
acres post-FPA (McWilliams et al. 2003, p. 35).  Seventeen years post-FPA, much of the 10 
million-acre northern Maine landscape has been influenced by partial harvesting, which 
combined with aging of the spruce budworm-era clearcuts, will reduce landscape hare densities 
(Simons-Legaard et al. 2016, 9-10).  If current landowners continue to use similar methods of 
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harvesting and harvest at current rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10).  After 2030, projected outcomes for lynx habitat 
become more dependent on assumptions about habitat definitions and harvest rates.  If one 
defines lynx habitat as stands having greater than 75 percent spruce fir, then habitat will decline 
by about 50 percent by 2030 and remain at about at this level through 2060.  With more 
generous definitions of habitat (stands that are 25 to 50 percent spruce-fir), lynx habitat could 
rebound after 2030, perhaps to about 75 percent of current levels by 2050 (Simons-Legaard 
2016, pp. 9,16). 
 
These projections do not consider the next outbreak of spruce budworm.  After being low for the 
last 20 years, numbers are again building in Maine, southern Quebec, and northern New 
Brunswick towards epidemic levels.  Defoliation in Maine is expected in the next 2 to 5 years 
(Wagner et al. 2014).  Although Maine research has clearly demonstrated that landowner 
response to the last outbreak resulted in unintended, positive benefits for lynx from one to three 
decades later, our ability to project what effects the next outbreak will have on lynx habitat is still 
limited.  Land ownership has changed dramatically since the last outbreak.  Some financial 
investment owners may be more inclined to pre-salvage spruce-fir stands that are nearing 
financial maturity, but still support elevated hare populations.  Some may be less inclined to 
intensively manage for spruce-fir.  The FPA may serve as an additional constraint on motivation 
to clearcut infested stands, even with recently-enacted changes intended to reduce the 
regulatory burden for landowners.  Widespread use of herbicide is unlikely in partially harvested 
stands.  Landowner response to the pending outbreak will have important implications for the 
short- and long-term persistence of lynx habitat in the northern Maine unit (Simons-Legaard 
2016, pp. 16-17).   
 
Climate warming - The direct and indirect effects of climate warming are expected to affect lynx 
in the northern Maine unit more severely than other units (A. Siren, Workshop report 2016 p.XX) 
and could further restrict their range (Hoving 2002, Hoving et al. 2005).  A recent elicitation of 
wildlife experts in Maine ranked lynx as highly vulnerable to climate change (>66 percent loss in 
species range/population and extirpation within 50 to 100 years) (Whitman et al. 2013, p. 19, 
74).  Similarly, Carroll (2007, entire) used the Hoving et al. (2005) lynx model, non-cycling hare 
populations, and snow conditions under intermediate to high emissions climate models (Kiehl 
and Gent 2004, entire) and predicted a 59 percent decline in the lynx population (non-cycling 
hare populations in Maine and eastern Canada) by mid-century because of climate change 
alone. Maine lacks elevational refugia for lynx under reduced snow scenarios (Carroll 2007, p. 
1102), except for the mountains in western Maine where snow refugia may only persist as very 
small, isolated “sky islands” that would be unlikely to support lynx.  Gonzales et al. (2007, entire) 
modeled distribution of boreal forest and future snow conditions under nine different low, 
medium, and high emission scenarios (IPCC 2007) and predicted loss of forest and snow 
conditions able to support lynx in Maine by the end of the century.  Although there are 
uncertainties about future climate warming, lynx populations in Maine are expected to recede 
northward and decline substantially over the next century (Vashon et al. (2012, p. 60).    
 



Northeast climate models predict average winter temperature increasing 2.0oC (low emission) to 
2.9oC (high emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by 
late century (Notaro et al. 2014).  Largest increases in temperature are expected in northern 
Maine (A. Siren, Worskshop Notes 2016, Rawlins et al. 2012) where temperatures may 
increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015 check). Moderate emissions scenarios 
predict a loss of snow and boreal forest conditions able to support lynx by the end of the century 
(Carroll 2007, Gonzales et al. 2007).  
 
Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) fromof current conditions by the end of the century (Hayhoe et al. 2006).  Similarly, 
Notaro et al. (2014) projected an average decrease of 28 days (low emission) to 47 days of 
snow cover (high emissions) by the end of the century.  
 
By the end of the century, large areas of the Northeast will experience 15 percent (low 
emission) to 25 percent (high emissions) reduced snowfall (Ning and Bradley 2015).  Similarly, 
by the end of the century Notaro et al. (2014) projected average snow declines in the North 
Atlantic LCC of 59 cm (31 percent) (low emissions) to 92 cm (48 percent) (high emissions) as a 
higher proportion of winter precipitation falls in the form or rain than snow. 
 
Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end of the century 
(Hayhoe et al. 2006) with a greater proportion of winter precipitation falling as rain (Huntington 
et al. 2004, Hayhoe et al. 2007, Ning and Bradley 2015). 
   
The direct and indirect effects of climate warming are expected to affect lynx in the Northeast 
more severely than other units (A. Siren, Workshop report 2016 p.XX) and could further restrict 
their range (Hoving 2002, Hoving et al. 2005).  A recent elicitation of wildlife experts in Maine 
ranked lynx as highly vulnerable to climate change (>66 percent loss in species 
range/population and extirpation within 50 to 100 years) (Whitman et al. 2013, p. 19, 74).  
Similarly, Carroll (2007, entire) used the Hoving et al. (2005) lynx model, non-cycling hare 
populations, and snow conditions under intermediate to high emissions climate models (Kiehl 
and Gent 2004, entire) and predicted a 59 percent decline in the lynx population (non-cycling 
hare populations in Maine and eastern Canada) by mid-century because of climate change 
alone. Maine lacks elevational refugia for lynx under reduced snow scenarios (Carroll 2007, p. 
1102), except for the mountains in western Maine where snow refugia may only persist as very 
small, isolated “sky islands” that would be unlikely to support lynx.  Gonzales et al. (2007, entire) 
modeled distribution of boreal forest and future snow conditions under nine different low, 
medium, and high emission scenarios (IPCC 2007) and predicted loss of forest and snow 
conditions able to support lynx in Maine by the end of the century.  Although there are 
uncertainties about future climate warming, lynx populations in Maine are expected to recede 
northward and decline substantially over the next century (Vashon et al. (2012, p. 60).    
  
Climate change is affecting the Northeast, and the rate of change is faster than expected 
(Rustad et al. 2014).  Rapid winter warming in recent decades is believed to be caused by 
reduced albedo feedback caused by the reduced persistence of snow in winter (Hayhoe et al. 



2006). Average winter temperatures are increasing 0.42-0.46o C/decade with the greatest 
warming occurring in the coldest months of winter (January, February)(Burakowski et al. 2008).  
Northeast climate models predict average winter temperature increasing 2.0oC (low emission) to 
2.9oC (high emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by 
late century (Notaro et al. 2014).  Largest increases in temperature are expected in northern 
Maine (A. Siren, Worskshop Notes 2016, Rawlins et al. 2012) where temperatures may 
increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015 check). Moderate emissions scenarios 
predict a loss of snow and boreal forest conditions able to support lynx by the end of the century 
(Carroll 2007, Gonzales et al. 2007).  In response to climate change, interest in wind 
development has escalated in northern and western Maine increasing threats to high elevation 
and potential spruce-fir refugia (Whitman et al. 2013). Climate conditions are at or falling below 
threshold values needed to support lynx in Maine. 
 
Snow duration. Lynx require at least four months (120 days) of continuous snow coverage 
(Gonzales et al. 2007).  Snow cover days in northern New England (1965-2005) ranged from 
60-121 days and declined an average of 3.6 days/decade (Burakowski et al. 2008). Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected 
to diminish another two weeks in Maine by mid-century (Fernandez et al. 2015).  Snow duration 
is expected to diminish by 25 percent (low emissions) to 50 percent (high emissions) from 
current conditions by the end of the century (Hayhoe et al. 2006).  Similarly, Notaro et al. (2014) 
projected an average decrease of 28 days (low emission) to 47 days of snow cover (high 
emissions) by the end of the century.  Thus, conditions in Maine are at or below the snow 
persistence thresholds needed to support lynx (Gonzales et al. 2007) and are projected to 
continue to decline. 
  
Snow depth. Lynx in the Northeast and eastern Canada require a threshold of 270 cm/yr. (106 
in/yr; Hoving et al. 2005), which defines the distribution of lynx and bobcat in this region (Hoving 
et al. 2005, Carroll 2007, Peers et al. 2013).  Average annual snow depth at 5 weather stations 
within the range of the lynx in northern Maine (1981-2010) was below this threshold, 228-263 
cm (NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html last accessed 
31 March, 2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduce depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (Burakowski et al. 2008). By the 
end of the century, large areas of the Northeast will experience 15 percent (low emission) to 25 
percent (high emissions) reduced snowfall (Ning and Bradley 2015).  Similarly, by the end of the 
century Notaro et al. (2014) projected average snow declines in the North Atlantic LCC of 59 cm 
(31 percent) (low emissions) to 92 cm (48 percent) (high emissions) as a higher proportion of 
winter precipitation falls in the form of rain rather than snow.  Thus, conditions in Maine are at or 
below the snow depth threshold needed to support lynx (Hoving et al. 2005) and are projected 
to continue to decline. 
 
Snow quality. Lynx and snowshoe hare require deep, fluffy snow (FR XXX) that provides lynx 
with a competitive advantage over bobcats (XXXXX) and hares the ability to reach winter 
browse (XXXXX). Snow quality (‘fluffiness”) has deteriorated in the Northeast. Unlike other 
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units, annual precipitation in Maine is increasing because of climate change, but primarily as 
rain (A. Siren, Workshop Notes 2016, XXXX, Fernandez et al. 2016), and especially rain on 
snow events in winter in northern Maine (Huntington and Hodgkins 2004, Deser et al. 2013, 
Fernandez et al. 2015).  Winter precipitation in Maine is likely to increase by 10 to 15 percent by 
the end of the century (Hayhoe et al. 2006) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, Hayhoe et al. 2007, Ning and Bradley 2015).  Snow 
density and compaction (caused by wet, heavy snow or rain on snow events in winter) has 
increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Loss of boreal forest. Climate change is projected to cause a northward contraction of spruce-fir 
forest in the Northeast with potential negative consequences for both lynx and snowshoe hares 
(Gonzales et al. 2007, entire).  Spruce-fir forest is expected to decline substantially in Maine and 
the Northeast (Ollinger et al. 2007 Beckage et al. 2008, Tang and Beckage 2010, Whitman et al. 
2010, p. 12, Jacobson et al. 2009, p. 27) or disappear (Iverson and Prasad 2001, pp. 192-193, 
Prasad et al. 2007) because of climate change.  Thus, boreal forest will become increasingly 
fragmented in northern New England (Iverson et al. 2008, Ollinger et al. 2008, Whitman et al. 
2013) as will lynx habitat (Simons 2009).  Even under the lowest emissions scenarios, spruce-fir 
forest would be greatly reduced by 2100 (Williams and Liebhold 1997, Prasad et al. 2007), 
although some may persist at highest elevations (Tang and Beckage 2010) and along the 
eastern coast (Jacobson et al. 2009).   
 
The spruce-fir forest type has come and gone from New England during the post-glacial period.  
It nearly disappeared from the Northeast during interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, DeHayes  et al. 2000).  Because of its sensitivity to climate and 
mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low emissions) or the 
disappearance (high emissions) of the spruce-fir forest type in northern Maine in response to 
climate change.   
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species  
in the Northeast and will be affected by climate change in different ways.  Mechanisms of injury 
to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of reduced 
snowpack), and reduced seed germination (Perfect et al. 1987, Auclair et al. 2010).  Thus, the 
summer boundary of spruce-fir is limited by summer heat and drought.  Mohan et al. 2009 
projected that suitable habitat for balsam fir would decline by 80 percent in 2100 under an 
average to high emissions scenario. In contrast, Ollinger et al. (2008) projected growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.    
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, and synergistic effects with other pollutants). 
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Arguments in favor of an accelerated decline include studies indicating that spruce-fir is already 
in decline (Seymour 1992, Simons 2009) and is being replaced in Maine by northern hardwoods 
(oak, pine, red maple).  The decline of the spruce-fir forest type is accelerated by forest 
disturbances.  A pending spruce budworm outbreak and frequent disturbance from forest 
management could accelerate conversion to northern hardwoods in northern Maine and eastern 
Canada (Flannigan et al. 2001, Gauthier et al. 2015).  Climate-induced forest disturbances 
(forestry, pests, diseases)could further accelerate conversion to northern hardwoods (Iverson et 
al. 2008, p. 404).   
 
In contrast, some authors note that trees migrate slowly and are long-lived. Therefore, a time 
lag may be expected in shifting forest composition from spruce-fir to northern hardwoods 
(Mohan et al. 2009, Zhu et al. 2012).  Furthermore, some northern Maine industrial forest 
landowners could “adapt” to climate change by intentionally favoring spruce-fir (e.g., by 
plantations and herbicides).  McWilliams et al. 2005 (p. 8) noted that balsam fir actually 
increased in Maine forest inventory in the 2000s.  Models (Simons-Legaard  et al.2013) 
projected increases in  spruce-fir biomass over the next century because of partial harvesting 
and periodic budworm outbreaks, but did not take climate change into consideration.   
 
Finally, there is disagreement concerning the outcomes of climate change on balsam fir, a 
short-lived (~100 years), shade-tolerant, conifer that dominates much of the understory in the 
Acadian forest and is an important component of lynx habitat in the northern Maine unit.  
Climate change will influence precipitation and temperature, forest management strategies, and 
forest disturbance (fire frequency and spruce budworm), all of which will interact in complex 
ways to influence the spruce-fir forest at the southern edge of its range.  Carter (1996), Iverson 
et al. (1999), and Goldblum and Rigg (2005) documented balsam fir growth rates and growth 
potential would decline under likely climate warming scenarios (~4 to 5 degree temperature 
increase by the end of the century and reduced snow conditions).  Some have projected the 
extirpation of spruce-fir forest types in the Great Lakes States (Scheller and Mladenoff 2005) 
and New England (Iverson and Prasad 2000).  In contrast, balsam fir has prolific seed 
production following current forest disturbance such as harvesting (Seymour 1992), and has 
proliferated under the current climate and forest management regime dominated by partial 
harvesting (Olson et al. 2013, entire).  However, balsam fir is a relatively short-lived tree (~100 
years). If climate thresholds occur (especially early snow melt and low spring precipitation), fir is 
unlikely to regenerate in the future Maine forest (E. Simons-Legaard, pers. comm. 5/31/2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the near future as 
1970s and early 1980s-era clearcuts grow out of conditions that support high densities of 
snowshoe hares.  Partial harvesting has replaced clearcutting as the primary means of forest 
management in northern Maine.  Between 2000 and 2009 clearcuts accounted for only 4 
percent of the average acreage harvested (Simons-Legaard et al. 2013, p. 568). Although 
partially harvested forests with well-developed understory structure may provide foraging 
opportunities via increased prey access (Fuller et al. 2007), snowshoe hare densities are 
substantially less in partially harvested stands than in regenerating clearcuts (Robinson 2006, 
entire; Fuller and Harrison 2010). Partial harvests affect more land area than clearcuts.  Thus, 



much of the unit has been influenced by partial harvesting in the 17 years since the Maine 
Forest Practices Act. Changing forest management practices have reduced landscape hare 
density and lynx habitat in this unit. Much of the lynx and hare habitat in this unit is the result of 
broad-scale clearcut timber harvest in the 1970s and 1980s in response to a spruce budworm 
outbreak and the subsequent treatment of some clearcuts with herbicide to promote conifer 
regeneration. These clear-cut stands are now at a successional (regrowth) stage (about 35 
years postharvest) that features very dense conifer cover and provides optimal hare and lynx 
habitats, likely supporting many more hares and lynx than occurred historically.  
 
The Maine Forest Practices Act (1989) limited the size of clearcuts, resulting in a near complete 
shift away from clearcuts to partial harvesting. This transition to partial harvest timber 
management is unlikely to create or maintain the extensive tracts of hare and lynx habitats that 
currently exist as a result of previous clearcutting. As the clear-cut stands continue to age,their 
habitat value to hares and lynx is expected to decline resulting in diminished habitat and lynx 
populations.. Therefore, the potential for forest management practices to result in reduced 
quantity and quality of lynx and hare habitats represents a habitat-related threat to lynx in this 
unit.  
 
There are many sources of uncertainty concerning future habitat conditions in northern Maine 
including changes in forest policy, timber harvesting methods, changing timberland ownership, 
response to budworm outbreaks, and timber markets - all of which have occurred in the recent 
past and will undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, 
p. 8).  Currently, the landscape is owned primarily by  financial investors, and few of the 
industrial landowners of the 1980s remain (Hagan et al. 2005).  Investment landowners may be 
less inclined to intensively manage for spruce and fir after the next outbreak of the spruce 
budworm, which is expected to start in the next 3 to 10 years in northern Maine (Wagner et al. 
2014).  The dramatic shift from clearcutting to partial harvesting since the early 1990s will 
present a challenge for lynx conservation in this unit for the next several decades.  Landscape 
hare densities are projected to diminish and habitat will become more fragmented (Simons-
Legaard et al. 2016, p. 8).  Overall, habitat is expected to peak and remain stable through about 
2020, then decline (Simons 2009, Simons-Legaard et al. 2016 (p. 6), however the habitat will 
shift southward where it will be at greater risk from climate change and greater interspecific 
competition with mesocarnivores having higher foot loading (e.g., bobcats and fisher; Krohn et 
al. 2004) and by 2030 may support less than half the lynx population as it does today (Simons 
2009, p. 209, 217).  Under the most likely forestry scenario, high quality hare habitat will decline 
by 50 percent (9.5 percent of the landscape to 4.5 percent) from 2010 to 2030.  Beyond 2030 
assumptions concerning future climate change, land ownership, and harvest rates introduce 
greater uncertainty.  The most optimistic models (greatest harvest rates) project and increase of 
habitat to about 10 percent of northern Maine by 2060, whereas the most pessimistic models 
(lowest harvest rates) project about 5 percent of the area in high quality hare habitat (Simons-
Legaard 2016, entire).    
 
Changes in forest management will reduce lynx habitat substantially.  The Maine Forest 
Practices Act (1989) limited the size of clearcuts, and over 95 percent of cutting that occurs now 
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in northern Maine in 2005 is partial harvesting (selective cutting, patch cuts).  This new cutting 
regime supports lower densities of snowshoe hares and has affected most of northern Maine 
(Fuller 1999, Homyack 2003, Robinson 2006, Scott 2009), thus lower landscape hare densities 
(Simons-Legaard et al. 2016).  Aging of the former clearcuts and trends in forest management 
are projected to result in a 50-65 percent decline in habitat by 2032, fragmenting high quality 
hare habitat into smaller, isolated parcels, and result in habitat shifting southward into areas 
occupied by bobcats and fishers where snow conditions are unlikely to support lynx (Simons 
2009, Simons-Legaard et al. 2016, Simons-Legaard 2016).   
  
Changes in forest ownership reduce the Service’s ability to influence forest management to 
benefit lynx. Lynx habitat in the Northeast Unit is over 95 percent privately owned and managed 
for forest products.  Few of the long-term industrial landowners from the 1980s remain, and they 
have been replaced by financial investors who are less inclined to intensively manage for 
spruce and fir after the next outbreak of spruce budworm, which is expected to start in the next 
3 to 10 years.  In 2006-2007, four landowners (total ownership of 600,000 acres) enrolled in the 
Natural Resource Conservation Service’s Healthy Forest Reserve Program and developed lynx 
management plans based on the Service’s lynx management guidelines for Maine (McCollough 
2007).  However, these plans will expire in 2016-2017.  No other Maine landowners have long-
term management commitments for lynx management. 
 
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004).  
A spruce budworm outbreak is projected to occur in Maine in the next two to five years and has 
already affected 10 million acres of spruce-fir in southern Quebec, immediately north of Maine 
(Wagner et al. 2014, entire).  The last outbreak in the 1970s and 1980s killed millions of acres of 
spruce and fir forests in the northern Maine unit.  Maine’s 5.8 million acres of spruce-fir stands 
across the state are at risk of some level of defoliation.  The intensity of the next outbreak is 
uncertain, although some project a weaker outbreak because spruce and fir trees are younger 
and less susceptible and there is a higher hardwood component in northern Maine forests 
(Wagner et al. 2014, p. 21-27).  A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2014, pp. 5-6).  An 
aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1).  The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir.  The nature of 
landownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons.  The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
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Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987), although there were no large fires after the last outbreak.  However, fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, Flannigan et al. 1998).  Climate is expected to become more 
variable during the next century (Gregory & Mitchell 1995; Gregory et al. 1997), which could 
create fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region.  Notable large fires in Maine include a 3 million acre fire in 1825 and 200,000-acre 
fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre, sparsely populated “North Woods” of 
Maine is highly uncertain and the subject of intense public debate (Baldwin et al. 2007).  Land 
use and zoning in the state’s “unorganized townships” are the responsibility of the Land Use 
Planning Commission in the Maine Department of Conservation.  The Commission revised its 
Comprehensive Land Use Plan (De2010), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation.  The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9).  This land was traditionally owned by a few large timber companies, 
but in the 1980s there has been rapid turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005).  Financial investors, such as REITS and 
TIMOs focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they will generate a higher return.  If left unchecked, these 
pressures may continue to promote dispersed residential development throughout this region.  
Parcelization and subdivision has increased, particularly in the southern third of the jurisdiction 
(Maine Department of Conservation 2010, p. 72-73).   
 
The Commission’s has limited ability to address stressors on Maine’s North Woods, including 
resale and subdivision trend. This trend is likely to continue into the foreseeable future and will 
make management of large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps.  Between 1971 and 2005, the 
Commission permitted 8,136 new dwellings in unorganized townships — an increase of 66 
percent in the housing stock during this time period (Maine Department of Conservation 2010, 
p.80).  Between 1971 and 2005, the Commission issued 1,353 development permits for new 
uses scattered throughout the unorganized townships (Maine Department of Conservation 
2010, pp. 97-99); most (42 percent) being recreational facilities (boat launches, campsites, 
gatehouses, recreational lodges).  Most development has occurred in areas that abut organized 
communities and near public roads.  Within the interior most development has occurred on long 
lakeshores and waterfront.  However  the amount of hillside and ridge development is growing 



and this trend is likely to continue (Maine Department of Conservation 2010, p. 136), which will 
further fragment habitat.   
 
Further fragmentation of forest stands is anticipated because of the continued, extensive use of 
partial harvesting.  By 2022, the number of patches of high quality hare habitat will increase by 
57 percent, but the average size of patches will be diminished by 87 percent, and patches will 
become more isolated (Simons-Legaard et al. 2016, pp. 5-6).  The proximity index of high 
quality habitat patches will decline by 78 percent within lynx home ranges.  This will diminish the 
ability of the landscape to support lynx. 
 
The effects of outdoor recreation on lynx and their habitat is incomplete (Lynx Biology Team 
2013, p. 80).  Future trends in outdoor recreation in northern Maine are also uncertain (Vail 
2007, entire).  The North Maine Woods is a gated road system that encompasses about 3.5 
million acres in the northern Maine unit.  Visitorship by outdoor recreationists are currently about 
175,00 per year and declining.  Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107).  Aside from a vigorous discussion of a 
proposed national park or monument, national heritage area, or a master tourism plan for the 
area (Vail 2007, pp. 112-113), there is likely to be stagnant or declining participation in 
traditional outdoor recreational activities (Vail 2007, p. 107).  Snowmobiling may be an 
exception, however, declining snow (see climate change section) make future trends uncertain. 
Impacts of downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit, on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township.  
Further development of ski areas is unlikely in the western Maine mountains.  Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development hundreds of house lots and resort development within the lynx critical habitat.  
Although these developments have not been built, they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic force in the jurisdiction, with 
grid-scale industrial wind power, biomass, biofuels, and other energy sources offering new 
opportunities to utilize natural resources. Wind energy resources are high within the lynx critical 
habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016) and are likely to accelerate in the foreseeable future.  Mining is not a 
traditional land use but is being considered at one location in the lynx critical habitat.  Extraction 
operations for gravel (for road building) are widely-scattered throughout the jurisdiction.    
 
The lynx critical habitat is heavily roaded, particularly with logging roads.  While accurate 
numbers are difficult to obtain, approximately 1,500 miles of public  roads and over 20,000 miles 
of private roads exist within unorganized areas of Maine (Maine Department of Conservation 
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2010).  There has been discussion of an east-west limited access highway through northern 
Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if constructed, 
would further fragment habitat (Maine Department of Transportation 1999, Beck et al. 2012, p. 
38).   
 
An increasing area of the lynx critical habitat area is likely to be placed under conservation 
easements that will limit future development and fragmentation of lynx habitat.  Maine has the 
largest amount of land under easement of any state, and there are about 2 million acres of 
conservation easements in lynx habitat in northern Maine (Pidot 2011).  Continued expansion of 
areas under conservation easement is uncertain and will depend on willing landowners and 
funding available for purchase of easements  
 
All of development trends portend increased fragmentation of lynx habitat in the Maine unit. As 
habitat is fragmented, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Lynx Expert Opinion - Experts enumerated similar stressors for lynx in the northern Maine unit 
(Lynx Workshop Report 2016, pp. 35-38).  Climate change was an overriding near- and long-
term stressor.  Increased winter precipitation in the form of rain, reduced snow depth, and 
reduced snow durations were discussed.  Changes in snow conditions will favor bobcats and 
fisher (a predator of lynx that is limited by deep snow).  Experts believed that the effects of 
climate change would continue to increase as a stressor by mid- to the end of the century 
(2050, 2100).  Snow conditions would continue to deteriorate (especially in the northern Maine 
unit compared to other areas in the DPS) resulting in increased competition with bobcats and 
predation by fisher.  Climate-induced loss of spruce-fir forest will occur slowly, but an increase in 
northern hardwood composition of the forest is already occurring.  Loss of spruce-fir could be 
accelerated by forest disturbance (budworm outbreak, forest management affecting large 
acreages of lynx habitat annually).  
 
Experts expressed a number of near-term stressors (in the next 15 years) related to forest 
management in northern Maine.  Land management objectives were uncertain because of 
changes in private forest land ownership.  Changes in forestry management because of the 
Maine Forest Practices Act (shift to partial harvesting, increasing acreage harvest, habitat 
shifting to south) would result in declining lynx and snowshoe hare habitat (succession of 
previous clearcuts from young, dense regenerating stands to mature stands less conducive to 
high hare densities).   
 
There was uncertainty concerning the severity and response by new landowners to the next 
spruce budworm outbreak.  Experts were concerned that investment landowners would not 
respond to the pending spruce budworm outbreak like they did in the 1970s (extensive 
clearcuts, herbicide application).  Experts also acknowledged concerns about the effects of the 
current clearcuts aging past conditions that support hares and lynx.   
 



Hare populations have declined by about half across all stand types (and in adjacent Quebec) 
since 2006 and apparently have not rebounded.  In response, lynx initially had lower 
reproduction (lower proportion of females breeding, slightly lower litter sizes), but this has not 
affected home range sizes.  Lower landscape hare densities are likely to support lower lynx 
populations.  It is uncertain how hare numbers will cycle or fluctuate in the future. 
 
All experts indicated an initially high and subsequently declining probability of persistence of 
resident lynx in Maine through the end of the century, with uncertainty (range between lowest 
and highest probabilities) also increasing over time.  Experts generally agreed that climate 
change will likely create unfavorable conditions (e.g., insufficient snow, loss [northward 
migration] of spruce-fir forests) in northern Maine’s core area for lynx, and the probability of lynx 
persistence will decline over the longer term.  Although uncertainty increases with time from the 
present, climate-related loss of favorable snow conditions (amount, consistency, and duration), 
loss of spruce-fir, and bobcat competition will likely reduce the probability of lynx persistence in 
this unit. 
      
5.1.2 Unit 2 - Northeastern Minnesota 
 
Regulatory mechanisms - In Minnesota, the vast majority of lynx habitat that supports long-term 
persistent lynx breeding population is administered by the Superior National Forest.  This area 
includes designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 
SNF Plan (USDA 2004), which has direction based on the LCAS and Canada Lynx 
Conservation Agreement (CA) between the Forest Service and the Service (LCAS 2000, entire), 
for all forest activities that occur within LAUs.  Active management of forest lands can produce 
lynx habitat and the Superior National Forest has a long-term commitment for doing so.  If the 
SNF continues to follow vegetation and wildland fire management and other applicable 
recommendations under the 2000 LCAS (or the updated 2013 LCAS or subsequent updates) in 
their Forest Plan, we expect that several risk factors will continue to be minimized and managed 
to promote the conservation of lynx within the SNF into the future.  Management of lynx and its 
habitat on SNF land will remain in place until the forest amends or revise their individual 
LRMPs.  We expect that management direction for lynx addressing vegetation management, 
wildland fire management, and habitat fragmentation on national forest system lands will be 
incorporated into the revised or amended Forest Plans (LPMPs). 
  
Although outside of areas considered to be core lynx area (i.e., where lynx are persistent and 
are reproducing) in the Great Lakes, the Chippewa National Forest and the Chequamegon-
Nicolet National Forest Forest Plans also include direction based on the LCAS and Canada 
Lynx Conservation Agreement (CA) between the Forest Service and the Service (LCAS 2000, 
entire), for all forest activities that occur within LAUs (USDA CNF 2004, USDA CNNF 2004). 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit and private landowners make up about 
16  percent of unit.  Under the Sustainable Forest Resource Act of 1995, the Minnesota Forest 
Resources Council (MFRC) has developed guidelines for site-level timber harvesting and forest 
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management (MFRC 2012, p. 1) - these voluntary guidelines are intended for private and state 
landowners and include some general recommendations for wildlife including lynx.  It is 
expected that the MFRC guidelines will remain in place into the future and that voluntary actions 
will continue. Private landowners, however, do not have an official commitment to land 
management.  We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit.  
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen 2012, p. 348), but does not have lynx specific direction in its 
management plan (NPS 2002, entire).  The National Park consults with the FWS to consider the 
effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as long as the 
species is listed under the ESA.  Lynx documented on and near Voyageurs National Park are 
probably transient animals (Moen 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004.  On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses.  The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota.  This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (LCAS 2013, p. 49). 
 
Climate warming - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range.  Since the time of listing, new information on regional 
climate changes and potential effects to lynx habitat has been developed (e.g., Danby & Hik 
2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new information 
suggests that climate change may be an issue of concern for the future conservation of lynx 
because lynx distribution and habitat is likely to shift upward in elevation within its currently 
occupied range as temperatures increase (Gonzalez et al. 2007, entire).  Greatest stressors of 
climate change include diminishing snow depth, quality and duration; competition from bobcats 
and other carnivores, hybridization with bobcat (Schwartz et al. 2002); loss of spruce-fir to 
northern hardwoods; and future isolation of the metapopulation because of diminishing forest 
conditions in Ontario. 
  
Gonzales et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007) and predicted loss 
of forest and snow conditions able to support lynx in Minnesota by the end of the century. 
Notaro et al. (2015) projected changes in lake effect snowfall using downscaled climate models 



(Abdus Salam International Centre for Theoretical Physics (ICTP) Regional Climate Model 
version 4 (RegCM4; Elguindi et al. 2011; Giorgi et al. 2012) for the Great Lakes Basin. Siren (in 
Lynx SSA Team 2016, p. 15) stated that climate models show an increase in lake effect snow in 
the eastern Great Lakes until 2050, with a decline later in the century, with an overall decline in 
the amount and duration of pack in the Midwest. 
  
Although there are uncertainties about future climate warming, lynx populations in Minnesota 
are expected to recede northward and decline over the next century (Lynx SSA Team 2016, pp. 
37-38).   
  
Lynx require at least four months (120 days) of continuous snow coverage (Gonzales et al. 
2007, p. 7).  Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9).   In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow.  The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro 2015, pp. 1676-1678). The Minnesota 
unit may be more vulnerable to snowpack loss due to lack of elevational refugia (Siren in Lynx 
SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes.  
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century.  Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzales et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the state (Gonzales et al. p. 2007, p. 19).  According to Frelich (in Lynx 
SSA 2016, p. 14) Minnesota is likely to lose boreal biome, potentially within the next 60 to 70 
years, with unmitigated climate change.  According to Gonzales et al. (2007, p. 8), the Superior 
National Forest is a potential refugia for lynx in the lower 48 states, however, when compared to 
other regions.   
 
Vegetation Management - Vegetation management conducted under the Forest Plan currently 
will likely continue into the future on Forest Service lands in Minnesota. These activities include 



timber harvest, such as thinning, clear-cutting, shelterwood, partial cut, and uneven-aged 
cutting; wildlife restoration projects that involve tree cutting, shearing, burning, seeding, and 
planting; prescribed burning for ecological purposes, hazardous fuel reduction, and site 
preparation; mechanical site preparation. 
 
Vegetation, timber, and minerals management authorized under the Forest Plan has the 
potential to adversely affect lynx and lynx critical habitat by reducing habitat quality for denning, 
foraging, and dispersal; disrupting travel, resting, and foraging patterns; disturbing denning 
females and reducing habitat quality for lynx prey species, especially snowshoe hare. 
Depending on the timing, frequency, intensity, extent, amount, or other conditions, impacts may 
be variable among similar projects. Using the LCAS as a basis, the Forest Plan has 
incorporated a number of components that would reduce the risk of those impacts into the 
future. We expect that management direction for lynx addressing vegetation management on 
national forest system lands will be incorporated into the revised or amended future plans, using 
LCAS as a basis. 
  
Future Forest Plan revisions will likely maintain broad direction to design and implement 
vegetation management projects to maintain or restore conditions for lynx foraging and denning 
habitat and to maintain or improve juxtaposition of required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. ). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USDA 2004). Further, unsuitable habitat for lynx would vary only slightly 
with continued implementation of the Forest Plan and would remain distinctly below the 
maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated into 
the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in the 
2004 (USDA 2004). Because suitable habitat on National Forest lands alone is such a high 
percentage within LAUs and the Superior National Forest is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks.  Measurable defoliation due to spruce 
budworm has occurred in Northeastern Minnesota continuously since 1954 (MN DNR) and is 
expected to continue into the future.  Modeling to evaluate the relative strength of interactions 
between spruce budworm outbreaks and fire disturbances in the BWCA showed that budworm 
disturbance can partially mitigate long-term future fire risk by periodically reducing live ladder 



fuel within the forest types of the BWCA but will do little to reverse the compositional trends 
caused in part by reduced fire rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The Superior National Forest manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are and 
are expected to continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada.  Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USDA 2011, p. 119).  The Forest Plan (USDA 2004) provides 
direction on limiting lynx habitat fragmentation and the Forest actively consolidates habitat 
through land acquisitions and exchanges.  
 
Lynx Viability - The probability of persistence of the lynx population in Minnesota is projected to 
decrease over time with increasing uncertainty through the end of the century (Lynx SSA Team 
2016, pp. 37-38 and Figure xx, below).  Near term drivers of the projected decline were reduced 
the quality, quantity, and persistence of snow, competition from bobcats, disease (e.g., 
lungworm, liver fluke, feline leukemia), and forest insects.  Long term drivers of the projected 
decline were reduced the quality, quantity, and persistence of snow, competition from bobcats, 
loss of spruce-fir forests, fires, and climate change.  Climate change was primarily associated 
with loss of boreal forest but could potentially also increase disease or insect outbreaks, and is 
likely to affect the amount of precipitation falling as good quality snow in the area of the state 
supporting lynx habitat.  The connection to lynx in Ontario reduces the likelihood of local 
extirpation in this geographic unit, but the likelihood would increase if connectivity was 
compromised. Taking all factors into consideration (i.e., loss of boreal forest, competitions, 
disease and insect outbreaks, loss of snow), the experts projected the mean probability 
persistence to the year 2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 
60 to 90 percent), and would decline to approximately 35 percent (ranging from 10 to 60 
percent) by 2100 (Lynx SSA Team 2016, pp. 37- 38). 
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Figure xx.  Expected probability of persistence for the Minnesota geographic unit at present 
(2015), and in 2025, 2050 and 2100. 

 
5.1.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
Regulatory mechanisms 
 
Climate warming 
 
Vegetation Management 
 
Wildland Fire Management 
 
Habitat Fragmentation 
 
Lynx Viability 
 
5.1.4 Unit 4 - North-central Washington 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit.  Looking to the future, relative to the 
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regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish.  We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming.  These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007.  The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx.  Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs.  We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMPs. 
  
Additionally, the WADNR manages approximately 4 percent of the lynx habitat within portions of 
each of the delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis 
State Forest that is located in the north Cascades of north-central Washington within the 
Okanogan LMZ.  In 1996, the WADNR developed and implemented a Lynx Habitat 
Management Plan (1996 Lynx Plan) in response to listing of the lynx as a state threatened 
species by Washington State (WADNR 1996, entire).  Subsequent to federally listing the lynx as 
threatened under the ESA, in 2006 the WADNR implemented a modified Lynx Habitat 
Management Plan (2006 Lynx Plan) incorporating new science into its 1996 Lynx Plan 
pertaining to lynx management (WADNR 2006, entire).  Among other things, the WADNR 2006 
Lynx Plan contains management standards and guidelines to avoid the incidental taking (as 
defined by the ESA) of lynx.  These standards and guidelines address maintenance of lynx 
denning and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada.  The WADNR commits to implementing 
the 2006 Lynx Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6).  Thus, it appears the regulatory future of lynx management, and thus, lynx habitat 
management, is largely secure on both federal and state managed lands within Washington 
State. 
 
Climate Warming - The one risk factor identified by the LCAS over which the Forest Service, or 
the WADNR for that matter, has little ability to control or influence is climate change.  Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx Workshop Report 2016, p. 56).  
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change.  
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat.  Westerling et al. (2006, pp. 942-943) compiled information on large 
wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons.  The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat).  They also found that 
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fire exclusion had little impact on natural fire regimes.  Rather, climate appeared to be the 
primary driver of increasing wildfire risk.  As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington).  Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades.  Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington.  The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires due to its small size and current lynx population (Lynx Workshop 
Report 2016, p. 27).  However, the experts felt the potential extirpation of lynx, should it occur 
from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), may be 
ameliorated to some extent due to Washington’s juxtaposition and connectivity to Canadian lynx 
populations.  The experts felt that lynx immigration from Canada may rapidly recolonize 
Washington as the habitat recovers from fires or other impacts (Lynx Workshop Report 2016, p. 
43).  Climate change, in addition to potentially affecting fire return intervals, fire severity 
(intensity, size), and insect outbreaks, is likely to affect the amount of precipitation falling as 
snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75).  
Snowshoe hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 
448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades.  
Mote (2003, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft).  Additionally, Mote (2003, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades.  Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack.  Corroborating Mote’s 
speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures.   Furthermore, predicted continued increasing temperature changes of 



2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48).  Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades.  Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42).  Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced due to decreasing quantity 
and quality of snow. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44).  Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx Workshop Report 
2016, p. 43). 
 
Vegetation Management Fed - Okanogan plan, USFS/USFWS conservation agreement. State 
lands - Loomis/WADNR HCP/lynx mgmt. plan? 
 
Wildland Fire Management - what is strategy on these lands?  How does it affect lynx 
 
Habitat Fragmentation 
 
Lynx Viability - see Minnesota unit above, bring in results from expert workshop report. 
 
5.1.5 Unit 5 - Greater Yellowstone Area 
Regulatory mechanisms 
 
Climate warming 
 
Vegetation Management 
 
Wildland Fire Management 
 
Habitat Fragmentation 
 
Lynx Viability 

Formatted: Highlight

Formatted: Highlight

Formatted: Highlight

Formatted: Highlight

Commented [145]: (Jim) 



 
5.1.6 Unit 6 - Western Colorado 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming, and 
Colorado.  We concluded that the Southern Rockies Lynx Amendment substantively reduced 
the inadequate regulatory mechanisms by addressing the major adverse impacts of Forest 
Service land management on lynx (Service 2008, p 70-71).   
 
Lynx habitat on all other ownerships makes up the remaining 15 percent of lynx habitat in 
Colorado, of which, only five percent is in Federal ownership.  Other ownerships include state, 
county, municipal, etc., and private lands.  The BLM resource management plans have not been 
amended to include conservation specifically for lynx and, with a few exceptions.  Lynx habitat 
on BLM ownership mostly consists of narrow forest extensions connected to larger blocks of 
habitat on adjacent USFS lands.  Generally these extensions are insufficient on their own to 
support a lynx home range.  However, the Gunnison Field Office is the only BLM unit that 
contains sufficient habitat to map and identify LAU’s. 
 
The State of Colorado manages lynx as a state endangered species, prohibiting take of the 
species with exceptions for protection of human life and incidentally during depredation 
management (not caused by lynx) [Chapter 10, art. II, #1002, B 1 and 3, Colorado Wildlife 
Regulations]. 
  
Climate Warming - Interagency Lynx Biology Team (2013 p. 61) – “Climate change generally is 
expected to result in warmer winters, earlier spring snowmelt, and a reduction in the extent of 
snow cover in the southern Rockies. McKelvey et al. (2011) used a variety of climate models to 
predict snow depth and the persistence of spring snow across the western United States.  The 
models predicted an overall decline in persistent snow of 40 percent, but large areas of 
persistent snow would continue to be retained late in the 21st century, including the high 
elevations of Colorado.” 
 
“All of the climate models under all representative concentration pathway (RCP) project that 
Colorado’s climate will warm substantially by 2050.  Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline.  Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs.  Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline.  Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014 page 61] 
 



An analysis of projected 21st century temperature trends as a function of elevation in the  
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014 page 63]).  “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014 page 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, page 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate.  Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities.  Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historic vegetative patterns.  This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity.  It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years).  Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years.  Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008 page 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire.  Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation.  Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to be 
developed and expended.  While these linear features already exist on the landscape, widening 
of the cleared right-of-way, as well as behavioral avoidance of highway rights-of-way due to 
traffic reduces available habitat.  Many ski areas in Colorado are located within lynx habitat and 
will likely be expanded in the future through permanent removal of vegetation  to create 



conventional ski runs, reducing tree density and clearing understory vegetation to create glade 
conditions, reduces lynx habitat.  The magnitude of fragmentation caused by these sources of 
fragmentation has not been quantified, but is unlikely to remove enough habitat to eliminate the 
possibility of lynx persistence in Colorado. 
 
Lynx Viability – EE Final Report: The majority of the experts suggested an initially high 
probability of persistence in Colorado, declining gradually with increasing uncertainty through 
the end of the century.  Experts predicted near-term (year 2025) persistence probabilities of 60 
percent to 100 percent (median = 90 percent), and mid-century persistence at 50 percent to 85 
percent (median = 80 percent).  Experts predicted end-of-century persistence probabilities of 20 
percent to 70 percent for this unit, with a median of 50 percent, by 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats.  Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types.  Although 8 of 10 experts 
graphed 50 percent to 70 percent probability of persistence at 2100, during subsequent 
discussions, several expressed greater uncertainty about whether resident lynx will persist in 
the unit at the end of the century.  Higher-quality lynx habitat occurs primarily in two areas and 
is patchily-distributed.  Lynx in this unit may occur as several smaller, relatively isolated 
subpopulations, which are likely more vulnerable to stochastic events.  This unit’s relative 
isolation may limit exchange with other lynx populations, increasing the likelihood of genetic drift 
and reducing the chance of demographic rescue or recolonization if lynx in the unit become 
extirpated.  There was discussion about whether ski areas may affect daily movements of lynx, 
and hares may be declining in ski areas.  Ski areas tend to expand and may, therefore, have 
larger impacts on lynx in future.  There is some evidence of lynx using ski areas in summer 
months but avoiding them during the ski season.  It is uncertain whether ski areas may affect 
genetic connectivity within the Western Colorado geographic unit.  Two-thirds to three-quarters 
of the lynx in this unit are in the southern portion of the range in the San Juan Mountains.  There 
is a large area (Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, 
so it is possible that lynx also could be using that area. 
 
Add Figure (graph) from expert workshop. 
 

5.2 DPS-wide Future Conditions - Jim summarize above and 
results of EE 
 
5.2.1 Results of Expert Elicitation (workshop report, Summary table of 
probabilities of persistence) 
 



5.2.2 Narrative 3 R Summary (workshop report and work session) 

5.2.2.1 Representation 
Expert presentations on lynx genetics in the DPS and in Canada and expert responses and 
discussion with regard to representation questions suggest few threats to the genetic fitness or 
adaptive capacity of lynx in the DPS.  High gene flow across the continental lynx range, 
indicated by very low Fst values (see Subject Matter Presentations, above), suggests the 
absence of substantial barriers to genetic interchange, and little evidence or risk of significant 
genetic drift among DPS populations.  Most experts indicated that none of the six geographic 
units known or thought to support lynx populations in the DPS is susceptible to meaningful 
genetic drift, although several experts indicated that the more geographically isolated units (the 
GYA and Western Colorado units) are likely more susceptible to such drift than the units that 
are directly connected to lynx populations and habitats in Canada.  Overall, according to both 
the expert panel and the subject matter presentations, there appears to be a low risk of 
biologically consequential drift for lynx populations in the DPS.  Likewise, expert responses 
indicated that the generally low level of genetic differentiation and relatively similar ecological 
settings across the DPS suggest little life history variability or niche differentiation among DPS 
populations that would indicate that any are more or less important to maintain than others in 
terms of representation.  Individual experts indicated that representation can best be maintained 
by conserving current DPS populations (and hence the genetic variation in each), maintaining 
connectivity between DPS and Canadian populations, and avoiding impacts that would facilitate 
or increase the potential for or likelihood of genetic drift.  Our interpretation of this part of the 
elicitation is that the adaptability and evolutionary capacity of the DPS over time does not 
appear to have been diminished and is unlikely to become so, independent of threats that may 
impact the redundancy and persistence of lynx populations.  We will consider this information 
along with available empirical data and the published literature when evaluating representation 
in the DPS for the SSA. 

5.2.2.2 Redundancy 
With resident lynx populations and subpopulations in at least five of six large (the smallest is 
over 2,000 square miles, the others are all over 8,000 square miles), widely-distributed (from 
Maine to Washington and south along the Rocky Mountains), and relatively discrete geographic 
areas (see Figure 1), the DPS as a whole appears invulnerable to extirpation from a single 
catastrophic event.  Expert responses indicated no catastrophic event that could result in the 
functional extirpation of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units due to a single catastrophic event.  We 
interpreted these responses to indicate there is a small chance of decreased redundancy from a 
single catastrophic event because the probability of any geographic unit being lost to a 
catastrophic event is low.  Experts indicated that functional extirpation of the geographically 
smallest unit (Washington) and those supporting the fewest resident lynx (Washington, GYA, 
and perhaps Minnesota) would be more likely to occur as a result of a series of catastrophic 
events over a 10-year period than to any single event over the next 10 years (see Figure 2 
above).  Experts listed fire, drought, insect outbreaks, loss of favorable winter conditions, and 
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disease as potential events that could lead to functional extirpation in these units.  In 
Washington in particular, where large fires have impacted nearly 40 percent of the occupied 
lynx habitat over the past 10-15 years, experts felt that several more successive years of such 
fires could result in functional extirpation.  However, because fire and insects are likely to cause 
only temporary (20-40 years) losses of lynx and hare habitats, and because connectivity 
between the Washington unit and lynx habitats and populations in southern British Columbia 
remains intact, experts indicated this unit (and others abutting habitats and lynx populations in 
Canada) would likely be naturally re-colonized relatively quickly by dispersing lynx.  Therefore, 
extirpation in these units because of catastrophic events (or a series of them over time) would 
be temporary (likely lasting only one or several decades) unless events permanently altered the 
habitats.  Experts indicated that if lynx were functionally extirpated in the GYA or western 
Colorado units, which are not connected to habitats or populations in Canada and are relatively 
isolated from other DPS populations, natural re-colonization would be less likely, would take 
longer, or may never occur. 

Overall, expert responses indicated that extirpation of the DPS as a whole, or of resident lynx 
populations in most individual geographic units, because of a catastrophic event is very unlikely.  
Because we lack evidence that persistent resident lynx populations occurred historically but 
have been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels.  That is, the 
loss of resident lynx populations in the DPS, to the extent suggested by the historic record, was 
likely in areas (e.g., northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge 
area of northeastern Washington, perhaps Isle Royale in Lake Superior) peripheral to the 
geographic units that currently support resident lynx, and not in discrete geographic units that 
would have represented greater redundancy in the contiguous U.S.  However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear.  The historic record and recent research show that the GYA has supported resident 
lynx, but it is unclear whether the area consistently supported a persistent resident population 
over time or whether it naturally supported resident lynx only some of the time (was “winked on” 
in a metapopulation sense) when habitat conditions and hare densities were favorable, and at 
other times, when habitats and hare densities were less favorable, it did not support resident 
lynx (“winked off” in a metapopulation sense).  Given the protected conservation status of 
millions of -acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx.  If so, its 
contribution to redundancy within the DPS is questionable. 

5.2.2.3 Resiliency 
Because we lack reliable estimates of the sizes and trends of most lynx populations in the DPS, 
we are unable to use these parameters to evaluate the resiliency of individual populations or the 
DPS as a whole.  Efforts to understand resiliency are also confounded by the metapopulation 
structure thought to govern lynx populations at the southern margin of their continental range 



(i.e., populations and subpopulations in the DPS), the related uncertainty about the extent to 
which DPS populations may rely on cyclic immigration of lynx from Canada during population 
irruptions, and the ambiguity in the historic record that limits our understanding of the relative 
persistence of lynx in various geographical areas of the contiguous U.S. and, thus, the 
contribution of those areas to the viability of the DPS.  Our evaluation of the resiliency of lynx 
populations in the DPS is limited, therefore, to a largely qualitative assessment of the current 
status of populations in each of the six geographic units along with the quantitative summary of 
expert professional judgment of their likelihood of persistence over time given known or 
perceived potential threats. 
  
As expected, both expert estimates of probability of persistence and expert confidence in those 
estimates were higher over the short-term than the long-term.  Median probability of persistence 
(MPOP) at year 2025 was >= 0.90 for all but one of the six geographic unitareas.  The GYA had 
a MPOP of 0.52, apparently reflecting the uncertainty regarding whether this unit consistently 
supported a resident lynx population historically and whether it currently supports resident lynx.  
At year 2025, confidence bounds were smallest (indicating higher expert confidence) for the 
units with the highest MPOPs (Northern Maine, Northeastern Minnesota, and Northwestern 
Montana/ Northeastern Idaho), and larger for units with lower MPOPS (North-central 
Washington, GYA, and Western Colorado).  At mid-century, MPOP declined for all units but 
remained >= 0.70 for all but the GYA (0.35), and confidence bounds increased for estimates for 
all units but the GYA, where it remained the same as at year 2025.  At end-of-century, 
persistence probabilities declined further, as expected, and only the Northern Maine, 
Northwestern Montana/ Northeastern Idaho and Western Colorado units had MPOPs >= 0.50.  
Also as expected, confidence bounds were very large around persistence estimates at year 
2100, with the median confidence range extending across more than 50 percent of the range of 
possible outcomes for all but the Northwestern Montana/ Northeastern Idaho population, and 
the extremes of the range nearly covering the full range (0 percent to 100 percent probability of 
persistence) of possible outcomes. 
  
Experts listed a number of factors that influenced their probability of persistence estimates for 
each unit (see unit summaries above in the Resiliency section).  Near-term factors varied by unit 
(e.g., post-harvest forest succession in Maine, where hare abundance is expected to decline as 
currently dense regenerating clear-cuts mature; continued large-scale fires in lynx habitats in 
Washington; and insect outbreaks in Maine, Minnesota, and Colorado), but longer term factors 
seemed to coalesce around anticipated direct and indirect effects of climate change.  These 
included potentially climate-driven increases in the size, frequency, and intensity of fire and 
insect outbreaks; decreases in snow amount, duration and quality, leading perhaps to increased 
competition with bobcats and other hare predators; and the projected warming-induced 
northward and upslope migration of boreal and subalpine forests that would result in the loss 
and further fragmentation and isolation of lynx and hare habitats in the contiguous U.S.  Expert 
responses and ensuing discussions indicated that continued climate warming and associated 
direct and indirect effects will likely exert the greatest negative influence on the probability of 
persistence for lynx populations in the DPS regardless of which climate emissions scenario is 



used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
  
Overall, expert responses to this part of the elicitation indicate that all five of the geographic 
units known to currently support resident lynx populations have a greater than 70 percent 
expectation of doing so by mid-century, but a declining likelihood and greater uncertainty of 
doing so by the end of the century.  It is uncertain whether the remaining geographic unit (the 
GYA) currently supports resident lynx, and expert responses indicate a lower probability that it 
will do so in the future compared to the other units.  Responses also suggest that the 
overarching threat to the long-term persistence of lynx populations in the DPS is climate 
change, which is anticipated to result first in loss of snow conditions favorable for lynx and, after 
an uncertain lag time following continued climate warming, loss (northward and upslope 
migration) of boreal forest habitats, although the timing and magnitude of such losses are 
uncertain. 

Chapter 6:  Synthesis 
Although uncertainty remains about the historical distribution and sizes of resident lynx 
populations in the DPS, as well as current population sizes, much more is known now than 
when the DPS was listed under the ESA in 2000.  Based on research conducted since the DPS 
was listed, including the summaries of that work provided at the expert elicitation workshop 
(Lynx SSA Team 2016, entire), as well as ongoing research, conservation, and management 
efforts, we have a much better understanding of the distribution and status of populations 
throughout the DPS range.  For example, in 2000, it was unclear whether Maine and Minnesota 
supported resident populations or were only occasionally visited by lynx dispersing from Canada 
during and after northern hare population crashes (65 FR 16056-16057).  We now know that 
both northern Maine and northeastern Minnesota support resident lynx populations, and both 
are likely larger now than they were historically (Maine), or before they were protected by State 
and Federal regulations (Minnesota). 
 
In contrast, resident lynx appear to be naturally less abundant and more patchily-distributed in 
some parts of the DPS than thought at the time of listing, including the West (ILBT 2013, p. 23), 
where potential lynx habitats also appear to have been initially overestimated.  We also have a 
better understanding of the habitat features and hare densities that appear necessary to support 
resident lynx at the southern margin of the species’ range, and of the parts of the contiguous 
U.S. that contain these features.  The presentations in conjunction with expert elicitation 
responses at this workshop have informed and refined our understanding of key aspects of the 
status of, and potential threats to, the lynx DPS. 
  
For example, we were provided a thorough history of the evolution of regulatory mechanisms 
that have been developed and implemented through conservation agreements and formal 
amendments to Federal agency management plans to address the singular threat for which the 
DPS was listed under the ESA - the inadequacy of regulatory mechanisms in Federal land 
management plans prior to listing.  Given our improved understanding of resident lynx 
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populations in Maine and Minnesota (above), where State and private lands constitute much 
more of the lynx habitat than elsewhere in the DPS (98.9 percent in Maine; 51.7 percent in 
Minnesota), an assessment of the adequacy of regulatory mechanisms on those State and 
private lands will be a necessary component of the status assessment.  Likewise, our 
understanding of lynx genetics also has improved, with evidence of continued high levels of 
gene flow range-wide, despite fine-scale genetic sub-structuring in some populations and 
additional evidence of lynx hybridization with bobcats.  Bobcats appear to be encroaching at the 
edge of the lynx range in Minnesota (Appendix 3, p. 9) and their numbers appear to have 
increased recently in New Hampshire, Vermont, and southern Quebec (Lavoie et al. 2009, 
entire; Roberts and Crimmins 2010, p. 170; Broman et al. 2014, p. 230) adjacent to the northern 
Maine lynx distribution.  Whether this represents a threat to lynx populations in Minnesota and 
Maine via increased hybridization, behavioral mechanisms, or competition for hares is not 
documented at this time; however, encroachment of bobcats in the southern periphery of lynx 
range may result in lynx displacement or niche contraction (Peers et al. 2013, entire). 
  
Canadian researchers also provided updated information on lynx status, management (including 
legal harvest), threats, genetics, and hare population cycles in southern Canada, adjacent to 
some DPS lynx populations.  Forest ecologists and climate modelers also presented information 
regarding potential impacts of timber management and climate change on lynx and boreal forest 
habitats in the contiguous U.S.  Knowledge of lynx and hare responses to various silvicultural 
treatments continues to improve, although the need for continuing research remains.  Climate 
models continue to point toward the future northward and upslope migration of lynx and hare 
habitats and loss of snow conditions favorable to lynx, although uncertainty remains regarding 
the timing, extent, and biological consequences of such impacts.  Increases in the size, 
intensity, and frequency of wildfires and insect outbreaks in boreal/subalpine forests may also 
be related to climate change, but whether these represent temporary or permanent impacts to 
lynx habitats remains unclear.  Finally, much research has been done on hare population 
dynamics and habitat relationships at the southern extent of their range, much of which overlaps 
that of lynx in the contiguous U.S., but questions remain regarding regional variation in hare 
densities and what landscape-level hare abundances are necessary to support persistent 
resident lynx populations across the DPS. 
  
Based on the summaries of post-listing research and the status and threat updates provided at 
this workshop, and on the results of the expert elicitation process, the Service provides the 
following synthesis of the status and likely viability of the DPS in terms of the 3 Rs.  This 
information will be considered as appropriate, along with more detailed analysis of the published 
literature, in the subsequent SSA report for the DPS.  The conclusions below are based on the 
information provided and the results of expert elicitation conducted at this workshop; they may 
be complemented or altered by the additional analyses yet to be conducted as part of the SSA 
process. 

6.1 Representation 
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6.2 Redundancy 
 

6.3 Resiliency 
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From: Nichole Bjornlie
To: Bob Lanka
Cc: Zelenak, Jim; Zack Walker
Subject: Re: Lynx SSA Coordination Call
Date: Monday, August 01, 2016 9:13:39 AM

Hi Bob,

I was actually able to make this call last week. I'm in the field this week, but we can chat about
it at CMPS next week if you'd like.

Thanks,
Nichole

On Friday, July 29, 2016, Bob Lanka <bob.lanka@wyo.gov> wrote:
Jim,

Zack, Nichole and I were out releasing black-footed ferrets the day before and had several
other things going on the 27th.  Would you please send any notes to Nichole and Zack.

Thanks.
Bob

On Tue, Jul 26, 2016 at 2:49 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

We will hold a brief coordination call tomorrow, Wed., July 27, at 1:00 PM Mountain
Time, to update State agencies on progress on the SSA report and to try to answer any
questions folks might have.

866-822-7385
passcode: 5396168

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_ zelenak@fws.gov

-- 
Bob Lanka, Certified Wildlife Biologist®
Statewide Wildlife and Habitat Management Supervisor
Central Mountains and Plains Section Representative to Council, The Wildlife Society
Wyoming Game and Fish Department
5400 Bishop Blvd.

mailto:nichole.bjornlie@wyo.gov
mailto:bob.lanka@wyo.gov
mailto:jim_zelenak@fws.gov
mailto:zack.walker@wyo.gov
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tel:866-822-7385
tel:%28406%29%20449-5225%20ext.%20220
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Cheyenne, WY 82006
307-777-4580
307-777-4650 fax
bob.lanka@wyo.gov

           

E-Mail to and from me, in connection with the transaction 
of public business, is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.

 

E-Mail to and from me, in connection with the transaction 
of public business, is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.

-- 
Nichole (Cudworth) Bjornlie
Nongame Mammal Biologist
Wyoming Game and Fish Department
260 Buena Vista Drive
Lander, WY 82520
Phone: 307.332.7723 ext. 230
Fax: 307.332.6669
nichole.bjornlie@wyo.gov

*Please note change in e-mail address

E-Mail to and from me, in connection with the transaction 
of public business, is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.
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From: Zelenak, Jim
To: Seth Willey; Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt

Broderdorp; Mark McCollough; Tamara Smith; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab; Ann
Timberman; Anthony Tur; Brad Thompson; Chris Mensing; David Stilwell; Drue DeBerry; Eric Rickerson; Grant
Canterbury; Jeff Krupka; Karl Halupka; Kate Novak; Kim Garner; Larry Crist; Laura Ragan; Leslie Ellwood; Mark
Maghini; Martin Miller; Megan Kosterman; Michelle Eames; Paul Casey; Paul Henson; Peter Fasbender; Rollie
White; Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman; Tyler Abbott; Wally Murphy; Dennis Mackey;
Patricia Zenone; Gary Miller; Karen Cathey; Steve Spangle

Subject: Reminder - Lynx SSA Monthly FWS Coordination Call
Date: Monday, August 01, 2016 3:36:01 PM

Hi All:

We will have a quick update on the lynx SSA tomorrow at 10 AM Mountain Time. 

866-857-8504
Passcode: 7620543

Thanks.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Kurt Broderdorp; Bryon Holt
Subject: Re: Core Team Call Today
Date: Tuesday, August 09, 2016 10:37:56 AM

Here's the link to wolf SSA.

https://www.fws.gov/alaska/fisheries/endangered/pdf/aa_wolf/AA_wolf_SSA_Final.pdf

On Tue, Aug 9, 2016 at 8:36 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Team,

We have our weekly call today at 10 Mountain Time.

Usual number and passcode:

866-857-8504
7620543

I will send another reminder of the call to the others - FIT Team, Jodi, Seth (and you all again) after this one.

Jodi and I talked yesterday, and she wants me to hand her something to review by COB today, recognizing that
there still will be some gaps - (mine). She recognizes the time line issues and is concerned.  I also let her know
that I was struggling with getting the doc finished, and she thinks I'm too worried about perfecting/polishing
things, and asked me to fill as much of the gaps as I can - which is my goal today.  She also sees that I'm stressed,
have been working weekends and not sleeping too well - so she has asked me to step away from it for a few days
after I give it to her at the end of the day today. So I will do that. 

Anyway, you all have filled in your parts, please make sure you feel they are ready for the first step of internal
FWS review.

Also, on last week's call, I requested that each member pull together a summary paragraph or bullets for their unit
for the summary/DPS-wide wrap-up for both Ch. 4 and Ch. 5 - your most important points for the current and
future condition for your unit.  Please see what Mark and Tam have done for sections 4.2 and 5.2, and try to add
your summaries/bullets by COB today.

Mark and I also discussed some potentially useful table/summary templates from the recent Alexander
Archipelago Wolf SSA (link below), and Mark will be working today on pulling those into the lynx drive
document today. See pages 123-127 of the wolf SSA and start thinking about what info you could contribute
based on your unit assessment to tables similar to 26 and 27 in the wold doc.

Thanks

Talk to you all soon. 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Seth Willey; Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Kurt Broderdorp; Mark McCollough;

Tamara Smith; Bryon Holt
Subject: Lynx SSA Call Today
Date: Tuesday, August 09, 2016 10:43:03 AM

Hi Team,

We have our weekly call today at 10 Mountain Time.

Jodi and I will discuss where we're at and how we might best move forward. Mark and I will
discuss some potentially useful templates from the Alexander Archipelago Wolf SSA that
might be useful in helping us wrap things up.  We've been talking particularly about pp. 123-
127 of the wolf SSA.  Take a look if you are interested:

https://www.fws.gov/alaska/fisheries/endangered/pdf/aa_wolf/AA_wolf_SSA_Final.pdf

Usual number and passcode:

866-857-8504
7620543

Talk to you all in a bit.

Thanks.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Parkin, Mary
To: Zelenak, Jim
Cc: Seth Willey; Jodi Bush; Heather Bell; Jonathan Cummings; Kurt Broderdorp; Mark McCollough; Tamara Smith;

Bryon Holt
Subject: Re: Lynx SSA Call Today
Date: Tuesday, August 09, 2016 12:03:28 PM

Hi Jim,

First, I plan to be on the call but may be a tad late, as I need to pick up my son from therapy
right around then.

Second, apologies for not getting further in my review to date.  I've been swamped by another
time-sensitive project (these days it seems to be a matter of trading off between one urgent
project and another), but will continue reviewing as quickly as possible.

Third, the wolf SSA report looks like the best example so far for the lynx.  The tables laying
out the evidence and uncertainties relative to the 3Rs are particularly useful.  

Talk with you all soon,
Mary

On Tue, Aug 9, 2016 at 10:42 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Team,

We have our weekly call today at 10 Mountain Time.

Jodi and I will discuss where we're at and how we might best move forward. Mark and I will
discuss some potentially useful templates from the Alexander Archipelago Wolf SSA that
might be useful in helping us wrap things up.  We've been talking particularly about pp. 123-
127 of the wolf SSA.  Take a look if you are interested:

https://www.fws.gov/alaska/fisheries/endangered/pdf/aa_wolf/AA_wolf_SSA_Final.pdf

Usual number and passcode:

866-857-8504
7620543

Talk to you all in a bit.

Thanks.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov
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From: McCollough, Mark
To: Heather Bell; Jim Zelenak; Tamara Smith; Bryon Holt; Kurt Broderdorp; Mary Parkin
Subject: Kurt"s article
Date: Tuesday, August 09, 2016 12:38:12 PM

I think this is the article that Kurt referred to in our call:

http://www.gjsentinel.com/news/articles/estimate-portends-big-changes-in-makeup-of-forests

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED!!!! 
On Tuesdays and Thursdays call 207 944-5709

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Zelenak, Jim
To: Jodi Bush
Subject: DRAFT Lynx SSA
Date: Tuesday, August 09, 2016 3:57:44 PM
Attachments: 2016 08 09 DRAFT LynxSSAReport.docx

Attached is the current draft report, downloaded from the drive as a Word document at about 3 PM today. Mark,
Bryon, and Kurt were still working on the drive doc when I downloaded it - the latter two on their sections, and
Mark trying to help by bringing the tables from the wolf SSA that we'd discussed earlier into the summary/synthesis
sections of CH. 4 and Ch. 5.

I've highlighted the remaining gaps/incomplete areas - mostly mine. I've also left some of the comments made by
Core and FIT team that are recent and/or remain unresolved. Jonathan also submitted some comments on a word
version of Ch. 3 that I have not yet fully incorporated.  He and I discussed some of the big picture issues, but he also
had some other recommended edits that are not reflected in this current draft. Jonathan included you on the July 27
email transmitting his comments on Ch. 3, so you should have that if you want to see his recommendations.

I also chopped off the Lit Cited and Appendices placeholder. 

I can't shake the feeling that this has gotten away from us/me.  It seems now to contain some areas of immense detail
that I'm not sure are necessary and, as we have discussed, some redundancy that probably largely reflects 5 or more
authors working simultaneously on multiple sections. I also wonder about other information that is likely available
that would help that I've not tracked down - like better mapping or data on the current distribution of lynx habitat on
USFS/BLM LAUs and summary information on overall proportion in various land-uses and proportions of LAUs
that currently meet/exceed thresholds from the NRLMD and SRLA, etc. In retrospect, I wish I'd known earlier some
of the info requests I now wish I'd made, especially of USFS.  I suppose we'll get an opportunity to track down some
of those details during the recovery plan development.     

I apologize for the difficulty I've had herding this thing toward some semblance of completeness and, recently, in
dealing with the stress of the project and timeline. Both are outside my previous experience/context. I also apologize
for unloading that on you yesterday but appreciate you listening to and hearing me.

I'll see you in a couple days. 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Executive Summary 
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
canadensis). The SSA used the available scientific literature and the professional judgments 
and opinions of recognized lynx experts to (1) describe the ecological requirements and 
population dynamics of the species, (2) evaluate the historic and current distribution and status 
of resident lynx populations in the DPS and the factors that appear to influence those 
populations, and (3) assess the likely future viability of the DPS in terms of representation, 
redundancy, and the resiliency of its resident lynx populations (the “3 Rs”).  
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or recently supported resident lynx populations.The SSA is intended to assess 
viability rangewide( i.e., at the scope of the DPS); however, because conditions differ across the 
range of the DPS, the assessment also takes into account conditions at the geographic unit 
scale.  We found…..   
 
Suggested outline for rest of Exec Summ (3 pp max if possible; look at Exec Summs in recovery 
plans for idea of level of detail) : 
 

● Lynx ecology:  Include only info that had most significant bearing on assessment, e.g., 
snowshoe hare obligate and need for certain snow conditions, home range size, 
distribution within and among units, connectivity, demography 

● Factors considered in assessment:  very brief summary or list 
● Current conditions:  rangewide (population and habitat and influencing factors), then the 

unique conditions that differentiate the geographic units 
● Future conditions:  rangewide (projected population persistence, habitat conditions, and 

influencing factors), then the unique conditions that differentiate the geographic units 
● Projected species viability:  population persistence, habitat trends, trends in influencing 

factors rangewide and the unique considerations for various units 



● Synthesis:  To what extent the 3Rs would be met under the different scenarios (best, 
worst, most likely) 

Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a DPS 
and listed it as threatened under the Endangered Species Act of 1973, as amended (ESA) in 
2000 (65 FR 16052-16086). On May 8, 2014, the United States District Court for the District of 
Montana ordered the Service to complete recovery planning for the lynx DPS (U.S. District 
Court MT 2014a, p. 8). On June 25, 2014, the same court ordered the Service to complete a 
recovery plan by January 15, 2018 “…unless the Service finds that such a plan will not promote 
the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). Thus, we conducted this 
SSA (version 1.0) to summarize the best available information on the current status and likely 
future viability of the DPS.  This will  inform a determination by Service decision makers of 
whether (1) the DPS continues to warrant protection under the ESA and (2) a recovery plan is 
needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is strongly associated with northern-latitude 
boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 2000, 
pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It relies heavily on its 
primary prey, the snowshoe hare (Lepus americanus), to support survival, reproduction, 
recruitment, and, therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 
2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; U.S. Fish and Wildlife Service 2005, 
p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx 
distribution is also influenced by snow conditions; it is generally restricted to areas that receive 
deep, powdery, and persistent snow that allows lynx, with their proportionately longer limbs and 
very large feet, to outcompete other hare predators that are less efficient in such conditions 
(McCord and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, 
pp. 89-94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, 
p. 75; Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 
2013, pp. 25-26; 79 FR 54809). 
 
Lynx are distributed across approximately 5.5 million km2 (2.1 million mi2) in Canada 
(Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in Alaska (University of 
Alaska Center for Science Conservation, http://akgap.uaa.alaska.edu/species-data/canadian-
lynx-annual- 
distribution/#content, accessed 4/28/2016; Reimer 2016, pers. comm.). Lynx are generally 
considered secure, widespread, abundant, and distributed throughout most of their historic 
ranges in Canada and Alaska, which, combined, account for roughly 98 percent of the species’ 
distribution. The southern peripheries of the boreal forest and the distributions of snowshoe 
hares and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA represent the remaining 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see Figure 1 and Table 1, below). Lynx populations in 
the DPS appear to function as peripheral subpopulations (islands) of a larger (mainland) 
metapopulation centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; 
also see 2.2 below), and the demographic and genetic health and persistence of DPS 
populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada when hare populations crashed, many occurred in 
anomalous habitats, and lynx were unable to persist and establish populations in most of these 
areas (Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 
2006, pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2, below). Habitats capable of supporting 
persistent resident lynx populations in the contiguous U.S. (and, therefore, important to the 
conservation and recovery of the DPS) occur over a much smaller geographic area that 
includes parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; U.S. Fish and Wildlife Service 2005, p. 3; 79 FR 
54806-54807; Lynx SSA Team 2016, pp. 6-7). Although uncertainty remains regarding the 
historic distribution of resident lynx in the contiguous U.S., and breeding populations may have 
been lost from some places, neither broad-scale breeding range contraction nor substantial 
population decline in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (U.S. Fish and Wildlife Service 2005, entire), designated critical habitat for the DPS in 
2006 (71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations 
of “significant portion of the range” and that all lynx in the contiguous U.S. constitute a single 
DPS (72 FR 1186). Also in 2007, the Service initiated a 5-year status review of the DPS (72 FR 
19549). The Service revised the critical habitat designation for the DPS in 2009 (74 FR 8616) 
and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based definition of 
the DPS boundary to formally extend ESA protection to lynx “where found” in the contiguous 



U.S., including New Mexico and other states that were not included in the original DPS range 
(79 FR 54804). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1). They include parts of northern Maine, northeastern Minnesota, northwestern 
Montana and northern Idaho, north-central Washington, the GYA of southwestern Montana and 
northwestern Wyoming), and western Colorado. Five of the six geographic units were 
designated as “Core Areas” in the Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and 
western Colorado was designated a “Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). Five 
of the six units (with the exception of western Colorado) also encompass and closely mirror the 
areas the Service designated as critical habitat in 2014 (79 FR 54782). Some areas adjacent to 
but outside these geographic units are known or suspected to intermittently support lynx home 
ranges and occasional reproduction, and uncertainty remains as to whether resident lynx 
populations occurred historically in other areas not encompassed by the geographic units 
evaluated here.  
 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 



resident lynx populations relative to the general range of lynx in Canada. Range in Canada 
based on Poole (2003), Koen et al. (2014), and Vashon (2015). 
 
The geographic units include Federal, private, State, and Tribal lands, and the amounts in each 
ownership vary among the units, with private lands predominating in the Maine, a mix of 
ownerships in Minnesota, and Federal lands predominating in the remaining (western) units 
(Table 1). 
 
 Table 1. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 0 0 0 0 91.6 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.6 55.6 6.8 1.1 26.5 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(3) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of this effort, our Endangered Species 
Program developed a new framework, the Species Status Assessment (SSA) Framework to 
guide how we assess the best scientific and commercial data available when evaluating the 
biological status of species. In conducting an SSA, we take into consideration the life history 
and ecological requirements of the species to understand how the species maintains itself over 
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time (captured under the broad heading of “species needs;” the current condition of the species 
at the individual, population, and rangewide levels in terms of 
meeting those needs, and the likely changes in the 
environment that may influence the species’ future condition 
and, thus, the viability of the species.   
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and 
future condition of the species. Briefly, resiliency describes the 
ability of the species to withstand stochasticity; redundancy 
describes the ability of the species to withstand catastrophic 
events; and representation describes the ability of the species 
to adapt over time to long-term changes in the environment. 
As a result, the SSA characterizes a species’ ability to sustain populations in the wild over time 
based on the best scientific understanding of current and future abundance and distribution 
within the species’ ecological settings. Importantly, the SSA neither results in, nor 
predetermines, any decisions by the Service under the ESA. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html    

1.3 Analytical Approach/Methods 
We used the SSA Framework (October 2015, version 3.3) described above as the analytical 
framework for the Canada lynx assessment process. We evaluated the current status of 
resident lynx populations in the contiguous U.S. as well as the likelihood that the geographic 
areas supporting resident lynx in the DPS would continue to do so in the near term and at mid- 
and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 
Rs using conceptual modeling (Figure 2) based on available published literature and other 
information regarding historic and current status of and threats to lynx populations in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgement (Lynx SSA Team 2016, entire). 
 
                                                 
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time.  USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 
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Figure 2. Conceptual model of the factors influencing the 3 Rs as they pertain to lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in 1.2 above, applied specifically to lynx as described 
below. We evaluated redundancy and representation at the scale of the DPS as a whole, and 
resiliency at the scale of lynx populations within each of the six geographic units. 
 
For the lynx DPS, we used the current and likely future (based on modeling projections and 
expert opinion) geographic distributions of resident breeding populations to evaluate 
redundancy.  Figure 3 shows relationships among factors that influence redundancy. 
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Figure 3. Conceptual model of factors that influence redundancy within the lynx DPS. 
 
We used  measures of genetic diversity and heterozygosity, the current and likely future 
geographic distributions of resident breeding populations, and the documented dispersal 
capabilities of the species to describe representation for the lynx DPS, as shown in Figure 4 
below. 
 

 
Figure 4. Conceptual model of factors that influence representation within the lynx DPS. 
 
Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on recent status updates and formally-elicited expert 
opinion regarding the likelihood that DPS populations will remain viable into the future.  The 
relationships among factors that influence the resiliency of lynx populations in the DPS are 
shown in Figure 5 below. 
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Figure 5. Conceptual model of factors that influence the resiliency of lynx populations within the 
DPS. 

Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 
lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Retrieved April 14, 2016, from the Integrated Taxonomic Information System online 
database, http://www.itis.gov). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with grayish-brown mixed of buff or pale 
brown fur on the back, and grayish-white or buff-white fur on the belly, legs and feet. In summer, 
its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long tufts of 
black hairs extending from the tips of its ears, a short, completely black-tipped tail, and often a 
distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 cm (30 to 
35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen et al. 
2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished data), 
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and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s large 
feet and long legs make it highly adapted for traversing and hunting in deep, powdery snow, 
where its low foot-loading (weight per surface area of foot) is thought to provide a competitive 
advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) over other 
terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada and the 
northern contiguous U.S, where the southern edge of the lynx range overlaps the northern edge 
of the bobcat range, the two species are easily confused because of their similar size and 
appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail distinguish it 
from the bobcat, which has shorter ear tufts, small feet, white on the underside of the tail, and is 
much more common and abundant in most of the contiguous U.S. than lynx. 
 
Overall, genetics research suggests high gene flow across the continental range of lynx, likely 
because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx, there is evidence of genetic exchange between the two areas, indicating 
that some lynx are able to cross the 15-60 km-wide (9-37 mi) Isle of Belle Strait that separates 
them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional genetic 
markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in eastern 
Canada, which suggest the potential for evolutionarily significant differences in those areas, 
recent analyses reveal genetic exchange among lynx on either side, indicating that some lynx 
successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 
2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range. While recognizing that 
small changes in genetic variation can lead to large changes in population fitness, the authors 
noted that the differences between core and peripheral populations in their study were small 
enough to suggest a lack of significant population subdivision (i.e., no indication of genetic 
isolation, substantial genetic drift, or potential genetic ‘‘bottlenecks’’ among DPS populations; 
Schwartz et al. 2003, p. 1814; 79 FR 54793). This finding is consistent with their earlier work, 
which documented high levels of gene flow (the highest yet documented for any carnivore) 
between core and peripheral lynx populations despite large separation distances (Schwartz et 
al. 2002, pp. 520–522). Their results did not suggest that reduced genetic variation among 
peripheral populations was due to human disturbance (i.e., habitat loss/ fragmentation on the 
southern periphery of the geographic range; Schwartz et al. 2003, p. 1814), but they did imply 
that the persistence of lynx populations in the contiguous U.S. depends on dispersal from larger 
(core) populations (Schwartz et al. 2002, p. 522). Currently, there is no indication that the levels 
of connectivity and gene flow between lynx populations in the DPS and those in the core of the 
lynx’s range are inadequate to maintain the genetic health of DPS populations. Given the 



connectivity of most DPS units with lynx populations and habitats in Canada, the noted 
dispersal capabilities of lynx, evidence of dispersal in both directions across the Canada-U.S. 
border (Aubry et al. 2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and the small number of immigrants thought necessary to 
maintain genetic variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic 
isolation, biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely 
among most DPS populations in the future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota and Maine, as well 
as New Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male 
bobcats bred with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate 
foot-size, and bobcat-like fur (ILBT 2013, p. 35).  In Minnesota from 2000 to 2015, DNA 
analyses documented 13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016, 
pp. 13, 19); no hybrids have been documented in the western portion of the lynx’s range 
(Schwartz in Lynx SSA Team 2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 5, Table 8), and hare abundance is the major driver of lynx 
population dynamics. Lynx den site selection, litter sizes, pregnancy, as well as recruitment, 
survival (kitten, subadult and adult) and dispersal rates, and population age structure, home 
range sizes, density, and distribution are all strongly influenced by hare abundance (Koehler 
and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, pp. 375-390; Mowat et 
al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
 



 
Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 136-
140 and 2000b, pp. 183-191; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000b, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 136-140 
and 2000b, pp. 183-195). Over much of the lynx’s range, hare densities are higher in 
regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000b, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares can be abundant in mature forests with dense 
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understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), they may provide especially 
important winter foraging habitats for lynx (Squires et al. 2010, pp. 1655-1657), and they are 
more temporally-stable (i.e., provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which they may persist, 
in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, pp. 62, 
71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000a, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession (transition from one stage to another in the development of a mature 
forest) after natural or human-caused disturbances such as fire, insect epidemics, wind, ice, 
disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69).  As a 
result, lynx habitat within the boreal forest landscape is a shifting mosaic of habitat patches of 
variable and continually changing quality (68 FR 40077). That is, boreal forests contain stands 
of differing ages and conditions, some of which provide lynx foraging or denning habitat (or may 
provide these in the future depending on patterns of disturbance and forest succession) and 
some of which serve as travel routes for lynx moving between foraging and denning habitats 
(McKelvey et al. 2000c, pp. 427-434; Hoving et al. 2004, pp. 290-292). Lynx generally 
concentrate hunting activities in areas where snowshoe hare densities are high (Koehler et al. 
1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; O’Donoghue 
et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time as the stand undergoes 
succession, (i.e., as earlier successional stages with dense understories advance to more 
mature stands with reduced understory structure), hare habitat quality and corresponding hare 
densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000a, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 



at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
the contiguous U.S. (Hodges 2000b, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., hare densities may exceed 2 hares/ha (0.8 hares/ac) (McCann 2006, p. 
15; Robinson 2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 
1492; Vashon et al. 2012, p. 14), but in many parts of the DPS, densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx 
home ranges and populations (Hodges 2000b, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 
446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; 
Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011c, pp. 91-
92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90).   
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
appear to breed as yearlings and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810), and the amount of structure (e.g., 
downed, large, woody debris) appears to be more important than the age of the forest stand for 
lynx denning habitat (Mowat et al. 2000, pp. 274-275). Dens must be near foraging habitat to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den 
site and one or more alternate or maternal dens until kittens are about 6-10 weeks old (Squires 
et al. 2008, p. 1502; Vashon et al. 2012, p. 17; ILBT 2013, p. 29). Kittens remain with their 
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mothers through winter and early spring, apparently learning from her how to hunt and capture 
prey, initially on a small portion of her home range, but by fall on the larger area the female used 
before kittens were born (Mowat et al. 2000, pp. 269, 278). Juveniles remain closely associated 
with their mothers until February or March, when family groups begin to break up, with young 
typically dispersing in April and May (Mowat et al. 2000, pp. 278-279) to establish their own 
home ranges. Female offspring may establish home ranges overlapping or adjacent to their 
mother’s home range and maintain mother-daughter bonds throughout their lives (Mowat et al. 
2000, pp. 279-280). Otherwise, although there is often some overlap among adjacent lynx home 
ranges, with male home ranges typically overlapping one to three female home ranges, and 
female home ranges partially or completely encompassed by a male’s home range, core areas 
within home ranges appear to be exclusive except during the breeding season (Koehler and 
Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 2012, pp. 17, 22-23). 
Fidelity to home ranges over several years has been documented for both sexes, but shifts and 
abandonment of home ranges have also been documented (Koehler and Aubry 1994, p. 91; 
Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 years in the wild (Kolbe 
and Squires 2006, entire).    
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000a, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).   
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
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muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities declined from 2/ha (0.8/ac) to 1/ha (0.4/ac) 
(Vashon in Lynx SSA Team 2016, p. 18). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 
contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. appear to function as subpopulations of a larger 
metapopulation centered in northern Canada (McKelvey et al. 2000b, pp. 21, 25, 33; 65 FR 
16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641); they are 
connected to the core population by dispersal (Hanski and Gilpin 1991, entire; McKelvey et al. 
2000b, p. 25).  Populations in the DPS are generally small and isolated from one another, 
though most are directly connected to larger lynx populations in Canada (McKelvey et al. 2000b, 
pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2).  Lynx disperse in both directions across the 
Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon 
et al. 2012, p. 22), and this connectivity and interchange with lynx populations in Canada is 
thought to be important to the conservation of lynx populations in the contiguous U.S. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if (1) it is born to a female 
who occupies a home range with (a) secure denning habitat, (b) adequate hare abundance to 
support lactation during the early kitten stage and later provisioning of the kitten with hare meat, 
(c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and (d) a low likelihood of encounters with lynx mortality 
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agents (predators, trappers, vehicles, etc.); (2) the mother’s home range occurs within a larger 
landscape that also contains adequate hare abundance and available habitat into which the 
yearling lynx may disperse and establish its own home range after the period of maternal 
dependence, with low likelihood of adverse competition and mortality; and (3) the larger 
landscape also supports other secure lynx home ranges and ensures the opportunity to 
encounter a lynx of the opposite sex, breed successfully, and contribute to the recruitment of at 
least one offspring into the breeding population during its lifetime.  
 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met: during the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), where hare population 
cycles are of lower amplitude or absent (Hodges 2000b, pp. 163–173; Hodges et al. 2009, pp. 
870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016, pp. 16-17), and where hare and lynx abundances and lynx demographic rates are 
typically like those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; 
Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367), the likelihood that an individual lynx 
will have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000, entire). These factors probably further 
reduce the likelihood that an individual lynx in the southern periphery of the range will survive, 
reproduce successfully, and have one or more offspring recruited into the resident breeding 
population. 
 
Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Den sites are typically located where 
coarse woody debris, such as downed logs and windfalls, or other dense horizontal structure 
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provides security and thermal cover for lynx kittens (McCord and Cardoza 1982, pp. 743–744; 
Koehler 1990, pp. 847–849; Slough 1999, p. 607; Squires and Laurion 2000, pp. 346–347; 
Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501–1505; Moen and Burdett 2009, 
entire). The amount of structure appears to be more important than the age of the forest stand 
for lynx denning habitat (Mowat et al. 2000, pp. 274–275), although in western Montana, 80 
percent of documented dens occurred in mature stands (Squires et al. 2008, p. 1497). 
 
The size of lynx home ranges is strongly influenced by the quality of the habitat, particularly the 
abundance of snowshoe hares, in addition to other factors such as gender, age, season, and 
density of the lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). 
Generally, females with kittens have the smallest home ranges, likely related to their need to 
stay close to dens and dependent kittens, and males have the largest home ranges (Moen et al. 
2005, p. 11; Burdett et al. 2007, p. 463; ILBT 2013, p. 24). The increased natural patchiness 
and fragmentation of high-quality hare habitat where boreal forest conditions transition to 
temperate forest types require individual lynx in many parts of the DPS to maintain relatively 
large home ranges that include patches of higher hare densities within a matrix of lower-quality 
habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 59434; also see 2.3.3, below). 
Larger home ranges likely require more energy output associated with greater foraging effort 
(Apps 2000, p. 364) and possibly increased exposure to predation and other mortality factors 
than lynx face in the core of their range (78 FR 59438). Annual home range sizes reported for 
lynx in the contiguous U.S. (Table 2, below) vary greatly across the DPS but are generally larger 
in the west than the east; however, differences should be interpreted with caution because 
different methods, sample sizes, and estimators were used to generate them (ILBT 2013, pp. 
23-24).   
 
Table 2. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 

Reported Lynx Home Range Size 
km2 (mi2) 

 
References (pages) 

Female Male 

N Maine 26 (10) 54 (21) Vashon et al. 2012 (16-17) 

NE 
Minnesota 

17-21 (7-8) 160-267 (62-103) Burdett et al. 2007 (460-463); Moen et 
al. 2008 (17)  

NW Montana/ 
NE Idaho 

43-115 (17-44) 122-238 (47-91) Brainerd 1985 (20); Squires and 
Laurion 2000 (344); Squires et al. 

2004a (13) 

N-C 
Washington 

37-91 (14-35) 49-69 (19-27) Brittell 1989 in Stinson 2001 (5); 
Koehler 1990a (847); Maletzke in Lynx 

SSA Team 2016 (21) 

GYA 114 (44) 137 (53) Squires and Laurion 2000 (344) 



W Colorado 75-704 (29-272) 103-387 (40-149) Shenk 2008 (10) 

 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963a, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125 ). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but Voyageurs National Park, where hare 
density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et al. 
2012, pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter predators (mountain lion [Puma concolor], coyote [Canis latrans], 
wolverine [Gulo gulo], gray wolf [Canis lupus], fisher [Pekania pennanti], and other lynx) (ILBT 
2013, pp. 33, 35). Although lynx have co-evolved with predators, the influence of predation on 
lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain lions and coyotes are now 
more widespread and abundant in the southern periphery of the lynx distribution than they 
appear to have been historically (Buskirk et al. 2000a, p. 83; Gompper 2002, entire). Lynx also 
need landscapes where they are unlikely to suffer reduced fitness because of competition with 
other hare predators, or encounter traps or other anthropogenic causes of mortality. Except for 
fisher and marten (Martes americana), lynx predators and potential terrestrial competitors for 
hares (the species above plus bobcat; maybe red fox [Vulpes vulpes] in some situations) all 
have higher foot-loading (weight per surface area of the foot), making them less efficient at 
traveling and hunting in the deep powdery snow conditions favorable for lynx (Buskirk et al. 
2000a, pp 86-95) and, therefore, likely limiting, at least seasonally, interactions between lynx 
and these species. Analysis of lynx occurrence data in the contiguous U.S. suggests that lynx 
require at least four months (December through March) of continuous snow coverage (Gonzalez 
et al. 2007, p. 7). Where snow conditions do not consistently favor lynx, increased potential for 
predation and competition would be expected. Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure low (Slough and Mowat 1996, entire), high-speed/ 
high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.  
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
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breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow conditions for about 4 months are needed to support lynx 
occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, some 
places, including within the range of the DPS, appear naturally to barely meet these 
requirements or to do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions recover or improve. As with 
individual lynx, populations are more likely to persist in landscapes where the effects of 
competition, predation, and human-caused mortality (e.g., trapping, vehicle collisions) are 
relatively lower. 
 
At the periphery of the range of a species with a mainland-island metapopulation structure, like 
that thought to govern lynx populations in the DPS (McKelvey et al. 2000b, p. 25), it is 
anticipated that, in addition to habitat islands that support persistent populations, there will be 
other islands that support resident lynx only occasionally, intermittently, or temporarily and 
which may sometimes act as “sources” that produce surplus animals that may disperse to other 
islands and, at other times, as “sinks” that depend on immigration from sources (McKelvey et al. 
2000b, p. 30; also see section 2.3.2, below). The persistence of lynx in each island type is 
determined by colonization and extinction rates - the former are driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing; the latter by 
population size and demographic and environmental stochasticity, with extinction more likely in 
smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31; Fig XXX).    
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000a, pp. 22, 30). There are few and temporally-limited demographic 
data for most lynx populations in the contiguous U.S.; there remains uncertainty about whether, 
and if so to what extent, the demographic health of DPS populations relies on immigration from 
northern (Canadian) populations; and immigration rates are not known for DPS populations 
(McKelvey et al. 2000a, pp. 24-34). These factors likely preclude development of meaningful 
DPS-wide or unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
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Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in southern Yukon, followed by a rate of λ = 1.01 (stable) during the first year 
of a hare decline, and λ = 0.01 (note - this appears to be an error; the correct value for λ in a 
population in which the estimated number of individuals declined from 135 in 1992 to 13 in 1993 
should be 13/135 = 0.10 [rounded to two decimals]) and λ = 0.46 (rapid decline) during the first 
two years of the lynx population decline when hares were scarce. However, the natural range in 
λ that would be expected among peripheral, isolated, or semi-isolated and non-cyclic or weakly-
cyclic lynx populations in the DPS, thought to be subpopulations in a larger metapopulation 
structure, versus those that would signal long-term population decline or instability is unknown. 
Despite this, and the limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 
20) calculated population growth rates in northwestern Montana of λ = 0.92 for lynx in the 
Seeley Lake area (i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the 
Purcell Mountains (increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; 
USFWS, Vortex10, deterministic population simulation) used demographic data from Vashon et 
al. 2012 (pp. XX-XX) to calculate finite growth rates during a period of high hare density (λ = 
1.16; increasing trend) and during a period of low hare density (λ = 0.88; decreasing trend) for 
the lynx population in northern Maine (see also section 4.1.1, below).     
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx  (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 square kilometers (USFWS 2005, p. 5). McKelvey et al. 
(2000b, p. 29) noted that extinction (extirpation) risk should decrease with increasing population 
size, and that extinction resulting from demographic stochasticity is very unlikely even for a 
population (generally; not specific to lynx) with as few as 20 reproducing females. Kramer- 
Schadt et al. (2005, entire) developed a spatially explicit population model for Eurasian lynx in 
Germany which they combined with demographic scenarios to evaluate the likely success of 
potential reintroduction efforts; they concluded that at least 10 females and 5 males would be 
required to establish a population with an extinction probability less than 5 percent over 50 
years. Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian 
lynx; they found that extinction occurred only in small populations that occupied habitats of less 
than 500 km2 and that extinction within 35 years was unlikely among populations occupying 
areas of at least 500 km2 of adequate habitat quality. 
 
In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
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immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; U.S. Fish and Wildlife 
Service 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 
54789). 

2.3 Historic and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; Alaska 
Center for Conservation Science 2016, p. 1). It is strongly associated with the expansive, 
continuous boreal forests of those areas, and its range largely overlaps that of its primary prey, 
the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 146; Mowat et 
al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to occupy about 
5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their historic range in that 
country (Environment Canada 2014, p. 2), and over 89 percent of the species’ entire 
distribution. Nationally in Canada, lynx are classified as secure, widespread, and abundant; they 
are managed for long-term population stability, with a conservative estimate of 110,000 
individuals during cyclic lows; and no acute, widespread threats to lynx have been identified 
(Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Science Conservation, 
http://akgap.uaa.alaska.edu/species-data/canadian-lynx-annual-distribution/#content, accessed 
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4/28/2016; Reimer 2016, pers. comm.), which represents about 8.7 percent of the species’ 
distribution. Lynx in Alaska are apparently secure, with low to moderate threats, and populations 
appear stable statewide, although total abundance is unknown (Alaska Natural Heritage 
Program 2008, pp. 2-4). In both Alaska and Canada, lynx trapping is managed through 
regulated seasons and harvest levels, which are adjusted to avoid overexploitation, especially 
during the low phase of the hare-lynx population cycle (Alaska Natural Heritage Program 2008, 
pp. 2-6; Vashon 2015, pp. 5-6). Along the Canada-U.S. border in provinces adjacent to DPS 
lynx populations, lynx trapping is prohibited in New Brunswick (adjacent to northeastern Maine) 
but regulated trapping is permitted in Quebec (adjacent to northwestern Maine, northern New 
Hampshire, and northern Vermont), Ontario (adjacent to northeastern Minnesota), Alberta 
(adjacent to northwestern Montana), and British Columbia (adjacent to northwestern Montana, 
northern Idaho, and northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historic conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historic range of lynx in the contiguous 
U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Because of this, resident lynx populations never occurred everywhere boreal forest existed in 
the contiguous U.S. Where the boreal forest was naturally more patchy and marginal, the 
habitat was incapable of supporting an adequate snowshoe hare population that in turn was 
incapable of supporting a resident lynx population over time. As a result, only a few areas in the 
contiguous U.S. historically supported an adequate quantity and quality of habitat to support 
resident lynx populations over time, and many historical lynx occurrences across a large area of 
the contiguous U.S. were likely dispersers. The occurrence of dispersing lynx is unpredictable, 
and dispersing lynx will likely continue to periodically move into areas that are not lynx habitat 
(68 FR 40077). 
  



The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (U.S. Fish and Wildlife Service 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 
54812-54823). Many records of lynx in the contiguous U.S. appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16), suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous U.S.exist either as 
resident populations or as dispersers, that dispersing lynx are often found repeatedly and for 
variable amounts of time in habitats that cannot sustain breeding populations over time (though 
some breeding may occur occasionally in some of these areas), and that such areas probably 
contribute little to the persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated 
dispersal into habitats that ultimately cannot support the species (‘‘sink’’ habitats) often leads to 
confusion among scientists and the public about where lynx populations may be viable (74 FR 
66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the metapopulation structure thought 
to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see Section 2.2, 
above) and the transitional (and, therefore, increasingly fragmented and isolated) and spatially- 
and temporally-shifting nature of lynx habitat at the southern periphery of the range (Koehler 
and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 FR 54814) also 
present challenges in defining the distribution of lynx. Both factors suggest that some areas of 
the contiguous U.S. may naturally support resident lynx only temporarily or occasionally when 
habitat conditions (both boreal forest vegetation supporting abundant hares and snow 
conditions favoring lynx) are adequate and/or when immigration is sufficient to offset the lower 
productivity and recruitment rates expected among lynx populations in marginal or suboptimal 
habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... source-sink 
mosaics that shift with disturbance and succession,” and the contribution, if any, of these places 
(especially those that act more often as “sinks” than “sources”) to the maintenance and 
persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 



Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-
5). Because of the large effect that relatively few errors in identification can have on 
assessments of the distribution of rare animals, especially those that are easily confused with a 
similar and more common species, McKelvey et al. (2000a, p. 209; 2008, pp. 553-554) suggest 
that anecdotal information should be interpreted with caution, and only verified occurrence data 
should be used to assess historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historic or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgement of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 
 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6) and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
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these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077).  Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128).  As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods.  These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000b, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx.  Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep, fluffy snow conditions.   
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historic or recent evidence of the habitat quality or 
quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 66940-
66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx in the 
DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and snow 
conditions, and that they were not capable historically and are not capable now of supporting 
resident lynx populations.  
 
The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
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or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best historic 
and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 40097-
40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.      
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historic and potential future occurrences of lynx in these states most likely 
represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident, 
breeding lynx, but that it’s ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 



Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historic lynx reports for the Southern Rockies, questioned its 
original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historic records were of periodic dispersing lynx during “extremely high populations cycles” 
and that a resident population never existed in southeastern Wyoming (68 FR 40081, 40091). 
The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now Colorado 
Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into southwestern 
Colorado (with plans to release an additional 186 lynx from 2003-2009) in an effort to 
reestablish a resident lynx population, that reproduction among some of the released lynx had 
been documented by 2003, but that it was too early to whether the program would be successful 
(68 FR 40091).  In that rule, the Service also concluded that, despite evidence of reproduction in 
northwestern Wyoming (part of the GYA), potential habitat there is naturally marginal (patchier 
and composed of drier forest types), may be incapable of supporting a resident lynx population, 
and that lynx in northern Wyoming are most likely dispersers (68 FR 40090). Also in 2003, the 
Service concluded that it was possible resident lynx occurred in northern New York prior to 1900 
but the potential habitat there is small, marginal, and likely has only supported dispersing lynx 
since then, and that an effort to reintroduce lynx there failed quickly, suggesting the habitat is 
incapable of supporting a resident population (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan, 2011a, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011a, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (CPW 2015, p.1; Ivan in Lynx SSA Team 2016, 
pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service concluded 
that the historic record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016, p. 47), and it is uncertain whether resident lynx occur outside the San 
Juan Mountains in the southwest part of the state. We continue to believe that available 
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information suggests Colorado did not historically support a persistent resident lynx population 
and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historic occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historic records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016 pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historic and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historic record and recent evidence of lynx occupancy and reproduction 
suggested the presence of a small but persistent resident lynx population in the GYA of 
northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 54825-54826); 
however, the consistency of occupancy over time remains uncertain (Lynx SSA Team 2016, pp. 
11, 45, 57). Uncertainty about whether this area consistently or only intermittently supported 
resident lynx historically makes it difficult to interpret their recent apparent absence from the 
area (Lynx SSA Team 2016, p. 57). If residency was intermittent historically, the current 
apparent absence of resident lynx might be a natural condition related to the area’s largely 



marginal or suboptimal habitat conditions - i.e., it may naturally be capable of supporting 
resident lynx only intermittently when habitat conditions and hare densities are optimal. In that 
case, future intermittent residency would be expected, but only if lynx dispersing from a source 
population immigrate to the GYA when habitat conditions and hare densities return to more 
favorable levels.  Conversely, if the GYA always historically supported a small number of 
resident lynx but no longer does, it may suggest that some factor or factors have acted to tip the 
quality of the area’s habitat from just barely capable of supporting a small resident population to 
no longer capable of doing so, resulting in extirpation. We conclude that this uncertainty cannot 
be resolved based on the available information but, given the protected conservation status of 
millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its historic inability to support a robust, persistent resident population 
and its apparent recent inability to support any resident lynx may be a reflection of naturally 
marginal and patchy habitats and relatively low hare abundance in much of the unit, resulting in 
only an intermittent ability of this unit to support resident lynx. We also note that extensive areas 
of the GYA were burned by the large, intense wildfires of 1988, and that these areas may soon 
(perhaps in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer 
structure favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the 
likelihood that the GYA may support resident lynx again in the near future (Lynx SSA Team 
2016, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx  detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in northern New Hampshire. We conclude that northern and central New 
Hampshire likely supported a small resident lynx population historically that was extirpated 



during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821) and temporarily 
favorable snow conditions that may have reduced bobcat numbers.        
  
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historic lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historic record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx appear to be confined to the Purcell, Selkirk, and possibly the Cabinet 
mountain ranges in the northern panhandle. The number of resident lynx in northern Idaho is 
unknown but certainly small based on the amount of potential habitat, and resident lynx here are 
part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state, which currently supports the largest lynx 
population in the DPS (McKelvey et al. 2000a, pp. 211-212; Hoving et al. 2003, entire; Vashon 
et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA Team 
2016, p. 18). The lynx population in Maine is much larger than was suspected at the time of 
listing or the 2003 remand (thought now to number 750-1,000+ individuals [Vashon in Lynx SSA 
Team 2016, p. 18], though a reliable population estimate is lacking). The current abundance of 
lynx is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
budworm outbreak (68 FR 40087; 79 FR 54792; also see section 4.1.1, below). As these 
regenerating clearcuts, which currently provide the dense horizontal structure preferred by 
hares, mature beyond about 35 years post-harvest, hare densities decline as cover and forage 
are reduced due to forest succession (Simons 2009, p. 217). The current lynx population is 
probably larger than the likely historic condition, when relatively small amounts of the spruce-fir 
forests in the state are thought to have been composed of young stands (Lorimer 1977, entire; 
68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting 
following enactment of the Maine Forest Practices Act of 1989, it is projected that lynx densities 
in Maine will decline by 55 to 65 percent by 2032 (Simons 2009, p. 217). Lynx in Maine likely 
represent the southern periphery of a larger population that occurs in western New Brunswick 
and southern Quebec south of the St. Lawrence Seaway/River, which appears to partially 
isolate lynx in this region, demographically and genetically, from populations in the core of the 
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species’ range (Cite - Koen et al. 2014,  2015?). The extent to which lynx persistence in Maine 
relies on immigration from Canada is unknown.     
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that appears to be 
the southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 
and areas to the south and west are dominated by bobcats (cite?). Although there are currently 
more lynx in Minnesota than suspected at the time of listing, it is unclear whether current 
numbers and distribution are similar to the historical condition. The extent to which lynx 
persistence in Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016 pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
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Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).    
  
In summary, although uncertainty remains regarding the historic distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire, though lynx persistence in New Hampshire is uncertain and lynx 
numbers in Maine are projected to decline over the next several decades. In the West, small 
breeding populations in the GYA and the Garnet Mountains of Montana may recently have 
become extirpated (although both also may be only temporarily “winked off” in a metapopulation 
dynamics sense). In north-central Washington, lynx habitat and numbers have declined 
because of recent large fires and insect outbreaks, and the persistence of the breeding 
population there could be threatened if additional such impacts occur with similar magnitude 
and frequency over the next several decades. As a result of the release of 218 Canadian and 
Alaskan lynx from 1999-2006, resident lynx currently occur in western Colorado. Although the 
number of lynx in this population and its future persistence are uncertain, Colorado currently 
supports more lynx than it likely did, based on the historic record, for much of the previous 
century. The geographic units evaluated in this SSA include all areas in the contiguous U.S. 
with strong historical and recent evidence of persistent resident lynx populations. Detailed 
assessments of the current status and future viability of resident lynx populations and habitats in 
these areas are presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historic and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
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regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78).    

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northeast and Great Lakes regions. Therefore, in the following sections 
we describe and compare the Federal regulatory environment for lynx in the DPS at the time of 
listing and currently, and we describe other regulatory mechanisms as they pertain to lynx on 
private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat be designated for listed species and section 7 
prohibits the destruction or adverse modification of such designated habitats. Critical habitat 
was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 also 
requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet been 
completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those lands, roughly 87 percent is managed by the 
U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 percent by 
the Bureau of Land Management (BLM). The amount of Federal land varies by unit, ranging 
from 0 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see Chapter 4 
below for ownership in each geographic unit). Federal lands management is guided by a 



number of statutes and associated regulations, policies, standards, guidelines, and best 
management practices applied by managing agencies to meet legislative mandates and achieve 
agency missions (for a summary of relevant Acts and associated regulations and guidance, see 
USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some benefits to lynx 
and protect lynx habitats (USFWS 2014, pp. 24-34). For example, the conservation priority in 
the management of NPS lands in accordance with the National Park Service Organic Act (16 
USC 1 et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and 
the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to provide for the conservation of the DPS. 
Therefore, the evaluation below focuses on the efforts of USFS and BLM, in collaboration with 
the Service, to address the regulatory inadequacy for which the DPS was listed.    
  
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms 
(Factor D as described in section 4(a)(1) of the ESA). Specifically, at that time the Service 
believed that most lynx populations and potential lynx habitats (broad forest vegetation classes 
defined as “lynx forest types” [65 FR 16071]) in the contiguous U.S. occurred on Federal 
(USFS, NPS, and BLM) lands in the western states, and that the plans that guided management 
of those lands (particularly USFS and BLM lands) included “...programs, practices, and activities 
within the authority and jurisdiction of Federal land management agencies that may threaten 
lynx or lynx habitat. The lack of protection for lynx in these Plans render them inadequate to 
protect the species” (65 FR 16052, 16082). At that time, the Service found that USFS and BLM 
management plans did not adequately address risks to lynx and, as identified in the LCAS 
(Ruediger et al. 2000, pp. 2-1 through 6-3), those plans allowed actions that cumulatively could 
result in significant detrimental effects to lynx in the contiguous U.S. As a result, the Service 
concluded in the final rule that the lack of Federal Land Management Plan guidance for the 
conservation of lynx and the potential for those plans to allow or direct actions that could 
adversely affect lynx constituted a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed a Lynx Biology Team to prepare a 
lynx conservation strategy applicable to Federal land management in the contiguous U.S. 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 



etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements, and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historic conditions and landscape-scale disturbance patterns 
and to maintain or improve lynx and hare habitats at both local (project-level) and landscape 
scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM managers 
within the range of the DPS agreed to implement the standards and guidelines identified in the 
LCAS until management plans could be formally amended to specifically address lynx 
conservation. In 2000, the Service, USFS, and BLM developed and adopted Canada Lynx 
Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and USFWS 2000, 
entire) in which the BLM and USFS agreed to coordinate assessment and planning efforts with 
the Service to assure a comprehensive approach to lynx conservation and to use the LCAS, 
supporting science, and locally specific information as the basis for the approach and to 
streamline consultation under section 7 of the ESA. The USFS further committed to deferring 
any actions not involving third parties that would adversely affect lynx until such time as the 
Forest Plans were amended or revised to adequately conserve lynx (USFS and USFWS 2000, 
p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx, which 
identified and evaluated the potential effects to lynx of implementation of 57 USFS Land and 
Resource Management Plans and 56 BLM Land Use Plans throughout the 14 states in which 
the lynx DPS was proposed for listing (USFS and BLM 1999, entire). The BA concluded that the 
potential for adverse effects to lynx existed on each administrative unit in each geographic area 
and that, cumulatively, implementation of the existing plans was likely to adversely affect the 



DPS; it recommended that all of the plans be amended or revised to incorporate conservation 
measures to reduce or eliminate adverse effects to lynx (USFS and BLM 1999, p. 14). In its 
2000 biological opinion, the Service evaluated the plans described in the BA in conjunction with 
the CAs described above (USFWS 2000, p. 15) and concluded that implementation of the 
existing plans in accordance with the CAs until plans could be formally amended or revised was 
not likely to jeopardize the DPS, but that amendments or revisions to those plans were needed 
to further reduce or avoid the potential for adverse effects to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the effects of Federal land management activities on lynx, but that amendment of USFS and 
BLM land management plans to conserve lynx would be the strongest mechanism to ensure 
long-term conservation of lynx and lynx habitat on Federal lands (68 FR 40096-97). It concluded 
that although Federal, State, and Tribal regulations and plans had reduced threats to the DPS, 
the inadequacy of existing regulatory mechanisms still posed a moderate, albeit lower-level 
threat, and would continue to do so until Federal land management plans were specifically 
amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised to their land management plans to incorporate the conservation measures, 
standards, and guidelines identified in the LCAS. From 2004-2006, forest plans for seven 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the 
Northern Rockies Lynx Management Direction (NRLMD), which formally amended management 
plans to include lynx conservation measures, standards, and guidelines for 18 national forests 
covering over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 
72,000 km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 
79 FR 54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS 
similarly completed the Southern Rockies Lynx Amendment (SRLA), which formally amended 
forest plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
Over 99 percent of BLM lands in SSA geographic units occur in Colorado (53 percent), Montana 
(27 percent), and Wyoming (19 percent). In the Western Colorado SSA unit, BLM Field Offices 



that contain potential lynx habitat include the Colorado River Valley, Grand Junction, Gunnison, 
Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White 
River Field Offices. These BLM areas were subject to the 2000 interagency CA; however, that 
CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed.  Since then, BLM 
Resource Management Plans (RMPs) have been revised on the Colorado River Valley, Grand 
Junction, Kremmling, Little Snake, and Tres Rios Field Offices. RMPs for the Gunnison, Royal 
Gorge, San Luis Valley, Uncompahgre, and White River Field Offices have not been revised 
and do not contain specific measures for the conservation of lynx.  BLM lands in the Garnet 
Resource Area in Montana and parts of the Kemmerer and Pinedale districts in Wyoming occur 
within the Northwestern Montana/Northeastern Idaho and GYA SSA geographic areas, 
respectively. These areas were also designated as lynx critical habitat. The RMP for the Garnet 
area was amended in 2004 to formally adopt the conservation measures of the LCAS (BLM 
2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts were revised in 
2008 and 2010, respectively, to adopt conservation measures and best management practices 
for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to limit potentially adverse effects and promote beneficial effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the the NRLMD, the Service concluded that its 
application “...would substantially reduce or eliminate adverse effects to lynx from Forest 
Service land management activities on at least 94 percent of this area, and more likely nearer to 
98 percent” (USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the 
Service concluded that vegetation management standards in the SRLA would prohibit 
treatments that could adversely affect essential components of lynx habitat on 95.5 percent of 
the mapped (potential) lynx habitat in the SRLA area (USFWS 2008, p. 52).       
 



In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them, and they represent the agencies’ efforts, 
in collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively. The amount of private land varies by unit, 
ranging from 0.3 percent in the North-central Washington Unit to almost 92 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units (see Table 1, above, Chapter 4 below for 
ownership in each geographic unit). Private, State, and Tribal lands, combined, constitute all of 
the lands in the Northern Maine Geographic Unit and over half of those in the Northeastern 
Minnesota Unit. Because both of these units support larger resident lynx populations than was 
known when the DPS was listed and, therefore, may contribute more substantially to the 
conservation of the DPS than was understood at the time of listing, we must evaluate the 
regulatory mechanisms that pertain to lynx on these lands (Lynx SSA Team 2016, p. 54). 
Although private, State, and Tribal lands constitute much smaller proportions of the other four 
(western) geographic units (from about 3 percent to 16 percent, combined), important lynx 
habitats occur on some of those lands, and regulatory mechanisms may influence their 
contributions to the conservation and persistence of DPS populations or parts of them. 
Therefore, in this section, we summarize the relevant regulatory frameworks and mechanisms 
that may affect lynx on private, State, and Tribal lands within the six geographic units of the 
DPS, but with a focus on those units with the greatest proportions of these lands and on 
activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 



information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take of lynx during legal trapping of other furbearers. These 
efforts benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations where lynx may occur which address 
specifics about traps types and sets that may be used to legally harvest other furbearers and 
that are intended to minimize the likelihood of incidentally trapping lynx 
(http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/). MDIFW 
also adopted and made available for download on its web page the interagency brochure How 
to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats and other Furbearers, and 
modified it to be more specific to Maine and to include a quick reference guide 
(http://www.maine.gov/ifw/hunting_trapping/pdfs/lynx_brochure_updated_october_2009_final.pd
f). MDIFW also set-up an incidental lynx capture hotline and requires that all incidentally trapped 
lynx be reported (http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm), and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. This program has resulted in the successful 
release of many lynx, uninjured, that were incidentally trapped in northern Maine. In 2014, the 
MDIFW obtained an incidental take permit from the Service for lynx trapped incidental to other 
legal furbearer trapping in Maine. After two lynx were killed in killer-type traps in 2014, MDIFW 
imposed additional trapping restrictions to further reduce mortality and injury of incidentally-
trapped lynx (see Other Factors in section 4.1.1 below). The MDIFW also is responsible for 
implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends forest management activities to 
promote a sustainable supply and large, connected, and widely-distributed blocks of dense, 
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young spruce-fir stands and to conserve large blocks of unfragmented forestland in northern 
and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 52-54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2013/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating  additional  restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 
trapping lynx. Like Maine, Minnesota has a State Endangered Species Statute (84.0895) which 
requires the Minnesota DNR to adopt rules designating species meeting the statutory definitions 
of endangered, threatened, or species of special concern (State of Minnesota 2015, entire). The 
Statute also authorizes the DNR to adopt rules that regulate treatment of species designated as 
endangered and threatened. Also like Maine, Minnesota has designated the lynx a species of 
special concern (MNDNR 2013, p. 2), and coordinates with the Service and other agencies to 
conduct research and monitor lynx populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - The harvest of lynx was prohibited in Idaho 
and Montana in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2016, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). 
Currently, these regulations identify designated lynx protection zones (LPZs) and define 
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acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). MTFWP is also responsible for implementing Montana’s Nongame and 
Endangered Species Conservation Act (http://leg.mt.gov/bills/mca/87/5/87-5-103.htm; 
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection#87-5-
107). 
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foot-hold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973. The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations.  Because these activities have 
the potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5,particularly for the Maine and Minnesota, where State and private 
lands constitute the majority of lynx habitats.  
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Unit 1: Northern Maine - State and private lands constitute 7 percent and 92 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.1.1 and 5.1.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut excellent hare habitat likely peaked 
in the late 1990s, when 20-25 percent of the forest in Maine was in an early regeneration stage - 
3 to 8 times higher than historic conditions, when only 3-7 percent of stands were likely in such 
condition at any given time (68 FR 40094). Current timber harvest and management on State 
and private lands in Maine are governed by the Maine Forest Practices Act of 1989 and 
administered by the Maine Forest Service within the Department of Agriculture, Conservation & 
Forestry to regulate the size, arrangement, regeneration, and management of clearcuts 
(MEDACF 2014, pp. 42-45). Under the Act, the extensive clear-cutting of the past has largely 
been replaced by partial harvest techniques that are unlikely to maintain the current unnaturally 
high amount and distribution of high-quality hare habitat. The consequences of this shift in forest 
management on Maine’s current lynx population, which is also much larger than was likely 
possible under the natural historic disturbance regime, are discussed below in sections 4.1.1 
and 5.1.1, along with other programs that may influence private lands forest management in this 
unit.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and state landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).   
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit, and almost all are in Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution (http://dnrc.mt.gov/divisions/forestry/forestry-
assistance/forest-practices, accessed July 18, 2016). Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 

http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices


describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers over 63 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.1.3 
below.  
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit.t, and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent state agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001; Washington DNR 2006). The WADNR LHMP guides 
timber harvest and other vegetation management on these lands, including the part of the 
Loomis State Forest that occurs in this unit, with the goal of creating and preserving quality lynx 
habitat through its forest management activities. Additional information on the LHMP are 
provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit And, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.   
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
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Unit 1: Northern Maine - Tribal lands represent just under 1 percent of this unit. The 
Passamaquoddy Tribe’s stated environmental mission is “...to protect the environment and 
conserve natural resources within all Passamaquoddy lands, waters, and the air we share” 
(Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation Department of 
Natural Resources is “...to manage, develop and protect the Penobscot Nation’s natural 
resources in a sustainable manner that protects and enhances the cultural integrity of the Tribe” 
(Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are prohibited in 
accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game Regulations – 
Section 204 (Penobscot Indian Nation 2012, p. 15). 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.   



3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
  
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is due to 
natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S.(USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 



concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al.2012, pp. 6–13) suggested that climate change is 
likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models projected reductions in the extent of boreal forest habitats 
and snow conditions needed to support lynx throughout the DPS, with both features modeled to 
migrate to higher elevations (where possible) and northward in latitude. This would result in 
fewer, smaller, and more fragmented and isolated areas capable of supporting resident lynx 
and, therefore, smaller and more isolated lynx populations that would likely be more vulnerable 
to stochastic environmental and demographic events (79 FR 54811). Climate change also may 
have synergistic effects with other stressors (e.g., forest insect outbreaks and wildfire frequency, 
size, and intensity) that could further reduce and isolate lynx populations within the DPS and 
reduce connectivity to lynx in Canada. 
  
Lynx biologists identified climate change as the most important and overarching factor 
influencing resiliency of the DPS (Fig. X) (Workshop report 2016, Lynx BioTeam 2013).  Climate 
change is likely to be exacerbated at the southern edge of the range where habitat and snow 
conditions are patchy and becoming increasingly marginal for the continued existence of lynx 
(Gonzales et al. 2007).  Across North America, a significant decrease in winter snow cover 
extent and increasing ratio of rain/snow precipitation, especially in winter, has resulted in 
reduced persistence of the winter snowpack (Dyer and Mote 2006), increased snow density 
(Dudley and Hodgkins), and decrease in the extent of deeper snowpacks (Dyer and Mote 2006, 
Brown 2000). Climate change models suggest that future snow cover in the contiguous U.S. will 
be further reduced in extent and distribution (McKelvey et al. 2011).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure; 
The character of the snowpack, namely replacing deep, fluffy snow with harder, crustier snow 
conditions are occurring at higher latitudes (Callaghan et al. 2011, entire) and higher elevations 
in the Rockies (Abatzoglou 2011).  As the climate warms, winter temperatures are rising above 
freezing more often.  This results in more rain on snow events and winter thaws that change the 
structure of the snowpack; larger grain size, basal ice layers, depth hoar (weak layers in the 
snowpack), slip planes (crusts and ice layers within the snowpack) (Callaghan et al. 2011, p. 
23).   
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006).  Globally, greenhouse gas emissions are increasing and 
tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et al. 
2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013).  Analysis of 
paleoclimate indicates 20th century warming is likely to have been the largest of any century 
within the last 1000 years (Folland et al. 2001).  
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Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS.  To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Workshop Report 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
  
These changes are predicted to continue and accelerate under future climate scenarios (Hall 
and Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 
°C) to 10.8 °F (6 °C) for North America, with warming higher than this average in areas that are 
inland, northerly, or mountainous. 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS.  The strong warming in the 1980s corresponded to a large 
decline in snow cover in North America (Mote et al. 2005), particularly in the western U.S.  In 
accordance, spring snowpack has decreased by about 11 percent.  Temperature has increased 
more in the winter than summer (Knowles et al. 2006), which has increased the amount of 
winter precipitation falling as rain instead of snow throughout the DPS (Feng and Hu 2007, 
entire; Knowles et al. 2006, entire, Huntington et al. 2004, entire).   
 
Effects of climate change on Canada lynx 
 
An analysis of potential snow cover under a range of IPCC future climate scenarios and 
modeling of vegetation using a dynamic vegetation model indicates that potential lynx habitat 
could decrease by as much as two-thirds in the contiguous U.S. by the end of this century 
(Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Climate modeling suggests that lynx habitat and 
populations are anticipated to decline accordingly (Carroll 2007, pp. 1098–1102) and may 
disappear completely from parts of the range of the DPS by the end of this century (Johnston et 
al. 2012, pp. 6–13).  Lynx populations are at risk in the core of their range in Canada as well. 
Based on a general circulation model, Kerr and Packer (1998) predicted that lynx would be 
among the 25 mammal species in Canada likely to undergo significant loss of habitat, with 
accompanying decreases in population size. 
  
Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Remaining lynx populations would likely be smaller than at present and, because 
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of small population size and increased isolation, populations would likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103). 
 
Various forms of snow compaction and structure within the snowpack (see above) give a 
competitive advantage to bobcats and other predators/competitors with higher foot loading that 
would normally have difficulty surviving in deep, fluffy snow conditions (Murray and Boutin 1991, 
Murray et al. 1994, Kolbe et al. 2010).  Lynx habitat (boreal forest with appropriate snow 
conditions) could decrease by up to two-thirds in the lower 48 U.S. and one-fifth across the 
continent by 2100 (Gonzales et al. 2007).  These trends indicate the range of the lynx in the 
DPS is likely to contract as a direct result of climate change.  Because of climate change and 
other stressors, lynx biologists believed three or four of the six units would not persist to the end 
of the century (Workshop report 2016, p. ). 
  
Near-term effects of climate warming on lynx are more certain than long-term effects.  Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six units 
primarily because of the effects of climate warming (Workshop report 2016 p. X).  The rates of 
change and magnitude of effects of climate warming is difficult to predict.  Climate change is 
anticipated to affect each unit differently as summarized below.   
 
Fig. X.  A simplified effects pathway depicting how climate change affects resiliency of lynx 
populations in the DPS. 
  
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS and in the core of their range in Canada and Alaska (Fig. X).  Climate warming 
will continue to stress populations into the foreseeable future. Direct effects to lynx, hares, and 
their habitat that are occurring or can be reasonably be anticipated include 1) range contraction, 
2) reduction in the periodicity of and amplitude of the hare cycle, 3) reduction in snow conditions 
necessary to give lynx a competitive advantage, 4) reduction in hare habitat quality and 
populations, 5) reduction in the amount of lynx and hare habitat in the U.S., 6) changes in the 
frequency and pattern of disturbance events, 7) introduction of disease and parasites, and 8) 
reduced gene flow.  Synergistic effects between these factors and other stressors (e.g., forest 
management, trapping, development) may intensify their effects (Carroll 2007). Diminished 
snow, increasing drought and fire, and increased forest pests and disease are believed to 
currently be the most important stressors for lynx in the DPS (Fig. X), but it is possible that other 
pathways are, or may become, equally important. Over the next decades, southern lynx 
population will continue to be affected by climate change and associated shifts in habitat, prey 
base, and competition.  The extent of such changes and whether lynx are able to adapt to them 
will determine not how, but if, this species can persist in the contiguous U.S. (Murray et al. 
2008). 
  
Range Contraction - In response to climate change, lynx range in the DPS is expected to 
contract from upward shifts in elevation (Danby and Hik 2007) or northward shifts in latitudinal 
distribution of boreal habitat and snow conditions able to support lynx (Sturm et al. 2001, 
Rosenzweig et al. 2007, Gonzales et al. 2007, Koen et al. 2014, Lynx Biology Team 2013, p. 
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69).  For example, lynx distribution in southeastern Ontario has shifted northward >175 km over 
the past 40 years (Koen et al. 2014, pp. 757-758).  Habitat patches will become smaller, more 
fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et al. 2012, p. 11) and lynx will 
become more vulnerable to stochastic and environmental and demographic effects because of 
smaller population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering major 
climate pathways such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect northern hemispheric temperature 
and snow.  Climate change-induced disruptions are believed to have caused the collapse of 
cycles in voles, lemming, and snowshoe hares (Ims et al. 2008, p. 81, Murray 2000).  The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extent of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances (Schmitz et al. 2003, Ims et al. 2008). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced cycle of 
snowshoe hares in its northern range of North America, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008). 
  
These changes have already influenced the climate and snow conditions throughout the 
geographic range of the lynx in North America (Stenseth et al. 1999, Krebs et al. 2001b, 
Huntington et al. 2003). Yan et al. 2013 (p. 3269) provide the first evidence of the negative 
effects of global warming and disappearance of hare-lynx cycles in Canada as noted in the Lynx 
Workshop Report (2016, p. 13).  Climate forcing is not only essential in producing sustained 
cycles, but is also essential in modifying the cycle intervals (Yan et al. 2013, p. 3269).  
Collapses in the lynx fur harvests during cycle peaks between the 1950s and 1980s might be 
linked to global warming (Yan et al. 2013, p. 3269).  With more pronounced troughs in hare 
abundance, lynx populations will decline (Hone et al. 2011, p. 424).  Diminished lynx population 
in the core of the range in Canada is a concern because most of the populations of lynx in the 
DPS are believed to be dependent on periodic immigration from Canada for demographic 
persistence and genetic stability (68 FR 40091, 40097-40100).  The disrupted hare cycle will 
likely translate into a reduced potential for lynx to expand into new or unoccupied habitat in 
Canada or the adjoining U.S. (Lynx Biology Team 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage -  
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, Carroll 2007, McKelvey et al. 
2011, Lynx BioTeam 2012 p. 69, Gonzales et al. 2007).  Across their worldwide distribution, lynx 
rely on deep, powdery and persistent snow because they restrict potential lynx competitors such 
as bobcat or coyote and predators such as fishers and cougars from effectively encroaching on 
or hunting hares in winter lynx habitat (Peers et al. 2016, entire; 79 FR 54809).  
  
Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
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during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549). 
This trend is expected to continue with future warming (Hamlet and Lettenmaier 1999, p. 1611; 
Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 2007b, p. 850). The IPCC (2007b, 
p. 850) concludes that ‘‘snow season length and snow depth are very likely to decrease in most 
of North America except in the northernmost part of Canada where maximum snow depth is 
likely to increase.’’ Shifts in the timing of the initiation of spring runoff toward earlier dates in 
western North America are also well documented (Hamlet and Lettenmaier 1999, p. 1609; 
Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et 
al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a feedback effect causes the loss of 
snow cover due to the reflective nature of snow and the relative heat-absorbing properties of 
non-snow-covered ground. This feedback effect leads to the highest magnitude of warming 
occurring at the interface of snow-covered and exposed areas, increasing the rate at which 
melting occurs in spring (Groisman et al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 
198–200). This effect has led to the average date of peak snowmelt to shift 3 weeks earlier in 
spring in the Intermountain West (Fagre 2005, p. 4). Snow accumulation and duration are 
expected to decline generally in the geographic areas that contain the central and eastern 
portion of the lynx DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Due to the importance to 
lynx of prolonged periods of deep fluffy snow, current habitats that lose this feature would 
decline in value for lynx (Hoving 2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, 
entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). Bobcat are the 
closest related species to lynx in North America, and they outcompete or displace lynx wherever 
the two species overlap at a broad geographic scale (Peers et al. 2016, entire) and local scale 
(Parker et al. 1983, Robinson 2006, pp. 120-129).  In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120).  Snow depth likely acts as a mediator of competition between the two species.  
Bobcats have a higher foot loading than lynx and are unable to hunt hares successfully in areas 
with deep, soft snow (Krohn et al. 2004, Hoving et al. 2005) and experience high mortality in 
deep snow winters (Litvaitis et al. 1986).  Lynx have a high foot loading and long legs (Buskirk 
et al. 2000, p. 90, Hoving et al. 2003) that give them a competitive advantage over bobcats in 
deep, fluffy snow conditions.  This has important implications for lynx persistence and range 
distribution at the southern edge of their range considering the current and projected changes in 
snow cover, stable or increasing bobcat populations in DPS (Roberts and Crimmins 2010, p. 
170) and the predicted northward expansion of bobcat into areas currently occupied by lynx 
(Lavoie et al. 2009, Roberts and Crimmins 2010, Anderson and Lovallo 2003). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other potential species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 



predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (Lynx Biology Team 2013, p. 36).  Cougars are also 
predators of lynx in the West (Lynx Biology Team 2013, p. 35), but like bobcats also have high 
foot loading in deep, fluffy snow (Buskirk et al. 2000, p. 90).  Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2004, entire).   
  
Introgression of lynx and bobcats are an uncertain threat to lynx conservation. Bobcats have 
hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, Homyack 
et al. 2008), where low topographic relief and variability in winter severity may allow more 
interaction between the two species during the breeding season (Lynx Biology Team 2013, p. 
34).  Hybrids were capable of reproducing successfully (Homyack et al. 2008).  The rates of 
hybridization are currently low between the species (0.24 percent) but could increase as bobcat 
populations move north with climate change (Koen et al. 2014).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations by several other mechanisms 
especially at the southern extent of the range.  Changing snow conditions may influence lynx 
hunting behavior and effectiveness.  For example, hard-packed snow is reported to be 
associated with a higher kill rate of hares by lynx than soft snow (Stenseth et al. 2004, p. 
10633).  The higher kill rate could generate higher lynx abundance as a numeric response 
(Hone et al. 2011). This increased functional and numeric response by lynx and other predators 
could drive hare populations to lower levels (Stenseth et al. 2004, p. 10633), and could explain 
why hare populations have declined and seem to remain low in Maine (Scott 2009, p. 43).  
Climate change is causing increased summer precipitation in eastern North America (Jacobson 
et al. 2009, Yan et al. 2013).  Damp, cold summers in the Northeast reduce the survival of 
young hares (citation in Yan et al.) and anticipated decreased summer precipitation in central 
and western North America (Inkley et a. 2004) has a similar effect on hare survival (citation).  
Finally, the shortened duration and diminished snow cover in the DPS may lead to a mismatch 
in the phenology of hare pelage change that reduces hare survival (Mills et al. 2013, 2014). 
  
Incremental changes in climate would affect lynx directly or indirectly through effects on prey 
abundance. Annual weather patterns are known to affect survival and reproduction of snow-
shoe hares, which in turn would influence lynx productivity and survival. Reductions in lynx 
population size and the amount of available habitat possibly could decrease the likelihood of 
persistence of smaller subpopulations and successful genetic interchange between 
subpopulations (Gonzalez et al. 2007). 
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 



required by snowshoe hares.  An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). McKelvey et al. (2011) estimated 
that contiguous areas of spring snow cover would become smaller and more isolated throughout 
the Columbia, Upper Missouri, and Upper Colorado Basins, with greatest losses at the southern 
periphery, which likely is an indicator of the trajectory of lynx habitat. According to Carroll 
(2007), climate change could result in dwindling of potential lynx habitat in the northern 
Appalachians to small areas in the Canadian Maritime Provinces.   
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al.(2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 kilometers (km) during this century.  In the contiguous U.S., 
researchers expect that lynx in mountainous habitat will, to some extent, track climate changes 
by using higher elevations on mountain slopes, assuming that vegetation communities 
supportive of lynx and hare habitats also move upslope (Gonzalez et al. 2007, p. 7).  Some 
areas of the DPS (e.g., Maine, Minnesota) lack altitudinal refugia and climate change and lynx 
populations are anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
These studies predict lynx and hare habitats—boreal spruce-fir and subalpine forests—and,  
therefore, lynx distribution, are likely to shift upward in elevation within its currently occupied 
range and recede northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; 
Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 
64; ILBT 2013, p. 69). Lienard et al. (2016, p. 7) assessed forests in New England, Northern 
Great Plains, and higher elevations in the Rockies, including spruce-fir types, as vulnerable to 
drought-related stress from climate change during the next century.  The boreal spruce-fir 
forests that provide habitat for lynx and snowshoe hares are thought to be limited by summer 
temperatures and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of 
emissions and climate change scenarios, are projected to diminish dramatically or disappear 
from much of the eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–
400). Within the last 20 to 25 years, widespread mortality and reduced growth in red spruce in 
the Northeast are believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, 
Johnson et al. 1988, p. 5373.). Climate modeling suggests that lynx habitat and populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely 
from parts of the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). 
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Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11).  Remaining lynx populations would likely be smaller than at present and, because 
of small population size and increased isolation, populations would likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Millar 2004).  Boreal forests have been identified as a critical `tipping 
element' of the Earth's climate system and are believed to be more sensitive to drought than 
other forests (Lenton et al. 2008).  Global temperatures are increasing and snowfall is declining 
at the fastest rate in higher latitudes within the boreal forest region of Canada and Eurasia 
(Budyko et al. 1991, IPCC 2014).  Climate change predictions to the boreal forest are already 
occurring, and much of the climate-induced change is occurring faster than originally predicted 
suggesting rapid change as opposed to slow linear change (Soja et al. 2007, pp. 5-6).  General 
circulation models are in agreement that winter warming across the circumboreal region will be 
in excess of 40 percent above the global mean (Soja et al. 2007).  Increases in precipitation are 
expected in the boreal region of Canada, particularly during the winter, but may be offset with 
increases in summer drought, heat stress and evapotranspiration (Stocks et al. 2000).  Thus, 
boreal forest are experiencing rapid increases in tree mortality (Peng et al. 2011, entire). Boreal 
forest Several authors have suggested that grasslands, aspen parklands, and temperate forest 
will expand northward resulting in decreases in boreal forest (Rizzo and Wilken 1992, Smith and 
Shugart 1993, Starfield and Chapin 1996, Rupp et al. 2000), which could further more 
fragmented spruce-fir habitat (Prasad et al. 2007, Iverson et al. 2008, Olinger et al. 2008, Tang 
and Beckage 2010, Seymour 1992, Simons 2009, Rustad et al. 2012).   This is expected to 
further fragment boreal forest in southern Canada (Hogg 1994) and would reduce habitat 
connectivity between lynx metapopulations in the U. S. and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events - An increasing occurrence and 
persistence of drought, along with associated insect outbreaks and wildfires, could rapidly and 
dramatically affect the distribution, amount, and composition of lynx habitat (Lynx Biology Team 
2013, p. 70). Cohen and Miller (2001) suggested climate change could alter both the nature and 
extent of wildfire and beetle outbreaks. With warming climate, fire seasons in the western U.S. 
will likely be extended and the total area burned may increase (McKenzie et al. 2004). 
Westerling et al. (2006) predicted that warmer springs could increase the frequency and 
duration of wildfires, which in turn could reduce the resistance of surviving trees to bark beetle 
attack. Raffa et al. (2008) suggested that increasing temperatures and forest homogeneity likely 
will result in bark beetle outbreaks that exceed natural disturbance thresholds; this may set the 
landscape for additional outbreaks since there will be even-aged forests over a larger area. 
  
Westerling et al. (2006) compiled information on large wildfires in the western U.S. from 1970–
2004; large wildfire activity increased suddenly and markedly in the mid-1980s, with higher 
large-wildfire frequency, longer wildfire durations, and longer wildfire seasons. The greatest 
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increases occurred in mesic, middle- and high-elevation forest types (such as lodgepole pine 
and spruce-fir) in the northern Rocky Mountains. Fire exclusion has had little impact on natural 
fire regimes of these higher-elevation forest types in this area; rather, cli-mate appears to be the 
primary driver of forest wildfire risk. Large wildfires were strongly associated with increased 
spring and summer temperatures and an earlier spring snowmelt. 
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests that affect disturbance patterns in spruce-fir forests.  For example, native 
bark beetles, such as the spruce beetle and mountain pine beetle, are a key agent of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009).  Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609).  In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire).  However, widespread clearcutting following the 
most recent spruce budworm outbreak in Maine was the primary driver creating widespread lynx 
habitat (Hoving et al. 2005, Vashon et al. 2012).     
  
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire).  Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-born diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but experts believed this was difficult to predict and a 
possibility (Workshop Report 2016, p. XXXXX).  A few pathogens have been documented in 
lynx in the DPS.  For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, none 
of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed to plague by 
infected prey after their release in Colorado.  Exposure of some lynx to feline parvovirus was 
detected in six areas in western North America (Montana-Alaska)(Biek et al. 2002).   
Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats (Sarmiento 
1956, Van Zyll de Jong 1966, Kumar 1974, and Reichard 2004) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24).  Lynx with heavy infestations have difficulty breathing and succumb 
to starvation as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
  
Reduction in Gene Flow - Koen et al. (2014) hypothesized that climate change would create 
increasingly unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 

Commented [55]: This is verbatim from the revised LCAS, 
p. 70.  We must re-phrase or formally paraphrase (indented) 
with proper attribution. 



quality, declining and fragmented boreal forest), which was associated with low genetic diversity 
and high genetic differentiation at the trailing (southern) edge of the range.  Furthermore, high 
winter temperature, low snow depth, and low proportion of suitable habitat were strongly 
correlated with neutral genetic diversity, low allelic richness, and high genetic differentiation 
(Koen et al. 2014, p. 757).  They surmised that genetic structuring in southern lynx populations 
could be caused by northward shift in optimal conditions causing isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes of snowshoe hare or 
bobcats causing lynx to shift northward. Lynx with the greatest allelic richness were found in 
areas with the deepest snow in the core of their range in northern Ontario (Koen et al. 2014, p. 
758).  The authors conclude that climate warming has reduced gene flow at the receding 
(southern) edge of the lynx’s range, and that southward gene flow from Canada into threatened 
U.S. population is unlikely (Koen et al. 2014, p. 760). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations.  For example, gene flow between eastern Canada and Maine 
lynx populations depend on an ice bridge for dispersal across the St. Lawrence River.  Although 
some lynx currently cross the river, Koen et al. (2014, entire) found genetic structuring on either 
side of the river.  Thus, the river already restricts gene flow.  Climate-induced deteriorating ice 
conditions on the St. Lawrence River could further restrict gene flow between lynx populations 
north and south of the river (Koen et al. 2014, p. 528).  Between 1969 and 2002 there was a 20 
to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the St. Lawrence 
(Johnston et al. 2005).  Conversely, reduced ice on the St. Lawrence may prevent bobcats from 
dispersing northward into lynx areas in central Quebec (Koen et al. 2014, p. 528). 

3.3 Vegetation Management 
Forest management is the most prevalent land use throughout the lynx DPS and can have 
beneficial, neutral, or adverse effects on lynx and snowshoe hare habitat and populations.  
Forest management affects stand structure, composition, and arrangement on the landscape, 
which are important elements of habitat for snowshoe hares and lynx.  At the home range scale, 
lynx throughout the DPS select landscapes having the greatest snowshoe hare densities 
(citation).  In Maine and Minnesota these are young, regenerating spruce-fir forests (Hoving et 
al. 2004, McCann and Moen 2011) and in the West regenerating lodgepole pine (Koehler, 
Maletzke, Berg et al. 2012) and dense mature conifer forest (Griffin 2004, Squires et al. 2010, 
Berg et al. 2012).  Silvicultural prescriptions and cutting practices in boreal forest types vary 
widely throughout the lynx DPS depending on the landowner, forest ecology and ecoregion, tree 
species, site conditions (e.g. moisture, slope, aspect), disturbance regimes (e.g., fire, insect 
outbreaks), forest policy and regulations, logging equipment, and markets for forest products. 
Forest management that creates habitat for hares and lynx in one geographic area may not be 
beneficial to hares and lynx in another. 
  
Nevertheless, snowshoe hares throughout the region respond to one common denominator. 
Dense understory (horizontal cover) is the most important forest structural characteristics for 
hares throughout their range (Ferron and Ouellet 1992, Wolfe et al. 1982, Litvaitis et al. 1985).  



Dense, horizontal cover provides hares with a source of browse and cover from predation.  
Softwood (e.g., spruce-fir) has about three times more cover value as hardwoods (Litvaitis et al. 
1985).  Thus, stem density (or stem cover units) and snowshoe hare density are directly and 
positively correlated (Conroy et al. 1979, Sullivan and Sullivan 1988, Koehler 1990b, Koehler 
and Brittell 1990, Thomas et al. 1997, Hodges 2000a, Mowat et al. 2000, Homyack et al. 2006, 
Robinson 2006, Scott 2009, Fuller and Harrison 2013).  Forest practices that promote high stem 
density and dense horizontal cover can increase snowshoe hare densities (Keith and Surrendi 
1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 1983; Livaitis et al. 1985; Bailey et 
al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; Fuller et al. 2007; Homyack et al. 
2007; Scott 2009; McCann and Moen 2011).  Forest practices that reduce dense understory 
generally are a stressor to hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979, Sullivan and Sullivan 1988, Koehler 1990b, Thomas et al. 1997, 
Homyack et al. 2005, Robinson 2006, Griffin and Mills 2007, Scott 2009, Berg 2010, Ivan 
2011a, Lewis et al. 2011, McCann and Moen 2011, ).  Similarly, the effects of forest 
management on lynx habitat use, movements, and home range have been investigated by 
Koehler (1990a), Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et 
al. (2008), Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. 
(2013), Simons-Legaard et al. (2016). 
  
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). 
  
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, 
Seymour et al. 2002, Lorimer and White 2003).  In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S.  After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event.  Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 meters depending on tree species) the tree crowns lift and lower 
branches self-prune, thus reducing the live horizontal branches providing food and cover for 
snowshoe hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where 

Commented [56]: ? "... reduce habitat quality for hares, at 
least temporarily, and therefore also reduce lynx foraging 
habitat quality."? 



mature trees die or fall down) and food and cover may again become available to support 
snowshoe hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction).  The 
culmination of the process (or a forest rotation) is harvesting of forest products.  Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx.  Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
maintaining high stem densities in regenerated forests (Koehler and Brittell 1990, Homyack et 
al. 2004, Bull et al. 2005, Fuller and Harrison 2005, Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products.  Therefore, 
worldwide and trends in forest products markets greatly affect forest management outcomes 
and thus, the amount and quality of lynx habitat in the DPS.  Forest management decisions 
(e.g., to focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 



expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output.  Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011).  As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009.  The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse.  Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011).  Under depressed markets, 
landowners may reduce harvests, which may be to the detriment of lynx in some parts of the 
DPS (e.g., Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors, which are difficult to 
predict the future. In recent years, the forest products industry throughout the U. S. experienced 
a downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595).  Despite depressed markets, one area of increasing 
interest is bioenergy production.  Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125).   The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest.  Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of state and federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable.  This has resulted in major shifts in forest management strategies, outcomes, and 
products.  For example, in the last two decades in Maine, where nearly all the lynx critical 
habitat is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in 
the “northern forest” (Adirondacks to northern Maine) was sold to a host of  financial groups 
(Hagan et al. 2005).  These groups have short-term investment goals and different management 
objectives and have dramatically changes harvest practices.  Whereas the previous large 
industrial landowners focused on the forest land base as a supply for their manufacturing 
facilities, the new TIMOs and REITs focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178).  Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicate these landowners 
increased harvest rates, shortened rotation rates, and a shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185).  On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments.  On the other hand, some 



easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004, Lilieholm et al. 2010). Conservation land as percentage of 
Maine’s state area increases from less than 5 percent in 1987 to approximately 19 percent 
today (Beck et al. 2012, p. 15).  Conservation easements restrict development and usually do 
not affect forest management.  Neither do they typically require management for lynx and other 
rare species.  Some private forestlands were sold to state and federal agencies and 
conservation interests.  For example, in recent years The Nature Conservancy purchased 
310,000 acres of private forestland in Montana and 185,000 acres of private forestland in 
northern Maine.  Lands in conservation ownership have a high probability of being managed to 
benefit hares and lynx.   
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire).  Many models have been developed to project how U. S. timber production and 
markets will adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia et 
al. 1997, Sohngen and Mendelsohn 1998).  Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate.  Some models predict that 
consumers will gain from climate change while landowners in some regions will lose.  The forest 
industry will adapt to climate change in many ways including using alternate tree species in 
manufacturing, shifts to geographic regions of the country with economic advantages in timber 
growth, and increasing forest plantations with new species that are favorably adapted to the 
new climate and markets.  Many strategies have been evaluated to increase the quantity of 
carbon stored in North American forests (Irland et al. 2003) including discontinuing or greatly 
reducing harvest in some forests to build carbon reserves, increased recycling to reduce use of 
forest products, converting agricultural lands to forests, and substituting wood products for more 
energy-intensive products.  Increased atmospheric carbon will increase forest growth slightly, 
except for softwood (Irland et al. 2001, p. 757-758).  Sawtimber production, which sequesters 
more carbon, is expected to increase (Irland et al. 2001, p. 758).  Expanding landscapes with 
older growth conifer forest to sequester carbon could benefit lynx in the West and be to the 
detriment of lynx in the East. 
  
Climate change will affect forest-related recreation.  Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759).  
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001).  These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting)(Swanson and Loomis 1996).  At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 



  
Past and future forest management affect many of the requirements necessary for the 
continued existence of lynx in the DPS.  Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire).  Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal 
lands).  Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably 
be anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and 
pattern of disturbance events.  Synergetic effects between forest management and other 
stressors (e.g., climate change, trapping, development) may intensify their effects (Carroll 
2007). Habitat loss and fragmentation are believed to currently be the most important stressors 
for lynx in the DPS (Fig. X), but it is possible that other pathways for forest management are, or 
may become, equally important.  Hares and lynx will continue to be affected (both positively 
and negatively) by forest management into the foreseeable future.  Forest management 
stressors primarily affect lynx by lowering landscape hare densities, which in turn reduce lynx 
reproduction and lower 

  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees.  Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). 
  
Precommercial thinning has been shown to reduce hare numbers by as much as 2- and 3-fold 
(Griffin and Mills 2004, 2007; Homyack et al. 2007) because of reduced cover and decreased 
availability of browse. Griffin and Mills (2007) reported that, if their results were representative, 



the practice of precommercial thinning could significantly reduce snowshoe hares across the 
range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2008 the USFS amended Forest Plans to incorporate management that would conserve lynx, 
including direction that minimized (or eliminated?) the impacts of precommercial thinning in lynx 
habitat. However, precommercial thinning is not regulated on private forest lands throughout the 
remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 



removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat and reduce fuels. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand.  Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management.  Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed).  Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire).  In recent years, about 
425,000 acres of Maine forest are harvested annually and 96 percent of this land is partially 
harvested (Maine Forest Service 2016? Check).  After 17 years of extensive partial harvests, 
much of the northern Maine landscape has been influenced by this form of forestry, and will 
continue to be into the future. The popularity of this form of harvesting extends beyond Maine.  
From the mid-1980s to mid-1990s, partial harvesting comprised 62 percent of the harvest in the 
U. S., and clearcuts comprised the other 38 percent.  Partially harvested stands result in a wide 
range of residual stand conditions, but many have lower conifer stem densities and higher 
hardwood density than regenerating clearcuts (Robinson 2006).  On average, partially 
harvested stands supported about 50 percent of the hare densities observed in regenerating 
clearcuts (Robinson 2006).  Shelterwood cuts, a form of even-aged management, are the 
exception and have maintained densities similar to regenerating clearcut stands (D. Harrison, U. 
Maine, unpubl. data).  Current hare densities in partially harvested stands in Maine average 
about 0.4 hares/ha (Simons 2009, p. XXX, check), which is below the landscape hare densities 
(0.5 hares/ha (Ruggiero et al. 2000b, Simons-Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types (Plate 4.4). In these instances there is a short-term (10–30 years) impact on snowshoe 
hare habitat. In the western U.S., prescribed fire for ecosystem restoration is most applicable to 
the dry ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir 
forests are generally composed of thinner-barked trees that are easily killed even with light fire, 
this technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (Plate 4.3). These types of projects 
are becoming more common. In the western U.S., projects designed to restore forests to a 
condition more representative of the historical range of variability are generally targeted to drier, 
lower-elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx 
habitat. Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 



treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest.  In fact, forested landscapes have increased in 
some parts of the DPS (especially in the Northeast) because of farm abandonment and 
recolonization by second-growth forest.  However, some forms of forest management such as 
selective harvesting and fire suppression can intentionally (or not) alter tree species composition 
away from boreal forest types that support snowshoe hare and lynx.  Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest.  For example, in northern New England clearcutting leads to drying of the 
forest floor and consequent heavy mortality in spruce and fir regeneration and increased light 
levels that increase hardwood competition (White and Cogbill in Eagar and Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare.  Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition.  
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44).  Hare densities may increase after trees in a plantation reach the sapling stage 
and branches intermingle at the ground level creating horizontal cover if the lateral branches are 
not pruned (Parker 1984, p. 163, Parker 1986 p. 160, Roy et al. 2010, p. 285).  However, the 
period of time that that spruce plantations may support high hare densities in Maine and eastern 
Canada may be relatively short (10 to 17 years post-harvest) compared to regenerating 
softwood clearcuts (15-35 years post-harvest)(Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus reducing food, 
cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et al. 
2003 p. 462).  Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10).  In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
  
Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013).  In Maine and northern Washington, landscapes where habitat was more 
contiguous supported more snowshoe hares than landscapes that were more fragmented 
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(Simons 2009, Lewis et al. 2011).  Within their home ranges, lynx strongly select for habitat 
patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller 
and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in Maine 
indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that land-scapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016).  In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx (FR 74(36)). 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range.  For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northeast Geographic Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands.  In some 
instances, forest management has greatly altered the disturbance regime.  For example, the 
Acadian forest in Maine and eastern Canada was driven by gap dynamics (similar to some parts 
of the West today) and true stand-replacing disturbances were quite uncommon with recurrent 
intervals of thousands of years.  After several centuries of forest management, stand age 
structures have become simplified, and commercial timber rotations are a fraction (15 to 40 
percent) of the lifespan of boreal tree species (Seymour 2002).  Whereas prevalent, these 



younger even-aged  forest stands on the landscape may benefit hares and lynx in Maine, 
forestry has shifted the species composition of Maine’s forest to species favored by frequent 
harvest disturbance, such as red-maple, paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high densities of hares, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although It may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
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the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historic natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming in natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 



whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historic conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising it management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat with LAUs that can be in an unsuitable condition at any given time, 
including such conditions, usually temporary, created by wildfire. Although some exemptions 
and exceptions to these limits are permitted for activities to reduce fire risks to communities and 
infrastructure in the wildland-urban interface (WUI) or to achieve other resource benefits, even 
these potential impacts are limited on the larger landscape scale (USFWS 2007, p. 7). These 
conservation measures and the direction to use fire management as a tool to restore hare and 
lynx habitats and return to natural temporal and spatial patterns of fire disturbance, which were 
not in place when the DPS was listed, likely further reduce what was even then considered the 
low potential threat to lynx of past fire suppression activities. Based on the information above, 
we conclude that fire suppression and other fire management activities have not substantially 
impacted lynx and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 



be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern 
Montana/Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 
percent of the unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA 
Team 2016, p. 20). Large fires have also impacted lynx habitat in the Western Colorado 
geographic unit, where fire size, frequency, and intensity are expected to increase with climate 
change (Ivan in Lynx SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of 
the GYA unit were burned by the extensive wildfires of 1988. The extent to which those fires 
may have diminished lynx and hare habitats and contributed to the recent absence of resident 
lynx is uncertain, as is the potential for those burned areas to support high hare densities and 
resident lynx in the future, although some burned areas may soon develop the dense horizontal 
conifer structure favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing 
the likelihood that they may support resident lynx in the near future. 
 
Although fire suppression was in the past thought to be a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
due to climate change, it may be necessary to reconsider whether fire suppression in some lynx 
habitats could benefit lynx by reducing the potential for extirpation of resident populations, 
especially in places already apparently only marginally capable of supporting them.  



3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx.  In this region, boreal forest transitions to various types of northern hardwood forest.  The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790).  Lynx 
must must contend with aspects of their habitat at the southern extent of the boreal forest for 
which they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000, p. 85), 
whereas and “fragmentation” to anthropogenic disruption of natural patterns.  Habitat loss is 
conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011 (entire).  
Fragmentation in the forested western landscape resulted in a decline of weighted mean patch 
size from roughly 35,000 to 3,200 km2 from natural to current conditions, but models predict 
relatively small declines in the size of forested patches over the next 30 years (Theobold et al. 
2011 p. 2451).  In the eastern United States, nearly half or more of the natural forest was 
cleared in the past three centuries but as agriculture and settlement relocated westward, 
eastern forest cover rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has 
increased 0.79 percent since 1982 (Maine Forest Service, Department of Conservation 2010, p. 
25). Similarly, a large portion of Minnesota forests were cleared in the last century, but forest 
cover has rebounded.  The forest area in northern Minnesota has decreased 4 percent since 
1977 (Miles et al. 2007, p. 22).    Preliminary findings from the 2002 U.S. timber assessment 
(Haynes 2003) indicate that approximately 15 to 20 million acres of U.S. forest land could be 
converted to urban and developed uses over the next 50 years. Such land use conversions 
could result from residential development in forested landscapes, as the U.S. population is 
estimated to grow by another 126 million people. 
 
Habitat fragmentation (both natural and anthropomorphic) directly affects snowshoe hares and 
Canada lynx by various mechanisms; by reducing hare survival and landscape hare densities, 
increasing lynx home ranges, reducing lynx reproduction and survival, and by affecting lynx 
movements throughout the landscape.  Habitat fragmentation also influences mesocarnivore 
communities that coexist with lynx and the level of competition for space and food resources.  
Fragmentation from anthropomorphic sources result in habitat alteration, direct habitat loss, 
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vehicle collisions and behavioral disturbance from roads, and changes in landscape features 
such as edges.  
 
Landscapes in which hare habitat is more contiguous, or where good patches of hare habitat 
are surrounded by other patches of similar habitat quality, support more hares than landscapes 
that are more fragmented or include matrix habitats that are poorer quality (Lewis et al. 2011). 
Thus, southern transitional boreal forests generally have lower landscape snowshoe hare 
densities than boreal forests further north (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 84). This may have as much to do 
with the quality of the matrix habitat between high quality patches as the hare densities that 
occur in the high quality patches themselves (Lewis et al. 2011).  Low-quality matrix habitat, 
typical throughout much of the DPS, could decrease survival for hares, because predators might 
have higher hunting success or be more numerous in the matrix habitats (Griffin and Mills 
2009).  In contrast, a high-quality matrix, typical of Canadian boreal forest, can provide 
alternative or supplemental resources (Dunning et al. 1992; Norton et al. 2000), thus supporting 
higher densities of hares in the prime habitats. 
 
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278).  At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx.  Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Forest fragmentation may exacerbate competition between lynx and other predators (Buskirk et 
al. 2000, entire). Fragmentation and competition are strongly linked because vegetation 
mosaics in landscapes provide high quality environments for generalist species such as the 
bobcat, red fox, and coyote (Goodrich and Buskirk 1995, Buskirk et al. 2000, p. 84). Under such 
conditions, generalist predators tend to dominate the predator guild in fragmented landscapes 
(Oehler and Litvaitis 1996).  Hares fluctuate less dramatically In the southern part of the range 
of lynx, thus there is more competition for a limited resource and exploitation competition 
inflicted by generalists (e.g., coyotes) and other predators (Buskirk et al. 2000, p. 95).  
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Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin.  In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170).  In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Lynx seem to be flexible in their response to habitat fragmentation whereas closely related 
species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation (Ferreras 
2001, Crooks 2002).  In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration.  In general, 
lynx responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat.  However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95).  Thus, factors that further fragment boreal forests in the DPS (e.g., climate 
change, forest management, roads and development) further reduce the probability of 
persistence of lynx.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx.  Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzales et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States.  Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors.  Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats.  In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat.  In lynx units in the western 
contiguous United States (Cascades, northern Rockies, Greater Yellowstone, Colorado), 
appropriate boreal forest and snow conditions occur in a relatively narrow elevational band in 
the Rocky Mountains.   Thus, appropriate habitats for lynx are naturally fragmented by 
topography and vegetation gradients.  These “islands” of habitat can be extensive (e.g. the 
Okanagan or northern Montana) or small (e.g. Garnet Range, western Montana) depending on 
topography and precipitation patterns.  Sometimes these areas of boreal forest are separated 



by unsuitable habitats in the low valleys (e.g., sage flats, urban corridors, agricultural lands) or 
snow regimes (e.g. snow shadows) that may restrict dispersal between habitat patches. In some 
areas of western DPS, lynx habitat in is also fragmented by rugged, high elevation terrain 
(Carroll et al. 2001, p. 976).  In other areas of the DPS where there is little topography, including 
Minnesota and Maine, matrix forest facilitates lynx movements between suitable habitats. Large 
rivers are unlikely to fragment habitat as lynx readily swim across large bodies of water 
(Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important element of lynx habitat (79 FR 54809).  Snowfall is patchy, sometimes 
unpredictable from year to year, and affected by local topography and water bodies.  Snow 
conditions conducive to giving lynx a competitive advantage are most consistent in the high 
elevation regions of the northern Rockies and Colorado.  Snow conditions are less consistent in 
the East.  For example, lake-effect snow from Lake Superior in Minnesota can increase snow 
depth and duration in the Arrowhead region in some years, but not others.  The Gulf of Maine 
has the reverse effect, and it’s warming influence reduces snow depth and duration inland.  
Distribution models by Hoving (2001, p. 74) indicate that eastern Maine has extensive regions of 
boreal forest, but lacked snowfall thresholds that gave lynx an advantage over bobcats and 
other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and deep, fluffy snow.  Both lynx and 
hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx preferred 
habitats that high a high degree of connectivity (Walpole et al. 2012, p. 769).  In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow.  Within their home ranges, lynx strongly select for habitat patches that enhance their 
foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges, by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 



reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic sources of fragmentation  Throughout the DPS, human activities exacerbate the 
natural features of fragmentation.  Anthropogenic activities such as forest management, 
development, and highways further alter natural landscape patterns.  They cumulatively reduce 
the total area of habitat, diminish the quality of habitat, increase the isolation of habitat patches, 
and impair the ability of lynx and other wildlife to effectively move between patches of habitat. 
Anthropogenic fragmentation may be permanent, for example by converting forest habitat to 
residential, industrial, or agricultural purposes, or temporary, for example by conducting forest 
management  but allowing trees and shrubs to regrow. Fragmentation of habitat (both natural 
and anthropogenic) increase the risk of extirpation of small lynx populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (Lynx Biology Team 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS.  We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464, Squires et al. 2013, p. 194).  In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change.  Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).   
 
Roads  Paved highways fragment lynx habitat.  In the West, they typically follow natural features 
such as rivers, valleys, and mountain passes that may have high value for lynx in providing 
habitat or connectivity.  They surround large blocks of lynx habitat in Minnesota and northern 
Maine.  Various studies have documented lynx crossings of highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005).  However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway relative to random expectation, but only 



2.2 and 3.1 times less likely to cross Highway 93 and Highway 1A, respectively, compared to 
random expectation.. In southeastern British Columbia, lynx avoided crossing highways within 
their home ranges (Apps, 2000).  Squires et al. 2013 (p. 194) documented 44 radio-collared lynx 
with home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these 
individuals crossed the highway (Squires, unpublished data). 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al., 2001).  As the standard of roads increases from 
gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to 
increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had 
no effect on lynx distribution.  Four-lane highways, such as the interstate highway system, 
commonly have fences on both sides, service roads, parallel railroads or power lines, and 
impediments like "Jersey barriers" that make successful crossing more difficult, or impossible, 
for wildlife (Lynx Biology Team 2013, p. 78). Alexander et al. (2005) suggested traffic volumes 
between 3,000 and 5,000 vehicles per day may be the threshold above which successful 
crossings by carnivores are impeded.  In Colorado, lynx successfully and repeatedly crossed 
major highways, including I-70 (J.Squires, personal communication 2012; Ivan 2011b, c, 2012).  
Colorado lynx crossed two-lane highways an average of 0.6 times per day and more frequently 
during dusk and night when traffic volume was lower (Baigas et al. 2017, p. 204).  They also 
crossed 4-lane highways (I-70), especially forested areas under large, elevated bridges that 
spanned streams (Baigas et al. 2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 3 in 
Montana (compiled by K. Broderdorp, U.S. Fish and Wildlife Service, unpub. data 2016). 
Between 1995 and 2011, 15 lynx were reported killed on British Columbia highways (British 
Columbia Wildlife Accident Reporting System 2012).  Most of these mortalities are on higher 
speed paved highways.  However, in Maine, about 41 percent (22 of 54) were killed on lower 
speed dirt logging roads. 
 
Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 mortalities of translocated animals were attributed to road kills (Brocke et al. 
1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of translocated lynx 
were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado highways where 



the 13 lynx mortalities occurred were estimated to range from about 2,300 to >25,000 vehicles 
per day (K. Broderdorp, personal communication 2012). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). In some parts of their range, 
lynx avoid  
 
Vegetation management  As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx.   Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, higher predation rates from a variety of carnivores tend to increase local 
extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and Litvaitis 
1993). 
 
Although some forest management can benefit lynx by creating a shifting mosaic of lynx habitat, 
it can also have deleterious effect by fragmenting habitat into small, widely-spaced parcels.  
Changes to vegetation structure can increase landscape resistance to lynx movements (Squires 
et al. 2013).  In Montana, fragmentation from forest thinning decreased the probability of lynx 
movements across the forested landscape (Squires et al. 2013, p. 192).   Lynx in the Northern 
Rockies are sensitive to changes in forest structure and tend to avoid or cross large forest 
openings (Koehler, 1990; Squires et al., 2010).  Thus recent clearcuts and thinned areas are 
avoided by lynx.  In Maine, the shift to partial harvesting forms of forest management  will 
continue to increase the number of patches of high quality hare habitat, but the size of patches 
is greatly diminished and patches are becoming more isolated (Simons-Legaard et al. 2016, pp. 
5-6).  This is diminishing landscape conditions conducive to supporting lynx. 
 
Residential and commercial development  Residential and commercial development is 
increasing on private forest lands.   Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al., 2002) and Maine (section 5.1.1).  It is uncertain to what 
degree lynx can tolerate habitat fragmentation from roads and forest clearing, and how human 
and pet activity affect lynx use of habitats.  Some anecdotal information suggests that lynx are 
quite tolerant of humans, although given differences in individuals and contexts, a variety of 
behavioral responses to human presence may be expected (Staples 1995, Mowat et al. 2000).  
The degree to which residential development and associated roads reduce connectivity of 
meso-carnivore populations likely depends on the physical design of highway improvements, 
the surrounding environmental features, the density of increased urbanization, and the 
increased traffic volume (Clevenger and Waltho, 2005; Grilo et al., 2009).  
 
Ski resorts  Ski areas have similar effects on permanent habitat loss and fragmentation.  One 
ski run is often separated from the next only by small inter-trail forest is ands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 



cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreation use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (J. Squires, personal communication 2012). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous United States 
(Lynx Biology Team 2013, pp 82-83). Most ski areas are located on north-facing slopes, where 
ample snow conditions provide for extended ski/snowboard recreational seasons. In the western 
states, many of these landscapes feature spruce-fir forests. While ski resorts occupy a small 
proportion of the landscape, spruce-fir forests provide important stable habitat for snowshoe 
hares and lynx at the southern extent of their range. In winter, alpine and Nordic skiing and 
snowboarding are the primary uses. Most of these resorts offer year-round recreation, with 
summer activities typically including hiking and mountain biking.  
 
Mining Leasable minerals. Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS.  Very little mining development occurs in 
Minnesota and northern Maine.  Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable minerals. Only a fraction of the historical number of mines is operating today.  Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation.  The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 



 
Salable minerals. In general, salable minerals are found close to the surface. During exploration 
activities, equipment is moved to the site and a number of test pits are dug or holes drilled to 
determine the quality of material. If desired minerals are found in suitable quantity, then 
vegetation is removed and materials are excavated.  For example, gravel pits are needed for 
logging road development and maintenance and are common occurrences throughout areas of 
the DPS that are in active forest management.  Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind energy. Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats.  Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility corridors. Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation, likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture  Agricultural is not expanding currently in lynx habitat areas in the DPS.  However, in 
the late 1800s over 3 million acres of northern Maine was in farming, whereas today about 
700,000 acres in in farms (Ahn et al. 2002, p. 8).  Most of these farms are in northeastern 
Maine, which fragments the forested landscape corridor between between core habitats in 
northern Maine and New Brunswick.  Lynx range in parts of Alberta has contracted in recent 
years because of forest clearing for agriculture (Bayne et al. 2008, p. 1195).  
 
Habitat loss and fragmentation in corridor areas connecting lynx populations in the DPS with 
adjacent populations in Canada Lynx conservation in the contiguous United States depends in 
part of maintaining population connectivity between habitat areas in Canada and the United 
States. Maintaining connectivity for lynx may become increasingly difficult because of climate 
and anthropogenic change, as evidenced by reduced connectivity for other boreal species (van 
Oort et al., 2011).  Potential corridors have been identified in the northern Rockies, but some 
areas may be not functioning because of forest fragmentation from logging practices  (Squires 
et al. 2013, entire).  There are likely broad, forested corridors with suitable dispersal habitat 
connecting core habitats in Maine to southern Quebec and northern Minnesota to southern 



Ontario.  Given the perceived importance of lynx immigration from Canada to the persistence of 
the DPS (Federal Register Vol. 68 pp. 40076– 40101, Squires et al. 2013) roads and other 
forms of habitat loss and fragmentation that  impede lynx movements in the border regions of 
Canada and the United States are of concern. 

Chapter 4: Current Conditions 
 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts throughout the range of the 
DPS, of the current status of lynx populations and habitats in each geographic unit and the 
factors influencing them. Based on these unit-specific assessments, we then provide our 
assessment of the current status of lynx and their habitats throughout the DPS. Where 
appropriate, we compare our current understanding to what was known or believed when the 
DPS was listed under the ESA in 2000. 
 
The geographic units evaluated below and in Chapter 5 are those with the strongest historical 
and recent evidence of an ability to support persistent resident lynx populations. Five of the 
units are larger than 20,000 km2 (7,722 mi2); the other is over 5,000 km2 (1,931 mi2) (See Figure 
1 and Table 1 in section 1.1, above). Land ownership within the units varies from mostly private 
in Maine, to a mix of private, State, and Federal in Minnesota, to mostly Federal lands in the 
West (Table 1). Overall, Federal lands account for nearly 64 percent of the areas encompassed 
by the SSA units, with USFS managing almost 88 percent of Federal lands and 56 percent of all 
SSA areas, followed by the NPS and BLM, which manage about 7 percent and 1 percent of all 
SSA lands, respectively. Of non-Federal areas, private lands make up almost 27 percent of the 
total followed by State and Tribal lands, which represent almost 9 percent and just over 1 
percent of the total area, respectively (Table 1). 

4.1 Current Conditions by Geographic Unit 
4.1.1 Unit 1 - Northern Maine 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat.  It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.   
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont.  Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S; a function of latitude, elevation, and 
distance from the ocean.  The average terrain rises in northern Maine  to 1000-1500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet.  This region is far enough inland to be unaffected by marine influences.  
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Annual precipitation is 41 inches (104 cm), with greatest precipitation in winter in the form of 
snow 228 cm to 280 cm (90 to 110-plus inches), with higher amounts at higher elevations.  
Snow duration is about four months (mid-November through mid-April). 
 
Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 square kilometers (11,162 square miles) all in 
northern Maine (79 FR pp. 54823-54828).  Land ownership in the critical habitat unit boundary 
is about 92 percent private, 7 percent State (primarily Baxter State Park), 1 percent tribal 
(Passamaquoddy Tribe, Penobscot Indian Nation), and contains no Federal land.  Lynx 
regularly occur outside of the designated critical habitat boundary.  The Service considers the 
range of the lynx for regulatory review (section 7, ESA) to be approximately  46,796 square 
kilometers (18,068 square miles).  Land ownership in this area is about 0.4 percent Federal 
(Aroostook National Wildlife Refuge) 1 percent tribal (Passamaquoddy Tribe, Penobscot Indian 
Nation, Aroostook Band of Micmacs, Houlton Band of Maliseets), 7 percent State, and 92 
percent private. Private lands are almost entirely commercial forestlands. 
 
New Hampshire  - The habitat in northern New Hampshire is not within the designated critical 
habitat.  Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving (68 FR 40086) 
estimated approximately 1000 square kilometers (386 square miles) of potential habitat having 
a greater than 50 percent probability of being occupied by lynx . Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 342 km2 (888 km2) of potential Canada 
lynx habitat.  Historic distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e. White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003).  Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the state (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the Connecticut 
Lakes Natural Area WMA which is owned and managed by NHFG. Surrounding habitat is 
owned and managed by the Connecticut Lakes Timber Company under a conservation 
easement held by the State of NH. Occurrence records from the past 10 years have been 
centered on these two ownerships (Kilborn 2015, App. A pp. 42-43).  Habitat on the Connecticut 
Lakes Natural Area has a conservation easement with 15,000 acres of the core lynx habitat also 
being part of an unmanaged area of the 25,000 acre property. As a result these core 15,000 
acres will be allowed to mature to a climax forest type potentially allowing for good denning 
habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. Current 
conditions are in a transition state, and portions of the 15,000 acres are supporting higher 
densities of snowshoe hare because of past forest management (Kilborn 2015, App. A pp. 42-
43).  Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont  - The habitat in northern Vermont is not within the designated critical habitat.  Recent 
modeling to determine lynx habitat connectivity in the Northeast suggests that the Nulhegan 
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River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530 square kilometer (205 
square mile area) is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 
percent State (Vermont Department of Natural Resources), and 63 percent private commercial 
timber lands (with easement).  The future of lynx and their habitat is unlikely because of the 
patchy and limited amount of habitat, climate change (decreasing snow), trends toward 
hardwood management, and increasing human disturbance (Vermont Fish and Wildlife 2015, 
Appendix A5 p. 127).  
 
New York - The habitat in the Adirondack region of New York is not within the designated critical 
habitat.  Potential habitat occurs in an island of boreal forest types in the Adirondack Mountains 
of northeastern New York. Hoving estimated approximately 190 km2 (73 mi2) of potential 
habitat having a greater than 50 percent probability of being occupied by lynx (68 FR 40086–
40087).  The boreal forest in New York is protected as Adirondack State Park, however much of 
the forest is mature without the understory necessary to support a snowshoe hare population 
capable of sustaining lynx (G. Batcheller, New York State Division of Fish, Wildlife and Marine 
Resources, pers. Comm. 2003; 68 FR 40087). It seems that habitat quality is marginal and 
isolated from occupied lynx habitat in Canada and Maine.  
 
Collectively, the “Northern Maine” unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada.  Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km north of Maine).  Lynx populations in Maine and eastern Canada are 
geographically isolated from other lynx populations on the island of Newfoundland (900 km east 
of Maine), and on Cape Breton Island, Nova Scotia (650 km southeast of Maine)(Koen et al. 
2015, entire).  The closest lynx population in the DPS is located in northeastern Minnesota, 
about 1,700 km west of Maine.  
 
Habitat Description:  In the northern Maine unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR, p. 40086). 
This habitat type occurs along the northern Appalachian Mountain range from southeastern 
Quebec, western New Brunswick, and western Maine, south through northern New Hampshire. 
This habitat type becomes naturally fragmented and begins to diminish to the south and west, 
with a disjunct segment running north-south through Vermont, and a patch of habitat in the 
Adirondacks of northern New York (McKelvey et al. 2000b, pp. 248-250).  This area is part of 
the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between northern 
boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and Hunter 
1992, pp. 3-4).  Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations up to 1600 meters (Katahdin highlands, western Maine, White Mountains in central 
New Hampshire).  Higher elevations support a predominantly coniferous forest (white, red, and 
black spruce; balsam fir; eastern white pine) intermixed with northern hardwoods (red maple, 
aspen, white birch, sugar maple, beech, and yellow birch).  Lowland areas include spruce-fir 
flats interspersed with peatlands (black spruce, tamarack). 
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Current lynx and hare habitat are associated with spruce-fir stands repeatedly harvested for 
forest products.  Hares and lynx are associated with stands of regenerating sapling (15–35 
years old) spruce-fir forest that provide dense cover are preferred (Robinson 2006, pp. 26–36; 
Vashon et al. 2012, p. 15). Lynx are more likely to occur in large (100 square kilometer, 40 
square mile) landscapes having a high percentage (>27 percent) of regenerating forest, and 
less likely to occur in landscapes with very recent clearcut or partial harvest (Hoving et al. 2004, 
pp. 291–292, Simons-Legaard et al. 2013, entire). Regenerating stands used by lynx generally 
develop after forest disturbance (almost exclusively logging) and are characterized by dense 
horizontal structure and high stem density within a meter of the ground. These habitats support 
the highest snowshoe hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 
719; Vashon et al. 2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected 
older (11- to 26-year-old), tall (15 to 24 feet (ft) (4.6 to 7.3 meters (m)) regenerating clearcut 
stands and older (11- to 21-year-old) partially harvested stands (Fuller et al. 2007, pp. 1980, 
1983–1985). At the home range scale, lynx also select landscapes having some mature conifer 
forest (Simons-Legaard et al. 2013b, pp. 572–573). Lynx may select partial harvested and 
mature conifer stands because of increased ease of travel and prey access along the extensive 
edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard et al. 2013b, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Some of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56).  Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem cycle at 10-year intervals, but have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44, D. Harrison, UMaine, unpub. data, Vashon et al. 2012, p. 14).  Prior to 2006, several 
estimates of  hare densities in the highest quality, regenerating conifer or mixed forest averaged 
1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,).  After 2006, hare 
densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109, D. Harrison, UMaine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire).  In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61).  More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only (0.19 to 0.28 hares/ha).  Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
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recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100 km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the northern Maine 
unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands.  USFS forest inventory data indicate that four million acres of forestland are 
classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in 
northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is in areas 
occupied by lynx.  In a 10 million acre area area in northern Maine (approximately 50 percent of 
the designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 
950,000 acres (9.5 percent) of spruce-fir was in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741).  
The current range of lynx in the northern Maine unit is associated with areas of deep snowfall, 
extensive (100 km2 [40 mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; (Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; 
Federal Register Vol. 74 pp. 8616–8701).  Patches of boreal forest in New Hampshire, Vermont, 
and New York are more highly fragmented and smaller than in northern Maine.  These more 
southerly forests also contain a higher proportion of northern hardwood.  These forests are 
believed to lack the conifer component needed to produce sufficient snowshoe hare densities to 
consistently support viable populations of lynx (Hoving et al. 2005, p. 749, Carroll 2007, p. 
1100). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, pp. 1984-
1985). Lynx avoided mature stands (>40 years old) and short (3.4–4.3 m [11–14 ft]) 
regenerating clear-cut or partially harvested stands <10 years post-harvest (Fuller et al. 2007, 
pp. 1275-1278). Further research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). Lynx 
tended to forage in areas with intermediate to high snowshoe hare densities (tall regenerating or 
older partial harvest stands), which afforded lynx with greater mobility and where snowshoe 
hares were more vulnerable to predation, rather than in the densest stands (short regenerating 
stands; Fuller and Harrison 2010, pp. 1276-1278). 
 
Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 

Commented [70]: following paragraphs are primarily from 
the LCAS 

Commented [71]: Different from baseline presented in ch. 
2? 



In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008a, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008a, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008a, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008a, pp. 1492-1493).  
 
Historically lynx habitat in the northern Maine unit was likely uncommon.  Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56).  In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
are often characterized by an even-aged wind-throw phenomenon known as fir-waves (Sprugel 
1976, entire). Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are 
rare (interval of several hundred to several thousand years) and highly variable in size 
(Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce 
beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). In this 
geographic area, wildfire is less significant as a natural agent of disturbance. The typical fire 
regime is infrequent surface fires in the dormant season in the hardwood forests, and slightly 
more frequent but long-interval fires in conifer forests (Kilgore and Heinselman 1990, entire; 
Seymour et al. 2002, pp. 359-365, Lorimer and White 2003, p. 59). For the past several 
decades, early successional forests in northern Maine, New Brunswick, and southern Quebec 
have been created almost exclusively by forest management (Lorimer and White 2003, pp. 42-
43). 
 



In contrast, current habitat is likely peaking and at historical highs.  Favorable habitat conditions 
for snowshoe hare and lynx in Maine resulted from large-scale salvage cutting (clearcutting) 
following a spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, p. 291). After 
salvage harvest of the affected trees, a portion of the area was sprayed with herbicide to reduce 
deciduous competition (Scott 2009, pp. 7, 14). The resulting vegetation was dominated by 
balsam fir and red or black spruce (Scott 2009, p. 60). This created favorable habitat conditions 
for snowshoe hares and lynx.  Habitat conditions for hares and lynx in the unit improved from 
the late-1980s to present,  benefitting from stand-replacing salvage harvests during the last 
budworm outbreak (Simons 2009, pp. 122-229; Simons-Legaard et al. 2016, entire).   During 
this time period, the percentage of forestland with an average landscape hare density greater 
than 0.5 hares/ha increased 400 percent (Simons-Legaard et al. 2016, p. 7).    
 
Lynx habitat will decline in the near future. In response the widespread clearcutting in the 
1980s, in 1989 Maine passed the Forest Practices Act.  This Act regulated clearcutting.  Various 
forms of partial harvesting replaced clearcutting as the predominant form of forest management 
in northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27).   
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act.  Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime supports lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009).  
 
Long-term, binding land management commitments are lacking in the northern Maine unit.  
Unlike, Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a federal nexus for review of projects is almost nonexistent.  
Furthermore, there continues to be high turnover in forest land ownership (Hagan et al. 2005, 
Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work with private 
landowners.  As of 2005, there were 23 landowners in northern Maine with land holdings in 
excess of 100,000 acres including the State, Federal government (White Mountain National 
Forest south of lynx range), a conservation group (The Nature Conservancy), two tribes 
(Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) and 
18 private forest landowners (Nadeau-Drillen and Ippoliti 2006,  p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit.  In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon 
sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, Arkansas, 
and Mississippi were chosen as pilot States to receive funding through their respective Natural 



Resources Conservation Service (NRCS) State offices. Based on a successful pilot program, in 
2008, the HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final 
rule in the Federal Register (75 FR 6539) amending regulations for the HFRP based on 
provisions amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management 
plans. Since that time four private landowners, The Nature Conservancy, the Passamaquoddy 
Tribe, Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program.  
Collectively, these land ownerships comprised 943.2 mi2 (2,443 km2), or 9.3 percent of the total 
designated critical habitat in northern Maine. 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation 
benefit for lynx, which was achieved by employing the lynx guidelines, identifying baseline 
habitat conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP 
criteria and guidelines and complied with numerous environmental standards. Plans were 
reviewed and approved by the NRCS with assistance from the Service. The details of the plans 
are proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017.  Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period.  Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary.  Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017.  Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit have commitments to 
endangered species management through forest certification programs. For example, The 
Nature Conservancy land enrolled in the HFRP is also enrolled in the Forest Stewardship 
Council (FSC) forest certification program, which requires safeguards for threatened and 
endangered species. Other landowners are certified under the Sustainable Forestry Initiative 
(SFI).  Both certification programs require planning for threatened and endangered species. 
However, certification programs are also voluntary and may not be long-term commitments.  
Given the frequent turnover in Maine forest lands, new landowners do not always renew 
certification or resume the certification programs initiated by the previous landowner. 



 
Lynx Status:  At the time of listing, lynx were known to be present in northern Maine but little 
was known about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge.  Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire).  Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
northern Maine, New Hampshire and Vermont and is part of a larger, contiguous 
metapopulation that extends into northern New Brunswick and the Gaspe region of southern 
Quebec.  Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada.  Although potential lynx habitat in New Hampshire 
and Vermont is fragmented, there is near contiguous forest and connectivity for lynx movement 
between these areas and habitats in northern Maine (Farrell 2013 personal communication, FR 
54821).  Breeding lynx in New Hampshire and Vermont are not directly connected to Canadian 
populations, but they are connected to the larger population in northern Maine via habitat in 
western Maine.   
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada.  The St. 
Lawrence River restricts lynx dispersal and demographically isolates this metapopulation from 
those in northern Quebec, Labrador, and Ontario.  However, sufficient numbers of individuals 
cross the river on the ice each generation to prevent genetic drift of this metapopulation (Koen 
et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now know that a significant populations currently exists and is supported by 
the extensive young, regenerating spruce-fir habitat created by clearcutting in the 1970s and 
1980s.  Habitat in northern Maine can support lynx densities in localized areas of high quality 
habitat that are substantially greater than elsewhere in the DPS (LCAS 2013, p. 23).  In 2003 
when hare populations were high, lynx density (juveniles and adults) in one of Maine’s highest 
quality habitats was estimated to be 9.2-13.0 lynx/100km2 (Vashon et al. 2008, Vashon et al. 
2012, p. 15). At about the same time, the density of lynx in nearby Gaspe Peninsula, Quebec 
was estimated to be 10 lynx/100km2 (Ray et al. 2002).  These densities are intermediate to 
those in Canada during the high (17.0-44.9/100km2) and low periods (2.3 – 3.0/100km2) of the 
lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997).  Simons (2009, 
p. 102) estimated the potential for a population of about 236 to 355 adult lynx to occur on a 3.56 



million acre study area (about half of the critical habitat area) in northern Maine, and Vashon et 
al. (2012, appendix IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of 
northern Maine in 2006.  The actual number of lynx is unknown because there are no methods 
available to measure and produce true population estimates over such a large geographic area. 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals, although 
breeding has occurred in both locations in recent years. Most historic lynx records from New 
Hampshire are from trapping records from the 1930s to the 1960s (Brocke et al. 1993, 
McKelvey et al. 2000).  There were only two records in the 1990s.  In 2003, the Service 
determined that, despite a lack of breeding records, a small resident population likely occurred 
historically in New Hampshire but not longer exists (68 FR 40087).  Lynx were detected in 
northern New Hampshire in 2006 and have occurred there annually since (Siren 2014 pp. 53, 
55). In 2011, 4 lynx kittens were observed in Pittsburg and were considered evidence of 
breeding in New Hampshire (Kilborn 2015 Appendix A p.44).  There were only four historic 
records of lynx in Vermont prior to 2003.  Since then, nine lynx sightings have been confirmed.  
Reproduction was first documented in 2012 in the Nulhegan Basin when the tracks of three 
lynx, a presumed family group, were observed travelling together in late February (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 126). 
 
Lynx do not presently occur in the Adirondacks region of New York. A resident lynx population 
reportedly occurred in the northern region of New York, particularly in the Adirondack 
Mountains, but it was considered extirpated by 1900 (Brocke 1982, McKelvey et al. 2000b). 
However, there are 23 verified lynx occurrences since 1900, primarily from the Adirondack 
Mountains (McKelvey et al. 2000b). The most recent verified record was from 1973 (McKelvey 
et al. 2000b), which correlates to an extreme cyclic population high. Habitat and prey conditions 
were deemed suitable for a lynx reintroduction in 1989–1991 (Brocke 1982). The reintroduction 
was unsuccessful in establishing a population.  In 2003 the Service concluded that a resident 
population may have existed in New York prior to 1900, however, records of lynx since 1900 are 
of dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997).  Maine lynx had among the smallest home ranges in the DPS (LCAS 
2013, p. 24).  During the period when snowshoe hare populations were highest, Maine lynx had 
among the highest reproductive rates (average litter size 2.74, 89 percent of adult females 
producing litters) in the DPS (Vashon et al. 2012, pp. 18-19).  During the current period of low 
hare density, litter size was smaller, only 30 percent of females have litters, and mortality is 
greater.  Home ranges are among the smallest in the DPS (54 + 5 km2 males; 26 + 4 km2 
females, LCAS p. 24, Vashon et al. 2008a).  Home range size were similar during periods of 
high and low hare density (Mallett 2014).  Lynx populations likely increased during the period of 
high hare density (lambda [λ] = 1.16) and declined during periods of low hare density (λ = 0.88) 
(USFWS, Vortex10, deterministic population simulation 2016; demographic data from Vashon et 
al. 2012). 
  



In summary, Maine lynx and hare habitat are at historical highs.  In the Northeast prior to 
European settlement, lynx habitat was created and maintained by small-scale, frequent forest 
gap dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour 
et al. 2002, Lorimer and White 2003).  Historically, lynx distribution was patchy, and lynx 
populations were likely low and dependent on immigration from Canada.  Current habitat is the 
result of widespread clearcutting and herbiciding to salvage spruce and fir damaged by a spruce 
budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, Vashon et al. 2008).  Maine lynx 
at multiple scales select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) 
spruce-fir stands 15 to 35 years after clearcut or other even-aged harvest (Hoving et al. 2005, 
Fuller et al. 2007, Vashon et al. 2008, Simons-Legaard et al. 2013).  Lynx habitat is expected to 
remain stable for the next few years then decline (Simons-Legaard et al. 2016). 
 
Factors Affecting Current Conditions: Climate Change - Climate change is affecting 
temperature, snow, and precipitations patterns in the Northeast at rates faster than expected 
(Rustad et al. 2014).  Rapid winter warming in recent decades is believed to be caused by 
reduced albedo feedback caused by the reduced persistence of snow in winter (Hayhoe et al. 
2006). Average winter temperatures are increasing 0.42-0.46o C/decade with the greatest 
warming occurring in the coldest months of winter (January, February)(Burakowski et al. 2008).  
Climate change has, and will continue to affect lynx by reducing snow and boreal forest (see 
section 5.1.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzales et al. 2007).  Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015).   Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzales et al. 2007). 
  
Lynx in the Northeast and eastern Canada occur where there is regularly total snowfall of at 
least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx and bobcat 
in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 2013).  Average annual snow depth 
at 5 weather stations within the range of the lynx in northern Maine (1981-2010) was below this 
threshold, 228-263 cm (NOAA 2011, 
http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html last accessed 31 March, 2016). In 
the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced reduce depth of 
snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-2005) declined an 
average of 4.6 cm/decade (Burakowski et al. 2008).  Thus, average snow conditions in Maine 
are currently at or below this snow depth threshold.  et al. 2005).  Further declines in annual 
snow depth would be expected to give bobcats a competitive advantage over lynx (Hoving et al. 
2005, ) 
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As noted in chapter 2, lynx and snowshoe hare require deep, fluffy snow that provides lynx with 
a competitive advantage over bobcats and gives hares the ability to reach winter browse.  Snow 
quality (‘fluffiness”) has deteriorated in the Northeast. Unlike other units, annual precipitation in 
Maine is increasing because of climate change, but primarily as rain (A. Siren, Workshop Notes 
2016, XXXX, Fernandez et al. 2016), and especially rain on snow events in winter in northern 
Maine (Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015).  Snow 
density and compaction and crust conditions (caused by wet, heavy snow or rain on snow 
events in winter) has increased in northern New England (Dudley and Hodgkins 2002, 
Huntington et al. 2004, Huntington 2005, Hodgkins and Dudley 2006) and southern Canada 
(Karl et al. 1993).  
 
 Vegetation Management - The effects of forest management on foraging and denning habitat 
for lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine.  Annual precipitation is comparatively greater in this unit 
than others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally are small (several acres) surface fires in the dormant season.  
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years)(Seymour et al. 2002 p. 360).  In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping season was closed in the Northern Maine Unit (including New 
Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). In 
2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) obtained an incidental 
take permit from FWS for lynx trapped incidental to other furbearer trapping in Maine.  From 
2000 to 2015, 108 lynx have been reported captured in traps set for other species and 7 of 
those were killed (Vashon et al. 2012, MDIFW 2014, p. 75).  No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000.  In Maine, after two lynx were 
killed in killer-type traps in 2014, MDIFW imposed additional trapping restrictions (e.g., requiring 
killer-type traps be placed in  exclusion boxes, eliminating the use of drag sets for foothold 
traps) to further reduce mortality and injury of incidentally-trapped lynx.  
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Trapping of Canada lynx can be additive to other sources of mortality and have population-level 
effects (Brand and Keith 1979, Koehler and Aubrey 1994). Thus, harvest regulations for lynx are 
modified when hare and lynx populations are low (Bailey et al. 1986).  Trapping mortality is not 
likely to have a great effect on lynx populations in northern Maine and adjacent Canada when 
lynx are at historically high numbers, but trapping could have a synergistic and negative effect if 
hare and lynx populations decline, habitat declines, or climate change further stresses lynx 
(Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development -  In response to climate change, wind development has escalated in 
northern and western Maine posing a potential threat to high and low elevation spruce-fir 
habitats (Whitman et al. 2013). Climate conditions are at or falling below threshold values 
needed to support lynx in Maine (see section above).  Maine has experienced a rapid increase 
in wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 
2, 2016), and there is increased interest in placing developments on private lands in 
unpopulated areas throughout northern Maine, New Hampshire, and Vermont. Wind energy is 
an increasingly appealing source of income for investment companies and other landowners 
who own forestland in the northern Maine unit.   As of 2016, at least 11 wind projects have been 
proposed in northern Maine and 5 projects are in operation; 2 have been proposed in northern 
New Hampshire and 2 are in operation; and 3 have been proposed for northeast Vermont and 2 
are in operation or under construction.  Maine two largest wind projects (combined over 200 
turbines covering 360 mi2) are proposed entirely within Maine’s lynx critical habitat. The effects 
of wind energy projects on lynx, hares and their habitat are undocumented.  Potential direct 
effects include disturbance or displacement of resident lynx and loss and fragmentation of 
habitat from turbines, roads, transmission lines. Increasing power infrastructure associated with 
these projects could greatly change development potential and patterns in northern Maine by 
bringing electricity into the interior of Maine’s vast, undeveloped forest region.  Extensive road 
construction further fragments habitat and increases access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped, industrial forestland, but land ownership patterns have changed 
significantly in the last 15 years (Nadeau-Drillen and Ippoliti 2006).  Some investment-oriented 
landowners are seeking diversified financial returns on their investment, including developing 
residential housing, second homes, and resorts.  Two large residential and resort areas have 
been proposed on forestlands within the Maine critical habitat area.  Both development projects 
would result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) of conservation easements on surrounding 
forestland.  Another private landowner proposes donation of a 87,000 acres within the lynx 
critical habitat for a Federally-designated national park or monument.  This area currently has a 
legacy of young-regenerating spruce-fir habitat from previous industrial forest landowners, but a 
park or monument designation would forego future forest management.  Another conservation 
landowner, The Nature Conservancy, continues forest management on about half of its 185,000 
acre ownership, including managing part of the area for Canada lynx.  
 

http://www.eia.gov/electricity/data/browser


Construction or expansion of developed areas such as residential areas and resorts, as well as 
smaller recreational sites like nordic ski huts or campgrounds, may directly remove forest cover. 
Such removal in lynx habitat could decrease prey availability, affect lynx movement within home 
ranges, or result in a more fragmented landscape.  Development further fragments habitat from 
road and highway construction (along with associated increases in traffic volumes and/or 
speeds). 
  
Northern Maine Unit Summary - In summary, lynx are currently widespread throughout northern 
Maine and in small patches of habitat in northern New Hampshire and Vermont.  Habitat exists 
to support a potential population of 500 to 1000 animals, although estimates of the actual 
population are unknown.  Habitat created by extensive clearcutting 30 to 40 years ago is 
peaking and will decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, p. X; 
also see section 5.1.1, below).  Furthermore, hare populations declined by 50 percent starting in 
about 2006 and have remained at lower levels.  Future fluctuations or cycles are uncertain.  
Active management of forest lands can produce lynx habitat, but landowners do not have long-
term commitments for doing so.  Land ownership has dramatically changed in northern Maine, 
and the majority of lands are owned now by investment companies who wish to diversify income 
from their investments.  Greatest stressors are habitat loss (shifts in forest management from 
clearcutting to partial harvesting resulting in lower landscape hare densities), lack of forest 
planning for lynx, and climate change (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River). 
 
4.1.2 Unit 2 - Northeastern Minnesota 
Unit Description:  This unit encompasses approximately 21,100 square kilometers (8,147 
square miles) in northeastern Minnesota.  It includes the area designated as critical habitat in 
2014 (79 FR 54782) and an additional relatively small area of tribal land northern Minnesota that 
was excluded from critical habitat.  Land ownership in this unit is about 47 percent Federal 
(primarily USFS, with some NPS and BLM land); 36 percent State; 16 percent private; and 1 
percent Tribal (Grand Portage Reservation) (see Table 1).  This unit includes most of Superior 
National Forest (SNF; including the Boundary Waters Canoe Area Wilderness [BWCAW]) and 
Voyageurs National Park.   This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit likely represent the southern extent of a larger cross-border 
population, most of which occurs in Ontario (ON). Relative to other DPS lynx populations, this 
unit is about 1,480 km (920 mi) east of the Northwest Montana/Northeast Idaho Unit  and about 
1,610 km (1,000 mi) west of the Northeastern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000) within the Laurentian Mixed Forest Province 
(McNab et al. 2005). Most of this province is characterized by low-relief hilly landscapes with 
glacial features and an elevation from sea level to 2,400 feet (730 meters), including many lakes 
and rivers.  This unit contains a mix of upland conifer and hardwood interspersed with lowland 
conifer, alder or willow shrub swamps and black spruce or tamarack bogs.  Coniferous and 
mixed-coniferous/deciduous vegetation types are dominated by balsam fir; black and white 
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spruce; northern white cedar; Jack, white and red pine; hemlock; and tamarack; mixed with 
aspen and paper birch (Burdett 2008, Moen et al. 2009, McCann and Moen 2011). Burdett 
(2008) reported that lynx in Minnesota selected regenerating forest, dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites were associated with 
regenerating and mixed forest. McCann and Moen (2011) found snowshoe hare densities were 
highest in regenerating forests. Females selected large woody debris and dense horizontal 
cover in lowland conifer cover for denning in northern Minnesota (Moen et al. 2008), but other 
cover types were used if recent blowdowns were present (Moen and Burdett 2008). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008), ranging between 0.3–2.0 hares/ha (0.12–0.8 hares/ac; McCann 
2006). Hare populations in northeastern Minnesota appear to be patchily distributed, but are 
most consistently abundant in 10-30 year old regenerating forests (McCann 2006).  Pellet count 
data prior to the 1990s show evidence of density fluctuations of snowshoe hare populations 
occupying Minnesota (Fuller and Heisey 1986), but these fluctuations were not observed during 
the 1990s (Hodges 2000b).  Snowshoe hare habitat in Minnesota primarily consists of conifer 
forests with dense low-growing understories, lowland shrub and conifer bogs.  Conifer bogs or 
lowland conifer forests may be especially important during low points in hare cycles by acting as 
refugia for hares. Early regenerating or pole-sized stands are not used as much as in other 
portions of their range, although older regeneration stands were used frequently in Minnesota 
(McCann 2006). Sapling-sized aspen adjacent to conifer cover may also provide functional 
snowshoe hare habitat. McCann and Moen (2011) mapped the distribution of predicted 
snowshoe hare habitat across northeastern Minnesota. In northeastern Minnesota, edge 
habitats and regenerating conifer stands appeared to be important for snowshoe hare 
populations (Burdett 2008, McCann 2006), as were dense habitats containing balsam fir, white 
spruce, and cedar (Fuller and Heisey 1986). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2007; Hanson & Moen 
2008). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit.  More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey.  The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 



percent), and balsam fir (16 percent) in 1990.  White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015 (USDA 2016, unpublished data) estimated that there was approximately 759,700 acres 
(60 percent of lynx habitat on the Superior National Forest) of suitable snowshoe hare habitat 
on the SNF and that only 23,800 acres of habitat on the SNF was in a condition unsuitable to 
lynx. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USDA 2004, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits (USDA 2004, entire). The Forest Plan 
includes many objectives, standards, and guidelines for the protection of lynx and enhancement 
of lynx habitat that are based on recommendations in the 2000 Lynx Conservation Assessment 
and Strategy (LCAS). Lynx Analysis Units (LAUs) were delineated on the SNF in 2000 as the 
smallest landscape scale on which to analyze effects to lynx. The boundaries have remained in 
place since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District; designating the BWCAW a lynx refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based –radio-telemetry has documented lynx 
movements between Minnesota and Ontario (Moen et al. 2008, Moen 2009, Moen et al. 2010b, 
Terwilliger and Moen 2012). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota.   Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
population of about 50 to 200 lynx to occur in northeastern Minnesota.  In 2008, Moen et al. 
(2008b), estimated the number of lynx that might be resident in northeastern Minnesota at a 
given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.    
 
Home range sizes in Minnesota were reported as 194 km2 (75 mi2) males and 87 km2 (34 mi2) 
females (Mech 1980).  Later radio-collar data show that males had much larger home ranges 
267 km2 (103 mi2) than females 21 km2 (8 mi2); and that females with kittens had the smallest 
home range (Burdett 2007). A study of radio-collared lynx in Minnesota documented 



approximately 40 percent of male and female lynx making long distance movements outside of 
their home range between Ontario, Canada and Minnesota (Moen et al. 2010). Of those lynx 
that made long-distance movements, females tended to move 62-124 miles (100-200 km) and 
did not return to their original home range, while males moved 31-49 miles (50-80km) back and 
forth between Ontario and Minnesota (Moen et al. 2010). While topographic features may 
influence lynx movements in mountainous western states, lynx in Minnesota tended to move 
nearly straight paths (Moen et al. 2010). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1).  Of the 1,306 DNA 
samples, 1,039 were identified as lynx, however 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1).  Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1).  The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000 the U.S. Fish and Wildlife Service has been tracking incidental take of lynx; 49 lynx 
mortalities have been reported.  Thus far, 26 lynx have been incidentally trapped in Minnesota, 
11 of the 26 have resulted in mortalities, while 15 of the 26 were released alive (U.S. Fish and 
Wildlife Service, unpublished database 2016). The documented incidents largely occurred 
during legal trapping that targeted bobcat, coyote, fox, and marten, and involved a variety of 
traps including foot-holds, body gripping traps, and snares (U.S. Fish and Wildlife Service, 
unpublished database 2016). In addition, seven lynx mortalities as a result of being incidentally 
shot have been documented in Minnesota and 16 died of unknown causes (U.S. Fish and 
Wildlife Service, unpublished database 2016). Lynx emigrating from Minnesota to Ontario 
exposes them to trapping and shooting that is allowed in accordance with regulated harvest in 
Canada. At least a third of the animals radio-collared in Minnesota spent time in Ontario; 4 
radio-collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 
two died of unknown causes (U.S. Fish and Wildlife Service, unpublished database 2016). 
Furthermore, nine lynx mortalities due to vehicle collisions have been documented in Minnesota 
since 2000 (U.S. Fish and Wildlife Service, unpublished database 2016).  Minnesota has 
relatively high forest road and highway densities that intersect lynx habitat and several radio-
collared lynx in Minnesota inhabited home ranges that were bisected by highways. In addition to 
road mortalities, two railroad mortalities have been documented since 2000 (U.S. Fish and 
Wildlife Service, unpublished database 2016). It is probable that there are additional incidental 
catches that are not reported each year (Moen 2009). 
   
Factors Affecting Current Conditions:  Identified factors affecting to the current conditions of lynx 
in Minnesota include reduction in habitat quality or quantity, habitat fragmentation, climate 
change, increased access for competing carnivores, and human-caused mortality. The SNF is 
currently implementing the 2004 SNF Plan (USDA 2004), which has direction based on the 
LCAS and Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (2000), for all forest activities that occur within LAUs. Active management of forest 



lands can produce lynx habitat, the Superior National Forest has a long-term commitment for 
doing so, however private landowners do not. Under the Sustainable Forest Resource Act of 
1995, the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2012, p. 1) - these voluntary guidelines are 
intended for private and state landowners and include some general recommendations for 
wildlife including lynx. The implementation of the MFRC guidelines is monitored annually (e.g., 
MDNR 2015, entire). Thus, the several risk factors are being minimized and managed to 
promote the conservation of lynx within the SNF, however implementation of the guidelines on 
privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the Superior National Forest and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Mineral exploration and development is 
increasing in portions of Minnesota, particularly for hard rock (non-ferrous) minerals. Some of 
the area of interest for minerals overlaps with lynx habitat in northeastern Minnesota. Mineral 
exploration may result in short-term displacement of lynx. Mining activities and associated 
development may result in an irreversible loss of habitat or increased mortality risk. The specific 
effects to lynx and their habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012). Where lynx and bobcat overlap, there is potential for 
accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all have the effect of compacting snow. Outside the BWCAW, snowmobile activity is extensive 
and increasing significantly. The Superior National Forest has 705 miles of snowmobile trails 
and 1,562miles on all ownerships within the proclamation boundary (USDA 2011). Advances in 
snowmobile capabilities have raised concerns about intrusion and new snow compaction in 
areas previously not vulnerable to high levels of snowmobile use. In addition, new road 
construction in lynx habitat has made more areas accessible during winter. These routes could 
be used by snowmobiles even if new roads are designated as closed to motorized public travel 
during other seasons. The Superior National Forest has 1,927miles of low standard roads (OML 
1 and 2) and 158 miles of temporary roads (USDA 2011). All of these factors have potential to 
reduce the deep and fluffy winter snow conditions and to reduce the competitive advantage of 
lynx in areas that typically receive deep snows. 



 
Lynx are morphologically and physiologically adapted for hunting snowshoe hares and surviving 
in areas that have cold winters with deep, fluffy snow for extended periods. These adaptations 
provide lynx a competitive advantage over potential competitors, such as bobcats or coyotes 
(Buskirk et al. 2000; McCord & Cardoza. 1982; Ruediger et al. 2000). Long-term snow 
conditions presumably limit the winter distribution of potential lynx competitors such as bobcats 
(McCord & Cardoza. 1982), wolves, or coyotes.  The geographical distribution of bobcat harvest 
in Minnesota has remained relatively static with a lack of harvest in the Arrowhead region of 
Minnesota (the region encompassed by Cook, Lake and St. Louis counties in northeastern 
Minnesota) (Erb 2009 cited in Kapfer 2012, p. 16, Erb 2012, pp. 7-9) and annual snow track and 
scent stations surveys support the conclusion that bobcats are as rare in the Arrowhead as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to occur due to climate change (Kapfer 2012, 
p.25). Bobcat and coyote populations already appear to be increasing in Minnesota (Erb 2014, 
p. 40).  If snow depth and duration decrease in the Arrowhead, deer mortality may be reduced 
which may potentially increase bobcat densities and bobcat expansion into northeast Minnesota 
(Kapfer 2012, p. 25).  According to annual track surveys, wolf populations in Minnesota are 
currently stable (Erb 2014, p. 40), however, similar to bobcat, wolf populations may increase 
with changing snow conditions and prey availability as influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014, p. 113).  
 
4.1.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 



Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit likely represent the southern 
extent of a larger cross-border population, most of which occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245).  
The dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10).  Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28).  Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76).  
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
      
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655).  As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
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46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely-distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 



Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).   
 
Habitat Status:  Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal ownership, 
including 18,695 km2 (7,218 mi2) in national forests under USFS management, 3,658 km2 (1,412 
mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) managed by BLM in its 
Garnet Resource Area. As described above, potential lynx habitat in this unit is patchily- 
distributed and interspersed with areas of non-habitat (matrix). Among the six national forests 
that contribute lands to this geographic unit, potential lynx habitat was mapped on about 54 
percent of the total national forest area (both inside and outside this SSA unit; USFWS 2007, 
pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 percent of the 
park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 mi2; 27 percent of 
the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 FR 40086, 40089). 
In the Garnet Resource Area, the BLM designated five LAUs (which approximate a lynx home 
range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 61 percent) was mapped 
as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. Among all 18 national forests 
covered by the NRLMD, which includes all six national forests that contribute to this SSA unit, 
67 percent of mapped lynx habitat occurs in nondevelopmental allocations (USFWS 2007, p. 
33).    
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. 
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Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30) that were developed based on the scientific findings and 
recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). Similarly, the BLM in 
2004 amended the Resource Management Plan (RMP) for the Garnet Resource Area to 
incorporate the conservation measures identified in the LCAS (BLM 2004a, 2004b, entire; 
Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of activities that 
can and cannot be implemented in important lynx habitats and thresholds for the proportions of 
lynx habitat in lynx analysis units (LAUs) that can be in an unsuitable state at any given time 
and how much can be converted from suitable to (temporarily) unsuitable over particular time 
frames. Implementation of these plans has likely benefitted lynx by providing a consistently- 
applied framework for conserving and restoring important hare and lynx habitats.   
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and buy a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).      
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana,and commits to active lynx monitoring and adaptive management 



programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust lands in western 
Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 64 percent of State 
lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to support Federal lynx 
conservation efforts by managing for habitat elements important to lynx and their prey that 
contribute to the landscape-scale occurrence of lynx. Specific objectives to achieve this goal 
include protecting den sites and potential denning habitat, mapping and maintaining lynx 
foraging habitats and limiting the spatial and temporal scope of their conversion to unsuitable 
conditions from forest management activities, and providing for habitat connectivity (MTDNRC 
and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the Service in 
2011, and includes a 50-year commitment by the State to manage for lynx conservation on 
these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 17, 20, 27). As described above, 
lynx selected mature multistoried stands with dense horizontal and relatively higher winter hare 
densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the Forest 
Service in the NRLMD adopted a vegetation management standard (VEG S6) that precludes all 
vegetation management activities that could reduce winter snowshoe hare habitat in multistoried 
forests, not just precommercial thinning as recommended in the LCAS (USFS 2007, pp. 13-14). 
Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517, ILBT 
2013, p. 30; 79 FR 54790) denning habitat is not thought to be a limiting factor for lynx in this 
unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes guidance to ensure 
adequate denning habitat remains well distributed in LAUs and, therefore, across the larger 
landscape and to design projects to create or retain coarse woody debris in areas where 
denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit also appear to 
remain suitable to allow lynx to outcompete other terrestrial hare predators. Gonzalez et al. 
(2007, pp. 4-7) compared the highest-precision lynx occurrence data in the contiguous U.S. 
from 1966-1998 with snow-cover data available for those locations and concluded that lynx 
require nearly continuous snow cover from December through March. The authors modeled the 
probability of suitable snow across North America, showing that this geographic unit has a 90-
95 percent probability of providing snow cover conditions supportive of lynx presence (Gonzalez 
et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historic conditions and disturbance regimes, with only 



a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from  2002-2010, but where more 
recent surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA 
Team 2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historic condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent historically, the 
current absence of lynx might be a natural condition related to the area’s naturally fragmented 
habitats and generally low hare densities - i.e., it may naturally be capable of supporting 
resident lynx only intermittently when habitat conditions and hare densities are optimal. If so, 
future intermittent lynx occupancy would be expected, but only if lynx dispersing from a source 
population immigrate to the Garnets when habitat conditions and hare densities return to more 
favorable levels. Conversely, if the Garnets historically supported a small but persistent 
population that was recently extirpated, it may suggest that the alteration of the historic 
distribution of some habitats in some parts of the range, described above, was enough to tip the 
quality of the area’s habitat from capable of supporting a small resident population to no longer 
capable of doing so.       
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 



wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historic or current number of resident lynx in 
this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; Interagency Lynx Biology Team 2013, p. 
57; 65 FR 16058; 68 FR 40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor 
fine-scale genetic sub-structuring among lynx subpopulations in the the southern (Garnets), 
central (Seeley Lake), and northern (Purcells) parts of this unit, suggesting limited interaction 
among lynx in those areas (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in 
Lynx SSA Team 2016, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 
Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 



sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female  
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016 pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 in 
2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx SSA 
2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, whether 
the recent absence of lynx from this part of the unit represents the extirpation of a small but 
previously persistent population (and, therefore, a permanent contraction of lynx distribution in 
this unit) or the temporary “winking off” of a peripheral subpopulation that may become “winked 
on” again in the future is unknown and perhaps irresolvable. 
  
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 



and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a peripheral population in a metapopulation structure. Lynx are rarely detected 
on surveys on other national forests (or parts of those above) that are outside but adjacent to 
this geographic unit (Patton 2006, entire; USFS 2105, pp. 1-9, 25-34), suggesting that these 
areas lack the habitat features and/or landscape-level hare densities necessary to support 
resident lynx populations (79 FR 54818-54820). 



  
Factors Affecting Current Conditions:  Regulatory Mechanisms - The lynx DPS was listed 
because regulatory mechanisms in place at that time on Federal (primarily USFS and BLM) 
lands were deemed inadequate to assure the conservation of lynx habitats and, therefore, the 
persistence of lynx in the contiguous U.S. However, there was no evidence that resident lynx 
numbers or distribution had been diminished as a result of those regulatory inadequacies. 
Federal management activities (especially timber harvest and precommercial thinning, perhaps 
fire suppression) that occurred prior to listing and before implementation of current Federal 
regulatory mechanisms undoubtedly impacted some lynx and habitats by altering historic 
disturbance regimes and, therefore, the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. For example, as described above in Habitat Status and Lynx 
Status, past timber harvest/management and associated road construction may have 
fragmented, reduced the amount, and altered the distribution of lynx habitats in the Garnet 
Mountains, perhaps contributing to the apparent recent loss of that area’s ability to support 
resident lynx.      
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations were in place (MTFWP 2016, pp. 5-
10). Of the 16, eight were released uninjured, one was released with an injury, and seven were 
killed; all incidences of mortality occurred prior to 2008 and the implementation of the more 
protective regulations (MTFWP 2016, p. 5). In addition to the three lynx incidentally trapped on 
the Idaho Panhandle National Forest from 2012-2014 (described above under Lynx Status), one 
other lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south 
(U.S. District Court ID 2016, p. 6). Although lynx are legally trapped in Canada adjacent to this 
unit in southern Alberta and southern British Columbia, trapping there is managed through 
regulated seasons and harvest levels, which are adjusted to avoid overexploitation, especially 
during the low phase of the hare-lynx population cycle (Environment Canada 2014, entire; 
Vashon 2015, pp. 5-6). Whether, and if so to what extent, trapping in Canada may influence 
lynx dispersal across the border and into this geographic unit is unknown; however, such 



dispersal was documented historically when harvest levels in Canada were likely much higher 
than under current management.   
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt,  
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.1.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat, often appear to barely meet the 
0.5 hares/ha threshold thought necessary to support resident lynx, relatively minor impacts, 
especially to hare and lynx foraging habitats, may strongly influence lynx persistence in some 
parts of this unit. However, modeling vegetation and snow suitability for lynx across North 
America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer forest 
biomes were broadly distributed across this geographic unit and that snow conditions suitable 
for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions based on 
this modeling are described in section 5.1.3, below). As described in section 3.2, above, climate 
change has also been implicated in recent  increases in the frequency and intensity of 
outbreaks of boreal forest insect pests, with warmer winters resulting in increased insect 
survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).       
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 



lands with developmental allocations and historically appear to have impacted only a small 
proportion of this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest levels on 
Federal lands in the West, including the Northern Rockies, and specifically with regard to “lynx 
forest types,” had declined consistently and dramatically for a decade or longer prior to the DPS 
being listed (68 FR 40093), and have remained at levels much lower than those from most of 
the previous century. Despite some likely localized impacts, past vegetation management does 
not appear to have broadly diminished this unit's ability to support resident lynx, although, as 
described above, it may have contributed to the current absence of a small number of resident 
lynx from the Garnet Mountains. Also as described above, current vegetation management in 
this unit on all Federal, most State and Tribal, and some private lands, is conducted in 
accordance with formally amended USFS and BLM management plans, an approved State 
HCP, Tribal regulations, and conservation easements designed to avoid or minimize impacts to 
lynx habitats, especially important hare and lynx winter foraging habitats.   
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to continue to support resident 
lynx.  
 
Habitat Loss and Fragmentation -  see regs and veg., above 
Much wilderness and other nondevelopment land allocations = limited loss/fragmentation in 
those areas. In development allocations, historic and recent timber harvest, associated roads, 
developed recreation, etc. - but no indication of pop-level effects. Few highways intersect lynx 
habitats in the N. Rockies (ILBT 2013, p. 63) and few records of collision mortalities in Montana 
(4) and Idaho (1) (Broderdorp, unpubl. data). Recreation, Minerals/energy development, and 
forest/backcountry roads and trails all considered second tier anthropogenic influences (ILBT 
2013, pp. 78-85); therefore unlikely to exert population-level influences, despite potential 
impacts to individuals.   
 
Other Factors - Connectivity /immigration - Connectivity/immigration from Canada thought to be 
important for demographic and genetic health of all DPS pops, but historic immigration rates 
and extent to which DPS pops rely on immigration are uncertain (79 FR 54789, 54793). No 
indication of barriers or genetic or demographic impacts to DPS pops (79 FR 54793). This unit 
is directly connected to lynx habitats and populations in southwestern Alberta and southeastern 
British Columbia (BC), where lynx are considered “sensitive” and “secure,” respectively 
(Environment Canada 2014, entire). Apps (2007) - naturally patchy distribution of lynx and 
habitats and generally low hare densities in Canadian Southern Rockies - which is the source of 
lynx immigration for this SSA unit. Modeling lynx resource selection and movement behavior, 



Squires et al. (2013, pp. 187, 191-193) concluded that connectivity between this unit and lynx 
habitats and populations in Canada may be facilitated by only a relatively few predicted 
corridors that extend south from the international border. See section 3.2 - potential that climate 
change is muting hare cycles, which would impact lynx cycles, perhaps altering historic patterns 
of irruptions and immigration into this and other DPS pops. Evidence of pulses during 
unprecedented irruptions of the early 1960s and early 1970s (McKelvey et al 2000, pp. xx), but 
no evidence of significant immigration into this unit after the early 1980s (Squires in Lynx SSA 
Team 2016, p. 20). If immigration from Canada is essential to demographic stability of this pop., 
but is no longer occurring or is substantially reduced, potential for pop-level impacts in this unit - 
recruitment may be inadequate to consistently offset mortality and emigration. Seeley Lake 
lambda 0.92 may reflect a gradual decline of a pop. that needs but is not receiving immigrants.       
 
4.1.4 Unit 4 - North-central Washington 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825).  The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825).  It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands.  This area was occupied at the time lynx was 
listed and is currently occupied by the species.  Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented.  Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx.  Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult.  This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx.  Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46).  According to the LCAS, connectivity currently appears functional, as lynx 
dispersal from Washington into Canada was recently documented.  A male lynx radio-collared in 
2008 in the Loomis State Forest remained there until late winter in 2009, when it dispersed 
north into Canada toward Hope, British Columbia, and then headed north-east toward 
Kamloops where it appeared to establish a home range just southeast of Kamloops. This 
individual was later trapped and killed in British Columbia, highlighting the need for cooperation 
and shared management goals across political boundaries (LCAS 2013, p. 65). 
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Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently.  One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18).  Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523).  For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s.  In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986.  One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977.  A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63).  Prior to 1961, lynx trapping 
records were not maintained in Washington.  Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month.  In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (Service 
2008).  Lynx habitat in the Kettle Range is limited in size and capable of supporting few lynx.  
According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 10 to 23 
lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) 
of lynx habitat.  It should be noted that the lynx density estimate was derived from research 
conducted in the Cascade Range within a large area of contiguous, high quality habitat (Koehler 
1990, pp. 845, 847).  Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2.  The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia.  The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523).  These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult.  Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000, p. 322; 
Stinson 2001, p. 9).  Within this area lynx primarily use forests dominated by Engelmann 
spruce, subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and 
avoid Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with 
sparse canopy and understory cover (less than 10 percent), low elevations [less than 915 m 
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(3,000 ft)], and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; 
Maletzke 2004, pp. 16-17).  Similar to the northern Rocky Mountains, lynx habitat in the 
Cascades is naturally fragmented (Koehler et al. 2008, p. 1523).  Disturbance is common in 
boreal forests, and fires and insect epidemics are major drivers of this disturbance, but other 
factors including wind and disease also contribute to the process of disturbance (Agee 2000, p. 
47).  Fire return intervals in the north Cascades ranges between approximately 100 to 250 years 
(Agee 2000, p. 50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75).  
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268).  Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice.  
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446).  In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities reach approximately 4-6 hares/ha (1.6-2.4 hares/ac), and cycle 
as low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000, pp. 119-120).  In the southern 
portion of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in 
northern regions (Aubry et al. 2000, p. 375).  Walker (2005, p. 20) estimated an average 
snowshoe hare density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha 
(0.01 to 1.94 hares/ac) in north central Washington (i.e., the Cascades).  The Washington 
Department of Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 
0.7 hares/ha (0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84).  Snowshoe hares are limited to 
environments with snowy climates (Ruggiero et al. 2000b, p. 448).  Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest.  However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historic range of lynx in the 
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U.S. (68 FR 40084).  McKelvey et al. (2000, pp. 245-246) described the historic range of lynx in 
the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with the 
Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests.  These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46).  The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63).  In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit.  Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23).  Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
studies conducted from 2002 through 2004.  More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx Workshop Report 2016, p. 21).  
Cumulatively, over the past 2 decades these wildfires have burned greater than 50 percent of 
the suitable lynx habitat within this geographic unit (Koehler et al. 2008, p. 1523).  These acres 
are expected to regenerate back into suitable lynx habitat, but it may take several decades for 
this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13).  From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13).  
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14).  In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).   
  
In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16).  However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 



individual lynx (Stinson 2001, p. 16).  More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx.  This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847).  However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”.  During the time of Koehler’s 
(1990, entire) study the Meadows provided some of the best lynx habitat in Washington, 
whereas most other lynx habitat in Washington is lower in elevation and more highly fragmented 
(Walker 2005, pp. 3, 6).  Thus, the lynx densities Koehler observed in his study area in the 
Meadows may not translate to lynx densities throughout the rest of lynx habitat in Washington, 
because as habitat becomes more fragmented and isolated (i.e., marginal), the carrying 
capacity for a particular species declines.  Thus, applying Koehler’s estimated lynx density 
uniformly throughout Washington, may overestimate the overall lynx population capable of 
being supported in Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16).  This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16).  The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat.  
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc.  Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat.  They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522).  Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington.  During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847).  Results of the 



study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2).  Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2.  Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53).  Maletzke assessed the effects of recent fires 
in the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat).  By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx Workshop Report 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population.   Note:  while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable.  However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population.  Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires.  Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21).  The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted.  The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 



Factors Affecting Current Condition:  In 1993, lynx were classified by the Washington Fish and 
Wildlife Commission as a state threatened species (Stinson 2001, p. 22).  On July 12, 2016, the 
WDFW recommended that the Washington Fish and Wildlife Commission uplist the lynx from a 
state threatened to a state endangered species (WDFW 2016, p.1).  According to the Draft 
Washington State Periodic Status Review for the Lynx, the WDFW recommended listing the 
lynx as endangered due to: 1) 1) observed range contraction in Washington following protection 
efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and anticipated 
threats to lynx population persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the 
Okanogan/Wenatchee (OWNF) and Colville (CNF) National Forests.  The North Cascades (aka 
the Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF.  Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire).  The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation.  To promote conservation 
of lynx and its habitat the LCAS contains conservation measures addressing the identification 
and maintenance of lynx habitat (foraging, denning, habitat connectivity) on federal lands.  
Toward this end, the LCAS recommends that federal land managers identify and map lynx 
habitat on their ownerships, and delineate lynx analysis units (LAUs) containing the mapped 
lynx habitat, within which the effects of management actions on lynx habitat will be monitored 
and analyzed.  The LCAS also recommends that the size of LAUs should be based on the 
average size of a female lynx home range and contain year-round habitat components (i.e., 
foraging and denning habitat).  Thus, in Washington, and the north Cascades specifically, it 
appears that the single threat for which lynx were listed under the ESA (i.e., inadequacy of 
regulatory mechanisms) has largely been addressed through the development of the LCAS, and 
CA between the Forest Service and Service which commits the Forest Service, specifically for 
Washington the OWNF and CNF, to use the LCAS in the management of lynx habitat on their 
ownerships and when designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ.  In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a state threatened species by Washington State 
(WADNR 1996, entire).  Subsequent to federally listing the lynx as threatened under the ESA, in 



2006 the WADNR implemented a modified Lynx Habitat Management Plan (2006 Lynx Plan) 
incorporating new science into its 1996 Lynx Plan pertaining to lynx management (WADNR 
2006, entire).  Among other things, the WADNR 2006 Lynx Plan contains management 
standards and guidelines to avoid the incidental taking (as defined by the ESA) of lynx.  These 
standards and guidelines address maintenance of lynx denning and foraging habitat, as well as 
habitat connectivity within and between LAUs and lynx populations within Washington (i.e., 
LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  
(1) Encouraging genetic integrity at the species level by preventing bottlenecks between British 
Columbia and Washington by limiting size and shape of temporary non-habitat along the border 
and maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; 
(3) Maintaining the integrity of requisite habitat types within individual home ranges by 
maintaining connectivity between and integrity within home ranges used by individuals and/or 
family groups; and (4) Providing a diversity of successional stages within each LAU and 
connecting denning sites and foraging sites with forested cover without isolating them with open 
areas by prolonging the persistence of snowshoe hare habitat and retaining coarse woody 
debris for denning sites. 
 
The 2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation 
and effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, 
and the Service has concluded that the management strategies implemented are effective. 
 
In the final revised critical habitat designation, published in the Federal Register on February 25, 
2009 (74 FR 8657–8658), we determined that the benefits of excluding lands managed in 
accordance with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the 
designation, and that doing so would not result in extinction of the species. We, therefore, again 
are considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 
Lynx Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades, which has significantly affected the status of and current 
viability of the lynx population within this geographic unit.  As discussed below under Potential 
Threats/Stressors/Factors Influencing Viability, there is significant risk of potential future 
wildfires to further affect the viability of lynx in this geographic unit.  Recent wildfire severity, 
extent, and intensity in lynx habitat within this geographic unit may have been influenced by 
climate change (Westerling et al. 2006, pp. 942-943), and as discussed below, climate change 
may similarly affect the future viability of lynx within this geographic unit. 
 
4.1.5 Unit 5 - Greater Yellowstone Area 
 



Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826).  It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State.  This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton,Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts.  It also 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges.  This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (see Devineau et al 2010, p. 526).  Relative to other 
DPS lynx populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
the Rocky Mountain Conifer Forest vegetation class, as described above (Section 4.1.3) for the 
Northwestern Montana/Northeastern Idaho area, although this habitat and, thus, lynx typically 
occur at higher elevations (2,250-3,000 m [7,380-9,850 ft]) in the GYA (McKelvey et al. 2000a, 
p. 245). Lynx habitat in much of the GYA is naturally marginal (patchier and composed in many 
places of drier forest types) and hare densities low to marginal, resulting in a spatially-limited 
distribution of lynx with large home ranges (68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 
8643–8644; Hodges et al. 2009, entire; 79 FR 54796; Lynx SSA Team 2016, p. 45). However, 
some pockets of high hare density - Wyoming Range, see Berg’s work and Endeavor research 
reports.  

Habitat Status:  Almost all is Federal. Much of unit in national parks, wilderness areas, and other 
non-development land-use designations (try to quantify as above for unit 3) - mgmt. should 
preserve lynx/hare habitats.  Other areas (Fed) are managed in accordance with NRLMD or 
conservation agreements that incorporate the recommendations/standards and guidelines form 
the LCAS (2000). 

BLM plans revised in 2008 (Pinedale) and 2010 (Kemmerer) - formally adopted conservation 
measures and BMPs for lynx based on LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. 
A-9 - A-12).4. 

1988 YNP fires and potential consequences. 

Lynx Status:  Few to none currently. Never very many (79 FR XXXXX). Uncertainty regarding 
historic persistent resident pop (see section 2.3.2.2). Summarize 1997- 2010 occurrences. Hot 
spots in Wyoming Range, Togwotee Pass, Bondurant Corridor, YNP 2001=2004 (some of this 
summarized above in 2.3.2.2).   



Factors Affecting Current Conditions: Regulatory Mechanisms, Climate Change, Vegetation 
Management, Wildland Fire Management, Habitat Loss and Fragmentation, Other   

4.1.6 Unit 6 - Southern Rockies Geographic Area 
 
Unit Description - The overall geographic unit includes Colorado, south-central Wyoming, and 
north-central New Mexico.  However, within the southern Rockies, since we currently have no 
evidence of resident lynx in southern Wyoming or northern New Mexico, and we question the 
ability of these two areas to support breeding populations we are not including these two areas 
in the unit description.  Lynx habitat  in Colorado totals approximately 25,294 km2 (9,766 mi2), 
and is distributed west of US Interstate-25.  We excluded the northwest part of the state 
bounded on the south by US Interstate-70 and the east by Colorado State Highway 13, because  
this area lacks sufficient habitat to support lynx.  Lynx habitat in Colorado falls within the 
following land ownerships, USFS 21,555 km2 (8,322 mi2), BLM 772 km2, (298 mi2), NPS 452 
km2 (174 mi2), Private 2,350 km2 (907 mi2), State 164 km2 (63 mi2).   
 
The southern Rockies are separated from the rest of the Rocky Mountain chain, and thus lynx 
habitat in northern and western Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.   
 
Habitat Description - Lynx habitat in the southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009 page 
10).  In the upper elevations of the subalpine zone, forests are typically dominated by subalpine 
fir and Engelmann spruce.  As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen.  On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir.  Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains.  The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites.  Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, page 15).  Riparian and riparian-mix was the third most-used cover type, with a 
pattern of increasing use beginning in July, peaking in November, and dropping off in 
December.  Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
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Ivan et al. (2012 page 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands).  We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan’s EE 
presentation), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975 page 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within 
their study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 2008, 
p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains 
Geographic Unit, which limits their abundance.  Zahratka and Shenk (2008) found densities of 
snowshoe hares to be greatest in mature Engelmann spruce-subalpine fir stands when 
compared to mature lodgepole pine stands in Taylor Park, Colorado.  Their density estimates 
were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in Engelmann spruce-subalpine fir 
habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 hares/ac) in lodgepole pine habitats 
(Zahratka and Shenk 2008). 
  
Ivan (2011a) compared snowshoe hare density, survival, and recruitment in mature uneven-
aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) stands (20–25 
years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned lodgepole pine 
stands (40–60 years old) in Colorado.  During summer, Ivan (2011a) recorded densities of 
0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small lodgepole pine forest, 0.01+0.04 
to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium lodgepole forest, and 0.01±0.002 to 
0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir forest; densities were more similar across 
the 3 forest types during the winter months.  He concluded that “hares reached their highest 
densities and recruited juveniles most consistently in stands of small lodgepole, followed closely 
by spruce/fir, but survival was highest in spruce/fir stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the southern Rockies (i.e. Colorado and southern Wyoming) [65 FR 16052).  In 
2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the southern Rockies (68 
FR 40076).  As stated above, our focus here is limited to the state of Colorado.  In 2008, the 
USFS reported that most of their LAUs in the southern Rockies fell within a range of 3-8 percent 
in a currently unsuitable condition, with only one LAU exceeding 30 percent unsuitable (USFS 
2008 page 19).  Currently, the USFS reports 51 out of 202 (25%) LAUs currently exceed the 30 
percent unsuitable condition (Peter McDonald pers comm. (7/21/2016).  These changes are 
mostly in response to the ongoing bark beetle infestations, as well as wildfire events that have 
occurred since 2008. 
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Ivan et al. (2012 page 6), developed a predictive map of lynx habitat use by using lynx location 
data collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx.  Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use.  Therefore, we 
selected the top 30 percent of the Ivan et al. (2012 entire) predictions and the associated habitat 
to represent the amount of potential lynx habitat in Colorado totaling 25,294 km2 (9,766 mi2).  
This habitat estimate falls between the Ivan et al. (2012, page 6) estimate and the USFS’s 
habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008 page 18), while retaining a greater than 
60 percent probability of detecting lynx as described by Ivan et al. (2012).   
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents.  All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx.  Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS, totalling approximately 126 km2 (49 mi2).  One 
additional plan provides conservation measures for timber management actions only, but the 
FO contains only about 1 km2 (0.39 mi2).  The remaining FOs currently have not amended or 
revised their plans specifically to provide conservation for lynx (approximately 645 km2 (298 
mi2),  Since the 2000 listing however, all BLM Field Offices in Colorado have been conserving 
lynx discretionarily through application of conservation measures provided in the Lynx 
Conservation Assessment and Strategy (Ruediger et al. 2000, entire; ILBT 2013, entire).  Rocky 
Mountain National Park has a fire management plan that includes conservation measures for 
lynx.  We are not aware of any specific conservation planning guiding activities on non-federal 
lands. 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado.  
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
state of Colorado (Odell pers comm. April 4, 2016), and Rocky Mountain National Park (Shenk 
2008, page 3).  The CPW is developing a minimally-invasive, long-term, statewide monitoring 
program to track the distribution, stability, and persistence of lynx in Colorado (Ivan J. 2012 
entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan presentation 2015).  In addition 38 percent of lynx captured during recent (2010-2015) 
USFS Rocky Mountain Research Station research projects in Colorado have been young and/or 
unmarked cats (Ivan EE Presentation 2015), suggesting continued reproduction within 
Colorado.  However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, page 5).  Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 



than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–
0.90; Slough and Mowat 1996 entire, O’Donoghue et al. 1997, page 155) or in the Northwest 
Territories (~0.90; Poole 1994, page 612).  Successful reproduction, including by females born 
in Colorado, has been documented (Shenk 2008, page 2), and kitten survival was 0.2260 (Jake 
Ivan, pers comm. March 9, 2016). 
  
Factors Affecting Current Conditions - Colorado is currently experiencing major bark beetle 
epidemics in lodgepole pine and spruce-fir forests.  Although bark beetles are native insects, 
and forests in the western U.S. have experienced regular insect infestations throughout their 
history, the current bark beetle epidemic is notable for its intensity and extensive geographic 
range.  The causes of this epidemic include: relatively even-aged, dense, and homogenous 
forest conditions, which are highly susceptible to beetle attack, and which were created by 
large-scale logging in the late 1800s and subsequent fire suppression efforts; warmer winters 
due to climate change (cold winters typically reduce beetle populations); and a multi-year 
drought that occurred in the mid-1990s through early 2000s, stressing the trees and making 
them more susceptible to beetle attack (USFS 2011, pp. 4). 

In lodgepole pine forests, a mountain pine beetle (Dendroctonus ponderosae) epidemic typically 
kills the entire overstory and results in a stand-replacing disturbance event.  In Colorado, more 
than 1,375,931 ha (3,400,000 ac) has been affected by mountain pine beetle, and 639,000 ha 
(1,579,000 acres) affected by spruce beetle since 1996 (USFS 2015, p. 3), a portion of which 
overlaps with lynx habitat.   
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares.  
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine.  If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event.  Because of the importance of spruce-fir forests for production and survival 
of snowshoe hares (Ivan 2011a), widespread mortality of mature spruce/fir forests could impact 
lynx habitat for a long duration.  By 2015, the spruce beetle outbreak influenced approximately 
95 percent of the mature spruce component of the subalpine cover types on the Rio Grande 
National Forest (Squires et al. unpublished report 2016, page 1).  Despite the large scale, and 
almost complete mortality of the mature spruce component within their study area, lynx continue 
to use and reproduce in the beetle-infested forests (Squires et al. unpublished report 2016, 
page 2).  Since the majority of lynx habitat in Colorado is under Federal land management (88 
Percent), actions occurring on other ownerships are unlikely to result in significant losses of lynx 
habitat within Colorado.  However, habitat connectivity may be negatively affected by intense 
recreational use or development within strategic areas that are important for habitat 
connectivity. 
 
Interagency Lynx Biology Team (2013 p. 57; 61-62) states: 
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Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006).  Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003.  When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were 
exposed to plague by infected prey after their release in Colorado. 
 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing.  
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006).  Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016).  A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012).  At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat.  Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
  
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 



grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely.  

4.2 Current Conditions DPS-wide 
Team provide highlights/ bullets, Jim summarize unit information above. 
 
Table of Current Condition? 
 
Summary Unit 1 Current Conditions:  In contrast to what was known at the time of listing, the 
largest reproducing resident population of lynx in the DPS occurs in northern Maine (numbers 
and trends unknown, but habitat for possibly 500 to 1000 lynx).  Small numbers of reproducing 
lynx have been recently documented in northern New Hampshire and Vermont.  The northern 
Maine population is part of a larger metapopulation in southern Quebec and northern New 
Brunswick that is demographically isolated from populations in the interior of Canada by the St. 
Lawrence River.  Unlike other DPS units, lynx habitat occurs nearly entirely on private, industrial 
forest lands.  Lynx and hare habitat is historically high because of young, regenerating softwood 
created by extensive clearcutting to salvage spruce-fir following a severe spruce budworm 
outbreak in the 1970s and 1980s.  Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities.  Habitat created from the 
budworm clearcuts has peaked.  Forestry regulations passed in 1989 caused landowners to 
shift to various forms of partial harvesting that resulted in lower landscape hare densities across 
much of the unit.  Hares do not seem to cycle in this region, but underwent a 50 percent decline 
starting in 2006 and have remained at lower levels. Current trends in lynx populations are 
unknown, but reproduction and survival in the low-hare environment suggest a slightly declining 
population.  Under natural conditions, hare and lynx habitat was likely created by gap-dynamic 
in mature forest (similar to western units), infrequent and generally small fires, blowdown, and 
insect outbreaks.  Forest management is now the primary driver of hare and lynx habitat.  Unlike 
other units of the DPS, landowners do not have long-term commitments to lynx management.  
Unique stressors on private lands include large-scale wind energy development, residential and 
resort development, and parcelization of forestlands from rapid turnover in investment company 
landowners.  Forestry markets are uncertain and most papermills have closed.  The next spruce 
budworm outbreak is imminent, but forestry response by investment landowners is uncertain.  
Climate change is a concern as snow depth and duration are currently at the minimum 
thresholds believed necessary to give lynx a competitive advantage over bobcats and other 
mesocarnivores.   
 
Summary Unit 2 Current Conditions:  Contrary to what was assumed prior to listing, a 
reproducing resident lynx population (roughly 50 to 200 lynx) exists in northeastern MN. Land 
ownership of this 21,100 km2 (8,147 mi2) unit is about 47 percent Federal (primarily USFS); 36 
percent State; 16 percent private; and 1 percent Tribal.  The unit is directly connected to lynx 
habitat in southern Ontario. Hare density in parts of northeastern Minnesota appears to be 
sufficient to support a viable lynx population. The SNF continues to manage in accordance with 
its 2004 Forest Plan, which has direction based on the LCAS and Canada Lynx Conservation 
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Agreement (CA) between the Forest Service and the Service, for all forest activities that occur 
within LAUs. Management on state and private lands is voluntary.  Factors affecting current 
conditions primarily include forestry management, roads, incidental trapping, mining 
development, snow compaction, competition with bobcats, and lynx-bobcat hybridization. Forty-
nine lynx mortalities due to vehicle and train collisions as well as incidental trapping and 
shooting have been reported in MN since the species was listed. 
 
Summary Unit 3 Current Conditions: 
 
Summary Unit 4 Current Conditions:  Since lynx were listed in 2001, almost 40 percent of lynx 
habitat in the North Cascades has been impacted by fire, potentially reducing the the lynx 
population capable of being supported in Washington by  
 
Summary Unit 5 Current Conditions: 
 
Summary Unit 6 Current Conditions:   
 
Compared to the time of listing and completion of the Southern Rockies Lynx Amendment, two 
bark beetle epidemics have altered large areas of lynx habitat in Colorado.  Similarly, large 
wildfires have reset successional conditions in many areas.  Areas affected by beetles that 
contained multistoried stand conditions likely continue to provide habitat to support snowshoe 
hares and lynx.  Other areas require 20 plus years to recover to a point where the stands will 
again support snowshoe hares.  The CPW completed their lynx reintroduction, and based on 
information generated during on-going studies, and reports received by CPW and the USFS, 
lynx continue to persist, at least in the San Juan Mountains.  The majority of lynx habitat in 
Colorado continues to be managed by the USFS, providing conservation through the Southern 
Rockies Lynx Amendment.  However, regulatory mechanisms for the conservation of lynx are 
lacking on approximately 3,611 km2 (1,394 mi2) [14 percent] of some BLM, NPS, and other non-
federal lynx habitat. 
 
Summary of populations in each DPS unit  
In our assessment of each unit, we determined that four of the six units of the Canada lynx DPS 
currently (and in the next decade) demonstrate high levels of resiliency (Table XX); Unit 1 
Northern Maine, Unit 2 Minnesota, Unit 3 Northwestern Montana, and Unit 6 Western Colorado.  
Until recently, the North-Central Washington unit was considered resilient until large fires 
consumed a large amount of the habitat, likely resulting in a diminished population that may be 
susceptible to stochastic events.  The Greater Yellowstone unit lacks resiliency because there 
are few, if any, lynx present, and this population is demographically isolated from Canada and 
other DPS populations (with the exception of a few lynx that may immigrate from Colorado)  Key 
evidence in determining level of resiliency was the amount of habitat having landscape hare 
densities that are able to support at least a minimum viable population (35 to 50 individuals).  
We lack demographic, abundance, and trend data for all of the units.  Various stressors 
currently affect each unit, especially forest management and climate change.  Lynx at the 
southern edge of their range occur in patchy, fragmented boreal forest and are at the 
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environmental thresholds (e.g., snow quality, depth, persistence).  Overall, the primary sources 
of uncertainty were the lack of empirical abundance and trend estimates, the extent and 
importance of immigration of lynx from Canada to the persistence of U. S. populations, trends in 
hare populations, and the effectiveness of lynx management (or lack thereof on private forest 
lands).  Given the importance of climate change as a stressor, we lack information on the pace 
and extent of changes in snow quality, depth, and persistence and how this affects the 
relationship between lynx and their competitors. 
Table XX.  Summary of current (2016 – 2025) resiliency of individual populations of the Canada 
lynx DPS (see section 5.2, table XXX for future resiliency). 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Northern 
Maine 

2016 mean 100% 
  

2025 mean 95% 
(range 70 to 100%) 

  

● Large habitat unit; low elevation 
● Habitat created by spruce budworm 

clearcuts peaking; population at 
historic highs and largest in the DPS? 

● No long-term management 
commitments to lynx on state and 
private lands (99% of unit) 

● Highest reported road mortality, 
incidental take from trapping in DPS 

● Moderate lynx density in optimal 
habitats; small home ranges, high 
productivity and survival indicate 
current habitat quality 

● Few disruptions to demographic and 
genetic connectivity to southern 
Quebec, New Brunswick populations 

● Higher landscape hare densities 
relative to other DPS units 

● Snow depth and duration at minimum 
thresholds for lynx 

● No empirical abundance or trend 
data; potential habitat for 500 to 1000 
lynx 

● Extent and importance of immigration 
from Canada 

● What was natural habitat condition 
and population? 

● Effects of shift to partial harvesting – 
lower landscape hare densities, 
fragmented habitat 

● Hares in ME-Quebec region dropped 
to 50% former abundance 

● Forestry response to pending spruce 
budworm outbreak 

● Effects of mortality – roads, incidental 
trapping and shooting 

● Future commitments to long-term lynx 
management on state and private 
lands 

● Conversion of spruce-fir to northern 
hardwood occurring 

Unit 2 
Minnesota 

2016 mean 100% 
  

2025 mean 95% 
(range 70 to 100%) 

● Moderate habitat unit; low elevation 
● Habitat conditions on national forests 

likely improving 
● Moderate home ranges and 

productivity indicate habitat quality 
and hare density sufficient to support 
lynx 

● Few disruptions to demographic and 
genetic connectivity to southern 
Ontario populations 

● Lynx at thresholds for snow depth 
and duration 

● No empirical abundance or trend 
data; potential habitat for 50 to 200 
lynx 

● Extent and importance of immigration 
from Canada 

● Lower population could be 
susceptible to stochastic effects 

● Effectiveness of USFS management 
for lynx 

● Effects of mortality on small 
population – roads, incidental 
trapping and shooting 

● Trends in hare populations 
● No commitments to long-term lynx 

management on state and private 
lands (52% of unit) 
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Unit 3 
Northwestern 
Montana 

2016 100% 
  

2025 mean >95% 
(range 90 to 100%) 

● Large habitat unit; high elevation 
● Habitat conditions on national forests 

likely stable or slightly declining 
because of fires 

● Long term lynx management assured 
on >90% of unit; increased protection 
from conservation purchase of 
private forest lands 

● Few disruptions to demographic and 
genetic connectivity to southern 
British Columbia populations 

● Landscape hare densities lower – 
larger home ranges, lower population 
density 

● Recent loss of metapopulation in 
Garnet Range 

● Increasing fire frequency 
● High elevation buffer against climate 

change 

● No empirical abundance or trend 
data; potential habitat for 200 to 300 
lynx 

● Effectiveness of USFS management 
for lynx 

● Dependence on hare-lynx cycle in 
Canada to sustain population 

● Effects of mortality on population – 
roads, incidental trapping and 
shooting 

● Trends in hare populations 

Unit 4 North-
central 
Washington 

2016 mean 100% 
  

2025 mean 80% 
(range 30 to 100% 

● Smaller habitat unit; moderate 
elevation 

● Habitat and population low because 
of recent fires and now at great risk 
from stochastic effects 

● Long term lynx management assured 
on >90% of unit 

● Moderate home ranges and 
productivity indicate intermediate 
current habitat quality 

● Few disruptions to demographic and 
genetic connectivity to southern 
British Columbia populations; 
immigrants may augment population 

● Landscape hare densities lower – 
larger home ranges, lower population 
density 

● No empirical abundance or trend 
data; current potential habitat for 
about 40 lynx; under optimal habitat 
conditions could support 100 to 150 
lynx 

● Time needed for burned habitat to 
become new hare-lynx habitat 

● Effectiveness of USFS management 
for lynx 

● Dependence on hare-lynx cycle in 
Canada to sustain population 

● Effects of mortality on population – 
roads, incidental trapping and 
shooting 

● Trends in hare populations  

Unit 5 Greater 
Yellowstone 

2016 mean 50% 
  

2025 mean ~52% 
(range 0 to 90%) 

● Large habitat unit; high elevation 
● Drier conditions; patchy, fragmented 

habitat 
● Regenerating forest from 1980s fires 

could create habitat 
● Landscape hare density insufficient 

to support lynx 
● Uncertain whether lynx are currently 

present 
● No connectivity with Canadian 

populations 

● No empirical abundance or trend 
data; likely fewer than 10 lynx, and 
possibly zero 

● Trends in hare populations 
● Whether habitat can be managed to 

improve landscape hare density that 
will support lynx 

● Effectiveness of USFS and NPS 
management for lynx 

● Effects of mortality on population – 
roads, incidental trapping and 
shooting 

● Trends in hare populations 

Unit 6 2016 mean 100% ● Large habitat unit; high elevation ● No empirical abundance or trend 



Western 
Colorado 

  
2025 mean 90% 

(range 30 to 100%) 

● Habitat conditions on national forests 
likely stable or slightly declining 
because of fires 

● Smaller home ranges and higher 
survival and productivity indicate 
current habitat quality 

● Long term lynx management assured 
on >90% of unit 

● No demographic or genetic 
connectivity to other lynx populations; 
subject to genetic drift 

● Lynx may occur as several smaller, 
relatively isolated subpopulations, 
which are likely more vulnerable to 
stochastic events 

● Increasing fire frequency 
● Extensive bark beetle outbreak 

affecting habitat 
● High elevation buffer against climate 

change 

data; current potential habitat for 100 
to 250 lynx 

● Effectiveness of USFS management 
for lynx 

● Effects of mortality on population – 
roads 

● Trends in hare populations  

  
 

Chapter 5: Future Conditions 
In this chapter, we evaluate the potential effects of the influencing factors described in Chapter 
3, above, on the persistence and future viability of lynx populations in each geographic unit and 
the DPS as a whole. We also present and summarize the professional judgments and opinions 
of lynx experts and their estimates of the probability that each of the SSA units will continue to 
support resident breeding populations of lynx into the future (at years 2025, 2050, and 2100). 

5.1 Future Conditions by Geographic Unit 
5.1.1 Unit 1 - Northern Maine 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Forest Practices Act (FPA).  The FPA 
regulates maximum size of clear cuts (250 acres), separation zones between clearcuts, harvest 
plans, and notification to the Maine Forest Service.  Clearcuts are not banned, but require 
varying levels of permitting depending on their size.  As a result, the number of clearcuts 
completed annually has declined significantly and have been replaced by various forms of 
partial harvesting (Sader et al. 2003, p. 349-350, McWilliams et al. 2003, p. 35).  In general (with 
exception of shelterwood harvests), partial harvested stands support significantly lower 
densities of snowshoe hares (Fuller 1999, Homyack 2003, Robinson 2006, entire, Scott 2009), 
thus reducing landscape hare density and presenting a challenge for future lynx conservation 



(Simons 2009, pp. 206, 209, 217, Simons-Legaard et al. 2016, p. 7-8, Simons-Legaard 2016, 
entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems.  The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-FPA to 550,000 
acres post-FPA (McWilliams et al. 2003, p. 35).  Currently, 27 years post-FPA, much of the 10 
million-acre northern Maine landscape has been influenced by partial harvesting.  Extensive 
partial harvesting and aging of the spruce budworm-era clearcuts will reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10).  If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10).  After 2030, projected outcomes for lynx habitat 
become more uncertain and depend on assumptions about habitat definitions and harvest rates.  
If one defines lynx habitat as stands having greater than 75 percent spruce-fir, then habitat will 
decline by about 50 percent by 2030 and remain at about at this level through 2060.  With more 
generous definitions of habitat (stands that are 25 to 50 percent spruce-fir), after an initial 
decline lynx habitat could rebound after 2030, perhaps to about 75 percent of current levels by 
2050 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the next outbreak of spruce budworm.  After being low for the 
last 20 years, spruce budworm numbers are again building toward epidemic levels in Maine, 
southern Quebec, and northern New Brunswick.  Significant defoliation in Maine is expected to 
begin between 2018 and 2021 (Wagner et al. 2014).  Although Maine research has clearly 
demonstrated that landowner response to the last outbreak resulted in unintended, positive 
benefits for lynx from one to three decades later, our ability to project what effects the next 
outbreak will have on lynx habitat is still limited.  Land ownership has changed dramatically 
since the last outbreak.  To reduce risk from spruce budworm, some financial investment 
owners may cut younger spruce-fir stands that still support elevated hare populations.  Some 
may be less inclined to intensively manage for spruce-fir.  It is unlikely that current landowners 
will use widespread use of pesticides to control spruce budworm and herbicides to promote 
spruce-fir regeneration after stands are defoliated.  The FPA may serve as an additional 
constraint on motivation to clearcut infested stands, even with recently-enacted changes 
intended to reduce the regulatory burden for landowners.  Landowner response to the pending 
outbreak will have important implications for the short- and long-term persistence of lynx habitat 
in the northern Maine unit (Simons-Legaard 2016, pp. 16-17).   
 
Climate warming - The direct and indirect effects of climate warming are expected to affect lynx 
in the northern Maine unit more severely than other units (A. Siren, Workshop report 2016 p.XX) 
and could further restrict their range (Hoving 2002, Hoving et al. 2005, Carroll 2007).  Wildlife 
experts in Maine ranked lynx as highly vulnerable to climate change (>66 percent loss in 
species range/population and extirpation within 50 to 100 years) (Whitman et al. 2013, p. 19, 
74).  Similarly, Carroll (2007, entire) modeled Maine lynx population assuming non-cycling hare 
populations and snow conditions expected under intermediate to high emissions climate models 
(Kiehl and Gent 2004, entire).  He predicted a 59 percent decline in the lynx population (non-



cycling hare populations in Maine and eastern Canada) by mid-century because of climate 
change alone. Maine lacks elevational refugia for lynx under reduced snow scenarios (Carroll 
2007, p. 1102), except for the mountains in western Maine where snow refugia may only persist 
as very small, isolated “sky islands” that would be unlikely to support lynx.  Gonzales et al. 
(2007, entire) modeled distribution of boreal forest and future snow conditions under nine 
different low, medium, and high emission scenarios (IPCC 2007) and predicted loss of forest 
and snow conditions able to support lynx in Maine by the end of the century.  Although there are 
uncertainties about future climate warming, lynx populations in Maine are expected to recede 
northward and decline substantially over the next century (Vashon et al. (2012, p. 60).    
 
Northeast climate models predict average winter temperature increasing 2.0oC (low emission) to 
2.9oC (high emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by 
late century (Notaro et al. 2014).  Largest increases in temperature are expected in northern 
Maine (A. Siren, Workshop Notes 2016, Rawlins et al. 2012) where temperatures may increase 
4.5 to 5.0o F by 2050 (Fernandez et al. 2015 check). Moderate emissions scenarios predict a 
loss of snow and boreal forest conditions able to support lynx by the end of the century (Carroll 
2007, Gonzales et al. 2007).  
 
Climate change is affecting the Northeast, and the rate of change is faster than expected 
(Rustad et al. 2014).  Rapid winter warming in recent decades is believed to be caused by 
reduced albedo feedback caused by the reduced persistence of snow in winter (Hayhoe et al. 
2006). Average winter temperatures are increasing 0.42-0.46o C/decade with the greatest 
warming occurring in the coldest months of winter (January, February)(Burakowski et al. 2008).  
Northeast climate models predict average winter temperature increasing 2.0oC (low emission) to 
2.9oC (high emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by 
late century (Notaro et al. 2014).  Largest increases in temperature are expected in northern 
Maine (A. Siren, Worskshop Notes 2016, Rawlins et al. 2012) where temperatures may 
increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015 check). Moderate emissions scenarios 
predict a loss of snow and boreal forest conditions able to support lynx by the end of the century 
(Carroll 2007, Gonzales et al. 2007).  In response to climate change, interest in wind 
development has escalated in northern and western Maine increasing threats to high elevation 
and potential spruce-fir refugia (Whitman et al. 2013). Climate conditions are at or falling below 
threshold values needed to support lynx in Maine. 
 
Snow duration. The current average snow duration in Maine is at or below the 4 month snow 
persistence thresholds believed needed to support lynx (section 4.1.1, Gonzales et al. 2007) 
and is projected to decline.  Snow duration is project to continue to deteriorate.  Snow duration 
declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to 
diminish another two weeks in Maine by mid-century (Fernandez et al. 2015).  Snow duration is 
expected to diminish by 25 percent (low emissions) to 50 percent (high emissions) from current 
conditions by the end of the century (Hayhoe et al. 2006).  Similarly, Notaro et al. (2014) 
projected an average decrease of 28 days (low emission) to 47 days of snow cover (high 
emissions) by the end of the century.   
  



Snow depth. The current average snow depth is at or below the 270 cm/yr. (106 in/yr) 
thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005) and is expected 
to decline.  By the end of the century, large areas of the Northeast will experience 15 percent 
(low emission) to 25 percent (high emissions) reduced snowfall (Ning and Bradley 2015).  
Similarly, by the end of the century Notaro et al. (2014) projected average snow declines in the 
North Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 
cm (48 percent) (high emissions) as a higher proportion of winter precipitation falls in the form of 
rain rather than snow.   Winter precipitation in Maine is likely to increase by 10 to 15 percent by 
the end of the century (Hayhoe et al. 2006) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, Hayhoe et al. 2007, Ning and Bradley 2015). 
 
Snow quality.  Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006) with a greater proportion of winter precipitation falling as rain 
(Huntington et al. 2004, Hayhoe et al. 2007, Ning and Bradley 2015).  Snow density and 
compaction (caused by wet, heavy snow or rain on snow events in winter) will continue to 
increase in the region in the future (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006, Karl et al. 1993).  
 
Loss of boreal forest. Climate change is projected to cause a northward contraction of spruce-fir 
forest in the Northeast with potential negative consequences for both lynx and snowshoe hares 
(Gonzales et al. 2007, entire).  Spruce-fir forest is expected to decline substantially in Maine and 
the Northeast (Ollinger et al. 2007 Beckage et al. 2008, Tang and Beckage 2010, Whitman et al. 
2010, p. 12, Jacobson et al. 2009, p. 27) or disappear (Iverson and Prasad 2001, pp. 192-193, 
Prasad et al. 2007) because of climate change.  Climate change is anticipated to increasingly 
fragment boreal forest in northern New England (Iverson et al. 2008, Ollinger et al. 2008, 
Whitman et al. 2013).  Lynx habitat will decline as boreal forest diminishes (Simons 2009).  
Even under the lowest emissions scenarios, spruce-fir forest would be greatly reduced by 2100 
(Williams and Liebhold 1997, Prasad et al. 2007), although some spruce-fir may persist at 
highest elevations (Tang and Beckage 2010) and along the eastern coast (Jacobson et al. 
2009) where cooler conditions will prevail.   
 
The spruce-fir forest type has come and gone from New England during the post-glacial period.  
It nearly disappeared from the Northeast during interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, DeHayes  et al. 2000).  Because of its sensitivity to climate and 
mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low emissions) or the 
disappearance (high emissions) of the spruce-fir forest type in northern Maine in response to 
climate change.   
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species  
in the Northeast and will be affected by climate change in different ways.  Mechanisms of injury 
to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of reduced 
snowpack), and reduced seed germination (Perfect et al. 1987, Auclair et al. 2010).  Thus, the 



range of spruce-fir is limited by summer heat and drought.  Mohan et al. 2009 projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008) projected growth rates for balsam fir and 
red spruce to mid-century, after which they would decline.    
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, and synergistic effects with other pollutants). 
Arguments in favor of an accelerated decline include evidence that spruce-fir is already in 
decline (Seymour 1992, Simons 2009) and is being replaced in Maine by northern hardwoods 
(oak, pine, red maple).  The decline of the spruce-fir forest type is accelerated by forest 
disturbances.  A pending spruce budworm outbreak and frequent disturbance from forest 
management could accelerate conversion to northern hardwoods in northern Maine and eastern 
Canada (Flannigan et al. 2001, Gauthier et al. 2015).  Other climate-related forest disturbances 
(forest pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et 
al. 2008, p. 404).   
 
In contrast, some authors note that trees migrate slowly and are long-lived. Therefore, a time 
lag may occur in shifting forest composition from spruce-fir to northern hardwoods (Mohan et al. 
2009, Zhu et al. 2012).  Some northern Maine industrial forest landowners could “adapt” to 
climate change by intentionally favoring spruce-fir (e.g., by plantations and use of herbicides).  
McWilliams et al. 2005 (p. 8) noted that balsam fir increased in Maine’s forest inventory in the 
2000s.  Forest models projected increases in  spruce-fir biomass over the next century because 
of partial harvesting and periodic budworm outbreaks, but did not take climate change into 
consideration (Simons-Legaard  et al.2013).   
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit.  Climate change will 
influence precipitation and temperature, forest management strategies, and forest disturbance 
(fire frequency and spruce budworm), all of which will interact in complex ways to influence the 
spruce-fir forest at the southern edge of its range.  Carter (1996), Iverson et al. (1999), and 
Goldblum and Rigg (2005) documented balsam fir growth rates and growth potential would 
decline under likely climate warming scenarios (~4 to 5 degree temperature increase by the end 
of the century and reduced snow conditions).  Some have projected the extirpation of spruce-fir 
forest types in the Great Lakes States (Scheller and Mladenoff 2005) and New England (Iverson 
and Prasad 2000).  In contrast, balsam fir has prolific seed production following forest 
disturbance such as harvesting (Seymour 1992), and has proliferated under the current climate 
and forest management regime dominated by partial harvesting (Olson et al. 2013, entire).  
Balsam fir is a relatively short-lived tree (~100 years), and is unlikely to persist long if climate 
change affects seed and germinations rates.  Given, anticipated climate changes, especially 
early snow melt and low spring precipitation, fir is unlikely to regenerate in the future Maine 
forest (E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 



 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future 
(Regulatory Mechanisms section above).  By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no support high hare densities.  
For the foreseeable future, partial harvesting will continue as the primary means of forest 
management.  Although partially harvested forests with well-developed understory structure 
may provide foraging opportunities via increased prey access (Fuller et al. 2007), snowshoe 
hare densities are substantially less in landscapes dominated by partially harvested stands 
(Robinson 2006, entire; Fuller and Harrison 2010). Thus changing forest management practices 
will continue to reduce landscape hare density below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8).  
Currently, the landscape is owned primarily by  financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2014).   
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades.  Lynx, habitat is expected to peak and 
remain stable through about 2020 (Simons 2009, Simons-Legaard et al. 2016 p. 6).  After 2020, 
aging of the former clearcuts and extensive partial harvesting are projected to result in a 50 to 
65 percent decline in lynx habitat by 2032.  Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 4.5 percent of the landscape (Simons-Legaard 2016).   
By 2032, the Northern Maine Unit may support less than half the lynx population as it does 
today (Simons 2009, p. 209, 217).   
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
support lynx (Simons 2009, Simons-Legaard et al. 2016, Simons-Legaard 2016).  By 2022, the 
number of patches of high quality hare habitat will increase by 57 percent, but the average size 
of patches will be diminished by 87 percent, and patches will become more isolated (Simons-
Legaard et al. 2016, pp. 5-6).  The proximity index of high quality habitat patches will decline by 
78 percent within lynx home ranges.  Although lynx habitat is peaking, fragmentation is 
diminishing its ability to support lynx (Simons-Legaard et al. 2016). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty.  The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060.  The most 
most pessimistic models (lowest harvest rates, no climate change, no spruce budworm) project 
about 5 percent of northern Maine will have high quality hare habitat (Simons-Legaard 2016, 



entire), although the habitat will be much more fragmented and smaller patch size (Simons-
Legaard et al. 2016)..    
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004).  
A spruce budworm outbreak is projected to reach epidemic proportions in 2018 to 2021.  The 
epidemic has already affected 10 million acres of spruce-fir in southern Quebec, immediately 
north of Maine (Wagner et al. 2014, entire).  The last outbreak in the 1970s and 1980s killed 
millions of acres of spruce and fir forests in the northern Maine unit.  Maine’s 5.8 million acres of 
spruce-fir stands across the state are at risk of some level of defoliation.  The intensity of the 
next outbreak is uncertain, although some project a weaker outbreak because spruce and fir 
trees are younger and less susceptible and there is a higher hardwood component in northern 
Maine forests (Wagner et al. 2014, p. 21-27).  A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2014, pp. 5-6).  An 
aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1).  The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir.  The nature of 
landownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons.  The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987), although there were no large fires after the last outbreak.  Fire risk is currently 
very low in this unit and a continuous decrease in fire frequency is predicted with climate 
change in eastern Canada because of increased precipitation and decreased drought (Bergeron 
and Flannigan 1995, Flannigan et al. 1998).  Climate is expected to become more variable 
during the next century (Gregory & Mitchell 1995; Gregory et al. 1997), which could create fire 
conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region.  Notable large fires in Maine include a 3 million acre fire in 1825 and 200,000-acre 
fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre, sparsely populated “North Woods” of 
Maine is highly uncertain and the subject of intense public debate (Baldwin et al. 2007).  Land 
use and zoning in the state’s “unorganized townships” are the responsibility of the Land Use 
Planning Commission in the Maine Department of Conservation.  The Commission revised its 
Comprehensive Land Use Plan (De2010), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 



opportunities, protect high-value natural resources, and encourage long-term conservation.  The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9).  This land was traditionally owned by a few large timber companies, 
but in the 1980s there has been rapid turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005).  Financial investors, such as REITS and 
TIMOs focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they will generate a higher return.  If left unchecked, these 
pressures may continue to promote dispersed residential development throughout this region.  
Parcelization and subdivision has increased, particularly in the southern third of the jurisdiction 
(Maine Department of Conservation 2010, p. 72-73).   
 
The Commission’s has limited ability to address stressors on Maine’s North Woods, including 
resale and subdivision trend. This trend is likely to continue into the foreseeable future and will 
make management of large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps, but this could change in the 
future.  Between 1971 and 2005, the Commission permitted 8,136 new dwellings in unorganized 
townships — an increase of 66 percent in the housing stock during this time period (Maine 
Department of Conservation 2010, p.80).  Between 1971 and 2005, the Commission issued 
1,353 development permits for new uses scattered throughout the unorganized townships 
(Maine Department of Conservation 2010, pp. 97-99); most (42 percent) being recreational 
facilities (boat launches, campsites, gatehouses, recreational lodges).  Most development has 
occurred in areas that abut organized communities and near public roads.  Within the interior 
most development has occurred on long lakeshores and waterfront.  However  the amount of 
hillside and ridge development is growing and this trend is likely to continue (Maine Department 
of Conservation 2010, p. 136), which will further fragment lynx habitat.   
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat i(ILBT 2013, p. 80).  Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire).  The North Maine Woods is a gated road system that 
encompasses about 3.5 million acres in the Northern Maine Unit.  Visitorship by outdoor 
recreationists are currently about 175,00 per year and declining.  Likewise, visitors to Baxter 
State Park and the Allagash Wilderness Waterway have declined (Vail 2007, p. 107).  Aside 
from a vigorous discussion of a proposed national park or monument, national heritage area, or 
a master tourism plan for the area (Vail 2007, pp. 112-113), there is likely to be stagnant or 
declining participation in traditional outdoor recreational activities in the future (Vail 2007, p. 
107).  Snowmobiling may be an exception, however, declining snow (see climate change 
section) make future trends uncertain. Impacts of downhill ski development on fragmentation of 
lynx habitat are expected to be minimal. Three alpine ski resorts occur within the unit, on the 
southern margin of lynx habitat: Saddleback Mountain Ski Area in Sandy River Plantation near 
Rangeley, Sugarloaf Mountain Ski Area in Carrabassett Valley, and Sunday River Skiway in 
Newry and Riley Township.  Further development of ski areas is unlikely in the western Maine 



mountains.  Future trends in outdoor recreation and associated effects on lynx, hares, and their 
habitat are uncertain in the northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development hundreds of house lots and resort development within the lynx critical habitat.  
Although these developments have not been built, they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic force in the jurisdiction, with 
grid-scale industrial wind power, biomass, biofuels, and other energy sources offering new 
opportunities to utilize natural resources. Wind energy resources are high within the lynx critical 
habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016) and are likely to accelerate in the foreseeable future.  Mining is not a 
traditional land use but is being considered at one location in the lynx critical habitat.  Extraction 
operations for gravel (for road building) are widely-scattered throughout the jurisdiction.    
 
The lynx critical habitat is heavily roaded, particularly with logging roads.  While accurate 
numbers are difficult to obtain, approximately 1,500 miles of public  roads and over 20,000 miles 
of private roads exist within unorganized areas of Maine (Maine Department of Conservation 
2010).  There has been discussion of an east-west limited access highway through northern 
Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if constructed, 
would further fragment habitat (Maine Department of Transportation 1999, Beck et al. 2012, p. 
38).   
 
An increasing area of the lynx critical habitat area is likely to be placed under conservation 
easements that will limit future development and fragmentation of lynx habitat.  Maine has the 
largest amount of land under easement of any state, and there are about 2 million acres of 
conservation easements in lynx habitat in northern Maine (Pidot 2011).  Continued expansion of 
areas under conservation easement is uncertain and will depend on willing landowners and 
funding available for purchase of easements  
 
All of development trends portend increased fragmentation of lynx habitat in the Maine unit. As 
habitat is fragmented, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Lynx Expert Opinion - Experts enumerated similar lynx status and stressors for the Northern 
Maine Unit (Lynx Workshop Report 2016, pp. 35-38).  Climate change was an overriding near- 
and long-term stressor.  Increased winter precipitation in the form of rain, reduced snow depth, 
and reduced snow durations were discussed.  Changes in snow conditions will favor bobcats 
and fisher (a predator of lynx that is limited by deep snow).  Experts believed that the effects of 
climate change would continue to increase as a stressor by mid- to the end of the century 
(2050, 2100).  Snow conditions would continue to deteriorate (especially in the northern Maine 
unit compared to other areas in the DPS) resulting in increased competition with bobcats and 
predation by fisher.  Climate-induced loss of spruce-fir forest will occur slowly, and an increase 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation


in northern hardwood composition of the forest is already occurring.  Loss of spruce-fir could be 
accelerated by forest disturbance (budworm outbreak, forest management affecting large 
acreages of lynx habitat annually).  
 
Experts expressed a number of near-term stressors (in the next 15 years) related to forest 
management in northern Maine.  Land management objectives were uncertain because of 
changes in private forest land ownership.  Changes in forestry management because of the 
Maine Forest Practices Act (shift to partial harvesting, increasing acreage harvest, habitat 
shifting to south) would result in declining lynx and snowshoe hare habitat (succession of 
previous clearcuts from young, dense regenerating stands to mature stands less conducive to 
high hare densities).   
 
There was uncertainty concerning the severity and response by new landowners to the next 
spruce budworm outbreak.  Experts were concerned that investment landowners would not 
respond to the pending spruce budworm outbreak like they did in the 1970s (extensive 
clearcuts, herbicide application).  Experts also acknowledged concerns about the effects of the 
current clearcuts aging past conditions that support hares and lynx.   
 
Hare populations have declined by about half across all stand types (and in adjacent Quebec) 
since 2006 and apparently have not rebounded.  In response, lynx initially had lower 
reproduction (lower proportion of females breeding, slightly lower litter sizes), but this has not 
affected home range sizes.  Lower landscape hare densities are likely to support lower lynx 
populations.  It is uncertain how hare numbers will cycle or fluctuate in the future. 
 
Lynx Viability -   All but one expert indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. XX below).  Although uncertainty increases with time from 
the present, experts generally agreed that climate-related loss of favorable snow conditions 
(amount, consistency, and duration), loss of spruce-fir, and bobcat competition are likely to 
reduce the probability of lynx persistence in this unit.  Modeling of current lynx habitat and future 
habitat trends was more advanced for the Northern Maine Unit than other units.  Models 
indicate that aging of past clearcuts and changes in forest practices to partial harvesting will 
diminish the current lynx habitat by half in coming decades.  Experts and the core team 
expressed uncertainty about the severity of a pending spruce budworm outbreak, forestry 
response by investment company landowners, and how this will affect future lynx habitat.  More 
is known about long-term trends in snowshoe hare populations in this unit than others.  Hares 
seem to have declined by half since about 2006 and have remained low.  Experts and the core 
team were uncertain about whether hare numbers would rebound or remain at this lower level, 
but lower hare densities are affecting demographics (especially percentage of females 
breeding), which could contribute to population declines.  Taking all of these factors into 
consideration, the experts projected the mean probability of persistence to the years 2025 was 
greater than 95 percent, to 2050 was about 80 percent (range from 20 to 100 percent), and to 
2100 was about 50 percent (range from 0 to 100%)(Lynx SSA Team 2016, pp. 33-34, Fig. XX). 



The USFWS lynx core team generally agreed with this prognosis with the exception that some 
were less optimistic about the persistence of this population, especially after reviewing the 
literature pertaining to climate change in this region.  
 

 

Figure xx.  Expected probability of persistence for the Northern Maine Geographic Unit at 
present (2015), and in 2025, 2050 and 2100. 
 
5.1.2 Unit 2 - Northeastern Minnesota 
 
Regulatory mechanisms - In Minnesota, the vast majority of lynx habitat that supports long-term 
persistent lynx breeding population is administered by the Superior National Forest.  This area 
includes designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 
SNF Plan (USDA 2004), which has direction based on the LCAS and Canada Lynx 
Conservation Agreement (CA) between the Forest Service and the Service (LCAS 2000, entire), 
for all forest activities that occur within LAUs.  Active management of forest lands can produce 
lynx habitat and the Superior National Forest has a long-term commitment for doing so.  If the 
SNF continues to follow vegetation and wildland fire management and other applicable 
recommendations under the 2000 LCAS (or the updated 2013 LCAS or subsequent updates) in 
their Forest Plan, we expect that several risk factors will continue to be minimized and managed 
to promote the conservation of lynx within the SNF into the future.  Management of lynx and its 



habitat on SNF land will remain in place until the forest amends or revises their individual 
LRMPs.  We expect that management direction for lynx addressing vegetation management, 
wildland fire management, and habitat fragmentation on national forest system lands will be 
incorporated into the revised or amended Forest Plans (LPMPs). 
  
Although outside of areas considered to be core lynx area (i.e., where lynx are persistent and 
are reproducing) in the Great Lakes, the Chippewa National Forest and the Chequamegon-
Nicolet National Forest Forest Plans also include direction based on the LCAS and Canada 
Lynx Conservation Agreement (CA) between the Forest Service and the Service (LCAS 2000, 
entire), for all forest activities that occur within LAUs (USDA CNF 2004, USDA CNNF 2004). 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit and private landowners make up about 
16  percent of unit.  Under the Sustainable Forest Resource Act of 1995, the Minnesota Forest 
Resources Council (MFRC) has developed guidelines for site-level timber harvesting and forest 
management (MFRC 2012, entire; MFRC 2014, entire) - these voluntary guidelines are intended 
for private and state landowners and include some general recommendations for wildlife 
including lynx (MFRC 2014, pp. 4-5).  It is expected that the MFRC guidelines will remain in 
place into the future and that voluntary actions will continue. Private landowners, however, do 
not have an official commitment to land management.  We cannot say with any certainty what 
proportion of privately owned land will follow those guidelines into the future, because following 
the guidelines is voluntary. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit.  
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen 2012, p. 348), but does not have lynx specific direction in its 
management plan (NPS 2002, entire).  The National Park consults with the FWS to consider the 
effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as long as the 
species is listed under the ESA.  Lynx documented on and near Voyageurs National Park are 
probably transient animals (Moen 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004.  On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses.  The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota.  This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (LCAS 2013, p. 49). 
 



Climate warming - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range.  Since the time of listing, new information on regional 
climate changes and potential effects to lynx habitat has been developed (e.g., Danby & Hik 
2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new information 
suggests that climate change may be an issue of concern for the future conservation of lynx 
because lynx distribution and habitat is likely to shift upward in elevation within its currently 
occupied range as temperatures increase (Gonzalez et al. 2007, entire).  Greatest stressors of 
climate change include diminishing snow depth, quality and duration; competition from bobcats 
and other carnivores, hybridization with bobcat (Schwartz et al. 2002); loss of spruce-fir to 
northern hardwoods; and future isolation of the metapopulation because of diminishing forest 
conditions in Ontario. 
  
Gonzales et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007) and predicted loss 
of forest and snow conditions able to support lynx in Minnesota by the end of the century. 
Notaro et al. (2015) projected changes in lake effect snowfall using downscaled climate models 
(Abdus Salam International Centre for Theoretical Physics (ICTP) Regional Climate Model 
version 4 (RegCM4; Elguindi et al. 2011; Giorgi et al. 2012) for the Great Lakes Basin. Siren (in 
Lynx SSA Team 2016, p. 15) stated that climate models show an increase in lake effect snow in 
the eastern Great Lakes until 2050, with a decline later in the century, with an overall decline in 
the amount and duration of pack in the Midwest. 
  
Although there are uncertainties about future climate warming, lynx populations in Minnesota 
are expected to recede northward and decline over the next century (Lynx SSA Team 2016, pp. 
37-38).   
  
Lynx require at least four months (120 days) of continuous snow coverage (Gonzales et al. 
2007, p. 7).  Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9).   In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow.  The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro 2015, pp. 1676-1678). The Minnesota 
unit may be more vulnerable to snowpack loss due to lack of elevational refugia (Siren in Lynx 
SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 



al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes.  
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century.  Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzales et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the state (Gonzales et al. p. 2007, p. 19).  According to Frelich (in Lynx 
SSA 2016, p. 14) Minnesota is likely to lose boreal biome, potentially within the next 60 to 70 
years, with unmitigated climate change.  According to Gonzales et al. (2007, p. 8), the Superior 
National Forest is a potential refugia for lynx in the lower 48 states, however, when compared to 
other regions. 
 
Vegetation Management - Vegetation management conducted under the Forest Plan currently 
will likely continue into the future on Forest Service lands in Minnesota. These activities include 
timber harvest, such as thinning, clear-cutting, shelterwood, partial cut, and uneven-aged 
cutting; wildlife restoration projects that involve tree cutting, shearing, burning, seeding, and 
planting; prescribed burning for ecological purposes, hazardous fuel reduction, and site 
preparation; mechanical site preparation. 
 
Vegetation, timber, and minerals management authorized under the Forest Plan has the 
potential to adversely affect lynx and lynx critical habitat by reducing habitat quality for denning, 
foraging, and dispersal; disrupting travel, resting, and foraging patterns; disturbing denning 
females and reducing habitat quality for lynx prey species, especially snowshoe hare. 
Depending on the timing, frequency, intensity, extent, amount, or other conditions, impacts may 
be variable among similar projects. Using the LCAS as a basis, the Forest Plan has 
incorporated a number of components that would reduce the risk of those impacts into the 
future. We expect that management direction for lynx addressing vegetation management on 
national forest system lands will be incorporated into the revised or amended future plans, using 
LCAS as a basis. 
  
Future Forest Plan revisions will likely maintain broad direction to design and implement 
vegetation management projects to maintain or restore conditions for lynx foraging and denning 
habitat and to maintain or improve juxtaposition of required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. ). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 



which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USDA 2004). Further, unsuitable habitat for lynx would vary only slightly 
with continued implementation of the Forest Plan and would remain distinctly below the 
maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated into 
the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in the 
2004 (USDA 2004). Because suitable habitat on National Forest lands alone is such a high 
percentage within LAUs and the Superior National Forest is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks.  Measurable defoliation due to spruce 
budworm has occurred in Northeastern Minnesota continuously since 1954 (MN DNR) and is 
expected to continue into the future.  Modeling to evaluate the relative strength of interactions 
between spruce budworm outbreaks and fire disturbances in the BWCA showed that budworm 
disturbance can partially mitigate long-term future fire risk by periodically reducing live ladder 
fuel within the forest types of the BWCA but will do little to reverse the compositional trends 
caused in part by reduced fire rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The Superior National Forest manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are and 
are expected to continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada.  Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USDA 2011, p. 119).  The Forest Plan (USDA 2004) provides 
direction on limiting lynx habitat fragmentation and the Forest actively consolidates habitat 
through land acquisitions and exchanges.  
 
Lynx Viability - The probability of persistence of the lynx population in Minnesota is projected to 
decrease over time with increasing uncertainty through the end of the century (Lynx SSA Team 
2016, pp. 37-38 and Figure xx, below).  Near term drivers of the projected decline were reduced 
the quality, quantity, and persistence of snow, competition from bobcats, disease (e.g., 
lungworm, liver fluke, feline leukemia), and forest insects.  Long term drivers of the projected 
decline were reduced the quality, quantity, and persistence of snow, competition from bobcats, 
loss of spruce-fir forests, wildfires, and climate change.  Climate change was primarily 
associated with loss of boreal forest but could potentially also increase disease or insect 
outbreaks, and is likely to affect the amount of precipitation falling as good quality snow in the 
area of the state supporting lynx habitat.  The connection to lynx in Ontario reduces the 



likelihood of local extirpation in this geographic unit, but the likelihood would increase if 
connectivity was compromised. Taking all factors into consideration (i.e., loss of boreal forest, 
competitions, disease and insect outbreaks, loss of snow), the experts projected the mean 
probability persistence to the year 2025 was greater than 90 percent, to 2050 was 80 percent 
(ranging from 60 to 90 percent), and would decline to approximately 35 percent (ranging from 
10 to 60 percent) by 2100 (Lynx SSA Team 2016, pp. 37- 38). 
 

 

Figure xx.  Expected probability of persistence for the Minnesota Geographic Unit at present 
(2015), and in 2025, 2050 and 2100. 

 
 
 
5.1.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
Regulatory mechanisms 
 
Climate warming 
 
Vegetation Management 
 
Wildland Fire Management 



 
Habitat Fragmentation 
 
Lynx Viability - As for previous units, all expert graphs showed an initially high and subsequently 
decreasing probability of persistence for this unit, with increasing uncertainty over time, but a 
higher probability of persistence at all time frames than other units. All experts predicted near-
term (year 2025) persistence probability >= 95%, and all predicted mid-century persistence at 
70% to 100% (median = 90%). All experts predicted end-of-century persistence probabilities >= 
50%, with a median of 78%, by 2100 (Figure 7). 
 

 
Figure XX. Expected probability of persistence for the Northwestern Montana/Northeastern 
Idaho Geographic Unit at present, 2015, and in 2025, 2050 and 2100. 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
two units discussed thus far. Most lynx habitats in this unit occur on Federal lands that are 
managed for lynx conservation, but one expert noted that little has been done to document 
whether lynx are responding to this management. The recent sale of large tracts of private 
commercial timberlands in the central part of this unit to The Nature Conservancy has increased 
protection for lynx via conservation easements managed for lynx. Habitats in some areas should 
improve in the near future as previously cut or burned areas mature into dense stands. Unlike 
the Maine and Minnesota geographic units (but similar to most other western units), high 
elevations in this unit could buffer the effects of climate change by providing for the upslope 
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migration of lynx habitats and snow conditions that climate models predict. However, this would 
result in even patchier and more isolated islands of habitat in high elevation areas that would be 
more prone to extirpation due to catastrophic or stochastic events. Competition from coyotes 
and bobcats seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to 2050 and beyond, 
some experts felt there may be more pressure on lynx populations in this unit from continued 
increases in fire extent and severity. Other experts expressed a different opinion of the overall 
effect of fire in this unit, indicating that it may actually improve habitat over time, and that 
whether fires improve or degrade habitat depends on the frequency, intensity, size and spatial 
extent of future fires. 
 
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert reminded that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in future. 
 
 
5.1.4 Unit 4 - North-central Washington 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit.  Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish.  We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 



management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming.  These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007.  The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx.  Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs.  We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP.  Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan.  The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6).  Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both federal and 
state managed lands within Washington State. 
 
Climate Warming - The one risk factor identified by the LCAS over which the Forest Service, or 
the WADNR for that matter, has little ability to control or influence is climate change.  Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx Workshop Report 2016, p. 56).  
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change.  
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat.  Westerling et al. (2006, pp. 942-943) compiled information on large 
wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons.  The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat).  They also found that 
fire exclusion had little impact on natural fire regimes.  Rather, climate appeared to be the 
primary driver of increasing wildfire risk.  As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington).  Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades.  Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington.  The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires due to its small size and current lynx population (Lynx Workshop 
Report 2016, p. 27).  However, the experts felt the potential extirpation of lynx, should it occur 



from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), may be 
ameliorated to some extent due to Washington’s juxtaposition and connectivity to Canadian lynx 
populations.  The experts felt that lynx immigration from Canada may rapidly recolonize 
Washington as the habitat recovers from fires or other impacts (Lynx Workshop Report 2016, p. 
43).  Climate change, in addition to potentially affecting fire return intervals, fire severity 
(intensity, size), and insect outbreaks, is likely to affect the amount of precipitation falling as 
snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75).  
Snowshoe hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 
448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades.  
Mote (2003, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft).  Additionally, Mote (2003, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades.  Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack.  Corroborating Mote’s 
speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures.   Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48).  Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades.  Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42).  Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced due to decreasing quantity 
and quality of snow. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44).  Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 



persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx Workshop Report 
2016, p. 43). 
 
Vegetation Management Fed - Okanogan plan, USFS/USFWS conservation agreement. State 
lands - Loomis/WADNR HCP/lynx mgmt. plan? 
 
Wildland Fire Management - what is strategy on these lands?  How does it affect lynx 
 
Habitat Fragmentation 
 
Lynx Viability - see Minnesota unit above, bring in results from expert workshop report. 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 8). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 8). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
 
 



 
 
Figure XX. Expected probability of persistence for the North-central Washington Geographic 
Unit at present, 2015, and in 2025, 2050 and 2100. 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
 



5.1.5 Unit 5 - Greater Yellowstone Area 
Regulatory mechanisms 
 
Climate warming 
 
Vegetation Management 
 
Wildland Fire Management 
 
Habitat Fragmentation 
 
Lynx Viability - This unit has a long history of lynx presence, but the consistency of occupancy 
over time is uncertain. Research and surveys since 1997 have detected few lynx in this unit. 
Lynx are likely spatially limited within the unit because of the patchy distribution of high-quality 
habitat and the generally low or marginal hare densities in much of the unit. Lynx have large 
home ranges in this area, an indicator of lower habitat quality. Nevertheless, until recently, this 
unit appears to have supported a small resident lynx population. The current lynx population in 
this unit is very small - likely fewer than 10 lynx, and possibly zero. This population may have 
been somewhat larger in the past; however, there is some uncertainty about this. Recent 
surveys and trapping efforts have not detected resident lynx, only several that were previously 
released in Colorado. Several Colorado-released lynx have established home ranges in the 
GYA unit, and there is evidence of overlapping male and female home ranges. In the late 1800s 
and early 1900s, there was notable predator control in some parts of this unit. There currently is 
oil and gas exploration and development activity in parts of this unit, but potential impacts to 
lynx are uncertain, and projects are attempting to minimize impacts to lynx habitat. 
 
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 9). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure XX. Expected probability of persistence for the GYA geographic unit at present, 2015, 
and in 2025, 2050 and 2100. 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
 
5.1.6 Unit 6 - Western Colorado 
 



Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming, and 
Colorado.  We concluded that the Southern Rockies Lynx Amendment substantively reduced 
the inadequate regulatory mechanisms by addressing the major adverse impacts of Forest 
Service land management on lynx (Service 2008, p 70-71).  Lynx habitat on all other 
ownerships makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five 
percent is in Federal ownership.  Other ownerships include state, county, municipal, etc., and 
private lands.  The BLM resource management plans have not been amended to include 
conservation specifically for lynx and, with a few exceptions.  Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands.  Generally these extensions are insufficient on their own to support a lynx home 
range.  However, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAU’s. 
 
The State of Colorado manages lynx as a state endangered species, prohibiting take of the 
species with exceptions for protection of human life and incidentally during depredation 
management (not caused by lynx) [Chapter 10, art. II, #1002, B 1 and 3, Colorado Wildlife 
Regulations]. 
  
Climate Warming - Interagency Lynx Biology Team (2013 p. 61) – “Climate change generally is 
expected to result in warmer winters, earlier spring snowmelt, and a reduction in the extent of 
snow cover in the southern Rockies. McKelvey et al. (2011) used a variety of climate models to 
predict snow depth and the persistence of spring snow across the western United States.  The 
models predicted an overall decline in persistent snow of 40 percent, but large areas of 
persistent snow would continue to be retained late in the 21st century, including the high 
elevations of Colorado.” 
 
“All of the climate models under all representative concentration pathway (RCP) project that 
Colorado’s climate will warm substantially by 2050.  Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline.  Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs.  Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline.  Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014 page 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the  
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014 page 63]).  “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 



whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014 page 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, page 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate.  Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities.  Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historic vegetative patterns.  This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity.  It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years).  Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years.  Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008 page 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire.  Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation.  Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to be 
developed and expended.  While these linear features already exist on the landscape, widening 
of the cleared right-of-way, as well as behavioral avoidance of highway rights-of-way due to 
traffic reduces available habitat.  Many ski areas in Colorado are located within lynx habitat and 
will likely be expanded in the future through permanent removal of vegetation  to create 
conventional ski runs, reducing tree density and clearing understory vegetation to create glade 
conditions, reduces lynx habitat.  The magnitude of fragmentation caused by these sources of 
fragmentation has not been quantified, but is unlikely to remove enough habitat to eliminate the 
possibility of lynx persistence in Colorado. 
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Lynx Viability – EE Final Report: The majority of the experts suggested an initially high 
probability of persistence in Colorado, declining gradually with increasing uncertainty through 
the end of the century.  Experts predicted near-term (year 2025) persistence probabilities of 60 
percent to 100 percent (median = 90 percent), and mid-century persistence at 50 percent to 85 
percent (median = 80 percent).  Experts predicted end-of-century persistence probabilities of 20 
percent to 70 percent for this unit, with a median of 50 percent, by 2100. 
 

 
Figure 10. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats.  Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types.  Although 8 of 10 experts 
graphed 50 percent to 70 percent probability of persistence at 2100, during subsequent 
discussions, several expressed greater uncertainty about whether resident lynx will persist in 
the unit at the end of the century.  Higher-quality lynx habitat occurs primarily in two areas and 
is patchily-distributed.  Lynx in this unit may occur as several smaller, relatively isolated 
subpopulations, which are likely more vulnerable to stochastic events.  This unit’s relative 
isolation may limit exchange with other lynx populations, increasing the likelihood of genetic drift 
and reducing the chance of demographic rescue or recolonization if lynx in the unit become 



extirpated.  There was discussion about whether ski areas may affect daily movements of lynx, 
and hares may be declining in ski areas.  Ski areas tend to expand and may, therefore, have 
larger impacts on lynx in future.  There is some evidence of lynx using ski areas in summer 
months but avoiding them during the ski season.  It is uncertain whether ski areas may affect 
genetic connectivity within the Western Colorado geographic unit.  Two-thirds to three-quarters 
of the lynx in this unit are in the southern portion of the range in the San Juan Mountains.  There 
is a large area (Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, 
so it is possible that lynx also could be using that area. 

5.2 Future Conditions DPS-wide  
Team provide highlights/ bullets, Jim summarize unit information above. 
 
5.2.1 Summary of individual populations 
 
Summary Unit 1 Future Conditions:  Although the Northern Maine Unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greatest risk.  Forestry and climate change 
will be the greatest future drivers of hare and lynx habitat.  Lynx habitat and populations are 
expected to decline by 50 to 60 percent by 2032 in response to aging of the budworm-era 
clearcuts and the effects of 27 years of extensive partial harvesting.  In the next few decades, 
high quality hare habitat will drop from about 10 percent to 5 percent of the landscape. High 
quality habitat patches will become more fragmented, smaller, and more isolated thus making 
the landscape less suitable for lynx.  For the next few decades the best habitat will occur in the 
southern portion of the range where effects of climate change and competition with bobcats are 
greatest.  Absent long-term lynx management agreements, the future of lynx habitat is 
uncertain.  Wood products markets will continue to change, and could be affected by interest in 
carbon sequestration in response to climate change. Rapid changes and parcelization of forest 
land ownership is likely to continue.  Changing land uses (wind energy development, 
transmission line corridors, residential and development, national park) will compete with forest 
management as the primary land use.  Conservation easements will help keep some lands as 
working forest.  Climate change is expected to affect the Maine unit more than others in the 
DPS because there is little elevational refugia.  In the near term (to 2050), snow quantity and 
quality will continue to deteriorate likely causing the range of lynx to begin contracting 
northward, and in the long term (to 2100) some believe lynx could become extirpated from the 
unit. Climate change, demand for hardwood forest products, spruce-budworm, and frequent 
disturbance of the forest all will contribute the trend in the converting spruce-fir forest to northern 
hardwoods, although the timeframe for conversion is uncertain. Lynx experts indicate the 
probability of persistence will decline to about 50% by the end of the century.  The USFWS core 
team was more pessimistic after reviewing climate change projections. 
 
Summary Unit 2 Future Conditions:  The direct and indirect effects of climate change are 
expected to affect lynx into the future in Minnesota, specifically, there is an expected decline in 
the quantity, quality, and duration of snow; increased competition and hybridization with 
bobcats; northward contraction of boreal conifer forest, and increased isolation due to 
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diminishing forest conditions in Ontario.The probability of persistence of the lynx population in 
Minnesota is projected to decrease over time with increasing uncertainty through the end of the 
century, driven in the near term by the quality, quantity and persistence of snow, competition, 
disease, and forest insects and drive in the long term from the some of the same reasons with 
the addition of climate change, loss of spruce-fir forests, and wildfires. If the SNF in Minnesota 
continues to follow vegetation management and other recommendations under the LCAS in 
their Forest Plan, we expect that several risk factors will continue to be minimized and managed 
to promote the conservation of lynx within the SNF into the future.  It is expected that the MFRC 
guidelines will remain in place into the future and that voluntary actions will continue on state 
and private lands. Taking all factors into consideration (i.e., loss of boreal forest, competitions, 
disease and insect outbreaks, loss of snow), the experts projected the mean probability 
persistence of lynx in Minnesota to the year 2025 was greater than 90 percent, to 2050 was 80 
percent, and would decline to approximately 35 percent by 2100. 
 
Summary Unit 3 Future Conditions:   
 
Summary Unit 4 Future Conditions:   
 
Summary Unit 5 Future Conditions:   
 
Summary Unit 6 Future Conditions:   
 
Climate change is expected to affect vegetation, and influence snow conditions within the 
Western Colorado unit.   
 
 
Summary of future resiliency of individual units 
 
In this section, we characterized the future status of the rangewide population of the U. S. 
Canada lynx DPS.   Whereas five of the six population were believed currently (or recently) 
resilient (Table XX in section 4),  
 
Expert responses and assessment of the best available science by the USFWS core team 
indicate that continued climate warming and associated direct and indirect effects will likely 
exert the greatest negative influence on the probability of persistence for lynx populations in the 
DPS regardless of which climate emissions scenario is used to model future conditions, 
although the timing, extent, and magnitude of impacts is uncertain and will likely vary by 
scenario. 
 
 
Table YY.  Future (2050 to 2100) resiliency of individual populations of the Canada lynx DPS. 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 
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Unit 1 Maine 2050 mean 80% 
(range 20 to 100%) 

  
2100 mean 50% 

(range 0 to 100%) 

● 50% decline in habitat expected by 
2032, habitat will occur in south edge 
of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration below 
thresholds for lynx 

● Future forest management trends and habitat 
conditions in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions perhaps more severe than other 
units; little elevation gradient 

● Response of bobcat and fisher to changing 
snow regime 

● Extent and pace of loss of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 mean 80% 
(range 35 to 100%) 

  
2100 mean 35% 

(range 0 to 100%) 

● Lower population could be susceptible 
to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating of 
snow quality, depth and duration below 
thresholds for lynx 

● Future forest management trends and  
habitat conditions on private forest lands in 
Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions; little elevation gradient; lake-effect 
snow may retain refugia to 2050 but not 2100 

● Response of bobcat and fisher to changing 
snow regime 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwestern 
Montana 

2050 mean 90% 
(range 40 to 100%) 

  
2100 mean ~78% 

(range 10 to 100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, pumas, coyotes to 

changing snow regime 
● Extent and pace of elevational migration of 

spruce-fir 
● Mismatch in elevation between appropriate 

snow regime for lynx and spruce-fir 
● Future trends in hare populations 

Unit 4 North-
central 
Washington 

2050 mean 70% 
(range 10 to 100%) 

  
2100 mean ~38% 
(range 0 to 90%) 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, pumas, coyotes to 

changing snow regime 
● Extent and pace of elevational migration of 

spruce-fir 
● Future trends in hare populations 

Unit 5 Greater 
Yellowstone 

2050 mean 35% 
(range 0 to 90%) 

  

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS and NPS 

● Will habitat support adequate landscape hare 
densities to support lynx? 

● Extent to which GYA remains 



2100 mean 15% 
(range 0 to 90%) 

management 
● ·      No connectivity with Canada 

populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

demographically isolated from other DPS 
populations; immigration from Colorado 
population 

● Extent and frequency of insect outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, pumas, coyotes to 

changing snow regime 
● Extent and pace of elevational migration of 

spruce-fir 
● Future trends in hare populations 
● Extent to which high elevation may provides 

climate and snow refugia 

Unit 6 
Western 
Colorado 

2050 mean 80% 
(range 20 to 100%) 

  
2100 mean 50% 

(range 0 to 100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● ·     Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Demographic and genetic effects of isolated 
population 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of future insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, pumas, coyotes to 
changing snow regime 

● Extent and pace of elevational migration of 
spruce-fir 

● Mismatch in elevation between appropriate 
snow regime for lynx and spruce-fir 

● Future trends in hare populations 

  
 
 
 
5.2.1 Results of Expert Elicitation (workshop report, Summary table of 
probabilities of persistence) 
 
5.2.2 Narrative 3 R Summary (workshop report and work session) 

5.2.2.1 Representation 
Expert presentations on lynx genetics in the DPS and in Canada and expert responses and 
discussion with regard to representation questions suggest few threats to the genetic fitness or 
adaptive capacity of lynx in the DPS.  High gene flow across the continental lynx range, 
indicated by very low Fst values (see Subject Matter Presentations, above), suggests the 
absence of substantial barriers to genetic interchange, and little evidence or risk of significant 
genetic drift among DPS populations.  Most experts indicated that none of the six geographic 
units known or thought to support lynx populations in the DPS is susceptible to meaningful 
genetic drift, although several experts indicated that the more geographically isolated units (the 
GYA and Western Colorado units) are likely more susceptible to such drift than the units that 

Commented [109]: next 3 sections are currently verbatim 
from Synthesis section of workshop report.  Edit. 



are directly connected to lynx populations and habitats in Canada.  Overall, according to both 
the expert panel and the subject matter presentations, there appears to be a low risk of 
biologically consequential drift for lynx populations in the DPS.  Likewise, expert responses 
indicated that the generally low level of genetic differentiation and relatively similar ecological 
settings across the DPS suggest little life history variability or niche differentiation among DPS 
populations that would indicate that any are more or less important to maintain than others in 
terms of representation.  Individual experts indicated that representation can best be maintained 
by conserving current DPS populations (and hence the genetic variation in each), maintaining 
connectivity between DPS and Canadian populations, and avoiding impacts that would facilitate 
or increase the potential for or likelihood of genetic drift.  Our interpretation of this part of the 
elicitation is that the adaptability and evolutionary capacity of the DPS over time does not 
appear to have been diminished and is unlikely to become so, independent of threats that may 
impact the redundancy and persistence of lynx populations.  We will consider this information 
along with available empirical data and the published literature when evaluating representation 
in the DPS for the SSA. 

5.2.2.2 Redundancy 
With resident lynx populations and subpopulations in at least five of six large (the smallest is 
over 2,000 square miles, the others are all over 8,000 square miles), widely-distributed (from 
Maine to Washington and south along the Rocky Mountains), and relatively discrete geographic 
areas (see Figure 1), the DPS as a whole appears invulnerable to extirpation from a single 
catastrophic event.  Expert responses indicated no catastrophic event that could result in the 
functional extirpation of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units due to a single catastrophic event.  We 
interpreted these responses to indicate there is a small chance of decreased redundancy from a 
single catastrophic event because the probability of any geographic unit being lost to a 
catastrophic event is low.  Experts indicated that functional extirpation of the geographically 
smallest unit (Washington) and those supporting the fewest resident lynx (Washington, GYA, 
and perhaps Minnesota) would be more likely to occur as a result of a series of catastrophic 
events over a 10-year period than to any single event over the next 10 years (see Figure 2 
above).  Experts listed fire, drought, insect outbreaks, loss of favorable winter conditions, and 
disease as potential events that could lead to functional extirpation in these units.  In 
Washington in particular, where large fires have impacted nearly 40 percent of the occupied 
lynx habitat over the past 10-15 years, experts felt that several more successive years of such 
fires could result in functional extirpation.  However, because fire and insects are likely to cause 
only temporary (20-40 years) losses of lynx and hare habitats, and because connectivity 
between the Washington unit and lynx habitats and populations in southern British Columbia 
remains intact, experts indicated this unit (and others abutting habitats and lynx populations in 
Canada) would likely be naturally re-colonized relatively quickly by dispersing lynx.  Therefore, 
extirpation in these units because of catastrophic events (or a series of them over time) would 
be temporary (likely lasting only one or several decades) unless events permanently altered the 
habitats.  Experts indicated that if lynx were functionally extirpated in the GYA or western 
Colorado units, which are not connected to habitats or populations in Canada and are relatively 
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isolated from other DPS populations, natural re-colonization would be less likely, would take 
longer, or may never occur. 

Overall, expert responses indicated that extirpation of the DPS as a whole, or of resident lynx 
populations in most individual geographic units, because of a catastrophic event is very unlikely.  
Because we lack evidence that persistent resident lynx populations occurred historically but 
have been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels.  That is, the 
loss of resident lynx populations in the DPS, to the extent suggested by the historic record, was 
likely in areas (e.g., northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge 
area of northeastern Washington, perhaps Isle Royale in Lake Superior) peripheral to the 
geographic units that currently support resident lynx, and not in discrete geographic units that 
would have represented greater redundancy in the contiguous U.S.  However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear.  The historic record and recent research show that the GYA has supported resident 
lynx, but it is unclear whether the area consistently supported a persistent resident population 
over time or whether it naturally supported resident lynx only some of the time (was “winked on” 
in a metapopulation sense) when habitat conditions and hare densities were favorable, and at 
other times, when habitats and hare densities were less favorable, it did not support resident 
lynx (“winked off” in a metapopulation sense).  Given the protected conservation status of 
millions of -acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx.  If so, its 
contribution to redundancy within the DPS is questionable. 

5.2.2.3 Resiliency 
Because we lack reliable estimates of the sizes and trends of most lynx populations in the DPS, 
we are unable to use these parameters to evaluate the resiliency of individual populations or the 
DPS as a whole.  Efforts to understand resiliency are also confounded by the metapopulation 
structure thought to govern lynx populations at the southern margin of their continental range 
(i.e., populations and subpopulations in the DPS), the related uncertainty about the extent to 
which DPS populations may rely on cyclic immigration of lynx from Canada during population 
irruptions, and the ambiguity in the historic record that limits our understanding of the relative 
persistence of lynx in various geographical areas of the contiguous U.S. and, thus, the 
contribution of those areas to the viability of the DPS.  Our evaluation of the resiliency of lynx 
populations in the DPS is limited, therefore, to a largely qualitative assessment of the current 
status of populations in each of the six geographic units along with the quantitative summary of 
expert professional judgment of their likelihood of persistence over time given known or 
perceived potential threats. 
  
As expected, both expert estimates of probability of persistence and expert confidence in those 
estimates were higher over the short-term than the long-term.  Median probability of persistence 



(MPOP) at year 2025 was >= 0.90 for all but one of the six geographic unitareas.  The GYA had 
a MPOP of 0.52, apparently reflecting the uncertainty regarding whether this unit consistently 
supported a resident lynx population historically and whether it currently supports resident lynx.  
At year 2025, confidence bounds were smallest (indicating higher expert confidence) for the 
units with the highest MPOPs (Northern Maine, Northeastern Minnesota, and Northwestern 
Montana/ Northeastern Idaho), and larger for units with lower MPOPS (North-central 
Washington, GYA, and Western Colorado).  At mid-century, MPOP declined for all units but 
remained >= 0.70 for all but the GYA (0.35), and confidence bounds increased for estimates for 
all units but the GYA, where it remained the same as at year 2025.  At end-of-century, 
persistence probabilities declined further, as expected, and only the Northern Maine, 
Northwestern Montana/ Northeastern Idaho and Western Colorado units had MPOPs >= 0.50.  
Also as expected, confidence bounds were very large around persistence estimates at year 
2100, with the median confidence range extending across more than 50 percent of the range of 
possible outcomes for all but the Northwestern Montana/ Northeastern Idaho population, and 
the extremes of the range nearly covering the full range (0 percent to 100 percent probability of 
persistence) of possible outcomes. 
  
Experts listed a number of factors that influenced their probability of persistence estimates for 
each unit (see unit summaries above in the Resiliency section).  Near-term factors varied by unit 
(e.g., post-harvest forest succession in Maine, where hare abundance is expected to decline as 
currently dense regenerating clear-cuts mature; continued large-scale fires in lynx habitats in 
Washington; and insect outbreaks in Maine, Minnesota, and Colorado), but longer term factors 
seemed to coalesce around anticipated direct and indirect effects of climate change.  These 
included potentially climate-driven increases in the size, frequency, and intensity of fire and 
insect outbreaks; decreases in snow amount, duration and quality, leading perhaps to increased 
competition with bobcats and other hare predators; and the projected warming-induced 
northward and upslope migration of boreal and subalpine forests that would result in the loss 
and further fragmentation and isolation of lynx and hare habitats in the contiguous U.S.  Expert 
responses and ensuing discussions indicated that continued climate warming and associated 
direct and indirect effects will likely exert the greatest negative influence on the probability of 
persistence for lynx populations in the DPS regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
  
Overall, expert responses to this part of the elicitation indicate that all five of the geographic 
units known to currently support resident lynx populations have a greater than 70 percent 
expectation of doing so by mid-century, but a declining likelihood and greater uncertainty of 
doing so by the end of the century.  It is uncertain whether the remaining geographic unit (the 
GYA) currently supports resident lynx, and expert responses indicate a lower probability that it 
will do so in the future compared to the other units.  Responses also suggest that the 
overarching threat to the long-term persistence of lynx populations in the DPS is climate 
change, which is anticipated to result first in loss of snow conditions favorable for lynx and, after 
an uncertain lag time following continued climate warming, loss (northward and upslope 
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migration) of boreal forest habitats, although the timing and magnitude of such losses are 
uncertain. 

Chapter 6:  Synthesis 
 
 
Although uncertainty remains about the historical distribution and sizes of resident lynx 
populations in the DPS, as well as current population sizes, much more is known now than 
when the DPS was listed under the ESA in 2000.  Based on research conducted since the DPS 
was listed, including the summaries of that work provided at the expert elicitation workshop 
(Lynx SSA Team 2016, entire), as well as ongoing research, conservation, and management 
efforts, we have a much better understanding of the distribution and status of populations 
throughout the DPS range.  For example, in 2000, it was unclear whether Maine and Minnesota 
supported resident populations or were only occasionally visited by lynx dispersing from Canada 
during and after northern hare population crashes (65 FR 16056-16057).  We now know that 
both northern Maine and northeastern Minnesota support resident lynx populations, and both 
are likely larger now than they were historically (Maine), or before they were protected by State 
and Federal regulations (Minnesota). 
 
In contrast, resident lynx appear to be naturally less abundant and more patchily-distributed in 
some parts of the DPS than thought at the time of listing, including the West (ILBT 2013, p. 23), 
where potential lynx habitats also appear to have been initially overestimated.  We also have a 
better understanding of the habitat features and hare densities that appear necessary to support 
resident lynx at the southern margin of the species’ range, and of the parts of the contiguous 
U.S. that contain these features.  The presentations in conjunction with expert elicitation 
responses at this workshop have informed and refined our understanding of key aspects of the 
status of, and potential threats to, the lynx DPS. 
  
For example, we were provided a thorough history of the evolution of regulatory mechanisms 
that have been developed and implemented through conservation agreements and formal 
amendments to Federal agency management plans to address the singular threat for which the 
DPS was listed under the ESA - the inadequacy of regulatory mechanisms in Federal land 
management plans prior to listing.  Given our improved understanding of resident lynx 
populations in Maine and Minnesota (above), where State and private lands constitute much 
more of the lynx habitat than elsewhere in the DPS (98.9 percent in Maine; 51.7 percent in 
Minnesota), an assessment of the adequacy of regulatory mechanisms on those State and 
private lands will be a necessary component of the status assessment.  Likewise, our 
understanding of lynx genetics also has improved, with evidence of continued high levels of 
gene flow range-wide, despite fine-scale genetic sub-structuring in some populations and 
additional evidence of lynx hybridization with bobcats.  Bobcats appear to be encroaching at the 
edge of the lynx range in Minnesota (Appendix 3, p. 9) and their numbers appear to have 
increased recently in New Hampshire, Vermont, and southern Quebec (Lavoie et al. 2009, 
entire; Roberts and Crimmins 2010, p. 170; Broman et al. 2014, p. 230) adjacent to the northern 
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Maine lynx distribution.  Whether this represents a threat to lynx populations in Minnesota and 
Maine via increased hybridization, behavioral mechanisms, or competition for hares is not 
documented at this time; however, encroachment of bobcats in the southern periphery of lynx 
range may result in lynx displacement or niche contraction (Peers et al. 2013, entire). 
  
Canadian researchers also provided updated information on lynx status, management (including 
legal harvest), threats, genetics, and hare population cycles in southern Canada, adjacent to 
some DPS lynx populations.  Forest ecologists and climate modelers also presented information 
regarding potential impacts of timber management and climate change on lynx and boreal forest 
habitats in the contiguous U.S.  Knowledge of lynx and hare responses to various silvicultural 
treatments continues to improve, although the need for continuing research remains.  Climate 
models continue to point toward the future northward and upslope migration of lynx and hare 
habitats and loss of snow conditions favorable to lynx, although uncertainty remains regarding 
the timing, extent, and biological consequences of such impacts.  Increases in the size, 
intensity, and frequency of wildfires and insect outbreaks in boreal/subalpine forests may also 
be related to climate change, but whether these represent temporary or permanent impacts to 
lynx habitats remains unclear.  Finally, much research has been done on hare population 
dynamics and habitat relationships at the southern extent of their range, much of which overlaps 
that of lynx in the contiguous U.S., but questions remain regarding regional variation in hare 
densities and what landscape-level hare abundances are necessary to support persistent 
resident lynx populations across the DPS. 
  
Based on the summaries of post-listing research and the status and threat updates provided at 
this workshop, and on the results of the expert elicitation process, the Service provides the 
following synthesis of the status and likely viability of the DPS in terms of the 3 Rs.  This 
information will be considered as appropriate, along with more detailed analysis of the published 
literature, in the subsequent SSA report for the DPS.  The conclusions below are based on the 
information provided and the results of expert elicitation conducted at this workshop; they may 
be complemented or altered by the additional analyses yet to be conducted as part of the SSA 
process. 
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From: Bush, Jodi
To: Seth Willey; Heather Bell; Mary Parkin; Jonathan Cummings
Cc: Jim Zelenak
Subject: DRAFT SSA for Lynx
Date: Tuesday, August 09, 2016 4:39:09 PM
Attachments: 2016 08 09 DRAFT LynxSSAReport.docx

Folks.  As you are all aware we are way past our timelines on this document.  I have therefore
decided to use this version as our initial review draft.  

I am only sharing it with the FIT team and Seth and I.  Once we have reviewed and revisions
made, we can share it with the other regions.  

Seth -if you think there are others in the RO that would provide value to this review, feel free
to share. 

There are holes in this document.  Some are small.  Some are much larger.  

Mark, Bryon, and Kurt were still working on the drive doc when Jim downloaded it - the latter
two on their sections, and Mark trying to help by bringing the tables from the wolf SSA that
you'd discussed earlier into the summary/synthesis sections of CH. 4 and Ch. 5.  These
changes will have to be added to the revised version after this review.   

The remaining gaps/incomplete areas are highlighted. We've also left some of the comments
made by Core and FIT team that are recent and/or remain unresolved. 

Jonathan also submitted some comments on a word version of Ch. 3 that I have not yet fully
incorporated.  He and Jim discussed some of the big picture issues, but he also had some other
recommended edits that are not reflected in this current draft.

The Lit Cited and Appendices placeholder are not included here either.  

While this is certainly not the best case scenario for a review, I'd ask that you give this the
thorough review it deserves and note what you think it is missing, how that might be filled and
what it has too much of.  

Your suggested revisions, clarifications and edits are necessary and valuable at this juncture if
we are to move forward successfully.  

I thank you for your time.  My suggestion is that we take the next 7 days to review this and get
comments back to Jim by COB August 16. It is a large document but much of it you have seen
before.  If you can't make that timeline, please provide me with a suggested alternate.   

Thanks again.  JB  

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
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Executive Summary 
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
canadensis). The SSA used the available scientific literature and the professional judgments 
and opinions of recognized lynx experts to (1) describe the ecological requirements and 
population dynamics of the species, (2) evaluate the historic and current distribution and status 
of resident lynx populations in the DPS and the factors that appear to influence those 
populations, and (3) assess the likely future viability of the DPS in terms of representation, 
redundancy, and the resiliency of its resident lynx populations (the “3 Rs”).  
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or recently supported resident lynx populations.The SSA is intended to assess 
viability rangewide( i.e., at the scope of the DPS); however, because conditions differ across the 
range of the DPS, the assessment also takes into account conditions at the geographic unit 
scale.  We found…..   
 
Suggested outline for rest of Exec Summ (3 pp max if possible; look at Exec Summs in recovery 
plans for idea of level of detail) : 
 

● Lynx ecology:  Include only info that had most significant bearing on assessment, e.g., 
snowshoe hare obligate and need for certain snow conditions, home range size, 
distribution within and among units, connectivity, demography 

● Factors considered in assessment:  very brief summary or list 
● Current conditions:  rangewide (population and habitat and influencing factors), then the 

unique conditions that differentiate the geographic units 
● Future conditions:  rangewide (projected population persistence, habitat conditions, and 

influencing factors), then the unique conditions that differentiate the geographic units 
● Projected species viability:  population persistence, habitat trends, trends in influencing 

factors rangewide and the unique considerations for various units 
● Synthesis:  To what extent the 3Rs would be met under the different scenarios (best, 

worst, most likely) 

  
Commented [1]: Mary's suggestions for organizing exec. 
summ. after other sections complete. 
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Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a DPS 
and listed it as threatened under the Endangered Species Act of 1973, as amended (ESA) in 
2000 (65 FR 16052-16086). On May 8, 2014, the United States District Court for the District of 
Montana ordered the Service to complete recovery planning for the lynx DPS (U.S. District 
Court MT 2014a, p. 8). On June 25, 2014, the same court ordered the Service to complete a 
recovery plan by January 15, 2018 “…unless the Service finds that such a plan will not promote 
the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). Thus, we conducted this 
SSA (version 1.0) to summarize the best available information on the current status and likely 
future viability of the DPS.  This will  inform a determination by Service decision makers of 
whether (1) the DPS continues to warrant protection under the ESA and (2) a recovery plan is 
needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is strongly associated with northern-latitude 
boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 2000, 
pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It relies heavily on its 
primary prey, the snowshoe hare (Lepus americanus), to support survival, reproduction, 
recruitment, and, therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 
2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; U.S. Fish and Wildlife Service 2005, 
p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx 
distribution is also influenced by snow conditions; it is generally restricted to areas that receive 
deep, powdery, and persistent snow that allows lynx, with their proportionately longer limbs and 
very large feet, to outcompete other hare predators that are less efficient in such conditions 
(McCord and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, 
pp. 89-94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, 
p. 75; Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 
2013, pp. 25-26; 79 FR 54809). 
 
Lynx are distributed across approximately 5.5 million km2 (2.1 million mi2) in Canada 
(Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in Alaska (University of 
Alaska Center for Science Conservation, http://akgap.uaa.alaska.edu/species-data/canadian-
lynx-annual- 
distribution/#content, accessed 4/28/2016; Reimer 2016, pers. comm.). Lynx are generally 
considered secure, widespread, abundant, and distributed throughout most of their historic 
ranges in Canada and Alaska, which, combined, account for roughly 98 percent of the species’ 
distribution. The southern peripheries of the boreal forest and the distributions of snowshoe 
hares and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; 
McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA represent the remaining 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see Figure 1 and Table 1, below). Lynx populations in 

http://akgap.uaa.alaska.edu/species-data/canadian-lynx-annual-distribution/#content
http://akgap.uaa.alaska.edu/species-data/canadian-lynx-annual-distribution/#content
http://akgap.uaa.alaska.edu/species-data/canadian-lynx-annual-distribution/#content
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the DPS appear to function as peripheral subpopulations (islands) of a larger (mainland) 
metapopulation centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; 
also see 2.2 below), and the demographic and genetic health and persistence of DPS 
populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada when hare populations crashed, many occurred in 
anomalous habitats, and lynx were unable to persist and establish populations in most of these 
areas (Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 
2006, pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2, below). Habitats capable of supporting 
persistent resident lynx populations in the contiguous U.S. (and, therefore, important to the 
conservation and recovery of the DPS) occur over a much smaller geographic area that 
includes parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; U.S. Fish and Wildlife Service 2005, p. 3; 79 FR 
54806-54807; Lynx SSA Team 2016, pp. 6-7). Although uncertainty remains regarding the 
historic distribution of resident lynx in the contiguous U.S., and breeding populations may have 
been lost from some places, neither broad-scale breeding range contraction nor substantial 
population decline in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (U.S. Fish and Wildlife Service 2005, entire), designated critical habitat for the DPS in 
2006 (71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations 
of “significant portion of the range” and that all lynx in the contiguous U.S. constitute a single 
DPS (72 FR 1186). Also in 2007, the Service initiated a 5-year status review of the DPS (72 FR 
19549). The Service revised the critical habitat designation for the DPS in 2009 (74 FR 8616) 
and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based definition of 
the DPS boundary to formally extend ESA protection to lynx “where found” in the contiguous 
U.S., including New Mexico and other states that were not included in the original DPS range 
(79 FR 54804). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
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(Figure 1). They include parts of northern Maine, northeastern Minnesota, northwestern 
Montana and northern Idaho, north-central Washington, the GYA of southwestern Montana and 
northwestern Wyoming), and western Colorado. Five of the six geographic units were 
designated as “Core Areas” in the Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and 
western Colorado was designated a “Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). Five 
of the six units (with the exception of western Colorado) also encompass and closely mirror the 
areas the Service designated as critical habitat in 2014 (79 FR 54782). Some areas adjacent to 
but outside these geographic units are known or suspected to intermittently support lynx home 
ranges and occasional reproduction, and uncertainty remains as to whether resident lynx 
populations occurred historically in other areas not encompassed by the geographic units 
evaluated here.  
 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations relative to the general range of lynx in Canada. Range in Canada 
based on Poole (2003), Koen et al. (2014), and Vashon (2015). 
 
The geographic units include Federal, private, State, and Tribal lands, and the amounts in each 
ownership vary among the units, with private lands predominating in the Maine, a mix of 
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ownerships in Minnesota, and Federal lands predominating in the remaining (western) units 
(Table 1). 
 
 Table 1. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 0 0 0 0 91.6 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.6 55.6 6.8 1.1 26.5 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(3) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 

1.2 SSA Framework and Report 
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The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of 
this effort, our Endangered Species Program developed a new 
framework, the Species Status Assessment (SSA) Framework 
to guide how we assess the best scientific and commercial 
data available when evaluating the biological status of 
species. In conducting an SSA, we take into consideration the 
life history and ecological requirements of the species to 
understand how the species maintains itself over time 
(captured under the broad heading of “species needs;” the 
current condition of the species at the individual, population, 
and rangewide levels in terms of meeting those needs, and 
the likely changes in the environment that may influence the 
species’ future condition and, thus, the viability of the species.   
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the assessment, the SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (collectively known 
as the “3 Rs”) as a lens to evaluate the current and future condition of the species. Briefly, 
resiliency describes the ability of the species to withstand stochasticity; redundancy describes 
the ability of the species to withstand catastrophic events; and representation describes the 
ability of the species to adapt over time to long-term changes in the environment. As a result, 
the SSA characterizes a species’ ability to sustain populations in the wild over time based on 
the best scientific understanding of current and future abundance and distribution within the 
species’ ecological settings. Importantly, the SSA neither results in, nor predetermines, any 
decisions by the Service under the ESA. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html    

1.3 Analytical Approach/Methods 
We used the SSA Framework (October 2015, version 3.3) described above as the analytical 
framework for the Canada lynx assessment process. We evaluated the current status of 
resident lynx populations in the contiguous U.S. as well as the likelihood that the geographic 
areas supporting resident lynx in the DPS would continue to do so in the near term and at mid- 
                                                 
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time.  USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 

Commented [2]: Make sure these conform to the v. 3.3. 
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and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 
Rs using conceptual modeling (Figure 2) based on available published literature and other 
information regarding historic and current status of and threats to lynx populations in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgement (Lynx SSA Team 2016, entire). 
 

 
Figure 2. Conceptual model of the factors influencing the 3 Rs as they pertain to lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in 1.2 above, applied specifically to lynx as described 
below. We evaluated redundancy and representation at the scale of the DPS as a whole, and 
resiliency at the scale of lynx populations within each of the six geographic units. 
 
For the lynx DPS, we used the current and likely future (based on modeling projections and 
expert opinion) geographic distributions of resident breeding populations to evaluate 
redundancy.  Figure 3 shows relationships among factors that influence redundancy. 
 

Commented [3]: Moved CM figures here based on MP's 
agreement. 
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Figure 3. Conceptual model of factors that influence redundancy within the lynx DPS. 
 
We used  measures of genetic diversity and heterozygosity, the current and likely future 
geographic distributions of resident breeding populations, and the documented dispersal 
capabilities of the species to describe representation for the lynx DPS, as shown in Figure 4 
below. 
 

 
Figure 4. Conceptual model of factors that influence representation within the lynx DPS. 
 
Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on recent status updates and formally-elicited expert 
opinion regarding the likelihood that DPS populations will remain viable into the future.  The 
relationships among factors that influence the resiliency of lynx populations in the DPS are 
shown in Figure 5 below. 
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Figure 5. Conceptual model of factors that influence the resiliency of lynx populations within the 
DPS. 

Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 
lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Retrieved April 14, 2016, from the Integrated Taxonomic Information System online 
database, http://www.itis.gov). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with grayish-brown mixed of buff or pale 
brown fur on the back, and grayish-white or buff-white fur on the belly, legs and feet. In summer, 
its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long tufts of 
black hairs extending from the tips of its ears, a short, completely black-tipped tail, and often a 
distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 cm (30 to 
35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen et al. 
2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished data), 
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and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s large 
feet and long legs make it highly adapted for traversing and hunting in deep, powdery snow, 
where its low foot-loading (weight per surface area of foot) is thought to provide a competitive 
advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) over other 
terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada and the 
northern contiguous U.S, where the southern edge of the lynx range overlaps the northern edge 
of the bobcat range, the two species are easily confused because of their similar size and 
appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail distinguish it 
from the bobcat, which has shorter ear tufts, small feet, white on the underside of the tail, and is 
much more common and abundant in most of the contiguous U.S. than lynx. 
 
Overall, genetics research suggests high gene flow across the continental range of lynx, likely 
because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx, there is evidence of genetic exchange between the two areas, indicating 
that some lynx are able to cross the 15-60 km-wide (9-37 mi) Isle of Belle Strait that separates 
them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional genetic 
markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in eastern 
Canada, which suggest the potential for evolutionarily significant differences in those areas, 
recent analyses reveal genetic exchange among lynx on either side, indicating that some lynx 
successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 
2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range. While recognizing that 
small changes in genetic variation can lead to large changes in population fitness, the authors 
noted that the differences between core and peripheral populations in their study were small 
enough to suggest a lack of significant population subdivision (i.e., no indication of genetic 
isolation, substantial genetic drift, or potential genetic ‘‘bottlenecks’’ among DPS populations; 
Schwartz et al. 2003, p. 1814; 79 FR 54793). This finding is consistent with their earlier work, 
which documented high levels of gene flow (the highest yet documented for any carnivore) 
between core and peripheral lynx populations despite large separation distances (Schwartz et 
al. 2002, pp. 520–522). Their results did not suggest that reduced genetic variation among 
peripheral populations was due to human disturbance (i.e., habitat loss/ fragmentation on the 
southern periphery of the geographic range; Schwartz et al. 2003, p. 1814), but they did imply 
that the persistence of lynx populations in the contiguous U.S. depends on dispersal from larger 
(core) populations (Schwartz et al. 2002, p. 522). Currently, there is no indication that the levels 
of connectivity and gene flow between lynx populations in the DPS and those in the core of the 
lynx’s range are inadequate to maintain the genetic health of DPS populations. Given the 
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connectivity of most DPS units with lynx populations and habitats in Canada, the noted 
dispersal capabilities of lynx, evidence of dispersal in both directions across the Canada-U.S. 
border (Aubry et al. 2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and the small number of immigrants thought necessary to 
maintain genetic variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic 
isolation, biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely 
among most DPS populations in the future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota and Maine, as well 
as New Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male 
bobcats bred with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate 
foot-size, and bobcat-like fur (ILBT 2013, p. 35).  In Minnesota from 2000 to 2015, DNA 
analyses documented 13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016, 
pp. 13, 19); no hybrids have been documented in the western portion of the lynx’s range 
(Schwartz in Lynx SSA Team 2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 5, Table 8), and hare abundance is the major driver of lynx 
population dynamics. Lynx den site selection, litter sizes, pregnancy, as well as recruitment, 
survival (kitten, subadult and adult) and dispersal rates, and population age structure, home 
range sizes, density, and distribution are all strongly influenced by hare abundance (Koehler 
and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, pp. 375-390; Mowat et 
al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
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Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 136-
140 and 2000b, pp. 183-191; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000b, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 136-140 
and 2000b, pp. 183-195). Over much of the lynx’s range, hare densities are higher in 
regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000b, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares can be abundant in mature forests with dense 

Commented [13]: The text under "SNOW AMOUNT" does 
not match the others which describe the positive conditions.  
Should this be changed to something like: ("qualitative 
descriptor" depth) or the important characteristic of snow 
amount? 

Commented [14]: Mark highlighted the relationship between 
snow amount and hare productivity and spring survival.  
Maybe we could change the text under it to "(increased hare 
productivity and spring survival)". Also, predator community 
likely influences hare density and may contribute to hare pop 
cycles (fewer predators and greater cyclicity in the north). 
Also, although snow condition  may drive competition for 
hares with other terrestrial predators, snow amount (Maine 
and Minn.)and duration (everywhere - Gonzalez et al. 2007) 
are also correlated with/ predictive of presence of lynx 
populations/ lynx occurrence, and we note this in paragraph 1 
of intro. How can we account for that in this diagram? Finally, 
we use "resiliency" in text above but "resilience" in this figure - 
shold probably change to the former. 



16 
 

understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), they may provide especially 
important winter foraging habitats for lynx (Squires et al. 2010, pp. 1655-1657), and they are 
more temporally-stable (i.e., provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which they may persist, 
in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, pp. 62, 
71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000a, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession (transition from one stage to another in the development of a mature 
forest) after natural or human-caused disturbances such as fire, insect epidemics, wind, ice, 
disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69).  As a 
result, lynx habitat within the boreal forest landscape is a shifting mosaic of habitat patches of 
variable and continually changing quality (68 FR 40077). That is, boreal forests contain stands 
of differing ages and conditions, some of which provide lynx foraging or denning habitat (or may 
provide these in the future depending on patterns of disturbance and forest succession) and 
some of which serve as travel routes for lynx moving between foraging and denning habitats 
(McKelvey et al. 2000c, pp. 427-434; Hoving et al. 2004, pp. 290-292). Lynx generally 
concentrate hunting activities in areas where snowshoe hare densities are high (Koehler et al. 
1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; O’Donoghue 
et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time as the stand undergoes 
succession, (i.e., as earlier successional stages with dense understories advance to more 
mature stands with reduced understory structure), hare habitat quality and corresponding hare 
densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000a, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
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at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
the contiguous U.S. (Hodges 2000b, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., hare densities may exceed 2 hares/ha (0.8 hares/ac) (McCann 2006, p. 
15; Robinson 2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 
1492; Vashon et al. 2012, p. 14), but in many parts of the DPS, densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx 
home ranges and populations (Hodges 2000b, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 
446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; 
Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011c, pp. 91-
92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90).   
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
appear to breed as yearlings and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810), and the amount of structure (e.g., 
downed, large, woody debris) appears to be more important than the age of the forest stand for 
lynx denning habitat (Mowat et al. 2000, pp. 274-275). Dens must be near foraging habitat to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den 
site and one or more alternate or maternal dens until kittens are about 6-10 weeks old (Squires 
et al. 2008, p. 1502; Vashon et al. 2012, p. 17; ILBT 2013, p. 29). Kittens remain with their 
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mothers through winter and early spring, apparently learning from her how to hunt and capture 
prey, initially on a small portion of her home range, but by fall on the larger area the female used 
before kittens were born (Mowat et al. 2000, pp. 269, 278). Juveniles remain closely associated 
with their mothers until February or March, when family groups begin to break up, with young 
typically dispersing in April and May (Mowat et al. 2000, pp. 278-279) to establish their own 
home ranges. Female offspring may establish home ranges overlapping or adjacent to their 
mother’s home range and maintain mother-daughter bonds throughout their lives (Mowat et al. 
2000, pp. 279-280). Otherwise, although there is often some overlap among adjacent lynx home 
ranges, with male home ranges typically overlapping one to three female home ranges, and 
female home ranges partially or completely encompassed by a male’s home range, core areas 
within home ranges appear to be exclusive except during the breeding season (Koehler and 
Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 2012, pp. 17, 22-23). 
Fidelity to home ranges over several years has been documented for both sexes, but shifts and 
abandonment of home ranges have also been documented (Koehler and Aubry 1994, p. 91; 
Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 years in the wild (Kolbe 
and Squires 2006, entire).    
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000a, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).   
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
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muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities declined from 2/ha (0.8/ac) to 1/ha (0.4/ac) 
(Vashon in Lynx SSA Team 2016, p. 18). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 
contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. appear to function as subpopulations of a larger 
metapopulation centered in northern Canada (McKelvey et al. 2000b, pp. 21, 25, 33; 65 FR 
16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641); they are 
connected to the core population by dispersal (Hanski and Gilpin 1991, entire; McKelvey et al. 
2000b, p. 25).  Populations in the DPS are generally small and isolated from one another, 
though most are directly connected to larger lynx populations in Canada (McKelvey et al. 2000b, 
pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2).  Lynx disperse in both directions across the 
Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon 
et al. 2012, p. 22), and this connectivity and interchange with lynx populations in Canada is 
thought to be important to the conservation of lynx populations in the contiguous U.S. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if (1) it is born to a female 
who occupies a home range with (a) secure denning habitat, (b) adequate hare abundance to 
support lactation during the early kitten stage and later provisioning of the kitten with hare meat, 
(c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and (d) a low likelihood of encounters with lynx mortality 
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agents (predators, trappers, vehicles, etc.); (2) the mother’s home range occurs within a larger 
landscape that also contains adequate hare abundance and available habitat into which the 
yearling lynx may disperse and establish its own home range after the period of maternal 
dependence, with low likelihood of adverse competition and mortality; and (3) the larger 
landscape also supports other secure lynx home ranges and ensures the opportunity to 
encounter a lynx of the opposite sex, breed successfully, and contribute to the recruitment of at 
least one offspring into the breeding population during its lifetime.  
 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met: during the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), where hare population 
cycles are of lower amplitude or absent (Hodges 2000b, pp. 163–173; Hodges et al. 2009, pp. 
870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016, pp. 16-17), and where hare and lynx abundances and lynx demographic rates are 
typically like those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; 
Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367), the likelihood that an individual lynx 
will have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000, entire). These factors probably further 
reduce the likelihood that an individual lynx in the southern periphery of the range will survive, 
reproduce successfully, and have one or more offspring recruited into the resident breeding 
population. 
 
Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Den sites are typically located where 
coarse woody debris, such as downed logs and windfalls, or other dense horizontal structure 
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provides security and thermal cover for lynx kittens (McCord and Cardoza 1982, pp. 743–744; 
Koehler 1990, pp. 847–849; Slough 1999, p. 607; Squires and Laurion 2000, pp. 346–347; 
Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501–1505; Moen and Burdett 2009, 
entire). The amount of structure appears to be more important than the age of the forest stand 
for lynx denning habitat (Mowat et al. 2000, pp. 274–275), although in western Montana, 80 
percent of documented dens occurred in mature stands (Squires et al. 2008, p. 1497). 
 
The size of lynx home ranges is strongly influenced by the quality of the habitat, particularly the 
abundance of snowshoe hares, in addition to other factors such as gender, age, season, and 
density of the lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). 
Generally, females with kittens have the smallest home ranges, likely related to their need to 
stay close to dens and dependent kittens, and males have the largest home ranges (Moen et al. 
2005, p. 11; Burdett et al. 2007, p. 463; ILBT 2013, p. 24). The increased natural patchiness 
and fragmentation of high-quality hare habitat where boreal forest conditions transition to 
temperate forest types require individual lynx in many parts of the DPS to maintain relatively 
large home ranges that include patches of higher hare densities within a matrix of lower-quality 
habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 59434; also see 2.3.3, below). 
Larger home ranges likely require more energy output associated with greater foraging effort 
(Apps 2000, p. 364) and possibly increased exposure to predation and other mortality factors 
than lynx face in the core of their range (78 FR 59438). Annual home range sizes reported for 
lynx in the contiguous U.S. (Table 2, below) vary greatly across the DPS but are generally larger 
in the west than the east; however, differences should be interpreted with caution because 
different methods, sample sizes, and estimators were used to generate them (ILBT 2013, pp. 
23-24).   
 
Table 2. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 

Reported Lynx Home Range Size 
km2 (mi2) 

 
References (pages) 

Female Male 

N Maine 26 (10) 54 (21) Vashon et al. 2012 (16-17) 

NE 
Minnesota 

17-21 (7-8) 160-267 (62-103) Burdett et al. 2007 (460-463); Moen et 
al. 2008 (17)  

NW Montana/ 
NE Idaho 

43-115 (17-44) 122-238 (47-91) Brainerd 1985 (20); Squires and 
Laurion 2000 (344); Squires et al. 

2004a (13) 

N-C 
Washington 

37-91 (14-35) 49-69 (19-27) Brittell 1989 in Stinson 2001 (5); 
Koehler 1990a (847); Maletzke in Lynx 

SSA Team 2016 (21) 

GYA 114 (44) 137 (53) Squires and Laurion 2000 (344) 
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W Colorado 75-704 (29-272) 103-387 (40-149) Shenk 2008 (10) 

 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963a, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125 ). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but Voyageurs National Park, where hare 
density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et al. 
2012, pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter predators (mountain lion [Puma concolor], coyote [Canis latrans], 
wolverine [Gulo gulo], gray wolf [Canis lupus], fisher [Pekania pennanti], and other lynx) (ILBT 
2013, pp. 33, 35). Although lynx have co-evolved with predators, the influence of predation on 
lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain lions and coyotes are now 
more widespread and abundant in the southern periphery of the lynx distribution than they 
appear to have been historically (Buskirk et al. 2000a, p. 83; Gompper 2002, entire). Lynx also 
need landscapes where they are unlikely to suffer reduced fitness because of competition with 
other hare predators, or encounter traps or other anthropogenic causes of mortality. Except for 
fisher and marten (Martes americana), lynx predators and potential terrestrial competitors for 
hares (the species above plus bobcat; maybe red fox [Vulpes vulpes] in some situations) all 
have higher foot-loading (weight per surface area of the foot), making them less efficient at 
traveling and hunting in the deep powdery snow conditions favorable for lynx (Buskirk et al. 
2000a, pp 86-95) and, therefore, likely limiting, at least seasonally, interactions between lynx 
and these species. Analysis of lynx occurrence data in the contiguous U.S. suggests that lynx 
require at least four months (December through March) of continuous snow coverage (Gonzalez 
et al. 2007, p. 7). Where snow conditions do not consistently favor lynx, increased potential for 
predation and competition would be expected. Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure low (Slough and Mowat 1996, entire), high-speed/ 
high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.  
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
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breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow conditions for about 4 months are needed to support lynx 
occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, some 
places, including within the range of the DPS, appear naturally to barely meet these 
requirements or to do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions recover or improve. As with 
individual lynx, populations are more likely to persist in landscapes where the effects of 
competition, predation, and human-caused mortality (e.g., trapping, vehicle collisions) are 
relatively lower. 
 
At the periphery of the range of a species with a mainland-island metapopulation structure, like 
that thought to govern lynx populations in the DPS (McKelvey et al. 2000b, p. 25), it is 
anticipated that, in addition to habitat islands that support persistent populations, there will be 
other islands that support resident lynx only occasionally, intermittently, or temporarily and 
which may sometimes act as “sources” that produce surplus animals that may disperse to other 
islands and, at other times, as “sinks” that depend on immigration from sources (McKelvey et al. 
2000b, p. 30; also see section 2.3.2, below). The persistence of lynx in each island type is 
determined by colonization and extinction rates - the former are driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing; the latter by 
population size and demographic and environmental stochasticity, with extinction more likely in 
smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31; Fig XXX).    
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000a, pp. 22, 30). There are few and temporally-limited demographic 
data for most lynx populations in the contiguous U.S.; there remains uncertainty about whether, 
and if so to what extent, the demographic health of DPS populations relies on immigration from 
northern (Canadian) populations; and immigration rates are not known for DPS populations 
(McKelvey et al. 2000a, pp. 24-34). These factors likely preclude development of meaningful 
DPS-wide or unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
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Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in southern Yukon, followed by a rate of λ = 1.01 (stable) during the first year 
of a hare decline, and λ = 0.01 (note - this appears to be an error; the correct value for λ in a 
population in which the estimated number of individuals declined from 135 in 1992 to 13 in 1993 
should be 13/135 = 0.10 [rounded to two decimals]) and λ = 0.46 (rapid decline) during the first 
two years of the lynx population decline when hares were scarce. However, the natural range in 
λ that would be expected among peripheral, isolated, or semi-isolated and non-cyclic or weakly-
cyclic lynx populations in the DPS, thought to be subpopulations in a larger metapopulation 
structure, versus those that would signal long-term population decline or instability is unknown. 
Despite this, and the limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 
20) calculated population growth rates in northwestern Montana of λ = 0.92 for lynx in the 
Seeley Lake area (i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the 
Purcell Mountains (increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; 
USFWS, Vortex10, deterministic population simulation) used demographic data from Vashon et 
al. 2012 (pp. XX-XX) to calculate finite growth rates during a period of high hare density (λ = 
1.16; increasing trend) and during a period of low hare density (λ = 0.88; decreasing trend) for 
the lynx population in northern Maine (see also section 4.1.1, below).     
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx  (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 square kilometers (USFWS 2005, p. 5). McKelvey et al. 
(2000b, p. 29) noted that extinction (extirpation) risk should decrease with increasing population 
size, and that extinction resulting from demographic stochasticity is very unlikely even for a 
population (generally; not specific to lynx) with as few as 20 reproducing females. Kramer- 
Schadt et al. (2005, entire) developed a spatially explicit population model for Eurasian lynx in 
Germany which they combined with demographic scenarios to evaluate the likely success of 
potential reintroduction efforts; they concluded that at least 10 females and 5 males would be 
required to establish a population with an extinction probability less than 5 percent over 50 
years. Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian 
lynx; they found that extinction occurred only in small populations that occupied habitats of less 
than 500 km2 and that extinction within 35 years was unlikely among populations occupying 
areas of at least 500 km2 of adequate habitat quality. 
 
In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
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immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; U.S. Fish and Wildlife 
Service 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 
54789). 

2.3 Historic and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; Alaska 
Center for Conservation Science 2016, p. 1). It is strongly associated with the expansive, 
continuous boreal forests of those areas, and its range largely overlaps that of its primary prey, 
the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 146; Mowat et 
al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to occupy about 
5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their historic range in that 
country (Environment Canada 2014, p. 2), and over 89 percent of the species’ entire 
distribution. Nationally in Canada, lynx are classified as secure, widespread, and abundant; they 
are managed for long-term population stability, with a conservative estimate of 110,000 
individuals during cyclic lows; and no acute, widespread threats to lynx have been identified 
(Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Science Conservation, 
http://akgap.uaa.alaska.edu/species-data/canadian-lynx-annual-distribution/#content, accessed 

http://akgap.uaa.alaska.edu/species-data/canadian-lynx-annual-distribution/#content
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4/28/2016; Reimer 2016, pers. comm.), which represents about 8.7 percent of the species’ 
distribution. Lynx in Alaska are apparently secure, with low to moderate threats, and populations 
appear stable statewide, although total abundance is unknown (Alaska Natural Heritage 
Program 2008, pp. 2-4). In both Alaska and Canada, lynx trapping is managed through 
regulated seasons and harvest levels, which are adjusted to avoid overexploitation, especially 
during the low phase of the hare-lynx population cycle (Alaska Natural Heritage Program 2008, 
pp. 2-6; Vashon 2015, pp. 5-6). Along the Canada-U.S. border in provinces adjacent to DPS 
lynx populations, lynx trapping is prohibited in New Brunswick (adjacent to northeastern Maine) 
but regulated trapping is permitted in Quebec (adjacent to northwestern Maine, northern New 
Hampshire, and northern Vermont), Ontario (adjacent to northeastern Minnesota), Alberta 
(adjacent to northwestern Montana), and British Columbia (adjacent to northwestern Montana, 
northern Idaho, and northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historic conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historic range of lynx in the contiguous 
U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Because of this, resident lynx populations never occurred everywhere boreal forest existed in 
the contiguous U.S. Where the boreal forest was naturally more patchy and marginal, the 
habitat was incapable of supporting an adequate snowshoe hare population that in turn was 
incapable of supporting a resident lynx population over time. As a result, only a few areas in the 
contiguous U.S. historically supported an adequate quantity and quality of habitat to support 
resident lynx populations over time, and many historical lynx occurrences across a large area of 
the contiguous U.S. were likely dispersers. The occurrence of dispersing lynx is unpredictable, 
and dispersing lynx will likely continue to periodically move into areas that are not lynx habitat 
(68 FR 40077). 
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The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (U.S. Fish and Wildlife Service 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 
54812-54823). Many records of lynx in the contiguous U.S. appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16), suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous U.S.exist either as 
resident populations or as dispersers, that dispersing lynx are often found repeatedly and for 
variable amounts of time in habitats that cannot sustain breeding populations over time (though 
some breeding may occur occasionally in some of these areas), and that such areas probably 
contribute little to the persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated 
dispersal into habitats that ultimately cannot support the species (‘‘sink’’ habitats) often leads to 
confusion among scientists and the public about where lynx populations may be viable (74 FR 
66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the metapopulation structure thought 
to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see Section 2.2, 
above) and the transitional (and, therefore, increasingly fragmented and isolated) and spatially- 
and temporally-shifting nature of lynx habitat at the southern periphery of the range (Koehler 
and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 FR 54814) also 
present challenges in defining the distribution of lynx. Both factors suggest that some areas of 
the contiguous U.S. may naturally support resident lynx only temporarily or occasionally when 
habitat conditions (both boreal forest vegetation supporting abundant hares and snow 
conditions favoring lynx) are adequate and/or when immigration is sufficient to offset the lower 
productivity and recruitment rates expected among lynx populations in marginal or suboptimal 
habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... source-sink 
mosaics that shift with disturbance and succession,” and the contribution, if any, of these places 
(especially those that act more often as “sinks” than “sources”) to the maintenance and 
persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
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Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-
5). Because of the large effect that relatively few errors in identification can have on 
assessments of the distribution of rare animals, especially those that are easily confused with a 
similar and more common species, McKelvey et al. (2000a, p. 209; 2008, pp. 553-554) suggest 
that anecdotal information should be interpreted with caution, and only verified occurrence data 
should be used to assess historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historic or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgement of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 
 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6) and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
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these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077).  Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128).  As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods.  These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000b, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx.  Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep, fluffy snow conditions.   
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historic or recent evidence of the habitat quality or 
quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 66940-
66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx in the 
DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and snow 
conditions, and that they were not capable historically and are not capable now of supporting 
resident lynx populations.  
 
The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
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or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best historic 
and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 40097-
40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.      
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historic and potential future occurrences of lynx in these states most likely 
represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident, 
breeding lynx, but that it’s ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
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Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historic lynx reports for the Southern Rockies, questioned its 
original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historic records were of periodic dispersing lynx during “extremely high populations cycles” 
and that a resident population never existed in southeastern Wyoming (68 FR 40081, 40091). 
The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now Colorado 
Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into southwestern 
Colorado (with plans to release an additional 186 lynx from 2003-2009) in an effort to 
reestablish a resident lynx population, that reproduction among some of the released lynx had 
been documented by 2003, but that it was too early to whether the program would be successful 
(68 FR 40091).  In that rule, the Service also concluded that, despite evidence of reproduction in 
northwestern Wyoming (part of the GYA), potential habitat there is naturally marginal (patchier 
and composed of drier forest types), may be incapable of supporting a resident lynx population, 
and that lynx in northern Wyoming are most likely dispersers (68 FR 40090). Also in 2003, the 
Service concluded that it was possible resident lynx occurred in northern New York prior to 1900 
but the potential habitat there is small, marginal, and likely has only supported dispersing lynx 
since then, and that an effort to reintroduce lynx there failed quickly, suggesting the habitat is 
incapable of supporting a resident population (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan, 2011a, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011a, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (CPW 2015, p.1; Ivan in Lynx SSA Team 2016, 
pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service concluded 
that the historic record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016, p. 47), and it is uncertain whether resident lynx occur outside the San 
Juan Mountains in the southwest part of the state. We continue to believe that available 
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information suggests Colorado did not historically support a persistent resident lynx population 
and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historic occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historic records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016 pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historic and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historic record and recent evidence of lynx occupancy and reproduction 
suggested the presence of a small but persistent resident lynx population in the GYA of 
northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 54825-54826); 
however, the consistency of occupancy over time remains uncertain (Lynx SSA Team 2016, pp. 
11, 45, 57). Uncertainty about whether this area consistently or only intermittently supported 
resident lynx historically makes it difficult to interpret their recent apparent absence from the 
area (Lynx SSA Team 2016, p. 57). If residency was intermittent historically, the current 
apparent absence of resident lynx might be a natural condition related to the area’s largely 
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marginal or suboptimal habitat conditions - i.e., it may naturally be capable of supporting 
resident lynx only intermittently when habitat conditions and hare densities are optimal. In that 
case, future intermittent residency would be expected, but only if lynx dispersing from a source 
population immigrate to the GYA when habitat conditions and hare densities return to more 
favorable levels.  Conversely, if the GYA always historically supported a small number of 
resident lynx but no longer does, it may suggest that some factor or factors have acted to tip the 
quality of the area’s habitat from just barely capable of supporting a small resident population to 
no longer capable of doing so, resulting in extirpation. We conclude that this uncertainty cannot 
be resolved based on the available information but, given the protected conservation status of 
millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its historic inability to support a robust, persistent resident population 
and its apparent recent inability to support any resident lynx may be a reflection of naturally 
marginal and patchy habitats and relatively low hare abundance in much of the unit, resulting in 
only an intermittent ability of this unit to support resident lynx. We also note that extensive areas 
of the GYA were burned by the large, intense wildfires of 1988, and that these areas may soon 
(perhaps in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer 
structure favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the 
likelihood that the GYA may support resident lynx again in the near future (Lynx SSA Team 
2016, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx  detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in northern New Hampshire. We conclude that northern and central New 
Hampshire likely supported a small resident lynx population historically that was extirpated 
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during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821) and temporarily 
favorable snow conditions that may have reduced bobcat numbers.        
  
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historic lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historic record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx appear to be confined to the Purcell, Selkirk, and possibly the Cabinet 
mountain ranges in the northern panhandle. The number of resident lynx in northern Idaho is 
unknown but certainly small based on the amount of potential habitat, and resident lynx here are 
part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state, which currently supports the largest lynx 
population in the DPS (McKelvey et al. 2000a, pp. 211-212; Hoving et al. 2003, entire; Vashon 
et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA Team 
2016, p. 18). The lynx population in Maine is much larger than was suspected at the time of 
listing or the 2003 remand (thought now to number 750-1,000+ individuals [Vashon in Lynx SSA 
Team 2016, p. 18], though a reliable population estimate is lacking). The current abundance of 
lynx is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
budworm outbreak (68 FR 40087; 79 FR 54792; also see section 4.1.1, below). As these 
regenerating clearcuts, which currently provide the dense horizontal structure preferred by 
hares, mature beyond about 35 years post-harvest, hare densities decline as cover and forage 
are reduced due to forest succession (Simons 2009, p. 217). The current lynx population is 
probably larger than the likely historic condition, when relatively small amounts of the spruce-fir 
forests in the state are thought to have been composed of young stands (Lorimer 1977, entire; 
68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting 
following enactment of the Maine Forest Practices Act of 1989, it is projected that lynx densities 
in Maine will decline by 55 to 65 percent by 2032 (Simons 2009, p. 217). Lynx in Maine likely 
represent the southern periphery of a larger population that occurs in western New Brunswick 
and southern Quebec south of the St. Lawrence Seaway/River, which appears to partially 
isolate lynx in this region, demographically and genetically, from populations in the core of the 
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species’ range (Cite - Koen et al. 2014,  2015?). The extent to which lynx persistence in Maine 
relies on immigration from Canada is unknown.     
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that appears to be 
the southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 
and areas to the south and west are dominated by bobcats (cite?). Although there are currently 
more lynx in Minnesota than suspected at the time of listing, it is unclear whether current 
numbers and distribution are similar to the historical condition. The extent to which lynx 
persistence in Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016 pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
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Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).    
  
In summary, although uncertainty remains regarding the historic distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire, though lynx persistence in New Hampshire is uncertain and lynx 
numbers in Maine are projected to decline over the next several decades. In the West, small 
breeding populations in the GYA and the Garnet Mountains of Montana may recently have 
become extirpated (although both also may be only temporarily “winked off” in a metapopulation 
dynamics sense). In north-central Washington, lynx habitat and numbers have declined 
because of recent large fires and insect outbreaks, and the persistence of the breeding 
population there could be threatened if additional such impacts occur with similar magnitude 
and frequency over the next several decades. As a result of the release of 218 Canadian and 
Alaskan lynx from 1999-2006, resident lynx currently occur in western Colorado. Although the 
number of lynx in this population and its future persistence are uncertain, Colorado currently 
supports more lynx than it likely did, based on the historic record, for much of the previous 
century. The geographic units evaluated in this SSA include all areas in the contiguous U.S. 
with strong historical and recent evidence of persistent resident lynx populations. Detailed 
assessments of the current status and future viability of resident lynx populations and habitats in 
these areas are presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historic and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
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regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78).    

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northeast and Great Lakes regions. Therefore, in the following sections 
we describe and compare the Federal regulatory environment for lynx in the DPS at the time of 
listing and currently, and we describe other regulatory mechanisms as they pertain to lynx on 
private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat be designated for listed species and section 7 
prohibits the destruction or adverse modification of such designated habitats. Critical habitat 
was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 also 
requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet been 
completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those lands, roughly 87 percent is managed by the 
U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 percent by 
the Bureau of Land Management (BLM). The amount of Federal land varies by unit, ranging 
from 0 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see Chapter 4 
below for ownership in each geographic unit). Federal lands management is guided by a 
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number of statutes and associated regulations, policies, standards, guidelines, and best 
management practices applied by managing agencies to meet legislative mandates and achieve 
agency missions (for a summary of relevant Acts and associated regulations and guidance, see 
USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some benefits to lynx 
and protect lynx habitats (USFWS 2014, pp. 24-34). For example, the conservation priority in 
the management of NPS lands in accordance with the National Park Service Organic Act (16 
USC 1 et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and 
the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to provide for the conservation of the DPS. 
Therefore, the evaluation below focuses on the efforts of USFS and BLM, in collaboration with 
the Service, to address the regulatory inadequacy for which the DPS was listed.    
  
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms 
(Factor D as described in section 4(a)(1) of the ESA). Specifically, at that time the Service 
believed that most lynx populations and potential lynx habitats (broad forest vegetation classes 
defined as “lynx forest types” [65 FR 16071]) in the contiguous U.S. occurred on Federal 
(USFS, NPS, and BLM) lands in the western states, and that the plans that guided management 
of those lands (particularly USFS and BLM lands) included “...programs, practices, and activities 
within the authority and jurisdiction of Federal land management agencies that may threaten 
lynx or lynx habitat. The lack of protection for lynx in these Plans render them inadequate to 
protect the species” (65 FR 16052, 16082). At that time, the Service found that USFS and BLM 
management plans did not adequately address risks to lynx and, as identified in the LCAS 
(Ruediger et al. 2000, pp. 2-1 through 6-3), those plans allowed actions that cumulatively could 
result in significant detrimental effects to lynx in the contiguous U.S. As a result, the Service 
concluded in the final rule that the lack of Federal Land Management Plan guidance for the 
conservation of lynx and the potential for those plans to allow or direct actions that could 
adversely affect lynx constituted a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed a Lynx Biology Team to prepare a 
lynx conservation strategy applicable to Federal land management in the contiguous U.S. 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
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etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements, and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historic conditions and landscape-scale disturbance patterns 
and to maintain or improve lynx and hare habitats at both local (project-level) and landscape 
scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM managers 
within the range of the DPS agreed to implement the standards and guidelines identified in the 
LCAS until management plans could be formally amended to specifically address lynx 
conservation. In 2000, the Service, USFS, and BLM developed and adopted Canada Lynx 
Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and USFWS 2000, 
entire) in which the BLM and USFS agreed to coordinate assessment and planning efforts with 
the Service to assure a comprehensive approach to lynx conservation and to use the LCAS, 
supporting science, and locally specific information as the basis for the approach and to 
streamline consultation under section 7 of the ESA. The USFS further committed to deferring 
any actions not involving third parties that would adversely affect lynx until such time as the 
Forest Plans were amended or revised to adequately conserve lynx (USFS and USFWS 2000, 
p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx, which 
identified and evaluated the potential effects to lynx of implementation of 57 USFS Land and 
Resource Management Plans and 56 BLM Land Use Plans throughout the 14 states in which 
the lynx DPS was proposed for listing (USFS and BLM 1999, entire). The BA concluded that the 
potential for adverse effects to lynx existed on each administrative unit in each geographic area 
and that, cumulatively, implementation of the existing plans was likely to adversely affect the 
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DPS; it recommended that all of the plans be amended or revised to incorporate conservation 
measures to reduce or eliminate adverse effects to lynx (USFS and BLM 1999, p. 14). In its 
2000 biological opinion, the Service evaluated the plans described in the BA in conjunction with 
the CAs described above (USFWS 2000, p. 15) and concluded that implementation of the 
existing plans in accordance with the CAs until plans could be formally amended or revised was 
not likely to jeopardize the DPS, but that amendments or revisions to those plans were needed 
to further reduce or avoid the potential for adverse effects to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the effects of Federal land management activities on lynx, but that amendment of USFS and 
BLM land management plans to conserve lynx would be the strongest mechanism to ensure 
long-term conservation of lynx and lynx habitat on Federal lands (68 FR 40096-97). It concluded 
that although Federal, State, and Tribal regulations and plans had reduced threats to the DPS, 
the inadequacy of existing regulatory mechanisms still posed a moderate, albeit lower-level 
threat, and would continue to do so until Federal land management plans were specifically 
amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised to their land management plans to incorporate the conservation measures, 
standards, and guidelines identified in the LCAS. From 2004-2006, forest plans for seven 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the 
Northern Rockies Lynx Management Direction (NRLMD), which formally amended management 
plans to include lynx conservation measures, standards, and guidelines for 18 national forests 
covering over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 
72,000 km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 
79 FR 54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS 
similarly completed the Southern Rockies Lynx Amendment (SRLA), which formally amended 
forest plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
Over 99 percent of BLM lands in SSA geographic units occur in Colorado (53 percent), Montana 
(27 percent), and Wyoming (19 percent). In the Western Colorado SSA unit, BLM Field Offices 
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that contain potential lynx habitat include the Colorado River Valley, Grand Junction, Gunnison, 
Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White 
River Field Offices. These BLM areas were subject to the 2000 interagency CA; however, that 
CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed.  Since then, BLM 
Resource Management Plans (RMPs) have been revised on the Colorado River Valley, Grand 
Junction, Kremmling, Little Snake, and Tres Rios Field Offices. RMPs for the Gunnison, Royal 
Gorge, San Luis Valley, Uncompahgre, and White River Field Offices have not been revised 
and do not contain specific measures for the conservation of lynx.  BLM lands in the Garnet 
Resource Area in Montana and parts of the Kemmerer and Pinedale districts in Wyoming occur 
within the Northwestern Montana/Northeastern Idaho and GYA SSA geographic areas, 
respectively. These areas were also designated as lynx critical habitat. The RMP for the Garnet 
area was amended in 2004 to formally adopt the conservation measures of the LCAS (BLM 
2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts were revised in 
2008 and 2010, respectively, to adopt conservation measures and best management practices 
for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to limit potentially adverse effects and promote beneficial effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the the NRLMD, the Service concluded that its 
application “...would substantially reduce or eliminate adverse effects to lynx from Forest 
Service land management activities on at least 94 percent of this area, and more likely nearer to 
98 percent” (USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the 
Service concluded that vegetation management standards in the SRLA would prohibit 
treatments that could adversely affect essential components of lynx habitat on 95.5 percent of 
the mapped (potential) lynx habitat in the SRLA area (USFWS 2008, p. 52).       
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In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them, and they represent the agencies’ efforts, 
in collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively. The amount of private land varies by unit, 
ranging from 0.3 percent in the North-central Washington Unit to almost 92 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units (see Table 1, above, Chapter 4 below for 
ownership in each geographic unit). Private, State, and Tribal lands, combined, constitute all of 
the lands in the Northern Maine Geographic Unit and over half of those in the Northeastern 
Minnesota Unit. Because both of these units support larger resident lynx populations than was 
known when the DPS was listed and, therefore, may contribute more substantially to the 
conservation of the DPS than was understood at the time of listing, we must evaluate the 
regulatory mechanisms that pertain to lynx on these lands (Lynx SSA Team 2016, p. 54). 
Although private, State, and Tribal lands constitute much smaller proportions of the other four 
(western) geographic units (from about 3 percent to 16 percent, combined), important lynx 
habitats occur on some of those lands, and regulatory mechanisms may influence their 
contributions to the conservation and persistence of DPS populations or parts of them. 
Therefore, in this section, we summarize the relevant regulatory frameworks and mechanisms 
that may affect lynx on private, State, and Tribal lands within the six geographic units of the 
DPS, but with a focus on those units with the greatest proportions of these lands and on 
activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
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information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take of lynx during legal trapping of other furbearers. These 
efforts benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations where lynx may occur which address 
specifics about traps types and sets that may be used to legally harvest other furbearers and 
that are intended to minimize the likelihood of incidentally trapping lynx 
(http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/). MDIFW 
also adopted and made available for download on its web page the interagency brochure How 
to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats and other Furbearers, and 
modified it to be more specific to Maine and to include a quick reference guide 
(http://www.maine.gov/ifw/hunting_trapping/pdfs/lynx_brochure_updated_october_2009_final.pd
f). MDIFW also set-up an incidental lynx capture hotline and requires that all incidentally trapped 
lynx be reported (http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm), and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. This program has resulted in the successful 
release of many lynx, uninjured, that were incidentally trapped in northern Maine. In 2014, the 
MDIFW obtained an incidental take permit from the Service for lynx trapped incidental to other 
legal furbearer trapping in Maine. After two lynx were killed in killer-type traps in 2014, MDIFW 
imposed additional trapping restrictions to further reduce mortality and injury of incidentally-
trapped lynx (see Other Factors in section 4.1.1 below). The MDIFW also is responsible for 
implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends forest management activities to 
promote a sustainable supply and large, connected, and widely-distributed blocks of dense, 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/pdfs/lynx_brochure_updated_october_2009_final.pdf
http://www.maine.gov/ifw/hunting_trapping/pdfs/lynx_brochure_updated_october_2009_final.pdf
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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young spruce-fir stands and to conserve large blocks of unfragmented forestland in northern 
and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 52-54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2013/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating  additional  restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 
trapping lynx. Like Maine, Minnesota has a State Endangered Species Statute (84.0895) which 
requires the Minnesota DNR to adopt rules designating species meeting the statutory definitions 
of endangered, threatened, or species of special concern (State of Minnesota 2015, entire). The 
Statute also authorizes the DNR to adopt rules that regulate treatment of species designated as 
endangered and threatened. Also like Maine, Minnesota has designated the lynx a species of 
special concern (MNDNR 2013, p. 2), and coordinates with the Service and other agencies to 
conduct research and monitor lynx populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - The harvest of lynx was prohibited in Idaho 
and Montana in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2016, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). 
Currently, these regulations identify designated lynx protection zones (LPZs) and define 

http://files.dnr.state.mn.us/rlp/regulations/hunting/2013/full_regs.pdf
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acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). MTFWP is also responsible for implementing Montana’s Nongame and 
Endangered Species Conservation Act (http://leg.mt.gov/bills/mca/87/5/87-5-103.htm; 
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection#87-5-
107). 
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foot-hold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973. The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations.  Because these activities have 
the potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5,particularly for the Maine and Minnesota, where State and private 
lands constitute the majority of lynx habitats.  

http://leg.mt.gov/bills/mca/87/5/87-5-103.htm
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection#87-5-107
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection#87-5-107
http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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Unit 1: Northern Maine - State and private lands constitute 7 percent and 92 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.1.1 and 5.1.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut excellent hare habitat likely peaked 
in the late 1990s, when 20-25 percent of the forest in Maine was in an early regeneration stage - 
3 to 8 times higher than historic conditions, when only 3-7 percent of stands were likely in such 
condition at any given time (68 FR 40094). Current timber harvest and management on State 
and private lands in Maine are governed by the Maine Forest Practices Act of 1989 and 
administered by the Maine Forest Service within the Department of Agriculture, Conservation & 
Forestry to regulate the size, arrangement, regeneration, and management of clearcuts 
(MEDACF 2014, pp. 42-45). Under the Act, the extensive clear-cutting of the past has largely 
been replaced by partial harvest techniques that are unlikely to maintain the current unnaturally 
high amount and distribution of high-quality hare habitat. The consequences of this shift in forest 
management on Maine’s current lynx population, which is also much larger than was likely 
possible under the natural historic disturbance regime, are discussed below in sections 4.1.1 
and 5.1.1, along with other programs that may influence private lands forest management in this 
unit.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and state landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).   
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit, and almost all are in Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution (http://dnrc.mt.gov/divisions/forestry/forestry-
assistance/forest-practices, accessed July 18, 2016). Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
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describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers over 63 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.1.3 
below.  
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit.t, and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent state agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001; Washington DNR 2006). The WADNR LHMP guides 
timber harvest and other vegetation management on these lands, including the part of the 
Loomis State Forest that occurs in this unit, with the goal of creating and preserving quality lynx 
habitat through its forest management activities. Additional information on the LHMP are 
provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit And, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.   
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
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Unit 1: Northern Maine - Tribal lands represent just under 1 percent of this unit. The 
Passamaquoddy Tribe’s stated environmental mission is “...to protect the environment and 
conserve natural resources within all Passamaquoddy lands, waters, and the air we share” 
(Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation Department of 
Natural Resources is “...to manage, develop and protect the Penobscot Nation’s natural 
resources in a sustainable manner that protects and enhances the cultural integrity of the Tribe” 
(Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are prohibited in 
accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game Regulations – 
Section 204 (Penobscot Indian Nation 2012, p. 15). 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.   
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3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
  
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is due to 
natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S.(USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
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concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al.2012, pp. 6–13) suggested that climate change is 
likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models projected reductions in the extent of boreal forest habitats 
and snow conditions needed to support lynx throughout the DPS, with both features modeled to 
migrate to higher elevations (where possible) and northward in latitude. This would result in 
fewer, smaller, and more fragmented and isolated areas capable of supporting resident lynx 
and, therefore, smaller and more isolated lynx populations that would likely be more vulnerable 
to stochastic environmental and demographic events (79 FR 54811). Climate change also may 
have synergistic effects with other stressors (e.g., forest insect outbreaks and wildfire frequency, 
size, and intensity) that could further reduce and isolate lynx populations within the DPS and 
reduce connectivity to lynx in Canada. 
  
Lynx biologists identified climate change as the most important and overarching factor 
influencing resiliency of the DPS (Fig. X) (Workshop report 2016, Lynx BioTeam 2013).  Climate 
change is likely to be exacerbated at the southern edge of the range where habitat and snow 
conditions are patchy and becoming increasingly marginal for the continued existence of lynx 
(Gonzales et al. 2007).  Across North America, a significant decrease in winter snow cover 
extent and increasing ratio of rain/snow precipitation, especially in winter, has resulted in 
reduced persistence of the winter snowpack (Dyer and Mote 2006), increased snow density 
(Dudley and Hodgkins), and decrease in the extent of deeper snowpacks (Dyer and Mote 2006, 
Brown 2000). Climate change models suggest that future snow cover in the contiguous U.S. will 
be further reduced in extent and distribution (McKelvey et al. 2011).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure; 
The character of the snowpack, namely replacing deep, fluffy snow with harder, crustier snow 
conditions are occurring at higher latitudes (Callaghan et al. 2011, entire) and higher elevations 
in the Rockies (Abatzoglou 2011).  As the climate warms, winter temperatures are rising above 
freezing more often.  This results in more rain on snow events and winter thaws that change the 
structure of the snowpack; larger grain size, basal ice layers, depth hoar (weak layers in the 
snowpack), slip planes (crusts and ice layers within the snowpack) (Callaghan et al. 2011, p. 
23).   
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006).  Globally, greenhouse gas emissions are increasing and 
tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et al. 
2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013).  Analysis of 
paleoclimate indicates 20th century warming is likely to have been the largest of any century 
within the last 1000 years (Folland et al. 2001).  
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Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS.  To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Workshop Report 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
  
These changes are predicted to continue and accelerate under future climate scenarios (Hall 
and Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 
°C) to 10.8 °F (6 °C) for North America, with warming higher than this average in areas that are 
inland, northerly, or mountainous. 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS.  The strong warming in the 1980s corresponded to a large 
decline in snow cover in North America (Mote et al. 2005), particularly in the western U.S.  In 
accordance, spring snowpack has decreased by about 11 percent.  Temperature has increased 
more in the winter than summer (Knowles et al. 2006), which has increased the amount of 
winter precipitation falling as rain instead of snow throughout the DPS (Feng and Hu 2007, 
entire; Knowles et al. 2006, entire, Huntington et al. 2004, entire).   
 
Effects of climate change on Canada lynx 
 
An analysis of potential snow cover under a range of IPCC future climate scenarios and 
modeling of vegetation using a dynamic vegetation model indicates that potential lynx habitat 
could decrease by as much as two-thirds in the contiguous U.S. by the end of this century 
(Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Climate modeling suggests that lynx habitat and 
populations are anticipated to decline accordingly (Carroll 2007, pp. 1098–1102) and may 
disappear completely from parts of the range of the DPS by the end of this century (Johnston et 
al. 2012, pp. 6–13).  Lynx populations are at risk in the core of their range in Canada as well. 
Based on a general circulation model, Kerr and Packer (1998) predicted that lynx would be 
among the 25 mammal species in Canada likely to undergo significant loss of habitat, with 
accompanying decreases in population size. 
  
Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Remaining lynx populations would likely be smaller than at present and, because 
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of small population size and increased isolation, populations would likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103). 
 
Various forms of snow compaction and structure within the snowpack (see above) give a 
competitive advantage to bobcats and other predators/competitors with higher foot loading that 
would normally have difficulty surviving in deep, fluffy snow conditions (Murray and Boutin 1991, 
Murray et al. 1994, Kolbe et al. 2010).  Lynx habitat (boreal forest with appropriate snow 
conditions) could decrease by up to two-thirds in the lower 48 U.S. and one-fifth across the 
continent by 2100 (Gonzales et al. 2007).  These trends indicate the range of the lynx in the 
DPS is likely to contract as a direct result of climate change.  Because of climate change and 
other stressors, lynx biologists believed three or four of the six units would not persist to the end 
of the century (Workshop report 2016, p. ). 
  
Near-term effects of climate warming on lynx are more certain than long-term effects.  Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six units 
primarily because of the effects of climate warming (Workshop report 2016 p. X).  The rates of 
change and magnitude of effects of climate warming is difficult to predict.  Climate change is 
anticipated to affect each unit differently as summarized below.   
 
Fig. X.  A simplified effects pathway depicting how climate change affects resiliency of lynx 
populations in the DPS. 
  
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS and in the core of their range in Canada and Alaska (Fig. X).  Climate warming 
will continue to stress populations into the foreseeable future. Direct effects to lynx, hares, and 
their habitat that are occurring or can be reasonably be anticipated include 1) range contraction, 
2) reduction in the periodicity of and amplitude of the hare cycle, 3) reduction in snow conditions 
necessary to give lynx a competitive advantage, 4) reduction in hare habitat quality and 
populations, 5) reduction in the amount of lynx and hare habitat in the U.S., 6) changes in the 
frequency and pattern of disturbance events, 7) introduction of disease and parasites, and 8) 
reduced gene flow.  Synergistic effects between these factors and other stressors (e.g., forest 
management, trapping, development) may intensify their effects (Carroll 2007). Diminished 
snow, increasing drought and fire, and increased forest pests and disease are believed to 
currently be the most important stressors for lynx in the DPS (Fig. X), but it is possible that other 
pathways are, or may become, equally important. Over the next decades, southern lynx 
population will continue to be affected by climate change and associated shifts in habitat, prey 
base, and competition.  The extent of such changes and whether lynx are able to adapt to them 
will determine not how, but if, this species can persist in the contiguous U.S. (Murray et al. 
2008). 
  
Range Contraction - In response to climate change, lynx range in the DPS is expected to 
contract from upward shifts in elevation (Danby and Hik 2007) or northward shifts in latitudinal 
distribution of boreal habitat and snow conditions able to support lynx (Sturm et al. 2001, 
Rosenzweig et al. 2007, Gonzales et al. 2007, Koen et al. 2014, Lynx Biology Team 2013, p. 
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69).  For example, lynx distribution in southeastern Ontario has shifted northward >175 km over 
the past 40 years (Koen et al. 2014, pp. 757-758).  Habitat patches will become smaller, more 
fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et al. 2012, p. 11) and lynx will 
become more vulnerable to stochastic and environmental and demographic effects because of 
smaller population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering major 
climate pathways such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect northern hemispheric temperature 
and snow.  Climate change-induced disruptions are believed to have caused the collapse of 
cycles in voles, lemming, and snowshoe hares (Ims et al. 2008, p. 81, Murray 2000).  The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extent of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances (Schmitz et al. 2003, Ims et al. 2008). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced cycle of 
snowshoe hares in its northern range of North America, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008). 
  
These changes have already influenced the climate and snow conditions throughout the 
geographic range of the lynx in North America (Stenseth et al. 1999, Krebs et al. 2001b, 
Huntington et al. 2003). Yan et al. 2013 (p. 3269) provide the first evidence of the negative 
effects of global warming and disappearance of hare-lynx cycles in Canada as noted in the Lynx 
Workshop Report (2016, p. 13).  Climate forcing is not only essential in producing sustained 
cycles, but is also essential in modifying the cycle intervals (Yan et al. 2013, p. 3269).  
Collapses in the lynx fur harvests during cycle peaks between the 1950s and 1980s might be 
linked to global warming (Yan et al. 2013, p. 3269).  With more pronounced troughs in hare 
abundance, lynx populations will decline (Hone et al. 2011, p. 424).  Diminished lynx population 
in the core of the range in Canada is a concern because most of the populations of lynx in the 
DPS are believed to be dependent on periodic immigration from Canada for demographic 
persistence and genetic stability (68 FR 40091, 40097-40100).  The disrupted hare cycle will 
likely translate into a reduced potential for lynx to expand into new or unoccupied habitat in 
Canada or the adjoining U.S. (Lynx Biology Team 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage -  
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, Carroll 2007, McKelvey et al. 
2011, Lynx BioTeam 2012 p. 69, Gonzales et al. 2007).  Across their worldwide distribution, lynx 
rely on deep, powdery and persistent snow because they restrict potential lynx competitors such 
as bobcat or coyote and predators such as fishers and cougars from effectively encroaching on 
or hunting hares in winter lynx habitat (Peers et al. 2016, entire; 79 FR 54809).  
  
Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
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during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549). 
This trend is expected to continue with future warming (Hamlet and Lettenmaier 1999, p. 1611; 
Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 2007b, p. 850). The IPCC (2007b, 
p. 850) concludes that ‘‘snow season length and snow depth are very likely to decrease in most 
of North America except in the northernmost part of Canada where maximum snow depth is 
likely to increase.’’ Shifts in the timing of the initiation of spring runoff toward earlier dates in 
western North America are also well documented (Hamlet and Lettenmaier 1999, p. 1609; 
Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et 
al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a feedback effect causes the loss of 
snow cover due to the reflective nature of snow and the relative heat-absorbing properties of 
non-snow-covered ground. This feedback effect leads to the highest magnitude of warming 
occurring at the interface of snow-covered and exposed areas, increasing the rate at which 
melting occurs in spring (Groisman et al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 
198–200). This effect has led to the average date of peak snowmelt to shift 3 weeks earlier in 
spring in the Intermountain West (Fagre 2005, p. 4). Snow accumulation and duration are 
expected to decline generally in the geographic areas that contain the central and eastern 
portion of the lynx DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Due to the importance to 
lynx of prolonged periods of deep fluffy snow, current habitats that lose this feature would 
decline in value for lynx (Hoving 2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, 
entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). Bobcat are the 
closest related species to lynx in North America, and they outcompete or displace lynx wherever 
the two species overlap at a broad geographic scale (Peers et al. 2016, entire) and local scale 
(Parker et al. 1983, Robinson 2006, pp. 120-129).  In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120).  Snow depth likely acts as a mediator of competition between the two species.  
Bobcats have a higher foot loading than lynx and are unable to hunt hares successfully in areas 
with deep, soft snow (Krohn et al. 2004, Hoving et al. 2005) and experience high mortality in 
deep snow winters (Litvaitis et al. 1986).  Lynx have a high foot loading and long legs (Buskirk 
et al. 2000, p. 90, Hoving et al. 2003) that give them a competitive advantage over bobcats in 
deep, fluffy snow conditions.  This has important implications for lynx persistence and range 
distribution at the southern edge of their range considering the current and projected changes in 
snow cover, stable or increasing bobcat populations in DPS (Roberts and Crimmins 2010, p. 
170) and the predicted northward expansion of bobcat into areas currently occupied by lynx 
(Lavoie et al. 2009, Roberts and Crimmins 2010, Anderson and Lovallo 2003). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other potential species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
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predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (Lynx Biology Team 2013, p. 36).  Cougars are also 
predators of lynx in the West (Lynx Biology Team 2013, p. 35), but like bobcats also have high 
foot loading in deep, fluffy snow (Buskirk et al. 2000, p. 90).  Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2004, entire).   
  
Introgression of lynx and bobcats are an uncertain threat to lynx conservation. Bobcats have 
hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, Homyack 
et al. 2008), where low topographic relief and variability in winter severity may allow more 
interaction between the two species during the breeding season (Lynx Biology Team 2013, p. 
34).  Hybrids were capable of reproducing successfully (Homyack et al. 2008).  The rates of 
hybridization are currently low between the species (0.24 percent) but could increase as bobcat 
populations move north with climate change (Koen et al. 2014).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations by several other mechanisms 
especially at the southern extent of the range.  Changing snow conditions may influence lynx 
hunting behavior and effectiveness.  For example, hard-packed snow is reported to be 
associated with a higher kill rate of hares by lynx than soft snow (Stenseth et al. 2004, p. 
10633).  The higher kill rate could generate higher lynx abundance as a numeric response 
(Hone et al. 2011). This increased functional and numeric response by lynx and other predators 
could drive hare populations to lower levels (Stenseth et al. 2004, p. 10633), and could explain 
why hare populations have declined and seem to remain low in Maine (Scott 2009, p. 43).  
Climate change is causing increased summer precipitation in eastern North America (Jacobson 
et al. 2009, Yan et al. 2013).  Damp, cold summers in the Northeast reduce the survival of 
young hares (citation in Yan et al.) and anticipated decreased summer precipitation in central 
and western North America (Inkley et a. 2004) has a similar effect on hare survival (citation).  
Finally, the shortened duration and diminished snow cover in the DPS may lead to a mismatch 
in the phenology of hare pelage change that reduces hare survival (Mills et al. 2013, 2014). 
  
Incremental changes in climate would affect lynx directly or indirectly through effects on prey 
abundance. Annual weather patterns are known to affect survival and reproduction of snow-
shoe hares, which in turn would influence lynx productivity and survival. Reductions in lynx 
population size and the amount of available habitat possibly could decrease the likelihood of 
persistence of smaller subpopulations and successful genetic interchange between 
subpopulations (Gonzalez et al. 2007). 
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
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required by snowshoe hares.  An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). McKelvey et al. (2011) estimated 
that contiguous areas of spring snow cover would become smaller and more isolated throughout 
the Columbia, Upper Missouri, and Upper Colorado Basins, with greatest losses at the southern 
periphery, which likely is an indicator of the trajectory of lynx habitat. According to Carroll 
(2007), climate change could result in dwindling of potential lynx habitat in the northern 
Appalachians to small areas in the Canadian Maritime Provinces.   
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al.(2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 kilometers (km) during this century.  In the contiguous U.S., 
researchers expect that lynx in mountainous habitat will, to some extent, track climate changes 
by using higher elevations on mountain slopes, assuming that vegetation communities 
supportive of lynx and hare habitats also move upslope (Gonzalez et al. 2007, p. 7).  Some 
areas of the DPS (e.g., Maine, Minnesota) lack altitudinal refugia and climate change and lynx 
populations are anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
These studies predict lynx and hare habitats—boreal spruce-fir and subalpine forests—and,  
therefore, lynx distribution, are likely to shift upward in elevation within its currently occupied 
range and recede northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; 
Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 
64; ILBT 2013, p. 69). Lienard et al. (2016, p. 7) assessed forests in New England, Northern 
Great Plains, and higher elevations in the Rockies, including spruce-fir types, as vulnerable to 
drought-related stress from climate change during the next century.  The boreal spruce-fir 
forests that provide habitat for lynx and snowshoe hares are thought to be limited by summer 
temperatures and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of 
emissions and climate change scenarios, are projected to diminish dramatically or disappear 
from much of the eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–
400). Within the last 20 to 25 years, widespread mortality and reduced growth in red spruce in 
the Northeast are believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, 
Johnson et al. 1988, p. 5373.). Climate modeling suggests that lynx habitat and populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely 
from parts of the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). 
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Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11).  Remaining lynx populations would likely be smaller than at present and, because 
of small population size and increased isolation, populations would likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Millar 2004).  Boreal forests have been identified as a critical `tipping 
element' of the Earth's climate system and are believed to be more sensitive to drought than 
other forests (Lenton et al. 2008).  Global temperatures are increasing and snowfall is declining 
at the fastest rate in higher latitudes within the boreal forest region of Canada and Eurasia 
(Budyko et al. 1991, IPCC 2014).  Climate change predictions to the boreal forest are already 
occurring, and much of the climate-induced change is occurring faster than originally predicted 
suggesting rapid change as opposed to slow linear change (Soja et al. 2007, pp. 5-6).  General 
circulation models are in agreement that winter warming across the circumboreal region will be 
in excess of 40 percent above the global mean (Soja et al. 2007).  Increases in precipitation are 
expected in the boreal region of Canada, particularly during the winter, but may be offset with 
increases in summer drought, heat stress and evapotranspiration (Stocks et al. 2000).  Thus, 
boreal forest are experiencing rapid increases in tree mortality (Peng et al. 2011, entire). Boreal 
forest Several authors have suggested that grasslands, aspen parklands, and temperate forest 
will expand northward resulting in decreases in boreal forest (Rizzo and Wilken 1992, Smith and 
Shugart 1993, Starfield and Chapin 1996, Rupp et al. 2000), which could further more 
fragmented spruce-fir habitat (Prasad et al. 2007, Iverson et al. 2008, Olinger et al. 2008, Tang 
and Beckage 2010, Seymour 1992, Simons 2009, Rustad et al. 2012).   This is expected to 
further fragment boreal forest in southern Canada (Hogg 1994) and would reduce habitat 
connectivity between lynx metapopulations in the U. S. and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events - An increasing occurrence and 
persistence of drought, along with associated insect outbreaks and wildfires, could rapidly and 
dramatically affect the distribution, amount, and composition of lynx habitat (Lynx Biology Team 
2013, p. 70). Cohen and Miller (2001) suggested climate change could alter both the nature and 
extent of wildfire and beetle outbreaks. With warming climate, fire seasons in the western U.S. 
will likely be extended and the total area burned may increase (McKenzie et al. 2004). 
Westerling et al. (2006) predicted that warmer springs could increase the frequency and 
duration of wildfires, which in turn could reduce the resistance of surviving trees to bark beetle 
attack. Raffa et al. (2008) suggested that increasing temperatures and forest homogeneity likely 
will result in bark beetle outbreaks that exceed natural disturbance thresholds; this may set the 
landscape for additional outbreaks since there will be even-aged forests over a larger area. 
  
Westerling et al. (2006) compiled information on large wildfires in the western U.S. from 1970–
2004; large wildfire activity increased suddenly and markedly in the mid-1980s, with higher 
large-wildfire frequency, longer wildfire durations, and longer wildfire seasons. The greatest 
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increases occurred in mesic, middle- and high-elevation forest types (such as lodgepole pine 
and spruce-fir) in the northern Rocky Mountains. Fire exclusion has had little impact on natural 
fire regimes of these higher-elevation forest types in this area; rather, cli-mate appears to be the 
primary driver of forest wildfire risk. Large wildfires were strongly associated with increased 
spring and summer temperatures and an earlier spring snowmelt. 
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests that affect disturbance patterns in spruce-fir forests.  For example, native 
bark beetles, such as the spruce beetle and mountain pine beetle, are a key agent of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009).  Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609).  In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire).  However, widespread clearcutting following the 
most recent spruce budworm outbreak in Maine was the primary driver creating widespread lynx 
habitat (Hoving et al. 2005, Vashon et al. 2012).     
  
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire).  Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-born diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but experts believed this was difficult to predict and a 
possibility (Workshop Report 2016, p. XXXXX).  A few pathogens have been documented in 
lynx in the DPS.  For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, none 
of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed to plague by 
infected prey after their release in Colorado.  Exposure of some lynx to feline parvovirus was 
detected in six areas in western North America (Montana-Alaska)(Biek et al. 2002).   
Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats (Sarmiento 
1956, Van Zyll de Jong 1966, Kumar 1974, and Reichard 2004) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24).  Lynx with heavy infestations have difficulty breathing and succumb 
to starvation as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
  
Reduction in Gene Flow - Koen et al. (2014) hypothesized that climate change would create 
increasingly unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
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quality, declining and fragmented boreal forest), which was associated with low genetic diversity 
and high genetic differentiation at the trailing (southern) edge of the range.  Furthermore, high 
winter temperature, low snow depth, and low proportion of suitable habitat were strongly 
correlated with neutral genetic diversity, low allelic richness, and high genetic differentiation 
(Koen et al. 2014, p. 757).  They surmised that genetic structuring in southern lynx populations 
could be caused by northward shift in optimal conditions causing isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes of snowshoe hare or 
bobcats causing lynx to shift northward. Lynx with the greatest allelic richness were found in 
areas with the deepest snow in the core of their range in northern Ontario (Koen et al. 2014, p. 
758).  The authors conclude that climate warming has reduced gene flow at the receding 
(southern) edge of the lynx’s range, and that southward gene flow from Canada into threatened 
U.S. population is unlikely (Koen et al. 2014, p. 760). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations.  For example, gene flow between eastern Canada and Maine 
lynx populations depend on an ice bridge for dispersal across the St. Lawrence River.  Although 
some lynx currently cross the river, Koen et al. (2014, entire) found genetic structuring on either 
side of the river.  Thus, the river already restricts gene flow.  Climate-induced deteriorating ice 
conditions on the St. Lawrence River could further restrict gene flow between lynx populations 
north and south of the river (Koen et al. 2014, p. 528).  Between 1969 and 2002 there was a 20 
to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the St. Lawrence 
(Johnston et al. 2005).  Conversely, reduced ice on the St. Lawrence may prevent bobcats from 
dispersing northward into lynx areas in central Quebec (Koen et al. 2014, p. 528). 

3.3 Vegetation Management 
Forest management is the most prevalent land use throughout the lynx DPS and can have 
beneficial, neutral, or adverse effects on lynx and snowshoe hare habitat and populations.  
Forest management affects stand structure, composition, and arrangement on the landscape, 
which are important elements of habitat for snowshoe hares and lynx.  At the home range scale, 
lynx throughout the DPS select landscapes having the greatest snowshoe hare densities 
(citation).  In Maine and Minnesota these are young, regenerating spruce-fir forests (Hoving et 
al. 2004, McCann and Moen 2011) and in the West regenerating lodgepole pine (Koehler, 
Maletzke, Berg et al. 2012) and dense mature conifer forest (Griffin 2004, Squires et al. 2010, 
Berg et al. 2012).  Silvicultural prescriptions and cutting practices in boreal forest types vary 
widely throughout the lynx DPS depending on the landowner, forest ecology and ecoregion, tree 
species, site conditions (e.g. moisture, slope, aspect), disturbance regimes (e.g., fire, insect 
outbreaks), forest policy and regulations, logging equipment, and markets for forest products. 
Forest management that creates habitat for hares and lynx in one geographic area may not be 
beneficial to hares and lynx in another. 
  
Nevertheless, snowshoe hares throughout the region respond to one common denominator. 
Dense understory (horizontal cover) is the most important forest structural characteristics for 
hares throughout their range (Ferron and Ouellet 1992, Wolfe et al. 1982, Litvaitis et al. 1985).  
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Dense, horizontal cover provides hares with a source of browse and cover from predation.  
Softwood (e.g., spruce-fir) has about three times more cover value as hardwoods (Litvaitis et al. 
1985).  Thus, stem density (or stem cover units) and snowshoe hare density are directly and 
positively correlated (Conroy et al. 1979, Sullivan and Sullivan 1988, Koehler 1990b, Koehler 
and Brittell 1990, Thomas et al. 1997, Hodges 2000a, Mowat et al. 2000, Homyack et al. 2006, 
Robinson 2006, Scott 2009, Fuller and Harrison 2013).  Forest practices that promote high stem 
density and dense horizontal cover can increase snowshoe hare densities (Keith and Surrendi 
1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 1983; Livaitis et al. 1985; Bailey et 
al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; Fuller et al. 2007; Homyack et al. 
2007; Scott 2009; McCann and Moen 2011).  Forest practices that reduce dense understory 
generally are a stressor to hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979, Sullivan and Sullivan 1988, Koehler 1990b, Thomas et al. 1997, 
Homyack et al. 2005, Robinson 2006, Griffin and Mills 2007, Scott 2009, Berg 2010, Ivan 
2011a, Lewis et al. 2011, McCann and Moen 2011, ).  Similarly, the effects of forest 
management on lynx habitat use, movements, and home range have been investigated by 
Koehler (1990a), Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et 
al. (2008), Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. 
(2013), Simons-Legaard et al. (2016). 
  
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). 
  
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, 
Seymour et al. 2002, Lorimer and White 2003).  In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S.  After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event.  Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 meters depending on tree species) the tree crowns lift and lower 
branches self-prune, thus reducing the live horizontal branches providing food and cover for 
snowshoe hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where 
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mature trees die or fall down) and food and cover may again become available to support 
snowshoe hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction).  The 
culmination of the process (or a forest rotation) is harvesting of forest products.  Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx.  Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
maintaining high stem densities in regenerated forests (Koehler and Brittell 1990, Homyack et 
al. 2004, Bull et al. 2005, Fuller and Harrison 2005, Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products.  Therefore, 
worldwide and trends in forest products markets greatly affect forest management outcomes 
and thus, the amount and quality of lynx habitat in the DPS.  Forest management decisions 
(e.g., to focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
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expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output.  Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011).  As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009.  The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse.  Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011).  Under depressed markets, 
landowners may reduce harvests, which may be to the detriment of lynx in some parts of the 
DPS (e.g., Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors, which are difficult to 
predict the future. In recent years, the forest products industry throughout the U. S. experienced 
a downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595).  Despite depressed markets, one area of increasing 
interest is bioenergy production.  Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125).   The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest.  Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of state and federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable.  This has resulted in major shifts in forest management strategies, outcomes, and 
products.  For example, in the last two decades in Maine, where nearly all the lynx critical 
habitat is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in 
the “northern forest” (Adirondacks to northern Maine) was sold to a host of  financial groups 
(Hagan et al. 2005).  These groups have short-term investment goals and different management 
objectives and have dramatically changes harvest practices.  Whereas the previous large 
industrial landowners focused on the forest land base as a supply for their manufacturing 
facilities, the new TIMOs and REITs focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178).  Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicate these landowners 
increased harvest rates, shortened rotation rates, and a shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185).  On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments.  On the other hand, some 
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easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004, Lilieholm et al. 2010). Conservation land as percentage of 
Maine’s state area increases from less than 5 percent in 1987 to approximately 19 percent 
today (Beck et al. 2012, p. 15).  Conservation easements restrict development and usually do 
not affect forest management.  Neither do they typically require management for lynx and other 
rare species.  Some private forestlands were sold to state and federal agencies and 
conservation interests.  For example, in recent years The Nature Conservancy purchased 
310,000 acres of private forestland in Montana and 185,000 acres of private forestland in 
northern Maine.  Lands in conservation ownership have a high probability of being managed to 
benefit hares and lynx.   
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire).  Many models have been developed to project how U. S. timber production and 
markets will adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia et 
al. 1997, Sohngen and Mendelsohn 1998).  Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate.  Some models predict that 
consumers will gain from climate change while landowners in some regions will lose.  The forest 
industry will adapt to climate change in many ways including using alternate tree species in 
manufacturing, shifts to geographic regions of the country with economic advantages in timber 
growth, and increasing forest plantations with new species that are favorably adapted to the 
new climate and markets.  Many strategies have been evaluated to increase the quantity of 
carbon stored in North American forests (Irland et al. 2003) including discontinuing or greatly 
reducing harvest in some forests to build carbon reserves, increased recycling to reduce use of 
forest products, converting agricultural lands to forests, and substituting wood products for more 
energy-intensive products.  Increased atmospheric carbon will increase forest growth slightly, 
except for softwood (Irland et al. 2001, p. 757-758).  Sawtimber production, which sequesters 
more carbon, is expected to increase (Irland et al. 2001, p. 758).  Expanding landscapes with 
older growth conifer forest to sequester carbon could benefit lynx in the West and be to the 
detriment of lynx in the East. 
  
Climate change will affect forest-related recreation.  Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759).  
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001).  These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting)(Swanson and Loomis 1996).  At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
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Past and future forest management affect many of the requirements necessary for the 
continued existence of lynx in the DPS.  Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire).  Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal 
lands).  Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably 
be anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and 
pattern of disturbance events.  Synergetic effects between forest management and other 
stressors (e.g., climate change, trapping, development) may intensify their effects (Carroll 
2007). Habitat loss and fragmentation are believed to currently be the most important stressors 
for lynx in the DPS (Fig. X), but it is possible that other pathways for forest management are, or 
may become, equally important.  Hares and lynx will continue to be affected (both positively 
and negatively) by forest management into the foreseeable future.  Forest management 
stressors primarily affect lynx by lowering landscape hare densities, which in turn reduce lynx 
reproduction and lower 

  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees.  Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). 
  
Precommercial thinning has been shown to reduce hare numbers by as much as 2- and 3-fold 
(Griffin and Mills 2004, 2007; Homyack et al. 2007) because of reduced cover and decreased 
availability of browse. Griffin and Mills (2007) reported that, if their results were representative, 
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the practice of precommercial thinning could significantly reduce snowshoe hares across the 
range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2008 the USFS amended Forest Plans to incorporate management that would conserve lynx, 
including direction that minimized (or eliminated?) the impacts of precommercial thinning in lynx 
habitat. However, precommercial thinning is not regulated on private forest lands throughout the 
remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
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removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat and reduce fuels. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand.  Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management.  Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed).  Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire).  In recent years, about 
425,000 acres of Maine forest are harvested annually and 96 percent of this land is partially 
harvested (Maine Forest Service 2016? Check).  After 17 years of extensive partial harvests, 
much of the northern Maine landscape has been influenced by this form of forestry, and will 
continue to be into the future. The popularity of this form of harvesting extends beyond Maine.  
From the mid-1980s to mid-1990s, partial harvesting comprised 62 percent of the harvest in the 
U. S., and clearcuts comprised the other 38 percent.  Partially harvested stands result in a wide 
range of residual stand conditions, but many have lower conifer stem densities and higher 
hardwood density than regenerating clearcuts (Robinson 2006).  On average, partially 
harvested stands supported about 50 percent of the hare densities observed in regenerating 
clearcuts (Robinson 2006).  Shelterwood cuts, a form of even-aged management, are the 
exception and have maintained densities similar to regenerating clearcut stands (D. Harrison, U. 
Maine, unpubl. data).  Current hare densities in partially harvested stands in Maine average 
about 0.4 hares/ha (Simons 2009, p. XXX, check), which is below the landscape hare densities 
(0.5 hares/ha (Ruggiero et al. 2000b, Simons-Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types (Plate 4.4). In these instances there is a short-term (10–30 years) impact on snowshoe 
hare habitat. In the western U.S., prescribed fire for ecosystem restoration is most applicable to 
the dry ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir 
forests are generally composed of thinner-barked trees that are easily killed even with light fire, 
this technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (Plate 4.3). These types of projects 
are becoming more common. In the western U.S., projects designed to restore forests to a 
condition more representative of the historical range of variability are generally targeted to drier, 
lower-elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx 
habitat. Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
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treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest.  In fact, forested landscapes have increased in 
some parts of the DPS (especially in the Northeast) because of farm abandonment and 
recolonization by second-growth forest.  However, some forms of forest management such as 
selective harvesting and fire suppression can intentionally (or not) alter tree species composition 
away from boreal forest types that support snowshoe hare and lynx.  Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest.  For example, in northern New England clearcutting leads to drying of the 
forest floor and consequent heavy mortality in spruce and fir regeneration and increased light 
levels that increase hardwood competition (White and Cogbill in Eagar and Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare.  Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition.  
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44).  Hare densities may increase after trees in a plantation reach the sapling stage 
and branches intermingle at the ground level creating horizontal cover if the lateral branches are 
not pruned (Parker 1984, p. 163, Parker 1986 p. 160, Roy et al. 2010, p. 285).  However, the 
period of time that that spruce plantations may support high hare densities in Maine and eastern 
Canada may be relatively short (10 to 17 years post-harvest) compared to regenerating 
softwood clearcuts (15-35 years post-harvest)(Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus reducing food, 
cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et al. 
2003 p. 462).  Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10).  In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
  
Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013).  In Maine and northern Washington, landscapes where habitat was more 
contiguous supported more snowshoe hares than landscapes that were more fragmented 
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(Simons 2009, Lewis et al. 2011).  Within their home ranges, lynx strongly select for habitat 
patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller 
and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in Maine 
indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that land-scapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016).  In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx (FR 74(36)). 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range.  For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northeast Geographic Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands.  In some 
instances, forest management has greatly altered the disturbance regime.  For example, the 
Acadian forest in Maine and eastern Canada was driven by gap dynamics (similar to some parts 
of the West today) and true stand-replacing disturbances were quite uncommon with recurrent 
intervals of thousands of years.  After several centuries of forest management, stand age 
structures have become simplified, and commercial timber rotations are a fraction (15 to 40 
percent) of the lifespan of boreal tree species (Seymour 2002).  Whereas prevalent, these 
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younger even-aged  forest stands on the landscape may benefit hares and lynx in Maine, 
forestry has shifted the species composition of Maine’s forest to species favored by frequent 
harvest disturbance, such as red-maple, paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high densities of hares, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although It may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
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the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historic natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming in natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
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whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historic conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising it management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat with LAUs that can be in an unsuitable condition at any given time, 
including such conditions, usually temporary, created by wildfire. Although some exemptions 
and exceptions to these limits are permitted for activities to reduce fire risks to communities and 
infrastructure in the wildland-urban interface (WUI) or to achieve other resource benefits, even 
these potential impacts are limited on the larger landscape scale (USFWS 2007, p. 7). These 
conservation measures and the direction to use fire management as a tool to restore hare and 
lynx habitats and return to natural temporal and spatial patterns of fire disturbance, which were 
not in place when the DPS was listed, likely further reduce what was even then considered the 
low potential threat to lynx of past fire suppression activities. Based on the information above, 
we conclude that fire suppression and other fire management activities have not substantially 
impacted lynx and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
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be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern 
Montana/Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 
percent of the unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA 
Team 2016, p. 20). Large fires have also impacted lynx habitat in the Western Colorado 
geographic unit, where fire size, frequency, and intensity are expected to increase with climate 
change (Ivan in Lynx SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of 
the GYA unit were burned by the extensive wildfires of 1988. The extent to which those fires 
may have diminished lynx and hare habitats and contributed to the recent absence of resident 
lynx is uncertain, as is the potential for those burned areas to support high hare densities and 
resident lynx in the future, although some burned areas may soon develop the dense horizontal 
conifer structure favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing 
the likelihood that they may support resident lynx in the near future. 
 
Although fire suppression was in the past thought to be a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
due to climate change, it may be necessary to reconsider whether fire suppression in some lynx 
habitats could benefit lynx by reducing the potential for extirpation of resident populations, 
especially in places already apparently only marginally capable of supporting them.  
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3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx.  In this region, boreal forest transitions to various types of northern hardwood forest.  The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790).  Lynx 
must must contend with aspects of their habitat at the southern extent of the boreal forest for 
which they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000, p. 85), 
whereas and “fragmentation” to anthropogenic disruption of natural patterns.  Habitat loss is 
conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011 (entire).  
Fragmentation in the forested western landscape resulted in a decline of weighted mean patch 
size from roughly 35,000 to 3,200 km2 from natural to current conditions, but models predict 
relatively small declines in the size of forested patches over the next 30 years (Theobold et al. 
2011 p. 2451).  In the eastern United States, nearly half or more of the natural forest was 
cleared in the past three centuries but as agriculture and settlement relocated westward, 
eastern forest cover rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has 
increased 0.79 percent since 1982 (Maine Forest Service, Department of Conservation 2010, p. 
25). Similarly, a large portion of Minnesota forests were cleared in the last century, but forest 
cover has rebounded.  The forest area in northern Minnesota has decreased 4 percent since 
1977 (Miles et al. 2007, p. 22).    Preliminary findings from the 2002 U.S. timber assessment 
(Haynes 2003) indicate that approximately 15 to 20 million acres of U.S. forest land could be 
converted to urban and developed uses over the next 50 years. Such land use conversions 
could result from residential development in forested landscapes, as the U.S. population is 
estimated to grow by another 126 million people. 
 
Habitat fragmentation (both natural and anthropomorphic) directly affects snowshoe hares and 
Canada lynx by various mechanisms; by reducing hare survival and landscape hare densities, 
increasing lynx home ranges, reducing lynx reproduction and survival, and by affecting lynx 
movements throughout the landscape.  Habitat fragmentation also influences mesocarnivore 
communities that coexist with lynx and the level of competition for space and food resources.  
Fragmentation from anthropomorphic sources result in habitat alteration, direct habitat loss, 

Commented [61]: Note - revised to include some discussion 
of habitat loss, which seems to have a greater effect on lynx 
than fragmentation 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47


74 
 

vehicle collisions and behavioral disturbance from roads, and changes in landscape features 
such as edges.  
 
Landscapes in which hare habitat is more contiguous, or where good patches of hare habitat 
are surrounded by other patches of similar habitat quality, support more hares than landscapes 
that are more fragmented or include matrix habitats that are poorer quality (Lewis et al. 2011). 
Thus, southern transitional boreal forests generally have lower landscape snowshoe hare 
densities than boreal forests further north (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 84). This may have as much to do 
with the quality of the matrix habitat between high quality patches as the hare densities that 
occur in the high quality patches themselves (Lewis et al. 2011).  Low-quality matrix habitat, 
typical throughout much of the DPS, could decrease survival for hares, because predators might 
have higher hunting success or be more numerous in the matrix habitats (Griffin and Mills 
2009).  In contrast, a high-quality matrix, typical of Canadian boreal forest, can provide 
alternative or supplemental resources (Dunning et al. 1992; Norton et al. 2000), thus supporting 
higher densities of hares in the prime habitats. 
 
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278).  At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx.  Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Forest fragmentation may exacerbate competition between lynx and other predators (Buskirk et 
al. 2000, entire). Fragmentation and competition are strongly linked because vegetation 
mosaics in landscapes provide high quality environments for generalist species such as the 
bobcat, red fox, and coyote (Goodrich and Buskirk 1995, Buskirk et al. 2000, p. 84). Under such 
conditions, generalist predators tend to dominate the predator guild in fragmented landscapes 
(Oehler and Litvaitis 1996).  Hares fluctuate less dramatically In the southern part of the range 
of lynx, thus there is more competition for a limited resource and exploitation competition 
inflicted by generalists (e.g., coyotes) and other predators (Buskirk et al. 2000, p. 95).  
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Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin.  In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170).  In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Lynx seem to be flexible in their response to habitat fragmentation whereas closely related 
species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation (Ferreras 
2001, Crooks 2002).  In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration.  In general, 
lynx responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat.  However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95).  Thus, factors that further fragment boreal forests in the DPS (e.g., climate 
change, forest management, roads and development) further reduce the probability of 
persistence of lynx.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx.  Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzales et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States.  Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors.  Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats.  In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat.  In lynx units in the western 
contiguous United States (Cascades, northern Rockies, Greater Yellowstone, Colorado), 
appropriate boreal forest and snow conditions occur in a relatively narrow elevational band in 
the Rocky Mountains.   Thus, appropriate habitats for lynx are naturally fragmented by 
topography and vegetation gradients.  These “islands” of habitat can be extensive (e.g. the 
Okanagan or northern Montana) or small (e.g. Garnet Range, western Montana) depending on 
topography and precipitation patterns.  Sometimes these areas of boreal forest are separated 
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by unsuitable habitats in the low valleys (e.g., sage flats, urban corridors, agricultural lands) or 
snow regimes (e.g. snow shadows) that may restrict dispersal between habitat patches. In some 
areas of western DPS, lynx habitat in is also fragmented by rugged, high elevation terrain 
(Carroll et al. 2001, p. 976).  In other areas of the DPS where there is little topography, including 
Minnesota and Maine, matrix forest facilitates lynx movements between suitable habitats. Large 
rivers are unlikely to fragment habitat as lynx readily swim across large bodies of water 
(Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important element of lynx habitat (79 FR 54809).  Snowfall is patchy, sometimes 
unpredictable from year to year, and affected by local topography and water bodies.  Snow 
conditions conducive to giving lynx a competitive advantage are most consistent in the high 
elevation regions of the northern Rockies and Colorado.  Snow conditions are less consistent in 
the East.  For example, lake-effect snow from Lake Superior in Minnesota can increase snow 
depth and duration in the Arrowhead region in some years, but not others.  The Gulf of Maine 
has the reverse effect, and it’s warming influence reduces snow depth and duration inland.  
Distribution models by Hoving (2001, p. 74) indicate that eastern Maine has extensive regions of 
boreal forest, but lacked snowfall thresholds that gave lynx an advantage over bobcats and 
other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and deep, fluffy snow.  Both lynx and 
hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx preferred 
habitats that high a high degree of connectivity (Walpole et al. 2012, p. 769).  In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow.  Within their home ranges, lynx strongly select for habitat patches that enhance their 
foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges, by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
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reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic sources of fragmentation  Throughout the DPS, human activities exacerbate the 
natural features of fragmentation.  Anthropogenic activities such as forest management, 
development, and highways further alter natural landscape patterns.  They cumulatively reduce 
the total area of habitat, diminish the quality of habitat, increase the isolation of habitat patches, 
and impair the ability of lynx and other wildlife to effectively move between patches of habitat. 
Anthropogenic fragmentation may be permanent, for example by converting forest habitat to 
residential, industrial, or agricultural purposes, or temporary, for example by conducting forest 
management  but allowing trees and shrubs to regrow. Fragmentation of habitat (both natural 
and anthropogenic) increase the risk of extirpation of small lynx populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (Lynx Biology Team 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS.  We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464, Squires et al. 2013, p. 194).  In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change.  Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).   
 
Roads  Paved highways fragment lynx habitat.  In the West, they typically follow natural features 
such as rivers, valleys, and mountain passes that may have high value for lynx in providing 
habitat or connectivity.  They surround large blocks of lynx habitat in Minnesota and northern 
Maine.  Various studies have documented lynx crossings of highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005).  However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway relative to random expectation, but only 
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2.2 and 3.1 times less likely to cross Highway 93 and Highway 1A, respectively, compared to 
random expectation.. In southeastern British Columbia, lynx avoided crossing highways within 
their home ranges (Apps, 2000).  Squires et al. 2013 (p. 194) documented 44 radio-collared lynx 
with home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these 
individuals crossed the highway (Squires, unpublished data). 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al., 2001).  As the standard of roads increases from 
gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to 
increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had 
no effect on lynx distribution.  Four-lane highways, such as the interstate highway system, 
commonly have fences on both sides, service roads, parallel railroads or power lines, and 
impediments like "Jersey barriers" that make successful crossing more difficult, or impossible, 
for wildlife (Lynx Biology Team 2013, p. 78). Alexander et al. (2005) suggested traffic volumes 
between 3,000 and 5,000 vehicles per day may be the threshold above which successful 
crossings by carnivores are impeded.  In Colorado, lynx successfully and repeatedly crossed 
major highways, including I-70 (J.Squires, personal communication 2012; Ivan 2011b, c, 2012).  
Colorado lynx crossed two-lane highways an average of 0.6 times per day and more frequently 
during dusk and night when traffic volume was lower (Baigas et al. 2017, p. 204).  They also 
crossed 4-lane highways (I-70), especially forested areas under large, elevated bridges that 
spanned streams (Baigas et al. 2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 3 in 
Montana (compiled by K. Broderdorp, U.S. Fish and Wildlife Service, unpub. data 2016). 
Between 1995 and 2011, 15 lynx were reported killed on British Columbia highways (British 
Columbia Wildlife Accident Reporting System 2012).  Most of these mortalities are on higher 
speed paved highways.  However, in Maine, about 41 percent (22 of 54) were killed on lower 
speed dirt logging roads. 
 
Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 mortalities of translocated animals were attributed to road kills (Brocke et al. 
1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of translocated lynx 
were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado highways where 
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the 13 lynx mortalities occurred were estimated to range from about 2,300 to >25,000 vehicles 
per day (K. Broderdorp, personal communication 2012). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). In some parts of their range, 
lynx avoid  
 
Vegetation management  As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx.   Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, higher predation rates from a variety of carnivores tend to increase local 
extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and Litvaitis 
1993). 
 
Although some forest management can benefit lynx by creating a shifting mosaic of lynx habitat, 
it can also have deleterious effect by fragmenting habitat into small, widely-spaced parcels.  
Changes to vegetation structure can increase landscape resistance to lynx movements (Squires 
et al. 2013).  In Montana, fragmentation from forest thinning decreased the probability of lynx 
movements across the forested landscape (Squires et al. 2013, p. 192).   Lynx in the Northern 
Rockies are sensitive to changes in forest structure and tend to avoid or cross large forest 
openings (Koehler, 1990; Squires et al., 2010).  Thus recent clearcuts and thinned areas are 
avoided by lynx.  In Maine, the shift to partial harvesting forms of forest management  will 
continue to increase the number of patches of high quality hare habitat, but the size of patches 
is greatly diminished and patches are becoming more isolated (Simons-Legaard et al. 2016, pp. 
5-6).  This is diminishing landscape conditions conducive to supporting lynx. 
 
Residential and commercial development  Residential and commercial development is 
increasing on private forest lands.   Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al., 2002) and Maine (section 5.1.1).  It is uncertain to what 
degree lynx can tolerate habitat fragmentation from roads and forest clearing, and how human 
and pet activity affect lynx use of habitats.  Some anecdotal information suggests that lynx are 
quite tolerant of humans, although given differences in individuals and contexts, a variety of 
behavioral responses to human presence may be expected (Staples 1995, Mowat et al. 2000).  
The degree to which residential development and associated roads reduce connectivity of 
meso-carnivore populations likely depends on the physical design of highway improvements, 
the surrounding environmental features, the density of increased urbanization, and the 
increased traffic volume (Clevenger and Waltho, 2005; Grilo et al., 2009).  
 
Ski resorts  Ski areas have similar effects on permanent habitat loss and fragmentation.  One 
ski run is often separated from the next only by small inter-trail forest is ands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
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cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreation use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (J. Squires, personal communication 2012). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous United States 
(Lynx Biology Team 2013, pp 82-83). Most ski areas are located on north-facing slopes, where 
ample snow conditions provide for extended ski/snowboard recreational seasons. In the western 
states, many of these landscapes feature spruce-fir forests. While ski resorts occupy a small 
proportion of the landscape, spruce-fir forests provide important stable habitat for snowshoe 
hares and lynx at the southern extent of their range. In winter, alpine and Nordic skiing and 
snowboarding are the primary uses. Most of these resorts offer year-round recreation, with 
summer activities typically including hiking and mountain biking.  
 
Mining Leasable minerals. Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS.  Very little mining development occurs in 
Minnesota and northern Maine.  Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable minerals. Only a fraction of the historical number of mines is operating today.  Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation.  The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
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Salable minerals. In general, salable minerals are found close to the surface. During exploration 
activities, equipment is moved to the site and a number of test pits are dug or holes drilled to 
determine the quality of material. If desired minerals are found in suitable quantity, then 
vegetation is removed and materials are excavated.  For example, gravel pits are needed for 
logging road development and maintenance and are common occurrences throughout areas of 
the DPS that are in active forest management.  Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind energy. Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats.  Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility corridors. Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation, likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture  Agricultural is not expanding currently in lynx habitat areas in the DPS.  However, in 
the late 1800s over 3 million acres of northern Maine was in farming, whereas today about 
700,000 acres in in farms (Ahn et al. 2002, p. 8).  Most of these farms are in northeastern 
Maine, which fragments the forested landscape corridor between between core habitats in 
northern Maine and New Brunswick.  Lynx range in parts of Alberta has contracted in recent 
years because of forest clearing for agriculture (Bayne et al. 2008, p. 1195).  
 
Habitat loss and fragmentation in corridor areas connecting lynx populations in the DPS with 
adjacent populations in Canada Lynx conservation in the contiguous United States depends in 
part of maintaining population connectivity between habitat areas in Canada and the United 
States. Maintaining connectivity for lynx may become increasingly difficult because of climate 
and anthropogenic change, as evidenced by reduced connectivity for other boreal species (van 
Oort et al., 2011).  Potential corridors have been identified in the northern Rockies, but some 
areas may be not functioning because of forest fragmentation from logging practices  (Squires 
et al. 2013, entire).  There are likely broad, forested corridors with suitable dispersal habitat 
connecting core habitats in Maine to southern Quebec and northern Minnesota to southern 



82 
 

Ontario.  Given the perceived importance of lynx immigration from Canada to the persistence of 
the DPS (Federal Register Vol. 68 pp. 40076– 40101, Squires et al. 2013) roads and other 
forms of habitat loss and fragmentation that  impede lynx movements in the border regions of 
Canada and the United States are of concern. 

Chapter 4: Current Conditions 
 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts throughout the range of the 
DPS, of the current status of lynx populations and habitats in each geographic unit and the 
factors influencing them. Based on these unit-specific assessments, we then provide our 
assessment of the current status of lynx and their habitats throughout the DPS. Where 
appropriate, we compare our current understanding to what was known or believed when the 
DPS was listed under the ESA in 2000. 
 
The geographic units evaluated below and in Chapter 5 are those with the strongest historical 
and recent evidence of an ability to support persistent resident lynx populations. Five of the 
units are larger than 20,000 km2 (7,722 mi2); the other is over 5,000 km2 (1,931 mi2) (See Figure 
1 and Table 1 in section 1.1, above). Land ownership within the units varies from mostly private 
in Maine, to a mix of private, State, and Federal in Minnesota, to mostly Federal lands in the 
West (Table 1). Overall, Federal lands account for nearly 64 percent of the areas encompassed 
by the SSA units, with USFS managing almost 88 percent of Federal lands and 56 percent of all 
SSA areas, followed by the NPS and BLM, which manage about 7 percent and 1 percent of all 
SSA lands, respectively. Of non-Federal areas, private lands make up almost 27 percent of the 
total followed by State and Tribal lands, which represent almost 9 percent and just over 1 
percent of the total area, respectively (Table 1). 

4.1 Current Conditions by Geographic Unit 
4.1.1 Unit 1 - Northern Maine 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat.  It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.   
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont.  Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S; a function of latitude, elevation, and 
distance from the ocean.  The average terrain rises in northern Maine  to 1000-1500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet.  This region is far enough inland to be unaffected by marine influences.  

Commented [62]: See comment below - I think, partially for 
consistency but also to avoid confusion, that we should 
describe the units as the "core" area that has/does support the 
resident breeding pop. - in this case the CH outer boundary - 
and then separately discuss that lynx occur and occassionally 
breed outside that area - in this case, recent evidence of lynx 
and limited reprod. in norther NH and VT, possible parts of 
Maine outside the boundary, too. 

Commented [63]: I revised. 



83 
 

Annual precipitation is 41 inches (104 cm), with greatest precipitation in winter in the form of 
snow 228 cm to 280 cm (90 to 110-plus inches), with higher amounts at higher elevations.  
Snow duration is about four months (mid-November through mid-April). 
 
Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 square kilometers (11,162 square miles) all in 
northern Maine (79 FR pp. 54823-54828).  Land ownership in the critical habitat unit boundary 
is about 92 percent private, 7 percent State (primarily Baxter State Park), 1 percent tribal 
(Passamaquoddy Tribe, Penobscot Indian Nation), and contains no Federal land.  Lynx 
regularly occur outside of the designated critical habitat boundary.  The Service considers the 
range of the lynx for regulatory review (section 7, ESA) to be approximately  46,796 square 
kilometers (18,068 square miles).  Land ownership in this area is about 0.4 percent Federal 
(Aroostook National Wildlife Refuge) 1 percent tribal (Passamaquoddy Tribe, Penobscot Indian 
Nation, Aroostook Band of Micmacs, Houlton Band of Maliseets), 7 percent State, and 92 
percent private. Private lands are almost entirely commercial forestlands. 
 
New Hampshire  - The habitat in northern New Hampshire is not within the designated critical 
habitat.  Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving (68 FR 40086) 
estimated approximately 1000 square kilometers (386 square miles) of potential habitat having 
a greater than 50 percent probability of being occupied by lynx . Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 342 km2 (888 km2) of potential Canada 
lynx habitat.  Historic distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e. White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003).  Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the state (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the Connecticut 
Lakes Natural Area WMA which is owned and managed by NHFG. Surrounding habitat is 
owned and managed by the Connecticut Lakes Timber Company under a conservation 
easement held by the State of NH. Occurrence records from the past 10 years have been 
centered on these two ownerships (Kilborn 2015, App. A pp. 42-43).  Habitat on the Connecticut 
Lakes Natural Area has a conservation easement with 15,000 acres of the core lynx habitat also 
being part of an unmanaged area of the 25,000 acre property. As a result these core 15,000 
acres will be allowed to mature to a climax forest type potentially allowing for good denning 
habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. Current 
conditions are in a transition state, and portions of the 15,000 acres are supporting higher 
densities of snowshoe hare because of past forest management (Kilborn 2015, App. A pp. 42-
43).  Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont  - The habitat in northern Vermont is not within the designated critical habitat.  Recent 
modeling to determine lynx habitat connectivity in the Northeast suggests that the Nulhegan 
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River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530 square kilometer (205 
square mile area) is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 
percent State (Vermont Department of Natural Resources), and 63 percent private commercial 
timber lands (with easement).  The future of lynx and their habitat is unlikely because of the 
patchy and limited amount of habitat, climate change (decreasing snow), trends toward 
hardwood management, and increasing human disturbance (Vermont Fish and Wildlife 2015, 
Appendix A5 p. 127).  
 
New York - The habitat in the Adirondack region of New York is not within the designated critical 
habitat.  Potential habitat occurs in an island of boreal forest types in the Adirondack Mountains 
of northeastern New York. Hoving estimated approximately 190 km2 (73 mi2) of potential 
habitat having a greater than 50 percent probability of being occupied by lynx (68 FR 40086–
40087).  The boreal forest in New York is protected as Adirondack State Park, however much of 
the forest is mature without the understory necessary to support a snowshoe hare population 
capable of sustaining lynx (G. Batcheller, New York State Division of Fish, Wildlife and Marine 
Resources, pers. Comm. 2003; 68 FR 40087). It seems that habitat quality is marginal and 
isolated from occupied lynx habitat in Canada and Maine.  
 
Collectively, the “Northern Maine” unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada.  Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km north of Maine).  Lynx populations in Maine and eastern Canada are 
geographically isolated from other lynx populations on the island of Newfoundland (900 km east 
of Maine), and on Cape Breton Island, Nova Scotia (650 km southeast of Maine)(Koen et al. 
2015, entire).  The closest lynx population in the DPS is located in northeastern Minnesota, 
about 1,700 km west of Maine.  
 
Habitat Description:  In the northern Maine unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR, p. 40086). 
This habitat type occurs along the northern Appalachian Mountain range from southeastern 
Quebec, western New Brunswick, and western Maine, south through northern New Hampshire. 
This habitat type becomes naturally fragmented and begins to diminish to the south and west, 
with a disjunct segment running north-south through Vermont, and a patch of habitat in the 
Adirondacks of northern New York (McKelvey et al. 2000b, pp. 248-250).  This area is part of 
the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between northern 
boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and Hunter 
1992, pp. 3-4).  Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations up to 1600 meters (Katahdin highlands, western Maine, White Mountains in central 
New Hampshire).  Higher elevations support a predominantly coniferous forest (white, red, and 
black spruce; balsam fir; eastern white pine) intermixed with northern hardwoods (red maple, 
aspen, white birch, sugar maple, beech, and yellow birch).  Lowland areas include spruce-fir 
flats interspersed with peatlands (black spruce, tamarack). 
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Current lynx and hare habitat are associated with spruce-fir stands repeatedly harvested for 
forest products.  Hares and lynx are associated with stands of regenerating sapling (15–35 
years old) spruce-fir forest that provide dense cover are preferred (Robinson 2006, pp. 26–36; 
Vashon et al. 2012, p. 15). Lynx are more likely to occur in large (100 square kilometer, 40 
square mile) landscapes having a high percentage (>27 percent) of regenerating forest, and 
less likely to occur in landscapes with very recent clearcut or partial harvest (Hoving et al. 2004, 
pp. 291–292, Simons-Legaard et al. 2013, entire). Regenerating stands used by lynx generally 
develop after forest disturbance (almost exclusively logging) and are characterized by dense 
horizontal structure and high stem density within a meter of the ground. These habitats support 
the highest snowshoe hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 
719; Vashon et al. 2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected 
older (11- to 26-year-old), tall (15 to 24 feet (ft) (4.6 to 7.3 meters (m)) regenerating clearcut 
stands and older (11- to 21-year-old) partially harvested stands (Fuller et al. 2007, pp. 1980, 
1983–1985). At the home range scale, lynx also select landscapes having some mature conifer 
forest (Simons-Legaard et al. 2013b, pp. 572–573). Lynx may select partial harvested and 
mature conifer stands because of increased ease of travel and prey access along the extensive 
edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard et al. 2013b, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Some of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56).  Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem cycle at 10-year intervals, but have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44, D. Harrison, UMaine, unpub. data, Vashon et al. 2012, p. 14).  Prior to 2006, several 
estimates of  hare densities in the highest quality, regenerating conifer or mixed forest averaged 
1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,).  After 2006, hare 
densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109, D. Harrison, UMaine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire).  In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61).  More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only (0.19 to 0.28 hares/ha).  Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
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recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100 km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the northern Maine 
unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands.  USFS forest inventory data indicate that four million acres of forestland are 
classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in 
northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is in areas 
occupied by lynx.  In a 10 million acre area area in northern Maine (approximately 50 percent of 
the designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 
950,000 acres (9.5 percent) of spruce-fir was in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741).  
The current range of lynx in the northern Maine unit is associated with areas of deep snowfall, 
extensive (100 km2 [40 mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; (Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; 
Federal Register Vol. 74 pp. 8616–8701).  Patches of boreal forest in New Hampshire, Vermont, 
and New York are more highly fragmented and smaller than in northern Maine.  These more 
southerly forests also contain a higher proportion of northern hardwood.  These forests are 
believed to lack the conifer component needed to produce sufficient snowshoe hare densities to 
consistently support viable populations of lynx (Hoving et al. 2005, p. 749, Carroll 2007, p. 
1100). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, pp. 1984-
1985). Lynx avoided mature stands (>40 years old) and short (3.4–4.3 m [11–14 ft]) 
regenerating clear-cut or partially harvested stands <10 years post-harvest (Fuller et al. 2007, 
pp. 1275-1278). Further research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). Lynx 
tended to forage in areas with intermediate to high snowshoe hare densities (tall regenerating or 
older partial harvest stands), which afforded lynx with greater mobility and where snowshoe 
hares were more vulnerable to predation, rather than in the densest stands (short regenerating 
stands; Fuller and Harrison 2010, pp. 1276-1278). 
 
Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
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In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008a, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008a, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008a, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008a, pp. 1492-1493).  
 
Historically lynx habitat in the northern Maine unit was likely uncommon.  Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56).  In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
are often characterized by an even-aged wind-throw phenomenon known as fir-waves (Sprugel 
1976, entire). Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are 
rare (interval of several hundred to several thousand years) and highly variable in size 
(Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce 
beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). In this 
geographic area, wildfire is less significant as a natural agent of disturbance. The typical fire 
regime is infrequent surface fires in the dormant season in the hardwood forests, and slightly 
more frequent but long-interval fires in conifer forests (Kilgore and Heinselman 1990, entire; 
Seymour et al. 2002, pp. 359-365, Lorimer and White 2003, p. 59). For the past several 
decades, early successional forests in northern Maine, New Brunswick, and southern Quebec 
have been created almost exclusively by forest management (Lorimer and White 2003, pp. 42-
43). 
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In contrast, current habitat is likely peaking and at historical highs.  Favorable habitat conditions 
for snowshoe hare and lynx in Maine resulted from large-scale salvage cutting (clearcutting) 
following a spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, p. 291). After 
salvage harvest of the affected trees, a portion of the area was sprayed with herbicide to reduce 
deciduous competition (Scott 2009, pp. 7, 14). The resulting vegetation was dominated by 
balsam fir and red or black spruce (Scott 2009, p. 60). This created favorable habitat conditions 
for snowshoe hares and lynx.  Habitat conditions for hares and lynx in the unit improved from 
the late-1980s to present,  benefitting from stand-replacing salvage harvests during the last 
budworm outbreak (Simons 2009, pp. 122-229; Simons-Legaard et al. 2016, entire).   During 
this time period, the percentage of forestland with an average landscape hare density greater 
than 0.5 hares/ha increased 400 percent (Simons-Legaard et al. 2016, p. 7).    
 
Lynx habitat will decline in the near future. In response the widespread clearcutting in the 
1980s, in 1989 Maine passed the Forest Practices Act.  This Act regulated clearcutting.  Various 
forms of partial harvesting replaced clearcutting as the predominant form of forest management 
in northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27).   
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act.  Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime supports lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009).  
 
Long-term, binding land management commitments are lacking in the northern Maine unit.  
Unlike, Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a federal nexus for review of projects is almost nonexistent.  
Furthermore, there continues to be high turnover in forest land ownership (Hagan et al. 2005, 
Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work with private 
landowners.  As of 2005, there were 23 landowners in northern Maine with land holdings in 
excess of 100,000 acres including the State, Federal government (White Mountain National 
Forest south of lynx range), a conservation group (The Nature Conservancy), two tribes 
(Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) and 
18 private forest landowners (Nadeau-Drillen and Ippoliti 2006,  p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit.  In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon 
sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, Arkansas, 
and Mississippi were chosen as pilot States to receive funding through their respective Natural 
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Resources Conservation Service (NRCS) State offices. Based on a successful pilot program, in 
2008, the HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final 
rule in the Federal Register (75 FR 6539) amending regulations for the HFRP based on 
provisions amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management 
plans. Since that time four private landowners, The Nature Conservancy, the Passamaquoddy 
Tribe, Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program.  
Collectively, these land ownerships comprised 943.2 mi2 (2,443 km2), or 9.3 percent of the total 
designated critical habitat in northern Maine. 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation 
benefit for lynx, which was achieved by employing the lynx guidelines, identifying baseline 
habitat conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP 
criteria and guidelines and complied with numerous environmental standards. Plans were 
reviewed and approved by the NRCS with assistance from the Service. The details of the plans 
are proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017.  Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period.  Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary.  Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017.  Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit have commitments to 
endangered species management through forest certification programs. For example, The 
Nature Conservancy land enrolled in the HFRP is also enrolled in the Forest Stewardship 
Council (FSC) forest certification program, which requires safeguards for threatened and 
endangered species. Other landowners are certified under the Sustainable Forestry Initiative 
(SFI).  Both certification programs require planning for threatened and endangered species. 
However, certification programs are also voluntary and may not be long-term commitments.  
Given the frequent turnover in Maine forest lands, new landowners do not always renew 
certification or resume the certification programs initiated by the previous landowner. 
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Lynx Status:  At the time of listing, lynx were known to be present in northern Maine but little 
was known about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge.  Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire).  Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
northern Maine, New Hampshire and Vermont and is part of a larger, contiguous 
metapopulation that extends into northern New Brunswick and the Gaspe region of southern 
Quebec.  Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada.  Although potential lynx habitat in New Hampshire 
and Vermont is fragmented, there is near contiguous forest and connectivity for lynx movement 
between these areas and habitats in northern Maine (Farrell 2013 personal communication, FR 
54821).  Breeding lynx in New Hampshire and Vermont are not directly connected to Canadian 
populations, but they are connected to the larger population in northern Maine via habitat in 
western Maine.   
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada.  The St. 
Lawrence River restricts lynx dispersal and demographically isolates this metapopulation from 
those in northern Quebec, Labrador, and Ontario.  However, sufficient numbers of individuals 
cross the river on the ice each generation to prevent genetic drift of this metapopulation (Koen 
et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now know that a significant populations currently exists and is supported by 
the extensive young, regenerating spruce-fir habitat created by clearcutting in the 1970s and 
1980s.  Habitat in northern Maine can support lynx densities in localized areas of high quality 
habitat that are substantially greater than elsewhere in the DPS (LCAS 2013, p. 23).  In 2003 
when hare populations were high, lynx density (juveniles and adults) in one of Maine’s highest 
quality habitats was estimated to be 9.2-13.0 lynx/100km2 (Vashon et al. 2008, Vashon et al. 
2012, p. 15). At about the same time, the density of lynx in nearby Gaspe Peninsula, Quebec 
was estimated to be 10 lynx/100km2 (Ray et al. 2002).  These densities are intermediate to 
those in Canada during the high (17.0-44.9/100km2) and low periods (2.3 – 3.0/100km2) of the 
lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997).  Simons (2009, 
p. 102) estimated the potential for a population of about 236 to 355 adult lynx to occur on a 3.56 
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million acre study area (about half of the critical habitat area) in northern Maine, and Vashon et 
al. (2012, appendix IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of 
northern Maine in 2006.  The actual number of lynx is unknown because there are no methods 
available to measure and produce true population estimates over such a large geographic area. 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals, although 
breeding has occurred in both locations in recent years. Most historic lynx records from New 
Hampshire are from trapping records from the 1930s to the 1960s (Brocke et al. 1993, 
McKelvey et al. 2000).  There were only two records in the 1990s.  In 2003, the Service 
determined that, despite a lack of breeding records, a small resident population likely occurred 
historically in New Hampshire but not longer exists (68 FR 40087).  Lynx were detected in 
northern New Hampshire in 2006 and have occurred there annually since (Siren 2014 pp. 53, 
55). In 2011, 4 lynx kittens were observed in Pittsburg and were considered evidence of 
breeding in New Hampshire (Kilborn 2015 Appendix A p.44).  There were only four historic 
records of lynx in Vermont prior to 2003.  Since then, nine lynx sightings have been confirmed.  
Reproduction was first documented in 2012 in the Nulhegan Basin when the tracks of three 
lynx, a presumed family group, were observed travelling together in late February (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 126). 
 
Lynx do not presently occur in the Adirondacks region of New York. A resident lynx population 
reportedly occurred in the northern region of New York, particularly in the Adirondack 
Mountains, but it was considered extirpated by 1900 (Brocke 1982, McKelvey et al. 2000b). 
However, there are 23 verified lynx occurrences since 1900, primarily from the Adirondack 
Mountains (McKelvey et al. 2000b). The most recent verified record was from 1973 (McKelvey 
et al. 2000b), which correlates to an extreme cyclic population high. Habitat and prey conditions 
were deemed suitable for a lynx reintroduction in 1989–1991 (Brocke 1982). The reintroduction 
was unsuccessful in establishing a population.  In 2003 the Service concluded that a resident 
population may have existed in New York prior to 1900, however, records of lynx since 1900 are 
of dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997).  Maine lynx had among the smallest home ranges in the DPS (LCAS 
2013, p. 24).  During the period when snowshoe hare populations were highest, Maine lynx had 
among the highest reproductive rates (average litter size 2.74, 89 percent of adult females 
producing litters) in the DPS (Vashon et al. 2012, pp. 18-19).  During the current period of low 
hare density, litter size was smaller, only 30 percent of females have litters, and mortality is 
greater.  Home ranges are among the smallest in the DPS (54 + 5 km2 males; 26 + 4 km2 
females, LCAS p. 24, Vashon et al. 2008a).  Home range size were similar during periods of 
high and low hare density (Mallett 2014).  Lynx populations likely increased during the period of 
high hare density (lambda [λ] = 1.16) and declined during periods of low hare density (λ = 0.88) 
(USFWS, Vortex10, deterministic population simulation 2016; demographic data from Vashon et 
al. 2012). 
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In summary, Maine lynx and hare habitat are at historical highs.  In the Northeast prior to 
European settlement, lynx habitat was created and maintained by small-scale, frequent forest 
gap dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour 
et al. 2002, Lorimer and White 2003).  Historically, lynx distribution was patchy, and lynx 
populations were likely low and dependent on immigration from Canada.  Current habitat is the 
result of widespread clearcutting and herbiciding to salvage spruce and fir damaged by a spruce 
budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, Vashon et al. 2008).  Maine lynx 
at multiple scales select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) 
spruce-fir stands 15 to 35 years after clearcut or other even-aged harvest (Hoving et al. 2005, 
Fuller et al. 2007, Vashon et al. 2008, Simons-Legaard et al. 2013).  Lynx habitat is expected to 
remain stable for the next few years then decline (Simons-Legaard et al. 2016). 
 
Factors Affecting Current Conditions: Climate Change - Climate change is affecting 
temperature, snow, and precipitations patterns in the Northeast at rates faster than expected 
(Rustad et al. 2014).  Rapid winter warming in recent decades is believed to be caused by 
reduced albedo feedback caused by the reduced persistence of snow in winter (Hayhoe et al. 
2006). Average winter temperatures are increasing 0.42-0.46o C/decade with the greatest 
warming occurring in the coldest months of winter (January, February)(Burakowski et al. 2008).  
Climate change has, and will continue to affect lynx by reducing snow and boreal forest (see 
section 5.1.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzales et al. 2007).  Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015).   Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzales et al. 2007). 
  
Lynx in the Northeast and eastern Canada occur where there is regularly total snowfall of at 
least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx and bobcat 
in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 2013).  Average annual snow depth 
at 5 weather stations within the range of the lynx in northern Maine (1981-2010) was below this 
threshold, 228-263 cm (NOAA 2011, 
http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html last accessed 31 March, 2016). In 
the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced reduce depth of 
snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-2005) declined an 
average of 4.6 cm/decade (Burakowski et al. 2008).  Thus, average snow conditions in Maine 
are currently at or below this snow depth threshold.  et al. 2005).  Further declines in annual 
snow depth would be expected to give bobcats a competitive advantage over lynx (Hoving et al. 
2005, ) 
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As noted in chapter 2, lynx and snowshoe hare require deep, fluffy snow that provides lynx with 
a competitive advantage over bobcats and gives hares the ability to reach winter browse.  Snow 
quality (‘fluffiness”) has deteriorated in the Northeast. Unlike other units, annual precipitation in 
Maine is increasing because of climate change, but primarily as rain (A. Siren, Workshop Notes 
2016, XXXX, Fernandez et al. 2016), and especially rain on snow events in winter in northern 
Maine (Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015).  Snow 
density and compaction and crust conditions (caused by wet, heavy snow or rain on snow 
events in winter) has increased in northern New England (Dudley and Hodgkins 2002, 
Huntington et al. 2004, Huntington 2005, Hodgkins and Dudley 2006) and southern Canada 
(Karl et al. 1993).  
 
 Vegetation Management - The effects of forest management on foraging and denning habitat 
for lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine.  Annual precipitation is comparatively greater in this unit 
than others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally are small (several acres) surface fires in the dormant season.  
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years)(Seymour et al. 2002 p. 360).  In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping season was closed in the Northern Maine Unit (including New 
Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). In 
2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) obtained an incidental 
take permit from FWS for lynx trapped incidental to other furbearer trapping in Maine.  From 
2000 to 2015, 108 lynx have been reported captured in traps set for other species and 7 of 
those were killed (Vashon et al. 2012, MDIFW 2014, p. 75).  No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000.  In Maine, after two lynx were 
killed in killer-type traps in 2014, MDIFW imposed additional trapping restrictions (e.g., requiring 
killer-type traps be placed in  exclusion boxes, eliminating the use of drag sets for foothold 
traps) to further reduce mortality and injury of incidentally-trapped lynx.  

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
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Trapping of Canada lynx can be additive to other sources of mortality and have population-level 
effects (Brand and Keith 1979, Koehler and Aubrey 1994). Thus, harvest regulations for lynx are 
modified when hare and lynx populations are low (Bailey et al. 1986).  Trapping mortality is not 
likely to have a great effect on lynx populations in northern Maine and adjacent Canada when 
lynx are at historically high numbers, but trapping could have a synergistic and negative effect if 
hare and lynx populations decline, habitat declines, or climate change further stresses lynx 
(Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development -  In response to climate change, wind development has escalated in 
northern and western Maine posing a potential threat to high and low elevation spruce-fir 
habitats (Whitman et al. 2013). Climate conditions are at or falling below threshold values 
needed to support lynx in Maine (see section above).  Maine has experienced a rapid increase 
in wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 
2, 2016), and there is increased interest in placing developments on private lands in 
unpopulated areas throughout northern Maine, New Hampshire, and Vermont. Wind energy is 
an increasingly appealing source of income for investment companies and other landowners 
who own forestland in the northern Maine unit.   As of 2016, at least 11 wind projects have been 
proposed in northern Maine and 5 projects are in operation; 2 have been proposed in northern 
New Hampshire and 2 are in operation; and 3 have been proposed for northeast Vermont and 2 
are in operation or under construction.  Maine two largest wind projects (combined over 200 
turbines covering 360 mi2) are proposed entirely within Maine’s lynx critical habitat. The effects 
of wind energy projects on lynx, hares and their habitat are undocumented.  Potential direct 
effects include disturbance or displacement of resident lynx and loss and fragmentation of 
habitat from turbines, roads, transmission lines. Increasing power infrastructure associated with 
these projects could greatly change development potential and patterns in northern Maine by 
bringing electricity into the interior of Maine’s vast, undeveloped forest region.  Extensive road 
construction further fragments habitat and increases access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped, industrial forestland, but land ownership patterns have changed 
significantly in the last 15 years (Nadeau-Drillen and Ippoliti 2006).  Some investment-oriented 
landowners are seeking diversified financial returns on their investment, including developing 
residential housing, second homes, and resorts.  Two large residential and resort areas have 
been proposed on forestlands within the Maine critical habitat area.  Both development projects 
would result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) of conservation easements on surrounding 
forestland.  Another private landowner proposes donation of a 87,000 acres within the lynx 
critical habitat for a Federally-designated national park or monument.  This area currently has a 
legacy of young-regenerating spruce-fir habitat from previous industrial forest landowners, but a 
park or monument designation would forego future forest management.  Another conservation 
landowner, The Nature Conservancy, continues forest management on about half of its 185,000 
acre ownership, including managing part of the area for Canada lynx.  
 

http://www.eia.gov/electricity/data/browser
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Construction or expansion of developed areas such as residential areas and resorts, as well as 
smaller recreational sites like nordic ski huts or campgrounds, may directly remove forest cover. 
Such removal in lynx habitat could decrease prey availability, affect lynx movement within home 
ranges, or result in a more fragmented landscape.  Development further fragments habitat from 
road and highway construction (along with associated increases in traffic volumes and/or 
speeds). 
  
Northern Maine Unit Summary - In summary, lynx are currently widespread throughout northern 
Maine and in small patches of habitat in northern New Hampshire and Vermont.  Habitat exists 
to support a potential population of 500 to 1000 animals, although estimates of the actual 
population are unknown.  Habitat created by extensive clearcutting 30 to 40 years ago is 
peaking and will decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, p. X; 
also see section 5.1.1, below).  Furthermore, hare populations declined by 50 percent starting in 
about 2006 and have remained at lower levels.  Future fluctuations or cycles are uncertain.  
Active management of forest lands can produce lynx habitat, but landowners do not have long-
term commitments for doing so.  Land ownership has dramatically changed in northern Maine, 
and the majority of lands are owned now by investment companies who wish to diversify income 
from their investments.  Greatest stressors are habitat loss (shifts in forest management from 
clearcutting to partial harvesting resulting in lower landscape hare densities), lack of forest 
planning for lynx, and climate change (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River). 
 
4.1.2 Unit 2 - Northeastern Minnesota 
Unit Description:  This unit encompasses approximately 21,100 square kilometers (8,147 
square miles) in northeastern Minnesota.  It includes the area designated as critical habitat in 
2014 (79 FR 54782) and an additional relatively small area of tribal land northern Minnesota that 
was excluded from critical habitat.  Land ownership in this unit is about 47 percent Federal 
(primarily USFS, with some NPS and BLM land); 36 percent State; 16 percent private; and 1 
percent Tribal (Grand Portage Reservation) (see Table 1).  This unit includes most of Superior 
National Forest (SNF; including the Boundary Waters Canoe Area Wilderness [BWCAW]) and 
Voyageurs National Park.   This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit likely represent the southern extent of a larger cross-border 
population, most of which occurs in Ontario (ON). Relative to other DPS lynx populations, this 
unit is about 1,480 km (920 mi) east of the Northwest Montana/Northeast Idaho Unit  and about 
1,610 km (1,000 mi) west of the Northeastern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000) within the Laurentian Mixed Forest Province 
(McNab et al. 2005). Most of this province is characterized by low-relief hilly landscapes with 
glacial features and an elevation from sea level to 2,400 feet (730 meters), including many lakes 
and rivers.  This unit contains a mix of upland conifer and hardwood interspersed with lowland 
conifer, alder or willow shrub swamps and black spruce or tamarack bogs.  Coniferous and 
mixed-coniferous/deciduous vegetation types are dominated by balsam fir; black and white 
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spruce; northern white cedar; Jack, white and red pine; hemlock; and tamarack; mixed with 
aspen and paper birch (Burdett 2008, Moen et al. 2009, McCann and Moen 2011). Burdett 
(2008) reported that lynx in Minnesota selected regenerating forest, dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites were associated with 
regenerating and mixed forest. McCann and Moen (2011) found snowshoe hare densities were 
highest in regenerating forests. Females selected large woody debris and dense horizontal 
cover in lowland conifer cover for denning in northern Minnesota (Moen et al. 2008), but other 
cover types were used if recent blowdowns were present (Moen and Burdett 2008). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008), ranging between 0.3–2.0 hares/ha (0.12–0.8 hares/ac; McCann 
2006). Hare populations in northeastern Minnesota appear to be patchily distributed, but are 
most consistently abundant in 10-30 year old regenerating forests (McCann 2006).  Pellet count 
data prior to the 1990s show evidence of density fluctuations of snowshoe hare populations 
occupying Minnesota (Fuller and Heisey 1986), but these fluctuations were not observed during 
the 1990s (Hodges 2000b).  Snowshoe hare habitat in Minnesota primarily consists of conifer 
forests with dense low-growing understories, lowland shrub and conifer bogs.  Conifer bogs or 
lowland conifer forests may be especially important during low points in hare cycles by acting as 
refugia for hares. Early regenerating or pole-sized stands are not used as much as in other 
portions of their range, although older regeneration stands were used frequently in Minnesota 
(McCann 2006). Sapling-sized aspen adjacent to conifer cover may also provide functional 
snowshoe hare habitat. McCann and Moen (2011) mapped the distribution of predicted 
snowshoe hare habitat across northeastern Minnesota. In northeastern Minnesota, edge 
habitats and regenerating conifer stands appeared to be important for snowshoe hare 
populations (Burdett 2008, McCann 2006), as were dense habitats containing balsam fir, white 
spruce, and cedar (Fuller and Heisey 1986). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2007; Hanson & Moen 
2008). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit.  More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey.  The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
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percent), and balsam fir (16 percent) in 1990.  White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015 (USDA 2016, unpublished data) estimated that there was approximately 759,700 acres 
(60 percent of lynx habitat on the Superior National Forest) of suitable snowshoe hare habitat 
on the SNF and that only 23,800 acres of habitat on the SNF was in a condition unsuitable to 
lynx. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USDA 2004, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits (USDA 2004, entire). The Forest Plan 
includes many objectives, standards, and guidelines for the protection of lynx and enhancement 
of lynx habitat that are based on recommendations in the 2000 Lynx Conservation Assessment 
and Strategy (LCAS). Lynx Analysis Units (LAUs) were delineated on the SNF in 2000 as the 
smallest landscape scale on which to analyze effects to lynx. The boundaries have remained in 
place since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District; designating the BWCAW a lynx refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based –radio-telemetry has documented lynx 
movements between Minnesota and Ontario (Moen et al. 2008, Moen 2009, Moen et al. 2010b, 
Terwilliger and Moen 2012). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota.   Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
population of about 50 to 200 lynx to occur in northeastern Minnesota.  In 2008, Moen et al. 
(2008b), estimated the number of lynx that might be resident in northeastern Minnesota at a 
given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.    
 
Home range sizes in Minnesota were reported as 194 km2 (75 mi2) males and 87 km2 (34 mi2) 
females (Mech 1980).  Later radio-collar data show that males had much larger home ranges 
267 km2 (103 mi2) than females 21 km2 (8 mi2); and that females with kittens had the smallest 
home range (Burdett 2007). A study of radio-collared lynx in Minnesota documented 
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approximately 40 percent of male and female lynx making long distance movements outside of 
their home range between Ontario, Canada and Minnesota (Moen et al. 2010). Of those lynx 
that made long-distance movements, females tended to move 62-124 miles (100-200 km) and 
did not return to their original home range, while males moved 31-49 miles (50-80km) back and 
forth between Ontario and Minnesota (Moen et al. 2010). While topographic features may 
influence lynx movements in mountainous western states, lynx in Minnesota tended to move 
nearly straight paths (Moen et al. 2010). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1).  Of the 1,306 DNA 
samples, 1,039 were identified as lynx, however 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1).  Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1).  The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000 the U.S. Fish and Wildlife Service has been tracking incidental take of lynx; 49 lynx 
mortalities have been reported.  Thus far, 26 lynx have been incidentally trapped in Minnesota, 
11 of the 26 have resulted in mortalities, while 15 of the 26 were released alive (U.S. Fish and 
Wildlife Service, unpublished database 2016). The documented incidents largely occurred 
during legal trapping that targeted bobcat, coyote, fox, and marten, and involved a variety of 
traps including foot-holds, body gripping traps, and snares (U.S. Fish and Wildlife Service, 
unpublished database 2016). In addition, seven lynx mortalities as a result of being incidentally 
shot have been documented in Minnesota and 16 died of unknown causes (U.S. Fish and 
Wildlife Service, unpublished database 2016). Lynx emigrating from Minnesota to Ontario 
exposes them to trapping and shooting that is allowed in accordance with regulated harvest in 
Canada. At least a third of the animals radio-collared in Minnesota spent time in Ontario; 4 
radio-collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 
two died of unknown causes (U.S. Fish and Wildlife Service, unpublished database 2016). 
Furthermore, nine lynx mortalities due to vehicle collisions have been documented in Minnesota 
since 2000 (U.S. Fish and Wildlife Service, unpublished database 2016).  Minnesota has 
relatively high forest road and highway densities that intersect lynx habitat and several radio-
collared lynx in Minnesota inhabited home ranges that were bisected by highways. In addition to 
road mortalities, two railroad mortalities have been documented since 2000 (U.S. Fish and 
Wildlife Service, unpublished database 2016). It is probable that there are additional incidental 
catches that are not reported each year (Moen 2009). 
   
Factors Affecting Current Conditions:  Identified factors affecting to the current conditions of lynx 
in Minnesota include reduction in habitat quality or quantity, habitat fragmentation, climate 
change, increased access for competing carnivores, and human-caused mortality. The SNF is 
currently implementing the 2004 SNF Plan (USDA 2004), which has direction based on the 
LCAS and Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (2000), for all forest activities that occur within LAUs. Active management of forest 
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lands can produce lynx habitat, the Superior National Forest has a long-term commitment for 
doing so, however private landowners do not. Under the Sustainable Forest Resource Act of 
1995, the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2012, p. 1) - these voluntary guidelines are 
intended for private and state landowners and include some general recommendations for 
wildlife including lynx. The implementation of the MFRC guidelines is monitored annually (e.g., 
MDNR 2015, entire). Thus, the several risk factors are being minimized and managed to 
promote the conservation of lynx within the SNF, however implementation of the guidelines on 
privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the Superior National Forest and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Mineral exploration and development is 
increasing in portions of Minnesota, particularly for hard rock (non-ferrous) minerals. Some of 
the area of interest for minerals overlaps with lynx habitat in northeastern Minnesota. Mineral 
exploration may result in short-term displacement of lynx. Mining activities and associated 
development may result in an irreversible loss of habitat or increased mortality risk. The specific 
effects to lynx and their habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012). Where lynx and bobcat overlap, there is potential for 
accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all have the effect of compacting snow. Outside the BWCAW, snowmobile activity is extensive 
and increasing significantly. The Superior National Forest has 705 miles of snowmobile trails 
and 1,562miles on all ownerships within the proclamation boundary (USDA 2011). Advances in 
snowmobile capabilities have raised concerns about intrusion and new snow compaction in 
areas previously not vulnerable to high levels of snowmobile use. In addition, new road 
construction in lynx habitat has made more areas accessible during winter. These routes could 
be used by snowmobiles even if new roads are designated as closed to motorized public travel 
during other seasons. The Superior National Forest has 1,927miles of low standard roads (OML 
1 and 2) and 158 miles of temporary roads (USDA 2011). All of these factors have potential to 
reduce the deep and fluffy winter snow conditions and to reduce the competitive advantage of 
lynx in areas that typically receive deep snows. 
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Lynx are morphologically and physiologically adapted for hunting snowshoe hares and surviving 
in areas that have cold winters with deep, fluffy snow for extended periods. These adaptations 
provide lynx a competitive advantage over potential competitors, such as bobcats or coyotes 
(Buskirk et al. 2000; McCord & Cardoza. 1982; Ruediger et al. 2000). Long-term snow 
conditions presumably limit the winter distribution of potential lynx competitors such as bobcats 
(McCord & Cardoza. 1982), wolves, or coyotes.  The geographical distribution of bobcat harvest 
in Minnesota has remained relatively static with a lack of harvest in the Arrowhead region of 
Minnesota (the region encompassed by Cook, Lake and St. Louis counties in northeastern 
Minnesota) (Erb 2009 cited in Kapfer 2012, p. 16, Erb 2012, pp. 7-9) and annual snow track and 
scent stations surveys support the conclusion that bobcats are as rare in the Arrowhead as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to occur due to climate change (Kapfer 2012, 
p.25). Bobcat and coyote populations already appear to be increasing in Minnesota (Erb 2014, 
p. 40).  If snow depth and duration decrease in the Arrowhead, deer mortality may be reduced 
which may potentially increase bobcat densities and bobcat expansion into northeast Minnesota 
(Kapfer 2012, p. 25).  According to annual track surveys, wolf populations in Minnesota are 
currently stable (Erb 2014, p. 40), however, similar to bobcat, wolf populations may increase 
with changing snow conditions and prey availability as influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014, p. 113).  
 
4.1.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
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Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit likely represent the southern 
extent of a larger cross-border population, most of which occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245).  
The dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10).  Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28).  Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76).  
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
      
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655).  As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
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46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely-distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
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Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).   
 
Habitat Status:  Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal ownership, 
including 18,695 km2 (7,218 mi2) in national forests under USFS management, 3,658 km2 (1,412 
mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) managed by BLM in its 
Garnet Resource Area. As described above, potential lynx habitat in this unit is patchily- 
distributed and interspersed with areas of non-habitat (matrix). Among the six national forests 
that contribute lands to this geographic unit, potential lynx habitat was mapped on about 54 
percent of the total national forest area (both inside and outside this SSA unit; USFWS 2007, 
pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 percent of the 
park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 mi2; 27 percent of 
the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 FR 40086, 40089). 
In the Garnet Resource Area, the BLM designated five LAUs (which approximate a lynx home 
range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 61 percent) was mapped 
as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. Among all 18 national forests 
covered by the NRLMD, which includes all six national forests that contribute to this SSA unit, 
67 percent of mapped lynx habitat occurs in nondevelopmental allocations (USFWS 2007, p. 
33).    
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. 
 

https://snowfall.weatherdb.com/d/a/Montana
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Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30) that were developed based on the scientific findings and 
recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). Similarly, the BLM in 
2004 amended the Resource Management Plan (RMP) for the Garnet Resource Area to 
incorporate the conservation measures identified in the LCAS (BLM 2004a, 2004b, entire; 
Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of activities that 
can and cannot be implemented in important lynx habitats and thresholds for the proportions of 
lynx habitat in lynx analysis units (LAUs) that can be in an unsuitable state at any given time 
and how much can be converted from suitable to (temporarily) unsuitable over particular time 
frames. Implementation of these plans has likely benefitted lynx by providing a consistently- 
applied framework for conserving and restoring important hare and lynx habitats.   
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and buy a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).      
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana,and commits to active lynx monitoring and adaptive management 
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programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust lands in western 
Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 64 percent of State 
lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to support Federal lynx 
conservation efforts by managing for habitat elements important to lynx and their prey that 
contribute to the landscape-scale occurrence of lynx. Specific objectives to achieve this goal 
include protecting den sites and potential denning habitat, mapping and maintaining lynx 
foraging habitats and limiting the spatial and temporal scope of their conversion to unsuitable 
conditions from forest management activities, and providing for habitat connectivity (MTDNRC 
and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the Service in 
2011, and includes a 50-year commitment by the State to manage for lynx conservation on 
these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 17, 20, 27). As described above, 
lynx selected mature multistoried stands with dense horizontal and relatively higher winter hare 
densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the Forest 
Service in the NRLMD adopted a vegetation management standard (VEG S6) that precludes all 
vegetation management activities that could reduce winter snowshoe hare habitat in multistoried 
forests, not just precommercial thinning as recommended in the LCAS (USFS 2007, pp. 13-14). 
Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517, ILBT 
2013, p. 30; 79 FR 54790) denning habitat is not thought to be a limiting factor for lynx in this 
unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes guidance to ensure 
adequate denning habitat remains well distributed in LAUs and, therefore, across the larger 
landscape and to design projects to create or retain coarse woody debris in areas where 
denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit also appear to 
remain suitable to allow lynx to outcompete other terrestrial hare predators. Gonzalez et al. 
(2007, pp. 4-7) compared the highest-precision lynx occurrence data in the contiguous U.S. 
from 1966-1998 with snow-cover data available for those locations and concluded that lynx 
require nearly continuous snow cover from December through March. The authors modeled the 
probability of suitable snow across North America, showing that this geographic unit has a 90-
95 percent probability of providing snow cover conditions supportive of lynx presence (Gonzalez 
et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historic conditions and disturbance regimes, with only 
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a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from  2002-2010, but where more 
recent surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA 
Team 2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historic condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent historically, the 
current absence of lynx might be a natural condition related to the area’s naturally fragmented 
habitats and generally low hare densities - i.e., it may naturally be capable of supporting 
resident lynx only intermittently when habitat conditions and hare densities are optimal. If so, 
future intermittent lynx occupancy would be expected, but only if lynx dispersing from a source 
population immigrate to the Garnets when habitat conditions and hare densities return to more 
favorable levels. Conversely, if the Garnets historically supported a small but persistent 
population that was recently extirpated, it may suggest that the alteration of the historic 
distribution of some habitats in some parts of the range, described above, was enough to tip the 
quality of the area’s habitat from capable of supporting a small resident population to no longer 
capable of doing so.       
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
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wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historic or current number of resident lynx in 
this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; Interagency Lynx Biology Team 2013, p. 
57; 65 FR 16058; 68 FR 40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor 
fine-scale genetic sub-structuring among lynx subpopulations in the the southern (Garnets), 
central (Seeley Lake), and northern (Purcells) parts of this unit, suggesting limited interaction 
among lynx in those areas (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in 
Lynx SSA Team 2016, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 
Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
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sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female  
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016 pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 in 
2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx SSA 
2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, whether 
the recent absence of lynx from this part of the unit represents the extirpation of a small but 
previously persistent population (and, therefore, a permanent contraction of lynx distribution in 
this unit) or the temporary “winking off” of a peripheral subpopulation that may become “winked 
on” again in the future is unknown and perhaps irresolvable. 
  
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
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and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a peripheral population in a metapopulation structure. Lynx are rarely detected 
on surveys on other national forests (or parts of those above) that are outside but adjacent to 
this geographic unit (Patton 2006, entire; USFS 2105, pp. 1-9, 25-34), suggesting that these 
areas lack the habitat features and/or landscape-level hare densities necessary to support 
resident lynx populations (79 FR 54818-54820). 
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Factors Affecting Current Conditions:  Regulatory Mechanisms - The lynx DPS was listed 
because regulatory mechanisms in place at that time on Federal (primarily USFS and BLM) 
lands were deemed inadequate to assure the conservation of lynx habitats and, therefore, the 
persistence of lynx in the contiguous U.S. However, there was no evidence that resident lynx 
numbers or distribution had been diminished as a result of those regulatory inadequacies. 
Federal management activities (especially timber harvest and precommercial thinning, perhaps 
fire suppression) that occurred prior to listing and before implementation of current Federal 
regulatory mechanisms undoubtedly impacted some lynx and habitats by altering historic 
disturbance regimes and, therefore, the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. For example, as described above in Habitat Status and Lynx 
Status, past timber harvest/management and associated road construction may have 
fragmented, reduced the amount, and altered the distribution of lynx habitats in the Garnet 
Mountains, perhaps contributing to the apparent recent loss of that area’s ability to support 
resident lynx.      
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations were in place (MTFWP 2016, pp. 5-
10). Of the 16, eight were released uninjured, one was released with an injury, and seven were 
killed; all incidences of mortality occurred prior to 2008 and the implementation of the more 
protective regulations (MTFWP 2016, p. 5). In addition to the three lynx incidentally trapped on 
the Idaho Panhandle National Forest from 2012-2014 (described above under Lynx Status), one 
other lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south 
(U.S. District Court ID 2016, p. 6). Although lynx are legally trapped in Canada adjacent to this 
unit in southern Alberta and southern British Columbia, trapping there is managed through 
regulated seasons and harvest levels, which are adjusted to avoid overexploitation, especially 
during the low phase of the hare-lynx population cycle (Environment Canada 2014, entire; 
Vashon 2015, pp. 5-6). Whether, and if so to what extent, trapping in Canada may influence 
lynx dispersal across the border and into this geographic unit is unknown; however, such 
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dispersal was documented historically when harvest levels in Canada were likely much higher 
than under current management.   
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt,  
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.1.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat, often appear to barely meet the 
0.5 hares/ha threshold thought necessary to support resident lynx, relatively minor impacts, 
especially to hare and lynx foraging habitats, may strongly influence lynx persistence in some 
parts of this unit. However, modeling vegetation and snow suitability for lynx across North 
America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer forest 
biomes were broadly distributed across this geographic unit and that snow conditions suitable 
for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions based on 
this modeling are described in section 5.1.3, below). As described in section 3.2, above, climate 
change has also been implicated in recent  increases in the frequency and intensity of 
outbreaks of boreal forest insect pests, with warmer winters resulting in increased insect 
survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).       
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
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lands with developmental allocations and historically appear to have impacted only a small 
proportion of this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest levels on 
Federal lands in the West, including the Northern Rockies, and specifically with regard to “lynx 
forest types,” had declined consistently and dramatically for a decade or longer prior to the DPS 
being listed (68 FR 40093), and have remained at levels much lower than those from most of 
the previous century. Despite some likely localized impacts, past vegetation management does 
not appear to have broadly diminished this unit's ability to support resident lynx, although, as 
described above, it may have contributed to the current absence of a small number of resident 
lynx from the Garnet Mountains. Also as described above, current vegetation management in 
this unit on all Federal, most State and Tribal, and some private lands, is conducted in 
accordance with formally amended USFS and BLM management plans, an approved State 
HCP, Tribal regulations, and conservation easements designed to avoid or minimize impacts to 
lynx habitats, especially important hare and lynx winter foraging habitats.   
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to continue to support resident 
lynx.  
 
Habitat Loss and Fragmentation -  see regs and veg., above 
Much wilderness and other nondevelopment land allocations = limited loss/fragmentation in 
those areas. In development allocations, historic and recent timber harvest, associated roads, 
developed recreation, etc. - but no indication of pop-level effects. Few highways intersect lynx 
habitats in the N. Rockies (ILBT 2013, p. 63) and few records of collision mortalities in Montana 
(4) and Idaho (1) (Broderdorp, unpubl. data). Recreation, Minerals/energy development, and 
forest/backcountry roads and trails all considered second tier anthropogenic influences (ILBT 
2013, pp. 78-85); therefore unlikely to exert population-level influences, despite potential 
impacts to individuals.   
 
Other Factors - Connectivity /immigration - Connectivity/immigration from Canada thought to be 
important for demographic and genetic health of all DPS pops, but historic immigration rates 
and extent to which DPS pops rely on immigration are uncertain (79 FR 54789, 54793). No 
indication of barriers or genetic or demographic impacts to DPS pops (79 FR 54793). This unit 
is directly connected to lynx habitats and populations in southwestern Alberta and southeastern 
British Columbia (BC), where lynx are considered “sensitive” and “secure,” respectively 
(Environment Canada 2014, entire). Apps (2007) - naturally patchy distribution of lynx and 
habitats and generally low hare densities in Canadian Southern Rockies - which is the source of 
lynx immigration for this SSA unit. Modeling lynx resource selection and movement behavior, 



113 
 

Squires et al. (2013, pp. 187, 191-193) concluded that connectivity between this unit and lynx 
habitats and populations in Canada may be facilitated by only a relatively few predicted 
corridors that extend south from the international border. See section 3.2 - potential that climate 
change is muting hare cycles, which would impact lynx cycles, perhaps altering historic patterns 
of irruptions and immigration into this and other DPS pops. Evidence of pulses during 
unprecedented irruptions of the early 1960s and early 1970s (McKelvey et al 2000, pp. xx), but 
no evidence of significant immigration into this unit after the early 1980s (Squires in Lynx SSA 
Team 2016, p. 20). If immigration from Canada is essential to demographic stability of this pop., 
but is no longer occurring or is substantially reduced, potential for pop-level impacts in this unit - 
recruitment may be inadequate to consistently offset mortality and emigration. Seeley Lake 
lambda 0.92 may reflect a gradual decline of a pop. that needs but is not receiving immigrants.       
 
4.1.4 Unit 4 - North-central Washington 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825).  The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825).  It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands.  This area was occupied at the time lynx was 
listed and is currently occupied by the species.  Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented.  Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx.  Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult.  This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx.  Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46).  According to the LCAS, connectivity currently appears functional, as lynx 
dispersal from Washington into Canada was recently documented.  A male lynx radio-collared in 
2008 in the Loomis State Forest remained there until late winter in 2009, when it dispersed 
north into Canada toward Hope, British Columbia, and then headed north-east toward 
Kamloops where it appeared to establish a home range just southeast of Kamloops. This 
individual was later trapped and killed in British Columbia, highlighting the need for cooperation 
and shared management goals across political boundaries (LCAS 2013, p. 65). 
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Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently.  One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18).  Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523).  For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s.  In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986.  One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977.  A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63).  Prior to 1961, lynx trapping 
records were not maintained in Washington.  Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month.  In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (Service 
2008).  Lynx habitat in the Kettle Range is limited in size and capable of supporting few lynx.  
According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 10 to 23 
lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) 
of lynx habitat.  It should be noted that the lynx density estimate was derived from research 
conducted in the Cascade Range within a large area of contiguous, high quality habitat (Koehler 
1990, pp. 845, 847).  Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2.  The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia.  The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523).  These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult.  Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000, p. 322; 
Stinson 2001, p. 9).  Within this area lynx primarily use forests dominated by Engelmann 
spruce, subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and 
avoid Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with 
sparse canopy and understory cover (less than 10 percent), low elevations [less than 915 m 
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(3,000 ft)], and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; 
Maletzke 2004, pp. 16-17).  Similar to the northern Rocky Mountains, lynx habitat in the 
Cascades is naturally fragmented (Koehler et al. 2008, p. 1523).  Disturbance is common in 
boreal forests, and fires and insect epidemics are major drivers of this disturbance, but other 
factors including wind and disease also contribute to the process of disturbance (Agee 2000, p. 
47).  Fire return intervals in the north Cascades ranges between approximately 100 to 250 years 
(Agee 2000, p. 50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75).  
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268).  Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice.  
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446).  In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities reach approximately 4-6 hares/ha (1.6-2.4 hares/ac), and cycle 
as low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000, pp. 119-120).  In the southern 
portion of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in 
northern regions (Aubry et al. 2000, p. 375).  Walker (2005, p. 20) estimated an average 
snowshoe hare density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha 
(0.01 to 1.94 hares/ac) in north central Washington (i.e., the Cascades).  The Washington 
Department of Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 
0.7 hares/ha (0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84).  Snowshoe hares are limited to 
environments with snowy climates (Ruggiero et al. 2000b, p. 448).  Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest.  However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historic range of lynx in the 
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U.S. (68 FR 40084).  McKelvey et al. (2000, pp. 245-246) described the historic range of lynx in 
the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with the 
Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests.  These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46).  The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63).  In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit.  Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23).  Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
studies conducted from 2002 through 2004.  More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx Workshop Report 2016, p. 21).  
Cumulatively, over the past 2 decades these wildfires have burned greater than 50 percent of 
the suitable lynx habitat within this geographic unit (Koehler et al. 2008, p. 1523).  These acres 
are expected to regenerate back into suitable lynx habitat, but it may take several decades for 
this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13).  From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13).  
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14).  In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).   
  
In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16).  However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
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individual lynx (Stinson 2001, p. 16).  More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx.  This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847).  However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”.  During the time of Koehler’s 
(1990, entire) study the Meadows provided some of the best lynx habitat in Washington, 
whereas most other lynx habitat in Washington is lower in elevation and more highly fragmented 
(Walker 2005, pp. 3, 6).  Thus, the lynx densities Koehler observed in his study area in the 
Meadows may not translate to lynx densities throughout the rest of lynx habitat in Washington, 
because as habitat becomes more fragmented and isolated (i.e., marginal), the carrying 
capacity for a particular species declines.  Thus, applying Koehler’s estimated lynx density 
uniformly throughout Washington, may overestimate the overall lynx population capable of 
being supported in Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16).  This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16).  The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat.  
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc.  Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat.  They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522).  Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington.  During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847).  Results of the 
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study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2).  Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2.  Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53).  Maletzke assessed the effects of recent fires 
in the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat).  By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx Workshop Report 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population.   Note:  while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable.  However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population.  Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires.  Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21).  The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted.  The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
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Factors Affecting Current Condition:  In 1993, lynx were classified by the Washington Fish and 
Wildlife Commission as a state threatened species (Stinson 2001, p. 22).  On July 12, 2016, the 
WDFW recommended that the Washington Fish and Wildlife Commission uplist the lynx from a 
state threatened to a state endangered species (WDFW 2016, p.1).  According to the Draft 
Washington State Periodic Status Review for the Lynx, the WDFW recommended listing the 
lynx as endangered due to: 1) 1) observed range contraction in Washington following protection 
efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and anticipated 
threats to lynx population persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the 
Okanogan/Wenatchee (OWNF) and Colville (CNF) National Forests.  The North Cascades (aka 
the Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF.  Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire).  The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation.  To promote conservation 
of lynx and its habitat the LCAS contains conservation measures addressing the identification 
and maintenance of lynx habitat (foraging, denning, habitat connectivity) on federal lands.  
Toward this end, the LCAS recommends that federal land managers identify and map lynx 
habitat on their ownerships, and delineate lynx analysis units (LAUs) containing the mapped 
lynx habitat, within which the effects of management actions on lynx habitat will be monitored 
and analyzed.  The LCAS also recommends that the size of LAUs should be based on the 
average size of a female lynx home range and contain year-round habitat components (i.e., 
foraging and denning habitat).  Thus, in Washington, and the north Cascades specifically, it 
appears that the single threat for which lynx were listed under the ESA (i.e., inadequacy of 
regulatory mechanisms) has largely been addressed through the development of the LCAS, and 
CA between the Forest Service and Service which commits the Forest Service, specifically for 
Washington the OWNF and CNF, to use the LCAS in the management of lynx habitat on their 
ownerships and when designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ.  In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a state threatened species by Washington State 
(WADNR 1996, entire).  Subsequent to federally listing the lynx as threatened under the ESA, in 
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2006 the WADNR implemented a modified Lynx Habitat Management Plan (2006 Lynx Plan) 
incorporating new science into its 1996 Lynx Plan pertaining to lynx management (WADNR 
2006, entire).  Among other things, the WADNR 2006 Lynx Plan contains management 
standards and guidelines to avoid the incidental taking (as defined by the ESA) of lynx.  These 
standards and guidelines address maintenance of lynx denning and foraging habitat, as well as 
habitat connectivity within and between LAUs and lynx populations within Washington (i.e., 
LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  
(1) Encouraging genetic integrity at the species level by preventing bottlenecks between British 
Columbia and Washington by limiting size and shape of temporary non-habitat along the border 
and maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; 
(3) Maintaining the integrity of requisite habitat types within individual home ranges by 
maintaining connectivity between and integrity within home ranges used by individuals and/or 
family groups; and (4) Providing a diversity of successional stages within each LAU and 
connecting denning sites and foraging sites with forested cover without isolating them with open 
areas by prolonging the persistence of snowshoe hare habitat and retaining coarse woody 
debris for denning sites. 
 
The 2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation 
and effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, 
and the Service has concluded that the management strategies implemented are effective. 
 
In the final revised critical habitat designation, published in the Federal Register on February 25, 
2009 (74 FR 8657–8658), we determined that the benefits of excluding lands managed in 
accordance with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the 
designation, and that doing so would not result in extinction of the species. We, therefore, again 
are considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 
Lynx Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades, which has significantly affected the status of and current 
viability of the lynx population within this geographic unit.  As discussed below under Potential 
Threats/Stressors/Factors Influencing Viability, there is significant risk of potential future 
wildfires to further affect the viability of lynx in this geographic unit.  Recent wildfire severity, 
extent, and intensity in lynx habitat within this geographic unit may have been influenced by 
climate change (Westerling et al. 2006, pp. 942-943), and as discussed below, climate change 
may similarly affect the future viability of lynx within this geographic unit. 
 
4.1.5 Unit 5 - Greater Yellowstone Area 
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Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826).  It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State.  This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton,Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts.  It also 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges.  This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (see Devineau et al 2010, p. 526).  Relative to other 
DPS lynx populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
the Rocky Mountain Conifer Forest vegetation class, as described above (Section 4.1.3) for the 
Northwestern Montana/Northeastern Idaho area, although this habitat and, thus, lynx typically 
occur at higher elevations (2,250-3,000 m [7,380-9,850 ft]) in the GYA (McKelvey et al. 2000a, 
p. 245). Lynx habitat in much of the GYA is naturally marginal (patchier and composed in many 
places of drier forest types) and hare densities low to marginal, resulting in a spatially-limited 
distribution of lynx with large home ranges (68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 
8643–8644; Hodges et al. 2009, entire; 79 FR 54796; Lynx SSA Team 2016, p. 45). However, 
some pockets of high hare density - Wyoming Range, see Berg’s work and Endeavor research 
reports.  

Habitat Status:  Almost all is Federal. Much of unit in national parks, wilderness areas, and other 
non-development land-use designations (try to quantify as above for unit 3) - mgmt. should 
preserve lynx/hare habitats.  Other areas (Fed) are managed in accordance with NRLMD or 
conservation agreements that incorporate the recommendations/standards and guidelines form 
the LCAS (2000). 

BLM plans revised in 2008 (Pinedale) and 2010 (Kemmerer) - formally adopted conservation 
measures and BMPs for lynx based on LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. 
A-9 - A-12).4. 

1988 YNP fires and potential consequences. 

Lynx Status:  Few to none currently. Never very many (79 FR XXXXX). Uncertainty regarding 
historic persistent resident pop (see section 2.3.2.2). Summarize 1997- 2010 occurrences. Hot 
spots in Wyoming Range, Togwotee Pass, Bondurant Corridor, YNP 2001=2004 (some of this 
summarized above in 2.3.2.2).   
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Factors Affecting Current Conditions: Regulatory Mechanisms, Climate Change, Vegetation 
Management, Wildland Fire Management, Habitat Loss and Fragmentation, Other   

4.1.6 Unit 6 - Southern Rockies Geographic Area 
 
Unit Description - The overall geographic unit includes Colorado, south-central Wyoming, and 
north-central New Mexico.  However, within the southern Rockies, since we currently have no 
evidence of resident lynx in southern Wyoming or northern New Mexico, and we question the 
ability of these two areas to support breeding populations we are not including these two areas 
in the unit description.  Lynx habitat  in Colorado totals approximately 25,294 km2 (9,766 mi2), 
and is distributed west of US Interstate-25.  We excluded the northwest part of the state 
bounded on the south by US Interstate-70 and the east by Colorado State Highway 13, because  
this area lacks sufficient habitat to support lynx.  Lynx habitat in Colorado falls within the 
following land ownerships, USFS 21,555 km2 (8,322 mi2), BLM 772 km2, (298 mi2), NPS 452 
km2 (174 mi2), Private 2,350 km2 (907 mi2), State 164 km2 (63 mi2).   
 
The southern Rockies are separated from the rest of the Rocky Mountain chain, and thus lynx 
habitat in northern and western Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.   
 
Habitat Description - Lynx habitat in the southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009 page 
10).  In the upper elevations of the subalpine zone, forests are typically dominated by subalpine 
fir and Engelmann spruce.  As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen.  On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir.  Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains.  The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites.  Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, page 15).  Riparian and riparian-mix was the third most-used cover type, with a 
pattern of increasing use beginning in July, peaking in November, and dropping off in 
December.  Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
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Ivan et al. (2012 page 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands).  We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan’s EE 
presentation), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975 page 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within 
their study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 2008, 
p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains 
Geographic Unit, which limits their abundance.  Zahratka and Shenk (2008) found densities of 
snowshoe hares to be greatest in mature Engelmann spruce-subalpine fir stands when 
compared to mature lodgepole pine stands in Taylor Park, Colorado.  Their density estimates 
were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in Engelmann spruce-subalpine fir 
habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 hares/ac) in lodgepole pine habitats 
(Zahratka and Shenk 2008). 
  
Ivan (2011a) compared snowshoe hare density, survival, and recruitment in mature uneven-
aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) stands (20–25 
years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned lodgepole pine 
stands (40–60 years old) in Colorado.  During summer, Ivan (2011a) recorded densities of 
0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small lodgepole pine forest, 0.01+0.04 
to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium lodgepole forest, and 0.01±0.002 to 
0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir forest; densities were more similar across 
the 3 forest types during the winter months.  He concluded that “hares reached their highest 
densities and recruited juveniles most consistently in stands of small lodgepole, followed closely 
by spruce/fir, but survival was highest in spruce/fir stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the southern Rockies (i.e. Colorado and southern Wyoming) [65 FR 16052).  In 
2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the southern Rockies (68 
FR 40076).  As stated above, our focus here is limited to the state of Colorado.  In 2008, the 
USFS reported that most of their LAUs in the southern Rockies fell within a range of 3-8 percent 
in a currently unsuitable condition, with only one LAU exceeding 30 percent unsuitable (USFS 
2008 page 19).  Currently, the USFS reports 51 out of 202 (25%) LAUs currently exceed the 30 
percent unsuitable condition (Peter McDonald pers comm. (7/21/2016).  These changes are 
mostly in response to the ongoing bark beetle infestations, as well as wildfire events that have 
occurred since 2008. 
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Ivan et al. (2012 page 6), developed a predictive map of lynx habitat use by using lynx location 
data collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx.  Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use.  Therefore, we 
selected the top 30 percent of the Ivan et al. (2012 entire) predictions and the associated habitat 
to represent the amount of potential lynx habitat in Colorado totaling 25,294 km2 (9,766 mi2).  
This habitat estimate falls between the Ivan et al. (2012, page 6) estimate and the USFS’s 
habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008 page 18), while retaining a greater than 
60 percent probability of detecting lynx as described by Ivan et al. (2012).   
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents.  All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx.  Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS, totalling approximately 126 km2 (49 mi2).  One 
additional plan provides conservation measures for timber management actions only, but the 
FO contains only about 1 km2 (0.39 mi2).  The remaining FOs currently have not amended or 
revised their plans specifically to provide conservation for lynx (approximately 645 km2 (298 
mi2),  Since the 2000 listing however, all BLM Field Offices in Colorado have been conserving 
lynx discretionarily through application of conservation measures provided in the Lynx 
Conservation Assessment and Strategy (Ruediger et al. 2000, entire; ILBT 2013, entire).  Rocky 
Mountain National Park has a fire management plan that includes conservation measures for 
lynx.  We are not aware of any specific conservation planning guiding activities on non-federal 
lands. 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado.  
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
state of Colorado (Odell pers comm. April 4, 2016), and Rocky Mountain National Park (Shenk 
2008, page 3).  The CPW is developing a minimally-invasive, long-term, statewide monitoring 
program to track the distribution, stability, and persistence of lynx in Colorado (Ivan J. 2012 
entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan presentation 2015).  In addition 38 percent of lynx captured during recent (2010-2015) 
USFS Rocky Mountain Research Station research projects in Colorado have been young and/or 
unmarked cats (Ivan EE Presentation 2015), suggesting continued reproduction within 
Colorado.  However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, page 5).  Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
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than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–
0.90; Slough and Mowat 1996 entire, O’Donoghue et al. 1997, page 155) or in the Northwest 
Territories (~0.90; Poole 1994, page 612).  Successful reproduction, including by females born 
in Colorado, has been documented (Shenk 2008, page 2), and kitten survival was 0.2260 (Jake 
Ivan, pers comm. March 9, 2016). 
  
Factors Affecting Current Conditions - Colorado is currently experiencing major bark beetle 
epidemics in lodgepole pine and spruce-fir forests.  Although bark beetles are native insects, 
and forests in the western U.S. have experienced regular insect infestations throughout their 
history, the current bark beetle epidemic is notable for its intensity and extensive geographic 
range.  The causes of this epidemic include: relatively even-aged, dense, and homogenous 
forest conditions, which are highly susceptible to beetle attack, and which were created by 
large-scale logging in the late 1800s and subsequent fire suppression efforts; warmer winters 
due to climate change (cold winters typically reduce beetle populations); and a multi-year 
drought that occurred in the mid-1990s through early 2000s, stressing the trees and making 
them more susceptible to beetle attack (USFS 2011, pp. 4). 

In lodgepole pine forests, a mountain pine beetle (Dendroctonus ponderosae) epidemic typically 
kills the entire overstory and results in a stand-replacing disturbance event.  In Colorado, more 
than 1,375,931 ha (3,400,000 ac) has been affected by mountain pine beetle, and 639,000 ha 
(1,579,000 acres) affected by spruce beetle since 1996 (USFS 2015, p. 3), a portion of which 
overlaps with lynx habitat.   
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares.  
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine.  If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event.  Because of the importance of spruce-fir forests for production and survival 
of snowshoe hares (Ivan 2011a), widespread mortality of mature spruce/fir forests could impact 
lynx habitat for a long duration.  By 2015, the spruce beetle outbreak influenced approximately 
95 percent of the mature spruce component of the subalpine cover types on the Rio Grande 
National Forest (Squires et al. unpublished report 2016, page 1).  Despite the large scale, and 
almost complete mortality of the mature spruce component within their study area, lynx continue 
to use and reproduce in the beetle-infested forests (Squires et al. unpublished report 2016, 
page 2).  Since the majority of lynx habitat in Colorado is under Federal land management (88 
Percent), actions occurring on other ownerships are unlikely to result in significant losses of lynx 
habitat within Colorado.  However, habitat connectivity may be negatively affected by intense 
recreational use or development within strategic areas that are important for habitat 
connectivity. 
 
Interagency Lynx Biology Team (2013 p. 57; 61-62) states: 
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Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006).  Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003.  When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were 
exposed to plague by infected prey after their release in Colorado. 
 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing.  
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006).  Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016).  A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012).  At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat.  Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
  
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
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grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely.  

4.2 Current Conditions DPS-wide 
Team provide highlights/ bullets, Jim summarize unit information above. 
 
Table of Current Condition? 
 
Summary Unit 1 Current Conditions:  In contrast to what was known at the time of listing, the 
largest reproducing resident population of lynx in the DPS occurs in northern Maine (numbers 
and trends unknown, but habitat for possibly 500 to 1000 lynx).  Small numbers of reproducing 
lynx have been recently documented in northern New Hampshire and Vermont.  The northern 
Maine population is part of a larger metapopulation in southern Quebec and northern New 
Brunswick that is demographically isolated from populations in the interior of Canada by the St. 
Lawrence River.  Unlike other DPS units, lynx habitat occurs nearly entirely on private, industrial 
forest lands.  Lynx and hare habitat is historically high because of young, regenerating softwood 
created by extensive clearcutting to salvage spruce-fir following a severe spruce budworm 
outbreak in the 1970s and 1980s.  Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities.  Habitat created from the 
budworm clearcuts has peaked.  Forestry regulations passed in 1989 caused landowners to 
shift to various forms of partial harvesting that resulted in lower landscape hare densities across 
much of the unit.  Hares do not seem to cycle in this region, but underwent a 50 percent decline 
starting in 2006 and have remained at lower levels. Current trends in lynx populations are 
unknown, but reproduction and survival in the low-hare environment suggest a slightly declining 
population.  Under natural conditions, hare and lynx habitat was likely created by gap-dynamic 
in mature forest (similar to western units), infrequent and generally small fires, blowdown, and 
insect outbreaks.  Forest management is now the primary driver of hare and lynx habitat.  Unlike 
other units of the DPS, landowners do not have long-term commitments to lynx management.  
Unique stressors on private lands include large-scale wind energy development, residential and 
resort development, and parcelization of forestlands from rapid turnover in investment company 
landowners.  Forestry markets are uncertain and most papermills have closed.  The next spruce 
budworm outbreak is imminent, but forestry response by investment landowners is uncertain.  
Climate change is a concern as snow depth and duration are currently at the minimum 
thresholds believed necessary to give lynx a competitive advantage over bobcats and other 
mesocarnivores.   
 
Summary Unit 2 Current Conditions:  Contrary to what was assumed prior to listing, a 
reproducing resident lynx population (roughly 50 to 200 lynx) exists in northeastern MN. Land 
ownership of this 21,100 km2 (8,147 mi2) unit is about 47 percent Federal (primarily USFS); 36 
percent State; 16 percent private; and 1 percent Tribal.  The unit is directly connected to lynx 
habitat in southern Ontario. Hare density in parts of northeastern Minnesota appears to be 
sufficient to support a viable lynx population. The SNF continues to manage in accordance with 
its 2004 Forest Plan, which has direction based on the LCAS and Canada Lynx Conservation 
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Agreement (CA) between the Forest Service and the Service, for all forest activities that occur 
within LAUs. Management on state and private lands is voluntary.  Factors affecting current 
conditions primarily include forestry management, roads, incidental trapping, mining 
development, snow compaction, competition with bobcats, and lynx-bobcat hybridization. Forty-
nine lynx mortalities due to vehicle and train collisions as well as incidental trapping and 
shooting have been reported in MN since the species was listed. 
 
Summary Unit 3 Current Conditions: 
 
Summary Unit 4 Current Conditions:  Since lynx were listed in 2001, almost 40 percent of lynx 
habitat in the North Cascades has been impacted by fire, potentially reducing the the lynx 
population capable of being supported in Washington by  
 
Summary Unit 5 Current Conditions: 
 
Summary Unit 6 Current Conditions:   
 
Compared to the time of listing and completion of the Southern Rockies Lynx Amendment, two 
bark beetle epidemics have altered large areas of lynx habitat in Colorado.  Similarly, large 
wildfires have reset successional conditions in many areas.  Areas affected by beetles that 
contained multistoried stand conditions likely continue to provide habitat to support snowshoe 
hares and lynx.  Other areas require 20 plus years to recover to a point where the stands will 
again support snowshoe hares.  The CPW completed their lynx reintroduction, and based on 
information generated during on-going studies, and reports received by CPW and the USFS, 
lynx continue to persist, at least in the San Juan Mountains.  The majority of lynx habitat in 
Colorado continues to be managed by the USFS, providing conservation through the Southern 
Rockies Lynx Amendment.  However, regulatory mechanisms for the conservation of lynx are 
lacking on approximately 3,611 km2 (1,394 mi2) [14 percent] of some BLM, NPS, and other non-
federal lynx habitat. 
 
Summary of populations in each DPS unit  
In our assessment of each unit, we determined that four of the six units of the Canada lynx DPS 
currently (and in the next decade) demonstrate high levels of resiliency (Table XX); Unit 1 
Northern Maine, Unit 2 Minnesota, Unit 3 Northwestern Montana, and Unit 6 Western Colorado.  
Until recently, the North-Central Washington unit was considered resilient until large fires 
consumed a large amount of the habitat, likely resulting in a diminished population that may be 
susceptible to stochastic events.  The Greater Yellowstone unit lacks resiliency because there 
are few, if any, lynx present, and this population is demographically isolated from Canada and 
other DPS populations (with the exception of a few lynx that may immigrate from Colorado)  Key 
evidence in determining level of resiliency was the amount of habitat having landscape hare 
densities that are able to support at least a minimum viable population (35 to 50 individuals).  
We lack demographic, abundance, and trend data for all of the units.  Various stressors 
currently affect each unit, especially forest management and climate change.  Lynx at the 
southern edge of their range occur in patchy, fragmented boreal forest and are at the 
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environmental thresholds (e.g., snow quality, depth, persistence).  Overall, the primary sources 
of uncertainty were the lack of empirical abundance and trend estimates, the extent and 
importance of immigration of lynx from Canada to the persistence of U. S. populations, trends in 
hare populations, and the effectiveness of lynx management (or lack thereof on private forest 
lands).  Given the importance of climate change as a stressor, we lack information on the pace 
and extent of changes in snow quality, depth, and persistence and how this affects the 
relationship between lynx and their competitors. 
Table XX.  Summary of current (2016 – 2025) resiliency of individual populations of the Canada 
lynx DPS (see section 5.2, table XXX for future resiliency). 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Northern 
Maine 

2016 mean 100% 
  

2025 mean 95% 
(range 70 to 100%) 

  

● Large habitat unit; low elevation 
● Habitat created by spruce budworm 

clearcuts peaking; population at 
historic highs and largest in the DPS? 

● No long-term management 
commitments to lynx on state and 
private lands (99% of unit) 

● Highest reported road mortality, 
incidental take from trapping in DPS 

● Moderate lynx density in optimal 
habitats; small home ranges, high 
productivity and survival indicate 
current habitat quality 

● Few disruptions to demographic and 
genetic connectivity to southern 
Quebec, New Brunswick populations 

● Higher landscape hare densities 
relative to other DPS units 

● Snow depth and duration at minimum 
thresholds for lynx 

● No empirical abundance or trend 
data; potential habitat for 500 to 1000 
lynx 

● Extent and importance of immigration 
from Canada 

● What was natural habitat condition 
and population? 

● Effects of shift to partial harvesting – 
lower landscape hare densities, 
fragmented habitat 

● Hares in ME-Quebec region dropped 
to 50% former abundance 

● Forestry response to pending spruce 
budworm outbreak 

● Effects of mortality – roads, incidental 
trapping and shooting 

● Future commitments to long-term lynx 
management on state and private 
lands 

● Conversion of spruce-fir to northern 
hardwood occurring 

Unit 2 
Minnesota 

2016 mean 100% 
  

2025 mean 95% 
(range 70 to 100%) 

● Moderate habitat unit; low elevation 
● Habitat conditions on national forests 

likely improving 
● Moderate home ranges and 

productivity indicate habitat quality 
and hare density sufficient to support 
lynx 

● Few disruptions to demographic and 
genetic connectivity to southern 
Ontario populations 

● Lynx at thresholds for snow depth 
and duration 

● No empirical abundance or trend 
data; potential habitat for 50 to 200 
lynx 

● Extent and importance of immigration 
from Canada 

● Lower population could be 
susceptible to stochastic effects 

● Effectiveness of USFS management 
for lynx 

● Effects of mortality on small 
population – roads, incidental 
trapping and shooting 

● Trends in hare populations 
● No commitments to long-term lynx 

management on state and private 
lands (52% of unit) 
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Unit 3 
Northwestern 
Montana 

2016 100% 
  

2025 mean >95% 
(range 90 to 100%) 

● Large habitat unit; high elevation 
● Habitat conditions on national forests 

likely stable or slightly declining 
because of fires 

● Long term lynx management assured 
on >90% of unit; increased protection 
from conservation purchase of 
private forest lands 

● Few disruptions to demographic and 
genetic connectivity to southern 
British Columbia populations 

● Landscape hare densities lower – 
larger home ranges, lower population 
density 

● Recent loss of metapopulation in 
Garnet Range 

● Increasing fire frequency 
● High elevation buffer against climate 

change 

● No empirical abundance or trend 
data; potential habitat for 200 to 300 
lynx 

● Effectiveness of USFS management 
for lynx 

● Dependence on hare-lynx cycle in 
Canada to sustain population 

● Effects of mortality on population – 
roads, incidental trapping and 
shooting 

● Trends in hare populations 

Unit 4 North-
central 
Washington 

2016 mean 100% 
  

2025 mean 80% 
(range 30 to 100% 

● Smaller habitat unit; moderate 
elevation 

● Habitat and population low because 
of recent fires and now at great risk 
from stochastic effects 

● Long term lynx management assured 
on >90% of unit 

● Moderate home ranges and 
productivity indicate intermediate 
current habitat quality 

● Few disruptions to demographic and 
genetic connectivity to southern 
British Columbia populations; 
immigrants may augment population 

● Landscape hare densities lower – 
larger home ranges, lower population 
density 

● No empirical abundance or trend 
data; current potential habitat for 
about 40 lynx; under optimal habitat 
conditions could support 100 to 150 
lynx 

● Time needed for burned habitat to 
become new hare-lynx habitat 

● Effectiveness of USFS management 
for lynx 

● Dependence on hare-lynx cycle in 
Canada to sustain population 

● Effects of mortality on population – 
roads, incidental trapping and 
shooting 

● Trends in hare populations  

Unit 5 Greater 
Yellowstone 

2016 mean 50% 
  

2025 mean ~52% 
(range 0 to 90%) 

● Large habitat unit; high elevation 
● Drier conditions; patchy, fragmented 

habitat 
● Regenerating forest from 1980s fires 

could create habitat 
● Landscape hare density insufficient 

to support lynx 
● Uncertain whether lynx are currently 

present 
● No connectivity with Canadian 

populations 

● No empirical abundance or trend 
data; likely fewer than 10 lynx, and 
possibly zero 

● Trends in hare populations 
● Whether habitat can be managed to 

improve landscape hare density that 
will support lynx 

● Effectiveness of USFS and NPS 
management for lynx 

● Effects of mortality on population – 
roads, incidental trapping and 
shooting 

● Trends in hare populations 

Unit 6 2016 mean 100% ● Large habitat unit; high elevation ● No empirical abundance or trend 
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Western 
Colorado 

  
2025 mean 90% 

(range 30 to 100%) 

● Habitat conditions on national forests 
likely stable or slightly declining 
because of fires 

● Smaller home ranges and higher 
survival and productivity indicate 
current habitat quality 

● Long term lynx management assured 
on >90% of unit 

● No demographic or genetic 
connectivity to other lynx populations; 
subject to genetic drift 

● Lynx may occur as several smaller, 
relatively isolated subpopulations, 
which are likely more vulnerable to 
stochastic events 

● Increasing fire frequency 
● Extensive bark beetle outbreak 

affecting habitat 
● High elevation buffer against climate 

change 

data; current potential habitat for 100 
to 250 lynx 

● Effectiveness of USFS management 
for lynx 

● Effects of mortality on population – 
roads 

● Trends in hare populations  

  
 

Chapter 5: Future Conditions 
In this chapter, we evaluate the potential effects of the influencing factors described in Chapter 
3, above, on the persistence and future viability of lynx populations in each geographic unit and 
the DPS as a whole. We also present and summarize the professional judgments and opinions 
of lynx experts and their estimates of the probability that each of the SSA units will continue to 
support resident breeding populations of lynx into the future (at years 2025, 2050, and 2100). 

5.1 Future Conditions by Geographic Unit 
5.1.1 Unit 1 - Northern Maine 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Forest Practices Act (FPA).  The FPA 
regulates maximum size of clear cuts (250 acres), separation zones between clearcuts, harvest 
plans, and notification to the Maine Forest Service.  Clearcuts are not banned, but require 
varying levels of permitting depending on their size.  As a result, the number of clearcuts 
completed annually has declined significantly and have been replaced by various forms of 
partial harvesting (Sader et al. 2003, p. 349-350, McWilliams et al. 2003, p. 35).  In general (with 
exception of shelterwood harvests), partial harvested stands support significantly lower 
densities of snowshoe hares (Fuller 1999, Homyack 2003, Robinson 2006, entire, Scott 2009), 
thus reducing landscape hare density and presenting a challenge for future lynx conservation 
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(Simons 2009, pp. 206, 209, 217, Simons-Legaard et al. 2016, p. 7-8, Simons-Legaard 2016, 
entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems.  The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-FPA to 550,000 
acres post-FPA (McWilliams et al. 2003, p. 35).  Currently, 27 years post-FPA, much of the 10 
million-acre northern Maine landscape has been influenced by partial harvesting.  Extensive 
partial harvesting and aging of the spruce budworm-era clearcuts will reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10).  If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10).  After 2030, projected outcomes for lynx habitat 
become more uncertain and depend on assumptions about habitat definitions and harvest rates.  
If one defines lynx habitat as stands having greater than 75 percent spruce-fir, then habitat will 
decline by about 50 percent by 2030 and remain at about at this level through 2060.  With more 
generous definitions of habitat (stands that are 25 to 50 percent spruce-fir), after an initial 
decline lynx habitat could rebound after 2030, perhaps to about 75 percent of current levels by 
2050 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the next outbreak of spruce budworm.  After being low for the 
last 20 years, spruce budworm numbers are again building toward epidemic levels in Maine, 
southern Quebec, and northern New Brunswick.  Significant defoliation in Maine is expected to 
begin between 2018 and 2021 (Wagner et al. 2014).  Although Maine research has clearly 
demonstrated that landowner response to the last outbreak resulted in unintended, positive 
benefits for lynx from one to three decades later, our ability to project what effects the next 
outbreak will have on lynx habitat is still limited.  Land ownership has changed dramatically 
since the last outbreak.  To reduce risk from spruce budworm, some financial investment 
owners may cut younger spruce-fir stands that still support elevated hare populations.  Some 
may be less inclined to intensively manage for spruce-fir.  It is unlikely that current landowners 
will use widespread use of pesticides to control spruce budworm and herbicides to promote 
spruce-fir regeneration after stands are defoliated.  The FPA may serve as an additional 
constraint on motivation to clearcut infested stands, even with recently-enacted changes 
intended to reduce the regulatory burden for landowners.  Landowner response to the pending 
outbreak will have important implications for the short- and long-term persistence of lynx habitat 
in the northern Maine unit (Simons-Legaard 2016, pp. 16-17).   
 
Climate warming - The direct and indirect effects of climate warming are expected to affect lynx 
in the northern Maine unit more severely than other units (A. Siren, Workshop report 2016 p.XX) 
and could further restrict their range (Hoving 2002, Hoving et al. 2005, Carroll 2007).  Wildlife 
experts in Maine ranked lynx as highly vulnerable to climate change (>66 percent loss in 
species range/population and extirpation within 50 to 100 years) (Whitman et al. 2013, p. 19, 
74).  Similarly, Carroll (2007, entire) modeled Maine lynx population assuming non-cycling hare 
populations and snow conditions expected under intermediate to high emissions climate models 
(Kiehl and Gent 2004, entire).  He predicted a 59 percent decline in the lynx population (non-
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cycling hare populations in Maine and eastern Canada) by mid-century because of climate 
change alone. Maine lacks elevational refugia for lynx under reduced snow scenarios (Carroll 
2007, p. 1102), except for the mountains in western Maine where snow refugia may only persist 
as very small, isolated “sky islands” that would be unlikely to support lynx.  Gonzales et al. 
(2007, entire) modeled distribution of boreal forest and future snow conditions under nine 
different low, medium, and high emission scenarios (IPCC 2007) and predicted loss of forest 
and snow conditions able to support lynx in Maine by the end of the century.  Although there are 
uncertainties about future climate warming, lynx populations in Maine are expected to recede 
northward and decline substantially over the next century (Vashon et al. (2012, p. 60).    
 
Northeast climate models predict average winter temperature increasing 2.0oC (low emission) to 
2.9oC (high emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by 
late century (Notaro et al. 2014).  Largest increases in temperature are expected in northern 
Maine (A. Siren, Workshop Notes 2016, Rawlins et al. 2012) where temperatures may increase 
4.5 to 5.0o F by 2050 (Fernandez et al. 2015 check). Moderate emissions scenarios predict a 
loss of snow and boreal forest conditions able to support lynx by the end of the century (Carroll 
2007, Gonzales et al. 2007).  
 
Climate change is affecting the Northeast, and the rate of change is faster than expected 
(Rustad et al. 2014).  Rapid winter warming in recent decades is believed to be caused by 
reduced albedo feedback caused by the reduced persistence of snow in winter (Hayhoe et al. 
2006). Average winter temperatures are increasing 0.42-0.46o C/decade with the greatest 
warming occurring in the coldest months of winter (January, February)(Burakowski et al. 2008).  
Northeast climate models predict average winter temperature increasing 2.0oC (low emission) to 
2.9oC (high emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by 
late century (Notaro et al. 2014).  Largest increases in temperature are expected in northern 
Maine (A. Siren, Worskshop Notes 2016, Rawlins et al. 2012) where temperatures may 
increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015 check). Moderate emissions scenarios 
predict a loss of snow and boreal forest conditions able to support lynx by the end of the century 
(Carroll 2007, Gonzales et al. 2007).  In response to climate change, interest in wind 
development has escalated in northern and western Maine increasing threats to high elevation 
and potential spruce-fir refugia (Whitman et al. 2013). Climate conditions are at or falling below 
threshold values needed to support lynx in Maine. 
 
Snow duration. The current average snow duration in Maine is at or below the 4 month snow 
persistence thresholds believed needed to support lynx (section 4.1.1, Gonzales et al. 2007) 
and is projected to decline.  Snow duration is project to continue to deteriorate.  Snow duration 
declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to 
diminish another two weeks in Maine by mid-century (Fernandez et al. 2015).  Snow duration is 
expected to diminish by 25 percent (low emissions) to 50 percent (high emissions) from current 
conditions by the end of the century (Hayhoe et al. 2006).  Similarly, Notaro et al. (2014) 
projected an average decrease of 28 days (low emission) to 47 days of snow cover (high 
emissions) by the end of the century.   
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Snow depth. The current average snow depth is at or below the 270 cm/yr. (106 in/yr) 
thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005) and is expected 
to decline.  By the end of the century, large areas of the Northeast will experience 15 percent 
(low emission) to 25 percent (high emissions) reduced snowfall (Ning and Bradley 2015).  
Similarly, by the end of the century Notaro et al. (2014) projected average snow declines in the 
North Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 
cm (48 percent) (high emissions) as a higher proportion of winter precipitation falls in the form of 
rain rather than snow.   Winter precipitation in Maine is likely to increase by 10 to 15 percent by 
the end of the century (Hayhoe et al. 2006) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, Hayhoe et al. 2007, Ning and Bradley 2015). 
 
Snow quality.  Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006) with a greater proportion of winter precipitation falling as rain 
(Huntington et al. 2004, Hayhoe et al. 2007, Ning and Bradley 2015).  Snow density and 
compaction (caused by wet, heavy snow or rain on snow events in winter) will continue to 
increase in the region in the future (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006, Karl et al. 1993).  
 
Loss of boreal forest. Climate change is projected to cause a northward contraction of spruce-fir 
forest in the Northeast with potential negative consequences for both lynx and snowshoe hares 
(Gonzales et al. 2007, entire).  Spruce-fir forest is expected to decline substantially in Maine and 
the Northeast (Ollinger et al. 2007 Beckage et al. 2008, Tang and Beckage 2010, Whitman et al. 
2010, p. 12, Jacobson et al. 2009, p. 27) or disappear (Iverson and Prasad 2001, pp. 192-193, 
Prasad et al. 2007) because of climate change.  Climate change is anticipated to increasingly 
fragment boreal forest in northern New England (Iverson et al. 2008, Ollinger et al. 2008, 
Whitman et al. 2013).  Lynx habitat will decline as boreal forest diminishes (Simons 2009).  
Even under the lowest emissions scenarios, spruce-fir forest would be greatly reduced by 2100 
(Williams and Liebhold 1997, Prasad et al. 2007), although some spruce-fir may persist at 
highest elevations (Tang and Beckage 2010) and along the eastern coast (Jacobson et al. 
2009) where cooler conditions will prevail.   
 
The spruce-fir forest type has come and gone from New England during the post-glacial period.  
It nearly disappeared from the Northeast during interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, DeHayes  et al. 2000).  Because of its sensitivity to climate and 
mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low emissions) or the 
disappearance (high emissions) of the spruce-fir forest type in northern Maine in response to 
climate change.   
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species  
in the Northeast and will be affected by climate change in different ways.  Mechanisms of injury 
to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of reduced 
snowpack), and reduced seed germination (Perfect et al. 1987, Auclair et al. 2010).  Thus, the 
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range of spruce-fir is limited by summer heat and drought.  Mohan et al. 2009 projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008) projected growth rates for balsam fir and 
red spruce to mid-century, after which they would decline.    
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, and synergistic effects with other pollutants). 
Arguments in favor of an accelerated decline include evidence that spruce-fir is already in 
decline (Seymour 1992, Simons 2009) and is being replaced in Maine by northern hardwoods 
(oak, pine, red maple).  The decline of the spruce-fir forest type is accelerated by forest 
disturbances.  A pending spruce budworm outbreak and frequent disturbance from forest 
management could accelerate conversion to northern hardwoods in northern Maine and eastern 
Canada (Flannigan et al. 2001, Gauthier et al. 2015).  Other climate-related forest disturbances 
(forest pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et 
al. 2008, p. 404).   
 
In contrast, some authors note that trees migrate slowly and are long-lived. Therefore, a time 
lag may occur in shifting forest composition from spruce-fir to northern hardwoods (Mohan et al. 
2009, Zhu et al. 2012).  Some northern Maine industrial forest landowners could “adapt” to 
climate change by intentionally favoring spruce-fir (e.g., by plantations and use of herbicides).  
McWilliams et al. 2005 (p. 8) noted that balsam fir increased in Maine’s forest inventory in the 
2000s.  Forest models projected increases in  spruce-fir biomass over the next century because 
of partial harvesting and periodic budworm outbreaks, but did not take climate change into 
consideration (Simons-Legaard  et al.2013).   
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit.  Climate change will 
influence precipitation and temperature, forest management strategies, and forest disturbance 
(fire frequency and spruce budworm), all of which will interact in complex ways to influence the 
spruce-fir forest at the southern edge of its range.  Carter (1996), Iverson et al. (1999), and 
Goldblum and Rigg (2005) documented balsam fir growth rates and growth potential would 
decline under likely climate warming scenarios (~4 to 5 degree temperature increase by the end 
of the century and reduced snow conditions).  Some have projected the extirpation of spruce-fir 
forest types in the Great Lakes States (Scheller and Mladenoff 2005) and New England (Iverson 
and Prasad 2000).  In contrast, balsam fir has prolific seed production following forest 
disturbance such as harvesting (Seymour 1992), and has proliferated under the current climate 
and forest management regime dominated by partial harvesting (Olson et al. 2013, entire).  
Balsam fir is a relatively short-lived tree (~100 years), and is unlikely to persist long if climate 
change affects seed and germinations rates.  Given, anticipated climate changes, especially 
early snow melt and low spring precipitation, fir is unlikely to regenerate in the future Maine 
forest (E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
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Vegetation Management - Habitat suitable for lynx is expected to decline in the future 
(Regulatory Mechanisms section above).  By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no support high hare densities.  
For the foreseeable future, partial harvesting will continue as the primary means of forest 
management.  Although partially harvested forests with well-developed understory structure 
may provide foraging opportunities via increased prey access (Fuller et al. 2007), snowshoe 
hare densities are substantially less in landscapes dominated by partially harvested stands 
(Robinson 2006, entire; Fuller and Harrison 2010). Thus changing forest management practices 
will continue to reduce landscape hare density below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8).  
Currently, the landscape is owned primarily by  financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2014).   
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades.  Lynx, habitat is expected to peak and 
remain stable through about 2020 (Simons 2009, Simons-Legaard et al. 2016 p. 6).  After 2020, 
aging of the former clearcuts and extensive partial harvesting are projected to result in a 50 to 
65 percent decline in lynx habitat by 2032.  Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 4.5 percent of the landscape (Simons-Legaard 2016).   
By 2032, the Northern Maine Unit may support less than half the lynx population as it does 
today (Simons 2009, p. 209, 217).   
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
support lynx (Simons 2009, Simons-Legaard et al. 2016, Simons-Legaard 2016).  By 2022, the 
number of patches of high quality hare habitat will increase by 57 percent, but the average size 
of patches will be diminished by 87 percent, and patches will become more isolated (Simons-
Legaard et al. 2016, pp. 5-6).  The proximity index of high quality habitat patches will decline by 
78 percent within lynx home ranges.  Although lynx habitat is peaking, fragmentation is 
diminishing its ability to support lynx (Simons-Legaard et al. 2016). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty.  The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060.  The most 
most pessimistic models (lowest harvest rates, no climate change, no spruce budworm) project 
about 5 percent of northern Maine will have high quality hare habitat (Simons-Legaard 2016, 
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entire), although the habitat will be much more fragmented and smaller patch size (Simons-
Legaard et al. 2016)..    
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004).  
A spruce budworm outbreak is projected to reach epidemic proportions in 2018 to 2021.  The 
epidemic has already affected 10 million acres of spruce-fir in southern Quebec, immediately 
north of Maine (Wagner et al. 2014, entire).  The last outbreak in the 1970s and 1980s killed 
millions of acres of spruce and fir forests in the northern Maine unit.  Maine’s 5.8 million acres of 
spruce-fir stands across the state are at risk of some level of defoliation.  The intensity of the 
next outbreak is uncertain, although some project a weaker outbreak because spruce and fir 
trees are younger and less susceptible and there is a higher hardwood component in northern 
Maine forests (Wagner et al. 2014, p. 21-27).  A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2014, pp. 5-6).  An 
aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1).  The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir.  The nature of 
landownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons.  The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987), although there were no large fires after the last outbreak.  Fire risk is currently 
very low in this unit and a continuous decrease in fire frequency is predicted with climate 
change in eastern Canada because of increased precipitation and decreased drought (Bergeron 
and Flannigan 1995, Flannigan et al. 1998).  Climate is expected to become more variable 
during the next century (Gregory & Mitchell 1995; Gregory et al. 1997), which could create fire 
conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region.  Notable large fires in Maine include a 3 million acre fire in 1825 and 200,000-acre 
fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre, sparsely populated “North Woods” of 
Maine is highly uncertain and the subject of intense public debate (Baldwin et al. 2007).  Land 
use and zoning in the state’s “unorganized townships” are the responsibility of the Land Use 
Planning Commission in the Maine Department of Conservation.  The Commission revised its 
Comprehensive Land Use Plan (De2010), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
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opportunities, protect high-value natural resources, and encourage long-term conservation.  The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9).  This land was traditionally owned by a few large timber companies, 
but in the 1980s there has been rapid turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005).  Financial investors, such as REITS and 
TIMOs focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they will generate a higher return.  If left unchecked, these 
pressures may continue to promote dispersed residential development throughout this region.  
Parcelization and subdivision has increased, particularly in the southern third of the jurisdiction 
(Maine Department of Conservation 2010, p. 72-73).   
 
The Commission’s has limited ability to address stressors on Maine’s North Woods, including 
resale and subdivision trend. This trend is likely to continue into the foreseeable future and will 
make management of large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps, but this could change in the 
future.  Between 1971 and 2005, the Commission permitted 8,136 new dwellings in unorganized 
townships — an increase of 66 percent in the housing stock during this time period (Maine 
Department of Conservation 2010, p.80).  Between 1971 and 2005, the Commission issued 
1,353 development permits for new uses scattered throughout the unorganized townships 
(Maine Department of Conservation 2010, pp. 97-99); most (42 percent) being recreational 
facilities (boat launches, campsites, gatehouses, recreational lodges).  Most development has 
occurred in areas that abut organized communities and near public roads.  Within the interior 
most development has occurred on long lakeshores and waterfront.  However  the amount of 
hillside and ridge development is growing and this trend is likely to continue (Maine Department 
of Conservation 2010, p. 136), which will further fragment lynx habitat.   
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat i(ILBT 2013, p. 80).  Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire).  The North Maine Woods is a gated road system that 
encompasses about 3.5 million acres in the Northern Maine Unit.  Visitorship by outdoor 
recreationists are currently about 175,00 per year and declining.  Likewise, visitors to Baxter 
State Park and the Allagash Wilderness Waterway have declined (Vail 2007, p. 107).  Aside 
from a vigorous discussion of a proposed national park or monument, national heritage area, or 
a master tourism plan for the area (Vail 2007, pp. 112-113), there is likely to be stagnant or 
declining participation in traditional outdoor recreational activities in the future (Vail 2007, p. 
107).  Snowmobiling may be an exception, however, declining snow (see climate change 
section) make future trends uncertain. Impacts of downhill ski development on fragmentation of 
lynx habitat are expected to be minimal. Three alpine ski resorts occur within the unit, on the 
southern margin of lynx habitat: Saddleback Mountain Ski Area in Sandy River Plantation near 
Rangeley, Sugarloaf Mountain Ski Area in Carrabassett Valley, and Sunday River Skiway in 
Newry and Riley Township.  Further development of ski areas is unlikely in the western Maine 
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mountains.  Future trends in outdoor recreation and associated effects on lynx, hares, and their 
habitat are uncertain in the northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development hundreds of house lots and resort development within the lynx critical habitat.  
Although these developments have not been built, they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic force in the jurisdiction, with 
grid-scale industrial wind power, biomass, biofuels, and other energy sources offering new 
opportunities to utilize natural resources. Wind energy resources are high within the lynx critical 
habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016) and are likely to accelerate in the foreseeable future.  Mining is not a 
traditional land use but is being considered at one location in the lynx critical habitat.  Extraction 
operations for gravel (for road building) are widely-scattered throughout the jurisdiction.    
 
The lynx critical habitat is heavily roaded, particularly with logging roads.  While accurate 
numbers are difficult to obtain, approximately 1,500 miles of public  roads and over 20,000 miles 
of private roads exist within unorganized areas of Maine (Maine Department of Conservation 
2010).  There has been discussion of an east-west limited access highway through northern 
Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if constructed, 
would further fragment habitat (Maine Department of Transportation 1999, Beck et al. 2012, p. 
38).   
 
An increasing area of the lynx critical habitat area is likely to be placed under conservation 
easements that will limit future development and fragmentation of lynx habitat.  Maine has the 
largest amount of land under easement of any state, and there are about 2 million acres of 
conservation easements in lynx habitat in northern Maine (Pidot 2011).  Continued expansion of 
areas under conservation easement is uncertain and will depend on willing landowners and 
funding available for purchase of easements  
 
All of development trends portend increased fragmentation of lynx habitat in the Maine unit. As 
habitat is fragmented, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Lynx Expert Opinion - Experts enumerated similar lynx status and stressors for the Northern 
Maine Unit (Lynx Workshop Report 2016, pp. 35-38).  Climate change was an overriding near- 
and long-term stressor.  Increased winter precipitation in the form of rain, reduced snow depth, 
and reduced snow durations were discussed.  Changes in snow conditions will favor bobcats 
and fisher (a predator of lynx that is limited by deep snow).  Experts believed that the effects of 
climate change would continue to increase as a stressor by mid- to the end of the century 
(2050, 2100).  Snow conditions would continue to deteriorate (especially in the northern Maine 
unit compared to other areas in the DPS) resulting in increased competition with bobcats and 
predation by fisher.  Climate-induced loss of spruce-fir forest will occur slowly, and an increase 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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in northern hardwood composition of the forest is already occurring.  Loss of spruce-fir could be 
accelerated by forest disturbance (budworm outbreak, forest management affecting large 
acreages of lynx habitat annually).  
 
Experts expressed a number of near-term stressors (in the next 15 years) related to forest 
management in northern Maine.  Land management objectives were uncertain because of 
changes in private forest land ownership.  Changes in forestry management because of the 
Maine Forest Practices Act (shift to partial harvesting, increasing acreage harvest, habitat 
shifting to south) would result in declining lynx and snowshoe hare habitat (succession of 
previous clearcuts from young, dense regenerating stands to mature stands less conducive to 
high hare densities).   
 
There was uncertainty concerning the severity and response by new landowners to the next 
spruce budworm outbreak.  Experts were concerned that investment landowners would not 
respond to the pending spruce budworm outbreak like they did in the 1970s (extensive 
clearcuts, herbicide application).  Experts also acknowledged concerns about the effects of the 
current clearcuts aging past conditions that support hares and lynx.   
 
Hare populations have declined by about half across all stand types (and in adjacent Quebec) 
since 2006 and apparently have not rebounded.  In response, lynx initially had lower 
reproduction (lower proportion of females breeding, slightly lower litter sizes), but this has not 
affected home range sizes.  Lower landscape hare densities are likely to support lower lynx 
populations.  It is uncertain how hare numbers will cycle or fluctuate in the future. 
 
Lynx Viability -   All but one expert indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. XX below).  Although uncertainty increases with time from 
the present, experts generally agreed that climate-related loss of favorable snow conditions 
(amount, consistency, and duration), loss of spruce-fir, and bobcat competition are likely to 
reduce the probability of lynx persistence in this unit.  Modeling of current lynx habitat and future 
habitat trends was more advanced for the Northern Maine Unit than other units.  Models 
indicate that aging of past clearcuts and changes in forest practices to partial harvesting will 
diminish the current lynx habitat by half in coming decades.  Experts and the core team 
expressed uncertainty about the severity of a pending spruce budworm outbreak, forestry 
response by investment company landowners, and how this will affect future lynx habitat.  More 
is known about long-term trends in snowshoe hare populations in this unit than others.  Hares 
seem to have declined by half since about 2006 and have remained low.  Experts and the core 
team were uncertain about whether hare numbers would rebound or remain at this lower level, 
but lower hare densities are affecting demographics (especially percentage of females 
breeding), which could contribute to population declines.  Taking all of these factors into 
consideration, the experts projected the mean probability of persistence to the years 2025 was 
greater than 95 percent, to 2050 was about 80 percent (range from 20 to 100 percent), and to 
2100 was about 50 percent (range from 0 to 100%)(Lynx SSA Team 2016, pp. 33-34, Fig. XX). 
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The USFWS lynx core team generally agreed with this prognosis with the exception that some 
were less optimistic about the persistence of this population, especially after reviewing the 
literature pertaining to climate change in this region.  
 

 

Figure xx.  Expected probability of persistence for the Northern Maine Geographic Unit at 
present (2015), and in 2025, 2050 and 2100. 
 
5.1.2 Unit 2 - Northeastern Minnesota 
 
Regulatory mechanisms - In Minnesota, the vast majority of lynx habitat that supports long-term 
persistent lynx breeding population is administered by the Superior National Forest.  This area 
includes designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 
SNF Plan (USDA 2004), which has direction based on the LCAS and Canada Lynx 
Conservation Agreement (CA) between the Forest Service and the Service (LCAS 2000, entire), 
for all forest activities that occur within LAUs.  Active management of forest lands can produce 
lynx habitat and the Superior National Forest has a long-term commitment for doing so.  If the 
SNF continues to follow vegetation and wildland fire management and other applicable 
recommendations under the 2000 LCAS (or the updated 2013 LCAS or subsequent updates) in 
their Forest Plan, we expect that several risk factors will continue to be minimized and managed 
to promote the conservation of lynx within the SNF into the future.  Management of lynx and its 
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habitat on SNF land will remain in place until the forest amends or revises their individual 
LRMPs.  We expect that management direction for lynx addressing vegetation management, 
wildland fire management, and habitat fragmentation on national forest system lands will be 
incorporated into the revised or amended Forest Plans (LPMPs). 
  
Although outside of areas considered to be core lynx area (i.e., where lynx are persistent and 
are reproducing) in the Great Lakes, the Chippewa National Forest and the Chequamegon-
Nicolet National Forest Forest Plans also include direction based on the LCAS and Canada 
Lynx Conservation Agreement (CA) between the Forest Service and the Service (LCAS 2000, 
entire), for all forest activities that occur within LAUs (USDA CNF 2004, USDA CNNF 2004). 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit and private landowners make up about 
16  percent of unit.  Under the Sustainable Forest Resource Act of 1995, the Minnesota Forest 
Resources Council (MFRC) has developed guidelines for site-level timber harvesting and forest 
management (MFRC 2012, entire; MFRC 2014, entire) - these voluntary guidelines are intended 
for private and state landowners and include some general recommendations for wildlife 
including lynx (MFRC 2014, pp. 4-5).  It is expected that the MFRC guidelines will remain in 
place into the future and that voluntary actions will continue. Private landowners, however, do 
not have an official commitment to land management.  We cannot say with any certainty what 
proportion of privately owned land will follow those guidelines into the future, because following 
the guidelines is voluntary. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit.  
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen 2012, p. 348), but does not have lynx specific direction in its 
management plan (NPS 2002, entire).  The National Park consults with the FWS to consider the 
effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as long as the 
species is listed under the ESA.  Lynx documented on and near Voyageurs National Park are 
probably transient animals (Moen 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004.  On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses.  The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota.  This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (LCAS 2013, p. 49). 
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Climate warming - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range.  Since the time of listing, new information on regional 
climate changes and potential effects to lynx habitat has been developed (e.g., Danby & Hik 
2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new information 
suggests that climate change may be an issue of concern for the future conservation of lynx 
because lynx distribution and habitat is likely to shift upward in elevation within its currently 
occupied range as temperatures increase (Gonzalez et al. 2007, entire).  Greatest stressors of 
climate change include diminishing snow depth, quality and duration; competition from bobcats 
and other carnivores, hybridization with bobcat (Schwartz et al. 2002); loss of spruce-fir to 
northern hardwoods; and future isolation of the metapopulation because of diminishing forest 
conditions in Ontario. 
  
Gonzales et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007) and predicted loss 
of forest and snow conditions able to support lynx in Minnesota by the end of the century. 
Notaro et al. (2015) projected changes in lake effect snowfall using downscaled climate models 
(Abdus Salam International Centre for Theoretical Physics (ICTP) Regional Climate Model 
version 4 (RegCM4; Elguindi et al. 2011; Giorgi et al. 2012) for the Great Lakes Basin. Siren (in 
Lynx SSA Team 2016, p. 15) stated that climate models show an increase in lake effect snow in 
the eastern Great Lakes until 2050, with a decline later in the century, with an overall decline in 
the amount and duration of pack in the Midwest. 
  
Although there are uncertainties about future climate warming, lynx populations in Minnesota 
are expected to recede northward and decline over the next century (Lynx SSA Team 2016, pp. 
37-38).   
  
Lynx require at least four months (120 days) of continuous snow coverage (Gonzales et al. 
2007, p. 7).  Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9).   In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow.  The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro 2015, pp. 1676-1678). The Minnesota 
unit may be more vulnerable to snowpack loss due to lack of elevational refugia (Siren in Lynx 
SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
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al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes.  
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century.  Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzales et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the state (Gonzales et al. p. 2007, p. 19).  According to Frelich (in Lynx 
SSA 2016, p. 14) Minnesota is likely to lose boreal biome, potentially within the next 60 to 70 
years, with unmitigated climate change.  According to Gonzales et al. (2007, p. 8), the Superior 
National Forest is a potential refugia for lynx in the lower 48 states, however, when compared to 
other regions. 
 
Vegetation Management - Vegetation management conducted under the Forest Plan currently 
will likely continue into the future on Forest Service lands in Minnesota. These activities include 
timber harvest, such as thinning, clear-cutting, shelterwood, partial cut, and uneven-aged 
cutting; wildlife restoration projects that involve tree cutting, shearing, burning, seeding, and 
planting; prescribed burning for ecological purposes, hazardous fuel reduction, and site 
preparation; mechanical site preparation. 
 
Vegetation, timber, and minerals management authorized under the Forest Plan has the 
potential to adversely affect lynx and lynx critical habitat by reducing habitat quality for denning, 
foraging, and dispersal; disrupting travel, resting, and foraging patterns; disturbing denning 
females and reducing habitat quality for lynx prey species, especially snowshoe hare. 
Depending on the timing, frequency, intensity, extent, amount, or other conditions, impacts may 
be variable among similar projects. Using the LCAS as a basis, the Forest Plan has 
incorporated a number of components that would reduce the risk of those impacts into the 
future. We expect that management direction for lynx addressing vegetation management on 
national forest system lands will be incorporated into the revised or amended future plans, using 
LCAS as a basis. 
  
Future Forest Plan revisions will likely maintain broad direction to design and implement 
vegetation management projects to maintain or restore conditions for lynx foraging and denning 
habitat and to maintain or improve juxtaposition of required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. ). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
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which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USDA 2004). Further, unsuitable habitat for lynx would vary only slightly 
with continued implementation of the Forest Plan and would remain distinctly below the 
maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated into 
the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in the 
2004 (USDA 2004). Because suitable habitat on National Forest lands alone is such a high 
percentage within LAUs and the Superior National Forest is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks.  Measurable defoliation due to spruce 
budworm has occurred in Northeastern Minnesota continuously since 1954 (MN DNR) and is 
expected to continue into the future.  Modeling to evaluate the relative strength of interactions 
between spruce budworm outbreaks and fire disturbances in the BWCA showed that budworm 
disturbance can partially mitigate long-term future fire risk by periodically reducing live ladder 
fuel within the forest types of the BWCA but will do little to reverse the compositional trends 
caused in part by reduced fire rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The Superior National Forest manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are and 
are expected to continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada.  Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USDA 2011, p. 119).  The Forest Plan (USDA 2004) provides 
direction on limiting lynx habitat fragmentation and the Forest actively consolidates habitat 
through land acquisitions and exchanges.  
 
Lynx Viability - The probability of persistence of the lynx population in Minnesota is projected to 
decrease over time with increasing uncertainty through the end of the century (Lynx SSA Team 
2016, pp. 37-38 and Figure xx, below).  Near term drivers of the projected decline were reduced 
the quality, quantity, and persistence of snow, competition from bobcats, disease (e.g., 
lungworm, liver fluke, feline leukemia), and forest insects.  Long term drivers of the projected 
decline were reduced the quality, quantity, and persistence of snow, competition from bobcats, 
loss of spruce-fir forests, wildfires, and climate change.  Climate change was primarily 
associated with loss of boreal forest but could potentially also increase disease or insect 
outbreaks, and is likely to affect the amount of precipitation falling as good quality snow in the 
area of the state supporting lynx habitat.  The connection to lynx in Ontario reduces the 



146 
 

likelihood of local extirpation in this geographic unit, but the likelihood would increase if 
connectivity was compromised. Taking all factors into consideration (i.e., loss of boreal forest, 
competitions, disease and insect outbreaks, loss of snow), the experts projected the mean 
probability persistence to the year 2025 was greater than 90 percent, to 2050 was 80 percent 
(ranging from 60 to 90 percent), and would decline to approximately 35 percent (ranging from 
10 to 60 percent) by 2100 (Lynx SSA Team 2016, pp. 37- 38). 
 

 

Figure xx.  Expected probability of persistence for the Minnesota Geographic Unit at present 
(2015), and in 2025, 2050 and 2100. 

 
 
 
5.1.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
Regulatory mechanisms 
 
Climate warming 
 
Vegetation Management 
 
Wildland Fire Management 
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Habitat Fragmentation 
 
Lynx Viability - As for previous units, all expert graphs showed an initially high and subsequently 
decreasing probability of persistence for this unit, with increasing uncertainty over time, but a 
higher probability of persistence at all time frames than other units. All experts predicted near-
term (year 2025) persistence probability >= 95%, and all predicted mid-century persistence at 
70% to 100% (median = 90%). All experts predicted end-of-century persistence probabilities >= 
50%, with a median of 78%, by 2100 (Figure 7). 
 

 
Figure XX. Expected probability of persistence for the Northwestern Montana/Northeastern 
Idaho Geographic Unit at present, 2015, and in 2025, 2050 and 2100. 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
two units discussed thus far. Most lynx habitats in this unit occur on Federal lands that are 
managed for lynx conservation, but one expert noted that little has been done to document 
whether lynx are responding to this management. The recent sale of large tracts of private 
commercial timberlands in the central part of this unit to The Nature Conservancy has increased 
protection for lynx via conservation easements managed for lynx. Habitats in some areas should 
improve in the near future as previously cut or burned areas mature into dense stands. Unlike 
the Maine and Minnesota geographic units (but similar to most other western units), high 
elevations in this unit could buffer the effects of climate change by providing for the upslope 
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migration of lynx habitats and snow conditions that climate models predict. However, this would 
result in even patchier and more isolated islands of habitat in high elevation areas that would be 
more prone to extirpation due to catastrophic or stochastic events. Competition from coyotes 
and bobcats seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to 2050 and beyond, 
some experts felt there may be more pressure on lynx populations in this unit from continued 
increases in fire extent and severity. Other experts expressed a different opinion of the overall 
effect of fire in this unit, indicating that it may actually improve habitat over time, and that 
whether fires improve or degrade habitat depends on the frequency, intensity, size and spatial 
extent of future fires. 
 
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert reminded that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in future. 
 
 
5.1.4 Unit 4 - North-central Washington 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit.  Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish.  We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
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management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming.  These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007.  The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx.  Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs.  We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP.  Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan.  The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6).  Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both federal and 
state managed lands within Washington State. 
 
Climate Warming - The one risk factor identified by the LCAS over which the Forest Service, or 
the WADNR for that matter, has little ability to control or influence is climate change.  Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx Workshop Report 2016, p. 56).  
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change.  
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat.  Westerling et al. (2006, pp. 942-943) compiled information on large 
wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons.  The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat).  They also found that 
fire exclusion had little impact on natural fire regimes.  Rather, climate appeared to be the 
primary driver of increasing wildfire risk.  As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington).  Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades.  Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington.  The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires due to its small size and current lynx population (Lynx Workshop 
Report 2016, p. 27).  However, the experts felt the potential extirpation of lynx, should it occur 
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from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), may be 
ameliorated to some extent due to Washington’s juxtaposition and connectivity to Canadian lynx 
populations.  The experts felt that lynx immigration from Canada may rapidly recolonize 
Washington as the habitat recovers from fires or other impacts (Lynx Workshop Report 2016, p. 
43).  Climate change, in addition to potentially affecting fire return intervals, fire severity 
(intensity, size), and insect outbreaks, is likely to affect the amount of precipitation falling as 
snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75).  
Snowshoe hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 
448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades.  
Mote (2003, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft).  Additionally, Mote (2003, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades.  Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack.  Corroborating Mote’s 
speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures.   Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48).  Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades.  Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42).  Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced due to decreasing quantity 
and quality of snow. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44).  Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
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persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx Workshop Report 
2016, p. 43). 
 
Vegetation Management Fed - Okanogan plan, USFS/USFWS conservation agreement. State 
lands - Loomis/WADNR HCP/lynx mgmt. plan? 
 
Wildland Fire Management - what is strategy on these lands?  How does it affect lynx 
 
Habitat Fragmentation 
 
Lynx Viability - see Minnesota unit above, bring in results from expert workshop report. 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 8). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 8). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
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Figure XX. Expected probability of persistence for the North-central Washington Geographic 
Unit at present, 2015, and in 2025, 2050 and 2100. 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
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5.1.5 Unit 5 - Greater Yellowstone Area 
Regulatory mechanisms 
 
Climate warming 
 
Vegetation Management 
 
Wildland Fire Management 
 
Habitat Fragmentation 
 
Lynx Viability - This unit has a long history of lynx presence, but the consistency of occupancy 
over time is uncertain. Research and surveys since 1997 have detected few lynx in this unit. 
Lynx are likely spatially limited within the unit because of the patchy distribution of high-quality 
habitat and the generally low or marginal hare densities in much of the unit. Lynx have large 
home ranges in this area, an indicator of lower habitat quality. Nevertheless, until recently, this 
unit appears to have supported a small resident lynx population. The current lynx population in 
this unit is very small - likely fewer than 10 lynx, and possibly zero. This population may have 
been somewhat larger in the past; however, there is some uncertainty about this. Recent 
surveys and trapping efforts have not detected resident lynx, only several that were previously 
released in Colorado. Several Colorado-released lynx have established home ranges in the 
GYA unit, and there is evidence of overlapping male and female home ranges. In the late 1800s 
and early 1900s, there was notable predator control in some parts of this unit. There currently is 
oil and gas exploration and development activity in parts of this unit, but potential impacts to 
lynx are uncertain, and projects are attempting to minimize impacts to lynx habitat. 
 
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 9). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure XX. Expected probability of persistence for the GYA geographic unit at present, 2015, 
and in 2025, 2050 and 2100. 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
 
5.1.6 Unit 6 - Western Colorado 
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Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming, and 
Colorado.  We concluded that the Southern Rockies Lynx Amendment substantively reduced 
the inadequate regulatory mechanisms by addressing the major adverse impacts of Forest 
Service land management on lynx (Service 2008, p 70-71).  Lynx habitat on all other 
ownerships makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five 
percent is in Federal ownership.  Other ownerships include state, county, municipal, etc., and 
private lands.  The BLM resource management plans have not been amended to include 
conservation specifically for lynx and, with a few exceptions.  Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands.  Generally these extensions are insufficient on their own to support a lynx home 
range.  However, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAU’s. 
 
The State of Colorado manages lynx as a state endangered species, prohibiting take of the 
species with exceptions for protection of human life and incidentally during depredation 
management (not caused by lynx) [Chapter 10, art. II, #1002, B 1 and 3, Colorado Wildlife 
Regulations]. 
  
Climate Warming - Interagency Lynx Biology Team (2013 p. 61) – “Climate change generally is 
expected to result in warmer winters, earlier spring snowmelt, and a reduction in the extent of 
snow cover in the southern Rockies. McKelvey et al. (2011) used a variety of climate models to 
predict snow depth and the persistence of spring snow across the western United States.  The 
models predicted an overall decline in persistent snow of 40 percent, but large areas of 
persistent snow would continue to be retained late in the 21st century, including the high 
elevations of Colorado.” 
 
“All of the climate models under all representative concentration pathway (RCP) project that 
Colorado’s climate will warm substantially by 2050.  Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline.  Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs.  Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline.  Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014 page 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the  
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014 page 63]).  “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
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whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014 page 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, page 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate.  Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities.  Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historic vegetative patterns.  This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity.  It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years).  Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years.  Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008 page 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire.  Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation.  Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to be 
developed and expended.  While these linear features already exist on the landscape, widening 
of the cleared right-of-way, as well as behavioral avoidance of highway rights-of-way due to 
traffic reduces available habitat.  Many ski areas in Colorado are located within lynx habitat and 
will likely be expanded in the future through permanent removal of vegetation  to create 
conventional ski runs, reducing tree density and clearing understory vegetation to create glade 
conditions, reduces lynx habitat.  The magnitude of fragmentation caused by these sources of 
fragmentation has not been quantified, but is unlikely to remove enough habitat to eliminate the 
possibility of lynx persistence in Colorado. 
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Lynx Viability – EE Final Report: The majority of the experts suggested an initially high 
probability of persistence in Colorado, declining gradually with increasing uncertainty through 
the end of the century.  Experts predicted near-term (year 2025) persistence probabilities of 60 
percent to 100 percent (median = 90 percent), and mid-century persistence at 50 percent to 85 
percent (median = 80 percent).  Experts predicted end-of-century persistence probabilities of 20 
percent to 70 percent for this unit, with a median of 50 percent, by 2100. 
 

 
Figure 10. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats.  Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types.  Although 8 of 10 experts 
graphed 50 percent to 70 percent probability of persistence at 2100, during subsequent 
discussions, several expressed greater uncertainty about whether resident lynx will persist in 
the unit at the end of the century.  Higher-quality lynx habitat occurs primarily in two areas and 
is patchily-distributed.  Lynx in this unit may occur as several smaller, relatively isolated 
subpopulations, which are likely more vulnerable to stochastic events.  This unit’s relative 
isolation may limit exchange with other lynx populations, increasing the likelihood of genetic drift 
and reducing the chance of demographic rescue or recolonization if lynx in the unit become 
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extirpated.  There was discussion about whether ski areas may affect daily movements of lynx, 
and hares may be declining in ski areas.  Ski areas tend to expand and may, therefore, have 
larger impacts on lynx in future.  There is some evidence of lynx using ski areas in summer 
months but avoiding them during the ski season.  It is uncertain whether ski areas may affect 
genetic connectivity within the Western Colorado geographic unit.  Two-thirds to three-quarters 
of the lynx in this unit are in the southern portion of the range in the San Juan Mountains.  There 
is a large area (Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, 
so it is possible that lynx also could be using that area. 

5.2 Future Conditions DPS-wide  
Team provide highlights/ bullets, Jim summarize unit information above. 
 
5.2.1 Summary of individual populations 
 
Summary Unit 1 Future Conditions:  Although the Northern Maine Unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greatest risk.  Forestry and climate change 
will be the greatest future drivers of hare and lynx habitat.  Lynx habitat and populations are 
expected to decline by 50 to 60 percent by 2032 in response to aging of the budworm-era 
clearcuts and the effects of 27 years of extensive partial harvesting.  In the next few decades, 
high quality hare habitat will drop from about 10 percent to 5 percent of the landscape. High 
quality habitat patches will become more fragmented, smaller, and more isolated thus making 
the landscape less suitable for lynx.  For the next few decades the best habitat will occur in the 
southern portion of the range where effects of climate change and competition with bobcats are 
greatest.  Absent long-term lynx management agreements, the future of lynx habitat is 
uncertain.  Wood products markets will continue to change, and could be affected by interest in 
carbon sequestration in response to climate change. Rapid changes and parcelization of forest 
land ownership is likely to continue.  Changing land uses (wind energy development, 
transmission line corridors, residential and development, national park) will compete with forest 
management as the primary land use.  Conservation easements will help keep some lands as 
working forest.  Climate change is expected to affect the Maine unit more than others in the 
DPS because there is little elevational refugia.  In the near term (to 2050), snow quantity and 
quality will continue to deteriorate likely causing the range of lynx to begin contracting 
northward, and in the long term (to 2100) some believe lynx could become extirpated from the 
unit. Climate change, demand for hardwood forest products, spruce-budworm, and frequent 
disturbance of the forest all will contribute the trend in the converting spruce-fir forest to northern 
hardwoods, although the timeframe for conversion is uncertain. Lynx experts indicate the 
probability of persistence will decline to about 50% by the end of the century.  The USFWS core 
team was more pessimistic after reviewing climate change projections. 
 
Summary Unit 2 Future Conditions:  The direct and indirect effects of climate change are 
expected to affect lynx into the future in Minnesota, specifically, there is an expected decline in 
the quantity, quality, and duration of snow; increased competition and hybridization with 
bobcats; northward contraction of boreal conifer forest, and increased isolation due to 
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diminishing forest conditions in Ontario.The probability of persistence of the lynx population in 
Minnesota is projected to decrease over time with increasing uncertainty through the end of the 
century, driven in the near term by the quality, quantity and persistence of snow, competition, 
disease, and forest insects and drive in the long term from the some of the same reasons with 
the addition of climate change, loss of spruce-fir forests, and wildfires. If the SNF in Minnesota 
continues to follow vegetation management and other recommendations under the LCAS in 
their Forest Plan, we expect that several risk factors will continue to be minimized and managed 
to promote the conservation of lynx within the SNF into the future.  It is expected that the MFRC 
guidelines will remain in place into the future and that voluntary actions will continue on state 
and private lands. Taking all factors into consideration (i.e., loss of boreal forest, competitions, 
disease and insect outbreaks, loss of snow), the experts projected the mean probability 
persistence of lynx in Minnesota to the year 2025 was greater than 90 percent, to 2050 was 80 
percent, and would decline to approximately 35 percent by 2100. 
 
Summary Unit 3 Future Conditions:   
 
Summary Unit 4 Future Conditions:   
 
Summary Unit 5 Future Conditions:   
 
Summary Unit 6 Future Conditions:   
 
Climate change is expected to affect vegetation, and influence snow conditions within the 
Western Colorado unit.   
 
 
Summary of future resiliency of individual units 
 
In this section, we characterized the future status of the rangewide population of the U. S. 
Canada lynx DPS.   Whereas five of the six population were believed currently (or recently) 
resilient (Table XX in section 4),  
 
Expert responses and assessment of the best available science by the USFWS core team 
indicate that continued climate warming and associated direct and indirect effects will likely 
exert the greatest negative influence on the probability of persistence for lynx populations in the 
DPS regardless of which climate emissions scenario is used to model future conditions, 
although the timing, extent, and magnitude of impacts is uncertain and will likely vary by 
scenario. 
 
 
Table YY.  Future (2050 to 2100) resiliency of individual populations of the Canada lynx DPS. 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 
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Unit 1 Maine 2050 mean 80% 
(range 20 to 100%) 

  
2100 mean 50% 

(range 0 to 100%) 

● 50% decline in habitat expected by 
2032, habitat will occur in south edge 
of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration below 
thresholds for lynx 

● Future forest management trends and habitat 
conditions in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions perhaps more severe than other 
units; little elevation gradient 

● Response of bobcat and fisher to changing 
snow regime 

● Extent and pace of loss of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 mean 80% 
(range 35 to 100%) 

  
2100 mean 35% 

(range 0 to 100%) 

● Lower population could be susceptible 
to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating of 
snow quality, depth and duration below 
thresholds for lynx 

● Future forest management trends and  
habitat conditions on private forest lands in 
Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions; little elevation gradient; lake-effect 
snow may retain refugia to 2050 but not 2100 

● Response of bobcat and fisher to changing 
snow regime 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwestern 
Montana 

2050 mean 90% 
(range 40 to 100%) 

  
2100 mean ~78% 

(range 10 to 100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, pumas, coyotes to 

changing snow regime 
● Extent and pace of elevational migration of 

spruce-fir 
● Mismatch in elevation between appropriate 

snow regime for lynx and spruce-fir 
● Future trends in hare populations 

Unit 4 North-
central 
Washington 

2050 mean 70% 
(range 10 to 100%) 

  
2100 mean ~38% 
(range 0 to 90%) 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, pumas, coyotes to 

changing snow regime 
● Extent and pace of elevational migration of 

spruce-fir 
● Future trends in hare populations 

Unit 5 Greater 
Yellowstone 

2050 mean 35% 
(range 0 to 90%) 

  

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS and NPS 

● Will habitat support adequate landscape hare 
densities to support lynx? 

● Extent to which GYA remains 



161 
 

2100 mean 15% 
(range 0 to 90%) 

management 
● ·      No connectivity with Canada 

populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

demographically isolated from other DPS 
populations; immigration from Colorado 
population 

● Extent and frequency of insect outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, pumas, coyotes to 

changing snow regime 
● Extent and pace of elevational migration of 

spruce-fir 
● Future trends in hare populations 
● Extent to which high elevation may provides 

climate and snow refugia 

Unit 6 
Western 
Colorado 

2050 mean 80% 
(range 20 to 100%) 

  
2100 mean 50% 

(range 0 to 100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● ·     Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Demographic and genetic effects of isolated 
population 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of future insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, pumas, coyotes to 
changing snow regime 

● Extent and pace of elevational migration of 
spruce-fir 

● Mismatch in elevation between appropriate 
snow regime for lynx and spruce-fir 

● Future trends in hare populations 

  
 
 
 
5.2.1 Results of Expert Elicitation (workshop report, Summary table of 
probabilities of persistence) 
 
5.2.2 Narrative 3 R Summary (workshop report and work session) 

5.2.2.1 Representation 
Expert presentations on lynx genetics in the DPS and in Canada and expert responses and 
discussion with regard to representation questions suggest few threats to the genetic fitness or 
adaptive capacity of lynx in the DPS.  High gene flow across the continental lynx range, 
indicated by very low Fst values (see Subject Matter Presentations, above), suggests the 
absence of substantial barriers to genetic interchange, and little evidence or risk of significant 
genetic drift among DPS populations.  Most experts indicated that none of the six geographic 
units known or thought to support lynx populations in the DPS is susceptible to meaningful 
genetic drift, although several experts indicated that the more geographically isolated units (the 
GYA and Western Colorado units) are likely more susceptible to such drift than the units that 
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are directly connected to lynx populations and habitats in Canada.  Overall, according to both 
the expert panel and the subject matter presentations, there appears to be a low risk of 
biologically consequential drift for lynx populations in the DPS.  Likewise, expert responses 
indicated that the generally low level of genetic differentiation and relatively similar ecological 
settings across the DPS suggest little life history variability or niche differentiation among DPS 
populations that would indicate that any are more or less important to maintain than others in 
terms of representation.  Individual experts indicated that representation can best be maintained 
by conserving current DPS populations (and hence the genetic variation in each), maintaining 
connectivity between DPS and Canadian populations, and avoiding impacts that would facilitate 
or increase the potential for or likelihood of genetic drift.  Our interpretation of this part of the 
elicitation is that the adaptability and evolutionary capacity of the DPS over time does not 
appear to have been diminished and is unlikely to become so, independent of threats that may 
impact the redundancy and persistence of lynx populations.  We will consider this information 
along with available empirical data and the published literature when evaluating representation 
in the DPS for the SSA. 

5.2.2.2 Redundancy 
With resident lynx populations and subpopulations in at least five of six large (the smallest is 
over 2,000 square miles, the others are all over 8,000 square miles), widely-distributed (from 
Maine to Washington and south along the Rocky Mountains), and relatively discrete geographic 
areas (see Figure 1), the DPS as a whole appears invulnerable to extirpation from a single 
catastrophic event.  Expert responses indicated no catastrophic event that could result in the 
functional extirpation of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units due to a single catastrophic event.  We 
interpreted these responses to indicate there is a small chance of decreased redundancy from a 
single catastrophic event because the probability of any geographic unit being lost to a 
catastrophic event is low.  Experts indicated that functional extirpation of the geographically 
smallest unit (Washington) and those supporting the fewest resident lynx (Washington, GYA, 
and perhaps Minnesota) would be more likely to occur as a result of a series of catastrophic 
events over a 10-year period than to any single event over the next 10 years (see Figure 2 
above).  Experts listed fire, drought, insect outbreaks, loss of favorable winter conditions, and 
disease as potential events that could lead to functional extirpation in these units.  In 
Washington in particular, where large fires have impacted nearly 40 percent of the occupied 
lynx habitat over the past 10-15 years, experts felt that several more successive years of such 
fires could result in functional extirpation.  However, because fire and insects are likely to cause 
only temporary (20-40 years) losses of lynx and hare habitats, and because connectivity 
between the Washington unit and lynx habitats and populations in southern British Columbia 
remains intact, experts indicated this unit (and others abutting habitats and lynx populations in 
Canada) would likely be naturally re-colonized relatively quickly by dispersing lynx.  Therefore, 
extirpation in these units because of catastrophic events (or a series of them over time) would 
be temporary (likely lasting only one or several decades) unless events permanently altered the 
habitats.  Experts indicated that if lynx were functionally extirpated in the GYA or western 
Colorado units, which are not connected to habitats or populations in Canada and are relatively 
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isolated from other DPS populations, natural re-colonization would be less likely, would take 
longer, or may never occur. 

Overall, expert responses indicated that extirpation of the DPS as a whole, or of resident lynx 
populations in most individual geographic units, because of a catastrophic event is very unlikely.  
Because we lack evidence that persistent resident lynx populations occurred historically but 
have been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels.  That is, the 
loss of resident lynx populations in the DPS, to the extent suggested by the historic record, was 
likely in areas (e.g., northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge 
area of northeastern Washington, perhaps Isle Royale in Lake Superior) peripheral to the 
geographic units that currently support resident lynx, and not in discrete geographic units that 
would have represented greater redundancy in the contiguous U.S.  However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear.  The historic record and recent research show that the GYA has supported resident 
lynx, but it is unclear whether the area consistently supported a persistent resident population 
over time or whether it naturally supported resident lynx only some of the time (was “winked on” 
in a metapopulation sense) when habitat conditions and hare densities were favorable, and at 
other times, when habitats and hare densities were less favorable, it did not support resident 
lynx (“winked off” in a metapopulation sense).  Given the protected conservation status of 
millions of -acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx.  If so, its 
contribution to redundancy within the DPS is questionable. 

5.2.2.3 Resiliency 
Because we lack reliable estimates of the sizes and trends of most lynx populations in the DPS, 
we are unable to use these parameters to evaluate the resiliency of individual populations or the 
DPS as a whole.  Efforts to understand resiliency are also confounded by the metapopulation 
structure thought to govern lynx populations at the southern margin of their continental range 
(i.e., populations and subpopulations in the DPS), the related uncertainty about the extent to 
which DPS populations may rely on cyclic immigration of lynx from Canada during population 
irruptions, and the ambiguity in the historic record that limits our understanding of the relative 
persistence of lynx in various geographical areas of the contiguous U.S. and, thus, the 
contribution of those areas to the viability of the DPS.  Our evaluation of the resiliency of lynx 
populations in the DPS is limited, therefore, to a largely qualitative assessment of the current 
status of populations in each of the six geographic units along with the quantitative summary of 
expert professional judgment of their likelihood of persistence over time given known or 
perceived potential threats. 
  
As expected, both expert estimates of probability of persistence and expert confidence in those 
estimates were higher over the short-term than the long-term.  Median probability of persistence 
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(MPOP) at year 2025 was >= 0.90 for all but one of the six geographic unitareas.  The GYA had 
a MPOP of 0.52, apparently reflecting the uncertainty regarding whether this unit consistently 
supported a resident lynx population historically and whether it currently supports resident lynx.  
At year 2025, confidence bounds were smallest (indicating higher expert confidence) for the 
units with the highest MPOPs (Northern Maine, Northeastern Minnesota, and Northwestern 
Montana/ Northeastern Idaho), and larger for units with lower MPOPS (North-central 
Washington, GYA, and Western Colorado).  At mid-century, MPOP declined for all units but 
remained >= 0.70 for all but the GYA (0.35), and confidence bounds increased for estimates for 
all units but the GYA, where it remained the same as at year 2025.  At end-of-century, 
persistence probabilities declined further, as expected, and only the Northern Maine, 
Northwestern Montana/ Northeastern Idaho and Western Colorado units had MPOPs >= 0.50.  
Also as expected, confidence bounds were very large around persistence estimates at year 
2100, with the median confidence range extending across more than 50 percent of the range of 
possible outcomes for all but the Northwestern Montana/ Northeastern Idaho population, and 
the extremes of the range nearly covering the full range (0 percent to 100 percent probability of 
persistence) of possible outcomes. 
  
Experts listed a number of factors that influenced their probability of persistence estimates for 
each unit (see unit summaries above in the Resiliency section).  Near-term factors varied by unit 
(e.g., post-harvest forest succession in Maine, where hare abundance is expected to decline as 
currently dense regenerating clear-cuts mature; continued large-scale fires in lynx habitats in 
Washington; and insect outbreaks in Maine, Minnesota, and Colorado), but longer term factors 
seemed to coalesce around anticipated direct and indirect effects of climate change.  These 
included potentially climate-driven increases in the size, frequency, and intensity of fire and 
insect outbreaks; decreases in snow amount, duration and quality, leading perhaps to increased 
competition with bobcats and other hare predators; and the projected warming-induced 
northward and upslope migration of boreal and subalpine forests that would result in the loss 
and further fragmentation and isolation of lynx and hare habitats in the contiguous U.S.  Expert 
responses and ensuing discussions indicated that continued climate warming and associated 
direct and indirect effects will likely exert the greatest negative influence on the probability of 
persistence for lynx populations in the DPS regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
  
Overall, expert responses to this part of the elicitation indicate that all five of the geographic 
units known to currently support resident lynx populations have a greater than 70 percent 
expectation of doing so by mid-century, but a declining likelihood and greater uncertainty of 
doing so by the end of the century.  It is uncertain whether the remaining geographic unit (the 
GYA) currently supports resident lynx, and expert responses indicate a lower probability that it 
will do so in the future compared to the other units.  Responses also suggest that the 
overarching threat to the long-term persistence of lynx populations in the DPS is climate 
change, which is anticipated to result first in loss of snow conditions favorable for lynx and, after 
an uncertain lag time following continued climate warming, loss (northward and upslope 
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migration) of boreal forest habitats, although the timing and magnitude of such losses are 
uncertain. 

Chapter 6:  Synthesis 
 
 
Although uncertainty remains about the historical distribution and sizes of resident lynx 
populations in the DPS, as well as current population sizes, much more is known now than 
when the DPS was listed under the ESA in 2000.  Based on research conducted since the DPS 
was listed, including the summaries of that work provided at the expert elicitation workshop 
(Lynx SSA Team 2016, entire), as well as ongoing research, conservation, and management 
efforts, we have a much better understanding of the distribution and status of populations 
throughout the DPS range.  For example, in 2000, it was unclear whether Maine and Minnesota 
supported resident populations or were only occasionally visited by lynx dispersing from Canada 
during and after northern hare population crashes (65 FR 16056-16057).  We now know that 
both northern Maine and northeastern Minnesota support resident lynx populations, and both 
are likely larger now than they were historically (Maine), or before they were protected by State 
and Federal regulations (Minnesota). 
 
In contrast, resident lynx appear to be naturally less abundant and more patchily-distributed in 
some parts of the DPS than thought at the time of listing, including the West (ILBT 2013, p. 23), 
where potential lynx habitats also appear to have been initially overestimated.  We also have a 
better understanding of the habitat features and hare densities that appear necessary to support 
resident lynx at the southern margin of the species’ range, and of the parts of the contiguous 
U.S. that contain these features.  The presentations in conjunction with expert elicitation 
responses at this workshop have informed and refined our understanding of key aspects of the 
status of, and potential threats to, the lynx DPS. 
  
For example, we were provided a thorough history of the evolution of regulatory mechanisms 
that have been developed and implemented through conservation agreements and formal 
amendments to Federal agency management plans to address the singular threat for which the 
DPS was listed under the ESA - the inadequacy of regulatory mechanisms in Federal land 
management plans prior to listing.  Given our improved understanding of resident lynx 
populations in Maine and Minnesota (above), where State and private lands constitute much 
more of the lynx habitat than elsewhere in the DPS (98.9 percent in Maine; 51.7 percent in 
Minnesota), an assessment of the adequacy of regulatory mechanisms on those State and 
private lands will be a necessary component of the status assessment.  Likewise, our 
understanding of lynx genetics also has improved, with evidence of continued high levels of 
gene flow range-wide, despite fine-scale genetic sub-structuring in some populations and 
additional evidence of lynx hybridization with bobcats.  Bobcats appear to be encroaching at the 
edge of the lynx range in Minnesota (Appendix 3, p. 9) and their numbers appear to have 
increased recently in New Hampshire, Vermont, and southern Quebec (Lavoie et al. 2009, 
entire; Roberts and Crimmins 2010, p. 170; Broman et al. 2014, p. 230) adjacent to the northern 
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Maine lynx distribution.  Whether this represents a threat to lynx populations in Minnesota and 
Maine via increased hybridization, behavioral mechanisms, or competition for hares is not 
documented at this time; however, encroachment of bobcats in the southern periphery of lynx 
range may result in lynx displacement or niche contraction (Peers et al. 2013, entire). 
  
Canadian researchers also provided updated information on lynx status, management (including 
legal harvest), threats, genetics, and hare population cycles in southern Canada, adjacent to 
some DPS lynx populations.  Forest ecologists and climate modelers also presented information 
regarding potential impacts of timber management and climate change on lynx and boreal forest 
habitats in the contiguous U.S.  Knowledge of lynx and hare responses to various silvicultural 
treatments continues to improve, although the need for continuing research remains.  Climate 
models continue to point toward the future northward and upslope migration of lynx and hare 
habitats and loss of snow conditions favorable to lynx, although uncertainty remains regarding 
the timing, extent, and biological consequences of such impacts.  Increases in the size, 
intensity, and frequency of wildfires and insect outbreaks in boreal/subalpine forests may also 
be related to climate change, but whether these represent temporary or permanent impacts to 
lynx habitats remains unclear.  Finally, much research has been done on hare population 
dynamics and habitat relationships at the southern extent of their range, much of which overlaps 
that of lynx in the contiguous U.S., but questions remain regarding regional variation in hare 
densities and what landscape-level hare abundances are necessary to support persistent 
resident lynx populations across the DPS. 
  
Based on the summaries of post-listing research and the status and threat updates provided at 
this workshop, and on the results of the expert elicitation process, the Service provides the 
following synthesis of the status and likely viability of the DPS in terms of the 3 Rs.  This 
information will be considered as appropriate, along with more detailed analysis of the published 
literature, in the subsequent SSA report for the DPS.  The conclusions below are based on the 
information provided and the results of expert elicitation conducted at this workshop; they may 
be complemented or altered by the additional analyses yet to be conducted as part of the SSA 
process. 
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From: Zelenak, Jim
To: Bell, Heather
Subject: Re: Acknowledgements in SSA Reports
Date: Monday, August 15, 2016 8:01:56 AM

Yes, will do.  I suppose a short acknowledgement in the SSA report for those who attended the expert workshop,
reviewers, and other partners (State agencies, feds, tribes, etc.).

On Mon, Aug 15, 2016 at 7:57 AM, Bell, Heather <heather_bell@fws.gov> wrote:
Lets keep this in mind!

Heather Bell
Ecological Services HQ
Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff at https://sites.google.com/a/
fws.gov/ssa/ and  the REV Google Site: https://sites.google.com/a/fws.gov/rev/.  For audiences outside
FWS visit http://www.fws.gov/endangered/improving_ESA/SSA.html.

---------- Forwarded message ----------
From: Allan, Nathan <nathan_allan@fws.gov>
Date: Fri, Aug 12, 2016 at 6:45 AM
Subject: Acknowledgements in SSA Reports
To: "Bell, Heather" <heather_bell@fws.gov>
Cc: Conor McGowan <cmcgowan@usgs.gov>, Nicole Athearn <nicole_athearn@fws.gov>,
Peter Erickson <peter_erickson@fws.gov>, Steven Morey <steven_morey@fws.gov>,
Angela Romito <angela_romito@fws.gov>, Benjamin Jesup
<benjamin.jesup@sol.doi.gov>, Beth Forbus <beth_forbus@fws.gov>, Carey
Galst/ARL/R9/FWS/DOI <carey_galst@fws.gov>, Cat Darst <Cat_Darst@fws.gov>, Craig
Hansen <craig_hansen@fws.gov>, David Smith <drsmith@usgs.gov>, Debby Crouse
<Debby_Crouse@fws.gov>, Drew Crane <drew_crane@fws.gov>, Erin Rivenbark
<Erin_Rivenbark@fws.gov>, Frank Muth <frank_muth@fws.gov>, Gregory Breese
<Gregory_Breese@fws.gov>, Holly Freifeld <holly_freifeld@fws.gov>, Janice Engle
<Janice_Engle@fws.gov>, Jeff Newman <jeff_newman@fws.gov>, Jennifer Szymanski
<Jennifer_Szymanski@fws.gov>, Joan Goldfarb <joan.goldfarb@sol.doi.gov>, Jonathan
Cummings <jwcummings@usgs.gov>, Joseph Skorupa <joseph_skorupa@fws.gov>, Justin
Shoemaker/R6/FWS/DOI <justin_shoemaker@fws.gov>, Karen L Anderson
<Karen_Anderson@fws.gov>, Laura Ragan/R3/FWS/DOI <laura_ragan@fws.gov>,
Mary_Parkin <Mary_Parkin@fws.gov>, mikki_collins <mikki_collins@fws.gov>,
richard_gooch <richard_gooch@fws.gov>, Sean Blomquist <sean_blomquist@fws.gov>,
Susan Oetker/R2/FWS/DOI <susan_oetker@fws.gov>, Tara Nicolaysen
<Tara_Nicolaysen@fws.gov>, ted_swem <ted_swem@fws.gov>, Valerie Fellows
<valerie_fellows@fws.gov>, Conor McGowan <cpmcg00@gmail.com>

mailto:jim_zelenak@fws.gov
mailto:heather_bell@fws.gov
mailto:heather_bell@fws.gov
https://sites.google.com/a/fws.gov/ssa/
https://sites.google.com/a/fws.gov/ssa/
https://sites.google.com/a/fws.gov/rev/
http://www.fws.gov/endangered/improving_ESA/SSA.html
mailto:nathan_allan@fws.gov
mailto:heather_bell@fws.gov
mailto:cmcgowan@usgs.gov
mailto:nicole_athearn@fws.gov
mailto:peter_erickson@fws.gov
mailto:steven_morey@fws.gov
mailto:angela_romito@fws.gov
mailto:benjamin.jesup@sol.doi.gov
mailto:beth_forbus@fws.gov
mailto:carey_galst@fws.gov
mailto:Cat_Darst@fws.gov
mailto:craig_hansen@fws.gov
mailto:drsmith@usgs.gov
mailto:Debby_Crouse@fws.gov
mailto:drew_crane@fws.gov
mailto:Erin_Rivenbark@fws.gov
mailto:frank_muth@fws.gov
mailto:Gregory_Breese@fws.gov
mailto:holly_freifeld@fws.gov
mailto:Janice_Engle@fws.gov
mailto:jeff_newman@fws.gov
mailto:Jennifer_Szymanski@fws.gov
mailto:joan.goldfarb@sol.doi.gov
mailto:jwcummings@usgs.gov
mailto:joseph_skorupa@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:Karen_Anderson@fws.gov
mailto:laura_ragan@fws.gov
mailto:Mary_Parkin@fws.gov
mailto:mikki_collins@fws.gov
mailto:richard_gooch@fws.gov
mailto:sean_blomquist@fws.gov
mailto:susan_oetker@fws.gov
mailto:Tara_Nicolaysen@fws.gov
mailto:ted_swem@fws.gov
mailto:valerie_fellows@fws.gov
mailto:cpmcg00@gmail.com


Hi FIT folks,

We just received this critical input from a trusted friend and respected colleague:

I was surprised to see no mention of my name (nor others who attended the meeting, paying their own way) in the
acknowledgements of the SSA report.  This is especially important because my faculty position (and presumably
those of other faculty) requires professional service, and working with USFWS and other agencies forms a large
portion of my professional service activities.  One of the ways I can verify these activities (and their significance)
is via acknowledgements in important documents.

This was an oversight on our part that we are trying to correct, but it is an important
reminder:

We should provide acknowledges in our SSA reports for anyone who provides
substantive input to their development; this includes participants in meetings and
reviewers of earlier drafts.  And when in doubt, provide an acknowledgement.

Happy Friday, Nathan

-- 
Nathan Allan
U.S. Fish and Wildlife Service
Region 2, RO-Ecological Services, Decision Support Division
10711 Burnet Road, Suite 200,  Austin, Texas 78758
(512) 490-0057 x237
Check out the SSA!

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

https://sites.google.com/a/fws.gov/ssa/home
mailto:jim_zelenak@fws.gov


From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Lynx Core Team call?
Date: Tuesday, August 16, 2016 9:52:49 AM

So glad that you got out fishing with John!!!!!  Water temps are so warm and dry here that I
think the brook trout have crawled into holes in the bottom of the ponds.  I've been having fun
catching squid and mackerel (later this week).  My, how climate change affects our fish,
wildlife, and recreation!  

Mark

On Tue, Aug 16, 2016 at 9:49 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Mark.

I haven't had a chance to look closely at the summary tables you added - that is one thing that it would be good to
discuss with the team and FIT folks to see if we agree that those work well and serve the purpose there.

Jodi and I just talked briefly yesterday, but not about her review of the doc.  I fear there is some potential for
misunderstanding  - I'm not sure whether Jodi is reviewing it in detail or that she expects that the FIT Team is
doing so.  Meanwhile, it looks so far like Mary is re-editing some of the front matter that she's already edited
several times, and I'm not sure how much time she will spend reviewing the "heart" of the document. I think Jodi
asked them to have their reviews/edits/comments completed by COB today.  

Thanks for making time for work on the report - not sure what else may need attention other than citations as I
mentioned.

It was good to step away for a few days, but now I just feel further behind and under same pressure.  John
Schmidt and one of his fishing buddies from WV were out last week, and I got to spend 2 half-days on the water
with John casting flies to trout, so that was nice.

On Tue, Aug 16, 2016 at 7:38 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

I'm fine without a call, and plan to be in the documents working for a few hours today.   I
am working at the end on a synthesis using the AA Wolf as a template as we discussed. 
Core Team needs to review the summary tables there.

Any news from Jodi's review?

In addition to page numbers and uploading docs, let me know where you need help.  I
finally cleared the backlog of section 7 and year-end ESA reporting  and have two or three
days this week to give to the cause this week.

I hope you feel better after a few days break.

Mark

On Tue, Aug 16, 2016 at 9:34 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Not sure we need a call today, I'm thinking that it might be better for folks reviewing to continue doing that
and for me to get back to filling in some of the remaining gaps.

Core Team members who feel their sections are completed or nearly so could work on making sure they
have page numbers for citations in the doc and that they have pdfs of all citations they used (if they are not
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already in the LCAS 2013 folder in the Literature folder on the drive).

Wanted to get you thoughts on whether a call is needed or would be useful.

Let me know.

Thanks. 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED!!!!  On Tuesdays and Thursdays call 207 944-5709

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED!!!! 
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On Tuesdays and Thursdays call 207 944-5709

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: Bush, Jodi
To: Jim Zelenak; Bryon Holt; Mark McCollough; Tamara Smith; Kurt Broderdorp
Cc: Jonathan Cummings; Heather Bell; Mary Parkin
Subject: Lynx SSA next steps
Date: Monday, August 22, 2016 12:11:31 PM

Hey folks.  For the call tomorrow (8/23  at 10am MTN time), you will be working with the
FIT group to work through the issues below (see Heather's email).  Please be prepared to do a
working call and receive assignments so we can wrap this up for internal review.   

I expect that these changes can be wrapped up this week so we can move on to that review. 

Thanks for everyone's hard work.  We are getting close.    

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

______________________________________________________________

Jodi, thank you for the opportunity to review the draft document.

Mary, Jonathan and I have had discussed a way to move forward with the Lynx SSA Report that meet some but not all of our
objectives.  In the end we put more emphasis on timing and minimizing team disruption than we did on getting a product that
meets SSA report objectives such as update-ability and readability.  Our thought was that we could do this in a future version
if that becomes necessary.  Our suggestions therefore focus on what must be done in order to meet the minimum for a
document that is designed to provide forecasting of future conditions in such a way that the reader and decision makers can
understand our process, our results of forecasting, and the uncertainty surrounding that forecasting.  

The FIT recommends the minimum before moving on to peer review:

1. The team produces a medium to high quality future condition section.  The FIT will provide comments and have a
discussion with the team asap on what is needed in order to complete this section.

2.  The team adds a Paragraph to intro section on the purpose of the models and how they were developed prior to the
workshop (Mary is drafting).  The team works together to Update the Models to reflect knowledge gained during
the EE and the Literature review time that followed the EE meeting and then place these in future conditions with
brief narrative - again Mary can assist with the narrative once the chapter is drafted and models are inserted).

3. Organization remains as is for now.   We may move some stuff around and condense after the internal review.  -
Jodi's add...

I hope this is helpful.  We will plan to be on the call on Tuesday during the normal time in order to discuss what is needed for
the future condition section.   

Heather Bell
Ecological Services HQ
Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
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Lakewood, CO 80228
303-236-4514



From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Kurt Broderdorp; Bryon Holt; Jodi Bush; Mary Parkin; Heather Bell; Jonathan

Cummings
Subject: Fwd: Invitation for Instant Net Conference
Date: Monday, August 22, 2016 4:00:31 PM

Hi All:

We'll try a webinar tomorrow in the hope that it will help with the lynx SSA work session.

Usual conference line and passcode:

866-857-8504
passcode 7620543

---------- Forwarded message ----------
From: <e-meetings@mymeetings.com>
Date: Mon, Aug 22, 2016 at 1:30 PM
Subject: Invitation for Instant Net Conference
To: jim_zelenak@fws.gov

 
You are invited to join a meeting hosted by  Jim Zelenak. Meeting details are listed below.

Meeting Date: 08/23/2016 
Meeting Time: 10:00 AM MOUNTAIN TIME

Instant Net Conference Details:
-------------------------------
Meeting Number:          446939152
Meeting Passcode:        
Meeting Host:             BRENT  ESMOIL

Join Instructions for Instant Net Conference:

1. Join the meeting now:
http://www.mymeetings.com/nc/join.php?sigKey=mymeetings&i=446939152&p=&t=c
2. Enter the required fields.
3. Indicate that you have read the Privacy Policy.
4. Click on Proceed.

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
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From: Bell, Heather
To: Jim Zelenak
Cc: JODI_BUSH; Justin Shoemaker
Subject: NEW Lynx future condition for Team"s use. AND our agenda for today.
Date: Tuesday, August 23, 2016 11:55:48 AM
Attachments: Future Conditions Chapter_mp_jc_hb .docx

Lynx Agenda for FIT recommended report completion_8_23_2016.docx

Jim, the FITS comments and recommended organization is in this version.  Please use this
version.  AND we have to figure out how people will work on it as a group or sequentially to
keep track of what we are doing.  

ALSO, please include Justin so that he can see the changes we are making.  

HERE also is the Agenda WHICH WE DID NOT COMPLETE.  AND THERE ARE
AGENDA ITEMS FOR NEXT WEEKS CALL.  

I have to run to another call in a few minutes.  

Heather Bell
Ecological Services HQ
Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff
at https://sites.google.com/a/fws.gov/ssa/ and  the REV Google Site: https://sites.google.com/a/fws.gov/rev/. 
For audiences outside FWS visit http://www.fws.gov/endangered/improving_ESA/SSA.html.
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8/23/16  Lynx SSA Core Team call 

1. 2025 crept into current condition.  Let’s move it to Future.   
a. Remove from Table in Current 
b. Remove from narrative in Current.  

2. Conceptual models done in future condition.   
a. Viability as a whole.   
b. More specific resiliency. 
c. Do we want a resiliency model for each Unit.  Factors affecting differently?  Is it enough 

to make separate diagrams OR do we just make clear in narrative that there is less or 
more emphasis on a particular factor?  Variance will be reflected in the Table as well. 

3. Team MORE pessimistic? Toward the lower end of the graph??? And what does that mean to 
the numbers of populations. 

4. Each Unit Author needs to bring in and edit the EE workshop (I did it for Maine) and OUR 
assessment and DO we AGREE or NOT.   

a. EE Narrative 
b. EE Graph 
c. USFWS Lit Review and Assessment  
d. Summary includes support or not for EE info.  Where do we differ and why. 

5. Regulatory Mechanisms – JUSTIN to follow up with team. 

 

NEXT CALL  

Discuss what this all means to the Summary and likewise the Decision Phase and preparing a briefing for 
Decision Makers.  3R discussion.   

Suggestions for  Logic Chain Readability: Summary Narrative, Table, Diagrams. 

 

 



Chapter 5. Future Conditions 
In this chapter, we present and summarize the professional judgments and opinions of lynx 
experts and their estimates of the probability that each of the SSA units will continue to support 
resident breeding populations of lynx into the future (at years 2025, 2050, and 2100).  
Subsequent to the expert elicitation workshop the Lynx SSA Core Team reviewed and assessed 
the best available literature;, that summarization is also presented here.  If the Service found 
that the literature was inconsistent with the information from the experts as elicited during the 
workshop, that is noted and the Services opinion or approach articulated.   
 
In summary, expert elicitation indicate that all five of the geographic units known to currently 
support resident lynx populations have a greater than 70 percent expectation of doing so by 
mid-century, but a declining likelihood and greater uncertainty of doing so by the end of the 
century.  It is uncertain whether the remaining geographic unit (the GYA) currently supports 
resident lynx, and expert responses indicate a lower probability that it will do so in the future 
compared to the other units.  Responses also suggest that the overarching threat to the long-
term persistence of lynx populations in the DPS is climate change, which is anticipated to result 
first in loss of snow conditions favorable for lynx and, after an uncertain lag time following 
continued climate warming, loss (northward and upslope migration) of boreal forest habitats, 
although the timing and magnitude of such losses are uncertain. 
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Figure X. Conceptual model of the factors influencing the 3 Rs as they pertain to lynx 
viability. 
 DO TEXT TO EXPLAIN HOW THE TEAMS THINKING CHANGED OVER TIME. 
 
 
 

Table YY.  Future (2050 to 2100) resiliency of individual populations of the Canada lynx 
DPS. 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 Maine 2050 mean 80% 
(range 20 to 100%) 

  
2100 mean 50% 

(range 0 to 100%) 

● 50% decline in habitat expected by 
2032, habitat will occur in south edge 
of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration below 
thresholds for lynx 

● Future forest management trends and habitat 
conditions in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions perhaps more severe than other 
units; little elevation gradient 

● Response of bobcat and fisher to changing 
snow regime 

● Extent and pace of loss of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 mean 80% 
(range 35 to 100%) 

  
2100 mean 35% 

(range 0 to 100%) 

● Lower population could be susceptible 
to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating of 
snow quality, depth and duration below 
thresholds for lynx 

● Future forest management trends and  
habitat conditions on private forest lands in 
Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions; little elevation gradient; lake-effect 
snow may retain refugia to 2050 but not 2100 

● Response of bobcat and fisher to changing 
snow regime 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwestern 
Montana 

2050 mean 90% 
(range 40 to 100%) 

  
2100 mean ~78% 

(range 10 to 100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, pumas, coyotes to 

changing snow regime 
● Extent and pace of elevational migration of 

spruce-fir 
● Mismatch in elevation between appropriate 

snow regime for lynx and spruce-fir 
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● Future trends in hare populations 

Unit 4 North-
central 
Washington 

2050 mean 70% 
(range 10 to 100%) 

  
2100 mean ~38% 
(range 0 to 90%) 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, pumas, coyotes to 

changing snow regime 
● Extent and pace of elevational migration of 

spruce-fir 
● Future trends in hare populations 

Unit 5 Greater 
Yellowstone 

2050 mean 35% 
(range 0 to 90%) 

  
2100 mean 15% 
(range 0 to 90%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS and NPS 
management 

● ·      No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat/low hare 
abundance 

● Small population size?????? 
● Burned landscape with revegetation 

occurring.  

● Will habitat support adequate landscape hare 
densities to support lynx? 

● Extent to which GYA remains 
demographically isolated from other DPS 
populations; immigration from Colorado 
population 

● Extent and frequency of insect outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, pumas, coyotes to 

changing snow regime 
● Extent and pace of elevational migration of 

spruce-fir 
● Future trends in hare populations 
● Extent to which high elevation may provides 

climate and snow refugia 
● Extent to which area will be repopulated by 

from the north and or the south 

Unit 6 
Western 
Colorado 

2050 mean 80% 
(range 20 to 100%) 

  
2100 mean 50% 

(range 0 to 100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● ·     Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

●  

● Demographic and genetic effects of isolated 
population 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of future insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, pumas, coyotes to 
changing snow regime 

● Extent and pace of elevational migration of 
spruce-fir 

● Mismatch in elevation between appropriate 
snow regime for lynx and spruce-fir 

● Future trends in hare populations 
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5.1 Future Conditions by Geographic Unit 
5.1.1 Unit 1 - Northern Maine 

Summary Unit 1 Future Conditions:   
Although the Northern Maine Unit currently has extensive lynx habitat, it may be one of the units 
in the DPS at greatest risk.  Forestry and climate change will be the greatest future drivers of 
hare and lynx habitat.  Lynx habitat and populations are expected to decline by 50 to 60 percent 
by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years of 
extensive partial harvesting.  In the next few decades, high quality hare habitat will drop from 
about 10 percent to 5 percent of the landscape. High quality habitat patches will become more 
fragmented, smaller, and more isolated thus making the landscape less suitable for lynx.  For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are greatest.  Absent long-term lynx 
management agreements, the future of lynx habitat is uncertain.  Wood products markets will 
continue to change, and could be affected by interest in carbon sequestration in response to 
climate change. Rapid changes and parcelization of forest land ownership is likely to continue.  
Changing land uses (wind energy development, transmission line corridors, residential and 
development, national park) will compete with forest management as the primary land use.  
Conservation easements will help keep some lands as working forest.  Climate change is 
expected to affect the Maine unit more than others in the DPS because there is little elevational 
refugia.  In the near term (to 2050), snow quantity and quality will continue to deteriorate likely 
causing the range of lynx to begin contracting northward, and in the long term (to 2100) some 
believe lynx could become extirpated from the unit. Climate change, demand for hardwood 
forest products, spruce-budworm, and frequent disturbance of the forest all will contribute the 
trend in the converting spruce-fir forest to northern hardwoods, although the timeframe for 
conversion is uncertain. Lynx experts indicate the probability of persistence will decline to about 
50% by the end of the century.  The USFWS core team was more pessimistic after reviewing 
climate change projections. 

Expert Elicitation  
All but one expert indicated an initially high and subsequently declining probability of 
persistence of resident lynx in Maine through the end of the century, with uncertainty (range 
between lowest and highest probabilities) also increasing over time (Lynx SSA Team 2016, pp. 
33-36 and Fig. XX below).  Climate change was an overriding near- and long-term stressor.   
Experts enumerated similar lynx status and stressors for the Northern Maine Unit (Lynx 
Workshop Report 2016, pp. 35-38).    
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed.  Changes in snow conditions will favor bobcats and fisher (a predator 
of lynx that is limited by deep snow).  Experts believed that the effects of climate change would 
continue to increase as a stressor by mid- to the end of the century (2050, 2100).  Snow 
conditions would continue to deteriorate (especially in the northern Maine unit compared to 
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other areas in the DPS) resulting in increased competition with bobcats and predation by fisher.  
Climate-induced loss of spruce-fir forest will occur slowly, and an increase in northern hardwood 
composition of the forest is already occurring.  Loss of spruce-fir could be accelerated by forest 
disturbance (budworm outbreak, forest management affecting large acreages of lynx habitat 
annually).  
 
Experts expressed a number of near-term stressors (in the next 15 years) related to forest 
management in northern Maine.  Land management objectives were uncertain because of 
changes in private forest land ownership.  Changes in forestry management because of the 
Maine Forest Practices Act (shift to partial harvesting, increasing acreage harvest, habitat 
shifting to south) would result in declining lynx and snowshoe hare habitat (succession of 
previous clearcuts from young, dense regenerating stands to mature stands less conducive to 
high hare densities).   
 
There was uncertainty concerning the severity and response by new landowners to the next 
spruce budworm outbreak.  Experts were concerned that investment landowners would not 
respond to the pending spruce budworm outbreak like they did in the 1970s (extensive 
clearcuts, herbicide application).  Experts also acknowledged concerns about the effects of the 
current clearcuts aging past conditions that support hares and lynx.   
 
Hare populations have declined by about half across all stand types (and in adjacent Quebec) 
since 2006 and apparently have not rebounded.  In response, lynx initially had lower 
reproduction (lower proportion of females breeding, slightly lower litter sizes), but this has not 
affected home range sizes.  Lower landscape hare densities are likely to support lower lynx 
populations.  It is uncertain how hare numbers will cycle or fluctuate in the future. 
 
Lynx Viability -   All but one expert indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. XX below).  Although uncertainty increases with time from 
the present, experts generally agreed that climate-related loss of favorable snow conditions 
(amount, consistency, and duration), loss of spruce-fir, and bobcat competition are likely to 
reduce the probability of lynx persistence in this unit.  Modeling of current lynx habitat and future 
habitat trends was more advanced for the Northern Maine Unit than other units.  Models 
indicate that aging of past clearcuts and changes in forest practices to partial harvesting will 
diminish the current lynx habitat by half in coming decades.  Experts and the core team 
expressed uncertainty about the severity of a pending spruce budworm outbreak, forestry 
response by investment company landowners, and how this will affect future lynx habitat.  More 
is known about long-term trends in snowshoe hare populations in this unit than others.  Hares 
seem to have declined by half since about 2006 and have remained low.  Experts and the core 
team were uncertain about whether hare numbers would rebound or remain at this lower level, 
but lower hare densities are affecting demographics (especially percentage of females 
breeding), which could contribute to population declines.  Taking all of these factors into 
consideration, the experts projected the mean probability of persistence to the years 2025 was 
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greater than 95 percent, to 2050 was about 80 percent (range from 20 to 100 percent), and to 
2100 was about 50 percent (range from 0 to 100%)(Lynx SSA Team 2016, pp. 33-34, Fig. XX). 
The USFWS lynx core team generally agreed with this prognosis with the exception that some 
were less optimistic about the persistence of this population, especially after reviewing the 
literature pertaining to climate change in this region.  

 

Figure xx.  Expected probability of persistence for the Northern Maine Geographic Unit at 
present (2015), and in 2025, 2050 and 2100. 
 
 
 



USFWS Literature Review and Assessment 

Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Forest Practices Act (FPA).  The FPA 
regulates maximum size of clear cuts (250 acres), separation zones between clearcuts, harvest 
plans, and notification to the Maine Forest Service.  Clearcuts are not banned, but require 
varying levels of permitting depending on their size.  As a result, the number of clearcuts 
completed annually has declined significantly and have been replaced by various forms of 
partial harvesting (Sader et al. 2003, p. 349-350, McWilliams et al. 2003, p. 35).  In general (with 
exception of shelterwood harvests), partial harvested stands support significantly lower 
densities of snowshoe hares (Fuller 1999, Homyack 2003, Robinson 2006, entire, Scott 2009), 
thus reducing landscape hare density and presenting a challenge for future lynx conservation 
(Simons 2009, pp. 206, 209, 217, Simons-Legaard et al. 2016, p. 7-8, Simons-Legaard 2016, 
entire). 

 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems.  The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-FPA to 550,000 
acres post-FPA (McWilliams et al. 2003, p. 35).  Currently, 27 years post-FPA, much of the 10 
million-acre northern Maine landscape has been influenced by partial harvesting.  Extensive 
partial harvesting and aging of the spruce budworm-era clearcuts will reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10).  If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10).  After 2030, projected outcomes for lynx habitat 
become more uncertain and depend on assumptions about habitat definitions and harvest rates.  
If one defines lynx habitat as stands having greater than 75 percent spruce-fir, then habitat will 
decline by about 50 percent by 2030 and remain at about at this level through 2060.  With more 
generous definitions of habitat (stands that are 25 to 50 percent spruce-fir), after an initial 
decline lynx habitat could rebound after 2030, perhaps to about 75 percent of current levels by 
2050 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the next outbreak of spruce budworm.  After being low for the 
last 20 years, spruce budworm numbers are again building toward epidemic levels in Maine, 
southern Quebec, and northern New Brunswick.  Significant defoliation in Maine is expected to 
begin between 2018 and 2021 (Wagner et al. 2014).  Although Maine research has clearly 
demonstrated that landowner response to the last outbreak resulted in unintended, positive 
benefits for lynx from one to three decades later, our ability to project what effects the next 
outbreak will have on lynx habitat is still limited.  Land ownership has changed dramatically 
since the last outbreak.  To reduce risk from spruce budworm, some financial investment 
owners may cut younger spruce-fir stands that still support elevated hare populations.  Some 
may be less inclined to intensively manage for spruce-fir.  It is unlikely that current landowners 
will use widespread use of pesticides to control spruce budworm and herbicides to promote 
spruce-fir regeneration after stands are defoliated.  The FPA may serve as an additional 
constraint on motivation to clearcut infested stands, even with recently-enacted changes 
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intended to reduce the regulatory burden for landowners.  Landowner response to the pending 
outbreak will have important implications for the short- and long-term persistence of lynx habitat 
in the northern Maine unit (Simons-Legaard 2016, pp. 16-17).   
 

Climate warming - The direct and indirect effects of climate warming are expected to affect lynx 
in the northern Maine unit more severely than other units (A. Siren, Workshop report 2016 p.XX) 
and could further restrict their range (Hoving 2002, Hoving et al. 2005, Carroll 2007).  Wildlife 
experts in Maine ranked lynx as highly vulnerable to climate change (>66 percent loss in 
species range/population and extirpation within 50 to 100 years) (Whitman et al. 2013, p. 19, 
74).  Similarly, Carroll (2007, entire) modeled Maine lynx population assuming non-cycling hare 
populations and snow conditions expected under intermediate to high emissions climate models 
(Kiehl and Gent 2004, entire).  He predicted a 59 percent decline in the lynx population (non-
cycling hare populations in Maine and eastern Canada) by mid-century because of climate 
change alone. Maine lacks elevational refugia for lynx under reduced snow scenarios (Carroll 
2007, p. 1102), except for the mountains in western Maine where snow refugia may only persist 
as very small, isolated “sky islands” that would be unlikely to support lynx.   
 
Gonzales et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007) and predicted loss 
of forest and snow conditions able to support lynx in Maine by the end of the century.  Although 
there are uncertainties about future climate warming, lynx populations in Maine are expected to 
recede northward and decline substantially over the next century (Vashon et al. (2012, p. 60).    

 
Northeast climate models predict average winter temperature increasing 2.0oC (low emission) to 
2.9oC (high emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by 
late century (Notaro et al. 2014).  Largest increases in temperature are expected in northern 
Maine (A. Siren, Workshop Notes 2016, Rawlins et al. 2012) where temperatures may increase 
4.5 to 5.0o F by 2050 (Fernandez et al. 2015 check). Moderate emissions scenarios predict a 
loss of snow and boreal forest conditions able to support lynx by the end of the century (Carroll 
2007, Gonzales et al. 2007).  
 
Climate change is affecting the Northeast, and the rate of change is faster than expected 
(Rustad et al. 2014).  Rapid winter warming in recent decades is believed to be caused by 
reduced albedo feedback caused by the reduced persistence of snow in winter (Hayhoe et al. 
2006). Average winter temperatures are increasing 0.42-0.46o C/decade with the greatest 
warming occurring in the coldest months of winter (January, February)(Burakowski et al. 2008).  
Northeast climate models predict average winter temperature increasing 2.0oC (low emission) to 
2.9oC (high emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by 
late century (Notaro et al. 2014).  Largest increases in temperature are expected in northern 
Maine (A. Siren, Worskshop Notes 2016, Rawlins et al. 2012) where temperatures may 
increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015 check). Moderate emissions scenarios 
predict a loss of snow and boreal forest conditions able to support lynx by the end of the century 
(Carroll 2007, Gonzales et al. 2007).  In response to climate change, interest in wind 
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development has escalated in northern and western Maine increasing threats to high elevation 
and potential spruce-fir refugia (Whitman et al. 2013). Climate conditions are at or falling below 
threshold values needed to support lynx in Maine. 
 

Snow duration. The current average snow duration in Maine is at or below the 4 month snow 
persistence thresholds believed needed to support lynx (section 4.1.1, Gonzales et al. 2007) 
and is projected to decline.  Snow duration is project to continue to deteriorate.  Snow duration 
declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to 
diminish another two weeks in Maine by mid-century (Fernandez et al. 2015).  Snow duration is 
expected to diminish by 25 percent (low emissions) to 50 percent (high emissions) from current 
conditions by the end of the century (Hayhoe et al. 2006).  Similarly, Notaro et al. (2014) 
projected an average decrease of 28 days (low emission) to 47 days of snow cover (high 
emissions) by the end of the century.   

  

Snow depth. The current average snow depth is at or below the 270 cm/yr. (106 in/yr) 
thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005) and is expected 
to decline.  By the end of the century, large areas of the Northeast will experience 15 percent 
(low emission) to 25 percent (high emissions) reduced snowfall (Ning and Bradley 2015).  
Similarly, by the end of the century Notaro et al. (2014) projected average snow declines in the 
North Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 
cm (48 percent) (high emissions) as a higher proportion of winter precipitation falls in the form of 
rain rather than snow.   Winter precipitation in Maine is likely to increase by 10 to 15 percent by 
the end of the century (Hayhoe et al. 2006) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, Hayhoe et al. 2007, Ning and Bradley 2015). 

 

Snow quality.  Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006) with a greater proportion of winter precipitation falling as rain 
(Huntington et al. 2004, Hayhoe et al. 2007, Ning and Bradley 2015).  Snow density and 
compaction (caused by wet, heavy snow or rain on snow events in winter) will continue to 
increase in the region in the future (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006, Karl et al. 1993).  
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Loss of boreal forest. Climate change is projected to cause a northward contraction of spruce-fir 
forest in the Northeast with potential negative consequences for both lynx and snowshoe hares 
(Gonzales et al. 2007, entire).  Spruce-fir forest is expected to decline substantially in Maine and 
the Northeast (Ollinger et al. 2007 Beckage et al. 2008, Tang and Beckage 2010, Whitman et al. 
2010, p. 12, Jacobson et al. 2009, p. 27) or disappear (Iverson and Prasad 2001, pp. 192-193, 
Prasad et al. 2007) because of climate change.  Climate change is anticipated to increasingly 
fragment boreal forest in northern New England (Iverson et al. 2008, Ollinger et al. 2008, 
Whitman et al. 2013).  Lynx habitat will decline as boreal forest diminishes (Simons 2009).  
Even under the lowest emissions scenarios, spruce-fir forest would be greatly reduced by 2100 
(Williams and Liebhold 1997, Prasad et al. 2007), although some spruce-fir may persist at 
highest elevations (Tang and Beckage 2010) and along the eastern coast (Jacobson et al. 
2009) where cooler conditions will prevail.   

 
The spruce-fir forest type has come and gone from New England during the post-glacial period.  
It nearly disappeared from the Northeast during interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, DeHayes  et al. 2000).  Because of its sensitivity to climate and 
mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low emissions) or the 
disappearance (high emissions) of the spruce-fir forest type in northern Maine in response to 
climate change.   
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways.  Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Perfect et al. 1987, Auclair et al. 2010).  
Thus, the range of spruce-fir is limited by summer heat and drought.  Mohan et al. 2009 
projected that suitable area for balsam fir would decline by 80 percent in 2100 under an average 
to high emissions scenario. In contrast, Ollinger et al. (2008) projected growth rates for balsam 
fir and red spruce to mid-century, after which they would decline.    
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, and synergistic effects with other pollutants). 
Arguments in favor of an accelerated decline include evidence that spruce-fir is already in 
decline (Seymour 1992, Simons 2009) and is being replaced in Maine by northern hardwoods 
(oak, pine, red maple).  The decline of the spruce-fir forest type is accelerated by forest 
disturbances.  A pending spruce budworm outbreak and frequent disturbance from forest 
management could accelerate conversion to northern hardwoods in northern Maine and eastern 
Canada (Flannigan et al. 2001, Gauthier et al. 2015).  Other climate-related forest disturbances 
(forest pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et 
al. 2008, p. 404).   
 



In contrast, some authors note that trees migrate slowly and are long-lived. Therefore, a time 
lag may occur in shifting forest composition from spruce-fir to northern hardwoods (Mohan et al. 
2009, Zhu et al. 2012).  Some northern Maine industrial forest landowners could “adapt” to 
climate change by intentionally favoring spruce-fir (e.g., by plantations and use of herbicides).  
McWilliams et al. 2005 (p. 8) noted that balsam fir increased in Maine’s forest inventory in the 
2000s.  Forest models projected increases in  spruce-fir biomass over the next century because 
of partial harvesting and periodic budworm outbreaks, but did not take climate change into 
consideration (Simons-Legaard  et al.2013).   
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit.  Climate change will 
influence precipitation and temperature, forest management strategies, and forest disturbance 
(fire frequency and spruce budworm), all of which will interact in complex ways to influence the 
spruce-fir forest at the southern edge of its range.  Carter (1996), Iverson et al. (1999), and 
Goldblum and Rigg (2005) documented balsam fir growth rates and growth potential would 
decline under likely climate warming scenarios (~4 to 5 degree temperature increase by the end 
of the century and reduced snow conditions).  Some have projected the extirpation of spruce-fir 
forest types in the Great Lakes States (Scheller and Mladenoff 2005) and New England (Iverson 
and Prasad 2000).  In contrast, balsam fir has prolific seed production following forest 
disturbance such as harvesting (Seymour 1992), and has proliferated under the current climate 
and forest management regime dominated by partial harvesting (Olson et al. 2013, entire).  
Balsam fir is a relatively short-lived tree (~100 years), and is unlikely to persist long if climate 
change affects seed and germinations rates.  Given, anticipated climate changes, especially 
early snow melt and low spring precipitation, fir is unlikely to regenerate in the future Maine 
forest (E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 

Vegetation Management - Habitat suitable for lynx is expected to decline in the future 
(Regulatory Mechanisms section above).  By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no support high hare densities.  
For the foreseeable future, partial harvesting will continue as the primary means of forest 
management.  Although partially harvested forests with well-developed understory structure 
may provide foraging opportunities via increased prey access (Fuller et al. 2007), snowshoe 
hare densities are substantially less in landscapes dominated by partially harvested stands 
(Robinson 2006, entire; Fuller and Harrison 2010). Thus changing forest management practices 
will continue to reduce landscape hare density below levels that can support lynx.  

 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8).  
Currently, the landscape is owned primarily by  financial investors who may be less inclined to 



intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2014).   
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades.  Lynx, habitat is expected to peak and 
remain stable through about 2020 (Simons 2009, Simons-Legaard et al. 2016 p. 6).  After 2020, 
aging of the former clearcuts and extensive partial harvesting are projected to result in a 50 to 
65 percent decline in lynx habitat by 2032.  Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 4.5 percent of the landscape (Simons-Legaard 2016).   
By 2032, the Northern Maine Unit may support less than half the lynx population as it does 
today (Simons 2009, p. 209, 217).   
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
support lynx (Simons 2009, Simons-Legaard et al. 2016, Simons-Legaard 2016).  By 2022, the 
number of patches of high quality hare habitat will increase by 57 percent, but the average size 
of patches will be diminished by 87 percent, and patches will become more isolated (Simons-
Legaard et al. 2016, pp. 5-6).  The proximity index of high quality habitat patches will decline by 
78 percent within lynx home ranges.  Although lynx habitat is peaking, fragmentation is 
diminishing its ability to support lynx (Simons-Legaard et al. 2016). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty.  The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060.  The most 
most pessimistic models (lowest harvest rates, no climate change, no spruce budworm) project 
about 5 percent of northern Maine will have high quality hare habitat (Simons-Legaard 2016, 
entire), although the habitat will be much more fragmented and smaller patch size (Simons-
Legaard et al. 2016)..    
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004).  
A spruce budworm outbreak is projected to reach epidemic proportions in 2018 to 2021.  The 
epidemic has already affected 10 million acres of spruce-fir in southern Quebec, immediately 
north of Maine (Wagner et al. 2014, entire).  The last outbreak in the 1970s and 1980s killed 
millions of acres of spruce and fir forests in the northern Maine unit.  Maine’s 5.8 million acres of 
spruce-fir stands across the state are at risk of some level of defoliation.  The intensity of the 
next outbreak is uncertain, although some project a weaker outbreak because spruce and fir 
trees are younger and less susceptible and there is a higher hardwood component in northern 
Maine forests (Wagner et al. 2014, p. 21-27).  A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 



commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2014, pp. 5-6).  An 
aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1).  The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir.  The nature of 
landownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons.  The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 

Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987), although there were no large fires after the last outbreak.  Fire risk is currently 
very low in this unit and a continuous decrease in fire frequency is predicted with climate 
change in eastern Canada because of increased precipitation and decreased drought (Bergeron 
and Flannigan 1995, Flannigan et al. 1998).  Climate is expected to become more variable 
during the next century (Gregory & Mitchell 1995; Gregory et al. 1997), which could create fire 
conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region.  Notable large fires in Maine include a 3 million acre fire in 1825 and 200,000-acre 
fire in 1947. 

 

Habitat Fragmentation - The future of the 10 million-acre, sparsely populated “North Woods” of 
Maine is highly uncertain and the subject of intense public debate (Baldwin et al. 2007).  Land 
use and zoning in the state’s “unorganized townships” are the responsibility of the Land Use 
Planning Commission in the Maine Department of Conservation.  The Commission revised its 
Comprehensive Land Use Plan (De2010), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation.  The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9).  This land was traditionally owned by a few large timber companies, 
but in the 1980s there has been rapid turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005).  Financial investors, such as REITS and 
TIMOs focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they will generate a higher return.  If left unchecked, these 
pressures may continue to promote dispersed residential development throughout this region.  
Parcelization and subdivision has increased, particularly in the southern third of the jurisdiction 
(Maine Department of Conservation 2010, p. 72-73).   

 
The Commission’s has limited ability to address stressors on Maine’s North Woods, including 
resale and subdivision trend. This trend is likely to continue into the foreseeable future and will 
make management of large, forested landscapes for Canada lynx even more difficult.  
 



Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps, but this could change in the 
future.  Between 1971 and 2005, the Commission permitted 8,136 new dwellings in unorganized 
townships — an increase of 66 percent in the housing stock during this time period (Maine 
Department of Conservation 2010, p.80).  Between 1971 and 2005, the Commission issued 
1,353 development permits for new uses scattered throughout the unorganized townships 
(Maine Department of Conservation 2010, pp. 97-99); most (42 percent) being recreational 
facilities (boat launches, campsites, gatehouses, recreational lodges).  Most development has 
occurred in areas that abut organized communities and near public roads.  Within the interior 
most development has occurred on long lakeshores and waterfront.  However  the amount of 
hillside and ridge development is growing and this trend is likely to continue (Maine Department 
of Conservation 2010, p. 136), which will further fragment lynx habitat.   
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat i(ILBT 2013, p. 80).  Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire).  The North Maine Woods is a gated road system that 
encompasses about 3.5 million acres in the Northern Maine Unit.  Visitorship by outdoor 
recreationists are currently about 175,00 per year and declining.  Likewise, visitors to Baxter 
State Park and the Allagash Wilderness Waterway have declined (Vail 2007, p. 107).  Aside 
from a vigorous discussion of a proposed national park or monument, national heritage area, or 
a master tourism plan for the area (Vail 2007, pp. 112-113), there is likely to be stagnant or 
declining participation in traditional outdoor recreational activities in the future (Vail 2007, p. 
107).  Snowmobiling may be an exception, however, declining snow (see climate change 
section) make future trends uncertain. Impacts of downhill ski development on fragmentation of 
lynx habitat are expected to be minimal. Three alpine ski resorts occur within the unit, on the 
southern margin of lynx habitat: Saddleback Mountain Ski Area in Sandy River Plantation near 
Rangeley, Sugarloaf Mountain Ski Area in Carrabassett Valley, and Sunday River Skiway in 
Newry and Riley Township.  Further development of ski areas is unlikely in the western Maine 
mountains.  Future trends in outdoor recreation and associated effects on lynx, hares, and their 
habitat are uncertain in the northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development hundreds of house lots and resort development within the lynx critical habitat.  
Although these developments have not been built, they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic force in the jurisdiction, with 
grid-scale industrial wind power, biomass, biofuels, and other energy sources offering new 
opportunities to utilize natural resources. Wind energy resources are high within the lynx critical 
habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016) and are likely to accelerate in the foreseeable future.  Mining is not a 
traditional land use but is being considered at one location in the lynx critical habitat.  Extraction 
operations for gravel (for road building) are widely-scattered throughout the jurisdiction.    
 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation


The lynx critical habitat is heavily roaded, particularly with logging roads.  While accurate 
numbers are difficult to obtain, approximately 1,500 miles of public  roads and over 20,000 miles 
of private roads exist within unorganized areas of Maine (Maine Department of Conservation 
2010).  There has been discussion of an east-west limited access highway through northern 
Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if constructed, 
would further fragment habitat (Maine Department of Transportation 1999, Beck et al. 2012, p. 
38).   
 
An increasing area of the lynx critical habitat area is likely to be placed under conservation 
easements that will limit future development and fragmentation of lynx habitat.  Maine has the 
largest amount of land under easement of any state, and there are about 2 million acres of 
conservation easements in lynx habitat in northern Maine (Pidot 2011).  Continued expansion of 
areas under conservation easement is uncertain and will depend on willing landowners and 
funding available for purchase of easements  
 
All of development trends portend increased fragmentation of lynx habitat in the Maine unit. As 
habitat is fragmented, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
 
5.1.2 Unit 2 - Northeastern Minnesota 
 

Summary Unit 2 Future Conditions:   
The direct and indirect effects of climate change are expected to affect lynx into the future in 
Minnesota, specifically, there is an expected decline in the quantity, quality, and duration of 
snow; increased competition and hybridization with bobcats; northward contraction of boreal 
conifer forest, and increased isolation due to diminishing forest conditions in Ontario.The 
probability of persistence of the lynx population in Minnesota is projected to decrease over time 
with increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity and persistence of snow, competition, disease, and forest insects and drive in the long 
term from the some of the same reasons with the addition of climate change, loss of spruce-fir 
forests, and wildfires. If the SNF in Minnesota continues to follow vegetation management and 
other recommendations under the LCAS in their Forest Plan, we expect that several risk factors 
will continue to be minimized and managed to promote the conservation of lynx within the SNF 
into the future.  It is expected that the MFRC guidelines will remain in place into the future and 
that voluntary actions will continue on state and private lands. Taking all factors into 
consideration (i.e., loss of boreal forest, competitions, disease and insect outbreaks, loss of 
snow), the experts projected the mean probability persistence of lynx in Minnesota to the year 
2025 was greater than 90 percent, to 2050 was 80 percent, and would decline to approximately 
35 percent by 2100. Commented [PM20]: Reference table YY. 



Expert Elicitation 
The probability of persistence of the lynx population in Minnesota is projected to decrease over 
time with increasing uncertainty through the end of the century (Lynx SSA Team 2016, pp. 37-
38 and Figure xx, below).  Near term drivers of the projected decline were reduced the quality, 
quantity, and persistence of snow, competition from bobcats, disease (e.g., lungworm, liver 
fluke, feline leukemia), and forest insects.  Long term drivers of the projected decline were 
reduced the quality, quantity, and persistence of snow, competition from bobcats, loss of 
spruce-fir forests, wildfires, and climate change.  Climate change was primarily associated with 
loss of boreal forest but could potentially also increase disease or insect outbreaks, and is likely 
to affect the amount of precipitation falling as good quality snow in the area of the state 
supporting lynx habitat.  The connection to lynx in Ontario reduces the likelihood of local 
extirpation in this geographic unit, but the likelihood would increase if connectivity was 
compromised. Taking all factors into consideration (i.e., loss of boreal forest, competitions, 
disease and insect outbreaks, loss of snow), the experts projected the mean probability 
persistence to the year 2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 
60 to 90 percent), and would decline to approximately 35 percent (ranging from 10 to 60 
percent) by 2100 (Lynx SSA Team 2016, pp. 37- 38). 
 

 

Figure xx.  Expected probability of persistence for the Minnesota Geographic Unit at present 
(2015), and in 2025, 2050 and 2100. 
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Regulatory mechanisms - In Minnesota, the vast majority of lynx habitat that supports long-term 
persistent lynx breeding population is administered by the Superior National Forest.  This area 
includes designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 
SNF Plan (USDA 2004), which has direction based on the LCAS and Canada Lynx 
Conservation Agreement (CA) between the Forest Service and the Service (LCAS 2000, entire), 
for all forest activities that occur within LAUs.  Active management of forest lands can produce 
lynx habitat and the Superior National Forest has a long-term commitment for doing so.  If the 
SNF continues to follow vegetation and wildland fire management and other applicable 
recommendations under the 2000 LCAS (or the updated 2013 LCAS or subsequent updates) in 
their Forest Plan, we expect that several risk factors will continue to be minimized and managed 
to promote the conservation of lynx within the SNF into the future.  Management of lynx and its 
habitat on SNF land will remain in place until the forest amends or revises their individual 
LRMPs.  We expect that management direction for lynx addressing vegetation management, 
wildland fire management, and habitat fragmentation on national forest system lands will be 
incorporated into the revised or amended Forest Plans (LPMPs). 

  
Although outside of areas considered to be core lynx area (i.e., where lynx are persistent and 
are reproducing) in the Great Lakes, the Chippewa National Forest and the Chequamegon-
Nicolet National Forest Forest Plans also include direction based on the LCAS and Canada 
Lynx Conservation Agreement (CA) between the Forest Service and the Service (LCAS 2000, 
entire), for all forest activities that occur within LAUs (USDA CNF 2004, USDA CNNF 2004). 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit and private landowners make up about 
16  percent of unit.  Under the Sustainable Forest Resource Act of 1995, the Minnesota Forest 
Resources Council (MFRC) has developed guidelines for site-level timber harvesting and forest 
management (MFRC 2012, entire; MFRC 2014, entire) - these voluntary guidelines are intended 
for private and state landowners and include some general recommendations for wildlife 
including lynx (MFRC 2014, pp. 4-5).  It is expected that the MFRC guidelines will remain in 
place into the future and that voluntary actions will continue. Private landowners, however, do 
not have an official commitment to land management.  We cannot say with any certainty what 
proportion of privately owned land will follow those guidelines into the future, because following 
the guidelines is voluntary. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit.  
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen 2012, p. 348), but does not have lynx specific direction in its 
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management plan (NPS 2002, entire).  The National Park consults with the FWS to consider the 
effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as long as the 
species is listed under the ESA.  Lynx documented on and near Voyageurs National Park are 
probably transient animals (Moen 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004.  On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses.  The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota.  This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (LCAS 2013, p. 49). 
 

Climate warming - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range.  Since the time of listing, new information on regional 
climate changes and potential effects to lynx habitat has been developed (e.g., Danby & Hik 
2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new information 
suggests that climate change may be an issue of concern for the future conservation of lynx 
because lynx distribution and habitat is likely to shift upward in elevation within its currently 
occupied range as temperatures increase (Gonzalez et al. 2007, entire).  Greatest stressors of 
climate change include diminishing snow depth, quality and duration; competition from bobcats 
and other carnivores, hybridization with bobcat (Schwartz et al. 2002); loss of spruce-fir to 
northern hardwoods; and future isolation of the metapopulation because of diminishing forest 
conditions in Ontario. 

  
Gonzales et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007) and predicted loss 
of forest and snow conditions able to support lynx in Minnesota by the end of the century. 
Notaro et al. (2015) projected changes in lake effect snowfall using downscaled climate models 
(Abdus Salam International Centre for Theoretical Physics (ICTP) Regional Climate Model 
version 4 (RegCM4; Elguindi et al. 2011; Giorgi et al. 2012) for the Great Lakes Basin. Siren (in 
Lynx SSA Team 2016, p. 15) stated that climate models show an increase in lake effect snow in 
the eastern Great Lakes until 2050, with a decline later in the century, with an overall decline in 
the amount and duration of pack in the Midwest. 
  
Although there are uncertainties about future climate warming, lynx populations in Minnesota 
are expected to recede northward and decline over the next century (Lynx SSA Team 2016, pp. 
37-38).   



  
Lynx require at least four months (120 days) of continuous snow coverage (Gonzales et al. 
2007, p. 7).  Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9).   In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow.  The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro 2015, pp. 1676-1678). The Minnesota 
unit may be more vulnerable to snowpack loss due to lack of elevational refugia (Siren in Lynx 
SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes.  
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century.  Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzales et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the state (Gonzales et al. p. 2007, p. 19).  According to Frelich (in Lynx 
SSA 2016, p. 14) Minnesota is likely to lose boreal biome, potentially within the next 60 to 70 
years, with unmitigated climate change.  According to Gonzales et al. (2007, p. 8), the Superior 
National Forest is a potential refugia for lynx in the lower 48 states, however, when compared to 
other regions. 
 

Vegetation Management - Vegetation management conducted under the Forest Plan currently 
will likely continue into the future on Forest Service lands in Minnesota. These activities include 
timber harvest, such as thinning, clear-cutting, shelterwood, partial cut, and uneven-aged 
cutting; wildlife restoration projects that involve tree cutting, shearing, burning, seeding, and 
planting; prescribed burning for ecological purposes, hazardous fuel reduction, and site 
preparation; mechanical site preparation. 

 
Vegetation, timber, and minerals management authorized under the Forest Plan has the 
potential to adversely affect lynx and lynx critical habitat by reducing habitat quality for denning, 
foraging, and dispersal; disrupting travel, resting, and foraging patterns; disturbing denning 
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females and reducing habitat quality for lynx prey species, especially snowshoe hare. 
Depending on the timing, frequency, intensity, extent, amount, or other conditions, impacts may 
be variable among similar projects. Using the LCAS as a basis, the Forest Plan has 
incorporated a number of components that would reduce the risk of those impacts into the 
future. We expect that management direction for lynx addressing vegetation management on 
national forest system lands will be incorporated into the revised or amended future plans, using 
LCAS as a basis. 
  
Future Forest Plan revisions will likely maintain broad direction to design and implement 
vegetation management projects to maintain or restore conditions for lynx foraging and denning 
habitat and to maintain or improve juxtaposition of required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. ). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USDA 2004). Further, unsuitable habitat for lynx would vary only slightly 
with continued implementation of the Forest Plan and would remain distinctly below the 
maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated into 
the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in the 
2004 (USDA 2004). Because suitable habitat on National Forest lands alone is such a high 
percentage within LAUs and the Superior National Forest is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
 

Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks.  Measurable defoliation due to spruce 
budworm has occurred in Northeastern Minnesota continuously since 1954 (MN DNR) and is 
expected to continue into the future.  Modeling to evaluate the relative strength of interactions 
between spruce budworm outbreaks and fire disturbances in the BWCA showed that budworm 
disturbance can partially mitigate long-term future fire risk by periodically reducing live ladder 
fuel within the forest types of the BWCA but will do little to reverse the compositional trends 
caused in part by reduced fire rotations there (Sturtevant et al. 2012, pp. 1286-1292).  

 
The Superior National Forest manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are and 
are expected to continue to be the dominant force in ecosystems on the BWCAW. 
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Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada.  Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USDA 2011, p. 119).  The Forest Plan (USDA 2004) provides 
direction on limiting lynx habitat fragmentation and the Forest actively consolidates habitat 
through land acquisitions and exchanges.  

 
 
 
5.1.3 Unit 3 - Northwestern Montana/Northeastern Idaho 

Summary Unit 3 Future Conditions 
 
 
 
 

Expert Elicitation 
As for previous units, all expert graphs showed an initially high and subsequently decreasing 
probability of persistence for this unit, with increasing uncertainty over time, but a higher 
probability of persistence at all time frames than other units. All experts predicted near-term 
(year 2025) persistence probability >= 95%, and all predicted mid-century persistence at 70% to 
100% (median = 90%). All experts predicted end-of-century persistence probabilities >= 50%, 
with a median of 78%, by 2100 (Figure 7). 
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Figure XX. Expected probability of persistence for the Northwestern Montana/Northeastern 
Idaho Geographic Unit at present, 2015, and in 2025, 2050 and 2100. 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
two units discussed thus far. Most lynx habitats in this unit occur on Federal lands that are 
managed for lynx conservation, but one expert noted that little has been done to document 
whether lynx are responding to this management. The recent sale of large tracts of private 
commercial timberlands in the central part of this unit to The Nature Conservancy has increased 
protection for lynx via conservation easements managed for lynx. Habitats in some areas should 
improve in the near future as previously cut or burned areas mature into dense stands. Unlike 
the Maine and Minnesota geographic units (but similar to most other western units), high 
elevations in this unit could buffer the effects of climate change by providing for the upslope 
migration of lynx habitats and snow conditions that climate models predict. However, this would 
result in even patchier and more isolated islands of habitat in high elevation areas that would be 
more prone to extirpation due to catastrophic or stochastic events. Competition from coyotes 
and bobcats seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 



demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to 2050 and beyond, 
some experts felt there may be more pressure on lynx populations in this unit from continued 
increases in fire extent and severity. Other experts expressed a different opinion of the overall 
effect of fire in this unit, indicating that it may actually improve habitat over time, and that 
whether fires improve or degrade habitat depends on the frequency, intensity, size and spatial 
extent of future fires. 
 
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert reminded that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in future. 
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5.1.4 Unit 4 - North-central Washington 
 

Summary Unit 4 Future Conditions 
 

Expert Elicitation 
Lynx Viability - see Minnesota unit above, bring in results from expert workshop report. 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 8). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 8). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
 
 

 
 



Figure XX. Expected probability of persistence for the North-central Washington Geographic 
Unit at present, 2015, and in 2025, 2050 and 2100. 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
 

USFWS Literature Review and Assessment 

Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit.  Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish.  We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming.  These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007.  The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx.  Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs.  We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP.  Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan.  The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6).  Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both federal and 
state managed lands within Washington State. 
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Climate Warming - The one risk factor identified by the LCAS over which the Forest Service, or 
the WADNR for that matter, has little ability to control or influence is climate change.  Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx Workshop Report 2016, p. 56).  

  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change.  
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat.  Westerling et al. (2006, pp. 942-943) compiled information on large 
wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons.  The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat).  They also found that 
fire exclusion had little impact on natural fire regimes.  Rather, climate appeared to be the 
primary driver of increasing wildfire risk.  As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington).  Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades.  Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington.  The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires due to its small size and current lynx population (Lynx Workshop 
Report 2016, p. 27).  However, the experts felt the potential extirpation of lynx, should it occur 
from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), may be 
ameliorated to some extent due to Washington’s juxtaposition and connectivity to Canadian lynx 
populations.  The experts felt that lynx immigration from Canada may rapidly recolonize 
Washington as the habitat recovers from fires or other impacts (Lynx Workshop Report 2016, p. 
43).  Climate change, in addition to potentially affecting fire return intervals, fire severity 
(intensity, size), and insect outbreaks, is likely to affect the amount of precipitation falling as 
snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75).  
Snowshoe hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 
448). 
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Climate change may impact the quantity, quality, and temporality of snow in the Cascades.  
Mote (2003, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft).  Additionally, Mote (2003, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades.  Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack.  Corroborating Mote’s 
speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures.   Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48).  Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades.  Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42).  Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced due to decreasing quantity 
and quality of snow. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44).  Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx Workshop Report 
2016, p. 43). 
 

Vegetation Management Fed - Okanogan plan, USFS/USFWS conservation agreement. State 
lands - Loomis/WADNR HCP/lynx mgmt. plan? 

 

Wildland Fire Management - what is strategy on these lands?  How does it affect lynx 

 

Habitat Fragmentation 
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5.1.5 Unit 5 - Greater Yellowstone Area 
 

Summary Unit 5 Future Conditions 
 
DO    

Expert Elicitation 
 
This unit has a long history of lynx presence, but the consistency of occupancy over time is 
uncertain. Research and surveys since 1997 have detected few lynx in this unit. Lynx are likely 
spatially limited within the unit because of the patchy distribution of high-quality habitat and the 
generally low or marginal hare densities in much of the unit. Lynx have large home ranges in 
this area, an indicator of lower habitat quality. Nevertheless, until recently, this unit appears to 
have supported a small resident lynx population. The current lynx population in this unit is very 
small - likely fewer than 10 lynx, and possibly zero. This population may have been somewhat 
larger in the past; however, there is some uncertainty about this. Recent surveys and trapping 
efforts have not detected resident lynx, only several that were previously released in Colorado. 
Several Colorado-released lynx have established home ranges in the GYA unit, and there is 
evidence of overlapping male and female home ranges. In the late 1800s and early 1900s, there 
was notable predator control in some parts of this unit. There currently is oil and gas exploration 
and development activity in parts of this unit, but potential impacts to lynx are uncertain, and 
projects are attempting to minimize impacts to lynx habitat. 
 
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 9). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure XX. Expected probability of persistence for the GYA geographic unit at present, 2015, 
and in 2025, 2050 and 2100. 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 



USFWS Literature Review and Assessment 

Regulatory mechanisms 

 

Climate warming 

 

Vegetation Management 

 

Wildland Fire Management 

 

Habitat Fragmentation 

 
5.1.6 Unit 6 - Western Colorado 
 

Summary Unit 6 Future Conditions 
Climate change is expected to affect vegetation, and influence snow conditions within the 
Western Colorado unit.   
 
 

Expert Elicitation 
Lynx Viability – EE Final Report: The majority of the experts suggested an initially high 
probability of persistence in Colorado, declining gradually with increasing uncertainty through 
the end of the century.  Experts predicted near-term (year 2025) persistence probabilities of 60 
percent to 100 percent (median = 90 percent), and mid-century persistence at 50 percent to 85 
percent (median = 80 percent).  Experts predicted end-of-century persistence probabilities of 20 
percent to 70 percent for this unit, with a median of 50 percent, by 2100. 
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Figure 10. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats.  Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types.  Although 8 of 10 experts 
graphed 50 percent to 70 percent probability of persistence at 2100, during subsequent 
discussions, several expressed greater uncertainty about whether resident lynx will persist in 
the unit at the end of the century.  Higher-quality lynx habitat occurs primarily in two areas and 
is patchily-distributed.  Lynx in this unit may occur as several smaller, relatively isolated 
subpopulations, which are likely more vulnerable to stochastic events.  This unit’s relative 
isolation may limit exchange with other lynx populations, increasing the likelihood of genetic drift 
and reducing the chance of demographic rescue or recolonization if lynx in the unit become 
extirpated.  There was discussion about whether ski areas may affect daily movements of lynx, 
and hares may be declining in ski areas.  Ski areas tend to expand and may, therefore, have 
larger impacts on lynx in future.  There is some evidence of lynx using ski areas in summer 
months but avoiding them during the ski season.  It is uncertain whether ski areas may affect 
genetic connectivity within the Western Colorado geographic unit.  Two-thirds to three-quarters 
of the lynx in this unit are in the southern portion of the range in the San Juan Mountains.  There 



is a large area (Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, 
so it is possible that lynx also could be using that area. 
 

USFWS Literature Review and Assessment 
 

Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming, and 
Colorado.  We concluded that the Southern Rockies Lynx Amendment substantively reduced 
the inadequate regulatory mechanisms by addressing the major adverse impacts of Forest 
Service land management on lynx (Service 2008, p 70-71).  Lynx habitat on all other 
ownerships makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five 
percent is in Federal ownership.  Other ownerships include state, county, municipal, etc., and 
private lands.  The BLM resource management plans have not been amended to include 
conservation specifically for lynx and, with a few exceptions.  Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands.  Generally these extensions are insufficient on their own to support a lynx home 
range.  However, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAU’s. 

 
The State of Colorado manages lynx as a state endangered species, prohibiting take of the 
species with exceptions for protection of human life and incidentally during depredation 
management (not caused by lynx) [Chapter 10, art. II, #1002, B 1 and 3, Colorado Wildlife 
Regulations]. 
  

Climate Warming - Interagency Lynx Biology Team (2013 p. 61) – “Climate change generally is 
expected to result in warmer winters, earlier spring snowmelt, and a reduction in the extent of 
snow cover in the southern Rockies. McKelvey et al. (2011) used a variety of climate models to 
predict snow depth and the persistence of spring snow across the western United States.  The 
models predicted an overall decline in persistent snow of 40 percent, but large areas of 
persistent snow would continue to be retained late in the 21st century, including the high 
elevations of Colorado.” 

 
“All of the climate models under all representative concentration pathway (RCP) project that 
Colorado’s climate will warm substantially by 2050.  Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline.  Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs.  Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
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to the 1971–2000 baseline.  Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014 page 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the  
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014 page 63]).  “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014 page 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, page 65). 
 

Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate.  Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities.  Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 

 
Vegetation management on non-federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 

Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historic vegetative patterns.  This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity.  It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years).  Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years.  Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008 page 36) 
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Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire.  Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation.  Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to be 
developed and expended.  While these linear features already exist on the landscape, widening 
of the cleared right-of-way, as well as behavioral avoidance of highway rights-of-way due to 
traffic reduces available habitat.  Many ski areas in Colorado are located within lynx habitat and 
will likely be expanded in the future through permanent removal of vegetation  to create 
conventional ski runs, reducing tree density and clearing understory vegetation to create glade 
conditions, reduces lynx habitat.  The magnitude of fragmentation caused by these sources of 
fragmentation has not been quantified, but is unlikely to remove enough habitat to eliminate the 
possibility of lynx persistence in Colorado. 

 

5.2 DPS-wide Future Conditions & Combined Probabilities of 
Persistence  

The assessment indicates that neither Redundancy nor Representation are primary DPS-wide 
risk factors.  Therefore, the central concern is Resiliency of each defined unit, i.e., the six 
geographic units.  

 
 

As stated above, the future condition of the Lynx DPS as assessed in this version of the SSA 
report identifies resiliency of each defined unit, and the combined probabilities of persistence as 
the focus of our assessment process.  This section extrapolates from the probability of 
persistence responses for each geographic unit in the sections above, i.e., from results show in 
figures 5-10.  In this section we show the combined probabilities of persistence for those 
geographic units to provide a sense of what the DPS-wide results could be when the results for 
the individual geographic units are combined.  This is shown as a summary of the probability 
that a given number of geographic units persist into the future (See Figure 11), and the 
probability that a given number or more of geographic units persist into the future (See Figure 
12) using the probabilities provided for each individual unit.  Note that no additional information 
was elicited to produce this summary; rather, the probabilities for each geographic unit were 
treated as independent probabilities of persistence and used to determine the probability of 
persistence for a given number of geographic units in total.  These probabilities were 
determined using the statistical software R (See Appendix 6 of the EE workshop report).  The 
resulting probabilities are shown both for a particular number of geographic units persisting and 
at least a given number of geographic units persisting. 
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Figure 11.  Summarized probability of persistence of a given number of geographic units given 
the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 11 is the probability that the specific number of geographic 
units indicated by the x axis of the grid persist.  The probability sums to one in each 
grid.  Moving from top to bottom the grids show the probabilities of a specific number of 
geographic units persisting by time period (2015, 2025, 2050, and 2100).  Moving from left to 
right the grids show the range of expert responses by probability response.  The leftmost 
column shows the median of the highest probability predictions from the experts, and the 
rightmost the lowest probability predictions. Therefore looking down a column of grids provides 
a view of the trend in persistence through time and looking across a row of grids provides a view 
of the range of uncertainty in persistence experts had for a given time period.  The summarized 
probabilities presented here are provided to aid understanding of the implications of the 
individual persistence probabilities provided above, are derived directly from those responses 
and therefore should be not be interpreted as a separate result from  those figures.. 

Combining the individual probabilities from each geographic unit into a prediction of the total 
persisting geographic units presumes that the probabilities of persistence of the geographic 
units are independent of each other.  The factors supporting this independence assumption are 
the distance between the geographic units, and the lack of evidence for migration between the 
units as a factor in the production of resident lynx in these geographic units.  This separation 



would likely result in the abundance in each geographic unit acting largely independently from 
each other.  However, there are some factors identified in the future condition assessment that 
could result in dependent persistent probabilities (i.e., increased likelihood of all or none of the 
units persisting rather than a mix).  The factors that could lead to shared probabilities of 
persistence are the potential for migration between the Montana, GYA, and Colorado units, 
shared migration rates to or from Canada, and shared habitat status across units due to climate 
change. 

 

Figure 12.  Summarized probability of persistence of at least a given number of geographic units 
given the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 12 is the probability that at least the number of geographic 
units indicated by the x axis of the grid persist.  The probability in a bar reaches 1 when there is 
no probability of fewer geographic units persisting.  Moving from top to bottom the grids show 
the probabilities by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by probability response as in Figure 11.  Therefore looking 
down a column of grids provides a view of the trend in persistence through time and looking 
across a row of grids provides a view of the range of uncertainty in persistence for a given time 
period.  The summarized probabilities presented here are provided to aid understanding of the 
implications of the individual persistence probabilities provided above, are derived directly from 
those responses and therefore should be not be interpreted as a separate result from  those 
figures. 
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Expert Assumptions during Persistence Graphing Exercises 
Experts were asked to summarize the assumptions that informed their resiliency responses 
(See EE workshop report).     The main assumptions that were considered related to climate 
change, regulatory protections, population size effects, and irruptions of lynx from 
Canada.Climate-change emissions scenarios considered during this exercise differed among 
experts (and some responses did not indicate consideration of an explicit 
emissionscenario).  However, in discussions following the graphing exercise, experts indicated 
that the confidence intervals around their persistence probabilities were likely to capture the 
variance associated with different emission scenarios and other climate change uncertainties. 

Experts were asked whether regulatory protections influenced their predictions.  Some experts 
assumed the status quo (i.e., continued protections under the ESA and current federal and state 
land management policies).  Others indicated their persistence probabilities were not influenced 
by regulatory considerations but that doing so would not have altered their projections.  Their 
focus was on the biology and ecology of the species, not listing status-related impacts or 
regulatory scenarios in the future, and they felt that factors influencing lynx persistence on the 
landscape are independent of ESA listing status.   

Experts were asked what they meant by “small population size effects.”  They explained that 
because small populations are more vulnerable to both demographic and genetic impacts and 
at increased risk from catastrophic and other stochastic events than are larger populations, they 
also have a lower likelihood of persistence.  Experts indicated that connectivity with other 
populations reduces the vulnerability of small populations as it does for larger populations.   

Experts were asked if their projections were influenced by considerations of whether historical 
patterns of cyclic irruptions of lynx into the DPS from Canada will continue in the future.  Most 
agreed that the magnitude of irruptions has declined from the historical highs of the 1960s and 
1970s, and that irruptions may have ceased in recent decades in some parts of the range, 
particularly in the West.  However, most experts felt that connectivity remains good between 
Canada and those DPS geographic units that abut the international border, and most assumed 
some level of regular or intermittent interaction between lynx in those units and Canada, even if 
full-blown irruptions have not been documented recently.  Some experts said that the likelihood 
of future irruptions had little influence on their persistence graphs, especially for the more 
isolated units (GYA and Western Colorado), where an influx of lynx from Canada may be less 
likely. 

DPS wide factors influencing resiliency and updated conceptual models 
Expert responses and assessment of the best available science by the USFWS core team 
indicate that continued climate warming and associated direct and indirect effects will likely 
exert the greatest negative influence on the probability of persistence for lynx in the DPS 
regardless of which climate emissions scenario is used to model future conditions, although the 
timing, extent, and magnitude of impacts is uncertain and will likely vary by scenario. 
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Other summaries for factors influencing the individual units that apply DPS wide and are 
important to summarize… 
 
 
DO UPDATED CONCEPTUAL MODELS AND NARRATIVE 
 
 
5.2.2 Narrative 3 R Summary (workshop report and literature review and 
assessment) 

5.2.2.1 Representation 
Expert presentations on lynx genetics in the DPS and in Canada and expert responses and 
discussion with regard to representation questions suggest few threats to the genetic fitness or 
adaptive capacity of lynx in the DPS.  High gene flow across the continental lynx range, 
indicated by very low Fst values (see Subject Matter Presentations, above), suggests the 
absence of substantial barriers to genetic interchange, and little evidence or risk of significant 
genetic drift among DPS populations.  Most experts indicated that none of the six geographic 
units known or thought to support lynx populations in the DPS is susceptible to meaningful 
genetic drift, although several experts indicated that the more geographically isolated units (the 
GYA and Western Colorado units) are likely more susceptible to such drift than the units that 
are directly connected to lynx populations and habitats in Canada.  Overall, according to both 
the expert panel and the subject matter presentations, there appears to be a low risk of 
biologically consequential drift for lynx populations in the DPS.  Likewise, expert responses 
indicated that the generally low level of genetic differentiation and relatively similar ecological 
settings across the DPS suggest little life history variability or niche differentiation among DPS 
populations that would indicate that any are more or less important to maintain than others in 
terms of representation.  Individual experts indicated that representation can best be maintained 
by conserving current DPS populations (and hence the genetic variation in each), maintaining 
connectivity between DPS and Canadian populations, and avoiding impacts that would facilitate 
or increase the potential for or likelihood of genetic drift.  Our interpretation of this part of the 
elicitation is that the adaptability and evolutionary capacity of the DPS over time does not 
appear to have been diminished and is unlikely to become so, independent of threats that may 
impact the redundancy and persistence of lynx populations.  We will consider this information 
along with available empirical data and the published literature when evaluating representation 
in the DPS for the SSA. 

5.2.2.2 Redundancy 
With resident lynx populations and subpopulations in at least five of six large (the smallest is 
over 2,000 square miles, the others are all over 8,000 square miles), widely-distributed (from 
Maine to Washington and south along the Rocky Mountains), and relatively discrete geographic 
areas (see Figure 1), the DPS as a whole appears invulnerable to extirpation from a single 
catastrophic event.  Expert responses indicated no catastrophic event that could result in the 
functional extirpation of the entire DPS and, further, no or a very low likelihood of functional 
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extirpation of any of the individual geographic units due to a single catastrophic event.  We 
interpreted these responses to indicate there is a small chance of decreased redundancy from a 
single catastrophic event because the probability of any geographic unit being lost to a 
catastrophic event is low.  Experts indicated that functional extirpation of the geographically 
smallest unit (Washington) and those supporting the fewest resident lynx (Washington, GYA, 
and perhaps Minnesota) would be more likely to occur as a result of a series of catastrophic 
events over a 10-year period rather than to any single event over the next 10 years (see Figure 
2 above).  Experts listed fire, drought, insect outbreaks, loss of favorable winter conditions, and 
disease as potential events that could lead to functional extirpation in these units.  In 
Washington in particular, where large fires have impacted nearly 40 percent of the occupied 
lynx habitat over the past 10-15 years, experts felt that several more successive years of such 
fires could result in functional extirpation.  However, because fire and insects are likely to cause 
only temporary (20-40 years) losses of lynx and hare habitats, and because connectivity 
between the Washington unit and lynx habitats and populations in southern British Columbia 
remains intact, experts indicated this unit (and others abutting habitats and lynx populations in 
Canada) would likely be naturally re-colonized relatively quickly by dispersing lynx.  Therefore, 
extirpation in these units because of catastrophic events (or a series of them over time) would 
be temporary (likely lasting only one or several decades) unless events permanently altered the 
habitats.  Experts indicated that if lynx were functionally extirpated in the GYA or western 
Colorado units, which are not connected to habitats or populations in Canada and are relatively 
isolated from other DPS populations, natural re-colonization would be less likely, would take 
longer, or may never occur. 

Overall, expert responses indicated that extirpation of the DPS as a whole, or of resident lynx 
populations in most individual geographic units, because of a catastrophic event is very unlikely.  
Because we lack evidence that persistent resident lynx populations occurred historically but 
have been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels.  That is, the 
loss of resident lynx populations in the DPS, to the extent suggested by the historic record, was 
likely in areas (e.g., northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge 
area of northeastern Washington, perhaps Isle Royale in Lake Superior) peripheral to the 
geographic units that currently support resident lynx, and not in discrete geographic units that 
would have represented greater redundancy in the contiguous U.S.  However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear.  The historic record and recent research show that the GYA has supported resident 
lynx, but it is unclear whether the area consistently supported a persistent resident population 
over time or whether it naturally supported resident lynx only some of the time (was “winked on” 
in a metapopulation sense) when habitat conditions and hare densities were favorable, and at 
other times, when habitats and hare densities were less favorable, it did not support resident 
lynx (“winked off” in a metapopulation sense).  Given the protected conservation status of 
millions of -acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
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of the unit, resulting in only an intermittent ability of this unit to support resident lynx.  If so, its 
contribution to redundancy within the DPS is questionable. 

5.2.2.3 Resiliency 
Because we lack reliable estimates of the sizes and trends of most lynx populations in the DPS, 
we are unable to use these parameters to evaluate the resiliency of units, individual populations, 
or the DPS as a whole.  Efforts to understand resiliency are also confounded by the 
metapopulation structure thought to govern lynx populations at the southern margin of their 
continental range (i.e., populations and subpopulations in the DPS), the related uncertainty 
about the extent to which DPS populations may rely on cyclic immigration of lynx from Canada 
during population irruptions, and the ambiguity in the historic record that limits our 
understanding of the relative persistence of lynx in various geographical areas of the contiguous 
U.S. and, thus, the contribution of those areas to the viability of the DPS.  Our evaluation of the 
resiliency of lynx populations in the DPS is limited, therefore, to a largely qualitative assessment 
of the current status of populations in each of the six geographic units along with the 
quantitative summary of expert professional judgment of their likelihood of persistence over time 
given known or perceived potential threats. 
  
As expected, both expert estimates of probability of persistence and expert confidence in those 
estimates were higher over the short-term than the long-term.  Median probability of persistence 
(MPOP) at year 2025 was >= 0.90 for all but one of the six geographic units.  The GYA had a 
MPOP of 0.52, apparently reflecting the uncertainty regarding whether this unit consistently 
supported a resident lynx population historically and whether it currently supports resident lynx.  
At year 2025, confidence bounds were smallest (indicating higher expert confidence) for the 
units with the highest MPOPs (Northern Maine, Northeastern Minnesota, and Northwestern 
Montana/ Northeastern Idaho), and larger for units with lower MPOPS (North-central 
Washington, GYA, and Western Colorado).  At mid-century, MPOP declined for all units but 
remained >= 0.70 for all but the GYA (0.35), and confidence bounds increased for estimates for 
all units but the GYA, where it remained the same as at year 2025.  At end-of-century, 
persistence probabilities declined further, as expected, and only the Northern Maine, 
Northwestern Montana/ Northeastern Idaho and Western Colorado units had MPOPs >= 0.50.  
Also as expected, confidence bounds were very large around persistence estimates at year 
2100, with the median confidence range extending across more than 50 percent of the range of 
possible outcomes for all but the Northwestern Montana/ Northeastern Idaho population, and 
the extremes of the range nearly covering the full range (0 percent to 100 percent probability of 
persistence) of possible outcomes. 
  
Experts listed a number of factors that influenced their probability of persistence estimates for 
each unit (see unit summaries above in the Resiliency section).  Near-term factors varied by unit 
(e.g., post-harvest forest succession in Maine, where hare abundance is expected to decline as 
currently dense regenerating clear-cuts mature; continued large-scale fires in lynx habitats in 
Washington; and insect outbreaks in Maine, Minnesota, and Colorado), but longer term factors 
seemed to coalesce around anticipated direct and indirect effects of climate change.  These 
included potentially climate-driven increases in the size, frequency, and intensity of fire and 
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insect outbreaks; decreases in snow amount, duration and quality, leading perhaps to increased 
competition with bobcats and other hare predators; and the projected warming-induced 
northward and upslope migration of boreal and subalpine forests that would result in the loss 
and further fragmentation and isolation of lynx and hare habitats in the contiguous U.S.  Expert 
responses and ensuing discussions indicated that continued climate warming and associated 
direct and indirect effects will likely exert the greatest negative influence on the probability of 
persistence for lynx populations in the DPS regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
  
Summary 
 
Based on our assessment of the ecology, the current status, and the projected future status of 
lynx in the DPS neither representation nor redundancy are primary concerns for the viability of 
the DPS.  The assessment of population genetics and the assessment of events that could be 
compensated for by redundancy indicated that the viability of the lynx DPS is unlikely to be 
primarily driven by these factors, and therefore by representation or redundancy.  Given this 
assessment the primary driver of lynx viability is resiliency of the individual geographic units. 
 
Overall, the assessment indicates that, based on the average expectation from the elicited 
experts, all five of the geographic units known to currently support resident lynx populations 
have a greater than 70 percent expectation of doing so by mid-century, but a declining likelihood 
and greater uncertainty of doing so by the end of the century.  It is uncertain whether the 
remaining geographic unit (the GYA) currently supports resident lynx, and expert responses 
indicate a lower probability that it will do so in the future compared to the other units.  Taken 
together these average probabilities of persistence result in an expectation that 5 geographic 
units persist in 2050, and 3 in 2100, but the uncertainty is sufficient to expect a greater than 20 
percent chance that the realized number of persisting units will be between 6 and 2 geographic 
units in 2050 and between 5 and 0 in 2100 (see Figure 11 and accompanying discussion for the 
full assessment).  This assessment of DPS wide counts of persisting geographic units presumes 
that the units have independent persistence probabilities.  This presumption is based on the 
geographic isolation of the units from each other and the limited evidence of migration between 
units, but the possibility of migration between the Montana, GYA, and Colorado units, or 
concurrent impacts of climate change across units could result in shared probabilities of 
persistence for some or all of the geographic units. 
 
This assessment suggests that the overarching factor influencing the long-term viability of lynx 
populations in the DPS is climate change, which is anticipated to result first in loss of snow 
conditions favorable for lynx and, after an uncertain lag time following continued climate 
warming, loss (northward and upslope migration) of boreal forest habitats, although the timing 
and magnitude of such losses are uncertain (see ecology section for the full assessment). 
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From: Zelenak, Jim
To: Kurt Broderdorp; Mark McCollough; Tamara Smith; Bryon Holt
Subject: Fwd: FW: Latest Lynx SSA Map with ellipses instead of range polygons
Date: Tuesday, August 23, 2016 3:07:13 PM
Attachments: Lynx_SSA_Map_080316_v6 jz.pdf

Hey Kurt et al. - decided to send this to the whole team to see if they are OK with the changes to the map we
discussed.  Team - please take a look at the attached and see if the blue lines are a better reflection for your units - if
no changes are indicated but you think some are necessary, please make them and then scan and send to me and
Kurt.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Aug 3, 2016 at 7:42 AM
Subject: Re: FW: Latest Lynx SSA Map with ellipses instead of range polygons
To: Kurt Broderdorp <Kurt_Broderdorp@fws.gov>

Thanks, Kurt.

I made some changes (hand-drawn blue marker lines) based on earlier discussions with Mark and Bryon. Could you
and Dan take a look at attached and see if you can incorporate them?  I know it may complicate some things (e.g.,
"Northern Maine Unit" will also include N NH and VT, and NW MT/NE ID will now include northern [not just
northeastern] Idaho and northeastern WA...).  But oh well.

If you can make these changes and the polygon identifier to the key, we will share with the rest of the team, get their
feedback, and discuss whether our units should be renamed.

Thanks again.

On Wed, Aug 3, 2016 at 7:14 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

Jim,  Dan and I sat down and based on the previous ellipse style map,
came up with the attached map.   

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

From: Daniel Reinkensmeyer [mailto:daniel_reinkensmeyer@fws.gov] 
Sent: Monday, August 01, 2016 11:48 AM
To: Kurt Broderdorp
Subject: Latest Lynx SSA Map with ellipses instead of range polygons
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Hi Kurt.  Here’s a copy of the map we worked on this morning.

 

Dan

 

 

Dan Reinkensmeyer

U.S. Fish and Wildlife Service

Western Colorado Ecological Services Field Office

445 West Gunnison Avenue, Suite 240

Grand Junction, CO 81501-5711

970-628-7193

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Subject: FIT Review of Ch. 5
Date: Tuesday, August 23, 2016 3:17:49 PM
Attachments: 2016 08 23 FIT Review Draft Lynx SSA Future Conditions Chapter_mp_jc_hb .docx

Here's what Heather sent me.  I downloaded and then renamed it with date, etc.

I haven't looked carefully yet.  Please take a look to see if it differs from what you have in the sections of the drive
doc that you wrote/worked on.  Let me know if you think it would be difficult to crosswalk and pull newer info into
this version.

I welcome your thoughts, but based on what Heather said, I think we have to use this one, make the changes/edits
FIT has recommended, complete gaps (me), and then pull the updated/completed version into the drive doc., but
such that they can see both our responses to their recommendations and any new text we've added.

Other thoughts on how best to do this?  

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
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Chapter 5. Future Conditions 
In this chapter, we present and summarize the professional judgments and opinions of lynx 
experts and their estimates of the probability that each of the SSA units will continue to support 
resident breeding populations of lynx into the future (at years 2025, 2050, and 2100).  
Subsequent to the expert elicitation workshop the Lynx SSA Core Team reviewed and assessed 
the best available literature;, that summarization is also presented here.  If the Service found 
that the literature was inconsistent with the information from the experts as elicited during the 
workshop, that is noted and the Services opinion or approach articulated.   
 
In summary, expert elicitation indicate that all five of the geographic units known to currently 
support resident lynx populations have a greater than 70 percent expectation of doing so by 
mid-century, but a declining likelihood and greater uncertainty of doing so by the end of the 
century.  It is uncertain whether the remaining geographic unit (the GYA) currently supports 
resident lynx, and expert responses indicate a lower probability that it will do so in the future 
compared to the other units.  Responses also suggest that the overarching threat to the long-
term persistence of lynx populations in the DPS is climate change, which is anticipated to result 
first in loss of snow conditions favorable for lynx and, after an uncertain lag time following 
continued climate warming, loss (northward and upslope migration) of boreal forest habitats, 
although the timing and magnitude of such losses are uncertain. 
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Figure X. Conceptual model of the factors influencing the 3 Rs as they pertain to lynx 
viability. 
 DO TEXT TO EXPLAIN HOW THE TEAMS THINKING CHANGED OVER TIME. 
 
 
 

Table YY.  Future (2050 to 2100) resiliency of individual populations of the Canada lynx 
DPS. 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 Maine 2050 mean 80% 
(range 20 to 100%) 

  
2100 mean 50% 

(range 0 to 100%) 

● 50% decline in habitat expected by 
2032, habitat will occur in south edge 
of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration below 
thresholds for lynx 

● Future forest management trends and habitat 
conditions in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions perhaps more severe than other 
units; little elevation gradient 

● Response of bobcat and fisher to changing 
snow regime 

● Extent and pace of loss of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 mean 80% 
(range 35 to 100%) 

  
2100 mean 35% 

(range 0 to 100%) 

● Lower population could be susceptible 
to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating of 
snow quality, depth and duration below 
thresholds for lynx 

● Future forest management trends and  
habitat conditions on private forest lands in 
Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions; little elevation gradient; lake-effect 
snow may retain refugia to 2050 but not 2100 

● Response of bobcat and fisher to changing 
snow regime 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwestern 
Montana 

2050 mean 90% 
(range 40 to 100%) 

  
2100 mean ~78% 

(range 10 to 100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, pumas, coyotes to 

changing snow regime 
● Extent and pace of elevational migration of 

spruce-fir 
● Mismatch in elevation between appropriate 

snow regime for lynx and spruce-fir 
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● Future trends in hare populations 

Unit 4 North-
central 
Washington 

2050 mean 70% 
(range 10 to 100%) 

  
2100 mean ~38% 
(range 0 to 90%) 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, pumas, coyotes to 

changing snow regime 
● Extent and pace of elevational migration of 

spruce-fir 
● Future trends in hare populations 

Unit 5 Greater 
Yellowstone 

2050 mean 35% 
(range 0 to 90%) 

  
2100 mean 15% 
(range 0 to 90%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS and NPS 
management 

● ·      No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat/low hare 
abundance 

● Small population size?????? 
● Burned landscape with revegetation 

occurring.  

● Will habitat support adequate landscape hare 
densities to support lynx? 

● Extent to which GYA remains 
demographically isolated from other DPS 
populations; immigration from Colorado 
population 

● Extent and frequency of insect outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, pumas, coyotes to 

changing snow regime 
● Extent and pace of elevational migration of 

spruce-fir 
● Future trends in hare populations 
● Extent to which high elevation may provides 

climate and snow refugia 
● Extent to which area will be repopulated by 

from the north and or the south 

Unit 6 
Western 
Colorado 

2050 mean 80% 
(range 20 to 100%) 

  
2100 mean 50% 

(range 0 to 100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● ·     Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

●  

● Demographic and genetic effects of isolated 
population 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of future insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, pumas, coyotes to 
changing snow regime 

● Extent and pace of elevational migration of 
spruce-fir 

● Mismatch in elevation between appropriate 
snow regime for lynx and spruce-fir 

● Future trends in hare populations 
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5.1 Future Conditions by Geographic Unit 
5.1.1 Unit 1 - Northern Maine 

Summary Unit 1 Future Conditions:   
Although the Northern Maine Unit currently has extensive lynx habitat, it may be one of the units 
in the DPS at greatest risk.  Forestry and climate change will be the greatest future drivers of 
hare and lynx habitat.  Lynx habitat and populations are expected to decline by 50 to 60 percent 
by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years of 
extensive partial harvesting.  In the next few decades, high quality hare habitat will drop from 
about 10 percent to 5 percent of the landscape. High quality habitat patches will become more 
fragmented, smaller, and more isolated thus making the landscape less suitable for lynx.  For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are greatest.  Absent long-term lynx 
management agreements, the future of lynx habitat is uncertain.  Wood products markets will 
continue to change, and could be affected by interest in carbon sequestration in response to 
climate change. Rapid changes and parcelization of forest land ownership is likely to continue.  
Changing land uses (wind energy development, transmission line corridors, residential and 
development, national park) will compete with forest management as the primary land use.  
Conservation easements will help keep some lands as working forest.  Climate change is 
expected to affect the Maine unit more than others in the DPS because there is little elevational 
refugia.  In the near term (to 2050), snow quantity and quality will continue to deteriorate likely 
causing the range of lynx to begin contracting northward, and in the long term (to 2100) some 
believe lynx could become extirpated from the unit. Climate change, demand for hardwood 
forest products, spruce-budworm, and frequent disturbance of the forest all will contribute the 
trend in the converting spruce-fir forest to northern hardwoods, although the timeframe for 
conversion is uncertain. Lynx experts indicate the probability of persistence will decline to about 
50% by the end of the century.  The USFWS core team was more pessimistic after reviewing 
climate change projections. 

Expert Elicitation  
All but one expert indicated an initially high and subsequently declining probability of 
persistence of resident lynx in Maine through the end of the century, with uncertainty (range 
between lowest and highest probabilities) also increasing over time (Lynx SSA Team 2016, pp. 
33-36 and Fig. XX below).  Climate change was an overriding near- and long-term stressor.   
Experts enumerated similar lynx status and stressors for the Northern Maine Unit (Lynx 
Workshop Report 2016, pp. 35-38).    
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed.  Changes in snow conditions will favor bobcats and fisher (a predator 
of lynx that is limited by deep snow).  Experts believed that the effects of climate change would 
continue to increase as a stressor by mid- to the end of the century (2050, 2100).  Snow 
conditions would continue to deteriorate (especially in the northern Maine unit compared to 
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other areas in the DPS) resulting in increased competition with bobcats and predation by fisher.  
Climate-induced loss of spruce-fir forest will occur slowly, and an increase in northern hardwood 
composition of the forest is already occurring.  Loss of spruce-fir could be accelerated by forest 
disturbance (budworm outbreak, forest management affecting large acreages of lynx habitat 
annually).  
 
Experts expressed a number of near-term stressors (in the next 15 years) related to forest 
management in northern Maine.  Land management objectives were uncertain because of 
changes in private forest land ownership.  Changes in forestry management because of the 
Maine Forest Practices Act (shift to partial harvesting, increasing acreage harvest, habitat 
shifting to south) would result in declining lynx and snowshoe hare habitat (succession of 
previous clearcuts from young, dense regenerating stands to mature stands less conducive to 
high hare densities).   
 
There was uncertainty concerning the severity and response by new landowners to the next 
spruce budworm outbreak.  Experts were concerned that investment landowners would not 
respond to the pending spruce budworm outbreak like they did in the 1970s (extensive 
clearcuts, herbicide application).  Experts also acknowledged concerns about the effects of the 
current clearcuts aging past conditions that support hares and lynx.   
 
Hare populations have declined by about half across all stand types (and in adjacent Quebec) 
since 2006 and apparently have not rebounded.  In response, lynx initially had lower 
reproduction (lower proportion of females breeding, slightly lower litter sizes), but this has not 
affected home range sizes.  Lower landscape hare densities are likely to support lower lynx 
populations.  It is uncertain how hare numbers will cycle or fluctuate in the future. 
 
Lynx Viability -   All but one expert indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. XX below).  Although uncertainty increases with time from 
the present, experts generally agreed that climate-related loss of favorable snow conditions 
(amount, consistency, and duration), loss of spruce-fir, and bobcat competition are likely to 
reduce the probability of lynx persistence in this unit.  Modeling of current lynx habitat and future 
habitat trends was more advanced for the Northern Maine Unit than other units.  Models 
indicate that aging of past clearcuts and changes in forest practices to partial harvesting will 
diminish the current lynx habitat by half in coming decades.  Experts and the core team 
expressed uncertainty about the severity of a pending spruce budworm outbreak, forestry 
response by investment company landowners, and how this will affect future lynx habitat.  More 
is known about long-term trends in snowshoe hare populations in this unit than others.  Hares 
seem to have declined by half since about 2006 and have remained low.  Experts and the core 
team were uncertain about whether hare numbers would rebound or remain at this lower level, 
but lower hare densities are affecting demographics (especially percentage of females 
breeding), which could contribute to population declines.  Taking all of these factors into 
consideration, the experts projected the mean probability of persistence to the years 2025 was 
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greater than 95 percent, to 2050 was about 80 percent (range from 20 to 100 percent), and to 
2100 was about 50 percent (range from 0 to 100%)(Lynx SSA Team 2016, pp. 33-34, Fig. XX). 
The USFWS lynx core team generally agreed with this prognosis with the exception that some 
were less optimistic about the persistence of this population, especially after reviewing the 
literature pertaining to climate change in this region.  

 

Figure xx.  Expected probability of persistence for the Northern Maine Geographic Unit at 
present (2015), and in 2025, 2050 and 2100. 
 
 
 



USFWS Literature Review and Assessment 

Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Forest Practices Act (FPA).  The FPA 
regulates maximum size of clear cuts (250 acres), separation zones between clearcuts, harvest 
plans, and notification to the Maine Forest Service.  Clearcuts are not banned, but require 
varying levels of permitting depending on their size.  As a result, the number of clearcuts 
completed annually has declined significantly and have been replaced by various forms of 
partial harvesting (Sader et al. 2003, p. 349-350, McWilliams et al. 2003, p. 35).  In general (with 
exception of shelterwood harvests), partial harvested stands support significantly lower 
densities of snowshoe hares (Fuller 1999, Homyack 2003, Robinson 2006, entire, Scott 2009), 
thus reducing landscape hare density and presenting a challenge for future lynx conservation 
(Simons 2009, pp. 206, 209, 217, Simons-Legaard et al. 2016, p. 7-8, Simons-Legaard 2016, 
entire). 

 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems.  The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-FPA to 550,000 
acres post-FPA (McWilliams et al. 2003, p. 35).  Currently, 27 years post-FPA, much of the 10 
million-acre northern Maine landscape has been influenced by partial harvesting.  Extensive 
partial harvesting and aging of the spruce budworm-era clearcuts will reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10).  If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10).  After 2030, projected outcomes for lynx habitat 
become more uncertain and depend on assumptions about habitat definitions and harvest rates.  
If one defines lynx habitat as stands having greater than 75 percent spruce-fir, then habitat will 
decline by about 50 percent by 2030 and remain at about at this level through 2060.  With more 
generous definitions of habitat (stands that are 25 to 50 percent spruce-fir), after an initial 
decline lynx habitat could rebound after 2030, perhaps to about 75 percent of current levels by 
2050 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the next outbreak of spruce budworm.  After being low for the 
last 20 years, spruce budworm numbers are again building toward epidemic levels in Maine, 
southern Quebec, and northern New Brunswick.  Significant defoliation in Maine is expected to 
begin between 2018 and 2021 (Wagner et al. 2014).  Although Maine research has clearly 
demonstrated that landowner response to the last outbreak resulted in unintended, positive 
benefits for lynx from one to three decades later, our ability to project what effects the next 
outbreak will have on lynx habitat is still limited.  Land ownership has changed dramatically 
since the last outbreak.  To reduce risk from spruce budworm, some financial investment 
owners may cut younger spruce-fir stands that still support elevated hare populations.  Some 
may be less inclined to intensively manage for spruce-fir.  It is unlikely that current landowners 
will use widespread use of pesticides to control spruce budworm and herbicides to promote 
spruce-fir regeneration after stands are defoliated.  The FPA may serve as an additional 
constraint on motivation to clearcut infested stands, even with recently-enacted changes 
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intended to reduce the regulatory burden for landowners.  Landowner response to the pending 
outbreak will have important implications for the short- and long-term persistence of lynx habitat 
in the northern Maine unit (Simons-Legaard 2016, pp. 16-17).   
 

Climate warming - The direct and indirect effects of climate warming are expected to affect lynx 
in the northern Maine unit more severely than other units (A. Siren, Workshop report 2016 p.XX) 
and could further restrict their range (Hoving 2002, Hoving et al. 2005, Carroll 2007).  Wildlife 
experts in Maine ranked lynx as highly vulnerable to climate change (>66 percent loss in 
species range/population and extirpation within 50 to 100 years) (Whitman et al. 2013, p. 19, 
74).  Similarly, Carroll (2007, entire) modeled Maine lynx population assuming non-cycling hare 
populations and snow conditions expected under intermediate to high emissions climate models 
(Kiehl and Gent 2004, entire).  He predicted a 59 percent decline in the lynx population (non-
cycling hare populations in Maine and eastern Canada) by mid-century because of climate 
change alone. Maine lacks elevational refugia for lynx under reduced snow scenarios (Carroll 
2007, p. 1102), except for the mountains in western Maine where snow refugia may only persist 
as very small, isolated “sky islands” that would be unlikely to support lynx.   
 
Gonzales et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007) and predicted loss 
of forest and snow conditions able to support lynx in Maine by the end of the century.  Although 
there are uncertainties about future climate warming, lynx populations in Maine are expected to 
recede northward and decline substantially over the next century (Vashon et al. (2012, p. 60).    

 
Northeast climate models predict average winter temperature increasing 2.0oC (low emission) to 
2.9oC (high emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by 
late century (Notaro et al. 2014).  Largest increases in temperature are expected in northern 
Maine (A. Siren, Workshop Notes 2016, Rawlins et al. 2012) where temperatures may increase 
4.5 to 5.0o F by 2050 (Fernandez et al. 2015 check). Moderate emissions scenarios predict a 
loss of snow and boreal forest conditions able to support lynx by the end of the century (Carroll 
2007, Gonzales et al. 2007).  
 
Climate change is affecting the Northeast, and the rate of change is faster than expected 
(Rustad et al. 2014).  Rapid winter warming in recent decades is believed to be caused by 
reduced albedo feedback caused by the reduced persistence of snow in winter (Hayhoe et al. 
2006). Average winter temperatures are increasing 0.42-0.46o C/decade with the greatest 
warming occurring in the coldest months of winter (January, February)(Burakowski et al. 2008).  
Northeast climate models predict average winter temperature increasing 2.0oC (low emission) to 
2.9oC (high emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by 
late century (Notaro et al. 2014).  Largest increases in temperature are expected in northern 
Maine (A. Siren, Worskshop Notes 2016, Rawlins et al. 2012) where temperatures may 
increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015 check). Moderate emissions scenarios 
predict a loss of snow and boreal forest conditions able to support lynx by the end of the century 
(Carroll 2007, Gonzales et al. 2007).  In response to climate change, interest in wind 
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development has escalated in northern and western Maine increasing threats to high elevation 
and potential spruce-fir refugia (Whitman et al. 2013). Climate conditions are at or falling below 
threshold values needed to support lynx in Maine. 
 

Snow duration. The current average snow duration in Maine is at or below the 4 month snow 
persistence thresholds believed needed to support lynx (section 4.1.1, Gonzales et al. 2007) 
and is projected to decline.  Snow duration is project to continue to deteriorate.  Snow duration 
declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to 
diminish another two weeks in Maine by mid-century (Fernandez et al. 2015).  Snow duration is 
expected to diminish by 25 percent (low emissions) to 50 percent (high emissions) from current 
conditions by the end of the century (Hayhoe et al. 2006).  Similarly, Notaro et al. (2014) 
projected an average decrease of 28 days (low emission) to 47 days of snow cover (high 
emissions) by the end of the century.   

  

Snow depth. The current average snow depth is at or below the 270 cm/yr. (106 in/yr) 
thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005) and is expected 
to decline.  By the end of the century, large areas of the Northeast will experience 15 percent 
(low emission) to 25 percent (high emissions) reduced snowfall (Ning and Bradley 2015).  
Similarly, by the end of the century Notaro et al. (2014) projected average snow declines in the 
North Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 
cm (48 percent) (high emissions) as a higher proportion of winter precipitation falls in the form of 
rain rather than snow.   Winter precipitation in Maine is likely to increase by 10 to 15 percent by 
the end of the century (Hayhoe et al. 2006) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, Hayhoe et al. 2007, Ning and Bradley 2015). 

 

Snow quality.  Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006) with a greater proportion of winter precipitation falling as rain 
(Huntington et al. 2004, Hayhoe et al. 2007, Ning and Bradley 2015).  Snow density and 
compaction (caused by wet, heavy snow or rain on snow events in winter) will continue to 
increase in the region in the future (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006, Karl et al. 1993).  
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Loss of boreal forest. Climate change is projected to cause a northward contraction of spruce-fir 
forest in the Northeast with potential negative consequences for both lynx and snowshoe hares 
(Gonzales et al. 2007, entire).  Spruce-fir forest is expected to decline substantially in Maine and 
the Northeast (Ollinger et al. 2007 Beckage et al. 2008, Tang and Beckage 2010, Whitman et al. 
2010, p. 12, Jacobson et al. 2009, p. 27) or disappear (Iverson and Prasad 2001, pp. 192-193, 
Prasad et al. 2007) because of climate change.  Climate change is anticipated to increasingly 
fragment boreal forest in northern New England (Iverson et al. 2008, Ollinger et al. 2008, 
Whitman et al. 2013).  Lynx habitat will decline as boreal forest diminishes (Simons 2009).  
Even under the lowest emissions scenarios, spruce-fir forest would be greatly reduced by 2100 
(Williams and Liebhold 1997, Prasad et al. 2007), although some spruce-fir may persist at 
highest elevations (Tang and Beckage 2010) and along the eastern coast (Jacobson et al. 
2009) where cooler conditions will prevail.   

 
The spruce-fir forest type has come and gone from New England during the post-glacial period.  
It nearly disappeared from the Northeast during interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, DeHayes  et al. 2000).  Because of its sensitivity to climate and 
mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low emissions) or the 
disappearance (high emissions) of the spruce-fir forest type in northern Maine in response to 
climate change.   
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways.  Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Perfect et al. 1987, Auclair et al. 2010).  
Thus, the range of spruce-fir is limited by summer heat and drought.  Mohan et al. 2009 
projected that suitable area for balsam fir would decline by 80 percent in 2100 under an average 
to high emissions scenario. In contrast, Ollinger et al. (2008) projected growth rates for balsam 
fir and red spruce to mid-century, after which they would decline.    
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, and synergistic effects with other pollutants). 
Arguments in favor of an accelerated decline include evidence that spruce-fir is already in 
decline (Seymour 1992, Simons 2009) and is being replaced in Maine by northern hardwoods 
(oak, pine, red maple).  The decline of the spruce-fir forest type is accelerated by forest 
disturbances.  A pending spruce budworm outbreak and frequent disturbance from forest 
management could accelerate conversion to northern hardwoods in northern Maine and eastern 
Canada (Flannigan et al. 2001, Gauthier et al. 2015).  Other climate-related forest disturbances 
(forest pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et 
al. 2008, p. 404).   
 



In contrast, some authors note that trees migrate slowly and are long-lived. Therefore, a time 
lag may occur in shifting forest composition from spruce-fir to northern hardwoods (Mohan et al. 
2009, Zhu et al. 2012).  Some northern Maine industrial forest landowners could “adapt” to 
climate change by intentionally favoring spruce-fir (e.g., by plantations and use of herbicides).  
McWilliams et al. 2005 (p. 8) noted that balsam fir increased in Maine’s forest inventory in the 
2000s.  Forest models projected increases in  spruce-fir biomass over the next century because 
of partial harvesting and periodic budworm outbreaks, but did not take climate change into 
consideration (Simons-Legaard  et al.2013).   
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit.  Climate change will 
influence precipitation and temperature, forest management strategies, and forest disturbance 
(fire frequency and spruce budworm), all of which will interact in complex ways to influence the 
spruce-fir forest at the southern edge of its range.  Carter (1996), Iverson et al. (1999), and 
Goldblum and Rigg (2005) documented balsam fir growth rates and growth potential would 
decline under likely climate warming scenarios (~4 to 5 degree temperature increase by the end 
of the century and reduced snow conditions).  Some have projected the extirpation of spruce-fir 
forest types in the Great Lakes States (Scheller and Mladenoff 2005) and New England (Iverson 
and Prasad 2000).  In contrast, balsam fir has prolific seed production following forest 
disturbance such as harvesting (Seymour 1992), and has proliferated under the current climate 
and forest management regime dominated by partial harvesting (Olson et al. 2013, entire).  
Balsam fir is a relatively short-lived tree (~100 years), and is unlikely to persist long if climate 
change affects seed and germinations rates.  Given, anticipated climate changes, especially 
early snow melt and low spring precipitation, fir is unlikely to regenerate in the future Maine 
forest (E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 

Vegetation Management - Habitat suitable for lynx is expected to decline in the future 
(Regulatory Mechanisms section above).  By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no support high hare densities.  
For the foreseeable future, partial harvesting will continue as the primary means of forest 
management.  Although partially harvested forests with well-developed understory structure 
may provide foraging opportunities via increased prey access (Fuller et al. 2007), snowshoe 
hare densities are substantially less in landscapes dominated by partially harvested stands 
(Robinson 2006, entire; Fuller and Harrison 2010). Thus changing forest management practices 
will continue to reduce landscape hare density below levels that can support lynx.  

 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8).  
Currently, the landscape is owned primarily by  financial investors who may be less inclined to 



intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2014).   
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades.  Lynx, habitat is expected to peak and 
remain stable through about 2020 (Simons 2009, Simons-Legaard et al. 2016 p. 6).  After 2020, 
aging of the former clearcuts and extensive partial harvesting are projected to result in a 50 to 
65 percent decline in lynx habitat by 2032.  Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 4.5 percent of the landscape (Simons-Legaard 2016).   
By 2032, the Northern Maine Unit may support less than half the lynx population as it does 
today (Simons 2009, p. 209, 217).   
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
support lynx (Simons 2009, Simons-Legaard et al. 2016, Simons-Legaard 2016).  By 2022, the 
number of patches of high quality hare habitat will increase by 57 percent, but the average size 
of patches will be diminished by 87 percent, and patches will become more isolated (Simons-
Legaard et al. 2016, pp. 5-6).  The proximity index of high quality habitat patches will decline by 
78 percent within lynx home ranges.  Although lynx habitat is peaking, fragmentation is 
diminishing its ability to support lynx (Simons-Legaard et al. 2016). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty.  The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060.  The most 
most pessimistic models (lowest harvest rates, no climate change, no spruce budworm) project 
about 5 percent of northern Maine will have high quality hare habitat (Simons-Legaard 2016, 
entire), although the habitat will be much more fragmented and smaller patch size (Simons-
Legaard et al. 2016)..    
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004).  
A spruce budworm outbreak is projected to reach epidemic proportions in 2018 to 2021.  The 
epidemic has already affected 10 million acres of spruce-fir in southern Quebec, immediately 
north of Maine (Wagner et al. 2014, entire).  The last outbreak in the 1970s and 1980s killed 
millions of acres of spruce and fir forests in the northern Maine unit.  Maine’s 5.8 million acres of 
spruce-fir stands across the state are at risk of some level of defoliation.  The intensity of the 
next outbreak is uncertain, although some project a weaker outbreak because spruce and fir 
trees are younger and less susceptible and there is a higher hardwood component in northern 
Maine forests (Wagner et al. 2014, p. 21-27).  A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 



commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2014, pp. 5-6).  An 
aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1).  The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir.  The nature of 
landownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons.  The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 

Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987), although there were no large fires after the last outbreak.  Fire risk is currently 
very low in this unit and a continuous decrease in fire frequency is predicted with climate 
change in eastern Canada because of increased precipitation and decreased drought (Bergeron 
and Flannigan 1995, Flannigan et al. 1998).  Climate is expected to become more variable 
during the next century (Gregory & Mitchell 1995; Gregory et al. 1997), which could create fire 
conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region.  Notable large fires in Maine include a 3 million acre fire in 1825 and 200,000-acre 
fire in 1947. 

 

Habitat Fragmentation - The future of the 10 million-acre, sparsely populated “North Woods” of 
Maine is highly uncertain and the subject of intense public debate (Baldwin et al. 2007).  Land 
use and zoning in the state’s “unorganized townships” are the responsibility of the Land Use 
Planning Commission in the Maine Department of Conservation.  The Commission revised its 
Comprehensive Land Use Plan (De2010), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation.  The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9).  This land was traditionally owned by a few large timber companies, 
but in the 1980s there has been rapid turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005).  Financial investors, such as REITS and 
TIMOs focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they will generate a higher return.  If left unchecked, these 
pressures may continue to promote dispersed residential development throughout this region.  
Parcelization and subdivision has increased, particularly in the southern third of the jurisdiction 
(Maine Department of Conservation 2010, p. 72-73).   

 
The Commission’s has limited ability to address stressors on Maine’s North Woods, including 
resale and subdivision trend. This trend is likely to continue into the foreseeable future and will 
make management of large, forested landscapes for Canada lynx even more difficult.  
 



Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps, but this could change in the 
future.  Between 1971 and 2005, the Commission permitted 8,136 new dwellings in unorganized 
townships — an increase of 66 percent in the housing stock during this time period (Maine 
Department of Conservation 2010, p.80).  Between 1971 and 2005, the Commission issued 
1,353 development permits for new uses scattered throughout the unorganized townships 
(Maine Department of Conservation 2010, pp. 97-99); most (42 percent) being recreational 
facilities (boat launches, campsites, gatehouses, recreational lodges).  Most development has 
occurred in areas that abut organized communities and near public roads.  Within the interior 
most development has occurred on long lakeshores and waterfront.  However  the amount of 
hillside and ridge development is growing and this trend is likely to continue (Maine Department 
of Conservation 2010, p. 136), which will further fragment lynx habitat.   
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat i(ILBT 2013, p. 80).  Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire).  The North Maine Woods is a gated road system that 
encompasses about 3.5 million acres in the Northern Maine Unit.  Visitorship by outdoor 
recreationists are currently about 175,00 per year and declining.  Likewise, visitors to Baxter 
State Park and the Allagash Wilderness Waterway have declined (Vail 2007, p. 107).  Aside 
from a vigorous discussion of a proposed national park or monument, national heritage area, or 
a master tourism plan for the area (Vail 2007, pp. 112-113), there is likely to be stagnant or 
declining participation in traditional outdoor recreational activities in the future (Vail 2007, p. 
107).  Snowmobiling may be an exception, however, declining snow (see climate change 
section) make future trends uncertain. Impacts of downhill ski development on fragmentation of 
lynx habitat are expected to be minimal. Three alpine ski resorts occur within the unit, on the 
southern margin of lynx habitat: Saddleback Mountain Ski Area in Sandy River Plantation near 
Rangeley, Sugarloaf Mountain Ski Area in Carrabassett Valley, and Sunday River Skiway in 
Newry and Riley Township.  Further development of ski areas is unlikely in the western Maine 
mountains.  Future trends in outdoor recreation and associated effects on lynx, hares, and their 
habitat are uncertain in the northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development hundreds of house lots and resort development within the lynx critical habitat.  
Although these developments have not been built, they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic force in the jurisdiction, with 
grid-scale industrial wind power, biomass, biofuels, and other energy sources offering new 
opportunities to utilize natural resources. Wind energy resources are high within the lynx critical 
habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016) and are likely to accelerate in the foreseeable future.  Mining is not a 
traditional land use but is being considered at one location in the lynx critical habitat.  Extraction 
operations for gravel (for road building) are widely-scattered throughout the jurisdiction.    
 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation


The lynx critical habitat is heavily roaded, particularly with logging roads.  While accurate 
numbers are difficult to obtain, approximately 1,500 miles of public  roads and over 20,000 miles 
of private roads exist within unorganized areas of Maine (Maine Department of Conservation 
2010).  There has been discussion of an east-west limited access highway through northern 
Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if constructed, 
would further fragment habitat (Maine Department of Transportation 1999, Beck et al. 2012, p. 
38).   
 
An increasing area of the lynx critical habitat area is likely to be placed under conservation 
easements that will limit future development and fragmentation of lynx habitat.  Maine has the 
largest amount of land under easement of any state, and there are about 2 million acres of 
conservation easements in lynx habitat in northern Maine (Pidot 2011).  Continued expansion of 
areas under conservation easement is uncertain and will depend on willing landowners and 
funding available for purchase of easements  
 
All of development trends portend increased fragmentation of lynx habitat in the Maine unit. As 
habitat is fragmented, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
 
5.1.2 Unit 2 - Northeastern Minnesota 
 

Summary Unit 2 Future Conditions:   
The direct and indirect effects of climate change are expected to affect lynx into the future in 
Minnesota, specifically, there is an expected decline in the quantity, quality, and duration of 
snow; increased competition and hybridization with bobcats; northward contraction of boreal 
conifer forest, and increased isolation due to diminishing forest conditions in Ontario.The 
probability of persistence of the lynx population in Minnesota is projected to decrease over time 
with increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity and persistence of snow, competition, disease, and forest insects and drive in the long 
term from the some of the same reasons with the addition of climate change, loss of spruce-fir 
forests, and wildfires. If the SNF in Minnesota continues to follow vegetation management and 
other recommendations under the LCAS in their Forest Plan, we expect that several risk factors 
will continue to be minimized and managed to promote the conservation of lynx within the SNF 
into the future.  It is expected that the MFRC guidelines will remain in place into the future and 
that voluntary actions will continue on state and private lands. Taking all factors into 
consideration (i.e., loss of boreal forest, competitions, disease and insect outbreaks, loss of 
snow), the experts projected the mean probability persistence of lynx in Minnesota to the year 
2025 was greater than 90 percent, to 2050 was 80 percent, and would decline to approximately 
35 percent by 2100. Commented [PM20]: Reference table YY. 



Expert Elicitation 
The probability of persistence of the lynx population in Minnesota is projected to decrease over 
time with increasing uncertainty through the end of the century (Lynx SSA Team 2016, pp. 37-
38 and Figure xx, below).  Near term drivers of the projected decline were reduced the quality, 
quantity, and persistence of snow, competition from bobcats, disease (e.g., lungworm, liver 
fluke, feline leukemia), and forest insects.  Long term drivers of the projected decline were 
reduced the quality, quantity, and persistence of snow, competition from bobcats, loss of 
spruce-fir forests, wildfires, and climate change.  Climate change was primarily associated with 
loss of boreal forest but could potentially also increase disease or insect outbreaks, and is likely 
to affect the amount of precipitation falling as good quality snow in the area of the state 
supporting lynx habitat.  The connection to lynx in Ontario reduces the likelihood of local 
extirpation in this geographic unit, but the likelihood would increase if connectivity was 
compromised. Taking all factors into consideration (i.e., loss of boreal forest, competitions, 
disease and insect outbreaks, loss of snow), the experts projected the mean probability 
persistence to the year 2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 
60 to 90 percent), and would decline to approximately 35 percent (ranging from 10 to 60 
percent) by 2100 (Lynx SSA Team 2016, pp. 37- 38). 
 

 

Figure xx.  Expected probability of persistence for the Minnesota Geographic Unit at present 
(2015), and in 2025, 2050 and 2100. 
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Regulatory mechanisms - In Minnesota, the vast majority of lynx habitat that supports long-term 
persistent lynx breeding population is administered by the Superior National Forest.  This area 
includes designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 
SNF Plan (USDA 2004), which has direction based on the LCAS and Canada Lynx 
Conservation Agreement (CA) between the Forest Service and the Service (LCAS 2000, entire), 
for all forest activities that occur within LAUs.  Active management of forest lands can produce 
lynx habitat and the Superior National Forest has a long-term commitment for doing so.  If the 
SNF continues to follow vegetation and wildland fire management and other applicable 
recommendations under the 2000 LCAS (or the updated 2013 LCAS or subsequent updates) in 
their Forest Plan, we expect that several risk factors will continue to be minimized and managed 
to promote the conservation of lynx within the SNF into the future.  Management of lynx and its 
habitat on SNF land will remain in place until the forest amends or revises their individual 
LRMPs.  We expect that management direction for lynx addressing vegetation management, 
wildland fire management, and habitat fragmentation on national forest system lands will be 
incorporated into the revised or amended Forest Plans (LPMPs). 

  
Although outside of areas considered to be core lynx area (i.e., where lynx are persistent and 
are reproducing) in the Great Lakes, the Chippewa National Forest and the Chequamegon-
Nicolet National Forest Forest Plans also include direction based on the LCAS and Canada 
Lynx Conservation Agreement (CA) between the Forest Service and the Service (LCAS 2000, 
entire), for all forest activities that occur within LAUs (USDA CNF 2004, USDA CNNF 2004). 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit and private landowners make up about 
16  percent of unit.  Under the Sustainable Forest Resource Act of 1995, the Minnesota Forest 
Resources Council (MFRC) has developed guidelines for site-level timber harvesting and forest 
management (MFRC 2012, entire; MFRC 2014, entire) - these voluntary guidelines are intended 
for private and state landowners and include some general recommendations for wildlife 
including lynx (MFRC 2014, pp. 4-5).  It is expected that the MFRC guidelines will remain in 
place into the future and that voluntary actions will continue. Private landowners, however, do 
not have an official commitment to land management.  We cannot say with any certainty what 
proportion of privately owned land will follow those guidelines into the future, because following 
the guidelines is voluntary. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit.  
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen 2012, p. 348), but does not have lynx specific direction in its 
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management plan (NPS 2002, entire).  The National Park consults with the FWS to consider the 
effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as long as the 
species is listed under the ESA.  Lynx documented on and near Voyageurs National Park are 
probably transient animals (Moen 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004.  On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses.  The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota.  This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (LCAS 2013, p. 49). 
 

Climate warming - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range.  Since the time of listing, new information on regional 
climate changes and potential effects to lynx habitat has been developed (e.g., Danby & Hik 
2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new information 
suggests that climate change may be an issue of concern for the future conservation of lynx 
because lynx distribution and habitat is likely to shift upward in elevation within its currently 
occupied range as temperatures increase (Gonzalez et al. 2007, entire).  Greatest stressors of 
climate change include diminishing snow depth, quality and duration; competition from bobcats 
and other carnivores, hybridization with bobcat (Schwartz et al. 2002); loss of spruce-fir to 
northern hardwoods; and future isolation of the metapopulation because of diminishing forest 
conditions in Ontario. 

  
Gonzales et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007) and predicted loss 
of forest and snow conditions able to support lynx in Minnesota by the end of the century. 
Notaro et al. (2015) projected changes in lake effect snowfall using downscaled climate models 
(Abdus Salam International Centre for Theoretical Physics (ICTP) Regional Climate Model 
version 4 (RegCM4; Elguindi et al. 2011; Giorgi et al. 2012) for the Great Lakes Basin. Siren (in 
Lynx SSA Team 2016, p. 15) stated that climate models show an increase in lake effect snow in 
the eastern Great Lakes until 2050, with a decline later in the century, with an overall decline in 
the amount and duration of pack in the Midwest. 
  
Although there are uncertainties about future climate warming, lynx populations in Minnesota 
are expected to recede northward and decline over the next century (Lynx SSA Team 2016, pp. 
37-38).   



  
Lynx require at least four months (120 days) of continuous snow coverage (Gonzales et al. 
2007, p. 7).  Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9).   In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow.  The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro 2015, pp. 1676-1678). The Minnesota 
unit may be more vulnerable to snowpack loss due to lack of elevational refugia (Siren in Lynx 
SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes.  
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century.  Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzales et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the state (Gonzales et al. p. 2007, p. 19).  According to Frelich (in Lynx 
SSA 2016, p. 14) Minnesota is likely to lose boreal biome, potentially within the next 60 to 70 
years, with unmitigated climate change.  According to Gonzales et al. (2007, p. 8), the Superior 
National Forest is a potential refugia for lynx in the lower 48 states, however, when compared to 
other regions. 
 

Vegetation Management - Vegetation management conducted under the Forest Plan currently 
will likely continue into the future on Forest Service lands in Minnesota. These activities include 
timber harvest, such as thinning, clear-cutting, shelterwood, partial cut, and uneven-aged 
cutting; wildlife restoration projects that involve tree cutting, shearing, burning, seeding, and 
planting; prescribed burning for ecological purposes, hazardous fuel reduction, and site 
preparation; mechanical site preparation. 

 
Vegetation, timber, and minerals management authorized under the Forest Plan has the 
potential to adversely affect lynx and lynx critical habitat by reducing habitat quality for denning, 
foraging, and dispersal; disrupting travel, resting, and foraging patterns; disturbing denning 
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females and reducing habitat quality for lynx prey species, especially snowshoe hare. 
Depending on the timing, frequency, intensity, extent, amount, or other conditions, impacts may 
be variable among similar projects. Using the LCAS as a basis, the Forest Plan has 
incorporated a number of components that would reduce the risk of those impacts into the 
future. We expect that management direction for lynx addressing vegetation management on 
national forest system lands will be incorporated into the revised or amended future plans, using 
LCAS as a basis. 
  
Future Forest Plan revisions will likely maintain broad direction to design and implement 
vegetation management projects to maintain or restore conditions for lynx foraging and denning 
habitat and to maintain or improve juxtaposition of required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. ). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USDA 2004). Further, unsuitable habitat for lynx would vary only slightly 
with continued implementation of the Forest Plan and would remain distinctly below the 
maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated into 
the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in the 
2004 (USDA 2004). Because suitable habitat on National Forest lands alone is such a high 
percentage within LAUs and the Superior National Forest is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
 

Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks.  Measurable defoliation due to spruce 
budworm has occurred in Northeastern Minnesota continuously since 1954 (MN DNR) and is 
expected to continue into the future.  Modeling to evaluate the relative strength of interactions 
between spruce budworm outbreaks and fire disturbances in the BWCA showed that budworm 
disturbance can partially mitigate long-term future fire risk by periodically reducing live ladder 
fuel within the forest types of the BWCA but will do little to reverse the compositional trends 
caused in part by reduced fire rotations there (Sturtevant et al. 2012, pp. 1286-1292).  

 
The Superior National Forest manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are and 
are expected to continue to be the dominant force in ecosystems on the BWCAW. 
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Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada.  Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USDA 2011, p. 119).  The Forest Plan (USDA 2004) provides 
direction on limiting lynx habitat fragmentation and the Forest actively consolidates habitat 
through land acquisitions and exchanges.  

 
 
 
5.1.3 Unit 3 - Northwestern Montana/Northeastern Idaho 

Summary Unit 3 Future Conditions 
 
 
 
 

Expert Elicitation 
As for previous units, all expert graphs showed an initially high and subsequently decreasing 
probability of persistence for this unit, with increasing uncertainty over time, but a higher 
probability of persistence at all time frames than other units. All experts predicted near-term 
(year 2025) persistence probability >= 95%, and all predicted mid-century persistence at 70% to 
100% (median = 90%). All experts predicted end-of-century persistence probabilities >= 50%, 
with a median of 78%, by 2100 (Figure 7). 
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Figure XX. Expected probability of persistence for the Northwestern Montana/Northeastern 
Idaho Geographic Unit at present, 2015, and in 2025, 2050 and 2100. 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
two units discussed thus far. Most lynx habitats in this unit occur on Federal lands that are 
managed for lynx conservation, but one expert noted that little has been done to document 
whether lynx are responding to this management. The recent sale of large tracts of private 
commercial timberlands in the central part of this unit to The Nature Conservancy has increased 
protection for lynx via conservation easements managed for lynx. Habitats in some areas should 
improve in the near future as previously cut or burned areas mature into dense stands. Unlike 
the Maine and Minnesota geographic units (but similar to most other western units), high 
elevations in this unit could buffer the effects of climate change by providing for the upslope 
migration of lynx habitats and snow conditions that climate models predict. However, this would 
result in even patchier and more isolated islands of habitat in high elevation areas that would be 
more prone to extirpation due to catastrophic or stochastic events. Competition from coyotes 
and bobcats seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 



demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to 2050 and beyond, 
some experts felt there may be more pressure on lynx populations in this unit from continued 
increases in fire extent and severity. Other experts expressed a different opinion of the overall 
effect of fire in this unit, indicating that it may actually improve habitat over time, and that 
whether fires improve or degrade habitat depends on the frequency, intensity, size and spatial 
extent of future fires. 
 
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert reminded that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in future. 
 
 

USFWS Literature Review and Assessment 

Regulatory mechanisms 

 

Climate warming 

 

Vegetation Management 

 

Wildland Fire Management 

 

Habitat Fragmentation 
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5.1.4 Unit 4 - North-central Washington 
 

Summary Unit 4 Future Conditions 
 

Expert Elicitation 
Lynx Viability - see Minnesota unit above, bring in results from expert workshop report. 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 8). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 8). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
 
 

 
 



Figure XX. Expected probability of persistence for the North-central Washington Geographic 
Unit at present, 2015, and in 2025, 2050 and 2100. 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
 

USFWS Literature Review and Assessment 

Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit.  Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish.  We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming.  These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007.  The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx.  Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs.  We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP.  Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan.  The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6).  Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both federal and 
state managed lands within Washington State. 
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Climate Warming - The one risk factor identified by the LCAS over which the Forest Service, or 
the WADNR for that matter, has little ability to control or influence is climate change.  Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx Workshop Report 2016, p. 56).  

  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change.  
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat.  Westerling et al. (2006, pp. 942-943) compiled information on large 
wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons.  The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat).  They also found that 
fire exclusion had little impact on natural fire regimes.  Rather, climate appeared to be the 
primary driver of increasing wildfire risk.  As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington).  Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades.  Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington.  The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires due to its small size and current lynx population (Lynx Workshop 
Report 2016, p. 27).  However, the experts felt the potential extirpation of lynx, should it occur 
from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), may be 
ameliorated to some extent due to Washington’s juxtaposition and connectivity to Canadian lynx 
populations.  The experts felt that lynx immigration from Canada may rapidly recolonize 
Washington as the habitat recovers from fires or other impacts (Lynx Workshop Report 2016, p. 
43).  Climate change, in addition to potentially affecting fire return intervals, fire severity 
(intensity, size), and insect outbreaks, is likely to affect the amount of precipitation falling as 
snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75).  
Snowshoe hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 
448). 
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Climate change may impact the quantity, quality, and temporality of snow in the Cascades.  
Mote (2003, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft).  Additionally, Mote (2003, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades.  Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack.  Corroborating Mote’s 
speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures.   Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48).  Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades.  Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42).  Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced due to decreasing quantity 
and quality of snow. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44).  Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx Workshop Report 
2016, p. 43). 
 

Vegetation Management Fed - Okanogan plan, USFS/USFWS conservation agreement. State 
lands - Loomis/WADNR HCP/lynx mgmt. plan? 

 

Wildland Fire Management - what is strategy on these lands?  How does it affect lynx 

 

Habitat Fragmentation 
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5.1.5 Unit 5 - Greater Yellowstone Area 
 

Summary Unit 5 Future Conditions 
 
DO    

Expert Elicitation 
 
This unit has a long history of lynx presence, but the consistency of occupancy over time is 
uncertain. Research and surveys since 1997 have detected few lynx in this unit. Lynx are likely 
spatially limited within the unit because of the patchy distribution of high-quality habitat and the 
generally low or marginal hare densities in much of the unit. Lynx have large home ranges in 
this area, an indicator of lower habitat quality. Nevertheless, until recently, this unit appears to 
have supported a small resident lynx population. The current lynx population in this unit is very 
small - likely fewer than 10 lynx, and possibly zero. This population may have been somewhat 
larger in the past; however, there is some uncertainty about this. Recent surveys and trapping 
efforts have not detected resident lynx, only several that were previously released in Colorado. 
Several Colorado-released lynx have established home ranges in the GYA unit, and there is 
evidence of overlapping male and female home ranges. In the late 1800s and early 1900s, there 
was notable predator control in some parts of this unit. There currently is oil and gas exploration 
and development activity in parts of this unit, but potential impacts to lynx are uncertain, and 
projects are attempting to minimize impacts to lynx habitat. 
 
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 9). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure XX. Expected probability of persistence for the GYA geographic unit at present, 2015, 
and in 2025, 2050 and 2100. 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 



USFWS Literature Review and Assessment 

Regulatory mechanisms 

 

Climate warming 

 

Vegetation Management 

 

Wildland Fire Management 

 

Habitat Fragmentation 

 
5.1.6 Unit 6 - Western Colorado 
 

Summary Unit 6 Future Conditions 
Climate change is expected to affect vegetation, and influence snow conditions within the 
Western Colorado unit.   
 
 

Expert Elicitation 
Lynx Viability – EE Final Report: The majority of the experts suggested an initially high 
probability of persistence in Colorado, declining gradually with increasing uncertainty through 
the end of the century.  Experts predicted near-term (year 2025) persistence probabilities of 60 
percent to 100 percent (median = 90 percent), and mid-century persistence at 50 percent to 85 
percent (median = 80 percent).  Experts predicted end-of-century persistence probabilities of 20 
percent to 70 percent for this unit, with a median of 50 percent, by 2100. 
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Figure 10. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats.  Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types.  Although 8 of 10 experts 
graphed 50 percent to 70 percent probability of persistence at 2100, during subsequent 
discussions, several expressed greater uncertainty about whether resident lynx will persist in 
the unit at the end of the century.  Higher-quality lynx habitat occurs primarily in two areas and 
is patchily-distributed.  Lynx in this unit may occur as several smaller, relatively isolated 
subpopulations, which are likely more vulnerable to stochastic events.  This unit’s relative 
isolation may limit exchange with other lynx populations, increasing the likelihood of genetic drift 
and reducing the chance of demographic rescue or recolonization if lynx in the unit become 
extirpated.  There was discussion about whether ski areas may affect daily movements of lynx, 
and hares may be declining in ski areas.  Ski areas tend to expand and may, therefore, have 
larger impacts on lynx in future.  There is some evidence of lynx using ski areas in summer 
months but avoiding them during the ski season.  It is uncertain whether ski areas may affect 
genetic connectivity within the Western Colorado geographic unit.  Two-thirds to three-quarters 
of the lynx in this unit are in the southern portion of the range in the San Juan Mountains.  There 



is a large area (Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, 
so it is possible that lynx also could be using that area. 
 

USFWS Literature Review and Assessment 
 

Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming, and 
Colorado.  We concluded that the Southern Rockies Lynx Amendment substantively reduced 
the inadequate regulatory mechanisms by addressing the major adverse impacts of Forest 
Service land management on lynx (Service 2008, p 70-71).  Lynx habitat on all other 
ownerships makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five 
percent is in Federal ownership.  Other ownerships include state, county, municipal, etc., and 
private lands.  The BLM resource management plans have not been amended to include 
conservation specifically for lynx and, with a few exceptions.  Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands.  Generally these extensions are insufficient on their own to support a lynx home 
range.  However, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAU’s. 

 
The State of Colorado manages lynx as a state endangered species, prohibiting take of the 
species with exceptions for protection of human life and incidentally during depredation 
management (not caused by lynx) [Chapter 10, art. II, #1002, B 1 and 3, Colorado Wildlife 
Regulations]. 
  

Climate Warming - Interagency Lynx Biology Team (2013 p. 61) – “Climate change generally is 
expected to result in warmer winters, earlier spring snowmelt, and a reduction in the extent of 
snow cover in the southern Rockies. McKelvey et al. (2011) used a variety of climate models to 
predict snow depth and the persistence of spring snow across the western United States.  The 
models predicted an overall decline in persistent snow of 40 percent, but large areas of 
persistent snow would continue to be retained late in the 21st century, including the high 
elevations of Colorado.” 

 
“All of the climate models under all representative concentration pathway (RCP) project that 
Colorado’s climate will warm substantially by 2050.  Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline.  Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs.  Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
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to the 1971–2000 baseline.  Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014 page 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the  
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014 page 63]).  “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014 page 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, page 65). 
 

Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate.  Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities.  Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 

 
Vegetation management on non-federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 

Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historic vegetative patterns.  This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity.  It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years).  Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years.  Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008 page 36) 
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Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire.  Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation.  Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to be 
developed and expended.  While these linear features already exist on the landscape, widening 
of the cleared right-of-way, as well as behavioral avoidance of highway rights-of-way due to 
traffic reduces available habitat.  Many ski areas in Colorado are located within lynx habitat and 
will likely be expanded in the future through permanent removal of vegetation  to create 
conventional ski runs, reducing tree density and clearing understory vegetation to create glade 
conditions, reduces lynx habitat.  The magnitude of fragmentation caused by these sources of 
fragmentation has not been quantified, but is unlikely to remove enough habitat to eliminate the 
possibility of lynx persistence in Colorado. 

 

5.2 DPS-wide Future Conditions & Combined Probabilities of 
Persistence  

The assessment indicates that neither Redundancy nor Representation are primary DPS-wide 
risk factors.  Therefore, the central concern is Resiliency of each defined unit, i.e., the six 
geographic units.  

 
 

As stated above, the future condition of the Lynx DPS as assessed in this version of the SSA 
report identifies resiliency of each defined unit, and the combined probabilities of persistence as 
the focus of our assessment process.  This section extrapolates from the probability of 
persistence responses for each geographic unit in the sections above, i.e., from results show in 
figures 5-10.  In this section we show the combined probabilities of persistence for those 
geographic units to provide a sense of what the DPS-wide results could be when the results for 
the individual geographic units are combined.  This is shown as a summary of the probability 
that a given number of geographic units persist into the future (See Figure 11), and the 
probability that a given number or more of geographic units persist into the future (See Figure 
12) using the probabilities provided for each individual unit.  Note that no additional information 
was elicited to produce this summary; rather, the probabilities for each geographic unit were 
treated as independent probabilities of persistence and used to determine the probability of 
persistence for a given number of geographic units in total.  These probabilities were 
determined using the statistical software R (See Appendix 6 of the EE workshop report).  The 
resulting probabilities are shown both for a particular number of geographic units persisting and 
at least a given number of geographic units persisting. 
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Figure 11.  Summarized probability of persistence of a given number of geographic units given 
the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 11 is the probability that the specific number of geographic 
units indicated by the x axis of the grid persist.  The probability sums to one in each 
grid.  Moving from top to bottom the grids show the probabilities of a specific number of 
geographic units persisting by time period (2015, 2025, 2050, and 2100).  Moving from left to 
right the grids show the range of expert responses by probability response.  The leftmost 
column shows the median of the highest probability predictions from the experts, and the 
rightmost the lowest probability predictions. Therefore looking down a column of grids provides 
a view of the trend in persistence through time and looking across a row of grids provides a view 
of the range of uncertainty in persistence experts had for a given time period.  The summarized 
probabilities presented here are provided to aid understanding of the implications of the 
individual persistence probabilities provided above, are derived directly from those responses 
and therefore should be not be interpreted as a separate result from  those figures.. 

Combining the individual probabilities from each geographic unit into a prediction of the total 
persisting geographic units presumes that the probabilities of persistence of the geographic 
units are independent of each other.  The factors supporting this independence assumption are 
the distance between the geographic units, and the lack of evidence for migration between the 
units as a factor in the production of resident lynx in these geographic units.  This separation 



would likely result in the abundance in each geographic unit acting largely independently from 
each other.  However, there are some factors identified in the future condition assessment that 
could result in dependent persistent probabilities (i.e., increased likelihood of all or none of the 
units persisting rather than a mix).  The factors that could lead to shared probabilities of 
persistence are the potential for migration between the Montana, GYA, and Colorado units, 
shared migration rates to or from Canada, and shared habitat status across units due to climate 
change. 

 

Figure 12.  Summarized probability of persistence of at least a given number of geographic units 
given the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 12 is the probability that at least the number of geographic 
units indicated by the x axis of the grid persist.  The probability in a bar reaches 1 when there is 
no probability of fewer geographic units persisting.  Moving from top to bottom the grids show 
the probabilities by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by probability response as in Figure 11.  Therefore looking 
down a column of grids provides a view of the trend in persistence through time and looking 
across a row of grids provides a view of the range of uncertainty in persistence for a given time 
period.  The summarized probabilities presented here are provided to aid understanding of the 
implications of the individual persistence probabilities provided above, are derived directly from 
those responses and therefore should be not be interpreted as a separate result from  those 
figures. 
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Expert Assumptions during Persistence Graphing Exercises 
Experts were asked to summarize the assumptions that informed their resiliency responses 
(See EE workshop report).     The main assumptions that were considered related to climate 
change, regulatory protections, population size effects, and irruptions of lynx from 
Canada.Climate-change emissions scenarios considered during this exercise differed among 
experts (and some responses did not indicate consideration of an explicit 
emissionscenario).  However, in discussions following the graphing exercise, experts indicated 
that the confidence intervals around their persistence probabilities were likely to capture the 
variance associated with different emission scenarios and other climate change uncertainties. 

Experts were asked whether regulatory protections influenced their predictions.  Some experts 
assumed the status quo (i.e., continued protections under the ESA and current federal and state 
land management policies).  Others indicated their persistence probabilities were not influenced 
by regulatory considerations but that doing so would not have altered their projections.  Their 
focus was on the biology and ecology of the species, not listing status-related impacts or 
regulatory scenarios in the future, and they felt that factors influencing lynx persistence on the 
landscape are independent of ESA listing status.   

Experts were asked what they meant by “small population size effects.”  They explained that 
because small populations are more vulnerable to both demographic and genetic impacts and 
at increased risk from catastrophic and other stochastic events than are larger populations, they 
also have a lower likelihood of persistence.  Experts indicated that connectivity with other 
populations reduces the vulnerability of small populations as it does for larger populations.   

Experts were asked if their projections were influenced by considerations of whether historical 
patterns of cyclic irruptions of lynx into the DPS from Canada will continue in the future.  Most 
agreed that the magnitude of irruptions has declined from the historical highs of the 1960s and 
1970s, and that irruptions may have ceased in recent decades in some parts of the range, 
particularly in the West.  However, most experts felt that connectivity remains good between 
Canada and those DPS geographic units that abut the international border, and most assumed 
some level of regular or intermittent interaction between lynx in those units and Canada, even if 
full-blown irruptions have not been documented recently.  Some experts said that the likelihood 
of future irruptions had little influence on their persistence graphs, especially for the more 
isolated units (GYA and Western Colorado), where an influx of lynx from Canada may be less 
likely. 

DPS wide factors influencing resiliency and updated conceptual models 
Expert responses and assessment of the best available science by the USFWS core team 
indicate that continued climate warming and associated direct and indirect effects will likely 
exert the greatest negative influence on the probability of persistence for lynx in the DPS 
regardless of which climate emissions scenario is used to model future conditions, although the 
timing, extent, and magnitude of impacts is uncertain and will likely vary by scenario. 
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Other summaries for factors influencing the individual units that apply DPS wide and are 
important to summarize… 
 
 
DO UPDATED CONCEPTUAL MODELS AND NARRATIVE 
 
 
5.2.2 Narrative 3 R Summary (workshop report and literature review and 
assessment) 

5.2.2.1 Representation 
Expert presentations on lynx genetics in the DPS and in Canada and expert responses and 
discussion with regard to representation questions suggest few threats to the genetic fitness or 
adaptive capacity of lynx in the DPS.  High gene flow across the continental lynx range, 
indicated by very low Fst values (see Subject Matter Presentations, above), suggests the 
absence of substantial barriers to genetic interchange, and little evidence or risk of significant 
genetic drift among DPS populations.  Most experts indicated that none of the six geographic 
units known or thought to support lynx populations in the DPS is susceptible to meaningful 
genetic drift, although several experts indicated that the more geographically isolated units (the 
GYA and Western Colorado units) are likely more susceptible to such drift than the units that 
are directly connected to lynx populations and habitats in Canada.  Overall, according to both 
the expert panel and the subject matter presentations, there appears to be a low risk of 
biologically consequential drift for lynx populations in the DPS.  Likewise, expert responses 
indicated that the generally low level of genetic differentiation and relatively similar ecological 
settings across the DPS suggest little life history variability or niche differentiation among DPS 
populations that would indicate that any are more or less important to maintain than others in 
terms of representation.  Individual experts indicated that representation can best be maintained 
by conserving current DPS populations (and hence the genetic variation in each), maintaining 
connectivity between DPS and Canadian populations, and avoiding impacts that would facilitate 
or increase the potential for or likelihood of genetic drift.  Our interpretation of this part of the 
elicitation is that the adaptability and evolutionary capacity of the DPS over time does not 
appear to have been diminished and is unlikely to become so, independent of threats that may 
impact the redundancy and persistence of lynx populations.  We will consider this information 
along with available empirical data and the published literature when evaluating representation 
in the DPS for the SSA. 

5.2.2.2 Redundancy 
With resident lynx populations and subpopulations in at least five of six large (the smallest is 
over 2,000 square miles, the others are all over 8,000 square miles), widely-distributed (from 
Maine to Washington and south along the Rocky Mountains), and relatively discrete geographic 
areas (see Figure 1), the DPS as a whole appears invulnerable to extirpation from a single 
catastrophic event.  Expert responses indicated no catastrophic event that could result in the 
functional extirpation of the entire DPS and, further, no or a very low likelihood of functional 
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extirpation of any of the individual geographic units due to a single catastrophic event.  We 
interpreted these responses to indicate there is a small chance of decreased redundancy from a 
single catastrophic event because the probability of any geographic unit being lost to a 
catastrophic event is low.  Experts indicated that functional extirpation of the geographically 
smallest unit (Washington) and those supporting the fewest resident lynx (Washington, GYA, 
and perhaps Minnesota) would be more likely to occur as a result of a series of catastrophic 
events over a 10-year period rather than to any single event over the next 10 years (see Figure 
2 above).  Experts listed fire, drought, insect outbreaks, loss of favorable winter conditions, and 
disease as potential events that could lead to functional extirpation in these units.  In 
Washington in particular, where large fires have impacted nearly 40 percent of the occupied 
lynx habitat over the past 10-15 years, experts felt that several more successive years of such 
fires could result in functional extirpation.  However, because fire and insects are likely to cause 
only temporary (20-40 years) losses of lynx and hare habitats, and because connectivity 
between the Washington unit and lynx habitats and populations in southern British Columbia 
remains intact, experts indicated this unit (and others abutting habitats and lynx populations in 
Canada) would likely be naturally re-colonized relatively quickly by dispersing lynx.  Therefore, 
extirpation in these units because of catastrophic events (or a series of them over time) would 
be temporary (likely lasting only one or several decades) unless events permanently altered the 
habitats.  Experts indicated that if lynx were functionally extirpated in the GYA or western 
Colorado units, which are not connected to habitats or populations in Canada and are relatively 
isolated from other DPS populations, natural re-colonization would be less likely, would take 
longer, or may never occur. 

Overall, expert responses indicated that extirpation of the DPS as a whole, or of resident lynx 
populations in most individual geographic units, because of a catastrophic event is very unlikely.  
Because we lack evidence that persistent resident lynx populations occurred historically but 
have been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels.  That is, the 
loss of resident lynx populations in the DPS, to the extent suggested by the historic record, was 
likely in areas (e.g., northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge 
area of northeastern Washington, perhaps Isle Royale in Lake Superior) peripheral to the 
geographic units that currently support resident lynx, and not in discrete geographic units that 
would have represented greater redundancy in the contiguous U.S.  However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear.  The historic record and recent research show that the GYA has supported resident 
lynx, but it is unclear whether the area consistently supported a persistent resident population 
over time or whether it naturally supported resident lynx only some of the time (was “winked on” 
in a metapopulation sense) when habitat conditions and hare densities were favorable, and at 
other times, when habitats and hare densities were less favorable, it did not support resident 
lynx (“winked off” in a metapopulation sense).  Given the protected conservation status of 
millions of -acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
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of the unit, resulting in only an intermittent ability of this unit to support resident lynx.  If so, its 
contribution to redundancy within the DPS is questionable. 

5.2.2.3 Resiliency 
Because we lack reliable estimates of the sizes and trends of most lynx populations in the DPS, 
we are unable to use these parameters to evaluate the resiliency of units, individual populations, 
or the DPS as a whole.  Efforts to understand resiliency are also confounded by the 
metapopulation structure thought to govern lynx populations at the southern margin of their 
continental range (i.e., populations and subpopulations in the DPS), the related uncertainty 
about the extent to which DPS populations may rely on cyclic immigration of lynx from Canada 
during population irruptions, and the ambiguity in the historic record that limits our 
understanding of the relative persistence of lynx in various geographical areas of the contiguous 
U.S. and, thus, the contribution of those areas to the viability of the DPS.  Our evaluation of the 
resiliency of lynx populations in the DPS is limited, therefore, to a largely qualitative assessment 
of the current status of populations in each of the six geographic units along with the 
quantitative summary of expert professional judgment of their likelihood of persistence over time 
given known or perceived potential threats. 
  
As expected, both expert estimates of probability of persistence and expert confidence in those 
estimates were higher over the short-term than the long-term.  Median probability of persistence 
(MPOP) at year 2025 was >= 0.90 for all but one of the six geographic units.  The GYA had a 
MPOP of 0.52, apparently reflecting the uncertainty regarding whether this unit consistently 
supported a resident lynx population historically and whether it currently supports resident lynx.  
At year 2025, confidence bounds were smallest (indicating higher expert confidence) for the 
units with the highest MPOPs (Northern Maine, Northeastern Minnesota, and Northwestern 
Montana/ Northeastern Idaho), and larger for units with lower MPOPS (North-central 
Washington, GYA, and Western Colorado).  At mid-century, MPOP declined for all units but 
remained >= 0.70 for all but the GYA (0.35), and confidence bounds increased for estimates for 
all units but the GYA, where it remained the same as at year 2025.  At end-of-century, 
persistence probabilities declined further, as expected, and only the Northern Maine, 
Northwestern Montana/ Northeastern Idaho and Western Colorado units had MPOPs >= 0.50.  
Also as expected, confidence bounds were very large around persistence estimates at year 
2100, with the median confidence range extending across more than 50 percent of the range of 
possible outcomes for all but the Northwestern Montana/ Northeastern Idaho population, and 
the extremes of the range nearly covering the full range (0 percent to 100 percent probability of 
persistence) of possible outcomes. 
  
Experts listed a number of factors that influenced their probability of persistence estimates for 
each unit (see unit summaries above in the Resiliency section).  Near-term factors varied by unit 
(e.g., post-harvest forest succession in Maine, where hare abundance is expected to decline as 
currently dense regenerating clear-cuts mature; continued large-scale fires in lynx habitats in 
Washington; and insect outbreaks in Maine, Minnesota, and Colorado), but longer term factors 
seemed to coalesce around anticipated direct and indirect effects of climate change.  These 
included potentially climate-driven increases in the size, frequency, and intensity of fire and 
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insect outbreaks; decreases in snow amount, duration and quality, leading perhaps to increased 
competition with bobcats and other hare predators; and the projected warming-induced 
northward and upslope migration of boreal and subalpine forests that would result in the loss 
and further fragmentation and isolation of lynx and hare habitats in the contiguous U.S.  Expert 
responses and ensuing discussions indicated that continued climate warming and associated 
direct and indirect effects will likely exert the greatest negative influence on the probability of 
persistence for lynx populations in the DPS regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
  
Summary 
 
Based on our assessment of the ecology, the current status, and the projected future status of 
lynx in the DPS neither representation nor redundancy are primary concerns for the viability of 
the DPS.  The assessment of population genetics and the assessment of events that could be 
compensated for by redundancy indicated that the viability of the lynx DPS is unlikely to be 
primarily driven by these factors, and therefore by representation or redundancy.  Given this 
assessment the primary driver of lynx viability is resiliency of the individual geographic units. 
 
Overall, the assessment indicates that, based on the average expectation from the elicited 
experts, all five of the geographic units known to currently support resident lynx populations 
have a greater than 70 percent expectation of doing so by mid-century, but a declining likelihood 
and greater uncertainty of doing so by the end of the century.  It is uncertain whether the 
remaining geographic unit (the GYA) currently supports resident lynx, and expert responses 
indicate a lower probability that it will do so in the future compared to the other units.  Taken 
together these average probabilities of persistence result in an expectation that 5 geographic 
units persist in 2050, and 3 in 2100, but the uncertainty is sufficient to expect a greater than 20 
percent chance that the realized number of persisting units will be between 6 and 2 geographic 
units in 2050 and between 5 and 0 in 2100 (see Figure 11 and accompanying discussion for the 
full assessment).  This assessment of DPS wide counts of persisting geographic units presumes 
that the units have independent persistence probabilities.  This presumption is based on the 
geographic isolation of the units from each other and the limited evidence of migration between 
units, but the possibility of migration between the Montana, GYA, and Colorado units, or 
concurrent impacts of climate change across units could result in shared probabilities of 
persistence for some or all of the geographic units. 
 
This assessment suggests that the overarching factor influencing the long-term viability of lynx 
populations in the DPS is climate change, which is anticipated to result first in loss of snow 
conditions favorable for lynx and, after an uncertain lag time following continued climate 
warming, loss (northward and upslope migration) of boreal forest habitats, although the timing 
and magnitude of such losses are uncertain (see ecology section for the full assessment). 
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From: McCollough, Mark
To: Zelenak, Jim
Cc: Tamara Smith; Bryon Holt; Kurt Broderdorp
Subject: Re: FIT Review of Ch. 5
Date: Tuesday, August 23, 2016 3:46:16 PM

Jim:

It looks like the FIT team reviewed one of the new tables in chapter 5 (summary of future
conditions in each unit), but not the latest new table (summary of the 3Rs).

At the very least, I can start addressing the FIT team comments for the Maine section in
chapter 5.  It seems that would be most easily done by each of us by incorporating the changes
into the version on Google Drive??????

I can also address their comments on the table (summary of future conditions in each unit).

Let me know if you want me to work on anything different.  I still have some page numbers to
do for citations in Ch. 3.

I have until the end of this week, then will be gone Aug. 29 - Sept. 9.

Mark

On Tue, Aug 23, 2016 at 3:17 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Here's what Heather sent me.  I downloaded and then renamed it with date, etc.

I haven't looked carefully yet.  Please take a look to see if it differs from what you have in the sections of the
drive doc that you wrote/worked on.  Let me know if you think it would be difficult to crosswalk and pull newer
info into this version.

I welcome your thoughts, but based on what Heather said, I think we have to use this one, make the changes/edits
FIT has recommended, complete gaps (me), and then pull the updated/completed version into the drive doc., but
such that they can see both our responses to their recommendations and any new text we've added.

Other thoughts on how best to do this?  

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED!!!! 
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On Tuesdays and Thursdays call 207 944-5709

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: Bell, Heather
To: Cummings, Jonathan
Cc: Jim Zelenak; Kurt Broderdorp; Mary Parkin; Tamara Smith; Mark McCollough; Bryon Holt; Jodi Bush
Subject: Re: Conceptual Model Status
Date: Tuesday, August 23, 2016 9:03:37 PM

Jonathan thanks!  Team great job today.  h

Heather Bell
Ecological Services HQ
Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff
at https://sites.google.com/a/fws.gov/ssa/ and  the REV Google Site: https://sites.google.com/a/fws.gov/rev/. 
For audiences outside FWS visit http://www.fws.gov/endangered/improving_ESA/SSA.html.

On Tue, Aug 23, 2016 at 2:02 PM, Cummings, Jonathan <jwcummings@usgs.gov> wrote:
Hi All,

I know we didn't quite get through a full discussion of the conceptual models, but we made a
lot of progress on them today.  Looking back at the various versions and thinking about it
after our call I'm going to make a suggestion for how you proceed.  This just comes from
me, so if it doesn't match with what you want to do based on our call proceed as you see
best.

My Suggestion:

Introduction - Ch 1
Present an early form of the conceptual models as the initial state of knowledge when the
assessment began.  

Text along the lines of: We began our assessment by quickly formulating our understanding
of lynx viability using conceptual models to diagram the factors contributing to viability. 
Figure 1 (my #1 in the list below) displays the 3Rs and the factors we initially hypothesized
drive the status of the 3Rs for lynx.  Because of the additional complexity of factors
influencing resiliency we developed a more specific conceptual model for resiliency (Figure
2).

Use two models only:
Figure 1. Ch1 Lynx Species Viability CM 08232016
Figure 2. Ch1 Resiliency

Commentary: I think you can leave the early versions of representation and redundancy out
and communicate the key representation and redundancy topics by discussing the
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subsequent species level model of the 3Rs

Ecology - Ch 2
Present the simplified resiliency conceptual model that highlights the most important factors
influencing lynx resiliency.

Text along the lines of:  As we conducted our assessment of Lynx ecology we honed in on
the key factors influencing the status of lynx in the geographic units making up the DPS. 
We summarized those factors in Figure 3.

Use one model only:
Figure 3. Copy of Simple Resilience

Commentary: You could also put the more complex resiliency conceptual diagram
developed for Ch 5 into this chapter if the role of drought, fire, etc. is important to note in
this chapter as well as Ch 5.  

I think the description under Snow Amount in this Copy of Simple Resilience still needs to
be edited to match the other descriptions.  

Future Condition - Ch 5
Present our updated form of the conceptual models as the final state of your knowledge as it
pertains to predicting future viability following the assessment.  

Text along the lines of:  After assessing the future condition of lynx in the DPS we adjusted
our understanding of the key factors likely to influence the status of the DPS until 2100. 
Figure 4 displays our assessment of the role of the 3Rs and the factor that are likely to
negatively influence viability in the future.  Because the assessment pointed to Resiliency as
the major measure of viability that will vary in the future we present a more specific
conceptual model for resiliency (Figure 5).

Use one model only:
Figure 4. Lynx Species Viability CM 08232016
Figure 5. Lynx Resiliency CM 08232016

Commentary: I don't think you need specific figures for the other Rs because you can
discuss them with the species viability CM.

To Do items:
1. Edit the description under Snow Amount in the Copy of Simple Resilience
2. Review Lynx Resiliency CM 08232016 to determine how well it represents the Core
team's understanding of DPS wide factors influencing resiliency and review the SSA report
text to ensure consistency between narrative text and this diagram.
3. Update Lynx Resiliency CM 08232016 if necessary (I can help with this if needed, just
schedule a time to do so)
4. Consider above suggestions and edit SSA report to match, or develop an alternative plan
for conceptual model use (again, I can discuss ideas if needed)

I put all of the conceptual models and png images of those models in a new folder:
SSA\Conceptual Model\08232016 (link), so you should be able to edit those images

https://drive.google.com/drive/u/1/folders/0BxeUAgASF6g0OVUyTUUzcGNnVjQ


(crop/resize as needed) and insert them into the SSA report from there.

I know your all eager to wrap this up and it feels far away, but this is one of the big ticket
items remaining and I think this can can be completed pretty quickly.

Jonathan

-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Patuxent Wildlife Research Center (remotely located)
12100 Beech Forest Road
Laurel, MD 20708 USA
jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings

Remote Contact Info:
Ph: 802-999-8684
243 Locust St
Dover, NH 03820
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: FIT Review of Ch. 5
Date: Wednesday, August 24, 2016 8:43:20 AM

Any of these times would work for me.  Mark

On Tue, Aug 23, 2016 at 4:28 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

Mark and I just discussed options for incorporating FIT edits and re-organization.  It took us a while to notice that
much of what they did was to move stuff around to re-organize the chapter and subsections.

Anyway, I think it would be good for us all to have a quick conversation while we are looking at the same thing.
So, much to our individual and cumulative dismay, I'd like to propose a quick call tomorrow so we are sure we
are all on the same page regarding how and where to address FIT comments that I sent in the first message in this
string.

Please let me know ASAP which start time (all are Mountain Time) works best for you and any that absolutely
won't work.

Thanks.  Sorry.

9 AM
10 AM
11 AM
12 PM
1 PM

  

On Tue, Aug 23, 2016 at 1:17 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Here's what Heather sent me.  I downloaded and then renamed it with date, etc.

I haven't looked carefully yet.  Please take a look to see if it differs from what you have in the sections of the
drive doc that you wrote/worked on.  Let me know if you think it would be difficult to crosswalk and pull
newer info into this version.

I welcome your thoughts, but based on what Heather said, I think we have to use this one, make the
changes/edits FIT has recommended, complete gaps (me), and then pull the updated/completed version into the
drive doc., but such that they can see both our responses to their recommendations and any new text we've
added.

Other thoughts on how best to do this?  

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
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jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED!!!! 
On Tuesdays and Thursdays call 207 944-5709

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Cummings, Jonathan
Cc: Jim Zelenak; Kurt Broderdorp; Heather Bell; Mary Parkin; Tamara Smith; Bryon Holt; Jodi Bush
Subject: Re: Conceptual Model Status
Date: Wednesday, August 24, 2016 9:12:09 AM

Jonathan and Jim:

It does not seem that we have the ability to edit these conceptual models from the new folder
and files that you created.  What is the most efficient way to suggest edits?  I don't understand
the files in the 08232016 folder that contain all computer script.  Is this where we would edit
labels, etc.?

Jim:  Perhaps this is something we can discuss among ourselves today?

Mark

On Tue, Aug 23, 2016 at 4:02 PM, Cummings, Jonathan <jwcummings@usgs.gov> wrote:
Hi All,

I know we didn't quite get through a full discussion of the conceptual models, but we made a
lot of progress on them today.  Looking back at the various versions and thinking about it
after our call I'm going to make a suggestion for how you proceed.  This just comes from
me, so if it doesn't match with what you want to do based on our call proceed as you see
best.

My Suggestion:

Introduction - Ch 1
Present an early form of the conceptual models as the initial state of knowledge when the
assessment began.  

Text along the lines of: We began our assessment by quickly formulating our understanding
of lynx viability using conceptual models to diagram the factors contributing to viability. 
Figure 1 (my #1 in the list below) displays the 3Rs and the factors we initially hypothesized
drive the status of the 3Rs for lynx.  Because of the additional complexity of factors
influencing resiliency we developed a more specific conceptual model for resiliency (Figure
2).

Use two models only:
Figure 1. Ch1 Lynx Species Viability CM 08232016
Figure 2. Ch1 Resiliency

Commentary: I think you can leave the early versions of representation and redundancy out
and communicate the key representation and redundancy topics by discussing the
subsequent species level model of the 3Rs

Ecology - Ch 2
Present the simplified resiliency conceptual model that highlights the most important factors
influencing lynx resiliency.
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Text along the lines of:  As we conducted our assessment of Lynx ecology we honed in on
the key factors influencing the status of lynx in the geographic units making up the DPS. 
We summarized those factors in Figure 3.

Use one model only:
Figure 3. Copy of Simple Resilience

Commentary: You could also put the more complex resiliency conceptual diagram
developed for Ch 5 into this chapter if the role of drought, fire, etc. is important to note in
this chapter as well as Ch 5.  

I think the description under Snow Amount in this Copy of Simple Resilience still needs to
be edited to match the other descriptions.  

Future Condition - Ch 5
Present our updated form of the conceptual models as the final state of your knowledge as it
pertains to predicting future viability following the assessment.  

Text along the lines of:  After assessing the future condition of lynx in the DPS we adjusted
our understanding of the key factors likely to influence the status of the DPS until 2100. 
Figure 4 displays our assessment of the role of the 3Rs and the factor that are likely to
negatively influence viability in the future.  Because the assessment pointed to Resiliency as
the major measure of viability that will vary in the future we present a more specific
conceptual model for resiliency (Figure 5).

Use one model only:
Figure 4. Lynx Species Viability CM 08232016
Figure 5. Lynx Resiliency CM 08232016

Commentary: I don't think you need specific figures for the other Rs because you can
discuss them with the species viability CM.

To Do items:
1. Edit the description under Snow Amount in the Copy of Simple Resilience
2. Review Lynx Resiliency CM 08232016 to determine how well it represents the Core
team's understanding of DPS wide factors influencing resiliency and review the SSA report
text to ensure consistency between narrative text and this diagram.
3. Update Lynx Resiliency CM 08232016 if necessary (I can help with this if needed, just
schedule a time to do so)
4. Consider above suggestions and edit SSA report to match, or develop an alternative plan
for conceptual model use (again, I can discuss ideas if needed)

I put all of the conceptual models and png images of those models in a new folder:
SSA\Conceptual Model\08232016 (link), so you should be able to edit those images
(crop/resize as needed) and insert them into the SSA report from there.

I know your all eager to wrap this up and it feels far away, but this is one of the big ticket
items remaining and I think this can can be completed pretty quickly.

Jonathan

https://drive.google.com/drive/u/1/folders/0BxeUAgASF6g0OVUyTUUzcGNnVjQ


-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Patuxent Wildlife Research Center (remotely located)
12100 Beech Forest Road
Laurel, MD 20708 USA
jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings

Remote Contact Info:
Ph: 802-999-8684
243 Locust St
Dover, NH 03820
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: FW: Latest Lynx SSA Map with ellipses instead of range polygons
Date: Wednesday, August 24, 2016 9:14:47 AM

Jim:  Yes, the dark blue line for Maine, NH, and VT looks good.  Mark

On Tue, Aug 23, 2016 at 3:07 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hey Kurt et al. - decided to send this to the whole team to see if they are OK with the changes to the map we
discussed.  Team - please take a look at the attached and see if the blue lines are a better reflection for your units -
if no changes are indicated but you think some are necessary, please make them and then scan and send to me and
Kurt.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Aug 3, 2016 at 7:42 AM
Subject: Re: FW: Latest Lynx SSA Map with ellipses instead of range polygons
To: Kurt Broderdorp <Kurt_Broderdorp@fws.gov>

Thanks, Kurt.

I made some changes (hand-drawn blue marker lines) based on earlier discussions with Mark and Bryon. Could
you and Dan take a look at attached and see if you can incorporate them?  I know it may complicate some things
(e.g., "Northern Maine Unit" will also include N NH and VT, and NW MT/NE ID will now include northern [not
just northeastern] Idaho and northeastern WA...).  But oh well.

If you can make these changes and the polygon identifier to the key, we will share with the rest of the team, get
their feedback, and discuss whether our units should be renamed.

Thanks again.

On Wed, Aug 3, 2016 at 7:14 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

Jim,  Dan and I sat down and based on the previous ellipse style
map, came up with the attached map.   

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

From: Daniel Reinkensmeyer [mailto:daniel_reinkensmeyer@fws.gov] 
Sent: Monday, August 01, 2016 11:48 AM
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To: Kurt Broderdorp
Subject: Latest Lynx SSA Map with ellipses instead of range polygons

 

Hi Kurt.  Here’s a copy of the map we worked on this morning.

 

Dan

 

 

Dan Reinkensmeyer

U.S. Fish and Wildlife Service

Western Colorado Ecological Services Field Office

445 West Gunnison Avenue, Suite 240

Grand Junction, CO 81501-5711

970-628-7193

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
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306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
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mark_mccollough@fws.gov
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From: Holt, Bryon
To: Zelenak, Jim
Cc: Kurt Broderdorp; Mark McCollough; Tamara Smith
Subject: Re: FW: Latest Lynx SSA Map with ellipses instead of range polygons
Date: Wednesday, August 24, 2016 10:33:44 AM

Jim,

I am good with the blue lines depicted on the map as representing a very rough approximation
of lynx range in north-central Washington, and northern Idaho/north-eastern Washington. 
Thanks for considering my recommendations.

Bryon

On Tue, Aug 23, 2016 at 12:07 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hey Kurt et al. - decided to send this to the whole team to see if they are OK with the changes to the map we
discussed.  Team - please take a look at the attached and see if the blue lines are a better reflection for your units -
if no changes are indicated but you think some are necessary, please make them and then scan and send to me and
Kurt.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Aug 3, 2016 at 7:42 AM
Subject: Re: FW: Latest Lynx SSA Map with ellipses instead of range polygons
To: Kurt Broderdorp <Kurt_Broderdorp@fws.gov>

Thanks, Kurt.

I made some changes (hand-drawn blue marker lines) based on earlier discussions with Mark and Bryon. Could
you and Dan take a look at attached and see if you can incorporate them?  I know it may complicate some things
(e.g., "Northern Maine Unit" will also include N NH and VT, and NW MT/NE ID will now include northern [not
just northeastern] Idaho and northeastern WA...).  But oh well.

If you can make these changes and the polygon identifier to the key, we will share with the rest of the team, get
their feedback, and discuss whether our units should be renamed.

Thanks again.

On Wed, Aug 3, 2016 at 7:14 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

Jim,  Dan and I sat down and based on the previous ellipse style
map, came up with the attached map.   

 

Kurt Broderdorp

US Fish and Wildlife Service
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(970) 628-7186

 

From: Daniel Reinkensmeyer [mailto:daniel_reinkensmeyer@fws.gov] 
Sent: Monday, August 01, 2016 11:48 AM
To: Kurt Broderdorp
Subject: Latest Lynx SSA Map with ellipses instead of range polygons

 

Hi Kurt.  Here’s a copy of the map we worked on this morning.

 

Dan

 

 

Dan Reinkensmeyer

U.S. Fish and Wildlife Service

Western Colorado Ecological Services Field Office

445 West Gunnison Avenue, Suite 240

Grand Junction, CO 81501-5711

970-628-7193

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office

mailto:daniel_reinkensmeyer@fws.gov
mailto:jim_zelenak@fws.gov


585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

mailto:jim_zelenak@fws.gov
mailto:bryon_holt@fws.gov


From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: FIT Review of Ch. 5
Date: Wednesday, August 24, 2016 11:59:21 AM

thanks for trying to "herd cats" today.  I am still working on page numbers for citations and
tightening up the climate change section.

I will work on the Maine future section tomorrow, bringing changes from the FIT team into
our master google docs document (unless you suggest otherwise).

Not sure how to best address the model diagrams.  I don't think we should all be working in
mental modeler.  I may print some of the flow diagrams and provide you with hand-written
suggestions on Friday.

Mark

On Wed, Aug 24, 2016 at 11:55 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Doesn't look like Tam and Kurt are available, so a call may not be useful.  I will take a look at and try to figure
out how best to incorporate FIT comments on Ch. 5 into the drive doc. I'm working thru other edits/comments for
now and will again try this week and weekend to finish my parts of Ch. 4 and 5.  I will then take a stab at the
Exec. Summary and try to have a revised/completed draft ready for Jodi to send out to all regions next week.

I ask that you finish up edits/revisions to your sections on Friday, then don't do any more work on the drive doc.  I
suspect I will download the drive doc early next week as a Word doc and make some of the changes that are
difficult on the drive. When a Word version is ready for distributing for FWS Regional review, I will upload that
version to the drive, and that will become our new working doc where we will address regional comments once
we have them back.

Let me know if you have questions.

Thanks again for all your work and time on this.

On Wed, Aug 24, 2016 at 8:37 AM, Holt, Bryon <bryon_holt@fws.gov> wrote:
Jim,

I am good with any time.

On Tue, Aug 23, 2016 at 1:28 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

Mark and I just discussed options for incorporating FIT edits and re-organization.  It took us a while to
notice that much of what they did was to move stuff around to re-organize the chapter and subsections.

Anyway, I think it would be good for us all to have a quick conversation while we are looking at the same
thing. So, much to our individual and cumulative dismay, I'd like to propose a quick call tomorrow so we are
sure we are all on the same page regarding how and where to address FIT comments that I sent in the first
message in this string.

Please let me know ASAP which start time (all are Mountain Time) works best for you and any that
absolutely won't work.

Thanks.  Sorry.

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:bryon_holt@fws.gov
mailto:jim_zelenak@fws.gov


9 AM
10 AM
11 AM
12 PM
1 PM

  

On Tue, Aug 23, 2016 at 1:17 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Here's what Heather sent me.  I downloaded and then renamed it with date, etc.

I haven't looked carefully yet.  Please take a look to see if it differs from what you have in the sections of
the drive doc that you wrote/worked on.  Let me know if you think it would be difficult to crosswalk and
pull newer info into this version.

I welcome your thoughts, but based on what Heather said, I think we have to use this one, make the
changes/edits FIT has recommended, complete gaps (me), and then pull the updated/completed version
into the drive doc., but such that they can see both our responses to their recommendations and any new
text we've added.

Other thoughts on how best to do this?  

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


email:         bryon_holt@fws.gov

*************************************************

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED!!!! 
On Tuesdays and Thursdays call 207 944-5709

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:bryon_holt@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov


From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: SSA - What"s happened to Ch 2 and Ch 3 ????
Date: Thursday, August 25, 2016 9:11:39 AM

SORRY...I opened one of the other drafts of the SSA.  Mark

On Thu, Aug 25, 2016 at 9:10 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Whew!

You about gave me a panic attach there, Mark (on top of the ones I've already been having because of this
project....).

Thanks for keeping after this.

On Thu, Aug 25, 2016 at 6:50 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

My apologies to all.  I must have opened one of the older drafts of the SSA on Google
Drive.  The version at Lynx SSA > SSA > SSA Documentation and Report > Lynx SSA
report is our working draft (as always) and seems to have saved all my work from
yesterday. 

Again, sorry for sharing my "panic attack!"  Our nerves are wearing thin...

Mark

On Thu, Aug 25, 2016 at 8:38 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim-  I opened the SSA this morning to find that much of the text is strike through and
changed.  A large amount of work that I did yesterday on the climate change section is
gone (totally - the edits do not show up at all).  Did I lose a day or two of work?  A few
days ago I tried to help by preparing a table summarizing individual and population
needs.  It seems to be gone.

In other words, what is going on with our draft and can we recover lost work?

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED!!!!  On Tuesdays and Thursdays call 207 944-5709

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:mark_mccollough@fws.gov


Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED!!!!  On Tuesdays and Thursdays call 207 944-5709

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED!!!! 
On Tuesdays and Thursdays call 207 944-5709

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588

mailto:mark_mccollough@fws.gov
mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov


Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Kurt Broderdorp
To: Jim Zelenak; Mark McCollough; Tamara Smith; Bryon Holt
Subject: RE: FW: Latest Lynx SSA Map with ellipses instead of range polygons
Date: Thursday, August 25, 2016 2:55:32 PM

Western Colorado is Ok.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, August 23, 2016 1:07 PM
To: Kurt Broderdorp; Mark McCollough; Tamara Smith; Bryon Holt
Subject: Fwd: FW: Latest Lynx SSA Map with ellipses instead of range polygons
 
Hey Kurt et al. - decided to send this to the whole team to see if they are OK with the changes
to the map we discussed.  Team - please take a look at the attached and see if the blue lines are
a better reflection for your units - if no changes are indicated but you think some are
necessary, please make them and then scan and send to me and Kurt.
 
 
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Aug 3, 2016 at 7:42 AM
Subject: Re: FW: Latest Lynx SSA Map with ellipses instead of range polygons
To: Kurt Broderdorp <Kurt_Broderdorp@fws.gov>

Thanks, Kurt.
 
I made some changes (hand-drawn blue marker lines) based on earlier discussions with Mark
and Bryon. Could you and Dan take a look at attached and see if you can incorporate them?  I
know it may complicate some things (e.g., "Northern Maine Unit" will also include N NH and
VT, and NW MT/NE ID will now include northern [not just northeastern] Idaho and
northeastern WA...).  But oh well.
 
If you can make these changes and the polygon identifier to the key, we will share with the
rest of the team, get their feedback, and discuss whether our units should be renamed.
 
Thanks again.
 
On Wed, Aug 3, 2016 at 7:14 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:
Jim,  Dan and I sat down and based on the previous ellipse style map,
came up with the attached map.   
 
Kurt Broderdorp

mailto:kurt_broderdorp@fws.gov
mailto:jim_zelenak@fws.gov
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US Fish and Wildlife Service
(970) 628-7186
 
From: Daniel Reinkensmeyer [mailto:daniel_reinkensmeyer@fws.gov] 
Sent: Monday, August 01, 2016 11:48 AM
To: Kurt Broderdorp
Subject: Latest Lynx SSA Map with ellipses instead of range polygons
 
Hi Kurt.  Here’s a copy of the map we worked on this morning.
 
Dan
 
 
Dan Reinkensmeyer
U.S. Fish and Wildlife Service
Western Colorado Ecological Services Field Office
445 West Gunnison Avenue, Suite 240
Grand Junction, CO 81501-5711
970-628-7193
 

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:daniel_reinkensmeyer@fws.gov
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From: Bush, Jodi
To: Mark McCollough; Bryon Holt; Tamara Smith; Kurt Broderdorp; Jim Zelenak
Subject: Fwd: FIT Review of Ch. 5
Date: Thursday, August 25, 2016 5:34:55 PM

Just a Note to remind everyone that you need to be done and out of the Lynx SSA google
document by Monday.   No delays.  

There will likely be time for folks to fix lit cited and other small edits but we need the doc
clear so we can transform to Word and get it out to internal reviewers.  Thanks for all your
hard work.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

mailto:jodi_bush@fws.gov
mailto:mark_mccollough@fws.gov
mailto:bryon_holt@fws.gov
mailto:tamara_smith@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:jim_zelenak@fws.gov


From: Shoemaker, Justin
To: Jim Zelenak; Jodi Bush
Cc: Heather Bell; Seth Willey
Subject: Comments on Lynx SSA Report
Date: Friday, August 26, 2016 8:30:03 AM
Attachments: 2016 08 09 DRAFT LynxSSAReport_JS.docx

Jim,

Here are my comments on the report.  If you think any of my comments will take significant
time to address, lets talk before making revisions.  I realize you and the team have discussed
how to proceed forward w/ the FIT comments, so I don't want to get us off track from that. I
talked w/ Heather and my overall thoughts on the document are in line w/ hers.  Some of my
comments are suggestions if we have time to address, and I realize we may not, and that's
fine. 

I have agreed to help write the DPS-wide summaries of current conditions and future
conditions, I'll be getting started on that.  

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:heather_bell@fws.gov
mailto:seth_willey@fws.gov
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Executive Summary 
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx 
canadensis). The SSA used the available scientific literature and the professional judgments 
and opinions of recognized lynx experts to (1) describe the ecological requirements and 
population dynamics of the species, (2) evaluate the historic and current distribution and status 
of resident lynx populations in the DPS and the factors that appear to influence those 
populations, and (3) assess the likely future viability of the DPS in terms of representation, 
redundancy, and the resiliency of its resident lynx populations (the “3 Rs”).  
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or recently supported resident lynx populations. The SSA is intended to 
assess viability rangewide ( i.e., at the scope of the DPS); however, because conditions differ 
across the range of the DPS, the assessment also takes into account conditions at the 
geographic unit scale.  We found…..   
 
Suggested outline for rest of Exec Summ (3 pp max if possible; look at Exec Summs in recovery 
plans for idea of level of detail) : 
 

● Lynx ecology:  Include only info that had most significant bearing on assessment, e.g., 
snowshoe hare obligate and need for certain snow conditions, home range size, 
distribution within and among units, connectivity, demography 

● Factors considered in assessment:  very brief summary or list 
● Current conditions:  rangewide (population and habitat and influencing factors), then the 

unique conditions that differentiate the geographic units 
● Future conditions:  rangewide (projected population persistence, habitat conditions, and 

influencing factors), then the unique conditions that differentiate the geographic units 
● Projected species viability:  population persistence, habitat trends, trends in influencing 

factors rangewide and the unique considerations for various units 
● Synthesis:  To what extent the 3Rs would be met under the different scenarios (best, 

worst, most likely) 

  
Commented [1]: Mary's suggestions for organizing exec. 
summ. after other sections complete. 

Commented [SJ2]: See table used in page spring snail or 
Arkansas darter SSA reports, very concisely provides most of 
this info.  
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Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a DPS 
and listed it as threatened under the Endangered Species Act of 1973, as amended (ESA) in 
2000 (65 FR 16052-16086). On May 8, 2014, the United States District Court for the District of 
Montana ordered the Service to complete recovery planning for the lynx DPS (U.S. District 
Court MT 2014a, p. 8). On June 25, 2014, the same court ordered the Service to complete a 
recovery plan by January 15, 2018 “…unless the Service finds that such a plan will not promote 
the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). Thus, we conducted this 
SSA (version 1.0) to summarize the best available information on the current status and likely 
future viability of the DPS.  This will  inform a determination by Service decision makers of 
whether (1) the DPS continues to warrant protection under the ESA and (2) a recovery plan is 
needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is strongly associated with northern-latitude 
boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 2000, 
pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It relies heavily on its 
primary prey, the snowshoe hare (Lepus americanus), to support survival, reproduction, 
recruitment, and, therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 
2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; U.S. Fish and Wildlife Service 2005, 
p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx 
distribution is also influenced by snow conditions; it is generally restricted to areas that receive 
deep, powdery, and persistent snow that allows lynx, with their proportionately longer limbs and 
very large feet, to outcompete other hare predators that are less efficient in such conditions 
(McCord and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, 
pp. 89-94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, 
p. 75; Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 
2013, pp. 25-26; 79 FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historic ranges in Canada and Alaska, which, combined, account for roughly 98 percent 
of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 (2.1 million 
mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in Alaska 
(University of Alaska Center for Science Conservation, http://akgap.uaa.alaska.edu/species-
data/canadian-lynx-annual- 
distribution/#content, accessed 4/28/2016; Reimer 2016, pers. comm.). Lynx are generally 
considered secure, widespread, abundant, and distributed throughout most of their historic 
ranges in Canada and Alaska, which, combined, account for roughly 98 percent of the species’ 
distribution. The southern peripheries of the boreal forest and the distributions of snowshoe 
hares and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; 
McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 

Commented [SJ3]: Should we be saying resilience?   

http://akgap.uaa.alaska.edu/species-data/canadian-lynx-annual-distribution/#content
http://akgap.uaa.alaska.edu/species-data/canadian-lynx-annual-distribution/#content
http://akgap.uaa.alaska.edu/species-data/canadian-lynx-annual-distribution/#content


6 
 

evaluated in this SSA represent the remaining 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see Figure 1 and Table 1, below). Lynx populations in 
the DPS appear to function as peripheral subpopulations (islands) of a larger (mainland) 
metapopulation centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; 
also see 2.2 below), and the demographic and genetic health and persistence of DPS 
populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada when hare populations crashed, many occurred in 
anomalous habitats, and lynx were unable to persist and establish populations in most of these 
areas (Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 
2006, pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2, below). Habitats capable of supporting 
persistent resident lynx populations in the contiguous U.S. (and, therefore, important to the 
conservation and recovery of the DPS) occur over a much smaller geographic area that 
includes parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; U.S. Fish and Wildlife Service 2005, p. 3; 79 FR 
54806-54807; Lynx SSA Team 2016, pp. 6-7). Although uncertainty remains regarding the 
historic distribution of resident lynx in the contiguous U.S., and breeding populations may have 
been lost from some places, neither broad-scale breeding range contraction nor substantial 
population decline in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (U.S. Fish and Wildlife Service 2005, entire), designated critical habitat for the DPS in 
2006 (71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations 
of “significant portion of the range” and that all lynx in the contiguous U.S. constitute a single 
DPS (72 FR 1186). Also in 2007, the Service initiated a 5-year status review of the DPS (72 FR 
19549). The Service revised the critical habitat designation for the DPS in 2009 (74 FR 8616) 
and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based definition of 
the DPS boundary to formally extend ESA protection to lynx “where found” in the contiguous 
U.S., including New Mexico and other states that were not included in the original DPS range 
(79 FR 54804). 
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The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1). They include parts of northern Maine, northeastern Minnesota, northwestern 
Montana and northern Idaho, north-central Washington, the GYA of southwestern Montana and 
northwestern Wyoming), and western Colorado. Five of the six geographic units were 
designated as “Core Areas” in the Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and 
western Colorado was designated a “Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). Five 
of the six units (with the exception of western Colorado) also encompass and closely mirror the 
areas the Service designated as critical habitat in 2014 (79 FR 54782). Some areas adjacent to 
but outside these geographic units are known or suspected to intermittently support lynx home 
ranges and occasional reproduction, and.  Uuncertainty remains as to whether resident lynx 
populations occurred historically in other areas not encompassed by the geographic units 
evaluated here.  
 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations relative to the general range of lynx in Canada. Range in Canada 
based on Poole (2003), Koen et al. (2014), and Vashon (2015). 
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The geographic units include Federal, private, State, and Tribal lands, and the amounts in each 
ownership vary among the units, with private lands predominating in the Maine, a mix of 
ownerships in Minnesota, and Federal lands predominating in the remaining (western) units 
(Table 1). 
 
 Table 1. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 0 0 0 0 91.6 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.6 55.6 6.8 1.1 26.5 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(3) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of this effort, our Endangered Species 
Program developed a new framework, the Species Status Assessment (SSA) Framework to 
guide how we assess the best scientific and commercial data available when evaluating the 
biological status of species. In conducting an SSA, we take into consideration the life history 
and ecological requirements of the species to understand how the species maintains itself over 
time (captured under the broad heading of “species needs;” the current condition of the species 
at the individual, population, and rangewide levels in terms of meeting those needs, and the 
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likely changes in the environment that may influence the species’ future condition and, thus, the 
viability of the species.   
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and 
future condition of the species. Briefly, resiliency describes the 
ability of the species to withstand stochasticity; redundancy 
describes the ability of the species to withstand catastrophic 
events; and representation describes the ability of the species 
to adapt over time to long-term changes in the environment. 
As a result, the SSA characterizes a species’ ability to sustain 
populations in the wild over time based on the best scientific 
understanding of current and future abundance and 
distribution within the species’ ecological settings. Importantly, the SSA neither results in, nor 
predetermines, any decisions by the Service under the ESA. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html    

1.3 Analytical Approach/Methods 
We used the SSA Framework (October 2015, version 3.3) described above as the analytical 
framework for the Canada lynx assessment process. We evaluated the current status of 
resident lynx populations in the contiguous U.S. as well as the likelihood that the geographic 
areas supporting resident lynx in the DPS would continue to do so in the near term and at mid- 
and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 
Rs using conceptual modeling (Figure 2) based on available published literature and other 
information regarding historic and current status of and threats to lynx populations in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgement (Lynx SSA Team 2016, entire). 
 

                                                 
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time.  USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 
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Figure 2. Conceptual model of the factors influencing the 3 Rs as they pertain to lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in 1.2 above, applied specifically to lynx as described 
below. We evaluated redundancy and representation at the scale of the DPS as a whole, and 
resiliency at the scale of lynx populations within each of the six geographic units. 
 
For the lynx DPS, we used the current and likely future (based on modeling projections and 
expert opinion) geographic distributions of resident breeding populations to evaluate 
redundancy.  Figure 3 shows relationships among factors that influence redundancy. 
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Figure 3. Conceptual model of factors that influence redundancy within the lynx DPS. 
 
We used  measures of genetic diversity and heterozygosity, the current and likely future 
geographic distributions of resident breeding populations, and the documented dispersal 
capabilities of the species to describe representation for the lynx DPS, as shown in Figure 4 
below. 
 

 
Figure 4. Conceptual model of factors that influence representation within the lynx DPS. 
 
Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on recent status updates and formally-elicited expert 
opinion regarding the likelihood that DPS populations will remain viable into the future.  The 
relationships among factors that influence the resiliency of lynx populations in the DPS are 
shown in Figure 5 below. 
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Figure 5. Conceptual model of factors that influence the resiliency of lynx populations within the 
DPS. 

Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 
lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Retrieved April 14, 2016, from the Integrated Taxonomic Information System online 
database, http://www.itis.gov). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with grayish-brown mixed of buff or pale 
brown fur on the back, and grayish-white or buff-white fur on the belly, legs and feet. In summer, 
its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long tufts of 
black hairs extending from the tips of its ears, a short, completely black-tipped tail, and often a 
distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 cm (30 to 
35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen et al. 
2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished data), 
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and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s large 
feet and long legs make it highly adapted for traversing and hunting in deep, powdery snow, 
where its low foot-loading (weight per surface area of foot) is thought to provide a competitive 
advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) over other 
terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada and the 
northern contiguous U.S, where the southern edge of the lynx range overlaps the northern edge 
of the bobcat range, the two species are easily confused because of their similar size and 
appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail distinguish it 
from the bobcat, which has shorter ear tufts, small feet, white on the underside of the tail, and is 
much more common and abundant in most of the contiguous U.S. than lynx. 
 
Overall, genetics research suggests high gene flow across the continental range of lynx, likely 
because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx, there is evidence of genetic exchange between the two areas, indicating 
that some lynx are able to cross the 15-60 km-wide (9-37 mi) Isle of Belle Strait that separates 
them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional genetic 
markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in eastern 
Canada, which suggest the potential for evolutionarily significant differences in those areas, 
recent analyses reveal genetic exchange among lynx on either side, indicating that some lynx 
successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 
2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range. While recognizing that 
small changes in genetic variation can lead to large changes in population fitness, the authors 
noted that the differences between core and peripheral populations in their study were small 
enough to suggest a lack of significant population subdivision (i.e., no indication of genetic 
isolation, substantial genetic drift, or potential genetic ‘‘bottlenecks’’ among DPS populations; 
Schwartz et al. 2003, p. 1814; 79 FR 54793). This finding is consistent with their earlier work, 
which documented high levels of gene flow (the highest yet documented for any carnivore) 
between core and peripheral lynx populations despite large separation distances (Schwartz et 
al. 2002, pp. 520–522). Their results did not suggest that reduced genetic variation among 
peripheral populations was due to human disturbance (i.e., habitat loss/ fragmentation on the 
southern periphery of the geographic range; Schwartz et al. 2003, p. 1814), but they did imply 
that the persistence of lynx populations in the contiguous U.S. depends on dispersal from larger 
(core) populations (Schwartz et al. 2002, p. 522). Currently, there is no indication that the levels 
of connectivity and gene flow between lynx populations in the DPS and those in the core of the 
lynx’s range are inadequate to maintain the genetic health of DPS populations. Given the 
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connectivity of most DPS units with lynx populations and habitats in Canada, the noted 
dispersal capabilities of lynx, evidence of dispersal in both directions across the Canada-U.S. 
border (Aubry et al. 2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and the small number of immigrants thought necessary to 
maintain genetic variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic 
isolation, biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely 
among most DPS populations in the future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota and Maine, as well 
as New Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male 
bobcats bred with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate 
foot-size, and bobcat-like fur (ILBT 2013, p. 35).  In Minnesota from 2000 to 2015, DNA 
analyses documented 13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016, 
pp. 13, 19); no hybrids have been documented in the western portion of the lynx’s range 
(Schwartz in Lynx SSA Team 2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 5, Table 8), and hare abundance is the major driver of lynx 
population dynamics. Lynx den site selection, litter sizes, pregnancy, as well as recruitment, 
survival (kitten, subadult and adult) and dispersal rates, and population age structure, home 
range sizes, density, and distribution are all strongly influenced by hare abundance (Koehler 
and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, pp. 375-390; Mowat et 
al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
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Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 136-
140 and 2000b, pp. 183-191; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000b, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 136-140 
and 2000b, pp. 183-195). Over much of the lynx’s range, hare densities are higher in 
regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000b, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares can be abundant in mature forests with dense 
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understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), they may provide especially 
important winter foraging habitats for lynx (Squires et al. 2010, pp. 1655-1657), and they are 
more temporally-stable (i.e., provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which they may persist, 
in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, pp. 62, 
71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000a, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession (transition from one stage to another in the development of a mature 
forest) after natural or human-caused disturbances such as fire, insect epidemics, wind, ice, 
disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69).  As a 
result, lynx habitat within the boreal forest landscape is a shifting mosaic of habitat patches of 
variable and continually changing quality (68 FR 40077). That is, boreal forests contain stands 
of differing ages and conditions, some of which provide lynx foraging or denning habitat (or may 
provide these in the future depending on patterns of disturbance and forest succession) and 
some of which serve as travel routes for lynx moving between foraging and denning habitats 
(McKelvey et al. 2000c, pp. 427-434; Hoving et al. 2004, pp. 290-292). Lynx generally 
concentrate hunting activities in areas where snowshoe hare densities are high (Koehler et al. 
1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; O’Donoghue 
et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time as the stand undergoes 
succession, (i.e., as earlier successional stages with dense understories advance to more 
mature stands with reduced understory structure), hare habitat quality and corresponding hare 
densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000a, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
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at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
the contiguous U.S. (Hodges 2000b, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., hare densities may exceed 2 hares/ha (0.8 hares/ac) (McCann 2006, p. 
15; Robinson 2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 
1492; Vashon et al. 2012, p. 14), but in many parts of the DPS, densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx 
home ranges and populations (Hodges 2000b, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 
446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; 
Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011c, pp. 91-
92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90).   
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
appear to breed as yearlings and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810), and the amount of structure (e.g., 
downed, large, woody debris) appears to be more important than the age of the forest stand for 
lynx denning habitat (Mowat et al. 2000, pp. 274-275). Dens must be near foraging habitat to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den 
site and one or more alternate or maternal dens until kittens are about 6-10 weeks old (Squires 
et al. 2008, p. 1502; Vashon et al. 2012, p. 17; ILBT 2013, p. 29). Kittens remain with their 
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mothers through winter and early spring, apparently learning from her how to hunt and capture 
prey, initially on a small portion of her home range, but by fall on the larger area the female used 
before kittens were born (Mowat et al. 2000, pp. 269, 278). Juveniles remain closely associated 
with their mothers until February or March, when family groups begin to break up, with young 
typically dispersing in April and May (Mowat et al. 2000, pp. 278-279) to establish their own 
home ranges. Female offspring may establish home ranges overlapping or adjacent to their 
mother’s home range and maintain mother-daughter bonds throughout their lives (Mowat et al. 
2000, pp. 279-280). Otherwise, although there is often some overlap among adjacent lynx home 
ranges, with male home ranges typically overlapping one to three female home ranges, and 
female home ranges partially or completely encompassed by a male’s home range, core areas 
within home ranges appear to be exclusive except during the breeding season (Koehler and 
Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 2012, pp. 17, 22-23). 
Fidelity to home ranges over several years has been documented for both sexes, but shifts and 
abandonment of home ranges have also been documented (Koehler and Aubry 1994, p. 91; 
Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 years in the wild (Kolbe 
and Squires 2006, entire).    
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000a, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).   
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
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muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities declined from 2/ha (0.8/ac) to 1/ha (0.4/ac) 
(Vashon in Lynx SSA Team 2016, p. 18). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 
contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. appear to function as subpopulations of a larger 
metapopulation centered in northern Canada (McKelvey et al. 2000b, pp. 21, 25, 33; 65 FR 
16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641); they are 
connected to the core population by dispersal (Hanski and Gilpin 1991, entire; McKelvey et al. 
2000b, p. 25).  Populations in the DPS are generally small and isolated from one another, 
though most are directly connected to larger lynx populations in Canada (McKelvey et al. 2000b, 
pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2).  Lynx disperse in both directions across the 
Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon 
et al. 2012, p. 22), and this connectivity and interchange with lynx populations in Canada is 
thought to be important to the conservation of lynx populations in the contiguous U.S. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if (1) it is born to a female 
who occupies a home range with (a) secure denning habitat, (b) adequate hare abundance to 
support lactation during the early kitten stage and later provisioning of the kitten with hare meat, 
(c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and (d) a low likelihood of encounters with lynx mortality 

Commented [34]: generally thought to be small - just a 
suggestion that implies that we do not have actual population 
estimates. 

Commented [35]: This is a long list, I have trouble holding 
that much information in my short term memory while reading.  
Consider inserting a table to summarize or adapting one of the 
influence diagrams to include these requirements. 

Commented [36]: I'm not happy with it either, though I 
thought it could be helpful to try to present the whole general 
picture of what an individual lynx needs in one place. I tried to 
make it as concise as possible while still retaining all the 
relevant information. 

Commented [37]: I think the list is necessary, and should 
be here as is, I would just like a table or other visual to refer to 
as well and have that cited here too. 

Commented [38]: I agree - we did a similar visual in the  
RPBB SSA as a table (Table 2.1 in most recent version dated 
Jul 26). 

Commented [39]: I'm open to offers to volunteer to create a 
conceptual model or other visual that would be helpful here. 
Anyone? 



20 
 

agents (predators, trappers, vehicles, etc.); (2) the mother’s home range occurs within a larger 
landscape that also contains adequate hare abundance and available habitat into which the 
yearling lynx may disperse and establish its own home range after the period of maternal 
dependence, with low likelihood of adverse competition and mortality; and (3) the larger 
landscape also supports other secure lynx home ranges and ensures the opportunity to 
encounter a lynx of the opposite sex, breed successfully, and contribute to the recruitment of at 
least one offspring into the breeding population during its lifetime.  
 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met: during the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), where hare population 
cycles are of lower amplitude or absent (Hodges 2000b, pp. 163–173; Hodges et al. 2009, pp. 
870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016, pp. 16-17), and where hare and lynx abundances and lynx demographic rates are 
typically like those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; 
Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367), the likelihood that an individual lynx 
will have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000, entire). These factors probably further 
reduce the likelihood that an individual lynx in the southern periphery of the range will survive, 
reproduce successfully, and have one or more offspring recruited into the resident breeding 
population. 
 
Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Den sites are typically located where 
coarse woody debris, such as downed logs and windfalls, or other dense horizontal structure 
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provides security and thermal cover for lynx kittens (McCord and Cardoza 1982, pp. 743–744; 
Koehler 1990, pp. 847–849; Slough 1999, p. 607; Squires and Laurion 2000, pp. 346–347; 
Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501–1505; Moen and Burdett 2009, 
entire). The amount of structure appears to be more important than the age of the forest stand 
for lynx denning habitat (Mowat et al. 2000, pp. 274–275), although in western Montana, 80 
percent of documented dens occurred in mature stands (Squires et al. 2008, p. 1497). 
 
The size of lynx home ranges is strongly influenced by the quality of the habitat, particularly the 
abundance of snowshoe hares, in addition to other factors such as gender, age, season, and 
density of the lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). 
Generally, females with kittens have the smallest home ranges, likely related to their need to 
stay close to dens and dependent kittens, and males have the largest home ranges (Moen et al. 
2005, p. 11; Burdett et al. 2007, p. 463; ILBT 2013, p. 24). The increased natural patchiness 
and fragmentation of high-quality hare habitat where boreal forest conditions transition to 
temperate forest types require individual lynx in many parts of the DPS to maintain relatively 
large home ranges that include patches of higher hare densities within a matrix of lower-quality 
habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 59434; also see 2.3.3, below). 
Larger home ranges likely require more energy output associated with greater foraging effort 
(Apps 2000, p. 364) and possibly increased exposure to predation and other mortality factors 
than lynx face in the core of their range (78 FR 59438). Annual home range sizes reported for 
lynx in the contiguous U.S. (Table 2, below) vary greatly across the DPS but are generally larger 
in the west than the east; however, differences should be interpreted with caution because 
different methods, sample sizes, and estimators were used to generate them (ILBT 2013, pp. 
23-24).   
 
Table 2. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 

Reported Lynx Home Range Size 
km2 (mi2) 

 
References (pages) 

Female Male 

N Maine 26 (10) 54 (21) Vashon et al. 2012 (16-17) 

NE 
Minnesota 

17-21 (7-8) 160-267 (62-103) Burdett et al. 2007 (460-463); Moen et 
al. 2008 (17)  

NW Montana/ 
NE Idaho 

43-115 (17-44) 122-238 (47-91) Brainerd 1985 (20); Squires and 
Laurion 2000 (344); Squires et al. 

2004a (13) 

N-C 
Washington 

37-91 (14-35) 49-69 (19-27) Brittell 1989 in Stinson 2001 (5); 
Koehler 1990a (847); Maletzke in Lynx 

SSA Team 2016 (21) 

GYA 114 (44) 137 (53) Squires and Laurion 2000 (344) 
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W Colorado 75-704 (29-272) 103-387 (40-149) Shenk 2008 (10) 

 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963a, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125 ). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but Voyageurs National Park, where hare 
density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et al. 
2012, pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter predators (mountain lion [Puma concolor], coyote [Canis latrans], 
wolverine [Gulo gulo], gray wolf [Canis lupus], fisher [Pekania pennanti], and other lynx) (ILBT 
2013, pp. 33, 35). Although lynx have co-evolved with predators, the influence of predation on 
lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain lions and coyotes are now 
more widespread and abundant in the southern periphery of the lynx distribution than they 
appear to have been historically (Buskirk et al. 2000a, p. 83; Gompper 2002, entire). Lynx also 
need landscapes where they are unlikely to suffer reduced fitness because of competition with 
other hare predators, or encounter traps or other anthropogenic causes of mortality. Except for 
fisher and marten (Martes americana), lynx predators and potential terrestrial competitors for 
hares (the species above plus bobcat; maybe red fox [Vulpes vulpes] in some situations) all 
have higher foot-loading (weight per surface area of the foot), making them less efficient at 
traveling and hunting in the deep powdery snow conditions favorable for lynx (Buskirk et al. 
2000a, pp 86-95) and, therefore, likely limiting, at least seasonally, interactions between lynx 
and these species. Analysis of lynx occurrence data in the contiguous U.S. suggests that lynx 
require at least four months (December through March) of continuous snow coverage (Gonzalez 
et al. 2007, p. 7). Where snow conditions do not consistently favor lynx, increased potential for 
predation and competition would be expected. Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.  
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
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breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow conditions for about 4 months are needed to support lynx 
occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, some 
places, including within the range of the DPS, appear naturally to barely meet these 
requirements or to do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions recover or improve. As with 
individual lynx, populations are more likely to persist in landscapes where the effects of 
competition, predation, and human-caused mortality (e.g., trapping, vehicle collisions) are 
relatively lower. 
 
At the periphery of the range of a species with a mainland-island metapopulation structure, like 
that thought to govern lynx populations in the DPS (McKelvey et al. 2000b, p. 25), it is 
anticipated that, in addition to habitat islands that support persistent populations, there will be 
other islands that support resident lynx only occasionally, intermittently, or temporarily and 
which may sometimes act as “sources” that produce surplus animals that may disperse to other 
islands and, at other times, as “sinks” that depend on immigration from sources (McKelvey et al. 
2000b, p. 30; also see section 2.3.2, below). The persistence of lynx in each island type is 
determined by colonization and extinction rates - the former are driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing; the latter by 
population size and demographic and environmental stochasticity, with extinction more likely in 
smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31; Fig XXX).    
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000a, pp. 22, 30). There are few and temporally-limited demographic 
data for most lynx populations in the contiguous U.S.; there remains uncertainty about whether, 
and if so to what extent, the demographic health of DPS populations relies on immigration from 
northern (Canadian) populations; and immigration rates are not known for DPS populations 
(McKelvey et al. 2000a, pp. 24-34). These factors likely preclude development of meaningful 
DPS-wide or unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
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Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in southern Yukon, followed by a rate of λ = 1.01 (stable) during the first year 
of a hare decline, and λ = 0.01 (note - this appears to be an error; the correct value for λ in a 
population in which the estimated number of individuals declined from 135 in 1992 to 13 in 1993 
should be 13/135 = 0.10 [rounded to two decimals]) and λ = 0.46 (rapid decline) during the first 
two years of the lynx population decline when hares were scarce. However, the natural range in 
λ that would be expected among peripheral, isolated, or semi-isolated and non-cyclic or weakly-
cyclic lynx populations in the DPS, thought to be subpopulations in a larger metapopulation 
structure, versus those that would signal long-term population decline or instability is unknown. 
Despite this, and the limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 
20) calculated population growth rates in northwestern Montana of λ = 0.92 for lynx in the 
Seeley Lake area (i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the 
Purcell Mountains (increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; 
USFWS, Vortex10, deterministic population simulation) used demographic data from Vashon et 
al. 2012 (pp. XX-XX) to calculate finite growth rates during a period of high hare density (λ = 
1.16; increasing trend) and during a period of low hare density (λ = 0.88; decreasing trend) for 
the lynx population in northern Maine (see also section 4.1.1, below).     
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx  (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 square kilometers (USFWS 2005, p. 5). McKelvey et al. 
(2000b, p. 29) noted that extinction (extirpation) risk should decrease with increasing population 
size, and that extinction resulting from demographic stochasticity is very unlikely even for a 
population (generally; not specific to lynx) with as few as 20 reproducing females. Kramer- 
Schadt et al. (2005, entire) developed a spatially explicit population model for Eurasian lynx in 
Germany which they combined with demographic scenarios to evaluate the likely success of 
potential reintroduction efforts; they concluded that at least 10 females and 5 males would be 
required to establish a population with an extinction probability less than 5 percent over 50 
years. Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian 
lynx; they found that extinction occurred only in small populations that occupied habitats of less 
than 500 km2 and that extinction within 35 years was unlikely among populations occupying 
areas of at least 500 km2 of adequate habitat quality. 
 
In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
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immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; U.S. Fish and Wildlife 
Service 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 
54789). 

2.3 Historic and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; Alaska 
Center for Conservation Science 2016, p. 1). It is strongly associated with the expansive, 
continuous boreal forests of those areas, and its range largely overlaps that of its primary prey, 
the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 146; Mowat et 
al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to occupy about 
5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their historic range in that 
country (Environment Canada 2014, p. 2), and over 89 percent of the species’ entire 
distribution. Nationally in Canada, lynx are classified as secure, widespread, and abundant; they 
are managed for long-term population stability, with a conservative estimate of 110,000 
individuals during cyclic lows; and no acute, widespread threats to lynx have been identified 
(Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Science Conservation, 
http://akgap.uaa.alaska.edu/species-data/canadian-lynx-annual-distribution/#content, accessed 

http://akgap.uaa.alaska.edu/species-data/canadian-lynx-annual-distribution/#content
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4/28/2016; Reimer 2016, pers. comm.), which represents about 8.7 percent of the species’ 
distribution. Lynx in Alaska are apparently secure, with low to moderate threats, and populations 
appear stable statewide, although total abundance is unknown (Alaska Natural Heritage 
Program 2008, pp. 2-4). In both Alaska and Canada, lynx trapping is managed through 
regulated seasons and harvest levels, which are adjusted to avoid overexploitation, especially 
during the low phase of the hare-lynx population cycle (Alaska Natural Heritage Program 2008, 
pp. 2-6; Vashon 2015, pp. 5-6). Along the Canada-U.S. border in provinces adjacent to DPS 
lynx populations, lynx trapping is prohibited in New Brunswick (adjacent to northeastern Maine) 
but regulated trapping is permitted in Quebec (adjacent to northwestern Maine, northern New 
Hampshire, and northern Vermont), Ontario (adjacent to northeastern Minnesota), Alberta 
(adjacent to northwestern Montana), and British Columbia (adjacent to northwestern Montana, 
northern Idaho, and northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historic conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historic range of lynx in the contiguous 
U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Because of this, resident lynx populations never occurred everywhere boreal forest existed in 
the contiguous U.S. Where the boreal forest was naturally more patchy and marginal, the 
habitat was incapable of supporting an adequate snowshoe hare population that in turn was 
incapable of supporting a resident lynx population over time. As a result, only a few areas in the 
contiguous U.S. historically supported an adequate quantity and quality of habitat to support 
resident lynx populations over time, and many historical lynx occurrences across a large area of 
the contiguous U.S. were likely dispersers. The occurrence of dispersing lynx is unpredictable, 
and dispersing lynx will likely continue to periodically move into areas that are not lynx habitat 
(68 FR 40077). 
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The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (U.S. Fish and Wildlife Service 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 
54812-54823). Many records of lynx in the contiguous U.S. appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16), suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous U.S.exist either as 
resident populations or as dispersers, that dispersing lynx are often found repeatedly and for 
variable amounts of time in habitats that cannot sustain breeding populations over time (though 
some breeding may occur occasionally in some of these areas), and that such areas probably 
contribute little to the persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated 
dispersal into habitats that ultimately cannot support the species (‘‘sink’’ habitats) often leads to 
confusion among scientists and the public about where lynx populations may be viable (74 FR 
66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the metapopulation structure thought 
to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see Section 2.2, 
above) and the transitional (and, therefore, increasingly fragmented and isolated) and spatially- 
and temporally-shifting nature of lynx habitat at the southern periphery of the range (Koehler 
and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 FR 54814) also 
present challenges in defining the distribution of lynx. Both factors suggest that some areas of 
the contiguous U.S. may naturally support resident lynx only temporarily or occasionally when 
habitat conditions (both boreal forest vegetation supporting abundant hares and snow 
conditions favoring lynx) are adequate and/or when immigration is sufficient to offset the lower 
productivity and recruitment rates expected among lynx populations in marginal or suboptimal 
habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... source-sink 
mosaics that shift with disturbance and succession,” and the contribution, if any, of these places 
(especially those that act more often as “sinks” than “sources”) to the maintenance and 
persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
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Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-
5). Because of the large effect that relatively few errors in identification can have on 
assessments of the distribution of rare animals, especially those that are easily confused with a 
similar and more common species, McKelvey et al. (2000a, p. 209; 2008, pp. 553-554) suggest 
that anecdotal information should be interpreted with caution, and only verified occurrence data 
should be used to assess historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historic or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgement of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 
 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6) and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
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these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077).  Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128).  As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods.  These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000b, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx.  Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep, fluffy snow conditions.   
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historic or recent evidence of the habitat quality or 
quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 66940-
66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx in the 
DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and snow 
conditions, and that they were not capable historically and are not capable now of supporting 
resident lynx populations.  
 
The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
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or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best historic 
and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 40097-
40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.      
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historic and potential future occurrences of lynx in these states most likely 
represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident, 
breeding lynx, but that it’s ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
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Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historic lynx reports for the Southern Rockies, questioned its 
original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historic records were of periodic dispersing lynx during “extremely high populations cycles” 
and that a resident population never existed in southeastern Wyoming (68 FR 40081, 40091). 
The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now Colorado 
Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into southwestern 
Colorado (with plans to release an additional 186 lynx from 2003-2009) in an effort to 
reestablish a resident lynx population, that reproduction among some of the released lynx had 
been documented by 2003, but that it was too early to determine whether the program would be 
successful (68 FR 40091).  In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, and likely has 
only supported dispersing lynx since then, and that an effort to reintroduce lynx there failed 
quickly, suggesting the habitat is incapable of supporting a resident population (68 FR 44486-
44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan, 2011a, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011a, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (CPW 2015, p.1; Ivan in Lynx SSA Team 2016, 
pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service concluded 
that the historic record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016, p. 47), and it is uncertain whether resident lynx occur outside the San 
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Juan Mountains in the southwest part of the state. We continue to believe that available 
information suggests Colorado did not historically support a persistent resident lynx population 
and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historic occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historic records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016 pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historic and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historic record and recent evidence of lynx occupancy and reproduction 
suggested the presence of a small but persistent resident lynx population in the GYA of 
northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 54825-54826); 
however, the consistency of occupancy over time remains uncertain (Lynx SSA Team 2016, pp. 
11, 45, 57). Uncertainty about whether this area consistently or only intermittently supported 
resident lynx historically makes it difficult to interpret their recent apparent absence from the 
area (Lynx SSA Team 2016, p. 57). If residency was intermittent historically, the current 

Commented [56]: Kurt - please verify or refute.  My 
impression from Jake at the workshop is that they do not have 
information on residents beyond the core release are where 
they did the 2010/11 and 2014/15 surveys. 



33 
 

apparent absence of resident lynx might be a natural condition related to the area’s largely 
marginal or suboptimal habitat conditions - i.e., it may naturally be capable of supporting 
resident lynx only intermittently when habitat conditions and hare densities are optimal. In that 
case, future intermittent residency would be expected, but only if lynx dispersing from a source 
population immigrate to the GYA when habitat conditions and hare densities return to more 
favorable levels.  Conversely, if the GYA always historically supported a small number of 
resident lynx but no longer does, it may suggest that some factor or factors have acted to tip the 
quality of the area’s habitat from just barely capable of supporting a small resident population to 
no longer capable of doing so, resulting in extirpation. We conclude that this uncertainty cannot 
be resolved based on the available information but, given the protected conservation status of 
millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its historic inability to support a robust, persistent resident population 
and its apparent recent inability to support any resident lynx may be a reflection of naturally 
marginal and patchy habitats and relatively low hare abundance in much of the unit, resulting in 
only an intermittent ability of this unit to support resident lynx. We also note that extensive areas 
of the GYA were burned by the large, intense wildfires of 1988, and that these areas may soon 
(perhaps in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer 
structure favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the 
likelihood that the GYA may support resident lynx again in the near future (Lynx SSA Team 
2016, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx  detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in northern New Hampshire. We conclude that northern and central New 
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Hampshire likely supported a small resident lynx population historically that was extirpated 
during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821) and temporarily 
favorable snow conditions that may have reduced bobcat numbers.        
  
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historic lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historic record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx appear to be confined to the Purcell, Selkirk, and possibly the Cabinet 
mountain ranges in the northern panhandle. The number of resident lynx in northern Idaho is 
unknown but certainly small based on the amount of potential habitat, and resident lynx here are 
part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state, which currently supports the largest lynx 
population in the DPS (McKelvey et al. 2000a, pp. 211-212; Hoving et al. 2003, entire; Vashon 
et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA Team 
2016, p. 18). The lynx population in Maine is much larger than was suspected at the time of 
listing or the 2003 remand (thought now to number 750-1,000+ individuals [Vashon in Lynx SSA 
Team 2016, p. 18], though a reliable population estimate is lacking). The current abundance of 
lynx is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
budworm outbreak (68 FR 40087; 79 FR 54792; also see section 4.1.1, below). As these 
regenerating clearcuts, which currently provide the dense horizontal structure preferred by 
hares, mature beyond about 35 years post-harvest, hare densities decline as cover and forage 
are reduced due to forest succession (Simons 2009, p. 217). The current lynx population is 
probably larger than the likely historic condition, when relatively small amounts of the spruce-fir 
forests in the state are thought to have been composed of young stands (Lorimer 1977, entire; 
68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting 
following enactment of the Maine Forest Practices Act of 1989, it is projected that lynx densities 
in Maine will decline by 55 to 65 percent by 2032 (Simons 2009, p. 217). Lynx in Maine likely 
represent the southern periphery of a larger population that occurs in western New Brunswick 
and southern Quebec south of the St. Lawrence Seaway/River, which appears to partially 
isolate lynx in this region, demographically and genetically, from populations in the core of the 
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species’ range (Cite - Koen et al. 2014,  2015?). The extent to which lynx persistence in Maine 
relies on immigration from Canada is unknown.     
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that appears to be 
the southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 
and areas to the south and west are dominated by bobcats (cite?). Although there are currently 
more lynx in Minnesota than suspected at the time of listing, it is unclear whether current 
numbers and distribution are similar to the historical condition. The extent to which lynx 
persistence in Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016 pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
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Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).    
  
In summary, although uncertainty remains regarding the historic distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire, though lynx persistence in New Hampshire is uncertain and lynx 
numbers in Maine are projected to decline over the next several decades. In the West, small 
breeding populations in the GYA and the Garnet Mountains of Montana may recently have 
become extirpated (although both also may be only temporarily “winked off” in a metapopulation 
dynamics sense). In north-central Washington, lynx habitat and numbers have declined 
because of recent large fires and insect outbreaks, and the persistence of the breeding 
population there could be threatened if additional such impacts occur with similar magnitude 
and frequency over the next several decades. As a result of the release of 218 Canadian and 
Alaskan lynx from 1999-2006, resident lynx currently occur in western Colorado. Although the 
number of lynx in this population and its future persistence are uncertain, Colorado currently 
supports more lynx than it likely did, based on the historic record, for much of the previous 
century. The geographic units evaluated in this SSA include all areas in the contiguous U.S. 
with strong historical and recent evidence of persistent resident lynx populations. Detailed 
assessments of the current status and future viability of resident lynx populations and habitats in 
these areas are presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historic and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
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regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78).    

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northeast and Great Lakes regions. Therefore, in the following sections 
we describe and compare the Federal regulatory environment for lynx in the DPS at the time of 
listing and currently, and we describe other regulatory mechanisms as they pertain to lynx on 
private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat be designated for listed species and section 7 
prohibits the destruction or adverse modification of such designated habitats. Critical habitat 
was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 also 
requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet been 
completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those lands, roughly 87 percent is managed by the 
U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 percent by 
the Bureau of Land Management (BLM). The amount of Federal land varies by unit, ranging 
from 0 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see Chapter 4 
below for ownership in each geographic unit). Federal lands management is guided by a 
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number of statutes and associated regulations, policies, standards, guidelines, and best 
management practices applied by managing agencies to meet legislative mandates and achieve 
agency missions (for a summary of relevant Acts and associated regulations and guidance, see 
USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some benefits to lynx 
and protect lynx habitats (USFWS 2014, pp. 24-34). For example, the conservation priority in 
the management of NPS lands in accordance with the National Park Service Organic Act (16 
USC 1 et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and 
the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to provide for the conservation of the DPS. 
Therefore, the evaluation below focuses on the efforts of USFS and BLM, in collaboration with 
the Service, to address the regulatory inadequacy for which the DPS was listed.    
  
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms 
(Factor D as described in section 4(a)(1) of the ESA). Specifically, at that time the Service 
believed that most lynx populations and potential lynx habitats (broad forest vegetation classes 
defined as “lynx forest types” [65 FR 16071]) in the contiguous U.S. occurred on Federal 
(USFS, NPS, and BLM) lands in the western states, and that the plans that guided management 
of those lands (particularly USFS and BLM lands) included “...programs, practices, and activities 
within the authority and jurisdiction of Federal land management agencies that may threaten 
lynx or lynx habitat. The lack of protection for lynx in these Plans render them inadequate to 
protect the species” (65 FR 16052, 16082). At that time, the Service found that USFS and BLM 
management plans did not adequately address risks to lynx and, as identified in the LCAS 
(Ruediger et al. 2000, pp. 2-1 through 6-3), those plans allowed actions that cumulatively could 
result in significant detrimental effects to lynx in the contiguous U.S. As a result, the Service 
concluded in the final rule that the lack of Federal Land Management Plan guidance for the 
conservation of lynx and the potential for those plans to allow or direct actions that could 
adversely affect lynx constituted a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed a Lynx Biology Team to prepare a 
lynx conservation strategy applicable to Federal land management in the contiguous U.S. 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
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etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements, and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historic conditions and landscape-scale disturbance patterns 
and to maintain or improve lynx and hare habitats at both local (project-level) and landscape 
scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM managers 
within the range of the DPS agreed to implement the standards and guidelines identified in the 
LCAS until management plans could be formally amended to specifically address lynx 
conservation. In 2000, the Service, USFS, and BLM developed and adopted Canada Lynx 
Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and USFWS 2000, 
entire) in which the BLM and USFS agreed to coordinate assessment and planning efforts with 
the Service to assure a comprehensive approach to lynx conservation and to use the LCAS, 
supporting science, and locally specific information as the basis for the approach and to 
streamline consultation under section 7 of the ESA. The USFS further committed to deferring 
any actions not involving third parties that would adversely affect lynx until such time as the 
Forest Plans were amended or revised to adequately conserve lynx (USFS and USFWS 2000, 
p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx, which 
identified and evaluated the potential effects to lynx of implementation of 57 USFS Land and 
Resource Management Plans and 56 BLM Land Use Plans throughout the 14 states in which 
the lynx DPS was proposed for listing (USFS and BLM 1999, entire). The BA concluded that the 
potential for adverse effects to lynx existed on each administrative unit in each geographic area 
and that, cumulatively, implementation of the existing plans was likely to adversely affect the 
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DPS; it recommended that all of the plans be amended or revised to incorporate conservation 
measures to reduce or eliminate adverse effects to lynx (USFS and BLM 1999, p. 14). In its 
2000 biological opinion, the Service evaluated the plans described in the BA in conjunction with 
the CAs described above (USFWS 2000, p. 15) and concluded that implementation of the 
existing plans in accordance with the CAs until plans could be formally amended or revised was 
not likely to jeopardize the DPS, but that amendments or revisions to those plans were needed 
to further reduce or avoid the potential for adverse effects to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the effects of Federal land management activities on lynx, but that amendment of USFS and 
BLM land management plans to conserve lynx would be the strongest mechanism to ensure 
long-term conservation of lynx and lynx habitat on Federal lands (68 FR 40096-97). It concluded 
that although Federal, State, and Tribal regulations and plans had reduced threats to the DPS, 
the inadequacy of existing regulatory mechanisms still posed a moderate, albeit lower-level 
threat, and would continue to do so until Federal land management plans were specifically 
amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised to their land management plans to incorporate the conservation measures, 
standards, and guidelines identified in the LCAS. From 2004-2006, forest plans for seven 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the 
Northern Rockies Lynx Management Direction (NRLMD), which formally amended management 
plans to include lynx conservation measures, standards, and guidelines for 18 national forests 
covering over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 
72,000 km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 
79 FR 54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS 
similarly completed the Southern Rockies Lynx Amendment (SRLA), which formally amended 
forest plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
Over 99 percent of BLM lands in SSA geographic units occur in Colorado (53 percent), Montana 
(27 percent), and Wyoming (19 percent). In the Western Colorado SSA unit, BLM Field Offices 
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that contain potential lynx habitat include the Colorado River Valley, Grand Junction, Gunnison, 
Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White 
River Field Offices. These BLM areas were subject to the 2000 interagency CA; however, that 
CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed.  Since then, BLM 
Resource Management Plans (RMPs) have been revised on the Colorado River Valley, Grand 
Junction, Kremmling, Little Snake, and Tres Rios Field Offices. RMPs for the Gunnison, Royal 
Gorge, San Luis Valley, Uncompahgre, and White River Field Offices have not been revised 
and do not contain specific measures for the conservation of lynx.  BLM lands in the Garnet 
Resource Area in Montana and parts of the Kemmerer and Pinedale districts in Wyoming occur 
within the Northwestern Montana/Northeastern Idaho and GYA SSA geographic areas, 
respectively. These areas were also designated as lynx critical habitat. The RMP for the Garnet 
area was amended in 2004 to formally adopt the conservation measures of the LCAS (BLM 
2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts were revised in 
2008 and 2010, respectively, to adopt conservation measures and best management practices 
for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to limit potentially adverse effects and promote beneficial effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the the NRLMD, the Service concluded that its 
application “...would substantially reduce or eliminate adverse effects to lynx from Forest 
Service land management activities on at least 94 percent of this area, and more likely nearer to 
98 percent” (USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the 
Service concluded that vegetation management standards in the SRLA would prohibit 
treatments that could adversely affect essential components of lynx habitat on 95.5 percent of 
the mapped (potential) lynx habitat in the SRLA area (USFWS 2008, p. 52).       
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In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them, and they represent the agencies’ efforts, 
in collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively. The amount of private land varies by unit, 
ranging from 0.3 percent in the North-central Washington Unit to almost 92 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units (see Table 1, above, Chapter 4 below for 
ownership in each geographic unit). Private, State, and Tribal lands, combined, constitute all of 
the lands in the Northern Maine Geographic Unit and over half of those in the Northeastern 
Minnesota Unit. Because both of these units support larger resident lynx populations than was 
known when the DPS was listed and, therefore, may contribute more substantially to the 
conservation of the DPS than was understood at the time of listing, we must evaluate the 
regulatory mechanisms that pertain to lynx on these lands (Lynx SSA Team 2016, p. 54). 
Although private, State, and Tribal lands constitute much smaller proportions of the other four 
(western) geographic units (from about 3 percent to 16 percent, combined), important lynx 
habitats occur on some of those lands, and regulatory mechanisms may influence their 
contributions to the conservation and persistence of DPS populations or parts of them. 
Therefore, in this section, we summarize the relevant regulatory frameworks and mechanisms 
that may affect lynx on private, State, and Tribal lands within the six geographic units of the 
DPS, but with a focus on those units with the greatest proportions of these lands and on 
activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
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information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take of lynx during legal trapping of other furbearers. These 
efforts benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations where lynx may occur which address 
specifics about traps types and sets that may be used to legally harvest other furbearers and 
that are intended to minimize the likelihood of incidentally trapping lynx 
(http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/). MDIFW 
also adopted and made available for download on its web page the interagency brochure How 
to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats and other Furbearers, and 
modified it to be more specific to Maine and to include a quick reference guide 
(http://www.maine.gov/ifw/hunting_trapping/pdfs/lynx_brochure_updated_october_2009_final.pd
f). MDIFW also set-up an incidental lynx capture hotline and requires that all incidentally trapped 
lynx be reported (http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm), and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. This program has resulted in the successful 
release of many lynx, uninjured, that were incidentally trapped in northern Maine. In 2014, the 
MDIFW obtained an incidental take permit from the Service for lynx trapped incidental to other 
legal furbearer trapping in Maine. After two lynx were killed in killer-type traps in 2014, MDIFW 
imposed additional trapping restrictions to further reduce mortality and injury of incidentally-
trapped lynx (see Other Factors in section 4.1.1 below). The MDIFW also is responsible for 
implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends forest management activities to 
promote a sustainable supply and large, connected, and widely-distributed blocks of dense, 
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young spruce-fir stands and to conserve large blocks of unfragmented forestland in northern 
and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 52-54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2013/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating  additional  restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 
trapping lynx. Like Maine, Minnesota has a State Endangered Species Statute (84.0895) which 
requires the Minnesota DNR to adopt rules designating species meeting the statutory definitions 
of endangered, threatened, or species of special concern (State of Minnesota 2015, entire). The 
Statute also authorizes the DNR to adopt rules that regulate treatment of species designated as 
endangered and threatened. Also like Maine, Minnesota has designated the lynx a species of 
special concern (MNDNR 2013, p. 2), and coordinates with the Service and other agencies to 
conduct research and monitor lynx populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - The harvest of lynx was prohibited in Idaho 
and Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES 
Export Program for bobcats, and both have promulgated and enforce special regulations for the 
legal trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho 
Fish and Game (IDFG) provides information on how to distinguish between bobcats and lynx 
and provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2016, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). 
Currently, these regulations identify designated lynx protection zones (LPZs) and define 
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acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). MTFWP is also responsible for implementing Montana’s Nongame and Endangered 
Species Conservation Act (http://leg.mt.gov/bills/mca/87/5/87-5-103.htm; 
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection#87-5-
107). 
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foot-hold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973. The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations.  Because these activities have 
the potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5,particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
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Unit 1: Northern Maine - State and private lands constitute 7 percent and 92 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.1.1 and 5.1.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut excellent hare habitat likely peaked 
in the late 1990s, when 20-25 percent of the forest in Maine was in an early regeneration stage - 
3 to 8 times higher than historic conditions, when only 3-7 percent of stands were likely in such 
condition at any given time (68 FR 40094). Current timber harvest and management on State 
and private lands in Maine are governed by the Maine Forest Practices Act of 1989 and 
administered by the Maine Forest Service within the Department of Agriculture, Conservation & 
Forestry to regulate the size, arrangement, regeneration, and management of clearcuts 
(MEDACF 2014, pp. 42-45). Under the Act, the extensive clear-cutting of the past has largely 
been replaced by partial harvest techniques that are unlikely to maintain the current unnaturally 
high amount and distribution of high-quality hare habitat. The consequences of this shift in forest 
management on Maine’s current lynx population, which is also much larger than was likely 
possible under the natural historic disturbance regime, are discussed below in sections 4.1.1 
and 5.1.1, along with other programs that may influence private lands forest management in this 
unit.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and state landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).   
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit, and almost all are in Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution (http://dnrc.mt.gov/divisions/forestry/forestry-
assistance/forest-practices, accessed July 18, 2016). Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
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describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers over 63 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.1.3 
below.  
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit.t, and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent state agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001; Washington DNR 2006). The WADNR LHMP guides 
timber harvest and other vegetation management on these lands, including the part of the 
Loomis State Forest that occurs in this unit, with the goal of creating and preserving quality lynx 
habitat through its forest management activities. Additional information on the LHMP are 
provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit aAnd, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.   
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
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Unit 1: Northern Maine - Tribal lands represent just under 1 percent of this unit. The 
Passamaquoddy Tribe’s stated environmental mission is “...to protect the environment and 
conserve natural resources within all Passamaquoddy lands, waters, and the air we share” 
(Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation Department of 
Natural Resources is “...to manage, develop and protect the Penobscot Nation’s natural 
resources in a sustainable manner that protects and enhances the cultural integrity of the Tribe” 
(Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are prohibited in 
accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game Regulations – 
Section 204 (Penobscot Indian Nation 2012, p. 15). 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.   
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3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
  
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is due to 
natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
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concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al.2012, pp. 6–13) suggested that climate change is 
likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models projected reductions in the extent of boreal forest habitats 
and snow conditions needed to support lynx throughout the DPS, with both features modeled to 
migrate to higher elevations (where possible) and northward in latitude. This would result in 
fewer, smaller, and more fragmented and isolated areas capable of supporting resident lynx 
and, therefore, smaller and more isolated lynx populations that would likely be more vulnerable 
to stochastic environmental and demographic events (79 FR 54811). Climate change also may 
have synergistic effects with other stressors (e.g., forest insect outbreaks and wildfire frequency, 
size, and intensity) that could further reduce and isolate lynx populations within the DPS and 
reduce connectivity to lynx in Canada. 
  
Lynx biologists identified climate change as the most important and overarching factor 
influencing resiliency of the DPS (Fig. X) (Workshop report 2016, Lynx BioTeam 2013).  Climate 
change is likely to be exacerbated at the southern edge of the range where habitat and snow 
conditions are patchy and becoming increasingly marginal for the continued existence of lynx 
(Gonzales et al. 2007).  Across North America, a significant decrease in winter snow cover 
extent and increasing ratio of rain/snow precipitation, especially in winter, has resulted in 
reduced persistence of the winter snowpack (Dyer and Mote 2006), increased snow density 
(Dudley and Hodgkins), and decrease in the extent of deeper snowpacks (Dyer and Mote 2006, 
Brown 2000). Climate change models suggest that future snow cover in the contiguous U.S. will 
be further reduced in extent and distribution (McKelvey et al. 2011).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure; 
tThe character of the snowpack, namely replacing deep, fluffy snow with harder, crustier snow 
conditions are occurring at higher latitudes (Callaghan et al. 2011, entire) and higher elevations 
in the Rockies (Abatzoglou 2011).  As the climate warms, winter temperatures are rising above 
freezing more often.  This results in more rain on snow events and winter thaws that change the 
structure of the snowpack; larger grain size, basal ice layers, depth hoar (weak layers in the 
snowpack), slip planes (crusts and ice layers within the snowpack) (Callaghan et al. 2011, p. 
23).   
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006).  Globally, greenhouse gas emissions are increasing and 
tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et al. 
2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013).  Analysis of 
paleoclimate indicates 20th century warming is likely to have been the largest of any century 
within the last 1000 years (Folland et al. 2001).  
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Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS.  To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Workshop Report 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
  
These changes are predicted to continue and accelerate under future climate scenarios (Hall 
and Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 
°C) to 10.8 °F (6 °C) for North America, with warming higher than this average in areas that are 
inland, northerly, or mountainous. 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS.  The strong warming in the 1980s corresponded to a large 
decline in snow cover in North America (Mote et al. 2005), particularly in the western U.S.  In 
accordance, spring snowpack has decreased by about 11 percent.  Temperature has increased 
more in the winter than summer (Knowles et al. 2006), which has increased the amount of 
winter precipitation falling as rain instead of snow throughout the DPS (Feng and Hu 2007, 
entire; Knowles et al. 2006, entire, Huntington et al. 2004, entire).   
 
Effects of climate change on Canada lynx 
 
An analysis of potential snow cover under a range of IPCC future climate scenarios and 
modeling of vegetation using a dynamic vegetation model indicates that potential lynx habitat 
could decrease by as much as two-thirds in the contiguous U.S. by the end of this century 
(Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Climate modeling suggests that lynx habitat and 
populations are anticipated to decline accordingly (Carroll 2007, pp. 1098–1102) and may 
disappear completely from parts of the range of the DPS by the end of this century (Johnston et 
al. 2012, pp. 6–13).  Lynx populations are at risk in the core of their range in Canada as well. 
Based on a general circulation model, Kerr and Packer (1998) predicted that lynx would be 
among the 25 mammal species in Canada likely to undergo significant loss of habitat, with 
accompanying decreases in population size. 
  
Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Remaining lynx populations would likely be smaller than at present and, because 
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of small population size and increased isolation, populations would likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103). 
 
Various forms of snow compaction and structure within the snowpack (see above) give a 
competitive advantage to bobcats and other predators/competitors with higher foot loading that 
would normally have difficulty surviving in deep, fluffy snow conditions (Murray and Boutin 1991, 
Murray et al. 1994, Kolbe et al. 2010).  Lynx habitat (boreal forest with appropriate snow 
conditions) could decrease by up to two-thirds in the lower 48 U.S. and one-fifth across the 
continent by 2100 (Gonzales et al. 2007).  These trends indicate the range of the lynx in the 
DPS is likely to contract as a direct result of climate change.  Because of climate change and 
other stressors, lynx biologists believed three or four of the six units would not persist to the end 
of the century (Workshop report 2016, p. ). 
  
Near-term effects of climate warming on lynx are more certain than long-term effects.  Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six units 
primarily because of the effects of climate warming (Workshop report 2016 p. X).  The rates of 
change and magnitude of effects of climate warming is difficult to predict.  Climate change is 
anticipated to affect each unit differently as summarized below.   
 
Fig. X.  A simplified effects pathway depicting how climate change affects resiliency of lynx 
populations in the DPS. 
  
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS and in the core of their range in Canada and Alaska (Fig. X).  Climate warming 
will continue to stress populations into the foreseeable future. Direct effects to lynx, hares, and 
their habitat that are occurring or can be reasonably be anticipated include 1) range contraction, 
2) reduction in the periodicity of and amplitude of the hare cycle, 3) reduction in snow conditions 
necessary to give lynx a competitive advantage, 4) reduction in hare habitat quality and 
populations, 5) reduction in the amount of lynx and hare habitat in the U.S., 6) changes in the 
frequency and pattern of disturbance events, 7) introduction of disease and parasites, and 8) 
reduced gene flow.  Synergistic effects between these factors and other stressors (e.g., forest 
management, trapping, development) may intensify their effects (Carroll 2007). Diminished 
snow, increasing drought and fire, and increased forest pests and disease are believed to 
currently be the most important stressors for lynx in the DPS (Fig. X), but it is possible that other 
pathways are, or may become, equally important. Over the next decades, the southern lynx 
population will continue to be affected by climate change and associated shifts in habitat, prey 
base, and competition.  The extent of such changes and whether lynx are able to adapt to them 
will determine not how, but if, this species can persist in the contiguous U.S. (Murray et al. 
2008). 
  
Range Contraction - In response to climate change, lynx range in the DPS is expected to 
contract from upward shifts in elevation (Danby and Hik 2007) or northward shifts in latitudinal 
distribution of boreal habitat and snow conditions able to support lynx (Sturm et al. 2001, 
Rosenzweig et al. 2007, Gonzales et al. 2007, Koen et al. 2014, Lynx Biology Team 2013, p. 
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69).  For example, lynx distribution in southeastern Ontario has shifted northward >175 km over 
the past 40 years (Koen et al. 2014, pp. 757-758).  Habitat patches will become smaller, more 
fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et al. 2012, p. 11) and lynx will 
become more vulnerable to stochastic and environmental and demographic effects because of 
smaller population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering major 
climate pathways such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect northern hemispheric temperature 
and snow.  Climate change-induced disruptions are believed to have caused the collapse of 
cycles in voles, lemming, and snowshoe hares (Ims et al. 2008, p. 81, Murray 2000).  The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extent of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances (Schmitz et al. 2003, Ims et al. 2008). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced cycle of 
snowshoe hares in its northern range of North America, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008). 
  
These changes have already influenced the climate and snow conditions throughout the 
geographic range of the lynx in North America (Stenseth et al. 1999, Krebs et al. 2001b, 
Huntington et al. 2003). Yan et al. 2013 (p. 3269) provide the first evidence of the negative 
effects of global warming and disappearance of hare-lynx cycles in Canada as noted in the Lynx 
Workshop Report (2016, p. 13).  Climate forcing is not only essential in producing sustained 
cycles, but is also essential in modifying the cycle intervals (Yan et al. 2013, p. 3269).  
Collapses in the lynx fur harvests during cycle peaks between the 1950s and 1980s might be 
linked to global warming (Yan et al. 2013, p. 3269).  With more pronounced troughs in hare 
abundance, lynx populations will decline (Hone et al. 2011, p. 424).  Diminished lynx population 
in the core of the range in Canada is a concern because most of the populations of lynx in the 
DPS are believed to be dependent on periodic immigration from Canada for demographic 
persistence and genetic stability (68 FR 40091, 40097-40100).  The disrupted hare cycle will 
likely translate into a reduced potential for lynx to expand into new or unoccupied habitat in 
Canada or the adjoining U.S. (Lynx Biology Team 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage -  
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, Carroll 2007, McKelvey et al. 
2011, Lynx BioTeam 2012 p. 69, Gonzales et al. 2007).  Across their worldwide distribution, lynx 
rely on deep, powdery and persistent snow because they restrict potential lynx competitors such 
as bobcat or coyote and predators such as fishers and cougars from effectively encroaching on 
or hunting hares in winter lynx habitat (Peers et al. 2016, entire; 79 FR 54809).  
  
Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
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during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549). 
This trend is expected to continue with future warming (Hamlet and Lettenmaier 1999, p. 1611; 
Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 2007b, p. 850). The IPCC (2007b, 
p. 850) concludes that ‘‘snow season length and snow depth are very likely to decrease in most 
of North America except in the northernmost part of Canada where maximum snow depth is 
likely to increase.’’ Shifts in the timing of the initiation of spring runoff toward earlier dates in 
western North America are also well documented (Hamlet and Lettenmaier 1999, p. 1609; 
Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et 
al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a feedback effect causes the loss of 
snow cover due to the reflective nature of snow and the relative heat-absorbing properties of 
non-snow-covered ground. This feedback effect leads to the highest magnitude of warming 
occurring at the interface of snow-covered and exposed areas, increasing the rate at which 
melting occurs in spring (Groisman et al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 
198–200). This effect has led to the average date of peak snowmelt to shift 3 weeks earlier in 
spring in the Intermountain West (Fagre 2005, p. 4). Snow accumulation and duration are 
expected to decline generally in the geographic areas that contain the central and eastern 
portion of the lynx DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Due to the importance to 
lynx of prolonged periods of deep fluffy snow, current habitats that lose this feature would 
decline in value for lynx (Hoving 2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, 
entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). Bobcats are the 
closest related species to lynx in North America, and they outcompete or displace lynx wherever 
the two species overlap at a broad geographic scale (Peers et al. 2016, entire) and local scale 
(Parker et al. 1983, Robinson 2006, pp. 120-129).  In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120).  Snow depth likely acts as a mediator of competition between the two species.  
Bobcats have a higher foot loading than lynx and are unable to hunt hares successfully in areas 
with deep, soft snow (Krohn et al. 2004, Hoving et al. 2005) and experience high mortality in 
deep snow winters (Litvaitis et al. 1986).  Lynx have a high foot loading and long legs (Buskirk 
et al. 2000, p. 90, Hoving et al. 2003) that give them a competitive advantage over bobcats in 
deep, fluffy snow conditions.  This has important implications for lynx persistence and range 
distribution at the southern edge of their range considering the current and projected changes in 
snow cover, stable or increasing bobcat populations in the DPS (Roberts and Crimmins 2010, p. 
170) and the predicted northward expansion of bobcat into areas currently occupied by lynx 
(Lavoie et al. 2009, Roberts and Crimmins 2010, Anderson and Lovallo 2003). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other potential species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
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predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (Lynx Biology Team 2013, p. 36).  Cougars are also 
predators of lynx in the West (Lynx Biology Team 2013, p. 35), but like bobcats also have high 
foot loading in deep, fluffy snow (Buskirk et al. 2000, p. 90).  Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2004, entire).   
  
Introgression of lynx and bobcats are an uncertain threat to lynx conservation. Bobcats have 
hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, Homyack 
et al. 2008), where low topographic relief and variability in winter severity may allow more 
interaction between the two species during the breeding season (Lynx Biology Team 2013, p. 
34).  Hybrids were capable of reproducing successfully (Homyack et al. 2008).  The rates of 
hybridization are currently low between the species (0.24 percent) but could increase as bobcat 
populations move north with climate change (Koen et al. 2014).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations by several other mechanisms 
especially at the southern extent of the range.  Changing snow conditions may influence lynx 
hunting behavior and effectiveness.  For example, hard-packed snow is reported to be 
associated with a higher kill rate of hares by lynx than soft snow (Stenseth et al. 2004, p. 
10633).  The higher kill rate could generate higher lynx abundance as a numeric response 
(Hone et al. 2011). This increased functional and numeric response by lynx and other predators 
could drive hare populations to lower levels (Stenseth et al. 2004, p. 10633), and could explain 
why hare populations have declined and seem to remain low in Maine (Scott 2009, p. 43).  
Climate change is causing increased summer precipitation in eastern North America (Jacobson 
et al. 2009, Yan et al. 2013).  Damp, cold summers in the Northeast reduce the survival of 
young hares (citation in Yan et al.) and anticipated decreased summer precipitation in central 
and western North America (Inkley et a. 2004) has a similar effect on hare survival (citation).  
Finally, the shortened duration and diminished snow cover in the DPS may lead to a mismatch 
in the phenology of hare pelage change that reduces hare survival (Mills et al. 2013, 2014). 
  
Incremental changes in climate would affect lynx directly or indirectly through effects on prey 
abundance. Annual weather patterns are known to affect survival and reproduction of snow-
shoe hares, which in turn would influence lynx productivity and survival. Reductions in lynx 
population size and the amount of available habitat possibly could decrease the likelihood of 
persistence of smaller subpopulations and successful genetic interchange between 
subpopulations (Gonzalez et al. 2007). 
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
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required by snowshoe hares.  An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). McKelvey et al. (2011) estimated 
that contiguous areas of spring snow cover would become smaller and more isolated throughout 
the Columbia, Upper Missouri, and Upper Colorado Basins, with greatest losses at the southern 
periphery, which likely is an indicator of the trajectory of lynx habitat. According to Carroll 
(2007), climate change could result in dwindling of potential lynx habitat in the northern 
Appalachians to small areas in the Canadian Maritime Provinces.   
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al.(2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 kilometers (km) during this century.  In the contiguous U.S., 
researchers expect that lynx in mountainous habitat will, to some extent, track climate changes 
by using higher elevations on mountain slopes, assuming that vegetation communities 
supportive of lynx and hare habitats also move upslope (Gonzalez et al. 2007, p. 7).  Some 
areas of the DPS (e.g., Maine, Minnesota) lack altitudinal refugia and climate change and lynx 
populations are anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
These studies predict lynx and hare habitats—boreal spruce-fir and subalpine forests—and,  
therefore, lynx distribution, are likely to shift upward in elevation within its currently occupied 
range and recede northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; 
Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 
64; ILBT 2013, p. 69). Lienard et al. (2016, p. 7) assessed forests in New England, Northern 
Great Plains, and higher elevations in the Rockies, including spruce-fir types, as vulnerable to 
drought-related stress from climate change during the next century.  The boreal spruce-fir 
forests that provide habitat for lynx and snowshoe hares are thought to be limited by summer 
temperatures and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of 
emissions and climate change scenarios, are projected to diminish dramatically or disappear 
from much of the eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–
400). Within the last 20 to 25 years, widespread mortality and reduced growth in red spruce in 
the Northeast are believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, 
Johnson et al. 1988, p. 5373.). Climate modeling suggests that lynx habitat and populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely 
from parts of the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). 
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Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11).  Remaining lynx populations would likely be smaller than at present and, because 
of small population size and increased isolation, populations would likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Millar 2004).  Boreal forests have been identified as a critical `tipping 
element' of the Earth's climate system and are believed to be more sensitive to drought than 
other forests (Lenton et al. 2008).  Global temperatures are increasing and snowfall is declining 
at the fastest rate in higher latitudes within the boreal forest region of Canada and Eurasia 
(Budyko et al. 1991, IPCC 2014).  Climate change predictions to the boreal forest are already 
occurring, and much of the climate-induced change is occurring faster than originally predicted 
suggesting rapid change as opposed to slow linear change (Soja et al. 2007, pp. 5-6).  General 
circulation models are in agreement that winter warming across the circumboreal region will be 
in excess of 40 percent above the global mean (Soja et al. 2007).  Increases in precipitation are 
expected in the boreal region of Canada, particularly during the winter, but may be offset with 
increases in summer drought, heat stress and evapotranspiration (Stocks et al. 2000).  Thus, 
boreal forests are experiencing rapid increases in tree mortality (Peng et al. 2011, entire). 
Boreal forest Several authors have suggested that grasslands, aspen parklands, and temperate 
forest will expand northward resulting in decreases in boreal forest (Rizzo and Wilken 1992, 
Smith and Shugart 1993, Starfield and Chapin 1996, Rupp et al. 2000), which could further 
more fragmented spruce-fir habitat (Prasad et al. 2007, Iverson et al. 2008, Olinger et al. 2008, 
Tang and Beckage 2010, Seymour 1992, Simons 2009, Rustad et al. 2012).   This is expected 
to further fragment boreal forest in southern Canada (Hogg 1994) and would reduce habitat 
connectivity between lynx metapopulations in the U. S. and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events - An increasing occurrence and 
persistence of drought, along with associated insect outbreaks and wildfires, could rapidly and 
dramatically affect the distribution, amount, and composition of lynx habitat (Lynx Biology Team 
2013, p. 70). Cohen and Miller (2001) suggested climate change could alter both the nature and 
extent of wildfire and beetle outbreaks. With warming climate, fire seasons in the western U.S. 
will likely be extended and the total area burned may increase (McKenzie et al. 2004). 
Westerling et al. (2006) predicted that warmer springs could increase the frequency and 
duration of wildfires, which in turn could reduce the resistance of surviving trees to bark beetle 
attack. Raffa et al. (2008) suggested that increasing temperatures and forest homogeneity likely 
will result in bark beetle outbreaks that exceed natural disturbance thresholds; this may set the 
landscape for additional outbreaks since there will be even-aged forests over a larger area. 
  
Westerling et al. (2006) compiled information on large wildfires in the western U.S. from 1970–
2004; large wildfire activity increased suddenly and markedly in the mid-1980s, with higher 
large-wildfire frequency, longer wildfire durations, and longer wildfire seasons. The greatest 
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increases occurred in mesic, middle- and high-elevation forest types (such as lodgepole pine 
and spruce-fir) in the northern Rocky Mountains. Fire exclusion has had little impact on natural 
fire regimes of these higher-elevation forest types in this area; rather, cli-mate appears to be the 
primary driver of forest wildfire risk. Large wildfires were strongly associated with increased 
spring and summer temperatures and an earlier spring snowmelt. 
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests that affect disturbance patterns in spruce-fir forests.  For example, native 
bark beetles, such as the spruce beetle and mountain pine beetle, are a key agent of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009).  Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609).  In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire).  However, widespread clearcutting following the 
most recent spruce budworm outbreak in Maine was the primary driver creating widespread lynx 
habitat (Hoving et al. 2005, Vashon et al. 2012).     
  
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire).  Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-born diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but experts believed this was difficult to predict and a 
possibility (Workshop Report 2016, p. XXXXX).  A few pathogens have been documented in 
lynx in the DPS.  For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, none 
of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed to plague by 
infected prey after their release in Colorado.  Exposure of some lynx to feline parvovirus was 
detected in six areas in western North America (Montana-Alaska)(Biek et al. 2002).   
Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats (Sarmiento 
1956, Van Zyll de Jong 1966, Kumar 1974, and Reichard 2004) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24).  Lynx with heavy infestations have difficulty breathing and succumb 
to starvation as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
  
Reduction in Gene Flow - Koen et al. (2014) hypothesized that climate change would create 
increasingly unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
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quality, declining and fragmented boreal forest), which was associated with low genetic diversity 
and high genetic differentiation at the trailing (southern) edge of the range.  Furthermore, high 
winter temperature, low snow depth, and low proportion of suitable habitat were strongly 
correlated with neutral genetic diversity, low allelic richness, and high genetic differentiation 
(Koen et al. 2014, p. 757).  They surmised that genetic structuring in southern lynx populations 
could be caused by northward shift in optimal conditions causing isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes of snowshoe hare or 
bobcats causing lynx to shift northward. Lynx with the greatest allelic richness were found in 
areas with the deepest snow in the core of their range in northern Ontario (Koen et al. 2014, p. 
758).  The authors conclude that climate warming has reduced gene flow at the receding 
(southern) edge of the lynx’s range, and that southward gene flow from Canada into threatened 
U.S. population is unlikely (Koen et al. 2014, p. 760). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations.  For example, gene flow between eastern Canada and Maine 
lynx populations depend on an ice bridge for dispersal across the St. Lawrence River.  Although 
some lynx currently cross the river, Koen et al. (2014, entire) found genetic structuring on either 
side of the river.  Thus, the river already restricts gene flow.  Climate-induced deteriorating ice 
conditions on the St. Lawrence River could further restrict gene flow between lynx populations 
north and south of the river (Koen et al. 2014, p. 528).  Between 1969 and 2002 there was a 20 
to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the St. Lawrence 
(Johnston et al. 2005).  Conversely, reduced ice on the St. Lawrence may prevent bobcats from 
dispersing northward into lynx areas in central Quebec (Koen et al. 2014, p. 528). 

3.3 Vegetation Management 
Forest management is the most prevalent land use throughout the lynx DPS and can have 
beneficial, neutral, or adverse effects on lynx and snowshoe hare habitat and populations.  
Forest management affects stand structure, composition, and arrangement on the landscape, 
which are important elements of habitat for snowshoe hares and lynx.  At the home range scale, 
lynx throughout the DPS select landscapes having the greatest snowshoe hare densities 
(citation).  In Maine and Minnesota these are young, regenerating spruce-fir forests (Hoving et 
al. 2004, McCann and Moen 2011) and in the West regenerating lodgepole pine (Koehler, 
Maletzke, Berg et al. 2012) and dense mature conifer forest (Griffin 2004, Squires et al. 2010, 
Berg et al. 2012).  Silvicultural prescriptions and cutting practices in boreal forest types vary 
widely throughout the lynx DPS depending on the landowner, forest ecology and ecoregion, tree 
species, site conditions (e.g. moisture, slope, aspect), disturbance regimes (e.g., fire, insect 
outbreaks), forest policy and regulations, logging equipment, and markets for forest products. 
Forest management that creates habitat for hares and lynx in one geographic area may not be 
beneficial to hares and lynx in another. 
  
Nevertheless, snowshoe hares throughout the region respond to one common denominator. 
Dense understory (horizontal cover) is the most important forest structural characteristics for 
hares throughout their range (Ferron and Ouellet 1992, Wolfe et al. 1982, Litvaitis et al. 1985).  
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Dense, horizontal cover provides hares with a source of browse and cover from predation.  
Softwood (e.g., spruce-fir) has about three times more cover value as hardwoods (Litvaitis et al. 
1985).  Thus, stem density (or stem cover units) and snowshoe hare density are directly and 
positively correlated (Conroy et al. 1979, Sullivan and Sullivan 1988, Koehler 1990b, Koehler 
and Brittell 1990, Thomas et al. 1997, Hodges 2000a, Mowat et al. 2000, Homyack et al. 2006, 
Robinson 2006, Scott 2009, Fuller and Harrison 2013).  Forest practices that promote high stem 
density and dense horizontal cover can increase snowshoe hare densities (Keith and Surrendi 
1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 1983; Livaitis et al. 1985; Bailey et 
al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; Fuller et al. 2007; Homyack et al. 
2007; Scott 2009; McCann and Moen 2011).  Forest practices that reduce dense understory 
generally are a stressor to hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979, Sullivan and Sullivan 1988, Koehler 1990b, Thomas et al. 1997, 
Homyack et al. 2005, Robinson 2006, Griffin and Mills 2007, Scott 2009, Berg 2010, Ivan 
2011a, Lewis et al. 2011, McCann and Moen 2011, ).  Similarly, the effects of forest 
management on lynx habitat use, movements, and home range have been investigated by 
Koehler (1990a), Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et 
al. (2008), Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. 
(2013), Simons-Legaard et al. (2016). 
  
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). 
  
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, 
Seymour et al. 2002, Lorimer and White 2003).  In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S.  After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event.  Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 meters depending on tree species) the tree crowns lift and lower 
branches self-prune, thus reducing the live horizontal branches providing food and cover for 
snowshoe hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where 
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mature trees die or fall down) and food and cover may again become available to support 
snowshoe hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction).  The 
culmination of the process (or a forest rotation) is harvesting of forest products.  Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx.  Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
maintaining high stem densities in regenerated forests (Koehler and Brittell 1990, Homyack et 
al. 2004, Bull et al. 2005, Fuller and Harrison 2005, Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products.  Therefore, 
worldwide and trends in forest products markets greatly affect forest management outcomes 
and thus, the amount and quality of lynx habitat in the DPS.  Forest management decisions 
(e.g., to focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
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expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output.  Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011).  As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009.  The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse.  Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011).  Under depressed markets, 
landowners may reduce harvests, which may be to the detriment of lynx in some parts of the 
DPS (e.g., Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors, which are difficult to 
predict in the future. In recent years, the forest products industry throughout the U. S. 
experienced a downturn in output levels not seen in decades, and employment losses in the 
hundreds of thousands (Woodall et al. 2011, p. 595).  Despite depressed markets, one area of 
increasing interest is bioenergy production.  Rising energy costs and growing concerns over 
global climate change have increased interest in bioenergy production, and the U. S. Energy 
Independence and Security Act (2007) mandates a five-fold increase in biofuel production 
(Benjamin et al. 2009, p. 125).   The wood pellet sector is expected to grow, although woody 
biomass is typically the lowest value wood commodity sold from the forest.  Thus, it is 
questionable whether wood energy revenues would be enough to sustain forest investments 
and forest management into the future (Woodall et al. 2011, p. 601).  
  
Whereas management of state and federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable.  This has resulted in major shifts in forest management strategies, outcomes, and 
products.  For example, in the last two decades in Maine, where nearly all the lynx critical 
habitat is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in 
the “northern forest” (Adirondacks to northern Maine) was were sold to a host of  financial 
groups (Hagan et al. 2005).  These groups have short-term investment goals and different 
management objectives and have dramatically changes changed harvest practices.  Whereas 
the previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new TIMOs and REITs focus on maximizing return on their 
investment (Jin and Sader 2006, p. 178).  Initially, the effects of ownership changes were 
uncertain (McWilliams et al. 2005), but an evaluation of harvesting in the last decade indicate 
these landowners increased harvest rates, shortened rotation rates, and a shifted to managing 
and harvesting hardwood tree species (Jin and Sader 2006, p. 183-185).  On one hand, these 
trends in Maine private lands management make lynx management commitments more difficult 
because short-term landowners are not interested in long-term commitments.  On the other 
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hand, some easement owners may have an incentive to manage for lynx to meet forest 
certification requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004, Lilieholm et al. 2010). Conservation land as percentage of 
Maine’s state area increases increased from less than 5 percent in 1987 to approximately 19 
percent today (Beck et al. 2012, p. 15).  Conservation easements restrict development and 
usually do not affect forest management.  Neither do they typically require management for lynx 
and other rare species.  Some private forestlands were sold to state and federal agencies and 
conservation interests.  For example, in recent years The Nature Conservancy purchased 
310,000 acres of private forestland in Montana and 185,000 acres of private forestland in 
northern Maine.  Lands in conservation ownership have a high probability of being managed to 
benefit hares and lynx.   
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire).  Many models have been developed to project how U. S. timber production and 
markets will adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia et 
al. 1997, Sohngen and Mendelsohn 1998).  Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate.  Some models predict that 
consumers will gain from climate change while landowners in some regions will lose.  The forest 
industry will adapt to climate change in many ways including using alternate tree species in 
manufacturing, shifts to geographic regions of the country with economic advantages in timber 
growth, and increasing forest plantations with new species that are favorably adapted to the 
new climate and markets.  Many strategies have been evaluated to increase the quantity of 
carbon stored in North American forests (Irland et al. 2003) including discontinuing or greatly 
reducing harvest in some forests to build carbon reserves, increased recycling to reduce use of 
forest products, converting agricultural lands to forests, and substituting wood products for more 
energy-intensive products.  Increased atmospheric carbon will increase forest growth slightly, 
except for softwood (Irland et al. 2001, p. 757-758).  Sawtimber production, which sequesters 
more carbon, is expected to increase (Irland et al. 2001, p. 758).  Expanding landscapes with 
older growth conifer forest to sequester carbon could benefit lynx in the West and be to the 
detriment of lynx in the East. 
  
Climate change will affect forest-related recreation.  Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759).  
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001).  These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting) (Swanson and Loomis 1996).  At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 



64 
 

  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS.  Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire).  Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal 
lands).  Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably 
be anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and 
pattern of disturbance events.  Synergetic effects between forest management and other 
stressors (e.g., climate change, trapping, development) may intensify their effects (Carroll 
2007). Habitat loss and fragmentation are believed to currently be the most important stressors 
for lynx in the DPS (Fig. X), but it is possible that other pathways for forest management are, or 
may become, equally important.  Hares and lynx will continue to be affected (both positively 
and negatively) by forest management into the foreseeable future.  Forest management 
stressors primarily affect lynx by lowering landscape hare densities, which in turn reduce lynx 
reproduction and lower 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees.  Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). 
  
Precommercial thinning has been shown to reduce hare numbers by as much as 2- and 3-fold 
(Griffin and Mills 2004, 2007; Homyack et al. 2007) because of reduced cover and decreased 
availability of browse. Griffin and Mills (2007) reported that, if their results were representative, 
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the practice of precommercial thinning could significantly reduce snowshoe hares across the 
range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2008 the USFS amended Forest Plans to incorporate management that would conserve lynx, 
including direction that minimized (or eliminated?) the impacts of precommercial thinning in lynx 
habitat. However, precommercial thinning is not regulated on private forest lands throughout the 
remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
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removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat and reduce fuels. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand.  Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management.  Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed).  Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire).  In recent years, about 
425,000 acres of Maine forest are harvested annually and 96 percent of this land is partially 
harvested (Maine Forest Service 2016? Check).  After 17 years of extensive partial harvests, 
much of the northern Maine landscape has been influenced by this form of forestry, and will 
continue to be into the future. The popularity of this form of harvesting extends beyond Maine.  
From the mid-1980s to mid-1990s, partial harvesting comprised 62 percent of the harvest in the 
U. S., and clearcuts comprised the other 38 percent.  Partially harvested stands result in a wide 
range of residual stand conditions, but many have lower conifer stem densities and higher 
hardwood density than regenerating clearcuts (Robinson 2006).  On average, partially 
harvested stands supported about 50 percent of the hare densities observed in regenerating 
clearcuts (Robinson 2006).  Shelterwood cuts, a form of even-aged management, are the 
exception and have maintained densities similar to regenerating clearcut stands (D. Harrison, U. 
Maine, unpubl. data).  Current hare densities in partially harvested stands in Maine average 
about 0.4 hares/ha (Simons 2009, p. XXX, check), which is below the landscape hare densities 
(0.5 hares/ha (Ruggiero et al. 2000b, Simons-Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types (Plate 4.4). In these instances there is a short-term (10–30 years) impact on snowshoe 
hare habitat. In the western U.S., prescribed fire for ecosystem restoration is most applicable to 
the dry ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir 
forests are generally composed of thinner-barked trees that are easily killed even with light fire, 
this technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (Plate 4.3). These types of projects 
are becoming more common. In the western U.S., projects designed to restore forests to a 
condition more representative of the historical range of variability are generally targeted to drier, 
lower-elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx 
habitat. Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
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treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest.  In fact, forested landscapes have increased in 
some parts of the DPS (especially in the Northeast) because of farm abandonment and 
recolonization by second-growth forest.  However, some forms of forest management such as 
selective harvesting and fire suppression can intentionally (or not) alter tree species composition 
away from boreal forest types that support snowshoe hare and lynx.  Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest.  For example, in northern New England clearcutting leads to drying of the 
forest floor and consequent heavy mortality in spruce and fir regeneration and increased light 
levels that increase hardwood competition (White and Cogbill in Eagar and Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare.  Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition.  
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44).  Hare densities may increase after trees in a plantation reach the sapling stage 
and branches intermingle at the ground level creating horizontal cover if the lateral branches are 
not pruned (Parker 1984, p. 163, Parker 1986 p. 160, Roy et al. 2010, p. 285).  However, the 
period of time that that spruce plantations may support high hare densities in Maine and eastern 
Canada may be relatively short (10 to 17 years post-harvest) compared to regenerating 
softwood clearcuts (15-35 years post-harvest)(Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus reducing food, 
cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et al. 
2003 p. 462).  Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10).  In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
  
Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013).  In Maine and northern Washington, landscapes where habitat was more 
contiguous supported more snowshoe hares than landscapes that were more fragmented 
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(Simons 2009, Lewis et al. 2011).  Within their home ranges, lynx strongly select for habitat 
patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller 
and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in Maine 
indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that land-scapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016).  In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx (FR 74(36)). 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range.  For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northeast Geographic Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands.  In some 
instances, forest management has greatly altered the disturbance regime.  For example, the 
Acadian forest in Maine and eastern Canada was driven by gap dynamics (similar to some parts 
of the West today) and true stand-replacing disturbances were quite uncommon with recurrent 
intervals of thousands of years.  After several centuries of forest management, stand age 
structures have become simplified, and commercial timber rotations are a fraction (15 to 40 
percent) of the lifespan of boreal tree species (Seymour 2002).  Whereas prevalent, these 
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younger even-aged  forest stands on the landscape may benefit hares and lynx in Maine, 
forestry has shifted the species composition of Maine’s forest to species favored by frequent 
harvest disturbance, such as red-maple, paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high densities of hares, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although iIt may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
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the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historic natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming in a natural role in creating a landscape mosaic of 
vegetation communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the 
Service concluded that the very long fire return intervals and maritime influence in lynx forest 
types indicated that fire did not historically play a significant role in creating or maintaining lynx 
and hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
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whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historic conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising itits management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat with LAUs that can be in an unsuitable condition at any given time, 
including such conditions, usually temporary, created by wildfire. Although some exemptions 
and exceptions to these limits are permitted for activities to reduce fire risks to communities and 
infrastructure in the wildland-urban interface (WUI) or to achieve other resource benefits, even 
these potential impacts are limited on the larger landscape scale (USFWS 2007, p. 7). These 
conservation measures and the direction to use fire management as a tool to restore hare and 
lynx habitats and return to natural temporal and spatial patterns of fire disturbance, which were 
not in place when the DPS was listed, likely further reduce what was even then considered the 
low potential threat to lynx of past fire suppression activities. Based on the information above, 
we conclude that fire suppression and other fire management activities have not substantially 
impacted lynx and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
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be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation of lynx?. For example, multiple large fires in north-central 
Washington over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 
4), resulting in a more than doubling of estimated female lynx home range size and a two-thirds 
or more reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern 
Montana/Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 
percent of the unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA 
Team 2016, p. 20). Large fires have also impacted lynx habitat in the Western Colorado 
geographic unit, where fire size, frequency, and intensity are expected to increase with climate 
change (Ivan in Lynx SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of 
the GYA unit were burned by the extensive wildfires of 1988. The extent to which those fires 
may have diminished lynx and hare habitats and contributed to the recent absence of resident 
lynx is uncertain, as is the potential for those burned areas to support high hare densities and 
resident lynx in the future, although some burned areas may soon develop the dense horizontal 
conifer structure favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing 
the likelihood that they may support resident lynx in the near future. 
 
Although fire suppression was in the past thought to be a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
due to climate change, it may be necessary to reconsider whether fire suppression in some lynx 
habitats could benefit lynx by reducing the potential for extirpation of resident populations, 
especially in places already apparently only marginally capable of supporting them.  
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3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx.  In this region, boreal forest transitions to various types of northern hardwood forest.  The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790).  Lynx 
must must contend with aspects of their habitat at the southern extent of the boreal forest for 
which they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000, p. 85), 
whereas and “fragmentation” to anthropogenic disruption of natural patterns.  Habitat loss is 
conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011 (entire).  
Fragmentation in the forested western landscape resulted in a decline of weighted mean patch 
size from roughly 35,000 to 3,200 km2 from natural to current conditions, but models predict 
relatively small declines in the size of forested patches over the next 30 years (Theobold et al. 
2011 p. 2451).  In the eastern United States, nearly half or more of the natural forest was 
cleared in the past three centuries but as agriculture and settlement relocated westward, 
eastern forest cover rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has 
increased 0.79 percent since 1982 (Maine Forest Service, Department of Conservation 2010, p. 
25). Similarly, a large portion of Minnesota forests were cleared in the last century, but forest 
cover has rebounded.  The forest area in northern Minnesota has decreased 4 percent since 
1977 (Miles et al. 2007, p. 22).    Preliminary findings from the 2002 U.S. timber assessment 
(Haynes 2003) indicate that approximately 15 to 20 million acres of U.S. forest land could be 
converted to urban and developed uses over the next 50 years. Such land use conversions 
could result from residential development in forested landscapes, as the U.S. population is 
estimated to grow by another 126 million people. 
 
Habitat fragmentation (both natural and anthropomorphic) directly affects snowshoe hares and 
Canada lynx by various mechanisms; by reducing hare survival and landscape hare densities, 
increasing lynx home ranges, reducing lynx reproduction and survival, and by affecting lynx 
movements throughout the landscape.  Habitat fragmentation also influences mesocarnivore 
communities that coexist with lynx and the level of competition for space and food resources.  
Fragmentation from anthropomorphic sources result in habitat alteration, direct habitat loss, 
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vehicle collisions and behavioral disturbance from roads, and changes in landscape features 
such as edges.  
 
Landscapes in which hare habitat is more contiguous, or where good patches of hare habitat 
are surrounded by other patches of similar habitat quality, support more hares than landscapes 
that are more fragmented or include matrix habitats that are poorer quality (Lewis et al. 2011). 
Thus, southern transitional boreal forests generally have lower landscape snowshoe hare 
densities than boreal forests further north (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 84). This may have as much to do 
with the quality of the matrix habitat between high quality patches as the hare densities that 
occur in the high quality patches themselves (Lewis et al. 2011).  Low-quality matrix habitat, 
typical throughout much of the DPS, could decrease survival for hares, because predators might 
have higher hunting success or be more numerous in the matrix habitats (Griffin and Mills 
2009).  In contrast, a high-quality matrix, typical of Canadian boreal forest, can provide 
alternative or supplemental resources (Dunning et al. 1992; Norton et al. 2000), thus supporting 
higher densities of hares in the prime habitats. 
 
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278).  At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx.  Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Forest fragmentation may exacerbate competition between lynx and other predators (Buskirk et 
al. 2000, entire). Fragmentation and competition are strongly linked because vegetation 
mosaics in landscapes provide high quality environments for generalist species such as the 
bobcat, red fox, and coyote (Goodrich and Buskirk 1995, Buskirk et al. 2000, p. 84). Under such 
conditions, generalist predators tend to dominate the predator guild in fragmented landscapes 
(Oehler and Litvaitis 1996).  Hares fluctuate less dramatically iIn the southern part of the range 
of lynx, thus there is more competition for a limited resource and exploitation competition 
inflicted by generalists (e.g., coyotes) and other predators (Buskirk et al. 2000, p. 95).  
 

http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-37
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Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin.  In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170).  In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Lynx seem to be flexible in their response to habitat fragmentation whereas closely related 
species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation (Ferreras 
2001, Crooks 2002).  In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration.  In general, 
lynx responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat.  However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95).  Thus, factors that further fragment boreal forests in the DPS (e.g., climate 
change, forest management, roads and development) further reduce the probability of 
persistence of lynx.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx.  Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzales et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States.  Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors.  Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats.  In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat.  In lynx units in the western 
contiguous United States (Cascades, northern Rockies, Greater Yellowstone, Colorado), 
appropriate boreal forest and snow conditions occur in a relatively narrow elevational band in 
the Rocky Mountains.   Thus, appropriate habitats for lynx are naturally fragmented by 
topography and vegetation gradients.  These “islands” of habitat can be extensive (e.g. the 
Okanagan or northern Montana) or small (e.g. Garnet Range, western Montana) depending on 
topography and precipitation patterns.  Sometimes these areas of boreal forest are separated 
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by unsuitable habitats in the low valleys (e.g., sage flats, urban corridors, agricultural lands) or 
snow regimes (e.g. snow shadows) that may restrict dispersal between habitat patches. In some 
western areas of the western DPS, lynx habitat in is also fragmented by rugged, high elevation 
terrain (Carroll et al. 2001, p. 976).  In other areas of the DPS where there is little topography, 
including Minnesota and Maine, matrix forest facilitates lynx movements between suitable 
habitats. Large rivers are unlikely to fragment habitat as lynx readily swim across large bodies of 
water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen et al. 
2015). 
 
Snow is an important element of lynx habitat (79 FR 54809).  Snowfall is patchy, sometimes 
unpredictable from year to year, and affected by local topography and water bodies.  Snow 
conditions conducive to giving lynx a competitive advantage are most consistent in the high 
elevation regions of the northern Rockies and Colorado.  Snow conditions are less consistent in 
the East.  For example, lake-effect snow from Lake Superior in Minnesota can increase snow 
depth and duration in the Arrowhead region in some years, but not others.  The Gulf of Maine 
has the reverse effect, and it’s warming influence reduces snow depth and duration inland.  
Distribution models by Hoving (2001, p. 74) indicate that eastern Maine has extensive regions of 
boreal forest, but lacked snowfall thresholds that gave lynx an advantage over bobcats and 
other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and deep, fluffy snow.  Both lynx and 
hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx preferred 
habitats that highwith a high degree of connectivity (Walpole et al. 2012, p. 769).  In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow.  Within their home ranges, lynx strongly select for habitat patches that enhance their 
foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges, by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
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reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic sources of fragmentation  Throughout the DPS, human activities exacerbate the 
natural features of fragmentation.  Anthropogenic activities such as forest management, 
development, and highways further alter natural landscape patterns.  They cumulatively reduce 
the total area of habitat, diminish the quality of habitat, increase the isolation of habitat patches, 
and impair the ability of lynx and other wildlife to effectively move between patches of habitat. 
Anthropogenic fragmentation may be permanent, for example by converting forest habitat to 
residential, industrial, or agricultural purposes, or temporary, for example by conducting forest 
management  but allowing trees and shrubs to regrow. Fragmentation of habitat (both natural 
and anthropogenic) increases the risk of extirpation of small lynx populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (Lynx Biology Team 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS.  We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464, Squires et al. 2013, p. 194).  In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change.  Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).   
 
Roads  Paved highways fragment lynx habitat.  In the West, they typically follow natural features 
such as rivers, valleys, and mountain passes that may have high value for lynx in providing 
habitat or connectivity.  They surround large blocks of lynx habitat in Minnesota and northern 
Maine.  Various studies have documented lynx crossings of highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005).  However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway relative to random expectation, but only 
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2.2 and 3.1 times less likely to cross Highway 93 and Highway 1A, respectively, compared to 
random expectation. . In southeastern British Columbia, lynx avoided crossing highways within 
their home ranges (Apps, 2000).  Squires et al. 2013 (p. 194) documented 44 radio-collared lynx 
with home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these 
individuals crossed the highway (Squires, unpublished data). 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al., 2001).  As the standard of roads increases from 
gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to 
increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had 
no effect on lynx distribution.  Four-lane highways, such as the interstate highway system, 
commonly have fences on both sides, service roads, parallel railroads or power lines, and 
impediments like "Jersey barriers" that make successful crossing more difficult, or impossible, 
for wildlife (Lynx Biology Team 2013, p. 78). Alexander et al. (2005) suggested traffic volumes 
between 3,000 and 5,000 vehicles per day may be the threshold above which successful 
crossings by carnivores are impeded.  In Colorado, lynx successfully and repeatedly crossed 
major highways, including I-70 (J.Squires, personal communication 2012; Ivan 2011b, c, 2012).  
Colorado lynx crossed two-lane highways an average of 0.6 times per day and more frequently 
during dusk and night when traffic volume was lower (Baigas et al. 2017, p. 204).  They also 
crossed 4-lane highways (I-70), especially forested areas under large, elevated bridges that 
spanned streams (Baigas et al. 2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 3 in 
Montana (compiled by K. Broderdorp, U.S. Fish and Wildlife Service, unpub. data 2016). 
Between 1995 and 2011, 15 lynx were reported killed on British Columbia highways (British 
Columbia Wildlife Accident Reporting System 2012).  Most of these mortalities are on higher 
speed paved highways.  However, in Maine, about 41 percent (22 of 54) were killed on lower 
speed dirt logging roads. 
 
Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 mortalities of translocated animals were attributed to road kills (Brocke et al. 
1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of translocated lynx 
were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado highways where 
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the 13 lynx mortalities occurred were estimated to range from about 2,300 to >25,000 vehicles 
per day (K. Broderdorp, personal communication 2012). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). In some parts of their range, 
lynx avoid  
 
Vegetation management  As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx.   Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, higher predation rates from a variety of carnivores tend to increase local 
extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and Litvaitis 
1993). 
 
Although some forest management can benefit lynx by creating a shifting mosaic of lynx habitat, 
it can also have deleterious effect by fragmenting habitat into small, widely-spaced parcels.  
Changes to vegetation structure can increase landscape resistance to lynx movements (Squires 
et al. 2013).  In Montana, fragmentation from forest thinning decreased the probability of lynx 
movements across the forested landscape (Squires et al. 2013, p. 192).   Lynx in the Northern 
Rockies are sensitive to changes in forest structure and tend to avoid or cross large forest 
openings (Koehler, 1990; Squires et al., 2010).  Thus recent clearcuts and thinned areas are 
avoided by lynx.  In Maine, the shift to partial harvesting forms of forest management  will 
continue to increase the number of patches of high quality hare habitat, but the size of patches 
is greatly diminished and patches are becoming more isolated (Simons-Legaard et al. 2016, pp. 
5-6).  This is diminishing landscape conditions conducive to supporting lynx. 
 
Residential and commercial development  Residential and commercial development is 
increasing on private forest lands.   Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al., 2002) and Maine (section 5.1.1).  It is uncertain to what 
degree lynx can tolerate habitat fragmentation from roads and forest clearing, and how human 
and pet activity affect lynx use of habitats.  Some anecdotal information suggests that lynx are 
quite tolerant of humans, although given differences in individuals and contexts, a variety of 
behavioral responses to human presence may be expected (Staples 1995, Mowat et al. 2000).  
The degree to which residential development and associated roads reduce connectivity of 
meso-carnivore populations (such as lynx) likely depends on the physical design of highway 
improvements, the surrounding environmental features, the density of increased urbanization, 
and the increased traffic volume (Clevenger and Waltho, 2005; Grilo et al., 2009).  
 
Ski resorts  Ski areas have similar effects on permanent habitat loss and fragmentation.  One 
ski run is often separated from the next only by small inter-trail forest is ands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 

Commented [SJ92]: Incomplete?  

Commented [SJ93]: Decreasing? 

Commented [SJ94]: ? 



80 
 

cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreation use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (J. Squires, personal communication 2012). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous United States 
(Lynx Biology Team 2013, pp 82-83). Most ski areas are located on north-facing slopes, where 
ample snow conditions provide for extended ski/snowboard recreational seasons. In the western 
states, many of these landscapes feature spruce-fir forests. While ski resorts occupy a small 
proportion of the landscape, spruce-fir forests provide important stable habitat for snowshoe 
hares and lynx at the southern extent of their range. In winter, alpine and Nordic skiing and 
snowboarding are the primary uses. Most of these resorts offer year-round recreation, with 
summer activities typically including hiking and mountain biking.  
 
Mining Leasable minerals. Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS.  Very little mining development occurs in 
Minnesota and northern Maine.  Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable minerals. Only a fraction of the historical number of mines is operating today.  Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation.  The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
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Salable minerals. In general, salable minerals are found close to the surface. During exploration 
activities, equipment is moved to the site and a number of test pits are dug or holes drilled to 
determine the quality of material. If desired minerals are found in suitable quantity, then 
vegetation is removed and materials are excavated.  For example, gravel pits are needed for 
logging road development and maintenance and are common occurrences throughout areas of 
the DPS that are in active forest management.  Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind energy. Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats.  Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility corridors. Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation, likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture  Agricultural is not expanding currently in lynx habitat areas in the DPS.  However, in 
the late 1800s over 3 million acres of northern Maine was in farming, whereas today about 
700,000 acres in are in farms (Ahn et al. 2002, p. 8).  Most of these farms are in northeastern 
Maine, which fragments the forested landscape corridor between between core habitats in 
northern Maine and New Brunswick.  Lynx range in parts of Alberta has contracted in recent 
years because of forest clearing for agriculture (Bayne et al. 2008, p. 1195).  
 
Habitat loss and fragmentation in corridor areas connecting lynx populations in the DPS with 
adjacent populations in Canada Lynx conservation in the contiguous United States depends in 
part of on maintaining population connectivity between habitat areas in Canada and the United 
States. Maintaining connectivity for lynx may become increasingly difficult because of climate 
and anthropogenic change, as evidenced by reduced connectivity for other boreal species (van 
Oort et al., 2011).  Potential corridors have been identified in the northern Rockies, but some 
areas may be not functioning because of forest fragmentation from logging practices  (Squires 
et al. 2013, entire).  There are likely broad, forested corridors with suitable dispersal habitat 
connecting core habitats in Maine to southern Quebec and northern Minnesota to southern 
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Ontario.  Given the perceived importance of lynx immigration from Canada to the persistence of 
the DPS (Federal Register Vol. 68 pp. 40076– 40101, Squires et al. 2013) roads and other 
forms of habitat loss and fragmentation that  impede lynx movements in the border regions of 
Canada and the United States are of concern. 

Chapter 4: Current Conditions 
 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts throughout the range of the 
DPS, of the current status of lynx populations and habitats in each geographic unit and the 
factors influencing them. Based on these unit-specific assessments, we then provide our 
assessment of the current status of lynx and their habitats throughout the DPS. Where 
appropriate, we compare our current understanding to what was known or believed when the 
DPS was listed under the ESA in 2000. 
 
The geographic units evaluated below and in Chapter 5 are those with the strongest historical 
and recent evidence of an ability to support persistent resident lynx populations. Five of the 
units are larger than 20,000 km2 (7,722 mi2); the other is over 5,000 km2 (1,931 mi2) (See Figure 
1 and Table 1 in section 1.1, above). Land ownership within the units varies from mostly private 
in Maine, to a mix of private, State, and Federal in Minnesota, to mostly Federal lands in the 
West (Table 1). Overall, Federal lands account for nearly 64 percent of the areas encompassed 
by the SSA units, with USFS managing almost 88 percent of Federal lands and 56 percent of all 
SSA areas, followed by the NPS and BLM, which manage about 7 percent and 1 percent of all 
SSA lands, respectively. Of non-Federal areas, private lands make up almost 27 percent of the 
total followed by State and Tribal lands, which represent almost 9 percent and just over 1 
percent of the total area, respectively (Table 1). 

4.1 Current Conditions by Geographic Unit 
4.1.1 Unit 1 - Northern Maine 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat.  It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.   
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont.  Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S; a function of latitude, elevation, and 
distance from the ocean.  The average terrain rises in northern Maine  to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet.  This region is far enough inland to be unaffected by marine influences.  
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Annual precipitation is 41 inches (104 cm), with greatest precipitation in winter in the form of 
snow 228 cm to 280 cm (90 to 110-plus inches), with higher amounts at higher elevations.  
Snow duration is about four months (mid-November through mid-April). 
 
Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 square kilometers (11,162 square miles) all in 
northern Maine (79 FR pp. 54823-54828).  Land ownership in the critical habitat unit boundary 
is about 92 percent private, 7 percent State (primarily Baxter State Park), 1 percent tribal 
(Passamaquoddy Tribe, Penobscot Indian Nation), and contains no Federal land.  Lynx 
regularly occur outside of the designated critical habitat boundary.  The Service considers the 
range of the lynx for regulatory review (section 7, ESA) to be approximately  46,796 square 
kilometers (18,068 square miles).  Land ownership in this area is about 0.4 percent Federal 
(Aroostook National Wildlife Refuge) 1 percent tribal (Passamaquoddy Tribe, Penobscot Indian 
Nation, Aroostook Band of Micmacs, Houlton Band of Maliseets), 7 percent State, and 92 
percent private. Private lands are almost entirely commercial forestlands. 
 
New Hampshire  - The habitat in northern New Hampshire is not within the designated critical 
habitat.  Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving (68 FR 40086) 
estimated approximately 1,000 square kilometers (386 square miles) of potential habitat having 
a greater than 50 percent probability of being occupied by lynx . Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 342 km2 (888 km2) of potential Canada 
lynx habitat.  Historic distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e. White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003).  Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the state (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the Connecticut 
Lakes Natural Area WMA which is owned and managed by NHFG. Surrounding habitat is 
owned and managed by the Connecticut Lakes Timber Company under a conservation 
easement held by the State of NH. Occurrence records from the past 10 years have been 
centered on these two ownerships (Kilborn 2015, App. A pp. 42-43).  Habitat on the Connecticut 
Lakes Natural Area has a conservation easement with 15,000 acres of the core lynx habitat also 
being part of an unmanaged area of the 25,000 acre property. As a result these core 15,000 
acres will be allowed to mature to a climax forest type potentially allowing for good denning 
habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. Current 
conditions are in a transition state, and portions of the 15,000 acres are supporting higher 
densities of snowshoe hare because of past forest management (Kilborn 2015, App. A pp. 42-
43).  Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont  - The habitat in northern Vermont is not within the designated critical habitat.  Recent 
modeling to determine lynx habitat connectivity in the Northeast suggests that the Nulhegan 
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River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530 square kilometer (205 
square mile area) is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 
percent State (Vermont Department of Natural Resources), and 63 percent private commercial 
timber lands (with easement).  The future of lynx and their habitat is unlikely because of the 
patchy and limited amount of habitat, climate change (decreasing snow), trends toward 
hardwood management, and increasing human disturbance (Vermont Fish and Wildlife 2015, 
Appendix A5 p. 127).  
 
New York - The habitat in the Adirondack region of New York is not within the designated critical 
habitat.  Potential habitat occurs in an island of boreal forest types in the Adirondack Mountains 
of northeastern New York. Hoving estimated approximately 190 km2 (73 mi2) of potential 
habitat having a greater than 50 percent probability of being occupied by lynx (68 FR 40086–
40087).  The boreal forest in New York is protected as Adirondack State Park, however much of 
the forest is mature without the understory necessary to support a snowshoe hare population 
capable of sustaining lynx (G. Batcheller, New York State Division of Fish, Wildlife and Marine 
Resources, pers. Comm. 2003; 68 FR 40087). It seems that habitat quality is marginal and 
isolated from occupied lynx habitat in Canada and Maine.  
 
Collectively, the “Northern Maine” unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada.  Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km north of Maine).  Lynx populations in Maine and eastern Canada are 
geographically isolated from other lynx populations on the island of Newfoundland (900 km east 
of Maine), and on Cape Breton Island, Nova Scotia (650 km southeast of Maine) (Koen et al. 
2015, entire).  The closest lynx population in the DPS is located in northeastern Minnesota, 
about 1,700 km west of Maine.  
 
Habitat Description:  In the northern Maine unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR, p. 40086). 
This habitat type occurs along the northern Appalachian Mountain range from southeastern 
Quebec, western New Brunswick, and western Maine, south through northern New Hampshire. 
This habitat type becomes naturally fragmented and begins to diminish to the south and west, 
with a disjunct segment running north-south through Vermont, and a patch of habitat in the 
Adirondacks of northern New York (McKelvey et al. 2000b, pp. 248-250).  This area is part of 
the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between northern 
boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and Hunter 
1992, pp. 3-4).  Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations up to 1,600 meters (Katahdin highlands, western Maine, White Mountains in central 
New Hampshire).  Higher elevations support a predominantly coniferous forest (white, red, and 
black spruce; balsam fir; eastern white pine) intermixed with northern hardwoods (red maple, 
aspen, white birch, sugar maple, beech, and yellow birch).  Lowland areas include spruce-fir 
flats interspersed with peatlands (black spruce, tamarack). 
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Current lynx and hare habitat are associated with spruce-fir stands repeatedly harvested for 
forest products.  Hares and lynx are associated with stands of regenerating sapling (15–35 
years old) spruce-fir forest that provide dense preferred cover are preferred (Robinson 2006, pp. 
26–36; Vashon et al. 2012, p. 15). Lynx are more likely to occur in large (100 square kilometer, 
40 square mile) landscapes having a high percentage (>27 percent) of regenerating forest, and 
less likely to occur in landscapes with very recent clearcut or partial harvest (Hoving et al. 2004, 
pp. 291–292, Simons-Legaard et al. 2013, entire). Regenerating stands used by lynx generally 
develop after forest disturbance (almost exclusively logging) and are characterized by dense 
horizontal structure and high stem density within a meter of the ground. These habitats support 
the highest snowshoe hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 
719; Vashon et al. 2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected 
older (11- to 26-year-old), tall (15 to 24 feet (ft) (4.6 to 7.3 meters (m)) regenerating clearcut 
stands and older (11- to 21-year-old) partially harvested stands (Fuller et al. 2007, pp. 1980, 
1983–1985). At the home range scale, lynx also select landscapes having some mature conifer 
forest (Simons-Legaard et al. 2013b, pp. 572–573). Lynx may select partial harvested and 
mature conifer stands because of increased ease of travel and prey access along the extensive 
edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard et al. 2013b, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Some of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56).  Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44, D. Harrison, UMaine, unpub. data, Vashon et al. 2012, p. 14).  Prior to 2006, several 
estimates of  hare densities in the highest quality, regenerating conifer or mixed forest averaged 
1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,).  After 2006, hare 
densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109, D. Harrison, UMaine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire).  In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61).  More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only (0.19 to 0.28 hares/ha).  Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
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recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100 km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the northern Maine 
unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands.  USFS forest inventory data indicate that four million acres of forestland are 
classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in 
northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is in areas 
occupied by lynx.  In a 10 million acre area area in northern Maine (approximately 50 percent of 
the designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 
950,000 acres (9.5 percent) of spruce-fir was in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741).  
The current range of lynx in the northern Maine unit is associated with areas of deep snowfall, 
extensive (100 km2 [40 mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; (Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; 
Federal Register Vol. 74 pp. 8616–8701).  Patches of boreal forest in New Hampshire, Vermont, 
and New York are more highly fragmented and smaller than in northern Maine.  These more 
southerly forests also contain a higher proportion of northern hardwood.  These forests are 
believed to lack the conifer component needed to produce sufficient snowshoe hare densities to 
consistently support viable populations of lynx (Hoving et al. 2005, p. 749, Carroll 2007, p. 
1100). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, pp. 1984-
1985). Lynx avoided mature stands (>40 years old) and short (3.4–4.3 m [11–14 ft]) 
regenerating clear-cut or partially harvested stands <10 years post-harvest (Fuller et al. 2007, 
pp. 1275-1278). Further research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). Lynx 
tended to forage in areas with intermediate to high snowshoe hare densities (tall regenerating or 
older partial harvest stands), which afforded lynx with greater mobility and where snowshoe 
hares were more vulnerable to predation, rather than in the densest stands (short regenerating 
stands; Fuller and Harrison 2010, pp. 1276-1278). 
 
Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
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In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008a, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008a, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008a, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008a, pp. 1492-1493).  
 
Historically lynx habitat in the northern Maine unit was likely uncommon.  Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56).  In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
are often characterized by an even-aged wind-throw phenomenon known as fir-waves (Sprugel 
1976, entire). Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are 
rare (interval of several hundred to several thousand years) and highly variable in size 
(Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce 
beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). In this 
geographic area, wildfire is less significant as a natural agent of disturbance. The typical fire 
regime is infrequent surface fires in the dormant season in the hardwood forests, and slightly 
more frequent but long-interval fires in conifer forests (Kilgore and Heinselman 1990, entire; 
Seymour et al. 2002, pp. 359-365, Lorimer and White 2003, p. 59). For the past several 
decades, early successional forests in northern Maine, New Brunswick, and southern Quebec 
have been created almost exclusively by forest management (Lorimer and White 2003, pp. 42-
43). 
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In contrast, current habitat is likely peaking and at historical highs.  Favorable habitat conditions 
for snowshoe hare and lynx in Maine resulted from large-scale salvage cutting (clearcutting) 
following a spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, p. 291). After 
salvage harvest of the affected trees, a portion of the area was sprayed with herbicide to reduce 
deciduous competition (Scott 2009, pp. 7, 14). The resulting vegetation was dominated by 
balsam fir and red or black spruce (Scott 2009, p. 60). This created favorable habitat conditions 
for snowshoe hares and lynx.  Habitat conditions for hares and lynx in the unit improved from 
the late-1980s to present,  benefitting from stand-replacing salvage harvests during the last 
budworm outbreak (Simons 2009, pp. 122-229; Simons-Legaard et al. 2016, entire).   During 
this time period, the percentage of forestland with an average landscape hare density greater 
than 0.5 hares/ha increased 400 percent (Simons-Legaard et al. 2016, p. 7).    
 
Lynx habitat will decline in the near future. In response the widespread clearcutting in the 
1980s, in 1989 Maine passed the Forest Practices Act.  This Act regulated clearcutting.  Various 
forms of partial harvesting replaced clearcutting as the predominant form of forest management 
in northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27).   
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act.  Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime supports lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009).  
 
Long-term, binding land management commitments are lacking in the northern Maine unit.  
Unlike, Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a federal nexus for review of projects is almost nonexistent.  
Furthermore, there continues to be high turnover in forest land ownership (Hagan et al. 2005, 
Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work with private 
landowners.  As of 2005, there were 23 landowners in northern Maine with land holdings in 
excess of 100,000 acres including the State, Federal government (White Mountain National 
Forest south of lynx range), a conservation group (The Nature Conservancy), two tribes 
(Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) and 
18 private forest landowners (Nadeau-Drillen and Ippoliti 2006,  p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit.  In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon 
sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, Arkansas, 
and Mississippi were chosen as pilot States to receive funding through their respective Natural 
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Resources Conservation Service (NRCS) State offices.  Based on a successful pilot program, in 
2008, the HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final 
rule in the Federal Register (75 FR 6539) amending regulations for the HFRP based on 
provisions amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management 
plans. Since that time four private landowners, The Nature Conservancy, the Passamaquoddy 
Tribe, Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program.  
Collectively, these land ownerships comprised 943.2 mi2 (2,443 km2), or 9.3 percent of the total 
designated critical habitat in northern Maine. 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation 
benefit for lynx, which was achieved by employing the lynx guidelines, identifying baseline 
habitat conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP 
criteria and guidelines and complied with numerous environmental standards. Plans were 
reviewed and approved by the NRCS with assistance from the Service. The details of the plans 
are proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017.  Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period.  Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary.  Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017.  Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit have commitments to 
endangered species management through forest certification programs. For example, The 
Nature Conservancy land enrolled in the HFRP is also enrolled in the Forest Stewardship 
Council (FSC) forest certification program, which requires safeguards for threatened and 
endangered species. Other landowners are certified under the Sustainable Forestry Initiative 
(SFI).  Both certification programs require planning for threatened and endangered species. 
However, certification programs are also voluntary and may not be long-term commitments.  
Given the frequent turnover in Maine forest lands, new landowners do not always renew 
certification or resume the certification programs initiated by the previous landowner. 
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Lynx Status:  At the time of listing, lynx were known to be present in northern Maine but little 
was known about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge.  Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire).  Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
northern Maine, New Hampshire and Vermont and is part of a larger, contiguous 
metapopulation that extends into northern New Brunswick and the Gaspe region of southern 
Quebec.  Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada.  Although potential lynx habitat in New Hampshire 
and Vermont is fragmented, there is near contiguous forest and connectivity for lynx movement 
between these areas and habitats in northern Maine (Farrell 2013 personal communication, FR 
54821).  Breeding lynx in New Hampshire and Vermont are not directly connected to Canadian 
populations, but they are connected to the larger population in northern Maine via habitat in 
western Maine.   
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada.  The St. 
Lawrence River restricts lynx dispersal and demographically isolates this metapopulation from 
those in northern Quebec, Labrador, and Ontario.  However, sufficient numbers of individuals 
cross the river on the ice each generation to prevent genetic drift of this metapopulation (Koen 
et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now know that a significant populations currently exists and is supported by 
the extensive young, regenerating spruce-fir habitat created by clearcutting in the 1970s and 
1980s.  Habitat in northern Maine can support lynx densities in localized areas of high quality 
habitat that are substantially greater than elsewhere in the DPS (LCAS 2013, p. 23).  In 2003 
when hare populations were high, lynx density (juveniles and adults) in one of Maine’s highest 
quality habitats was estimated to be 9.2-13.0 lynx/100km2 (Vashon et al. 2008, Vashon et al. 
2012, p. 15). At about the same time, the density of lynx in nearby Gaspe Peninsula, Quebec 
was estimated to be 10 lynx/100km2 (Ray et al. 2002).  These densities are intermediate to 
those in Canada during the high (17.0-44.9/100km2) and low periods (2.3 – 3.0/100km2) of the 
lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997).  Simons (2009, 
p. 102) estimated the potential for a population of about 236 to 355 adult lynx to occur on a 3.56 



91 
 

million acre study area (about half of the critical habitat area) in northern Maine, and Vashon et 
al. (2012, appendix IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of 
northern Maine in 2006.  The actual number of lynx is unknown because there are no methods 
available to measure and produce true population estimates over such a large geographic area. 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals, although 
breeding has occurred in both locations in recent years. Most historic lynx records from New 
Hampshire are from trapping records from the 1930s to the 1960s (Brocke et al. 1993, 
McKelvey et al. 2000).  There were only two records in the 1990s.  In 2003, the Service 
determined that, despite a lack of breeding records, a small resident population likely occurred 
historically in New Hampshire but not longer exists (68 FR 40087).  Lynx were detected in 
northern New Hampshire in 2006 and have occurred there annually since (Siren 2014 pp. 53, 
55). In 2011, 4 lynx kittens were observed in Pittsburg and were considered evidence of 
breeding in New Hampshire (Kilborn 2015 Appendix A p.44).  There were only four historic 
records of lynx in Vermont prior to 2003.  Since then, nine lynx sightings have been confirmed.  
Reproduction was first documented in 2012 in the Nulhegan Basin when the tracks of three 
lynx, a presumed family group, were observed travelling together in late February (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 126). 
 
Lynx do not presently occur in the Adirondacks region of New York. A resident lynx population 
reportedly occurred in the northern region of New York, particularly in the Adirondack 
Mountains, but it was considered extirpated by 1900 (Brocke 1982, McKelvey et al. 2000b). 
However, there are 23 verified lynx occurrences since 1900, primarily from the Adirondack 
Mountains (McKelvey et al. 2000b). The most recent verified record was from 1973 (McKelvey 
et al. 2000b), which correlates to an extreme cyclic population high. Habitat and prey conditions 
were deemed suitable for a lynx reintroduction in 1989–1991 (Brocke 1982). The reintroduction 
was unsuccessful in establishing a population.  In 2003 the Service concluded that a resident 
population may have existed in New York prior to 1900, however, records of lynx since 1900 are 
of dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997).  Maine lynx had among the smallest home ranges in the DPS (LCAS 
2013, p. 24).  During the period when snowshoe hare populations were highest, Maine lynx had 
among the highest reproductive rates (average litter size 2.74, 89 percent of adult females 
producing litters) in the DPS (Vashon et al. 2012, pp. 18-19).  During the current period of low 
hare density, litter size was smaller, only 30 percent of females have litters, and mortality is 
greater.  Home ranges are among the smallest in the DPS (54 + 5 km2 males; 26 + 4 km2 
females, LCAS p. 24, Vashon et al. 2008a).  Home range sizes were similar during periods of 
high and low hare density (Mallett 2014).  Lynx populations likely increased during the period of 
high hare density (lambda [λ] = 1.16) and declined during periods of low hare density (λ = 0.88) 
(USFWS, Vortex10, deterministic population simulation 2016; demographic data from Vashon et 
al. 2012). 
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In summary, Maine lynx and hare habitat are at historical highs.  In the Northeast prior to 
European settlement, lynx habitat was created and maintained by small-scale, frequent forest 
gap dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour 
et al. 2002, Lorimer and White 2003).  Historically, lynx distribution was patchy, and lynx 
populations were likely low and dependent on immigration from Canada.  Current habitat is the 
result of widespread clearcutting and herbiciding to salvage spruce and fir damaged by a spruce 
budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, Vashon et al. 2008).  Maine lynx 
at multiple scales select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) 
spruce-fir stands 15 to 35 years after clearcut or other even-aged harvest (Hoving et al. 2005, 
Fuller et al. 2007, Vashon et al. 2008, Simons-Legaard et al. 2013).  Lynx habitat is expected to 
remain stable for the next few years then decline (Simons-Legaard et al. 2016). 
 
Factors Affecting Current Conditions: Climate Change - Climate change is affecting 
temperature, snow, and precipitations patterns in the Northeast at rates faster than expected 
(Rustad et al. 2014).  Rapid winter warming in recent decades is believed to be caused by 
reduced albedo feedback caused by the reduced persistence of snow in winter (Hayhoe et al. 
2006). Average winter temperatures are increasing 0.42-0.46o C/decade with the greatest 
warming occurring in the coldest months of winter (January, February)(Burakowski et al. 2008).  
Climate change has, and will continue to affect lynx by reducing snow and boreal forest (see 
section 5.1.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzales et al. 2007).  Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015).   Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzales et al. 2007). 
  
Lynx in the Northeast and eastern Canada occur where there is regularly total snowfall of at 
least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx and bobcat 
in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 2013).  Average annual snow depth 
at 5 weather stations within the range of the lynx in northern Maine (1981-2010) was below this 
threshold, 228-263 cm (NOAA 2011, 
http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html last accessed 31 March, 2016). In 
the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced reduce depth of 
snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-2005) declined an 
average of 4.6 cm/decade (Burakowski et al. 2008).  Thus, average snow conditions in Maine 
are currently at or below this snow depth threshold.  et al. 2005).  Further declines in annual 
snow depth would be expected to give bobcats a competitive advantage over lynx (Hoving et al. 
2005, ) 
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As noted in chapter 2, lynx and snowshoe hare require deep, fluffy snow that provides lynx with 
a competitive advantage over bobcats and gives hares the ability to reach winter browse.  Snow 
quality (‘fluffiness”) has deteriorated in the Northeast. Unlike other units, annual precipitation in 
Maine is increasing because of climate change, but primarily as rain (A. Siren, Workshop Notes 
2016, XXXX, Fernandez et al. 2016), and especially rain on snow events in winter in northern 
Maine (Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015).  Snow 
density and compaction and crust conditions (caused by wet, heavy snow or rain on snow 
events in winter) has increased in northern New England (Dudley and Hodgkins 2002, 
Huntington et al. 2004, Huntington 2005, Hodgkins and Dudley 2006) and southern Canada 
(Karl et al. 1993).  
 
 Vegetation Management - The effects of forest management on foraging and denning habitat 
for lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine.  Annual precipitation is comparatively greater in this unit 
than others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and fires generally are small (several acres) surface fires in the dormant 
season.  Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent 
interval (800- to 9000-years)(Seymour et al. 2002 p. 360).  In contrast, spruce budworm 
outbreaks cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping season was closed in the Northern Maine Unit (including New 
Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). In 
2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) obtained an incidental 
take permit from FWS for lynx trapped incidental to other furbearer trapping in Maine.  From 
2000 to 2015, 108 lynx have been reported captured in traps set for other species and 7 of 
those were killed (Vashon et al. 2012, MDIFW 2014, p. 75).  No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000.  In Maine, after two lynx were 
killed in killer-type traps in 2014, MDIFW imposed additional trapping restrictions (e.g., requiring 
killer-type traps be placed in  exclusion boxes, eliminating the use of drag sets for foothold 
traps) to further reduce mortality and injury of incidentally-trapped lynx.  
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Trapping of Canada lynx can be additive to other sources of mortality and have population-level 
effects (Brand and Keith 1979, Koehler and Aubrey 1994). Thus, harvest regulations for lynx are 
modified when hare and lynx populations are low (Bailey et al. 1986).  Trapping mortality is not 
likely to have a great effect on lynx populations in northern Maine and adjacent Canada when 
lynx are at historically high numbers, but trapping could have a synergistic and negative effect if 
hare and lynx populations decline, habitat declines, or climate change further stresses lynx 
(Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development -  In response to climate change, wind development has escalated in 
northern and western Maine posing a potential threat to high and low elevation spruce-fir 
habitats (Whitman et al. 2013). Climate conditions are at or falling below threshold values 
needed to support lynx in Maine (see section above).  Maine has experienced a rapid increase 
in wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 
2, 2016), and there is increased interest in placing developments on private lands in 
unpopulated areas throughout northern Maine, New Hampshire, and Vermont. Wind energy is 
an increasingly appealing source of income for investment companies and other landowners 
who own forestland in the northern Maine unit.   As of 2016, at least 11 wind projects have been 
proposed in northern Maine and 5 projects are in operation; 2 have been proposed in northern 
New Hampshire and 2 are in operation; and 3 have been proposed for northeast Vermont and 2 
are in operation or under construction.  Maine’s two largest wind projects (combined over 200 
turbines covering 360 mi2) are proposed entirely within Maine’s lynx critical habitat. The effects 
of wind energy projects on lynx, hares and their habitat are undocumented.  Potential direct 
effects include disturbance or displacement of resident lynx and loss and fragmentation of 
habitat from turbines, roads, and transmission lines. Increasing power infrastructure associated 
with these projects could greatly change development potential and patterns in northern Maine 
by bringing electricity into the interior of Maine’s vast, undeveloped forest region.  Extensive 
road construction further fragments habitat and increases access for recreation, including 
trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped, industrial forestland, but land ownership patterns have changed 
significantly in the last 15 years (Nadeau-Drillen and Ippoliti 2006).  Some investment-oriented 
landowners are seeking diversified financial returns on their investment, including developing 
residential housing, second homes, and resorts.  Two large residential and resort areas have 
been proposed on forestlands within the Maine critical habitat area.  Both development projects 
would result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) of conservation easements on surrounding 
forestland.  Another private landowner proposes donation of a 87,000 acres within the lynx 
critical habitat for a Federally-designated national park or monument.  This area currently has a 
legacy of young-regenerating spruce-fir habitat from previous industrial forest landowners, but a 
park or monument designation would forego future forest management.  Another conservation 
landowner, The Nature Conservancy, continues forest management on about half of its 185,000 
acre ownership, including managing part of the area for Canada lynx.  

http://www.eia.gov/electricity/data/browser
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Construction or expansion of developed areas such as residential areas and resorts, as well as 
smaller recreational sites like nordic ski huts or campgrounds, may directly remove forest cover. 
Such removal in lynx habitat could decrease prey availability, affect lynx movement within home 
ranges, or result in a more fragmented landscape.  Development further fragments habitat from 
road and highway construction (along with associated increases in traffic volumes and/or 
speeds). 
  
Northern Maine Unit Summary - In summary, lynx are currently widespread throughout northern 
Maine and in small patches of habitat in northern New Hampshire and Vermont.  Habitat exists 
to support a potential population of 500 to 1000 animals, although estimates of the actual 
population are unknown.  Habitat created by extensive clearcutting 30 to 40 years ago is 
peaking and will decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, p. X; 
also see section 5.1.1, below).  Furthermore, hare populations declined by 50 percent starting in 
about 2006 and have remained at lower levels.  Future hare/lynx fluctuations or cycles are 
uncertain.  Active management of forest lands can produce lynx habitat, but landowners do not 
have long-term commitments for doing so.  Land ownership has dramatically changed in 
northern Maine, and the majority of lands are owned now by investment companies who wish to 
diversify income from their investments.  Greatest stressors are habitat loss (shifts in forest 
management from clearcutting to partial harvesting resulting in lower landscape hare densities), 
lack of forest planning for lynx, and climate change (diminishing snow depth, quality and 
duration; competition from bobcats and fishers; loss of spruce-fir to northern hardwoods; and 
future isolation of the metapopulation because of diminishing ice conditions on the St. Lawrence 
River). 
 
4.1.2 Unit 2 - Northeastern Minnesota 
Unit Description:  This unit encompasses approximately 21,100 square kilometers (8,147 
square miles) in northeastern Minnesota.  It includes the area designated as critical habitat in 
2014 (79 FR 54782) and an additional relatively small area of tribal land in northern Minnesota 
that was excluded from critical habitat.  Land ownership in this unit is about 47 percent Federal 
(primarily USFS, with some NPS and BLM land); 36 percent State; 16 percent private; and 1 
percent Tribal (Grand Portage Reservation) (see Table 1).  This unit includes most of Superior 
National Forest (SNF; including the Boundary Waters Canoe Area Wilderness [BWCAW]) and 
Voyageurs National Park.   This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit likely represent the southern extent of a larger cross-border 
population, most of which occurs in Ontario (ON). Relative to other DPS lynx populations, this 
unit is about 1,480 km (920 mi) east of the Northwest Montana/Northeast Idaho Unit  and about 
1,610 km (1,000 mi) west of the Northeastern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000) within the Laurentian Mixed Forest Province 
(McNab et al. 2005). Most of this province is characterized by low-relief hilly landscapes with 
glacial features and an elevation from sea level to 2,400 feet (730 meters), including many lakes 
and rivers.  This unit contains a mix of upland conifer and hardwood interspersed with lowland 
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conifer, alder or willow shrub swamps and black spruce or tamarack bogs.  Coniferous and 
mixed-coniferous/deciduous vegetation types are dominated by balsam fir; black and white 
spruce; northern white cedar; Jack, white and red pine; hemlock; and tamarack; mixed with 
aspen and paper birch (Burdett 2008, Moen et al. 2009, McCann and Moen 2011). Burdett 
(2008) reported that lynx in Minnesota selected regenerating forest, dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites were associated with 
regenerating and mixed forest. McCann and Moen (2011) found snowshoe hare densities were 
highest in regenerating forests. Females selected large woody debris and dense horizontal 
cover in lowland conifer cover for denning in northern Minnesota (Moen et al. 2008), but other 
cover types were used if recent blowdowns were present (Moen and Burdett 2008). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008), ranging between 0.3–2.0 hares/ha (0.12–0.8 hares/ac; McCann 
2006). Hare populations in northeastern Minnesota appear to be patchily distributed, but are 
most consistently abundant in 10-30 year old regenerating forests (McCann 2006).  Pellet count 
data prior to the 1990s show evidence of density fluctuations of snowshoe hare populations 
occupying Minnesota (Fuller and Heisey 1986), but these fluctuations were not observed during 
the 1990s (Hodges 2000b).  Snowshoe hare habitat in Minnesota primarily consists of conifer 
forests with dense low-growing understories, lowland shrub and conifer bogs.  Conifer bogs or 
lowland conifer forests may be especially important during low points in hare cycles by acting as 
refugia for hares. Early regenerating or pole-sized stands are not used as much as in other 
portions of their range, although older regeneration stands were used frequently in Minnesota 
(McCann 2006). Sapling-sized aspen adjacent to conifer cover may also provide functional 
snowshoe hare habitat. McCann and Moen (2011) mapped the distribution of predicted 
snowshoe hare habitat across northeastern Minnesota. In northeastern Minnesota, edge 
habitats and regenerating conifer stands appeared to be important for snowshoe hare 
populations (Burdett 2008, McCann 2006), as were dense habitats containing balsam fir, white 
spruce, and cedar (Fuller and Heisey 1986). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2007; Hanson & Moen 
2008). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit.  More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey.  The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
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abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990.  White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015 (USDA 2016, unpublished data) estimated that there was approximately 759,700 acres 
(60 percent of lynx habitat on the Superior National Forest (SNF)) of suitable snowshoe hare 
habitat on the SNF and that only 23,800 acres of habitat on the SNF was in a condition 
unsuitable to lynx. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USDA 2004, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits (USDA 2004, entire). The Forest Plan 
includes many objectives, standards, and guidelines for the protection of lynx and enhancement 
of lynx habitat that are based on recommendations in the 2000 Lynx Conservation Assessment 
and Strategy (LCAS). Lynx Analysis Units (LAUs) were delineated on the SNF in 2000 as the 
smallest landscape scale on which to analyze effects to lynx. The boundaries have remained in 
place since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District; designating the BWCAW a lynx refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based –radio-telemetry has documented lynx 
movements between Minnesota and Ontario (Moen et al. 2008, Moen 2009, Moen et al. 2010b, 
Terwilliger and Moen 2012). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota.   Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
population of about 50 to 200 lynx to occur in northeastern Minnesota.  In 2008, Moen et al. 
(2008b), estimated the number of lynx that might be resident in northeastern Minnesota at a 
given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.    
 
Home range sizes in Minnesota were reported as 194 km2 (75 mi2) males and 87 km2 (34 mi2) 
females (Mech 1980).  Later radio-collar data show that males had much larger home ranges 
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267 km2 (103 mi2) than females 21 km2 (8 mi2); and that females with kittens had the smallest 
home range (Burdett 2007). A study of radio-collared lynx in Minnesota documented 
approximately 40 percent of male and female lynx making long distance movements outside of 
their home range between Ontario, Canada and Minnesota (Moen et al. 2010). Of those lynx 
that made long-distance movements, females tended to move 62-124 miles (100-200 km) and 
did not return to their original home range, while males moved 31-49 miles (50-80km) back and 
forth between Ontario and Minnesota (Moen et al. 2010). While topographic features may 
influence lynx movements in mountainous western states, lynx in Minnesota tended to move 
nearly straight paths (Moen et al. 2010). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1).  Of the 1,306 DNA 
samples, 1,039 were identified as lynx, however 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1).  Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1).  The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000 the U.S. Fish and Wildlife Service has been tracking incidental take of lynx; 49 lynx 
mortalities have been reported.  Thus far, 26 lynx have been incidentally trapped in Minnesota, 
11 of the 26 have resulted in mortalities, while 15 of the 26 were released alive (U.S. Fish and 
Wildlife Service, unpublished database 2016). The documented incidents largely occurred 
during legal trapping that targeted bobcat, coyote, fox, and marten, and involved a variety of 
traps including foot-holds, body gripping traps, and snares (U.S. Fish and Wildlife Service, 
unpublished database 2016). In addition, seven lynx mortalities as a result of being incidentally 
shot have been documented in Minnesota and 16 died of unknown causes (U.S. Fish and 
Wildlife Service, unpublished database 2016). Lynx emigrating from Minnesota to Ontario 
exposes them to trapping and shooting that is allowed in accordance with regulated harvest in 
Canada. At least a third of the animals radio-collared in Minnesota spent time in Ontario; 4 
radio-collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 
two died of unknown causes (U.S. Fish and Wildlife Service, unpublished database 2016). 
Furthermore, nine lynx mortalities due to vehicle collisions have been documented in Minnesota 
since 2000 (U.S. Fish and Wildlife Service, unpublished database 2016).  Minnesota has 
relatively high forest road and highway densities that intersect lynx habitat and several radio-
collared lynx in Minnesota inhabited home ranges that were bisected by highways. In addition to 
road mortalities, two railroad mortalities have been documented since 2000 (U.S. Fish and 
Wildlife Service, unpublished database 2016). It is probable that there are additional incidental 
catches that are not reported each year (Moen 2009). 
   
Factors Affecting Current Conditions:  Identified factors affecting to the current conditions of lynx 
in Minnesota include reduction in habitat quality or quantity, habitat fragmentation, climate 
change, increased access for competing carnivores, and human-caused mortality. The SNF is 
currently implementing the 2004 SNF Plan (USDA 2004), which has direction based on the 
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LCAS and Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (2000), for all forest activities that occur within LAUs. Active management of forest 
lands can produce lynx habitat, the Superior National Forest has a long-term commitment for 
doing so;, however, private landowners do not. Under the Sustainable Forest Resource Act of 
1995, the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2012, p. 1) - these voluntary guidelines are 
intended for private and state landowners and include some general recommendations for 
wildlife including lynx. The implementation of the MFRC guidelines is monitored annually (e.g., 
MDNR 2015, entire). Thus, the several risk factors are being minimized and managed to 
promote the conservation of lynx within the SNF, however implementation of the guidelines on 
privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the Superior National Forest and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Mineral exploration and development is 
increasing in portions of Minnesota, particularly for hard rock (non-ferrous) minerals. Some of 
the area of interest for minerals overlaps with lynx habitat in northeastern Minnesota. Mineral 
exploration may result in short-term displacement of lynx. Mining activities and associated 
development may result in an irreversible loss of habitat or increased mortality risk. The specific 
effects to lynx and their habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012). Where lynx and bobcat overlap, there is potential for 
accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all have the effect of compacting snow. Outside the BWCAW, snowmobile activity is extensive 
and increasing significantly. The Superior National Forest has 705 miles of snowmobile trails 
and 1,562miles on all ownerships within the proclamation boundary (USDA 2011). Advances in 
snowmobile capabilities have raised concerns about intrusion and new snow compaction in 
areas previously not vulnerable to high levels of snowmobile use. In addition, new road 
construction in lynx habitat has made more areas accessible during winter. These routes could 
be used by snowmobiles even if new roads are designated as closed to motorized public travel 
during other seasons. The Superior National Forest has 1,927miles of low standard roads (OML 
1 and 2) and 158 miles of temporary roads (USDA 2011). All of these factors have potential to 
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reduce the deep and fluffy winter snow conditions and to reduce the competitive advantage of 
lynx in areas that typically receive deep snows. 
 
Lynx are morphologically and physiologically adapted for hunting snowshoe hares and surviving 
in areas that have cold winters with deep, fluffy snow for extended periods. These adaptations 
provide lynx a competitive advantage over potential competitors, such as bobcats or coyotes 
(Buskirk et al. 2000; McCord & Cardoza. 1982; Ruediger et al. 2000). Long-term snow 
conditions presumably limit the winter distribution of potential lynx competitors such as bobcats 
(McCord & Cardoza. 1982), wolves, or coyotes.  The geographical distribution of bobcat harvest 
in Minnesota has remained relatively static with a lack of harvest in the Arrowhead region of 
Minnesota (the region encompassed by Cook, Lake and St. Louis counties in northeastern 
Minnesota) (Erb 2009 cited in Kapfer 2012, p. 16, Erb 2012, pp. 7-9) and annual snow track and 
scent stations surveys support the conclusion that bobcats are as rare in the Arrowhead as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to occur due to climate change (Kapfer 2012, 
p.25). Bobcat and coyote populations already appear to be increasing in Minnesota (Erb 2014, 
p. 40).  If snow depth and duration decrease in the Arrowhead, deer mortality may be reduced 
which may potentially increase bobcat densities and bobcat expansion into northeast Minnesota 
(Kapfer 2012, p. 25).  According to annual track surveys, wolf populations in Minnesota are 
currently stable (Erb 2014, p. 40), however, similar to bobcat, wolf populations may increase 
with changing snow conditions and prey availability as influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014, p. 113).  
 
4.1.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
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Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit likely represent the southern 
extent of a larger cross-border population, most of which occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245).  
The dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10).  Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28).  Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76).  
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
      
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655).  As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
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in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely-distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
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Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).   
 
Habitat Status:  Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal ownership, 
including 18,695 km2 (7,218 mi2) in national forests under USFS management, 3,658 km2 (1,412 
mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) managed by BLM in its 
Garnet Resource Area. As described above, potential lynx habitat in this unit is patchily- 
distributed and interspersed with areas of non-habitat (matrix). Among the six national forests 
that contribute lands to this geographic unit, potential lynx habitat was mapped on about 54 
percent of the total national forest area (both inside and outside this SSA unit; USFWS 2007, 
pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 percent of the 
park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 mi2; 27 percent of 
the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 FR 40086, 40089). 
In the Garnet Resource Area, the BLM designated five LAUs (which approximate a lynx home 
range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 61 percent) was mapped 
as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. Among all 18 national forests 
covered by the NRLMD, which includes all six national forests that contribute to this SSA unit, 
67 percent of mapped lynx habitat occurs in nondevelopmental allocations (USFWS 2007, p. 
33).    
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. 

https://snowfall.weatherdb.com/d/a/Montana
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Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30) that were developed based on the scientific findings and 
recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). Similarly, the BLM in 
2004 amended the Resource Management Plan (RMP) for the Garnet Resource Area to 
incorporate the conservation measures identified in the LCAS (BLM 2004a, 2004b, entire; 
Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of activities that 
can and cannot be implemented in important lynx habitats and thresholds for the proportions of 
lynx habitat in lynx analysis units (LAUs) that can be in an unsuitable state at any given time 
and how much can be converted from suitable to (temporarily) unsuitable over particular time 
frames. Implementation of these plans has likely benefitted lynx by providing a consistently- 
applied framework for conserving and restoring important hare and lynx habitats.   
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and buy a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).      
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
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from lynx research in Montana,and commits to active lynx monitoring and adaptive management 
programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust lands in western 
Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 64 percent of State 
lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to support Federal lynx 
conservation efforts by managing for habitat elements important to lynx and their prey that 
contribute to the landscape-scale occurrence of lynx. Specific objectives to achieve this goal 
include protecting den sites and potential denning habitat, mapping and maintaining lynx 
foraging habitats and limiting the spatial and temporal scope of their conversion to unsuitable 
conditions from forest management activities, and providing for habitat connectivity (MTDNRC 
and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the Service in 
2011, and includes a 50-year commitment by the State to manage for lynx conservation on 
these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 17, 20, 27). As described above, 
lynx selected mature multistoried stands with dense horizontal and relatively higher winter hare 
densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the Forest 
Service in the NRLMD adopted a vegetation management standard (VEG S6) that precludes all 
vegetation management activities that could reduce winter snowshoe hare habitat in multistoried 
forests, not just precommercial thinning as recommended in the LCAS (USFS 2007, pp. 13-14). 
Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517, ILBT 
2013, p. 30; 79 FR 54790) denning habitat is not thought to be a limiting factor for lynx in this 
unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes guidance to ensure 
adequate denning habitat remains well distributed in LAUs and, therefore, across the larger 
landscape and to design projects to create or retain coarse woody debris in areas where 
denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit also appear to 
remain suitable to allow lynx to outcompete other terrestrial hare predators. Gonzalez et al. 
(2007, pp. 4-7) compared the highest-precision lynx occurrence data in the contiguous U.S. 
from 1966-1998 with snow-cover data available for those locations and concluded that lynx 
require nearly continuous snow cover from December through March. The authors modeled the 
probability of suitable snow across North America, showing that this geographic unit has a 90-
95 percent probability of providing snow cover conditions supportive of lynx presence (Gonzalez 
et al. 2007, p. 12).  
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Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historic conditions and disturbance regimes, with only 
a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from  2002-2010, but where more 
recent surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA 
Team 2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historic condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent historically, the 
current absence of lynx might be a natural condition related to the area’s naturally fragmented 
habitats and generally low hare densities - i.e., it may naturally be capable of supporting 
resident lynx only intermittently when habitat conditions and hare densities are optimal. If so, 
future intermittent lynx occupancy would be expected, but only if lynx dispersing from a source 
population immigrate to the Garnets when habitat conditions and hare densities return to more 
favorable levels. Conversely, if the Garnets historically supported a small but persistent 
population that was recently extirpated, it may suggest that the alteration of the historic 
distribution of some habitats in some parts of the range, described above, was enough to tip the 
quality of the area’s habitat from capable of supporting a small resident population to no longer 
capable of doing so.       
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In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historic or current number of resident lynx in 
this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; Interagency Lynx Biology Team 2013, p. 
57; 65 FR 16058; 68 FR 40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor 
fine-scale genetic sub-structuring among lynx subpopulations in the the southern (Garnets), 
central (Seeley Lake), and northern (Purcells) parts of this unit, suggesting limited interaction 
among lynx in those areas (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in 
Lynx SSA Team 2016, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
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From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 
Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female  
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016 pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 in 
2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx SSA 
2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, whether 
the recent absence of lynx from this part of the unit represents the extirpation of a small but 
previously persistent population (and, therefore, a permanent contraction of lynx distribution in 
this unit) or the temporary “winking off” of a peripheral subpopulation that may become “winked 
on” again in the future is unknown and perhaps irresolvable. 
  
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
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the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a peripheral population in a metapopulation structure. Lynx are rarely detected 
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on surveys on other national forests (or parts of those above) that are outside but adjacent to 
this geographic unit (Patton 2006, entire; USFS 2105, pp. 1-9, 25-34), suggesting that these 
areas lack the habitat features and/or landscape-level hare densities necessary to support 
resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions:  Regulatory Mechanisms - The lynx DPS was listed 
because regulatory mechanisms in place at that time on Federal (primarily USFS and BLM) 
lands were deemed inadequate to assure the conservation of lynx habitats and, therefore, the 
persistence of lynx in the contiguous U.S. However, there was no evidence that resident lynx 
numbers or distribution had been diminished as a result of those regulatory inadequacies. 
Federal management activities (especially timber harvest and precommercial thinning, perhaps 
fire suppression) that occurred prior to listing and before implementation of current Federal 
regulatory mechanisms undoubtedly impacted some lynx and habitats by altering historic 
disturbance regimes and, therefore, the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. For example, as described above in Habitat Status and Lynx 
Status, past timber harvest/management and associated road construction may have 
fragmented, reduced the amount, and altered the distribution of lynx habitats in the Garnet 
Mountains, perhaps contributing to the apparent recent loss of that area’s ability to support 
resident lynx.      
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations were in place (MTFWP 2016, pp. 5-
10). Of the 16, eight were released uninjured, one was released with an injury, and seven were 
killed; all incidences of mortality occurred prior to 2008 and the implementation of the more 
protective regulations (MTFWP 2016, p. 5). In addition to the three lynx incidentally trapped on 
the Idaho Panhandle National Forest from 2012-2014 (described above under Lynx Status), one 
other lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south 
(U.S. District Court ID 2016, p. 6). Although lynx are legally trapped in Canada adjacent to this 
unit in southern Alberta and southern British Columbia, trapping there is managed through 
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regulated seasons and harvest levels, which are adjusted to avoid overexploitation, especially 
during the low phase of the hare-lynx population cycle (Environment Canada 2014, entire; 
Vashon 2015, pp. 5-6). Whether, and if so to what extent, trapping in Canada may influence 
lynx dispersal across the border and into this geographic unit is unknown; however, such 
dispersal was documented historically when harvest levels in Canada were likely much higher 
than under current management.   
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt,  
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.1.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat, often appear to barely meet the 
0.5 hares/ha threshold thought necessary to support resident lynx, relatively minor impacts, 
especially to hare and lynx foraging habitats, may strongly influence lynx persistence in some 
parts of this unit. However, modeling vegetation and snow suitability for lynx across North 
America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer forest 
biomes were broadly distributed across this geographic unit and that snow conditions suitable 
for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions based on 
this modeling are described in section 5.1.3, below). As described in section 3.2, above, climate 
change has also been implicated in recent  increases in the frequency and intensity of 
outbreaks of boreal forest insect pests, with warmer winters resulting in increased insect 
survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).       
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
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2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest levels on 
Federal lands in the West, including the Northern Rockies, and specifically with regard to “lynx 
forest types,” had declined consistently and dramatically for a decade or longer prior to the DPS 
being listed (68 FR 40093), and have remained at levels much lower than those from most of 
the previous century. Despite some likely localized impacts, past vegetation management does 
not appear to have broadly diminished this unit's ability to support resident lynx, although, as 
described above, it may have contributed to the current absence of a small number of resident 
lynx from the Garnet Mountains. Also as described above, current vegetation management in 
this unit on all Federal, most State and Tribal, and some private lands, is conducted in 
accordance with formally amended USFS and BLM management plans, an approved State 
HCP, Tribal regulations, and conservation easements designed to avoid or minimize impacts to 
lynx habitats, especially important hare and lynx winter foraging habitats.   
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to continue to support resident 
lynx.  
 
Habitat Loss and Fragmentation -  see regs and veg., above 
Much wilderness and other nondevelopment land allocations = limited loss/fragmentation in 
those areas. In development allocations, historic and recent timber harvest, associated roads, 
developed recreation, etc. - but no indication of pop-level effects. Few highways intersect lynx 
habitats in the N. Rockies (ILBT 2013, p. 63) and few records of collision mortalities in Montana 
(4) and Idaho (1) (Broderdorp, unpubl. data). Recreation, Minerals/energy development, and 
forest/backcountry roads and trails all considered second tier anthropogenic influences (ILBT 
2013, pp. 78-85); therefore unlikely to exert population-level influences, despite potential 
impacts to individuals.   
 
Other Factors - Connectivity /immigration - Connectivity/immigration from Canada thought to be 
important for demographic and genetic health of all DPS pops, but historic immigration rates 
and extent to which DPS pops rely on immigration are uncertain (79 FR 54789, 54793). No 
indication of barriers or genetic or demographic impacts to DPS pops (79 FR 54793). This unit 
is directly connected to lynx habitats and populations in southwestern Alberta and southeastern 
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British Columbia (BC), where lynx are considered “sensitive” and “secure,” respectively 
(Environment Canada 2014, entire). Apps (2007) - naturally patchy distribution of lynx and 
habitats and generally low hare densities in Canadian Southern Rockies - which is the source of 
lynx immigration for this SSA unit. Modeling lynx resource selection and movement behavior, 
Squires et al. (2013, pp. 187, 191-193) concluded that connectivity between this unit and lynx 
habitats and populations in Canada may be facilitated by only a relatively few predicted 
corridors that extend south from the international border. See section 3.2 - potential that climate 
change is muting hare cycles, which would impact lynx cycles, perhaps altering historic patterns 
of irruptions and immigration into this and other DPS pops. Evidence of pulses during 
unprecedented irruptions of the early 1960s and early 1970s (McKelvey et al 2000, pp. xx), but 
no evidence of significant immigration into this unit after the early 1980s (Squires in Lynx SSA 
Team 2016, p. 20). If immigration from Canada is essential to demographic stability of this pop., 
but is no longer occurring or is substantially reduced, potential for pop-level impacts in this unit - 
recruitment may be inadequate to consistently offset mortality and emigration. Seeley Lake 
lambda 0.92 may reflect a gradual decline of a pop. that needs but is not receiving immigrants.       
 
4.1.4 Unit 4 - North-central Washington 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825).  The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825).  It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands.  This area was occupied at the time lynx was 
listed and is currently occupied by the species.  Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented.  Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx.  Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult.  This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx.  Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46).  According to the LCAS, connectivity currently appears functional, as lynx 
dispersal from Washington into Canada was recently documented.  A male lynx radio-collared in 
2008 in the Loomis State Forest remained there until late winter in 2009, when it dispersed 

Commented [132]: Incomplete (Jim). 

Commented [133]: 7 km2 of BLM, but 346 km2 NPS lands - 
please include description of which NPS lands these are. 



114 
 

north into Canada toward Hope, British Columbia, and then headed north-east toward 
Kamloops where it appeared to establish a home range just southeast of Kamloops. This 
individual was later trapped and killed in British Columbia, highlighting the need for cooperation 
and shared management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently.  One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18).  Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523).  For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s.  In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986.  One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977.  A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63).  Prior to 1961, lynx trapping 
records were not maintained in Washington.  Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month.  In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (Service 
2008).  Lynx habitat in the Kettle Range is limited in size and capable of supporting few lynx.  
According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 10 to 23 
lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) 
of lynx habitat.  It should be noted that the lynx density estimate was derived from research 
conducted in the Cascade Range within a large area of contiguous, high quality habitat (Koehler 
1990, pp. 845, 847).  Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2.  The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia.  The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523).  These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult.  Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000, p. 322; 
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Stinson 2001, p. 9).  Within this area lynx primarily use forests dominated by Engelmann 
spruce, subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and 
avoid Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with 
sparse canopy and understory cover (less than 10 percent), low elevations [less than 915 m 
(3,000 ft)], and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; 
Maletzke 2004, pp. 16-17).  Similar to the northern Rocky Mountains, lynx habitat in the 
Cascades is naturally fragmented (Koehler et al. 2008, p. 1523).  Disturbance is common in 
boreal forests, and fires and insect epidemics are major drivers of this disturbance, but other 
factors including wind and disease also contribute to the process of disturbance (Agee 2000, p. 
47).  Fire return intervals in the north Cascades ranges between approximately 100 to 250 years 
(Agee 2000, p. 50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75).  
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268).  Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice.  
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446).  In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities reach approximately 4-6 hares/ha (1.6-2.4 hares/ac), and cycle 
as low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000, pp. 119-120).  In the southern 
portion of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in 
northern regions (Aubry et al. 2000, p. 375).  Walker (2005, p. 20) estimated an average 
snowshoe hare density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha 
(0.01 to 1.94 hares/ac) in north central Washington (i.e., the Cascades).  The Washington 
Department of Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 
0.7 hares/ha (0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84).  Snowshoe hares are limited to 
environments with snowy climates (Ruggiero et al. 2000b, p. 448).  Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
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Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest.  However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historic range of lynx in the 
U.S. (68 FR 40084).  McKelvey et al. (2000, pp. 245-246) described the historic range of lynx in 
the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with the 
Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests.  These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46).  The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63).  In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit.  Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23).  Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
studies conducted from 2002 through 2004.  More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx Workshop Report 2016, p. 21).  
Cumulatively, over the past 2 decades these wildfires have burned greater than 50 percent of 
the suitable lynx habitat within this geographic unit (Koehler et al. 2008, p. 1523).  These acres 
are expected to regenerate back into suitable lynx habitat, but it may take several decades for 
this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13).  From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13).  
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14).  In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).   
  
In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
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(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16).  However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16).  More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx.  This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847).  However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”.  During the time of Koehler’s 
(1990, entire) study the Meadows provided some of the best lynx habitat in Washington, 
whereas most other lynx habitat in Washington is lower in elevation and more highly fragmented 
(Walker 2005, pp. 3, 6).  Thus, the lynx densities Koehler observed in his study area in the 
Meadows may not translate to lynx densities throughout the rest of lynx habitat in Washington, 
because as habitat becomes more fragmented and isolated (i.e., marginal), the carrying 
capacity for a particular species declines.  Thus, applying Koehler’s estimated lynx density 
uniformly throughout Washington, may overestimate the overall lynx population capable of 
being supported in Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16).  This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16).  The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat.  
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc.  Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat.  They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522).  Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
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From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington.  During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847).  Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2).  Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2.  Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53).  Maletzke assessed the effects of recent fires 
in the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat).  By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx Workshop Report 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population.   Note:  while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable.  However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population.  Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires.  Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21).  The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
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persistent and viable reproducing lynx population may have been significantly impacted.  The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition:  In 1993, lynx were classified by the Washington Fish and 
Wildlife Commission as a state threatened species (Stinson 2001, p. 22).  On July 12, 2016, the 
WDFW recommended that the Washington Fish and Wildlife Commission uplist the lynx from a 
state threatened to a state endangered species (WDFW 2016, p.1).  According to the Draft 
Washington State Periodic Status Review for the Lynx, the WDFW recommended listing the 
lynx as endangered due to: 1) 1) observed range contraction in Washington following protection 
efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and anticipated 
threats to lynx population persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the 
Okanogan/Wenatchee (OWNF) and Colville (CNF) National Forests.  The North Cascades (aka 
the Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF.  Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire).  The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation.  To promote conservation 
of lynx and its habitat the LCAS contains conservation measures addressing the identification 
and maintenance of lynx habitat (foraging, denning, habitat connectivity) on federal lands.  
Toward this end, the LCAS recommends that federal land managers identify and map lynx 
habitat on their ownerships, and delineate lynx analysis units (LAUs) containing the mapped 
lynx habitat, within which the effects of management actions on lynx habitat will be monitored 
and analyzed.  The LCAS also recommends that the size of LAUs should be based on the 
average size of a female lynx home range and contain year-round habitat components (i.e., 
foraging and denning habitat).  Thus, in Washington, and the north Cascades specifically, it 
appears that the single threat for which lynx were listed under the ESA (i.e., inadequacy of 
regulatory mechanisms) has largely been addressed through the development of the LCAS, and 
CA between the Forest Service and Service which commits the Forest Service, specifically for 
Washington the OWNF and CNF, to use the LCAS in the management of lynx habitat on their 
ownerships and when designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
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that is located in the north Cascades of north-central Washington within the Okanogan LMZ.  In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a state threatened species by Washington State 
(WADNR 1996, entire).  Subsequent to federally listing the lynx as threatened under the ESA, in 
2006 the WADNR implemented a modified Lynx Habitat Management Plan (2006 Lynx Plan) 
incorporating new science into its 1996 Lynx Plan pertaining to lynx management (WADNR 
2006, entire).  Among other things, the WADNR 2006 Lynx Plan contains management 
standards and guidelines to avoid the incidental taking (as defined by the ESA) of lynx.  These 
standards and guidelines address maintenance of lynx denning and foraging habitat, as well as 
habitat connectivity within and between LAUs and lynx populations within Washington (i.e., 
LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  
(1) Encouraging genetic integrity at the species level by preventing bottlenecks between British 
Columbia and Washington by limiting size and shape of temporary non-habitat along the border 
and maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; 
(3) Maintaining the integrity of requisite habitat types within individual home ranges by 
maintaining connectivity between and integrity within home ranges used by individuals and/or 
family groups; and (4) Providing a diversity of successional stages within each LAU and 
connecting denning sites and foraging sites with forested cover without isolating them with open 
areas by prolonging the persistence of snowshoe hare habitat and retaining coarse woody 
debris for denning sites. 
 
The 2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation 
and effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, 
and the Service has concluded that the management strategies implemented are effective. 
 
In the final revised critical habitat designation, published in the Federal Register on February 25, 
2009 (74 FR 8657–8658), we determined that the benefits of excluding lands managed in 
accordance with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the 
designation, and that doing so would not result in extinction of the species. We, therefore, again 
are considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 
Lynx Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades, which has significantly affected the status of and current 
viability of the lynx population within this geographic unit.  As discussed below under Potential 
Threats/Stressors/Factors Influencing Viability, there is significant risk of potential future 
wildfires to further affect the viability of lynx in this geographic unit.  Recent wildfire severity, 
extent, and intensity in lynx habitat within this geographic unit may have been influenced by 
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climate change (Westerling et al. 2006, pp. 942-943), and as discussed below, climate change 
may similarly affect the future viability of lynx within this geographic unit. 
 
4.1.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826).  It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State.  This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton,Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts.  It also 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges.  This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (see Devineau et al 2010, p. 526).  Relative to other 
DPS lynx populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
the Rocky Mountain Conifer Forest vegetation class, as described above (Section 4.1.3) for the 
Northwestern Montana/Northeastern Idaho area, although this habitat and, thus, lynx typically 
occur at higher elevations (2,250-3,000 m [7,380-9,850 ft]) in the GYA (McKelvey et al. 2000a, 
p. 245). Lynx habitat in much of the GYA is naturally marginal (patchier and composed in many 
places of drier forest types) and hare densities low to marginal, resulting in a spatially-limited 
distribution of lynx with large home ranges (68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 
8643–8644; Hodges et al. 2009, entire; 79 FR 54796; Lynx SSA Team 2016, p. 45). However, 
some pockets of high hare density - Wyoming Range, see Berg’s work and Endeavor research 
reports.  

Habitat Status:  Almost all is Federal. Much of unit in national parks, wilderness areas, and other 
non-development land-use designations (try to quantify as above for unit 3) - mgmt. should 
preserve lynx/hare habitats.  Other areas (Fed) are managed in accordance with NRLMD or 
conservation agreements that incorporate the recommendations/standards and guidelines form 
the LCAS (2000). 

BLM plans revised in 2008 (Pinedale) and 2010 (Kemmerer) - formally adopted conservation 
measures and BMPs for lynx based on LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. 
A-9 - A-12).4. 

1988 YNP fires and potential consequences. 
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Lynx Status:  Few to none currently. Never very many (79 FR XXXXX). Uncertainty regarding 
historic persistent resident pop (see section 2.3.2.2). Summarize 1997- 2010 occurrences. Hot 
spots in Wyoming Range, Togwotee Pass, Bondurant Corridor, YNP 2001=2004 (some of this 
summarized above in 2.3.2.2).   

Factors Affecting Current Conditions: Regulatory Mechanisms, Climate Change, Vegetation 
Management, Wildland Fire Management, Habitat Loss and Fragmentation, Other   

4.1.6 Unit 6 - Southern Rockies Geographic Area 
 
Unit Description - The overall geographic unit includes Colorado, south-central Wyoming, and 
north-central New Mexico.  However, within the southern Rockies, since we currently have no 
evidence of resident lynx in southern Wyoming or northern New Mexico, and we question the 
ability of these two areas to support breeding populations we are not including these two areas 
in the unit description.  Lynx habitat  in Colorado totals approximately 25,294 km2 (9,766 mi2), 
and is distributed west of US Interstate-25.  We excluded the northwest part of the state 
bounded on the south by US Interstate-70 and the east by Colorado State Highway 13, because  
this area lacks sufficient habitat to support lynx.  Lynx habitat in Colorado falls within the 
following land ownerships, USFS 21,555 km2 (8,322 mi2), BLM 772 km2, (298 mi2), NPS 452 
km2 (174 mi2), Private 2,350 km2 (907 mi2), State 164 km2 (63 mi2).   
 
The southern Rockies are separated from the rest of the Rocky Mountain chain, and thus lynx 
habitat in northern and western Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.   
 
Habitat Description - Lynx habitat in the southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009 page 
10).  In the upper elevations of the subalpine zone, forests are typically dominated by subalpine 
fir and Engelmann spruce.  As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen.  On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir.  Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains.  The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites.  Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, page 15).  Riparian and riparian-mix was the third most-used cover type, with a 
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pattern of increasing use beginning in July, peaking in November, and dropping off in 
December.  Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012 page 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands).  We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan’s EE 
presentation), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975 page 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within 
their study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 2008, 
p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains 
Geographic Unit, which limits their abundance.  Zahratka and Shenk (2008) found densities of 
snowshoe hares to be greatest in mature Engelmann spruce-subalpine fir stands when 
compared to mature lodgepole pine stands in Taylor Park, Colorado.  Their density estimates 
were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in Engelmann spruce-subalpine fir 
habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 hares/ac) in lodgepole pine habitats 
(Zahratka and Shenk 2008). 
  
Ivan (2011a) compared snowshoe hare density, survival, and recruitment in mature uneven-
aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) stands (20–25 
years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned lodgepole pine 
stands (40–60 years old) in Colorado.  During summer, Ivan (2011a) recorded densities of 
0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small lodgepole pine forest, 0.01+0.04 
to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium lodgepole forest, and 0.01±0.002 to 
0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir forest; densities were more similar across 
the 3 forest types during the winter months.  He concluded that “hares reached their highest 
densities and recruited juveniles most consistently in stands of small lodgepole, followed closely 
by spruce/fir, but survival was highest in spruce/fir stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the southern Rockies (i.e. Colorado and southern Wyoming) [65 FR 16052).  In 
2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the southern Rockies (68 
FR 40076).  As stated above, our focus here is limited to the state of Colorado.  In 2008, the 
USFS reported that most of their LAUs in the southern Rockies fell within a range of 3-8 percent 
in a currently unsuitable condition, with only one LAU exceeding 30 percent unsuitable (USFS 
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2008 page 19).  Currently, the USFS reports 51 out of 202 (25%) LAUs currently exceed the 30 
percent unsuitable condition (Peter McDonald pers comm. (7/21/2016).  These changes are 
mostly in response to the ongoing bark beetle infestations, as well as wildfire events that have 
occurred since 2008. 
 
Ivan et al. (2012 page 6), developed a predictive map of lynx habitat use by using lynx location 
data collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx.  Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use.  Therefore, we 
selected the top 30 percent of the Ivan et al. (2012 entire) predictions and the associated habitat 
to represent the amount of potential lynx habitat in Colorado totaling 25,294 km2 (9,766 mi2).  
This habitat estimate falls between the Ivan et al. (2012, page 6) estimate and the USFS’s 
habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008 page 18), while retaining a greater than 
60 percent probability of detecting lynx as described by Ivan et al. (2012).   
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents.  All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx.  Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS, totalling approximately 126 km2 (49 mi2).  One 
additional plan provides conservation measures for timber management actions only, but the 
FO contains only about 1 km2 (0.39 mi2).  The remaining FOs currently have not amended or 
revised their plans specifically to provide conservation for lynx (approximately 645 km2 (298 
mi2),  Since the 2000 listing however, all BLM Field Offices in Colorado have been conserving 
lynx discretionarily through application of conservation measures provided in the Lynx 
Conservation Assessment and Strategy (Ruediger et al. 2000, entire; ILBT 2013, entire).  Rocky 
Mountain National Park has a fire management plan that includes conservation measures for 
lynx.  We are not aware of any specific conservation planning guiding activities on non-federal 
lands. 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado.  
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
state of Colorado (Odell pers comm. April 4, 2016), and Rocky Mountain National Park (Shenk 
2008, page 3).  The CPW is developing a minimally-invasive, long-term, statewide monitoring 
program to track the distribution, stability, and persistence of lynx in Colorado (Ivan J. 2012 
entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan presentation 2015).  In addition 38 percent of lynx captured during recent (2010-2015) 
USFS Rocky Mountain Research Station research projects in Colorado have been young and/or 
unmarked cats (Ivan EE Presentation 2015), suggesting continued reproduction within 
Colorado.  However, reproductive rates are currently unknown. 
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As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, page 5).  Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–
0.90; Slough and Mowat 1996 entire, O’Donoghue et al. 1997, page 155) or in the Northwest 
Territories (~0.90; Poole 1994, page 612).  Successful reproduction, including by females born 
in Colorado, has been documented (Shenk 2008, page 2), and kitten survival was 0.2260 (Jake 
Ivan, pers comm. March 9, 2016). 
  
Factors Affecting Current Conditions - Colorado is currently experiencing major bark beetle 
epidemics in lodgepole pine and spruce-fir forests.  Although bark beetles are native insects, 
and forests in the western U.S. have experienced regular insect infestations throughout their 
history, the current bark beetle epidemic is notable for its intensity and extensive geographic 
range.  The causes of this epidemic include: relatively even-aged, dense, and homogenous 
forest conditions, which are highly susceptible to beetle attack, and which were created by 
large-scale logging in the late 1800s and subsequent fire suppression efforts; warmer winters 
due to climate change (cold winters typically reduce beetle populations); and a multi-year 
drought that occurred in the mid-1990s through early 2000s, stressing the trees and making 
them more susceptible to beetle attack (USFS 2011, pp. 4). 

In lodgepole pine forests, a mountain pine beetle (Dendroctonus ponderosae) epidemic typically 
kills the entire overstory and results in a stand-replacing disturbance event.  In Colorado, more 
than 1,375,931 ha (3,400,000 ac) has been affected by mountain pine beetle, and 639,000 ha 
(1,579,000 acres) affected by spruce beetle since 1996 (USFS 2015, p. 3), a portion of which 
overlaps with lynx habitat.   
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares.  
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine.  If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event.  Because of the importance of spruce-fir forests for production and survival 
of snowshoe hares (Ivan 2011a), widespread mortality of mature spruce/fir forests could impact 
lynx habitat for a long duration.  By 2015, the spruce beetle outbreak influenced approximately 
95 percent of the mature spruce component of the subalpine cover types on the Rio Grande 
National Forest (Squires et al. unpublished report 2016, page 1).  Despite the large scale, and 
almost complete mortality of the mature spruce component within their study area, lynx continue 
to use and reproduce in the beetle-infested forests (Squires et al. unpublished report 2016, 
page 2).  Since the majority of lynx habitat in Colorado is under Federal land management (88 
Percent), actions occurring on other ownerships are unlikely to result in significant losses of lynx 
habitat within Colorado.  However, habitat connectivity may be negatively affected by intense 
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recreational use or development within strategic areas that are important for habitat 
connectivity. 
 
Interagency Lynx Biology Team (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006).  Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003.  When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were 
exposed to plague by infected prey after their release in Colorado. 
 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing.  
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006).  Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016).  A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012).  At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat.  Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
  
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
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Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely.  

4.2 Current Conditions DPS-wide 
Team provide highlights/ bullets, Jim summarize unit information above. 
 
Table of Current Condition? 
 
Summary Unit 1 Current Conditions:  In contrast to what was known at the time of listing, the 
largest reproducing resident population of lynx in the DPS occurs in northern Maine (numbers 
and trends unknown, but habitat for possibly 500 to 1000 lynx).  Small numbers of reproducing 
lynx have been recently documented in northern New Hampshire and Vermont.  The northern 
Maine population is part of a larger metapopulation in southern Quebec and northern New 
Brunswick that is demographically isolated from populations in the interior of Canada by the St. 
Lawrence River.  Unlike other DPS units, lynx habitat occurs nearly entirely on private, industrial 
forest lands.  Lynx and hare habitat is historically high because of young, regenerating softwood 
created by extensive clearcutting to salvage spruce-fir following a severe spruce budworm 
outbreak in the 1970s and 1980s.  Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities.  Habitat created from the 
budworm clearcuts has peaked.  Forestry regulations passed in 1989 caused landowners to 
shift to various forms of partial harvesting that resulted in lower landscape hare densities across 
much of the unit.  Hares do not seem to cycle in this region, but underwent a 50 percent decline 
starting in 2006 and have remained at lower levels. Current trends in lynx populations are 
unknown, but reproduction and survival in the low-hare environment suggest a slightly declining 
population.  Under natural conditions, hare and lynx habitat was likely created by gap-dynamic 
in mature forest (similar to western units), infrequent and generally small fires, blowdown, and 
insect outbreaks.  Forest management is now the primary driver of hare and lynx habitat.  Unlike 
other units of the DPS, landowners do not have long-term commitments to lynx management.  
Unique stressors on private lands include large-scale wind energy development, residential and 
resort development, and parcelization of forestlands from rapid turnover in investment company 
landowners.  Forestry markets are uncertain and most papermills have closed.  The next spruce 
budworm outbreak is imminent, but forestry response by investment landowners is uncertain.  
Climate change is a concern as snow depth and duration are currently at the minimum 
thresholds believed necessary to give lynx a competitive advantage over bobcats and other 
mesocarnivores.   
 
Summary Unit 2 Current Conditions:  Contrary to what was assumed prior to listing, a 
reproducing resident lynx population (roughly 50 to 200 lynx) exists in northeastern MN. Land 
ownership of this 21,100 km2 (8,147 mi2) unit is about 47 percent Federal (primarily USFS); 36 
percent State; 16 percent private; and 1 percent Tribal.  The unit is directly connected to lynx 
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habitat in southern Ontario. Hare density in parts of northeastern Minnesota appears to be 
sufficient to support a viable lynx population. The SNF continues to manage in accordance with 
its 2004 Forest Plan, which has direction based on the LCAS and Canada Lynx Conservation 
Agreement (CA) between the Forest Service and the Service, for all forest activities that occur 
within LAUs. Management on state and private lands is voluntary.  Factors affecting current 
conditions primarily include forestry management, roads, incidental trapping, mining 
development, snow compaction, competition with bobcats, and lynx-bobcat hybridization. Forty-
nine lynx mortalities due to vehicle and train collisions as well as incidental trapping and 
shooting have been reported in MN since the species was listed. 
 
Summary Unit 3 Current Conditions: 
 
Summary Unit 4 Current Conditions:  Since lynx were listed in 2001, almost 40 percent of lynx 
habitat in the North Cascades has been impacted by fire, potentially reducing the the lynx 
population capable of being supported in Washington by  
 
Summary Unit 5 Current Conditions: 
 
Summary Unit 6 Current Conditions:   
 
Compared to the time of listing and completion of the Southern Rockies Lynx Amendment, two 
bark beetle epidemics have altered large areas of lynx habitat in Colorado.  Similarly, large 
wildfires have reset successional conditions in many areas.  Areas affected by beetles that 
contained multistoried stand conditions likely continue to provide habitat to support snowshoe 
hares and lynx.  Other areas require 20 plus years to recover to a point where the stands will 
again support snowshoe hares.  The CPW completed their lynx reintroduction, and based on 
information generated during on-going studies, and reports received by CPW and the USFS, 
lynx continue to persist, at least in the San Juan Mountains.  The majority of lynx habitat in 
Colorado continues to be managed by the USFS, providing conservation through the Southern 
Rockies Lynx Amendment.  However, regulatory mechanisms for the conservation of lynx are 
lacking on approximately 3,611 km2 (1,394 mi2) [14 percent] of some BLM, NPS, and other non-
federal lynx habitat. 
 
Summary of populations in each DPS unit  
In our assessment of each unit, we determined that four of the six units of the Canada lynx DPS 
currently (and in the next decade) demonstrate high levels of resiliency (Table XX); Unit 1 
Northern Maine, Unit 2 Minnesota, Unit 3 Northwestern Montana, and Unit 6 Western Colorado.  
Until recently, the North-Central Washington unit was considered resilient until large fires 
consumed a large amount of the habitat, likely resulting in a diminished population that may be 
susceptible to stochastic events.  The Greater Yellowstone unit lacks resiliency because there 
are few, if any, lynx present, and this population is demographically isolated from Canada and 
other DPS populations (with the exception of a few lynx that may immigrate from Colorado).  
Key evidence in determining level of resiliency was the amount of habitat having landscape hare 
densities that are able to support at least a minimum viable population (35 to 50 individuals).  
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We lack demographic, abundance, and trend data for all of the units.  Various stressors 
currently affect each unit, especially forest management and climate change.  Lynx at the 
southern edge of their range occur in patchy, fragmented boreal forest and are at the 
environmental thresholds (e.g., snow quality, depth, persistence).  Overall, the primary sources 
of uncertainty were the lack of empirical abundance and trend estimates, the extent and 
importance of immigration of lynx from Canada to the persistence of U. S. populations, trends in 
hare populations, and the effectiveness of lynx management (or lack thereof on private forest 
lands).  Given the importance of climate change as a stressor, we lack information on the pace 
and extent of changes in snow quality, depth, and persistence and how this affects the 
relationship between lynx and their competitors. 
 
Table XX.  Summary of current (2016 – 2025) resiliency of individual populations of the Canada 
lynx DPS (see section 5.2, table XXX for future resiliency). 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Northern 
Maine 

2016 mean 100% 
  

2025 mean 95% 
(range 70 to 100%) 

  

● Large habitat unit; low elevation 
● Habitat created by spruce budworm 

clearcuts peaking; population at 
historic highs and largest in the DPS? 

● No long-term management 
commitments to lynx on state and 
private lands (99% of unit) 

● Highest reported road mortality, 
incidental take from trapping in DPS 

● Moderate lynx density in optimal 
habitats; small home ranges, high 
productivity and survival indicate 
current habitat quality 

● Few disruptions to demographic and 
genetic connectivity to southern 
Quebec, New Brunswick populations 

● Higher landscape hare densities 
relative to other DPS units 

● Snow depth and duration at minimum 
thresholds for lynx 

● No empirical abundance or trend 
data; potential habitat for 500 to 1000 
lynx 

● Extent and importance of immigration 
from Canada 

● What was natural habitat condition 
and population? 

● Effects of shift to partial harvesting – 
lower landscape hare densities, 
fragmented habitat 

● Hares in ME-Quebec region dropped 
to 50% former abundance 

● Forestry response to pending spruce 
budworm outbreak 

● Effects of mortality – roads, incidental 
trapping and shooting 

● Future commitments to long-term lynx 
management on state and private 
lands 

● Conversion of spruce-fir to northern 
hardwood occurring 

Unit 2 
Minnesota 

2016 mean 100% 
  

2025 mean 95% 
(range 70 to 100%) 

● Moderate habitat unit; low elevation 
● Habitat conditions on national forests 

likely improving 
● Moderate home ranges and 

productivity indicate habitat quality 
and hare density sufficient to support 
lynx 

● Few disruptions to demographic and 
genetic connectivity to southern 
Ontario populations 

● Lynx at thresholds for snow depth 

● No empirical abundance or trend 
data; potential habitat for 50 to 200 
lynx 

● Extent and importance of immigration 
from Canada 

● Lower population could be 
susceptible to stochastic effects 

● Effectiveness of USFS management 
for lynx 

● Effects of mortality on small 
population – roads, incidental 
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and duration trapping and shooting 
● Trends in hare populations 
● No commitments to long-term lynx 

management on state and private 
lands (52% of unit) 

Unit 3 
Northwestern 
Montana 

2016 100% 
  

2025 mean >95% 
(range 90 to 100%) 

● Large habitat unit; high elevation 
● Habitat conditions on national forests 

likely stable or slightly declining 
because of fires 

● Long term lynx management assured 
on >90% of unit; increased protection 
from conservation purchase of 
private forest lands 

● Few disruptions to demographic and 
genetic connectivity to southern 
British Columbia populations 

● Landscape hare densities lower – 
larger home ranges, lower population 
density 

● Recent loss of metapopulation in 
Garnet Range 

● Increasing fire frequency 
● High elevation buffer against climate 

change 

● No empirical abundance or trend 
data; potential habitat for 200 to 300 
lynx 

● Effectiveness of USFS management 
for lynx 

● Dependence on hare-lynx cycle in 
Canada to sustain population 

● Effects of mortality on population – 
roads, incidental trapping and 
shooting 

● Trends in hare populations 

Unit 4 North-
central 
Washington 

2016 mean 100% 
  

2025 mean 80% 
(range 30 to 100% 

● Smaller habitat unit; moderate 
elevation 

● Habitat and population low because 
of recent fires and now at great risk 
from stochastic effects 

● Long term lynx management assured 
on >90% of unit 

● Moderate home ranges and 
productivity indicate intermediate 
current habitat quality 

● Few disruptions to demographic and 
genetic connectivity to southern 
British Columbia populations; 
immigrants may augment population 

● Landscape hare densities lower – 
larger home ranges, lower population 
density 

● No empirical abundance or trend 
data; current potential habitat for 
about 40 lynx; under optimal habitat 
conditions could support 100 to 150 
lynx 

● Time needed for burned habitat to 
become new hare-lynx habitat 

● Effectiveness of USFS management 
for lynx 

● Dependence on hare-lynx cycle in 
Canada to sustain population 

● Effects of mortality on population – 
roads, incidental trapping and 
shooting 

● Trends in hare populations  

Unit 5 Greater 
Yellowstone 

2016 mean 50% 
  

2025 mean ~52% 
(range 0 to 90%) 

● Large habitat unit; high elevation 
● Drier conditions; patchy, fragmented 

habitat 
● Regenerating forest from 1980s fires 

could create habitat 
● Landscape hare density insufficient 

to support lynx 
● Uncertain whether lynx are currently 

present 

● No empirical abundance or trend 
data; likely fewer than 10 lynx, and 
possibly zero 

● Trends in hare populations 
● Whether habitat can be managed to 

improve landscape hare density that 
will support lynx 

● Effectiveness of USFS and NPS 
management for lynx 
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● No connectivity with Canadian 
populations 

● Effects of mortality on population – 
roads, incidental trapping and 
shooting 

● Trends in hare populations 

Unit 6 
Western 
Colorado 

2016 mean 100% 
  

2025 mean 90% 
(range 30 to 100%) 

● Large habitat unit; high elevation 
● Habitat conditions on national forests 

likely stable or slightly declining 
because of fires 

● Smaller home ranges and higher 
survival and productivity indicate 
current habitat quality 

● Long term lynx management assured 
on >90% of unit 

● No demographic or genetic 
connectivity to other lynx populations; 
subject to genetic drift 

● Lynx may occur as several smaller, 
relatively isolated subpopulations, 
which are likely more vulnerable to 
stochastic events 

● Increasing fire frequency 
● Extensive bark beetle outbreak 

affecting habitat 
● High elevation buffer against climate 

change 

● No empirical abundance or trend 
data; current potential habitat for 100 
to 250 lynx 

● Effectiveness of USFS management 
for lynx 

● Effects of mortality on population – 
roads 

● Trends in hare populations  

  
 

Chapter 5: Future Conditions 
In this chapter, we evaluate the potential effects of the influencing factors described in Chapter 
3, above, on the persistence and future viability of lynx populations in each geographic unit and 
the DPS as a whole. We also present and summarize the professional judgments and opinions 
of lynx experts and their estimates of the probability that each of the SSA units will continue to 
support resident breeding populations of lynx into the future (at years 2025, 2050, and 2100). 

5.1 Future Conditions by Geographic Unit 
5.1.1 Unit 1 - Northern Maine 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Forest Practices Act (FPA).  The FPA 
regulates maximum size of clear cuts (250 acres), separation zones between clearcuts, harvest 
plans, and notification to the Maine Forest Service.  Clearcuts are not banned, but require 
varying levels of permitting depending on their size.  As a result, the number of clearcuts 
completed annually has declined significantly and have been replaced by various forms of 
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partial harvesting (Sader et al. 2003, p. 349-350, McWilliams et al. 2003, p. 35).  In general (with 
exception of shelterwood harvests), partial harvested stands support significantly lower 
densities of snowshoe hares (Fuller 1999, Homyack 2003, Robinson 2006, entire, Scott 2009), 
thus reducing landscape hare density and presenting a challenge for future lynx conservation 
(Simons 2009, pp. 206, 209, 217, Simons-Legaard et al. 2016, p. 7-8, Simons-Legaard 2016, 
entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems.  The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-FPA to 550,000 
acres post-FPA (McWilliams et al. 2003, p. 35).  Currently, 27 years post-FPA, much of the 10 
million-acre northern Maine landscape has been influenced by partial harvesting.  Extensive 
partial harvesting and aging of the spruce budworm-era clearcuts will reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10).  If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10).  After 2030, projected outcomes for lynx habitat 
become more uncertain and depend on assumptions about habitat definitions and harvest rates.  
If one defines lynx habitat as stands having greater than 75 percent spruce-fir, then habitat will 
decline by about 50 percent by 2030 and remain at about at this level through 2060.  With more 
generous definitions of habitat (stands that are 25 to 50 percent spruce-fir), after an initial 
decline lynx habitat could rebound after 2030, perhaps to about 75 percent of current levels by 
2050 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the next outbreak of spruce budworm.  After being low for the 
last 20 years, spruce budworm numbers are again building toward epidemic levels in Maine, 
southern Quebec, and northern New Brunswick.  Significant defoliation in Maine is expected to 
begin between 2018 and 2021 (Wagner et al. 2014).  Although Maine research has clearly 
demonstrated that landowner response to the last outbreak resulted in unintended, positive 
benefits for lynx from one to three decades later, our ability to project what effects the next 
outbreak will have on lynx habitat is still limited.  Land ownership has changed dramatically 
since the last outbreak.  To reduce risk from spruce budworm, some financial investment 
owners may cut younger spruce-fir stands that still support elevated hare populations.  Some 
may be less inclined to intensively manage for spruce-fir.  It is unlikely that current landowners 
will use widespread use of pesticides to control spruce budworm and herbicides to promote 
spruce-fir regeneration after stands are defoliated.  The FPA may serve as an additional 
constraint on motivation to clearcut infested stands, even with recently-enacted changes 
intended to reduce the regulatory burden for landowners.  Landowner response to the pending 
outbreak will have important implications for the short- and long-term persistence of lynx habitat 
in the northern Maine unit (Simons-Legaard 2016, pp. 16-17).   
 
Climate warming - The direct and indirect effects of climate warming are expected to affect lynx 
in the northern Maine unit more severely than other units (A. Siren, Workshop report 2016 p.XX) 
and could further restrict their range (Hoving 2002, Hoving et al. 2005, Carroll 2007).  Wildlife 
experts in Maine ranked lynx as highly vulnerable to climate change (>66 percent loss in 
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species range/population and extirpation within 50 to 100 years) (Whitman et al. 2013, p. 19, 
74).  Similarly, Carroll (2007, entire) modeled Maine lynx population assuming non-cycling hare 
populations and snow conditions expected under intermediate to high emissions climate models 
(Kiehl and Gent 2004, entire).  He predicted a 59 percent decline in the lynx population (non-
cycling hare populations in Maine and eastern Canada) by mid-century because of climate 
change alone. Maine lacks elevational refugia for lynx under reduced snow scenarios (Carroll 
2007, p. 1102), except for the mountains in western Maine where snow refugia may only persist 
as very small, isolated “sky islands” that would be unlikely to support lynx.  Gonzales et al. 
(2007, entire) modeled distribution of boreal forest and future snow conditions under nine 
different low, medium, and high emission scenarios (IPCC 2007) and predicted loss of forest 
and snow conditions able to support lynx in Maine by the end of the century.  Although there are 
uncertainties about future climate warming, lynx populations in Maine are expected to recede 
northward and decline substantially over the next century (Vashon et al. (2012, p. 60).    
 
Northeast climate models predict average winter temperature increasing 2.0oC (low emission) to 
2.9oC (high emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by 
late century (Notaro et al. 2014).  Largest increases in temperature are expected in northern 
Maine (A. Siren, Workshop Notes 2016, Rawlins et al. 2012) where temperatures may increase 
4.5 to 5.0o F by 2050 (Fernandez et al. 2015 check). Moderate emissions scenarios predict a 
loss of snow and boreal forest conditions able to support lynx by the end of the century (Carroll 
2007, Gonzales et al. 2007).  
 
Climate change is affecting the Northeast, and the rate of change is faster than expected 
(Rustad et al. 2014).  Rapid winter warming in recent decades is believed to be caused by 
reduced albedo feedback caused by the reduced persistence of snow in winter (Hayhoe et al. 
2006). Average winter temperatures are increasing 0.42-0.46o C/decade with the greatest 
warming occurring in the coldest months of winter (January, February)(Burakowski et al. 2008).  
Northeast climate models predict average winter temperature increasing 2.0oC (low emission) to 
2.9oC (high emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by 
late century (Notaro et al. 2014).  Largest increases in temperature are expected in northern 
Maine (A. Siren, Worskshop Notes 2016, Rawlins et al. 2012) where temperatures may 
increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015 check). Moderate emissions scenarios 
predict a loss of snow and boreal forest conditions able to support lynx by the end of the century 
(Carroll 2007, Gonzales et al. 2007).  In response to climate change, interest in wind 
development has escalated in northern and western Maine increasing threats to high elevation 
and potential spruce-fir refugia (Whitman et al. 2013). Climate conditions are at or falling below 
threshold values needed to support lynx in Maine. 
 
Snow duration. The current average snow duration in Maine is at or below the 4 month snow 
persistence thresholds believed needed to support lynx (section 4.1.1, Gonzales et al. 2007) 
and is projected to decline.  Snow duration is project to continue to deteriorate.  Snow duration 
declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to 
diminish another two weeks in Maine by mid-century (Fernandez et al. 2015).  Snow duration is 
expected to diminish by 25 percent (low emissions) to 50 percent (high emissions) from current 
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conditions by the end of the century (Hayhoe et al. 2006).  Similarly, Notaro et al. (2014) 
projected an average decrease of 28 days (low emission) to 47 days of snow cover (high 
emissions) by the end of the century.   
  
Snow depth. The current average snow depth is at or below the 270 cm/yr. (106 in/yr) 
thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005) and is expected 
to decline.  By the end of the century, large areas of the Northeast will experience 15 percent 
(low emission) to 25 percent (high emissions) reduced snowfall (Ning and Bradley 2015).  
Similarly, by the end of the century Notaro et al. (2014) projected average snow declines in the 
North Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 
cm (48 percent) (high emissions) as a higher proportion of winter precipitation falls in the form of 
rain rather than snow.   Winter precipitation in Maine is likely to increase by 10 to 15 percent by 
the end of the century (Hayhoe et al. 2006) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, Hayhoe et al. 2007, Ning and Bradley 2015). 
 
Snow quality.  Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006) with a greater proportion of winter precipitation falling as rain 
(Huntington et al. 2004, Hayhoe et al. 2007, Ning and Bradley 2015).  Snow density and 
compaction (caused by wet, heavy snow or rain on snow events in winter) will continue to 
increase in the region in the future (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006, Karl et al. 1993).  
 
Loss of boreal forest. Climate change is projected to cause a northward contraction of spruce-fir 
forest in the Northeast with potential negative consequences for both lynx and snowshoe hares 
(Gonzales et al. 2007, entire).  Spruce-fir forest is expected to decline substantially in Maine and 
the Northeast (Ollinger et al. 2007 Beckage et al. 2008, Tang and Beckage 2010, Whitman et al. 
2010, p. 12, Jacobson et al. 2009, p. 27) or disappear (Iverson and Prasad 2001, pp. 192-193, 
Prasad et al. 2007) because of climate change.  Climate change is anticipated to increasingly 
fragment boreal forest in northern New England (Iverson et al. 2008, Ollinger et al. 2008, 
Whitman et al. 2013).  Lynx habitat will decline as boreal forest diminishes (Simons 2009).  
Even under the lowest emissions scenarios, spruce-fir forest would be greatly reduced by 2100 
(Williams and Liebhold 1997, Prasad et al. 2007), although some spruce-fir may persist at 
highest elevations (Tang and Beckage 2010) and along the eastern coast (Jacobson et al. 
2009) where cooler conditions will prevail.   
 
The spruce-fir forest type has come and gone from New England during the post-glacial period.  
It nearly disappeared from the Northeast during interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, DeHayes  et al. 2000).  Because of its sensitivity to climate and 
mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low emissions) or the 
disappearance (high emissions) of the spruce-fir forest type in northern Maine in response to 
climate change.   
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Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species  
in the Northeast and will be affected by climate change in different ways.  Mechanisms of injury 
to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of reduced 
snowpack), and reduced seed germination (Perfect et al. 1987, Auclair et al. 2010).  Thus, the 
range of spruce-fir is limited by summer heat and drought.  Mohan et al. 2009 projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008) projected growth rates for balsam fir and 
red spruce to mid-century, after which they would decline.    
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, and synergistic effects with other pollutants). 
Arguments in favor of an accelerated decline include evidence that spruce-fir is already in 
decline (Seymour 1992, Simons 2009) and is being replaced in Maine by northern hardwoods 
(oak, pine, red maple).  The decline of the spruce-fir forest type is accelerated by forest 
disturbances.  A pending spruce budworm outbreak and frequent disturbance from forest 
management could accelerate conversion to northern hardwoods in northern Maine and eastern 
Canada (Flannigan et al. 2001, Gauthier et al. 2015).  Other climate-related forest disturbances 
(forest pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et 
al. 2008, p. 404).   
 
In contrast, some authors note that trees migrate slowly and are long-lived. Therefore, a time 
lag may occur in shifting forest composition from spruce-fir to northern hardwoods (Mohan et al. 
2009, Zhu et al. 2012).  Some northern Maine industrial forest landowners could “adapt” to 
climate change by intentionally favoring spruce-fir (e.g., by plantations and use of herbicides).  
McWilliams et al. 2005 (p. 8) noted that balsam fir increased in Maine’s forest inventory in the 
2000s.  Forest models projected increases in  spruce-fir biomass over the next century because 
of partial harvesting and periodic budworm outbreaks, but did not take climate change into 
consideration (Simons-Legaard  et al.2013).   
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit.  Climate change will 
influence precipitation and temperature, forest management strategies, and forest disturbance 
(fire frequency and spruce budworm), all of which will interact in complex ways to influence the 
spruce-fir forest at the southern edge of its range.  Carter (1996), Iverson et al. (1999), and 
Goldblum and Rigg (2005) documented balsam fir growth rates and growth potential would 
decline under likely climate warming scenarios (~4 to 5 degree temperature increase by the end 
of the century and reduced snow conditions).  Some have projected the extirpation of spruce-fir 
forest types in the Great Lakes States (Scheller and Mladenoff 2005) and New England (Iverson 
and Prasad 2000).  In contrast, balsam fir has prolific seed production following forest 
disturbance such as harvesting (Seymour 1992), and has proliferated under the current climate 
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and forest management regime dominated by partial harvesting (Olson et al. 2013, entire).  
Balsam fir is a relatively short-lived tree (~100 years), and is unlikely to persist long if climate 
change affects seed and germinations rates.  Given, anticipated effects of climate changes, 
especially early snow melt and low spring precipitation, fir is unlikely to regenerate in the future 
Maine forest (E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future 
(Regulatory Mechanisms section above).  By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and not support high hare densities.  
For the foreseeable future, partial harvesting will continue as the primary means of forest 
management.  Although partially harvested forests with well-developed understory structure 
may provide foraging opportunities via increased prey access (Fuller et al. 2007), snowshoe 
hare densities are substantially less in landscapes dominated by partially harvested stands 
(Robinson 2006, entire; Fuller and Harrison 2010). Thus changing forest management practices 
will continue to reduce landscape hare density below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8).  
Currently, the landscape is owned primarily by  financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2014).   
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades.  Lynx, habitat is expected to peak and 
remain stable through about 2020 (Simons 2009, Simons-Legaard et al. 2016 p. 6).  After 2020, 
aging of the former clearcuts and extensive partial harvesting are projected to result in a 50 to 
65 percent decline in lynx habitat by 2032.  Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 4.5 percent of the landscape (Simons-Legaard 2016).   
By 2032, the Northern Maine Unit may support less than half the lynx population as it does 
today (Simons 2009, p. 209, 217).   
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
support lynx (Simons 2009, Simons-Legaard et al. 2016, Simons-Legaard 2016).  By 2022, the 
number of patches of high quality hare habitat will increase by 57 percent, but the average size 
of patches will be diminished by 87 percent, and patches will become more isolated (Simons-
Legaard et al. 2016, pp. 5-6).  The proximity index of high quality habitat patches will decline by 
78 percent within lynx home ranges.  Although lynx habitat is peaking, fragmentation is 
diminishing its ability to support lynx in the future? (Simons-Legaard et al. 2016). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty.  The most optimistic forest management models (greatest harvest 
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rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060.  The most 
most pessimistic models (lowest harvest rates, no climate change, no spruce budworm) project 
about 5 percent of northern Maine will have high quality hare habitat (Simons-Legaard 2016, 
entire), although the habitat will be much more fragmented and smaller patch size (Simons-
Legaard et al. 2016)..    
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004).  
A spruce budworm outbreak is projected to reach epidemic proportions in 2018 to 2021.  The 
epidemic has already affected 10 million acres of spruce-fir in southern Quebec, immediately 
north of Maine (Wagner et al. 2014, entire).  The last outbreak in the 1970s and 1980s killed 
millions of acres of spruce and fir forests in the northern Maine unit.  Maine’s 5.8 million acres of 
spruce-fir stands across the state are at risk of some level of defoliation.  The intensity of the 
next outbreak is uncertain, although some project a weaker outbreak because spruce and fir 
trees are younger and less susceptible and there is a higher hardwood component in northern 
Maine forests (Wagner et al. 2014, p. 21-27).  A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2014, pp. 5-6).  An 
aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1).  The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir.  The nature of 
landownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons.  The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987), although there were no large fires after the last outbreak.  Fire risk is currently 
very low in this unit and a continuous decrease in fire frequency is predicted with climate 
change in eastern Canada because of increased precipitation and decreased drought (Bergeron 
and Flannigan 1995, Flannigan et al. 1998).  Climate is expected to become more variable 
during the next century (Gregory & Mitchell 1995; Gregory et al. 1997), which could create fire 
conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region.  Notable large fires in Maine include a 3 million acre fire in 1825 and 200,000-acre 
fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre, sparsely populated “North Woods” of 
Maine is highly uncertain and the subject of intense public debate (Baldwin et al. 2007).  Land 
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use and zoning in the state’s “unorganized townships” are the responsibility of the Land Use 
Planning Commission in the Maine Department of Conservation.  The Commission revised its 
Comprehensive Land Use Plan (De2010), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation.  The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9).  This land was traditionally owned by a few large timber companies, 
but in the 1980s there has been rapid turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005).  Financial investors, such as REITS and 
TIMOs focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they will generate a higher return.  If left unchecked, these 
pressures may continue to promote dispersed residential development throughout this region.  
Parcelization and subdivision has increased, particularly in the southern third of the jurisdiction 
(Maine Department of Conservation 2010, p. 72-73).   
 
The Commission’s has limited ability to address stressors on Maine’s North Woods, including 
resale and subdivision trend. This trend is likely to continue into the foreseeable future and will 
make management of large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps, but this could change in the 
future.  Between 1971 and 2005, the Commission permitted 8,136 new dwellings in unorganized 
townships — an increase of 66 percent in the housing stock during this time period (Maine 
Department of Conservation 2010, p.80).  Between 1971 and 2005, the Commission issued 
1,353 development permits for new uses scattered throughout the unorganized townships 
(Maine Department of Conservation 2010, pp. 97-99); most (42 percent) being recreational 
facilities (boat launches, campsites, gatehouses, recreational lodges).  Most development has 
occurred in areas that abut organized communities and near public roads.  Within the interior 
most development has occurred on long lakeshores and waterfront.  However,  the amount of 
hillside and ridge development is growing and this trend is likely to continue (Maine Department 
of Conservation 2010, p. 136), which will further fragment lynx habitat.   
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat i(ILBT 2013, p. 80).  Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire).  The North Maine Woods is a gated road system that 
encompasses about 3.5 million acres in the Northern Maine Unit.  Visitorship by outdoor 
recreationists are currently about 175,00 per year and declining.  Likewise, visitors to Baxter 
State Park and the Allagash Wilderness Waterway have declined (Vail 2007, p. 107).  Aside 
from a vigorous discussion of a proposed national park or monument, national heritage area, or 
a master tourism plan for the area (Vail 2007, pp. 112-113), there is likely to be stagnant or 
declining participation in traditional outdoor recreational activities in the future (Vail 2007, p. 
107).  Snowmobiling may be an exception, however, declining snow (see climate change 
section) make future trends uncertain. Impacts of downhill ski development on fragmentation of 
lynx habitat are expected to be minimal.  Three alpine ski resorts occur within the unit, on the 
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southern margin of lynx habitat: Saddleback Mountain Ski Area in Sandy River Plantation near 
Rangeley, Sugarloaf Mountain Ski Area in Carrabassett Valley, and Sunday River Skiway in 
Newry and Riley Township.  Further development of ski areas is unlikely in the western Maine 
mountains.  Future trends in outdoor recreation and associated effects on lynx, hares, and their 
habitat are uncertain in the northern Maine unit. 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development hundreds of house lots and resort development within the lynx critical habitat.  
Although these developments have not been built, they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic force in the jurisdiction, with 
grid-scale industrial wind power, biomass, biofuels, and other energy sources offering new 
opportunities to utilize natural resources. Wind energy resources are high within the lynx critical 
habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016) and are likely to accelerate in the foreseeable future.  Mining is not a 
traditional land use but is being considered at one location in the lynx critical habitat.  Extraction 
operations for gravel (for road building) are widely-scattered throughout the jurisdiction.    
 
The lynx critical habitat is heavily roaded, particularly with logging roads.  While accurate 
numbers are difficult to obtain, approximately 1,500 miles of public  roads and over 20,000 miles 
of private roads exist within unorganized areas of Maine (Maine Department of Conservation 
2010).  There has been discussion of an east-west limited access highway through northern 
Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if constructed, 
would further fragment habitat (Maine Department of Transportation 1999, Beck et al. 2012, p. 
38).   
 
An increasing area of the lynx critical habitat area is likely to be placed under conservation 
easements that will limit future development and fragmentation of lynx habitat.  Maine has the 
largest amount of land under easement of any state, and there are about 2 million acres of 
conservation easements in lynx habitat in northern Maine (Pidot 2011).  Continued expansion of 
areas under conservation easement is uncertain and will depend on willing landowners and 
funding available for purchase of easements  
 
All of development trends portend increased fragmentation of lynx habitat in the Maine unit. As 
habitat is fragmented, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Lynx Expert Opinion - Experts enumerated similar lynx status and stressors for the Northern 
Maine Unit (Lynx Workshop Report 2016, pp. 35-38).  Climate change was an overriding near- 
and long-term stressor.  Increased winter precipitation in the form of rain, reduced snow depth, 
and reduced snow durations were discussed.  Changes in snow conditions will favor bobcats 
and fisher (a predator of lynx that is limited by deep snow).  Experts believed that the effects of 
climate change would continue to increase as a stressor by mid- to the end of the century 
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(2050, 2100).  Snow conditions would continue to deteriorate (especially in the northern Maine 
unit compared to other areas in the DPS) resulting in increased competition with bobcats and 
predation by fisher.  Climate-induced loss of spruce-fir forest will occur slowly, and an increase 
in northern hardwood composition of the forest is already occurring.  Loss of spruce-fir could be 
accelerated by forest disturbance (budworm outbreak, forest management affecting large 
acreages of lynx habitat annually).  
 
Experts expressed a number of near-term stressors (in the next 15 years) related to forest 
management in northern Maine.  Land management objectives were uncertain because of 
changes in private forest land ownership.  Changes in forestry management because of the 
Maine Forest Practices Act (shift to partial harvesting, increasing acreage harvest, habitat 
shifting to south) would result in declining lynx and snowshoe hare habitat (succession of 
previous clearcuts from young, dense regenerating stands to mature stands less conducive to 
high hare densities).   
 
There was uncertainty concerning the severity and response by new landowners to the next 
spruce budworm outbreak.  Experts were concerned that investment landowners would not 
respond to the pending spruce budworm outbreak like they did in the 1970s (extensive 
clearcuts, herbicide application).  Experts also acknowledged concerns about the effects of the 
current clearcuts aging past conditions that support hares and lynx.   
 
Hare populations have declined by about half across all stand types (and in adjacent Quebec) 
since 2006 and apparently have not rebounded.  In response, lynx initially had lower 
reproduction (lower proportion of females breeding, slightly lower litter sizes), but this has not 
affected home range sizes.  Lower landscape hare densities are likely to support lower lynx 
populations.  It is uncertain how hare numbers will cycle or fluctuate in the future. 
 
Lynx Viability -   All but one expert indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. XX below).  Although uncertainty increases with time from 
the present, experts generally agreed that climate-related loss of favorable snow conditions 
(amount, consistency, and duration), loss of spruce-fir, and bobcat competition are likely to 
reduce the probability of lynx persistence in this unit.  Modeling of current lynx habitat and future 
habitat trends was more advanced for the Northern Maine Unit than other units.  Models 
indicate that aging of past clearcuts and changes in forest practices to partial harvesting will 
diminish the current lynx habitat by half in coming decades.  Experts and the core team 
expressed uncertainty about the severity of a pending spruce budworm outbreak, forestry 
response by investment company landowners, and how this will affect future lynx habitat.  More 
is known about long-term trends in snowshoe hare populations in this unit than others.  Hares 
seem to have declined by half since about 2006 and have remained low.  Experts and the core 
team were uncertain about whether hare numbers would rebound or remain at this lower level, 
but lower hare densities are affecting demographics (especially percentage of females 
breeding), which could contribute to population declines.  Taking all of these factors into 
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consideration, the experts projected the mean probability of persistence to the years 2025 was 
greater than 95 percent, to 2050 was about 80 percent (range from 20 to 100 percent), and to 
2100 was about 50 percent (range from 0 to 100%)(Lynx SSA Team 2016, pp. 33-34, Fig. XX). 
The USFWS lynx core team generally agreed with this prognosis with the exception that some 
were less optimistic about the persistence of this population, especially after reviewing the 
literature pertaining to climate change in this region.  
 

 

Figure xx.  Expected probability of persistence for the Northern Maine Geographic Unit at 
present (2015), and in 2025, 2050 and 2100, as gathered from expert elicitation. . 
 
5.1.2 Unit 2 - Northeastern Minnesota 
 
Regulatory mechanisms - In Minnesota, the vast majority of lynx habitat that supports long-term 
persistent lynx breeding population is administered by the Superior National Forest.  This area 
includes designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 
SNF Plan (USDA 2004), which has direction based on the LCAS and Canada Lynx 
Conservation Agreement (CA) between the Forest Service and the Service (LCAS 2000, entire), 
for all forest activities that occur within LAUs.  Active management of forest lands can produce 
lynx habitat and the Superior National Forest has a long-term commitment for doing so.  If the 
SNF continues to follow vegetation and wildland fire management and other applicable 
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recommendations under the 2000 LCAS (or the updated 2013 LCAS or subsequent updates) in 
their Forest Plan, we expect that several risk factors will continue to be minimized and managed 
to promote the conservation of lynx within the SNF into the future.  Management of lynx and its 
habitat on SNF land will remain in place until the forest amends or revises their individual 
LRMPs.  We expect that management direction for lynx addressing vegetation management, 
wildland fire management, and habitat fragmentation on national forest system lands will be 
incorporated into the revised or amended Forest Plans (LPMPs). 
  
Although outside of areas considered to be core lynx area (i.e., where lynx are persistent and 
are reproducing) in the Great Lakes, the Chippewa National Forest and the Chequamegon-
Nicolet National Forest Forest Plans also include direction based on the LCAS and Canada 
Lynx Conservation Agreement (CA) between the Forest Service and the Service (LCAS 2000, 
entire), for all forest activities that occur within LAUs (USDA CNF 2004, USDA CNNF 2004). 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit and private landowners make up about 
16  percent of unit.  Under the Sustainable Forest Resource Act of 1995, the Minnesota Forest 
Resources Council (MFRC) has developed guidelines for site-level timber harvesting and forest 
management (MFRC 2012, entire; MFRC 2014, entire) - these voluntary guidelines are intended 
for private and state landowners and include some general recommendations for wildlife 
including lynx (MFRC 2014, pp. 4-5).  It is expected that the MFRC guidelines will remain in 
place into the future and that voluntary actions will continue. Private landowners, however, do 
not have an official commitment to land management.  We cannot say with any certainty what 
proportion of privately owned land will follow those guidelines into the future, because following 
the guidelines is voluntary. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit.  
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen 2012, p. 348), but does not have lynx specific direction in its 
management plan (NPS 2002, entire).  The National Park consults with the FWS to consider the 
effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as long as the 
species is listed under the ESA.  Lynx documented on and near Voyageurs National Park are 
probably transient animals (Moen 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004.  On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses.  The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota.  This plan is still under 
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development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (LCAS 2013, p. 49). 
 
Climate warming - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range.  Since the time of listing, new information on regional 
climate changes and potential effects to lynx habitat has been developed (e.g., Danby & Hik 
2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new information 
suggests that climate change may be an issue of concern for the future conservation of lynx 
because lynx distribution and habitat is likely to shift upward in elevation within its currently 
occupied range as temperatures increase (Gonzalez et al. 2007, entire).  Greatest stressors of 
climate change include diminishing snow depth, quality and duration; competition from bobcats 
and other carnivores, hybridization with bobcat (Schwartz et al. 2002); loss of spruce-fir to 
northern hardwoods; and future isolation of the metapopulation because of diminishing forest 
conditions in Ontario. 
  
Gonzales et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007) and predicted loss 
of forest and snow conditions able to support lynx in Minnesota by the end of the century. 
Notaro et al. (2015) projected changes in lake effect snowfall using downscaled climate models 
(Abdus Salam International Centre for Theoretical Physics (ICTP) Regional Climate Model 
version 4 (RegCM4; Elguindi et al. 2011; Giorgi et al. 2012) for the Great Lakes Basin. Siren (in 
Lynx SSA Team 2016, p. 15) stated that climate models show an increase in lake effect snow in 
the eastern Great Lakes until 2050, with a decline later in the century, with an overall decline in 
the amount and duration of pack in the Midwest. 
  
Although there are uncertainties about future climate warming, lynx populations in Minnesota 
are expected to recede northward and decline over the next century (Lynx SSA Team 2016, pp. 
37-38).   
  
Lynx require at least four months (120 days) of continuous snow coverage (Gonzales et al. 
2007, p. 7).  Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9).   In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow.  The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro 2015, pp. 1676-1678). The Minnesota 
unit may be more vulnerable to snowpack loss due to lack of elevational refugia (Siren in Lynx 
SSA Team 2016, p. 15).  
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Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes.  
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century.  Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzales et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the state (Gonzales et al. p. 2007, p. 19).  According to Frelich (in Lynx 
SSA 2016, p. 14) Minnesota is likely to lose boreal biome, potentially within the next 60 to 70 
years, with unmitigated climate change.  According to Gonzales et al. (2007, p. 8), the Superior 
National Forest is a potential refugia for lynx in the lower 48 states, however, when compared to 
other regions. 
 
Vegetation Management - Vegetation management conducted under the Forest Plan currently 
will likely continue into the future on Forest Service lands in Minnesota. These activities include 
timber harvest, such as thinning, clear-cutting, shelterwood, partial cut, and uneven-aged 
cutting; wildlife restoration projects that involve tree cutting, shearing, burning, seeding, and 
planting; prescribed burning for ecological purposes, hazardous fuel reduction, and site 
preparation; mechanical site preparation. 
 
Vegetation, timber, and minerals management authorized under the Forest Plan has the 
potential to adversely affect lynx and lynx critical habitat by reducing habitat quality for denning, 
foraging, and dispersal; disrupting travel, resting, and foraging patterns; disturbing denning 
females and reducing habitat quality for lynx prey species, especially snowshoe hare. 
Depending on the timing, frequency, intensity, extent, amount, or other conditions, impacts may 
be variable among similar projects. Using the LCAS as a basis, the Forest Plan has 
incorporated a number of components that would reduce the risk of those impacts into the 
future. We expect that management direction for lynx addressing vegetation management on 
national forest system lands will be incorporated into the revised or amended future plans, using 
LCAS as a basis. 
  
Future Forest Plan revisions will likely maintain broad direction to design and implement 
vegetation management projects to maintain or restore conditions for lynx foraging and denning 
habitat and to maintain or improve juxtaposition of required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. ). Management activities that create 
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unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USDA 2004). Further, unsuitable habitat for lynx would vary only slightly 
with continued implementation of the Forest Plan and would remain distinctly below the 
maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated into 
the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in the 
2004 (USDA 2004). Because suitable habitat on National Forest lands alone is such a high 
percentage within LAUs and the Superior National Forest is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks.  Measurable defoliation due to spruce 
budworm has occurred in Northeastern Minnesota continuously since 1954 (MN DNR) and is 
expected to continue into the future.  Modeling to evaluate the relative strength of interactions 
between spruce budworm outbreaks and fire disturbances in the BWCA showed that budworm 
disturbance can partially mitigate long-term future fire risk by periodically reducing live ladder 
fuel within the forest types of the BWCA but will do little to reverse the compositional trends 
caused in part by reduced fire rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The Superior National Forest manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are and 
are expected to continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada.  Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USDA 2011, p. 119).  The Forest Plan (USDA 2004) provides 
direction on limiting lynx habitat fragmentation and the Forest actively consolidates habitat 
through land acquisitions and exchanges.  
 
Lynx Viability - The probability of persistence of the lynx population in Minnesota is projected to 
decrease over time with increasing uncertainty through the end of the century (Lynx SSA Team 
2016, pp. 37-38 and Figure xx, below).  Near term drivers of the projected decline were reduced 
the quality, quantity, and persistence of snow, competition from bobcats, disease (e.g., 
lungworm, liver fluke, feline leukemia), and forest insects.  Long term drivers of the projected 
decline were reduced the quality, quantity, and persistence of snow, competition from bobcats, 
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loss of spruce-fir forests, wildfires, and climate change.  Climate change was primarily 
associated with loss of boreal forest but could potentially also increase disease or insect 
outbreaks, and is likely to affect the amount of precipitation falling as good quality snow in the 
area of the state supporting lynx habitat.  The connection to lynx in Ontario reduces the 
likelihood of local extirpation in this geographic unit, but the likelihood would increase if 
connectivity was compromised. Taking all factors into consideration (i.e., loss of boreal forest, 
competitions, disease and insect outbreaks, loss of snow), the experts projected the mean 
probability persistence to the year 2025 was greater than 90 percent, to 2050 was 80 percent 
(ranging from 60 to 90 percent), and would decline to approximately 35 percent (ranging from 
10 to 60 percent) by 2100 (Lynx SSA Team 2016, pp. 37- 38). 
 

 

Figure xx.  Expected probability of persistence for the Minnesota Geographic Unit at present 
(2015), and in 2025, 2050 and 2100. 

 
 
 
5.1.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
Regulatory mechanisms 
 
Climate warming 
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Vegetation Management 
 
Wildland Fire Management 
 
Habitat Fragmentation 
 
Lynx Viability - As for previous units, all expert graphs showed an initially high and subsequently 
decreasing probability of persistence for this unit, with increasing uncertainty over time, but a 
higher probability of persistence at all time frames than other units. All experts predicted near-
term (year 2025) persistence probability >= 95%, and all predicted mid-century persistence at 
70% to 100% (median = 90%). All experts predicted end-of-century persistence probabilities >= 
50%, with a median of 78%, by 2100 (Figure 7). 
 

 
Figure XX. Expected probability of persistence for the Northwestern Montana/Northeastern 
Idaho Geographic Unit at present, 2015, and in 2025, 2050 and 2100. 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
two units discussed thus far. Most lynx habitats in this unit occur on Federal lands that are 
managed for lynx conservation, but one expert noted that little has been done to document 
whether lynx are responding to this management. The recent sale of large tracts of private 
commercial timberlands in the central part of this unit to The Nature Conservancy has increased 
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protection for lynx via conservation easements managed for lynx. Habitats in some areas should 
improve in the near future as previously cut or burned areas mature into dense stands. Unlike 
the Maine and Minnesota geographic units (but similar to most other western units), high 
elevations in this unit could buffer the effects of climate change by providing for the upslope 
migration of lynx habitats and snow conditions that climate models predict. However, this would 
result in even patchier and more isolated islands of habitat in high elevation areas that would be 
more prone to extirpation due to catastrophic or stochastic events. Competition from coyotes 
and bobcats seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to 2050 and beyond, 
some experts felt there may be more pressure on lynx populations in this unit from continued 
increases in fire extent and severity. Other experts expressed a different opinion of the overall 
effect of fire in this unit, indicating that it may actually improve habitat over time, and that 
whether fires improve or degrade habitat depends on the frequency, intensity, size and spatial 
extent of future fires. 
 
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert reminded that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in future. 
 
 
5.1.4 Unit 4 - North-central Washington 
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Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit.  Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish.  We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming.  These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007.  The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx.  Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs.  We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP.  Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan.  The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6).  Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both federal and 
state managed lands within Washington State. 
 
Climate Warming - The one risk factor identified by the LCAS over which the Forest Service, or 
the WADNR for that matter, has little ability to control or influence is climate change.  Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx Workshop Report 2016, p. 56).  
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change.  
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat.  Westerling et al. (2006, pp. 942-943) compiled information on large 
wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons.  The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat).  They also found that 
fire exclusion had little impact on natural fire regimes.  Rather, climate appeared to be the 
primary driver of increasing wildfire risk.  As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington).  Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades.  Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 



150 
 

occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington.  The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires due to its small size and current lynx population (Lynx Workshop 
Report 2016, p. 27).  However, the experts felt the potential extirpation of lynx, should it occur 
from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), may be 
ameliorated to some extent due to Washington’s juxtaposition and connectivity to Canadian lynx 
populations.  The experts felt that lynx immigration from Canada may rapidly recolonize 
Washington as the habitat recovers from fires or other impacts (Lynx Workshop Report 2016, p. 
43).  Climate change, in addition to potentially affecting fire return intervals, fire severity 
(intensity, size), and insect outbreaks, is likely to affect the amount of precipitation falling as 
snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75).  
Snowshoe hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 
448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades.  
Mote (2003, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft).  Additionally, Mote (2003, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades.  Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack.  Corroborating Mote’s 
speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures.   Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48).  Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades.  Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42).  Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced due to decreasing quantity 
and quality of snow. 
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Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44).  Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx Workshop Report 
2016, p. 43). 
 
Vegetation Management Fed - Okanogan plan, USFS/USFWS conservation agreement. State 
lands - Loomis/WADNR HCP/lynx mgmt. plan? 
 
Wildland Fire Management - what is strategy on these lands?  How does it affect lynx 
 
Habitat Fragmentation 
 
Lynx Viability - see Minnesota unit above, bring in results from expert workshop report. 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 8). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 8). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
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Figure XX. Expected probability of persistence for the North-central Washington Geographic 
Unit at present, 2015, and in 2025, 2050 and 2100. 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
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5.1.5 Unit 5 - Greater Yellowstone Area 
Regulatory mechanisms 
 
Climate warming 
 
Vegetation Management 
 
Wildland Fire Management 
 
Habitat Fragmentation 
 
Lynx Viability - This unit has a long history of lynx presence, but the consistency of occupancy 
over time is uncertain. Research and surveys since 1997 have detected few lynx in this unit. 
Lynx are likely spatially limited within the unit because of the patchy distribution of high-quality 
habitat and the generally low or marginal hare densities in much of the unit. Lynx have large 
home ranges in this area, an indicator of lower habitat quality. Nevertheless, until recently, this 
unit appears to have supported a small resident lynx population. The current lynx population in 
this unit is very small - likely fewer than 10 lynx, and possibly zero. This population may have 
been somewhat larger in the past; however, there is some uncertainty about this. Recent 
surveys and trapping efforts have not detected resident lynx, only several that were previously 
released in Colorado. Several Colorado-released lynx have established home ranges in the 
GYA unit, and there is evidence of overlapping male and female home ranges. In the late 1800s 
and early 1900s, there was notable predator control in some parts of this unit. There currently is 
oil and gas exploration and development activity in parts of this unit, but potential impacts to 
lynx are uncertain, and projects are attempting to minimize impacts to lynx habitat. 
 
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 9). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure XX. Expected probability of persistence for the GYA geographic unit at present, 2015, 
and in 2025, 2050 and 2100. 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
 
5.1.6 Unit 6 - Western Colorado 
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Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming, and 
Colorado.  We concluded that the Southern Rockies Lynx Amendment substantively reduced 
the inadequate regulatory mechanisms by addressing the major adverse impacts of Forest 
Service land management on lynx (Service 2008, p 70-71).  Lynx habitat on all other 
ownerships makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five 
percent is in Federal ownership.  Other ownerships include state, county, municipal, etc., and 
private lands.  The BLM resource management plans have not been amended to include 
conservation specifically for lynx and, with a few exceptions.  Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands.  Generally these extensions are insufficient on their own to support a lynx home 
range.  However, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAU’s. 
 
The State of Colorado manages lynx as a state endangered species, prohibiting take of the 
species with exceptions for protection of human life and incidentally during depredation 
management (not caused by lynx) [Chapter 10, art. II, #1002, B 1 and 3, Colorado Wildlife 
Regulations]. 
  
Climate Warming - Interagency Lynx Biology Team (2013 p. 61) – “Climate change generally is 
expected to result in warmer winters, earlier spring snowmelt, and a reduction in the extent of 
snow cover in the southern Rockies. McKelvey et al. (2011) used a variety of climate models to 
predict snow depth and the persistence of spring snow across the western United States.  The 
models predicted an overall decline in persistent snow of 40 percent, but large areas of 
persistent snow would continue to be retained late in the 21st century, including the high 
elevations of Colorado.” 
 
“All of the climate models under all representative concentration pathway (RCP) project that 
Colorado’s climate will warm substantially by 2050.  Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline.  Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs.  Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline.  Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014 page 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the  
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014 page 63]).  “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
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whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014 page 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, page 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate.  Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities.  Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historic vegetative patterns.  This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity.  It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years).  Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years.  Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008 page 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire.  Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation.  Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to be 
developed and expended.  While these linear features already exist on the landscape, widening 
of the cleared right-of-way, as well as behavioral avoidance of highway rights-of-way due to 
traffic reduces available habitat.  Many ski areas in Colorado are located within lynx habitat and 
will likely be expanded in the future through permanent removal of vegetation  to create 
conventional ski runs, reducing tree density and clearing understory vegetation to create glade 
conditions, reduces lynx habitat.  The magnitude of fragmentation caused by these sources of 
fragmentation has not been quantified, but is unlikely to remove enough habitat to eliminate the 
possibility of lynx persistence in Colorado. 
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Lynx Viability – EE Final Report: The majority of the experts suggested an initially high 
probability of persistence in Colorado, declining gradually with increasing uncertainty through 
the end of the century.  Experts predicted near-term (year 2025) persistence probabilities of 60 
percent to 100 percent (median = 90 percent), and mid-century persistence at 50 percent to 85 
percent (median = 80 percent).  Experts predicted end-of-century persistence probabilities of 20 
percent to 70 percent for this unit, with a median of 50 percent, by 2100. 
 

 
Figure 10. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats.  Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types.  Although 8 of 10 experts 
graphed 50 percent to 70 percent probability of persistence at 2100, during subsequent 
discussions, several expressed greater uncertainty about whether resident lynx will persist in 
the unit at the end of the century.  Higher-quality lynx habitat occurs primarily in two areas and 
is patchily-distributed.  Lynx in this unit may occur as several smaller, relatively isolated 
subpopulations, which are likely more vulnerable to stochastic events.  This unit’s relative 
isolation may limit exchange with other lynx populations, increasing the likelihood of genetic drift 
and reducing the chance of demographic rescue or recolonization if lynx in the unit become 
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extirpated.  There was discussion about whether ski areas may affect daily movements of lynx, 
and hares may be declining in ski areas.  Ski areas tend to expand and may, therefore, have 
larger impacts on lynx in future.  There is some evidence of lynx using ski areas in summer 
months but avoiding them during the ski season.  It is uncertain whether ski areas may affect 
genetic connectivity within the Western Colorado geographic unit.  Two-thirds to three-quarters 
of the lynx in this unit are in the southern portion of the range in the San Juan Mountains.  There 
is a large area (Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, 
so it is possible that lynx also could be using that area. 

5.2 Future Conditions DPS-wide  
Team provide highlights/ bullets, Jim summarize unit information above. 
 
5.2.1 Summary of individual populations 
 
Summary Unit 1 Future Conditions:  Although the Northern Maine Unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greatest risk.  Forestry and climate change 
will be the greatest future drivers of hare and lynx habitat.  Lynx habitat and populations are 
expected to decline by 50 to 60 percent by 2032 in response to aging of the budworm-era 
clearcuts and the effects of 27 years of extensive partial harvesting.  In the next few decades, 
high quality hare habitat will drop from about 10 percent to 5 percent of the landscape. High 
quality habitat patches will become more fragmented, smaller, and more isolated thus making 
the landscape less suitable for lynx.  For the next few decades the best habitat will occur in the 
southern portion of the range where effects of climate change and competition with bobcats are 
greatest.  Absent long-term lynx management agreements, the future of lynx habitat is 
uncertain.  Wood products markets will continue to change, and could be affected by interest in 
carbon sequestration in response to climate change. Rapid changes and parcelization of forest 
land ownership is likely to continue.  Changing land uses (wind energy development, 
transmission line corridors, residential and development, national park) will compete with forest 
management as the primary land use.  Conservation easements will help keep some lands as 
working forest.  Climate change is expected to affect the Maine unit more than others in the 
DPS because there is little elevational refugia.  In the near term (to 2050), snow quantity and 
quality will continue to deteriorate likely causing the range of lynx to begin contracting 
northward, and in the long term (to 2100) some believe lynx could become extirpated from the 
unit. Climate change, demand for hardwood forest products, spruce-budworm, and frequent 
disturbance of the forest all will contribute the trend in the converting spruce-fir forest to northern 
hardwoods, although the timeframe for conversion is uncertain. Lynx experts indicate the 
probability of persistence will decline to about 50% by the end of the century.  The USFWS core 
team was more pessimistic after reviewing climate change projections. 
 
Summary Unit 2 Future Conditions:  The direct and indirect effects of climate change are 
expected to affect lynx into the future in Minnesota, specifically, there is an expected decline in 
the quantity, quality, and duration of snow; increased competition and hybridization with 
bobcats; northward contraction of boreal conifer forest, and increased isolation due to 
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diminishing forest conditions in Ontario.The probability of persistence of the lynx population in 
Minnesota is projected to decrease over time with increasing uncertainty through the end of the 
century, driven in the near term by the quality, quantity and persistence of snow, competition, 
disease, and forest insects and drive in the long term from the some of the same reasons with 
the addition of climate change, loss of spruce-fir forests, and wildfires. If the SNF in Minnesota 
continues to follow vegetation management and other recommendations under the LCAS in 
their Forest Plan, we expect that several risk factors will continue to be minimized and managed 
to promote the conservation of lynx within the SNF into the future.  It is expected that the MFRC 
guidelines will remain in place into the future and that voluntary actions will continue on state 
and private lands. Taking all factors into consideration (i.e., loss of boreal forest, competitions, 
disease and insect outbreaks, loss of snow), the experts projected the mean probability 
persistence of lynx in Minnesota to the year 2025 was greater than 90 percent, to 2050 was 80 
percent, and would decline to approximately 35 percent by 2100. 
 
Summary Unit 3 Future Conditions:   
 
Summary Unit 4 Future Conditions:   
 
Summary Unit 5 Future Conditions:   
 
Summary Unit 6 Future Conditions:   
 
Climate change is expected to affect vegetation, and influence snow conditions within the 
Western Colorado unit.   
 
 
Summary of future resiliency of individual units 
 
In this section, we characterized the future status of the rangewide population of the U. S. 
Canada lynx DPS.   Whereas five of the six population were believed currently (or recently) 
resilient (Table XX in section 4),  
 
Expert responses and assessment of the best available science by the USFWS core team 
indicate that continued climate warming and associated direct and indirect effects will likely 
exert the greatest negative influence on the probability of persistence for lynx populations in the 
DPS regardless of which climate emissions scenario is used to model future conditions, 
although the timing, extent, and magnitude of impacts is uncertain and will likely vary by 
scenario. 
 
 
Table YY.  Future (2050 to 2100) resiliency of individual populations of the Canada lynx DPS. 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 
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Unit 1 Maine 2050 mean 80% 
(range 20 to 100%) 

  
2100 mean 50% 

(range 0 to 100%) 

● 50% decline in habitat expected by 
2032, habitat will occur in south edge 
of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration below 
thresholds for lynx 

● Future forest management trends and habitat 
conditions in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions perhaps more severe than other 
units; little elevation gradient 

● Response of bobcat and fisher to changing 
snow regime 

● Extent and pace of loss of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 mean 80% 
(range 35 to 100%) 

  
2100 mean 35% 

(range 0 to 100%) 

● Lower population could be susceptible 
to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating of 
snow quality, depth and duration below 
thresholds for lynx 

● Future forest management trends and  
habitat conditions on private forest lands in 
Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions; little elevation gradient; lake-effect 
snow may retain refugia to 2050 but not 2100 

● Response of bobcat and fisher to changing 
snow regime 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwestern 
Montana 

2050 mean 90% 
(range 40 to 100%) 

  
2100 mean ~78% 

(range 10 to 100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, pumas, coyotes to 

changing snow regime 
● Extent and pace of elevational migration of 

spruce-fir 
● Mismatch in elevation between appropriate 

snow regime for lynx and spruce-fir 
● Future trends in hare populations 

Unit 4 North-
central 
Washington 

2050 mean 70% 
(range 10 to 100%) 

  
2100 mean ~38% 
(range 0 to 90%) 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, pumas, coyotes to 

changing snow regime 
● Extent and pace of elevational migration of 

spruce-fir 
● Future trends in hare populations 

Unit 5 Greater 
Yellowstone 

2050 mean 35% 
(range 0 to 90%) 

  

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS and NPS 

● Will habitat support adequate landscape hare 
densities to support lynx? 

● Extent to which GYA remains 
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2100 mean 15% 
(range 0 to 90%) 

management 
● ·      No connectivity with Canada 

populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

demographically isolated from other DPS 
populations; immigration from Colorado 
population 

● Extent and frequency of insect outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, pumas, coyotes to 

changing snow regime 
● Extent and pace of elevational migration of 

spruce-fir 
● Future trends in hare populations 
● Extent to which high elevation may provides 

climate and snow refugia 

Unit 6 
Western 
Colorado 

2050 mean 80% 
(range 20 to 100%) 

  
2100 mean 50% 

(range 0 to 100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● ·     Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Demographic and genetic effects of isolated 
population 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of future insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, pumas, coyotes to 
changing snow regime 

● Extent and pace of elevational migration of 
spruce-fir 

● Mismatch in elevation between appropriate 
snow regime for lynx and spruce-fir 

● Future trends in hare populations 

  
 
 
 
5.2.1 Results of Expert Elicitation (workshop report, Summary table of 
probabilities of persistence) 
 
5.2.2 Narrative 3 R Summary (workshop report and work session) 

5.2.2.1 Representation 
Expert presentations on lynx genetics in the DPS and in Canada and expert responses and 
discussion with regard to representation questions suggest few threats to the genetic fitness or 
adaptive capacity of lynx in the DPS.  High gene flow across the continental lynx range, 
indicated by very low Fst values (see Subject Matter Presentations, above), suggests the 
absence of substantial barriers to genetic interchange, and little evidence or risk of significant 
genetic drift among DPS populations.  Most experts indicated that none of the six geographic 
units known or thought to support lynx populations in the DPS is susceptible to meaningful 
genetic drift, although several experts indicated that the more geographically isolated units (the 
GYA and Western Colorado units) are likely more susceptible to such drift than the units that 
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are directly connected to lynx populations and habitats in Canada.  Overall, according to both 
the expert panel and the subject matter presentations, there appears to be a low risk of 
biologically consequential drift for lynx populations in the DPS.  Likewise, expert responses 
indicated that the generally low level of genetic differentiation and relatively similar ecological 
settings across the DPS suggest little life history variability or niche differentiation among DPS 
populations that would indicate that any are more or less important to maintain than others in 
terms of representation.  Individual experts indicated that representation can best be maintained 
by conserving current DPS populations (and hence the genetic variation in each), maintaining 
connectivity between DPS and Canadian populations, and avoiding impacts that would facilitate 
or increase the potential for or likelihood of genetic drift.  Our interpretation of this part of the 
elicitation is that the adaptability and evolutionary capacity of the DPS over time does not 
appear to have been diminished and is unlikely to become so, independent of threats that may 
impact the redundancy and persistence of lynx populations.  We will consider this information 
along with available empirical data and the published literature when evaluating representation 
in the DPS for the SSA. 

5.2.2.2 Redundancy 
With resident lynx populations and subpopulations in at least five of six large (the smallest is 
over 2,000 square miles, the others are all over 8,000 square miles), widely-distributed (from 
Maine to Washington and south along the Rocky Mountains), and relatively discrete geographic 
areas (see Figure 1), the DPS as a whole appears invulnerable to extirpation from a single 
catastrophic event.  Expert responses indicated no catastrophic event that could result in the 
functional extirpation of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units due to a single catastrophic event.  We 
interpreted these responses to indicate there is a small chance of decreased redundancy from a 
single catastrophic event because the probability of any geographic unit being lost to a 
catastrophic event is low.  Experts indicated that functional extirpation of the geographically 
smallest unit (Washington) and those supporting the fewest resident lynx (Washington, GYA, 
and perhaps Minnesota) would be more likely to occur as a result of a series of catastrophic 
events over a 10-year period than to any single event over the next 10 years (see Figure 2 
above).  Experts listed fire, drought, insect outbreaks, loss of favorable winter conditions, and 
disease as potential events that could lead to functional extirpation in these units.  In 
Washington in particular, where large fires have impacted nearly 40 percent of the occupied 
lynx habitat over the past 10-15 years, experts felt that several more successive years of such 
fires could result in functional extirpation.  However, because fire and insects are likely to cause 
only temporary (20-40 years) losses of lynx and hare habitats, and because connectivity 
between the Washington unit and lynx habitats and populations in southern British Columbia 
remains intact, experts indicated this unit (and others abutting habitats and lynx populations in 
Canada) would likely be naturally re-colonized relatively quickly by dispersing lynx.  Therefore, 
extirpation in these units because of catastrophic events (or a series of them over time) would 
be temporary (likely lasting only one or several decades) unless events permanently altered the 
habitats.  Experts indicated that if lynx were functionally extirpated in the GYA or western 
Colorado units, which are not connected to habitats or populations in Canada and are relatively 

Commented [173]: Has any of your recent write-up 
changed this summary?  if not, this will be integrated into the 
synthesis 

Commented [174]: Has any of your recent write-up 
changed this summary, if not this will be integrated into the 
synthesis 



163 
 

isolated from other DPS populations, natural re-colonization would be less likely, would take 
longer, or may never occur. 

Overall, expert responses indicated that extirpation of the DPS as a whole, or of resident lynx 
populations in most individual geographic units, because of a catastrophic event is very unlikely.  
Because we lack evidence that persistent resident lynx populations occurred historically but 
have been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels.  That is, the 
loss of resident lynx populations in the DPS, to the extent suggested by the historic record, was 
likely in areas (e.g., northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge 
area of northeastern Washington, perhaps Isle Royale in Lake Superior) peripheral to the 
geographic units that currently support resident lynx, and not in discrete geographic units that 
would have represented greater redundancy in the contiguous U.S.  However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear.  The historic record and recent research show that the GYA has supported resident 
lynx, but it is unclear whether the area consistently supported a persistent resident population 
over time or whether it naturally supported resident lynx only some of the time (was “winked on” 
in a metapopulation sense) when habitat conditions and hare densities were favorable, and at 
other times, when habitats and hare densities were less favorable, it did not support resident 
lynx (“winked off” in a metapopulation sense).  Given the protected conservation status of 
millions of -acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx.  If so, its 
contribution to redundancy within the DPS is questionable. 

5.2.2.3 Resiliency 
Because we lack reliable estimates of the sizes and trends of most lynx populations in the DPS, 
we are unable to use these parameters to evaluate the resiliency of individual populations or the 
DPS as a whole.  Efforts to understand resiliency are also confounded by the metapopulation 
structure thought to govern lynx populations at the southern margin of their continental range 
(i.e., populations and subpopulations in the DPS), the related uncertainty about the extent to 
which DPS populations may rely on cyclic immigration of lynx from Canada during population 
irruptions, and the ambiguity in the historic record that limits our understanding of the relative 
persistence of lynx in various geographical areas of the contiguous U.S. and, thus, the 
contribution of those areas to the viability of the DPS.  Our evaluation of the resiliency of lynx 
populations in the DPS is limited, therefore, to a largely qualitative assessment of the current 
status of populations in each of the six geographic units along with the quantitative summary of 
expert professional judgment of their likelihood of persistence over time given known or 
perceived potential threats. 
  
As expected, both expert estimates of probability of persistence and expert confidence in those 
estimates were higher over the short-term than the long-term.  Median probability of persistence 
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(MPOP) at year 2025 was >= 0.90 for all but one of the six geographic unitareas.  The GYA had 
a MPOP of 0.52, apparently reflecting the uncertainty regarding whether this unit consistently 
supported a resident lynx population historically and whether it currently supports resident lynx.  
At year 2025, confidence bounds were smallest (indicating higher expert confidence) for the 
units with the highest MPOPs (Northern Maine, Northeastern Minnesota, and Northwestern 
Montana/ Northeastern Idaho), and larger for units with lower MPOPS (North-central 
Washington, GYA, and Western Colorado).  At mid-century, MPOP declined for all units but 
remained >= 0.70 for all but the GYA (0.35), and confidence bounds increased for estimates for 
all units but the GYA, where it remained the same as at year 2025.  At end-of-century, 
persistence probabilities declined further, as expected, and only the Northern Maine, 
Northwestern Montana/ Northeastern Idaho and Western Colorado units had MPOPs >= 0.50.  
Also as expected, confidence bounds were very large around persistence estimates at year 
2100, with the median confidence range extending across more than 50 percent of the range of 
possible outcomes for all but the Northwestern Montana/ Northeastern Idaho population, and 
the extremes of the range nearly covering the full range (0 percent to 100 percent probability of 
persistence) of possible outcomes. 
  
Experts listed a number of factors that influenced their probability of persistence estimates for 
each unit (see unit summaries above in the Resiliency section).  Near-term factors varied by unit 
(e.g., post-harvest forest succession in Maine, where hare abundance is expected to decline as 
currently dense regenerating clear-cuts mature; continued large-scale fires in lynx habitats in 
Washington; and insect outbreaks in Maine, Minnesota, and Colorado), but longer term factors 
seemed to coalesce around anticipated direct and indirect effects of climate change.  These 
included potentially climate-driven increases in the size, frequency, and intensity of fire and 
insect outbreaks; decreases in snow amount, duration and quality, leading perhaps to increased 
competition with bobcats and other hare predators; and the projected warming-induced 
northward and upslope migration of boreal and subalpine forests that would result in the loss 
and further fragmentation and isolation of lynx and hare habitats in the contiguous U.S.  Expert 
responses and ensuing discussions indicated that continued climate warming and associated 
direct and indirect effects will likely exert the greatest negative influence on the probability of 
persistence for lynx populations in the DPS regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
  
Overall, expert responses to this part of the elicitation indicate that all five of the geographic 
units known to currently support resident lynx populations have a greater than 70 percent 
expectation of doing so by mid-century, but a declining likelihood and greater uncertainty of 
doing so by the end of the century.  It is uncertain whether the remaining geographic unit (the 
GYA) currently supports resident lynx, and expert responses indicate a lower probability that it 
will do so in the future compared to the other units.  Responses also suggest that the 
overarching threat to the long-term persistence of lynx populations in the DPS is climate 
change, which is anticipated to result first in loss of snow conditions favorable for lynx and, after 
an uncertain lag time following continued climate warming, loss (northward and upslope 
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migration) of boreal forest habitats, although the timing and magnitude of such losses are 
uncertain. 

Chapter 6:  Synthesis 
 
 
Although uncertainty remains about the historical distribution and sizes of resident lynx 
populations in the DPS, as well as current population sizes, much more is known now than 
when the DPS was listed under the ESA in 2000.  Based on research conducted since the DPS 
was listed, including the summaries of that work provided at the expert elicitation workshop 
(Lynx SSA Team 2016, entire), as well as ongoing research, conservation, and management 
efforts, we have a much better understanding of the distribution and status of populations 
throughout the DPS range.  For example, in 2000, it was unclear whether Maine and Minnesota 
supported resident populations or were only occasionally visited by lynx dispersing from Canada 
during and after northern hare population crashes (65 FR 16056-16057).  We now know that 
both northern Maine and northeastern Minnesota support resident lynx populations, and both 
are likely larger now than they were historically (Maine), or before they were protected by State 
and Federal regulations (Minnesota). 
 
In contrast, resident lynx appear to be naturally less abundant and more patchily-distributed in 
some parts of the DPS than thought at the time of listing, including the West (ILBT 2013, p. 23), 
where potential lynx habitats also appear to have been initially overestimated.  We also have a 
better understanding of the habitat features and hare densities that appear necessary to support 
resident lynx at the southern margin of the species’ range, and of the parts of the contiguous 
U.S. that contain these features.  The presentations in conjunction with expert elicitation 
responses at this workshop have informed and refined our understanding of key aspects of the 
status of, and potential threats to, the lynx DPS. 
  
For example, we were provided a thorough history of the evolution of regulatory mechanisms 
that have been developed and implemented through conservation agreements and formal 
amendments to Federal agency management plans to address the singular threat for which the 
DPS was listed under the ESA - the inadequacy of regulatory mechanisms in Federal land 
management plans prior to listing.  Given our improved understanding of resident lynx 
populations in Maine and Minnesota (above), where State and private lands constitute much 
more of the lynx habitat than elsewhere in the DPS (98.9 percent in Maine; 51.7 percent in 
Minnesota), an assessment of the adequacy of regulatory mechanisms on those State and 
private lands will be a necessary component of the status assessment.  Likewise, our 
understanding of lynx genetics also has improved, with evidence of continued high levels of 
gene flow range-wide, despite fine-scale genetic sub-structuring in some populations and 
additional evidence of lynx hybridization with bobcats.  Bobcats appear to be encroaching at the 
edge of the lynx range in Minnesota (Appendix 3, p. 9) and their numbers appear to have 
increased recently in New Hampshire, Vermont, and southern Quebec (Lavoie et al. 2009, 
entire; Roberts and Crimmins 2010, p. 170; Broman et al. 2014, p. 230) adjacent to the northern 
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Maine lynx distribution.  Whether this represents a threat to lynx populations in Minnesota and 
Maine via increased hybridization, behavioral mechanisms, or competition for hares is not 
documented at this time; however, encroachment of bobcats in the southern periphery of lynx 
range may result in lynx displacement or niche contraction (Peers et al. 2013, entire). 
  
Canadian researchers also provided updated information on lynx status, management (including 
legal harvest), threats, genetics, and hare population cycles in southern Canada, adjacent to 
some DPS lynx populations.  Forest ecologists and climate modelers also presented information 
regarding potential impacts of timber management and climate change on lynx and boreal forest 
habitats in the contiguous U.S.  Knowledge of lynx and hare responses to various silvicultural 
treatments continues to improve, although the need for continuing research remains.  Climate 
models continue to point toward the future northward and upslope migration of lynx and hare 
habitats and loss of snow conditions favorable to lynx, although uncertainty remains regarding 
the timing, extent, and biological consequences of such impacts.  Increases in the size, 
intensity, and frequency of wildfires and insect outbreaks in boreal/subalpine forests may also 
be related to climate change, but whether these represent temporary or permanent impacts to 
lynx habitats remains unclear.  Finally, much research has been done on hare population 
dynamics and habitat relationships at the southern extent of their range, much of which overlaps 
that of lynx in the contiguous U.S., but questions remain regarding regional variation in hare 
densities and what landscape-level hare abundances are necessary to support persistent 
resident lynx populations across the DPS. 
  
Based on the summaries of post-listing research and the status and threat updates provided at 
this workshop, and on the results of the expert elicitation process, the Service provides the 
following synthesis of the status and likely viability of the DPS in terms of the 3 Rs.  This 
information will be considered as appropriate, along with more detailed analysis of the published 
literature, in the subsequent SSA report for the DPS.  The conclusions below are based on the 
information provided and the results of expert elicitation conducted at this workshop; they may 
be complemented or altered by the additional analyses yet to be conducted as part of the SSA 
process. 

Commented [180]: what does this mean?  do you mean 
that it reprsents a factor that is likely to decrease abundance 
and or distribution??? "threat" means nothing unless it is 
defined. 

Commented [181]: we don't really come to conclusions...we 
show the breadth or the results on future condition . 

Commented [ZJ182]: From EE workshop report, and 
“conclusions” (synthesis for each R) are now moved up to Ch. 
5. 



From: McCollough, Mark
To: Jim Zelenak; Bryon Holt; Kurt Broderdorp; Tamara Smith
Subject: editing conceptual models
Date: Friday, August 26, 2016 10:12:35 AM
Attachments: lynx conceptual models for editing.docx

Jim:

I just read Jodi's email.  Best wishes pulling everything together in such a short period of
time.  I finished incorporating the FIT team suggestions into the Future Maine section.  It
wasn't too bad.  I hope other core team members help you with their respective future sections
because this took a few hours.

I am not going to attempt to follow Jonathan's instructions for editing the conceptual models in
Mental Modeler (nor do I think we should - it will get very confusing).  Instead, I cut and
pasted all of the conceptual models into a Word document (attached).  I will make suggested
edits by hand, scan, and get back to you later today.  You can decide whether you want to
incorporate any changes to the conceptual models.

Other Core Team may want to do the same?

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED!!!! 
On Tuesdays and Thursdays call 207 944-5709

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Zelenak, Jim
Cc: Bryon Holt; Kurt Broderdorp; Tamara Smith
Subject: Re: editing conceptual models
Date: Friday, August 26, 2016 10:36:55 AM

Jim:

I'm glad you are getting some help from Justin.  It's a Herculean task to try to pull all of this
together in just a few days.

I am working today on SSA and will have hand-drawn comments on the CM by the end of the
day.

Mark

On Fri, Aug 26, 2016 at 10:33 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Mark,

I met with Jodi and Brent yesterday to discuss what's needed to get the draft SSA report finished, and Jodi has
talked with the FIT team and my RO about some other assistance.  I will be working to finish my unit sections,
and it looks like Justin Shoemaker will be helping some with the DPS-wide summaries for Ch. 4 and 5, and the
Synthesis section - which I think should be Ch. 6, and which I think should require fairly minimal additional work
on what we already had from the expert report.  I will be working with Justin on that.

Jodi and I discussed how to incorporate the FIT comments, and some of the trouble is likely my inadequate
communication on the "unit summaries" I asked for - what I really wanted was 3-5 bullets of the most
important/relevant points for each unit for both current and future conditions.  My intent was to use them to create
a few paragraphs for the DPS-wide sections of both current and future conditions.  That is what Justin will be
working on now, and we will likely put those at the front of Ch. and Ch. 5 in response to FIT reorganization
comments on Ch. 5.

I'm also going to have a call with Jonathan this afternoon to make sure I'm clear on his CM recommendations, and
perhaps start making appropriate changes in the draft report on the drive. I read thru his email several times and
am still not certain about what would be best.

I agree that it would not be efficient to have each Core Team member try to separately edit CMs as per Jonathan's
instructions, but I would welcome your hand-drawn and scanned recommendations so that I can make sure
Jonathan and I consider them.

Thanks All,

Jim

On Fri, Aug 26, 2016 at 8:12 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:

I just read Jodi's email.  Best wishes pulling everything together in such a short period of
time.  I finished incorporating the FIT team suggestions into the Future Maine section.  It
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wasn't too bad.  I hope other core team members help you with their respective future
sections because this took a few hours.

I am not going to attempt to follow Jonathan's instructions for editing the conceptual
models in Mental Modeler (nor do I think we should - it will get very confusing).  Instead,
I cut and pasted all of the conceptual models into a Word document (attached).  I will
make suggested edits by hand, scan, and get back to you later today.  You can decide
whether you want to incorporate any changes to the conceptual models.

Other Core Team may want to do the same?

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED!!!!  On Tuesdays and Thursdays call 207 944-5709

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED!!!! 
On Tuesdays and Thursdays call 207 944-5709

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
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Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: McCollough, Mark
To: Jim Zelenak; Bryon Holt; Kurt Broderdorp; Tamara Smith
Subject: Mark"s comments on conceptual models
Date: Friday, August 26, 2016 12:01:26 PM
Attachments: Mark"s edits on lynx CMs.PDF

It seems we had little time at the beginning of the SSA process to think about these conceptual
models.  Nor were we able to go over them with lynx experts.  Had we done so, I think there
would have been some changes.

Here are my edits...take 'em or leave 'em.

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED!!!! 
On Tuesdays and Thursdays call 207 944-5709

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Zelenak, Jim
To: Jonathan Cummings
Cc: Mary Parkin; Heather Bell; Jodi Bush
Subject: Fwd: Mark"s comments on conceptual models
Date: Monday, August 29, 2016 7:25:19 AM
Attachments: Mark"s edits on lynx CMs.PDF

Because of the possibility, after our teams call last Tuesday, of many folks making edits in mental modeler and
perhaps creating confusion about which version is most current/appropriate, Mark made some
comments/recommendations by hand and scanned them - see attached.

Jonathan  - please take a look, and I guess we still need to discuss/decide which models go where in the document -
maybe we can get through that on the call this week (tomorrow - I'll send a reminder to Core and FIT folks later,
though I think Mark is on leave this week and Kurt also may be unavailable).

Thanks,

Jim
---------- Forwarded message ----------
From: McCollough, Mark <mark_mccollough@fws.gov>
Date: Fri, Aug 26, 2016 at 10:01 AM
Subject: Mark's comments on conceptual models
To: Jim Zelenak <jim_zelenak@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt
Broderdorp <kurt_broderdorp@fws.gov>, Tamara Smith <tamara_smith@fws.gov>

It seems we had little time at the beginning of the SSA process to think about these conceptual
models.  Nor were we able to go over them with lynx experts.  Had we done so, I think there
would have been some changes.

Here are my edits...take 'em or leave 'em.

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED!!!! 
On Tuesdays and Thursdays call 207 944-5709

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Kurt Broderdorp
To: Jim Zelenak; Bryon Holt; Tamara Smith; Mark McCollough
Subject: Updated Lynx SSA Unit Map
Date: Thursday, September 01, 2016 11:21:14 AM
Attachments: Lynx_SSA_Map_09016.pdf

Let me know if this works.  I will be leaving at 11 today, back in next
Tuesday.
 

Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
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From: Zelenak, Jim
To: Kurt Broderdorp
Cc: Bryon Holt; Tamara Smith; Mark McCollough
Subject: Re: Updated Lynx SSA Unit Map
Date: Thursday, September 01, 2016 11:38:31 AM

Thanks Kurt - that's good.

On Thu, Sep 1, 2016 at 9:20 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

Let me know if this works.  I will be leaving at 11 today, back in next
Tuesday.

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Seth Willey; Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt

Broderdorp; Mark McCollough; Tamara Smith; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab; Ann
Timberman; Anthony Tur; Brad Thompson; Chris Mensing; David Stilwell; Drue DeBerry; Eric Rickerson; Grant
Canterbury; Jeff Krupka; Karl Halupka; Kate Novak; Kim Garner; Larry Crist; Laura Ragan; Leslie Ellwood; Mark
Maghini; Martin Miller; Megan Kosterman; Michelle Eames; Paul Casey; Paul Henson; Peter Fasbender; Rollie
White; Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman; Tyler Abbott; Wally Murphy; Dennis Mackey;
Patricia Zenone; Gary Miller; Karen Cathey; Steve Spangle; Tom McDowell

Subject: Cancelled - Lynx SSA Monthly FWS Coordination Call
Date: Tuesday, September 06, 2016 10:29:49 AM

Hi All:

As we did with the State Coordination Call last week, we are cancelling the internal Service update call that had
been scheduled for today at 10 Mountain Time.

The Lynx Core Team and SSA Framework Implementation Team continue to work on the draft SSA report, which
we hope to complete soon and then distribute for internal Service review before sending out for peer review and to
States and other partners.

We will hold the next monthly FWS coordination call on Tuesday, Oct. 4, and I'll send out a reminder a day or two
ahead of that call.

If you have questions in the mean time, don't hesitate to email or call, and we will try to answer them.

Thanks,

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Seth Willey; Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt

Broderdorp; Mark McCollough; Tamara Smith; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab; Ann
Timberman; Anthony Tur; Brad Thompson; Chris Mensing; David Stilwell; Drue DeBerry; Eric Rickerson; Grant
Canterbury; Jeff Krupka; Karl Halupka; Kate Novak; Kim Garner; Larry Crist; Laura Ragan; Leslie Ellwood; Mark
Maghini; Martin Miller; Megan Kosterman; Michelle Eames; Paul Casey; Paul Henson; Peter Fasbender; Rollie
White; Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman; Tyler Abbott; Wally Murphy; Dennis Mackey;
Patricia Zenone; Gary Miller; Karen Cathey; Steve Spangle; Tom McDowell

Subject: Cancelled - Lynx SSA Monthly FWS Coordination Call
Date: Tuesday, September 06, 2016 10:29:49 AM

Hi All:

As we did with the State Coordination Call last week, we are cancelling the internal Service update call that had
been scheduled for today at 10 Mountain Time.

The Lynx Core Team and SSA Framework Implementation Team continue to work on the draft SSA report, which
we hope to complete soon and then distribute for internal Service review before sending out for peer review and to
States and other partners.

We will hold the next monthly FWS coordination call on Tuesday, Oct. 4, and I'll send out a reminder a day or two
ahead of that call.

If you have questions in the mean time, don't hesitate to email or call, and we will try to answer them.

Thanks,

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Shoemaker, Justin
Cc: Jodi Bush
Subject: Re: New current condition table
Date: Tuesday, September 06, 2016 11:02:10 AM
Attachments: Lynx current condition table jz edits.xlsx

Justin,

I filled in the available data for the current conditions table (attached), and I changed some row titles and used
capitals consistently.  Could you please switch the order of rows 6 and 7 (put % females with kittens before litter
size), center-format all cells, and check for consistent font?

Then please pull into the drive doc and replace existing.

Let me know if you have questions/comments.

Thanks. 

On Tue, Sep 6, 2016 at 9:36 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
I agree, actual data might be best. 

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov

On Tue, Sep 6, 2016 at 10:35 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
If we are going to have each unit as a column, wouldn't it make sense to just provide the actual data?  E.g.,
actual size vs. "> 20,000"

I will make some changes in Track Changes then send it back for you to look at.

Overall, I think this is much better/defensible than previous version - thanks for working to improve this table
Justin.

On Tue, Sep 6, 2016 at 9:15 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Jim,

I've revised the current condition table, and taken out the rows you suggested removing. 
I changed the layout to be easier to follow and more compact.  Let me know what you
think.  I can add it into the google doc if you wish.  Note that rows 2-4 could be more
useful with the inclusion of more specific unit information. 

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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> 20,000 10,000 - 20,000 
MT, ME, GYA, MN, 
CO

> 90 50-90 <10

MT, WA, GYA, CO MN ME

Lynx present across 
border; no barriers; 
direct connection; 
evidence of natural 
movement (either 
direction in past 10 
yrs.)

No direct connection

MT, ME, MN, WA CO, GYA

< 30 30-100 >100 km2

MN, ME GYA, (MT/ID),(WA), 
(CO)

3-4 kittens/litter 2.5-3 kittens/litter <2 kittens/litter Few data

MN ME(high hares), 
MT(Purcells) GYA

75-100% 50-75% 0-25% No data

ME (high hares), MN, 
MT(Purcells), WA MT(Seeley) CO GYA

Data available No data

ME  0.80 (high hare); 
0.71 (low hare)

MT (Sealey) 0.75
MT (Purcells) 0.85
WA 0.86

CO 0.93 (in Core 
Release Area [CRA]), 
0.82 (out of CRA)

> 1.0 (rate, years) < 1.0 (rate, years)
ME (1.16, 6 years, 
high hares),

ME (0.88, 4 years, low 
hares),

MT (1.16, 4 years, 
Purcells)

MT (0.92, 8 years, 
Seeley)

Lambda (annual rate 
of population change)

No data

(WA), GYA, (MN), CO

Home Range Size 
(Adult Female, km2) (MT/ID), (CO)

Productivity - Average 
Litter Size

2-2.5 kittens/litter

ME(low hares), WA, MT(Seeley)

Productivity – 
Average Percent of 
females pregnant

25-50%

ME (low hares)

Average annual 
survival rate of adults MN, GYA

Connectivity to lynx 
populations/habitats in 
Canada

Unit Size (km2)
<10,000

WA

Percent of Unit in 
Conservation 
Ownership (i.e., 
Federal, State, Tribal, 
Other Conservation 
Org.)

Oct-50



Unit 1 ‐ Northern 

ME

Unit 2 ‐ 

Northeastern MN

Unit 3 ‐ 

Northwestern MT, 

Northeastern ID

Unit 4 ‐ North‐

central WA

Unit 5 ‐ Greater 

Yellowstone Area

Unit 6 ‐ Western 

CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 
Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 
Conservation Org.) <10 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 
Habitats in Canada

Directly connected to 
lynx habitats/ 
populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 
but rates of 
immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 
populations in s. 
Ontario; evidence of 
natural movement, 
but rates of 
immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 
populations in s. 
Alberta and s. British 
Columbia; evidence of 
natural movement, 
but rates of 
immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 
populations in s. 
British Columbia; 
evidence of natural 
movement, but rates 
of immigration/ 
emigration unknown

No direct 

connection; rates of 

immigration/ 

emigration 

unknown

No direct 

connection; rates of 

immigration/ 

emigration 

unknown

Home Range Size 
(Adult Female, km2) 26 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75 - 704
Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares) 3.3

2.95 (Purcells); 2.24 
(Seeley Lake) 2.25 (2 females)

3.0 (1 female, 2 

years) 2.75
Productivity – 
Percent Females 
with Kittens

89% (high hares); 
30% (low hares); 100%

83% (Purcells); 61% 
(Seeley Lake) 100% (2 females) Few data 24%

Average Annual 
Adult Survival Rate 0.80 (high hares); 

0.71 (low hares) 0.75 ‐ 1.00

0.85 (Purcells); 0.75 

(Seeley Lake) 0.86 Few data

0.93 (in Core Release 
Area [CRA]), 0.82 (out 
of CRA)

Lambda (Annual 
Rate of Population 
Change) 

1.16 (high hares, 6 
yrs); 0.88 (low hares, 
4 yrs) No estimate

1.16 (Purcells, 4 

yrs); 0.92 ( Seeley 

Lake, 8 yrs) No estimate No estimate No estimate



From: Shoemaker, Justin
To: Zelenak, Jim
Cc: Jodi Bush
Subject: Re: New current condition table
Date: Tuesday, September 06, 2016 1:23:09 PM
Attachments: Lynx current condition table jz edits.xlsx

Jim,

The revised table is attached.

Things get strange when inserting an excel table into google docs, so I inserted an image of the
table instead.  I suggest making any further revisions in the attached file, then copy and paste
into the final Word doc eventually. 

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov

On Tue, Sep 6, 2016 at 12:02 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Justin,

I filled in the available data for the current conditions table (attached), and I changed some row titles and used
capitals consistently.  Could you please switch the order of rows 6 and 7 (put % females with kittens before litter
size), center-format all cells, and check for consistent font?

Then please pull into the drive doc and replace existing.

Let me know if you have questions/comments.

Thanks. 

On Tue, Sep 6, 2016 at 9:36 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
I agree, actual data might be best. 

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov

On Tue, Sep 6, 2016 at 10:35 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
If we are going to have each unit as a column, wouldn't it make sense to just provide the actual data?  E.g.,
actual size vs. "> 20,000"

I will make some changes in Track Changes then send it back for you to look at.

Overall, I think this is much better/defensible than previous version - thanks for working to improve this
table Justin.

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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mailto:justin_shoemaker@fws.gov
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mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov


On Tue, Sep 6, 2016 at 9:15 AM, Shoemaker, Justin <justin_shoemaker@fws.gov>
wrote:

Jim,

I've revised the current condition table, and taken out the rows you suggested
removing.  I changed the layout to be easier to follow and more compact.  Let me
know what you think.  I can add it into the google doc if you wish.  Note that rows 2-4
could be more useful with the inclusion of more specific unit information. 

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov
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mailto:jim_zelenak@fws.gov


> 20,000 10,000 - 20,000 
MT, ME, GYA, MN, 
CO

> 90 50-90 <10

MT, WA, GYA, CO MN ME

Lynx present across 
border; no barriers; 
direct connection; 
evidence of natural 
movement (either 
direction in past 10 
yrs.)

No direct connection

MT, ME, MN, WA CO, GYA

< 30 30-100 >100 km2

MN, ME GYA, (MT/ID),(WA), 
(CO)

3-4 kittens/litter 2.5-3 kittens/litter <2 kittens/litter Few data

MN ME(high hares), 
MT(Purcells) GYA

75-100% 50-75% 0-25% No data

ME (high hares), MN, 
MT(Purcells), WA MT(Seeley) CO GYA

Data available No data

ME  0.80 (high hare); 
0.71 (low hare)

MT (Sealey) 0.75
MT (Purcells) 0.85
WA 0.86

CO 0.93 (in Core 
Release Area [CRA]), 
0.82 (out of CRA)

> 1.0 (rate, years) < 1.0 (rate, years)
ME (1.16, 6 years, 
high hares),

ME (0.88, 4 years, low 
hares),

MT (1.16, 4 years, 
Purcells)

MT (0.92, 8 years, 
Seeley)

Connectivity to lynx 
populations/habitats in 
Canada

Unit Size (km2)
<10,000

WA

Percent of Unit in 
Conservation 
Ownership (i.e., 
Federal, State, Tribal, 
Other Conservation 
Org.)

Oct-50

Home Range Size 
(Adult Female, km2) (MT/ID), (CO)

Productivity - Average 
Litter Size

2-2.5 kittens/litter

ME(low hares), WA, MT(Seeley)

Productivity – 
Average Percent of 
females pregnant

25-50%

ME (low hares)

Average annual 
survival rate of adults MN, GYA

Lambda (annual rate 
of population change)

No data

(WA), GYA, (MN), CO



Unit 1 - Northern ME
Unit 2 - Northeastern 

MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-central 
WA

Unit 5 - Greater 
Yellowstone Area

Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

<10 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

Home Range Size 

(Adult Female, km2)
26 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75 - 704

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 100% 83% (Purcells); 61% 

(Seeley Lake) 100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares) 3.3 2.95 (Purcells); 2.24 

(Seeley Lake) 2.25 (2 females) 3.0 (1 female, 2 years) 2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00 0.85 (Purcells); 0.75 

(Seeley Lake) 0.86 Few data
0.93 (in Core Release 
Area [CRA]), 0.82 (out 

of CRA)

Lambda (Annual 
Rate of Population 

Change) 

1.16 (high hares, 6 
yrs); 0.88 (low hares, 

4 yrs)
No estimate

1.16 (Purcells, 4 yrs); 
0.92 ( Seeley Lake, 8 

yrs)
No estimate No estimate No estimate



From: Parkin, Mary
To: Jim; Heather Bell; Jonathan Cummings; Justin Shoemaker; Jodi Bush
Subject: Draft of Ch. 6, Synthesis, for Lynx SSA Report
Date: Tuesday, September 06, 2016 5:25:16 PM
Attachments: Lynx SSA report_Ch 6_Synthesis_090616.docx

Hi all,

Meant to get this to you much earlier today, but other work intervened.  

Attached is a rough draft of the Synthesis section of the lynx report.  Heather and I worked on
this together, and it incorporates our latest discussion from this morning.

A few notes:

The draft includes includes just one section of narrative and the table that Mark (and others?)
pulled together.  We've removed sections 6.1-6.3, each of which addressed one of the 3Rs
(didn't delete, just put them "on hold" by moving them to a separate document until it becomes
clear where they fit best).

We'd like the team to hold off on a critical review until the rest of the report is complete, as the
Synthesis lays out findings and conclusions drawn from the analysis in the previous chapters. 
This copy is to let you know generally what we're thinking the Synthesis should look like and
say.  If you have any questions at this point, don't hesitate to ask.

Jim, feel free to forward to the rest of the core team whenever you think it's appropriate.  I've
also uploaded this doc to the Drive as of a few minutes ago.

That's it for now!

Cheers,
Mary

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

mailto:mary_parkin@fws.gov
mailto:jim_zelenak@fws.gov
mailto:heather_bell@fws.gov
mailto:jwcummings@usgs.gov
mailto:justin_shoemaker@fws.gov
mailto:jodi_bush@fws.gov
mailto:mary_parkin@fws.gov


Chapter 6:  Synthesis 

This section synthesizes the needs, current condition, and future condition of the Canada lynx in the 
Lower 48 DPS with respect to the conservation biology principles of representation, redundancy, and 
resiliency.   Its purpose is to provide an understanding of the rangewide status of this DPS that is as clear 
as possible given the unavoidable uncertainties involving demography and long-term threats. 

Needs  

The lynx is a habitat and prey specialist requiring boreal forests, long winters, and deep, fluffy snow, 
which gives it a competitive advantage for exploiting its primary prey, the snowshoe hare.  Because the 
DPS is at the southernmost margin of the lynx’s range, habitat less extensive and more patchily 
distributed within each geographic unit.  As lynx in the U.S. have the same ecological requirements as 
lynx in Canada, they may be less abundant in this part of their range.   

Current condition and threats 

Resiliency, the ability of the taxon to withstand stochastic disturbance events, and redundancy, the 
ability of the taxon to withstand catastrophic events, are currently exhibited in the DPS by the 
persistence of individual lynx populations and their distribution across the geographic scope of the DPS.  
Available information indicates that five out of six geographic units in the DPS contain resident breeding 
lynx populations.  Maine (Unit 1) currently supports the largest resident population in the DPS.  In 
Minnesota (Unit 2), a resident population occupies the northeastern corner of the State.  Montana (Unit 
3) [...insert text].   In the Pacific Northwest (Unit 4), extensive wildfires in north-central Washington have 
temporarily reduced the amount of high-quality lynx habitat and may have caused a decline in lynx 
numbers there.  Finally, with the release of Canadian and Alaskan lynx to create resident breeding 
populations in southwestern Colorado (Unit 6), lynx now occupy much of the western half of the State.  
In the Greater Yellowstone area  (GYA, Unit 5), the presence of resident breeding populations is 
currently unknown and considered unlikely, given a lack of suitable hare density and/or lynx habitat.   

Representation, the ability of a species to adapt to changing environmental conditions over time, is 
characterized by the breadth of genetic and environmental diversity within and among populations 
(USFWS 2016).  Information provided by lynx experts and geneticists indicates a generally low level of 
genetic differentiation and relatively similar ecological settings across the DPS, suggesting little life 
history variability or niche differentiation among DPS populations (USFWS 2016, p. 51).  This would be 
the same level of representation the DPS had historically and is not indicative of current risks to the 
genetic health or adaptive capacity of the DPS.   

The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on federal 
lands, has been largely ameliorated.  Despite the paucity of data on demographic effects, habitat 
conditions are being managed with lynx presence as a goal on federal lands.  Most of these lands, which 
constitute 64 percent of lynx habitat in the DPS, are found in the western U.S.   



Other stressors affect lynx in one or more geographic units.  For instance, wildfires in the Northwest unit 
currently pose a significant concern with regard to their effects on lynx populations.  However, regrowth 
of habitat and repatriation of lynx allowed by connectivity of this unit with Canada make the wildfire 
concern one of time frame and scale.  In Maine, with its high levels of private ownership and changes in 
forest management practices [insert name of Act(s)], lynx habitat conditions are being altered; however, 
demographic effects on lynx will likely not be seen for [XXX] time.  

While climate change is occurring at a global, and thus DPS-wide scale, current known effects of climate 
change on lynx habitat are limited to the increased likelihood and frequency of wildfire and disease/pest 
events.  Again, demographic effects from these events are not expected until approximately 2025. [??] 

Future condition and threats 

Resiliency of individual geographic units, which function independently of each other,  is the primary 
determinant of future lynx DPS viability.  Overall, our analysis indicates a reduced probability of 
persistence for all geographic units within the DPS over the rest of the century (noting that the analysis 
did not extend beyond that 2100 time frame).  It further indicates a consequent permanent loss of two 
to four of the six units, i.e., loss of resiliency, by the end of the century. 

Representation and redundancy are lesser factors for DPS viability, for several reasons.  Although the 
populations in the DPS units are demographically isolated from each other, there is little risk of 
significant genetic drift within the DPS, likely due to most areas being relatively well connected with 
Canadian populations; this is indicative of relative genetic health through the end of the century.  
Furthermore, based on expert input, there is no indication that the relatively low level of genetic 
diversity is likely to reduce DPS viability in the future (USFWS 2016, p. 51).  Because of the ability of lynx 
to widely disperse, and because it is unlikely that insurmountable barriers to lynx dispersal between 
Canada and the DPS will emerge, we do not expect representation to become a concern  through the 
turn of the century. 

With regard to redundancy, neither the scientific literature nor expert input provide a basis for 
concluding that any catastrophic event could cause extirpation of any one geographic unit.  It is even 
less like that a single catastrophic event will eliminate all populations in the DPS.  It is important to note, 
however, that a sequence of events could extirpate individual units over time, thereby reducing 
redundancy within the DPS. 

The  likelihood of persistence of individual populations, and thus geographic units, is expected to 
decrease by 2100 primarily because of climate change effects on snow conditions and boreal forests.  
The other long-term threat is forest management practices that are not conducive to landscape hare 
densities able to support lynx, although this stressor may be limited to one geographic unit.  Threats 
affecting the future condition of the DPS are summarized below. 

Based on climate change models, the effects of climate change on snow and boreal forest conditions are 
foreseen as the primary stressor limiting future viability of lynx in the DPS.  The southernmost  boreal 
habitats are predicted to retreat northward and upslope, fragmenting and diminishing the quality of lynx 



and hare habitat within the DPS (although some uncertainty remains regarding the timing, extent, and 
biological consequences of such impacts).  As habitat conditions decline, mortality rates are likely to 
increase and reproductive rates decrease.  This in turn will reduce abundance and density of individuals 
within populations, making lynx populations more susceptible to stochastic events.   

Given the percent of federal land ownership,  regulatory assurances that these lands will be managed in 
accordance with lynx conservation, and a stronger possibility that lynx populations will be able to 
relocate to higher elevations, western geographic units are more likely to support lynx longer under 
projected climate change scenarios.  Nonetheless, we are unaware of any management action that can 
abate the long-term retreat of boreal forests and changed snow conditions.  Further, climate-induced 
frequency and intensity of wildfires and disease events is expected to increase, particularly in the 
western portion of the DPS, although we do not anticipate such events in and of themselves to cause 
the permanent loss of breeding lynx populations in the Northwest or any other unit. 

With regard to the eastern geographic units (Minnesota and Maine), suitable boreal forest and snow 
conditions are projected to decline more severely than in the western units.  Lynx habitat conditions in 
Maine are also likely to decline significantly by the end of the century as private forest management 
practices, particularly a decline in clearcutting, result in succession detrimental to snowshoe hare and 
lynx needs. 

DPS viability 

Although there is no evidence from the historical record that Canada lynx have declined within the U.S. 
DPS, a number of threats acting at the DPS and individual geographic unit scales indicate a moderate to 
high likelihood of declines (i.e., loss of two to four units) by the turn of the century.  While it is more 
likely than not that any given individual unit—northern Maine, northeastern Minnesota, northwestern 
Montana, western Colorado, and possibly north-central Washington—will persist to mid-century, it is 
unlikely all that five will persist to that point.  By the end of the century, we expect populations to 
persist primarily in units having high-elevation refugia, e.g., northwestern Montana and possibly 
western Colorado, although Colorado would be an isolated unit.  Lynx may also persist at the end of the 
century in Maine, depending on the severity of climate change effects and trends in development and 
private forest management.  Uncertainty increases at mid- to late-century concerning the timing and 
extent of various stressors that will affect lynx and hare habitat and snow regimes, especially those 
related to climate change.  However, review of the best available science in concert with input from lynx 
experts indicates that all units will exhibit declines by 2025, with the negative DPS-wide trajectory 
continuing to the end of the century, and (with no evidence to the contrary) beyond that time frame.    

We conclude that the eventual loss of resiliency indicated by extirpation of geographic units will also 
reduce redundancy and, possibly, representation.  These losses in resiliency, redundancy, and 
representation will put the Canada lynx U.S. DPS at increasing risk of extinction. 

Table ZZ. Characterization of future status of the Canada lynx DPS using the conservation biology 
principles of redundancy, resiliency, and representation. 



[insert table here]  



From: Zelenak, Jim
To: Parkin, Mary
Cc: Heather Bell; Jonathan Cummings; Justin Shoemaker; Jodi Bush; Mark McCollough; Tamara Smith; Kurt

Broderdorp; Bryon Holt; Brent Esmoil
Subject: Re: Draft of Ch. 6, Synthesis, for Lynx SSA Report
Date: Thursday, September 08, 2016 5:32:19 PM
Attachments: Lynx SSA report_Ch 6_Synthesis_090616_mp_hb - jz comments.docx

Hi All:

As per Heather's request, I reviewed the rough draft of the Synthesis section of the SSA report that she and Mary put
together a few days ago.  My comments/recommendations are in Track Changes in the attached document.

Core Team - please take a look and see if there are any glaring errors or omissions, or anything to which you
otherwise take great exception.

Others - let me know if any of this is unclear or needs additional explanation or discussion.

Heather - sorry I couldn't get this to you by this morning as I'd intended.

Heather and Mary - thank you both so much for your willingness to try to pull this together and to boil down and
make sense of what has become a huge SSA document. I hope you are right that we are getting close to a reasonable
draft report.

Justin - same for you and your willingness to help with the DPS-wide sections of Ch. 4 and 5 - it's a tough job and a
great and much appreciated help.

All - my apologies for the blank spots I still need to fill in the draft report - I will get back to those ASAP.

 

On Tue, Sep 6, 2016 at 5:25 PM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Hi all,

Meant to get this to you much earlier today, but other work intervened.  

Attached is a rough draft of the Synthesis section of the lynx report.  Heather and I worked
on this together, and it incorporates our latest discussion from this morning.

A few notes:

The draft includes includes just one section of narrative and the table that Mark (and
others?) pulled together.  We've removed sections 6.1-6.3, each of which addressed one of
the 3Rs (didn't delete, just put them "on hold" by moving them to a separate document until
it becomes clear where they fit best).

We'd like the team to hold off on a critical review until the rest of the report is complete, as
the Synthesis lays out findings and conclusions drawn from the analysis in the previous
chapters.  This copy is to let you know generally what we're thinking the Synthesis should
look like and say.  If you have any questions at this point, don't hesitate to ask.

Jim, feel free to forward to the rest of the core team whenever you think it's appropriate.  I've
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also uploaded this doc to the Drive as of a few minutes ago.

That's it for now!

Cheers,
Mary

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
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Chapter 6:  Synthesis 

This section synthesizes the needs, current condition, and likely future condition of the Canada lynx in 
the Lower 48contiguous U.S. DPS with respect to the conservation biology principles of representation, 
redundancy, and resiliency.   Its purpose is to provide an understanding of the rangewide status of this 
DPS that is as clear as possible given the unavoidable uncertainties involving demography and long-term 
threats. 

Needs  

Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests, long 
winters, and deep, fluffy snow, which gives it a competitive advantage for exploiting its primary prey, 
the snowshoe hare.  Because t Lynx in the contiguous U.S. have the same ecological requirements as 
lynx in Canada and Alaska, and in both places hare abundance in the primary driver of lynx population 
dynamics.  However, the DPS is at the southernmost margin of the lynx’s species’ range, where boreal 
forests transition to temperate conifer and hardwood forests, and where snow conditions and hare 
abundance generally become less favorable with decreasing latitude.  Because of this, habitat is less 
extensive and generally more fragmented patchily distributed within each geographic unitthe DPS range 
than in the core of the species’ range in Canada and Alaska.  As a result, lynx in the contiguous U.S. are 
naturally less abundant and more patchily distributed than in the core of the range.lynx in the U.S. have 
the same ecological requirements as lynx in Canada, they may be less abundant in this part of their 
range.   

Current Ccondition and Tthreats 

Resiliency, the ability of the taxon to withstand stochastic disturbance events, and redundancy, the 
ability of the taxon to withstand catastrophic events, are currently exhibited in the DPS by the 
persistence of individual lynx populations and their distribution across the geographic scope of the DPS.  
Available information indicates that five out of six geographic units in the DPS contain resident breeding 
lynx populations.  Although we have no reliable population-size estimates for any of the geographic 
units, Northern Maine (Unit 1) is believed to currently supports the largest resident population in the 
DPS.  In Northeastern Minnesota (Unit 2), a resident population occupies the northeastern corner 
Arrowhead Region of the State.  Northwestern Montana and northeastern Idaho (Unit 3) [...insert 
text]continue to support resident lynx, although a small subpopulation in the Garnet Mountains on the 
southern periphery of this unit may have been extirpated recently.   In the Pacific North-central west 
Washington (Unit 4), recent extensive wildfires in north-central Washington have temporarily reduced 
the amount of high-quality lynx habitat and may have caused a decline in lynx numbers there.  Finally, 
with Since the release of Canadian and Alaskan lynx in 1999-2006, to create resident breeding 
populations in southwestern Colorado (Unit 6), resident lynx now currently occupy much of western 
Colorado (Unit 6)the western half of the State.  No lynx were detected during recent research iIn the 
Greater Yellowstone Aarea  (GYA, Unit 5), which is thought to have historically supported a small 
resident populationthe presence of resident breeding populations is currently unknown and considered 
unlikely, given a lack of suitable hare density and/or lynx habitat.   
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Representation, the ability of a species to adapt to changing environmental conditions over time, is 
characterized by the breadth of genetic and environmental diversity within and among populations 
(USFWS 2016).  Information provided by lynx experts and geneticists indicates a generally low level of 
genetic differentiation and relatively similar ecological settings across the DPS, suggesting little life 
history variability or niche differentiation among DPS populations (USFWS 2016, p. 51).  This would be 
the samesuggests that the current level of representation in the DPS had is similar to the historically 
condition and is not indicative of current risks to the genetic health or adaptive capacity of the DPS.   

The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on federal 
lands, has been largely amelioratedaddressed by formal and binding amendments or revisions to most 
federal land management plans within the DPS range.  Despite the paucity of data on demographic 
effectsAlthough questions remain about the efficacy of this improved regulatory framework, habitat 
conditionsfederal lands are now being managed specifically to protect and restore lynx habitats, with 
the goal of supporting continued lynx presence as a goal on federalon these lands.  Most of thesefederal 
lands, which constitute 64 percent of lynx habitat in the DPSevaluated in this SSA, are found in the 
western U.S.   

Other stressors affect lynx in one or more geographic units.  For instance, in northern Maine, where 
most high-quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that govern 
private forest management may currently be causing decreases in habitat quantity, quality, and 
distribution, and in lynx numbers (also see Future Conditions and Threats, below).  wildfires iIn the 
Northwest North-central Washington,unit recent large-scale wildfires have resulted in the temporary 
loss of nearly 40 percent of lynx habitat, likely reducing this unit’s current lynx population and 
potentially compromising currently pose a significant concern with regard to their effects on lynx 
populationsits current ability to support a resident population until habitats recover.  Increased wildfire 
activity also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it has 
influenced the current condition of lynx populations in those units is uncertain.  However, regrowth of 
habitat and repatriation of lynx allowed by connectivity of this unit with Canada make the wildfire 
concern one of time frame and scale.  In Maine, with its high levels of private ownership and changes in 
forest management practices [insert name of Act(s)], lynx habitat conditions are being altered; however, 
demographic effects on lynx will likely not be seen for [XXX] time.  

While cClimate change is occurring at a global, and, thus, a DPS-wide scale.  Increased wildfire 
frequency, size, and severity (as described above) are among a number of climate-mediated factors that 
have likely influenced current lynx numbers and habitats in the DPS.  For example, climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has been 
linked to increased magnitude and severity of forest insect outbreaks, and it likely has already resulted 
in some changes in vegetative communities.  However, whether, and if so to what extent, these factors 
have influenced current lynx numbers or other demographic parameters and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units.  Despite uncertainty regarding its influence over current conditions for lynx, climate 



modeling and expert opinion concur that continued climate warming will adversely impact lynx in the 
DPS in the future (see below). current known effects of climate change on lynx habitat are limited to the 
increased likelihood and frequency of wildfire and disease/pest events.  Again, demographic effects 
from these events are not expected until approximately 2025. [??] 

Future Ccondition and Tthreats 

The rResiliency of individual geographic units, which appear to function independently of each other,  is 
the primary determinant of the future viability of the lynx DPS viability.  Overall, expert opinion and our 
analyseis indicatessuggest a reduced declining probability of persistence for all each of the geographic 
units within the DPS throughout over the rest of the this century (noting that the analysis did not extend 
beyond that 2100 time frame), with the .  It further indicates a consequentpotential permanent loss 
(functional extirpation of resident lynx populations) of two to four of the six units, i.e., loss of resiliency, 
by the end of the century. 

Representation Although the loss of one or more geographic units would reduce redundancy and could 
diminish representation, neither redundancy nor representation appears likely to influence the and 
redundancy are lesser factors for DPS viability of the DPS through the end of the century, for several 
reasons.  Although the lynx populations in the DPS units are demographically isolated from each other, 
there is appears to be little risk of significant genetic drift within the DPS.  This is due to the currently-
observed and likely future high level of gene flow across the species’ range, the species’ well-
documented dispersal capability, the current and likely future absence of significant barriers to dispersal 
between Canada and the DPS, and continued connectivity between most parts of the DPS and lynx 
populations in Canada.  likely due to most areas being relatively well connected with Canadian 
populations; this is indicative of relative genetic health through the end of the century.  Furthermore, 
based on expert input, there is no indication that the relatively low level of genetic diversity among lynx 
populations is likely to reduce DPS viability in the future (USFWS 2016, p. 51).  Because of the ability of 
lynx to widely disperse, and because it is unlikely that insurmountable barriers to lynx dispersal between 
Canada and the DPS will emergeThis information suggests the current and likely future relative genetic 
health of the DPS, and we do not expect representation to become a concern  through the turn of the 
century. 

With regard to redundancy, neither the scientific literature nor expert input provide a basis for 
concluding that any single catastrophic event could cause extirpation of any one geographic unit.  It is 
even less likely that a single catastrophic event will eliminate all populations in the DPS.  It is important 
to note, however, that a sequence of catastrophic events over a short time could increase the potential 
for functional extirpate extirpation of one or more of the individual geographic units over time(e.g., fires 
in north-central Washington, as described above), thereby reducing redundancy within the DPS. 

The  likelihood of persistence of individual populations, and thus geographic units, is expected to 
decrease by 2100 primarily because of climate change effects on snow conditions and boreal forests.  
The other long-term threat is forest management practices that are not conducive to landscape hare 
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densities able to support lynx, although this stressor may be limited to one geographic unit.  Threats 
affecting the future condition of the DPS are summarized below. 

Based on climate change models, the effects of climate change on snow and boreal forest conditions are 
foreseen as the primary stressor limiting future viability of lynx in the DPS.  The southernmost  boreal 
habitats are predicted to retreat northward and upslope, fragmenting and diminishing the quality of lynx 
and hare habitat within the DPS (although some uncertainty remains regarding the timing, extent, and 
biological consequences of such impacts).  As habitat conditions decline, mortality rates are likely to 
increase and reproductive rates decrease.  This in turn will reduce abundance and density of individuals 
within populations, making lynx populations more susceptible to stochastic events.   

Given the high percentage of federal land ownership,  regulatory assurancescommitments that these 
lands will continue to be managed in accordance with lynx conservation principles, and a the stronger 
possibility that lynx populations will be able to relocate toexistence of potential high-er elevation 
climate refugia to which lynx habitats and some lynx might moves, western geographic units are more 
likely to support resident lynx longer under projected climate change scenarios.  Nonetheless, we are 
unaware of any management action that can abate the long-term retreat of boreal forests and changed 
diminished snow conditions projected by climate models.  Further, climate-inducedthe size, frequency, 
and intensity of wildfires and disease events forest insect outbreaks is are expected to increase with 
continued climate warming, particularly in the western portion of the DPS, although we do not 
anticipate such events in- and- of -themselves likely to cause the permanent loss of breeding lynx 
populations in the Northwest or any other geographic unit. 

With regard to the eastern geographic units (Minnesota and Maine), suitable boreal forest and snow 
conditions are projected to decline more severely than in the western unitsGiven similar projections of 
climate-mediated losses of boreal forests and snow conditions favorable for lynx, persistence of lynx 
populations in Maine and Minnesota may be relatively lower given the smaller percent of federal lands 
and associated regulatory commitments to lynx conservation, and the lack of potential elevational 
refugia.  Additionally, as noted above, changes to regulations governing timber harvest on private forest 
lands in Maine are unlikely to maintain the current historically-high amount and distribution of good 
lynx habitat or the current large population of resident lynx.  These changes, which may affect over 90 
percent of lynx habitats in northern Maine, are projected to result in substantial declines in habitat 
quality and distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and subsequent forest  Lynx habitat conditions in Maine are also likely to decline 
significantly by the end of the century as private forest management practices, particularly a decline in 
clearcutting, result in succession detrimental to snowshoe hare and lynx needs. 

DPS viability 

Although there is no evidence from the historical record does not suggest broad-scale loss of resident 
lynx populationsthat Canada lynx have declined within  in the contiguous U.S. DPS, a number of threats 
acting at the DPS and individual geographic unit scales indicate a moderate to high likelihood of declines 
(i.e., loss of two to four units) by the turn of the century.  While it is more likely than not that any given 
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individual unit—northern Maine, northeastern Minnesota, northwestern Montana, western Colorado, 
and possibly north-central Washington—will persist to mid-century, it is unlikely all that five will persist 
to that point.  By the end of the century, we expect populations to persist primarily in units having high-
elevation refugia, e.g., northwestern Montana and possibly western Colorado, although Colorado would 
be an isolated unit.  Lynx may also persist at the end of the century in Maine and Minnesota, depending 
on the severity of climate change effects and, in Maine, on trends in development and private forest 
management.  Uncertainty increases at mid- to late-century concerning the timing and extent of various 
stressors that will affect lynx and hare habitat and snow regimes, especially those related to climate 
change.  However, review of the best available science in concert with input from lynx experts indicates 
suggests that the probability of the persistence of resident breeding populations will decline in all units 
will exhibit declines bybeginning as early as 2025, with the negative DPS-wide trajectory continuing to 
the end of the century, and (with no evidence to the contrary) beyond that time frame.    

We conclude that the eventual loss of resiliency indicated by extirpation of geographic units will also 
reduce redundancy and, possibly, representation.  These losses in resiliency, redundancy, and 
representation will put the Canada lynx U.S. DPS at increasing risk of extinction. 

Table ZZ. Characterization of future status of the Canada lynx DPS using the conservation biology 
principles of redundancy, resiliency, and representation. 

[insert table here]  



From: Shoemaker, Justin
To: Zelenak, Jim
Cc: Parkin, Mary; Heather Bell; Jonathan Cummings; Jodi Bush; Mark McCollough; Tamara Smith; Kurt Broderdorp;

Bryon Holt; Brent Esmoil
Subject: Re: Draft of Ch. 6, Synthesis, for Lynx SSA Report
Date: Friday, September 09, 2016 10:34:35 AM
Attachments: Lynx SSA report_Ch 6_Synthesis_090616_mp_hb - jz comments_JS.docx

I've added my comments to Jim's version.

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov

On Thu, Sep 8, 2016 at 4:32 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

As per Heather's request, I reviewed the rough draft of the Synthesis section of the SSA report that she and Mary
put together a few days ago.  My comments/recommendations are in Track Changes in the attached document.

Core Team - please take a look and see if there are any glaring errors or omissions, or anything to which you
otherwise take great exception.

Others - let me know if any of this is unclear or needs additional explanation or discussion.

Heather - sorry I couldn't get this to you by this morning as I'd intended.

Heather and Mary - thank you both so much for your willingness to try to pull this together and to boil down and
make sense of what has become a huge SSA document. I hope you are right that we are getting close to a
reasonable draft report.

Justin - same for you and your willingness to help with the DPS-wide sections of Ch. 4 and 5 - it's a tough job and
a great and much appreciated help.

All - my apologies for the blank spots I still need to fill in the draft report - I will get back to those ASAP.

 

On Tue, Sep 6, 2016 at 5:25 PM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Hi all,

Meant to get this to you much earlier today, but other work intervened.  

Attached is a rough draft of the Synthesis section of the lynx report.  Heather and I worked
on this together, and it incorporates our latest discussion from this morning.

A few notes:

The draft includes includes just one section of narrative and the table that Mark (and
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others?) pulled together.  We've removed sections 6.1-6.3, each of which addressed one of
the 3Rs (didn't delete, just put them "on hold" by moving them to a separate document
until it becomes clear where they fit best).

We'd like the team to hold off on a critical review until the rest of the report is complete,
as the Synthesis lays out findings and conclusions drawn from the analysis in the previous
chapters.  This copy is to let you know generally what we're thinking the Synthesis should
look like and say.  If you have any questions at this point, don't hesitate to ask.

Jim, feel free to forward to the rest of the core team whenever you think it's appropriate. 
I've also uploaded this doc to the Drive as of a few minutes ago.

That's it for now!

Cheers,
Mary

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Chapter 6:  Synthesis 

This section synthesizes the needs, current condition, and likely future condition of the Canada lynx in 
the Lower 48contiguous U.S. DPS with respect to the conservation biology principles of representation, 
redundancy, and resiliency.   Its purpose is to provide an understanding of the rangewide status of this 
DPS that is as clear as possible given the unavoidable uncertainties involving demography and long-term 
threats. 

Needs  

Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests, long 
winters, and deep, fluffy snow, which gives it a competitive advantage for exploiting its primary prey, 
the snowshoe hare.  Because t Lynx in the contiguous U.S. have the same ecological requirements as 
lynx in Canada and Alaska, and in both places hare abundance isn the primary driver of lynx population 
dynamics.  However, the DPS is at the southernmost margin of the lynx’s species’ range, where boreal 
forests transition to temperate conifer and hardwood forests, and where snow conditions and hare 
abundance generally become less favorable with decreasing latitude.  Because of this, habitat is less 
extensive and generally more fragmented patchily distributed within each geographic unitthe DPS range 
than in the core of the species’ range in Canada and Alaska.  As a result, lynx in the contiguous U.S. are 
naturally less abundant and more patchily distributed than in the core of the range.lynx in the U.S. have 
the same ecological requirements as lynx in Canada, they may be less abundant in this part of their 
range.   

Current Ccondition and Tthreats 

Resiliency, the ability of the taxon to withstand stochastic disturbance events, and redundancy, the 
ability of the taxon to withstand catastrophic events, are currently exhibited in the DPS by the 
persistence of individual lynx populations and their distribution across the geographic scope of the DPS.  
Available information indicates that five out of six geographic units in the DPS contain resident breeding 
lynx populations.  Although we have no reliable population-size estimates for any of the geographic 
units, Northern Maine (Unit 1) is believed to currently supports the largest resident population in the 
DPS.  In Northeastern Minnesota (Unit 2), a resident population occupies the northeastern corner 
Arrowhead Region of the State.  Northwestern Montana and northeastern Idaho (Unit 3) [...insert 
text]continue to support resident lynx, although a small subpopulation in the Garnet Mountains on the 
southern periphery of this unit may have been extirpated recently.   In the Pacific North-central west 
Washington (Unit 4), recent extensive wildfires in north-central Washington have temporarily reduced 
the amount of high-quality lynx habitat and may have caused a decline in lynx numbers there.  Finally, 
with Since the release of Canadian and Alaskan lynx in 1999-2006, to create resident breeding 
populations in southwestern Colorado (Unit 6), resident lynx now currently occupy much of western 
Colorado (Unit 6)the western half of the State.  No lynx were detected during recent research iIn the 
Greater Yellowstone Aarea  (GYA, Unit 5), which is thought to have historically supported a small 
resident populationthe presence of resident breeding populations is currently unknown and considered 
unlikely, given a lack of suitable hare density and/or lynx habitat.   
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Representation, the ability of a species to adapt to changing environmental conditions over time, is 
characterized by the breadth of genetic and environmental diversity within and among populations 
(USFWS 2016).  Information provided by lynx experts and geneticists indicates a generally low level of 
genetic differentiation and relatively similar ecological settings across the DPS, suggesting little life 
history variability or niche differentiation among DPS populations (USFWS 2016, p. 51).  This would be 
the samesuggests that the current level of representation in the DPS had is similar to the historically 
condition and is not indicative of current risks to the genetic health or adaptive capacity of the DPS.   

The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on federal 
lands, has been largely amelioratedaddressed by formal and binding amendments or revisions to most 
federal land management plans within the DPS range.  Despite the paucity of data on demographic 
effectsAlthough questions remain about the efficacy of this improved regulatory framework, habitat 
conditionsfederal lands are now being managed specifically to protect and restore lynx habitats, with 
the goal of supporting continued lynx presence as a goal on federalon these lands.  Most of thesefederal 
lands, which constitute 64 percent of lynx habitat in the DPSevaluated in this SSA, are found in the 
western U.S.   

Other stressors affect lynx in one or more geographic units.  For instance, in northern Maine, where 
most high-quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that govern 
private forest management may currently be causing decreases in habitat quantity, quality, and 
distribution, and in lynx numbers (also see Future Conditions and Threats, below).  wildfires iIn the 
Northwest North-central Washington,unit recent large-scale wildfires have resulted in the temporary 
loss of nearly 40 percent of lynx habitat, likely reducing this unit’s current lynx population and 
potentially compromising currently pose a significant concern with regard to their effects on lynx 
populationsits current ability to support a resident population until habitats recover.  Increased wildfire 
activity also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it has 
influenced the current condition of lynx populations in those units is uncertain.  However, regrowth of 
habitat and repatriation of lynx allowed by connectivity of this unit with Canada make the wildfire 
concern one of time frame and scale.  In Maine, with its high levels of private ownership and changes in 
forest management practices [insert name of Act(s)], lynx habitat conditions are being altered; however, 
demographic effects on lynx will likely not be seen for [XXX] time.  

While cClimate change is occurring at a global, and, thus, a DPS-wide scale.  Increased wildfire 
frequency, size, and severity (as described above) are among a number of climate-mediated factors that 
have likely influenced current lynx numbers and habitats in the DPS.  For example, climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has been 
linked to increased magnitude and severity of forest insect outbreaks, and it likely has already resulted 
in some changes in vegetative communities.  However, whether, and if so to what extent, these factors 
have influenced current lynx numbers or other demographic parameters and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units.  Despite uncertainty regarding its influence over current conditions for lynx, climate 
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modeling and expert opinion concur that continued climate warming will adversely impact lynx in the 
DPS in the future (see below). current known effects of climate change on lynx habitat are limited to the 
increased likelihood and frequency of wildfire and disease/pest events.  Again, demographic effects 
from these events are not expected until approximately 2025. [??] 

Future Ccondition and Tthreats 

The rResiliency of individual geographic units, which appear to function independently of each other,  is 
the primary determinant of the future viability of the lynx DPS viability.  Overall, expert opinion and our 
analyseis indicatessuggest a reduced declining probability of persistence for all each of the geographic 
units within the DPS throughout over the rest of the this century (noting that the analysis did not extend 
beyond that 2100 time frame), with the .  It further indicates a consequentpotential permanent loss 
(functional extirpation of resident lynx populations) of two to four of the six units, i.e., loss of resiliency, 
by the end of the century. 

Representation Although the loss of one or more geographic units would reduce redundancy and could 
diminish representation, neither redundancy nor representation appears likely to influence the and 
redundancy are lesser factors for DPS viability of the DPS through the end of the century, for several 
reasons.  Although the lynx populations in the DPS units are demographically isolated from each other, 
there is appears to be little risk of significant genetic drift within the DPS.  This is due to the currently-
observed and likely future high level of gene flow across the species’ range, the species’ well-
documented dispersal capability, the current and likely future absence of significant barriers to dispersal 
between Canada and the DPS, and continued connectivity between most parts of the DPS and lynx 
populations in Canada.  likely due to most areas being relatively well connected with Canadian 
populations; this is indicative of relative genetic health through the end of the century.  Furthermore, 
based on expert input, there is no indication that the relatively low level of genetic diversity among lynx 
populations is likely to reduce DPS viability in the future (USFWS 2016, p. 51).  Because of the ability of 
lynx to widely disperse, and because it is unlikely that insurmountable barriers to lynx dispersal between 
Canada and the DPS will emergeThis information suggests the current and likely future relative genetic 
health of the DPS, and we do not expect representation to become a concern  through the turn of the 
century. 

With regard to redundancy, neither the scientific literature nor expert input provide a basis for 
concluding that any single catastrophic event could cause extirpation of any one geographic unit.  It is 
even less likely that a single catastrophic event will eliminate all populations in the DPS.  It is important 
to note, however, that a sequence of catastrophic events over a short time could increase the potential 
for functional extirpate extirpation of one or more of the individual geographic units over time(e.g., fires 
in north-central Washington, as described above), thereby reducing redundancy within the DPS. 

The  likelihood of persistence of individual populations, and thus geographic units, is expected to 
decrease by 2100 primarily because of climate change effects on snow conditions and boreal forests.  
The other long-term threat is forest management practices that are not conducive to landscape hare 
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densities able to support lynx, although this stressor may be limited to one geographic unit.  Threats 
affecting the future condition of the DPS are summarized below. 

Based on climate change models, the effects of climate change on snow and boreal forest conditions are 
foreseen as the primary stressor limiting future viability of lynx in the DPS.  The southernmost  boreal 
habitats are predicted to retreat northward and upslope, fragmenting and diminishing the quality of lynx 
and hare habitat within the DPS (although some uncertainty remains regarding the timing, extent, and 
biological consequences of such impacts).  As habitat conditions decline, mortality rates are likely to 
increase and reproductive rates decrease.  This in turn will reduce abundance and density of individuals 
within populations, making lynx populations more susceptible to stochastic events.   

Given the high percentage of federal land ownership,  regulatory assurancescommitments that these 
lands will continue to be managed in accordance with lynx conservation principles, and a the stronger 
possibility that lynx populations will be able to relocate toexistence of potential high-er elevation 
climate refugia to which lynx habitats and some lynx might moves, western geographic units are more 
likely to support resident lynx longer under projected climate change scenarios.  Nonetheless, we are 
unaware of any management action that can abate the long-term retreat of boreal forests and changed 
diminished snow conditions projected by climate models.  Further, climate-inducedthe size, frequency, 
and intensity of wildfires and disease events forest insect outbreaks is are expected to increase with 
continued climate warming, particularly in the western portion of the DPS, although we do not 
anticipate such events in- and- of -themselves likely to cause the permanent loss of breeding lynx 
populations in the Northwest or any other geographic unit. 

With regard to the eastern geographic units (Minnesota and Maine), suitable boreal forest and snow 
conditions are projected to decline more severely than in the western unitsGiven similar projections of 
climate-mediated losses of boreal forests and snow conditions favorable for lynx, persistence of lynx 
populations in Maine and Minnesota may be relatively lower given the smaller percent of federal lands 
and associated regulatory commitments to lynx conservation, and the lack of potential elevational 
refugia.  Additionally, as noted above, changes to regulations governing timber harvest on private forest 
lands in Maine are unlikely to maintain the current historically-high amount and distribution of good 
lynx habitat or the current large population of resident lynx.  These changes, which may affect over 90 
percent of lynx habitats in northern Maine, are projected to result in substantial declines in habitat 
quality and distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and subsequent forest  Lynx habitat conditions in Maine are also likely to decline 
significantly by the end of the century as private forest management practices, particularly a decline in 
clearcutting, result in succession detrimental to snowshoe hare and lynx needs. 

DPS viability 

Although there is no evidence from the historical record does not suggest broad-scale loss of resident 
lynx populationsthat Canada lynx have declined within  in the contiguous U.S. DPS, a number of threats 
acting at the DPS and individual geographic unit scales indicate a moderate to high likelihood of declines 
(i.e., loss of two to four units) by the turn of the century.  While it is more likely than not that any given 
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individual unit—northern Maine, northeastern Minnesota, northwestern Montana, western Colorado, 
and possibly north-central Washington—will persist to mid-century, it is unlikely all that five will persist 
to that point.  By the end of the century, we expect populations to persist primarily in units having high-
elevation refugia, e.g., northwestern Montana and possibly western Colorado, although Colorado would 
be an isolated unit.  Lynx may also persist at the end of the century in Maine and Minnesota, depending 
on the severity of climate change effects and, in Maine, on trends in development and private forest 
management.  Uncertainty increases at mid- to late-century concerning the timing and extent of various 
stressors that will affect lynx and hare habitat and snow regimes, especially those related to climate 
change.  However, review of the best available science in concert with input from lynx experts indicates 
suggests that the probability of the persistence of resident breeding populations will decline in all units 
will exhibit declines bybeginning as early as 2025, with the negative DPS-wide trajectory continuing to 
the end of the century, and (with no evidence to the contrary) beyond that time frame.    

We conclude that the eventual loss of resiliency indicated by extirpation of geographic units will also 
reduce redundancy and, possibly, representation.  These losses in resiliency, redundancy, and 
representation will put the Canada lynx U.S. DPS at increasing risk of extinction. 

Table ZZ. Characterization of future status of the Canada lynx DPS using the conservation biology 
principles of redundancy, resiliency, and representation. 

[insert table here]  



From: Parkin, Mary
To: Shoemaker, Justin
Cc: Zelenak, Jim; Heather Bell; Jonathan Cummings; Jodi Bush; Mark McCollough; Tamara Smith; Kurt Broderdorp;

Bryon Holt; Brent Esmoil
Subject: Re: Draft of Ch. 6, Synthesis, for Lynx SSA Report
Date: Friday, September 09, 2016 11:17:30 AM

Thanks, Jim and Justin!  I'll go through this today and am continuing to work on sections that
Heather and I have teamed up on.

Cheers,
Mary

On Fri, Sep 9, 2016 at 10:33 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
I've added my comments to Jim's version.

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov

On Thu, Sep 8, 2016 at 4:32 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

As per Heather's request, I reviewed the rough draft of the Synthesis section of the SSA report that she and
Mary put together a few days ago.  My comments/recommendations are in Track Changes in the attached
document.

Core Team - please take a look and see if there are any glaring errors or omissions, or anything to which you
otherwise take great exception.

Others - let me know if any of this is unclear or needs additional explanation or discussion.

Heather - sorry I couldn't get this to you by this morning as I'd intended.

Heather and Mary - thank you both so much for your willingness to try to pull this together and to boil down
and make sense of what has become a huge SSA document. I hope you are right that we are getting close to a
reasonable draft report.

Justin - same for you and your willingness to help with the DPS-wide sections of Ch. 4 and 5 - it's a tough job
and a great and much appreciated help.

All - my apologies for the blank spots I still need to fill in the draft report - I will get back to those ASAP.

 

On Tue, Sep 6, 2016 at 5:25 PM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Hi all,

Meant to get this to you much earlier today, but other work intervened.  
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Attached is a rough draft of the Synthesis section of the lynx report.  Heather and I
worked on this together, and it incorporates our latest discussion from this morning.

A few notes:

The draft includes includes just one section of narrative and the table that Mark (and
others?) pulled together.  We've removed sections 6.1-6.3, each of which addressed one
of the 3Rs (didn't delete, just put them "on hold" by moving them to a separate
document until it becomes clear where they fit best).

We'd like the team to hold off on a critical review until the rest of the report is complete,
as the Synthesis lays out findings and conclusions drawn from the analysis in the
previous chapters.  This copy is to let you know generally what we're thinking the
Synthesis should look like and say.  If you have any questions at this point, don't
hesitate to ask.

Jim, feel free to forward to the rest of the core team whenever you think it's appropriate. 
I've also uploaded this doc to the Drive as of a few minutes ago.

That's it for now!

Cheers,
Mary

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mary Parkin
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Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp; Mary Parkin; Heather Bell; Jonathan Cummings;

Justin Shoemaker
Cc: Jodi Bush; Seth Willey
Subject: Fwd: Invitation for Instant Net Conference
Date: Monday, September 12, 2016 3:36:36 PM

Hi All:

This is a reminder for tomorrow's weekly Lynx SSA Core/FIT Teams call and webinar.  We will be going through
the draft doc on the drive trying to finish changes so it will be ready to go out for internal FWS review very soon.

Webinar instructions below.  Usual conference number and passcode - you should have them on your calendar, too:

866-857-8504
passcode 7620543

Hope you all can join.

Thanks,

Jim

---------- Forwarded message ----------
From: <e-meetings@mymeetings.com>
Date: Mon, Sep 12, 2016 at 1:17 PM
Subject: Invitation for Instant Net Conference
To: jim_zelenak@fws.gov

 
You are invited to join a meeting hosted by  BRENT  ESMOIL. Meeting details are listed 
below.

Meeting Date: 09/13/2016 
Meeting Time: 10:00 AM MOUNTAIN TIME

Instant Net Conference Details:
-------------------------------
Meeting Number:          446939152
Meeting Passcode:        
Meeting Host:             BRENT  ESMOIL

Join Instructions for Instant Net Conference:

1. Join the meeting now:
http://www.mymeetings.com/nc/join.php?sigKey=mymeetings&i=446939152&p=&t=c
2. Enter the required fields.
3. Indicate that you have read the Privacy Policy.
4. Click on Proceed.
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: McCollough, Mark
To: Erin Simons-Legaard
Subject: Re: climate change and spruce-fir outcomes for ME
Date: Tuesday, September 13, 2016 3:09:15 PM

Thanks Erin.  I would appreciate any reports that you and/or Kasey produce on climate change
effects on future Maine forests.  Mark

On Tue, Aug 30, 2016 at 4:06 PM, Erin Simons-Legaard <erin.simons@maine.edu> wrote:
Hi Mark,

We don't have anything to report yet on climate change. We've done
some preliminary modeling assuming a linear increase in temperature
over the next 50 years just to work out the modeling process. We are
now incorporating actual monthly temp/precip predictions under a few
different scenarios, which will serve as the real basis for our simulations.

Hope all is well with you!

Erin

Erin Simons-Legaard
Research Assistant Professor
School of Forest Resources
5755 Nutting Hall
University of Maine
Orono, ME 04469-5755
erin.simons@maine.edu

On Thu, Aug 25, 2016 at 12:30 PM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Kasey and Erin:

We are wrapping up the "future" sections for our Canada lynx species status assessment.  I
read and incorporated information from your 2013 report (Evaluating the interacting
effects of forest management practices and periodic spruce budworm infestation on broad-
scale, long-term forest productivity).  In the report, you mention that you will be modeling
the effects of forest management, budworm, and climate change.  Have you completed
that work?  Is a report available?  If so, we would be very interested in incorporating into
our lynx SSA.

Thanks,  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED!!!!  On Tuesdays and Thursdays call 207 944-5709

Mark McCollough, Ph.D.
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Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED!!!! 
On Tuesdays and Thursdays call 207 944-5709

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Kurt Broderdorp
To: Jim Zelenak; Bryon Holt; Tamara Smith; Mark McCollough
Cc: Heather Bell; Jonathan Cummings; Justin Shoemaker; Jodi Bush; Mary Parkin
Subject: Lynx SSA literature citations
Date: Wednesday, September 14, 2016 9:35:05 AM

All,  I have created a folder under lynx SSA/SSA/literature/SSA Report
Literature Citations PDF files, on the shared drive please upload a PDF
of the entire journal article, book chapter, email (pers comm.), etc., as
appropriate into this folder.  If you cite literature from the LCAS, please
copy a version of the literature into the SSA report citation folder.  If
you have questions, please let me know.
 

Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
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From: Zelenak, Jim
To: McCollough, Mark
Cc: Tamara Smith; Bryon Holt; Kurt Broderdorp; Justin Shoemaker
Subject: Re: Lynx SSA
Date: Monday, September 19, 2016 11:20:19 AM

Justin and I will send it when we have a clean version. hope today, maybe tomorrow morning.

On Mon, Sep 19, 2016 at 8:57 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Thanks for your persistence with the technical problems Jim.

I would appreciate reviewing the draft of the synthesis when it is ready.  Our decision-
makers will likely jump right to the synthesis, and I want to make sure it accurately reflects
our information in the SSA.

Thanks,  Mark

On Mon, Sep 19, 2016 at 10:54 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Team,

We've been having substantial access problems with the current draft of the SSA report on Google Drive (e.g., I
get booted out with and "Access Denied" message every time I try to make an edit - very frustrating, and it's
also happened to Mary and to Justin).  So several of us are working off-line in separate Word docs and hope to
be able to bring in additions/changes to the drive document.

Because of that, I'd prefer you all refrain from accessing the drive doc or making (or trying to) any other
changes in it for the time being.

Also, because all of you who were on last week's call felt your sections were ready for internal FWS review,
I'm considering limiting tomorrow's call to just me and the FIT Team to try to iron out this access issue and to
prioritize remaining tasks to get this draft out to the regions.

I'll let you know for sure about the call tomorrow before the end of the day today.

Let me know if you have questions/concerns.

Thanks.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
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Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Kurt Broderdorp
Cc: Mark McCollough; Tamara Smith; Bryon Holt; Heather Bell; Jonathan Cummings; Mary Parkin; Justin Shoemaker;

Jodi Bush
Subject: Re: Working Literature Citation list
Date: Monday, September 19, 2016 3:50:32 PM

Thanks, Kurt.

Core Team: the document Kurt uploaded was a copy of the 2014 CH Lit Cited list that I had begun to crosswalk
with the draft SSA report on Drive while it was in FIT review a month or so ago.  I did not get all the way thru the
doc or even my sections, but the yellow highlights are those docs that are cited in the SSA report that I'd gotten to at
that point, including some that are just place holders (author and year).  Many of the docs we've all cited are on the
list.  If it's already highlighted, you don't need to worry about it.

I think the task is for each of you (Core Team) to go thru the section(s) you wrote for the SSA report and check your
citations gains the list.  If it is on the list but not highlighted, please highlight it - that only needs to be done once, by
one team member.  Also check your sections for citations that are not on the list (Kurt pulled the ones in that were in
the Lit Cited section of the drive doc as of today), and add then highlight them as Kurt instructed below.

Please don't add any to the SSA Report on the drive, but only to the list that Kurt has uploaded.

We also eventually will need PDFs of all citations.  Kurt also uploaded the whole LCAS 2013 file of PDFs, so we
already have many of them - just need to figure how to move from LCAS into the SSA report PDFs folder.  Any
new citations you have used will need to have the PDFs added to the folder Kurt initiated.

Let us know if you have questions.  

On Mon, Sep 19, 2016 at 1:00 PM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

All,  I have combined the SSA Report literature citations list (current
as of today) with a list of citations that Jim Z. had from some previous
lynx work.  I have created a new folder in the SSA Report Literature
Citations PDF files folder.  I uploaded the combined list.  Please
cross-walk your respective sections in the Report with this list.  Please
add your citation if it does not appear on the list.  Please highlight in
yellow those citations that you used in the report, including those that
you added to the list.  Please do not attempt to add anything to the list
in the report.  If you have any questions, please let me know.  Thank
You.

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Bush, Jodi
To: Rick Kahn
Cc: Jim Zelenak
Subject: Lynx information
Date: Monday, September 19, 2016 4:08:57 PM
Attachments: 2016 04 18 FINAL Lynx SSA EE Workshop Report.pdf

Rick.  I wanted to get back to you after our conversation at AFWA.  I apologize leaving NPS
at HQ out of the loop.  I have now added you to the list of our monthly coordination calls.  I
also wanted to provide you with the report we generated after the expert workshop.  It, the
appendices and many of the other information gathered at that meeting can also be found
at https://www.fws.gov/mountain-prairie/es/canadaLynx.php -under species status assessment.
 

As you heard me say at the committee meeting, we hope to have a Species Status Assessment
ready for external review within the next 30 to 60 days.  At that time we will request the NPS
review of that document, in the meantime if you have any questions feel free to give me a
call.  JB  

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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mailto:rick_kahn@nps.gov
mailto:jim_zelenak@fws.gov
https://www.fws.gov/mountain-prairie/es/canadaLynx.php


Canada Lynx Expert Elicitation Workshop 
 October 13-15, 2015 - Bloomington, Minnesota 

 

 
 

Final Report 
 April 18, 2016 

 
Canada Lynx Species Status Assessment Team: 

  
Heather Bell, U.S. Fish and Wildlife Service, Headquarters 

Kurt Broderdorp, U.S. Fish and Wildlife Service, Western Colorado Field Office 
Jonathan Cummings, U.S. Geological Survey, Patuxent Wildlife Research Center 

Bryon Holt, U.S. Fish and Wildlife Service, Northern Idaho Field Office 
Mark McCollough, U.S. Fish and Wildlife Service, Maine Field Office 

Mary Parkin, U.S. Fish and Wildlife Service, Northeast Regional Office 
Tamara Smith, U.S. Fish and Wildlife Service, Twin Cities Field Office 

Jim Zelenak, U.S. Fish and Wildlife Service, Montana Field Office 
 

 



1 

TABLE OF CONTENTS 

I. EXECUTIVE SUMMARY ______________________________________________ 4 

II.  PURPOSE _________________________________________________________ 4 
III. BACKGROUND ____________________________________________________ 5 

IV. EXPERT ELICITATION _____________________________________________ 7 
Workshop Protocol ____________________________________________________ 7 

Identifying Experts_____________________________________________________ 8 
Expert Selection Criteria ____________________________________________ 9  

Preparing Experts ______________________________________________________ 9 

V. SUBJECT MATTER PRESENTATIONS ________________________________ 10 
Canada Lynx Species Status Assessment – Jim Zelenak ______________________ 10 
Historical Distribution of Lynx in the Contiguous U.S. – Dr. Kevin McKelvey ____ 11 

Canada Lynx Habitat Regulatory Environment – Scott Jackson ________________ 12 
Lynx Genetics Considerations – Dr. Michael Schwartz _______________________ 12 

Lynx Distribution, Status, and Management in Southern Canada –                                                
Dr. Jeff Bowman _________________________________________________ 13 

Seven Ways a Warming Climate Can Kill The Boreal Forest – Dr. Lee Frelich ____ 14 
Climate Change and Uncertainty: Implications for Canada Lynx Conservation and 

Management in the Contiguous U.S. – Alexej Siren _____________________ 14 
Projected Climate-Change Impacts on Snow, Vegetation, and Lynx Populations in                 

the Western U.S. – Dr. Joshua Lawler and Dr. Chad Wilsey _______________ 15 
Forest Management and Lynx Habitat Trends – Dr. Erin Simons-Legaard ________ 16 

Southern Snowshoe Hares: Updates, Questions, Forecasts - Dr. Karen Hodges ____ 16 

VI. LYNX STATUS UPDATE PRESENTATIONS ___________________________ 18 
Status of Lynx in Maine - Jennifer Vashon  ________________________________ 18 
Canada Lynx in Minnesota - Dr. Ron Moen and Susan Catton _________________ 19 

Current Distribution, Status, and Threats to Canada Lynx in Montana and Wyoming                 
- Dr. John Squires ________________________________________________ 20 

Lynx in Washington: Current Status and Potential Threats – Dr. Benjamin Maletzke  21 
Status of Lynx in Colorado - Dr. Jake Ivan  ________________________________ 22 

VII. EXPERT ELICITATION PROCESS __________________________________ 23 
VIII. LYNX STATUS:  EXPERT ELICITATION AND RESPONSES ___________ 24 

Expert  Responses ____________________________________________________ 25 



2 

Representation _____________________________________________________ 25 
Redundancy _______________________________________________________ 26 

Resiliency _________________________________________________________ 34 
Results by Geographic Unit ________________________________________ 36 

Northern Maine ____________________________________________ 36 
Northeastern Minnesota _____________________________________ 39 

Northwestern Montana/Northeasern Idaho _______________________ 41 
North-central Washington ____________________________________ 43 

Greater Yellowstone Area (GYA) _____________________________ 45 
Western Colorado __________________________________________ 47 

Summary Across Geographic Units __________________________________ 49 
Expert Assumptions During Persistence Graphing Excercises _____________ 51 

Conservation Actions to Address Influencing Factors and Increase Probability                
of Persistence _____________________________________________ 52 

Other Considerations ________________________________________________ 54 

IX. SYNTHESIS_______________________________________________________ 54 
Representaion _______________________________________________________ 55 
Redundancy _________________________________________________________ 56 

Resiliency __________________________________________________________ 57 

X. CONCLUSION _____________________________________________________ 59 

XI. LITERATURE CITED ______________________________________________ 60 
XII. APPENDICES ____________________________________________________ 64 

Appendix 1.  The Species Status Assessment Framework Fact Sheet 
Appendix 2.  Workshop Participants and Roles 

Appendix 3.  Final Lynx Species Status Assessment Expert Workshop Notes 
Appendix 4.  Lynx Species Status Assessment Expert Workshop Candidates 

Appendix 5.  Presentation PDF’s 
Appendix 6.   Lynx Expert Elicitation Figures 

LIST OF TABLES 
Table 1.  Expert responses regarding natural reestablishment __________________ 30 

LIST OF FIGURES 
Figure 1. Six geographic units with resident Canada lynx ______________________ 7 



3 

Figure 2. Individual scores and summary boxplots ___________________________ 29 
Figure 3. Years for a geographic unit to become reestablished__________________ 32 

Figure 4.  Years for a geographic unit to become reestablished, adjusted _________ 33 
Figure 5.  Expected probability of persistence Northern Maine _________________ 37 

Figure 6.  Expected probability of persistence Minnesota _____________________ 40 
Figure 7.  Expected probability of persistence Northwestern Montana/Northeastern             

Idaho __________________________________________________________ 42 
Figure 8.  Expected probability of persistence North-central Washington _________ 44 

Figure 9.  Expected probability of persistence Greater Yellowstone Area _________ 46 
Figure 10.  Expected probability of persistence Western Colorado ______________ 48 

Figure 11.  Summarized probability of persistence of a given number of geographic            
units ___________________________________________________________ 50 

Figure 12.  Summarized probability of persistence of at least a given number of                  
geographic units _________________________________________________ 51 

 
  



4 

Executive Summary 
As part of a species status assessment (SSA) for the contiguous United States distinct 
population segment (DPS) of the Canada lynx, the U.S. Fish and Wildlife Service (Service) 
convened an expert elicitation workshop to gather (1) the best available information on the 
current status of lynx populations within the DPS and (2) the professional judgment and 
opinions of lynx experts regarding the future viability of the DPS.  This report summarizes the 
results of the workshop regarding the current and likely future condition of lynx populations in six 
geographic areas within the DPS in terms of representation, redundancy, and resiliency.  The 
Service will incorporate the information gathered at this workshop into the SSA as appropriate, 
along with the published scientific literature, to inform recovery planning for the DPS and any 
other determinations the Service is authorized and required to make in accordance with the 
Endangered Species Act.     

Purpose  
The purpose of this report is to convey the results of an expert workshop convened by the U.S. 
Fish and Wildlife Service (Service) in October 2015 to improve our understanding of the status 
of the contiguous U.S. distinct population segment (DPS) of Canada lynx (Lynx canadensis).  
This workshop was held in conjunction with a species status assessment (SSA; see Appendix 1 
[All appendices are accessible at: http://www.fws.gov/mountain-prairie/es/canadaLynx.php]) for 
the DPS.  The SSA, which will incorporate the best available scientific information on lynx, is 
needed to inform the Service’s response to a June 2014 court order to complete a recovery plan 
for the DPS by January 2018, or make a formal determination that a recovery plan is not 
necessary.   
 
The workshop was organized by a Lynx SSA Team consisting of Service and USGS staff who 
have developed and piloted implementation of the SSA framework, and Service biologists who 
are working on lynx throughout the range of the DPS.  In the interest of collaboration and 
transparency, this team partnered with State agencies, other Federal agencies, and academic 
researchers to elicit expert input regarding the current and likely future status of lynx populations 
within the DPS. 
  
Expert input is needed to complement the published scientific literature and other available 
information on many aspects of lynx population dynamics in the DPS range.  In particular, we 
were looking for additional information on the status, sizes, and trends of lynx populations and 
on threats to lynx habitats and those of their primary prey, snowshoe hares (Lepus americanus).  
We therefore designed a process to elicit and capture the knowledge, professional judgments, 
and opinions of lynx experts to help us assess the current status of, and the nature and 
magnitude of potential threats to, lynx populations and habitats within the DPS.  We also sought 
expert knowledge to help us evaluate the viability of the DPS (in terms of the “3 Rs” - 
redundancy, representation, and resiliency; see definitions below) under a range of future 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php
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threats, habitat conditions, and climate scenarios, and to identify and make explicit areas of 
uncertainty and potential differences of opinion among experts. 
 
The results of the workshop will contribute to the SSA, which will compile and summarize the 
best available scientific and commercial data, including empirical data, published literature, and 
expert input.  This information will then be used by Service decision makers to inform recovery 
planning direction, classification decisions, and other determinations required by the 
Endangered Species Act (ESA). 

Background 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws.  Its long, 
black ear tufts and short, black-tipped tail distinguish the lynx from the similar bobcat (Lynx 
rufus), which is much more common in the contiguous U.S.  The lynx’s large feet and long legs 
make it highly adapted for hunting snowshoe hares in the deep or powdery snow that persists 
across much of its boreal forest distribution, most of which occurs in Canada and Alaska.  
These adaptations provide lynx a competitive advantage over potential competitors, such as 
bobcats or coyotes (Canis latrans), which have much smaller feet and higher foot-loadings that 
prevent them from hunting efficiently in deep, powdery snow (McCord and Cardoza 1982, p. 
748; Buskirk et al. 2000, pp. 86–95; Ruediger et al. 2000, pp. 1–11; Ruggiero et al. 2000, pp. 
445, 450). 

The southern periphery of the boreal forest extends into parts of the northern contiguous U.S., 
where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 1, 3), 
deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40–41).  In the contiguous U.S., 
these transitional boreal forests become discontinuous and patchy, preventing both lynx and 
hares from broadly achieving densities similar to those of the northern boreal forests (Wolff 
1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and 
Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394).  These forests eventually become 
too fragmented and isolated in the contiguous United States to support hares at the landscape 
densities and distributions necessary to support lynx home ranges (Interagency Lynx Biology 
Team 2013, p. 77) or lynx populations over time.   

The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms.  
Specifically, at that time the Service believed that most lynx and lynx habitats occurred on 
national forests, and that the Land and Resource Management Plans that guided management 
of those forests included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat.  The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052).  In 2003, in response to a court memorandum opinion on the 2000 listing rule, the 
Service reaffirmed its determination of the lynx DPS and its status as threatened under the ESA 
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(68 FR 40076).  The Service completed a recovery outline in 2005 (U.S. Fish and Wildlife 
Service 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) and, in 
2007, again in response to a court order, clarified its determinations of “significant portion of the 
range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 1186).  Also in 
2007, the Service initiated a 5-year status review of the DPS (72 FR 19549).  The Service 
revised the critical habitat designation for the DPS in 2009 (74 FR 8616) and 2014 (79 FR 
54782) and, concurrent with the latter, rescinded the state-based definition of the DPS boundary 
to extend ESA protection to lynx “where found” in the contiguous U.S., including New Mexico 
and other states that were not included in the original DPS range (79 FR 54804). 

Although the Service originally identified the DPS as occurring in forested portions of 14 states 
(Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, Oregon, 
Utah, Vermont, Washington, Wisconsin, and Wyoming) (65 FR 16052, 16085), it recognized at 
the time of listing that both lynx and the boreal forests that support them in the Lower 48 States 
are at the southern margins of their ranges, where habitats naturally become patchy and 
fragmented and snowshoe hare densities in many places are not consistently high enough to 
support resident lynx populations (65 FR 16052-59).  It also recognized that inherent limitations 
in historic occurrence information made it difficult to distinguish between areas that consistently 
supported resident populations; other areas that may have occasionally supported resident, 
breeding lynx; and yet other areas that intermittently and temporarily contained dispersing or 
transient lynx but did not support lynx home ranges or reproduction (65 FR 16054-59).  Many 
lynx records in the DPS range seem to have been associated with cyclic “irruptions” of lynx from 
southern Canada into the northern contiguous U.S. when northern hare populations crashed, as 
they did historically every 8-11 years (Elton and Nicholson 1942, entire; McKelvey et al. 2000, 
entire; Mowat et al. 2000, pp. 281–294; Interagency Lynx Biology Team 2013, p. 33).  Lack of 
reliable information also precluded determination of sizes or trends of lynx populations within the 
DPS. 

Recent research and monitoring have improved our understanding of many aspects of lynx 
biology, distribution, and potential threats in the DPS.  However, we still lack reliable estimates 
of the sizes and important demographic rates of most populations.  Likewise, we would benefit 
from further understanding of the natural range and causes of variation in lynx and hare 
numbers; hare densities necessary to support resident lynx populations throughout the DPS; the 
influence of immigration of lynx from Canada on the demographic and genetic fitness of DPS 
populations; and the timing, extent, magnitude, and severity of potential threats associated with 
climate change.  The Lynx SSA Team organized this expert elicitation workshop to help fill 
some of these information gaps with the knowledge, professional judgments, and opinions of 
lynx experts. 

Currently, there are five geographic areas known to support resident lynx populations in the 
DPS:  northern Maine (with occasional/sporadic breeding by small numbers of lynx in 
northernmost New Hampshire and Vermont); northeastern Minnesota; northwestern Montana 
and northeastern Idaho; north-central Washington; and western Colorado (Figure 1).  After 
statewide surveys conducted in 1978-1997 suggested the absence of viable resident lynx 
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populations in Colorado, the State, from 1999 to 2006, released 218 lynx captured in Canada 
and Alaska into southwest Colorado to establish the current resident population.  Additionally, 
the Greater Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming is 
believed historically (and as recently as 2003-04) to have supported a small but relatively 
persistent lynx population, but it is uncertain whether it currently supports any resident lynx.   

   

 

Figure 1.  Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations.     

Expert Elicitation 

Workshop Protocol 
As mentioned under Purpose, above, the Lynx SSA Team convened the October 2015 
workshop to elicit expert knowledge and opinion on critical uncertainties regarding the current 
status and future viability of resident lynx populations within the DPS range, and thus the DPS 
as a whole.  To facilitate this, a 10-member panel of recognized lynx experts from across the 
DPS range first observed and discussed presentations by subject matter experts summarizing 
the current state of available information on topics relevant to lynx populations in the DPS (see 
Preparing Experts section below).  After subject matter presentations, members of the lynx 
expert panel presented updates on lynx populations in each of the six geographic areas 
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described above under Background.  The subject matter and update presentations were 
intended to ensure that all lynx experts had a common baseline of information prior to the 
elicitation process.  
 
In accordance with the expert elicitation literature (e.g., Burgman 2005, USEPA 2011, Gregory 
et al. 2012, Drescher et al. 2013, Morgan 2014), we then used best practices to elicit opinions 
from the expert panel.  Although invited experts were expected to contribute openly and 
effectively to group discussions, we did not seek consensus among experts; rather, we probed 
differences of opinion or interpretation of scientific and technical information.  We also asked 
experts and other participants to focus on scientific questions and to refrain from discussing or 
recommending management or policy decisions related to the Service’s authorities and 
responsibilities in implementing the ESA. 
   
In addition to the lynx expert panel and subject matter experts, workshop participants included 
members of the USFWS/USGS Lynx SSA Team, facilitators, and observers (see Appendix 2 for 
a full list of attendees and their respective roles).  As a basic ground rule, only members of the 
expert panel participated in the elicitation process, although panelists were encouraged to 
confer with the subject matter specialists and SSA Team members as needed.  All workshop 
participants were welcome to participate in discussions that ensued from review of panel 
responses to various questions.  Due to time constraints and to minimize interference with the 
elicitation process, observers were encouraged to write and submit “parking lot” questions, 
which were collected at the end of the first two days of the workshop and presented to lynx and 
subject matter experts for responses and discussion the following mornings (see workshop 
notes, Appendix 3).  The expert elicitation process was facilitated by USFWS and USGS 
structured decision making practitioners who encouraged open discussion among experts, 
structured input from both panelists and subject matter experts, and ensured that observers 
could witness the process without inappropriately influencing it. 

Identifying Experts 
 
SSA Team members reviewed the relevant literature and used their first-hand knowledge to 
identify experts involved in lynx and hare research or management, boreal forest ecology, and 
climate modeling.  We then developed a priori selection criteria based on professional 
credentials, positions, areas of expertise, and pertinent experience to develop a list of candidate 
lynx experts and other subject matter experts.  Selection criteria (below) helped ensure that 
invitations to participate were made only to scientists with expertise highly relevant to workshop 
topics and, further, that the selections were transparent, unbiased, and adequately captured the 
diversity of expertise and professional judgments related to the topics.  Selection was not based 
on affiliation with a particular organization or interested party; however, States and other 
partners were asked to review the draft list of workshop invitees and suggest alternate or 
additional qualified experts.  The SSA Team then invited experts who met the selection criteria 
and represented lynx expertise throughout the range of the DPS and in adjacent southern 
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Canada.  The number of invited experts was necessarily limited to improve the efficiency and 
effectiveness of the elicitation process, avoid redundancy, maximize scientific discussion among 
all participants, and maintain an open, comfortable meeting environment.  

Expert Selection Criteria  

Expert panelist candidates had to meet all of the following criteria: 

1.   Candidate must hold a graduate degree in a scientific discipline highly relevant to the 
workshop topics.  Typically this may include advanced degrees in wildlife biology, ecology, 
zoology, genetics, modeling, or statistical inference. 

2.  Candidate must hold a research position in government (State, Tribal, or Federal), academia, 
or in the nonprofit research sector; or participant must hold a governmental management 
agency position with responsibility for the species’ conservation. 

3.  Candidate must have expertise in the ecology or management of the species or related 
species, demonstrated by recent (within the past 10 years) peer-reviewed publications or 
related types of professional scientific expression. 

Candidates also had to meet one or more of the following criteria: 
  
4.  Candidate is directly engaged in the species’ management, monitoring, or analysis of 
populations or habitat. 

5.  Candidate is directly engaged in the study of a specific workshop topic. 

6.  Candidate is a government or academic research scientist with expertise in conservation 
biology, population or landscape ecology, genetics, or other relevant fields, as demonstrated by 
recent (within the past 10 years) peer-reviewed publications or related types of professional 
scientific expression. 

Using these criteria, the SSA Team identified 19 candidates for the lynx expert panel who were 
contacted to determine their interest and ability to attend the workshop (Appendix 4).  Among 
those both interested in and able to attend the workshop, the team extended invitations to 13 
candidates, 10 of whom ultimately participated as panelists and who together represent lynx 
expertise throughout the range of the DPS and in southern Canada.  Experts who could not 
attend this workshop may provide their expertise later in the SSA process as peer review 
experts.    

Preparing Experts 
Before the workshop, the SSA Team contacted all lynx experts and other subject matter experts 
by email and phone to discuss their roles and, for some, their willingness to prepare and deliver 
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subject matter or lynx population status presentations at the workshop.  Correspondence with 
lynx and subject matter experts and other workshop participants explained the SSA framework 
and its application to the lynx DPS, the use of expert elicitation in SSAs, and the workshop’s 
purpose, ground rules, and draft agenda. 
 
At the workshop, the Service introduced the Lynx SSA Team, provided a brief overview of the 
SSA framework and its application to the lynx DPS, and outlined workshop objectives.  Prior to 
elicitation exercises, subject matter experts presented information on the historic and current 
distribution of lynx in the contiguous U.S., regulatory mechanisms that apply to lynx on Federal 
lands, genetics considerations, lynx status and management in adjacent southern Canada, 
potential climate change impacts on boreal forest vegetation and snow conditions important to 
lynx, effects of forest management and policy on lynx habitat, and snowshoe hare ecology (see 
Subject Matter Presentations, below).  After these presentations, lynx expert panelists provided 
updates on lynx populations and habitats, research efforts, conservation measures, and 
potential threats to lynx in each of the six geographic areas (Fig. 1).  The subject matter and 
status-update presentations were intended to provide the expert panel with information that 
could inform their responses to elicitation questions and to ensure that the panelists shared a 
common understanding of the current status of lynx throughout the DPS.  All workshop 
presentations are included in Appendix 5 and are accessible at the Service’s Region 6 Canada 
lynx web page (http://www.fws.gov/mountain-prairie/es/canadaLynx.php). 

Subject Matter Presentations 
Canada Lynx Species Status Assessment, Expert Elicitation Workshop - Jim Zelenak, 
U.S. Fish and Wildlife Service, Montana Ecological Services Field Office, Helena, 
Montana 
The objectives of this workshop are to (1) gather scientific information from experts on the 
current status, threats, and future viability of lynx populations in the contiguous U.S.; and (2) 
where empirical data are lacking, elicit expert knowledge, professional judgment, and opinion on 
the nature and magnitude of potential threats to DPS populations and the DPS as a whole.  We 
need this information to complete a status assessment for the DPS that will be used by Service 
decision makers to inform recovery planning and other determinations the Service must make in 
accordance with the ESA.  We have a court order to complete a recovery plan for the DPS by 
January, 2018, unless we determine that a recovery plan is not necessary (i.e., that the threat 
for which the DPS was listed has been adequately addressed and ameliorated and no new 
threats have been identified that pose an immediate or reasonably foreseeable risk of 
extinction).  However, we are not here to make that determination or others regarding the ESA 
status of the DPS.  Rather, we are here to understand the current status of lynx populations and 
habitats in the DPS and hear from experts on factors influencing the current status and future 
viability of those populations.  The DPS was listed as threatened under the ESA in 2000 
because of the inadequacy at that time of regulatory mechanisms in Federal land management 
plans to protect lynx and their habitats.  The Service completed a recovery outline in 2005 and 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php
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designated critical habitat for the DPS in 2006.  In 2007, we clarified our determination of 
“significant portion of the range” of the DPS and withdrew the 2006 critical habitat designation.  
We revised critical habitat in 2009 and 2014 and, also in 2014, we received the court order to 
complete a recovery plan.  The results of this workshop will contribute to the SSA, and the 
expert information gathered here will complement the best available scientific information that 
will be compiled and summarized in the SSA report.  After it is peer-reviewed and finalized, the 
SSA report will be considered by Service decision makers to inform recovery planning and other 
determinations required under the ESA. 

Historical Distribution of Lynx in the Contiguous U.S. - Dr. Kevin McKelvey, USDA 
Forest Service, Rocky Mountain Research Station, Missoula, Montana   
Understanding historical range is important because it provides context for modern 
conservation; however, historical data must be interpreted carefully because they may not be 
representative, are often unreliable, and their meaning may be unclear.  This is especially true 
for rare animals like lynx, and even more so if they are easily mistaken for another more 
common animal, as bobcats are mistaken for lynx in the southern portion of lynx range.  
Because even relatively low identification error rates can lead to significant errors in determining 
distribution, it is important to rely on verified, and not anecdotal, occurrence records, when 
attempting to establish historical range.  The issue is further complicated by the noted cyclicity 
in lynx population dynamics associated with snowshoe hare population cycles, which resulted 
historically in irruptions or pulses of lynx from Canada into the DPS when northern hare 
populations crashed.  This can be described as a wave in which a large number of dispersing 
lynx intermittently flooded into the northern contiguous U.S. over the course of several years 
into a variety of potentially suitable and unsuitable habitats.  As the irruptions waned (i.e., as the 
waves receded), lynx disappeared relatively quickly from areas of unsuitable or poor habitat, 
more slowly from areas of marginal or suboptimal habitat, and persisted (like permanent tide 
pools) in those areas with habitats and hare densities capable of supporting them over time. 
This yielded verified records in the contiguous U.S. in places that clearly cannot support lynx 
populations but, in other places where habitats are or appear to be suitable, it also confounds 
efforts to distinguish between those that have supported persistent lynx populations, those that 
may occasionally but not consistently support resident lynx (“winked off’ more than “winked on” 
in a metapopulation sense), and those where dispersing lynx occurred regularly, if intermittently, 
but could not persist.  Given these ambiguities, there remains irresolvable uncertainty about the 
historic distribution of resident lynx in the DPS.  Despite this uncertainty, it appears that resident 
lynx naturally persist now in most areas that the available reliable data most strongly suggest 
historically supported resident populations in the contiguous U.S. (Maine, Minnesota, Montana, 
Idaho, and Washington).  Several other areas may have historically supported populations but 
no longer do (with evidence most compelling for northern New Hampshire and Michigan’s Upper 
Peninsula; less compelling for the Adirondack region of northern New York, northern Wisconsin, 
and northwestern Wyoming). 
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Canada Lynx Habitat Regulatory Environment - Scott Jackson, USDA Forest Service, 
National Carnivore Program Leader, Missoula, Montana 
Before the lynx DPS was listed under the ESA, there was very little information available and 
little management direction for lynx habitats on national forests or other Federal lands.  Given 
the uncertain status of lynx and lack of information on habitat relationships, an interagency Lynx 
Steering Committee was chartered almost immediately after the DPS was proposed for listing in 
1998.  The committee appointed the Lynx Science Team to assemble the available information 
on lynx and the Interagency Lynx Biology Team to develop a lynx conservation strategy 
applicable to Federal lands.  In 2000, the Science Team published Ecology and Conservation of 
Lynx in the United States (Ruggiero et al. 2000), and the Biology Team completed the Lynx 
Conservation Assessment and Strategy (LCAS; Ruediger et al. 2000).  The committee also 
directed the completion of the 1999 biological assessment (BA) in which the U.S. Forest Service 
(USFS) and Bureau of Land Management (BLM) evaluated potential impacts to lynx of 
management plans for 57 national forests and 56 BLM units and concluded that implementation 
of existing plans could result in some adverse effects to lynx.  The BA recommended amending 
or revising management plans to incorporate conservation measures that would reduce or 
eliminate the identified adverse effects to lynx, and to consider the conservation measures 
identified by the Science Team and Biology Team, once finalized.  In March of 2000, the DPS 
was listed as threatened due to the inadequacy of existing regulatory mechanisms, specifically 
the lack of guidance for conservation of lynx in national forest Land and Resource Management 
Plans and BLM Land Use Plans.  In October 2000, FWS completed a biological opinion on the 
1999 BA, concluding that if forest plans were revised or amended to incorporate the 
conservation measures in the LCAS, they would reduce or avoid the potential for adverse 
effects on lynx.  Also in 2000, USFS and BLM entered into conservation agreements with FWS 
to guide management until plans could be amended or revised.  By 2004, BLM revised plans in 
all units with lynx or potential habitat to incorporate LCAS guidance.  By 2006, USFS similarly 
revised plans for national forests in the Northeast and Great Lakes.  In 2007 and 2008, USFS 
formally amended plans for 18 national forests in the Northern Rockies and 8 in the Southern 
Rockies to address the risk factors identified in the LCAS and adopt management standards 
and guidelines.  Currently, all national forests and BLM units with lynx or potential habitats are 
governed by plans that have adopted conservation measures identified in the LCAS, 
subsequent interagency conservations agreements, or by management direction that formally 
amended or revised land use plans and established standards and guidelines designed to apply 
the best available scientific information to avoid and minimize potential impacts to lynx.  Future 
challenges include developing effective responses to larger, hotter, and more frequent fires and 
extensive insect outbreaks, and designing thinning and salvage harvest treatments conducive to 
creating habitat conditions favorable to lynx and hares.    

Lynx Genetics Considerations - Dr. Michael Schwartz, USDA Forest Service, National 
Genomics Center for Wildlife and Fish Conservation, Missoula, Montana 
Review of lynx genetic studies shows, despite some sub-structuring over distance, high gene 
flow across the continental range of lynx, likely because of high dispersal rates, large dispersal 
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distances, and few geographic barriers to dispersal.  Some research suggests that the Northern 
Rocky Mountains may provide some gene flow restriction in western Canada, as well as an 
“invisible barrier” to gene flow in eastern Canada south of James Bay/Hudson’s Bay that may be 
related to differences in snow conditions driven by large-scale climatic factors (e.g., the Pacific-
North America and North Atlantic Oscillation climatic systems).  North of the DPS, low levels of 
genetic substructure have been documented in populations in eastern Canada between 
populations north versus south of the St. Lawrence Seaway, and between island (Newfoundland 
and Cape Breton islands) and mainland populations.  However, there is evidence of genetic 
interaction among even these relatively isolated eastern Canadian populations.  Within the DPS, 
minor genetic sub-structuring has been documented among lynx subpopulations in western 
Montana.  However, very low Fst values (a measure of the proportional reduction in 
heterozygosity due to population subdivision, with values near zero indicating high levels of 
gene flow and values approaching one indicating poor gene flow) suggest the absence of 
significant barriers to genetic interchange throughout much of the lynx range, including the DPS.  
Across 17 lynx populations in Alaska, Canada, and the contiguous U.S., Fst = 0.033, and the 
highest Fst for any two populations was 0.070 when lynx from the Kenai Peninsula in Alaska 
were compared to those in the Seeley Lake area of Montana.  Lynx-bobcat hybrids have been 
documented in Minnesota, Maine, and eastern Canada, but not in the western part of the range.  
Hybridization does not seem to be a major issue, nor does it appear to be increasing despite 
significant increases in bobcat numbers in some parts of DPS range.  Genomics research (the 
genetic mapping and DNA sequencing of sets of genes or complete genomes) on lynx would 
increase power and precision of genetic analyses and perhaps identify genes under selection at 
the periphery of the range.  The goal for lynx in the DPS should be to conserve the genetic 
diversity currently represented in resident populations, recognizing that maintaining connectivity 
between DPS and Canadian populations is likely important to achieving that goal.  The genetic 
variation at the edge of the range may be of value to future populations, especially as related to 
changing climate.  

Lynx Distribution, Status, and Management in Southern Canada - Dr. Jeff Bowman, 
Ontario Ministry of Natural Resources and Forestry, and Trent University, Ontario 
Lynx are managed provincially in Canada, with each province responsible for its own 
management program, harvest (trapping) policies, and conservation strategies.  Data from 
registered trap lines show cyclic decadal peaks in the numbers of lynx harvested, and these 
align well with (and lag by one year) cyclic peaks in snowshoe hare indices.  In western 
provinces (British Columbia, Alberta, Saskatchewan, Manitoba, Northwest Territories, and the 
Yukon), the magnitude of lynx cycles appears to have dampened dramatically after the 1980s-
1990s, while eastern provinces (Ontario, Quebec, and Newfoundland and Labrador) have seen 
less dramatic declines in peak lynx numbers trapped.  There is some evidence that hare 
numbers in the Yukon have not recovered to past levels after declines beginning in about 2000, 
and that hare numbers in southern Ontario have been low for the past 5-6 years.  There also is 
indication that the range of lynx in eastern Ontario has contracted northward since the 1970s, 
and modeling suggests that this contraction is likely influenced by habitat loss perhaps related 
to changes in forestry practices and an increase in tolerant hardwoods replacing spruce-fir 
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forests resulting from climate warming (Koen et al. 2014).  This has been accompanied by 
reduced genetic heterozygosity (allele richness) at this margin of the lynx range.  Recent studies 
also show some differences in functional genetic markers (unique alleles) in lynx south versus 
north of the St. Lawrence Seaway/River, suggesting the potential for evolutionarily significant 
differences in lynx in those areas (Koen et al. 2015, Prentice unpubl.).  Research also suggests 
an “invisible” genetic barrier south of Hudson’s Bay likely related to climate-driven differences in 
snow conditions, which could be amplified in the future with continued climate warming.  A few 
lynx-bobcat hybrids have been documented.  Lynx are listed as endangered provincially in New 
Brunswick and Nova Scotia, which also have by far the highest numbers of bobcats, and where 
bobcat populations have been increasing since about 1990.  Lynx are considered secure in all 
other provinces.   

Seven Ways a Warming Climate can Kill the Boreal Forest - Dr. Lee Frelich, Director, 
University of Minnesota Center for Forest Ecology, St. Paul, Minnesota  
Northern Minnesota is at the southern edge of the ranges of boreal forest tree species (balsam 
fir, white spruce, paper birch) and the northern extent of temperate forest species (sugar maple, 
red maple, red oak).  A number of climate-mediated processes are likely to shift these ranges 
northward, potentially resulting in the complete disappearance of boreal forest from Minnesota 
before the end of the century.  These include projected declines in snow depth, invasion of 
boreal forests by temperate species and a widening of the mixed forest ecotone, warming 
summer and winter temperatures, declines in boreal trees under both low- and high-emission 
climate scenarios, severe wind- and hail-producing thunderstorms (derechos) of greater extent 
and frequency, large wind-driven fires, heat and drought stress, increased insect infestations 
due to lack of extreme cold temperatures, and phenological disturbance.  These processes, 
alone or in combination may result in gradual or relatively sudden conversion of boreal forests to 
temperate forests, savanna, or grassland at the southern edge of the boreal forest range.  A 
mosaic of conversion mechanisms and rates of change will occur at landscape/ecoregion 
scales.  With unmitigated climate change, Minnesota is likely to lose the boreal biome and about 
one-third of its native species, including lynx, possibly within the next 60-70 years. 

Climate Change and Uncertainty:  Implications for Canada Lynx Conservation and 
Management in the Contiguous U.S. - Alexej Siren, DOI Northeast Climate Science 
Center and University of Massachusetts Department of Environmental Conservation, 
Amherst, Massachusetts 
Climate models are better at detecting long-term trends in temperature and precipitation than 
short-term climate variability.  Generally, projections of precipitation are less robust compared to 
temperature, and within the lynx DPS units, projected trends in precipitation are more certain for 
winter than for summer.  Consequently, the resulting model biases may affect climate 
projections.  Global surface temperatures have increased steadily over the 20th century, 
especially since the 1970s, with an overall increase in winter temperatures in the U.S.  These 
changes are most pronounced from the Northern Rockies to the northeastern U.S., where 
winter precipitation has also increased.  However, the northwestern U.S. has experienced drier 



15 

winters with less snow over the past several decades.  Importantly, numerous studies have 
shown that Canada lynx distribution is related to snowpack characteristics (e.g., snowfall, 
density, and persistence), which may directly or indirectly affect lynx through 1) increased 
competition (exploitative and interference) with sympatric carnivores, 2) altering hare and lynx 
population cycles, and 3) reduced genetic diversity.  Therefore, climate projections with a 
specific emphasis on winter climate are a valuable tool for assessing the long-term viability of 
lynx in the contiguous U.S.  Below are the climate trends for the past several decades and end-
of-century model projections for each of the DPS units; projections are multi-model means with 
the high emissions scenario (A2).  In the Northeast, recent trends are toward reductions in 
snowfall, the number of snow-covered days per season, and the proportion of winter 
precipitation occurring as snow.  Projections include increased winter precipitation, but with a 
lower proportion occurring as snow, and a decline in snowfall and length of snowpack coverage.  
In the Great Lakes region, recent trends indicate an increase in lake effect snow and longer 
snow seasons to the north.  Winter precipitation is projected to increase throughout the 
Midwest, with a lower proportion occurring as snow, except that lake effect snow is projected to 
increase around Lake Superior and north of the eastern Great Lakes until 2050, and eventually 
decline towards the end of this century.  Overall, models project a decline in snowfall and length 
of snowpack coverage by 2100 for the Midwestern region.  The Northeast and Midwest DPS 
units are especially vulnerable to snowpack loss due to lack of elevational refugia.  In the 
western DPS units and the Colorado population, recent trends show decreasing spring 
snowpack at lower elevations, an overall decline in snowpack by the latter half of the 20th 
century, and a lower proportion of winter precipitation occurring as snow.  Projections include 
decreases in snowfall season and snowfall amount, fewer days with snowfall, and continued 
reduction in the proportion of winter precipitation occurring as snow.  However, projections 
indicate that snowpack and winter severity may be less impacted in the Northern Rockies 
compared to other DPS units.  In summary, model projections are not favorable for lynx within 
the DPS units, especially towards the latter half of the 21st century, with less severe winters and 
diminished snowpack characteristics that favor competing species.    

Projected Climate-change Impacts on Snow, Vegetation, and Lynx Populations in the 
Western U.S. - Dr. Joshua Lawler, University of Washington, School of Environmental 
and Forest Sciences, Seattle, Washington and Dr. Chad Wilsey, National Audubon 
Society Science Division, New York, New York 

Climate modeling suggests reductions in the amount of precipitation falling as snow and a shift 
from subalpine forest to temperate evergreen needleleaf forests in a generalized lynx range in 
the western U.S.  Fire is projected to increase in both frequency and fire size, doubling by 2040 
and tripling by 2080.  Simulated lynx densities were projected for the 2020s, 2050s, and 2090s.  
Of 25 ecoregions included in the study area, 14 had simulated lynx populations greater than 
0.10 individuals/100 km2 across all time points.  Of those, and across various Global Circulation 
Models (GCMs), 3 ecoregions had simulated increasing populations by the 2050s and 11 had 
declining populations. Populations were projected to continue increasing in the 3 ecoregions by 
the 2090s, while declines were projected to deepen in 8 of the remaining 11 ecoregions. 
Growing populations were projected to occur in the sparsely populated Fescue-Mixed Grass 
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Prairie, Middle Rocky-Blue Mountains, and Great Steppe ecoregions, whereas the largest 
proportional declines were projected to occur in the West Cascades, Pacific Northwest Coast, 
Northern Cascades, East Cascades – Modoc, and Aspen Parkland ecoregions.  The study also 
looked at the effect of population cycling on projected changes and found that simulated 
declines differed more due to GCM model used than due to population cycling (i.e., modeling 
suggested lynx population declines were not strongly influenced by population cycles). 

Forest Management and Lynx Habitat Trends - Dr. Erin Simons-Legaard, University of 
Maine School of Forest Resources, Orono, Maine 
Lynx in Maine occur in the Northern Appalachian/Acadian Ecoregion where their distribution is 
governed by snowfall and extent of deciduous cover.  The eastern spruce budworm 
(Choristoneura fumiferana) is endemic to forests in this region, and extensive outbreaks of this 
insect pest occurred in northern Maine in the 1970s-80s, resulting in millions of acres of spruce-
fir die-offs, despite extensive aerial insecticide applications.  For several decades, salvage 
logging via extensive landscape-scale clear-cutting occurred in impacted forests, until passage 
in 1989 of the Maine Forest Practices Act, which regulated clear-cut size, configuration, and 
regeneration.  Regenerating clear-cuts became very dense stands supporting high densities of 
snowshoe hares.  Although the Forest Practices Act reduced the amount of clear-cut harvest 
over the following two decades, overall harvest increased as partial-cut harvesting replaced 
clear-cutting.  At the same time, land ownership patterns in northern Maine were shifting from 
large blocks of commercial timber interests to smaller blocks and more diverse land 
management goals, including development and financial investment, as well as some non-
development easements (though these do not regulate forest management).  The University of 
Maine modeled lynx habitat occurrence from snow track data, a series of Landsat satellite time-
series imagery since 1970, and indices of hare densities for various stand ages post-timber 
harvest to model past, present, and future lynx occurrence in northern Maine.  They found that 
the proliferation of regenerating partial-cuts produce lower landscape hare densities than 
regenerating clear-cuts from the 1970s and 1980s.  Landscape hare densities will likely decline 
in the future as the clear-cut-era stands mature into less dense conifer stands, beginning about 
35-40 years post-harvest.  High-quality stands are being replaced by lower-quality regeneration 
of partial harvests. High-quality habitat for lynx/hares is currently about 8% of the northern 
Maine landscape.  Model projections indicate it will decline to about 5% of the landscape by 
2030, and then level off, and that the prevalence of partial-harvesting will lead to elimination of 
many areas with concentrated high-quality habitat and a lower future probability of supporting 
lynx.      

Southern Snowshoe Hares: Updates, Questions, Forecasts - Dr. Karen Hodges, 
University of British Columbia Okanagan Department of Biology, Kelowna, British 
Columbia 

Northern hare cycles are more variable than commonly portrayed in some literature, with 
questionable synchrony and variation in peak heights and amplitudes.  Some southern hare 
populations (i.e., within the lynx DPS range) show “cycle-ish” dynamics and high densities, but 
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variability in abundances is not obviously linked to forest stand type (thinned, unthinned, 
mature).  Some areas of high hare density are occupied by bobcats instead of lynx (e.g., the 
Tally Lake area of the Flathead National Forest in Montana).  Hare densities in the western 
contiguous U.S. differ substantially across regions and landscapes.  For example, within the 
GYA, hare densities varied from very low (0.2 hares per hectare) in Yellowstone National Park 
to very high (0.5 - 1.7 hares/ha) in the Wyoming Range south of the park.  Hare densities also 
vary in the eastern part of the lynx DPS, with ranges from 0 - 1.8 hares/ha in Maine and, in 
Minnesota, densities of 0.64 hares/ha in the northeast part of the state (which supports resident 
lynx) and 0.35 hares/ha in Voyageurs National Park (which does not support resident lynx).  
Landscape attributes (e.g., tree densities and moisture gradients) also influence stand quality 
for hares.  Hare population dynamics (cyclicity, synchrony, amplitude, and peak densities) also 
vary regionally.  Forest management that reduces stand structure reduces hare abundances.  
For example, hares declined after experimental precommercial thinning in Montana, and, in 
Quebec, hare densities increased with time since commercial thinning, harvest, and fire.  Fire 
destroys hare habitat temporarily, but hares return to burned areas as soon as favorable habitat 
conditions return.  Post-fire hare densities also vary regionally; in stands burned by large fires in 
1988, hare densities by 2007 were higher in Glacier National Park than in Yellowstone National 
Park.  Hare densities necessary to support resident lynx remain poorly understood but appear to 
vary regionally, as do lynx diets and home range sizes.  If southern boreal/montane forests are 
lost, hares will decline.  Fire, timber harvest, and thinning will result in fewer hares, at least 
temporarily, and the impacts of post-fire salvage logging are unknown.  Understory cover and 
browse are very important, but we know little about the influence of shrubs or snow on hares.  
Like lynx, hares in the DPS are at the southern extent of their continental range.  Also like lynx, 
hares show high gene flow across most of the northern range in Canada but lower gene flow 
(higher genetic structure) in the southern part of the range, with some lineages potentially at risk 
of genetic drift.  Climate-mediated increases in fires and insect outbreaks and changes in forest 
regeneration may alter hare habitats and, thus, hare distribution and abundance.  Climate 
change may also affect hare vulnerability to predation by creating a mismatch between pelage 
color, which is controlled by photoperiod, and their surroundings (e.g., reduced snow season 
resulting in white hares on dark forest floors).  It may also alter predator communities, with 
uncertain impacts on hare populations.  Continued research is needed to better explain regional 
variation in population dynamics and peak abundances, to predict post-fire recolonization and 
densities and responses to climate change, and to better understand links between physiology 
and demography (e.g., predation stress and reproduction).      
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Lynx Status Update Presentations1 
Status of Lynx in Maine - Jennifer Vashon, Maine Department of Inland Fisheries and 
Wildlife, Bangor, Maine 
Much of the current lynx habitat in Maine was created from extensive harvests to salvage 
spruce budworm-damaged forests during 1970-1985, and the amount and distribution of high-
quality lynx/hare habitat are likely greater now than historic conditions.  Many stands were 
treated with herbicides to create extensive regeneration of spruce and fir.  Analysis of Forest 
Inventory and Analysis (FIA) data indicates that half of the 3 million forested acres of spruce-fir 
in northern Maine is currently sapling stage that should provide lynx with high quality foraging 
habitat.  Also based on FIA data, the amount of dense spruce-fir (supporting the highest hare 
densities) increased from 700,000 acres in 2006 to 805,000 acres in 2010.  The Maine 
Department of Inland Fisheries and Wildlife (MDIFW) conducted a telemetry study of lynx from 
2000-2011 in a study area with extensive areas of regenerating spruce-fir stands in 
northwestern Maine and found that lynx had relatively small home ranges.  Lynx strongly 
selected these high-quality hare habitats in former clear-cut areas.  Although hare densities 
declined from 2 hares/hectare to 1 hare/hectare mid-way through the study, lynx did not 
increase their home range sizes or alter their habitat use.  Reproduction declined initially after 
hare populations declined, but later recovered, with all females producing litters.  An average of 
65% of females bred each year throughout the study.  Litter sizes ranged from 1 to 5 and 
averaged 2.63 kittens/breeding female.  Kitten survival remained high (averaged 78%).  
Densities of 4.5 adults and 5 to 9 kittens were observed in 100 km2 areas.  Based on estimates 
of occupied habitat and home range information, MDIFW estimated there were between 750 
and 1,000 lynx in northern Maine in 2006, and more than 1,000 lynx in 2015 (or at least more 
animals than 2006).  Indices (number incidentally trapped, observed, or killed on roads) have 
increased, suggesting there are more lynx than in 2006, and the distribution of the population 
also appears to be expanding.  MDIFW initiated a third round of periodic lynx snow track survey 
in 2015 that support increased populations and expanding range.  Additional surveys are 
planned in 2016 and 2017 to update estimates.  Although a model by the University of Maine 
suggests the effects of the Maine Forest Practices Act could lead to a decrease in lynx habitat, 
thus far, it does not appear that lynx have declined in response to aging clear-cuts and the 
prevalence of partial harvests resulting from the Act.  A budworm outbreak is expected in the 
near future that will also impact future amounts of habitat for lynx and snowshoe hare.  MDIFW 
provides landowners with descriptions of lynx-hare habitat for their management plans through 
published peer-reviewed papers and reports on lynx status and habitat use in Maine and 
consultation.  

                                                
1 These are summaries of status updates presented by lynx experts for each of the geographic 
units in the DPS.  Summaries were written by the Lynx SSA Team based on the presentations 
and notes submitted by expert presenters and on the notes taken at the workshop during 
presentations.  Experts reviewed drafts of these summaries and provided clarifications/ 
corrections if needed, which were incorporated into the final summaries.    
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Canada Lynx in Minnesota - Dr. Ron Moen, Natural Resources Research Institute, 
University of Minnesota Biology Department, Duluth, Minnesota, and Susan Catton, 
USDA Forest Service, Superior National Forest, Duluth, Minnesota 
Prior to 1965, lynx in Minnesota were unprotected, had a bounty placed on them, and were 
overexploited by trapping.  From 1930-1977, harvest in Minnesota was twice that of Montana 
and 40 times that of other states.  In 1976, State protection was provided in the spring and 
summer months, and in 1984 the trapping season was closed.  In the 1990s and when listed 
under the ESA in 2000, it was unknown if lynx in Minnesota were residents or migrants from 
Canada, but now it is known that the Minnesota lynx population consists of both residents and 
migrants from Canada.  Since then, there have been hair snare and snow-tracking surveys, 
DNA analyses, and a multi-year telemetry project – none of these monitoring efforts were 
designed to estimate densities or abundances of the species.  However, as of 2015, it is thought 
that there are somewhere between 50 and 300 lynx in Minnesota (this expert later refined the 
range as 50 - 200 lynx, as indicated in the summary presentation preceding the graphing 
exercise below), with the core habitat in the arrowhead region of the state (St. Louis, Lake, and 
Cook counties), although there have been verified and probable lynx sightings elsewhere in the 
state.  At least 5 of 27 adult lynx radio-collared in Minnesota were later legally trapped in 
Ontario, and other collared lynx did not return from Canada, therefore their fates are unknown.  
Telemetry data showed that about half of males radio-marked in Minnesota moved back-and-
forth across the border, traveling at all times of the year; that Minnesota females that dispersed 
into Canada tended not to return to Minnesota; that males had much larger home ranges (267 
km2) than females (21 km2); and that females with kittens had the smallest home ranges.  About 
half of the mortality of collared lynx was from vehicle collisions, incidental catch, illegal kills, or 
unknown causes.  Moen et al. (2008) documented 10 den sites and showed that denning 
habitat is not limiting in Minnesota.  Since 2000, incidental take of lynx tracked by the USFWS 
Twin Cities Field Office has ranged from 0-14 per year and included vehicle (car and train) 
collisions, gunshot, incidental trapping, and unknown causes.  Approximately 50% of reported 
take was of incidentally trapped lynx, about half of which were released alive.  Home range 
analyses showed mean distance to nearest linear feature is approximately 200m, suggesting 
that lynx do not avoid roads.  Bobcat harvest data show a concentration of bobcats adjacent to 
the core of the lynx range.  The IPCC SRES A1B Scenario climate change model (Gonzalez et 
al. 2007, p. 14) shows snow conditions potentially suitable for lynx throughout the northern half 
of Minnesota to the end of this century; however, the snow and/or biological assumptions in the 
model need work, because it predicts a range for lynx that is larger than the current suitable 
range based on snow depth.  Other climate modeling (e.g., Morgan, in prep.) suggests that 
suitable snow-depth range will shrink significantly by 2055, be limited to extreme northeastern 
Minnesota by 2070, and may be entirely absent from the state by 2095.  Since 2000, the 
Superior National Forest (SNF) and others have identified 268 unique individual lynx (47% 
Female, 53% Male) from 1,306 DNA samples, primarily from SNF lands.  These samples also 
documented 13 unique individual lynx-bobcat hybrids (5 Female, 8 Male).  The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota.  The SNF annually documents 3-5 family groups and is working with 
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North Carolina State University and the Twin Cities Field Office on a study of the distribution of 
lynx that can be used to inform future study designs aimed at monitoring lynx occupancy and 
designing more intensive studies to estimate abundance. 

Current Distribution, Status, and Threats to Canada Lynx in Montana and Wyoming - 
Dr. John Squires, USDA Forest Service, Rocky Mountain Research Station, Missoula, 
Montana 
Northwestern Montana - This area is believed to support the largest lynx population in the 
western U.S., but minimum population size has not been calculated.  The Forest Service’s 
Rocky Mountain Research Station in Missoula initiated a lynx research program in 1998 to 
investigate lynx resource and prey selection, competition, activity patterns, detection and 
monitoring, and connectivity.  From 1998 to 2007, researchers trapped and radio-marked 175 
lynx in northwestern Montana and collected nearly 170,000 GPS and over 3,000 VHS telemetry 
locations documenting lynx movements, resource use, survival, and productivity.  From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area (the central 
portion of this geographic unit) and from 2003-2007, 2.95 kittens/litter (N = 22) in the Purcell 
Mountains (the northwestern portion of the unit).  In Seeley Lake, 61% of breeding-age females 
(N = 52) produced kittens; in the Purcells, 83% of females (N = 28) produced kittens.  Recent 
research (Kosterman 2014) suggests kitten production is correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges.  Annual survival rates for 
subadult and adult female lynx were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 
0.85, respectively, in the Purcells.  There was no evidence of cyclicity in these vital rates, and 
no indication of irruptions of lynx into this unit from Canada after the 1980s.  Starvation, 
predation by mountain lions, and human-caused deaths each accounted for roughly one-third of 
documented sources of lynx mortality.  Population viability analyses yielded population growth 
rates of 0.92 for the Seeley Lake area (i.e., declining population trend, 1999-2007) and 1.16 for 
the Purcells (increasing trend, 2003-2007).  The distribution of lynx in this unit appears to have 
contracted recently; lynx were documented in the Garnet Mountain Range in the southern 
portion of the unit from at least 1980 into the early 2000s, but in 2010, extensive research 
trapping efforts yielded only two males, and snow-track and camera-trap surveys in winter 2014-
2015 detected no lynx.  Genetic analyses revealed fine-scale genetic sub-structuring among the 
Garnets, Purcells, and Seeley Lake subpopulations, suggesting some level of relative isolation 
among lynx in those areas.  Most lynx habitat in this unit occurs on Federal lands (USFS, BLM, 
NPS).  Recent conservation land purchases substantially increased protection of lynx habitat in 
the Seeley Lake core area.  The extent of fire in this area has increased, with over one million 
acres burned in 2000-2013.  Forest management (timber harvest, silviculture, and fire 
management) can have negative, neutral, or positive impacts on lynx habitat; current research 
is investigating lynx response to management actions. 
      
Wyoming/GYA – The long-term persistence of lynx in the GYA is unknown, but early records 
from Yellowstone National Park documented lynx presence in the 1920s-30s, and more recent 
(2001-2004) surveys in the park documented several lynx and evidence of reproduction on the 
east side of Yellowstone Lake.  South of the park, lynx were also detected reliably in the late 
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1990s-early 2000s in the Union Pass and Togwotee Pass areas of the Wyoming Range in the 
Bridger-Teton National Forest.  Several lynx released in Colorado (1999-2006) dispersed to the 
GYA and occupied home ranges (including males and females with overlapping home ranges) 
in areas of the Wyoming Range previously occupied by “native” resident lynx.  Recent (2005-
2010) research trapping and survey efforts in the Wyoming Range have detected only 
Colorado-released lynx, and the current status of lynx in the GYA is uncertain but believed to be 
at low numbers based on on-going surveys.  In addition to fire and forest management (as 
described above for northwestern Montana), oil and gas exploration and development may pose 
a potential risk to lynx and habitat in the Wyoming Range.             

Lynx in Washington: Current Status and Potential Threats – Dr. Benjamin Maletzke, 
Washington Department of Fish and Wildlife, Olympia, Washington 
Lynx in Washington were State-listed as threatened in 1993, but with recent large-scale impacts 
to lynx habitats and likely declines in lynx numbers, upgrading to State-endangered may be 
justified.  The Washington Department of Fish and Wildlife completed a lynx recovery plan in 
2001, and the Department of Natural Resources completed a habitat management plan for its 
lands in 1996, which it revised in 2006.  The majority of lynx habitat in Washington occurs on 
public lands including State Forests and National Forests.  Although individual lynx are 
occasionally documented in the northeastern part of the state, only the Okanogan area (eastern 
Cascade Mountains abutting the border with Canada) in the north-central part of the state has 
consistent records and evidence of a resident breeding population.  In terms of the ESA’s five 
listing factors, over-utilization, disease/predation, and inadequacy of existing regulatory 
mechanisms are not issues for lynx in Washington.  Lynx trapping was prohibited in 1991, and 
only live-trapping is allowed for bobcats, so there is little chance for incidental trapping.  There is 
no documented disease and little evidence of predation (though these could occur/increase with 
climate change).  With ESA and State listings, critical habitat designation, and State recovery 
and State and Federal habitat management plans in place, regulatory mechanisms appear 
adequate.  Recently, much lynx habitat has been lost, at least temporarily, to frequent large-
scale fires and insect outbreaks, and climate change may pose additional (or exacerbate 
existing) threats to lynx and habitats in Washington.  From 1990-2002, there were about 2,600 
km2 of lynx habitat in the Okanogan (Eastern Cascades) area, and female home ranges were 
estimated at 38 - 41 km2, suggesting the potential to support roughly 90-115 resident females 
(home ranges include “matrix” or non-habitat).  By 2014, habitat had been reduced by fire to 
about 1,600 km2, and habitat loss and fragmentation resulted in female home ranges increasing 
to an estimated 91 km2, with a potential to support roughly 27 resident females.  Although areas 
impacted by fires and insects should regenerate to hare/lynx habitat, it may take 35-40 years or 
more for that to happen.  Climate change will likely reduce snow depth, condition, and 
persistence, potentially influencing interspecific competition.  It also may cause temperature- 
and precipitation-driven changes in vegetation and increased fire frequency, size, and intensity, 
resulting in further reduction, fragmentation, and isolation of suitable habitats and impacts to 
prey abundance.  Connectivity between the Okanogan area and lynx populations and habitats in 
Canada seems adequate; it is more tenuous in the northeastern part of the state, where cross-
border populations/habitats in Canada are smaller and potential corridors more constricted.  It is 
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also possible that legal trapping in southern British Columbia could limit immigration into 
Washington’s lynx population and be a source of mortality for lynx dispersing from Washington 
into Canada.  Potential management and recovery actions could include resuming surveys and 
monitoring efforts, reviewing current State, Tribal, and Federal management actions to see if 
they can be more “lynx-friendly,” conducting population viability analyses to estimate 
probabilities of persistence over various time periods, coordinating with British Columbia on 
cross-border lynx conservation efforts, evaluating the need and feasibility of augmenting female 
lynx in the Okanogan and reintroducing lynx to the Kettle Crest, up-listing lynx in Washington to 
indicate the current status and severity of threats, and seeking collaboration and funding to 
support the measures above. 

Status of Lynx in Colorado - Dr. Jake Ivan, Colorado Parks and Wildlife, Fort Collins, 
Colorado 
Lynx in Colorado were State-listed as endangered in 1973.  Based on statewide surveys 
conducted in 1978-1997 that found some possible lynx sign (tracks), the State concluded that if 
lynx were present, too few individuals remained for a viable population and that natural 
recolonization was unlikely due to geographic isolation.  The State initiated a lynx reintroduction 
program, releasing 218 lynx from source populations in Alaska and Canada from 1999 to 2006.  
All animals were released into the San Juan Mountains in the southwest part of the state.  Many 
stayed there and used the area heavily; many others established home ranges in the Sawatch 
Range in the central part of the state, where the bulk of historical records occurred.  Although 
post-release mortality was initially high, it decreased after release protocols were modified and 
among lynx after they’d been on the ground a year.  Mean annual survival was 0.93 for lynx that 
stayed within the San Juan Mountains core-release area, and 0.82 outside of it.  The first den 
was located in 2003, and 48 dens were subsequently documented in Colorado through 2010, 
including a third-generation of Colorado-born lynx.  The reintroduced population displayed 
reproduction similar to other areas in the DPS in some regards (e.g., mean litter size was 2.75 
kittens), and lower in others (e.g., mean percentage of females that produced kittens was 24% 
[range = 0% - 46%])2.  A deterministic model that uses survival estimates and reproduction data 
from ten years of monitoring reintroduced lynx and assumes that reproductive parameters 
observed during that time would repeat each decade shows a slightly increasing trajectory 
through time.  Although current population size and survival rates are unknown, photos of 
females with kittens in 3 sampling units during occupancy monitoring in the San Juan Mountains 
in 2014-15 and capture of young and unmarked (i.e., “new”) lynx during research efforts in 
2010-15 provide evidence of continued reproduction.  Potential threats to lynx in Colorado 
include climate change, bark beetle outbreaks, fire, increasing human recreation, and 
vulnerability to vehicle collisions and disturbance from highways.  Climate modeling in 2014, 
based on the RCP6 (2nd-highest) emissions scenario, suggests that by mid-century 
temperature will increase by 2°C, precipitation will decrease in the San Juan and other southern 
mountains, and that spruce-fir habitat will migrate upslope, lagging climate conditions by 50-100 

                                                
2 These data were provided by the presenter after the workshop but were not part of the original 
workshop presentation. 
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years.  Based on this, the overall vulnerability of spruce-fir in the state is considered moderate 
at mid-century.  As of 2014, over 4 million acres of potential lynx habitat has been impacted by 
bark beetle outbreaks; however, lynx and hares continued to use impacted areas, even when 
beetle impacts are severe.  Red squirrel use declined in areas that were heavily impacted by 
beetles.  Large fires also have impacted lynx habitat, and as elsewhere, fire size, frequency, 
and intensity are expected to increase with climate change.  A cursory, pre-analysis review of 
location data suggests that lynx make use of landscapes in which heavy winter recreation 
occurs.  However, use of developed ski areas is light, and outside of ski areas, heavy lynx use 
tends to occur in thick timber that is not used by snowmobilers and other backcountry users.  
Finally, lynx frequently crossed 2-lane paved highways in home ranges (0.6 crossings/day), 
more often at dusk and night, coincident with lower traffic volumes, and usually at forested 
crossings.  Recent results from a new large-scale monitoring program indicated that lynx 
occupied a similar proportion of the landscape in the San Juan Mountains during winter 2014-15 
as they did during winter 2010-11.  

Expert Elicitation Process 
All questions posed to the 10 lynx expert panelists were framed in the context of the 3Rs, a 
driving principle for evaluating viability under the SSA framework.  In questioning, we used a 
modified Delphi method (e.g., MacMillan and Marshall 2006), which involves eliciting individual 
responses/scores, exploring response rationale and differences in expert judgment through 
guided discussions, then allowing experts to reconsider their scores in light of those discussions 
if they so desire.   
 
In our implementation of the modified Delphi approach, panel members were first asked to 
respond individually to a particular question and indicate their level of confidence in their 
response.  We then collated and noted the range of responses, which became the mechanism 
for follow-up discussion.  In collating responses, we used a simple numeric coding system 
rather than the experts’ names to provide for a reasonable level of anonymity.  We noted where 
there was high congruence among responses, as well as low congruence and outlying 
responses.  By asking for experts to voluntarily provide their reasoning for particular responses, 
we were able to delve into the basis for varying opinions.  After the discussion period, experts 
were given the opportunity to revise their scores.   
 
In addition to elicited responses to each question, we received substantial feedback from the 
experts on definitional issues and the validity of the questions themselves; we revised the 
questions as needed following these discussions.  In the case of a revised question, scores 
were elicited again following the revision.  The second round of scoring was displayed for 
experts, with a closing opportunity for comment, discussion, or score revision. 
 
All panel members were encouraged to respond to each question but also given the option of 
abstaining from responding to a question if they felt it was beyond the bounds of their expertise.  
With few exceptions, all 10 expert panelists responded as requested to every question.  
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Instances where experts either chose not to reply or otherwise replied in a manner differing from 
the expected form of response to the question are noted in the responses below. 

Lynx Status:  Expert Elicitation and Responses 
Questions for experts were scripted by the Lynx SSA Team prior to the meeting to facilitate 
discussion of lynx ecology among the experts, solicit their professional opinions, and to help the 
Service gather and synthesize biological information for use in the SSA, particularly where 
empirical data are lacking in the published literature and projecting habitat and population 
conditions into the future is needed.  Because of the uncertainty of quantifying the population 
status and other aspects of lynx biology, the Service and facilitators decided to generate a 
series of discussion questions with quantifiable responses (scores) concerning the redundancy, 
resilience, and representation (3 Rs) of the DPS.  Although scores provided a starting point for 
discussion among experts and are quantified, analyzed, and summarized as appropriate in the 
following sections of this report, the Service also places high value on the content of the 
discussion among experts.  Therefore, both the analyses of scores and summaries of the 
discussion content are presented and will be considered during development of the SSA, noting 
that both were integral to the expert elicitation process. 

The types of questions and the format of responses differed based on the information needed to 
inform the status assessment, and the best way to capture the information relevant to the 
question being asked.  For example, responses were requested in the form of lists, when a set 
of influences was desired, in the form of a 4 point elicitation (e.g., the most likely, high, and low 
end of a range, and confidence that the range contains the true value) when an uncertain 
quantitative value was desired, in the form of graphed trajectories when probabilities of 
persistence over time were desired, and other forms as necessary (see questions below).  
Experts submitted their scores independently via submission sheets (sticky notes, index cards, 
graph paper, etc.) with their ID numbers.  Note takers recorded and displayed scores to assist 
discussion.  Facilitators and other members of the SSA Team then asked directed questions to 
clarify responses from the panelists as needed.  Following each round of discussion and 
clarification, the panelists were provided the opportunity to update their response if desired and 
the second round of responses were collected and recorded.  The final responses are the only 
responses reported here.  The range of individual responses that we received was not 
combined (e.g., averaged or otherwise) in any way that would obscure or conceal individual 
responses, and the final scores for each panelist were recorded if the response was revised. 

We present the results of the expert elicitation below under the headings of representation, 
redundancy, and resilience.  Under each heading, the following is provided:  the definition of the 
viability category (3 Rs) under consideration, the question(s) asked of the expert panelists, 
response type (i.e., the form of the response requested of the experts), question clarification 
(i.e., a narrative description of any additional information provided to the experts by the 
facilitators for clarification as the questions were asked), expert responses, and notes from the 
discussion. 
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Expert Responses 

Representation 

Definition - Representation contributes to the adaptability and evolutionary capacity of a 
species over time, to accommodate long term issues like climate change.  The breadth of 
genetic ecological, demographic, and behavioral diversity across a species’ range may 
contribute to its capacity to adapt over time.  Measures of genetic and life history variability 
among populations, distribution of populations across a range of ecologically diverse locations 
or niches, etc., are useful proxies to measure.  Consider needs for establishing or reestablishing 
populations in unoccupied habitat that may be necessary or suitable for species adjustment to 
climate change or other stressors, including the need to replace former populations in no longer 
represented ecosystems. 

Representation Questions  

1.  Are any of the geographic units susceptible to genetic drift on a scale that would limit 
genetic viability?  If yes, which geographic units? 
 
Response Type:  Experts supplied a written response of “yes” or “no,” with a yes answer 
accompanied by a list of susceptible geographic units. 

Expert Responses:  Five experts responded that none of the geographic units are susceptible to 
meaningful genetic drift, two experts abstained from answering, and three experts responded 
that there are geographic units that are susceptible to such genetic drift.  Among the latter, one 
expert responded that the Colorado geographic unit is susceptible over a long period of time, 
and the other two experts responded that both the Colorado and GYA geographic units are 
susceptible to genetic drift. 

Discussion Points Following Initial Responses:  It wouldn’t take many immigrating lynx to 
provide adequate genetic diversity to prevent genetic drift.  One reproductively successful 
immigrating lynx every 5 to 10 years per geographic unit is likely sufficient to prevent genetic 
drift.  Most experts believed there was a low likelihood that even the smaller lynx populations 
(GYA and Washington) or those in more isolated geographic units (Colorado and GYA) are 
vulnerable to genetic drift at a scale that would impact viability, though several experts felt that 
both the GYA and the western Colorado units could experience meaningful drift in the absence 
of immigration or augmentation.  Overall, most experts felt there is a low risk of genetic drift 
being a problem for lynx in the DPS.  

2.  Are there locations from a lynx perspective that have unique habitat conditions 
relative to other areas in the lynx range that are necessary to foster future adaptive 
capacity of the DPS?  If yes, where? 
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Response Type:  Open discussion.  No response forms were submitted, but notes were taken 
on the discussion that followed. 
 
Question Clarification:  The experts required some clarification of terms and the intention of this 
question to respond.  Facilitators read the working definition of representation (above), which 
previously had been provided to the experts.  Experts then discussed representation across the 
lynx DPS from an adaptive capacity perspective. 
 
Expert Responses:  The response was an open discussion captured below. 
 
Discussion Points Following Initial Responses:  Maintaining genetic variability is important for 
adaptive capacity.  If uncertain about the capacity for lynx to adapt, then experts encouraged 
that all populations (and hence the genetic variation within each) be maintained.  Experts 
indicated that it doesn’t appear that any U.S. population is more or less important to maintain 
than the others because of relatively similar ecological settings and the generally low level of 
genetic differentiation across the DPS.  Summary:  Experts discussed that maintaining 
representation in the DPS could best be achieved by retaining current DPS populations, 
maintaining connectivity between DPS and Canadian lynx populations, conserving the genetic 
diversity currently represented in DPS, and avoiding impacts that could facilitate or increase the 
potential for or likelihood of genetic drift. 

It was also noted that lynx north of the DPS in some parts of eastern Canada (in New Brunswick 
and Quebec south of the St. Lawrence Seaway and on Newfoundland Island) have some 
unique alleles, including at functional genes, and should be preserved.  Lynx in these areas are 
relatively more isolated than lynx elsewhere in Canada.  Lynx south of the St. Lawrence are 
separated from lynx to the north by the seaway itself, which historically froze over during winter 
but which is now kept open to facilitate maritime shipping, perhaps reducing the level of genetic 
exchange between lynx on opposite sides.  Lynx on Newfoundland Island are separated from 
lynx in mainland Labrador and Quebec by the 15- to 60-kilometer-wide Strait of Belle Isle.  
Despite the relative isolation of these populations, genetic evidence indicates some interchange 
between lynx south and north of the St. Lawrence and between Newfoundland Island and 
mainland populations.  Eastern Canadian populations north of the St. Lawrence may have 
slightly different genetic composition than lynx in the Maine geographic unit. 

Redundancy 
Definition - Redundancy contributes to the ability of population types to withstand catastrophic 
events (hurricanes, wildfires, etc.).  The number and distribution of populations of each 
representative type contribute to the retention of various representative types despite 
catastrophic events by ensuring that the loss of a population doesn’t lead to the loss of 
representation. 
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Redundancy Questions 
 
1.  List the factors/catastrophic events that could functionally extirpate an entire 
geographic unit. 
   
Response Type:  Each expert supplied a written list submitted via index card of the 
factors/catastrophic events. 
 
Question Clarification:  Three issues required clarification prior to obtaining responses to this 
question.  First, we initially asked about eliminating a “population” rather than a geographic unit.  
Because some of the geographic units may support several relatively isolated subpopulations, 
experts questioned whether we meant individual populations or subpopulations.  We clarified 
that we are evaluating the likely persistence of resident lynx populations in each of the six 
geographic units that currently support or recently supported them; therefore, we are interested 
in the likelihood that a catastrophic event could result in the extirpation of resident lynx from the 
entirety of any of the geographic units. Second, we were asked if extirpation meant the 
complete loss of all lynx from a unit.  We clarified that we wanted to know if lynx could be 
“functionally extirpated” from any geographic unit, with functional extirpation described as the 
loss of the unit’s ability to support a resident breeding population(s) of lynx.  Third, experts were 
not clear what an “event” entailed.  After discussion, it was agreed that an event was defined as 
a single occurrence of some form, such as a fire, drought, hurricane, etc., that occurs over a 
relatively brief period of time, rather than a series of smaller cumulative events (e.g., a series of 
climate change-associated occurrences of fires or insect outbreaks over the course of a 
decade) causing a cumulative catastrophic result. 

Expert Response:  Six of the ten experts did not list any catastrophic events that could result in 
the functional extirpation of lynx from any entire geographic unit.  Three of the experts listed 
multiple catastrophic events they felt could result in at least temporary functional extirpation of 
lynx in a unit.  Among these, two of the experts listed fire, three listed disease, one listed insect 
outbreak, and one listed a failure of winter conditions due to a combination of heat or drought 
conditions.  One expert listed geographic unit-specific events, namely fire or insect outbreak for 
the Washington geographic unit, insect outbreak in Maine, and either insect outbreak or fire for 
one of the Minnesota geographic unit’s groupings of individuals, but not all. 

Discussion Points Following Initial Responses:  Experts were told that climate change was not 
considered a catastrophic event because it is both a driver of events and influences severity, 
rather than being an event itself as defined above.  Experts discussed the possibility that the 
Washington geographic unit, because of its relatively smaller size and history of recent 
extensive fires in lynx habitat, may be at risk of functional extirpation from multiple catastrophic 
events; disease, fire, and beetle outbreak were all mentioned as possible events.  One expert 
suggested that the Minnesota geographic unit could potentially be eliminated by a very large 
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fire, although there was a low probability of this occurring.  Experts expressed some uncertainty 
whether fire could occur at the severity and scale sufficient to eliminate an entire geographic 
unit; however, a series of fires over a short time period may have the potential to cause 
functional extirpation of lynx from a geographic unit or significantly reduce the number of 
resident lynx it could support, at least temporarily. 

2.  Could any of the catastrophic events listed in response to redundancy question 1 
eliminate all 6 geographic units simultaneously? 
 
Response Type:  Each expert supplied a written response of “yes” or “no.” 

Expert Response:  All experts answered “no.” 

3.  What is the probability (expressed as a percentage) that any single geographic unit 
could be eliminated by a single catastrophic event in the next 10 years? 
 
Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  In response to the discussion around question #1, which resulted in the 
inclusion of question 3, this question was modified from its original script to include a 10-year 
time frame (underlined). 

Expert Responses:  All responders gave a relatively low probability (≤ 10%, median of 1%) that 
any single geographic unit could be eliminated (resident lynx functionally extirpated) by a single 
catastrophic event in the next 10 years (Figure 2).   

4. What is the percent likelihood that a series of catastrophic events within the next 10 
years could cause functional extirpation of one or more lynx geographic units? 

Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  This question was developed after discussion of question 3 to capture 
the possibility of functional extirpation of lynx from geographic units due to a series of 
catastrophic events over a relatively short time rather than a single event that occurs at one 
point in time. 

Expert Responses:  The percent likelihood ranged from 0.5% to 60%, with a median response 
of 7.5% (Figure 2).  Expert responses indicated a higher probability of a series of catastrophic 
events over 10 years resulting in functional extirpation than a single event in the next 10 years, 
as in question 3.  
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Figure 2.  Individual scores and summary boxplots of the percent chance that a geographic unit 
is eliminated by a single catastrophic event (question #3, left) or a series of catastrophic events 
(question #4, right) in the next 10 years.  Note:  This and all subsequent figures below were 
generated using the statistical software R (Appendix 6).  

In Figure 2, individual responses to a single catastrophic event were 0.01%, 0.1%, five 
responses of 1%, 5%, and two responses of 10%.  Individuals responses to a series of 
catastrophic events were 0.5%, 1.1%, three responses of 5%, 10%, 15%, 20%, 40%, and 60%).  
Boxplots illustrate response mean values (bold black lines), the 25% and 75% quartiles (upper 
and lower bounds of boxes), and the highest and lowest values within 1.5 times the quartile 
range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of the 
whiskers (outside 1.5 times the quartile range) are considered outliers and plotted as points 
beyond the ends of the whiskers (i.e., experts 3 & 4 in Q3 and experts 3 and 10 in Q4, as 
indicated by the points plotted between experts 5 and 6).  The individual expert responses used 
to produce the boxplots are indicated by x-marks.  Boxplots are provided as a summarizing 
visualization to aid comprehension of the experts’ responses and their range, and the summary 
values are presented in this context and not intended for use outside of the context of the full set 
of responses. 

Discussion Points Following Initial Responses:  One expert noted that the probability of 
extirpation in any one of the 6 geographic units is greater than the probability of a single specific 
geographic unit being extirpated.  Also, any combination of a series of events over a decade 
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increases the likelihood of extirpation in any one geographic unit relative to the probability of 
extirpation due to a single event.  

Although median probabilities of extirpation were low, experts felt the geographically smallest 
unit (Washington) and those units believed currently to support the fewest resident lynx (GYA, 
Washington, and Minnesota) were the most vulnerable geographic units when scoring this 
exercise.  Fire, drought, and beetle kill were the most frequently mentioned events that were 
considered by the experts when answering this question.  Some experts felt that these 
geographic units may be susceptible to such a scenario because of small geographic and/or 
population sizes and distribution.  In particular, it was noted that this past year there were many 
fires in lynx habitat, especially in Washington, and another year with similar fire impacts, or a 
few such fire years in a 10 year period, could lead to extirpation of lynx in the Washington 
geographic unit.  An expert noted there currently may be as few as 24 remaining females in 
Washington and that with fewer individuals in this area it would result in a higher probability of at 
least temporary extirpation.  Experts noted that fire disturbance data are likely available that 
could be used to model the likelihood of future fire impacts to each geographic unit.  

Experts with outlier responses provided their rationales.  Experts having the lowest scores 
believed that even the smallest geographic units would have only a low probability of extirpation 
in the next decade - that the time frame under consideration was very short.   

5.  What length of time would be required for a geographic unit eliminated by a 
catastrophic event to reestablish naturally? 
  
Response type:  4-point elicitation.  Each expert supplied a written response in years for the 
longest, shortest, and most plausible time periods for reestablishment of a resident lynx 
population within a geographic unit following functional extirpation.  They were also asked to 
indicate their confidence, as a percentage chance, that the true amount of time necessary for 
reestablishment would fall between the shortest and longest plausible time periods provided. 
 
Expert Responses:  The responses to each of the points elicited are shown below in Table 1.  
Two experts provided additional information beyond the 4 points elicited when responding.  One 
presented two scenarios, one in which connectivity is intact and the habitat was damaged by the 
catastrophic event (e.g., insect outbreak or fire) which would require habitat regrowth first, and 
the second in which the habitat remained present.  In the case of habitat being present the most 
likely time period response was less than 10 years.  In the habitat elimination scenario the 
expert felt given climate changes to habitat that the geographic unit would not re-establish.  The 
second expert responded by geographic unit, with the exception of the Minnesota geographic 
unit for which there was no response.  Their responses are summarized in Table 1 using the 
overall longest and shortest responses as well as the average of the most plausible time (see 
footnote 3). 
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Table 1.  Expert responses regarding the natural reestablishment time in years for a geographic 
unit after extirpation by a catastrophic event. 
 

Expert # 
Reestablishment Time in Years Percent Confidence in 

Range3 Shortest Plausible 
Time 

Most Plausible 
Time  

Longest Plausible 
Time 

1 10 40 100 50% 
2 15 100 300 80% 
3 15 35 60 5% 
44 1, 

will not reestablish 
<10,  

will not 
reestablish 

will not reestablish 100% 

5 25 50 100 75% 
6 20 30 50 90% 
7 15 20 25 90% 
8 15 50 will not reestablish 40% 
9 20 30 100 50% 

105 15 55 200 50% 
 

Expert responses are also visualized in Figure 3 and Figure 4 below.  The raw responses are 
visualized in box plot form to aid communication of the results (Figure 3).  Confidence ranges 
provided in a four point elicitations enable expert responses to be rescaled to produce a 
common confidence bound across experts using linear extrapolation (e.g., McBride et al. 2012).  
We calculated the 95% confidence interval for the shortest and longest plausible time periods 
for each expert (Figure 4).  In cases where the linear extrapolation resulted in negative years for 
the shortest time periods, we adjusted to zero.  This may indicate underconfidence in the 
responses provided by the experts, or that the use of linear extrapolation for these 4-point 
elicitation responses fails to distribute expert uncertainty in a manner consistent with the actual 
uncertainty present in expert responses (i.e., the experts could have been more confident in 
their shortest plausible time response than their longest plausible time responses, which the 
linear extrapolation doesn’t account for). 

                                                
3 Expert confidence that the true recovery time would fall between the shortest and longest time periods 
of their response. 
4 This expert provided a response for two scenarios, first that the catastrophic event does not result in 
habitat loss, and second that habitat is lost and therefore connectivity to extant populations is lost. 
5 This expert provided separate responses for each geographic unit.  The values in this table are the 
overall shortest, longest, and average most plausible number of years indicated in the responses across 
geographic units. 
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Figure 3.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events. 

The raw responses for each of the three time periods (longest plausible time to reestablishment, 
most plausible time, and shortest plausible time period) are displayed in the box plots in Figure 
3 above.  Boxplots illustrate response mean values (bold black lines), the 25% and 75% 
quartiles (upper and lower bounds of boxes), and the highest and lowest values within 1.5 times 
the quartile range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of 
the whiskers are considered outliers and plotted as points.  The individual expert responses 
used to produce the boxplots are indicated by x-marks.  Boxplots are provided as a 
summarizing visualization to aid comprehension of the experts’ responses and their range, and 
the summary values are presented in this context and not intended for use outside of the 
context of the full set of responses. 
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Figure 4.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events, adjusted to provide 95% confidence bounds. 

In Figure 4, 95% confidence bounds were produced from the 4-point responses using linear 
extrapolation.  Shortest plausible time period is in blue, most plausible is green, and longest 
plausible is red.  For plotting purposes negative shortest time period values were adjusted to 
zero, and all zeroes in the plot indicate 95% confidence bounds that extended below zero.  
Longest time periods beyond 350 years were plotted at 350, with the actual time period noted in 
text left and below those points.  Also note that expert 10 responded by geographic unit, so the 
figure displays the 95% confidence bound adjusted overall longest, overall shortest, and 
average most plausible time periods across the six units for expert 10. 

Discussion Points Following Initial Responses:  Experts discussed the amount of time it takes 
for habitat to recover after catastrophic events (e.g., fire, insects) when considering timeframes 
for repopulation.  Some experts could picture some geographic units never being recolonized 
again, and that some could be recolonized immediately, depending on which geographic unit is 
being evaluated and the level of connectivity to other geographic units and to lynx populations in 
Canada.  Washington is more connected to Canada than the Colorado geographic unit for 
example.  The rate of recolonization was variable for each geographic unit because of the size 
of each geographic unit, status of adjacent source geographic units, and the level of 
connectivity.  Experts found it hard to generalize across the range of the species for this 
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question.  The variances in the geographic units across the range need to be considered.  
Experts believed GYA and CO would have a long period for recolonization, if ever recolonized, 
after a potential extirpation event because of the lack of connectivity with Canadian populations.  
It is likely that those geographic units with connectivity to Canada would recover much sooner 
than geographic units not connected to Canada. 

Resiliency 

Definition - Resiliency speaks to an individual population’s ability to tolerate environmental and 
demographic stochasticity, such as fluctuations in temperature or genetic drift.  It is often 
measured in terms of population size and growth rate, but in fact is dependent on a number of 
traits, both demographic and environmental.  These include, among others: age or stage class 
distribution, genetic heterogeneity, birth rates, annual survivorship, sex ratios, etc., and the 
quality and extent of habitat, the degree of disease, competition, etc.  Metapopulation dynamics 
and distribution can also contribute to population resiliency in some species. 

Resiliency Questions:  Probability of Persistence Exercise  

Exercise Summary 

The first two resiliency questions were asked concurrently as part of a probability-of-persistence 
exercise conducted for each geographic unit.  Experts were asked to graphically provide the 
probability of persistence of resident lynx through time for each geographic unit, as well as the 
major factors influencing persistence in those geographic units, one geographic unit at a time.  
Experts were asked to provide persistence probabilities and influencing factors for the near-term 
(2025), mid-term (2050) and longer-term (2100).  Experts were also asked to indicate on each 
of their graph sheets the emissions scenario (low, moderate, or high/status quo) they were 
considering in graphing persistence probabilities and listing influencing factors.  
 
We began this exercise with the Northern Maine geographic unit, and the discussion and 
questions among experts that followed the initial persistence-graphing and factor-listing efforts 
indicated that a review of the status and major issues confronting lynx in each unit (a quick 
reminder and summary of the earlier status update presentations) would be helpful.  Therefore, 
prior to expert responses for the remaining units, the expert(s) most familiar with the geographic 
unit in question gave a 5-10 minute summary of what they viewed as the most relevant 
information about the current and likely future status of lynx populations and habitats in that unit.  
They also presented any other conditions or issues they thought could affect the probability of 
persistence of resident lynx in that unit.  All experts then completed their graphs and lists of the 
factors that influenced the probabilities of persistence they selected for each time frame for the 
geographic unit in question.  For the Maine unit, the discussion following initial responses 
served the same purpose, and after that discussion, experts were given the opportunity to 
revise their responses if they felt it necessary. 
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After all experts completed their responses, the graphs and influence lists from each expert 
were posted on the wall, and workshop participants were invited to gather around to view and 
discuss the range of responses.  Facilitators and SSA Team members then polled the experts 
about what drove their responses.  These questions were a mix of directed questions about 
unique responses, the role of particular factors noted in the responses, and open-ended 
questions to allow experts to describe their thinking.  Experts and team members were also 
encouraged to ask clarifying questions about the responses.  Experts were encouraged to 
modify their responses by posting a revised sheet above their first response if they wished to 
adjust their responses based on the discussions. 
 
1.  What is the probability of persistence over time (particularly at present, 2025, 2050, 
and 2100) for each of the 6 major geographic units? 
 
Response Type:  Graphical 3-point elicitation.  Each expert was provided a blank sheet of 
graphing paper with a y axis of probability of persistence, and an x axis of time, with 4 time 
periods bolded (2015, 2025, 2050, and 2100).  For each of those years, experts were asked to 
add a point to the graph representing the lowest, highest, and most likely probabilities of 
persistence at that time period.  Experts were also asked to connect the points through time. 
 
Question Clarification:  It was explained that the most likely point should represent the 
probability of persistence that the expert anticipates to be most likely to occur for that 
geographic unit at each time period, and that  the points for lowest and highest probability of 
persistence were intended to capture the expert’s uncertainty in the future probability of 
persistence.  Experts preferred to indicate a most likely probability and to provide a full 
confidence interval (i.e., upper and lower bounds within which they felt 100% certain the future 
probability of persistence would fall) rather than indicate a confidence level associated with the 
lowest and highest probability responses. 
 
Expert Responses:  Responses are by geographic unit and are presented below in conjunction 
with the responses to question #2 below. 
 
2.  What are the major drivers/factors (up to 3) reducing probability of persistence for 
each of the major geographic units? 
 
Response Type:  Ranked list of top three factors, for each point in time (present, 2025, 2050, 
and 2100), with % contribution of each factor. 
 
Question Clarification:  Resiliency questions 1 and 2 were asked concurrently.  Experts were 
provided a sheet of paper for each geographic unit and the area at the bottom of the sheet 
below the graphing area was used to list the three major factors they expected would most 
significantly influence the probability of persistence at each time period.  Influencing factors 
were described as those anthropogenic or naturally-occurring activities, events or factors that 
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could influence the probability that resident lynx populations will persist in a given geographic 
unit. 

Expert  Responses:  For each geographic unit, an overview of the unit from the area 
expert are provided, as well a summary of the hand drawn graphs via a figure (Figures 
5 - 10), the responses and major factors are summarized via text, and the discussion 
that the responses generated are presented. 

Results by Geographic Unit 

Northern Maine  

Pre-graphing Overview from Unit Experts:  This step was not added to the process until after the 
probability of persistence exercise for this unit.  Because this unit was the first for which experts 
attempted to graph persistence over time, there were many questions and much discussion 
about process and intent.  It was the discussion following this initial graphing exercise that led 
the SSA Team to request unit summaries prior to subsequent graphing exercises.  The Team 
felt that overview information similar to that provided prior to graphing persistence for 
subsequent units (below) came out during the discussion.  Further, because experts were 
encouraged to update their Northern Maine geographic unit responses as necessary following 
that discussion, the Team felt that the results of the graphing exercise for the Northern Maine 
geographic unit were valid and comparable to the results generated for the other units. 

Expert Responses:  All experts indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Maine through the end of the century, with uncertainty (range 
between lowest and highest probabilities) also increasing over time.  Nearly all experts 
predicted near-term (year 2025) persistence probability >= 90% and mid-century persistence >= 
70%.  All experts predicted end-of-century persistence probability >= 50% for this unit, with most 
predicting a 40% to 60% probability of persistence by 2100 (Figure 5).  Near-term drivers that 
influenced experts’ probabilities of persistence for this geographic unit were changes in private 
forest land ownership, changes in forestry management (timber harvest methods, volumes, and 
spatial distributions), habitat decline (succession of previous clear-cuts from young, dense 
regenerating stands to mature stands less conducive to high hare densities), spruce budworm 
outbreak, climate change-induced loss of spruce-fir habitats, and competition with bobcats due 
to climate change-induced loss of snow conditions that favor lynx.  Longer-term (2050, 2100) 
drivers similarly included changes in forestry practices, but also climate-driven loss of snow 
conditions favorable to lynx/competition with bobcats, and loss of spruce-fir forest.  As with 
responses for other geographic units, not all experts provided the factors that influenced their 
persistence probabilities for each time period, and not all provided the percent contribution of 
each factor. 
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Figure 5.  Expected probability of persistence for the Northern Maine geographic unit at present, 
2015, and in 2025, 2050 and 2100. 

Note:  In Figure 5, above, and figures 6 through 10, below, points for each of the 10 expert 
responses, for each of the three probability of persistence levels, i.e., highest, most likely, and 
lowest probabilities of persistence, are represented by the hollow red, filled green, and hollow 
blue points respectively.  The black x mark is the median of the most likely responses across 
the experts in each response year.  The red, green, and blue dashed lines connect the median 
of the highest, most likely, and lowest probability of persistence responses across the experts in 
each response year.  The edges of the grey area were defined by the extreme responses, i.e., 
the range from the largest of the highest probability of persistence responses to the smallest of 
the lowest probability of persistence responses.  The median lines and grey area are provided 
as a summarizing visualization to aid comprehension of the experts’ responses and their range, 
and should not be viewed as a substitute for individual responses or presented outside the 
context of the accompanying discussion. 

Discussion Points Following Initial Responses:  One expert expressed confidence that the lynx 
population in Maine will be stable in the near term; that climate change out to 2050 will primarily 
affect coastal areas, which support few lynx; and that there will likely still be favorable conditions 
for lynx in northern Maine where most lynx currently occur.  A second expert disagreed, and 
indicated that a combination of aging of the last of the budworm-era (1970s-80s) clear-cuts, the 
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cumulative effects of the last 25-years of partial harvesting (in accordance with the Maine Forest 
Practices Act), and the coming spruce budworm outbreak will all substantially reduce the 
amount of high quality lynx/hare habitat in this unit.  Projecting past 2050, experts generally 
agreed that climate change will likely create unfavorable conditions (e.g., insufficient snow, loss 
[northward migration] of spruce-fir forests) in northern Maine’s core area for lynx, and the 
probability of persistence will decline over the longer term.  Although uncertainty increases with 
time from the present, climate-related loss of favorable snow conditions (amount, consistency, 
and duration), loss of spruce-fir, and bobcat competition will likely reduce the probability of 
persistence in this unit beyond 2050.   

There was some concern that timber companies would not respond to the pending spruce 
budworm outbreak like they did in the 1970s (extensive clear-cuts).  Some experts also 
expressed concerns about the effects of the current clear-cuts aging past conditions that 
support hares and lynx.  Out to year 2050, changes in snow conditions and loss of spruce-fir 
associated with climate change will contribute to habitat loss.  Past 2050, diminished snow, 
successional loss of high-quality habitats, increased competition from bobcats, and spruce-fir 
decline will make conditions unfavorable for lynx.  Some experts assumed a high-emissions 
climate change scenario, but others said their predictions would not change under moderate 
emissions scenarios.  The second expert (above) indicated that current data show spruce-fir 
habitat is being replaced with a hardwood forest (red maple) system, and that this will continue 
throughout the century.  This expert indicated hardwood forest invasion isn’t being controlled by 
herbicides as it was in the last budworm outbreak.  The first expert (above) disagreed and said 
that lynx are resilient and forestry practices will likely sustain spruce-fir habitats in Maine, 
providing an example of one timber company that has already invested in spruce plantations.  
The second expert indicated that most of the land base is owned now by Timber Investment 
Management Organizations and Real Estate Investment Trusts who will not employ intensive or 
expensive (plantation, herbicide) forms of forestry.  In summary, experts expressed a variety of 
opinions about how forest management may change in the future in Maine and, in particular, 
how forest landowners and managers may respond to the pending spruce budworm outbreak, 
and how these responses may impact resident lynx.  

Other factors considered by the experts included budworm outbreaks, the potential for disease 
in a lynx population (not currently a recognized or documented threat and typically unexpected, 
but always a possibility), ecosystem change induced by climate change, forest tree species 
composition changes, competition with other temperate forest animals.  There are many 
interrelated factors and different stresses and factors that may occur in the future.  It is difficult 
to anticipate the factors that will affect lynx in the future.   

Experts discussed the role of competition between lynx and other carnivores, especially 
bobcats, throughout the DPS.  One expert remarked that in some parts of Montana there is 
complete overlap of lynx and bobcat home ranges and little or no evidence of competition 
effects.  Others indicated relatively narrow regions of overlap and sharp demarcation between 
areas that support home ranges of the two species that correspond with annual snowfall 
amounts in Maine and Minnesota.  Experts were unsure whether bobcat-lynx overlap is more a 
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function of snow conditions in these areas or competition between the species (i.e., competition 
for food or behavioral competition).  Although separation of the species has been documented, 
the nature and causes of the separation are not certain.  Bobcats are a more generalist predator 
than lynx and less reliant upon hares than lynx.  Experts expressed varying opinions regarding 
seasonal differences in overlap among lynx and bobcat diets, the effect and importance of 
competition between the two species, and whether it is behavioral or resource competition.    

Lynx in Maine have not responded to changes in hare abundance exactly as lynx in Canada 
and Alaska have to hare population cycles.  In Maine, the proportion of females that reproduced 
and average litter size declined during low hare years, as in the north, but home range sizes in 
Maine did not increase as they did in the north when hare abundance was low.  Hare densities 
do not appear to have dropped below a critical threshold to alter lynx home range size in Maine 
as in the North.   

An SSA Team member asked how hare cycles or fluctuations may affect predictions of 
persistence in Maine.  The first expert (above) said that hare declines documented by University 
of Maine monitoring is likely due to the aging forest, and that lynx in Maine haven’t yet 
responded biologically to the range of hare densities observed in Maine, as suggested by the 
lack of change in home range sizes and survival.  The second expert (above) disagreed, and 
cited University of Maine research that showed hare populations declined by ~50% in all stand 
types sampled starting in 2006, that forests where hares were monitored have not yet 
progressed to the self-thinning stage, and that the hare decline in Maine is mirrored by hare 
data from southern Quebec.   

Northeastern Minnesota 

Pre-graphing Overview from Unit Experts:  There are probably 50-200 resident lynx in 
Minnesota but there is much uncertainty and survey protocols do not support generation of 
precise abundance estimates.  Lynx occupancy and reproduction both have been consistently 
documented in the state since it was listed in 2000.  Lynx in this geographic unit are interacting 
with, and possibly depending on, southern Ontario populations.  Although females exhibit high 
reproductive rates, radio-telemetry data suggest low recruitment of Minnesota-born kittens into 
the breeding population of this geographic unit.  Bobcats are a potential future stressor as they 
are encroaching into lynx areas; fire is a threat in dry years (e.g., there have been 3 fires in last 
15 years that have burned approximately 20% of lynx habitat).  The forest management industry 
is tied to softwoods and continued management of softwood tree species is expected in the 
future. 

Expert Responses:  As with the previous unit, all expert graphs showed initially high and 
subsequently declining probability of lynx persistence in Minnesota over time, along with 
increasing uncertainty through the end of the century.  Nearly all experts predicted near-term 
(year 2025) persistence probability >= 90%, and all experts predicted mid-century persistence at 
60% to 90% (median = 80%).  Experts predicted end-of-century persistence probabilities of 10% 
to 60%, with a median of 35%, by 2100 (Figure 6).  Near term drivers were reduced snow, 
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bobcat competition, disease in lynx (e.g., lungworm, liver fluke, feline leukemia), and forest 
insects.  Long term drivers were reduced snow, competition with bobcat, loss of spruce-fir 
forests, fires, and climate change. 

 

Figure 6.  Expected probability of persistence for the Minnesota geographic unit at present 
(2015), and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts expressed uncertainty whether 
potential climate change impacts will be realized in the short term, but that the cumulative 
effects of climate-induced changes seem more likely in the longer term.  This uncertainty may 
be a source of variability in predicted persistence probabilities.   Some experts expressed 
uncertainty about the accuracy of the rough estimate of the size of the lynx population in this 
unit because surveys were not designed to provide population estimates.  Some experts wanted 
clarification on the distribution of lynx in the state, and which areas of the state have the highest 
use.  The core-use spatial extent was described as a 20-mile-wide strip inland from the north 
shore of Lake Superior and extending about 60 miles from the northeast tip of the “arrowhead” 
southwest into the Superior National Forest (SNF).  Lynx occasionally occur further west in the 
SNF and in other areas such as Voyageurs National Park.  Recent snow-track surveys suggest 
lynx may be using a larger portion of the arrowhead region, and radio-telemetry data have 
documented travel to and from southern Ontario.  Lynx also have been documented to use the 
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1-million-acre Boundary Waters Canoe Area Wilderness (BWCAW) that borders Canada for 
dispersal in both directions across the border.  However, because the BWCAW has not been 
surveyed for lynx, the number of lynx that may use this area is unknown.  The SNF does not 
actively manage the BWCAW.  The current connectivity between lynx in this unit and the larger 
population in Ontario reduces the likelihood of local extirpation in this geographic unit, but the 
likelihood would increase if connectivity was compromised and cross-border interactions 
reduced. 

Factors considered included potential disease, fire, loss of boreal forest, competition with 
bobcats and possibly other hare predators.  Some experts questioned the validity of disease as 
an influence in this and other geographic units because although disease has been documented 
in some felines, it has not been documented as a threat to lynx in any of the DPS populations to 
date.  Some experts speculated that because there is a link between disease and temperature 
increases in other animals, projected climate warming could contribute to disease in lynx.  
Therefore, although not a factor for lynx currently, it is not unreasonable that disease could 
impact lynx populations in the DPS in the future, so we may want to consider disease in future 
conservation planning.  Experts also discussed the possibility that climate warming may 
facilitate the westward expansion of the spruce budworm outbreak that is projected for Maine 
and eastern Canada into southern Ontario and the Minnesota geographic unit. 

Northwestern Montana/ Northeastern Idaho 

Pre-graphing Overview from Unit Experts:  There are likely 200-300 lynx in this unit in several 
subpopulations (expert stressed that this is a guess and not a true population estimate), and 
there is currently a connection with lynx in Canada.  Climate models project that some boreal 
forest will persist in this unit and that it will maintain snow into the future.  In this unit, lynx 
primarily occupy public lands, which are actively managed for lynx into the future.  In recent 
decades, fires have occurred on a large scale, with high intensity and increasing frequency.  
There have been no documented cases of beetle infestations in lynx habitats in this unit. 

Expert Responses:  As for previous units, all expert graphs showed an initially high and 
subsequently decreasing probability of persistence for this unit, with increasing uncertainty over 
time, but a higher probability of persistence at all time frames than other units.  All experts 
predicted near-term (year 2025) persistence probability >= 95%, and all predicted mid-century 
persistence at 70% to 100% (median = 90%).  All experts predicted end-of-century persistence 
probabilities >= 50%, with a median of 78%, by 2100 (Figure 7). 
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Figure 7.  Expected probability of persistence for the Northwestern Montana/Northeastern Idaho 
geographic unit at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Overall, experts assigned a higher probability of 
persistence in this unit compared to the other two units discussed thus far.  Most lynx habitats in 
this unit occur on Federal lands that are managed for lynx conservation, but one expert noted 
that little has been done to document whether lynx are responding to this management.  The 
recent sale of large tracts of private commercial timberlands in the central part of this unit to The 
Nature Conservancy has increased protection for lynx via conservation easements managed for 
lynx.  Habitats in some areas should improve in the near future as previously cut or burned 
areas mature into dense stands.  Unlike the Maine and Minnesota geographic units (but similar 
to most other western units), high elevations in this unit could buffer the effects of climate 
change by providing for the upslope migration of lynx habitats and snow conditions that climate 
models predict.  However, this would result in even patchier and more isolated islands of habitat 
in high elevation areas that would be more prone to extirpation due to catastrophic or stochastic 
events.  Competition from coyotes and bobcats seem to be less of a concern for this unit. 

This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 
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occurring or will into the future.  There doesn’t appear to be much demographic input from 
recent cycles.  There is evidence of lynx from this unit moving north into Canada, but little 
evidence of demographic interactions among the three subpopulations (Purcell Mountains, 
Seeley Lake, and Garnet Mountains) in this unit.  Experts noted that the Garnets Mountains 
subpopulation at the southern end of this unit may have recently become extirpated.     

Discussion among experts indicated that fire was more of a concern for this area.  Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit.  Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels.  Out to 2050 and 
beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity.  Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 

Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats.  Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change.  It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level.  One expert reminded that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation.  Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in future.   

North-central Washington 

Pre-graphing Overview from Unit Expert:  This geographic unit is thought to currently support 
roughly 50 resident lynx.  There may have been more lynx prior to recent major fires.  This unit 
is currently connected to Canada, and there is no indication that this connection will be 
disrupted.  Some of the best lynx habitat in this unit occurs on plateaus that may be more 
vulnerable to impacts of climate change because of the absence of higher-elevation areas to 
which habitats, lynx and hares could migrate in response to warming.  In areas that receive 
maritime climate influences, projected climate-induced changes to snow conditions could be 
detrimental for lynx.  Studies have shown good lynx survival rates in this unit. 

Expert Responses:  Compared to the previous units, most expert graphs showed a lower 
probability of persistence for this unit over the short term, and then lower probability of 
persistence along with increasing uncertainty by 2100, reflecting a more pessimistic outcome for 
this unit compared to previous units (Figure 8).  Experts predicted near-term (year 2025) 
persistence probabilities of 60% to 90% (median = 80%), and mid-century persistence at 30% to 
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80% (median = 70%).  All experts predicted end-of-century persistence probabilities less than 
50%, with a median of 38%, by 2100 (Figure 8).  However, one expert predicted an increase in 
persistence probability by mid-century as habitats impacted by recent large-scale fires 
regenerate into optimal hare-lynx habitat. 

 

Figure 8.  Expected probability of persistence for the North-central Washington geographic unit 
at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  The probability of lynx persistence in this unit 
could decrease sharply over the next 10-20 years because of extensive recent fires in lynx 
habitats and the time needed for these areas to regenerate back to good hare/lynx habitat.  
After that, the probability could rebound (or decline more slowly) over the longer term as these 
large areas return to prime habitat providing high hare densities.  The current small population is 
likely at greater risk of extirpation because of stochastic events, particularly if large fires in lynx 
habitat continue to occur in the near future as they have in the recent past.  A small population 
also could be more susceptible to disease, though none has been documented among lynx in 
this unit.  Experts discussed the extent to which small lynx populations could be reduced before 
they would become highly susceptible to stochastic demographic effects.  It was suggested that 
15-20 breeding individuals might be the minimum needed to avoid such susceptibility.  
Unimpeded connectivity between Canada and the Okanogan area of this unit could allow lynx to 
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repopulate currently-unsuitable areas after the habitat recovers.  Lynx in this unit are likely the 
southern portion of a larger population in Canada, not really a separate, isolated small 
population.  Factors that influenced expert persistence probabilities for this unit included fire, 
habitat loss, and the future loss of favorable snow conditions predicted by climate change 
models. 

Greater Yellowstone Area (GYA) 

Pre-graphing Overview from Unit Experts:  This unit has a long history of lynx presence, but the 
consistency of occupancy over time is uncertain.  Research and surveys since 1997 have 
detected few lynx in this unit.  Lynx are likely spatially limited within the unit because of the 
patchy distribution of high-quality habitat and the generally low or marginal hare densities in 
much of the unit.  Lynx have large home ranges in this area, an indicator of lower habitat quality.  
Nevertheless, until recently, this unit appears to have supported a small resident lynx 
population.  The current lynx population in this unit is very small - likely fewer than 10 lynx, and 
possibly zero.  This population may have been somewhat larger in the past; however, there is 
some uncertainty about this.  Recent surveys and trapping efforts have not detected resident 
lynx, only several that were previously released in Colorado.  Several Colorado-released lynx 
have established home ranges in the GYA unit, and there is evidence of overlapping male and 
female home ranges.  In the late 1800s and early 1900s, there was notable predator control in 
some parts of this unit.  There currently is oil and gas exploration and development activity in 
parts of this unit, but potential impacts to lynx are uncertain, and projects are attempting to 
minimize impacts to lynx habitat. 

Expert Responses:  The expert graphs for this unit were widely variable and had different 
outcomes and high uncertainty at all time frames.  Experts predicted near-term (year 2025) 
persistence probabilities of 10% to 70% (median = 52%), and mid-century persistence at 15% to 
60% (median = 35%).  All experts predicted end-of-century persistence probabilities less than 
50% for this unit, with a median of 15%, by 2100 (Figure 9).  This was the only unit for which 
most experts believed the present probability of persistence is low (i.e., that it is uncertain 
whether this area currently supports a resident lynx population).  Some experts increased 
probability of persistence into mid-century as the 1980s-era fires regenerate into hare/lynx 
habitat, and with the possibility of continued immigration of lynx from Colorado.  Other experts 
project a 10% to 20% probability of persistence by 2100.  One reason given for wide variability 
in responses is because of the uncertainty whether a population currently exists.  There were 
wide confidence intervals around the probabilities for all time periods for this area. 
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Figure 9.  Expected probability of persistence for the GYA geographic unit at present, 2015, and 
in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Current and future factors expressed by experts 
as influencing probability of persistence for this unit included small population size, forest 
disease and insect pests, and fire.  Some experts doubt that the GYA unit currently supports a 
resident breeding population of lynx.  Experts indicated that climate models predict that some 
parts of the GYA unit could provide refuge from climate change impacts because of their high 
elevations and potential to maintain winter snow levels into the future.  Summer conditions in 
this unit, however, could be drier in the future, resulting in increased fire frequency, extent and 
intensity, and additional temporary habitat loss.  However, regeneration of these areas and the 
extensive areas that have burned in the recent past may provide good habitat over the next 
several decades.  Lynx immigrating to this unit from Colorado could occupy such improved 
habitats in the near future.  Colorado lynx have made exploratory movements into the GYA in 
summer months, and analysis of available data could improve our understanding of Colorado 
lynx movement into and use of the GYA.  It is possible that lynx from Colorado are maintaining 
or could maintain lynx in GYA. 
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Western Colorado 

Pre-graphing Overview from Area Expert:  From 1999 to 2006, Colorado Division of Wildlife 
(CDOW; now Colorado Parks and Wildlife [CPW]) released 218 Canadian and Alaskan lynx into 
western Colorado.  Survival and litter sizes have been similar to rates observed in other DPS 
populations.  There are probably 100-250 lynx in Colorado today.  There are currently 5-6 
million acres of habitat in this unit thought capable of supporting lynx and where hares are 
present in sufficient numbers to support persistent reproduction.  Extensive bark beetle 
infestations have impacted large areas of lynx habitat, but snowshoe hare are still occupying 
areas with beetle damage.  Three large fires have occurred in recent years, resulting in some 
lynx habitat burned.  Salvage operations in burned areas could diminish future habitat quality.  
This unit is more isolated from Canadian and other DPS lynx populations; separated by a large 
swath of inhospitable habitat.  Road mortality of released lynx was initially high but it doesn’t 
seem to be a problem now (about 1 per year killed on roads on average since the first year of 
the reintroduction).  There is no incidental take from trapping because foothold traps are banned 
in Colorado.  Climate models show CO will maintain habitat over time with anticipated climate 
changes.  Like other western units, habitat is patchily-distributed across this unit. 

Expert Responses:  Similar to most of the other units, most expert graphs indicate an initially 
high probability of persistence in this unit that will decline gradually with increasing uncertainty 
through the end of the century.  Experts predicted near-term (year 2025) persistence 
probabilities of 60% to 100% (median = 90%), and mid-century persistence at 50% to 85% 
(median = 80%).  Experts predicted end-of-century persistence probabilities of 20% to 70% for 
this unit, with a median of 50%, by 2100 (Figure 10). 
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Figure 10.  Expected probability of persistence for the Western Colorado geographic unit at 
present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts indicated that beetle kill and fire 
could potentially create poor habitat conditions in large areas of this unit by mid-century, but that 
regeneration after these impacts could result in good lynx/hare habitats.  Others expressed 
uncertainty about whether fire and insect impacts would be temporary or permanent, especially 
considering climate change and the potential for conversion from boreal/subalpine forests to 
other forest types.  Although 8 of 10 experts graphed 50% to 70% probability of persistence at 
2100, during subsequent discussions, several expressed greater uncertainty about whether 
resident lynx will persist in the unit at the end of the century.  Higher-quality lynx habitat occurs 
primarily in two areas and is patchily-distributed.  Lynx in this unit may occur as several smaller, 
relatively isolated subpopulations, which are likely more vulnerable to stochastic events (similar 
to MT).  This unit’s relative isolation may limit exchange with other lynx populations, increasing 
the likelihood of genetic drift and reducing the chance of demographic rescue or recolonization if 
extirpated.  There was discussion about whether ski areas may affect daily movements of lynx, 
and hares may be declining in ski areas.  Ski areas tend to expand and may, therefore, have 
larger impacts on lynx in future.  There is some evidence of lynx using ski areas in summer 
months but avoiding them during the ski season.  It is uncertain whether ski areas may affect 
genetic connectivity within the Western Colorado geographic unit.  Two-thirds to three-quarters 
of the lynx in this unit are in the southern portion of the range in the San Juan Mountains.  There 
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is a large area (Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, 
so it is possible that lynx also could be using that area. 

Summary across Geographic Units 

This section extrapolates from the probability of persistence responses for each geographic unit 
in the section above.  In this section we show the combined probabilities of persistence for 
those geographic units to provide a sense of what the DPS-wide results could be when the 
results for the individual geographic units are combined.  This is shown as a summary of the 
probability that a given number of geographic units persist into the future (See Figure 11) using 
the probabilities provided for each individual unit.  Note that no additional information was 
elicited to produce this summary; rather, the probabilities for each geographic unit were treated 
as independent probabilities of persistence and used to determine the joint probability of 
persistence for a given number of geographic units in total.  Computationally these joint 
probabilities were computed using a convolution of the Bernoulli probability distribution of 
persistence for each geographic unit via a custom convolve function executed in the statistical 
software R (see Appendix 6 for the R code used to produce these and the other summaries and 
figures presented in the report).  The results of this convolution are shown in two forms, first is 
the probability that a particular number of geographic units persists (Figure 11) and the second 
is the cumulative probability that at least a given number of geographic units persist (Figure 12). 
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Figure 11.  Summarized probability of persistence of a given number of geographic units given 
the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 11 is the probability that the specific number of geographic 
units indicated by the x axis of the grid persist.  The probability sums to one in each grid.  
Moving from top to bottom the grids show the probabilities of a specific number of geographic 
units persisting by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by selection type and probability response.6  Therefore 
looking down a column of grids provides a view of the trend in persistence through time and 
looking across a row of grids provides a view of the range of uncertainty in persistence experts 
had for a given time period.  The summarized probabilities presented here are provided to aid 
understanding of the implications of the individual persistence probabilities provided above, and 

                                                
6 “Median_High” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the highest probability response in each geographic unit. 
“Median_Likely” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the most likely probability response in each geographic unit. 
“Median_Low” is the probability of persistence generated by selecting the median probability of 
persistence across experts from the lowest probability response in each geographic unit. 
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are derived directly from those responses and therefore should be presented and considered in 
conjunction with those figures. 

 

Figure 12.  Summarized probability of persistence of at least a given number of geographic units 
given the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 12 is the probability that at least the number of geographic 
units indicated by the x axis of the grid persist.  The probability in a bar reaches 1 when there is 
no probability of fewer geographic units persisting.  Moving from top to bottom the grids show 
the probabilities by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by summary selection type and probability response as in 
Figure 11.  Therefore looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period.  The summarized probabilities presented here are provided 
to aid understanding of the implications of the individual persistence probabilities provided 
above, and are derived directly from those responses and therefore should be presented and 
considered in conjunction with those figures. 

Expert Assumptions during Persistence Graphing Exercises 

Experts were asked to summarize the assumptions that informed their responses to resiliency 
questions 1 and 2.  This was done via open discussion, with facilitators asking both direct 
questions about particular issues that could impact responses (e.g., climate change conditions), 
and open ended questions (e.g., what other assumptions were considered?). 
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Notes:  Climate-change emissions scenarios considered during this exercise differed among 
experts (and some responses did not indicate an emissions scenario).  However, in discussions 
following the graphing exercise, experts indicated that the confidence intervals around their 
persistence probabilities were likely to capture the variance associated with different emission 
scenarios and other climate change uncertainties. 

Experts were asked whether regulatory protections influenced their predictions.  Some experts 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies).  Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections.  Their focus was on the biology and ecology of the species, not listing status-related 
impacts or regulatory scenarios in the future, and they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status.   

Experts were asked what they meant by “small population size effects.”  They explained that 
because small populations are more vulnerable to both demographic and genetic impacts and 
at increased risk from catastrophic and other stochastic events than are larger populations, they 
also have a lower likelihood of persistence.  Experts indicated that connectivity with other 
populations reduces the vulnerability of small populations as it does for larger populations.   

Experts were asked if their projections were influenced by considerations of whether historical 
patterns of cyclic irruptions of lynx into the DPS from Canada will continue in the future.  Most 
agreed that the magnitude of irruptions has declined from the historical highs of the 1960s and 
1970s, and that irruptions may have ceased in recent decades in some parts of the range, 
particularly in the West.  However, most experts felt that connectivity remains good between 
Canada and those DPS geographic units that abut the international border, and most assumed 
some level of regular or intermittent interaction between lynx in those units and Canada, even if 
full-blown irruptions have not been documented recently.  Some experts said that the likelihood 
of future irruptions had little influence on their persistence graphs, especially for the more 
isolated units (GYA and Western Colorado), where an influx of lynx from Canada may be less 
likely. 

Conservation Actions to Address Influencing Factors and Increase Probability of 
Persistence 

3.  What conservation actions could be taken that would address the factors impacting 
the probability of persistence, or would otherwise increase the probability of 
persistence? 
 
Response Type:  Individual list with rounds responses.  Experts were given 5 minutes to write a 
list of three potential conservation actions that could be taken.  Facilitators then asked one 
expert at a time to provide one item from their list, cycling through the set of experts until all 
experts had exhausted their lists.  Experts were given the opportunity to add items when it was 
their turn that had not been on their written lists.  Experts were not asked if they agreed with 
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conservation actions presented by other experts, thus the following list should not be viewed as 
consensus among lynx experts. 
 
Expert Responses:  List of potential conservation actions in the order provided. 

● Reduce CO2 emissions  
● Continue protections associated with Federal and/or State listing 
● Adjust forest management to retain spruce and fir, and reduce fire burn rates 
● Promote/maintain habitat connectivity with Canadian populations through coordinated 

cross-border land use planning 
● Manage salvage logging associated with fire and insect damage to minimize impacts to 

and/or facilitate restoration of lynx/hare habitats 
● Configure and design lynx-friendly landscapes at appropriate scales; design and 

maintain a mosaic of lynx/hare habitats 
● Manage fuels reduction (fire management) projects while maintaining or enhancing 

hare/lynx habitat features. 
● Augment small populations and reintroduce lynx to former, historic range with suitable  

habitat  (GYA, Kettle Range in Washington, perhaps other areas); bolster populations 
before future climate change impacts 

● Support additional research to fill knowledge gaps, particularly related to effectiveness of 
conservation efforts – it remains unclear exactly what is needed for lynx across the 
range to achieve/maintain viability (e.g., habitat quality/amount/distribution, landscape-
level hare densities, forest conditions that support hares, etc.)  

● Enhance cross-border cooperation with Canada to increase near-border lynx 
populations and maintain connectivity 

● Consider cumulative impacts of mining, ski areas, oil and gas, etc., in management 
● Promote reforestation of heavily fragmented areas (e.g., some parts of the GYA and 

Minnesota units); reduce fragmentation 
● Apply strategic habitat conservation concepts; model and identify key areas and focus 

on those areas still in need of protection and management (e.g., private forest lands) 
● Maximize redundancy of lynx populations throughout the DPS 
● Implement fire management Best Management Practices (BMPs)( e.g., allow/encourage 

burns to occur in a way that creates high- and low-intensity mosaic fire patterns) 
● Evaluate whether there is a need for monitoring lynx (and hares) using consistent 

methods throughout the DPS, perhaps coupled with monitoring of other carnivores; 
structured occupancy modeling with genetics sampling could be very informative and is 
cost effective; also known-fate monitoring; monitoring pellet plots is proven and reliable 
way to monitor hares 

● Devote increased funding to lynx conservation - lynx are in worse shape than other 
mesocarnivore species, but receive less funding than those species that have more 
secure populations and appear less vulnerable to climate change  
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Other Considerations 
After completing the elicitation exercises and prior to adjourning the workshop, facilitators asked 
if there were any other considerations the lynx experts or subject matter experts felt are relevant 
to the SSA.  One subject matter expert indicated that monitoring of prey base (hares, red 
squirrels) would help inform lynx recovery, and that pellet-based or mark-recapture methods are 
most reliable.  This expert suggested a need to determine whether areas that we think are going 
to become poor habitat for a variety of reasons could still hold hares and lynx in the future.  
Maybe hares still can use areas we think will be poor habitat, and monitoring these areas could 
help inform our understanding of how lynx persist at the edge of their range. 

Synthesis 
Although uncertainty remains about the historical distribution and sizes of resident lynx 
populations in the DPS, as well as current population sizes, much more is known now than 
when the DPS was listed under the ESA in 2000.  Based on research conducted since the DPS 
was listed, including the summaries of that work provided at this workshop, as well as ongoing 
research, conservation, and management efforts, we have a much better understanding of the 
distribution and status of populations throughout the DPS range.  For example, in 2000, it was 
unclear whether Maine and Minnesota supported resident populations or were only occasionally 
visited by lynx dispersing from Canada during and after northern hare population crashes.  We 
now know that both northern Maine and northeastern Minnesota support resident lynx 
populations, and both are likely larger now than they were historically (Maine), or before they 
were protected by State and Federal regulations (Minnesota).  In contrast, resident lynx appear 
to be naturally less abundant and more patchily-distributed in some parts of the DPS than 
thought at the time of listing, including the West (Interagency Lynx Biology Team 2013, p. 23), 
where potential lynx habitats also appear to have been initially overestimated.  We also have a 
better understanding of the habitat features and hare densities that appear necessary to support 
resident lynx at the southern margin of the species’ range, and of the parts of the contiguous 
U.S. that contain these features.  The presentations in conjunction with expert elicitation 
responses at this workshop have informed and refined our understanding of key aspects of the 
status of, and potential threats to, the lynx DPS.  
 
For example, we were provided a thorough history of the evolution of regulatory mechanisms 
that have been developed and implemented through conservation agreements and formal 
amendments to Federal agency management plans to address the singular threat for which the 
DPS was listed under the ESA - the inadequacy of regulatory mechanisms in Federal land 
management plans prior to listing.  Given our improved understanding of resident lynx 
populations in Maine and Minnesota (above), where State and private lands constitute much 
more of the lynx habitat than elsewhere in the DPS (98.9% in Maine; 51.7% in Minnesota), an 
assessment of the adequacy of regulatory mechanisms on those State and private lands will be 
a necessary component of the status assessment.  Likewise, our understanding of lynx genetics 
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also has improved, with evidence of continued high levels of gene flow range-wide, despite fine-
scale genetic sub-structuring in some populations and additional evidence of lynx hybridization 
with bobcats.  Bobcats appear to be encroaching at the edge of the lynx range in Minnesota 
(Appendix 3, p. 9) and their numbers appear to have increased recently in New Hampshire, 
Vermont, and southern Quebec (Lavoie et al. 2009, entire; Roberts and Crimmins 2010, p. 170; 
Broman et al. 2014, p. 230) adjacent to the northern Maine lynx distribution.  Whether this 
represents a threat to lynx populations in Minnesota and Maine via increased hybridization, 
behavioral mechanisms, or competition for hares is not documented at this time; however, 
encroachment of bobcats in the southern periphery of lynx range may result in lynx 
displacement or niche contraction (Peers et al. 2013, entire). 
 
Canadian researchers also provided updated information on lynx status, management (including 
legal harvest), threats, genetics, and hare population cycles in southern Canada, adjacent to 
some DPS lynx populations.  Forest ecologists and climate modelers also presented information 
regarding potential impacts of timber management and climate change on lynx and boreal forest 
habitats in the contiguous U.S.  Knowledge of lynx and hare responses to various silvicultural 
treatments continues to improve, although the need for continuing research remains.  Climate 
models continue to point toward the future northward and upslope migration of lynx and hare 
habitats and loss of snow conditions favorable to lynx, although uncertainty remains regarding 
the timing, extent, and biological consequences of such impacts.  Increases in the size, 
intensity, and frequency of wildfires and insect outbreaks in boreal/subalpine forests may also 
be related to climate change, but whether these represent temporary or permanent impacts to 
lynx habitats remains unclear.  Finally, much research has been done on hare population 
dynamics and habitat relationships at the southern extent of their range, much of which overlaps 
that of lynx in the contiguous U.S., but questions remain regarding regional variation in hare 
densities and what landscape-level hare abundances are necessary to support persistent 
resident lynx populations across the DPS. 
 
Based on the summaries of post-listing research and the status and threat updates provided at 
this workshop, and on the results of the expert elicitation process, the Service provides the 
following synthesis of the status and likely viability of the DPS in terms of the 3 Rs.  This 
information will be considered as appropriate, along with more detailed analysis of the published 
literature, in the subsequent SSA report for the DPS.  The conclusions below are based on the 
information provided and the results of expert elicitation conducted at this workshop; they may 
be complemented or altered by the additional analyses yet to be conducted as part of the SSA 
process. 

Representation 
Expert presentations on lynx genetics in the DPS and in Canada and expert responses and 
discussion with regard to representation questions suggest few threats to the genetic fitness or 
adaptive capacity of lynx in the DPS.  High gene flow across the continental lynx range, 
indicated by very low Fst values (see Subject Matter Presentations, above), suggests the 
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absence of substantial barriers to genetic interchange, and little evidence or risk of significant 
genetic drift among DPS populations.  Most experts indicated that none of the six geographic 
units known or thought to support lynx populations in the DPS is susceptible to meaningful 
genetic drift, although several experts indicated that the more geographically isolated units (the 
GYA and Western Colorado units) are likely more susceptible to such drift than the units that 
are directly connected to lynx populations and habitats in Canada.  Overall, according to both 
the expert panel and the subject matter presentations, there appears to be a low risk of 
biologically consequential drift for lynx populations in the DPS.  Likewise, expert responses 
indicated that the generally low level of genetic differentiation and relatively similar ecological 
settings across the DPS suggest little life history variability or niche differentiation among DPS 
populations that would indicate that any are more or less important to maintain than others in 
terms of representation.  Individual experts indicated that representation can best be maintained 
by conserving current DPS populations (and hence the genetic variation in each), maintaining 
connectivity between DPS and Canadian populations, and avoiding impacts that would facilitate 
or increase the potential for or likelihood of genetic drift.  Our interpretation of this part of the 
elicitation is that the adaptability and evolutionary capacity of the DPS over time does not 
appear to have been diminished and is unlikely to become so, independent of threats that may 
impact the redundancy and persistence of lynx populations.  We will consider this information 
along with available empirical data and the published literature when evaluating representation 
in the DPS for the SSA. 

Redundancy 
With resident lynx populations and subpopulations in at least five of six large (the smallest is 
over 2,000 square miles, the others are all over 8,000 square miles), widely-distributed (from 
Maine to Washington and south along the Rocky Mountains), and relatively discrete geographic 
areas (see Figure 1), the DPS as a whole appears invulnerable to extirpation from a single 
catastrophic event.  Expert responses indicated no catastrophic event that could result in the 
functional extirpation of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units due to a single catastrophic event.  We 
interpreted these responses to indicate there is a small chance of decreased redundancy from a 
single catastrophic event because the probability of any geographic unit being lost to a 
catastrophic event is low.  Experts indicated that functional extirpation of the geographically 
smallest unit (Washington) and those supporting the fewest resident lynx (Washington, GYA, 
and perhaps Minnesota) would be more likely to occur as a result of a series of catastrophic 
events over a 10-year period than to any single event over the next 10 years (see Figure 2 
above).  Experts listed fire, drought, insect outbreaks, loss of favorable winter conditions, and 
disease as potential events that could lead to functional extirpation in these units.  In 
Washington in particular, where large fires have impacted nearly 40 percent of the occupied 
lynx habitat over the past 10-15 years, experts felt that several more successive years of such 
fires could result in functional extirpation.  However, because fire and insects are likely to cause 
only temporary (20-40 years) losses of lynx and hare habitats, and because connectivity 
between the Washington unit and lynx habitats and populations in southern British Columbia 
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remains intact, experts indicated this unit (and others abutting habitats and lynx populations in 
Canada) would likely be naturally re-colonized relatively quickly by dispersing lynx.  Therefore, 
extirpation in these units because of catastrophic events (or a series of them over time) would 
be temporary (likely lasting only one or several decades) unless events permanently altered the 
habitats.  Experts indicated that if lynx were functionally extirpated in the GYA or western 
Colorado units, which are not connected to habitats or populations in Canada and are relatively 
isolated from other DPS populations, natural re-colonization would be less likely, would take 
longer, or may never occur. 

Overall, expert responses indicated that extirpation of the DPS as a whole, or of resident lynx 
populations in most individual geographic units, because of a catastrophic event is very unlikely.  
Because we lack evidence that persistent resident lynx populations occurred historically but 
have been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels.  That is, the 
loss of resident lynx populations in the DPS, to the extent suggested by the historic record, was 
likely in areas (e.g., northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge 
area of northeastern Washington, perhaps Isle Royale in Lake Superior) peripheral to the 
geographic units that currently support resident lynx, and not in discrete geographic units that 
would have represented greater redundancy in the contiguous U.S.  However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear.  The historic record and recent research show that the GYA has supported resident 
lynx, but it is unclear whether the area consistently supported a persistent resident population 
over time or whether it naturally supported resident lynx only some of the time (was “winked on” 
in a metapopulation sense) when habitat conditions and hare densities were favorable, and at 
other times, when habitats and hare densities were less favorable, it did not support resident 
lynx (“winked off” in a metapopulation sense).  Given the protected conservation status of 
millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx.  If so, its 
contribution to redundancy within the DPS is questionable. 

Resiliency 
Because we lack reliable estimates of the sizes and trends of most lynx populations in the DPS, 
we are unable to use these parameters to evaluate the resiliency of individual populations or the 
DPS as a whole.  Efforts to understand resiliency are also confounded by the metapopulation 
structure thought to govern lynx populations at the southern margin of their continental range 
(i.e., populations and subpopulations in the DPS), the related uncertainty about the extent to 
which DPS populations may rely on cyclic immigration of lynx from Canada during population 
irruptions, and the ambiguity in the historic record that limits our understanding of the relative 
persistence of lynx in various geographical areas of the contiguous U.S. and, thus, the 
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contribution of those areas to the viability of the DPS.  Our evaluation of the resiliency of lynx 
populations in the DPS is limited, therefore, to a largely qualitative assessment of the current 
status of populations in each of the six geographic units along with the quantitative summary of 
expert professional judgment of their likelihood of persistence over time given known or 
perceived potential threats. 
 
As expected, both expert estimates of probability of persistence and expert confidence in those 
estimates were higher over the short-term than the long-term.  Median probability of persistence 
(MPOP) at year 2025 was >= 0.90 for all but one of the six geographic areas.  The GYA had a 
MPOP of 0.52, apparently reflecting the uncertainty regarding whether this unit consistently 
supported a resident lynx population historically and whether it currently supports resident lynx.  
At year 2025, confidence bounds were smallest (indicating higher expert confidence) for the 
units with the highest MPOPs (Northern Maine, Northeastern Minnesota, and Northwestern 
Montana/ Northeastern Idaho), and larger for units with lower MPOPS (North-central 
Washington, GYA, and Western Colorado).  At mid-century, MPOP declined for all units but 
remained >= 0.70 for all but the GYA (0.35), and confidence bounds increased for estimates for 
all units but the GYA, where it remained the same as at year 2025.  At end-of-century, 
persistence probabilities declined further, as expected, and only the Northern Maine, 
Northwestern Montana/ Northeastern Idaho and Western Colorado units had MPOPs >= 0.50.  
Also as expected, confidence bounds were very large around persistence estimates at year 
2100, with the median confidence range extending across more than 50% of the range of 
possible outcomes for all but the Northwestern Montana/ Northeastern Idaho population, and 
the extremes of the range nearly covering the full range (0% to 100% probability of persistence) 
of possible outcomes. 
 
Experts listed a number of factors that influenced their probability of persistence estimates for 
each unit (see unit summaries above in the Resiliency section).  Near-term factors varied by unit 
(e.g., post-harvest forest succession in Maine, where hare abundance is expected to decline as 
currently dense regenerating clear-cuts mature; continued large-scale fires in lynx habitats in 
Washington; and insect outbreaks in Maine, Minnesota, and Colorado), but longer term factors 
seemed to coalesce around anticipated direct and indirect effects of climate change.  These 
included potentially climate-driven increases in the size, frequency, and intensity of fire and 
insect outbreaks; decreases in snow amount, duration and quality, leading perhaps to increased 
competition with bobcats and other hare predators; and the projected warming-induced 
northward and upslope migration of boreal and subalpine forests that would result in the loss 
and further fragmentation and isolation of lynx and hare habitats in the contiguous U.S.  Expert 
responses and ensuing discussions indicated that continued climate warming and associated 
direct and indirect effects will likely exert the greatest negative influence on the probability of 
persistence for lynx populations in the DPS regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
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Overall, expert responses to this part of the elicitation indicate that all five of the geographic 
units known to currently support resident lynx populations have a greater than 70% expectation 
of doing so by mid-century, but a declining likelihood and greater uncertainty of doing so by the 
end of the century.  It is uncertain whether the remaining geographic unit (the GYA) currently 
supports resident lynx, and expert responses indicate a lower probability that it will do so in the 
future compared to the other units.  Responses also suggest that the overarching threat to the 
long-term persistence of lynx populations in the DPS is climate change, which is anticipated to 
result first in loss of snow conditions favorable for lynx and, after an uncertain lag time following 
continued climate warming, loss (northward and upslope migration) of boreal forest habitats, 
although the timing and magnitude of such losses are uncertain. 

Conclusion 
The Service and the Lynx SSA Team appreciate the willingness of lynx and subject matter 
experts to attend this workshop and share their knowledge, professional judgments, and 
opinions.  We have gained considerable insight into the current status of lynx populations 
throughout the DPS and the factors most likely to influence the DPS’s future viability - including 
information that is not currently available in the peer-reviewed literature.  We will incorporate this 
information into the SSA as appropriate, along with the published scientific literature, to inform 
recovery planning for the DPS and any other ESA-related determinations the Service is 
authorized and required to make.  As we develop the SSA report, we will continue to solicit 
expert input from workshop panelists and from other lynx and subject matter experts who were 
unable to attend this workshop, including peer review of the SSA report. 
  



60 

Literature Cited 
65 FR 16052. Endangered and Threatened Wildlife and Plants; Determination of Threatened 

Status for the Contiguous U.S. Distinct Population Segment of the Canada Lynx and 
Related Rule. March 24, 2000. http://www.gpo.gov/fdsys/pkg/FR-2000-03-24/pdf/00-
7145.pdf 

 
68 FR 40076. Endangered and Threatened Wildlife and Plants; Notice of Remanded 

Determination of Status for the Contiguous United States Distinct Population Segment of 
the Canada Lynx. July 3, 2003. http://www.gpo.gov/fdsys/pkg/FR-2003-07-03/pdf/03-
16664.pdf 

 
71 FR 66008. Endangered and Threatened Wildlife and Plants; Designation of Critical Habitat 

for the Contiguous United States Distinct Population Segment of the Canada Lynx. 
November 9, 2006. http://www.gpo.gov/fdsys/pkg/FR-2006-11-09/pdf/06-
9090.pdf#page=1 

 
72 FR 1186. Endangered and Threatened Wildlife and Plants; Clarification of Significant Portion 

of the Range for the Contiguous United States Distinct Population Segment of the 
Canada Lynx. January 10, 2007. http://www.gpo.gov/fdsys/pkg/FR-2007-01-10/pdf/E6-
22633.pdf#page=1 

 
72 FR 19549. Endangered and Threatened Wildlife and Plants; Initiation of 5-Year Reviews of 

Seven Wildlife Species and Two Plant Species in the Mountain-Prairie Region. April 18, 
2007.  https://www.gpo.gov/fdsys/pkg/FR-2007-04-18/pdf/E7-7342.pdf#page=1 

 
74 FR 8616. Endangered and Threatened Wildlife and Plants; Revised Designation of Critical 

Habitat for the Contiguous United States Distinct Population Segment of the Canada 
Lynx; Final Rule. February 25, 2009. http://www.gpo.gov/fdsys/pkg/FR-2009-02-
25/pdf/E9-3512.pdf#page=1 

 
79 FR 54782. Endangered and Threatened Wildlife and Plants; Revised Designation of Critical 

Habitat for the Contiguous United States Distinct Population Segment of the Canada 
Lynx and Revised Distinct Population Segment Boundary. September 12, 2014. 
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf 

 
Agee, J. K. 2000. Disturbance ecology of North American boreal forests and associated 

northern mixed/subalpine forests. Pages 39-82 in Ruggiero, L. F., K. B. Aubry, S. W. 
Buskirk, G. M. Koehler, C. J. Krebs, K. S. McKelvey, and J. R. Squires, (eds.). Ecology 
and conservation of lynx in the contiguous United States. University Press of Colorado, 
Boulder, Colorado. 

 

http://www.gpo.gov/fdsys/pkg/FR-2000-03-24/pdf/00-7145.pdf
http://www.gpo.gov/fdsys/pkg/FR-2000-03-24/pdf/00-7145.pdf
http://www.gpo.gov/fdsys/pkg/FR-2003-07-03/pdf/03-16664.pdf
http://www.gpo.gov/fdsys/pkg/FR-2003-07-03/pdf/03-16664.pdf
http://www.gpo.gov/fdsys/pkg/FR-2006-11-09/pdf/06-9090.pdf#page=1
http://www.gpo.gov/fdsys/pkg/FR-2006-11-09/pdf/06-9090.pdf#page=1
http://www.gpo.gov/fdsys/pkg/FR-2007-01-10/pdf/E6-22633.pdf#page=1
http://www.gpo.gov/fdsys/pkg/FR-2007-01-10/pdf/E6-22633.pdf#page=1
https://www.gpo.gov/fdsys/pkg/FR-2007-04-18/pdf/E7-7342.pdf#page=1
https://www.gpo.gov/fdsys/pkg/FR-2007-04-18/pdf/E7-7342.pdf#page=1
http://www.gpo.gov/fdsys/pkg/FR-2009-02-25/pdf/E9-3512.pdf#page=1
http://www.gpo.gov/fdsys/pkg/FR-2009-02-25/pdf/E9-3512.pdf#page=1
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf


61 

Aubry, K. B., G. M. Koehler, and J. R. Squires. 2000. Ecology of Canada lynx in southern boreal 
forests. Pages 373-396 in Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. 
J. Krebs, K. S. McKelvey, and J. R. Squires, (eds.). Ecology and conservation of lynx in 
the contiguous United States. University Press of Colorado, Boulder, Colorado. 

 
Broman, D. J. A., J. A. Litvaitis, M. Ellingwood, P. Tate, and G. C. Reed. 2014. Modeling bobcat 

Lynx rufus habitat associations using telemetry locations and citizen-scientist 
observations: are the results comparable? Wildlife Biology 20: 229-237. 

 
Buehler, D. A. and L. B. Keith. 1982. Snowshoe hare distribution and habitat use in Wisconsin. 

Canadian Field-Naturalist 96: 19-29. 
 
Burgman, M. 2005. Risks and decisions for conservation and environmental management. 

Cambridge University Press. 
 
Buskirk, S. W., L. F. Ruggiero, and C. J. Krebs. 2000b. Habitat fragmentation and interspecific 

competition: implications for lynx conservation. Pages 83-100 in Ruggiero, L. F., K. B. 
Aubry, S. W. Buskirk, G. M. Koehler, C. J. Krebs, K. S. McKelvey, and J. R. Squires, 
(eds.). Ecology and conservation of lynx in the contiguous United States. University Press 
of Colorado, Boulder, Colorado. 

 
Drescher, M., A. H. Perera, C. J. Johnson, L. J. Buse, C. A. Drew, and M. A. Burgman.  2013.  

Toward rigorous use of expert knowledge in ecological research.  Ecosphere 4:Article 83. 
(http://dx.doi.org/10.1890/ES12-00415.1) 

 
Elton, C. and M. Nicholson. 1942. The ten-year cycle in numbers of the lynx in Canada. Journal 

of Animal Ecology 11: 215-244. 
 
Gonzalez, P., R. P. Neilson, K. S. McKelvey, J. M. Lenihan, and R. J. Drapek. 2007. Potential 

impacts of climate change on habitat and conservation priority areas for Lynx canadensis 
(Canada lynx). Report to the Forest Service, U.S. Department of Agriculture, Washington 
D.C., and NatureServe, Arlington, Virginia. 19 pp. 

 
Gregory, R., L. Failing, M. Harstone, G. Long, T. McDaniels, and D. Ohlson. 2012. Structured 

decision making: a practical guide to environmental management choices. John Wiley & 
Sons. 

 
Interagency Lynx Biology Team. 2013. Canada lynx conservation assessment and strategy. 3rd 

edition. USDA Forest Service, USDI Fish and Wildlife Service, USDI Bureau of Land 
Management, and USDI National Park Service. Forest Service Publication #R1-13-19, 
Missoula, MT. 128 pp. 
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf 

 

https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf


62 

Koehler, G. M. 1990. Population and habitat characteristics of lynx and snowshoe hares in north 
central Washington. Canadian Journal of Zoology 68: 845-851. 

 
Koehler, G. M. and K. B. Aubry. 1994. Lynx. Pages 74-98 in Ruggiero, L. F., K. B. Aubry, S. W. 

Buskirk, L. J. Lyon, and W. J. Zielinski, (eds.). The scientific basis for conserving forest 
carnivores: American marten, fisher, lynx, and wolverine in the Western United States. 
USDA Forest Service Gen. Tech. Rep. RM-254. 

 
Kosterman, M. K. 2014. Correlates of Canada Lynx Reproductive Success in Northwestern 

Montana.  M.S. Thesis, University of Montana, Missoula. 69 pp. 
 
Lavoie, M., Collin, P-Y, Lemieux, F., Jolicoeur, H., Canac-Marquis, P., Lariviere, S. 2009. 

Understanding fluctuations in bobcat harvest at the northern limit of their 
Range. Journal of Wildlife Management 73: 870-875. 

 
MacMillan, D.C. and K. Marshall. 2006. The Delphi process – an expert-based approach to 

ecological modelling in data-poor environments. Animal Conservation, 9: 11–19. 
 
McBride, M. F., S. T. Garnett, J. K. Szabo, A. H. Burbidge, S. H. M. Butchart, L. Christidis, G. 

Dutson, H. A. Ford, R. H. Loyn, D. M. Watson, and M. A. Burgman. 2012. Structured 
elicitation of expert judgments for threatened species assessment: A case study on a 
continental scale using email. Methods in Ecology and Evolution 3: 906–920. doi: 
10.1111/j.2041-210X.2012.00221.x http://onlinelibrary.wiley.com/doi/10.1111/j.2041-
210X.2012.00221.x/full 

 
McCord, C. M. and J. E. Cardoza. 1982. Bobcat and lynx. Pages 728-766 in J. A. Chapman and 

G. A. Feldhamer (eds.). Wild mammals of North America biology, management and 
economics. Johns Hopkins University Press, Baltimore, MD. 

 
McKelvey, K. S., K. B. Aubry, and Y. K. Ortega. 2000. History and distribution of lynx in the 

contiguous United States. Pages 207-264 in Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, 
G. M. Koehler, C. J. Krebs, K. S. McKelvey, and J. R. Squires, (eds.). Ecology and 
conservation of lynx in the contiguous United States. University Press of Colorado, 
Boulder, Colorado. 

 
Moen, R., C. L. Burdett, and G. Niemi. 2008. Movement and habitat use of Canada lynx during 

denning in Minnesota. Journal of Wildlife Management 72: 1507-1513.  
 
Morgan, in prep. 
 
Morgan, M. G.  2014.  Use (and abuse) of expert elicitation in support of decision making for 

public policy.  Proceedings of the National Academy of Sciences 111(20):7176-7184. 
 

http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.2041-210X.2012.00221.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.2041-210X.2012.00221.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.2041-210X.2012.00221.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.2041-210X.2012.00221.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.2041-210X.2012.00221.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.2041-210X.2012.00221.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.2041-210X.2012.00221.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.2041-210X.2012.00221.x/full


63 

Mowat, G., K. G. Poole, and M. O'Donoghue. 2000. Ecology of lynx in northern Canada and 
Alaska. Pages 265-306 in Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. 
J. Krebs, K. S. McKelvey, and J. R. Squires, (eds.). Ecology and conservation of lynx in 
the contiguous United States. University Press of Colorado, Boulder, Colorado. 

 
Peers M. J. L., D. H. Thornton, and D. L. Murray. 2013. Evidence for large-scale effects of 

competition: niche displacement in Canada lynx and bobcat. Proceedings of the Royal 
Society B 280: 1-10. http://dx.doi.org/10.1098/rspb.2013.2495 

 
Roberts, N. M. and S. M. Crimmins. 2010. Bobcat population status and management in North 

America: Evidence of large-scale population increase. Journal of Fish and Wildlife 
Management 1: 169-174; e1944-687X. doi: 10.3996/122009-JFWM-026 

 
Ruediger, B., J. Claar, S. Gniadek, B. Holt, L. Lewis, S. Mighton, B. Naney, G. Patton, T. 

Rinaldi, J. Trick, A. Vandehey, F. Wahl, N. Warren, D. Wenger, and A. Williams. 2000. 
Canada lynx conservation assessment and strategy, second edition. USDA Forest 
Service, USDI Fish and Wildlife Service, USDI Bureau of Land Management, USDI 
National Park Service. Forest Service Publication #R1-00-53, Missoula, MT. 

 
Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. J. Krebs, K. S. McKelvey, and J. 

R. Squires. 2000. The scientific basis for lynx conservation: qualified insights. Pages 443-
454 in Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. J. Krebs, K. S. 
McKelvey, and J. R. Squires, (eds.). Ecology and conservation of lynx in the contiguous 
United States. University Press of Colorado, Boulder, Colorado. 

 
Seymour, R. S. and M. L. Hunter, Jr. 1992. New forestry in eastern spruce-fir forests: principles 

and applications in Maine.  Maine Agricultural and Forest Experiment Station, University 
of Maine, Miscellaneous Publication 716, Orono, Maine, USA. 36 pp. 

 
U.S. Environmental Protection Agency (USEPA).  2011.  Expert elicitation task force white 

paper.  Science and Technology Policy Council, USEPA, Washington DC.  
(http://www.epa.gov/stpc/pdfs/ee-white-paper-final.pdf) 

 
U.S. Fish and Wildlife Service. 2005. Draft recovery outline for the contiguous United States 

distinct population segment of the Canada lynx. Unpublished draft. U.S. Fish and Wildlife 
Service, Region 6, Denver, Colorado. 21 pp. 

 
Wolff, J. O. 1980. The role of habitat patchiness in the population dynamics of snowshoe hares. 

Ecological Monographs 50: 111-130. 
 



64 

Appendices 
All appendices are available on the Service’s Region 6 Canada lynx webpage 
(http://www.fws.gov/mountain-prairie/es/canadaLynx.php). 
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5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
 
Expert Projections of Future Lynx Status 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, t future extirpation of lynx from this unit due to reduced genetic health or a catastrophic 
event is unlikely (Lynx SSA Team 2016, pp. 25-34).  When considering the probability that this 
unit would continue to support resident lynx in the future, experts noted that despite projected 
losses of favorable forest and snow conditions, climate models project that some boreal forest 
will persist in this unit and that it will maintain some areas of suitable snow into the future.  
Experts also noted that lynx in this unit primarily occupy public lands, which are actively 
managed for lynx into the future.  Experts also considered recent and projected future increases 
in wildfire frequency, size and intensity.  
 
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units.  All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure XX, below). 
 



 
Figure XX. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units.  Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management.  The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation due to catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 



cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
 
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict.  Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit.  When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above).  If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA.  If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 
Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five years to assess its ability to sustain itself without the 



ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended.  Given these requirements, we expect that future Federal management 
direction will continue to include regulations and guidance protective of lynx, although specific 
measures may change as new information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of historic 
disturbance and landscape patterns). Regardless of the future listing status of the DPS, these 
lands will continue to be managed in accordance with the acts described above, as well as the 
National Park Service Organic Act and the Wilderness Act.   We also expect that Federal 
management into the future will include continued management of lands with developmental 
allocations to avoid or minimize potential impacts of vegetation management (timber harvest, 
thinning, salvage logging, other silvicultural prescriptions), wildland fire management (fire 
suppression, fuels reduction, prescribed fires), energy exploration and development, recreation, 
or other management activities with the potential to affect lynx. Current and likely future 
objectives include (1) managing vegetation to mimic or approximate natural disturbance and 
succession processes while maintaining habitat components necessary for lynx conservation; 
(2) providing a mosaic of habitat conditions through time that supports dense horizontal cover, 
high hare densities, and winter hare habitat in both young regenerating and mature multistoried 
forest stands; (3) using fire (natural and prescribed) to restore ecological process and maintain 
or improve lynx habitat, and (4) focusing vegetation management in areas with potential for 
improving winter hare habitat (BLM 2004a, pp. 2-3; USFS 2007, Attachment 1, p. 2).  Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore the capacity of the areas that historically or recently supported resident lynx 
populations, including the Northwestern Montana/Northeastern Idaho Geographic Unit, to 
continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
 
 
 



Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS were to be delisted in the future, it is possible that State-managed trapping could 
resume in this and perhaps other geographic units.  We expect that would only occur if scientific 
evidence strongly suggested the presence of a harvestable surplus of lynx and that harvest 
quotas would be carefully managed to ensure that the viability of resident lynx populations 
would not be diminished or that potential recovery objectives were not otherwise compromised.   
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above.  Also, 
as noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit.  Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx.  This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15).  In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41).  There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17).  The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.   
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS.  These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 



climate, elevation, and topography.  However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return.  This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269).  If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and likely future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future.  The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit.  Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of historic 
and current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit.  Nonetheless, it appears likely that 
continued climate warming will reduce future habitat quality and quantity and, therefore, the 
number of resident lynx capable of persisting in this geographic unit.    
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above.  As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information.  We expect these measures to continue to benefit lynx by 
limiting detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging 
the use of these activities to restore, improve, or create high quality hare and lynx foraging 
habitats where feasible.  
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historic fire regime 
in lynx habitats in the western contiguous U.S., including this geographic unit.  Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 



However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming.  Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires.  As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover.  Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future.  Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity due to climate change, it 
may be necessary to reconsider whether fire suppression in some lynx habitats could benefit 
lynx by reducing the potential for extirpation of resident populations, especially in places already 
apparently only marginally capable of supporting them.        
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit.  Although some localized impacts of past timber harvest and 
related activities have likely occurred, anthropogenic habitat loss or fragmentation does not 
appear to have broadly diminished this unit’s ability to support resident lynx.  Current and 
probable future management for conservation of lynx habitats suggests that broad-scale habitat 
loss or fragmentation due to timber harvest and other development activities are unlikely.  The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx.  Increased frequency, size, and severity of 
forest insect pests, also driven by climate warming, has been documented in other geographic 
units and could occur in this unit in the future, too, resulting in temporary habitat loss and 
increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict.  We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx.  
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 



essential to the persistence of lynx in this unit.  A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S.  If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historic conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration.  If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years.  Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting in an increased 
likelihood of functional extirpation of lynx from this unit.  However, as noted above, the lynx 
population in the Purcell Mountains in the northwestern part of this unit was estimated to be 
increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over the last four 
years of the period for which the Seeley lake population was estimated to be declining.  In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration in the are difficult to project and are largely speculative at this time. 
 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Future Lynx Status 
 
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure XX). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
 



 
Figure XX. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Influencing Factors 
 



Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict.  Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations.  Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA.  If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended.  Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of historic 
disturbance and landscape patterns). Regardless of the future listing status of the DPS, these 
lands will continue to be managed in accordance with the acts described above, as well as the 
National Park Service Organic Act and the Wilderness Act. We also expect that Federal 
management into the future will include continued management of lands with developmental 
allocations to avoid or minimize potential impacts of vegetation management (timber harvest, 
thinning, salvage logging, other silvicultural prescriptions), wildland fire management (fire 
suppression, fuels reduction, prescribed fires), energy exploration and development, recreation, 
or other management activities with the potential to affect lynx. Current and likely future 
objectives include (1) managing vegetation to mimic or approximate natural disturbance and 
succession processes while maintaining habitat components necessary for lynx conservation; 
(2) providing a mosaic of habitat conditions through time that supports dense horizontal cover, 
high hare densities, and winter hare habitat in both young regenerating and mature multistoried 
forest stands; (3) using fire (natural and prescribed) to restore ecological process and maintain 
or improve lynx habitat, and (4) focusing vegetation management in areas with potential for 
improving winter hare habitat (USFS 2007, Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; 
BLM 2010, pp. A-9 - A-12).  Although specific standards and guidelines may change as new 
scientific information and management techniques become available, we anticipate continued 
Federal management designed to conserve or restore potential lynx habitats in this geographic 
unit in the future.  
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 



support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS were to be delisted in the future, State-managed trapping could resume in this 
geographic unit.  We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished or that potential 
recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above.  Also, 
as noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit.  Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx.  This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15).  In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46).  There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17).  The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.   
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park.  Climate warming has also been linked to increased 
frequency and extent of forest insect outbreaks in other parts of the DPS.  These factors are 



likely to have temporary impacts on lynx habitat, with regeneration to hare and lynx foraging 
habitat 20-40 years post-disturbance, depending on local climate, elevation, and topography.  
However, if extensive areas are affected, the ability of landscapes in the GYA to suppor resident 
lynx may be further compromised, and resident lynx may be unable to persist until favorable 
vegetation conditions return.  This is especially true where potential habitats are naturally 
fragmented and patchily-distributed, and where landscape-level hare densities are already 
marginal, which appears to be the case for much of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269).  If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and likely future climate warming will further reduce 
this geographic unit’s ability to support resident lynx into the future.  The timing and magnitude 
of climate-driven impacts are uncertain; however, all are anticipated to adversely affect, and 
none are expected to benefit, lynx and habitats in this geographic unit.  Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historic and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit.  Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future.  
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above.  As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information.  We expect these measures to continue to benefit lynx by limiting detrimental 
effects of timber harvest, thinning, fuels management, etc., and encouraging the use of these 
activities to restore, improve, or create high quality hare and lynx foraging habitats where 
feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historic fire regime 
in lynx habitats in the western contiguous U.S., including this geographic unit.  Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 



However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming.  Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires.  As 
described in section 3.4, increases in fire frequency and size could rapidly convert large areas 
to the temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover.  Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future.  Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
due to climate change, it may be necessary to reconsider whether fire suppression in some lynx 
habitats could benefit lynx by reducing the potential for extirpation of resident populations, 
especially in places already apparently only marginally capable of supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit.  Although some localized impacts of past timber harvest and 
related activities have likely occurred, anthropogenic habitat loss or fragmentation does not 
appear to have broadly diminished this unit’s ability to support resident lynx.  Current and 
probable future management for conservation of lynx habitats suggests that broad-scale habitat 
loss or fragmentation due to timber harvest and other development activities are unlikely.  The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx.  Increased frequency, size, and severity of 
forest insect pests, also driven by climate warming, has been documented in other geographic 
units and could occur in this unit in the future, too, resulting in temporary habitat loss and 
increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit.  There is little evidence of intermittent 



immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S.  Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit.  If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration in the are difficult to project and are largely 
speculative at this time.       
 
 
 
 
 



From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp; Mary Parkin; Heather Bell; Jonathan Cummings;

Justin Shoemaker
Cc: Jodi Bush; Seth Willey
Subject: Re: Invitation for Instant Net Conference
Date: Monday, September 19, 2016 4:49:24 PM

Hi All:

After talking briefly with Justin, we thought it would be good to have the Core Team (as well
as FIT) on the call tomorrow (Sept. 20) so everyone is up to date, we can talk about what
remains to be reviewed by the Core Team before the draft SSA report is ready for broader
internal Service review, and our options for progress given the access/editing challenges on
Google Drive.

Core Team also needs to discuss several of the draft tables currently in the doc.

So please join the call if you can.  10 AM Mountain Time, usual number and passcode:

866-857-8504
Passcode 7620543

We will also have the webinar up so we can work through the document together (likely a
word version given access issues).  Webinar access information at bottom.

Hope Core and FIT members can attend.

Thanks, 

On Mon, Sep 12, 2016 at 1:36 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

This is a reminder for tomorrow's weekly Lynx SSA Core/FIT Teams call and webinar.  We will be going
through the draft doc on the drive trying to finish changes so it will be ready to go out for internal FWS review
very soon.

Webinar instructions below.  Usual conference number and passcode - you should have them on your calendar,
too:

866-857-8504
passcode 7620543

Hope you all can join.

Thanks,

Jim

---------- Forwarded message ----------
From: <e-meetings@mymeetings.com>
Date: Mon, Sep 12, 2016 at 1:17 PM
Subject: Invitation for Instant Net Conference
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To: jim_zelenak@fws.gov

 
You are invited to join a meeting hosted by  BRENT  ESMOIL. Meeting details are listed 
below.

Meeting Date: 09/

20/2016 
Meeting Time: 10:00 AM MOUNTAIN TIME

Instant Net Conference Details:
-------------------------------
Meeting Number:          446939152
Meeting Passcode:        
Meeting Host:             BRENT  ESMOIL

Join Instructions for Instant Net Conference:

1. Join the meeting now:
http://www.mymeetings.com/nc/join.php?sigKey=mymeetings&i=446939152&p=&t=c
2. Enter the required fields.
3. Indicate that you have read the Privacy Policy.
4. Click on Proceed.

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Shoemaker, Justin
To: Mark McCollough; Kurt Broderdorp; Jim Zelenak; Bryon Holt; Tamara Smith
Cc: Heather Bell; Mary Parkin; Jonathan Cummings
Subject: Lynx SSA report - Chapter 6 Synthesis reveiw
Date: Monday, September 19, 2016 5:15:02 PM
Attachments: Lynx SSA report_Ch 6_Synthesis_09192016.docx

Core team,

Attached is the synthesis section of the Canada lynx SSA report.  It wraps up and summarizes
our assessment of the 3 Rs and viability in our report.  We need you to take a quick look at it
so we can finish up this section and move closer to having a full report that is ready for
Service review.  

Please make comments and edits as necessary in track changes and send the word document
back to me by Thursday this week.  We can also discuss on the team call tomorrow if needed. 
There is also a table suggestion at the end of this section, feedback on that would be
appreciated.  

Thanks.

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov
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Chapter 6:  Synthesis 

This section synthesizes the needs, current condition, and likely future condition of the Canada lynx in 
the contiguous U.S. DPS with respect to the conservation biology principles of representation, 
redundancy, and resiliency.   Its purpose is to provide an understanding of the rangewide status of this 
DPS that is as clear as possible given the unavoidable uncertainties involving demography and long-term 
threats. 

Needs  

Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests with 
dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive advantage for 
exploiting its primary prey, the snowshoe hare.   Lynx in the contiguous U.S. have the same ecological 
requirements as lynx in Canada and Alaska, and throughout the species’ range hare abundance is the 
primary driver of lynx population dynamics.  However, the DPS is at the southernmost margin of the 
species’ range, where boreal forests transition to temperate conifer and hardwood forests, and where 
snow conditions and hare abundance generally become less favorable with decreasing latitude.  Because 
of this, habitat is less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska.  As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. 

Current Condition and Threats 

Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of individual 
lynx populations and their broad distribution across the geographic scope of the DPS.  Available 
information indicates that five out of six geographic units in the DPS contain resident breeding lynx 
populations.  Although we have no reliable population-size estimates for any of the geographic units, 
Northern Maine (Unit 1) is believed to currently support the largest resident population in the DPS.  In 
Northeastern Minnesota (Unit 2), a resident population occupies the Arrowhead Region of the State.  
Northwestern Montana and northeastern Idaho (Unit 3) continue to support resident lynx, although a 
small subpopulation in the Garnet Mountains on the southern periphery of this unit may have been 
extirpated recently.   In North-central Washington (Unit 4), recent extensive wildfires have temporarily 
reduced the amount of high-quality lynx habitat and may have caused a decline in lynx numbers there.  
Since the release of Canadian and Alaskan lynx in 1999-2006,  resident lynx currently occupy western 
Colorado (Unit 6).  No lynx were detected during recent research in the Greater Yellowstone Area (GYA, 
Unit 5), which is thought to have historically supported a small resident population.   

Representation, the ability of a species to adapt to changing environmental conditions over time, is 
characterized by the breadth of genetic and environmental diversity within and among populations 
(USFWS 2016).  Information provided by lynx experts and geneticists indicates a generally low level of 
genetic differentiation and relatively similar ecological settings across the DPS, suggesting little life 
history variability or niche differentiation among DPS populations (USFWS 2016, p. 51).  This suggests 



that the current level of representation in the DPS is similar to the historical condition and is not 
indicative of current risks to the genetic health or adaptive capacity of the DPS.   

The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on federal 
lands, has been largely addressed by formal and binding amendments or revisions to most federal land 
management plans within the DPS range.  Although questions remain about the efficacy of this 
improved regulatory framework, federal lands are now being managed specifically to protect and 
restore lynx habitats, with the goal of supporting continued lynx presence on these lands.  Most federal 
lands, which constitute 64 percent of lynx habitat evaluated in this SSA, are found in the western U.S.   

Other stressors affect lynx in one or more geographic units.  For instance, in northern Maine, where 
most high-quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that govern 
private forest management may currently be causing decreases in habitat quantity, quality, and 
distribution, and in lynx numbers (also see Future Conditions and Threats, below).  In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of nearly 40 percent of lynx 
habitat, likely reducing this unit’s current lynx population and potentially compromising its current 
ability to support a resident population until habitats recover.  Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern Montana/Northeastern 
Idaho, the GYA, and Western Colorado), but the extent to which it has influenced the current condition 
of lynx populations in those units is uncertain. 

Climate change is occurring at a global and, thus, a DPS-wide scale.  Increased wildfire frequency, size, 
and severity (as described above) are among a number of climate-mediated factors that have likely 
influenced current lynx numbers and habitats in the DPS.  For example, climate warming has reduced 
snow amount, duration, and quality (in terms of conditions favorable for lynx), it has been linked to 
increased magnitude and severity of forest insect outbreaks, and it likely has already resulted in some 
changes in vegetative communities.  However, whether, and if so to what extent, these factors have 
influenced current lynx numbers or other demographic parameters and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units.  Despite uncertainty regarding its influence over current conditions for lynx, climate 
modeling and expert opinion concur that continued climate warming will adversely impact lynx in the 
DPS in the future (see below). 

Future Condition and Threats 

The resiliency of individual geographic units, which appear to function independently of each other, is 
the primary determinant of the future viability of the lynx DPS.  Overall, expert opinion and our analyses 
suggest a declining probability of persistence for each of the geographic units within the DPS throughout 
the rest of this century (noting that the analysis did not extend beyond 2100), with the potential 
permanent loss (functional extirpation of resident lynx populations) of two to four of the six units, i.e., 
loss of resiliency, by the end of the century. 



Although the loss of one or more geographic units would reduce redundancy and could diminish 
representation, neither redundancy nor representation appears likely to influence the viability of the 
DPS through the end of the century, for several reasons.  Although lynx populations in the DPS units are 
demographically isolated from each other, there appears to be little risk of significant genetic drift 
within the DPS.  This is due to the currently-observed and likely future high level of gene flow across the 
species’ range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity between 
most parts of the DPS and lynx populations in Canada.  Furthermore, based on expert input, there is no 
indication that the relatively low level of genetic diversity among lynx populations is likely to reduce DPS 
viability in the future (USFWS 2016, p. 51).  This information suggests the current and likely future 
relative genetic health of the DPS, and we do not expect representation to become a concern through 
the turn of the century. 

With regard to redundancy, neither the scientific literature nor expert input provide a basis for 
concluding that any single catastrophic event could cause extirpation of any one geographic unit.  It is 
even less likely that a single catastrophic event will eliminate all populations in the DPS.  It is important 
to note, however, that a sequence of catastrophic events over a short time could increase the potential 
for functional extirpation of one or more of the individual geographic units (e.g., fires in north-central 
Washington, as described above), thereby reducing redundancy within the DPS. 

The likelihood of persistence of individual populations, and thus continued presence of resident lynx in 
each geographic unit, is expected to decrease by 2100 primarily because of climate change effects on 
snow conditions and boreal forests.  Based on climate change models, the effects of climate change on 
snow and boreal forest conditions are foreseen as the primary stressor limiting future viability of lynx in 
the DPS.  The southernmost boreal habitats are predicted to retreat northward and upslope, 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS (although some 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts).  As 
habitat conditions decline, mortality rates are likely to increase and reproductive rates decrease.  This in 
turn will reduce abundance and density of individuals within populations, making lynx populations more 
susceptible to stochastic events.   

Given the high percentage of federal land ownership, regulatory commitments that these lands will 
continue to be managed in accordance with lynx conservation principles, and the existence of potential 
high-elevation climate refugia to which lynx habitats and some lynx might move, western geographic 
units are more likely to support resident lynx longer under projected climate change scenarios.  
Nonetheless, we are unaware of any management action that can abate the long-term retreat of boreal 
forests and diminished snow conditions projected by climate models.  Further, the size, frequency, and 
intensity of wildfires and  forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such events in-
and-of-themselves likely to cause the permanent loss of breeding lynx populations in any geographic 
unit. 



Given similar projections of climate-mediated losses of boreal forests and snow conditions favorable for 
lynx, persistence of lynx populations in Maine and Minnesota may be relatively lower given the smaller 
percent of federal lands and associated regulatory commitments to lynx conservation, and the lack of 
potential elevational refugia.  Additionally, as noted above, changes to regulations governing timber 
harvest on private forest lands in Maine are unlikely to maintain the current historically-high amount 
and distribution of good lynx habitat or the current large population of resident lynx.  These changes, 
which may affect over 90 percent of lynx habitats in northern Maine, are projected to result in 
substantial declines in habitat quality and distribution, and lynx numbers, over the next 10-30 years, 
primarily through restrictions on clearcutting and subsequent forest succession detrimental to 
snowshoe hare and lynx needs. 

DPS viability 

Although the historical record does not suggest broad-scale loss of resident lynx populations in the 
contiguous U.S., a number of threats acting at the DPS and individual geographic unit scales indicate a 
moderate to high likelihood of declines (i.e., loss of two to four units) by the turn of the century.  While 
it is more likely than not that any given individual unit—northern Maine, northeastern Minnesota, 
northwestern Montana, western Colorado, and possibly north-central Washington—will persist to mid-
century, it is unlikely all that five will persist to that point.  By the end of the century, we expect 
populations to persist primarily in units having high-elevation refugia, e.g., northwestern Montana and 
possibly western Colorado, although Colorado would be an isolated unit.  Lynx may also persist at the 
end of the century in Maine and Minnesota, depending on the severity of climate change effects and, in 
Maine, on trends in development and private forest management.  Uncertainty increases at mid- to late-
century concerning the timing and extent of various stressors that will affect lynx and hare habitat and 
snow regimes, especially those related to climate change.  However, review of the best available science 
in concert with input from lynx experts suggests that the probability of the persistence of resident 
breeding populations will decline in all units beginning as early as 2025, with the negative DPS-wide 
trajectory continuing to the end of the century, and (with no evidence to the contrary) beyond that time 
frame.    

We conclude that the eventual loss of resiliency indicated by extirpation of geographic units will also 
reduce redundancy and, possibly, representation.  These losses in resiliency, redundancy, and 
representation will put the Canada lynx U.S. DPS at increasing risk of extinction. 

Table ZZ. Characterization of future status of the Canada lynx DPS using the conservation biology 
principles of redundancy, resiliency, and representation. 

[insert table here]  

[Core Team, below is an example from Arkansas darter, something like this maybe? Thoughts?]



 

3Rs 
 

Needs 
 

Current Condition 
Future Condition 

(Viability) 
Resiliency: 
Population 
(Populations able 
to withstand 
stochastic events) 

• Sections of HUC 10 
watershed w/ year-round 
water for regufia (most 
influential)  

• Sufficient water quality 
• Appropriate habitat - 

substrate and aquatic 
vegetation for breeding, 
feeding, sheltering. 
 

• Muliple populations 
with high level of 
resiliency (Table 3) 

• Dewatering potentially 
decreasing refugia (and 
in turn resiliency) in 
25% of the range 
 

Projections based on a combination of water 
depletion and watershed impacts (30Yrs): 

• Expected scenario:  Little change on a 
range-wide basis.  Loss of a low number 
of subpopulations (HUC 12s) in the 
western Cimarron and upper 
Rattlesnake Creek basin, KS.  Possible 
loss of a low number of isolated 
subpopulations in the Colorado range.  
Possible loss of a very low number of 
subpopulations in the Eastern portion of 
the range (AR, MO, OK) due to 
development effects.    

• Worst case scenario: Little change 
throughout the eastern range and most 
of the central range. Water depletion 
increases in western portions of the 
Kansas range and portions of the 
Colorado range, in combination with 
long term drought, resulting in loss of 
stream flows and multiple 
subpopulations (HUC 12s) and some 
populations (HUC 10s) in these areas.  
Possible loss of a very low number of 
subpopulations in the Eastern portion of 
the range (AR, MO, OK) due to 
development effects. 



Redundancy 
(Number and 
distribution of 
populations to 
withstand 
catastrophic events) 

• Multiple populations 
and metapopulations 
throughout the range 
of the species 

• 80 populations*spread 
across CO, KS, OK, MO, 
AR 

• 15 metapopulations**, 
are disjoint from one 
another 

• Some populations are 
widely distributed within 
their drainage area 

• Some populations are 
isolated to varying 
degrees 

Projections based on a combination of water 
depletion and watershed impacts (30 yrs): 

• Expected scenario:  Minimal if any 
significant reduction in redundancy at 
the species level.  

• Worst case scenario: Some loss of 
redundancy expected if populations are 
lost on the margins of the range in CO 
and western KS and OK. 

 

Representation 
(genetic and/or 
ecological diversity to 
maintain adaptive 
potential) 

• Occupy a range of 
ecologically diverse 
drainages and 
physiogeographic 
areas  

• Retain current 
genetic diversity 
 

• The breadth of 
physiogeograhical 
diversity known 
historically for this 
species is retained.  

• Genetic variation exists 
within Colorado  
populations; and 
between Arkansas and 
Missouri populations 
 

Projections based on a combination of water 
depletion and watershed impacts (30 yrs): 

• Expected Scenario:  Minimal if any 
significant reduction in representation 
at the species level.  

• Worst case scenario:  Potentially 
some reduction in representation, but 
all 3 physiogeographic areas expected 
to have multiple populations.  
 

 



From: Holt, Bryon
To: Shoemaker, Justin
Cc: Mark McCollough; Kurt Broderdorp; Jim Zelenak; Tamara Smith; Heather Bell; Mary Parkin; Jonathan Cummings
Subject: Re: Lynx SSA report - Chapter 6 Synthesis reveiw
Date: Monday, September 19, 2016 6:17:05 PM
Attachments: Lynx SSA report_Ch 6_Synthesis_09192016_Bryon"s cmmts.docx

Hi Justin,

Looks good from my perspective.  Just one minor comment.

Bryon

On Mon, Sep 19, 2016 at 2:14 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Core team,

Attached is the synthesis section of the Canada lynx SSA report.  It wraps up and
summarizes our assessment of the 3 Rs and viability in our report.  We need you to take a
quick look at it so we can finish up this section and move closer to having a full report that
is ready for Service review.  

Please make comments and edits as necessary in track changes and send the word document
back to me by Thursday this week.  We can also discuss on the team call tomorrow if
needed.  There is also a table suggestion at the end of this section, feedback on that would be
appreciated.  

Thanks.

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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Chapter 6:  Synthesis 

This section synthesizes the needs, current condition, and likely future condition of the Canada lynx in 
the contiguous U.S. DPS with respect to the conservation biology principles of representation, 
redundancy, and resiliency.   Its purpose is to provide an understanding of the rangewide status of this 
DPS that is as clear as possible given the unavoidable uncertainties involving demography and long-term 
threats. 

Needs  

Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests with 
dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive advantage for 
exploiting its primary prey, the snowshoe hare.   Lynx in the contiguous U.S. have the same ecological 
requirements as lynx in Canada and Alaska, and throughout the species’ range hare abundance is the 
primary driver of lynx population dynamics.  However, the DPS is at the southernmost margin of the 
species’ range, where boreal forests transition to temperate conifer and hardwood forests, and where 
snow conditions and hare abundance generally become less favorable with decreasing latitude.  Because 
of this, habitat is less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska.  As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. 

Current Condition and Threats 

Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of individual 
lynx populations and their broad distribution across the geographic scope of the DPS.  Available 
information indicates that five out of six geographic units in the DPS contain resident breeding lynx 
populations.  Although we have no reliable population-size estimates for any of the geographic units, 
Northern Maine (Unit 1) is believed to currently support the largest resident population in the DPS.  In 
Northeastern Minnesota (Unit 2), a resident population occupies the Arrowhead Region of the State.  
Northwestern Montana and northeastern Idaho (Unit 3) continue to support resident lynx, although a 
small subpopulation in the Garnet Mountains on the southern periphery of this unit may have been 
extirpated recently.   In North-central Washington (Unit 4), recent extensive wildfires have temporarily 
reduced the amount of high-quality lynx habitat and may have caused a decline in lynx numbers there.  
Since the release of Canadian and Alaskan lynx in 1999-2006,  resident lynx currently occupy western 
Colorado (Unit 6).  No lynx were detected during recent research in the Greater Yellowstone Area (GYA, 
Unit 5), which is thought to have historically supported a small resident population.   

Representation, the ability of a species to adapt to changing environmental conditions over time, is 
characterized by the breadth of genetic and environmental diversity within and among populations 
(USFWS 2016).  Information provided by lynx experts and geneticists indicates a generally low level of 
genetic differentiation and relatively similar ecological settings across the DPS, suggesting little life 
history variability or niche differentiation among DPS populations (USFWS 2016, p. 51).  This suggests 



that the current level of representation in the DPS is similar to the historical condition and is not 
indicative of current risks to the genetic health or adaptive capacity of the DPS.   

The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on federal 
lands, has been largely addressed by formal and binding amendments or revisions to most federal land 
management plans within the DPS range.  Although questions remain about the efficacy of this 
improved regulatory framework, federal lands are now being managed specifically to protect and 
restore lynx habitats, with the goal of supporting continued lynx presence on these lands.  Most federal 
lands, which constitute 64 percent of lynx habitat evaluated in this SSA, are found in the western U.S.   

Other stressors affect lynx in one or more geographic units.  For instance, in northern Maine, where 
most high-quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that govern 
private forest management may currently be causing decreases in habitat quantity, quality, and 
distribution, and in lynx numbers (also see Future Conditions and Threats, below).  In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of nearly 450 percent of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its current 
ability to support a resident population until habitats recover.  Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern Montana/Northeastern 
Idaho, the GYA, and Western Colorado), but the extent to which it has influenced the current condition 
of lynx populations in those units is uncertain. 

Climate change is occurring at a global and, thus, a DPS-wide scale.  Increased wildfire frequency, size, 
and severity (as described above) are among a number of climate-mediated factors that have likely 
influenced current lynx numbers and habitats in the DPS.  For example, climate warming has reduced 
snow amount, duration, and quality (in terms of conditions favorable for lynx), it has been linked to 
increased magnitude and severity of forest insect outbreaks, and it likely has already resulted in some 
changes in vegetative communities.  However, whether, and if so to what extent, these factors have 
influenced current lynx numbers or other demographic parameters and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units.  Despite uncertainty regarding its influence over current conditions for lynx, climate 
modeling and expert opinion concur that continued climate warming will adversely impact lynx in the 
DPS in the future (see below). 

Future Condition and Threats 

The resiliency of individual geographic units, which appear to function independently of each other, is 
the primary determinant of the future viability of the lynx DPS.  Overall, expert opinion and our analyses 
suggest a declining probability of persistence for each of the geographic units within the DPS throughout 
the rest of this century (noting that the analysis did not extend beyond 2100), with the potential 
permanent loss (functional extirpation of resident lynx populations) of two to four of the six units, i.e., 
loss of resiliency, by the end of the century. 

Commented [HB1]: The 40 percent estimate comes from Ben 
Maletzke’s presentation at the expert elicitation workshop, and is 
based on a more qualitative analysis.  Whereas, the 50 percent 
threshold I cite to in my assessment of the current condition of lynx 
habitat in this geographic unit comes from Koehler et al. (2008, p. 
1523), which is quantitative analysis published in a peer reviewed 
journal.  Thus, I suggest the 50 percent number is stronger 
scientifically.  



Although the loss of one or more geographic units would reduce redundancy and could diminish 
representation, neither redundancy nor representation appears likely to influence the viability of the 
DPS through the end of the century, for several reasons.  Although lynx populations in the DPS units are 
demographically isolated from each other, there appears to be little risk of significant genetic drift 
within the DPS.  This is due to the currently-observed and likely future high level of gene flow across the 
species’ range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity between 
most parts of the DPS and lynx populations in Canada.  Furthermore, based on expert input, there is no 
indication that the relatively low level of genetic diversity among lynx populations is likely to reduce DPS 
viability in the future (USFWS 2016, p. 51).  This information suggests the current and likely future 
relative genetic health of the DPS, and we do not expect representation to become a concern through 
the turn of the century. 

With regard to redundancy, neither the scientific literature nor expert input provide a basis for 
concluding that any single catastrophic event could cause extirpation of any one geographic unit.  It is 
even less likely that a single catastrophic event will eliminate all populations in the DPS.  It is important 
to note, however, that a sequence of catastrophic events over a short time could increase the potential 
for functional extirpation of one or more of the individual geographic units (e.g., fires in north-central 
Washington, as described above), thereby reducing redundancy within the DPS. 

The likelihood of persistence of individual populations, and thus continued presence of resident lynx in 
each geographic unit, is expected to decrease by 2100 primarily because of climate change effects on 
snow conditions and boreal forests.  Based on climate change models, the effects of climate change on 
snow and boreal forest conditions are foreseen as the primary stressor limiting future viability of lynx in 
the DPS.  The southernmost boreal habitats are predicted to retreat northward and upslope, 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS (although some 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts).  As 
habitat conditions decline, mortality rates are likely to increase and reproductive rates decrease.  This in 
turn will reduce abundance and density of individuals within populations, making lynx populations more 
susceptible to stochastic events.   

Given the high percentage of federal land ownership, regulatory commitments that these lands will 
continue to be managed in accordance with lynx conservation principles, and the existence of potential 
high-elevation climate refugia to which lynx habitats and some lynx might move, western geographic 
units are more likely to support resident lynx longer under projected climate change scenarios.  
Nonetheless, we are unaware of any management action that can abate the long-term retreat of boreal 
forests and diminished snow conditions projected by climate models.  Further, the size, frequency, and 
intensity of wildfires and  forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such events in-
and-of-themselves likely to cause the permanent loss of breeding lynx populations in any geographic 
unit. 



Given similar projections of climate-mediated losses of boreal forests and snow conditions favorable for 
lynx, persistence of lynx populations in Maine and Minnesota may be relatively lower given the smaller 
percent of federal lands and associated regulatory commitments to lynx conservation, and the lack of 
potential elevational refugia.  Additionally, as noted above, changes to regulations governing timber 
harvest on private forest lands in Maine are unlikely to maintain the current historically-high amount 
and distribution of good lynx habitat or the current large population of resident lynx.  These changes, 
which may affect over 90 percent of lynx habitats in northern Maine, are projected to result in 
substantial declines in habitat quality and distribution, and lynx numbers, over the next 10-30 years, 
primarily through restrictions on clearcutting and subsequent forest succession detrimental to 
snowshoe hare and lynx needs. 

DPS viability 

Although the historical record does not suggest broad-scale loss of resident lynx populations in the 
contiguous U.S., a number of threats acting at the DPS and individual geographic unit scales indicate a 
moderate to high likelihood of declines (i.e., loss of two to four units) by the turn of the century.  While 
it is more likely than not that any given individual unit—northern Maine, northeastern Minnesota, 
northwestern Montana, western Colorado, and possibly north-central Washington—will persist to mid-
century, it is unlikely all that five will persist to that point.  By the end of the century, we expect 
populations to persist primarily in units having high-elevation refugia, e.g., northwestern Montana and 
possibly western Colorado, although Colorado would be an isolated unit.  Lynx may also persist at the 
end of the century in Maine and Minnesota, depending on the severity of climate change effects and, in 
Maine, on trends in development and private forest management.  Uncertainty increases at mid- to late-
century concerning the timing and extent of various stressors that will affect lynx and hare habitat and 
snow regimes, especially those related to climate change.  However, review of the best available science 
in concert with input from lynx experts suggests that the probability of the persistence of resident 
breeding populations will decline in all units beginning as early as 2025, with the negative DPS-wide 
trajectory continuing to the end of the century, and (with no evidence to the contrary) beyond that time 
frame.    

We conclude that the eventual loss of resiliency indicated by extirpation of geographic units will also 
reduce redundancy and, possibly, representation.  These losses in resiliency, redundancy, and 
representation will put the Canada lynx U.S. DPS at increasing risk of extinction. 

Table ZZ. Characterization of future status of the Canada lynx DPS using the conservation biology 
principles of redundancy, resiliency, and representation. 

[insert table here]  

[Core Team, below is an example from Arkansas darter, something like this maybe? Thoughts?]



 

3Rs 
 

Needs 
 

Current Condition 
Future Condition 

(Viability) 
Resiliency: 
Population 
(Populations able 
to withstand 
stochastic events) 

• Sections of HUC 10 
watershed w/ year-round 
water for regufia (most 
influential)  

• Sufficient water quality 
• Appropriate habitat - 

substrate and aquatic 
vegetation for breeding, 
feeding, sheltering. 
 

• Muliple populations 
with high level of 
resiliency (Table 3) 

• Dewatering potentially 
decreasing refugia (and 
in turn resiliency) in 
25% of the range 
 

Projections based on a combination of water 
depletion and watershed impacts (30Yrs): 

• Expected scenario:  Little change on a 
range-wide basis.  Loss of a low number 
of subpopulations (HUC 12s) in the 
western Cimarron and upper 
Rattlesnake Creek basin, KS.  Possible 
loss of a low number of isolated 
subpopulations in the Colorado range.  
Possible loss of a very low number of 
subpopulations in the Eastern portion of 
the range (AR, MO, OK) due to 
development effects.    

• Worst case scenario: Little change 
throughout the eastern range and most 
of the central range. Water depletion 
increases in western portions of the 
Kansas range and portions of the 
Colorado range, in combination with 
long term drought, resulting in loss of 
stream flows and multiple 
subpopulations (HUC 12s) and some 
populations (HUC 10s) in these areas.  
Possible loss of a very low number of 
subpopulations in the Eastern portion of 
the range (AR, MO, OK) due to 
development effects. 



Redundancy 
(Number and 
distribution of 
populations to 
withstand 
catastrophic events) 

• Multiple populations 
and metapopulations 
throughout the range 
of the species 

• 80 populations*spread 
across CO, KS, OK, MO, 
AR 

• 15 metapopulations**, 
are disjoint from one 
another 

• Some populations are 
widely distributed within 
their drainage area 

• Some populations are 
isolated to varying 
degrees 

Projections based on a combination of water 
depletion and watershed impacts (30 yrs): 

• Expected scenario:  Minimal if any 
significant reduction in redundancy at 
the species level.  

• Worst case scenario: Some loss of 
redundancy expected if populations are 
lost on the margins of the range in CO 
and western KS and OK. 

 

Representation 
(genetic and/or 
ecological diversity to 
maintain adaptive 
potential) 

• Occupy a range of 
ecologically diverse 
drainages and 
physiogeographic 
areas  

• Retain current 
genetic diversity 
 

• The breadth of 
physiogeograhical 
diversity known 
historically for this 
species is retained.  

• Genetic variation exists 
within Colorado  
populations; and 
between Arkansas and 
Missouri populations 
 

Projections based on a combination of water 
depletion and watershed impacts (30 yrs): 

• Expected Scenario:  Minimal if any 
significant reduction in representation 
at the species level.  

• Worst case scenario:  Potentially 
some reduction in representation, but 
all 3 physiogeographic areas expected 
to have multiple populations.  
 

 



From: Parkin, Mary
To: Zelenak, Jim
Cc: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp; Heather Bell; Jonathan Cummings; Justin

Shoemaker; Jodi Bush; Seth Willey
Subject: Re: Invitation for Instant Net Conference
Date: Tuesday, September 20, 2016 8:40:40 AM

Hi Jim and all,

I won't be able to make the call and the Executive Summary is still in process, but I think this
is the least important thing to discuss at this point!

I'll try to catch up with you before I head out (of the country) next week.  

Cheers,
Mary

On Mon, Sep 19, 2016 at 4:49 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

After talking briefly with Justin, we thought it would be good to have the Core Team (as
well as FIT) on the call tomorrow (Sept. 20) so everyone is up to date, we can talk about
what remains to be reviewed by the Core Team before the draft SSA report is ready for
broader internal Service review, and our options for progress given the access/editing
challenges on Google Drive.

Core Team also needs to discuss several of the draft tables currently in the doc.

So please join the call if you can.  10 AM Mountain Time, usual number and passcode:

866-857-8504
Passcode 7620543

We will also have the webinar up so we can work through the document together (likely a
word version given access issues).  Webinar access information at bottom.

Hope Core and FIT members can attend.

Thanks, 

On Mon, Sep 12, 2016 at 1:36 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

This is a reminder for tomorrow's weekly Lynx SSA Core/FIT Teams call and webinar.  We will be going
through the draft doc on the drive trying to finish changes so it will be ready to go out for internal FWS review
very soon.

Webinar instructions below.  Usual conference number and passcode - you should have them on your calendar,
too:
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866-857-8504
passcode 7620543

Hope you all can join.

Thanks,

Jim

---------- Forwarded message ----------
From: <e-meetings@mymeetings.com>
Date: Mon, Sep 12, 2016 at 1:17 PM
Subject: Invitation for Instant Net Conference
To: jim_zelenak@fws.gov

 
You are invited to join a meeting hosted by  BRENT  ESMOIL. Meeting details are listed 
below.

Meeting Date: 09/

20/2016 
Meeting Time: 10:00 AM MOUNTAIN TIME

Instant Net Conference Details:
-------------------------------
Meeting Number:          446939152
Meeting Passcode:        
Meeting Host:             BRENT  ESMOIL

Join Instructions for Instant Net Conference:

1. Join the meeting now:
http://www.mymeetings.com/nc/join.php?sigKey=mymeetings&i=446939152&p=&t=c
2. Enter the required fields.
3. Indicate that you have read the Privacy Policy.
4. Click on Proceed.

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov
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From: Cummings, Jonathan
To: Holt, Bryon
Cc: Shoemaker, Justin; Mark McCollough; Kurt Broderdorp; Jim Zelenak; Tamara Smith; Heather Bell; Mary Parkin
Subject: Re: Lynx SSA report - Chapter 6 Synthesis reveiw
Date: Tuesday, September 20, 2016 9:20:39 AM
Attachments: Lynx SSA report_Ch 6_Synthesis_09192016_Jonathan"s cmmts.docx

I added my three very minor changes and one comment to Bryon's.  Very well done on the
synthesis!

Jonathan

On Mon, Sep 19, 2016 at 6:16 PM, Holt, Bryon <bryon_holt@fws.gov> wrote:
Hi Justin,

Looks good from my perspective.  Just one minor comment.

Bryon

On Mon, Sep 19, 2016 at 2:14 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Core team,

Attached is the synthesis section of the Canada lynx SSA report.  It wraps up and
summarizes our assessment of the 3 Rs and viability in our report.  We need you to take a
quick look at it so we can finish up this section and move closer to having a full report that
is ready for Service review.  

Please make comments and edits as necessary in track changes and send the word
document back to me by Thursday this week.  We can also discuss on the team call
tomorrow if needed.  There is also a table suggestion at the end of this section, feedback
on that would be appreciated.  

Thanks.

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748

mailto:jwcummings@usgs.gov
mailto:bryon_holt@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:mark_mccollough@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:jim_zelenak@fws.gov
mailto:tamara_smith@fws.gov
mailto:heather_bell@fws.gov
mailto:mary_parkin@fws.gov
mailto:bryon_holt@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov


email:         bryon_holt@fws.gov
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12100 Beech Forest Road
Laurel, MD 20708 USA
jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings
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Chapter 6:  Synthesis 

This section synthesizes the needs, current condition, and likely future condition of the Canada lynx in 
the contiguous U.S. DPS with respect to the conservation biology principles of representation, 
redundancy, and resiliency.   Its purpose is to provide an understanding of the rangewide status of this 
DPS that is as clear as possible given the unavoidable uncertainties involving demography and long-term 
threats. 

Needs  

Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests with 
dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive advantage for 
exploiting its primary prey, the snowshoe hare.   Lynx in the contiguous U.S. have the same ecological 
requirements as lynx in Canada and Alaska, and throughout the species’ range hare abundance is the 
primary driver of lynx population dynamics.  However, the DPS is at the southernmost margin of the 
species’ range, where boreal forests transition to temperate conifer and hardwood forests, and where 
snow conditions and hare abundance generally become less favorable with decreasing latitude.  Because 
of this, habitat is less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska.  As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. 

Current Condition and Threats 

Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of individual 
lynx populations and their broad distribution across the geographic scope of the DPS.  Available 
information indicates that five out of six geographic units in the DPS contain resident breeding lynx 
populations.  Although we have no reliable population-size estimates for any of the geographic units, 
Northern Maine (Unit 1) is believed to currently support the largest resident population in the DPS.  In 
Northeastern Minnesota (Unit 2), a resident population occupies the Arrowhead Region of the State.  
Northwestern Montana and northeastern Idaho (Unit 3) continue to support resident lynx, although a 
small subpopulation in the Garnet Mountains on the southern periphery of this unit may have been 
extirpated recently.   In North-central Washington (Unit 4), recent extensive wildfires have temporarily 
reduced the amount of high-quality lynx habitat and may have caused a decline in lynx numbers there.  
Since the release of Canadian and Alaskan lynx in 1999-2006,  resident lynx currently occupy western 
Colorado (Unit 6).  No lynx were detected during recent research in the Greater Yellowstone Area (GYA, 
Unit 5), which is thought to have historically supported a small resident population.   

Representation, the ability of a species to adapt to changing environmental conditions over time, is 
characterized by the breadth of genetic and environmental diversity within and among populations 
(USFWS 2016).  Information provided by lynx experts and geneticists indicates a generally low level of 
genetic differentiation and relatively similar ecological settings across the DPS, suggesting little life 
history variability or niche differentiation among DPS populations (USFWS 2016, p. 51).  This suggests 



that the current level of representation in the DPS is similar to the historical condition and is not 
indicative of current risks to the genetic health or adaptive capacity of the DPS.   

The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on federal 
lands, has been largely addressed by formal and binding amendments or revisions to most federal land 
management plans within the DPS range.  Although questions remain about the efficacy of this 
improved regulatory framework, federal lands are now being managed specifically to protect and 
restore lynx habitats, with the goal of supporting continued lynx presence on these lands.  Most federal 
lands, which constitute 64 percent of lynx habitat evaluated in this SSA, are found in the western U.S.   

Other stressors affect lynx in one or more geographic units.  For instance, in northern Maine, where 
most high-quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that govern 
private forest management may currently be causing decreases in habitat quantity, quality, and 
distribution, and in lynx numbers (also see Future Conditions and Threats, below).  In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of nearly 450 percent of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its current 
ability to support a resident population until habitats recover.  Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern Montana/Northeastern 
Idaho, the GYA, and Western Colorado), but the extent to which it has influenced the current condition 
of lynx populations in those units is uncertain. 

Climate change is occurring at a global and, thus, a DPS-wide scale.  Increased wildfire frequency, size, 
and severity (as described above) are among a number of climate-mediated factors that have likely 
influenced current lynx numbers and habitats in the DPS.  For example, climate warming has reduced 
snow amount, duration, and quality (in terms of conditions favorable for lynx), it has been linked to 
increased magnitude and severity of forest insect outbreaks, and it likely has already resulted in some 
changes in vegetative communities.  However, whether, and if so to what extent, these factors have 
influenced current lynx numbers or other demographic parameters and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units.  Despite uncertainty regarding its influence over current conditions for lynx, climate 
modeling and expert opinion concur that continued climate warming will adversely impact lynx in the 
DPS in the future (see below). 

Future Condition and Threats 

The resiliency of individual geographic units, which appear to function independently of each other, is 
the primary determinant of the future viability of the lynx DPS.  Overall, expert opinion and our analyses 
suggest a declining probability of persistence for each of the geographic units within the DPS throughout 
the rest of this century (noting that the analysis did not extend beyond 2100), with the potential 
permanent loss (functional extirpation of resident lynx populations) of two to four of the six units, i.e., 
loss of resiliency, by the end of the century. 
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Although the loss of one or more geographic units would reduce redundancy and could diminish 
representation, neither redundancy nor representation appears likely to influence the viability of the 
DPS through the end of the century, for several reasons.  Although lynx populations in the DPS units are 
demographically isolated from each other, there appears to be little risk of significant genetic drift 
within the DPS.  This is due to the currently-observed and likely future high level of gene flow across the 
species’ range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity between 
most parts of the DPS and lynx populations in Canada.  Furthermore, based on expert input, there is no 
indication that the relatively low level of genetic diversity among lynx populations is likely to reduce DPS 
viability in the future (USFWS 2016, p. 51).  This information suggests the current and likely future 
relative genetic health of the DPS, and we do not expect representation to become a concern through 
the turn of the century. 

With regard to redundancy, neither the scientific literature nor expert input provide a basis for 
concluding that any single catastrophic event could cause extirpation of any one geographic unit.  It is 
even less likely that a single catastrophic event will eliminate all populations in the DPS.  It is important 
to note, however, that a sequence of catastrophic events over a short time could increase the potential 
for functional extirpation of one or more of the individual geographic units (e.g., fires in north-central 
Washington, as described above), thereby reducing redundancy within the DPS. 

The likelihood of persistence of individual populations, and thus continued presence of resident lynx in 
each geographic unit, is expected to decrease by 2100 primarily because of climate change effects on 
snow conditions and boreal forests.  Based on climate change models, the effects of climate change on 
snow and boreal forest conditions are foreseen as the primary stressor limiting future viability of lynx in 
the DPS.  The southernmost boreal habitats are predicted to retreat northward and upslope, 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS (although some 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts).  As 
habitat conditions decline, mortality rates are likely to increase and reproductive rates decrease.  This in 
turn will reduce abundance and density of individuals within populations, making lynx populations more 
susceptible to stochastic events.   

Given the high percentage of federal land ownership, regulatory commitments that these lands will 
continue to be managed in accordance with lynx conservation principles, and the existence of potential 
high-elevation climate refugia to which lynx habitats and some lynx might move, western geographic 
units are more likely to support resident lynx longer under projected climate change scenarios.  
Nonetheless, we are unaware of any management action that can abate the long-term retreat of boreal 
forests and diminished snow conditions projected by climate models.  Further, the size, frequency, and 
intensity of wildfires and  forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such events in-
and-of-themselves likely to cause the permanent loss of breeding lynx populations in any geographic 
unit. 



Given similar projections of climate-mediated losses of boreal forests and snow conditions favorable for 
lynx, persistence of lynx populations in Maine and Minnesota may be relatively lower than the more 
western units given the smaller percent of federal lands and associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia.  Additionally, as noted above, changes to 
regulations governing timber harvest on private forest lands in Maine are unlikely to maintain the 
current historically-high amount and distribution of good lynx habitat or the current large population of 
resident lynx.  These changes, which may affect over 90 percent of lynx habitats in northern Maine, are 
projected to result in substantial declines in habitat quality and distribution, and lynx numbers, over the 
next 10-30 years, primarily through restrictions on clearcutting and subsequent forest succession 
detrimental to snowshoe hare and lynx needs. 

DPS viability 

Although the historical record does not suggest broad-scale loss of resident lynx populations in the 
contiguous U.S., a number of threats acting at the DPS and individual geographic unit scales indicate a 
moderate to high likelihood of declines (i.e., loss of two to four units) by the turn of the century.  While 
it is more likely than not that any given individual unit—northern Maine, northeastern Minnesota, 
northwestern Montana, western Colorado, and possibly north-central Washington—will persist to mid-
century, it is unlikely all that all five will persist to that point.  By the end of the century, we expect 
populations to persist primarily in units having high-elevation refugia, e.g., northwestern Montana and 
possibly western Colorado, although Colorado would be an isolated unit.  Lynx may also persist at the 
end of the century in Maine and Minnesota, depending on the severity of climate change effects and, in 
Maine, on trends in development and private forest management.  Uncertainty increases at mid- to late-
century concerning the timing and extent of various stressors that will affect lynx and hare habitat and 
snow regimes, especially those related to climate change.  However, review of the best available science 
in concert with input from lynx experts suggests that the probability of the persistence of resident 
breeding populations will decline in all units beginning as early as 2025, with the negative DPS-wide 
trajectory continuing to the end of the century, and (with no evidence to the contrary) beyond that time 
frame.    

We conclude that the eventual loss of resiliency indicated by extirpation of geographic units will also 
reduce redundancy and, possibly, representation.  These losses in resiliency, redundancy, and 
representation will put the Canada lynx U.S. DPS at increasing risk of extinction. 

Table ZZ. Characterization of future status of the Canada lynx DPS using the conservation biology 
principles of redundancy, resiliency, and representation. 

[insert table here]  
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3Rs 
 

Needs 
 

Current Condition 
Future Condition 

(Viability) 
Resiliency: 
Population 
(Populations able 
to withstand 
stochastic events) 

• Sections of HUC 10 
watershed w/ year-round 
water for regufia (most 
influential)  

• Sufficient water quality 
• Appropriate habitat - 

substrate and aquatic 
vegetation for breeding, 
feeding, sheltering. 
 

• Muliple populations 
with high level of 
resiliency (Table 3) 

• Dewatering potentially 
decreasing refugia (and 
in turn resiliency) in 
25% of the range 
 

Projections based on a combination of water 
depletion and watershed impacts (30Yrs): 

• Expected scenario:  Little change on a 
range-wide basis.  Loss of a low number 
of subpopulations (HUC 12s) in the 
western Cimarron and upper 
Rattlesnake Creek basin, KS.  Possible 
loss of a low number of isolated 
subpopulations in the Colorado range.  
Possible loss of a very low number of 
subpopulations in the Eastern portion of 
the range (AR, MO, OK) due to 
development effects.    

• Worst case scenario: Little change 
throughout the eastern range and most 
of the central range. Water depletion 
increases in western portions of the 
Kansas range and portions of the 
Colorado range, in combination with 
long term drought, resulting in loss of 
stream flows and multiple 
subpopulations (HUC 12s) and some 
populations (HUC 10s) in these areas.  
Possible loss of a very low number of 
subpopulations in the Eastern portion of 
the range (AR, MO, OK) due to 
development effects. 



Redundancy 
(Number and 
distribution of 
populations to 
withstand 
catastrophic events) 

• Multiple populations 
and metapopulations 
throughout the range 
of the species 

• 80 populations*spread 
across CO, KS, OK, MO, 
AR 

• 15 metapopulations**, 
are disjoint from one 
another 

• Some populations are 
widely distributed within 
their drainage area 

• Some populations are 
isolated to varying 
degrees 

Projections based on a combination of water 
depletion and watershed impacts (30 yrs): 

• Expected scenario:  Minimal if any 
significant reduction in redundancy at 
the species level.  

• Worst case scenario: Some loss of 
redundancy expected if populations are 
lost on the margins of the range in CO 
and western KS and OK. 

 

Representation 
(genetic and/or 
ecological diversity to 
maintain adaptive 
potential) 

• Occupy a range of 
ecologically diverse 
drainages and 
physiogeographic 
areas  

• Retain current 
genetic diversity 
 

• The breadth of 
physiogeograhical 
diversity known 
historically for this 
species is retained.  

• Genetic variation exists 
within Colorado  
populations; and 
between Arkansas and 
Missouri populations 
 

Projections based on a combination of water 
depletion and watershed impacts (30 yrs): 

• Expected Scenario:  Minimal if any 
significant reduction in representation 
at the species level.  

• Worst case scenario:  Potentially 
some reduction in representation, but 
all 3 physiogeographic areas expected 
to have multiple populations.  
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Justin and Jim:  Here are my comments.

Mark

On Mon, Sep 19, 2016 at 5:14 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Core team,

Attached is the synthesis section of the Canada lynx SSA report.  It wraps up and
summarizes our assessment of the 3 Rs and viability in our report.  We need you to take a
quick look at it so we can finish up this section and move closer to having a full report that
is ready for Service review.  

Please make comments and edits as necessary in track changes and send the word document
back to me by Thursday this week.  We can also discuss on the team call tomorrow if
needed.  There is also a table suggestion at the end of this section, feedback on that would be
appreciated.  

Thanks.

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov
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Chapter 6:  Synthesis 

This section synthesizes the needs, current condition, and likely future condition of the Canada lynx in 
the contiguous U.S. DPS with respect to the conservation biology principles of representation, 
redundancy, and resiliency.   Its purpose is to provide an understanding of the rangewide status of this 
DPS that is as clear as possible given the unavoidable uncertainties involving demography and long-term 
threats. 

Needs  

Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests with 
dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive advantage for 
exploiting its primary prey, the snowshoe hare.   Lynx in the contiguous U.S. have the same ecological 
requirements as lynx in Canada and Alaska, and throughout the species’ range hare abundance is the 
primary driver of lynx population dynamics.  However, the DPS is at the southernmost margin of the 
species’ range, where boreal forests transition to temperate conifer and hardwood forests, and where 
snow conditions and hare abundance generally become less favorable with decreasing latitude.  Because 
of this, habitat is less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska.  As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. 

Current Condition and Threats 

Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of individual 
lynx populations and their broad distribution across the geographic scope of the DPS.  Available 
information indicates that five out of six geographic units in the DPS contain resident breeding lynx 
populations.  Although we have no reliable population-size estimates for any of the geographic units, 
Northern Maine (Unit 1) is believed to currently support the largest resident population in the DPS.  In 
Northeastern Minnesota (Unit 2), a resident population occupies the Arrowhead Region of the State.  
Northwestern Montana and northeastern Idaho (Unit 3) continue to support resident lynx, although a 
small subpopulation in the Garnet Mountains on the southern periphery of this unit may have been 
extirpated recently.   In North-central Washington (Unit 4), recent extensive wildfires have temporarily 
reduced the amount of high-quality lynx habitat and may have caused a decline in lynx numbers there.  
Since the release of Canadian and Alaskan lynx in 1999-2006,  resident lynx currently occupy western 
Colorado (Unit 6).  No lynx were detected during recent research in the Greater Yellowstone Area (GYA, 
Unit 5), which is thought to have historically supported a small resident population.   

Representation, the ability of a species to adapt to changing environmental conditions over time, is 
characterized by the breadth of genetic and environmental diversity within and among populations 
(USFWS 2016).  Lynx  have a specialized niche and very specific habitat and snow requirements that vary 
little suggesting little life history variability or niche differentiation among DPS populations (USFWS 
2016, p. 51).  Thus, lynx naturally have little ability to adapt to changing environmental conditions (i.e., 
shift to other prey species, habitats, or lower snow conditions).  Information provided by lynx experts 



and geneticists indicate that lynx haves a generally low level of genetic differentiation.  Although boreal 
forest and snow requirements are met throughout the DPS, they are found in different ecological and 
elevation settings and relatively similar ecological settings across the DPS.  , This suggests that Tthe 
current level of representation in the DPS is similar to the historical condition and doesis not indicateive 
of that there are current risks to the genetic health or adaptive capacity of the DPS.   

The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on federal 
lands, has been largely addressed by formal and binding amendments or revisions to most federal land 
management plans within the DPS range.  Although questions remain about the efficacy of this 
improved regulatory framework, federal lands are now being managed specifically to protect and 
restore lynx habitats, with the goal of supporting continued lynx presence on these lands.  Most federal 
lands, which constitute 64 percent of lynx habitat evaluated in this SSA, are found in the western U.S.   

Other stressors affect lynx in one or more geographic units.  For instance, in northern Maine, where 
most high-quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that govern 
private forest management may currently be causing decreases in habitat quantity, quality, and 
distribution, and in lynx numbers (also see Future Conditions and Threats, below).  There are no 
permanent or binding agreements or lynx management plans on private forest lands in Maine or 
elsewhere in the DPS.  In North-central Washington, recent large-scale wildfires have resulted in the 
temporary loss of nearly 40 percent of lynx habitat, likely reducing this unit’s current lynx population 
and potentially compromising its current ability to support a resident population until habitats recover.  
Increased wildfire activity also has impacted lynx habitats in the other western geographic units 
(Northwestern Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which 
it has influenced the current condition of lynx populations in those units is uncertain. 

Climate change is occurring at a global and, thus, a DPS-wide scale.  Increased wildfire frequency, size, 
and severity (as described above) are among a number of climate-mediated factors that have likely 
influenced current lynx numbers and habitats in the DPS.  For example, climate warming has reduced 
snow amount, duration, and quality (in terms of conditions favorable for lynx), it has been linked to 
increased magnitude and severity of forest insect outbreaks, and it likely has already resulted in some 
changes in vegetative communities.  However, whether, and if so to what extent, these factors have 
influenced current lynx numbers or other demographic parameters and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units.  Despite uncertainty regarding its influence over current conditions for lynx, climate 
modeling and expert opinion concur that continued climate warming will adversely impact lynx in the 
DPS in the future (see below). 

Future Condition and Threats 

The resiliency of individual geographic units, which appear to function independently of each other, is 
the primary determinant of the future viability of the lynx DPS.  Overall, expert opinion and our analyses 
suggest a declining probability of persistence for each of the geographic units within the DPS throughout 
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the rest of this century (noting that the analysis did not extend beyond 2100), with the potential 
permanent loss (functional extirpation of resident lynx populations) of two to four of the six units, i.e., 
loss of resiliency, by the end of the century. 

Although the loss of one or more geographic units would reduce redundancy and could diminish 
representation, neither redundancy nor representation appears likely to influence the viability of the 
DPS through the end of the century, for several reasons.  Although lynx populations in the DPS units are 
demographically isolated from each other, there seemsappears to be little risk of significant genetic drift 
within the DPS.  This is because of due to the currently-observed and likely future high level of gene flow 
across the species’ core range in Canada, the species’ well-documented dispersal capability, the current 
and likely future absence of significant barriers to dispersal between Canada and the DPS, and continued 
connectivity between most parts of the DPS and lynx populations in Canada.  Furthermore, based on 
expert input, there is no indication that the relatively low level of genetic diversity among lynx 
populations is likely to reduce DPS viability in the future (USFWS 2016, p. 51).  This information suggests 
the current and likely future relative genetic health of the DPS, and we do not expect representation to 
become a concern through the turn of the century. 

With regard to redundancy, neither the scientific literature nor expert input provide a basis for 
concluding that any single catastrophic event could cause extirpation of any one geographic unit.  It is 
even less likely that a single catastrophic event (other than climate change, which we considered as a 
separate stressor) will eliminate all populations in the DPS.  It is important to note, however, that a 
sequence of catastrophic events over a short time could increase the potential for functional extirpation 
of one or more of the individual geographic units (e.g., fires in north-central Washington, as described 
above), thereby reducing redundancy within the DPS. 

The likelihood of persistence of individual populations, and thus continued presence of resident lynx in 
each geographic unit, is expected to decrease by 2100 primarily because of climate change effects on 
snow conditions and boreal forests.  Based on climate change models, the effects of climate change on 
snow and boreal forest conditions are foreseen as the primary stressor limiting future viability of lynx in 
the DPS.  The southernmost boreal habitats and snow conditions are predicted to retreat northward and 
upslope, fragmenting and diminishing the quality of lynx and hare habitat within the DPS (although 
some uncertainty remains regarding the timing, extent, and biological consequences of such impacts).  
As habitat conditions decline, hare populations will decline and mortality rates are likely to increase and 
reproductive rates decrease.  As snow conditions decline, competitors (e.g., bobcats) are likely to out-
compete lynx. This in turn will reduce abundance and density of individuals within populations, making 
lynx populations more susceptible to stochastic events.   

Given the high percentage of federal land ownership in the West, regulatory commitments that these 
lands will continue to be managed in accordance with lynx conservation principles, and the existence of 
potential high-elevation climate refugia to which lynx habitats and some lynx might move, western 
geographic units are more likely to support resident lynx longer under projected climate change 
scenarios.  Nonetheless, we are unaware of any management action that can abate the long-term 
retreat of boreal forests and diminished snow conditions projected by climate models.  Further, the size, 
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frequency, and intensity of wildfires and  forest insect outbreaks are expected to increase with 
continued climate warming, particularly in the western portion of the DPS, although we do not 
anticipate such events in-and-of-themselves likely to cause the permanent loss of breeding lynx 
populations in any geographic unit. 

Given similar projections of climate-mediated losses of boreal forests and snow conditions favorable for 
lynx, persistence of lynx populations in Maine and Minnesota may be relatively lower given the smaller 
percent of federal lands and absence of associated regulatory commitments to lynx conservation, and 
the lack of potential elevational refugia.  Additionally, as noted above, changes to regulations governing 
timber harvest on private forest lands in Maine are unlikely to maintain the current historically-high 
amount and distribution of good lynx habitat or the current large population of resident lynx.  These 
changes, which may affect over 90 percent of lynx habitats in northern Maine, are projected to result in 
substantial declines in habitat quality and distribution, and lynx numbers, over the next 10-30 years, 
primarily through restrictions on clearcutting and the proliferation of partial harvesting, which are 
subsequent forest succession detrimental to snowshoe hare and lynx needs.  On private forest lands, 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, and 
uncertain forest markets will also reduce the quality and quantity of lynx  habitat. 

DPS viability 

Although the historical record does not suggest broad-scale loss of resident lynx populations in the 
contiguous U.S., a number of threats acting at the DPS and individual geographic unit scales indicate a 
moderate to high likelihood of declines (i.e., loss of two to four units) by the turn of the century.  While 
it is more likely than not that any given individual unit—northern Maine, northeastern Minnesota, 
northwestern Montana, western Colorado, and possibly north-central Washington—will persist to mid-
century, it is unlikely all that five will persist to that point.  By the end of the century, we expect 
populations to persist primarily in units having high-elevation refugia, e.g., northwestern Montana and 
possibly western Colorado, although Colorado would be an isolated unit.  Lynx may also persist at the 
end of the century in Maine and Minnesota, depending on the severity of climate change effects and, in 
Maine, on trends in development and private forest management.  Uncertainty increases at mid- to late-
century concerning the timing and extent of various stressors that will affect lynx and hare habitat and 
snow regimes, especially those related to climate change.  However, review of the best available science 
in concert with input from lynx experts suggests that the probability of the persistence of resident 
breeding populations will decline in all units beginning as early as 2025, with the negative DPS-wide 
trajectory continuing to the end of the century, and (with no evidence to the contrary) beyond that time 
frame.    

We conclude that the eventual loss of resiliency indicated by extirpation of geographic units will also 
reduce redundancy and, possibly, representation.  These losses in resiliency, redundancy, and 
representation will put the Canada lynx U.S. DPS at increasing risk of extinction. 

Table ZZ. Characterization of future status of the Canada lynx DPS using the conservation biology 
principles of redundancy, resiliency, and representation. 



[insert table here]  

[Core Team, below is an example from Arkansas darter, something like this maybe? Thoughts?]



 

3Rs 
 

Needs 
 

Current Condition 
Future Condition 

(Viability) 
Resiliency: 
Population 
(Populations able 
to withstand 
stochastic events) 

• Sections of HUC 10 
watershed w/ year-round 
water for regufia (most 
influential)  

• Sufficient water quality 
• Appropriate habitat - 

substrate and aquatic 
vegetation for breeding, 
feeding, sheltering. 
 

• Muliple populations 
with high level of 
resiliency (Table 3) 

• Dewatering potentially 
decreasing refugia (and 
in turn resiliency) in 
25% of the range 
 

Projections based on a combination of water 
depletion and watershed impacts (30Yrs): 

• Expected scenario:  Little change on a 
range-wide basis.  Loss of a low number 
of subpopulations (HUC 12s) in the 
western Cimarron and upper 
Rattlesnake Creek basin, KS.  Possible 
loss of a low number of isolated 
subpopulations in the Colorado range.  
Possible loss of a very low number of 
subpopulations in the Eastern portion of 
the range (AR, MO, OK) due to 
development effects.    

• Worst case scenario: Little change 
throughout the eastern range and most 
of the central range. Water depletion 
increases in western portions of the 
Kansas range and portions of the 
Colorado range, in combination with 
long term drought, resulting in loss of 
stream flows and multiple 
subpopulations (HUC 12s) and some 
populations (HUC 10s) in these areas.  
Possible loss of a very low number of 
subpopulations in the Eastern portion of 
the range (AR, MO, OK) due to 
development effects. 



Redundancy 
(Number and 
distribution of 
populations to 
withstand 
catastrophic events) 

• Multiple populations 
and metapopulations 
throughout the range 
of the species 

• 80 populations*spread 
across CO, KS, OK, MO, 
AR 

• 15 metapopulations**, 
are disjoint from one 
another 

• Some populations are 
widely distributed within 
their drainage area 

• Some populations are 
isolated to varying 
degrees 

Projections based on a combination of water 
depletion and watershed impacts (30 yrs): 

• Expected scenario:  Minimal if any 
significant reduction in redundancy at 
the species level.  

• Worst case scenario: Some loss of 
redundancy expected if populations are 
lost on the margins of the range in CO 
and western KS and OK. 

 

Representation 
(genetic and/or 
ecological diversity to 
maintain adaptive 
potential) 

• Occupy a range of 
ecologically diverse 
drainages and 
physiogeographic 
areas  

• Retain current 
genetic diversity 
 

• The breadth of 
physiogeograhical 
diversity known 
historically for this 
species is retained.  

• Genetic variation exists 
within Colorado  
populations; and 
between Arkansas and 
Missouri populations 
 

Projections based on a combination of water 
depletion and watershed impacts (30 yrs): 

• Expected Scenario:  Minimal if any 
significant reduction in representation 
at the species level.  

• Worst case scenario:  Potentially 
some reduction in representation, but 
all 3 physiogeographic areas expected 
to have multiple populations.  
 

 



From: Shoemaker, Justin
To: Mark McCollough; Bryon Holt; Kurt Broderdorp; Tamara Smith; Jim Zelenak
Subject: lynx ssa - Ch 6 synopsis table
Date: Tuesday, September 20, 2016 5:21:21 PM
Attachments: Lynx SSA Ch 6 synopsis table.docx

Core team,

Attached is a synopsis table for inclusion at the end of chapter 6 in the SSA report.  I tried to
just capture the high points of our assessment in the table so that it gives a quick recap of the
synopsis. Please take a look and let me know if you have edits/comments/additions. Thanks.

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov

mailto:justin_shoemaker@fws.gov
mailto:mark_mccollough@fws.gov
mailto:bryon_holt@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:tamara_smith@fws.gov
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mailto:justin_shoemaker@fws.gov


 

3Rs 
 

Needs 
 

Current Condition 
Future Condition 

(Viability) 

Resiliency: 
Population 
(Populations able 
to withstand 
stochastic events) 

• Specialist requiring boreal 
forests with dense 
horizontal cover, long 
winters, and deep, fluffy 
snow, which gives it a 
competitive advantage for 
exploiting its primary 
prey, the snowshoe hare  

• Five out of six geographic 
units in the DPS contain 
resident breeding lynx 
populations  

• Federal lands are now 
being managed specifically 
to protect and restore lynx 
habitats, with the goal of 
supporting continued lynx 
presence  

• Changes in forest 
management may currently 
be causing decreases in 
habitat quantity, quality, 
and distribution, and in 
lynx numbers in Maine 

• In North-central 
Washington, recent large-
scale wildfires have 
resulted in the temporary 
loss of nearly 40 percent of 
lynx habitat 

Projections based on impacts of stressors to 
turn of the century (2100): 

• The likelihood of persistence of 
individual populations, and thus 
continued presence of resident lynx 
in each geographic unit, is expected 
to decrease by 2100 primarily 
because of climate change effects on 
snow conditions and boreal forests.   

• We expect populations to persist 
primarily in units having high-
elevation refugia, e.g., northwestern 
Montana and possibly western 
Colorado, although Colorado would 
be an isolated unit.   

• Lynx may also persist at the end of 
the century in Maine and Minnesota, 
depending on the severity of climate 
change effects and, in Maine, on 
trends in development and private 
forest management.   

Redundancy 
(Number and 
distribution of 
populations to 
withstand 
catastrophic events) 

• Multiple populations 
throughout the range 
of the DPS 

• Redundancy similar to 
historic levels.  

• No lynx were detected during 
recent research in the 
Greater Yellowstone Area 
(GYA, Unit 5), which is 
thought to have historically 
supported a small resident 
population.   

Projections based on impacts of stressors to 
turn of the century (2100): 

• Moderate to high likelihood of 
declines (i.e., loss of two to four 
units) by the turn of the century 
resulting in reduced redundancy. 

 
 



Representation 
(genetic and/or 
ecological diversity to 
maintain adaptive 
potential) 

• Occupy a range of 
ecologically diverse 
areas  

• Retain current 
genetic diversity 
 

• The breadth of ecological 
diversity and genetic 
diversity known 
historically for this DPS is 
retained. No indication of 
current risks to the genetic 
health or adaptive capacity 
of the DPS 

Projections based on impacts of stressors to 
turn of the century (2100): 

• Moderate to high likelihood of 
declines (i.e., loss of two to four 
units) by the turn of the century 
resulting in reduced representation. 
 

 



From: Holt, Bryon
To: Shoemaker, Justin
Cc: Mark McCollough; Kurt Broderdorp; Tamara Smith; Jim Zelenak
Subject: Re: lynx ssa - Ch 6 synopsis table
Date: Tuesday, September 20, 2016 6:04:03 PM

Justin,

OK with table except for one correction.  Please change 40 to 50 under current condition for
resiliency.

Thanks,

Bryon

On Tue, Sep 20, 2016 at 2:20 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Core team,

Attached is a synopsis table for inclusion at the end of chapter 6 in the SSA report.  I tried to
just capture the high points of our assessment in the table so that it gives a quick recap of the
synopsis. Please take a look and let me know if you have edits/comments/additions. Thanks.

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Kurt Broderdorp
To: Justin Shoemaker; Mark McCollough; Jim Zelenak; Bryon Holt; Tamara Smith
Cc: Heather Bell; Mary Parkin; Jonathan Cummings
Subject: RE: Lynx SSA report - Chapter 6 Synthesis review
Date: Wednesday, September 21, 2016 12:36:17 PM
Attachments: Lynx SSA report_Ch 6_Synthesis_09192016KB_comments.docx

 
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Shoemaker, Justin [mailto:justin_shoemaker@fws.gov] 
Sent: Monday, September 19, 2016 3:14 PM
To: Mark McCollough; Kurt Broderdorp; Jim Zelenak; Bryon Holt; Tamara Smith
Cc: Heather Bell; Mary Parkin; Jonathan Cummings
Subject: Lynx SSA report - Chapter 6 Synthesis reveiw
 
Core team,
 
Attached is the synthesis section of the Canada lynx SSA report.  It wraps up and summarizes
our assessment of the 3 Rs and viability in our report.  We need you to take a quick look at it
so we can finish up this section and move closer to having a full report that is ready for
Service review.  
 
Please make comments and edits as necessary in track changes and send the word document
back to me by Thursday this week.  We can also discuss on the team call tomorrow if needed. 
There is also a table suggestion at the end of this section, feedback on that would be
appreciated.  
 
Thanks.
 
Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov
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mailto:justin_shoemaker@fws.gov
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Chapter 6:  Synthesis 

This section synthesizes the needs, current condition, and likely future condition of the Canada lynx in 
the contiguous U.S. DPS with respect to the conservation biology principles of representation, 
redundancy, and resiliency.   Its purpose is to provide an understanding of the rangewide status of this 
DPS that is as clear as possible given the unavoidable uncertainties involving demography and long-term 
threats. 

Needs  

Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests with 
dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive advantage for 
exploiting its primary prey, the snowshoe hare.   Lynx in the contiguous U.S. have the same ecological 
requirements as lynx in Canada and Alaska, and throughout the species’ range hare abundance is the 
primary driver of lynx population dynamics.  However, the DPS is at the southernmost margin of the 
species’ range, where boreal forests transition to temperate conifer and hardwood forests, and where 
snow conditions and hare abundance generally become less favorable with decreasing latitude.  Because 
of this, habitat is less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska.  As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. 

Current Condition and Threats 

Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of individual 
lynx populations and their broad distribution across the geographic scope of the DPS.  Available 
information indicates that five out of six geographic units in the DPS contain resident breeding lynx 
populations.  Although we have no reliable population-size estimates for any of the geographic units, 
Northern Maine (Unit 1) is believed to currently support the largest resident population in the DPS.  In 
Northeastern Minnesota (Unit 2), a resident population occupies the Arrowhead Region of the State.  
Northwestern Montana and northeastern Idaho (Unit 3) continue to support resident lynx, although a 
small subpopulation in the Garnet Mountains on the southern periphery of this unit may have been 
extirpated recently.   In North-central Washington (Unit 4), recent extensive wildfires have temporarily 
reduced the amount of high-quality lynx habitat and may have caused a decline in lynx numbers there.  
Since the release of Canadian and Alaskan lynx in 1999-2006,  resident lynx currently occupy western 
Colorado (Unit 6).  No lynx were detected during recent research in the Greater Yellowstone Area (GYA, 
Unit 5), which is thought to have historically supported a small resident population.   

Representation, the ability of a species to adapt to changing environmental conditions over time, is 
characterized by the breadth of genetic and environmental diversity within and among populations 
(USFWS 2016).  Information provided by lynx experts and geneticists indicates a generally low level of 
genetic differentiation and relatively similar ecological settings across the DPS, suggesting little life 
history variability or niche differentiation among DPS populations (USFWS 2016, p. 51).  This suggests 



that the current level of representation in the DPS is similar to the historical condition and is not 
indicative of current risks to the genetic health or adaptive capacity of the DPS.   

The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on federal 
lands, has been largely addressed by formal and binding amendments or revisions to most federal land 
management plans within the DPS range.  Although questions remain about the efficacy of this 
improved regulatory framework, federal lands are now being managed specifically to protect and 
restore lynx habitats, with the goal of supporting continued lynx presence on these lands.  Most federal 
lands, which constitute 64 percent of lynx habitat evaluated in this SSA, are found in the western U.S.   

Other stressors affect lynx in one or more geographic units.  For instance, in northern Maine, where 
most high-quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that govern 
private forest management may currently be causing decreases in habitat quantity, quality, and 
distribution, and in lynx numbers (also see Future Conditions and Threats, below).  In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of nearly 40 percent of lynx 
habitat, likely reducing this unit’s current lynx population and potentially compromising its current 
ability to support a resident population until habitats recover.  Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern Montana/Northeastern 
Idaho, the GYA, and Western Colorado), but the extent to which it has influenced the current condition 
of lynx populations in those units is uncertain. 

Climate change is occurring at a global and, thus, a DPS-wide scale.  Increased wildfire frequency, size, 
and severity (as described above) are among a number of climate-mediated factors that have likely 
influenced current lynx numbers and habitats in the DPS.  For example, climate warming has reduced 
snow amount, duration, and quality (in terms of conditions favorable for lynx), it has been linked to 
increased magnitude and severity of forest insect outbreaks, and it likely has already resulted in some 
changes in vegetative communities.  However, whether, and if so to what extent, these factors have 
influenced current lynx numbers or other demographic parameters and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units.  Despite uncertainty regarding its influence over current conditions for lynx, climate 
modeling and expert opinion concur that continued climate warming will adversely impact lynx in the 
DPS in the future (see below). 

Future Condition and Threats 

The resiliency of individual geographic units, which appear to function independently of each other, is 
the primary determinant of the future viability of the lynx DPS.  Overall, expert opinion and our analyses 
suggest a declining probability of persistence for each of the geographic units within the DPS throughout 
the rest of this century (noting that the analysis did not extend beyond 2100), with the potential 
permanent loss (functional extirpation of resident lynx populations) of two to four of the six units, i.e., 
loss of resiliency, by the end of the century. 



Although the loss of one or more geographic units would reduce redundancy and could diminish 
representation, neither redundancy nor representation appears likely to influence the viability of the 
DPS through the end of the century, for several reasons.  Although lynx populations in the DPS units are 
demographically isolated from each other, there appears to be little risk of significant genetic drift 
within the DPS.  This is due to the currently-observed and likely future high level of gene flow across the 
species’ range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity between 
most parts of the DPS and lynx populations in Canada.  Furthermore, based on expert input, there is no 
indication that the relatively low level of genetic diversity among lynx populations is likely to reduce DPS 
viability in the future (USFWS 2016, p. 51).  This information suggests the current and likely future 
relative genetic health of the DPS, and we do not expect representation to become a concern through 
the turn of the century. 

With regard to redundancy, neither the scientific literature nor expert input provide a basis for 
concluding that any single catastrophic event could cause extirpation of any one geographic unit.  It is 
even less likely that a single catastrophic event will eliminate all populations in the DPS.  It is important 
to note, however, that a sequence of catastrophic events over a short time could increase the potential 
for functional extirpation of one or more of the individual geographic units (e.g., fires in north-central 
Washington, as described above), thereby reducing redundancy within the DPS. 

The likelihood of persistence of individual populations, and thus continued presence of resident lynx in 
each geographic unit, is expected to decrease by 2100 primarily because of climate change effects on 
snow conditions and boreal forests.  Based on climate change models, the effects of climate change on 
snow and boreal forest conditions are foreseen as the primary stressor limiting future viability of lynx in 
the DPS.  The southernmost boreal habitats are predicted to retreat northward and upslope, 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS (although some 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts).  As 
habitat conditions decline, mortality rates are likely to increase and reproductive rates decrease.  This in 
turn will reduce abundance and density of individuals within populations, making lynx populations more 
susceptible to stochastic events.   

Given the high percentage of federal land ownership, regulatory commitments that these lands will 
continue to be managed in accordance with lynx conservation principles, and the existence of potential 
high-elevation climate refugia to which lynx habitats and some lynx might move, western geographic 
units are more likely to support resident lynx longer under projected climate change scenarios.  
Nonetheless, we are unaware of any management action that can abate the long-term retreat of boreal 
forests and diminished snow conditions projected by climate models.  Further, the size, frequency, and 
intensity of wildfires and  forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such events in-
and-of-themselves likely to cause the permanent loss of breeding lynx populations in any geographic 
unit. 



Given similar projections of climate-mediated losses of boreal forests and snow conditions favorable for 
lynx, persistence of lynx populations in Maine and Minnesota may be relatively lower given the smaller 
percent of federal lands and associated regulatory commitments to lynx conservation, and the lack of 
potential elevational refugia.  Additionally, as noted above, changes to regulations governing timber 
harvest on private forest lands in Maine are unlikely to maintain the current historically-high amount 
and distribution of good lynx habitat or the current large population of resident lynx.  These changes, 
which may affect over 90 percent of lynx habitats in northern Maine, are projected to result in 
substantial declines in habitat quality and distribution, and lynx numbers, over the next 10-30 years, 
primarily through restrictions on clearcutting and subsequent forest succession detrimental to 
snowshoe hare and lynx needs. 

DPS viability 

Although the historical record does not suggest broad-scale loss of resident lynx populations in the 
contiguous U.S., a number of threats acting at the DPS and individual geographic unit scales indicate a 
moderate to high likelihood of declines (i.e., loss of two to four units) by the turn of the century.  While 
it is more likely than not that any given individual unit—northern Maine, northeastern Minnesota, 
northwestern Montana, western Colorado, and possibly north-central Washington—will persist to mid-
century, it is unlikely all that five will persist to that point.  By the end of the century, we expect 
populations to persist primarily in units having high-elevation refugia, e.g., northwestern Montana and 
possibly western Colorado, although Colorado would be anremain an isolated unit, and may become 
more isolated by loss of the GYA unit.  Lynx may also persist at the end of the century in Maine and 
Minnesota, depending on the severity of climate change effects and, in Maine, on trends in 
development and private forest management.  Uncertainty increases at mid- to late-century concerning 
the timing and extent of various stressors that will affect lynx and hare habitat and snow regimes, 
especially those related to climate change.  However, review of the best available science in concert 
with input from lynx experts suggests that the probability of the persistence of resident breeding 
populations will decline in all units beginning as early as 2025, with the negative DPS-wide trajectory 
continuing to the end of the century, and (with no evidence to the contrary) beyond that time frame.    

We conclude that the eventual loss of resiliency indicated by extirpation of geographic units will also 
reduce redundancy and, possibly, representation.  These losses in resiliency, redundancy, and 
representation will put the Canada lynx U.S. DPS at increasing risk of extinction. 

Table ZZ. Characterization of future status of the Canada lynx DPS using the conservation biology 
principles of redundancy, resiliency, and representation. 

[insert table here]  

[Core Team, below is an example from Arkansas darter, something like this maybe? Thoughts?]

Commented [BK1]: Isolated from what?  How would this be 
different than current conditions?   



 

3Rs 
 

Needs 
 

Current Condition 
Future Condition 

(Viability) 
Resiliency: 
Population 
(Populations able 
to withstand 
stochastic events) 

• Sections of HUC 10 
watershed w/ year-round 
water for regufia (most 
influential)  

• Sufficient water quality 
• Appropriate habitat - 

substrate and aquatic 
vegetation for breeding, 
feeding, sheltering. 
 

• Muliple populations 
with high level of 
resiliency (Table 3) 

• Dewatering potentially 
decreasing refugia (and 
in turn resiliency) in 
25% of the range 
 

Projections based on a combination of water 
depletion and watershed impacts (30Yrs): 

• Expected scenario:  Little change on a 
range-wide basis.  Loss of a low number 
of subpopulations (HUC 12s) in the 
western Cimarron and upper 
Rattlesnake Creek basin, KS.  Possible 
loss of a low number of isolated 
subpopulations in the Colorado range.  
Possible loss of a very low number of 
subpopulations in the Eastern portion of 
the range (AR, MO, OK) due to 
development effects.    

• Worst case scenario: Little change 
throughout the eastern range and most 
of the central range. Water depletion 
increases in western portions of the 
Kansas range and portions of the 
Colorado range, in combination with 
long term drought, resulting in loss of 
stream flows and multiple 
subpopulations (HUC 12s) and some 
populations (HUC 10s) in these areas.  
Possible loss of a very low number of 
subpopulations in the Eastern portion of 
the range (AR, MO, OK) due to 
development effects. 



Redundancy 
(Number and 
distribution of 
populations to 
withstand 
catastrophic events) 

• Multiple populations 
and metapopulations 
throughout the range 
of the species 

• 80 populations*spread 
across CO, KS, OK, MO, 
AR 

• 15 metapopulations**, 
are disjoint from one 
another 

• Some populations are 
widely distributed within 
their drainage area 

• Some populations are 
isolated to varying 
degrees 

Projections based on a combination of water 
depletion and watershed impacts (30 yrs): 

• Expected scenario:  Minimal if any 
significant reduction in redundancy at 
the species level.  

• Worst case scenario: Some loss of 
redundancy expected if populations are 
lost on the margins of the range in CO 
and western KS and OK. 

 

Representation 
(genetic and/or 
ecological diversity to 
maintain adaptive 
potential) 

• Occupy a range of 
ecologically diverse 
drainages and 
physiogeographic 
areas  

• Retain current 
genetic diversity 
 

• The breadth of 
physiogeograhical 
diversity known 
historically for this 
species is retained.  

• Genetic variation exists 
within Colorado  
populations; and 
between Arkansas and 
Missouri populations 
 

Projections based on a combination of water 
depletion and watershed impacts (30 yrs): 

• Expected Scenario:  Minimal if any 
significant reduction in representation 
at the species level.  

• Worst case scenario:  Potentially 
some reduction in representation, but 
all 3 physiogeographic areas expected 
to have multiple populations.  
 

 



From: McCollough, Mark
To: Shoemaker, Justin
Cc: Bryon Holt; Kurt Broderdorp; Tamara Smith; Jim Zelenak
Subject: Re: lynx ssa - Ch 6 synopsis table
Date: Wednesday, September 21, 2016 1:17:03 PM
Attachments: McCollough comments 9.21.2016 Lynx SSA Ch 6 synopsis table.docx

Justin:  Here are a few comments/suggestions.  Mark

On Tue, Sep 20, 2016 at 5:20 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Core team,

Attached is a synopsis table for inclusion at the end of chapter 6 in the SSA report.  I tried to
just capture the high points of our assessment in the table so that it gives a quick recap of the
synopsis. Please take a look and let me know if you have edits/comments/additions. Thanks.

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED!!!! 
On Tuesdays and Thursdays call 207 944-5709

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:bryon_holt@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:tamara_smith@fws.gov
mailto:jim_zelenak@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov
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3Rs 
 

Needs 
 

Current Condition 
Future Condition 

(Viability) 

Resiliency: 
Population 
(Population
s able to 
withstand 
stochastic 
events) 

• Specialist 
requiring boreal 
forests with dense 
horizontal cover, 
long winters, and 
deep, fluffy snow, 
which gives it a 
competitive 
advantage for 
exploiting its 
primary prey, the 
snowshoe hare  

• DPS believed to be 
dependent on 
periodic influx of 
lynx from Canada 
after peak of hare 
cycles 

• Five out of six geographic units in the 
DPS contain resident breeding lynx 
populations; population numbers 
unknown; Maine currently largest 
population  

• Federal lands are now being managed 
specifically to protect and restore 
lynx habitats, with the goal of 
supporting continued lynx presence  

• No long-term commitments to 
management plans on private forest 
lands 

• Changes in forest management may 
currently be causing decreases in 
habitat quantity, quality, and 
distribution, and in lynx numbers in 
Maine 

• In North-central Washington, recent 
large-scale wildfires have resulted in 
the temporary loss of nearly 40 
percent of lynx habitat 

• Recent hare cycles are diminished in 
amplitude 

Projections based on impacts of stressors to turn of 
the century (2100): 
• The likelihood of persistence of individual 

populations, and thus continued presence 
of resident lynx in each geographic unit, is 
expected to decrease by 2100 primarily 
because of climate change effects on snow 
conditions and boreal forests.   

• We expect populations to persist 
primarily in units having high-elevation 
refugia, e.g., northwestern Montana and 
possibly western Colorado, although 
Colorado would be an isolated unit.   

• Lynx may also persist at the end of the 
century in Maine and Minnesota, 
depending on the severity of climate 
change effects and, in Maine, on trends in 
development and private forest 
management on private lands. 

• Habitat and snow conditions move north 
and/or to higher elevation   

• Hare cycles may diminish because of 
climate change 

Redundancy 
(Number and 
distribution 
of 
populations 
to withstand 
catastrophic 
events) 

• Multiple 
populations 
throughout the 
range of the 
DPS 

• Redundancy similar to historic levels.  
• No lynx were detected during recent 

research in the Greater Yellowstone 
Area (GYA, Unit 5), which is thought to 
have historically supported a small 
resident population.   

Projections based on impacts of stressors to turn of 
the century (2100): 

• Moderate to high likelihood of declines 
(i.e., loss of two to four units) by the turn 
of the century resulting in reduced 
redundancy. 

 
 



Representatio
n (genetic 
and/or 
ecological 
diversity to 
maintain 
adaptive 
potential) 

• Occupy a 
range of 
ecologically 
diverse areas  

• Retain 
current 
genetic 
diversity 
 

• The breadth of ecological diversity 
and genetic diversity known 
historically for this DPS is retained. 
No indication of current risks to the 
genetic health or adaptive capacity of 
the DPS 

Projections based on impacts of stressors to turn of 
the century (2100): 

• Moderate to high likelihood of declines 
(i.e., loss of two to four units) by the turn 
of the century resulting in reduced 
representation. 

• Loss of two to four units will reduce 
resiliency and redundancy of the DPS 
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From: Smith, Tamara
To: McCollough, Mark
Cc: Shoemaker, Justin; Bryon Holt; Kurt Broderdorp; Jim Zelenak
Subject: Re: lynx ssa - Ch 6 synopsis table
Date: Wednesday, September 21, 2016 5:24:06 PM
Attachments: Smith_McCollough comments 9.21.2016 Lynx SSA Ch 6 synopsis table.docx

Hi Justin - I added some comments on top of the version of the table with Mark's comments. 

Thanks, 
Tam

On Wed, Sep 21, 2016 at 12:17 PM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Justin:  Here are a few comments/suggestions.  Mark

On Tue, Sep 20, 2016 at 5:20 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Core team,

Attached is a synopsis table for inclusion at the end of chapter 6 in the SSA report.  I tried
to just capture the high points of our assessment in the table so that it gives a quick recap
of the synopsis. Please take a look and let me know if you have edits/comments/additions.
Thanks.

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED!!!!  On Tuesdays and Thursdays call 207 944-5709

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:tamara_smith@fws.gov
mailto:mark_mccollough@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:bryon_holt@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:mark_mccollough@fws.gov


-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell



 

3Rs 
 

Needs 
 

Current Condition 
Future Condition 

(Viability) 

Resiliency: 
Population 
(Population
s able to 
withstand 
stochastic 
events) 

• Specialist 
requiring boreal 
forests with dense 
horizontal cover, 
long winters, and 
deep, fluffy snow, 
which gives it a 
competitive 
advantage for 
exploiting its 
primary prey, the 
snowshoe hare  

• DPS believed to be 
dependent on 
periodic influx of 
lynx from Canada 
after peak of hare 
cycles 

• Five out of six geographic units in the 
DPS contain resident breeding lynx 
populations; population numbers 
unknown; Maine currently largest 
population  

• Federal lands are now being managed 
specifically to protect and restore 
lynx habitats, with the goal of 
supporting continued lynx presence  

• No long-term commitments to 
management plans on private forest 
lands 

• Changes in forest management may 
currently be causing decreases in 
habitat quantity, quality, and 
distribution, and in lynx numbers in 
Maine 

• In North-central Washington, recent 
large-scale wildfires have resulted in 
the temporary loss of nearly 40 
percent of lynx habitat 

• Recent hare cycles are diminished in 
amplitude 

Projections based on impacts of stressors to turn of 
the century (2100): 
• The likelihood of persistence of individual 

populations, and thus continued presence 
of resident lynx in each geographic unit, is 
expected to decrease by 2100 primarily 
because of climate change effects on snow 
conditions and boreal forests.   

• We expect populations to persist 
primarily in units having high-elevation 
refugia, e.g., northwestern Montana and 
possibly western Colorado, although 
Colorado would be an isolated unit.   

• Lynx may also persist at the end of the 
century in Maine and Minnesota, 
depending on the severity of climate 
change effects and, in Maine, on trends in 
development and private forest 
management on private lands. 

• Habitat and snow conditions move north 
and/or to higher elevation   

• Hare cycles may diminish because of 
climate change 

• Size, frequency, and intensity of wildfires 
and forest insect outbreaks are expected to 
increase with climate change. 

• Moderate to high likelihood of declines (i.e., 
loss of two to four units) by the turn of the 
century resulting in reduced resiliency. 
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Redundancy 
(Number and 
distribution 
of 
populations 
to withstand 
catastrophic 
events) 

• Multiple 
populations 
throughout the 
range of the 
DPS 

• Redundancy similar to historic levels.  
• No lynx were detected during recent 

research in the Greater Yellowstone 
Area (GYA, Unit 5), which is thought to 
have historically supported a small 
resident population.   

Projections based on impacts of stressors to turn of 
the century (2100): 

• Moderate to high likelihood of declines 
(i.e., loss of two to four units) by the turn 
of the century resulting in reduced 
redundancy. 

 
 

Representatio
n (genetic 
and/or 
ecological 
diversity to 
maintain 
adaptive 
potential) 

• Occupy a 
range of 
ecologically 
diverse areas  

• Retain 
current 
genetic 
diversity 
 

• The breadth of ecological diversity 
and genetic diversity known 
historically for this DPS is retained. 
No indication of current risks to the 
genetic health or adaptive capacity of 
the DPS 

Projections based on impacts of stressors to turn of 
the century (2100): 

• Moderate to high likelihood of declines 
(i.e., loss of two to four units) by the turn 
of the century resulting in reduced 
representation. 

• Loss of two to four units will reduce 
resiliency and redundancy of the DPS 
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From: Smith, Tamara
To: Justin Shoemaker
Cc: Mark McCollough; Kurt Broderdorp; Jim Zelenak; Bryon Holt; Heather Bell; Mary Parkin; Jonathan Cummings
Subject: Re: Lynx SSA report - Chapter 6 Synthesis review
Date: Wednesday, September 21, 2016 5:25:35 PM
Attachments: Lynx SSA report_Ch 6_Synthesis_09192016KB_comments_TSmith_comments.docx

Hi Justin - I added just a couple of comments - most of my comments were on the table (sent
to you in an email a few minutes ago). 

Thanks!
-Tam

On Wed, Sep 21, 2016 at 11:35 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:

 

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

From: Shoemaker, Justin [mailto:justin_shoemaker@fws.gov] 
Sent: Monday, September 19, 2016 3:14 PM
To: Mark McCollough; Kurt Broderdorp; Jim Zelenak; Bryon Holt; Tamara Smith
Cc: Heather Bell; Mary Parkin; Jonathan Cummings
Subject: Lynx SSA report - Chapter 6 Synthesis reveiw

 

Core team,

 

Attached is the synthesis section of the Canada lynx SSA report.  It wraps up and
summarizes our assessment of the 3 Rs and viability in our report.  We need you to take a
quick look at it so we can finish up this section and move closer to having a full report that
is ready for Service review.  

 

Please make comments and edits as necessary in track changes and send the word document
back to me by Thursday this week.  We can also discuss on the team call tomorrow if
needed.  There is also a table suggestion at the end of this section, feedback on that would be
appreciated.  
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mailto:justin_shoemaker@fws.gov
mailto:mark_mccollough@fws.gov
mailto:kurt_broderdorp@fws.gov
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mailto:heather_bell@fws.gov
mailto:mary_parkin@fws.gov
mailto:jwcummings@usgs.gov
mailto:Kurt_Broderdorp@fws.gov
mailto:justin_shoemaker@fws.gov


 

Thanks.

 

Justin Shoemaker

Senior Listing Biologist

U.S. Fish and Wildlife Service, Region 6

1511 47th Avenue, Moline, IL 61265

Phone: 309-757-5800 ext. 214

Email: justin_shoemaker@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

mailto:justin_shoemaker@fws.gov


Chapter 6:  Synthesis 

This section synthesizes the needs, current condition, and likely future condition of the Canada lynx in 
the contiguous U.S. DPS with respect to the conservation biology principles of representation, 
redundancy, and resiliency.   Its purpose is to provide an understanding of the rangewide status of this 
DPS that is as clear as possible given the unavoidable uncertainties involving demography and long-term 
threats. 

Needs  

Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests with 
dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive advantage for 
exploiting its primary prey, the snowshoe hare.   Lynx in the contiguous U.S. have the same ecological 
requirements as lynx in Canada and Alaska, and throughout the species’ range hare abundance is the 
primary driver of lynx population dynamics.  However, the DPS is at the southernmost margin of the 
species’ range, where boreal forests transition to temperate conifer and hardwood forests, and where 
snow conditions and hare abundance generally become less favorable with decreasing latitude.  Because 
of this, habitat is less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska.  As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. 

Current Condition and Threats 

Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of individual 
lynx populations and their broad distribution across the geographic scope of the DPS.  Available 
information indicates that five out of six geographic units in the DPS contain resident breeding lynx 
populations.  Although we have no reliable population-size estimates for any of the geographic units, 
Northern Maine (Unit 1) is believed to currently support the largest resident population in the DPS.  In 
Northeastern Minnesota (Unit 2), a resident population occupies the Arrowhead Region of the State.  
Northwestern Montana and northeastern Idaho (Unit 3) continue to support resident lynx, although a 
small subpopulation in the Garnet Mountains on the southern periphery of this unit may have been 
extirpated recently.   In North-central Washington (Unit 4), recent extensive wildfires have temporarily 
reduced the amount of high-quality lynx habitat and may have caused a decline in lynx numbers there.  
Since the release of Canadian and Alaskan lynx in 1999-2006,  resident lynx currently occupy western 
Colorado (Unit 6).  No lynx were detected during recent research in the Greater Yellowstone Area (GYA, 
Unit 5), which is thought to have historically supported a small resident population.   

Representation, the ability of a species to adapt to changing environmental conditions over time, is 
characterized by the breadth of genetic and environmental diversity within and among populations 
(USFWS 2016).  Information provided by lynx experts and geneticists indicates a generally low level of 
genetic differentiation and relatively similar ecological settings across the DPS, suggesting little life 
history variability or niche differentiation among DPS populations (USFWS 2016, p. 51).  This suggests Commented [TAS1]: This sounds different from what we are 

saying in the table that Justin just sent out. I flagged it there too. 



that the current level of representation in the DPS is similar to the historical condition and is not 
indicative of current risks to the genetic health or adaptive capacity of the DPS.   

The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on federal 
lands, has been largely addressed by formal and binding amendments or revisions to most federal land 
management plans within the DPS range.  Although questions remain about the efficacy of this 
improved regulatory framework, federal lands are now being managed specifically to protect and 
restore lynx habitats, with the goal of supporting continued lynx presence on these lands.  Most federal 
lands, which constitute 64 percent of lynx habitat evaluated in this SSA, are found in the western U.S.   

Other stressors affect lynx in one or more geographic units.  For instance, in northern Maine, where 
most high-quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that govern 
private forest management may currently be causing decreases in habitat quantity, quality, and 
distribution, and in lynx numbers (also see Future Conditions and Threats, below).  In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of nearly 40 percent of lynx 
habitat, likely reducing this unit’s current lynx population and potentially compromising its current 
ability to support a resident population until habitats recover.  Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern Montana/Northeastern 
Idaho, the GYA, and Western Colorado), but the extent to which it has influenced the current condition 
of lynx populations in those units is uncertain. 

Climate change is occurring at a global and, thus, a DPS-wide scale.  Increased wildfire frequency, size, 
and severity (as described above) are among a number of climate-mediated factors that have likely 
influenced current lynx numbers and habitats in the DPS.  For example, climate warming has reduced 
snow amount, duration, and quality (in terms of conditions favorable for lynx), it has been linked to 
increased magnitude and severity of forest insect outbreaks, and it likely has already resulted in some 
changes in vegetative communities.  However, whether, and if so to what extent, these factors have 
influenced current lynx numbers or other demographic parameters and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units.  Despite uncertainty regarding its influence over current conditions for lynx, climate 
modeling and expert opinion concur that continued climate warming will adversely impact lynx in the 
DPS in the future (see below). 

Future Condition and Threats 

The resiliency of individual geographic units, which appear to function independently of each other, is 
the primary determinant of the future viability of the lynx DPS.  Overall, expert opinion and our analyses 
suggest a declining probability of persistence for each of the geographic units within the DPS throughout 
the rest of this century (noting that the analysis did not extend beyond 2100), with the potential 
permanent loss (functional extirpation of resident lynx populations) of two to four of the six units, i.e., 
loss of resiliency, by the end of the century. 



Although the loss of one or more geographic units would reduce redundancy and could diminish 
representation, neither redundancy nor representation appears likely to influence the viability of the 
DPS through the end of the century, for several reasons.  Although lynx populations in the DPS units are 
demographically isolated from each other, there appears to be little risk of significant genetic drift 
within the DPS.  This is due to the currently-observed and likely future high level of gene flow across the 
species’ range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity between 
most parts of the DPS and lynx populations in Canada.  Furthermore, based on expert input, there is no 
indication that the relatively low level of genetic diversity among lynx populations is likely to reduce DPS 
viability in the future (USFWS 2016, p. 51).  This information suggests the current and likely future 
relative genetic health of the DPS, and we do not expect representation to become a concern through 
the turn of the century. 

With regard to redundancy, neither the scientific literature nor expert input provide a basis for 
concluding that any single catastrophic event could cause extirpation of any one geographic unit.  It is 
even less likely that a single catastrophic event will eliminate all populations in the DPS.  It is important 
to note, however, that a sequence of catastrophic events over a short time could increase the potential 
for functional extirpation of one or more of the individual geographic units (e.g., fires in north-central 
Washington, as described above), thereby reducing redundancy within the DPS. 

The likelihood of persistence of individual populations, and thus continued presence of resident lynx in 
each geographic unit, is expected to decrease by 2100 primarily because of climate change effects on 
snow conditions and boreal forests.  Based on climate change models, the effects of climate change on 
snow and boreal forest conditions are foreseen as the primary stressor limiting future viability of lynx in 
the DPS.  The southernmost boreal habitats are predicted to retreat northward and upslope, 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS (although some 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts).  As 
habitat conditions decline, mortality rates are likely to increase and reproductive rates decrease.  This in 
turn will reduce abundance and density of individuals within populations, making lynx populations more 
susceptible to stochastic events.   

Given the high percentage of federal land ownership, regulatory commitments that these lands will 
continue to be managed in accordance with lynx conservation principles, and the existence of potential 
high-elevation climate refugia to which lynx habitats and some lynx might move, western geographic 
units are more likely to support resident lynx longer under projected climate change scenarios.  
Nonetheless, we are unaware of any management action that can abate the long-term retreat of boreal 
forests and diminished snow conditions projected by climate models.  Further, the size, frequency, and 
intensity of wildfires and  forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such events in-
and-of-themselves likely to cause the permanent loss of breeding lynx populations in any geographic 
unit. 



Given similar projections of climate-mediated losses of boreal forests and snow conditions favorable for 
lynx, persistence of lynx populations in Maine and Minnesota may be relatively lower given the smaller 
percent of federal lands and associated regulatory commitments to lynx conservation, and the lack of 
potential elevational refugia.  Additionally, as noted above, changes to regulations governing timber 
harvest on private forest lands in Maine are unlikely to maintain the current historically-high amount 
and distribution of good lynx habitat or the current large population of resident lynx.  These changes, 
which may affect over 90 percent of lynx habitats in northern Maine, are projected to result in 
substantial declines in habitat quality and distribution, and lynx numbers, over the next 10-30 years, 
primarily through restrictions on clearcutting and subsequent forest succession detrimental to 
snowshoe hare and lynx needs. 

DPS viability 

Although the historical record does not suggest broad-scale loss of resident lynx populations in the 
contiguous U.S., a number of threats acting at the DPS and individual geographic unit scales indicate a 
moderate to high likelihood of declines (i.e., loss of two to four units) by the turn of the century.  While 
it is more likely than not that any given individual unit—northern Maine, northeastern Minnesota, 
northwestern Montana, western Colorado, and possibly north-central Washington—will persist to mid-
century, it is unlikely all that five will persist to that point.  By the end of the century, we expect 
populations to persist primarily in units having high-elevation refugia, e.g., northwestern Montana and 
possibly western Colorado, although Colorado would be anremain an isolated unit, and may become 
more isolated by loss of the GYA unit.  Lynx may also persist at the end of the century in Maine and 
Minnesota, depending on the severity of climate change effects and, in Maine, on trends in 
development and private forest management.  Uncertainty increases at mid- to late-century concerning 
the timing and extent of various stressors that will affect lynx and hare habitat and snow regimes, 
especially those related to climate change.  However, review of the best available science in concert 
with input from lynx experts suggests that the probability of the persistence of resident breeding 
populations will decline in all units beginning as early as 2025, with the negative DPS-wide trajectory 
continuing to the end of the century, and (with no evidence to the contrary) beyond that time frame.    

We conclude that the eventual loss of resiliency indicated by extirpation of geographic units will also 
reduce redundancy and, possibly, representation.  These losses in resiliency, redundancy, and 
representation will put the Canada lynx U.S. DPS at increasing risk of extinction. 

Table ZZ. Characterization of future status of the Canada lynx DPS using the conservation biology 
principles of redundancy, resiliency, and representation. 

[insert table here]  

[Core Team, below is an example from Arkansas darter, something like this maybe? Thoughts?]
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3Rs 
 

Needs 
 

Current Condition 
Future Condition 

(Viability) 
Resiliency: 
Population 
(Populations able 
to withstand 
stochastic events) 

• Sections of HUC 10 
watershed w/ year-round 
water for regufia (most 
influential)  

• Sufficient water quality 
• Appropriate habitat - 

substrate and aquatic 
vegetation for breeding, 
feeding, sheltering. 
 

• Muliple populations 
with high level of 
resiliency (Table 3) 

• Dewatering potentially 
decreasing refugia (and 
in turn resiliency) in 
25% of the range 
 

Projections based on a combination of water 
depletion and watershed impacts (30Yrs): 

• Expected scenario:  Little change on a 
range-wide basis.  Loss of a low number 
of subpopulations (HUC 12s) in the 
western Cimarron and upper 
Rattlesnake Creek basin, KS.  Possible 
loss of a low number of isolated 
subpopulations in the Colorado range.  
Possible loss of a very low number of 
subpopulations in the Eastern portion of 
the range (AR, MO, OK) due to 
development effects.    

• Worst case scenario: Little change 
throughout the eastern range and most 
of the central range. Water depletion 
increases in western portions of the 
Kansas range and portions of the 
Colorado range, in combination with 
long term drought, resulting in loss of 
stream flows and multiple 
subpopulations (HUC 12s) and some 
populations (HUC 10s) in these areas.  
Possible loss of a very low number of 
subpopulations in the Eastern portion of 
the range (AR, MO, OK) due to 
development effects. 



Redundancy 
(Number and 
distribution of 
populations to 
withstand 
catastrophic events) 

• Multiple populations 
and metapopulations 
throughout the range 
of the species 

• 80 populations*spread 
across CO, KS, OK, MO, 
AR 

• 15 metapopulations**, 
are disjoint from one 
another 

• Some populations are 
widely distributed within 
their drainage area 

• Some populations are 
isolated to varying 
degrees 

Projections based on a combination of water 
depletion and watershed impacts (30 yrs): 

• Expected scenario:  Minimal if any 
significant reduction in redundancy at 
the species level.  

• Worst case scenario: Some loss of 
redundancy expected if populations are 
lost on the margins of the range in CO 
and western KS and OK. 

 

Representation 
(genetic and/or 
ecological diversity to 
maintain adaptive 
potential) 

• Occupy a range of 
ecologically diverse 
drainages and 
physiogeographic 
areas  

• Retain current 
genetic diversity 
 

• The breadth of 
physiogeograhical 
diversity known 
historically for this 
species is retained.  

• Genetic variation exists 
within Colorado  
populations; and 
between Arkansas and 
Missouri populations 
 

Projections based on a combination of water 
depletion and watershed impacts (30 yrs): 

• Expected Scenario:  Minimal if any 
significant reduction in representation 
at the species level.  

• Worst case scenario:  Potentially 
some reduction in representation, but 
all 3 physiogeographic areas expected 
to have multiple populations.  
 

 



From: McCollough, Mark
To: Parkin, Mary
Subject: Re: need your advice - review of lynx SSA
Date: Thursday, September 22, 2016 9:20:40 AM

thanks for clarifying Mary

On Thu, Sep 22, 2016 at 9:07 AM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Hi all,

There were several conversations about this yesterday with folks from R6 and R3 who
happen to be at NCTC this week.  By last night, the bottom line was that feedback will be
requested from each Region, but there will not be a formal concurrence/approval process for
the internal review (which makes total sense to me).

Getting there,
Mary

On Thu, Sep 22, 2016 at 8:36 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Thanks Marty.  R6 seems to be leaving the review protocol for the lynx SSA up to each
region.  I'm fine with what you proposed.  Mary and I have written and reviewed the SSA
extensively, so its unlikely we will have many comments.  I would be glad to answer any
questions that you or Peter may have, and we can discuss how we want to brief Paul.

I believe Jodi Bush did said that each region would have to "concur" in some manner
before we send the SSA out for peer review.  Mary can probably clarify better than I.

I suspect we will have a draft SSA in a week or two for review.

thanks,  Mark

On Wed, Sep 21, 2016 at 8:45 PM, Miller, Martin <martin_miller@fws.gov> wrote:
Hi Mark - We discussed the question of SSA approval at our Recovery meeting
yesterday here at NCTC.  I believe we will be viewing this as an opportunity for
Regional review and comment, not approval/concurrence.  Paul needs to see our
comments.  So, to speed this up, I think you, Peter (if he wants), Mary, and I can review
concurrently and then provide our comments to Paul.  Marty 

On Tue, Sep 20, 2016 at 12:38 PM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Marty:

Mary has probably been briefing you on the status of the lynx SSA.  We are very close
to having a draft ready for internal review.  We will need R5 concurrence on the SSA
before sending out for peer review.  

Although we started writing in April, this SSA has proven complex and it has been
difficult to write with the core team scattered from Maine to Washington.  Thus, we
are months behind schedule, and our regional review will have to be expedited.
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R6 has asked each region for a list of those who will review and approve the
document.  Jodi Bush reminded me that Paul has been very interested in this SSA.  

Can you please provide advice on how we should proceed in R5?

Thanks,  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED!!!!  On Tuesdays and Thursdays call 207 944-5709

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED!!!!  On Tuesdays and Thursdays call 207 944-5709

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED!!!! 
On Tuesdays and Thursdays call 207 944-5709

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Miller, Martin
To: McCollough, Mark
Cc: Mary Parkin; Jim Zelenak; Peter Lamothe
Subject: Re: need your advice - review of lynx SSA
Date: Thursday, September 22, 2016 11:26:12 AM

Thanks, Mark.  Mary will clarify the review/approval process.

On Thu, Sep 22, 2016 at 8:36 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Thanks Marty.  R6 seems to be leaving the review protocol for the lynx SSA up to each
region.  I'm fine with what you proposed.  Mary and I have written and reviewed the SSA
extensively, so its unlikely we will have many comments.  I would be glad to answer any
questions that you or Peter may have, and we can discuss how we want to brief Paul.

I believe Jodi Bush did said that each region would have to "concur" in some manner before
we send the SSA out for peer review.  Mary can probably clarify better than I.

I suspect we will have a draft SSA in a week or two for review.

thanks,  Mark

On Wed, Sep 21, 2016 at 8:45 PM, Miller, Martin <martin_miller@fws.gov> wrote:
Hi Mark - We discussed the question of SSA approval at our Recovery meeting yesterday
here at NCTC.  I believe we will be viewing this as an opportunity for Regional review
and comment, not approval/concurrence.  Paul needs to see our comments.  So, to speed
this up, I think you, Peter (if he wants), Mary, and I can review concurrently and then
provide our comments to Paul.  Marty 

On Tue, Sep 20, 2016 at 12:38 PM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Marty:

Mary has probably been briefing you on the status of the lynx SSA.  We are very close
to having a draft ready for internal review.  We will need R5 concurrence on the SSA
before sending out for peer review.  

Although we started writing in April, this SSA has proven complex and it has been
difficult to write with the core team scattered from Maine to Washington.  Thus, we are
months behind schedule, and our regional review will have to be expedited.

R6 has asked each region for a list of those who will review and approve the document. 
Jodi Bush reminded me that Paul has been very interested in this SSA.  

Can you please provide advice on how we should proceed in R5?

Thanks,  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED!!!!  On Tuesdays and Thursdays call 207 944-5709
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Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED!!!!  On Tuesdays and Thursdays call 207 944-5709

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp; Justin Shoemaker; Jonathan Cummings; Heather

Bell; Mary Parkin; Jodi Bush
Subject: Revised Synthesis (Ch. 6)
Date: Monday, September 26, 2016 11:04:03 AM
Attachments: 2016 09 26 Lynx SSA report_Ch 6_Synthesis_comments addressed ACCEPT ALL.docx

2016 09 26 Lynx SSA report_Ch 6_Synthesis_comments addressed.docx

I've incorporated comments from Core and FIT Teams into the synthesis chapter and reorganized content for
consistency between current and future conditions sections.

I'm attaching a track changes version so you can see how your comments were addressed, and a clean version that I
would like Core Team to review quickly before I pull it into the SSA report.

Don't review the table - I still need to address comments/edits to that - the table in the attached is the first one that
Justin fleshed out.  I will send a revised table around for review shortly.

Let me know if you have questions.

Thanks,

Jim
-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Chapter 6:  Synthesis 

This section synthesizes the needs, current condition, and likely future condition of the Canada lynx in 
the contiguous U.S. DPS with respect to the conservation biology principles of representation, 
redundancy, and resiliency.  Its purpose is to provide an understanding of the rangewide status of this 
DPS that is as clear as possible given the unavoidable uncertainties involving demography and long-term 
threats. 

Needs  

Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests with 
dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive advantage for 
exploiting its primary prey, the snowshoe hare.   Lynx in the contiguous U.S. have ecological 
requirements the same ecological requirements assimilar to those of lynx in Canada and Alaska, and 
throughout the species’ range hare abundance is the primary driver of lynx population dynamics.  
However, the DPS is at the southernmost margin of the species’ range, where boreal forests transition 
to temperate conifer and hardwood forests, and where snow conditions and hare abundance generally 
become less favorable with decreasing latitude.  Because of this, habitat is less extensive and generally 
more fragmented within the DPS range than in the core of the species’ range in Canada and Alaska.  As a 
result, lynx in the contiguous U.S. are naturally less abundant and more patchily distributed than in the 
core of the range. 

Current Condition and Threats 

Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of individual 
lynx populations and their broad distribution across the geographic scope of the DPS.  Available 
information indicates that five out of six geographic units in the DPS contain resident breeding lynx 
populations.  Although we have no reliable population-size estimates for any of the geographic units, 
Northern Maine (Unit 1) is believed to currently support the largest resident population in the DPS.  In 
Northeastern Minnesota (Unit 2), a resident population occupies the Arrowhead Region of the State.  
Northwestern Montana and northeastern Idaho (Unit 3) continue to support resident lynx, although a 
small subpopulation in the Garnet Mountains on the southern periphery of this unit may have been 
extirpated recently.   In North-central Washington (Unit 4), recent extensive wildfires have temporarily 
reduced the amount of high-quality lynx habitat and may have caused a decline in lynx numbers there.  
Since the release of Canadian and Alaskan lynx in 1999-2006,  resident lynx currently occupy western 
Colorado (Unit 6).  No lynx were detected during recent research in Tthe Greater Yellowstone Area (GYA, 
Unit 5), which  is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit.   

The apparent long-term (historic and current) persistence of resident lynx populations in at least four of 
the six geographic units (Units 1-4) and the absence of reliable information suggesting that the current 
distribution and number of resident lynx are substantially reduced from historic conditions suggest the 
historical and recent resiliency of lynx populations in the DPS.  The large sizes and broad geographic 
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distributions of the areas occupied by resident lynx populations likewise indicate adequate historical and 
current redundancy in the DPS to preclude its extirpation because of catastrophic events.    

Representation, the ability of a species to adapt to changing environmental conditions over time, is 
characterized by the breadth of genetic and environmental ecological diversity within and among 
populations (USFWS Lynx SSA Team 2016, p. 25).  Information provided by lynx experts and geneticists 
indicates high rates of dispersal and gene flow and, therefore, a generally low levels of genetic 
differentiation and relatively similar ecological settings across most of the species’ range, including the 
DPS (Lynx SSA Team 2016, pp. 12-14, 55-56).  Hybridization with bobcats has been documented but is 
not considered a substantial threat to the DPS (Lynx SSA Team 2016, p. 13).  Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a similarly 
narrow and specialized ecological niche defined by specific vegetation structure, snow conditions, and 
the abundance of a single prey species.  Thus, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species).  
However, although some small populations may have become extirpated recently, resident lynx in the 
DPS remain broadly distributed across the range of ecological settings that seems to have supported 
them historically in the contiguous U.S.  There are currently no indications of threats to the genetic 
health or adaptive capacity of lynx populations in the DPS, and the current level of representation does 
not appear to represent a decrease from historic conditions.  , suggesting little life history variability or 
niche differentiation among DPS populations (USFWS 2016, p. 51).  This suggests that the current level 
of representation in the DPS is similar to the historical condition and is not indicative of current risks to 
the genetic health or adaptive capacity of the DPS.   

The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on federal 
lands, has been largely addressed by formal and binding amendments or revisions to most federal land 
management plans within the DPS range.  Although questions remain about the efficacy of this 
improved regulatory framework, federal lands are now being managed specifically to protect and 
restore lynx habitats, with the goal of supporting continued lynx presence on these lands.  Most federal 
lands, which constitute 64 percent of lynx habitat evaluated in this SSA, are found in the western U.S.   

Other stressors affect lynx in one or more geographic units.  For instanceexample, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result of past 
timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be causing decreases in habitat quantity, quality, and 
distribution, and in lynx numbers (also see Future Conditions and Threats, below).  The lack of binding 
lynx conservation commitments on most private lands may exacerbate this risk to current lynx habitats 
in Maine.  In North-central Washington, recent large-scale wildfires have resulted in the temporary loss 
of nearly 540 percent of lynx habitat, likely reducing this unit’s current lynx population and potentially 
compromising its current ability to support a resident population until habitats recover.  Increased 
wildfire activity also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it has 
influenced the current condition of lynx populations in those units is uncertain. 
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Climate change is occurring at a global and, thus, a DPS-wide scale.  Increased wildfire frequency, size, 
and severity (as described above) are among a number of climate-mediated factors that have likely 
influenced current lynx numbers and habitats in the DPS.  For example, climate warming has reduced 
snow amount, duration, and quality (in terms of conditions favorable for lynx), it has been linked to 
increased magnitude and severity of forest insect outbreaks, and it likely has already resulted in some 
changes in vegetative communities.  However, whether, and if so to what extent, these factors have 
influenced current lynx numbers or other demographic parameters and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units.  Despite uncertainty regarding its influence over current conditions for lynx, climate 
modeling and expert opinion concur that continued climate warming will adversely impact lynx in the 
DPS in the future (see below). 

Future Condition and Threats 

The resiliency of individual geographic units, which appear to function independently of each other, is 
the primary determinant of the future viability of the lynx DPS.  Overall, expert opinion and our analyses 
suggest a declining probability of persistence for each of the geographic units within the DPS throughout 
the rest of this century (noting that the analysis did not extend beyond 2100), with the potential 
permanent loss (functional extirpation of resident lynx populations) of two to four of the six units, i.e., 
loss of resiliency, by the end of the century. 

Overall, expert opinion and our evaluations suggest that resident lynx populations in each of the 
geographic units are likely to be smaller and their distributions reduced in the future.  These anticipated 
declines are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity) (Lynx SSA Team 2016, p. 58).  Forest 
management on private lands that lack lynx conservation commitments may also contribute to future 
declines, particularly in northern Maine.  In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline.  The loss of resident lynx from one or more geographic 
unit would represent reduced future resiliency, redundancy, and representation within the lynx DPS. 

The resiliency of lynx populations in individual geographic units is the primary determinant of the future 
viability of the lynx DPS.  Expert opinion and our analyses suggest a declining probability of persistence 
(loss of resiliency) for each of the geographic units within the DPS throughout the rest of this century 
(the analysis did not extend beyond 2100).  Projected climate warming is expected to exert the greatest 
influence on the resiliency of individual populations, and thus continued presence of resident lynx in 
each geographic unit.  Climate models project that boreal forests and snow conditions favorable for lynx 
at the southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS.  Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, as 
habitat conditions decline, hare populations will decline and lynx mortality rates are likely to increase 
and reproductive rates decrease.  As snow conditions become less favorable, competitors (e.g., bobcats) 
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are likely to outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events.  

Although the loss of one or moreany geographic units would reduce the level of redundancy and could 
diminish representation, neither redundancy nor representation appears likely to influence the viability 
of the DPS through the end of the century, for several reasons.  With regard to redundancy, neither the 
scientific literature nor expert input provide a basis for concluding that any single future catastrophic 
event could cause extirpation ofin any one geographic unit.  It is even less likely that a single future 
catastrophic event (other than climate change, which we considered as a separate stressor) will 
eliminate all populations in the DPS.  It is important to note, however, that aA sequence of catastrophic 
events over a short time could increase the potential for functional extirpation of one or more of the 
individual geographic units (e.g., fires in north-central Washington, as described above), thereby 
reducing redundancy within the DPS.  However, as long as resident lynx remain geographically well-
distributed in one or more units within the DPS, extirpation from a catastrophic event is very unlikely.      

  Although With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is uncertain, there 
appears seems to be little risk of significant genetic drift within the DPS.  This is due tobecause of the 
currently-observed and likely future high level of gene flow across most of the species’ lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence of 
significant barriers to dispersal between Canada and the DPS, and continued connectivity between most 
parts of the DPS and lynx populations in Canada.  Furthermore, based on expert input, there is no 
indication that the relatively low level of genetic diversity currently observed among lynx populations is 
likely to reduce DPS viability in the future (USFWS 2016, p. 51).  This information suggests the current 
and likely future relative genetic health of the DPS. 

How the potential loss of resident lynx from one or more geographic unit may affect representation 
within the DPS in terms of the ecological diversity is uncertain.  Despite similarities in the fundamental 
components (vegetation, snow conditions, and hares) that define the ecological niche of lynx DPS-wide, 
differences in habitats and how lynx use of them are apparent (e.g., snow depth that seems to 
demarcate a boundary between lynx and bobcat occupancy in Maine [270 cm per year] is almost twice 
that observed in Minnesota [140 cm/yr]; lynx in some parts of the West select mature forest stands, 
particularly in winter, while in other parts of the DPS, young regenerating stands are most important).  
The loss of resident lynx from any of the geographic units could result in the loss of behavioral and 
potential future genetic adaptations to the climate-mediated changes now occurring and likely to 
continue into the future at the southern edge of the lynx range.  Such potential adaptability to 
diminished snow conditions, increasing patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. , and we do not expect 
representation to become a concern through the turn of the century. 

With regard to redundancy, neither the scientific literature nor expert input provide a basis for 
concluding that any single catastrophic event could cause extirpation of any one geographic unit.  It is 
even less likely that a single catastrophic event will eliminate all populations in the DPS.  It is important 

Commented [ZJ13]: JZ per MM 

Commented [ZJ14]: MM 

Commented [ZJ15]: JZ addressing MM recommendation that 
this be edited as “…high level of gene flow across the species’ core 
range in Canada,…” 
 
JZ - Very low Fst values demonstrate high gene flow and little 
genetic differences well beyond the core of the range in Canada – 
e.g., only very minor differences between the Kenai Peninsula AK 
and western Montana. Even across the St. Lawrence and the 
“invisible snow barrier” south of Hudson’s Bay, differences are 
minor/insignificant according to Schwartz and only potentially 
consequential according to Bowman/Koen (see both presentation 
summaries in the expert report). I think current edit - high gene 
flow across most of the range – is accurate; let me know if you feel 
otherwise. 



to note, however, that a sequence of catastrophic events over a short time could increase the potential 
for functional extirpation of one or more of the individual geographic units (e.g., fires in north-central 
Washington, as described above), thereby reducing redundancy within the DPS. 

 

The likelihood of persistence of individual populations, and thus continued presence of resident lynx in 
each geographic unit, is expected to decrease by 2100 primarily because of climate change effects on 
snow conditions and boreal forests.  Based on climate change models, the effects of climate change on 
snow and boreal forest conditions are foreseen as the primary stressor limiting future viability of lynx in 
the DPS.  The southernmost boreal habitats are predicted to retreat northward and upslope, 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS (although some 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts).  As 
habitat conditions decline, mortality rates are likely to increase and reproductive rates decrease.  This in 
turn will reduce abundance and density of individuals within populations, making lynx populations more 
susceptible to stochastic events.   

Given the high percentage of federal land ownership in the West, regulatory commitments that these 
lands will continue to be managed in accordance with lynx conservation principles, and the existence of 
potential high-elevation climate refugia to which lynx habitats and some lynx might move, the western 
geographic units (Units 3-6) are may be more likely to support resident lynx longer under projected 
continued climate change scenarioswarming.  Nonetheless, we are unaware ofit is unlikely that any 
management actions that can abate the long-term retreat of boreal forests and diminished snow 
conditions projected by climate models.  Further, the size, frequency, and intensity of wildfires and  
forest insect outbreaks are expected to increase with continued climate warming, particularly in the 
western portion of the DPS, although we do not anticipate such events in-and-of-themselves are likely 
to cause the permanent loss of breeding lynx populations in any geographic unit. 

Given similarAlthough projections of climate-mediated losses of boreal forests and snow conditions 
favorable for lynx suggest impacts to lynx populations throughout the DPS, persistence of resident lynx 
populations in Maine and Minnesota may be relatively lower than the western geographic units given 
the smaller percent of federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia.  Additionally, as noted above, changes to 
regulations governing timber harvest on private forest lands in Maine are unlikely to maintain the 
current historically-high amount and distribution of good lynx habitat or the current large population of 
resident lynx.  These changes, which may affect over 90 percent of lynx habitats in northern Maine, are 
projected to result in substantial declines in habitat quality and distribution, and lynx numbers, over the 
next 10-30 years, primarily through restrictions on clearcutting and the proliferation of partial 
harvesting, and subsequent forest succession which are detrimental to snowshoe hare and lynx needs.  
On private forest lands, energy development (wind energy, mining), rapid turnover in ownership and 
parcelization of forest land, and uncertain forest markets will also reduce the quality and quantity of 
lynx habitat. 
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DPS viability 

Although all five geographic units that currently support populations (all units except the GYA) are 
expected to continue to do so through mid-century, only one (Northwestern Montana/ Northeastern 
Idaho) has an estimated probability of persistence greater than 50 percent (i.e., persistence more likely 
than not) by the end of the century (Lynx SSA Team 2016, pp. 36-49, 58).  All other geographic units 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that resident 
lynx will be lost from two to four units by then.  Potential elevational refugia may increase likelihood of 
persistence in western units, although uncertainty remains about the timing of warming-driven upslope 
movements of habitats and snow conditions and the extent to which hare and lynx populations may 
follow them. Regardless, future lynx habitats are likely to be smaller and more fragmented, and 
geographic units that are already relatively isolated from other lynx populations are likely to become 
even more isolated in the future.  Despite the lack of elevational refugia, lynx may also persist at the end 
of the century in Maine and Minnesota, depending on the severity of climate change effects and, in 
Maine, on trends in development and private forest management.  Uncertainty increases at mid- to late-
century concerning the timing and extent of various stressors that will affect lynx and hare habitat and 
snow regimes, especially those related to climate change.  However, review of the best available science 
in concert with input from lynx experts suggests that the probability of the persistence of resident 
breeding populations will decline in all units beginning as early as 2025, with the negative DPS-wide 
trajectory continuing to the end of the century, and (with no evidence to the contrary) beyond that time 
frame.    

We conclude that the eventual loss of resiliency indicated by extirpation of geographic units will also 
reduce redundancy and, possibly, representation.  These losses in resiliency, redundancy, and 
representation will put the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 

 

Although the historical record does not suggest broad-scale loss of resident lynx populations in the 
contiguous U.S., a number of threats acting at the DPS and individual geographic unit scales indicate a 
moderate to high likelihood of declines (i.e., loss of two to four units) by the turn of the century.  While 
it is more likely than not that any given individual unit—northern Maine, northeastern Minnesota, 
northwestern Montana, western Colorado, and possibly north-central Washington—will persist to mid-
century, it is unlikely all that five will persist to that point.  By the end of the century, we expect 
populations to persist primarily in units having high-elevation refugia, e.g., northwestern Montana and 
possibly western Colorado, although Colorado would be an isolated unit.  Lynx may also persist at the 
end of the century in Maine and Minnesota, depending on the severity of climate change effects and, in 
Maine, on trends in development and private forest management.  Uncertainty increases at mid- to late-
century concerning the timing and extent of various stressors that will affect lynx and hare habitat and 
snow regimes, especially those related to climate change.  However, review of the best available science 
in concert with input from lynx experts suggests that the probability of the persistence of resident 
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breeding populations will decline in all units beginning as early as 2025, with the negative DPS-wide 
trajectory continuing to the end of the century, and (with no evidence to the contrary) beyond that time 
frame.    

We conclude that the eventual loss of resiliency indicated by extirpation of geographic units will also 
reduce redundancy and, possibly, representation.  These losses in resiliency, redundancy, and 
representation will put the Canada lynx U.S. DPS at increasing risk of extinction. 

Table ZZ. Characterization of future status of the Canada lynx DPS using the conservation biology 
principles of redundancy, resiliency, and representation. 

 



 

3Rs 
 

Needs 
 

Current Condition 
Future Condition 

(Viability) 

Resiliency: 
Population 
(Populations able 
to withstand 
stochastic events) 

• Specialist requiring boreal 
forests with dense 
horizontal cover, long 
winters, and deep, fluffy 
snow, which gives it a 
competitive advantage for 
exploiting its primary 
prey, the snowshoe hare  

• Five out of six geographic 
units in the DPS contain 
resident breeding lynx 
populations  

• Federal lands are now 
being managed specifically 
to protect and restore lynx 
habitats, with the goal of 
supporting continued lynx 
presence  

• Changes in forest 
management may currently 
be causing decreases in 
habitat quantity, quality, 
and distribution, and in 
lynx numbers in Maine 

• In North-central 
Washington, recent large-
scale wildfires have 
resulted in the temporary 
loss of nearly 50 percent of 
lynx habitat 

Projections based on impacts of stressors to 
turn of the century (2100): 

• The likelihood of persistence of 
individual populations, and thus 
continued presence of resident lynx 
in each geographic unit, is expected 
to decrease by 2100 primarily 
because of climate change effects on 
snow conditions and boreal forests.   

• We expect populations to persist 
primarily in units having high-
elevation refugia, e.g., northwestern 
Montana and possibly western 
Colorado, although Colorado would 
be an isolated unit.   

• Lynx may also persist at the end of 
the century in Maine and Minnesota, 
depending on the severity of climate 
change effects and, in Maine, on 
trends in development and private 
forest management.   

Redundancy 
(Number and 
distribution of 
populations to 
withstand 
catastrophic events) 

• Multiple populations 
throughout the range 
of the DPS 

• Redundancy similar to 
historic levels.  

• No lynx were detected during 
recent research in the 
Greater Yellowstone Area 
(GYA, Unit 5), which is 
thought to have historically 
supported a small resident 
population.   

Projections based on impacts of stressors to 
turn of the century (2100): 

• Moderate to high likelihood of 
declines (i.e., loss of two to four 
units) by the turn of the century 
resulting in reduced redundancy. 

 
 



Representation 
(genetic and/or 
ecological diversity to 
maintain adaptive 
potential) 

• Occupy a range of 
ecologically diverse 
areas  

• Retain current 
genetic diversity 
 

• The breadth of ecological 
diversity and genetic 
diversity known 
historically for this DPS is 
retained. No indication of 
current risks to the genetic 
health or adaptive capacity 
of the DPS 

Projections based on impacts of stressors to 
turn of the century (2100): 

• Moderate to high likelihood of 
declines (i.e., loss of two to four 
units) by the turn of the century 
resulting in reduced representation. 
 

 



Chapter 6:  Synthesis 

This section synthesizes the needs, current condition, and likely future condition of the Canada lynx in 
the contiguous U.S. DPS with respect to the conservation biology principles of representation, 
redundancy, and resiliency.  Its purpose is to provide an understanding of the rangewide status of this 
DPS that is as clear as possible given the unavoidable uncertainties involving demography and long-term 
threats. 

Needs  

Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests with 
dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive advantage for 
exploiting its primary prey, the snowshoe hare.   Lynx in the contiguous U.S. have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range hare 
abundance is the primary driver of lynx population dynamics.  However, the DPS is at the southernmost 
margin of the species’ range, where boreal forests transition to temperate conifer and hardwood 
forests, and where snow conditions and hare abundance generally become less favorable with 
decreasing latitude.  Because of this, habitat is less extensive and generally more fragmented within the 
DPS range than in the core of the species’ range in Canada and Alaska.  As a result, lynx in the 
contiguous U.S. are naturally less abundant and more patchily distributed than in the core of the range. 

Current Condition and Threats 

Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of individual 
lynx populations and their broad distribution across the geographic scope of the DPS.  Available 
information indicates that five out of six geographic units in the DPS contain resident breeding lynx 
populations.  Although we have no reliable population-size estimates for any of the geographic units, 
Northern Maine (Unit 1) is believed to currently support the largest resident population in the DPS.  In 
Northeastern Minnesota (Unit 2), a resident population occupies the Arrowhead Region of the State.  
Northwestern Montana and northeastern Idaho (Unit 3) continue to support resident lynx, although a 
small subpopulation in the Garnet Mountains on the southern periphery of this unit may have been 
extirpated recently.  In North-central Washington (Unit 4), recent extensive wildfires have temporarily 
reduced the amount of high-quality lynx habitat and may have caused a decline in lynx numbers there.  
Since the release of Canadian and Alaskan lynx in 1999-2006,  resident lynx currently occupy western 
Colorado (Unit 6).  The Greater Yellowstone Area (GYA, Unit 5) is thought to have historically supported 
a small resident population; however, resident lynx have not been documented recently in this unit.  
The apparent long-term (historic and current) persistence of resident lynx populations in at least four of 
the six geographic units (Units 1-4) and the absence of reliable information suggesting that the current 
distribution and number of resident lynx are substantially reduced from historic conditions suggest the 
historical and recent resiliency of lynx populations in the DPS.  The large sizes and broad geographic 
distributions of the areas occupied by resident lynx populations likewise indicate adequate historical and 
current redundancy in the DPS to preclude its extirpation because of catastrophic events. 



    

Representation, the ability of a species to adapt to changing environmental conditions over time, is 
characterized by the breadth of genetic and ecological diversity within and among populations (Lynx SSA 
Team 2016, p. 25).  Information provided by lynx experts and geneticists indicates high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the species’ 
range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56).  Hybridization with bobcats has been 
documented but is not considered a substantial threat to the DPS (Lynx SSA Team 2016, p. 13).  Despite 
differences in forest community types and topographic/elevation settings, lynx across the range of the 
DPS occupy a similarly narrow and specialized ecological niche defined by specific vegetation structure, 
snow conditions, and the abundance of a single prey species.  Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey 
species).  However, although some small populations may have become extirpated recently, resident 
lynx in the DPS remain broadly distributed across the range of ecological settings that seems to have 
supported them historically in the contiguous U.S.  There are currently no indications of threats to the 
genetic health or adaptive capacity of lynx populations in the DPS, and the current level of 
representation does not appear to represent a decrease from historic conditions.     

The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on federal 
lands, has been largely addressed by formal and binding amendments or revisions to most federal land 
management plans within the DPS range.  Although questions remain about the efficacy of this 
improved regulatory framework, federal lands are now being managed specifically to protect and 
restore lynx habitats, with the goal of supporting continued lynx presence on these lands.  Most federal 
lands, which constitute 64 percent of lynx habitat evaluated in this SSA, are found in the western U.S.   

Other stressors affect lynx in one or more geographic units.  For example, in northern Maine, where 
most high-quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that govern 
private forest management may currently be causing decreases in habitat quantity, quality, and 
distribution, and in lynx numbers (also see Future Conditions and Threats, below).  The lack of binding 
lynx conservation commitments on most private lands may exacerbate this risk to current lynx habitats 
in Maine.  In North-central Washington, recent large-scale wildfires have resulted in the temporary loss 
of nearly 50 percent of lynx habitat, likely reducing this unit’s current lynx population and potentially 
compromising its current ability to support a resident population until habitats recover.  Increased 
wildfire activity also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it has 
influenced the current condition of lynx populations in those units is uncertain. 

Climate change is occurring at a global and, thus, a DPS-wide scale.  Increased wildfire frequency, size, 
and severity (as described above) are among a number of climate-mediated factors that have likely 
influenced current lynx numbers and habitats in the DPS.  For example, climate warming has reduced 
snow amount, duration, and quality (in terms of conditions favorable for lynx), it has been linked to 
increased magnitude and severity of forest insect outbreaks, and it likely has already resulted in some 



changes in vegetative communities.  However, whether, and if so to what extent, these factors have 
influenced current lynx numbers or other demographic parameters and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units.  Despite uncertainty regarding its influence over current conditions for lynx, climate 
modeling and expert opinion concur that continued climate warming will adversely impact lynx in the 
DPS in the future (see below). 

Future Condition and Threats 

Overall, expert opinion and our evaluations suggest that resident lynx populations in each of the 
geographic units are likely to be smaller and their distributions reduced in the future.  These anticipated 
declines are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity) (Lynx SSA Team 2016, p. 58).  Forest 
management on private lands that lack lynx conservation commitments may also contribute to future 
declines, particularly in northern Maine.  In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline.  The loss of resident lynx from one or more geographic 
unit would represent reduced future resiliency, redundancy, and representation within the lynx DPS. 

The resiliency of lynx populations in individual geographic units is the primary determinant of the future 
viability of the lynx DPS.  Expert opinion and our analyses suggest a declining probability of persistence 
(loss of resiliency) for each of the geographic units within the DPS throughout the rest of this century 
(the analysis did not extend beyond 2100).  Projected climate warming is expected to exert the greatest 
influence on the resiliency of individual populations, and thus continued presence of resident lynx in 
each geographic unit.  Climate models project that boreal forests and snow conditions favorable for lynx 
at the southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS.  Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, as 
habitat conditions decline, hare populations will decline and lynx mortality rates are likely to increase 
and reproductive rates decrease.  As snow conditions become less favorable, competitors (e.g., bobcats) 
are likely to outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events.  

Although the loss of any geographic units would reduce the level of redundancy and could diminish 
representation, neither redundancy nor representation appears likely to influence the viability of the 
DPS through the end of the century, for several reasons.  With regard to redundancy, neither the 
scientific literature nor expert input provide a basis for concluding that any single future catastrophic 
event could cause extirpation in any one geographic unit.  It is even less likely that a single future 
catastrophic event (other than climate change, which we considered as a separate stressor) will 
eliminate all populations in the DPS.  A sequence of catastrophic events over a short time could increase 
the potential for functional extirpation of one or more of the individual geographic units (e.g., fires in 
north-central Washington, as described above), thereby reducing redundancy within the DPS.  However, 



as long as resident lynx remain geographically well-distributed in one or more units within the DPS, 
extirpation from a catastrophic event is very unlikely.      

With regard to representation, although some lynx populations in the DPS units are demographically 
isolated from each other and the level of interaction between others is uncertain, there seems to be 
little risk of significant genetic drift.  This is because of the currently-observed and likely future high level 
of gene flow across most of the lynx’s continental range, the species’ well-documented dispersal 
capability, the current and likely future absence of significant barriers to dispersal between Canada and 
the DPS, and continued connectivity between most parts of the DPS and lynx populations in Canada.  
Furthermore, based on expert input, there is no indication that the relatively low level of genetic 
diversity currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51).  This information suggests the current and likely future relative genetic health of 
the DPS. 

How the potential loss of resident lynx from one or more geographic unit may affect representation 
within the DPS in terms of the ecological diversity is uncertain.  Despite similarities in the fundamental 
components (vegetation, snow conditions, and hares) that define the ecological niche of lynx DPS-wide, 
differences in habitats and how lynx use of them are apparent (e.g., snow depth that seems to 
demarcate a boundary between lynx and bobcat occupancy in Maine [270 cm per year] is almost twice 
that observed in Minnesota [140 cm/yr]; lynx in some parts of the West select mature forest stands, 
particularly in winter, while in other parts of the DPS, young regenerating stands are most important).  
The loss of resident lynx from any of the geographic units could result in the loss of behavioral and 
potential future genetic adaptations to the climate-mediated changes now occurring and likely to 
continue into the future at the southern edge of the lynx range.  Such potential adaptability to 
diminished snow conditions, increasing patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate.    

Given the high percentage of federal land ownership in the West, regulatory commitments that these 
lands will continue to be managed in accordance with lynx conservation principles, and the existence of 
potential high-elevation climate refugia to which lynx habitats and some lynx might move, the western 
geographic units (Units 3-6) may be more likely to support resident lynx longer under projected 
continued climate warming.  Nonetheless, it is unlikely that any management actions can abate the 
long-term retreat of boreal forests and diminished snow conditions projected by climate models.  
Further, the size, frequency, and intensity of wildfires and  forest insect outbreaks are expected to 
increase with continued climate warming, particularly in the western portion of the DPS, although we do 
not anticipate such events in-and-of-themselves are likely to cause the permanent loss of breeding lynx 
populations in any geographic unit. 

Although projections of climate-mediated losses of boreal forests and snow conditions favorable for lynx 
suggest impacts to lynx populations throughout the DPS, persistence of resident lynx in Maine and 
Minnesota may be relatively lower than the western geographic units given the smaller percent of 
federal lands and the absence of associated regulatory commitments to lynx conservation, and the lack 
of potential elevational refugia.  Additionally, as noted above, changes to regulations governing timber 



harvest on private forest lands in Maine are unlikely to maintain the current historically-high amount 
and distribution of good lynx habitat or the current large population of resident lynx.  These changes, 
which may affect over 90 percent of lynx habitats in northern Maine, are projected to result in 
substantial declines in habitat quality and distribution, and lynx numbers, over the next 10-30 years, 
primarily through restrictions on clearcutting and the proliferation of partial harvesting, which are 
detrimental to snowshoe hare and lynx needs.  On private forest lands, energy development (wind 
energy, mining), rapid turnover in ownership and parcelization of forest land, and uncertain forest 
markets will also reduce the quality and quantity of lynx habitat. 

DPS viability 

Although all five geographic units that currently support populations (all units except the GYA) are 
expected to continue to do so through mid-century, only one (Northwestern Montana/ Northeastern 
Idaho) has an estimated probability of persistence greater than 50 percent (i.e., persistence more likely 
than not) by the end of the century (Lynx SSA Team 2016, pp. 36-49, 58).  All other geographic units 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that resident 
lynx will be lost from two to four units by then.  Potential elevational refugia may increase the likelihood 
of persistence in western units, although uncertainty remains about the timing of warming-driven 
upslope movements of habitats and snow conditions and the extent to which hare and lynx populations 
may follow them.  Regardless, future lynx habitats are likely to be smaller and more fragmented, and 
geographic units that are already relatively isolated from other lynx populations are likely to become 
even more isolated in the future.  Despite the lack of elevational refugia, lynx may also persist at the end 
of the century in Maine and Minnesota, depending on the severity of climate change effects and, in 
Maine, on trends in development and private forest management.  Uncertainty increases at mid- to late-
century concerning the timing and extent of various stressors that will affect lynx and hare habitat and 
snow regimes, especially those related to climate change.  However, review of the best available science 
in concert with input from lynx experts suggests that the probability of the persistence of resident 
breeding populations will decline in all units beginning as early as 2025, with the negative DPS-wide 
trajectory continuing to the end of the century, and (with no evidence to the contrary) beyond that time 
frame.    

We conclude that the eventual loss of resiliency indicated by extirpation of geographic units will also 
reduce redundancy and, possibly, representation.  These losses in resiliency, redundancy, and 
representation will put the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 

 

Table ZZ. Characterization of future status of the Canada lynx DPS using the conservation biology 
principles of redundancy, resiliency, and representation. 

 



 

3Rs 
 

Needs 
 

Current Condition 
Future Condition 

(Viability) 

Resiliency: 
Population 
(Populations able 
to withstand 
stochastic events) 

• Specialist requiring boreal 
forests with dense 
horizontal cover, long 
winters, and deep, fluffy 
snow, which gives it a 
competitive advantage for 
exploiting its primary 
prey, the snowshoe hare  

• Five out of six geographic 
units in the DPS contain 
resident breeding lynx 
populations  

• Federal lands are now 
being managed specifically 
to protect and restore lynx 
habitats, with the goal of 
supporting continued lynx 
presence  

• Changes in forest 
management may currently 
be causing decreases in 
habitat quantity, quality, 
and distribution, and in 
lynx numbers in Maine 

• In North-central 
Washington, recent large-
scale wildfires have 
resulted in the temporary 
loss of nearly 50 percent of 
lynx habitat 

Projections based on impacts of stressors to 
turn of the century (2100): 

• The likelihood of persistence of 
individual populations, and thus 
continued presence of resident lynx 
in each geographic unit, is expected 
to decrease by 2100 primarily 
because of climate change effects on 
snow conditions and boreal forests.   

• We expect populations to persist 
primarily in units having high-
elevation refugia, e.g., northwestern 
Montana and possibly western 
Colorado, although Colorado would 
be an isolated unit.   

• Lynx may also persist at the end of 
the century in Maine and Minnesota, 
depending on the severity of climate 
change effects and, in Maine, on 
trends in development and private 
forest management.   

Redundancy 
(Number and 
distribution of 
populations to 
withstand 
catastrophic events) 

• Multiple populations 
throughout the range 
of the DPS 

• Redundancy similar to 
historic levels.  

• No lynx were detected during 
recent research in the 
Greater Yellowstone Area 
(GYA, Unit 5), which is 
thought to have historically 
supported a small resident 
population.   

Projections based on impacts of stressors to 
turn of the century (2100): 

• Moderate to high likelihood of 
declines (i.e., loss of two to four 
units) by the turn of the century 
resulting in reduced redundancy. 

 
 



Representation 
(genetic and/or 
ecological diversity to 
maintain adaptive 
potential) 

• Occupy a range of 
ecologically diverse 
areas  

• Retain current 
genetic diversity 
 

• The breadth of ecological 
diversity and genetic 
diversity known 
historically for this DPS is 
retained. No indication of 
current risks to the genetic 
health or adaptive capacity 
of the DPS 

Projections based on impacts of stressors to 
turn of the century (2100): 

• Moderate to high likelihood of 
declines (i.e., loss of two to four 
units) by the turn of the century 
resulting in reduced representation. 
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Chapter 6:  Synthesis 

This section synthesizes the needs, current condition, and likely future condition of the Canada lynx in 
the contiguous U.S. DPS with respect to the conservation biology principles of representation, 
redundancy, and resiliency.  Its purpose is to provide an understanding of the rangewide status of this 
DPS that is as clear as possible given the unavoidable uncertainties involving demography and long-term 
threats. 

Needs  

Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests with 
dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive advantage for 
exploiting its primary prey, the snowshoe hare.   Lynx in the contiguous U.S. have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range hare 
abundance is the primary driver of lynx population dynamics.  However, the DPS is at the southernmost 
margin of the species’ range, where boreal forests transition to temperate conifer and hardwood 
forests, and where snow conditions and hare abundance generally become less favorable with 
decreasing latitude.  Because of this, habitat is less extensive and generally more fragmented within the 
DPS range than in the core of the species’ range in Canada and Alaska.  As a result, lynx in the 
contiguous U.S. are naturally less abundant and more patchily distributed than in the core of the range. 

Current Condition and Threats 

Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of individual 
lynx populations and their broad distribution across the geographic scope of the DPS.  Available 
information indicates that five out of six geographic units in the DPS contain resident breeding lynx 
populations.  Although we have no reliable population-size estimates for any of the geographic units, 
Northern Maine (Unit 1) is believed to currently support the largest resident population in the DPS.  In 
Northeastern Minnesota (Unit 2), a resident population occupies the Arrowhead Region of the State.  
Northwestern Montana and northeastern Idaho (Unit 3) continue to support resident lynx, although a 
small subpopulation in the Garnet Mountains on the southern periphery of this unit may have been 
extirpated recently.  In North-central Washington (Unit 4), recent extensive wildfires have temporarily 
reduced the amount of high-quality lynx habitat and may have caused a decline in lynx numbers there.  
Since the release of Canadian and Alaskan lynx in 1999-2006,  resident lynx currently occupy western 
Colorado (Unit 6).  The Greater Yellowstone Area (GYA, Unit 5) is thought to have historically supported 
a small resident population; however, resident lynx have not been documented recently in this unit.  
The apparent long-term (historic and current) persistence of resident lynx populations in at least four of 
the six geographic units (Units 1-4) and the absence of reliable information suggesting that the current 
distribution and number and relative abundance  of resident lynx are substantially reduced from historic 
conditions. suggest the historical and recent resiliency of lynx populations in the DPS.  The large sizes 
and broad geographic distributions of the areas occupied by resident lynx populations likewise indicate 
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adequate historical and current redundancy in the DPS to preclude its extirpation because of 
catastrophic events. 

    

Representation, the ability of a species to adapt to changing environmental conditions over time, is 
characterized by the breadth of genetic and ecological diversity within and among populations (Lynx SSA 
Team 2016, p. 25).  Information provided by lynx experts and geneticists indicates high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the species’ 
range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56).  Hybridization with bobcats has been 
documented but is not considered a substantial threat to the DPS (Lynx SSA Team 2016, p. 13).  Despite 
differences in forest community types and topographic/elevation settings, lynx across the range of the 
DPS occupy a similarly narrow and specialized ecological niche defined by specific vegetation structure, 
snow conditions, and the abundance of a single prey species.  Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey 
species).  However, although some small populations may have become extirpated recently, resident 
lynx in the DPS remain broadly distributed across the range of ecological settings that seems to have 
supported them historically in the contiguous U.S.  There are currently no indications of threats to the 
genetic health or adaptive capacity of lynx populations in the DPS, and the current level of 
representation does not appear to represent a decrease from historic conditions.     

The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on federal 
lands, has been largely addressed by formal and binding amendments or revisions to most federal land 
management plans within the DPS range.  Although questions remain about the efficacy of this 
improved regulatory framework, federal lands are now being managed specifically to protect and 
restore lynx habitats, with the goal of supporting continued lynx presence on these lands.  Most federal 
lands, which constitute 64 percent of lynx habitat evaluated in this SSA, are found in the western U.S.   

Other stressors affect lynx in one or more geographic units.  For example, in northern Maine, where 
most high-quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that govern 
private forest management may currently be causing decreases in habitat quantity, quality, and 
distribution, and in lynx numbers (also see Future Conditions and Threats, below).  The lack of binding 
lynx conservation commitments on most private lands may exacerbate this risk to current lynx habitats 
in Maine.  In North-central Washington, recent large-scale wildfires have resulted in the temporary loss 
of nearly 50 percent of lynx habitat, likely reducing this unit’s current lynx population and potentially 
compromising its current ability to support a resident population until habitats recover.  Increased 
wildfire activity also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it has 
influenced the current condition of lynx populations in those units is uncertain. 

Climate change is occurring at a global and, thus, a DPS-wide scale.  Increased wildfire frequency, size, 
and severity (as described above) are among a number of climate-mediated factors that have likely 
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influenced current lynx numbers and habitats in the DPS.  For example, climate warming has reduced 
snow amount, duration, and quality (in terms of conditions favorable for lynx), it has been linked to 
increased magnitude and severity of forest insect outbreaks, and it likely has already resulted in some 
changes in vegetative communities.  However, whether, and if so to what extent, these factors have 
influenced current lynx numbers or other demographic parameters and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units.  Despite uncertainty regarding its influence over current conditions for lynx, climate 
modeling and expert opinion concur that continued climate warming will adversely impact lynx in the 
DPS in the future (see below).  Periodic lynx immigration from Canada is believed to be important to the 
persistence of lynx populations in the DPS.  The amplitude and synchronicity of recent hare cycles has 
diminished, which some scientists attribute to climate change.  If diminished hare cycles persist, DPS 
populations are not as likely to experience demographic benefits from periodic immigration of lynx from 
Canada. 

Future Condition and Threats 

Overall, expert opinion and our evaluations suggest that resident lynx populations in each of the 
geographic units are likely to be smaller and their distributions reduced in the future.  These anticipated 
declines are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations) (Lynx SSA Team 
2016, p. 58).  Forest management on private lands that lack lynx conservation commitments may also 
contribute to future declines, particularly in northern Maine.  In each geographic unit, the probability 
that resident lynx populations will persist is expected to decline.  The loss of resident lynx from one or 
more geographic unit would represent reduced future resiliency, redundancy, and representation within 
the lynx DPS. 

The resiliency of lynx populations in individual geographic units is the primary determinant of the future 
viability of the lynx DPS.  Expert opinion and our analyses suggest a declining probability of persistence 
(loss of resiliency) for each of the geographic units within the DPS throughout the rest of this century 
(the analysis did not extend beyond 2100).  Projected climate warming is expected to exert the greatest 
influence on the resiliency of individual populations, and thus continued presence of resident lynx in 
each geographic unit.  Climate models project that boreal forests and snow conditions favorable for lynx 
at the southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS.  Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, as 
habitat conditions decline, hare populations will decline and lynx mortality rates are likely to increase 
and reproductive rates decrease.  As snow conditions become less favorable, competitors (e.g., bobcats) 
are likely to outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events.  

Although the loss of any geographic units would reduce the level of redundancy and could diminish 
representation, neither redundancy nor representation appears likely to influence the likelihood of 

Commented [MM3]: Immigration from Canada has been an 
important concept in our lynx listing and critical habitat documents, 
but not mentioned in this synthesis.  Given this was discussed at 
some length in the expert workshop and new papers concerning 
climate change, it seems we should include in the synthesis. 



retaining lynx in some units  viability of the DPS through the end of the century, for several reasons.  
With regard to redundancy, neither the scientific literature nor expert input provide a basis for 
concluding that any single future catastrophic event could cause extirpation in any one geographic unit.  
It is even less likely that a single future catastrophic event (other than climate change, which we 
considered as a separate stressor) will eliminate all populations in the DPS.  A sequence of catastrophic 
events over a short time could increase the potential for functional extirpation of one or more of the 
individual geographic units (e.g., fires in north-central Washington, as described above), thereby 
reducing redundancy within the DPS.  However, as long as resident lynx remain geographically well-
distributed in one or more units within the DPS, extirpation from a catastrophic event is very unlikely.      

With regard to representation, although some lynx populations in the DPS units are demographically 
isolated from each other and the level of interaction between others is uncertain, there seems to be 
little risk of significant genetic drift.  This is because of the currently-observed and likely future high level 
of gene flow across most of the lynx’s continental range, the species’ well-documented dispersal 
capability, the current and likely future absence of significant barriers to dispersal between Canada and 
the DPS, and continued connectivity between most parts of the DPS and lynx populations in Canada.  
Furthermore, based on expert input, there is no indication that the relatively low level of genetic 
diversity currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51).  This information suggests the current and likely future relative genetic health of 
the DPS. 

How the potential loss of resident lynx from one or more geographic unit may affect representation 
within the DPS in terms of the ecological diversity is uncertain.  Despite similarities in the fundamental 
components (vegetation, snow conditions, and hares) that define the ecological niche of lynx DPS-wide, 
differences in habitats and how lynx use of them are apparent (e.g., snow depth that seems to 
demarcate a boundary between lynx and bobcat occupancy in Maine [270 cm per year] is almost twice 
that observed in Minnesota [140 cm/yr]; lynx in some parts of the West select mature forest stands, 
particularly in winter, while in other parts of the DPS, young regenerating stands are most important).  
The loss of resident lynx from any of the geographic units could result in the loss of behavioral and 
potential future genetic adaptations to the climate-mediated changes now occurring and likely to 
continue into the future at the southern edge of the lynx range.  Such potential adaptability to 
diminished snow conditions, increasing patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate.    

Given the high percentage of federal land ownership in the West, regulatory commitments that these 
lands will continue to be managed in accordance with lynx conservation principles, and the existence of 
potential high-elevation climate refugia to which lynx habitats and some lynx might move, the western 
geographic units (Units 3-6) may be more likely to support resident lynx longer under projected 
continued climate warming.  Nonetheless, it is unlikely that any management actions can abate the 
long-term retreat of boreal forests and diminished snow conditions projected by climate models.  
Further, the size, frequency, and intensity of wildfires and  forest insect outbreaks are expected to 
increase with continued climate warming, particularly in the western portion of the DPS, although we do 
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not anticipate such events in-and-of-themselves are likely to cause the permanent loss of breeding lynx 
populations in any geographic unit. 

Although projections of climate-mediated losses of boreal forests, hare populations, and snow 
conditions favorable for lynx suggest impacts to lynx populations throughout the DPS, persistence of 
resident lynx in Maine and Minnesota may be relatively lower than the western geographic units given 
the smaller percent of federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia.  Additionally, as noted above, changes to 
regulations governing timber harvest on private forest lands in Maine are unlikely to maintain the 
current historically-high amount and distribution of good lynx habitat or the current large population of 
resident lynx.  These changes, which may affect over 90 percent of lynx habitats in northern Maine, are 
projected to result in substantial declines in habitat quality and distribution, and lynx numbers, over the 
next 10-30 years, primarily through restrictions on clearcutting and the proliferation of partial 
harvesting, which are detrimental to snowshoe hare and lynx needs.  On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, and 
uncertain forest markets will also reduce the quality and quantity of lynx habitat. 

DPS viability 

Although all five geographic units that currently support populations (all units except the GYA) are 
expected to continue to do so through mid-century, only one (Northwestern Montana/ Northeastern 
Idaho) has an estimated probability of persistence greater than 50 percent (i.e., persistence more likely 
than not) by the end of the century (Lynx SSA Team 2016, pp. 36-49, 58).  All other geographic units 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that resident 
lynx will be lost from two to four units by then.  Potential elevational refugia may increase the likelihood 
of persistence in western units, although uncertainty remains about the timing of warming-driven 
upslope movements of habitats and snow conditions and the extent to which hare and lynx populations 
may follow them.  Regardless, future lynx habitats are likely to be smaller and more fragmented, and 
geographic units that are already relatively isolated from other lynx populations are likely to become 
even more isolated in the future.  Despite the lack of elevational refugia, lynx may also persist at the end 
of the century in Maine and Minnesota, depending on the severity of climate change effects and, in 
Maine, on trends in development and private forest management.  Uncertainty increases at mid- to late-
century concerning the timing and extent of various stressors that will affect lynx and hare habitat and 
snow regimes, especially those related to climate change.  However, review of the best available science 
in concert with input from lynx experts suggests that the probability of the persistence of resident 
breeding populations will decline in all units beginning as early as 2025, with the negative DPS-wide 
trajectory continuing to the end of the century, and (with no evidence to the contrary) beyond that time 
frame.    

We conclude that the eventual loss of resiliency indicated by extirpation of geographic units will also 
reduce redundancy and, possibly, representation.  These losses in resiliency, redundancy, and 



representation will put the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 

 

Table ZZ. Characterization of future status of the Canada lynx DPS using the conservation biology 
principles of redundancy, resiliency, and representation. 

 



 

3Rs 
 

Needs 
 

Current Condition 
Future Condition 

(Viability) 

Resiliency: 
Population 
(Populations able 
to withstand 
stochastic events) 

• Specialist requiring boreal 
forests with dense 
horizontal cover, long 
winters, and deep, fluffy 
snow, which gives it a 
competitive advantage for 
exploiting its primary 
prey, the snowshoe hare  

• Five out of six geographic 
units in the DPS contain 
resident breeding lynx 
populations  

• Federal lands are now 
being managed specifically 
to protect and restore lynx 
habitats, with the goal of 
supporting continued lynx 
presence  

• Changes in forest 
management may currently 
be causing decreases in 
habitat quantity, quality, 
and distribution, and in 
lynx numbers in Maine 

• In North-central 
Washington, recent large-
scale wildfires have 
resulted in the temporary 
loss of nearly 50 percent of 
lynx habitat 

Projections based on impacts of stressors to 
turn of the century (2100): 

• The likelihood of persistence of 
individual populations, and thus 
continued presence of resident lynx 
in each geographic unit, is expected 
to decrease by 2100 primarily 
because of climate change effects on 
snow conditions and boreal forests.   

• We expect populations to persist 
primarily in units having high-
elevation refugia, e.g., northwestern 
Montana and possibly western 
Colorado, although Colorado would 
be an isolated unit.   

• Lynx may also persist at the end of 
the century in Maine and Minnesota, 
depending on the severity of climate 
change effects and, in Maine, on 
trends in development and private 
forest management.   

Redundancy 
(Number and 
distribution of 
populations to 
withstand 
catastrophic events) 

• Multiple populations 
throughout the range 
of the DPS 

• Redundancy similar to 
historic levels.  

• No lynx were detected during 
recent research in the 
Greater Yellowstone Area 
(GYA, Unit 5), which is 
thought to have historically 
supported a small resident 
population.   

Projections based on impacts of stressors to 
turn of the century (2100): 

• Moderate to high likelihood of 
declines (i.e., loss of two to four 
units) by the turn of the century 
resulting in reduced redundancy. 

 
 



Representation 
(genetic and/or 
ecological diversity to 
maintain adaptive 
potential) 

• Occupy a range of 
ecologically diverse 
areas  

• Retain current 
genetic diversity 
 

• The breadth of ecological 
diversity and genetic 
diversity known 
historically for this DPS is 
retained. No indication of 
current risks to the genetic 
health or adaptive capacity 
of the DPS 

Projections based on impacts of stressors to 
turn of the century (2100): 

• Moderate to high likelihood of 
declines (i.e., loss of two to four 
units) by the turn of the century 
resulting in reduced representation. 
 

 



From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Lynx Core/FIT Call?
Date: Tuesday, September 27, 2016 10:04:30 AM

No meeting today is fine by me...thanks Jim.  

On Tue, Sep 27, 2016 at 10:01 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Unless someone on the Core or FIT Teams feels like a teams call is needed today (our usual weekly 10 AM MST
call), I'm inclined to cancel and focus on trying to finish the synthesis (Ch. 6) and table and seeing where we are
and what is yet needed for the Exec. Summary.

We have the monthly State coordination call tomorrow afternoon, and I will send out a reminder to State and
Service folks about that one later today.

We are also scheduled to have the monthly internal FWS call next Tuesday, but Jodi and I discussed moving that
up to this Friday. When we finalize that decision, I'll send around a note to let folks know about the change.

So, unless someone feels strongly that we need the Core/FIT call today, I'm planning on not holding it.  If folks
have questions, we can discuss individually.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED!!!! 
On Tuesdays and Thursdays call 207 944-5709

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: Zelenak, Jim
To: bob.broscheid@state.co.us; craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric; Moore,Virgil; Dustin

Miller (dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam Eaton;
Chandler.woodcock@maine.gov; Connolly, James; Vashon, Jennifer; moritzw@michigan.gov;
bumpa@michigan.gov; kennedyd@michigan.gov; commissioner.dnr@state.mn.us; rita.dixon@idfg.idaho.gov;
jim.leach@state.mn.us; Paul.Telander@state.mn.us; Baker, Richard (DNR); Erb, John D (DNR);
jhagener@mt.gov; JTubbs@mt.gov; McDonald, Ken; Inman, Bob; Jay Kolbe; seggeman@mt.gov; Baty, Ross;
glenn.normandeau@wildlife.nh.gov; Mark.Ellingwood@wildlife.nh.gov; john.kanter@wildlife.nh.gov;
Jill.Killborn@wildlife.nh.gov; William.Staats@wildlife.nh.gov; Patrick.Tate@wildlife.nh.gov;
alexandra.sandoval@state.nm.us; stewart.liley@state.nm.us; rick.winslow@state.nm.us; Stuart, James N., DGF;
patricia.riexinger@dec.ny.gov; curt.melcher@state.or.us; derek.j.broman@state.or.us; Gregory Sheehan;
Kimberly Hersey; louis.porter@state.vt.us; mark scott; Bernier, Chris; director@dfw.wa.gov; cpl@dnr.wa.gov;
Lewis, Jeffrey C (DFW); Maletzke, Benjamin T (DFW); cathy.stepp@wisconsin.gov; kurt.thiede@wisconsin.gov;
Sanjay.Olson@wisconsin.gov; Tom.Hauge@wisconsin.gov; Erin.Crain@wisconsin.gov; Owen Boyle; Roberts,
Nathan M - DNR; David.MacFarland@wisconsin.gov; John.White@wisconsin.gov; scott.talbot@wyo.gov; Bob
Lanka; Zack Walker; Nichole Bjornlie; Rossler, Shawn T - DNR

Cc: Seth Willey; Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt
Broderdorp; Mark McCollough; Tamara Smith; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab; Ann
Timberman; Anthony Tur; Brad Thompson; Chris Mensing; David Stilwell; Drue DeBerry; Eric Rickerson; Grant
Canterbury; Jeff Krupka; Karl Halupka; Kate Novak; Kim Garner; Larry Crist; Laura Ragan; Leslie Ellwood; Mark
Maghini; Martin Miller; Megan Kosterman; Michelle Eames; Paul Casey; Paul Henson; Peter Fasbender; Rollie
White; Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman; Tyler Abbott; Wally Murphy; Dennis Mackey;
Patricia Zenone; Gary Miller; Karen Cathey; Steve Spangle; Rick Kahn; Jackson, Scott -FS

Subject: Lynx SSA Coordination Call
Date: Tuesday, September 27, 2016 6:12:44 PM

Hi All:

We will hold a brief coordination call tomorrow, Wed., September 28, at 1:00 PM Mountain Time, to update State agencies
and several other partners on progress on the SSA report and to try to answer any questions folks might have.

866-822-7385
passcode: 5396168

Thanks.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: bob.broscheid@state.co.us; craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric; Moore,Virgil; Dustin

Miller (dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam Eaton;
Chandler.woodcock@maine.gov; Connolly, James; Vashon, Jennifer; moritzw@michigan.gov;
bumpa@michigan.gov; kennedyd@michigan.gov; commissioner.dnr@state.mn.us; rita.dixon@idfg.idaho.gov;
jim.leach@state.mn.us; Paul.Telander@state.mn.us; Baker, Richard (DNR); Erb, John D (DNR);
jhagener@mt.gov; JTubbs@mt.gov; McDonald, Ken; Inman, Bob; Jay Kolbe; seggeman@mt.gov; Baty, Ross;
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Cc: Seth Willey; Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt
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Patricia Zenone; Gary Miller; Karen Cathey; Steve Spangle; Rick Kahn; Jackson, Scott -FS

Subject: Lynx SSA Coordination Call
Date: Tuesday, September 27, 2016 6:12:44 PM

Hi All:

We will hold a brief coordination call tomorrow, Wed., September 28, at 1:00 PM Mountain Time, to update State agencies
and several other partners on progress on the SSA report and to try to answer any questions folks might have.

866-822-7385
passcode: 5396168

Thanks.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: McCollough, Mark
Subject: Re: Lynx SSA Coordination Call
Date: Wednesday, September 28, 2016 9:47:48 AM

Will do Mark.

On Wed, Sep 28, 2016 at 6:08 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Jim:  I probably will not be able to attend today's call.  Could you let us know if there are
any particular issues raised by the states that we should know about.  I am particularly
interested in any comments from Maine.  Trapping season is two weeks away, and I'm sure
Maine trappers will once again be asking MDIFW if/when the lynx will be delisted.

Thanks,  Mark

On Tue, Sep 27, 2016 at 6:12 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

We will hold a brief coordination call tomorrow, Wed., September 28, at 1:00 PM Mountain Time, to update State
agencies and several other partners on progress on the SSA report and to try to answer any questions folks might have.

866-822-7385
passcode: 5396168

Thanks.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED!!!!  On Tuesdays and Thursdays call 207 944-5709

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: McCollough, Mark
Subject: Re: Lynx SSA Coordination Call
Date: Wednesday, September 28, 2016 9:47:48 AM

Will do Mark.

On Wed, Sep 28, 2016 at 6:08 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Jim:  I probably will not be able to attend today's call.  Could you let us know if there are
any particular issues raised by the states that we should know about.  I am particularly
interested in any comments from Maine.  Trapping season is two weeks away, and I'm sure
Maine trappers will once again be asking MDIFW if/when the lynx will be delisted.

Thanks,  Mark

On Tue, Sep 27, 2016 at 6:12 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

We will hold a brief coordination call tomorrow, Wed., September 28, at 1:00 PM Mountain Time, to update State
agencies and several other partners on progress on the SSA report and to try to answer any questions folks might have.

866-822-7385
passcode: 5396168

Thanks.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED!!!!  On Tuesdays and Thursdays call 207 944-5709

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709

mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
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From: Zelenak, Jim
To: Holt, Bryon
Cc: Mark McCollough; Tamara Smith; Kurt Broderdorp; Jonathan Cummings
Subject: Re: DRAFT REPORT FOR REVIEW: Climate Change Impacts on U.S. Northern Rockies Wildlife Connectivity
Date: Thursday, October 06, 2016 2:24:35 PM

Sorry you feel that way, Bryon.  I knew from some of the earlier correspondence and a phone conversation with
Karen H. that there were some issues - kind of a "lessons learned" opportunity - but I thought the approach and even
the difficulties/challenges would be of interest to our SSA group.

However, given Bryon's concerns, I'll ask others not to share these further, and we can all wait to see what the final
document will say, and considering sharing that at some point.

On Thu, Oct 6, 2016 at 11:46 AM, Holt, Bryon <bryon_holt@fws.gov> wrote:
Jim,

I wish you would not have sent this around.  At the meeting we identified many many
problems with the analysis, discussion, and projections.  As a result of our meeting, the draft
reports and analysis are going to be significantly altered.

Bryon

On Thu, Oct 6, 2016 at 10:36 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

I haven't been able to look closely at this and I was unable to attend the recent meeting of the author's and
several experts this past Tuesday, but I thought you all might find this of interest given the confluence of
climate change, vegetation modeling, and expert elicitation in a connectivity/vulnerability assessment for lynx
and other species in the N. Rockies.

When this is finalized, I will send it around to others in USFWS who work with lynx issues, but I thought the
draft results for lynx might be of interest to this group given our similar efforts with regard to the lynx SSA.

 
---------- Forwarded message ----------
From: Meredith McClure <meredith@largelandscapes.org>
Date: Wed, Sep 28, 2016 at 11:15 AM
Subject: DRAFT REPORT FOR REVIEW: Climate Change Impacts on U.S. Northern
Rockies Wildlife Connectivity
To: Meredith McClure <meredith@largelandscapes.org>

Good morning all,

You are each receiving this email because you have contributed at some point in time to
our climate change vulnerability assessment of U.S. Northern Rockies wildlife corridors
and/or have expressed interest in reviewing a draft of the final report. 

The draft report is now available for review here:
Body of Final Report 
Appendix A. Vegetation Model Validation
Appendix B. Focal Species Expert Questionnaire
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Appendix C. Bighorn Sheep Detailed Results
Appendix D. Canada Lynx Detailed Results
Appendix E. Fisher Detailed Results
Appendix F. Greater Sage Grouse Detailed Results
Appendix G. Grizzly Bear Detailed Results
Appendix H. Mountain Goat Detailed Results
Appendix I. Mule Deer Detailed Results
Appendix J . Wolverine Detailed Results

As partners, advisors, and expert contributors on this project, we’d greatly appreciate any
feedback you may have to offer on relevant sections of the draft that you feel would
improve the quality of the final report. In particular, we’d appreciate your perspectives on
the relevance and/or limitations of the reported information for use in a management
context. 

We hope to receive all comments by October 28 so that we may incorporate them into the
final document, which we expect to release in November. Comments may be submitted in
any format you’d prefer (e.g., word document with page/line number references,
commented pdf, or discussion by phone). 

Please feel free to contact me with any questions, and thank you all for your assistance in
completing this assessment!

Meredith

Meredith McClure, Ph.D.
Spatial Ecologist
Center for Large Landscape Conservation
www.largelandscapes.org | 406.586.8082

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
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U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Hanvey, Gary -FS
To: Zelenak, Jim
Cc: Dixon, Bev -FS; Kuennen, Reed -FS
Subject: RE: FW: incidental lynx trapping
Date: Tuesday, October 11, 2016 4:08:37 PM

Thanks Jim.  I’m assuming that LPZ’s are identified in the trapping regs.  I’ll go to their web site and
look………..
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, October 11, 2016 3:53 PM
To: Hanvey, Gary -FS <ghanvey@fs.fed.us>
Cc: Jackson, Scott -FS <sjackson03@fs.fed.us>; Dixon, Bev -FS <bdixon@fs.fed.us>;
Jodi_Bush@fws.gov
Subject: Re: FW: incidental lynx trapping
 
Also attached here is a summary provided by MTFWP of trapping regulation changes 1999-
2015 to protect lynx and reduce likelihood of incidental trapping.  I thought this might be
useful for Bev in addressing potential for incidental trapping of lynx on the Custer-Gallatin -
most of which I think is in one of the State's new Lynx Protection Zones (LPZs).
 
On Tue, Oct 11, 2016 at 3:09 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

Hi Gary et al.,
 
See replies in red below.
 
Let me know if there's anything else we can provide.
 
Jim
 
On Tue, Oct 11, 2016 at 9:42 AM, Hanvey, Gary -FS <ghanvey@fs.fed.us> wrote:

Hey Jim.  Some questions. 
 
Did you collect any info relative to trapping/shooting during your status review?

 
Yes. The most current info on
REPORTED 
incidental
capture from trapping
 in MT (attached) comes from a
summary
 FWP submitted to us recently.  Other Service lynx biologists from other parts of the DPS
also collected and summarized the available information on incidental trapping and illegal
shooting.  That info will be in the draft SSA report that we hope you will see soon.  If you
need incidental take info from other states before then, let me know and I will try to pull
them from the draft SSA
 or query the lynx biologists from our other regions/field offices

mailto:ghanvey@fs.fed.us
mailto:jim_zelenak@fws.gov
mailto:bdixon@fs.fed.us
mailto:rkuennen@fs.fed.us
mailto:jim_zelenak@fws.gov
mailto:ghanvey@fs.fed.us


.

  
Since lynx are federally protected, isn’t the Service notified of all mortalities?

 
Yes, at least in theory.  We had been previously made aware of most, but not all, of the
incidental take in the attached FWP data. Most reporting was to our "Division of
Management Authority" (DMA) in D.C., which oversees the CITES Program.  MT, like
most lynx range states, participates in the CITES bobcat trapping/exporting program, which
requires them to report all incidental take of lynx.  In the past, Brian Giddings (formerly
FWP furbearer manager in Helena) would sometimes send reports to DMA but not to FWS
here in Helena, but we eventually received most of them from DMA.  I asked Brian, and
now his successor, Bob Inman, to copy us on any incidental take reports they file with DMA
as per CITES program requirements.  Keep in mind that it is possible, if not likely, that
incidental take occurs that is not reported - that is, there are likely lynx mortalities about
which we are not notified because they are not reported to FWP, other states, or DMA.

 
 

And, wouldn’t the Service keep records of those?

 
Yes, although that record-keeping appears to have been spotty in the past, and I don't think
it is currently centralized or assigned to anyone in particular.  A couple years back, before
we received the attached info from FWP, I pulled together all the info on incidental
trapping/shooting in MT that I could based on the Original CITES BA/BO from 2001 and
the reports that we'd received here from FWP or DMA - some sent to Lori Nordstrom and
others later to Shawn Sartorius.  I've attached that also (my Feb. 2013 update based on info I
could find here).  Most of the records there match records in the FWP
summary, though there is some disparity in dates and other details. 

 

And, does anyone in the Service track lynx mortalities?

 
As described above. Other FWS field offices also track incidental trapping, illegal shooting,
and vehicle collisions in their areas (e.g., Maine, Minnesota, etc.).  Kurt Broderdorp in our
Western Colorado Field Office has been unofficial keeper of lynx-vehicle collision data,
and he provided the attached update (excel spreadsheet) in Feb. 2016 after we queried
partners in each state for any new info on collisions.

 
 
From: Hanvey, Gary -FS 
Sent: Tuesday, October 11, 2016 9:36 AM
To: Jackson, Scott -FS <sjackson03@fs.fed.us>; Dixon, Bev -FS <bdixon@fs.fed.us>
Cc: Squires, John -FS <jsquires@fs.fed.us>
Subject: RE: incidental lynx trapping
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Bev.  I’m trying to track this info as well for the Flathead Revision BA.  As you know the
state was litigated over trapping issues not long ago, and was requesting info from
Squires in response to the suit.  So, I have asked John for some help on this issue as well. 
We’ll let you know what we find out.
 
From: Jackson, Scott -FS 
Sent: Tuesday, October 11, 2016 9:23 AM
To: Dixon, Bev -FS <bdixon@fs.fed.us>; Hanvey, Gary -FS <ghanvey@fs.fed.us>
Subject: RE: incidental lynx trapping
 
Hi Bev,
 
I don’t know specifics.  Brian Giddings retired and Bob Inman is the
new FWP furbearer/carnivore biologist.  I’ll see him this afternoon
and ask him.  I’ll let you know if I find out anything of interest. 
Thanks.
 

Scott Jackson 
National Carnivore Program Leader
Forest Service
Northern Regional Office

p: 406-329-3664 
f: 406-329-3171 
sjackson03@fs.fed.us

26 Fort Missoula Road
Missoula, MT 59804
www.fs.fed.us 

Caring for the land and serving people

From: Dixon, Bev -FS 
Sent: Tuesday, October 11, 2016 8:58 AM
To: Hanvey, Gary -FS <ghanvey@fs.fed.us>; Jackson, Scott -FS
<sjackson03@fs.fed.us>
Subject: incidental lynx trapping
 
Howdy – I’m working on the plan revision assessment for the Custer Gallatin, and felt the
need to address potential for incidental trapping of lynx.  The (2013) LCAS says: “in
Montana, 10 lynx were reported trapped (bet 2000-2012), of which at least 4 died.” (p.
79).  Do either of you know whether any lynx have been incidentally trapped (or shot) on
or near the CGNF?  I couldn’t find specific info on FWP website.  I can contact Brian
Giddings, but thought one of you might know the answer.  Thanks.
 

Bev Dixon 
Wildlife Biologist, Forest Plan Revision Team

mailto:bdixon@fs.fed.us
mailto:ghanvey@fs.fed.us
mailto:sjackson03@fs.fed.us
http://www.fs.fed.us/
mailto:ghanvey@fs.fed.us
mailto:sjackson03@fs.fed.us


Forest Service
Custer Gallatin National Forest

p: 406-587-6746 
f: 406-587-6758 
bdixon@fs.fed.us

P.O.Box 130 
Bozeman, MT 59771
www.fs.fed.us 

Caring for the land and serving people

 
 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or
disclosure of the information it contains may violate the law and subject the violator to
civil or criminal penalties. If you believe you have received this message in error, please
notify the sender and delete the email immediately.

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Hanvey, Gary -FS
Subject: Re: FW: incidental lynx trapping
Date: Wednesday, October 12, 2016 10:47:06 AM

Yes - the final SSA will be made publicly available.  Not sure about the draft.

I don't recall coming across any incidental trapping info for Wyoming.  I think you provided us with info on recent
incidental captures in ID.  Not sure how much detail will be in the SSA regarding those.  I will forward your
question to Lisa Solberg-Schwab, our lynx biologist in Cheyenne, and Bryon Holt for northern Idaho and ask them
to get back to you.

On Tue, Oct 11, 2016 at 3:56 PM, Hanvey, Gary -FS <ghanvey@fs.fed.us> wrote:

Thanks Jim!  This info is what I had hoped you could provide.  Because some would regard this info
to be “sensitive” in nature, I will not share it w/ FS Bios unless they need and request it for NEPA
purposes (as Bev and Reed have requested for Forest Plan Revision planning).  Will the Draft SSA
and/or Final SSA be made available to the public?

 

I would like to also have any info from WY and ID since both states have Forests w/in the Northern
Planning Area (NRLMD).  Would the same info you provided for MT also be in the Draft SSA for WY
and ID?  If so, and if the Draft SSA will be coming soon, I can wait for the report to come out.  But,
if the Draft will not be coming out for awhile, OR if the records in the SAA are lumped and/or
summarized by state (as opposed to being itemized as in these MT data), let me know – we can
discuss how much trouble/work it would be for you to dig those up.

 

But, thanks much for these MT data…………… 

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, October 11, 2016 3:09 PM
To: Hanvey, Gary -FS <ghanvey@fs.fed.us>
Cc: Jackson, Scott -FS <sjackson03@fs.fed.us>; Dixon, Bev -FS <bdixon@fs.fed.us>;
Jodi_Bush@fws.gov
Subject: Re: FW: incidental lynx trapping

 

Hi Gary et al.,

 

See replies in red below.

 

mailto:jim_zelenak@fws.gov
mailto:ghanvey@fs.fed.us
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Let me know if there's anything else we can provide.

 

Jim

 

On Tue, Oct 11, 2016 at 9:42 AM, Hanvey, Gary -FS <ghanvey@fs.fed.us> wrote:

Hey Jim.  Some questions. 

 

Did you collect any info relative to trapping/shooting during your status review?

 

Yes. The most current info on

REPORTED 

incidental

capture from trapping

 in MT (attached) comes from a

summary

 FWP submitted to us recently.  Other Service lynx biologists from other parts of the DPS
also collected and summarized the available information on incidental trapping and illegal
shooting.  That info will be in the draft SSA report that we hope you will see soon.  If you
need incidental take info from other states before then, let me know and I will try to pull
them from the draft SSA

 or query the lynx biologists from our other regions/field offices

.

  

Since lynx are federally protected, isn’t the Service notified of all mortalities?

 

Yes, at least in theory.  We had been previously made aware of most, but not all, of the
incidental take in the attached FWP data. Most reporting was to our "Division of
Management Authority" (DMA) in D.C., which oversees the CITES Program.  MT, like
most lynx range states, participates in the CITES bobcat trapping/exporting program, which
requires them to report all incidental take of lynx.  In the past, Brian Giddings (formerly
FWP furbearer manager in Helena) would sometimes send reports to DMA but not to FWS
here in Helena, but we eventually received most of them from DMA.  I asked Brian, and

mailto:ghanvey@fs.fed.us


now his successor, Bob Inman, to copy us on any incidental take reports they file with DMA
as per CITES program requirements.  Keep in mind that it is possible, if not likely, that
incidental take occurs that is not reported - that is, there are likely lynx mortalities about
which we are not notified because they are not reported to FWP, other states, or DMA.



 

 

And, wouldn’t the Service keep records of those?

 

Yes, although that record-keeping appears to have been spotty in the past, and I don't think it
is currently centralized or assigned to anyone in particular.  A couple years back, before we
received the attached info from FWP, I pulled together all the info on incidental
trapping/shooting in MT that I could based on the Original CITES BA/BO from 2001 and
the reports that we'd received here from FWP or DMA - some sent to Lori Nordstrom and
others later to Shawn Sartorius.  I've attached that also (my Feb. 2013 update based on info I
could find here).  Most of the records there match records in the FWP
summary, though there is some disparity in dates and other details. 



 

And, does anyone in the Service track lynx mortalities?

 

As described above. Other FWS field offices also track incidental trapping, illegal shooting,
and vehicle collisions in their areas (e.g., Maine, Minnesota, etc.).  Kurt Broderdorp in our
Western Colorado Field Office has been unofficial keeper of lynx-vehicle collision data, and
he provided the attached update (excel spreadsheet) in Feb. 2016 after we queried partners in
each state for any new info on collisions.

 

 

From: Hanvey, Gary -FS 
Sent: Tuesday, October 11, 2016 9:36 AM
To: Jackson, Scott -FS <sjackson03@fs.fed.us>; Dixon, Bev -FS <bdixon@fs.fed.us>
Cc: Squires, John -FS <jsquires@fs.fed.us>
Subject: RE: incidental lynx trapping

 

Bev.  I’m trying to track this info as well for the Flathead Revision BA.  As you know the

mailto:sjackson03@fs.fed.us
mailto:bdixon@fs.fed.us
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state was litigated over trapping issues not long ago, and was requesting info from Squires
in response to the suit.  So, I have asked John for some help on this issue as well.  We’ll
let you know what we find out.

 

From: Jackson, Scott -FS 
Sent: Tuesday, October 11, 2016 9:23 AM
To: Dixon, Bev -FS <bdixon@fs.fed.us>; Hanvey, Gary -FS <ghanvey@fs.fed.us>
Subject: RE: incidental lynx trapping

 

Hi Bev,

 

I don’t know specifics.  Brian Giddings retired and Bob Inman is the
new FWP furbearer/carnivore biologist.  I’ll see him this afternoon
and ask him.  I’ll let you know if I find out anything of interest. 
Thanks.

 

Scott Jackson 
National Carnivore Program Leader
Forest Service

Northern Regional Office

p: 406-329-3664 
f: 406-329-3171 
sjackson03@fs.fed.us

26 Fort Missoula Road
Missoula, MT 59804
www.fs.fed.us 

Caring for the land and serving people

From: Dixon, Bev -FS 
Sent: Tuesday, October 11, 2016 8:58 AM
To: Hanvey, Gary -FS <ghanvey@fs.fed.us>; Jackson, Scott -FS <sjackson03@fs.fed.us>
Subject: incidental lynx trapping

 

Howdy – I’m working on the plan revision assessment for the Custer Gallatin, and felt the
need to address potential for incidental trapping of lynx.  The (2013) LCAS says: “in

mailto:bdixon@fs.fed.us
mailto:ghanvey@fs.fed.us
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Montana, 10 lynx were reported trapped (bet 2000-2012), of which at least 4 died.” (p.
79).  Do either of you know whether any lynx have been incidentally trapped (or shot) on
or near the CGNF?  I couldn’t find specific info on FWP website.  I can contact Brian
Giddings, but thought one of you might know the answer.  Thanks.

 

Bev Dixon 
Wildlife Biologist, Forest Plan Revision Team

Forest Service

Custer Gallatin National Forest

p: 406-587-6746 
f: 406-587-6758 
bdixon@fs.fed.us

P.O.Box 130 
Bozeman, MT 59771
www.fs.fed.us 

Caring for the land and serving people

 

 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify
the sender and delete the email immediately.

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

mailto:bdixon@fs.fed.us
http://www.fs.fed.us/


(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


From: Bush, Jodi
To: Jim Zelenak
Subject: Fwd: EXECUTED ORDER F16PB00362 - PEER REVIEW LYNX
Date: Friday, October 14, 2016 9:50:21 AM
Attachments: Atkins_Lynx_SSA_Peer_Review_Proposal_REV01.pdf

EXECUTED ORDER BPA-C_F12PA00007_F16PB00362.pdf
Final SOW Lynx SSA_July 15 2016 (2).doc

You should have these for the record. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Steve Gess <Steve_Gess@fws.gov>
Date: Mon, Aug 22, 2016 at 10:35 AM
Subject: EXECUTED ORDER F16PB00362 - PEER REVIEW LYNX
To: "Cusack, Matthew T" <matt.cusack@atkinsglobal.com>
Cc: Jodi Bush <jodi_bush@fws.gov>, Kaimy Marks <kaimy_marks@fws.gov>

Matt, Congratulations! Attached is the fully executed Task Order (
F16PB00362) against your US FWS Contract F12PA00007, to conduct PEER
Review in accordance with the Statement of work for LYNX, as you proposed.

 

Please coordinate all efforts with Jodi Bush. Jodi is copied on this email and
her contact information is listed in the Task Order. Again we look forward to
working you and your team on this important project for US FWS.

 

 

Steven C. Gess, CPPO

Contracting Officer

US Fish & Wildlife Service

Region 6 Lakewood CO.

303-236-4334

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:Steve_Gess@fws.gov
mailto:matt.cusack@atkinsglobal.com
mailto:jodi_bush@fws.gov
mailto:kaimy_marks@fws.gov


Steve_gess@fws.gov

 

mailto:Steve_gess@fws.gov
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Order Statement of Work 
Peer Review (without attribution) of the Scientific Findings in  

U.S. Fish and Wildlife Service’s Species Status Assessment for the contiguous United States 
distinct population segment (DPS) of the Canada lynx (Lynx canadensis). 

 
Date: July 15, 2016 

 
1. Introduction/Background  
The U.S. Fish and Wildlife Service (Service) has conducted a species status assessment (SSA) as 
a first step to understand the current status of the contiguous United States distinct population 
segment (DPS) of the Canada lynx (Lynx canadensis), currently listed as threatened under the 
Endangered Species Act (Act).  The SSA is intended to inform and streamline the court-ordered 
recovery plan (due January15, 2018), assuming such a plan is deemed necessary. The SSA report 
will also serve as the basis for the five-year status review (initiated in 2007; 72 FR 19549) 
required under the Act and would also provide the scientific foundation to support future 
rulemaking in accordance with the Act should the five-year review indicate that a change in the 
DPS’s listing status is warranted.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under the 
Act in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms.  
Specifically, at that time the Service believed that most lynx and lynx habitats occurred on 
national forests, and that the Land and Resource Management Plans that guided management of 
those forests included “...programs, practices, and activities within the authority and jurisdiction 
of Federal land management agencies that may threaten lynx or lynx habitat.  The lack of 
protection for lynx in these Plans render them inadequate to protect the species” (65 FR 16052).  
 
Currently, there are five geographic areas known to support resident lynx populations in the 
DPS:  northern Maine (with occasional/sporadic breeding by small numbers of lynx in 
northernmost New Hampshire and Vermont); northeastern Minnesota; northwestern Montana 
and northeastern Idaho; north-central Washington; and western Colorado.  After statewide 
surveys conducted in 1978-1997 suggested the absence of viable resident lynx populations in 
Colorado, the State, from 1999 to 2006, released 218 lynx captured in Canada and Alaska into 
southwest Colorado to establish the current resident population.  Additionally, the Greater 
Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming is believed 
historically (and as recently as 2003-04) to have supported a small but relatively persistent lynx 
population, but it is uncertain whether it currently supports any resident lynx.  
 
In accordance with the Service peer review policy, we are requesting peer review of this species 
status assessment (SSA). 
 
2.  Description of Review 
 
We are seeking peer review of this species status assessment (SSA). The purpose of the review is 
to help us ensure that we have used the best scientific and commercial information when we 
make our final decision as to the current status of the lynx. Thus, we are looking for independent 
scientific perspectives on the comprehensiveness and logic of the document, as well as how well 
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the technical conclusions are supported by the data and analyses. Peer reviewers should be 
advised that they are not to provide advice on policy.  
 
3.  Methods, Protocols and/or Scientific Standards 
The selection of participants in a peer review is based on expertise, with due consideration of 
independence and conflict of interest (OMB –IQ bulletin for Peer Review). The most important 
factor in selecting reviewers is expertise: ensuring that the selected reviewer has the knowledge, 
experience, and skills necessary to perform the review. The independent peer reviewers shall be 
experienced senior-level ecologists, carnivore biologists, population modelers, and/or furbearer 
managers who have previously conducted similar reviews or regularly provided reviews of 
research and conservation articles for the scientific literature. Reviewers must be well-versed in 
the demographic management of mammals, preferably lynx or other carnivores. While expertise 
is the primary consideration, reviewers should also be selected to represent a diversity of 
scientific perspectives relevant to the subject.  
 
Potential conflicts of interest include: employment or affiliation with the Service, the States, the 
Interagency Lynx Conservation Team, the Western Governors Association; peer reviewers who 
have offered a public opinion or a statement either for or against delisting; and peer reviewers 
directly or indirectly employed by or associated in any way with any organization that has either 
litigated the federal government concerning lynx or taken a position on one side or the other 
about recovery and listing of lynx. The contractor will be responsible for assigning an 
experienced, senior and well-qualified manager to lead this review and for the selection of 3-5 
well-qualified, objective, independent reviewers (a minimum of 3 individuals must provide 
review; more is preferred).  The expertise of qualified reviewers shall include at least 2 reviewers 
who meet criteria 1 and 2 and 4 below, and at least one reviewer who meets criteria 1 and 3 and 
4: and representative of the DPS range of lynx including northeastern US, the Midwest, the 
Rocky Mtns and Canada.  
 
1. A Ph.D. or an M.S. (with significant experience) in Wildlife Biology/Ecology, Ecology, or 

Wildlife Management or other related fields as long as they meet the other qualifications 
below. 

2. Demonstrated experience working with the management of carnivores, especially lynx or 
other furbearers, and wildlife population management. 

3. Expert knowledge of wildlife biology, wildlife management, demographic management of 
mammals (especially carnivores), wildlife population dynamics, and/or wildlife 
population modeling, as well as being generally versed in available literature on lynx and 
other carnivores, boreal forest systems, and changes in climate within boreal forest 
systems.   

4. Expert knowledge of boreal forest ecosystems and effects of climate change within those 
ecosystems within Canada and the US is preferred.     

5. Experience as a peer reviewer for scientific publications. 
 
In addition, the reviewers must have no financial or other conflicts of interest with the outcome 
or implications of the report (reviewers should not be currently employed by the Service, State 
agencies within the lynx DPS range, or employed by (or contracted by) any organization that has 
either litigated or taken a position on lynx listing or recovery.   
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The Service will have an opportunity to seek clarification on any review comments through the 
contractor (Task 003.1), for a period of 10 days, starting 60 days after the Service receives the 
reviews from the contractor. 
 
Peer Reviewers will provide individual, written responses. Peer Reviewers should be advised 
that their reviews, including their names and affiliations, will (1) be included in our 
administrative record, and (2) will be made available to the public.  We will summarize and 
respond to the issues raised by the peer reviewers in the record.   
 
Collectively, the review should cover, but not be limited to, the topics listed below. Individual 
reviewers should, at their own discretion, provide comments, criticisms, and ideas about any of 
the topics they feel qualified to comment on. The most valuable reviews will focus on how 
thoroughly and logically the topics have been treated, and how well the conclusions are 
supported by the data and analyses. Not all reviewers are required to address all issues noted 
below. Reviewers should comment on areas within their expertise, and may choose to abstain 
from other areas including restricting your technical comments to your area of expertise, but feel 
free to render opinions or raise questions about larger scientific issues that may be relevant.  To 
the extent possible, justify your comments with supporting evidence just as you would do when 
presenting your own scientific work.  Please do not refrain from offering relevant opinions, but 
also label them as such.  Test your comments for fairness, objectivity and tone of delivery by 
asking yourself if you would be comfortable presenting your comments, face-to-face, to the 
author and a panel of your peers. 
 
Questions for Peer Review 
 

Available Data  
 

1. Please identify any oversights or omissions of data or information, and their relevance to 
the assessment. Are there others sources of information or studies that were not included 
that are relevant to assessing the viability of this species? What are they are how are they 
relevant?  

 
2. Provide advice on the overall strengths and limitations of the scientific data used in the 

document. Have the authors been explicit about assumptions and limitations of, and 
concerns regarding, the data, and are these appropriately qualified or explained? Are 
there concerns that the Service did not identify, and if so, how relevant are these concerns 
to the assessment of viability of lynx in the contiguous U.S.? Are there any 
inconsistencies in how the data are presented or assessed?  

 
Analysis of Available Data 

 
3. Have the assumptions and methods used in the SSA report been clearly and logically 

stated in light of the best available information? If not, please identify the specific 
assumptions and methods that are unclear or illogical. 
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4. Are there demonstratable errors of fact or interpretation? Have the authors of the SSA 
report provided reasonable and scientifically sound interpretations and syntheses from the 
scientific information presented in the report? Are there instances in the SSA report 
where a different but equally reasonable and sound interpretation might be reached that 
differs from that provided by the Service? If any instances are found where this is the 
case, please provide the specifics regarding those particular concerns. 

 
5. Provide feedback on the inclusion and portrayal of uncertainty in the SSA report. Have 

the scientific uncertainties present given the data and the analyses conducted been clearly 
identified and has the degree of uncertainty been appropriately characterized? If not, 
please identify any specifics concerns. 

 
Text to be added to correspondence with Peer Reviewers:  
 
The Species Status Assessment framework is a new tool the U.S. Fish and Wildlife Service is 
using to improve transparency while conducting listing determinations and other Act actions, 
and peer review of our analyses of the viability of species is part of that new process.  As you 
will see, the attached draft SSA report is a rough draft; we are seeking your comments at this 
stage to ensure that we have time to incorporate any substantial comments as we finalize the 
report. 
 
As you review the document, please note that this draft SSA report does not result in or 
predetermine a decision by the Service on whether the Canada lynx warrants protections of the s 
Act.  This document is strictly a characterization of the viability species’ viability in the 
contiguous United States. 
 
As a reminder, all peer reviews and comments will be public documents, and portions may be 
incorporated verbatim into the Service’s final decision Document, should there be one, with 
appropriate credit given to the author of the review.  If you do not want your name to appear in 
a final decision document, as published in the Federal Register, please inform us of this as soon 
as possible.   
 
In general we ask that your comments on the draft SSA report focus specifically on whether the 
best available information was used, the quality of the scientific information,  and our 
interpretation and analyses of the data with regard to the species’ viability in the contiguous 
United States.  We request that you direct your review to the scientific issues and assumptions 
related to your expertise. 
 
 
In accordance with the agreement terms and Performance Work Statement, the contractor(s) is 
(are) reminded of the requirements to protect information and that services shall consist of 
unbiased assessments through proper management and enforcement of scientific integrity 
standards, to avoid any conflict of interest.   
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4.  Required Service (Work) Items - Task Line Item Numbers (TLIN):  As described in the 
agreement’s Performance Work Statement, paragraph 2B, the below TLINs are required in the 
performance of this requirement.  The TLINs are different, but interrelated to the tasks listed in 
task/deliverable and payment schedule: 
TLIN 001: Selecting for peer reviews or review panels, or for task orders to provide scientific 
support.  
TLIN 002: Organizing, structuring, leading, and managing the scientific reviews and task order 
products.  
TLIN 003: Managing and producing a final product. 
TLIN 004: Responding to any follow-up questions from the Service on original review 
comments (not to exceed 10 consecutive days)  
TLIN 005: Maintaining an official record for peer reviews or task orders.  
 
5.  Deliverables 
The following deliverables are in addition to the agreement’s Performance Work Statement  
paragraph 3, which states, “The Contractor shall provide the COR with three key deliverables: 
(1) Proposed Timeline, (2) Original individual scientific reviews and a transmittal letter to the 
Service (to Regional Director, Noreen Walsh), and (3) Complete Official Record.”  
  
There are no additional deliverables.  However, the contractor will be required to respond to 
questions, inquiries, or other related requests after the contract expiration date, and final 
acceptance, as needed.  These request(s) will be by the Contracting Officer Representative (in 
coordination with the Contracting Officer).  Inquiries or requests are limited to the products 
provided, and work performed under this contract (order).  Responses include, but not limited to: 
phone calls, written responses, and/or meetings.  
 
Review comments by the Contracting Officer Representative will be provided to the Contractor 
via the Contracting Officer. 
 
6. Task Schedule.   
The period of performance shall not exceed the contract expiration date without a contract 
modification.  In accordance with the terms of the contract, the contractor shall notify the 
Contracting Officer of any delays. Delays by the Government or Contractor must be rectified by 
accelerating the next deliverable on a one to one basis (i.e., if the delay was 2 days then the next 
deliverable must be submitted 2 days early). Deliverables that fall on a holiday or weekend must 
be delivered on the first work day after the weekend or holiday.  The period of performance 
(contract expiration date) includes all possible holidays or weekend deliveries: 
 

TASK/DELIVERABLE CALENDAR 
DAYSAFTER 
AWARD 

Task 1:  Contracting Officer and COR will provide access 
to materials needed for the review  

 3 

Task 2:  The contractor(s) shall conduct a thorough, 
objective peer review of the Service’s Species Status 
Assessment for the contiguous United States distinct 

 17 (14 days) 
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population segment (DPS) of the Canada lynx (Lynx 
Canadensis)  
Task 3:  The contractor(s) will provide 3-5 expert peer 
reviews and a transmittal letter to the Service (to Regional 
Director, Noreen Walsh)  

22 ( 5 days)  

Task 4:  The project manager facilitates specific follow-up 
questions/answers between the Service and the reviewers 
(task limited to a 10-day period, 60 days after delivering 
initial review comments to the Service).  

32 (10 days )   

Task 5: The contracted project manager will provide all 
applicable official records to the Service project manager  

42 (10 days )  

  
Task 6: The project manager facilitates specific follow-up 
questions/answers between the Service and the reviewers, 
without attribution (task limited to a 10-day period, 30 
days after delivering initial review comments to the 
Service). 

60 (+15 days) 

Task 7:   Final report and official record is submitted to the 
Service  

 70 (+ 10 days) 

   
7.  Official Administrative Record 
The preparation of an official administrative record is required. 
 
8.  Information Sources 
The key information sources and links for this review will include:  (1) the Draft Species Status 
Assessment for the contiguous United States distinct population segment (DPS) of the Canada 
lynx (Lynx Canadensis, (2) the Final Report of the Canada Lynx Expert Elicitation Workshop, 
(3) the revised (Aug. 2013) interagency Lynx Conservation Assessment and Strategy (LCAS).   
 
9.  Payment Schedule:   
 
The payment schedule is as follows:  100 percent upon completion of Task 5 above.   
 
10.  Service Points of Contact:   
Contracting Officer, Mr. Steve Gess (phone: 303-236-4334, or email: steve_gess@fws.gov). 
 
Contracting Officer’s Technical Expert:  Jodi Bush (phone: 406-449-5225, ext.205 or email: 
Jodi_bush@fws.gov  Project Lead: Jim Zelenak, Mailing Address:  585 Shepard Road, Suite 1, 
Helena, MT 59601 Telephone:  406-449-5225, ext. 220 Email:  jim_zelenak@fws.gov 
 
11.  List of Enclosures/Attachments 

1. Species Status Assessment for the contiguous United States distinct population segment 
(DPS) of the Canada lynx (Lynx Canadensis);  

2. Final Report of the Canada Lynx Expert Elicitation Workshop 
3. Revised (Aug. 2013) interagency Lynx Conservation Assessment and Strategy (LCAS).  

 

mailto:steve_gess@fws.gov
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12.  Evaluation Criteria (This paragraph will be deleted upon award) 
This requirement will be awarded based on best value.  Best value will take into consideration 
price (to include the level of effort applied to each major task), approach (to include the labor 
categories, TLINs applied to each major task, and the reviewer’s resumes (lynx or carnivore 
ecologist/researcher/manager/modeler having performed similar reviews) (reference paragraph 
3).   
 
Price must detail cost in accordance with the agreement.  The approach must include a detailed/ 
proposed schedule (timeline), and the disciplines/skill mix of reviewers.  The approach should be 
no more than 2 pages (8 1/2” x 11”, 12 point font), excluding information on costs.  All 
contractors must propose five reviewers.  Be sure to include the discipline/skills of all reviewers 
(e.g., a resume or CV).   
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Project Approach 
 

Scientific Peer Review of Species Status Assessment 
for Canada Lynx (Lynx canadensis) 

Reference No. 0718160008 | 1 

 

 

Introduction 
The U.S. Fish and Wildlife Service (Service) is requesting 
services of a contractor to coordinate and facilitate a formal, 
independent, external scientific peer review of the 
information in the USFWS species status assessment (SSA) 
prepared by the Service. 
The peer review must also be independent of the Service and 
the specific study being reviewed. The long-term conservation 
implications of the status decision regarding formal listing 
require a external, independent scientific peer review before 
the decision to ensure that the status assessment is based on 
the best science-based information and analyses.  

Atkins proposes to identify and assemble a qualified team 
with the experience and resources to successfully provide 
the requested services for independent, scientific peer 
review for the Service. We can be responsive to the 
Service’s needs, provide support, and efficiently and 
effectively complete the work described in the Statement of 
Work (SOW). 

Atkins offers the Service the experience of more than 10 
facilitated peer review processes for U.S. Department of the 
Interior (DOI) agencies over the past 3 years. Based on the 
2004 Office of Management and Budget (OMB) peer 
review guidance, we have developed a step-by-step 
approach to conducting peer reviews and refined it based 
on lessons learned over time (summarized on page 3). This 
rigorous approach has proven effective in maintaining the 
integrity of the review process and has produced fair and 
unbiased peer reviews to inform agency decision-making. 

 

Select reviewers 
Atkins’ approach to identifying peer reviewers begins by 
reviewing the qualifications outlined in the SOW as well as 
subject matter of the report to be reviewed-----in this 
case, the USFWS  Species Status Assessment for the 
contiguous United States distinct population segment 
(DPS) of the Canada lynx (Lynx canadensis). Atkins will 
screen identified potential reviews based upon the criteria 
established in the SOW. In addition to ensuring appropriate 
expertise, we will consider the ideal composition of the 
panel so that it is balanced in terms of field of specialization, 
affiliation, scientific perspective, and other factors that may 
relevant to the review. 

Once the expertise necessary for the review is fully 
considered, we begin the process of identifying reviewers.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Atkins uses a variety of sources to identify potential 
peer review candidates and convene an experienced 
and balanced panel. 
 
Methods used include Internet searches (e.g., Google 
Scholar), recommendations from colleagues, and review of 
relevant scientific journals, conference proceedings, and 
other publications.  

As potential qualified candidates begin to express their 
willingness to participate, other selection criteria must be 
examined in greater detail. Atkins uses the National 
Academy of Sciences’ (NAS) Background Information and 
Confidential Conflict of Interest Disclosure form to establish 
screening criteria for candidates regarding balance, 
independence and conflict-of-interest. In consultation with 
Service staff, Atkins determines what constitutes 
‘‘independence’’ for the peer review at hand. For example, 
factors to consider in determining independence may 
include employer, research funding sources and relationship 
to study authors. Potential conflicts of interest must also be 
determined, beyond those that have been provided in the 
SOW. The NAS form has a detailed definition of ‘‘conflict of 
interest,’’ as well as questions related to personal or 
professional relationships and investment, property or other 
interests that may constitute a conflict. All potential 
candidates complete and sign the NAS form; Atkins 
conducts phone interviews with candidates to verify 
information and clarify responses as necessary. 

During the process of identifying and selecting reviewers, 
Atkins also ascertains candidates’ availability over the period 
of performance as well as flexibility to accommodate 
schedule changes. Atkins consults appropriate Service staff 
as questions emerge, but is careful not to disclose the 
identity of the potential candidates. 
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Summary of Atkins’ peer review approach 
 
 

Select 
reviewers 

 

Provide 
direction to 
reviewers 

 
Conduct 
review 

 

Prepare 
summary 
report 

Service 
review and 
questions/ 
responses 

Prepare final 
report and 
administrative 
record 

 
 

Provide direction to reviewers 
Once reviewers have been selected, Atkins convenes a 
kick-off teleconference to discuss the peer review charge (as 
provided in the SOW), schedule, and materials prior to 
commencing the review. Atkins emphasizes the importance 
of focusing on the scope of the peer review and not 
commenting on areas that are the purview of the 
government (e.g., policy). Atkins also directs reviewers to 
protect information and make certain that their review 
comments consist of unbiased assessments. Additionally, all 
peer review-related inquiries from outside sources must be 
forwarded to the Atkins’ project manager; reviewers should 
not communicate with those inquiring about the review. 
Atkins seeks clarification from Service staff whenever 
needed. The charge, schedule, and other information are 
included in the scope of services attached to each reviewer’s 
subcontract with Atkins. Peer review files are distributed to 
reviewers via Box, a secure, online storage site. 

 

Conduct review 
For this review, Atkins’ has designated Benjamin Cogdell 
(environmental scientist) as the primary point of contact 
(POC) for the reviewers. Our senior project manager, Matt 
Cusack, will be the primary POC for Service staff. Atkins’ 
staff maintain continual contact with one another to 
facilitate effective and transparent communication with all 
parties. Donald Deis will provide input and guidance to the 
process and offer a second level of scrutiny.  

 As questions or issues emerge from the reviewers, 
responses (from Atkins or Service staff via Atkins) are 
communicated to all reviewers via email. If necessary, a 
teleconference may be convened for further clarification. 
 

Prepare summary report 
Mr. Cogdell will review all comments so that they are 
clear and within the scope of the peer review. Reviewers 
are contacted for clarification, if needed. Mr. Cogdell will 
then draft a summary report of the reviewer’s findings. 
The report typically includes: 

o Background, purpose, and scope of the peer review 
including the specific questions for reviewers (charge) 

o Peer review process including selection of reviewers, 
document review, and report development 

o Summary of the reviewers’ comments, organized by 
question, and any collective comments (if requested) 

o Appendix of the reviewers’ CVs 

o Appendix of the full individual reviewer comments 

 
 

Atkins Team roles and responsibilities 

Team member Labor category Roles and responsibilities 

Project manager 
Matt Cusack 

 

 
Peer review consultant 
Donald Deis 

Peer review facilitator 
Benjamin Cogdell 

 

 
 

Technical editor 
Bob Bryant 

Project Manager Primary POC with Service staff. Facilitate 
kick-off call. Review draft and final 
summary reports. 

Senior Scientist IV Conduct QA/QC review of draft and final 
summary reports. 

 

Environmental Scientist II Primary POC with reviewers. Facilitate 
kick-off call. Prepare draft and final 
summary reports. Compile administrative 
record files. 

Project Coordination Specialist Review, edit, and format draft and final 
summary reports. 
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When collective comments are required from the panel, 
Atkins identifies areas of agreement and disagreement in 
the individual comments, then convenes a teleconference to 
allow reviewers to discuss these points and any others that 
emerge. Atkins then summarizes the collective comments 
and sends them to the reviewers for tailoring and approval 
prior to including them in the summary report. 

Once the summary report has been drafted and reviewed 
by the senior project manager, Matt Cusack, Atkins’ 
technical editor (Bob Bryant) will edit and format the draft 
report. 
Concurrently, the peer review consultant (Don Deis) will 
review the report for clarity and adherence to the SOW, as 
well as an appropriate depth of discussion and the 
supportability of the reviewer’s findings. As necessary, 
Atkins contacts reviewers to add more depth and/or 
discussion to their comments. 

Following these internal reviews, the draft report is 
distributed to the reviewers for review and concurrence. 

Reviewers send their comments in track, and Atkins 
incorporates them into the draft report. 

 

Agency review and questions/responses 
Atkins communicates the results of the review to 
appropriate Service staff, through our senior project 
manager, prior to submitting the draft report. This prevents 
unnecessary surprises and potential conflict. Once the draft 
has been submitted and Service staff have conducted their 
review, a teleconference is convened to discuss agency 
questions and comments. Atkins then communicates those 
questions/comments to the reviewers via email and asks 
them to respond to those that pertain to their individual 
comments. For questions/comments that pertain to the 
reviewers’ collective comments, the reviewers work 
together via email to prepare a response or a call is 
convened, if necessary. Atkins sends the reviewers’ 
responses to Service staff via email and makes any 
necessary adjustments to the summary report. 

 
 
 

Peer review lessons learned 
Atkins continues to develop our own list of ‘‘lessons learned’’ 
(i.e., actions that most contributed to the success of a peer 
review project and those that could have gone better). Our 
‘‘lessons learned’’ for peer review have been well documented 
by Atkins in dozens of projects over the past 10 years. These 
lessons learned are routinely shared throughout our peer 
review network and have been integrated into the way we do 
business. These lessons learned (listed below) are not from any 
specific project, but rather represent the accumulation of 
experiences from numerous projects and continue to improve 
our project execution. 

1. Panel member recruitment. Recruitment of panel 
members is perhaps the most critical component in the peer 
review process, as the contractor must identify scientists with 
the appropriate expertise and availability, and with no 
conflicts-of-interest. Additionally, prospective panel members 
must have a reputation for effective team participation. 

2. Schedule flexibility. A successful peer review 
contractor, and the panel they select, must be adaptable 
to schedule changes as Service staff respond to internal 
and external pressures. 

3. Coordination webinar. A coordination meeting with all 
panel members prior to commencing the review has 
proven to be a very effective communication method. It 
allows all reviewers to hear the same information and ask 
questions regarding peer review protocol, charge, 
schedule, report format, and protocol for handling external 
inquiries. It also builds cohesiveness among panel 
members, which is particularly important when collective 
comments are required. 

4. Defining best available science. What constitutes best 
available science needs to be clearly defined prior to (or early 

 

 
on during) conduct of the peer review so it does not hinder 
the peer review process or become a source of contention 
between reviewers and agency staff. 

5. Communication of summary report. To avoid 
unnecessary surprises and potential conflict, results of the 
summary report should be carefully communicated to 
appropriate Service staff prior to submittal of the draft 
report. 

6. Management of differing opinions. When the panel is 
directed to achieve consensus, differences of opinion can 
be managed by using a majority/minority approach, where 
both the majority and any minority opinions are 
documented in the summary report. 

7. Administrative record. Record keeping for the 
administrative record is a continuous process, not 
something done at the completion of the peer review 
process. All files should be maintained and organized during 
the review process, then the guidelines for administrative 
record files should be followed, using best professional 
judgment, to prepare the final compilation. 

8. Quality assurance. We achieve a high-quality standard 
through disciplined implementation of our corporate 
Quality Control and Assurance Program (QCAP). QCAP 
requires that each Atkins project is managed by a qualified 
task manager who serves as the single point of contact for 
all communications with the client. It also requires 
preparation of quality control plans prior to initiating work; 
specifies procedures for quality control reviews of data, 
calculations, and documents; and establishes a mechanism 
for tracking, documenting, auditing, and evaluating our 
performance. Additionally, Atkins requires subconsultants 
to comply with our QCAP or an equivalent plan. 
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Prepare final report and administrative 
record 
After all comments have been addressed in the summary 
report, Atkins’ technical editor conducts a final review and 
prepares a PDF version. Atkins submits the final report (as 
both Word and PDF files) to Service staff. 

Atkins compiles relevant documents that have been 
maintained throughout the peer review process into a single 
PDF file, organized chronologically, for the administrative 
record. DOI guidance on compiling an administrative record 
is used to determine which files should be included. 
Example files include emails from Service staff to Atkins 
providing direction or clarification, the scope of services 
included in each reviewer’s subcontract, emails from Atkins 
to reviewers providing direction or clarification, emails 
documenting draft and final report submittals, etc. 
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Peer Reviewer Experience and Qualifications 
 

Scientific Peer Review of Species Status Assessment for 
Canada Lynx (Lynx canadensis) 
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In selecting peer reviewers specific to this project, our senior 
project manager will screen potential candidates with respect 
to NAS guidance on background and conflict of interest to 
ensure that selected reviewers have no conflicts and each 
candidate is independent of the study under review. The 
candidates selected will be balanced in terms of expertise 
(wildlife biology, wildlife management, demographic 
management of mammals (especially carnivores), wildlife 
population dynamics, and/or wildlife population modeling), 
affiliation (associated with different organizations), and 
regional representation (different areas of the country). 

 
 
 
 

Summary of peer review candidate expertise 
 

 
 
Peer 
reviewer 

 

 
 

Relevant 
education 

 

 
Experience 
with carnivores 
and wildlife 
population 
management 
(Criterion 2) 

 
Expert in 
supporting 
knowledge 
areas 
(Criterion 3) 

 

Expert in boreal 
forest 
ecosystems and 
effects of 
climate change 

(Criterion 4) 

 

Experience in 
performing 
peer review 

1 Ph.D., M.S. Yes Not Required Yes Yes 

2 Ph.D., M.S. Yes Not Required Yes Yes 

3 Ph.D., M.S. Not Required Yes Yes Yes 

Optional 
reviewers 
4 and 5 

Ph.D., M.S. Will be required to meet at least 2 of the criteria requested 
(Criteria 2-4) 

Not Required 

Area of expertise/focus for each candidate can include knowledge of wildlife biology, wildlife 
management, demographic management of mammals (especially carnivores), wildlife population 
dynamics, and/or wildlife population modeling, as well as being generally versed in available literature on 
lynx and other carnivores, boreal forest systems, and changes in climate within boreal forest systems.  
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Schedule 
 

Scientific Peer Review for Lead in Scavenging Birds 
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Task/deliverable 

Calendar days after 
award 

(estimated 8/17/2016) 

 
Estimated 

completion date 
 

Task 1  Contracting officer and COR will provide access to 
materials needed for the review. 

3 August 20, 2016 

 
Task 2  Atkins will conduct a thorough, objective peer review of 

the Service’s Species Status Assessment for the 
contiguous United States distinct population segment 
(DPS) of the Canada lynx (Lynx Canadensis) 

17 (+14 days) September 3, 2016 

 
Task 3  The contractor(s) will provide 3-5 expert peer reviews 

and a transmittal letter to the Service (to Regional 
Director, Noreen Walsh)  

30 (+13 days)  September 16, 2016 
 

 
Task 4  The project manager facilitates specific follow-up questions/ 

answers between the Service and the reviewers (task 
limited to a 10-day period, 60 days after delivering initial 
review comments to the Service). 

50 (+20 days) October 6, 2016 

 
Task 5  The contracted project manager will provide final report 

and all applicable official records to the Service project 
manager 

61 (+10 days) October 17, 2016 
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Submittal Date: 

Task# Resource 

Category

Description O/H 

Pool

Rate Unit Qtty Extended Price

01 Coordination on Review Materials

Year  1 Program/Project Manager Home 176.36                    Hr 14.0              2,469.04                 

Year  3 Scientist II Home 72.20                      Hr 24.0              1,732.80                 

01 Coordination on Review Materials Total 4,201.84                

02 SSA Peer Review

Year  1 Program/Project Manager Home 176.36                    Hr 5.0                 881.80                    

Year  2 Senior Scientist IV Home 241.98                    Hr 2.0                 483.96                    

Year  3 Scientist II Home 72.20                      Hr 3.0                 216.60                    

Labor Total 10                  1,582.36                

1 Supervisor/Manager 176.4                      Hour 40.0              7,056.00                 

2 Supervisor/Manager 176.4                      Hour 40.0              7,056.00                 

3 Sr Env Scientist II 132.4                      Hour 40.0              5,294.00                 

4 Sr Env Scientist II 132.4                      Hour 40.0              5,294.00                 

5 Sr Env Scientist II 132.4                      Hour 40.0              5,294.00                 

Subcontract and Expenses Total 29,994.00              

02 SSA Peer Review Total 31,576.36              

03 Consolidation of Reviews

Year  1 Program/Project Manager Home 176.36                    Hr 2.0                 352.72                    

Year  2 Senior Scientist IV Home 241.98                    Hr 4.0                 967.92                    

Year  3 Scientist II Home 72.20                      Hr 4.0                 288.80                    

03 Consolidation of Reviews Total 1,609.44                

7,056.00                 

Cost Proposal - Detail

Atkins North America

Scientific Peer Review for Species Status Assessment for Canada Lynx

U.S. Fish and Wildlife Service

Reference No.0718160008, Rev 01



Submittal Date: 

Task# Resource 

Category

Description O/H 

Pool

Rate Unit Qtty Extended Price

Aug‐16‐2016

Cost Proposal - Detail

Atkins North America

Scientific Peer Review for Species Status Assessment for Canada Lynx

U.S. Fish and Wildlife Service

Reference No.0718160008, Rev 01

04 Summary Report and Comment Incorporation

Year  1 Program/Project Manager Home 176.36                    Hr 10.0              1,763.60                 

Year  2 Senior Scientist IV Home 241.98                    Hr 4.0                 967.92                    

Year  3 Scientist II Home 72.20                      Hr 22.0              1,588.40                 

Labor Total 36                  4,319.92                

1 Supervisor/Manager 176.4                      Hour 10.0              1,764.00                 

2 Supervisor/Manager 176.4                      Hour 10.0              1,764.00                 

3 Sr Env Scientist II 132.4                      Hour 10.0              1,323.50                 

4 Sr Env Scientist II 132.4                      Hour 10.0              1,323.50                 

5 Sr Env Scientist II 132.4                      Hour 10.0              1,323.50                 

Subcontract and Expenses Total 7,498.50                

04 Summary Report and Comment Incorporation Total 11,818.42              

05 Maintanence of Administrative Record

Year  1 Program/Project Manager Home 176.36                    Hr 4.0                 705.44                    

Year  3 Scientist II Home 72.20                      Hr 4.0                 288.80                    

05 Maintanence of Administrative Record Total 994.24                    

CUSA3149
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2/5/2018 DEPARTMENT OF THE INTERIOR Mail - Re: Lynx SSA Internal Review

https://mail.google.com/mail/u/0/?ui=2&ik=984e431752&jsver=RIdPbm7drEs.en.&view=pt&cat=Lynx%2C%20Canada%2FGifford%20Lynx%20SSA_5… 1/2

Gifford, Krishna <krishna_gifford@fws.gov>

Re: Lynx SSA Internal Review 
1 message

Gifford, Krishna <krishna_gifford@fws.gov> Mon, Oct 17, 2016 at 10:08 AM
To: "Parkin, Mary" <mary_parkin@fws.gov>
Cc: Paul Phifer <paul_phifer@fws.gov>, Diane Lynch <diane_lynch@fws.gov>, Martin Miller <Martin_Miller@fws.gov>, Glenn Smith
<glenn_s_smith@fws.gov>

Here's another version of the original SSA attachment in case you had trouble opening it.

______________________________________________________________________
Krishna Gifford

Candidate & Classification Coordinator
U.S. Fish and Wildlife Service - Northeast Region
Endangered Species Program
300 Westgate Center Dr.
Hadley, MA 01035
413-253-8619 (v); 413-253-8482 (f)

On Mon, Oct 17, 2016 at 10:00 AM, Parkin, Mary <mary_parkin@fws.gov> wrote: 
Prior to tomorrow's call, we can let Wendi know that this report on the status of the Canada lynx DPS adheres to the SSA framework
and thus lays out the projected viability of the lynx under varying future scenarios.  It does not include a determination about the
appropriate listing status for the DPS.
 
The report is the product of the lynx core team's assessment, which incorporates a full literature review as well as expert opinion
(stemming from the October 2015 expert workshop).  Although the report is complete in terms of content -- aside from the lit cited and
appendices, which were not felt to be necessary for an expedited internal review -- there are several aspects of it that need further
editorial work.  
 
We hope the logic of the assessment is clear enough.  There is much uncertainty surrounding the demographic status of DPS
populations and stressors like climate change and its associated effects; still, available information and expert input have led to some
fairly specific findings about lynx population trends through the end of the century.
 
Tomorrow's call should be a good forum for getting a broad overview of the assessment process, its results, and next steps.
 
On Mon, Oct 17, 2016 at 7:10 AM, Paul Phifer <paul_phifer@fws.gov> wrote: 

Hi folks - I'm cc'ing all of you as there is a call this week, Tuesday at 3pm.  It's for the RDs.  I'm not sure if Deb or Wendi will
participate.  Wendi is considering it. Diane, you might need to attend for ES. 
 
Mary, is there anything we want to let Wendi know before the meeting?  
 
Thanks 
 
Sent from my iPhone
 
Begin forwarded message: 
 

From: "Bush, Jodi" <jodi_bush@fws.gov> 
To: Paul Phifer <paul_phifer@fws.gov>, Ted Koch <ted_koch@fws.gov>, Rollie White <rollie_white@fws.gov>, Lori
Nordstrom <lori_nordstrom@fws.gov>, Michael Thabault <michael_thabault@fws.gov> 
Cc: Martin Miller <martin_miller@fws.gov>, Patricia Zenone <patricia_zenone@fws.gov>, Kurt Broderdorp
<Kurt_Broderdorp@fws.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>, Marjorie Nelson
<Marjorie_Nelson@fws.gov>, Mark McCollough <Mark_McCollough@fws.gov>, Sarah Hall <Sarah_Hall@fws.gov>,
Bryon Holt <Bryon_Holt@fws.gov>, Peter Fasbender <peter_fasbender@fws.gov>, Tamara Smith
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Folks.  Attached is the draft SSA for internal review.  We have a very 
short timeline to review the document and hope you can make the time to 
review. 
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  - Please focus your review on the science review in the document and 
  feel free to have other individuals in your region provide comments. 
  - Please make your suggested edits or revisions in track changes. 
  - We also ask you to compile your comments by Region and submit one set 
  of comments per Region. 
  - We ask that you provide us your comments by October 24.  If this is 
  not doable please let us know immediately so we can work out it out. 
  - Neither the literature cited nor the appendices are included at this 
  time. 
 
Thank you.  JB 
 
Jodi L. Bush 
Office Supervisor 
Montana State Ecological Services Office 
585 Shepard Way, Suite 1 
Helena, MT  59601 
(406) 449-5225, ext.205 
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Executive Summary 
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States distinct population segment (DPS) of Canada lynx (Lynx canadensis). 
The DPS was listed in 2000 as threatened under the Endangered Species Act (ESA) because 
of the inadequacy of regulatory mechanisms on federal lands. The SSA will provide the 
scientific basis for the statutorily required 5-year status review for this listed species and other 
decisions the Service is required to make in accordance with the ESA. The SSA provides an 
evaluation of the current and future status of lynx in six geographic units within the DPS that 
currently support or recently supported resident breeding populations. The units are distributed 
across the northern contiguous U.S. from Maine to Washington and south along the Rocky 
Mountains to western Colorado. These geographic units combined represent approximately the 
southern two percent of the species’ entire breeding range (ninety-eight percent occurs in 
Canada and Alaska). The units are relatively isolated from each other, although four of the six 
units are directly connected to lynx populations and habitats in Canada. These SSA geographic 
units are:   
  

Unit No. Name Size (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5  Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 

  
The SSA relied on both the available scientific literature and the professional judgments and 
opinions of recognized lynx experts to (1) describe the ecological requirements and population 
dynamics of the species, (2) evaluate the historic and current status lynx populations in the six 
geographic units and the factors that appear to have influenced these populations, and (3) 
assess the likely future viability of the DPS through the end of the century in terms of 
representation, redundancy, and resiliency (the “3 Rs”). 
 
Lynx are habitat and prey specialists and require boreal forests having long winters with deep, 
fluffy snow. These conditions provide lynx with a competitive advantage over other predators for 
exploiting their primary prey, the snowshoe hare. Lynx habitat and, thus, lynx are naturally less 
abundant and more patchily distributed in the DPS than in the core of the species’ range in 
Canada and Alaska. This is because the DPS occurs at the southernmost margin of the 



species’ range and of the environmental thresholds of snow quality, depth, and persistence; 
hare density; and boreal forest conditions that lynx require.  Maintaining connectivity between 
the DPS and lynx populations in Canada is thought to be important, but whether DPS 
populations rely on intermittent immigration of lynx from Canada, and if so to what extent, 
remain uncertain. 
 
Research and surveys undertaken since the listing of the DPS in 2000 have significantly 
improved our knowledge of the distribution, habitats, and status of resident breeding lynx 
populations. For example, although we knew there were resident lynx in Maine, we did not have 
an understanding of population size or trend. We now know that northern Maine currently 
supports the largest resident population in the DPS; we also understand that past timber 
management has created the current abundance of high-quality lynx habitat, and we believe 
that there are many more lynx in Maine now than was likely under historic natural disturbance 
regimes and habitat distributions. Similarly, when the DPS was listed, we were uncertain as to 
whether Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research also suggests that lynx and 
habitats in the western U.S. are naturally less abundant and more patchily distributed than was 
thought at the time of listing, and lynx may have been recently extirpated from several areas 
thought to have previously supported small resident populations (the Kettle Mountains in 
northeastern Washington, the Garnet Mountains in western Montana, and the Greater 
Yellowstone Area). We also know that recent extensive wildfires in north-central Washington 
have temporarily reduced the amount of high-quality lynx habitat and have probably caused a 
decline in lynx numbers there. Finally, as a result of the release of 218 Canadian and Alaskan 
lynx from 1999 to 2006, and their subsequent survival and reproduction, resident lynx currently 
occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time.  Relative 
to the ecological requirements of the lynx within the DPS, we assessed current conditions at the 
individual, population, and range-wide levels, and the likely changes in the environment that 
may influence the future condition of individuals, populations, and the DPS and thus the viability 
of the DPS.  
 
The SSA uses the conservation biology principles of representation, redundancy, and resiliency 
(the “3 Rs”) as the framework for assessing current and future conditions. Resiliency describes 
the ability of the species to withstand stochasticity, redundancy describes the ability of the 
species to withstand catastrophic events, and representation describes the ability of the species 
to adapt over time to long-term changes in the environment. The 3 Rs can be influenced by any 
number of factors. For the lynx, these factors included the original reason for listing the lynx 
DPS as threatened:  inadequacy of regulatory mechanisms. Other factors included climate 
change, vegetation management, wildfires, and habitat connectivity 
 



SSA Assumptions and Uncertainties 
 
A fundamental hypothesis underlying the SSA is that the ability of lynx to persist in the DPS is a 
function of metapopulation dynamics with Canada, i.e., the DPS is infused intermittently with 
lynx from Canada following high hare cycles. 
 
Overall, uncertainties abound with regard to lynx demography and effects of various stressors 
on DPS populations. The primary sources of uncertainty for this analysis include a lack of 
empirical data regarding population sizes and trends, the extent of immigration of lynx from 
Canada to the persistence of U. S. populations, trends in hare populations, and effects of 
habitat management on lynx. Most importantly given the importance of climate change as a 
stressor, we lack information on the pace and extent of changes in snow quality, depth, and 
persistence and how this affects the relationship between lynx and their competitors.     
 
For purposes of the SSA, we forecasted potential effects and trends through the end of this 
century. This time frame is based on the level of uncertainty about climate change and other 
effects on lynx populations; it is also a long enough time frame to detect lynx population trends 
across the DPS.  
  
Current Conditions 
 
Currently, four of the six DPS units (Northern Maine, Minnesota, Northwestern Montana, and 
Western Colorado) demonstrate high levels of resiliency. North-central Washington (Unit 4) was 
also considered resilient until recent wildfires consumed an extensive amount of habitat, likely 
resulting in a diminished population that may be susceptible to stochastic events. The Greater 
Yellowstone area historically supported resident lynx, but it is unclear whether the area still 
supports a breeding population due to the distance and relative isolation of the unit from 
Canada as well as the less than favorable habitat conditions and snowshoe hare densities.  
 
As shown in the table above, five of the six units are larger than 20,000 km2; the other is over 
5,000 km2. Land ownership within the units varies from mostly private in Maine, to a mix of 
private, State, and federal lands in Minnesota, to mostly federal lands in the West. Overall, 
federal lands account for nearly 64 percent of the areas encompassed by the SSA units. Of 
non-federal areas, private lands make up almost 27 percent of the total followed by State and 
Tribal lands. Available data indicate that distribution within the DPS remains similar to historical 
patterns and that the number of units across the DPS has not been meaningfully diminished 
from historical levels, given the uncertainty about the past occupancy of the Greater 
Yellowstone area by a resident breeding lynx population.  
 
Given the resiliency of most geographic units and the improbability that any imminent 
catastrophic event will cause the extirpation of an entire unit or, especially, the DPS as a whole, 
redundancy is not currently at issue for the lynx DPS. Also, because lynx are genetically similar 
throughout the entire range of the species, and because we did not find any diminishment of 



adaptability and evolutionary capacity of DPS populations based on the known historical record, 
we do not consider representation to be a current issue for lynx. 
 
The original reason for which the DPS was listed, inadequacy of regulatory mechanisms has 
been largely ameliorated on public lands within the western geographic units. Climate change, 
vegetation management, wildfires, and habitat fragmentation are now stressors of more 
heightened concern. We know that wildfires are causing depletion of lynx in some areas in the 
West, particularly in the North-Central Washington Unit. We also know that past vegetation 
management in the northern Maine Unit has resulted in a lynx population that is currently the 
largest in the DPS. Conversely, stressors such as climate change and associated habitat 
alterations, while currently occurring, may not demonstrate demographic effects on lynx within 
the next decade. 
 
Future Conditions 
 
Resiliency of individual geographic units, which function independently of each other, is the 
primary determinant of future lynx DPS viability. Overall, our analysis indicates a reduced 
probability of persistence for all geographic units within the DPS over the rest of the century 
(noting that the analysis did not extend beyond that 2100 time frame). It further indicates a 
consequent permanent loss of two to four of the six units, i.e., loss of resiliency, by the end of 
the century. 

Representation and redundancy are lesser factors for DPS viability, for several reasons. 
Although the populations in the DPS units are demographically isolated from each other, there 
is little risk of significant genetic drift within the DPS, likely due to most areas being relatively 
well connected with Canadian populations; this is indicative of relative genetic health through 
the end of the century. Furthermore, based on expert input, there is no indication that the 
relatively low level of genetic diversity is likely to reduce DPS viability in the future (USFWS 
2016, p. 51). Because of the ability of lynx to widely disperse, and because it is unlikely that 
insurmountable barriers to lynx dispersal between Canada and the DPS will emerge, we do not 
expect representation to become a concern through the turn of the century. 

With regard to redundancy, neither the scientific literature nor expert input provide a basis for 
concluding that any catastrophic event could cause extirpation of any one geographic unit. It is 
even less like that a single catastrophic event will eliminate all populations in the DPS. It is 
important to note, however, that a sequence of events could extirpate individual units over time, 
thereby reducing redundancy within the DPS. 

The likelihood of persistence of individual populations, and thus geographic units, is expected to 
decrease by 2100 primarily because of climate change effects on snow conditions and boreal 
forests. The other long-term threat is forest management practices that are not conducive to 
landscape hare densities able to support lynx, although this stressor may be limited to one 
geographic unit. Threats affecting the future condition of the DPS are summarized below. 



Based on climate change models, the effects of climate change on snow and boreal forest 
conditions are foreseen as the primary stressor limiting future viability of lynx in the DPS. The 
southernmost boreal habitats are predicted to retreat northward and upslope, fragmenting and 
diminishing the quality of lynx and hare habitat within the DPS (although some uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts). As habitat 
conditions decline, mortality rates are likely to increase and reproductive rates decrease. This in 
turn will reduce abundance and density of individuals within populations, making lynx 
populations more susceptible to stochastic events.  

Given the percent of federal land ownership,  regulatory assurances that these lands will be 
managed in accordance with lynx conservation, and a stronger possibility that lynx populations 
will be able to relocate to higher elevations, western geographic units are more likely to support 
lynx longer under projected climate change scenarios. Nonetheless, we are unaware of any 
management action that can abate the long-term retreat of boreal forests and changed snow 
conditions. Further, climate-induced frequency and intensity of wildfires and disease events is 
expected to increase, particularly in the western portion of the DPS, although we do not 
anticipate such events in and of themselves to cause the permanent loss of breeding lynx 
populations in the Northwest or any other unit. 

With regard to the eastern geographic units (Minnesota and Maine), suitable boreal forest and 
snow conditions are projected to decline more severely than in the western units. Lynx habitat 
conditions in Maine are also likely to decline significantly by the end of the century as private 
forest management practices, particularly a decline in clearcutting, result in succession 
detrimental to snowshoe hare and lynx needs. 

DPS viability 

Although there is no evidence from the historical record that Canada lynx have declined within 
the DPS, a number of threats acting at the DPS and individual geographic unit scales indicate a 
moderate to high likelihood of declines (i.e., loss of two to four units) by the turn of the century. 
While it is more likely than not that any given individual unit—northern Maine, northeastern 
Minnesota, northwestern Montana, western Colorado, and possibly north-central Washington—
will persist to mid-century, it is unlikely all that five will persist to that point. By the end of the 
century, we expect populations to persist primarily in units having high-elevation refugia, e.g., 
northwestern Montana and possibly western Colorado, although Colorado would be an isolated 
unit. Lynx may also persist at the end of the century in Maine, depending on the severity of 
climate change effects and trends in development and private forest management. Uncertainty 
increases at mid- to late-century concerning the timing and extent of various stressors that will 
affect lynx and hare habitat and snow regimes, especially those related to climate change. 
However, review of the best available science in concert with input from lynx experts indicates 
that all units will exhibit declines by 2025, with the negative DPS-wide trajectory continuing to 
the end of the century, and (with no evidence to the contrary) beyond that time frame.   

We conclude that the eventual loss of resiliency indicated by extirpation of geographic units will 
also reduce redundancy and, possibly, representation. These losses in resiliency, redundancy, 



and representation will put the Canada lynx U.S. DPS at increasing risk of extinction over the 
course of this century, and in all probability, the risk will continue to increase after that point. 

Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a distinct 
population segment (DPS) and listed it as threatened under the Endangered Species Act of 
1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the United States 
District Court for the District of Montana ordered the Service to complete recovery planning for 
the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered 
the Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
such a plan will not promote the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). 
Thus, we conducted this SSA (version 1.0) to summarize the best available information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It relies heavily on 
adequate populations of its primary prey, the snowshoe hare (Lepus americanus), to support 
survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et al. 
2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; U.S. Fish 
and Wildlife Service 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 
54808-54809). Lynx survival and distribution is also influenced by snow conditions. It is 
generally restricted to areas that receive deep, powdery, and persistent snow that allows lynx, 
with their proportionately longer limbs and very large feet, to outcompete other terrestrial hare 
predators that are less efficient in such conditions (McCord and Cardoza 1982, pp. 748-749; 
Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et al. 2000b, pp. 400-
401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 2005, p. 744-749; 
Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historic ranges in Canada and Alaska, which, combined, account for roughly 98 percent 
of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 (2.1 million 
mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in Alaska 
(University of Alaska Center for Science Conservation 2016, entire; Reimer 2016, pers. comm.). 
The southern peripheries of the boreal forest and the distributions of snowshoe hares and lynx 
extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord and 
Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 2000, pp. 
163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units evaluated in this 



SSA represent the remaining 2 percent of the species’ breeding distribution (approximately 
131,168 km2 [50,644 mi2]; see Figure 1 and Table 1, below). Lynx populations in the DPS seem 
to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below), and the demographic and genetic health and persistence of DPS populations are 
thought to be influenced by connectivity with, and immigration of lynx from, larger populations in 
Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 
79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada when hare populations crashed; many of these 
occurrences were  in anomalous habitats, and lynx were unable to persist and establish 
populations in most of these areas (Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2, below). 
Habitats capable of supporting persistent resident lynx populations in the contiguous U.S. occur 
over a much smaller geographic area that includes parts of the Northeast (primarily northern 
Maine), western Great Lakes (northeastern Minnesota), Rocky Mountains (northern Idaho, 
northwestern Montana; perhaps also parts of northeastern Washington, the Greater 
Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming, and parts of 
western Colorado), and the eastern Cascade Mountains of northern Washington (68 FR 40077-
40080; U.S. Fish and Wildlife Service 2005, p. 3; 79 FR 54806-54807; Lynx SSA Team 2016, 
pp. 6-7). Although uncertainty remains regarding the historic distribution of resident lynx in the 
contiguous U.S., and breeding populations may have been lost from some places, neither 
broad-scale breeding range contraction nor substantial population decline in the contiguous 
U.S. has been documented based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 
FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (U.S. Fish and Wildlife Service 2005, entire), designated critical habitat for the DPS in 
2006 (71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations 
of “significant portion of the range” and that all lynx in the contiguous U.S. constitute a single 
DPS (72 FR 1186). Also in 2007, the Service initiated a 5-year status review of the DPS (72 FR 
19549). The Service revised the critical habitat designation for the DPS in 2009 (74 FR 8616) 
and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based definition of 
the DPS boundary to formally extend ESA protection to lynx “where found” in the contiguous 
U.S., including New Mexico and other states that were not included in the original DPS range 
(79 FR 54804). The Service reinitiated the 5-year status review in 2015 
(https://www.fws.gov/mountain -
prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php), and that 

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php


review will be informed by this SSA report. On September 7, 2016, the U.S. District Court for the 
District of Montana remanded the 2014 critical habitat designation to the Service for further 
consideration. 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1). Five of the six geographic units were designated as “Core Areas” in the Recovery 
Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a “Provisional 
Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, these units 
also encompass and closely mirror the areas the Service designated as critical habitat in 2014 
(79 FR 54782). Some areas adjacent to but outside these geographic units are known or 
suspected to intermittently support lynx home ranges and occasional reproduction. Uncertainty 
remains as to whether resident lynx populations occurred historically in other areas not 
encompassed by the geographic units evaluated here. 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations relative to the general range of lynx in Canada. Range in Canada 
based on Poole (2003), Koen et al. (2014), and Vashon (2015). 
 



The six geographic units include federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and federal lands predominating in the western units (Table 1). 
 
 Table 1. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 0 0 0 0 91.6 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.6 55.6 6.8 1.1 26.5 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 

1.2 SSA Framework and Report 



The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of 
this effort, our Endangered Species Program has developed 
the Species Status Assessment (SSA) Framework to guide 
how we assess the best scientific and commercial data 
available when evaluating the biological status of species. In 
conducting an SSA, we take into consideration the life history 
and ecological requirements of the species to understand how 
the species maintains itself over time (captured under the 
broad heading of “species needs”); the current condition of the 
species at the individual, population, and range-wide levels in 
terms of meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 
and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the assessment, the SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (collectively known 
as the “3 Rs”) as a lens to evaluate the current and future condition of the species. Briefly, 
resiliency describes the ability of the species to withstand stochastic events; redundancy 
describes the ability of the species to withstand catastrophic events; and representation 
describes the ability of the species to adapt over time to long-term changes in the environment. 
As a result, the SSA characterizes a species’ ability to sustain populations in the wild over time 
based on the best scientific understanding of current and future abundance and distribution 
within the species’ ecological settings. Importantly, the SSA neither results in, nor 
predetermines, any decisions by the Service under the ESA. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

1.3 Analytical Approach/Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
                                                 
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time.  USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 
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terms of the 3 Rs using conceptual modeling (Figure 2) based on available published literature, 
other information on the historic and current status of and threats to lynx in the DPS and, where 
empirical data are lacking, on formally-elicited expert opinion and best professional judgment 
(Lynx SSA Team 2016, entire). 
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation due to catastrophic event or would be in the future. Figure 3 shows 
examples of relationships among factors that may influence redundancy within the lynx DPS. 
 



 
Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
 
Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 



populations in the DPS was based largely on consideration of recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Figure 5 below. 
 
 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 

Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 
lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 



three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 
large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 
and the northern contiguous U.S, where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, white on the underside of 
the tail, and is much more common and abundant than lynx in most of the contiguous U.S.. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx, there is evidence of genetic exchange between the two areas, indicating 
that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle that separates 
them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional genetic 
markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in eastern 
Canada, which suggest the potential for evolutionarily significant differences in those areas, 
recent analyses reveal genetic exchange among lynx on either side, indicating that some lynx 
successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 
2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
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population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids 
have been documented in the western portion of the lynx’s range (Schwartz in Lynx SSA Team 
2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69), and hare abundance is the 
major driver of lynx population dynamics. Lynx den site selection, litter sizes, pregnancy, as well 
as recruitment, survival (kitten, subadult and adult) and dispersal rates, and population age 
structure, home range sizes, density, and distribution are all strongly influenced by hare 
abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, 
pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 



 

 
Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 136-
140 and 2000b, pp. 183-191; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000b, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 136-140 
and 2000b, pp. 183-195). Over much of the lynx’s range, hare densities are higher in 
regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000b, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 



2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000a, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 



less pronounced or absent entirely among some hare populations in southern Canada and in 
the contiguous U.S. (Hodges 2000b, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., stand-level hare densities may exceed 2 hares/ha (0.8 hares/ac) 
(Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; Homyack et 
al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but in many parts 
of the DPS, landscape-level densities are lower, ranging from just above to well below the 0.5 
hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and populations 
(Hodges 2000b, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and Ruggiero 
2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, pp. 910-
911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, p. 1483; 
ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al. p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS (Moen et 
al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 1505; ILBT 
2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to adequately 
provision dependent kittens, and females seem to select den sites near prey sources to 
minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; Vashon et al. 



2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and one or more 
alternate or maternal dens until kittens are about 6-10 weeks old (Squires et al. 2008, p. 1502; 
Vashon et al. 2012, p. 17; ILBT 2013, p. 29). Thereafter, kittens remain with their mothers 
through their first winter, apparently learning from her how to hunt and capture prey, initially on a 
small portion of her home range, but by fall on the larger area the female used before kittens 
were born (Mowat et al. 2000, pp. 269, 278). Juveniles remain closely associated with their 
mothers until February or March, when family groups begin to break up, with young typically 
dispersing in April and May (Mowat et al. 2000, pp. 278-279) to establish their own home 
ranges. Female offspring may establish home ranges overlapping or adjacent to their mother’s 
home range and maintain mother-daughter bonds throughout their lives (Mowat et al. 2000, pp. 
279-280). Male home ranges may slightly overlap adjacent male home ranges. While male 
home ranges typically overlap one to three female home ranges, and female home ranges are 
partially or completely encompassed by a male’s home range, core areas within home ranges 
appear to be exclusive except during the breeding season (Koehler and Aubry 1994, pp. 90-91; 
Mowat et al. 2000, pp. 276-280; Vashon et al. 2012, pp. 17, 22-23). Fidelity to home ranges 
over several years has been documented for both sexes, but shifts and abandonment of home 
ranges have also been documented (Koehler and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). 
Lynx have been documented to live up to 16 years in the wild (Kolbe and Squires 2006, entire).   
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000a, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).  
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 



952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities declined from 2/ha (0.8/ac) to 1/ha (0.4/ac) 
(Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx home ranges 
larger at the southern periphery of the lynx’s range, including most of the contiguous U.S., and 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 
2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) it is born to a female that occupies a home range containing 

a) secure denning habitat, 



b) adequate hare abundance to support lactation during the early kitten stage and later 
provisioning of the kitten with hare meat, 

c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 
etc.); 

 
2) the mother’s home range occurs within a larger landscape that also contains adequate hare 

abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000b, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 
2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population. 
 



Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Table 2, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).  
 
Table 2. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 
 

Reported Lynx Home Range Size km2 
(mi2) 

 
References (pages) 

Female Male 

N Maine 26 (10) 54 (21) Vashon et al. 2012 (16-17) 

NE Minnesota 17-21 (7-8) 160-267 (62-103) Burdett et al. 2007 (460-463); Moen et al. 
2008a (17)  

NW Montana/ 
NE Idaho 

43-115 (17-44) 122-238 (47-91) Brainerd 1985 (20); Squires and Laurion 
2000 (344); Squires et al. 2004a (13) 

N-C 
Washington 

37-91 (14-35) 49-69 (19-27) Brittell et al. 1989 in Stinson 2001 (5); 
Koehler 1990 (847); Maletzke in Lynx SSA 

Team 2016 (21) 

GYA 50 (19) 824 (318) Squires et al. 2003 (12-13) 

Commented [1]: Some of these home ranges seem to be 
presented as a range of values and others (e.g., ME, GYA) 
are a single value (a mean?).  We should be consistent and 
present a mean and range, if these data are available. 



W Colorado 75-704 (29-272) 103-387 (40-149) Shenk 2008 (10) 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac). Voyageurs National Park, where hare density 
was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et al. 2012, 
pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter predators (mountain lion [Puma concolor], coyote [Canis latrans], 
wolverine [Gulo gulo], gray wolf [Canis lupus], fisher [Pekania pennanti], and other lynx) (ILBT 
2013, pp. 33, 35). Although lynx have co-evolved with predators, the influence of predation on 
lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain lions and coyotes are now 
more widespread and abundant in the southern periphery of the lynx distribution than they seem 
to have been historically (Buskirk et al. 2000a, p. 83; Gompper 2002, entire). Lynx also need 
landscapes where they are unlikely to suffer reduced fitness because of competition with other 
hare predators, or encounter traps or other anthropogenic causes of mortality. Except for fisher 
and marten (Martes americana), lynx predators and potential terrestrial competitors for hares 
(the species above plus bobcat; maybe red fox [Vulpes vulpes] in some situations) all have 
higher foot-loading (weight per surface area of the foot), making them less efficient at traveling 
and hunting in the deep powdery snow conditions favorable for lynx (Buskirk et al. 2000a, pp 
86-95, Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions 
between lynx and these species. Analysis of lynx occurrence data in the contiguous U.S. 
suggests that lynx require at least four months (December through March) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). Where snow conditions do not consistently favor lynx, 
increased potential for predation and competition would be expected (Peers et al. 2013, p. 8). 
Finally, individual lynx are more likely to survive, breed, and replace themselves in the breeding 
population if they occupy home ranges where trapping is prohibited or trapping pressure is low 
(Slough and Mowat 1996, entire), high-speed/ high-volume roadways are absent (ILBT 2013, 
pp. 77-78), and other potential anthropogenic causes of lynx mortality are minimal.  
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 



1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about 4 months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or to do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions recover or improve. As with 
individual lynx, populations are more likely to persist in landscapes where the effects of 
competition, predation, and human-caused mortality (e.g., trapping, vehicle collisions) are 
relatively lower. 
 
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-
31). Lynx populations in the DPS are at the periphery of the species’ range and may behave as 
islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 
that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 
source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.   
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000a, pp. 22, 30). Although some demographic data are available for 
most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 



populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000a, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in southern Yukon. This period of rapid growth was followed by a rate of λ = 
1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 
during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined 
from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the 
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) 
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 
and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 
northern Maine (see also section 4.1.1, below).    
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 square kilometers (USFWS 2005, p. 5). McKelvey et al. 
(2000b, p. 29) noted that extinction (extirpation) risk should decrease with increasing population 
size, and that extinction resulting from demographic stochasticity is very unlikely even for a 
population (generally; not specific to lynx) with as few as 20 reproducing females. Kramer- 
Schadt et al. (2005, entire) developed a spatially explicit population model for Eurasian lynx in 
Germany which they combined with demographic scenarios to evaluate the likely success of 
potential reintroduction efforts; they concluded that at least 10 females and 5 males would be 
required to establish a population with an extinction probability less than 5 percent over 50 
years. Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian 
lynx; they found that extinction occurred only in small populations that occupied habitats of less 
than 500 km2 and that extinction within 35 years was unlikely among populations occupying 
areas of at least 500 km2 of adequate habitat quality. 
 



In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; U.S. Fish and Wildlife 
Service 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 
54789). 

2.3 Historic and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; Alaska 
Center for Conservation Science 2016, p. 1). It is strongly associated with the expansive, 
continuous boreal forests of those areas, and its range largely overlaps that of its primary prey, 
the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 146; Mowat et 
al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to occupy about 
5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their historic range in that 
country (Environment Canada 2014, p. 2), and over 89 percent of the species’ entire 
distribution. Nationally in Canada, lynx are classified as secure, widespread, and abundant; they 
are managed for long-term population stability, with a conservative estimate of 110,000 
individuals during cyclic lows; and no acute, widespread threats to lynx have been identified 
(Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 



Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Science Conservation, 
http://akgap.uaa.alaska.edu/species-data/canadian-lynx-annual-distribution/#content, accessed 
4/28/2016; Reimer 2016, pers. comm.), which represents about 8.7 percent of the species’ 
distribution. Lynx in Alaska are apparently secure, with low to moderate threats, and populations 
appear stable statewide, although total abundance is unknown (Alaska Natural Heritage 
Program 2008, pp. 2-4). In both Alaska and Canada, lynx trapping is managed through 
regulated seasons and harvest levels, which are adjusted to avoid overexploitation, especially 
during the low phase of the hare-lynx population cycle (Alaska Natural Heritage Program 2008, 
pp. 2-6; Vashon 2015, pp. 5-6). Along the Canada-U.S. border in provinces adjacent to DPS 
lynx populations, lynx trapping is prohibited in New Brunswick (adjacent to northeastern Maine) 
but regulated trapping is permitted in Quebec (adjacent to northwestern Maine, northern New 
Hampshire, and northern Vermont), Ontario (adjacent to northeastern Minnesota), Alberta 
(adjacent to northwestern Montana), and British Columbia (adjacent to northwestern Montana, 
northern Idaho, and northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historic conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historic range of lynx in the contiguous 
U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Because of this, resident lynx populations never occurred everywhere boreal forest existed in 
the contiguous U.S. Where the boreal forest was naturally more patchy and marginal, the 
habitat was incapable of supporting an adequate snowshoe hare population that in turn was 
incapable of supporting a resident lynx population over time. As a result, only a few areas in the 

http://akgap.uaa.alaska.edu/species-data/canadian-lynx-annual-distribution/#content


contiguous U.S. historically supported an adequate quantity and quality of habitat to support 
resident lynx populations over time, and many historical lynx occurrences across a large area of 
the contiguous U.S. were likely dispersers. The occurrence of dispersing lynx is unpredictable, 
and dispersing lynx will likely continue to periodically move into areas that are not lynx habitat 
(68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (U.S. Fish and Wildlife Service 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 
54812-54823). Many records of lynx in the contiguous U.S. appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16), suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous U.S.exist either as 
resident populations or as dispersers, that dispersing lynx are often found repeatedly and for 
variable amounts of time in habitats that cannot sustain breeding populations over time (though 
some breeding may occur occasionally in some of these areas), and that such areas probably 
contribute little to the persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated 
dispersal into habitats that ultimately cannot support the species (‘‘sink’’ habitats) often leads to 
confusion among scientists and the public about where lynx populations may be viable (74 FR 
66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 



the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367; Krohn 2010, p. 33). Because of the large effect that relatively 
few errors in identification can have on assessments of the distribution of rare animals, 
especially those that are easily confused with a similar and more common species, McKelvey et 
al. (2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historic or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 



contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.  
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historic or recent evidence of the habitat quality or 
quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 66940-
66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx in the 
DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and snow 



conditions and that they were not capable historically and are not capable now of supporting 
resident lynx populations.  
 
The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best historic 
and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 40097-
40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.     
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historic and potential future occurrences of lynx in these states most likely 
represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 



supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historic lynx reports for the Southern Rockies, questioned its 
original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historic records were of periodic dispersing lynx during “extremely high populations cycles” 
and that a resident population never existed in southeastern Wyoming (68 FR 40081, 40091). 
The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now Colorado 
Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into southwestern 
Colorado (with plans to release an additional 186 lynx from 2003-2009) in an effort to 
reestablish a resident lynx population, that reproduction among some of the released lynx had 
been documented by 2003, but that it was too early to determine whether the program would be 
successful (68 FR 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, and likely has 
only supported dispersing lynx since then, and that an effort to reintroduce lynx there failed 
quickly, suggesting the habitat is incapable of supporting a resident population (68 FR 44486-
44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan, 2011a, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (CPW 2015, p.1; Ivan in Lynx SSA Team 2016, 
pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service concluded 



that the historic record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historic occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historic records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016 pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historic and recent records and 
survey efforts (79 FR 54791). 
 



We concluded that the historic record and recent evidence of lynx occupancy and reproduction 
suggested the presence of a small but persistent resident lynx population in the GYA of 
northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 54825-54826); 
however, the consistency of occupancy over time remains uncertain (Lynx SSA Team 2016, pp. 
11, 45, 57). Uncertainty about whether this area consistently or only intermittently supported 
resident lynx historically makes it difficult to interpret their recent apparent absence from the 
area (Lynx SSA Team 2016, p. 57). If residency was intermittent historically, the current 
apparent absence of resident lynx might be a natural condition related to the area’s largely 
marginal or suboptimal habitat conditions - i.e., it may naturally be capable of supporting 
resident lynx only intermittently when habitat conditions and hare densities are optimal. In that 
case, future intermittent residency would be expected, but only if lynx dispersing from a source 
population immigrate to the GYA when habitat conditions and hare densities return to more 
favorable levels. Conversely, if the GYA always historically supported a small number of 
resident lynx but no longer does, it may suggest that some factor or factors have acted to tip the 
quality of the area’s habitat from just barely capable of supporting a small resident population to 
no longer capable of doing so, resulting in extirpation. We conclude that this uncertainty cannot 
be resolved based on the available information but, given the protected conservation status of 
millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its historic inability to support a robust, persistent resident population 
and its apparent recent inability to support any resident lynx may be a reflection of naturally 
marginal and patchy habitats and relatively low hare abundance in much of the unit, resulting in 
only an intermittent ability of this unit to support resident lynx. We also note that extensive areas 
of the GYA were burned by the large, intense wildfires of 1988, and that these areas may soon 
(perhaps in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer 
structure favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the 
likelihood that the GYA may support resident lynx again in the near future (Lynx SSA Team 
2016, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 



residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in northern New Hampshire. We conclude that northern and central New 
Hampshire likely supported a small resident lynx population historically that was extirpated 
during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821). Although bobcat 
populations have increased and expanded their range in this region in recent decades (Lavoie 
et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 
(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest declined 
substantially after two deep snow winters in 2008 and 2009 (Maine Department of Inland 
Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historic lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historic record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state, which currently supports the largest lynx 
population in the DPS (Krohn 2010, entire; McKelvey et al. 2000a, pp. 211-212; Hoving et al. 
2003, entire; Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon 
in Lynx SSA Team 2016, p. 18). The lynx population in Maine is much larger than was 
suspected at the time of listing or the 2003 remand (potential habitat exists to support possibly 
750-1,000+ individuals [Vashon in Lynx SSA Team 2016, p. 18], though a reliable population 
estimate is lacking). The current abundance of lynx is supported by the broad distribution of 
high-quality hare habitat that resulted from extensive, large-scale clearcutting in the 1970s and 



1980s in response to a massive spruce budworm outbreak (68 FR 40087; 79 FR 54792; also 
see section 4.1.1, below). As these regenerating clearcuts, which currently provide the dense 
horizontal structure preferred by hares, mature beyond about 35 years post-harvest, hare 
densities decline as cover and forage are reduced due to forest succession (Simons 2009, p. 
217). The current lynx population is probably larger than the likely historic condition, when 
relatively small amounts of the spruce-fir forests in the state are thought to have been 
composed of young stands (Lorimer 1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 
79 FR 54792). With the reduction in clearcutting following enactment of the Maine Forest 
Practices Act of 1989, it is projected that lynx densities in Maine will decline by 55 to 65 percent 
by 2032 (Simons 2009, p. 217). Lynx in Maine likely represent the southern periphery of a larger 
population that occurs in northern New Brunswick and southern Quebec south of the St. 
Lawrence Seaway/River, which appears to partially isolate lynx in this region, demographically 
and genetically, from populations in the core of the species’ range (Koen et al. 2015, entire). 
The extent to which lynx persistence in Maine relies on immigration from Canada is unknown.    
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 
and areas to the south and west are dominated by bobcats. Although there are currently more 
lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016 pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 



apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).   
  
In summary, although uncertainty remains regarding the historic distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire, though lynx persistence in New Hampshire is uncertain and lynx 
numbers in Maine are projected to decline over the next several decades. In the West, small 
breeding populations in the GYA and the Garnet Mountains of Montana may recently have 
become extirpated (although both also may be only temporarily “winked off” in a metapopulation 
dynamics sense). In north-central Washington, lynx habitat and numbers have declined 
because of recent large fires and insect outbreaks, and the persistence of the breeding 
population there could be threatened if additional such impacts occur with similar magnitude 
and frequency over the next several decades. As a result of the release of 218 Canadian and 
Alaskan lynx from 1999-2006, resident lynx currently occur in western Colorado. Although the 
number of lynx in this population and its future persistence are uncertain, Colorado currently 



supports more lynx than it likely did, based on the historic record, for much of the previous 
century. The geographic units evaluated in this SSA include all areas in the contiguous U.S. 
with strong historical and recent evidence of persistent resident lynx populations. Detailed 
assessments of the current status and future viability of resident lynx populations and habitats in 
these areas are presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historic and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Those 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “federal nexus” exists) and which 



may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of federal land varies by unit, 
ranging from 0 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see Table 
1, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.   
  
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 



time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of federal 
Land Management Plan guidance for the conservation of lynx and the potential for those plans 
to allow or direct actions that could adversely affect lynx constituted a significant threat to the 
DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements, and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on federal 
lands that were designed to mimic historic conditions and landscape-scale disturbance patterns 
and to maintain or improve lynx and hare habitats at both local (project-level) and landscape 
scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM managers 
within the range of the DPS agreed to implement the standards and guidelines identified in the 



LCAS until management plans could be formally amended to specifically address lynx 
conservation. In 2000, the Service, USFS, and BLM developed and adopted Canada Lynx 
Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and USFWS 2000, 
entire) in which the BLM and USFS agreed to coordinate assessment and planning efforts with 
the Service to assure a comprehensive approach to lynx conservation and to use the LCAS, 
supporting science, and locally specific information as the basis for the approach and to 
streamline consultation under section 7 of the ESA. The USFS further committed to deferring 
any actions not involving third parties that would adversely affect lynx until such time as the 
Forest Plans were amended or revised to adequately conserve lynx (USFS and USFWS 2000, 
p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of federal actions on lynx alleviated 
the effects of federal land management activities on lynx, but that amendment of USFS and 
BLM land management plans to conserve lynx would be the strongest mechanism to ensure 
long-term conservation of lynx and lynx habitat on federal lands (68 FR 40096-97). It concluded 
that although federal, State, and Tribal regulations and plans had reduced threats to the DPS, 
the inadequacy of existing regulatory mechanisms still posed a moderate, albeit lower-level 
threat, and would continue to do so until federal land management plans were specifically 
amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 
with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 



Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 1, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley, 
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 



2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to limit potentially adverse effects and promote beneficial effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 
management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 
(USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008, p. 52).      
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 
collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (Table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to almost 92 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 



of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute all of the lands in the Northern Maine Geographic Unit and over half of 
those in the Northeastern Minnesota Unit. Because both of these units support larger resident 
lynx populations than was known when the DPS was listed and, therefore, may contribute more 
substantially to the conservation of the DPS than was understood at the time of listing, we must 
evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx SSA Team 2016, 
p. 54). Although private, State, and Tribal lands constitute much smaller proportions of the other 
four (western) geographic units (from about 3 percent to 16 percent, combined), important lynx 
habitats occur on some of those lands, and regulatory mechanisms may influence their 
contributions to the conservation and persistence of DPS populations or parts of them. 
Therefore, in this section, we summarize the relevant regulatory frameworks and mechanisms 
that may affect lynx on private, State, and Tribal lands within the six geographic units of the 
DPS, but with a focus on those units with the greatest proportions of these lands and on 
activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take of lynx during legal trapping of other furbearers. These 
efforts benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations where lynx may occur that address 
specifics about traps types and sets that may be used to legally harvest other furbearers and 
that are intended to minimize the likelihood of incidentally trapping lynx 
(http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/). MDIFW 
also adopted and made available for download on its web page the interagency brochure How 
to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats and other Furbearers, and 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/


modified it to be more specific to Maine. MDIFW also set-up an incidental lynx capture hotline 
and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (10 died from traps or illegal shooting in traps) that were reported 
incidentally trapped in northern Maine (MDIFW 2014, p. 75). In 2014, the MDIFW obtained an 
incidental take permit from the Service for lynx trapped incidental to other legal furbearer 
trapping in Maine. After two lynx were killed in killer-type traps in 2014, MDIFW imposed 
additional trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx 
(see Other Factors in section 4.1.1 below). The regulations now require exclusion devices on 
killer-type traps, prohibit the use of drag sets on foothold traps, address specific trap types and 
sets, prohibit visual use of bait and visual attractants, swivels on chains, and require reporting of 
incidental captures. The trapping permit is currently being litigated in federal court. The MDIFW 
also is responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 52-54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2013/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 
trapping lynx. Minnesota DNR is under a federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 2015, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
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Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by by 
the State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm; https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection#87-5-107). 
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
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(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foot-hold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 92 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.1.1 and 5.1.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut excellent hare habitat likely peaked 
in the late 1990s, when 20-25 percent of the forest in Maine was in an early regeneration stage - 
3 to 8 times higher than historic conditions, when only 3-7 percent of stands were likely in such 
condition at any given time (68 FR 40094). Current timber harvest and management on State 
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and private lands in Maine are governed by the Maine Forest Practices Act of 1989 and 
administered by the Maine Forest Service within the Department of Agriculture, Conservation & 
Forestry to regulate the size, arrangement, regeneration, and management of clearcuts 
(MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) clear-cuts are still permitted, 
but require special permits. Because of this regulatory burden, the extensive clear-cutting of the 
past has largely been replaced by partial harvest techniques that are unlikely to maintain the 
current unnaturally high amount and distribution of high-quality hare habitat. The consequences 
of this shift in forest management on Maine’s current lynx population, which is also much larger 
than was likely possible under the natural historic disturbance regime, are discussed below in 
sections 4.1.1 and 5.1.1, along with other programs that may influence private lands forest 
management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). Landowners selected 
one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements require management 
prescriptions or commitments for Canada lynx. To our knowledge, there are no private 
landowners in Maine who have committed to long-term or permanent protection and creation of 
lynx habitat according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of federally listed species, but so far no lynx management plans have been developed. 
Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 
trapping requires management of 6,400 acres of lynx habitat within a 22,000-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
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Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and state landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit, and almost all are in Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution (http://dnrc.mt.gov/divisions/forestry/forestry-
assistance/forest-practices, accessed July 18, 2016). Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.1.3 
below.  
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit.t, and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent state agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001; Washington DNR 2006). The WADNR LHMP guides 
timber harvest and other vegetation management on these lands, including the part of the 
Loomis State Forest that occurs in this unit, with the goal of creating and preserving quality lynx 
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habitat through its forest management activities. Additional information on the LHMP are 
provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe’s stated environmental mission is “...to protect the environment and 
conserve natural resources within all Passamaquoddy lands, waters, and the air we share” 
(Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation Department of 
Natural Resources is “...to manage, develop and protect the Penobscot Nation’s natural 
resources in a sustainable manner that protects and enhances the cultural integrity of the Tribe” 
(Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are prohibited in 
accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game Regulations – 
Section 204 (Penobscot Indian Nation 2012, p. 15). 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  



 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
  
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is due to 
natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 



fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. 
  
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 



2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzales et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1, Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow, with these conditions occurring at 
higher latitudes (Callaghan et al. 2011, entire) and higher elevations in the Rockies (Abatzoglou 
2011, pp. 1138-1141). The frequency of warm spells is correlated to the hardness of the snow 
surface, sinking depth, and the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633).  As 
the climate warms, winter temperatures are rising above freezing more often. This results in 
more rain on snow events and winter thaws that change the structure of the snowpack; larger 
grain size, basal ice layers, depth hoar (weak layers in the snowpack), and slip planes (crusts 
and ice layers within the snowpack) (Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) 
and other structure in the snowpack are believed to reduce the competitive advantage of lynx 
over bobcats and other mesocarnivore competitors and predators.  
 
Although it is believed that high elevation areas in the West may provide refugia for lynx (Lynx 
SSA Team 2016, p. 45), these areas will also be affected.  Mountainous regions in the western 
U.S. have historically been strongly snow dominated from November through March. By 2050, 
the length of snowfall-conducive temperatures over many western mountain ranges will be 
reduced from approximately five (November–March) to approximately three (December-
February) months of the year (Klos et al. 2014, p. 4566). Many relatively large areas that 
contain lower relief, mid-elevation mountain ranges will likely shift relatively quickly into new 
precipitation phase regimes (e.g., the Northern Rockies, North Cascades)(Klos et al. 2014, p. 
4566). The interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated 
areas to warming because much of the region is characterized by relatively warm winter 
temperatures and by mainly mid-elevation mountain ranges. The climatic rain-snow transition 
zone will move up in altitude and latitude.  
 
It is possible that in high elevation areas of DPS in the West, snow conditions suitable for lynx 
may move up slope at a faster rate than boreal forest habitat will migrate, providing a mismatch 
of these important habitat elements for lynx. During prehistoric periods of warmer climate, the 
alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-boreal forest 
ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both the northern 
(Kearney and Luckman 1983) and southern Rockies (Legg and Baker 1980). Boreal treelines in 
Scandinavia moved upslope an average of 40 m (but up to 100 m) during a recent 50-year 
period of warming (Kullman 1990). However, despite recent warming, the alpine treeline in 
North America has thus far remained relatively static (Butler et al. 1994). Upslope migration of 



the treeline of boreal forest may be limited by high winds, desiccation, and soil depth not 
conducive to colonization by conifers and will occur either gradually or as a series of scattered, 
rapid advances as thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower 
elevations, the upslope movement of the deciduous-boreal ecotone is limited by an isocline of 
excessively cold winter temperatures (generally -40C), moisture (cloud, fog line), and acidic 
soils (Kupfer and Cairns 1996, p. 263-264). The rate that boreal forest will retreat upslope is 
highly speculative depending on how climate change will affect complex moisture and 
temperature regimes, and there could be a lag time before these community types move up 
slope (Kupfer and Cairns 1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to 
be triggered by climate thresholds and was characterized by slow, gradual change followed by 
rapid advances (Danby and Hik 2007, p. 361). However, in Vermont, the northern hardwood-
boreal ecotone moved upslope 91 to 119 m between 1962 and 2005 consistent with rapidly 
increasing cloud ceilings in the Northeast, which is believed to be closely associated with this 
ecotone transition (Beckage et al. 2008, pp. 4200-4201). 
 
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). By 2100, the altitude above which it snows 
and below which it rains will climb as much as 800 feet in the Colorado Rockies, by 1,400 feet in 
the Rockies of Idaho and Wyoming, and the snow line will rise by an average of 950 feet across 
six Western mountain regions if greenhouse gas emissions continue at the current rate (Scalzitti 
et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but deep, fluffy 
snow conditions will retreat upslope and preclude the use of boreal habitat by lynx and instead 
favor competitors such as bobcats. 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 
al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101).  These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous. 
  



Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Workshop Report 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Feng and Hu 2007, entire; Knowles et al. 2006, entire, 
Huntington et al. 2004, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).  
  
Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991, Murray et al. 1994, Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48). 
 



Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp. 
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below. 
 
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably 
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare 
cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4) 
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare 
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7) 
introduction of disease and parasites, and 8) reduced gene flow. Synergistic effects between 
these factors and other stressors (e.g., forest management, trapping, development) may 
intensify their effects (Carroll 2007). Diminished snow, increasing drought and fire, and 
increased forest pests and disease are believed to currently be the most important stressors for 
lynx in the DPS, but it is possible that other pathways are, or may become, equally important. 
Over the next decades, southern lynx populations will continue to be affected by climate change 
and associated shifts in habitat, prey base, and competition. The extent of such changes and 
whether lynx are able to adapt to them will determine not how, but if, this species can persist in 
the contiguous U.S. (Murray et al. 2008). 
  
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract from boreal habitat shifting to higher elevation (Danby and Hik 2007, pp. 
360-362) and northward shifts in latitudinal distribution of boreal habitat and snow conditions 
(Sturm et al. 2001, pp. 342-342; Gonzales et al. 2010, pp. 761-766; Koen et al. 2015. p. 528; 
ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted northward 
>175 km over the past 40 years (Koen et al. 2014, pp. 757-758). Habitat patches will become 
smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et al. 2012, p. 
11), bobcat distribution will expand northward (see below), and lynx will become more 
vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change influences ecological 
processes by altering large-scale climate systems such as the North Atlantic Oscillation, 
Southern Oscillation, Pacific North American Index, and North Pacific Index which, in turn, affect 
patterns of temperature and snow in North America (Stenseth et al. 2003, entire). Climate 
change-induced disruptions are believed to have caused the collapse of cycles in voles, 
lemmings, and snowshoe hares (Ims et al. 2008, p. 81; Cornulier et al. 2013, entire; Krebs et al. 
2010, pp. 484-488). The geographical borders between cyclic and noncyclic populations are 
shifting, and the spatial extents of regions that have cycles are shrinking. The collapse of cycles 
in herbivores with high-amplitude population cycles also would imply collapses of important 
ecosystem functions such as pulsed flows of resources and disturbances throughout the 



ecosystem, including declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 
2008, p. 85). A common denominator of cycles that exhibit spatial gradients, such as the more 
pronounced snowshoe hare cycles in the northern part of its North American range, is that the 
cycles seem to fade as winters become shorter (Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Krebs et al. 2001a, p. 34; Brown 2000, pp. 2347-2354). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but is 
also essential in modifying the cycle intervals (Yan et al. 2013, p. 3269). Collapses in lynx fur 
harvests in Canada beginning in the mid-1980s may be linked to warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; U.S. Fish and Wildlife 
Service 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 
54789, 68 FR 40091, 40097-40100). If diminished amplitude of the hare cycle in Canada 
continues, it will likely translate into a reduced potential for lynx to expand into new or 
unoccupied habitat in Canada or the adjoining U.S. (ILBT 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; McKelvey et al. 2011, pp. 2893-2895; Lynx BioTeam 2012 p. 69; Gonzales et al. 2007, 
pp. 7-8). Across their worldwide distribution, lynx rely on deep, powdery and persistent snow 
because they restrict potential lynx competitors such as bobcat or coyote and predators such as 
fishers and cougars from effectively encroaching on or hunting hares in winter lynx habitat 
(Peers et al. 2016, entire; 79 FR 54809).  
  
Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549). 
These trends are expected to continue with future climate warming (Hamlet and Lettenmaier 
1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 2007b, p. 850). 
The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth are very likely 
to decrease in most of North America except in the northernmost part of Canada where 
maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring runoff 
toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is accelerating the rate of loss of snow cover because of the reflective 



nature of snow and the relative heat-absorbing properties of non-snow-covered ground. This 
feedback effect causes the greatest warming to occur at the interface of snow-covered and 
exposed areas, increasing the rate at which melting occurs in spring (Groisman et al. 1994a, pp. 
1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has led to the average date of 
peak snowmelt to shift 3 weeks earlier in spring in the Intermountain West (Fagre 2005, p. 4). 
This albedo effect is further exacerbated by atmospheric soot and desert dust on snow ((Qian et 
al. 2009, entire; Painter et al. 2007, entire) and fire-darkened landscapes (Amiro et al. 2006, pp. 
47-49). Snow accumulation and duration are expected to decline generally in the geographic 
areas that contain the central and eastern portion of the lynx DPS (IPCC 2007c, p. 891; Burns 
et al. 2009, p. 31). Because lynx require prolonged periods of deep fluffy snow, current habitats 
that lose this feature would decline in value for lynx (Hoving 2001, p. 73; Carroll 2007, p. 1092; 
Gonzalez et al. 2007, entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983, 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
expansion of bobcats into areas currently occupied by lynx (Lavoie et al. 2009, pp. 873-874; 
Roberts and Crimmins 2010, p. 172; Anderson and Lovallo 2003, p. 758). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits 
their efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 



Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2004, entire).  
  
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 
2015, p. 528).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in several different ways, especially at 
the southern extent of the range. Changing snow conditions may influence lynx hunting 
behavior and effectiveness. For example, hard-packed snow is reported to be associated with a 
higher kill rate of hares by lynx and coyotes than soft snow (Stenseth et al. 2004, p. 10633, 
Buskirk et al. 2000, p. 94). The higher kill rate could generate a numeric response by lynx and 
other hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Predator communities are more diverse at the southern part of 
the lynx range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there 
(Hodges et al. 2009, p. XX). In dry western forests like those in the GYA, increased precipitation 
may result in more herbaceous forage and cover, which may promote hare survival and 
reproduction (Ivan et al. 2014, p. 590).   Thus, climate change may have both positive and 
negative effects on hares. 
 
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Zimova et al. 2013, entire; Mills et al. 2013, entire; 2014, entire). Diminished snow duration by 
as much as 8 weeks by the end of the century could have population-level effects on hares at 
the southern edge of their range. Hares exhibit plasticity in the rate at which they can molt from 
white to brown in the spring, but not in the initiation date of color change or the fall transition 
from brown to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for 
mismatched pelage by changing their behavior related to concealment, thus predisposing them 



to predation (Mills et al. 2014, entire). There is wide variability in the timing of pelage change by 
individual hares within populations, and “mismatched” hares experience increased mortality 
rates (Zimova et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11 
percent decline in hare survival by mid-century and a 23 percent decline by late century. 
Diminished survival would lead to steep (high emissions) to moderate (medium-low emissions) 
declines in hare populations (Zimova et al. 2016, p. 304). It is also possible that this 
phenological mismatch may dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns 
have been proposed to potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-
65, Sultaire et al. 2016a, entire).  
 
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).  
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).  
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 kilometers (km) during this century. In the contiguous U.S., 
researchers expect that lynx in mountainous habitat will, to some extent, track climate changes 



by using higher elevations on mountain slopes, assuming that vegetation communities 
supportive of lynx and hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some 
areas of the DPS (e.g., Maine, Minnesota) lack elevational refugia and, therefore, lynx 
populations are anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
These studies predict lynx and hare habitats—boreal spruce-fir and subalpine forests—and, 
therefore, lynx distribution, are likely to shift upward in elevation within its currently occupied 
range and recede northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; 
Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 
64; ILBT 2013, p. 69). Lienard et al. (2016, p. 7) assessed forests in New England, Northern 
Great Plains, and higher elevations in the Rockies, including spruce-fir types, as vulnerable to 
drought-related stress from climate change during the next century. The boreal spruce-fir forests 
that provide habitat for lynx and snowshoe hares are thought to be limited by summer 
temperatures and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of 
emissions and climate change scenarios, are projected to diminish dramatically or disappear 
from much of the eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–
400). Within the last 20 to 25 years, widespread mortality and reduced growth in red spruce in 
the Northeast are believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, 
Johnson et al. 1988, p. 5373.). Climate modeling suggests that lynx habitat and populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely 
from parts of the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). 
Remaining lynx populations would likely be smaller than at present and, because of small 
population size and increased isolation, populations would likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing rapid 
increases in tree mortality (Peng et al. 2011, entire). Several authors have suggested that 
grasslands, aspen parklands, and temperate forest will expand northward resulting in decreases 
in boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 
2000, entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang 



and Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 1970-
2004, Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of 
large fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. 
Mesic, middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the 
northern Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area ILBT 2013, p. 70).. In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 



2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 
2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations. 
 
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008; ILBT 2013, p. 70).  
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle and mountain pine 
beetle, are key agents of change in coniferous forest ecosystems in western North America and 
have recently defoliated millions of hectares – among the largest and most severe in recorded 
history (Bentz et al. 2009). Drought-stressed conifers have increased vulnerability to insect 
attack. By the end of the century, changes in temperatures across the boreal forests of western 
North America may cause markedly high probability of outbreak of these species (Bentz et al. 
2010. pp. 607, 609). In contrast, the range of the spruce budworm, a major pest of spruce-fir 
ecosystems in eastern North America, is expected to shift northward reducing vulnerability of 
spruce-fir forests in Maine and Minnesota (Regniere et al. 2010, entire). However, widespread 
clearcutting following the most recent spruce budworm outbreak in Maine was the primary driver 
creating widespread lynx habitat (Hoving et al. 2005, Vashon et al. 2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 
2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Irland 2000, 



entire; Millward and Kraft 2004, entire; Jones and Mulhern 1998, p. 19). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but experts believed this was difficult to predict and a 
possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska)(Biek et al. 
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956, Van Zyll de Jong 1966, Kumar 1974, and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
  
Reduction in Gene Flow - Koen et al. (2014, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 
and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 
al. 2014, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring in 
the lynx populations east and west of Hudson Bay based on differences in snow conditions on 



either side of this divide. This may be explained by the reluctance of lynx to disperse between 
areas having different snow regimes and snow quality. Snow conditions may be the key factor in 
the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 2014, pp. 10633-
10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014, entire) found genetic structuring on either 
side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating ice 
conditions on the St. Lawrence River could further restrict gene flow between lynx populations 
north and south of the river (Koen et al. 2014, p. 528). Between 1969 and 2002 there was a 20 
to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the St. Lawrence 
(Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent bobcats from 
dispersing northward into lynx areas in central Quebec (Koen et al. 2014, p. 528). 

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004, McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992, Wolfe et al. 1982, 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 



density are directly and positively correlated (Conroy et al. 1979, Sullivan and Sullivan 1988, 
Koehler 1990b, Koehler and Brittell 1990, Thomas et al. 1997, Hodges 2000a, Mowat et al. 
2000, Homyack et al. 2006, Robinson 2006, Scott 2009, Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011).  Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979, Sullivan and Sullivan 1988, Koehler 1990b, Thomas et al. 1997, 
Homyack et al. 2005, Robinson 2006, Griffin and Mills 2007, Scott 2009, Berg 2010, Ivan 
2011a, Lewis et al. 2011, McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, 
Seymour et al. 2002, Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 meters depending on tree species) the tree crowns lift and lower 
branches self-prune, thus reducing the live horizontal branches providing food and cover for 
snowshoe hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where 
mature trees die or fall down) and food and cover may again become available to support 
snowshoe hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 



culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
maintaining high stem densities in regenerated forests (Koehler and Brittell 1990, Homyack et 
al. 2004, Bull et al. 2005, Fuller and Harrison 2005, Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 



collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125).  The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of state and federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to a host of  financial groups 
(Hagan et al. 2005). These groups have short-term investment goals and different management 
objectives and have dramatically changed harvest practices. Whereas the previous large 
industrial landowners focused on the forest land base as a supply for their manufacturing 
facilities, the new TIMOs and REITs focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004, Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s state area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to state and federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 



private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire). Many models have been developed to project how U.S. timber production and 
markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia 
et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate. Some models predict that consumers 
will gain from climate change while landowners in some regions will lose. The forest industry will 
adapt to climate change in many ways including using alternate tree species in manufacturing, 
shifts to geographic regions of the country with economic advantages in timber growth, and 
increasing forest plantations with new species that are favorably adapted to the new climate and 
markets. Many strategies have been evaluated to increase the quantity of carbon stored in 
North American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in 
some forests to build carbon reserves, increased recycling to reduce use of forest products, 
converting agricultural lands to forests, and substituting wood products for more energy-
intensive products. Increased atmospheric carbon will increase forest growth slightly, except for 
softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, 
is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth 
conifer forest to sequester carbon could benefit lynx in the West and be to the detriment of lynx 
in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting) (Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 



climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be the most important stressors for lynx in the DPS 
(Fig. X), but it is possible that other pathways for forest management are, or may become, 
equally important. Hares and lynx will continue to be affected (both positively and negatively) by 
forest management into the foreseeable future. Forest management stressors primarily affect 
lynx by lowering landscape hare densities, which in turn reduce lynx reproduction and lower 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 



precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26) . However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016? Check). After 17 years of extensive partial harvests, much of the 
northern Maine landscape has been influenced by this form of forestry, and will continue to be 
into the future. The popularity of this form of harvesting extends beyond Maine. From the mid-
1980s to mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 



residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006). Shelterwood cuts, a form of even-aged management, are the exception and have 
maintained densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. 
data). Current hare densities in partially harvested stands in Maine average about 0.4 hares/ha 
(Simons 2009, p. XXX, check), which is below the landscape hare densities (0.5 hares/ha 
(Ruggiero et al. 2000b, Simons-Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types (Plate 4.4). In these instances there is a short-term (10–30 years) impact on snowshoe 
hare habitat. In the western U.S., prescribed fire for ecosystem restoration is most applicable to 
the dry ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir 
forests are generally composed of thinner-barked trees that are easily killed even with light fire, 
this technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (Plate 4.3). These types of projects 
are becoming more common. In the western U.S., projects designed to restore forests to a 
condition more representative of the historical range of variability are generally targeted to drier, 
lower-elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx 
habitat. Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting leads to drying of the 



forest floor and consequent heavy mortality in spruce and fir regeneration and increased light 
levels that increase hardwood competition (White and Cogbill in Eagar and Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163, Parker 1986 p. 160, Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest)(Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus reducing food, 
cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et al. 
2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
  
Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where habitat was more 
contiguous supported more snowshoe hares than landscapes that were more fragmented 
(Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for habitat 
patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller 
and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in Maine 
indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that land-scapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx (FR 74(36)). 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 



lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northeast Geographic Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, the 
Acadian forest in Maine and eastern Canada was driven by gap dynamics (similar to some parts 
of the West today) and true stand-replacing disturbances were quite uncommon with recurrent 
intervals of thousands of years. After several centuries of forest management, stand age 
structures have become simplified, and commercial timber rotations are a fraction (15 to 40 
percent) of the lifespan of boreal tree species (Seymour 2002). Whereas prevalent, these 
younger even-aged  forest stands on the landscape may benefit hares and lynx in Maine, 
forestry has shifted the species composition of Maine’s forest to species favored by frequent 
harvest disturbance, such as red-maple, paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high densities of hares, which in turn provide high-quality lynx foraging habitat. 



They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 



U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historic natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historic conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 



As described above in section 3.1.1, current federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 



recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future. 
 
Although fire suppression was in the past thought to be a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
due to climate change, it may be necessary to reconsider whether fire suppression in some lynx 
habitats could benefit lynx by reducing the potential for extirpation of resident populations, 
especially in places already apparently only marginally capable of supporting them.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas and “fragmentation” to anthropogenic disruption of natural patterns. Habitat loss is 
conversion of forest to another land use or vegetative cover. 



 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011 (entire). 
Fragmentation in the forested western landscape resulted in a decline of weighted mean patch 
size from roughly 35,000 to 3,200 km2 from natural to current conditions, but models predict 
relatively small declines in the size of forested patches over the next 30 years (Theobold et al. 
2011 p. 2451).  In the eastern United States, nearly half or more of the natural forest was 
cleared in the past three centuries but as agriculture and settlement relocated westward, 
eastern forest cover rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has 
increased 0.79 percent since 1982 (Maine Forest Service, Department of Conservation 2010, p. 
25). Similarly, a large portion of Minnesota forests were cleared in the last century, but forest 
cover has rebounded. The forest area in northern Minnesota has decreased 4 percent since 
1977 (Miles et al. 2007, p. 22). Preliminary findings from the 2002 U.S. timber assessment 
(Haynes 2003) indicate that approximately 15 to 20 million acres of U.S. forest land could be 
converted to urban and developed uses over the next 50 years. Such land use conversions 
could result from residential development in forested landscapes, as the U.S. population is 
estimated to grow by another 126 million people. 
 
Habitat fragmentation (both natural and anthropomorphic) directly affects snowshoe hares and 
lynx by various mechanisms; reducing hare survival and landscape hare densities, increasing 
lynx home ranges, reducing lynx reproduction and survival, and affecting lynx movements 
throughout the landscape. Habitat fragmentation also influences mesocarnivore communities 
that coexist with lynx and the level of competition for space and food resources. Fragmentation 
from anthropomorphic sources results in habitat alteration, direct habitat loss, vehicle collisions 
and behavioral disturbance from roads, and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous, or where good patches of hare habitat 
are surrounded by other patches of similar habitat quality, support more hares than landscapes 
that are more fragmented or include matrix habitats that are poorer quality (Lewis et al. 2011, p. 
565). Thus, southern transitional boreal forests generally have lower landscape snowshoe hare 
densities than boreal forests further north (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 84). This may have as much to do 
with the quality of the matrix habitat between high quality patches as the hare densities that 
occur in the high quality patches themselves (Lewis et al. 2011). Low-quality matrix habitat, 
typical throughout much of the DPS, could decrease survival for hares, because predators might 
have higher hunting success or be more numerous in the matrix habitats (Griffin and Mills 
2009). In contrast, a high-quality matrix, typical of Canadian boreal forest, can provide 
alternative or supplemental resources (Dunning et al. 1992; Norton et al. 2000), thus supporting 
higher densities of hares in the prime habitats. 
 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
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http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-37


The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Forest fragmentation may exacerbate competition between lynx and other predators (Buskirk et 
al. 2000a, entire). Fragmentation and competition are strongly linked because vegetation 
mosaics in landscapes provide high quality environments for generalist species such as the 
bobcat, red fox, and coyote (Goodrich and Buskirk 1995, Buskirk et al. 2000a, p. 84). Under 
such conditions, generalist predators tend to dominate the predator guild in fragmented 
landscapes (Oehler and Litvaitis 1996). Hares fluctuate less dramatically in the southern part of 
the range of lynx, thus there is more competition for a limited resource and exploitation 
competition inflicted by generalists (e.g., coyotes) and other predators (Buskirk et al. 2000a, p. 
95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Lynx seem to be flexible in their response to habitat fragmentation whereas closely related 
species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation (Ferreras 
2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 



responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, factors that further fragment boreal forests in the DPS (e.g., climate 
change, forest management, roads and development) further reduce the probability of 
persistence of lynx.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzales et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
mountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat in is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
other areas of the DPS where there is little topography, including Minnesota and Maine, matrix 
forest facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 



not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the natural habitat 
fragmentation that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 



Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these individuals 
crossed the highway (Squires, unpublished data). 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 



Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. , 2001). As the standard of roads increases from 
gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to 
increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had 
no effect on lynx distribution. Four-lane highways, such as the interstate highway system, 
commonly have fences on both sides, service roads, parallel railroads or power lines, and 
impediments like "Jersey barriers" that make successful crossing more difficult, or impossible, 
for wildlife (ILBT  2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 
and 5,000 vehicles per day may be the threshold above which successful crossings by 
carnivores are impeded. In Colorado, lynx successfully and repeatedly crossed major highways, 
including I-70 (J.Squires, personal communication 2012; Ivan 2011b, c, 2012). Colorado lynx 
crossed two-lane highways an average of 0.6 times per day and more frequently during dusk 
and night when traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane 
highways (I-70), especially forested areas under large, elevated bridges that spanned streams 
(Baigas et al. 2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
Montana (compiled by K. Broderdorp, U.S. Fish and Wildlife Service, unpub. data 2016). 
Between 1995 and 2011, 15 lynx were reported killed on British Columbia highways (British 
Columbia Wildlife Accident Reporting System 2012). Most of these mortalities are on higher 
speed paved highways. However, in Maine, about 41 percent (22 of 54) were killed on lower 
speed dirt logging roads. 
 
Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 mortalities of translocated animals were attributed to road kills (Brocke et al. 
1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of translocated lynx 
were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado highways where 
the 13 lynx mortalities occurred were estimated to range from about 2,300 to >25,000 vehicles 
per day (K. Broderdorp, personal communication 2012). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx.  Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 



local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. , 2010) like recent clearcuts and thinned areas. In 
Maine, the shift to partial harvesting forms of forest management will continue to increase the 
number of patches of high quality hare habitat, but it will greatly reduce the size of patches and 
increase their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape 
conditions conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (section 5.1.1). It is uncertain to what degree 
lynx can tolerate habitat fragmentation from roads and forest clearing, and how human and pet 
activity affect lynx use of habitats. Some anecdotal information suggests that lynx are quite 
tolerant of humans, although given differences in individuals and contexts, a variety of 
behavioral responses to human presence may be expected (Staples 1995, Mowat et al. 2000). 
The degree to which residential development and associated roads reduce connectivity of 
mesocarnivore populations (including lynx) likely depends on the physical design of highway 
improvements, the surrounding environmental features, the density of increased urbanization, 
and the increased traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski areas have similar effects on permanent habitat loss and fragmentation. One 
ski run is often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (J. Squires, personal communication 2012). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 



southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 



consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101, Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. . We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 



influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historic records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we did not have a feel for population size or trend. We now know that northern 
Maine currently supports the largest resident population in the DPS, that extensive clear-cutting 
in the 1970s and 1980s in response to a large spruce budworm outbreak has created the 
current abundance of high-quality lynx habitat, and that there are many more lynx in Maine now 
than was likely under historic natural disturbance regimes and habitat distributions. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western U.S. (Units 3, 4, 5, and 6) 
are naturally less abundant and more patchily-distributed than was thought at the time of listing, 
and several areas thought to have historically supported small resident populations currently do 
not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the Kettle 
Mountains of northeastern Washington). We also know that recent extensive wildfires in north-
central Washington (Unit 4) have reduced (probably temporarily) the amount of high-quality lynx 
habitat and likely caused a decline in lynx numbers there. Finally, as a result of the release of 
218 Canadian and Alaskan lynx from 1999-2006, and their subsequent survival and 
reproduction, resident lynx currently occupy parts of western Colorado (Unit 6), although the 
current number of lynx there is unknown and their distribution uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a catastrophic event. The 
DPS range currently spans the northern contiguous states from Maine to Washington and south 
along the Rocky Mountains to southern Colorado. Resident breeding lynx populations currently 
occupy five of the six geographic units (all but the GYA; Figure 1). Of the five occupied units, 
four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 
5,000 km2 (1,931 mi2) (see tables 1, above, and 4, below). Lynx experts indicated no 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units due to a single catastrophic event (Lynx 
SSA Team 2016, p. 56).  
 



Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historic records, was likely in areas (e.g., 
northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge area of northeastern 
Washington, perhaps Isle Royale in Lake Superior) peripheral to the geographic units that 
currently support resident lynx. Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous U.S. However, the implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historic record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of -acres in the GYA unit (Yellowstone and Grand 
Teton National Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., 
topographic/elevation settings) lynx across the range of the DPS occupy a similarly narrow and 
specialized ecological niche defined by specific vegetation structure, snow conditions, and the 
abundance of a single prey species. Therefore, lynx naturally have little ability to adapt to 
changing environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey 
species). However, although some small populations may have become extirpated recently, 
resident lynx in the DPS remain broadly distributed across the range of ecological settings that 
seems to have supported them historically in the contiguous U.S.  Because there are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historic conditions, we find that the DPS currently displays an adequate level of representation. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 



trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 3, below), 
they were collected using different methods, at different times and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historic record that limits our understanding of the relative persistence of lynx in 
various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the 
possible extirpation of lynx populations in the GYA (Unit 5) and in the Garnet Mountains of Unit 
3 may indicate the lower level of resiliency expected among small and relatively more isolated 
populations. The persistence of lynx in north-central Washington (Unit 4) despite the substantial 
recent wildfire-mediated loss of habitat suggests resiliency in that population; however, the post-
fires increase in home range size and likely decrease in lynx numbers may indicate the 
population is currently less resilient (less able to persist if additional or similar habitat losses 
occur) than it was previously. Overall, the apparent long-term (historic and current) persistence 
of resident lynx populations in at least four of the six geographic units (Units 1-4) and the 
absence of reliable information indicating that the current distribution and relative abundance of 
resident lynx are substantially reduced from historic conditions suggest adequate historical and 
recent levels of resiliency of lynx populations in the DPS. 
 
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the current adequacy of resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of inadequate 
resiliency in those places. 
 
 
 
 
    
 



4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec and northern New Brunswick, Canada. At the 
time of listing, the Northern Maine Unit was not believed to contribute significantly to the DPS. 
However, we now know that the largest reproducing resident population of lynx in the DPS likely 
occurs in this unit (numbers and trends unknown, but enough habitat exists to support possibly 
500 to 1000 lynx). Small numbers of reproducing lynx have also been documented recently in 
northern New Hampshire and northern Vermont. Historically, lynx distribution in this unit was 
patchy, and lynx populations were likely low and dependent on immigration from Canada. 
Forest management is now the primary driver of hare and lynx habitat in this DPS unit. Current 
lynx and hare habitat is historically high because of young, regenerating softwood forests 
created by extensive clearcutting and herbiciding to salvage spruce-fir following a severe spruce 
budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, Vashon et al. 2008). Lynx 
responded to these conditions with high survival and reproduction, small home ranges, and 
moderate population densities. State forestry regulations passed in 1989 caused landowners to 
shift to various forms of partial harvesting that have resulted in lower landscape hare densities 
across much of the unit. Hares do not seem to cycle in this region, but underwent a 50 percent 
decline starting in 2006 and have remained at lower levels. Reproduction and survival rates in 
the low-hare environment suggest a slightly declining population. Unlike other units of the DPS, 
lynx habitat in northern Maine occurs nearly entirely on private, industrial forest lands, and 
landowners do not have long-term commitments to lynx management. The majority of lands in 
Maine are owned now by investment companies who wish to diversify income from their 
investments which could result in forest practices inconsistent with hare and lynx habitat. Other 
potential stressors on private lands include large-scale wind energy development, residential 
and resort development, and parcelization of forestlands from rapid turnover in investment 
company landowners. The next spruce budworm outbreak is imminent, but forestry response by 
investment landowners is uncertain. Climate change is a concern as snow depth and duration 
are currently at the minimum thresholds believed necessary to give lynx a competitive 
advantage over bobcats and other mesocarnivores. There is currently no clear evidence of 
climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 



are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage in accordance with its 2004 Forest Plan, and several risk factors 
are being minimized and managed to promote the conservation of lynx within the SNF. 
Management of lynx habitat on state and private lands is voluntary. Factors affecting current 
conditions in this unit primarily include forestry management, roads, incidental trapping, mining 
development, snow compaction, competition with bobcats, and lynx-bobcat hybridization. Forty-
nine lynx mortalities due to vehicle and train collisions as well as incidental trapping and 
shooting have been reported in Minnesota since the species was listed. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historic resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most of 
this unit, including federal, State, Tribal, and some private lands, is managed to conserve and 
restore lynx and hare habitats. Past timber harvest and associated management (thinning, road 
construction, fire supporession) appear to have had localized impacts but not to have 
diminished the unit’s ability to support resident lynx, with the Garnets being a possible 
exception. Wildfire extent has increased over the past several decades, likely in response to 
climate warming, but impacts to lynx are uncertain. Whether and if so to what extent other 
climate-mediated factors have influenced the current condition of lynx populations or habitats in 
this unit is also unknown. Regulations prohibit lynx trapping and require measures to reduce the 
likelihood of trapping lynx incidentally when legally trapping other species. Hare densities have 
not been estimated broadly throughout the unit but appear to be low or marginal even in most of 
what is considered the highest-quality habitat, suggesting that even small decreases in habitat 
quality/hare densities could influence its continued ability to support resident lynx. The role of 
past and recent immigration in maintaining the demographic and genetic health of current lynx 
populations in this unit is unknown, but peaks in cyclic lynx numbers in Canada have declined, 
especially when compared to the unprecedented irruptions of the early 1960s and 1970s, and 
there is no evidence of significant immigration into this unit since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations 
exist in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historic resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 65-
90 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential lynx 



habitat, led to increased home range size, and may have reduced the current carrying capacity 
of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat within this 
geographic unit may have been influenced by climate change (Westerling et al. 2006, pp. 942-
943). There is significant risk for potential future wildfires to further affect the viability of lynx in 
this geographic unit. Burned habitats are expected to regenerate back into suitable lynx habitat, 
but this may take 35-40 years. The Kettle Range to the east of this unit was suspected to have 
supported a small (likely fewer than 20 individuals) resident population until about 30 years ago 
when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. Results of snowshoe 
hare research suggest that the hare population density in Washington exists at the low end of 
the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The OWNF and 
CNF, which administer more than 90 percent of lynx habitat in Washington, continue to manage 
lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, which 
manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.    
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historic 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit after 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Most of this unit consists of federal lands (97.5 
%) that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
Wildfire extent has increased over the past several decades, predominantly in the northern half 
of the unit and likely in response to climate warming, but impacts to lynx are uncertain. Whether 
and if so to what extent other climate-mediated factors have influenced the current condition of 
lynx populations or habitats in this unit is also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. Some lynx 
released in Colorado dispersed northward into this unit and temporarily occupied home ranges 
in areas used previously by native resident lynx, but there is no evidence of reproduction among 
these lynx.  
 
Unit 6 - Western Colorado:  Lynx habitat in Colorado is distributed west of US Interstate-25. This 
unit is not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 



large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believe it is reasonable that lynx 
continue to occupy all National Forests within the state of Colorado (Odell undocumented pers 
comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, page 3). Habitat that 
supports snowshoe hares is patchily distributed in this geographic unit, which limits their 
abundance. Because the majority of lynx habitat in Colorado is under federal land management 
(88 Percent), actions occurring on other ownerships are unlikely to result in significant losses of 
lynx habitat within Colorado. The majority of lynx habitat in Colorado continues to be managed 
by the USFS, providing conservation through the Southern Rockies Lynx Amendment. 
However, regulatory mechanisms for the conservation of lynx are lacking on approximately 
3,611 km2 (1,394 mi2) [14 percent] of some BLM, NPS, and other non-federal lynx habitat. 
 
Table 3. Summary of current conditions in six geographic units within the DPS range.  

 



4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.  
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Annual precipitation is 41 inches (104 cm), with greatest precipitation in winter in the form of 
snow 228 cm to 280 cm (90 to 110-plus inches), with higher amounts at higher elevations. Snow 
duration is about four months (mid-November through mid-April). 
 
Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 square kilometers (11,162 square miles) all in 
northern Maine (79 FR pp. 54823-54828). Land ownership in the critical habitat unit boundary is 
about 92 percent private, 7 percent State (primarily Baxter State Park), 1 percent tribal 
(Passamaquoddy Tribe, Penobscot Indian Nation), and contains no federal land. Private lands 
are almost entirely commercial forest lands. Lynx regularly occur outside of the designated 
critical habitat boundary in parts of eastern and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).  
 
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving (68 FR 40086) 
estimated approximately 1,000 square kilometers (386 square miles) of potential habitat having 
a greater than 50 percent probability of being occupied by lynx. Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 342 km2 (888 km2) of potential Canada 
lynx habitat. Historic distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e. White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the state (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the Connecticut 
Lakes Natural Area WMA which is owned and managed by NHFG. Surrounding habitat is 
owned and managed by the Connecticut Lakes Timber Company under a conservation 
easement held by the State of NH. Occurrence records from the past 10 years have been 



centered on these two ownerships (Kilborn 2015, App. A pp. 42-43). Habitat on the Connecticut 
Lakes Natural Area has a conservation easement with 15,000 acres of the core lynx habitat also 
being part of an unmanaged area of the 25,000 acre property. As a result these core 15,000 
acres will be allowed to mature to a climax forest type potentially allowing for good denning 
habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. Current 
conditions are in a transition state, and portions of the 15,000 acres are supporting higher 
densities of snowshoe hare because of past forest management (Kilborn 2015, App. A pp. 42-
43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont - Habitat in northern Vermont is not within the designated critical habitat. Recent 
modeling to determine lynx habitat connectivity in the Northeast suggests that the Nulhegan 
River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530 square kilometer  (205 
square mile) area is approximately 20 percent federal (Nulhegan National Wildlife Refuge), 17 
percent State (Vermont Department of Natural Resources), and 63 percent private commercial 
timber lands (with easement). The future of lynx and their habitat is unlikely because of the 
patchy and limited amount of habitat, climate change (decreasing snow), trends toward 
hardwood management, and increasing human disturbance (Vermont Fish and Wildlife 2015, 
Appendix A5 p. 127). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km north of Maine). Lynx populations in Maine and eastern Canada are 
geographically isolated from other lynx populations on the island of Newfoundland (900 km east 
of Maine), and on Cape Breton Island, Nova Scotia (650 km southeast of Maine) (Koen et al. 
2015, entire). The closest lynx population in the DPS is located in northeastern Minnesota, 
about 1,700 km west of Maine.  
 
Habitat Description:  In the northern Maine unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR, p. 40086). 
This habitat type occurs along the northern Appalachian Mountain range from southeastern 
Quebec, western New Brunswick, and western Maine, south through northern New Hampshire. 
This habitat type becomes naturally fragmented and begins to diminish to the south and west, 
with a disjunct segment running north-south through Vermont, and a patch of habitat in the 
Adirondacks of northern New York (McKelvey et al. 2000b, pp. 248-250). This area is part of the 
Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between northern 
boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and Hunter 
1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations up to 1,600 meters (Katahdin highlands, western Maine, White Mountains in central 
New Hampshire). Higher elevations support a predominantly coniferous forest (white, red, and 



black spruce; balsam fir; eastern white pine) intermixed with northern hardwoods (red maple, 
aspen, white birch, sugar maple, beech, and yellow birch). Lowland areas include spruce-fir flats 
interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitat are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense cover (Robinson 2006, pp. 26–36; Vashon et al. 2012, 
p. 15). Lynx are more likely to occur in large (100 square kilometer, 40 square mile) landscapes 
having a high percentage (>27 percent) of regenerating forest, and less likely to occur in 
landscapes with very recent clearcut or partial harvest (Hoving et al. 2004, pp. 291–292, 
Simons-Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after 
forest disturbance (almost exclusively logging) and are characterized by dense horizontal 
structure and high stem density within a meter of the ground. These habitats support the highest 
snowshoe hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; 
Vashon et al. 2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older 
(11- to 26-year-old), tall (15 to 24 feet (ft) (4.6 to 7.3 meters (m)) regenerating clearcut stands 
and older (11- to 21-year-old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–
1985). At the home range scale, lynx also select landscapes having some mature conifer forest 
(Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial harvested and mature 
conifer stands because of increased ease of travel and prey access along the extensive edges 
with high-quality (regenerating clear-cut) habitats (Simons-Legaard et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Some of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44, D. Harrison, UMaine, unpub. data, Vashon et al. 2012, p. 14). Prior to 2006, several 
estimates of hare densities in the highest quality, regenerating conifer or mixed forest averaged 
1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, hare 
densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109, D. Harrison, UMaine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 



density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100 km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the northern Maine 
unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that four million acres of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a 10 million acre area in northern Maine (approximately 50 percent of the designated critical 
habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 950,000 acres (9.5 
percent) of spruce-fir was in a young, regenerating stand condition that provide high quality hare 
habitat. This habitat is similar to, and contiguous with, forested areas in Quebec and New 
Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The current range of 
lynx in the northern Maine unit is associated with areas of deep snowfall, extensive (100 km2 
[40 mi2]) forested landscapes, and areas having a high proportion of regenerating conifer-
dominated forest that had previously been treated with herbicides to suppress hardwoods 
(Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood. These forests are believed to lack the conifer 
component needed to produce sufficient snowshoe hare densities to consistently support viable 
populations of lynx (Hoving et al. 2005, p. 749, Carroll 2007, p. 1100). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, pp. 1984-
1985). Lynx avoided mature stands (>40 years old) and short (3.4–4.3 m [11–14 ft]) 
regenerating clear-cut or partially harvested stands <10 years post-harvest (Fuller et al. 2007, 
pp. 1275-1278). Further research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). Lynx 
tended to forage in areas with intermediate to high snowshoe hare densities (tall regenerating or 
older partial harvest stands), which afforded lynx with greater mobility and where snowshoe 
hares were more vulnerable to predation, rather than in the densest stands (short regenerating 
stands; Fuller and Harrison 2010, pp. 1276-1278). 
 
Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 



sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008a, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008a, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008a, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008a, pp. 1492-1493).  
 
Historically lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
are often characterized by an even-aged wind-throw phenomenon known as fir-waves (Sprugel 
1976, entire). Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are 
rare (interval of several hundred to several thousand years) and highly variable in size 
(Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce 
beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). In this 
geographic area, wildfire is less significant as a natural agent of disturbance. The typical fire 
regime is infrequent surface fires in the dormant season in the hardwood forests, and slightly 
more frequent but long-interval fires in conifer forests (Kilgore and Heinselman 1990, entire; 
Seymour et al. 2002, pp. 359-365, Lorimer and White 2003, p. 59). For the past several 
decades, early successional forests and lynx habitat in northern Maine, New Brunswick, and 



southern Quebec have been created almost exclusively by forest management (Lorimer and 
White 2003, pp. 42-43). 
 
In contrast, current habitat is likely peaking and at historical highs. Favorable habitat conditions 
for snowshoe hare and lynx in Maine resulted from large-scale salvage cutting (clearcutting) 
following a spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, p. 291). After 
salvage harvest of the affected trees, a portion of the area was sprayed with herbicide to reduce 
deciduous competition (Scott 2009, pp. 7, 14). The resulting vegetation was dominated by 
balsam fir and red or black spruce (Scott 2009, p. 60). This created favorable habitat conditions 
for snowshoe hares and lynx. Habitat conditions for hares and lynx in the unit improved from the 
late-1980s to present, benefitting from stand-replacing salvage harvests during the last 
budworm outbreak (Simons 2009, pp. 122-229; Simons-Legaard et al. 2016, entire). During this 
time period, the percentage of forestland with an average landscape hare density greater than 
0.5 hares/ha increased 400 percent (Simons-Legaard et al. 2016, p. 7).   
 
Lynx habitat will decline in the near future. In response the widespread clearcutting in the 
1980s, in 1989 Maine passed the Forest Practices Act. This Act regulated clearcutting. Various 
forms of partial harvesting replaced clearcutting as the predominant form of forest management 
in northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime supports lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009).  
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a federal nexus for review of projects is almost nonexistent. 
Furthermore, there continues to be high turnover in forest land ownership (Hagan et al. 2005, 
Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work with private 
landowners. As of 2005, there were 23 landowners in northern Maine with land holdings in 
excess of 100,000 acres including the State, federal government (White Mountain National 
Forest south of lynx range), a conservation group (The Nature Conservancy), two tribes 
(Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) and 
18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 



endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in the 
Federal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
these land ownerships comprised 943.2 mi2 (2,443 km2), or 9.3 percent of the total designated 
critical habitat in northern Maine. 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit have commitments to 
endangered species management through forest certification programs. For example, The 
Nature Conservancy land enrolled in the HFRP is also enrolled in the Forest Stewardship 
Council (FSC) forest certification program, which requires safeguards for threatened and 
endangered species. Other landowners are certified under the Sustainable Forestry Initiative 
(SFI). Both certification programs require planning for threatened and endangered species. 



However, certification programs are also voluntary and may not be long-term commitments. 
Given the frequent turnover in Maine forest lands, new landowners do not always renew 
certification or resume the certification programs initiated by the previous landowner. 
 
Lynx Status:  At the time of listing, lynx were known to be present in northern Maine but little 
was known about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Although potential lynx habitat in New Hampshire 
and Vermont is fragmented, there is near contiguous forest and connectivity for lynx movement 
between these areas and habitats in northern Maine (Farrell 2013 personal communication, FR 
54821). Breeding lynx in New Hampshire and Vermont are not directly connected to Canadian 
populations, but they are connected to the larger population in northern Maine via habitat in 
western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now know that a significant population currently exists and is supported by 
the extensive young, regenerating spruce-fir habitat created by clearcutting in the 1970s and 
1980s. Habitat in northern Maine can support lynx densities in localized areas of high quality 
habitat that are substantially greater than elsewhere in the DPS (LCAS 2013, p. 23). In 2003 
when hare populations were high, lynx density (juveniles and adults) in one of Maine’s highest 
quality habitats was estimated to be 9.2-13.0 lynx/100km2 (Vashon et al. 2008, Vashon et al. 
2012, p. 15). At about the same time, the density of lynx in nearby Gaspe Peninsula, Quebec 
was estimated to be 10 lynx/100km2 (Ray et al. 2002). These densities are intermediate to those 



in Canada during the high (17.0-44.9/100km2) and low periods (2.3 – 3.0/100km2) of the lynx-
hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). Simons (2009, p. 
102) estimated there is potential for a population of about 236 to 355 adult lynx to occur on a 
3.56 million acre study area (about half of the critical habitat area) in northern Maine, and 
Vashon et al. (2012, appendix IV) estimated there is potential for a population of 750 to 1,000 
adult lynx in all of northern Maine in 2006. The actual number of lynx is unknown because there 
are no methods available to measure and produce true population estimates over such a large 
geographic area. 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals, although 
breeding has occurred in both locations in recent years. Most historic lynx records from New 
Hampshire are from trapping records from the 1930s to the 1960s (Brocke et al. 1993, 
McKelvey et al. 2000). There were only two records in the 1990s. In 2003, the Service 
determined that, despite a lack of breeding records, a small resident population likely occurred 
historically in New Hampshire but no longer exists (68 FR 40087). Lynx were detected in 
northern New Hampshire in 2006 and have occurred there annually since (Siren 2014 pp. 53, 
55). In 2011, 4 lynx kittens were observed in Pittsburg and were considered evidence of 
breeding in New Hampshire (Kilborn 2015 Appendix A p.44). There were only four historic 
records of lynx in Vermont prior to 2003. Since then, nine lynx sightings have been confirmed. 
Reproduction was first documented in 2012 in the Nulhegan Basin when the tracks of three 
lynx, a presumed family group, were observed travelling together in late February (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 126). 
 
Lynx do not presently occur in the Adirondacks region of New York. A resident lynx population 
reportedly occurred in the northern region of New York, particularly in the Adirondack 
Mountains, but it was considered extirpated by 1900 (Brocke 1982, McKelvey et al. 2000b). 
However, there are 23 verified lynx occurrences since 1900, primarily from the Adirondack 
Mountains (McKelvey et al. 2000b). The most recent verified record was from 1973 (McKelvey 
et al. 2000b), which correlates to an extreme cyclic population high. Habitat and prey conditions 
were deemed suitable for a lynx reintroduction in 1989–1991 (Brocke 1982). The reintroduction 
was unsuccessful in establishing a population. In 2003 the Service concluded that a resident 
population may have existed in New York prior to 1900, however, records of lynx since 1900 are 
of dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). Maine lynx had among the smallest home ranges in the DPS (LCAS 
2013, p. 24). During the period when snowshoe hare populations were highest, Maine lynx had 
among the highest reproductive rates (average litter size 2.74, 89 percent of adult females 
producing litters) in the DPS (Vashon et al. 2012, pp. 18-19). During the current period of low 
hare density, litter size was smaller, only 30 percent of females have litters, and mortality is 
greater. Home ranges are among the smallest in the DPS (54 + 5 km2 males; 26 + 4 km2 
females, LCAS p. 24, Vashon et al. 2008a). Home range sizes were similar during periods of 
high and low hare density (Mallett 2014). Lynx populations likely increased during the period of 



high hare density (lambda [λ] = 1.16) and declined during periods of low hare density (λ = 0.88) 
(USFWS, Vortex10, deterministic population simulation 2016; demographic data from Vashon et 
al. 2012). 
  
In summary, Maine lynx and hare habitats are at historical highs. In the Northeast prior to 
European settlement, lynx habitat was created and maintained by small-scale, frequent forest 
gap dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour 
et al. 2002, Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations were likely low and dependent on immigration from Canada. Current habitat is the 
result of widespread clearcutting and herbiciding to salvage spruce and fir damaged by a spruce 
budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, Vashon et al. 2008). Maine lynx 
at multiple scales select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) 
spruce-fir stands 15 to 35 years after clearcut or other even-aged harvest (Hoving et al. 2005, 
Fuller et al. 2007, Vashon et al. 2008, Simons-Legaard et al. 2013). Lynx habitat is expected to 
remain stable for the next few years then decline (Simons-Legaard et al. 2016). 
 
Factors Affecting Current Conditions: Climate Change - Climate change is affecting 
temperature, snow, and precipitation patterns in the Northeast at rates faster than expected 
(Rustad et al. 2014). Rapid winter warming in recent decades is believed to be caused by 
reduced albedo feedback caused by the reduced persistence of snow in winter (Hayhoe et al. 
2006). Average winter temperatures are increasing 0.42-0.46o C/decade with the greatest 
warming occurring in the coldest months of winter (January, February)(Burakowski et al. 2008). 
Climate change has, and will continue to affect lynx by reducing snow and boreal forest (see 
section 5.1.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzales et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015).  Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzales et al. 2007). Similarly, the largest snow depth decreases in Canada in 
the last six decades have been observed in the lower St. Lawrence Valley, immediately north of 
Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast and eastern Canada occur where there is regularly total snowfall of at 
least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx and bobcat 
in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 2013). Average annual snow depth 
at 5 weather stations within the range of the lynx in northern Maine (1981-2010) was below this 
threshold, 228-263 cm (NOAA 2011, 
http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, last accessed 31 March, 2016). 
In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced reduce depth 
of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-2005) declined 
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an average of 4.6 cm/decade (Burakowski et al. 2008). Thus, average snow conditions in Maine 
are currently at or below this snow depth threshold, and   further declines in annual snow depth 
would be expected to give bobcats a competitive advantage over lynx (Hoving et al. 2005, ) 
 
As noted in chapter 2, lynx and snowshoe hare require deep, fluffy snow that provides lynx with 
a competitive advantage over bobcats and gives hares the ability to reach winter browse. Snow 
quality (“fluffiness”) has deteriorated in the Northeast. Unlike other units, annual precipitation in 
Maine is increasing because of climate change, but primarily as rain (A. Siren in Lynx SSA 
Team 2016, p. 15; Fernandez et al. 2016), and especially rain on snow events in winter in 
northern Maine (Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). 
Snow density and compaction and crust conditions (caused by wet, heavy snow or rain on snow 
events in winter) have increased in northern New England (Dudley and Hodgkins 2002, 
Huntington et al. 2004, Huntington 2005, Hodgkins and Dudley 2006) and southern Canada 
(Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002 p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping season was closed in the Northern Maine Unit (including New 
Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). In 
2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) obtained an incidental 
take permit from FWS for lynx trapped incidental to other furbearer trapping in Maine. From 
2000 to 2015, 108 lynx have been reported captured in traps set for other species and 7 of 
those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). No lynx have been reported 
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incidentally trapped in New Hampshire or Vermont since 2000. In Maine, after two lynx were 
killed in killer-type traps in 2014, MDIFW imposed additional trapping restrictions (e.g., requiring 
killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for foothold traps) 
to further reduce mortality and injury of incidentally-trapped lynx.  
 
Trapping of Canada lynx can be additive to other sources of mortality and have population-level 
effects (Brand and Keith 1979, Koehler and Aubrey 1994). Thus, harvest regulations for lynx are 
modified when hare and lynx populations are low (Bailey et al. 1986). Trapping mortality is not 
likely to have a great effect on lynx populations in northern Maine and adjacent Canada when 
lynx are at historically high numbers, but trapping could have a synergistic and negative effect if 
hare and lynx populations decline, habitat declines, or climate change further stresses lynx 
(Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - In response to climate change, wind development has escalated in 
northern and western Maine posing a potential threat to high and low elevation spruce-fir 
habitats (Whitman et al. 2013). Climate conditions are at or falling below threshold values 
needed to support lynx in Maine (see section above). Maine has experienced a rapid increase in 
wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 2, 
2016), and there is increased interest in placing developments on private lands in unpopulated 
areas throughout northern Maine, New Hampshire, and Vermont. Wind energy is an 
increasingly appealing source of income for investment companies and other landowners who 
own forestland in the northern Maine unit.  As of 2016, at least 11 wind projects have been 
proposed in northern Maine and 5 projects are in operation; 2 have been proposed in northern 
New Hampshire and 2 are in operation; and 3 have been proposed for northeast Vermont and 2 
are in operation or under construction. Maine’s two largest wind projects (combined over 200 
turbines covering 360 mi2) are proposed entirely within Maine’s lynx critical habitat. The effects 
of wind energy projects on lynx, hares and their habitat are undocumented. Potential direct 
effects include disturbance or displacement of resident lynx and loss and fragmentation of 
habitat from turbines, roads, and transmission lines. Increasing power infrastructure associated 
with these projects could greatly change development potential and patterns in northern Maine 
by bringing electricity into the interior of Maine’s vast, undeveloped forest region. Extensive road 
construction further fragments habitat and increases access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped, industrial forestland, but land ownership patterns have changed 
significantly in the last 15 years (Nadeau-Drillen and Ippoliti 2006). Some investment-oriented 
landowners are seeking diversified financial returns on their investment, including developing 
residential housing, second homes, and resorts. Two large residential and resort areas have 
been proposed on forestlands within the Maine critical habitat area. Both development projects 
would result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
Another private landowner proposes donation of a 87,000 acres within the lynx critical habitat 
for a federally-designated national park or monument. This area currently has a legacy of 
young-regenerating spruce-fir habitat from previous industrial forest landowners, but a park or 
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monument designation would forego future forest management. Another conservation 
landowner, The Nature Conservancy, continues forest management on about half of its 185,000 
acre ownership, including managing part of the area for Canada lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts, as well as 
smaller recreational sites like nordic ski huts or campgrounds, may directly remove forest cover. 
Such removal in lynx habitat could decrease prey availability, affect lynx movement within home 
ranges, or result in a more fragmented landscape. Development further fragments habitat from 
road and highway construction (along with associated increases in traffic volumes and/or 
speeds). 
  
Northern Maine Unit Summary - In summary, lynx are currently widespread throughout northern 
Maine and in small patches of habitat in northern New Hampshire and Vermont. Habitat exists 
to support a potential population of 500 to 1000 lynx, although the actual population size is 
unknown. Habitat created by extensive clearcutting 30 to 40 years ago is peaking and will 
decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, p. X; also see section 
5.1.1, below). Furthermore, hare populations declined by 50 percent starting in about 2006 and 
have remained at lower levels. Future hare fluctuations or cycles are uncertain. Active 
management of forest lands can produce lynx habitat, but landowners do not have long-term 
commitments for doing so. Land ownership has dramatically changed in northern Maine, and 
the majority of lands are owned now by investment companies who wish to diversify income 
from their investments which could result in forest practices inconsistent with lynx habitat. 
Greatest stressors are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
climate change (diminishing snow depth, quality and duration; competition from bobcats and 
fishers; loss of spruce-fir to northern hardwoods; and future isolation of the metapopulation 
because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 square kilometers (8,147 
square miles) in northeastern Minnesota. It includes the area designated as critical habitat in 
2014 (79 FR 54782) and an additional relatively small area of tribal land in northern Minnesota 
that was excluded from critical habitat. Land ownership in this unit is about 47 percent federal 
(primarily USFS, with some NPS and BLM land); 36 percent State; 16 percent private; and 1 
percent Tribal (Grand Portage Reservation) (see Table 1). This unit includes most of Superior 
National Forest (SNF; including the Boundary Waters Canoe Area Wilderness [BWCAW]) and 
Voyageurs National Park. This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit likely represent the southern extent of a larger cross-border 
population, most of which occurs in Ontario (ON). Relative to other DPS lynx populations, this 
unit is about 1,480 km (920 mi) east of the Northwest Montana/Northeast Idaho Unit and about 
1,610 km (1,000 mi) west of the Northeastern Maine geographic unit. 
 



Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000b, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2005, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 2,400 feet (730 meters), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), ranging between 0.3–2.0 hares/ha (0.12–0.8 hares/ac; 
McCann 2006, p. 17). Hare populations in northeastern Minnesota appear to be patchily 
distributed, but are most consistently abundant in 10-30 year old regenerating forests (McCann 
2006, p.45). Pellet count data prior to the 1990s show evidence of density fluctuations of 
snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 262-263), but 
these fluctuations were not observed during the 1990s (Hodges 2000b, p. 172). Snowshoe hare 
habitat in Minnesota primarily consists of conifer forests with dense low-growing understories, 
lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be especially 
important during low points in hare cycles by acting as refugia for hares. Early regenerating or 
pole-sized stands are not used as much as in other portions of their range, although older 
regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). Sapling-sized 
aspen adjacent to conifer cover may also provide functional snowshoe hare habitat. McCann 
and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe hare habitat 
across northeastern Minnesota. In northeastern Minnesota, edge habitats and regenerating 
conifer stands appeared to be important for snowshoe hare populations (Burdett 2008, p. 58; 
McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, and cedar 
(Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is not an 
important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & Moen 
2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 



snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USDA 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USDA 2004, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits (USDA 2004, entire). The Forest Plan 
includes many objectives, standards, and guidelines for the protection of lynx and enhancement 
of lynx habitat that are based on recommendations in the 2000 LCAS. LAUs were delineated on 
the SNF in 2000 as the smallest landscape scale on which to analyze effects to lynx. The 
boundaries have remained in place since that time to allow for long term analysis of project 
effects. However, the SNF Plan proposed several changes of current LAU boundaries, such as 
adding LAUs to the Virginia Management Unit of the Laurentian Ranger District; designating the 
BWCAW a lynx refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota.  Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 
(2008b), estimated the number of lynx that might be resident in northeastern Minnesota at a 
given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 



Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.   
 
Home range sizes in Minnesota were reported as 194 km2 (75 mi2) males and 87 km2 (34 mi2) 
females (Mech 1980, p.263). Later radio-collar data show that males had much larger home 
ranges 267 km2 (103 mi2) than females 21 km2 (8 mi2); and that females with kittens had the 
smallest home range (Burdett et al. 2007, pp. 460-461). A study of radio-collared lynx in 
Minnesota documented approximately 40 percent of male and female lynx making long distance 
movements outside of their home range between Ontario, Canada and Minnesota (Moen et al. 
2010b, p. 17). Of those lynx that made long-distance movements, females tended to move 62-
124 miles (100-200 km) and did not return to their original home range, while males moved 31-
49 miles (50-80km) back and forth between Ontario and Minnesota (Moen et al. 2010b, p. 17). 
While topographic features may influence lynx movements in mountainous western states, lynx 
in Minnesota tended to move nearly straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx, however 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000 the U.S. Fish and Wildlife Service has been tracking incidental take of lynx; 29 lynx 
mortalities have been reported from trapping, shooting, vehicle collisions, and railroad 
mortalities in Minnesota. Thus far, of 26 lynx documented to have been incidentally trapped in 
Minnesota, 11 died and 15 were released alive (U.S. Fish and Wildlife Service, unpublished 
database 2016). The documented incidents largely occurred during legal trapping that targeted 
bobcat, coyote, fox, and marten, and involved a variety of traps including foot-holds, body 
gripping traps, and snares (U.S. Fish and Wildlife Service, unpublished database 2016). In 
addition, seven lynx mortalities as a result of being incidentally shot have been documented in 
Minnesota and 16 died of unknown causes (U.S. Fish and Wildlife Service, unpublished 
database 2016). Lynx emigrating from Minnesota to Ontario exposes them to trapping and 
shooting that is allowed in accordance with regulated harvest in Canada. At least a third of the 
animals radio-collared in Minnesota spent time in Ontario; 4 radio-collared lynx were legally 
harvested (trapped) in Canada between 2003 and 2010, and two died of unknown causes (U.S. 
Fish and Wildlife Service, unpublished database 2016). Furthermore, nine lynx mortalities due 
to vehicle collisions have been documented in Minnesota since 2000 (U.S. Fish and Wildlife 
Service, unpublished database 2016). Minnesota has relatively high forest road and highway 
densities that intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home 
ranges that were bisected by highways. In addition to road mortalities, two railroad mortalities 



have been documented since 2000 (U.S. Fish and Wildlife Service, unpublished database 
2016). It is probable that there are additional incidental catches that are not reported each year 
(Moen 2009). 
   
Factors Affecting Current Conditions:  Identified factors affecting to the current conditions of lynx 
in Minnesota include reduction in habitat quality or quantity, habitat fragmentation, climate 
change, increased access for competing carnivores, and human-caused mortality. The SNF is 
currently implementing the 2004 SNF Plan (USDA 2004, entire), which has direction based on 
the LCAS and Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can produce lynx habitat, and the SNF has a long-term commitment for doing so; 
however, private landowners do not. Under the Sustainable Forest Resource Act of 1995, the 
Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level timber 
harvesting and forest management (MFRC 2012, p. 1) - these voluntary guidelines are intended 
for private and state landowners and include some general recommendations for wildlife 
including lynx. The implementation of the MFRC guidelines is monitored annually (e.g., MDNR 
2015, entire). Thus, the several risk factors are being minimized and managed to promote the 
conservation of lynx within the SNF, however implementation of the guidelines on privately 
owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the Superior National Forest and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Mineral exploration and development is 
increasing in portions of Minnesota, particularly for hard rock (non-ferrous) minerals. Some of 
the area of interest for minerals overlaps with lynx habitat in northeastern Minnesota. Mineral 
exploration may result in short-term displacement of lynx. Mining activities and associated 
development may result in an irreversible loss of habitat or increased mortality risk. The specific 
effects to lynx and their habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 



all have the effect of compacting snow. Outside the BWCAW, snowmobile activity is extensive 
and increasing significantly. The SNF has 705 miles of snowmobile trails and 1,562 miles on all 
ownerships within the proclamation boundary (USDA 2011). Advances in snowmobile 
capabilities have raised concerns about intrusion and new snow compaction in areas previously 
not vulnerable to high levels of snowmobile use. In addition, new road construction in lynx 
habitat has made more areas accessible during winter. These routes could be used by 
snowmobiles even if new roads are designated as closed to motorized public travel during other 
seasons. The SNF has 1,927 miles of low standard roads (OML 1 and 2) and 158 miles of 
temporary roads (USDA 2011). All of these factors have potential to reduce the deep and fluffy 
winter snow conditions and to reduce the competitive advantage of lynx in areas that typically 
receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000). The geographical distribution of bobcat harvest in Minnesota has remained 
relatively static with a lack of harvest in the Arrowhead region of Minnesota (the region 
encompassed by Cook, Lake and St. Louis counties in northeastern Minnesota) (Erb 2009 cited 
in Kapfer 2012, p. 16, Erb 2012, pp. 7-9) and annual snow track and scent stations surveys 
support the conclusion that bobcats are as rare in the Arrowhead as harvest indicates (MN DNR 
unpublished data cited in Kapfer 2012, p. 23). However, this may change with decreased snow 
conditions predicted to occur due to climate change (Kapfer 2012, p. 25). Bobcat and coyote 
populations already appear to be increasing in Minnesota (Erb 2014, p. 40). If snow depth and 
duration decrease in the Arrowhead, deer mortality may be reduced which may potentially 
increase bobcat densities and bobcat expansion into northeast Minnesota (Kapfer 2012, p. 25). 
According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40), however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana, with ownership that is 84 percent federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most federal lands in this unit (82 percent) are on national 



forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) contributing 
most of the remainder. This unit includes most of Glacier National Park and parts of the 
Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, the 
BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
      
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 



pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 



 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
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forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).    
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some federal and State regulations and buy a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).     
 



In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support federal lynx conservation efforts by managing for habitat elements important to lynx and 
their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 



also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit has a 90-95 percent probability of providing snow cover conditions supportive of 
lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historic conditions and disturbance regimes, with only 
a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historic condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent historically, the 
current absence of lynx might be a natural condition related to the area’s naturally fragmented 
habitats and generally low hare densities - i.e., it may naturally be capable of supporting 
resident lynx only intermittently when habitat conditions and hare densities are optimal. If so, 
future intermittent lynx occupancy would be expected, but only if lynx dispersing from a source 



population immigrate to the Garnets when habitat conditions and hare densities return to more 
favorable levels. Conversely, if the Garnets historically supported a small but persistent 
population that was recently extirpated, it may suggest that the alteration of the historic 
distribution of some habitats in some parts of the range, described above, was enough to tip the 
quality of the area’s habitat from capable of supporting a small resident population to no longer 
capable of doing so.      
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historic or current number of resident lynx in 
this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
structuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p. 



20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 
Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016 pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 in 
2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx SSA 
2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, whether 
the recent absence of lynx from this part of the unit represents the extirpation of a small but 
previously persistent population (and, therefore, a permanent contraction of lynx distribution in 
this unit) or the temporary “winking off” of a peripheral subpopulation that may become “winked 
on” again in the future is unknown and perhaps irresolvable. 
  



Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 



in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions:  Regulatory Mechanisms - Federal management activities 
(especially timber harvest and precommercial thinning, perhaps fire suppression) that occurred 
prior to listing and before implementation of current federal regulatory mechanisms likely 
impacted some lynx and habitats by altering the distribution and quality of hare and lynx 
habitats. However, because these activities occurred in low proportions of lynx habitat on 
federal lands and impacts appear to have been localized, they were deemed a low-level threat 
to lynx at the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past 
federal management activities may continue to influence the current quality and distribution of 
lynx habitats in some parts of this unit. For example, as described above in Habitat Status and 
Lynx Status, past timber harvest/management and associated road construction may have 
fragmented, reduced the amount, and altered the distribution of lynx habitats in the Garnet 
Mountains, perhaps contributing to the apparent recent loss of that area’s ability to support 
resident lynx.     
 
Currently, as described above and in section 3.1, all federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations were put in place (MTFWP 2016, pp. 
5-10). Of the 16, eight were released uninjured, one was released with an injury, and seven 
were killed; all incidences of mortality occurred prior to 2008 and the implementation of the more 
protective regulations (MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally 
trapped on the Idaho Panhandle National Forest from 2012-2014 (described above under Lynx 



Status), one other lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest 
further south (U.S. District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.1.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. However, modeling vegetation and snow suitability for 
lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and 
temperate conifer forest biomes were broadly distributed across this geographic unit and that 
snow conditions suitable for lynx occurred with 90-95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 



al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts of the DPS, no 
major outbreaks have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 
41).      
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on federal lands in the West, including the Northern Rockies, and specifically with 
regard to “lynx forest types,” had declined consistently and dramatically for a decade or longer 
prior to the DPS being listed (68 FR 40093), and have remained at levels much lower than 
those from most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 



these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 
2000a, p. 226; Poole and Mowat 2001, p. 28; hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 
which is no longer occurring or has been substantially reduced relative to historic conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
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gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.      
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 



trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month. In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (Service 
2008). 
 
Lynx habitat in the Kettle Range is limited in size and capable of supporting few lynx. According 
to Koehler et al. (2008, p. 1523), the Kettle Range could support between 10 to 23 lynx based 
upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx 
habitat. It should be noted that the lynx density estimate was derived from research conducted 
in the Cascade Range within a large area of contiguous, high quality habitat (Koehler 1990, pp. 
845, 847). Lynx habitat in the Kettle Range is much smaller and likely more fragmented, and 
thus may not be capable of supporting a density of 2.3 lynx/100 km2. The Kettle Range is also 
somewhat isolated from other lynx habitats in Washington (e.g., the Cascades) and British 
Columbia. The Kettle Range is separated from the Cascades in Washington by low elevation 
valleys dominated by shrub-steppe and Douglas-fir and ponderosa pine forests (Koehler et al. 
2008, p. 1523), and from British Columbia by the Kettle River Valley (Stinson 2001, p. 20) and a 
major highway corridor with associated fence in British Columbia (Koehler et al. 2008, p. 1523). 
These natural topographic and anthropogenic features may present impediments to lynx 
movement between the Kettle Range and the Cascades and British Columbia, making natural 
recolonization of the Kettle Range by lynx difficult. Thus, it may be difficult for lynx to reestablish 
a persistent and viable resident breeding population in the Kettle Range. 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 



subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha 
(0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 

https://snowfall.weatherdb.com/d/a/Washington


Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historic range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000, pp. 245-246) described the historic range of lynx in 
the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with the 
Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).  
  
In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 



density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 
Washington, may overestimate the overall lynx population capable of being supported in 
Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  



From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx Workshop Report 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 



areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition:  In 1993, lynx were classified by the Washington Fish and 
Wildlife Commission as a state threatened species (Stinson 2001, p. 22). On July 12, 2016, the 
WDFW recommended that the Washington Fish and Wildlife Commission uplist the lynx from a 
state threatened to a state endangered species (WDFW 2016, p.1). According to the Draft 
Washington State Periodic Status Review for the Lynx, the WDFW recommended listing the 
lynx as endangered due to: 1) observed range contraction in Washington following protection 
efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and anticipated 
threats to lynx population persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the 
Okanogan/Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka 
the Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on federal lands. 
Toward this end, the LCAS recommends that federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF 
and CNF, to use the LCAS in the management of lynx habitat on their ownerships and when 
designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 



1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a state threatened species by Washington State 
(WADNR 1996, entire). Subsequent to federally listing the lynx as threatened under the ESA, in 
2006 the WADNR implemented a modified Lynx Habitat Management Plan (2006 Lynx Plan) 
incorporating new science into its 1996 Lynx Plan pertaining to lynx management (WADNR 
2006, entire). Among other things, the WADNR 2006 Lynx Plan contains management 
standards and guidelines to avoid the incidental taking (as defined by the ESA) of lynx. These 
standards and guidelines address maintenance of lynx denning and foraging habitat, as well as 
habitat connectivity within and between LAUs and lynx populations within Washington (i.e., 
LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit. 
 



4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations 
in Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30-
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of 
1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 



significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).   

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).     

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 
lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 

https://snowfall.weatherdb.com/d/a/Montana


showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45). 

Because non-federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historic conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.   



Lynx Status:  There are no reliable estimates of the historic or current number of resident lynx in 
this unit. As described in section 2.3.2.2 above, the historic record and recent research show 
that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historic and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 
places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000, pp. 235-242). However, 
two resident lynx, a male and a female, were trapped, radio-marked, and monitored in the 
Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire). 
 
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016 pers. comm.; Squires in 
Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-05 through 2007-08, 26 snow tracks 
on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to be 
from five individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
   
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including two kittens, in 



the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-released lynx also 
traveled through the park (Devineau et al. 2010, p. 526), and two possible (unconfirmed) lynx 
tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife Research 2009, 
pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern part of the unit, a 
single female was detected over six consecutive winters (2003/2004 - 2008/2009) but not 
subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not encounter a male or 
produce kittens during the six years she was detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation due to demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.  

Factors Affecting Current Conditions: Regulatory Mechanisms - As described above for Unit 3, 
federal management activities (e.g., timber harvest and precommercial thinning, perhaps fire 
suppression) that occurred prior to listing and before implementation of current federal 
regulatory mechanisms likely impacted some lynx and habitats by altering the distribution and 
quality of hare and lynx habitats. However, because these activities occurred in low proportions 
of lynx habitat on federal lands and impacts appear to have been localized, they were deemed a 
low-level to threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 40091-40095). 
Nonetheless, past federal management activities may continue to influence the current quality 
and distribution of lynx habitats in some parts of this unit. Current regulatory mechanisms and 
conservation measures associated with recently amended or revised federal management plans 
are intended to conserve and restore lynx and hare habitats across large landscapes. Although 
their effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing.   
 



Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. However, modeling vegetation and 
snow suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that 
boreal and temperate conifer forest biomes were broadly distributed across this geographic unit 
and that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).  

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 



developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).    

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historic 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf


4.2.6 Unit 6 - Southern Rockies Geographic Area 
 
Unit Description - The overall geographic unit includes Colorado, south-central Wyoming, and 
north-central New Mexico. However, within the southern Rockies, since we currently have no 
evidence of resident lynx in southern Wyoming or northern New Mexico, and we question the 
ability of these two areas to support breeding populations we are not including these two areas 
in the unit description. Lynx habitat in Colorado totals approximately 25,294 km2 (9,766 mi2), 
and is distributed west of US Interstate-25. We excluded the northwest part of the state 
bounded on the south by US Interstate-70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in Colorado falls within the 
following land ownerships, USFS 21,555 km2 (8,322 mi2), BLM 772 km2, (298 mi2), NPS 452 
km2 (174 mi2), Private 2,350 km2 (907 mi2), State 164 km2 (63 mi2).   
 
The southern Rockies are separated from the rest of the Rocky Mountain chain, and thus lynx 
habitat in northern and western Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009 page 
10). In the upper elevations of the subalpine zone, forests are typically dominated by subalpine 
fir and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, page 15). Riparian and riparian-mix was the third most-used cover type, with a 
pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012 page 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-



elevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan, 
Workshop presentation 2015, p. 14), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975 page 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within 
their study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 2008, 
p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains 
Geographic Unit, which limits their abundance. Zahratka and Shenk (2008 entire) found 
densities of snowshoe hares to be greatest in mature Engelmann spruce-subalpine fir stands 
when compared to mature lodgepole pine stands in Taylor Park, Colorado. Their density 
estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in Engelmann spruce-
subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 hares/ac) in lodgepole 
pine habitats (Zahratka and Shenk 2008 entire). 
  
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 
2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 
in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., Colorado and southern Wyoming) [65 FR 16052). In 
2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the southern Rockies (68 
FR 40076). As stated above, our focus here is limited to the state of Colorado. In 2008, the 
USFS reported that most of their LAUs in the southern Rockies fell within a range of 3-8 percent 
in a currently unsuitable condition, with only one LAU exceeding 30 percent unsuitable (USFS 
2008, p. 19). Currently, the USFS reports 51 out of 202 (25%) LAUs currently exceed the 30 
percent unsuitable condition (P. McDonald 2016, pers. comm.). These changes are mostly in 
response to the ongoing bark beetle infestations, as well as wildfire events that have occurred 
since 2008. 
 



Ivan et al. (2012, p. 6), developed a predictive map of lynx habitat use by using lynx location 
data collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use. Therefore, we 
selected the top 30 percent of the Ivan et al. (2012, entire) predictions and the associated 
habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 km2 (9,766 
mi2). This habitat estimate falls between the Ivan et al. (2012, p. 6) estimate and the USFS’s 
habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a greater than 
60 percent probability of detecting lynx as described by Ivan et al. (2012).  
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS, totaling approximately 126 km2 (49 mi2). One additional 
plan provides conservation measures for timber management actions only, but the FO contains 
only about 1 km2 (0.39 mi2). The remaining FOs currently have not amended or revised their 
plans specifically to provide conservation for lynx (approximately 645 km2 (298 mi2),  Since the 
2000 listing however, all BLM Field Offices in Colorado have been conserving lynx 
discretionarily through application of conservation measures provided in the Lynx Conservation 
Assessment and Strategy (Ruediger et al. 2000, entire; ILBT 2013, entire). Rocky Mountain 
National Park has a fire management plan that includes conservation measures for lynx. We are 
not aware of any specific conservation planning guiding activities on non-federal lands (M. 
Wrigley 2016, pers. comm. ; M.K. Watry 2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
state of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2012, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan presentation 2015 page 17). In addition 38 percent of lynx captured during recent (2010-
2015) USFS Rocky Mountain Research Station research projects in Colorado have been young 
and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued reproduction 
within Colorado. However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, page 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–



0.90; Slough and Mowat 1996 entire, O’Donoghue et al. 1997, page 155) or in the Northwest 
Territories (~0.90; Poole 1994, page 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, page 2), and kitten survival was 0.2260 (Jake 
Ivan, pers comm. March 9, 2016). 
  
Factors Affecting Current Conditions - Colorado is currently experiencing major bark beetle 
epidemics in lodgepole pine and spruce-fir forests. Although bark beetles are native insects, and 
forests in the western U.S. have experienced regular insect infestations throughout their history, 
the current bark beetle epidemic is notable for its intensity and extensive geographic range. The 
causes of this epidemic include: relatively even-aged, dense, and homogenous forest 
conditions, which are highly susceptible to beetle attack, and which were created by large-scale 
logging in the late 1800s and subsequent fire suppression efforts; warmer winters due to climate 
change (cold winters typically reduce beetle populations); and a multi-year drought that 
occurred in the mid-1990s through early 2000s, stressing the trees and making them more 
susceptible to beetle attack (USFS 2011, pp. 4). 

In lodgepole pine forests, a mountain pine beetle (Dendroctonus ponderosae) epidemic typically 
kills the entire overstory and results in a stand-replacing disturbance event. In Colorado, more 
than 1,375,931 ha (3,400,000 ac) has been affected by mountain pine beetle, and 639,000 ha 
(1,579,000 acres) affected by spruce beetle since 1996 (USFS 2015, p. 3), a portion of which 
overlaps with lynx habitat.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. unpublished report 2016, page 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, page 2). Since the majority of lynx habitat in Colorado is under federal land 
management (88 Percent), actions occurring on other ownerships are unlikely to result in 
significant losses of lynx habitat within Colorado. However, habitat connectivity may be 
negatively affected by intense recreational use or development within strategic areas that are 
important for habitat connectivity. 



 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
  
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 



grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 

In this chapter, we present our assessment, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the potential future status of 
the lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the likely future conditions in each geographic unit, followed by a more detailed 
evaluation of the factors likely to influence lynx populations and habitats in each unit. We 
present and summarize the professional judgments and opinions of a panel of 10 lynx experts 
regarding the factors likely to influence the persistence of resident lynx populations in the DPS 
as a whole and in each of the six geographic units. We also present and summarize the experts’ 
projections, based on consideration of those influencing factors, of the probability that each of 
the geographic units will continue to support resident breeding populations of lynx into the future 
(at years 2025, 2050, and 2100). We then provide additional Service review of the influencing 
factors described in Chapter 3, above, and their potential effects on the ability of each 
geographic unit to support lynx populations in the future. 

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
status of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limit our ability to predict future conditions for the DPS. Therefore, our 
assessment of the future of the DPS is based on the best professional judgments an opinions of 
lynx experts and our evaluation of the available scientific information regarding the factors 
identified by the ILBT as the most likely to have population-level impact to lynx in the DPS (ILBT 
2013, pp. 68-78). 
 
Overall, expert opinion and our evaluations suggest that resident lynx populations in each of the 
geographic units are likely to be smaller and their distributions reduced in the future. These 
anticipated declines are most likely to be influenced by projected loss and increasing 
fragmentation and isolation of boreal forests and favorable snow conditions resulting from 
continued climate warming and related impacts (e.g., increased wildfire and forest insect 
activity, diminished hare populations) (Lynx SSA Team 2016, p. 58). This outcome seems likely 
regardless of which climate emissions scenario is used to model future conditions, although the 
timing, extent, and magnitude of impacts is uncertain and will likely vary by scenario. 
 



In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Table 1, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on federal lands is of concern for western units. 
 
In each geographic unit, the probability that resident lynx populations will persist is expected to 
decline in the future, although uncertainty about persistence probability increases with time from 
the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below). Although all five geographic 
units that currently support resident populations (all units except the GYA) are expected by lynx 
experts to continue to do so through mid-century, only one (Northwestern Montana/ 
Northeastern Idaho) has an estimated probability of persistence greater than 50 percent (i.e., 
persistence more likely than not) by the end of the century. All other geographic units have a 50 
percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 
5.2, below), with a moderate to high likelihood that resident lynx will be lost from two to four 
units by then (Figure 7). 
 

 
Figure 7. Summarized probability of persistence of at least a given number of geographic units 
given the probability of persistence for each individual geographic unit. The y axis of each grid in 



Figure 7 is the probability that at least the number of geographic units indicated by the x axis of 
the grid persist. The probability in a bar reaches 1 when there is no probability of fewer 
geographic units persisting. Moving from top to bottom the grids show the probabilities by time 
period (2015, 2025, 2050, and 2100). Moving from left to right the grids show the range of 
expert responses by summary selection type and probability response. Therefore looking down 
a column of grids provides a view of the trend in persistence through time and looking across a 
row of grids provides a view of the range of uncertainty in persistence for a given time period. 
 
The loss of resident lynx from one or more geographic units would represent reduced future 
redundancy, representation, and resiliency within the lynx DPS. With regard to redundancy, 
however, neither the scientific literature nor expert input provide a basis for concluding that any 
single future catastrophic event could cause extirpation in any one geographic unit. It is even 
less likely that a single future catastrophic event (other than climate change, which we 
considered as a separate stressor) will eliminate all populations in the DPS. A sequence of 
catastrophic events over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (e.g., additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in one or more units within the DPS, extirpation from a 
single catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Based on expert input, there is 
no indication that the relatively low level of genetic diversity currently observed among lynx 
populations is likely to reduce DPS viability in the future (USFWS 2016, p. 51). This information 
suggests the current and likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 



 
In terms of resiliency, expert opinion and our analyses suggest a declining probability of 
persistence (loss of resiliency) for each of the geographic units within the DPS throughout the 
rest of this century (the analysis did not extend beyond 2100). Projected climate warming is 
expected to exert the greatest influence on the resiliency of individual populations, and thus 
continued presence of resident lynx in each geographic unit. Climate models project that boreal 
forests and snow conditions favorable for lynx at the southern periphery of the range will retreat 
northward and upslope with continued warming, further fragmenting and diminishing the quality 
of lynx and hare habitat within the DPS. Although uncertainty remains regarding the timing, 
extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic l Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices and climate 
change will be the greatest future drivers of hare and lynx habitat. Lynx habitat and numbers are 
expected to decline by 50 to 60 percent by 2032 in response to aging of the budworm-era 
clearcuts and the effects of 27 years of extensive partial harvesting. In the next few decades, 
high quality hare habitat will drop from about 10 percent to 5 percent of the landscape. High 
quality habitat patches will become more fragmented, smaller, and more isolated, thus making 
the landscape less suitable for lynx. For the next few decades the best habitat will occur in the 
southern portion of the range where effects of climate change and competition with bobcats are 
likely to be greatest. Absent long-term lynx management agreements, the future of lynx habitat 
is uncertain. Wood products markets will continue to change, and could be affected by interest 
in carbon sequestration in response to climate change. Rapid changes in private forest land 
ownership are likely to continue resulting in subdivision of large ownerships. Changing land 
uses (wind energy development, transmission line corridors, residential and development, 
national monument) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest. Climate change is expected to affect the Maine unit more than others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and to mid-century, snow quantity and quality will 
continue to deteriorate, likely causing the range of lynx to begin contracting northward. In the 
long term (to 2100), some believe lynx could become extirpated from the unit. Climate change, 
increasing demand for hardwood forest products, a pending spruce-budworm outbreak, and 
frequent disturbance of the forest all will contribute toward the trend in the loss of spruce-fir 
forest and expansion of northern hardwoods, although the timeframe for conversion is 
uncertain. Lynx experts indicate the probability of persistence will decline to about 50% by the 
end of the century. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Service’s SSA 



team were more pessimistic about the future of lynx in Maine than the lynx expert panel. There 
is great uncertainty about the future of forest management and future development on private 
forest lands. There are no long-term management plans in place, State forest regulations have 
greatly influenced harvesting practices that have (and will continue to) reduce landscape hare 
densities, markets for forest products are depressed, and projections (under current harvest 
scenarios) are that habitat will diminish and shift southward in the near term because of post-
harvest succession and recede northward over the longer-term because of continued climate 
warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, there is an expected decline in the 
quantity, quality, and duration of snow; increased competition and hybridization with bobcats; 
northward contraction of boreal conifer forest; and increased isolation due to diminishing forest 
conditions in Ontario. The probability of persistence of the lynx population in Minnesota is 
projected to decrease over time with increasing uncertainty through the end of the century, 
driven in the near term by the quality, quantity and persistence of snow, competition, disease, 
and forest insects, and over the long term from the some of the same reasons with the addition 
of climate change, loss of spruce-fir forests, and wildfires. If the SNF in Minnesota continues to 
follow vegetation management and other recommendations under the LCAS in their Forest 
Plan, we expect that several risk factors will continue to be minimized and managed to promote 
the conservation of lynx within the SNF into the future. It is expected that the MFRC guidelines 
will remain in place into the future and that voluntary actions will continue on State and private 
lands. Taking all factors into consideration (i.e., loss of boreal forest, increased competition, 
potential disease and insect outbreaks, loss of snow), lynx experts projected the mean 
probability persistence of lynx in Minnesota to the year 2025 was greater than 90 percent, to 
2050 was 80 percent, and would decline to approximately 35 percent by 2100. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit due to reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 



0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. 
 
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, climate change is anticipated to reduce the future quality 
and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
temporary losses of lynx habitat from wildfires. Climate change may increase wildfire frequency 
and severity, which may result in further temporary losses of lynx habitat. Climate change may 
also decrease the quantity and quality of snow resulting in permanent reductions in the quantity 
and distribution of lynx habitat in Washington State. These potential climate change driven 
reductions of lynx habitat may serve to further isolate lynx populations within Washington State 
as well as between neighboring lynx populations in the other geographic units and Canada. 
Continued forest management on both federal and State lands will benefit lynx populations in 
Washington, but this may not completely ameliorate the potential negative effects related to 
climate change. Considering the recent reduction in lynx habitat and the projected impacts of 
climate change, experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), mid-century persistence at 30% to 80% (median = 70%), and end-of 
century (year 2100) persistence probabilities less than 50% (median = 38%) for lynx populations 
within this geographic unit. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation due to 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 



probability of persistence and greater uncertainty with increasing time from present, as in all 
units. 
 
Unit 6 - Western Colorado:  Climate change is expected to affect vegetation and influence snow 
conditions within the Western Colorado unit. The elevation gradient in Colorado may provide 
refugia from deteriorating snow quality, depth, and duration throughout the period. Climate 
models suggest a 40 percent decline in snow persistence, but large areas of snow persistence 
will remain through the end of the century. Experts suggest that beetle kill and fire will result in 
unsuitable habitat conditions. However, these areas are likely to regenerate and provide 
excellent habitat conditions to support hares and lynx. A caveat to future habitat conditions in 
light of climate warming is that some areas that currently support snowshoe hare populations 
may experience vegetation type conversion that may not support snowshoe hares. The majority 
of the experts predicted the persistence of a viable lynx population in the unit by 2100, but 
further discussion revealed uncertainty about persistence in the unit, and genetic connectivity 
across ski areas in the unit. 
 
Table 4, below, summarizes factors thought likely to influence the future resiliency of lynx 
populations in each geographic unit. 
 
Table 4. Future (2050 to 2100) resiliency of individual units of the Canada lynx DPS 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will occur in south edge 
of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario 

● Extent and pace of deteriorating 
snow conditions  



100%) connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 
● Extent to which high elevation may 



provide climate and snow refugia 
● Extent to which area will be 

repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Future Lynx Status   
 
Most experts indicated an initially high and subsequently declining probability of persistence of 
resident lynx in Maine through the end of the century, with uncertainty (range between lowest 
and highest probabilities) also increasing over time (Lynx SSA Team 2016, pp. 33-36 and Fig. 
XX below). Climate change was an overriding near- and long-term stressor.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed. Changes in snow conditions will favor bobcats and fisher (a predator 
of lynx that is limited by deep snow). Experts believed that the effects of climate change would 
continue to increase as a stressor by mid- to the end of the century (2050, 2100). Snow 
conditions would continue to deteriorate (especially in the northern Maine unit compared to 
other areas in the DPS) resulting in increased competition with bobcats and predation by fisher. 
Climate-induced loss of spruce-fir forest will occur slowly, and an increase in northern hardwood 
composition of the forest is already occurring. Loss of spruce-fir could be accelerated by forest 
disturbance (budworm outbreak, forest management affecting large acreages of lynx habitat 
annually).  
 



Experts expressed a number of near-term stressors (in the next 15 years) related to forest 
management in northern Maine. Land management objectives were uncertain because of 
changes in private forest land ownership. Changes in forestry management because of the 
Maine Forest Practices Act (shift to partial harvesting, increasing acreage harvest, habitat 
shifting to south) would result in increased fragmentation and declining lynx and snowshoe hare 
habitat (succession of previous clearcuts from young, dense regenerating stands to mature 
stands less conducive to high hare densities).  
 
There was uncertainty concerning the severity and response by new landowners to the next 
spruce budworm outbreak. Experts were concerned that investment landowners would not 
respond to the pending spruce budworm outbreak like they did in the 1970s (extensive 
clearcuts, herbicide application). Experts also acknowledged concerns about the effects of the 
current clearcuts aging past conditions that support hares and lynx.  
 
Hare populations have declined by about half across all stand types (and in adjacent Quebec) 
since 2006 and apparently have not rebounded. In response, lynx initially had lower 
reproduction (lower proportion of females breeding, slightly lower litter sizes), but this has not 
affected home range sizes. Lower landscape hare densities are likely to support lower lynx 
populations. It is uncertain how hare numbers will cycle or fluctuate in the future. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the core team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the core team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the experts projected the mean probability of 
persistence to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100%)(Lynx 
SSA Team 2016, pp. 33-34, Fig. 8). The USFWS lynx core team generally agreed with this 
prognosis with the exception that some were less optimistic about the persistence of this 
population, especially after reviewing the literature pertaining to climate change in this region. 
 



 

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  
 
Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Influencing Future Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 



clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of state permits depending on their size. As a result, the number and 
acreage of clearcuts completed annually has declined substantially and have been replaced by 
various forms of partial harvesting (Sader et al. 2003, p. 349-350, McWilliams et al. 2003, p. 35). 
In the first decade following passage of the MFPA, the percentage of acreage clearcut in Maine 
annually declined from 40 percent to 4 percent (Simons 2009, pp. 45-46). The average size of 
clearcuts has been reduced from >125 acres (Maine Forest Service 1995) to <25 acres (Maine 
Forest Service 2003, 2005, 2007). Currently, partial harvesting comprises about 94 percent of 
acres cut annually in Maine (Simons 2009, p. 50). The total volume harvested, however, 
changed relatively little. The partial harvest that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, 
entire; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been influenced by partial 
harvesting. Extensive partial harvesting and aging of the spruce budworm-era clearcuts will 
reduce landscape hare densities (Simons-Legaard et al. 2016, 9-10). If the current landowners 
continue to harvest using similar methods at and similar rates, habitat for lynx will diminish by 
about 50 percent by 2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for 
lynx habitat become more uncertain and depend on assumptions about habitat definitions and 
harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (>75 percent 
conifer, Vashon et al. 2008, pp. 1490, 1492-1494). If one defines lynx habitat as stands having 
greater than 75 percent spruce-fir, then habitat will decline by about 50 percent by 2030 and 
remain at about at this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the next outbreak of spruce budworm. After being low for the 
last 20 years, spruce budworm numbers are again building toward epidemic levels in Maine, 
southern Quebec, and northern New Brunswick. Significant defoliation in Maine is expected to 
begin between 2018 and 2021 (Wagner et al. 2014). Although Maine research has clearly 
demonstrated that landowner response to the last outbreak resulted in unintended, positive 
benefits for lynx from one to three decades later, our ability to project what effects the next 
outbreak will have on lynx habitat is still limited. Land ownership has changed dramatically since 
the last outbreak. To reduce risk from spruce budworm, some financial investment owners may 
cut younger spruce-fir stands that still support elevated hare populations. Some may be less 
inclined to intensively manage for spruce-fir. It is unlikely that current landowners will use 



widespread use of pesticides to control spruce budworm and herbicides to promote spruce-fir 
regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009 p. 36) and the adjacent Gaspe region 
of southern Quebec (Assells et al. 2007, Scott 2009, p. 41-42). Hares remained at these lower 
numbers through 2013 (D. Harrison, University of Maine, unpublished data). If future hare 
populations remain low, then Maine habitats will have a lower capacity for supporting lynx.  
 
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, Hoving et al. 2005, 
Carroll 2007). Wildlife experts in Maine ranked lynx as highly vulnerable to climate change (>66 
percent loss in species range/population and extirpation within 50 to 100 years) (Whitman et al. 
2013, p. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx population assuming non-
cycling hare populations and snow conditions expected under intermediate to high emissions 
climate models (Kiehl and Gent 2004, entire). He predicted a 59 percent decline in the lynx 
population (the non-cycling hare population model) by mid-century because of climate change 
alone. Maine lacks elevational refugia for lynx under reduced snow scenarios (Carroll 2007, p. 
1102), except for the mountains in western Maine where snow refugia may only persist as very 
small, isolated “sky islands” that would be unlikely to support lynx.  
 
Climate change is affecting the Northeast, and the rate of change is faster than expected 
(Rustad et al. 2014). Rapid winter warming in recent decades is believed to be caused by 
reduced albedo feedback caused by the reduced persistence of snow in winter (Hayhoe et al. 
2006). Average winter temperatures are increasing 0.42-0.46o C/decade with the greatest 
warming occurring in the coldest months of winter (January, February)(Burakowski et al. 2008). 
Northeast climate models predict average winter temperature increasing 2.0oC (low emission) to 
2.9oC (high emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by 
late century (Notaro et al. 2014). Largest increases in temperature are expected in northern 
Maine (A. Siren, Workshop Notes 2016, Rawlins et al. 2012) where temperatures may increase 
4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in 
wind development has escalated in northern and western Maine increasing threats to high 
elevation and potential spruce-fir refugia (Whitman et al. 2013). Climate conditions are currently 
at or falling below threshold values needed to support lynx in Maine.  
 



If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzales et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).   
 
Snow Duration. The current average snow duration in Maine is at or below the 4 month snow 
persistence thresholds believed needed to support lynx (section 4.1.1, Gonzales et al. 2007) 
and is projected to decline. Snow duration is project to continue to deteriorate. Snow duration 
declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to 
diminish another two weeks in Maine by mid-century (Fernandez et al. 2015). Snow duration is 
expected to diminish by 25 percent (low emissions) to 50 percent (high emissions) from current 
conditions by the end of the century (Hayhoe et al. 2006). Similarly, Notaro et al. (2014) 
projected an average decrease of 28 days (low emission) to 47 days of snow cover (high 
emissions) by the end of the century.  
  
Snow Depth. The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005) and is 
expected to decline. By the end of the century, large areas of the Northeast will experience 15 
percent (low emission) to 25 percent (high emissions) reduced snowfall (Ning and Bradley 
2015). Similarly, by the end of the century Notaro et al. (2014) projected average snow declines 
in the North Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low 
emissions) to 92 cm (48 percent) (high emissions) because a higher proportion of winter 
precipitation will fall in the form of rain rather than snow.  Winter precipitation in Maine is likely to 
increase by 10 to 15 percent by the end of the century (Hayhoe et al. 2006) with a greater 
proportion of winter precipitation falling as rain (Huntington et al. 2004, Hayhoe et al. 2007, Ning 
and Bradley 2015). 
 
Snow Quality. Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006) with a greater proportion of winter precipitation falling as rain 
(Huntington et al. 2004, Hayhoe et al. 2007, Ning and Bradley 2015). Snow density and 
compaction (caused by wet, heavy snow or rain on snow events in winter) will continue to 
increase in the region in the future (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006, Karl et al. 1993).  
 
Loss of Boreal Forest. Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzales et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2007 Beckage et al. 2008, Tang and Beckage 2010, 
Whitman et al. 2010, p. 12, Jacobson et al. 2009, p. 27) or disappear (Iverson and Prasad 2001, 
pp. 192-193, Prasad et al. 2007) because of climate change. Climate change is anticipated to 
increasingly fragment the boreal forest in northern New England (Iverson et al. 2008, Ollinger et 



al. 2008, Whitman et al. 2013). Lynx habitat will decline as boreal forest diminishes (Simons 
2009). Even under the lowest emissions scenarios, spruce-fir forest would be greatly reduced 
by 2100 (Williams and Liebhold 1997, Prasad et al. 2007), although some spruce-fir may persist 
at highest elevations (Tang and Beckage 2010) and along the eastern coast (Jacobson et al. 
2009) where cooler conditions will prevail.  
 
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, DeHayes et al. 2000). Because of its sensitivity to climate and 
mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low emissions) or the 
disappearance (high emissions) of the spruce-fir forest type in northern Maine in response to 
climate change.  
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Perfect et al. 1987, Auclair et al. 2010). 
Thus, the range of spruce-fir is limited by summer heat and drought. Mohan et al. 2009 
projected that suitable area for balsam fir would decline by 80 percent in 2100 under an average 
to high emissions scenario. In contrast, Ollinger et al. (2008) projected increasing growth rates 
for balsam fir and red spruce to mid-century, after which they would decline.   
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline (Seymour 1992, Simons 2009) and is being 
replaced in Maine by northern hardwoods (oak, pine, red maple). The decline of the spruce-fir 
forest type is accelerated by forest disturbances. A pending spruce budworm outbreak and 
frequent disturbance from forest management could accelerate conversion to northern 
hardwoods in northern Maine and eastern Canada (Flannigan et al. 2001, Gauthier et al. 2015). 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly and are long-lived. Therefore, a time 
lag may occur in shifting forest composition from spruce-fir to northern hardwoods (Mohan et al. 
2009, Zhu et al. 2012). Some northern Maine industrial forest landowners could “adapt” to 
climate change by intentionally favoring spruce-fir (e.g., by plantations and use of herbicides). 
McWilliams et al. 2005 (p. 8) noted that balsam fir increased in Maine’s forest inventory in the 
2000s. Forest models projected increases in  spruce-fir biomass over the next century because 
of partial harvesting and periodic budworm outbreaks, but did not take climate change into 
consideration (Simons-Legaard et al. 2013).  



 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. Climate change will 
influence precipitation and temperature, forest management strategies, and forest disturbance 
(fire frequency and spruce budworm), all of which will interact in complex ways to influence the 
spruce-fir forest at the southern edge of its range. Carter (1996), Iverson et al. (1999), and 
Goldblum and Rigg (2005) documented balsam fir growth rates and growth potential would 
decline under likely climate warming scenarios (~4 to 5 F degree temperature increase by the 
end of the century and reduced snow conditions). Some have projected the extirpation of 
spruce-fir forest types in the Great Lakes States (Scheller and Mladenoff 2005) and New 
England (Iverson and Prasad 2000). In contrast, balsam fir has prolific seed production following 
forest disturbance such as harvesting (Seymour 1992), and has proliferated under the current 
climate and forest management regime dominated by partial harvesting (Olson et al. 2013, 
entire). Balsam fir is a relatively short-lived tree (~100 years), and is unlikely to persist long if 
climate change affects seed and germinations rates. Given, anticipated climate changes, 
especially early snow melt and low spring precipitation, fir may increase for the next few 
decades but is unlikely to regenerate in a the future Maine forest (E. Simons-Legaard, 
University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007), 
snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, entire; Fuller and Harrison 2010). Thus changing 
forest management practices will continue to reduce landscape hare density below levels that 
can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by  financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2014).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
remain stable through about 2020 (Simons 2009, Simons-Legaard et al. 2016 p. 6). After 2020, 
aging of the former clearcuts and extensive partial harvesting are projected to result in a 50 to 
65 percent decline in lynx habitat by 2032. Lynx habitat will decline from about 9.5 percent of 



the landscape (current condition) to about 4.5 percent of the landscape (Simons-Legaard 2016).  
By 2032, the Northern Maine Unit may support less than half the lynx population as it does 
today (Simons 2009, p. 209, 217).  
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
support lynx (Simons 2009, Simons-Legaard et al. 2016, Simons-Legaard 2016). By 2022, the 
number of patches of high quality hare habitat will increase by 57 percent, but the average size 
of patches will be diminished by 87 percent, and patches will become more isolated (Simons-
Legaard et al. 2016, pp. 5-6). The proximity index of high quality habitat patches will decline by 
78 percent within lynx home ranges. Although lynx habitat is peaking, fragmentation is 
diminishing its ability to support lynx (Simons-Legaard et al. 2016). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060. The most 
most pessimistic models (lowest harvest rates, no climate change, no spruce budworm) project 
about 5 percent of northern Maine will have high quality hare habitat (Simons-Legaard 2016, 
entire), although the habitat will be much more fragmented and smaller patch size (Simons-
Legaard et al. 2016).  
 
Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick and recently purchased nearly 1 million acres of forestland in northern Maine where 
they are doing the same. Spruce plantations are becoming more common on this ownership in 
Maine, but not others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare density and use by lynx vary 
(Roy et al.) Hares can achieved higher densities in plantations depending on the amount of 
lateral cover, but for shorter periods of time; ~10 to 17 years after cutting and planting in New 
Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is 
in contrast to ~15 to 35 years in naturally regenerating spruce-fir stands after harvest (Simons-
Legaard et al. 2016, p. 4). The future of plantations in the northern Maine unit is uncertain. Most 
investment landowners have short-term investment horizons and are unlikely to invest in 
plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004).  
A spruce budworm outbreak is projected to reach epidemic proportions in 2018 to 2021. The 
epidemic has already affected 10 million acres of spruce-fir in southern Quebec, immediately 
north of Maine (Wagner et al. 2014, entire). The last outbreak in the 1970s and 1980s killed 
millions of acres of spruce and fir forests in the northern Maine unit. Maine’s 5.8 million acres of 
spruce-fir stands across the state are at risk of some level of defoliation. The intensity of the 



next outbreak is uncertain, although some project a weaker outbreak because spruce and fir 
trees are younger and less susceptible and there is a higher hardwood component in northern 
Maine forests (Wagner et al. 2014, p. 21-27). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2014, pp. 5-6). An 
aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
landownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled 
simultaneously (K. Legaard, UMaine, personal communication). Assuming current forest 
management trends persist to the end of the century, spruce-fir dominated forest is expected to 
continue to decline (Legaard et al. 2013, entire). The combination of budworm-induced mortality 
and salvage harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, entire). 
However, after a budworm outbreak the biomass and area of mixed-hardwood/softwood forest 
would be expected to increase through this century primarily because of regenerating balsam fir 
(see discussion above) (Legaard et al. 2013). Mixed forests having a high hardwood component 
are not believed to support high hare densities (Scott 2009, p. 109) or be preferred by lynx 
(Vashon et al. 2008, pp. 1492-1493). It is uncertain whether lynx can adapt to lower landscape 
hare densities associated with mixed hardwood-softwood forest. They may persist, but at lower 
densities as they currently do in the western units of the DPS. However, the probability of 
persistence is further diminished by deteriorating snow conditions and increased populations of 
bobcats and other competitors.     
 
Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced by a 
severe spruce budworm outbreak because of the amount of dead and dying spruce-fir (Stocks 
1987), although there were no large fires after the last outbreak. Fire risk is currently very low in 
this unit and a continuous decrease in fire frequency is predicted with climate change in eastern 
Canada because of increased precipitation and decreased drought (Bergeron and Flannigan 
1995, Flannigan et al. 1998). Climate is expected to become more variable during the next 
century (Gregory & Mitchell 1995; Gregory et al. 1997), which could create fire conditions in 
unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to immediately suppress 
wildfire, thus large, stand-replacing fires are expected to be infrequent in this region. Notable 
large fires in Maine include a 3 million acre fire in 1825 and 200,000-acre fire in 1947. 
 



Habitat Fragmentation - The future of the 10 million-acre, sparsely populated “North Woods” of 
Maine is highly uncertain and has been the subject of intense public debate (Baldwin et al. 
2007). Land use and zoning in the state’s “unorganized townships” are the responsibility of the 
Land Use Planning Commission (LUPC) in the Maine Department of Conservation. The LUPC 
revised its Comprehensive Land Use Plan (De2010), and described principal values in guiding 
future land management decisions: maintaining working forests, provide for traditional 
recreational opportunities, protect high-value natural resources, and encourage long-term 
conservation. The North Woods has long been considered a public resource or “commons,” 
even though privately owned (Judd 2007, p. 9). This land was traditionally owned by a few large 
timber companies, but since the 1980s there has been rapid turnover in ownership largely by 
investments companies and subdivision of large parcels (Hagan et al. 2005). Financial 
investors, such as REITS and TIMOs focus on maximizing the asset value of timberlands and 
are increasingly likely to seek revenue from non-timber resources if they will generate a higher 
return. These new owners operate over relatively short time horizons (e.g., 5 to 15 years) and 
are willing to consider multiple means of monetizing their asset, including development and real 
estate sales (Legaard 2013, entire). If left unchecked, these pressures may continue to promote 
dispersed residential development throughout this region. Parcelization and subdivision has 
increased, particularly in the southern third of the jurisdiction (Maine Department of 
Conservation 2010, p. 72-73). The LUPC has limited ability to address stressors on Maine’s 
North Woods, including resale and subdivision trend. This trend is likely to continue into the 
foreseeable future and will make management of large, forested landscapes for Canada lynx 
even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Department of Conservation 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Department of Conservation 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Department of Conservation 2010, p. 136), which will further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of a 
proposed national park or monument, national heritage area, or a master tourism plan for the 
area (Vail 2007, pp. 112-113), there is likely to be stagnant or declining participation in 



traditional outdoor recreational activities in the future (Vail 2007, p. 107). Snowmobiling may be 
an exception because of declining snow (see climate change section). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the western Maine mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development hundreds of house lots and resort development within the lynx critical habitat. One 
concept plan would construct 975 houses and two resorts on about 3,500 acres and a 363,000-
acre conservation easement. A second concept plan would allow development on about 1900 
acres of land and a 14,600 acre conservation easement. Although these developments have not 
been built, they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, biomass, biofuels, and other energy sources offering new 
opportunities to utilize natural resources. Wind energy resources are high within the lynx critical 
habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Mining is not a traditional land use but a large operation is 
being considered at one location in the lynx critical habitat. Extraction operations for gravel (for 
road building) are widely-scattered throughout the unit.   
 
The lynx critical habitat is heavily roaded, particularly with forestry roads. While accurate 
numbers are difficult to obtain, approximately 1,500 miles of public roads and over 20,000 miles 
of private roads exist within unorganized areas of Maine (Maine Department of Conservation 
2010). There has been discussion of an east-west limited access highway through northern 
Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if constructed, 
would further fragment habitat (Maine Department of Transportation 1999, Beck et al. 2012, p. 
38).  
 
An increasing area of the lynx critical habitat area is likely to be placed under conservation 
easements that will limit future development and fragmentation of lynx habitat. Maine has the 
largest amount of land under easement of any state, and there are about 2 million acres of 
conservation easements in lynx habitat in northern Maine (Pidot 2011). Continued expansion of 
areas under conservation easement is uncertain and will depend on willing landowners and 
funding available for purchase of easements  
 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation


All of development trends portend increased fragmentation of lynx habitat in the northern Maine 
unit. As habitat is fragmented, it will become increasingly difficult to influence landscape-scale 
forest management that could benefit lynx. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Status 
 
The probability of persistence of the lynx population in Minnesota is projected to decrease over 
time with increasing uncertainty through the end of the century (Lynx SSA Team 2016, pp. 37-
38 and Figure 9, below). Near term drivers of the projected decline were reduced quality, 
quantity, and persistence of snow, competition from bobcats, disease (e.g., lungworm, liver 
fluke, feline leukemia), and forest insects. Long term drivers of the projected decline were 
reduced the quality, quantity, and persistence of snow, competition from bobcats, loss of 
spruce-fir forests, wildfires, and climate change. Climate change was primarily associated with 
loss of boreal forest but could potentially also increase disease or insect outbreaks, and is likely 
to affect the amount of precipitation falling as good quality snow in the area of the state 
supporting lynx habitat. The connection to lynx in Ontario reduces the likelihood of local 
extirpation in this geographic unit, but the likelihood would increase if connectivity was 
compromised. Taking all factors into consideration (i.e., loss of boreal forest, competitions, 
disease and insect outbreaks, loss of snow), the experts projected the mean probability 
persistence to the year 2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 
60 to 90 percent), and would decline to approximately 35 percent (ranging from 10 to 60 
percent) by 2100 (Lynx SSA Team 2016, pp. 37- 38). 
 



 

Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

 
Service Evaluation of Factors Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports long-term 
persistent lynx breeding population is administered by the Superior National Forest. This area 
includes designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 
SNF Plan (USDA 2004a), which has direction based on the LCAS and Canada Lynx 
Conservation Agreement (CA) between the Forest Service and the Service (LCAS 2000, entire), 
for all forest activities that occur within LAUs. Active management of forest lands can produce 
lynx habitat and the Superior National Forest has a long-term commitment for doing so. If the 
SNF continues to follow vegetation and wildland fire management and other applicable 
recommendations under the 2000 LCAS (or the updated 2013 LCAS or subsequent updates) in 
their Forest Plan, we expect that several risk factors will continue to be minimized and managed 
to promote the conservation of lynx within the SNF into the future. Management of lynx and its 
habitat on SNF land will remain in place until the forest amends or revises their individual 
LRMPs. We expect that management direction for lynx addressing vegetation management, 
wildland fire management, and habitat fragmentation on national forest system lands will be 
incorporated into the revised or amended Forest Plans (LPMPs). 



  
Although outside of areas considered to be core lynx area (i.e., where lynx are persistent and 
are reproducing) in the Great Lakes, the Chippewa National Forest and the Chequamegon-
Nicolet National Forest Forest Plans also include direction based on the LCAS and Canada 
Lynx Conservation Agreement (CA) between the Forest Service and the Service (LCAS 2000, 
entire), for all forest activities that occur within LAUs (USDA CNF 2004, USDA CNNF 2004). 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit and private landowners make up about 
16 percent of unit. Under the Sustainable Forest Resource Act of 1995 (revised in 2014), the 
Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level timber 
harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire) - these voluntary 
guidelines are intended for private and state landowners and include some general 
recommendations for wildlife including lynx (MFRC 2014, pp. 4-5). It is expected that the MFRC 
guidelines will remain in place into the future and that voluntary actions will continue. Private 
landowners, however, do not have an official commitment to land management. We cannot say 
with any certainty what proportion of privately owned land will follow those guidelines into the 
future, because following the guidelines is voluntary. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (LCAS 2013, p. 49). 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the time of listing, new information on regional 
climate changes and potential effects to lynx habitat has been developed (e.g., Danby & Hik 
2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new information 



suggests that climate change may be an issue of concern for the future conservation of lynx 
because lynx distribution and habitat is likely to shift upward in elevation within its currently 
occupied range as temperatures increase (Gonzalez et al. 2007, entire). Greatest stressors of 
climate change include diminishing snow depth, quality and duration; competition from bobcats 
and other carnivores, hybridization with bobcat (Schwartz et al. 2002); loss of spruce-fir to 
northern hardwoods; and future isolation of the metapopulation because of diminishing forest 
conditions in Ontario. 
  
Gonzales et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest.  Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).  
  
Lynx require at least four months (120 days) of continuous snow coverage (Gonzales et al. 
2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9).  In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  



   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzales et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the state (Gonzales et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14) Minnesota is likely to lose boreal biome, potentially within the next 60 to 70 
years, with unmitigated climate change. According to Gonzales et al. (2007, p. 8), the Superior 
National Forest is a potential refugia for lynx in the lower 48 states, however, when compared to 
other regions. 
 
Vegetation Management - Vegetation management conducted under the Forest Plan currently 
will likely continue into the future on Forest Service lands in Minnesota. These activities include 
timber harvest, such as thinning, clear-cutting, shelterwood, partial cut, and uneven-aged 
cutting; wildlife restoration projects that involve tree cutting, shearing, burning, seeding, and 
planting; prescribed burning for ecological purposes, hazardous fuel reduction, and site 
preparation; mechanical site preparation. 
 
Vegetation, timber, and minerals management authorized under the Forest Plan has the 
potential to adversely affect lynx and lynx critical habitat by reducing habitat quality for denning, 
foraging, and dispersal; disrupting travel, resting, and foraging patterns; disturbing denning 
females and reducing habitat quality for lynx prey species, especially snowshoe hare. 
Depending on the timing, frequency, intensity, extent, amount, or other conditions, impacts may 
be variable among similar projects. Using the LCAS as a basis, the Forest Plan has 
incorporated a number of components that would reduce the risk of those impacts into the 
future. We expect that management direction for lynx addressing vegetation management on 
national forest system lands will be incorporated into the revised or amended future plans, using 
LCAS as a basis. 
  
Future Forest Plan revisions will likely maintain broad direction to design and implement 
vegetation management projects to maintain or restore conditions for lynx foraging and denning 
habitat and to maintain or improve juxtaposition of required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USDA 2004b, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 



such a high percentage within LAUs and the Superior National Forest is the majority landowner 
within most LAUs, we expect that in the future, the Forest would not approach the LCAS 
maximum of 30 percent of lynx habitat on all ownerships in an unsuitable condition within an 
LAU at any time, which would be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation due to spruce 
budworm has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The Superior National Forest manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are and 
are expected to continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USDA 2011, p. 119). The Forest Plan (USDA 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Future Lynx Status 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit due to reduced genetic health or a catastrophic 
event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the probability that this 
unit would continue to support resident lynx in the future, experts noted that despite projected 
losses of favorable forest and snow conditions, climate models project that some boreal forest 
will persist in this unit and that it will maintain some areas of suitable snow into the future. 
Experts also noted that lynx in this unit primarily occupy public lands, which are actively 
managed for lynx into the future. Experts also considered recent and projected future increases 
in wildfire frequency, size and intensity. 
  



As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure 10, below). 
 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on federal lands that are managed for lynx 
conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 



to extirpation due to catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of federal lands, the regulations and guidance that govern management of those lands have the 
greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 



Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 
Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five years to assess its ability to sustain itself without the 
ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended. Given these requirements, we expect that future federal management direction 
will continue to include regulations and guidance protective of lynx, although specific measures 
may change as new information becomes available. 
  
We anticipate that future federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of historic 
disturbance and landscape patterns). Regardless of the future listing status of the DPS, these 
lands will continue to be managed in accordance with the acts described above, as well as the 
National Park Service Organic Act and the Wilderness Act. 
 
We also expect that federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
  
On non-federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 



percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS were to be delisted in the future, it is possible that State-managed trapping could 
resume in this and perhaps other geographic units. We expect that would only occur if scientific 
evidence strongly suggested the presence of a harvestable surplus of lynx and that harvest 
quotas would be carefully managed to ensure that the viability of resident lynx populations 
would not be diminished or that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.  



  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historic and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.   
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all federal and most non-federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging the use 
of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historic fire regime 
in lynx habitats in the western contiguous U.S., including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
federal management restricts, with few exceptions, fire management (fuels reductions, 



prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future. Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity due to climate change, it 
may be necessary to reconsider whether fire suppression in some lynx habitats could benefit 
lynx by reducing the potential for extirpation of resident populations, especially in places already 
apparently only marginally capable of supporting them.       
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation due to timber harvest and other development activities are unlikely. The most 
likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 



anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historic conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years. Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting in an increased 
likelihood of functional extirpation of lynx from this unit. However, as noted above, the lynx 
population in the Purcell Mountains in the northwestern part of this unit was estimated to be 
increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over the last four 
years of the period for which the Seeley lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Future Lynx Status 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 



 
 

 
 
Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 



persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
 
Service Evaluation of Factors Influencing Future Conditions 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both federal and 
state managed lands within Washington State. 
 
Climate Warming - The one risk factor identified by the LCAS over which the Forest Service, or 
the WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx Workshop Report 2016, p. 56).  
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 



currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires due to its small size and current lynx population (Lynx Workshop 
Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should it occur 
from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), may be 
ameliorated to some extent due to Washington’s juxtaposition and connectivity to Canadian lynx 
populations. The experts felt that lynx immigration from Canada may rapidly recolonize 
Washington as the habitat recovers from fires or other impacts (Lynx Workshop Report 2016, p. 
43). Climate change, in addition to potentially affecting fire return intervals, fire severity 
(intensity, size), and insect outbreaks, is likely to affect the amount of precipitation falling as 
snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures.  Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 



lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced due to decreasing quantity 
and quality of snow. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx Workshop Report 
2016, p. 43). 
 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Future Lynx Status 
 
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 12). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
 



 
Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Influencing Factors 
 



Regulatory Mechanisms - As noted above in section 5.2.3, federal, State, and Tribal regulations 
and land management direction could change in the future, but such changes and their potential 
impacts on lynx populations and habitats are difficult to predict. Federal lands account for over 
97 percent of this geographic unit; therefore, regulations and guidance that govern management 
of those lands have the greatest potential to influence future lynx habitats and populations. Also 
as described above, revisions or amendments to federal management plans require 
opportunities for public participation in accordance with NEPA, NFMA, National Parks and 
Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS were to be recovered and 
delisted in the future, the ESA requires a minimum of five years of monitoring to assess its 
ability to sustain itself without the ESA's protective measures. If, during that time, threats to the 
DPS change or unforeseen events affect its stability, then the DPS may be relisted or the 
monitoring period extended. Given these requirements, we expect that future federal 
management direction will continue to include regulations and guidance protective of lynx, 
although specific measures may change as new information becomes available. 
  
We anticipate that future federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of historic 
disturbance and landscape patterns). Regardless of the future listing status of the DPS, these 
lands will continue to be managed in accordance with the acts described above, as well as the 
National Park Service Organic Act and the Wilderness Act. 
 
We also expect that federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 



conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS were to be delisted in the future, State-managed trapping could resume in this 
geographic unit. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished or that potential 
recovery objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 



and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of historic 
and current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will further reduce habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historic fire regime 
in lynx habitats in the western contiguous U.S., including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  



However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
due to climate change, it may be necessary to reconsider whether fire suppression in some lynx 
habitats could benefit lynx by reducing the potential for extirpation of resident populations, 
especially in places already apparently only marginally capable of supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation due to timber harvest and other development activities are unlikely. The most 
likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is little evidence of intermittent 



immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Future Lynx Status 
 
The majority of the experts suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Figure 13). 
 



 
Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence at 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily-
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 
exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in future. There is some evidence of lynx using ski areas in summer months but avoiding them 
during the ski season. It is uncertain whether ski areas may affect genetic connectivity within the 
Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit are in the 
southern portion of the range in the San Juan Mountains. There is a large area (Weminuche 



Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible that lynx also 
could be using that area. 
 
Service Evaluation of Influencing Factors 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming, and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (Service 2008, p 70-71). Lynx habitat on all other ownerships makes 
up the remaining 15 percent of lynx habitat in Colorado, of which, only five percent is in federal 
ownership. Other ownerships include state, county, municipal, etc., and private lands. The BLM 
resource management plans have not been amended to include conservation specifically for 
lynx and, with a few exceptions. Lynx habitat on BLM ownership mostly consists of narrow 
forest extensions connected to larger blocks of habitat on adjacent USFS lands. Generally these 
extensions are insufficient on their own to support a lynx home range. However, the Gunnison 
Field Office is the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 
The State of Colorado manages lynx as a state endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change - ILBT (2013 p. 61) – “Climate change generally is expected to result in warmer 
winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the southern 
Rockies. McKelvey et al. (2011 entire in ILBT 2013) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow 
would continue to be retained late in the 21st century, including the high elevations of 
Colorado.” 
 
“All of the climate models under all representative concentration pathway (RCP) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014 page 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the  
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 



elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014 page 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014 page 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, page 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historic vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008 page 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to be 
developed and expended. While these linear features already exist on the landscape, widening 
of the cleared right-of-way, as well as behavioral avoidance of highway rights-of-way due to 
traffic reduces available habitat. Many ski areas in Colorado are located within lynx habitat and 
will likely be expanded in the future through permanent removal of vegetation  to create 
conventional ski runs, reducing tree density and clearing understory vegetation to create glade 
conditions, reduces lynx habitat. The magnitude of fragmentation caused by these sources of 



has not been quantified, but is unlikely to remove enough habitat to eliminate the possibility of 
lynx persistence in Colorado. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
 
Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS contain resident 
breeding lynx populations. Although we have no reliable population-size estimates for any of the 
geographic units, Northern Maine (Unit 1) is believed to currently support the largest resident 
population in the DPS. In Northeastern Minnesota (Unit 2), a resident population occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) 
continue to support resident lynx, although a small subpopulation in the Garnet Mountains on 
the southern periphery of this unit may have been extirpated recently. In North-central 
Washington (Unit 4), recent extensive wildfires have temporarily reduced the amount of high-
quality lynx habitat and may have caused a decline in lynx numbers there. Since the release of 
Canadian and Alaskan lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 
6). The Greater Yellowstone Area (GYA, Unit 5) is thought to have historically supported a small 



resident population; however, resident lynx have not been documented recently in this unit. The 
apparent long-term (historic and current) persistence of resident lynx populations in at least four 
of the six geographic units (Units 1-4) and the absence of reliable information indicating that the 
current distribution and relative abundance of resident lynx are substantially reduced from 
historic conditions suggest the historical and recent resiliency of lynx populations in the DPS. 
The large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate adequate historical and current redundancy in the DPS to preclude 
its extirpation because of catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historic conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
federal lands, has been largely addressed by formal and binding amendments or revisions to 
most federal land management plans within the DPS range. Although questions remain about 
the efficacy of this improved regulatory framework, federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. In North-central Washington, recent large-scale 
wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, likely reducing 
this unit’s current lynx population and potentially compromising its current ability to support a 



resident population until habitats recover. Increased wildfire activity also has impacted lynx 
habitats in the other western geographic units (Northwestern Montana/Northeastern Idaho, the 
GYA, and Western Colorado), but the extent to which it has influenced the current condition of 
lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historic 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, expert opinion and our evaluations suggest that resident lynx populations in each of the 
geographic units are likely to be smaller and their distributions reduced in the future. These 
anticipated declines are most likely to be influenced by projected loss and increasing 
fragmentation and isolation of boreal forests and favorable snow conditions resulting from 
continued climate warming and related impacts (e.g., increased wildfire and forest insect 
activity, diminished hare populations) (Lynx SSA Team 2016, p. 58). Forest management on 
private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline. The loss of resident lynx from one or more 
geographic unit would represent reduced future resiliency, redundancy, and representation 
within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Expert opinion and our analyses suggest a declining probability 
of persistence (loss of resiliency) for each of the geographic units within the DPS throughout the 
rest of this century (the analysis did not extend beyond 2100). Projected climate warming is 
expected to exert the greatest influence on the resiliency of individual populations, and thus 
continued presence of resident lynx in each geographic unit. Climate models project that boreal 
forests and snow conditions favorable for lynx at the southern periphery of the range will retreat 
northward and upslope with continued warming, further fragmenting and diminishing the quality 
of lynx and hare habitat within the DPS. Although uncertainty remains regarding the timing, 



extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, neither the scientific 
literature nor expert input provide a basis for concluding that any single future catastrophic 
event could cause extirpation in any one geographic unit. It is even less likely that a single 
future catastrophic event (other than climate change, which we considered as a separate 
stressor) will eliminate all populations in the DPS. A sequence of catastrophic events over a 
short time could increase the potential for functional extirpation of one or more of the individual 
geographic units (e.g., fires in north-central Washington, as described above), thereby reducing 
redundancy within the DPS. However, as long as resident lynx remain geographically well-
distributed in one or more units within the DPS, extirpation from a catastrophic event is very 
unlikely. 
      
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, there is no indication that the relatively low level of genetic diversity currently observed 
among lynx populations is likely to reduce DPS viability in the future (USFWS 2016, p. 51). This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic unit may affect representation within 
the DPS in terms of ecological diversity is uncertain. Despite similarities in the fundamental 
components (vegetation, snow conditions, and hares) that define the ecological niche of lynx 
DPS-wide, differences in habitats and how lynx use them are apparent. For example, snow 
depth that seems to demarcate a boundary between lynx and bobcat occupancy in Maine (270 
cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some parts of the 
West select mature forest stands, particularly in winter, while in other parts of the DPS, young 
regenerating stands are most important. The loss of resident lynx from any of the geographic 
units could result in the loss of behavioral and potential future genetic adaptations to the 
climate-mediated changes now occurring and likely to continue into the future at the southern 
edge of the lynx range. Such potential adaptability to diminished snow conditions, increasingly 
patchy and isolated boreal forests, and reduced hare abundance may be important to the taxon 
as a whole faced with a rapidly changing climate. 
    
Given the high percentage of federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 



the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term retreat of boreal forests and diminished snow 
conditions projected by climate models. Further, the size, frequency, and intensity of wildfires 
and forest insect outbreaks are expected to increase with continued climate warming, 
particularly in the western portion of the DPS, although we do not anticipate such events in-and-
of-themselves are likely to cause the permanent loss of breeding lynx populations in any 
geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS viability 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). All other geographic units have a 50 percent or greater probability of functional 
extirpation (i.e., no longer capable of supporting resident lynx populations) by the end of the 
century, with a moderate to high likelihood that resident lynx will be lost from two to four units by 
then. Potential elevational refugia may increase the likelihood of persistence in western units, 
although uncertainty remains about the timing of warming-driven upslope movements of 
habitats and snow conditions and the extent to which hare and lynx populations may follow 
them. Regardless, future lynx habitats throughout the DPS range are likely to be smaller and 
more fragmented, and geographic units that are already relatively isolated from other lynx 
populations are likely to become even more isolated in the future. Despite the lack of elevational 
refugia, lynx may also persist at the end of the century in Maine and Minnesota, depending on 
the timing and severity of climate change effects and, in Maine, on trends in development and 
private forest management. Uncertainty increases at mid- to late-century concerning the timing 
and extent of various stressors that will affect lynx and hare habitat and snow regimes, 
especially those related to climate change. However, review of the best available science in 



concert with input from lynx experts suggests that the probability of the persistence of resident 
breeding populations will decline in all geographic units beginning as early as 2025, with the 
negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 
contrary) beyond that time frame. 
   
We conclude that the potential functional extirpation of resident lynx populations from one or 
more geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, 
possibly, reduced representation within the DPS. These losses in resiliency, redundancy, and 
representation will put the Canada lynx DPS at increasing risk of extirpation through the end of 
this century. 
 



Update on Canada Lynx  
Species Status Assessment 

 
 

October 18, 2016 



 What are we doing?  
 Completing  SSA to inform recovery planning  

Court order to finalize RP by Jan. 2018 
Unless we determine RP not needed (i.e., the 

DPS is recovered) 
 

  Why? 
 SSA provides analysis needed to re-evaluate the 

status of the DPS  
 SSA will then be used in decision context of 5-year 

review (before proceeding with recovery planning) 

Overview 



 Share Status of the SSA 
 

 Discuss Timeline 
 
  Identify Next Steps 
 

Objectives 



Lynx Basics 

 Boreal forest species dependent on snowshoe hares 
and favorable snow conditions 

 

 At southern periphery of ranges in contiguous US 
 

 Habitat becomes patchy; hare densities and snow 
conditions become suboptimal/marginal for 
supporting lynx populations 

 

 Mainland-island metapopulation structure (?) 
 

 Historical cyclic “irruptions” of lynx from Canada 
into northern U.S. when hares crashed (currently?) 



 Contiguous U.S. lynx DPS listed as T in 2000 
 Factor D - inadequacy, at that time, of existing 

regulatory mechanisms on federal lands 
 

 CH designated 2006, revised 2009 and 2014 
 Sept. 2016 - Court remanded 2014 CH rule 

 Ruled Service was arbitrary and capricious in not designating 
CH in Colorado 

 Inadequate evaluation of PCE on 5 NFs in MT and ID 
 We have not determined next steps in our response to this 

litigation 

 

Background 



 2005 Recovery Outline focused on interim 
conservation measures in 6 “Core” areas 
 Historic/current resident population(s); 

reproduction; 0.5 hares/ha; >= 1,250 km2 habitat 
 S. Rockies (western CO and south central WY) - 

“provisional” core area 
 

 

Background 



 6 geographic areas known or thought to support 
resident lynx populations in the DPS:   
 1. Northern Maine (& northernmost NH and VT) 
 2. Northeastern Minnesota  
 3. Northwestern Montana/Northeastern Idaho  
 4. North-central Washington 
 5. GYA of southwest Montana/northwest Wyoming 
 6. Western Colorado – introduced population 

Current DPS Distribution 



Figure 1.  Six geographic units within the range of  the contiguous U.S. distinct 
population segment of  Canada lynx (Lynx canadensis) that currently support or 
recently supported (GYA) resident lynx populations.  



Key Points  

 January 2015 - announced re-initiation of five-year 
status review 

 March 2015 – determined need to complete SSA 
 Information in the SSA will be used by FWS 

decision makers to inform: 
 Recovery planning direction 
 Classification decisions 
 Other determinations required by the ESA  



Potential Findings 

DPS remains T 

DPS warrants 
Delisting 

Final Recovery Plan 
due 1/15/2018 

Future Uplisting/ 
Delisting Rule 

Formal Memo 
Exempting DPS 
from Recovery 

Planning 

 

DPS warrants E 



 Through the SSA process we have: 
 Assessed the current status of, threats to, and future 

viability of the lynx DPS  
 Compiled and summarized the best available 

scientific and commercial data, including empirical 
data, published literature, and expert input 

 Prioritized  information and used modeling to best 
evaluate potential future conditions, threats and 
viability 

Key Points 



Key Points 

 We continue to engage State, Tribal and other 
Federal, and Canadian partners and other 
stakeholders  

 We continue to work and coordinate with other 
regions across DPS range  

 Monthly State and internal FWS coordination 
calls/webinars 



Expert Elicitation Workshop 

 October 2015 – Lynx SSA Team (FWS & USGS) 
convened a workshop with lynx experts to address 
current and likely future status of lynx populations 
in the DPS   
 10 members of expert panel included state and federal 

biologists and academic researchers across the range of 
the DPS and southern Canada  

 The resultant workshop report is one component of 
the SSA   



 Responses:  Representation 
 Few threats to the genetic fitness or adaptive 

capacity of lynx in the DPS 
High gene flow; no major barriers to dispersal 
 

 Adaptability and evolutionary capacity of the 
DPS does not appear to have been diminished 
and is unlikely to become so, independent of 
threats that may impact the redundancy and 
persistence of lynx populations 
 

Expert Elicitation Workshop 



 Responses:  Redundancy 
 DPS as a whole is not vulnerable to extirpation 

from a single catastrophic event 
No catastrophic event that could result in the 

functional extirpation of the entire DPS 
 
 

 No or a very low likelihood of functional 
extirpation of any of the individual geographic 
units due to a single catastrophic event 
 

Expert Elicitation Workshop 



 Responses:  Resiliency – expert panel predicted 
persistence of lynx in each geographic unit, e.g.:  

 

Expert Elicitation Workshop 



 Responses:  Resiliency 
 All 5 occupied units have >70% expectation of 

supporting resident lynx populations by year 2050 
 

 Declining likelihood and greater uncertainty by 2100 
– only one unit has >50% probability of persistence 

 

 Responses suggest overarching threat to long-term 
persistence of DPS is climate change 
 Loss of snow conditions favorable for lynx 
 Subsequent (lagged) loss of boreal forest habitats 
 Timing and magnitude of such losses are uncertain 

 

Expert Elicitation Workshop 



 Overall message of the expert workshop report 
 

Expert Elicitation Workshop 



Draft SSA Report 
 Compiles information on historic and current 

DPS distribution 
 Assesses needs of individuals and populations 
 Describes factors with potential population-level 

influences on the DPS 
 Evaluates current and likely future conditions of 

lynx populations in each geographic unit in terms 
of  the 3 Rs 
 SSA Team generally agrees with lynx experts; 

perhaps less optimistic about some areas 



Draft SSA Report - Results 
 DPS currently exhibits adequate redundancy and 

representation; populations in most geographic areas 
exhibit adequate resiliency 

 Resident lynx likely to persist in most units through 2050 
 Loss of residents (functional extirpation) from 2 or 3 

units (of 5) by 2100; much uncertainty  
 Continued climate warming is largest threat 
 Regulations to conserve lynx on federal lands are now in 

place; effectiveness uncertain/untested 
 Forest management on private lands remains a 

significant issue in Maine, perhaps in Minnesota 
 



Next Steps 

 DRAFT SSA Report is undergoing internal Service 
scientific review 

 After that review and revision, a final draft SSA will be 
provided to Peer Reviewers through our contractor 

 Concurrent with Peer Review, we will share with State, 
Federal and Tribal(?) partners; invite their review/ 
comments on the science 

 All reviewers (FWS, peer reviewers, partners) will be 
asked to focus their comments on the science of the 
SSA Report (not subsequent listing determinations or 
recovery planning issues) 



Next Steps 
 Once comments and peer reviews are in, the FINAL 

SSA Report will be completed 
 A Decision Team will meet to discuss SSA results and 

the DPS status review 
 Based on the SSA Report and results of the Decision 

Team meeting, a DRAFT five year review document 
will be developed 

 After internal review, a FINAL five year review 
document will be completed, wrapping up the updated 
status review 

 Depending on the RDs decision, recovery planning will 
proceed from that point or not  



Revised Timeline 
 Expert Workshop Report      April 2016 
 DRAFT SSA Report             October 14, 2016 

 Internal Review Complete          ~October 24, 2016 
 Peer & Partner Review Complete   ~December 31, 2016 

 FINAL SSA Report Complete    ~January 15, 2017 
 Decision Meeting                        ~January 30, 2017 
 Five-year Review  

 Draft                     ~February 7, 2017 
 Final          ~February 28, 2017 

 Draft Recovery Plan (if necessary)   MAY 2017?? 
 Final Recovery Plan (if necessary)     JANUARY 2018 



Decision Points 
We asked ARDs in spring 2016:  
 Do we need better information to address likely impacts to lynx from 

CC?  Based on the additional timeline needed to gather that 
information, ARDs determined no. 

 

 Are we comfortable with the time frames used to assess viability of the 
DPS as presented in the panel report - near term (year 2025), mid-
century (2050), and end of century (2100)?  ARDs indicated they were. 

  

 When conducting peer review of SSA, do we want our State 
counterparts to receive it at the same time?  Based on discussions with 
ARDs, we will provide State counterparts with an opportunity to 
review the SSA during the peer review. 

  

 Do managers want any recommendation from team in the SSA? ARDs 
agreed that the five-year review would be the place for a 
recommendation from the team (after discussing with Decision Team).  



Main Messages 
 We are making progress but we are behind in the 

recovery planning process by over 9 months 
  

 We are hopeful that the SSA process and report 
will facilitate a quick, streamlined, REV-compliant 
draft recovery plan by May 2017 so we can 
complete the final by Jan. 2018 

  

 In general, the FWS Lynx SSA Team feels 
comfortable with the outcomes from the expert 
panel workshop and the DRAFT SSA Report 



Questions? 



From: Sartorius, Shawn S -FS
To: Zelenak, Jim
Subject: RE: Yet More Fun Cat Photos
Date: Friday, October 21, 2016 1:36:15 PM
Attachments: image001.png

image002.png
image003.png
image004.png

While not an expert, my vote would be lynx, though no diagnostic features are evident.  And yes, I
know EXACTLY how helpful I am, (and I am frequently told, too).
 

Shawn Sartorius, PhD 
TES Program Leader
Forest Service
Southwestern Region
p: 505-842-3435 
shawnssartorius@fs.fed.us
333 Broadway SE 
Albuquerque, NM 87102
www.fs.fed.us 

  

Caring for the land and serving
people

 
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, October 21, 2016 1:12 PM
To: Sartorius, Shawn S -FS <shawnssartorius@fs.fed.us>
Subject: Re: Yet More Fun Cat Photos
 
Has anyone ever told you how helpful you are?
 
This cat had kittens in a place where it would be news if she was a lynx (though nothing
compared to the news if she's an ocelot....that would be bigly yuge).  My first impression was
bobcat, which I still think, though the more I looked at foot-size in photo 1 and size/pattern of
facial ruff, the less certain I became.
 
Among the real experts, however, so far the vote is:
 
1 lynx
1 bobcat
1 ocelot
 
More later...
 
On Fri, Oct 21, 2016 at 1:05 PM, Sartorius, Shawn S -FS <shawnssartorius@fs.fed.us> wrote:

Ocelot.  I can tell by the diagnostic tail length.
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Shawn Sartorius, PhD 
TES Program Leader
Forest Service
Southwestern Region
p: 505-842-3435 
shawnssartorius@fs.fed.us
333 Broadway SE 
Albuquerque, NM 87102
www.fs.fed.us 

  

Caring for the land and serving
people

 
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, October 21, 2016 12:48 PM
To: Vashon, Jennifer <jennifer.vashon@maine.gov>; Erin Simons-Legaard
<erin.simons@maine.edu>; Ron Moen <rmoen@d.umn.edu>; Catton, Susan J -FS
<scatton@fs.fed.us>; Erb, John D (DNR) <john.erb@state.mn.us>; Squires, John -FS
<jsquires@fs.fed.us>; McKelvey, Kevin -FS <kmckelvey@fs.fed.us>; Jay Kolbe
<jkolbe.fwp@gmail.com>; Maletzke, Benjamin T (DFW) <Benjamin.Maletzke@dfw.wa.gov>; Jake
Ivan - DNR <Jake.ivan@state.co.us>; Roberts, Nathan M - DNR
<NathanM.Roberts@wisconsin.gov>; Eric.Odell@state.co.us; Tanya Shenk
<tanya_shenk@nps.gov>; Sartorius, Shawn S -FS <shawnssartorius@fs.fed.us>; Dennis Murray
<dennismurray@trentu.ca>; Bowman, Jeff (MNRF) <jeff.bowman@ontario.ca>; Lori Nordstrom
<lori_nordstrom@fws.gov>; Bernier, Chris <Chris.Bernier@state.vt.us>; Alexej Siren
<asiren@umass.edu>; Nathan Berg <nathan_berg@fws.gov>; Hanvey, Gary -FS
<ghanvey@fs.fed.us>
Cc: mark_mccollough@fws.gov; Tamara_Smith@fws.gov; bryon_holt@fws.gov;
kurt_broderdorp@fws.gov; megan_kosterman@fws.gov
Subject: Yet More Fun Cat Photos
 
Lynx or bobcat? I'd again appreciate any opinions you're willing to share regarding the
attached photos.  If you think diagnostic features are evident for one species versus another,
please share which features/why.
 
Thanks,
 
Jim
 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
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(406) 449-5225 ext. 220
jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify the
sender and delete the email immediately.

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Squires, John -FS
To: Zelenak, Jim
Subject: RE: Yet More Fun Cat Photos
Date: Friday, October 21, 2016 2:33:38 PM
Attachments: image001.png

image002.png
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No – they are the same.
 

John Squires, PhD 
Research Wildlife Biologist
Forest Service
Rocky Mountain Research Station
p: 406-542-4164 
jsquires@fs.fed.us
800 E. Beckwith Ave 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people

 
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, October 21, 2016 2:06 PM
To: Squires, John -FS <jsquires@fs.fed.us>
Subject: Re: Yet More Fun Cat Photos
 
I compressed these - they are from a cell phone, and the compression did not seem to further
reduce the already poor resolution, which I think was realted to cropping before they came to
me.  Attached are the larger, uncompressed files.  Let me know if that helps any - if so, I will
send the larger files to the rest of the group.
 
On Fri, Oct 21, 2016 at 2:02 PM, Squires, John -FS <jsquires@fs.fed.us> wrote:

Was the resolution of the photo reduced?  They seem very low quality when you zoom in
compare to most Reconyx photos.
 

John Squires, PhD 
Research Wildlife Biologist
Forest Service
Rocky Mountain Research Station
p: 406-542-4164 
jsquires@fs.fed.us
800 E. Beckwith Ave 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people
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From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, October 21, 2016 12:48 PM
To: Vashon, Jennifer <jennifer.vashon@maine.gov>; Erin Simons-Legaard
<erin.simons@maine.edu>; Ron Moen <rmoen@d.umn.edu>; Catton, Susan J -FS
<scatton@fs.fed.us>; Erb, John D (DNR) <john.erb@state.mn.us>; Squires, John -FS
<jsquires@fs.fed.us>; McKelvey, Kevin -FS <kmckelvey@fs.fed.us>; Jay Kolbe
<jkolbe.fwp@gmail.com>; Maletzke, Benjamin T (DFW) <Benjamin.Maletzke@dfw.wa.gov>; Jake
Ivan - DNR <Jake.ivan@state.co.us>; Roberts, Nathan M - DNR
<NathanM.Roberts@wisconsin.gov>; Eric.Odell@state.co.us; Tanya Shenk
<tanya_shenk@nps.gov>; Sartorius, Shawn S -FS <shawnssartorius@fs.fed.us>; Dennis Murray
<dennismurray@trentu.ca>; Bowman, Jeff (MNRF) <jeff.bowman@ontario.ca>; Lori Nordstrom
<lori_nordstrom@fws.gov>; Bernier, Chris <Chris.Bernier@state.vt.us>; Alexej Siren
<asiren@umass.edu>; Nathan Berg <nathan_berg@fws.gov>; Hanvey, Gary -FS
<ghanvey@fs.fed.us>
Cc: mark_mccollough@fws.gov; Tamara_Smith@fws.gov; bryon_holt@fws.gov;
kurt_broderdorp@fws.gov; megan_kosterman@fws.gov
Subject: Yet More Fun Cat Photos
 
Lynx or bobcat? I'd again appreciate any opinions you're willing to share regarding the
attached photos.  If you think diagnostic features are evident for one species versus another,
please share which features/why.
 
Thanks,
 
Jim
 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify the
sender and delete the email immediately.

 
--
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Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Squires, John -FS
Subject: Re: Yet More Fun Cat Photos
Date: Friday, October 21, 2016 2:43:48 PM
Attachments: image001.png
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So - are you going to venture an opinion?

On Fri, Oct 21, 2016 at 2:33 PM, Squires, John -FS <jsquires@fs.fed.us> wrote:

No – they are the same.

 

John Squires, PhD 
Research Wildlife Biologist
Forest Service

Rocky Mountain Research Station
p: 406-542-4164 
jsquires@fs.fed.us
800 E. Beckwith Ave 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people

 

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, October 21, 2016 2:06 PM
To: Squires, John -FS <jsquires@fs.fed.us>
Subject: Re: Yet More Fun Cat Photos

 

I compressed these - they are from a cell phone, and the compression did not seem to further
reduce the already poor resolution, which I think was realted to cropping before they came
to me.  Attached are the larger, uncompressed files.  Let me know if that helps any - if so, I
will send the larger files to the rest of the group.

 

On Fri, Oct 21, 2016 at 2:02 PM, Squires, John -FS <jsquires@fs.fed.us> wrote:

Was the resolution of the photo reduced?  They seem very low quality when you zoom in
compare to most Reconyx photos.
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John Squires, PhD 
Research Wildlife Biologist
Forest Service

Rocky Mountain Research Station
p: 406-542-4164 
jsquires@fs.fed.us
800 E. Beckwith Ave 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people

 

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, October 21, 2016 12:48 PM
To: Vashon, Jennifer <jennifer.vashon@maine.gov>; Erin Simons-Legaard
<erin.simons@maine.edu>; Ron Moen <rmoen@d.umn.edu>; Catton, Susan J -FS
<scatton@fs.fed.us>; Erb, John D (DNR) <john.erb@state.mn.us>; Squires, John -FS
<jsquires@fs.fed.us>; McKelvey, Kevin -FS <kmckelvey@fs.fed.us>; Jay Kolbe
<jkolbe.fwp@gmail.com>; Maletzke, Benjamin T (DFW) <Benjamin.Maletzke@dfw.wa.gov>;
Jake Ivan - DNR <Jake.ivan@state.co.us>; Roberts, Nathan M - DNR
<NathanM.Roberts@wisconsin.gov>; Eric.Odell@state.co.us; Tanya Shenk
<tanya_shenk@nps.gov>; Sartorius, Shawn S -FS <shawnssartorius@fs.fed.us>; Dennis Murray
<dennismurray@trentu.ca>; Bowman, Jeff (MNRF) <jeff.bowman@ontario.ca>; Lori Nordstrom
<lori_nordstrom@fws.gov>; Bernier, Chris <Chris.Bernier@state.vt.us>; Alexej Siren
<asiren@umass.edu>; Nathan Berg <nathan_berg@fws.gov>; Hanvey, Gary -FS
<ghanvey@fs.fed.us>
Cc: mark_mccollough@fws.gov; Tamara_Smith@fws.gov; bryon_holt@fws.gov;
kurt_broderdorp@fws.gov; megan_kosterman@fws.gov
Subject: Yet More Fun Cat Photos

 

Lynx or bobcat? I'd again appreciate any opinions you're willing to share regarding the
attached photos.  If you think diagnostic features are evident for one species versus
another, please share which features/why.

 

Thanks,

 

Jim
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--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify
the sender and delete the email immediately.

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: bob.broscheid@state.co.us; craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric; Moore,Virgil; Dustin

Miller (dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam Eaton;
Chandler.woodcock@maine.gov; Connolly, James; Vashon, Jennifer; moritzw@michigan.gov;
bumpa@michigan.gov; kennedyd@michigan.gov; commissioner.dnr@state.mn.us; rita.dixon@idfg.idaho.gov;
jim.leach@state.mn.us; Paul.Telander@state.mn.us; Baker, Richard (DNR); Erb, John D (DNR);
jhagener@mt.gov; JTubbs@mt.gov; McDonald, Ken; Inman, Bob; Jay Kolbe; seggeman@mt.gov; Baty, Ross;
glenn.normandeau@wildlife.nh.gov; Mark.Ellingwood@wildlife.nh.gov; john.kanter@wildlife.nh.gov;
Jill.Killborn@wildlife.nh.gov; William.Staats@wildlife.nh.gov; Patrick.Tate@wildlife.nh.gov;
alexandra.sandoval@state.nm.us; stewart.liley@state.nm.us; rick.winslow@state.nm.us; Stuart, James N., DGF;
patricia.riexinger@dec.ny.gov; curt.melcher@state.or.us; derek.j.broman@state.or.us; Gregory Sheehan;
Kimberly Hersey; louis.porter@state.vt.us; mark scott; Bernier, Chris; director@dfw.wa.gov; cpl@dnr.wa.gov;
Lewis, Jeffrey C (DFW); Maletzke, Benjamin T (DFW); cathy.stepp@wisconsin.gov; kurt.thiede@wisconsin.gov;
Sanjay.Olson@wisconsin.gov; Tom.Hauge@wisconsin.gov; Erin.Crain@wisconsin.gov; Owen Boyle; Roberts,
Nathan M - DNR; David.MacFarland@wisconsin.gov; John.White@wisconsin.gov; scott.talbot@wyo.gov; Bob
Lanka; Zack Walker; Nichole Bjornlie; Rossler, Shawn T - DNR

Cc: Seth Willey; Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt
Broderdorp; Mark McCollough; Tamara Smith; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab; Ann
Timberman; Anthony Tur; Brad Thompson; Chris Mensing; David Stilwell; Drue DeBerry; Eric Rickerson; Grant
Canterbury; Jeff Krupka; Karl Halupka; Kate Novak; Kim Garner; Larry Crist; Laura Ragan; Leslie Ellwood; Mark
Maghini; Martin Miller; Megan Kosterman; Michelle Eames; Paul Casey; Paul Henson; Peter Fasbender; Rollie
White; Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman; Tyler Abbott; Wally Murphy; Dennis Mackey;
Patricia Zenone; Gary Miller; Karen Cathey; Steve Spangle; Rick Kahn; Jackson, Scott -FS

Subject: Lynx SSA Coordination Call - Rescheduled
Date: Friday, October 21, 2016 2:44:01 PM

Hi All:

Because of prior commitments of several participants next week, we are rescheduling the next monthly lynx SSA
Partners coordination call for Wednesday, November 2, at 1 PM Mountain Time.

866-822-7385
passcode: 5396168

We will have a brief webinar; I will send webinar access information next week.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Squires, John -FS
To: Zelenak, Jim
Subject: RE: Yet More Fun Cat Photos
Date: Friday, October 21, 2016 3:53:59 PM
Attachments: image001.png

image002.png
image003.png
image004.png

I think it’s a bobcat, but these photos are very low resolution and any call is equivocal.  Given that
you can’t see the paws or ears when blown up, all I can reference is the length of the animal’s legs
and spotting.  Based on these 2 field marks, I think it’s most likely a bobcat with the caveat that I
could be dead wrong.  Regards, john  
 

John Squires, PhD 
Research Wildlife Biologist
Forest Service
Rocky Mountain Research Station
p: 406-542-4164 
jsquires@fs.fed.us
800 E. Beckwith Ave 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people

 
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, October 21, 2016 2:44 PM
To: Squires, John -FS <jsquires@fs.fed.us>
Subject: Re: Yet More Fun Cat Photos
 
So - are you going to venture an opinion?
 
On Fri, Oct 21, 2016 at 2:33 PM, Squires, John -FS <jsquires@fs.fed.us> wrote:

No – they are the same.
 

John Squires, PhD 
Research Wildlife Biologist
Forest Service
Rocky Mountain Research Station
p: 406-542-4164 
jsquires@fs.fed.us
800 E. Beckwith Ave 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people

 
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
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Sent: Friday, October 21, 2016 2:06 PM
To: Squires, John -FS <jsquires@fs.fed.us>
Subject: Re: Yet More Fun Cat Photos
 
I compressed these - they are from a cell phone, and the compression did not seem to further
reduce the already poor resolution, which I think was realted to cropping before they came
to me.  Attached are the larger, uncompressed files.  Let me know if that helps any - if so, I
will send the larger files to the rest of the group.
 
On Fri, Oct 21, 2016 at 2:02 PM, Squires, John -FS <jsquires@fs.fed.us> wrote:

Was the resolution of the photo reduced?  They seem very low quality when you zoom in
compare to most Reconyx photos.
 

John Squires, PhD 
Research Wildlife Biologist
Forest Service
Rocky Mountain Research Station
p: 406-542-4164 
jsquires@fs.fed.us
800 E. Beckwith Ave 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people

 
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, October 21, 2016 12:48 PM
To: Vashon, Jennifer <jennifer.vashon@maine.gov>; Erin Simons-Legaard
<erin.simons@maine.edu>; Ron Moen <rmoen@d.umn.edu>; Catton, Susan J -FS
<scatton@fs.fed.us>; Erb, John D (DNR) <john.erb@state.mn.us>; Squires, John -FS
<jsquires@fs.fed.us>; McKelvey, Kevin -FS <kmckelvey@fs.fed.us>; Jay Kolbe
<jkolbe.fwp@gmail.com>; Maletzke, Benjamin T (DFW) <Benjamin.Maletzke@dfw.wa.gov>;
Jake Ivan - DNR <Jake.ivan@state.co.us>; Roberts, Nathan M - DNR
<NathanM.Roberts@wisconsin.gov>; Eric.Odell@state.co.us; Tanya Shenk
<tanya_shenk@nps.gov>; Sartorius, Shawn S -FS <shawnssartorius@fs.fed.us>; Dennis Murray
<dennismurray@trentu.ca>; Bowman, Jeff (MNRF) <jeff.bowman@ontario.ca>; Lori Nordstrom
<lori_nordstrom@fws.gov>; Bernier, Chris <Chris.Bernier@state.vt.us>; Alexej Siren
<asiren@umass.edu>; Nathan Berg <nathan_berg@fws.gov>; Hanvey, Gary -FS
<ghanvey@fs.fed.us>
Cc: mark_mccollough@fws.gov; Tamara_Smith@fws.gov; bryon_holt@fws.gov;
kurt_broderdorp@fws.gov; megan_kosterman@fws.gov
Subject: Yet More Fun Cat Photos
 
Lynx or bobcat? I'd again appreciate any opinions you're willing to share regarding the
attached photos.  If you think diagnostic features are evident for one species versus
another, please share which features/why.
 

mailto:jsquires@fs.fed.us
mailto:jsquires@fs.fed.us
mailto:jsquires@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
https://www.facebook.com/pages/US-Forest-Service/1431984283714112
mailto:jim_zelenak@fws.gov
mailto:jennifer.vashon@maine.gov
mailto:erin.simons@maine.edu
mailto:rmoen@d.umn.edu
mailto:scatton@fs.fed.us
mailto:john.erb@state.mn.us
mailto:jsquires@fs.fed.us
mailto:kmckelvey@fs.fed.us
mailto:jkolbe.fwp@gmail.com
mailto:Benjamin.Maletzke@dfw.wa.gov
mailto:Jake.ivan@state.co.us
mailto:NathanM.Roberts@wisconsin.gov
mailto:Eric.Odell@state.co.us
mailto:tanya_shenk@nps.gov
mailto:shawnssartorius@fs.fed.us
mailto:dennismurray@trentu.ca
mailto:jeff.bowman@ontario.ca
mailto:lori_nordstrom@fws.gov
mailto:Chris.Bernier@state.vt.us
mailto:asiren@umass.edu
mailto:nathan_berg@fws.gov
mailto:ghanvey@fs.fed.us
mailto:mark_mccollough@fws.gov
mailto:Tamara_Smith@fws.gov
mailto:bryon_holt@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:megan_kosterman@fws.gov


Thanks,
 
Jim
 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or
disclosure of the information it contains may violate the law and subject the violator to
civil or criminal penalties. If you believe you have received this message in error, please
notify the sender and delete the email immediately.

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Squires, John -FS
Subject: Re: Yet More Fun Cat Photos
Date: Friday, October 21, 2016 4:04:09 PM
Attachments: image003.png

image002.png
image004.png
image001.png

Thanks, John.  My first impression for similar reasons is also bobcat but I agree there are no definitive diagnostic
features in the photos.

So far among experts it's about 50-50 with most agreeing that diagnostic features are absent.

Once I hear from a few more folks I'll send out a summary of responses.  At best, I think this would fall into the
"anecdotal" category.

Have a great weekend.

On Fri, Oct 21, 2016 at 3:53 PM, Squires, John -FS <jsquires@fs.fed.us> wrote:

I think it’s a bobcat, but these photos are very low resolution and any call is equivocal.  Given that
you can’t see the paws or ears when blown up, all I can reference is the length of the animal’s legs
and spotting.  Based on these 2 field marks, I think it’s most likely a bobcat with the caveat that I
could be dead wrong.  Regards, john  

 

John Squires, PhD 
Research Wildlife Biologist
Forest Service

Rocky Mountain Research Station
p: 406-542-4164 
jsquires@fs.fed.us
800 E. Beckwith Ave 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people

 

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, October 21, 2016 2:44 PM
To: Squires, John -FS <jsquires@fs.fed.us>
Subject: Re: Yet More Fun Cat Photos

 

So - are you going to venture an opinion?
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On Fri, Oct 21, 2016 at 2:33 PM, Squires, John -FS <jsquires@fs.fed.us> wrote:

No – they are the same.

 

John Squires, PhD 
Research Wildlife Biologist
Forest Service

Rocky Mountain Research Station
p: 406-542-4164 
jsquires@fs.fed.us
800 E. Beckwith Ave 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people

 

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, October 21, 2016 2:06 PM
To: Squires, John -FS <jsquires@fs.fed.us>
Subject: Re: Yet More Fun Cat Photos

 

I compressed these - they are from a cell phone, and the compression did not seem to
further reduce the already poor resolution, which I think was realted to cropping before
they came to me.  Attached are the larger, uncompressed files.  Let me know if that helps
any - if so, I will send the larger files to the rest of the group.

 

On Fri, Oct 21, 2016 at 2:02 PM, Squires, John -FS <jsquires@fs.fed.us> wrote:

Was the resolution of the photo reduced?  They seem very low quality when you zoom in
compare to most Reconyx photos.

 

John Squires, PhD 
Research Wildlife Biologist
Forest Service

Rocky Mountain Research Station
p: 406-542-4164 
jsquires@fs.fed.us
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800 E. Beckwith Ave 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people

 

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, October 21, 2016 12:48 PM
To: Vashon, Jennifer <jennifer.vashon@maine.gov>; Erin Simons-Legaard
<erin.simons@maine.edu>; Ron Moen <rmoen@d.umn.edu>; Catton, Susan J -FS
<scatton@fs.fed.us>; Erb, John D (DNR) <john.erb@state.mn.us>; Squires, John -FS
<jsquires@fs.fed.us>; McKelvey, Kevin -FS <kmckelvey@fs.fed.us>; Jay Kolbe
<jkolbe.fwp@gmail.com>; Maletzke, Benjamin T (DFW) <Benjamin.Maletzke@dfw.wa.gov>;
Jake Ivan - DNR <Jake.ivan@state.co.us>; Roberts, Nathan M - DNR
<NathanM.Roberts@wisconsin.gov>; Eric.Odell@state.co.us; Tanya Shenk
<tanya_shenk@nps.gov>; Sartorius, Shawn S -FS <shawnssartorius@fs.fed.us>; Dennis
Murray <dennismurray@trentu.ca>; Bowman, Jeff (MNRF) <jeff.bowman@ontario.ca>; Lori
Nordstrom <lori_nordstrom@fws.gov>; Bernier, Chris <Chris.Bernier@state.vt.us>; Alexej
Siren <asiren@umass.edu>; Nathan Berg <nathan_berg@fws.gov>; Hanvey, Gary -FS
<ghanvey@fs.fed.us>
Cc: mark_mccollough@fws.gov; Tamara_Smith@fws.gov; bryon_holt@fws.gov;
kurt_broderdorp@fws.gov; megan_kosterman@fws.gov
Subject: Yet More Fun Cat Photos

 

Lynx or bobcat? I'd again appreciate any opinions you're willing to share regarding the
attached photos.  If you think diagnostic features are evident for one species versus
another, please share which features/why.

 

Thanks,

 

Jim

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service
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Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or
disclosure of the information it contains may violate the law and subject the violator to
civil or criminal penalties. If you believe you have received this message in error,
please notify the sender and delete the email immediately.

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office
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585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Odell - DNR, Eric
To: Zelenak, Jim
Subject: Re: Lynx SSA Coordination Call - Rescheduled
Date: Saturday, October 22, 2016 8:22:46 AM

Thanks Jim! Sounds like jake will be on the call too.

On Friday, October 21, 2016, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Sorry to hear that Eric.  I'll send a PDF of the webinar and notes if we take any.

On Fri, Oct 21, 2016 at 2:05 PM, Odell - DNR, Eric <eric.odell@state.co.us> wrote:
Jim- I won't be able to make this new date. I'll be at the Mexican wolf meeting in Tucson.
I'll see if Jake is available. Please send me the PowerPoint or notes when/if available.
Thanks
Eo

On Friday, October 21, 2016, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

Because of prior commitments of several participants next week, we are rescheduling the next monthly lynx
SSA Partners coordination call for Wednesday, November 2, at 1 PM Mountain Time.

866-822-7385
passcode: 5396168

We will have a brief webinar; I will send webinar access information next week.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Eric Odell
Species Conservation Program Manager
Terrestrial Section

P 970.472.4340  |  F 970.472.4458  |  C 970.217.3915
317 West Prospect Road, Fort Collins, CO 80526
eric.odell@state.co.us  |  cpw.state.co.us
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Eric Odell
Species Conservation Program Manager
Terrestrial Section

P 970.472.4340  |  F 970.472.4458  |  C 970.217.3915
317 West Prospect Road, Fort Collins, CO 80526
eric.odell@state.co.us  |  cpw.state.co.us
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From: Lewis, Jeff C (DFW)
To: Zelenak, Jim
Subject: RE: Lynx SSA Coordination Call - Rescheduled
Date: Tuesday, October 25, 2016 11:46:49 AM
Attachments: image001.png

Hi Jim: I have not made it to any of the recent lynx status phone calls and wanted to ask  you a
couple questions about it.  I have to give a presentation next week to our Fish and Wildlife
Commission regarding our proposed up-listing of lynx in WA from Threatened to Endangered and I
know I will be asked about the federal status and developments.  In the interest of having something
intelligent and hopefully truthful to say, I wanted to get a sense of where things are from your
perspective.   Are you available sometime this week for a quick chat about this?  Would appreciate
getting your input on this so I am providing reliable information.  Thanks, Jeff
 
Jeffrey C. Lewis, PhD | Mesocarnivore Conservation Biologist
Washington Department of Fish and Wildlife
1111 Washington Street SE
Olympia, WA 98501-1091
Jeffrey.Lewis@dfw.wa.gov
360-902-2374
 

 
 
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, October 21, 2016 11:44 AM
To: bob.broscheid@state.co.us; craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric; Moore,Virgil;
Dustin Miller (dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam Eaton;
Chandler.woodcock@maine.gov; Connolly, James; Vashon, Jennifer; moritzw@michigan.gov;
bumpa@michigan.gov; kennedyd@michigan.gov; commissioner.dnr@state.mn.us;
rita.dixon@idfg.idaho.gov; jim.leach@state.mn.us; Paul.Telander@state.mn.us; Baker, Richard (DNR);
Erb, John D (DNR); jhagener@mt.gov; JTubbs@mt.gov; McDonald, Ken; Inman, Bob; Jay Kolbe;
seggeman@mt.gov; Baty, Ross; glenn.normandeau@wildlife.nh.gov; Mark.Ellingwood@wildlife.nh.gov;
john.kanter@wildlife.nh.gov; Jill.Killborn@wildlife.nh.gov; William.Staats@wildlife.nh.gov;
Patrick.Tate@wildlife.nh.gov; alexandra.sandoval@state.nm.us; stewart.liley@state.nm.us;
rick.winslow@state.nm.us; Stuart, James N., DGF; patricia.riexinger@dec.ny.gov;
curt.melcher@state.or.us; derek.j.broman@state.or.us; Gregory Sheehan; Kimberly Hersey;
louis.porter@state.vt.us; mark scott; Bernier, Chris; Director (DFW); DNR RE CPL; Lewis, Jeff C (DFW);
Maletzke, Benjamin T (DFW); cathy.stepp@wisconsin.gov; kurt.thiede@wisconsin.gov;
Sanjay.Olson@wisconsin.gov; Tom.Hauge@wisconsin.gov; Erin.Crain@wisconsin.gov; Owen Boyle;
Roberts, Nathan M - DNR; David.MacFarland@wisconsin.gov; John.White@wisconsin.gov;
scott.talbot@wyo.gov; Bob Lanka; Zack Walker; Nichole Bjornlie; Rossler, Shawn T - DNR
Cc: Seth Willey; Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon
Holt; Kurt Broderdorp; Mark McCollough; Tamara Smith; Brady McGee; Jeffrey Dillon; Lisa Solberg

mailto:Jeffrey.Lewis@dfw.wa.gov
mailto:jim_zelenak@fws.gov
mailto:Jeffrey.Lewis@dfw.wa.gov


Schwab; Ann Timberman; Anthony Tur; Brad Thompson; Chris Mensing; David Stilwell; Drue DeBerry;
Eric Rickerson; Grant Canterbury; Jeff Krupka; Karl Halupka; Kate Novak; Kim Garner; Larry Crist; Laura
Ragan; Leslie Ellwood; Mark Maghini; Martin Miller; Megan Kosterman; Michelle Eames; Paul Casey; Paul
Henson; Peter Fasbender; Rollie White; Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman; Tyler
Abbott; Wally Murphy; Dennis Mackey; Patricia Zenone; Gary Miller; Karen Cathey; Steve Spangle; Rick
Kahn; Jackson, Scott -FS
Subject: Lynx SSA Coordination Call - Rescheduled
 
Hi All:
 
Because of prior commitments of several participants next week, we are rescheduling the next
monthly lynx SSA Partners coordination call for Wednesday, November 2, at 1 PM Mountain
Time.
 
866-822-7385
passcode: 5396168
 
We will have a brief webinar; I will send webinar access information next week.
 
Thanks,
 
Jim
 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: bob.broscheid@state.co.us; craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric; Moore,Virgil; Dustin

Miller (dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam Eaton;
Chandler.woodcock@maine.gov; Connolly, James; Vashon, Jennifer; moritzw@michigan.gov;
bumpa@michigan.gov; kennedyd@michigan.gov; commissioner.dnr@state.mn.us; rita.dixon@idfg.idaho.gov;
jim.leach@state.mn.us; Paul.Telander@state.mn.us; Baker, Richard (DNR); Erb, John D (DNR);
jhagener@mt.gov; JTubbs@mt.gov; McDonald, Ken; Inman, Bob; Jay Kolbe; seggeman@mt.gov; Baty, Ross;
glenn.normandeau@wildlife.nh.gov; Mark.Ellingwood@wildlife.nh.gov; john.kanter@wildlife.nh.gov;
Jill.Killborn@wildlife.nh.gov; William.Staats@wildlife.nh.gov; Patrick.Tate@wildlife.nh.gov;
alexandra.sandoval@state.nm.us; stewart.liley@state.nm.us; rick.winslow@state.nm.us; Stuart, James N., DGF;
patricia.riexinger@dec.ny.gov; curt.melcher@state.or.us; derek.j.broman@state.or.us; Gregory Sheehan;
Kimberly Hersey; louis.porter@state.vt.us; mark scott; Bernier, Chris; director@dfw.wa.gov; cpl@dnr.wa.gov;
Lewis, Jeffrey C (DFW); Maletzke, Benjamin T (DFW); cathy.stepp@wisconsin.gov; kurt.thiede@wisconsin.gov;
Sanjay.Olson@wisconsin.gov; Tom.Hauge@wisconsin.gov; Erin.Crain@wisconsin.gov; Owen Boyle; Roberts,
Nathan M - DNR; David.MacFarland@wisconsin.gov; John.White@wisconsin.gov; scott.talbot@wyo.gov; Bob
Lanka; Zack Walker; Nichole Bjornlie; Rossler, Shawn T - DNR

Cc: Seth Willey; Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt
Broderdorp; Mark McCollough; Tamara Smith; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab; Ann
Timberman; Anthony Tur; Brad Thompson; Chris Mensing; David Stilwell; Drue DeBerry; Eric Rickerson; Grant
Canterbury; Jeff Krupka; Karl Halupka; Kate Novak; Kim Garner; Larry Crist; Laura Ragan; Leslie Ellwood; Mark
Maghini; Martin Miller; Megan Kosterman; Michelle Eames; Paul Casey; Paul Henson; Peter Fasbender; Rollie
White; Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman; Tyler Abbott; Wally Murphy; Dennis Mackey;
Patricia Zenone; Gary Miller; Karen Cathey; Steve Spangle; Rick Kahn; Jackson, Scott -FS

Subject: Fwd: Invitation for Instant Net Conference
Date: Tuesday, November 01, 2016 5:36:40 PM

Hi All:

We will have our monthly lynx SSA Partners update/ coordination call and a brief webinar
tomorrow, Wednesday, November 2, at 1 PM Mountain Time.

866-822-7385
passcode: 5396168

Webinar link is below.

Thanks,

Jim
---------- Forwarded message ----------
From: <e-meetings@mymeetings.com>
Date: Tue, Nov 1, 2016 at 3:27 PM
Subject: Invitation for Instant Net Conference
To: JIM_ZELENAK@fws.gov

 
You are invited to join a meeting hosted by Jim Zelenak. Meeting details are listed below.

Meeting Date: 11/02/2016 
Meeting Time: 1:00 PM MOUNTAIN TIME

Instant Net Conference Details:
-------------------------------
Meeting Number:          446939152
Meeting Passcode:        
Meeting Host:             BRENT  ESMOIL

Join Instructions for Instant Net Conference:
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1. Join the meeting now:
http://www.mymeetings.com/nc/join.php?sigKey=mymeetings&i=446939152&p=&t=c
2. Enter the required fields.
3. Indicate that you have read the Privacy Policy.
4. Click on Proceed.

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Update on Canada Lynx  
Species Status Assessment 

 
 

November 2, 2016 



 What are we doing?  
 Completing  SSA to inform recovery planning  

Court order to finalize RP by Jan. 2018 
Unless we determine RP not needed (i.e., the 

DPS is recovered) 
 

  Why? 
 SSA provides analysis needed to re-evaluate the 

status of the DPS  
 SSA will then be used in decision context of 5-year 

review (before proceeding with recovery planning) 

Overview 



 Share Status of the SSA 
 

 Discuss Timeline 
 
  Identify Next Steps 
 

Objectives 



Lynx Basics 

 Boreal forest species dependent on snowshoe hares 
and favorable snow conditions 

 

 At southern periphery of ranges in contiguous US 
 

 Habitat becomes patchy; hare densities and snow 
conditions become suboptimal/marginal for 
supporting lynx populations 

 

 Mainland-island metapopulation structure (?) 
 

 Historical cyclic “irruptions” of lynx from Canada 
into northern U.S. when hares crashed (currently?) 



 Contiguous U.S. lynx DPS listed as T in 2000 
 Factor D - inadequacy, at that time, of existing 

regulatory mechanisms on federal lands 
 

 CH designated 2006, revised 2009 and 2014 
 Sept. 2016 - Court remanded 2014 CH rule 

 Ruled Service was arbitrary and capricious in not designating 
CH in Colorado 

 Inadequate evaluation of PCE on 5 NFs in MT and ID 
 We have not determined next steps in our response to this 

litigation 

 

Background 



 2005 Recovery Outline focused on interim 
conservation measures in 6 “Core” areas 
 Historic/current resident population(s); 

reproduction; 0.5 hares/ha; >= 1,250 km2 habitat 
 S. Rockies (western CO and south central WY) - 

“provisional” core area 
 

 

Background 



 6 geographic areas known or thought to support 
resident lynx populations in the DPS:   
 1. Northern Maine (& northernmost NH and VT) 
 2. Northeastern Minnesota  
 3. Northwestern Montana/Northeastern Idaho  
 4. North-central Washington 
 5. GYA of southwest Montana/northwest Wyoming 
 6. Western Colorado – introduced population 

Current DPS Distribution 



Figure 1.  Six geographic units within the range of  the contiguous U.S. distinct 
population segment of  Canada lynx (Lynx canadensis) that currently support or 
recently supported (GYA) resident lynx populations.  



Key Points  

 January 2015 - announced re-initiation of five-year 
status review 

 March 2015 – determined need to complete SSA 
 Information in the SSA will be used by FWS 

decision makers to inform: 
 Recovery planning direction 
 Classification decisions 
 Other determinations required by the ESA  



Potential Findings 

DPS remains T 

DPS warrants 
Delisting 

Final Recovery Plan 
due 1/15/2018 

Future Uplisting/ 
Delisting Rule 

Formal Memo 
Exempting DPS 
from Recovery 

Planning 

 

DPS warrants E 



 Through the SSA process we have: 
 Compiled and summarized the best available 

scientific and commercial data, including empirical 
data, published literature, and expert input 

 Assessed the historical distribution, current status of, 
threats to, and future viability of resident lynx 
populations in the DPS  

 Evaluated the current and likely future conditions 
for the DPS in terms of the “3 Rs” 

Key Points 



Key Points 

 We continue to coordinate with State, Tribal and 
other Federal, and Canadian partners and other 
stakeholders  

 We continue to work and coordinate with other 
regions across DPS range  

 Monthly State and internal FWS coordination 
calls/webinars 



Expert Elicitation Workshop 

 October 2015 – Lynx SSA Team (FWS & USGS) 
convened a workshop with lynx experts to address 
current and likely future status of lynx populations 
in the DPS   
 10 members of expert panel included state and federal 

biologists and academic researchers across the range of 
the DPS and southern Canada  

 The resultant workshop report is one component of 
the SSA   



 Responses:  Representation 
 Few threats to the genetic fitness or adaptive 

capacity of lynx in the DPS 
High gene flow; no major barriers to dispersal 
 

 Adaptability and evolutionary capacity of the 
DPS does not appear to have been diminished 
and is unlikely to become so, independent of 
threats that may impact the redundancy and 
persistence of lynx populations 
 

Expert Elicitation Workshop 



 Responses:  Redundancy 
 DPS as a whole is not vulnerable to extirpation 

from a single catastrophic event 
No catastrophic event that could result in the 

functional extirpation of the entire DPS 
 
 

 No or a very low likelihood of functional 
extirpation of any of the individual geographic 
units due to a single catastrophic event 
 

Expert Elicitation Workshop 



 Responses:  Resiliency – expert panel predicted 
persistence of lynx in each geographic unit, e.g.:  

 

Expert Elicitation Workshop 



 Responses:  Resiliency 
 All 5 occupied units have >70% expectation of 

supporting resident lynx populations by year 2050 
 

 Declining likelihood and greater uncertainty by 2100 
– only one unit has >50% probability of persistence 

 

 Responses suggest overarching threat to long-term 
persistence of DPS is climate change 
 Loss of snow conditions favorable for lynx 
 Subsequent (lagged) loss of boreal forest habitats 
 Timing and magnitude of such losses are uncertain 

 

Expert Elicitation Workshop 



 Overall message of the expert workshop report 
 

Expert Elicitation Workshop 



Draft SSA Report 
 Compiles information on historic and current 

DPS distribution 
 Assesses needs of individuals and populations 
 Describes factors with potential population-level 

influences on the DPS (LCAS 2013) 
 Evaluates current and likely future conditions of 

lynx populations in each geographic unit in terms 
of those factors and the 3 Rs 
 SSA Team generally agrees with lynx experts; 

perhaps less optimistic about some areas 



Next Steps 

 DRAFT SSA Report is undergoing internal Service 
scientific review 

 After that review and revision, a final draft SSA will be 
provided to peer reviewers through our contractor 

 Concurrent with peer review, we will share with State, 
Federal and Tribal partners; invite their review/ 
comments 

 All reviewers (FWS, peer reviewers, partners) will be 
asked to focus their comments on the science of the 
SSA Report 



Next Steps 
 Once comments and peer reviews are in, we will 

complete the FINAL SSA Report 
 A FWS Decision Team will meet to discuss SSA results  
 Based on the SSA Report and results of the Decision 

Team meeting, a DRAFT five year review document 
will be developed 

 After internal review, a FINAL five year review 
document will be completed, wrapping up the updated 
status review 

 Depending on the RDs decision, recovery planning will 
proceed from that point or not  



Revised Timeline 
 Expert Workshop Report      April 2016 
 DRAFT SSA Report             October 14, 2016 

 Internal Review Complete          ~October 31, 2016 
 Peer & Partner Review Complete   ~December 31, 2016 

 FINAL SSA Report Complete    ~January 15, 2017 
 Decision Meeting                        ~January 30, 2017 
 Five-year Review  

 Draft                     ~February 7, 2017 
 Final          ~February 28, 2017 

 Draft Recovery Plan (if necessary)   MAY 2017?? 
 Final Recovery Plan (if necessary)     JANUARY 2018 



Questions? 



From: Zelenak, Jim
To: Vashon, Jennifer
Subject: Fwd: Invitation for Instant Net Conference
Date: Thursday, November 03, 2016 12:13:31 PM
Attachments: 2016 11 02 State Update Lynx SSA Final.pdf

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Thu, Nov 3, 2016 at 7:42 AM
Subject: Re: Invitation for Instant Net Conference
To: Joshua Uriarte <Joshua.Uriarte@osc.idaho.gov>

Hi Josh,

A PDF of the presentation is attached.

Jim

On Wed, Nov 2, 2016 at 4:33 PM, Joshua Uriarte <Joshua.Uriarte@osc.idaho.gov> wrote:

Good Afternoon Jim,

 

I wasn’t able to make the Lynx SSA webinar today, but I heard it was very informative.  Is there a
way you could send me the webinar power point so that I could keep up to speed.

Thank you,

Josh

 

Joshua Uriarte

Terrestrial Species Manager and Policy Advisor

Idaho Governor’s Office of Species Conservation

304 N. 8th Street, Ste. 149

Boise, Idaho 83702

Office (208)332-1556

Fax (208)334-2172

www.species.idaho.gov
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From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, November 1, 2016 3:36 PM
To: bob.broscheid@state.co.us; craig.mclaughlin@state.co.us; Jake Ivan - DNR
<Jake.ivan@state.co.us>; Odell, Eric <eric.odell@state.co.us>; Moore,Virgil
<virgil.moore@idfg.idaho.gov>; Dustin T. Miller <Dustin.Miller@osc.idaho.gov>; Joshua Uriarte
<Joshua.Uriarte@osc.idaho.gov>; Sallabanks,Rex <rex.sallabanks@idfg.idaho.gov>; Sam Eaton
<Sam.Eaton@osc.idaho.gov>; Chandler.woodcock@maine.gov; Connolly, James
<James.Connolly@maine.gov>; Vashon, Jennifer <jennifer.vashon@maine.gov>;
moritzw@michigan.gov; bumpa@michigan.gov; kennedyd@michigan.gov;
commissioner.dnr@state.mn.us; rita.dixon@idfg.idaho.gov; jim.leach@state.mn.us;
Paul.Telander@state.mn.us; Baker, Richard (DNR) <richard.baker@state.mn.us>; Erb, John D
(DNR) <john.erb@state.mn.us>; jhagener@mt.gov; JTubbs@mt.gov; McDonald, Ken
<kmcdonald@mt.gov>; Inman, Bob <bobinman@mt.gov>; Jay Kolbe <jkolbe.fwp@gmail.com>;
seggeman@mt.gov; Baty, Ross <rbaty@mt.gov>; glenn.normandeau@wildlife.nh.gov;
Mark.Ellingwood@wildlife.nh.gov; john.kanter@wildlife.nh.gov; Jill.Killborn@wildlife.nh.gov;
William.Staats@wildlife.nh.gov; Patrick.Tate@wildlife.nh.gov; alexandra.sandoval@state.nm.us;
stewart.liley@state.nm.us; rick.winslow@state.nm.us; Stuart, James N., DGF
<james.stuart@state.nm.us>; patricia.riexinger@dec.ny.gov; curt.melcher@state.or.us;
derek.j.broman@state.or.us; Gregory Sheehan <GregSheehan@utah.gov>; Kimberly Hersey
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Leslie Ellwood <leslie_ellwood@fws.gov>; Mark Maghini <mark_maghini@fws.gov>; Martin Miller
<Martin_Miller@fws.gov>; Megan Kosterman <megan_kosterman@fws.gov>; Michelle Eames
<michelle_eames@fws.gov>; Paul Casey <paul_casey@fws.gov>; Paul Henson
<paul_henson@fws.gov>; Peter Fasbender <peter_fasbender@fws.gov>; Rollie White
<rollie_white@fws.gov>; Sarah Hall <sarah_hall@fws.gov>; Scott Hicks <scott_hicks@fws.gov>;
Sue Livingston <sue_livingston@fws.gov>; Tom Chapman <Tom_Chapman@fws.gov>; Tyler
Abbott <Tyler_Abbott@fws.gov>; Wally Murphy <wally_murphy@fws.gov>; Dennis Mackey
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Subject: Fwd: Invitation for Instant Net Conference

 

Hi All:

 

We will have our monthly lynx SSA Partners update/ coordination call and a brief webinar
tomorrow, Wednesday, November 2, at 1 PM Mountain Time.

 

866-822-7385

passcode: 5396168

 

Webinar link is below.

 

Thanks,

 

Jim

---------- Forwarded message ----------
From: <e-meetings@mymeetings.com>
Date: Tue, Nov 1, 2016 at 3:27 PM
Subject: Invitation for Instant Net Conference
To: JIM_ZELENAK@fws.gov

You are invited to join a meeting hosted by Jim Zelenak. Meeting details are listed below.
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Meeting Date: 11/02/2016

Meeting Time: 1:00 PM MOUNTAIN TIME

 

Instant Net Conference Details:

-------------------------------

Meeting Number:          446939152

Meeting Passcode:       

Meeting Host:             BRENT  ESMOIL

 

Join Instructions for Instant Net Conference:

 

1. Join the meeting now:

http://www.mymeetings.com/nc/join.php?sigKey=mymeetings&i=446939152&p=&t=c

2. Enter the required fields.

3. Indicate that you have read the Privacy Policy.

4. Click on Proceed.

 

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

http://www.mymeetings.com/nc/join.php?sigKey=mymeetings&i=446939152&p=&t=c


jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Executive Summary 
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States distinct population segment (DPS) of Canada lynx (Lynx canadensis). 
The DPS was listed in 2000 as threatened under the Endangered Species Act (ESA) because 
of the inadequacy of regulatory mechanisms on federal lands. The SSA will provide the 
scientific basis for the statutorily required 5-year status review for this listed species and other 
decisions the Service is required to make in accordance with the ESA. The SSA provides an 
evaluation of the current and future status of lynx in six geographic units within the DPS that 
currently support or recently supported resident breeding populations. The units are distributed 
across the northern contiguous U.S. from Maine to Washington and south along the Rocky 
Mountains to western Colorado. These geographic units combined represent approximately the 
southern two percent of the species’ entire breeding range (ninety-eight percent occurs in 
Canada and Alaska). The units are relatively isolated from each other, although four of the six 
units are directly connected to lynx populations and habitats in Canada. These SSA geographic 
units are:   
  

Unit No. Name Size (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5  Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 

  
The SSA relied on both the available scientific literature and the professional judgments and 
opinions of recognized lynx experts to (1) describe the ecological requirements and population 
dynamics of the species, (2) evaluate the historical and current status of lynx populations in the 
six geographic units and the factors that appear to have influenced these populations, and (3) 
assess the likely future viability of the DPS through the end of the century in terms of 
representation, redundancy, and resiliency (the “3 Rs”). 
 
Lynx are habitat and prey specialists and require boreal forests having long winters with deep, 
fluffy snow. These conditions provide lynx with a competitive advantage over other predators for 
exploiting their primary prey, the snowshoe hare. Lynx habitat and, thus, lynx are naturally less 
abundant and more patchily distributed in the DPS than in the core of the species’ range in 
Canada and Alaska. This is because the DPS occurs at the southernmost margin of the 
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species’ range and of the environmental thresholds of snow quality, depth, and persistence; 
hare density; and boreal forest conditions that lynx require.  Maintaining connectivity between 
the DPS and lynx populations in Canada is thought to be important, but whether DPS 
populations rely on intermittent immigration of lynx from Canada, and, if so, to what extent, 
remain uncertain. 
 
Research and surveys undertaken since the listing of the DPS in 2000 have significantly 
improved our knowledge of the distribution, habitats, and population status of resident breeding 
lynx populations. For example, although we knew there were resident lynx in Maine, we did not 
have an understanding of population size or trend. We now know that northern Maine currently 
supports the largest resident population in the DPS; we also understand that past timber 
management has created the current abundance of high-quality lynx habitat, and we believe 
that there are many more lynx in Maine now than was likely under historic natural disturbance 
regimes and habitat distributions. Similarly, when the DPS was listed, we were uncertain as to 
whether Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research also suggests that lynx and 
habitats in the western U.S. are naturally less abundant and more patchily distributed than was 
thought at the time of listing, and lynx may have been recently extirpated from several areas 
thought to have previously supported small resident populations (the Kettle Mountains in 
northeastern Washington, the Garnet Mountains in western Montana, and the Greater 
Yellowstone Area). We also know that recent extensive wildfires in north-central Washington 
have temporarily reduced the amount of high-quality lynx habitat and have probably caused a 
decline in lynx numbers there. Finally, as a result of the release of 218 Canadian and Alaskan 
lynx from 1999 to 2006, and their subsequent survival and reproduction, resident lynx currently 
occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time.  Relative 
to the ecological requirements of the lynx within the DPS, we assessed current conditions at the 
individual, population, and range-wide levels, and the likely changes in the environment that 
may influence the future condition of individuals, populations, and the DPS and thus the viability 
of the DPS.  
 
The SSA uses the conservation biology principles of representation, redundancy, and resiliency 
(the “3 Rs”) as the framework for assessing current and future conditions. Resiliency describes 
the ability of the species to withstand stochasticity, redundancy describes the ability of the 
species to withstand catastrophic events, and representation describes the ability of the species 
to adapt over time to long-term changes in the environment. The 3 Rs can be influenced by any 
number of factors. For the lynx, these factors included the original reason for listing the lynx 
DPS as threatened:  inadequacy of regulatory mechanisms. Other factors included climate 
change, vegetation management, wildfires, and habitat connectivity 
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SSA Assumptions and Uncertainties 
 
A fundamental hypothesis underlying the SSA is that the ability of lynx to persist in the DPS is a 
function of metapopulation dynamics with Canada, i.e., the DPS is infused intermittently with 
lynx from Canada following high hare cycles. 
 
Overall, uncertainties abound with regard to lynx demography and effects of various stressors 
on DPS populations. The primary sources of uncertainty for this analysis include a lack of 
empirical data regarding population sizes and trends, the extent of immigration of lynx from 
Canada to the persistence of U. S. populations, trends in hare populations, and effects of 
habitat management on lynx. Most importantly given the importance of climate change as a 
stressor, we lack information on the pace and extent of changes in snow quality, depth, and 
persistence and how thisthese changes affects the relationship between lynx and their 
competitors.     
 
For purposes of the SSA, we forecasted potential effects and trends through the end of this 
century. This time frame is based on the level of uncertainty about climate change and other 
effects on lynx populations; it is also a long enough time frame to detect lynx population trends 
across the DPS.  
  
Current Conditions 
 
Currently, four of the six DPS units, four (Northern Maine, Minnesota, Northwestern Montana, 
and Western Colorado) demonstrate high levels of resiliency. The North-central Washington 
Unit (Unit 4) was also considered resilient until recent wildfires consumed an extensive amount 
of habitat, likely resulting in a diminished population that may be susceptible to stochastic 
events. The Greater Yellowstone area historically supported resident lynx, but it is unclear 
whether the area still supports a breeding population due to the distance and relative isolation of 
the unit from Canada as well as the less than favorable habitat conditions and snowshoe hare 
densities.  
 
As shown in the table above, five of the six units are larger than 20,000 km2; the other is over 
5,000 km2. Land ownership within the units varies from mostly private in Maine, to a mix of 
private, State, and fFederal lands in Minnesota, to mostly fFederal lands in the West. Overall, 
fFederal lands account for nearly 64 percent of the areas encompassed by the SSA units. Of 
non-fFederal areas, private lands make up almost 27 percent of the total followed by State and 
Tribal lands. Available data indicate that distribution within the DPS remains similar to historical 
patterns and that the number of units across the DPS has not been meaningfully diminished 
from historical levels, given the uncertainty about the past occupancy of the Greater 
Yellowstone area by a resident breeding lynx population.  
 
Given the resiliency of most geographic units and the improbability low likelihood that any 
imminent catastrophic event will cause the extirpation of an entire unit or, especially, the DPS as 
a whole in the near term, redundancy is not currently atn issue for the lynx DPS. Also, because 
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lynx are genetically similar throughout the entire range of the species, and because we did not 
find any diminishment of adaptability and evolutionary capacity of DPS populations based on 
the known historical record, we do not consider representation to be a current issue for lynx. 
 
The original reason for which the DPS was listed, inadequacy of regulatory mechanisms, has 
been largely ameliorated on public lands within the western geographic units. Climate change, 
vegetation management, wildfires, and habitat fragmentation are now stressors of more 
heightened concern. We know that wildfires are causing depletion of lynx in some areas in the 
West, particularly in the North-Ccentral Washington Unit. We also know that past vegetation 
management in the nNorthern Maine Unit has resulted in a lynx population that is currently the 
largest in the DPS. Conversely, stressors such as climate change and associated habitat 
alterations, while currently occurring, may not demonstrate demographic effects on lynx within 
the next decade. 
 
Future Conditions 
 
Resiliency of individual geographic units, which function independently of each other, is the 
primary determinant of future lynx DPS viability. Overall, our analysis indicates a 
reduceddecreasing probability of persistence for alleach geographic units within the DPS over 
the rest of the century (noting that the analysis did not extend beyond that 2100 time frame). It 
further indicates a consequent permanent loss of two to four of the six units, i.e., loss of 
resiliency, by the end of the century. 

Representation and redundancy are lesser factors for DPS viability, for several reasons. 
Although the populations in the DPS units are demographically isolated from each other, there 
is little risk of significant genetic drift within the DPS, likely due to most areas being relatively 
well connected with Canadian populations; this is indicative of relative genetic health through 
the end of the century. Furthermore, based on expert input, there is no indication that the 
relatively low level of genetic diversity is likely to reduce DPS viability in the future (USFWS 
2016, p. 51). Because of the ability of lynx to widely disperse, and because it is unlikely that 
insurmountable barriers to lynx dispersal between Canada and the DPS will emerge, we do not 
expect representation to become a concern through the turn of the century. 

With regard to redundancy, neither the scientific literature nor expert input provide a basis for 
concluding that any catastrophic event could cause extirpation of any one geographic unit. It is 
even less likey that a single catastrophic event will eliminate all populations in the DPS. It is 
important to note, however, that a sequence of less-than-catastrophic events could result in 
extirpateion of one or more individual units over time, thereby reducing redundancy within the 
DPS. 

The likelihood of persistence of individual populations, and thus geographic units, is expected to 
decrease by 2100 primarily because of climate change effects on snow conditions and boreal 
forests. The other long-term threat is forest management practices that are not conducive to 
landscape hare densities able to support lynx, although this stressor may be limited to one 
geographic unit. Threats affecting the future condition of the DPS are summarized below. 
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Based on climate change models, the effects of climate change on snow and boreal forest 
conditions are foreseen as the primary stressor limiting future viability of lynx in the DPS. The 
southernmost boreal habitats are predicted to retreat northward and upslope, fragmenting and 
diminishing the quality of lynx and hare habitat within the DPS (although some uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts). As habitat 
conditions decline, mortality rates are likely to increase and reproductive rates decrease. This in 
turn will reduce abundance and density of individuals within populations, making lynx 
populations more susceptible to stochastic events.  

Given the percent of fFederal land ownership,  regulatory assurances that these lands will be 
managed in accordance with lynx conservation, and a stronger possibility that lynx populations 
will be able to relocate to higher elevations, western geographic units are more likely to support 
lynx longer than other units under projected climate change scenarios. Nonetheless, we are 
unaware of any management action that can abate the long-term retreat of boreal forests and 
changed snow conditions. Further, climate-induced frequency and intensity of wildfires and 
disease events isare expected to increase, particularly in the western portion of the DPS, 
although we do not anticipate such events in and of themselves alone to cause the permanent 
loss of breeding lynx populations in the Northwest-central Washington Unit or any other unit. 

With regard to the eastern geographic units (Minnesota and Maine), suitable boreal forest and 
snow conditions are projected to decline more severely than in the western units. Lynx habitat 
conditions in Maine are also likely to decline significantly by the end of the century as private 
forest management practices, particularly a decline in clearcutting, result in succession 
detrimental to snowshoe hare and lynx needs. 

DPS viability 

Although there is no evidence from the historical record that Canada lynx have declined within 
the DPS, a number of threats acting at the DPS and individual geographic unit scales indicate a 
moderate to high likelihood of declines (i.e., loss of two to four units) by the turn of the century. 
While it is more likely than not that any given individual unit—nNorthern Maine, nNortheastern 
Minnesota, nNorthwestern Montana, wWestern Colorado, and possibly nNorth-central 
Washington—will persist to mid-century, it is unlikely all that five will persist to that point. By the 
end of the century, we expect populations to persist primarily in units having high-elevation 
refugia, e.g., northwestern Montana and possibly western Colorado, although Colorado would 
be an isolated unit. Lynx may also persist at the end of the century in Maine, depending on the 
severity of climate change effects and trends in development and private forest management. 
Uncertainty increases at mid- to late-century concerning the timing and extent of various 
stressors that will affect lynx and hare habitat and snow regimes, especially those related to 
climate change. However, review of the best available science in concert with input from lynx 
experts indicates that all units will exhibit declines by 2025, with the negative DPS-wide 
trajectory continuing to the end of the century, and (with no evidence to the contrary) beyond 
that time frame.   

We conclude that the eventual loss of resiliency indicated by extirpation of geographic units will 
also reduce redundancy and, possibly, representation. These losses in resiliency, redundancy, 
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and representation will put the Canada lynx U.S. DPS at increasing risk of extinction over the 
course of this century, and in all probability, the risk will continue to increase after that point. 

Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a distinct 
population segment (DPS) and listed it as threatened under the Endangered Species Act of 
1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the United States 
District Court for the District of Montana ordered the Service to complete recovery planning for 
the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered 
the Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
such a plan will not promote the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). 
Thus, we conducted this SSA (version 1.0) to summarize the best available information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It relies heavily on 
adequate populations of its primary prey, the snowshoe hare (Lepus americanus), to support 
survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et al. 
2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; U.S. Fish 
and Wildlife Service 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 
54808-54809). Lynx survival and distribution is also influenced by snow conditions. It is 
generally restricted to areas that receive deep, powdery, and persistent snow that allows lynx, 
with their proportionately longer limbs and very large feet, to outcompete other terrestrial hare 
predators that are less efficient in such conditions (McCord and Cardoza 1982, pp. 748-749; 
Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et al. 2000b, pp. 400-
401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 2005, p. 744-749; 
Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historic ranges in Canada and Alaska, which, combined, account for roughly 98 percent 
of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 (2.1 million 
mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in Alaska 
(University of Alaska Center for Science Conservation 2016, entire; Reimer 2016, pers. comm.). 
The southern peripheries of the boreal forest and the distributions of snowshoe hares and lynx 
extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord and 
Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 2000, pp. 
163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units evaluated in this 
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SSA represent the remaining 2 percent of the species’ breeding distribution (approximately 
131,168 km2 [50,644 mi2]; see Figure 1 and Table 1, below). Lynx populations in the DPS seem 
to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below), and the demographic and genetic health and persistence of DPS populations are 
thought to be influenced by connectivity with, and immigration of lynx from, larger populations in 
Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 
79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada when hare populations crashed; many of these 
occurrences were  in anomalous habitats, and lynx were unable to persist and establish 
populations in most of these areas (Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2, below). 
Habitats capable of supporting persistent resident lynx populations in the contiguous U.S. occur 
over a much smaller geographic area that includes parts of the Northeast (primarily northern 
Maine), western Great Lakes (northeastern Minnesota), Rocky Mountains (northern Idaho, 
northwestern Montana; perhaps also parts of northeastern Washington, the Greater 
Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming, and parts of 
western Colorado), and the eastern Cascade Mountains of northern Washington (68 FR 40077-
40080; U.S. Fish and Wildlife Service 2005, p. 3; 79 FR 54806-54807; Lynx SSA Team 2016, 
pp. 6-7). Although uncertainty remains regarding the historic distribution of resident lynx in the 
contiguous U.S., and breeding populations may have been lost from some places, neither 
broad-scale breeding range contraction nor substantial population decline in the contiguous 
U.S. has been documented based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 
FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (U.S. Fish and Wildlife Service 2005, entire), designated critical habitat for the DPS in 
2006 (71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations 
of “significant portion of the range” and that all lynx in the contiguous U.S. constitute a single 
DPS (72 FR 1186). Also in 2007, the Service initiated a 5-year status review of the DPS (72 FR 
19549). The Service revised the critical habitat designation for the DPS in 2009 (74 FR 8616) 
and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based definition of 
the DPS boundary to formally extend ESA protection to lynx “where found” in the contiguous 
U.S., including New Mexico and other states that were not included in the original DPS range 
(79 FR 54804). The Service reinitiated the 5-year status review in 2015 
(https://www.fws.gov/mountain -
prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php), and that 
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review will be informed by this SSA report. On September 7, 2016, the U.S. District Court for the 
District of Montana remanded the 2014 critical habitat designation to the Service for further 
consideration. 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1). Five of the six geographic units were designated as “Core Areas” in the Recovery 
Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a “Provisional 
Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, these units 
also encompass and closely mirror the areas the Service designated as critical habitat in 2014 
(79 FR 54782). Some areas adjacent to but outside these geographic units are known or 
suspected to intermittently support lynx home ranges and occasional reproduction. Uncertainty 
remains as to whether resident lynx populations occurred historically in other areas not 
encompassed by the geographic units evaluated here. 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations relative to the general range of lynx in Canada. Range in Canada 
based on Poole (2003), Koen et al. (2014), and Vashon (2015). 
 



The six geographic units include federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and federal lands predominating in the western units (Table 1). 
 
 Table 1. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 0 0 0 0 91.6 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.6 55.6 6.8 1.1 26.5 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 

1.2 SSA Framework and Report 



The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of 
this effort, our Endangered Species Program has developed 
the Species Status Assessment (SSA) Framework to guide 
how we assess the best scientific and commercial data 
available when evaluating the biological status of species. In 
conducting an SSA, we take into consideration the life history 
and ecological requirements of the species to understand how 
the species maintains itself over time (captured under the 
broad heading of “species needs”); the current condition of the 
species at the individual, population, and range-wide levels in 
terms of meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 
and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the assessment, the SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (collectively known 
as the “3 Rs”) as a lens to evaluate the current and future condition of the species. Briefly, 
resiliency describes the ability of the species to withstand stochastic events; redundancy 
describes the ability of the species to withstand catastrophic events; and representation 
describes the ability of the species to adapt over time to long-term changes in the environment. 
As a result, the SSA characterizes a species’ ability to sustain populations in the wild over time 
based on the best scientific understanding of current and future abundance and distribution 
within the species’ ecological settings. Importantly, the SSA neither results in, nor 
predetermines, any decisions by the Service under the ESA. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP 
address: http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

1.3 Analytical Approach/Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
                                                
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time.  USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 
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terms of the 3 Rs using conceptual modeling (Figure 2) based on available published literature, 
other information on the historic and current status of and threats to lynx in the DPS and, where 
empirical data are lacking, on formally-elicited expert opinion and best professional judgment 
(Lynx SSA Team 2016, entire). 
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation due to catastrophic event or would be in the future. Figure 3 shows 
examples of relationships among factors that may influence redundancy within the lynx DPS. 
 



 
Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
 
Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 



populations in the DPS was based largely on consideration of recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Figure 5 below. 
 
 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 

Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 
lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 



three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 
large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 
and the northern contiguous U.S, where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, white on the underside of 
the tail, and is much more common and abundant than lynx in most of the contiguous U.S.. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx, there is evidence of genetic exchange between the two areas, indicating 
that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle that separates 
them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional genetic 
markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in eastern 
Canada, which suggest the potential for evolutionarily significant differences in those areas, 
recent analyses reveal genetic exchange among lynx on either side, indicating that some lynx 
successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 
2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
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population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids 
have been documented in the western portion of the lynx’s range (Schwartz in Lynx SSA Team 
2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69), and hare abundance is the 
major driver of lynx population dynamics. Lynx den site selection, litter sizes, pregnancy, as well 
as recruitment, survival (kitten, subadult and adult) and dispersal rates, and population age 
structure, home range sizes, density, and distribution are all strongly influenced by hare 
abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, 
pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 



 

 
Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 136-
140 and 2000b, pp. 183-191; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000b, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 136-140 
and 2000b, pp. 183-195). Over much of the lynx’s range, hare densities are higher in 
regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000b, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 



2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000a, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 



less pronounced or absent entirely among some hare populations in southern Canada and in 
the contiguous U.S. (Hodges 2000b, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., stand-level hare densities may exceed 2 hares/ha (0.8 hares/ac) 
(Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; Homyack et 
al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but in many parts 
of the DPS, landscape-level densities are lower, ranging from just above to well below the 0.5 
hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and populations 
(Hodges 2000b, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and Ruggiero 
2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, pp. 910-
911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, p. 1483; 
ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al. p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS (Moen et 
al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 1505; ILBT 
2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to adequately 
provision dependent kittens, and females seem to select den sites near prey sources to 
minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; Vashon et al. 



2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and one or more 
alternate or maternal dens until kittens are about 6-10 weeks old (Squires et al. 2008, p. 1502; 
Vashon et al. 2012, p. 17; ILBT 2013, p. 29). Thereafter, kittens remain with their mothers 
through their first winter, apparently learning from her how to hunt and capture prey, initially on a 
small portion of her home range, but by fall on the larger area the female used before kittens 
were born (Mowat et al. 2000, pp. 269, 278). Juveniles remain closely associated with their 
mothers until February or March, when family groups begin to break up, with young typically 
dispersing in April and May (Mowat et al. 2000, pp. 278-279) to establish their own home 
ranges. Female offspring may establish home ranges overlapping or adjacent to their mother’s 
home range and maintain mother-daughter bonds throughout their lives (Mowat et al. 2000, pp. 
279-280). Male home ranges may slightly overlap adjacent male home ranges. While male 
home ranges typically overlap one to three female home ranges, and female home ranges are 
partially or completely encompassed by a male’s home range, core areas within home ranges 
appear to be exclusive except during the breeding season (Koehler and Aubry 1994, pp. 90-91; 
Mowat et al. 2000, pp. 276-280; Vashon et al. 2012, pp. 17, 22-23). Fidelity to home ranges 
over several years has been documented for both sexes, but shifts and abandonment of home 
ranges have also been documented (Koehler and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). 
Lynx have been documented to live up to 16 years in the wild (Kolbe and Squires 2006, entire).   
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000a, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).  
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 



952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities declined from 2/ha (0.8/ac) to 1/ha (0.4/ac) 
(Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx home ranges 
larger at the southern periphery of the lynx’s range, including most of the contiguous U.S., and 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 
2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) it is born to a female that occupies a home range containing 

a) secure denning habitat, 



b) adequate hare abundance to support lactation during the early kitten stage and later 
provisioning of the kitten with hare meat, 

c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 
etc.); 

 
2) the mother’s home range occurs within a larger landscape that also contains adequate hare 

abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000b, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 
2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population. 
 



Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Table 2, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).  
 
Table 2. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 
 

Reported Lynx Home Range Size km2 
(mi2) 

 
References (pages) 

Female Male 

N Maine 26 (10) 54 (21) Vashon et al. 2012 (16-17) 

NE Minnesota 17-21 (7-8) 160-267 (62-103) Burdett et al. 2007 (460-463); Moen et al. 
2008a (17)  

NW Montana/ 
NE Idaho 

43-115 (17-44) 122-238 (47-91) Brainerd 1985 (20); Squires and Laurion 
2000 (344); Squires et al. 2004a (13) 

N-C 
Washington 

37-91 (14-35) 49-69 (19-27) Brittell et al. 1989 in Stinson 2001 (5); 
Koehler 1990 (847); Maletzke in Lynx SSA 

Team 2016 (21) 

GYA 50 (19) 824 (318) Squires et al. 2003 (12-13) 

Comment [30]: Some of these home ranges 
seem to be presented as a range of values and 
others (e.g., ME, GYA) are a single value (a 
mean?).  We should be consistent and present 
a mean and range, if these data are available. 



W Colorado 75-704 (29-272) 103-387 (40-149) Shenk 2008 (10) 

 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac). Voyageurs National Park, where hare density 
was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et al. 2012, 
pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter predators (mountain lion [Puma concolor], coyote [Canis latrans], 
wolverine [Gulo gulo], gray wolf [Canis lupus], fisher [Pekania pennanti], and other lynx) (ILBT 
2013, pp. 33, 35). Although lynx have co-evolved with predators, the influence of predation on 
lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain lions and coyotes are now 
more widespread and abundant in the southern periphery of the lynx distribution than they seem 
to have been historically (Buskirk et al. 2000a, p. 83; Gompper 2002, entire). Lynx also need 
landscapes where they are unlikely to suffer reduced fitness because of competition with other 
hare predators, or encounter traps or other anthropogenic causes of mortality. Except for fisher 
and marten (Martes americana), lynx predators and potential terrestrial competitors for hares 
(the species above plus bobcat; maybe red fox [Vulpes vulpes] in some situations) all have 
higher foot-loading (weight per surface area of the foot), making them less efficient at traveling 
and hunting in the deep powdery snow conditions favorable for lynx (Buskirk et al. 2000a, pp 
86-95, Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions 
between lynx and these species. Analysis of lynx occurrence data in the contiguous U.S. 
suggests that lynx require at least four months (December through March) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). Where snow conditions do not consistently favor lynx, 
increased potential for predation and competition would be expected (Peers et al. 2013, p. 8). 
Finally, individual lynx are more likely to survive, breed, and replace themselves in the breeding 
population if they occupy home ranges where trapping is prohibited or trapping pressure is low 
(Slough and Mowat 1996, entire), high-speed/ high-volume roadways are absent (ILBT 2013, 
pp. 77-78), and other potential anthropogenic causes of lynx mortality are minimal.  
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 



1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about 4 months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or to do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions recover or improve. As with 
individual lynx, populations are more likely to persist in landscapes where the effects of 
competition, predation, and human-caused mortality (e.g., trapping, vehicle collisions) are 
relatively lower. 
 
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-
31). Lynx populations in the DPS are at the periphery of the species’ range and may behave as 
islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 
that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 
source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.   
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000a, pp. 22, 30). Although some demographic data are available for 
most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 



populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000a, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in southern Yukon. This period of rapid growth was followed by a rate of λ = 
1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 
during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined 
from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the 
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) 
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 
and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 
northern Maine (see also section 4.1.1, below).    
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 square kilometers (USFWS 2005, p. 5). McKelvey et al. 
(2000b, p. 29) noted that extinction (extirpation) risk should decrease with increasing population 
size, and that extinction resulting from demographic stochasticity is very unlikely even for a 
population (generally; not specific to lynx) with as few as 20 reproducing females. Kramer- 
Schadt et al. (2005, entire) developed a spatially explicit population model for Eurasian lynx in 
Germany which they combined with demographic scenarios to evaluate the likely success of 
potential reintroduction efforts; they concluded that at least 10 females and 5 males would be 
required to establish a population with an extinction probability less than 5 percent over 50 
years. Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian 
lynx; they found that extinction occurred only in small populations that occupied habitats of less 
than 500 km2 and that extinction within 35 years was unlikely among populations occupying 
areas of at least 500 km2 of adequate habitat quality. 
 



In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; U.S. Fish and Wildlife 
Service 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 
54789). 

2.3 Historic and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; Alaska 
Center for Conservation Science 2016, p. 1). It is strongly associated with the expansive, 
continuous boreal forests of those areas, and its range largely overlaps that of its primary prey, 
the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 146; Mowat et 
al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to occupy about 
5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their historic range in that 
country (Environment Canada 2014, p. 2), and over 89 percent of the species’ entire 
distribution. Nationally in Canada, lynx are classified as secure, widespread, and abundant; they 
are managed for long-term population stability, with a conservative estimate of 110,000 
individuals during cyclic lows; and no acute, widespread threats to lynx have been identified 
(Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 



Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Science 
Conservation, http://akgap.uaa.alaska.edu/species-data/canadian-lynx-annual-
distribution/#content, accessed 4/28/2016; Reimer 2016, pers. comm.), which represents about 
8.7 percent of the species’ distribution. Lynx in Alaska are apparently secure, with low to 
moderate threats, and populations appear stable statewide, although total abundance is 
unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both Alaska and Canada, lynx 
trapping is managed through regulated seasons and harvest levels, which are adjusted to avoid 
overexploitation, especially during the low phase of the hare-lynx population cycle (Alaska 
Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along the Canada-U.S. border 
in provinces adjacent to DPS lynx populations, lynx trapping is prohibited in New Brunswick 
(adjacent to northeastern Maine) but regulated trapping is permitted in Quebec (adjacent to 
northwestern Maine, northern New Hampshire, and northern Vermont), Ontario (adjacent to 
northeastern Minnesota), Alberta (adjacent to northwestern Montana), and British Columbia 
(adjacent to northwestern Montana, northern Idaho, and northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historic conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historic range of lynx in the contiguous 
U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Because of this, resident lynx populations never occurred everywhere boreal forest existed in 
the contiguous U.S. Where the boreal forest was naturally more patchy and marginal, the 
habitat was incapable of supporting an adequate snowshoe hare population that in turn was 
incapable of supporting a resident lynx population over time. As a result, only a few areas in the 
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contiguous U.S. historically supported an adequate quantity and quality of habitat to support 
resident lynx populations over time, and many historical lynx occurrences across a large area of 
the contiguous U.S. were likely dispersers. The occurrence of dispersing lynx is unpredictable, 
and dispersing lynx will likely continue to periodically move into areas that are not lynx habitat 
(68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (U.S. Fish and Wildlife Service 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 
54812-54823). Many records of lynx in the contiguous U.S. appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16), suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous U.S.exist either as 
resident populations or as dispersers, that dispersing lynx are often found repeatedly and for 
variable amounts of time in habitats that cannot sustain breeding populations over time (though 
some breeding may occur occasionally in some of these areas), and that such areas probably 
contribute little to the persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated 
dispersal into habitats that ultimately cannot support the species (‘‘sink’’ habitats) often leads to 
confusion among scientists and the public about where lynx populations may be viable (74 FR 
66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 



the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367; Krohn 2010, p. 33). Because of the large effect that relatively 
few errors in identification can have on assessments of the distribution of rare animals, 
especially those that are easily confused with a similar and more common species, McKelvey et 
al. (2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historic or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 



contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.  
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historic or recent evidence of the habitat quality or 
quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 66940-
66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx in the 
DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and snow 



conditions and that they were not capable historically and are not capable now of supporting 
resident lynx populations.  
 
The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best historic 
and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 40097-
40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.     
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historic and potential future occurrences of lynx in these states most likely 
represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 



supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historic lynx reports for the Southern Rockies, questioned its 
original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historic records were of periodic dispersing lynx during “extremely high populations cycles” 
and that a resident population never existed in southeastern Wyoming (68 FR 40081, 40091). 
The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now Colorado 
Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into southwestern 
Colorado (with plans to release an additional 186 lynx from 2003-2009) in an effort to 
reestablish a resident lynx population, that reproduction among some of the released lynx had 
been documented by 2003, but that it was too early to determine whether the program would be 
successful (68 FR 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, and likely has 
only supported dispersing lynx since then, and that an effort to reintroduce lynx there failed 
quickly, suggesting the habitat is incapable of supporting a resident population (68 FR 44486-
44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan, 2011a, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (CPW 2015, p.1; Ivan in Lynx SSA Team 2016, 
pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service concluded 



that the historic record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historic occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historic records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016 pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historic and recent records and 
survey efforts (79 FR 54791). 
 



We concluded that the historic record and recent evidence of lynx occupancy and reproduction 
suggested the presence of a small but persistent resident lynx population in the GYA of 
northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 54825-54826); 
however, the consistency of occupancy over time remains uncertain (Lynx SSA Team 2016, pp. 
11, 45, 57). Uncertainty about whether this area consistently or only intermittently supported 
resident lynx historically makes it difficult to interpret their recent apparent absence from the 
area (Lynx SSA Team 2016, p. 57). If residency was intermittent historically, the current 
apparent absence of resident lynx might be a natural condition related to the area’s largely 
marginal or suboptimal habitat conditions - i.e., it may naturally be capable of supporting 
resident lynx only intermittently when habitat conditions and hare densities are optimal. In that 
case, future intermittent residency would be expected, but only if lynx dispersing from a source 
population immigrate to the GYA when habitat conditions and hare densities return to more 
favorable levels. Conversely, if the GYA always historically supported a small number of 
resident lynx but no longer does, it may suggest that some factor or factors have acted to tip the 
quality of the area’s habitat from just barely capable of supporting a small resident population to 
no longer capable of doing so, resulting in extirpation. We conclude that this uncertainty cannot 
be resolved based on the available information but, given the protected conservation status of 
millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its historic inability to support a robust, persistent resident population 
and its apparent recent inability to support any resident lynx may be a reflection of naturally 
marginal and patchy habitats and relatively low hare abundance in much of the unit, resulting in 
only an intermittent ability of this unit to support resident lynx. We also note that extensive areas 
of the GYA were burned by the large, intense wildfires of 1988, and that these areas may soon 
(perhaps in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer 
structure favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the 
likelihood that the GYA may support resident lynx again in the near future (Lynx SSA Team 
2016, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 



residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in northern New Hampshire. We conclude that northern and central New 
Hampshire likely supported a small resident lynx population historically that was extirpated 
during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821). Although bobcat 
populations have increased and expanded their range in this region in recent decades (Lavoie 
et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 
(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest declined 
substantially after two deep snow winters in 2008 and 2009 (Maine Department of Inland 
Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historic lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historic record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state, which currently supports the largest lynx 
population in the DPS (Krohn 2010, entire; McKelvey et al. 2000a, pp. 211-212; Hoving et al. 
2003, entire; Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon 
in Lynx SSA Team 2016, p. 18). The lynx population in Maine is much larger than was 
suspected at the time of listing or the 2003 remand (potential habitat exists to support possibly 
750-1,000+ individuals [Vashon in Lynx SSA Team 2016, p. 18], though a reliable population 
estimate is lacking). The current abundance of lynx is supported by the broad distribution of 
high-quality hare habitat that resulted from extensive, large-scale clearcutting in the 1970s and 



1980s in response to a massive spruce budworm outbreak (68 FR 40087; 79 FR 54792; also 
see section 4.1.1, below). As these regenerating clearcuts, which currently provide the dense 
horizontal structure preferred by hares, mature beyond about 35 years post-harvest, hare 
densities decline as cover and forage are reduced due to forest succession (Simons 2009, p. 
217). The current lynx population is probably larger than the likely historic condition, when 
relatively small amounts of the spruce-fir forests in the state are thought to have been 
composed of young stands (Lorimer 1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 
79 FR 54792). With the reduction in clearcutting following enactment of the Maine Forest 
Practices Act of 1989, it is projected that lynx densities in Maine will decline by 55 to 65 percent 
by 2032 (Simons 2009, p. 217). Lynx in Maine likely represent the southern periphery of a larger 
population that occurs in northern New Brunswick and southern Quebec south of the St. 
Lawrence Seaway/River, which appears to partially isolate lynx in this region, demographically 
and genetically, from populations in the core of the species’ range (Koen et al. 2015, entire). 
The extent to which lynx persistence in Maine relies on immigration from Canada is unknown.    
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 
and areas to the south and west are dominated by bobcats. Although there are currently more 
lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016 pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 



apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).   
  
In summary, although uncertainty remains regarding the historic distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire, though lynx persistence in New Hampshire is uncertain and lynx 
numbers in Maine are projected to decline over the next several decades. In the West, small 
breeding populations in the GYA and the Garnet Mountains of Montana may recently have 
become extirpated (although both also may be only temporarily “winked off” in a metapopulation 
dynamics sense). In north-central Washington, lynx habitat and numbers have declined 
because of recent large fires and insect outbreaks, and the persistence of the breeding 
population there could be threatened if additional such impacts occur with similar magnitude 
and frequency over the next several decades. As a result of the release of 218 Canadian and 
Alaskan lynx from 1999-2006, resident lynx currently occur in western Colorado. Although the 
number of lynx in this population and its future persistence are uncertain, Colorado currently 



supports more lynx than it likely did, based on the historic record, for much of the previous 
century. The geographic units evaluated in this SSA include all areas in the contiguous U.S. 
with strong historical and recent evidence of persistent resident lynx populations. Detailed 
assessments of the current status and future viability of resident lynx populations and habitats in 
these areas are presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historic and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Those 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “federal nexus” exists) and which 



may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of federal land varies by unit, 
ranging from 0 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see Table 
1, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.   
  
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 



time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of federal 
Land Management Plan guidance for the conservation of lynx and the potential for those plans 
to allow or direct actions that could adversely affect lynx constituted a significant threat to the 
DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements, and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on federal 
lands that were designed to mimic historic conditions and landscape-scale disturbance patterns 
and to maintain or improve lynx and hare habitats at both local (project-level) and landscape 
scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM managers 
within the range of the DPS agreed to implement the standards and guidelines identified in the 



LCAS until management plans could be formally amended to specifically address lynx 
conservation. In 2000, the Service, USFS, and BLM developed and adopted Canada Lynx 
Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and USFWS 2000, 
entire) in which the BLM and USFS agreed to coordinate assessment and planning efforts with 
the Service to assure a comprehensive approach to lynx conservation and to use the LCAS, 
supporting science, and locally specific information as the basis for the approach and to 
streamline consultation under section 7 of the ESA. The USFS further committed to deferring 
any actions not involving third parties that would adversely affect lynx until such time as the 
Forest Plans were amended or revised to adequately conserve lynx (USFS and USFWS 2000, 
p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of federal actions on lynx alleviated 
the effects of federal land management activities on lynx, but that amendment of USFS and 
BLM land management plans to conserve lynx would be the strongest mechanism to ensure 
long-term conservation of lynx and lynx habitat on federal lands (68 FR 40096-97). It concluded 
that although federal, State, and Tribal regulations and plans had reduced threats to the DPS, 
the inadequacy of existing regulatory mechanisms still posed a moderate, albeit lower-level 
threat, and would continue to do so until federal land management plans were specifically 
amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 
with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 



Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 1, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley, 
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 



2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to limit potentially adverse effects and promote beneficial effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 
management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 
(USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008, p. 52).      
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 
collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (Table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to almost 92 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 



of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute all of the lands in the Northern Maine Geographic Unit and over half of 
those in the Northeastern Minnesota Unit. Because both of these units support larger resident 
lynx populations than was known when the DPS was listed and, therefore, may contribute more 
substantially to the conservation of the DPS than was understood at the time of listing, we must 
evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx SSA Team 2016, 
p. 54). Although private, State, and Tribal lands constitute much smaller proportions of the other 
four (western) geographic units (from about 3 percent to 16 percent, combined), important lynx 
habitats occur on some of those lands, and regulatory mechanisms may influence their 
contributions to the conservation and persistence of DPS populations or parts of them. 
Therefore, in this section, we summarize the relevant regulatory frameworks and mechanisms 
that may affect lynx on private, State, and Tribal lands within the six geographic units of the 
DPS, but with a focus on those units with the greatest proportions of these lands and on 
activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take of lynx during legal trapping of other furbearers. These 
efforts benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations where lynx may occur that address 
specifics about traps types and sets that may be used to legally harvest other furbearers and 
that are intended to minimize the likelihood of incidentally trapping lynx 
(http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/). MDIFW 
also adopted and made available for download on its web page the interagency brochure How 
to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats and other Furbearers, and 
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modified it to be more specific to Maine. MDIFW also set-up an incidental lynx capture hotline 
and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (10 died from traps or illegal shooting in traps) that were reported 
incidentally trapped in northern Maine (MDIFW 2014, p. 75). In 2014, the MDIFW obtained an 
incidental take permit from the Service for lynx trapped incidental to other legal furbearer 
trapping in Maine. After two lynx were killed in killer-type traps in 2014, MDIFW imposed 
additional trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx 
(see Other Factors in section 4.1.1 below). The regulations now require exclusion devices on 
killer-type traps, prohibit the use of drag sets on foothold traps, address specific trap types and 
sets, prohibit visual use of bait and visual attractants, swivels on chains, and require reporting of 
incidental captures. The trapping permit is currently being litigated in federal court. The MDIFW 
also is responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 52-54 
at: http://files.dnr.state.mn.us/rlp/regulations/hunting/2013/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 
trapping lynx. Minnesota DNR is under a federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 2015, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
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Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by by 
the State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm; https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection#87-5-107). 
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
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(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foot-hold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 92 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.1.1 and 5.1.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut excellent hare habitat likely peaked 
in the late 1990s, when 20-25 percent of the forest in Maine was in an early regeneration stage - 
3 to 8 times higher than historic conditions, when only 3-7 percent of stands were likely in such 
condition at any given time (68 FR 40094). Current timber harvest and management on State 
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and private lands in Maine are governed by the Maine Forest Practices Act of 1989 and 
administered by the Maine Forest Service within the Department of Agriculture, Conservation & 
Forestry to regulate the size, arrangement, regeneration, and management of clearcuts 
(MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) clear-cuts are still permitted, 
but require special permits. Because of this regulatory burden, the extensive clear-cutting of the 
past has largely been replaced by partial harvest techniques that are unlikely to maintain the 
current unnaturally high amount and distribution of high-quality hare habitat. The consequences 
of this shift in forest management on Maine’s current lynx population, which is also much larger 
than was likely possible under the natural historic disturbance regime, are discussed below in 
sections 4.1.1 and 5.1.1, along with other programs that may influence private lands forest 
management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). Landowners selected 
one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements require management 
prescriptions or commitments for Canada lynx. To our knowledge, there are no private 
landowners in Maine who have committed to long-term or permanent protection and creation of 
lynx habitat according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of federally listed species, but so far no lynx management plans have been developed. 
Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 
trapping requires management of 6,400 acres of lynx habitat within a 22,000-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
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Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and state landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit, and almost all are in Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution (http://dnrc.mt.gov/divisions/forestry/forestry-
assistance/forest-practices, accessed July 18, 2016). Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.1.3 
below.  
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit.t, and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent state agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001; Washington DNR 2006). The WADNR LHMP guides 
timber harvest and other vegetation management on these lands, including the part of the 
Loomis State Forest that occurs in this unit, with the goal of creating and preserving quality lynx 
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habitat through its forest management activities. Additional information on the LHMP are 
provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe’s stated environmental mission is “...to protect the environment and 
conserve natural resources within all Passamaquoddy lands, waters, and the air we share” 
(Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation Department of 
Natural Resources is “...to manage, develop and protect the Penobscot Nation’s natural 
resources in a sustainable manner that protects and enhances the cultural integrity of the Tribe” 
(Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are prohibited in 
accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game Regulations – 
Section 204 (Penobscot Indian Nation 2012, p. 15). 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  



 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
  
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is due to 
natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 



fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. 
  
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 



2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzales et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1, Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow, with these conditions occurring at 
higher latitudes (Callaghan et al. 2011, entire) and higher elevations in the Rockies (Abatzoglou 
2011, pp. 1138-1141). The frequency of warm spells is correlated to the hardness of the snow 
surface, sinking depth, and the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633).  As 
the climate warms, winter temperatures are rising above freezing more often. This results in 
more rain on snow events and winter thaws that change the structure of the snowpack; larger 
grain size, basal ice layers, depth hoar (weak layers in the snowpack), and slip planes (crusts 
and ice layers within the snowpack) (Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) 
and other structure in the snowpack are believed to reduce the competitive advantage of lynx 
over bobcats and other mesocarnivore competitors and predators.  
 
Although it is believed that high elevation areas in the West may provide refugia for lynx (Lynx 
SSA Team 2016, p. 45), these areas will also be affected.  Mountainous regions in the western 
U.S. have historically been strongly snow dominated from November through March. By 2050, 
the length of snowfall-conducive temperatures over many western mountain ranges will be 
reduced from approximately five (November–March) to approximately three (December-
February) months of the year (Klos et al. 2014, p. 4566). Many relatively large areas that 
contain lower relief, mid-elevation mountain ranges will likely shift relatively quickly into new 
precipitation phase regimes (e.g., the Northern Rockies, North Cascades)(Klos et al. 2014, p. 
4566). The interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated 
areas to warming because much of the region is characterized by relatively warm winter 
temperatures and by mainly mid-elevation mountain ranges. The climatic rain-snow transition 
zone will move up in altitude and latitude.  
 
It is possible that in high elevation areas of DPS in the West, snow conditions suitable for lynx 
may move up slope at a faster rate than boreal forest habitat will migrate, providing a mismatch 
of these important habitat elements for lynx. During prehistoric periods of warmer climate, the 
alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-boreal forest 
ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both the northern 
(Kearney and Luckman 1983) and southern Rockies (Legg and Baker 1980). Boreal treelines in 
Scandinavia moved upslope an average of 40 m (but up to 100 m) during a recent 50-year 
period of warming (Kullman 1990). However, despite recent warming, the alpine treeline in 
North America has thus far remained relatively static (Butler et al. 1994). Upslope migration of 



the treeline of boreal forest may be limited by high winds, desiccation, and soil depth not 
conducive to colonization by conifers and will occur either gradually or as a series of scattered, 
rapid advances as thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower 
elevations, the upslope movement of the deciduous-boreal ecotone is limited by an isocline of 
excessively cold winter temperatures (generally -40C), moisture (cloud, fog line), and acidic 
soils (Kupfer and Cairns 1996, p. 263-264). The rate that boreal forest will retreat upslope is 
highly speculative depending on how climate change will affect complex moisture and 
temperature regimes, and there could be a lag time before these community types move up 
slope (Kupfer and Cairns 1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to 
be triggered by climate thresholds and was characterized by slow, gradual change followed by 
rapid advances (Danby and Hik 2007, p. 361). However, in Vermont, the northern hardwood-
boreal ecotone moved upslope 91 to 119 m between 1962 and 2005 consistent with rapidly 
increasing cloud ceilings in the Northeast, which is believed to be closely associated with this 
ecotone transition (Beckage et al. 2008, pp. 4200-4201). 
 
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). By 2100, the altitude above which it snows 
and below which it rains will climb as much as 800 feet in the Colorado Rockies, by 1,400 feet in 
the Rockies of Idaho and Wyoming, and the snow line will rise by an average of 950 feet across 
six Western mountain regions if greenhouse gas emissions continue at the current rate (Scalzitti 
et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but deep, fluffy 
snow conditions will retreat upslope and preclude the use of boreal habitat by lynx and instead 
favor competitors such as bobcats. 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 
al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101).  These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous. 
  



Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Workshop Report 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Feng and Hu 2007, entire; Knowles et al. 2006, entire, 
Huntington et al. 2004, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).  
  
Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991, Murray et al. 1994, Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48). 
 



Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp. 
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below. 
 
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably 
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare 
cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4) 
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare 
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7) 
introduction of disease and parasites, and 8) reduced gene flow. Synergistic effects between 
these factors and other stressors (e.g., forest management, trapping, development) may 
intensify their effects (Carroll 2007). Diminished snow, increasing drought and fire, and 
increased forest pests and disease are believed to currently be the most important stressors for 
lynx in the DPS, but it is possible that other pathways are, or may become, equally important. 
Over the next decades, southern lynx populations will continue to be affected by climate change 
and associated shifts in habitat, prey base, and competition. The extent of such changes and 
whether lynx are able to adapt to them will determine not how, but if, this species can persist in 
the contiguous U.S. (Murray et al. 2008). 
  
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract from boreal habitat shifting to higher elevation (Danby and Hik 2007, pp. 
360-362) and northward shifts in latitudinal distribution of boreal habitat and snow conditions 
(Sturm et al. 2001, pp. 342-342; Gonzales et al. 2010, pp. 761-766; Koen et al. 2015. p. 528; 
ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted northward 
>175 km over the past 40 years (Koen et al. 2014, pp. 757-758). Habitat patches will become 
smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et al. 2012, p. 
11), bobcat distribution will expand northward (see below), and lynx will become more 
vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change influences ecological 
processes by altering large-scale climate systems such as the North Atlantic Oscillation, 
Southern Oscillation, Pacific North American Index, and North Pacific Index which, in turn, affect 
patterns of temperature and snow in North America (Stenseth et al. 2003, entire). Climate 
change-induced disruptions are believed to have caused the collapse of cycles in voles, 
lemmings, and snowshoe hares (Ims et al. 2008, p. 81; Cornulier et al. 2013, entire; Krebs et al. 
2010, pp. 484-488). The geographical borders between cyclic and noncyclic populations are 
shifting, and the spatial extents of regions that have cycles are shrinking. The collapse of cycles 
in herbivores with high-amplitude population cycles also would imply collapses of important 
ecosystem functions such as pulsed flows of resources and disturbances throughout the 



ecosystem, including declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 
2008, p. 85). A common denominator of cycles that exhibit spatial gradients, such as the more 
pronounced snowshoe hare cycles in the northern part of its North American range, is that the 
cycles seem to fade as winters become shorter (Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Krebs et al. 2001a, p. 34; Brown 2000, pp. 2347-2354). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but is 
also essential in modifying the cycle intervals (Yan et al. 2013, p. 3269). Collapses in lynx fur 
harvests in Canada beginning in the mid-1980s may be linked to warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; U.S. Fish and Wildlife 
Service 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 
54789, 68 FR 40091, 40097-40100). If diminished amplitude of the hare cycle in Canada 
continues, it will likely translate into a reduced potential for lynx to expand into new or 
unoccupied habitat in Canada or the adjoining U.S. (ILBT 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; McKelvey et al. 2011, pp. 2893-2895; Lynx BioTeam 2012 p. 69; Gonzales et al. 2007, 
pp. 7-8). Across their worldwide distribution, lynx rely on deep, powdery and persistent snow 
because they restrict potential lynx competitors such as bobcat or coyote and predators such as 
fishers and cougars from effectively encroaching on or hunting hares in winter lynx habitat 
(Peers et al. 2016, entire; 79 FR 54809).  
  
Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549). 
These trends are expected to continue with future climate warming (Hamlet and Lettenmaier 
1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 2007b, p. 850). 
The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth are very likely 
to decrease in most of North America except in the northernmost part of Canada where 
maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring runoff 
toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is accelerating the rate of loss of snow cover because of the reflective 



nature of snow and the relative heat-absorbing properties of non-snow-covered ground. This 
feedback effect causes the greatest warming to occur at the interface of snow-covered and 
exposed areas, increasing the rate at which melting occurs in spring (Groisman et al. 1994a, pp. 
1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has led to the average date of 
peak snowmelt to shift 3 weeks earlier in spring in the Intermountain West (Fagre 2005, p. 4). 
This albedo effect is further exacerbated by atmospheric soot and desert dust on snow ((Qian et 
al. 2009, entire; Painter et al. 2007, entire) and fire-darkened landscapes (Amiro et al. 2006, pp. 
47-49). Snow accumulation and duration are expected to decline generally in the geographic 
areas that contain the central and eastern portion of the lynx DPS (IPCC 2007c, p. 891; Burns 
et al. 2009, p. 31). Because lynx require prolonged periods of deep fluffy snow, current habitats 
that lose this feature would decline in value for lynx (Hoving 2001, p. 73; Carroll 2007, p. 1092; 
Gonzalez et al. 2007, entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983, 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
expansion of bobcats into areas currently occupied by lynx (Lavoie et al. 2009, pp. 873-874; 
Roberts and Crimmins 2010, p. 172; Anderson and Lovallo 2003, p. 758). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits 
their efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 



Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2004, entire).  
  
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 
2015, p. 528).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in several different ways, especially at 
the southern extent of the range. Changing snow conditions may influence lynx hunting 
behavior and effectiveness. For example, hard-packed snow is reported to be associated with a 
higher kill rate of hares by lynx and coyotes than soft snow (Stenseth et al. 2004, p. 10633, 
Buskirk et al. 2000, p. 94). The higher kill rate could generate a numeric response by lynx and 
other hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Predator communities are more diverse at the southern part of 
the lynx range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there 
(Hodges et al. 2009, p. XX). In dry western forests like those in the GYA, increased precipitation 
may result in more herbaceous forage and cover, which may promote hare survival and 
reproduction (Ivan et al. 2014, p. 590).   Thus, climate change may have both positive and 
negative effects on hares. 
 
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Zimova et al. 2013, entire; Mills et al. 2013, entire; 2014, entire). Diminished snow duration by 
as much as 8 weeks by the end of the century could have population-level effects on hares at 
the southern edge of their range. Hares exhibit plasticity in the rate at which they can molt from 
white to brown in the spring, but not in the initiation date of color change or the fall transition 
from brown to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for 
mismatched pelage by changing their behavior related to concealment, thus predisposing them 



to predation (Mills et al. 2014, entire). There is wide variability in the timing of pelage change by 
individual hares within populations, and “mismatched” hares experience increased mortality 
rates (Zimova et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11 
percent decline in hare survival by mid-century and a 23 percent decline by late century. 
Diminished survival would lead to steep (high emissions) to moderate (medium-low emissions) 
declines in hare populations (Zimova et al. 2016, p. 304). It is also possible that this 
phenological mismatch may dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns 
have been proposed to potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-
65, Sultaire et al. 2016a, entire).  
 
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).  
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).  
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 kilometers (km) during this century. In the contiguous U.S., 
researchers expect that lynx in mountainous habitat will, to some extent, track climate changes 



by using higher elevations on mountain slopes, assuming that vegetation communities 
supportive of lynx and hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some 
areas of the DPS (e.g., Maine, Minnesota) lack elevational refugia and, therefore, lynx 
populations are anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
These studies predict lynx and hare habitats—boreal spruce-fir and subalpine forests—and, 
therefore, lynx distribution, are likely to shift upward in elevation within its currently occupied 
range and recede northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; 
Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 
64; ILBT 2013, p. 69). Lienard et al. (2016, p. 7) assessed forests in New England, Northern 
Great Plains, and higher elevations in the Rockies, including spruce-fir types, as vulnerable to 
drought-related stress from climate change during the next century. The boreal spruce-fir forests 
that provide habitat for lynx and snowshoe hares are thought to be limited by summer 
temperatures and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of 
emissions and climate change scenarios, are projected to diminish dramatically or disappear 
from much of the eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–
400). Within the last 20 to 25 years, widespread mortality and reduced growth in red spruce in 
the Northeast are believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, 
Johnson et al. 1988, p. 5373.). Climate modeling suggests that lynx habitat and populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely 
from parts of the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). 
Remaining lynx populations would likely be smaller than at present and, because of small 
population size and increased isolation, populations would likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing rapid 
increases in tree mortality (Peng et al. 2011, entire). Several authors have suggested that 
grasslands, aspen parklands, and temperate forest will expand northward resulting in decreases 
in boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 
2000, entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang 



and Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 1970-
2004, Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of 
large fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. 
Mesic, middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the 
northern Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area ILBT 2013, p. 70).. In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 



2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 
2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations. 
 
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008; ILBT 2013, p. 70).  
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle and mountain pine 
beetle, are key agents of change in coniferous forest ecosystems in western North America and 
have recently defoliated millions of hectares – among the largest and most severe in recorded 
history (Bentz et al. 2009). Drought-stressed conifers have increased vulnerability to insect 
attack. By the end of the century, changes in temperatures across the boreal forests of western 
North America may cause markedly high probability of outbreak of these species (Bentz et al. 
2010. pp. 607, 609). In contrast, the range of the spruce budworm, a major pest of spruce-fir 
ecosystems in eastern North America, is expected to shift northward reducing vulnerability of 
spruce-fir forests in Maine and Minnesota (Regniere et al. 2010, entire). However, widespread 
clearcutting following the most recent spruce budworm outbreak in Maine was the primary driver 
creating widespread lynx habitat (Hoving et al. 2005, Vashon et al. 2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 
2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Irland 2000, 



entire; Millward and Kraft 2004, entire; Jones and Mulhern 1998, p. 19). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but experts believed this was difficult to predict and a 
possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska)(Biek et al. 
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956, Van Zyll de Jong 1966, Kumar 1974, and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
  
Reduction in Gene Flow - Koen et al. (2014, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 
and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 
al. 2014, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring in 
the lynx populations east and west of Hudson Bay based on differences in snow conditions on 



either side of this divide. This may be explained by the reluctance of lynx to disperse between 
areas having different snow regimes and snow quality. Snow conditions may be the key factor in 
the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 2014, pp. 10633-
10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014, entire) found genetic structuring on either 
side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating ice 
conditions on the St. Lawrence River could further restrict gene flow between lynx populations 
north and south of the river (Koen et al. 2014, p. 528). Between 1969 and 2002 there was a 20 
to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the St. Lawrence 
(Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent bobcats from 
dispersing northward into lynx areas in central Quebec (Koen et al. 2014, p. 528). 

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004, McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992, Wolfe et al. 1982, 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 



density are directly and positively correlated (Conroy et al. 1979, Sullivan and Sullivan 1988, 
Koehler 1990b, Koehler and Brittell 1990, Thomas et al. 1997, Hodges 2000a, Mowat et al. 
2000, Homyack et al. 2006, Robinson 2006, Scott 2009, Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011).  Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979, Sullivan and Sullivan 1988, Koehler 1990b, Thomas et al. 1997, 
Homyack et al. 2005, Robinson 2006, Griffin and Mills 2007, Scott 2009, Berg 2010, Ivan 
2011a, Lewis et al. 2011, McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, 
Seymour et al. 2002, Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 meters depending on tree species) the tree crowns lift and lower 
branches self-prune, thus reducing the live horizontal branches providing food and cover for 
snowshoe hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where 
mature trees die or fall down) and food and cover may again become available to support 
snowshoe hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 



culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
maintaining high stem densities in regenerated forests (Koehler and Brittell 1990, Homyack et 
al. 2004, Bull et al. 2005, Fuller and Harrison 2005, Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 



collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125).  The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of state and federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to a host of  financial groups 
(Hagan et al. 2005). These groups have short-term investment goals and different management 
objectives and have dramatically changed harvest practices. Whereas the previous large 
industrial landowners focused on the forest land base as a supply for their manufacturing 
facilities, the new TIMOs and REITs focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004, Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s state area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to state and federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 



private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire). Many models have been developed to project how U.S. timber production and 
markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia 
et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate. Some models predict that consumers 
will gain from climate change while landowners in some regions will lose. The forest industry will 
adapt to climate change in many ways including using alternate tree species in manufacturing, 
shifts to geographic regions of the country with economic advantages in timber growth, and 
increasing forest plantations with new species that are favorably adapted to the new climate and 
markets. Many strategies have been evaluated to increase the quantity of carbon stored in 
North American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in 
some forests to build carbon reserves, increased recycling to reduce use of forest products, 
converting agricultural lands to forests, and substituting wood products for more energy-
intensive products. Increased atmospheric carbon will increase forest growth slightly, except for 
softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, 
is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth 
conifer forest to sequester carbon could benefit lynx in the West and be to the detriment of lynx 
in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting) (Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 



climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be the most important stressors for lynx in the DPS 
(Fig. X), but it is possible that other pathways for forest management are, or may become, 
equally important. Hares and lynx will continue to be affected (both positively and negatively) by 
forest management into the foreseeable future. Forest management stressors primarily affect 
lynx by lowering landscape hare densities, which in turn reduce lynx reproduction and lower 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 



precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26) . However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016? Check). After 17 years of extensive partial harvests, much of the 
northern Maine landscape has been influenced by this form of forestry, and will continue to be 
into the future. The popularity of this form of harvesting extends beyond Maine. From the mid-
1980s to mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 



residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006). Shelterwood cuts, a form of even-aged management, are the exception and have 
maintained densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. 
data). Current hare densities in partially harvested stands in Maine average about 0.4 hares/ha 
(Simons 2009, p. XXX, check), which is below the landscape hare densities (0.5 hares/ha 
(Ruggiero et al. 2000b, Simons-Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types (Plate 4.4). In these instances there is a short-term (10–30 years) impact on snowshoe 
hare habitat. In the western U.S., prescribed fire for ecosystem restoration is most applicable to 
the dry ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir 
forests are generally composed of thinner-barked trees that are easily killed even with light fire, 
this technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (Plate 4.3). These types of projects 
are becoming more common. In the western U.S., projects designed to restore forests to a 
condition more representative of the historical range of variability are generally targeted to drier, 
lower-elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx 
habitat. Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting leads to drying of the 



forest floor and consequent heavy mortality in spruce and fir regeneration and increased light 
levels that increase hardwood competition (White and Cogbill in Eagar and Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163, Parker 1986 p. 160, Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest)(Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus reducing food, 
cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et al. 
2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
  
Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where habitat was more 
contiguous supported more snowshoe hares than landscapes that were more fragmented 
(Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for habitat 
patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller 
and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in Maine 
indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that land-scapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx (FR 74(36)). 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 



lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northeast Geographic Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, the 
Acadian forest in Maine and eastern Canada was driven by gap dynamics (similar to some parts 
of the West today) and true stand-replacing disturbances were quite uncommon with recurrent 
intervals of thousands of years. After several centuries of forest management, stand age 
structures have become simplified, and commercial timber rotations are a fraction (15 to 40 
percent) of the lifespan of boreal tree species (Seymour 2002). Whereas prevalent, these 
younger even-aged  forest stands on the landscape may benefit hares and lynx in Maine, 
forestry has shifted the species composition of Maine’s forest to species favored by frequent 
harvest disturbance, such as red-maple, paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high densities of hares, which in turn provide high-quality lynx foraging habitat. 



They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 



U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historic natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historic conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 



As described above in section 3.1.1, current federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 



recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future. 
 
Although fire suppression was in the past thought to be a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
due to climate change, it may be necessary to reconsider whether fire suppression in some lynx 
habitats could benefit lynx by reducing the potential for extirpation of resident populations, 
especially in places already apparently only marginally capable of supporting them.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas and “fragmentation” to anthropogenic disruption of natural patterns. Habitat loss is 
conversion of forest to another land use or vegetative cover. 



 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011 (entire). 
Fragmentation in the forested western landscape resulted in a decline of weighted mean patch 
size from roughly 35,000 to 3,200 km2 from natural to current conditions, but models predict 
relatively small declines in the size of forested patches over the next 30 years (Theobold et al. 
2011 p. 2451).  In the eastern United States, nearly half or more of the natural forest was 
cleared in the past three centuries but as agriculture and settlement relocated westward, 
eastern forest cover rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has 
increased 0.79 percent since 1982 (Maine Forest Service, Department of Conservation 2010, p. 
25). Similarly, a large portion of Minnesota forests were cleared in the last century, but forest 
cover has rebounded. The forest area in northern Minnesota has decreased 4 percent since 
1977 (Miles et al. 2007, p. 22). Preliminary findings from the 2002 U.S. timber assessment 
(Haynes 2003) indicate that approximately 15 to 20 million acres of U.S. forest land could be 
converted to urban and developed uses over the next 50 years. Such land use conversions 
could result from residential development in forested landscapes, as the U.S. population is 
estimated to grow by another 126 million people. 
 
Habitat fragmentation (both natural and anthropomorphic) directly affects snowshoe hares and 
lynx by various mechanisms; reducing hare survival and landscape hare densities, increasing 
lynx home ranges, reducing lynx reproduction and survival, and affecting lynx movements 
throughout the landscape. Habitat fragmentation also influences mesocarnivore communities 
that coexist with lynx and the level of competition for space and food resources. Fragmentation 
from anthropomorphic sources results in habitat alteration, direct habitat loss, vehicle collisions 
and behavioral disturbance from roads, and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous, or where good patches of hare habitat 
are surrounded by other patches of similar habitat quality, support more hares than landscapes 
that are more fragmented or include matrix habitats that are poorer quality (Lewis et al. 2011, p. 
565). Thus, southern transitional boreal forests generally have lower landscape snowshoe hare 
densities than boreal forests further north (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 84). This may have as much to do 
with the quality of the matrix habitat between high quality patches as the hare densities that 
occur in the high quality patches themselves (Lewis et al. 2011). Low-quality matrix habitat, 
typical throughout much of the DPS, could decrease survival for hares, because predators might 
have higher hunting success or be more numerous in the matrix habitats (Griffin and Mills 
2009). In contrast, a high-quality matrix, typical of Canadian boreal forest, can provide 
alternative or supplemental resources (Dunning et al. 1992; Norton et al. 2000), thus supporting 
higher densities of hares in the prime habitats. 
 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
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http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-37


The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Forest fragmentation may exacerbate competition between lynx and other predators (Buskirk et 
al. 2000a, entire). Fragmentation and competition are strongly linked because vegetation 
mosaics in landscapes provide high quality environments for generalist species such as the 
bobcat, red fox, and coyote (Goodrich and Buskirk 1995, Buskirk et al. 2000a, p. 84). Under 
such conditions, generalist predators tend to dominate the predator guild in fragmented 
landscapes (Oehler and Litvaitis 1996). Hares fluctuate less dramatically in the southern part of 
the range of lynx, thus there is more competition for a limited resource and exploitation 
competition inflicted by generalists (e.g., coyotes) and other predators (Buskirk et al. 2000a, p. 
95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Lynx seem to be flexible in their response to habitat fragmentation whereas closely related 
species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation (Ferreras 
2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 



responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, factors that further fragment boreal forests in the DPS (e.g., climate 
change, forest management, roads and development) further reduce the probability of 
persistence of lynx.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzales et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
mountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat in is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
other areas of the DPS where there is little topography, including Minnesota and Maine, matrix 
forest facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 



not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the natural habitat 
fragmentation that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 



Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these individuals 
crossed the highway (Squires, unpublished data). 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 



Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. , 2001). As the standard of roads increases from 
gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to 
increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had 
no effect on lynx distribution. Four-lane highways, such as the interstate highway system, 
commonly have fences on both sides, service roads, parallel railroads or power lines, and 
impediments like "Jersey barriers" that make successful crossing more difficult, or impossible, 
for wildlife (ILBT  2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 
and 5,000 vehicles per day may be the threshold above which successful crossings by 
carnivores are impeded. In Colorado, lynx successfully and repeatedly crossed major highways, 
including I-70 (J.Squires, personal communication 2012; Ivan 2011b, c, 2012). Colorado lynx 
crossed two-lane highways an average of 0.6 times per day and more frequently during dusk 
and night when traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane 
highways (I-70), especially forested areas under large, elevated bridges that spanned streams 
(Baigas et al. 2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
Montana (compiled by K. Broderdorp, U.S. Fish and Wildlife Service, unpub. data 2016). 
Between 1995 and 2011, 15 lynx were reported killed on British Columbia highways (British 
Columbia Wildlife Accident Reporting System 2012). Most of these mortalities are on higher 
speed paved highways. However, in Maine, about 41 percent (22 of 54) were killed on lower 
speed dirt logging roads. 
 
Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 mortalities of translocated animals were attributed to road kills (Brocke et al. 
1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of translocated lynx 
were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado highways where 
the 13 lynx mortalities occurred were estimated to range from about 2,300 to >25,000 vehicles 
per day (K. Broderdorp, personal communication 2012). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx.  Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 



local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. , 2010) like recent clearcuts and thinned areas. In 
Maine, the shift to partial harvesting forms of forest management will continue to increase the 
number of patches of high quality hare habitat, but it will greatly reduce the size of patches and 
increase their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape 
conditions conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (section 5.1.1). It is uncertain to what degree 
lynx can tolerate habitat fragmentation from roads and forest clearing, and how human and pet 
activity affect lynx use of habitats. Some anecdotal information suggests that lynx are quite 
tolerant of humans, although given differences in individuals and contexts, a variety of 
behavioral responses to human presence may be expected (Staples 1995, Mowat et al. 2000). 
The degree to which residential development and associated roads reduce connectivity of 
mesocarnivore populations (including lynx) likely depends on the physical design of highway 
improvements, the surrounding environmental features, the density of increased urbanization, 
and the increased traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski areas have similar effects on permanent habitat loss and fragmentation. One 
ski run is often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (J. Squires, personal communication 2012). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 



southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 



consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101, Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. . We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 



influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historic records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we did not have a feel for population size or trend. We now know that northern 
Maine currently supports the largest resident population in the DPS, that extensive clear-cutting 
in the 1970s and 1980s in response to a large spruce budworm outbreak has created the 
current abundance of high-quality lynx habitat, and that there are many more lynx in Maine now 
than was likely under historic natural disturbance regimes and habitat distributions. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western U.S. (Units 3, 4, 5, and 6) 
are naturally less abundant and more patchily-distributed than was thought at the time of listing, 
and several areas thought to have historically supported small resident populations currently do 
not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the Kettle 
Mountains of northeastern Washington). We also know that recent extensive wildfires in north-
central Washington (Unit 4) have reduced (probably temporarily) the amount of high-quality lynx 
habitat and likely caused a decline in lynx numbers there. Finally, as a result of the release of 
218 Canadian and Alaskan lynx from 1999-2006, and their subsequent survival and 
reproduction, resident lynx currently occupy parts of western Colorado (Unit 6), although the 
current number of lynx there is unknown and their distribution uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a catastrophic event. The 
DPS range currently spans the northern contiguous states from Maine to Washington and south 
along the Rocky Mountains to southern Colorado. Resident breeding lynx populations currently 
occupy five of the six geographic units (all but the GYA; Figure 1). Of the five occupied units, 
four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 
5,000 km2 (1,931 mi2) (see tables 1, above, and 4, below). Lynx experts indicated no 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units due to a single catastrophic event (Lynx 
SSA Team 2016, p. 56).  
 



Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historic records, was likely in areas (e.g., 
northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge area of northeastern 
Washington, perhaps Isle Royale in Lake Superior) peripheral to the geographic units that 
currently support resident lynx. Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous U.S. However, the implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historic record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of -acres in the GYA unit (Yellowstone and Grand 
Teton National Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., 
topographic/elevation settings) lynx across the range of the DPS occupy a similarly narrow and 
specialized ecological niche defined by specific vegetation structure, snow conditions, and the 
abundance of a single prey species. Therefore, lynx naturally have little ability to adapt to 
changing environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey 
species). However, although some small populations may have become extirpated recently, 
resident lynx in the DPS remain broadly distributed across the range of ecological settings that 
seems to have supported them historically in the contiguous U.S.  Because there are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historic conditions, we find that the DPS currently displays an adequate level of representation. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 



trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 3, below), 
they were collected using different methods, at different times and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historic record that limits our understanding of the relative persistence of lynx in 
various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the 
possible extirpation of lynx populations in the GYA (Unit 5) and in the Garnet Mountains of Unit 
3 may indicate the lower level of resiliency expected among small and relatively more isolated 
populations. The persistence of lynx in north-central Washington (Unit 4) despite the substantial 
recent wildfire-mediated loss of habitat suggests resiliency in that population; however, the post-
fires increase in home range size and likely decrease in lynx numbers may indicate the 
population is currently less resilient (less able to persist if additional or similar habitat losses 
occur) than it was previously. Overall, the apparent long-term (historic and current) persistence 
of resident lynx populations in at least four of the six geographic units (Units 1-4) and the 
absence of reliable information indicating that the current distribution and relative abundance of 
resident lynx are substantially reduced from historic conditions suggest adequate historical and 
recent levels of resiliency of lynx populations in the DPS. 
 
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the current adequacy of resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of inadequate 
resiliency in those places. 
 
 
 
 
    
 



4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec and northern New Brunswick, Canada. At the 
time of listing, the Northern Maine Unit was not believed to contribute significantly to the DPS. 
However, we now know that the largest reproducing resident population of lynx in the DPS likely 
occurs in this unit (numbers and trends unknown, but enough habitat exists to support possibly 
500 to 1000 lynx). Small numbers of reproducing lynx have also been documented recently in 
northern New Hampshire and northern Vermont. Historically, lynx distribution in this unit was 
patchy, and lynx populations were likely low and dependent on immigration from Canada. 
Forest management is now the primary driver of hare and lynx habitat in this DPS unit. Current 
lynx and hare habitat is historically high because of young, regenerating softwood forests 
created by extensive clearcutting and herbiciding to salvage spruce-fir following a severe spruce 
budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, Vashon et al. 2008). Lynx 
responded to these conditions with high survival and reproduction, small home ranges, and 
moderate population densities. State forestry regulations passed in 1989 caused landowners to 
shift to various forms of partial harvesting that have resulted in lower landscape hare densities 
across much of the unit. Hares do not seem to cycle in this region, but underwent a 50 percent 
decline starting in 2006 and have remained at lower levels. Reproduction and survival rates in 
the low-hare environment suggest a slightly declining population. Unlike other units of the DPS, 
lynx habitat in northern Maine occurs nearly entirely on private, industrial forest lands, and 
landowners do not have long-term commitments to lynx management. The majority of lands in 
Maine are owned now by investment companies who wish to diversify income from their 
investments which could result in forest practices inconsistent with hare and lynx habitat. Other 
potential stressors on private lands include large-scale wind energy development, residential 
and resort development, and parcelization of forestlands from rapid turnover in investment 
company landowners. The next spruce budworm outbreak is imminent, but forestry response by 
investment landowners is uncertain. Climate change is a concern as snow depth and duration 
are currently at the minimum thresholds believed necessary to give lynx a competitive 
advantage over bobcats and other mesocarnivores. There is currently no clear evidence of 
climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 



are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage in accordance with its 2004 Forest Plan, and several risk factors 
are being minimized and managed to promote the conservation of lynx within the SNF. 
Management of lynx habitat on state and private lands is voluntary. Factors affecting current 
conditions in this unit primarily include forestry management, roads, incidental trapping, mining 
development, snow compaction, competition with bobcats, and lynx-bobcat hybridization. Forty-
nine lynx mortalities due to vehicle and train collisions as well as incidental trapping and 
shooting have been reported in Minnesota since the species was listed. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historic resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most of 
this unit, including federal, State, Tribal, and some private lands, is managed to conserve and 
restore lynx and hare habitats. Past timber harvest and associated management (thinning, road 
construction, fire supporession) appear to have had localized impacts but not to have 
diminished the unit’s ability to support resident lynx, with the Garnets being a possible 
exception. Wildfire extent has increased over the past several decades, likely in response to 
climate warming, but impacts to lynx are uncertain. Whether and if so to what extent other 
climate-mediated factors have influenced the current condition of lynx populations or habitats in 
this unit is also unknown. Regulations prohibit lynx trapping and require measures to reduce the 
likelihood of trapping lynx incidentally when legally trapping other species. Hare densities have 
not been estimated broadly throughout the unit but appear to be low or marginal even in most of 
what is considered the highest-quality habitat, suggesting that even small decreases in habitat 
quality/hare densities could influence its continued ability to support resident lynx. The role of 
past and recent immigration in maintaining the demographic and genetic health of current lynx 
populations in this unit is unknown, but peaks in cyclic lynx numbers in Canada have declined, 
especially when compared to the unprecedented irruptions of the early 1960s and 1970s, and 
there is no evidence of significant immigration into this unit since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations 
exist in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historic resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 65-
90 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential lynx 



habitat, led to increased home range size, and may have reduced the current carrying capacity 
of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat within this 
geographic unit may have been influenced by climate change (Westerling et al. 2006, pp. 942-
943). There is significant risk for potential future wildfires to further affect the viability of lynx in 
this geographic unit. Burned habitats are expected to regenerate back into suitable lynx habitat, 
but this may take 35-40 years. The Kettle Range to the east of this unit was suspected to have 
supported a small (likely fewer than 20 individuals) resident population until about 30 years ago 
when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. Results of snowshoe 
hare research suggest that the hare population density in Washington exists at the low end of 
the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The OWNF and 
CNF, which administer more than 90 percent of lynx habitat in Washington, continue to manage 
lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, which 
manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.    
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historic 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit after 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Most of this unit consists of federal lands (97.5 
%) that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
Wildfire extent has increased over the past several decades, predominantly in the northern half 
of the unit and likely in response to climate warming, but impacts to lynx are uncertain. Whether 
and if so to what extent other climate-mediated factors have influenced the current condition of 
lynx populations or habitats in this unit is also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. Some lynx 
released in Colorado dispersed northward into this unit and temporarily occupied home ranges 
in areas used previously by native resident lynx, but there is no evidence of reproduction among 
these lynx.  
 
Unit 6 - Western Colorado:  Lynx habitat in Colorado is distributed west of US Interstate-25. This 
unit is not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 



large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believe it is reasonable that lynx 
continue to occupy all National Forests within the state of Colorado (Odell undocumented pers 
comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, page 3). Habitat that 
supports snowshoe hares is patchily distributed in this geographic unit, which limits their 
abundance. Because the majority of lynx habitat in Colorado is under federal land management 
(88 Percent), actions occurring on other ownerships are unlikely to result in significant losses of 
lynx habitat within Colorado. The majority of lynx habitat in Colorado continues to be managed 
by the USFS, providing conservation through the Southern Rockies Lynx Amendment. 
However, regulatory mechanisms for the conservation of lynx are lacking on approximately 
3,611 km2 (1,394 mi2) [14 percent] of some BLM, NPS, and other non-federal lynx habitat. 
 
Table 3. Summary of current conditions in six geographic units within the DPS range.  

 



4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.  
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Annual precipitation is 41 inches (104 cm), with greatest precipitation in winter in the form of 
snow 228 cm to 280 cm (90 to 110-plus inches), with higher amounts at higher elevations. Snow 
duration is about four months (mid-November through mid-April). 
 
Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 square kilometers (11,162 square miles) all in 
northern Maine (79 FR pp. 54823-54828). Land ownership in the critical habitat unit boundary is 
about 92 percent private, 7 percent State (primarily Baxter State Park), 1 percent tribal 
(Passamaquoddy Tribe, Penobscot Indian Nation), and contains no federal land. Private lands 
are almost entirely commercial forest lands. Lynx regularly occur outside of the designated 
critical habitat boundary in parts of eastern and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).  
 
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving (68 FR 40086) 
estimated approximately 1,000 square kilometers (386 square miles) of potential habitat having 
a greater than 50 percent probability of being occupied by lynx. Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 342 km2 (888 km2) of potential Canada 
lynx habitat. Historic distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e. White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the state (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the Connecticut 
Lakes Natural Area WMA which is owned and managed by NHFG. Surrounding habitat is 
owned and managed by the Connecticut Lakes Timber Company under a conservation 
easement held by the State of NH. Occurrence records from the past 10 years have been 



centered on these two ownerships (Kilborn 2015, App. A pp. 42-43). Habitat on the Connecticut 
Lakes Natural Area has a conservation easement with 15,000 acres of the core lynx habitat also 
being part of an unmanaged area of the 25,000 acre property. As a result these core 15,000 
acres will be allowed to mature to a climax forest type potentially allowing for good denning 
habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. Current 
conditions are in a transition state, and portions of the 15,000 acres are supporting higher 
densities of snowshoe hare because of past forest management (Kilborn 2015, App. A pp. 42-
43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont - Habitat in northern Vermont is not within the designated critical habitat. Recent 
modeling to determine lynx habitat connectivity in the Northeast suggests that the Nulhegan 
River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530 square kilometer  (205 
square mile) area is approximately 20 percent federal (Nulhegan National Wildlife Refuge), 17 
percent State (Vermont Department of Natural Resources), and 63 percent private commercial 
timber lands (with easement). The future of lynx and their habitat is unlikely because of the 
patchy and limited amount of habitat, climate change (decreasing snow), trends toward 
hardwood management, and increasing human disturbance (Vermont Fish and Wildlife 2015, 
Appendix A5 p. 127). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km north of Maine). Lynx populations in Maine and eastern Canada are 
geographically isolated from other lynx populations on the island of Newfoundland (900 km east 
of Maine), and on Cape Breton Island, Nova Scotia (650 km southeast of Maine) (Koen et al. 
2015, entire). The closest lynx population in the DPS is located in northeastern Minnesota, 
about 1,700 km west of Maine.  
 
Habitat Description:  In the northern Maine unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR, p. 40086). 
This habitat type occurs along the northern Appalachian Mountain range from southeastern 
Quebec, western New Brunswick, and western Maine, south through northern New Hampshire. 
This habitat type becomes naturally fragmented and begins to diminish to the south and west, 
with a disjunct segment running north-south through Vermont, and a patch of habitat in the 
Adirondacks of northern New York (McKelvey et al. 2000b, pp. 248-250). This area is part of the 
Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between northern 
boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and Hunter 
1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations up to 1,600 meters (Katahdin highlands, western Maine, White Mountains in central 
New Hampshire). Higher elevations support a predominantly coniferous forest (white, red, and 



black spruce; balsam fir; eastern white pine) intermixed with northern hardwoods (red maple, 
aspen, white birch, sugar maple, beech, and yellow birch). Lowland areas include spruce-fir flats 
interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitat are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense cover (Robinson 2006, pp. 26–36; Vashon et al. 2012, 
p. 15). Lynx are more likely to occur in large (100 square kilometer, 40 square mile) landscapes 
having a high percentage (>27 percent) of regenerating forest, and less likely to occur in 
landscapes with very recent clearcut or partial harvest (Hoving et al. 2004, pp. 291–292, 
Simons-Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after 
forest disturbance (almost exclusively logging) and are characterized by dense horizontal 
structure and high stem density within a meter of the ground. These habitats support the highest 
snowshoe hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; 
Vashon et al. 2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older 
(11- to 26-year-old), tall (15 to 24 feet (ft) (4.6 to 7.3 meters (m)) regenerating clearcut stands 
and older (11- to 21-year-old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–
1985). At the home range scale, lynx also select landscapes having some mature conifer forest 
(Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial harvested and mature 
conifer stands because of increased ease of travel and prey access along the extensive edges 
with high-quality (regenerating clear-cut) habitats (Simons-Legaard et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Some of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44, D. Harrison, UMaine, unpub. data, Vashon et al. 2012, p. 14). Prior to 2006, several 
estimates of hare densities in the highest quality, regenerating conifer or mixed forest averaged 
1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, hare 
densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109, D. Harrison, UMaine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 



density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100 km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the northern Maine 
unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that four million acres of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a 10 million acre area in northern Maine (approximately 50 percent of the designated critical 
habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 950,000 acres (9.5 
percent) of spruce-fir was in a young, regenerating stand condition that provide high quality hare 
habitat. This habitat is similar to, and contiguous with, forested areas in Quebec and New 
Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The current range of 
lynx in the northern Maine unit is associated with areas of deep snowfall, extensive (100 km2 
[40 mi2]) forested landscapes, and areas having a high proportion of regenerating conifer-
dominated forest that had previously been treated with herbicides to suppress hardwoods 
(Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood. These forests are believed to lack the conifer 
component needed to produce sufficient snowshoe hare densities to consistently support viable 
populations of lynx (Hoving et al. 2005, p. 749, Carroll 2007, p. 1100). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, pp. 1984-
1985). Lynx avoided mature stands (>40 years old) and short (3.4–4.3 m [11–14 ft]) 
regenerating clear-cut or partially harvested stands <10 years post-harvest (Fuller et al. 2007, 
pp. 1275-1278). Further research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). Lynx 
tended to forage in areas with intermediate to high snowshoe hare densities (tall regenerating or 
older partial harvest stands), which afforded lynx with greater mobility and where snowshoe 
hares were more vulnerable to predation, rather than in the densest stands (short regenerating 
stands; Fuller and Harrison 2010, pp. 1276-1278). 
 
Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 



sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008a, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008a, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008a, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008a, pp. 1492-1493).  
 
Historically lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
are often characterized by an even-aged wind-throw phenomenon known as fir-waves (Sprugel 
1976, entire). Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are 
rare (interval of several hundred to several thousand years) and highly variable in size 
(Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce 
beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). In this 
geographic area, wildfire is less significant as a natural agent of disturbance. The typical fire 
regime is infrequent surface fires in the dormant season in the hardwood forests, and slightly 
more frequent but long-interval fires in conifer forests (Kilgore and Heinselman 1990, entire; 
Seymour et al. 2002, pp. 359-365, Lorimer and White 2003, p. 59). For the past several 
decades, early successional forests and lynx habitat in northern Maine, New Brunswick, and 



southern Quebec have been created almost exclusively by forest management (Lorimer and 
White 2003, pp. 42-43). 
 
In contrast, current habitat is likely peaking and at historical highs. Favorable habitat conditions 
for snowshoe hare and lynx in Maine resulted from large-scale salvage cutting (clearcutting) 
following a spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, p. 291). After 
salvage harvest of the affected trees, a portion of the area was sprayed with herbicide to reduce 
deciduous competition (Scott 2009, pp. 7, 14). The resulting vegetation was dominated by 
balsam fir and red or black spruce (Scott 2009, p. 60). This created favorable habitat conditions 
for snowshoe hares and lynx. Habitat conditions for hares and lynx in the unit improved from the 
late-1980s to present, benefitting from stand-replacing salvage harvests during the last 
budworm outbreak (Simons 2009, pp. 122-229; Simons-Legaard et al. 2016, entire). During this 
time period, the percentage of forestland with an average landscape hare density greater than 
0.5 hares/ha increased 400 percent (Simons-Legaard et al. 2016, p. 7).   
 
Lynx habitat will decline in the near future. In response the widespread clearcutting in the 
1980s, in 1989 Maine passed the Forest Practices Act. This Act regulated clearcutting. Various 
forms of partial harvesting replaced clearcutting as the predominant form of forest management 
in northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime supports lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009).  
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a federal nexus for review of projects is almost nonexistent. 
Furthermore, there continues to be high turnover in forest land ownership (Hagan et al. 2005, 
Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work with private 
landowners. As of 2005, there were 23 landowners in northern Maine with land holdings in 
excess of 100,000 acres including the State, federal government (White Mountain National 
Forest south of lynx range), a conservation group (The Nature Conservancy), two tribes 
(Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) and 
18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 



endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in the 
Federal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
these land ownerships comprised 943.2 mi2 (2,443 km2), or 9.3 percent of the total designated 
critical habitat in northern Maine. 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit have commitments to 
endangered species management through forest certification programs. For example, The 
Nature Conservancy land enrolled in the HFRP is also enrolled in the Forest Stewardship 
Council (FSC) forest certification program, which requires safeguards for threatened and 
endangered species. Other landowners are certified under the Sustainable Forestry Initiative 
(SFI). Both certification programs require planning for threatened and endangered species. 



However, certification programs are also voluntary and may not be long-term commitments. 
Given the frequent turnover in Maine forest lands, new landowners do not always renew 
certification or resume the certification programs initiated by the previous landowner. 
 
Lynx Status:  At the time of listing, lynx were known to be present in northern Maine but little 
was known about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Although potential lynx habitat in New Hampshire 
and Vermont is fragmented, there is near contiguous forest and connectivity for lynx movement 
between these areas and habitats in northern Maine (Farrell 2013 personal communication, FR 
54821). Breeding lynx in New Hampshire and Vermont are not directly connected to Canadian 
populations, but they are connected to the larger population in northern Maine via habitat in 
western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now know that a significant population currently exists and is supported by 
the extensive young, regenerating spruce-fir habitat created by clearcutting in the 1970s and 
1980s. Habitat in northern Maine can support lynx densities in localized areas of high quality 
habitat that are substantially greater than elsewhere in the DPS (LCAS 2013, p. 23). In 2003 
when hare populations were high, lynx density (juveniles and adults) in one of Maine’s highest 
quality habitats was estimated to be 9.2-13.0 lynx/100km2 (Vashon et al. 2008, Vashon et al. 
2012, p. 15). At about the same time, the density of lynx in nearby Gaspe Peninsula, Quebec 
was estimated to be 10 lynx/100km2 (Ray et al. 2002). These densities are intermediate to those 



in Canada during the high (17.0-44.9/100km2) and low periods (2.3 – 3.0/100km2) of the lynx-
hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). Simons (2009, p. 
102) estimated there is potential for a population of about 236 to 355 adult lynx to occur on a 
3.56 million acre study area (about half of the critical habitat area) in northern Maine, and 
Vashon et al. (2012, appendix IV) estimated there is potential for a population of 750 to 1,000 
adult lynx in all of northern Maine in 2006. The actual number of lynx is unknown because there 
are no methods available to measure and produce true population estimates over such a large 
geographic area. 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals, although 
breeding has occurred in both locations in recent years. Most historic lynx records from New 
Hampshire are from trapping records from the 1930s to the 1960s (Brocke et al. 1993, 
McKelvey et al. 2000). There were only two records in the 1990s. In 2003, the Service 
determined that, despite a lack of breeding records, a small resident population likely occurred 
historically in New Hampshire but no longer exists (68 FR 40087). Lynx were detected in 
northern New Hampshire in 2006 and have occurred there annually since (Siren 2014 pp. 53, 
55). In 2011, 4 lynx kittens were observed in Pittsburg and were considered evidence of 
breeding in New Hampshire (Kilborn 2015 Appendix A p.44). There were only four historic 
records of lynx in Vermont prior to 2003. Since then, nine lynx sightings have been confirmed. 
Reproduction was first documented in 2012 in the Nulhegan Basin when the tracks of three 
lynx, a presumed family group, were observed travelling together in late February (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 126). 
 
Lynx do not presently occur in the Adirondacks region of New York. A resident lynx population 
reportedly occurred in the northern region of New York, particularly in the Adirondack 
Mountains, but it was considered extirpated by 1900 (Brocke 1982, McKelvey et al. 2000b). 
However, there are 23 verified lynx occurrences since 1900, primarily from the Adirondack 
Mountains (McKelvey et al. 2000b). The most recent verified record was from 1973 (McKelvey 
et al. 2000b), which correlates to an extreme cyclic population high. Habitat and prey conditions 
were deemed suitable for a lynx reintroduction in 1989–1991 (Brocke 1982). The reintroduction 
was unsuccessful in establishing a population. In 2003 the Service concluded that a resident 
population may have existed in New York prior to 1900, however, records of lynx since 1900 are 
of dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). Maine lynx had among the smallest home ranges in the DPS (LCAS 
2013, p. 24). During the period when snowshoe hare populations were highest, Maine lynx had 
among the highest reproductive rates (average litter size 2.74, 89 percent of adult females 
producing litters) in the DPS (Vashon et al. 2012, pp. 18-19). During the current period of low 
hare density, litter size was smaller, only 30 percent of females have litters, and mortality is 
greater. Home ranges are among the smallest in the DPS (54 + 5 km2 males; 26 + 4 km2 
females, LCAS p. 24, Vashon et al. 2008a). Home range sizes were similar during periods of 
high and low hare density (Mallett 2014). Lynx populations likely increased during the period of 



high hare density (lambda [λ] = 1.16) and declined during periods of low hare density (λ = 0.88) 
(USFWS, Vortex10, deterministic population simulation 2016; demographic data from Vashon et 
al. 2012). 
  
In summary, Maine lynx and hare habitats are at historical highs. In the Northeast prior to 
European settlement, lynx habitat was created and maintained by small-scale, frequent forest 
gap dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour 
et al. 2002, Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations were likely low and dependent on immigration from Canada. Current habitat is the 
result of widespread clearcutting and herbiciding to salvage spruce and fir damaged by a spruce 
budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, Vashon et al. 2008). Maine lynx 
at multiple scales select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) 
spruce-fir stands 15 to 35 years after clearcut or other even-aged harvest (Hoving et al. 2005, 
Fuller et al. 2007, Vashon et al. 2008, Simons-Legaard et al. 2013). Lynx habitat is expected to 
remain stable for the next few years then decline (Simons-Legaard et al. 2016). 
 
Factors Affecting Current Conditions: Climate Change - Climate change is affecting 
temperature, snow, and precipitation patterns in the Northeast at rates faster than expected 
(Rustad et al. 2014). Rapid winter warming in recent decades is believed to be caused by 
reduced albedo feedback caused by the reduced persistence of snow in winter (Hayhoe et al. 
2006). Average winter temperatures are increasing 0.42-0.46o C/decade with the greatest 
warming occurring in the coldest months of winter (January, February)(Burakowski et al. 2008). 
Climate change has, and will continue to affect lynx by reducing snow and boreal forest (see 
section 5.1.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzales et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015).  Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzales et al. 2007). Similarly, the largest snow depth decreases in Canada in 
the last six decades have been observed in the lower St. Lawrence Valley, immediately north of 
Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast and eastern Canada occur where there is regularly total snowfall of at 
least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx and bobcat 
in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 2013). Average annual snow depth 
at 5 weather stations within the range of the lynx in northern Maine (1981-2010) was below this 
threshold, 228-263 cm (NOAA 
2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced reduce 
depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-2005) 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
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declined an average of 4.6 cm/decade (Burakowski et al. 2008). Thus, average snow conditions 
in Maine are currently at or below this snow depth threshold, and   further declines in annual 
snow depth would be expected to give bobcats a competitive advantage over lynx (Hoving et al. 
2005, ) 
 
As noted in chapter 2, lynx and snowshoe hare require deep, fluffy snow that provides lynx with 
a competitive advantage over bobcats and gives hares the ability to reach winter browse. Snow 
quality (“fluffiness”) has deteriorated in the Northeast. Unlike other units, annual precipitation in 
Maine is increasing because of climate change, but primarily as rain (A. Siren in Lynx SSA 
Team 2016, p. 15; Fernandez et al. 2016), and especially rain on snow events in winter in 
northern Maine (Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). 
Snow density and compaction and crust conditions (caused by wet, heavy snow or rain on snow 
events in winter) have increased in northern New England (Dudley and Hodgkins 2002, 
Huntington et al. 2004, Huntington 2005, Hodgkins and Dudley 2006) and southern Canada 
(Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002 p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping season was closed in the Northern Maine Unit (including New 
Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). In 
2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) obtained an incidental 
take permit from FWS for lynx trapped incidental to other furbearer trapping in Maine. From 
2000 to 2015, 108 lynx have been reported captured in traps set for other species and 7 of 
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those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000. In Maine, after two lynx were 
killed in killer-type traps in 2014, MDIFW imposed additional trapping restrictions (e.g., requiring 
killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for foothold traps) 
to further reduce mortality and injury of incidentally-trapped lynx.  
 
Trapping of Canada lynx can be additive to other sources of mortality and have population-level 
effects (Brand and Keith 1979, Koehler and Aubrey 1994). Thus, harvest regulations for lynx are 
modified when hare and lynx populations are low (Bailey et al. 1986). Trapping mortality is not 
likely to have a great effect on lynx populations in northern Maine and adjacent Canada when 
lynx are at historically high numbers, but trapping could have a synergistic and negative effect if 
hare and lynx populations decline, habitat declines, or climate change further stresses lynx 
(Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - In response to climate change, wind development has escalated in 
northern and western Maine posing a potential threat to high and low elevation spruce-fir 
habitats (Whitman et al. 2013). Climate conditions are at or falling below threshold values 
needed to support lynx in Maine (see section above). Maine has experienced a rapid increase in 
wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 2, 
2016), and there is increased interest in placing developments on private lands in unpopulated 
areas throughout northern Maine, New Hampshire, and Vermont. Wind energy is an 
increasingly appealing source of income for investment companies and other landowners who 
own forestland in the northern Maine unit.  As of 2016, at least 11 wind projects have been 
proposed in northern Maine and 5 projects are in operation; 2 have been proposed in northern 
New Hampshire and 2 are in operation; and 3 have been proposed for northeast Vermont and 2 
are in operation or under construction. Maine’s two largest wind projects (combined over 200 
turbines covering 360 mi2) are proposed entirely within Maine’s lynx critical habitat. The effects 
of wind energy projects on lynx, hares and their habitat are undocumented. Potential direct 
effects include disturbance or displacement of resident lynx and loss and fragmentation of 
habitat from turbines, roads, and transmission lines. Increasing power infrastructure associated 
with these projects could greatly change development potential and patterns in northern Maine 
by bringing electricity into the interior of Maine’s vast, undeveloped forest region. Extensive road 
construction further fragments habitat and increases access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped, industrial forestland, but land ownership patterns have changed 
significantly in the last 15 years (Nadeau-Drillen and Ippoliti 2006). Some investment-oriented 
landowners are seeking diversified financial returns on their investment, including developing 
residential housing, second homes, and resorts. Two large residential and resort areas have 
been proposed on forestlands within the Maine critical habitat area. Both development projects 
would result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
Another private landowner proposes donation of a 87,000 acres within the lynx critical habitat 
for a federally-designated national park or monument. This area currently has a legacy of 
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young-regenerating spruce-fir habitat from previous industrial forest landowners, but a park or 
monument designation would forego future forest management. Another conservation 
landowner, The Nature Conservancy, continues forest management on about half of its 185,000 
acre ownership, including managing part of the area for Canada lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts, as well as 
smaller recreational sites like nordic ski huts or campgrounds, may directly remove forest cover. 
Such removal in lynx habitat could decrease prey availability, affect lynx movement within home 
ranges, or result in a more fragmented landscape. Development further fragments habitat from 
road and highway construction (along with associated increases in traffic volumes and/or 
speeds). 
  
Northern Maine Unit Summary - In summary, lynx are currently widespread throughout northern 
Maine and in small patches of habitat in northern New Hampshire and Vermont. Habitat exists 
to support a potential population of 500 to 1000 lynx, although the actual population size is 
unknown. Habitat created by extensive clearcutting 30 to 40 years ago is peaking and will 
decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, p. X; also see section 
5.1.1, below). Furthermore, hare populations declined by 50 percent starting in about 2006 and 
have remained at lower levels. Future hare fluctuations or cycles are uncertain. Active 
management of forest lands can produce lynx habitat, but landowners do not have long-term 
commitments for doing so. Land ownership has dramatically changed in northern Maine, and 
the majority of lands are owned now by investment companies who wish to diversify income 
from their investments which could result in forest practices inconsistent with lynx habitat. 
Greatest stressors are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
climate change (diminishing snow depth, quality and duration; competition from bobcats and 
fishers; loss of spruce-fir to northern hardwoods; and future isolation of the metapopulation 
because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 square kilometers (8,147 
square miles) in northeastern Minnesota. It includes the area designated as critical habitat in 
2014 (79 FR 54782) and an additional relatively small area of tribal land in northern Minnesota 
that was excluded from critical habitat. Land ownership in this unit is about 47 percent federal 
(primarily USFS, with some NPS and BLM land); 36 percent State; 16 percent private; and 1 
percent Tribal (Grand Portage Reservation) (see Table 1). This unit includes most of Superior 
National Forest (SNF; including the Boundary Waters Canoe Area Wilderness [BWCAW]) and 
Voyageurs National Park. This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit likely represent the southern extent of a larger cross-border 
population, most of which occurs in Ontario (ON). Relative to other DPS lynx populations, this 
unit is about 1,480 km (920 mi) east of the Northwest Montana/Northeast Idaho Unit and about 
1,610 km (1,000 mi) west of the Northeastern Maine geographic unit. 
 



Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000b, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2005, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 2,400 feet (730 meters), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), ranging between 0.3–2.0 hares/ha (0.12–0.8 hares/ac; 
McCann 2006, p. 17). Hare populations in northeastern Minnesota appear to be patchily 
distributed, but are most consistently abundant in 10-30 year old regenerating forests (McCann 
2006, p.45). Pellet count data prior to the 1990s show evidence of density fluctuations of 
snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 262-263), but 
these fluctuations were not observed during the 1990s (Hodges 2000b, p. 172). Snowshoe hare 
habitat in Minnesota primarily consists of conifer forests with dense low-growing understories, 
lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be especially 
important during low points in hare cycles by acting as refugia for hares. Early regenerating or 
pole-sized stands are not used as much as in other portions of their range, although older 
regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). Sapling-sized 
aspen adjacent to conifer cover may also provide functional snowshoe hare habitat. McCann 
and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe hare habitat 
across northeastern Minnesota. In northeastern Minnesota, edge habitats and regenerating 
conifer stands appeared to be important for snowshoe hare populations (Burdett 2008, p. 58; 
McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, and cedar 
(Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is not an 
important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & Moen 
2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 



snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USDA 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USDA 2004, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits (USDA 2004, entire). The Forest Plan 
includes many objectives, standards, and guidelines for the protection of lynx and enhancement 
of lynx habitat that are based on recommendations in the 2000 LCAS. LAUs were delineated on 
the SNF in 2000 as the smallest landscape scale on which to analyze effects to lynx. The 
boundaries have remained in place since that time to allow for long term analysis of project 
effects. However, the SNF Plan proposed several changes of current LAU boundaries, such as 
adding LAUs to the Virginia Management Unit of the Laurentian Ranger District; designating the 
BWCAW a lynx refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota.  Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 
(2008b), estimated the number of lynx that might be resident in northeastern Minnesota at a 
given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 



Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.   
 
Home range sizes in Minnesota were reported as 194 km2 (75 mi2) males and 87 km2 (34 mi2) 
females (Mech 1980, p.263). Later radio-collar data show that males had much larger home 
ranges 267 km2 (103 mi2) than females 21 km2 (8 mi2); and that females with kittens had the 
smallest home range (Burdett et al. 2007, pp. 460-461). A study of radio-collared lynx in 
Minnesota documented approximately 40 percent of male and female lynx making long distance 
movements outside of their home range between Ontario, Canada and Minnesota (Moen et al. 
2010b, p. 17). Of those lynx that made long-distance movements, females tended to move 62-
124 miles (100-200 km) and did not return to their original home range, while males moved 31-
49 miles (50-80km) back and forth between Ontario and Minnesota (Moen et al. 2010b, p. 17). 
While topographic features may influence lynx movements in mountainous western states, lynx 
in Minnesota tended to move nearly straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx, however 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000 the U.S. Fish and Wildlife Service has been tracking incidental take of lynx; 29 lynx 
mortalities have been reported from trapping, shooting, vehicle collisions, and railroad 
mortalities in Minnesota. Thus far, of 26 lynx documented to have been incidentally trapped in 
Minnesota, 11 died and 15 were released alive (U.S. Fish and Wildlife Service, unpublished 
database 2016). The documented incidents largely occurred during legal trapping that targeted 
bobcat, coyote, fox, and marten, and involved a variety of traps including foot-holds, body 
gripping traps, and snares (U.S. Fish and Wildlife Service, unpublished database 2016). In 
addition, seven lynx mortalities as a result of being incidentally shot have been documented in 
Minnesota and 16 died of unknown causes (U.S. Fish and Wildlife Service, unpublished 
database 2016). Lynx emigrating from Minnesota to Ontario exposes them to trapping and 
shooting that is allowed in accordance with regulated harvest in Canada. At least a third of the 
animals radio-collared in Minnesota spent time in Ontario; 4 radio-collared lynx were legally 
harvested (trapped) in Canada between 2003 and 2010, and two died of unknown causes (U.S. 
Fish and Wildlife Service, unpublished database 2016). Furthermore, nine lynx mortalities due 
to vehicle collisions have been documented in Minnesota since 2000 (U.S. Fish and Wildlife 
Service, unpublished database 2016). Minnesota has relatively high forest road and highway 
densities that intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home 
ranges that were bisected by highways. In addition to road mortalities, two railroad mortalities 



have been documented since 2000 (U.S. Fish and Wildlife Service, unpublished database 
2016). It is probable that there are additional incidental catches that are not reported each year 
(Moen 2009). 
   
Factors Affecting Current Conditions:  Identified factors affecting to the current conditions of lynx 
in Minnesota include reduction in habitat quality or quantity, habitat fragmentation, climate 
change, increased access for competing carnivores, and human-caused mortality. The SNF is 
currently implementing the 2004 SNF Plan (USDA 2004, entire), which has direction based on 
the LCAS and Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can produce lynx habitat, and the SNF has a long-term commitment for doing so; 
however, private landowners do not. Under the Sustainable Forest Resource Act of 1995, the 
Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level timber 
harvesting and forest management (MFRC 2012, p. 1) - these voluntary guidelines are intended 
for private and state landowners and include some general recommendations for wildlife 
including lynx. The implementation of the MFRC guidelines is monitored annually (e.g., MDNR 
2015, entire). Thus, the several risk factors are being minimized and managed to promote the 
conservation of lynx within the SNF, however implementation of the guidelines on privately 
owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the Superior National Forest and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Mineral exploration and development is 
increasing in portions of Minnesota, particularly for hard rock (non-ferrous) minerals. Some of 
the area of interest for minerals overlaps with lynx habitat in northeastern Minnesota. Mineral 
exploration may result in short-term displacement of lynx. Mining activities and associated 
development may result in an irreversible loss of habitat or increased mortality risk. The specific 
effects to lynx and their habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 



all have the effect of compacting snow. Outside the BWCAW, snowmobile activity is extensive 
and increasing significantly. The SNF has 705 miles of snowmobile trails and 1,562 miles on all 
ownerships within the proclamation boundary (USDA 2011). Advances in snowmobile 
capabilities have raised concerns about intrusion and new snow compaction in areas previously 
not vulnerable to high levels of snowmobile use. In addition, new road construction in lynx 
habitat has made more areas accessible during winter. These routes could be used by 
snowmobiles even if new roads are designated as closed to motorized public travel during other 
seasons. The SNF has 1,927 miles of low standard roads (OML 1 and 2) and 158 miles of 
temporary roads (USDA 2011). All of these factors have potential to reduce the deep and fluffy 
winter snow conditions and to reduce the competitive advantage of lynx in areas that typically 
receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000). The geographical distribution of bobcat harvest in Minnesota has remained 
relatively static with a lack of harvest in the Arrowhead region of Minnesota (the region 
encompassed by Cook, Lake and St. Louis counties in northeastern Minnesota) (Erb 2009 cited 
in Kapfer 2012, p. 16, Erb 2012, pp. 7-9) and annual snow track and scent stations surveys 
support the conclusion that bobcats are as rare in the Arrowhead as harvest indicates (MN DNR 
unpublished data cited in Kapfer 2012, p. 23). However, this may change with decreased snow 
conditions predicted to occur due to climate change (Kapfer 2012, p. 25). Bobcat and coyote 
populations already appear to be increasing in Minnesota (Erb 2014, p. 40). If snow depth and 
duration decrease in the Arrowhead, deer mortality may be reduced which may potentially 
increase bobcat densities and bobcat expansion into northeast Minnesota (Kapfer 2012, p. 25). 
According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40), however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana, with ownership that is 84 percent federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most federal lands in this unit (82 percent) are on national 



forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) contributing 
most of the remainder. This unit includes most of Glacier National Park and parts of the 
Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, the 
BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
      
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 



pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 



 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
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forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).    
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some federal and State regulations and buy a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).     
 



In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support federal lynx conservation efforts by managing for habitat elements important to lynx and 
their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 



also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit has a 90-95 percent probability of providing snow cover conditions supportive of 
lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historic conditions and disturbance regimes, with only 
a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historic condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent historically, the 
current absence of lynx might be a natural condition related to the area’s naturally fragmented 
habitats and generally low hare densities - i.e., it may naturally be capable of supporting 
resident lynx only intermittently when habitat conditions and hare densities are optimal. If so, 
future intermittent lynx occupancy would be expected, but only if lynx dispersing from a source 



population immigrate to the Garnets when habitat conditions and hare densities return to more 
favorable levels. Conversely, if the Garnets historically supported a small but persistent 
population that was recently extirpated, it may suggest that the alteration of the historic 
distribution of some habitats in some parts of the range, described above, was enough to tip the 
quality of the area’s habitat from capable of supporting a small resident population to no longer 
capable of doing so.      
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historic or current number of resident lynx in 
this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
structuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p. 



20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 
Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016 pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 in 
2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx SSA 
2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, whether 
the recent absence of lynx from this part of the unit represents the extirpation of a small but 
previously persistent population (and, therefore, a permanent contraction of lynx distribution in 
this unit) or the temporary “winking off” of a peripheral subpopulation that may become “winked 
on” again in the future is unknown and perhaps irresolvable. 
  



Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 



in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions:  Regulatory Mechanisms - Federal management activities 
(especially timber harvest and precommercial thinning, perhaps fire suppression) that occurred 
prior to listing and before implementation of current federal regulatory mechanisms likely 
impacted some lynx and habitats by altering the distribution and quality of hare and lynx 
habitats. However, because these activities occurred in low proportions of lynx habitat on 
federal lands and impacts appear to have been localized, they were deemed a low-level threat 
to lynx at the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past 
federal management activities may continue to influence the current quality and distribution of 
lynx habitats in some parts of this unit. For example, as described above in Habitat Status and 
Lynx Status, past timber harvest/management and associated road construction may have 
fragmented, reduced the amount, and altered the distribution of lynx habitats in the Garnet 
Mountains, perhaps contributing to the apparent recent loss of that area’s ability to support 
resident lynx.     
 
Currently, as described above and in section 3.1, all federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations were put in place (MTFWP 2016, pp. 
5-10). Of the 16, eight were released uninjured, one was released with an injury, and seven 
were killed; all incidences of mortality occurred prior to 2008 and the implementation of the more 
protective regulations (MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally 
trapped on the Idaho Panhandle National Forest from 2012-2014 (described above under Lynx 



Status), one other lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest 
further south (U.S. District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.1.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. However, modeling vegetation and snow suitability for 
lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and 
temperate conifer forest biomes were broadly distributed across this geographic unit and that 
snow conditions suitable for lynx occurred with 90-95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 



al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts of the DPS, no 
major outbreaks have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 
41).      
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on federal lands in the West, including the Northern Rockies, and specifically with 
regard to “lynx forest types,” had declined consistently and dramatically for a decade or longer 
prior to the DPS being listed (68 FR 40093), and have remained at levels much lower than 
those from most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 



these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 
2000a, p. 226; Poole and Mowat 2001, p. 28; hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 
which is no longer occurring or has been substantially reduced relative to historic conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf


gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.      
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 



trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month. In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (Service 
2008). 
 
Lynx habitat in the Kettle Range is limited in size and capable of supporting few lynx. According 
to Koehler et al. (2008, p. 1523), the Kettle Range could support between 10 to 23 lynx based 
upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx 
habitat. It should be noted that the lynx density estimate was derived from research conducted 
in the Cascade Range within a large area of contiguous, high quality habitat (Koehler 1990, pp. 
845, 847). Lynx habitat in the Kettle Range is much smaller and likely more fragmented, and 
thus may not be capable of supporting a density of 2.3 lynx/100 km2. The Kettle Range is also 
somewhat isolated from other lynx habitats in Washington (e.g., the Cascades) and British 
Columbia. The Kettle Range is separated from the Cascades in Washington by low elevation 
valleys dominated by shrub-steppe and Douglas-fir and ponderosa pine forests (Koehler et al. 
2008, p. 1523), and from British Columbia by the Kettle River Valley (Stinson 2001, p. 20) and a 
major highway corridor with associated fence in British Columbia (Koehler et al. 2008, p. 1523). 
These natural topographic and anthropogenic features may present impediments to lynx 
movement between the Kettle Range and the Cascades and British Columbia, making natural 
recolonization of the Kettle Range by lynx difficult. Thus, it may be difficult for lynx to reestablish 
a persistent and viable resident breeding population in the Kettle Range. 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 



subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha 
(0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 

https://snowfall.weatherdb.com/d/a/Washington


Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historic range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000, pp. 245-246) described the historic range of lynx in 
the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with the 
Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).  
  
In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 



density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 
Washington, may overestimate the overall lynx population capable of being supported in 
Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  



From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx Workshop Report 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 



areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition:  In 1993, lynx were classified by the Washington Fish and 
Wildlife Commission as a state threatened species (Stinson 2001, p. 22). On July 12, 2016, the 
WDFW recommended that the Washington Fish and Wildlife Commission uplist the lynx from a 
state threatened to a state endangered species (WDFW 2016, p.1). According to the Draft 
Washington State Periodic Status Review for the Lynx, the WDFW recommended listing the 
lynx as endangered due to: 1) observed range contraction in Washington following protection 
efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and anticipated 
threats to lynx population persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the 
Okanogan/Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka 
the Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on federal lands. 
Toward this end, the LCAS recommends that federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF 
and CNF, to use the LCAS in the management of lynx habitat on their ownerships and when 
designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 



1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a state threatened species by Washington State 
(WADNR 1996, entire). Subsequent to federally listing the lynx as threatened under the ESA, in 
2006 the WADNR implemented a modified Lynx Habitat Management Plan (2006 Lynx Plan) 
incorporating new science into its 1996 Lynx Plan pertaining to lynx management (WADNR 
2006, entire). Among other things, the WADNR 2006 Lynx Plan contains management 
standards and guidelines to avoid the incidental taking (as defined by the ESA) of lynx. These 
standards and guidelines address maintenance of lynx denning and foraging habitat, as well as 
habitat connectivity within and between LAUs and lynx populations within Washington (i.e., 
LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit. 
 



4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations 
in Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30-
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of 
1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 



significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).   

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).     

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 
lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 

https://snowfall.weatherdb.com/d/a/Montana


showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45). 

Because non-federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historic conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.   



Lynx Status:  There are no reliable estimates of the historic or current number of resident lynx in 
this unit. As described in section 2.3.2.2 above, the historic record and recent research show 
that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historic and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 
places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000, pp. 235-242). However, 
two resident lynx, a male and a female, were trapped, radio-marked, and monitored in the 
Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire). 
 
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016 pers. comm.; Squires in 
Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-05 through 2007-08, 26 snow tracks 
on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to be 
from five individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
   
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including two kittens, in 



the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-released lynx also 
traveled through the park (Devineau et al. 2010, p. 526), and two possible (unconfirmed) lynx 
tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife Research 2009, 
pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern part of the unit, a 
single female was detected over six consecutive winters (2003/2004 - 2008/2009) but not 
subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not encounter a male or 
produce kittens during the six years she was detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation due to demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.  

Factors Affecting Current Conditions: Regulatory Mechanisms - As described above for Unit 3, 
federal management activities (e.g., timber harvest and precommercial thinning, perhaps fire 
suppression) that occurred prior to listing and before implementation of current federal 
regulatory mechanisms likely impacted some lynx and habitats by altering the distribution and 
quality of hare and lynx habitats. However, because these activities occurred in low proportions 
of lynx habitat on federal lands and impacts appear to have been localized, they were deemed a 
low-level to threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 40091-40095). 
Nonetheless, past federal management activities may continue to influence the current quality 
and distribution of lynx habitats in some parts of this unit. Current regulatory mechanisms and 
conservation measures associated with recently amended or revised federal management plans 
are intended to conserve and restore lynx and hare habitats across large landscapes. Although 
their effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing.   
 



Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. However, modeling vegetation and 
snow suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that 
boreal and temperate conifer forest biomes were broadly distributed across this geographic unit 
and that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).  

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 



developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).    

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historic 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf


4.2.6 Unit 6 - Southern Rockies Geographic Area 
 
Unit Description - The overall geographic unit includes Colorado, south-central Wyoming, and 
north-central New Mexico. However, within the southern Rockies, since we currently have no 
evidence of resident lynx in southern Wyoming or northern New Mexico, and we question the 
ability of these two areas to support breeding populations we are not including these two areas 
in the unit description. Lynx habitat in Colorado totals approximately 25,294 km2 (9,766 mi2), 
and is distributed west of US Interstate-25. We excluded the northwest part of the state 
bounded on the south by US Interstate-70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in Colorado falls within the 
following land ownerships, USFS 21,555 km2 (8,322 mi2), BLM 772 km2, (298 mi2), NPS 452 
km2 (174 mi2), Private 2,350 km2 (907 mi2), State 164 km2 (63 mi2).   
 
The southern Rockies are separated from the rest of the Rocky Mountain chain, and thus lynx 
habitat in northern and western Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009 page 
10). In the upper elevations of the subalpine zone, forests are typically dominated by subalpine 
fir and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, page 15). Riparian and riparian-mix was the third most-used cover type, with a 
pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012 page 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-



elevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan, 
Workshop presentation 2015, p. 14), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975 page 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within 
their study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 2008, 
p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains 
Geographic Unit, which limits their abundance. Zahratka and Shenk (2008 entire) found 
densities of snowshoe hares to be greatest in mature Engelmann spruce-subalpine fir stands 
when compared to mature lodgepole pine stands in Taylor Park, Colorado. Their density 
estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in Engelmann spruce-
subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 hares/ac) in lodgepole 
pine habitats (Zahratka and Shenk 2008 entire). 
  
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 
2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 
in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., Colorado and southern Wyoming) [65 FR 16052). In 
2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the southern Rockies (68 
FR 40076). As stated above, our focus here is limited to the state of Colorado. In 2008, the 
USFS reported that most of their LAUs in the southern Rockies fell within a range of 3-8 percent 
in a currently unsuitable condition, with only one LAU exceeding 30 percent unsuitable (USFS 
2008, p. 19). Currently, the USFS reports 51 out of 202 (25%) LAUs currently exceed the 30 
percent unsuitable condition (P. McDonald 2016, pers. comm.). These changes are mostly in 
response to the ongoing bark beetle infestations, as well as wildfire events that have occurred 
since 2008. 
 



Ivan et al. (2012, p. 6), developed a predictive map of lynx habitat use by using lynx location 
data collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use. Therefore, we 
selected the top 30 percent of the Ivan et al. (2012, entire) predictions and the associated 
habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 km2 (9,766 
mi2). This habitat estimate falls between the Ivan et al. (2012, p. 6) estimate and the USFS’s 
habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a greater than 
60 percent probability of detecting lynx as described by Ivan et al. (2012).  
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS, totaling approximately 126 km2 (49 mi2). One additional 
plan provides conservation measures for timber management actions only, but the FO contains 
only about 1 km2 (0.39 mi2). The remaining FOs currently have not amended or revised their 
plans specifically to provide conservation for lynx (approximately 645 km2 (298 mi2),  Since the 
2000 listing however, all BLM Field Offices in Colorado have been conserving lynx 
discretionarily through application of conservation measures provided in the Lynx Conservation 
Assessment and Strategy (Ruediger et al. 2000, entire; ILBT 2013, entire). Rocky Mountain 
National Park has a fire management plan that includes conservation measures for lynx. We are 
not aware of any specific conservation planning guiding activities on non-federal lands (M. 
Wrigley 2016, pers. comm. ; M.K. Watry 2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
state of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2012, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan presentation 2015 page 17). In addition 38 percent of lynx captured during recent (2010-
2015) USFS Rocky Mountain Research Station research projects in Colorado have been young 
and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued reproduction 
within Colorado. However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, page 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–



0.90; Slough and Mowat 1996 entire, O’Donoghue et al. 1997, page 155) or in the Northwest 
Territories (~0.90; Poole 1994, page 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, page 2), and kitten survival was 0.2260 (Jake 
Ivan, pers comm. March 9, 2016). 
  
Factors Affecting Current Conditions - Colorado is currently experiencing major bark beetle 
epidemics in lodgepole pine and spruce-fir forests. Although bark beetles are native insects, and 
forests in the western U.S. have experienced regular insect infestations throughout their history, 
the current bark beetle epidemic is notable for its intensity and extensive geographic range. The 
causes of this epidemic include: relatively even-aged, dense, and homogenous forest 
conditions, which are highly susceptible to beetle attack, and which were created by large-scale 
logging in the late 1800s and subsequent fire suppression efforts; warmer winters due to climate 
change (cold winters typically reduce beetle populations); and a multi-year drought that 
occurred in the mid-1990s through early 2000s, stressing the trees and making them more 
susceptible to beetle attack (USFS 2011, pp. 4). 

In lodgepole pine forests, a mountain pine beetle (Dendroctonus ponderosae) epidemic typically 
kills the entire overstory and results in a stand-replacing disturbance event. In Colorado, more 
than 1,375,931 ha (3,400,000 ac) has been affected by mountain pine beetle, and 639,000 ha 
(1,579,000 acres) affected by spruce beetle since 1996 (USFS 2015, p. 3), a portion of which 
overlaps with lynx habitat.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. unpublished report 2016, page 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, page 2). Since the majority of lynx habitat in Colorado is under federal land 
management (88 Percent), actions occurring on other ownerships are unlikely to result in 
significant losses of lynx habitat within Colorado. However, habitat connectivity may be 
negatively affected by intense recreational use or development within strategic areas that are 
important for habitat connectivity. 



 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
  
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 



grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 

  

In this chapter, we present our assessment, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the potential future 
statuscondition of the lynx DPS in terms of redundancy, representation, and resiliency. We then 
provide brief summaries of the likely future conditions in each geographic unit, followed by a 
more detailed evaluation of the factors likely to influence lynx populations and habitats in each 
unit. We present and summarize the professional judgments and opinions of a panel of 10 lynx 
experts regarding the factors likely to influence the persistence of resident lynx populations in 
the DPS as a whole and in each of the six6 geographic units. We also present and summarize 
the experts’ projections, based on consideration of those influencing factors, of the probability 
that each of the geographic units will continue to support resident breeding populations of lynx 
into the future (at years 2025, 2050, and 2100). We then provide additional Service review of 
the influencing factors described in Chapter 3, above, and their potential effects on the ability of 
each geographic unit to support lynx populations in the future. 

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future  
statuscondition of the DPS or the likelihood that any given geographic unit will support resident 
lynx in the future. We lack data to build rigorous empirical population models for lynx in the 
DPS, and uncertainty regarding the timing and magnitude of potential impacts to lynx from 
continued climate warming also limits our ability to predict the future conditions forof the DPS. 
Therefore, our assessment of the future condition of the DPS is based on the best professional 
judgments and opinions of lynx experts and our evaluation of the available scientific information 
regarding the factors identified by the ILBT as the most likely to have population-level impact to 
lynx in the DPS (ILBT 2013, pp. 68-78). 
 
Overall, expert opinion and our evaluations suggest that resident lynx populations in each of the 
geographic units are likely to be smaller and their distributions reduced in the future. These 
anticipated declines are most likely to be influenced by projected loss and increasing 
fragmentation and isolation of boreal forests and favorable snow conditions resulting from 
continued climate warming and related impacts (e.g., increased wildfire and forest insect 
activity, diminished hare populations) (Lynx SSA Team 2016, p. 58). This outcome seems likely 
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regardless of which climate emissions scenario is used to model future conditions, although the 
timing, extent, and magnitude of impacts is uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Ttable 1, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on fFederal lands is of concern for western units. 
 
In each geographic unit, the probability that resident lynx populations will persist is expected to 
decline in the future, although uncertainty about persistence probability increases with time from 
the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below). Although all five geographic 
units that currently support resident populations (all units except the GYA) are expected by lynx 
experts to continue to do so through mid-century, only one (Northwestern Montana/ 
Northeastern Idaho) has an estimated probability of persistence greater than 50 percent (i.e., 
persistence more likely than not) by the end of the century. All other geographic units have a 50- 
percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 
5.2, below), with a moderate to high likelihood that resident lynx will be lost from two to four 
units by then (Ffigure 7). 
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Figure 7. Summarized probability of persistence of at least a given number of geographic units 
given the probability of persistence for each individual geographic unit. The y axis of each grid in 
Ffigure 7 is the probability that at least the number of geographic units indicated by the x axis of 
the grid persist. The probability in a bar reaches 1 when there is no probability of fewer 
geographic units persisting. Moving from top to bottom the grids show the probabilities by time 
period (2015, 2025, 2050, and 2100). Moving from left to right the grids show the range of 
expert responses by summary selection type and probability response. Therefore, looking down 
a column of grids provides a view of the trend in persistence through time and looking across a 
row of grids provides a view of the range of uncertainty in persistence for a given time period. 
 
The loss of all resident lynx from one or more geographic units would represent reduced future 
redundancy, representation, and resiliency within the lynx DPS. With regard to redundancy, 
however, neither the scientific literature nor expert input provide a basis for concluding that any 
single future catastrophic event could cause extirpation in any one geographic unit. It is even 
less likely that a single future catastrophic event (other than climate change, which we 
considered as a separate stressor) will eliminate all populations in the DPS. A sequence of 
catastrophic events over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (e.g., additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in one or more units within the DPS, extirpation from a 
single catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
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uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently- observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Based on expert input, there is 
no indication that the relatively low level of genetic diversity currently observed among lynx 
populations is likely to reduce DPS viability in the future (USFWS 2016, p. 51). This information 
suggests the current and likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
 
In terms of resiliency, expert opinion and our analyses suggest a declining probability of 
persistence (loss of resiliency) for each of the geographic units within the DPS throughout the 
rest of this century (the analysis did not extend beyond 2100). Projected climate warming is 
expected to exert the greatest influence on the resiliency of individual populations, and thus 
continued presence of resident lynx in each geographic unit. Climate models project that boreal 
forests and snow conditions favorable for lynx at the southern periphery of the range will retreat 
northward and upslope with continued warming, further fragmenting and diminishing the quality 
of lynx and hare habitat within the DPS. Although uncertainty remains regarding the timing, 
extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic l Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices and climate 
change will be the greatest future drivers of hare and lynx habitat. Lynx habitat and numbers are 
expected to decline by 50 to 60 percent by 2032 in response to aging of the budworm-era 
clearcuts and the effects of 27 years of extensive partial harvesting. In the next few decades, 
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high quality hare habitat will drop from about 10 percent to 5 percent of the landscape. High 
quality habitat patches will become more fragmented, smaller, and more isolated, thus making 
the landscape less suitable for lynx. For the next few decades the best habitat will occur in the 
southern portion of the range where effects of climate change and competition with bobcats are 
likely to be greatest. Absent long-term lynx management agreements, the future of lynx habitat 
is uncertain. Wood products markets will continue to change, and could be affected by interest 
in carbon sequestration in response to climate change. Rapid changes in private forest land 
ownership are likely to continue resulting in subdivision of large ownerships. Changing land 
uses (wind energy development, transmission line corridors, residential land development, 
national monument) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest. Climate change is expected to affect the Maine unit more than others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and to mid-century, snow quantity and quality will 
continue to deteriorate, likely causing the range of lynx to begin contracting northward. In the 
long term (to 2100), some believe lynx could become extirpated from the unit. Climate change, 
increasing demand for hardwood forest products, a pending spruce-budworm outbreak, and 
frequent disturbance of the forest all will contribute toward the trend in the loss of spruce-fir 
forest and expansion of northern hardwoods, although the timeframe for conversion is 
uncertain. Lynx experts indicate the probability of persistence will decline to about 50% by the 
end of the century. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Service’s SSA 
team were more pessimistic about the future of lynx in Maine than the lynx expert panel. There 
is great uncertainty about the future of forest management and future development on private 
forest lands. There are no long-term management plans in place, State forest regulations have 
greatly influenced harvesting practices that have (and will continue to) reduce landscape hare 
densities, markets for forest products are depressed, and projections (under current harvest 
scenarios) are that habitat will diminish and shift southward in the near term because of post-
harvest succession and recede northward over the longer-term because of continued climate 
warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, there is an expected decline in the 
quantity, quality, and duration of snow; increased competition and hybridization with bobcats; 
northward contraction of boreal conifer forest; and increased isolation due to diminishing forest 
conditions in Ontario. The probability of persistence of the lynx population in Minnesota is 
projected to decrease over time with increasing uncertainty through the end of the century, 
driven in the near term by the quality, quantity and persistence of snow, competition, disease, 
and forest insects, and over the long term from the some of the same reasons with the addition 
of climate change, loss of spruce-fir forests, and wildfires. If the SNF in Minnesota continues to 
follow vegetation management and other recommendations under the LCAS in their Forest 
Plan, we expect that several risk factors will continue to be minimized and managed to promote 
the conservation of lynx within the SNF into the future. It is expected that the MFRC guidelines 
will remain in place into the future and that voluntary actions will continue on State and private 
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lands. Taking all factors into consideration (i.e., loss of boreal forest, increased competition, 
potential disease and insect outbreaks, loss of snow), lynx experts projected the mean 
probability persistence of lynx in Minnesota to the year 2025 was greater than 90 percent, to 
2050 was 80 percent, and would decline to approximately 35 percent by 2100. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit due to reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. 
 
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, climate change is anticipated to reduce the future quality 
and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
temporary losses of lynx habitat from wildfires. Climate change may increase wildfire frequency 
and severity, which may result in further temporary losses of lynx habitat. Climate change may 
also decrease the quantity and quality of snow resulting in permanent reductions in the quantity 
and distribution of lynx habitat in Washington State. These potential climate change driven 
reductions of lynx habitat may serve to further isolate lynx populations within Washington State 
as well as between neighboring lynx populations in the other geographic units and Canada. 
Continued forest management on both federal and State lands will benefit lynx populations in 
Washington, but this may not completely ameliorate the potential negative effects related to 
climate change. Considering the recent reduction in lynx habitat and the projected impacts of 
climate change, experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), mid-century persistence at 30% to 80% (median = 70%), and end-of 
century (year 2100) persistence probabilities less than 50% (median = 38%) for lynx populations 
within this geographic unit. 
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Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation due to 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. 
 
Unit 6 - Western Colorado:  Climate change is expected to affect vegetation and influence snow 
conditions within the Western Colorado unit. The elevation gradient in Colorado may provide 
refugia from deteriorating snow quality, depth, and duration throughout the period. Climate 
models suggest a 40 percent decline in snow persistence, but large areas of snow persistence 
will remain through the end of the century. Experts suggest that beetle kill and fire will result in 
unsuitable habitat conditions. However, these areas are likely to regenerate and provide 
excellent habitat conditions to support hares and lynx. A caveat to future habitat conditions in 
light of climate warming is that some areas that currently support snowshoe hare populations 
may experience vegetation type conversion that may not support snowshoe hares. The majority 
of the experts predicted the persistence of a viable lynx population in the unit by 2100, but 
further discussion revealed uncertainty about persistence in the unit, and genetic connectivity 
across ski areas in the unit. 
 
Table 4, below, summarizes factors thought likely to influence the future resiliency of lynx 
populations in each geographic unit. 
 
Table 4. Predicted Ffuture (2050 to 2100) resiliency of individual units of the Canada lynx DPS 
 

Lynx 
population 

Lynx expert 
probability of 

Key evidence Uncertainties 
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persistence 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will occur in south edge 
of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario 

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat and fisher to 
changing snow regime 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 



  
2100 median 

~38% 
(range 0 to 

90%) 

connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 

repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

 



5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Future Lynx Status   
 
Most experts indicated an initially high and subsequently declining probability of persistence of 
resident lynx in Maine through the end of the century, with uncertainty (range between lowest 
and highest probabilities) also increasing over time (Lynx SSA Team 2016, pp. 33-36 and Fig. 
XX below). Climate change was an overriding near- and long-term stressor.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed. Changes in snow conditions will favor bobcats and fisher (a predator 
of lynx that is limited by deep snow). Experts believed that the effects of climate change would 
continue to increase as a stressor by mid- to the end of the century (2050, 2100). Snow 
conditions would continue to deteriorate (especially in the northern Maine unit compared to 
other areas in the DPS) resulting in increased competition with bobcats and predation by fisher. 
Climate-induced loss of spruce-fir forest will occur slowly, and an increase in northern hardwood 
composition of the forest is already occurring. Loss of spruce-fir could be accelerated by forest 
disturbance (budworm outbreak, forest management affecting large acreages of lynx habitat 
annually).  
 
Experts expressed a number of near-term stressors (in the next 15 years) related to forest 
management in northern Maine. Land management objectives were uncertain because of 
changes in private forest land ownership. Changes in forestry management because of the 
Maine Forest Practices Act (shift to partial harvesting, increasing acreage harvest, habitat 
shifting to south) would result in increased fragmentation and declining lynx and snowshoe hare 
habitat (succession of previous clearcuts from young, dense regenerating stands to mature 
stands less conducive to high hare densities).  
 
There was uncertainty concerning the severity and response by new landowners to the next 
spruce budworm outbreak. Experts were concerned that investment landowners would not 
respond to the pending spruce budworm outbreak like they did in the 1970s (extensive 
clearcuts, herbicide application). Experts also acknowledged concerns about the effects of the 
current clearcuts aging past conditions that support hares and lynx.  
 
Hare populations have declined by about half across all stand types (and in adjacent Quebec) 
since 2006 and apparently have not rebounded. In response, lynx initially had lower 
reproduction (lower proportion of females breeding, slightly lower litter sizes), but this has not 
affected home range sizes. Lower landscape hare densities are likely to support lower lynx 
populations. It is uncertain how hare numbers will cycle or fluctuate in the future. 
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Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the core team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the core team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the experts projected the mean probability of 
persistence to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100%)(Lynx 
SSA Team 2016, pp. 33-34, Fig. 8). The USFWS lynx core team generally agreed with this 
prognosis with the exception that some were less optimistic about the persistence of this 
population, especially after reviewing the literature pertaining to climate change in this region. 
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Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  
 
Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Influencing Future Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of state permits depending on their size. As a result, the number and 
acreage of clearcuts completed annually has declined substantially and have been replaced by 
various forms of partial harvesting (Sader et al. 2003, p. 349-350, McWilliams et al. 2003, p. 35). 
In the first decade following passage of the MFPA, the percentage of acreage clearcut in Maine 
annually declined from 40 percent to 4 percent (Simons 2009, pp. 45-46). The average size of 
clearcuts has been reduced from >125 acres (Maine Forest Service 1995) to <25 acres (Maine 
Forest Service 2003, 2005, 2007). Currently, partial harvesting comprises about 94 percent of 
acres cut annually in Maine (Simons 2009, p. 50). The total volume harvested, however, 
changed relatively little. The partial harvest that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, 
entire; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
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MFPA, much of the 10 million-acre northern Maine landscape has been influenced by partial 
harvesting. Extensive partial harvesting and aging of the spruce budworm-era clearcuts will 
reduce landscape hare densities (Simons-Legaard et al. 2016, 9-10). If the current landowners 
continue to harvest using similar methods at and similar rates, habitat for lynx will diminish by 
about 50 percent by 2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for 
lynx habitat become more uncertain and depend on assumptions about habitat definitions and 
harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (>75 percent 
conifer, Vashon et al. 2008, pp. 1490, 1492-1494). If one defines lynx habitat as stands having 
greater than 75 percent spruce-fir, then habitat will decline by about 50 percent by 2030 and 
remain at about at this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the next outbreak of spruce budworm. After being low for the 
last 20 years, spruce budworm numbers are again building toward epidemic levels in Maine, 
southern Quebec, and northern New Brunswick. Significant defoliation in Maine is expected to 
begin between 2018 and 2021 (Wagner et al. 2014). Although Maine research has clearly 
demonstrated that landowner response to the last outbreak resulted in unintended, positive 
benefits for lynx from one to three decades later, our ability to project what effects the next 
outbreak will have on lynx habitat is still limited. Land ownership has changed dramatically since 
the last outbreak. To reduce risk from spruce budworm, some financial investment owners may 
cut younger spruce-fir stands that still support elevated hare populations. Some may be less 
inclined to intensively manage for spruce-fir. It is unlikely that current landowners will use 
widespread use of pesticides to control spruce budworm and herbicides to promote spruce-fir 
regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009 p. 36) and the adjacent Gaspe region 
of southern Quebec (Assells et al. 2007, Scott 2009, p. 41-42). Hares remained at these lower 
numbers through 2013 (D. Harrison, University of Maine, unpublished data). If future hare 
populations remain low, then Maine habitats will have a lower capacity for supporting lynx.  
 
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, Hoving et al. 2005, 
Carroll 2007). Wildlife experts in Maine ranked lynx as highly vulnerable to climate change (>66 
percent loss in species range/population and extirpation within 50 to 100 years) (Whitman et al. 
2013, p. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx population assuming non-
cycling hare populations and snow conditions expected under intermediate to high emissions 
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climate models (Kiehl and Gent 2004, entire). He predicted a 59 percent decline in the lynx 
population (the non-cycling hare population model) by mid-century because of climate change 
alone. Maine lacks elevational refugia for lynx under reduced snow scenarios (Carroll 2007, p. 
1102), except for the mountains in western Maine where snow refugia may only persist as very 
small, isolated “sky islands” that would be unlikely to support lynx.  
 
Climate change is affecting the Northeast, and the rate of change is faster than expected 
(Rustad et al. 2014). Rapid winter warming in recent decades is believed to be caused by 
reduced albedo feedback caused by the reduced persistence of snow in winter (Hayhoe et al. 
2006). Average winter temperatures are increasing 0.42-0.46o C/decade with the greatest 
warming occurring in the coldest months of winter (January, February)(Burakowski et al. 2008). 
Northeast climate models predict average winter temperature increasing 2.0oC (low emission) to 
2.9oC (high emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by 
late century (Notaro et al. 2014). Largest increases in temperature are expected in northern 
Maine (A. Siren, Workshop Notes 2016, Rawlins et al. 2012) where temperatures may increase 
4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in 
wind development has escalated in northern and western Maine increasing threats to high 
elevation and potential spruce-fir refugia (Whitman et al. 2013). Climate conditions are currently 
at or falling below threshold values needed to support lynx in Maine.  
 
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzales et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).   
 
Snow Duration. The current average snow duration in Maine is at or below the 4- month snow 
persistence thresholds believed needed to support lynx (section 4.1.1, Gonzales et al. 2007) 
and is projected to decline. Snow duration is projected to continue to deteriorate. Snow duration 
declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to 
diminish another two2 weeks in Maine by mid-century (Fernandez et al. 2015). Snow duration is 
expected to diminish by 25 percent (low emissions) to 50 percent (high emissions) from current 
conditions by the end of the century (Hayhoe et al. 2006). Similarly, Notaro et al. (2014) 
projected an average decrease of 28 days (low emission) to 47 days of snow cover (high 
emissions) by the end of the century.  
  
Snow Depth. The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005) and is 
expected to decline. By the end of the century, large areas of the Northeast will experience 15- 
percent (low emission) to 25- percent (high emissions) reduced snowfall (Ning and Bradley 
2015). Similarly, by the end of the century Notaro et al. (2014) projected average snow declines 
in the North Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low 



emissions) to 92 cm (48 percent) (high emissions) because a higher proportion of winter 
precipitation will fall in the form of rain rather than snow.  Winter precipitation in Maine is likely to 
increase by 10 to 15 percent by the end of the century (Hayhoe et al. 2006) with a greater 
proportion of winter precipitation falling as rain (Huntington et al. 2004, Hayhoe et al. 2007, Ning 
and Bradley 2015). 
 
Snow Quality. Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006) with a greater proportion of winter precipitation falling as rain 
(Huntington et al. 2004, Hayhoe et al. 2007, Ning and Bradley 2015). Snow density and 
compaction (caused by wet, heavy snow or rain on snow events in winter) will continue to 
increase in the region in the future (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006, Karl et al. 1993).  
 
Loss of Boreal Forest. Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzales et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2007 Beckage et al. 2008, Tang and Beckage 2010, 
Whitman et al. 2010, p. 12, Jacobson et al. 2009, p. 27) or disappear (Iverson and Prasad 2001, 
pp. 192-193, Prasad et al. 2007) because of climate change. Climate change is anticipated to 
increasingly fragment the boreal forest in northern New England (Iverson et al. 2008, Ollinger et 
al. 2008, Whitman et al. 2013). Lynx habitat will decline as boreal forest diminishes (Simons 
2009). Even under the lowest emissions scenarios, spruce-fir forest would be greatly reduced 
by 2100 (Williams and Liebhold 1997, Prasad et al. 2007), although some spruce-fir may persist 
at highest elevations (Tang and Beckage 2010) and along the eastern coast (Jacobson et al. 
2009) where cooler conditions will prevail.  
 
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, DeHayes et al. 2000). Because of its sensitivity to climate and 
mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low emissions) or the 
disappearance (high emissions) of the spruce-fir forest type in northern Maine in response to 
climate change.  
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Perfect et al. 1987, Auclair et al. 2010). 
Thus, the range of spruce-fir is limited by summer heat and drought. Mohan et al. 2009 
projected that suitable area for balsam fir would decline by 80 percent in 2100 under an average 
to high emissions scenario. In contrast, Ollinger et al. (2008) projected increasing growth rates 
for balsam fir and red spruce to mid-century, after which they would decline.   
 



The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline (Seymour 1992, Simons 2009) and is being 
replaced in Maine by northern hardwoods (oak, pine, red maple). The decline of the spruce-fir 
forest type is accelerated by forest disturbances. A pending spruce budworm outbreak and 
frequent disturbance from forest management could accelerate conversion to northern 
hardwoods in northern Maine and eastern Canada (Flannigan et al. 2001, Gauthier et al. 2015). 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly and are long-lived. Therefore, a time 
lag may occur in shifting forest composition from spruce-fir to northern hardwoods (Mohan et al. 
2009, Zhu et al. 2012). Some northern Maine industrial forest landowners could “adapt” to 
climate change by intentionally favoring spruce-fir (e.g., by plantations and use of herbicides). 
McWilliams et al. 2005 (p. 8) noted that balsam fir increased in Maine’s forest inventory in the 
2000s. Forest models projected increases in  spruce-fir biomass over the next century because 
of partial harvesting and periodic budworm outbreaks, but did not take climate change into 
consideration (Simons-Legaard et al. 2013).  
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. Climate change will 
influence precipitation and temperature, forest management strategies, and forest disturbance 
(fire frequency and spruce budworm), all of which will interact in complex ways to influence the 
spruce-fir forest at the southern edge of its range. Carter (1996), Iverson et al. (1999), and 
Goldblum and Rigg (2005) documented balsam fir growth rates and growth potential would 
decline under likely climate warming scenarios (~4 to 5 F degree temperature increase by the 
end of the century and reduced snow conditions). Some have projected the extirpation of 
spruce-fir forest types in the Great Lakes States (Scheller and Mladenoff 2005) and New 
England (Iverson and Prasad 2000). In contrast, balsam fir has prolific seed production following 
forest disturbance such as harvesting (Seymour 1992), and has proliferated under the current 
climate and forest management regime dominated by partial harvesting (Olson et al. 2013, 
entire). Balsam fir is a relatively short-lived tree (~100 years), and is unlikely to persist long if 
climate change affects seed and germinations rates. Given, anticipated climate changes, 
especially early snow melt and low spring precipitation, fir may increase for the next few 
decades but is unlikely to regenerate in a the future Maine forest (E. Simons-Legaard, 
University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 



densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007), 
snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, entire; Fuller and Harrison 2010). Thus changing 
forest management practices will continue to reduce landscape hare density below levels that 
can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by  financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2014).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
remain stable through about 2020 (Simons 2009, Simons-Legaard et al. 2016 p. 6). After 2020, 
aging of the former clearcuts and extensive partial harvesting are projected to result in a 50 to 
65 percent decline in lynx habitat by 2032. Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 4.5 percent of the landscape (Simons-Legaard 2016).  
By 2032, the Northern Maine Unit may support less than half the lynx population as it does 
today (Simons 2009, p. 209, 217).  
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
support lynx (Simons 2009, Simons-Legaard et al. 2016, Simons-Legaard 2016). By 2022, the 
number of patches of high quality hare habitat will increase by 57 percent, but the average size 
of patches will be diminished by 87 percent, and patches will become more isolated (Simons-
Legaard et al. 2016, pp. 5-6). The proximity index of high quality habitat patches will decline by 
78 percent within lynx home ranges. Although lynx habitat is peaking, fragmentation is 
diminishing its ability to support lynx (Simons-Legaard et al. 2016). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060. The most 
most pessimistic models (lowest harvest rates, no climate change, no spruce budworm) project 
about 5 percent of northern Maine will have high quality hare habitat (Simons-Legaard 2016, 
entire), although the habitat will be much more fragmented and smaller patch size (Simons-
Legaard et al. 2016).  
 



Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick and recently purchased nearly 1 million acres of forestland in northern Maine where 
they are doing the same. Spruce plantations are becoming more common on this ownership in 
Maine, but not others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare density and use by lynx vary 
(Roy et al.) Hares can achieved higher densities in plantations depending on the amount of 
lateral cover, but for shorter periods of time; ~10 to 17 years after cutting and planting in New 
Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is 
in contrast to ~15 to 35 years in naturally regenerating spruce-fir stands after harvest (Simons-
Legaard et al. 2016, p. 4). The future of plantations in the northern Maine unit is uncertain. Most 
investment landowners have short-term investment horizons and are unlikely to invest in 
plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004).  
A spruce budworm outbreak is projected to reach epidemic proportions in 2018 to 2021. The 
epidemic has already affected 10 million acres of spruce-fir in southern Quebec, immediately 
north of Maine (Wagner et al. 2014, entire). The last outbreak in the 1970s and 1980s killed 
millions of acres of spruce and fir forests in the northern Maine unit. Maine’s 5.8 million acres of 
spruce-fir stands across the state are at risk of some level of defoliation. The intensity of the 
next outbreak is uncertain, although some project a weaker outbreak because spruce and fir 
trees are younger and less susceptible and there is a higher hardwood component in northern 
Maine forests (Wagner et al. 2014, p. 21-27). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2014, pp. 5-6). An 
aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
landownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled 
simultaneously (K. Legaard, UMaine, personal communication). Assuming current forest 
management trends persist to the end of the century, spruce-fir dominated forest is expected to 
continue to decline (Legaard et al. 2013, entire). The combination of budworm-induced mortality 
and salvage harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, entire). 



However, after a budworm outbreak the biomass and area of mixed-hardwood/softwood forest 
would be expected to increase through this century primarily because of regenerating balsam fir 
(see discussion above) (Legaard et al. 2013). Mixed forests having a high hardwood component 
are not believed to support high hare densities (Scott 2009, p. 109) or be preferred by lynx 
(Vashon et al. 2008, pp. 1492-1493). It is uncertain whether lynx can adapt to lower landscape 
hare densities associated with mixed hardwood-softwood forest. They may persist, but at lower 
densities as they currently do in the western units of the DPS. However, the probability of 
persistence is further diminished by deteriorating snow conditions and increased populations of 
bobcats and other competitors.     
 
Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced by a 
severe spruce budworm outbreak because of the amount of dead and dying spruce-fir (Stocks 
1987), although there were no large fires after the last outbreak. Fire risk is currently very low in 
this unit and a continuous decrease in fire frequency is predicted with climate change in eastern 
Canada because of increased precipitation and decreased drought (Bergeron and Flannigan 
1995, Flannigan et al. 1998). Climate is expected to become more variable during the next 
century (Gregory & Mitchell 1995; Gregory et al. 1997), which could create fire conditions in 
unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to immediately suppress 
wildfire, thus large, stand-replacing fires are expected to be infrequent in this region. Notable 
large fires in Maine include a 3 million- acre fire in 1825 and a 200,000-acre fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre, sparsely populated “North Woods” of 
Maine is highly uncertain and has been the subject of intense public debate (Baldwin et al. 
2007). Land use and zoning in the state’s “unorganized townships” are the responsibility of the 
Land Use Planning Commission (LUPC) in the Maine Department of Conservation. The LUPC 
revised its Comprehensive Land Use Plan (De2010), and described principal values in guiding 
future land management decisions: maintaining working forests, provide for traditional 
recreational opportunities, protect high-value natural resources, and encourage long-term 
conservation. The North Woods has long been considered a public resource or “commons,” 
even though privately owned (Judd 2007, p. 9). This land was traditionally owned by a few large 
timber companies, but since the 1980s there has been rapid turnover in ownership largely by 
investments companies and subdivision of large parcels (Hagan et al. 2005). Financial 
investors, such as REITS and TIMOs focus on maximizing the asset value of timberlands and 
are increasingly likely to seek revenue from non-timber resources if they will generate a higher 
return. These new owners operate over relatively short time horizons (e.g., 5 to 15 years) and 
are willing to consider multiple means of monetizing their asset, including development and real 
estate sales (Legaard 2013, entire). If left unchecked, these pressures may continue to promote 
dispersed residential development throughout this region. Parcelization and subdivision has 
increased, particularly in the southern third of the jurisdiction (Maine Department of 
Conservation 2010, p. 72-73). The LUPC has limited ability to address stressors on Maine’s 
North Woods, including resale and subdivision trend. This trend is likely to continue into the 
foreseeable future and will make management of large, forested landscapes for Canada lynx 
even more difficult.  
 



Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Department of Conservation 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Department of Conservation 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Department of Conservation 2010, p. 136), which will further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of a 
proposed national park or monument, national heritage area, or a master tourism plan for the 
area (Vail 2007, pp. 112-113), there is likely to be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Snowmobiling may be 
an exception because of declining snow (see climate change section). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the western Maine mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five5 years, two landowners developed concept plans for rezoning for large-scale 
development hundreds of house lots and resort development within the lynx critical habitat. One 
concept plan would construct 975 houses and two2 resorts on about 3,500 acres and establish 
a 363,000-acre conservation easement. A second concept plan would allow development on 
about 1900 acres of land and establish a 14,600- acre conservation easement. Although these 
developments have not been built, they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, biomass, biofuels, and other energy sources offering new 
opportunities to utilize natural resources. Wind energy resources are high within the lynx critical 
habitat (National Renewable Energy Laboratory 
2010, http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mec
itation; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
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accelerate in the foreseeable future. Mining is not a traditional land use, but a large operation is 
being considered at one location in the lynx critical habitat. Extraction operations for gravel (for 
road building) are widely- scattered throughout the unit.   
 
The lynx critical habitat is heavily roaded, particularly with forestry roads. While accurate 
numbers are difficult to obtain, approximately 1,500 miles of public roads and over 20,000 miles 
of private roads exist within unorganized areas of Maine (Maine Department of Conservation 
2010). There has been discussion of an east-west limited access highway through northern 
Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if constructed, 
would further fragment habitat (Maine Department of Transportation 1999, Beck et al. 2012, p. 
38).  
 
An increasing area of the lynx critical habitat area is likely to be placed under conservation 
easements that will limit future development and fragmentation of lynx habitat. Maine has the 
largest amount of land under easement of any state, and there are about 2 million acres of 
conservation easements in lynx habitat in northern Maine (Pidot 2011). Continued expansion of 
areas under conservation easement is uncertain and will depend on willing landowners and 
funding available for purchase of easements  
 
All of development trends portend increased fragmentation of lynx habitat in the northern Maine 
unit. As habitat is fragmented, it will become increasingly difficult to influence landscape-scale 
forest management that could benefit lynx. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Status 
 
The probability of persistence of the lynx population in Minnesota is projected to decrease over 
time with increasing uncertainty through the end of the century (Lynx SSA Team 2016, pp. 37-
38 and Figure 9, below). Near term drivers of the projected decline were reduced quality, 
quantity, and persistence of snow, competition from bobcats, disease (e.g., lungworm, liver 
fluke, feline leukemia), and forest insects. Long term drivers of the projected decline were 
reduced the quality, quantity, and persistence of snow, competition from bobcats, loss of 
spruce-fir forests, wildfires, and climate change. Climate change was primarily associated with 
loss of boreal forest but could potentially also increase disease or insect outbreaks, and is likely 
to affect the amount of precipitation falling as good quality snow in the area of the state 
supporting lynx habitat. The connection to lynx in Ontario reduces the likelihood of local 
extirpation in this geographic unit, but the likelihood would increase if connectivity was 
compromised. Taking all factors into consideration (i.e., loss of boreal forest, competitions, 
disease and insect outbreaks, loss of snow), the experts projected the mean probability 
persistence to the year 2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 
60 to 90 percent), and would decline to approximately 35 percent (ranging from 10 to 60 
percent) by 2100 (Lynx SSA Team 2016, pp. 37- 38). 
 



 

Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

 
Service Evaluation of Factors Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports long-term 
persistent lynx breeding population is administered by the Superior National Forest. This area 
includes designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 
SNF Plan (USDA 2004a), which has direction based on the LCAS and Canada Lynx 
Conservation Agreement (CA) between the Forest Service and the Service (LCAS 2000, entire), 
for all forest activities that occur within LAUs. Active management of forest lands can produce 
lynx habitat, and the Superior National Forest has a long-term commitment for doing so. If the 
SNF continues to follow vegetation and wildland fire management and other applicable 
recommendations under the 2000 LCAS (or the updated 2013 LCAS or subsequent updates) in 
their Forest Plan, we expect that several risk factors will continue to be minimized and managed 
to promote the conservation of lynx within the SNF into the future. Management of lynx and its 
habitat on SNF land will remain in place until the forest amends or revises theirits individual 
LRMPs. We expect that management direction for lynx addressing vegetation management, 
wildland fire management, and habitat fragmentation on national forest system lands will be 
incorporated into the revised or amended Forest Plans (LPMPs). 
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Although outside of areas considered to be core lynx area (i.e., where lynx are persistent and 
are reproducing) in the Great Lakes, the Chippewa National Forest and the Chequamegon-
Nicolet National Forest Forest Plans also include direction based on the LCAS and Canada 
Lynx Conservation Agreement (CA) between the Forest Service and the Service (LCAS 2000, 
entire), for all forest activities that occur within LAUs (USDA CNF 2004, USDA CNNF 2004). 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and private landowners make up about 
16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 2014), the 
Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level timber 
harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire) - these voluntary 
guidelines are intended for private and state landowners and include some general 
recommendations for wildlife including lynx (MFRC 2014, pp. 4-5). It is expected that the MFRC 
guidelines will remain in place into the future and that voluntary actions will continue. Private 
landowners, however, do not have an official commitment to land management. We cannot say 
with any certainty what proportion of privately owned land will follow those guidelines into the 
future, because following the guidelines is voluntary. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (LCAS 2013, p. 49). 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the time of listing, new information on regional 
climate changes and potential effects to lynx habitat has been developed (e.g., Danby & Hik 
2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new information 
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suggests that climate change may be an issue of concern for the future conservation of lynx 
because lynx distribution and habitat is likely to shift upward in elevation within its currently 
occupied range as temperatures increase (Gonzalez et al. 2007, entire). Greatest stressors of 
climate change include diminishing snow depth, quality and duration; competition from bobcats 
and other carnivores, hybridization with bobcat (Schwartz et al. 2002); loss of spruce-fir to 
northern hardwoods; and future isolation of the metapopulation because of diminishing forest 
conditions in Ontario. 
  
Gonzales et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest.  Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).  
  
Lynx require at least four4 months (120 days) of continuous snow coverage (Gonzales et al. 
2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9).  In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  



   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzales et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the state (Gonzales et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14) Minnesota is likely to lose boreal biome, potentially within the next 60 to 70 
years, with unmitigated climate change. According to Gonzales et al. (2007, p. 8), the Superior 
National Forest is a potential refugia for lynx in the lower 48 states, however, when compared to 
other regions. 
 
Vegetation Management - Vegetation management conducted under the Forest Plan currently 
will likely continue into the future on Forest Service lands in Minnesota. These activities include 
timber harvest, such as thinning, clear-cutting, shelterwood, partial cut, and uneven-aged 
cutting; wildlife restoration projects that involve tree cutting, shearing, burning, seeding, and 
planting; prescribed burning for ecological purposes, hazardous fuel reduction, and site 
preparation; mechanical site preparation. 
 
Vegetation, timber, and minerals management authorized under the Forest Plan has the 
potential to adversely affect lynx and lynx critical habitat by reducing habitat quality for denning, 
foraging, and dispersal; disrupting travel, resting, and foraging patterns; disturbing denning 
females and reducing habitat quality for lynx prey species, especially snowshoe hare. 
Depending on the timing, frequency, intensity, extent, amount, or other conditions, impacts may 
be variable among similar projects. Using the LCAS as a basis, the Forest Plan has 
incorporated a number of components that would reduce the risk of those impacts into the 
future. We expect that management direction for lynx addressing vegetation management on 
national forest system lands will be incorporated into the revised or amended future plans, using 
LCAS as a basis. 
  
Future Forest Plan revisions will likely maintain broad direction to design and implement 
vegetation management projects to maintain or restore conditions for lynx foraging and denning 
habitat and to maintain or improve juxtaposition of required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USDA 2004b, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 



such a high percentage within LAUs and the Superior National Forest is the majority landowner 
within most LAUs, we expect that in the future, the Forest would not approach the LCAS 
maximum of 30 percent of lynx habitat on all ownerships in an unsuitable condition within an 
LAU at any time, which would be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation due to spruce 
budworm has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The Superior National Forest manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are and 
are expected to continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three3 to five5 years, depending on the forest type and 
number and type of activities (USDA 2011, p. 119). The Forest Plan (USDA 2004a, Aappendix 
E) provides direction on limiting lynx habitat fragmentation, and the Forest actively consolidates 
habitat through land acquisitions and exchanges. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Future Lynx Status 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit due to reduced genetic health or a catastrophic 
event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the probability that this 
unit would continue to support resident lynx in the future, experts noted that despite projected 
losses of favorable forest and snow conditions, climate models project that some boreal forest 
will persist in this unit and that it will maintain some areas of suitable snow into the future. 
Experts also noted that lynx in this unit primarily occupy public lands, which are actively 
managed for lynx into the future. Experts also considered recent and projected future increases 
in wildfire frequency, size and intensity. 
  



As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure 10, below). 
 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on federal lands that are managed for lynx 
conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 



to extirpation due to catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of fFederal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 



Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 
Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five5 years to assess its ability to sustain itself without the 
ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended. Given these requirements, we expect that future fFederal management 
direction will continue to include regulations and guidance protective of lynx, although specific 
measures may change as new information becomes available. 
  
We anticipate that future federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of historic 
disturbance and landscape patterns). Regardless of the future listing status of the DPS, these 
lands will continue to be managed in accordance with the acts described above, as well as the 
National Park Service Organic Act and the Wilderness Act. 
 
We also expect that federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
  
On non-fFederal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
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percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS were to be delisted in the futurewas not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished or that potential recovery objectives were not otherwise 
compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
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habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historic and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.   
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all federal and most non-federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging the use 
of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historic fire regime 
in lynx habitats in the western contiguous U.S., including this geographic unit. Also as noted 



there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future. Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity due to climate change, it 
may be necessary to reconsider whether fire suppression in some lynx habitats could benefit 
lynx by reducing the potential for extirpation of resident populations, especially in places already 
apparently only marginally capable of supporting them.       
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation due to timber harvest and other development activities are unlikely. The most 
likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 



development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historic conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years. Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting in an increased 
likelihood of functional extirpation of lynx from this unit. However, as noted above, the lynx 
population in the Purcell Mountains in the northwestern part of this unit was estimated to be 
increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over the last four 
years of the period for which the Seeley lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Future Lynx Status 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-



century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
 
 

 
 
Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 



Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
 
Service Evaluation of Factors Influencing Future Conditions 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both federal and 
state managed lands within Washington State. 
 
Climate Warming - The one risk factor identified by the LCAS over which the Forest Service, or 
the WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx Workshop Report 2016, p. 56).  
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
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the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires due to its small size and current lynx population (Lynx Workshop 
Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should it occur 
from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), may be 
ameliorated to some extent due to Washington’s juxtaposition and connectivity to Canadian lynx 
populations. The experts felt that lynx immigration from Canada may rapidly recolonize 
Washington as the habitat recovers from fires or other impacts (Lynx Workshop Report 2016, p. 
43). Climate change, in addition to potentially affecting fire return intervals, fire severity 
(intensity, size), and insect outbreaks, is likely to affect the amount of precipitation falling as 
snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures.  Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 



climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced due to decreasing quantity 
and quality of snow. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx Workshop Report 
2016, p. 43). 
 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Future Lynx Status 
 
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 12). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
 



 
Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Influencing Factors 
 



Regulatory Mechanisms - As noted above in section 5.2.3, federal, State, and Tribal regulations 
and land management direction could change in the future, but such changes and their potential 
impacts on lynx populations and habitats are difficult to predict. Federal lands account for over 
97 percent of this geographic unit; therefore, regulations and guidance that govern management 
of those lands have the greatest potential to influence future lynx habitats and populations. Also 
as described above, revisions or amendments to federal management plans require 
opportunities for public participation in accordance with NEPA, NFMA, National Parks and 
Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS were to be recovered and 
delisted in the future, the ESA requires a minimum of five years of monitoring to assess its 
ability to sustain itself without the ESA's protective measures. If, during that time, threats to the 
DPS change or unforeseen events affect its stability, then the DPS may be relisted or the 
monitoring period extended. Given these requirements, we expect that future federal 
management direction will continue to include regulations and guidance protective of lynx, 
although specific measures may change as new information becomes available. 
  
We anticipate that future federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of historic 
disturbance and landscape patterns). Regardless of the future listing status of the DPS, these 
lands will continue to be managed in accordance with the acts described above, as well as the 
National Park Service Organic Act and the Wilderness Act. 
 
We also expect that federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 



conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS were to be delisted in the futurewas not listed, State-managed trapping could resume 
in this geographic unit. We expect that would occur only if scientific evidence strongly suggested 
the presence of a harvestable surplus of lynx and that harvest quotas would be carefully 
managed to ensure that the viability of resident lynx populations would not be diminished or that 
potential recovery objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
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and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of historic 
and current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will further reduce habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historic fire regime 
in lynx habitats in the western contiguous U.S., including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Ffederal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  



However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
due to climate change, it may be necessary to reconsider whether fire suppression in some lynx 
habitats could benefit lynx by reducing the potential for extirpation of resident populations, 
especially in places already apparently only marginally capable of supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation due to timber harvest and other development activities are unlikely. The most 
likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is little evidence of intermittent 



immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Future Lynx Status 
 
The majority of the experts suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Figure 13). 
 



 
Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence at 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily-
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 
exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in future. There is some evidence of lynx using ski areas in summer months but avoiding them 
during the ski season. It is uncertain whether ski areas may affect genetic connectivity within the 
Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit are in the 
southern portion of the range in the San Juan Mountains. There is a large area (Weminuche 



Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible that lynx also 
could be using that area. 
 
Service Evaluation of Influencing Factors 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming, and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (Service 2008, p 70-71). Lynx habitat on all other ownerships makes 
up the remaining 15 percent of lynx habitat in Colorado, of which, only five percent is in federal 
ownership. Other ownerships include state, county, municipal, etc., and private lands. The BLM 
resource management plans have not been amended to include conservation specifically for 
lynx and, with a few exceptions. Lynx habitat on BLM ownership mostly consists of narrow 
forest extensions connected to larger blocks of habitat on adjacent USFS lands. Generally these 
extensions are insufficient on their own to support a lynx home range. However, the Gunnison 
Field Office is the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 
The State of Colorado manages lynx as a state endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change - ILBT (2013 p. 61) – “Climate change generally is expected to result in warmer 
winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the southern 
Rockies. McKelvey et al. (2011 entire in ILBT 2013) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow 
would continue to be retained late in the 21st century, including the high elevations of 
Colorado.” 
 
“All of the climate models under all representative concentration pathway (RCP) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014 page 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the  
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 



elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014 page 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014 page 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, page 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historic vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008 page 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to be 
developed and expended. While these linear features already exist on the landscape, widening 
of the cleared right-of-way, as well as behavioral avoidance of highway rights-of-way due to 
traffic reduces available habitat. Many ski areas in Colorado are located within lynx habitat and 
will likely be expanded in the future through permanent removal of vegetation  to create 
conventional ski runs, reducing tree density and clearing understory vegetation to create glade 
conditions, reduces lynx habitat. The magnitude of fragmentation caused by these sources of 



has not been quantified, but is unlikely to remove enough habitat to eliminate the possibility of 
lynx persistence in Colorado. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
 
Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS contain resident 
breeding lynx populations. Although we have no reliable population-size estimates for any of the 
geographic units, Northern Maine (Unit 1) is believed to currently support the largest resident 
population in the DPS. In Northeastern Minnesota (Unit 2), a resident population occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) 
continue to support resident lynx, although a small subpopulation in the Garnet Mountains on 
the southern periphery of this unit may have been extirpated recently. In North-central 
Washington (Unit 4), recent extensive wildfires have temporarily reduced the amount of high-
quality lynx habitat and may have caused a decline in lynx numbers there. Since the release of 
Canadian and Alaskan lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 
6). The Greater Yellowstone Area (GYA, Unit 5) is thought to have historically supported a small 
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resident population; however, resident lynx have not been documented recently in this unit. The 
apparent long-term (historic and current) persistence of resident lynx populations in at least four 
of the six geographic units (Units 1-4) and the absence of reliable information indicating that the 
current distribution and relative abundance of resident lynx are substantially reduced from 
historic conditions suggest the historical and recent resiliency of lynx populations in the DPS. 
The large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate adequate historical and current redundancy in the DPS to preclude 
its extirpation because of catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historic conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
federal lands, has been largely addressed by formal and binding amendments or revisions to 
most federal land management plans within the DPS range. Although questions remain about 
the efficacy of this improved regulatory framework, federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. In North-central Washington, recent large-scale 
wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, likely reducing 
this unit’s current lynx population and potentially compromising its current ability to support a 



resident population until habitats recover. Increased wildfire activity also has impacted lynx 
habitats in the other western geographic units (Northwestern Montana/Northeastern Idaho, the 
GYA, and Western Colorado), but the extent to which it has influenced the current condition of 
lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historic 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, expert opinion and our evaluations suggest that resident lynx populations in each of the 
geographic units are likely to be smaller and their distributions reduced in the future. These 
anticipated declines are most likely to be influenced by projected loss and increasing 
fragmentation and isolation of boreal forests and favorable snow conditions resulting from 
continued climate warming and related impacts (e.g., increased wildfire and forest insect 
activity, diminished hare populations) (Lynx SSA Team 2016, p. 58). Forest management on 
private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline. The loss of resident lynx from one or more 
geographic unit would represent reduced future resiliency, redundancy, and representation 
within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Expert opinion and oOur analyses suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 



timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, neither the scientific 
literature nor expert input provide a basis for concluding that any single future catastrophic 
event could cause extirpation in any one geographic unit. It is even less likely that a single 
future catastrophic event (other than climate change, which we considered as a separate 
stressor) will eliminate all populations in the DPS. A sequence of catastrophic events over a 
short time could increase the potential for functional extirpation of one or more of the individual 
geographic units (e.g., fires in north-central Washington, as described above), thereby reducing 
redundancy within the DPS. However, as long as resident lynx remain geographically well-
distributed in one or more units within the DPS, extirpation from a catastrophic event is very 
unlikely. 
      
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. How the potential loss of resident lynx from one or more geographic unit may 
affect representation within the DPS in terms of ecological diversity is uncertain. Despite 
similarities in the fundamental components (vegetation, snow conditions, and hares) that define 
the ecological niche of lynx DPS-wide, differences in habitats and how lynx use them are 
apparent. For example, snow depth that seems to demarcate a boundary between lynx and 
bobcat occupancy in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), 
and lynx in some parts of the West select mature forest stands, particularly in winter, while in 
other parts of the DPS, young regenerating stands are most important. The loss of resident lynx 
from any of the geographic units could result in the loss of behavioral and potential future 
genetic adaptations to the climate-mediated changes now occurring and likely to continue into 
the future at the southern edge of the lynx range. Such potential adaptability to diminished snow 
conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
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the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term retreat of boreal forests and diminished snow 
conditions projected by climate models. Further, the size, frequency, and intensity of wildfires 
and forest insect outbreaks are expected to increase with continued climate warming, 
particularly in the western portion of the DPS, although we do not anticipate such events in-and-
of-themselves are likely to cause the permanent loss of breeding lynx populations in any 
geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS viability 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). All other geographic units have a 50 percent or greater expert-estimated 
probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century, with a moderate to high likelihood that resident lynx will 
be lost from two to four units by then. Potential elevational refugia may increase the likelihood of 
persistence in western units, although uncertainty remains about the timing of warming-driven 
upslope movements of habitats and snow conditions and the extent to which hare and lynx 
populations may follow them. Regardless, future lynx habitats throughout the DPS range are 
likely to be smaller and more fragmented, and geographic units that are already relatively 
isolated from other lynx populations are likely to become even more isolated in the future. 
Despite the lack of elevational refugia, lynx may also persist at the end of the century in Maine 
and Minnesota, depending on the timing and severity of climate change effects and, in Maine, 
on trends in development and private forest management. Uncertainty increases at mid- to late-
century concerning the timing and extent of various stressors that will affect lynx and hare 
habitat and snow regimes, especially those related to climate change. However, review of the 

Comment [MJM80]: We never say whether 
we agree or disagree with these specific 
experts’ opinions and explain why.  We make a 
meaningless statements in the end about 
probability of persistence, and that doesn’t tell 
the reader whether we agree or disagree with 
these specific opinions of the experts. 



best available science in concert with input from lynx experts suggests that the probability of the 
persistence of resident breeding populations will decline in all geographic units beginning as 
early as 2025, with the negative DPS-wide trajectory continuing to the end of the century, and 
(with no evidence to the contrary) beyond that time frame. 
   
We conclude that the potential functional extirpation of resident lynx populations from one or 
more geographic units would demonstrate a loss of resiliency, reduced redundancy, and, 
possibly, reduced representation within the DPS. These probability of losses in resiliency, 
redundancy, and representation will puts the Canada lynx DPS at increasing risk of extirpation 
through the end of this century. 
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Subject: Cancelled - Lynx SSA Coordination Call
Date: Tuesday, November 29, 2016 5:44:31 PM

Hi All:

Because we value your time and there is little new information to convey on the lynx SSA
report, we've decided to cancel this month's update/coordination call, which was scheduled for
tomorrow.

The SSA Team is working through internal review comments and we intend to send the
DRAFT SSA Report out to peer reviewers and State, Federal, and Tribal partners in the next
few weeks. 

The next call is scheduled for Wed., Dec. 28, though we will likely bump that to early January
because of the holiday.  I'll send out a reminder with call-in info for that one a day or two
ahead.

If you have questions or need any other information, don't hesitate to email or call me. 

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: bob.broscheid@state.co.us; craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric; Moore,Virgil; Dustin

Miller (dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam Eaton;
Chandler.woodcock@maine.gov; Connolly, James; Vashon, Jennifer; moritzw@michigan.gov;
bumpa@michigan.gov; kennedyd@michigan.gov; commissioner.dnr@state.mn.us; rita.dixon@idfg.idaho.gov;
jim.leach@state.mn.us; Paul.Telander@state.mn.us; Baker, Richard (DNR); Erb, John D (DNR);
jhagener@mt.gov; JTubbs@mt.gov; McDonald, Ken; Inman, Bob; Jay Kolbe; seggeman@mt.gov; Baty, Ross;
glenn.normandeau@wildlife.nh.gov; Mark.Ellingwood@wildlife.nh.gov; john.kanter@wildlife.nh.gov;
Jill.Killborn@wildlife.nh.gov; William.Staats@wildlife.nh.gov; Patrick.Tate@wildlife.nh.gov;
alexandra.sandoval@state.nm.us; stewart.liley@state.nm.us; rick.winslow@state.nm.us; Stuart, James N., DGF;
patricia.riexinger@dec.ny.gov; curt.melcher@state.or.us; derek.j.broman@state.or.us; Gregory Sheehan;
Kimberly Hersey; louis.porter@state.vt.us; mark scott; Bernier, Chris; director@dfw.wa.gov; cpl@dnr.wa.gov;
Lewis, Jeffrey C (DFW); Maletzke, Benjamin T (DFW); cathy.stepp@wisconsin.gov; kurt.thiede@wisconsin.gov;
Sanjay.Olson@wisconsin.gov; Tom.Hauge@wisconsin.gov; Erin.Crain@wisconsin.gov; Owen Boyle; Roberts,
Nathan M - DNR; David.MacFarland@wisconsin.gov; John.White@wisconsin.gov; scott.talbot@wyo.gov; Bob
Lanka; Zack Walker; Nichole Bjornlie; Rossler, Shawn T - DNR; susan.patla@wyo.gov

Cc: Seth Willey; Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt
Broderdorp; Mark McCollough; Tamara Smith; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab; Ann
Timberman; Anthony Tur; Brad Thompson; Chris Mensing; David Stilwell; Drue DeBerry; Eric Rickerson; Grant
Canterbury; Jeff Krupka; Karl Halupka; Kate Novak; Kim Garner; Larry Crist; Laura Ragan; Leslie Ellwood; Mark
Maghini; Martin Miller; Megan Kosterman; Michelle Eames; Paul Casey; Paul Henson; Peter Fasbender; Rollie
White; Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman; Tyler Abbott; Wally Murphy; Dennis Mackey;
Patricia Zenone; Gary Miller; Karen Cathey; Steve Spangle; Rick Kahn; Jackson, Scott -FS

Subject: Cancelled - Lynx SSA Coordination Call
Date: Wednesday, December 28, 2016 10:50:09 AM

Hi All:

We will not be holding the monthly lynx SSA update/coordination call, which was scheduled for today, Dec. 28.

We will be sending the DRAFT Lynx SSA Report out to State, Federal, and Tribal partners shortly into the new year.

The next update is scheduled for Wed., Jan, 25.  I will send a reminder a few days before then.

If you have questions or need any other information, don't hesitate to email or call me. 

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:bob.broscheid@state.co.us
mailto:craig.mclaughlin@state.co.us
mailto:Jake.ivan@state.co.us
mailto:eric.odell@state.co.us
mailto:virgil.moore@idfg.idaho.gov
mailto:dustin.miller@osc.idaho.gov
mailto:dustin.miller@osc.idaho.gov
mailto:Joshua.Uriarte@osc.idaho.gov
mailto:rex.sallabanks@idfg.idaho.gov
mailto:Sam.Eaton@osc.idaho.gov
mailto:Chandler.woodcock@maine.gov
mailto:James.Connolly@maine.gov
mailto:jennifer.vashon@maine.gov
mailto:moritzw@michigan.gov
mailto:bumpa@michigan.gov
mailto:kennedyd@michigan.gov
mailto:commissioner.dnr@state.mn.us
mailto:rita.dixon@idfg.idaho.gov
mailto:jim.leach@state.mn.us
mailto:Paul.Telander@state.mn.us
mailto:richard.baker@state.mn.us
mailto:john.erb@state.mn.us
mailto:jhagener@mt.gov
mailto:JTubbs@mt.gov
mailto:kmcdonald@mt.gov
mailto:bobinman@mt.gov
mailto:jkolbe.fwp@gmail.com
mailto:seggeman@mt.gov
mailto:rbaty@mt.gov
mailto:glenn.normandeau@wildlife.nh.gov
mailto:Mark.Ellingwood@wildlife.nh.gov
mailto:john.kanter@wildlife.nh.gov
mailto:Jill.Killborn@wildlife.nh.gov
mailto:William.Staats@wildlife.nh.gov
mailto:Patrick.Tate@wildlife.nh.gov
mailto:alexandra.sandoval@state.nm.us
mailto:stewart.liley@state.nm.us
mailto:rick.winslow@state.nm.us
mailto:james.stuart@state.nm.us
mailto:patricia.riexinger@dec.ny.gov
mailto:curt.melcher@state.or.us
mailto:derek.j.broman@state.or.us
mailto:GregSheehan@utah.gov
mailto:kimberlyasmus@utah.gov
mailto:louis.porter@state.vt.us
mailto:mark.scott@state.vt.us
mailto:Chris.Bernier@state.vt.us
mailto:director@dfw.wa.gov
mailto:cpl@dnr.wa.gov
mailto:Jeffrey.Lewis@dfw.wa.gov
mailto:Benjamin.Maletzke@dfw.wa.gov
mailto:cathy.stepp@wisconsin.gov
mailto:kurt.thiede@wisconsin.gov
mailto:Sanjay.Olson@wisconsin.gov
mailto:Tom.Hauge@wisconsin.gov
mailto:Erin.Crain@wisconsin.gov
mailto:Owen.Boyle@wisconsin.gov
mailto:NathanM.Roberts@wisconsin.gov
mailto:NathanM.Roberts@wisconsin.gov
mailto:David.MacFarland@wisconsin.gov
mailto:John.White@wisconsin.gov
mailto:scott.talbot@wyo.gov
mailto:bob.lanka@wyo.gov
mailto:bob.lanka@wyo.gov
mailto:zack.walker@wyo.gov
mailto:nichole.cudworth@wyo.gov
mailto:Shawn.Rossler@wisconsin.gov
mailto:susan.patla@wyo.gov
mailto:seth_willey@fws.gov
mailto:jodi_bush@fws.gov
mailto:heather_bell@fws.gov
mailto:mary_parkin@fws.gov
mailto:jwcummings@usgs.gov
mailto:justin_shoemaker@fws.gov
mailto:bryon_holt@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:mark_mccollough@fws.gov
mailto:tamara_smith@fws.gov
mailto:brady_mcgee@fws.gov
mailto:jeffrey_dillon@fws.gov
mailto:lisa_solbergschwab@fws.gov
mailto:ann_timberman@fws.gov
mailto:ann_timberman@fws.gov
mailto:anthony_tur@fws.gov
mailto:brad_thompson@fws.gov
mailto:chris_mensing@fws.gov
mailto:david_stilwell@fws.gov
mailto:drue_deberry@fws.gov
mailto:eric_rickerson@fws.gov
mailto:grant_canterbury@fws.gov
mailto:grant_canterbury@fws.gov
mailto:jeff_krupka@fws.gov
mailto:karl_halupka@fws.gov
mailto:kate_novak@fws.gov
mailto:kim_garner@fws.gov
mailto:larry_crist@fws.gov
mailto:laura_ragan@fws.gov
mailto:leslie_ellwood@fws.gov
mailto:mark_maghini@fws.gov
mailto:mark_maghini@fws.gov
mailto:martin_miller@fws.gov
mailto:megan_kosterman@fws.gov
mailto:michelle_eames@fws.gov
mailto:paul_casey@fws.gov
mailto:paul_henson@fws.gov
mailto:peter_fasbender@fws.gov
mailto:rollie_white@fws.gov
mailto:rollie_white@fws.gov
mailto:sarah_hall@fws.gov
mailto:scott_hicks@fws.gov
mailto:sue_livingston@fws.gov
mailto:tom_chapman@fws.gov
mailto:tyler_abbott@fws.gov
mailto:wally_murphy@fws.gov
mailto:Dennis_Mackey@fws.gov
mailto:patricia_zenone@fws.gov
mailto:gary_miller@fws.gov
mailto:karen_cathey@fws.gov
mailto:steve_spangle@fws.gov
mailto:rick_kahn@nps.gov
mailto:sjackson03@fs.fed.us
mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Seth Willey; Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt

Broderdorp; Mark McCollough; Tamara Smith; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab; Ann
Timberman; Anthony Tur; Brad Thompson; Chris Mensing; David Stilwell; Drue DeBerry; Eric Rickerson; Grant
Canterbury; Jeff Krupka; Karl Halupka; Kate Novak; Kim Garner; Larry Crist; Laura Ragan; Leslie Ellwood; Mark
Maghini; Martin Miller; Megan Kosterman; Michelle Eames; Paul Casey; Paul Henson; Peter Fasbender; Rollie
White; Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman; Tyler Abbott; Wally Murphy; Dennis Mackey;
Patricia Zenone; Gary Miller; Karen Cathey; Steve Spangle; Tom McDowell; Anna Harris; Szymanski, Jennifer

Subject: Postponed - Lynx SSA Coordination Call
Date: Tuesday, January 03, 2017 9:37:20 AM

Hi All:

The lynx SSA internal update/coordination call scheduled for today, Jan. 3, is postponed until next Tuesday, Jan. 10, at 10
AM Mountain Time.  I will send a reminder and call-in information a day ahead.

The SSA Team has finished addressing internal comments on the Draft SSA Report and is finishing up some formatting
issues before sending the revised draft to our peer review contractor.  We will then also send the draft report to our State,
Federal, and Tribal partners in the next week or so.

If you have questions or need any other information, don't hesitate to email or call me. 

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Monette, DJ
Cc: Anna Munoz; Charles Traxler; Garrett Peterson; Ivy Allen; Joe Early; John Nystedt; Nathan Dexter; Christine

Eustis; Timothy Binzen; Scott Aikin; Jodi Bush; Justin Shoemaker; Mark McCollough; Anna Harris; Willey, Seth;
Marjorie Nelson; Tamara Smith; Bryon Holt; Kurt Broderdorp; Heather Bell; Mary Parkin

Subject: Re: Availability of USFWS Draft Canada Lynx Species Status Asssessment (SSA)
Date: Wednesday, January 11, 2017 4:30:13 PM

Thanks DJ and thanks Regional Liaisons for helping us get this draft out to Tribal partners!

Let me know if you have questions or need anything else.

Jim

On Wed, Jan 11, 2017 at 1:56 PM, Monette, DJ <dj_monette@fws.gov> wrote:

Hello Folks,

Below is an e-mail template (and attachment) for you to copy paste and send to your respective Tribes in your
regions (R1,2,3,5 & 6). You may want to only focus on Tribes that are located within or adjacent to the DPS. 
Please send this out as soon as possible.

Please note that R6 has the lead, so any unanswered questions should be directed to Jim  Zelenak.

Jim, if I have missed anything, please let me know.

Please let me know if you have any questions.

Thanks,

DJ
 

==============================================================
To:  Tribal Natural Resource Directors

Subject:  Availability of USFWS Draft Canada Lynx Species Status Asssessment (SSA)

Dear Tribal Partners:

Attached please find the U.S. Fish and Wildlife Service's DRAFT Species Status Assessment (SSA) for the Canada Lynx -
Contiguous United States Distinct Population Segment (DPS).  The SSA is intended to provide the biological and scientific
underpinnings for all decisions the Service must make in accordance with the Endangered Species Act (Act), including
future recovery planning for the lynx DPS. The draft report is currently undergoing peer review and review by State Fish
and Wildlife Agencies and by Federal land management agencies (BLM, NPS, and USFS) within the DPS range.  

The Service jointly respects and values the significant role of Indian Tribes in past and ongoing lynx conservation.  We also
respect the sovereignty of Tribal governments and our collective Trust responsibility to Tribes.  Continuing this effective
relationship with interested Tribes and others is essential to achieving recovery of lynx.  Therefore, we are providing this
draft for review by members of your organization with expert knowledge of the species and its habitat.  That review will
help us ensure that we have appropriately considered the best scientific and commercial information when evaluating the
current status and future viability of the lynx DPS.
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We request your organization's independent scientific perspectives on the comprehensiveness and logic of the document, as
well as how well the technical conclusions are supported by the data and analyses.  We ask that your comments on the draft
SSA report focus specifically on whether the best available information was used, the quality of the scientific information,
and our interpretation and analyses of the data with regard to the species’ viability in the contiguous United States.  We
request that you direct your review to the scientific issues and assumptions related to your expertise.

We welcome consolidated comments from your Tribe by Feb. 10, 2017. Please send comments by that date
to jim_zelenak@fws.gov. Thank you for your interest and assistance.

Please note that the Literature Cited list is not complete at this time.  If you need a copy of any document cited in the draft
report, please contact Jim Zelenak at the email address above.

This document is not intended to solicit public comment and will be revised after this scientific review. This document
does not predetermine any future agency decision under the Endangered Species Act.

General Information about SSAs:

The Species Status Assessment framework is a new tool the U.S. Fish and Wildlife Service is using to improve transparency
while conducting listing determinations and other actions in accordance with the Act, and peer review of our analyses of
the viability of species is part of that new process.  The attached draft SSA report is a rough draft; we are seeking
comments at this stage to ensure that we have time to incorporate any substantial comments as we finalize the report.
 
In reviewing the document, please note that this draft SSA report does not result in or predetermine a decision by the
Service on whether the Canada lynx warrants protections of the Act.  This document is strictly a characterization of the
species’ viability in the contiguous United States.  As a reminder, all reviews and comments submitted to the Service will
become public documents and part of our administrative record for this document.

If you have any questions, please feel free to contact me.

Sincerely,

[Insert NAL Name]

==============================================================

-- 

DJ Monette

U.S. Fish and Wildlife Service - Headquarters, Washington, DC

mailto:jim_zelenak@fws.gov


Associate Native American Liaison Advisor

Cell:      (413) 244-4495

dj_monette@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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2/5/2018 DEPARTMENT OF THE INTERIOR Mail - Re: Draft Canada lynx SSA Report

https://mail.google.com/mail/u/0/?ui=2&ik=984e431752&jsver=RIdPbm7drEs.en.&view=pt&cat=Lynx%2C%20Canada%2FGifford%20Lynx%20SSA_5… 1/2

Gifford, Krishna <krishna_gifford@fws.gov>

Re: Draft Canada lynx SSA Report 
1 message

Gifford, Krishna <krishna_gifford@fws.gov> Tue, Jan 17, 2017 at 11:34 AM
To: "Miller, Martin" <martin_miller@fws.gov>
Cc: Mary Parkin <mary_parkin@fws.gov>, Mark McCollough <Mark_McCollough@fws.gov>

Marty - Given my other workload, I will be unable to review and provide comments.  I doubt that I would have anything substantive to
add to yours/Mark's/Mary's comments.  -Krishna

______________________________________________________________________
Krishna Gifford

ESA Listing Coordinator
U.S. Fish and Wildlife Service - Northeast Region
Endangered Species Program
300 Westgate Center Dr.
Hadley, MA 01035
413-253-8619 (v); 413-253-8482 (f)

On Tue, Jan 17, 2017 at 11:20 AM, Miller, Martin <martin_miller@fws.gov> wrote: 
Here are my comments.  Will anyone else in R5 be providing comments?  If so, it makes sense to compile them.
 
I asked Paul if he wants to see our comments before we send them to R6.
 
 
---------- Forwarded message ---------- 
From: Zelenak, Jim <jim_zelenak@fws.gov> 
Date: Wed, Jan 11, 2017 at 5:19 PM 
Subject: Draft Canada lynx SSA Report 
To: Seth Willey <Seth_Willey@fws.gov>, Jodi Bush <jodi_bush@fws.gov>, Heather Bell <heather_bell@fws.gov>, Mary Parkin
<mary_parkin@fws.gov>, Jonathan Cummings <jwcummings@usgs.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>, Bryon
Holt <bryon_holt@fws.gov>, Kurt Broderdorp <kurt_broderdorp@fws.gov>, Mark McCollough <mark_mccollough@fws.gov>, Tamara
Smith <tamara_smith@fws.gov>, Brady McGee <brady_mcgee@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>, Lisa Solberg
Schwab <lisa_solbergschwab@fws.gov>, Ann Timberman <ann_timberman@fws.gov>, Anthony Tur <Anthony_Tur@fws.gov>, Brad
Thompson <brad_thompson@fws.gov>, Chris Mensing <chris_mensing@fws.gov>, David Stilwell <David_Stilwell@fws.gov>, Drue
DeBerry <drue_deberry@fws.gov>, Eric Rickerson <eric_rickerson@fws.gov>, Grant Canterbury <Grant_Canterbury@fws.gov>, Jeff
Krupka <jeff_krupka@fws.gov>, Karl Halupka <Karl_Halupka@fws.gov>, Kate Novak <kate_novak@fws.gov>, Kim Garner
<kim_garner@fws.gov>, Larry Crist <Larry_Crist@fws.gov>, Laura Ragan <Laura_Ragan@fws.gov>, Leslie Ellwood
<leslie_ellwood@fws.gov>, Mark Maghini <mark_maghini@fws.gov>, Martin Miller <Martin_Miller@fws.gov>, Megan Kosterman
<megan_kosterman@fws.gov>, Michelle Eames <michelle_eames@fws.gov>, Paul Casey <paul_casey@fws.gov>, Paul Henson
<paul_henson@fws.gov>, Peter Fasbender <peter_fasbender@fws.gov>, Rollie White <rollie_white@fws.gov>, Sarah Hall
<sarah_hall@fws.gov>, Scott Hicks <scott_hicks@fws.gov>, Sue Livingston <sue_livingston@fws.gov>, Tom Chapman
<Tom_Chapman@fws.gov>, Tyler Abbott <Tyler_Abbott@fws.gov>, Dennis Mackey <Dennis_Mackey@fws.gov>, Patricia Zenone
<patricia_zenone@fws.gov>, Gary Miller <gary_miller@fws.gov>, Karen Cathey <karen_cathey@fws.gov>, Tom McDowell
<tom_mcdowell@fws.gov>, Anna Harris <anna_harris@fws.gov>, "Szymanski, Jennifer" <jennifer_szymanski@fws.gov> 
 
 
Hi All,
 
Attached is the draft lynx SSA report, which was sent to our peer review contractor on Friday and to State, Federal, and Tribal
partners yesterday and today.  Apologies to those of you who have received this previously through other/multiple channels.
 
The draft went through internal FWS review in Oct./Nov.  Thanks to those of you who provided comments; the SSA Team hopes we
addressed them adequately in this revised draft.
 
We are not soliciting additional FWS review and comment of this draft, but we wanted everyone to have the most current version in
case you get questions from your local State, Federal or Tribal partners. However, if you see glaring errors or problems, please let me
know!
 
Please note that the lit cited list in this draft is incomplete - the SSA Team is continuing to work on getting all the cited documents
listed and PDFs compiled in one place.  In the mean time, if you need a copy of a cited document, let me know and we will get it to
you.
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2/5/2018 DEPARTMENT OF THE INTERIOR Mail - Re: Draft Canada lynx SSA Report
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Also note that we are not posting this for public review and comment, but we will make the final SSA report publicly available.  We ask
that you not distribute this draft to the public, although we anticipate some level of circulation given all the partner agencies that have
been invited to review it and provide comments.
 
Don't hesitate to contact me or your local SSA Core Team member if you have questions or need additional information.
 
Cheers!
 
Jim
 
--  
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
 
 
 
--  
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and Wildlife Service, 300 Westgate Center Drive,
Hadley, MA 01035, 413-253-8615

https://mail.google.com/mail/?view=cm&fs=1&tf=1&to=jim_zelenak@fws.gov


From: Gifford, Krishna
To: Miller, Martin
Cc: Mary Parkin; Mark McCollough
Subject: Re: Draft Canada lynx SSA Report
Date: Tuesday, January 17, 2017 11:35:03 AM

Marty - Given my other workload, I will be unable to review and provide comments.  I doubt
that I would have anything substantive to add to yours/Mark's/Mary's comments.  -Krishna

______________________________________________________________________
Krishna Gifford

ESA Listing Coordinator
U.S. Fish and Wildlife Service - Northeast Region
Endangered Species Program
300 Westgate Center Dr.
Hadley, MA 01035
413-253-8619 (v); 413-253-8482 (f)

On Tue, Jan 17, 2017 at 11:20 AM, Miller, Martin <martin_miller@fws.gov> wrote:
Here are my comments.  Will anyone else in R5 be providing comments?  If so, it makes
sense to compile them.

I asked Paul if he wants to see our comments before we send them to R6.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Jan 11, 2017 at 5:19 PM
Subject: Draft Canada lynx SSA Report
To: Seth Willey <Seth_Willey@fws.gov>, Jodi Bush <jodi_bush@fws.gov>, Heather Bell
<heather_bell@fws.gov>, Mary Parkin <mary_parkin@fws.gov>, Jonathan Cummings
<jwcummings@usgs.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>, Bryon Holt
<bryon_holt@fws.gov>, Kurt Broderdorp <kurt_broderdorp@fws.gov>, Mark McCollough
<mark_mccollough@fws.gov>, Tamara Smith <tamara_smith@fws.gov>, Brady McGee
<brady_mcgee@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>, Lisa Solberg Schwab
<lisa_solbergschwab@fws.gov>, Ann Timberman <ann_timberman@fws.gov>, Anthony
Tur <Anthony_Tur@fws.gov>, Brad Thompson <brad_thompson@fws.gov>, Chris
Mensing <chris_mensing@fws.gov>, David Stilwell <David_Stilwell@fws.gov>, Drue
DeBerry <drue_deberry@fws.gov>, Eric Rickerson <eric_rickerson@fws.gov>, Grant
Canterbury <Grant_Canterbury@fws.gov>, Jeff Krupka <jeff_krupka@fws.gov>, Karl
Halupka <Karl_Halupka@fws.gov>, Kate Novak <kate_novak@fws.gov>, Kim Garner
<kim_garner@fws.gov>, Larry Crist <Larry_Crist@fws.gov>, Laura Ragan
<Laura_Ragan@fws.gov>, Leslie Ellwood <leslie_ellwood@fws.gov>, Mark Maghini
<mark_maghini@fws.gov>, Martin Miller <Martin_Miller@fws.gov>, Megan Kosterman
<megan_kosterman@fws.gov>, Michelle Eames <michelle_eames@fws.gov>, Paul Casey
<paul_casey@fws.gov>, Paul Henson <paul_henson@fws.gov>, Peter Fasbender
<peter_fasbender@fws.gov>, Rollie White <rollie_white@fws.gov>, Sarah Hall
<sarah_hall@fws.gov>, Scott Hicks <scott_hicks@fws.gov>, Sue Livingston
<sue_livingston@fws.gov>, Tom Chapman <Tom_Chapman@fws.gov>, Tyler Abbott
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<Tyler_Abbott@fws.gov>, Dennis Mackey <Dennis_Mackey@fws.gov>, Patricia Zenone
<patricia_zenone@fws.gov>, Gary Miller <gary_miller@fws.gov>, Karen Cathey
<karen_cathey@fws.gov>, Tom McDowell <tom_mcdowell@fws.gov>, Anna Harris
<anna_harris@fws.gov>, "Szymanski, Jennifer" <jennifer_szymanski@fws.gov>

Hi All,

Attached is the draft lynx SSA report, which was sent to our peer review contractor on Friday and to State,
Federal, and Tribal partners yesterday and today.  Apologies to those of you who have received this previously
through other/multiple channels.

The draft went through internal FWS review in Oct./Nov.  Thanks to those of you who provided comments; the
SSA Team hopes we addressed them adequately in this revised draft.

We are not soliciting additional FWS review and comment of this draft, but we wanted everyone to have the most
current version in case you get questions from your local State, Federal or Tribal partners. However, if you see
glaring errors or problems, please let me know!

Please note that the lit cited list in this draft is incomplete - the SSA Team is continuing to work on getting all the
cited documents listed and PDFs compiled in one place.  In the mean time, if you need a copy of a cited
document, let me know and we will get it to you.

Also note that we are not posting this for public review and comment, but we will make the final SSA report
publicly available.  We ask that you not distribute this draft to the public, although we anticipate some level of
circulation given all the partner agencies that have been invited to review it and provide comments.

Don't hesitate to contact me or your local SSA Core Team member if you have questions or need additional
information.

Cheers!

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615
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From: McCollough, Mark
To: Miller, Martin; Mary Parkin; Anna Harris
Subject: Re: Draft Canada lynx SSA Report
Date: Thursday, January 19, 2017 8:18:30 AM

Marty:  Thanks for reviewing the lynx SSA again.  The core team greatly appreciates that. 

I will not have time to review your comments now, but you are right...in a few weeks myself
and others will be addressing them.

Thanks,  Mark

On Wed, Jan 18, 2017 at 5:29 PM, Miller, Martin <martin_miller@fws.gov> wrote:
I had forgotten to add a comment (page 151).  Here's the revised version with this single
change.

Also, I just talked with Mary.  She will review my comments, then I will share with Paul,
then I will send to R6.

Mark - I'm not expecting you to review my comments; you may be asked to help address
them.

On Tue, Jan 17, 2017 at 11:20 AM, Miller, Martin <martin_miller@fws.gov> wrote:
Here are my comments.  Will anyone else in R5 be providing comments?  If so, it makes
sense to compile them.

I asked Paul if he wants to see our comments before we send them to R6.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Jan 11, 2017 at 5:19 PM
Subject: Draft Canada lynx SSA Report
To: Seth Willey <Seth_Willey@fws.gov>, Jodi Bush <jodi_bush@fws.gov>, Heather Bell
<heather_bell@fws.gov>, Mary Parkin <mary_parkin@fws.gov>, Jonathan Cummings
<jwcummings@usgs.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>, Bryon Holt
<bryon_holt@fws.gov>, Kurt Broderdorp <kurt_broderdorp@fws.gov>, Mark
McCollough <mark_mccollough@fws.gov>, Tamara Smith <tamara_smith@fws.gov>,
Brady McGee <brady_mcgee@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>, Lisa
Solberg Schwab <lisa_solbergschwab@fws.gov>, Ann Timberman
<ann_timberman@fws.gov>, Anthony Tur <Anthony_Tur@fws.gov>, Brad Thompson
<brad_thompson@fws.gov>, Chris Mensing <chris_mensing@fws.gov>, David Stilwell
<David_Stilwell@fws.gov>, Drue DeBerry <drue_deberry@fws.gov>, Eric Rickerson
<eric_rickerson@fws.gov>, Grant Canterbury <Grant_Canterbury@fws.gov>, Jeff
Krupka <jeff_krupka@fws.gov>, Karl Halupka <Karl_Halupka@fws.gov>, Kate Novak
<kate_novak@fws.gov>, Kim Garner <kim_garner@fws.gov>, Larry Crist
<Larry_Crist@fws.gov>, Laura Ragan <Laura_Ragan@fws.gov>, Leslie Ellwood
<leslie_ellwood@fws.gov>, Mark Maghini <mark_maghini@fws.gov>, Martin Miller
<Martin_Miller@fws.gov>, Megan Kosterman <megan_kosterman@fws.gov>, Michelle
Eames <michelle_eames@fws.gov>, Paul Casey <paul_casey@fws.gov>, Paul Henson
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<paul_henson@fws.gov>, Peter Fasbender <peter_fasbender@fws.gov>, Rollie White
<rollie_white@fws.gov>, Sarah Hall <sarah_hall@fws.gov>, Scott Hicks
<scott_hicks@fws.gov>, Sue Livingston <sue_livingston@fws.gov>, Tom Chapman
<Tom_Chapman@fws.gov>, Tyler Abbott <Tyler_Abbott@fws.gov>, Dennis Mackey
<Dennis_Mackey@fws.gov>, Patricia Zenone <patricia_zenone@fws.gov>, Gary Miller
<gary_miller@fws.gov>, Karen Cathey <karen_cathey@fws.gov>, Tom McDowell
<tom_mcdowell@fws.gov>, Anna Harris <anna_harris@fws.gov>, "Szymanski, Jennifer"
<jennifer_szymanski@fws.gov>

Hi All,

Attached is the draft lynx SSA report, which was sent to our peer review contractor on Friday and to State,
Federal, and Tribal partners yesterday and today.  Apologies to those of you who have received this previously
through other/multiple channels.

The draft went through internal FWS review in Oct./Nov.  Thanks to those of you who provided comments; the
SSA Team hopes we addressed them adequately in this revised draft.

We are not soliciting additional FWS review and comment of this draft, but we wanted everyone to have the
most current version in case you get questions from your local State, Federal or Tribal partners. However, if
you see glaring errors or problems, please let me know!

Please note that the lit cited list in this draft is incomplete - the SSA Team is continuing to work on getting all
the cited documents listed and PDFs compiled in one place.  In the mean time, if you need a copy of a cited
document, let me know and we will get it to you.

Also note that we are not posting this for public review and comment, but we will make the final SSA report
publicly available.  We ask that you not distribute this draft to the public, although we anticipate some level of
circulation given all the partner agencies that have been invited to review it and provide comments.

Don't hesitate to contact me or your local SSA Core Team member if you have questions or need additional
information.

Cheers!

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615
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-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: Tur, Anthony
To: Zelenak, Jim
Cc: Seth Willey; Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt

Broderdorp; Mark McCollough; Tamara Smith; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab; Ann
Timberman; Brad Thompson; Chris Mensing; David Stilwell; Drue DeBerry; Eric Rickerson; Grant Canterbury; Jeff
Krupka; Karl Halupka; Kate Novak; Kim Garner; Larry Crist; Laura Ragan; Leslie Ellwood; Mark Maghini; Martin
Miller; Megan Kosterman; Michelle Eames; Paul Casey; Paul Henson; Peter Fasbender; Rollie White; Sarah Hall;
Scott Hicks; Sue Livingston; Tom Chapman; Tyler Abbott; Dennis Mackey; Patricia Zenone; Gary Miller; Karen
Cathey; Tom McDowell; Anna Harris; Szymanski, Jennifer; David Simmons

Subject: Re: Draft Canada lynx SSA Report
Date: Friday, January 20, 2017 1:56:26 PM

Jim,

I have recently accepted a promotion to become the Region 5 At-risk Species Coordinator, so I
will no longer be serving as the New England Field Office point-of-contact for Canada lynx. 
Please add David Simmons (copied) to your contact list.

Thank you.
Tony

On Wed, Jan 11, 2017 at 5:19 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All,

Attached is the draft lynx SSA report, which was sent to our peer review contractor on Friday and to State,
Federal, and Tribal partners yesterday and today.  Apologies to those of you who have received this previously
through other/multiple channels.

The draft went through internal FWS review in Oct./Nov.  Thanks to those of you who provided comments; the
SSA Team hopes we addressed them adequately in this revised draft.

We are not soliciting additional FWS review and comment of this draft, but we wanted everyone to have the most
current version in case you get questions from your local State, Federal or Tribal partners. However, if you see
glaring errors or problems, please let me know!

Please note that the lit cited list in this draft is incomplete - the SSA Team is continuing to work on getting all the
cited documents listed and PDFs compiled in one place.  In the mean time, if you need a copy of a cited
document, let me know and we will get it to you.

Also note that we are not posting this for public review and comment, but we will make the final SSA report
publicly available.  We ask that you not distribute this draft to the public, although we anticipate some level of
circulation given all the partner agencies that have been invited to review it and provide comments.

Don't hesitate to contact me or your local SSA Core Team member if you have questions or need additional
information.

Cheers!

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
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(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Anthony Tur
Endangered Species Specialist
New England Field Office
70 Commercial Street, Suite 300
Concord, NH 03301

Phone: (603) 223-2541
Anthony_Tur@fws.gov
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From: Zelenak, Jim
To: bob.broscheid@state.co.us; craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric; Moore,Virgil; Dustin

Miller (dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam Eaton; rita.dixon@idfg.idaho.gov;
Chandler.woodcock@maine.gov; Connolly, James; Vashon, Jennifer; moritzw@michigan.gov;
bumpa@michigan.gov; kennedyd@michigan.gov; commissioner.dnr@state.mn.us; jim.leach@state.mn.us;
Paul.Telander@state.mn.us; Baker, Richard (DNR); Erb, John D (DNR); JTubbs@mt.gov; McDonald, Ken; Inman,
Bob; Jay Kolbe; seggeman@mt.gov; Baty, Ross; glenn.normandeau@wildlife.nh.gov;
Mark.Ellingwood@wildlife.nh.gov; john.kanter@wildlife.nh.gov; Jill.Killborn@wildlife.nh.gov;
William.Staats@wildlife.nh.gov; Patrick.Tate@wildlife.nh.gov; alexandra.sandoval@state.nm.us;
stewart.liley@state.nm.us; rick.winslow@state.nm.us; Stuart, James N., DGF; sean.murphy@state.nm.us;
michael.schiavone@dec.ny.gov; doug.stang@dec.ny.gov; curt.melcher@state.or.us; derek.j.broman@state.or.us;
Gregory Sheehan; Kimberly Hersey; louis.porter@state.vt.us; mark scott; Bernier, Chris; director@dfw.wa.gov;
cpl@dnr.wa.gov; Lewis, Jeffrey C (DFW); Maletzke, Benjamin T (DFW); cathy.stepp@wisconsin.gov;
kurt.thiede@wisconsin.gov; Sanjay.Olson@wisconsin.gov; Tom.Hauge@wisconsin.gov;
Erin.Crain@wisconsin.gov; Owen Boyle; Roberts, Nathan M - DNR; Rossler, Shawn T - DNR;
David.MacFarland@wisconsin.gov; John.White@wisconsin.gov; scott.talbot@wyo.gov; Bob Lanka; Zack Walker;
Nichole Bjornlie; susan.patla@wyo.gov; Rick Kahn; Jackson, Scott -FS; Hanvey, Gary -FS; Tripp, Kim; Christopher
Boone; Sparks, James

Cc: Seth Willey; Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt
Broderdorp; Mark McCollough; Tamara Smith; Anna Harris; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab;
Ann Timberman; Brad Thompson; Chris Mensing; David Stilwell; David Simmons; Drue DeBerry; Eric Rickerson;
Grant Canterbury; Jeff Krupka; Szymanski, Jennifer; Karen Cathey; Karl Halupka; Kate Novak; Kathleen
Hendricks; Larry Crist; Laura Ragan; Leslie Ellwood; Mark Maghini; Martin Miller; Megan Kosterman; Michelle
Eames; Patricia Zenone; Paul Casey; Paul Henson; Peter Fasbender; Rollie White; Sarah Hall; Scott Hicks; Sue
Livingston; Tom Chapman; Tom McDowell; Tyler Abbott; Dennis Mackey

Subject: Lynx SSA Coordination Call
Date: Tuesday, January 24, 2017 4:44:42 PM

Hi All:

We will have a brief State and Federal Partner coordination call tomorrow, Jan. 25, at 1:00 PM Mountain Time.

866-822-7385
Passcode 5396168 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Harris, Anna
To: McCollough, Mark
Subject: Re: Lynx SSA Coordination Call
Date: Wednesday, January 25, 2017 8:41:09 AM

Thanks for the invitation Mark,

I'd like to join you for this call. Your office sounds good. Or the conference room if you'd
rather be near a speaker phone -

On Wed, Jan 25, 2017 at 8:24 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Anna:  We are having a lynx SSA Federal/State coordinating call today at 3:00.  You are
welcome to join me in my office for the call if you wish (or call in yourself).  Mark

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, Jan 24, 2017 at 4:44 PM
Subject: Lynx SSA Coordination Call
To: bob.broscheid@state.co.us, craig.mclaughlin@state.co.us, Jake Ivan - DNR
<Jake.ivan@state.co.us>, "Odell, Eric" <eric.odell@state.co.us>, "Moore,Virgil"
<virgil.moore@idfg.idaho.gov>, "Dustin Miller (dustin.miller@osc.idaho.gov)"
<dustin.miller@osc.idaho.gov>, Joshua Uriarte <Joshua.Uriarte@osc.idaho.gov>,
"Sallabanks,Rex" <rex.sallabanks@idfg.idaho.gov>, Sam Eaton
<Sam.Eaton@osc.idaho.gov>, rita.dixon@idfg.idaho.gov, Chandler.woodcock@maine.gov,
"Connolly, James" <James.Connolly@maine.gov>, "Vashon, Jennifer"
<jennifer.vashon@maine.gov>, moritzw@michigan.gov, bumpa@michigan.gov,
kennedyd@michigan.gov, commissioner.dnr@state.mn.us, jim.leach@state.mn.us,
Paul.Telander@state.mn.us, "Baker, Richard (DNR)" <richard.baker@state.mn.us>, "Erb,
John D (DNR)" <john.erb@state.mn.us>, JTubbs@mt.gov, "McDonald, Ken"
<kmcdonald@mt.gov>, "Inman, Bob" <bobinman@mt.gov>, Jay Kolbe
<jkolbe.fwp@gmail.com>, seggeman@mt.gov, "Baty, Ross" <rbaty@mt.gov>,
glenn.normandeau@wildlife.nh.gov, Mark.Ellingwood@wildlife.nh.gov,
john.kanter@wildlife.nh.gov, Jill.Killborn@wildlife.nh.gov,
William.Staats@wildlife.nh.gov, Patrick.Tate@wildlife.nh.gov,
alexandra.sandoval@state.nm.us, stewart.liley@state.nm.us, rick.winslow@state.nm.us,
"Stuart, James N., DGF" <james.stuart@state.nm.us>, sean.murphy@state.nm.us,
michael.schiavone@dec.ny.gov, doug.stang@dec.ny.gov, curt.melcher@state.or.us,
derek.j.broman@state.or.us, Gregory Sheehan <GregSheehan@utah.gov>, Kimberly Hersey
<kimberlyasmus@utah.gov>, louis.porter@state.vt.us, mark scott <mark.scott@state.vt.us>,
"Bernier, Chris" <Chris.Bernier@state.vt.us>, director@dfw.wa.gov, cpl@dnr.wa.gov,
"Lewis, Jeffrey C (DFW)" <Jeffrey.Lewis@dfw.wa.gov>, "Maletzke, Benjamin T (DFW)"
<Benjamin.Maletzke@dfw.wa.gov>, cathy.stepp@wisconsin.gov,
kurt.thiede@wisconsin.gov, Sanjay.Olson@wisconsin.gov, Tom.Hauge@wisconsin.gov,
Erin.Crain@wisconsin.gov, Owen Boyle <Owen.Boyle@wisconsin.gov>, "Roberts, Nathan
M - DNR" <NathanM.Roberts@wisconsin.gov>, "Rossler, Shawn T - DNR"
<Shawn.Rossler@wisconsin.gov>, David.MacFarland@wisconsin.gov,
John.White@wisconsin.gov, scott.talbot@wyo.gov, Bob Lanka <bob.lanka@wyo.gov>,
Zack Walker <zack.walker@wyo.gov>, Nichole Bjornlie <nichole.cudworth@wyo.gov>,
susan.patla@wyo.gov, Rick Kahn <rick_kahn@nps.gov>, "Jackson, Scott -FS"
<sjackson03@fs.fed.us>, "Hanvey, Gary -FS" <ghanvey@fs.fed.us>, "Tripp, Kim"

mailto:anna_harris@fws.gov
mailto:mark_mccollough@fws.gov
mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:bob.broscheid@state.co.us
mailto:craig.mclaughlin@state.co.us
mailto:Jake.ivan@state.co.us
mailto:eric.odell@state.co.us
mailto:virgil.moore@idfg.idaho.gov
mailto:dustin.miller@osc.idaho.gov
mailto:dustin.miller@osc.idaho.gov
mailto:Joshua.Uriarte@osc.idaho.gov
mailto:rex.sallabanks@idfg.idaho.gov
mailto:Sam.Eaton@osc.idaho.gov
mailto:rita.dixon@idfg.idaho.gov
mailto:Chandler.woodcock@maine.gov
mailto:James.Connolly@maine.gov
mailto:jennifer.vashon@maine.gov
mailto:moritzw@michigan.gov
mailto:bumpa@michigan.gov
mailto:kennedyd@michigan.gov
mailto:commissioner.dnr@state.mn.us
mailto:jim.leach@state.mn.us
mailto:Paul.Telander@state.mn.us
mailto:richard.baker@state.mn.us
mailto:john.erb@state.mn.us
mailto:JTubbs@mt.gov
mailto:kmcdonald@mt.gov
mailto:bobinman@mt.gov
mailto:jkolbe.fwp@gmail.com
mailto:seggeman@mt.gov
mailto:rbaty@mt.gov
mailto:glenn.normandeau@wildlife.nh.gov
mailto:Mark.Ellingwood@wildlife.nh.gov
mailto:john.kanter@wildlife.nh.gov
mailto:Jill.Killborn@wildlife.nh.gov
mailto:William.Staats@wildlife.nh.gov
mailto:Patrick.Tate@wildlife.nh.gov
mailto:alexandra.sandoval@state.nm.us
mailto:stewart.liley@state.nm.us
mailto:rick.winslow@state.nm.us
mailto:james.stuart@state.nm.us
mailto:sean.murphy@state.nm.us
mailto:michael.schiavone@dec.ny.gov
mailto:doug.stang@dec.ny.gov
mailto:curt.melcher@state.or.us
mailto:derek.j.broman@state.or.us
mailto:GregSheehan@utah.gov
mailto:kimberlyasmus@utah.gov
mailto:louis.porter@state.vt.us
mailto:mark.scott@state.vt.us
mailto:Chris.Bernier@state.vt.us
mailto:director@dfw.wa.gov
mailto:cpl@dnr.wa.gov
mailto:Jeffrey.Lewis@dfw.wa.gov
mailto:Benjamin.Maletzke@dfw.wa.gov
mailto:cathy.stepp@wisconsin.gov
mailto:kurt.thiede@wisconsin.gov
mailto:Sanjay.Olson@wisconsin.gov
mailto:Tom.Hauge@wisconsin.gov
mailto:Erin.Crain@wisconsin.gov
mailto:Owen.Boyle@wisconsin.gov
mailto:NathanM.Roberts@wisconsin.gov
mailto:Shawn.Rossler@wisconsin.gov
mailto:David.MacFarland@wisconsin.gov
mailto:John.White@wisconsin.gov
mailto:scott.talbot@wyo.gov
mailto:bob.lanka@wyo.gov
mailto:zack.walker@wyo.gov
mailto:nichole.cudworth@wyo.gov
mailto:susan.patla@wyo.gov
mailto:rick_kahn@nps.gov
mailto:sjackson03@fs.fed.us
mailto:ghanvey@fs.fed.us


<ktripp@blm.gov>, Christopher Boone <ctboone@blm.gov>, "Sparks, James"
<jrsparks@blm.gov>
Cc: Seth Willey <Seth_Willey@fws.gov>, Jodi Bush <jodi_bush@fws.gov>, Heather Bell
<heather_bell@fws.gov>, Mary Parkin <mary_parkin@fws.gov>, Jonathan Cummings
<jwcummings@usgs.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>, Bryon Holt
<bryon_holt@fws.gov>, Kurt Broderdorp <kurt_broderdorp@fws.gov>, Mark McCollough
<mark_mccollough@fws.gov>, Tamara Smith <tamara_smith@fws.gov>, Anna Harris
<anna_harris@fws.gov>, Brady McGee <brady_mcgee@fws.gov>, Jeffrey Dillon
<jeffrey_dillon@fws.gov>, Lisa Solberg Schwab <lisa_solbergschwab@fws.gov>, Ann
Timberman <ann_timberman@fws.gov>, Brad Thompson <brad_thompson@fws.gov>,
Chris Mensing <chris_mensing@fws.gov>, David Stilwell <David_Stilwell@fws.gov>,
David Simmons <david_simmons@fws.gov>, Drue DeBerry <drue_deberry@fws.gov>,
Eric Rickerson <eric_rickerson@fws.gov>, Grant Canterbury
<Grant_Canterbury@fws.gov>, Jeff Krupka <jeff_krupka@fws.gov>, "Szymanski,
Jennifer" <jennifer_szymanski@fws.gov>, Karen Cathey <karen_cathey@fws.gov>, Karl
Halupka <Karl_Halupka@fws.gov>, Kate Novak <kate_novak@fws.gov>, Kathleen
Hendricks <kathleen_hendricks@fws.gov>, Larry Crist <Larry_Crist@fws.gov>, Laura
Ragan <Laura_Ragan@fws.gov>, Leslie Ellwood <leslie_ellwood@fws.gov>, Mark
Maghini <mark_maghini@fws.gov>, Martin Miller <Martin_Miller@fws.gov>, Megan
Kosterman <megan_kosterman@fws.gov>, Michelle Eames <michelle_eames@fws.gov>,
Patricia Zenone <patricia_zenone@fws.gov>, Paul Casey <paul_casey@fws.gov>, Paul
Henson <paul_henson@fws.gov>, Peter Fasbender <peter_fasbender@fws.gov>, Rollie
White <rollie_white@fws.gov>, Sarah Hall <sarah_hall@fws.gov>, Scott Hicks
<scott_hicks@fws.gov>, Sue Livingston <sue_livingston@fws.gov>, Tom Chapman
<Tom_Chapman@fws.gov>, Tom McDowell <tom_mcdowell@fws.gov>, Tyler Abbott
<Tyler_Abbott@fws.gov>, Dennis Mackey <Dennis_Mackey@fws.gov>

Hi All:

We will have a brief State and Federal Partner coordination call tomorrow, Jan. 25, at 1:00 PM Mountain Time.

866-822-7385
Passcode 5396168 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist

mailto:ktripp@blm.gov
mailto:ctboone@blm.gov
mailto:jrsparks@blm.gov
mailto:Seth_Willey@fws.gov
mailto:jodi_bush@fws.gov
mailto:heather_bell@fws.gov
mailto:mary_parkin@fws.gov
mailto:jwcummings@usgs.gov
mailto:justin_shoemaker@fws.gov
mailto:bryon_holt@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:mark_mccollough@fws.gov
mailto:tamara_smith@fws.gov
mailto:anna_harris@fws.gov
mailto:brady_mcgee@fws.gov
mailto:jeffrey_dillon@fws.gov
mailto:lisa_solbergschwab@fws.gov
mailto:ann_timberman@fws.gov
mailto:brad_thompson@fws.gov
mailto:chris_mensing@fws.gov
mailto:David_Stilwell@fws.gov
mailto:david_simmons@fws.gov
mailto:drue_deberry@fws.gov
mailto:eric_rickerson@fws.gov
mailto:Grant_Canterbury@fws.gov
mailto:jeff_krupka@fws.gov
mailto:jennifer_szymanski@fws.gov
mailto:karen_cathey@fws.gov
mailto:Karl_Halupka@fws.gov
mailto:kate_novak@fws.gov
mailto:kathleen_hendricks@fws.gov
mailto:Larry_Crist@fws.gov
mailto:Laura_Ragan@fws.gov
mailto:leslie_ellwood@fws.gov
mailto:mark_maghini@fws.gov
mailto:Martin_Miller@fws.gov
mailto:megan_kosterman@fws.gov
mailto:michelle_eames@fws.gov
mailto:patricia_zenone@fws.gov
mailto:paul_casey@fws.gov
mailto:paul_henson@fws.gov
mailto:peter_fasbender@fws.gov
mailto:rollie_white@fws.gov
mailto:sarah_hall@fws.gov
mailto:scott_hicks@fws.gov
mailto:sue_livingston@fws.gov
mailto:Tom_Chapman@fws.gov
mailto:tom_mcdowell@fws.gov
mailto:Tyler_Abbott@fws.gov
mailto:Dennis_Mackey@fws.gov
mailto:jim_zelenak@fws.gov


US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
 

mailto:mark_mccollough@fws.gov
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From: McCollough, Mark
To: Zelenak, Jim; Mary Parkin; Jodi Bush
Cc: Anna Harris
Subject: Re: Draft Canada lynx SSA Report
Date: Thursday, January 26, 2017 12:42:54 PM

Jim and Jodi:  

Marty's comments are thoughtful, insightful, and numerous.  I just reviewed the first 20 pages
of comments, and there is a lot to address.  Given that we are likely to receive a large volume
of comments from the other regions, peer reviewers, states, and possibly tribes, should we get
a head start and start addressing these comments now?

Word choice, punctuation, and other scientific editing are straightforward to address.  I'm
concerned that we have little time to address the substantial comments before handing the SSA
to the Decision Team.

My understand is that senior management in R5 reviewed these comments (likely Paul Phifer,
ES ARD) so they may expect that we address them before we see distribute to the SSA
Decision Team.  Have there been any other comments received from senior management at
any of the other regions (is Lori Nordstrom reviewing?).  

thanks,  Mark

On Thu, Jan 26, 2017 at 9:36 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
FYI.

---------- Forwarded message ----------
From: Miller, Martin <martin_miller@fws.gov>
Date: Wed, Jan 25, 2017 at 1:27 PM
Subject: Re: Draft Canada lynx SSA Report
To: "Zelenak, Jim" <jim_zelenak@fws.gov>
Cc: Mary Parkin <mary_parkin@fws.gov>

Jim - I reviewed this new draft to see how my comments on the previous draft were
addressed.  I identified a few outstanding issues.  I tried my best to provide fixes, but there
are a few issues that only the team can address.  I appreciate all the work the team did, and
especially you, to address my previous comments.  I'm happy to discuss these additional
comments with you (and the team if you'd like).

Thanks for putting together such a well-written document, especially considering its length
and multiple contributors.  I usually spend a lot of time dealing with sentence structure,
usage, and other clarity issues; it was a pleasure not having to struggle to understand what
was trying to be said.  I tried to help polish it with minor edits (GPO Style Manual
compliance, punctuation, etc.); I hope this helps save you some time and make up for some
of the extra work my comments have created.

Marty

On Wed, Jan 11, 2017 at 5:19 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
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Hi All,

Attached is the draft lynx SSA report, which was sent to our peer review contractor on Friday and to State,
Federal, and Tribal partners yesterday and today.  Apologies to those of you who have received this previously
through other/multiple channels.

The draft went through internal FWS review in Oct./Nov.  Thanks to those of you who provided comments; the
SSA Team hopes we addressed them adequately in this revised draft.

We are not soliciting additional FWS review and comment of this draft, but we wanted everyone to have the
most current version in case you get questions from your local State, Federal or Tribal partners. However, if
you see glaring errors or problems, please let me know!

Please note that the lit cited list in this draft is incomplete - the SSA Team is continuing to work on getting all
the cited documents listed and PDFs compiled in one place.  In the mean time, if you need a copy of a cited
document, let me know and we will get it to you.

Also note that we are not posting this for public review and comment, but we will make the final SSA report
publicly available.  We ask that you not distribute this draft to the public, although we anticipate some level of
circulation given all the partner agencies that have been invited to review it and provide comments.

Don't hesitate to contact me or your local SSA Core Team member if you have questions or need additional
information.

Cheers!

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp; Heather Bell; Jonathan Cummings; Justin

Shoemaker; Jodi Bush
Subject: Fwd: Draft Canada lynx SSA Report
Date: Friday, February 03, 2017 9:54:07 AM

Additional thoughts from Marty.

---------- Forwarded message ----------
From: Miller, Martin <martin_miller@fws.gov>
Date: Fri, Feb 3, 2017 at 4:57 AM
Subject: Re: Draft Canada lynx SSA Report
To: "Zelenak, Jim" <jim_zelenak@fws.gov>
Cc: Mary Parkin <mary_parkin@fws.gov>, Krishna Gifford <krishna_gifford@fws.gov>

Jim - I realized I made a mistake in my comments 28 and 37 regarding the need for formalized
conservation efforts to satisfy PECE to be considered in a listing determination.  While in
conducting a 5-year review we're not anticipating a change in status (our objective is to
determine whether such a change in status is necessary), the outcome could be a
recommendation to delist or uplist.  And because the PECE does not apply to delisting,
downlisting, and uplisting, we should not evaluate formalized conservation efforts under
PECE.  For a 5-year review (or any delisting, downlisting, or uplisting rule), conservation
efforts that are not yet implemented and/or proven effective cannot be considered - even if
they satisfy PECE.  Sorry for the confusion.  Marty

On Wed, Jan 25, 2017 at 3:27 PM, Miller, Martin <martin_miller@fws.gov> wrote:
Jim - I reviewed this new draft to see how my comments on the previous draft were
addressed.  I identified a few outstanding issues.  I tried my best to provide fixes, but there
are a few issues that only the team can address.  I appreciate all the work the team did, and
especially you, to address my previous comments.  I'm happy to discuss these additional
comments with you (and the team if you'd like).

Thanks for putting together such a well-written document, especially considering its length
and multiple contributors.  I usually spend a lot of time dealing with sentence structure,
usage, and other clarity issues; it was a pleasure not having to struggle to understand what
was trying to be said.  I tried to help polish it with minor edits (GPO Style Manual
compliance, punctuation, etc.); I hope this helps save you some time and make up for some
of the extra work my comments have created.

Marty

On Wed, Jan 11, 2017 at 5:19 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All,

Attached is the draft lynx SSA report, which was sent to our peer review contractor on Friday and to State,
Federal, and Tribal partners yesterday and today.  Apologies to those of you who have received this previously
through other/multiple channels.

The draft went through internal FWS review in Oct./Nov.  Thanks to those of you who provided comments; the
SSA Team hopes we addressed them adequately in this revised draft.
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We are not soliciting additional FWS review and comment of this draft, but we wanted everyone to have the
most current version in case you get questions from your local State, Federal or Tribal partners. However, if
you see glaring errors or problems, please let me know!

Please note that the lit cited list in this draft is incomplete - the SSA Team is continuing to work on getting all
the cited documents listed and PDFs compiled in one place.  In the mean time, if you need a copy of a cited
document, let me know and we will get it to you.

Also note that we are not posting this for public review and comment, but we will make the final SSA report
publicly available.  We ask that you not distribute this draft to the public, although we anticipate some level of
circulation given all the partner agencies that have been invited to review it and provide comments.

Don't hesitate to contact me or your local SSA Core Team member if you have questions or need additional
information.

Cheers!

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Bush, Jodi
To: Liley, Stewart, DGF
Subject: Re: no extension for Draft Lynx SSA review deadline
Date: Friday, February 03, 2017 10:15:20 AM

thank you.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Thu, Feb 2, 2017 at 3:18 PM, Liley, Stewart, DGF <Stewart.Liley@state.nm.us> wrote:

Jodi,

 

Please find New Mexico Department of Game and Fish’s response to the Lynx SSP.

 

If you have any questions please feel free to contact me.

 

Stewart

 

 

Stewart Liley, Chief

Wildlife Management Division

New Mexico Game and Fish

One Wildlife Way

Santa Fe, NM 87507

Ph: 505-476-8038

stewart.liley@state.nm.us

 

Conserving New Mexico’s Wildlife for Future Generations
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CONFIDENTIALITY NOTICE: This e-mail, including all attachments is for the sole use of the intended recipient[s]
and may contain confidential and/or privileged information. Any unauthorized review, use, copying, disclosure or
distribution is prohibited, unless specifically provided under the New Mexico Inspection of Public Records Act. If
you are not the intended recipient, please contact the sender at once and destroy all copies of this message.

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Thursday, February 02, 2017 8:56 AM
To: Jonathan Mawdsley
Cc: Broscheidb@outlook.com; Craig McLaughlin - DNR; jake.ivan@state.co.us; Eric Odell; Moore,Virgil;
Sallabanks,Rex; chandler.woodcock@maine.gov; Connolly, James; jennifer.vashon@maine.gov; William
Moritz; Mason, Russ (DNR); bumpa@michigan.gov; Kennedy, Daniel (DNR);
commissioner.dnr@state.mn.us; jim.leach@state.mn.us; Paul.Telander@state.mn.us;
richard.baker@state.mn.us; john.erb@state.mn.us; kmcdonald@mt.gov; Inman, Bob;
jkolbe.fwp@gmail.com; seggeman@mt.gov; 'Glenn Normandeau; mark.ellingwood@wildlife.nh.gov;
John.Kanter@wildlife.nh.gov; jill.killborn@wildlife.nh.gov; William.staats@wildlife.nh.gov;
patrick.tate@wildlife.nh.gov; Sandoval, Alexandra J., DGF; Liley, Stewart, DGF;
rick.winslow@state.nm.us; james.stuart@state.mn.us; doug.stang@dec.ny.gov;
michael.schiavone@dec.ny.gov; curt.melcher@state.or.us; derek.j.broman@state.or.us;
kimberlyasmus@utah.gov; Greg Sheehan; louis.porter@state.vt.us; mark.scott@state.vt.us;
chris.bernier@state.vt.us; director@dfw.wa.gov; jeffrey.lewis@dfw.wa.gov; Becker, Penny A (DFW);
DNRSecretary@wisconsin.gov; kurt.thiede@wisconsin.gov; sanjay.olson@wisconsin.gov;
tom.hauge@wisconsin.gov; erin.crain@wisconsin.gov; owen.boyle@wisconsin.gov;
nathanm.roberts@wisconsin.gov; shawn.rossler@wisconsin.gov; david.macfarland@wisconsin.gov;
john.white@wisconsin.gov; Scott Talbott; john.kennedy@wyo.gov; bob.lanka@wyo.gov;
zach.walker@wyo.gov; nichole.bjornlie@wyo.gov; susan.patla@wyo.gov; Gardner, Eric S (DFW);
Dixon,Rita; jhagener@mt.gov; mwilliams@mt.gov; Jen Mock Schaeffer; Mark Humpert; Jim Zelenak
Subject: Re: no extension for Draft Lynx SSA review deadline

 

Dear Colleagues.  For some reason -my message below seemed to have editing issues in the
version that was forwarded to you.  Hopefully the corrected version below is eaiser to read. 
JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Thu, Feb 2, 2017 at 7:45 AM, Jonathan Mawdsley <jmawdsley@fishwildlife.org>
wrote:
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Dear Colleagues,

 

Please note the following e-mail message from Jodi Bush at the U. S. Fish and Wildlife Service.

 

AFWA had requested a 30-day extension for the comment period on the Canada Lynx Species
Status Assessment.

 

This request has been turned down by U. S. Fish and Wildlife Service, for reasons stated in the e-
mail message below.

 

Accordingly, please make sure that you submit your comments by the original February 10th

deadline.  AFWA has agreed to help compile state agency comments on this SSA, but comments
may also be submitted directly to Jodi Bush at the U. S. Fish and Wildlife Service
(Jodi_bush@fws.gov). 

 

Sincerely,

Jonathan Mawdsley

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Wednesday, February 01, 2017 1:28 PM
To: Jonathan Mawdsley
Cc: Jim Zelenak
Subject: Re: extension requested for Draft Lynx SSA review deadline

 

Good afternoon Jonathan.  

 

As you know, the Service is currently preparing a Species Status Assessment 

(SSA) to document a 5 year review process for the Canada lynx DPS.  If the outcome of this 5 year review is
a recommendation  that the DPS  remain listed,  we will move forward with recovery planning.  We have a
settlement agreement that calls for a final recovery plan to be completed by January 2018.  

 

mailto:Jodi_bush@fws.gov
mailto:jodi_bush@fws.gov


We are behind our schedule to meet this court mandated timeline.  

 

On March 2 and 3, we have a Service meeting where decision makers will review the SSA and consider any
comments we have received.  The outcome from that meeting will be one of three determinations: (1) keep
the DPS  status as threatened,(2) upgrade it to endangered, or (3) determine that the DPS no longer warrants
listing.  

 

Comments received later than Feb. 10 (and outside of your attempt to collate comments) and before our meeting
will still be considered but may not get the same level of consideration in the Service meeting as comments
received by Feb. 10.  

 

The draft SSA is being reviewed through a blind Peer Review process. We have also shared the draft SSA with
our Federal and Tribal partners.  It has also been shared across the range of the DPS  with our State partners in
fish and game agencies as well as other State natural resource agencies. This is a lot of comments to review
before our internal meeting.  

 

We encourage the States to provide meaningful comments regarding the scientific information as captured in
the SSA to us as soon as possible and at a minimum to you -Jonathan -by Feb. 10.  Comments received after that
point and before our March 2/3 meeting will be considered  within the SSA  as we are able.  We realize that
more time would be helpful but are unable to grant an additional 30 days review time to anyone at this time.  

 

Please note that regardless of the outcome of the 5 year review, there will be additional opportunities
to provide input, either through a recovery planning process or a proposed rule to
delist.  

 

We appreciate your interest  and participation in the lynx SSA process.  Thank you.  JB 

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 



 

On Tue, Jan 31, 2017 at 10:23 AM, Jonathan Mawdsley <jmawdsley@fishwildlife.org>
wrote:

Jodi,

 

I have heard now from several of the states involved in the review of the draft Canada
Lynx SSA.  An extension of 30 days would be very helpful to them in reviewing the
document and providing constructive feedback to the Service.  Please advise if a 30 day
extension is possible and I will communicate to the state reviewers.  Many thanks in
advance for your consideration – I look forward to hearing from you.

 

With best regards,

Jonathan Mawdsley

 

Jonathan R. Mawdsley, Ph.D.

Science Advisor

Association of Fish and Wildlife Agencies

1100 First Street, NE, Suite 825

Washington, DC 20002 USA

Phone: (202) 838-3462

Cell: (202) 997-6628

Fax: (202) 350-9869

E-mail: jmawdsley@fishwildlife.org

Web: http://www.fishwildlife.org
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From: Zelenak, Jim
To: Seth Willey; Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt

Broderdorp; Mark McCollough; Tamara Smith; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab; Ann
Timberman; Anthony Tur; Brad Thompson; Chris Mensing; David Stilwell; Drue DeBerry; Eric Rickerson; Grant
Canterbury; Jeff Krupka; Karl Halupka; Kate Novak; Larry Crist; Laura Ragan; Leslie Ellwood; Mark Maghini;
Martin Miller; Megan Kosterman; Michelle Eames; Paul Casey; Paul Henson; Peter Fasbender; Rollie White; Sarah
Hall; Scott Hicks; Sue Livingston; Tom Chapman; Tyler Abbott; Wally Murphy; Dennis Mackey; Patricia Zenone;
Gary Miller; Karen Cathey; Tom McDowell; Anna Harris; Szymanski, Jennifer; David Simmons

Subject: Cancelled - Internal Lynx SSA Coordination Call
Date: Tuesday, February 07, 2017 10:56:03 AM

Hi All:

No Lynx SSA coordination call today.  As we discussed on our last call (Jan. 10), the Draft SSA Report remains out
for peer and partner review.  We expect comments to begin trickling in in the next week or so, which would give us
some time to try to wrap our heads around them so we can accurately convey them to Service decision makers at the
lynx decision meeting scheduled for early March.

You all should know we've received request from several State partners through AFWA for additional review time. 
Because you may receive similar requests, I've copied Jodi's message to Jonathan Mawdsley at AFWA, below.

Please let me know if you have any questions or need other information.  Our next internal FWS
update/coordination call is scheduled for Tues., March 7.  I'll send out a reminder a day or so ahead.

Jodi's message regarding comment deadline extension:

Good afternoon Jonathan.  
 
As you know, the Service is currently preparing a Species Status Assessment 
(SSA) to document a 5 year review process for the Canada lynx DPS.  If the outcome of this 5
year review is a recommendation that the DPS  remain listed, we will move forward with
recovery planning.  We have a settlement agreement that calls for a final recovery plan to be
completed by January 2018.  
 
We are behind our schedule to meet this court mandated timeline.  
 
On March 2 and 3, we have a Service meeting where decision makers will review the SSA and
consider any comments we have received.  The outcome from that meeting will be one of
three determinations: (1) keep the DPS  status as threatened,(2) upgrade it to endangered, or
(3) determine that the DPS no longer warrants listing.  
 
Comments received later than Feb. 10 (and outside of your attempt to collate comments) and
before our meeting will still be considered but may not get the same level of consideration in
the Service meeting as comments received by Feb. 10.  
 
The draft SSA is being reviewed through a blind Peer Review process. We have also shared
the draft SSA with our Federal and Tribal partners.  It has also been shared across the range of
the DPS  with our State partners in fish and game agencies as well as other State natural
resource agencies. This is a lot of comments to review before our internal meeting.  
 
We encourage the States to provide meaningful comments regarding the scientific information
as captured in the SSA to us as soon as possible and at a minimum to you -Jonathan -by Feb.
10.  Comments received after that point and before our March 2/3 meeting will be considered 
within the SSA  as we are able.  We realize that more time would be helpful but are unable to
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grant an additional 30 days review time to anyone at this time.  
 
Please note that regardless of the outcome of the 5 year review, there will be additional
opportunities to provide input, either through a recovery planning process or a proposed rule
to delist.  
 
We appreciate your interest  and participation in the lynx SSA process.  Thank you.  JB   

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Harris, Anna
To: McCollough, Mark
Subject: Re: Cancelled - Internal Lynx SSA Coordination Call
Date: Tuesday, February 07, 2017 11:09:32 AM

Thanks for sending Mark,

On Tue, Feb 7, 2017 at 10:59 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
A response from Helena Field Office concerning requests to extend the comment period by
the state agencies and how we will address comments that arrive after Feb. 10.  

Mark

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, Feb 7, 2017 at 10:55 AM
Subject: Cancelled - Internal Lynx SSA Coordination Call
To: Seth Willey <Seth_Willey@fws.gov>, Jodi Bush <jodi_bush@fws.gov>, Heather Bell
<heather_bell@fws.gov>, Mary Parkin <mary_parkin@fws.gov>, Jonathan Cummings
<jwcummings@usgs.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>, Bryon Holt
<bryon_holt@fws.gov>, Kurt Broderdorp <kurt_broderdorp@fws.gov>, Mark McCollough
<mark_mccollough@fws.gov>, Tamara Smith <tamara_smith@fws.gov>, Brady McGee
<brady_mcgee@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>, Lisa Solberg Schwab
<lisa_solbergschwab@fws.gov>, Ann Timberman <ann_timberman@fws.gov>, Anthony
Tur <Anthony_Tur@fws.gov>, Brad Thompson <brad_thompson@fws.gov>, Chris
Mensing <chris_mensing@fws.gov>, David Stilwell <David_Stilwell@fws.gov>, Drue
DeBerry <drue_deberry@fws.gov>, Eric Rickerson <eric_rickerson@fws.gov>, Grant
Canterbury <Grant_Canterbury@fws.gov>, Jeff Krupka <jeff_krupka@fws.gov>, Karl
Halupka <Karl_Halupka@fws.gov>, Kate Novak <kate_novak@fws.gov>, Larry Crist
<Larry_Crist@fws.gov>, Laura Ragan <Laura_Ragan@fws.gov>, Leslie Ellwood
<leslie_ellwood@fws.gov>, Mark Maghini <mark_maghini@fws.gov>, Martin Miller
<Martin_Miller@fws.gov>, Megan Kosterman <megan_kosterman@fws.gov>, Michelle
Eames <michelle_eames@fws.gov>, Paul Casey <paul_casey@fws.gov>, Paul Henson
<paul_henson@fws.gov>, Peter Fasbender <peter_fasbender@fws.gov>, Rollie White
<rollie_white@fws.gov>, Sarah Hall <sarah_hall@fws.gov>, Scott Hicks
<scott_hicks@fws.gov>, Sue Livingston <sue_livingston@fws.gov>, Tom Chapman
<Tom_Chapman@fws.gov>, Tyler Abbott <Tyler_Abbott@fws.gov>, Wally Murphy
<wally_murphy@fws.gov>, Dennis Mackey <Dennis_Mackey@fws.gov>, Patricia Zenone
<patricia_zenone@fws.gov>, Gary Miller <gary_miller@fws.gov>, Karen Cathey
<karen_cathey@fws.gov>, Tom McDowell <tom_mcdowell@fws.gov>, Anna Harris
<anna_harris@fws.gov>, "Szymanski, Jennifer" <jennifer_szymanski@fws.gov>, David
Simmons <David_Simmons@fws.gov>

Hi All:

No Lynx SSA coordination call today.  As we discussed on our last call (Jan. 10), the Draft SSA Report remains
out for peer and partner review.  We expect comments to begin trickling in in the next week or so, which would
give us some time to try to wrap our heads around them so we can accurately convey them to Service decision
makers at the lynx decision meeting scheduled for early March.
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You all should know we've received request from several State partners through AFWA for additional review
time.  Because you may receive similar requests, I've copied Jodi's message to Jonathan Mawdsley at AFWA,
below.

Please let me know if you have any questions or need other information.  Our next internal FWS
update/coordination call is scheduled for Tues., March 7.  I'll send out a reminder a day or so ahead.

Jodi's message regarding comment deadline extension:

Good afternoon Jonathan.  
 
As you know, the Service is currently preparing a Species Status Assessment 
(SSA) to document a 5 year review process for the Canada lynx DPS.  If the outcome of this
5 year review is a recommendation that the DPS  remain listed, we will move forward with
recovery planning.  We have a settlement agreement that calls for a final recovery plan to be
completed by January 2018.  
 
We are behind our schedule to meet this court mandated timeline.  
 
On March 2 and 3, we have a Service meeting where decision makers will review the SSA
and consider any comments we have received.  The outcome from that meeting will be one
of three determinations: (1) keep the DPS  status as threatened,(2) upgrade it to endangered,
or (3) determine that the DPS no longer warrants listing.  
 
Comments received later than Feb. 10 (and outside of your attempt to collate comments) and
before our meeting will still be considered but may not get the same level of consideration in
the Service meeting as comments received by Feb. 10.  
 
The draft SSA is being reviewed through a blind Peer Review process. We have also shared
the draft SSA with our Federal and Tribal partners.  It has also been shared across the range
of the DPS  with our State partners in fish and game agencies as well as other State natural
resource agencies. This is a lot of comments to review before our internal meeting.  
 
We encourage the States to provide meaningful comments regarding the scientific
information as captured in the SSA to us as soon as possible and at a minimum to you -
Jonathan -by Feb. 10.  Comments received after that point and before our March 2/3 meeting
will be considered  within the SSA  as we are able.  We realize that more time would be
helpful but are unable to grant an additional 30 days review time to anyone at this time.  
 
Please note that regardless of the outcome of the 5 year review, there will be additional
opportunities to provide input, either through a recovery planning process or a proposed rule
to delist.  
 
We appreciate your interest  and participation in the lynx SSA process.  Thank you.  JB   

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1



Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Cc: Justin Shoemaker; Heather Bell; Mary Parkin; Jonathan Cummings
Subject: Fwd: Draft Lynx SSA Transmittal email
Date: Monday, February 13, 2017 1:17:55 PM

Official "no comment"/support from National Park Service.

---------- Forwarded message ----------
From: Kahn, Rick <rick_kahn@nps.gov>
Date: Mon, Feb 13, 2017 at 10:49 AM
Subject: Re: Draft Lynx SSA Transmittal email
To: "Bush, Jodi" <jodi_bush@fws.gov>
Cc: Jim Zelenak <jim_zelenak@fws.gov>, "Wrigley, Mike" <mike_wrigley@nps.gov>

Jodi and Jim,

I was awaiting a response from our new NPS unit in Maine (North Woods), which has lynx
but have not gotten any comments. 

Officially NPS is supportive of the document as written and has no formal comments from
either Park units, Regions or the Washington office on the SSA for lynx. 

Thank you for this opportunity and good work on the document. We are interested in next
steps as far as regulatory action FWS will be taking. 

Thanks again.

Rick Kahn

On Wed, Jan 11, 2017 at 10:27 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Dear Lynx Conservation Partners:

Attached please find the DRAFT Species Status Assessment (SSA) for the Canada Lynx - Contiguous United
States Distinct Population Segment (DPS).  The draft report is currently undergoing peer review and a
consolidated review is also being conducted by the State Fish and Wildlife Agencies through the assistance of
AFWA.  

We are providing this draft to your agency for review by members of your organization with expert knowledge of the
species and its habitat.  That review will help us ensure that we have appropriately considered the best scientific and
commercial information when evaluating the current status and future viability of the lynx DPS.  We request your agencies
independent scientific perspectives on the comprehensiveness and logic of the document, as well as how well the technical
conclusions are supported by the data and analyses.

Please note that the Literature Cited list is not complete at this time.  If you need a copy of any document cited in
the draft report, please contact Jim Zelenak at the email address below.

This document is not intended to solicit public comment and will be revised after this
scientific review. This document does not predetermine any future agency decision under
the Endangered Species Act.

In general we ask that your comments on the draft SSA report focus specifically on whether the best available information
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was used, the quality of the scientific information, and our interpretation and analyses of the data with regard to the
species’ viability in the contiguous United States.  We request that you direct your review to the scientific issues and
assumptions related to your expertise.

General Information about SSAs:

The Species Status Assessment framework is a new tool the U.S. Fish and Wildlife Service is using to improve transparency
while conducting listing determinations and other Act actions, and peer review of our analyses of the viability of species is
part of that new process.  The attached draft SSA report is a rough draft; we are seeking comments at this stage to ensure
that we have time to incorporate any substantial comments as we finalize the report.

 

In reviewing the document, please note that this draft SSA report does not result in or predetermine a decision by the
Service on whether the Canada lynx warrants protections of the Act.  This document is strictly a characterization of the
viability species’ viability in the contiguous United States. As a reminder, all reviews and comments submitted to the
Service will become public documents and part of our administrative record for this document.  

We welcome consolidated comments from your organization by Feb. 10, 2017.  Please send comments by that date
to jim_zelenak@fws.gov. Thank you for your interest and assistance.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Rick Kahn
Wildlife Biologist
National Park Service
NRSS Biological Resource Management Division
1201 Oakridge Drive, Suite 200
Fort Collins, Colorado 80525
970-267-7294(O)
970-420-6802(C)
Rick_Kahn@nps.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
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585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: McCollough, Mark
Cc: Szymanski, Jennifer; Tamara Smith; Bryon Holt; Kurt Broderdorp; Marjorie Nelson; Jodi Bush; Justin Shoemaker
Subject: Re: Draft scenarios for lynx DM
Date: Tuesday, February 14, 2017 4:58:21 PM

I don't disagree, Mark, and we say that (similar fundamental habitat elements across the DPS despite differences in
tree species, snow amounts, topography, etc.; potential loss of representation and emerging adaptations at the edge
of the range) in the report.

I also agree with most of your earlier response, although I'm not sure that the behavioral difference you cite is as
dramatic as suggested.  I don't think the young-forest vs. old-forest dichotomy really is one.  Lynx use mature
forests even in the east; and in the west, the mature forests they select are selected because of the dense horizontal
cover - either from mature trees with boughs that reach the ground/snow, or the young component within them
resulting from small-scale disturbance.  That is, hares and thus lynx are there because of the dense horizontal cover
that occurs there, the same reason they use young regenerating stands everywhere throughout the range.  Squires
work did not show that western lynx don't use or need young regen or that these stands are not bunny factories in the
west as elsewhere - these stand types also had high hare densities (in fact higher on a year-round basis than the
multistoried stands) and use by lynx was about in proportion to availability. The selection for mature multistory
stands was seasonal - only apparent in winter - and these are not "undisturbed" boreal forests; in fact it is the
disturbance, whether from natrual gap dynamics or low-intensity/low-extent disturbance (fires or bugs) that create
the openings that facilitate the dense young regrowth and create the  "multistoried" profile/canopies of these stands
and which explains their value to lynx and hares.

You also say lynx in the east rely on young human-disturbed forests, but I would argue that the reliance is on young
forests, regardless or whether they are created via natural or human disturbance.  Lynx apparently occurred there
long before significant human disturbance and likely still would in the absence of human disturbance, just not at
their current unnaturally high numbers and densities.  That is, I think lynx need disturbance, but I don't think they
need anthropogenic disturbance. They certainly can benefit from it, but I think it's a stretch to suggest it is necessary
to persistence or that lynx rely on human-disturbed forests. Lynx need forests with decent hare densities, which can
be achieved by natural or antrhopogenic disturbance. 

On Tue, Feb 14, 2017 at 1:11 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Jim:  I'm not sure if you discussed Jennifer's question on the call today...

My response (may or may not be the feeling of the Core Team) is that the lynx uses diverse
forest types and settings throughout the DPS BUT these settings all MUST have the same
basic elements - boreal forest, deep fluffy snow, and landscape scale hare densities that will
support lynx.  The settings lynx occupy at the edge of their range (seem to me) more diverse
than the habitat they occupy in much of the core of their range, which is black spruce taiga
that lacks much elevation.   At the southern edge of the range lynx occur with more diverse
tree species and predator assemblages.  In the core of the range, lynx exist in simpler
ecosystems with fewer species/competitors and are adapted to live with a 10-year hare
cycle.  Perhaps this diversity at the edge of the range, whether genetic, ecological, or
behavior, will have an important role in a future where climate change is affecting the
species.   If we lose populations at the edge of the range, we risk losing adaptive capacity
that could help lynx in future affected by climate change.

Mark

On Fri, Feb 10, 2017 at 11:14 AM, Szymanski, Jennifer <jennifer_szymanski@fws.gov>
wrote:

A couple follow-up questions posed below in pink font.
Jennifer
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On Tue, Feb 7, 2017 at 9:18 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Mark.

Jennifer - having re-read your earlier message and clarification for Q3:  do you want to present "Team
deviations" as a different scenario or more informally as a verbal caveat to the expert
predictions?

I don't think we have the data or the time to develop them to formally present
"Core Team Deviations" (interesting title, though....) as a different scenario, and
I'm not sure whether doing so would provide additional benefit to decision
makers.  I think the team as a whole and each geographic lead should be
prepared to informally present how they and/or the team feels relative to expert
projections (i.e., more or less optimistic about probability of persistence at
various time intervals) and why.  I think this can be done effectively by projecting
the expert graphs for each unit, and having the lead and/or team discuss
where/why their projections might differ from those of the experts.

Core Team - your thoughts?  

On Tue, Feb 7, 2017 at 7:52 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim and others:

See comments in blue text in Jim's email below.  

Q1 Representation: The Core Team has talked several times about representation, and
some of us believe that adaptive capacity should be discussed more broadly than in
genetic terms.  Although the functional relationships of boreal forest - snow -
snowshoe hares - lynx are the same across the DPS, Also concerning representation,
we've talked about  lynx have a unique and narrow niche space and have strict
ecological requirements.  They cannot adapt to another forest type, snow regime, or
prey base.  If any of these key elements are diminished or missing, lynx cannot
persist.  These key elements of representation need to be part of our summary. I
thought you included several good points about adaptive capacity and climate change. 
Consider this alternate way of presenting these three elements of Representation:

In the SSA report, we considered several aspects of the ability of lynx adapt to
change (=Representation) within the DPS; genetic variability, breadth of
ecological niche, and the diversity of ecological settings where lynx occur.

·         We conclude that there is currently minor genetic variation in lynx
in North America.  We do not interpret this low genetic variation in lynx
to be an indication of lost adaptive diversity or capacity.  Instead, it is
attributed to the exceptional dispersal capability of lynx and few
geographic barriers to restrict dispersal (although changing snow
regimes in central Canada may be starting to affect the rate of gene
flow).  We lack evidence of past genetic problems, however there
could be further genetic structuring or bottlenecks as habitat retracts
northward or upward in elevation diminishing the frequency of gene
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flow between populations.  For example, increasingly ice-free
conditions in the St. Lawrence Seaway will further reduce or eliminate
gene flow between lynx populations in the Maine unit with core
populations in northern Canada.
·         Lynx are specialists and thus inherently have reduced ability to
adapt to change.  They have a narrow ecological niche and require
boreal forest–snow–snowshoe hares.  They exhibit little ability to adapt
to changing forest types, diminished snow regimes, or prey other than
snowshoe hares.  Lynx are represented in the DPS in several distinct
boreal forest ecotypes, but all have the same boreal forest-snow-
snowshoe hare requisites.
·         There are differences in behavior, ecological settings, and perhaps
genetic adaptations that are currently expressed throughout the DPS
and could be vital for the future persistence of lynx in a changing
climate. For example, lynx rely on young (human disturbed) boreal
forest in the East and older boreal (undisturbed) forest in the West. 
Although to date we have not detected meaningful loss of ecological
breadth, the DPS is at the southern margin of the species' range where
change is rapidly occurring.  The ability of lynx in North America to
adapt to a changing climate are most likely to emerge here in the
southern portion of their range.  

 In conclusion, we find that lynx have naturally low adaptive diversity and
capacity, both  DPS-wide and species range-wide, from both genetic and a
niche-breadth perspectives, and that their specialized habitat and prey
requirements act to further limit their capacity to adapt to a changing
(warming) environment. Thus, preserving the existing Representation exhibited in
the six DPS units may be critical to the species' future. 

JAS: Nicely summarized, Mark.  I have looked at Representation from 2 perspectives: 1)
describing and delineating the breadth of adaptive diversity (genetic and ecological
diversity) of the species, and 2) describing what is needed to adapt to physical (habitat,
climate) and biological (predators, diseases, competitors) changes.  These changes are
novel; something the species has not been exposed to (i.e., adapted to).  The pool of
genetic diversity is fundamental to the species' ability to adapt (and hence, why many
focus on genetic diversity).  But, rarely do we have information on adaptive genetic
variation, so we must look to indicators of potential adaptive genetic diversity.  We know
that genetic diversity is influenced by the diversity of habitat, climates, and biological
conditions (e.g., diseases) that the species is exposed to, and thus, it seems reasonable
to look at the variation in habitats, climates, behaviors, etc. as potential indicators.  To
assist with determining whether such variation might be adaptive, it is helpful  to
evaluate what does the species need to adapt to novel physical and biological changes. 
Mark has done this in his response above.  Although I am not sure I understand why you
conclude that lynx AD is naturally low.

From his summary, I would conclude that the core team believes that the 6 units
represent variation in adaptive diversity, and thus, adaptive capacity.  Do you all agree
with my interpretation?  This is a key question I need clarity on before the decision
meeting.

 
Q3:  My recollection from the expert workshop exercise concerning future persistence
was that we did not specifically prepare or ask the experts to project futures with no



ESA  protection.  We heard that there were no data to evaluate the effectiveness of
ESA/LCAS protections on US Forest Service lands, but that it seemed that lynx were
generally still present on USFWS lands where these measures were in place (except
the Garnet Range, possible GYA, and parts of Washington where recent fires have
taken much of the habitat).  Had we specifically requested the experts to include
dropping ESA protections in their future projections, perhaps they would have
expressed different outcomes.   Most of the experts were non-Federal (except Squires,
McKelvey) and probably would not have a good understanding what a future with no
ESA protections would mean (i.e., no sect 7, take protection, critical habitat).  Our two
experts from Maine probably would not fully understand ESA protections because
they do not work with section 7 or experience the work our field office does.  So, I
believe that many of the experts were assuming a future with ESA protection when
they made their projections.

Okay, so we need to clearly present the assumptions we think the experts used in each
unit when providing their estimates. 

Mark

On Mon, Feb 6, 2017 at 4:54 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Jennifer,

I wasn't sure if you wanted these inserted into the Excel file, but to avoid you getting bombarded with a
bunch of slightly-revised spreadsheets, I've drafted answers here to which other Core Team members
(or others copied on this string) may add, respond, question, challenge, disavow, condemn, etc.

JS's Qs; JZ's first stab at As.

Q1: Please clarify SSA conclusions regarding representation (REP): are there variations in adaptive
diversity (AD), and thus adaptive capacity (AC), across the range?

A1: The conclusion we reached in the SSA report is that there is naturally very little genetic variation
(high gene flow across the range, despite minor genetic substructuring documented in some places) and
little observable evidence of niche separation or breadth of ecological diversity (despite some
differences in snowfall quantity/duration, vegetation communities [i.e., tree species], and topography)
among lynx across the species' or the DPS's ranges.  Because we lack evidence of past genetic problems
or future genetic threats (good dispersers; few barriers), we do not interpret low genetic variation to be
an indication of lost AD or reduced AC.  Likewise, we lack evidence of much-reduced range or loss of
the breadth of the ecological settings that appear to have historically supported resident lynx; therefore,
we also do not see lost AD or potentially reduced AC with regard to ecological settings.  We concluded
that REP in the DPS, in terms of both genetic and ecological diversity, has not been obviously reduced
from historical conditions.  We do not anticipate genetic issues in the future (lynx will remain good
dispersers and we do not foresee additional/substantial barriers to gene flow), but we are uncertain
about the how the possible (likely) future loss of some resident populations in the DPS may affect REP
from an ecological settings perspective.  Although we have not detected meaningful loss of ecological
breadth, the DPS is at the southern margin of the species' range and adaptations to warming are most
likely to emerge here; the loss of that potential (via populations loss) may impact the AC of the DPS
and perhaps of the species as a whole.  We find that lynx appear to have naturally low AD and AC -
DPS-wide and species range-wide, from both genetic and a niche-breadth perspectives, and that their
habitat and prey specialization act to further limit their capacity to adapt to a changing (warming)
environment.

Q2: Do the experts' projections incorporate risks from catastrophic events?
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A2: Yes.  Although the experts' probability of persistence graphs were developed to address resiliency,
we had earlier at the EE workshop addressed redundancy, during which experts agreed that the number,
distribution and sizes of the geographic units supporting resident lynx in the DPS precluded extirpation
of the DPS as a result of catastrophe, and that catastrophe-induced extirpation of resident populations
even in individual geographic units was very unlikely because of their sizes (big!). Only the smallest
unit (North-central Washington, at just under 5,200 km2) was deemed small enough that a single huge
wildfire or multiple large fires in a short time, could potentially result in extirpation of the resident
population there.  

 Q3: How do you want to characterize the ESA regulations issue?

A: I'm not sure what you are asking here, or what more needs to be said than the quote you grabbed
from the draft report.  Some experts said their projections were based on an assumption that lynx remain
listed and ESA protections remain in place; others said their predictions were based solely on biology,
regardless of regulatory status. We still need to discuss how we will respond to Marty Miller's comment
that the final SSA should include an analysis of a future in which lynx were never listed are not listed in
the future and therefore never had or will have ESA-related protections.

Let me know if I've missed anything Jennifer, and Core Team - have at it!

Cheers,

Jim   

On Mon, Feb 6, 2017 at 6:14 AM, Szymanski, Jennifer
<jennifer_szymanski@fws.gov> wrote:

Hello All,

Also, please look at "JASQ4team" tab.  Please give your thoughts on the 3 questions in
rows 4-6.  For question 3, what I am asking is do you want to present "Team deviations"
as a different scenario or more informally as a verbal caveat to the expert
predictions?

Thanks much,
Jennifer

On Fri, Feb 3, 2017 at 2:50 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Jennifer!

I filled in the tables in ScenOpt1 as requested based on the graphics in the SSA Report (same as in
EE Workshop Report), and I supplied my thoughts and rationale on pessimistic/optimistic in the
Scenarios tab.

Core Team - please double check the tables for your geographic unit and, as Jennifer said below,
call or email both of us with questions/concerns. 

On Fri, Feb 3, 2017 at 10:37 AM, Szymanski, Jennifer
<jennifer_szymanski@fws.gov> wrote:

Hi Jim,

See attached for an draft outline of SSA topics and tables to complete for the
scenarios. If you complete, the tables on tab ScenOpt1, I can do the rest.

Please forward to the core team and remind them to call or email if they have any
concerns or suggestions.
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Thanks much,
Jennifer

-- 
Jennifer Szymanski
U.S. Fish and Wildlife Service
Division of Endangered Species
   Remotely located at:
U.S. Fish and Wildlife Service Resource Center
555 Lester Avenue
Onalaska, WI 54650
Tel: 608-783-8455; Fax: 608-783-8450
Cell: 608-799-3899
jennifer_szymanski@fws.gov
***My work schedule is:  M, W, Th 6:30 -4:30pm; 
T&F: 8:00-1:00pm (telework: 608-799-3899) 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jennifer Szymanski
U.S. Fish and Wildlife Service
Division of Endangered Species
   Remotely located at:
U.S. Fish and Wildlife Service Resource Center
555 Lester Avenue
Onalaska, WI 54650
Tel: 608-783-8455; Fax: 608-783-8450
Cell: 608-799-3899
jennifer_szymanski@fws.gov
***My work schedule is:  M, W, Th 6:30 -4:30pm; 
T&F: 8:00-1:00pm (telework: 608-799-3899) 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
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585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jennifer Szymanski
U.S. Fish and Wildlife Service
Division of Endangered Species
   Remotely located at:
U.S. Fish and Wildlife Service Resource Center
555 Lester Avenue
Onalaska, WI 54650
Tel: 608-783-8455; Fax: 608-783-8450
Cell: 608-799-3899
jennifer_szymanski@fws.gov
***My work schedule is:  M, W, Th 6:30 -4:30pm; 
T&F: 8:00-1:00pm (telework: 608-799-3899) 
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-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Harris, Anna
To: McCollough, Mark
Subject: Re: snow clearing hours
Date: Tuesday, February 14, 2017 5:45:24 PM

Hi Mark,

This snow is insane. I thought I was prepared for a winter in Maine but yesterday was testing
my limits... I was able to get plowed out late last night and able to travel to Augusta with Chris
and Patrick today. Diving deep into my emotional intelligence for today and tomorrow.
Hoping to see everyone here on Thursday for the Change course but that will depend on the
snow.

Thank you for sending Marty's comments. I also saw the email from Paul with the state's
comments and when I opened it, there were a lot in there. I have not gone through them. You
all on the Core team are going to have a lot to process, I do not envy you. Are there other
items between now and March 1st that you need assistance with? I want to be sure this isn't
taking over from other things your working on.

There was a call this afternoon with Paul and Jim. Jim walked Paul through the comments
overall. Paul asked for a couple of the papers that were mentioned in the State's comments.
There is definitely a sense of frustration from our state partners about the timeline for review
and comments on the SSA. That point was reiterated during the call today.

I didn't know you had solar panels! That's awesome, not so fun to be cleaning them from the
ground level though! Be safe, others have been injured in the shoveling and I'm hoping our
team can stay together through the storm,

On Tue, Feb 14, 2017 at 9:42 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Anna:  I am going to take a few hours late morning to help a friend clear their driveway (she
is sick and cannot get out).  Will take comp time.

Things on my list today:

we got the comments from MDIFW for the lynx SSA.  I talked with Jim Zelenak
yesterday re. Marty's concerns last week and encouraged he and Heather to give
Marty a call so we can fully understand what it is he would like us to do with the
SSA.  I briefly looked through the MDIFW comments yesterday.  Jim encouraged me
to start summarizing and developing responses.  Much I've heard before.
I was invited, then uninvited to a meeting with Jim Connolly and Paul today.  Are you
still involved?  Do you know if the meeting was cancelled or post-poned.
I will get the announcement out this afternoon re. postponing the listing decision
concerning the rusty-patched.

Obviously, I am teleworking today.  I hope you got dug out.  I was actually able to shovel
the first tier of solar panels on my roof on snowshoes from the ground!  A huge drift in front
of our house.
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Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
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From: McCollough, Mark
To: Zelenak, Jim
Cc: Szymanski, Jennifer; Tamara Smith; Bryon Holt; Kurt Broderdorp; Marjorie Nelson; Jodi Bush; Justin Shoemaker
Subject: Re: Draft scenarios for lynx DM
Date: Wednesday, February 15, 2017 8:35:33 AM

All:

I agree with all of Jim's comments.  Concerning the last point about assumptions of
experts...my recollection is that prior to the probability of persistence exercise, we did not give
the experts an explicit set of assumptions, climate scenarios, or listing futures to consider.  I
believe we asked them to assimilate everything they heard and discussed about lynx ecology
and status, snowshoe hares, and climate change from the previous day's talks.  We also
allowed the lynx expert for each unit (except Maine) to give a brief overview of the status and
threats to lynx in their unit immediately prior to doing the future exercise.  Perhaps this
briefing biased some experts or simply reminded others about what they heard the day before. 
In general, I don't believe the lynx experts were "expert" on lynx status in each other's units,
except for what they heard at the workshop.  Prior to the workshop, some experts were
probably more aware than others of the published papers from other units (or had heard talks
at scientific conferences in recent years).    

There was wide variation in the expert responses for some units, and after each unit was
presented there was a discussion of what factors influenced their ranking.  After this
discussion, experts were allowed to change their graphs for a unit, and some did.

I don't recall discussion about what a past, present, or future without lynx listing would mean. 
If it had, I'm sure the experts would have asked the Core Team to clarify what we thought no
listing would mean as we work with lynx ESA issues daily.  My recollection is that there was
discussion about the uncertainty about the effectiveness of the USFS plans and whether it
could be assumed they would continue in the future.

Maybe others recall differently.  There was a lot to do in the workshop, but there were good
notes taken.

Mark  

On Tue, Feb 14, 2017 at 5:42 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
My responses to Jenn's follow-up questions (& other uncertainty)

1. I am not sure I understand why you conclude that lynx AD is naturally low.

I think this is more about adaptive capacity than about adaptive diversity - because
lynx are narrowly-specialized in terms of habitat, prey, and climate conditions, they
likely lack the ability to switch to other/altered/novel habitats, prey communities, or
snow conditions in a way that might be possible for less-specialized habitat and/or
prey generalists (e.g., bobcats, coyotes). We believe it is very unlikely that lynx will
be able to adapt to the temperate forests and reduced snow conditions that climate
modeling suggests we should expect to encroach upon current lynx habitat at the
southern edge of the range, which includes all of the DPS units. We don't think lynx
will be able to persist in the lower 48 by switching to a broader (non-hare
dominated) prey base and occupying non-boreal forest once climate warming
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pushes their niche (boreal forest with lots of snow and relatively high hare densities)
northward out of the contiguous US. 

2.  I would conclude that the core team believes that the 6 units represent variation in adaptive
diversity, and thus, adaptive capacity.  Do you all agree with my interpretation?  This is a key
question I need clarity on before the decision meeting.

I believe that despite the coarse-level similarity in the fundamental components of lynx habitat (boreal forest,
snow, hares) throughout the DPS range, that the likely localized adaptations to relatively minor differences in
vegetation communities, topography, snow conditions, predator and prey assemblages and densities, and perhaps
other factors across the DPS represent potential adaptive diversity and potential adaptive capacity.  I agree with
Mark that potential adaptive capacity to cope with the projected impacts of continued climate warming are most
likely to emerge at the southern end of the range, where selection pressure to do so will be greatest, and that this
potential adaptive capacity may be of consequence to the taxon as a whole, which will eventually face similar
selection pressures in at least part of the rest of its continental range.

Because we don't know whether AD or AC vary within/among DPS units, I agree with lynx ecology and genetics
experts that we ought to try to hang on to them wherever we have them now.  Oddly, potential AD and AC may
be greatest in the introduced population in Colorado because it is a genetic mash-up of lynx from source
populations in Alaska and across much of the Canadian range - therefore may have greater genetic
variation/plasticity than any of the native populations in the DPS.  Lynx in Colorado may also be the most likely
to express greater capacity to rely on alternative prey - they already rely more heavily on red squirrels than other
DPS populations, but whether that is an expression of AC or just a necessity related to generally low hare
densities is uncertain.

3.  Okay, so we need to clearly present the assumptions we think the experts used in each unit
when providing their estimates. 

I think the assumptions varied by expert, but not by unit.  That is, some experts said they assumed the status quo
in terms of existing lynx status/protective measures or emissions scenarios (or both), and others assumed
particular emissions scenarios, but then applied these to their estimates of persistence probabilities for each of the
geographic units. Core Team - do you recall differently?

Hope these help.

     

On Fri, Feb 10, 2017 at 9:14 AM, Szymanski, Jennifer <jennifer_szymanski@fws.gov>
wrote:

A couple follow-up questions posed below in pink font.
Jennifer

On Tue, Feb 7, 2017 at 9:18 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Mark.

Jennifer - having re-read your earlier message and clarification for Q3:  do you want to present "Team
deviations" as a different scenario or more informally as a verbal caveat to the expert
predictions?

I don't think we have the data or the time to develop them to formally present
"Core Team Deviations" (interesting title, though....) as a different scenario, and
I'm not sure whether doing so would provide additional benefit to decision
makers.  I think the team as a whole and each geographic lead should be
prepared to informally present how they and/or the team feels relative to expert
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projections (i.e., more or less optimistic about probability of persistence at
various time intervals) and why.  I think this can be done effectively by projecting
the expert graphs for each unit, and having the lead and/or team discuss
where/why their projections might differ from those of the experts.

Core Team - your thoughts?  

On Tue, Feb 7, 2017 at 7:52 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim and others:

See comments in blue text in Jim's email below.  

Q1 Representation: The Core Team has talked several times about representation, and
some of us believe that adaptive capacity should be discussed more broadly than in
genetic terms.  Although the functional relationships of boreal forest - snow -
snowshoe hares - lynx are the same across the DPS, Also concerning representation,
we've talked about  lynx have a unique and narrow niche space and have strict
ecological requirements.  They cannot adapt to another forest type, snow regime, or
prey base.  If any of these key elements are diminished or missing, lynx cannot
persist.  These key elements of representation need to be part of our summary. I
thought you included several good points about adaptive capacity and climate change. 
Consider this alternate way of presenting these three elements of Representation:

In the SSA report, we considered several aspects of the ability of lynx adapt to
change (=Representation) within the DPS; genetic variability, breadth of
ecological niche, and the diversity of ecological settings where lynx occur.

·         We conclude that there is currently minor genetic variation in lynx
in North America.  We do not interpret this low genetic variation in lynx
to be an indication of lost adaptive diversity or capacity.  Instead, it is
attributed to the exceptional dispersal capability of lynx and few
geographic barriers to restrict dispersal (although changing snow
regimes in central Canada may be starting to affect the rate of gene
flow).  We lack evidence of past genetic problems, however there
could be further genetic structuring or bottlenecks as habitat retracts
northward or upward in elevation diminishing the frequency of gene
flow between populations.  For example, increasingly ice-free
conditions in the St. Lawrence Seaway will further reduce or eliminate
gene flow between lynx populations in the Maine unit with core
populations in northern Canada.
·         Lynx are specialists and thus inherently have reduced ability to
adapt to change.  They have a narrow ecological niche and require
boreal forest–snow–snowshoe hares.  They exhibit little ability to adapt
to changing forest types, diminished snow regimes, or prey other than
snowshoe hares.  Lynx are represented in the DPS in several distinct
boreal forest ecotypes, but all have the same boreal forest-snow-
snowshoe hare requisites.
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· There are differences in behavior, ecological settings, and perhaps
genetic adaptations that are currently expressed throughout the DPS
and could be vital for the future persistence of lynx in a changing
climate. For example, lynx rely on young (human disturbed) boreal
forest in the East and older boreal (undisturbed) forest in the West. 
Although to date we have not detected meaningful loss of ecological
breadth, the DPS is at the southern margin of the species' range where
change is rapidly occurring.  The ability of lynx in North America to
adapt to a changing climate are most likely to emerge here in the
southern portion of their range.  

 In conclusion, we find that lynx have naturally low adaptive diversity and
capacity, both  DPS-wide and species range-wide, from both genetic and a
niche-breadth perspectives, and that their specialized habitat and prey
requirements act to further limit their capacity to adapt to a changing
(warming) environment. Thus, preserving the existing Representation exhibited in
the six DPS units may be critical to the species' future. 

JAS: Nicely summarized, Mark.  I have looked at Representation from 2 perspectives: 1)
describing and delineating the breadth of adaptive diversity (genetic and ecological
diversity) of the species, and 2) describing what is needed to adapt to physical (habitat,
climate) and biological (predators, diseases, competitors) changes.  These changes are
novel; something the species has not been exposed to (i.e., adapted to).  The pool of
genetic diversity is fundamental to the species' ability to adapt (and hence, why many
focus on genetic diversity).  But, rarely do we have information on adaptive genetic
variation, so we must look to indicators of potential adaptive genetic diversity.  We know
that genetic diversity is influenced by the diversity of habitat, climates, and biological
conditions (e.g., diseases) that the species is exposed to, and thus, it seems reasonable
to look at the variation in habitats, climates, behaviors, etc. as potential indicators.  To
assist with determining whether such variation might be adaptive, it is helpful  to
evaluate what does the species need to adapt to novel physical and biological changes. 
Mark has done this in his response above.  Although I am not sure I understand why you
conclude that lynx AD is naturally low.

From his summary, I would conclude that the core team believes that the 6 units
represent variation in adaptive diversity, and thus, adaptive capacity.  Do you all agree
with my interpretation?  This is a key question I need clarity on before the decision
meeting.

 
Q3:  My recollection from the expert workshop exercise concerning future persistence
was that we did not specifically prepare or ask the experts to project futures with no
ESA  protection.  We heard that there were no data to evaluate the effectiveness of
ESA/LCAS protections on US Forest Service lands, but that it seemed that lynx were
generally still present on USFWS lands where these measures were in place (except
the Garnet Range, possible GYA, and parts of Washington where recent fires have
taken much of the habitat).  Had we specifically requested the experts to include
dropping ESA protections in their future projections, perhaps they would have
expressed different outcomes.   Most of the experts were non-Federal (except Squires,
McKelvey) and probably would not have a good understanding what a future with no
ESA protections would mean (i.e., no sect 7, take protection, critical habitat).  Our two
experts from Maine probably would not fully understand ESA protections because
they do not work with section 7 or experience the work our field office does.  So, I
believe that many of the experts were assuming a future with ESA protection when



they made their projections.

Okay, so we need to clearly present the assumptions we think the experts used in each
unit when providing their estimates. 

Mark

On Mon, Feb 6, 2017 at 4:54 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Jennifer,

I wasn't sure if you wanted these inserted into the Excel file, but to avoid you getting bombarded with a
bunch of slightly-revised spreadsheets, I've drafted answers here to which other Core Team members
(or others copied on this string) may add, respond, question, challenge, disavow, condemn, etc.

JS's Qs; JZ's first stab at As.

Q1: Please clarify SSA conclusions regarding representation (REP): are there variations in adaptive
diversity (AD), and thus adaptive capacity (AC), across the range?

A1: The conclusion we reached in the SSA report is that there is naturally very little genetic variation
(high gene flow across the range, despite minor genetic substructuring documented in some places) and
little observable evidence of niche separation or breadth of ecological diversity (despite some
differences in snowfall quantity/duration, vegetation communities [i.e., tree species], and topography)
among lynx across the species' or the DPS's ranges.  Because we lack evidence of past genetic problems
or future genetic threats (good dispersers; few barriers), we do not interpret low genetic variation to be
an indication of lost AD or reduced AC.  Likewise, we lack evidence of much-reduced range or loss of
the breadth of the ecological settings that appear to have historically supported resident lynx; therefore,
we also do not see lost AD or potentially reduced AC with regard to ecological settings.  We concluded
that REP in the DPS, in terms of both genetic and ecological diversity, has not been obviously reduced
from historical conditions.  We do not anticipate genetic issues in the future (lynx will remain good
dispersers and we do not foresee additional/substantial barriers to gene flow), but we are uncertain
about the how the possible (likely) future loss of some resident populations in the DPS may affect REP
from an ecological settings perspective.  Although we have not detected meaningful loss of ecological
breadth, the DPS is at the southern margin of the species' range and adaptations to warming are most
likely to emerge here; the loss of that potential (via populations loss) may impact the AC of the DPS
and perhaps of the species as a whole.  We find that lynx appear to have naturally low AD and AC -
DPS-wide and species range-wide, from both genetic and a niche-breadth perspectives, and that their
habitat and prey specialization act to further limit their capacity to adapt to a changing (warming)
environment.

Q2: Do the experts' projections incorporate risks from catastrophic events?

A2: Yes.  Although the experts' probability of persistence graphs were developed to address resiliency,
we had earlier at the EE workshop addressed redundancy, during which experts agreed that the number,
distribution and sizes of the geographic units supporting resident lynx in the DPS precluded extirpation
of the DPS as a result of catastrophe, and that catastrophe-induced extirpation of resident populations
even in individual geographic units was very unlikely because of their sizes (big!). Only the smallest
unit (North-central Washington, at just under 5,200 km2) was deemed small enough that a single huge
wildfire or multiple large fires in a short time, could potentially result in extirpation of the resident
population there.  

 Q3: How do you want to characterize the ESA regulations issue?

A: I'm not sure what you are asking here, or what more needs to be said than the quote you grabbed
from the draft report.  Some experts said their projections were based on an assumption that lynx remain
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listed and ESA protections remain in place; others said their predictions were based solely on biology,
regardless of regulatory status. We still need to discuss how we will respond to Marty Miller's comment
that the final SSA should include an analysis of a future in which lynx were never listed are not listed in
the future and therefore never had or will have ESA-related protections.

Let me know if I've missed anything Jennifer, and Core Team - have at it!

Cheers,

Jim   

On Mon, Feb 6, 2017 at 6:14 AM, Szymanski, Jennifer
<jennifer_szymanski@fws.gov> wrote:

Hello All,

Also, please look at "JASQ4team" tab.  Please give your thoughts on the 3 questions in
rows 4-6.  For question 3, what I am asking is do you want to present "Team deviations"
as a different scenario or more informally as a verbal caveat to the expert
predictions?

Thanks much,
Jennifer

On Fri, Feb 3, 2017 at 2:50 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Jennifer!

I filled in the tables in ScenOpt1 as requested based on the graphics in the SSA Report (same as in
EE Workshop Report), and I supplied my thoughts and rationale on pessimistic/optimistic in the
Scenarios tab.

Core Team - please double check the tables for your geographic unit and, as Jennifer said below,
call or email both of us with questions/concerns. 

On Fri, Feb 3, 2017 at 10:37 AM, Szymanski, Jennifer
<jennifer_szymanski@fws.gov> wrote:

Hi Jim,

See attached for an draft outline of SSA topics and tables to complete for the
scenarios. If you complete, the tables on tab ScenOpt1, I can do the rest.

Please forward to the core team and remind them to call or email if they have any
concerns or suggestions.

Thanks much,
Jennifer

-- 
Jennifer Szymanski
U.S. Fish and Wildlife Service
Division of Endangered Species
   Remotely located at:
U.S. Fish and Wildlife Service Resource Center
555 Lester Avenue
Onalaska, WI 54650

mailto:jennifer_szymanski@fws.gov
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Tel: 608-783-8455; Fax: 608-783-8450
Cell: 608-799-3899
jennifer_szymanski@fws.gov
***My work schedule is:  M, W, Th 6:30 -4:30pm; 
T&F: 8:00-1:00pm (telework: 608-799-3899) 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jennifer Szymanski
U.S. Fish and Wildlife Service
Division of Endangered Species
   Remotely located at:
U.S. Fish and Wildlife Service Resource Center
555 Lester Avenue
Onalaska, WI 54650
Tel: 608-783-8455; Fax: 608-783-8450
Cell: 608-799-3899
jennifer_szymanski@fws.gov
***My work schedule is:  M, W, Th 6:30 -4:30pm; 
T&F: 8:00-1:00pm (telework: 608-799-3899) 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED
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Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jennifer Szymanski
U.S. Fish and Wildlife Service
Division of Endangered Species
   Remotely located at:
U.S. Fish and Wildlife Service Resource Center
555 Lester Avenue
Onalaska, WI 54650
Tel: 608-783-8455; Fax: 608-783-8450
Cell: 608-799-3899
jennifer_szymanski@fws.gov
***My work schedule is:  M, W, Th 6:30 -4:30pm; 
T&F: 8:00-1:00pm (telework: 608-799-3899) 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jennifer_szymanski@fws.gov
mailto:jim_zelenak@fws.gov


-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: Bush, Jodi
To: Baker, Richard (DNR)
Cc: Erb, John D (DNR)
Subject: Re: For State Agency Review: Draft Lynx Species Status Assessment document
Date: Wednesday, February 15, 2017 1:49:34 PM

Great.  Thanks!  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Feb 15, 2017 at 12:29 PM, Baker, Richard (DNR) <richard.baker@state.mn.us>
wrote:

Thank you for the email, Jodi. My colleague, Dr. John Erb, has been reviewing the SSA and tells me
that he should be done by the end of the week.

I will review his comments, discuss any concerns I have, and forward the result on to you early
next week.

 

Rich Baker

 

<><><><><><><><><><><><><><><><><><> 

Richard J. Baker

Minnesota Endangered Species Coordinator

Division of Ecological and Water Resources

Minnesota Department of Natural Resources

500 Lafayette Rd., Box 25

St. Paul, MN  55155

Phone: 651/259-5073

Fax: 651/296-1811

E-mail: richard.baker@state.mn.us

mailto:jodi_bush@fws.gov
mailto:richard.baker@state.mn.us
mailto:john.erb@state.mn.us
mailto:richard.baker@state.mn.us
mailto:richard.baker@state.mn.us


http://www.dnr.state.mn.us/eco/nhnrp

<><><><><><><><><><><><><><><><><><> 

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Wednesday, February 15, 2017 12:35 PM
To: Baker, Richard (DNR) <richard.baker@state.mn.us>
Subject: Re: For State Agency Review: Draft Lynx Species Status Assessment document

 

Hi Richard.  I've been out of the office a lot lately but don't recall seeing any comments on
the Draft Lynx SSA yet from Minnesota.  And in checking with Jon Mawdsley -he hasn't
received any either.  Do you expect to send some in?  We don't want to miss any important
comments that we should consider.  Thank you.  JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Thu, Jan 12, 2017 at 10:53 AM, Baker, Richard (DNR) <richard.baker@state.mn.us>
wrote:

Thanks Jonathan. See you in Texas!

 

Rich

 

From: Jonathan Mawdsley [mailto:jmawdsley@fishwildlife.org] 
Sent: Wednesday, January 11, 2017 9:29 AM
To: Baker, Richard (DNR) <richard.baker@state.mn.us>; Bush, Jodi (jodi_bush@fws.gov)

http://www.dnr.state.mn.us/eco/nhnrp
mailto:jodi_bush@fws.gov
mailto:richard.baker@state.mn.us
mailto:richard.baker@state.mn.us
mailto:jmawdsley@fishwildlife.org
mailto:richard.baker@state.mn.us
mailto:jodi_bush@fws.gov


<jodi_bush@fws.gov>; Zelenak, Jim <jim_zelenak@fws.gov>
Cc: Smith, Tamara <tamara_smith@fws.gov>; peter_fasbender@fws.gov
Subject: Re: For State Agency Review: Draft Lynx Species Status Assessment document

 

Rich,

 

Many thanks for the note - as far as AFWA is concerned you are definitely welcome to
submit comments directly to U. S. FWS.  We've offered to assist in the process, but you
are certainly always welcome to communicate directly with the Service.

 

Best,

Jonathan

 

From: Baker, Richard (DNR) <richard.baker@state.mn.us>
Sent: Wednesday, January 11, 2017 8:52 AM
To: Bush, Jodi (jodi_bush@fws.gov); Zelenak, Jim
Cc: Jonathan Mawdsley; Smith, Tamara; peter_fasbender@fws.gov
Subject: FW: For State Agency Review: Draft Lynx Species Status Assessment document

 

Hi Jodi and Jim,

 

I hope you are having a good winter. This email from Jonathan Mawdsley at AFWA prompts
some concern – I see no evidence that I have received the Draft SSA report directly from you.

 

Don’t you plan to distribute it directly to the affected states?

 

FYI, I intend to compile Minnesota’s comments and submit them directly to you rather than
send them through AFWA,  since I don’t think it is appropriate for our comments to be merged
with those from other states through the AFWA process.

 

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
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Thanks in advance for your reply,

 

Regards,

 

Rich

 

<><><><><><><><><><><><><><><><><><> 

Richard J. Baker

Minnesota Endangered Species Coordinator

Division of Ecological and Water Resources

Minnesota Department of Natural Resources

500 Lafayette Rd., Box 25

St. Paul, MN  55155

Phone: 651/259-5073

Fax: 651/296-1811

E-mail: richard.baker@state.mn.us

http://www.dnr.state.mn.us/eco/nhnrp

<><><><><><><><><><><><><><><><><><> 

 

From: Jonathan Mawdsley [mailto:jmawdsley@fishwildlife.org] 
Sent: Tuesday, January 10, 2017 10:53 PM
To: Broscheidb@outlook.com; Craig McLaughlin - DNR <craig.mclaughlin@state.co.us>;
jake.ivan@state.co.us; Eric Odell <eric.odell@state.co.us>; Moore,Virgil
<virgil.moore@idfg.idaho.gov>; Sallabanks,Rex <rex.sallabanks@idfg.idaho.gov>;
chandler.woodcock@maine.gov; Connolly, James <james.connolly@maine.gov>;
jennifer.vashon@maine.gov; William Moritz <Moritzw@michigan.gov>; Mason, Russ (DNR)
<MasonR2@michigan.gov>; bumpa@michigan.gov; Kennedy, Daniel (DNR)
<kennedyd@michigan.gov>; *Commissioner (DNR) <commissioner.dnr@state.mn.us>; Leach,
Jim (DNR) <jim.leach@state.mn.us>; Telander, Paul B (DNR) <Paul.Telander@state.mn.us>;
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Baker, Richard (DNR) <richard.baker@state.mn.us>; Erb, John D (DNR)
<john.erb@state.mn.us>; kmcdonald@mt.gov; Inman, Bob <bobinman@mt.gov>;
jkolbe.fwp@gmail.com; seggeman@mt.gov; 'Glenn Normandeau
<glenn.normandeau@wildlife.nh.gov>; mark.ellingwood@wildlife.nh.gov;
John.Kanter@wildlife.nh.gov; jill.killborn@wildlife.nh.gov; William.staats@wildlife.nh.gov;
patrick.tate@wildlife.nh.gov; alexandra.sandoval@state.nm.us; stewart.liley@state.nm.us;
rick.winslow@state.nm.us; james.stuart@state.mn.us; doug.stang@dec.ny.gov;
michael.schiavone@dec.ny.gov; curt.melcher@state.or.us; derek.j.broman@state.or.us;
kimberlyasmus@utah.gov; Greg Sheehan <gregsheehan@utah.gov>; louis.porter@state.vt.us;
mark.scott@state.vt.us; chris.bernier@state.vt.us; director@dfw.wa.gov;
jeffrey.lewis@dfw.wa.gov; Becker, Penny A (DFW) <Penny.Becker@dfw.wa.gov>;
DNRSecretary@wisconsin.gov; kurt.thiede@wisconsin.gov; sanjay.olson@wisconsin.gov;
tom.hauge@wisconsin.gov; erin.crain@wisconsin.gov; owen.boyle@wisconsin.gov;
nathanm.roberts@wisconsin.gov; shawn.rossler@wisconsin.gov;
david.macfarland@wisconsin.gov; john.white@wisconsin.gov; Scott Talbott
<scott.talbott@wyo.gov>; john.kennedy@wyo.gov; bob.lanka@wyo.gov;
zach.walker@wyo.gov; nichole.bjornlie@wyo.gov; susan.patla@wyo.gov; Gardner, Eric S (DFW)
<Eric.Gardner@dfw.wa.gov>; Dixon,Rita <rita.dixon@idfg.idaho.gov>; jhagener@mt.gov
Cc: Ron Regan <RRegan@fishwildlife.org>; Mark Humpert <MHumpert@fishwildlife.org>; Jen
Mock Schaeffer <JenMock@fishwildlife.org>; Jodi Bush <jodi_bush@fws.gov>
Subject: Re: For State Agency Review: Draft Lynx Species Status Assessment document
Importance: High

 

Dear Colleagues,

 

I trust that this message finds you well. The U. S. Fish and Wildlife Service has asked the
Association of Fish and Wildlife Agencies (AFWA) to assist with state fish and wildlife
agency review of the DRAFT Species Status Assessment (SSA) document for the Canada
Lynx - Contiguous United States Distinct Population Segment (DPS). 

 

Attached to this e-mail message you will find the DRAFT SSA document for the Canada
Lynx - Contiguous United States DPS.  Please also see the e-mail message of transmittal
from Jodi Bush at U. S. FWS below which contains important information about this
document and the specific input that is being solicited from the state fish and wildlife
agencies at this time.

 

To facilitate this review, we would ask that comments from you and your colleagues be
provided to AFWA by COB on Friday, February 10th, 2017.  Comments can be sent
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electronically as e-mail attachments to the following e-mail address:
jmawdsley@fishwildlife.org 

 

AFWA will compile all comments and share all comments directly with the U. S. Fish and
Wildlife Service.  Input from multiple individuals within a single agency is certainly
welcome, but if possible it would be helpful for us to receive a single set of comments
from each of the lynx range states.

 

Many thanks in advance for your help in providing a robust review of the attached
document.  I look forward to hearing from you.

 

With best regards,

Jonathan Mawdsley

 

Jonathan R. Mawdsley, Ph.D.

Science Advisor

Association of Fish and Wildlife Agencies

1100 First Street NE, Suite 825

Washington, DC 20002 USA

Phone: (202) 997-6628

E-mail: jmawdsley@fishwildlife.org

Web: http://www.fishwildlife.org

 

From: Bush, Jodi <jodi_bush@fws.gov>
Sent: Tuesday, January 10, 2017 6:24 PM
To: Jonathan Mawdsley
Subject: Fwd: Draft Lynx SSA Transmittal email

 

mailto:jmawdsley@fishwildlife.org
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mailto:jodi_bush@fws.gov


Jonathan.  

 

As we discussed, attached please find the DRAFT Species Status Assessment (SSA) for the
Canada Lynx - Contiguous United States Distinct Population Segment (DPS).  As you are
aware, the draft report is currently undergoing peer review.

 

We are providing this draft to you for dissemination to our State Fish and Game Partners
for review by those individuals with expert knowledge of the species and its habitat.  Their
review will help us ensure that we have appropriately considered the best scientific and
commercial information when evaluating the current status and future viability of the lynx
DPS.  We request their independent scientific perspectives on the comprehensiveness
and logic of the document, as well as how well the technical conclusions are supported by
the data and analyses.

 

Please note that the Literature Cited list is not complete at this time.  If you need a copy
of any document cited in the draft report, please contact Jim Zelenak at the email address
below.

 

This document is not intended to solicit public comment and will be revised after this
scientific review. This document does not predetermine any future agency decision under
the Endangered Species Act.

 

In general we ask that your comments on the draft SSA report focus specifically on whether the best available
information was used, the quality of the scientific information, and our interpretation and analyses of the data
with regard to the species’ viability in the contiguous United States.  We request that you direct your review to
the scientific issues and assumptions related to your expertise.

 

General Information about SSAs:

 

The Species Status Assessment framework is a new tool the U.S. Fish and Wildlife Service is using to improve
transparency while conducting listing determinations and other Act actions, and peer review of our analyses of
the viability of species is part of that new process.  The attached draft SSA report is a rough draft; we are
seeking comments at this stage to ensure that we have time to incorporate any substantial comments as we
finalize the report.



 

In reviewing the document, please note that this draft SSA report does not result in or predetermine a decision
by the Service on whether the Canada lynx warrants protections of the Act.  This document is strictly a
characterization of the viability species’ viability in the contiguous United States. As a reminder, all reviews
and comments submitted to the Service will become public documents and part of our administrative record for
this document.  

 

As we discussed, you will likely need to provide 30 days of review for the State Fish and
Wildlife Agencies and may need some additional time to collate those comments.  We
welcome those consolidated comments as soon as possible after February 10, 2017. 
Please send comments to jim_zelenak@fws.gov.

 

I have also attached a list of the State Wildlife Agencies and contacts we have been in working with
throughout this process for your use.  Feel free to expand as necessary.  Thank you for your interest and
assistance.  JB

 

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601

(406) 449-5225, ext.205

 

 

mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Jodi Bush
Cc: Bryon Holt
Subject: Fwd: draft lynx SSA report comments
Date: Tuesday, February 21, 2017 10:03:23 AM
Attachments: image004.png

image001.png
image002.png
image003.png

Jodi,

Below is what we got from Forest Service late in the day on Friday.  Not much.

Bryon - I've copied you because they discuss your unit (% burned) in first comment - you will need to address this
and make sure we are properly and consistently reproving those numbers throughout the final document.

I will respond to the rest.

I've also copied these to the drive.

Jim
---------- Forwarded message ----------
From: Jackson, Scott -FS <sjackson03@fs.fed.us>
Date: Fri, Feb 17, 2017 at 5:02 PM
Subject: draft lynx SSA report comments
To: Jim Zelenak <jim_zelenak@fws.gov>
Cc: "Hanvey, Gary -FS" <ghanvey@fs.fed.us>, "Rohrer, John -FS" <jrohrer@fs.fed.us>,
"McDonald, Peter M -FS" <petermcdonald@fs.fed.us>, "Swiader, Jennifer E -FS"
<jennifereswiader@fs.fed.us>, "Jacobson, Lee -FS" <ljacobson@fs.fed.us>

Hi Jim,

 

In response to your request for comments on the draft Species Status
Assessment (SSA) for Canada Lynx, the Forest Service offers the
following.  I have included the comments that I received from folks in
USFS regions 1, 2 and 6.  You may also have received other comments
from USFS.

 

As a general comment, the document is well written and contains an
impressive amount of lynx information, with good discussions of what
is known and also where there is uncertainty.
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In two places within the document (page 45-paragraph 2; and page 86-
paragraph 2), there is the statement, “Multiple large fires in the
Okanogan over the last 24 years have burned about 34% of lynx habitat
(Lewis 2016, p.4).”  In several other places there is the statement, “over
the past two decades these wildfires have burned greater than 50% of
the suitable lynx habitat within this geographic unit (Koehler et al.
2008, p.1523).”  This 50% figure is used on p.101-paragraph 2; p.139-
paragraph 3; p.143-paragraph 4; and p.164-paragraph 2.  While this
initially seemed like an inconsistency, we believe it just needs some
clarification.  The Lewis 2016 figure of 34% is referring to amount of
area within the Lynx Management Zone (LMZ) that has recently
burned.  Koehler et al. 2008 specifically refers to suitable habitat within
that LMZ that has been burned recently.  Not all acres within the LMZ
are suitable lynx habitat.  Therefore, to perhaps make this more clear,
the statements on pages 45 and 86 should be edited to say “about 34%
of the LMZ” rather than “about 34% of lynx habitat.”

 

Although we appreciate the large amount of information that has been
compiled and summarized, we suggest that some of your conclusions
relative to habitat conditions in the Greater Yellowstone Area (GYA)
are too general.  For instance, on page 211 the report concludes that
“conditions for lynx in this unit (GYA) are naturally marginal.”  As
indicated in other parts of the SSA report, there are areas within the
GYA that contain good snowshoe hare and lynx habitat.  We believe
that the GYA provides areas of habitat that are important for lynx
conservation and suggest that summaries of habitat conditions in the
GYA include the fact that not all habitat in that area is marginal or
suboptimal.

 

We understand the uncertainty associated with the intermittent nature of
lynx occupation/detections in the GYA.  However, your conclusion on
page 42 that “southern WY did not historically or recently support a



resident lynx population and is not now capable of doing so” seems
overly broad and runs counter to other published reports (Reeve (1986)
and Oakleaf and Patla (2010)).

 

We believe it would be appropriate and useful to provide a discussion
of the conservation value that is provided by lynx and snowshoe habitat
near the southern periphery of lynx distribution, both in the GYA and in
western Colorado.

 

Although there may be some uncertainty about the efficacy of the
federal land management regulatory framework (p.217), we believe that
current USFS management direction largely addresses the habitat needs
of lynx and provides a minimum threshold for maintaining a mosaic of
vegetation structural stages through time that are necessary to support
persistent lynx occupancy across lynx analysis units.  However, newly
developing science may indicate that there is additional information that
should be taken into account for effective lynx habitat management.

 

Relatedly, we appreciate the discussion of future conditions relative to
lynx habitat management direction and how it may change in response
to new science (pages 195 and 207).  We agree with your assessment
that, although specific standards and guidelines may change as new
scientific information and management techniques become available,
Federal land management designed to conserve and restore potential
lynx habitat is anticipated to continue.

 

References on pages 128-130 stating that lynx haven’t been detected in
the Garnet Range of Montana since 2010 should be updated to reflect
recent (2016) lynx detections in that mountain range.

 



When discussing the probability of lynx persistence into the future in
each geographic area (Ch. 5.2), care should be taken to ensure that these
probabilities are accurately characterized merely as estimates based on
expert opinion.

 

Thank you for the opportunity to review the draft lynx SSA report.  We
appreciate all the work that went into preparing this document.  If I can
provide additional information or be of assistance, please let me know. 
Have a good weekend!

 

Scott Jackson 
National Carnivore Program Leader
Forest Service

Northern Regional Office

p: 406-329-3664 
f: 406-329-3171 
sjackson03@fs.fed.us

26 Fort Missoula Road
Missoula, MT 59804
www.fs.fed.us 

Caring for the land and serving people

 

 

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
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585 Shepard Way, Suite 1
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From: Zelenak, Jim
To: bob.broscheid@state.co.us; craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric; Moore,Virgil; Dustin

Miller (dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam Eaton; rita.dixon@idfg.idaho.gov;
Chandler.woodcock@maine.gov; Connolly, James; Vashon, Jennifer; moritzw@michigan.gov;
bumpa@michigan.gov; kennedyd@michigan.gov; commissioner.dnr@state.mn.us; jim.leach@state.mn.us;
Paul.Telander@state.mn.us; Baker, Richard (DNR); Erb, John D (DNR); JTubbs@mt.gov; McDonald, Ken; Inman,
Bob; Jay Kolbe; seggeman@mt.gov; Baty, Ross; glenn.normandeau@wildlife.nh.gov;
Mark.Ellingwood@wildlife.nh.gov; john.kanter@wildlife.nh.gov; Jill.Killborn@wildlife.nh.gov;
William.Staats@wildlife.nh.gov; Patrick.Tate@wildlife.nh.gov; alexandra.sandoval@state.nm.us;
stewart.liley@state.nm.us; rick.winslow@state.nm.us; Stuart, James N., DGF; sean.murphy@state.nm.us;
michael.schiavone@dec.ny.gov; doug.stang@dec.ny.gov; curt.melcher@state.or.us; derek.j.broman@state.or.us;
Gregory Sheehan; Kimberly Hersey; louis.porter@state.vt.us; mark scott; Bernier, Chris; director@dfw.wa.gov;
cpl@dnr.wa.gov; Lewis, Jeffrey C (DFW); Maletzke, Benjamin T (DFW); cathy.stepp@wisconsin.gov;
kurt.thiede@wisconsin.gov; Sanjay.Olson@wisconsin.gov; Tom.Hauge@wisconsin.gov;
Erin.Crain@wisconsin.gov; Owen Boyle; Roberts, Nathan M - DNR; Rossler, Shawn T - DNR;
David.MacFarland@wisconsin.gov; John.White@wisconsin.gov; scott.talbot@wyo.gov; Bob Lanka; Zack Walker;
Nichole Bjornlie; susan.patla@wyo.gov; Rick Kahn; Jackson, Scott -FS; Hanvey, Gary -FS; Tripp, Kim; Christopher
Boone; Sparks, James; jmawdsley@fishwildlife.org

Cc: Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt Broderdorp; Mark
McCollough; Tamara Smith; Anna Harris; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab; Ann Timberman;
Brad Thompson; Chris Mensing; David Stilwell; David Simmons; Drue DeBerry; Eric Rickerson; Grant Canterbury;
Jeff Krupka; Szymanski, Jennifer; Karen Cathey; Karl Halupka; Kate Novak; Kathleen Hendricks; Larry Crist;
Laura Ragan; Leslie Ellwood; Mark Maghini; Martin Miller; Megan Kosterman; Michelle Eames; Patricia Zenone;
Paul Casey; Paul Henson; Peter Fasbender; Rollie White; Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman;
Tom McDowell; Tyler Abbott; Dennis Mackey; Marjorie Nelson; Lori Nordstrom/R6/FWS/DOI; Paul Phifer; Michael
Thabault

Subject: Lynx SSA Coordination Call
Date: Tuesday, February 21, 2017 5:31:27 PM

Hi All:

We will have our monthly State and Federal Partner coordination call/update tomorrow, Feb. 22, at 1:00 PM
Mountain Time.

866-822-7385
Passcode 5396168

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Jonathan Mawdsley
To: Zelenak, Jim; "Jodi_bush@fws.gov"
Subject: RE: Lynx SSA Coordination Call
Date: Wednesday, February 22, 2017 6:40:51 AM

Jim and Jodi,
 
An update from AFWA:
 
We are still waiting for comments on the draft Lynx SSA from Idaho Department of Fish and Game. 
If I do not receive comments from Idaho by COB today, I will send you our current compilation by

the end of the day tomorrow (Feb. 23rd).
 
Best,
Jonathan
 
Jonathan R. Mawdsley, Ph.D.
Science Advisor
Association of Fish and Wildlife Agencies
1100 First Street, NE, Suite 825
Washington, DC 20002 USA
Phone: (202) 838-3462
Cell: (202) 997-6628
Fax: (202) 350-9869
E-mail: jmawdsley@fishwildlife.org
Web: http://www.fishwildlife.org
 
 
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, February 21, 2017 5:31 PM
To: Broscheidb@outlook.com; craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric; Moore,Virgil;
Dustin Miller (dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam Eaton;
rita.dixon@idfg.idaho.gov; Chandler.woodcock@maine.gov; Connolly, James; Vashon, Jennifer; William
Moritz; bumpa@michigan.gov; kennedyd@michigan.gov; commissioner.dnr@state.mn.us;
jim.leach@state.mn.us; Paul.Telander@state.mn.us; Baker, Richard (DNR); Erb, John D (DNR);
JTubbs@mt.gov; McDonald, Ken; Inman, Bob; Jay Kolbe; seggeman@mt.gov; Baty, Ross; Glenn
Normandeau; Mark.Ellingwood@wildlife.nh.gov; john.kanter@wildlife.nh.gov; Jill.Killborn@wildlife.nh.gov;
William.Staats@wildlife.nh.gov; Patrick.Tate@wildlife.nh.gov; alexandra.sandoval@state.nm.us;
stewart.liley@state.nm.us; rick.winslow@state.nm.us; Stuart, James N., DGF; sean.murphy@state.nm.us;
michael.schiavone@dec.ny.gov; doug.stang@dec.ny.gov; curt.melcher@state.or.us;
derek.j.broman@state.or.us; Gregory Sheehan; Kimberly Hersey; louis.porter@state.vt.us; mark scott;
Bernier, Chris; director@dfw.wa.gov; cpl@dnr.wa.gov; Lewis, Jeffrey C (DFW); Maletzke, Benjamin T
(DFW); cathy.stepp@wisconsin.gov; kurt.thiede@wisconsin.gov; Sanjay.Olson@wisconsin.gov;
Tom.Hauge@wisconsin.gov; Erin.Crain@wisconsin.gov; Owen Boyle; Roberts, Nathan M - DNR; Rossler,
Shawn T - DNR; David.MacFarland@wisconsin.gov; John.White@wisconsin.gov; scott.talbot@wyo.gov;
Bob Lanka; Zack Walker; Nichole Bjornlie; susan.patla@wyo.gov; Rick Kahn; Jackson, Scott -FS; Hanvey,
Gary -FS; Tripp, Kim; Christopher Boone; Sparks, James; Jonathan Mawdsley
Cc: Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt
Broderdorp; Mark McCollough; Tamara Smith; Anna Harris; Brady McGee; Jeffrey Dillon; Lisa Solberg
Schwab; Ann Timberman; Brad Thompson; Chris Mensing; David Stilwell; David Simmons; Drue DeBerry;
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Eric Rickerson; Grant Canterbury; Jeff Krupka; Szymanski, Jennifer; Karen Cathey; Karl Halupka; Kate
Novak; Kathleen Hendricks; Larry Crist; Laura Ragan; Leslie Ellwood; Mark Maghini; Martin Miller; Megan
Kosterman; Michelle Eames; Patricia Zenone; Paul Casey; Paul Henson; Peter Fasbender; Rollie White;
Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman; Tom McDowell; Tyler Abbott; Dennis Mackey;
Marjorie Nelson; Lori Nordstrom/R6/FWS/DOI; Paul Phifer; Michael Thabault
Subject: Lynx SSA Coordination Call
 
Hi All:
 
We will have our monthly State and Federal Partner coordination call/update tomorrow, Feb.
22, at 1:00 PM Mountain Time.
 
866-822-7385
Passcode 5396168
 
Thanks,
 
Jim
 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Bernier, Chris
To: Zelenak, Jim
Subject: Re: Lynx SSA Coordination Call
Date: Wednesday, February 22, 2017 7:37:26 AM

Got it!  I appreciate the persistence. I may not be able to join in today due to scheduling
conflicts but will try. Thanks.

Sent from my iPhone

On Feb 22, 2017, at 9:33 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

Hi Chris:

I got a kickback from your email on the first try; hope this one finds you

We will have our monthly State and Federal Partner coordination call/update today, Feb. 22, at 1:00
PM Mountain Time.

866-822-7385
Passcode 5396168

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Jodi Bush
Subject: Fwd: draft lynx SSA report comments
Date: Wednesday, February 22, 2017 1:46:41 PM
Attachments: image001.png

image002.png
image003.png
image004.png

FYI - my reply/request for clarification on the USFS comments we received from Scott et al.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Feb 22, 2017 at 12:28 PM
Subject: Re: draft lynx SSA report comments
To: "Jackson, Scott -FS" <sjackson03@fs.fed.us>
Cc: "Hanvey, Gary -FS" <ghanvey@fs.fed.us>, "Rohrer, John -FS" <jrohrer@fs.fed.us>,
"McDonald, Peter M -FS" <petermcdonald@fs.fed.us>, "Swiader, Jennifer E -FS"
<jennifereswiader@fs.fed.us>, "Jacobson, Lee -FS" <ljacobson@fs.fed.us>

Thanks Scott and others,

We appreciate your comments and will do our best to address them and use them to improve the final SSA report.

A couple requests for clarification:

1. "....there are areas within the GYA that contain good snowshoe hare and lynx habitat."

In the report, we provide information on the areas of the GYA, primarily in the Wyoming Range, that have had good
hare densities documented and that have occasionally supported resident lynx.  However, to be considered "good
lynx habitat," we would argue that it must demonstrate an ability to support a persistent resident lynx population
over time.  As detailed in the draft report, we do not believe the historic record of verified occurrence suggests this
is likely the case anywhere within this geographic unit.  We believe our assessment that most of the GYA unit is
naturally poor lynx and hare habitat and that only relatively small areas of better but still marginal habitat exist, and
these are perhaps only intermittently capable of supporting a very few resident lynx, is the most reasonable
interpretation of the available information.  If you have information that we have not considered and which
demonstrates relatively large areas/landscapes with hare densities consistently adequate to support a resident lynx
population over time, and which have done so, either historically or recently/currently, please provide that
information to us.

2.  "We believe that the GYA provides areas of habitat that are important for lynx conservation...."

To help us better frame our consideration of and response to this comment, please tell us why you believe this. 
Specifically, please provide any information, hypotheses, or context you have that demonstrate or articulate how the
GYA contributes to or is otherwise important to conservation of lynx in the contiguous U.S. or to the species as a
whole.

3.  "...your conclusion on page 42 that 'southern WY did not historically or recently support a resident lynx
population and is not now capable of doing so seems overly broad and runs counter to other published reports
(Reeve (1986) and Oakleaf and Patla (2010))."

Although a very few lynx have been documented occasionally in southern Wyoming (the areas of the state south and
east of the Wyoming and Wind River ranges [both of which are considered part of the GYA]) over the past 160
years, we find no evidence based on verified records in either Reeve et al. (1986) or Patla and Oakleaf (2010) that
demonstrates or presents a compelling argument that southern Wyoming ever historically or recently supported a
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resident lynx population.  Reeve et al. reported only 3 documented (i.e., verified) lynx records in this area over 130
years (1856-1986; see Figure 9), one of which occurred in clearly anomalous habitat, and only another 8 "probable"
(but unverified and therefore anecdotal) records over the same time frame.  These records do not suggest the
persistent or continuous presence of resident lynx in this part of Wyoming.  Patla and Oakleaf (2010) evaluated
records and habitats in the Wyoming Range, which we considered the southern extent of the GYA and not a part of
"southern Wyoming." The best available information, McKelvey et al. 2000 and any later verified evidence of lynx
occurrence, also does not support the contention that southern Wyoming historically or recently supported a resident
lynx population or that it is capable of doing so.

4.  "We believe it would be appropriate and useful to provide a discussion of the conservation value that is provided
by lynx and snowshoe habitat near the southern periphery of lynx distribution, both in the GYA and in western
Colorado."

To inform that discussion, please provide your agency's thoughts on the the conservation value, to the contiguous
U.S. lynx DPS and/or to the taxon as a whole, provided by lynx and hare habitat in the GYA and in western
Colorado.

Thanks.

Jim

On Fri, Feb 17, 2017 at 5:02 PM, Jackson, Scott -FS <sjackson03@fs.fed.us> wrote:

Hi Jim,

 

In response to your request for comments on the draft Species Status
Assessment (SSA) for Canada Lynx, the Forest Service offers the
following.  I have included the comments that I received from folks in
USFS regions 1, 2 and 6.  You may also have received other
comments from USFS.

 

As a general comment, the document is well written and contains an
impressive amount of lynx information, with good discussions of what
is known and also where there is uncertainty.

 

In two places within the document (page 45-paragraph 2; and page 86-
paragraph 2), there is the statement, “Multiple large fires in the
Okanogan over the last 24 years have burned about 34% of lynx
habitat (Lewis 2016, p.4).”  In several other places there is the
statement, “over the past two decades these wildfires have burned
greater than 50% of the suitable lynx habitat within this geographic

mailto:sjackson03@fs.fed.us


unit (Koehler et al. 2008, p.1523).”  This 50% figure is used on p.101-
paragraph 2; p.139-paragraph 3; p.143-paragraph 4; and p.164-
paragraph 2.  While this initially seemed like an inconsistency, we
believe it just needs some clarification.  The Lewis 2016 figure of
34% is referring to amount of area within the Lynx Management Zone
(LMZ) that has recently burned.  Koehler et al. 2008 specifically
refers to suitable habitat within that LMZ that has been burned
recently.  Not all acres within the LMZ are suitable lynx habitat. 
Therefore, to perhaps make this more clear, the statements on pages
45 and 86 should be edited to say “about 34% of the LMZ” rather than
“about 34% of lynx habitat.”

 

Although we appreciate the large amount of information that has been
compiled and summarized, we suggest that some of your conclusions
relative to habitat conditions in the Greater Yellowstone Area (GYA)
are too general.  For instance, on page 211 the report concludes that
“conditions for lynx in this unit (GYA) are naturally marginal.”  As
indicated in other parts of the SSA report, there are areas within the
GYA that contain good snowshoe hare and lynx habitat.  We believe
that the GYA provides areas of habitat that are important for lynx
conservation and suggest that summaries of habitat conditions in the
GYA include the fact that not all habitat in that area is marginal or
suboptimal.

 

We understand the uncertainty associated with the intermittent nature
of lynx occupation/detections in the GYA.  However, your conclusion
on page 42 that “southern WY did not historically or recently support
a resident lynx population and is not now capable of doing so” seems
overly broad and runs counter to other published reports (Reeve
(1986) and Oakleaf and Patla (2010)).

 

We believe it would be appropriate and useful to provide a discussion



of the conservation value that is provided by lynx and snowshoe
habitat near the southern periphery of lynx distribution, both in the
GYA and in western Colorado.

 

Although there may be some uncertainty about the efficacy of the
federal land management regulatory framework (p.217), we believe
that current USFS management direction largely addresses the habitat
needs of lynx and provides a minimum threshold for maintaining a
mosaic of vegetation structural stages through time that are necessary
to support persistent lynx occupancy across lynx analysis units. 
However, newly developing science may indicate that there is
additional information that should be taken into account for effective
lynx habitat management.

 

Relatedly, we appreciate the discussion of future conditions relative to
lynx habitat management direction and how it may change in response
to new science (pages 195 and 207).  We agree with your assessment
that, although specific standards and guidelines may change as new
scientific information and management techniques become available,
Federal land management designed to conserve and restore potential
lynx habitat is anticipated to continue.

 

References on pages 128-130 stating that lynx haven’t been detected
in the Garnet Range of Montana since 2010 should be updated to
reflect recent (2016) lynx detections in that mountain range.

 

When discussing the probability of lynx persistence into the future in
each geographic area (Ch. 5.2), care should be taken to ensure that
these probabilities are accurately characterized merely as estimates
based on expert opinion.

 



Thank you for the opportunity to review the draft lynx SSA report. 
We appreciate all the work that went into preparing this document.  If
I can provide additional information or be of assistance, please let me
know.  Have a good weekend!

 

Scott Jackson 
National Carnivore Program Leader
Forest Service

Northern Regional Office

p: 406-329-3664 
f: 406-329-3171 
sjackson03@fs.fed.us

26 Fort Missoula Road
Missoula, MT 59804
www.fs.fed.us 

Caring for the land and serving people

 

 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender
and delete the email immediately.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: McCollough, Mark
To: Harris, Anna
Subject: Re: Lynx SSA Coordination Call
Date: Thursday, February 23, 2017 8:10:45 AM

Yes, I was able to stop along the road on the way home from Ogunquit and participate.  There
were quite a few  state people on the call (no one from ME?)  I'd be glad to go over the
questions and answers we gave.  I will give you a call when I return from Unity.

I heard there was a call with the Regional Director yesterday.  Mary Parkin emailed me for an
update.  She was to participate.  I knew nothing of the call.  Were you on the call?

Mark

On Wed, Feb 22, 2017 at 7:33 PM, Harris, Anna <anna_harris@fws.gov> wrote:
Hi Mark,

Were you on this call today? I was wondering how many people attended and if there were
questions from the states. Maybe we can touch base tomorrow afternoon after you're done at
Unity.

Thanks,
Anna

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, Feb 21, 2017 at 5:31 PM
Subject: Lynx SSA Coordination Call
To: bob.broscheid@state.co.us, craig.mclaughlin@state.co.us, Jake Ivan - DNR
<Jake.ivan@state.co.us>, "Odell, Eric" <eric.odell@state.co.us>, "Moore,Virgil"
<virgil.moore@idfg.idaho.gov>, "Dustin Miller (dustin.miller@osc.idaho.gov)"
<dustin.miller@osc.idaho.gov>, Joshua Uriarte <Joshua.Uriarte@osc.idaho.gov>,
"Sallabanks,Rex" <rex.sallabanks@idfg.idaho.gov>, Sam Eaton
<Sam.Eaton@osc.idaho.gov>, rita.dixon@idfg.idaho.gov, Chandler.woodcock@maine.gov,
"Connolly, James" <James.Connolly@maine.gov>, "Vashon, Jennifer"
<jennifer.vashon@maine.gov>, moritzw@michigan.gov, bumpa@michigan.gov,
kennedyd@michigan.gov, commissioner.dnr@state.mn.us, jim.leach@state.mn.us,
Paul.Telander@state.mn.us, "Baker, Richard (DNR)" <richard.baker@state.mn.us>, "Erb,
John D (DNR)" <john.erb@state.mn.us>, JTubbs@mt.gov, "McDonald, Ken"
<kmcdonald@mt.gov>, "Inman, Bob" <bobinman@mt.gov>, Jay Kolbe
<jkolbe.fwp@gmail.com>, seggeman@mt.gov, "Baty, Ross" <rbaty@mt.gov>,
glenn.normandeau@wildlife.nh.gov, Mark.Ellingwood@wildlife.nh.gov,
john.kanter@wildlife.nh.gov, Jill.Killborn@wildlife.nh.gov,
William.Staats@wildlife.nh.gov, Patrick.Tate@wildlife.nh.gov,
alexandra.sandoval@state.nm.us, stewart.liley@state.nm.us, rick.winslow@state.nm.us,
"Stuart, James N., DGF" <james.stuart@state.nm.us>, sean.murphy@state.nm.us,
michael.schiavone@dec.ny.gov, doug.stang@dec.ny.gov, curt.melcher@state.or.us,
derek.j.broman@state.or.us, Gregory Sheehan <GregSheehan@utah.gov>, Kimberly Hersey
<kimberlyasmus@utah.gov>, louis.porter@state.vt.us, mark scott <mark.scott@state.vt.us>,
"Bernier, Chris" <Chris.Bernier@state.vt.us>, director@dfw.wa.gov, cpl@dnr.wa.gov,
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"Lewis, Jeffrey C (DFW)" <Jeffrey.Lewis@dfw.wa.gov>, "Maletzke, Benjamin T (DFW)"
<Benjamin.Maletzke@dfw.wa.gov>, cathy.stepp@wisconsin.gov,
kurt.thiede@wisconsin.gov, Sanjay.Olson@wisconsin.gov, Tom.Hauge@wisconsin.gov,
Erin.Crain@wisconsin.gov, Owen Boyle <Owen.Boyle@wisconsin.gov>, "Roberts, Nathan
M - DNR" <NathanM.Roberts@wisconsin.gov>, "Rossler, Shawn T - DNR"
<Shawn.Rossler@wisconsin.gov>, David.MacFarland@wisconsin.gov,
John.White@wisconsin.gov, scott.talbot@wyo.gov, Bob Lanka <bob.lanka@wyo.gov>,
Zack Walker <zack.walker@wyo.gov>, Nichole Bjornlie <nichole.cudworth@wyo.gov>,
susan.patla@wyo.gov, Rick Kahn <rick_kahn@nps.gov>, "Jackson, Scott -FS"
<sjackson03@fs.fed.us>, "Hanvey, Gary -FS" <ghanvey@fs.fed.us>, "Tripp, Kim"
<ktripp@blm.gov>, Christopher Boone <ctboone@blm.gov>, "Sparks, James"
<jrsparks@blm.gov>, jmawdsley@fishwildlife.org
Cc: Jodi Bush <jodi_bush@fws.gov>, Heather Bell <heather_bell@fws.gov>, Mary Parkin
<mary_parkin@fws.gov>, Jonathan Cummings <jwcummings@usgs.gov>, Justin
Shoemaker <justin_shoemaker@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt
Broderdorp <kurt_broderdorp@fws.gov>, Mark McCollough
<mark_mccollough@fws.gov>, Tamara Smith <tamara_smith@fws.gov>, Anna Harris
<anna_harris@fws.gov>, Brady McGee <brady_mcgee@fws.gov>, Jeffrey Dillon
<jeffrey_dillon@fws.gov>, Lisa Solberg Schwab <lisa_solbergschwab@fws.gov>, Ann
Timberman <ann_timberman@fws.gov>, Brad Thompson <brad_thompson@fws.gov>,
Chris Mensing <chris_mensing@fws.gov>, David Stilwell <David_Stilwell@fws.gov>,
David Simmons <david_simmons@fws.gov>, Drue DeBerry <drue_deberry@fws.gov>,
Eric Rickerson <eric_rickerson@fws.gov>, Grant Canterbury
<Grant_Canterbury@fws.gov>, Jeff Krupka <jeff_krupka@fws.gov>, "Szymanski,
Jennifer" <jennifer_szymanski@fws.gov>, Karen Cathey <karen_cathey@fws.gov>, Karl
Halupka <Karl_Halupka@fws.gov>, Kate Novak <kate_novak@fws.gov>, Kathleen
Hendricks <kathleen_hendricks@fws.gov>, Larry Crist <Larry_Crist@fws.gov>, Laura
Ragan <Laura_Ragan@fws.gov>, Leslie Ellwood <leslie_ellwood@fws.gov>, Mark
Maghini <mark_maghini@fws.gov>, Martin Miller <Martin_Miller@fws.gov>, Megan
Kosterman <megan_kosterman@fws.gov>, Michelle Eames <michelle_eames@fws.gov>,
Patricia Zenone <patricia_zenone@fws.gov>, Paul Casey <paul_casey@fws.gov>, Paul
Henson <paul_henson@fws.gov>, Peter Fasbender <peter_fasbender@fws.gov>, Rollie
White <rollie_white@fws.gov>, Sarah Hall <sarah_hall@fws.gov>, Scott Hicks
<scott_hicks@fws.gov>, Sue Livingston <sue_livingston@fws.gov>, Tom Chapman
<Tom_Chapman@fws.gov>, Tom McDowell <tom_mcdowell@fws.gov>, Tyler Abbott
<Tyler_Abbott@fws.gov>, Dennis Mackey <Dennis_Mackey@fws.gov>, Marjorie Nelson
<marjorie_nelson@fws.gov>, Lori Nordstrom/R6/FWS/DOI <lori_nordstrom@fws.gov>,
Paul Phifer <paul_phifer@fws.gov>, Michael Thabault <michael_thabault@fws.gov>

Hi All:

We will have our monthly State and Federal Partner coordination call/update tomorrow, Feb. 22, at 1:00 PM
Mountain Time.

866-822-7385
Passcode 5396168

Thanks,

Jim
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
 

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:jim_zelenak@fws.gov
https://www.fws.gov/northeast/mainecomplex/
mailto:mark_mccollough@fws.gov


From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Subject: Fwd: draft lynx SSA report comments
Date: Thursday, February 23, 2017 2:45:40 PM
Attachments: image003.png

image004.png
image001.png
image002.png

FYI - my follow-up with USFS regarding some of their comments on the draft SSA.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Feb 22, 2017 at 12:28 PM
Subject: Re: draft lynx SSA report comments
To: "Jackson, Scott -FS" <sjackson03@fs.fed.us>
Cc: "Hanvey, Gary -FS" <ghanvey@fs.fed.us>, "Rohrer, John -FS" <jrohrer@fs.fed.us>,
"McDonald, Peter M -FS" <petermcdonald@fs.fed.us>, "Swiader, Jennifer E -FS"
<jennifereswiader@fs.fed.us>, "Jacobson, Lee -FS" <ljacobson@fs.fed.us>

Thanks Scott and others,

We appreciate your comments and will do our best to address them and use them to improve the final SSA report
(although no one in my agency has explained where that fits into the current lynx schedule, given court-ordered
deadlines, etc.....).

A couple requests for clarification:

1. "....there are areas within the GYA that contain good snowshoe hare and lynx habitat."

In the report, we provide information on the areas of the GYA, primarily in the Wyoming Range, that have had good
hare densities documented and that have occasionally supported resident lynx.  However, to be considered "good
lynx habitat," we would argue that it must demonstrate an ability to support a persistent resident lynx population
over time.  As detailed in the draft report, we do not believe the historic record of verified occurrence suggests this
is likely the case anywhere within this geographic unit.  We believe our assessment that most of the GYA unit is
naturally poor lynx and hare habitat and that only relatively small areas of better but still marginal habitat exist, and
these are perhaps only intermittently capable of supporting a very few resident lynx, is the most reasonable
interpretation of the available information.  If you have information that we have not considered and which
demonstrates relatively large areas/landscapes with hare densities consistently adequate to support a resident lynx
population over time, and which have done so, either historically or recently/currently, please provide that
information to us.

2.  "We believe that the GYA provides areas of habitat that are important for lynx conservation...."

To help us better frame our consideration of and response to this comment, please tell us why you believe this. 
Specifically, please provide any information, hypotheses, or context you have that demonstrate or articulate how the
GYA contributes to or is otherwise important to conservation of lynx in the contiguous U.S. or to the species as a
whole.

3.  "...your conclusion on page 42 that 'southern WY did not historically or recently support a resident lynx
population and is not now capable of doing so seems overly broad and runs counter to other published reports
(Reeve (1986) and Oakleaf and Patla (2010))."

Although a very few lynx have been documented occasionally in southern Wyoming (the areas of the state south and
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east of the Wyoming and Wind River ranges [both of which are considered part of the GYA]) over the past 160
years, we find no evidence based on verified records in either Reeve et al. (1986) or Patla and Oakleaf (2010) that
demonstrates or presents a compelling argument that southern Wyoming ever historically or recently supported a
resident lynx population.  Reeve et al. reported only 3 documented (i.e., verified) lynx records in this area over 130
years (1856-1986; see Figure 9), one of which occurred in clearly anomalous habitat, and only another 8 "probable"
(but unverified and therefore anecdotal) records over the same time frame.  These records do not suggest the
persistent or continuous presence of resident lynx in this part of Wyoming.  Patla and Oakleaf (2010) evaluated
records and habitats in the Wyoming Range, which we considered the southern extent of the GYA and not a part of
"southern Wyoming." The best available information, McKelvey et al. 2000 and any later verified evidence of lynx
occurrence, also does not support the contention that southern Wyoming historically or recently supported a resident
lynx population or that it is capable of doing so.

4.  "We believe it would be appropriate and useful to provide a discussion of the conservation value that is provided
by lynx and snowshoe habitat near the southern periphery of lynx distribution, both in the GYA and in western
Colorado."

To inform that discussion, please provide your agency's thoughts on the the conservation value, to the contiguous
U.S. lynx DPS and/or to the taxon as a whole, provided by lynx and hare habitat in the GYA and in western
Colorado.

Thanks.

Jim

On Fri, Feb 17, 2017 at 5:02 PM, Jackson, Scott -FS <sjackson03@fs.fed.us> wrote:

Hi Jim,

 

In response to your request for comments on the draft Species Status
Assessment (SSA) for Canada Lynx, the Forest Service offers the
following.  I have included the comments that I received from folks in
USFS regions 1, 2 and 6.  You may also have received other
comments from USFS.

 

As a general comment, the document is well written and contains an
impressive amount of lynx information, with good discussions of what
is known and also where there is uncertainty.

 

In two places within the document (page 45-paragraph 2; and page 86-
paragraph 2), there is the statement, “Multiple large fires in the
Okanogan over the last 24 years have burned about 34% of lynx
habitat (Lewis 2016, p.4).”  In several other places there is the

mailto:sjackson03@fs.fed.us


statement, “over the past two decades these wildfires have burned
greater than 50% of the suitable lynx habitat within this geographic
unit (Koehler et al. 2008, p.1523).”  This 50% figure is used on p.101-
paragraph 2; p.139-paragraph 3; p.143-paragraph 4; and p.164-
paragraph 2.  While this initially seemed like an inconsistency, we
believe it just needs some clarification.  The Lewis 2016 figure of
34% is referring to amount of area within the Lynx Management Zone
(LMZ) that has recently burned.  Koehler et al. 2008 specifically
refers to suitable habitat within that LMZ that has been burned
recently.  Not all acres within the LMZ are suitable lynx habitat. 
Therefore, to perhaps make this more clear, the statements on pages
45 and 86 should be edited to say “about 34% of the LMZ” rather than
“about 34% of lynx habitat.”

 

Although we appreciate the large amount of information that has been
compiled and summarized, we suggest that some of your conclusions
relative to habitat conditions in the Greater Yellowstone Area (GYA)
are too general.  For instance, on page 211 the report concludes that
“conditions for lynx in this unit (GYA) are naturally marginal.”  As
indicated in other parts of the SSA report, there are areas within the
GYA that contain good snowshoe hare and lynx habitat.  We believe
that the GYA provides areas of habitat that are important for lynx
conservation and suggest that summaries of habitat conditions in the
GYA include the fact that not all habitat in that area is marginal or
suboptimal.

 

We understand the uncertainty associated with the intermittent nature
of lynx occupation/detections in the GYA.  However, your conclusion
on page 42 that “southern WY did not historically or recently support
a resident lynx population and is not now capable of doing so” seems
overly broad and runs counter to other published reports (Reeve
(1986) and Oakleaf and Patla (2010)).



 

We believe it would be appropriate and useful to provide a discussion
of the conservation value that is provided by lynx and snowshoe
habitat near the southern periphery of lynx distribution, both in the
GYA and in western Colorado.

 

Although there may be some uncertainty about the efficacy of the
federal land management regulatory framework (p.217), we believe
that current USFS management direction largely addresses the habitat
needs of lynx and provides a minimum threshold for maintaining a
mosaic of vegetation structural stages through time that are necessary
to support persistent lynx occupancy across lynx analysis units. 
However, newly developing science may indicate that there is
additional information that should be taken into account for effective
lynx habitat management.

 

Relatedly, we appreciate the discussion of future conditions relative to
lynx habitat management direction and how it may change in response
to new science (pages 195 and 207).  We agree with your assessment
that, although specific standards and guidelines may change as new
scientific information and management techniques become available,
Federal land management designed to conserve and restore potential
lynx habitat is anticipated to continue.

 

References on pages 128-130 stating that lynx haven’t been detected
in the Garnet Range of Montana since 2010 should be updated to
reflect recent (2016) lynx detections in that mountain range.

 

When discussing the probability of lynx persistence into the future in
each geographic area (Ch. 5.2), care should be taken to ensure that
these probabilities are accurately characterized merely as estimates



based on expert opinion.

 

Thank you for the opportunity to review the draft lynx SSA report. 
We appreciate all the work that went into preparing this document.  If
I can provide additional information or be of assistance, please let me
know.  Have a good weekend!

 

Scott Jackson 
National Carnivore Program Leader
Forest Service

Northern Regional Office

p: 406-329-3664 
f: 406-329-3171 
sjackson03@fs.fed.us

26 Fort Missoula Road
Missoula, MT 59804
www.fs.fed.us 

Caring for the land and serving people

 

 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender
and delete the email immediately.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220

mailto:sjackson03@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
https://www.facebook.com/pages/US-Forest-Service/1431984283714112


jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Regional climate change adaptation strategies for biodiversity conservation
in a midcontinental region of North America
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a b s t r a c t

Scenario planning should be an effective tool for developing responses to climate change but will depend
on ecological assessments of broad enough scope to support decision-making. Using climate projections
from an ensemble of 16 models, we conducted an assessment of a midcontinental area of North America
(Minnesota) based on a resistance, resilience, and facilitation framework. We assessed likely impacts and
proposed options for eight landscape regions within the planning area. Climate change projections sug-
gest that by 2069, average annual temperatures will increase 3 �C with a slight increase in precipitation
(6%). Analogous climate locales currently prevail 400–500 km SSW. Although the effects of climate
change may be resisted through intensive management of invasive species, herbivores, and disturbance
regimes, conservation practices need to shift to facilitation and resilience. Key resilience actions include
providing buffers for small reserves, expanding reserves that lack adequate environmental heterogeneity,
prioritizing protection of likely climate refuges, and managing forests for multi-species and multi-aged
stands. Modifying restoration practices to rely on seeding (not plants), enlarge seed zones, and include
common species from nearby southerly or drier locales is a logical low-risk facilitation strategy. Monitor-
ing ‘‘trailing edge” populations of rare species should be a high conservation priority to support decision-
making related to assisted colonization. Ecological assessments that consider resistance, resilience, and
facilitation actions during scenario planning is a productive first step towards effective climate change
planning for biodiversity with broad applicability to many regions of the world.

� 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Climate change resulting from CO2 emissions will continue over
the next century regardless of the scope and magnitude of mitiga-
tion efforts (IPCC, 2007). The rapid rate of climate change, coupled
with other anthropogenic stresses, will deplete species diversity in
some regions if habitats become unsuitable and migration is insuf-
ficient. Although climate change predictions are derived from glo-
bal models, strategies to minimize effects on biodiversity need to
be formulated at local and regional scales to account for land-use
differences, extent of natural ecosystems, and ecology of the indig-
enous flora and fauna. The adjustments humans make in response
to climate change, or that natural systems make unassisted, has
been called adaptation by IPCC (2001). Scenario planning will
likely be a crucial tool for developing these climate adaptation
strategies, given the high uncertainty of ecological responses to

anticipated changes and the complexity of addressing multiple
stressors (Peterson et al., 2003; Brooke, 2008). Scenarios are pro-
jections of plausible alternative futures for a specific purpose,
developed deliberatively and based on a shared understanding of
system dynamics and how actions may alter the future trajectory
of ecosystems. The foundation for scenario planning is an assess-
ment that identifies key drivers of system dynamics, uncertainties
with potential to have large impacts, and external changes most
likely to influence the system in the future (Peterson et al.,
2003). The challenge of converting highly context- or case- specific
research results into assessments has hindered the incorporation
of ecological information into climate change adaptation conserva-
tion planning (Brooke, 2008).

Climate change adaptation conservation planning, using a vari-
ety of conservation tools, is underway for some countries (e.g., UK,
South Africa, Australia), groups of countries (i.e., Small Island
Developing States (SIDS), European Union (EU)), and states/prov-
inces within countries (e.g., Queensland, Australia; Alaska and Flor-
ida, USA) (IPCC, 2002; Hannah et al., 2005; Ferris, 2006; Von
Maltitz et al., 2006; Pew Center on Global Climate Change, 2007;
QCCCE, 2008). Some of these efforts have identified key ecosystems
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or species likely to be most threatened by climate change and com-
pare adaptation options, but most are more general; scoping im-
pacts, identifying major barriers to action, and discussing key
issues needed for decision-making. Even when highly vulnerable
species and ecosystems have been identified, conservationists have
been reluctant to commit to specific adaptation plans (Heller and
Zavaleta, 2009). This reluctance often stems from a lack of climate
change predictions for specific regions, uncertainty about how spe-
cies will actually respond, and limited evidence that the proposed
actions will have the desired effects. When these uncertainties are
informally weighed against the risk of actions being counterpro-
ductive and the costs of implementation, plans stall (McLachlan
et al., 2007). This inaction or ‘‘paralysis by analysis” is not new to
conservation biology and is one of the primary reasons scenario
planning has been used to approach other problems with high
uncertainty and complexity (Peterson et al., 2003). Scenario plan-
ning has the advantage of explicitly incorporating different
assumptions about specific policies and actions when envisioning
alternative futures (Nassauer and Corry, 2004). Ecological assess-
ments need to be developed that can effectively serve as a basis
for scenario planning.

For over 20 years, challenges to sustaining species and ecosys-
tem diversity in remnant natural areas generated key conserva-
tion planning principles that are relevant to the new challenge
we face with climate change. As with traditional conservation
planning, a ‘‘coarse-filter approach” of prioritizing reserve selec-
tion of communities and ecosystems will provide more efficiency
than attempting to build scenarios for every vulnerable species
(Hunter et al., 1988). Connecting these reserves with corridor
systems, stepping stone reserves, and buffer zones will be crucial
to allow species’ ranges to adjust to new climatic conditions
(Halpin, 1997). However, as predictions of warming have become
increasingly dire, there is recognition that these planning frame-
works need to be supplemented to facilitate regional planning
under a greater array of environmental and socio-economic situ-
ations (Halpin, 1997; Heller and Zavaleta, 2009). Millar et al.
(2007) identified three kinds of adaptation actions for forest eco-
systems: defensive actions intended to resist the influence of cli-
mate change; practices aimed at promoting resilient ecosystem
responses to climate change; and active involvement in facilitat-
ing change to ecosystems or particular species. Distinguishing
between resistance, resilience and facilitation options during
ecological assessments and scenario planning is important for
two reasons. First, conservation actions reflect assumptions
about species and ecosystem responses to climate change and
so recognizing these options can help ecologists comprehensively
assemble the information needed for assessments. Second, devel-
oping scenarios that variably depend on resistance, resilience
and facilitation actions allow regional conservation planning
teams to compare the feasibility, risks, and potential outcomes
without needing to reach consensus on aspects of climate
change that are too uncertain to resolve. The resistance/resil-
ience/facilitation framework is potentially applicable to many
kinds of ecosystems and regional landscape contexts, although
this has not yet been applied to systems other than forests.

We used the state of Minnesota (USA) as a case study for regio-
nal climate change adaptation ecological assessments using the
resistance/resilience/facilitation framework. At the convergence
of three major biomes—boreal forest, hardwood forest, and Great
Plains grasslands—Minnesota is a good test case for this framework
and for regional adaptation planning in general. In addition,
approximately 50% of Minnesota’s landscape has been converted
for agriculture, industry and urbanization, but the state has an
extensive protected areas network (Fig. 1), ranging from the
400,000 ha Boundary Waters Canoe Wilderness Area to small
(<10 ha) remnant grasslands and wetlands surrounded by agricul-

ture. Specifically, our objectives were to: (1) develop climate pro-
jections for different regions of the state, (2) assess likely impacts
to wetland, forest and prairie ecosystems, and (3) propose a range
of key adaptation strategies for each region based on the resis-
tance/resilience/facilitation framework. How Minnesota’s conser-
vation practices need to change so its protected areas network
continues to support the state’s biodiversity should provide in-
sights for many other midcontinental locales. As importantly, we
report this ecological assessment as an example of information
assembly that would ideally be part of scenario planning for cli-
mate change adaptation.

2. Regional projected climate change

To initiate the ecological assessment for Minnesota, we created
climate change projection maps using the LLNL-Reclamation-SCU
downscaled climate projections derived from the World Climate
Research Programme’s (WCRP’s) Coupled Model Intercomparison
Project phase 3 (CMIP3) multi-model dataset, stored and served
at the LLNL Green Data Oasis (LLNL et al., 2008). These simulations
use general circulation models (GCMs) produced for the Intergov-
ernmental Panel on Climate Change (IPCC) Fourth Assessment Re-
port (AR4), scaled to a finer resolution (i.e., ‘‘downscaled”) using
bias-correction to eliminate discrepancies between the GCM and
historical observations, and spatial interpolations to merge
course-resolution (2� grid squares, or approximately 200 km by
200 km) GCM values with observed spatial patterns at a 1/8� grid
square resolution (approximately 12 by 12 km).

Using averaged results from a single run of all 16 models in the
CMIP3 archive, we produced projections of changes in annual and
summer temperature and precipitation for two time periods,
2030–2039, and 2060–2069, relative to a baseline period (1970–
1999) (data from Maurer et al., 2002; cited in LLNL et al., 2008),
for the A2 (upper mid-range) emissions scenario (IPCC, 2001).
Model ensemble averages are viewed with greater confidence than
individual climate models, because they neutralize extreme results
for given regions, and illustrate agreed-upon trends.

Climate change projections were evaluated for eight landscape
regions in Minnesota (Fig. 2). These regions were based on Min-
nesota’s Ecological Classification System (MN DNR, 2003), Forest
Resources Council Regional Landscape Classification (MFRC,
2008), and Wetland Ecological Units (MN DNR, 1997) so that they
reflect major differences in landform and natural vegetation and
generally follow political boundaries. For each region, the mini-
mum and maximum average annual temperature and precipita-
tion was determined for the recent past, 2030–2039, and 2060–
2069. To estimate current analogs for future conditions, the four
coordinate pairs for each region and time were located on maps
showing isopleth lines for the US 1961–1990 average annual tem-
perature and precipitation (Owenby et al., 1992). Average sum-
mer (June–August) temperature and precipitation were also
calculated for each region and time. However, climate maps for
summer averages were not available, so we plotted potential ana-
log locations using maps for July averages (High Plains Regional
Climate Center, 2008).

Changes in average annual temperature and precipitation by
2069 suggest a shift in regional climates equivalent to current con-
ditions approximately 400–500 km SSW (Fig. 3). Average annual
and summer temperatures are projected to increase 3 �C (Tables
1 and 2). Average annual precipitation is predicted to increase
slightly (4.8–7.8%) over this interval, although average summer
precipitation is expected to decrease slightly, up to 4%. These
trends are consistent with other published projections, which sug-
gest that analogs are likely to exist for Minnesota’s future climates
(Williams et al., 2007) in more southerly midwestern US states
(Kling et al., 2003).
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3. Anticipated responses of Minnesota ecosystems to climate
change

The likely response to climate change in Minnesota will vary
greatly among landscape regions since each differs in the type
and extent of remnant ecosystems, land use in the matrix around
protected areas, and prevailing environmental conditions (Fig. 1,
Table 3). Two of the landscape regions (Agassiz Lake Plain and
Southwest Prairie) lie along the eastern edge of Great Plains grass-
lands. Both regions have been extensively transformed by drainage
and cultivation, resulting in losses of prairies and wetlands of >90%.
The Boreal peatlands region on the Canadian border is a poorly
drained landscape of bogs, tamarack swamps, and fens. Less than
10% of the landscape in this region has been converted for human
use (MN DNR, 1997). The remaining five regions are forested land-
scapes. The Hardwood Hills region spans the prairie-forest border,
with remnant oak woodlands and hardwood forests within a ma-
trix of agricultural and urban lands. The Mississippi Blufflands re-
gion is a rugged landscape of primarily hardwood forests on high-

relief hillsides. Three landscape regions (Western Superior Up-
lands, Northern Superior Uplands, and Central Lakes) once had
extensive coniferous forests that have been replaced by aspen
and birch following logging (Friedman and Reich, 2005). After cre-
ating the climate projections for Minnesota’s landscape regions, we
applied relevant literature and local expert knowledge of land-use
patterns, vegetation types, soils and hydrology to determine the
likely ecosystem responses to climate change within Minnesota’s
major biomes.

3.1. Wetlands

The effects of climate change on hydrology will determine how
wetland ecosystems respond in Minnesota and elsewhere. All but
one of Minnesota’s landscape regions (Mississippi Blufflands) are
predominantly glaciated terrain where interactions between atmo-
spheric moisture and groundwater govern wetland hydrology
(Winter, 2000). For these wetlands, a positive water balance is
maintained when precipitation and groundwater additions exceed

Fig. 1. Protected areas are categorized based on their habitat quality and level of protection. ‘‘High quality – high protection”: Science and Natural Areas, Nature Conservancy
preserves, Designated Old Growth Forest, Prairie Bank lands, the BWCA Wilderness and Voyageurs National Park. ‘‘High quality – variable protection”: areas designated as
moderate – outstanding quality by the Minnesota County Biological Survey. ‘‘Variable quality – high protection”: State Parks, Wildlife Management Areas, Waterfowl
Production Areas, and National Wildlife Refuges. The boundaries of the eight landscape regions are delineated (see Fig. 3 for names and Table 3 for land cover descriptions).

2014 S. Galatowitsch et al. / Biological Conservation 142 (2009) 2012–2022



evapotranspiration (ET) losses. Johnson et al. (2005) estimated that
a 20% increase in precipitation is needed to compensate for a 3 �C
rise in temperature to maintain water balance in wetlands in the
eastern Great Plains, including the Southwest Prairie region of
Minnesota. Projections from the ensemble model suggest that
while Minnesota will experience a 3 �C rise in temperature state-
wide by 2069, increases in moisture may be only one-third of what
is needed to offset ET. Glacial till deposits have low hydraulic con-
ductivity in most landscape regions; consequently, in all but local-
ized areas, wetland ecosystems of Minnesota will likely have
shorter hydroperiods.

Decreases in water supply to Minnesota wetlands will likely
cause significant shifts in plant communities either as direct re-
sponses to water level changes or indirectly through altered soil
and water chemistry, decomposition, and disturbance regimes.
The decreased hydroperiod expected under a warmer climate will
favor several invasive species, especially reed canary grass (Phalaris
arundinacea) (Galatowitsch et al., 1999). The rate of colonization
and spread of reed canary grass greatly exceeds that of native
graminoids and forbs in newly created habitats, such as in draw-
downs, after fire and in restorations. Of critical conservation con-
cern is the anticipated impacts to calcareous fens which are
sustained by mineral-rich groundwater discharge and support a
relatively large proportion of rare plant species. There are approx-
imately 100 fens in the state, 20% of the total known for North
America (MN DNR, 1997). Lower hydraulic head in the groundwa-
ter recharge will reduce flow to fens, favoring non-calciphitic veg-
etation (Siegel, 2006). Across western Minnesota, freshwater
marshes and meadows may become brackish to alkaline as poten-
tial ET increases. Currently, potential ET exceeds average annual
precipitation in the Agassiz Lake Plain and Southwest Prairie, with
brackish wetlands occurring along their western edge. By 2069, ET
will exceed precipitation across the state; the conditions in these
landscape regions will be more similar to the Rainwater Basin of
Nebraska and northern Kansas.

Boreal peatlands, which occupy more than 2,400,000 ha of
northern Minnesota and dominate an entire landscape region,
may experience the most radical changes of the state’s wetland
ecosystems. With decreasing water levels and warmer tempera-
tures, shrub growth is expected to increase at the expense of
graminoids in ombrotrophic bogs (Weltzin et al., 2000). Lower
water tables would also favor the spread of peat fires (Woodwell
et al., 1995), likely changing the bog surface and vegetation compo-
sition. If the climate of this landscape region becomes similar to
Sioux Falls, South Dakota by 2069, the response of peat deposits
and vegetation is unclear.

3.2. Forests

Climate effects for Minnesota forests will include warmer
summers with more frequent and longer droughts. Because Min-
nesota is situated on the prairie-forest border, summer precipita-
tion is already marginal for forests on some soils. Many
contemporary forests are projected to become savannas (Heinsel-
man, 1996), with forests restricted to cooler, wetter refuges, such
as silty soils, lowlands, and north slopes. The boreal biome will
likely be lost from Minnesota, while cold-temperate deciduous
forests may persist only on north slopes in northern Minnesota.
Black spruce (Picea mariana), white spruce (Picea glauca), balsam
fir (Abies balsamea), tamarack (Larix laricina), and paper birch
(Betula papyrifera) are likely to exit the state under high emis-
sions scenarios (i.e., A1F1) (Prasad et al., 2008). Boreal red pine
(Pinus resinosa) and jack pine (Pinus banksiana) will also likely
be lost, but the species may persist in a mixture with oaks (Quer-
cus macrocarpa, Quercus alba, Quercus rubra) and red maple (Acer
rubrum) on nutrient poor sites.

Large-scale mortality due to a combination of drought stress,
blowdown, fire, and insect damage is likely, and has led to rapid
and widespread forest change in the past (Camill and Clark,
2000; Foster et al., 2006). Severe thunderstorms, the predominant

Fig. 2. Projected changes in average annual temperature (C) and precipitation (mm/day) from recent conditions (1970–1999) to 2030–2039 and 2060–2069 based on an
ensemble of 16 models under the A2 emissions scenario. Isolines in the projection maps indicate the degree of change relative to the baseline period; color gradient indicates
the relative difference in temperature/precipitation across Minnesota within the given decade.
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cause of forest damage in Minnesota, are expected to increase
(Trapp et al., 2007). Blowdowns and warmer, drier weather will
lead to more severe fires quickly transforming forests to other for-
est types or potentially savanna. Tree mortality may increase from

insect outbreaks; severe winter cold spells will be less frequent,
favoring the establishment and spread of a greater array of insects.
For example, the eastern larch beetle (Dendroctonus simplex) has
caused extensive mortality in recent years—higher population
sizes likely the result of lower winter mortality. Likewise, warmer
winters could allow mountain pine beetle (Dendroctonus pondero-
sae) to establish in Minnesota (Logan, 2007). Exotic, invasive insect
pests, plants, and earthworms that hinder establishment and
growth of native tree seedlings are expected to spread faster in a
warmer climate (Logan et al., 2003; Bohlen et al., 2004). Rising
white-tailed deer (Odocoileus virginianus) populations in northern
Minnesota will also impact regeneration of several dominant tree
species (e.g., Thuja occidentalis, Pinus strobus, Betula alleghaniensis,
Q. rubra) (Côté et al., 2004).

Tree species capable of growing in climates analogous to those
projected for Minnesota include elms (Ulmus americana, Ulmus
thomasii, Ulmus rubra), hackberry (Celtis occidentalis), American
basswood (Tilia americana), bur oak ( Q. macrocarpa) and white
oak (Q. alba). Because of ecotypic differentiation across tree ranges,
how local populations of these species will adapt is unclear (Davis

Fig. 3. Analog climate envelopes for each Minnesota landscape region based on projections for 2060–2069 shown on a base map of mean annual precipitation and
temperature (1961–1990) (National Climate Data Center – Owenby et al., 1992).

Table 1a
Projected minimum and maximum average annual temperature (�C) for landscape
regions in Minnesota, for 1970–1999, 2030–2039, and 2060–2069, based on
ensemble modeling (see text for details).

Landscape region Average annual temperature (�C)

1970–1999 2030–2039 2060–2069

Min Max Min Max Min Max

Agassiz Lake Plain 3.0 6.5 4.7 8.1 6.2 9.7
Boreal Peatlands 3.0 4.5 4.7 6.2 6.2 7.7
Central Lakes 4.0 5.0 5.7 6.7 7.2 8.2
Hardwood Hills 4.5 7.4 6.2 9.0 7.7 10.7
Mississippi Blufflands 6.5 7.5 8.1 9.1 9.8 10.8
Northern Superior Uplands 2.0 4.5 3.7 6.2 5.2 7.7
Southwest Prairie 6.0 7.5 7.7 9.1 9.2 10.8
Western Superior Uplands 4.3 6.5 6.0 8.1 7.5 9.7
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et al., 2005), and migration is unlikely to keep pace with the rate of
climate change. In existing woodlands, fire and drought-intolerant
tree species will likely die and be unable to reproduce, thus leaving
vacant niches for grassland species and fire-resistant woody spe-
cies (e.g. Q. macrocarpa). Sheltered areas with mesic soils may con-
tinue to support woodland ‘‘islands” or savanna vegetation.

3.3. Prairies

Although many of Minnesota’s existing grasslands may persist,
a gradual shift in composition to drier species (e.g. mesic prairie to
dry prairie; dry oak savanna to prairie) will likely occur in response
to higher temperatures and ET. Diverse prairies with high environ-
mental heterogeneity are likely to transition smoothly: existing
mesic species will decline in abundance, as dry-tolerant species in-
crease. While all prairie communities may experience declines in
mesic and wet species, isolated, homogeneous natural areas and
low-diversity mesic-wet mesic prairies may be most susceptible

to biodiversity losses, opening niches for invasion of exotic species.
Wet prairies are likely to experience significant drying. Losses of
this distinctive vegetation type may be particularly pronounced
in the Southwest Prairie region, where the protected natural areas
tend to be very small, fairly homogeneous, and very isolated within
the agricultural landscape matrix. Rare wet-prairie species, such as
the federally threatened western prairie fringed orchid (Platanthera
praeclara), are especially vulnerable to extinction, as the last rem-
nants of their habitat are lost.

Losses of today’s prairies could potentially be offset, because
grasslands have the greatest potential for expansion in Minnesota
with oncoming climate change. Many wetlands and wetland
perimeters will become suitable for upland prairie species, and
the prairie-forest border will likely shift northward as anticipated
decreased soil moisture and increased fire frequency favors grass-
land vegetation over woodland vegetation (Davis et al., 1998). The
ability of prairie vegetation to expand into drying wetlands and
receding forests will depend on whether a sufficient number of
appropriate seeds can disperse into and effectively colonize these
niches as they are vacated. Thus, protected natural areas that con-
tain both woodland and prairie in close proximity are more likely
to make this transition with minimal facilitation.

Unfortunately, the highly fragmented nature of Minnesota’s
protected areas, as well as the abundance of invasive species in
the landscape, will limit the ability of prairie species to colonize
newly-opened niches. Prairie species have limited long-range dis-
persal abilities (Kiviniemi and Eriksson, 1999; Bischoff, 2002;
Soons et al., 2005), making them unlikely to effectively colonize
isolated wetlands located in agricultural fields, urban areas, or
highly degraded sites, or extensive areas of present-day forest
which may fail to regenerate after large disturbances (e.g. wind-
storms, fire and insect outbreaks). Even when connected via corri-
dors, grassland expansion into these vacant niches is unlikely to
keep pace with the rate of forest die-out (van Dorp et al., 1997;

Table 1b
Predicted minimum and maximum average annual precipitation (mm/day) for landscape regions in Minnesota, for 1970–1999, 2030–2039, and 2060–2069, based on ensemble
modeling (see text for details).

Landscape region Average annual precipitation (mm/day)

1970–1999 2030–2039 2060–2069

Min Max Min Max Min Max

Agassiz Lake Plain 1.4 1.7 1.4 1.7 1.5 1.8
Boreal Peatlands 1.6 1.9 1.6 1.9 1.7 2.0
Central Lakes 1.6 2.0 1.7 2.1 1.7 2.1
Hardwood Hills 1.6 2.3 1.7 2.4 1.7 2.4
Mississippi Blufflands 2.1 2.4 2.2 2.5 2.2 2.5
Northern Superior Uplands 1.8 2.1 1.9 2.2 1.9 2.2
Southwest Prairie 1.6 2.1 1.7 2.2 1.7 2.2
Western Superior Uplands 1.9 2.2 2.0 2.3 2.0 2.3

Table 2a
Predicted minimum and maximum average summer (June–August) temperatures (�C)
for landscape regions in Minnesota, for 1950–1999, 2030–2039, and 2060–2069,
based on ensemble modeling (see text for details).

Landscape region Average summer temperature (�C)

1970–1999 2030–2039 2060–2069

Min Max Min Max Min Max

Agassiz Lake Plain 18.5 21.5 20.2 23.2 21.8 25.0
Boreal Peatlands 17.5 18.5 19.2 20.1 20.8 21.9
Central Lakes 17.0 19.5 18.7 21.2 20.4 23.0
Hardwood Hills 19.5 21.5 21.2 23.2 23.0 25.0
Mississippi Blufflands 20.0 21.5 21.7 23.2 23.5 25.0
Northern Superior Uplands 14.0 17.5 15.6 19.1 17.3 20.9
Southwest Prairie 20.5 21.5 22.2 23.2 24.0 25.1
Western Superior Uplands 20.0 21.5 21.7 23.2 21.0 24.0

Table 2b
Predicted minimum and maximum average summer (June–August) precipitation (mm/day) for landscape regions in Minnesota, for 1970–1999, 2030–2039, and 2060–2069,
based on ensemble modeling (see text for details).

Landscape region Average summer precipitation (mm/day)

1970–1999 2030–2039 2060–2069

Min Max Min Max Min Max

Agassiz Lake Plain 2.4 3.0 2.4 3.0 2.4 2.9
Boreal Peatlands 2.9 3.1 2.9 3.1 2.9 3.1
Central Lakes 3.0 3.5 3.0 3.5 2.9 3.4
Hardwood Hills 2.9 3.6 3.0 3.7 2.8 3.5
Mississippi Blufflands 3.5 3.7 3.6 3.8 3.4 3.5
Northern Superior Uplands 3.0 3.3 3.0 3.3 3.0 3.3
Southwest Prairie 2.7 3.6 2.8 3.7 2.6 3.5
Western Superior Uplands 3.3 3.6 3.4 3.6 3.2 3.5
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Soons et al., 2005); the sheer volume of seeds required to vegetate
such a large area makes unassisted transition of boreal forests to
high-quality prairie highly improbable. Instead, weedy species
are more likely to colonize and spread in drying wetlands and dy-

ing forests, because of their superior dispersal and competitive
abilities, and their relatively broad environmental tolerances
(Lockwood et al., 2005). Without management, these ecosystems
will become communities of exotic species—not native prairies.

Table 3
Each landscape region’s primary ecosystems and extent of protected areas is summarized along with the most significant ecosystem impacts predicted to occur as a result of
global climate change, and several key adaptation strategies that may be important for climate change adaptation during the next 50–60 years.

Landscape region Conservation context Most significant ecosystem impacts
anticipated

Key adaptation strategies

Agassiz Lake Plain This region consisted of extensive prairies
with aspen parkland on sandy glacial lake
deposits and on heavy clays of the Red River
Valley. Although there are extensive
protected areas on the lake plain, the river
valley is mostly converted to drained,
agricultural land

Reduced extent of wet prairies and
meadows; shorter hydroperiods in
wetlands; increased brackish and alkaline
conditions in wetlands; reduced
groundwater flow to calcareous fens

Prohibit agricultural drainage
improvements in vicinity of protected
wetlands; Prohibit groundwater
withdrawals in recharge areas of calcareous
fens; Restore agricultural lands to expand
small reserves using facilitation practices

Boreal Peatlands Flat, poorly drained landscape dominated by
peatland vegetation, including bogs, black
spruce and tamarack swamps, and fens.
Protected areas include several large
Scientific and Natural Areas

Lower water table in peatlands; increase in
peat fires; increased shrub growth in bogs;
increased tree mortality from drought,
disease, insects and disturbances

Prohibit drainage improvements in vicinity
of peatlands; Control peat fires

Central Lakes Second-growth commercial forests of aspen,
maple-basswood, and oak, with some jack,
red and white pine on complex glacial
deposits (including numerous lakes). Region
includes large lake plains with extensive
peatlands or bogs, tamarack swamps, and
sedge meadows. Many sizeable protected
areas (state parks, wildlife refuges)

Increase in large-scale tree mortality; loss of
boreal forests; expansion of weedy
grassland species; influx of exotic
submersed aquatics in lakes; lower water
table in peatlands; increase in peat fires

Manage forests to reduce water stress;
Facilitate transition from forests to
grasslands (rather than invasive species) on
shallow and sandy soils; Facilitate
expansion of oaks on loamy soils; Remove
exotic submersed aquatics from lakes

Hardwood Hills Hardwood forests and oak woodlands and
savannas were interspersed with prairies
along this ‘prairie-forest border’ region. This
region includes the Minneapolis-St. Paul
metropolitan area and most of the non-
metropolitan area has been converted to
agriculture. Most of the protected areas are
small wildlife management areas

Increased tree mortality from drought,
pests, disturbances; influx of exotic
submersed aquatics in lakes; shorter
hydroperiods in wetlands; expansion of
weedy grassland species

Manage forests for reduced water stress;
Use fire to reduce dominance by weedy
grassland species; Monitor changes in
community composition to detect species’
declines

Mississippi Blufflands Steep, highly dissected topography once
supported hardwood forests on north slopes
and oak savannas and prairies on hilltops
and south slopes, with riverbottom forests,
oak woodlands and prairies in the valleys.
Today, small prairie remnants and second
growth oak forests are embedded within a
predominantly agricultural landscape. A
large state forest and National Wildlife
Refuge are the most significant protected
areas in this region

Increased tree mortality from drought,
pests, disturbance; reduced groundwater
flow to calcareous fens

Protect potential refugial habitats; manage
forests for reduced water stress; Prohibit
groundwater withdrawals in recharge areas
of calcareous fens

Northern Superior Uplands Red and white pine forests and boreal
forests of jack pine and black spruce, have
mostly been replaced by second-growth
commercial forests with aspen, spruce and
balsam fir mixtures. Glacially scoured
bedrock terrain, often rugged and with
numerous lakes. Protected areas include
BWCA Wilderness, Voyageur’s National
Park, Superior National Forest

Increase in large-scale tree-mortality;
reduced regeneration from increased deer
herbivory; loss of boreal forests

Minimize deer herbivory in white cedar and
pine forests; Protect potential refugial
habitats; Monitor community changes to
detect species’ declines; Facilitate transition
from forests to grasslands (rather than
invasive species) on shallow and sandy soils

Southwestern Prairie Bisected by the Minnesota River valley, this
landscape was once a mosaic of tallgrass
prairie and emergent wetlands. More than
90% is now drained agricultural land. Many
small wildlife management areas comprise
most of the protected areas network in this
region

Increased exotic invasions in small
protected areas; loss of rare wet-prairie
species; reduced extent of wet prairies and
meadows; shorter hydroperiods in
wetlands; brackish and alkaline conditions
increase in wetlands; reduced groundwater
flow to calcareous fens

Restore agricultural lands to expand small
reserves using facilitation practices;
Intensify invasive species removal; Prohibit
agricultural drainage improvements in
vicinity of protected wetlands; Prohibit
groundwater withdrawals in recharge areas
of calcareous fens

Western Superior Uplands Second-growth commercial oak woodlands
and hardwood forests on non-calcareous
glacial tills, ranging from clayey to sandy.
Protected areas with high-quality vegetation
are of minor extent, although several large
state parks and wildlife areas are in this
region

Increased tree mortality from drought,
pests, disturbances; shorter hydroperiods in
wetlands, influx of exotic submersed
aquatics in lake.

Facilitate transition from forests to
grasslands (rather than invasive species) on
shallow and sandy soils; Facilitate
expansion of oaks on loamy soils; Manage
forests for reduced water stress: Prohibit
drainage improvements in vicinity of
protected wetlands; Intensify invasive
species removal
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4. Adaptation options

To address the most significant impacts anticipated for each
landscape region, we describe adaptation actions intended to resist
climate change, promote resilience to change, or facilitate change
(Table 3). As part of a scenario planning process, regional partici-
pants would build a set of scenarios that link alternative futures
to logical sets of these actions, in a way that is consistent with
the reality of both the ecological and socioeconomics of the region
(Peterson et al., 2003; Brooke, 2008).

4.1. Resistance strategies

As Millar et al. (2007) noted, resisting climate change is akin to
paddling upstream. Resistance actions, i.e., those that oppose
changes associated with a shifting climate, will be most useful
for overcoming small magnitudes of climate change and, under
greater climate change, to save native species for the short
term—perhaps a few decades—until other adaptation options are
found. Strategies might include increasing water supply, reducing
herbivory and invasive species abundance, and fighting insect
and disease outbreaks that can overwhelm native plant communi-
ties under stress. In some cases, disturbance frequency can be
manipulated to help certain plant communities persist as relicts.

Management actions that promote regeneration may increase
persistence of existing plant communities by decades or more.
Reducing the impacts of woody plant herbivory by white-tailed
deer should be considered a key resistance strategy in forested sys-
tems. Deer reduce establishment, growth, and, therefore, seed pro-
duction of many woody and herbaceous species in forests (Ruhren
and Handel, 2003; Côté et al., 2004) and prairies (Spotswood et al.,
2002). Strategically-located deer exclosures and intensive hunting
zones may be critical for certain rare plant species and communi-
ties (for example Canadian yew (Taxus canadensis) and white cedar
forests), thus preserving them until other strategies such as as-
sisted migration can take place.

To maintain the current composition of native communities,
intensive vegetation management will be required as rates of inva-
sion increase with species from southern regions migrating north-
ward in response to warmer climates. Thus, resistance strategies
could logically include broadening our scope of potential ‘‘invad-
ers” and removing incoming migrants as they arrive. For example,
removing encroaching non-calciphytic vegetation in fens will be
required to maintain species composition as groundwater recharge
declines. Species with the capacity for rapid response to climate
change will be perceived as management problems and potentially
possess traits normally considered invasive. Increased surveillance
of already-present diseases, insect pests and exotic plants will also
be required, with increase in efforts towards control or eradication.
Control of exotic submersed aquatic vegetation will likely be an
increasing management concern in lakes; longer ice-free condi-
tions and warmer conditions will increase productivity of extant
species and spread of invasive exotics species from the south
(Grace and Tilly, 1976; Haag, 1983; Anderson et al., 1996; Magnu-
son et al., 1997). Statewide surveillance and management pro-
grams should anticipate that biological inertia will vary among
ecosystems; some, especially forests, could resist invasion by
southern and invasive species for decades or more than a century
(Von Holle et al., 2003), whereas others will have only short lags
in response to climate change.

Management that mitigates drought stress may also be neces-
sary to prolong the lifespan of existing plant communities. For
example, agricultural and urban drainage projects need to be
more-critically evaluated to prevent lowering the water tables of
remaining wetlands, and existing drainage systems may need to
be modified so wetlands and wet prairies have improved water

supply. In terrestrial ecosystems, well-watered vegetation can re-
sist the effects of heat and, most importantly, manufacture second-
ary defensive compounds that help resist insects and disease that
attack plants under stress. Thinned forest stands will be more
resistant to drought because of reduced ecosystem demand for
water, and the remaining trees will face less competition for water
(Millar et al., 2007).

Fire management can be used to help certain plant communi-
ties persist as relicts for a time in a warming climate. For example,
fire control could allow mesic forests of maple and oak to persist in
climates somewhat warmer and drier than those historically occu-
pied. Due to Minnesota’s location on the prairie-forest border, it is
expected that fires will lead to rapid conversion of forests to grass-
land vegetation types in a warming climate. On the other hand, use
of frequent fire could help keep out invasive species in prairies
(Pauly, 1997).

4.2. Resilience strategies

Adaptation options that maintain or restore an ecosystem’s
resilience are widely recommended responses to climate change,
although how to promote gradual change while aiming for post-
disturbance recovery to a prior condition may be difficult to recon-
cile ‘‘on-the-ground” (Dale et al., 2001; Price and Neville, 2003;
Spittlehouse and Stewart, 2003; Millar et al., 2007). Managing eco-
systems so disturbances do not trigger a shift to a stable state of a
few invasive species is clearly critical, given anticipated lags in
adaptation or migration of many plant species. An abrupt shift to
an invasives-dominated state can arise following a disturbance
when a latent seedbank of invasives is present, when stressors fa-
vor establishment of the invaders over indigenous species, or when
the disturbance itself undermines the capacity of the indigenous
community to regenerate. High proportions of the protected areas
network in the western and southern parts of Minnesota are likely
to be especially vulnerable to climate change impacts because they
receive high propagule loads of invasive species or are surrounded
by agricultural land.

The importance of buffers for reserves is not a new idea, but a
response to climate change in fragmented landscape regions needs
to more-highly prioritize systematic planning of buffers for pro-
tected areas based on maximizing resilience. Buffering protected
areas will often necessitate restoration, but the goal may not al-
ways need to be revegetation of high-diversity natural communi-
ties; in some cases buffer protection can focus on reducing
specific impacts. For example, in the vicinity of high-quality wet-
lands, drainage ‘‘improvements” that lower water tables should
be curtailed or reversed to minimize problems associated with cli-
mate-triggered water stress. Ecosystems in relatively intact land-
scapes currently may have sufficient resilience but land and
water use policies should be conservatively implemented in these
regions as well, to avert resilience loss.

In highly converted landscape regions, many reserves may not
have adequate environmental heterogeneity for plant and animal
populations to escape or recover from increasing episodes of
drought and heat expected with climate change. These reserves
should be enlarged so they contain more physiographic diversity.
Statewide, locations that are cooler and wetter, such as north-fac-
ing slopes and depressions, are likely climate refuges. However, we
know relatively little about the degree to which topographical fea-
tures will be able to provide refuges for species because nearly all
climate observations are made on sites with low relief. In aquatic
ecosystems, refuges will often be tied to specific hydrologic set-
tings. For example, floating bogs, which form as shelves extending
into lakes, could potentially serve as refuges because they will be
less affected by water level declines than other kinds of peatlands.
Relict floating Sphagnum bogs (poor fens) are scattered throughout
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southern Minnesota and even into northern Iowa (Grant and
Thorne, 1955).

Vegetation management within reserves will also be crucial for
maintaining resilience. In forests, multi-aged and multi-species
stands will be more resilient to change because there will be with-
in-stand variability in resistance to wind (within and across spe-
cies), and more species will be available to fill niches for those
lost to drought and insect mortality (Rich et al., 2007). Northern
and mesic tree species can be allowed to contract their niche, so
that species adapted to warmer and drier conditions can expand.
Prescribed fire can be used to allow episodes of natural selection
and recruitment among small seedlings as the climate warms.
Selection at the seedling stage is very intense in tree species, allow-
ing relatively fast adaptation in terms of generation times (Davis
et al., 2005); thus increasing reproduction opportunities during a
warming climate could help tree species adapt to climate change.
The minimum age of reproduction is a limiting factor as to how
much selection and adaptation could occur over the next several
decades.

For both prairies and forests, disturbance prescriptions, such as
controlled fires and floods, will need to be shifted over time in
accordance with new climate realities (Ryan, 1991). For sites that
have analog communities, knowledge of these communities may
be critical for guiding management prescriptions.

4.3. Facilitation strategies

Shifting from a conservation practice paradigm centered on
resistance and resilience to one focused on facilitation and resil-
ience will be necessary to avoid unsustainable land management
expectations and, consequently, serious losses in biodiversity
when these expectations cannot be met or are no longer effective.
Facilitation actions could ‘‘mimic, assist, or enable ongoing natural
adaptive processes such as species dispersal and migration, popu-
lation mortality and colonization, changes in species dominances
and community composition, and changing disturbance regimes”
(Millar et al., 2007). The high level of fragmentation in southern
Minnesota and southward into Iowa means that many immigrating
colonists may not accomplish range shifts without assistance if
they cannot adapt in place. Landscape corridors, often touted as a
way to foster range shifts, are unlikely to be an effective strategy
for much of Minnesota given the amount of acquisition and resto-
ration required to create corridors through agricultural landscapes
and the low probability that many plant species will jump to these
corridors and move at a rate that keeps pace with climate change.

Assisted colonization (also called assisted migration) has be-
come a contentious conservation issue because of ecological uncer-
tainty and perceived risks (McLachlan et al., 2007). However, both
risks and uncertainty are likely to be low when facilitating gradual
shifts of common species (Hunter, 2007, in part). Making relatively
minor changes to ecosystem restoration practice should be one
straightforward way to facilitate transitions for these species. To
avoid creating relict communities at the onset of restorations,
seeds rather than plants should be relied on for revegetation
(Young, 2007). Germination and seedling establishment are often
the most sensitive life stages to environmental cues, so seeding al-
lows prevailing conditions to filter species composition. Seeding
prairie restorations (but not forests and wetlands) in Minnesota
is already the norm and is supported by a well-developed network
of native seed producers and restoration nurseries. Seed mixes for
climate change facilitation need to have broader seed zones than
are currently recommended (which can be as restrictive as setting
zones to be within 30 km of projects). Drawing propagules from
sources in the geographic direction of projected climate shifts
and including many propagule sources to maximize genetic diver-
sity will help ensure greater adaptability to a variable climate (Mil-

lar et al., 2007). Mixes should include some species from climates
expected in the near future (sensu ‘‘ecological blueprint concept”,
Frelich and Puettmann, 1999).

Restorations for wildlife habitat, legally-required mitigation,
and expanding protected areas should provide significant facilita-
tion opportunities for common species in Minnesota, without rely-
ing on remnant/relict natural ecosystems to serve as recipient
sites. However, following large-scale forest mortality, natural com-
munities may require species augmentation, if regeneration of the
prior community fails. Overseeding these sites with mixes includ-
ing species from adjacent, warmer locales may be an effective
adaptation action that will reduce the likelihood that invasive spe-
cies will dominate in these protected areas.

Facilitating climate transitions will undoubtedly be a less cer-
tain practice for uncommon species or even subdominant species
(such as forest understory forbs) that may have specific habitat
requirements, poor dispersal and regeneration capacity, or few
and small populations. The biology of these species is often poorly
understood and propagation practices undeveloped. Nonetheless,
assisted colonizations will likely need to be attempted; species
with small ranges/distributions generally face greater risk of
extinction as a result of climate change (Schwartz et al., 2006). A
system for monitoring candidates for assisted colonization is par-
ticularly important for species with narrow ranges that could expe-
rience fundamental habitat changes because of climate change,
e.g., those restricted to calcareous fens, ombrotrophic bogs, and
at the ‘‘trailing edge” of freshwater habitats in Minnesota. Species
of special conservation importance from these wetlands may need
to be translocated to less impacted sites when chemical changes
(i.e., calcium, acidity, alkalinity) become unsuitable. Monitoring
‘‘trailing edge” populations of all rare/threatened species (e.g., Les-
pedeza leptostachya, P. praeclara) needs to be a conservation priority
so if populations begin to decline, plans for assisted colonization
can be implemented for these species along with associates, such
as specialized pollinators (e.g., hawkmoths for P. praeclara, Sheviak
and Bowles, 1986) and seed dispersers (e.g., ants for forest spring
ephemerals). As with common species, introduced populations of
rarer species should attempt to maximize genetic diversity by rely-
ing on multiple donor sites. In addition, assisted colonization pro-
jects should be conducted in multiple years, bet-hedging against
years with unfavorable conditions for establishment.

5. Adopting climate change adaptation conservation practices

In conclusion, there are limitations on the magnitude of climate
change for which each of the three strategies discussed in this pa-
per will be helpful. In general, resistance, resilience and facilitation
strategies will allow adaptation to small, medium and large magni-
tudes of expected climate change, respectively. It may be necessary
to switch from one strategy to another as the climate continues to
warm. Local expertise at the ecoregional scale will be necessary to
match the appropriate strategies with the expected responses of
the species present given the predicted rate and magnitude of cli-
mate change. Local knowledge of the physiography of the land-
scape also comes into play. For example, on a flat landscape
there may be no refuges from a given magnitude of climate change,
triggering a facilitation strategy such as assisted migration. On the
other hand, a hilly landscape may provide refuges for some species
on north slopes with cooler temperatures, and a facilitation strat-
egy may not be triggered until a larger magnitude of climate
change occurs.

Coupling monitoring to decision-making, i.e., adaptive manage-
ment, should be central to scenario plans developed for biodiver-
sity conservation. Explicitly considering the information needed
to assess whether strategies are proving effective or need to be
shifted should drive a serious commitment to biological monitor-
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ing. The uncertainties associated with climate change cannot be
surmounted a priori; the only rationale approach to adaptation will
be based on contemporaneous information. Major institutional
development and reform in environmental agencies and organiza-
tions will almost universally be needed to ensure reliable data is
collected, analyzed and used as part of iterative decision-making.
As importantly, planning and monitoring cannot be constrained
by political boundaries (e.g., states) – there must be coordination
across broad geographic areas, as indicated by current projections
of climate analogs. The aggregated challenges posed by climate
change to biodiversity conservation will hopefully spur, not stall,
meaningful adaptation planning.
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INFORMATION MEMORANDUM FOR THE ASSISTANT REGIONAL DIRECTOR 

DATE:    February 17, 2017  
 
FROM:  Greg Hughes, Supervisor, IFWO 

SUBJECT:  Draft Species Status Assessment (SSA) and listing status determination for the 
Canada lynx  

Statement of Purpose:  To provide information for an upcoming meeting of decision-makers 
from Regions 1, 3, 5, and 6 to review the draft Canada lynx SSA and participate in a decision 
process to determine the appropriate listing status for the Canada lynx distinct population 
segment (DPS).  
 
BACKGROUND 
The Canada lynx DPS was listed as threatened in 2000.  In March 2015 the Service initiated the 
development of an SSA to inform classification decisions, recovery planning direction, and other 
determinations for the Canada lynx.  A team consisting of staff from Regions 1, 3, 5, and 6, was 
tasked with summarizing the best available science to assess the status, threats, and future 
viability of the Canada lynx DPS in the near term (through the year 2025), mid-term (2050), and 
end of century for the SSA.   
 
DISCUSSION 
The draft SSA concludes that the functional extirpation of resident lynx populations from one or 
more geographic units by mid-century and two or three (of five) units by the end of the century 
would demonstrate a loss of resiliency, reduced redundancy, and, possibly, reduced 
representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
 
Within Region 1, Canada lynx in north-central Washington may be vulnerable to extirpation due 
to large-scale wildfires resulting in the temporary loss of nearly 50 percent of lynx habitat.  The 
likelihood of re-colonization of this area from Canada lynx dispersing from British Columbia is 
uncertain.  
 
MAIN DECISION OR MESSAGE 
A Decision Team representing each of the USFWS core areas will meet with the authors of the 
SSA and others on March 2 and 3, 2017 to review the SSA, consider the comments we have 
received, and develop a recommendation to: (1) maintain the DPS status as threatened, (2) 
upgrade it to endangered, or (3) determine that the DPS no longer warrants listing.  If the lynx 
remains listed as threatened or endangered, the core team will complete the SSA and a 5-year 
review, followed by the development of a court-mandated recovery plan by January 2018.   
 
CONTACT:  Greg Hughes, IFWO, #(208) 685-6953  



 

SUPPLEMENTARY INFORMATION 
 
Habitat and Status 
The core of the lynx population is centered in the boreal forest (primarily the taiga) of Canada 
and Alaska.  Lynx occur in the contiguous U.S. as peninsular extensions of the Canadian 
population within boreal forests in six geographically separate units: northern Maine (Unit 1), 
northeastern Minnesota (Unit 2), northwestern Montana/northeastern Idaho (Unit 3), north-
central Washington (Unit4), greater Yellowstone area (Unit 5), and western Colorado (Unit 6).  
These six units are largely separated and isolated from one another in the contiguous U.S. but are 
connected to populations in Canada.  Canada lynx in the U.S. were designated as a distinct 
population segment (DPS) because of differences in management in Canada (harvesting) and are 
considered a single DPS.   
 
The DPS occurs at the southernmost margin of the species’ range and of the environmental 
thresholds of snow quality, depth, and persistence; hare density; and boreal forest conditions 
that lynx require.  Because of this, lynx habitats and, thus, lynx are naturally less abundant and 
more patchily distributed in the DPS than in the core of the species’ range in Canada and 
Alaska.  Maintaining connectivity between the DPS and lynx populations in Canada is thought to 
be important, but whether the demographic and/or genetic health of DPS populations depends on 
intermittent immigration of lynx from Canada and, if so, to what extent remain uncertain. 
 
The reason lynx were listed (lack of existing regulatory mechanisms) has largely been addressed 
by formal and binding amendments or revisions to most Federal land management plans within 
the DPS range (except in Maine where there is little federal ownership of lynx habitat).  
However, the efficacy of this regulatory framework remains to be proven. 
 
Although we have no reliable population-size estimates for any of the geographic units, northern 
Maine (Unit 1) is believed to support the largest resident population in the DPS, perhaps 500-
1,000 individual lynx.  In northeastern Minnesota (Unit 2), a resident population of perhaps 50-
200 lynx occupies the Arrowhead Region of the State.  Northwestern Montana and northeastern 
Idaho (Unit 3) continue to support resident lynx, thought to number 200-300.  In North-central 
Washington (Unit 4), recent extensive wildfires have temporarily reduced the amount of high-
quality lynx habitat and may have caused a decline in lynx numbers there from perhaps 100 
before the large fires to half of that currently. The greater Yellowstone area (GYA; Unit 5) is 
thought to have historically supported a small resident population; however, resident lynx have 
not been documented recently in this unit. Since the release of Canadian and Alaskan lynx in 
1999-2006, resident lynx currently occupy western Colorado (Unit 6). 
 
At the time of listing, lynx were believed to occur primarily in the western U.S., but since then 
populations have been documented in Maine and Minnesota.  Federal lands comprise 
approximately 64 percent of the lands encompassed by the six geographic units, varying by unit: 
Unit 1 (less than 2 percent); Unit 2 (47 percent); Unit 3 (84 percent); Unit 4 (91 percent); Unit 5 
(97 percent); and Unit 6 (90 percent).  Since listing, the U. S. Forest Service (USFS) and Bureau 
of Land Management developed management agreements and standards with the Service for 
lynx.  Comparable, long-term agreements with private forest landowners have not been 
developed. 



 

 
As the science of climate change has advanced, the Service has increasingly acknowledged in 
our Federal Register documents that climate change is a significant stressor to the continued 
existence of Canada lynx DPS.  Lynx require boreal forest, and deep, fluffy snow to support high 
snowshoe hare populations (their primary prey) and to maintain a competitive advantage over 
bobcats and other species.  Additional primary stressors identified in the Lynx Conservation 
Assessment and Strategy (LCAS, updated 2013) and critical habitat documents (2014) include 
incompatible forest management, habitat loss and fragmentation, and development. 
 
Listing, Critical Habitat, and Recovery Actions 
We published a Recovery Outline for the DPS in 2005 that focused on interim conservation 
measures in six “core” areas in Maine, Minnesota, northwestern Montana/northeastern Idaho, the 
greater Yellowstone area, and Washington (north Cascades and Kettle/Wedge); Colorado was 
identified as a seventh “provisional core’ area due to reintroduced population and uncertain long-
term persistency. 
 
We designated critical habitat for the DPS in 2006, revised it in 2009, and again in 2014 as a 
result of litigation. The Court remanded the most recent critical habitat rule; we have not 
determined next steps in our response to this litigation. 
 
In 2007 the Service announced it would initiate a five-year status review of the Canada lynx, but 
it was never started due to the demands of responding to litigation concerning critical habitat.   
We also expanded the DPS to include wherever lynx occur in the contiguous U.S., but still 
acknowledged the importance of the six core areas for recovery.   
 
The Service announced in January 2015 that we would initiate a five-year status review.  As a 
precursor to the five-year review, the Service has undertaken a SSA.  
 
As part of the process to assemble and interpret the best available science for the SSA, the 
Service invited a panel of lynx, snowshoe hare, climate change, and forest management experts 
to a workshop in Minnesota in October 2015.  Workshop participants, facilitated by the FIT 
team, spent three days giving presentations and participating in facilitated exercises to document 
the status and stresses to lynx and snowshoe hares.  A final report summarizing the workshop 
was completed in April 2016. 
 
In January 2017 the Service initiated a 30-day review of the draft SSA using a blind Peer Review 
process, State and Federal agencies, Tribes, lynx experts who attended the workshop, and several 
others.   
 
Conclusions of the SSA 
Conclusions of the SSA are based on the Service’s assessment of the future viability of the DPS 
in the near term (through the year 2025), mid-term (2050), and end of century in terms of the 
conservation biology principle of resiliency, redundancy, and representation: 
 
Resiliency: All five geographic units that currently support populations (all units except the 
GYA) are expected by lynx experts to continue to do so through mid-term (2050).  Only one 



 

(Northwestern Montana/ Northeastern Idaho), however, has an estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century.  We (and experts) question whether the GYA currently supports a viable population.  
The experts we consulted projected that all the other geographic units have a 50 percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century, with a moderate to high likelihood that resident lynx will 
be lost from two to four units by then. 
 
We expect resident lynx populations in the five remaining geographic units to be smaller and 
more fragmented and isolated in the future, and each geographic unit and the DPS as a whole 
will, therefore be less resilient in the future.  Uncertainty increases at mid-to late-century 
concerning the timing and extent of various stressors that will affect lynx and hare habitat and 
snow regimes, especially those related to climate change. However, review of the best available 
science in concert with input from lynx experts suggests that the probability of the persistence of 
resident breeding populations will decline in all geographic units, with the negative DPS-wide 
trajectory continuing to the end of the century, and (with no evidence to the contrary) beyond 
that time frame. 
 
In the near term, north-central Washington may be most vulnerable to extirpation due to large-
scale wildfires resulting in the temporary loss of nearly 50 percent of lynx habitat, likely 
reducing the unit’s current lynx population and potentially compromising its current ability 
to support a resident population until habitats recover, especially should additional wildfires 
occur within the next 10 years.  However, the experts felt the potential extirpation of lynx, 
should it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect 
outbreaks), may be ameliorated to some extent because of Washington’s juxtaposition and 
connectivity to Canadian lynx populations.  The experts felt that lynx immigration from Canada 
may rapidly recolonize Washington as the habitat recovers from fires or other impacts.  
However, the Washington Department of Fish and Wildlife (WDFW) submitted comments on 
the draft SSA stating they have collected information on lynx harvests in southern British 
Columbia (BC) since 1985 and that the data indicate few lynx are captured in southern BC in any 
given year, which may indicate that the density of lynx in southern BC may be very low. The 
WDFW stated the majority of lynx captures in BC occurs just north of Washington border, 
which could further minimize potential immigration of BC lynx to Washington. 
 
In the long-term, the most vulnerable units may be Maine and Minnesota where climate change 
effects are expected to be greatest, there are no long-term commitments to forest management 
that benefit hares and lynx, and there is little high elevation refugia. Despite the lack of 
elevational refugia, lynx may also persist at the end of the century in Maine and Minnesota, 
depending on the timing and severity of climate change effects and, in Maine, on trends in 
development and private forest management.  Also, in Maine over the next 15-20 years lynx 
habitat conditions are also likely to decline significantly from current historically high and 
anthropogenically influenced levels as private forest management practices, particularly a shift 
away from landscape-level clearcutting, result in forest succession detrimental to snowshoe hare 
and lynx needs. 
 



 

Loss of units will reduce resilience, representation (loss of adaptive capacity, ecological settings, 
and perhaps some genetic attributes), and redundancy (smaller, more fragmented populations 
will be more vulnerable to catastrophic events). 
 
Redundancy:  The DPS is widely scattered in six geographic units from Maine to Washington, 
thus we do not believe the DPS is vulnerable to extirpation from a single catastrophic event. 
Similarly, there is currently a low likelihood of functional extirpation of any of the individual 
geographic units from a single catastrophic event. 
 
Representation:  Lynx are specialist carnivores that require boreal forest and deep-fluffy snow 
that support high populations of snowshoe hares, their primary prey.  Lynx are unlikely to adapt 
to alternate forest types, lower snow regimes, or alternative prey. We conclude that there is 
currently minor genetic variation in North American lynx populations because they have an 
exceptional ability to disperse and there are few barriers to dispersal. We lack evidence of past 
genetic constraints, however there could be further genetic structuring or bottlenecks as habitat 
retracts northward or upward in elevation diminishing the frequency of gene flow between 
populations in the DPS and Canada.  For example, increasingly ice-free conditions in the St. 
Lawrence Seaway will further reduce or eliminate gene flow between lynx populations in the 
Maine unit with core populations in northern Canada.  There are differences in behavior, 
ecological settings, and perhaps genetic adaptations that are currently expressed throughout the 
DPS and could be important adaptive capacity for the future persistence of lynx in a changing 
climate. To date we have not detected meaningful loss of ecological breadth in the DPS at the 
southern margin of the species' range where change is rapidly occurring. 
 
Overall conclusion:  We conclude that the functional extirpation of resident lynx populations 
from one or more geographic units by mid-century and two or three (of five) units by the end of 
the century would demonstrate a loss of resiliency, reduced redundancy, and, possibly, reduced 
representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
 















From: Kilborn, Jillian
To: Zelenak, Jim
Subject: RE: Lynx SSA Coordination Call
Date: Monday, February 27, 2017 2:09:41 PM

Hi Jim
 

Yes this is my correct email.  I wasn’t able to join on the 22nd but will try in the future.  Please update
your email/any group list as I still don’t seem to be getting lynx associated emails.
 
Thanks
Jill
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Wednesday, February 22, 2017 9:46 AM
To: Kilborn, Jillian
Subject: Lynx SSA Coordination Call
 
Hi Jillian:
 
I got a kickback from your email on the first try; hope this one finds you.
 
We will have our monthly State and Federal Partner coordination call/update today, Feb. 22, at
1:00 PM Mountain Time.
 
866-822-7385
Passcode 5396168
 
Thanks,
 
Jim
 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Kilborn, Jillian
Subject: Re: Lynx SSA Coordination Call
Date: Monday, February 27, 2017 4:01:13 PM

Will do.  Thanks for your comments on the draft SSA report.

On Mon, Feb 27, 2017 at 2:09 PM, Kilborn, Jillian <jillian.kilborn@wildlife.nh.gov> wrote:

Hi Jim
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update your email/any group list as I still don’t seem to be getting lynx associated emails.

 

Thanks

Jill
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To: Kilborn, Jillian
Subject: Lynx SSA Coordination Call

 

Hi Jillian:

 

I got a kickback from your email on the first try; hope this one finds you.

 

We will have our monthly State and Federal Partner coordination call/update today, Feb. 22,
at 1:00 PM Mountain Time.
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Thanks,
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Jim

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Hi Jim,
Just wanted you to know that I sent my peer-review of the SSA directly to the consultants that
requested the review.  Regards, John
 

John Squires, PhD 
Research Wildlife Biologist

Forest Service
Rocky Mountain Research Station

p: 406-542-4164 
jsquires@fs.fed.us

800 E Beckwith Ave. 
Missoula, MT 59801
www.fs.fed.us 
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NOTE ABOUT THIS DRAFT DOCUMENT, DECEMBER 2016 
 
This is a preliminary draft document of the U.S. Fish and Wildlife Service. This draft species status 
assessment report has not undergone peer review, and it should not be cited or referenced as an 
agency document. At this time it is intended for the sole purpose of soliciting scientific reviews 
from expert peer reviewers selected by the Service, from State and Federal partners with expert 
knowledge of the species and its habitat, and from internal reviewers by Department of Interior staff. 
The document is not intended to solicit public comment. This document will be revised after this 
scientific review. This document does not predetermine any future agency decision under the 
Endangered Species Act. For more information contact Jim_Zelenak@fws.gov.     
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Executive Summary  
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 

canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA) because of the inadequacy, at that time, of existing regulatory mechanisms on Federal 
lands. The SSA will provide the scientific basis for the statutorily required 5-year status review 
for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S. from Maine to Washington and south along the Rocky Mountains to 
western Colorado (Figure 1). 
 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis). 
 
These units encompass the geographic areas in the contiguous U.S. with the strongest 
historical and/or recent evidence of an ability to support persistent resident lynx populations 
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and, combined, they represent approximately the southern two percent of the species’ entire 

breeding range (98 percent occurs in Canada and Alaska). The units are relatively isolated from 
each other, but four of the six units are directly adjacent to lynx populations and habitats in 
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous U.S., usually peripheral to the SSA geographic units, the ability of these peripheral 
areas to support persistent resident lynx populations remains questionable. Lynx may occur in 
such areas as small and ephemeral breeding populations or as occasional dispersing or 
transient individuals. The locations and sizes of the SSA geographic units are summarized in 
Table 1. 
  
Table 1. Canada Lynx SSA Geographic Units.  

Unit No. Unit Name and Location Unit Size (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5 Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 
 
 
This report represents the Service’s evaluation of the best available scientific information, 

including the formally-elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
them; and (3) assess the future viability of the DPS in the near term (through the year 2025), 
mid-term (through 2050), and through the end of this century in terms of the conservation 
biology principles of resiliency, redundancy, and representation (the “3 Rs”).  
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically comprise >90 
percent of the lynx’s year-round diet. The lynx has evolved morphological adaptions (long legs 
and large paws) that allow it to efficiently travel and capture hares in snow conditions that are 
difficult for most other terrestrial hare predators (e.g., bobcats, coyotes). These characteristics 
provide lynx with a seasonal (4-5 months in most of the DPS) competitive advantage over other 
hare predators and allow them to occupy habitats that are unavailable to some of their 
competitors. 
 
The DPS occurs at the southernmost margin of the species’ range and of the environmental 

thresholds of snow quality, depth, and persistence; hare density; and boreal forest conditions 
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that lynx require. Because of this, lynx habitats and, thus, lynx are naturally less abundant and 
more patchily distributed in the DPS than in the core of the species’ range in Canada and 

Alaska. Maintaining connectivity between the DPS and lynx populations in Canada is thought to 
be important, but whether the demographic and/or genetic health of DPS populations depends 
on intermittent immigration of lynx from Canada and, if so, to what extent remain uncertain. 
 
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous U.S. For example, analysis of historical records in the U.S. and Canada 
indicated that many lynx records in the contiguous U.S. coincided with intermittent “irruptions” 

(mass dispersal events) of lynx from Canada into the northern U.S. when hare populations in 
Canada underwent cyclic declines (every 8-11 years). During these irruptions, large numbers of 
lynx occurred temporarily in (and disappeared quickly from) areas that we now believe are 
naturally incapable of supporting resident populations. 
 
Additionally, although we knew resident lynx occurred in Maine, we lacked information on the 
historical and recent distribution and quality of lynx habitat. We now know that forest 
regeneration after large-scale clear-cutting in the 1970s and 1980s has contributed substantially 
to the current broad distribution of high-quality habitat in northern Maine, which currently 
supports the largest resident lynx population in the DPS. Similarly, we were uncertain if 
Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research and monitoring also suggest 
that lynx and habitats in the western U.S. are naturally less abundant and more patchily 
distributed than was thought at the time of listing, and lynx may have been extirpated recently 
from several areas thought to have previously supported small resident populations (e.g., the 
Kettle Mountains in northeastern Washington, the Garnet Mountains in western Montana, and 
the Greater Yellowstone Area of southwestern Montana and northwestern Wyoming). We also 
know that recent extensive wildfires in north-central Washington have temporarily reduced the 
amount of high-quality lynx habitat and have probably caused a decline in lynx numbers there. 
Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999 to 2006 and the 
subsequent survival and reproduction of some of these lynx and their offspring, resident lynx 
currently occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. 
Therefore, we evaluated the ecological requirements of individual lynx and populations and the 
current and possible future conditions for resident lynx populations in each geographical unit to 
assess the viability of the DPS. The SSA uses the conservation biology principles of resiliency, 
redundancy, and representation as the framework for assessing current and future conditions. 
Resiliency describes the ability of the species to withstand stochasticity, redundancy describes 
the ability of the species to withstand catastrophic events, and representation describes the 
ability of the species to adapt over time to long-term changes in the environment. The 3 Rs can 
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be influenced by any number of factors. For lynx, the factors evaluated in this SSA include: (1) 
the original factor for which the DPS was listed as threatened (the inadequacy of existing 
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the 
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS. Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS. And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.  
 
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 

including the DPS, than in the core of the species’ range in Canada and Alaska. 
 

● We assume that as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation and the presence of some hares. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 

populations. 
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● We assume that connectivity with larger lynx populations in Canada is important, and that 

periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 
 

● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 
persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.  
 

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly-specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do so as long as those 
measures and guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume 
conditions for delisting would include requirements and incentives to continue to conserve 
lynx and its habitats and to try to assure persistence of resident lynx populations in those 
places that can support them in the DPS range.  

  
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability. 
  
Current Conditions 
 
The current distribution of resident lynx in the contiguous U.S. is likely somewhat smaller than 
the historical distribution because of the potential loss of small populations in several places 
(e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern New York, Isle 
Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, more recently, 
the Greater Yellowstone Area of Southwestern Montana and northwestern Wyoming, and 
perhaps the Garnet Mountains in western Montana). However, based on verified historical 
records, we lack compelling evidence that the current distribution and relative abundance of 
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resident lynx in the DPS range are substantially diminished from historical conditions, and 
resident populations continue to persist in the geographic areas with the strongest historical 
evidence of an ability to support them. Nonetheless, in many parts of the DPS range habitat 
features (forest distribution and structure, hare densities, and snow conditions) appear to exist 
at or just above thresholds thought necessary to support persistent lynx populations.  
 
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units. 
 
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Figure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Table 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via catastrophic event. 
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Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 

absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
U.S., suggesting relative maintenance of the breadth of diversity of ecological settings occupied 
within the DPS range. Because there are no indications of significant loss of or current threats to 
the genetic health or adaptive capacity of lynx populations in the DPS, and the current level of 
representation does not appear to indicate a decrease from historical conditions, we find that 
the DPS currently displays an adequate level of representation. 
 
Future Conditions 
 
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced 
probability of persistence for all resident populations in the DPS range. We expect that resident 
populations will persist through mid-century in all five of the geographic units that currently 
support them (albeit in reduced numbers and distributions), but that lynx may be functionally 
extirpated (loss of the ability to support persistent resident populations) from two or three of the 
units by the end of the century. 
 
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, climate-induced frequency and intensity of wildfires and 
forest insect outbreaks are expected to increase, particularly in the western portion of the DPS, 
although we do not anticipate such events alone to cause the permanent loss of breeding lynx 
populations in any geographic unit. In Minnesota and Maine (units 1 and 2), suitable boreal 
forest and snow conditions are projected to decline more severely than in the western units, and 
in some climate modeling scenarios they could disappear completely from these units by the 
end of the century. Over the next 15-20 years, lynx habitat conditions in Maine are also likely to 
decline significantly from current historically high and anthropogenically influenced levels as 
private forest management practices, particularly a shift away from landscape-level clearcutting, 
result in forest succession detrimental to snowshoe hare and lynx needs. 

jsquires
Highlight
I agree with this statement, but there may be management activities that could potentially speed the recovery of spruce-fir forests following disturbance that may extend the persistence of boreal forest-like conditions for lynx and hare.  

jsquires
Highlight
And massive invasion by Red Maple (i think that is the correct species)



 

11 
 

Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through mid-
century but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events. 
 
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely. 
 
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate. 
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DPS-wide Synthesis  

We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numbers and distributions, in all five geographic units that 
currently support them through mid-century, but that functional extirpation is likely in two to three 
of those units by the end of the century, driven largely by projected continued climate warming. 
Because resident lynx in many parts of the DPS persist in areas that appear naturally to barely 
meet thresholds for hare densities and habitat quality and distribution, relatively small declines 
in these features could result in loss of the ability to support resident populations over large 
areas. Because of this, we believe that future lynx habitats and resident populations throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Uncertainty increases at mid- to late-century regarding the timing and extent of 
various stressors that will affect lynx and hare habitat and snow regimes, especially those 
related to climate change. However, review of the best available science in concert with input 
from lynx experts suggests that the probability of the persistence of resident breeding 
populations will decline in all geographic units, with the negative DPS-wide trajectory continuing 
to the end of the century, and (with no evidence to the contrary) beyond that time frame. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century. 
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 

Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a distinct 
population segment (DPS) and listed it as threatened under the Endangered Species Act of 
1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the United States 
District Court for the District of Montana ordered the Service to complete recovery planning for 
the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered 
the Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
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such a plan will not promote the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). 

Thus, we conducted this SSA (version 1.0) to summarize the best available information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 

al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 

comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 
2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA represent the remaining 2 percent of the species’ breeding distribution 

(approximately 131,168 km2 [50,644 mi2]; see Figure 1 and Table 2, below). Lynx populations in 
the DPS (as well as some others on the margin of the range in southern Canadian provinces) 
seem to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below). The demographic and genetic health and persistence of DPS populations are thought to 
be influenced by connectivity with, and immigration of lynx from, larger populations in Canada 
(McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 79 FR 
54815). 
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Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 

lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S. occur over a much smaller geographic area that includes 
parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous U.S., and small breeding populations may have been lost from 
some places, neither broad-scale breeding range contraction nor substantial changes in 
population status in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) 
and, in 2007, again in response to a court order, clarified its determinations of “significant 

portion of the range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 

1186). Also in 2007, the Service announced that it would initiate a 5-year status review of the 
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 

contiguous U.S., including New Mexico and other states that were not included in the original 
DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 (USFWS 
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1, above). Five of the six geographic units were designated as “Core Areas” in the 

Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here. 
 
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Table 2). 
 
 Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 

coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of this effort, our Endangered Species 
Program has developed the Species Status Assessment (SSA) Framework to guide how we 
assess the best scientific and commercial data available when evaluating the biological status of 

http://www.fws.gov/endangered/improving_ESA/
http://www.fws.gov/endangered/improving_ESA/
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species. In conducting an SSA, we take into consideration the life history and ecological 
requirements of the species to understand how the species 
maintains itself over time (captured under the broad heading 
of “species needs”); the current condition of the species at the 
individual, population, and range-wide levels in terms of 
meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 

and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and 

future condition of the species. Briefly, resiliency describes the 
ability of the species to withstand stochastic events; 
redundancy describes the ability of the species to withstand catastrophic events; and 
representation describes the ability of the species to adapt over time to long-term changes in 
the environment. As a result, the SSA characterizes a species’ ability to sustain populations in 

the wild over time based on the best scientific understanding of current and future abundance 
and distribution within the species’ ecological settings. Importantly, the SSA neither results in, 

nor predetermines, any decisions (e.g., listing status, critical habitat designations, section 7 
consultation requirements, etc.) by the Service under the ESA. Instead the SSA provides the 
biological basis to inform these decisions. The SSA is a dynamic document and should be 
periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

1.3 Analytical Approach and Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
terms of the 3 Rs using conceptual modeling (Figures 2-5) based on available published 
                                                
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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literature, other information on the historical and current status of and threats to lynx in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgment (Lynx SSA Team 2016, entire).  
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
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Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Figure 5 below. 
 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. The factors we consider for each 
geographic unit include regulatory mechanisms (the factor for which the DPS was originally 
listed under the ESA) and the anthropogenic influences identified by the Interagency Lynx 
Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 
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conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 

hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 

areas of the DPS.  

jsquires
Highlight
Given what we know about lynx current population status and treats, it is very difficult to imagine that additive mortality through hunting or trapping will be consistent with species' conservation.  

jsquires
Highlight
I thought your approach was good in how you address climate change given both the difficulty in discussing the topic in terms of policy and the reality that climate is a major issue potentially already impacting the species.  
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Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 

Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 

lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 

mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 

1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 

large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 

and the northern contiguous U.S., where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, and white on the underside 
of the tail. Bobcats are much more common and abundant than lynx in most of the contiguous 
U.S. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between the two 
areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle 
that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional 
genetic markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in 
eastern Canada, which suggest the potential for evolutionarily significant differences in those 
areas, recent analyses reveal genetic exchange among lynx on either side, indicating that some 
lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA 
Team 2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 

genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
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Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 

2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69), and hare abundance is the 
major driver of lynx population dynamics. Lynx den site selection, litter sizes, pregnancy, as well 
as recruitment, survival (kitten, subadult and adult) and dispersal rates, and population age 
structure, home range sizes, density, and distribution are all strongly influenced by hare 
abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, 
pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
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Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183-
191 and 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 
and 2000b, pp. 136-140). Over much of the lynx’s range, hare densities are higher in 

regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
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understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
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the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–

268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 



 

27 
 

one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 

2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).  
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 

2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 

phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).  
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
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952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 

(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 

contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 

2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) it is born to a female that occupies a home range containing 

a) secure denning habitat, 
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b) adequate hare abundance to support lactation during the early kitten stage and later 
provisioning of the kitten with hare meat, 

c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 
etc.); 

 
2) the mother’s home range occurs within a larger landscape that also contains adequate hare 

abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 

al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 

during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 

2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population. 
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Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Table 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).  
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482); Mallett 2014 
(169) 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265); Burdett et al. 2007 
(460-463); Moen et al. 2008a (17) 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20); Squires and Laurion 
2000 (343-344); Squires et al. 2004a (13, 

Table 6) 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5); 
Koehler 1990 (847); Maletzke in Lynx SSA 

Team 2016 (21) 
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GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344); 
Squires et al. 2003 (12-13) 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10) 

 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 

al. 2012, pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 

pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 

vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.  
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 

1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower. 
 
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-
31). Lynx populations in the DPS are at the periphery of the species’ range and may behave as 

islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 

that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 

source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.  
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
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most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 

(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of 
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 

during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined 

from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the 
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 

(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) 
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 

and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 

northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.  
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 

1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 

favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 

(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
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500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality. 
 
In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 

abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 

jsquires
Highlight
This text is generally true, but there are very widespread changes in Canada from extensive energy development, beetle outbreaks and widespread fragmentation from timber harvest.  It seems these changes should be mentioned.  I've seen some evidence at presentations (maybe even at the SSA meeting) that the lynx cycles have dampened, but I don't know if there is general agreement as to the extent.  If so, it would be important to report and keep track of over time.
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southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 

comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 

apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 

contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 
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time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 

2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 

entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 

should be considered to constitute the species’ range. In its 2003 remanded determination, the 

Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 

scientists and the public about where lynx populations may be viable (74 FR 66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 

structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
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suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 

source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 

these places (especially those that act more often as “sinks” than “sources”) to the maintenance 

and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 

with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6), and overall habitat quality is typically lower. 
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The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 

2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 

al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.  
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.  
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The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.  
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 

al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 

population, and that this likely represents its natural historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 

cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081, 

40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003-2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
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densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believe that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 

(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 

al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 

2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historical record and recent evidence of lynx occupancy and 
reproduction suggested the presence of a small but persistent resident lynx population in the 
GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 
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54825-54826); however, the consistency of occupancy over time remains uncertain (Lynx SSA 
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 

resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
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unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821). Although bobcat 
populations have increased and expanded their range in this region in recent decades (Lavoie 
et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 
(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest declined 

substantially after two deep snow winters in 2008 and 2009 (Maine Department of Inland 
Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare habitat and 
the number of resident lynx in Maine are all much larger than was suspected at the time of 
listing or the 2003 remand, and all are probably substantially larger now than under likely typical 
historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
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budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
state are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 40094; 
Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 

range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.  
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 

and areas to the south and west are dominated by bobcats. Although there are currently more 
lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
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of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 

al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).  
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire and recent lynx occurrences in northernmost Vermont. However, lynx 
persistence is uncertain in New Hampshire and unlikely in Vermont, and lynx numbers in Maine 
are projected to decline over the next several decades. In the West, small breeding populations 
in the GYA and the Garnet Mountains of Montana may recently have become extirpated 
(although both also may be only temporarily “winked off” in a metapopulation dynamics sense). 

In north-central Washington, lynx habitat and numbers have declined because of recent large 
fires and insect outbreaks, and the persistence of the breeding population there could be 
threatened if additional such impacts occur with similar magnitude and frequency over the next 
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several decades. As a result of the release of 218 Canadian and Alaskan lynx from 1999-2006, 
resident lynx currently occur in western Colorado. Although the number of lynx in this population 
and its future persistence are uncertain, Colorado currently supports more lynx than it likely did, 
based on the historical record, for much of the previous century. The geographic units evaluated 
in this SSA include all areas in the contiguous U.S. with strong historical and recent evidence of 
persistent resident lynx populations. Detailed assessments of the current status and future 
viability of resident lynx populations and habitats in these areas are presented in chapters 4 and 
5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Those 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the Federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 

section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
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The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 

may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Table 2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
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included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 

time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 

Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
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patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 

Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 
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with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley, 
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
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BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 

provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 

management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 

(USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 

collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 

associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Table 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
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Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Tribal lands in the North-central Washington, GYA, or Western Colorado units. Private, State, 
and Tribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, State, and Tribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, State, and Tribal lands 
within the six geographic units of the DPS, but with a focus on those units with the greatest 
proportions of these lands and on activities on these lands with the greatest potential to impact 
lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 

2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
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legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-
restrictions/). MDIFW also adopted and made available for download on its web page the 
interagency brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats 

and other Furbearers, and modified it to be more specific to Maine. MDIFW also set-up an 
incidental lynx capture hotline and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (ten lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally-trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 

(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 

Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf
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trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 

offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 

takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 

2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
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(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm;  https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection   
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 

Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 

http://leg.mt.gov/bills/mca/87/5/87-5-103.htm
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
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Maine who have committed to long-term or permanent protection and creation of lynx habitat 
according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 

trapping requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and State landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 
four percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution 
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 54835-
54837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.  
 
Unit 4: North-central Washington - State and private lands constitute about eight percent and 
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 

http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 

programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 

environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 

Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 

natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 

prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 

management practices benefit populations of snowshoe hares, the lynx’s primary prey 

(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 

Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 

continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 

Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 

‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 

with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 

Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 

for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
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‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 

with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 

the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 

evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 



 

61 
 

migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas). 
  
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events 
and winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, 
depth hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.  
 
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow-covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five months (November–March) to approximately three months (December-
February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that contain lower 
relief, mid-elevation mountain ranges will likely shift relatively quickly into new precipitation 
phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 4566). The 
interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated areas to 



 

62 
 

warming because much of the region is characterized by relatively warm winter temperatures 
and by mainly mid-elevation mountain ranges. The climatic rain-snow transition zone will move 
up in altitude and north in latitude.  
 
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both 
the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and Baker 1980). 
Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some locations up to 
100 m) during a recent 50-year period of warming (Kullman 1990). However, despite recent 
warming, the alpine treeline in North America has thus far remained relatively static (Butler et al. 

1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201). 
 
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions 
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
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deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats. 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 

al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous. 
  
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).  
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Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 

2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48). 
 
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp. 
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below. 
 
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably 
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare 
cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4) 
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare 
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7) 
introduction of disease and parasites, and 8) reduced gene flow. Synergistic effects between 
these factors and other stressors (e.g., forest management, trapping, development) may 
intensify their effects (Carroll 2007). Diminished snow, increasing drought and fire, and 
increased forest pests and disease are believed to currently be the most important stressors for 
lynx in the DPS, but it is possible that other pathways are, or may become, equally important. 
Over the next decades, southern lynx populations will continue to be affected by climate change 
and associated shifts in habitat, prey base, and competition. The extent of such changes and 
whether lynx are able to adapt to them will determine not how, but if, this species can persist in 
the contiguous U.S. (Murray et al. 2008). 
  
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 
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al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering large-
scale climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 

2016, entire; 79 FR 54809).  
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Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–

4549). These trends are expected to continue with future climate warming (Hamlet and 
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 

are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 

runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 

al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has led to the 
average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain West 
(Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert 
dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are expected to 
decline generally in the geographic areas that contain the central and eastern portion of the lynx 
DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require prolonged periods of 
deep fluffy snow, current habitats that lose this feature would decline in value for lynx (Hoving 
2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 

which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
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expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits 
their efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).  
  
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 

2015, p. 528).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectiveness. For example, hard-packed snow is reported to be associated with a higher 
kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth et al. 

2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other hare 
predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels (Stenseth 
et al. 2004, p. 10633). Predator communities are more diverse at the southern part of the lynx 
range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there 
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(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares. 
 
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 

et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11 percent decline in 
hare survival by mid-century and a 23 percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 

2016a, entire).  
 
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).  
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
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resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).  
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 

2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT 
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
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forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
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decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 1970-
2004, Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of 
large fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. 
Mesic, middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the 
northern Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 

2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 

2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations. 
 
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 

2008; ILBT 2013, p. 70).  
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 

rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 
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spruce budworm outbreak in Maine was the primary driver creating the current broad 
distribution of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 

2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 

pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al. 

2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
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Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 

and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 

al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 

2014, pp. 10633-10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528). 

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
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and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 

2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 

2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 

1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 

particularly within-stand competition for light, nutrients, and space, determine how forests grow 
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and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
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maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 

al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 

industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 

2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
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manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 

al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 

2003, entire). Many models have been developed to project how U.S. timber production and 
markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia 
et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate. Some models predict that consumers 
will gain from climate change while landowners in some regions will lose. The forest industry will 
adapt to climate change in many ways including using alternate tree species in manufacturing, 
shifts to geographic regions of the country with economic advantages in timber growth, and 
increasing forest plantations with new species that are favorably adapted to the new climate and 
markets. Many strategies have been evaluated to increase the quantity of carbon stored in 
North American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in 
some forests to build carbon reserves, increased recycling to reduce use of forest products, 
converting agricultural lands to forests, and substituting wood products for more energy-
intensive products. Increased atmospheric carbon will increase forest growth slightly, except for 
softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, 
is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth 
conifer forest to sequester carbon could benefit lynx in the West and be to the detriment of lynx 
in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
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stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival. 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 

1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
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2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
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story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 

“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
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elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 

2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 

al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 

2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 

2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
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similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 

2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 

al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 

maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 

Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 

in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 



 

85 
 

in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 

al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 

2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
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al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 

recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 

population contributed substantially to the Washington Department of Fish and Wildlife’s recent 

recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
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activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011, entire). 
Human-caused fragmentation in the forested western landscape resulted in a decline of 
weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current conditions, 
but models predict relatively small declines in the size of forested patches over the next 30 
years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more of the 
natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 

since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to 20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people. 
 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high quality patches themselves (Lewis et 

al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 

al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). 

http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-37
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Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 

2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
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mountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
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foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 

2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
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providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these individuals 
crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly 
have fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 

2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits. 
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Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
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surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
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consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily-distributed than was 
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thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999-
2006, and their subsequent survival and reproduction, resident lynx currently occupy parts of 
western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Figure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate no single catastrophic event that could result in the functional extirpation (loss of 
the ability to support resident lynx populations) of the entire DPS and, further, no or a very low 
likelihood of functional extirpation of any of the individual geographic units caused by a single 
catastrophic event (Lynx SSA Team 2016, p. 56).  
 
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would 
have represented substantially greater redundancy in the contiguous U.S. However, the 
implications of the potential recent loss of resident lynx in the GYA for the redundancy of the 
DPS are unclear. The historical record and recent research show that the GYA has supported 
resident lynx. However, it is unclear whether the area consistently supported a resident 
breeding population over time or whether it naturally supported resident lynx only some of the 
time (“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable. 
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Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous U.S. Because there are no indications of 
current threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the 
current level of representation does not appear to represent a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 4, below), 
they were collected using different methods, at different times and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 

conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
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persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS. 
 
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places.  
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit     
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce-fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 

2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50 percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
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entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-
collared in Minnesota died after traveling north into Ontario, four from legal trapping/hunting, 
and two of unknown causes. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 

2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 
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(about 90 percent) of this unit, including Federal, State, Tribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 

being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations 
exist in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 65-
90 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential lynx 
habitat, led to increased home range size, and may have reduced the current carrying capacity 
of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat within this 
geographic unit may have been influenced by climate change (Westerling et al. 2006, pp. 942-
943). There is significant risk for potential future wildfires to further affect the viability of lynx in 
this geographic unit. Burned habitats are expected to regenerate back into suitable lynx habitat, 
but this may take 35-40 years. The Kettle Range to the east of this unit was suspected to have 
supported a small (likely fewer than 20 individuals) resident population until about 30 years ago 
when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. Results of snowshoe 
hare research suggest that the hare population density in Washington exists at the low end of 
the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The OWNF and 
CNF, which administer more than 90 percent of lynx habitat in Washington, continue to manage 
lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, which 
manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.  
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Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of 
Federal lands that are currently managed to conserve and restore lynx and hare habitats. Past 
timber harvest and associated management (thinning, road construction, fire suppression) 
appear to have had localized impacts but not to have diminished the unit’s ability to support 

resident lynx. The size and intensity of wildfires have increased over the past several decades, 
predominantly in the northern half of the unit (including the large fires of 1988 in Yellowstone 
National Park) and likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and, if so, to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Snow conditions currently 
appear to be adequate, with most of this geographic unit modeled to have a 95 percent 
probability of providing snow cover conditions supportive of lynx presence (Gonzalez et al. 

2007, p. 12). Hare densities were very low in most of Yellowstone National Park but high in 
parts of the Bridger-Teton National Forest in the southern half of the unit. The role of past and 
recent immigration in maintaining the demographic and genetic health of lynx populations in this 
unit is unknown. This unit lacks direct connectivity to other lynx populations, and there is only 
anecdotal evidence that irruptions of lynx from Canada resulted historically in immigration into 
this unit. Some lynx released in Colorado dispersed northward into this unit and temporarily 
occupied home ranges in areas used previously by native resident lynx, but there is no evidence 
of reproduction among these lynx.  
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believe it is reasonable that lynx 
continue to occupy all National Forests within the State of Colorado (Odell undocumented pers 
comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, page 3). Habitat that 
supports snowshoe hares is patchily distributed in this geographic unit, which limits their 
abundance. Because the majority (90 percent) of lynx habitat in Colorado is under Federal land 
management, actions occurring on other ownerships are unlikely to result in significant losses of 
lynx habitat within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, 
providing conservation through the Southern Rockies Lynx Amendment. However, regulatory 
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mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in six geographic units within the DPS range.  

 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 

designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.  
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April). 
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Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).  
 
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 

2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat. 
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
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snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km [559 mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] 
southeast of Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 

al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 

2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26-
year-old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-year-
old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range 
scale, lynx select landscapes having extensive regenerating conifer forest, but also with some 
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mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial 
harvested and mature conifer stands because of increased ease of travel and prey access 
along the extensive edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard 
et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 

2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
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extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
snowshoe hare densities (tall regenerating or older partial harvest stands), which afforded lynx 
with greater mobility and where snowshoe hares were more vulnerable to predation, rather than 
in the densest stands (short regenerating stands; Fuller and Harrison 2010, pp. 1276-1278). 
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Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
often exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm 
outbreaks, the most likely insect to affect lynx habitat, have been highly variable in Maine and 
eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less 
significant as a natural agent of disturbance. The typical fire regime is infrequent surface fires in 
the dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 
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Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), two 
tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) 
and 18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in 
theFederal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
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these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 

‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for coastal areas. These records included 39 kittens 
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representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 

al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, numbering at least several hundred and perhaps more than 1,000 
resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 2016, p. 
18) . Habitat in northern Maine can support lynx densities in localized areas of high-quality 
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habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 
2003 when hare populations were high, lynx density (juveniles and adults) in one of Maine’s 

highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, 
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods (2.3-
3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 

1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix 
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur only 
ephemerally, winking on an off over time as would be expected at the periphery of the range of 
a mainland-island metapopulation structure, and as suspected for other lynx populations at the 
periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 95-104). From 
1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and Wildlife conducted 
snow track surveys in 66 townships to document the distribution of lynx and to inform habitat 
modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx 
habitat were well-distributed throughout northern Maine in the early 2000s (Simons-Legaard et 

al. 2016, entire; Simons 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). 
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Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented 
lynx movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 
2008b, entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-
19), and other aspects of their life history (Vashon et al. 2012, entire).. During the period when 
snowshoe hare populations were highest (2000-2006), Maine lynx had among the highest 
reproductive rates (average litter size 2.74, 89 percent of adult females producing litters) in the 
DPS (Vashon et al. 2012, pp. 18-19). During the current (2006-present) period of low hare 
density, litter size was smaller, only 30 percent of females had litters, and mortality was greater. 
Maine lynx have among the smallest home ranges documented in the DPS (Vashon et al. 
2008a, p. XX; LCAS 2013, p. 24; also see Table 3, above). Home range sizes were similar 
during periods of high and low hare density (Mallett 2014). Lynx populations likely increased 
during the period of high hare density (lambda [λ] = 1.16) and declined during periods of low 

hare density (λ = 0.88) (USFWS, Vortex10, deterministic population simulation 2016; 

demographic data from Vashon et al. 2012). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 

2016). 
 
Factors Affecting Current Conditions 
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Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% of the time) observed from 1961-1990 to about 18-20 days per month 
in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to affect lynx 
by reducing snow and boreal forest (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in 
Canada in the last six decades have occurred in the lower St. Lawrence Valley, immediately 
north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 

2013). Average annual snow depth at all five NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold  and ranged from 228-263 cm (90-
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-
2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). Thus, 
average snow conditions in Maine are currently at or below snow depth thresholds for lynx, and 
further declines in annual snow depth would be expected to reduce the probability of lynx 
persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 

has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 

2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). 
 
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the 
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000. 
 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
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In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and low-
elevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase in 
wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 2, 
2016), and there is increased interest in placing developments on private lands in unpopulated 
areas in northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly 
appealing source of income for investment companies and other landowners who own 
forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been proposed 
in northern Maine and five projects are in operation; two have been proposed in northern New 
Hampshire and two are in operation; and three have been proposed for northeast Vermont and 
two are in operation or under construction. Maine’s two largest wind projects (combined over 

300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx 
critical habitat. The effects of wind energy projects on lynx, hares, and their habitats are 
unknown. Potential direct effects include disturbance or displacement of resident lynx from large 
landscapes and loss and fragmentation of habitat from turbines, roads, and transmission lines. 
Increasing power infrastructure associated with these projects could greatly change 
development potential and patterns in northern Maine by bringing electricity into the interior of 
Maine’s vast undeveloped forest region. Extensive road construction would further fragment 
habitat and increase access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 

http://www.eia.gov/electricity/data/browser
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conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Table 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National 
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
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mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
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eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
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population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 

(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.  
 
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that 
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intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can produce lynx habitat, and the SNF has a long-term 
commitment for doing so; however, private landowners do not. Under the Sustainable Forest 
Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has developed 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) - these 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife including lynx. The implementation of the MFRC guidelines is 
monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are being 
minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
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were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar 
to bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
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in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 

Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 

lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
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In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 

ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 

northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
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diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 

2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 

allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 

https://snowfall.weatherdb.com/d/a/Montana
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In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 

prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
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habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 

Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 

support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 

habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
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guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historical condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 
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naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.  
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
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structuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p. 
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 

Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 

area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 

population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 



 

131 
 

in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 

“winked on” again in the future is unknown and perhaps irresolvable. 
  
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 

geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
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2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
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fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 

2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
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based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 

longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 

Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 

2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 

2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
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from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month. In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (USFWS 
2008a, p. 2). 
 
Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high quality habitat 
(Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2. The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 
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Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 

al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha 
(0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
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environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).  

https://snowfall.weatherdb.com/d/a/Washington
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In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 

Washington, may overestimate the overall lynx population capable of being supported in 
Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 

(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
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from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 

847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
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home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition 
 
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/ 
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF 
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and CNF, to use the LCAS in the management of lynx habitat on their ownerships and when 
designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
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discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations 
in Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30-
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of 
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1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).  

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).  

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 

https://snowfall.weatherdb.com/d/a/Montana
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lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45). 

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
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habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.  

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 

places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). 
However, two resident lynx, a male and a female, were trapped, radio-marked, and monitored in 
the Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire). 
 
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires 
in Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-05 through 2007-08, 26 snow tracks 
on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to be 
from five individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
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Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including two kittens, in 
the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-released lynx also 
traveled through the park (Devineau et al. 2010, p. 526), and two possible (unconfirmed) lynx 
tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife Research 2009, 
pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern part of the unit, a 
single female was detected over six consecutive winters (2003/2004 - 2008/2009) but not 
subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not encounter a male or 
produce kittens during the six years she was detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 

comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.  

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. Modeling vegetation and snow 
suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal 
and temperate conifer forest biomes were broadly distributed across this geographic unit and 
that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 

al. 2010. pp. 607, 609).  

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 

Mechanisms, above.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 

al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
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Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 

ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).  

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).  
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
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pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 

Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911). 
  
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 

2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 

in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In 
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 
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3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25%) LAUs currently 
exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These changes 
are mostly in response to the ongoing bark beetle infestations, as well as wildfire events that 
have occurred since 2008. 
 
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).  
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
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young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–

0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest 
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016). 
  
Factors Affecting Current Conditions 

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 

understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
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Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 

native to North America, was reported for the first time in lynx in Colorado (Wild et al. 

2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 

reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 

none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 

to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 

the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 

Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 

suggested that translocated animals might be more vulnerable to highway mortality than 

resident lynx and this could have been a factor in Colorado at the time of listing. 

Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 

during the reintroduction period (1999-2006). Since early 2007, one year after the final 

reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 

two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 

highways with high speed and high traffic volume pass through lynx habitat, such as I-

70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 

movement, as repeated successful crossings by radio-telemetered lynx have been 

documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 

Squires, personal communication 2012). At this time, it appears that hit by vehicle 

mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 

and associated development overlaps with lynx habitat. Preliminary information from a 

study in Colorado indicates that some winter recreation uses may be compatible, but 

lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 

is possible that ski areas and 4-season resorts may reduce the amount and availability 

of lynx habitat within localized areas, in part by influencing the distribution or abundance 

of prey resources within the developed area. However, there is also considerable 

anecdotal evidence of lynx using ski areas. 
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Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 

means of predator control or for commercial and recreational trapping. If a landowner 

can prove that all other non-lethal methods have been ineffective, a 30-day exemption 

may be granted for depredation cases. Incidental trapping mortality of lynx may be a 

minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 

common throughout most of this geographic area, mostly related to the grazing of 

domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 

grazing does occur during summer at the higher elevations, especially in south-central 

Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 

the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions. 
 
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Chapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 

ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why. 
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Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. Some of the experts we consulted indicated that their projections 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies). Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections; they felt that factors influencing lynx persistence on the landscape are independent 
of ESA listing status (Lynx SSA Team 2016, p. 52). 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.  

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
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condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts. 
 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Table 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units. 
 
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Figure 7). 
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from one or more of the five geographic units 
that currently support them. 
 
We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units and be 
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substantially reduced in the remainder by the end of the century (we are aware of no climate 
modeling that suggests the complete disappearance of potential lynx habitat from the entire 
contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more likely 
in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case. 
 
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 

forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 

predictions regarding persistence. Nonetheless, we believe the most likely future condition of 
the DPS is that resident lynx populations will continue to persist at the end of the century in two 
or three of the five units that currently support them (i.e., they will be functionally extirpated from 
two or three of the units) and that even where populations persist, they will be reduced in 
number and distribution and, therefore, resiliency.  
 
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 

jsquires
Highlight
A zero probability is a big statement.  For example the functional (actual ) lynx habitat actually has been mostly impacted by a single catastrophic event - bark beetles.  That same scale of event could conceivable  sweep over the actual/functional lynx habitat in Washington, Wyoming, or even Montana (I realize that lynx may be able to gap this disturbance).  Also, somewhat true   for fire (1910 style) in these same western landscapes.  



 

161 
 

uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 

the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and 
likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit   
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Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high quality hare habitat will drop from 
about 10 percent to 5 percent of the landscape. High quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid- to late-
century. Climate change, increasing demand for hardwood forest products, a pending spruce-
budworm outbreak, and frequent disturbance of the forest all will contribute toward the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50% by the end of the century, although there was wide variation in 
opinions. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Core Team 
were more pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, 
we observed that there is great uncertainty about the future of forest management and future 
development on private forest lands. We also note that the threat for which the lynx DPS was 
listed, the lack of specific conservation direction in Federal forest planning and management 
regulations and direction, has not been addressed on private lands. There are no long-term 
management plans in place, State forest regulations have greatly influenced harvesting 
practices that have (and will continue to) reduce landscape hare densities, markets for forest 
products are depressed, and projections (under current harvest scenarios) are that habitat will 
diminish and shift southward in the near term because of post-harvest succession and recede 
northward over the longer-term because of continued climate warming. 
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Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity and persistence of snow, competition, disease, and forest insects, and over the long 
term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listed, the species would be placed on the 
Forest’s Regional Forester Sensitive Species list for at least 5 years, which gives it a higher 

priority than other species for monitoring and management during that time. It is expected that 
the MFRC guidelines will remain in place into the future and that voluntary actions will continue 
on State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking all factors into 
consideration (i.e., loss of boreal forest, increased competition, potential disease and insect 
outbreaks, loss of snow), lynx experts projected the mean probability persistence of lynx in 
Minnesota to the year 2025 was greater than 90 percent, to 2050 was 80 percent, and would 
decline to approximately 35 percent by 2100. After reviewing the scientific literature concerning 
climate change projections (diminishing snow conditions, loss of boreal forest, lack of 
elevational refugia, increased competition, potential disease, and insect outbreaks), some 
members of the  SSA Core Team were slightly more pessimistic about the future of lynx in 
Minnesota than the lynx expert panel. The Core Team concluded that the climate-mediated 
conversion of boreal forest to temperate forest and the loss of favorable snow conditions could 
occur at a rate and extent that would result in a lower probability of persistence than the median 
most likely estimate provide by experts, including the possibility   that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
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majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 

the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. 
           
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% to 90% (median = 80%), mid-century persistence at 30% to 80% (median = 70%), and 
end-of century (year 2100) persistence probabilities less than 50% (median = 38%) for lynx 
populations within this geographic unit. After considering the best available scientific information 
and input from lynx experts summarized above, the Core Team is generally in agreement with 
the experts regarding the probability of long-term persistence of Canada lynx in this geographic 
unit. We expect this unit will continue to support a small resident lynx population through mid-
century but that its ability to do so beyond then is questionable, and that functional extirpation of 
lynx from this unit by the end of the century is more likely than not. 
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Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 

least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 
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persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to 
become more fragmented by areas that no longer retain appropriate snow conditions and 
vegetation. However, we anticipate large areas of snow persistence to remain through the end 
of the century. Beetle kill and wildland fire will result in temporary nonfunctional habitat 
conditions. However, affected areas are likely to regenerate and provide excellent habitat 
conditions to support hares and lynx. A caveat to future habitat conditions in light of climate 
warming is that some areas that currently support snowshoe hare populations may experience 
vegetation type conversion that may not support snowshoe hares. Our conclusion, based on the 
information available to us, is that lynx are likely to persist in western Colorado to the end of the 
century. Our conclusion is not without uncertainty, stemming primarily from the historical lack of 
evidence of consistent lynx presence within Colorado prior to the reintroduction effort. Our 
conclusion is generally consistent with that of the experts. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties. 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario 

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat and fisher to 
changing snow regime 
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● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 
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repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence   
 
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to the end 
of the century (2050, 2100). Snow conditions would continue to deteriorate (especially in the 
Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
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spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).  
 
In addition to climate change, the lynx experts that we consulted expressed a number of near-
term stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities). 
 
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past. 
 
The best available science indicates that hare populations have declined by about half across 
all stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.  
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 
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Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWS lynx Core Team generally agreed with 
this prognosis with the exception that some were less optimistic about the persistence of this 
population, especially after reviewing the literature pertaining to climate change in this region. 
 

 

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  
 
Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 

individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 

2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
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2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will 
use widespread use of pesticides to control spruce budworm and herbicides to promote spruce-
fir regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for 
supporting lynx.  
 
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 

al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 

lynx.  
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
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models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.  
 
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 

(2012, p. 60).  
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.  
 
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 



 

174 
 

Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
 
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 

2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire). 
 
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 

(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.  
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.  
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
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in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 

al. 2016, p. 2).The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 

favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 

species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 

al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
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densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 

al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032 
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape 
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).  
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Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 

2016, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled 
simultaneously (K. Legaard 2016, pers. comm.). Assuming current forest management trends 
persist to the end of the century, spruce-fir dominated forest is expected to continue to decline 
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(Legaard et al. 2013, entire). The combination of budworm-induced mortality and salvage 
harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, entire). However, after 
a budworm outbreak the biomass and area of mixed-hardwood/softwood forest would be 
expected to increase through this century primarily because of the proliferation of regenerating 
balsam fir (see discussion above) (Legaard et al. 2013). Mixed forests having a high (greater 
than 50%) hardwood component are not believed to support high hare densities (Scott 2009, p. 
109) or be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx 
can adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. 
They may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and increased populations of bobcats and other competitors.  
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 

immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 

debate (Baldwin et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” 

are the responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 

owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to 15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
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third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 

trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
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of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become two of the largest such projects in Maine. Mining is not a traditional land 
use in this unit, but a large mining operation is being considered at one location in designated 
lynx critical habitat. Extraction operations for gravel (for road building) are widely-scattered 
throughout the unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 

al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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turnover and development pressures), the Core Team also believed that the population status of 
lynx in Maine will diminish substantially in the future. The Core Team believed that lynx 
populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team believed that given current trends (diminishing snow conditions, 
extensive partial harvesting of the forest, forest fragmentation, possible pelage mismatch for 
hares, increasing populations of bobcat and fishers in a lower snow environment) landscape 
hare densities have, and will continue to decline in northern Maine. Extended periods of lower 
hare numbers (as seems to be occurring now), would be expected to exacerbate these 
declines. 
 
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believe that development pressures (residential and 
commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future. 
 
The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); for new highways, transmission lines, large-scale energy 
development, mining, and residential and commercial development. Without Federal listing, few 
of these projects would consider lynx. Critical habitat has been an important consideration in the 
Federal review of the aforementioned kinds of development projects. Critical habitat also has 
had a positive influence on land conservation in northern Maine, with land trusts and non-
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governmental organizations using the lynx and their critical habitat as justification for seeking 
funds for conservation easements. This justification for habitat protection would no longer be 
valid in a future scenario without lynx being Federally-listed. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and fragmentation 
and would result in reduced justification for habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believe several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believe that despite a closed hunting and trapping season, 
incidental take would continue and possibly increase and could become a significant threat to a 
population of lynx that will likely be significantly diminished by mid- to late-century. 
 
After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
state regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical to the 
existence of hare and lynx, and snow depth and duration are currently at or below the 
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thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce-fir is being replaced by northern 
hardwoods because of climate change. Frequent forest cutting and disturbance, including a 
pending spruce budworm outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of spruce-fir decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Maine by late-century 
under both low and high emissions scenarios. Climate change models portend declining snow 
conditions from low- to high-emissions. Because increases in temperature are thus far tracking 
high emissions scenarios we are less optimistic for snow conditions that favor lynx by mid- to 
late-century. In the past decade, interest in development has increased in lynx critical habitat, 
especially proposals for large-scale residential and resort development and extensive wind 
energy development that could cover hundreds of square miles. We conclude that these threats, 
individually and cumulatively, indicate diminished populations of lynx and their habitat. If these 
threats are not abated, we believe that the probability of persistence will be lower than projected 
by experts by mid-century and that lynx will have a greater likelihood of extirpation by the end of 
the century. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Figure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change. 
 
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 



 

184 
 

pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit). 
 
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38). 

Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. Active 
management of forest lands can maintain, restore, or create lynx habitat, and the SNF has a 
long-term commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
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management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, the species would be placed on the Forest’s Regional Forester 

Sensitive Species list for a minimum of 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. The SNF consults with the FWS to 
consider the effects of any projects to lynx and its critical habitat and is anticipated to do so as 
long as the species is listed under the ESA. 
  
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing. 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
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long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 

management practices benefit populations of snowshoe hares, the lynx’s primary prey 

(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49). If the DPS was not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future 
conservation of lynx because lynx distribution and habitat is likely to shift upward in elevation 
within its currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). 
Greatest stressors of climate change include diminishing snow depth, quality and duration; 
competition from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004, 
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario. 
  
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).  
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Lynx require at least four months (120 days) of continuous snow coverage (Gonzalez et al. 

2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 

1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 

al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next 
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the state by 2095 (Moen and 
Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of the small area in Cook County (the extreme northeastern 
corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than the majority of 
the area that is now considered lynx core habitat and would, therefore, support a much smaller 
number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
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the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood, partial cut, and uneven-aged cutting; wildlife restoration projects that involve tree 
cutting, shearing, burning, seeding, and planting; prescribed burning for ecological purposes, 
hazardous fuel reduction, and site preparation; mechanical site preparation. If the DPS is de-
listed, the species would be placed on the Forest’s Regional Forester Sensitive Species list for a 
minimum of five years, which gives it a higher priority than other species for monitoring and 
management during that time; however, it is unclear what the forest management would entail 
during or after that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
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http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management 
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
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increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.  
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporarybecause the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.  
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more 
pessimistic about the future of lynx in Minnesota than the lynx expert panel. The Core Team 
concluded, with slightly more certainty than the expert panel, that the lynx may be extirpated at 
the end of the century. The experts predicted the probability of persistence to decline to 
approximately 35 percent by 2100 while the Core Team thought the probability of persistence 
would be lower at that time. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Furthermore, hybridization and competition with bobcat 
may increase with diminishing snow conditions because of continued climate warming and there 
are uncertainties how insect outbreaks or disease may affect the species or its habitat. 
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The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is state listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the state statute, a person may not take, import, transport, or 
sell any portion of an endangered or threatened species. However, these acts may be allowed 
by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the state. In Minnesota, the large proportion of lynx core area owned by the Forest 
Service provides a nexus for USFWS review of Forest projects under section 7 of the 
Endangered Species Act (i.e., there is rarely federal funding spent on forestry and no federal 
permits required for forest management on private lands), which would be lost post de-listing. 
Because of their Federal listing, Canada lynx are recognized as a priority species for planning 
by federal, tribal, state, and private forest landowners. Voluntary guidelines that consider the 
Federal listing status may guide private landowners to at least consider measures to help 
conserve listed species in the future. Without Federal listing driving voluntary conservation 
guidelines, however, there would be little or no motivation for private forest landowners to 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the USFWS to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); for new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development. Without Federal-
listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 

trapping may be further delayed or halted and may result in the diminishment of protective 
measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 lynx have 
been reported to be incidentally trapped in Minnesota since listing, resulting in at least 6 
mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without federal 
protection. High-profile law Federal enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota and trapping would be expected to occur there that may lead to greater 
incidental take of lynx. Without federal listing, shooting lynx may increase. We believe that 
despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that will likely be 
significantly diminished by mid- to late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy snow 
is critical to the existence of hare and lynx, and snow depth and duration are currently at or 
below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios, 
we are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believe that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
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into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity. 
  
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure 10, below). 
 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
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and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 

cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
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the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 

Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five years to assess its ability to sustain itself without the 
ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended. Given these requirements, we expect that future Federal management 
direction will continue to include regulations and guidance protective of lynx, although specific 
measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
  

jsquires
Highlight
It is important to realize that these protected and roadless areas are outside the primary lynx habitat in Montana.  Most of these areas are very high elevation and rough topography that are little used by lynx.  It's interesting that lynx Montana are really centered on lands that are in the FS timber base given the species resource-use patterns.  
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On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 

habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished or that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), although some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
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by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.  
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging the use 
of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
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Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 

population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future. Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity resulting from continued 
climate warming and drying, it may be necessary to reconsider whether fire suppression in 
some lynx habitats could benefit lynx by reducing the potential for extirpation of resident 
populations, especially in places already apparently only marginally capable of supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
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not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years. Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting eventually in an 
increased likelihood of functional extirpation of lynx from this unit (i.e., a lower probability that 
the unit would continue to support a persistent resident lynx population). However, as noted 
above, the lynx population in the Purcell Mountains in the northwestern part of this unit was 
estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over 
the last four years of the period for which the Seeley Lake population was estimated to be 
declining. In the absence of information on historic, recent, and likely future rates of immigration 
and its contribution to the persistence of lynx populations in this geographic unit, impacts of 
potentially reduced future immigration are difficult to project and are largely speculative at this 
time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
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to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State managed lands within Washington State. 
 
Further, should lynx be delisted, the management for and status of lynx in this geographic unit 
should be largely secure (insofar as we can affect their status [i.e., notwithstanding effects of 
climate change)] as greater than 90 percent of lynx habitat in this unit consists of Federal 
ownership on the OWNF and CNF. We expect that both the OWNF and CNF will be required to 
manage for lynx and their habitat into the future because both forests will have incorporated lynx 
management direction into their respective LRMPs. We acknowledge that LRMPs can be 
amended or revised. However, LRMPS are typically in place for 15 years or longer, and the 
Service, other Federal and State agencies, and the public would have opportunities to comment 
on any proposed amendments or revisions to the OWNF and/or CNF LRMPs through the 
National Environmental Policy Act process. Therefore, we expect that both the OWNF and CNF 
will continue managing for lynx and their habitat into the future regardless of their listing status. 
 
Climate Warming - The one risk factor identified by the LCAS which the Forest Service, or the 
WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of the published literature on 
this subject leads the Core Team to conclude that climate change does indeed pose the 
greatest risk to the long-term persistence of lynx, including within this geographic unit. 
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
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wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 

estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 

elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 

Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 

comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
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speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures. Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced because of projected 
climate-mediated decreases in snow quantity and quality. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely 
to increase the population’s vulnerability to stochastic environmental and demographic events. 

Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
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that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit. 

 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 12). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
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conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
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and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
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However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 

become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 

to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
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have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 

least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Figure 13). 
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily-
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 

exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
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(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five percent is in 
Federal ownership. Other ownerships include state, county, municipal, etc., and private lands. 
Some BLM resource management plans have not been amended to include conservation 
specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow forest extensions 
connected to larger blocks of habitat on adjacent USFS lands. Generally these extensions are 
insufficient on their own to support a lynx home range. However, the Gunnison Field Office is 
the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 

warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow 
would continue to be retained late in the 21st century, including the high elevations of 
Colorado.” 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
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elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 

models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 

substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 

(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historic 
record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
had no data). Despite these uncertainties, we anticipate lynx populations to persist through the 
end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.  
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains in 
place, lynx are likely protected from take, and their habitat requirements likely met in a 
significant majority of the available habitat within the state. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 

fully exploit habitats year round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
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Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 

with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 

temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 

range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx. 
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) 
continue to support resident lynx, thought to number 200-300, although a small subpopulation in 
the Garnet Mountains on the southern periphery of this unit may have been extirpated recently. 
In North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events. 
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Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 

12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 

to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
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been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
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The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 

range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
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lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 50 
percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid- 
to late-century concerning the timing and extent of various stressors that will affect lynx and 
hare habitat and snow regimes, especially those related to climate change. However, review of 
the best available science in concert with input from lynx experts suggests that the probability of 
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the persistence of resident breeding populations will decline in all geographic units, with the 
negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 
contrary) beyond that time frame. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
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The Draft Species Status Assessment for Canada Lynx, Version 1.0 is a commendable and comprehensive 
effort by the Lynx SSA Team to compile the relevant biological and climate-related information relevant 
to  assessing the historical and current framework, status, conservation challenges, and current 
conditions for maintaining and conserving the Contiguous United States Distinct Population Segment 
(DPS) of Canada Lynx.  The SSA Team has also made a credible effort to assess potential future 
conditions for each of the 6 resident populations within the DPS based on their interpretations and 
those of other experts.  Despite my overall positive impressions of this extensive assessment, I have 
several comments (numbered below) that address either inconsistencies in interpretations, 
inappropriate generalizations, tenuous assumptions, and/or oversights of available information that 
may be relevant to future revisions of the Draft SSA document, and which may influence subsequent 
interpretations and decisions by USFWS based on this assessment.  My comments are concentrated on 
the Maine population given my familiarity with that system and my research experiences there.  I do; 
however, provide several comments that are relevant across the DPS or within other populations of lynx 
within the DPS.  I cite references that already occur in the report in black and new reference that are not 
included in the Draft SSA in red.   References in red are provide in a Literature Cited section at the 
conclusion of this review.  My most substantial comments are summarized by number and are 
presented below: 

1)  The report is based on the broad generalization (e.g., p.6, par. 1, lines 1-2) that “lynx are naturally 
less abundant and more patchily distributed within the DPS than in the core of the species’ range in 
Canada and Alaska.”  This is clearly an issue of both spatial and temporal scale and invokes the broad 
generalization that lynx are neither viable nor sustainable within the DPS.  Lynx densities are naturally 
patchy and densities are uneven (during both highs and lows of hare abundances) across the landscapes 
of interior Canada and Alaska.   Lynx are most abundant in landscapes 10-40 years after large fires, are 
absent from large expanses of treeless high-elevation landscapes, and decline to precipitously low 
densities during the low in the hare cycle within the core of the species’ range.   Previous studies in 
Canada have focused on Canada lynx within areas that were largely contiguous and deemed suitable, 
which does not reflect this natural variation at the larger scale and may provide unrealistic benchmarks.  

 In fact, within suitable landscapes, both densities of lynx (Vashon et al. 2012) and densities of snowshoe 
hares within habitats preferred by lynx and hares appear to have remained higher in northern Maine 
during both a period of high hare density (2001-2005), during a year of transition (2007), and during a 
period of relatively lower hare densities (2008-2015) compared to what is typically observed during the 
nadir of the hare-lynx cycle in Canada (Harrison et al. 2016).   Further, lynx typically expand home 
ranges, abandon territories, and emigrate from areas of prior residency during the nadir of the hare 
cycle within the core of the range; however, no significant changes in landscape-scale resource 
selection, home range area, or evidence of territoriality was observed in lynx between period of relative 
high (though typically lower than peak in core range) hare densities in Maine, or during periods of 
relatively lower hare densities in Maine (Mallett 2014). In fact, mean hare densities in preferred habitat 
during the lower hare density period in Maine (0.86 hares/ha from 2008-2015; Harrison et al. 2016) 
were about 8-fold higher than hare densities during the nadir in many areas of the core range in Canada.  
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 Thus, the Draft SSA overlooks the possibility that populations may be less variable and have exhibited 
long-term sustainability, coupled with less dramatic temporal  fluctuations in density, survival and 
recruitment within Maine, and perhaps Minnesota, compared to populations within the core range.  
Although the finite rate of population change is lower in Maine during period of high hare density than 
observed in the core range, the rate of growth was positive and remained high for at least 6 years (and 
hares were likely high for at least 10 consecutive years based on additional unpublished information; 
and see snow track surveys for hare in Hoving 2001).  Although very limited evidence for reduced 
reproductive rates (number of litters observed was very low) weakly suggests a potential annual decline 
in lynx during periods of relative hare lows in Maine, the rate of decline is much slower than typical in 
populations in the core range where hare densities may plummet 25-fold (versus declining to levels of 
approximately 40% of peak densities during the hare low in Maine).  Thus, the possibility that a lack of 
10-year cycles in lynx at the southern limit of their distribution means that the populations are not 
sustainable without inputs from Canada is a tenuous inference and ignores the point that average long-
term finite growth rate could be positive in places with non-cyclic or dampened fluctuations with 
increased periodicity.  In fact, the geographic distribution of lynx throughout Maine has been 
remarkably  consistent from the mid 1800’s to present (Hoving et al. 2003), and harvestable populations 
have remained sustainable in the demographically isolated populations in the Gaspe’ region of Quebec 
south of the St. Lawrence River and contiguous with Maine since the matrix fracture caused by the 
formation of the St. Lawrence Seaway (daily ice breakage since  the 1950’s).  This suggests high 
resiliency of this population and argues that Maine is not an island in the meta-population sense and is 
part of a persistent population across the mixed transitional forests of Maine, southern Quebec, and 
New Brunswick and spanning nearly 30 million acres of habitat that is contiguous and demographically 
isolated from other lynx populations.  The population dynamics of this large population in Maine may 
differ from populations in the western Canada, but may be sustainable and may contribute dispersers to 
Canada.  This clearly violates the general assumption (page 7, final bullet at bottom) of the Draft SSA 
which states that:  “We assume that lynx exhibit a “mainland-island” metapopulation structure in which 
the DPS populations function as “islands” that receive periodic input from “mainland” Canada 
populations.”    This  “mainland-island” metapopulation structure is critical to the biological assessments 
throughout the Draft SSA and does not appear relevant to the contiguous populations in Maine, and 
also does not likely apply in Minnesota.    The application of the metapopulation concept may or may 
not apply in Montana (depending on subpopulation), and seems most relevant to the populations in 
Washington, the GYE, and western Colorado.  Applying this concept across the entire DPS does not seem 
appropriate.  

2)  Closely related to comment #1, this comment focuses on the tendency of the Draft SSA to broadly 
generalize across the 6 populations in the DPS despite that some populations are geographically, 
ecologically, demographically, and genetically more similar to contiguous core populations in Canada, 
and which may have much less commonality with other geographically isolated populations within the 
DPS that are separated by hundreds and thousands of miles.  The first bulleted assumption on page 7 is 
an example: “We assume that , in general, habitat quality, hare densities, and lynx numbers are 
naturally lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, including 
the DPS, than in the core of the species range in Canada and Alaska. “   This assumption is important 
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throughout the assessment and ignores that landscape hare densities are substantially much lower in 
western Colorado, GYE, and north-central Washington, which are also demographically isolated from 
core populations, compared to across northern Maine and some areas of north-eastern Minnesota 
where landscape hare densities are higher and habitat is contiguous with core populations of lynx.    
Habitats in western populations within the DPA are also naturally more fragmented with extensive areas 
that are completely absent of hares.  This is in substantial contrast to northern Maine where landscape 
hare densities are higher and where hares occur at varying densities, but are continuously distributed 
across a variety of habitats across the larger 10 million acre landscape (with the exception of water 
bodies), which is also contiguous with another 20 million acres in maritime provinces of eastern Canada 
where no significant geographic barriers to lynx or hares exist. 

The assumption that lynx numbers are lower in the DPS is also tenuous.  In Maine, lynx and hares are 
likely more numerous during the hare low than during the nadir of the cycle in the north, and likely 
maintain a longer period of positive growth rate during the longer periods of relatively higher hare 
abundance (albeit with lower maximum rates of increase than experienced during the cyclic highs in the 
north).  Thus, the dynamics may be fundamentally different and dampened cycles with longer 
periodicity may not indicate that a large U.S. population that is contiguous and part of a larger 
contiguous population in Canada is non-sustainable without supplementation from Canada.   

I acknowledge that the erosion of hare and lynx population cycles in western Canada could contribute to 
endangerment of smaller and isolated populations of lynx that could depend on immigration pulses 
from Canada, but that is a different source-sink process that likely does not apply to the contiguous 
populations in Maine and Minnesota and would seem to be more relevant to the smaller, more isolated 
populations in Washington, GYE, and Colorado (and perhaps to smaller sub-populations in Montana?). 

 The other general assumption that population processes in the DPS are more similar to northerly 
populations at the low in hare numbers is universally inaccurate across the population within the DPS.  
We know that finite rates of population change for lynx are well below 1.0 (rapid decline phase) starting 
1-year following the decline phase of hares within the core range.  This is in complete contrast to the 
positive rate of increase in one subpopulation in Montana across several years, and the positive growth 
rate across several years of relatively high but stable hare densities in Maine. Further, the slightly 
decreasing values for Maine during the relative hare low were based on an exceptionally small sample of 
reproductive-aged females (n~5 , and surely had a confidence-level on lamda spanning 1.0). This also 
coincided with a period of range expansion by lynx in Maine, and the estimated finite range of change 
during the relative hare low in Maine was much closer to one (despite high uncertainty with that 
estimate) than has been reported for lynx during the decline phase in the core  of their range at the 
nadir of the cycle.  This is not surprising given that hare numbers during the low in Maine are ~ 8-fold 
higher than in the core range.  In summary, this general assumption is inconsistent with other 
information presented in the Draft SSA and is not universally applicable across the different populations 
in the DPS.  Again, the assumption seems more relevant to the western populations of the DPS (e.g.,  
Washington, GYE, Colorado) where hare habitat is patchier and where landscape densities of hares are 
generally lower than in Maine and Minnesota (and perhaps in some subpopulations in Montana?). 



**Incomplete and Unedited Draft for Use as Working Copy Only** 

 

 

Page | 5 
 

3) The final general assumption that is bulleted on page 8 seems unsupported and could greatly affect 
the future status of lynx.  The assumption that current levels of conservation for lynx would continue 
without protections under the ESA is completely unrealistic.  First, federal agencies (primarily USFS and 
BLM) did not prioritize lynx conservation prior to federal listing as a U.S. Threatened species, and would 
not be required to do so beginning 5 years after lynx are delisted.  Lynx habitat must be managed for 
consistently across the time span of forest succession (i.e., many decades) and involves significant 
economic and ecological tradeoffs that would likely be compromised without ESA listing.   In fact, there 
has not been a credible assessment to date of the efficacy of recent efforts to prioritize lynx 
conservation on federal lands within the DPS.  It seems inadvisable to change what USFA and BLM have 
planned to accomplish before evaluating whether the current efforts are working or require 
modification/enhancements. 

On private lands, forest (i.e., green) certification is growing and is a major force in the marketplace. 
Certification criteria are evolving and increasingly acknowledge the need for landscape-scale habitat 
conservation.  Certification is linked to efforts to conserve threatened and endangered species, thus 
delisting could eliminate the growing potential for lynx conservation on private forestlands, particularly  
in Maine and Minnesota. 

The current Maine Forest Practices Act, as well as 3 public referendums in Maine to ban clearcutting 
were results of ecological and aesthetic concerns by the public.  These factors greatly affect the future 
prognosis for lynx habitat supply and configuration for the largest U.S. population of lynx.  The policies 
are evolving and at least one large landowner (with >1 million acres in Maine and millions of acres in 
New Brunswick) has received variances to allow large-scale clearcutting to achieve outcome-based 
forestry results to promote lynx and hare habitat.   Future opportunities to modify policies to benefit 
lynx conservation on private lands would be severely compromised if lynx were to be de-listed.   

Other federal programs have enhanced lynx habitat on private lands. For example, the Healthy Forest 
Reserve Program funded through USDA resulted in > 180,000 acres of forestland acquired by a 
conservation organization being managed primarily for marten and lynx conservation within a working 
forest framework balanced by appropriately-placed ecological reserves.   Funding was motivated by the 
ESA listing for lynx.  Federal funding for planning and implementation was central to the project and 
similar efforts would likely not exist in the future absent listing of lynx under ESA. 

Additionally, the frequent incidental take of lynx is documented in numerous places within the Draft 
SSA, yet there has been no modeling or simulations presented to address the potential effect of 
incidental harvests on small and marginal lynx populations within the DPS.  The numbers reported in the 
Draft SSA also assume complete reporting of illegally, accidentally, and bycatches of lynx, which is 
unlikely.  In recent decades, as many as 8,000 martens, >2,500 fishers, >4,000 red foxes, hundreds of 
bobcats, and thousands of coyotes have been legally harvested during a single year in Maine.  Lynx are 
vulnerable to incidental capture in a wide variety of sets and traps that are targeting other furbearers.  
Road densities throughout much of the lynx critical habitat in Maine exceeds 1.5 km/km2, thus nearly all 
individual lynx are exposed to potential trapping and illegal shooting.  Historically, up to 400 lynx pelts 
were sold during a single season in Maine.  Additionally, government endorsed programs to control 



**Incomplete and Unedited Draft for Use as Working Copy Only** 

 

 

Page | 6 
 

coyotes and/or wolves occur in many western states and in Maine, and may provide risks to lynx.    Lynx 
harvested in the U.S. can be sold illegally in Canada and may be targeted by poachers.   Additionally, fur 
markets cycle widely and shifts in fashion could elevate fur prices and could increase risk by altering 
trapping effort.  Although it is unreasonable to assume that direct human-induced mortality of lynx 
affects resiliency, it is also unreasonable to assume that it does not currently affect resiliency and that it 
may not act synergistically with habitat loss, fragmentation, and climate change in the future.  Further, it 
may be more difficult for state wildlife agencies to effectively conserve lynx given competing public 
demands (e.g., demands for coyote or wolf trapping/snaring to protect game species and livestock) 
absent protections for lynx under the ESA.  These issues have not been adequately considered or 
evaluated in the Draft SSA. 

Finally, the assumption that conservation for lynx would continue absent protection under the ESA does 
not consider that millions of acres of conservation easements purchased since lynx listing, and which  
restrict development and ensure a continued focus on working forests (with forest succession that 
promotes hare densities).  Such easements have been leveraged and publically funded based on 
perceived conservation benefits and using lynx and other listed species of concern as flagships for 
conservation.  Those benefits are largely dismissed by this assumption and all of the above listed 
considerations are inadequately addressed in the Summary section of the Draft SSA.  

4)  The sections on current and future status of lynx in Maine incorrectly imply that lynx would be absent 
and populations would be non-sustainable without the extensive clearcutting that occurred in the late 
1970’s through 1990.  This seems to ignore that more than 400 lynx were harvested and sold in a single 
year in Maine (annual numbers seemed to fluctuate widely), prior to clearcutting and mechanized 
harvesting.  Further, lynx distribution in Maine has been largely unchanged from the 1850’s to present 
(Hoving et al. 1983). Thus, the regenerating forests following spruce-budworm events, as well as the 
potential for multi-layered old-growth forests to support hare has likely been overlooked in terms of its 
historical significance for promoting lynx populations in eastern transitional forests.  Although I agree 
that clearcutting has resulted in an unnaturally high density of hares within regenerating clearcut forest 
stands, this must be counter-balanced with the current absence of naturally regenerating forest 
following severe budworm mortality, as well as the current absence of old-growth forests with complex 
understories, which likely dominated the historical landscape.  Historically, both of those habitat 
conditions likely supported substantial hare densities and are functionally absent from current 
landscapes.  For all we know, landscape-scale hare densities may have been favorable for lynx for 10-45 
years following budworm events, which would have been the majority of the time assuming a 60-year 
budworm interval.   Old-growth stands with gap-phase dynamics were likely a dominant part of the 
historical landscape matrix and likely supported more hares than in mature second- and third-growth 
stands, which support about 1/3rd  to 1/7th the hare densities typical of regenerating clearcuts  (Fuller 
and Harrison 2005, Harrison et al 2016). 

5)  The report seems to over-estimate the current and future population status of lynx in western 
Colorado and does not adequately address why lynx were extirpated or absent for Colorado in the past?  
Recent information suggests landscape hare densities are below thresholds required to support lynx 
over the long-term (i.e. more dry-conifer forests due to lower latitude), and that recent observations on 
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reproductive rates suggest that those rates are insufficient to support positive population growth.  
Further the population is the most southerly and isolated of all lynx populations in the DPS.  Thus I am 
questioning how mid-century persistence of 50-85% and end of century persistence of up to 70% 
(median 50%) can be realistic.  It seems that this decision is largely driven by the high elevation and 
better long-term prognosis for snow and ignores the more critical short- and long-term issue of 
inadequate prey base.  The presence of a potentially significant disease (plague) and high bobcat and 
cougar populations that may expand their winter ranges upslope also seem to have been minimized in 
this assessment?  In my professional judgement, this unnatural (likely), recently established, and 
marginally viable (at extreme southern range limit for hares) population should be deemed 
experimental and should not be a high priority for ESA protection (similar to the approach of the Draft 
SSA with the GYE).  As written, the Draft SSA would seem to place the western Colorado population at 
higher priority for future conservation than other long-established populations based solely on the 
criterion of future projected snow conditions (which lack certainty), while minimizing the historical and 
current potential to provide for a sustainable population . 

6)  Throughout the document, interference competition via aggressive interactions and/or predation by 
mountain lions and particularly by bobcats is mentioned as a major factor affecting current and future 
habitat suitability. Deep, fluffy, persistent snow is stated to provide a refugium for lynx resulting from 
their lower foot-loading.  I agree with this, but in my assessment the Lynx SSA Team has overlooked the 
importance of limb length (see Krohn et al. 2004) and exploitation competition from other predators of 
hares.  Fisher were mentioned as a potential predator of lynx, but not as competitors for food.  Further, 
fisher have similar foot loading, but much shorter limb lengths than lynx and must resort to an 
energetically costly bounding pattern in deep snow.  Further, Krohn et al. (1995, 2004) provided strong 
evidence that the geographic range and density of fisher is limited by deep snow .   Near the northern 
extent of their geographic range, fisher also prey extensively on snowshoe hare during winter, and 
particularly in areas near the northern extent of their geographic range.  Additionally, red fox have both 
higher foot load and shorter limbs than lynx (Krohn et al. 2004) and prey extensively on snowshoe hare 
during winter in boreal and transitional environments .  For example, Major and Sherburne (1987) 
documented that hares occurred in >60% of red fox scats during all seasons except summer within the 
current boundaries of lynx critical habitat in Maine.  Further, that study documented that hare remains 
occurred in >60% of coyote scats during summer and autumn (i.e., when snow was not limiting), and in 
> 60% of bobcat scats during autumn and winter.  Additional evidence that coyote and bobcats compete 
and feed extensively on hares near their interface with the geographic range with lynx in Maine is 
provided by Litvaitis and Harrison (1989). Further, Olson (2015) documented diets of lynx in Maine 
during both summer and winter and during periods of relative high and low hare density that were 
specialized on hares.  Finally, O”Donoghue et al. (1997, 1998) documented both behavioral and 
functional responses of coyotes and lynx that could result in exploitation competition between those 
carnivores in Yukon, Canada.  In summary, the evidence for combined competitive effects from a variety 
of mammalian carnivores, which are more snow-restricted than lynx,  is more convincing and 
ecologically relevant than is stated in the Draft SSA.  Further, those effects may be more pronounced in 
the 2 eastern populations where elevational partitioning among lynx, fisher, coyote, bobcat and red fox 
is less likely and where potential for home range sympatry is greater.   This also has obvious implications 



**Incomplete and Unedited Draft for Use as Working Copy Only** 

 

 

Page | 8 
 

given climate change and changing snow conditions throughout the DPS, which are extremely well 
summarized and presented in the Draft SSA. 

More Specific Comments Referenced to Specific Text: 

More specific comments are summarized below with the reference to page/paragraph on page/and 
line(s) within paragraph: 

9/2/22: What is the benchmark for determining when resiliency is “adequate”?  This seems vague and 
warrants justification. 

9/3/10-12:  What is a large geographic area –this seems arbitrary.  Lynx have been lost from Garnett 
Mountains, Kettle Mountains, GYE, and Colorado (perhaps?) in the past 100 years.  It is debatable 
whether this is a “significant” reduction in redundancy?  

10/1/entire:  IBID previous comment.  Are these losses of subpopulations a “significant” loss of 
representation?  This seems a bit arbitrary?  It is uncertain how much “winking off” is natural from a 
meta-population sense, but in at least one case (Kettle Mountains) it appears that human induced 
mortality may have played a role. 

10/2/4:  Forest management may not always be adverse and there could be incentives via subsidies, 
policy changes and certification requirements that could result in favorable forest management for lynx  
on private lands (e.g., clearcutting in a shifting mosaic, herbicide to reduce competing hardwoods after 
clearcutting).  Leveraging and funding such efforts would be more difficult if lynx were to be de-listed.  
Available information for 4.1 million acres of lynx critical habitat in Maine suggests that conifer forest is 
declining and hardwood forest is increasing as a result of past forest harvesting practices (Legaard et al. 
2015). 

11/1/entire:  The assumption that populations will be extirpated from 3 of 5 units represents excessive 
speculation and ignores the high uncertainty and many assumptions associated with that expectation.  I 
agree that the climate change projections, despite uncertainty, suggest increasing challenges for lynx 
conservation in all geographic units.  Populations without topographic relief could be at high risk. 
Additionally, if lynx retreat to higher elevations in western populations their distributions could become 
even more fragmented within naturally fragmented landscapes.  Again, the conclusion that extirpation is 
inevitable in 3 of 5 units implies a level of certainty that is unwarranted given the many interacting 
uncertainties. 

11/3/entire:  Although I agree with the conclusions about genetic representation, the genetic 
structuring, particularly in western mountain ranges and south of the St. Lawrence River suggest that 
demographic isolation could be a concern and could affect future resiliency and redundancy.  Fewer 
population exchanges are needed to maintain genetic representation than are needed to maintain 
population viability in declining populations dependent on demographic exchange with neighboring 
populations. 
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11/2/8-11:  IBID comment on 11/1/entire.  I am fine with this paragraph if the last sentence is omitted -  
“more likely than not…”  is vague, debatable, and compromised by extreme uncertainty.   

14/3/2:  How is “persistent” defined?  More clarity and justification is needed.  Why is the recently 
established population in Colorado where there seems to be lack of sound evidence for a historic 
sustained population, which is dominated by hare densities below landscape thresholds required by  
lynx, and where reproductive success seems marginal, still be considered as “persistent”?  The premise 
that populations in GYE are “persistent” seems contradictory to other evidence presented in the Draft 
SSA. 

16/2/1-7:  References to support the underlying principles behind the “3 R’s” concept are needed to 
strengthen justification for this approach (which I strongly support). 

20/2/1-2:  This sentence could be interpreted to imply an intended outcome by FWS.  Regardless, if de-
listing is a potential future, then the potential effects on lynx conservation need to be much more 
rigorously considered and evaluated throughout the document.  The consideration of this potential 
outcome is very uneven across the 6 populations discussed under Chapter 5: Future Conditions.  In most 
cases, it is implied that things will stay status quo with de-listing.  See comment #3 (above) – this is 
closely tied into my concerns regarding the final general assumption that is bulleted on page 8, which 
seems unsupported and could greatly affect the future status of lynx.  

20/2/5-12:  Why is private land not included in this discussion?  See comment #3 (above). 

23/2/6-10:  This statement ignores the results presented in Mallett (2014), which indicate that in a 
population within the DPS with dampened cyclicity of hares, home range areas, spatial overlap, and 2nd 
and 3rd order resource selection by lynx were unchanged across periods of relatively higher and 
relatively lower hare density.  This benchmark study for a southern population suggests that local-scale 
demography may be more stable in southerly populations where hare populations may exhibit less 
temporal variability. 

24/Figure 6:  A potentially significant interaction seems to be missing from this figure.  With declining 
snow, forest management or natural disturbances that increase habitat quality for hares could actually 
lead to numerical and functional responses of fisher, bobcat, coyote, and red fox, as well as avian 
predators that consume a diet with high representation of hares near the current interface with lynx 
critical habitat.  Increased hare habitat combined with less snow could lead to increased competition for 
a limited food resource. See comment #6 (above). 

25/3/5-9:  Also see Simons-Legaard et al. 2013. 

25/3/entire:  It may be worth mentioning that although lynx select forest landscapes with high 
aggregate amounts of HQHH when choosing home ranges (Hoving et al. 2004, Simons-Legaard et al. 
2013), and often select stands with high hare densities (numerous refs cited plus Vashon et al. 2008b 
and Squires et al. 2010) within their home range.  However, within the home range lynx may also select 
for stands with intermediate hare densities where escape cover for hares is compromised (Fuller et al. 
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2007).  Additionally, when foraging in HQHH, lynx alter their movement paths to avoid transitions from 
HQHH to habitats supporting lower hare densities (Fuller and Harrison 2010).  Thus, once landscape 
thresholds for lynx occurrence are reached, interspersion of HQHH with intermediate quality hare 
habitats, as well as travel corridors may be optimal (McKelvey et al. 2000c, Hoving et al. 2004, Simons 
and Legaard et al. 2013).  This change would cast the second part of this paragraph in a much more 
precise spatial context as the various spatial scales are easily confused as presented in the Draft SSA. 

26/1/1-5:  Hare densities within lynx critical habitat are also presented in Fuller and Harrison (2005). 

26/1/6-12:  This seems to lack the 2 most recent references on threholds of hares for lynx occurrence –
see Simons-Legaard et al. 2013 (reports threshold of >0.7 hares/ha) and (Simons-Legaard et. al. 2016), 
which depicts distribution of hare habitat meeting landscape thresholds for hares across 4.1 million 
acres of lynx critical habitat circa 2010 and 2022.   

26/2/entire:  Also see Olsen (2015) who reported that lynx in Maine were specialists on hares across 
summer and winter seasons and across period of relatively high and low hare densities in Maine. 

28/1/18-22:  This statement is not supported for all populations within the DPS and contradicts lines 4-6 
of this same paragraph?  This general assumption that population processes in the DPS are more similar 
to northerly populations at the low in hare numbers is universally inaccurate across the populations 
within the DPS.  We know that finite rates of population change for lynx are well below 1.0 (rapid 
decline phase) starting 1-year following the decline phase of hares within the core range.  This is in 
complete contrast to the positive rate of increase in one subpopulation in Montana across several years, 
and the positive growth rate across several years of relatively high but stable hare densities in Maine. 
Further, the slightly decreasing values for Maine during the relative hare low were based on an 
exceptionally small sample of reproductive-aged females (n~5 , and surely had a confidence-level on 
lamda spanning 1.0). This also coincided with a period of range expansion in lynx in Maine, and the 
estimated finite range of change during the relative hare low in Maine was much closer to one (despite 
high uncertainty with that estimate) than has been reported for lynx during the decline phase in the 
core of the range.  This is not surprising given that hare numbers during the low in Maine are ~ 8-fold 
higher than in the core range.  In summary, this general assumption is inconsistent with other 
information presented in the Draft SSA and is not universally applicable across the different populations 
in the DPS.  This general  assumption seems more relevant to the western populations of the DPS ( i.e., 
Washington, GYE, Colorado) where hare habitat is patchier and where landscape densities of hares are 
generally lower than in Maine and Minnesota (and perhaps in some subpopulations in Montana?). 

28/2/11-14:  This last sentence is poorly written and includes too many hedge words to be meaningful. 

29/b/2:  Why hare “meat”… is there really something special about hare protein for lynx – I would think 
not. 

28/d/entire:  This seems overtly vague.  What does a “low likelihood of encounters” really mean? 
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29/1/entire:  This seems to ignore the 1-2 year time lag in lynx response to changing hare densities as 
well as a 2 year lag for birth to reproduction in individual lynx? 

29/2/4-5:  This is a direct contradiction to the positive rate of increase in one subpopulation in Montana 
across several years, and the positive growth rate across several years of relatively high but stable hare 
densities in Maine.  It also ignores the substantial lynx densities cited on 28/1/4-6 in N. Maine during a 
6-year high in hare densities. 

29/2/entire:  This entire paragraph is not supported and all lynx populations in the DPS should not be 
grouped together as the landscape compositions and configurations, distribution of HQHH, and 
demographics are very different.   See numerous comments above about the inappropriateness of the 
broad generalization and assumption that lynx demographics across the DPS are characteristic of 
northern populations during hare lows.  If so, then all populations in the DPS should be in rapid decline 
phase most of the time and would not persist.  Data for most southern populations is in direct contrast 
with this assumption, and the data are particularly contradictory for northern Montana, Minnesota, and 
Maine.  In fact, periods of positive population growth occurred over a much longer period in Maine than 
is typical in northern populations with 10-year cycles. 

30/2/1-5:  Again, the populations across the DPS are being generalized when there is much variability.  
Home ranges in Maine and N-C Washington are relatively smaller, not larger than has been documented 
in areas within core lynx range.  Within the DPS there is 3- to 4-fold variability across populations in 
terms of the mean home range areas within sexes. 

31/2/entire:  This paragraph does not address the historical effect of wolf extirpation and coyote 
colonization or expansion in Maine and Colorado.  Coyotes were historically absent but now occur 
ubiquitously across critical lynx habitat in Maine.  Those coyotes use hares extensively (Major and 
Sherburne 1987, Litvaitis, J. A. and D.J. Harrison. 1989), and coyotes may also mediate competition 
between lynx and bobcats (Litvaitis, J. A. and D.J. Harrison. 1989), particularly given reported 
exploitation competition between coyotes and bobcats, which both rely more on deer during winter 
than do lynx (Olsen 2014). 

31/2/10:  This argument focuses solely on foot loading and ignores the effect of limb length which is 
very important in terms of competition by lynx with red fox and fisher.  See comment #6 (above). 

32/2/entire:  This contradicts page 29 and the general assumption that lynx in the DPS operate 
demographically like populations in the north during cyclic lows.  If so, then the factors contributing to 
positive growth and persistence (as identified in this paragraph) would not exist in the DPS and there 
would be no need for this document? 

32/3/entire:  The peripheral island population concept is not relevant to populations in N. Montana, 
Minnesota, and Maine, all of  which occur over large landscapes and are fully contiguous (and part of)  
populations in Canada.  Although the population may be large enough to be sustainable in their own 
right (particularly in Maine), in at least one case there is 10 million acres of habitat that is completely 
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contiguous and fully connected with 20 million acres in Canada.  See comment #1 (above) where I 
criticize the application of the island metapopulation concept across all 6 populations in the DPS. 

33/2/entire:  The wide uncertainty around estimates of lamda for the entire population needs to be 
acknowledged, particularly given the small samples of lynx used to estimate recruitment and survival.  
Very likely, the credible confidence on all of the estimate rates of increase span 1.0 (i.e., the benchmark 
for population stability).  Estimates are likely more precise during periods of hare highs when there was 
more reproduction.  Thus, I feel confident in the conclusions that growth rates are likely positive when 
hares are high.  For the Maine data, the very low number of reproductive aged females monitored 
during the hare low lends great uncertainty to the estimates of finite rate of population change during 
that period.  I suspect this may also be a problem for other populations in the DPS? 

34/2/5-10:  Not all southern populations are isolated and necessarily dependent on immigration – again 
this is an overgeneralization across populations within the DPS.  This concept is probably most relevant 
to populations in Colorado, GYE, and N.C. Washington. 

34/2/10-18:  Again, there may be lower temporal variability and longer periods of positive growth rate 
in some southern populations with dampened or absent cycles if landscape hare densities during 
extended high periods exist for long periods of time, if population lows do not result in catastrophic 
declines in population growth rate, and if the periods of positive population growth are extended.  This 
appears to be what is happening in Maine, which had the highest growth rate and maintains the largest 
population in the DPS.  Hare densities there during the low are ~8-fold higher than during the nadir in 
some northerly populations.  

35/3/9-12:  There was a “little ice age” during the 1700’s-1800’s in the northeastern U.S. when 
populations of northern mustelids (e.g., martens and fisher) shifted southward in the Appalachians as 
far as Tennessee.   Lynx may have also expanded southward and then later retreated when climate 
warmed and may explain more southerly records of lynx.   The little ice age is discussed and referenced 
in the climate change sections of the report. 

36/2/entire:  There is little evidence that mass immigrations of lynx from Canada were needed to 
restore lynx populations that are contiguous and demographically connected to Canada (e.g., Maine and 
Minnesota).  In Maine, historical distributions of lynx have been very consistent since the 1850’s (Hoving 
et al. 2003). 

36/3/1-7:  As stated previously (particularly see comment #1 and 32/3/entire), the island-
metapopulation concept does not apply universally throughout the DPS and is most relevant to 
populations in Colorado, GYE, and N.C. Washington. 

37/4/16:  The last 7 words are not supported by data, are likely an over- generalization, and I would 
suggest deleting.  See comment #2 (above).  

38/2/entire:  Consider expanding this paragraph to include other potential competitors and influence of 
limb length interactions (see comment #6 above). 
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43/1/1-2:  Why is northern New Hampshire considered separately when it is actually a small extension 
of habitat from northwestern Maine into low elevation industrial forestlands contiguous with the Maine 
population?  This seems to be a political rather than a biological boundary? 

43/1/12-16:  See Litvaitis et al. (1986) for more relevant information regarding this topic.   

44/1/1-4: Also see Simons-Legaard et al. (2016), page 1263, Table2.  

44/1/11-16:  Is 10 million acres of habitat in Maine really a peripheral population if broadly connected 
with an additional ~20 million acres in Canada.  This is a political separation and Maine lynx are really 
residents of a larger trans-border population.  As such, is it really “immigration” when animals move 
within a larger population or are we just creating this concept because of a political boundary.  The 
same may be true for Minnesota and perhaps some sub-populations in Montana? 

44/2/10-11:  IBID comment 44/1/11-16 above. 

45/3/11-13:  This sentence (and the larger document) is missing an important reference that identifies 
lynx habitat in 2010 across Maine and projects to 2022 based on forest succession (Simons-Legaard et 
al. 2016). Also see Simons (2009: pp 202-220). 

47/2/23-27:  Tier II risks could be more important than assumed here (e.g., effects of roads and 
particularly, incidental and illegal harvests have not been modeled or simulated).  These factors could be 
particularly important for isolated populations and sub-populations with small effective population 
sizes, but also for the larger population in Maine where unimproved road densities exceed 1.5 km/km2 
and nearly all individual lynx in the population are potentially exposed to risks via incidental take and 
illegal shooting.  Illegal and incidental harvests are reported later in the document but are neither 
rigorously evaluated, modeled, nor simulated to evaluate their potential as limiting factors in regards to 
lynx resiliency. 
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From: Zelenak, Jim
To: Szymanski, Jennifer
Subject: Fwd: Draft scenarios for lynx DM
Date: Thursday, March 02, 2017 12:16:13 PM

---------- Forwarded message ----------
From: Szymanski, Jennifer <jennifer_szymanski@fws.gov>
Date: Fri, Feb 10, 2017 at 9:14 AM
Subject: Re: Draft scenarios for lynx DM
To: "Zelenak, Jim" <jim_zelenak@fws.gov>
Cc: "McCollough, Mark" <mark_mccollough@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>, Marjorie Nelson <marjorie_nelson@fws.gov>, Jodi Bush
<jodi_bush@fws.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>

A couple follow-up questions posed below in pink font.
Jennifer

On Tue, Feb 7, 2017 at 9:18 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Mark.

Jennifer - having re-read your earlier message and clarification for Q3:  do you want to present "Team
deviations" as a different scenario or more informally as a verbal caveat to the expert
predictions?

I don't think we have the data or the time to develop them to formally present "Core
Team Deviations" (interesting title, though....) as a different scenario, and I'm not
sure whether doing so would provide additional benefit to decision makers.  I think
the team as a whole and each geographic lead should be prepared to informally
present how they and/or the team feels relative to expert projections (i.e., more or
less optimistic about probability of persistence at various time intervals) and why.  I
think this can be done effectively by projecting the expert graphs for each unit, and
having the lead and/or team discuss where/why their projections might differ from
those of the experts.

Core Team - your thoughts?  

On Tue, Feb 7, 2017 at 7:52 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Jim and others:

See comments in blue text in Jim's email below.  

Q1 Representation: The Core Team has talked several times about representation, and
some of us believe that adaptive capacity should be discussed more broadly than in
genetic terms.  Although the functional relationships of boreal forest - snow - snowshoe
hares - lynx are the same across the DPS, Also concerning representation, we've talked
about  lynx have a unique and narrow niche space and have strict ecological requirements. 
They cannot adapt to another forest type, snow regime, or prey base.  If any of these key
elements are diminished or missing, lynx cannot persist.  These key elements of
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representation need to be part of our summary. I thought you included several good points
about adaptive capacity and climate change.  Consider this alternate way of presenting
these three elements of Representation:

In the SSA report, we considered several aspects of the ability of lynx adapt to
change (=Representation) within the DPS; genetic variability, breadth of
ecological niche, and the diversity of ecological settings where lynx occur.

·         We conclude that there is currently minor genetic variation in lynx in
North America.  We do not interpret this low genetic variation in lynx to be
an indication of lost adaptive diversity or capacity.  Instead, it is attributed
to the exceptional dispersal capability of lynx and few geographic barriers
to restrict dispersal (although changing snow regimes in central Canada
may be starting to affect the rate of gene flow).  We lack evidence of past
genetic problems, however there could be further genetic structuring or
bottlenecks as habitat retracts northward or upward in elevation
diminishing the frequency of gene flow between populations.  For
example, increasingly ice-free conditions in the St. Lawrence Seaway will
further reduce or eliminate gene flow between lynx populations in the
Maine unit with core populations in northern Canada.
·         Lynx are specialists and thus inherently have reduced ability to adapt
to change.  They have a narrow ecological niche and require boreal
forest–snow–snowshoe hares.  They exhibit little ability to adapt to
changing forest types, diminished snow regimes, or prey other than
snowshoe hares.  Lynx are represented in the DPS in several distinct
boreal forest ecotypes, but all have the same boreal forest-snow-
snowshoe hare requisites.
·         There are differences in behavior, ecological settings, and perhaps
genetic adaptations that are currently expressed throughout the DPS and
could be vital for the future persistence of lynx in a changing climate. For
example, lynx rely on young (human disturbed) boreal forest in the East
and older boreal (undisturbed) forest in the West.  Although to date we
have not detected meaningful loss of ecological breadth, the DPS is at the
southern margin of the species' range where change is rapidly occurring. 
The ability of lynx in North America to adapt to a changing climate are
most likely to emerge here in the southern portion of their range.  

 In conclusion, we find that lynx have naturally low adaptive diversity and
capacity, both  DPS-wide and species range-wide, from both genetic and a niche-
breadth perspectives, and that their specialized habitat and prey requirements act
to further limit their capacity to adapt to a changing (warming) environment. Thus,
preserving the existing Representation exhibited in the six DPS units may be critical to
the species' future. 

JAS: Nicely summarized, Mark.  I have looked at Representation from 2 perspectives: 1)
describing and delineating the breadth of adaptive diversity (genetic and ecological
diversity) of the species, and 2) describing what is needed to adapt to physical (habitat,
climate) and biological (predators, diseases, competitors) changes.  These changes are novel;
something the species has not been exposed to (i.e., adapted to).  The pool of genetic
diversity is fundamental to the species' ability to adapt (and hence, why many focus on



genetic diversity).  But, rarely do we have information on adaptive genetic variation, so we
must look to indicators of potential adaptive genetic diversity.  We know that genetic
diversity is influenced by the diversity of habitat, climates, and biological conditions (e.g.,
diseases) that the species is exposed to, and thus, it seems reasonable to look at the
variation in habitats, climates, behaviors, etc. as potential indicators.  To assist with
determining whether such variation might be adaptive, it is helpful  to evaluate what does the
species need to adapt to novel physical and biological changes.  Mark has done this in his
response above.  Although I am not sure I understand why you conclude that lynx AD is
naturally low.

From his summary, I would conclude that the core team believes that the 6 units represent
variation in adaptive diversity, and thus, adaptive capacity.  Do you all agree with my
interpretation?  This is a key question I need clarity on before the decision meeting.

 
Q3:  My recollection from the expert workshop exercise concerning future persistence was
that we did not specifically prepare or ask the experts to project futures with no ESA
 protection.  We heard that there were no data to evaluate the effectiveness of ESA/LCAS
protections on US Forest Service lands, but that it seemed that lynx were generally still
present on USFWS lands where these measures were in place (except the Garnet Range,
possible GYA, and parts of Washington where recent fires have taken much of the
habitat).  Had we specifically requested the experts to include dropping ESA protections
in their future projections, perhaps they would have expressed different outcomes.   Most
of the experts were non-Federal (except Squires, McKelvey) and probably would not have
a good understanding what a future with no ESA protections would mean (i.e., no sect 7,
take protection, critical habitat).  Our two experts from Maine probably would not fully
understand ESA protections because they do not work with section 7 or experience the
work our field office does.  So, I believe that many of the experts were assuming a future
with ESA protection when they made their projections.

Okay, so we need to clearly present the assumptions we think the experts used in each unit
when providing their estimates. 

Mark

On Mon, Feb 6, 2017 at 4:54 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Jennifer,

I wasn't sure if you wanted these inserted into the Excel file, but to avoid you getting bombarded with a
bunch of slightly-revised spreadsheets, I've drafted answers here to which other Core Team members (or
others copied on this string) may add, respond, question, challenge, disavow, condemn, etc.

JS's Qs; JZ's first stab at As.

Q1: Please clarify SSA conclusions regarding representation (REP): are there variations in adaptive diversity
(AD), and thus adaptive capacity (AC), across the range?

A1: The conclusion we reached in the SSA report is that there is naturally very little genetic variation (high
gene flow across the range, despite minor genetic substructuring documented in some places) and little
observable evidence of niche separation or breadth of ecological diversity (despite some differences in
snowfall quantity/duration, vegetation communities [i.e., tree species], and topography) among lynx across
the species' or the DPS's ranges.  Because we lack evidence of past genetic problems or future genetic threats
(good dispersers; few barriers), we do not interpret low genetic variation to be an indication of lost AD or
reduced AC.  Likewise, we lack evidence of much-reduced range or loss of the breadth of the ecological
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settings that appear to have historically supported resident lynx; therefore, we also do not see lost AD or
potentially reduced AC with regard to ecological settings.  We concluded that REP in the DPS, in terms of
both genetic and ecological diversity, has not been obviously reduced from historical conditions.  We do not
anticipate genetic issues in the future (lynx will remain good dispersers and we do not foresee
additional/substantial barriers to gene flow), but we are uncertain about the how the possible (likely) future
loss of some resident populations in the DPS may affect REP from an ecological settings perspective. 
Although we have not detected meaningful loss of ecological breadth, the DPS is at the southern margin of
the species' range and adaptations to warming are most likely to emerge here; the loss of that potential (via
populations loss) may impact the AC of the DPS and perhaps of the species as a whole.  We find that lynx
appear to have naturally low AD and AC - DPS-wide and species range-wide, from both genetic and a niche-
breadth perspectives, and that their habitat and prey specialization act to further limit their capacity to adapt
to a changing (warming) environment.

Q2: Do the experts' projections incorporate risks from catastrophic events?

A2: Yes.  Although the experts' probability of persistence graphs were developed to address resiliency, we
had earlier at the EE workshop addressed redundancy, during which experts agreed that the number,
distribution and sizes of the geographic units supporting resident lynx in the DPS precluded extirpation of
the DPS as a result of catastrophe, and that catastrophe-induced extirpation of resident populations even in
individual geographic units was very unlikely because of their sizes (big!). Only the smallest unit (North-
central Washington, at just under 5,200 km2) was deemed small enough that a single huge wildfire or
multiple large fires in a short time, could potentially result in extirpation of the resident population there.  

 Q3: How do you want to characterize the ESA regulations issue?

A: I'm not sure what you are asking here, or what more needs to be said than the quote you grabbed from the
draft report.  Some experts said their projections were based on an assumption that lynx remain listed and
ESA protections remain in place; others said their predictions were based solely on biology, regardless of
regulatory status. We still need to discuss how we will respond to Marty Miller's comment that the final SSA
should include an analysis of a future in which lynx were never listed are not listed in the future and
therefore never had or will have ESA-related protections.

Let me know if I've missed anything Jennifer, and Core Team - have at it!

Cheers,

Jim   

On Mon, Feb 6, 2017 at 6:14 AM, Szymanski, Jennifer <jennifer_szymanski@fws.gov>
wrote:

Hello All,

Also, please look at "JASQ4team" tab.  Please give your thoughts on the 3 questions in
rows 4-6.  For question 3, what I am asking is do you want to present "Team deviations" as
a different scenario or more informally as a verbal caveat to the expert predictions?

Thanks much,
Jennifer

On Fri, Feb 3, 2017 at 2:50 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Jennifer!

I filled in the tables in ScenOpt1 as requested based on the graphics in the SSA Report (same as in EE
Workshop Report), and I supplied my thoughts and rationale on pessimistic/optimistic in the Scenarios
tab.
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Core Team - please double check the tables for your geographic unit and, as Jennifer said below, call or
email both of us with questions/concerns. 

On Fri, Feb 3, 2017 at 10:37 AM, Szymanski, Jennifer
<jennifer_szymanski@fws.gov> wrote:

Hi Jim,

See attached for an draft outline of SSA topics and tables to complete for the
scenarios. If you complete, the tables on tab ScenOpt1, I can do the rest.

Please forward to the core team and remind them to call or email if they have any
concerns or suggestions.

Thanks much,
Jennifer

-- 
Jennifer Szymanski
U.S. Fish and Wildlife Service
Division of Endangered Species
   Remotely located at:
U.S. Fish and Wildlife Service Resource Center
555 Lester Avenue
Onalaska, WI 54650
Tel: 608-783-8455; Fax: 608-783-8450
Cell: 608-799-3899
jennifer_szymanski@fws.gov
***My work schedule is:  M, W, Th 6:30 -4:30pm; 
T&F: 8:00-1:00pm (telework: 608-799-3899) 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jennifer Szymanski
U.S. Fish and Wildlife Service
Division of Endangered Species
   Remotely located at:
U.S. Fish and Wildlife Service Resource Center
555 Lester Avenue
Onalaska, WI 54650
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Tel: 608-783-8455; Fax: 608-783-8450
Cell: 608-799-3899
jennifer_szymanski@fws.gov
***My work schedule is:  M, W, Th 6:30 -4:30pm; 
T&F: 8:00-1:00pm (telework: 608-799-3899) 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jennifer Szymanski
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U.S. Fish and Wildlife Service
Division of Endangered Species
   Remotely located at:
U.S. Fish and Wildlife Service Resource Center
555 Lester Avenue
Onalaska, WI 54650
Tel: 608-783-8455; Fax: 608-783-8450
Cell: 608-799-3899
jennifer_szymanski@fws.gov
***My work schedule is:  M, W, Th 6:30 -4:30pm; 
T&F: 8:00-1:00pm (telework: 608-799-3899) 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Review	  of	  Canada	  Lynx	  Species	  Status	  Assessment	  
	  
February	  16,	  2017	  
	  
Dennis	  Murray	  
2267	  Jopling	  Rd	  
Lakefield,	  ON	  
K0L	  2H0	  
	  
Document	  reviewed:	  	  
	  
U.S.	  Fish	  and	  Wildlife	  Service	  (2016)	  Species	  Status	  Assessment	  for	  the	  CANADA	  LYNX	  (Lynx	  

canadensis)	  Contiguous	  United	  States	  Distinct	  Population	  Segment.	  Version	  1.0	  –	  Draft.	  
256	  pp.	  	  

	  
Questions	  for	  Peer	  Review	  	  
Available	  Data	  	  
1.	  Please	  identify	  any	  oversights	  or	  omissions	  of	  data	  or	  information,	  and	  their	  relevance	  to	  the	  
assessment.	  Are	  there	  others	  sources	  of	  information	  or	  studies	  that	  were	  not	  included	  that	  are	  
relevant	  to	  assessing	  the	  viability	  of	  this	  species?	  What	  are	  they	  are	  how	  are	  they	  relevant?	  	  
	  
Response:	  For	  the	  most	  part,	  the	  SSA	  is	  a	  comprehensive	  review	  and	  assessment	  of	  the	  status	  
of	  lynx	  in	  the	  DPS,	  and	  the	  USFWS	  and	  the	  Lynx	  expert	  committee	  should	  be	  commended	  for	  
their	  efforts.	  I	  believe	  that	  they	  have	  accessed	  virtually	  all	  the	  relevant	  data	  that	  I	  am	  aware	  of	  
on	  lynx,	  hares,	  climate	  change,	  and	  forest	  succession,	  in	  the	  regions	  of	  interest.	  They	  have	  
conducted	  an	  exhaustive	  review	  of	  the	  literature	  to	  support	  the	  assessment.	  Nevertheless,	  I	  
found	  several	  omissions	  that	  I	  think,	  upon	  review,	  will	  help	  strengthen	  the	  document.	  
	  
Murray,	  D	  et	  al.	  (1995).	  Hunting	  behaviour	  of	  a	  sympatric	  felid	  and	  canid	  in	  relation	  to	  

vegetative	  cover.	  Animal	  Behaviour	  50:	  1203-‐1210.	  This	  paper	  is	  probably	  the	  most	  
comprehensive	  analysis	  of	  relationships	  between	  lynx,	  snow,	  and	  snowshoe	  hares.	  

Lyons,	  A	  et	  al.	  (2016)	  Canada	  lynx	  carrying	  capacity	  in	  Washington.	  Final	  Report.	  Washington	  
Department	  of	  Fish	  and	  Wildlife.	  December	  2016,	  31pp.	  This	  recent	  report	  undertakes	  a	  
number	  of	  analyses,	  with	  mixed	  success,	  to	  estimate	  lynx	  carrying	  capacity	  in	  Unit	  4.	  

Keith,	  LB	  (1990)	  Dynamics	  of	  snowshoe	  hare	  populations.	  In	  Current	  Mammalogy.	  Edited	  by	  
H.H.	  Genoways.	  Plenum	  Press,	  New	  York.	  pp.	  119–195.	  This	  is	  an	  exhaustive	  analysis	  and	  
synthesis	  of	  the	  demographic	  differences	  in	  snowshoe	  hare	  populations	  across	  their	  
geographic	  range.	  

Murray,	  D	  (2000)	  A	  geographic	  analysis	  of	  snowshoe	  hare	  population	  demography.	  Can.	  J.	  Zool.	  
78:1207-‐1217.	  To	  my	  knowledge,	  this	  is	  the	  only	  quantitative	  analysis	  comparing	  northern	  
and	  southern	  snowshoe	  hare	  population	  dynamics	  and	  demography.	  

Murray,	  D.L.	  2003.	  Snowshoe	  hare	  and	  other	  hares.	  	  Wild	  Mammals	  of	  North	  America.	  Vol	  II.	  	  
(G.A.	  Feldhamer	  and	  B.	  Thompson,	  eds.)	  	  Johns	  Hopkins	  University	  Press.	  	  pp.	  147-‐175.	  An	  
exhaustive	  review	  of	  snowshoe	  hare	  population	  dynamics,	  including	  relevant	  information	  
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on	  population	  ecology	  in	  the	  southern	  range,	  food	  limitation	  at	  lower	  latitudes,	  and	  stem	  
density	  estimates	  needs	  for	  hare	  population	  sustainability.	  

Peers,	  M.J.L.	  et	  al.	  (2014)	  Prey	  switching	  as	  a	  means	  of	  enhancing	  persistence	  in	  predators	  at	  
the	  trailing	  edge.	  Glob.	  Chang.	  Biol.	  doi:10.1111/gcb.12469.	  An	  important	  paper	  that	  
models	  potential	  lynx	  range	  contraction	  and	  dietary	  responses	  to	  climate	  change,	  
including	  in	  the	  southern	  range.	  

Peers,	  M.J.L.	  et	  al.	  (2012)	  Reconsidering	  the	  specialist-‐generalist	  paradigm	  in	  niche	  breadth	  
dynamics:	  Canada	  lynx	  and	  bobcats.	  PLoS	  (One)	  7(12):	  e51488.	  A	  paper	  contrasting	  the	  
niche	  dynamics	  of	  lynx	  and	  bobcats	  in	  their	  region	  of	  geographical	  overlap,	  including	  the	  
DPS.	  

Thornton,	  D.H.	  et	  al.	  (2012)	  Habitat	  occupancy	  and	  population	  density	  drive	  occupancy	  
dynamics	  of	  snowshoe	  hare	  in	  variegated	  landscapes.	  Ecography.	  36:	  610-‐621.	  I	  stress	  
that	  this	  is	  an	  important	  paper	  because	  it	  reveals	  patterns	  of	  patch	  extinction	  dynamics	  
for	  southern	  snowshoe	  hare	  populations	  (Unit	  4).	  	  	  	  	  	  

Thornton,	  D.H.	  et	  al.	  (2012)	  Complex	  effects	  of	  site	  preparation	  and	  harvest	  on	  snowshoe	  hare	  
abundance	  across	  a	  patchy	  forest	  landscape.	  	  For.	  Ecol.	  Manage.	  280:132-‐139.	  This	  paper	  
analyzes	  snowshoe	  hare	  population	  responses	  to	  silvicultural	  practices	  in	  Unit	  4.	  

Abele,	  S.L.	  et	  al.	  (2013)	  Precommercial	  forest	  thinning	  alters	  abundance	  but	  not	  survival	  of	  
snowshoe	  hares.	  	  J.	  Wildl.	  Manage.	  77:84-‐92.	  This	  paper	  provides	  a	  direct	  assessment	  of	  
the	  effects	  of	  precommercial	  thinning	  on	  hare	  survival	  and	  movements	  in	  the	  southern	  
range	  (Oregon).	  

Row,	  J.R.	  et	  al.	  (2014)	  Anatomy	  of	  a	  population	  cycle:	  The	  role	  of	  density-‐dependence	  and	  
demographic	  variability	  on	  numerical	  instability	  and	  periodicity.	  J.	  Anim.	  Ecol.	  
doi:10.1111/1365-‐2656.12179.	  This	  paper	  is	  moderately	  relevant	  by	  examining	  the	  
demographic	  processes	  contributing	  to	  fluctuations	  in	  lynx	  population	  dynamics.	  By	  
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genetic	  structure	  in	  Canada	  lynx.	  Glob.	  Chang.	  Biol.	  doi:10.1111/gcb.12526.	  This	  paper	  is	  
highly	  relevant	  by	  illustrating	  how	  climate	  change	  is	  likely	  to	  promote	  greater	  genetic	  
differentiation	  between	  lynx	  populations.	  

Burkstahler,	  C.M.,	  et	  al.	  (2016)	  Demographic	  differences	  of	  Canada	  lynx	  during	  a	  fluctuation	  in	  
prey	  availability.	  Ecol.	  and	  Evol.	  6:	  6366-‐6375.	  This	  paper	  examines	  variability	  in	  diet	  
breadth	  and	  reliance	  on	  hares	  through	  time	  and	  across	  lynx	  demographic	  groups.	  

Wirsing,	  A.J.,	  and	  Murray,	  D.L.	  (2002).	  Patterns	  in	  consumption	  of	  woody	  plants	  by	  snowshoe	  
hares	  in	  the	  northwestern	  United	  States.	  Ecoscience	  9:	  440-‐449.	  This	  paper	  finds	  that	  the	  
quality	  and	  quantity	  of	  winter	  browse	  available	  to	  snowshoe	  hares	  in	  Unit	  4	  may	  not	  be	  
sufficient	  to	  allow	  for	  population	  growth	  and	  sustainability	  under	  heavy	  predation.	  	  
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	  2.	  Provide	  advice	  on	  the	  overall	  strengths	  and	  limitations	  of	  the	  scientific	  data	  used	  in	  the	  
document.	  Have	  the	  authors	  been	  explicit	  about	  assumptions	  and	  limitations	  of,	  and	  concerns	  
regarding,	  the	  data,	  and	  are	  these	  appropriately	  qualified	  or	  explained?	  Are	  there	  concerns	  that	  
the	  Service	  did	  not	  identify,	  and	  if	  so,	  how	  relevant	  are	  these	  concerns	  to	  the	  assessment	  of	  
viability	  of	  lynx	  in	  the	  contiguous	  U.S.?	  Are	  there	  any	  inconsistencies	  in	  how	  the	  data	  are	  
presented	  or	  assessed?	  	  
	  
Response:	  Throughout	  the	  document,	  the	  USFWS	  has	  been	  very	  explicit	  in	  fully	  explaining	  the	  
assumptions	  and	  limitations	  of	  their	  analyses.	  Where	  the	  USFWS	  has	  deviated	  from	  the	  Lynx	  
expert	  committee,	  especially	  in	  terms	  of	  the	  long-‐term	  projections	  for	  lynx	  persistence	  in	  
specific	  units,	  this	  deviation	  has	  been	  fully	  explained	  and	  justified.	  I	  am	  entirely	  satisfied	  with	  
the	  larger	  conclusions	  of	  the	  USFWS	  assessment	  in	  terms	  of	  the	  current	  and	  likely	  future	  status	  
of	  individual	  lynx	  management	  units.	  Nevertheless,	  I	  feel	  that	  there	  is	  room	  for	  improvement.	  
As	  detailed	  below	  in	  reference	  to	  specific	  page	  numbers/statements,	  there	  are	  a	  number	  of	  
points	  from	  the	  literature	  that	  have	  been	  taken	  at	  face	  value,	  and	  that	  in	  my	  opinion	  should	  
receive	  more	  scrutiny.	  I	  briefly	  summarize	  these	  points	  here,	  but	  more	  extensive	  comments	  are	  
provided	  below	  in	  reference	  to	  specific	  page	  numbers.	  Note	  that	  I	  do	  not	  think	  that	  changes	  in	  
these	  items	  will	  influence	  the	  final	  assessment	  in	  terms	  of	  resiliency,	  redundancy	  and	  
representation,	  nor	  the	  long-‐term	  prognosis	  for	  individual	  units	  and	  the	  DPS	  in	  general.	  Indeed,	  
I	  fully	  support	  the	  conclusions	  that	  USFWS	  has	  reached.	  	  However,	  I	  think	  that	  greater	  attention	  
to	  specific	  items	  related	  to	  lynx,	  hares,	  alternate	  prey,	  competition,	  and	  climate	  change	  will	  
improve	  understanding	  of	  the	  mechanisms	  underlying	  anticipated	  changes	  in	  lynx	  populations	  
in	  the	  DPS.	  
	  

1)   0.5	  hares	  /	  ha.	  	  In	  several	  instances	  the	  document	  cites	  0.5	  snowshoe	  hares	  /	  ha	  as	  the	  
threshold	  for	  lynx	  population	  sustainability.	  This	  statement	  is	  supported	  by	  a	  book	  
chapter	  (Ruggierro	  et	  al.,	  2000),	  which	  offered	  this	  threshold	  without	  any	  empirical	  
support.	  Since	  then,	  this	  threshold	  has	  permeated	  the	  literature	  on	  lynx	  and	  hares	  but	  
to	  my	  knowledge	  it	  still	  lacks	  empirical	  support.	  In	  fact,	  I	  am	  aware	  that	  Steury	  &	  Murray	  
(2004)	  suggested	  a	  threshold	  of	  1.5	  hares	  per	  hectare,	  which	  is	  perhaps	  too	  high	  to	  be	  
realistic	  but	  at	  least	  was	  empirically-‐based.	  More	  broadly,	  I	  am	  not	  convinced	  that	  it	  is	  
possible	  to	  establish	  a	  hare	  density	  threshold	  for	  lynx	  population	  sustainability	  that	  can	  
be	  applied	  across	  all	  units	  and	  without	  prima	  facie	  evidence	  to	  support	  it.	  I	  understand	  
that	  such	  a	  threshold	  is	  convenient	  from	  the	  perspective	  of	  evaluating	  habitat	  suitability	  
for	  lynx,	  but	  the	  threshold	  surely	  varies	  according	  to:	  primary	  productivity	  on	  site,	  
breadth	  and	  availability	  of	  alternate	  prey,	  competition,	  density-‐independent	  mortality	  
(trapping,	  vehicle	  collisions),	  etc.	  	  My	  point	  is	  that	  there	  are	  not	  sufficient	  data	  available	  
to	  support	  this	  threshold	  and	  it	  should	  not	  be	  used	  as	  a	  criterion	  for	  evaluating	  the	  
suitability	  of	  a	  given	  unit.	  
	  

2)   Competition	  with	  other	  carnivores.	  The	  premise	  that	  receding	  snow	  due	  to	  climate	  
change	  will	  intensify	  competition	  between	  lynx	  and	  other	  carnivores	  is	  not	  supported	  
empirically,	  at	  least	  not	  to	  my	  knowledge.	  The	  original	  idea	  emanated	  from	  Buskirk	  et	  al	  
(2000),	  which	  like	  the	  above	  citation	  for	  the	  hare	  density	  threshold	  (Ruggierro	  et	  al	  
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2000),	  was	  a	  speculative	  and	  qualitative	  review	  chapter	  (unlikely	  to	  have	  been	  peer-‐
reviewed).	  Since	  then,	  this	  source	  has	  been	  cited	  numerous	  times	  as	  if	  it	  had	  offered	  
data	  in	  support	  of	  the	  contention.	  Unless	  there	  is	  new	  information	  I	  am	  not	  aware	  of,	  
there	  is	  no	  direct	  evidence	  that	  competition	  with	  other	  carnivores	  is	  intensified	  when	  
climate	  changes.	  In	  fact,	  throughout	  the	  report	  it	  is	  mentioned	  that	  competition	  with	  
bobcats	  is	  likely	  to	  be	  the	  primary	  type	  of	  competition	  to	  intensify,	  yet	  the	  only	  paper	  
even	  slightly	  supporting	  this	  contention,	  Peers	  et	  al	  (2014,	  on	  which	  I	  am	  a	  co-‐author)	  
uses	  presence	  records	  (i.e,	  observation	  records)	  to	  show	  environmental	  niche	  
differences	  between	  lynx	  and	  bobcat	  in	  areas	  of	  species	  overlap.	  The	  analysis	  is	  
conducted	  at	  the	  scale	  of	  the	  distribution	  of	  lynx	  and	  bobcats	  and	  I	  suggest	  that	  these	  
data	  are	  too	  coarse	  and	  spatially	  biased	  to	  offer	  a	  robust	  test	  of	  the	  hypothesis.	  Indeed,	  
this	  paper	  really	  does	  not	  make	  a	  convincing	  case	  for	  direct	  displacement	  by	  bobcats	  
and	  therefore	  should	  not	  form	  the	  basis	  of	  the	  argument	  that	  permeates	  much	  of	  the	  
manuscript.	  Further,	  intuitively,	  I	  suspect	  that	  in	  most	  units,	  if	  any	  species	  of	  carnivore	  
will	  be	  an	  important	  competitor,	  it	  will	  be	  coyotes,	  not	  bobcats.	  Indeed,	  coyotes	  kill	  lynx,	  
although	  lynx	  can	  kill	  coyotes,	  as	  well	  (Colorado),	  whereas	  we	  really	  don't	  know	  any	  
details	  about	  the	  lynx-‐bobcat	  relationship.	  My	  own	  research	  shows	  that	  coyotes	  can	  
hunt	  hares	  and	  live	  in	  sympatry	  with	  lynx	  in	  the	  boreal	  forest	  of	  the	  Yukon,	  where	  they	  
can	  kill	  many	  hares	  and	  perhaps	  compete	  directly	  with	  lynx.	  Again,	  we	  know	  nothing	  of	  
these	  sorts	  of	  interactions	  between	  lynx	  and	  bobcat	  except	  for	  a	  rather	  anecdotal	  report	  
from	  Nova	  Scotia	  (Parker	  et	  al.	  1983?).	  	  So,	  the	  question	  of	  intensified	  competition	  
between	  carnivores	  under	  climate	  change	  remains	  open	  for	  debate	  (and	  much	  needed	  
data	  are	  necessary	  before	  strong	  conclusions	  can	  be	  made).	  Further,	  I	  am	  aware	  of	  the	  
reported	  incidents	  of	  lynx	  predation	  by	  fisher	  in	  Maine,	  but	  believe	  that	  this	  really	  
represents	  an	  isolated	  and	  exceptional	  circumstance	  and	  I	  think	  that	  it	  is	  very	  premature	  
to	  suggest	  that	  fisher	  can	  be	  an	  important	  agonistic	  competitor	  for	  lynx.	  Finally,	  I	  do	  not	  
think	  that	  anywhere	  in	  the	  manuscript	  there	  is	  mention	  that	  competition	  with	  the	  
diverse	  raptor	  community	  that	  kills	  snowshoe	  hares	  in	  the	  DPS	  (great-‐horned	  owl,	  red	  
tailed	  hawk,	  etc.).	  Yet,	  the	  results	  of	  the	  most	  comprehensive	  study	  of	  hare	  survival	  to	  
date	  (see	  Krebs	  et	  al.	  2001.	  Ecosystem	  Dynamics	  in	  the	  Boreal	  Forest,	  Oxford	  University	  
Press)	  clearly	  demonstrate	  the	  importance	  of	  raptors	  on	  hares,	  and	  I	  suspect	  that	  out	  of	  
convenience	  this	  source	  of	  mortality	  for	  hares	  has	  not	  been	  adequately	  examined	  in	  the	  
context	  of	  southern	  hare	  populations.	  There	  is	  no	  reason	  to	  expect	  that	  raptors	  could	  
not	  take	  equal	  advantage	  of	  the	  effects	  of	  climate	  change	  on	  increased	  hare	  
vulnerability	  to	  predation	  as	  may	  terrestrial	  carnivores	  like	  bobcat,	  red	  fox,	  fisher	  and	  
coyote.	  	  	  
	  

3)   Lynx	  responses	  to	  climate	  change.	  Throughout	  the	  manuscript	  there	  is	  strong	  emphasis	  
(either	  explicit	  or	  implicit)	  on	  intensified	  competition	  with	  other	  carnivores	  as	  being	  a	  
direct	  outcome	  of	  climate	  change.	  In	  contrast,	  there	  is	  much	  weaker	  emphasis	  for	  the	  
perhaps	  more	  logical	  link	  and	  parsimonious	  explanation	  of	  the	  link	  between	  lynx	  and	  
climate	  warming,	  which	  involves	  loss	  of	  snowshoe	  hares.	  Indeed,	  throughout	  the	  
document	  it	  is	  suggested	  that	  lynx	  distribution	  will	  recede	  because	  snow	  conditions	  are	  
not	  adequate,	  but	  I	  seriously	  doubt	  that	  there	  is	  a	  direct	  correlation	  between	  lynx	  
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occurrence	  and	  snow.	  Rather,	  the	  more	  direct	  explanation	  for	  this	  shift	  is	  extinction	  of	  
small	  and	  fragmented	  hare	  populations	  across	  the	  southern	  range.	  Why	  are	  these	  
populations	  likely	  to	  go	  extinct?	  Surely	  more	  intensive	  predation	  by	  other	  carnivores	  is	  a	  
possibility,	  but	  it	  is	  equally	  possible	  that	  increased	  predation	  by	  resident	  lynx	  also	  is	  
responsible.	  It	  may	  also	  be	  that	  hare	  productivity	  in	  the	  southern	  range	  is	  sufficiently	  
low	  because	  of	  marginal	  food	  resources	  (see	  Wirsing	  &	  Murray	  2002)	  such	  that	  hare	  
populations	  may	  not	  compensate	  for	  marginal	  increases	  predation.	  Likewise,	  it	  may	  be	  
that	  at	  a	  landscape	  scale	  hare	  populations	  in	  the	  DPS	  are	  too	  disconnected	  to	  re-‐
colonize	  patches	  that	  naturally	  go	  extinct.	  My	  point	  is	  that	  I	  think	  that	  the	  authors	  have	  
too	  easily	  assumed	  that	  lynx	  range	  recession	  will	  be	  a	  direct	  result	  of	  climate	  change	  (or	  
its	  effects	  on	  competition	  with	  other	  carnivores	  or	  habitat	  change)	  when	  other	  
mechanisms	  may	  be	  at	  play	  as	  well	  and	  offer	  a	  more	  direct	  explanation.	  I	  urge	  the	  
authors	  to	  dig	  more	  deeply	  into	  the	  suite	  of	  potential	  interactions	  that	  may	  drive	  lynx	  
responses	  to	  climate	  change.	  	  

	  
4)   Sources	  for	  support	  of	  suggested	  relationships.	  In	  several	  instances,	  I	  felt	  that	  the	  

USFWS	  did	  not	  adequately	  delve	  into	  the	  primary	  literature	  to	  support	  statements.	  Too	  
often,	  reference	  to	  secondary	  sources	  (i.e.,	  like	  book	  chapters)	  were	  used	  to	  support	  
important	  biological	  relationships.	  In	  several	  cases	  highlighted	  below,	  I	  felt	  that	  the	  
secondary	  source	  did	  not	  truly	  support	  the	  statement	  being	  made.	  An	  example	  
immediately	  comes	  to	  mind	  (Wolff,	  1980).	  This	  source	  is	  used	  to	  support	  the	  point	  that	  
patchy	  snowshoe	  hare	  populations	  in	  the	  southern	  range	  are	  likely	  to	  go	  extinct	  through	  
predation,	  yet	  that	  paper	  was	  highly	  speculative,	  involved	  only	  a	  conceptual	  model	  and	  
no	  original	  data	  on	  southern	  hares,	  and	  more	  importantly,	  has	  been	  shown	  to	  be	  partly	  
incorrect	  in	  its	  representation	  of	  the	  mechanisms	  underlying	  hare	  extinction	  (see	  
Wirsing	  et	  al.	  2002).	  Since	  1980,	  a	  number	  of	  papers	  have	  tested	  more	  elegantly	  and	  
robustly	  the	  question	  of	  southern	  hare	  population	  extinction	  (e.g.,	  Wirsing	  et	  al.	  2002,	  	  
Thornton	  et	  al.	  2012,	  2013,	  and	  perhaps	  others	  in	  involving	  L.S.	  Mills	  and	  colleagues).	  In	  
any	  case,	  below	  I	  provide	  a	  number	  of	  examples	  where	  the	  primary	  literature	  should	  be	  
consulted	  and	  in	  general	  the	  report	  writers	  should	  strive	  to	  seek	  out	  the	  original	  sources	  
whenever	  possible.	  
	  

5)   The	  importance	  of	  alternate	  prey.	  Throughout	  the	  manuscript	  the	  authors	  
appropriately	  focus	  on	  the	  lynx-‐hare	  relationship	  as	  being	  the	  primary	  driver	  of	  lynx	  
population	  dynamics.	  However,	  I	  felt	  that	  insufficient	  attention	  was	  paid	  to	  the	  role	  of	  
alternate	  prey	  in	  sustaining	  southern	  lynx	  populations.	  Indeed,	  Roth	  et	  al	  (2007)	  clearly	  
show	  the	  lower	  reliance	  on	  snowshoe	  hares	  by	  southern	  lynx,	  and	  the	  increased	  
importance	  of	  other	  prey	  (perhaps	  primarily	  red	  squirrels)	  on	  lynx	  population	  dynamics.	  
This	  is	  barely	  mentioned	  in	  the	  report.	  Although	  our	  understanding	  of	  the	  importance	  of	  
alternate	  prey	  in	  the	  DPS	  s	  not	  fully	  developed	  and	  may	  vary	  across	  individual	  units,	  it	  
may	  be	  that	  dynamics	  of	  alternate	  prey	  are	  especially	  important	  to	  lynx	  in	  this	  region	  of	  
the	  species’	  distribution.	  Here,	  silvicultural	  practices	  or	  climate-‐related	  fires	  or	  droughts	  
may	  be	  especially	  influential	  on	  the	  availability	  of	  red	  squirrels	  in	  particular,	  and	  this	  
could	  tip	  the	  balance	  against	  red	  squirrel	  abundance,	  and	  by	  inference,	  lynx	  persistence.	  
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This	  relationship	  may	  be	  less	  critical	  in	  the	  northern	  boreal	  forest,	  where	  hares	  comprise	  
a	  larger	  proportion	  of	  the	  diet.	  Thus,	  changes	  affecting	  alternate	  prey	  may	  have	  a	  
disproportionate	  importance	  on	  southern	  lynx	  compared	  to	  their	  northern	  
counterparts.	  Note	  that	  Peers	  et	  al	  (1014)	  explore	  scenarios	  related	  to	  the	  potential	  
effects	  of	  climate	  change	  on	  lynx	  and	  hare	  distribution,	  and	  identifies	  specific	  regions	  
within	  the	  DPS	  where	  increased	  reliance	  on	  alternate	  prey	  may	  be	  necessary	  if	  there	  is	  
any	  chance	  that	  lynx	  populations	  will	  remain	  sustainable	  in	  the	  long-‐term.	  	  

	  
Analysis	  of	  Available	  Data	  	  
3.	  Have	  the	  assumptions	  and	  methods	  used	  in	  the	  SSA	  report	  been	  clearly	  and	  logically	  stated	  in	  
light	  of	  the	  best	  available	  information?	  If	  not,	  please	  identify	  the	  specific	  assumptions	  and	  
methods	  that	  are	  unclear	  or	  illogical.	  	  
	  
Response:	  I	  am	  fully	  satisfied	  that	  USFWS	  has	  done	  a	  good	  job	  of	  limiting	  the	  number	  of	  
assumptions,	  fully	  justifying	  any	  assumptions	  that	  have	  been	  made,	  and	  for	  the	  most	  part,	  
exploring	  alternative	  scenarios	  potentially	  related	  to	  these	  assumptions	  whenever	  possible.	  
This	  is	  especially	  apparent	  when	  the	  USFWS	  has	  deviated	  from	  the	  assessments	  provided	  by	  the	  
Lynx	  expert	  team	  concerning	  the	  viability	  of	  individual	  units.	  In	  this	  context	  I	  feel	  that	  the	  SSA	  is	  
on	  solid	  footing.	  	  
	  	  
4.	  Are	  there	  demonstratable	  errors	  of	  fact	  or	  interpretation?	  Have	  the	  authors	  of	  the	  SSA	  report	  
provided	  reasonable	  and	  scientifically	  sound	  interpretations	  and	  syntheses	  from	  the	  scientific	  
information	  presented	  in	  the	  report?	  Are	  there	  instances	  in	  the	  SSA	  report	  where	  a	  different	  
but	  equally	  reasonable	  and	  sound	  interpretation	  might	  be	  reached	  that	  differs	  from	  that	  
provided	  by	  the	  Service?	  If	  any	  instances	  are	  found	  where	  this	  is	  the	  case,	  please	  provide	  the	  
specifics	  regarding	  those	  particular	  concerns.	  	  
	  
Response:	  For	  the	  most	  part,	  the	  document	  has	  made	  sound	  inference.	  Elsewhere	  in	  this	  
report,	  I	  have	  highlighted	  minor	  concerns	  about	  how	  specific	  data	  or	  papers	  have	  been	  
interpreted,	  including	  in	  the	  context	  of	  the	  0.5	  hares/ha	  threshold	  for	  sustaining	  lynx	  
populations,	  competition	  with	  other	  carnivores	  as	  being	  the	  driver	  of	  lynx	  responses	  to	  climate	  
change,	  and	  the	  lack	  of	  emphasis	  on	  the	  importance	  of	  climate	  on	  hares	  as	  being	  the	  primary	  
driver	  of	  lynx	  responses	  to	  climate	  change.	  I	  think	  that	  each	  of	  these	  points	  would	  benefit	  from	  
a	  bit	  more	  robust	  consideration,	  including	  fully	  detailing	  the	  alternate	  explanations	  that	  I	  have	  
provided	  throughout	  this	  report	  and	  explaining	  that	  for	  most	  of	  these	  the	  lack	  of	  data	  means	  
that	  the	  verdict	  remains	  suspended	  and	  uncertainty	  prevails.	  This	  is	  not	  a	  major	  problem	  
because	  I	  think	  that	  the	  conclusions	  are	  sound	  and	  do	  involve	  the	  best	  available	  data,	  my	  point	  
is	  that	  the	  interpretation	  and	  consideration	  fo	  alternate	  mechanisms	  may	  require	  a	  bit	  of	  
refinement.	  	  	  	  
	  
5.	  Provide	  feedback	  on	  the	  inclusion	  and	  portrayal	  of	  uncertainty	  in	  the	  SSA	  report.	  Have	  the	  
scientific	  uncertainties	  present	  given	  the	  data	  and	  the	  analyses	  conducted	  been	  clearly	  
identified	  and	  has	  the	  degree	  of	  uncertainty	  been	  appropriately	  characterized?	  If	  not,	  please	  
identify	  any	  specifics	  concerns.	  	  
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Response:	  The	  USFWS	  has	  been	  very	  explicit	  in	  its	  portrayal	  of	  uncertainty	  in	  the	  SSA.	  For	  
example,	  the	  expert	  opinion	  assessments	  of	  extinction	  probability	  through	  time	  have	  been	  
treated	  very	  carefully,	  presenting	  both	  median	  values	  and	  visualization	  of	  the	  range	  of	  
responses.	  	  In	  some	  cases	  (noted	  below)	  uncertainties	  in	  the	  data	  have	  not	  been	  fully	  described	  
because	  confidence	  intervals	  on	  mean	  values	  are	  not	  provided.	  This	  may	  be	  a	  reflection	  of	  the	  
information	  provided	  in	  the	  original	  publication.	  	  Regardless,	  the	  overall	  cautious	  approach	  and	  	  
careful	  treatment	  of	  uncertainties	  has	  been	  a	  particularly	  evident	  strength	  of	  this	  manuscript.	  
On	  the	  other	  hand,	  uncertainties	  associated	  with	  data	  interpretation	  of	  select	  points	  in	  the	  
hare-‐lynx-‐climate	  relationship,	  as	  mentioned	  above	  and	  below,	  do	  require	  additional	  
exploration.	  I	  do	  not	  see	  this	  as	  a	  fatal	  flaw	  but	  rather	  a	  means	  for	  solidifying	  the	  mechanisms	  
underlying	  the	  overall	  assessment	  of	  the	  status	  and	  prognosis	  for	  lynx	  in	  the	  DPS.	  Again,	  I	  fully	  
support	  the	  conclusions	  that	  the	  USFWS	  has	  derived	  from	  its	  analysis,	  my	  contention	  is	  with	  the	  
need	  to	  more	  fully	  explore	  alternative	  mechanisms	  explaining	  these	  predictions.	  	  
	  
Also,	  is	  there	  a	  need	  to	  more	  explicitly	  address	  the	  issue	  of	  trans-‐boundary	  migration	  between	  
lynx	  from	  Canada	  and	  the	  DPS?	  	  Currently	  there	  is	  not	  an	  explicit	  treatment	  of	  this	  issue	  in	  the	  
SSA	  although	  I	  acknowledge	  that	  it	  is	  briefly	  mentioned	  in	  several	  instances.	  I	  see	  the	  thorny	  
issue	  of	  lynx	  trapping	  in	  southern	  Canada	  as	  being	  a	  major	  impediment	  to	  functional	  meta-‐
population	  dynamics	  for	  several	  units	  in	  the	  DPS.	  It	  could	  be	  that	  some	  of	  the	  predictions	  
concerning	  likelihood	  of	  extinction	  in	  specific	  units	  would	  not	  be	  so	  dire	  if	  there	  was	  stronger	  
evidence	  that	  lynx	  dispersing	  from	  Canada	  had	  a	  reasonable	  likelihood	  of	  reaching	  the	  DPS.	  I	  
understand	  that	  issues	  of	  transboundary	  migration	  and	  trapping	  in	  southern	  Canada	  are	  
probably	  beyond	  the	  purview	  of	  the	  SSA	  but	  they	  cant	  be	  ignored	  as	  being	  a	  potentially	  
important	  constraint	  on	  the	  sustainability	  of	  lynx	  populations	  in	  Units	  1,	  2	  3,	  4,	  and	  possibly	  5.	  	  	  	  
	  
Additional	  comments:	  
	  
General	  comment:	  Fig.	  1.	  The	  sizes	  outlined	  on	  the	  map	  do	  not	  correspond	  closely	  to	  the	  areas	  
provided	  in	  Table	  1.	  I	  understand	  that	  the	  map	  is	  meant	  to	  be	  qualitative	  rather	  than	  
quantitative,	  but	  closer	  correspondence	  between	  Unit	  location/area	  and	  actual	  size	  depicted	  on	  
the	  map	  should	  be	  provided.	  Further,	  the	  outlined	  area	  seems	  very	  coarse	  and	  certain	  regions	  
within	  units	  (e.g.,	  western	  Idaho,	  Unit	  4)	  have	  not	  been	  adequately	  represented	  in	  the	  figure.	  
	  
P.	  6	  “Maine	  is	  the	  largest	  population	  of	  lynx	  in	  the	  DPS”	  Throughout	  the	  manuscript	  this	  point	  is	  
made	  but	  the	  estimates	  for	  Unit	  1	  vs.	  Unit	  3	  (the	  next	  contender)	  are	  very	  coarse.	  While	  it	  is	  
perhaps	  correct	  that	  Unit	  1	  supports	  the	  largest	  lynx	  population,	  the	  fact	  that	  this	  is	  probably	  
only	  for	  the	  short	  term	  and	  that	  a	  crash	  in	  Unit	  1	  lynx	  is	  highly	  likely,	  should	  be	  more	  strongly	  
justified.	  	  
	  
General	  comment:	  Intuitively,	  the	  threshold	  for	  resiliency	  should	  differ	  between	  a	  naturally-‐
occurring	  population	  (Units	  1-‐5)	  versus	  a	  population	  (Unit	  6,	  Colorado)	  where	  animals	  were	  
artificially	  reintroduced.	  Apparent	  resiliency	  in	  Unit	  6	  can	  not	  be	  stated	  (although	  I	  note	  that	  
‘resiliency	  thus	  far’	  is	  used.	  While	  it	  is	  accepted	  that	  lynx	  have	  persisted	  for	  a	  decade	  post-‐
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release	  in	  Colorado,	  the	  true	  test	  of	  resiliency	  must	  be	  conducted	  over	  a	  longer	  term,	  spanning	  
several	  declines	  in	  hare	  abundance	  and	  periods	  where	  lynx	  survival,	  recruitment,	  and	  
emigration	  should	  greatly	  challenge	  population	  viability.	  By	  most	  standards,	  ecosystem	  
resiliency	  is	  measured	  across	  decades,	  not	  years,	  and	  that	  the	  Colorado	  lynx	  population	  
received	  an	  artificially	  high	  number	  of	  animals	  through	  transplant	  efforts	  and	  has	  not	  
experienced	  many	  natural	  bottleneck	  events	  with	  low	  hare	  abundance.	  This	  warrants	  added	  
caution	  in	  claiming	  resiliency	  or	  making	  inferences	  about	  lynx	  population	  trends	  and	  dynamics	  
in	  Unit	  6.	  
	  
Page	  10	  “in	  in”	  Please	  correct	  typo.	  
	  
Page	  11	  “that	  is	  there	  is”	  Please	  correct	  typo.	  
	  
General	  comment:	  There	  is	  consistent	  reference	  throughout	  the	  document	  that	  lynx	  can	  
outcompete	  other	  carnivores	  in	  deep	  snow	  (e.g.,	  P.	  13),	  which	  explains	  why	  they	  are	  able	  to	  
maintain	  high	  populations	  in	  the	  boreal	  forest.	  To	  my	  knowledge,	  there	  is	  no	  prima	  facie	  
evidence	  supporting	  this	  perception.	  Plenty	  of	  citations	  are	  provided	  to	  support	  the	  statement	  
(McCord	  and	  Cardoza	  1982,	  pp.	  748-‐749;	  Quinn	  and	  Parker	  1987,	  p.	  684;	  Buskirk	  et	  al.	  2000a,	  
pp.	  89-‐94;	  Buskirk	  et	  al.	  2000b,	  pp.	  400-‐401;	  Ruggiero	  et	  al.	  2000b,	  pp.	  445–449;	  Hoving	  2001,	  
p.	  75;	  Hoving	  et	  al.	  2005,	  p.	  744-‐749;	  Carroll	  2007,	  entire;	  Gonzalez	  et	  al.	  2007,	  entire;	  ILBT	  
2013,	  pp.	  25-‐26;	  79	  FR	  54809)	  but	  to	  my	  knowledge	  none	  of	  these	  sources	  involves	  actual	  data	  
collection	  to	  support	  this	  contention.	  	  While	  lynx	  may	  indeed	  outcompete	  other	  carnivores	  like	  
coyotes	  and	  bobcat	  when	  in	  deep	  snow,	  there	  may	  be	  a	  number	  of	  other	  factors	  associated	  
with	  this	  pattern,	  such	  a	  higher	  snowshoe	  hare	  densities	  in	  areas	  with	  deep	  snowcover.	  
Further,	  a	  sizeable	  proportion	  of	  lynx	  competition	  for	  hares	  involves	  raptors	  like	  great-‐horned	  
owls	  and	  goshawks	  which	  reside	  in	  hare	  habitat	  year-‐round	  and	  whose	  killing	  success	  should	  
not	  be	  strongly	  impacted	  by	  snowcover.	  In	  the	  absence	  of	  direct	  evidence	  of	  competition,	  
which	  is	  virtually	  impossible	  to	  demonstrate	  without	  conducting	  a	  removal	  experiment	  for	  one	  
or	  both	  species	  and	  comparing	  responses	  to	  controls,	  it	  is	  speculative	  to	  ascribe	  differential	  
competitive	  abilities	  as	  the	  source	  of	  these	  differences.	  	  
	  
General	  comment:	  There	  are	  many	  instances	  where	  primary	  sources	  are	  not	  cited	  and	  the	  
secondary	  sources	  make	  an	  incorrect	  inference.	  For	  example,	  Buskirk	  et	  al.	  (2000a)	  is	  cited	  
repeatedly	  in	  terms	  of	  lynx	  foot-‐loading	  and	  competition	  with	  other	  carnivores	  yet	  this	  chapter	  
has	  no	  primary	  information	  to	  support	  these	  claims	  and	  in	  fact	  seems	  to	  have	  misrepresented	  
the	  primary	  sources.	  This	  problem	  becomes	  self-‐perpetuating	  when	  newer	  papers	  cite	  the	  
incorrect	  one.	  There	  are	  several	  examples	  of	  similar	  use	  of	  the	  secondary	  literature,	  and	  this	  
seems	  to	  happen	  especially	  with	  book	  chapters	  that	  may	  not	  have	  undergone	  rigorous	  peer	  
review	  (e.g.,	  Ruggierro	  book,	  Kroen	  book,	  etc.).	  As	  a	  general	  statement,	  I	  feel	  that	  the	  USFWS	  
should	  make	  a	  more	  concerted	  effort	  to	  review	  and	  properly	  cite	  the	  primary	  literature	  rather	  
than	  rely	  on	  review	  chapters.	  
	  	  
General	  comment:	  Figure	  5	  and	  related	  text.	  I	  appreciate	  that	  hare	  survival	  and	  reproduction	  
are	  key	  to	  resiliency.	  Related	  to	  this	  is	  the	  variation	  in	  survival	  and	  reproduction	  which	  are	  
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perhaps	  even	  more	  important.	  For	  example,	  low	  survival	  and	  productivity	  of	  hares	  could	  
promote	  or	  sustain	  a	  low-‐density	  lynx	  population.	  However,	  if	  hare	  survival	  and	  reproduction	  
are	  highly	  variable	  a	  rapid	  and	  pronounced	  crash	  in	  hare	  populations	  could	  be	  unsustainable	  for	  
lynx	  who	  are	  naïve	  to	  such	  extreme	  fluctuations	  in	  their	  preferred	  prey.	  This	  may	  explain	  
initially	  low	  survival	  of	  transplanted	  lynx	  in	  Unit	  6.	  Thus,	  while	  survival/reproduction	  of	  hares	  is	  
a	  major	  concern,	  I	  suspect	  that	  the	  annual	  variability	  in	  these	  is	  perhaps	  more	  important.	  Note	  
that	  this	  could	  be	  completely	  independent	  of	  hare	  cycles,	  which	  I	  recognize	  is	  already	  an	  item	  
listed	  in	  Figure	  5.	  	  
	  	  	  	  
Page	  20,	  “we	  do	  not	  to”	  Please	  correct	  typo.	  
	  
Page	  28	  states	  that	  in	  the	  southern	  range	  lynx	  populations	  are	  more	  “stable”	  (I	  think	  you	  mean	  
“stationary”).	  Regardless,	  according	  to	  the	  timeseries	  analysis	  conducted	  by	  Murray	  et	  al	  (2008)	  
this	  is	  not	  the	  case	  and	  lynx	  numbers	  are	  more	  stochastic	  in	  the	  southern	  range,	  showing	  higher	  
levels	  of	  variability	  albeit	  at	  lower	  mean	  densities.	  
	  
Page	  29	  “b)	  adequate	  hare	  abundance	  to	  support	  lactation	  during	  the	  early	  kitten	  stage	  and	  
later	  provisioning	  of	  the	  kitten	  with	  hare	  meat,”.	  I	  don't	  agree,	  it	  could	  be	  any	  sort	  of	  meat,	  not	  
necessarily	  hares.	  For	  example,	  there	  is	  unpublished	  data	  suggesting	  that	  some	  populations	  of	  
southern	  lynx	  in	  Unit	  4	  can	  subsist	  on	  ground	  squirrels	  during	  summer.	  Similarly,	  “c)	  habitat	  
(boreal	  forest	  and	  snow)	  conditions	  that	  reduce	  the	  likelihood	  and	  effect	  of	  competition	  from	  
other	  hare	  predators”,	  as	  stated	  previously,	  is	  highly	  speculative.	  
	  
Page	  29	  “Therefore,	  the	  likelihood	  that	  an	  individual	  lynx	  will	  have	  its	  ecological	  requirements	  
met	  sufficiently	  so	  that	  it	  may	  replace	  itself	  in	  the	  breeding	  population	  is	  probably	  consistently	  
relatively	  low,	  perhaps	  similar	  to	  lynx	  born	  during	  hare	  declines/lows	  in	  the	  north.”	  The	  last	  
part	  of	  this	  sentence	  is	  too	  speculative	  without	  empirical	  support.	  	  
	  
	  Page	  29.	  There	  have	  been	  more	  robust	  qualitative	  (Keith	  1990)	  or	  quantitative	  (Murray	  2000)	  
analyses	  of	  spatial	  variability	  in	  hare	  densities	  than	  the	  papers/chapters	  cited	  in	  this	  section.	  	  
	  
Page	  31.	  Although	  there	  are	  reports	  that	  other	  predator	  species	  can	  kill	  lynx,	  lynx	  also	  are	  
known	  to	  kill	  coyotes	  (see	  Murray	  et	  al.	  2008).	  Thus,	  there	  is	  the	  need	  to	  put	  greater	  
perspective	  on	  the	  role	  of	  other	  predators	  in	  lynx	  population	  dynamics.	  The	  point	  is	  that	  we	  
really	  don't	  know	  how	  important	  other	  predators	  are	  on	  lynx,	  or	  the	  role	  of	  snow	  in	  excluding	  
these	  predators	  from	  lynx	  habitat.	  
	  
Page	  31.	  Murray	  and	  Boutin	  (1990)	  clearly	  demonstrate	  that	  despite	  higher	  foot-‐loading,	  
coyotes	  are	  able	  to	  occupy	  similar	  habitats	  and	  kill	  hares	  along	  with	  lynx,	  by	  using	  behavioural	  
advantages	  that	  are	  not	  demonstrated	  by	  lynx	  (see	  also	  Murray	  et	  al.	  1995).	  Thus,	  it	  may	  be	  
overly	  simplistic	  to	  ascribe	  differences	  between	  lynx	  and	  other	  predators	  in	  their	  ability	  to	  
overcome	  snow,	  to	  simple	  differences	  in	  foot	  loading.	  	  
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Page	  32.	  “The	  available	  science	  suggests	  that	  landscape-‐level	  hare	  densities	  consistently	  >=	  0.5	  
hares/ha	  (0.2/ac)”	  I	  am	  not	  aware	  of	  any	  primary	  data	  suggesting	  this	  threshold.	  There	  was	  a	  
book	  chapter	  by	  Ruggierro	  et	  al.	  (2000)	  that	  mentioned	  this	  threshold,	  but	  the	  SSA	  does	  not	  
provide	  convincing	  evidence	  to	  support	  this	  speculation.	  Likewise,	  “and	  favorable	  snow	  depth	  
and	  conditions	  for	  about	  four	  months	  are	  needed	  to	  support	  lynx	  occupancy,	  reproduction,	  and	  
recruitment.”	  On	  page	  31,	  Gonzalez	  et	  al	  (2007)	  and	  Peers	  et	  al	  (2012)	  are	  cited	  to	  support	  this	  
statement,	  but	  the	  first	  citation	  is	  an	  unpublished	  report	  that	  did	  not	  rigorously	  analyze	  this	  
point	  whereas	  the	  second	  did	  not	  focus	  on	  this	  question	  in	  any	  analysis	  that	  I	  am	  aware	  of.	  
	  
Page	  33.	  “Formal	  population	  viability	  analyses	  (PVAs)	  have	  not	  been	  published	  for	  lynx	  
populations	  in	  the	  DPS”.	  I	  suggest	  that	  Steury	  &	  Murray	  (2004)	  is	  an	  empirical	  attempt	  to	  
conduct	  a	  PVA	  for	  southern	  lynx,	  and	  that	  the	  McKelvey	  et	  al	  (2000)	  reference	  for	  this	  
statement	  is	  incorrect.	  Again,	  this	  is	  an	  example	  of	  the	  reliance	  on	  secondary	  literature	  in	  
making	  an	  incorrect	  generalization.	  More	  recently,	  Lyons	  et	  al	  (2016)	  attempted	  to	  determine	  
lynx	  carrying	  capacity	  and	  implicitly	  included	  aspects	  of	  a	  PVA	  in	  their	  analysis.	  	  
	  
Page	  35.	  “In	  both	  Alaska	  and	  Canada,	  lynx	  trapping	  is	  managed	  through	  regulated	  seasons	  and	  
harvest	  levels,	  which	  are	  adjusted	  to	  avoid	  overexploitation,	  especially	  during	  the	  low	  phase	  of	  
the	  hare-‐lynx	  population	  cycle	  (Alaska	  Natural	  Heritage	  Program	  2008,	  pp.	  2-‐6;	  Vashon	  2015,	  
pp.	  5-‐6).”	  This	  statement	  requires	  more	  specificity.	  Whereas	  I	  agree	  that	  lynx	  are	  ubiquitously	  
harvested	  in	  specified	  seasons,	  I	  am	  not	  convinced	  that	  harvest	  levels	  are	  adjusted	  in	  the	  low	  
phase,	  certainly	  not	  in	  all	  jurisdictions	  in	  Canada.	  I	  am	  quite	  certain	  that	  most	  provinces	  do	  not	  
increase	  harvest	  limits	  or	  otherwise	  restrict	  trapping	  during	  the	  low	  phase	  of	  the	  cycle.	  Some	  
provinces	  (Nova	  Scotia,	  New	  Brunswick,	  until	  recently,	  I	  believe)	  had	  closed	  lynx	  harvest.	  	  
	  
Page	  38	  ”Additionally,	  the	  presence	  of	  more	  snowshoe	  hare	  predators	  and	  competitors	  at	  
southern	  latitudes	  may	  inhibit	  the	  potential	  for	  high-‐density	  hare	  populations	  (Wolff	  1980,	  p.	  
128).”	  Here	  is	  another	  example	  where	  the	  original	  citation	  does	  not	  represent	  the	  best	  
information.	  The	  Wolff	  paper	  did	  not	  examine	  southern	  snowshoe	  hares	  directly	  but	  rather	  
modeled	  hare	  dynamics.	  The	  empirical	  test	  of	  this	  idea,	  Wirsing	  et	  al	  (2002)	  found	  very	  
different	  dynamics	  than	  what	  was	  predicted	  by	  Wolff.,	  i.e.,	  reverse	  source-‐sink	  dynamics	  with	  
density-‐dependent	  predation	  on-‐site,	  rather	  than	  density-‐dependent	  predation	  among	  
dispersers.	  My	  point	  is	  that	  more	  care	  is	  necessary	  in	  citing	  sources	  that	  are	  most	  appropriate	  
and	  provide	  the	  strongest	  support	  for	  the	  statements	  in	  question.	  	  	  	  
	  
Page	  38	  “Therefore,	  bobcats	  and	  coyotes	  cannot	  hunt	  efficiently	  in	  fluffy	  or	  deep	  snow	  and	  are	  
at	  a	  competitive	  disadvantage	  to	  lynx.”	  Again	  there	  is	  no	  empirical	  support	  for	  this	  statement	  
and	  no	  references	  are	  provided.	  Read	  papers	  by	  O’Donoghue	  et	  al.	  and	  Murray	  et	  al.,	  which	  
show	  that	  coyotes	  are	  able	  to	  manage	  snow	  conditions	  in	  the	  Yukon	  perfectly	  fine	  and	  live	  
sympatrically	  with	  lynx,	  through	  behavioural	  modifications.	  	  	  	  
	  
Page	  41	  “We	  continue	  to	  believe	  that	  available	  information	  suggests	  Colorado	  did	  not	  
historically	  support	  a	  persistent	  resident	  lynx	  population	  and	  that	  the	  long-‐term	  persistence	  of	  
the	  introduced	  population	  remains	  uncertain.	  “	  This	  seems	  to	  be	  in	  contradiction	  with	  earlier	  
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statements	  that	  the	  population	  is	  likely	  to	  be	  viable.	  The	  statement	  that	  Colorado	  did	  not	  
support	  a	  historical	  lynx	  population	  calls	  into	  question	  the	  recognition	  of	  Colorado	  as	  Unit	  6	  of	  
the	  DPS.	  
	  
Page	  61	  “Lynx	  biologists	  identify	  climate	  change	  as	  the	  most	  important	  and	  overarching	  factor	  
influencing	  resiliency	  of	  the	  DPS	  (Lynx	  SSA	  Team	  2016,	  pp.	  14,	  17,	  19,	  21-‐22,	  35-‐47,	  50,	  53-‐57;	  
ILBT	  2013,	  pp.	  43,	  48,	  53,	  55,	  63,	  66,	  69-‐71,	  98).	  “	  Here	  I	  would	  distinguish	  between	  proximate	  
and	  ultimate	  causes	  of	  loss	  of	  resiliency.	  In	  the	  shorter	  term	  other	  factors	  may	  have	  a	  
disproportionate	  importance.	  
	  
Page	  61	  “occurr	  “	  please	  correct	  typo.	  
	  
	  
Page	  61	  “The	  frequency	  of	  winter	  warm	  spells	  is	  correlated	  to	  the	  hardness	  of	  the	  snow	  
surface,	  sinking	  depth,	  and,	  in	  turn,	  influence	  the	  hunting	  efficiency	  of	  lynx	  (Stenseth	  et	  al.	  
2004,	  p.	  10633).”	  While	  it	  is	  true	  that	  this	  statement	  was	  made	  in	  the	  Stenseth	  paper,	  no	  
original	  data	  were	  presented	  and	  the	  point	  was	  purely	  speculative.	  See	  Murray	  and	  Boutin	  
(1991),	  Murray	  et	  al.	  (1994)	  and	  Murray	  et	  al.	  (1995)	  for	  original	  sources	  of	  empirical	  data	  on	  
lynx	  footloads	  and	  hunting	  success.	  The	  presumption	  that	  hunting	  efficiency	  will	  diminish	  with	  
snow	  conditions,	  while	  possible,	  has	  not	  been	  rigorously	  supported	  by	  data.	  
	  
Page	  64	  “Various	  forms	  of	  snow	  compaction	  and	  structure	  within	  the	  snowpack	  (see	  above)	  
give	  a	  competitive	  advantage	  to	  bobcats	  and	  other	  predators/competitors	  with	  higher	  foot	  
loading	  that	  would	  normally	  have	  difficulty	  traveling	  and	  hunting	  efficiently	  in	  deep,	  fluffy	  snow	  
conditions	  (Murray	  and	  Boutin	  1991;	  Murray	  et	  al.	  1994;	  Kolbe	  et	  al.	  2010).”	  This	  is	  not	  an	  
accurate	  reflection	  of	  what	  is	  reported	  in	  the	  two	  first	  papers.	  Furthermore,	  throughout	  there	  
seems	  to	  be	  a	  strong	  bias	  towards	  suggesting	  lynx-‐bobcat	  competition	  will	  be	  intensified	  with	  
climate	  change.	  However,	  I	  believe	  that	  coyotes	  are	  likely	  to	  pose	  a	  much	  more	  substantive	  
threat,	  if	  indeed	  competition	  is	  intensified.	  See	  Litvaitis	  &	  Harrison	  (1992).	  	  
	  
Page	  64	  “Direct	  effects	  to	  lynx,	  hares,	  and	  their	  habitat	  that	  are	  occurring	  or	  can	  be	  reasonably	  
anticipated	  include	  1)	  range	  contraction,	  2)	  reduction	  in	  the	  periodicity	  and	  amplitude	  of	  the	  
hare	  cycle,	  3)	  reduction	  in	  snow	  conditions	  necessary	  to	  give	  lynx	  a	  competitive	  advantage,	  4)	  
reduction	  in	  hare	  habitat	  quality	  and	  populations,	  5)	  reduction	  in	  the	  amount	  of	  lynx	  and	  hare	  
habitat	  in	  the	  U.S.,	  6)	  changes	  in	  the	  frequency	  and	  pattern	  of	  disturbance	  events,	  7)	  
introduction	  of	  disease	  and	  parasites,	  and	  8)	  reduced	  gene	  flow.”	  	  I	  agree	  with	  most	  of	  these	  
conclusions	  but	  do	  not	  think	  that	  #2	  is	  based	  on	  empirical	  data.	  For	  example,	  it	  is	  possible	  that	  
lynx	  or	  hare	  numbers	  may	  become	  more	  stochastic	  and	  irruptive	  following	  climate	  change,	  but	  
how	  this	  translates	  to	  changes	  in	  cycle	  amplitude	  and	  periodicity	  is	  not	  known.	  It	  could	  be	  that	  
the	  cycle	  is	  lost	  but	  that	  stochastic	  irruptions	  of	  extreme	  densities	  become	  more	  likely	  as	  year-‐
to-‐year	  climate	  conditions	  become	  more	  sporadic.	  
	  
Page	  65	  “Reduction	  in	  Periodicity	  and	  Amplitude	  of	  the	  Hare	  Cycle”	  This	  section	  does	  present	  
some	  reasonable	  speculative	  information	  but	  I	  would	  caution	  against	  placing	  too	  strong	  an	  
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emphasis	  on	  the	  collapse	  of	  cycles	  owing	  to	  climate	  change.	  I	  believe	  that	  the	  Norwegian	  
examples	  of	  cycle	  collapse	  for	  voles	  and	  their	  predators	  have	  been	  reversed	  in	  recent	  years,	  
with	  restoration	  of	  cyclic	  dynamics.	  In	  Yukon,	  what	  appeared	  to	  be	  a	  reducing	  cyclic	  amplitude	  
for	  lynx	  and	  hares	  seems	  to	  be	  headed	  toward	  a	  complete	  reversal	  owing	  to	  unexpected	  
continued	  increase	  in	  hare	  and	  lynx	  numbers	  through	  a	  period	  that	  was	  predicted	  to	  be	  in	  
decline	  (C.	  Krebs,	  unpubl.).	  My	  point	  is	  that	  the	  timelines	  needed	  to	  make	  reliable	  inference	  on	  
cyclic	  amplitude	  and	  period	  make	  it	  difficult	  to	  infer	  causal	  links	  between	  climate	  change	  and	  
what	  may	  merely	  be	  natural	  stochasticity	  in	  cyclic	  dynamics.	  	  
	  
Page	  65	  “Across	  their	  worldwide	  distribution,	  lynx	  rely	  on	  deep,	  powdery	  and	  persistent	  snow	  
because	  they	  restrict	  potential	  lynx	  competitors	  such	  as	  bobcat	  or	  coyote	  and	  predators	  such	  as	  
fishers	  and	  cougars	  from	  effectively	  encroaching	  on	  or	  hunting	  hares	  in	  winter	  lynx	  habitat	  
(Peers	  et	  al.	  2016,	  entire;	  79	  FR	  54809).”	  This	  statement	  is	  not	  an	  accurate	  characterization	  of	  
either	  the	  ecology	  of	  some	  species	  of	  lynx,	  including	  the	  Eurasian	  lynx	  and	  the	  Iberian	  lynx,	  or	  
what	  was	  stated	  in	  the	  Peers	  et	  al.	  paper,	  which,	  regardless,	  is	  not	  a	  primary	  source	  in	  terms	  of	  
empirical	  data	  for	  other	  species	  of	  lynx.	  Peers	  et	  al	  (2016),	  as	  cited,	  doesn't	  exist.	  More	  care	  is	  
necessary	  in	  ensuring	  that	  the	  citations	  are	  correct.	  
	  
	  Page	  66	  “Reduced	  snow	  depth	  and	  duration	  may	  reduce	  lynx’s	  competitive	  advantage	  over	  
bobcats,	  which	  have	  similar	  ecology	  to	  lynx	  but	  are	  not	  as	  well-‐adapted	  to	  hunting	  hares	  in	  
deep	  fluffy	  snow	  (Hoving	  2001,	  pp.	  23–24;	  Carroll	  2007,	  p.	  1102;	  ILBT	  2013,	  pp.	  69,	  71).“	  Again,	  
competitive	  advantage	  of	  lynx	  in	  snow	  is	  not	  clearly	  demonstrated	  and	  I	  strongly	  suspect	  that	  
coyotes	  are	  more	  important	  competitors.	  
	  
Page	  66	  “outcompetes	  or	  displaces	  lynx	  wherever	  the	  two	  species	  overlap,	  at	  both	  broad	  (Peers	  
et	  al.	  2016,	  entire)“	  Peers	  et	  al.	  2016	  does	  not	  exist.	  
	  
Page	  66	  “In	  areas	  where	  they	  do	  overlap,	  lynx	  are	  subjected	  to	  niche	  displacement	  to	  habitats	  
of	  inferior	  quality,	  which	  probably	  limits	  lynx	  survival	  and	  productivity	  at	  the	  southern	  edge	  of	  
their	  range	  (Peers	  et	  al.	  2016,	  entire;	  Robinson	  2006,	  pp.	  120).	  Snow	  depth	  likely	  acts	  as	  a	  
mediator	  of	  competition	  between	  the	  two	  species.”	  As	  stated	  above,	  this	  statement	  could	  be	  
challenged	  and	  is	  purely	  speculative.	  Certainly,	  Peers	  et	  al	  (2013,	  not	  “2016”,	  as	  stated),	  which	  
is	  based	  exclusively	  on	  lynx	  and	  bobcat	  observations,	  presents	  no	  data	  to	  support	  the	  
contention	  that	  survival	  or	  productivity	  are	  compromised.	  
	  	  
Page	  66	  “Lynx	  have	  a	  low	  foot	  loading	  and	  long	  legs	  (Buskirk	  et	  al.	  2000a,	  p.	  90;	  Krohn	  et	  al.	  
2005,	  pp.	  122-‐129)	  that	  gives	  them	  a	  competitive	  advantage	  over	  bobcats	  in	  deep,	  fluffy	  snow	  
conditions.”	  To	  my	  knowledge,	  none	  of	  these	  citations	  include	  original	  data.	  Cite	  Murray	  and	  
Boutin	  (1991).	  
	  
Page	  67	  “Murray	  et	  al.	  2007”.	  No	  such	  paper	  exists.	  	  
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Page	  67	  “For	  example,	  hard-‐packed	  snow	  is	  reported	  to	  be	  associated	  with	  a	  higher	  kill	  rate	  of	  
hares	  by	  lynx	  and	  coyotes	  than	  soft	  snow	  (Buskirk	  et	  al.	  2000,	  p.	  94;	  Stenseth	  et	  al.	  2004,	  p.	  
10633).”	  Neither	  of	  these	  papers	  provided	  original	  data	  to	  support	  this	  contention.	  
	  
	  
References:	  “Sultaire,	  S.	  M.,	  J.	  N.	  Pauli,	  K.	  J.	  Martin,	  M.	  W.	  Meyer,	  B.	  Zuckerberg.	  2016b.	  
Extensive	  forests	  and	  persistent	  snow	  cover	  momote	  snowshoe	  hare	  occupancy	  in	  Wisconsin.	  
The	  Journal	  of	  Wildlife	  Management	  80:894-‐905.”.	  Check	  for	  typo	  
	  
General	  comment:	  Too	  much	  emphasis	  on	  lynx	  and	  competitors.	  Lynx	  do	  not	  occur	  where	  there	  
are	  no	  hares.	  If	  you	  track	  hares,	  this	  will	  give	  you	  a	  good	  perspective	  of	  where	  lynx	  may	  be.	  
Competition	  is	  an	  extra	  parameter	  but	  surely	  not	  the	  driver.	  	  
	  
Page	  70	  “Several	  authors	  have	  suggested	  that	  grasslands,	  aspen	  parklands,	  and	  temperate	  
forest	  will	  expand	  northward	  resulting	  in	  decreases	  in	  boreal	  forest	  “	  I	  strongly	  suspect	  that	  it	  
will	  be	  the	  other	  way	  around,	  i.e.,	  boreal	  forest	  will	  recede	  through	  inadequate	  precip/temp	  
conditions	  and	  be	  replaced	  by	  parklands	  and	  temperate	  forest.	  	  
	  
Page	  73	  “This	  may	  be	  explained	  by	  the	  reluctance	  of	  lynx	  to	  disperse	  between	  areas	  having	  
different	  snow	  regimes	  and	  snow	  quality.	  Snow	  conditions	  may	  be	  the	  key	  factor	  in	  the	  spatial,	  
ecological,	  and	  genetic	  structuring	  of	  Canada	  lynx	  (Stenseth	  et	  al.	  2014,	  pp.	  10633-‐10644).”	  
More	  recent	  work	  by	  Row	  et	  al.	  (2014)	  provides	  a	  more	  robust	  analysis	  of	  this	  phenomenon,	  
including	  under	  a	  range	  of	  climate	  change	  scenarios.	  
	  
Page	  73	  “For	  example,	  gene	  flow	  between	  eastern	  Canada	  and	  Maine	  lynx	  populations	  depends	  
on	  an	  ice	  bridge	  for	  dispersal	  across	  the	  St.	  Lawrence	  River.	  “.	  This	  is	  not	  correct.	  	  There	  are	  
plenty	  of	  lynx	  in	  the	  Gaspe	  peninsula	  or	  in	  New	  Brunswick.	  
	  
Page	  74	  This	  section	  omitted	  2	  critical	  references	  on	  hare	  habitat	  use	  and	  extinction	  processes	  
in	  the	  DPS,	  see	  Thornton	  et	  al	  (2012,	  2013)	  
	  
Page	  79.	  A	  key	  reference	  on	  hare	  responses	  to	  thinning	  in	  Oregon	  is:	  Able	  et	  al.	  (2012?)	  
	  
Page	  80	  “Current	  hare	  densities	  in	  partially	  harvested	  stands	  in	  Maine	  average	  about	  0.4	  
hares/ha	  (Simons	  2009),	  which	  is	  below	  the	  landscape	  hare	  densities	  (0.5	  hares/ha	  (Ruggiero	  et	  
al.	  2000b,	  Simons-‐Legaard	  et	  al.	  2013)	  needed	  to	  support	  lynx.”	  This	  threshold	  is	  not	  supported	  
empirically.	  There	  are	  no	  data	  to	  confirm	  this	  threshold,	  which	  was	  put	  out	  by	  the	  original	  
authors	  as	  a	  guesstimate.	  
	  
Page	  87	  “Maine’s	  forest	  area	  has	  increased	  0.79	  percent	  since	  1982	  (Maine	  Forest	  Service,	  
Department	  of	  Conservation	  2010,	  p.	  25).	  Similarly,	  a	  large	  portion	  of	  Minnesota	  forests	  were	  
cleared	  in	  the	  last	  century,	  but	  forest	  cover	  has	  rebounded.”	  Is	  “0.79	  percent”	  correct,	  or	  do	  
you	  mean	  79%?	  	  I	  presume	  the	  latter,	  but	  on	  the	  off-‐chance	  the	  former	  is	  correct,	  the	  next	  
sentence	  does	  not	  make	  sense.	  	  



	   14	  

	  
Page	  88	  “Thus,	  southern	  transitional	  boreal	  forests	  generally	  have	  lower	  landscape	  snowshoe	  
hare	  densities	  than	  boreal	  forests	  further	  north	  (Wolff	  1980,	  pp.	  123–128;	  Buehler	  and	  Keith	  
1982,	  pp.	  24,	  28;	  Koehler	  1990,	  p.	  849;	  Koehler	  and	  Aubry	  1994,	  p.	  84).”	  These	  are	  not	  the	  
correct	  citations,	  because	  they	  are	  point-‐location	  estimates.	  Rather,	  cite	  papers	  showing	  the	  
range	  of	  densities,	  which	  includes	  Keith	  (1990),	  Murray	  (1990)	  and	  Hodges	  (2000).	  	  
	  
Page	  88	  “Wolff	  (1980,	  1981)	  described	  the	  mechanism	  by	  which	  a	  fragmented	  habitat	  might	  
dampen	  or	  eliminate	  cyclic	  population	  fluctuations.”	  This	  citation	  is	  based	  on	  a	  modeling	  
exercise	  and	  does	  not	  include	  empirical	  data.	  Please	  check	  out	  Wirsing	  et	  al	  (2002)	  for	  actual	  
data	  testing	  this	  hypothesis.	  In	  contrast,	  Wirsing	  et	  al	  (2002)	  suggest	  that	  the	  model	  should	  
include	  density-‐dependent	  predation	  on	  site,	  adding	  further	  constraints	  to	  hare	  population	  
growth	  in	  the	  southern	  range.	  
	  
Page	  89	  “dispersing	  individuals	  (Wirsing	  et	  al.	  2003,	  p.	  170).	  In	  predator-‐rich	  landscapes	  
characteristic	  of	  “	  I	  think	  you	  mean	  Wirsing	  et	  al	  (2002).	  
	  
Page	  90	  “Snow	  conditions	  that	  provide	  lynx	  a	  competitive	  advantage	  over	  other	  terrestrial	  hare	  
predators	  are	  most	  consistent	  in	  the	  high-‐elevation	  regions	  of	  the	  western	  U.S.,”	  See	  previous	  
comments	  about	  competition.	  
	  
Page	  91	  “Maintaining	  a	  mosaic	  of	  large	  (>100	  acres)	  patches	  of	  young	  to	  old	  stands	  in	  patterns	  
that	  are	  representative	  of	  natural	  ecological	  processes	  and	  disturbance	  regimes	  would	  be	  
conducive	  to	  long-‐term	  conservation	  of	  lynx	  (ILBT	  2013,	  p.	  77).“	  Please	  add	  that	  these	  large	  
patches	  should	  be	  in	  close	  proximity	  to	  each	  other.	  
	  
Page	  93	  “This	  is	  diminishing	  landscape	  conditions	  conducive	  to	  supporting	  lynx.”	  Please	  correct.	  
	  
Page	  97	  “Our	  analyses	  and	  lynx	  expert	  imput	  indicate”	  Please	  correct.	  
	  
Page	  99	  “However,	  we	  now	  know	  that	  there	  currently	  is	  sufficient	  habitat	  in	  this	  unit	  to	  possibly	  
support	  the	  largest	  reproducing	  resident	  population	  of	  lynx	  in	  the	  DPS	  (numbers	  and	  trends	  
unknown,	  but	  enough	  habitat	  currently	  exists	  to	  support	  possibly	  500	  to	  1000	  lynx).”	  This	  is	  a	  
defensible	  statement.	  Elsewhere,	  reference	  is	  made	  to	  Maine	  containing	  the	  largest	  number	  of	  
lynx	  among	  all	  6	  units.	  Please	  correct	  these	  statements.	  
	  
Page	  100	  “The	  next	  spruce	  budworm	  outbreak	  is	  imminent,	  but	  forestry	  response	  by	  
investment	  landowners	  is	  uncertain.	  Climate	  change	  is	  a	  concern	  as	  snow	  depth	  and	  duration	  
are	  currently	  at	  the	  minimum	  thresholds	  believed	  necessary	  to	  give	  lynx	  a	  competitive	  
advantage	  over	  bobcats	  and	  other	  mesocarnivores.”	  The	  first	  sentence	  is	  not	  supported	  by	  
data.	  How	  can	  one	  state	  with	  certainty	  that	  an	  outbreak	  is	  ‘imminent’.	  The	  second	  sentence	  is	  
not	  supported	  by	  any	  empirical	  data,	  as	  stated	  previously.	  
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Page	  100	  “Factors	  affecting	  current	  conditions	  in	  this	  unit	  primarily	  include	  forestry	  
management,	  roads,	  incidental	  trapping,	  mining	  development,	  snow	  compaction,	  competition	  
with	  bobcats,	  and	  lynx-‐bobcat	  hybridization.”	  While	  there	  are	  data	  supporting	  several	  of	  these	  
statements	  for	  Minnesota,	  this	  is	  not	  the	  case	  for	  bobcat	  competition.	  What	  about	  coyotes?	  	  
	  
Page	  101	  “Results	  of	  snowshoe	  hare	  research	  suggest	  that	  the	  hare	  population	  density	  in	  
Washington	  exists	  at	  the	  low	  end	  of	  the	  range	  thought	  necessary	  to	  support	  lynx	  reproduction	  
(>=	  0.5	  hares/ha).”	  Unsubstantiated	  hare	  density	  threshold.	  Also,	  please	  refer	  to	  Lyons	  et	  al.	  
(2016)	  for	  an	  analysis	  of	  lynx	  carrying	  capacity	  in	  Unit	  4.	  
	  
Page	  104	  “The	  CLNA	  includes	  61	  km2	  (23	  mi2)	  considered	  core	  lynx	  habitat	  with	  a	  conservation	  
easement	  under	  which	  it	  will	  be	  allowed	  to	  mature	  to	  a	  climax	  forest	  type	  potentially	  providing	  
good	  denning	  habitat	  but	  restricting	  the	  amount	  of	  snowshoe	  hare	  habitat	  in	  the	  foreseeable	  
future.”	  The	  climax	  forest	  myth	  for	  denning	  has	  been	  debunked	  (see	  Murray	  et	  al	  2008)	  and	  the	  
earlier	  sections	  of	  the	  report	  did	  not	  fall	  into	  this	  quagmire,	  as	  far	  as	  I	  recall.	  Lynx	  will	  den	  
anywhere	  there	  are	  decent	  hare	  numbers,	  often	  but	  not	  exclusively	  where	  there	  is	  deadfall.	  
Thus,	  ‘climax	  forest’	  is	  not	  needed.	  
	  
Page	  113	  “survival	  (Vashon	  et	  al.	  2012,	  pp.	  18-‐21),	  productivity	  (Vashon	  et	  al.	  2012,	  pp.	  17-‐19),	  
and	  other	  aspects	  of	  their	  life	  history	  (Vashon	  et	  al.	  2012,	  entire)..”	  Double	  period.	  
	  
Page	  114	  “As	  noted	  in	  chapter	  2,	  deep,	  fluffy	  snow	  provides	  lynx	  with	  a	  competitive	  advantage	  
over	  bobcats	  and	  gives	  snowshoe	  hares	  the	  ability	  to	  reach	  winter	  browse.“	  As	  stated	  
previously.	  
	  
Page	  117	  “competition	  from	  bobcats	  and	  fishers”	  I	  would	  be	  very	  careful	  of	  ascribing	  an	  
incidental	  few	  cases	  of	  lynx	  mortality	  from	  fisher	  as	  evidence	  of	  competition	  from	  that	  species,	  
let	  alone	  the	  role	  of	  bobcats.	  I	  suspect	  that	  in	  most	  encounters,	  lynx	  will	  kill	  fishers	  although	  I	  
don't	  have	  data	  to	  base	  this	  on.	  Because	  fishers	  occur	  in	  most/all	  of	  the	  6	  Units,	  presumably	  if	  
they	  are	  relevant	  in	  Maine	  they	  should	  be	  important	  elsewhere	  as	  well.	  
	  
Page	  122.	  “All	  of	  these	  factors	  have	  potential	  to	  reduce	  the	  deep	  and	  fluffy	  winter	  snow	  
conditions	  and	  to	  reduce	  the	  competitive	  advantage	  of	  lynx	  in	  areas	  that	  typically	  receive	  deep	  
snows.”	  Likewise	  “As	  described	  in	  Chapter	  2,	  above,	  lynx	  are	  adapted	  for	  surviving	  in	  areas	  that	  
have	  cold	  winters	  with	  deep,	  fluffy	  snow,	  where	  they	  outcompete	  potential	  competitors	  such	  
as	  bobcats,	  coyotes,	  and	  wolves	  (Buskirk	  et	  al.	  2000a,	  pp.	  90-‐91;	  McCord	  &	  Cardoza.	  1982,	  pp.	  
748-‐749;	  Ruediger	  et	  al.	  2000,	  pp.	  445-‐449).”	  Not	  one	  of	  your	  citations	  presents	  data	  to	  support	  
this	  assertion.	  
	  
Page	  124	  “Even	  the	  relatively	  higher	  hare	  densities	  in	  the	  dense	  mature	  and	  dense	  young	  
stands	  only	  marginally	  achieve	  the	  threshold	  density	  of	  0.5/ha	  thought	  necessary	  to	  support	  
lynx	  within	  home	  ranges	  (Ruggiero	  et	  al.	  2000b,	  pp.	  446–447;	  ILBT	  2013,	  pp.	  24,	  26,	  90).	  “	  
Again,	  this	  threshold	  is	  not	  supported	  by	  data.	  
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Page	  125	  “Also	  as	  elsewhere	  (Moen	  et	  al.	  2008a,	  p.	  1512;	  Organ	  et	  al.	  2008,	  pp.	  1514,	  1516–
1517,	  ILBT	  2013,	  p.	  30;	  79	  FR	  54790),	  denning	  habitat	  is	  not	  thought	  to	  be	  a	  limiting	  factor	  for	  
lynx	  in	  this	  unit	  (Squires	  et	  al.	  2008,	  p.	  1505).”	  I	  agree	  with	  this	  statement,	  which	  contradicts	  
what	  was	  stated	  previously	  for	  New	  Hampshire.	  
	  
Page	  128	  “Snow	  conditions	  in	  this	  unit	  also	  appear	  to	  remain	  suitable	  to	  allow	  lynx	  to	  
outcompete	  other	  terrestrial	  hare	  predators.	  “	  See	  above	  comments	  about	  competition.	  
	  
Page	  129	  “Because	  lynx	  habitats	  in	  this	  unit,	  like	  most	  other	  areas	  of	  the	  DPS	  range,	  are	  
naturally	  highly-‐fragmented,	  and	  most	  have	  hare	  densities	  that	  barely	  meet	  the	  0.5	  hares/ha	  
threshold	  “	  See	  above	  re.	  threshold.	  
	  
Page	  130	  “Annual	  survival	  rates	  for	  subadult	  and	  adult	  female	  lynx	  were	  0.52	  and	  0.75,	  
respectively,	  in	  Seeley	  Lake,	  and	  0.68	  and	  0.85,	  respectively,	  in	  the	  Purcells.”	  As	  a	  general	  
statement	  here	  and	  elsewhere	  in	  this	  document,	  it	  would	  be	  helpful	  if	  you	  provided	  confidence	  
intervals	  (and	  if	  possible,	  sample	  sizes)	  when	  reporting	  such	  rates	  (if	  they	  are	  available	  in	  the	  
original	  papers).	  These	  are	  important	  in	  terms	  of	  inferring	  whether	  the	  rates	  are	  robust	  
estimates.	  I	  note	  later	  that	  confidence	  intervals	  are	  provided	  in	  some	  cases,	  so	  if	  possible,	  
please	  use	  the	  same	  nomenclature	  throughout.	  I	  acknowledge	  that	  some	  original	  sources	  may	  
not	  include	  this	  information.	  
	  
Page	  131	  “Mountain	  Research	  Station(RMRS)	  “	  Space	  needed.	  
	  
Page	  133	  “often	  appear	  to	  barely	  meet	  the	  0.5	  hares/ha	  threshold	  thought	  necessary	  to	  
support	  resident	  lynx,”	  As	  discussed	  previously.	  
	  
Page	  135	  “magnitude	  of	  lynx	  populations	  cycles	  in”	  Please	  correct	  typo	  	  
	  
Page	  137	  “highlighting	  the	  need	  for	  cooperation	  and	  shared	  management	  goals	  across	  political	  
boundaries”	  Seems	  like	  an	  editorial	  statement	  that	  is	  out	  of	  place	  unless	  you	  were	  to	  devote	  an	  
entire	  section	  to	  this	  important	  issue.	  	  
	  
Page	  148	  “Results	  of	  lynx	  research	  in	  the	  northern	  portion	  of	  its	  range	  suggest	  that	  a	  minimum	  
density	  of	  0.5-‐1.0	  hares/ha	  (0.2-‐0.4	  hares/ac)	  is	  needed	  to	  support	  lynx	  reproduction,	  but	  it	  is	  
unknown	  if	  a	  similar	  snowshoe	  hare	  density	  is	  required	  to	  support	  lynx	  reproduction	  in	  the	  
southern	  portion	  of	  its	  range	  (Ruggiero	  et	  al.	  2000b,	  p.	  446).”	  Yet,	  throughout	  the	  document	  
thus	  far	  you	  have	  argued	  that	  a	  threshold	  hare	  density	  is	  0.5	  hares	  /	  ha,	  which	  is	  based	  on	  pure	  
speculation.	  Why	  the	  inconsistency?	  	  
	  
General	  comment:	  The	  document	  is	  appropriately	  focused	  on	  hares	  as	  the	  primary	  prey	  of	  lynx,	  
but	  it	  is	  understood	  that	  in	  the	  southern	  range	  of	  the	  lynx	  distribution,	  alternate	  prey	  forms	  a	  
greater	  portion	  of	  the	  lynx	  diet	  than	  in	  the	  boreal	  forest	  (see	  Roth	  et	  al.	  2007).	  Thus,	  the	  role	  of	  
squirrels	  and	  other	  alternate	  prey	  in	  the	  southern	  range	  cant	  be	  ignored.	  
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Page	  144	  “and	  96	  percent	  had	  estimated	  hare	  densities	  below	  the	  0.5	  hare/ha	  threshold	  
thought	  necessary	  to	  support	  resident	  lynx“	  Please	  see	  above	  comments	  regarding	  this	  
threshold.	  
	  
Page	  145	  “Snow	  conditions	  in	  this	  unit	  also	  appear	  to	  remain	  suitable	  to	  allow	  lynx	  to	  
outcompete	  other	  terrestrial	  hare	  predators.	  “	  Please	  see	  above	  comments	  re.	  competition	  
	  
General	  comment:	  Chapter	  4	  (up	  to	  page	  155)	  the	  information	  provided	  appears	  to	  be	  very	  
comprehensive	  for	  some	  sites	  (Unit	  1,	  Unit	  3,	  Unit	  4)	  but	  seems	  deficient	  for	  others	  (Unit	  6).	  I	  
recognize	  that	  this	  reflects	  the	  state	  of	  available	  information	  for	  each	  unit	  but	  it	  does	  expose	  an	  
inconsistency	  in	  the	  amount	  of	  information	  being	  used	  to	  examine	  the	  suitability	  of	  individual	  
sites	  and	  the	  veracity	  of	  some	  conclusions.	  For	  example,	  extensive	  work	  has	  gone	  into	  
predicting	  the	  number	  of	  lynx	  that	  can	  be	  supported	  in	  Unit	  4.	  For	  Unit	  1,	  2,	  &	  4,	  we	  are	  given	  
ballpark	  estimates	  of	  lynx	  numbers,	  and	  the	  variance	  in	  the	  guestimates	  alone	  far	  surpasses	  the	  
precise	  estimates	  for	  Unit	  4.	  For	  Units	  5	  and	  6,	  the	  information	  is	  not	  available.	  These	  
inconsistencies	  make	  it	  difficult	  to	  critically	  evaluate	  the	  merit	  of	  different	  units	  relative	  to	  each	  
other.	  Again,	  I	  understand	  that	  this	  is	  a	  limitation	  of	  the	  available	  data,	  but	  it	  does	  pose	  
challenges.	  
	  
Page	  161	  “This	  is	  because	  of	  the	  currently	  observed	  and	  likely	  future	  high	  level	  of	  gene	  flow	  
across	  most	  of	  the	  lynx’s	  continental	  range,	  the	  species’	  well-‐documented	  dispersal	  capability,	  
and	  the	  current	  and	  likely	  future	  connectivity	  and	  absence	  of	  significant	  barriers	  to	  dispersal	  
between	  Canada	  and	  most	  DPS	  geographic	  units.”	  And	  “and	  no	  indication	  that	  future	  gene	  flow	  
is	  likely	  to	  be	  substantially	  reduced	  (79	  FR	  54793).	  This	  information	  suggests	  the	  current	  and	  
likely	  future	  relative	  genetic	  health	  of	  the	  DPS.”.	  I	  do	  not	  fully	  agree	  with	  this	  statement.	  While	  
on	  the	  basis	  of	  persistence	  of	  lynx	  dispersal	  corridors	  between	  Canada	  and	  the	  US	  it	  may	  be	  
possible	  to	  predict	  that	  gene	  flow	  will	  not	  be	  restricted,	  I	  suspect	  that	  relatively	  intensive	  lynx	  
trapping,	  which	  is	  perhaps	  increasing	  with	  time	  or	  its	  effects	  are	  becoming	  proportionally	  more	  
important	  as	  lynx	  densities	  in	  southern	  Canada	  become	  lower	  and	  lynx	  population	  cycles	  may	  
become	  attenuated,	  will	  contribute	  to	  restricted	  gene	  flow.	  I	  do	  not	  have	  data	  to	  support	  this	  
but	  think	  that	  the	  assessment	  of	  continued	  gene	  flow,	  based	  exclusively	  on	  persistence	  of	  
geographical	  corridors	  linking	  Canada	  and	  USA,	  does	  not	  consider	  the	  broader	  constraints	  on	  
lynx	  dispersal.	  
	  
Page	  161	  “Climate	  models	  project	  that	  boreal	  forests	  and	  snow	  conditions	  favorable	  for	  lynx	  at	  
the	  southern	  periphery	  of	  the	  range	  will	  retreat	  northward	  and	  upslope	  with	  continued	  
warming,	  further	  fragmenting	  and	  diminishing	  the	  quality	  of	  lynx	  and	  hare	  habitat	  within	  the	  
DPS.	  Although	  uncertainty	  remains	  regarding	  the	  timing,	  extent,	  and	  biological	  consequences	  of	  
such	  impacts,	  as	  habitat	  conditions	  decline,	  hare	  populations	  will	  decline	  and	  lynx	  mortality	  
rates	  are	  likely	  to	  increase	  and	  reproductive	  rates	  decrease.”	  Here	  and	  elsewhere,	  please	  
consult	  Peers	  et	  al.	  (2014)	  to	  gain	  perspective	  on	  potential	  lynx	  range	  recession	  and	  the	  
relevance	  of	  loss	  of	  hares	  and	  potential	  increasing	  importance	  of	  alternate	  prey	  for	  lynx	  
persistence	  in	  the	  southern	  range.	  
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Page	  162	  “a	  pending	  spruce-‐budworm	  outbreak”	  As	  stated	  previously,	  I	  have	  reservations	  
about	  ascribing	  a	  high	  level	  of	  certainty	  to	  this	  phenomenon.	  
	  
Page	  169	  “coming	  spruce	  budworm	  outbreak”	  Same	  as	  above	  
	  
Page	  171	  “These	  projections	  do	  not	  consider	  the	  effects	  of	  the	  next	  outbreak	  of	  spruce	  
budworm.	  After	  being	  low	  for	  the	  last	  20	  years,	  spruce	  budworm	  numbers	  are	  again	  building	  
toward	  epidemic	  levels	  in	  Maine,	  southern	  Quebec,	  and	  northern	  New	  Brunswick.	  Significant	  
defoliation	  in	  Maine	  is	  expected	  in	  the	  next	  few	  years	  and	  the	  outbreak	  may	  last	  for	  about	  a	  
decade	  (Wagner	  et	  al.”.	  While	  I	  still	  think	  that	  the	  level	  of	  certainty	  ascribed	  to	  the	  likely	  
outbreak	  is	  overstated	  in	  this	  document,	  the	  supporting	  information	  should	  be	  presented	  more	  
strongly	  earlier	  on,	  rather	  than	  making	  unsupported	  statements	  about	  the	  ‘imminent	  
outbreak’.	  
	  
Page	  175.	  “A	  pending	  spruce	  budworm	  outbreak	  and	  frequent	  disturbance	  from	  forest	  
management	  could	  accelerate	  conversion	  to	  northern.	  Other	  climate-‐related	  forest	  
disturbances	  (forest	  pests,	  diseases)	  could	  further	  accelerate	  conversion	  to	  northern	  
hardwoods	  (Iverson	  et	  al.	  2008,	  p.	  404).”	  As	  discussed	  previously.	  
	  
Page	  176	  “In	  the	  future,	  lynx	  habitat	  will	  be	  fragmented	  into	  smaller,	  isolated	  parcels,	  and	  will	  
shift	  southward	  into	  areas	  occupied	  by	  bobcats	  and	  fishers	  where	  snow	  conditions	  are	  unlikely	  
to	  favor	  lynx	  (Simons	  2009,	  pp.	  153-‐165;	  Simons-‐Legaard	  et	  al.	  2016,	  pp.	  1,	  6;	  Simons-‐Legaard	  
2016,	  p.	  8).”.	  This	  statement	  implies	  a	  competitive	  advantage	  for	  fisher	  with	  warming	  climate,	  
yet	  there	  is	  no	  data	  to	  support	  this	  contention,	  that	  I	  am	  aware	  of.	  
	  
Page	  177	  “A	  spruce	  budworm	  outbreak	  is	  projected	  to	  reach	  epidemic	  proportions	  in	  Maine	  in	  
2018	  to	  2021.	  The	  epidemic	  has	  already	  affected	  10	  million	  acres	  (40,470	  km2	  [15,630	  mi2])	  of	  
spruce-‐fir	  in	  southern	  Quebec,	  immediately	  north	  of	  Maine	  (Wagner	  et	  al.	  2014,	  entire).	  The	  
last	  outbreak	  in	  the	  1970s	  and	  1980s	  killed	  millions	  of	  acres	  of	  spruce	  and	  fir	  forests	  in	  the	  
Northern	  Maine	  Unit.	  Maine’s	  5.8	  million	  acres	  (23,472	  km2	  [9,063	  mi2])	  of	  spruce-‐fir	  stands	  
across	  the	  State	  are	  at	  risk	  of	  defoliation.	  Although	  the	  outbreak	  has	  caused	  severe	  defoliation	  
thus	  far	  over	  15	  million	  acres	  (60,703	  km2	  [23,438	  mi2])	  of	  spruce-‐fir	  forests	  in	  southern	  
Quebec,	  some	  project	  a	  weaker	  outbreak	  in	  Maine	  because	  spruce	  and	  fir	  trees	  are	  younger	  
and	  less	  susceptible	  and	  there	  is	  a	  higher	  hardwood	  component	  in	  northern	  Maine	  forests	  
(Wagner	  et	  al.	  2016,	  p.	  18-‐22).	  A	  typical	  outbreak	  lasts	  for	  a	  decade.”	  I	  consider	  this	  pretty	  
strong	  support	  for	  a	  likely	  outbreak	  in	  the	  coming	  years,	  and	  I	  would	  have	  liked	  to	  see	  this	  
support	  added	  to	  the	  many	  earlier,	  unsupported,	  statements	  about	  an	  imminent	  outbreak.	  
	  
Page	  183	  “Long	  term	  drivers	  of	  the	  projected	  decline	  were	  reduced	  the	  quality,	  quantity,”	  Typo	  
	  
Page	  186	  “Greatest	  stressors	  of	  climate	  change	  include	  diminishing	  snow	  depth,	  quality	  and	  
duration;	  competition	  from	  bobcats	  and	  other	  carnivores;	  hybridization	  with	  bobcat”	  I	  don't	  
agree	  with	  this	  statement.	  First,	  competition	  is	  not	  known	  to	  be	  a	  response	  to	  climate	  change,	  
especially	  with	  bobcat.	  Second,	  data	  show	  that	  hybridization	  is	  very	  rare	  and	  unlikely	  to	  
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become	  a	  major	  problem.	  Third,	  I	  suspect	  that	  the	  real	  problem	  with	  climate	  change	  is	  the	  loss	  
of	  hares	  on	  the	  landscape.	  Some	  of	  these	  losses	  may	  be	  attributed	  to	  ‘competitive	  forces’	  but	  I	  
think	  that	  it	  is	  a	  mistake	  to	  place	  so	  much	  emphasis	  on	  competition,	  especial	  with	  bobcats,	  
when	  in	  fact,	  it	  would	  be	  possible	  that	  lynx	  themselves	  would	  be	  responsible	  for	  the	  hare	  
dieoff.	  
	  
Page	  188	  “unsuitable	  habitat	  levels	  are	  below	  what	  was	  predicted	  in	  the	  2004	  (USFWS	  2011,	  
pp.	  51-‐52).”	  Typo	  
	  
	  
Page	  190	  “Furthermore,	  hybridization	  and	  competition	  with	  bobcat	  may	  increase	  with	  
diminishing	  snow	  conditions	  because	  of	  continued	  climate	  warming”	  Same	  as	  above	  
	  
Page	  194	  “Competition	  from	  coyotes	  and	  bobcats	  seem	  to	  be	  less	  of	  a	  concern	  for	  this	  unit.”	  
Why	  is	  this	  the	  case?	  In	  some	  Units	  the	  document	  claims	  that	  competition	  will	  be	  a	  major	  force,	  
yet	  here	  the	  impact	  is	  less	  important	  but	  no	  support	  is	  given	  for	  this.	  Is	  there	  any	  reason	  to	  
believe	  that	  competition	  will	  be	  less	  relevant	  here?	  I	  suspect	  that,	  because	  the	  lynx	  population	  
in	  Unit	  4	  has	  been	  so	  heavily	  studied,	  more	  is	  known	  about	  the	  unlikely	  role	  of	  competition.	  
Other	  units,	  with	  less/no	  data	  and	  using	  speculative	  information	  from	  review	  papers/book	  
chapters,	  have	  assumed	  that	  competition	  will	  be	  important.	  This	  seems	  to	  run	  counter	  to	  a	  
critical	  evaluation	  of	  hypotheses.	  	  
	  
Page	  205.	  The	  section	  on	  lynx	  persistence	  in	  Unit	  4,	  and	  in	  fact	  in	  all	  units,	  tends	  to	  ignore	  the	  
effects	  of	  climate	  change	  on	  lynx,	  via	  snowshoe	  hares.	  I	  am	  in	  full	  agreement	  that	  climate	  
change	  will	  be	  the	  primary	  driver	  of	  lynx	  declines	  in	  each	  of	  the	  6	  units.	  However,	  I	  find	  that	  too	  
often	  the	  arguments	  are	  placed	  in	  the	  context	  of	  lynx	  habitat	  change	  and	  loss	  of	  snowcover,	  
rather	  than	  more	  strongly	  in	  terms	  of	  what	  I	  think	  will	  be	  the	  primary	  driver:	  loss	  of	  snowshoe	  
hares.	  Look	  at	  maps	  for	  the	  distribution	  of	  lynx	  and	  hares	  (Peers	  et	  al	  2014?),	  there	  are	  no	  
places	  where	  lynx	  exist	  and	  hares	  are	  absent.	  I	  suspect	  that	  before	  climate	  change	  has	  direct	  
impacts	  on	  lynx,	  the	  indirect	  effects	  through	  decline	  in	  hare	  numbers	  will	  be	  significant.	  
Throughout	  the	  document	  this	  point	  should	  be	  reinforced	  whereas	  from	  my	  perspective	  it	  is	  
mostly	  only	  hinted	  at	  in	  the	  present	  draft.	  For	  example,	  the	  entire	  section	  on	  Unit	  4	  (up	  to	  page	  
205)	  makes	  virtually	  no	  mention	  of	  snowshoe	  hares	  in	  the	  context	  of	  climate	  change.	  And	  by	  
the	  way,	  extinction	  of	  hares	  can	  easily	  happen	  in	  localized	  areas	  without	  increased	  competition	  
between	  lynx	  and	  other	  predators,	  so	  the	  latter	  point	  is	  not	  a	  necessary	  ingredient	  in	  this	  
decline.	  
	  
Page	  216	  “which	  gives	  it	  a	  competitive	  advantage	  for	  exploiting	  its	  primary	  prey,	  the	  snowshoe	  
hare”	  I	  think	  that	  you	  can	  make	  your	  valid	  point	  without	  needing	  to	  invoke	  competition,	  which	  
for	  reasons	  described	  previously,	  is	  not	  supported	  by	  data.	  	  	  
	  
Page	  218.	  “As	  snow	  conditions	  become	  less	  favorable,	  competitors	  (e.g.,	  bobcats)	  are	  likely	  to	  
outcompete	  and	  displace	  lynx.”	  One	  could	  have	  replaced	  this	  sentence	  with:	  As	  snow	  
conditions	  become	  less	  favourable,	  snowshoe	  hare	  numbers	  are	  likely	  to	  decline	  to	  numbers	  
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below	  those	  presumably	  needed	  for	  lynx	  population	  sustainability.	  This	  approach	  avoids	  the	  
thorny	  matter	  of	  unsubstantiated	  competition	  being	  the	  driving	  mechanism.	  Competition	  or	  
poor	  snow	  conditions	  may	  impact	  lynx	  populations,	  but	  ultimately	  it	  is	  the	  loss	  of	  hares	  that	  
drives	  extinction	  risk	  in	  lynx.	  
	  
Page	  220	  “primarily	  through	  restrictions	  on	  clearcutting	  and	  the	  proliferation	  of	  partial	  
harvesting,	  which	  are	  detrimental	  to	  snowshoe	  hare	  and	  lynx	  needs.	  “	  I	  am	  not	  convinced	  that	  
the	  forestry	  practices	  are	  detrimental	  to	  lynx	  per	  se,	  but	  rather	  to	  hares,	  which	  ultimately	  affect	  
lynx.	  I	  don't	  think	  that	  the	  literature	  supports	  that	  moderately	  intensive	  forestry	  practices	  have	  
a	  direct	  impact	  on	  lynx.	  
	  
	  
	  
	  
	  	  
	  



From: Zelenak, Jim
To: Squires, John -FS
Subject: Re: Review SSA - Squires
Date: Monday, March 06, 2017 8:45:13 AM
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Thanks, John.

I've only had a chance to look them over so far, but will be diving into the details this week.  I'll be in touch if I have
questions about particular comments.

Appreciate you making the time to do this, and your earlier help with the Expert Workshop - both will help us
improve the final SSA Report, which will help USFWS decision makers make the most appropriate decisions
regarding lynx.

Cheers!

Jim 

On Thu, Mar 2, 2017 at 7:05 AM, Squires, John -FS <jsquires@fs.fed.us> wrote:

Hi Jim,

Just wanted you to know that I sent my peer-review of the SSA directly to the consultants
that requested the review.  Regards, John

 

John Squires, PhD 
Research Wildlife Biologist

Forest Service

Rocky Mountain Research Station

p: 406-542-4164 
jsquires@fs.fed.us

800 E Beckwith Ave. 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people
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intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender
and delete the email immediately.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Hanvey, Gary -FS
To: Zelenak, Jim
Cc: Jackson, Scott -FS
Subject: RE: Lynx News??
Date: Tuesday, March 07, 2017 9:48:35 AM

Thanks for the update……….
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, March 07, 2017 7:37 AM
To: Hanvey, Gary -FS <ghanvey@fs.fed.us>
Subject: Re: Lynx News??
 
Hi Gary,
 
First - it was a lynx status discussion/meeting (not a delisting discussion meeting, or at least I
don't know anyone who was considering it such, although a recommendation of that sort is
one of several possible outcomes, as we've shared throughout the process).
 
Second - because more than half of the peer reviews had not arrived in time to consider in
detail at the meeting, we still have some work to do to summarize and prioritize them, along
with State and Federal agency reviews, to provide for the Service decision makers who
ultimately will make the final recommendation on the DPS's status.  It is unclear what the
timeline is for the decision or how/when it will be conveyed to all our partners, but we will let
you and others know as soon as we are able.
 
Hope all is well.
 
On Mon, Mar 6, 2017 at 4:37 PM, Hanvey, Gary -FS <ghanvey@fs.fed.us> wrote:

Scott and I were wondering if there is any news you can share relative to FWS delisting
discussion meetings that was supposed to have happened last week?

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify the
sender and delete the email immediately.

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
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TECHNICAL SUMMARY

DISTRIBUTION

Extent of occurrence: approximately 12,000 k2 (Cape Breton Island)

Area of Occupancy: approximately 4,800 km2 (Cape Breton Highlands) 

POPULATION INFORMATION

Total number of individuals in the Cape Breton Island population: Uncertain but at 
the high in the cycle densities possibly range from 10-11 lynx/100km2 (~475-525 
individuals) and at the low in the cycle from 2-3 lynx/100 km2 (~95-140 
individuals)

Number of mature individuals in the Cape Breton Island population (effective 
population size): Depends upon the point in the population cycle; at lows most 
individuals are mature (>2 years old) while at cyclical highs only ~20-30% of 
population are mature.

Generation time: 2-5 years, varying with the cycle in reproduction. Recruitment may
fail for 3-4 years during the low of the 10-year snowshoe hare cycle.

Population trend:        ______ declining _____increasing
  __X___ stable _____unknown

Number of sub-populations: Probably only one (1), most of which breed on the Cape 
Breton Highlands.

Is the population fragmented? Generally not; small numbers (10-30) may breed east 
of Bras d'Or Lake.

Number of historic sites from which species has been extirpated: since 
~1950, all of mainland Nova Scotia.

Does the species undergo fluctuations? Yes, ~10-year cyclical fluctuations closely 
allied with the 10-year cycle of snowshoe hare.

THREATS 

Main threats for the Cape Breton Island population are identified as interspecific 
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competition with coyotes and bobcats, global warming and ameliorating winters, and 
reduced population viability through population isolation and limited genetic diversity. 
Consideration should be given to possible threats from human harvest (at cyclical lows), 
disease and habitat change from forestry operations.

RESCUE POTENTIAL

Does species exist outside Nova Scotia? Yes, across boreal/taiga zone of continental 
North America and in limited numbers in New Brunswick and several of the 
northern contiguous states, such as Maine in the northeast.

Is immigration known or possible? Not likely for Cape Breton Island population; 
possible into mainland Nova Scotia from New Brunswick.

Would individuals from the nearest foreign population be adapted to survive in 
Cape Breton Island? Yes.

Would sufficient suitable habitat be available for immigrants? Probably available 
habitat currently at capacity.
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RESPONSE STATEMENT

[This page is not for authors. It will be completed by the Nova Scotia Species at Risk Working
Group (NSSRWG) Chair after the species has been considered and designated by NSSRWG.]

NSSRWG DESIGNATION AND SUMMARY OF REASONS 

[Category assigned by NSSRWG to the species]

[Summary of reasons clearly stating the facts, criteria-based rationale and other factors that led
to the above conclusion.]
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EXECUTIVE SUMMARY

Description

The Canada lynx (Lynx canadensis) and the bobcat (Lynx rufus) are the two wild felids
native to the province of Nova Scotia. The Canada lynx, although similar in appearance to the
bobcat, is longer limbed with larger paws, has longer ear tufts, a totally black-tipped tail and a
somewhat less spotty and lighter-coloured pelage, especially in winter. Only one species (L.
canadensis) is recognized throughout North America. Adult male and female lynx in Nova
Scotia weigh approximately 8 and 10 kg., respectively.

Distribution

Lynx were once distributed on mainland Nova Scotia, especially the Cobequid Mountain,
Pictou Uplands and Musquodoboit Hills Districts of the Maritime Uplands Ecoregion in the
northern and northeastern portions of the province. However, for the past 40-50 years, the
breeding range of lynx has been restricted to Cape Breton Island, and there mainly to the
Highlands of Victoria and Inverness Counties (~4,500 km2) and several small areas on the
eastern shore of Bras d'Or Lake (~270 km2). The absence of lynx on the mainland has reduced
historic breeding range in Nova Scotia by at least 50-60%. The distribution of lynx on Cape
Breton Island has remained stable for at least the past 30 years.

Habitat

Continental lynx populations reach their highest densities in boreal and mixed wood
forests, and prefer a habitat of diversified age which supplies habitat required for denning, cover
and food. Lynx are highly dependent on snowshoe hare (Lepus americanus) for food, and hares
are most common in young (10-25 years), dense, mixed regenerating forest stands. On Cape
Breton Island, most lynx are found on the western Highlands where a balsam fir (Abies
balsamea) dominated mixed forest, susceptible to periodic infestations of the spruce budworm
(Archips fumiferana), has traditionally provided a landscape supporting an attractive landscape
mosaic of older-aged and regenerating conifer-mixed forest stands. From this core breeding
range lynx, during periods of abundance and in the first years following a crash of snowshoe
hares, have regularly dispersed onto adjacent lowlands at ~10 year intervals.

Population Size and Trend

Total numbers of lynx on Cape Breton Island may vary from approximately 475-525 (10-
11 lynx/100 km2) in times of abundant snowshoe hare and high lynx productivity to 95-140 (2-3
lynx/100 km2) during intervening years of low snowshoe hare densities. These densities are
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comparable to northern mainland taiga lynx populations where productivity and survival are
highly dependent upon abundance/availability of snowshoe hare. These density estimates operate
within a fairly well-defined ~10-year cycle and, similar to range limits, appear to have changed
little over the past 30-40 years.

Limiting Factors and Threats

The most significant threat identified for northern taiga lynx populations is over-trapping
during years of suppressed productivity and reduced densities. Most jurisdictions now recognize
that threat and regulate harvests accordingly. Except for a small aboriginal harvest (~4-5 per
year), which was closed several years ago for conservation reasons, the trapping of lynx in Nova
Scotia has been illegal since 1980. A small number of lynx (~5-7 per year) are now accidentally
taken each year in traps and snares set for other furbearers such as bobcat (Lynx rufus), fox
(Vulpes vulpes) and eastern coyotes (Canis latrans). Although of concern, this source of
mortality, if it does not measureable increase, should not by itself pose a threat to the overall
viability of the population. 

A substantial portion of the Highlands has received extensive disturbance from forest
harvesting operations over the past 30 years, especially during the period of spruce budworm
salvage operations in the late-1970s and early-1980s. Evidence for healthy snowshoe hare and
lynx population peaks on the Highlands in 1988-90 and 1998-2000 suggests that both species
managed to survive that era of "single resource" exploitation and significant deforestation. That
encouraging observation, combined with a new era of "multi-resource" ecological landscape
management based upon sustainability and ecological processes suggests that, with future
resource management strategies developed through coopperative planning between industry and
government and enhanced programs of ecological research and wildlife population monitoring,
the habitat for lynx appears secure for the foreseeable future. 

Both the bobcat and coyote have been identified as potential threats to viable lynx
populations, especially in southern boreal/montane habitats, and both potential competitors are
found on Cape Breton Island. In the absence of cause/effect research into interspecific
competition and which might show otherwise, there is no historical correlational evidence that
either has adversely affected lynx densities or range limits in the past 20-30 years. More subtle
and longer-term threats include global warming and subsequent climate change, decline in
population viability through limited gene flow and genetic diversity and disease, such as the
recent isolation of canine distemper.

Lynx Management

Except for a small aboriginal harvest (~4-5 per year), which was recently eliminated for
conservation reasons, there has been no public trapping of lynx in Nova Scotia since 1980. The
current restriction of occupied range, susceptibility of lynx to being trapped, and the uniqueness
of this small and isolated population to the faunal diversity and richness of the province,
suggests that the species should receive continued protection from public trapping. Also, if
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population monitoring indices show densities significantly below those expected within the
normal limits of the 10-year cycle, total closure to human exploitation would be appropriate.
Lynx research and management recommendations are provided.

Existing Protection

 In the United States south of the 49th parallel, the Canada lynx was listed as threatened
in March, 2000 under the United States Endangered Species Act. The most recent (May, 2001)
COSEWIC status for lynx in Canada is "Not at Risk." Except for New Brunswick and Nova
Scotia (and Prince Edward Island where they are extirpated), lynx are managed in all provinces
and Territories of Canada by regulated trapping seasons. In New Brunswick the lynx was listed
as an endangered species in 1982 under the provincial Endangered Species Act and receives full
protection. In Nova Scotia the lynx receives protection by not being included among those game
animals which can be hunted and/or trapped. In 1996 the species was assigned "RED" status,
indicating the species is at risk. 

Evaluation of Proposed Status

The most recent (2000) COSEWIC status report recommended the status "NOT AT
RISK" to the Canada lynx at the national level, a recommendation approved by COSEWIC in
May, 2001.That report could find no evidence of decline in populations or distributions of lynx
over the past two decades and given their high potential productivity and extensive pattern of
dispersal combined with reduced harvests and a greater awareness of the need for proactive lynx
management, the future of the species in Canada was considered to be secure. However, that
report also recognized examples of local southern populations which have experienced
reductions in both numbers and distribution. 

The lynx population of Nova Scotia is one of those examples and although its range in
the province appears to have remained stable for the past 40-50 years, lynx do remain isolated in
distribution to parts of Cape Breton Island and do not benefit from immigrants from other
populations. For this reason, and because of potential threats to Cape Breton Island lynx from
sympatric bobcats and eastern coyotes, forestry operations and possibly other localized factors
not yet fully understood (e.g. canine distemper), it appears prudent for Nova Scotia to assess the
status of the Cape Breton Island lynx in a more conservative fashion. For those reasons it is
recommended that the lynx of Nova Scotia be assigned "SPECIAL CONCERN" under the Nova
Scotia Endangered Species Act, a status which means that the species is particularly sensitive to
human activities and specific natural events but, at this time, is not an endangered or threatened
species. 



Status report on Canada lynx in Nova Scotia - Parker 4

SPECIES INFORMATION

Name, Classification

The distribution of the Canada lynx (Lynx canadensis (Kerr 1792) ) across most of
Canada, from Newfoundland/Labrador and eastern Quebec west and northwest through Yukon
and into Alaska is generally considered continuous although, especially during cyclical
continental population lows, certain "metapopulation" or core breeding areas may be considered
temporarily isolated. Such geographical foci of distribution, however, are normal and with the
extensive pattern of lynx dispersal during years of high densities, and immediately following
crashes of snowshoe hares, genetic interchange is considered sufficient to classify it as one
subspecific monotype. Although there remains considerable debate on the proper taxonomy of
the global felid family (Werdelin 1996), it is generally accepted that the North American lynx
(Lynx canadensis) is sufficiently distinct from the Eurasian lynx (Lynx lynx) to justify full
species status (Hall 1981; Wozencraft 1993).

In North America there has been disagreement on whether the lynx on insular
Newfoundland represent a distinct subspecies (L. canadensis subsolanus (Bangs 1897) (Banfield
1974; Tumlison 1978) or not (van Zyll de Jong 1975). Until current DNA analyses of lynx tissue
samples collected from various regions of North American lynx range are completed, it is
perhaps advisable to consider lynx as monotypic throughout North America. Tissue samples
from Cape Breton Island lynx are included in those analyses. 

Although on occasion there are lynx recovered on the mainland of Nova Scotia, which
presumably would have emigrated from Cape Breton Island, there is little possibility of lynx
from other geographical populations crossing the Canso Strait onto Cape Breton Island - the
small numbers of lynx in New Brunswick are restricted to the extreme northwest with only
occasional recoveries in the southeast, and dispersion from that source onto Cape Breton Island
is highly unlikely. Current genetic analyses of lynx tissue samples (muscle, heart, kidney, liver)
from Maine, Quebec, New Brunswick, Nova Scotia and Newfoundland are being conducted at
the National Cancer Institute's Laboratories of Genomic Diversity in Frederick, Maryland. The
main objective is to understand the felid genome and disease associations - these analyses will
prove critical to state, provincial, and federal wildlife management agencies relative to lynx
metapopulation dynamics in eastern North America. These analyses will elucidate the degree of
isolation versus mixing of adjacent lynx populations. For this report, and until the results of the
genetic analyses are completed, the lynx on Cape Breton Island are considered to be an eastern
extension of the continental monotypic species Lynx canadensis.
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Figure 1: Current and historic distribution of Canada lynx in
North America (Poole, 2000).

DISTRIBUTION

North America

Throughout North America, Canada lynx are generally considered to be distributed in
one of two spatial and demographic patterns: 1/ a broad northern and fairly continuous
continental distribution which, in general, includes that vast area from the southern terminus of
the boreal forest north to the edge of the treeline, and extends from Newfoundland/Labrador to
Alaska, often referred to as the
northern taiga population, and 2/
small fragmented and often
threatened "metapopulations"
scattered in favoured habitats in a
few northern states south of the
49th parallel, in northwestern New
Brunswick and, in Nova Scotia, on
Cape Breton Island, and referred to
as southern boreal populations
(Mowat et al. 1999; Aubry et al.
1999) (Figure 1). Lynx habitat
quality is believed to be lower in the
southern periphery of its range
because landscapes are more
heterogeneous in terms of
topography, climate, and vegetation
(Buskirk et al 2000). 

Northern populations
"crash" approximately 1-2 years
following the decline in snowshoe
hares, a period when lynx
experience significant declines in
productivity and increases in
dispersal and emigration (Brand et
al. 1976; Keith 1963; Mowat 1993).
Densities of lynx in northern
populations vary from 10-11/100
km2 during peak years of productivity to 2-4/100 km2 during intervening years of low food
availability. Southern boreal populations, such as those found in parts of Washington and
northern Maine, do not appear to experience such predictable and measurable changes in
abundance as those in northern forest systems. This may be due to more stable hare populations
in southern portions of their range (Adams 1959; Keith 1963; Dolbeer and Clark 1975; Wolff
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1980) which in turn may be a response to fragmented and diversified landscapes. Southern
populations appear to maintain densities at suppressed levels of 2-3/100 km2, densities
comparable to those during the lows of the northern taiga lynx cycle (Keith 1963; Koehler and
Aubry 1994).

In Canada, the lynx is distributed in parts of all Provinces and Territories, except Prince
Edward Island where it is extirpated, and, with the exception of Nova Scotia and New
Brunswick, is recognized as a furbearer and managed through regulated harvests (Quinn and
Parker 1987). In New Brunswick the lynx is considered to be "Regionally Endangered" -
threatened with imminent extirpitation throughout all or a significant portion of its range
(Cumberland et al. 1998), and in Nova Scotia was classified as a RED species (species of special
concern) in 1996 under the provincial Status of Wildlife Assessment Process and are protected
throughout the province. The lynx will probably be listed under the Nova Scotia Endangered
Species Act (NSESA). Until this process is completed, a "best interim" Special Management
Practices for Lynx was drafted in March, 2000. 

This report was commissioned by the Nova Scotia Department of Natural Resources to
evaluate the past, present and projected status of lynx in Nova Scotia and to serve as a reference
document for the Nova Scotia Species at Risk Working Group when considering a
recommendation for legal status of lynx in the province.

The United States Fish and Wildlife Service considers lynx to have at one time been a
resident species in 16 states in the contiguous United States (Hickenbottom et al., 1999). By
1999, four of those states had classified the lynx as endangered (Vermont - 1972; New
Hampshire - 1980; Michigan - 1987; Colorado - 1976) while in Washington it is classified as
threatened. Utah recognizes the lynx as a sensitive species, Massachusetts and Pennsylvania
classify the lynx as extirpated, in Maine, where in 1999 nine lynx were radio-collared and kittens
found, the species is recognized as one of special concern and in Wisconsin the lynx has been
reclassified as a state protected species with a closed season. Several states, such as New York,
Minnesota, Wyoming, Idaho and Oregon recognize the lynx as a small game or furbearer but is
fully protected from legal harvest. In these states lynx occur almost exclusively in the southern
extensions of the boreal forest habitat type (McKelvey et al., 1999) where they occupy a mosaic
between boreal forests and subalpine coniferous forest or northern hardwoods (Barbour et al.,
1980; McCord and Cardoza 1982; Koehler and Aubry 1994). In most instances lynx are more
common in areas with higher than average elevations.

Chris Hoving (MS student, University of Maine, Orono, pers com.) gathered information
on lynx sightings in the northeast for the 15 year period 1985-1999 and found no records for
Vermont, Massachusetts, Rhode Island, Connecticut or New York (excluding the attempted
reintroduction in the 1990s). Hoving found 3 records for New Hampshire and 50 for Maine. To
put this into a Maritime perspective, but realizing that the data are not weighted for "degree of
searching effort," he found 200 from Nova Scotia and 21 for New Brunswick.

In the northeastern states most plotted lynx occurrences fall within the Mixed Forest -
Coniferous Forest - Tundra province and associated with elevations of 250 - 500 m asl (800 -
2,460 ft asl). Prevalent habitats include coniferous and mixed coniferous/deciduous vegetation
types dominated by spruce (Picea spp), balsam fir, pine (Pinus spp), northern white cedar (Thuja
occidentalis), hemlock (Tsuga canadensis), aspen (Populus spp) and paper birch (Betula
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papyrifera) (Ruediger et al., 2000). Elevation and conifer dominated habitat are predominant
factors in lynx distribution in those northern states - in the western United States most
occurrences were within the 1,500 - 2,000 m asl (4,920 - 6,560 ft asl) elevation zones of the
Rocky Mountain Conifer Forest (McKelvey et al. 2000).

In 1882, the American Naturalist Dr. C. Hart Merriam wrote the following on the
distribution and abundance of lynx in New York. "The lynx is and so far as I can learn has
always been a rather rare inhabitant of this region" (in Miller 1899). Merriam also reported that
the bobcat, "...which once ranged throughout the state, appears to be now exterminated except in
the wilder parts of the Adirondacks, the Catskills and the Hudson Highlands. It is, however, an
animal that resists the progress of forest clearing much more than the lynx" (in Miller 1899). By
the turn of the last century, Miller believed that "The Canada lynx is rapidly approaching
extinction in New York and in fact throughout the eastern part of its range" (Miller 1899). In
Vermont, Osgood (1938) stated that the Canada lynx was "Formerly taken occasionally. The last
record actually checked was in 1928." Bobcat were also reported as "occasional," with bounties
paid on only 20 in 1936. And in 1930 Crane reported that the Canada lynx was very rare in
Massachusetts, and as early as 1840 was considered a "straggler." The bobcat, however, was
fairly common, and was "...increasing throughout New England in recent years, following a long
period of relative scarcity" (Crane, 1930). 

In New York, the lynx is currently classified by state law as a small game animal, but
Department of Environmental Conservation (DEC) regulations do not permit a lynx harvest.
Although Canada lynx were historically found in New York, it is uncertain whether there were
ever self-sustaining resident populations. Most likely lynx in New York were sustained by
immigration from other adjacent regions. Between 1989 and 1992, the New York State College
of Environmental Science and Forestry at Syracuse University (CESF) conducted an
experimental program of lynx releases in northern New York. Over 80 lynx were caught in
northwestern Canada and released in the Adirondacks. All of the lynx were radio-collared at the
time of release, and the radios provided information on survival and dispersal of these animals.
Some of the released lynx dispersed farther than anyone expected. Lynx from the CESF release
showed up in Pennsylvania, New Jersey, Massachusetts, New Hampshire, Quebec, Ontario, New
Brunswick, and other parts of New York. One lynx was found a straight line distance of 485
miles from the release site, 8 months later and 2 pounds heavier than at the time of release.
Home ranges of the released lynx were large, and there is still no firm evidence of lynx
reproduction. The success of the New York lynx introduction remains in doubt (from New York
State Department of Environmental Conservation home page - Canada Lynx Fact Sheet)

In March, 2000, the National Wildlife Federation issued a statement claiming that the
decline of lynx in the lower 48 states of USA "...stemmed from forest destruction and human
encroachment into its deep-woods habitat, excessive trapping in the 1970s and 1980s and
expansion of competitors such as bobcats and coyotes." On March 21, 2000, the USFWS listed
the Canada lynx as "Threatened" under the Endangered Species Act in the contiguous United
States. A species is listed as threatened when "...it is likely to become endangered
throughout all or a significant portion of its range in the foreseeable future." As well, in most of
those northern states in which lynx currently, or at one time did occur, the lynx is classified as
"Endangered" or "Threatened" and are fully protected. At the national level in Canada, the most
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Figure 2: Distribution of 32 lynx recovered in New
Brunswick: 1973-2000 (from Cumberland et al. 1998 -
revised to 2000).

recent Committee on the Status of Endangered Wildlife in Canada (COSEWIC) Status Report
recommended that the status of lynx in Canada should be "Not at Risk" (Poole, 2000), a
recommendation approved by COSEWIC in May, 2001.

Maritimes

Historical records show that lynx have an extended history in New Brunswick
(Cumberland et al. 1998). Squires (1946) considered the "....position of the two lynxes in our
fauna have been reversed - that the Canada lynx was formerly so much the more common that it
was the only one that came to the attention of many of the [early] writers, whereas of late years it
has become almost extinct in the Province while the wildcat is now abundant. The Chief Game
Warden stated that a Canada lynx trapped in Albert County in 1943 was the first which had been
reported to him in fifteen years." It is likely that the bounty placed on "wildcats" in New
Brunswick in 1898 and which
continued through to 1962 contributed
to the decline in lynx in that province
as the carcass or parts of carcass
would have qualified for the bounty [in
many instances only the skinned
carcass or the nose or snout were
required for payment]. By the mid-
1800s, Chamberlain (1844) listed the
Canada lynx, Loup-cervier or
Loocervee and the Bay lynx or Wild
Cat as both common in the province of
New Brunswick. By the late-1940s,
Morris (1948) described the lynx of
New Brunswick as "...formerly
common, but now very rare and
restricted to the more remote parts of
the Province.... Within the present
century... it has greatly decreased in
numbers and is now on the verge of
extirpation." 

The last year that lynx were
legally exported from New Brunswick
was in 1929, when 29 lynx were
trapped (McAlpine and Heward 1993).
Banfield (1974) believed that the lynx
became absent from New Brunswick around 1943 although some believe that the species was
never completely extirpated from the province (McAlpine and Heward 1993).  Around 1950
Bruce Wright, reporting on the status of lynx in New Brunswick, wrote "The last report that I
have of a lynx was one shot in Charlotte County on November 12, 1943, and the chief game
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warden states that he had not heard of one being taken in the previous 15 years. That would date
the virtual extirpation of the species [in New Brunswick] about 1928, or earlier" (de Vos and
Matel 1952). The province-wide decline is similar to that documented for Nova Scotia.
However, with the elimination of bounties on bobcats in 1961, the proclamation of the New
Brunswick Endangered Species Act (NBESA) in 1976 and admendment of the NBESA in 1982
to list the lynx as an endangered species with full legislative protection, lynx appear to have
recovered over the past 25-30 years, especially over the past decade. Twenty-nine lynx have
been "accidentally" recovered in New Brunswick from 1992 through 2000, most in the extreme
northeast portion of the province (Figure 2). The spatial distribution of those recoveries are
interesting relevent to the apparent isolation of the lynx on Cape Breton Island from mainland
populations. Evidence of breeding was recorded in 4 of 7 female carcasses, suggesting a small
and certainly vulnerable breeding population. Recent ground-based surveys have been
established to better define abundance and distribution in north-western New Brunswick and to
determine whether lynx have established a resident population or represent transients crossing
over from Quebec (Forbes et al. 1999).

Lynx were extirpated from Prince Edward Island during the early 1800s, probably due to
settlement and habitat destruction (Stardom, 1988). Although fur returns for Prince Edward
Island show several lynx caught there in 1969 and 1971, they were believed to have been
brought to the province from Newfoundland (Stardom 1988). However, it is quite possible that
they were dispersers from Cape Breton Island (it is interesting that fur records show the highest
number of lynx trapped on Cape Breton Island was in 1969- see Figure 5).

The historic distribution of lynx in the Maritime Provinces most likely corresponded
quite closely with the Maritime Uplands, New Brunswick Highlands and Gaspe - Cape Breton
Ecoregions (as described by Loucks 1962). Most of these areas are from 500 - 1200 ft asl and
represent some of the most elevated regions of the Maritime Provinces. However, the absence of
a significant balsam fir component to all but the Cape Breton Highland and Green River
Districts of the Gaspe - Cape Breton Ecoregion appears to be the one factor which limits the
cyclical nature of snowshoe hare and, consequently, suppressing lynx densities. It is interesting
that today most of the regions of the Maritimes which appear to support breeding lynx lie within
the Gaspe - Cape Breton Ecoregion.

Nova Scotia

For this report I have chosen to review the distribution of lynx in Nova Scotia relative to:
1/ historic (<1920 - prior to credible fur trapping records), 2/ recent (1920 to 1955 - completion
of the Canso Causeway and subsequent ingression of the bobcat to Cape Breton Island), and 3/
current (since lynx have been restricted to Cape Breton Island i.e. ~1955 to the present).

First, however, it must be recognized that most of the forested landscape in the Maritime
Provinces does not represent what is generally considered favoured lynx habitat. Most
continental lynx populations are closely tied to regional abundance and distribution of snowshoe
hares, and hare populations throughout much of the circumpolar boreal region typically exhibit
fluctuations which closely follow a ~10 year cycle. In more temperate regions where forested
landscapes have been fragmented from human disturbances (agriculture, forestry, urbanization),
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hare populations seldom exhibit predictable and well defined numerical fluctuations. Rather,
regional hare populations often show local differences in levels of abundance, most likely driven
by the wide array of habitat change at the woodlot level, combinations of which provide a virtual
unlimited diversity of preferred food and cover.

Second, there is evidence to suggest that the Maritime Provinces have experienced
periodic long-term changes in prevailing climatic conditions and consequent changes to native
fauna and flora. It was not until the early 1800s, for instance, that white-tailed deer reoccupied
extreme southern New Brunswick and did not reach Nova Scotia (through natural ingression and
several introductions from New Brunswick) until the latter part of the century. White-tailed deer
brought with them the parasite P. tenuis, and the subsequent spread of that parasite among
resident moose and caribou certainly contributed to their decline and, in the case of the caribou,
extirpation. The bobcat, historically a resident of Nova Scotia and New Brunswick, was most
likely present in low numbers due its frequent association with more temperate climate and food
species associated with diversified and disturbed habitat. The bobcat is less dependent upon
snowshoe hare than the lynx (Parker and Smith 1983) and also appears to be a direct and more
efficient competitor with lynx. The aforementioned is important relative to understanding the
historic and current abundance and distribution trends of lynx in Nova Scotia.

Historic (<1920) - The earliest written records suggest that the Canada lynx has a long history of
occurrence throughout the Maritime Provinces. As early as the mid 1600s, Nicolas Denys
described how the Micmac Indians frequently used dogs to pursue and tree lynx, which were
then killed, the furs of which were used for "winter robes" (Denys 1672). But it was not until the
early 1860s that
Bernard Gilpen left
us the following
descriptive account
that we have some
published records
on the abundance
and distribution of
lynx, or
"Loupcervier," in
Nova Scotia
(Gilpen 1864).

"This true
boreal species,
reminding us of the
alpine hare, the
ptarmigan, the
spruce grouse, and
the snow owl, in
his well-furred
limbs, is abundant
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in the Province. He loves the thick covers and dense spruce-pine woods of the midland counties
of King's and Annapolis, in which he hunts the varying hare, and surprises the dusky grouse, and
from which he descends at night to the barns and sheepfolds in the cleared land. He is very
destructive to sheep. He rarely is found near the seaboard, or amongst the scanty cover of the
granite hills where the red cat [bobcat] abounds, and never like the latter comes out in the open,
or into the town in daylight...About twenty-five years ago the country about Annapolis Royal
was infested with them, when George Hardwicke, a young farmer, with a love for hunting,
introduced hunting them with a foxhound."

It is interesting that Gilpen describes the hills of Kings and Annapolis Counties as
favoured habitat for the lynx. This indicates that the lynx may have had a wider distribution in
the province than generally believed. Gilpen continues to describe the bobcat, or Wild Cat of
Nova Scotia. "Where it [the bobcat] abounds, few or no Loupcerviers are seen. Its food is the
same, and it is equally destructive to sheep. Its bolder nature brings it down into open country."
When comparing the arrival of the lynx and bobcat to Nova Scotia, Gilpen thought that "....the
Loupcervier is a true boreal animal with a limited range...On the other hand, the Wild or Red Cat
has become indigenous at a far later period." He considered the bobcat to be from "....a more
southern centre of origin."

Gilpen found it strange that "...the less boreal animal [the bobcat] is the more abundant -
the Wild Cat skin being exported at the rate of five hundred and fifty or more and the
Loupcervier is becoming scarce and is exported at the rate of about two hundred and forty."

Given the current "restriction" of most southern lynx populations to forested wilderness
landscapes usually above 500 ft asl, the historic core breeding areas for lynx on mainland Nova
Scotia may have approximated the uplands of the northern and northeastern sectors of the
province, and described by Loucks (1962) as the Cobequid Mountain, Pictou Uplands and
Musquodoboit Hills Districts of the Maritime Uplands Ecoregion (Figure 3). As well, and as
described by Gilpen (1862), during times of population peaks lynx probably dispersed from
these core areas throughout most parts of the province, and there may have been small and
isolated core areas within other elevated topography such as the North and South Mountains
which lie on either side of the Annapolis Valley, and which might explain periodic abundances
of lynx in such places as Annapolis Royal around 1837. There are also references to lynx in
southwestern Nova Scotia although there may have been some confusion between lynx and
bobcat.

Recent (1920 - 1955)- A.L. Rand came to Nova Scotia from Cornell University in the summers
of 1929 and 1931 to study wildlife in western Nova Scotia (Rand 1933). He saw no lynx and
reported it to be rather rare, the species having continued to decline since Gilpen's observations
some 65 years earlier, with only 35 lynx skins exported from Nova Scotia in 1927 compared to
1,142 "wildcat skins." In 1940, R.W. Smith, from the California Museum of Vertebrate Zoology,
published on the land mammals of Nova Scotia and described the lynx as having been "...
formerly [distributed] throughout most of the Province but now extinct or exceedingly rare on
the mainland but found still on Cape Breton Island" (Smith 1940).  He remarked that the lynx
had been decreasing in the province through the 1930s and many people considered them to be
extirpated from the mainland. He attributed the decline to the loss of undisturbed forests from
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Figure 4: Approximate current distribution of
core lynx breeding habitat on Cape Breton
Island.

fire and excessive cutting. He cautioned that even on Cape Breton Island lynx were becoming
fewer each year.

In 1950, C.W.I. Creighton, Deputy Minister for Nova Scotia Department of Lands and
Forests, reported that lynx, which had once been found throughout the entire province, were then
confined to Cape Breton Island. "We do not know of any animal having been trapped on the
mainland during the past thirty years or more [i.e. since 1920], although it is possible that a few
animals do remain" (de Vos and Matel 1952). The first year that a license was required for
residents to trap lynx was i  1976. Prior to that, residents only required a license to trap beaver.
There was, however, a 50 cent royalty collected for each lynx pelt exported from the province.
Although only a few lynx were taken in western Nova Scotia from 1932 to 1949, they were
commonly trapped in the highlands (Cobequid/Antigonish Uplands) of eastern mainland Nova
Scotia up to 1945 but harvests dwindled rapidly in this area between 1945 and 1953 (letter from
Neil vanNostrand, Nova Scotia Wildlife Biologist, Kentville to Dr. C.G. van Zyll de Jong, Dept.
of Mines and Natural Resources, Winnipeg - Feb. 8, 1971).

"The Canso Causeway caused the
strait to freeze solid thus forming a 'bridge'
for the first time about 1955. Bobcats were
first reported from Cape Breton Island in the
early 1960s, and by 1970 that species was
increasing rapidly over the Cape Breton
Island lowlands, a factor which will likely
further shrink the lynx range to include only
the highlands of Cape Breton" (letter from
Neil vanNostrand, Nova Scotia furbearer
biologist to Dr. van Zyll de Jong, Dept. of
Mines and Natural Resources, Winnipeg -
Feb. 8, 1971).

"By winter of 1948-49 records
showed that only 34 lynx pelts were
exported from the province, and in 1951-52
only 5 pelts were exported. In the winter of
1940-41 lynx were very abundant in the
Cape Breton Highlands National Park
according to wardens reports. Lynx had
become so scarce by 1940 that a cycle was
not evident in the records maintained by the
Nova Scotia Dept. of Lands and Forests.
According to data compiled by the Nova
Scotia Dept. of Lands and Forests on the
number of lynx pelts exported from the
province, approximately 50% are taken on Cape Breton Island" (Cameron 1958). Cameron
(1958) also believed that "The bobcat is much less common on [Cape Breton Island] than in
peninsular Nova Scotia while the reverse is true with regard to the lynx. According to provincial
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fur returns for the period 1932 to 1949, a total of fifteen wildcats were taken on the island,
chiefly from Cape Breton County ..... Anderson (1942) states that there are no claims of these
mammals occurring on the island, but Clarke (1942) reports that Warden Roach stamped six
pelts from the National Park area before the Park was established. No evidence for the
occurrence of this species on the island was found by the 1953 field party, and no definite
reports were received from woodsmen or trappers. Both the lynx and the bobcat are generally
referred to as 'wildcats' with the result that the records are unreliable" (Cameron 1958).

Current - Although the lynx of Cape Breton Island have been considered an eastern extension
of the southern boreal populations, their high dependence upon snowshoe hare, low dependence
on red squirrels (Tamiasciurus hudsonicus) (Parker et al. 1983) [a trait more common to
northern than southern populations (Aubry et al. 1999)], and cyclical nature suggest, rather, that
they are more similar to northern taiga populations. Northern taiga populations are characterized
by periodic, and often predictable numerical fluctuations driven by the 10-year snowshoe hare
cycle. The record of lynx trapped and exported from Nova Scotia from 1920 - 1980 (Novak et al
1987; Nova Scotia DNR files) show an approximate 10-year cycle of abundance (Figure 5; Note
- almost all lynx exported after 1950 came from Cape Breton Island). 

The similarity between northern continental and Cape Breton Island lynx is probably due
to one or more of the following factors: 1/ the isolated and wilderness nature of the Highlands; 2/
the elevated topography which favours a spruce-fir-birch dominated boreal-like ecosystem over
much of the plateau; 3/ prolonged winters with deep snow cover comparable to northern boreal
systems; and 4/ a snowshoe hare prey base which experiences well-defined 10 year numerical
cycles. This combination of physical and biological features has created an ecological
phenomenon on the Cape Breton Highlands - one where lynx exhibit demographic features
comparable to, although significantly isolated from, northern continental taiga populations and
which represents a unique ecological feature of the Nova Scotia landscape. 

The breeding range of lynx on Cape Breton Island consists of the following three
geographically distinct units: 1/ the Cape Breton Highlands; 2/ the Boisdale Hills; and 3/ the East
Bay Hills (Figure 4).

The Cape Breton Highlands (~ 4500 km2) - The predominant core of lynx breeding range
in Nova Scotia lies above 1000 ft asl and includes portions of Inverness and Victoria Counties of
northwestern Cape Breton Island. It includes all of the Cape Breton Plateau (Spruce Taiga Zone
$ 1500 ft asl) and Cape Breton Highland Ecoregion (Fir-Pine-Birch Zone 1000 - 1500 ft asl) and
parts of the Cape Breton Hills District (500 - 1000 ft asl) of the Maritime Uplands Ecoregion
(Sugar Maple - Yellow Birch - Fir Zone) as described by Loucks (1962).

The Boisdale Hills (~150 km2)- A small portion of the Sugar Maple - Yellow Birch - Fir
Zone, characteristic of the Cape Breton Hills District, lies east of the Highlands proper on a
peninsula jutting out into the Bras d'Or Lake. Lynx from this small refugium are occasionally
seen and killed, often as bycatches by trappers or highway fatalities, within and near the
Eskasoni region and east as far as Sydney, especially in years of population highs and subsequent
lynx emmigration following a crash in snowshoe hares.

The East Bay Hills (~120 km2)- Similar to the Boisdale Hills, this small area of lynx
breeding habitat is located on the eastern shore of Bras d'Or Lake just to the south of East Bay
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and possibly represents an extension of the Boisdale breeding range. Lynx from this core
breeding area occasionally wander to the south and southwest as far as St. Peters Bay.

We know little of the distribution of lynx on Cape Breton Island prior to the 1960s, a
time when bobcats first crossed from the mainland via the Canso Causeway and were rapidly
occupying most of the Lowlands. It is reasonable to assume that lynx would have had a greater
area of distribution although the core breeding areas would probably have remained as they are
today, in synchrony with the boreal-like snowshoe hare population cycle. It is also reasonable to
assume that lynx would have experienced significant human exploitation on the Lowlands given
their accessibility and susceptibility to trapping, the absence of required trapping licences and
subsequent harvest regulations and control and bounty on "wildcats."

HABITAT

Definition

In southern boreal populations of the Northeast, lynx and hare generally prefer conifer
and conifer-deciduous habitats above 500 ft asl (Brocke 1982; McCord and Cardoza 1984;
Litvaitis et al. 1991). Historic processes of disturbance that create early successional stages
exploited by snowshoe hares include fire, insect infestations, catastrophic wind events, and
disease outbreaks (Veblen et al. 1998; Kilgore and Heinselman 1990; Agee 2000). Wind and
insects are particularly dominant natural processes of forest disturbance on the Cape Breton
Highlands. Today, however, the dominant form of forest disturbance is large-scale forestry
operations.

Nova Scotia

Review - Since the early part of the 1900s, the lynx of Nova Scotia have been most common on
Cape Breton Island, and there, at least since the early 1950s, predominantly restricted to the
western Highlands. Even in earlier times the lynx of New Brunswick and Nova Scotia appear to
have been restricted to the areas of higher elevations with a moderate component of softwood,
especially balsam fir. Such regions supported cyclical populations of snowshoe hare and in
winter, due to deep winter snow, were selected against by the bobcat, an apparent superior
competitor with sympatric lynx.

Elevated regions of mainland Nova Scotia that likely supported low to moderate
densities of lynx in earlier times would have included districts within Loucks' Maritime Uplands
Ecoregion, specifically the Cobequid Mountain, Pictou Upland and Musquodoboit Hills Districts
(Loucks 1962). This "suggested" historical distribution of lynx is generally supported by early
records of lynx abundance and distribution, such as those by Gilpen (1862). With the presence of
bobcat throughout the Lowlands of Cape Breton Island at least since the mid-1950s, and the
occupation of much of Cape Breton Island by the coyote since the early 1980s, it appears certain
that most of the breeding population of lynx will remain restricted to the western Highlands,
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with several other small and vulnerable areas of breeding to the east of Bras d'Or Lake, the latter
being threatened with extirpation from mortality during lows in the population cycle and/or
substantive habitat change through intensive forestry management.

The physiography of the Highlands is characterized by a high plateau, generally over
1000 ft asl and supporting a forest comprised largely of balsam fir, white birch, yellow birch on
the Southern Highlands, and spruce. The outside border is characterized by tolerant hardwoods,
usually between the 700 - 1,100 ft contours, and dominated by beech (Fagus grandifolia), sugar
maple (Acer saccharum) and yellow birch (Betula alleghaniensis). The soils are variable and
consist mainly of sandy loams derived from sandstones, conglomerates, igneus and metamorphic
rocks, and granite. Shallow soils and bare bedrock are frequent. An extreme rugged terrain
results from the many narrow valleys throughout the District. Short dense spruce and fir
alternate with shrub barrens and peat bogs on the flat central portion of the Cape Breton Plateau
(Loucks 1962). 

Historically, the demographics of lynx on the Cape Breton Highlands have been driven
by the 10-year snowshoe hare cycle (Elton and Nicholson 1942) which in turn was influenced by
patterns of disturbance and regeneration within the balsam fir dominated forests. Recurring
outbreaks of forest disease, especially spruce budworm, was the most common form of
disturbance. The "boreal" nature of the Highlands with deep and prolonged snow cover and
balsam fir - white birch dominated pattern of successional forest favoured the classical lynx-
snowshoe hare cycle.

Over the past 30 years, beginning with the last large outbreak of spruce budworm in the
early 1970s, much of the forested landscape on the Highlands has been influenced by large-scale
forest harvest operations. Much of the harvesting in the late 1970s and 1980s represented
"salvage"operations following the effects of the budworm infestation (Kelly and Routledge
1993). It is important to assess how the application of mechanized forest harvesting and
subsequent intensive silviculture has influenced the natural pattern of forest change and patterns
of succession within the balsam fir dominated forest on the Highlands.

Initially, during the period of hastily planned and executed salvage operations, the
resulting "manicured" landscapes with extensive network of roads would not have compared
well to the natural one. At that time (1970s - 1980s) little thought was given to "ecological
function" when developing harvest and silviculture prescriptions for the landscape. The main
objective was to remove maximum timber with maximum efficiency and, through intensive site
preparation and planting, to ensure regeneration of a conifer forest in as short a period of
rotation as possible. Management prescriptions included clearcuts, site scarification, planting
and application of herbicides to discourage deciduous competition. 

However, neat and tidy is not nature's way. Forests ravaged by the spruce budworm die a
slow death - dead and dying snags remain for years, and those that fall create a tangle of down
woody debris. Regeneration can be rapid and prolific with fir, birch and shrubs creating a dense
and expansive undergrowth which, over the following several decades, represents excellent food
and cover for snowshoe hare and, as a consequence, excellent habitat for lynx (Parker et al.
1983; Parker 1981; Koehler and Brittell 1990; Aubry et al. 1999). But as much as we profess to
understand what represents good hare habitat, we are less clear on the "limits of tolerance" for
hare populations when the natural patterns of forest disturbance are disrupted by forest
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management interventions, especially those which completely remove large contiguous tracts of
forest cover (clearcutting) and standing and down woody material (hauling roadside; burning
and scarification), proliferate conifer plantations, discourage deciduous regeneration (through
herbicide application and/or intensive mechanical thinning) and encourage human encroachment
and wildlife resource exploitation through intricate networks of hauling and service roads.

Lynx do use silviculturally thinned stands with at least 420-640 trees/ha (Koehler 1990)
and hares are often very abundant in spruce plantations (Parker 1984). It is reasonable to assume,
albeit we have no supporting data, that many of the spruce plantations established on the Cape
Breton Highlands in the 1980s (15-20 years old) now serve as acceptable habitat for snowshoe
hare and, consequently, for Canada lynx. Winter tracking studies and summer snowshoe hare
pellet sample plots, especially when hare densities are high, would serve to support/refute that
assumption.

The scanty information available suggests that snowshoe hare and lynx on the Highlands
continued to cycle through the period of intensive forest managementt (1975 - 1985) to the
present. A study of lynx in the late 1970s, although limited to a 60 km2 study area outside of,
although adjacent to, landscape subjected to wood salvage operations, found high populations of
both hares and lynx (Parker et al. 1983). Both reached peak numbers in the first year of that
study and lynx recruitment was high. Concurrent with the subsequent crash of hares, lynx
recruitment declined significantly in the last year of the study. Much of that study area
represented ~20 year old mixed regeneration. More recent data on hare pellet counts, lynx and
hare tracks at bait stations and appearance of lynx on adjacent Lowlands all indicate that the
most recent peak in hares occurred around 1998, and the peak of lynx in 1999 with subsequent
dispersion of lynx off of the Highlands in 2000 following the crash in hares. We are less clear,
however, on the extent and intensity of the hare and lynx cycle prior to intensive forest
management on the Highlands.

We do know, however, that most of the productive forested land on the Highlands has
now been harvested and much of that land is now in stages of regeneration varying from 0 - 25
years in age. We also know that forestry operations are changing harvest and silviculture
prescriptions to be more compatible with natural patterns of forest disturbance and succession.
By attempting to manage the forests at the ecological landscape level with consideration given to
ecological processes and historic patterns of disturbance, and by designing harvest prescriptions
which include innovative block designs and edge considerations, leaving islands of standing
trees, protection of forested buffers along streams and lakes, establishment of wildlife corridors,
elimination of herbicides and promotion of natural processes of tree selection and allowances for
retention of standing and down woody debris, it may be possible to reduce the perceived and/or
real threats that intensive forest operations may have posed to "lynx habitat" in the recent past.

Forest Harvesting - a Brief History - There is little information on forest harvesting on
the Highlands prior to 1900. Given the remote and uninhabited nature of much of the region, it is
likely that the dynamics of balsam fir dominated forests were basically driven by the 20 - 30 year
spruce budworm cycle. Although fires were once common on the adjacent mixed wood slopes,
the cool, wet climate common  on the interior plateau discourages fire as a major disturbance
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factor there. A balsam fir - dominated forest subject to periodic, intense and wide-spread
disturbance from the ravages of the spruce budworm suggests one favourable to creation of
preferred snowshoe hare habitat and, consequently, prime lynx habitat.

The earliest record of organized and government sanctioned timber harvesting on the
Highlands was in 1899 at which time the Province of Nova Scotia leased 620,000 acres to
parties from Massachusetts, and managed by F.J.D. Barnjum, for a 99 year lease. This was
mainly a high-grading operation which closed down in 1907. In 1915 Mr. Barnjum, still manager
of the lease on the properties, began construction of a rossing mill which was completed in 1916.
On January 2, 1917, the properties and mill were taken over by the Cape Breton Pulp and Paper
Company Limited, affiliated with the Oxford Paper Company and later, on April 10, 1920,
absorbed by the Oxford Paper Company (Kelly and Routledge 1993).

From 1917 to 1931 inclusive a total of 325,000 rough cords of pulpwood were harvested
within the watersheds of the East, Middle and West Branchs of North River and Timber Brook.
The annual production varied from 7,000 cords in 1931 to 57,000 cords in 1920-21. In all,
36,000 acres were cutover. By 1931 the Oxford Paper Company ceased operation and in 1936
the Nova Scotia Government expropriated 178,000 acres for the establishment of the Cape
Breton Highlands National Park. In the early 1950s the Mariana Timber Company obtained
stumpage rights from the Oxford Paper Company and in the period 1953 - 1956 produced 28,000
cords of high quality pulpwood for export. Approximately 5,000 acres were cutover during this
period. In 1960 the Nova Scotia Government terminated the lease held by the Oxford Paper
Company and subsequently leased it to Nova Scotia Pulp Limited. In 1961 work on clearing road
right-of-way was carried out and in 1962 an extensive road construction program began.

In 1960 it became evident that there was serious Hemlock Looper (Lambdina fiscellaria)
infestation in areas of balsam fir on the Plateau. Roads were built to infected areas and in 1963,
5,500 cords of insect killed wood were salvaged. This increased to 18,000 cords in 1964 and
over 21,000 cords were salvaged in 1965 along with 40,000 cords of green wood. In 1966 the
Beloit Harvester was first used and in 1970 the first Koehring Processor in the Maritime
Provinces was introduced on the Cape Breton Highlands - a second one was put into operation
early in 1971. Wood harvesting operations gradually expanded from less than 10,000 cords in
1963 to 65,000 cords in 1971. In 1972 and 1973 the annual harvests increased to 80,000 - 90,000
cords, a rate of annual harvest which at that time was considered near maximum sustainability. 

Nineteen seventy-five (1975) might be considered the last year of normal production for
the Cape Breton Highlands. It was then that the spruce budworm infestation spread over most of
the island and forced dramatic changes in harvesting and forest management activities. In that
year the budworm had caused significant defoliation on about 12,000 acres of Highland timber
and high egg counts indicated a very dangerous situation for 1976. Defoliation was rampant
throughout most of the Highlands and continued for the next 4-5 years when, by 1981, some
decrease in budworm populations became evident. Applications by Nova Scotia Forest Industries
(Stora) to spray chemical insecticides over the Highlands in 1976 and again in 1977 were denied
by the Nova Scotia Government at which time the company initated salvage operations which
totalled 180,000 cords in 1977.

In 1978 the Province of Nova Scotia and Nova Scotia Forest Industries (NSFI) entered
into a salvage/storage agreement for the Crown lands, with the objective of salvage and storage
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of wood volume in excess of the immediate requirements of NSFI. Provision was made for the
storage of up to 500,000 cords of pulpwood during the 1978 - 1981 period. NSFI produced and
placed the surplus pulpwood in storage and after a joint roadside scale the Province bought the
stored wood. NSFI agreed to re-purchase all the pulpwood from the Province by 1984. In the
four years from 1978 - 1981 slightly over one million cords of wood were harvested on the
Highlands, 500,000 cords being placed in storage and the balance trucked directly to the mills at
Point Tupper.

In summary, the early forest harvesting activities of Stora Forest Industries can be
divided into two distinct periods: 1/ the pre-budworm period 1963 to 1975 when the first
network of roads were built and 750,000 cords of green softwood were delivered to the mills at
Point Tupper, and 2/ the budworm harvest period of 1976 to 1987 when 1,550,000 cords of dead
and damaged softwood were harvested and delivered.

Spruce budworm defoliation resulted in nearly 100% mortality of balsam fir trees on the
Highlands - a few patches of black spruce (Picea mariana) survived. Some stands harvested by
Bowater Mersey Paper Company in the mid-1950s have allowed limited harvesting in the late
1990s but over those expansive areas which are regenerating following the budworm epidemic
there will be little harvesting until around 2010.

Ecosystem Management - Forestry operations currently employ an Ecological Landscape
Planning approach for Crown lands under licence on Cape Breton Island and elsewhere in
Eastern Nova Scotia. The founding principle of this approach is the selection and
implementation of forest management strategies and techniques which are compatible with the
natural processes that shape forest communities. Ecological landscape planning provides a
means to ensure a sustainable flow of forest products consistant with society's demands, while
interfering as little as possible with natural forest processes. For instance, in the birch - balsam
fir forests which occupy elevated sites in Cape Breton, forest harvesting, in an attempt to
simulate the natural forest cycle where recurrent insect attacks, such as the spruce budworm and
hemlock looper, and blowdown periodically remove older fir trees and create gaps in the
canopy, employs partial cutting systems which remove mature trees while leaving the hardwood
canopy and young balsam fir intact.

Although clear-cutting remains the harvest method of choice in most balsam fir
dominated stands, current harvesting operations differs significantly from those employed 10-15
years ago. More attention is paid to what is left behind, often referred to as retention harvesting,
where large live trees, snags, rotting logs and clumps of undisturbed mature forest remain to
enhance forest biodiversity by sustaining biologically important processes. As well, and adhering
to Nova Scotia's Forest/Wildlife Guidelines, managed areas accommodate riparian buffers,
wildlife corridors, residual tree clumps, coarse-woody debris retention and careful stream
crossing techniques. Ecological landscape planning, simulating natural patterns of forest
disturbance and retention harvesting all serve to minimize the disruption from forest harvesting
to natural patterns of ecological diversity, which in turn improves the value of that forested
landscape to snowshoe hare and, indirectly, to lynx.

An analysis of the history (1967-2000) of silvicultural treatments on the Cape Breton
Highlands Plateau shows several interesting trends which may impact both snowshoe hare and
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lynx  (Table 1). Most clear-cutting (14,915 of 15,298 ha - 97%) occurred in the 1980s and partial
cutting (final harvest where >10%, and often 25%-30%, of the mature forest overstory is left
standing) has become the predominant form of timber harvesting in the 1990s. Also, associated
silvicultural treatments such as site preparation (96% of 2,742 ha), use of herbicides (94% of
11,425 ha) and replanting (88% of 8,464 ha) also occurred in the 1980s. Much of this trend, of
course, is due to supply, i.e. most of the available productive balsam fir-dominated forests on the
Highlands for which clearcutting is the prescription of choice, have been harvested. Partial
cutting is the prescription for stands of balsam fir/yellow birch common to the Southern
Highlands and Cape Breton Uplands. The number of hectares planted annually declined in
approximate proportion to the area subjected to clearcutting. As well, most precommercial
spacings in plantations (~15 years after planting) have occurred in the 1990s.

It is difficult to assess just how the elimination of herbicides may effect regeneration in
disturbed sites, especially in regenerating conifer plantations. The most likely result is a greater
component of deciduous trees and shrubs in younger sites, which if correct, would benefit
snowshoe hare, and ultimately lynx. On the other hand, the release spacings (stand thinning) will
reduce deciduous trees and shrubs which modelling exercises at University of Maine suggest
could be quite harmful to snowshoe hare habitat (Chris Hoving, MS student, and Dan Harrison,
Professor of Ecology, University of Maine, Orono, pers com.). Those models further suggest that
more extensive forest disturbances (e.g. spruce budworm and clear-cutting) tend to promote
large and relatively contiguous areas of dense, mixed forest regeneration favourable to both hare
and lynx. Furthermore, lynx and hare densities were positively correlated with regenerating
forests but negatively correlated with partial cuts, recent clear-cuts and mature conifer stands.
Measurements of densities and vertical and horizontal cover of trees and shrubs in stands
subjected to various silvicultural treatments are needed to evaluate past, current and projected
programs of silviculture on both hares and lynx. 

The history of intensive forest harvesting on the Cape Breton Highlands, prompted in
large part by the ravages of the spruce budworm, did not begin until the late 1970s  and was
virtually complete by 1990. In the early years, little attention was given to protecting or
conserving landscape biodiversity - salvage operations relied on clearcutting to remove dead and
dying timber as quickly and efficiently as possible. If the lynx were ever in danger of
extirpitation from habitat change on the Highlands that would have been the time. However,
lynx did survive that period of significant deforestation and, although even approximations of
immediate demographic responses are unavailable, there is evidence that a population peak of
hares and lynx occurred, as expected, around 1989-90. Today, much of the landscape that was
clearcut some 20-25 years ago has regenerated into preferred habitat for snowshoe hare, and,
given the current awareness and application by Stora of contemporary sustainable forestry
management practices, habitat should not represent a threat to lynx on the Highlands in the near
or long-term. Given the real threat of a renewed outbreak of spruce budworm in eastern Canada
within the next 10 years, forest management provisions should now be developed to avoid
another threat to lynx such as the largescale clear-cutting and salvage operations of several
decades earlier. 

It is important to note, of course, that a significant (~20%) amount of potential lynx
habitat on the Highlands falls within the boundaries of the Cape Breton Highlands National
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Park. This is certainly fortuituous and may have played the role as a population source from
which lynx dispersed to occupy forested lands exploited earlier by extensive clear-cutting and
timber salvage operations.

In summary, the future of the forests on the Highlands to continue to represent snowshoe
hare and lynx habitat looks positive. Through an innovative policy of ecosystem management, an
operational plan which encourages landscape diversity with measures reviewed earlier, as well
as encouraging a natural regenerating mixed forest through elimination of herbicides, an
adequate supply of snowshoe hare habitat should be sustained which in turn should continue to
encourage a dynamic snowshoe hare and lynx 10-year cycle.

Protection/Ownership

Most of the Cape Breton Highlands falls either within the protection afforded by the
Cape Breton Highlands National Park (950 km2) or within pubic-owned lands leased for
commercial forestry (~3,550 km2). Crown ownership of that portion of the Highlands leased for
commercial forestry provides the potential for public input into forest management planning and
presents the opportunity for flexible and innovative resource management strategies to ensure
the long-term availability of lynx habitat and the viability of lynx and snowshoe hare
populations. The challenge is commitment, both by the province of Nova Scotia and forestry
industry. The process, if not the precise mechanisms, is clear - a diversified landscape which
promotes a reasonable mix of stand age and tree and shrub composition and which uses the
prevailing natural patterns of forest disturbance and succession as the template in the forest
management decision process.

GENERAL BIOLOGY

Nova Scotia

General -The occurrence of lynx on Cape Breton Island, similar to populations across the
continental range, is highly dependent upon abundance and availability of snowshoe hare
(Parker et al. 1983). As well, available although fragmented information suggests that the two
species follow a classic 10-year predator/prey cycle. The intensities of numerical fluctuations in
lynx numbers on Cape Breton Island may approach a magnitude of change of 5-6X and therefore
more closely resembles northern taiga than southern boreal lynx populations, the latter occurring
in several northern states, typically in densities comparable to the lows of northern taiga lynx
populations (~2-3/100 km2) and which appear to depend upon occasional immigration from
northern populations for long-term viability.

On Cape Breton Island the core breeding areas for lynx appear to be the western
Highlands and two smaller centres situated on the eastern shore of Bras d'Or Lake and which
appear most vulnerable to extirpation, especially during lows in the hare cycle. The
demographics of these populations resemble those described in great detail for western and
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northern continental populations i.e. rapid population increases which closely follow recovery of
snowshoe hares and equally swift declines 2-3 years following the crash in hares (Keith et al.
1977; Poole 1994; Slough and Mowat 1996; O'Donoghue et al 1997). Demographic changes
appear driven by availability of hares which influence lynx recruitment i.e. over-winter survival
of young and juvenile fecundity. Yearlings that do survive seldom breed during years of hare
scarcity. Reports of lynx recovered in areas adjacent to the Highlands immediately following
hare declines suggests that many dispersers die from food scarcity, disease and predation.

Reproduction and Survival - Most information available on lynx reproduction and
survival on Cape Breton Island comes from samples collected from trappers during the last three
years of open public trapping - 1977-78 through 1979-80 (Parker et al 1983). By chance, those 3
years corresponded to a peak and crash in snowshoe hares and consequent declines in the
productivity and survival of lynx. Basically, the decline in available food measureably affected
lynx productivity and survival by 1/ a decline in pregnancy rates (placental scar counts) of
yearlings (67% to 0%) and, 2/ a decline in representation of yearlings in the population,
presumeably through direct mortality related to starvation, disease and predation. Reproduction
in adult females declined only slightly while mean number of young per litter (mean count of
placental scars) remained unchanged over the three years of declining food. The reproductive
dynamics described for the Cape Breton Island lynx during highs and lows of snowshoe hare
compares well to those which control the cyclical abundance of lynx in northern boreal
ecosystems, and cited above.  

When hares are abundant and lynx populations are increasing there is little reason for
lynx to leave the Highlands and survival of lynx there appears to be high. Parker et al (1983)
found that a high proportion (52% - 69%) of the lynx examined in years of hare abundance
consisted of 2-year olds, suggesting high survival rates of lynx during their first year of life. In
years of hare scarcity and reduced lynx productivity, the proportional representation of 2-year
olds declined (39%), yearlings were virtually absent while older aged classes increased. The
scarcity of older aged lynx in trapper catches during years of hare abundance reflects the
abundance of food, the greater availability of younger lynx and the susceptibility of younger lynx
to being trapped. In years of food scarcity, younger lynx are more scarce while older lynx
become more susceptible to being attracted to traps by bait.

Studies in the Yukon (O'Donoghue et al. 1995) and the Northwest Territories (Poole
1994) have shown that, in times of snowshoe hare and lynx decline, lynx may be killed by
wolves (Canis lupus), coyotes and other lynx. Mortality, combined with emigration may
combine to depress lynx densities in specific areas by as much as 90%-100%. In the first year of
hare decline many lynx emigrate, especially the younger cohorts, but in the subsequent 1-2 years
of decline, loss of lynx is by direct mortality, usually by starvation and predation.

Diet - The distribution of lynx throughout North America is concurrent with the distribution of
snowshoe hare (McCord and Cardoza 1984; Bittner and Rongstad 1984). The universal
dependence of lynx on snowshoe hare, both winter and summer, is well documented (for a
review see Quinn and Parker 1987; Mowat et al. 1999; Aubry et al, 1999). Although lynx on
Cape Breton Island are often considered to represent a southern boreal population (Aubry et al.
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1999), a comparison of seasonal diets suggests otherwise. The high dependence on snowshoe
hare by lynx on Cape Breton Island, especially in winter, compares more favourably to the diet
of northern taiga populations (Alberta - Brand et al. 1976, Brand and Keith 1979; Yukon -
O'Donoghue et al. 1998; Alaska - Kesterson 1988) than for southern boreal lynx (Koehler 1990).
The size of home ranges of lynx on Cape Breton Island (Parker et al. 1983) are also more similar
to those for northern than for southern populations (i.e. smaller than most southern populations -
for a review of lynx home ranges see Aubry et al. (1999)). As well, red squirrels were virtually
absent in the diet of Cape Breton Island lynx, again similar to the diet of northern taiga lynx
during years of hare abundance (at which time the Cape Breton Island lynx were studied). Red
squirrels may occur in 25-30% of scats and kills of southern populations (Koehler 1990). Red
squirrels are common on the Highlands and may become more important to lynx when snowshoe
hares are scarce. The "taiga similarity" between the forests (balsam fir-white birch), climate
(deep and prolonged snow cover), and well-defined snowshoe hare cycle of the Cape Breton
Highlands and northern taiga environments most likely explains the similarities in lynx
demographics between the two ecosystems.

In times of hare scarcity when many lynx disperse from the Highlands and onto the
adjacent Lowlands of Cape Breton Island, their diet, from necessity, would be considerably more
diverse. This is suggested by incidental observations of lynx killing chickens and pets and often
being in emaciated condition. 

Habitat Use - Habitat selection by lynx within a 60 km2 study area on the Cape Breton

Highlands was measured by snowtracking in winter 1977/78 (Parker 1981) and by radio-
telemetry in 1979 (Parker et al. 1983). Snowtracking showed that lynx preferred (i.e. used more
than expected relative to availability) to travel in open mature conifer, early and advanced
successional and open black spruce bog habitat types. Hares were most common in advanced
mixed regeneration stands (22-28 yrs) dominated by balsam fir and white birch with average
stem height of 2-6 meters and mean crown closure of 75-80%. This habitat type was selected by
lynx for hunting snowshoe hare. The preference of hares for similar habitat has been reported for
other regions of Nova Scotia (Orr and Dodds 1982). The abundance of hares during winter in the
various habitats, as measured by summer pellet counts, showed a positive correlation with lynx
use in the early and late successional habitats but a negative correlation for mature conifer and
spruce bogs. Lynx activity - travel, resting, hunting, socializing - varies among habitat types.
This allocation of behavioural activities to specific habitat types is similar to lynx in other
regions of North America (Koehler and Brittell; 1990Murray et al 1994) and to other predators,
such as the eastern coyote (Parker and Maxwell 1989). Radio telemetry studies in 1979
supported the habitat selection reported for the 1977/78 snowtracking study.

Although lynx need food (hares) to survive, which is undoubtedly the most important
factor that influences the presence or absence of most predators in specific regions, most other
habitats within defined home ranges are used for other less understood reasons, and often at
specific seasons of the year. A diversified landscape which emulates natural patterns of forest
disturbance and regeneration should be the objective of the forest and wildlife managers. 

Disease - On occasion, sick and debilitated lynx and bobcat are collected and submitted for
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necropsy and examination for disease. In 1996-97 six lynx specimens were collected on Cape
Breton Island and submitted to the Canadian Cooperative Wildlife Health Centre (Atlantic
Veterinary College) in Charlottetown, Prince Edward Island. Common symptoms of these lynx
were lack of fear, aberrant behaviour and debilitated condition. None of these specimens were
rabid but all displayed microscopic lesions and severe inflammatory reaction in the meninges,
brain and spinal cord sufficient to explain individual behaviour and physical abnormalities
(Canadian Cooperative Wildlife Health Centre. 1997. Wildlife Health Centre Newsletter 5 (1)
Charlottetown, PEI). Common cause of the neurological disease was identified as a
morbillivirus, an infection previously diagnosed in two bobcats from New Brunswick (Canadian
Cooperative Wildlife Health Centre. 1995. Wildlife Health Centre Newsletter 35 (1)
Charlottetown, PEI) and closely related to canine distemper virus.

The unusually high number of lynx recovered by Nova Scotia DNR staff in 2000
provided the opportunity for more specimens to be examined for disease at the Atlantic
Veterinary College. I found 3 individual records for lynx carcasses recovered in 2000, and blood
samples from 8 lynx captured on Cape Breton Island (five of which were held captive at
Shubenacadie Wildlife Park), which had been submitted and examined by the Atlantic
Veterinary College and for which there were corresponding diagnostic services reports (DSR).
The 3 lynx carcasses, all juveniles, were emaciated with moderate to heavy parasitism - the
cause of death was attributed to starvation. "...[evidence] supports the original hypothesis that a
recent crash in the population of snowshoe hare on Cape Breton Island was responsible for an
inordinate prevalence of emaciated lynx in this region .... Emaciation and heavy parasitism are
often found concurrently in wild animals." - summary comment on DSR.

The five live lynx held captive at Shunenacadie Wildlife Park were generally emaciated
but with no apparent evidence of disease. Blood samples did show evidence of exposure to
"canine distemper-like virus" which led to the following summary comment. "This disease has
not yet been reported by others in free-ranging wild cats elsewhere in North America although
we have confirmed it also in a few bobcats from New Brunswick ... Therefore, I believe that this
is a new disease for lynx and that the population of this species on Cape Breton Island probably
still has a low level of immunity against the virus. Because of this, I am personally tempted to
ascribe much significance to high levels of antibody in an individual lynx, particularly one that
has been found in a weak condition in the wild" (letter from Dr. Pierre-Yves Daoust, DVM,
Atlantic Veterinary College, Charlottetown to Dan Banks, Nova Scotia Department of Natural
Resources, May 26, 2000).

In addition to the above, the DNR Baddeck office completed lynx necropsy reports for 7
lynx carcasses and dated December, 2000. Two were snared or trapped, 2 were killed by
vehicles, 1 was shot in a chicken coop, and cause of death for one was not recorded.
Measurements of body fat varied from "no fat" to "very fat" and tissue samples were submitted
to DNR office in Kentville for future DNA analyses.

In summary, most lynx recovered on the Lowlands in 2000 and which were examined by
DNR personnel and/or by the Atlantic Veterinary College showed signs of emaciation and
parasitism, the latter probably the result from immuno-suppression stemming from starvation
which in turn was most likely prompted by a crash of snowshoe hare on the Cape Breton
Highlands. This appears to be a normal functional response by lynx across their northern
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continental taiga range to the sudden and significant cyclical declines in snowshoe hares. Some
evidence of exposure by several lynx to "canine distemper-like virus" may be cause for concern
for the impact of this disease at the population level, but further study is required. 

Movements/Dispersal - In the context of this report any discussion on  movement of lynx on
Cape Breton Island can be conveniently classified as local (e.g. home range limits, daily rates of
travel) and long-range (dispersal patterns from core areas of distribution during lows in the hare
population). Lynx commonly disperse 100 km or more, and have been reported to travel as far as
400-500 km (Mech 1977; Brittell et al. 1989). Information on local movements was gathered by
Parker et al (1983) during 2 years (1978-79 and 1979-80) of radio-tracking several lynx within a
60 km2 study area near the Norman Fire Tower on the Upper Mariana Road. That information
was useful in describing seasonal home range limits of several lynx during a peak and early
decline in the snowshoe hare population, but prior to extensive lynx dispersion.

Home ranges were well defined, were larger in summer (Male - 26 km2; Female - 32
km2) than winter (Male - 12 km2; Female - 19 km2) and lynx maintained a core area of
occupation at all seasons. Distances traveled per 24 h (DCD - daily cruising distance) were
slightly greater in summer (7-10 km) than in winter (6-8 km), and travel activity was greatest in
evening and early morning. These local data on home range limits, movements and daily activity
patterns, although interesting, contribute little to understanding the current status of lynx in
Nova Scotia. More important is information on dispersion, although that is lacking at the
individual level due to the absence of a mark/recapture program. However, from the information
at hand it is possible to generate hypotheses on lynx dispersal on Cape Breton Island. It is almost
certain that lynx on Cape Breton Island represent an isolated metapopulation removed from
ingression of lynx from other mainland populations. There are no known lynx breeding on
mainland Nova Scotia, while in New Brunswick the status of a breeding population remains
uncertain, and if it does breed in that province, it appears to be restricted to the extreme
northwestern sector - dispersion to Cape Breton Island from that source appears very unlikely. 

What we do know is that in approximate 8-10 year intervals, coinciding with crashes of
snowshoe hares on the Highlands of Cape Breton Island, lynx are recovered on the Lowlands,
especially on Lowlands of Victoria and Inverness Counties adjacent to the Highlands. On
occasion, and coincidental to snowshoe hare declines, lynx are recovered from mainland Nova
Scotia, and are presumed to be dispersers from Cape Breton Island.

There has been some concern expressed over the fate of the cyclical migrants from the
Highlands. Do they represent an "expendable" element of the population which, compatible with
the normal dynamics of  a 10-year predator-prey cycle, move out of traditional breeding ranges
due to food shortage and, especially in contiguous mainland populations, serve as colonizers for
new habitats? This "inherent" demographic response is normal, even though on Cape Breton
Island there appears to be no new favourable and unoccupied habitats to colonize. Thus, in this
scenario, they are expendable to the long-term viability of the Cape Breton Island breeding
population of lynx. It is assumed that a core breeding population remains on the Highlands
during periods of hare scarcity and represent the "seed stock" for a renewed population increase.

However, and this is the concern, does a core breeding component remain on the
Highlands during years of snowshoe hare scarcity, or, do those lynx which move to the adjacent
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Figure 5: Lynx harvests in Nova Scotia (after Novak et al. 1987) and
approximate 10-year peaks in abundance.

Lowlands and beyond, and which survive for 3-4 years, move back onto the Highlands and serve
as the breeding core of a renewed lynx cycle? The increasing frequencies of lynx tracks at bait
stations on the Highlands through the winters of 1996-97, 1997-98 and 1998-1999 suggest that,
during periods of hare decline, lynx search for other sources of food, including carrion, but how
many actually remain on the Highlands is unknown. The recent colonization of Cape Breton
Island by the eastern coyote, especially the Lowlands, and the documented predation of coyotes
on lynx, may be cause for concern. If a portion of those lynx which disperse from the Highlands
during times of hare scarcity represent the core breeding stock for the next cyclical phase, does
mortality from coyotes on the Lowlands pose a threat to sufficient numbers of lynx returning to
the Highlands to breed? Do coyotes remain on the Highlands in winter during periods of hare
scarcity, and if so, do they pose additional competitive stress on lynx which are already stressed
from food shortage? 

POPULATION SIZE AND TRENDS

Historic Fur Returns

The annual harvests of major furbearers in North America over the past several hundred
years were compiled by Novak et al. (1987). The records for Nova Scotia begin around 1920,
although there may have
been some confusion
between lynx and bobcat
in the first few years.
Since 1950 most lynx
from Nova Scotia have
been trapped on Cape
Breton Island. The public
trapping season has been
closed for the past 20
years. The plotted
distributions of lynx
harvests for Nova Scotia
show a long-term 10-year
cycle of abundance
(Figure 5), a
demographic
characteristic common to
northern taiga lynx
populations and which
are driven by the 10-year
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cycle of snowshoe hare.
Variations in amplitude of cyclical peaks among years could represent true temporal

differences in population densities, changes in fur prices and trapping pressure, or a combination
of these and other more subtle and less obvious factors. If we include only harvests since 1950,
the time when most if not all lynx exported from Nova Scotia were trapped on Cape Breton
Island, harvests have fluctuated between 44 (1931/32) and 218 (1969/70) during population
peaks and between 2 (1934/35) and 24 (1963/64) during population lows. Although we do not
know the trapping pressure in the 1930s, we do know that the average price per lynx pelt in
1934-35, when only 2 lynx were trapped, was $67.13, certainly an incentive for most trappers at
that time. The highest annual harvest through the 1930s was only 44 lynx. The average price per
lynx pelt in 1969-70, a year with the record number of lynx trapped, was only $27.48. These data
suggest that lynx were more numerous in the 1960s than in the 1930s. It is interesting that the
second highest annual harvest of lynx was in 1941-42 or approximately 30 years prior to the
1969-70 peak and similar to the approximate interval between spruce budworm outbreaks. This
suggests that the budworm outbreaks occurred approximately 15-20 years earlier i.e. ~1920-25
and 1950-55. It is also interesting that the most recent outbreak of spruce budworm occurred in
the late 1970s and early 1980s (~30 year interval) and that the unusually high number of lynx on
the Lowlands occurred in 1999-2000, approximately 30 years since the record harvest of lynx in
1969-70. Is this an indication that exceptionally high peaks in hare and lynx cycles are because
of periodic (~30 year intervals) abundance of optimum regenerating habitat? Mere speculation
but worth noting. One caveat to this budworm-lynx correlation theory is that the first network of
roads into the Highlands was built in the early and mid-1960s. This event increased access and
may have contributed to high numbers of lynx trapped in the mid- to late-1960s (see Figure 5;
Appendix 1).

Although population estimations from historic harvest statistics can be misleading, it
appears that, within expected limits of cyclical variation, the lynx population on the Cape Breton
Highlands has remained stable over the past 50 years.

Estimations and Indices

Telemetry Study - In years of hare scarcity and extreme lynx population lows, few lynx are
seen or recovered outside of the three identified core population areas. Most sightings and
recoveries of lynx beyond those areas are during the first several years following a crash in hares
and while lynx numbers are still relatively high. The amount of breeding within and among these
three zones is important to ensure genetic interchange and diversity of lynx throughout Cape
Breton Island. Based on live-trapping, radio-telemetry and snow-tracking during the three years
1977-78 through 1979-80, Parker et al (1983) estimated 11 lynx occupied approximately 60 km2
- a time of cyclical highs of both snowshoe hares and lynx (hares began to decline in 1978-79),
for a density of approximately 20 lynx/ 100 km2. The authors cautioned that the habitat in that
particular study area represented an uneven-aged mixed forest providing optimum food and
cover for hares and consequently optimum habitat for lynx. As well, the study area was adjacent
to an extensive area of the Highlands subjected to intensive wood salvage operations. At that
time displaced lynx may have been temporarily concentrated in such areas of favoured habitat
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Figure 6: Comparative track indices (tracks/bait
station visit) for snowshoe hare, Canada lynx and
eastern coyotes for the years 1997, 1998 and 1999.

creating artificially high densities.  
Recognizing that the density of lynx in that 60 km2 study area was exceptionally high

and probably not representative of most forested landscape occupied by lynx on Cape Breton
Island, it would be prudent to revise that estimate downward to an overall density estimate of 10-
11 lynx/100 km2, a density compatible with estimates for northern taiga lynx during population
highs. Given that conservative revision, estimated numbers of lynx during the 1978-80
population peak would have been: Highlands - 450-500; Boisdale Hills - 15-16; East Bay Hills -
12-13. During lows in the population cycle, and applying the average for continental taiga
populations of 2-3 lynx/ 100 km2, population estimates would be reduced to: Highlands - 90-
135; Boisdale Hills - 3-4; East Bay Hills - 2-3. Even if those density and population estimates
were correct for the late 1970s, it remains uncertain how they might compare to those of today
some 20 years and perhaps two full population cycles later. McKelvey et al. (1999) argue for
ecoprovince wide planning for effective management of small and often isolated southern boreal
populations of lynx. Based on estimates of 2 lynx per 100 km2 in north-central Washington and
a estimated minimum required population size of 25 lynx, they recommended a management
planning area of at least 1,250 km2. Although it appears that the contiguous Highlands can
continue to provide sufficient habitat for a healthy lynx population even at cyclical lows, the two
smaller core areas appear insufficient without significant immigration of lynx from the
Highlands.

The relatively frequent visits of
lynx to bait stations on the Highlands in
1997 through 1999 and the high number of
lynx being seen and killed on the adjacent
Lowlands in 2000, suggest that lynx
numbers peaked approximately 20 years
after the 1978-79 peak and were in the
dispersal/decline phase of the cycle in
2000, again suggesting a 10-year lynx-
snowshoe hare cycle on the Highlands.
Although we do not have compatible
information on the frequencies of lynx
recovered on the Lowlands in years
immediately following the 1978-79 peak in
the lynx population, the information that is
available suggests that densities and
distributions of lynx on Cape Breton Island
have changed little over the past several
decades. As well, fur returns suggest that
lynx densities vary between/among
individual cycles - such variation is
probably a function of changing conditions
of the forested landscape and consequent
availability of snowshoe hares.
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Figure 7: Track indices (tracks/bait station visitation) for
snowshoe hare, Canada lynx and eastern coyotes for bait
stations inside (n=97) and outside (n=100) Cape Breton
Highlands National Park (1998 only).

Bait Stations - In winter 1996/97, the Nova Scotia DNR and Cape Breton Highlands National
Park initiated a pilot project to obtain indices of abundance and distribution for American
marten (Martes americana) and other mammals, especially Canada lynx, in scattered locations
on the Cape Breton Highlands (Mills and O'Brien 1997). The bait station survey was continued,
with modifications, in 1997/98 (Nocera et al 1999) and 1998/99 (Miner 2000).

The project consisted of positioning bait (white-tailed deer (Odocioleus virginianus))
stations on transects established either along roads or snowmobile trails. Sample points were
chosen from DNR and Park files containing historical reports of trapped marten, marten tracks
or sightings. Individual bait stations consisted of a piece of deer meat suspended by wire from a
tree 50 - 800 meters from the edge of the trail at approximately one kilometer intervals. A piece
of cloth scented with marten or skunk (Mephitis mephitis) lure was also tied to the bait wire.
Stations were checked for five consecutive days or as close as possible when weather permitted.
All tracks and animal sign was recorded within a 20 meter radius of each bait tree. In areas
inaccessible by snowmobile, stations were established by using a DNR MacDonnell-Douglas
500 helicopter (35 of the 159 stations along one kilometer transects through blocks of potential
habitat).

In 1997/98 all bait stations (n= 197) were positioned and visited (n = 503) by helicopter
(Nocera et al 1998). This allowed the survey to be more efficient and to sample more remote
parts of the Highlands than in 1996/97.
Prior to positioning of bait stations,
preferred sites were selected from a
GIS digital image of forest cover and
clear-cuts which originated from 1993
aerial photographs (Nova Scotia DNR
proprietary data).  Potentially suitable
American marten habitat was pre-
selected for mature stands of
coniferous forest with a continuous
distribution. The positioning of bait
stations, and subsequent track counts,
followed that established in 1996/97
(see Mills and O'Brien 1997). Bait
stations were visited between February
9 and April 9, 1998. The mean number
of visits was 2.5 (range 1 - 4). The bait
station survey was repeated in 1998/99
using a helicopter to position 57 sites,
each of which was visited only once on
either March 18 or March 24, 1999 (see
Miner 2000).

Although the American marten
track survey was hampered by changes
to design and sampling intensity among
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the three years, it does suggest several interesting temporal trends. 1/ The density of hare tracks
per bait station visited declined from 1997 through 1999 (Figure 6). This measured decline in
abundance of snowshoe hares at bait stations agrees with the decline in hare pellet counts within
permanent sample plots and described elsewhere. 2/ As the frequencies of hare tracks at bait
stations declined from 1997 through 1999, counts of lynx tracks increased. This inverse
correlation between declining hare tracks and increasing lynx tracks near bait stations is not
surprising. A declining hare population forces lynx to rely on other sources of food which
explains their increasing reliance on carrion at bait stations. In times of hare abundance, lynx
feed more on freshly killed prey. 3/ Coyotes appear to be distributed throughout the Highlands in
winter and, similar to lynx, their attraction to bait stations was greatest in 1999 when hares were
least available. Coyote tracks were more frequent than lynx tracks at bait stations surveyed in
1997 and 1998. 4/ Using the 1998 data only (for reasons of consistancy in methodology), hare,
lynx and coyote tracks were more abundant at bait stations outside than inside Cape Breton
Highlands National Park (Figure 7). This is not surprising considering that the forested
landscape within the park is protected from harvesting while the general landscape outside the
park, where forest management is active, supports a greater representation of regenerating forest
stands which in turn provides preferred habitat for snowshoe hare, and consequently, a greater
abundance of preferred food for both lynx and coyotes. However, as many of the 1998 bait
stations outside of the park were positioned within older stands of conifers thought to represent
American marten habitat, the reasons for the apparent discrepancy in lynx densities within and
outside Cape Breton Highlands National Park may be more complex.

Although the data upon which these demographic scenarios are based are correlational,
they do agree with studies elsewhere in northern latitudes that have demonstrated dependence of
hares upon regenerating mixedwood habitats following fire, disease or timber harvesting and the
subsequent dependence of both lynx and coyotes upon hares as the stable component of their
winter diets and the classical predator-prey demographic relationship between abundance of
hares, lynx and coyotes (McCord and Cardoza 1984; Keith et al. 1977; O'Donoghue et al. 1998;
Nellis et al. 1972; Brand et al. 1976; Brand and Keith 1979; Mowat et al. 1996). 

Carcass Collections - Concern over the long-term health and viability of lynx in Nova Scotia
prompted the province to close the public trapping season in 1975/76. On Cape Breton Island a
restricted season (2 lynx per licensed trapper) was reopened in 1977/78 to facilitate the
collection of carcasses for a lynx population study by Canadian Wildlife Service (Parker et al.
1983). The restricted seasons remained open for 3 years (1977/78 through 1979/80) during
which time the lynx and snowshoe hare populations were at or near their numerical peaks in the
10-year cycle. Trappers were required to submit all lynx carcasses to Canadian Wildlife Service
for analysis. A total of 154 lynx were trapped and examined during that 3 year period (1977/78 -
42; 1978/79 - 57; 1979/80 - 55). Analysis of lynx carcasses provided important reproductive,
morphologic, dietary and demographic information on Cape Breton Island lynx during a cyclical
peak. Some of those data have been reported elsewhere in this report.

Although the public trapping season has remained closed since 1979/80, lynx are killed
from other sources and some of those carcasses have been submitted to DNR regional offices at
Baddeck and Coxheath. Until recently there had been a small aboriginal hunt (4-5 per year),
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which was closed for reason of conservation, while a few lynx continue to be recovered as
incidental catches by non-native trappers, road kills and assorted other sources. The data bank
for these carcasses is maintained in DNR Head Office in Kentville.

The introduction of the Wildlife Investigation Report system in 1985 served to provide a
standardized data collection format for field staff. Sorting through these lynx carcass files
supplied by DNR served to identify 77 entries with sufficient information on date, location and
means of death to allow a rudimentary assessment meaningful to the objectives of this report
(Sex ratio of 31 of 77 carcasses - 13 Males : 18 Females).

First, the allocation of that sample through time (1987 - 2000) shows an interesting
although curious distribution (Table 2). We know that the lynx population peaked during the
1977-80 study, and we also believe that it recently peaked in 1999-2000. It is probable, although
less certain, if we hold to a 10-year population cycle, that an intervening peak was reached
sometime around 1988-90. The few carcasses collected at that time do not confirm a peak
although all dispersers from the Highlands which may have been killed were probably not
recovered by DNR field staff. As well, the population peak in 1988-89 may have been less
intense than that of 1999-2000 which would explain the apparent lack of dispersers.

There is, however, fragmented and anecdotal information which sheds some light on hare
and lynx populations on the Highlands in the late 1980s.  S.B. MacLeod, DNR Baddeck office
noted "...quite a bit of coyote sign and lynx tracks..." during a Highlands Patrol on January 22,
1985 while Jack Mackillop, Supervisor Forest Resources at Baddeck, noted heavy rabbit sign
during a patrol on February 14, 1986. Later, Carl Thibault of the Baddeck office noted in an
October 19, 1990 letter that he had recently been made aware of "...four different cases of lynx
in very poor condition in Inverness County. Starvation is believed to be the cause in all four
cases. Two of these were near the village of Cheticamp, one at the Wreck Cove area in the
Highlands and the most recent one at Ainslie Glen. Unfortunately, one had to be destroyed after
jumping through a window of a chicken pen and suffering severe injuries. One of our staff
managed to live trap the one at Ainslie Glen after it was seen killing domestic geese at a farm.
This animal is extremely thin and we are feeding it regularly to bring its weight up before being
released....The lack of small game and especially rabbits has been noticed in this County for a
number of years now....For several days, one lynx was being hand fed with trout by fishermen in
the Wreck Cove area. Another was killing chickens in broad daylight with people present. The
last one was killing domestic animals with people present."

These reports suggest a peak in snowshoe hares sometime around 1985-1987 with a
subsequent peak and dispersion of lynx around 1989-90. That is, of course, 10 years earlier than
the latest (1999-2000) peak and dispersion of lynx and is continued evidence for a 10-year cycle
of hares and lynx on the Cape Breton Highlands. The absence of recovered carcasses from 1992
through 1994 suggests a population low and is consistant with a numerical trough between the
peaks of 1989 and 1999.

What is most interesting with the temporal trend in carcass recoveries is that over 50% of
lynx recovered by DNR staff during that 13 year period occurred in 1999 and 2000. This might
be explained because of an exceptionally high peak in lynx numbers on the Highlands and
subsequent crash in snowshoe hares. Many of those lynx were recovered on adjacent Lowlands
indicative of dispersal from the Highlands. But it is less clear why so many lynx were recovered
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Figure 8: Distribution of lynx carcasses (n=39)
recovered by Nova Scotia DNR in 1999 and 2000 (from
NSDNR files).

in 1999-2000 relative to previous years following a decline in hares on the Highlands. Reasons
may include one or more of the following: 1/ lynx were killed during earlier dispersals but were
not recovered by DNR staff for one reason or another, 2/ the recent concern expressed by DNR
for lynx in Nova Scotia may have prompted greater public awareness and a greater effort for
carcass recoveries, 3/ the density of lynx on the Highlands in 1999 was exceptionally high and
there were more lynx to disperse and be recovered. Could this be a response by snowshoe hare
and lynx to the large amount of successional habitat created during the intensive wood salvage
operations of the late 1970s and early 1980s? Those regenerating areas would have then been 18-
25 years old - optimum age for snowshoe hare habitat.

An alternate hypothesis might be that a much greater proportion of lynx left the
Highlands in 1999/2000 due to unsuccessful competition with coyotes for the few remaining
snowshoe hare. Bait stations in 1997-1999 showed coyotes to be common on the Highlands in
those three winters - their relative abundance on the Highlands 10 years earlier is less clear.

It should be noted that most completed Wildlife Information Reports for lynx and
submitted by DNR Field Staff to Kentville office do not involve a dead animal. Most involve
sightings by the public. Due to the possibility of misidentification of bobcats for lynx, I have
chosen to exclude those WIRs from these analyses. Most of the 39 lynx carcasses recorded in
1999 and 2000 were distributed in
Victoria and Inverness Counties
(Figure 8) although several were
recovered east of Bras d'Or Lake, the
farthest at Mira River. These lynx
may have been dispersers from the
Boisdale Hills and/or East Bay Hills.
The spatial pattern for these 39
recoveries shows a wide distribution
throughout Cape Breton Island and
suggests considerable genetic flow
throughout the island population
during 10-year peaks in densities.

There is considerable merit
in continuing to gather and collate
information from lynx carcasses,
especially if specific
measurements/materials are
collected and recorded in a
standardized procedure and format.
Information on sex and age
structure, reproductive history and
physical condition (fat deposits)
represent a useful long-term
monitoring protocol. Some work has
already been started on a collection
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Figure 9 Densities of snowshoe hare pellets on the Highlands
(Inverness/Victoria Counties) and Lowlands (Cape
Breton/Richmond Counties) of Cape Breton Island (from
NSDNR files).

of tissue samples for DNA analyses and subsequent taxonomic verification.
Of 50 lynx carcasses recovered by DNR staff from 1995 - 2000 and for which cause of

death was known, 22 (44%) were legally or accidentally snared or trapped, some by aboriginals
before total closure several years ago. Another 6 were trapped or shot illegally (presumeably by
non-aboriginals), and 8 were destroyed due to injury or disease. Other assorted mortality factors
included predation by dog (1), unknown predator (8), depredation control (4) and accident (1).
Do the 22 lynx trapped/snared by aboriginals, and the 8 by non-aboriginals, represent a threat to
the population (~ 5-6 per year)? If confined to those numbers, and all other factors remaining
constant, probably not. But, if fur prices escalate those numbers could also rise substantially, at
which time the conservation of the species must take precedent over human exploitation. 

Snowshoe Hare Pellet Counts - Indices of snowshoe hare abundance are important for
tracking demographic trends of the main food source of lynx, searching for correlations between 
abundances of lynx and hare and measuring the magnitude and assessing the importance of a 10-
year cycle to the long-term viability of lynx on Cape Breton Island. In 1993 the Nova Scotia
DNR began a province-wide
program for measuring
snowshoe hare population trends
by counting the pellets within
permanent one m2 circular
sample plots. These hare pellet
plots were positioned at 100 m
intervals along 1000 m ungulate
pellet group inventory (PGI)
transects.

The pellet count index as
a measure of snowshoe hare
populations on Cape Breton
Island shows an interesting trend
for the seven year period 1993
through 2000. By separating
those data into two sets, one
representing the Western
Highlands (Inverness/Victoria
Counties) and the other
representing the Eastern
Lowlands (Cape
Breton/Richmond Counties), a
spatial (altitudinal) difference in temporal hare population trends is apparent (Figure 9). The
Highlands data set shows a very clear cycle in hare abundance, with an approximate 10 fold
increase occurring over the 4 year period 1993 through 1997, followed by a decline of similar
amplitude over the subsequent 3 years (1998 through 2000). These data agree well with other
hare abundance indices for the Highlands for years within that 7 year period, e.g. trend figures at
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Figure 10 Annual snowshoe hare abundance ranking
indices from small game hunter license returns for the
Cape Breton Highlands and Lowlands (from NSDNR
files).

winter bait stations and wildlife abundance rankings from volunteer hunter license returns for
those 2 western counties.

The most recent hare peak (1996-97) and crash (1998-2000) on the Highlands relates
well to what we know of the most recent  demographic trends and behaviour of resident lynx
populations e.g. track frequencies at winter bait stations (decline from 1997 through 1999) and
appearance of emaciated lynx and lynx displaying aberrant behaviour  at scattered locations on
the adjacent Lowlands, as well as several lynx  recovered on mainland Nova Scotia which most
likely represent recent long-range migrants from Cape Breton Island. Long-range movements of
lynx are frequent when snowshoe hare, their main food source, experience cyclical population
lows (Nellis and Wetmore 1969; Mech 1977; Ward and Krebs; Slough and Mowat 1996; Poole
1997).

Hunter License Returns - Nova Scotia small game hunters were first asked to keep record
of specific wildlife observations in
1994 and, at the end of the season, to
complete and submit a "report card"
which assigned each species an
"abundance ranking" on a scale of 0 -
4 (4 = highest score). For snowshoe
hares, small game hunters were
asked to record abundance rankings
on the report card attached to their
license, along with his/her personal
harvest information for the season.
These wildlife abundance indices
were to be used by Nova Scotia DNR
to complement other measures of the
health and dynamics of provincial
wildlife populations.

This 5-year data set (1994 -
1999) shows trends of moderate
increases in hare numbers in 1995 for
both the Highlands (Victoria and
Inverness Counties) and Lowlands
(Cape Breton and Richmond
Counties) sectors of Cape Breton
Island followed by three years of relative stability and then a decline in 1999, the decline on the
Highlands (-55%) markedly greater than that on the Lowlands (-26%) (Figure 10). The 5-year
trend in hare abundance ranking on the Highlands is similar, although less markedly so, to the
hare pellet abundance indices i.e. increase in 1994 through 1997 followed by a decline in 1998
and 1999. The "anecdotal" nature of the license report and the uncertainty of exactly where those
observations were made, especially in Inverness and Victoria Counties relative to the Highlands
proper i.e. many observations may have been near coastal communities and therefore not subject
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to environmental factors which might be driving population changes on the Highlands, limit the
credibility of conclusions from this data set. However, both indices do confirm a significant
decline in snowshoe hares in 1999. (Note: pellet counts, made in the summer, are an indicator of
abundance the preceding autumn/winter, whereas hunter observation indices are a measure of
wildlife abundances at the time of recording i.e. potential one year difference between indices).

Summary - Of the three data sets available for analyses to assess abundance of snowshoe hare
populations on the Cape Breton Highlands over the past decade, the count of hare pellets within
permanent sample plots from 1993 through 2000 is considered to be the most reliable for
measuring demographic trends. First, it is objective and with minimal bias. Accuracy of trends
and subsequent implications for resource (timber and wildlife) management decisions, however,
might be improved through independent assessment of pellet densities relative to habitat types
sampled, with possible modifications to sampling methodologies to ensure sample sizes
adequate for statistical verification. Second, it is repeatable with permanent plots and
standardized sampling procedures. 

The other two estimates of snowshoe hare population trends are subject to human and
environmental variations. For instance, tracks at bait stations are influenced by current snow
conditions and time since last snow fall. A difference of one and three days since last snow can
greatly influence counts of hare tracks. As well, visitations to bait stations, especially when
helicopters are used, can be costly. The biases associated with indices derived from  voluntarily
submitted small game licenses are many, the most notable being individual reporting biases
(abundant hares to one hunter may be considered moderate by another) and the uncertainty of
location of hare observations relative to Highlands vs Lowlands. 

LIMITING FACTORS AND THREATS

Interspecific Interactions

The two main competitors, and potential threats, of lynx on Cape Breton Island appear to
be the bobcat and the eastern coyote. Lynx and bobcat have managed to coexist on Cape Breton
Island for at least the past 45 years, most likely due to spatial separation - lynx on the Highlands
and bobcats on the Lowlands. Lynx have evolved for a life in northern boreal conditions - cold
winters with deep and prolonged snow cover. Morphologically, the lynx is longer-legged with
widely splayed furred paws which provide weight supporting capacity twice that of bobcat
(Parker et al 1983). The bobcat is more adaptable than the lynx and occupies a wide range of
habitats in North America, ranging from southwestern deserts to the southern edge of the boreal
forests. The southern edge of lynx range closely approximates the northern limits for bobcats.
Although the bobcat has a more diversified diet than the lynx, both species rely heavily on
snowshoe hare in northern environments (Parker et al. 1983; Parker and Smith 1983).

Interspecific competition can be classified as either 1/ exploitation competition
(competing for the same food source), or 2/ interference competition (direct aggressive
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interaction) (Buskirk et al. 1999). In Atlantic Canada, the bobcat, Canada lynx and eastern
coyote  all rely on snowshoe hare for a major proportion of their diet, especially in winter, so
when sharing a common range and mutual food resource, exploitation competition among all
three predators is probable. Competition for snowshoe hare, when that food source is in the
decline or low phase of its 10-year cycle, could prove detrimental to the least efficient
predator(s). Given that the lynx is the most adapted and skilled of the three predators for
capturing snowshoe hares during harsh winter conditions, the advantage in this instance must go
to the lynx. However, both the coyote and bobcat appear to have the advantage over the lynx in
interference competition encounters. Bobcats are physically larger than lynx (Parker and Smith
1983; Hall 1981) and, although direct evidence is lacking, it is reasonable to expect that the
larger and more aggressive bobcat would be successful in direct encounters between the two
species. The eastern coyote successfully competes with the bobcat in Maine (Litvaitis and
Harrison 1989) and are known to kill bobcats on occasion (Anderson 1986; Jackson 1986;
Toweill 1986). Although without supporting evidence, Parker et al. (1983) postulated that
interference competition is responsible for the current restriction of lynx to the Cape Breton
Highlands, and probably helps to explain why the southern limit of lynx, except in several
incidences at higher elevations, seldom penetrates into the northern range limits of bobcats.

Of greater concern to lynx is the potential for interference competition with the eastern
coyote. The eastern coyote is a new predator to eastern North America and has been on Cape
Breton Island for only the past 20 years (Parker 1995). Coyotes are known to occasionally kill
lynx (O'Donoghue et al 1995) and in central Alberta lynx were more concentrated where coyotes
were less dense and not where hares were more dense (O'Donoghue 1997). However, winter
conditions were less severe in central Alberta than on the Cape Breton Highlands. Coyotes are
also distributed on the Highlands in both winter and summer. Track counts at winter bait stations
on the Highlands showed coyotes to be 5 times more common than lynx in 1997 when hares
were abundant, about equal to lynx when hares began to decline in 1998, and only one-half as
common as lynx when hares crashed in 1999 (Figure 6). It appears that coyotes avoid the
Highlands in winter when snowshoe hare densities are low, a time when many lynx disperse
from the Highlands onto the adjacent Lowlands in search of alternate sources of food.

But even though coyotes are more common in high elevations during winter than
previously thought (Bider 1962; Ozoga and Harger 1966; Murray et al. 1995), separation of lynx
and coyotes by deep winter snows has been documented (Murray et al. 1994; Todd et al. 1981;
Murray and Boutin 1991; Litvaitis 1992). Coyotes appear to prefer harder packed snow surfaces
than lynx which may be why coyotes often switch prey in late winter, preferring ungulates over
snowshoe hare (Parker 1995). Dead and emaciated lynx have been found on the Lowlands of
Cape Breton Island which appeared to have been killed and/or fed upon by coyotes (Dan Banks,
pers com.)  

In the Yukon, coyotes and lynx shared a common winter range, although coyotes were
generally more common at lower elevations (Murray and Boutin 1991). Both preyed heavily on
snowshoe hare (Murray and Boutin 1994), although lynx, with a smaller foot-load sank less in
the snow and were more successful at catching snowshoe hares. The authors speculated that
coyotes might follow other predator trails (e.g. lynx) and scavenge on remains of kills. That
study certainly illustrates the importance that snowmobile trails might have in facilitating coyote
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dispersal onto the Highlands in winter. Although they reported no interspecific interactions, it
remains uncertain what effects, if any, the eastern coyote will have on the lynx of Cape Breton
Island. Further study of the interaction among the three predators to learn more of the real
threats which the bobcat and coyote pose to lynx on Cape Breton Island appears warranted.

Although measured demographic and spatial responses of bobcats and lynx to the eastern
coyote are lacking (Aubry et al. 1999), the coyote has been identified as a "concern" to the long-
term numerical stability of both felid species (Buskirk et al 1999). Although justification for that
concern remains to be validated, the situation on Cape Breton Island, where lynx are already
restricted in core breeding range to the western Highlands, requires attention. Coyotes are
currently distributed throughout the island, including the Highlands, and track counts at winter
bait stations show them to be quite common there, even during winter. This is surprising, given
the "barrier" which deep winter snow on the Highlands appears to present to bobcats, a predator
of comparable morphology and weight-supporting capacity. But the advantage for interspecific
competition between the two species on the Highlands in winter must be with the lynx, an
animal which evolved to survive under those extreme climatic conditions. Coyotes often use
roads as travel routes in both winter and summer. Forestry operations have created a wide
network of roads throughout much of the Highlands - the extent that those "highways into the
wilderness" have facilitated occupation of the Highlands by the coyote is uncertain, although
their contribution is generally accepted (see Appendix I for map of road network into the
Highlands).

Human Exploitation

The vulnerability of lynx during lows in their population cycle is obvious, especially
within the Boisdale and East Bay Hills distribution units. Although a limited harvest on the
Highlands might be demographically acceptable during the several years of population high, the
economic benefits are limited and social justification questionable. The valued lynx resource on
Cape Breton Island should remain protected from public exploitation. If not trapped, lynx appear
to tolerate moderate levels of human disturbance (Aubry et al. 1999). Radio-collared lynx on
Cape Breton Island showed little concern for snowmobiles (G. Parker, personal observation).

Global Warming

Evidence for a long-term warming trend at the global scale is building, and that trend is
apparent in Atlantic Canada. The winter "snow line" is receeding north and the duration and
severity of winter conditions are ameliorating. To the lynx, a predator evolved to survive under
severe winter conditions, moderating winters pose a threat (Chris Hoving, MS graduate student,
University of Maine, Orono, pers com.). Most important to long-term viability of lynx
populations might be disruption of the 10-year snowshoe hare cycle and greater access to winter
ranges by both coyotes and bobcats. Long-term changes to lynx and hare demographics should
be monitored and perhaps interpreted relative to evidence of a regional warming trend. 
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Habitat Loss

There is no evidence for permanent loss of habitat for either snowshoe hare or lynx on
the Cape Breton Highlands. There is some evidence for habitat change as a result of forest
management practices. On some sites subjected to earlier clear-cutting prescriptions conifer
plantations have now been established and more recently both naturally regenerating stands and
plantations have received various intensities of thinning and spacing (see Table 1). It is uncertain
how snowshoe hare will respond to these stand interventions. Reducing the density of
undergrowth may result in reduced densities of hares which, we must assume, will also reduce
the value of those stands to lynx. Research is needed to address these uncertainties.  
   

SPECIAL SIGNIFICANCE OF SPECIES

In Canada there is a growing public recognition and appreciation for wilderness
ecosystems and the need for their conservation. Nova Scotia is fortunate to have, on the Cape
Breton Highlands, a unique, although quite limited taiga/boreal ecosystem, made possible by a
combination of geology, physiology and climate. Historically the dynamics of a balsam fir-
dominated plateau are driven by 20-30 year episodes of spruce budworm, a situation which
assured a continuous rotation of regenerating mixed forest interspersed with black spruce bogs
and older-aged spruce-fir dominated conifer stands. This landscape mosaic, combined with deep
and prolonged winter snowcover, promotes and perpetuates a well defined 10-year snowshoe
hare cycle. It is here that the last viable population of Canada lynx exists in the Maritime
Provinces, the demographics of which are closely linked to the 10-year cycle of hare. Although
there are perceived and possibly real threats to the continued survival of lynx on Cape Breton
Island, the current situation, where both snowshoe hare and lynx populations appear to be
functioning well within the 10-year cycle, provides the opportunity for the province of Nova
Scotia to develop a lynx management plan which will ensure the long-term health and viability
of both predator and prey.

The Cape Breton Highlands National Park occupies the northern extension of the plateau
and provides some security for the continued presence of lynx. However, the remainder of the
plateau is under lease to forestry operations and it is here that cooperative landscape
management
planning is needed to ensure an adequate and continued supply of hare and lynx habitat

Although the lynx was once ($50 years ago) found in several elevated although spatially
restricted regions on mainland Nova Scotia, the reestablishment of a breeding population there is
very unlikely. The extirpation of lynx from the mainland was probably the result of one or more
of the following: 1/over-trapping, 2/ habitat alteration and fragmentation, and 3/ interference
competition with the bobcat. Unlike the isolated and wilderness boreal ecosystems of the Cape
Breton Highlands, the lynx on mainland Nova Scotia had no sanctuary from the encroachment of
human settlement and development. So the lynx, like the American marten, now appears to be
dependent upon the Cape Breton Highlands for continued survival and should be recognized as
being of special significance to the overall faunal diversity of the province. Both represent
unique features of a very limited boreal/taiga ecosystem in Nova Scotia.
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LYNX MANAGEMENT

A Review

Lynx were managed as a furbearer in Nova Scotia until the season was closed in 1975-
76. Following 3 years of a restricted quota season (2 per trapper and mandatory submission of
carcass) as part of a 3-year lynx research study in 1977-78 through 1979-80, the season has since
remained closed except for a small aboriginal harvest (~4-5 per year) which was also closed
several years ago for reason of lynx conservation. Nova Scotia DNR personnel continued to
collect and examine lynx carcasses which happened to be trapped/snared either legally
(aboriginal harvest) or accidentally by non-aboriginal trappers or in some manner were killed or
died, usually during periods of hare scarcity on the Highlands and subsequent lynx dispersal to
the Lowlands. As well, some monitoring of hare and lynx populations was recently established
through permanent hare pellet plots, winter bait stations and occasional winter patrols.

To address the concern that lynx on Cape Breton Island were declining and were perhaps
approaching endangered status, the lynx was assigned the General Status Assessment "RED" in
1996, indicating that lynx was a species known, or thought to be at risk, with the intent for
preparation of a lynx status report and eventual status designation under the Nova Scotia
Endangered Species Act. In March, 2000 a set of interim special management practices for lynx
in Nova Scotia were developed by staff from Regional Services and the Wildlife Division of the
Nova Scotia DNR. Those recommendations, which have no force under law, resulted from
consideration of the best available information on the lynx in Nova Scotia and from the
exhaustive and comprehensive synthesis of current scientific knowledge and thought on the
ecology and management of southern lynx populations in North America (USDA Forest Service
et al. 1999). 

In general, the draft document accepts the targets of the existing Nova Scotia
Forestry/Wildlife Guidelines and Standards as providing minimal habitat for lynx on Crown
land. Additional measures included in the draft document included: 1/ providing habitat for
alternate prey of lynx, especially red squirrels, and 2/ discouraging incursions of aggressive
competition, especially coyotes, to core lynx habitat on the Highlands. Specific
recommendations included maintaining wider buffers (50 - 100 meters) of unharvested forest
around all bogs to accommodate habitat requirements of red squirrels, and decommissioning
secondary roads, reforest old road beds and discourage travel/recreational use by blocking,
pulling bridges and culverts, etc., among others.

EVALUATION AND PROPOSED STATUS

Existing Legal Protection or Other Status
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In the United States south of the 49th parallel, the Canada lynx was listed as threatened
in March, 2000 under the United States Endangered Species Act. The most recent (May, 2001)
COSEWIC status for lynx in Canada is "Not at Risk." Except for New Brunswick and Nova
Scotia (and Prince Edward Island where they are extirpated), lynx are managed in all provinces
and Territories of Canada by regulated trapping seasons. In New Brunswick the lynx was listed
as an endangered species in 1982 under the provincial Endangered Species Act and receives full
protection. In Nova Scotia the lynx is currently protected from hunting and trapping. As well, in
1996 the province assigned "RED" status to the species, indicating that it is recognized as being
at risk. Some protection to lynx habitat is afforded by the Forest/Wildlife Guidelines and
Standards for Nova Scotia which must be implemented on Crown lands and incorporated into
forest management programs for private lands. As well, in March, 2000, the Nova Scotia DNR
prepared a list of  Special Management Practices for lynx as an interim document, without force
under law, prior to this status report and subsequent listing under the Nova Scotia Endangered
Species Act. Approximately 20% of occupied lynx range on Cape Breton Island lies within the
Cape Breton Highlands National Park. Records suggest ~5-7 lynx are killed by humans each year
(exact numbers depend upon point in 10-year cycle of abundance and subsequent availability).
This number should not significantly influence the overall population dynamics of the lynx on
Cape Breton Island.

Assessment of Status and Author's Recommendation

The current breeding range of the Canada lynx in Nova Scotia is restricted to the western
Highlands of Cape Breton Island and several smaller sites on the eastern shore of the Bras d'Or
Lake. That distribution appears to have changed little over the past 50 years, a time during which
lynx were extirpated from mainland Nova Scotia, probably caused from over-trapping,
interference competition with the bobcat and habitat fragmentation and loss. Lynx harvest
statistics and lynx and hare population indices suggest that the demographics of both species
have historically operated within a fairly well-defined 10-year predator-prey cycle. It is probable
that the intensity of the snowshoe hare cycle on the Highlands is influenced by the availability of
preferred balsam fir dominated regeneration habitat which has historically been created by
periodic outbreaks (20-30 years) of spruce budworm.

Although ~20% of lynx breeding range on Cape Breton Island is within the protected
confines of Cape Breton Highlands National Park, most of the remainder is on Crown Lands
leased for timber harvest. Although a considerable portion of lynx range on the Highlands was
subjected to clear-cutting and timber salvage in the 1980s following the most recent spruce
budworm outbreak in the 1970s, both hares and lynx have continued to cycle within the altered
landscape. Much of the harvested landscape now supports 15-25 year old planted or natural
conifer-dominated regeneration, a forest which should now represent optimum snowshoe hare
habitat (see forest cover type maps of lynx breeding range on Cape Breton Island in Appendix
II).

In 1996 a scientific review committee assigned "RED" status to the lynx of Nova Scotia,
indicating the species to be at risk. In preparation for listing under the new Nova Scotia
Endangered Species Act (NSESA), the Nova Scotia Species at Risk Working Group
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commissioned this lynx status report in January, 2001. It is here recommended that the lynx be
listed as "SPECIAL CONCERN," a status defined by COSEWIC as recognizing that the
species in Nova Scotia is particularly sensitive to human activities and specific natural events
but, at this time, is not an endangered or threatened species. Endangered means that a species
faces imminent extirpation or extinction while threatened means that a species is likely to
become endangered if limiting factors are not reversed. Currently, I cannot identify any limiting
factors that, if not reversed, will lead to the species becoming endangered. Although there are
factors of concern, such as forestry operations and potential competition from bobcats and
coyotes, none of these, albeit in the absence of specific cause/effect research, have been been
shown to have impacted adversely upon lynx populations within core breeding areas of Cape
Breton Island.  Forest management planning should consider recognizing the lynx as a featured
species when developing long-term landscape management strategies and shorter-term timber
harvest operations. A landscape managed for lynx will be one managed for a diversified forest
compatible with the patterns of natural forest disturbance and ecological processes. A landscape
managed for lynx is also one compatible with the habitat requirements of most plants and
animals endemic to the Highlands of Cape Breton Island.

Although lynx habitat might well be maintained on the Highlands over the foreseeable
future through prudent land management strategies sensitive to maintaining ecological processes
and biological diversity, this restricted population of lynx does represent a valuable,
irreplaceable and unique component of the Nova Scotia fauna which should receive high priority
in resource management planning. 
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published research on the ecology of the Canada lynx on Cape Breton Island remains the sole
source of reference on this isolated and vulnerable Nova Scotia predator. Mr. Parker is currently
Research Scientist Emeritus with Canadian Wildlife Service in Sackville, New Brunswick. 
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Table 1: Silvicultural treatment history on Cape Breton Highlands Plateau - 1967-2000 (ha). Courtesy of Stora Port Hawkesbury Ltd.

Year Clearcut  Partial Cut     Site       Hardwood   Planted   Release Spacing   Release Spacing   Corridor Regular  
Shelterwood

         Preparation     Control          Plantation    Natural     Spacing Spacing

1967 20     174
1968           406
1969         1399         6       34
1970     105
1971       16     183
1972       85     148
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1973     335
1974       74     374
1975     183
1976  36     113
1978       33       20
1980   4898         75     393
1981   3554     476
1982   1554     669
1983     616        434     510
1984   1271       32   91     735
1985     546   163 47   1503     933
1986     531 1082         4703   1634   51     941
1987     667   367           993   1345     980
1988     536   275           421   1264     336
1989     742   416         1001     315     462
1990     155   323         1742   1015     517
1991     128           657     328     705

Table 1 (cont'd)

1992      25      78   116    490 507    1108
1993   42       735           1282      776
1994        7             180        8   22       944 188        14
1995   15      14           1479       380
1996        7 151      25           1663        13         18
1997 154        1 478      909
1998      23 182 445      685
1999      11 358      99 247      214         9
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2000      27 228    177           1019        64
      108

Totals 15298           1387 2742       11425  8464           5403    4018
        2502 11242     117

Table 2: Distribution of lynx carcass recoveries by year, 1987 -2000.
__________________________________________________

Year Number of Carcasses
__________________________________________________

1987 2
1988 6
1989 2
1990 4
1991 6
1992 0
1993 0
1994 0
1995 3
1996 5
1997 6
1998 4
1999 11
2000 28

__________________________________________________
Totals 77
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From: Miller, Martin
To: Zelenak, Jim
Cc: Mary Parkin; Krishna Gifford
Subject: Re: Draft Canada lynx SSA Report
Date: Thursday, March 09, 2017 1:58:30 PM
Attachments: 20170309_Status reviews for listed species_assuming absence of ESA protections.docx

Jim - sorry, but the PECE issue is more nuanced than I made it out to be.  The TE Chiefs are
discussing this issue as part of the larger issue of status reviews for already-listed species, and
I prepared a paper to aid that discussion (attached).  The last section addresses the PECE
issue.  This is based on my understanding of the Service's position at the time the PECE was
issued.  I'm hoping to clarify whether this is still the Service's position.  For this lynx review, I
think the important point is that, when you are evaluating the certainty of formalized
consrvation efforts that has not yet been implemented and/or demonstrated effectiveness to
detemrine whether such efforts can be considered in the decision, you're not bound to use the
PECE criteria, although you can if you determine they are the most appropriate.  Marty

On Fri, Feb 3, 2017 at 6:57 AM, Miller, Martin <martin_miller@fws.gov> wrote:
Jim - I realized I made a mistake in my comments 28 and 37 regarding the need for
formalized conservation efforts to satisfy PECE to be considered in a listing determination. 
While in conducting a 5-year review we're not anticipating a change in status (our objective
is to determine whether such a change in status is necessary), the outcome could be a
recommendation to delist or uplist.  And because the PECE does not apply to delisting,
downlisting, and uplisting, we should not evaluate formalized conservation efforts under
PECE.  For a 5-year review (or any delisting, downlisting, or uplisting rule), conservation
efforts that are not yet implemented and/or proven effective cannot be considered - even if
they satisfy PECE.  Sorry for the confusion.  Marty

On Wed, Jan 25, 2017 at 3:27 PM, Miller, Martin <martin_miller@fws.gov> wrote:
Jim - I reviewed this new draft to see how my comments on the previous draft were
addressed.  I identified a few outstanding issues.  I tried my best to provide fixes, but there
are a few issues that only the team can address.  I appreciate all the work the team did, and
especially you, to address my previous comments.  I'm happy to discuss these additional
comments with you (and the team if you'd like).

Thanks for putting together such a well-written document, especially considering its
length and multiple contributors.  I usually spend a lot of time dealing with sentence
structure, usage, and other clarity issues; it was a pleasure not having to struggle to
understand what was trying to be said.  I tried to help polish it with minor edits (GPO
Style Manual compliance, punctuation, etc.); I hope this helps save you some time and
make up for some of the extra work my comments have created.

Marty

On Wed, Jan 11, 2017 at 5:19 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All,

Attached is the draft lynx SSA report, which was sent to our peer review contractor on Friday and to State,
Federal, and Tribal partners yesterday and today.  Apologies to those of you who have received this
previously through other/multiple channels.

mailto:martin_miller@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mary_parkin@fws.gov
mailto:krishna_gifford@fws.gov
mailto:martin_miller@fws.gov
mailto:martin_miller@fws.gov
mailto:jim_zelenak@fws.gov


The draft went through internal FWS review in Oct./Nov.  Thanks to those of you who provided comments;
the SSA Team hopes we addressed them adequately in this revised draft.

We are not soliciting additional FWS review and comment of this draft, but we wanted everyone to have the
most current version in case you get questions from your local State, Federal or Tribal partners. However, if
you see glaring errors or problems, please let me know!

Please note that the lit cited list in this draft is incomplete - the SSA Team is continuing to work on getting
all the cited documents listed and PDFs compiled in one place.  In the mean time, if you need a copy of a
cited document, let me know and we will get it to you.

Also note that we are not posting this for public review and comment, but we will make the final SSA report
publicly available.  We ask that you not distribute this draft to the public, although we anticipate some level
of circulation given all the partner agencies that have been invited to review it and provide comments.

Don't hesitate to contact me or your local SSA Core Team member if you have questions or need additional
information.

Cheers!

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Bush, Jodi
Subject: Re: SSA help
Date: Friday, March 10, 2017 4:01:19 PM

"...what they need is some dedicated time and a strong editorial leader within the team.  You could consider if there is
someone on the team with those qualities."

Sounds like she thinks that person is not me.

Also:

" Unfortunately the Lynx team took so long to draft the report that the FIT's (Mary, Jonathon, Heather) window of opportunity
to assist has passed as we have moved on to other projects."

We spent most of our time trying to do what the FIT told us was necessary, and a lot of that time was on SSA process the
point of which remained elusive to most of the Core Team throughout the entire SSA development time.  When it came right
down to it, we (and largely myself and Mark, with the others mostly contributing only their unit-specific stuff), wrote this
document between the time we returned from the team meeting in Denver - March 10, 2016 - until the draft went out for
internal review on Oct. 14, 2016. So we produced this document in 7 months, while holding weekly FIT/SSA calls and
monthly State and internal calls, and while trying to make sense of the confusing, inconsistent, ever-evolving, and largely
superficial comments we did receive from most of the FIT team (before Justin came in to help - he was great; and Jonathan's
comments were always targeted and helpful), and while dealing with technical difficulties with Google Drive.

By comparison, an interagency team of 15 plus several state contributors and two contracted lead authors took several years to
complete revisions to the LCAS, which was perhaps a similar scientific undertaking to the one we completed for the SSA.

I have no delusions about my personal limitations and shortcomings, and I openly admit my desire to accurately tell the whole
story, or at least the parts I think are very important, but this seems like piling on.  Throughout the whole process, Mark and I,
and most of the other Core members at one time or another, were scratching our heads at the guidance but always trying to do
our best to understand it and incorporate it into our efforts.

Perhaps there is some blame to be shared by the FIT team that seemed to present moving targets and shifting guidance (e.g.,
from "the SSA should be all the science to inform all ESA decisions" to "we should only target the SSA to the decision at
hand" [5-year review]).

Whatever.

About one thing I am very clear: from the beginning, I have tried my best to understand and implement this framework as
instructed, to develop and maintain a cohesive team with a common, shared goal, and to try to meet overly ambitious time
lines (which about knocked me off the rails last late summer and fall).  I think we all (Core Team) have done a pretty decent
job of trying to evaluate, assimilate, and present the information relevant to the conservation of the lynx DPS - and it is a boat
load of information, much of which had not previously been well-synthesized.

OK, end of Friday afternoon rant.  I've gotta go kill my dog.

Have a great weekend.

On Thu, Mar 9, 2017 at 11:34 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
see highlites below.  Guess we should ask for this great review?   We are still looking
otherwise for a editer.  No worries. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:jodi_bush@fws.gov


(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Bell, Heather <heather_bell@fws.gov>
Date: Thu, Mar 9, 2017 at 11:31 AM
Subject: Re: SSA help
To: Lori Nordstrom <lori_nordstrom@fws.gov>, Marjorie Nelson
<Marjorie_Nelson@fws.gov>
Cc: Jodi Bush <Jodi_Bush@fws.gov>

Lori, I do understand the issue you are trying to solve, but I don't see how the FIT can assist
at this time.  
  Let me explain.  The contractor is a ULT contract and Lynx is not a priority for the ULT. 
Additionally the contractor is not currently in the position to edit lynx.  She has only just
begun the contract, and there are more complications here than I think are being considered. 
The core team needs to do work on the document before it could even be edited, as they are
the scientists.  An editor would not know what is important and what is not.  Given to an
inexperienced editor at this point, i believe, will cause more problems than it will solve. 
 The FIT provided guidance along the way as to the structure, depth, and length of the
document and that guidance was only partly followed.  Extensive edits that I produced were
not provided to the team with the concern that it would undermine the teams confidence. 
These edits would have significantly shorted the document and reduced redundancy of
topics, but the other FIT members suggested it was not the time to provide them and now
they would be incomprehensible to the team given all the changes made since that time. 
Unfortunately the Lynx team took so long to draft the report that the FIT's (Mary, Jonathon,
Heather) window of opportunity to assist has passed as we have moved on to other projects.
 

THis of course does point out a weakness in our SSA process (not the framework).  That
weakness being that staff struggle with writing a quality scientific document that
summarizes a new process.  Hence the reason the ULT has hired the contractor that Jennifer
alluded to.  Writing quality of staff may be a larger issue than our contractor can address.  

I am sorry that I can not easily take this problem off of the Lynx team's plate.  they are a
great team, and I believe they could develop a solution to the problem within the team. what
they need is some dedicated time and a strong editorial leader within the team.  You could
consider if there is someone on the team with those qualities.  

(sorry for the delay in the response, and the short response, i am on break during an
NCTCtraining - Jennifer S. is teaching- she is awesome!)

If i hear any differently from anyone who might be able to help i will let you know, but i
would recommend not relying on the FITs ability to help, although it hurts me to say we
cannot....  we are just too short staffed to meet all the SSA demands.  

Heather Bell
Ecological Services HQ

mailto:heather_bell@fws.gov
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Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff at https://sites.google.com/a/
fws.gov/ssa/ and  the Recovery Planning and Implementation (RPI)  Google Site: https://sites.google.com
/a/fws.gov/recovery-planning-and-implementation/ For audiences outside FWS visit http://www.fws.gov/endan
gered/improving_ESA/SSA.html.

On Fri, Mar 3, 2017 at 12:50 PM, Lori Nordstrom <lori_nordstrom@fws.gov> wrote:
Heather
Jennifer said that HQ has hired/contracted with someone help write
SSAs - I wonder if this person could work on the Lynx SSA to help
incorporate comments/substantive editing, etc.  Jennifer had the
impression that person was looking for projects.

I feel like the core team could really use some help to give them a
break and get some fresh eyes on this.

Lori

Sent from my iPhone

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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NOTE ABOUT THIS DRAFT DOCUMENT, DECEMBER 2016 
 
This is a preliminary draft document of the U.S. Fish and Wildlife Service. This draft species status 
assessment report has not undergone peer review, and it should not be cited or referenced as an 
agency document. At this time it is intended for the sole purpose of soliciting scientific reviews 
from expert peer reviewers selected by the Service, from State and Federal partners with expert 
knowledge of the species and its habitat, and from internal reviewers by Department of Interior staff. 
The document is not intended to solicit public comment. This document will be revised after this 
scientific review. This document does not predetermine any future agency decision under the 
Endangered Species Act. For more information contact Jim_Zelenak@fws.gov.     



 

3 
 

Table of Contents 
   Executive Summary……………………………………………………………………………………. 4 

Chapter 1: Introduction………………………………………………………………………………..12 
1.1 Background …………………………………………………………………………………..…13 
1.2 SSA Framework and Report ...........................................................................................16 
1.3 Analytical Approach and Methods …………………………………………………….........  17 

   Chapter 2: Lynx Ecology …………………………………………………………….…………….…21 
2.1 Species Taxonomy, Description, and Genetics …………………………………………...21 

             2.2 Life History and Population Dynamics ……………………………………………….......28 
2.2.1 Ecological Requirements of Individuals ……………………………………………....28 
2.2.2 Ecological Requirements of Populations and the DPS ……………………………..32 

2.3 Historical and Current Lynx Distribution ……………………………………………….…..34 
2.3.1 Lynx Distribution and Status in Canada and Alaska …………………………..........34 
2.3.2 Lynx Distribution in the Contiguous United States ………………………………......35 

                  2.3.2.1 Defining Lynx Distribution at the Periphery of the Range ………………………...35 
                  2.3.2.2 Lynx Distribution within the DPS Range ……………………………………………37 

Chapter 3: Factors Influencing Viability of the DPS…………………………………..………..….46 
  3.1 Regulatory Mechanisms.………………………………………………………………..…....46 

3.1.1 Federal Regulatory Mechanisms...…………………………………………………..…47 
3.1.2 State Regulations and Tribal Management ………………………………………......51 

  3.2 Climate Change ……………………………………………………………….……............. 59 
  3.3 Vegetation Management ………………………………………………...………….…….…73 
  3.4 Wildland Fire Management………………………………………………...............…….….83 
  3.5 Habitat Loss and Fragmentation……………………………………..................................87 

Chapter 4: Current Conditions ……………………………………………………………………… 96 
  4.1 Summary of Current Conditions DPS-wide ………………………………….…………….96 

4.1.1 Summaries of Current Conditions in Each Geographic Unit .............................99 
  4.2 Current Conditions - Detailed Descriptions by Geographic Unit ……………………...103 

4.2.1 Unit 1 - Northern Maine ……………………………………………………………….103 
4.2.2 Unit 2 - Northeastern Minnesota ……………………………………………………..117 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho ……………………………….122 
4.2.4 Unit 4 - North-central Washington ……………………………………………………136 
4.2.5 Unit 5 - Greater Yellowstone Area ……………………………………………………144 
4.2.6 Unit 6 - Western Colorado .................................................................................151 

Chapter 5: Future Conditions ……………………………………………………………………….156 
5.1 Summary of Future Conditions DPS-wide ………………………………………………..157 

      5.1.1 Summaries of Future Conditions in Each Geographic Unit ......………………..161 
  5.2 Future Conditions - Detailed Descriptions by Geographic Unit ………………………...168 

5.2.1 Unit 1 - Northern Maine ………………………………………………………………..168 
5.2.2 Unit 2 - Northeastern Minnesota ……………………………………………………..183 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho ……………………………….192 
5.2.4 Unit 4 - North-central Washington …………………………………………………....200 
5.2.5 Unit 5 - Greater Yellowstone Area ……………………………………………………205 
5.2.6 Unit 6 - Western Colorado …………………………………………………………….211 

Chapter 6:  Synthesis …………………………………………………………….………………....215 
         Literature Cited ……………………………………………………………………. …………..….  .222 



 

4 
 

Executive Summary  
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 

canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA) because of the inadequacy, at that time, of existing regulatory mechanisms on Federal 
lands. The SSA will provide the scientific basis for the statutorily required 5-year status review 
for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S. from Maine to Washington and south along the Rocky Mountains to 
western Colorado (Figure 1). 
 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis). 
 
These units encompass the geographic areas in the contiguous U.S. with the strongest 
historical and/or recent evidence of an ability to support persistent resident lynx populations 
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and, combined, they represent approximately the southern two percent of the species’ entire 

breeding range (98 percent occurs in Canada and Alaska). The units are relatively isolated from 
each other, but four of the six units are directly adjacent to lynx populations and habitats in 
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous U.S., usually peripheral to the SSA geographic units, the ability of these peripheral 
areas to support persistent resident lynx populations remains questionable. Lynx may occur in 
such areas as small and ephemeral breeding populations or as occasional dispersing or 
transient individuals. The locations and sizes of the SSA geographic units are summarized in 
Table 1. 
  
Table 1. Canada Lynx SSA Geographic Units.  

Unit No. Unit Name and Location Unit Size (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5 Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 
 
 
This report represents the Service’s evaluation of the best available scientific information, 

including the formally-elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
them; and (3) assess the future viability of the DPS in the near term (through the year 2025), 
mid-term (through 2050), and through the end of this century in terms of the conservation 
biology principles of resiliency, redundancy, and representation (the “3 Rs”).  
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically comprise >90 
percent of the lynx’s year-round diet. The lynx has evolved morphological adaptions (long legs 
and large paws) that allow it to efficiently travel and capture hares in snow conditions that are 
difficult for most other terrestrial hare predators (e.g., bobcats, coyotes). These characteristics 
provide lynx with a seasonal (4-5 months in most of the DPS) competitive advantage over other 
hare predators and allow them to occupy habitats that are unavailable to some of their 
competitors. 
 
The DPS occurs at the southernmost margin of the species’ range and of the environmental 

thresholds of snow quality, depth, and persistence; hare density; and boreal forest conditions 
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that lynx require. Because of this, lynx habitats and, thus, lynx are naturally less abundant and 
more patchily distributed in the DPS than in the core of the species’ range in Canada and 

Alaska. Maintaining connectivity between the DPS and lynx populations in Canada is thought to 
be important, but whether the demographic and/or genetic health of DPS populations depends 
on intermittent immigration of lynx from Canada and, if so, to what extent remain uncertain. 
 
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous U.S. For example, analysis of historical records in the U.S. and Canada 
indicated that many lynx records in the contiguous U.S. coincided with intermittent “irruptions” 

(mass dispersal events) of lynx from Canada into the northern U.S. when hare populations in 
Canada underwent cyclic declines (every 8-11 years). During these irruptions, large numbers of 
lynx occurred temporarily in (and disappeared quickly from) areas that we now believe are 
naturally incapable of supporting resident populations. 
 
Additionally, although we knew resident lynx occurred in Maine, we lacked information on the 
historical and recent distribution and quality of lynx habitat. We now know that forest 
regeneration after large-scale clear-cutting in the 1970s and 1980s has contributed substantially 
to the current broad distribution of high-quality habitat in northern Maine, which currently 
supports the largest resident lynx population in the DPS. Similarly, we were uncertain if 
Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research and monitoring also suggest 
that lynx and habitats in the western U.S. are naturally less abundant and more patchily 
distributed than was thought at the time of listing, and lynx may have been extirpated recently 
from several areas thought to have previously supported small resident populations (e.g., the 
Kettle Mountains in northeastern Washington, the Garnet Mountains in western Montana, and 
the Greater Yellowstone Area of southwestern Montana and northwestern Wyoming). We also 
know that recent extensive wildfires in north-central Washington have temporarily reduced the 
amount of high-quality lynx habitat and have probably caused a decline in lynx numbers there. 
Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999 to 2006 and the 
subsequent survival and reproduction of some of these lynx and their offspring, resident lynx 
currently occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. 
Therefore, we evaluated the ecological requirements of individual lynx and populations and the 
current and possible future conditions for resident lynx populations in each geographical unit to 
assess the viability of the DPS. The SSA uses the conservation biology principles of resiliency, 
redundancy, and representation as the framework for assessing current and future conditions. 
Resiliency describes the ability of the species to withstand stochasticity, redundancy describes 
the ability of the species to withstand catastrophic events, and representation describes the 
ability of the species to adapt over time to long-term changes in the environment. The 3 Rs can 
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be influenced by any number of factors. For lynx, the factors evaluated in this SSA include: (1) 
the original factor for which the DPS was listed as threatened (the inadequacy of existing 
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the 
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS. Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS. And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.  
 
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 

including the DPS, than in the core of the species’ range in Canada and Alaska. 
 

● We assume that as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation and the presence of some hares. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 

populations. 
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● We assume that connectivity with larger lynx populations in Canada is important, and that 

periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 
 

● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 
persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.  
 

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly-specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do so as long as those 
measures and guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume 
conditions for delisting would include requirements and incentives to continue to conserve 
lynx and its habitats and to try to assure persistence of resident lynx populations in those 
places that can support them in the DPS range.  

  
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability. 
  
Current Conditions 
 
The current distribution of resident lynx in the contiguous U.S. is likely somewhat smaller than 
the historical distribution because of the potential loss of small populations in several places 
(e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern New York, Isle 
Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, more recently, 
the Greater Yellowstone Area of Southwestern Montana and northwestern Wyoming, and 
perhaps the Garnet Mountains in western Montana). However, based on verified historical 
records, we lack compelling evidence that the current distribution and relative abundance of 
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resident lynx in the DPS range are substantially diminished from historical conditions, and 
resident populations continue to persist in the geographic areas with the strongest historical 
evidence of an ability to support them. Nonetheless, in many parts of the DPS range habitat 
features (forest distribution and structure, hare densities, and snow conditions) appear to exist 
at or just above thresholds thought necessary to support persistent lynx populations.  
 
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units. 
 
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Figure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Table 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via catastrophic event. 
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Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 

absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
U.S., suggesting relative maintenance of the breadth of diversity of ecological settings occupied 
within the DPS range. Because there are no indications of significant loss of or current threats to 
the genetic health or adaptive capacity of lynx populations in the DPS, and the current level of 
representation does not appear to indicate a decrease from historical conditions, we find that 
the DPS currently displays an adequate level of representation. 
 
Future Conditions 
 
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced 
probability of persistence for all resident populations in the DPS range. We expect that resident 
populations will persist through mid-century in all five of the geographic units that currently 
support them (albeit in reduced numbers and distributions), but that lynx may be functionally 
extirpated (loss of the ability to support persistent resident populations) from two or three of the 
units by the end of the century. 
 
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, climate-induced frequency and intensity of wildfires and 
forest insect outbreaks are expected to increase, particularly in the western portion of the DPS, 
although we do not anticipate such events alone to cause the permanent loss of breeding lynx 
populations in any geographic unit. In Minnesota and Maine (units 1 and 2), suitable boreal 
forest and snow conditions are projected to decline more severely than in the western units, and 
in some climate modeling scenarios they could disappear completely from these units by the 
end of the century. Over the next 15-20 years, lynx habitat conditions in Maine are also likely to 
decline significantly from current historically high and anthropogenically influenced levels as 
private forest management practices, particularly a shift away from landscape-level clearcutting, 
result in forest succession detrimental to snowshoe hare and lynx needs. 
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Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through mid-
century but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events. 
 
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely. 
 
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate. 
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DPS-wide Synthesis  

We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numbers and distributions, in all five geographic units that 
currently support them through mid-century, but that functional extirpation is likely in two to three 
of those units by the end of the century, driven largely by projected continued climate warming. 
Because resident lynx in many parts of the DPS persist in areas that appear naturally to barely 
meet thresholds for hare densities and habitat quality and distribution, relatively small declines 
in these features could result in loss of the ability to support resident populations over large 
areas. Because of this, we believe that future lynx habitats and resident populations throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Uncertainty increases at mid- to late-century regarding the timing and extent of 
various stressors that will affect lynx and hare habitat and snow regimes, especially those 
related to climate change. However, review of the best available science in concert with input 
from lynx experts suggests that the probability of the persistence of resident breeding 
populations will decline in all geographic units, with the negative DPS-wide trajectory continuing 
to the end of the century, and (with no evidence to the contrary) beyond that time frame. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century. 
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 

Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a distinct 
population segment (DPS) and listed it as threatened under the Endangered Species Act of 
1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the United States 
District Court for the District of Montana ordered the Service to complete recovery planning for 
the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered 
the Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
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such a plan will not promote the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). 

Thus, we conducted this SSA (version 1.0) to summarize the best available information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 

al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 

comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 
2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA represent the remaining 2 percent of the species’ breeding distribution 

(approximately 131,168 km2 [50,644 mi2]; see Figure 1 and Table 2, below). Lynx populations in 
the DPS (as well as some others on the margin of the range in southern Canadian provinces) 
seem to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below). The demographic and genetic health and persistence of DPS populations are thought to 
be influenced by connectivity with, and immigration of lynx from, larger populations in Canada 
(McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 79 FR 
54815). 
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Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 

lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S. occur over a much smaller geographic area that includes 
parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous U.S., and small breeding populations may have been lost from 
some places, neither broad-scale breeding range contraction nor substantial changes in 
population status in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) 
and, in 2007, again in response to a court order, clarified its determinations of “significant 

portion of the range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 

1186). Also in 2007, the Service announced that it would initiate a 5-year status review of the 
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 

contiguous U.S., including New Mexico and other states that were not included in the original 
DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 (USFWS 
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1, above). Five of the six geographic units were designated as “Core Areas” in the 

Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 
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habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here. 
 
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Table 2). 
 
 Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 

coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of this effort, our Endangered Species 
Program has developed the Species Status Assessment (SSA) Framework to guide how we 
assess the best scientific and commercial data available when evaluating the biological status of 
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species. In conducting an SSA, we take into consideration the life history and ecological 
requirements of the species to understand how the species 
maintains itself over time (captured under the broad heading 
of “species needs”); the current condition of the species at the 
individual, population, and range-wide levels in terms of 
meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 

and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and 

future condition of the species. Briefly, resiliency describes the 
ability of the species to withstand stochastic events; 
redundancy describes the ability of the species to withstand catastrophic events; and 
representation describes the ability of the species to adapt over time to long-term changes in 
the environment. As a result, the SSA characterizes a species’ ability to sustain populations in 

the wild over time based on the best scientific understanding of current and future abundance 
and distribution within the species’ ecological settings. Importantly, the SSA neither results in, 

nor predetermines, any decisions (e.g., listing status, critical habitat designations, section 7 
consultation requirements, etc.) by the Service under the ESA. Instead the SSA provides the 
biological basis to inform these decisions. The SSA is a dynamic document and should be 
periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

1.3 Analytical Approach and Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
terms of the 3 Rs using conceptual modeling (Figures 2-5) based on available published 
                                                
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 
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literature, other information on the historical and current status of and threats to lynx in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgment (Lynx SSA Team 2016, entire).  
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
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Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Figure 5 below. 
 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. The factors we consider for each 
geographic unit include regulatory mechanisms (the factor for which the DPS was originally 
listed under the ESA) and the anthropogenic influences identified by the Interagency Lynx 
Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 
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conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 

hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 

areas of the DPS.  
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Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 

Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 

lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 

mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 

1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 

large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 

and the northern contiguous U.S., where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, and white on the underside 
of the tail. Bobcats are much more common and abundant than lynx in most of the contiguous 
U.S. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
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barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between the two 
areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle 
that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional 
genetic markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in 
eastern Canada, which suggest the potential for evolutionarily significant differences in those 
areas, recent analyses reveal genetic exchange among lynx on either side, indicating that some 
lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA 
Team 2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 

genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 



 

23 
 

Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 

2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69), and hare abundance is the 
major driver of lynx population dynamics. Lynx den site selection, litter sizes, pregnancy, as well 
as recruitment, survival (kitten, subadult and adult) and dispersal rates, and population age 
structure, home range sizes, density, and distribution are all strongly influenced by hare 
abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, 
pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
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Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183-
191 and 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 
and 2000b, pp. 136-140). Over much of the lynx’s range, hare densities are higher in 

regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
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understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
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the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–

268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 
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one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 

2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).  
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 

2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 

phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).  
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
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952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 

(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 

contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 

2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) it is born to a female that occupies a home range containing 

a) secure denning habitat, 
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b) adequate hare abundance to support lactation during the early kitten stage and later 
provisioning of the kitten with hare meat, 

c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 
etc.); 

 
2) the mother’s home range occurs within a larger landscape that also contains adequate hare 

abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 

al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 

during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 

2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population. 
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Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Table 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).  
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482); Mallett 2014 
(169) 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265); Burdett et al. 2007 
(460-463); Moen et al. 2008a (17) 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20); Squires and Laurion 
2000 (343-344); Squires et al. 2004a (13, 

Table 6) 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5); 
Koehler 1990 (847); Maletzke in Lynx SSA 

Team 2016 (21) 
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GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344); 
Squires et al. 2003 (12-13) 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10) 

 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 

al. 2012, pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 

pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 

vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.  
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 

1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower. 
 
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-
31). Lynx populations in the DPS are at the periphery of the species’ range and may behave as 

islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 

that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 

source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.  
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
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most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 

(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of 
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 

during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined 

from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the 
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 

(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) 
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 

and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 

northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.  
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 

1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 

favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 

(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
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500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality. 
 
In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 

abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
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southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 

comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 

apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 

contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 
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time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 

2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 

entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 

should be considered to constitute the species’ range. In its 2003 remanded determination, the 

Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 

scientists and the public about where lynx populations may be viable (74 FR 66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 

structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
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suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 

source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 

these places (especially those that act more often as “sinks” than “sources”) to the maintenance 

and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 

with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6), and overall habitat quality is typically lower. 
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The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 

2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 

al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.  
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.  
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The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.  
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 

al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 

population, and that this likely represents its natural historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 

cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081, 

40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003-2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
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densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believe that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 

(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 

al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 

2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historical record and recent evidence of lynx occupancy and 
reproduction suggested the presence of a small but persistent resident lynx population in the 
GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 
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54825-54826); however, the consistency of occupancy over time remains uncertain (Lynx SSA 
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 

resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
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unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821). Although bobcat 
populations have increased and expanded their range in this region in recent decades (Lavoie 
et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 
(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest declined 

substantially after two deep snow winters in 2008 and 2009 (Maine Department of Inland 
Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare habitat and 
the number of resident lynx in Maine are all much larger than was suspected at the time of 
listing or the 2003 remand, and all are probably substantially larger now than under likely typical 
historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
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budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
state are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 40094; 
Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 

range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.  
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 

and areas to the south and west are dominated by bobcats. Although there are currently more 
lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
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of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 

al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).  
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire and recent lynx occurrences in northernmost Vermont. However, lynx 
persistence is uncertain in New Hampshire and unlikely in Vermont, and lynx numbers in Maine 
are projected to decline over the next several decades. In the West, small breeding populations 
in the GYA and the Garnet Mountains of Montana may recently have become extirpated 
(although both also may be only temporarily “winked off” in a metapopulation dynamics sense). 

In north-central Washington, lynx habitat and numbers have declined because of recent large 
fires and insect outbreaks, and the persistence of the breeding population there could be 
threatened if additional such impacts occur with similar magnitude and frequency over the next 
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several decades. As a result of the release of 218 Canadian and Alaskan lynx from 1999-2006, 
resident lynx currently occur in western Colorado. Although the number of lynx in this population 
and its future persistence are uncertain, Colorado currently supports more lynx than it likely did, 
based on the historical record, for much of the previous century. The geographic units evaluated 
in this SSA include all areas in the contiguous U.S. with strong historical and recent evidence of 
persistent resident lynx populations. Detailed assessments of the current status and future 
viability of resident lynx populations and habitats in these areas are presented in chapters 4 and 
5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Those 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the Federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 

section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
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The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 

may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Table 2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
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included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 

time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 

Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
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patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 

Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 
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with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley, 
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
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BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 

provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 

management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 

(USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 

collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 

associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Table 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 



 

52 
 

Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Tribal lands in the North-central Washington, GYA, or Western Colorado units. Private, State, 
and Tribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, State, and Tribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, State, and Tribal lands 
within the six geographic units of the DPS, but with a focus on those units with the greatest 
proportions of these lands and on activities on these lands with the greatest potential to impact 
lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 

2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
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legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-
restrictions/). MDIFW also adopted and made available for download on its web page the 
interagency brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats 

and other Furbearers, and modified it to be more specific to Maine. MDIFW also set-up an 
incidental lynx capture hotline and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (ten lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally-trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 

(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 

Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 
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trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 

offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 

takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 

2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
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(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm;  https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection   
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 

Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
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4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 
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Maine who have committed to long-term or permanent protection and creation of lynx habitat 
according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 

trapping requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and State landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 
four percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution 
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 54835-
54837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.  
 
Unit 4: North-central Washington - State and private lands constitute about eight percent and 
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
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Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 

programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 

environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 

Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 

natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 

prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 
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Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 

management practices benefit populations of snowshoe hares, the lynx’s primary prey 

(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 

Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 

continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 

Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 

‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 

with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 

Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 

for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
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‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 

with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 

the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 

evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
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migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas). 
  
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events 
and winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, 
depth hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.  
 
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow-covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five months (November–March) to approximately three months (December-
February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that contain lower 
relief, mid-elevation mountain ranges will likely shift relatively quickly into new precipitation 
phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 4566). The 
interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated areas to 
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warming because much of the region is characterized by relatively warm winter temperatures 
and by mainly mid-elevation mountain ranges. The climatic rain-snow transition zone will move 
up in altitude and north in latitude.  
 
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both 
the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and Baker 1980). 
Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some locations up to 
100 m) during a recent 50-year period of warming (Kullman 1990). However, despite recent 
warming, the alpine treeline in North America has thus far remained relatively static (Butler et al. 

1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201). 
 
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions 
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
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deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats. 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 

al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous. 
  
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).  
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Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 

2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48). 
 
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp. 
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below. 
 
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably 
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare 
cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4) 
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare 
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7) 
introduction of disease and parasites, and 8) reduced gene flow. Synergistic effects between 
these factors and other stressors (e.g., forest management, trapping, development) may 
intensify their effects (Carroll 2007). Diminished snow, increasing drought and fire, and 
increased forest pests and disease are believed to currently be the most important stressors for 
lynx in the DPS, but it is possible that other pathways are, or may become, equally important. 
Over the next decades, southern lynx populations will continue to be affected by climate change 
and associated shifts in habitat, prey base, and competition. The extent of such changes and 
whether lynx are able to adapt to them will determine not how, but if, this species can persist in 
the contiguous U.S. (Murray et al. 2008). 
  
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 
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al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering large-
scale climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 

2016, entire; 79 FR 54809).  
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Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–

4549). These trends are expected to continue with future climate warming (Hamlet and 
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 

are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 

runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 

al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has led to the 
average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain West 
(Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert 
dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are expected to 
decline generally in the geographic areas that contain the central and eastern portion of the lynx 
DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require prolonged periods of 
deep fluffy snow, current habitats that lose this feature would decline in value for lynx (Hoving 
2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 

which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
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expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits 
their efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).  
  
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 

2015, p. 528).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectiveness. For example, hard-packed snow is reported to be associated with a higher 
kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth et al. 

2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other hare 
predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels (Stenseth 
et al. 2004, p. 10633). Predator communities are more diverse at the southern part of the lynx 
range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there 
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(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares. 
 
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 

et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11 percent decline in 
hare survival by mid-century and a 23 percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 

2016a, entire).  
 
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).  
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
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resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).  
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 

2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT 
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
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forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
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decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 1970-
2004, Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of 
large fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. 
Mesic, middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the 
northern Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 

2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 

2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations. 
 
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 

2008; ILBT 2013, p. 70).  
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 

rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 
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spruce budworm outbreak in Maine was the primary driver creating the current broad 
distribution of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 

2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 

pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al. 

2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
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Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 

and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 

al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 

2014, pp. 10633-10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528). 

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
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and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 

2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 

2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 

1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 

particularly within-stand competition for light, nutrients, and space, determine how forests grow 
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and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
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maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 

al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 

industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 

2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
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manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 

al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 

2003, entire). Many models have been developed to project how U.S. timber production and 
markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia 
et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate. Some models predict that consumers 
will gain from climate change while landowners in some regions will lose. The forest industry will 
adapt to climate change in many ways including using alternate tree species in manufacturing, 
shifts to geographic regions of the country with economic advantages in timber growth, and 
increasing forest plantations with new species that are favorably adapted to the new climate and 
markets. Many strategies have been evaluated to increase the quantity of carbon stored in 
North American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in 
some forests to build carbon reserves, increased recycling to reduce use of forest products, 
converting agricultural lands to forests, and substituting wood products for more energy-
intensive products. Increased atmospheric carbon will increase forest growth slightly, except for 
softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, 
is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth 
conifer forest to sequester carbon could benefit lynx in the West and be to the detriment of lynx 
in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
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stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival. 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 

1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
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2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
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story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 

“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
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elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 

2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 

al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 

2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 

2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
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similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 

2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 

al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 

maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 

Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 

in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 

al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 

2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
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al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 

recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 

population contributed substantially to the Washington Department of Fish and Wildlife’s recent 

recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
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activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011, entire). 
Human-caused fragmentation in the forested western landscape resulted in a decline of 
weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current conditions, 
but models predict relatively small declines in the size of forested patches over the next 30 
years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more of the 
natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 

since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to 20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people. 
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Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high quality patches themselves (Lewis et 

al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 

al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). 
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Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 

2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
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mountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
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foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 

2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
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providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these individuals 
crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly 
have fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 

2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits. 
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Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
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surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
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consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily-distributed than was 
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thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999-
2006, and their subsequent survival and reproduction, resident lynx currently occupy parts of 
western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Figure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate no single catastrophic event that could result in the functional extirpation (loss of 
the ability to support resident lynx populations) of the entire DPS and, further, no or a very low 
likelihood of functional extirpation of any of the individual geographic units caused by a single 
catastrophic event (Lynx SSA Team 2016, p. 56).  
 
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would 
have represented substantially greater redundancy in the contiguous U.S. However, the 
implications of the potential recent loss of resident lynx in the GYA for the redundancy of the 
DPS are unclear. The historical record and recent research show that the GYA has supported 
resident lynx. However, it is unclear whether the area consistently supported a resident 
breeding population over time or whether it naturally supported resident lynx only some of the 
time (“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable. 
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Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous U.S. Because there are no indications of 
current threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the 
current level of representation does not appear to represent a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 4, below), 
they were collected using different methods, at different times and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 

conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
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persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS. 
 
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places.  
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit     
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce-fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 

2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50 percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
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entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-
collared in Minnesota died after traveling north into Ontario, four from legal trapping/hunting, 
and two of unknown causes. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 

2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 
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(about 90 percent) of this unit, including Federal, State, Tribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 

being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations 
exist in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 65-
90 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential lynx 
habitat, led to increased home range size, and may have reduced the current carrying capacity 
of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat within this 
geographic unit may have been influenced by climate change (Westerling et al. 2006, pp. 942-
943). There is significant risk for potential future wildfires to further affect the viability of lynx in 
this geographic unit. Burned habitats are expected to regenerate back into suitable lynx habitat, 
but this may take 35-40 years. The Kettle Range to the east of this unit was suspected to have 
supported a small (likely fewer than 20 individuals) resident population until about 30 years ago 
when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. Results of snowshoe 
hare research suggest that the hare population density in Washington exists at the low end of 
the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The OWNF and 
CNF, which administer more than 90 percent of lynx habitat in Washington, continue to manage 
lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, which 
manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.  
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Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of 
Federal lands that are currently managed to conserve and restore lynx and hare habitats. Past 
timber harvest and associated management (thinning, road construction, fire suppression) 
appear to have had localized impacts but not to have diminished the unit’s ability to support 

resident lynx. The size and intensity of wildfires have increased over the past several decades, 
predominantly in the northern half of the unit (including the large fires of 1988 in Yellowstone 
National Park) and likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and, if so, to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Snow conditions currently 
appear to be adequate, with most of this geographic unit modeled to have a 95 percent 
probability of providing snow cover conditions supportive of lynx presence (Gonzalez et al. 

2007, p. 12). Hare densities were very low in most of Yellowstone National Park but high in 
parts of the Bridger-Teton National Forest in the southern half of the unit. The role of past and 
recent immigration in maintaining the demographic and genetic health of lynx populations in this 
unit is unknown. This unit lacks direct connectivity to other lynx populations, and there is only 
anecdotal evidence that irruptions of lynx from Canada resulted historically in immigration into 
this unit. Some lynx released in Colorado dispersed northward into this unit and temporarily 
occupied home ranges in areas used previously by native resident lynx, but there is no evidence 
of reproduction among these lynx.  
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believe it is reasonable that lynx 
continue to occupy all National Forests within the State of Colorado (Odell undocumented pers 
comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, page 3). Habitat that 
supports snowshoe hares is patchily distributed in this geographic unit, which limits their 
abundance. Because the majority (90 percent) of lynx habitat in Colorado is under Federal land 
management, actions occurring on other ownerships are unlikely to result in significant losses of 
lynx habitat within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, 
providing conservation through the Southern Rockies Lynx Amendment. However, regulatory 
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mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in six geographic units within the DPS range.  

 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 

designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.  
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April). 
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Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).  
 
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 

2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat. 
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
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snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km [559 mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] 
southeast of Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 

al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 

2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26-
year-old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-year-
old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range 
scale, lynx select landscapes having extensive regenerating conifer forest, but also with some 
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mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial 
harvested and mature conifer stands because of increased ease of travel and prey access 
along the extensive edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard 
et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 

2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
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extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
snowshoe hare densities (tall regenerating or older partial harvest stands), which afforded lynx 
with greater mobility and where snowshoe hares were more vulnerable to predation, rather than 
in the densest stands (short regenerating stands; Fuller and Harrison 2010, pp. 1276-1278). 
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Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
often exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm 
outbreaks, the most likely insect to affect lynx habitat, have been highly variable in Maine and 
eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less 
significant as a natural agent of disturbance. The typical fire regime is infrequent surface fires in 
the dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 
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Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), two 
tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) 
and 18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in 
theFederal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 



 

110 
 

these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 

‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for coastal areas. These records included 39 kittens 
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representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 

al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, numbering at least several hundred and perhaps more than 1,000 
resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 2016, p. 
18) . Habitat in northern Maine can support lynx densities in localized areas of high-quality 
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habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 
2003 when hare populations were high, lynx density (juveniles and adults) in one of Maine’s 

highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, 
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods (2.3-
3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 

1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix 
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur only 
ephemerally, winking on an off over time as would be expected at the periphery of the range of 
a mainland-island metapopulation structure, and as suspected for other lynx populations at the 
periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 95-104). From 
1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and Wildlife conducted 
snow track surveys in 66 townships to document the distribution of lynx and to inform habitat 
modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx 
habitat were well-distributed throughout northern Maine in the early 2000s (Simons-Legaard et 

al. 2016, entire; Simons 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). 
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Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented 
lynx movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 
2008b, entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-
19), and other aspects of their life history (Vashon et al. 2012, entire).. During the period when 
snowshoe hare populations were highest (2000-2006), Maine lynx had among the highest 
reproductive rates (average litter size 2.74, 89 percent of adult females producing litters) in the 
DPS (Vashon et al. 2012, pp. 18-19). During the current (2006-present) period of low hare 
density, litter size was smaller, only 30 percent of females had litters, and mortality was greater. 
Maine lynx have among the smallest home ranges documented in the DPS (Vashon et al. 
2008a, p. XX; LCAS 2013, p. 24; also see Table 3, above). Home range sizes were similar 
during periods of high and low hare density (Mallett 2014). Lynx populations likely increased 
during the period of high hare density (lambda [λ] = 1.16) and declined during periods of low 

hare density (λ = 0.88) (USFWS, Vortex10, deterministic population simulation 2016; 

demographic data from Vashon et al. 2012). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 

2016). 
 
Factors Affecting Current Conditions 
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Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% of the time) observed from 1961-1990 to about 18-20 days per month 
in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to affect lynx 
by reducing snow and boreal forest (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in 
Canada in the last six decades have occurred in the lower St. Lawrence Valley, immediately 
north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 

2013). Average annual snow depth at all five NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold  and ranged from 228-263 cm (90-
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-
2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). Thus, 
average snow conditions in Maine are currently at or below snow depth thresholds for lynx, and 
further declines in annual snow depth would be expected to reduce the probability of lynx 
persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 

has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 
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(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 

2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). 
 
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the 
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000. 
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In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and low-
elevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase in 
wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 2, 
2016), and there is increased interest in placing developments on private lands in unpopulated 
areas in northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly 
appealing source of income for investment companies and other landowners who own 
forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been proposed 
in northern Maine and five projects are in operation; two have been proposed in northern New 
Hampshire and two are in operation; and three have been proposed for northeast Vermont and 
two are in operation or under construction. Maine’s two largest wind projects (combined over 

300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx 
critical habitat. The effects of wind energy projects on lynx, hares, and their habitats are 
unknown. Potential direct effects include disturbance or displacement of resident lynx from large 
landscapes and loss and fragmentation of habitat from turbines, roads, and transmission lines. 
Increasing power infrastructure associated with these projects could greatly change 
development potential and patterns in northern Maine by bringing electricity into the interior of 
Maine’s vast undeveloped forest region. Extensive road construction would further fragment 
habitat and increase access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 
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conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Table 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National 
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
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mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
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eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
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population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 

(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.  
 
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that 
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intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can produce lynx habitat, and the SNF has a long-term 
commitment for doing so; however, private landowners do not. Under the Sustainable Forest 
Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has developed 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) - these 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife including lynx. The implementation of the MFRC guidelines is 
monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are being 
minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
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were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar 
to bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
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in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 

Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 

lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
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In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 

ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 

northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
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diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 

2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 

allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
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In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 

prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
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habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 

Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 

support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 

habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
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guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historical condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 
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naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.  
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
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structuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p. 
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 

Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 

area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 

population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
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in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 

“winked on” again in the future is unknown and perhaps irresolvable. 
  
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 

geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
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2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
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fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 

2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
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based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 

longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 

Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 

2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 
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which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 

2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
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from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month. In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (USFWS 
2008a, p. 2). 
 
Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high quality habitat 
(Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2. The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 
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Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 

al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha 
(0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 



 

139 
 

environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).  
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In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 

Washington, may overestimate the overall lynx population capable of being supported in 
Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 

(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
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from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 

847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
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home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition 
 
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/ 
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF 
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and CNF, to use the LCAS in the management of lynx habitat on their ownerships and when 
designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 



 

144 
 

discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations 
in Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30-
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of 
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1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).  

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).  

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 
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lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45). 

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
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habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.  

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 

places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). 
However, two resident lynx, a male and a female, were trapped, radio-marked, and monitored in 
the Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire). 
 
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires 
in Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-05 through 2007-08, 26 snow tracks 
on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to be 
from five individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
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Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including two kittens, in 
the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-released lynx also 
traveled through the park (Devineau et al. 2010, p. 526), and two possible (unconfirmed) lynx 
tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife Research 2009, 
pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern part of the unit, a 
single female was detected over six consecutive winters (2003/2004 - 2008/2009) but not 
subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not encounter a male or 
produce kittens during the six years she was detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 

comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.  

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. Modeling vegetation and snow 
suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal 
and temperate conifer forest biomes were broadly distributed across this geographic unit and 
that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 

al. 2010. pp. 607, 609).  

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 

Mechanisms, above.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 

al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
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Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 

ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).  

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
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contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).  
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
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pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 

Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911). 
  
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 

2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 

in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In 
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 
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3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25%) LAUs currently 
exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These changes 
are mostly in response to the ongoing bark beetle infestations, as well as wildfire events that 
have occurred since 2008. 
 
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).  
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
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young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–

0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest 
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016). 
  
Factors Affecting Current Conditions 

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 

understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
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Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 

native to North America, was reported for the first time in lynx in Colorado (Wild et al. 

2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 

reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 

none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 

to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 

the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 

Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 

suggested that translocated animals might be more vulnerable to highway mortality than 

resident lynx and this could have been a factor in Colorado at the time of listing. 

Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 

during the reintroduction period (1999-2006). Since early 2007, one year after the final 

reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 

two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 

highways with high speed and high traffic volume pass through lynx habitat, such as I-

70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 

movement, as repeated successful crossings by radio-telemetered lynx have been 

documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 

Squires, personal communication 2012). At this time, it appears that hit by vehicle 

mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 

and associated development overlaps with lynx habitat. Preliminary information from a 

study in Colorado indicates that some winter recreation uses may be compatible, but 

lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 

is possible that ski areas and 4-season resorts may reduce the amount and availability 

of lynx habitat within localized areas, in part by influencing the distribution or abundance 

of prey resources within the developed area. However, there is also considerable 

anecdotal evidence of lynx using ski areas. 
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Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 

means of predator control or for commercial and recreational trapping. If a landowner 

can prove that all other non-lethal methods have been ineffective, a 30-day exemption 

may be granted for depredation cases. Incidental trapping mortality of lynx may be a 

minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 

common throughout most of this geographic area, mostly related to the grazing of 

domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 

grazing does occur during summer at the higher elevations, especially in south-central 

Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 

the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions. 
 
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Chapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 

ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why. 
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Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. Some of the experts we consulted indicated that their projections 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies). Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections; they felt that factors influencing lynx persistence on the landscape are independent 
of ESA listing status (Lynx SSA Team 2016, p. 52). 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.  

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
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condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts. 
 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Table 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units. 
 
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Figure 7). 
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from one or more of the five geographic units 
that currently support them. 
 
We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units and be 
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substantially reduced in the remainder by the end of the century (we are aware of no climate 
modeling that suggests the complete disappearance of potential lynx habitat from the entire 
contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more likely 
in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case. 
 
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 

forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 

predictions regarding persistence. Nonetheless, we believe the most likely future condition of 
the DPS is that resident lynx populations will continue to persist at the end of the century in two 
or three of the five units that currently support them (i.e., they will be functionally extirpated from 
two or three of the units) and that even where populations persist, they will be reduced in 
number and distribution and, therefore, resiliency.  
 
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
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uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 

the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and 
likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit   
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Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high quality hare habitat will drop from 
about 10 percent to 5 percent of the landscape. High quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid- to late-
century. Climate change, increasing demand for hardwood forest products, a pending spruce-
budworm outbreak, and frequent disturbance of the forest all will contribute toward the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50% by the end of the century, although there was wide variation in 
opinions. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Core Team 
were more pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, 
we observed that there is great uncertainty about the future of forest management and future 
development on private forest lands. We also note that the threat for which the lynx DPS was 
listed, the lack of specific conservation direction in Federal forest planning and management 
regulations and direction, has not been addressed on private lands. There are no long-term 
management plans in place, State forest regulations have greatly influenced harvesting 
practices that have (and will continue to) reduce landscape hare densities, markets for forest 
products are depressed, and projections (under current harvest scenarios) are that habitat will 
diminish and shift southward in the near term because of post-harvest succession and recede 
northward over the longer-term because of continued climate warming. 
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Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity and persistence of snow, competition, disease, and forest insects, and over the long 
term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listed, the species would be placed on the 
Forest’s Regional Forester Sensitive Species list for at least 5 years, which gives it a higher 

priority than other species for monitoring and management during that time. It is expected that 
the MFRC guidelines will remain in place into the future and that voluntary actions will continue 
on State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking all factors into 
consideration (i.e., loss of boreal forest, increased competition, potential disease and insect 
outbreaks, loss of snow), lynx experts projected the mean probability persistence of lynx in 
Minnesota to the year 2025 was greater than 90 percent, to 2050 was 80 percent, and would 
decline to approximately 35 percent by 2100. After reviewing the scientific literature concerning 
climate change projections (diminishing snow conditions, loss of boreal forest, lack of 
elevational refugia, increased competition, potential disease, and insect outbreaks), some 
members of the  SSA Core Team were slightly more pessimistic about the future of lynx in 
Minnesota than the lynx expert panel. The Core Team concluded that the climate-mediated 
conversion of boreal forest to temperate forest and the loss of favorable snow conditions could 
occur at a rate and extent that would result in a lower probability of persistence than the median 
most likely estimate provide by experts, including the possibility   that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
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majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 

the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. 
           
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% to 90% (median = 80%), mid-century persistence at 30% to 80% (median = 70%), and 
end-of century (year 2100) persistence probabilities less than 50% (median = 38%) for lynx 
populations within this geographic unit. After considering the best available scientific information 
and input from lynx experts summarized above, the Core Team is generally in agreement with 
the experts regarding the probability of long-term persistence of Canada lynx in this geographic 
unit. We expect this unit will continue to support a small resident lynx population through mid-
century but that its ability to do so beyond then is questionable, and that functional extirpation of 
lynx from this unit by the end of the century is more likely than not. 
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Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 

least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 
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persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to 
become more fragmented by areas that no longer retain appropriate snow conditions and 
vegetation. However, we anticipate large areas of snow persistence to remain through the end 
of the century. Beetle kill and wildland fire will result in temporary nonfunctional habitat 
conditions. However, affected areas are likely to regenerate and provide excellent habitat 
conditions to support hares and lynx. A caveat to future habitat conditions in light of climate 
warming is that some areas that currently support snowshoe hare populations may experience 
vegetation type conversion that may not support snowshoe hares. Our conclusion, based on the 
information available to us, is that lynx are likely to persist in western Colorado to the end of the 
century. Our conclusion is not without uncertainty, stemming primarily from the historical lack of 
evidence of consistent lynx presence within Colorado prior to the reintroduction effort. Our 
conclusion is generally consistent with that of the experts. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties. 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario 

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat and fisher to 
changing snow regime 
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● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 
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repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence   
 
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to the end 
of the century (2050, 2100). Snow conditions would continue to deteriorate (especially in the 
Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
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spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).  
 
In addition to climate change, the lynx experts that we consulted expressed a number of near-
term stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities). 
 
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past. 
 
The best available science indicates that hare populations have declined by about half across 
all stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.  
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 
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Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWS lynx Core Team generally agreed with 
this prognosis with the exception that some were less optimistic about the persistence of this 
population, especially after reviewing the literature pertaining to climate change in this region. 
 

 

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  
 
Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 

individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 

2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
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2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will 
use widespread use of pesticides to control spruce budworm and herbicides to promote spruce-
fir regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for 
supporting lynx.  
 
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 

al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 

lynx.  
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
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models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.  
 
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 

(2012, p. 60).  
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.  
 
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
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Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
 
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 

2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire). 
 
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 

(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.  
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.  
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
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in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 

al. 2016, p. 2).The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 

favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 

species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 

al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 



 

176 
 

densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 

al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032 
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape 
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).  
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Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 

2016, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled 
simultaneously (K. Legaard 2016, pers. comm.). Assuming current forest management trends 
persist to the end of the century, spruce-fir dominated forest is expected to continue to decline 
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(Legaard et al. 2013, entire). The combination of budworm-induced mortality and salvage 
harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, entire). However, after 
a budworm outbreak the biomass and area of mixed-hardwood/softwood forest would be 
expected to increase through this century primarily because of the proliferation of regenerating 
balsam fir (see discussion above) (Legaard et al. 2013). Mixed forests having a high (greater 
than 50%) hardwood component are not believed to support high hare densities (Scott 2009, p. 
109) or be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx 
can adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. 
They may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and increased populations of bobcats and other competitors.  
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 

immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 

debate (Baldwin et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” 

are the responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 

owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to 15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
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third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 

trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
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of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become two of the largest such projects in Maine. Mining is not a traditional land 
use in this unit, but a large mining operation is being considered at one location in designated 
lynx critical habitat. Extraction operations for gravel (for road building) are widely-scattered 
throughout the unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 

al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 
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turnover and development pressures), the Core Team also believed that the population status of 
lynx in Maine will diminish substantially in the future. The Core Team believed that lynx 
populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team believed that given current trends (diminishing snow conditions, 
extensive partial harvesting of the forest, forest fragmentation, possible pelage mismatch for 
hares, increasing populations of bobcat and fishers in a lower snow environment) landscape 
hare densities have, and will continue to decline in northern Maine. Extended periods of lower 
hare numbers (as seems to be occurring now), would be expected to exacerbate these 
declines. 
 
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believe that development pressures (residential and 
commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future. 
 
The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); for new highways, transmission lines, large-scale energy 
development, mining, and residential and commercial development. Without Federal listing, few 
of these projects would consider lynx. Critical habitat has been an important consideration in the 
Federal review of the aforementioned kinds of development projects. Critical habitat also has 
had a positive influence on land conservation in northern Maine, with land trusts and non-
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governmental organizations using the lynx and their critical habitat as justification for seeking 
funds for conservation easements. This justification for habitat protection would no longer be 
valid in a future scenario without lynx being Federally-listed. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and fragmentation 
and would result in reduced justification for habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believe several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believe that despite a closed hunting and trapping season, 
incidental take would continue and possibly increase and could become a significant threat to a 
population of lynx that will likely be significantly diminished by mid- to late-century. 
 
After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
state regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical to the 
existence of hare and lynx, and snow depth and duration are currently at or below the 
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thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce-fir is being replaced by northern 
hardwoods because of climate change. Frequent forest cutting and disturbance, including a 
pending spruce budworm outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of spruce-fir decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Maine by late-century 
under both low and high emissions scenarios. Climate change models portend declining snow 
conditions from low- to high-emissions. Because increases in temperature are thus far tracking 
high emissions scenarios we are less optimistic for snow conditions that favor lynx by mid- to 
late-century. In the past decade, interest in development has increased in lynx critical habitat, 
especially proposals for large-scale residential and resort development and extensive wind 
energy development that could cover hundreds of square miles. We conclude that these threats, 
individually and cumulatively, indicate diminished populations of lynx and their habitat. If these 
threats are not abated, we believe that the probability of persistence will be lower than projected 
by experts by mid-century and that lynx will have a greater likelihood of extirpation by the end of 
the century. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Figure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change. 
 
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 
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pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit). 
 
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38). 

Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. Active 
management of forest lands can maintain, restore, or create lynx habitat, and the SNF has a 
long-term commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
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management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, the species would be placed on the Forest’s Regional Forester 

Sensitive Species list for a minimum of 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. The SNF consults with the FWS to 
consider the effects of any projects to lynx and its critical habitat and is anticipated to do so as 
long as the species is listed under the ESA. 
  
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing. 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
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long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 

management practices benefit populations of snowshoe hares, the lynx’s primary prey 

(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49). If the DPS was not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future 
conservation of lynx because lynx distribution and habitat is likely to shift upward in elevation 
within its currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). 
Greatest stressors of climate change include diminishing snow depth, quality and duration; 
competition from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004, 
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario. 
  
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).  
  



 

187 
 

Lynx require at least four months (120 days) of continuous snow coverage (Gonzalez et al. 

2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 

1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 

al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next 
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the state by 2095 (Moen and 
Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of the small area in Cook County (the extreme northeastern 
corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than the majority of 
the area that is now considered lynx core habitat and would, therefore, support a much smaller 
number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
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the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood, partial cut, and uneven-aged cutting; wildlife restoration projects that involve tree 
cutting, shearing, burning, seeding, and planting; prescribed burning for ecological purposes, 
hazardous fuel reduction, and site preparation; mechanical site preparation. If the DPS is de-
listed, the species would be placed on the Forest’s Regional Forester Sensitive Species list for a 
minimum of five years, which gives it a higher priority than other species for monitoring and 
management during that time; however, it is unclear what the forest management would entail 
during or after that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
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http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management 
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
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increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.  
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporarybecause the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.  
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more 
pessimistic about the future of lynx in Minnesota than the lynx expert panel. The Core Team 
concluded, with slightly more certainty than the expert panel, that the lynx may be extirpated at 
the end of the century. The experts predicted the probability of persistence to decline to 
approximately 35 percent by 2100 while the Core Team thought the probability of persistence 
would be lower at that time. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Furthermore, hybridization and competition with bobcat 
may increase with diminishing snow conditions because of continued climate warming and there 
are uncertainties how insect outbreaks or disease may affect the species or its habitat. 
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The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is state listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the state statute, a person may not take, import, transport, or 
sell any portion of an endangered or threatened species. However, these acts may be allowed 
by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the state. In Minnesota, the large proportion of lynx core area owned by the Forest 
Service provides a nexus for USFWS review of Forest projects under section 7 of the 
Endangered Species Act (i.e., there is rarely federal funding spent on forestry and no federal 
permits required for forest management on private lands), which would be lost post de-listing. 
Because of their Federal listing, Canada lynx are recognized as a priority species for planning 
by federal, tribal, state, and private forest landowners. Voluntary guidelines that consider the 
Federal listing status may guide private landowners to at least consider measures to help 
conserve listed species in the future. Without Federal listing driving voluntary conservation 
guidelines, however, there would be little or no motivation for private forest landowners to 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the USFWS to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); for new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development. Without Federal-
listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 

trapping may be further delayed or halted and may result in the diminishment of protective 
measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 lynx have 
been reported to be incidentally trapped in Minnesota since listing, resulting in at least 6 
mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without federal 
protection. High-profile law Federal enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota and trapping would be expected to occur there that may lead to greater 
incidental take of lynx. Without federal listing, shooting lynx may increase. We believe that 
despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that will likely be 
significantly diminished by mid- to late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy snow 
is critical to the existence of hare and lynx, and snow depth and duration are currently at or 
below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios, 
we are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believe that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
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into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity. 
  
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure 10, below). 
 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
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and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 

cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
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the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 

Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five years to assess its ability to sustain itself without the 
ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended. Given these requirements, we expect that future Federal management 
direction will continue to include regulations and guidance protective of lynx, although specific 
measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
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On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 

habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished or that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), although some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
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by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.  
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging the use 
of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
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Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 

population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future. Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity resulting from continued 
climate warming and drying, it may be necessary to reconsider whether fire suppression in 
some lynx habitats could benefit lynx by reducing the potential for extirpation of resident 
populations, especially in places already apparently only marginally capable of supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
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not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years. Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting eventually in an 
increased likelihood of functional extirpation of lynx from this unit (i.e., a lower probability that 
the unit would continue to support a persistent resident lynx population). However, as noted 
above, the lynx population in the Purcell Mountains in the northwestern part of this unit was 
estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over 
the last four years of the period for which the Seeley Lake population was estimated to be 
declining. In the absence of information on historic, recent, and likely future rates of immigration 
and its contribution to the persistence of lynx populations in this geographic unit, impacts of 
potentially reduced future immigration are difficult to project and are largely speculative at this 
time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
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to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State managed lands within Washington State. 
 
Further, should lynx be delisted, the management for and status of lynx in this geographic unit 
should be largely secure (insofar as we can affect their status [i.e., notwithstanding effects of 
climate change)] as greater than 90 percent of lynx habitat in this unit consists of Federal 
ownership on the OWNF and CNF. We expect that both the OWNF and CNF will be required to 
manage for lynx and their habitat into the future because both forests will have incorporated lynx 
management direction into their respective LRMPs. We acknowledge that LRMPs can be 
amended or revised. However, LRMPS are typically in place for 15 years or longer, and the 
Service, other Federal and State agencies, and the public would have opportunities to comment 
on any proposed amendments or revisions to the OWNF and/or CNF LRMPs through the 
National Environmental Policy Act process. Therefore, we expect that both the OWNF and CNF 
will continue managing for lynx and their habitat into the future regardless of their listing status. 
 
Climate Warming - The one risk factor identified by the LCAS which the Forest Service, or the 
WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of the published literature on 
this subject leads the Core Team to conclude that climate change does indeed pose the 
greatest risk to the long-term persistence of lynx, including within this geographic unit. 
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
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wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 

estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 

elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 

Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 

comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
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speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures. Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced because of projected 
climate-mediated decreases in snow quantity and quality. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely 
to increase the population’s vulnerability to stochastic environmental and demographic events. 

Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
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that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit. 

 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 12). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
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conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
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and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
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However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 

become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 

to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
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have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 

least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Figure 13). 
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily-
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 

exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
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(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five percent is in 
Federal ownership. Other ownerships include state, county, municipal, etc., and private lands. 
Some BLM resource management plans have not been amended to include conservation 
specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow forest extensions 
connected to larger blocks of habitat on adjacent USFS lands. Generally these extensions are 
insufficient on their own to support a lynx home range. However, the Gunnison Field Office is 
the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 

warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow 
would continue to be retained late in the 21st century, including the high elevations of 
Colorado.” 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
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elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 

models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 

substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 

(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historic 
record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
had no data). Despite these uncertainties, we anticipate lynx populations to persist through the 
end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.  
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains in 
place, lynx are likely protected from take, and their habitat requirements likely met in a 
significant majority of the available habitat within the state. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 

fully exploit habitats year round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
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Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 

with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 

temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 

range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx. 
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) 
continue to support resident lynx, thought to number 200-300, although a small subpopulation in 
the Garnet Mountains on the southern periphery of this unit may have been extirpated recently. 
In North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events. 
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Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 

12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 

to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
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been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
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The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 

range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
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lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 50 
percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid- 
to late-century concerning the timing and extent of various stressors that will affect lynx and 
hare habitat and snow regimes, especially those related to climate change. However, review of 
the best available science in concert with input from lynx experts suggests that the probability of 
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the persistence of resident breeding populations will decline in all geographic units, with the 
negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 
contrary) beyond that time frame. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
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The Draft Species Status Assessment for Canada Lynx, Version 1.0 is a commendable and 
comprehensive effort by the Lynx SSA Team to compile the relevant biological and climate-
related information relevant to  assessing the historical and current framework, status, 
conservation challenges, and current conditions for maintaining and conserving the Contiguous 
United States Distinct Population Segment (DPS) of Canada Lynx.  The SSA Team has also made 
a credible effort to assess potential future conditions for each of the 6 resident populations 
within the DPS based on their interpretations and those of other experts.  Despite my overall 
positive impressions of this extensive assessment, I have provided numerous comments 
(numbered below) that address either inconsistencies in interpretations, inappropriate 
generalizations, tenuous assumptions, and/or oversights of available information that may be 
relevant to future revisions of the Draft SSA document, and which may influence subsequent 
interpretations and decisions by USFWS based on the Final Lynx SSA.  My comments are 
concentrated on the Maine population given my familiarity with that system and my research 
experiences there.  I do; however, provide several comments that are relevant across the DPS 
or within other populations of lynx within the DPS.  I cite references that already occur in the 
report in black and new references that are not included in the Draft SSA in red.   References in 
red are provide in a Literature Cited section at the conclusion of this review.  My most 
substantial comments are summarized by number and are presented below: 

***************************************************************************** 

1)  The report is based on the broad generalization (e.g., p.6, par. 1, lines 1-2) that “lynx are naturally 
less abundant and more patchily distributed within the DPS than in the core of the species’ range in 
Canada and Alaska.”  This is clearly an issue of both spatial and temporal scale and invokes the broad 
generalization that lynx are neither viable nor sustainable within the DPS.  Lynx densities are naturally 
patchy and densities are uneven (during both highs and lows of hare abundances) across the landscapes 
of interior Canada and Alaska.   Lynx are most abundant in landscapes 10-40 years after large fires, are 
absent from large expanses of treeless high-elevation landscapes, and decline to precipitously low 
densities during the low in the hare cycle within the core of the species’ range.   Previous studies in 
Canada have focused on Canada lynx within areas that were largely contiguous and deemed suitable, 
which does not reflect this natural variation at the larger scale and may provide unrealistic benchmarks.  

 In fact, within suitable landscapes, both densities of lynx (Vashon et al. 2012) and densities of snowshoe 
hares within habitats preferred by lynx and hares appear to have remained higher in northern Maine 
during both a period of high hare density (2001-2005), during a year of transition (2007), and during a 
period of relatively lower hare densities (2008-2015) compared to what is typically observed during the 
nadir of the hare-lynx cycle in Canada (Harrison et al. 2016).   Further, lynx typically expand home 
ranges, abandon territories, and emigrate from areas of prior residency during the nadir of the hare 
cycle within the core of the range; however, no significant changes in landscape-scale resource 
selection, home range area, or evidence of territoriality was observed in lynx between period of relative 
high (though typically lower than peak in core range) hare densities in Maine, or during periods of 
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relatively lower hare densities in Maine (Mallett 2014). In fact, mean hare densities in preferred habitat 
during the lower hare density period in Maine (0.86 hares/ha from 2008-2015; Harrison et al. 2016) 
were about 8-fold higher than hare densities during the nadir in many areas of the core range in Canada.  

 Thus, the Draft SSA overlooks the possibility that populations may be less variable and have exhibited 
long-term sustainability, coupled with less dramatic temporal  fluctuations in density, survival and 
recruitment within Maine, and perhaps Minnesota, compared to populations within the core range.  
Although the finite rate of population change is lower in Maine during period of high hare density than 
observed in the core range, the rate of growth was positive and remained high for at least 6 years (and 
hares were likely high for at least 10 consecutive years based on additional unpublished information; 
and see snow track surveys for hare in Hoving 2001).  Although very limited evidence for reduced 
reproductive rates (number of litters observed was very low) weakly suggests a potential annual decline 
in lynx during periods of relative hare lows in Maine, the rate of decline is much slower than typical in 
populations in the core range where hare densities may plummet 25-fold (versus declining to levels of 
approximately 40% of peak densities during the hare low in Maine).  Thus, the possibility that a lack of 
10-year cycles in lynx at the southern limit of their distribution means that the populations are not 
sustainable without inputs from Canada is a tenuous inference and ignores the point that average long-
term finite growth rate could be positive in places with non-cyclic or dampened fluctuations with 
increased periodicity.  In fact, the geographic distribution of lynx throughout Maine has been 
remarkably  consistent from the mid 1800’s to present (Hoving et al. 2003), and harvestable populations 
have remained sustainable in the demographically isolated populations in the Gaspe’ region of Quebec 
south of the St. Lawrence River and contiguous with Maine since the matrix fracture caused by the 
formation of the St. Lawrence Seaway (daily ice breakage since  the 1950’s).  This suggests high 
resiliency of this population and argues that Maine is not an island in the meta-population sense and is 
part of a persistent population across the mixed transitional forests of Maine, southern Quebec, and 
New Brunswick and spanning nearly 30 million acres of habitat that is contiguous and demographically 
isolated from other lynx populations.  The population dynamics of this large population in Maine may 
differ from populations in north-western Canada and Alasak, but may be sustainable and may contribute 
dispersers to Canada.  This clearly violates the general assumption (page 7, final bullet at bottom) of the 
Draft SSA which states that:  “We assume that lynx exhibit a “mainland-island” metapopulation 
structure in which the DPS populations function as “islands” that receive periodic input from “mainland” 
Canada populations.”    This “mainland-island” metapopulation structure is critical to the biological 
assessments throughout the Draft SSA and does not appear relevant to the contiguous populations in 
Maine, and also does not likely apply in Minnesota.    The application of the metapopulation concept 
may or may not apply in Montana (depending on subpopulation), and seems most relevant to the 
populations in Washington, the GYE, and western Colorado.  Applying this concept across the entire DPS 
does not seem appropriate.  

2)  Closely related to comment #1, this comment focuses on the tendency of the Draft SSA to broadly 
generalize across the 6 populations in the DPS despite that some populations are geographically, 
ecologically, demographically, and genetically more similar to contiguous core populations in Canada, 
and which may have much less commonality with other geographically isolated populations within the 
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DPS that are separated by hundreds and thousands of miles.  The first bulleted assumption on page 7 is 
an example: “We assume that , in general, habitat quality, hare densities, and lynx numbers are 
naturally lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, including 
the DPS, than in the core of the species range in Canada and Alaska. “   This assumption is important 
throughout the assessment and ignores that landscape hare densities are substantially much lower in 
western Colorado, GYE, and north-central Washington, which are also demographically isolated from 
core populations, compared to across northern Maine and some areas of north-eastern Minnesota 
where landscape hare densities are higher and habitat is contiguous with core populations of lynx.    
Habitats in western populations within the DPA are also naturally more fragmented with extensive areas 
that are completely absent of hares.  This is in substantial contrast to northern Maine where landscape 
hare densities are higher and where hares occur at varying densities, but are continuously distributed 
across a variety of habitats across the larger 10 million acre landscape (with the exception of water 
bodies), which is also contiguous with another 20 million acres in maritime provinces of eastern Canada 
where no significant geographic barriers to lynx or hares exist. 

The assumption that lynx numbers are lower in the DPS is also tenuous.  In Maine, lynx and hares are 
likely more numerous during the hare low than during the nadir of the cycle in the north, and likely 
maintain a longer period of positive growth rate during the longer periods of relatively higher hare 
abundance (albeit with lower maximum rates of increase than experienced during the cyclic highs in the 
north).  Thus, the dynamics may be fundamentally different and dampened cycles with longer 
periodicity may not indicate that a large U.S. population that is contiguous and part of a larger 
contiguous population in Canada is non-sustainable without supplementation from Canada.   

I acknowledge that the erosion of hare and lynx population cycles in western Canada could contribute to 
endangerment of smaller and isolated populations of lynx that could depend on immigration pulses 
from Canada, but that is a different source-sink process that likely does not apply to the contiguous 
populations in Maine and Minnesota and would seem to be more relevant to the smaller, more isolated 
populations in Washington, GYE, and Colorado (and perhaps to smaller sub-populations in Montana?). 

 The other general assumption that population processes in the DPS are more similar to northerly 
populations at the low in hare numbers is universally inaccurate across the population within the DPS.  
We know that finite rates of population change for lynx are well below 1.0 (rapid decline phase) starting 
1-year following the decline phase of hares within the core range.  This is in complete contrast to the 
positive rate of increase in one subpopulation in Montana across several years, and the positive growth 
rate across several years of relatively high but stable hare densities in Maine. Further, the slightly 
decreasing values for Maine during the relative hare low were based on an exceptionally small sample of 
reproductive-aged females (n~5 , and surely had a confidence-level on lamda spanning 1.0). This also 
coincided with a period of range expansion by lynx in Maine, and the estimated finite range of change 
during the relative hare low in Maine was much closer to one (despite high uncertainty with that 
estimate) than has been reported for lynx during the decline phase in the core  of their range at the 
nadir of the cycle.  This is not surprising given that hare numbers during the low in Maine are ~ 8-fold 
higher than in the core range.  In summary, this general assumption is inconsistent with other 
information presented in the Draft SSA and is not universally applicable across the different populations 
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in the DPS.  Again, the assumption seems more relevant to the western populations of the DPS (e.g.,  
Washington, GYE, Colorado) where hare habitat is patchier and where landscape densities of hares are 
generally lower than in Maine and Minnesota (and perhaps in some subpopulations in Montana?). 

3) The final general assumption that is bulleted on page 8 seems unsupported and could greatly affect 
the future status of lynx.  The assumption that current levels of conservation for lynx would continue 
without protections under the ESA is completely unrealistic.  First, federal agencies (primarily USFS and 
BLM) did not prioritize lynx conservation prior to federal listing as a U.S. Threatened species, and would 
not be required to do so beginning 5 years after lynx are delisted.  Lynx habitat must be managed for 
consistently across the time span of forest succession (i.e., many decades) and involves significant 
economic and ecological tradeoffs that would likely be compromised without ESA listing.   In fact, there 
has not been a credible assessment to date of the efficacy of recent efforts to prioritize lynx 
conservation on federal lands within the DPS.  It seems inadvisable to change what USFA and BLM have 
planned to accomplish before evaluating whether the current efforts are working or require 
modification/enhancements. 

On private lands, forest (i.e., green) certification is growing and is a major force in the marketplace. 
Certification criteria are evolving and increasingly acknowledge the need for landscape-scale habitat 
conservation.  Certification is linked to efforts to conserve threatened and endangered species, thus 
delisting could eliminate the growing potential for lynx conservation on private forestlands, particularly  
in Maine and Minnesota. 

The current Maine Forest Practices Act, as well as 3 public referendums in Maine to ban clearcutting 
were results of ecological and aesthetic concerns by the public.  These factors greatly affect the future 
prognosis for lynx habitat supply and configuration for the largest U.S. population of lynx.  The policies 
are evolving and at least one large landowner (with >1 million acres in Maine and millions of acres in 
New Brunswick) has received variances to allow large-scale clearcutting to achieve outcome-based 
forestry results to promote lynx and hare habitat.   Future opportunities to modify policies to benefit 
lynx conservation on private lands would be severely compromised if lynx were to be de-listed.   

Other federal programs have enhanced lynx habitat on private lands. For example, the Healthy Forest 
Reserve Program funded through USDA resulted in > 180,000 acres of forestland acquired by a 
conservation organization being managed primarily for marten and lynx conservation within a working 
forest framework balanced by appropriately-placed ecological reserves.   Funding was motivated by the 
ESA listing for lynx.  Federal funding for planning and implementation was central to the project and 
similar efforts would likely not exist in the future absent listing of lynx under ESA. 

Additionally, the frequent incidental take of lynx is documented in numerous places within the Draft 
SSA, yet there has been no modeling or simulations presented to address the potential effect of 
incidental harvests on small and marginal lynx populations within the DPS.  The numbers reported in the 
Draft SSA also assume complete reporting of illegally, accidentally, and bycatches of lynx, which is 
unlikely.  In recent decades, as many as 8,000 martens, >2,500 fishers, >4,000 red foxes, hundreds of 
bobcats, and thousands of coyotes have been legally harvested during a single year in Maine.  Lynx are 
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vulnerable to incidental capture in a wide variety of sets and traps that are targeting other furbearers.  
Road densities throughout much of the lynx critical habitat in Maine exceeds 1.5 km/km2, thus nearly all 
individual lynx are exposed to potential trapping and illegal shooting.  Historically, up to 400 lynx pelts 
were sold during a single season in Maine.  Additionally, government endorsed programs to control 
coyotes and/or wolves occur in many western states and in Maine, and may provide risks to lynx.    Lynx 
harvested in the U.S. can be sold illegally in Canada and may be targeted by poachers.   Additionally, fur 
markets cycle widely and shifts in fashion could elevate fur prices and could increase risk by altering 
trapping effort.  Although it is unreasonable to assume that direct human-induced mortality of lynx 
affects resiliency, it is also unreasonable to assume that it does not currently affect resiliency and that it 
may not act synergistically with habitat loss, fragmentation, and climate change in the future.  Further, it 
may be more difficult for state wildlife agencies to effectively conserve lynx given competing public 
demands (e.g., demands for coyote or wolf trapping/snaring to protect game species and livestock) 
absent protections for lynx under the ESA.  These issues have not been adequately considered or 
evaluated in the Draft SSA. 

Finally, the assumption that conservation for lynx would continue absent protection under the ESA does 
not consider that millions of acres of conservation easements purchased since lynx listing, and which  
restrict development and ensure a continued focus on working forests (with forest succession that 
promotes hare densities).  Such easements have been leveraged and publically funded based on 
perceived conservation benefits and using lynx and other listed species of concern as flagships for 
conservation.  Those benefits are largely dismissed by this assumption and all of the above listed 
considerations are inadequately addressed in the Summary section of the Draft SSA.  

4)  The sections on current and future status of lynx in Maine incorrectly imply that lynx would be absent 
and populations would be non-sustainable without the extensive clearcutting that occurred in the late 
1970’s through 1990.  This seems to ignore that more than 400 lynx were harvested and sold in a single 
year in Maine (annual numbers seemed to fluctuate widely), prior to clearcutting and mechanized 
harvesting.  Further, lynx distribution in Maine has been largely unchanged from the 1850’s to present 
(Hoving et al. 1983). Thus, the regenerating forests following spruce-budworm events, as well as the 
potential for multi-layered old-growth forests to support hare has likely been overlooked in terms of its 
historical significance for promoting lynx populations in eastern transitional forests.  Although I agree 
that clearcutting has resulted in an unnaturally high density of hares within regenerating clearcut forest 
stands, this must be counter-balanced with the current absence of naturally regenerating forest 
following severe budworm mortality, as well as the current absence of old-growth forests with complex 
understories, which likely dominated the historical landscape.  Historically, both of those habitat 
conditions likely supported substantial hare densities and are functionally absent from current 
landscapes.  For all we know, landscape-scale hare densities may have been favorable for lynx for 10-45 
years following budworm events, which would have been the majority of the time assuming a 60-year 
budworm interval.   Old-growth stands with gap-phase dynamics were likely a dominant part of the 
historical landscape matrix and likely supported more snowshoe hare than in mature second- and third-
growth stands, which support about 1/3rd  to 1/7th the hare densities typical of regenerating clearcuts  
(Fuller and Harrison 2005, Harrison et al 2016). 
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5)  The report seems to over-estimate the current and future population status of lynx in western 
Colorado and does not adequately address why lynx were extirpated or absent for Colorado in the past?  
Recent information suggests landscape hare densities are below thresholds required to support lynx 
over the long-term (i.e. more dry-conifer forests due to lower latitude), and that recent observations on 
reproductive rates suggest that those rates are insufficient to support positive population growth.  
Further the population is the most southerly and isolated of all lynx populations in the DPS.  Thus I am 
questioning how mid-century persistence of 50-85% and end of century persistence of up to 70% 
(median 50%) can be realistic.  It seems that this decision is largely driven by the high elevation and 
better long-term prognosis for snow and ignores the more critical short- and long-term issue of 
inadequate prey base.  The presence of a potentially significant disease (plague) and high bobcat and 
cougar populations that may expand their winter ranges upslope also seem to have been minimized in 
this assessment?  In my professional judgement, this unnatural (likely), recently established, and 
marginally viable (at extreme southern range limit for hares) population should be deemed 
experimental and should not be a high priority for ESA protection (similar to the approach of the Draft 
SSA with the GYE).  As written, the Draft SSA would seem to place the western Colorado population at 
higher priority for future conservation than other long-established populations based solely on the 
criterion of future projected snow conditions (which lack certainty), while minimizing the historical and 
current potential to provide for a sustainable population . 

6)  Throughout the document, interference competition via aggressive interactions and/or predation by 
mountain lions and particularly by bobcats is mentioned as a major factor affecting current and future 
habitat suitability. Deep, fluffy, persistent snow is stated to provide a refugium for lynx resulting from 
their lower foot-loading.  I agree with this, but in my assessment the Lynx SSA Team has overlooked the 
importance of limb length (see Krohn et al. 2004) and exploitation competition from other predators of 
hares.  Fisher was mentioned as a potential predator of lynx, but not as competitors for food.  Further, 
the fisher has similar foot loading, but much shorter limb lengths than lynx and must resort to an 
energetically costly bounding pattern in deep snow.  Further, Krohn et al. (1995, 2004) provided strong 
evidence that the geographic range and density of fisher is limited by deep snow .   Near the northern 
extent of their geographic range, fisher prey extensively on snowshoe hare during winter, and 
particularly in areas near the northern extent of their geographic range.  Additionally, red fox have both 
higher foot load and shorter limbs than lynx (Krohn et al. 2004) and prey extensively on snowshoe hare 
during winter in boreal and transitional environments .  For example, Major and Sherburne (1987) 
documented that hares occurred in >60% of red fox scats during all seasons except summer within the 
current boundaries of lynx critical habitat in Maine.  Further, that study documented that hare remains 
occurred in >60% of coyote scats during summer and autumn (i.e., when snow was not limiting), and in 
> 60% of bobcat scats during autumn and winter.  Additional evidence that coyote and bobcats compete 
and feed extensively on hares near their interface with the geographic range with lynx in Maine is 
provided by Litvaitis and Harrison (1989). Further, Olson (2015) documented diets of lynx in Maine 
during both summer and winter and during periods of relative high and low hare density. and confirmed 
that lynx were specialists on hares in that largest population within the DPS.  Finally, O”Donoghue et al. 
(1997, 1998) documented both behavioral and functional responses of coyotes and lynx that could 
result in exploitation competition between those carnivores in Yukon, Canada.  In summary, the 
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evidence for combined competitive effects from a variety of mammalian carnivores, which are more 
snow-restricted than lynx,  is more convincing and ecologically relevant than is stated in the Draft SSA.  
Further, those effects may be more pronounced in the 2 eastern populations where elevational 
partitioning among lynx, fisher, coyote, bobcat and red fox is less likely and where potential for home 
range sympatry is greater.   This also has obvious implications given climate change and changing snow 
conditions throughout the DPS, which are extremely well summarized and presented in the Draft SSA. 

********************************************************************************** 

More Specific Comments Referenced to Particular Text: 

More specific comments are summarized below with the reference to page/paragraph on page/and 
line(s) within paragraph: 

9/2/22: What is the benchmark for determining when resiliency is “adequate”?  This seems vague and 
warrants justification. 

9/3/10-12:  What is a large geographic area –this seems arbitrary.  Lynx have been lost from Garnett 
Mountains, Kettle Mountains, GYE, and Colorado (perhaps?) in the past 100 years.  It is debatable 
whether this is a “significant” reduction in redundancy?  

10/1/entire:  IBID previous comment.  Are these losses of subpopulations a “significant” loss of 
representation?  This seems a bit arbitrary?  It is uncertain how much “winking off” is natural from a 
meta-population sense, but in at least one case (Kettle Mountains) it appears that human induced 
mortality may have played a role. 

10/2/4:  Forest management may not always be adverse and there could be incentives via subsidies, 
policy changes and certification requirements that could result in favorable forest management for lynx 
on private lands (e.g., clearcutting in a shifting mosaic, herbicide to reduce competing hardwoods after 
clearcutting).  Leveraging and funding such efforts would be more difficult if lynx were to be de-listed.  
Available information for 4.1 million acres of lynx critical habitat in Maine suggests that conifer forest is 
declining and hardwood forest is increasing as a result of past forest harvesting practices (Legaard et al. 
2015). 

11/1/entire:  The assumption that populations will be extirpated from 3 of 5 units represents excessive 
speculation and ignores the high uncertainty and many assumptions associated with that expectation.  I 
agree that the climate change projections, despite uncertainty, suggest increasing challenges for lynx 
conservation in all geographic units.  Populations without topographic relief could be at high risk. 
Additionally, if lynx retreat to higher elevations in western populations their distributions could become 
even more fragmented within naturally fragmented landscapes.  Again, the conclusion that extirpation is 
inevitable in 3 of 5 units implies a level of certainty that is unwarranted given the many interacting 
uncertainties. 
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11/3/entire:  Although I agree with the conclusions about genetic representation, the genetic 
structuring, particularly in western mountain ranges and south of the St. Lawrence River suggest that 
demographic isolation could be a concern and could affect future resiliency and redundancy.  Fewer 
population exchanges are needed to maintain genetic representation than are needed to maintain 
population viability in declining populations dependent on demographic exchange with neighboring 
populations. 

11/2/8-11:  IBID comment on 11/1/entire.  I am fine with this paragraph if the last sentence is omitted -  
“more likely than not…”  is vague, debatable, and that wording is compromised by extreme uncertainty.   

14/3/2:  How is “persistent” defined?  More clarity and justification is needed.  Why is the recently 
established population in Colorado where there seems to be a lack of sound evidence for a historic 
sustained population, and that region is dominated by hare densities below landscape thresholds 
required by lynx.  Additionally, observed reproductive success seems marginal, yet this previously 
extinct  population is still be considered as “persistent”?  The premise that populations in GYE are 
“persistent” also seems contradictory to other evidence presented in the Draft SSA. 

16/2/1-7:  References to support the underlying principles behind the “3 R’s” concept are needed to 
strengthen justification for this approach (which I strongly support). 

20/2/1-2:  This sentence could be interpreted to imply an intended outcome by FWS.  Regardless, if de-
listing is a potential future, then the potential effects on lynx conservation need to be much more 
rigorously considered and evaluated throughout the document.  The consideration of this potential 
outcome is very uneven across the 6 populations discussed under Chapter 5: Future Conditions.  In most 
cases, it is implied that things will stay status quo with de-listing.  See comment #3 (above) – this is 
closely tied into my concerns regarding the final general assumption that is bulleted on page 8, which 
seems unsupported and could greatly affect the future status of lynx.  

20/2/5-12:  Why is private land not included in this discussion?  See comment #3 (above). 

23/2/6-10:  This statement ignores the results presented in Mallett (2014), which indicate that in a 
population within the DPS with dampened cyclicity of hares, home range areas, spatial overlap, and 2nd 
and 3rd order resource selection by lynx were unchanged across periods of relatively higher and 
relatively lower hare density.  This benchmark study for a southern population suggests that local-scale 
demography may be more stable in southerly populations where hare populations may exhibit less 
temporal variability. 

24/Figure 6:  A potentially significant interaction seems to be missing from this figure.  With declining 
snow, forest management or natural disturbances that increase habitat quality for hares could actually 
lead to numerical and functional responses of fisher, bobcat, coyote, and red fox, as well as avian 
predators that consume a diet with high representation of hares near the current interface with lynx 
critical habitat.  Increased hare habitat combined with less snow could lead to increased competition for 
a limited food resource. See comment #6 (above). 
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25/3/5-9:  Also see Simons-Legaard et al. 2013. 

25/3/entire:  It may be worth mentioning that although lynx select forest landscapes with high 
aggregate amounts of HQHH when choosing home ranges (Hoving et al. 2004, Simons-Legaard et al. 
2013), and often select stands with high hare densities (numerous references are cited but add Vashon 
et al. 2008b and Squires et al. 2010) within their home range, lynx may also select for stands within their 
home range  with intermediate hare densities and where escape cover for hares is compromised (Fuller 
et al. 2007).  Additionally, when foraging in HQHH, lynx alter their movement paths to avoid transitions 
from HQHH to habitats supporting lower hare densities (Fuller and Harrison 2010).  Thus, once 
landscape thresholds for lynx occurrence are reached, interspersion of HQHH with intermediate quality 
hare habitats, as well as travel corridors may be optimal (McKelvey et al. 2000c, Hoving et al. 2004, 
Simons and Legaard et al. 2013).  This change would cast the second part of this paragraph in a much 
more precise spatial context as the various spatial scales are easily confused as presented in the Draft 
SSA. 

26/1/1-5:  Hare densities within lynx critical habitat are also presented in Fuller and Harrison (2005). 

26/1/6-12:  This seems to lack the 2 most recent references on threholds of hares for lynx occurrence –
see Simons-Legaard et al. 2013 (reports threshold of >0.7 hares/ha) and (Simons-Legaard et. al. 2016), 
which depicts distribution of hare habitat meeting landscape thresholds for hares across 4.1 million 
acres of lynx critical habitat circa 2010 and 2022.   

26/2/entire:  Also see Olsen (2015) who reported that lynx in Maine were specialists on hares across 
summer and winter seasons and across period of relatively high and low hare densities in Maine. 

28/1/18-22:  This statement is not supported for all populations within the DPS and contradicts lines 4-6 
of this same paragraph?  This general assumption that population processes in the DPS are more similar 
to northerly populations at the low in hare numbers is universally inaccurate across the populations 
within the DPS.  We know that finite rates of population change for lynx are well below 1.0 (rapid 
decline phase) starting 1-year following the decline phase of hares within the core range.  This is in 
complete contrast to the positive rate of increase in one subpopulation in Montana across several years, 
and the positive growth rate across several years of relatively high but stable hare densities in Maine. 
Further, the slightly decreasing values for Maine during the relative hare low were based on an 
exceptionally small sample of reproductive-aged females (n~5 , and surely had a confidence-level on 
lamda spanning 1.0). This also coincided with a period of range expansion in lynx in Maine, and the 
estimated finite range of change during the relative hare low in Maine was much closer to one (despite 
high uncertainty with that estimate) than has been reported for lynx during the decline phase in the 
core of the range.  This is not surprising given that hare numbers during the low in Maine are ~ 8-fold 
higher than in the core range.  In summary, this general assumption is inconsistent with other 
information presented in the Draft SSA and is not universally applicable across the different populations 
in the DPS.  This general  assumption seems more relevant to the western populations of the DPS ( i.e., 
Washington, GYE, Colorado) where hare habitat is patchier and where landscape densities of hares are 
generally lower than in Maine and Minnesota (and perhaps in some subpopulations in Montana?). 
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28/2/11-14:  This last sentence is poorly written and includes too many hedge words to be meaningful. 

29/b/2:  Why hare “meat”… is there really something special about hare protein for lynx – I would think 
not. 

28/d/entire:  This seems overtly vague.  What does a “low likelihood of encounters” really mean? 

29/1/entire:  This seems to ignore the 1-2 year time lag in lynx response to changing hare densities as 
well as a 2 year lag for birth to reproduction in individual lynx? 

29/2/4-5:  This is a direct contradiction to the positive rate of increase in one subpopulation in Montana 
across several years, and the positive growth rate across several years of relatively high but stable hare 
densities in Maine.  It also ignores the substantial lynx densities cited on 28/1/4-6 in N. Maine during a 
6-year high in hare densities. 

29/2/entire:  This entire paragraph is not supported and all lynx populations in the DPS should not be 
grouped together as the landscape compositions and configurations, distribution of HQHH, and 
demographics are very different.   See numerous comments above about the inappropriateness of the 
broad generalization and assumption that lynx demographics across the DPS are characteristic of 
northern populations during hare lows.  If so, then all populations in the DPS should be in rapid decline 
phase most of the time and would not persist.  Data for most southern populations is in direct contrast 
with this assumption, and the data are particularly contradictory for northern Montana, Minnesota, and 
Maine.  In fact, periods of positive population growth occurred over a much longer period in Maine than 
is typical in northern populations with 10-year cycles. 

30/2/1-5:  Again, the populations across the DPS are being generalized when there is much variability.  
Home ranges in Maine and N-C Washington are relatively smaller, not larger than has been documented 
in areas within core lynx range.  Within the DPS there is 3- to 4-fold variability across populations in 
terms of the mean home range areas within sexes. 

31/2/entire:  This paragraph does not address the historical effect of wolf extirpation and coyote 
colonization or expansion in Maine and Colorado.  Coyotes were historically absent but now occur 
ubiquitously across critical lynx habitat in Maine.  Wolves were present prior to 1900, but have been 
absent since (coyote release?). Those coyotes use hares extensively (Major and Sherburne 1987, 
Litvaitis, J. A. and D.J. Harrison. 1989), and coyotes may also mediate competition between lynx and 
bobcats (Litvaitis, J. A. and D.J. Harrison. 1989), particularly given reported exploitation competition 
between coyotes and bobcats, which both rely more on deer during winter than do lynx (Olsen 2014). 

31/2/10:  This argument focuses solely on foot loading and ignores the effect of limb length, which is 
very important in terms of competition by lynx with red fox and fisher.  See comment #6 (above). 

32/2/entire:  This contradicts page 29 and the general assumption that lynx in the DPS operate 
demographically like populations in the north during cyclic lows.  If so, then the factors contributing to 
positive growth and persistence (as identified in this paragraph) would not exist in the DPS.  This is 
contrary to current naturally occurring populations in 4 populations within the DPS. 
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32/3/entire:  The peripheral island population concept is not relevant to populations in N. Montana, 
Minnesota, and Maine, all of  which occur over large landscapes and are fully contiguous (and part of)  
populations in Canada.  Although the population may be large enough to be sustainable in their own 
right (particularly in Maine), in at least one case there is 10 million acres of habitat that is completely 
contiguous and fully connected with 20 million acres in Canada.  See comment #1 (above) where I 
criticize the application of the island metapopulation concept across all 6 populations in the DPS. 

33/2/entire:  The wide uncertainty around estimates of lamda for the entire population needs to be 
acknowledged, particularly given the small samples of lynx used to estimate recruitment and survival.  
Very likely, the credible confidence bounds on all of the estimated rates of increase span 1.0 (i.e., the 
benchmark for population stability).  Estimates are likely more precise during periods of hare highs 
when there was more reproduction.  Thus, I feel confident in concluding that population growth rates in 
some parts of the DPS are positive when hares are high.  For the Maine data, the very low number of 
reproductive aged females monitored during the hare low lends great uncertainty to the estimates of 
finite rate of population change during that period.  I suspect this may also be a problem for other 
populations in the DPS? 

34/2/5-10:  Not all southern populations are isolated and necessarily dependent on immigration – again 
this is an overgeneralization across populations within the DPS.  This concept is probably most relevant 
to populations in Colorado, GYE, and N.C. Washington. 

34/2/10-18:  Again, there may be lower temporal variability and longer periods of positive growth rate 
in some southern populations with dampened or absent cycles if landscape hare densities during 
extended high periods exist for long periods of time, if population lows do not result in catastrophic 
declines in population growth rate, and if the periods of positive population growth are extended.  This 
appears to be what is happening in Maine, which had the highest growth rate and maintains the largest 
population in the DPS.  Hare densities there during the low are ~8-fold higher than during the nadir in 
some northerly populations.  

35/3/9-12:  There was a “little ice age” during the 1700’s-1800’s in the northeastern U.S. when 
populations of northern mustelids (e.g., martens and fisher) shifted southward in the Appalachians as 
far south as Tennessee.   Lynx may have also expanded southward and then later retreated when 
climate warmed and may explain more southerly records of lynx (e.g., Pennsylvania).   The “little ice 
age” is discussed and referenced in the climate change sections of the Draft SSA. 

36/2/entire:  There is little evidence that mass immigrations of lynx from Canada were needed to 
restore lynx populations that are contiguous and demographically connected to Canada (e.g., Maine and 
Minnesota).  In Maine, historical distributions of lynx have been very consistent since the 1850’s (Hoving 
et al. 2003). 

36/3/1-7:  As stated previously (particularly see comment #1 and 32/3/entire), the island-
metapopulation concept does not apply universally throughout the DPS and is most relevant to 
populations in Colorado, GYE, and N.C. Washington. 
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37/4/16:  The last 7 words are not supported by data, are likely an over- generalization, and I would 
suggest deleting.  See comment #2 (above).  

38/2/entire:  Consider expanding this paragraph to include other potential competitors and influence of 
limb length interactions (see comment #6 above). 

43/1/1-2:  Why is northern New Hampshire considered separately when it is actually a small extension 
of habitat from northwestern Maine into low elevation industrial forestlands contiguous with the Maine 
population?  This seems to be a political rather than a biological boundary? 

43/1/12-16:  See Litvaitis et al. (1986) for more relevant information regarding this topic.   

44/1/1-4: Also see Simons-Legaard et al. (2016), page 1263, Table2.  

44/1/11-16:  Is 10 million acres of habitat in Maine really a peripheral population if broadly connected 
with an additional ~20 million acres in Canada.  This is a political separation and Maine lynx are really 
residents of a larger trans-border population.  As such, is it really “immigration” when animals move 
within a larger population or are we just creating this concept because of a political boundary.  The 
same may be true for Minnesota and perhaps some sub-populations in Montana? 

44/2/10-11:  IBID comment 44/1/11-16 above. 

45/3/11-13:  This sentence (and the larger document) is missing an important reference that identifies 
lynx habitat in 2010 across Maine and projects to 2022 based on forest succession (Simons-Legaard et 
al. 2016). Also see Simons (2009: pp 202-220). 

47/2/23-27:  Tier II risks could be more important than assumed here (e.g., effects of roads and 
particularly, incidental and illegal harvests have not been modeled or simulated).  These factors could be 
particularly important for isolated populations and sub-populations with small effective population 
sizes, but also for the larger population in Maine where unimproved road densities exceed 1.5 km/km2 
and nearly all individual lynx in the population are potentially exposed to risks via incidental take and 
illegal shooting.  Illegal and incidental harvests are reported later in the document but are neither 
rigorously evaluated, modeled, nor simulated to evaluate their potential as limiting factors in regards to 
lynx resiliency. 

52/2/4-5:  Yes, state prohibitions on take may limit the potential for targeted harvests of lynx.  However, 
lynx are susceptible to capture in a wide variety of set types, including in neck snares set to remove 
nuisance coyotes and wolves.  In some states, required trap check intervals could also compromise 
health and survival of incidentally captured lynx.  The question is not whether existing regulations may 
benefit lynx, but are current measures adequate and enforced to minimize threats to population 
resiliency.  In my view, this topic has not been adequately evaluated in the Draft SSA. 

52/2/16-19:  These efforts may “reduced” but have not “minimized” incidental captures of lynx (see 
incidental reports elsewhere in this document, which were are likely just an unknown percentage of 
actual incidental and illegal captures).  Additionally, I have been informed that at least one state agency 
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has verbally assured trappers that restrictions may be relaxed if lynx are de-listed.  As stated previously, 
there are not assurances that state efforts to conserve lynx will not be compromised by other public 
demands (e.g., nuisance animal control, changing fur markets, and desires by users to expand 
opportunities to harvest other furbearers and carnivores that may prey on game species or livestock) if 
lynx are removed from protections afforded under ESA.   

53/1/entire:  Lynx in Maine are particularly vulnerable to incidental mortalities given that densities of 
gravel roads accessible by 2-wheel drive vehicle exceed 1.5 km/km2 throughout much of the designated 
lynx critical habitat in Maine and the large home range areas of lynx put them in potential direct contact 
with long-line trappers in pursuit of other valuable furbearers (e.g., marten), with bear hunters, grouse 
hunters, moose hunters, armed fishermen, deer hunters, logging trucks, and recreational and non-
recreational vehicles.  As mentioned previously, the issue of potential effects of incidental and illegal 
mortality have not been adequately considered or evaluated in the Draft SSA (see Comment #3 above). 

53/1/25-29:  How widely used and applied are the state agency’s voluntary management guidelines for 
conserving lynx habitat?  For over 25 years I have been a Cooperating Scientist working with landowners 
who manage ~8.5 million acres of forestland in lynx critical habitat in Maine, including serving as an 
advisor regarding habitat management for lynx.  I have never heard a landowner mention the state 
agency’s habitat management recommendations.  I suspect that the impact of these recommendations 
has been insignificant.  

54/2/entire:  All sounds good, but how effective?  What is time to response, average trap check 
intervals, rate of compliance, level of enforcement, and what evaluations suggest that this does not 
affect resiliency in small subpopulations.  What assurances are there that protection would continue 
absent protections under ESA? 

55/2/11:  “Avoids” implies 100% success, which has not been documented here or elsewhere.  “ …might 
reduce the potential for….” would be more accurate wording. 

55/4/7:  IBID 55/2/11 

55/1/17:  Add references for Robinson (2006) and for Harrison et al. (2016), and Simons-Legaard et al. 
(2016) to strengthen and justify the broad statement ending with the word “habitat” on line 17. 

56/2/entire:  More research and quantification of the acreage of land under forest certification within 
lynx critical habitat is needed.  I think the percentage would be very surprising.  Thus, there is much 
underutilized opportunity to strengthen landscape considerations and to provide incentives for lynx and 
hare management via forest certification, which is directly linked to endangered species conservation.  
The loss of this tool to affect land management in the largest population of lynx in the DPS would likely 
occur if the “nexus” resulting from ESA listing for lynx were to be removed. See comment # 3 (above).  

57/2/4-8:  The incentives for lynx conservation and mitigation on state-managed lands would also be 
greatly diminished via de-listing. 
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57/3/entire:  Private land management for lynx in Minnesota seems to be an underutilized opportunity.  
Perhaps this could become an increasing priority for FWS and for federal incentives and/or management 
incentives if lynx were to remain a listed species? 

58/5/entire:  Yes, lynx are protected, but are there proactive measures to minimize the potential for 
incidental and illegal take and is there adequate enforcement?   

64/1/5-7:  IBID – consider limb length and a wider range of potential competitors for food (e.g., red fox, 
fisher). 

64/1/7-10:  IBID – the small, isolated, and habitat island concept in a metapopulation context does not 
apply well to Maine, Minnesota, and some subpopulations in Montana. 

64/3/4-5:  IBID- reductions in periodicity and amplitude of cycles in Canada may be important from a 
mass immigration standpoint, but only for small, isolated western populations in the DPS.  Dampened 
fluctuations of hares at intermediate densities may be beneficial to population persistence in Maine 
(and perhaps Minnesota) where long period of positive growth rates, lack of catastrophic declines, and 
stable social systems and spatial dynamics of lynx have been documented over 10-15 years. 

65/1/1:  Bobcat AND fisher distribution and densities within lynx critical habitat will increase in Maine 
and in New Brunswick, which are part of the same population of lynx.  Access by sympatric red fox and 
coyotes to hares will also increase during periods of deep snow.  

65/3/9-16:  IBID comment on 64/3/4-5. 

65/4/6:  IBID comment 65/1/1 

67/2/entire:  See comment #6 (above) 

67/4/9-11:  The premise that hare populations “…have declined and remain low in Maine” requires 
greater context and clarification.  See new reference for Harrison et al. (2016), which document that 
hare densities in HQHH have been stable (range 0.75-0.99 hares/ha) and have averaged 0.86 hares/ha 
during a “low” hare period spanning from 2008-2015.  This is approximately 8-fold higher than hare 
densities observed at the nadir in some areas of the north and may approximate the best case scenario 
for hare densities in some western populations.  This undoubtedly contributes to reduced population 
variability, as well as the reported long-term stability in spatial dynamics (Mallett 2014) of lynx in Maine. 

68/1/1-4: Might jackrabbits and mountain cottontails move upslope with less snow?  Hares in Maine 
have high tick infestations during spring and summer, particularly in areas of high hare density.  Have 
parasite and disease interactions with climate been considered? 

71/2/19:  Suggest a change to “…and gene flow in lynx populations within the western portion of the 
DPS.”  This statement does not apply to Maine. 

72/5/entire: IBID comment 68/1/1-4. 
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73/2/1-3:  Actually lynx populations in Maine, the Gaspe’ region of Quebec, and in northern and central 
New Brunswick are contiguous and without significant geographic barriers across ~30 million acres of 
habitat.  Demographically, these populations may be very sustainable and have remained so with nearly 
70 years of demographic isolation from the rest of Quebec since the formation of the St. Lawrence 
seaway and the practice of daily ice-breaking.  Some lynx likely swim the river based on genetic data but 
some genetic differences are evident south of the river, which do not seem to be a threat.  As such, the 
Maine population (and perhaps Minnesota?) does not fit well with the immigration limitations/threats 
and island metapopulation processes generalized across the DPS.   

74/1/1-3:  I am unsure how “young regenerating spruce-fir forests” differ from “young stands with 
spruce-fir saplings”?  These seem the same, yet are cited differently? 

74/2/1-4: A more recent reference for the eastern DPS is Fuller and Harrison (2013). 

74/3/7:  Harrison and Fuller (2005) is absent here, but is one of few published articles that presents a 
comparison of hare densities based on pellet counts across a range of forest management treatments. 

75/1/5-10:  The wording in this paragraph incorrectly implies that hares exit stands after the process of 
self-thinning.  In reality, hares in Maine are present in all forest stands across the landscape, but at 
varying densities (see Fuller and Harrison 2005 and Harrison et al. 2016) 

75/3/bullet #2:  In the northeast, harvesting in the 1970’s –early 1990’s (current lynx habitat) was 
focused on areas of poorer site quality and drainage (which favor shallow-rooting spruce and fir), which 
were the spruce-fir flats where budworm risk was most severe. 

75/3/bullet #3: Actually, “high grading” is a dominant practice in partially harvested stand in Maine and 
we have conducted several studies that have documented that conifer trees are selected for and 
hardwood (often low-value species) composition increases after partial harvesting.  The landscape-scale 
effect of the shifting composition away from conifers and towards hardwoods in Maine is documented 
in Legaard et al. 2015.  In my view this rapid shift towards hardwoods from forest harvesting is much 
more important to lynx in the short run than is the longer term forest shift associated with climate 
change. 

75/3/bullet #5:  I disagree.  This statement applies to northern boreal forests and to some landscapes in 
the west; however, in Maine the cumulative effect of forest change from mechanized harvesting over 
the past 40 years dwarfs the size and frequency of any previous natural disturbances. 

76/2/entire:  This paragraph accurately summarizes events on western National Forests, but does not 
accurate depict the situation in the forests supporting the largest population in the DPS.  In Maine, the 
annual footprint of forest harvesting in terms of acres/year has more than doubled since the enactment 
of the Maine forest practices Act in 1991 (passes in 1989).  The cumulative effect of those increased 
annual harvest equate with monumental landscape changes.  In the past 3 years there have been slight 
decreases in forest volumes resulting from recently closed paper mills, but the acreages harvested are 
still well above historical averages.  
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76/4/7:  Change “These” to Some.  This is needed because the 2 largest landowners in Maine are 
actually family ownerships with long-term investment horizons  -- not all ownerships are TIMO’s and 
REIT’s.  

77/1/8:  It is inaccurate to say that short-term landowners are “not interested” in long-term 
commitments.  Any commitments that promote sustainability, standing volume, or future land value can 
be part of the investment equation …. and with creativity, some of those can sometimes benefit lynx 
and hares.  Forest certification and the connection with endangered species conservation is a key tool 
here. 

77/2/entirety:  It should not be ignored that the federal protection of lynx under ESA has heightened 
the utility of lynx as a flagship species for conservation, and has been a major force behind land 
acquisitions by conservation organizations and subsequent management of these lands for lynx and 
hares.  This could change if lynx were to be de-listed. 

78/2/9-10:  Conversion of conifer-dominated forests to hardwood dominated forests via forest practices 
and regulations is a threat to lynx.  See Legaard et al. 2015.  

78/2/11-14:  Roads are typically considered in terms of human-induced mortality, but the habitat 
effects of roads are incredibly significant for the Maine population.  Fuller et al. (2007) documented that 
gravel roads and associated road edges represented 11% of the total land and water surface area of a 
northern Maine study area.  Road and road edges were avoided by lynx and had the lowest conifer stem 
densities and indices of hare abundance of any of the available habitat types during that study.  Thus, 
roads affect availability of high quality habitat by lynx and affect lynx movements given that lynx alter 
movement paths to avoid transition out of HQHH when foraging (Fuller and Harrison 2010). 

78/2/15-16:  And these stand-scale stressors cumulatively reduce the probability of landscape-scale 
habitat occupancy by lynx (Simons-Legaard et al. 2013). 

79/2/1-4:  It needs to be considered that in eastern forests, PCT occurs after a stand has been previously 
clearcut and herbicide treated to reduce hardwood competition.  This elevates confer composition and 
sapling density to levels well above those needed by hares.  Thus, even after PCT, hare densities (though 
reduced compared to unthinned clearcut and herbicide treated stands) still provide hare densities that 
are higher than most other habitats available to lynx (e.g., selection harvests, uncut second-growth, 
hardwood dominated  and mixed stands, road edges).  Contrary to what is described here, these stands 
do not need to exhibit “regrowth” to again become snowshoe hare habitat.  They are prime habitat 
before thinning and then remain above-average quality hare habitat after thinning (see Homyack et al. 
2007). 

79/3/entire:  This is implying that PCT is a threat.  From an eastern perspective, clearcut+herbicide+PCT 
creates much better conditions than partial harvests or stands without harvesting in terms of hare and 
lynx habitat. 
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80/1/entire:  Selectively removing overstory trees, as practiced in the northeastern forests is also a 
threat as it transitions stands to a greater hardwood composition (Fuller et al. 2004), which results in 
lower densities of hares (Legaard et al. 2015, Fuller and Harrison 2005, Robinson 2006 and lower conifer 
stem densities in partially harvested stands (Fuller et al. 2004, Robinson 2006).  Further, the residual 
overstory trees have a higher conifer composition and provide less winter canopy cover for hares after 
selection harvests (Fuller et al. 2004) and after other forms of partial harvests (Robinson 2006).  This has 
led to landscape-scale declines in boreal forest (Legaard et al. 2015). 

80/2/entire:  Correct term is “selection harvests” not “selective.  Heavy harvests (i.e., stand replacing) 
should be defined as any stand with >50% of basal area removed.  The 90% threshold presented here 
would legally be defined as a clearcut (<30 ft2/acre residual basal area) under Maine law, so that would 
occur with 80% removal in a typical stand with starting basal area of 150 ft2/acre.  On line 6 of the 
paragraph, the Sader et al. (2003) reference is very (14-years) old and the Maine Forest Service has 
reports for the current period as recent as 2015.  Fuller and Harrison (2005) provide additional 
information on reduced conifer stem densities in selection-harvests, which are replacing uncut and 
clearcut stands as the dominant landscape matrix.  Those selection stands support fewer hares that 
other forest harvesting options (Fuller and Harrison 2005, Harrison et al. 2016). Actually, Fuller and 
Harrison (2005) documented hare densities of 0.17 hares/ha in recent selection harvests during 1997-
98.  Robinson (2006) documented hare densities ranging for 0.3-1.7 hares/ha across a range of partial 
harvest treatment during a period of high hare density and all 21 partial harvest stands had a hare 
density lower than the mean observed in regenerating clearcuts.  Subsequently, Harrison et al. 2016 
documented hare densities in longer established partial harvests ranging from an annual average of 0.31 
to 0.59 hares/ha during an 8 year period of relatively lower hare densities when average hare densities 
in regenerating clearcuts ranged (annual average) from 0.77-0.99 hares/ha. 

80/4/entire:  The extent and trends in biomass removals should be quantified given that this is 
increasing in eastern forests for wood pellets, biomass fuel production, and other wood products (e.g. 
particle board). 

81/2/4-5:  Selection harvest is the correct silvicultural term.  Shifts away from boreal forest in selection 
harvests are described in Fuller et al. 2004 and Robinson 2006.  Landscape effects of forest harvesting 
that have shifted transitional forests towards hardwoods and have reduced representation of conifers 
are summarized in Legaard et al. 2015. 

81/4/entire:  I disagree with this entire paragraph.  To the contrary, the vast percentage of high quality 
hare habitat in Maine and New Brunswick is the result of past clearcutting followed by herbicide 
application (e.g., Glyphosate) to suppress competing hardwoods.  The result is high conifer stem 
densities that develop into optimal hare habitat which is determined by the presence of cover and NOT 
by deciduous stems for food.  Many studies (and cited in the Draft SSA) have shown positive 
relationships between conifer stem densities (>1 m) and hare densities.  Robinson (2006) modeled 
vegetation variable as predictors of hare density and found that conifer stems were much more 
influential than deciduous stems, due to greater cover provided by conifers (Litvaitis et al. 1985).  Fuller 
and Harrison (2013) reconfirmed those relationships via modeling at the microsite scale. 
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82/1/1-2:  This statement is further supported by Hoving et al. (2004). 

82/1/5-7:  This statement is further supported by Fuller et al. (2007). 

82/2/11-14.    This statement is incorrect.  The trends presented are accurate but the cause is NOT from 
partial harvesting.  Clearcuts during the 1980’ and 1990’s that occurred in the southern parts of lynx 
critical habitat are coming on line from 2010-2022 and will buffer losses as older clearcuts in the north 
advance to pole stands.  Because of topography, lack of large spruce-fir flats, patterns of site quality (i.e., 
better drained soils on ridges) and given that budworm had disappeared by the time these stands were 
harvested, the cuts were more scattered and smaller in average size.  Many of these cuts occurred after 
the 1991 MFPA and there were new economic disincentives for cuts >30 acres.  This is why the patches 
are getting more fragmented and smaller as HQHH is shifting to the south.  This is not a direct result of 
partial harvesting.  

83/1/entire:  Spruce-budworm outbreaks occurred historically at 50-80 year intervals, thus I disagree 
that natural disturbances were rare.  Yes, fire intervals were long, except in the extreme northwest 
portion of Maine where forests were more boreal-like and burned more frequently (per C. Cogbill 2005, 
which is also cited elsewhere but missing from the literature cited in the Draft SSA).  And tree mortality 
was common given that the most common tree in Maine (balsam fir) has a typical lifespan of ~80 years.    
Thus commercial patterns are shorter for less common but important species like red spruce, black 
spruce, white pine and hemlock, and stand-replacing forest harvesting has shifted composition towards 
balsam fir, which transitions into excellent hare and lynx habitat.  That said, historic spruce budworm 
outbreaks (as evidenced by fir waves on Maine’s highest mountains) were a major disturbance factor 
historically.  Also see comment # 4 (above) which discusses the potential role that old-growth forests, 
which are functionally absent from the current northeast landscape, may have played in supporting 
historical populations of hare and lynx. 

87/2/1:  I strongly disagree with this statement.  See many of my previous comments, particularly 
general comments.#1 and #2.  As stated previously, nearly all forest habitats (Maine is >90% forest) 
contain snowshoe hares.  Thus there is continuous, unfragmented habitat.  High quality foraging 
habitats are aggregated due to topography, site quality, road access, and harvesting efficiencies.  Maine 
does not have the natural fragmentation of western forests, nor expanses of unsuitable habitat that are 
absent of hares.  The background matrix and landscape context in Maine and Minnesota may be very 
different from western populations in the DPS where topography and water cause a patchy distribution 
of mesic conifer forests.  The problems in Maine result from habitat loss caused by harvesting practices 
and historical management that are shifting species composition towards hardwoods (Legaard et al. 
2015). 

88/3/5:  References to Hoving et al. 2004, and Simons-Legaard 2013 would strengthen this statement. 

88/4/6-7:  Again, it may be dangerous to assume dampened cycles are bad for lynx if the low in hare 
densities can still support lynx reproduction and survival and if periods of positive growth rate are 
extended during relative highs.  See comments 64/4/9-11 and 64/3/4-5. 
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89/1/2-3:  Suggest changing wording to “… inflicted by other more generalized predators (e.g., coyotes, 
bobcats, red fox, fisher), which are less adapted to deep snow and consume hares when they are 
accessible.”  

89/2/12:  I’m not sure what “intense predation” is and am not sure that high rates of predation on lynx 
have been documented anywhere in the DPS – perhaps because lynx stick to areas of deep snow.  This 
needs clarification and more justification. 

89/3/1-3:  Are other closely related species really more sensitive to fragmentation, or are they more 
generalized in diets and geography so that they interface more with high human densities and the 
fragmentation associated with agriculture, suburbanization, paved roads, and human sources of direct 
mortality? 

91/1/4:  Additionally, within home ranges dominated by HQHH, lynx selected for stands with 
intermediate hare densities where conifer stems densities were suboptimal for hare cover, but where 
encounter potential with hares was intermediate-high (Fuller and Harrison 2007). 

91/2/9-11:  It is also important to consider that lynx need home range-sized area with a high 
representation of HQHH to meet their landscape thresholds for occurrence (Hoving et al. 2004, Simons-
Legaard 2013), thus fragmentation of HQHH habitats can reduce landscape quality and probability of 
lynx occupancy (Simons-Legaard et al. 2016).   

92/4/entire:  The effect of habitat conversion to areas with low hare densities and which are avoided by 
lynx within 60m corridors associated with forest roads can result in >10% habitat loss in landscapes with 
intensive private forestry (Fuller and Harrison 2007) and these linear bands of low quality hare habitat 
alter the foraging paths of lynx, who avoid transitions from high- to low-quality foraging habitat (Fuller 
and Harrison 2010).  

93/2/entire:  IBID 92/4/entire.  Linear densities of gravel roads in many areas of lynx critical habitat in 
Maine exceed 1.5 km/km2. 

94/2/8:  As a minor note, I documented snow tracks of 3 lynx traveling together in December 2015 and 
a single lynx traveling in December 2016 through the Copper Mountain Ski Resort in western Colorado 
at ~10,500 foot elevation. 

95/3-4/entire:  Utility corridors, access roads to wind sites, and gravel forest roads (particularly if they 
receive snowmobile traffic) may enhance access of generalist and edge associated predators and 
competitors (e.g., coyotes and red foxes) into areas where lynx occur and forage on hares. 

96/2/8-12:  I disagree with this statement.  The effective population size in N.C. Washington is quite 
small, so it seems conceivable that disease and or random stochasticity could result in a small but 
significant possibility of functional extirpation in the short run (as happened in the adjacent Kettle 
Mountains?).  Has this been considered and modeled?  
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97/3/20-21:  Isn’t it quite feasible that ephemeral lynx populations in GYE would be an essential 
stepping stone for genetic and demographic exchange with the most southerly and isolated lynx 
population in western Colorado? 

99/3/1-3:  Isn’t the NH population really just part of the Maine population that extends across a political 
boundary.  I am unsure why political lines are being used to define geographic range boundaries?  Isn’t 
northern NH, Maine, NB, southern Quebec really a single population?  VT is a bit isolated and should be 
considered separately. 

99/3/12-14:  This statement is inaccurate in light of historical information on lynx distributions (Hoving 
et al. 2003).  See general comment #4 above, as well as 83/1/entire.  Additionally, this population may 
not be dependent on immigration from Canada (see comment 73/2/1-3). 

99/3/19-24:  Data suggest the decline in HQHH in Maine will occur from 2022 to 2032 (Simons 2009). 
The data presented by Scott (2009) and Harrison et al. (2016) provide some evidence of weak cyclicity 
across perhaps 20 years. It should be considered that even at relative hare lows in Maine, densities are 
5-8-fold higher than at the nadir in the north and may continue to promote population persistence until 
the next extended high period (which may have an extended period of positive growth relative to 
northern populations).  The conclusions of declining populations currently in Maine should be treated 
with a high level of uncertainty given the small numbers of female lynx monitored during the low period, 
as well as very limited data on reproductive performance during that period. 

100/1/entire:  Potential for predation on lynx and/or exploitation completion from fisher, coyote, 
bobcat and red fox should be considered here as well.  This is a greater risk for both the Maine and 
Minnesota populations relative to western populations in the DPS. 

100/1/7:  It is an overstatement that “the next spruce budworm outbreak is imminent.”  Actually, larval 
densities of spruce budworm in Maine declined in summer of 1996, and larval numbers and distribution 
are not much above baseline levels at the present time.  The outbreak in Quebec, Canada is primarily in 
areas without clearcut harvesting following the last outbreak, so Maine forests are very different and 
the timing and probability of an outbreak in Maine is highly uncertain.  If an outbreak occurs, the 
outcome in terms of recycling pole and mature stands into sapling conifer habitat for hares is a potential 
outcome that could be beneficial for lynx. 

102/2/entire:  See general comment #5 and 14/3/2.  I am confused about why Colorado’s population is 
assumed to have one of the highest probabilities of survival to the next century – seems based solely on 
snow futures and not history, landscape hare densities, or current demographics? 

105/2/entire:  IBID previous comments.  It is important to consider that the Maine and NH (via Maine) 
are contiguous with about 20 million acres of occupied lynx habitat in New Brunswick and S. Quebec, 
which all occurs south of the St. Lawrence River.  Thus this large population may be demographically and 
genetically viable with only a very minor need for infrequent genetic contributors from elsewhere (and 
the river is not impermeable to lynx immigration). 



Page 22 of 29 
 

105/2/entire:  It should be noted that mixed conifer-deciduous stands dominate on sites with 
intermediate soil drainage and deciduous forests on well-drained hillsides.  Both do not support HQHH 
(Fuller and Harrison 2005, Harrison et al. 2016).  Thus lynx in N. Maine are not advantaged by elevation.  
In mountainous regions where conifers are on mountaintops, the conifer patches are fragmented and 
tend to be mature conifer (which supports low hare densities per Fuller and Harrison (2005) and  
Harrison et al. (2016).  Siren (unpublished report) has found that high elevation spruce-fir forests in NH 
also do not typically provide HQHH.   

106/2/3:  Simons et al. 2016 is a better reference. 

106/2/1-3:  This sentence would be more accurate if revised as “…experienced a 12-year high (1996-
2006), followed by a year of transition (2007), which was followed by 8 years of a stable, but lower hare 
populations until surveys were discontinued after 2015 (Fuller and Harrison 2005, Scott 2009, Harrison 
et al. 2016).”  

108/2/19-21:  It is presumptuous to assume that there would be an absence of hare habitat without 
forest harvesting and clearcutting in the 1970’s to 1990’s. Without management and pesticide spraying, 
the massive budworm outbreak of the 1970’s and 1980’s would have resulted in extensive mortality of 
fir-dominated stands, which would have resulted in stand-replacing tree die-offs and subsequent dense 
conifer regeneration.  See general comment #4. 

108/4/2:  It would be more precise to replace “near future” with “between 2022 and 2032 (Simons-
Legaard et al. 2016).” 

109/2/4-5:  Fuller and Harrison (2005) is a better reference than Fuller (1999 -thesis), as it is a refereed 
journal article.  Similarly, Homyack et al. (2007) is preferable to the thesis cited as Homyack (2003). 

109/2/7: This is an error in fact.  Actually about 260,000 total acres were harvested in Maine during 
1988, compared to a peak of about 540,000 acres/year from 2001-2003.  I think the mistake arose from 
the fact that there was about 100,000 acres of clearcut harvesting in Maine in 1988. 

110/3/entire:  Again, it may be worthwhile to mention that a high percentage of private forestlands in 
Maine are certified (major force in the marketplace), that certification requires consideration of needs 
of T&E species, that there is increasing effort to incorporate landscape-scale habitat provisions into 
certification, and that T&E listing provides an important potential avenue into enhancing management 
on private lands.  This opportunity would go away in the largest population within the DPS if lynx were 
to be de-listed. 

111/4/4-5:  Given the daily ice-breaking on the seaway during winter, cold water temps, and the width 
of the river, I would hypothesize that lynx crossings are via lynx swimming the river during the ice-free 
season. 

112/1/13:  The word “true” is unachievable and “precise and accurate” should be considered as 
alternate wording. 
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113/2/10:  What is meant by “low”?  Densities were still 5- to 8-fold higher than populations in the core 
of lynx range during the nadir of cyclic lows. 

113/3/4-5:  This statement does not accurately depict the historic data and there is no evidence that 
this population is dependent on immigration from Canada.  See general comments #1 and #4, plus 
34/2/entire, 44/1/11-16, 64/3/4-5, 72/2/1-3, 99/3/1-3, and 105/2/entire. 

115/3/3-4:  I think this is an error.  A 50-200-year fire interval is incredibly frequent and I have seen no 
references to support that.  A 200-800 year interval is what I recall.  This needs to be re-checked. 

115/3/7:  The reference to Cogbill (1985) is absent from the literature cited section. 

116/2/2:  Increases in road densities and the indirect effects of roads mentioned in previous comments 
(e.g., see 92/4/entire, 93/2/entire, 95/3-4/entire) should be addressed here.  

117/3/18-20:  I am unclear how “diminished ice conditions on the St. Lawrence River could be an 
increasing risk given that ice-breakers clear the river channel daily during winter?  See 111/4/4-5. 

138/2/5:  This wording suggests lynx are generalists in the summer, which is contradictory to Olson 
(2015) within the DPS.  Yes lynx consume a wider range of available foods in summer, but > 90 of their 
caloric intake is likely from hares. 

138/2/10-12:  IBID.  Hares are much larger than squirrels, so this data still suggests >90% of caloric 
intake from hares, which occurred in 87% of scats. 

139/3/1-2:  This is an incorrect statement as it applies to the Maine lynx population.  Forest 
management has shifted boreal forest towards mixed and hardwood composition in this region (see 
Legaard et al. 2015). 

156/4/1-7:  Again, the potential effects of incidental harvests, road mortality, and illegal take on lynx has 
not been adequately considered, evaluated or modeled and might affect population resiliency in small 
subpopulations or in populations during bottlenecks (e.g., during hare lows).  There is also the implicit 
assumption in the document that the incidental mortalities reported to FWS represent 100% of the 
mortalities that occurred, which is highly unlikely. 

159/2/3-4:  This text implies that forest management is and will be detrimental for lynx, which is 
contrary to the current situation in the largest population in the DPS and ignores the future 
opportunities to use forest management to enhance hare and lynx habitat on federal and private lands 
managed for wood fiber production. 

160/1/3-6:  This seems contrary to the historical data which shows great consistency in the lynx 
distribution in this population since the 1850’s (Hoving et al. 2003). 

160/2/9-13:  This conclusion seems overly speculative given climate uncertainty (e.g., more 
precipitation could result in more snow despite warmer temps if still below freezing, as is currently 
observed in Lake effect areas east of the Great lakes where bobcats are uncommon).  Additionally, this 
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ignores natural disturbance events that may rejuvenate conifer sapling habitat in Maine and Minnesota, 
as well as potential changes in wood fiber markets and regulations that could be used to promote 
conifer habitats.  I agree that data suggest lynx conservation will become more challenging, particularly 
given climate change, but extirpation in 3 of 5 units seems overly precise and overly speculative given 
uncertainty.  See general comments 3, 4, and 5.    

161/3/3-6:  IBID previous comment. 

162/1/entire:  Opportunities via forest certification, changing markets, and via management incentives 
to landowners should not be ignored as potential mitigating influences to declining hare habitat, as well 
as forest regeneration following likely future budworm outbreaks.  With additional public and private 
funding, easements could also be modified to strengthen desired forest management provisions to 
promote desired habitat conditions on lands where working forest futures are already ensured in 
perpetuity.  These opportunities are underrepresented in the Draft SSA and these opportunities would 
be greatly diminished if the lynx were to be removed from ESA protections. 

162/2/13-15:  Yes, this is correct and the currently underutilized opportunity for enhancing habitat 
management on private lands would be further diminished if lynx were to be de-listed.  Other possible 
threats mentioned previously are increased incidental harvests associated with changing fur markets 
and demands for fisher, marten, bobcat, and coyotes, as well as competing demands by local residents 
(e.g., coyote and/or wolf control to protect livestock or game species). 

164/1/entire:  I agree, but another potential threat is that dry conifer forests lacking structure to 
support HQHH will likely move upslope in western populations within the DPS. 

164/2/entire:  As mentioned previously, effects of disease (e.g., rabies, plague, lungworm, distemper) 
and other stochastic events, coupled with fires and accidental and illegal mortalities could affect short-
term resiliency in this population will small effective population size.  With the exception of wildfire, the 
additive effects of these stressors seem to have been under-emphasized. 

166/1/entire:  This seems to minimize the data suggesting low landscape hare densities and 
corresponding low reproduction, coupled with lack of concrete historical evidence of sustainability and 
the extreme isolation of this population (particularly given the apparent lack of a current population in 
the GYE).  See general comment #5. 

168/Unit 6:  IBID previous comment. 

168/2/6:  See general comment #6 –fisher are potential competitors for hares (not just predators on 
lynx), as well as coyotes and red foxes. 

168/2/12:  But soil drainage and site quality in much of Maine will not change, and in fact, may be worse 
with future trends of increasing rainfall.  As such, shallow-rooted conifers will still be favored on these 
sites, along with red maple. 
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169/2/entire:  It should be recognized that ESA listing could promote changes to the Maine Forest 
Practices Act and forest certification requirements and those changes would likely be enhanced by 
continued listing of lynx under ESA. 

169/3/6-8:  The early portion of this paragraph is supported by landowner surveys but it is without basis 
to assume that the lack of spraying to prevent budworm mortality and the widespread clearcutting and 
herbicide application, as conducted during the past outbreak, will lead to a lack of budworm-inflicted 
mortality of trees.  Natural recycling or commercial harvesting of infected stands that will be naturally 
transitioning out of hare and lynx habitat by 2022 could have a benefit to lynx.  Again it is a poor 
assumption that lynx require broad-scale clearcutting to be viable in the northeast.  See general 
comment #4. 

169/4/entire:  See general comments 1 & 2. 

169/5/10:  Hares declined by approximately half since 2008, and that decline followed 11 years of 
relative highs when lynx population growth rate appeared to be positive.  During the relative lows, hare 
densities in HQHH remained 5-8 times greater than at the nadir of the cycle in the north and may be 
sufficient to sustain populations until the next increase in hares (if and when that occurs is highly 
uncertain).  See general comment #1. 

169/5/13:  The conclusion that reproductive rates are non-sustainable during the hare low is highly 
uncertain given the extremely low sample sizes of radioed adult females and seems contrary to many 
reported observations of adults traveling with kittens and high apparent occupancy of habitats given 8 
consecutive years of relatively lower hare populations.  See 169/5/10. 

171/1/7-8:  This trend data is 14 years-old and should be updated.  Maine Forest Service has publically 
made these trends available electronically through 2016. 

171/2/1-4:  This trend data is 14 years-old and should be updated.  Maine Forest Service has publically 
made these trends available electronically through 2016. 

172/1/entire:  Lack of protective management may not be bad for lynx because  low-quality stands at 
pole stage will not be economically feasible to spray and may be recycled (naturally or via salvage 
harvests) to sapling stands promoting hares.  There also may be potential incentives to promote 
herbicide spraying if lynx are still a priority for conservation?  If the budworm does not reach epidemic 
for 10 years many of the vulnerable stands will already have transitioned out of hare habitat. The MFPA 
may also be altered to allow larger clearcuts if budworm reaches epidemic levels.   

172/2/4:  Actually, the low period has been from 2008-2015 and annual hare densities in HQHH have 
averaged 0.86 hares/ha (range 0.75-0.99) (Harrison et al. 2016). 

174/1/entire:  But soil drainage and site quality in much of Maine is much poorer (particularly spruce-fir 
flats).  This will not change with increasing rainfall, and in fact, with more rain it may get worse in the 
future.  As such shallow-rooted conifers will still be favored on these sites, along with red maple. 
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175/4/2-3:  Actually the most recent re-measurements of HQHH stands in Maine suggest that most of 
these overstocked stands on poor quality sites will remain HQHH to at least 40 years due to slow 
maturation due to poor site quality and high competition among overstocked stems (Scott 2009, 
Harrison et al. in prep.). 

176/3/4:  The citation for Simons-Legaard et al. (2016) is missing from the literature cited and is 
provided at the end of this review.  Although the relevant information is on page 6 of the manuscript, it 
actually appears on pages 1264-1265 of the journal article. 

176/4/6: Again this should be cited as pages 1264-1265, not pp5-6. 

176/4/8:  This should be page 1267, not page 8. 

177/1/11: This should be 16-40 years (Scott 2009, Simons-Legaard et al. 2013, D. Harrison, unpublished 
data). 

177/2/3:  This is rather overstated and does not reflect the high uncertainty.  Larval levels throughout 
Maine dropped to near baseline in summer 2016 and there is no evidence that an epidemic is imminent.  
It will like take several years at the earliest for a significant level of SBW infestation to create defoliation, 
even under worst-case scenarios.  Major moth flights into Maine from Quebec have not resulted in 
increases in larvae.  Although an outbreak may be coming, it may not occur until the current lynx-hare 
habitat is transitioning out of HQHH –and could be beneficial to lynx and hares. 

177/2/6-8:  SBW did not “kill” millions of acres of forest in N. Maine during the last outbreak because of 
widespread aerial spraying with DDT and BT, coupled with aggressive pre-salvage harvests (and coupled 
with high global demand for paper and expanded mill capacities in Maine).  The clearcutting continued 
after the budworm was gone to meet paper demand and given expanded mill capacities.  That is what 
led to the MFPA and 3 public referendums to ban clearcutting in Maine during the 1990’s. 

177/1/6-8:  The sentence starting with “Mixed forests having…” could be improved with better citations 
to read… Mixed forests having >25% hardwood overstories do not support annual mean hare densities 
>0.23 hares/ha, whereas annual hare densities <0.38 hares/ha were observed in mature conifer stands in 
Maine  (Harrison et al. 2016).  Correspondingly, lynx selected against mature stands (Fuller et al. 2007, 
Vashon et al. 2008b). 

179/3/15:  Saddleback Mountain discontinued operations in 2015 and Big Rock Ski Area in Mars Hill may 
be within lynx critical (is near eastern boundary). 

180/3/entire:  See comment 78/2/11-14. 

181/3/4-5:  But see several previous comments regarding inadequacy of incidental and illegal take 
considerations in the Draft SSA and needs to evaluate and model effects on resiliency and to consider 
conflicting public pressures on state agencies, as well as the potential for shifting fur markets, to 
increase harvesting effort expended to capture marten, fisher, bobcat, red fox, and/or coyote within 
lynx critical habitat. 
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181/3/11-12:  This underestimates the potential impacts of “green certification” and the millions of 
acres enrolled in that program on private lands in Maine.  Given the attention to T&E species, here is the 
potential federal “nexus” on private forestlands.  This management tool would be absent if lynx were to 
be de-listed.   

182/1/1-2:  ESA listing of lynx has promoted the species as a flagship for conservation and has been a 
stimulus and funding source for purchases of large pieces of land that have been subsequently managed 
for lynx  (one parcel >180,000 acres), and has been used as a flagship when promoting and funding new 
conservation easements, which prevent many types of development in working forests.  These 
conservation tools would also be greatly diminished if lynx were to be de-listed. 

182/2/7:  State regulations were enacted out of conservation and aesthetic concerns and could change 
in the future, particularly to benefit a flagship species like lynx. 

182/2/10:  Again, these “lower” levels averaging 0.86 hares/ha are above landscape thresholds for 
occurrence and likely exceed levels in western populations in the DPS.  Further they are 5 to 8-fold 
higher than hare densities at the nadir of cycles in the north. 

183/1/2-3:  In the longer-term, climate change may be the primary driver of boreal forest change in 
Maine, but much more rapid and recent changes have resulted from forest harvesting practices 
(Legaard et al. 2015).  

186/3/4-6:  incidental and illegal take have been inadequately considered and evaluated in the Draft 
SSA –see previous comments.  Absent protections under ESA, it is likely that state agencies will be 
encouraged to prioritize other species management and local public demands over lynx conservation if 
the DPS were to be de-listed. 

191/2/entire:  The potential for changing fur markets and fashions that might increase demand for 
other furbearers could also pose future risks to lynx. 

202/2/entire:  The assumption that management for lynx would continue on federal lands absent ESA 
protections is unsupported.  This management did not exist prior to lynx being listed as a U.S. 
Threatened Species and as I understand it, there would be no requirement for USFS or BLM to prioritize 
lynx conservation 5 years after the species were de-listed.  Further there have been no credible 
evaluations of whether existing management has benefited lynx, particularly given that forest 
management effects occur across decades.  See previous comments related to this topic. 

204/2/entire:  This assumption is not supported by data or rigorous modeling of potential effects of 
illegal harvests and incidental trapping, disease, and stochastic events on lynx persistence in this small, 
isolated population with a small effective population size.  This is particularly relevant given the recent 
extinction of a nearby subpopulation in the Kettle Mountains. 

205/1/entire:  I am confused about how near-term persistence can be as estimated high as 70% for a 
population than seems absent based on recent surveys? 
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208/2/entire:  In my professional opinion, effects of by-catch and illegal trapping and shooting, coupled 
with other stochastic influences,  been not been adequately considered given the tenuously small size of 
this population? 

211/3/entire:  This estimate seem unreasonably high given the historical and present data regarding 
this population (see general comment #5). 

2015/2/entire:  See comment 211/3/entire and general comment #5.  Additional to the other 
information in this paragraph citing conservation challenges and uncertainties for the W. Colorado 
population, the low landscape hare densities and fragmented nature of hare habitats due to the 
prevalence of drier conifer forests at mid-low elevations results in high habitat fragmentation.  Future 
projections of persistence appear to be based solely on projections suggesting future favorable snow 
conditions at higher altitudes in this most southerly and most isolated population and do not seem to 
adequately consider quantity and configuration of HQHH.  Thus, the second to last sentence of this 
paragraph seems to represent a significant contradiction? 

2019/1/1-4:  I am not convinced that the issue of potential extinction risk has been adequately 
evaluated and modeled for GYE, W. Colorado, or, particularly, for the small and isolated population in 
N.C. Washington.   As such, this seems to be a conclusion without sound basis? 

2019/3/4-8:  Interacting effects of temperature with snow depth (Litvaitis et al. 1986), along with 
availability of alternate prey could contribute to apparent differences between Maine and Minnesota in 
snow and competitive interactions. Further, the presence of wolves in Minnesota, but not in Maine, may 
affect relative densities of coyotes, and may influence interactions among coyotes, bobcats, and lynx 
(Litvaitis and Harrison 1989). 

220/General Summary: Potential effects of incidental harvest and illegal take, as well as effects of 
fragmentation, seem to be underrepresented in the summary section of the Draft SSA relative to their 
discussion elsewhere in the document. 

221/General Summary:  The summary does not address how current ESA listing affects current status of 
lynx or how protections and status would be expected to change if the DPS were to be removed from 
ESA protections.  This seems inconsistent with the frequent mention and consideration of those topics 
throughout the Draft SSA and considering that this document is intended to guide future decision-
making. 
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a b s t r a c t

Scenario planning should be an effective tool for developing responses to climate change but will depend
on ecological assessments of broad enough scope to support decision-making. Using climate projections
from an ensemble of 16 models, we conducted an assessment of a midcontinental area of North America
(Minnesota) based on a resistance, resilience, and facilitation framework. We assessed likely impacts and
proposed options for eight landscape regions within the planning area. Climate change projections sug-
gest that by 2069, average annual temperatures will increase 3 �C with a slight increase in precipitation
(6%). Analogous climate locales currently prevail 400–500 km SSW. Although the effects of climate
change may be resisted through intensive management of invasive species, herbivores, and disturbance
regimes, conservation practices need to shift to facilitation and resilience. Key resilience actions include
providing buffers for small reserves, expanding reserves that lack adequate environmental heterogeneity,
prioritizing protection of likely climate refuges, and managing forests for multi-species and multi-aged
stands. Modifying restoration practices to rely on seeding (not plants), enlarge seed zones, and include
common species from nearby southerly or drier locales is a logical low-risk facilitation strategy. Monitor-
ing ‘‘trailing edge” populations of rare species should be a high conservation priority to support decision-
making related to assisted colonization. Ecological assessments that consider resistance, resilience, and
facilitation actions during scenario planning is a productive first step towards effective climate change
planning for biodiversity with broad applicability to many regions of the world.

� 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Climate change resulting from CO2 emissions will continue over
the next century regardless of the scope and magnitude of mitiga-
tion efforts (IPCC, 2007). The rapid rate of climate change, coupled
with other anthropogenic stresses, will deplete species diversity in
some regions if habitats become unsuitable and migration is insuf-
ficient. Although climate change predictions are derived from glo-
bal models, strategies to minimize effects on biodiversity need to
be formulated at local and regional scales to account for land-use
differences, extent of natural ecosystems, and ecology of the indig-
enous flora and fauna. The adjustments humans make in response
to climate change, or that natural systems make unassisted, has
been called adaptation by IPCC (2001). Scenario planning will
likely be a crucial tool for developing these climate adaptation
strategies, given the high uncertainty of ecological responses to

anticipated changes and the complexity of addressing multiple
stressors (Peterson et al., 2003; Brooke, 2008). Scenarios are pro-
jections of plausible alternative futures for a specific purpose,
developed deliberatively and based on a shared understanding of
system dynamics and how actions may alter the future trajectory
of ecosystems. The foundation for scenario planning is an assess-
ment that identifies key drivers of system dynamics, uncertainties
with potential to have large impacts, and external changes most
likely to influence the system in the future (Peterson et al.,
2003). The challenge of converting highly context- or case- specific
research results into assessments has hindered the incorporation
of ecological information into climate change adaptation conserva-
tion planning (Brooke, 2008).

Climate change adaptation conservation planning, using a vari-
ety of conservation tools, is underway for some countries (e.g., UK,
South Africa, Australia), groups of countries (i.e., Small Island
Developing States (SIDS), European Union (EU)), and states/prov-
inces within countries (e.g., Queensland, Australia; Alaska and Flor-
ida, USA) (IPCC, 2002; Hannah et al., 2005; Ferris, 2006; Von
Maltitz et al., 2006; Pew Center on Global Climate Change, 2007;
QCCCE, 2008). Some of these efforts have identified key ecosystems
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or species likely to be most threatened by climate change and com-
pare adaptation options, but most are more general; scoping im-
pacts, identifying major barriers to action, and discussing key
issues needed for decision-making. Even when highly vulnerable
species and ecosystems have been identified, conservationists have
been reluctant to commit to specific adaptation plans (Heller and
Zavaleta, 2009). This reluctance often stems from a lack of climate
change predictions for specific regions, uncertainty about how spe-
cies will actually respond, and limited evidence that the proposed
actions will have the desired effects. When these uncertainties are
informally weighed against the risk of actions being counterpro-
ductive and the costs of implementation, plans stall (McLachlan
et al., 2007). This inaction or ‘‘paralysis by analysis” is not new to
conservation biology and is one of the primary reasons scenario
planning has been used to approach other problems with high
uncertainty and complexity (Peterson et al., 2003). Scenario plan-
ning has the advantage of explicitly incorporating different
assumptions about specific policies and actions when envisioning
alternative futures (Nassauer and Corry, 2004). Ecological assess-
ments need to be developed that can effectively serve as a basis
for scenario planning.

For over 20 years, challenges to sustaining species and ecosys-
tem diversity in remnant natural areas generated key conserva-
tion planning principles that are relevant to the new challenge
we face with climate change. As with traditional conservation
planning, a ‘‘coarse-filter approach” of prioritizing reserve selec-
tion of communities and ecosystems will provide more efficiency
than attempting to build scenarios for every vulnerable species
(Hunter et al., 1988). Connecting these reserves with corridor
systems, stepping stone reserves, and buffer zones will be crucial
to allow species’ ranges to adjust to new climatic conditions
(Halpin, 1997). However, as predictions of warming have become
increasingly dire, there is recognition that these planning frame-
works need to be supplemented to facilitate regional planning
under a greater array of environmental and socio-economic situ-
ations (Halpin, 1997; Heller and Zavaleta, 2009). Millar et al.
(2007) identified three kinds of adaptation actions for forest eco-
systems: defensive actions intended to resist the influence of cli-
mate change; practices aimed at promoting resilient ecosystem
responses to climate change; and active involvement in facilitat-
ing change to ecosystems or particular species. Distinguishing
between resistance, resilience and facilitation options during
ecological assessments and scenario planning is important for
two reasons. First, conservation actions reflect assumptions
about species and ecosystem responses to climate change and
so recognizing these options can help ecologists comprehensively
assemble the information needed for assessments. Second, devel-
oping scenarios that variably depend on resistance, resilience
and facilitation actions allow regional conservation planning
teams to compare the feasibility, risks, and potential outcomes
without needing to reach consensus on aspects of climate
change that are too uncertain to resolve. The resistance/resil-
ience/facilitation framework is potentially applicable to many
kinds of ecosystems and regional landscape contexts, although
this has not yet been applied to systems other than forests.

We used the state of Minnesota (USA) as a case study for regio-
nal climate change adaptation ecological assessments using the
resistance/resilience/facilitation framework. At the convergence
of three major biomes—boreal forest, hardwood forest, and Great
Plains grasslands—Minnesota is a good test case for this framework
and for regional adaptation planning in general. In addition,
approximately 50% of Minnesota’s landscape has been converted
for agriculture, industry and urbanization, but the state has an
extensive protected areas network (Fig. 1), ranging from the
400,000 ha Boundary Waters Canoe Wilderness Area to small
(<10 ha) remnant grasslands and wetlands surrounded by agricul-

ture. Specifically, our objectives were to: (1) develop climate pro-
jections for different regions of the state, (2) assess likely impacts
to wetland, forest and prairie ecosystems, and (3) propose a range
of key adaptation strategies for each region based on the resis-
tance/resilience/facilitation framework. How Minnesota’s conser-
vation practices need to change so its protected areas network
continues to support the state’s biodiversity should provide in-
sights for many other midcontinental locales. As importantly, we
report this ecological assessment as an example of information
assembly that would ideally be part of scenario planning for cli-
mate change adaptation.

2. Regional projected climate change

To initiate the ecological assessment for Minnesota, we created
climate change projection maps using the LLNL-Reclamation-SCU
downscaled climate projections derived from the World Climate
Research Programme’s (WCRP’s) Coupled Model Intercomparison
Project phase 3 (CMIP3) multi-model dataset, stored and served
at the LLNL Green Data Oasis (LLNL et al., 2008). These simulations
use general circulation models (GCMs) produced for the Intergov-
ernmental Panel on Climate Change (IPCC) Fourth Assessment Re-
port (AR4), scaled to a finer resolution (i.e., ‘‘downscaled”) using
bias-correction to eliminate discrepancies between the GCM and
historical observations, and spatial interpolations to merge
course-resolution (2� grid squares, or approximately 200 km by
200 km) GCM values with observed spatial patterns at a 1/8� grid
square resolution (approximately 12 by 12 km).

Using averaged results from a single run of all 16 models in the
CMIP3 archive, we produced projections of changes in annual and
summer temperature and precipitation for two time periods,
2030–2039, and 2060–2069, relative to a baseline period (1970–
1999) (data from Maurer et al., 2002; cited in LLNL et al., 2008),
for the A2 (upper mid-range) emissions scenario (IPCC, 2001).
Model ensemble averages are viewed with greater confidence than
individual climate models, because they neutralize extreme results
for given regions, and illustrate agreed-upon trends.

Climate change projections were evaluated for eight landscape
regions in Minnesota (Fig. 2). These regions were based on Min-
nesota’s Ecological Classification System (MN DNR, 2003), Forest
Resources Council Regional Landscape Classification (MFRC,
2008), and Wetland Ecological Units (MN DNR, 1997) so that they
reflect major differences in landform and natural vegetation and
generally follow political boundaries. For each region, the mini-
mum and maximum average annual temperature and precipita-
tion was determined for the recent past, 2030–2039, and 2060–
2069. To estimate current analogs for future conditions, the four
coordinate pairs for each region and time were located on maps
showing isopleth lines for the US 1961–1990 average annual tem-
perature and precipitation (Owenby et al., 1992). Average sum-
mer (June–August) temperature and precipitation were also
calculated for each region and time. However, climate maps for
summer averages were not available, so we plotted potential ana-
log locations using maps for July averages (High Plains Regional
Climate Center, 2008).

Changes in average annual temperature and precipitation by
2069 suggest a shift in regional climates equivalent to current con-
ditions approximately 400–500 km SSW (Fig. 3). Average annual
and summer temperatures are projected to increase 3 �C (Tables
1 and 2). Average annual precipitation is predicted to increase
slightly (4.8–7.8%) over this interval, although average summer
precipitation is expected to decrease slightly, up to 4%. These
trends are consistent with other published projections, which sug-
gest that analogs are likely to exist for Minnesota’s future climates
(Williams et al., 2007) in more southerly midwestern US states
(Kling et al., 2003).
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3. Anticipated responses of Minnesota ecosystems to climate
change

The likely response to climate change in Minnesota will vary
greatly among landscape regions since each differs in the type
and extent of remnant ecosystems, land use in the matrix around
protected areas, and prevailing environmental conditions (Fig. 1,
Table 3). Two of the landscape regions (Agassiz Lake Plain and
Southwest Prairie) lie along the eastern edge of Great Plains grass-
lands. Both regions have been extensively transformed by drainage
and cultivation, resulting in losses of prairies and wetlands of >90%.
The Boreal peatlands region on the Canadian border is a poorly
drained landscape of bogs, tamarack swamps, and fens. Less than
10% of the landscape in this region has been converted for human
use (MN DNR, 1997). The remaining five regions are forested land-
scapes. The Hardwood Hills region spans the prairie-forest border,
with remnant oak woodlands and hardwood forests within a ma-
trix of agricultural and urban lands. The Mississippi Blufflands re-
gion is a rugged landscape of primarily hardwood forests on high-

relief hillsides. Three landscape regions (Western Superior Up-
lands, Northern Superior Uplands, and Central Lakes) once had
extensive coniferous forests that have been replaced by aspen
and birch following logging (Friedman and Reich, 2005). After cre-
ating the climate projections for Minnesota’s landscape regions, we
applied relevant literature and local expert knowledge of land-use
patterns, vegetation types, soils and hydrology to determine the
likely ecosystem responses to climate change within Minnesota’s
major biomes.

3.1. Wetlands

The effects of climate change on hydrology will determine how
wetland ecosystems respond in Minnesota and elsewhere. All but
one of Minnesota’s landscape regions (Mississippi Blufflands) are
predominantly glaciated terrain where interactions between atmo-
spheric moisture and groundwater govern wetland hydrology
(Winter, 2000). For these wetlands, a positive water balance is
maintained when precipitation and groundwater additions exceed

Fig. 1. Protected areas are categorized based on their habitat quality and level of protection. ‘‘High quality – high protection”: Science and Natural Areas, Nature Conservancy
preserves, Designated Old Growth Forest, Prairie Bank lands, the BWCA Wilderness and Voyageurs National Park. ‘‘High quality – variable protection”: areas designated as
moderate – outstanding quality by the Minnesota County Biological Survey. ‘‘Variable quality – high protection”: State Parks, Wildlife Management Areas, Waterfowl
Production Areas, and National Wildlife Refuges. The boundaries of the eight landscape regions are delineated (see Fig. 3 for names and Table 3 for land cover descriptions).
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evapotranspiration (ET) losses. Johnson et al. (2005) estimated that
a 20% increase in precipitation is needed to compensate for a 3 �C
rise in temperature to maintain water balance in wetlands in the
eastern Great Plains, including the Southwest Prairie region of
Minnesota. Projections from the ensemble model suggest that
while Minnesota will experience a 3 �C rise in temperature state-
wide by 2069, increases in moisture may be only one-third of what
is needed to offset ET. Glacial till deposits have low hydraulic con-
ductivity in most landscape regions; consequently, in all but local-
ized areas, wetland ecosystems of Minnesota will likely have
shorter hydroperiods.

Decreases in water supply to Minnesota wetlands will likely
cause significant shifts in plant communities either as direct re-
sponses to water level changes or indirectly through altered soil
and water chemistry, decomposition, and disturbance regimes.
The decreased hydroperiod expected under a warmer climate will
favor several invasive species, especially reed canary grass (Phalaris
arundinacea) (Galatowitsch et al., 1999). The rate of colonization
and spread of reed canary grass greatly exceeds that of native
graminoids and forbs in newly created habitats, such as in draw-
downs, after fire and in restorations. Of critical conservation con-
cern is the anticipated impacts to calcareous fens which are
sustained by mineral-rich groundwater discharge and support a
relatively large proportion of rare plant species. There are approx-
imately 100 fens in the state, 20% of the total known for North
America (MN DNR, 1997). Lower hydraulic head in the groundwa-
ter recharge will reduce flow to fens, favoring non-calciphitic veg-
etation (Siegel, 2006). Across western Minnesota, freshwater
marshes and meadows may become brackish to alkaline as poten-
tial ET increases. Currently, potential ET exceeds average annual
precipitation in the Agassiz Lake Plain and Southwest Prairie, with
brackish wetlands occurring along their western edge. By 2069, ET
will exceed precipitation across the state; the conditions in these
landscape regions will be more similar to the Rainwater Basin of
Nebraska and northern Kansas.

Boreal peatlands, which occupy more than 2,400,000 ha of
northern Minnesota and dominate an entire landscape region,
may experience the most radical changes of the state’s wetland
ecosystems. With decreasing water levels and warmer tempera-
tures, shrub growth is expected to increase at the expense of
graminoids in ombrotrophic bogs (Weltzin et al., 2000). Lower
water tables would also favor the spread of peat fires (Woodwell
et al., 1995), likely changing the bog surface and vegetation compo-
sition. If the climate of this landscape region becomes similar to
Sioux Falls, South Dakota by 2069, the response of peat deposits
and vegetation is unclear.

3.2. Forests

Climate effects for Minnesota forests will include warmer
summers with more frequent and longer droughts. Because Min-
nesota is situated on the prairie-forest border, summer precipita-
tion is already marginal for forests on some soils. Many
contemporary forests are projected to become savannas (Heinsel-
man, 1996), with forests restricted to cooler, wetter refuges, such
as silty soils, lowlands, and north slopes. The boreal biome will
likely be lost from Minnesota, while cold-temperate deciduous
forests may persist only on north slopes in northern Minnesota.
Black spruce (Picea mariana), white spruce (Picea glauca), balsam
fir (Abies balsamea), tamarack (Larix laricina), and paper birch
(Betula papyrifera) are likely to exit the state under high emis-
sions scenarios (i.e., A1F1) (Prasad et al., 2008). Boreal red pine
(Pinus resinosa) and jack pine (Pinus banksiana) will also likely
be lost, but the species may persist in a mixture with oaks (Quer-
cus macrocarpa, Quercus alba, Quercus rubra) and red maple (Acer
rubrum) on nutrient poor sites.

Large-scale mortality due to a combination of drought stress,
blowdown, fire, and insect damage is likely, and has led to rapid
and widespread forest change in the past (Camill and Clark,
2000; Foster et al., 2006). Severe thunderstorms, the predominant

Fig. 2. Projected changes in average annual temperature (C) and precipitation (mm/day) from recent conditions (1970–1999) to 2030–2039 and 2060–2069 based on an
ensemble of 16 models under the A2 emissions scenario. Isolines in the projection maps indicate the degree of change relative to the baseline period; color gradient indicates
the relative difference in temperature/precipitation across Minnesota within the given decade.
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cause of forest damage in Minnesota, are expected to increase
(Trapp et al., 2007). Blowdowns and warmer, drier weather will
lead to more severe fires quickly transforming forests to other for-
est types or potentially savanna. Tree mortality may increase from

insect outbreaks; severe winter cold spells will be less frequent,
favoring the establishment and spread of a greater array of insects.
For example, the eastern larch beetle (Dendroctonus simplex) has
caused extensive mortality in recent years—higher population
sizes likely the result of lower winter mortality. Likewise, warmer
winters could allow mountain pine beetle (Dendroctonus pondero-
sae) to establish in Minnesota (Logan, 2007). Exotic, invasive insect
pests, plants, and earthworms that hinder establishment and
growth of native tree seedlings are expected to spread faster in a
warmer climate (Logan et al., 2003; Bohlen et al., 2004). Rising
white-tailed deer (Odocoileus virginianus) populations in northern
Minnesota will also impact regeneration of several dominant tree
species (e.g., Thuja occidentalis, Pinus strobus, Betula alleghaniensis,
Q. rubra) (Côté et al., 2004).

Tree species capable of growing in climates analogous to those
projected for Minnesota include elms (Ulmus americana, Ulmus
thomasii, Ulmus rubra), hackberry (Celtis occidentalis), American
basswood (Tilia americana), bur oak ( Q. macrocarpa) and white
oak (Q. alba). Because of ecotypic differentiation across tree ranges,
how local populations of these species will adapt is unclear (Davis

Fig. 3. Analog climate envelopes for each Minnesota landscape region based on projections for 2060–2069 shown on a base map of mean annual precipitation and
temperature (1961–1990) (National Climate Data Center – Owenby et al., 1992).

Table 1a
Projected minimum and maximum average annual temperature (�C) for landscape
regions in Minnesota, for 1970–1999, 2030–2039, and 2060–2069, based on
ensemble modeling (see text for details).

Landscape region Average annual temperature (�C)

1970–1999 2030–2039 2060–2069

Min Max Min Max Min Max

Agassiz Lake Plain 3.0 6.5 4.7 8.1 6.2 9.7
Boreal Peatlands 3.0 4.5 4.7 6.2 6.2 7.7
Central Lakes 4.0 5.0 5.7 6.7 7.2 8.2
Hardwood Hills 4.5 7.4 6.2 9.0 7.7 10.7
Mississippi Blufflands 6.5 7.5 8.1 9.1 9.8 10.8
Northern Superior Uplands 2.0 4.5 3.7 6.2 5.2 7.7
Southwest Prairie 6.0 7.5 7.7 9.1 9.2 10.8
Western Superior Uplands 4.3 6.5 6.0 8.1 7.5 9.7

2016 S. Galatowitsch et al. / Biological Conservation 142 (2009) 2012–2022



et al., 2005), and migration is unlikely to keep pace with the rate of
climate change. In existing woodlands, fire and drought-intolerant
tree species will likely die and be unable to reproduce, thus leaving
vacant niches for grassland species and fire-resistant woody spe-
cies (e.g. Q. macrocarpa). Sheltered areas with mesic soils may con-
tinue to support woodland ‘‘islands” or savanna vegetation.

3.3. Prairies

Although many of Minnesota’s existing grasslands may persist,
a gradual shift in composition to drier species (e.g. mesic prairie to
dry prairie; dry oak savanna to prairie) will likely occur in response
to higher temperatures and ET. Diverse prairies with high environ-
mental heterogeneity are likely to transition smoothly: existing
mesic species will decline in abundance, as dry-tolerant species in-
crease. While all prairie communities may experience declines in
mesic and wet species, isolated, homogeneous natural areas and
low-diversity mesic-wet mesic prairies may be most susceptible

to biodiversity losses, opening niches for invasion of exotic species.
Wet prairies are likely to experience significant drying. Losses of
this distinctive vegetation type may be particularly pronounced
in the Southwest Prairie region, where the protected natural areas
tend to be very small, fairly homogeneous, and very isolated within
the agricultural landscape matrix. Rare wet-prairie species, such as
the federally threatened western prairie fringed orchid (Platanthera
praeclara), are especially vulnerable to extinction, as the last rem-
nants of their habitat are lost.

Losses of today’s prairies could potentially be offset, because
grasslands have the greatest potential for expansion in Minnesota
with oncoming climate change. Many wetlands and wetland
perimeters will become suitable for upland prairie species, and
the prairie-forest border will likely shift northward as anticipated
decreased soil moisture and increased fire frequency favors grass-
land vegetation over woodland vegetation (Davis et al., 1998). The
ability of prairie vegetation to expand into drying wetlands and
receding forests will depend on whether a sufficient number of
appropriate seeds can disperse into and effectively colonize these
niches as they are vacated. Thus, protected natural areas that con-
tain both woodland and prairie in close proximity are more likely
to make this transition with minimal facilitation.

Unfortunately, the highly fragmented nature of Minnesota’s
protected areas, as well as the abundance of invasive species in
the landscape, will limit the ability of prairie species to colonize
newly-opened niches. Prairie species have limited long-range dis-
persal abilities (Kiviniemi and Eriksson, 1999; Bischoff, 2002;
Soons et al., 2005), making them unlikely to effectively colonize
isolated wetlands located in agricultural fields, urban areas, or
highly degraded sites, or extensive areas of present-day forest
which may fail to regenerate after large disturbances (e.g. wind-
storms, fire and insect outbreaks). Even when connected via corri-
dors, grassland expansion into these vacant niches is unlikely to
keep pace with the rate of forest die-out (van Dorp et al., 1997;

Table 1b
Predicted minimum and maximum average annual precipitation (mm/day) for landscape regions in Minnesota, for 1970–1999, 2030–2039, and 2060–2069, based on ensemble
modeling (see text for details).

Landscape region Average annual precipitation (mm/day)

1970–1999 2030–2039 2060–2069

Min Max Min Max Min Max

Agassiz Lake Plain 1.4 1.7 1.4 1.7 1.5 1.8
Boreal Peatlands 1.6 1.9 1.6 1.9 1.7 2.0
Central Lakes 1.6 2.0 1.7 2.1 1.7 2.1
Hardwood Hills 1.6 2.3 1.7 2.4 1.7 2.4
Mississippi Blufflands 2.1 2.4 2.2 2.5 2.2 2.5
Northern Superior Uplands 1.8 2.1 1.9 2.2 1.9 2.2
Southwest Prairie 1.6 2.1 1.7 2.2 1.7 2.2
Western Superior Uplands 1.9 2.2 2.0 2.3 2.0 2.3

Table 2a
Predicted minimum and maximum average summer (June–August) temperatures (�C)
for landscape regions in Minnesota, for 1950–1999, 2030–2039, and 2060–2069,
based on ensemble modeling (see text for details).

Landscape region Average summer temperature (�C)

1970–1999 2030–2039 2060–2069

Min Max Min Max Min Max

Agassiz Lake Plain 18.5 21.5 20.2 23.2 21.8 25.0
Boreal Peatlands 17.5 18.5 19.2 20.1 20.8 21.9
Central Lakes 17.0 19.5 18.7 21.2 20.4 23.0
Hardwood Hills 19.5 21.5 21.2 23.2 23.0 25.0
Mississippi Blufflands 20.0 21.5 21.7 23.2 23.5 25.0
Northern Superior Uplands 14.0 17.5 15.6 19.1 17.3 20.9
Southwest Prairie 20.5 21.5 22.2 23.2 24.0 25.1
Western Superior Uplands 20.0 21.5 21.7 23.2 21.0 24.0

Table 2b
Predicted minimum and maximum average summer (June–August) precipitation (mm/day) for landscape regions in Minnesota, for 1970–1999, 2030–2039, and 2060–2069,
based on ensemble modeling (see text for details).

Landscape region Average summer precipitation (mm/day)

1970–1999 2030–2039 2060–2069

Min Max Min Max Min Max

Agassiz Lake Plain 2.4 3.0 2.4 3.0 2.4 2.9
Boreal Peatlands 2.9 3.1 2.9 3.1 2.9 3.1
Central Lakes 3.0 3.5 3.0 3.5 2.9 3.4
Hardwood Hills 2.9 3.6 3.0 3.7 2.8 3.5
Mississippi Blufflands 3.5 3.7 3.6 3.8 3.4 3.5
Northern Superior Uplands 3.0 3.3 3.0 3.3 3.0 3.3
Southwest Prairie 2.7 3.6 2.8 3.7 2.6 3.5
Western Superior Uplands 3.3 3.6 3.4 3.6 3.2 3.5
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Soons et al., 2005); the sheer volume of seeds required to vegetate
such a large area makes unassisted transition of boreal forests to
high-quality prairie highly improbable. Instead, weedy species
are more likely to colonize and spread in drying wetlands and dy-

ing forests, because of their superior dispersal and competitive
abilities, and their relatively broad environmental tolerances
(Lockwood et al., 2005). Without management, these ecosystems
will become communities of exotic species—not native prairies.

Table 3
Each landscape region’s primary ecosystems and extent of protected areas is summarized along with the most significant ecosystem impacts predicted to occur as a result of
global climate change, and several key adaptation strategies that may be important for climate change adaptation during the next 50–60 years.

Landscape region Conservation context Most significant ecosystem impacts
anticipated

Key adaptation strategies

Agassiz Lake Plain This region consisted of extensive prairies
with aspen parkland on sandy glacial lake
deposits and on heavy clays of the Red River
Valley. Although there are extensive
protected areas on the lake plain, the river
valley is mostly converted to drained,
agricultural land

Reduced extent of wet prairies and
meadows; shorter hydroperiods in
wetlands; increased brackish and alkaline
conditions in wetlands; reduced
groundwater flow to calcareous fens

Prohibit agricultural drainage
improvements in vicinity of protected
wetlands; Prohibit groundwater
withdrawals in recharge areas of calcareous
fens; Restore agricultural lands to expand
small reserves using facilitation practices

Boreal Peatlands Flat, poorly drained landscape dominated by
peatland vegetation, including bogs, black
spruce and tamarack swamps, and fens.
Protected areas include several large
Scientific and Natural Areas

Lower water table in peatlands; increase in
peat fires; increased shrub growth in bogs;
increased tree mortality from drought,
disease, insects and disturbances

Prohibit drainage improvements in vicinity
of peatlands; Control peat fires

Central Lakes Second-growth commercial forests of aspen,
maple-basswood, and oak, with some jack,
red and white pine on complex glacial
deposits (including numerous lakes). Region
includes large lake plains with extensive
peatlands or bogs, tamarack swamps, and
sedge meadows. Many sizeable protected
areas (state parks, wildlife refuges)

Increase in large-scale tree mortality; loss of
boreal forests; expansion of weedy
grassland species; influx of exotic
submersed aquatics in lakes; lower water
table in peatlands; increase in peat fires

Manage forests to reduce water stress;
Facilitate transition from forests to
grasslands (rather than invasive species) on
shallow and sandy soils; Facilitate
expansion of oaks on loamy soils; Remove
exotic submersed aquatics from lakes

Hardwood Hills Hardwood forests and oak woodlands and
savannas were interspersed with prairies
along this ‘prairie-forest border’ region. This
region includes the Minneapolis-St. Paul
metropolitan area and most of the non-
metropolitan area has been converted to
agriculture. Most of the protected areas are
small wildlife management areas

Increased tree mortality from drought,
pests, disturbances; influx of exotic
submersed aquatics in lakes; shorter
hydroperiods in wetlands; expansion of
weedy grassland species

Manage forests for reduced water stress;
Use fire to reduce dominance by weedy
grassland species; Monitor changes in
community composition to detect species’
declines

Mississippi Blufflands Steep, highly dissected topography once
supported hardwood forests on north slopes
and oak savannas and prairies on hilltops
and south slopes, with riverbottom forests,
oak woodlands and prairies in the valleys.
Today, small prairie remnants and second
growth oak forests are embedded within a
predominantly agricultural landscape. A
large state forest and National Wildlife
Refuge are the most significant protected
areas in this region

Increased tree mortality from drought,
pests, disturbance; reduced groundwater
flow to calcareous fens

Protect potential refugial habitats; manage
forests for reduced water stress; Prohibit
groundwater withdrawals in recharge areas
of calcareous fens

Northern Superior Uplands Red and white pine forests and boreal
forests of jack pine and black spruce, have
mostly been replaced by second-growth
commercial forests with aspen, spruce and
balsam fir mixtures. Glacially scoured
bedrock terrain, often rugged and with
numerous lakes. Protected areas include
BWCA Wilderness, Voyageur’s National
Park, Superior National Forest

Increase in large-scale tree-mortality;
reduced regeneration from increased deer
herbivory; loss of boreal forests

Minimize deer herbivory in white cedar and
pine forests; Protect potential refugial
habitats; Monitor community changes to
detect species’ declines; Facilitate transition
from forests to grasslands (rather than
invasive species) on shallow and sandy soils

Southwestern Prairie Bisected by the Minnesota River valley, this
landscape was once a mosaic of tallgrass
prairie and emergent wetlands. More than
90% is now drained agricultural land. Many
small wildlife management areas comprise
most of the protected areas network in this
region

Increased exotic invasions in small
protected areas; loss of rare wet-prairie
species; reduced extent of wet prairies and
meadows; shorter hydroperiods in
wetlands; brackish and alkaline conditions
increase in wetlands; reduced groundwater
flow to calcareous fens

Restore agricultural lands to expand small
reserves using facilitation practices;
Intensify invasive species removal; Prohibit
agricultural drainage improvements in
vicinity of protected wetlands; Prohibit
groundwater withdrawals in recharge areas
of calcareous fens

Western Superior Uplands Second-growth commercial oak woodlands
and hardwood forests on non-calcareous
glacial tills, ranging from clayey to sandy.
Protected areas with high-quality vegetation
are of minor extent, although several large
state parks and wildlife areas are in this
region

Increased tree mortality from drought,
pests, disturbances; shorter hydroperiods in
wetlands, influx of exotic submersed
aquatics in lake.

Facilitate transition from forests to
grasslands (rather than invasive species) on
shallow and sandy soils; Facilitate
expansion of oaks on loamy soils; Manage
forests for reduced water stress: Prohibit
drainage improvements in vicinity of
protected wetlands; Intensify invasive
species removal
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4. Adaptation options

To address the most significant impacts anticipated for each
landscape region, we describe adaptation actions intended to resist
climate change, promote resilience to change, or facilitate change
(Table 3). As part of a scenario planning process, regional partici-
pants would build a set of scenarios that link alternative futures
to logical sets of these actions, in a way that is consistent with
the reality of both the ecological and socioeconomics of the region
(Peterson et al., 2003; Brooke, 2008).

4.1. Resistance strategies

As Millar et al. (2007) noted, resisting climate change is akin to
paddling upstream. Resistance actions, i.e., those that oppose
changes associated with a shifting climate, will be most useful
for overcoming small magnitudes of climate change and, under
greater climate change, to save native species for the short
term—perhaps a few decades—until other adaptation options are
found. Strategies might include increasing water supply, reducing
herbivory and invasive species abundance, and fighting insect
and disease outbreaks that can overwhelm native plant communi-
ties under stress. In some cases, disturbance frequency can be
manipulated to help certain plant communities persist as relicts.

Management actions that promote regeneration may increase
persistence of existing plant communities by decades or more.
Reducing the impacts of woody plant herbivory by white-tailed
deer should be considered a key resistance strategy in forested sys-
tems. Deer reduce establishment, growth, and, therefore, seed pro-
duction of many woody and herbaceous species in forests (Ruhren
and Handel, 2003; Côté et al., 2004) and prairies (Spotswood et al.,
2002). Strategically-located deer exclosures and intensive hunting
zones may be critical for certain rare plant species and communi-
ties (for example Canadian yew (Taxus canadensis) and white cedar
forests), thus preserving them until other strategies such as as-
sisted migration can take place.

To maintain the current composition of native communities,
intensive vegetation management will be required as rates of inva-
sion increase with species from southern regions migrating north-
ward in response to warmer climates. Thus, resistance strategies
could logically include broadening our scope of potential ‘‘invad-
ers” and removing incoming migrants as they arrive. For example,
removing encroaching non-calciphytic vegetation in fens will be
required to maintain species composition as groundwater recharge
declines. Species with the capacity for rapid response to climate
change will be perceived as management problems and potentially
possess traits normally considered invasive. Increased surveillance
of already-present diseases, insect pests and exotic plants will also
be required, with increase in efforts towards control or eradication.
Control of exotic submersed aquatic vegetation will likely be an
increasing management concern in lakes; longer ice-free condi-
tions and warmer conditions will increase productivity of extant
species and spread of invasive exotics species from the south
(Grace and Tilly, 1976; Haag, 1983; Anderson et al., 1996; Magnu-
son et al., 1997). Statewide surveillance and management pro-
grams should anticipate that biological inertia will vary among
ecosystems; some, especially forests, could resist invasion by
southern and invasive species for decades or more than a century
(Von Holle et al., 2003), whereas others will have only short lags
in response to climate change.

Management that mitigates drought stress may also be neces-
sary to prolong the lifespan of existing plant communities. For
example, agricultural and urban drainage projects need to be
more-critically evaluated to prevent lowering the water tables of
remaining wetlands, and existing drainage systems may need to
be modified so wetlands and wet prairies have improved water

supply. In terrestrial ecosystems, well-watered vegetation can re-
sist the effects of heat and, most importantly, manufacture second-
ary defensive compounds that help resist insects and disease that
attack plants under stress. Thinned forest stands will be more
resistant to drought because of reduced ecosystem demand for
water, and the remaining trees will face less competition for water
(Millar et al., 2007).

Fire management can be used to help certain plant communi-
ties persist as relicts for a time in a warming climate. For example,
fire control could allow mesic forests of maple and oak to persist in
climates somewhat warmer and drier than those historically occu-
pied. Due to Minnesota’s location on the prairie-forest border, it is
expected that fires will lead to rapid conversion of forests to grass-
land vegetation types in a warming climate. On the other hand, use
of frequent fire could help keep out invasive species in prairies
(Pauly, 1997).

4.2. Resilience strategies

Adaptation options that maintain or restore an ecosystem’s
resilience are widely recommended responses to climate change,
although how to promote gradual change while aiming for post-
disturbance recovery to a prior condition may be difficult to recon-
cile ‘‘on-the-ground” (Dale et al., 2001; Price and Neville, 2003;
Spittlehouse and Stewart, 2003; Millar et al., 2007). Managing eco-
systems so disturbances do not trigger a shift to a stable state of a
few invasive species is clearly critical, given anticipated lags in
adaptation or migration of many plant species. An abrupt shift to
an invasives-dominated state can arise following a disturbance
when a latent seedbank of invasives is present, when stressors fa-
vor establishment of the invaders over indigenous species, or when
the disturbance itself undermines the capacity of the indigenous
community to regenerate. High proportions of the protected areas
network in the western and southern parts of Minnesota are likely
to be especially vulnerable to climate change impacts because they
receive high propagule loads of invasive species or are surrounded
by agricultural land.

The importance of buffers for reserves is not a new idea, but a
response to climate change in fragmented landscape regions needs
to more-highly prioritize systematic planning of buffers for pro-
tected areas based on maximizing resilience. Buffering protected
areas will often necessitate restoration, but the goal may not al-
ways need to be revegetation of high-diversity natural communi-
ties; in some cases buffer protection can focus on reducing
specific impacts. For example, in the vicinity of high-quality wet-
lands, drainage ‘‘improvements” that lower water tables should
be curtailed or reversed to minimize problems associated with cli-
mate-triggered water stress. Ecosystems in relatively intact land-
scapes currently may have sufficient resilience but land and
water use policies should be conservatively implemented in these
regions as well, to avert resilience loss.

In highly converted landscape regions, many reserves may not
have adequate environmental heterogeneity for plant and animal
populations to escape or recover from increasing episodes of
drought and heat expected with climate change. These reserves
should be enlarged so they contain more physiographic diversity.
Statewide, locations that are cooler and wetter, such as north-fac-
ing slopes and depressions, are likely climate refuges. However, we
know relatively little about the degree to which topographical fea-
tures will be able to provide refuges for species because nearly all
climate observations are made on sites with low relief. In aquatic
ecosystems, refuges will often be tied to specific hydrologic set-
tings. For example, floating bogs, which form as shelves extending
into lakes, could potentially serve as refuges because they will be
less affected by water level declines than other kinds of peatlands.
Relict floating Sphagnum bogs (poor fens) are scattered throughout
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southern Minnesota and even into northern Iowa (Grant and
Thorne, 1955).

Vegetation management within reserves will also be crucial for
maintaining resilience. In forests, multi-aged and multi-species
stands will be more resilient to change because there will be with-
in-stand variability in resistance to wind (within and across spe-
cies), and more species will be available to fill niches for those
lost to drought and insect mortality (Rich et al., 2007). Northern
and mesic tree species can be allowed to contract their niche, so
that species adapted to warmer and drier conditions can expand.
Prescribed fire can be used to allow episodes of natural selection
and recruitment among small seedlings as the climate warms.
Selection at the seedling stage is very intense in tree species, allow-
ing relatively fast adaptation in terms of generation times (Davis
et al., 2005); thus increasing reproduction opportunities during a
warming climate could help tree species adapt to climate change.
The minimum age of reproduction is a limiting factor as to how
much selection and adaptation could occur over the next several
decades.

For both prairies and forests, disturbance prescriptions, such as
controlled fires and floods, will need to be shifted over time in
accordance with new climate realities (Ryan, 1991). For sites that
have analog communities, knowledge of these communities may
be critical for guiding management prescriptions.

4.3. Facilitation strategies

Shifting from a conservation practice paradigm centered on
resistance and resilience to one focused on facilitation and resil-
ience will be necessary to avoid unsustainable land management
expectations and, consequently, serious losses in biodiversity
when these expectations cannot be met or are no longer effective.
Facilitation actions could ‘‘mimic, assist, or enable ongoing natural
adaptive processes such as species dispersal and migration, popu-
lation mortality and colonization, changes in species dominances
and community composition, and changing disturbance regimes”
(Millar et al., 2007). The high level of fragmentation in southern
Minnesota and southward into Iowa means that many immigrating
colonists may not accomplish range shifts without assistance if
they cannot adapt in place. Landscape corridors, often touted as a
way to foster range shifts, are unlikely to be an effective strategy
for much of Minnesota given the amount of acquisition and resto-
ration required to create corridors through agricultural landscapes
and the low probability that many plant species will jump to these
corridors and move at a rate that keeps pace with climate change.

Assisted colonization (also called assisted migration) has be-
come a contentious conservation issue because of ecological uncer-
tainty and perceived risks (McLachlan et al., 2007). However, both
risks and uncertainty are likely to be low when facilitating gradual
shifts of common species (Hunter, 2007, in part). Making relatively
minor changes to ecosystem restoration practice should be one
straightforward way to facilitate transitions for these species. To
avoid creating relict communities at the onset of restorations,
seeds rather than plants should be relied on for revegetation
(Young, 2007). Germination and seedling establishment are often
the most sensitive life stages to environmental cues, so seeding al-
lows prevailing conditions to filter species composition. Seeding
prairie restorations (but not forests and wetlands) in Minnesota
is already the norm and is supported by a well-developed network
of native seed producers and restoration nurseries. Seed mixes for
climate change facilitation need to have broader seed zones than
are currently recommended (which can be as restrictive as setting
zones to be within 30 km of projects). Drawing propagules from
sources in the geographic direction of projected climate shifts
and including many propagule sources to maximize genetic diver-
sity will help ensure greater adaptability to a variable climate (Mil-

lar et al., 2007). Mixes should include some species from climates
expected in the near future (sensu ‘‘ecological blueprint concept”,
Frelich and Puettmann, 1999).

Restorations for wildlife habitat, legally-required mitigation,
and expanding protected areas should provide significant facilita-
tion opportunities for common species in Minnesota, without rely-
ing on remnant/relict natural ecosystems to serve as recipient
sites. However, following large-scale forest mortality, natural com-
munities may require species augmentation, if regeneration of the
prior community fails. Overseeding these sites with mixes includ-
ing species from adjacent, warmer locales may be an effective
adaptation action that will reduce the likelihood that invasive spe-
cies will dominate in these protected areas.

Facilitating climate transitions will undoubtedly be a less cer-
tain practice for uncommon species or even subdominant species
(such as forest understory forbs) that may have specific habitat
requirements, poor dispersal and regeneration capacity, or few
and small populations. The biology of these species is often poorly
understood and propagation practices undeveloped. Nonetheless,
assisted colonizations will likely need to be attempted; species
with small ranges/distributions generally face greater risk of
extinction as a result of climate change (Schwartz et al., 2006). A
system for monitoring candidates for assisted colonization is par-
ticularly important for species with narrow ranges that could expe-
rience fundamental habitat changes because of climate change,
e.g., those restricted to calcareous fens, ombrotrophic bogs, and
at the ‘‘trailing edge” of freshwater habitats in Minnesota. Species
of special conservation importance from these wetlands may need
to be translocated to less impacted sites when chemical changes
(i.e., calcium, acidity, alkalinity) become unsuitable. Monitoring
‘‘trailing edge” populations of all rare/threatened species (e.g., Les-
pedeza leptostachya, P. praeclara) needs to be a conservation priority
so if populations begin to decline, plans for assisted colonization
can be implemented for these species along with associates, such
as specialized pollinators (e.g., hawkmoths for P. praeclara, Sheviak
and Bowles, 1986) and seed dispersers (e.g., ants for forest spring
ephemerals). As with common species, introduced populations of
rarer species should attempt to maximize genetic diversity by rely-
ing on multiple donor sites. In addition, assisted colonization pro-
jects should be conducted in multiple years, bet-hedging against
years with unfavorable conditions for establishment.

5. Adopting climate change adaptation conservation practices

In conclusion, there are limitations on the magnitude of climate
change for which each of the three strategies discussed in this pa-
per will be helpful. In general, resistance, resilience and facilitation
strategies will allow adaptation to small, medium and large magni-
tudes of expected climate change, respectively. It may be necessary
to switch from one strategy to another as the climate continues to
warm. Local expertise at the ecoregional scale will be necessary to
match the appropriate strategies with the expected responses of
the species present given the predicted rate and magnitude of cli-
mate change. Local knowledge of the physiography of the land-
scape also comes into play. For example, on a flat landscape
there may be no refuges from a given magnitude of climate change,
triggering a facilitation strategy such as assisted migration. On the
other hand, a hilly landscape may provide refuges for some species
on north slopes with cooler temperatures, and a facilitation strat-
egy may not be triggered until a larger magnitude of climate
change occurs.

Coupling monitoring to decision-making, i.e., adaptive manage-
ment, should be central to scenario plans developed for biodiver-
sity conservation. Explicitly considering the information needed
to assess whether strategies are proving effective or need to be
shifted should drive a serious commitment to biological monitor-
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ing. The uncertainties associated with climate change cannot be
surmounted a priori; the only rationale approach to adaptation will
be based on contemporaneous information. Major institutional
development and reform in environmental agencies and organiza-
tions will almost universally be needed to ensure reliable data is
collected, analyzed and used as part of iterative decision-making.
As importantly, planning and monitoring cannot be constrained
by political boundaries (e.g., states) – there must be coordination
across broad geographic areas, as indicated by current projections
of climate analogs. The aggregated challenges posed by climate
change to biodiversity conservation will hopefully spur, not stall,
meaningful adaptation planning.
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Thanks John!

I'm working through your comments (and others), and I have a couple questions.

You commented that "...the best lynx habitat in the state [in the Wyoming Range] is actually outside national
parks and has been highly impacted by natural and anthropogenic disturbance (fire, timber manipulation, proposed
energy development, conflicting wildlife management priorities)." 

I'm wondering if you can point me toward any papers, reports, or other information documenting and/or quantifying
the sources and amounts or proportion of such impacts to what is considered higher quality lynx/hare habitats,
particularly in the Wyoming Range.  Is there any documentation of the timing and amount of logging that occurred
in potential lynx/hare habitats and whether those impacts resulted in temporary or permanent loss of lynx habitat? 
What about the other anthropogenic factors you mentioned - how might they have impacted/ diminished lynx
habitats in the Wyoming Range, and to what extent?  Also, I'm not sure how proposed energy development may
have highly impacted lynx habitat; can you clarify that for me?

Van Fleet et al. 2006 (p. 49) added that "The continued alteration of habitat, especially in the Wyoming Range, has
significantly reduced the amount of available habitat and has complicated lynx conservation efforts in Wyoming.
The little remaining lynx habitat in Wyoming is quite restrictive and disjunct with little to no potential existing in
protected Wilderness Areas." 

I'm particularly interested in what data/info Van Fleet et al. may have relied on to conclude that habitat had been
significantly reduced; what caused so little to remain? I've also asked Susan Patla if she is aware of what
information they used.

Appreciate any supporting info you can provide.

Thanks,

Jim

On Thu, Mar 2, 2017 at 7:05 AM, Squires, John -FS <jsquires@fs.fed.us> wrote:

Hi Jim,

Just wanted you to know that I sent my peer-review of the SSA directly to the consultants
that requested the review.  Regards, John

 

John Squires, PhD 
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Forest Service

Rocky Mountain Research Station

p: 406-542-4164 
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and delete the email immediately.
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The Draft Species Status Assessment for Canada Lynx, Version 1.0 is a commendable and 
comprehensive effort by the Lynx SSA Team to compile the relevant biological and climate-
related information relevant to  assessing the historical and current framework, status, 
conservation challenges, and current conditions for maintaining and conserving the Contiguous 
United States Distinct Population Segment (DPS) of Canada Lynx.  The SSA Team has also made 
a credible effort to assess potential future conditions for each of the 6 resident populations 
within the DPS based on their interpretations and those of other experts.  Despite my overall 
positive impressions of this extensive assessment, I have provided numerous comments 
(numbered below) that address either inconsistencies in interpretations, inappropriate 
generalizations, tenuous assumptions, and/or oversights of available information that may be 
relevant to future revisions of the Draft SSA document, and which may influence subsequent 
interpretations and decisions by USFWS based on the Final Lynx SSA.  My comments are 
concentrated on the Maine population given my familiarity with that system and my research 
experiences there.  I do; however, provide several comments that are relevant across the DPS 
or within other populations of lynx within the DPS.  I cite references that already occur in the 
report in black and new references that are not included in the Draft SSA in red.   References in 
red are provide in a Literature Cited section at the conclusion of this review.  My most 
substantial comments are summarized by number and are presented below: 

***************************************************************************** 

1)  The report is based on the broad generalization (e.g., p.6, par. 1, lines 1-2) that “lynx are naturally 
less abundant and more patchily distributed within the DPS than in the core of the species’ range in 
Canada and Alaska.”  This is clearly an issue of both spatial and temporal scale and invokes the broad 
generalization that lynx are neither viable nor sustainable within the DPS.  Lynx densities are naturally 
patchy and densities are uneven (during both highs and lows of hare abundances) across the landscapes 
of interior Canada and Alaska.   Lynx are most abundant in landscapes 10-40 years after large fires, are 
absent from large expanses of treeless high-elevation landscapes, and decline to precipitously low 
densities during the low in the hare cycle within the core of the species’ range.   Previous studies in 
Canada have focused on Canada lynx within areas that were largely contiguous and deemed suitable, 
which does not reflect this natural variation at the larger scale and may provide unrealistic benchmarks.  

 In fact, within suitable landscapes, both densities of lynx (Vashon et al. 2012) and densities of snowshoe 
hares within habitats preferred by lynx and hares appear to have remained higher in northern Maine 
during both a period of high hare density (2001-2005), during a year of transition (2007), and during a 
period of relatively lower hare densities (2008-2015) compared to what is typically observed during the 
nadir of the hare-lynx cycle in Canada (Harrison et al. 2016).   Further, lynx typically expand home 
ranges, abandon territories, and emigrate from areas of prior residency during the nadir of the hare 
cycle within the core of the range; however, no significant changes in landscape-scale resource 
selection, home range area, or evidence of territoriality was observed in lynx between period of relative 
high (though typically lower than peak in core range) hare densities in Maine, or during periods of 
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relatively lower hare densities in Maine (Mallett 2014). In fact, mean hare densities in preferred habitat 
during the lower hare density period in Maine (0.86 hares/ha from 2008-2015; Harrison et al. 2016) 
were about 8-fold higher than hare densities during the nadir in many areas of the core range in Canada.  

 Thus, the Draft SSA overlooks the possibility that populations may be less variable and have exhibited 
long-term sustainability, coupled with less dramatic temporal  fluctuations in density, survival and 
recruitment within Maine, and perhaps Minnesota, compared to populations within the core range.  
Although the finite rate of population change is lower in Maine during period of high hare density than 
observed in the core range, the rate of growth was positive and remained high for at least 6 years (and 
hares were likely high for at least 10 consecutive years based on additional unpublished information; 
and see snow track surveys for hare in Hoving 2001).  Although very limited evidence for reduced 
reproductive rates (number of litters observed was very low) weakly suggests a potential annual decline 
in lynx during periods of relative hare lows in Maine, the rate of decline is much slower than typical in 
populations in the core range where hare densities may plummet 25-fold (versus declining to levels of 
approximately 40% of peak densities during the hare low in Maine).  Thus, the possibility that a lack of 
10-year cycles in lynx at the southern limit of their distribution means that the populations are not 
sustainable without inputs from Canada is a tenuous inference and ignores the point that average long-
term finite growth rate could be positive in places with non-cyclic or dampened fluctuations with 
increased periodicity.  In fact, the geographic distribution of lynx throughout Maine has been 
remarkably  consistent from the mid 1800’s to present (Hoving et al. 2003), and harvestable populations 
have remained sustainable in the demographically isolated populations in the Gaspe’ region of Quebec 
south of the St. Lawrence River and contiguous with Maine since the matrix fracture caused by the 
formation of the St. Lawrence Seaway (daily ice breakage since  the 1950’s).  This suggests high 
resiliency of this population and argues that Maine is not an island in the meta-population sense and is 
part of a persistent population across the mixed transitional forests of Maine, southern Quebec, and 
New Brunswick and spanning nearly 30 million acres of habitat that is contiguous and demographically 
isolated from other lynx populations.  The population dynamics of this large population in Maine may 
differ from populations in north-western Canada and Alasak, but may be sustainable and may contribute 
dispersers to Canada.  This clearly violates the general assumption (page 7, final bullet at bottom) of the 
Draft SSA which states that:  “We assume that lynx exhibit a “mainland-island” metapopulation 
structure in which the DPS populations function as “islands” that receive periodic input from “mainland” 
Canada populations.”    This “mainland-island” metapopulation structure is critical to the biological 
assessments throughout the Draft SSA and does not appear relevant to the contiguous populations in 
Maine, and also does not likely apply in Minnesota.    The application of the metapopulation concept 
may or may not apply in Montana (depending on subpopulation), and seems most relevant to the 
populations in Washington, the GYE, and western Colorado.  Applying this concept across the entire DPS 
does not seem appropriate.  

2)  Closely related to comment #1, this comment focuses on the tendency of the Draft SSA to broadly 
generalize across the 6 populations in the DPS despite that some populations are geographically, 
ecologically, demographically, and genetically more similar to contiguous core populations in Canada, 
and which may have much less commonality with other geographically isolated populations within the 
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DPS that are separated by hundreds and thousands of miles.  The first bulleted assumption on page 7 is 
an example: “We assume that , in general, habitat quality, hare densities, and lynx numbers are 
naturally lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, including 
the DPS, than in the core of the species range in Canada and Alaska. “   This assumption is important 
throughout the assessment and ignores that landscape hare densities are substantially much lower in 
western Colorado, GYE, and north-central Washington, which are also demographically isolated from 
core populations, compared to across northern Maine and some areas of north-eastern Minnesota 
where landscape hare densities are higher and habitat is contiguous with core populations of lynx.    
Habitats in western populations within the DPA are also naturally more fragmented with extensive areas 
that are completely absent of hares.  This is in substantial contrast to northern Maine where landscape 
hare densities are higher and where hares occur at varying densities, but are continuously distributed 
across a variety of habitats across the larger 10 million acre landscape (with the exception of water 
bodies), which is also contiguous with another 20 million acres in maritime provinces of eastern Canada 
where no significant geographic barriers to lynx or hares exist. 

The assumption that lynx numbers are lower in the DPS is also tenuous.  In Maine, lynx and hares are 
likely more numerous during the hare low than during the nadir of the cycle in the north, and likely 
maintain a longer period of positive growth rate during the longer periods of relatively higher hare 
abundance (albeit with lower maximum rates of increase than experienced during the cyclic highs in the 
north).  Thus, the dynamics may be fundamentally different and dampened cycles with longer 
periodicity may not indicate that a large U.S. population that is contiguous and part of a larger 
contiguous population in Canada is non-sustainable without supplementation from Canada.   

I acknowledge that the erosion of hare and lynx population cycles in western Canada could contribute to 
endangerment of smaller and isolated populations of lynx that could depend on immigration pulses 
from Canada, but that is a different source-sink process that likely does not apply to the contiguous 
populations in Maine and Minnesota and would seem to be more relevant to the smaller, more isolated 
populations in Washington, GYE, and Colorado (and perhaps to smaller sub-populations in Montana?). 

 The other general assumption that population processes in the DPS are more similar to northerly 
populations at the low in hare numbers is universally inaccurate across the population within the DPS.  
We know that finite rates of population change for lynx are well below 1.0 (rapid decline phase) starting 
1-year following the decline phase of hares within the core range.  This is in complete contrast to the 
positive rate of increase in one subpopulation in Montana across several years, and the positive growth 
rate across several years of relatively high but stable hare densities in Maine. Further, the slightly 
decreasing values for Maine during the relative hare low were based on an exceptionally small sample of 
reproductive-aged females (n~5 , and surely had a confidence-level on lamda spanning 1.0). This also 
coincided with a period of range expansion by lynx in Maine, and the estimated finite range of change 
during the relative hare low in Maine was much closer to one (despite high uncertainty with that 
estimate) than has been reported for lynx during the decline phase in the core  of their range at the 
nadir of the cycle.  This is not surprising given that hare numbers during the low in Maine are ~ 8-fold 
higher than in the core range.  In summary, this general assumption is inconsistent with other 
information presented in the Draft SSA and is not universally applicable across the different populations 
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in the DPS.  Again, the assumption seems more relevant to the western populations of the DPS (e.g.,  
Washington, GYE, Colorado) where hare habitat is patchier and where landscape densities of hares are 
generally lower than in Maine and Minnesota (and perhaps in some subpopulations in Montana?). 

3) The final general assumption that is bulleted on page 8 seems unsupported and could greatly affect 
the future status of lynx.  The assumption that current levels of conservation for lynx would continue 
without protections under the ESA is completely unrealistic.  First, federal agencies (primarily USFS and 
BLM) did not prioritize lynx conservation prior to federal listing as a U.S. Threatened species, and would 
not be required to do so beginning 5 years after lynx are delisted.  Lynx habitat must be managed for 
consistently across the time span of forest succession (i.e., many decades) and involves significant 
economic and ecological tradeoffs that would likely be compromised without ESA listing.   In fact, there 
has not been a credible assessment to date of the efficacy of recent efforts to prioritize lynx 
conservation on federal lands within the DPS.  It seems inadvisable to change what USFA and BLM have 
planned to accomplish before evaluating whether the current efforts are working or require 
modification/enhancements. 

On private lands, forest (i.e., green) certification is growing and is a major force in the marketplace. 
Certification criteria are evolving and increasingly acknowledge the need for landscape-scale habitat 
conservation.  Certification is linked to efforts to conserve threatened and endangered species, thus 
delisting could eliminate the growing potential for lynx conservation on private forestlands, particularly  
in Maine and Minnesota. 

The current Maine Forest Practices Act, as well as 3 public referendums in Maine to ban clearcutting 
were results of ecological and aesthetic concerns by the public.  These factors greatly affect the future 
prognosis for lynx habitat supply and configuration for the largest U.S. population of lynx.  The policies 
are evolving and at least one large landowner (with >1 million acres in Maine and millions of acres in 
New Brunswick) has received variances to allow large-scale clearcutting to achieve outcome-based 
forestry results to promote lynx and hare habitat.   Future opportunities to modify policies to benefit 
lynx conservation on private lands would be severely compromised if lynx were to be de-listed.   

Other federal programs have enhanced lynx habitat on private lands. For example, the Healthy Forest 
Reserve Program funded through USDA resulted in > 180,000 acres of forestland acquired by a 
conservation organization being managed primarily for marten and lynx conservation within a working 
forest framework balanced by appropriately-placed ecological reserves.   Funding was motivated by the 
ESA listing for lynx.  Federal funding for planning and implementation was central to the project and 
similar efforts would likely not exist in the future absent listing of lynx under ESA. 

Additionally, the frequent incidental take of lynx is documented in numerous places within the Draft 
SSA, yet there has been no modeling or simulations presented to address the potential effect of 
incidental harvests on small and marginal lynx populations within the DPS.  The numbers reported in the 
Draft SSA also assume complete reporting of illegally, accidentally, and bycatches of lynx, which is 
unlikely.  In recent decades, as many as 8,000 martens, >2,500 fishers, >4,000 red foxes, hundreds of 
bobcats, and thousands of coyotes have been legally harvested during a single year in Maine.  Lynx are 
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vulnerable to incidental capture in a wide variety of sets and traps that are targeting other furbearers.  
Road densities throughout much of the lynx critical habitat in Maine exceeds 1.5 km/km2, thus nearly all 
individual lynx are exposed to potential trapping and illegal shooting.  Historically, up to 400 lynx pelts 
were sold during a single season in Maine.  Additionally, government endorsed programs to control 
coyotes and/or wolves occur in many western states and in Maine, and may provide risks to lynx.    Lynx 
harvested in the U.S. can be sold illegally in Canada and may be targeted by poachers.   Additionally, fur 
markets cycle widely and shifts in fashion could elevate fur prices and could increase risk by altering 
trapping effort.  Although it is unreasonable to assume that direct human-induced mortality of lynx 
affects resiliency, it is also unreasonable to assume that it does not currently affect resiliency and that it 
may not act synergistically with habitat loss, fragmentation, and climate change in the future.  Further, it 
may be more difficult for state wildlife agencies to effectively conserve lynx given competing public 
demands (e.g., demands for coyote or wolf trapping/snaring to protect game species and livestock) 
absent protections for lynx under the ESA.  These issues have not been adequately considered or 
evaluated in the Draft SSA. 

Finally, the assumption that conservation for lynx would continue absent protection under the ESA does 
not consider that millions of acres of conservation easements purchased since lynx listing, and which  
restrict development and ensure a continued focus on working forests (with forest succession that 
promotes hare densities).  Such easements have been leveraged and publically funded based on 
perceived conservation benefits and using lynx and other listed species of concern as flagships for 
conservation.  Those benefits are largely dismissed by this assumption and all of the above listed 
considerations are inadequately addressed in the Summary section of the Draft SSA.  

4)  The sections on current and future status of lynx in Maine incorrectly imply that lynx would be absent 
and populations would be non-sustainable without the extensive clearcutting that occurred in the late 
1970’s through 1990.  This seems to ignore that more than 400 lynx were harvested and sold in a single 
year in Maine (annual numbers seemed to fluctuate widely), prior to clearcutting and mechanized 
harvesting.  Further, lynx distribution in Maine has been largely unchanged from the 1850’s to present 
(Hoving et al. 1983). Thus, the regenerating forests following spruce-budworm events, as well as the 
potential for multi-layered old-growth forests to support hare has likely been overlooked in terms of its 
historical significance for promoting lynx populations in eastern transitional forests.  Although I agree 
that clearcutting has resulted in an unnaturally high density of hares within regenerating clearcut forest 
stands, this must be counter-balanced with the current absence of naturally regenerating forest 
following severe budworm mortality, as well as the current absence of old-growth forests with complex 
understories, which likely dominated the historical landscape.  Historically, both of those habitat 
conditions likely supported substantial hare densities and are functionally absent from current 
landscapes.  For all we know, landscape-scale hare densities may have been favorable for lynx for 10-45 
years following budworm events, which would have been the majority of the time assuming a 60-year 
budworm interval.   Old-growth stands with gap-phase dynamics were likely a dominant part of the 
historical landscape matrix and likely supported more snowshoe hare than in mature second- and third-
growth stands, which support about 1/3rd  to 1/7th the hare densities typical of regenerating clearcuts  
(Fuller and Harrison 2005, Harrison et al 2016). 
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5)  The report seems to over-estimate the current and future population status of lynx in western 
Colorado and does not adequately address why lynx were extirpated or absent for Colorado in the past?  
Recent information suggests landscape hare densities are below thresholds required to support lynx 
over the long-term (i.e. more dry-conifer forests due to lower latitude), and that recent observations on 
reproductive rates suggest that those rates are insufficient to support positive population growth.  
Further the population is the most southerly and isolated of all lynx populations in the DPS.  Thus I am 
questioning how mid-century persistence of 50-85% and end of century persistence of up to 70% 
(median 50%) can be realistic.  It seems that this decision is largely driven by the high elevation and 
better long-term prognosis for snow and ignores the more critical short- and long-term issue of 
inadequate prey base.  The presence of a potentially significant disease (plague) and high bobcat and 
cougar populations that may expand their winter ranges upslope also seem to have been minimized in 
this assessment?  In my professional judgement, this unnatural (likely), recently established, and 
marginally viable (at extreme southern range limit for hares) population should be deemed 
experimental and should not be a high priority for ESA protection (similar to the approach of the Draft 
SSA with the GYE).  As written, the Draft SSA would seem to place the western Colorado population at 
higher priority for future conservation than other long-established populations based solely on the 
criterion of future projected snow conditions (which lack certainty), while minimizing the historical and 
current potential to provide for a sustainable population . 

6)  Throughout the document, interference competition via aggressive interactions and/or predation by 
mountain lions and particularly by bobcats is mentioned as a major factor affecting current and future 
habitat suitability. Deep, fluffy, persistent snow is stated to provide a refugium for lynx resulting from 
their lower foot-loading.  I agree with this, but in my assessment the Lynx SSA Team has overlooked the 
importance of limb length (see Krohn et al. 2004) and exploitation competition from other predators of 
hares.  Fisher was mentioned as a potential predator of lynx, but not as competitors for food.  Further, 
the fisher has similar foot loading, but much shorter limb lengths than lynx and must resort to an 
energetically costly bounding pattern in deep snow.  Further, Krohn et al. (1995, 2004) provided strong 
evidence that the geographic range and density of fisher is limited by deep snow .   Near the northern 
extent of their geographic range, fisher prey extensively on snowshoe hare during winter, and 
particularly in areas near the northern extent of their geographic range.  Additionally, red fox have both 
higher foot load and shorter limbs than lynx (Krohn et al. 2004) and prey extensively on snowshoe hare 
during winter in boreal and transitional environments .  For example, Major and Sherburne (1987) 
documented that hares occurred in >60% of red fox scats during all seasons except summer within the 
current boundaries of lynx critical habitat in Maine.  Further, that study documented that hare remains 
occurred in >60% of coyote scats during summer and autumn (i.e., when snow was not limiting), and in 
> 60% of bobcat scats during autumn and winter.  Additional evidence that coyote and bobcats compete 
and feed extensively on hares near their interface with the geographic range with lynx in Maine is 
provided by Litvaitis and Harrison (1989). Further, Olson (2015) documented diets of lynx in Maine 
during both summer and winter and during periods of relative high and low hare density. and confirmed 
that lynx were specialists on hares in that largest population within the DPS.  Finally, O”Donoghue et al. 
(1997, 1998) documented both behavioral and functional responses of coyotes and lynx that could 
result in exploitation competition between those carnivores in Yukon, Canada.  In summary, the 
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evidence for combined competitive effects from a variety of mammalian carnivores, which are more 
snow-restricted than lynx,  is more convincing and ecologically relevant than is stated in the Draft SSA.  
Further, those effects may be more pronounced in the 2 eastern populations where elevational 
partitioning among lynx, fisher, coyote, bobcat and red fox is less likely and where potential for home 
range sympatry is greater.   This also has obvious implications given climate change and changing snow 
conditions throughout the DPS, which are extremely well summarized and presented in the Draft SSA. 

********************************************************************************** 

More Specific Comments Referenced to Particular Text: 

More specific comments are summarized below with the reference to page/paragraph on page/and 
line(s) within paragraph: 

9/2/22: What is the benchmark for determining when resiliency is “adequate”?  This seems vague and 
warrants justification. 

9/3/10-12:  What is a large geographic area –this seems arbitrary.  Lynx have been lost from Garnett 
Mountains, Kettle Mountains, GYE, and Colorado (perhaps?) in the past 100 years.  It is debatable 
whether this is a “significant” reduction in redundancy?  

10/1/entire:  IBID previous comment.  Are these losses of subpopulations a “significant” loss of 
representation?  This seems a bit arbitrary?  It is uncertain how much “winking off” is natural from a 
meta-population sense, but in at least one case (Kettle Mountains) it appears that human induced 
mortality may have played a role. 

10/2/4:  Forest management may not always be adverse and there could be incentives via subsidies, 
policy changes and certification requirements that could result in favorable forest management for lynx 
on private lands (e.g., clearcutting in a shifting mosaic, herbicide to reduce competing hardwoods after 
clearcutting).  Leveraging and funding such efforts would be more difficult if lynx were to be de-listed.  
Available information for 4.1 million acres of lynx critical habitat in Maine suggests that conifer forest is 
declining and hardwood forest is increasing as a result of past forest harvesting practices (Legaard et al. 
2015). 

11/1/entire:  The assumption that populations will be extirpated from 3 of 5 units represents excessive 
speculation and ignores the high uncertainty and many assumptions associated with that expectation.  I 
agree that the climate change projections, despite uncertainty, suggest increasing challenges for lynx 
conservation in all geographic units.  Populations without topographic relief could be at high risk. 
Additionally, if lynx retreat to higher elevations in western populations their distributions could become 
even more fragmented within naturally fragmented landscapes.  Again, the conclusion that extirpation is 
inevitable in 3 of 5 units implies a level of certainty that is unwarranted given the many interacting 
uncertainties. 
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11/3/entire:  Although I agree with the conclusions about genetic representation, the genetic 
structuring, particularly in western mountain ranges and south of the St. Lawrence River suggest that 
demographic isolation could be a concern and could affect future resiliency and redundancy.  Fewer 
population exchanges are needed to maintain genetic representation than are needed to maintain 
population viability in declining populations dependent on demographic exchange with neighboring 
populations. 

11/2/8-11:  IBID comment on 11/1/entire.  I am fine with this paragraph if the last sentence is omitted -  
“more likely than not…”  is vague, debatable, and that wording is compromised by extreme uncertainty.   

14/3/2:  How is “persistent” defined?  More clarity and justification is needed.  Why is the recently 
established population in Colorado where there seems to be a lack of sound evidence for a historic 
sustained population, and that region is dominated by hare densities below landscape thresholds 
required by lynx.  Additionally, observed reproductive success seems marginal, yet this previously 
extinct  population is still be considered as “persistent”?  The premise that populations in GYE are 
“persistent” also seems contradictory to other evidence presented in the Draft SSA. 

16/2/1-7:  References to support the underlying principles behind the “3 R’s” concept are needed to 
strengthen justification for this approach (which I strongly support). 

20/2/1-2:  This sentence could be interpreted to imply an intended outcome by FWS.  Regardless, if de-
listing is a potential future, then the potential effects on lynx conservation need to be much more 
rigorously considered and evaluated throughout the document.  The consideration of this potential 
outcome is very uneven across the 6 populations discussed under Chapter 5: Future Conditions.  In most 
cases, it is implied that things will stay status quo with de-listing.  See comment #3 (above) – this is 
closely tied into my concerns regarding the final general assumption that is bulleted on page 8, which 
seems unsupported and could greatly affect the future status of lynx.  

20/2/5-12:  Why is private land not included in this discussion?  See comment #3 (above). 

23/2/6-10:  This statement ignores the results presented in Mallett (2014), which indicate that in a 
population within the DPS with dampened cyclicity of hares, home range areas, spatial overlap, and 2nd 
and 3rd order resource selection by lynx were unchanged across periods of relatively higher and 
relatively lower hare density.  This benchmark study for a southern population suggests that local-scale 
demography may be more stable in southerly populations where hare populations may exhibit less 
temporal variability. 

24/Figure 6:  A potentially significant interaction seems to be missing from this figure.  With declining 
snow, forest management or natural disturbances that increase habitat quality for hares could actually 
lead to numerical and functional responses of fisher, bobcat, coyote, and red fox, as well as avian 
predators that consume a diet with high representation of hares near the current interface with lynx 
critical habitat.  Increased hare habitat combined with less snow could lead to increased competition for 
a limited food resource. See comment #6 (above). 
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25/3/5-9:  Also see Simons-Legaard et al. 2013. 

25/3/entire:  It may be worth mentioning that although lynx select forest landscapes with high 
aggregate amounts of HQHH when choosing home ranges (Hoving et al. 2004, Simons-Legaard et al. 
2013), and often select stands with high hare densities (numerous references are cited but add Vashon 
et al. 2008b and Squires et al. 2010) within their home range, lynx may also select for stands within their 
home range  with intermediate hare densities and where escape cover for hares is compromised (Fuller 
et al. 2007).  Additionally, when foraging in HQHH, lynx alter their movement paths to avoid transitions 
from HQHH to habitats supporting lower hare densities (Fuller and Harrison 2010).  Thus, once 
landscape thresholds for lynx occurrence are reached, interspersion of HQHH with intermediate quality 
hare habitats, as well as travel corridors may be optimal (McKelvey et al. 2000c, Hoving et al. 2004, 
Simons and Legaard et al. 2013).  This change would cast the second part of this paragraph in a much 
more precise spatial context as the various spatial scales are easily confused as presented in the Draft 
SSA. 

26/1/1-5:  Hare densities within lynx critical habitat are also presented in Fuller and Harrison (2005). 

26/1/6-12:  This seems to lack the 2 most recent references on threholds of hares for lynx occurrence –
see Simons-Legaard et al. 2013 (reports threshold of >0.7 hares/ha) and (Simons-Legaard et. al. 2016), 
which depicts distribution of hare habitat meeting landscape thresholds for hares across 4.1 million 
acres of lynx critical habitat circa 2010 and 2022.   

26/2/entire:  Also see Olsen (2015) who reported that lynx in Maine were specialists on hares across 
summer and winter seasons and across period of relatively high and low hare densities in Maine. 

28/1/18-22:  This statement is not supported for all populations within the DPS and contradicts lines 4-6 
of this same paragraph?  This general assumption that population processes in the DPS are more similar 
to northerly populations at the low in hare numbers is universally inaccurate across the populations 
within the DPS.  We know that finite rates of population change for lynx are well below 1.0 (rapid 
decline phase) starting 1-year following the decline phase of hares within the core range.  This is in 
complete contrast to the positive rate of increase in one subpopulation in Montana across several years, 
and the positive growth rate across several years of relatively high but stable hare densities in Maine. 
Further, the slightly decreasing values for Maine during the relative hare low were based on an 
exceptionally small sample of reproductive-aged females (n~5 , and surely had a confidence-level on 
lamda spanning 1.0). This also coincided with a period of range expansion in lynx in Maine, and the 
estimated finite range of change during the relative hare low in Maine was much closer to one (despite 
high uncertainty with that estimate) than has been reported for lynx during the decline phase in the 
core of the range.  This is not surprising given that hare numbers during the low in Maine are ~ 8-fold 
higher than in the core range.  In summary, this general assumption is inconsistent with other 
information presented in the Draft SSA and is not universally applicable across the different populations 
in the DPS.  This general  assumption seems more relevant to the western populations of the DPS ( i.e., 
Washington, GYE, Colorado) where hare habitat is patchier and where landscape densities of hares are 
generally lower than in Maine and Minnesota (and perhaps in some subpopulations in Montana?). 
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28/2/11-14:  This last sentence is poorly written and includes too many hedge words to be meaningful. 

29/b/2:  Why hare “meat”… is there really something special about hare protein for lynx – I would think 
not. 

28/d/entire:  This seems overtly vague.  What does a “low likelihood of encounters” really mean? 

29/1/entire:  This seems to ignore the 1-2 year time lag in lynx response to changing hare densities as 
well as a 2 year lag for birth to reproduction in individual lynx? 

29/2/4-5:  This is a direct contradiction to the positive rate of increase in one subpopulation in Montana 
across several years, and the positive growth rate across several years of relatively high but stable hare 
densities in Maine.  It also ignores the substantial lynx densities cited on 28/1/4-6 in N. Maine during a 
6-year high in hare densities. 

29/2/entire:  This entire paragraph is not supported and all lynx populations in the DPS should not be 
grouped together as the landscape compositions and configurations, distribution of HQHH, and 
demographics are very different.   See numerous comments above about the inappropriateness of the 
broad generalization and assumption that lynx demographics across the DPS are characteristic of 
northern populations during hare lows.  If so, then all populations in the DPS should be in rapid decline 
phase most of the time and would not persist.  Data for most southern populations is in direct contrast 
with this assumption, and the data are particularly contradictory for northern Montana, Minnesota, and 
Maine.  In fact, periods of positive population growth occurred over a much longer period in Maine than 
is typical in northern populations with 10-year cycles. 

30/2/1-5:  Again, the populations across the DPS are being generalized when there is much variability.  
Home ranges in Maine and N-C Washington are relatively smaller, not larger than has been documented 
in areas within core lynx range.  Within the DPS there is 3- to 4-fold variability across populations in 
terms of the mean home range areas within sexes. 

31/2/entire:  This paragraph does not address the historical effect of wolf extirpation and coyote 
colonization or expansion in Maine and Colorado.  Coyotes were historically absent but now occur 
ubiquitously across critical lynx habitat in Maine.  Wolves were present prior to 1900, but have been 
absent since (coyote release?). Those coyotes use hares extensively (Major and Sherburne 1987, 
Litvaitis, J. A. and D.J. Harrison. 1989), and coyotes may also mediate competition between lynx and 
bobcats (Litvaitis, J. A. and D.J. Harrison. 1989), particularly given reported exploitation competition 
between coyotes and bobcats, which both rely more on deer during winter than do lynx (Olsen 2014). 

31/2/10:  This argument focuses solely on foot loading and ignores the effect of limb length, which is 
very important in terms of competition by lynx with red fox and fisher.  See comment #6 (above). 

32/2/entire:  This contradicts page 29 and the general assumption that lynx in the DPS operate 
demographically like populations in the north during cyclic lows.  If so, then the factors contributing to 
positive growth and persistence (as identified in this paragraph) would not exist in the DPS.  This is 
contrary to current naturally occurring populations in 4 populations within the DPS. 
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32/3/entire:  The peripheral island population concept is not relevant to populations in N. Montana, 
Minnesota, and Maine, all of  which occur over large landscapes and are fully contiguous (and part of)  
populations in Canada.  Although the population may be large enough to be sustainable in their own 
right (particularly in Maine), in at least one case there is 10 million acres of habitat that is completely 
contiguous and fully connected with 20 million acres in Canada.  See comment #1 (above) where I 
criticize the application of the island metapopulation concept across all 6 populations in the DPS. 

33/2/entire:  The wide uncertainty around estimates of lamda for the entire population needs to be 
acknowledged, particularly given the small samples of lynx used to estimate recruitment and survival.  
Very likely, the credible confidence bounds on all of the estimated rates of increase span 1.0 (i.e., the 
benchmark for population stability).  Estimates are likely more precise during periods of hare highs 
when there was more reproduction.  Thus, I feel confident in concluding that population growth rates in 
some parts of the DPS are positive when hares are high.  For the Maine data, the very low number of 
reproductive aged females monitored during the hare low lends great uncertainty to the estimates of 
finite rate of population change during that period.  I suspect this may also be a problem for other 
populations in the DPS? 

34/2/5-10:  Not all southern populations are isolated and necessarily dependent on immigration – again 
this is an overgeneralization across populations within the DPS.  This concept is probably most relevant 
to populations in Colorado, GYE, and N.C. Washington. 

34/2/10-18:  Again, there may be lower temporal variability and longer periods of positive growth rate 
in some southern populations with dampened or absent cycles if landscape hare densities during 
extended high periods exist for long periods of time, if population lows do not result in catastrophic 
declines in population growth rate, and if the periods of positive population growth are extended.  This 
appears to be what is happening in Maine, which had the highest growth rate and maintains the largest 
population in the DPS.  Hare densities there during the low are ~8-fold higher than during the nadir in 
some northerly populations.  

35/3/9-12:  There was a “little ice age” during the 1700’s-1800’s in the northeastern U.S. when 
populations of northern mustelids (e.g., martens and fisher) shifted southward in the Appalachians as 
far south as Tennessee.   Lynx may have also expanded southward and then later retreated when 
climate warmed and may explain more southerly records of lynx (e.g., Pennsylvania).   The “little ice 
age” is discussed and referenced in the climate change sections of the Draft SSA. 

36/2/entire:  There is little evidence that mass immigrations of lynx from Canada were needed to 
restore lynx populations that are contiguous and demographically connected to Canada (e.g., Maine and 
Minnesota).  In Maine, historical distributions of lynx have been very consistent since the 1850’s (Hoving 
et al. 2003). 

36/3/1-7:  As stated previously (particularly see comment #1 and 32/3/entire), the island-
metapopulation concept does not apply universally throughout the DPS and is most relevant to 
populations in Colorado, GYE, and N.C. Washington. 
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37/4/16:  The last 7 words are not supported by data, are likely an over- generalization, and I would 
suggest deleting.  See comment #2 (above).  

38/2/entire:  Consider expanding this paragraph to include other potential competitors and influence of 
limb length interactions (see comment #6 above). 

43/1/1-2:  Why is northern New Hampshire considered separately when it is actually a small extension 
of habitat from northwestern Maine into low elevation industrial forestlands contiguous with the Maine 
population?  This seems to be a political rather than a biological boundary? 

43/1/12-16:  See Litvaitis et al. (1986) for more relevant information regarding this topic.   

44/1/1-4: Also see Simons-Legaard et al. (2016), page 1263, Table2.  

44/1/11-16:  Is 10 million acres of habitat in Maine really a peripheral population if broadly connected 
with an additional ~20 million acres in Canada.  This is a political separation and Maine lynx are really 
residents of a larger trans-border population.  As such, is it really “immigration” when animals move 
within a larger population or are we just creating this concept because of a political boundary.  The 
same may be true for Minnesota and perhaps some sub-populations in Montana? 

44/2/10-11:  IBID comment 44/1/11-16 above. 

45/3/11-13:  This sentence (and the larger document) is missing an important reference that identifies 
lynx habitat in 2010 across Maine and projects to 2022 based on forest succession (Simons-Legaard et 
al. 2016). Also see Simons (2009: pp 202-220). 

47/2/23-27:  Tier II risks could be more important than assumed here (e.g., effects of roads and 
particularly, incidental and illegal harvests have not been modeled or simulated).  These factors could be 
particularly important for isolated populations and sub-populations with small effective population 
sizes, but also for the larger population in Maine where unimproved road densities exceed 1.5 km/km2 
and nearly all individual lynx in the population are potentially exposed to risks via incidental take and 
illegal shooting.  Illegal and incidental harvests are reported later in the document but are neither 
rigorously evaluated, modeled, nor simulated to evaluate their potential as limiting factors in regards to 
lynx resiliency. 

52/2/4-5:  Yes, state prohibitions on take may limit the potential for targeted harvests of lynx.  However, 
lynx are susceptible to capture in a wide variety of set types, including in neck snares set to remove 
nuisance coyotes and wolves.  In some states, required trap check intervals could also compromise 
health and survival of incidentally captured lynx.  The question is not whether existing regulations may 
benefit lynx, but are current measures adequate and enforced to minimize threats to population 
resiliency.  In my view, this topic has not been adequately evaluated in the Draft SSA. 

52/2/16-19:  These efforts may “reduced” but have not “minimized” incidental captures of lynx (see 
incidental reports elsewhere in this document, which were are likely just an unknown percentage of 
actual incidental and illegal captures).  Additionally, I have been informed that at least one state agency 
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has verbally assured trappers that restrictions may be relaxed if lynx are de-listed.  As stated previously, 
there are not assurances that state efforts to conserve lynx will not be compromised by other public 
demands (e.g., nuisance animal control, changing fur markets, and desires by users to expand 
opportunities to harvest other furbearers and carnivores that may prey on game species or livestock) if 
lynx are removed from protections afforded under ESA.   

53/1/entire:  Lynx in Maine are particularly vulnerable to incidental mortalities given that densities of 
gravel roads accessible by 2-wheel drive vehicle exceed 1.5 km/km2 throughout much of the designated 
lynx critical habitat in Maine and the large home range areas of lynx put them in potential direct contact 
with long-line trappers in pursuit of other valuable furbearers (e.g., marten), with bear hunters, grouse 
hunters, moose hunters, armed fishermen, deer hunters, logging trucks, and recreational and non-
recreational vehicles.  As mentioned previously, the issue of potential effects of incidental and illegal 
mortality have not been adequately considered or evaluated in the Draft SSA (see Comment #3 above). 

53/1/25-29:  How widely used and applied are the state agency’s voluntary management guidelines for 
conserving lynx habitat?  For over 25 years I have been a Cooperating Scientist working with landowners 
who manage ~8.5 million acres of forestland in lynx critical habitat in Maine, including serving as an 
advisor regarding habitat management for lynx.  I have never heard a landowner mention the state 
agency’s habitat management recommendations.  I suspect that the impact of these recommendations 
has been insignificant.  

54/2/entire:  All sounds good, but how effective?  What is time to response, average trap check 
intervals, rate of compliance, level of enforcement, and what evaluations suggest that this does not 
affect resiliency in small subpopulations.  What assurances are there that protection would continue 
absent protections under ESA? 

55/2/11:  “Avoids” implies 100% success, which has not been documented here or elsewhere.  “ …might 
reduce the potential for….” would be more accurate wording. 

55/4/7:  IBID 55/2/11 

55/1/17:  Add references for Robinson (2006) and for Harrison et al. (2016), and Simons-Legaard et al. 
(2016) to strengthen and justify the broad statement ending with the word “habitat” on line 17. 

56/2/entire:  More research and quantification of the acreage of land under forest certification within 
lynx critical habitat is needed.  I think the percentage would be very surprising.  Thus, there is much 
underutilized opportunity to strengthen landscape considerations and to provide incentives for lynx and 
hare management via forest certification, which is directly linked to endangered species conservation.  
The loss of this tool to affect land management in the largest population of lynx in the DPS would likely 
occur if the “nexus” resulting from ESA listing for lynx were to be removed. See comment # 3 (above).  

57/2/4-8:  The incentives for lynx conservation and mitigation on state-managed lands would also be 
greatly diminished via de-listing. 
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57/3/entire:  Private land management for lynx in Minnesota seems to be an underutilized opportunity.  
Perhaps this could become an increasing priority for FWS and for federal incentives and/or management 
incentives if lynx were to remain a listed species? 

58/5/entire:  Yes, lynx are protected, but are there proactive measures to minimize the potential for 
incidental and illegal take and is there adequate enforcement?   

64/1/5-7:  IBID – consider limb length and a wider range of potential competitors for food (e.g., red fox, 
fisher). 

64/1/7-10:  IBID – the small, isolated, and habitat island concept in a metapopulation context does not 
apply well to Maine, Minnesota, and some subpopulations in Montana. 

64/3/4-5:  IBID- reductions in periodicity and amplitude of cycles in Canada may be important from a 
mass immigration standpoint, but only for small, isolated western populations in the DPS.  Dampened 
fluctuations of hares at intermediate densities may be beneficial to population persistence in Maine 
(and perhaps Minnesota) where long period of positive growth rates, lack of catastrophic declines, and 
stable social systems and spatial dynamics of lynx have been documented over 10-15 years. 

65/1/1:  Bobcat AND fisher distribution and densities within lynx critical habitat will increase in Maine 
and in New Brunswick, which are part of the same population of lynx.  Access by sympatric red fox and 
coyotes to hares will also increase during periods of deep snow.  

65/3/9-16:  IBID comment on 64/3/4-5. 

65/4/6:  IBID comment 65/1/1 

67/2/entire:  See comment #6 (above) 

67/4/9-11:  The premise that hare populations “…have declined and remain low in Maine” requires 
greater context and clarification.  See new reference for Harrison et al. (2016), which document that 
hare densities in HQHH have been stable (range 0.75-0.99 hares/ha) and have averaged 0.86 hares/ha 
during a “low” hare period spanning from 2008-2015.  This is approximately 8-fold higher than hare 
densities observed at the nadir in some areas of the north and may approximate the best case scenario 
for hare densities in some western populations.  This undoubtedly contributes to reduced population 
variability, as well as the reported long-term stability in spatial dynamics (Mallett 2014) of lynx in Maine. 

68/1/1-4: Might jackrabbits and mountain cottontails move upslope with less snow?  Hares in Maine 
have high tick infestations during spring and summer, particularly in areas of high hare density.  Have 
parasite and disease interactions with climate been considered? 

71/2/19:  Suggest a change to “…and gene flow in lynx populations within the western portion of the 
DPS.”  This statement does not apply to Maine. 

72/5/entire: IBID comment 68/1/1-4. 
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73/2/1-3:  Actually lynx populations in Maine, the Gaspe’ region of Quebec, and in northern and central 
New Brunswick are contiguous and without significant geographic barriers across ~30 million acres of 
habitat.  Demographically, these populations may be very sustainable and have remained so with nearly 
70 years of demographic isolation from the rest of Quebec since the formation of the St. Lawrence 
seaway and the practice of daily ice-breaking.  Some lynx likely swim the river based on genetic data but 
some genetic differences are evident south of the river, which do not seem to be a threat.  As such, the 
Maine population (and perhaps Minnesota?) does not fit well with the immigration limitations/threats 
and island metapopulation processes generalized across the DPS.   

74/1/1-3:  I am unsure how “young regenerating spruce-fir forests” differ from “young stands with 
spruce-fir saplings”?  These seem the same, yet are cited differently? 

74/2/1-4: A more recent reference for the eastern DPS is Fuller and Harrison (2013). 

74/3/7:  Harrison and Fuller (2005) is absent here, but is one of few published articles that presents a 
comparison of hare densities based on pellet counts across a range of forest management treatments. 

75/1/5-10:  The wording in this paragraph incorrectly implies that hares exit stands after the process of 
self-thinning.  In reality, hares in Maine are present in all forest stands across the landscape, but at 
varying densities (see Fuller and Harrison 2005 and Harrison et al. 2016) 

75/3/bullet #2:  In the northeast, harvesting in the 1970’s –early 1990’s (current lynx habitat) was 
focused on areas of poorer site quality and drainage (which favor shallow-rooting spruce and fir), which 
were the spruce-fir flats where budworm risk was most severe. 

75/3/bullet #3: Actually, “high grading” is a dominant practice in partially harvested stand in Maine and 
we have conducted several studies that have documented that conifer trees are selected for and 
hardwood (often low-value species) composition increases after partial harvesting.  The landscape-scale 
effect of the shifting composition away from conifers and towards hardwoods in Maine is documented 
in Legaard et al. 2015.  In my view this rapid shift towards hardwoods from forest harvesting is much 
more important to lynx in the short run than is the longer term forest shift associated with climate 
change. 

75/3/bullet #5:  I disagree.  This statement applies to northern boreal forests and to some landscapes in 
the west; however, in Maine the cumulative effect of forest change from mechanized harvesting over 
the past 40 years dwarfs the size and frequency of any previous natural disturbances. 

76/2/entire:  This paragraph accurately summarizes events on western National Forests, but does not 
accurate depict the situation in the forests supporting the largest population in the DPS.  In Maine, the 
annual footprint of forest harvesting in terms of acres/year has more than doubled since the enactment 
of the Maine forest practices Act in 1991 (passes in 1989).  The cumulative effect of those increased 
annual harvest equate with monumental landscape changes.  In the past 3 years there have been slight 
decreases in forest volumes resulting from recently closed paper mills, but the acreages harvested are 
still well above historical averages.  
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76/4/7:  Change “These” to Some.  This is needed because the 2 largest landowners in Maine are 
actually family ownerships with long-term investment horizons  -- not all ownerships are TIMO’s and 
REIT’s.  

77/1/8:  It is inaccurate to say that short-term landowners are “not interested” in long-term 
commitments.  Any commitments that promote sustainability, standing volume, or future land value can 
be part of the investment equation …. and with creativity, some of those can sometimes benefit lynx 
and hares.  Forest certification and the connection with endangered species conservation is a key tool 
here. 

77/2/entirety:  It should not be ignored that the federal protection of lynx under ESA has heightened 
the utility of lynx as a flagship species for conservation, and has been a major force behind land 
acquisitions by conservation organizations and subsequent management of these lands for lynx and 
hares.  This could change if lynx were to be de-listed. 

78/2/9-10:  Conversion of conifer-dominated forests to hardwood dominated forests via forest practices 
and regulations is a threat to lynx.  See Legaard et al. 2015.  

78/2/11-14:  Roads are typically considered in terms of human-induced mortality, but the habitat 
effects of roads are incredibly significant for the Maine population.  Fuller et al. (2007) documented that 
gravel roads and associated road edges represented 11% of the total land and water surface area of a 
northern Maine study area.  Road and road edges were avoided by lynx and had the lowest conifer stem 
densities and indices of hare abundance of any of the available habitat types during that study.  Thus, 
roads affect availability of high quality habitat by lynx and affect lynx movements given that lynx alter 
movement paths to avoid transition out of HQHH when foraging (Fuller and Harrison 2010). 

78/2/15-16:  And these stand-scale stressors cumulatively reduce the probability of landscape-scale 
habitat occupancy by lynx (Simons-Legaard et al. 2013). 

79/2/1-4:  It needs to be considered that in eastern forests, PCT occurs after a stand has been previously 
clearcut and herbicide treated to reduce hardwood competition.  This elevates confer composition and 
sapling density to levels well above those needed by hares.  Thus, even after PCT, hare densities (though 
reduced compared to unthinned clearcut and herbicide treated stands) still provide hare densities that 
are higher than most other habitats available to lynx (e.g., selection harvests, uncut second-growth, 
hardwood dominated  and mixed stands, road edges).  Contrary to what is described here, these stands 
do not need to exhibit “regrowth” to again become snowshoe hare habitat.  They are prime habitat 
before thinning and then remain above-average quality hare habitat after thinning (see Homyack et al. 
2007). 

79/3/entire:  This is implying that PCT is a threat.  From an eastern perspective, clearcut+herbicide+PCT 
creates much better conditions than partial harvests or stands without harvesting in terms of hare and 
lynx habitat. 



Page 18 of 29 
 

80/1/entire:  Selectively removing overstory trees, as practiced in the northeastern forests is also a 
threat as it transitions stands to a greater hardwood composition (Fuller et al. 2004), which results in 
lower densities of hares (Legaard et al. 2015, Fuller and Harrison 2005, Robinson 2006 and lower conifer 
stem densities in partially harvested stands (Fuller et al. 2004, Robinson 2006).  Further, the residual 
overstory trees have a higher conifer composition and provide less winter canopy cover for hares after 
selection harvests (Fuller et al. 2004) and after other forms of partial harvests (Robinson 2006).  This has 
led to landscape-scale declines in boreal forest (Legaard et al. 2015). 

80/2/entire:  Correct term is “selection harvests” not “selective.  Heavy harvests (i.e., stand replacing) 
should be defined as any stand with >50% of basal area removed.  The 90% threshold presented here 
would legally be defined as a clearcut (<30 ft2/acre residual basal area) under Maine law, so that would 
occur with 80% removal in a typical stand with starting basal area of 150 ft2/acre.  On line 6 of the 
paragraph, the Sader et al. (2003) reference is very (14-years) old and the Maine Forest Service has 
reports for the current period as recent as 2015.  Fuller and Harrison (2005) provide additional 
information on reduced conifer stem densities in selection-harvests, which are replacing uncut and 
clearcut stands as the dominant landscape matrix.  Those selection stands support fewer hares that 
other forest harvesting options (Fuller and Harrison 2005, Harrison et al. 2016). Actually, Fuller and 
Harrison (2005) documented hare densities of 0.17 hares/ha in recent selection harvests during 1997-
98.  Robinson (2006) documented hare densities ranging for 0.3-1.7 hares/ha across a range of partial 
harvest treatment during a period of high hare density and all 21 partial harvest stands had a hare 
density lower than the mean observed in regenerating clearcuts.  Subsequently, Harrison et al. 2016 
documented hare densities in longer established partial harvests ranging from an annual average of 0.31 
to 0.59 hares/ha during an 8 year period of relatively lower hare densities when average hare densities 
in regenerating clearcuts ranged (annual average) from 0.77-0.99 hares/ha. 

80/4/entire:  The extent and trends in biomass removals should be quantified given that this is 
increasing in eastern forests for wood pellets, biomass fuel production, and other wood products (e.g. 
particle board). 

81/2/4-5:  Selection harvest is the correct silvicultural term.  Shifts away from boreal forest in selection 
harvests are described in Fuller et al. 2004 and Robinson 2006.  Landscape effects of forest harvesting 
that have shifted transitional forests towards hardwoods and have reduced representation of conifers 
are summarized in Legaard et al. 2015. 

81/4/entire:  I disagree with this entire paragraph.  To the contrary, the vast percentage of high quality 
hare habitat in Maine and New Brunswick is the result of past clearcutting followed by herbicide 
application (e.g., Glyphosate) to suppress competing hardwoods.  The result is high conifer stem 
densities that develop into optimal hare habitat which is determined by the presence of cover and NOT 
by deciduous stems for food.  Many studies (and cited in the Draft SSA) have shown positive 
relationships between conifer stem densities (>1 m) and hare densities.  Robinson (2006) modeled 
vegetation variable as predictors of hare density and found that conifer stems were much more 
influential than deciduous stems, due to greater cover provided by conifers (Litvaitis et al. 1985).  Fuller 
and Harrison (2013) reconfirmed those relationships via modeling at the microsite scale. 
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82/1/1-2:  This statement is further supported by Hoving et al. (2004). 

82/1/5-7:  This statement is further supported by Fuller et al. (2007). 

82/2/11-14.    This statement is incorrect.  The trends presented are accurate but the cause is NOT from 
partial harvesting.  Clearcuts during the 1980’ and 1990’s that occurred in the southern parts of lynx 
critical habitat are coming on line from 2010-2022 and will buffer losses as older clearcuts in the north 
advance to pole stands.  Because of topography, lack of large spruce-fir flats, patterns of site quality (i.e., 
better drained soils on ridges) and given that budworm had disappeared by the time these stands were 
harvested, the cuts were more scattered and smaller in average size.  Many of these cuts occurred after 
the 1991 MFPA and there were new economic disincentives for cuts >30 acres.  This is why the patches 
are getting more fragmented and smaller as HQHH is shifting to the south.  This is not a direct result of 
partial harvesting.  

83/1/entire:  Spruce-budworm outbreaks occurred historically at 50-80 year intervals, thus I disagree 
that natural disturbances were rare.  Yes, fire intervals were long, except in the extreme northwest 
portion of Maine where forests were more boreal-like and burned more frequently (per C. Cogbill 2005, 
which is also cited elsewhere but missing from the literature cited in the Draft SSA).  And tree mortality 
was common given that the most common tree in Maine (balsam fir) has a typical lifespan of ~80 years.    
Thus commercial patterns are shorter for less common but important species like red spruce, black 
spruce, white pine and hemlock, and stand-replacing forest harvesting has shifted composition towards 
balsam fir, which transitions into excellent hare and lynx habitat.  That said, historic spruce budworm 
outbreaks (as evidenced by fir waves on Maine’s highest mountains) were a major disturbance factor 
historically.  Also see comment # 4 (above) which discusses the potential role that old-growth forests, 
which are functionally absent from the current northeast landscape, may have played in supporting 
historical populations of hare and lynx. 

87/2/1:  I strongly disagree with this statement.  See many of my previous comments, particularly 
general comments.#1 and #2.  As stated previously, nearly all forest habitats (Maine is >90% forest) 
contain snowshoe hares.  Thus there is continuous, unfragmented habitat.  High quality foraging 
habitats are aggregated due to topography, site quality, road access, and harvesting efficiencies.  Maine 
does not have the natural fragmentation of western forests, nor expanses of unsuitable habitat that are 
absent of hares.  The background matrix and landscape context in Maine and Minnesota may be very 
different from western populations in the DPS where topography and water cause a patchy distribution 
of mesic conifer forests.  The problems in Maine result from habitat loss caused by harvesting practices 
and historical management that are shifting species composition towards hardwoods (Legaard et al. 
2015). 

88/3/5:  References to Hoving et al. 2004, and Simons-Legaard 2013 would strengthen this statement. 

88/4/6-7:  Again, it may be dangerous to assume dampened cycles are bad for lynx if the low in hare 
densities can still support lynx reproduction and survival and if periods of positive growth rate are 
extended during relative highs.  See comments 64/4/9-11 and 64/3/4-5. 
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89/1/2-3:  Suggest changing wording to “… inflicted by other more generalized predators (e.g., coyotes, 
bobcats, red fox, fisher), which are less adapted to deep snow and consume hares when they are 
accessible.”  

89/2/12:  I’m not sure what “intense predation” is and am not sure that high rates of predation on lynx 
have been documented anywhere in the DPS – perhaps because lynx stick to areas of deep snow.  This 
needs clarification and more justification. 

89/3/1-3:  Are other closely related species really more sensitive to fragmentation, or are they more 
generalized in diets and geography so that they interface more with high human densities and the 
fragmentation associated with agriculture, suburbanization, paved roads, and human sources of direct 
mortality? 

91/1/4:  Additionally, within home ranges dominated by HQHH, lynx selected for stands with 
intermediate hare densities where conifer stems densities were suboptimal for hare cover, but where 
encounter potential with hares was intermediate-high (Fuller and Harrison 2007). 

91/2/9-11:  It is also important to consider that lynx need home range-sized area with a high 
representation of HQHH to meet their landscape thresholds for occurrence (Hoving et al. 2004, Simons-
Legaard 2013), thus fragmentation of HQHH habitats can reduce landscape quality and probability of 
lynx occupancy (Simons-Legaard et al. 2016).   

92/4/entire:  The effect of habitat conversion to areas with low hare densities and which are avoided by 
lynx within 60m corridors associated with forest roads can result in >10% habitat loss in landscapes with 
intensive private forestry (Fuller and Harrison 2007) and these linear bands of low quality hare habitat 
alter the foraging paths of lynx, who avoid transitions from high- to low-quality foraging habitat (Fuller 
and Harrison 2010).  

93/2/entire:  IBID 92/4/entire.  Linear densities of gravel roads in many areas of lynx critical habitat in 
Maine exceed 1.5 km/km2. 

94/2/8:  As a minor note, I documented snow tracks of 3 lynx traveling together in December 2015 and 
a single lynx traveling in December 2016 through the Copper Mountain Ski Resort in western Colorado 
at ~10,500 foot elevation. 

95/3-4/entire:  Utility corridors, access roads to wind sites, and gravel forest roads (particularly if they 
receive snowmobile traffic) may enhance access of generalist and edge associated predators and 
competitors (e.g., coyotes and red foxes) into areas where lynx occur and forage on hares. 

96/2/8-12:  I disagree with this statement.  The effective population size in N.C. Washington is quite 
small, so it seems conceivable that disease and or random stochasticity could result in a small but 
significant possibility of functional extirpation in the short run (as happened in the adjacent Kettle 
Mountains?).  Has this been considered and modeled?  
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97/3/20-21:  Isn’t it quite feasible that ephemeral lynx populations in GYE would be an essential 
stepping stone for genetic and demographic exchange with the most southerly and isolated lynx 
population in western Colorado? 

99/3/1-3:  Isn’t the NH population really just part of the Maine population that extends across a political 
boundary.  I am unsure why political lines are being used to define geographic range boundaries?  Isn’t 
northern NH, Maine, NB, southern Quebec really a single population?  VT is a bit isolated and should be 
considered separately. 

99/3/12-14:  This statement is inaccurate in light of historical information on lynx distributions (Hoving 
et al. 2003).  See general comment #4 above, as well as 83/1/entire.  Additionally, this population may 
not be dependent on immigration from Canada (see comment 73/2/1-3). 

99/3/19-24:  Data suggest the decline in HQHH in Maine will occur from 2022 to 2032 (Simons 2009). 
The data presented by Scott (2009) and Harrison et al. (2016) provide some evidence of weak cyclicity 
across perhaps 20 years. It should be considered that even at relative hare lows in Maine, densities are 
5-8-fold higher than at the nadir in the north and may continue to promote population persistence until 
the next extended high period (which may have an extended period of positive growth relative to 
northern populations).  The conclusions of declining populations currently in Maine should be treated 
with a high level of uncertainty given the small numbers of female lynx monitored during the low period, 
as well as very limited data on reproductive performance during that period. 

100/1/entire:  Potential for predation on lynx and/or exploitation completion from fisher, coyote, 
bobcat and red fox should be considered here as well.  This is a greater risk for both the Maine and 
Minnesota populations relative to western populations in the DPS. 

100/1/7:  It is an overstatement that “the next spruce budworm outbreak is imminent.”  Actually, larval 
densities of spruce budworm in Maine declined in summer of 1996, and larval numbers and distribution 
are not much above baseline levels at the present time.  The outbreak in Quebec, Canada is primarily in 
areas without clearcut harvesting following the last outbreak, so Maine forests are very different and 
the timing and probability of an outbreak in Maine is highly uncertain.  If an outbreak occurs, the 
outcome in terms of recycling pole and mature stands into sapling conifer habitat for hares is a potential 
outcome that could be beneficial for lynx. 

102/2/entire:  See general comment #5 and 14/3/2.  I am confused about why Colorado’s population is 
assumed to have one of the highest probabilities of survival to the next century – seems based solely on 
snow futures and not history, landscape hare densities, or current demographics? 

105/2/entire:  IBID previous comments.  It is important to consider that the Maine and NH (via Maine) 
are contiguous with about 20 million acres of occupied lynx habitat in New Brunswick and S. Quebec, 
which all occurs south of the St. Lawrence River.  Thus this large population may be demographically and 
genetically viable with only a very minor need for infrequent genetic contributors from elsewhere (and 
the river is not impermeable to lynx immigration). 
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105/2/entire:  It should be noted that mixed conifer-deciduous stands dominate on sites with 
intermediate soil drainage and deciduous forests on well-drained hillsides.  Both do not support HQHH 
(Fuller and Harrison 2005, Harrison et al. 2016).  Thus lynx in N. Maine are not advantaged by elevation.  
In mountainous regions where conifers are on mountaintops, the conifer patches are fragmented and 
tend to be mature conifer (which supports low hare densities per Fuller and Harrison (2005) and  
Harrison et al. (2016).  Siren (unpublished report) has found that high elevation spruce-fir forests in NH 
also do not typically provide HQHH.   

106/2/3:  Simons et al. 2016 is a better reference. 

106/2/1-3:  This sentence would be more accurate if revised as “…experienced a 12-year high (1996-
2006), followed by a year of transition (2007), which was followed by 8 years of a stable, but lower hare 
populations until surveys were discontinued after 2015 (Fuller and Harrison 2005, Scott 2009, Harrison 
et al. 2016).”  

108/2/19-21:  It is presumptuous to assume that there would be an absence of hare habitat without 
forest harvesting and clearcutting in the 1970’s to 1990’s. Without management and pesticide spraying, 
the massive budworm outbreak of the 1970’s and 1980’s would have resulted in extensive mortality of 
fir-dominated stands, which would have resulted in stand-replacing tree die-offs and subsequent dense 
conifer regeneration.  See general comment #4. 

108/4/2:  It would be more precise to replace “near future” with “between 2022 and 2032 (Simons-
Legaard et al. 2016).” 

109/2/4-5:  Fuller and Harrison (2005) is a better reference than Fuller (1999 -thesis), as it is a refereed 
journal article.  Similarly, Homyack et al. (2007) is preferable to the thesis cited as Homyack (2003). 

109/2/7: This is an error in fact.  Actually about 260,000 total acres were harvested in Maine during 
1988, compared to a peak of about 540,000 acres/year from 2001-2003.  I think the mistake arose from 
the fact that there was about 100,000 acres of clearcut harvesting in Maine in 1988. 

110/3/entire:  Again, it may be worthwhile to mention that a high percentage of private forestlands in 
Maine are certified (major force in the marketplace), that certification requires consideration of needs 
of T&E species, that there is increasing effort to incorporate landscape-scale habitat provisions into 
certification, and that T&E listing provides an important potential avenue into enhancing management 
on private lands.  This opportunity would go away in the largest population within the DPS if lynx were 
to be de-listed. 

111/4/4-5:  Given the daily ice-breaking on the seaway during winter, cold water temps, and the width 
of the river, I would hypothesize that lynx crossings are via lynx swimming the river during the ice-free 
season. 

112/1/13:  The word “true” is unachievable and “precise and accurate” should be considered as 
alternate wording. 
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113/2/10:  What is meant by “low”?  Densities were still 5- to 8-fold higher than populations in the core 
of lynx range during the nadir of cyclic lows. 

113/3/4-5:  This statement does not accurately depict the historic data and there is no evidence that 
this population is dependent on immigration from Canada.  See general comments #1 and #4, plus 
34/2/entire, 44/1/11-16, 64/3/4-5, 72/2/1-3, 99/3/1-3, and 105/2/entire. 

115/3/3-4:  I think this is an error.  A 50-200-year fire interval is incredibly frequent and I have seen no 
references to support that.  A 200-800 year interval is what I recall.  This needs to be re-checked. 

115/3/7:  The reference to Cogbill (1985) is absent from the literature cited section. 

116/2/2:  Increases in road densities and the indirect effects of roads mentioned in previous comments 
(e.g., see 92/4/entire, 93/2/entire, 95/3-4/entire) should be addressed here.  

117/3/18-20:  I am unclear how “diminished ice conditions on the St. Lawrence River could be an 
increasing risk given that ice-breakers clear the river channel daily during winter?  See 111/4/4-5. 

138/2/5:  This wording suggests lynx are generalists in the summer, which is contradictory to Olson 
(2015) within the DPS.  Yes lynx consume a wider range of available foods in summer, but > 90 of their 
caloric intake is likely from hares. 

138/2/10-12:  IBID.  Hares are much larger than squirrels, so this data still suggests >90% of caloric 
intake from hares, which occurred in 87% of scats. 

139/3/1-2:  This is an incorrect statement as it applies to the Maine lynx population.  Forest 
management has shifted boreal forest towards mixed and hardwood composition in this region (see 
Legaard et al. 2015). 

156/4/1-7:  Again, the potential effects of incidental harvests, road mortality, and illegal take on lynx has 
not been adequately considered, evaluated or modeled and might affect population resiliency in small 
subpopulations or in populations during bottlenecks (e.g., during hare lows).  There is also the implicit 
assumption in the document that the incidental mortalities reported to FWS represent 100% of the 
mortalities that occurred, which is highly unlikely. 

159/2/3-4:  This text implies that forest management is and will be detrimental for lynx, which is 
contrary to the current situation in the largest population in the DPS and ignores the future 
opportunities to use forest management to enhance hare and lynx habitat on federal and private lands 
managed for wood fiber production. 

160/1/3-6:  This seems contrary to the historical data which shows great consistency in the lynx 
distribution in this population since the 1850’s (Hoving et al. 2003). 

160/2/9-13:  This conclusion seems overly speculative given climate uncertainty (e.g., more 
precipitation could result in more snow despite warmer temps if still below freezing, as is currently 
observed in Lake effect areas east of the Great lakes where bobcats are uncommon).  Additionally, this 



Page 24 of 29 
 

ignores natural disturbance events that may rejuvenate conifer sapling habitat in Maine and Minnesota, 
as well as potential changes in wood fiber markets and regulations that could be used to promote 
conifer habitats.  I agree that data suggest lynx conservation will become more challenging, particularly 
given climate change, but extirpation in 3 of 5 units seems overly precise and overly speculative given 
uncertainty.  See general comments 3, 4, and 5.    

161/3/3-6:  IBID previous comment. 

162/1/entire:  Opportunities via forest certification, changing markets, and via management incentives 
to landowners should not be ignored as potential mitigating influences to declining hare habitat, as well 
as forest regeneration following likely future budworm outbreaks.  With additional public and private 
funding, easements could also be modified to strengthen desired forest management provisions to 
promote desired habitat conditions on lands where working forest futures are already ensured in 
perpetuity.  These opportunities are underrepresented in the Draft SSA and these opportunities would 
be greatly diminished if the lynx were to be removed from ESA protections. 

162/2/13-15:  Yes, this is correct and the currently underutilized opportunity for enhancing habitat 
management on private lands would be further diminished if lynx were to be de-listed.  Other possible 
threats mentioned previously are increased incidental harvests associated with changing fur markets 
and demands for fisher, marten, bobcat, and coyotes, as well as competing demands by local residents 
(e.g., coyote and/or wolf control to protect livestock or game species). 

164/1/entire:  I agree, but another potential threat is that dry conifer forests lacking structure to 
support HQHH will likely move upslope in western populations within the DPS. 

164/2/entire:  As mentioned previously, effects of disease (e.g., rabies, plague, lungworm, distemper) 
and other stochastic events, coupled with fires and accidental and illegal mortalities could affect short-
term resiliency in this population will small effective population size.  With the exception of wildfire, the 
additive effects of these stressors seem to have been under-emphasized. 

166/1/entire:  This seems to minimize the data suggesting low landscape hare densities and 
corresponding low reproduction, coupled with lack of concrete historical evidence of sustainability and 
the extreme isolation of this population (particularly given the apparent lack of a current population in 
the GYE).  See general comment #5. 

168/Unit 6:  IBID previous comment. 

168/2/6:  See general comment #6 –fisher are potential competitors for hares (not just predators on 
lynx), as well as coyotes and red foxes. 

168/2/12:  But soil drainage and site quality in much of Maine will not change, and in fact, may be worse 
with future trends of increasing rainfall.  As such, shallow-rooted conifers will still be favored on these 
sites, along with red maple. 
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169/2/entire:  It should be recognized that ESA listing could promote changes to the Maine Forest 
Practices Act and forest certification requirements and those changes would likely be enhanced by 
continued listing of lynx under ESA. 

169/3/6-8:  The early portion of this paragraph is supported by landowner surveys but it is without basis 
to assume that the lack of spraying to prevent budworm mortality and the widespread clearcutting and 
herbicide application, as conducted during the past outbreak, will lead to a lack of budworm-inflicted 
mortality of trees.  Natural recycling or commercial harvesting of infected stands that will be naturally 
transitioning out of hare and lynx habitat by 2022 could have a benefit to lynx.  Again it is a poor 
assumption that lynx require broad-scale clearcutting to be viable in the northeast.  See general 
comment #4. 

169/4/entire:  See general comments 1 & 2. 

169/5/10:  Hares declined by approximately half since 2008, and that decline followed 11 years of 
relative highs when lynx population growth rate appeared to be positive.  During the relative lows, hare 
densities in HQHH remained 5-8 times greater than at the nadir of the cycle in the north and may be 
sufficient to sustain populations until the next increase in hares (if and when that occurs is highly 
uncertain).  See general comment #1. 

169/5/13:  The conclusion that reproductive rates are non-sustainable during the hare low is highly 
uncertain given the extremely low sample sizes of radioed adult females and seems contrary to many 
reported observations of adults traveling with kittens and high apparent occupancy of habitats given 8 
consecutive years of relatively lower hare populations.  See 169/5/10. 

171/1/7-8:  This trend data is 14 years-old and should be updated.  Maine Forest Service has publically 
made these trends available electronically through 2016. 

171/2/1-4:  This trend data is 14 years-old and should be updated.  Maine Forest Service has publically 
made these trends available electronically through 2016. 

172/1/entire:  Lack of protective management may not be bad for lynx because  low-quality stands at 
pole stage will not be economically feasible to spray and may be recycled (naturally or via salvage 
harvests) to sapling stands promoting hares.  There also may be potential incentives to promote 
herbicide spraying if lynx are still a priority for conservation?  If the budworm does not reach epidemic 
for 10 years many of the vulnerable stands will already have transitioned out of hare habitat. The MFPA 
may also be altered to allow larger clearcuts if budworm reaches epidemic levels.   

172/2/4:  Actually, the low period has been from 2008-2015 and annual hare densities in HQHH have 
averaged 0.86 hares/ha (range 0.75-0.99) (Harrison et al. 2016). 

174/1/entire:  But soil drainage and site quality in much of Maine is much poorer (particularly spruce-fir 
flats).  This will not change with increasing rainfall, and in fact, with more rain it may get worse in the 
future.  As such shallow-rooted conifers will still be favored on these sites, along with red maple. 
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175/4/2-3:  Actually the most recent re-measurements of HQHH stands in Maine suggest that most of 
these overstocked stands on poor quality sites will remain HQHH to at least 40 years due to slow 
maturation due to poor site quality and high competition among overstocked stems (Scott 2009, 
Harrison et al. in prep.). 

176/3/4:  The citation for Simons-Legaard et al. (2016) is missing from the literature cited and is 
provided at the end of this review.  Although the relevant information is on page 6 of the manuscript, it 
actually appears on pages 1264-1265 of the journal article. 

176/4/6: Again this should be cited as pages 1264-1265, not pp5-6. 

176/4/8:  This should be page 1267, not page 8. 

177/1/11: This should be 16-40 years (Scott 2009, Simons-Legaard et al. 2013, D. Harrison, unpublished 
data). 

177/2/3:  This is rather overstated and does not reflect the high uncertainty.  Larval levels throughout 
Maine dropped to near baseline in summer 2016 and there is no evidence that an epidemic is imminent.  
It will like take several years at the earliest for a significant level of SBW infestation to create defoliation, 
even under worst-case scenarios.  Major moth flights into Maine from Quebec have not resulted in 
increases in larvae.  Although an outbreak may be coming, it may not occur until the current lynx-hare 
habitat is transitioning out of HQHH –and could be beneficial to lynx and hares. 

177/2/6-8:  SBW did not “kill” millions of acres of forest in N. Maine during the last outbreak because of 
widespread aerial spraying with DDT and BT, coupled with aggressive pre-salvage harvests (and coupled 
with high global demand for paper and expanded mill capacities in Maine).  The clearcutting continued 
after the budworm was gone to meet paper demand and given expanded mill capacities.  That is what 
led to the MFPA and 3 public referendums to ban clearcutting in Maine during the 1990’s. 

177/1/6-8:  The sentence starting with “Mixed forests having…” could be improved with better citations 
to read… Mixed forests having >25% hardwood overstories do not support annual mean hare densities 
>0.23 hares/ha, whereas annual hare densities <0.38 hares/ha were observed in mature conifer stands in 
Maine  (Harrison et al. 2016).  Correspondingly, lynx selected against mature stands (Fuller et al. 2007, 
Vashon et al. 2008b). 

179/3/15:  Saddleback Mountain discontinued operations in 2015 and Big Rock Ski Area in Mars Hill may 
be within lynx critical (is near eastern boundary). 

180/3/entire:  See comment 78/2/11-14. 

181/3/4-5:  But see several previous comments regarding inadequacy of incidental and illegal take 
considerations in the Draft SSA and needs to evaluate and model effects on resiliency and to consider 
conflicting public pressures on state agencies, as well as the potential for shifting fur markets, to 
increase harvesting effort expended to capture marten, fisher, bobcat, red fox, and/or coyote within 
lynx critical habitat. 
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181/3/11-12:  This underestimates the potential impacts of “green certification” and the millions of 
acres enrolled in that program on private lands in Maine.  Given the attention to T&E species, here is the 
potential federal “nexus” on private forestlands.  This management tool would be absent if lynx were to 
be de-listed.   

182/1/1-2:  ESA listing of lynx has promoted the species as a flagship for conservation and has been a 
stimulus and funding source for purchases of large pieces of land that have been subsequently managed 
for lynx  (one parcel >180,000 acres), and has been used as a flagship when promoting and funding new 
conservation easements, which prevent many types of development in working forests.  These 
conservation tools would also be greatly diminished if lynx were to be de-listed. 

182/2/7:  State regulations were enacted out of conservation and aesthetic concerns and could change 
in the future, particularly to benefit a flagship species like lynx. 

182/2/10:  Again, these “lower” levels averaging 0.86 hares/ha are above landscape thresholds for 
occurrence and likely exceed levels in western populations in the DPS.  Further they are 5 to 8-fold 
higher than hare densities at the nadir of cycles in the north. 

183/1/2-3:  In the longer-term, climate change may be the primary driver of boreal forest change in 
Maine, but much more rapid and recent changes have resulted from forest harvesting practices 
(Legaard et al. 2015).  

186/3/4-6:  incidental and illegal take have been inadequately considered and evaluated in the Draft 
SSA –see previous comments.  Absent protections under ESA, it is likely that state agencies will be 
encouraged to prioritize other species management and local public demands over lynx conservation if 
the DPS were to be de-listed. 

191/2/entire:  The potential for changing fur markets and fashions that might increase demand for 
other furbearers could also pose future risks to lynx. 

202/2/entire:  The assumption that management for lynx would continue on federal lands absent ESA 
protections is unsupported.  This management did not exist prior to lynx being listed as a U.S. 
Threatened Species and as I understand it, there would be no requirement for USFS or BLM to prioritize 
lynx conservation 5 years after the species were de-listed.  Further there have been no credible 
evaluations of whether existing management has benefited lynx, particularly given that forest 
management effects occur across decades.  See previous comments related to this topic. 

204/2/entire:  This assumption is not supported by data or rigorous modeling of potential effects of 
illegal harvests and incidental trapping, disease, and stochastic events on lynx persistence in this small, 
isolated population with a small effective population size.  This is particularly relevant given the recent 
extinction of a nearby subpopulation in the Kettle Mountains. 

205/1/entire:  I am confused about how near-term persistence can be as estimated high as 70% for a 
population than seems absent based on recent surveys? 
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208/2/entire:  In my professional opinion, effects of by-catch and illegal trapping and shooting, coupled 
with other stochastic influences,  been not been adequately considered given the tenuously small size of 
this population? 

211/3/entire:  This estimate seem unreasonably high given the historical and present data regarding 
this population (see general comment #5). 

2015/2/entire:  See comment 211/3/entire and general comment #5.  Additional to the other 
information in this paragraph citing conservation challenges and uncertainties for the W. Colorado 
population, the low landscape hare densities and fragmented nature of hare habitats due to the 
prevalence of drier conifer forests at mid-low elevations results in high habitat fragmentation.  Future 
projections of persistence appear to be based solely on projections suggesting future favorable snow 
conditions at higher altitudes in this most southerly and most isolated population and do not seem to 
adequately consider quantity and configuration of HQHH.  Thus, the second to last sentence of this 
paragraph seems to represent a significant contradiction? 

2019/1/1-4:  I am not convinced that the issue of potential extinction risk has been adequately 
evaluated and modeled for GYE, W. Colorado, or, particularly, for the small and isolated population in 
N.C. Washington.   As such, this seems to be a conclusion without sound basis? 

2019/3/4-8:  Interacting effects of temperature with snow depth (Litvaitis et al. 1986), along with 
availability of alternate prey could contribute to apparent differences between Maine and Minnesota in 
snow and competitive interactions. Further, the presence of wolves in Minnesota, but not in Maine, may 
affect relative densities of coyotes, and may influence interactions among coyotes, bobcats, and lynx 
(Litvaitis and Harrison 1989). 

220/General Summary: Potential effects of incidental harvest and illegal take, as well as effects of 
fragmentation, seem to be underrepresented in the summary section of the Draft SSA relative to their 
discussion elsewhere in the document. 

221/General Summary:  The summary does not address how current ESA listing affects current status of 
lynx or how protections and status would be expected to change if the DPS were to be removed from 
ESA protections.  This seems inconsistent with the frequent mention and consideration of those topics 
throughout the Draft SSA and considering that this document is intended to guide future decision-
making. 
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Summary of Peer review and State review comments, concerns, issues/themes – Draft Lynx SSA Report 

I. Peer Reviews 

Peer Reviewer 1 – Ron Moen (Tam) 

  

Peer Reviewer 2 – Dennis Murray (Bryon) 

I have not had a chance to develop individual responses to Murray’s comments.  However, I have read 
all his comments and, essentially the thesis of his comments is that he does not disagree with our 
conclusions regarding the overall effects of climate change and the potential impacts to the probability 
of lynx persistence in each of the geographic regions and DPS as a whole.  Rather, his comments are 
more technical in nature and primarily challenge our analysis underlying the mechanisms of climate 
change impacts upon lynx persistence. 

For example, he states the SSA places too much emphasis on loss of snow and changes in snow 
conditions leading to increased competition with lynx from bobcats for snowshoe hares, etc. as the 
primary driver of effects to lynx, and not enough emphasis upon the more likely explanation that loss of 
snow is likely to reduce snowshoe hare abundance and distribution that is likely to lead to decreased 
lynx abundance and perhaps distribution.  Perhaps this might be a valid point, and we may need to 
make a stronger point in the SSA that loss of snow is really about the effects of climate change related to 
loss of snow that affects geographic areas’ ability to support adequate snowshoe hare densities and 
distribution that may have detrimental effects upon lynx populations, and perhaps persistence.   Even 
when we talk about the effects of increased wildfire fire severity and frequency, it’s really about the loss 
of snowshoe hare habitat, and thus, the ability of an area to support adequate densities and 
distributions of snowshoe hare that would support successfully reproducing lynx populations. 

He also challenges our statements pertaining to the 0.5 hares/ha threshold level landscape density of 
snowshoe hares thought necessary to support lynx reproduction, as he contends there is no empirically 
based science supporting this threshold.  However, he does not offer a different threshold.  Regardless, 
of what the exact threshold is I believe we can point to sufficient science supporting our presumption 
that landscape level snowshoe hare densities in the contiguous U.S. exist at the extreme lower threshold 
necessary to support lynx populations and that any decline in snowshoe hare abundance and/or 
distribution, which is very likely under the projected climate scenarios, is very likely to have significant 
adverse consequences on the ability of each of the geographic areas to support the existing distribution 
and density of lynx.  Thus, as we conclude in the SSA, climate change is likely to result in a loss of lynx 
resiliency and perhaps redundancy of lynx at some point in the future. 

Murray also suggests that lynx may be able to rely more heavily on alternate prey in areas with lower 
snowshoe hare densities, but I have not seen any science to support that lynx can consistently and 
persistently successfully reproduce on diets that do not contain a majority of snowshoe hare.  Lynx have 
been documented to persist for short periods of time where alternate prey (principally red squirrels) 
comprise a majority of their diets, but it has not been demonstrated that lynx can successfully 
reproduce on these types of diets.  Thus it is questionable, and highly speculative to suggest that lynx 
populations can be sustained in areas where snowshoe hares densities are inadequate to comprise a 
majority of their diets.  Indeed, as Murray points out, lynx do not exist where snowshoe hares are not 
present.  On the other hand, snowshoe hare range historically and currently is much broader than that 
of lynx, even though I am confident there are other alternate prey (e.g., red squirrels) in these other 



areas/habitats for lynx to take advantage of.  Thus, there is probably something lacking with respect to 
the distribution and/or abundance of snowshoe hares in these other areas that does not support lynx 
reproduction. 

 

Peer Reviewer 3 – Dan Harrison (Mark) 

 

Peer Reviewer 4 – John Squires (Jim) 

1.  What is “adequate” resiliency and redundancy for southern (DPS) lynx populations?  How do we 
know the DPS demonstrates “adequate resiliency?” 

Response – We said that the persistence of resident pops in most places that have supported them 
historically (i.e., no compelling evidence of major declines in resident populations or of significant 
contraction of breeding range [noting metapopulation structure and likely natural “winking on and off” 
of ephemeral peripheral populations]) is evidence of historical and recent resiliency. We also indicated 
that continued climate warming is likely to result in smaller and more fragmented populations, which 
we expect would be less resilient than the historical or recent condition, leading at some point to loss of 
functional populations in some geographic units.  Likewise, we noted that the DPS units/populations are 
large and spread over a very large geographical range and therefore that the DPS is not vulnerable to 
catastrophe-induced extirpation – there is no single event capable of wiping out the entire DPS.  In fact, 
most units are so large as to preclude such extirpation (but perhaps not WA, where a very large fire 
might be capable of extirpating what currently remains of the population, and also GYA where, if a 
resident pop was to become established, it would likely be very small and geographically restricted, and 
therefore more vulnerable to catastrophic extirpation than other units [even more so than WA]).  
Therefore, redundancy is not currently an issue.  We noted that eventual future loss of some resident 
populations would be a reduction in redundancy, though it is uncertain whether redundancy would be 
diminished to the point that catastrophic extirpation would be likely/possible. 

2.  Contraction of small, localized populations could be expression of loss of resiliency and redundancy 
among southern lynx populations; such contraction is a “major conservation concern.” Author also feels 
we treat these populations “dismissively.” 

Response – Smaller and relatively more isolated peripheral (to the taxon range) pops would be expected 
to be less resilient than larger, more contiguous pops at the core of the range, and while their 
contraction and/or ephemeral “winking on and off” could be an indication of that expected lower level 
of resilience, it also may just be a reflection of the inability of the marginal habitats at the edge of the 
range to support persistent lynx pops.  That is, even the most resilient lynx population cannot persist in 
a landscape where hare densities are not consistently adequate most of the time to support lynx 
survival, reproduction, and recruitment – even in the core of the species’ range, there may be a near-
complete absence of reproduction and zero or near-zero recruitment for several years at the trough of 
the hare cycle.  So, is the contraction and/or winking off or small, relatively isolated, peripheral pops 
evidence of reduced or inadequate resilience on the part of the lynx pop., or just what you would expect 
at the crappy edge of the species’ range?  I don’t know and I’m not sure it is relevant. The 
contraction/loss of the 6-8 lynx that the Garnets might support does not seem significant to the 
persistence of the other 200-250 lynx that the author believes persist in the core of unit 3, nor does it 
have meaningful implications for the adequacy of redundancy in the DPS as a whole.  The author fails to 



identify why or in what capacity he thinks these small and likely naturally ephemeral populations 
contribute at all, let alone meaningfully, to the conservation of the DPS.  That is not being dismissive; it 
is trying to most parsimoniously assess the available information and draw plausible conclusions based 
upon it. 

3.  Questions our assessment of historical lynx occupancy in Wyoming/GYA; cites Reeve et al. 1986 
(which, unfortunately, includes predominantly anecdotal [unverified] records) to “…refute the notion, as 
reported in the SSA document, that lynx were ‘intermittent’ in the region.” 

Response – We do not say we are certain the GYA only held resident lynx intermittently; rather, we 
acknowledge that based on the historical record, it is a possibility, and that metapopulation dynamics 
theory would suggest that ephemeral populations would be expected at the periphery of the range, 
especially in a cyclic “ebb and flow” dispersal system like that of lynx. But more importantly, Squires’ 
reliance on unverified occurrence data is troubling and scientifically indefensible.  His colleagues 
McKelvey et al. in publications in 2000 and again in 2008 present a compelling case for the importance 
of relying on only verified data for assessing historical distribution of rare species, especially those that 
are easy to confuse with a more common and similar sympatric species (like lynx v. bobcat).  When you 
dig into Reeve et al. 1986, you see that only 22 of the 262 lynx records that Squires cites were verified, 
and that these do not suggest a continual presence of resident lynx in the GYA over time.  In fact, in the 
66 years after 1920 covered by Reeve et al., there are only 8 verified records; one in each of the 
following years: 1940, 1949, 1952, 1954, 1957, 1963, 1969, and 1983.  Even if we were willing to 
consider “probable” (but still unverified) records (which we are not, for the reasons presented by 
McKelvey et al. 2008), they would suggest a low-level of occurrence for much of the last century (mean 
= 1.3 anecdotal observations per year, range 0-5, from 1918-1969), followed by big increases beginning 
in 1970 and continuing through 1985 (mean = 7.8 anecdotal observations per year, range 3-19, from 
1970-1986) – likely a reflection of the big irruptions of lynx out of Canada in the early 1970s and early 
1980s (McKelvey et al. 2000, Fig. 8.6; also Fig. 8.3).  In that publication, the authors considered all of the 
records reported in Reeve et al. 1986 and, along with newer records from 1987-1999, found a total of 
only 30 verified records of lynx in Wyoming over 144 years (1856-1999).  These verified data simply do 
not “refute the notion” that the GYA, with its largely marginal habitats/hare densities, was perhaps only 
capable of supporting small numbers of resident lynx intermittently during that time. It is also possible, 
and we acknowledge so in the report, that it may have supported a small but persistent resident 
population, although the record does not strongly support that conclusion.  Either way, the very few 
resident lynx indicated by the record, whether persistent or ephemeral, do not constitute a significant 
contribution to the DPS or to its conservation. 

4.  Feels we did not stress importance of Wyoming Range to lynx in Wyoming; that we “downplayed the 
historical importance of the Wyoming population throughout the document; suggests the team 
review/edit the wording to “provide a better balance.”  Best habitat in the state; has been “highly 
impacted by natural and anthropogenic disturbance (fire, timber manipulation, proposed energy 
development, conflicting wildlife management priorities).” 

Response: We acknowledged relatively higher hare densities and lynx occurrence data in this area.  The 
author provides no rationale/evidence suggesting how this area is or was historically important to the 
DPS; he also provides no evidence or citations to evidence of the high level of impacts he indicated.  Fire 
is a natural and necessary component of hare and lynx habitat.  It is unclear how proposed development 
may have “highly impacted” lynx habitat in this area, nor exactly how “conflicting wildlife management 
priorities” has resulted in impacts to lynx or hare habitats.  We are aware of no information that 



quantifies impacts in this area or that otherwise supports the author’s contention that this area has 
been “highly impacted” or that such impacts have resulted in declines in hares or lynx.   

5.  Puzzled by our grouping of states in Section 2.3.2.2. 

Response - We clearly state up front that we present information from our early listing decision 
documents and then present our current understanding of those areas, but we can add clarification. 

Peer Reviewer 5 – Mike Schwartz (Jim) 

 

 

II. Substantive State Agency Reviews 

Colorado Parks and Wildlife (Kurt) 

 

Idaho Fish and Game (Bryon) 

 

Idaho Office of Species Conservation (Jim) 

1.  The State of Idaho disagrees with the Service’s determination that the Canada lynx qualifies as a DPS. 
Based on the species distribution at the time of listing and the robust populations in Canada and Alaska, 
the species does not qualify as a discrete and significant population as contemplated by the Service’s 
DPS Policy. In fact, within the Lynx SSA, the Service recognizes that lynx distribution in the contiguous 
United States is difficult to define and is at the very southern periphery of the species range. Based on 
the best available information within the Lynx SSA, the State encourages the Service to revisit its prior 
DPS determination. 
 
Furthermore, as pointed out by IDFG, Idaho lacks a persistent lynx population. This is supported by 
historical and current survey records. Dispersing lynx in Idaho are part of a larger population that occurs 
in Montana and British Columbia – lending further credence that this is not a distinct population. Future 
ESA considerations must take into account Idaho’s historic and current lack of a persistent lynx 
population. 
 
Response – The DPS designation is a policy decision/application, and policy decisions are beyond the 
scope of the SSA.  Although a persistent resident lynx population has not been identified in Idaho, the 
relatively large number of verified historical records and recent evidence of occupancy and some 
indication of reproduction suggest that parts of northern Idaho likely support small numbers of resident 
lynx, at least ephemerally. 

Maine Department of Inland Fisheries and Wildlife (including Maine Forest Products Council) (Mark) 

 

Minnesota Department of Natural Resources (Tam) 



 

Montana Fish, Wildlife & Parks (Jim) 

 

Washington Department of Fish and Wildlife (Bryon) 

1. Implies that the SSA is lacking in conservation measures for lynx breeding populations that likely 
exist in between, and that potentially connect the six geographic areas we are focusing on for 
lynx conservation, especially the geographic areas in Washington, Idaho, and Montana. 

Response – We acknowledge that lynx likely have existed (reproduced) in the past, currently reside, 
and will likely do so in the future in areas outside of the six geographic areas in the contiguous U.S., 
at least ephemerally.  In our opinion, we can best serve lynx conservation by focusing efforts on 
maintaining lynx populations in those places that seem to provide the ecological conditions 
supporting lynx life history needs and that have continually supported persistent lynx breeding 
populations through time (i.e., the six geographic areas).  However, lynx analysis units (LAUs) have 
been delineated on all USFS and BLM lands containing lynx habitat both within and outside of the 
identified six geographic areas, at least in the west and mid-west.  These delineated LAUs are 
managed, and will continue to be managed in accordance with either USFS Land and Resource 
Management Plans, BLM Land Use Plans, or the LCAS as appropriate and applicable.  Additionally, 
within Washington, the WADNR, pursuant to their 2006 Lynx Management Plan, has delineted LAUs 
within lynx habitat on their ownership, and manages these LAUS in accordance with their 2006 Lynx 
Management Plan. Thus, areas outside of the six geographic areas will be managed to support lynx 
reproduction to the extent they are capable of doing so. 

2. Is concerned that the SSA under appreciates the short-term (10-20 years) risk to the probability 
of lynx persistence in Washington from threats, and the large uncertainties about population 
processes that will influence its probability of persistence (e.g., immigration from BC, 
emigration, fires, snowpack, disease, current demographics of the population, impact of 
trapping in southern BC, status of population in BC, habitat corridor stability between BC and 
WA). 

Response - The SSA concludes that the probability of lynx persistence in Washington may 
dramatically decline by as much as 20 to 30 percent within the next 10-20 years primarily due to 
recent impacts to almost 50 percent of lynx habitat resulting from large-scale wildfires, and 
acknowledges that this population could become extirpated should additional high intensity large-
scale wildfires occur within lynx habitat in the near future. Also, see response to number 4. 

3.  States that current management plans for lynx are in need of revision to incorporate new 
information and concepts pertaining to lynx management. 

Response – We agree that new science pertaining to lynx management should be incorporated into 
management plans as it is developed.  This would be especially important if such new science 
represents paradigm shifts in our understanding of lynx habitat management.  Currently, the new 
science on lynx habitat management that has been derived is from limited studies, not been fully 
developed, and is more of a refinement complementing the existing knowledge of lynx habitat 
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requirements to support successful reproduction.  However, once fully developed and vetted, the 
new information should be incorporated into existing lynx habitat management direction. 

4. WDFW questions the SSA’s conclusion that there is a meaningful level of lynx immigration from 
Canada to Washington and cites declining lynx harvests in BC as an indicator of potential 
reduced lynx immigration to Washington. 

Response – We do not disagree with the WDFW’s concern regarding lynx trapping in BC and the 
potential implications for reduced opportunities of lynx immigration to Washington.  However, the 
WDFW does not define “meaningful”, nor did we state that there currently or likely will be future 
meaningful level of lynx movement between BC and Washington. We also appreciate WDFW’s 
concern and acknowledge the lack of data to support immigration/emigration of lynx from/to BC 
and Washington.  Nonetheless, as lynx are very capable dispersers and there does not appear to be 
any barriers preventing lynx movement between Washington and Canada as concluded by Singleton 
et al. (2002, entire), we have no reason to conclude that lynx movement between Washington and 
Canada has significantly changed from historical conditions (aside from the historic, unprecedented 
lynx irruptions in the 1960s and 1970s).  To wit, as stated in the SSA, a male lynx collared in 
Washington in 2008 was trapped in BC in 2009.  Very few lynx have been collared in Washington.  
Thus, it is not unreasonable to presume that other lynx movements between Washington and BC 
(both immigration and emigration) have occurred and will most likely continue to occur, at least in 
the foreseeable future.  Further, while we conclude that lynx immigration from Canada to the U.S. 
has occurred historically and that maintaining this connectivity may be important, we are unsure 
regarding the role that this connectivity may play in supporting the genetic and/or demographic 
stability of lynx populations in the U.S.  We only indicate that should several additional wildfires 
result in extirpation of lynx in Washington, the lynx population in BC could be a source for 
recolonization of Washington by lynx once vegetative conditions conducive to supporting lynx 
reproduction are restored through successional regeneration.  

 

 

 

 

Wyoming Game and Fish Department (Jim)   

 

 

Note:  Non-substantive comments, letters of support, or submission of minor corrections/new data 
were received from Michigan, New Hampshire, New Mexico, and Wisconsin,  

No comments were received from New York, Oregon, Utah, or Vermont  
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Summary of major or consistent issues, comments, concerns, and themes from Peer reviews and State 
agency reviews of the Draft Lynx SSA Report 

I. Peer Reviews 

Peer Reviewer 1 – Ron Moen (Tam) 

 1.  Questions the length of the forecasting window – “Can we really project conditions to 2100, 
especially given the uncertainty with respect to climate change?” We can be reasonably confident in 
predictions through 2030 or 2040 perhaps (10 or 20 years) but we would then need to qualify 
predictions beyond that by saying there is much more uncertainty further into the future. 

Response – 

2.  Concerned about how we presented/summarized process and results of expert elicitation and 
associated uncertainty; cautions against using “confidence intervals” with regard to expert uncertainty 
and implying a “false [level of] precision.” 

Response – 

3.  Thinks for most segments of the DPS at the present time that a connection with Canada and cross-
border movement (both emigration and immigration) is more important to the persistence of lynx in the 
units than implied. 

Response – 

Peer Reviewer 2 – Dennis Murray (Bryon) 

1.  The thesis of his comments is that he does not disagree with our conclusions regarding the overall 
effects of climate change and the potential impacts to the probability of lynx persistence in each of the 
geographic regions and DPS as a whole.  Rather, his comments are more technical in nature and 
primarily challenge our analysis underlying the mechanisms of climate change impacts upon lynx 
persistence.  For example, he states the SSA places too much emphasis on loss of snow and changes in 
snow conditions leading to increased competition with lynx from bobcats for snowshoe hares, etc. as 
the primary driver of effects to lynx, and not enough emphasis upon the more likely explanation that 
loss of snow is likely to reduce snowshoe hare abundance and distribution that is likely to lead to 
decreased lynx abundance and perhaps distribution. 

Response - Perhaps this might be a valid point, and we may need to make a stronger point in the SSA 
that loss of snow is really about the effects of climate change related to loss of snow that affects 
geographic areas’ ability to support adequate snowshoe hare densities and distribution that may have 
detrimental effects upon lynx populations, and perhaps persistence.   Even when we talk about the 
effects of increased wildfire fire severity and frequency, it’s really about the loss of snowshoe hare 
habitat, and thus, the ability of an area to support adequate densities and distributions of snowshoe 
hare that would support successfully reproducing lynx populations. 

2.  He also challenges our statements pertaining to the 0.5 hares/ha threshold level landscape density of 
snowshoe hares thought necessary to support lynx reproduction, as he contends there is no empirically 
based science supporting this threshold. 

 



Response - However, he does not offer a different threshold.  Regardless, of what the exact threshold is I 
believe we can point to sufficient science supporting our presumption that landscape level snowshoe 
hare densities in the contiguous U.S. exist at the extreme lower threshold necessary to support lynx 
populations and that any decline in snowshoe hare abundance and/or distribution, which is very likely 
under the projected climate scenarios, is very likely to have significant adverse consequences on the 
ability of each of the geographic areas to support the existing distribution and density of lynx.  Thus, as 
we conclude in the SSA, climate change is likely to result in a loss of lynx resiliency and perhaps 
redundancy of lynx at some point in the future. 

3.  Murray also suggests that lynx may be able to rely more heavily on alternate prey in areas with lower 
snowshoe hare densities. 

Response - I have not seen any science to support that lynx can consistently and persistently successfully 
reproduce on diets that do not contain a majority of snowshoe hare.  Lynx have been documented to 
persist for short periods of time where alternate prey (principally red squirrels) comprise a majority of 
their diets, but it has not been demonstrated that lynx can successfully reproduce on these types of 
diets.  Thus it is questionable, and highly speculative to suggest that lynx populations can be sustained in 
areas where snowshoe hares densities are inadequate to comprise a majority of their diets.  Indeed, as 
Murray points out, lynx do not exist where snowshoe hares are not present.  On the other hand, 
snowshoe hare range historically and currently is much broader than that of lynx, even though I am 
confident there are other alternate prey (e.g., red squirrels) in these other areas/habitats for lynx to 
take advantage of.  Thus, there is probably something lacking with respect to the distribution and/or 
abundance of snowshoe hares in these other areas that does not support lynx reproduction. 

Peer Reviewer 3 – Dan Harrison (Mark) 

1. P. 1 The Draft SSA overlooks the possibility that lynx populations may be less variable and have 
exhibited long-term sustainability, coupled with less dramatic temporal fluctuations in density, 
survival and recruitment within Maine, and perhaps Minnesota, compared to populations within 
the core range.   The SSA should reevaluate the possibility that a lack of 10-year cycles in lynx at 
the southern limit of their distribution means that the populations are not sustainable without 
inputs from Canada.  This is a tenuous assumption and ignores the point that average longterm 
finite growth rate could be positive in places with non-cyclic or dampened fluctuations with 
increased periodicity.  

Response:  The SSA process and advisors led the core team toward developing a lynx “model” that fit 
the DPS as a whole.  Although there are some generalities concerning lynx and hare ecology that hold 
true across the DPS, there are many differences concerning lynx and hares in each of the units.  These 
differences could influence our perspective on all 3Rs.  From these and other peer review comments it 
seems that we should revisit how we describe the DPS, particularly the inherent (and significant) 
differences between the units.  As indicated in the next few comments, Dr. Harrison (and other peer 
reviewers) challenged us on the validity of key assumptions that form the biological basis of the SSA.  
Although some assumptions may still hold true for some units, they may not for others.  Perhaps we 
need to aggregate similar units that have similar ecological characteristics and state specific 
assumptions for each.  We need to be more explicit in what assumptions apply to what units.  In other 
words, peer reviewers are asking us to describe a more complex than simplistic status of lynx across the 
DPS. 

Dr. Harrison is makes a valid point concerning noncyclic-or weakly cyclic hare densities providing more 
stable population conditions for ME and MN (and maybe MT) .  He also makes a valid point that 

Comment [ZJ1]: What he seems to be saying to 
me is that perhaps some (ME and MN) DPS 
populations are more independent of Canadian 
populations than Is generally thought/accepted, and 
they may therefore be less vulnerable to some of 
the impacts we hypothesize based on the potential 
for reduced immigration/connectivity that may 
occur in a warming future.  He is suggesting that 
some DPS populations may be secure without 
immigration and that they may actually benefit from 
acyclic or less-cyclic population trends (hares and 
lynx).  I.e., they are potentially less threatened than 
if they were more dependent on Canadian/Core 
populations. 



landscape hare densities in eastern units are much greater than western units resulting in smaller home 
ranges in the east than west (and perhaps other different demographic patterns throughout the DPS.  
We should reevaluate and restate our basic assumptions for each unit or groups of similar units.  At 
one point (meeting in Denver) we started a table that would compare hare densities, lynx 
demographics, etc. for each of the units.  We didn’t have data for all the units, but perhaps this would 
be a good starting point for developing assumptions.  For example, if ME and MN have similar landscape 
hare densities, lynx home ranges and demographics, connected broadly to populations in Canada, 
similar forest ecotypes, etc.  perhaps we could make unique assumptions related to these units that 
would be different from MT and WA. 

 

2. This suggests high resiliency of this population and argues that Maine is not an island in the 
meta-population sense and is part of a persistent population across the mixed transitional 
forests of Maine, southern Quebec, and New Brunswick and spanning nearly 30 million acres of 
habitat that is contiguous and demographically isolated from other lynx populations. This clearly 
violates the general assumption (page 7, final bullet at bottom) of the Draft SSA which states 
that: “We assume that lynx exhibit a “mainland-island” metapopulation structure in which the 
DPS populations function as “islands” that receive periodic input from “mainland” Canada 
populations.” This “mainland-island” metapopulation structure is critical to the biological 
assessments throughout the Draft SSA and does not appear relevant to the contiguous 
populations in Maine, and also does not likely apply in Minnesota. The application of the 
metapopulation concept may or may not apply in Montana (depending on subpopulation), and 
seems most relevant to the populations in Washington, the GYE, and western Colorado. 
Applying this concept across the entire DPS does not seem appropriate. P. 12 The peripheral 
island population concept is not relevant to populations in N. Montana, Minnesota, and Maine, 
all of which occur over large landscapes and are fully contiguous (and part of) populations in 
Canada. P. 12 Not all southern populations are isolated and necessarily dependent on 
immigration – again this is an overgeneralization across populations within the DPS. This 
concept is probably most relevant to populations in Colorado, GYE, and N.C. Washington. Also 
see related comments on p. 13., p. 16 that argue that Maine (and MN?) populations do not 
operate on mainland-island premise. See additional comment on P. 21. 

Response:  Although we acknowledge lynx occur across the border, we did little to quantify or describe 
the populations of lynx that occur nearby.  Dr. Harrison is correct that the ME lynx population is part of a 
large metapopulation south of the St. Lawrence River.  However, this larger metapopulation is probably 
geographically isolated from central Canada (Quebec populations).  I think Dr. Harrison’s hypothesis that 
lynx swim the 5 to 15 distance across the St. Lawrence River is unlikely.  Koen et al. believe what 
interchange occurs in the winter when the River freezes (they show there is more connectivity that 
expected with ice-breaking operations).  We should expand on what we know about lynx status for 
Canadian lynx populations adjacent to ME, MN, MT, and WA.  Dennis Murray advised us to look at 
trapping regulations and harvests of these border/s. Canada populations and believed that trapping has 
or could be affecting immigration rates.   

We should expound on why we believe immigration is important to maintaining the DPS populations, 
drop this assumption, or retain it for the populations (West) where we believe it important.  This is a 
holdover from the early days of lynx listing and as Dr. Harrison indicates probably influences some 
western units more than eastern units.  There has not been major cycles for several decades, yet lynx 
persist in the DPS.  Dr. Harrison’s hypothesis probably is valid – hare populations never cycle as low as 



they do in Canada and seem to be sufficient to support stable populations (or increasing in ME since 
listing because of the unprecedented forestry situation. 

3. Tendency of the Draft SSA to broadly generalize across the 6 populations in the DPS despite that 
some populations are geographically, ecologically, demographically, and genetically more similar 
to contiguous core populations in Canada, and which may have much less commonality with 
other geographically isolated populations within the DPS that are separated by hundreds and 
thousands of miles.  P. 11. all lynx populations in the DPS should not be grouped together as the 
landscape compositions and configurations, distribution of HQHH, and demographics are very 
different. See numerous comments above about the inappropriateness of the broad 
generalization and assumption that lynx demographics across the DPS are characteristic of 
northern populations during hare lows. If so, then all populations in the DPS should be in rapid 
decline phase most of the time and would not persist. Data for most southern populations is in 
direct contrast with this assumption, and the data are particularly contradictory for northern 
Montana, Minnesota, and Maine. 

 
Response:  See comment above.  The SSA paints the DPS with a broad brush, when the science suggests 
there are distinct differences between units that affect the 3Rs.  We should revisit, revise, or possibly 
eliminate our assumption that hare densities resemble those at the low-point of the hare cycle in 
Canada.  Perhaps landscape hare densities in the West do resemble low Canada hare densities.  If so, 
the assumption may only apply to western Units.  However, Dr. Harrison makes a valid point – if hare 
densities in the DPS resemble those at the low-point of the hare cycle, why are not all of our DPS 
populations declining as they would in Canada? 

 
4. “We assume that , in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, including 
the DPS, than in the core of the species range in Canada and Alaska. “  

 
Response:  If we had the table referred to in the previous response, we could compare and contrast 
how lynx and hare populations behave in the DPS compared to what we know about central Canada (did 
the LCAS do this?).  For example some DPS hare-lynx populations may resemble the low-point of the 
hare cycle, whereas others may be somewhere in the middle.  Hare and lynx populations in ME have 
never reached similar numbers to the peak in the Canadian cycle, but they have never approached the 
low-point either.  This stability of hare numbers (especially never crashing to extra-low densities) seems 
important to lynx recovery in the DPS.  

 
5. The assumption that lynx numbers are lower in the DPS is also tenuous. The other general 

assumption that population processes in the DPS are more similar to northerly populations at 
the low in hare numbers is universally inaccurate across the population within the DPS.  Also see 
related comments on p. 10., p. 11., p. 12 

 
Response:  See previous comment.  Maybe lynx numbers are as low as they get in central Canada, 
maybe not.  Again, a table comparing the units would seem useful.  Lynx densities are much lower in the 
West (MT?, CO?, WA?) than in ME and MN.  The SSA paints with a broad brush and probably does not 
do a good job of pointing out differences. 
 
If a peer reviewer indicates we are inaccurate or our assumptions lack support, we need to address. 



 
6. The final general assumption that is bulleted on page 8 seems unsupported and could greatly 

affect the future status of lynx. The assumption that current levels of conservation for lynx 
would continue without protections under the ESA is completely unrealistic. There has not been 
a credible assessment to date of the efficacy of recent efforts to prioritize lynx conservation on 
federal lands within the DPS. P. 27. 202/2/entire: The assumption that management for lynx 
would continue on federal lands absent ESA protections is unsupported. This management did 
not exist prior to lynx being listed as a U.S. Threatened Species and as I understand it, there 
would be no requirement for USFS or BLM to prioritize lynx conservation 5 years after the 
species were de-listed. Further there have been no credible evaluations of whether existing 
management has benefited lynx, particularly given that forest management effects occur across 
decades. 

 
Certification is linked to efforts to conserve threatened and endangered species, thus delisting could 
eliminate the growing potential for lynx conservation on private forestlands, particularly in Maine 
and Minnesota. Future opportunities to modify policies to benefit lynx conservation on private lands 
would be severely compromised if lynx were to be de-listed.  See p. 23 for related comments.  

 
Response:  We should address Dr. Harrison’s comment in the SSA.  Is it true that there are no 
assessments of the effectiveness of the LCAS/USFS plans?  Are there any data that indicate that the 
management is retaining or attracting lynx on the landscape?  We are probably on thin ice to say that 
the USFS would continue lynx management if the lynx were not listed.  Are there any USFS policies that 
would indicate they would continue management?  Would the USFS develop a research/monitoring 
effort to document lynx occupancy of LAUs?  Would they do so if the lynx were not listed?  This point is 
best addressed by Jim or someone representing the western units. 
 
We addressed Forest Certification concerning the Maine unit, but it may pertain to lynx habitat on 
private lands other units as well.  We should broaden the discussion in the SSA to include information 
on SFI of FSC certification on all units (where would there be a quick way to obtain this information?).  
I agree with Dr. Harrison that forest certification has much potential for lynx recovery in Maine and 
probably other units.  It is underutilized and thus far, I am not aware that any certified landowners in 
Maine are actively managing for lynx.  This could be, in part, because of mixed messages concerning 
what is needed for lynx management from UMaine, USFWS, and MDIFW.  I agree that without listing, 
certified private landowners in Maine would have little or now incentive to manage parts of their lands 
specifically for lynx, or if they did, they may indicate that current management (partial harvesting) will 
support lynx. 
 

 
7. P. 14. the issue of potential effects of incidental and illegal mortality have not been adequately 

considered or evaluated in the Draft SSA.  The frequent incidental take of lynx is documented in 
numerous places within the Draft SSA, yet there has been no modeling or simulations presented 
to address the potential effect of incidental harvests on small and marginal lynx populations 
within the DPS. The numbers reported in the Draft SSA also assume complete reporting of 
illegally, accidentally, and bycatches of lynx, which is unlikely. P. 13. Tier II risks could be more 
important than assumed here (e.g., effects of roads and particularly, incidental and illegal 
harvests have not been modeled or simulated). These factors could be particularly important for 
isolated populations and sub-populations with small effective population sizes, but also for the 



larger population in Maine where unimproved road densities exceed 1.5 km/km2 and nearly all 
individual lynx in the population are potentially exposed to risks via incidental take and illegal 
shooting. Illegal and incidental harvests are reported later in the document but are neither 
rigorously evaluated, modeled, nor simulated to evaluate their potential as limiting factors in 
regards to lynx resiliency. P. 13. Yes, state prohibitions on take may limit the potential for 
targeted harvests of lynx. However, lynx are susceptible to capture in a wide variety of set types, 
including in neck snares set to remove nuisance coyotes and wolves. In some states, required 
trap check intervals could also compromise health and survival of incidentally captured lynx. The 
question is not whether existing regulations may benefit lynx, but are current measures 
adequate and enforced to minimize threats to population resiliency. In my view, this topic has 
not been adequately evaluated in the Draft SSA. See related comments on p. 13, p. 14 
concerning trapping reporting rates.  See related comments on p. 23. 162/2/13-15: Yes, this is 
correct and the currently underutilized opportunity for enhancing habitat management on 
private lands would be further diminished if lynx were to be de-listed. Other possible threats 
mentioned previously are increased incidental harvests associated with changing fur markets 
and demands for fisher, marten, bobcat, and coyotes, as well as competing demands by local 
residents (e.g., coyote and/or wolf control to protect livestock or game species).  See related 
comments p. 26., p. 28.  

 
Response:  Potential red flag!!!!!   The SSA does not explore and consider the cumulative and 
synergistic effects of stressors on individual SSA units individually or as a whole.  Peer reviewer Dennis 
Murray provided similar comments concerning the potential adverse effects of trapping in southern 
Canada on lynx in the DPS.  Dr. Harrison makes valid points.  In the biological opinon for our trapping 
HCP with MDIFW, we rationalized that lynx and bobcat populations typically could support 15% harvest 
rates (but not during the decline phase of the hare cycle).  Even if there was considerable non-reporting 
of lynx incidentally trapped or subsequent mortality of lynx released from traps, we could not envision 
that harvest rates would approach 15%.  However, we cautioned that if populations dropped, then 
trapping mortality or injury could be additive and drive populations to lower levels.  It seems that we 
should address the issues raised in Dr. Harrison’s and Dr. Murray’s comments.  
 
In these comments or elsewhere, Dr. Harrision indicated that we tended to evaluate threats/stressors 
individually and did not contemplate the additive, cumulative effects of multiple stressors affecting lynx 
populations in the DPS at the same time.  (The LCAS did not look at cumulative effects.)  We typically do 
a cumulative effects analysis for NEPA.  Should we do a similar analysis in the SSA?  The Carlos Carroll 
paper is the only one I am aware of that looks at the simultaneous effects of forest management, 
climate change, and trapping (in adjacent Canada) on the Maine populations and concludes these three 
factors working together would cause a declining Maine population. 
 
We probably do not have the capacity or time to do a population analysis/PVA concerning the effects of 
trapping on any of the lynx populations for the SSA.  MDIFW did one for their trapping HCP, but take 
numbers were low (they did not consider non-reporting at the scale in Dr. Harrison’s comments).  They 
arrived at the conclusion that incidental trapping mortality did not have population level effects on the 
Maine population.   
 
The combined effects of anthropogenic mortality (incidental trapping, illegal shooting, road mortality) 
could have population-level effects on smaller populations in the DPS.  Many populations (WA, GYA, MT, 
MN, CO) have populations <200-300 animals (and the ME population may be at this level a decade or 
two from now).  How would the loss of 5, 10, 15, 20 animals annually affect viability?  Is there anything 



we can learn from the recent PVA done for WA?  What can be gleaned from PVAs done for incidental 
take of European lynx?  Perhaps we could use Vortex to do a stochastic model of a “generic” population 
of 50, 100, and 250 lynx to illustrate the effects of anthropogenic mortality on the viability of smaller 
populations (over a 50-year and 100-year horizon).  See similar comments concerning the viability of CO 
in point #10.    
 
The FIT team determined not to include population modeling as a basis for evaluating current and future 
status.  I can’t recall why this decision was made, but believe it was because we did not have lynx 
demographic data for all populations.  We rarely have complete data to inform models, but conservative 
assumptions can be made and they can provide valuable insights into how lynx populations work.  For 
example,  Steury and Murray published a valuable, published PVA for lynx without complete 
information.   We actually have quite a bit of demographic data for ME, MN, MT, WA, and CO.  – 
probably more than we have for many species.  Perhaps we could look at the demographic data 
(especially if a table were developed to summarize these data ; see responses to comments #4 and #5 
above).  Maybe the demographic data could be assembled for a generic “eastern” and “western” 
population for modeling using Vortex, RAMAS or other program to help us gain insights on some of the 
key questions we and the peer reviewers have asked: 

• Are small lynx populations in the DPS self-supporting or do they need demographic input from 
populations in Canada?  If so, how many animals/generation from Canada are needed to 
support populations? 

• Are lynx populations in the East (high landscape hare densities) more robust than the West 
(low landscape hare densities)?  What happens if eastern populations (esp. Maine) drops to 
smaller population size? 

• What are the cumulative effects of anthropogenic mortality on different-sized lynx 
populations? 

• How sensitive are small lynx populations to lower hare numbers predicted by climate change 
and trends in forest management  (e.g., we have some data from ME to show lower pregnancy 
rate, smaller litter sizes, and slightly lower survival in a low hare v. high hare environment)? 

 
The SSA could include a table of stochastic PVA-modeled outcomes representative of small western and 
eastern populations.  Perhaps, this would help augment and interpret the information from the 
probability of persistence exercise with the expert elicitation.  This could help answer the points Dr. 
Harrison raises below about CO and GYA. 
 
Initial population size Eastern lynx demographics 

Probability of persistence 
Western lynx demographics 
Probability of persistence 

 50 years 100 yrs 50 years 100 years 
Recent lynx demographics 
50 lynx Lamda + 95% CI    
100 lynx     
250 lynx     
Reduced lynx demographics  from anthropogenic mortality (trapping, illegal shooting, roads) 
50 lynx     
100 lynx     
250 lynx     
Reduced lynx demographics from increased competition for hares in a low-snow environment + 
anthropogenic sources 



50 lynx     
100 lynx     
250 lynx     
 

 
8. the assumption that conservation for lynx would continue absent protection under the ESA does 

not consider that millions of acres of conservation easements purchased since lynx listing, and 
which restrict development and ensure a continued focus on working forests (with forest 
succession that promotes hare densities). Such easements have been leveraged and publically 
funded based on perceived conservation benefits and using lynx and other listed species of 
concern as flagships for conservation. Those benefits are largely dismissed by this assumption 
and all of the above listed considerations are inadequately addressed in the Summary section of 
the Draft SSA. P. 9 if delisting is a potential future, then the potential effects on lynx 
conservation need to be much more rigorously considered and evaluated throughout the 
document. The consideration of this potential outcome is very uneven across the 6 populations 
discussed under Chapter 5: Future Conditions. P. 14. More research and quantification of the 
acreage of land under forest certification within lynx critical habitat is needed. I think the 
percentage would be very surprising. Thus, there is much underutilized opportunity to 
strengthen landscape considerations and to provide incentives for lynx and hare management 
via forest certification, which is directly linked to endangered species conservation. The loss of 
this tool to affect land management in the largest population of lynx in the DPS would likely 
occur if the “nexus” resulting from ESA listing for lynx were to be removed. P. 14. The incentives 
for lynx conservation and mitigation on state-managed lands would also be greatly diminished 
via de-listing. P. 26. 182/1/1-2: ESA listing of lynx has promoted the species as a flagship for 
conservation and has been a stimulus and funding source for purchases of large pieces of land 
that have been subsequently managed for lynx (one parcel >180,000 acres), and has been used 
as a flagship when promoting and funding new conservation easements, which prevent many 
types of development in working forests. These conservation tools would also be greatly 
diminished if lynx were to be de-listed. 

 
Response:  To address Dr. Harrison’s comments we should develop a more rigorous and consistent 
description of the future of lynx conservation without listing in all DPS populations.  This was one of 
the last-minute additions that we added to the SSA in response to Marty’s comments.  The projections 
should be as realistic as possible.  What evidence is there that the USFWS for maintain management in 
forest plans?  Do the plans have an expiration date?  What about commitments, or lack thereof, on 
private lands in each of the units?  The Maine projections need to be reassessed to address Dr. 
Harrison’s comments.  We are purchasing GIS coverage that may help us to document the amount of 
the Maine DPS in conservation easements.  We will have to explore what is available concerning Forest 
Certification (in ME and other units).  I agree with Dan that there will be little motivation for private 
landowners to intentionally manage for lynx in Maine without listing. 

 
9. The sections on current and future status of lynx in Maine incorrectly imply that lynx would be 

absent and populations would be non-sustainable without the extensive clearcutting that 
occurred in the late 1970’s through 1990. This seems to ignore that more than 400 lynx were 
harvested and sold in a single year in Maine (annual numbers seemed to fluctuate widely), prior 
to clearcutting and mechanized harvesting. Further, lynx distribution in Maine has been largely 
unchanged from the 1850’s to present (Hoving et al. 1983). 



Response:  We need to revisit and revise this section to address Dr. Harrison’s comment.  We are 
fortunate to have a several documents that assemble a long historic record for lynx in Maine.  There is 
ample evidence that there has been a continuous presence of lynx in Maine and they were certainly 
here prior to the clearcutting of the 1970s and 1980s.  I agree with Dr. Harrison’s comments. 

 
10. P. 6 The report seems to over-estimate the current and future population status of lynx in 

western Colorado and does not adequately address why lynx were extirpated or absent for 
Colorado in the past? Recent information suggests landscape hare densities are below 
thresholds required to support lynx over the long-term (i.e. more dry-conifer forests due to 
lower latitude), and that recent observations on reproductive rates suggest that those rates are 
insufficient to support positive population growth. Further the population is the most southerly 
and isolated of all lynx populations in the DPS. Thus I am questioning how mid-century 
persistence of 50-85% and end of century persistence of up to 70% (median 50%) can be 
realistic. See related comments on P. 21. P. 27. 205/1/entire: I am confused about how near-
term persistence can be as estimated high as 70% for a population that seems absent based on 
recent surveys? P. 29. 2019/1/1-4: I am not convinced that the issue of potential extinction risk 
has been adequately evaluated and modeled for GYE, W. Colorado, or, particularly, for the small 
and isolated population in N.C. Washington. As such, this seems to be a conclusion without 
sound basis? 

Response:  Dr. Harrison has identified similar issues we have struggled with concerning the past and 
future potential for lynx in CO.  We are not sure why experts gave such an optimistic probability of 
persistence to the GYA and CO.  There was discussion about the likelihood of lynx having snow refugia at 
these higher elevations.  However, if landscape hare densities are low in these regions (conditions 
dryer), then we may want to revisit statements we make about the long-term probability of persistence 
of lynx in these areas. 

11. P. 7 Throughout the document, interference competition via aggressive interactions and/or 
predation by mountain lions and particularly by bobcats is mentioned as a major factor affecting 
current and future habitat suitability. Deep, fluffy, persistent snow is stated to provide a 
refugium for lynx resulting from their lower foot-loading. I agree with this, but in my assessment 
the Lynx SSA Team has overlooked the importance of limb length (see Krohn et al. 2004) and 
exploitation competition from other predators of hares. Fisher was mentioned as a potential 
predator of lynx, but not as competitors for food. Further, the fisher has similar foot loading, but 
much shorter limb lengths than lynx and must resort to an energetically costly bounding pattern 
in deep snow. Further, Krohn et al. (1995, 2004) provided strong evidence that the geographic 
range and density of fisher is limited by deep snow . P. 9 A potentially significant interaction 
seems to be missing from this figure. With declining snow, forest management or natural 
disturbances that increase habitat quality for hares could actually lead to numerical and 
functional responses of fisher, bobcat, coyote, and red fox, as well as avian predators that 
consume a diet with high representation of hares near the current interface with lynx critical 
habitat. Increased hare habitat combined with less snow could lead to increased competition for 
a limited food resource. P. 11 does not address the historical effect of wolf extirpation and 
coyote colonization or expansion in Maine and Colorado. Coyotes were historically absent but 
now occur ubiquitously across critical lynx habitat in Maine. Wolves were present prior to 1900, 
but have been absent since (coyote release?). Those coyotes use hares extensively (Major and 
Sherburne 1987, Litvaitis, J. A. and D.J. Harrison. 1989), and coyotes may also mediate 
competition between lynx and bobcats (Litvaitis, J. A. and D.J. Harrison. 1989), particularly given 



reported exploitation competition between coyotes and bobcats, which both rely more on deer 
during winter than do lynx (Olsen 2014). P. 12 38/2/entire: Consider expanding this paragraph 
to include other potential competitors and influence of limb length interactions (see comment 
#6 above).  See related comments on page 15. 

Response:  Both Dr. Murray and Dr. Harrison indicate that we have not fully explored and documented  
lynx competition with a full suite of predators and the relationship with snow.  Our analysis was based 
almost exclusively on the bobcat-lynx-snow relationship.  We need to broaden our discussion to include 
competitive interactions with the full suite of carnivores and raptors that could be competing with lynx 
for snowshoe hares.  In fact, Murray indicates that in a lower-snow environment there is increased 
competition for hares by a complex predator community within the DPS that will (or already has) 
reduced hare population.  He believes this will be the primary way that climate change affects lynx 
populations in the DPS. 

We should expand our discussion of foot loading, limb length, and full suite of competitors in the DPS.  
We should document use of snowshoe hares by competitors, effects of lower snow on hare predation 
by these species,  and discuss the mediating effects of wolves on coyote populations in some parts of 
the DPS (paper recently published????).  

I do not recall this concept being discussed extensively at the expert workshop (the experts we invited 
seemed focused on bobcats as the primary competitor with lynx).  Had Murray and Harrison been 
present would the discussion and outcomes of the expert workshop have been different? 

12. Address arbitrary statements.  What is the benchmark for determining when resiliency is 
“adequate”? This seems vague and warrants justification. 9/3/10-12: What is a large geographic 
area –this seems arbitrary. Lynx have been lost from Garnett Mountains, Kettle Mountains, GYE, 
and Colorado (perhaps?) in the past 100 years. It is debatable whether this is a “significant” 
reduction in redundancy? 10/1/entire: IBID previous comment. Are these losses of 
subpopulations a “significant” loss of representation? This seems a bit arbitrary? It is uncertain 
how much “winking off” is natural from a meta-population sense, but in at least one case (Kettle 
Mountains) it appears that human induced mortality may have played a role. 

Response: Marty Miller provided similar comments.  We should address . 

 
13. P. 8 The assumption that populations will be extirpated from 3 of 5 units represents excessive 

speculation and ignores the high uncertainty and many assumptions associated with that 
expectation. I agree that the climate change projections, despite uncertainty, suggest increasing 
challenges for lynx conservation in all geographic units. the conclusion that extirpation is 
inevitable in 3 of 5 units implies a level of certainty that is unwarranted given the many 
interacting uncertainties. 

Response:  We received similar comments from states and other peer reviewers concerning the 
probability of persistence exercise.  At minimum, we need to more explicitly state the assumptions used 
and pay close attention to how we state uncertainty (especially given the difficulty decision-makers had 
with interpreting uncertainty).  We discussed depicting the graphs in a different way to show 
uncertainty is really between the median high and low bounds. 

The SSA may be over-reliant on the probability of persistence graphs.  Many reviewers have indicated 
that this exercise had too many inherent biases and uncertainty to make it useful to project far into the 
future.  Some indicated we assigned too much “statistical validity” to these results when, in fact, they 
are a compilation of “guesses” from 10 lynx-hare experts concerning lynx.  Some of the experts said they 



were not qualified to “guess” about the outcome of lynx in units for which they were not as familiar.  At 
the decision-making meeting we discussed other sources of bias (e.g. group think) and different 
interpretations by individual experts on how to bracket uncertainty that may have influenced the results 
of this exercise at the workshop.   

Perhaps re-evaluating the expert exercise with a PVA analysis, discussed above, would help clarify the 
future for lynx across the DPS.   Would the lynx experts have come to different conclusions if they had 
the benefit of PVA information?  The topic came up at the expert workshop, but only Dr. Squires had 
information from a demographic model (a slightly negative lamda).  The modeled lamda for Maine in the 
SSA is also a demographic model (negative lamda for low hare years, which Dr. Harrison comments on 
below).  There are no confidence limits around a demographic model because there is only a single 
estimate of lamda given the inputs.  However, stochastic models do provide confidence limits around a 
mean lamda given multiple “stochastic” events and variability around the mean natality and mortality 
values that are input.  Would uncertainty associated with a stochastic PVA for probability of small lynx 
populations be similar to the uncertainty expressed by the lynx experts in their exercise? 

 
14. P. 9 I agree with the conclusions about genetic representation, the genetic structuring, 

particularly in western mountain ranges and south of the St. Lawrence River suggest that 
demographic isolation could be a concern and could affect future resiliency and redundancy. 
Fewer population exchanges are needed to maintain genetic representation than are needed to 
maintain population viability in declining populations dependent on demographic exchange with 
neighboring populations. 

Response:  We still don’t know what degree of immigration is needed to support lynx populations in the 
DPS.  A PVA could help provide answers.  If, for example, a western population of 250 lynx needs 5 lynx 
per year from Canada to maintain a lamda of +1.0, do we think lynx populations in adjacent Canada are 
likely to provide an excess of this many animals?  As Dr. Murray asks, could some southern Canada lynx 
populations be demographically similar to the DPS (lamda < 1.0) and could trapping harvest affect 
immigration rates?  We make a general statement in the SSA concerning how lynx are managed for 
sustainable harvest in adjacent Canada, but do we really know…does anyone really know including the 
Canadian biologists…are there any data from harvested southern Canada lynx populations to know the 
effects of trapping?   Most Canadian provinces have robust lynx population in the north.  Are they 
concerned about the harvest in the southern parts of their province or do they assume a similar boom-
bust harvest associated with the hare cycle.  Quebec manages trapping harvest of lynx in fur districts 
south of St. Lawrence more conservatively than fur districts to the north.  Do other provinces?  When 
hares dropped in ~2006, Quebec reduced lynx harvest quotas south of the St. Lawrence.  Does this 
affect immigration rates into Maine?  Carlos Carroll’s lynx model seems to indicate this is a significant 
factor influencing the future population of lynx in Maine (with climate change and forestry).     

 
15. P. 9 References to support the underlying principles behind the “3 R’s” concept are needed to 

strengthen justification for this approach (which I strongly support). 
Response:  We should cite references to 3Rs and address Dr. Schwartz’s suggestion concerning 5Rs.  
After the decision meeting, it became unclear whether all three Rs are equally important.  Are they?  If 
so, we should explain in the SSA.  We seemed focused on resiliency, but it seems that decision-makers 
did not believe that loss of redundancy or representation were very important. 



If we acknowledge that the different units of the DPS have different attributes and unique stressors (as 
opposed to a broad-brush analysis of the DPS), perhaps focus would come back to the importance of 
unique attributes of each DPS population that may contribute to the ability of the species to adapt.   

Furthermore, all experts and authors of the SSA seem to agree that climate change is the single 
catastrophic event that, if unabated, will result in endangerment or extirpation of lynx in the DPS.  The 
timing and exact mechanism by which climate change will affect lynx populations are what is uncertain.  
Is there a reason why we do not include climate change as a single catastrophic event in the SSA?  How 
have we addressed climate change in other SSAs? 

16. P. 10 various spatial scales are easily confused as presented in the Draft SSA. 
Response:  Dr. Harrison indicates that we have confused landscape, stand-level, and within-stand scales 
throughout the SSA.  We should address because they arrive at slightly different conclusions.  For 
example, at the landscape scale, lynx in Maine select landscapes and having high hare densities, at the 
stand-scale they select stands where they achieve high hunting success (perhaps adjacent to stands with 
high hare densities).  Not sure if interpretations of spatial scales are included in published papers from 
other DPS units.  We need to address. 

 
17. P. 10 Landscape hare density of 0.5 inferred across the DPS – it likely varies. This seems to lack 

the 2 most recent references on threholds of hares for lynx occurrence – see Simons-Legaard et 
al. 2013 (reports threshold of >0.7 hares/ha) and (Simons-Legaard et. al. 2016), which depicts 
distribution of hare habitat meeting landscape thresholds for hares across 4.1 million acres of 
lynx critical habitat circa 2010 and 2022. 

Response:  Dr. Harrison and Dr. Murray both caution against taking a broad-brush approach to 
landscape hare densities needed to support lynx across the DPS.  As they indicate, there were no data to 
support the O.5 hares/ha.  yet it is widely cited.  There are analyses from Maine that indicates that lynx 
need at least 0.74 hares/ha (Simons-Legaard et al. 2016).  Furthermore, researchers often report the 
maximum hare densities found in some DPS units, not the landscape hare density.  For example, hare 
densities reaching 1.0 hares/ha in small, widely scattered patches in Montana is expressed in relatively 
low landscape hare densities compared to hare landscape densities reaching >1.0 hares/ha in 
contiguous habitat across wide landscapes having spruce-fir in Maine (when hares were high and habitat 
from regenerating clearcuts peaked).  This explains why lynx home ranges are smaller in Maine than 
Montana.  There are hare density data from Montana (Steury and Murray) that suggests that hare 
densities need to be greater than 1.0 hares/ha there.  Not sure if there are analyses for other DPS units.  
We need to address.  This could influence our thoughts on resiliency. 

 
18. Inadequacy of state lynx habitat management guidelines. P. 14 How widely used and applied are 

the state agency’s voluntary management guidelines for conserving lynx habitat? For over 25 
years I have been a Cooperating Scientist working with landowners who manage ~8.5 million 
acres of forestland in lynx critical habitat in Maine, including serving as an advisor regarding 
habitat management for lynx. I have never heard a landowner mention the state agency’s 
habitat management recommendations. I suspect that the impact of these recommendations 
has been insignificant. 

Response:  I agree with Dr. Harrison that there are no state lynx management guidelines.  The Service 
developed lynx habitat management guidelines for lynx in Maine in 2006, but this needs updated with 
much new information.  We need to address. 



 
19. P. 15. Private land management for lynx in Minnesota seems to be an underutilized opportunity. 

Perhaps this could become an increasing priority for FWS and for federal incentives and/or 
management incentives if lynx were to remain a listed species? 

Response:  See comments above about the underutilized and discussed role of privately-owned 
forestlands in the SSA.  Can we obtain information from ME, MN, and MT on the acreage of privately 
owned lands in forest certification? 

 
20. P. 15. Hares in Maine have high tick infestations during spring and summer, particularly in areas 

of high hare density. Have parasite and disease interactions with climate been considered? 
Response:  The SSA addresses lynx diseases and parasites, but not hares.  We need to address. 

 
21. P. 16. The landscape-scale effect of the shifting composition away from conifers and towards 

hardwoods in Maine is documented in Legaard et al. 2015. In my view this rapid shift towards 
hardwoods from forest harvesting is much more important to lynx in the short run than is the 
longer term forest shift associated with climate change. P. 18. 80/1/entire: Selectively removing 
overstory trees, as practiced in the northeastern forests is also a threat as it transitions stands to 
a greater hardwood composition (Fuller et al. 2004), which results in lower densities of hares 
(Legaard et al. 2015, Fuller and Harrison 2005, Robinson 2006 and lower conifer stem densities 
in partially harvested stands (Fuller et al. 2004, Robinson 2006). Further, the residual overstory 
trees have a higher conifer composition and provide less winter canopy cover for hares after 
selection harvests (Fuller et al. 2004) and after other forms of partial harvests (Robinson 2006). 
This has led to landscape-scale declines in boreal forest (Legaard et al. 2015). 

Response:  Red flag!!!! Although we knew that northern hardwoods were increasing and spruce-fir 
declining we were not aware of publications documenting the extent of this decline.  We should review 
and cite Legaard et al. 2015 that documents a 20% decline in spruce-fir since the last budworm 
outbreak.  I agree this degree of loss of habitat, coupled with expected further decline (see Simons-
Legaard et al. 2015, Andrews 2015 – significant citations we also missed) represents a major stressor 
that we did not adequately address in the SSA.  We have since learned that we lost >1 million acres of 
spruce-fir in the Maine unit (B. Seymour, silviculture, UMaine). We need to do additional research into 
this phenomenon and address in the SSA. 

 
22. P. 16. 75/3/bullet #5: I disagree. This statement applies to northern boreal forests and to some 

landscapes in the west; however, in Maine the cumulative effect of forest change from 
mechanized harvesting over the past 40 years dwarfs the size and frequency of any previous 
natural disturbances.  See extensive comments on P. 19 related to this topic. 

Response:  We need to address in the SSA.  The SSA does not adequately show how forest 
management is a greater driver of future trends in lynx habitat in the East than perhaps in the West.  
Even in the western units we should describe the relative importance of forest management v. natural 
disturbance events.  Although lynx habitat is logged in most areas in the West, it seems that some is 
out of reach of forestry (?) and other natural disturbances (e.g., large fires in WA, bark beetles in CO) 
have a greater influence on lynx habitat in the West than the East.  In contrast, in the East natural 
disturbances (budworm) may have both positive (spur additional cutting) and negative (loss of spruce-
fir habitat.) 



 
23. P. 16. 76/2/entire: This paragraph accurately summarizes events on western National Forests, 

but does not accurate depict the situation in the forests supporting the largest population in the 
DPS. In Maine, the annual footprint of forest harvesting in terms of acres/year has more than 
doubled since the enactment of the Maine forest practices Act in 1991 (passes in 1989). The 
cumulative effect of those increased annual harvest equate with monumental landscape 
changes. In the past 3 years there have been slight decreases in forest volumes resulting from 
recently closed paper mills, but the acreages harvested are still well above historical averages. P. 
16. 78/2/9-10: Conversion of conifer-dominated forests to hardwood dominated forests via 
forest practices and regulations is a threat to lynx. See Legaard et al. 2015.  See additional, 
useful comments related to this topic on P. 19.  P. 23. 169/2/entire: It should be recognized that 
ESA listing could promote changes to the Maine Forest Practices Act and forest certification 
requirements and those changes would likely be enhanced by continued listing of lynx under 
ESA. 

Response:  See response to previous comment.  ESA listing has not led to changes in the Maine Forest 
Practice Act to date, but Dr. Harrison is correct that it could in the future.  There is an underutilized 
provision in the FPA that relaxes clearcutting requirements IF a forest management plan is in place for a 
unique resource.  We have not had the capacity to fully explore the possibilities with landowners in 
Maine, but have discussed with both landowners and the Maine Forest Service.  We should revise SSA 
to reflect this. 

 
24. P. 16. 77/2/entirety: It should not be ignored that the federal protection of lynx under ESA has 

heightened the utility of lynx as a flagship species for conservation, and has been a major force 
behind land acquisitions by conservation organizations and subsequent management of these 
lands for lynx and hares. This could change if lynx were to be de-listed. 

Response:   We should cite Dr. Harrison’s work at UMaine to use the lynx as a flagship species for early 
successional species at large landscape scales.  We should discuss and cite two unpublished reports by 
Dr. Harrison (analysis of managing for lynx and benefits to other early successional species – 
Heppenstal, and UMaine report to TNC for managing lynx on their ownership).  I agree that without 
listing that forest landowners are not likely to manage areas for lynx. 

 
25. P. 17. Roads are typically considered in terms of human-induced mortality, but the habitat 

effects of roads are incredibly significant for the Maine population. Fuller et al. (2007) 
documented that gravel roads and associated road edges represented 11% of the total land and 
water surface area of a northern Maine study area. Road and road edges were avoided by lynx 
and had the lowest conifer stem densities and indices of hare abundance of any of the available 
habitat types during that study. Thus, roads affect availability of high quality habitat by lynx and 
affect lynx movements given that lynx alter movement paths to avoid transition out of HQHH 
when foraging (Fuller and Harrison 2010). P. 20. 92/4/entire: The effect of habitat conversion to 
areas with low hare densities and which are avoided by lynx within 60m corridors associated 
with forest roads can result in >10% habitat loss in landscapes with intensive private forestry 
(Fuller and Harrison 2007) and these linear bands of low quality hare habitat alter the foraging 
paths of lynx, who avoid transitions from high- to low-quality foraging habitat (Fuller and 



Harrison 2010). P. 20. 95/3-4/entire: Utility corridors, access roads to wind sites, and gravel 
forest roads (particularly if they receive snowmobile traffic) may enhance access of generalist 
and edge associated predators and competitors (e.g., coyotes and red foxes) into areas where 
lynx occur and forage on hares. 

Response:  Red flag!!!!!  We missed this aspect of Angela Fuller’s analysis.  We need to revise the SSA 
accordingly.  If roads and lynx avoidance area represent 11% of the lynx habitat area in Maine, this 
could be significant.  How to reconcile with frequent observations of lynx using unplowed logging roads 
in winter to travel.  Need to discuss further with Dr. Harrison. 

 
26. P. 17. This is implying that PCT is a threat. From an eastern perspective, clearcut+herbicide+PCT 

creates much better conditions than partial harvests or stands without harvesting in terms of 
hare and lynx habitat.  See related comments about PCT on p. 17. 

Response:  We should clarify the effects of PCT in the West v. East lynx units in the SSA.  Although PCT 
reduces hare densities in Maine by ~50%, these densities are still high enough (at least under high hare 
conditions) to support lynx.  Under low hare conditions, hare density in PCT stands may be too low to 
support lynx by themselves, but they contribute to overall landscape hare density.  Thus, if PCT is 
dispersed in a landscape having a large proportion of HQHH, lynx will likely still occupy the area.  A small 
percentage of spruce-fir stands in Maine are usually treated with PCT (but that could be increasing with 
recent research emphasis at the Maine Coop Forestry Research Unit).    

 
27. P. 17. 81/4/entire: I disagree with this entire paragraph. To the contrary, the vast percentage of 

high quality hare habitat in Maine and New Brunswick is the result of past clearcutting followed 
by herbicide application (e.g., Glyphosate) to suppress competing hardwoods. The result is high 
conifer stem densities that develop into optimal hare habitat which is determined by the 
presence of cover and NOT by deciduous stems for food. Many studies (and cited in the Draft 
SSA) have shown positive relationships between conifer stem densities (>1 m) and hare 
densities. Robinson (2006) modeled vegetation variable as predictors of hare density and found 
that conifer stems were much more influential than deciduous stems, due to greater cover 
provided by conifers (Litvaitis et al. 1985). Fuller and Harrison (2013) reconfirmed those 
relationships via modeling at the microsite scale. 

Response:  We need to review and revise this paragraph in the SSA. 

 
28. P. 19. 82/2/11-14. This statement is incorrect. The trends presented are accurate but the cause 

is NOT from partial harvesting. Clearcuts during the 1980’ and 1990’s that occurred in the 
southern parts of lynx critical habitat are coming on line from 2010-2022 and will buffer losses 
as older clearcuts in the north advance to pole stands. Because of topography, lack of large 
spruce-fir flats, patterns of site quality (i.e., better drained soils on ridges) and given that 
budworm had disappeared by the time these stands were harvested, the cuts were more 
scattered and smaller in average size. Many of these cuts occurred after the 1991 MFPA and 
there were new economic disincentives for cuts >30 acres. This is why the patches are getting 
more fragmented and smaller as HQHH is shifting to the south. This is not a direct result of 
partial harvesting. 

Response:  We misinterpreted the information in Simons-Legaard et al.  We need to revise this 
paragraph given the information above.  Dr. Harrison is correct that the very last budworm clearcuts 



1985-1990 will be aging out of HQHH conditions in the mid_2020s and thereafter there will little new 
habitat coming on line. 

 
29. P. 19. 87/2/1: I strongly disagree with this statement. See many of my previous comments, 

particularly general comments.#1 and #2. As stated previously, nearly all forest habitats (Maine 
is >90% forest) contain snowshoe hares. Thus there is continuous, unfragmented habitat. High 
quality foraging habitats are aggregated due to topography, site quality, road access, and 
harvesting efficiencies. Maine does not have the natural fragmentation of western forests, nor 
expanses of unsuitable habitat that are absent of hares. The background matrix and landscape 
context in Maine and Minnesota may be very different from western populations in the DPS 
where topography and water cause a patchy distribution of mesic conifer forests. The problems 
in Maine result from habitat loss caused by harvesting practices and historical management that 
are shifting species composition towards hardwoods (Legaard et al. 2015). 

Response:  We have to be careful about painting the DPS with a broad brush in the SSA.  This is one 
example, but there are many others pointed out by Dr. Harrison and others.  We need to revise. 

 
30. P. 20. 96/2/8-12: I disagree with this statement. The effective population size in N.C. 

Washington is quite small, so it seems conceivable that disease and or random stochasticity 
could result in a small but significant possibility of functional extirpation in the short run (as 
happened in the adjacent Kettle Mountains?). Has this been considered and modeled? 

Response:  This is another situation where modeling the viability of different-sized lynx populations 
could be instructive.  See responses above about the merits of adding population viability analysis to 
the PVA. 

 
31. P. 21 97/3/20-21: Isn’t it quite feasible that ephemeral lynx populations in GYE would be an 

essential stepping stone for genetic and demographic exchange with the most southerly and 
isolated lynx population in western Colorado? 

Response:  We may not have documented the importance of the GYA as a stepping stone in the SSA.  
Experts at the workshop may not have either.  Need to consider and revise SSA as necessary. 

 
32. P. 21 99/3/1-3: Isn’t the NH population really just part of the Maine population that extends 

across a political boundary. I am unsure why political lines are being used to define geographic 
range boundaries? Isn’t northern NH, Maine, NB, southern Quebec really a single population? 
VT is a bit isolated and should be considered separately. Related to bullet #2 above. 

Response:  I don’t think we need to revise to address this comment.  However, this section is where we 
could provide further information about the larger Maine/eastern Maritime Province of Canada 
metapopulation. 

 
33. P. 21 100/1/7: It is an overstatement that “the next spruce budworm outbreak is imminent.” 

Actually, larval densities of spruce budworm in Maine declined in summer of 1996, and larval 
numbers and distribution are not much above baseline levels at the present time. The outbreak 
in Quebec, Canada is primarily in areas without clearcut harvesting following the last outbreak, 
so Maine forests are very different and the timing and probability of an outbreak in Maine is 



highly uncertain. If an outbreak occurs, the outcome in terms of recycling pole and mature 
stands into sapling conifer habitat for hares is a potential outcome that could be beneficial for 
lynx.  See related comments on p. 25, p. 26. 

Response:  We may have misinterpreted the information concerning the likelihood of another 
budworm outbreak.  Clarify comment with Dr. Harrison – does he mean 2016 instead of 1996?  We 
need to confer with experts at the Cooperative Forestry Research Unit at UMaine (Dr. Brian Roth).  If 
we lost 1 million acres of spruce-fir after the last outbreak, why would we not lose further spruce-fir IF 
there is a new budworm outbreak in Maine?  Need to confer with Dr. Harrison or Dr. Roth. 

 
34. P. 22. 105/2/entire: It should be noted that mixed conifer-deciduous stands dominate on sites 

with intermediate soil drainage and deciduous forests on well-drained hillsides. Both do not 
support HQHH (Fuller and Harrison 2005, Harrison et al. 2016). Thus lynx in N. Maine are not 
advantaged by elevation. In mountainous regions where conifers are on mountaintops, the 
conifer patches are fragmented and tend to be mature conifer (which supports low hare 
densities per Fuller and Harrison (2005) and Harrison et al. (2016). Siren (unpublished report) 
has found that high elevation spruce-fir forests in NH also do not typically provide HQHH. 

Response:  The SSA should be revised to include the information above.  We may have addressed the 
mountaintop conifer situation elsewhere in the SSA.  We may have been over-generous in describing 
mixed-hardwood/softwood stands as having potential for lynx habitat.  Check and revise as necessary 
as I agree with Dr. Harrison.  The wet aspect of spruce-fir flats in Maine is not adequately described in 
the SSA and has a bearing on silvicultural choices.  Shelterwood or patch cuts, which could support 
higher hare than mixed wood or mature stands, are not used frequently in spruce-fir flats because of 
shallow rooting and wind-throw.  Revise SSA accordingly in this paragraph and throughout. 

 
35. P. 22. 109/2/7: This is an error in fact. Actually about 260,000 total acres were harvested in 

Maine during 1988, compared to a peak of about 540,000 acres/year from 2001-2003. I think 
the mistake arose from the fact that there was about 100,000 acres of clearcut harvesting in 
Maine in 1988. 

Response:  Revise the SSA with the information above.  Get the most recent reports from Maine 
Forest Service to make sure this and other similar citations are up to date. 

 
36. P. 23 115/3/3-4: I think this is an error. A 50-200-year fire interval is incredibly frequent and I 

have seen no references to support that. A 200-800 year interval is what I recall. This needs to 
be re-checked. 

Response:  Review the citations.  I believe Dr. Harrison is correct. 

 
37. P. 23 117/3/18-20: I am unclear how “diminished ice conditions on the St. Lawrence River could 

be an increasing risk given that ice-breakers clear the river channel daily during winter? See 
111/4/4-5. 

Response:  Koen et al. reviews the frequency of ice-breaking  information on the St. Lawrence.  There is 
also information (not cited in the SSA) concerning the increasing number of ice-free days on the St. 
Lawrence because of climate change.  I think that Koen et al. says that ice breaking does not occur daily.  
Review citations, add new ones, and revise SSA. 



 
38. P. 23. 138/2/5: This wording suggests lynx are generalists in the summer, which is contradictory 

to Olson (2015) within the DPS. Yes lynx consume a wider range of available foods in summer, 
but > 90 of their caloric intake is likely from hares. 

Response:  Review and revise the SSA.  The Maine literature indicates lynx are reliant on hares year-
round.  This may be another example where we are generalizing and lynx ecology is different across DPS 
units. 

 
39. P. 23. 139/3/1-2: This is an incorrect statement as it applies to the Maine lynx population. Forest 

management has shifted boreal forest towards mixed and hardwood composition in this region 
(see Legaard et al. 2015). 

Response:  Another example of where we generalize and do not reflect differences in factors driving 
hare and lynx populations throughout the DPS.  Revise. 

 
40. P. 23. 159/2/3-4: This text implies that forest management is and will be detrimental for lynx, 

which is contrary to the current situation in the largest population in the DPS and ignores the 
future opportunities to use forest management to enhance hare and lynx habitat on federal and 
private lands managed for wood fiber production. 

Response:  Another example of where we generalize and do not reflect differences in factors driving 
hare and lynx populations throughout the DPS.  Revise.  Forestry can be beneficial or detrimental 
depending on outcomes related to habitat and hares.  For example, widespread clearcutting in Maine 
had beneficial short-term effects (extensive regen spruce-fir) and detrimental long-term effects (loss of 
a million acres of spruce-fir).  Current partial harvesting is not expected to provide sufficient landscape 
hare densities needed to support high lynx populations and best habitat in future decades will shift 
southward where there will be increased competition with other species and possibly lower hare 
densities. 

 
41. P. 23-24. 160/2/9-13: This conclusion seems overly speculative given climate uncertainty (e.g., 

more precipitation could result in more snow despite warmer temps if still below freezing, as is 
currently observed in Lake effect areas east of the Great lakes where bobcats are uncommon). 
Additionally, this Page 24 of 29 ignores natural disturbance events that may rejuvenate conifer 
sapling habitat in Maine and Minnesota, as well as potential changes in wood fiber markets and 
regulations that could be used to promote conifer habitats. I agree that data suggest lynx 
conservation will become more challenging, particularly given climate change, but extirpation in 
3 of 5 units seems overly precise and overly speculative given uncertainty. See general 
comments 3, 4, and 5. 

Response:  If Dr. Harrison is correct, then even if climate change results in an increased snow 
environment (lake effect snow example), then bobcats will benefit because the snow can support them 
(and other competitors).  Do we have data on bobcats from lake effect areas in MI, WI, NY that would 
support this hypothesis.  Since it is raised, we should address in the SSA. 

 
42. P. 24. 164/2/entire: As mentioned previously, effects of disease (e.g., rabies, plague, lungworm, 

distemper) and other stochastic events, coupled with fires and accidental and illegal mortalities 
could affect shortterm resiliency in this population will small effective population size. With the 



exception of wildfire, the additive effects of these stressors seem to have been under-
emphasized. 

Response:  We did not evaluate cumulative effects of stressors in the SSA.  It seems that we should.  
Could we do a NEPA-type analysis to evaluate effects of stressors in each unit (and avoid a broad-
brush approach).  The stressors vary widely in nature and intensity throughout the DPS.  It would 
seem this would be very important to have in the SSA if a 5-factor analysis will eventually be done to 
evaluate listing status. 

 
43. P. 24. 169/3/6-8: The early portion of this paragraph is supported by landowner surveys but it is 

without basis to assume that the lack of spraying to prevent budworm mortality and the 
widespread clearcutting and herbicide application, as conducted during the past outbreak, will 
lead to a lack of budworm-inflicted mortality of trees. Natural recycling or commercial 
harvesting of infected stands that will be naturally transitioning out of hare and lynx habitat by 
2022 could have a benefit to lynx. Again it is a poor assumption that lynx require broad-scale 
clearcutting to be viable in the northeast. See general comment #4. 

Response:  According Dr. Harrison’s previous comments, we do not know if a budworm outbreak will 
occur.  If it does, we do not know landowner response (it could vary widely according to landowner).  
We do not know the degree of spruce-fir mortality that could occur.  We could make worse-case or best-
case scenarios in the SSA? 

 
44. P. 24.  169/5/13: The conclusion that reproductive rates are non-sustainable during the hare low 

is highly uncertain given the extremely low sample sizes of radioed adult females and seems 
contrary to many reported observations of adults traveling with kittens and high apparent 
occupancy of habitats given 8 consecutive years of relatively lower hare populations. See 
169/5/10. 

Response:  Agreed the sample sizes are low, but it is the only information we have.  MDIFW intentionally 
distinguished lynx demographics during a high hare and low hare period.  Alternately, it would seem 
inaccurate to use “average” demographics weighted toward high hare years (the majority of the MDIFW 
study) knowing that hare populations have declined and seem to have stabilized at these lower 
densities.  The response by lynx to declining hares in Maine (although small sample size) is not 
surprising, given that similar responses occur in Canada during the declining phase of the hare cycle.  
Not sure if Dr. Harrison believes hares will ever return to high landscape densities in Maine again?  This 
range in demographic responses by lynx (e.g. at high and low years) could be captured in confidence 
limits around demographic data put into a PVA.  This may be the best way to explore the viability of 
small lynx populations in the DPS. 

 
45. P. 25. 171/1/7-8: This trend data is 14 years-old and should be updated. Maine Forest Service 

has publically made these trends available electronically through 2016. 
Response:  See response above.  Need to secure latest Maine Forest Service reports including those 
that includes graphs in MDIFW response. 

 
46. P. 26. 175/4/2-3: Actually the most recent re-measurements of HQHH stands in Maine suggest 

that most of these overstocked stands on poor quality sites will remain HQHH to at least 40 



years due to slow maturation due to poor site quality and high competition among overstocked 
stems (Scott 2009, Harrison et al. in prep.). 

Response:  Revise given Dr. Harrison’s suggestion.  Spruce-fir on wet sites (poor site quality) are likely 
to stay in HQHH than spruce-fir on better drained soils. 

 
47. P. 27. 183/1/2-3: In the longer-term, climate change may be the primary driver of boreal forest 

change in Maine, but much more rapid and recent changes have resulted from forest harvesting 
practices (Legaard et al. 2015). 

Response:  Agree and revise as necessary.  However, Dr. Harrison did not cite CFRU-funded research 
Simons-Legaard et al. 2015 and Andrews 2015 that shows that climate change is likely already having an 
effect on spruce-fir in Maine (actually forest management and climate change are probably have a 
synergistic effect).  This research indicates spruce-fir could be greatly diminished in Maine by 2060.  We 
need to incorporate this latter research, for which we were not aware, and Dr. Harrison’s comment in 
the SSA. 

 
48. P. 28. 205/1/entire: I am confused about how near-term persistence can be as estimated high as 

70% for a population than seems absent based on recent surveys? 
Response:  How to address?  It seems Dr. Harrison is looking at the most optimistic point on the graph, 
not the median.   

 
49. P. 28. 2019/3/4-8: Interacting effects of temperature with snow depth (Litvaitis et al. 1986), 

along with availability of alternate prey could contribute to apparent differences between 
Maine and Minnesota in snow and competitive interactions. Further, the presence of wolves in 
Minnesota, but not in Maine, may affect relative densities of coyotes, and may influence 
interactions among coyotes, bobcats, and lynx (Litvaitis and Harrison 1989). 

Response:  We did not review the literature concerning competitive interactions of bobcat-coyote-
lynx-wolves in the SSA and should.  Our tendency was to focus on the bobcat-lynx interaction. The 
Litvaitis et al. 1986 citation seems germaine to climate change analyses in the SSA and may shed light on 
how snow depth and quality mediates relationships between the carnivore community that occurs in 
the DPS.  We should do a literature search to determine if other literature concerning the carnivore 
community (and snow) exists within other units of the DPS.  This could be important in projecting 
future outcomes for lynx in the DPS. 

 
50. P. 28. 221/General Summary: The summary does not address how current ESA listing affects 

current status of lynx or how protections and status would be expected to change if the DPS 
were to be removed from ESA protections. This seems inconsistent with the frequent mention 
and consideration of those topics throughout the Draft SSA and considering that this document 
is intended to guide future decisionmaking. 

Response:  Red flag!!!!!   Dr. Harrison is correct that the Synthesis does not include any mention of 
future scenarios without listing.  It should if it is a synthesis of the SSA.  Similarly, the Executive 
Summary makes only one mention of future delisting (assumption page 8).  We say delisting was 
considered but provide no summary of our analysis or conclusions about a future scenario without 
listing.  We don’t know how much of the SSA was read by decision-makers, but if they focused on the 
Executive Summary and Synthesis, these sections provide little information about the consequences of 



no listing.  This relates to Marty Miller’s comments that the SSA needs to be improved concerning future 
scenario with no listing. 

 

Peer Reviewer 4 – John Squires (Jim) 

1.  What is “adequate” resiliency and redundancy for southern (DPS) lynx populations?  How do we 
know the DPS demonstrates “adequate resiliency?” 

Response – We said that the persistence of resident pops in most places that have supported them 
historically (i.e., no compelling evidence of major declines in resident populations or of significant 
contraction of breeding range [noting metapopulation structure and likely natural “winking on and off” 
of ephemeral peripheral populations]) is evidence of historical and recent resiliency. We also indicated 
that continued climate warming is likely to result in smaller and more fragmented populations, which 
we expect would be less resilient than the historical or recent condition, leading at some point to loss of 
functional populations in some geographic units.  Likewise, we noted that the DPS units/populations are 
large and spread over a very large geographical range and therefore that the DPS is not vulnerable to 
catastrophe-induced extirpation – there is no single event capable of wiping out the entire DPS.  In fact, 
most individual units are so large as to preclude such extirpation (but perhaps not WA, where a very 
large fire might be capable of extirpating what currently remains of the population, and also GYA where, 
if a resident pop was to become established, it would likely be very small and geographically restricted, 
and therefore more vulnerable to catastrophic extirpation than other units [even more so than WA]).  
Therefore, redundancy is not currently an issue.  We noted that eventual future loss of some resident 
populations would be a reduction in redundancy, though it is unlikely that redundancy would be 
diminished to the point that catastrophic extirpation of the DPS would be likely/possible. 

2.  Contraction of small, localized populations could be expression of loss of resiliency and redundancy 
among southern lynx populations; such contraction is a “major conservation concern.”  Author also feels 
we treat these populations “dismissively.” 

Response – Smaller and relatively more isolated peripheral (to the taxon range) pops would be expected 
to be less resilient than larger, more contiguous pops at the core of the range, and while their 
contraction and/or ephemeral “winking on and off” could be an indication of that expected lower level 
of resilience, it also may just be a reflection of the inability of the marginal habitats at the edge of the 
range to support persistent lynx pops.  That is, even the most resilient lynx population cannot persist in 
a landscape where hare densities are not consistently adequate most of the time to support lynx 
survival, reproduction, and recruitment – even in the core of the species’ range, there may be a near-
complete absence of reproduction and zero or near-zero recruitment for several years at the trough of 
the hare cycle.  So, is the contraction and/or winking off or small, relatively isolated, peripheral pops 
evidence of reduced or inadequate resilience on the part of the lynx pop., or just what you would expect 
at the naturally marginal edge of the species’ range?  I don’t know and I’m not sure it is relevant. The 
contraction/loss of the 6-8 lynx that the Garnets might support does not seem significant to the 
persistence of the other 200-250 lynx that the author believes persist in the rest of Unit 3, nor does it 
have meaningful implications for the adequacy of redundancy in the DPS as a whole.  The author fails to 
identify why or in what capacity he thinks these small and likely naturally ephemeral populations 
contribute at all, let alone meaningfully, to the conservation of the DPS.  That is not being dismissive; it 
is trying to most parsimoniously assess the available information and draw plausible conclusions based 
upon it. 



3.  Questions our assessment of historical lynx occupancy in Wyoming/GYA; cites Reeve et al. 1986 to (1) 
show that “early records suggest that lynx were present in Wyoming for a long time based on 
photographs from Yellowstone extending back to the 1920s and museum records,” (2) conclude that 
lynx “may have inhabited the Wyoming Range since 1940,” and (3) “…refute the notion, as reported in 
the SSA document, that lynx were ‘intermittent’ in the region.” 

Response – We do not say we are certain the GYA only held resident lynx intermittently; rather, we 
acknowledge that based on the historical record, it is a possibility, and that metapopulation dynamics 
theory would suggest that ephemeral populations would be expected at the periphery of the range, 
especially in a cyclic “ebb and flow” dispersal system like that of lynx. But more importantly, the 
author’s reliance on unverified occurrence data is troubling and scientifically indefensible.  His 
colleagues McKelvey et al. in publications in 2000 and again in 2008 present a compelling case for the 
importance of relying on only verified data for assessing historical distribution of rare species, especially 
those that are easy to confuse with a more common and similar sympatric species (like lynx v. bobcat).  
When you dig into Reeve et al. 1986, you see that only 22 of the 262 lynx records that Squires cites were 
verified, and that these do not suggest a continual presence of resident lynx in the GYA over time.  In 
fact, in the 66 years after 1920 covered by Reeve et al., there are only 8 verified records; one in each of 
the following years: 1940, 1949, 1952, 1954, 1957, 1963, 1969, and 1983.  Even if we were willing to 
consider “probable” (but still unverified) records (which we are not, for the reasons presented by 
McKelvey et al. 2008), they would suggest a low-level of occurrence for much of the last century (mean 
= 1.3 anecdotal observations per year, range 0-5, from 1918-1969), followed by big increases beginning 
in 1970 and continuing through 1985 (mean = 7.8 anecdotal observations per year, range 3-19, from 
1970-1986) – likely a reflection of the big irruptions of lynx out of Canada in the early 1970s and early 
1980s (McKelvey et al. 2000, Fig. 8.6; also Fig. 8.3).  In that publication, the authors considered all of the 
records reported in Reeve et al. 1986 and, along with newer records from 1987-1999, found a total of 
only 30 verified records of lynx in Wyoming over 144 years (1856-1999).  These verified data simply do 
not “refute the notion” that the GYA, with its largely marginal habitats/hare densities and lack of direct 
connectivity with larger northern lynx populations, was perhaps only capable of supporting small 
numbers of resident lynx intermittently during that time.  It is also possible, and we acknowledge so in 
the report, that it may have supported a small but persistent resident population, although the record 
does not strongly support that conclusion.  Either way, the very few resident lynx indicated by the 
record, whether persistent or ephemeral, do not constitute a significant contribution to the DPS or to its 
conservation. 

4.  Feels we did not stress importance of Wyoming Range to lynx in Wyoming; that we “downplayed the 
historical importance of the Wyoming population throughout the document; suggests the team 
review/edit the wording to “provide a better balance.”  Best habitat in the state; has been “highly 
impacted by natural and anthropogenic disturbance (fire, timber manipulation, proposed energy 
development, conflicting wildlife management priorities).” 

Response - We acknowledged relatively higher hare densities and lynx occurrence data in this area.  The 
author provides no rationale/evidence suggesting how this area is or was historically important to the 
DPS; he also provides no evidence or citations to evidence of the high level of impacts he indicated.  Fire 
is a natural and necessary component of hare and lynx habitat.  It is unclear how proposed development 
may have “highly impacted” lynx habitat in this area, nor exactly how “conflicting wildlife management 
priorities” has resulted in impacts to lynx or hare habitats.  We are aware of no information that 
quantifies impacts in this area or that otherwise supports the author’s contention that this area has 
been “highly impacted” or that such impacts have resulted in declines in hares or lynx.  We have asked 



Wyoming biologists (S. Patla and N. Bjornlie) and former USFS lynx specialist for the BTNF (G. Hanvey) 
for information concerning historical and recent impacts to lynx hare habitats in the Wyoming Range. 

Peer Reviewer 5 – Mike Schwartz (Jim) 

1.  I don’t believe that the resiliency/redundancy/representation framework is comprehensive.  The 
framework misses important ideas of historical range representation and connectivity.  Contemporary 
versus historical distribution needs to be elevated to one of the main “conservation biology principles” 
evaluated.  The document contains detailed distribution information (section 2.3) but this is used as a 
factor in the 3R section, not as a goal in and of itself.  In other words, conservation priorities should be 
that populations are resilient, redundant, adaptable/representative, and have recovered to some 
historical extent.  There are several species that have multiple, small but independently growing 
populations, but are only at a small historical extent of their former range.  Thus the persistence of the 
species may be assured in the short run, but its recovery and return as an ecologically functional 
element is incomplete. 
 
Response – There may be shortcomings of the 3 Rs approach/framework, but this is the framework that 
USFWS leadership has determined to be the most appropriate for compiling, evaluating, and presenting 
the scientific information it will use to inform the determinations the agency is required to make in 
accordance with the ESA. Persistent resident lynx populations in the contiguous U.S. do not fit the 
description of having been reduced to only a small extent/portion of their historical range, as described 
in detail in the draft SSA report.  The lack of evidence of major range contraction or population decline 
among DPS populations is considered evidence that populations in the DPS have historically and recently 
been resilient.  That resident populations remain well distributed in the large, discrete geographic areas 
that appear to have supported them historically also suggest little loss of representation or redundancy.  
Where resident populations may have been lost, they were most likely small populations peripheral to 
the large geographic areas that historically and currently support(ed) larger populations, and many of 
the peripheral areas may historically and recently have been naturally capable of supporting resident 
lynx only ephemerally (“winked on” and “winked off” intermittently), as would be expected at the 
margin of the range in a metapopulation structure.  Finally, the authors definition of recovery as a 
“return as as ecologically functional element” is at odds with the narrower definition of recovery in the 
ESA, which considers a species recovered when it is neither “in danger of extinction throughout all or a 
significant portion of its range” (ESA sec 3(6)) nor likely to become so “within the foreseeable future” 
(ESA sec. 3(20)). Recovery requires both that a species be sufficiently abundant and that the threats it 
faces are eliminated or managed such that removing the ESA's protection does not trigger a recurrence 
of the species' decline (although the lynx DPS was not listed because of a documented decline, but 
rather because Federal [USFS and BLM] land management plans were deemed inadequate to ensure 
conservation of the species and its habitats – so, in the case, the bar should be that removing the Act’s 
protections would not trigger a recurrence of the regulatory inadequacy for which the DPS was listed).  
The Service also defines recovery as “(t)he process by which the decline of an endangered or threatened 
species is stopped or reversed, or threats to its survival neutralized so that its long-term survival in the 
wild can be ensured, and it can be removed from the list of threatened and endangered species.” 
(https://www.fws.gov/endangered/about/glossary.html).  Again, because there has not been a 
documented substantial decline of lynx numbers or range (given caveats and uncertainty regarding 
historical distribution and numbers), stopping or reversing a decline is not a meaningful metric for the 
DPS.  However, it can be argued that the threat to its survival identified at the time of listing (the 
inadequacy of regulatory mechanisms on Federal lands) has been addressed, if not neutralized, such 
that the DPS is more likely to persist in the wild for the foreseeable future.  

https://www.fws.gov/endangered/about/glossary.html


 
2.  The population estimates of several populations are optimistic (but he focuses only on the Minnesota 
geographic unit).  “…there were several locations throughout the document where estimates were 
based on converting suitable habitat to number of individuals (presumably by assuming a home range 
size and some overlap among the sexes).  This approach assumes that the fundamental niche (habitat 
suitability) equals the realized niche (habitat suitability limited by competition, species interactions, etc).  
This is almost never the case.  One example of this likely overestimation is in Minnesota where the SSA 
suggests that there are between 190-250 individual lynx in the area (pg. 120).  Despite the next sentence 
claiming that the actual number of lynx is unknown, this high estimate is carried throughout the 
document.  DNA based surveys on the Superior National Forest, conducted in conjunction with the USFS 
National Genomics Center for Wildlife and Fish Conservation have never produced numbers nearly this 
high.  I suggest the USFWS revisit the population estimate of lynx in MN and for planning purposes 
consider using a much lower number.” 
 
Response – We were careful to note that these are not true population estimates; rather, they are 
expert opinion regarding how many resident lynx might occur in each geographic unit.  Ron Moen, 
expert for Minnesota, guessed 50-200 resident lynx may occur in that unit.  We will check for 
consistency in the final report, ask tam to clarify the source of the 190-250 estimate. 
 
3. “The opposite (to 2, above) may be true in Wyoming.  Here there is a consistent signal of lynx from at 
least the 1970s onwards (p 41, 147 SSA) with strong signals at the beginning of the 21st century.  The 
SSA then notes that lynx have been absent from Wyoming since 2010, suggestive of range decline.  
While this may be true, I suggest interpreting this result with caution as effort to detect lynx appears to 
have dramatically declined since 2010.  Lynx from Colorado are no longer radio-tracked (and older 
radios have suffered battery failure by now).  Furthermore, I believe that track and hair snare survey 
effort was diminished between 2010 and 2016.” 
 
Response – See response to (3) above under Squires  
 
4.  Resiliency/redundancy is optimistic because of the inherent assumption that the six units are 
functioning independently.  If each of the populations at the border with Canada (WA, MT, MN, ME) 
suffer reduced connectivity, due to climate change or because there have been no large amplitude 
cycles in the past decades, they are again not completely independent and less redundant than the 
document and the experts suggest. 
 
Response – Our conclusions regarding DPS redundancy and the resiliency of populations in each 
geographic unit are not based on/influenced by assumptions of independence among each unit 
(although we believe they are largely independent of one another except the potential movement 
between Units 3, 5 and 6) or independence from Canadian habitats and lynx.  In fact, in the report we 
note that loss or reduction in connectivity with Canadian populations would likely reduce resiliency of 
DPS populations; however, we note uncertainty regarding historical and recent levels of connectivity 
(rates of emigration and immigration), as well as uncertainty regarding how much exchange is needed to 
maintain demographic and genetic health of DPS populations.  
 
5.  The importance of connectivity is undervalued; it “…is another ‘conservation biology principle’ that 
needs to be elevated.  Connectivity plays a role in both resiliency and redundancy while influencing 
representation, yet it needs to be an overarching goal for recovery.  The literature strongly supports the 
idea that for long run persistence small populations must be strongly connected to one another or to a 



larger source population.  When we conducted our genetic studies across the geographic range 
(Schwartz et al. 2002, 2003) there was estimated connectivity to the peripheral populations.  However, 
conditions may have changed in the last 15 years.  At the time we viewed the lynx dynamics in the 
southern portion of the range to be analogous to a tide pool (southern populations filling up 
occasionally when the large booms occurred in Canada).  However, if the tide is less frequent or the 
distance between the tide and the pools becomes greater pools dry up.  If this model is correct for lynx 
population dynamics, then connectivity is essential for persistence.   
 
Response – We acknowledge throughout the report that although the extent to which connectivity and 
immigration/dispersal influence DPS populations remains uncertain, it is generally agreed that it is 
important, and that maintaining connectivity and exchange with larger Canadian populations may be 
essential to the persistence of populations in the DPS.  Although the SSA is not a recovery plan (and 
therefore an inappropriate venue for developing recovery goals as suggested by the author), the Service 
has long-recognized the importance of maintaining connectivity (see 2005 recovery outline, pp. 2, 10, 
12-13), and we believe we continue to acknowledge this importance, including in the draft SSA report 
(where we mentions connectivity 71 times throughout the document).  We also do not state or imply 
that DPS populations are completely (or even partially) independent from Canadian populations; indeed, 
we state that the 4 border populations (ME, MN, MT/ID, and WA) are southern extensions of the larger 
Canadian populations, not independent populations.  We also discuss the potential consequences of lost 
or reduced connectivity for the DPS as a whole and for all or most of the individual units. 
 
6.  The importance of genetic drift is underappreciated.  “Several times throughout the document (pg 
11, 219, etc.) there are comments like “there seems to be little risk of significant genetic drift” (page 11). 
If each of the populations are isolated from the Canadian boreal populations this statement is false. 
Genetic drift occurs at a rate that is inversely proportional to two times the effective population size per 
generation. The effective population size is likely equivalent to approximately 10% of the census size of a 
population. If Minnesota and Washington each have 50 lynx (pg 216) this could equal an effective 
population size of ~5, which would equate to a rate of drift of approximately 10% per generation. Loss of 
genetic variability, which equates to loss of adaptive potential, would be extremely high. It has been 
shown that populations with small effective population sizes, and high rates of genetic drift, can have 
lower survival and reproduction rates. These reduced vital rates exacerbate an extinction vortex that 
may have produced low population numbers in the first place. Genetic drift may be a very serious 
problem for Canada lynx in the contiguous United States. Gene flow/connectivity can alleviate drift. 
 
Response – Our assessment of low risk is built upon author’s early work and recent presentation at the 
expert elicitation workshop, which showed very high gene flow and very low Fst values for lynx across 
the species’ entire range, from Alaska to the Lower 48 – indicating high rates of dispersal and little 
likelihood of genetic drift or bottlenecks (so long as connectivity and dispersal capabilities remain 
intact).  We agree that if DPS populations all were to become isolated from Canadian source 
populations, that potential for drift would increase greatly and could be a significant problem for lynx in 
the DPS.  However, despite recent dampening of lynx/hare cycles in southern Canada, we are aware of 
no information to suggest that DPS populations, particularly along the border, have received inadequate 
immigration to support genetic and demographic health.  We also suggest that the naturally lower 
connectivity of units 5 and 6 to Canadian populations (because of distance and intervening non-lynx 
habitats) may contribute to the likelihood that these units historically and recently may have only 
intermittently/ephemerally supported resident lynx, most likely after large pulses of dispersing lynx 
associated with irruptions. 
 



7.  Is concerned that our conclusions in the draft SSA report “…may be too optimistic for the future of 
lynx in the contiguous United States. There are symptoms of serious problems throughout much of the 
range. Even the most robust populations (MT and ME) show either some sign of decline (MT with a 
negative population growth rate in Seeley Lake and a loss of a peripheral population in the Garnet 
range) or have projections of major habitat change due to both climate and socio-economic change in 
the region. Unless we see a large dispersal event from the Canadian boreal forest in the near future I 
would expect to see each population chiseled away slowly over the next few decades. On the other 
hand, I agree with the experts that over the very short time frame there appears to be little risk of 
extirpation of lynx in the contiguous United States.” 
 
Response – The negative growth rate (λ=0.92) generated by Squires for the Seeley Lake population 
(1999-2007) assumed no (zero) immigration.  We find this unlikely, and Schwartz himself point out that 
“…a simple population viability analysis can be built to show that immigration of less than1 female a 
year on average (could) provide population stability and even growth.  Thus is seems likely that Seeley 
Lake and other populations are being sustained by low levels of connectivity.”  As we pointed out in the 
document, it is possible that the Garnets may be naturally only capable of supporting resident lynx 
intermittently/ ephemerally, which is a natural/expected condition at the periphery of the range in a 
metapopulation structure like the one thought to govern lynx population dynamics in the DPS (McKelvey 
et al. 2000).  If that is the case, the recent loss of the small number (5-10) of resident lynx from the 
Garnets should be viewed as a natural and likely temporary absence, and should not be interpreted as a 
contraction of the range of persistent resident lynx populations (see van Zyll de Jong 1971). Even if it 
were the loss of a persistent resident population, it would represent 2-5% of the lynx thought to be 
present in this unit and an equally small proportion of the geographic size of the unit.  This potential loss 
is small in the context of this unit and almost imperceptible in the context of the DPS as a whole.  We 
considered projected habitat loss from climate change and from forest management practices, 
particularly for Maine, as did the expert panelists, and neither they nor we concluded that such losses 
were likely to presage extirpation of any of the occupied units by mid-century and only possibly for a 
few units by 2100.  We note that no large pulses of lynx into the U.S. from Canada have been 
documented since the early 1980s, and that the amplitude of both lynx and hare cycles appear to have 
dampened since then. However, we also note that trapping of lynx in many parts of the U.S. ceased by 
that time, trapping in southern Canada also became much more restrictive in the mid-1980s, and lynx 
surveys/research on either side of the border in the time since then have been spotty and unlikely to 
detect low levels of cross-border dispersal, which we think continues (because we have no reason to 
assume it has stopped completely).  

 

II. Substantive State Agency Reviews 

Colorado Parks and Wildlife (Kurt) 

 

Idaho Fish and Game (Bryon) 

 

Idaho Office of Species Conservation (Jim) 



1.  The State of Idaho disagrees with the Service’s determination that the Canada lynx qualifies as a DPS. 
Based on the species distribution at the time of listing and the robust populations in Canada and Alaska, 
the species does not qualify as a discrete and significant population as contemplated by the Service’s 
DPS Policy. In fact, within the Lynx SSA, the Service recognizes that lynx distribution in the contiguous 
United States is difficult to define and is at the very southern periphery of the species range. Based on 
the best available information within the Lynx SSA, the State encourages the Service to revisit its prior 
DPS determination. 
 
Furthermore, as pointed out by IDFG, Idaho lacks a persistent lynx population. This is supported by 
historical and current survey records. Dispersing lynx in Idaho are part of a larger population that occurs 
in Montana and British Columbia – lending further credence that this is not a distinct population. Future 
ESA considerations must take into account Idaho’s historic and current lack of a persistent lynx 
population. 
 
Response – The DPS designation is a policy decision/application, and policy decisions are beyond the 
scope of the SSA.  Although a persistent resident lynx population has not been identified in Idaho, the 
relatively large number of verified historical records and recent evidence of occupancy and some 
indication of reproduction suggest that parts of northern Idaho likely support small numbers of resident 
lynx, at least ephemerally. 

Maine Department of Inland Fisheries and Wildlife (including Maine Forest Products Council) (Mark) 

1. Cover letter Page 1: While there are areas of agreement, we are troubled with the tone of the 
document and by what appears to be a very subjective, if not biased, selection of data to include 
in the draft SSA. 

Response: The only specific examples of example of tone in MDIFW’s comments are in the climate 
section, which is addressed below. MDIFW provided few, if any, examples of key scientific publications 
that the Service missed, so we believe we have sought out and used the best available scientific 
information.   In some instances MDIFW requests that their interpretation of status of hares, forest 
conditions, hare and lynx population status be used instead of what the Service considers the best 
available scientific information.  Much of the information that MDIFW requests used is not published or 
peer reviewed, some is conjecture or no details are provided to support their views. Many of their 
viewpoints support delisting or a reinterpretation of the DPS as indicated in the last paragraph of 
Commissioner Woodcock’s letter.  They advocate for a listing outcome in their comments, something 
that the Service specifically asked them not to do.  They also passed the SSA to the Maine Forest 
Products Council for review without consulting with the Service.  No other nong-government 
organizations or groups representing private forest companies were given an opportunity to review the 
SSA.  Therefore, we did not respond to the Maine Forest Products Council comments, but did refer to 
them on a few occasions where there were technical data provided.  Each of MDIFW’s comments and 
requests are addressed below in greater detail. 

2. Cover letter Page 1. The definitive tone of the climate change section on how Maine's forests and 
lynx populations will be affected, does not follow the guidance offered in the IPCC Climate 
Change 2014 Synthesis Report which states that an integral feature of the report is 
communicating the uncertainty of its findings. 

Response: All climate change documents stress uncertainty, and we have tried to incorporate that 
uncertainty into the text.  However, the preponderance of publications we reviewed and cited are 



unanimous in their conclusions concerning trends in snow depth, quality, and persistence and boreal 
forest in Maine – all are declining and will continue to decline.  In general, scientific documents indicate 
snow will decline more severely when modeled with high emissions scenarios and less severely with low 
emissions scenarios.  The scientific literature indicates that thus far, temperatures are tracking the 
projections for the high emissions scenarios.  We could expect to continue on this trajectory unless there 
are significant reduction in carbon emissions, which thus far is not happening.   

Some peer reviewers said we did an excellent job of stating uncertainty and assumptions and that the 
climate change section was particularly well-done.  We should review the climate change section and 
make sure that it adequately addresses uncertainty. 

3. Cover letter Page 1. We are concerned that the draft SSA still considers the lack of management 
assurances on private lands to be a risk to lynx populations. As you know, approximately 90% of 
the forests occupied by lynx in Maine are privately owned. Maine's lynx population reached what 
is believed to be historic highs on these private lands without federal or state intervention that 
stipulated the number of acres that needed to be maintained as lynx habitat. Models used in the 
SSA to predict forest habitat changes and trends in lynx populations do not take into full account, 
and in some cases misrepresent, forest management on private lands. 

Response: The Service documented the best available forestry and wildlife information in the SSA.  It 
documents the significant shift in forest management that has occurred since the Maine Forest Practices 
Act of 1989.  The information MDIFW clearly shows that that clearcutting has been replaced by various 
forms of partial harvesting.  The paradigm that created the abundance of lynx habitat, which is soon to 
age past conditions that support lynx, is clearly no longer occurring.  The scientific literature (both 
forestry and wildlife literature) document this dramatic change in forest practices and will result in 
declining lynx habitat.  The latest modeling of lynx habitat (Simons-Legaard et al. 2016, Simons-Legaard 
2016) clearly states explicit assumptions that future trends in forest management will reflect past 
management.  These analyses are based on a landowner-by-landowner analysis of recent forest 
harvesting trends.  In fact, Maine forest industry has funded and uses exactly the same forest models 
from the University of Maine Center for Research on Sustainable Forests (https://crsf.umaine.edu/ ) to 
project impacts of spruce budworm, climate change and other aspects of forest management.  The 
MDIFW offered no alternative analysis concerning the future trajectory of habitat in northern Maine for 
lynx and assumes current forest management will continue to create lynx habitat.  There is no scientific 
support that alternate forms of silviculture (e.g., shelterwood harvest) currently or in the future will 
provide sufficient habitat to support lynx populations in Maine (see more detailed response below).   

4. Page 1. The lack of focused attention on the “five-factor analyses” that guides ESA status 
changes (https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf) is perplexing, however.  
In the absence of a recovery plan with specific conservation objectives, a periodic “5-year” 
status review should provide a clear evaluation of the species with regard to ESA listing factors.  
This seems essential in the SSA if it will be the only evaluation of lynx DPS status after 17 years 
of listing under the ESA.   

Response: The Service’s lynx core team has also asked how a listing determination can be made without 
the information provided in a traditional 5-factor analysis.  The SSA indicates how the stressors affect 
resilience, redundancy, and representation, but perhaps the relationships between stressors and the 3 
Rs could be strengthened in the document.  The stressors identified in the SSA represent multiple 



listing factors; for example,  Factor A (destruction or damage of habitat) climate change, forest 
management, development, wildfire, forest habitat loss and fragmentation; Factor C (disease and 
predation) expected to increase with climate change; Factor D (inadequate regulations) uncertainty about 
effectiveness of plans on Federal lands and lack of plans on private lands, especially in Maine and 
Minnesota, shift in forest practices, uncertainty in future markets, and rapid land turnover; Factor E 
(other natural or manmade stressors) other secondary factors described in the LCAS (2013) and SSA – 
incidental trapping, backcountry roads and trails, illegal shooting, mineral and energy exploration and 
development, recreation, road and associated mortality, and grazing and livestock.   

These threats will all be evaluated in the 5-year review.  

5. Page 2. Since MDIFW began its lynx telemetry study in 1999, biologists have documented an 
expansion in Maine’s lynx range and population size.   

Response: The MDIFW provides no information to support an expansion in lynx range or population 
size.  If the number of lynx correlates with the available habitat, UMaine analyses (Simons) would 
indicate that lynx habitat has increased from the 1980s to ~2012, then will decline by 50-60% by ~2032.  
This is to be expected as clearcuts age past the conditions to support high populations of hares, the hare 
population has dropped by half and remains depressed, and the preponderance of partial harvesting post-
FPA are not creating new, high-quality habitat.  The SSA provides details about recent occurrences of 
lynx in New Hampshire and Vermont (if that is what the MDIFW is referring to).  The Service provides 
information in our 2014 critical habitat rule and the SSA about the few lynx that have occurred in NH 
and VT and explains why lynx in these areas are not expected to persist and will not contribute 
significantly to the future recovery of lynx. 

IF the Maine population has expanded (slightly) it is no different than the island-metapopulation model 
expressed in the lynx SSA.  We explained in our 2014 critical habitat rule that after two severe, deep 
snow winters in 2008 and 2009 that lynx may have expanded slightly in Unit 1 with a few breeding 
individuals occurring in northern Vermont and New Hampshire, western and eastern Maine.  We 
explained why we believed this was a temporary phenomenon created by deep snow favoring lynx and 
diminishing bobcats in these areas.  Since publishing the critical habitat rule, lynx seemed to have 
disappeared from northern Vermont and breeding has not been documented in Northern New Hampshire 
for several years.  There are probably a relatively small number of lynx in western and eastern Maine (as 
there likely have been since listing). 

We do not see significant, if any, changes in lynx distribution from the information MDIFW provided in 
the workshop (Vashon slide#25) and the map we used in 2014 for critical habitat or from maps circa 
2005 shortly after lynx were listed.  



  

 

6. Page 2. Given the success of lynx populations on private lands in Maine, MDIFW finds 
statements, such as the one on p. 76 of the SSA, “Whereas management of State and Federal 
forest lands have been relatively stable in recent decades, management and ownership of private 
forest land ownership has been extremely unstable. This has resulted in major shifts in forest 
management strategies, outcomes, and products. For example, in the last two decades in Maine, 
where nearly all the lynx critical habitat is on private land, about 23.8 million acres (80 percent) 
of industrial land ownerships in the “northern forest” (Adirondacks to northern Maine) were 
sold to many different kinds of financial groups (Hagan et al. 2005)” overstate the threat posed 
by private land management to lynx.  The period of greatest lynx population growth in Maine 
occurred during the same period (referenced above) that caused “major shifts in forest 
management strategies, outcomes, and products”.   

Response: We cite the best available information documenting the significant changes in forest land 
ownership in Maine.  The new landowners often have different management objectives, markets, and 
outcomes.  Our use of the word “unstable” should be revised to “unpredictable.”  We agree that the 
period of greatest growth to Maine’s lynx population occurred after a period of widespread clearcutting.  
But immediately after the clearcutting came significant reform in forest regulations and turnover and 
fragmentation of Maine’s forestland ownership.  The paradigm that created Maine’s lynx habitat no 
longer exists.  The uncertainty created by changing ownership and forest markets has led to the 
permanent closure of six papermills in Maine in the last two years.  These and other changes in Maine’s 
forest industry are widely acknowledged in Maine and documented in the scientific literature cited in the 
SSA.  

7. Page 2. “Working woodland” easements now encompass >10,000 km2 across northern Maine.  
These covenants do not specify specific management practices or outcomes beyond sustainable 
forestry, but they do ensure that conversions to other land uses will never occur. 

Response: On page 74 of the SSA we devote a paragraph to the role of easements in conserving lynx 
habitat in Maine and the shortfalls of these easements to require or specify habitat management for lynx 
and other wildlife species.  We could expand the SSA to provide the exact acreage easements in 



Maine and perhaps include a map of their locations.  Note: we are ordering the new conservation and 
landowner database from Sewell. 

8. Page 2. MDIFW strongly disagrees with statements in the SSA that Maine’s lynx population and 
lynx/snowshoe hare habitat have declined since 2006, i.e., “The best available science indicates 
that hare populations have declined by about half across all stand types (and in adjacent Quebec) 
since 2006 and apparently have not rebounded.”  No references are given in the SSA to 
substantiate this claim.  MDIFW asserts that there is insufficient scientific evidence to conclude 
that hares have declined at a landscape level and have remained low since 2006 in northern 
Maine.  Hare densities in stands subject to shelterwood and overstory removal harvests more 
than doubled from 2008 to 2011.  As of 2011 (the last year of monitoring in this stand type), hare 
densities in these stands were approximately double those in regenerating clearcuts (D. Harrison, 
unpublished data).   

Response: The Maine Forestry Cooperative Research Unit (forest industry) at UMaine and USFWS 
funded snowshoe hare research at the University of Maine from ~2006-2013.  Prior to that, UMaine 
conducted snowshoe hare research back to the mid-1990s.  During that time, the best available science 
shows a period of high hare density (~1995 to 2006) and lower hare density (after 2006 to 2013 when 
hare monitoring was discontinued) that is mirrored in similar hare data from the adjacent Gaspe region of 
Quebec.  Both MDIFW and the SSA reference unpublished data by Dr. Dan Harrison, wildlife faculty at 
the University of Maine and his ~11 graduate students.  MDIFW acknowledges high- and low-hare 
periods in their Canada Lynx Assessment (Vashon et al. 2012), so we are unsure why they strongly 
disagree with these facts.  Dan Harrison provided us with a citation for hare declines – Harrison et 
al. 2015.  We should site this instead on unpub. in the SSA.  Furthermore, the MDIFW provide no 
other long-term hare data or scientific information to support their claim that hares “more than doubled” 
in shelterwoodstands other than Harrison et al. 2015.  We have discussed this at length with Dr. Harrison 
(pers. comm.2.28.2017).  See comment #11 below.   

9. Page 2. MDIFW has information on the current status of lynx in Maine, which suggests the lynx 
population is both increasing in numbers and expanding its range, and questions why this 
information presented at the Expert Elicitation Workshop (EEW) was not included in the draft 
Lynx SSA.  MDIFW urges the USFWS to consider the data and arguments presented in this 
review and at the EEW to arrive at a more objective perspective on the resiliency of Maine’s 
current lynx population.   

Response: Despite numerous requests for the States to provide information that would help inform the 
SSA, the MDIFW did not share information that the Maine lynx population is both increasing in numbers 
and expanding its range.  This is despite contrasting statements made in the MDIFW’s Canada Lynx 
Assessment (Vashon et al. 2012, page 47) that “lynx habitat reached its lowest level in 1971 and peaked 
in 2003,” “that by 2006 lynx were approaching carrying capacity (p. 58),” and “We anticipate a decline 
in Maine’s lynx population when extensive areas of regenerating spruce/fir stands mature and no longer 
provide optimal cover for snowshoe hares. Although forests continue to be harvested in Maine, there 
isn’t sufficient early succesional spruce and fir to replace midsuccessional spruce/fir sapling stands 
(40%) when they transition to late-successional forest (e.g., pole/small sawlogs) (p. 59).”  MDIFW did 
not provide adequate information to explain the basis for why their interpretation of trends in lynx 
populations have changed since 2012. 



The MDIFW’s presentation at the EEW indicated that when they wrote the Lynx Assessment in 2012 
they believed the lynx population peaked in 2006.  But they now believe, “other indices since 2006, 
suggest Maine’s lynx population is continuing to grow.”  The MDIFW provided a map of the number of  
lynx sightings, increasing road mortality (with very low sample sizes), and increased incidental take 
captures to 20 lynx trapped in 2014 (but neglected to present the precipitous decline to just 4 individuals 
reported trapped in 2015) (Vashon slides  15-19).  The Service does not consider anecdotal lynx 
sightings, road mortality, or trapped lynx  as valid indices of lynx population trends.  Sightings without 
standardizing for effort and reporting rates are difficult to interpret.  Road mortalities are highly variable 
and detection rates are unknown.  Reporting rates for trapped lynx are uncertain and some likely go 
unreported.  Thus, we did not use these types of information in the SSA for Maine or any other state in 
the DPS.  This information does confirm that lynx are still present in Maine and are distributed in 
approximately the same way that we considered when designating critical habitat.   

The MDIFW also presented preliminary results of 2015 snow tracking data (slides 20–27) that showed at 
least one lynx track was found in 11 of 19 townships surveyed between 2003-2008, and lynx were 
detected in 18 of these same 19 townships surveyed in 2015.  The study design for the 2003-2008 survey 
was developed in Cooperation with the Maine Cooperative Fish and Wildlife Research Unit and included 
protocols for selecting sampling units (townships) using a random, stratified sampling design based on 
the latest lynx habitat model (Hoving et al. 2004).  A stratified sample of townships (n=62) was selected 
having low, medium, and high predicted occurrence of lynx.  Townships selected for survey were spaced 
at least six miles apart to avoid autocorrelation of results.  As a result of this sampling design, these data 
could be used in a statistically-rigorous fashion to develop a second-generation lynx habitat model 
(Simons-Legaard et al. 2016).  When MDIFW proposed resuming lynx surveys in 2015, the University of 
Maine and the Service recommended repeating a similar stratified random sampling design based on the 
second-generation Simons-Legaard et al. 2016 lynx model.  Apparently, MDIFW did not accept our 
recommendation, and it is apparent from the map that MDIFW has departed from the previous sampling 
design.  The map indicates that adjacent townships were surveyed possibly  introducing problems with 
autocorrelation.  MDIFW has not shared information concerning their survey design and methodology.  
We do not know the predicted occurrences of lynx in these 19 townships.  It is possible that this sample 
of 19 townships includes a preponderance of townships that were (Hoving et al. 2004) or are (Simons-
Legaard et al. 2016) high probability of occurrence.  Unless the 19 townships were selected in a 
stratified, random sample we don’t know what biases may exist in these preliminary results.  In other 
words, if one samples in Maine where the University of Maine lynx models predicted to occur (or where 
anecdotal information suggests they occur), then there is a high probability that one will find lynx tracks.  
These were preliminary data that have not been published in gray literature or peer-reviewed literature.  
MDIFW did not mention whether these surveys continued in 2016 or provide results for last winter.  For 
these reasons, we did not use this information in the SSA.  This information confirms that lynx are still 
present in some of the same townships they occurred in 2003-2008 and some new townships, which the 
Service has acknowledged as part of our recent designation of critical habitat.  

10. Page 3. Unfortunately, many of the conclusions and the tone of the Climate Change Section in the 
SSA do not communicate this uncertainty and are definitive in nature.  For example on p. 68, 
“Climate change will diminish the amount of lynx habitat throughout the DPS by a) reducing the 
areas where snow conditions give lynx a competitive advantage over bobcats and other species, 
and b) reducing the amount of spruce-fir habitat required by snowshoe hares”, or on p.218, 



“Although uncertainty remains regarding the timing, extent, and biological consequences…..hare 
populations will decline… This in turn will reduce lynx abundance….” (underlines added).  
MDIFW is concerned about the objectivity of the climate change sections in the SSA and urges a 
thorough review of this section -- especially given the USFWS SSA Core Team’s admission that 
they took a more pessimistic view of climate change impacts to lynx than the experts at the EEW.  
Furthermore, MDIFW asks, are 50-year projections an appropriate standard for the 
“foreseeable future” language of the ESA? 

Response: We should review how we express uncertainty in the climate change section.  Although 
the scientific literature typically conveys caveats concerning the degree of uncertainty concerning their 
predictions (depending on the range of climate models used), there is no disagreement among scientific 
papers concerning the certainty of downward trajectory concerning the duration, quality, and depth of 
snow and boreal forest. Refer to Alexej Siren’s  workshop presentation “Climate change and uncertainty: 
implications for Canada lynx conservation and management in the contiguous United States.”  He 
concludes that the bulk of uncertainty lies not with the predictions (i.e. more precipitation in winter, but 
in the form of rain), but with range of emissions scenarios considered (slide 6).  Climate change is 
ongoing, thus we have a high degree of certainty about changes in snow and boreal forest that have 
already occurred to date and the science is unanimous that these trends will continue into the future.  The 
science documenting recent climate change further reinforces the modeled rate and nature of anticipated 
changes that are expected to occur within the next 50 to 100 years.   

We should cite in the SSA new climate information found after the decision meeting.  After the 
decision meeting we documented additional research from the University of Maine Center for 
Sustainable Forest Research report below that predicts loss of spruce-fir from Maine and Great Lakes 
Forest by the end of the century (and substantial declines by 2060). See pages Maine 88-99 in the report: 
Maps generated for the years 2030, 2060, and 2090 suggest that suitable habitat for white and black 
spruce will disappear from the U.S. by 2060 and from the Acadian Region by 2090 (Figure 9). Patches of 
suitable habitat for balsam fir and red spruce are projected to remain in the U.S. ca. 2060, but dwindle 
to only a few located at high altitudes along the Appalachian Mountains by 2090. This research also 
indicates that several of our northern hardwoods, red maple and paper birch, also decline and that red 
spruce could increase slightly.  The research shows that budworm and forest management (forest 
disturbances) greatly accelerates the declines in spruce-fir caused by climate change. 

The MDIFW’s Canada Lynx Assessment (Vashon et al. 2012, p. 60) concludes, “Climate change is 
expected to have the greatest impact on wildlife species that occur at the southern edge of their range. 
Lynx are associated with areas of deep snow (Hoving et al. 2005) and an abundance of young conifer 
(spruce/fir) where lynx have a competitive advantage over other common forest predators (i.e., bobcat, 
fisher, coyotes) and their prey, snowshoe hare, are abundant. It is uncertain how climate change will 
impact future lynx populations, but if projections are accurate, we can expect lynx populations to recede 
northward and populations to decline substantially over the next 100 years.”  On page 26 the assessment 
states, “Climate change, forest disease, and forest management activities (influenced by forest ownership 
and wood markets) will likely have the greatest influence on lynx persistence in Maine.”  MDIFW’s lynx 
assessment does not discuss uncertainty concerning these outcomes concerning climate climate change. 

About April, 2016 before we started to write the SSA, the USFWS core team questioned USFWS 
management about what would be a suitable time frame to analyze future conditions, especially 



concerning climate change.  USFWS managers agreed that since most climate change projections are to 
the end of the century, that would be a suitable time period for our analysis. 

11. Page 3. Perhaps of greater significance than the tone of the climate change sections is the over 
reliance on modeling to predict the persistence of lynx in the face of contradicting field data.  For 
example, on p. 66 of the SSA it states, “Reduced snow depth and duration may reduce lynx’s 
competitive advantage over bobcats, which have similar ecology to lynx but are not as well-
adapted to hunting hares in deep fluffy snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; 
ILBT 2013, pp. 69, 71). The bobcat is the closest related species to lynx in North America, and it 
outcompetes or displaces lynx wherever the two species overlap, at both broad (Peers et al. 2016, 
entire) and local (Parker et al. 1983;Robinson 2006, pp. 120-129) geographic scales.”  However, 
field observations and surveys indicate that lynx have expanded their range in Maine, and that 
lynx are now living and reproducing in Downeast Maine (i.e., sections of Penobscot, Washington, 
and Hancock Counties).  Northern sections of Downeast Maine have long been considered one of 
the best bobcat regions in Maine, and this region has historically had lower snowfall totals than 
northern interior Maine because of the influence of maritime weather patterns.  These field 
observations call into question whether marginally lower snow levels and bobcat are a 
significant threat to lynx in Maine. 

Response: The negative relationship of bobcats, lynx, and snow is well documented and cited in the 
literature (above citations and others including Parker’s paper from Cape Breton Island).  We should cite 
in the SSA the new information found after the decision meeting - Parker 2001 status review of 
lynx in Nova Scotia.  See lynx-bobcat rationale pages 34-36.  They consider bobcats and coyotes to be 
a significant threat to lynx populations in Nova Scotia and the importance of snow in mediating 
competition between these species. 

The two species have very little range overlap continent-wide and fine and coarse scales.  Where they do 
overlap, bobcats are dominant and displace lynx (Robinson 2006, Peer et al. 2016, Parker et al. 1983 and 
others).  Peer reviewers Murray and Harrison observe that although there is not empirical data to 
evaluate the nature of the competition between the species (behavioral, competition for hare 
resources) it seems to be an important limiting factor for lynx.  Both suggest that we expand the 
discussion to include coyotes and other food competitors.  The SSA describes this relationship, and 
USFWS biologists believe, that despite lack of empirical evidence on the mechanism, the best available 
science supports our conclusions about lynx and bobcat. LCAS authors come to the same conclusion.  

Range expansion of lynx in Maine is covered in point #5 above. 

Page 3 

12. MDIFW questions the conclusions reached in the SSA regarding predictions that Maine’s forests 
will 

change in a manner that threatens lynx and snowshoe hare populations. The SSA predicts these 
changes will occur because of climate change, forest maturation, and changes in forestry practices. 
For example p. 169 of the SSA states, “Models indicate that aging of past clearcuts and changes in 
forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades.” MDIFW presents information substantiating that these predictions are based on inaccurate 
figures on hare densities in shelterwood harvests, and the misperception that changes in forest 
species composition will occur at equal rates on managed and unmanaged forests. For example, the 



SSA states on p. 171, “Currently, partial harvesting comprises about 94 percent of acres cut annually 
in Maine (Simons 2009,p. 50)” and “Foremost, snowshoe hare densities in partially harvested forests 
are on average about 50 percent lower (but range from 20 to 90 percent lower) than in regenerating 
conifer stands created by clearcutting (Robinson 2006, pp. 5-37; Scott 2009, p. 109, Simons 2009 p. 
83), thus reducing landscape hare density and presenting a challenge for future lynx conservation 
(Simons 2009, pp. 206, 209, 217; Simons-Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, 
entire).” However, MDIFW points out that according to the Maine Forest Service, since 2006, of the 
total acreage meeting the definition of “partial harvest”, 46% were shelterwood harvests. 
Shelterwood harvests do not have the same hare densities as other forms of partial harvest. Scott 
(2009) demonstrates that as of 2009, stands subject to shelterwood/overstory removal (even age 
management) had only slightly lower winter hare densities than regenerating clearcuts, and 2.5X the 
winter hare density of stands subject to selection harvests (uneven-age management). MDIFW argues 
that the presentation of forest and hare data is misleading, and that more research is needed on hare 
densities in shelterwood stands. 
 
MDIFW points out that while climate conditions in the Northeast may make conditions less favorable 
for spruce/fir forests and more favorable for deciduous trees, the rate of change will likely differ on 
private forests that are actively managed vs. unmanaged forests. Private landowners manage their 
lands for specific outcomes (see attached letter from Maine’s Forest Products Council). Therefore, 
inferences on how lynx populations will respond to changes in forest type must take into account the 
forest management plans of private landowner, especially in a state where 90% of lynx habitat occurs 
on private lands. From 1995 to 2015, the total acrage of conifer forest has actually increased in 
Maine (2,515,732 to 2,904,462 acres) with the acreage of conifer saplings staying relatively 
consistent (1,062,863 acres in 2015; personal communication, Ken Laustsen, Maine Forest Service). 

 

Response: We discussed this issue with Dr. Dan Harrison since it concerns interpretation of his snowshoe 
hare data about hares and shelterwood cuts.  Dr. Harrison believes that MDIFW misinterpreted his data 
and suggested the Service consider additional information concerning shelterwood harvests and hares.   

Concerning information provided by the MDIFW that hare densities in shelterwood harvests doubled, 
whereas they remained low in other stand types.  The sample size of the hare data for the shelterwood 
cuts that MDIFW references is n=2 and Dr. Harrison says that these were not a random representation of 
shelterwood harvests.  Dr. Harrison suggested we consider additional information concerning 
shelterwood harvests and why they are not likely to support landscape hare densities necessary to support 
current lynx populations into the future. 

We should write a paragraph in the SSA concerning the uncertain role of shelterwood harvests 
given the new information below.  We do make a statement that shelterwood harvests could 
contribute to landscape hare densities.  We should clarify that shelterwood harvests are unlikely to 
support lynx on their own and regenerating conifer (clearcut) is needed to raise landscape hare to a 
point where they can support lynx.  

Responses: 

• Currently, various forms of partial harvesting (selection + shelterwood) comprise about 95% of 
harvests.  UMaine publications have included shelterwood harvesting as a kind of partial harvest 
because it is.  We should include a footnote or define in the SSA what we mean by partial 
harvesting. 



• We have reviewed Dr. Harrison’s data with him so we understand his unpublished data.  On page 
18 of their comments, the MDIFW indicates they do not agree with UMaine data that hare have 
declined, but they use two data points showing higher hare densities in shelterwood stands that 
support their argument that shelterwoods will provide future habitat for lynx.  There are a 
number of flaws in their argument and on some points they are incorrect. See below. 

• MDIFW is incorrect citing Scott that shelterwood stands had “only slightly lower hare densities 
than regenerating clearcuts.  From 2005-2007, UMaine data indicates that shelterwood supported 
ONLY 36-56% of the hare densities found in regenerating clearcuts.  Only in 2008 did 
shelterwood cuts have 23% more hares than regen clearcut, but UMaine indicates that the sample 
is only 3 in 2008 (and only 2 in 2009-2011) because the companies took the overstory off these 
stands after 2007, essentially destroying their value to hares and to further sampling.These are 
the data that Shonene Scott had available to her for her thesis in 2009: 

 2005 2006 2007 2008 
Regen clearcut 2.29 hares/ha 

N=15 
1.92 
N=15 

1.19 
N=15 

0.67 
N=15 

Shelterwood 0.84 hares/ha 
N=9 

0.90 
N=9 

0.67 
N=9 

0.82 
N=3 

• Interpretation of Harrison et al. 2015.  The MDIFW contends that the graph below demonstrates 
that hares have “more than doubled” in shelterwood harvested stands.  Dr. Harrison has indicated 
this is a misuse and misinterpretation of the data.data shows that unlike all other stand types in 
Maine, boxes  

 



• The UMaine hare data presented in the CFRU report shows higher hare densities in shelterwood 
stands measured in 2010 and 2011.  The sample sizes for 2008 and 2009 is only 3 stands (see 
table above) and the two points MDIFW cites in 2010 and 2011 is only is only 2 stands.  These 
two stands are not random because the initial entry was particularly heavy (not typical) and they 
had such high regeneration that they were behaving more like regenerating clearcuts.  Dr. Dan 
Harrison is reluctant for a number of reasons to speculate these two data points represent 
increasing hare densities in shelterwood stands. 

Dr. Harrison pointed out several concerns about the hypothesis that shelterwood cuts will continue to 
provide lynx habitat in Maine in the future:   

• Regarding the number of shelterwood cuts.  Out of 100 stands cut in northern Maine, about 40% 
are shelterwood cuts (leaving 40 stands).  Of these about 50% are hardwood or mixed wood and  
favor intolerant hardwood regeneration, and 10% are in softwood (potential for hare and lynx 
habitat).  Most of these softwood stands will be small, isolated from other good hare habitat, or 
have an overstory removal done just as they are becoming good for hares (see below).  Thus, it is 
unlikely that regenerating shelterwood harvests will provide sufficient landscape hare density of 
at least 0.74 hares /ha to support lynx in the future.  Using Dr. Harrison’s data, even if a 
township-sized area were completely softwood and completely shelterwood harvested (both 
unrealistic assumptions), Dr. Harrison’s data would suggest that landscape hare densities (2005-
2008 data in the table and graph above) would only be about 0.80 hares/ha which is just above 
the threshold needed in Maine to support lynx. 

• Extensive stands heavy to softwood are frequently found in low-lying, wet areas.  They have 
problems when they are cut using the shelterwood system because they are subject to wind-
throw.  Thus, this silvicultural system is most frequently used for hardwood management on 
dryer, upland sites (hardwoods are wind-firm).  Shelterwood systems are also frequently used in  
management of white pine on dry sites (not high quality lynx habitat), especially to control for 
pine weevil. 

• The few shelterwood harvests done is spruce-fir are done in poorly drained sites to promote 
spruce and remove balsam fir in the initial entry.  On wet sites, cuts are kept purposefully small 
to prevent wind-throw.  Thus, they have limited utility to lynx. 

• Although 1/3 of shelterwoods are in softwood-dominated stands, very few are in heavy spruce-fir 
that would be good for hares and lynx.  No one is using the shelterwood system to promote 
balsam fir because of poor quality for saw logs and susceptibility to budworm.  Pulp market is 
gone. 

• Shelterwood diminishes hare habitat.  Initial entry requires about 20% of the acreage in skid 
trails that typically are left in heavy slash or grow back to raspberry = non-hare habitat.  After the 
second entry (commonly called the overstory removal), about 30-40% of the acreage is in skid 
trail or crushed regenerating spruce and fir.  What is left are small, scattered patches of hare 
habitat that have lower hare densities (as opposed to large regenerating clearcuts with little skid 
trail impacts). 

• About 70% of the shelterwood reported by Maine Forest Service is in hardwood or mixed wood 
stands – not high quality hare habitat.  After initial entry, many softwood stands are coming back 
to intolerant hardwoods, this is increasing with climate change (see new Legaard and Sader 
papers) and no herbicides are being used to promote softwoods. 



• The second entry in a shelterwood stand (overstory removal) comes at just about the time that 
hare densities become attractive to lynx (8-27 years after initial entry for UMaine study plots).  
After the second entry, hare densities are lower because of crushed regen and 30-40% in skid 
trails.  Dr. Harrison did not know if the skid trail ever recovers to HQHH.  Probably rarely. 

Hardwood-Softwood in northern Maine.  MDIFW believes softwood is increasing in northern Maine.  
Many sources indicate otherwise. 

• SFI/Maine Forest Service data shows increasing softwood (2.5 million acres in 1995 – 2.9 million 
acres in 2015).  This parallels development of lynx habitat in Simons-Legaard et al. 2016 and is 
an artifact of heavy clearcutting and extensive herbicide use to favor softwoods  in the 1970s and 
1980s to promote softwood growth.  The SFI data provided by MDIFW shows a drop in regen 
conifer 0-30 years because of increasing hardwood regeneration.  Several sources show 
increasing northern hardwood in northern Maine and New England on a landscape scale – 
McKaskill et al. 2016 in the SSA.  Also see Legaard et al. 2015 Evaluating the impact of abrupt 
changes in forest policy and management practices on landscape dynamics: analysis of a 
Landscapt image time series in the Atlantic Northern Forest.  This article clearly shows that the 
extensive clearcutting and subsequent harvest under the Maine Forest Practices Act has 
accelerated conversion of spruce-fir to deciduous and mixed forest. 

• In the short-term, balsam fir may increase because of current forest practices (peer review of 2014 
critical habitat by Erin Simons-Legaard), but will decline when the budworm returns and/or as the 
climate warms (new paper Simons-Legaard et al. 2015, climate change modeling of Maine 
forest).  Repeated entry to stands is increasing hardwood composition of northern Maine forest 
forced, in part, by climate change and natural tendency for intolerant hardwoods to dominate 
regeneration in disturbed stands in well-drained sites in northern Maine.  We lost over a million 
acres of spruce-fir in northern Maine after the last budworm outbreak and will lose more with this 
outbreak (Dr. Bob Seymour, UMaine silviculture professor, pers. comm. 3.8.2017). 

 

13. Page 4 MDIFW disagrees with statements that Maine’s lynx population would face increased 
threats from trapping and hunting if they did not have not have protection under the federal 
ESA. Trapping wasevaluated at the time of listing (USFWS 2000) and was determined not to be a 
significant threat to thelynx population. Currently, the vast majority of lynx caught in foothold 
traps are released with little tono injury. MDIFW contends there is no evidence to support 
statements such as, (p. 182) “Lynx wouldbe at greater risk without ESA section 9 
prohibitions against take. In a future scenario without Federal listing, Maine’s incidental 
take plan for trapping would be rescinded, and it is likely that many protective measures 
to minimize injury, take, and mortality of lynx would cease or diminish.” MDIFW submits 
thatin the event of delisting, the Department would continue to be committed to protecting 
lynxpopulations through trapper and hunter education, regulations focused to minimize captures 
in traps,and an active law enforcement presence. Prior to the federal ESA listing of lynx, MDIFW 
implemented anumber of measures to protect the species (MDIFW 2014, p. 78-79). These 
included closing the seasonon lynx hunting and trapping in 1967, and providing information to 
trappers on how to distinguishbobcats from lynx to avoid lynx incidental captures and trapping 
mortalities. 

 
MDIFW disagrees with the Lynx SSA Team’s conclusion that lynx face an increased risk because of 



Animal Damage Control (ADC) activities if lynx were no longer protected under the ESA. The SSA 
states(p. 182), “There have been a few situations where lynx have destroyed livestock, but lethal 
actions toremove lynx were avoided because of Federal listing. Without Federal listing, justification 
for shootinglynx in these situations would likely increase.” There has never been a documented lethal 
taking of lynx related to ADC activities in Maine, and it is very rare to get a report of lynx getting 
into someone’s“livestock” (i.e., chickens). The assertion that there is an increased likelihood of a 
lynx being shot toprotect chickens is pure speculation. MDIFW strongly urges the USFWS to 
reevaluate claims thatdelisting would threaten Maine’s lynx population because of increased 
mortalities from hunting,trapping, and ADC activities. 
 
Page 5MDIFW finds the statement on p. 20 of the SSA, lines 6-7 troubling: “… we do not evaluate 
the unlikely hypothetical future in which the DPS is not listed and conservation efforts disappear.” 
An inference that lynx conservation is totally dependent upon ESA seems unfortunate. The traditional 
role of state conservation efforts is apparently discounted, and current examples of cooperative 
efforts among statesand the USFWS to prevent listings (e.g., New England cottontail) may have not 
been considered.MDIFW does not argue that ESA protections are sometimes appropriate and value-
added, but USFWS should not ignore the long-standing primary jurisdiction of states for most 
wildlife resources, critically important partnerships with states for conservation of vulnerable 
species, the second generation of State Wildlife Action Plans, etc. On p. 6, lines 13-15, MDIFW 
believes the SSA is presenting an “all or nothing” worst-case scenario for the lynx DPS: “Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts, but not the complete absence of all protections for lynx.” MDIFW concurs that 
the lynx DPS needs thoughtful conservation attention at its southernmost range limits. However, our 
Department (1) strongly disagrees that the ESA is the only effective protection, and (2) counters that 
state conservation strategies, which may be inspired by the ESA, are generally a better, more lasting 
solution. 

 

Response: The MDIFW apparently misunderstood why the Service considered a future without lynx 
listing.  Marty Miller attempted to explain why this is an important future scenario to consider in the SSA.   

Perhaps we should reword this response to indicate that we do not know how MDIFW would 
respond to delisting and trapping rules.  MDIFW has publicly told trappers that they would rescind 
some trapping restrictions if the lynx was delisted.  If the MDIFW resumed management prior to listing, 
the lynx would be a protected species.  MDIFW took no special measures concerning traps and their 
placement prior to the time of listing until they were sued.  At that time, it was not required that trapped 
lynx be reported.  There was a case of a lynx killed in defense of property in VT, and in a recent incident 
in ME the landowner wanted to shoot the lynx.  Three lynx were reported shot in fall 2016 alone.  One 
peer reviewer indicated that we should have said much more about the risk to lynx from trapping in 
southern Canada.  He believed it has or could reach a point where trapping affects lynx both emigrating 
and immigrating from Canada.   

14.  Page 5 MDIFW suggests that a broader more forthright discussion is needed on the structure of 
the DPS. In the description of the geographical units of the SSA, MDIFW suggests stating, “The 
DPS designation reflects a jurisdictional boundary, not a biological one, for Canada lynx. The 
species is widespread and relativelysecure in Canadian provinces adjacent to the DPS.” Would 
the USFWS be willing to state, in the list of assumptions (p. 8, SSA), “We assume that the 
statuses of lynx within individual SSA geographic units are mostly independent of one another”? 
This assumption is requested to critically reconsider conservation strategies and outcomes given 



“the units are relatively isolated from each other” (SSA, p. 5). In fact,Unit 1 (northern Maine) and 
Unit 2 (northeastern Minnesota) are extremely isolated from other units bydistance and 
marginal habitat. As the USFWS has experienced with recovery efforts for Canis lupus, the 
improbability of “recovery” occurring concurrently in three (or more) regionally distinct SSA units 
greatlyhandicaps any scenario for delisting. 

 
 page 6 As currently written, the draft SSA examines threats facing lynx as well as resiliency, 
redundancy, andrepresentation of the DPS. “ESA’s requirements for delisting …” are cited (pg. 
20) as a second rationalefor not considering “… the unlikely hypothetical future in which the DPS 
is not listed.” We are unaware of “requirements” other than specific objectives established in 
recovery plans and the five factors guiding ESA status decisions listed in statute. The SSA is a 
thoughtful evaluation of species vulnerability relative to ESA. We hope that discussion of the five 
factors for listing is an option in any SSA but suggest that it particularly should not be omitted in the 
first status review of the lynx DPS after 17 years as an ESA Threatened Species. 

 

Response: The SSA discussed lynx biology.  It does not discuss how to interpret DPS policy, listing, or 
recovery as it concerns lynx.  We asked the states not to comment on listing or policy, but MDIFW and 
others did. 

15. Page 11. CLIMATE CHANGE However, we believe the SSA overstates the confidence with 
which climate models can be used to inform future trends in lynx distribution and population size 
in Maine. Uncertainty regarding changes in the amount and duration of snowfall, and the 
response to these changes by hares, lynx, and potential lynx competitors such as bobcats and 
coyotes, make projecting impacts on lynx very challenging. In addition, we feel that conclusions 
about changing forest species composition in northern Maine due to climate change are 
overstated and not supported by current data (see MFPC letter and other sections of MDIFW 
response). 

Response: The MDIFW provides no alternate science to justify outcomes likely to occur because of 
climate change. 

The MDIFW believes the underlying mechanisms describing the relationship between these species and 
snow are largely unknown.   

From MDIFW’s lynx assessment: 

“Maine’s lynx population is likely most limited by availability of prey and adequate snow depth. Climate 
change, forest disease, and forest management activities (influenced by forest ownership and wood 
markets) will likely have the greatest influence on lynx persistence in Maine. “ p. 27 

On a longer time scale, global warming may result in a net loss of conifer forest in Maine, as conifers are 
replaced by more temperate southern deciduous forest. Climate models for Maine during the 21st 
Century trend towards warmer and wetter conditions during all four seasons, with the greatest increase 
occurring in northern Maine. Over the next 100 years, northern Maine could see an 8% increase in winter 
temperature and a 16% increase in winter precipitation, with more winter precipitation in the form of 
rain (Jacobson et al. 2009). These changes will not only affect future snow levels, but will likely influence 



habitat suitability for individual trees species; balsam fir could become scarce, red spruce may decline 
especially in interior sections, and red maple could become more abundant (Jagels et al. 2009). Because 
mature trees are more tolerant to environmental stress, change in forest composition can be slow in 
existing forest. Conversely, young trees (seedling and saplings) are more susceptible to stress and 
disturbance (Logan and Gottschalk 2007 as cited by Jacobson et al. 2009). Forestmanagement can play a 
critical role in Maine’s response to global warming by slowing down or speeding up changes in forest 
composition by enhancing retention of critical species or facilitating the introduction of new species 
(Jagels et al. 2009). P. 54-55 

Low snow levels and habitat loss pose the greatest risks to Maine’s lynx population. If the prediction of a 
warming climate with more winter precipitation in the form of rain occurs, lynx may be restricted to 
extreme northern sections of Maine, and spruce/fir may also decline and recede northward. 
Management of Maine’s “spruce/fir flats” that maintains northern forest conditions and connectivity 
between neighboring lynx populations in Canada may allow lynx to persist in Maine. Commercial harvest 
of Maine’s spruce and fir forest will likely continue, but new markets that favor shorter rotations and use 
sapling trees will likely reduce the quantity and quality of future lynx habitat, and changes in forest 
landownership could lead to more land development. Forest management activities that do not promote 
conditions to support lynx and hares may be offset by future tree-disease outbreaks. P. 65 

However, most models do not include other extrinsic factors (e.g. budworm outbreak, climate change, 
timber markets) that will influence future lynx numbers. Climate change is expected to have the greatest 
impact on wildlife species that occur at the southern edge of their range. Lynx are associated with areas 
of deep snow (Hoving et al. 2005) and an abundance of young conifer (spruce/fir) where lynx have a 
competitive advantage over other common forest predators (i.e., bobcat, fisher, coyotes) and their prey, 
snowshoe hare, are abundant. It is uncertain how climate change will impact future lynx populations, but 
if projections are accurate, we can expect lynx populations to recede northward and populations to 
decline substantially over the next 100 years. p. 60. 

It seems that MDIFW Lynx Assessment and the SSA arrive at similar conclusions about how climate 
change will affect snow, competition with bobcats and coyotes, and result in habitat changes.  MDIFW 
concludes “if projections are accurate [i.e., climate change in Maine publications], we can expect lynx 
populations to recede northward and populations to decline substantially over the next 100 years.” 

16. Page 12  How did the authors come to this determination? Vashon et al. 2012 (cited throughout 
the document), provides estimates of past and current lynx populations in Maine and 
how those estimates were derived. The USFWS accepted these population estimates in 
the Incidental Take Plan for Maine’s Trapping Program (2014) and issued the state an 
Incidental Take Permit based on these population estimates. 

Response: Maine, and other states, have employed various methods to “ballpark estimate” how many 
lynx may occur in their jurisdiction.  This is most frequently done by applying a lynx density to an 
estimate of overall habitat, which requires many assumptions that may or may not be correct.  These 
are not true population estimates (as MDIFW points out) and cannot provide an estimate of variation 
around a mean, etc.  The methods are not employed in a standard fashion between jurisdictions.  Some 



are more guestimate…it was very difficult for the Core Team to evaluate the validity and we did not use 
any population estimates in the SSA.  Furthermore, lynx populations are known to vary widely over 
relatively short periods of time and this does not seem to be incorporated into any of the estimates.   

MDIFW explains two ways of estimating Maine’s potential lynx population in their lynx assessment.  The 
USFWS or others (UMaine) have not been asked to review and provide comment.  If so, the Service 
would have many comments and concerns on the methods used.  Contrary to what is stated in the 
comments, we did not accept Maine’s lynx population estimate in the biological opinion.  Instead we 
based our jeopardy analysis on a conservative figure of 500 lynx. 

17. Page 12. On Page 43, the SSA states there are 750 to 1,000 lynx in Maine, but on Page 99 and 
117 the SSA states 500 to a 1,000 lynx, and then on Page 111 the SSA states several hundred to a 
1,000 in Maine 

 

Response: Given our decision not to use population estimates, we should revise these sections of the 
SSA to refer to populations only in relative terms.  This is a function of our haste to write the SSA. 

18. Page 13. Population and habitat are not decreasing 
o Page 99 – …after 2006 suggest slightly decreasing population This statement is not cited and is 

contrary to data presented at the Expert Elicitation Workshop that supports an expanding lynx 
population in Maine. At the workshop, we shared the first year of data from snowtrack surveys 
to monitor changes in lynx detections and occupancy over time. We now have another winter 
and a half of data. Between January 2015 and Febuary 2017, we have resurveyed 30 towns 
across northern Maine. During initial surveys (2003-08) lynx were detected in 14 of 30 towns 
(43%), during resurvey efforts lynx have been detected in 28 of the same 30 towns (93%). 

o Page 99 (also see page 105 3rd paragraph) – hare went under a 50% decline in 2006 and 
have remained at lower levels. This statement is not cited. There is no study at the 
scale this sentence implies. 

Response: We should reword sentence on page 99.  Habitat in ME should be declining quickly (Simons-
Legaard papers).  Hare decline is well-documented across a wide geographic area in northern Maine and 
southern Quebec (Harrison et al. 2015, Assels, Scott).  MDIFW provides no data to the contrary.  We 
have no information on the experimental design of MDIFW’s snow track survey.  Are they visiting 
townships with a high predicted probability of having lynx?  Are the townships randomly sampled?  Is 
the sampling design stratified according to the most recent lynx models?  We cannot ascertain this 
information without a report, data, ability to determine the validity of the methods, or to interpret this 
information. 

19. Page 13. Vortex Model The MDIFW questioned the results of the Vortex model produced by the 
USFWS in the SSA (see page 33 and page 113 paragraph 2, last sentence.  The MDIFW 
questioned why this was done since a model by the researchers collecting the data was already 
available. In addition, a Vortex model was part of Maine’s Incidental Take Plan submitted to the 
USFWS which was accepted on 11/4/2014. The MDIFW in 2012 calculated an intrinsic rate of 
growth of 0.05 (Lambda = 1.05) for Maine’s lynx population based on demographic data from a 



radiotelemetry study that we collected over a 12-year period (see Vashon et al. 2012 Appendix 
VI). This is contrary to the model reported in the SSA. 

 

Response: Because there are two distinct periods of snowshoe hare density in Maine since listing the 
lynx (high before 2006, low after 2006) the Service asked MDIFW in the trapping incidental take plan to 
provide two Vortex model runs (deterministic model) to determine lamda – one for lynx demographic 
data obtained when the hares were high and another for when the hares were low.  The MDIFW opted 
to use  “average” survival and reproduction rates over the entire 2000-2012 time period.  For the 
purposes of the SSA, we used the lynx demographic data in MDIFW’s lynx assessment, which they 
present during the high and low hare periods. The Vortex demographic model showed an increasing 
population (lamda) during the high hare period and a decreasing population (lamda) during the low hare 
period.  UMaine data indicates the low hare period has persisted from 2007-2015.  If this persists into 
the future (everything else being equal) lynx populations would be expected to decline.  But all things 
are not equal…habitat will diminish by 50-60% in the next 16 years, shift to the south, and become more 
fragmented.  Thus, we conclude that Maine’s lynx population will return to lower levels, perhaps to 
levels similar to prior to the spruce budworm outbreak. 

20. Page 14. o Page 114, 2nd and 3rd paragraph have surprisingly similar sentences with different 
references leads to the question if cited correctly and also if redundancy is needed. Also repeated on 

page 100 (1st paragraph). 
 2nd paragraph: Thus, average conditions in Maine are currently at or below the 
snow persistence thresholds believed to be needed to support lynx (Gonzalez et 
al. 2007) 
 3rd paragraph: Thus, average snow conditions in Maine are currently at or 
below snow depth thresholds for lynx and further declines in annual snow 
depth would be expected to reduce the probability of lynx persistence in the 
region (Hoving et al. 2005). 
 Contrary to field data from Maine collected by MDIFW: i.e., periodic winter 
snow-track surveys to detect lynx shows lynx are expanding into eastern Maine 
where snow conditions are more variable due to maritime weather on the 
coast. Also, all field data suggests and increasing population since the 1990s, 
which is contrary to the above statements. If you keep these statements, you 
need to share that these hypotheses have not yet been born true by field data. 

Response: Note change second statement from Hoving to Gonzales.   The information provided by Jen 
Vashon in the lynx workshop (slide #22) indicates that the MDIFW did not find lynx in snow-tracking 
surveys in central Washington County where lynx and kittens occurred several years ago.  They were re-
documented in northern Washington County.  “All Field data suggests increasing population…” We 
assume this is the sighting, trapping, and road mortality information provided in the MDIFW’s power 
point at the workshop.  We do not consider highway mortality to be an accurate index of the 
population.  MDIFW relied heavily on reported lynx trapped as an index of an increasing population but 
did not present at the workshop  a dramatic decline from 20 lynx reported in 2014 to 4 lynx in 2015.  Did 
the population crash?  The Service believes that reporting rates of lynx are uncertain, variable from year 
to year, and not a reliable index of population.  Similarly, lynx sightings by biologists are not a reliable 



index.  An alternate hypothesis is that lynx could be starving in Canada and dispersing – thus exposed to 
traps, killed on roads, and sighted more frequently.   

21. Page 14. Corridors Page 95 – indicates that farming in NE Maine fragments corridors between 
Maine and New Brunswick. No citation provided. We have detected lynx during recent 
monitoring efforts (track surveys) and have documented movements of tagged lynx across 
ME/NB border, which contradicts statement made here. Recast sentence. 

 

Revise, if necessary.  No doubt lynx can cross the ME-NB border in certain areas, but the best 
available science says they are reluctant to cross large openings (extensive fields), thus the corridor 
is compromised by extensive farmland in some areas (but maybe not all). 

22. Page 15To date, available research has assumed a density of 0.8 hares/ha for all partially 
harvested stands, regardless of stand composition (hardwood dominated, softwood dominated, 
or mixed wood), time since harvest, or silvicultural objectives. This hare density estimate was 
developed by sampling a group stands that represented the range in conditions likely to be 
present in stands subject to partial harvest (including hardwood dominated stands 

 

Response: If we were to revise these models today, we may consider the lower hare densities that 
prevailed 2007-2015.  Thus it would be prudent to assign a value of about 0.40 hares/ha to partially-
harvested stands.  For the various reasons described above, it is highly unlikely that shelterwood cuts 
will replace the regenerating clearcuts and make a major contribution to the future habitat for lynx.  Of 
the few softwood shelterwood cuts on the landscape, UMaine has found many shelterwood cuts to be 
compromised in their ability to support hares.  Furthermore, the majority are managed for northern 
hardwoods and the phenomenon of extensive hardwood regeneration is documented in scientific 
literature (McCaskill et al. 2016, Legaard et al. 2015). 

Given these comments, we should consider a paragraph explaining why it is unlikely that shelterwood 
stands will provide substantial future habitat for lynx (see earlier comments).  

23. Page 18. MDIFW does not agree with numerous statements in the SSA that suggest that 
sufficient scientific evidence is available to conclude that hares have declined at the landscape 
level in the northern Maine unit and have remained low since 2006. 

 

Response: This is inexplicable because the MDIFW acknowledges the validity of UMaine hare density 
information in their lynx assessment (Vashon et al. 2012) pages 14, 19 (acknowledging lynx have 
different demographics during period of hares abundant and hares less abundant), page 26, etc. 

24. Page 21Throughout the SSA, but especially in Chapters 3 and 4, statements are made without 
citations. If this is to be an objective science-based document, these statements need specific 
references to be valid. 

 



Response: Review these sections.  MDIFW provided no specific examples of statements needing 
citations.  In contrast, peer reviewers unanimously said that we did a good job of citing information that 
contributed to the logic of our conclusions. 

25. Page 21 Chapter 3 (Factors Affecting Long-term Viability of the DPS) considers only adverse 
factors. We urge USFWS to balance the discussion by giving due attention to factors that have 
been beneficial to lynx inthe DPS. Many of the risks (e.g., mining, pre-commercial thinning, 
windpower, land development, etc.) have little information, no documented impacts to lynx, or 
are not significant issues in the DPS. Speculation not supported by facts is inappropriate. We 
urge careful review of these statements before public review and decision-making. 

 

Response:  The SSA and LCAS (2013) come to identical conclusions concerning which threats pose the 
greatest threat to lynx (climate change, forest management, wildfire, loss and fragmentation of habitat) 
and which have a lesser threat (trapping, recreation, illegal hunting, etc.).  This ranking of threats was 
similar to that from the experts at the workshop.  We do not fully understand how lynx respond to 
some forms of development the effects of some development.  Make sure we explain this in Chapter 
3.  

26. Page 21. Finally, we strongly endorse major conclusions in the SSA that (1) the initial threat for 
listing the lynx DPS has been met; (2) that the DPS currently is resilient, redundant, and 
representative; and (3) although there is tremendous uncertainty with long-term projections, we 
agree with the EEW experts that in the foreseeable future (at least through the next 25 years) 
lynx status is secure in the DPS. 

 

Response.  We don’t believe the third point above reflects the opinion of the experts.  Some were 
pessimistic about the future of lynx in some units, even to 2050.  After determining the median 
response, experts believed that 5 of 6 DPS units would persist until 2050 (albeit at lower numbers and 
more fragmented habitat), at worse 3 of 6 units would have a >50% probability of persisting to 2050, 
and median that 4 of 6 units would have a >50% probability of persistence to 2050.  MDIFW did not 
comment on the Service’s Core Team opinion who took a more pessimistic view of persistence of some 
units after having the benefit of an extensive review of the literature.    

 

Minnesota Department of Natural Resources (Tam) 

 

Montana Fish, Wildlife & Parks (Jim) 

 

Washington Department of Fish and Wildlife (Bryon) 



1.  Implies that the SSA is lacking in conservation measures for lynx breeding populations that likely exist 
in between, and that potentially connect the six geographic areas we are focusing on for lynx 
conservation, especially the geographic areas in Washington, Idaho, and Montana. 

Response – We acknowledge that lynx likely have existed (reproduced) in the past, currently reside, and 
will likely do so in the future in areas outside of the six geographic areas in the contiguous U.S., at least 
ephemerally.  In our opinion, we can best serve lynx conservation by focusing efforts on maintaining 
lynx populations in those places that seem to provide the ecological conditions supporting lynx life 
history needs and that have continually supported persistent lynx breeding populations through time 
(i.e., the six geographic areas).  However, lynx analysis units (LAUs) have been delineated on all USFS and 
BLM lands containing lynx habitat both within and outside of the identified six geographic areas, at least 
in the west and mid-west.  These delineated LAUs are managed, and will continue to be managed in 
accordance with USFS Land and Resource Management Plans, BLM Land Use Plans, or the LCAS as 
appropriate and applicable.  Additionally, within Washington, the WADNR, pursuant to their 2006 Lynx 
Management Plan, has delineated LAUs within lynx habitat on their ownership, and manages these 
LAUS in accordance with their 2006 Lynx Management Plan. Thus, areas outside of the six geographic 
areas will be managed to support lynx reproduction to the extent they are capable of doing so. 

2.  Is concerned that the SSA under appreciates the short-term (10-20 years) risk to the probability of 
lynx persistence in Washington from threats, and the large uncertainties about population processes 
that will influence its probability of persistence (e.g., immigration from BC, emigration, fires, snowpack, 
disease, current demographics of the population, impact of trapping in southern BC, status of 
population in BC, habitat corridor stability between BC and WA). 

Response - The SSA concludes that the probability of lynx persistence in Washington may dramatically 
decline by as much as 20 to 30 percent within the next 10-20 years primarily due to recent impacts to 
almost 50 percent of lynx habitat resulting from large-scale wildfires, and acknowledges that this 
population could become extirpated should additional high intensity large-scale wildfires occur within 
lynx habitat in the near future. Also, see response to number 4. 

3.  States that current management plans for lynx are in need of revision to incorporate new information 
and concepts pertaining to lynx management. 

Response – We agree that new science pertaining to lynx management should be incorporated into 
management plans as it is developed.  This would be especially important if such new science represents 
paradigm shifts in our understanding of lynx habitat management.  Currently, the new science on lynx 
habitat management that has been derived is from limited studies, not been fully developed, and is 
more of a refinement complementing the existing knowledge of lynx habitat requirements to support 
successful reproduction.  However, once fully developed and vetted, the new information should be 
incorporated into existing lynx habitat management direction. 

4.  WDFW questions the SSA’s conclusion that there is a meaningful level of lynx immigration from 
Canada to Washington and cites declining lynx harvests in BC as an indicator of potential reduced lynx 
immigration to Washington. 

Response – We do not disagree with the WDFW’s concern regarding lynx trapping in BC and the 
potential implications for reduced opportunities of lynx immigration to Washington.  However, the 
WDFW does not define “meaningful”, nor did we state that there currently or likely will be future 
meaningful level of lynx movement between BC and Washington. We also appreciate WDFW’s concern 



and acknowledge the lack of data to support immigration/emigration of lynx from/to BC and 
Washington.  Nonetheless, as lynx are very capable dispersers and there does not appear to be any 
barriers preventing lynx movement between Washington and Canada as concluded by Singleton et al. 
(2002, entire), we have no reason to conclude that lynx movement between Washington and Canada 
has significantly changed from historical conditions (aside from the historic, unprecedented lynx 
irruptions in the 1960s and 1970s).  To wit, as stated in the SSA, a male lynx collared in Washington in 
2008 was trapped in BC in 2009.  Very few lynx have been collared in Washington.  Thus, it is not 
unreasonable to presume that other lynx movements between Washington and BC (both immigration 
and emigration) have occurred and will most likely continue to occur, at least in the foreseeable future.  
Further, while we conclude that lynx immigration from Canada to the U.S. has occurred historically and 
that maintaining this connectivity may be important, we are unsure regarding the role that this 
connectivity may play in supporting the genetic and/or demographic stability of lynx populations in the 
U.S.  We only indicate that should several additional wildfires result in extirpation of lynx in Washington, 
the lynx population in BC could be a source for recolonization of Washington by lynx once vegetative 
conditions conducive to supporting lynx reproduction are restored through successional regeneration. 

Wyoming Game and Fish Department (Jim)   

 

 

Note:  Non-substantive comments, letters of support, or submission of minor corrections/new data 
were received from Michigan, New Hampshire, New Mexico, and Wisconsin. 

No comments were received from New York, Oregon, Utah, or Vermont.  



From: Sartorius, Shawn
To: Zelenak, Jim
Subject: Re: Lynx SSA Comments
Date: Friday, March 17, 2017 1:15:14 PM

Sounds like Mike is applying a fairly heavy dose of personal judgement.  Not a bad thing, but not
evidence in and of itself.  I think you are on the right track by focusing on the verified evidence and being
transparent. 

On Fri, Mar 17, 2017 at 10:58 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
FYI - Mike's response to my request for clarification.  I'm not sure it really clarifies much for me, but I'm glad he
responded.  I sent a similar request to Squires and hope he replies, too.

My biggest problem is that the 83 physical remains he refers to for WY, although considered as "reliable" by
McKelvey et al. 2000, were nonetheless not all considered "verified" (only 30 records for WY were thus
considered), and Mike co-authored the 2008 McKelvey et al. paper highlighting the importance of using only
verified data to establish historical range.  Whereas in Washington, 134 of the 144 were verified and in Minnesota
76 of 179 were verified.

Also interesting that ID had 96 reliable physical remains and 74 verified records - both higher than WY - but there
is general agreement that a persistent resident population did not and does not occur there (though some folks
think maybe a small number of residents occurs in the panhandle more often than not....which I concur is likely).

Copied to Core Team to share Mike's kudos on the effort. Thanks!

---------- Forwarded message ----------
From: Schwartz, Michael K -FS <michaelkschwartz@fs.fed.us>
Date: Fri, Mar 17, 2017 at 10:11 AM
Subject: RE: Lynx SSA Comments
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Hi Jim,

Thanks for the note.  Great job on the SSA report.  That was a really impressive piece of work
created in a very short time frame.  I hope my comments in general will help.  Like you, I wish I too
had more time to review the document. 

 

Resolution of this issue comes down the operational definition of persistence, how historical
records are viewed (i.e., does a trapped animal mean it was the only animal or representative of a
larger population), and comparisons to other records (see table 8.1, figure 8.7 in McKelvey).

 

My view is that 83 physical records distributed over time (with the acknowledgement that they
were listed as a predator until 1973, where state records would be scant) is enough to suggest
some level of consistency.  Interestingly, Washington only had 144 physical records and Minnesota
only 179. 
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By analogy, let’s revisit the idea of lynx populations as tide pools at different sizes and distances
from the ocean.  Places like Iowa (1 physical record) clearly have either a miniscule pool and a
great distance from the current main distribution.  Places like Washington and Minnesota have
decent size pools and close proximity.  New Hampshire and Wyoming are interesting because
clearly there is some pool available but as functional distance (and in Wyoming’s case straight line
distance) is great this pool only occasionally fills and persists for periods of time.  But the fact that
the pool exists and the same part of the range is occasionally filled suggests to me persistence at
some temporal grain.  If the Service wishes to use a more restrictive definition of persistence or
views the trapping records as complete censuses, then a different conclusion is reached.

 

Hope this clarifies my view. Once again good work on an important document.

Best Regards,

Mike

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Thursday, March 16, 2017 12:00 PM
To: Schwartz, Michael K -FS <michaelkschwartz@fs.fed.us>
Cc: McKelvey, Kevin -FS <kmckelvey@fs.fed.us>
Subject: Lynx SSA Comments

 

Hi Mike,

 

Thanks for peer-reviewing the draft SSA report.  I wish we'd had a little more time to edit it
thoroughly and tighten it up before it went out to you and other peer reviewers and our State,
Federal and Tribal partners, but I don't get to decide on the schedule.

 

Anyway, I have a question about one of your comments regarding the historic presence of
lynx in Wyoming.  You said:

 

"The opposite may be true in Wyoming. Here there is a consistent signal of lynx from at
least the 1970s onwards (p 41, 147 SSA) with strong signals at the beginning of the 21st
century."
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I'm wondering what information suggests the consistent signal you describe, and whether
you interpret that to confirm the presence of a persistent resident population?  After in-depth
review of the "certain" (i.e., verified) records in Reeve et al. 1986 and the verified records in
McKelvey et al. 2000, I reach a less certain conclusion regarding whether Wyoming
continuously or consistently supported a resident population.

 

Based on those documents, there are 33 or 34 (McKelvey et al's total did not include one of
Reeve et al's "certains" - a record from 1969) verified records from Wyoming from 1856-
1999.  These include 4 records from the 1800s, 3 of which were from the southeast part of
the state that seems unlikely to have supported a persistent resident population. Then there
were 10 records from 1904-1920, 7 from YNP and surrounding area, 2 from the upper Wind
Rivers, and 1 from the Big Horns.  Of these 10, 8 were from the years 1917-1920, which
may suggest dispersing lynx associated with an irruption.

 

There were no verified records in WY from 1921-1939, then there were 9 records from
1940-1957, all from the west-central border area (northern Wyoming Range).  Six of these 9
were killed in 1952-1955, again suggestive of a pulse of dispersing lynx.

 

After 1957, there were single records from 1963 and 1983 (and perhaps one in 1969), both
from southeast WY, one clearly in anomalous habitat, and then 8 records from the Wyoming
Range from 1996-2000 that included one adult male, one adult female, and her 6 kittens
from 2 consecutive years (none of which appear to have survived to independence; and the
female starved about the time the second litter would have been ready to disperse from the
maternal home range).

 

Since 2000, as documented in the report, there have been only a handful of verified records
that suggest 3 lynx in the park over a couple of years and 10 Colorado lynx that passed thru
WY, with a couple temporarily hanging out in the area of the Wyoming Range previously
occupied by the late 1990s resident pair, but with no evidence of reproduction.

 

I know Reeve et al. had many more data that they categorized as "probable," but Kevin did
not consider these verified, and you and Kevin built a compelling argument in your 2008
paper about why only verified data should be used to evaluate historical range.  I think the
vagaries in historical lynx trapping records, the strong likelihood of bobcats being
misidentified as lynx, problems with unconfirmed track or observation data, and the pulsed,
ebb/flow dynamics of lynx distribution all further strengthen the argument for only using
verified data for lynx.

 

I also have seen the anecdotal reference to 18 lynx being trapped from a relatively small area



of the Wyoming Range over a short time in 1972, but this also suggests a pulse of dispersing
lynx associated with the unprecedented irruption of the early 1970s documented in
McKelvey et al. 2000.  If all or most of these were resident lynx, why were the all suddenly
simultaneously vulnerable to trapping in one year?  

 

I'm also asking this of John, who also peer reviewed the report and who also referred to
Reeve et al. 1986 as evidence of a persistent population in Wyoming.  I've also copied Kevin
on this message in case he has any insights he'd care to share.

 

Anyway, if you are relying on other data or genetic analyses to reach your conclusions, or
perhaps have thought about this more clearly than I have, I'd appreciate knowing about it
and the information you believe suggests a consistent signal of lynx for Wyoming.

 

Thanks,

 

Jim

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender
and delete the email immediately.
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Shawn Sartorius, Ph.D.
Branch Chief, Classification
U.S. Fish and Wildlife Service
Southwest Regional Office
P.O. Box 1306
Albuquerque, NM 87103
505-248-6419; cell 505-697-7606
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Summary of Peer review and State review comments, concerns, issues/themes – Draft Lynx SSA Report 

I. Peer Reviews 

Peer Reviewer 3 – Dan Harrison (Mark) 

1. P. 1 The Draft SSA overlooks the possibility that lynx populations may be less variable and have 
exhibited long-term sustainability, coupled with less dramatic temporal fluctuations in density, 
survival and recruitment within Maine, and perhaps Minnesota, compared to populations within 
the core range.   The SSA should reevaluate the possibility that a lack of 10-year cycles in lynx at 
the southern limit of their distribution means that the populations are not sustainable without 
inputs from Canada.  This is a tenuous assumption and ignores the point that average longterm 
finite growth rate could be positive in places with non-cyclic or dampened fluctuations with 
increased periodicity.  

Response:  The SSA process and advisors led the core team toward developing a lynx “model” that fit 
the DPS as a whole.  Although there are some generalities concerning lynx and hare ecology that hold 
true across the DPS, there are many differences concerning lynx and hares in each of the units.  These 
differences could influence our perspective on all 3Rs.  From these and other peer review comments it 
seems that we should revisit how we describe the DPS, particularly the inherent (and significant) 
differences between the units.  As indicated in the next few comments, Dr. Harrison (and other peer 
reviewers) challenged us on the validity of key assumptions that form the biological basis of the SSA.  
Although some assumptions may still hold true for some units, they may not for others.  Perhaps we 
need to aggregate similar units that have similar ecological characteristics and state specific 
assumptions for each.  We need to be more explicit in what assumptions apply to what units.  In other 
words, peer reviewers are asking us to describe a more complex than simplistic status of lynx across the 
DPS. 

Dr. Harrison is makes a valid point concerning noncyclic-or weakly cyclic hare densities providing more 
stable population conditions for ME and MN (and maybe MT) .  He also makes a valid point that 
landscape hare densities in eastern units are much greater than western units resulting in smaller home 
ranges in the east than west (and perhaps other different demographic patterns throughout the DPS.  
We should reevaluate and restate our basic assumptions for each unit or groups of similar units.  At 
one point (meeting in Denver) we started a table that would compare hare densities, lynx 
demographics, etc. for each of the units.  We didn’t have data for all the units, but perhaps this would 
be a good starting point for developing assumptions.  For example, if ME and MN have similar landscape 
hare densities, lynx home ranges and demographics, connected broadly to populations in Canada, 
similar forest ecotypes, etc.  perhaps we could make unique assumptions related to these units that 
would be different from MT and WA. 

 

2. This suggests high resiliency of this population and argues that Maine is not an island in the 
meta-population sense and is part of a persistent population across the mixed transitional 
forests of Maine, southern Quebec, and New Brunswick and spanning nearly 30 million acres of 
habitat that is contiguous and demographically isolated from other lynx populations. This clearly 
violates the general assumption (page 7, final bullet at bottom) of the Draft SSA which states 
that: “We assume that lynx exhibit a “mainland-island” metapopulation structure in which the 
DPS populations function as “islands” that receive periodic input from “mainland” Canada 
populations.” This “mainland-island” metapopulation structure is critical to the biological 



assessments throughout the Draft SSA and does not appear relevant to the contiguous 
populations in Maine, and also does not likely apply in Minnesota. The application of the 
metapopulation concept may or may not apply in Montana (depending on subpopulation), and 
seems most relevant to the populations in Washington, the GYE, and western Colorado. 
Applying this concept across the entire DPS does not seem appropriate. P. 12 The peripheral 
island population concept is not relevant to populations in N. Montana, Minnesota, and Maine, 
all of which occur over large landscapes and are fully contiguous (and part of) populations in 
Canada. P. 12 Not all southern populations are isolated and necessarily dependent on 
immigration – again this is an overgeneralization across populations within the DPS. This 
concept is probably most relevant to populations in Colorado, GYE, and N.C. Washington. Also 
see related comments on p. 13., p. 16 that argue that Maine (and MN?) populations do not 
operate on mainland-island premise. See additional comment on P. 21. 

Response:  Although we acknowledge lynx occur across the border, we did little to quantify or describe 
the populations of lynx that occur nearby.  Dr. Harrison is correct that the ME lynx population is part of a 
large metapopulation south of the St. Lawrence River.  However, this larger metapopulation is probably 
geographically isolated from central Canada (Quebec populations).  I think Dr. Harrison’s hypothesis that 
lynx swim the 5 to 15 distance across the St. Lawrence River is unlikely.  Koen et al. believe what 
interchange occurs in the winter when the River freezes (they show there is more connectivity that 
expected with ice-breaking operations).  We should expand on what we know about lynx status for 
Canadian lynx populations adjacent to ME, MN, MT, and WA.  Dennis Murray advised us to look at 
trapping regulations and harvests of these border/s. Canada populations and believed that trapping has 
or could be affecting immigration rates.   

We should expound on why we believe immigration is important to maintaining the DPS populations, 
drop this assumption, or retain it for the populations (West) where we believe it important.  This is a 
holdover from the early days of lynx listing and as Dr. Harrison indicates probably influences some 
western units more than eastern units.  There has not been major cycles for several decades, yet lynx 
persist in the DPS.  Dr. Harrison’s hypothesis probably is valid – hare populations never cycle as low as 
they do in Canada and seem to be sufficient to support stable populations (or increasing in ME since 
listing because of the unprecedented forestry situation. 

3. Tendency of the Draft SSA to broadly generalize across the 6 populations in the DPS despite that 
some populations are geographically, ecologically, demographically, and genetically more similar 
to contiguous core populations in Canada, and which may have much less commonality with 
other geographically isolated populations within the DPS that are separated by hundreds and 
thousands of miles.  P. 11. all lynx populations in the DPS should not be grouped together as the 
landscape compositions and configurations, distribution of HQHH, and demographics are very 
different. See numerous comments above about the inappropriateness of the broad 
generalization and assumption that lynx demographics across the DPS are characteristic of 
northern populations during hare lows. If so, then all populations in the DPS should be in rapid 
decline phase most of the time and would not persist. Data for most southern populations is in 
direct contrast with this assumption, and the data are particularly contradictory for northern 
Montana, Minnesota, and Maine. 

 
Response:  See comment above.  The SSA paints the DPS with a broad brush, when the science suggests 
there are distinct differences between units that affect the 3Rs.  We should revisit, revise, or possibly 
eliminate our assumption that hare densities resemble those at the low-point of the hare cycle in 
Canada.  Perhaps landscape hare densities in the West do resemble low Canada hare densities.  If so, 



the assumption may only apply to western Units.  However, Dr. Harrison makes a valid point – if hare 
densities in the DPS resemble those at the low-point of the hare cycle, why are not all of our DPS 
populations declining as they would in Canada? 

 
4. “We assume that , in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, including 
the DPS, than in the core of the species range in Canada and Alaska. “  

 
Response:  If we had the table referred to in the previous response, we could compare and contrast 
how lynx and hare populations behave in the DPS compared to what we know about central Canada (did 
the LCAS do this?).  For example some DPS hare-lynx populations may resemble the low-point of the 
hare cycle, whereas others may be somewhere in the middle.  Hare and lynx populations in ME have 
never reached similar numbers to the peak in the Canadian cycle, but they have never approached the 
low-point either.  This stability of hare numbers (especially never crashing to extra-low densities) seems 
important to lynx recovery in the DPS.  

 
5. The assumption that lynx numbers are lower in the DPS is also tenuous. The other general 

assumption that population processes in the DPS are more similar to northerly populations at 
the low in hare numbers is universally inaccurate across the population within the DPS.  Also see 
related comments on p. 10., p. 11., p. 12 

 
Response:  See previous comment.  Maybe lynx numbers are as low as they get in central Canada, 
maybe not.  Again, a table comparing the units would seem useful.  Lynx densities are much lower in the 
West (MT?, CO?, WA?) than in ME and MN.  The SSA paints with a broad brush and probably does not 
do a good job of pointing out differences. 
 
If a peer reviewer indicates we are inaccurate or our assumptions lack support, we need to address. 

 
6. The final general assumption that is bulleted on page 8 seems unsupported and could greatly 

affect the future status of lynx. The assumption that current levels of conservation for lynx 
would continue without protections under the ESA is completely unrealistic. There has not been 
a credible assessment to date of the efficacy of recent efforts to prioritize lynx conservation on 
federal lands within the DPS. P. 27. 202/2/entire: The assumption that management for lynx 
would continue on federal lands absent ESA protections is unsupported. This management did 
not exist prior to lynx being listed as a U.S. Threatened Species and as I understand it, there 
would be no requirement for USFS or BLM to prioritize lynx conservation 5 years after the 
species were de-listed. Further there have been no credible evaluations of whether existing 
management has benefited lynx, particularly given that forest management effects occur across 
decades. 

 
Certification is linked to efforts to conserve threatened and endangered species, thus delisting could 
eliminate the growing potential for lynx conservation on private forestlands, particularly in Maine 
and Minnesota. Future opportunities to modify policies to benefit lynx conservation on private lands 
would be severely compromised if lynx were to be de-listed.  See p. 23 for related comments.  

 



Response:  We should address Dr. Harrison’s comment in the SSA.  Is it true that there are no 
assessments of the effectiveness of the LCAS/USFS plans?  Are there any data that indicate that the 
management is retaining or attracting lynx on the landscape?  We are probably on thin ice to say that 
the USFS would continue lynx management if the lynx were not listed.  Are there any USFS policies that 
would indicate they would continue management?  Would the USFS develop a research/monitoring 
effort to document lynx occupancy of LAUs?  Would they do so if the lynx were not listed?  This point is 
best addressed by Jim or someone representing the western units. 
 
We addressed Forest Certification concerning the Maine unit, but it may pertain to lynx habitat on 
private lands other units as well.  We should broaden the discussion in the SSA to include information 
on SFI of FSC certification on all units (where would there be a quick way to obtain this information?).  
I agree with Dr. Harrison that forest certification has much potential for lynx recovery in Maine and 
probably other units.  It is underutilized and thus far, I am not aware that any certified landowners in 
Maine are actively managing for lynx.  This could be, in part, because of mixed messages concerning 
what is needed for lynx management from UMaine, USFWS, and MDIFW.  I agree that without listing, 
certified private landowners in Maine would have little or now incentive to manage parts of their lands 
specifically for lynx, or if they did, they may indicate that current management (partial harvesting) will 
support lynx. 
 

 
7. P. 14. the issue of potential effects of incidental and illegal mortality have not been adequately 

considered or evaluated in the Draft SSA.  The frequent incidental take of lynx is documented in 
numerous places within the Draft SSA, yet there has been no modeling or simulations presented 
to address the potential effect of incidental harvests on small and marginal lynx populations 
within the DPS. The numbers reported in the Draft SSA also assume complete reporting of 
illegally, accidentally, and bycatches of lynx, which is unlikely. P. 13. Tier II risks could be more 
important than assumed here (e.g., effects of roads and particularly, incidental and illegal 
harvests have not been modeled or simulated). These factors could be particularly important for 
isolated populations and sub-populations with small effective population sizes, but also for the 
larger population in Maine where unimproved road densities exceed 1.5 km/km2 and nearly all 
individual lynx in the population are potentially exposed to risks via incidental take and illegal 
shooting. Illegal and incidental harvests are reported later in the document but are neither 
rigorously evaluated, modeled, nor simulated to evaluate their potential as limiting factors in 
regards to lynx resiliency. P. 13. Yes, state prohibitions on take may limit the potential for 
targeted harvests of lynx. However, lynx are susceptible to capture in a wide variety of set types, 
including in neck snares set to remove nuisance coyotes and wolves. In some states, required 
trap check intervals could also compromise health and survival of incidentally captured lynx. The 
question is not whether existing regulations may benefit lynx, but are current measures 
adequate and enforced to minimize threats to population resiliency. In my view, this topic has 
not been adequately evaluated in the Draft SSA. See related comments on p. 13, p. 14 
concerning trapping reporting rates.  See related comments on p. 23. 162/2/13-15: Yes, this is 
correct and the currently underutilized opportunity for enhancing habitat management on 
private lands would be further diminished if lynx were to be de-listed. Other possible threats 
mentioned previously are increased incidental harvests associated with changing fur markets 
and demands for fisher, marten, bobcat, and coyotes, as well as competing demands by local 
residents (e.g., coyote and/or wolf control to protect livestock or game species).  See related 
comments p. 26., p. 28.  

 



Response:  Potential red flag!!!!!   The SSA does not explore and consider the cumulative and 
synergistic effects of stressors on individual SSA units individually or as a whole.  Peer reviewer Dennis 
Murray provided similar comments concerning the potential adverse effects of trapping in southern 
Canada on lynx in the DPS.  Dr. Harrison makes valid points.  In the biological opinon for our trapping 
HCP with MDIFW, we rationalized that lynx and bobcat populations typically could support 15% harvest 
rates (but not during the decline phase of the hare cycle).  Even if there was considerable non-reporting 
of lynx incidentally trapped or subsequent mortality of lynx released from traps, we could not envision 
that harvest rates would approach 15%.  However, we cautioned that if populations dropped, then 
trapping mortality or injury could be additive and drive populations to lower levels.  It seems that we 
should address the issues raised in Dr. Harrison’s and Dr. Murray’s comments.  
 
In these comments or elsewhere, Dr. Harrision indicated that we tended to evaluate threats/stressors 
individually and did not contemplate the additive, cumulative effects of multiple stressors affecting lynx 
populations in the DPS at the same time.  (The LCAS did not look at cumulative effects.)  We typically do 
a cumulative effects analysis for NEPA.  Should we do a similar analysis in the SSA?  The Carlos Carroll 
paper is the only one I am aware of that looks at the simultaneous effects of forest management, 
climate change, and trapping (in adjacent Canada) on the Maine populations and concludes these three 
factors working together would cause a declining Maine population. 
 
We probably do not have the capacity or time to do a population analysis/PVA concerning the effects of 
trapping on any of the lynx populations for the SSA.  MDIFW did one for their trapping HCP, but take 
numbers were low (they did not consider non-reporting at the scale in Dr. Harrison’s comments).  They 
arrived at the conclusion that incidental trapping mortality did not have population level effects on the 
Maine population.   
 
The combined effects of anthropogenic mortality (incidental trapping, illegal shooting, road mortality) 
could have population-level effects on smaller populations in the DPS.  Many populations (WA, GYA, MT, 
MN, CO) have populations <200-300 animals (and the ME population may be at this level a decade or 
two from now).  How would the loss of 5, 10, 15, 20 animals annually affect viability?  Is there anything 
we can learn from the recent PVA done for WA?  What can be gleaned from PVAs done for incidental 
take of European lynx?  Perhaps we could use Vortex to do a stochastic model of a “generic” population 
of 50, 100, and 250 lynx to illustrate the effects of anthropogenic mortality on the viability of smaller 
populations (over a 50-year and 100-year horizon).  See similar comments concerning the viability of CO 
in point #10.    
 
The FIT team determined not to include population modeling as a basis for evaluating current and future 
status.  I can’t recall why this decision was made, but believe it was because we did not have lynx 
demographic data for all populations.  We rarely have complete data to inform models, but conservative 
assumptions can be made and they can provide valuable insights into how lynx populations work.  For 
example,  Steury and Murray published a valuable, published PVA for lynx without complete 
information.   We actually have quite a bit of demographic data for ME, MN, MT, WA, and CO.  – 
probably more than we have for many species.  Perhaps we could look at the demographic data 
(especially if a table were developed to summarize these data ; see responses to comments #4 and #5 
above).  Maybe the demographic data could be assembled for a generic “eastern” and “western” 
population for modeling using Vortex, RAMAS or other program to help us gain insights on some of the 
key questions we and the peer reviewers have asked: 



• Are small lynx populations in the DPS self-supporting or do they need demographic input from 
populations in Canada?  If so, how many animals/generation from Canada are needed to 
support populations? 

• Are lynx populations in the East (high landscape hare densities) more robust than the West 
(low landscape hare densities)?  What happens if eastern populations (esp. Maine) drops to 
smaller population size? 

• What are the cumulative effects of anthropogenic mortality on different-sized lynx 
populations? 

• How sensitive are small lynx populations to lower hare numbers predicted by climate change 
and trends in forest management  (e.g., we have some data from ME to show lower pregnancy 
rate, smaller litter sizes, and slightly lower survival in a low hare v. high hare environment)? 

 
The SSA could include a table of stochastic PVA-modeled outcomes representative of small western and 
eastern populations.  Perhaps, this would help augment and interpret the information from the 
probability of persistence exercise with the expert elicitation.  This could help answer the points Dr. 
Harrison raises below about CO and GYA. 
 
Initial population size Eastern lynx demographics 

Probability of persistence 
Western lynx demographics 
Probability of persistence 

 50 years 100 yrs 50 years 100 years 
Recent lynx demographics 
50 lynx Lamda + 95% CI    
100 lynx     
250 lynx     
Reduced lynx demographics  from anthropogenic mortality (trapping, illegal shooting, roads) 
50 lynx     
100 lynx     
250 lynx     
Reduced lynx demographics from increased competition for hares in a low-snow environment + 
anthropogenic sources 
50 lynx     
100 lynx     
250 lynx     
 

 
8. the assumption that conservation for lynx would continue absent protection under the ESA does 

not consider that millions of acres of conservation easements purchased since lynx listing, and 
which restrict development and ensure a continued focus on working forests (with forest 
succession that promotes hare densities). Such easements have been leveraged and publically 
funded based on perceived conservation benefits and using lynx and other listed species of 
concern as flagships for conservation. Those benefits are largely dismissed by this assumption 
and all of the above listed considerations are inadequately addressed in the Summary section of 
the Draft SSA. P. 9 if delisting is a potential future, then the potential effects on lynx 
conservation need to be much more rigorously considered and evaluated throughout the 
document. The consideration of this potential outcome is very uneven across the 6 populations 
discussed under Chapter 5: Future Conditions. P. 14. More research and quantification of the 
acreage of land under forest certification within lynx critical habitat is needed. I think the 



percentage would be very surprising. Thus, there is much underutilized opportunity to 
strengthen landscape considerations and to provide incentives for lynx and hare management 
via forest certification, which is directly linked to endangered species conservation. The loss of 
this tool to affect land management in the largest population of lynx in the DPS would likely 
occur if the “nexus” resulting from ESA listing for lynx were to be removed. P. 14. The incentives 
for lynx conservation and mitigation on state-managed lands would also be greatly diminished 
via de-listing. P. 26. 182/1/1-2: ESA listing of lynx has promoted the species as a flagship for 
conservation and has been a stimulus and funding source for purchases of large pieces of land 
that have been subsequently managed for lynx (one parcel >180,000 acres), and has been used 
as a flagship when promoting and funding new conservation easements, which prevent many 
types of development in working forests. These conservation tools would also be greatly 
diminished if lynx were to be de-listed. 

 
Response:  To address Dr. Harrison’s comments we should develop a more rigorous and consistent 
description of the future of lynx conservation without listing in all DPS populations.  This was one of 
the last-minute additions that we added to the SSA in response to Marty’s comments.  The projections 
should be as realistic as possible.  What evidence is there that the USFWS for maintain management in 
forest plans?  Do the plans have an expiration date?  What about commitments, or lack thereof, on 
private lands in each of the units?  The Maine projections need to be reassessed to address Dr. 
Harrison’s comments.  We are purchasing GIS coverage that may help us to document the amount of 
the Maine DPS in conservation easements.  We will have to explore what is available concerning Forest 
Certification (in ME and other units).  I agree with Dan that there will be little motivation for private 
landowners to intentionally manage for lynx in Maine without listing. 

 
9. The sections on current and future status of lynx in Maine incorrectly imply that lynx would be 

absent and populations would be non-sustainable without the extensive clearcutting that 
occurred in the late 1970’s through 1990. This seems to ignore that more than 400 lynx were 
harvested and sold in a single year in Maine (annual numbers seemed to fluctuate widely), prior 
to clearcutting and mechanized harvesting. Further, lynx distribution in Maine has been largely 
unchanged from the 1850’s to present (Hoving et al. 1983). 

Response:  We need to revisit and revise this section to address Dr. Harrison’s comment.  We are 
fortunate to have a several documents that assemble a long historic record for lynx in Maine.  There is 
ample evidence that there has been a continuous presence of lynx in Maine and they were certainly 
here prior to the clearcutting of the 1970s and 1980s.  I agree with Dr. Harrison’s comments. 

 
10. P. 6 The report seems to over-estimate the current and future population status of lynx in 

western Colorado and does not adequately address why lynx were extirpated or absent for 
Colorado in the past? Recent information suggests landscape hare densities are below 
thresholds required to support lynx over the long-term (i.e. more dry-conifer forests due to 
lower latitude), and that recent observations on reproductive rates suggest that those rates are 
insufficient to support positive population growth. Further the population is the most southerly 
and isolated of all lynx populations in the DPS. Thus I am questioning how mid-century 
persistence of 50-85% and end of century persistence of up to 70% (median 50%) can be 
realistic. See related comments on P. 21. P. 27. 205/1/entire: I am confused about how near-
term persistence can be as estimated high as 70% for a population that seems absent based on 
recent surveys? P. 29. 2019/1/1-4: I am not convinced that the issue of potential extinction risk 



has been adequately evaluated and modeled for GYE, W. Colorado, or, particularly, for the small 
and isolated population in N.C. Washington. As such, this seems to be a conclusion without 
sound basis? 

Response:  Dr. Harrison has identified similar issues we have struggled with concerning the past and 
future potential for lynx in CO.  We are not sure why experts gave such an optimistic probability of 
persistence to the GYA and CO.  There was discussion about the likelihood of lynx having snow refugia at 
these higher elevations.  However, if landscape hare densities are low in these regions (conditions 
dryer), then we may want to revisit statements we make about the long-term probability of persistence 
of lynx in these areas. 

11. P. 7 Throughout the document, interference competition via aggressive interactions and/or 
predation by mountain lions and particularly by bobcats is mentioned as a major factor affecting 
current and future habitat suitability. Deep, fluffy, persistent snow is stated to provide a 
refugium for lynx resulting from their lower foot-loading. I agree with this, but in my assessment 
the Lynx SSA Team has overlooked the importance of limb length (see Krohn et al. 2004) and 
exploitation competition from other predators of hares. Fisher was mentioned as a potential 
predator of lynx, but not as competitors for food. Further, the fisher has similar foot loading, but 
much shorter limb lengths than lynx and must resort to an energetically costly bounding pattern 
in deep snow. Further, Krohn et al. (1995, 2004) provided strong evidence that the geographic 
range and density of fisher is limited by deep snow . P. 9 A potentially significant interaction 
seems to be missing from this figure. With declining snow, forest management or natural 
disturbances that increase habitat quality for hares could actually lead to numerical and 
functional responses of fisher, bobcat, coyote, and red fox, as well as avian predators that 
consume a diet with high representation of hares near the current interface with lynx critical 
habitat. Increased hare habitat combined with less snow could lead to increased competition for 
a limited food resource. P. 11 does not address the historical effect of wolf extirpation and 
coyote colonization or expansion in Maine and Colorado. Coyotes were historically absent but 
now occur ubiquitously across critical lynx habitat in Maine. Wolves were present prior to 1900, 
but have been absent since (coyote release?). Those coyotes use hares extensively (Major and 
Sherburne 1987, Litvaitis, J. A. and D.J. Harrison. 1989), and coyotes may also mediate 
competition between lynx and bobcats (Litvaitis, J. A. and D.J. Harrison. 1989), particularly given 
reported exploitation competition between coyotes and bobcats, which both rely more on deer 
during winter than do lynx (Olsen 2014). P. 12 38/2/entire: Consider expanding this paragraph 
to include other potential competitors and influence of limb length interactions (see comment 
#6 above).  See related comments on page 15. 

Response:  Both Dr. Murray and Dr. Harrison indicate that we have not fully explored and documented  
lynx competition with a full suite of predators and the relationship with snow.  Our analysis was based 
almost exclusively on the bobcat-lynx-snow relationship.  We need to broaden our discussion to include 
competitive interactions with the full suite of carnivores and raptors that could be competing with lynx 
for snowshoe hares.  In fact, Murray indicates that in a lower-snow environment there is increased 
competition for hares by a complex predator community within the DPS that will (or already has) 
reduced hare population.  He believes this will be the primary way that climate change affects lynx 
populations in the DPS. 

We should expand our discussion of foot loading, limb length, and full suite of competitors in the DPS.  
We should document use of snowshoe hares by competitors, effects of lower snow on hare predation 



by these species,  and discuss the mediating effects of wolves on coyote populations in some parts of 
the DPS (paper recently published????).  

I do not recall this concept being discussed extensively at the expert workshop (the experts we invited 
seemed focused on bobcats as the primary competitor with lynx).  Had Murray and Harrison been 
present would the discussion and outcomes of the expert workshop have been different? 

12. Address arbitrary statements.  What is the benchmark for determining when resiliency is 
“adequate”? This seems vague and warrants justification. 9/3/10-12: What is a large geographic 
area –this seems arbitrary. Lynx have been lost from Garnett Mountains, Kettle Mountains, GYE, 
and Colorado (perhaps?) in the past 100 years. It is debatable whether this is a “significant” 
reduction in redundancy? 10/1/entire: IBID previous comment. Are these losses of 
subpopulations a “significant” loss of representation? This seems a bit arbitrary? It is uncertain 
how much “winking off” is natural from a meta-population sense, but in at least one case (Kettle 
Mountains) it appears that human induced mortality may have played a role. 

Response: Marty Miller provided similar comments.  We should address . 

 
13. P. 8 The assumption that populations will be extirpated from 3 of 5 units represents excessive 

speculation and ignores the high uncertainty and many assumptions associated with that 
expectation. I agree that the climate change projections, despite uncertainty, suggest increasing 
challenges for lynx conservation in all geographic units. the conclusion that extirpation is 
inevitable in 3 of 5 units implies a level of certainty that is unwarranted given the many 
interacting uncertainties. 

Response:  We received similar comments from states and other peer reviewers concerning the 
probability of persistence exercise.  At minimum, we need to more explicitly state the assumptions used 
and pay close attention to how we state uncertainty (especially given the difficulty decision-makers had 
with interpreting uncertainty).  We discussed depicting the graphs in a different way to show 
uncertainty is really between the median high and low bounds. 

The SSA may be over-reliant on the probability of persistence graphs.  Many reviewers have indicated 
that this exercise had too many inherent biases and uncertainty to make it useful to project far into the 
future.  Some indicated we assigned too much “statistical validity” to these results when, in fact, they 
are a compilation of “guesses” from 10 lynx-hare experts concerning lynx.  Some of the experts said they 
were not qualified to “guess” about the outcome of lynx in units for which they were not as familiar.  At 
the decision-making meeting we discussed other sources of bias (e.g. group think) and different 
interpretations by individual experts on how to bracket uncertainty that may have influenced the results 
of this exercise at the workshop.   

Perhaps re-evaluating the expert exercise with a PVA analysis, discussed above, would help clarify the 
future for lynx across the DPS.   Would the lynx experts have come to different conclusions if they had 
the benefit of PVA information?  The topic came up at the expert workshop, but only Dr. Squires had 
information from a demographic model (a slightly negative lamda).  The modeled lamda for Maine in the 
SSA is also a demographic model (negative lamda for low hare years, which Dr. Harrison comments on 
below).  There are no confidence limits around a demographic model because there is only a single 
estimate of lamda given the inputs.  However, stochastic models do provide confidence limits around a 
mean lamda given multiple “stochastic” events and variability around the mean natality and mortality 



values that are input.  Would uncertainty associated with a stochastic PVA for probability of small lynx 
populations be similar to the uncertainty expressed by the lynx experts in their exercise? 

 
14. P. 9 I agree with the conclusions about genetic representation, the genetic structuring, 

particularly in western mountain ranges and south of the St. Lawrence River suggest that 
demographic isolation could be a concern and could affect future resiliency and redundancy. 
Fewer population exchanges are needed to maintain genetic representation than are needed to 
maintain population viability in declining populations dependent on demographic exchange with 
neighboring populations. 

Response:  We still don’t know what degree of immigration is needed to support lynx populations in the 
DPS.  A PVA could help provide answers.  If, for example, a western population of 250 lynx needs 5 lynx 
per year from Canada to maintain a lamda of +1.0, do we think lynx populations in adjacent Canada are 
likely to provide an excess of this many animals?  As Dr. Murray asks, could some southern Canada lynx 
populations be demographically similar to the DPS (lamda < 1.0) and could trapping harvest affect 
immigration rates?  We make a general statement in the SSA concerning how lynx are managed for 
sustainable harvest in adjacent Canada, but do we really know…does anyone really know including the 
Canadian biologists…are there any data from harvested southern Canada lynx populations to know the 
effects of trapping?   Most Canadian provinces have robust lynx population in the north.  Are they 
concerned about the harvest in the southern parts of their province or do they assume a similar boom-
bust harvest associated with the hare cycle.  Quebec manages trapping harvest of lynx in fur districts 
south of St. Lawrence more conservatively than fur districts to the north.  Do other provinces?  When 
hares dropped in ~2006, Quebec reduced lynx harvest quotas south of the St. Lawrence.  Does this 
affect immigration rates into Maine?  Carlos Carroll’s lynx model seems to indicate this is a significant 
factor influencing the future population of lynx in Maine (with climate change and forestry).     

 
15. P. 9 References to support the underlying principles behind the “3 R’s” concept are needed to 

strengthen justification for this approach (which I strongly support). 

Response:  We should cite references to 3Rs and address Dr. Schwartz’s suggestion concerning 5Rs.  
After the decision meeting, it became unclear whether all three Rs are equally important.  Are they?  If 
so, we should explain in the SSA.  We seemed focused on resiliency, but it seems that decision-makers 
did not believe that loss of redundancy or representation were very important. 

If we acknowledge that the different units of the DPS have different attributes and unique stressors (as 
opposed to a broad-brush analysis of the DPS), perhaps focus would come back to the importance of 
unique attributes of each DPS population that may contribute to the ability of the species to adapt.   

Furthermore, all experts and authors of the SSA seem to agree that climate change is the single 
catastrophic event that, if unabated, will result in endangerment or extirpation of lynx in the DPS.  The 
timing and exact mechanism by which climate change will affect lynx populations are what is uncertain.  
Is there a reason why we do not include climate change as a single catastrophic event in the SSA?  How 
have we addressed climate change in other SSAs? 

16. P. 10 various spatial scales are easily confused as presented in the Draft SSA. 

Response:  Dr. Harrison indicates that we have confused landscape, stand-level, and within-stand scales 
throughout the SSA.  We should address because they arrive at slightly different conclusions.  For 



example, at the landscape scale, lynx in Maine select landscapes and having high hare densities, at the 
stand-scale they select stands where they achieve high hunting success (perhaps adjacent to stands with 
high hare densities).  Not sure if interpretations of spatial scales are included in published papers from 
other DPS units.  We need to address. 

 
17. P. 10 Landscape hare density of 0.5 inferred across the DPS – it likely varies. This seems to lack 

the 2 most recent references on threholds of hares for lynx occurrence – see Simons-Legaard et 
al. 2013 (reports threshold of >0.7 hares/ha) and (Simons-Legaard et. al. 2016), which depicts 
distribution of hare habitat meeting landscape thresholds for hares across 4.1 million acres of 
lynx critical habitat circa 2010 and 2022. 

Response:  Dr. Harrison and Dr. Murray both caution against taking a broad-brush approach to 
landscape hare densities needed to support lynx across the DPS.  As they indicate, there were no data to 
support the O.5 hares/ha.  yet it is widely cited.  There are analyses from Maine that indicates that lynx 
need at least 0.74 hares/ha (Simons-Legaard et al. 2016).  Furthermore, researchers often report the 
maximum hare densities found in some DPS units, not the landscape hare density.  For example, hare 
densities reaching 1.0 hares/ha in small, widely scattered patches in Montana is expressed in relatively 
low landscape hare densities compared to hare landscape densities reaching >1.0 hares/ha in 
contiguous habitat across wide landscapes having spruce-fir in Maine (when hares were high and habitat 
from regenerating clearcuts peaked).  This explains why lynx home ranges are smaller in Maine than 
Montana.  There are hare density data from Montana (Steury and Murray) that suggests that hare 
densities need to be greater than 1.0 hares/ha there.  Not sure if there are analyses for other DPS units.  
We need to address.  This could influence our thoughts on resiliency. 

 
18. Inadequacy of state lynx habitat management guidelines. P. 14 How widely used and applied are 

the state agency’s voluntary management guidelines for conserving lynx habitat? For over 25 
years I have been a Cooperating Scientist working with landowners who manage ~8.5 million 
acres of forestland in lynx critical habitat in Maine, including serving as an advisor regarding 
habitat management for lynx. I have never heard a landowner mention the state agency’s 
habitat management recommendations. I suspect that the impact of these recommendations 
has been insignificant. 

Response:  I agree with Dr. Harrison that there are no state lynx management guidelines.  The Service 
developed lynx habitat management guidelines for lynx in Maine in 2006, but this needs updated with 
much new information.  We need to address. 

 
19. P. 15. Private land management for lynx in Minnesota seems to be an underutilized opportunity. 

Perhaps this could become an increasing priority for FWS and for federal incentives and/or 
management incentives if lynx were to remain a listed species? 

Response:  See comments above about the underutilized and discussed role of privately-owned 
forestlands in the SSA.  Can we obtain information from ME, MN, and MT on the acreage of privately 
owned lands in forest certification? 

 



20. P. 15. Hares in Maine have high tick infestations during spring and summer, particularly in areas 
of high hare density. Have parasite and disease interactions with climate been considered? 

Response:  The SSA addresses lynx diseases and parasites, but not hares.  We need to address. 

 
21. P. 16. The landscape-scale effect of the shifting composition away from conifers and towards 

hardwoods in Maine is documented in Legaard et al. 2015. In my view this rapid shift towards 
hardwoods from forest harvesting is much more important to lynx in the short run than is the 
longer term forest shift associated with climate change. P. 18. 80/1/entire: Selectively removing 
overstory trees, as practiced in the northeastern forests is also a threat as it transitions stands to 
a greater hardwood composition (Fuller et al. 2004), which results in lower densities of hares 
(Legaard et al. 2015, Fuller and Harrison 2005, Robinson 2006 and lower conifer stem densities 
in partially harvested stands (Fuller et al. 2004, Robinson 2006). Further, the residual overstory 
trees have a higher conifer composition and provide less winter canopy cover for hares after 
selection harvests (Fuller et al. 2004) and after other forms of partial harvests (Robinson 2006). 
This has led to landscape-scale declines in boreal forest (Legaard et al. 2015). 

Response:  Red flag!!!! Although we knew that northern hardwoods were increasing and spruce-fir 
declining we were not aware of publications documenting the extent of this decline.  We should review 
and cite Legaard et al. 2015 that documents a 20% decline in spruce-fir since the last budworm 
outbreak.  I agree this degree of loss of habitat, coupled with expected further decline (see Simons-
Legaard et al. 2015, Andrews 2015 – significant citations we also missed) represents a major stressor 
that we did not adequately address in the SSA.  We have since learned that we lost >1 million acres of 
spruce-fir in the Maine unit (B. Seymour, silviculture, UMaine). We need to do additional research into 
this phenomenon and address in the SSA. 

 
22. P. 16. 75/3/bullet #5: I disagree. This statement applies to northern boreal forests and to some 

landscapes in the west; however, in Maine the cumulative effect of forest change from 
mechanized harvesting over the past 40 years dwarfs the size and frequency of any previous 
natural disturbances.  See extensive comments on P. 19 related to this topic. 

Response:  We need to address in the SSA.  The SSA does not adequately show how forest 
management is a greater driver of future trends in lynx habitat in the East than perhaps in the West.  
Even in the western units we should describe the relative importance of forest management v. natural 
disturbance events.  Although lynx habitat is logged in most areas in the West, it seems that some is 
out of reach of forestry (?) and other natural disturbances (e.g., large fires in WA, bark beetles in CO) 
have a greater influence on lynx habitat in the West than the East.  In contrast, in the East natural 
disturbances (budworm) may have both positive (spur additional cutting) and negative (loss of spruce-
fir habitat.) 

 
23. P. 16. 76/2/entire: This paragraph accurately summarizes events on western National Forests, 

but does not accurate depict the situation in the forests supporting the largest population in the 
DPS. In Maine, the annual footprint of forest harvesting in terms of acres/year has more than 
doubled since the enactment of the Maine forest practices Act in 1991 (passes in 1989). The 
cumulative effect of those increased annual harvest equate with monumental landscape 



changes. In the past 3 years there have been slight decreases in forest volumes resulting from 
recently closed paper mills, but the acreages harvested are still well above historical averages. P. 
16. 78/2/9-10: Conversion of conifer-dominated forests to hardwood dominated forests via 
forest practices and regulations is a threat to lynx. See Legaard et al. 2015.  See additional, 
useful comments related to this topic on P. 19.  P. 23. 169/2/entire: It should be recognized that 
ESA listing could promote changes to the Maine Forest Practices Act and forest certification 
requirements and those changes would likely be enhanced by continued listing of lynx under 
ESA. 

Response:  See response to previous comment.  ESA listing has not led to changes in the Maine Forest 
Practice Act to date, but Dr. Harrison is correct that it could in the future.  There is an underutilized 
provision in the FPA that relaxes clearcutting requirements IF a forest management plan is in place for a 
unique resource.  We have not had the capacity to fully explore the possibilities with landowners in 
Maine, but have discussed with both landowners and the Maine Forest Service.  We should revise SSA 
to reflect this. 

 
24. P. 16. 77/2/entirety: It should not be ignored that the federal protection of lynx under ESA has 

heightened the utility of lynx as a flagship species for conservation, and has been a major force 
behind land acquisitions by conservation organizations and subsequent management of these 
lands for lynx and hares. This could change if lynx were to be de-listed. 

Response:   We should cite Dr. Harrison’s work at UMaine to use the lynx as a flagship species for early 
successional species at large landscape scales.  We should discuss and cite two unpublished reports by 
Dr. Harrison (analysis of managing for lynx and benefits to other early successional species – 
Heppenstal, and UMaine report to TNC for managing lynx on their ownership).  I agree that without 
listing that forest landowners are not likely to manage areas for lynx. 

 
25. P. 17. Roads are typically considered in terms of human-induced mortality, but the habitat 

effects of roads are incredibly significant for the Maine population. Fuller et al. (2007) 
documented that gravel roads and associated road edges represented 11% of the total land and 
water surface area of a northern Maine study area. Road and road edges were avoided by lynx 
and had the lowest conifer stem densities and indices of hare abundance of any of the available 
habitat types during that study. Thus, roads affect availability of high quality habitat by lynx and 
affect lynx movements given that lynx alter movement paths to avoid transition out of HQHH 
when foraging (Fuller and Harrison 2010). P. 20. 92/4/entire: The effect of habitat conversion to 
areas with low hare densities and which are avoided by lynx within 60m corridors associated 
with forest roads can result in >10% habitat loss in landscapes with intensive private forestry 
(Fuller and Harrison 2007) and these linear bands of low quality hare habitat alter the foraging 
paths of lynx, who avoid transitions from high- to low-quality foraging habitat (Fuller and 
Harrison 2010). P. 20. 95/3-4/entire: Utility corridors, access roads to wind sites, and gravel 
forest roads (particularly if they receive snowmobile traffic) may enhance access of generalist 
and edge associated predators and competitors (e.g., coyotes and red foxes) into areas where 
lynx occur and forage on hares. 



Response:  Red flag!!!!!  We missed this aspect of Angela Fuller’s analysis.  We need to revise the SSA 
accordingly.  If roads and lynx avoidance area represent 11% of the lynx habitat area in Maine, this 
could be significant.  How to reconcile with frequent observations of lynx using unplowed logging roads 
in winter to travel.  Need to discuss further with Dr. Harrison. 

 
26. P. 17. This is implying that PCT is a threat. From an eastern perspective, clearcut+herbicide+PCT 

creates much better conditions than partial harvests or stands without harvesting in terms of 
hare and lynx habitat.  See related comments about PCT on p. 17. 

Response:  We should clarify the effects of PCT in the West v. East lynx units in the SSA.  Although PCT 
reduces hare densities in Maine by ~50%, these densities are still high enough (at least under high hare 
conditions) to support lynx.  Under low hare conditions, hare density in PCT stands may be too low to 
support lynx by themselves, but they contribute to overall landscape hare density.  Thus, if PCT is 
dispersed in a landscape having a large proportion of HQHH, lynx will likely still occupy the area.  A small 
percentage of spruce-fir stands in Maine are usually treated with PCT (but that could be increasing with 
recent research emphasis at the Maine Coop Forestry Research Unit).    

 
27. P. 17. 81/4/entire: I disagree with this entire paragraph. To the contrary, the vast percentage of 

high quality hare habitat in Maine and New Brunswick is the result of past clearcutting followed 
by herbicide application (e.g., Glyphosate) to suppress competing hardwoods. The result is high 
conifer stem densities that develop into optimal hare habitat which is determined by the 
presence of cover and NOT by deciduous stems for food. Many studies (and cited in the Draft 
SSA) have shown positive relationships between conifer stem densities (>1 m) and hare 
densities. Robinson (2006) modeled vegetation variable as predictors of hare density and found 
that conifer stems were much more influential than deciduous stems, due to greater cover 
provided by conifers (Litvaitis et al. 1985). Fuller and Harrison (2013) reconfirmed those 
relationships via modeling at the microsite scale. 

Response:  We need to review and revise this paragraph in the SSA. 

 
28. P. 19. 82/2/11-14. This statement is incorrect. The trends presented are accurate but the cause 

is NOT from partial harvesting. Clearcuts during the 1980’ and 1990’s that occurred in the 
southern parts of lynx critical habitat are coming on line from 2010-2022 and will buffer losses 
as older clearcuts in the north advance to pole stands. Because of topography, lack of large 
spruce-fir flats, patterns of site quality (i.e., better drained soils on ridges) and given that 
budworm had disappeared by the time these stands were harvested, the cuts were more 
scattered and smaller in average size. Many of these cuts occurred after the 1991 MFPA and 
there were new economic disincentives for cuts >30 acres. This is why the patches are getting 
more fragmented and smaller as HQHH is shifting to the south. This is not a direct result of 
partial harvesting. 

Response:  We misinterpreted the information in Simons-Legaard et al.  We need to revise this 
paragraph given the information above.  Dr. Harrison is correct that the very last budworm clearcuts 
1985-1990 will be aging out of HQHH conditions in the mid_2020s and thereafter there will little new 
habitat coming on line. 



 
29. P. 19. 87/2/1: I strongly disagree with this statement. See many of my previous comments, 

particularly general comments.#1 and #2. As stated previously, nearly all forest habitats (Maine 
is >90% forest) contain snowshoe hares. Thus there is continuous, unfragmented habitat. High 
quality foraging habitats are aggregated due to topography, site quality, road access, and 
harvesting efficiencies. Maine does not have the natural fragmentation of western forests, nor 
expanses of unsuitable habitat that are absent of hares. The background matrix and landscape 
context in Maine and Minnesota may be very different from western populations in the DPS 
where topography and water cause a patchy distribution of mesic conifer forests. The problems 
in Maine result from habitat loss caused by harvesting practices and historical management that 
are shifting species composition towards hardwoods (Legaard et al. 2015). 

Response:  We have to be careful about painting the DPS with a broad brush in the SSA.  This is one 
example, but there are many others pointed out by Dr. Harrison and others.  We need to revise. 

 
30. P. 20. 96/2/8-12: I disagree with this statement. The effective population size in N.C. 

Washington is quite small, so it seems conceivable that disease and or random stochasticity 
could result in a small but significant possibility of functional extirpation in the short run (as 
happened in the adjacent Kettle Mountains?). Has this been considered and modeled? 

Response:  This is another situation where modeling the viability of different-sized lynx populations 
could be instructive.  See responses above about the merits of adding population viability analysis to 
the PVA. 

 
31. P. 21 97/3/20-21: Isn’t it quite feasible that ephemeral lynx populations in GYE would be an 

essential stepping stone for genetic and demographic exchange with the most southerly and 
isolated lynx population in western Colorado? 

Response:  We may not have documented the importance of the GYA as a stepping stone in the SSA.  
Experts at the workshop may not have either.  Need to consider and revise SSA as necessary. 

 
32. P. 21 99/3/1-3: Isn’t the NH population really just part of the Maine population that extends 

across a political boundary. I am unsure why political lines are being used to define geographic 
range boundaries? Isn’t northern NH, Maine, NB, southern Quebec really a single population? 
VT is a bit isolated and should be considered separately. Related to bullet #2 above. 

Response:  I don’t think we need to revise to address this comment.  However, this section is where we 
could provide further information about the larger Maine/eastern Maritime Province of Canada 
metapopulation. 

 
33. P. 21 100/1/7: It is an overstatement that “the next spruce budworm outbreak is imminent.” 

Actually, larval densities of spruce budworm in Maine declined in summer of 1996, and larval 
numbers and distribution are not much above baseline levels at the present time. The outbreak 
in Quebec, Canada is primarily in areas without clearcut harvesting following the last outbreak, 
so Maine forests are very different and the timing and probability of an outbreak in Maine is 



highly uncertain. If an outbreak occurs, the outcome in terms of recycling pole and mature 
stands into sapling conifer habitat for hares is a potential outcome that could be beneficial for 
lynx.  See related comments on p. 25, p. 26. 

Response:  We may have misinterpreted the information concerning the likelihood of another 
budworm outbreak.  Clarify comment with Dr. Harrison – does he mean 2016 instead of 1996?  We 
need to confer with experts at the Cooperative Forestry Research Unit at UMaine (Dr. Brian Roth).  If 
we lost 1 million acres of spruce-fir after the last outbreak, why would we not lose further spruce-fir IF 
there is a new budworm outbreak in Maine?  Need to confer with Dr. Harrison or Dr. Roth. 

 
34. P. 22. 105/2/entire: It should be noted that mixed conifer-deciduous stands dominate on sites 

with intermediate soil drainage and deciduous forests on well-drained hillsides. Both do not 
support HQHH (Fuller and Harrison 2005, Harrison et al. 2016). Thus lynx in N. Maine are not 
advantaged by elevation. In mountainous regions where conifers are on mountaintops, the 
conifer patches are fragmented and tend to be mature conifer (which supports low hare 
densities per Fuller and Harrison (2005) and Harrison et al. (2016). Siren (unpublished report) 
has found that high elevation spruce-fir forests in NH also do not typically provide HQHH. 

Response:  The SSA should be revised to include the information above.  We may have addressed the 
mountaintop conifer situation elsewhere in the SSA.  We may have been over-generous in describing 
mixed-hardwood/softwood stands as having potential for lynx habitat.  Check and revise as necessary 
as I agree with Dr. Harrison.  The wet aspect of spruce-fir flats in Maine is not adequately described in 
the SSA and has a bearing on silvicultural choices.  Shelterwood or patch cuts, which could support 
higher hare than mixed wood or mature stands, are not used frequently in spruce-fir flats because of 
shallow rooting and wind-throw.  Revise SSA accordingly in this paragraph and throughout. 

 
35. P. 22. 109/2/7: This is an error in fact. Actually about 260,000 total acres were harvested in 

Maine during 1988, compared to a peak of about 540,000 acres/year from 2001-2003. I think 
the mistake arose from the fact that there was about 100,000 acres of clearcut harvesting in 
Maine in 1988. 

Response:  Revise the SSA with the information above.  Get the most recent reports from Maine 
Forest Service to make sure this and other similar citations are up to date. 

 
36. P. 23 115/3/3-4: I think this is an error. A 50-200-year fire interval is incredibly frequent and I 

have seen no references to support that. A 200-800 year interval is what I recall. This needs to 
be re-checked. 

Response:  Review the citations.  I believe Dr. Harrison is correct. 

 
37. P. 23 117/3/18-20: I am unclear how “diminished ice conditions on the St. Lawrence River could 

be an increasing risk given that ice-breakers clear the river channel daily during winter? See 
111/4/4-5. 



Response:  Koen et al. reviews the frequency of ice-breaking  information on the St. Lawrence.  There is 
also information (not cited in the SSA) concerning the increasing number of ice-free days on the St. 
Lawrence because of climate change.  I think that Koen et al. says that ice breaking does not occur daily.  
Review citations, add new ones, and revise SSA. 

 
38. P. 23. 138/2/5: This wording suggests lynx are generalists in the summer, which is contradictory 

to Olson (2015) within the DPS. Yes lynx consume a wider range of available foods in summer, 
but > 90 of their caloric intake is likely from hares. 

Response:  Review and revise the SSA.  The Maine literature indicates lynx are reliant on hares year-
round.  This may be another example where we are generalizing and lynx ecology is different across DPS 
units. 

 
39. P. 23. 139/3/1-2: This is an incorrect statement as it applies to the Maine lynx population. Forest 

management has shifted boreal forest towards mixed and hardwood composition in this region 
(see Legaard et al. 2015). 

Response:  Another example of where we generalize and do not reflect differences in factors driving 
hare and lynx populations throughout the DPS.  Revise. 

 
40. P. 23. 159/2/3-4: This text implies that forest management is and will be detrimental for lynx, 

which is contrary to the current situation in the largest population in the DPS and ignores the 
future opportunities to use forest management to enhance hare and lynx habitat on federal and 
private lands managed for wood fiber production. 

Response:  Another example of where we generalize and do not reflect differences in factors driving 
hare and lynx populations throughout the DPS.  Revise.  Forestry can be beneficial or detrimental 
depending on outcomes related to habitat and hares.  For example, widespread clearcutting in Maine 
had beneficial short-term effects (extensive regen spruce-fir) and detrimental long-term effects (loss of 
a million acres of spruce-fir).  Current partial harvesting is not expected to provide sufficient landscape 
hare densities needed to support high lynx populations and best habitat in future decades will shift 
southward where there will be increased competition with other species and possibly lower hare 
densities. 

 
41. P. 23-24. 160/2/9-13: This conclusion seems overly speculative given climate uncertainty (e.g., 

more precipitation could result in more snow despite warmer temps if still below freezing, as is 
currently observed in Lake effect areas east of the Great lakes where bobcats are uncommon). 
Additionally, this Page 24 of 29 ignores natural disturbance events that may rejuvenate conifer 
sapling habitat in Maine and Minnesota, as well as potential changes in wood fiber markets and 
regulations that could be used to promote conifer habitats. I agree that data suggest lynx 
conservation will become more challenging, particularly given climate change, but extirpation in 
3 of 5 units seems overly precise and overly speculative given uncertainty. See general 
comments 3, 4, and 5. 



Response:  If Dr. Harrison is correct, then even if climate change results in an increased snow 
environment (lake effect snow example), then bobcats will benefit because the snow can support them 
(and other competitors).  Do we have data on bobcats from lake effect areas in MI, WI, NY that would 
support this hypothesis.  Since it is raised, we should address in the SSA. 

 
42. P. 24. 164/2/entire: As mentioned previously, effects of disease (e.g., rabies, plague, lungworm, 

distemper) and other stochastic events, coupled with fires and accidental and illegal mortalities 
could affect shortterm resiliency in this population will small effective population size. With the 
exception of wildfire, the additive effects of these stressors seem to have been under-
emphasized. 

Response:  We did not evaluate cumulative effects of stressors in the SSA.  It seems that we should.  
Could we do a NEPA-type analysis to evaluate effects of stressors in each unit (and avoid a broad-
brush approach).  The stressors vary widely in nature and intensity throughout the DPS.  It would 
seem this would be very important to have in the SSA if a 5-factor analysis will eventually be done to 
evaluate listing status. 

 
43. P. 24. 169/3/6-8: The early portion of this paragraph is supported by landowner surveys but it is 

without basis to assume that the lack of spraying to prevent budworm mortality and the 
widespread clearcutting and herbicide application, as conducted during the past outbreak, will 
lead to a lack of budworm-inflicted mortality of trees. Natural recycling or commercial 
harvesting of infected stands that will be naturally transitioning out of hare and lynx habitat by 
2022 could have a benefit to lynx. Again it is a poor assumption that lynx require broad-scale 
clearcutting to be viable in the northeast. See general comment #4. 

Response:  According Dr. Harrison’s previous comments, we do not know if a budworm outbreak will 
occur.  If it does, we do not know landowner response (it could vary widely according to landowner).  
We do not know the degree of spruce-fir mortality that could occur.  We could make worse-case or best-
case scenarios in the SSA? 

 
44. P. 24.  169/5/13: The conclusion that reproductive rates are non-sustainable during the hare low 

is highly uncertain given the extremely low sample sizes of radioed adult females and seems 
contrary to many reported observations of adults traveling with kittens and high apparent 
occupancy of habitats given 8 consecutive years of relatively lower hare populations. See 
169/5/10. 

Response:  Agreed the sample sizes are low, but it is the only information we have.  MDIFW intentionally 
distinguished lynx demographics during a high hare and low hare period.  Alternately, it would seem 
inaccurate to use “average” demographics weighted toward high hare years (the majority of the MDIFW 
study) knowing that hare populations have declined and seem to have stabilized at these lower 
densities.  The response by lynx to declining hares in Maine (although small sample size) is not 
surprising, given that similar responses occur in Canada during the declining phase of the hare cycle.  
Not sure if Dr. Harrison believes hares will ever return to high landscape densities in Maine again?  This 
range in demographic responses by lynx (e.g. at high and low years) could be captured in confidence 
limits around demographic data put into a PVA.  This may be the best way to explore the viability of 
small lynx populations in the DPS. 



 
45. P. 25. 171/1/7-8: This trend data is 14 years-old and should be updated. Maine Forest Service 

has publically made these trends available electronically through 2016. 

Response:  See response above.  Need to secure latest Maine Forest Service reports including those 
that includes graphs in MDIFW response. 

 
46. P. 26. 175/4/2-3: Actually the most recent re-measurements of HQHH stands in Maine suggest 

that most of these overstocked stands on poor quality sites will remain HQHH to at least 40 
years due to slow maturation due to poor site quality and high competition among overstocked 
stems (Scott 2009, Harrison et al. in prep.). 

Response:  Revise given Dr. Harrison’s suggestion.  Spruce-fir on wet sites (poor site quality) are likely 
to stay in HQHH than spruce-fir on better drained soils. 

 
47. P. 27. 183/1/2-3: In the longer-term, climate change may be the primary driver of boreal forest 

change in Maine, but much more rapid and recent changes have resulted from forest harvesting 
practices (Legaard et al. 2015). 

Response:  Agree and revise as necessary.  However, Dr. Harrison did not cite CFRU-funded research 
Simons-Legaard et al. 2015 and Andrews 2015 that shows that climate change is likely already having an 
effect on spruce-fir in Maine (actually forest management and climate change are probably have a 
synergistic effect).  This research indicates spruce-fir could be greatly diminished in Maine by 2060.  We 
need to incorporate this latter research, for which we were not aware, and Dr. Harrison’s comment in 
the SSA. 

 
48. P. 28. 205/1/entire: I am confused about how near-term persistence can be as estimated high as 

70% for a population than seems absent based on recent surveys? 

Response:  How to address?  It seems Dr. Harrison is looking at the most optimistic point on the graph, 
not the median.   

 
49. P. 28. 2019/3/4-8: Interacting effects of temperature with snow depth (Litvaitis et al. 1986), 

along with availability of alternate prey could contribute to apparent differences between 
Maine and Minnesota in snow and competitive interactions. Further, the presence of wolves in 
Minnesota, but not in Maine, may affect relative densities of coyotes, and may influence 
interactions among coyotes, bobcats, and lynx (Litvaitis and Harrison 1989). 

Response:  We did not review the literature concerning competitive interactions of bobcat-coyote-
lynx-wolves in the SSA and should.  Our tendency was to focus on the bobcat-lynx interaction. The 
Litvaitis et al. 1986 citation seems germaine to climate change analyses in the SSA and may shed light on 
how snow depth and quality mediates relationships between the carnivore community that occurs in 
the DPS.  We should do a literature search to determine if other literature concerning the carnivore 
community (and snow) exists within other units of the DPS.  This could be important in projecting 
future outcomes for lynx in the DPS. 



 
50. P. 28. 221/General Summary: The summary does not address how current ESA listing affects 

current status of lynx or how protections and status would be expected to change if the DPS 
were to be removed from ESA protections. This seems inconsistent with the frequent mention 
and consideration of those topics throughout the Draft SSA and considering that this document 
is intended to guide future decisionmaking. 

Response:  Red flag!!!!!   Dr. Harrison is correct that the Synthesis does not include any mention of 
future scenarios without listing.  It should if it is a synthesis of the SSA.  Similarly, the Executive 
Summary makes only one mention of future delisting (assumption page 8).  We say delisting was 
considered but provide no summary of our analysis or conclusions about a future scenario without 
listing.  We don’t know how much of the SSA was read by decision-makers, but if they focused on the 
Executive Summary and Synthesis, these sections provide little information about the consequences of 
no listing.  This relates to Marty Miller’s comments that the SSA needs to be improved concerning future 
scenario with no listing. 

 

  



II. Substantive State Agency Reviews 

Maine Department of Inland Fisheries and Wildlife (including Maine Forest Products Council  

1. Cover letter Page 1: While there are areas of agreement, we are troubled with the tone of the 
document and by what appears to be a very subjective, if not biased, selection of data to include 
in the draft SSA. 

Response: The only specific examples of example of tone in MDIFW’s comments are in the climate 
section, which is addressed below. MDIFW provided few, if any, examples of key scientific publications 
that the Service missed, so we believe we have sought out and used the best available scientific 
information.   In some instances MDIFW requests that their interpretation of status of hares, forest 
conditions, hare and lynx population status be used instead of what the Service considers the best 
available scientific information.  Much of the information that MDIFW requests used is not published or 
peer reviewed, some is conjecture or no details are provided to support their views. Many of their 
viewpoints support delisting or a reinterpretation of the DPS as indicated in the last paragraph of 
Commissioner Woodcock’s letter.  They advocate for a listing outcome in their comments, something 
that the Service specifically asked them not to do.  They also passed the SSA to the Maine Forest 
Products Council for review without consulting with the Service.  No other nong-government 
organizations or groups representing private forest companies were given an opportunity to review the 
SSA.  Therefore, we did not respond to the Maine Forest Products Council comments, but did refer to 
them on a few occasions where there were technical data provided.  Each of MDIFW’s comments and 
requests are addressed below in greater detail. 

2. Cover letter Page 1. The definitive tone of the climate change section on how Maine's forests and 
lynx populations will be affected, does not follow the guidance offered in the IPCC Climate 
Change 2014 Synthesis Report which states that an integral feature of the report is 
communicating the uncertainty of its findings. 

Response: All climate change documents stress uncertainty, and we have tried to incorporate that 
uncertainty into the text.  However, the preponderance of publications we reviewed and cited are 
unanimous in their conclusions concerning trends in snow depth, quality, and persistence and boreal 
forest in Maine – all are declining and will continue to decline.  In general, scientific documents indicate 
snow will decline more severely when modeled with high emissions scenarios and less severely with low 
emissions scenarios.  The scientific literature indicates that thus far, temperatures are tracking the 
projections for the high emissions scenarios.  We could expect to continue on this trajectory unless there 
are significant reduction in carbon emissions, which thus far is not happening.   

Some peer reviewers said we did an excellent job of stating uncertainty and assumptions and that the 
climate change section was particularly well-done.  We should review the climate change section and 
make sure that it adequately addresses uncertainty. 

3. Cover letter Page 1. We are concerned that the draft SSA still considers the lack of management 
assurances on private lands to be a risk to lynx populations. As you know, approximately 90% of 
the forests occupied by lynx in Maine are privately owned. Maine's lynx population reached what 
is believed to be historic highs on these private lands without federal or state intervention that 
stipulated the number of acres that needed to be maintained as lynx habitat. Models used in the 



SSA to predict forest habitat changes and trends in lynx populations do not take into full account, 
and in some cases misrepresent, forest management on private lands. 

Response: The Service documented the best available forestry and wildlife information in the SSA.  It 
documents the significant shift in forest management that has occurred since the Maine Forest Practices 
Act of 1989.  The information MDIFW clearly shows that that clearcutting has been replaced by various 
forms of partial harvesting.  The paradigm that created the abundance of lynx habitat, which is soon to 
age past conditions that support lynx, is clearly no longer occurring.  The scientific literature (both 
forestry and wildlife literature) document this dramatic change in forest practices and will result in 
declining lynx habitat.  The latest modeling of lynx habitat (Simons-Legaard et al. 2016, Simons-Legaard 
2016) clearly states explicit assumptions that future trends in forest management will reflect past 
management.  These analyses are based on a landowner-by-landowner analysis of recent forest 
harvesting trends.  In fact, Maine forest industry has funded and uses exactly the same forest models 
from the University of Maine Center for Research on Sustainable Forests (https://crsf.umaine.edu/ ) to 
project impacts of spruce budworm, climate change and other aspects of forest management.  The 
MDIFW offered no alternative analysis concerning the future trajectory of habitat in northern Maine for 
lynx and assumes current forest management will continue to create lynx habitat.  There is no scientific 
support that alternate forms of silviculture (e.g., shelterwood harvest) currently or in the future will 
provide sufficient habitat to support lynx populations in Maine (see more detailed response below).   

4. Page 1. The lack of focused attention on the “five-factor analyses” that guides ESA status 
changes (https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf) is perplexing, however.  
In the absence of a recovery plan with specific conservation objectives, a periodic “5-year” 
status review should provide a clear evaluation of the species with regard to ESA listing factors.  
This seems essential in the SSA if it will be the only evaluation of lynx DPS status after 17 years 
of listing under the ESA.   

Response: The Service’s lynx core team has also asked how a listing determination can be made without 
the information provided in a traditional 5-factor analysis.  The SSA indicates how the stressors affect 
resilience, redundancy, and representation, but perhaps the relationships between stressors and the 3 
Rs could be strengthened in the document.  The stressors identified in the SSA represent multiple 
listing factors; for example,  Factor A (destruction or damage of habitat) climate change, forest 
management, development, wildfire, forest habitat loss and fragmentation; Factor C (disease and 
predation) expected to increase with climate change; Factor D (inadequate regulations) uncertainty about 
effectiveness of plans on Federal lands and lack of plans on private lands, especially in Maine and 
Minnesota, shift in forest practices, uncertainty in future markets, and rapid land turnover; Factor E 
(other natural or manmade stressors) other secondary factors described in the LCAS (2013) and SSA – 
incidental trapping, backcountry roads and trails, illegal shooting, mineral and energy exploration and 
development, recreation, road and associated mortality, and grazing and livestock.   

These threats will all be evaluated in the 5-year review.  

5. Page 2. Since MDIFW began its lynx telemetry study in 1999, biologists have documented an 
expansion in Maine’s lynx range and population size.   



Response: The MDIFW provides no information to support an expansion in lynx range or population 
size.  If the number of lynx correlates with the available habitat, UMaine analyses (Simons) would 
indicate that lynx habitat has increased from the 1980s to ~2012, then will decline by 50-60% by ~2032.  
This is to be expected as clearcuts age past the conditions to support high populations of hares, the hare 
population has dropped by half and remains depressed, and the preponderance of partial harvesting post-
FPA are not creating new, high-quality habitat.  The SSA provides details about recent occurrences of 
lynx in New Hampshire and Vermont (if that is what the MDIFW is referring to).  The Service provides 
information in our 2014 critical habitat rule and the SSA about the few lynx that have occurred in NH 
and VT and explains why lynx in these areas are not expected to persist and will not contribute 
significantly to the future recovery of lynx. 

IF the Maine population has expanded (slightly) it is no different than the island-metapopulation model 
expressed in the lynx SSA.  We explained in our 2014 critical habitat rule that after two severe, deep 
snow winters in 2008 and 2009 that lynx may have expanded slightly in Unit 1 with a few breeding 
individuals occurring in northern Vermont and New Hampshire, western and eastern Maine.  We 
explained why we believed this was a temporary phenomenon created by deep snow favoring lynx and 
diminishing bobcats in these areas.  Since publishing the critical habitat rule, lynx seemed to have 
disappeared from northern Vermont and breeding has not been documented in Northern New Hampshire 
for several years.  There are probably a relatively small number of lynx in western and eastern Maine (as 
there likely have been since listing). 

We do not see significant, if any, changes in lynx distribution from the information MDIFW provided in 
the workshop (Vashon slide#25) and the map we used in 2014 for critical habitat or from maps circa 
2005 shortly after lynx were listed.  

  

 

6. Page 2. Given the success of lynx populations on private lands in Maine, MDIFW finds 
statements, such as the one on p. 76 of the SSA, “Whereas management of State and Federal 
forest lands have been relatively stable in recent decades, management and ownership of private 



forest land ownership has been extremely unstable. This has resulted in major shifts in forest 
management strategies, outcomes, and products. For example, in the last two decades in Maine, 
where nearly all the lynx critical habitat is on private land, about 23.8 million acres (80 percent) 
of industrial land ownerships in the “northern forest” (Adirondacks to northern Maine) were 
sold to many different kinds of financial groups (Hagan et al. 2005)” overstate the threat posed 
by private land management to lynx.  The period of greatest lynx population growth in Maine 
occurred during the same period (referenced above) that caused “major shifts in forest 
management strategies, outcomes, and products”.   

Response: We cite the best available information documenting the significant changes in forest land 
ownership in Maine.  The new landowners often have different management objectives, markets, and 
outcomes.  Our use of the word “unstable” should be revised to “unpredictable.”  We agree that the 
period of greatest growth to Maine’s lynx population occurred after a period of widespread clearcutting.  
But immediately after the clearcutting came significant reform in forest regulations and turnover and 
fragmentation of Maine’s forestland ownership.  The paradigm that created Maine’s lynx habitat no 
longer exists.  The uncertainty created by changing ownership and forest markets has led to the 
permanent closure of six papermills in Maine in the last two years.  These and other changes in Maine’s 
forest industry are widely acknowledged in Maine and documented in the scientific literature cited in the 
SSA.  

7. Page 2. “Working woodland” easements now encompass >10,000 km2 across northern Maine.  
These covenants do not specify specific management practices or outcomes beyond sustainable 
forestry, but they do ensure that conversions to other land uses will never occur. 

Response: On page 74 of the SSA we devote a paragraph to the role of easements in conserving lynx 
habitat in Maine and the shortfalls of these easements to require or specify habitat management for lynx 
and other wildlife species.  We could expand the SSA to provide the exact acreage easements in 
Maine and perhaps include a map of their locations.  Note: we are ordering the new conservation and 
landowner database from Sewell. 

8. Page 2. MDIFW strongly disagrees with statements in the SSA that Maine’s lynx population and 
lynx/snowshoe hare habitat have declined since 2006, i.e., “The best available science indicates 
that hare populations have declined by about half across all stand types (and in adjacent Quebec) 
since 2006 and apparently have not rebounded.”  No references are given in the SSA to 
substantiate this claim.  MDIFW asserts that there is insufficient scientific evidence to conclude 
that hares have declined at a landscape level and have remained low since 2006 in northern 
Maine.  Hare densities in stands subject to shelterwood and overstory removal harvests more 
than doubled from 2008 to 2011.  As of 2011 (the last year of monitoring in this stand type), hare 
densities in these stands were approximately double those in regenerating clearcuts (D. Harrison, 
unpublished data).   

Response: The Maine Forestry Cooperative Research Unit (forest industry) at UMaine and USFWS 
funded snowshoe hare research at the University of Maine from ~2006-2013.  Prior to that, UMaine 
conducted snowshoe hare research back to the mid-1990s.  During that time, the best available science 
shows a period of high hare density (~1995 to 2006) and lower hare density (after 2006 to 2013 when 
hare monitoring was discontinued) that is mirrored in similar hare data from the adjacent Gaspe region of 



Quebec.  Both MDIFW and the SSA reference unpublished data by Dr. Dan Harrison, wildlife faculty at 
the University of Maine and his ~11 graduate students.  MDIFW acknowledges high- and low-hare 
periods in their Canada Lynx Assessment (Vashon et al. 2012), so we are unsure why they strongly 
disagree with these facts.  Dan Harrison provided us with a citation for hare declines – Harrison et 
al. 2015.  We should site this instead on unpub. in the SSA.  Furthermore, the MDIFW provide no 
other long-term hare data or scientific information to support their claim that hares “more than doubled” 
in shelterwoodstands other than Harrison et al. 2015.  We have discussed this at length with Dr. Harrison 
(pers. comm.2.28.2017).  See comment #11 below.   

9. Page 2. MDIFW has information on the current status of lynx in Maine, which suggests the lynx 
population is both increasing in numbers and expanding its range, and questions why this 
information presented at the Expert Elicitation Workshop (EEW) was not included in the draft 
Lynx SSA.  MDIFW urges the USFWS to consider the data and arguments presented in this 
review and at the EEW to arrive at a more objective perspective on the resiliency of Maine’s 
current lynx population.   

Response: Despite numerous requests for the States to provide information that would help inform the 
SSA, the MDIFW did not share information that the Maine lynx population is both increasing in numbers 
and expanding its range.  This is despite contrasting statements made in the MDIFW’s Canada Lynx 
Assessment (Vashon et al. 2012, page 47) that “lynx habitat reached its lowest level in 1971 and peaked 
in 2003,” “that by 2006 lynx were approaching carrying capacity (p. 58),” and “We anticipate a decline 
in Maine’s lynx population when extensive areas of regenerating spruce/fir stands mature and no longer 
provide optimal cover for snowshoe hares. Although forests continue to be harvested in Maine, there 
isn’t sufficient early succesional spruce and fir to replace midsuccessional spruce/fir sapling stands 
(40%) when they transition to late-successional forest (e.g., pole/small sawlogs) (p. 59).”  MDIFW did 
not provide adequate information to explain the basis for why their interpretation of trends in lynx 
populations have changed since 2012. 

The MDIFW’s presentation at the EEW indicated that when they wrote the Lynx Assessment in 2012 
they believed the lynx population peaked in 2006.  But they now believe, “other indices since 2006, 
suggest Maine’s lynx population is continuing to grow.”  The MDIFW provided a map of the number of  
lynx sightings, increasing road mortality (with very low sample sizes), and increased incidental take 
captures to 20 lynx trapped in 2014 (but neglected to present the precipitous decline to just 4 individuals 
reported trapped in 2015) (Vashon slides  15-19).  The Service does not consider anecdotal lynx 
sightings, road mortality, or trapped lynx  as valid indices of lynx population trends.  Sightings without 
standardizing for effort and reporting rates are difficult to interpret.  Road mortalities are highly variable 
and detection rates are unknown.  Reporting rates for trapped lynx are uncertain and some likely go 
unreported.  Thus, we did not use these types of information in the SSA for Maine or any other state in 
the DPS.  This information does confirm that lynx are still present in Maine and are distributed in 
approximately the same way that we considered when designating critical habitat.   

The MDIFW also presented preliminary results of 2015 snow tracking data (slides 20–27) that showed at 
least one lynx track was found in 11 of 19 townships surveyed between 2003-2008, and lynx were 
detected in 18 of these same 19 townships surveyed in 2015.  The study design for the 2003-2008 survey 
was developed in Cooperation with the Maine Cooperative Fish and Wildlife Research Unit and included 



protocols for selecting sampling units (townships) using a random, stratified sampling design based on 
the latest lynx habitat model (Hoving et al. 2004).  A stratified sample of townships (n=62) was selected 
having low, medium, and high predicted occurrence of lynx.  Townships selected for survey were spaced 
at least six miles apart to avoid autocorrelation of results.  As a result of this sampling design, these data 
could be used in a statistically-rigorous fashion to develop a second-generation lynx habitat model 
(Simons-Legaard et al. 2016).  When MDIFW proposed resuming lynx surveys in 2015, the University of 
Maine and the Service recommended repeating a similar stratified random sampling design based on the 
second-generation Simons-Legaard et al. 2016 lynx model.  Apparently, MDIFW did not accept our 
recommendation, and it is apparent from the map that MDIFW has departed from the previous sampling 
design.  The map indicates that adjacent townships were surveyed possibly  introducing problems with 
autocorrelation.  MDIFW has not shared information concerning their survey design and methodology.  
We do not know the predicted occurrences of lynx in these 19 townships.  It is possible that this sample 
of 19 townships includes a preponderance of townships that were (Hoving et al. 2004) or are (Simons-
Legaard et al. 2016) high probability of occurrence.  Unless the 19 townships were selected in a 
stratified, random sample we don’t know what biases may exist in these preliminary results.  In other 
words, if one samples in Maine where the University of Maine lynx models predicted to occur (or where 
anecdotal information suggests they occur), then there is a high probability that one will find lynx tracks.  
These were preliminary data that have not been published in gray literature or peer-reviewed literature.  
MDIFW did not mention whether these surveys continued in 2016 or provide results for last winter.  For 
these reasons, we did not use this information in the SSA.  This information confirms that lynx are still 
present in some of the same townships they occurred in 2003-2008 and some new townships, which the 
Service has acknowledged as part of our recent designation of critical habitat.  

10. Page 3. Unfortunately, many of the conclusions and the tone of the Climate Change Section in the 
SSA do not communicate this uncertainty and are definitive in nature.  For example on p. 68, 
“Climate change will diminish the amount of lynx habitat throughout the DPS by a) reducing the 
areas where snow conditions give lynx a competitive advantage over bobcats and other species, 
and b) reducing the amount of spruce-fir habitat required by snowshoe hares”, or on p.218, 
“Although uncertainty remains regarding the timing, extent, and biological consequences…..hare 
populations will decline… This in turn will reduce lynx abundance….” (underlines added).  
MDIFW is concerned about the objectivity of the climate change sections in the SSA and urges a 
thorough review of this section -- especially given the USFWS SSA Core Team’s admission that 
they took a more pessimistic view of climate change impacts to lynx than the experts at the EEW.  
Furthermore, MDIFW asks, are 50-year projections an appropriate standard for the 
“foreseeable future” language of the ESA? 

Response: We should review how we express uncertainty in the climate change section.  Although 
the scientific literature typically conveys caveats concerning the degree of uncertainty concerning their 
predictions (depending on the range of climate models used), there is no disagreement among scientific 
papers concerning the certainty of downward trajectory concerning the duration, quality, and depth of 
snow and boreal forest. Refer to Alexej Siren’s  workshop presentation “Climate change and uncertainty: 
implications for Canada lynx conservation and management in the contiguous United States.”  He 
concludes that the bulk of uncertainty lies not with the predictions (i.e. more precipitation in winter, but 
in the form of rain), but with range of emissions scenarios considered (slide 6).  Climate change is 
ongoing, thus we have a high degree of certainty about changes in snow and boreal forest that have 



already occurred to date and the science is unanimous that these trends will continue into the future.  The 
science documenting recent climate change further reinforces the modeled rate and nature of anticipated 
changes that are expected to occur within the next 50 to 100 years.   

We should cite in the SSA new climate information found after the decision meeting.  After the 
decision meeting we documented additional research from the University of Maine Center for 
Sustainable Forest Research report below that predicts loss of spruce-fir from Maine and Great Lakes 
Forest by the end of the century (and substantial declines by 2060). See pages Maine 88-99 in the report: 
Maps generated for the years 2030, 2060, and 2090 suggest that suitable habitat for white and black 
spruce will disappear from the U.S. by 2060 and from the Acadian Region by 2090 (Figure 9). Patches of 
suitable habitat for balsam fir and red spruce are projected to remain in the U.S. ca. 2060, but dwindle 
to only a few located at high altitudes along the Appalachian Mountains by 2090. This research also 
indicates that several of our northern hardwoods, red maple and paper birch, also decline and that red 
spruce could increase slightly.  The research shows that budworm and forest management (forest 
disturbances) greatly accelerates the declines in spruce-fir caused by climate change. 

The MDIFW’s Canada Lynx Assessment (Vashon et al. 2012, p. 60) concludes, “Climate change is 
expected to have the greatest impact on wildlife species that occur at the southern edge of their range. 
Lynx are associated with areas of deep snow (Hoving et al. 2005) and an abundance of young conifer 
(spruce/fir) where lynx have a competitive advantage over other common forest predators (i.e., bobcat, 
fisher, coyotes) and their prey, snowshoe hare, are abundant. It is uncertain how climate change will 
impact future lynx populations, but if projections are accurate, we can expect lynx populations to recede 
northward and populations to decline substantially over the next 100 years.”  On page 26 the assessment 
states, “Climate change, forest disease, and forest management activities (influenced by forest ownership 
and wood markets) will likely have the greatest influence on lynx persistence in Maine.”  MDIFW’s lynx 
assessment does not discuss uncertainty concerning these outcomes concerning climate climate change. 

About April, 2016 before we started to write the SSA, the USFWS core team questioned USFWS 
management about what would be a suitable time frame to analyze future conditions, especially 
concerning climate change.  USFWS managers agreed that since most climate change projections are to 
the end of the century, that would be a suitable time period for our analysis. 

11. Page 3. Perhaps of greater significance than the tone of the climate change sections is the over 
reliance on modeling to predict the persistence of lynx in the face of contradicting field data.  For 
example, on p. 66 of the SSA it states, “Reduced snow depth and duration may reduce lynx’s 
competitive advantage over bobcats, which have similar ecology to lynx but are not as well-
adapted to hunting hares in deep fluffy snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; 
ILBT 2013, pp. 69, 71). The bobcat is the closest related species to lynx in North America, and it 
outcompetes or displaces lynx wherever the two species overlap, at both broad (Peers et al. 2016, 
entire) and local (Parker et al. 1983;Robinson 2006, pp. 120-129) geographic scales.”  However, 
field observations and surveys indicate that lynx have expanded their range in Maine, and that 
lynx are now living and reproducing in Downeast Maine (i.e., sections of Penobscot, Washington, 
and Hancock Counties).  Northern sections of Downeast Maine have long been considered one of 
the best bobcat regions in Maine, and this region has historically had lower snowfall totals than 
northern interior Maine because of the influence of maritime weather patterns.  These field 



observations call into question whether marginally lower snow levels and bobcat are a 
significant threat to lynx in Maine. 

Response: The negative relationship of bobcats, lynx, and snow is well documented and cited in the 
literature (above citations and others including Parker’s paper from Cape Breton Island).  We should cite 
in the SSA the new information found after the decision meeting - Parker 2001 status review of 
lynx in Nova Scotia.  See lynx-bobcat rationale pages 34-36.  They consider bobcats and coyotes to be 
a significant threat to lynx populations in Nova Scotia and the importance of snow in mediating 
competition between these species. 

The two species have very little range overlap continent-wide and fine and coarse scales.  Where they do 
overlap, bobcats are dominant and displace lynx (Robinson 2006, Peer et al. 2016, Parker et al. 1983 and 
others).  Peer reviewers Murray and Harrison observe that although there is not empirical data to 
evaluate the nature of the competition between the species (behavioral, competition for hare 
resources) it seems to be an important limiting factor for lynx.  Both suggest that we expand the 
discussion to include coyotes and other food competitors.  The SSA describes this relationship, and 
USFWS biologists believe, that despite lack of empirical evidence on the mechanism, the best available 
science supports our conclusions about lynx and bobcat. LCAS authors come to the same conclusion.  

Range expansion of lynx in Maine is covered in point #5 above. 

Page 3 

12. MDIFW questions the conclusions reached in the SSA regarding predictions that Maine’s forests 
will 

change in a manner that threatens lynx and snowshoe hare populations. The SSA predicts these 
changes will occur because of climate change, forest maturation, and changes in forestry practices. 
For example p. 169 of the SSA states, “Models indicate that aging of past clearcuts and changes in 
forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades.” MDIFW presents information substantiating that these predictions are based on inaccurate 
figures on hare densities in shelterwood harvests, and the misperception that changes in forest 
species composition will occur at equal rates on managed and unmanaged forests. For example, the 
SSA states on p. 171, “Currently, partial harvesting comprises about 94 percent of acres cut annually 
in Maine (Simons 2009,p. 50)” and “Foremost, snowshoe hare densities in partially harvested forests 
are on average about 50 percent lower (but range from 20 to 90 percent lower) than in regenerating 
conifer stands created by clearcutting (Robinson 2006, pp. 5-37; Scott 2009, p. 109, Simons 2009 p. 
83), thus reducing landscape hare density and presenting a challenge for future lynx conservation 
(Simons 2009, pp. 206, 209, 217; Simons-Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, 
entire).” However, MDIFW points out that according to the Maine Forest Service, since 2006, of the 
total acreage meeting the definition of “partial harvest”, 46% were shelterwood harvests. 
Shelterwood harvests do not have the same hare densities as other forms of partial harvest. Scott 
(2009) demonstrates that as of 2009, stands subject to shelterwood/overstory removal (even age 
management) had only slightly lower winter hare densities than regenerating clearcuts, and 2.5X the 
winter hare density of stands subject to selection harvests (uneven-age management). MDIFW argues 
that the presentation of forest and hare data is misleading, and that more research is needed on hare 
densities in shelterwood stands. 
 
MDIFW points out that while climate conditions in the Northeast may make conditions less favorable 
for spruce/fir forests and more favorable for deciduous trees, the rate of change will likely differ on 



private forests that are actively managed vs. unmanaged forests. Private landowners manage their 
lands for specific outcomes (see attached letter from Maine’s Forest Products Council). Therefore, 
inferences on how lynx populations will respond to changes in forest type must take into account the 
forest management plans of private landowner, especially in a state where 90% of lynx habitat occurs 
on private lands. From 1995 to 2015, the total acrage of conifer forest has actually increased in 
Maine (2,515,732 to 2,904,462 acres) with the acreage of conifer saplings staying relatively 
consistent (1,062,863 acres in 2015; personal communication, Ken Laustsen, Maine Forest Service). 

 

Response: We discussed this issue with Dr. Dan Harrison since it concerns interpretation of his snowshoe 
hare data about hares and shelterwood cuts.  Dr. Harrison believes that MDIFW misinterpreted his data 
and suggested the Service consider additional information concerning shelterwood harvests and hares.   

Concerning information provided by the MDIFW that hare densities in shelterwood harvests doubled, 
whereas they remained low in other stand types.  The sample size of the hare data for the shelterwood 
cuts that MDIFW references is n=2 and Dr. Harrison says that these were not a random representation of 
shelterwood harvests.  Dr. Harrison suggested we consider additional information concerning 
shelterwood harvests and why they are not likely to support landscape hare densities necessary to support 
current lynx populations into the future. 

We should write a paragraph in the SSA concerning the uncertain role of shelterwood harvests 
given the new information below.  We do make a statement that shelterwood harvests could 
contribute to landscape hare densities.  We should clarify that shelterwood harvests are unlikely to 
support lynx on their own and regenerating conifer (clearcut) is needed to raise landscape hare to a 
point where they can support lynx.  

Responses: 

• Currently, various forms of partial harvesting (selection + shelterwood) comprise about 95% of 
harvests.  UMaine publications have included shelterwood harvesting as a kind of partial harvest 
because it is.  We should include a footnote or define in the SSA what we mean by partial 
harvesting. 

• We have reviewed Dr. Harrison’s data with him so we understand his unpublished data.  On page 
18 of their comments, the MDIFW indicates they do not agree with UMaine data that hare have 
declined, but they use two data points showing higher hare densities in shelterwood stands that 
support their argument that shelterwoods will provide future habitat for lynx.  There are a 
number of flaws in their argument and on some points they are incorrect. See below. 

• MDIFW is incorrect citing Scott that shelterwood stands had “only slightly lower hare densities 
than regenerating clearcuts.  From 2005-2007, UMaine data indicates that shelterwood supported 
ONLY 36-56% of the hare densities found in regenerating clearcuts.  Only in 2008 did 
shelterwood cuts have 23% more hares than regen clearcut, but UMaine indicates that the sample 
is only 3 in 2008 (and only 2 in 2009-2011) because the companies took the overstory off these 
stands after 2007, essentially destroying their value to hares and to further sampling.These are 
the data that Shonene Scott had available to her for her thesis in 2009: 

 2005 2006 2007 2008 
Regen clearcut 2.29 hares/ha 1.92 1.19 0.67 



N=15 N=15 N=15 N=15 
Shelterwood 0.84 hares/ha 

N=9 
0.90 
N=9 

0.67 
N=9 

0.82 
N=3 

• Interpretation of Harrison et al. 2015.  The MDIFW contends that the graph below demonstrates 
that hares have “more than doubled” in shelterwood harvested stands.  Dr. Harrison has indicated 
this is a misuse and misinterpretation of the data.data shows that unlike all other stand types in 
Maine, boxes  

 

• The UMaine hare data presented in the CFRU report shows higher hare densities in shelterwood 
stands measured in 2010 and 2011.  The sample sizes for 2008 and 2009 is only 3 stands (see 
table above) and the two points MDIFW cites in 2010 and 2011 is only is only 2 stands.  These 
two stands are not random because the initial entry was particularly heavy (not typical) and they 
had such high regeneration that they were behaving more like regenerating clearcuts.  Dr. Dan 
Harrison is reluctant for a number of reasons to speculate these two data points represent 
increasing hare densities in shelterwood stands. 

Dr. Harrison pointed out several concerns about the hypothesis that shelterwood cuts will continue to 
provide lynx habitat in Maine in the future:   

• Regarding the number of shelterwood cuts.  Out of 100 stands cut in northern Maine, about 40% 
are shelterwood cuts (leaving 40 stands).  Of these about 50% are hardwood or mixed wood and  



favor intolerant hardwood regeneration, and 10% are in softwood (potential for hare and lynx 
habitat).  Most of these softwood stands will be small, isolated from other good hare habitat, or 
have an overstory removal done just as they are becoming good for hares (see below).  Thus, it is 
unlikely that regenerating shelterwood harvests will provide sufficient landscape hare density of 
at least 0.74 hares /ha to support lynx in the future.  Using Dr. Harrison’s data, even if a 
township-sized area were completely softwood and completely shelterwood harvested (both 
unrealistic assumptions), Dr. Harrison’s data would suggest that landscape hare densities (2005-
2008 data in the table and graph above) would only be about 0.80 hares/ha which is just above 
the threshold needed in Maine to support lynx. 

• Extensive stands heavy to softwood are frequently found in low-lying, wet areas.  They have 
problems when they are cut using the shelterwood system because they are subject to wind-
throw.  Thus, this silvicultural system is most frequently used for hardwood management on 
dryer, upland sites (hardwoods are wind-firm).  Shelterwood systems are also frequently used in  
management of white pine on dry sites (not high quality lynx habitat), especially to control for 
pine weevil. 

• The few shelterwood harvests done is spruce-fir are done in poorly drained sites to promote 
spruce and remove balsam fir in the initial entry.  On wet sites, cuts are kept purposefully small 
to prevent wind-throw.  Thus, they have limited utility to lynx. 

• Although 1/3 of shelterwoods are in softwood-dominated stands, very few are in heavy spruce-fir 
that would be good for hares and lynx.  No one is using the shelterwood system to promote 
balsam fir because of poor quality for saw logs and susceptibility to budworm.  Pulp market is 
gone. 

• Shelterwood diminishes hare habitat.  Initial entry requires about 20% of the acreage in skid 
trails that typically are left in heavy slash or grow back to raspberry = non-hare habitat.  After the 
second entry (commonly called the overstory removal), about 30-40% of the acreage is in skid 
trail or crushed regenerating spruce and fir.  What is left are small, scattered patches of hare 
habitat that have lower hare densities (as opposed to large regenerating clearcuts with little skid 
trail impacts). 

• About 70% of the shelterwood reported by Maine Forest Service is in hardwood or mixed wood 
stands – not high quality hare habitat.  After initial entry, many softwood stands are coming back 
to intolerant hardwoods, this is increasing with climate change (see new Legaard and Sader 
papers) and no herbicides are being used to promote softwoods. 

• The second entry in a shelterwood stand (overstory removal) comes at just about the time that 
hare densities become attractive to lynx (8-27 years after initial entry for UMaine study plots).  
After the second entry, hare densities are lower because of crushed regen and 30-40% in skid 
trails.  Dr. Harrison did not know if the skid trail ever recovers to HQHH.  Probably rarely. 

Hardwood-Softwood in northern Maine.  MDIFW believes softwood is increasing in northern Maine.  
Many sources indicate otherwise. 

• SFI/Maine Forest Service data shows increasing softwood (2.5 million acres in 1995 – 2.9 million 
acres in 2015).  This parallels development of lynx habitat in Simons-Legaard et al. 2016 and is 
an artifact of heavy clearcutting and extensive herbicide use to favor softwoods  in the 1970s and 
1980s to promote softwood growth.  The SFI data provided by MDIFW shows a drop in regen 



conifer 0-30 years because of increasing hardwood regeneration.  Several sources show 
increasing northern hardwood in northern Maine and New England on a landscape scale – 
McKaskill et al. 2016 in the SSA.  Also see Legaard et al. 2015 Evaluating the impact of abrupt 
changes in forest policy and management practices on landscape dynamics: analysis of a 
Landscapt image time series in the Atlantic Northern Forest.  This article clearly shows that the 
extensive clearcutting and subsequent harvest under the Maine Forest Practices Act has 
accelerated conversion of spruce-fir to deciduous and mixed forest. 

• In the short-term, balsam fir may increase because of current forest practices (peer review of 2014 
critical habitat by Erin Simons-Legaard), but will decline when the budworm returns and/or as the 
climate warms (new paper Simons-Legaard et al. 2015, climate change modeling of Maine 
forest).  Repeated entry to stands is increasing hardwood composition of northern Maine forest 
forced, in part, by climate change and natural tendency for intolerant hardwoods to dominate 
regeneration in disturbed stands in well-drained sites in northern Maine.  We lost over a million 
acres of spruce-fir in northern Maine after the last budworm outbreak and will lose more with this 
outbreak (Dr. Bob Seymour, UMaine silviculture professor, pers. comm. 3.8.2017). 

 

13. Page 4 MDIFW disagrees with statements that Maine’s lynx population would face increased 
threats from trapping and hunting if they did not have not have protection under the federal 
ESA. Trapping wasevaluated at the time of listing (USFWS 2000) and was determined not to be a 
significant threat to thelynx population. Currently, the vast majority of lynx caught in foothold 
traps are released with little tono injury. MDIFW contends there is no evidence to support 
statements such as, (p. 182) “Lynx wouldbe at greater risk without ESA section 9 
prohibitions against take. In a future scenario without Federal listing, Maine’s incidental 
take plan for trapping would be rescinded, and it is likely that many protective measures 
to minimize injury, take, and mortality of lynx would cease or diminish.” MDIFW submits 
thatin the event of delisting, the Department would continue to be committed to protecting 
lynxpopulations through trapper and hunter education, regulations focused to minimize captures 
in traps,and an active law enforcement presence. Prior to the federal ESA listing of lynx, MDIFW 
implemented anumber of measures to protect the species (MDIFW 2014, p. 78-79). These 
included closing the seasonon lynx hunting and trapping in 1967, and providing information to 
trappers on how to distinguishbobcats from lynx to avoid lynx incidental captures and trapping 
mortalities. 

 
MDIFW disagrees with the Lynx SSA Team’s conclusion that lynx face an increased risk because of 
Animal Damage Control (ADC) activities if lynx were no longer protected under the ESA. The SSA 
states(p. 182), “There have been a few situations where lynx have destroyed livestock, but lethal 
actions toremove lynx were avoided because of Federal listing. Without Federal listing, justification 
for shootinglynx in these situations would likely increase.” There has never been a documented lethal 
taking of lynx related to ADC activities in Maine, and it is very rare to get a report of lynx getting 
into someone’s“livestock” (i.e., chickens). The assertion that there is an increased likelihood of a 
lynx being shot toprotect chickens is pure speculation. MDIFW strongly urges the USFWS to 
reevaluate claims thatdelisting would threaten Maine’s lynx population because of increased 
mortalities from hunting,trapping, and ADC activities. 
 
Page 5MDIFW finds the statement on p. 20 of the SSA, lines 6-7 troubling: “… we do not evaluate 
the unlikely hypothetical future in which the DPS is not listed and conservation efforts disappear.” 



An inference that lynx conservation is totally dependent upon ESA seems unfortunate. The traditional 
role of state conservation efforts is apparently discounted, and current examples of cooperative 
efforts among statesand the USFWS to prevent listings (e.g., New England cottontail) may have not 
been considered.MDIFW does not argue that ESA protections are sometimes appropriate and value-
added, but USFWS should not ignore the long-standing primary jurisdiction of states for most 
wildlife resources, critically important partnerships with states for conservation of vulnerable 
species, the second generation of State Wildlife Action Plans, etc. On p. 6, lines 13-15, MDIFW 
believes the SSA is presenting an “all or nothing” worst-case scenario for the lynx DPS: “Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts, but not the complete absence of all protections for lynx.” MDIFW concurs that 
the lynx DPS needs thoughtful conservation attention at its southernmost range limits. However, our 
Department (1) strongly disagrees that the ESA is the only effective protection, and (2) counters that 
state conservation strategies, which may be inspired by the ESA, are generally a better, more lasting 
solution. 

 

Response: The MDIFW apparently misunderstood why the Service considered a future without lynx 
listing.  Marty Miller attempted to explain why this is an important future scenario to consider in the SSA.   

Perhaps we should reword this response to indicate that we do not know how MDIFW would 
respond to delisting and trapping rules.  MDIFW has publicly told trappers that they would rescind 
some trapping restrictions if the lynx was delisted.  If the MDIFW resumed management prior to listing, 
the lynx would be a protected species.  MDIFW took no special measures concerning traps and their 
placement prior to the time of listing until they were sued.  At that time, it was not required that trapped 
lynx be reported.  There was a case of a lynx killed in defense of property in VT, and in a recent incident 
in ME the landowner wanted to shoot the lynx.  Three lynx were reported shot in fall 2016 alone.  One 
peer reviewer indicated that we should have said much more about the risk to lynx from trapping in 
southern Canada.  He believed it has or could reach a point where trapping affects lynx both emigrating 
and immigrating from Canada.   

14.  Page 5 MDIFW suggests that a broader more forthright discussion is needed on the structure of 
the DPS. In the description of the geographical units of the SSA, MDIFW suggests stating, “The 
DPS designation reflects a jurisdictional boundary, not a biological one, for Canada lynx. The 
species is widespread and relativelysecure in Canadian provinces adjacent to the DPS.” Would 
the USFWS be willing to state, in the list of assumptions (p. 8, SSA), “We assume that the 
statuses of lynx within individual SSA geographic units are mostly independent of one another”? 
This assumption is requested to critically reconsider conservation strategies and outcomes given 
“the units are relatively isolated from each other” (SSA, p. 5). In fact,Unit 1 (northern Maine) and 
Unit 2 (northeastern Minnesota) are extremely isolated from other units bydistance and 
marginal habitat. As the USFWS has experienced with recovery efforts for Canis lupus, the 
improbability of “recovery” occurring concurrently in three (or more) regionally distinct SSA units 
greatlyhandicaps any scenario for delisting. 

 
 page 6 As currently written, the draft SSA examines threats facing lynx as well as resiliency, 
redundancy, andrepresentation of the DPS. “ESA’s requirements for delisting …” are cited (pg. 
20) as a second rationalefor not considering “… the unlikely hypothetical future in which the DPS 
is not listed.” We are unaware of “requirements” other than specific objectives established in 
recovery plans and the five factors guiding ESA status decisions listed in statute. The SSA is a 



thoughtful evaluation of species vulnerability relative to ESA. We hope that discussion of the five 
factors for listing is an option in any SSA but suggest that it particularly should not be omitted in the 
first status review of the lynx DPS after 17 years as an ESA Threatened Species. 

 

Response: The SSA discussed lynx biology.  It does not discuss how to interpret DPS policy, listing, or 
recovery as it concerns lynx.  We asked the states not to comment on listing or policy, but MDIFW and 
others did. 

15. Page 11. CLIMATE CHANGE However, we believe the SSA overstates the confidence with 
which climate models can be used to inform future trends in lynx distribution and population size 
in Maine. Uncertainty regarding changes in the amount and duration of snowfall, and the 
response to these changes by hares, lynx, and potential lynx competitors such as bobcats and 
coyotes, make projecting impacts on lynx very challenging. In addition, we feel that conclusions 
about changing forest species composition in northern Maine due to climate change are 
overstated and not supported by current data (see MFPC letter and other sections of MDIFW 
response). 

Response: The MDIFW provides no alternate science to justify outcomes likely to occur because of 
climate change. 

The MDIFW believes the underlying mechanisms describing the relationship between these species and 
snow are largely unknown.   

From MDIFW’s lynx assessment: 

“Maine’s lynx population is likely most limited by availability of prey and adequate snow depth. Climate 
change, forest disease, and forest management activities (influenced by forest ownership and wood 
markets) will likely have the greatest influence on lynx persistence in Maine. “ p. 27 

On a longer time scale, global warming may result in a net loss of conifer forest in Maine, as conifers are 
replaced by more temperate southern deciduous forest. Climate models for Maine during the 21st 
Century trend towards warmer and wetter conditions during all four seasons, with the greatest increase 
occurring in northern Maine. Over the next 100 years, northern Maine could see an 8% increase in winter 
temperature and a 16% increase in winter precipitation, with more winter precipitation in the form of 
rain (Jacobson et al. 2009). These changes will not only affect future snow levels, but will likely influence 
habitat suitability for individual trees species; balsam fir could become scarce, red spruce may decline 
especially in interior sections, and red maple could become more abundant (Jagels et al. 2009). Because 
mature trees are more tolerant to environmental stress, change in forest composition can be slow in 
existing forest. Conversely, young trees (seedling and saplings) are more susceptible to stress and 
disturbance (Logan and Gottschalk 2007 as cited by Jacobson et al. 2009). Forestmanagement can play a 
critical role in Maine’s response to global warming by slowing down or speeding up changes in forest 
composition by enhancing retention of critical species or facilitating the introduction of new species 
(Jagels et al. 2009). P. 54-55 



Low snow levels and habitat loss pose the greatest risks to Maine’s lynx population. If the prediction of a 
warming climate with more winter precipitation in the form of rain occurs, lynx may be restricted to 
extreme northern sections of Maine, and spruce/fir may also decline and recede northward. 
Management of Maine’s “spruce/fir flats” that maintains northern forest conditions and connectivity 
between neighboring lynx populations in Canada may allow lynx to persist in Maine. Commercial harvest 
of Maine’s spruce and fir forest will likely continue, but new markets that favor shorter rotations and use 
sapling trees will likely reduce the quantity and quality of future lynx habitat, and changes in forest 
landownership could lead to more land development. Forest management activities that do not promote 
conditions to support lynx and hares may be offset by future tree-disease outbreaks. P. 65 

However, most models do not include other extrinsic factors (e.g. budworm outbreak, climate change, 
timber markets) that will influence future lynx numbers. Climate change is expected to have the greatest 
impact on wildlife species that occur at the southern edge of their range. Lynx are associated with areas 
of deep snow (Hoving et al. 2005) and an abundance of young conifer (spruce/fir) where lynx have a 
competitive advantage over other common forest predators (i.e., bobcat, fisher, coyotes) and their prey, 
snowshoe hare, are abundant. It is uncertain how climate change will impact future lynx populations, but 
if projections are accurate, we can expect lynx populations to recede northward and populations to 
decline substantially over the next 100 years. p. 60. 

It seems that MDIFW Lynx Assessment and the SSA arrive at similar conclusions about how climate 
change will affect snow, competition with bobcats and coyotes, and result in habitat changes.  MDIFW 
concludes “if projections are accurate [i.e., climate change in Maine publications], we can expect lynx 
populations to recede northward and populations to decline substantially over the next 100 years.” 

16. Page 12  How did the authors come to this determination? Vashon et al. 2012 (cited throughout 
the document), provides estimates of past and current lynx populations in Maine and 
how those estimates were derived. The USFWS accepted these population estimates in 
the Incidental Take Plan for Maine’s Trapping Program (2014) and issued the state an 
Incidental Take Permit based on these population estimates. 

Response: Maine, and other states, have employed various methods to “ballpark estimate” how many 
lynx may occur in their jurisdiction.  This is most frequently done by applying a lynx density to an 
estimate of overall habitat, which requires many assumptions that may or may not be correct.  These 
are not true population estimates (as MDIFW points out) and cannot provide an estimate of variation 
around a mean, etc.  The methods are not employed in a standard fashion between jurisdictions.  Some 
are more guestimate…it was very difficult for the Core Team to evaluate the validity and we did not use 
any population estimates in the SSA.  Furthermore, lynx populations are known to vary widely over 
relatively short periods of time and this does not seem to be incorporated into any of the estimates.   

MDIFW explains two ways of estimating Maine’s potential lynx population in their lynx assessment.  The 
USFWS or others (UMaine) have not been asked to review and provide comment.  If so, the Service 
would have many comments and concerns on the methods used.  Contrary to what is stated in the 
comments, we did not accept Maine’s lynx population estimate in the biological opinion.  Instead we 
based our jeopardy analysis on a conservative figure of 500 lynx. 



17. Page 12. On Page 43, the SSA states there are 750 to 1,000 lynx in Maine, but on Page 99 and 
117 the SSA states 500 to a 1,000 lynx, and then on Page 111 the SSA states several hundred to a 
1,000 in Maine 

 

Response: Given our decision not to use population estimates, we should revise these sections of the 
SSA to refer to populations only in relative terms.  This is a function of our haste to write the SSA. 

18. Page 13. Population and habitat are not decreasing 
o Page 99 – …after 2006 suggest slightly decreasing population This statement is not cited and is 

contrary to data presented at the Expert Elicitation Workshop that supports an expanding lynx 
population in Maine. At the workshop, we shared the first year of data from snowtrack surveys 
to monitor changes in lynx detections and occupancy over time. We now have another winter 
and a half of data. Between January 2015 and Febuary 2017, we have resurveyed 30 towns 
across northern Maine. During initial surveys (2003-08) lynx were detected in 14 of 30 towns 
(43%), during resurvey efforts lynx have been detected in 28 of the same 30 towns (93%). 

o Page 99 (also see page 105 3rd paragraph) – hare went under a 50% decline in 2006 and 
have remained at lower levels. This statement is not cited. There is no study at the 
scale this sentence implies. 

Response: We should reword sentence on page 99.  Habitat in ME should be declining quickly (Simons-
Legaard papers).  Hare decline is well-documented across a wide geographic area in northern Maine and 
southern Quebec (Harrison et al. 2015, Assels, Scott).  MDIFW provides no data to the contrary.  We 
have no information on the experimental design of MDIFW’s snow track survey.  Are they visiting 
townships with a high predicted probability of having lynx?  Are the townships randomly sampled?  Is 
the sampling design stratified according to the most recent lynx models?  We cannot ascertain this 
information without a report, data, ability to determine the validity of the methods, or to interpret this 
information. 

19. Page 13. Vortex Model The MDIFW questioned the results of the Vortex model produced by the 
USFWS in the SSA (see page 33 and page 113 paragraph 2, last sentence.  The MDIFW 
questioned why this was done since a model by the researchers collecting the data was already 
available. In addition, a Vortex model was part of Maine’s Incidental Take Plan submitted to the 
USFWS which was accepted on 11/4/2014. The MDIFW in 2012 calculated an intrinsic rate of 
growth of 0.05 (Lambda = 1.05) for Maine’s lynx population based on demographic data from a 
radiotelemetry study that we collected over a 12-year period (see Vashon et al. 2012 Appendix 
VI). This is contrary to the model reported in the SSA. 

 

Response: Because there are two distinct periods of snowshoe hare density in Maine since listing the 
lynx (high before 2006, low after 2006) the Service asked MDIFW in the trapping incidental take plan to 
provide two Vortex model runs (deterministic model) to determine lamda – one for lynx demographic 
data obtained when the hares were high and another for when the hares were low.  The MDIFW opted 
to use  “average” survival and reproduction rates over the entire 2000-2012 time period.  For the 
purposes of the SSA, we used the lynx demographic data in MDIFW’s lynx assessment, which they 
present during the high and low hare periods. The Vortex demographic model showed an increasing 



population (lamda) during the high hare period and a decreasing population (lamda) during the low hare 
period.  UMaine data indicates the low hare period has persisted from 2007-2015.  If this persists into 
the future (everything else being equal) lynx populations would be expected to decline.  But all things 
are not equal…habitat will diminish by 50-60% in the next 16 years, shift to the south, and become more 
fragmented.  Thus, we conclude that Maine’s lynx population will return to lower levels, perhaps to 
levels similar to prior to the spruce budworm outbreak. 

20. Page 14. o Page 114, 2nd and 3rd paragraph have surprisingly similar sentences with different 
references leads to the question if cited correctly and also if redundancy is needed. Also repeated on 

page 100 (1st paragraph). 
 2nd paragraph: Thus, average conditions in Maine are currently at or below the 
snow persistence thresholds believed to be needed to support lynx (Gonzalez et 
al. 2007) 
 3rd paragraph: Thus, average snow conditions in Maine are currently at or 
below snow depth thresholds for lynx and further declines in annual snow 
depth would be expected to reduce the probability of lynx persistence in the 
region (Hoving et al. 2005). 
 Contrary to field data from Maine collected by MDIFW: i.e., periodic winter 
snow-track surveys to detect lynx shows lynx are expanding into eastern Maine 
where snow conditions are more variable due to maritime weather on the 
coast. Also, all field data suggests and increasing population since the 1990s, 
which is contrary to the above statements. If you keep these statements, you 
need to share that these hypotheses have not yet been born true by field data. 

Response: Note change second statement from Hoving to Gonzales.   The information provided by Jen 
Vashon in the lynx workshop (slide #22) indicates that the MDIFW did not find lynx in snow-tracking 
surveys in central Washington County where lynx and kittens occurred several years ago.  They were re-
documented in northern Washington County.  “All Field data suggests increasing population…” We 
assume this is the sighting, trapping, and road mortality information provided in the MDIFW’s power 
point at the workshop.  We do not consider highway mortality to be an accurate index of the 
population.  MDIFW relied heavily on reported lynx trapped as an index of an increasing population but 
did not present at the workshop  a dramatic decline from 20 lynx reported in 2014 to 4 lynx in 2015.  Did 
the population crash?  The Service believes that reporting rates of lynx are uncertain, variable from year 
to year, and not a reliable index of population.  Similarly, lynx sightings by biologists are not a reliable 
index.  An alternate hypothesis is that lynx could be starving in Canada and dispersing – thus exposed to 
traps, killed on roads, and sighted more frequently.   

21. Page 14. Corridors Page 95 – indicates that farming in NE Maine fragments corridors between 
Maine and New Brunswick. No citation provided. We have detected lynx during recent 
monitoring efforts (track surveys) and have documented movements of tagged lynx across 
ME/NB border, which contradicts statement made here. Recast sentence. 

 

Revise, if necessary.  No doubt lynx can cross the ME-NB border in certain areas, but the best 
available science says they are reluctant to cross large openings (extensive fields), thus the corridor 
is compromised by extensive farmland in some areas (but maybe not all). 



22. Page 15To date, available research has assumed a density of 0.8 hares/ha for all partially 
harvested stands, regardless of stand composition (hardwood dominated, softwood dominated, 
or mixed wood), time since harvest, or silvicultural objectives. This hare density estimate was 
developed by sampling a group stands that represented the range in conditions likely to be 
present in stands subject to partial harvest (including hardwood dominated stands 

 

Response: If we were to revise these models today, we may consider the lower hare densities that 
prevailed 2007-2015.  Thus it would be prudent to assign a value of about 0.40 hares/ha to partially-
harvested stands.  For the various reasons described above, it is highly unlikely that shelterwood cuts 
will replace the regenerating clearcuts and make a major contribution to the future habitat for lynx.  Of 
the few softwood shelterwood cuts on the landscape, UMaine has found many shelterwood cuts to be 
compromised in their ability to support hares.  Furthermore, the majority are managed for northern 
hardwoods and the phenomenon of extensive hardwood regeneration is documented in scientific 
literature (McCaskill et al. 2016, Legaard et al. 2015). 

Given these comments, we should consider a paragraph explaining why it is unlikely that shelterwood 
stands will provide substantial future habitat for lynx (see earlier comments).  

23. Page 18. MDIFW does not agree with numerous statements in the SSA that suggest that 
sufficient scientific evidence is available to conclude that hares have declined at the landscape 
level in the northern Maine unit and have remained low since 2006. 

 

Response: This is inexplicable because the MDIFW acknowledges the validity of UMaine hare density 
information in their lynx assessment (Vashon et al. 2012) pages 14, 19 (acknowledging lynx have 
different demographics during period of hares abundant and hares less abundant), page 26, etc. 

24. Page 21Throughout the SSA, but especially in Chapters 3 and 4, statements are made without 
citations. If this is to be an objective science-based document, these statements need specific 
references to be valid. 

 

Response: Review these sections.  MDIFW provided no specific examples of statements needing 
citations.  In contrast, peer reviewers unanimously said that we did a good job of citing information that 
contributed to the logic of our conclusions. 

25. Page 21 Chapter 3 (Factors Affecting Long-term Viability of the DPS) considers only adverse 
factors. We urge USFWS to balance the discussion by giving due attention to factors that have 
been beneficial to lynx inthe DPS. Many of the risks (e.g., mining, pre-commercial thinning, 
windpower, land development, etc.) have little information, no documented impacts to lynx, or 
are not significant issues in the DPS. Speculation not supported by facts is inappropriate. We 
urge careful review of these statements before public review and decision-making. 

 

Response:  The SSA and LCAS (2013) come to identical conclusions concerning which threats pose the 
greatest threat to lynx (climate change, forest management, wildfire, loss and fragmentation of habitat) 



and which have a lesser threat (trapping, recreation, illegal hunting, etc.).  This ranking of threats was 
similar to that from the experts at the workshop.  We do not fully understand how lynx respond to 
some forms of development the effects of some development.  Make sure we explain this in Chapter 
3.  

26. Page 21. Finally, we strongly endorse major conclusions in the SSA that (1) the initial threat for 
listing the lynx DPS has been met; (2) that the DPS currently is resilient, redundant, and 
representative; and (3) although there is tremendous uncertainty with long-term projections, we 
agree with the EEW experts that in the foreseeable future (at least through the next 25 years) 
lynx status is secure in the DPS. 

 

Response.  We don’t believe the third point above reflects the opinion of the experts.  Some were 
pessimistic about the future of lynx in some units, even to 2050.  After determining the median 
response, experts believed that 5 of 6 DPS units would persist until 2050 (albeit at lower numbers and 
more fragmented habitat), at worse 3 of 6 units would have a >50% probability of persisting to 2050, 
and median that 4 of 6 units would have a >50% probability of persistence to 2050.  MDIFW did not 
comment on the Service’s Core Team opinion who took a more pessimistic view of persistence of some 
units after having the benefit of an extensive review of the literature.    

 



From: Holt, Bryon
To: Zelenak, Jim
Cc: Jodi Bush; Mark McCollough; Tamara Smith; Kurt Broderdorp
Subject: Re: Lynx SSA Comments
Date: Monday, March 20, 2017 9:08:24 AM

Hi Jim,

I typed this response, and then re-read your reply and noticed that I had missed where you had
indicated agreement with a potential resident population in the panhandle of Idaho.  But, I had
already typed this up and so thought I would go ahead and send my thoughts along anyway.

I agree with almost all of your conclusions, however, as you and I have discussed on several
occasions I do not agree with your conclusions that Idaho does not support a persistent
resident lynx breeding population.  This is primarily do to occupancy of the Selkirk Mountains
in northwest Idaho.  I believe the Selkirk Mountains in northwest Idaho and northeast
Washington supports a very low density, but persistent lynx breeding population.  From this
area through time we consistently, but albeit infrequently, receive opportunistically obtained
verified lynx records (video, tree cameras, etc.).  You point out that we have no evidence of
reproduction from the Selkirks.  Therefore all these verified records could be of transient lynx,
which is true.  But, historically we have not consistently made any effort to document
persistent lynx presence or reproduction for that matter in the Selkirks. This year marks the
first year of a research effort to document lynx and fisher presence in the Selkirks; several
different sets of lynx tracks have been documented.  Two different sets of these lynx tracks
consisted of multiple lynx traveling together well south of the Canadian border, and the
observers noted the tracks traveling together seemed to be different sizes.  The two groups of
tracks were well separated and on different sides of a mountain range, and thus, likely
represent two separate groups of lynx.  I think hair samples were obtained (via backtracking)
so we'll see what the DNA says.

Bryon

On Fri, Mar 17, 2017 at 9:58 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
FYI - Mike's response to my request for clarification.  I'm not sure it really clarifies much for me, but I'm glad he
responded.  I sent a similar request to Squires and hope he replies, too.

My biggest problem is that the 83 physical remains he refers to for WY, although considered as "reliable" by
McKelvey et al. 2000, were nonetheless not all considered "verified" (only 30 records for WY were thus
considered), and Mike co-authored the 2008 McKelvey et al. paper highlighting the importance of using only
verified data to establish historical range.  Whereas in Washington, 134 of the 144 were verified and in Minnesota
76 of 179 were verified.

Also interesting that ID had 96 reliable physical remains and 74 verified records - both higher than WY - but there
is general agreement that a persistent resident population did not and does not occur there (though some folks
think maybe a small number of residents occurs in the panhandle more often than not....which I concur is likely).

Copied to Core Team to share Mike's kudos on the effort. Thanks!

---------- Forwarded message ----------
From: Schwartz, Michael K -FS <michaelkschwartz@fs.fed.us>

mailto:bryon_holt@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:mark_mccollough@fws.gov
mailto:tamara_smith@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:jim_zelenak@fws.gov
mailto:michaelkschwartz@fs.fed.us


Date: Fri, Mar 17, 2017 at 10:11 AM
Subject: RE: Lynx SSA Comments
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Hi Jim,

Thanks for the note.  Great job on the SSA report.  That was a really impressive piece of work
created in a very short time frame.  I hope my comments in general will help.  Like you, I wish I too
had more time to review the document. 

 

Resolution of this issue comes down the operational definition of persistence, how historical
records are viewed (i.e., does a trapped animal mean it was the only animal or representative of a
larger population), and comparisons to other records (see table 8.1, figure 8.7 in McKelvey).

 

My view is that 83 physical records distributed over time (with the acknowledgement that they
were listed as a predator until 1973, where state records would be scant) is enough to suggest
some level of consistency.  Interestingly, Washington only had 144 physical records and Minnesota
only 179. 

 

By analogy, let’s revisit the idea of lynx populations as tide pools at different sizes and distances
from the ocean.  Places like Iowa (1 physical record) clearly have either a miniscule pool and a
great distance from the current main distribution.  Places like Washington and Minnesota have
decent size pools and close proximity.  New Hampshire and Wyoming are interesting because
clearly there is some pool available but as functional distance (and in Wyoming’s case straight line
distance) is great this pool only occasionally fills and persists for periods of time.  But the fact that
the pool exists and the same part of the range is occasionally filled suggests to me persistence at
some temporal grain.  If the Service wishes to use a more restrictive definition of persistence or
views the trapping records as complete censuses, then a different conclusion is reached.

 

Hope this clarifies my view. Once again good work on an important document.

Best Regards,

Mike

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Thursday, March 16, 2017 12:00 PM
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To: Schwartz, Michael K -FS <michaelkschwartz@fs.fed.us>
Cc: McKelvey, Kevin -FS <kmckelvey@fs.fed.us>
Subject: Lynx SSA Comments

 

Hi Mike,

 

Thanks for peer-reviewing the draft SSA report.  I wish we'd had a little more time to edit it
thoroughly and tighten it up before it went out to you and other peer reviewers and our State,
Federal and Tribal partners, but I don't get to decide on the schedule.

 

Anyway, I have a question about one of your comments regarding the historic presence of
lynx in Wyoming.  You said:

 

"The opposite may be true in Wyoming. Here there is a consistent signal of lynx from at
least the 1970s onwards (p 41, 147 SSA) with strong signals at the beginning of the 21st
century."

 

I'm wondering what information suggests the consistent signal you describe, and whether
you interpret that to confirm the presence of a persistent resident population?  After in-depth
review of the "certain" (i.e., verified) records in Reeve et al. 1986 and the verified records in
McKelvey et al. 2000, I reach a less certain conclusion regarding whether Wyoming
continuously or consistently supported a resident population.

 

Based on those documents, there are 33 or 34 (McKelvey et al's total did not include one of
Reeve et al's "certains" - a record from 1969) verified records from Wyoming from 1856-
1999.  These include 4 records from the 1800s, 3 of which were from the southeast part of
the state that seems unlikely to have supported a persistent resident population. Then there
were 10 records from 1904-1920, 7 from YNP and surrounding area, 2 from the upper Wind
Rivers, and 1 from the Big Horns.  Of these 10, 8 were from the years 1917-1920, which
may suggest dispersing lynx associated with an irruption.

 

There were no verified records in WY from 1921-1939, then there were 9 records from
1940-1957, all from the west-central border area (northern Wyoming Range).  Six of these 9
were killed in 1952-1955, again suggestive of a pulse of dispersing lynx.

 

After 1957, there were single records from 1963 and 1983 (and perhaps one in 1969), both
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from southeast WY, one clearly in anomalous habitat, and then 8 records from the Wyoming
Range from 1996-2000 that included one adult male, one adult female, and her 6 kittens
from 2 consecutive years (none of which appear to have survived to independence; and the
female starved about the time the second litter would have been ready to disperse from the
maternal home range).

 

Since 2000, as documented in the report, there have been only a handful of verified records
that suggest 3 lynx in the park over a couple of years and 10 Colorado lynx that passed thru
WY, with a couple temporarily hanging out in the area of the Wyoming Range previously
occupied by the late 1990s resident pair, but with no evidence of reproduction.

 

I know Reeve et al. had many more data that they categorized as "probable," but Kevin did
not consider these verified, and you and Kevin built a compelling argument in your 2008
paper about why only verified data should be used to evaluate historical range.  I think the
vagaries in historical lynx trapping records, the strong likelihood of bobcats being
misidentified as lynx, problems with unconfirmed track or observation data, and the pulsed,
ebb/flow dynamics of lynx distribution all further strengthen the argument for only using
verified data for lynx.

 

I also have seen the anecdotal reference to 18 lynx being trapped from a relatively small area
of the Wyoming Range over a short time in 1972, but this also suggests a pulse of dispersing
lynx associated with the unprecedented irruption of the early 1970s documented in
McKelvey et al. 2000.  If all or most of these were resident lynx, why were the all suddenly
simultaneously vulnerable to trapping in one year?  

 

I'm also asking this of John, who also peer reviewed the report and who also referred to
Reeve et al. 1986 as evidence of a persistent population in Wyoming.  I've also copied Kevin
on this message in case he has any insights he'd care to share.

 

Anyway, if you are relying on other data or genetic analyses to reach your conclusions, or
perhaps have thought about this more clearly than I have, I'd appreciate knowing about it
and the information you believe suggests a consistent signal of lynx for Wyoming.

 

Thanks,

 

Jim

 



--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender
and delete the email immediately.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Zelenak, Jim
To: Jodi Bush
Subject: Fwd: Another question regarding your review of the lynx SSA
Date: Monday, March 20, 2017 10:12:21 AM
Attachments: image003.png
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Good of John to reply.

His 3rd paragraph, to me, basically confirms what appears to be his preference to reach
conclusions about historical distribution based on unverified, anecdotal data, despite
recognizing the uncertainty/unreliability that doing so invites. 

"...but I don’t think we should discount the importance of small persistent populations to the
species conservation."

He does not state directly what he thinks this important contribution to species conservation
might be, but he hints at it later:

"However, the GYA is the only region in the contiguous U.S that is disjunct from the
Canadian border with an historical record that is as long-term and 'persistent.'”  And later:
"Thus, historical patterns of lynx occupancy and reoccupancy in Wyoming are different than
other regions of the continental US and the region is relevant to conservation planning in my
opinion."

That may get at importance based on unique ecological niche (sorta maybe), but it still does
not explain how these potentially very few lynx, even if members of a "small but persistent
population," contribute meaningfully or importantly to the conservation of the DPS as a
whole.  I guess that is the real difference - John is not thinking about the GYA in terms of it's
contribution/role for the whole DPS, as we must; instead he thinks anecdotal data suggest a
consistent presence, and that in and of itself makes it important, and therefore maintaining that
presence is in his mind an essential component of conserving the DPS.  That's my guess. Some
CO lynx also wondered thru the Crazy Mountains and hung out there for a while - does that
make them as important as the Wyoming Range?

Later in 3rd paragraph, he again cites largely unverified data in Reeve et al. as providing
"...repeated documentation of lynx through the 1980’s as you describe below..."  I did not
describe that, and neither, in truth, did Reeve et al. - they had no verified records from 1970-
1983, then one verified record in 1983.  That's repeated documentation??  Argh.

Then he refers to "reoccupancy of the Wyoming Range" by Colorado-released lynx, but
ignores the fact that none of them reproduced and all eventually left, despite settling
temporarily into areas ("overlapping male and female home ranges" in John's assessment)
 formerly occupied by his one radioed male and one radioed female.  It is not surprising to me
that lynx fleeing the low hare densities of Colorado found the places in Wyoming with the best
hare densities, but the fact that they eventually moved on means those densities were not
adequate or that some part of the puzzle was missing - if it was great or even satisfactory, they
would have stayed.  They did not.

Hope you are having as much fun as I am.

mailto:jim_zelenak@fws.gov
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Merry Equinox! 

---------- Forwarded message ----------
From: Squires, John -FS <jsquires@fs.fed.us>
Date: Mon, Mar 20, 2017 at 9:25 AM
Subject: RE: Another question regarding your review of the lynx SSA
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Hello Jim,

 

I appreciate the difficulty in rectifying all the comments you received with the SSA.  As I
mentioned in my review,  I thought you and others at the USFWS did an excellent job on
the SSA report.  You pulled together much information in a very short period of time and
successfully captured the conclusions of the SSA expert panel.  An issue that I did take
exception to in the document was the discussion of lynx in the GYA.   I didn’t view your
comments in your last email as “dismissive”, but rather as a legitimate attempt to
interpret lynx occupancy in the GYA base on an imperfect historical record.

 

As you know better than most, establishing the long-term persistence of lynx
populations across the contiguous US is difficult and incomplete (e.g. Colorado, Idaho,
Vermont, Wyoming).  The challenge is how do we define long-term occupancy or
persistence, while acknowledging the imperfect historical records for lynx due to the
species’ irruptive movements, potential misidentification with bobcats in harvest records
and field observations, and the fact they occur at low population densities in remote
high-elevation forests.   I agree that lynx in the GYA may have historically occurred as a
small population, but I don’t think we should discount the importance of small persistent
populations to the species conservation. 

 

I made the point in my review that the consistency of occupancy for lynx in Wyoming is
very different than documentation available for New York, New Hampshire, and
Colorado.   As Murphy et al. (2005 – Yellowstone Science) stated,  “Very little is known
about the historic numbers and distribution of lynx in Yellowstone. Early writers dating
from the late 1800s noted that lynx were present, but their estimates of parkwide
numbers were highly subjective and varied widely, ranging from “about 10 individuals”

mailto:jsquires@fs.fed.us
mailto:jim_zelenak@fws.gov


to “quite common.” The park archives contain several reliable photos of lynx, and the
Smithsonian Institution in Washington, D.C., contains a single skull, dated 1895. Park
files contain records of 73 direct or indirect (tracks) observations of lynx made by park
visitors or employees from 1887 to 2003. In addition, there are 34 references to lynx
(tracks or direct observations) in ranger logbooks found in the Yellowstone National Park
archives, dating 1895–1926, including references to at least six individuals trapped or
shot in the park. Collectively, Yellowstone historical records suggest a parkwide
distribution. However, sightings data are difficult to interpret—lay park visitors and
untrained park staff may misidentify look-alike species, such as bobcats, and have
difficulty correctly distinguishing lynx tracks from those of cougars.”    I interpret these
observations as convincing (although certainly imperfect) documentation that lynx were
in the GYA since the 1800’s, but the consistency of occupancy is unknown.  In addition,
Reeve et al. (1986) provided repeated documentation of lynx through the 1980’s as you
describe below, and we documented the species presence from 1997 until recently. 
Based on this imperfect historical record, we do not know if lynx occupancy was
persistent or if a small population ebbed and flowed through possible augmentation
from Canada (early 1970s).  However, the GYA is the only region in the contiguous U.S
that is disjunct from the Canadian border with an historical record that is as long-term
and “persistent.”  

 

In addition, I made the point that the parts of the GYA were recently reoccupied by
transplanted lynx from Colorado, including males and females with overlapping home
ranges (e.g. Togwotee Pass).  The attempted reoccupancy of this area is unique to
Wyoming (possibly Minnesota too).  It is not fully understood why the Wyoming Range,
Union Pass and Togwotee Pass are apparently important to native or dispersing lynx, but
it does appear to be the case.  Thus, historical patterns of lynx occupancy and
reoccupancy in Wyoming are different than other regions of the continental US and the
region is relevant to conservation planning in my opinion.     

 

Thanks for the opportunity to further clarify my SSA comments.  Regards, John

 

 

 

John Squires, PhD 



Research Wildlife Biologist
Forest Service

Rocky Mountain Research Station
p: 406-542-4164 
jsquires@fs.fed.us
800 E. Beckwith Ave 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people

 

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Thursday, March 16, 2017 12:07 PM
To: Squires, John -FS <jsquires@fs.fed.us>
Subject: Another question regarding your review of the lynx SSA

 

Hi John,

 

I'm looking for some additional information regarding your comment on our treatment of the
historical record of lynx in Wyoming.

 

After in-depth review of the "certain" (i.e., verified) records in Reeve et al. 1986 and the
verified records in McKelvey et al. 2000, I reach a less certain conclusion regarding whether
Wyoming continuously or consistently supported a resident population.

 

Based on those documents, there are 33 or 34 (McKelvey et al's total did not include one of
Reeve et al's "certains" - a record from 1969) verified records from Wyoming from 1856-
1999.  These include 4 records from the 1800s, 3 of which were from the southeast part of the
state that seems unlikely to have supported a persistent resident population. Then there were
10 records from 1904-1920, 7 from YNP and surrounding area, 2 from the upper Wind Rivers,
and 1 from the Big Horns.  Of these 10, 8 were from the years 1917-1920, which may suggest
dispersing lynx associated with an irruption.

 

There were no verified records in WY from 1921-1939, then there were 9 records from 1940-
1957, all from the west-central border area (northern Wyoming Range).  Six of these 9 were
killed in 1952-1955, again suggestive of a pulse of dispersing lynx.
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After 1957, there were single records from 1963 and 1983 (and perhaps one in 1969), both
from southeast WY, one clearly in anomalous habitat, and then 8 records from the Wyoming
Range from 1996-2000 that included the adult male and adult female you and Laurion and
Oakleaf had collared, and her 6 kittens from 2 consecutive years (none of which appear to
have survived to independence; and the female starved about the time the second litter would
have been ready to disperse from the maternal home range).

 

Since 2000, as documented in the report, there have been only a handful of verified records
that suggest 3 lynx in the park over a couple of years and 10 Colorado lynx that passed thru
WY, with a couple temporarily hanging out in the area of the Wyoming Range previously
occupied by the late 1990s resident pair, but with no evidence of reproduction.

 

To me, the best available (verified) data simply do not refute the possibility that the GYA was
perhaps only capable of supporting small numbers of resident lynx intermittently over the past
150 years.  It is also possible, and we acknowledge so in the report, that it may have supported
a small but persistent resident population, although the verified record does not strongly
support that conclusion.

 

I know Reeve et al. had many more data that they categorized as "probable," (you cite 262
total records in your comment letter, which includes 22 verified records, 209 "probable"
records, and the rest either "questionable" or "unlikely" ) but Kevin did not consider these
verified, and he and Mike built a compelling argument in their 2008 paper about why only
verified data should be used to evaluate historical range.  I think the vagaries in historical lynx
trapping records, the strong likelihood of bobcats being misidentified as lynx, problems with
unconfirmed track or observation data, and the pulsed, ebb/flow dynamics of lynx distribution
all further strengthen the argument for only using verified data for lynx.

 

Nonetheless, I looked at the "probable" (but unverified) records reported in Reeve et al., and
they suggest a low-level of occurrence for much of the last century (mean = 1.3 anecdotal
observations per year, range 0-5, from 1918-1969), followed by big increases beginning in
1970 and continuing through 1985 (mean = 7.8 anecdotal observations per year, range 3-19,
from 1970-1986) – likely a reflection of the big irruptions of lynx out of Canada in the early
1970s and early 1980s (McKelvey et al. 2000, Fig. 8.6; also Fig. 8.3) combined with probable
increased survey efforts.

 

I also have seen the reference to the unverified 18 lynx being trapped from a relatively small
area of the Wyoming Range over a short time in 1972, but this also suggests a pulse of
dispersing lynx associated with the unprecedented irruption of the early 1970s documented in
McKelvey et al. 2000.  If all or most of these were resident lynx, why were the all suddenly



simultaneously vulnerable to trapping in one year?

 

Anyway, if there is additional evidence that I'm overlooking or if you have additional thoughts
or information that support the presence of a persistent resident population in Wyoming, I'd
appreciate knowing about it.

 

I'd also like you to consider that this is not a lack of humility or an effort to be dismissive of
the possibility that the GYA (or more realistically the Wyoming Range portion of the GYA)
may have supported a small persistent population, but rather to try to reach the most
parsimonious conclusion based on a reasonable interpretation of the best and most reliable
data/information.

 

Thanks,

 

Jim

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.

mailto:jim_zelenak@fws.gov


-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Sartorius, Shawn
To: Zelenak, Jim
Subject: Re: Another question regarding your review of the lynx SSA
Date: Monday, March 20, 2017 11:59:19 AM
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I'm enjoying it Jim.  Probably more than you.  So, I think John is saying that the record of many unverified
reports over time constitutes evidence because some (most?) of those probable reports are likely to true,
even though some (most?) surely are not.  I think he is (might be?) right on that. The question marks in
parentheses are why we can't rely on those data, we just don't know what they mean, and it does not give
the benefit of the doubt to the species to rely on unreliable science in my opinion.  Keep up the good
work.

On Mon, Mar 20, 2017 at 10:03 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Good of John to reply.

His 3rd paragraph, to me, basically confirms what appears to be his preference to reach conclusions about
historical distribution based on unverified, anecdotal data, despite recognizing the uncertainty/unreliability that
doing so invites. 

"...but I don’t think we should discount the importance of small persistent populations to the
species conservation."

He does not state directly what he thinks this important contribution to species conservation
might be, but he hints at it later:

"However, the GYA is the only region in the contiguous U.S that is disjunct from the
Canadian border with an historical record that is as long-term and 'persistent.'”  And later:
"Thus, historical patterns of lynx occupancy and reoccupancy in Wyoming are different than
other regions of the continental US and the region is relevant to conservation planning in my
opinion."

That may get at importance based on unique ecological niche (sorta maybe), but it still does
not explain how these potentially very few lynx, even if members of a "small but persistent
population," contribute meaningfully or importantly to the conservation of the DPS as a
whole.  I guess that is the real difference - John is not thinking about the GYA in terms of
it's contribution/role for the whole DPS, as we must; instead he thinks anecdotal data
suggest a consistent presence, and that in and of itself makes it important, and therefore
maintaining that presence is in his mind an essential component of conserving the DPS. 
That's my guess. Some CO lynx also wondered thru the Crazy Mountains and hung out there
for a while - does that make them as important as the Wyoming Range?

Later in 3rd paragraph, he again cites largely unverified data in Reeve et al. as providing
"...repeated documentation of lynx through the 1980’s as you describe below..."  I did not
describe that, and neither, in truth, did Reeve et al. - they had no verified records from 1970-
1983, then one verified record in 1983.  That's repeated documentation??  Argh.

Then he refers to "reoccupancy of the Wyoming Range" by Colorado-released lynx, but
ignores the fact that none of them reproduced and all eventually left, despite settling
temporarily into areas ("overlapping male and female home ranges" in John's assessment)
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 formerly occupied by his one radioed male and one radioed female.  It is not surprising to
me that lynx fleeing the low hare densities of Colorado found the places in Wyoming with
the best hare densities, but the fact that they eventually moved on means those densities
were not adequate or that some part of the puzzle was missing - if it was great or even
satisfactory, they would have stayed.  They did not.

Anyway, I suspect I'm testing the bounds of both of your interests in this topic, but wanted
to share.

Hope you both are having as much fun as I am.

Merry Equinox! 

---------- Forwarded message ----------
From: Squires, John -FS <jsquires@fs.fed.us>
Date: Mon, Mar 20, 2017 at 9:25 AM
Subject: RE: Another question regarding your review of the lynx SSA
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Hello Jim,

 

I appreciate the difficulty in rectifying all the comments you received with the SSA.  As I
mentioned in my review,  I thought you and others at the USFWS did an excellent job
on the SSA report.  You pulled together much information in a very short period of
time and successfully captured the conclusions of the SSA expert panel.  An issue that I
did take exception to in the document was the discussion of lynx in the GYA.   I didn’t
view your comments in your last email as “dismissive”, but rather as a legitimate
attempt to interpret lynx occupancy in the GYA base on an imperfect historical record.

 

As you know better than most, establishing the long-term persistence of lynx
populations across the contiguous US is difficult and incomplete (e.g. Colorado, Idaho,
Vermont, Wyoming).  The challenge is how do we define long-term occupancy or
persistence, while acknowledging the imperfect historical records for lynx due to the
species’ irruptive movements, potential misidentification with bobcats in harvest
records and field observations, and the fact they occur at low population densities in
remote high-elevation forests.   I agree that lynx in the GYA may have historically
occurred as a small population, but I don’t think we should discount the importance of
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small persistent populations to the species conservation. 

 

I made the point in my review that the consistency of occupancy for lynx in Wyoming is
very different than documentation available for New York, New Hampshire, and
Colorado.   As Murphy et al. (2005 – Yellowstone Science) stated,  “Very little is known
about the historic numbers and distribution of lynx in Yellowstone. Early writers
dating from the late 1800s noted that lynx were present, but their estimates of
parkwide numbers were highly subjective and varied widely, ranging from “about 10
individuals” to “quite common.” The park archives contain several reliable photos of
lynx, and the Smithsonian Institution in Washington, D.C., contains a single skull,
dated 1895. Park files contain records of 73 direct or indirect (tracks) observations of
lynx made by park visitors or employees from 1887 to 2003. In addition, there are 34
references to lynx (tracks or direct observations) in ranger logbooks found in the
Yellowstone National Park archives, dating 1895–1926, including references to at least
six individuals trapped or shot in the park. Collectively, Yellowstone historical records
suggest a parkwide distribution. However, sightings data are difficult to interpret—lay
park visitors and untrained park staff may misidentify look-alike species, such as
bobcats, and have difficulty correctly distinguishing lynx tracks from those of cougars.”
   I interpret these observations as convincing (although certainly imperfect)
documentation that lynx were in the GYA since the 1800’s, but the consistency of
occupancy is unknown.  In addition, Reeve et al. (1986) provided repeated
documentation of lynx through the 1980’s as you describe below, and we documented
the species presence from 1997 until recently.  Based on this imperfect historical
record, we do not know if lynx occupancy was persistent or if a small population ebbed
and flowed through possible augmentation from Canada (early 1970s).  However, the
GYA is the only region in the contiguous U.S that is disjunct from the Canadian border
with an historical record that is as long-term and “persistent.”  

 

In addition, I made the point that the parts of the GYA were recently reoccupied by
transplanted lynx from Colorado, including males and females with overlapping home
ranges (e.g. Togwotee Pass).  The attempted reoccupancy of this area is unique to
Wyoming (possibly Minnesota too).  It is not fully understood why the Wyoming
Range, Union Pass and Togwotee Pass are apparently important to native or dispersing
lynx, but it does appear to be the case.  Thus, historical patterns of lynx occupancy and
reoccupancy in Wyoming are different than other regions of the continental US and



the region is relevant to conservation planning in my opinion.     

 

Thanks for the opportunity to further clarify my SSA comments.  Regards, John

 

 

 

John Squires, PhD 
Research Wildlife Biologist
Forest Service

Rocky Mountain Research Station
p: 406-542-4164 
jsquires@fs.fed.us
800 E. Beckwith Ave 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people

 

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Thursday, March 16, 2017 12:07 PM
To: Squires, John -FS <jsquires@fs.fed.us>
Subject: Another question regarding your review of the lynx SSA

 

Hi John,

 

I'm looking for some additional information regarding your comment on our treatment of the
historical record of lynx in Wyoming.

 

After in-depth review of the "certain" (i.e., verified) records in Reeve et al. 1986 and the
verified records in McKelvey et al. 2000, I reach a less certain conclusion regarding whether
Wyoming continuously or consistently supported a resident population.

 

Based on those documents, there are 33 or 34 (McKelvey et al's total did not include one of
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Reeve et al's "certains" - a record from 1969) verified records from Wyoming from 1856-
1999.  These include 4 records from the 1800s, 3 of which were from the southeast part of
the state that seems unlikely to have supported a persistent resident population. Then there
were 10 records from 1904-1920, 7 from YNP and surrounding area, 2 from the upper Wind
Rivers, and 1 from the Big Horns.  Of these 10, 8 were from the years 1917-1920, which
may suggest dispersing lynx associated with an irruption.

 

There were no verified records in WY from 1921-1939, then there were 9 records from
1940-1957, all from the west-central border area (northern Wyoming Range).  Six of these 9
were killed in 1952-1955, again suggestive of a pulse of dispersing lynx.

 

After 1957, there were single records from 1963 and 1983 (and perhaps one in 1969), both
from southeast WY, one clearly in anomalous habitat, and then 8 records from the Wyoming
Range from 1996-2000 that included the adult male and adult female you and Laurion and
Oakleaf had collared, and her 6 kittens from 2 consecutive years (none of which appear to
have survived to independence; and the female starved about the time the second litter
would have been ready to disperse from the maternal home range).

 

Since 2000, as documented in the report, there have been only a handful of verified records
that suggest 3 lynx in the park over a couple of years and 10 Colorado lynx that passed thru
WY, with a couple temporarily hanging out in the area of the Wyoming Range previously
occupied by the late 1990s resident pair, but with no evidence of reproduction.

 

To me, the best available (verified) data simply do not refute the possibility that the GYA
was perhaps only capable of supporting small numbers of resident lynx intermittently over
the past 150 years.  It is also possible, and we acknowledge so in the report, that it may have
supported a small but persistent resident population, although the verified record does not
strongly support that conclusion.

 

I know Reeve et al. had many more data that they categorized as "probable," (you cite 262
total records in your comment letter, which includes 22 verified records, 209 "probable"
records, and the rest either "questionable" or "unlikely" ) but Kevin did not consider these
verified, and he and Mike built a compelling argument in their 2008 paper about why only
verified data should be used to evaluate historical range.  I think the vagaries in historical
lynx trapping records, the strong likelihood of bobcats being misidentified as lynx, problems
with unconfirmed track or observation data, and the pulsed, ebb/flow dynamics of lynx
distribution all further strengthen the argument for only using verified data for lynx.

 

Nonetheless, I looked at the "probable" (but unverified) records reported in Reeve et al., and
they suggest a low-level of occurrence for much of the last century (mean = 1.3 anecdotal



observations per year, range 0-5, from 1918-1969), followed by big increases beginning in
1970 and continuing through 1985 (mean = 7.8 anecdotal observations per year, range 3-19,
from 1970-1986) – likely a reflection of the big irruptions of lynx out of Canada in the early
1970s and early 1980s (McKelvey et al. 2000, Fig. 8.6; also Fig. 8.3) combined with
probable increased survey efforts.

 

I also have seen the reference to the unverified 18 lynx being trapped from a relatively small
area of the Wyoming Range over a short time in 1972, but this also suggests a pulse of
dispersing lynx associated with the unprecedented irruption of the early 1970s documented
in McKelvey et al. 2000.  If all or most of these were resident lynx, why were the all
suddenly simultaneously vulnerable to trapping in one year?

 

Anyway, if there is additional evidence that I'm overlooking or if you have additional
thoughts or information that support the presence of a persistent resident population in
Wyoming, I'd appreciate knowing about it.

 

I'd also like you to consider that this is not a lack of humility or an effort to be dismissive of
the possibility that the GYA (or more realistically the Wyoming Range portion of the GYA)
may have supported a small persistent population, but rather to try to reach the most
parsimonious conclusion based on a reasonable interpretation of the best and most reliable
data/information.

 

Thanks,

 

Jim

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220



jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender
and delete the email immediately.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Shawn Sartorius, Ph.D.
Branch Chief, Classification
U.S. Fish and Wildlife Service
Southwest Regional Office
P.O. Box 1306
Albuquerque, NM 87103
505-248-6419; cell 505-697-7606
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From: Holt, Bryon
To: Zelenak, Jim
Cc: Jodi Bush; Mark McCollough; Tamara Smith; Kurt Broderdorp
Subject: Re: Lynx SSA Comments
Date: Monday, March 20, 2017 12:08:27 PM

Hi Jim,

I typed this response, and then re-read your reply and noticed that I had missed where you had
indicated agreement with a potential resident population in the panhandle of Idaho.  But, I had
already typed this up and so thought I would go ahead and send my thoughts along anyway.

I agree with almost all of your conclusions, however, as you and I have discussed on several
occasions I do not agree with your conclusions that Idaho does not support a persistent
resident lynx breeding population.  This is primarily do to occupancy of the Selkirk Mountains
in northwest Idaho.  I believe the Selkirk Mountains in northwest Idaho and northeast
Washington supports a very low density, but persistent lynx breeding population.  From this
area through time we consistently, but albeit infrequently, receive opportunistically obtained
verified lynx records (video, tree cameras, etc.).  You point out that we have no evidence of
reproduction from the Selkirks.  Therefore all these verified records could be of transient lynx,
which is true.  But, historically we have not consistently made any effort to document
persistent lynx presence or reproduction for that matter in the Selkirks. This year marks the
first year of a research effort to document lynx and fisher presence in the Selkirks; several
different sets of lynx tracks have been documented.  Two different sets of these lynx tracks
consisted of multiple lynx traveling together well south of the Canadian border, and the
observers noted the tracks traveling together seemed to be different sizes.  The two groups of
tracks were well separated and on different sides of a mountain range, and thus, likely
represent two separate groups of lynx.  I think hair samples were obtained (via backtracking)
so we'll see what the DNA says.

Bryon

On Fri, Mar 17, 2017 at 9:58 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
FYI - Mike's response to my request for clarification.  I'm not sure it really clarifies much for me, but I'm glad he
responded.  I sent a similar request to Squires and hope he replies, too.

My biggest problem is that the 83 physical remains he refers to for WY, although considered as "reliable" by
McKelvey et al. 2000, were nonetheless not all considered "verified" (only 30 records for WY were thus
considered), and Mike co-authored the 2008 McKelvey et al. paper highlighting the importance of using only
verified data to establish historical range.  Whereas in Washington, 134 of the 144 were verified and in Minnesota
76 of 179 were verified.

Also interesting that ID had 96 reliable physical remains and 74 verified records - both higher than WY - but there
is general agreement that a persistent resident population did not and does not occur there (though some folks
think maybe a small number of residents occurs in the panhandle more often than not....which I concur is likely).

Copied to Core Team to share Mike's kudos on the effort. Thanks!

---------- Forwarded message ----------
From: Schwartz, Michael K -FS <michaelkschwartz@fs.fed.us>
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Date: Fri, Mar 17, 2017 at 10:11 AM
Subject: RE: Lynx SSA Comments
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Hi Jim,

Thanks for the note.  Great job on the SSA report.  That was a really impressive piece of work
created in a very short time frame.  I hope my comments in general will help.  Like you, I wish I too
had more time to review the document. 

 

Resolution of this issue comes down the operational definition of persistence, how historical
records are viewed (i.e., does a trapped animal mean it was the only animal or representative of a
larger population), and comparisons to other records (see table 8.1, figure 8.7 in McKelvey).

 

My view is that 83 physical records distributed over time (with the acknowledgement that they
were listed as a predator until 1973, where state records would be scant) is enough to suggest
some level of consistency.  Interestingly, Washington only had 144 physical records and Minnesota
only 179. 

 

By analogy, let’s revisit the idea of lynx populations as tide pools at different sizes and distances
from the ocean.  Places like Iowa (1 physical record) clearly have either a miniscule pool and a
great distance from the current main distribution.  Places like Washington and Minnesota have
decent size pools and close proximity.  New Hampshire and Wyoming are interesting because
clearly there is some pool available but as functional distance (and in Wyoming’s case straight line
distance) is great this pool only occasionally fills and persists for periods of time.  But the fact that
the pool exists and the same part of the range is occasionally filled suggests to me persistence at
some temporal grain.  If the Service wishes to use a more restrictive definition of persistence or
views the trapping records as complete censuses, then a different conclusion is reached.

 

Hope this clarifies my view. Once again good work on an important document.

Best Regards,

Mike

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Thursday, March 16, 2017 12:00 PM
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To: Schwartz, Michael K -FS <michaelkschwartz@fs.fed.us>
Cc: McKelvey, Kevin -FS <kmckelvey@fs.fed.us>
Subject: Lynx SSA Comments

 

Hi Mike,

 

Thanks for peer-reviewing the draft SSA report.  I wish we'd had a little more time to edit it
thoroughly and tighten it up before it went out to you and other peer reviewers and our State,
Federal and Tribal partners, but I don't get to decide on the schedule.

 

Anyway, I have a question about one of your comments regarding the historic presence of
lynx in Wyoming.  You said:

 

"The opposite may be true in Wyoming. Here there is a consistent signal of lynx from at
least the 1970s onwards (p 41, 147 SSA) with strong signals at the beginning of the 21st
century."

 

I'm wondering what information suggests the consistent signal you describe, and whether
you interpret that to confirm the presence of a persistent resident population?  After in-depth
review of the "certain" (i.e., verified) records in Reeve et al. 1986 and the verified records in
McKelvey et al. 2000, I reach a less certain conclusion regarding whether Wyoming
continuously or consistently supported a resident population.

 

Based on those documents, there are 33 or 34 (McKelvey et al's total did not include one of
Reeve et al's "certains" - a record from 1969) verified records from Wyoming from 1856-
1999.  These include 4 records from the 1800s, 3 of which were from the southeast part of
the state that seems unlikely to have supported a persistent resident population. Then there
were 10 records from 1904-1920, 7 from YNP and surrounding area, 2 from the upper Wind
Rivers, and 1 from the Big Horns.  Of these 10, 8 were from the years 1917-1920, which
may suggest dispersing lynx associated with an irruption.

 

There were no verified records in WY from 1921-1939, then there were 9 records from
1940-1957, all from the west-central border area (northern Wyoming Range).  Six of these 9
were killed in 1952-1955, again suggestive of a pulse of dispersing lynx.

 

After 1957, there were single records from 1963 and 1983 (and perhaps one in 1969), both

mailto:michaelkschwartz@fs.fed.us
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from southeast WY, one clearly in anomalous habitat, and then 8 records from the Wyoming
Range from 1996-2000 that included one adult male, one adult female, and her 6 kittens
from 2 consecutive years (none of which appear to have survived to independence; and the
female starved about the time the second litter would have been ready to disperse from the
maternal home range).

 

Since 2000, as documented in the report, there have been only a handful of verified records
that suggest 3 lynx in the park over a couple of years and 10 Colorado lynx that passed thru
WY, with a couple temporarily hanging out in the area of the Wyoming Range previously
occupied by the late 1990s resident pair, but with no evidence of reproduction.

 

I know Reeve et al. had many more data that they categorized as "probable," but Kevin did
not consider these verified, and you and Kevin built a compelling argument in your 2008
paper about why only verified data should be used to evaluate historical range.  I think the
vagaries in historical lynx trapping records, the strong likelihood of bobcats being
misidentified as lynx, problems with unconfirmed track or observation data, and the pulsed,
ebb/flow dynamics of lynx distribution all further strengthen the argument for only using
verified data for lynx.

 

I also have seen the anecdotal reference to 18 lynx being trapped from a relatively small area
of the Wyoming Range over a short time in 1972, but this also suggests a pulse of dispersing
lynx associated with the unprecedented irruption of the early 1970s documented in
McKelvey et al. 2000.  If all or most of these were resident lynx, why were the all suddenly
simultaneously vulnerable to trapping in one year?  

 

I'm also asking this of John, who also peer reviewed the report and who also referred to
Reeve et al. 1986 as evidence of a persistent population in Wyoming.  I've also copied Kevin
on this message in case he has any insights he'd care to share.

 

Anyway, if you are relying on other data or genetic analyses to reach your conclusions, or
perhaps have thought about this more clearly than I have, I'd appreciate knowing about it
and the information you believe suggests a consistent signal of lynx for Wyoming.

 

Thanks,

 

Jim

 



--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender
and delete the email immediately.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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Summary of major or consistent issues, comments, concerns, and themes from Peer reviews and State 
agency reviews of the Draft Lynx SSA Report 

I. Peer Reviews 

• Several peer reviewers (Harrison, Squires, Schwartz) question the utility of the 3Rs approach and our 
qualitative assessment of “adequacy” of each R. 

• Several (Harrison, Moen,) question the appropriateness of projecting to end of century, or beyond 
about mid-century, given CC and other uncertainties. 

• Several (Moen, Schwartz) also suggest a greater emphasis on the importance of connectivity with 
Canadian lynx populations to the persistence of DPS populations; another (Harrison) suggests that 
connectivity with / reliance on Canadian populations may be less important, at least for some units 
(Maine and Minnesota). 

• Several (Harrison, Schwartz) think our conclusions (and those of the expert panel) regarding 
likelihood of persistence at mid-century and end-of-century may be optimistic for some DPS 
populations, particularly with regard to Colorado (Harrison).  

Peer Reviewer 1 – Ron Moen (Tam) 

1.  Questions the length of the forecasting window; feels we can be reasonably confident in predictions 
through 2030 or 2040, but then need to qualify predictions beyond that by saying there is much more 
uncertainty further into the future, especially with respect to climate change.  Questions validity of 
projections (persistence probabilities) out to 2100. 

2.  Concerned about how we presented/summarized process and results of expert elicitation and 
associated uncertainty; cautions about use of the term “probabilities” vs. quantifying opinion, and on 
use of “confidence intervals” with regard to expert uncertainty and implying a “false [level of] 
precision.” 

3.  Thinks that a connection with Canada and cross-border movement (both emigration and 
immigration) is currently more important to persistence of most segments of the DPS than implied. In 
Minnesota, especially in recent years (since 1980's), periodic supplementation with lynx from southern 
Ontario has occurred and is likely important for maintaining the MN population over the long-term. 

4.  Believes that with high climate change emissions scenario, lynx habitat in MN could disappear 
completely even sooner than 2060-2069, and predicted by Galatowitsch et al. (2009), perhaps by 2050. 

5.  Both "upward in elevation" and "receding northward" should be included in discussions of climate 
change impacts, with recognition that MN lacks substantial elevational relief to provide potential 
upslope refugia. 

6.  There is too much emphasis on the ability of lynx to move in deep “fluffy” snow.  In the context of 
comparison to competitors of lynx (e.g., coyotes and bobcats) there is no question that foot-loading of 
lynx is less given their foot size and body mass. However, what lynx benefit most from is the presence of 
a crust in the snow. The crust enables them to walk on top of the snow. If there is a new snowfall, they 
will go through the new snow until they hit the crust.  It should be phrased in the context of relative 
ability to move. There are further implications of snow quality for both lynx and for snowshoe hare for 
lynx movement and predation success. 



7.  Recommends we consider developing a population viability analysis (PVA) approach for application 
across the DPS; would be more confident in results of a PVA than in the expert probabilities of 
persistence to 2100. 

Peer Reviewer 2 – Dennis Murray (Bryon) 

1.  Agrees with our conclusions regarding the overall effects of climate change and the potential impacts 
to the probability of lynx persistence in each of the geographic regions and DPS as a whole, but he 
challenge our analysis underlying the mechanisms of climate change impacts upon lynx persistence. 

2.  Feels the SSA places too much emphasis on loss of snow and changes in snow conditions leading to 
increased competition with lynx from bobcats for snowshoe hares as the primary driver of effects to 
lynx, and not enough emphasis upon what he considers the more likely explanation that loss of snow is 
likely to reduce snowshoe hare abundance and distribution that is likely to lead to decreased lynx 
abundance and perhaps distribution. 

3.  Challenges our statements pertaining to the 0.5 hares/ha threshold level landscape density of 
snowshoe hares thought necessary to support lynx reproduction, as he contends there is no empirically 
based science supporting this threshold.  

4.  Suggests that lynx may be able to rely more heavily on alternate prey in areas with lower snowshoe 
hare densities. 

Peer Reviewer 3 – Dan Harrison (Mark and Jim) 

1.  Challenges the generalization that “…lynx are naturally less abundant and more patchily-distributed 
within the DPS than in the core of the species’ range in Canada and Alaska.”  Argues that even in the 
core of the species’ range (Canada and Alaska), lynx become patchily/unevenly distributed and occur at 
very low densities at the low in the hare cycle, and that some parts of the DPS (particularly Maine) have 
relatively stable hare densities that are considerably higher than in the core of the range during the low 
phase of the cycle.  

2.  Argues that the less volatile/variable nature of hare and lynx populations in Maine and perhaps 
Minnesota (vs. Canada /Alaska) may actually enhance the long-term stability (less dramatic temporal 
fluctuations than in core of the range) of these DPS populations.  “…the possibility that a lack of 10-year 
cycles in lynx at the southern limit of their distribution means that the populations are not sustainable 
without inputs from Canada is a tenuous inference and ignores the point that average long-term finite 
growth rate could be positive in places with non-cyclic or dampened fluctuations with increased 
periodicity.” 

3.  Argues that the long-term consistent distribution and “harvestable surplus” of the demographically-
isolated lynx in Maine and the Gaspe Region of Quebec south of the Saint Lawrence River “…suggests 
high resiliency of this population and argues that Maine is not an island in the meta-population sense 
and is part of a persistent population across the mixed transitional forests of Maine, southern Quebec, 
and New Brunswick and spanning nearly 30 million acres of habitat that is contiguous and 
demographically isolated from other lynx populations. The population dynamics of this large population 
in Maine may differ from populations in north-western Canada and Alaska, but may be sustainable and 
may contribute dispersers to Canada.” 



4.  Challenges our assumption (based on McKelvey et al. 2000) that lynx populations in the DPS may be 
peripheral populations in a mainland-island metapopulation structure.   “This ‘mainland-island’ 
metapopulation structure is critical to the biological assessments throughout the Draft SSA and does not 
appear relevant to the contiguous populations in Maine, and also does not likely apply in Minnesota. 
The application of the metapopulation concept may or may not apply in Montana (depending on 
subpopulation), and seems most relevant to the populations in Washington, the GYE, and western 
Colorado.  Applying this concept across the entire DPS does not seem appropriate.” 

5.  Argues we (a) generalize too broadly across DPS populations; (b) ignore substantial differences in 
hare density among western (lower) and ME/MN (higher) populations, and differences in natural 
fragmentation (high in the west, low in ME and MN). 

6.  Concludes that the general assumption that population processes in the DPS are similar to northerly 
populations during hare lows is inaccurate, though perhaps more relevant to western populations in the 
DPS but not to ME and MN. 

7.  Feels that the assumption that that “current levels of conservation for lynx would continue without 
protections under the ESA is completely unrealistic.” (Note: this is not what we said; rather we indicated 
our belief that some conservation measure/efforts could be relaxed in a future in which lynx were not 
listed but that it was unlikely that all protections and conservation efforts would disappear).  

8.  Argues that no credible assessment has been done of the efficacy of recent efforts to prioritize lynx 
conservation on federal lands within the DPS and, therefore, “It seems inadvisable to change what USFS 
and BLM have planned to accomplish before evaluating whether the current efforts are working or 
require modification/enhancements.” 

9.  Charges that our current and future conditions sections for Maine “…incorrectly imply that lynx 
would be absent and populations would be non-sustainable without the extensive clearcutting that 
occurred in the late 1970’s through 1990.” (We do not imply this, only that said clearcutting created 
more lynx and hare habitat and thus more lynx currently than was likely under historical disturbance 
regimes). 

10.  Argues we and lynx experts overestimate current and future status of the lynx population in 
Colorado and inadequately address why lynx were extirpated or absent from CO in the past.  “In my 
professional judgment, this unnatural (likely), recently established, and marginally viable (at extreme 
southern range limit for hares) population should be deemed experimental and should not be a high 
priority for ESA protection (similar to the approach of the Draft SSA with the GYE).  As written, the Draft 
SSA would seem to place the western Colorado population at higher priority for future conservation 
than other long-established populations based solely on the criterion of future projected snow 
conditions (which lack certainty), while minimizing the historical and current potential to provide for a 
sustainable population.” 

11.  “The assumption that populations will be extirpated from 3 of 5 units represents excessive 
speculation and ignores the high uncertainty and many assumptions associated with that expectation. I 
agree that the climate change projections, despite uncertainty, suggest increasing challenges for lynx 
conservation in all geographic units. Populations without topographic relief could be at high risk. 
Additionally, if lynx retreat to higher elevations in western populations their distributions could become 
even more fragmented within naturally fragmented landscapes. Again, the conclusion that extirpation is 
inevitable in 3 of 5 units implies a level of certainty that is unwarranted given the many interacting 
uncertainties.”   



Note:  The comments listed below for this reviewer are those that Mark considered to be “Red flag!!!!!” 
or “Potential red flag!!!!!” issues. 

1.  The issue of potential effects of incidental and illegal mortality have not been adequately considered 
or evaluated in the Draft SSA. 

2.  “…the currently underutilized opportunity for enhancing habitat management on private lands would 
be further diminished if lynx were to be de-listed.” 

[Mark concludes, based on the 2 comments above:  “Potential red flag!!!!! The SSA does not explore and 
consider the cumulative and synergistic effects of stressors on individual SSA units individually or as a 
whole.” – I (JZ) don’t see anything in these comment of Dan’s that has anything to do with lack or 
inadequacy of cumulative/synergistic effects analyses, although I agree the draft report was light on 
these issues]. 

3.  The rapid landscape-scale shift in forest composition away from conifers and towards hardwoods in 
Maine from forest harvesting (projected by Legaard et al. 2015) is much more important to lynx in the 
short run than is the longer term forest shift associated with climate change. 

4.  Roads are typically considered in terms of human-induced mortality, but the habitat effects of roads 
are incredibly significant for the Maine population – they are avoided by lynx, have low conifer stem 
density and hare densities, affect lynx movements/foraging paths, thus affecting availability of high-
quality habitat.  Utility corridors, access roads to wind sites, and gravel forest roads (particularly if they 
receive snowmobile traffic) may enhance access of generalist and edge associated predators and 
competitors (e.g., coyotes and red foxes) into areas where lynx occur and forage on hares. 

5.  “The summary does not address how current ESA listing affects current status of lynx or how 
protections and status would be expected to change if the DPS were to be removed from ESA 
protections.  This seems inconsistent with the frequent mention and consideration of those topics 
throughout the Draft SSA and considering that this document is intended to guide future 
decisionmaking.” 

Peer Reviewer 4 – John Squires (Jim) 

1.  Questions what constitutes “adequate” resiliency and redundancy for southern (DPS) lynx 
populations and our conclusion that most DPS populations have historically and recently demonstrated 
“adequate resiliency.” 

2.  Wonders if contraction of small, localized populations could be expression of loss of resiliency and 
redundancy among southern lynx populations; considers such contraction a “major conservation 
concern.”  Also feels we treat these populations “dismissively.” 

3.  Questions our assessment of historical lynx occupancy in Wyoming/GYA; cites largely anecdotal 
(unverified) occurrence data to (1) show that “early records suggest that lynx were present in Wyoming 
for a long time based on photographs from Yellowstone extending back to the 1920s and museum 
records,” (2) conclude that lynx “may have inhabited the Wyoming Range since 1940,” and (3) “…refute 
the notion, as reported in the SSA document, that lynx were ‘intermittent’ in the region.” 

4.  Feels we did not stress importance of the Wyoming Range to lynx in Wyoming; that we “downplayed 
the historical importance of the Wyoming population throughout the document; suggests the team 
review/edit the wording to “provide a better balance.”  Suggests that the Wyoming Range has the best 



lynx habitat in the state but has been “highly impacted by natural and anthropogenic disturbance (fire, 
timber manipulation, proposed energy development, conflicting wildlife management priorities).” 

Peer Reviewer 5 – Mike Schwartz (Jim) 

1.  Believes that the resiliency/redundancy/representation framework is not comprehensive and misses 
important ideas of historical range, representation, and connectivity.  Suggests that conservation 
priorities should be that populations are resilient, redundant, adaptable/representative, and have 
recovered to some historical extent; otherwise, “…the persistence of the species (DPS) may be assured 
in the short run, but its recovery and return as an ecologically functional element is incomplete.” 
 
2.  Feels the expert estimate of the size of the Minnesota population (50-200 according to Moen [in 
several places we said 190-250]) is optimistic and appears to be “…based on converting suitable habitat 
to number of individuals (presumably by assuming a home range size and some overlap among the 
sexes).  This approach assumes that the fundamental niche (habitat suitability) equals the realized niche 
(habitat suitability limited by competition, species interactions, etc).  This is almost never the case.”  
 
3.  Feels that in Wyoming “…there is a consistent signal of lynx from at least the 1970s with strong 
signals at the beginning of the 21st century.”  Suggests caution in interpreting recent (2010-2017) 
absence of verified lynx records as suggesting range decline because “…effort to detect lynx appears to 
have dramatically declined since 2010.” 
 
4.  Feels our assessment of resiliency and redundancy is optimistic because of the inherent assumption 
that the six units are functioning independently. 
 
5.  Feels the importance of connectivity is undervalued and needs to be elevated in the final SSA report; 
that it “…plays a role in both resiliency and redundancy while influencing representation…”;  and that 
the adequacy of connectivity he documented among peripheral populations in 2002-2003 may have 
changed in the last 15 years.  “If each of the populations at the border with Canada (WA, MT, MN, ME) 
suffer reduced connectivity, due to climate change or because there have been no large amplitude 
cycles in the past decades, they are again not completely independent and less redundant than the 
document and the experts suggest.” 
 
6.  Feels the importance of genetic drift is underappreciated and that our conclusion that there is little 
risk of significant genetic drift is false if DPS populations are isolated from Canadian boreal populations 
(which they do not seem to be, and which was not hypothesized by other experts). 
 
7.  Is concerned that our conclusions in the draft SSA report “…may be too optimistic for the future of 
lynx in the contiguous United States. There are symptoms of serious problems throughout much of the 
range. Even the most robust populations (MT and ME) show either some sign of decline (MT with a 
negative population growth rate in Seeley Lake and a loss of a peripheral population in the Garnet 
range) or have projections of major habitat change due to both climate and socio-economic change in 
the region. Unless we see a large dispersal event from the Canadian boreal forest in the near future I 
would expect to see each population chiseled away slowly over the next few decades. On the other 
hand, I agree with the experts that over the very short time frame there appears to be little risk of 
extirpation of lynx in the contiguous United States.” 
 
 



II. Substantive State Agency Reviews 

Colorado Parks and Wildlife (Jim) 

1.  Need to remove significant redundancies. 

2.  Treating the 6 populations as a single DPS is confusing; there are many places where statements, 
paragraphs, or even series of paragraphs summarize research in a seemingly general sense, but in reality 
the results apply to only 1-2 populations and have no bearing on, or completely misrepresent, the reality 
in other populations. 

3.  Several sections of the document read as a litany of every possible factor that could negatively 
impact lynx.  Some of these factors are clearly more important than others, however no hierarchy is 
given. 

4. Several recent publications specific to lynx and climate change in Colorado were not relied upon in 
the report, but should be. 

5.  The climate change section provides much pertinent information but seems unorganized and suffers 
from language that is so strong that it undermines the credibility of the information. 

6.  The section on expert opinion needs to proceed with substantially more caution, especially regarding 
predictions in the distant future and appropriate discussion of inherent uncertainties in expert 
projections and the methods of summarizing and presenting them. 

7.  It is not clear how a DPS can be justified for the Canada lynx in the lower 48; the distinctness of this 
DPS appears to be in question. 

Idaho Fish and Game (Jim) 

1.  The draft SSA presents an inherent conflict for its scientific evaluation. Information in the draft SSA 
indicates that designation of a DPS based on the international Canada-U.S. boundary was based on 
incorrect assumptions, including those related to both discreteness and significance. 

2.  The draft SSA presents “factors affecting viability” via a confusing litany of sources of lynx mortality 
and lynx-human interaction without clear relationship to population effect.  Vegetation management, 
wildlife management, climate change, etc. cannot affect the viability of a lynx population where the 
information indicates a peripheral or transient presence at most; so it is confusing to include such 
analysis. Similarly, the draft SSA details state harvest regulations and incidental trapping occurrences 
(even where there is no demonstrated impact to individual lynx) without relating them to any 
population effect. 

3.  The final SSA should clarify the level of uncertainty in evaluating probabilities of persistence and likely 
future conditions. For example, the draft SSA’s summary of the expert elicitation panel’s discussion in 
this regard failed to acknowledge the panel’s statements as to the high degree of uncertainty in their 
speculations as to long-term persistence. 

4.  It would be more accurate to state that the number of individual lynx with home ranges occurring in 
the northeast corner of the Idaho Panhandle is unknown but small, based on the amount of potential 
habitat, and that individual lynx in Idaho are part of a larger population that occurs primarily in 
northwestern Montana and southeastern British Columbia.  The final SSA should reflect that, although 



there have been multiple detections of lynx in the Selkirk Mountains in Idaho during 2015-2016 and one 
detection of a lynx in the Selkirks in 2010, there is not evidence of a long-term, persistent resident lynx 
population. During the last several years, radio-collar data and remote camera images have documented 
a single lynx with a home range in the west Cabinet Mountains in Idaho, but there is not other evidence 
of a long-term, persistent resident population. In the Purcell Mountains in Idaho, there have been 
detections of multiple lynx in or immediately adjacent to designated critical habitat (i.e., within 10 miles 
of the Canada border). Purcell detections in 2015-2016 included a photo of an adult lynx accompanied 
by juvenile lynx, but there has not been other evidence of a persistent breeding population. 

5.  In referencing the LCAS revision, the SSA should recognize the comments of the states of Montana, 
Idaho, and Wyoming from 2012 and 2013, which identified weaknesses and a lack of federal 
cooperation with states in issuing the revised document. 

6.  Suggest several recent climate change/forest management papers should be reviewed and cited, and 
that some reach different conclusions that those reached in the draft SSA report. 

Idaho Office of Species Conservation (Jim) 

1.  Disagrees with the Service’s determination that lynx in the contiguous U.S. qualify as a DPS; claim 
they do not qualify as a discrete and significant population as contemplated by the Service’s DPS Policy; 
the State encourages the Service to revisit its prior DPS determination. 
 
2.  Idaho lacks a persistent lynx population.  Future ESA considerations must take into account Idaho’s 
historic and current lack of a persistent lynx population. 
 
Maine Department of Inland Fisheries and Wildlife (Mark) 

1.  Troubled “…with the tone of the document and by what appears to be a very subjective, if not 
biased, selection of data to include in the draft SSA.” 

2.  Feel “The definitive tone of the climate change section on how Maine's forests and lynx populations 
will be affected, does not follow the guidance offered in the IPCC Climate Change 2014 Synthesis Report 
which states that an integral feature of the report is communicating the uncertainty of its findings.” 

3.  Concerned that the draft SSA considers the lack of management assurances on private lands to be a 
risk to lynx populations because Maine's lynx population reached what is believed to be historic highs on 
these private lands without federal or state intervention.  Models used in the SSA to predict forest 
habitat changes and trends in lynx populations do not take into full account, and in some cases 
misrepresent, forest management on private lands. 

4.  “The lack of focused attention on the “five-factor analyses” that guides ESA status changes 
(https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf) is perplexing.  In the absence of a 
recovery plan with specific conservation objectives, a periodic “5-year” status review should provide a 
clear evaluation of the species with regard to ESA listing factors.  This seems essential in the SSA if it will 
be the only evaluation of lynx DPS status after 17 years of listing under the ESA.” 

5.  Given the success of lynx populations on private lands in Maine, MDIFW finds some statements in the 
SSA overstate the threat posed by private land management to lynx.  The period of greatest lynx 
population growth in Maine occurred during the same period that caused “major shifts in forest 
management strategies, outcomes, and products.” 



6.  MDIFW strongly disagrees with statements in the SSA that Maine’s lynx population and 
lynx/snowshoe hare habitat have declined since 2006, e.g., “The best available science indicates that 
hare populations have declined by about half across all stand types (and in adjacent Quebec) since 2006 
and apparently have not rebounded.”  No references are given in the SSA to substantiate this claim.  
MDIFW asserts that there is insufficient scientific evidence to conclude that hares have declined at a 
landscape level and have remained low since 2006 in northern Maine.  Hare densities in stands subject 
to shelterwood and overstory removal harvests more than doubled from 2008 to 2011.  As of 2011 (the 
last year of monitoring in this stand type), hare densities in these stands were approximately double 
those in regenerating clearcuts (D. Harrison, unpublished data). 

7.  MDIFW has information on the current status of lynx in Maine, which suggests the lynx population is 
both increasing in numbers and expanding its range, and questions why this information presented at 
the Expert Elicitation Workshop (EEW) was not included in the draft Lynx SSA.  MDIFW urges the USFWS 
to consider the data and arguments presented in this review and at the EEW to arrive at a more 
objective perspective on the resiliency of Maine’s current lynx population. 

8.  Many of the conclusions and the tone of the Climate Change Section in the SSA do not adequately 
communicate uncertainty and are definitive in nature.  MDIFW is concerned about the objectivity of the 
climate change sections in the SSA and urges a thorough review of this section -- especially given the 
USFWS SSA Core Team’s admission that they took a more pessimistic view of climate change impacts to 
lynx than the experts at the EEW.  Furthermore, MDIFW asks, are 50-year projections an appropriate 
standard for the “foreseeable future” language of the ESA? 

9.  Concerned about “…over reliance on modeling to predict the persistence of lynx in the face of 
contradicting field data.  For example, p. 66 of the SSA states, ‘Reduced snow depth and duration may 
reduce lynx’s competitive advantage over bobcats, which have similar ecology to lynx but are not as 
well-adapted to hunting hares in deep fluffy snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 
2013, pp. 69, 71). The bobcat is the closest related species to lynx in North America, and it outcompetes 
or displaces lynx wherever the two species overlap, at both broad (Peers et al. 2016, entire) and local 
(Parker et al. 1983; Robinson 2006, pp. 120-129) geographic scales.”  However, field observations and 
surveys indicate that lynx have expanded their range in Maine, and that lynx are now living and 
reproducing in Downeast Maine (i.e., sections of Penobscot, Washington, and Hancock Counties).  
Northern sections of Downeast Maine have long been considered one of the best bobcat regions in 
Maine, and this region has historically had lower snowfall totals than northern interior Maine because of 
the influence of maritime weather patterns.  These field observations call into question whether 
marginally lower snow levels and bobcat are a significant threat to lynx in Maine.” 

10.  “MDIFW questions the conclusions reached in the SSA regarding predictions that Maine’s forests 
will change in a manner that threatens lynx and snowshoe hare populations.  MDIFW argues that the 
presentation of forest and hare data is misleading, and that more research is needed on hare densities 
in shelterwood stands.” 

11.  MDIFW disagrees with statements that Maine’s lynx population would face increased threats from 
trapping and hunting if they did not have not have protection under the federal ESA. Trapping was 
evaluated at the time of listing (USFWS 2000) and was determined not to be a significant threat to the 
lynx population. Currently, the vast majority of lynx caught in foothold traps are released with little to 
no injury.  MDIFW submits that in the event of delisting, the Department would continue to be 
committed to protecting lynx populations through trapper and hunter education, regulations focused to 
minimize captures in traps, and an active law enforcement presence. 



12.  MDIFW finds the statement on p. 20 of the SSA, lines 6-7 troubling: “… we do not evaluate the 
unlikely hypothetical future in which the DPS is not listed and conservation efforts disappear.”  An 
inference that lynx conservation is totally dependent upon ESA seems unfortunate.  The traditional role 
of state conservation efforts is apparently discounted, and current examples of cooperative efforts 
among states and the USFWS to prevent listings (e.g., New England cottontail) may have not been 
considered.  MDIFW does not argue that ESA protections are sometimes appropriate and value-added, 
but USFWS should not ignore the long-standing primary jurisdiction of states for most wildlife resources, 
critically important partnerships with states for conservation of vulnerable species.  MDIFW believes the 
SSA is presenting an “all or nothing” worst-case scenario for the lynx DPS: “Our evaluation, therefore, 
considers the possibility of the future relaxing of some lynx conservation measures and efforts, but not 
the complete absence of all protections for lynx.” MDIFW concurs that the lynx DPS needs thoughtful 
conservation attention at its southernmost range limits. However, our Department (1) strongly disagrees 
that the ESA is the only effective protection, and (2) counters that state conservation strategies, which 
may be inspired by the ESA, are generally a better, more lasting solution. 

13.  MDIFW suggests that a broader more forthright discussion is needed on the structure of the DPS.  In 
the description of the geographical units of the SSA, MDIFW suggests stating, “The DPS designation 
reflects a jurisdictional boundary, not a biological one, for Canada lynx.  The species is widespread and 
relatively secure in Canadian provinces adjacent to the DPS.”  Would the USFWS be willing to state, in 
the list of assumptions (p. 8, SSA), “We assume that the statuses of lynx within individual SSA geographic 
units are mostly independent of one another”?  This assumption is requested to critically reconsider 
conservation strategies and outcomes given “the units are relatively isolated from each other” (SSA, p. 
5). In fact, Unit 1 (Northern Maine) and Unit 2 (Northeastern Minnesota) are extremely isolated from 
other units by distance and marginal habitat.  As the USFWS has experienced with recovery efforts for 
Canis lupus, the improbability of “recovery” occurring concurrently in three (or more) regionally distinct 
SSA units greatly handicaps any scenario for delisting. 

14.  MDIFW believes the SSA overstates the confidence with which climate models can be used to 
inform future trends in lynx distribution and population size in Maine. Uncertainty regarding changes in 
the amount and duration of snowfall, and the response to these changes by hares, lynx, and potential 
lynx competitors such as bobcats and coyotes, make projecting impacts on lynx very challenging.  In 
addition, we feel that conclusions about changing forest species composition in northern Maine due to 
climate change are overstated and not supported by current data. 

15.  MDIFW strongly endorses major conclusions in the SSA that (1) the initial threat for listing the lynx 
DPS has been met; (2) that the DPS currently is resilient, redundant, and representative; and (3) 
although there is tremendous uncertainty with long-term projections, we agree with the EEW experts 
that in the foreseeable future (at least through the next 25 years) lynx status is secure in the DPS. 

Minnesota Department of Natural Resources (Tam) 

1.  Most of MNDNR’s substantial comments focused on the many uncertainties that come with 
predicting future conditions, particularly with climate change, into the long-term future. 

2.  Concerned about unclear evidence of causal relationships; for example, they are not aware of any 
study that has attempted to quantify hare/lynx response to the changes in Federal land management 
plans. 



3.  They agree that lynx have adaptations for deep snow, but disagree that they need snow.  Lynx need 
hares and hares need boreal forest, but lynx do not need snow because in most of the DPS they survive 
7 months out of the year without snow. 

4.  MNDNR does not believe one can say much beyond that lynx require hares, and thus hare 
habitat/populations should be a main focus in the SSA. 

Montana Fish, Wildlife & Parks (Jim) 

1.  The Draft SSA incorrectly summarizes the expert elicitation panel’s discussions about likely future 
conditions and probabilities of persistence as if they are conclusions without uncertainty. This 
uncertainty must be adequately presented in the SSA for the document to be received as legitimate. 

2.  Speculative expert opinion is being held equivalent to objective science – this is a major departure 
from the use of best available science. 

3.  The GYA is not capable of maintaining a resident reproducing lynx population and should be removed 
from the list of lynx units. 

4.  The SSA needs to (better) address the incongruence apparent in the ephemeral nature of (some) lynx 
populations (ref. to the Garnets Range). 

5. Continue to object to the designation of a single DPS and see no justification to preserve ESA 
protections in the Northwest Montana/Idaho Geographic Unit. 

6.  Suggest 1) designating 5 discrete DPSs where lynx are known to occur, 2) eliminating the GYA as a 
Geographic Unit or DPS, and 3) considering the status of and threat to lynx within each DPS separately 
and on the merits of those local situations.  We also believe that the level of connectivity to contiguous 
populations in Canada should be a criteria used to assess the species’ U.S. status.  U.S. populations 
occupy on 2% of the Canada lynx’s North American range and habitat conditions are, and always have 
been, relatively marginal.  

7.  Believes the regulatory threat for which the DPS was listed has been adequately address and, 
“…along with other subsequent and perpetual protections, clearly obviate the justification or need for 
further ESA listing.” 

Washington Department of Fish and Wildlife (Bryon) 

1.  The SSA is lacking in conservation measures for lynx breeding populations that likely exist in between, 
and that potentially connect the six geographic areas we are focusing on for lynx conservation, 
especially the geographic areas in Washington, Idaho, and Montana. (Note: (JZ) the SSA was not 
intended to, and does not, develop or identify necessary conservation measures for any DPS 
populations, including those that may or may not occur outside of the geographic units evaluated in the 
report). 

2.  Concerned that the SSA under appreciates the short-term (10-20 years) risk to the probability of lynx 
persistence in Washington from threats, and the large uncertainties about population processes that will 
influence its probability of persistence (e.g., immigration from BC, emigration, fires, snowpack, disease, 



current demographics of the population, impact of trapping in southern BC, status of population in BC, 
habitat corridor stability between BC and WA). 

3.  States that current management plans for lynx are in need of revision to incorporate new information 
and concepts pertaining to lynx management. 

4.  Questions the SSA’s conclusion that there is a meaningful level of lynx immigration from Canada to 
Washington and cites declining lynx harvests in BC as an indicator of potential reduced lynx immigration 
to Washington (we did not conclude this; only that historical connectivity appears to have remained 
intact and that cross-border movements by lynx have been documented). 

 

Note:  Non-substantive comments, letters of support, or submission of minor corrections/new data 
were received from Michigan, New Hampshire, New Mexico, Wisconsin, and Wyoming. 

No comments were received from New York, Oregon, Utah, or Vermont. 



From: Holt, Bryon
To: Jim Zelenak
Subject: Fwd: FW: Latest agenda
Date: Thursday, March 30, 2017 9:13:21 AM
Attachments: Draft Agenda Workshop 2-27-17.docx

Draft Agenda Workshop 2-27-17.docx

---------- Forwarded message ----------
From: Kosterman, Megan <megan_kosterman@fws.gov>
Date: Tue, Mar 14, 2017 at 3:47 PM
Subject: Fwd: FW: Latest agenda
To: Bryon Holt <bryon_holt@fws.gov>

---------- Forwarded message ----------
From: Tomson, Scott D -FS <stomson@fs.fed.us>
Date: Tue, Feb 28, 2017 at 1:21 PM
Subject: FW: Latest agenda
To: "Kosterman, Megan" <megan_kosterman@fws.gov>

 

 

From: Davis, Cory [mailto:cory.davis@umontana.edu] 
Sent: Monday, February 27, 2017 3:22 PM
To: Tomson, Scott D -FS <stomson@fs.fed.us>
Subject: Latest agenda

 

Hey Scott,

The latest agenda is attached. Give me a call when you have a few minutes.

Cory

 

Cory Davis

Coordinator

Southwestern Crown of the Continent Collaborative

University of Montana, College of Forestry and Conservation

mailto:bryon_holt@fws.gov
mailto:jim_zelenak@fws.gov
mailto:megan_kosterman@fws.gov
mailto:bryon_holt@fws.gov
mailto:stomson@fs.fed.us
mailto:megan_kosterman@fws.gov
mailto:cory.davis@umontana.edu
mailto:stomson@fs.fed.us


Office (406) 257-3166; Cell: (406) 471-3314

cory.davis@umontana.edu

 

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.

-- 
Megan Kosterman
Endangered Species Biologist
U.S. Fish and Wildlife Service
Northern Idaho Field Office
11103 East Montgomery Drive
Spokane Valley, WA 99206
megan_kosterman@fws.gov
Office: 509-893-8013

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

mailto:cory.davis@umontana.edu
mailto:megan_kosterman@fws.gov
mailto:bryon_holt@fws.gov


From: Zelenak, Jim
To: Lisa Solberg Schwab
Subject: Fwd: FW: WER 9074.06 Draft Species Status Assessment-Canada Lynx Contiguous United States Distinct

Population Segment
Date: Thursday, March 30, 2017 11:46:09 AM
Attachments: wer9074.06_Signed Letter.pdf

Reeve&Buskirk_1987.pdf
VanFleet et al_2006.pdf
Laurion&Oakleaf_1998.pdf
Laurion&Oakleaf_2000.pdf

State of Wyoming's comments on the Draft SSA Report and their supporting documents are attached at bottom.

Will send other docs we discussed separately.

Jim

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Wed, Feb 8, 2017 at 8:00 AM
Subject: Fwd: FW: WER 9074.06 Draft Species Status Assessment-Canada Lynx Contiguous
United States Distinct Population Segment
To: Jim Zelenak <jim_zelenak@fws.gov>

this makes me wonder if Jonathan plans on compiling these responses. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Jonathan Mawdsley <jmawdsley@fishwildlife.org>
Date: Wed, Feb 8, 2017 at 7:45 AM
Subject: FW: WER 9074.06 Draft Species Status Assessment-Canada Lynx Contiguous
United States Distinct Population Segment
To: "Bush, Jodi" <jodi_bush@fws.gov>

FYI from Wyoming…

 

From: Nancy Stange [mailto:nancy.stange@wyo.gov] 
Sent: Wednesday, February 08, 2017 9:44 AM
To: Jonathan Mawdsley
Cc: Brian Nesvik; Doug Brimeyer; Bob Lanka; Zack Walker; Nichole Bjornlie; Susan Patla; Matthew Fry;
Chris Wichmann
Subject: WER 9074.06 Draft Species Status Assessment-Canada Lynx Contiguous United States Distinct

mailto:jim_zelenak@fws.gov
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Population Segment

 

Mr. Mawdsley,

The Wyoming Game and Fish Department's comments for WER 9074.06 Draft Species Status
Assessment-Canada Lynx Contiguous United States Distinct Population Segment are
attached. 

Thank you, 

 

Nancy Stange

Wyoming Game and Fish Department

Habitat Protection Secretary

5400 Bishop Blvd.

307-777-4506

nancy.stange@wyo.gov

E-Mail to and from me, in connection with the transaction 
of public business, is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:nancy.stange@wyo.gov
mailto:jim_zelenak@fws.gov
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NOTE ABOUT THIS DRAFT DOCUMENT, DECEMBER 2016 
 
This is a preliminary draft document of the U.S. Fish and Wildlife Service. This draft species status 
assessment report has not undergone peer review, and it should not be cited or referenced as an 
agency document. At this time it is intended for the sole purpose of soliciting scientific reviews 
from expert peer reviewers selected by the Service, from State and Federal partners with expert 
knowledge of the species and its habitat, and from internal reviewers by Department of Interior staff. 
The document is not intended to solicit public comment. This document will be revised after this 
scientific review. This document does not predetermine any future agency decision under the 
Endangered Species Act. For more information contact Jim_Zelenak@fws.gov.     
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Executive Summary  
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 

canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA) because of the inadequacy, at that time, of existing regulatory mechanisms on Federal 
lands. The SSA will provide the scientific basis for the statutorily required 5-year status review 
for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S. from Maine to Washington and south along the Rocky Mountains to 
western Colorado (Figure 1). 
 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis). 
 
These units encompass the geographic areas in the contiguous U.S. with the strongest 
historical and/or recent evidence of an ability to support persistent resident lynx populations 
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and, combined, they represent approximately the southern two percent of the species’ entire 

breeding range (98 percent occurs in Canada and Alaska). The units are relatively isolated from 
each other, but four of the six units are directly adjacent to lynx populations and habitats in 
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous U.S., usually peripheral to the SSA geographic units, the ability of these peripheral 
areas to support persistent resident lynx populations remains questionable. Lynx may occur in 
such areas as small and ephemeral breeding populations or as occasional dispersing or 
transient individuals. The locations and sizes of the SSA geographic units are summarized in 
Table 1. 
  
Table 1. Canada Lynx SSA Geographic Units.  

Unit No. Unit Name and Location Unit Size (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5 Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 
 
 
This report represents the Service’s evaluation of the best available scientific information, 

including the formally-elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
them; and (3) assess the future viability of the DPS in the near term (through the year 2025), 
mid-term (through 2050), and through the end of this century in terms of the conservation 
biology principles of resiliency, redundancy, and representation (the “3 Rs”).  
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically comprise >90 
percent of the lynx’s year-round diet. The lynx has evolved morphological adaptions (long legs 
and large paws) that allow it to efficiently travel and capture hares in snow conditions that are 
difficult for most other terrestrial hare predators (e.g., bobcats, coyotes). These characteristics 
provide lynx with a seasonal (4-5 months in most of the DPS) competitive advantage over other 
hare predators and allow them to occupy habitats that are unavailable to some of their 
competitors. 
 
The DPS occurs at the southernmost margin of the species’ range and of the environmental 

thresholds of snow quality, depth, and persistence; hare density; and boreal forest conditions 
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that lynx require. Because of this, lynx habitats and, thus, lynx are naturally less abundant and 
more patchily distributed in the DPS than in the core of the species’ range in Canada and 

Alaska. Maintaining connectivity between the DPS and lynx populations in Canada is thought to 
be important, but whether the demographic and/or genetic health of DPS populations depends 
on intermittent immigration of lynx from Canada and, if so, to what extent remain uncertain. 
 
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous U.S. For example, analysis of historical records in the U.S. and Canada 
indicated that many lynx records in the contiguous U.S. coincided with intermittent “irruptions” 

(mass dispersal events) of lynx from Canada into the northern U.S. when hare populations in 
Canada underwent cyclic declines (every 8-11 years). During these irruptions, large numbers of 
lynx occurred temporarily in (and disappeared quickly from) areas that we now believe are 
naturally incapable of supporting resident populations. 
 
Additionally, although we knew resident lynx occurred in Maine, we lacked information on the 
historical and recent distribution and quality of lynx habitat. We now know that forest 
regeneration after large-scale clear-cutting in the 1970s and 1980s has contributed substantially 
to the current broad distribution of high-quality habitat in northern Maine, which currently 
supports the largest resident lynx population in the DPS. Similarly, we were uncertain if 
Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research and monitoring also suggest 
that lynx and habitats in the western U.S. are naturally less abundant and more patchily 
distributed than was thought at the time of listing, and lynx may have been extirpated recently 
from several areas thought to have previously supported small resident populations (e.g., the 
Kettle Mountains in northeastern Washington, the Garnet Mountains in western Montana, and 
the Greater Yellowstone Area of southwestern Montana and northwestern Wyoming). We also 
know that recent extensive wildfires in north-central Washington have temporarily reduced the 
amount of high-quality lynx habitat and have probably caused a decline in lynx numbers there. 
Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999 to 2006 and the 
subsequent survival and reproduction of some of these lynx and their offspring, resident lynx 
currently occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. 
Therefore, we evaluated the ecological requirements of individual lynx and populations and the 
current and possible future conditions for resident lynx populations in each geographical unit to 
assess the viability of the DPS. The SSA uses the conservation biology principles of resiliency, 
redundancy, and representation as the framework for assessing current and future conditions. 
Resiliency describes the ability of the species to withstand stochasticity, redundancy describes 
the ability of the species to withstand catastrophic events, and representation describes the 
ability of the species to adapt over time to long-term changes in the environment. The 3 Rs can 
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be influenced by any number of factors. For lynx, the factors evaluated in this SSA include: (1) 
the original factor for which the DPS was listed as threatened (the inadequacy of existing 
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the 
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS. Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS. And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.  
 
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 

including the DPS, than in the core of the species’ range in Canada and Alaska. 
 

● We assume that as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation and the presence of some hares. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 

populations. 
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● We assume that connectivity with larger lynx populations in Canada is important, and that 

periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 
 

● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 
persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.  
 

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly-specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do so as long as those 
measures and guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume 
conditions for delisting would include requirements and incentives to continue to conserve 
lynx and its habitats and to try to assure persistence of resident lynx populations in those 
places that can support them in the DPS range.  

  
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability. 
  
Current Conditions 
 
The current distribution of resident lynx in the contiguous U.S. is likely somewhat smaller than 
the historical distribution because of the potential loss of small populations in several places 
(e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern New York, Isle 
Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, more recently, 
the Greater Yellowstone Area of Southwestern Montana and northwestern Wyoming, and 
perhaps the Garnet Mountains in western Montana). However, based on verified historical 
records, we lack compelling evidence that the current distribution and relative abundance of 
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resident lynx in the DPS range are substantially diminished from historical conditions, and 
resident populations continue to persist in the geographic areas with the strongest historical 
evidence of an ability to support them. Nonetheless, in many parts of the DPS range habitat 
features (forest distribution and structure, hare densities, and snow conditions) appear to exist 
at or just above thresholds thought necessary to support persistent lynx populations.  
 
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units. 
 
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Figure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Table 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via catastrophic event. 



 

10 
 

Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 

absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
U.S., suggesting relative maintenance of the breadth of diversity of ecological settings occupied 
within the DPS range. Because there are no indications of significant loss of or current threats to 
the genetic health or adaptive capacity of lynx populations in the DPS, and the current level of 
representation does not appear to indicate a decrease from historical conditions, we find that 
the DPS currently displays an adequate level of representation. 
 
Future Conditions 
 
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced 
probability of persistence for all resident populations in the DPS range. We expect that resident 
populations will persist through mid-century in all five of the geographic units that currently 
support them (albeit in reduced numbers and distributions), but that lynx may be functionally 
extirpated (loss of the ability to support persistent resident populations) from two or three of the 
units by the end of the century. 
 
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, climate-induced frequency and intensity of wildfires and 
forest insect outbreaks are expected to increase, particularly in the western portion of the DPS, 
although we do not anticipate such events alone to cause the permanent loss of breeding lynx 
populations in any geographic unit. In Minnesota and Maine (units 1 and 2), suitable boreal 
forest and snow conditions are projected to decline more severely than in the western units, and 
in some climate modeling scenarios they could disappear completely from these units by the 
end of the century. Over the next 15-20 years, lynx habitat conditions in Maine are also likely to 
decline significantly from current historically high and anthropogenically influenced levels as 
private forest management practices, particularly a shift away from landscape-level clearcutting, 
result in forest succession detrimental to snowshoe hare and lynx needs. 
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Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through mid-
century but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events. 
 
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely. 
 
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate. 
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DPS-wide Synthesis  

We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numbers and distributions, in all five geographic units that 
currently support them through mid-century, but that functional extirpation is likely in two to three 
of those units by the end of the century, driven largely by projected continued climate warming. 
Because resident lynx in many parts of the DPS persist in areas that appear naturally to barely 
meet thresholds for hare densities and habitat quality and distribution, relatively small declines 
in these features could result in loss of the ability to support resident populations over large 
areas. Because of this, we believe that future lynx habitats and resident populations throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Uncertainty increases at mid- to late-century regarding the timing and extent of 
various stressors that will affect lynx and hare habitat and snow regimes, especially those 
related to climate change. However, review of the best available science in concert with input 
from lynx experts suggests that the probability of the persistence of resident breeding 
populations will decline in all geographic units, with the negative DPS-wide trajectory continuing 
to the end of the century, and (with no evidence to the contrary) beyond that time frame. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century. 
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 

Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a distinct 
population segment (DPS) and listed it as threatened under the Endangered Species Act of 
1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the United States 
District Court for the District of Montana ordered the Service to complete recovery planning for 
the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered 
the Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
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such a plan will not promote the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). 

Thus, we conducted this SSA (version 1.0) to summarize the best available information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 

al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 

comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 
2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA represent the remaining 2 percent of the species’ breeding distribution 

(approximately 131,168 km2 [50,644 mi2]; see Figure 1 and Table 2, below). Lynx populations in 
the DPS (as well as some others on the margin of the range in southern Canadian provinces) 
seem to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below). The demographic and genetic health and persistence of DPS populations are thought to 
be influenced by connectivity with, and immigration of lynx from, larger populations in Canada 
(McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 79 FR 
54815). 
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Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 

lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S. occur over a much smaller geographic area that includes 
parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous U.S., and small breeding populations may have been lost from 
some places, neither broad-scale breeding range contraction nor substantial changes in 
population status in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) 
and, in 2007, again in response to a court order, clarified its determinations of “significant 

portion of the range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 

1186). Also in 2007, the Service announced that it would initiate a 5-year status review of the 
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 

contiguous U.S., including New Mexico and other states that were not included in the original 
DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 (USFWS 
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1, above). Five of the six geographic units were designated as “Core Areas” in the 

Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 
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habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here. 
 
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Table 2). 
 
 Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 

coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of this effort, our Endangered Species 
Program has developed the Species Status Assessment (SSA) Framework to guide how we 
assess the best scientific and commercial data available when evaluating the biological status of 
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species. In conducting an SSA, we take into consideration the life history and ecological 
requirements of the species to understand how the species 
maintains itself over time (captured under the broad heading 
of “species needs”); the current condition of the species at the 
individual, population, and range-wide levels in terms of 
meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 

and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and 

future condition of the species. Briefly, resiliency describes the 
ability of the species to withstand stochastic events; 
redundancy describes the ability of the species to withstand catastrophic events; and 
representation describes the ability of the species to adapt over time to long-term changes in 
the environment. As a result, the SSA characterizes a species’ ability to sustain populations in 

the wild over time based on the best scientific understanding of current and future abundance 
and distribution within the species’ ecological settings. Importantly, the SSA neither results in, 

nor predetermines, any decisions (e.g., listing status, critical habitat designations, section 7 
consultation requirements, etc.) by the Service under the ESA. Instead the SSA provides the 
biological basis to inform these decisions. The SSA is a dynamic document and should be 
periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

1.3 Analytical Approach and Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
terms of the 3 Rs using conceptual modeling (Figures 2-5) based on available published 
                                                
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 
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literature, other information on the historical and current status of and threats to lynx in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgment (Lynx SSA Team 2016, entire).  
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
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Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Figure 5 below. 
 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. The factors we consider for each 
geographic unit include regulatory mechanisms (the factor for which the DPS was originally 
listed under the ESA) and the anthropogenic influences identified by the Interagency Lynx 
Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 
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conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 

hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 

areas of the DPS.  
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Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 

Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 

lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 

mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 

1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 

large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 

and the northern contiguous U.S., where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, and white on the underside 
of the tail. Bobcats are much more common and abundant than lynx in most of the contiguous 
U.S. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
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barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between the two 
areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle 
that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional 
genetic markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in 
eastern Canada, which suggest the potential for evolutionarily significant differences in those 
areas, recent analyses reveal genetic exchange among lynx on either side, indicating that some 
lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA 
Team 2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 

genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
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Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 

2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69), and hare abundance is the 
major driver of lynx population dynamics. Lynx den site selection, litter sizes, pregnancy, as well 
as recruitment, survival (kitten, subadult and adult) and dispersal rates, and population age 
structure, home range sizes, density, and distribution are all strongly influenced by hare 
abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, 
pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
 



 

24 
 

 
Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183-
191 and 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 
and 2000b, pp. 136-140). Over much of the lynx’s range, hare densities are higher in 

regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
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understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
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the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–

268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 
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one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 

2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).  
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 

2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 

phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).  
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
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952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 

(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 

contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 

2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) it is born to a female that occupies a home range containing 

a) secure denning habitat, 
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b) adequate hare abundance to support lactation during the early kitten stage and later 
provisioning of the kitten with hare meat, 

c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 
etc.); 

 
2) the mother’s home range occurs within a larger landscape that also contains adequate hare 

abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 

al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 

during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 

2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population. 
 



 

30 
 

Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Table 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).  
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482); Mallett 2014 
(169) 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265); Burdett et al. 2007 
(460-463); Moen et al. 2008a (17) 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20); Squires and Laurion 
2000 (343-344); Squires et al. 2004a (13, 

Table 6) 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5); 
Koehler 1990 (847); Maletzke in Lynx SSA 

Team 2016 (21) 
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GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344); 
Squires et al. 2003 (12-13) 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10) 

 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 

al. 2012, pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 

pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 

vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.  
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 

1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower. 
 
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-
31). Lynx populations in the DPS are at the periphery of the species’ range and may behave as 

islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 

that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 

source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.  
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
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most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 

(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of 
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 

during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined 

from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the 
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 

(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) 
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 

and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 

northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.  
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 

1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 

favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 

(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
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500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality. 
 
In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 

abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
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southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 

comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 

apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 

contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 



 

36 
 

time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 

2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 

entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 

should be considered to constitute the species’ range. In its 2003 remanded determination, the 

Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 

scientists and the public about where lynx populations may be viable (74 FR 66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 

structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
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suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 

source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 

these places (especially those that act more often as “sinks” than “sources”) to the maintenance 

and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 

with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6), and overall habitat quality is typically lower. 
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The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 

2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 

al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.  
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.  
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The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.  
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 

al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 

population, and that this likely represents its natural historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 

cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081, 

40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003-2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
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densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believe that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 

(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 

al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 

2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historical record and recent evidence of lynx occupancy and 
reproduction suggested the presence of a small but persistent resident lynx population in the 
GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 
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54825-54826); however, the consistency of occupancy over time remains uncertain (Lynx SSA 
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 

resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
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unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821). Although bobcat 
populations have increased and expanded their range in this region in recent decades (Lavoie 
et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 
(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest declined 

substantially after two deep snow winters in 2008 and 2009 (Maine Department of Inland 
Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare habitat and 
the number of resident lynx in Maine are all much larger than was suspected at the time of 
listing or the 2003 remand, and all are probably substantially larger now than under likely typical 
historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
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budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
state are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 40094; 
Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 

range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.  
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 

and areas to the south and west are dominated by bobcats. Although there are currently more 
lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
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of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 

al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).  
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire and recent lynx occurrences in northernmost Vermont. However, lynx 
persistence is uncertain in New Hampshire and unlikely in Vermont, and lynx numbers in Maine 
are projected to decline over the next several decades. In the West, small breeding populations 
in the GYA and the Garnet Mountains of Montana may recently have become extirpated 
(although both also may be only temporarily “winked off” in a metapopulation dynamics sense). 

In north-central Washington, lynx habitat and numbers have declined because of recent large 
fires and insect outbreaks, and the persistence of the breeding population there could be 
threatened if additional such impacts occur with similar magnitude and frequency over the next 



 

46 
 

several decades. As a result of the release of 218 Canadian and Alaskan lynx from 1999-2006, 
resident lynx currently occur in western Colorado. Although the number of lynx in this population 
and its future persistence are uncertain, Colorado currently supports more lynx than it likely did, 
based on the historical record, for much of the previous century. The geographic units evaluated 
in this SSA include all areas in the contiguous U.S. with strong historical and recent evidence of 
persistent resident lynx populations. Detailed assessments of the current status and future 
viability of resident lynx populations and habitats in these areas are presented in chapters 4 and 
5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Those 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the Federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 

section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
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The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 

may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Table 2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
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included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 

time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 

Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
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patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 

Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 
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with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley, 
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
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BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 

provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 

management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 

(USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 

collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 

associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Table 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
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Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Tribal lands in the North-central Washington, GYA, or Western Colorado units. Private, State, 
and Tribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, State, and Tribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, State, and Tribal lands 
within the six geographic units of the DPS, but with a focus on those units with the greatest 
proportions of these lands and on activities on these lands with the greatest potential to impact 
lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 

2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
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legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-
restrictions/). MDIFW also adopted and made available for download on its web page the 
interagency brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats 

and other Furbearers, and modified it to be more specific to Maine. MDIFW also set-up an 
incidental lynx capture hotline and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (ten lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally-trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 

(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 

Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 
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trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 

offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 

takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 

2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
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(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm;  https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection   
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 

Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
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4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 
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Maine who have committed to long-term or permanent protection and creation of lynx habitat 
according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 

trapping requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and State landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 
four percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution 
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 54835-
54837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.  
 
Unit 4: North-central Washington - State and private lands constitute about eight percent and 
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
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Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 

programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 

environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 

Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 

natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 

prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 
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Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 

management practices benefit populations of snowshoe hares, the lynx’s primary prey 

(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 

Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 

continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 

Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 

‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 

with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 

Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 

for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
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‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 

with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 

the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 

evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
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migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas). 
  
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events 
and winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, 
depth hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.  
 
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow-covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five months (November–March) to approximately three months (December-
February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that contain lower 
relief, mid-elevation mountain ranges will likely shift relatively quickly into new precipitation 
phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 4566). The 
interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated areas to 
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warming because much of the region is characterized by relatively warm winter temperatures 
and by mainly mid-elevation mountain ranges. The climatic rain-snow transition zone will move 
up in altitude and north in latitude.  
 
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both 
the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and Baker 1980). 
Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some locations up to 
100 m) during a recent 50-year period of warming (Kullman 1990). However, despite recent 
warming, the alpine treeline in North America has thus far remained relatively static (Butler et al. 

1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201). 
 
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions 
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
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deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats. 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 

al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous. 
  
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).  
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Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 

2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48). 
 
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp. 
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below. 
 
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably 
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare 
cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4) 
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare 
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7) 
introduction of disease and parasites, and 8) reduced gene flow. Synergistic effects between 
these factors and other stressors (e.g., forest management, trapping, development) may 
intensify their effects (Carroll 2007). Diminished snow, increasing drought and fire, and 
increased forest pests and disease are believed to currently be the most important stressors for 
lynx in the DPS, but it is possible that other pathways are, or may become, equally important. 
Over the next decades, southern lynx populations will continue to be affected by climate change 
and associated shifts in habitat, prey base, and competition. The extent of such changes and 
whether lynx are able to adapt to them will determine not how, but if, this species can persist in 
the contiguous U.S. (Murray et al. 2008). 
  
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 
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al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering large-
scale climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 

2016, entire; 79 FR 54809).  
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Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–

4549). These trends are expected to continue with future climate warming (Hamlet and 
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 

are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 

runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 

al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has led to the 
average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain West 
(Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert 
dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are expected to 
decline generally in the geographic areas that contain the central and eastern portion of the lynx 
DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require prolonged periods of 
deep fluffy snow, current habitats that lose this feature would decline in value for lynx (Hoving 
2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 

which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
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expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits 
their efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).  
  
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 

2015, p. 528).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectiveness. For example, hard-packed snow is reported to be associated with a higher 
kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth et al. 

2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other hare 
predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels (Stenseth 
et al. 2004, p. 10633). Predator communities are more diverse at the southern part of the lynx 
range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there 
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(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares. 
 
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 

et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11 percent decline in 
hare survival by mid-century and a 23 percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 

2016a, entire).  
 
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).  
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
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resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).  
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 

2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT 
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
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forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
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decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 1970-
2004, Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of 
large fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. 
Mesic, middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the 
northern Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 

2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 

2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations. 
 
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 

2008; ILBT 2013, p. 70).  
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 

rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 
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spruce budworm outbreak in Maine was the primary driver creating the current broad 
distribution of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 

2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 

pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al. 

2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
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Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 

and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 

al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 

2014, pp. 10633-10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528). 

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
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and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 

2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 

2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 

1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 

particularly within-stand competition for light, nutrients, and space, determine how forests grow 
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and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
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maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 

al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 

industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 

2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
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manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 

al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 

2003, entire). Many models have been developed to project how U.S. timber production and 
markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia 
et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate. Some models predict that consumers 
will gain from climate change while landowners in some regions will lose. The forest industry will 
adapt to climate change in many ways including using alternate tree species in manufacturing, 
shifts to geographic regions of the country with economic advantages in timber growth, and 
increasing forest plantations with new species that are favorably adapted to the new climate and 
markets. Many strategies have been evaluated to increase the quantity of carbon stored in 
North American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in 
some forests to build carbon reserves, increased recycling to reduce use of forest products, 
converting agricultural lands to forests, and substituting wood products for more energy-
intensive products. Increased atmospheric carbon will increase forest growth slightly, except for 
softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, 
is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth 
conifer forest to sequester carbon could benefit lynx in the West and be to the detriment of lynx 
in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
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stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival. 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 

1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
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2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
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story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 

“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
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elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 

2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 

al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 

2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 

2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
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similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 

2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 

al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 

maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 

Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 

in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 

al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 

2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
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al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 

recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 

population contributed substantially to the Washington Department of Fish and Wildlife’s recent 

recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
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activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011, entire). 
Human-caused fragmentation in the forested western landscape resulted in a decline of 
weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current conditions, 
but models predict relatively small declines in the size of forested patches over the next 30 
years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more of the 
natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 

since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to 20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people. 
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Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high quality patches themselves (Lewis et 

al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 

al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). 
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Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 

2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
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mountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
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foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 

2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
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providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these individuals 
crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly 
have fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 

2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits. 
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Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
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surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
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consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily-distributed than was 
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thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999-
2006, and their subsequent survival and reproduction, resident lynx currently occupy parts of 
western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Figure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate no single catastrophic event that could result in the functional extirpation (loss of 
the ability to support resident lynx populations) of the entire DPS and, further, no or a very low 
likelihood of functional extirpation of any of the individual geographic units caused by a single 
catastrophic event (Lynx SSA Team 2016, p. 56).  
 
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would 
have represented substantially greater redundancy in the contiguous U.S. However, the 
implications of the potential recent loss of resident lynx in the GYA for the redundancy of the 
DPS are unclear. The historical record and recent research show that the GYA has supported 
resident lynx. However, it is unclear whether the area consistently supported a resident 
breeding population over time or whether it naturally supported resident lynx only some of the 
time (“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable. 
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Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous U.S. Because there are no indications of 
current threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the 
current level of representation does not appear to represent a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 4, below), 
they were collected using different methods, at different times and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 

conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
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persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS. 
 
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places.  
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit     
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce-fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 

2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50 percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
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entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-
collared in Minnesota died after traveling north into Ontario, four from legal trapping/hunting, 
and two of unknown causes. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 

2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 
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(about 90 percent) of this unit, including Federal, State, Tribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 

being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations 
exist in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 65-
90 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential lynx 
habitat, led to increased home range size, and may have reduced the current carrying capacity 
of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat within this 
geographic unit may have been influenced by climate change (Westerling et al. 2006, pp. 942-
943). There is significant risk for potential future wildfires to further affect the viability of lynx in 
this geographic unit. Burned habitats are expected to regenerate back into suitable lynx habitat, 
but this may take 35-40 years. The Kettle Range to the east of this unit was suspected to have 
supported a small (likely fewer than 20 individuals) resident population until about 30 years ago 
when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. Results of snowshoe 
hare research suggest that the hare population density in Washington exists at the low end of 
the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The OWNF and 
CNF, which administer more than 90 percent of lynx habitat in Washington, continue to manage 
lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, which 
manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.  
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Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of 
Federal lands that are currently managed to conserve and restore lynx and hare habitats. Past 
timber harvest and associated management (thinning, road construction, fire suppression) 
appear to have had localized impacts but not to have diminished the unit’s ability to support 

resident lynx. The size and intensity of wildfires have increased over the past several decades, 
predominantly in the northern half of the unit (including the large fires of 1988 in Yellowstone 
National Park) and likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and, if so, to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Snow conditions currently 
appear to be adequate, with most of this geographic unit modeled to have a 95 percent 
probability of providing snow cover conditions supportive of lynx presence (Gonzalez et al. 

2007, p. 12). Hare densities were very low in most of Yellowstone National Park but high in 
parts of the Bridger-Teton National Forest in the southern half of the unit. The role of past and 
recent immigration in maintaining the demographic and genetic health of lynx populations in this 
unit is unknown. This unit lacks direct connectivity to other lynx populations, and there is only 
anecdotal evidence that irruptions of lynx from Canada resulted historically in immigration into 
this unit. Some lynx released in Colorado dispersed northward into this unit and temporarily 
occupied home ranges in areas used previously by native resident lynx, but there is no evidence 
of reproduction among these lynx.  
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believe it is reasonable that lynx 
continue to occupy all National Forests within the State of Colorado (Odell undocumented pers 
comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, page 3). Habitat that 
supports snowshoe hares is patchily distributed in this geographic unit, which limits their 
abundance. Because the majority (90 percent) of lynx habitat in Colorado is under Federal land 
management, actions occurring on other ownerships are unlikely to result in significant losses of 
lynx habitat within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, 
providing conservation through the Southern Rockies Lynx Amendment. However, regulatory 
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mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in six geographic units within the DPS range.  

 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 

designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.  
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April). 
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Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).  
 
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 

2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat. 
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
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snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km [559 mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] 
southeast of Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 

al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 

2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26-
year-old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-year-
old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range 
scale, lynx select landscapes having extensive regenerating conifer forest, but also with some 
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mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial 
harvested and mature conifer stands because of increased ease of travel and prey access 
along the extensive edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard 
et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 

2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
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extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
snowshoe hare densities (tall regenerating or older partial harvest stands), which afforded lynx 
with greater mobility and where snowshoe hares were more vulnerable to predation, rather than 
in the densest stands (short regenerating stands; Fuller and Harrison 2010, pp. 1276-1278). 
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Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
often exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm 
outbreaks, the most likely insect to affect lynx habitat, have been highly variable in Maine and 
eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less 
significant as a natural agent of disturbance. The typical fire regime is infrequent surface fires in 
the dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 
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Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), two 
tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) 
and 18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in 
theFederal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
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these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 

‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for coastal areas. These records included 39 kittens 
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representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 

al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, numbering at least several hundred and perhaps more than 1,000 
resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 2016, p. 
18) . Habitat in northern Maine can support lynx densities in localized areas of high-quality 
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habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 
2003 when hare populations were high, lynx density (juveniles and adults) in one of Maine’s 

highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, 
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods (2.3-
3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 

1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix 
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur only 
ephemerally, winking on an off over time as would be expected at the periphery of the range of 
a mainland-island metapopulation structure, and as suspected for other lynx populations at the 
periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 95-104). From 
1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and Wildlife conducted 
snow track surveys in 66 townships to document the distribution of lynx and to inform habitat 
modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx 
habitat were well-distributed throughout northern Maine in the early 2000s (Simons-Legaard et 

al. 2016, entire; Simons 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). 
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Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented 
lynx movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 
2008b, entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-
19), and other aspects of their life history (Vashon et al. 2012, entire).. During the period when 
snowshoe hare populations were highest (2000-2006), Maine lynx had among the highest 
reproductive rates (average litter size 2.74, 89 percent of adult females producing litters) in the 
DPS (Vashon et al. 2012, pp. 18-19). During the current (2006-present) period of low hare 
density, litter size was smaller, only 30 percent of females had litters, and mortality was greater. 
Maine lynx have among the smallest home ranges documented in the DPS (Vashon et al. 
2008a, p. XX; LCAS 2013, p. 24; also see Table 3, above). Home range sizes were similar 
during periods of high and low hare density (Mallett 2014). Lynx populations likely increased 
during the period of high hare density (lambda [λ] = 1.16) and declined during periods of low 

hare density (λ = 0.88) (USFWS, Vortex10, deterministic population simulation 2016; 

demographic data from Vashon et al. 2012). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 

2016). 
 
Factors Affecting Current Conditions 
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Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% of the time) observed from 1961-1990 to about 18-20 days per month 
in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to affect lynx 
by reducing snow and boreal forest (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in 
Canada in the last six decades have occurred in the lower St. Lawrence Valley, immediately 
north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 

2013). Average annual snow depth at all five NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold  and ranged from 228-263 cm (90-
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-
2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). Thus, 
average snow conditions in Maine are currently at or below snow depth thresholds for lynx, and 
further declines in annual snow depth would be expected to reduce the probability of lynx 
persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 

has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 
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(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 

2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). 
 
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the 
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000. 
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In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and low-
elevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase in 
wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 2, 
2016), and there is increased interest in placing developments on private lands in unpopulated 
areas in northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly 
appealing source of income for investment companies and other landowners who own 
forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been proposed 
in northern Maine and five projects are in operation; two have been proposed in northern New 
Hampshire and two are in operation; and three have been proposed for northeast Vermont and 
two are in operation or under construction. Maine’s two largest wind projects (combined over 

300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx 
critical habitat. The effects of wind energy projects on lynx, hares, and their habitats are 
unknown. Potential direct effects include disturbance or displacement of resident lynx from large 
landscapes and loss and fragmentation of habitat from turbines, roads, and transmission lines. 
Increasing power infrastructure associated with these projects could greatly change 
development potential and patterns in northern Maine by bringing electricity into the interior of 
Maine’s vast undeveloped forest region. Extensive road construction would further fragment 
habitat and increase access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 
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conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Table 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National 
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
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mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
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eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
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population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 

(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.  
 
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that 
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intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can produce lynx habitat, and the SNF has a long-term 
commitment for doing so; however, private landowners do not. Under the Sustainable Forest 
Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has developed 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) - these 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife including lynx. The implementation of the MFRC guidelines is 
monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are being 
minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
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were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar 
to bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
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in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 

Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 

lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
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In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 

ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 

northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
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diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 

2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 

allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
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In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 

prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
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habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 

Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 

support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 

habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
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guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historical condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 
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naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.  
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
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structuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p. 
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 

Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 

area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 

population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
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in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 

“winked on” again in the future is unknown and perhaps irresolvable. 
  
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 

geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
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2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
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fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 

2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
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based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 

longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 

Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 

2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 
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which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 

2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
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from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month. In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (USFWS 
2008a, p. 2). 
 
Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high quality habitat 
(Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2. The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 
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Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 

al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha 
(0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
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environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).  
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In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 

Washington, may overestimate the overall lynx population capable of being supported in 
Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 

(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
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from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 

847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
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home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition 
 
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/ 
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF 
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and CNF, to use the LCAS in the management of lynx habitat on their ownerships and when 
designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
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discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations 
in Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30-
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of 
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1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).  

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).  

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 
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lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45). 

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
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habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.  

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 

places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). 
However, two resident lynx, a male and a female, were trapped, radio-marked, and monitored in 
the Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire). 
 
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires 
in Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-05 through 2007-08, 26 snow tracks 
on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to be 
from five individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
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Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including two kittens, in 
the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-released lynx also 
traveled through the park (Devineau et al. 2010, p. 526), and two possible (unconfirmed) lynx 
tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife Research 2009, 
pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern part of the unit, a 
single female was detected over six consecutive winters (2003/2004 - 2008/2009) but not 
subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not encounter a male or 
produce kittens during the six years she was detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 

comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.  

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. Modeling vegetation and snow 
suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal 
and temperate conifer forest biomes were broadly distributed across this geographic unit and 
that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 

al. 2010. pp. 607, 609).  

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 

Mechanisms, above.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 

al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
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Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 

ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).  

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
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contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).  
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 



 

152 
 

pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 

Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911). 
  
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 

2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 

in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In 
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 
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3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25%) LAUs currently 
exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These changes 
are mostly in response to the ongoing bark beetle infestations, as well as wildfire events that 
have occurred since 2008. 
 
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).  
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
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young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–

0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest 
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016). 
  
Factors Affecting Current Conditions 

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 

understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
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Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 

native to North America, was reported for the first time in lynx in Colorado (Wild et al. 

2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 

reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 

none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 

to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 

the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 

Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 

suggested that translocated animals might be more vulnerable to highway mortality than 

resident lynx and this could have been a factor in Colorado at the time of listing. 

Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 

during the reintroduction period (1999-2006). Since early 2007, one year after the final 

reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 

two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 

highways with high speed and high traffic volume pass through lynx habitat, such as I-

70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 

movement, as repeated successful crossings by radio-telemetered lynx have been 

documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 

Squires, personal communication 2012). At this time, it appears that hit by vehicle 

mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 

and associated development overlaps with lynx habitat. Preliminary information from a 

study in Colorado indicates that some winter recreation uses may be compatible, but 

lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 

is possible that ski areas and 4-season resorts may reduce the amount and availability 

of lynx habitat within localized areas, in part by influencing the distribution or abundance 

of prey resources within the developed area. However, there is also considerable 

anecdotal evidence of lynx using ski areas. 
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Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 

means of predator control or for commercial and recreational trapping. If a landowner 

can prove that all other non-lethal methods have been ineffective, a 30-day exemption 

may be granted for depredation cases. Incidental trapping mortality of lynx may be a 

minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 

common throughout most of this geographic area, mostly related to the grazing of 

domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 

grazing does occur during summer at the higher elevations, especially in south-central 

Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 

the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions. 
 
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Chapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 

ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why. 
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Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. Some of the experts we consulted indicated that their projections 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies). Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections; they felt that factors influencing lynx persistence on the landscape are independent 
of ESA listing status (Lynx SSA Team 2016, p. 52). 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.  

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
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condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts. 
 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Table 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units. 
 
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Figure 7). 
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from one or more of the five geographic units 
that currently support them. 
 
We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units and be 
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substantially reduced in the remainder by the end of the century (we are aware of no climate 
modeling that suggests the complete disappearance of potential lynx habitat from the entire 
contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more likely 
in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case. 
 
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 

forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 

predictions regarding persistence. Nonetheless, we believe the most likely future condition of 
the DPS is that resident lynx populations will continue to persist at the end of the century in two 
or three of the five units that currently support them (i.e., they will be functionally extirpated from 
two or three of the units) and that even where populations persist, they will be reduced in 
number and distribution and, therefore, resiliency.  
 
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
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uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 

the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and 
likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit   
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Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high quality hare habitat will drop from 
about 10 percent to 5 percent of the landscape. High quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid- to late-
century. Climate change, increasing demand for hardwood forest products, a pending spruce-
budworm outbreak, and frequent disturbance of the forest all will contribute toward the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50% by the end of the century, although there was wide variation in 
opinions. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Core Team 
were more pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, 
we observed that there is great uncertainty about the future of forest management and future 
development on private forest lands. We also note that the threat for which the lynx DPS was 
listed, the lack of specific conservation direction in Federal forest planning and management 
regulations and direction, has not been addressed on private lands. There are no long-term 
management plans in place, State forest regulations have greatly influenced harvesting 
practices that have (and will continue to) reduce landscape hare densities, markets for forest 
products are depressed, and projections (under current harvest scenarios) are that habitat will 
diminish and shift southward in the near term because of post-harvest succession and recede 
northward over the longer-term because of continued climate warming. 
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Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity and persistence of snow, competition, disease, and forest insects, and over the long 
term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listed, the species would be placed on the 
Forest’s Regional Forester Sensitive Species list for at least 5 years, which gives it a higher 

priority than other species for monitoring and management during that time. It is expected that 
the MFRC guidelines will remain in place into the future and that voluntary actions will continue 
on State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking all factors into 
consideration (i.e., loss of boreal forest, increased competition, potential disease and insect 
outbreaks, loss of snow), lynx experts projected the mean probability persistence of lynx in 
Minnesota to the year 2025 was greater than 90 percent, to 2050 was 80 percent, and would 
decline to approximately 35 percent by 2100. After reviewing the scientific literature concerning 
climate change projections (diminishing snow conditions, loss of boreal forest, lack of 
elevational refugia, increased competition, potential disease, and insect outbreaks), some 
members of the  SSA Core Team were slightly more pessimistic about the future of lynx in 
Minnesota than the lynx expert panel. The Core Team concluded that the climate-mediated 
conversion of boreal forest to temperate forest and the loss of favorable snow conditions could 
occur at a rate and extent that would result in a lower probability of persistence than the median 
most likely estimate provide by experts, including the possibility   that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
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majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 

the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. 
           
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% to 90% (median = 80%), mid-century persistence at 30% to 80% (median = 70%), and 
end-of century (year 2100) persistence probabilities less than 50% (median = 38%) for lynx 
populations within this geographic unit. After considering the best available scientific information 
and input from lynx experts summarized above, the Core Team is generally in agreement with 
the experts regarding the probability of long-term persistence of Canada lynx in this geographic 
unit. We expect this unit will continue to support a small resident lynx population through mid-
century but that its ability to do so beyond then is questionable, and that functional extirpation of 
lynx from this unit by the end of the century is more likely than not. 
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Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 

least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 
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persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to 
become more fragmented by areas that no longer retain appropriate snow conditions and 
vegetation. However, we anticipate large areas of snow persistence to remain through the end 
of the century. Beetle kill and wildland fire will result in temporary nonfunctional habitat 
conditions. However, affected areas are likely to regenerate and provide excellent habitat 
conditions to support hares and lynx. A caveat to future habitat conditions in light of climate 
warming is that some areas that currently support snowshoe hare populations may experience 
vegetation type conversion that may not support snowshoe hares. Our conclusion, based on the 
information available to us, is that lynx are likely to persist in western Colorado to the end of the 
century. Our conclusion is not without uncertainty, stemming primarily from the historical lack of 
evidence of consistent lynx presence within Colorado prior to the reintroduction effort. Our 
conclusion is generally consistent with that of the experts. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties. 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario 

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat and fisher to 
changing snow regime 
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● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 
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repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence   
 
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to the end 
of the century (2050, 2100). Snow conditions would continue to deteriorate (especially in the 
Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
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spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).  
 
In addition to climate change, the lynx experts that we consulted expressed a number of near-
term stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities). 
 
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past. 
 
The best available science indicates that hare populations have declined by about half across 
all stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.  
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 
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Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWS lynx Core Team generally agreed with 
this prognosis with the exception that some were less optimistic about the persistence of this 
population, especially after reviewing the literature pertaining to climate change in this region. 
 

 

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  
 
Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 

individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 

2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
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2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will 
use widespread use of pesticides to control spruce budworm and herbicides to promote spruce-
fir regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for 
supporting lynx.  
 
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 

al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 

lynx.  
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
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models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.  
 
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 

(2012, p. 60).  
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.  
 
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
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Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
 
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 

2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire). 
 
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 

(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.  
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.  
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
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in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 

al. 2016, p. 2).The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 

favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 

species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 

al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
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densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 

al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032 
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape 
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).  
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Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 

2016, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled 
simultaneously (K. Legaard 2016, pers. comm.). Assuming current forest management trends 
persist to the end of the century, spruce-fir dominated forest is expected to continue to decline 
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(Legaard et al. 2013, entire). The combination of budworm-induced mortality and salvage 
harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, entire). However, after 
a budworm outbreak the biomass and area of mixed-hardwood/softwood forest would be 
expected to increase through this century primarily because of the proliferation of regenerating 
balsam fir (see discussion above) (Legaard et al. 2013). Mixed forests having a high (greater 
than 50%) hardwood component are not believed to support high hare densities (Scott 2009, p. 
109) or be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx 
can adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. 
They may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and increased populations of bobcats and other competitors.  
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 

immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 

debate (Baldwin et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” 

are the responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 

owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to 15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
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third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 

trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
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of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become two of the largest such projects in Maine. Mining is not a traditional land 
use in this unit, but a large mining operation is being considered at one location in designated 
lynx critical habitat. Extraction operations for gravel (for road building) are widely-scattered 
throughout the unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 

al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 
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turnover and development pressures), the Core Team also believed that the population status of 
lynx in Maine will diminish substantially in the future. The Core Team believed that lynx 
populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team believed that given current trends (diminishing snow conditions, 
extensive partial harvesting of the forest, forest fragmentation, possible pelage mismatch for 
hares, increasing populations of bobcat and fishers in a lower snow environment) landscape 
hare densities have, and will continue to decline in northern Maine. Extended periods of lower 
hare numbers (as seems to be occurring now), would be expected to exacerbate these 
declines. 
 
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believe that development pressures (residential and 
commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future. 
 
The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); for new highways, transmission lines, large-scale energy 
development, mining, and residential and commercial development. Without Federal listing, few 
of these projects would consider lynx. Critical habitat has been an important consideration in the 
Federal review of the aforementioned kinds of development projects. Critical habitat also has 
had a positive influence on land conservation in northern Maine, with land trusts and non-
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governmental organizations using the lynx and their critical habitat as justification for seeking 
funds for conservation easements. This justification for habitat protection would no longer be 
valid in a future scenario without lynx being Federally-listed. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and fragmentation 
and would result in reduced justification for habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believe several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believe that despite a closed hunting and trapping season, 
incidental take would continue and possibly increase and could become a significant threat to a 
population of lynx that will likely be significantly diminished by mid- to late-century. 
 
After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
state regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical to the 
existence of hare and lynx, and snow depth and duration are currently at or below the 
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thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce-fir is being replaced by northern 
hardwoods because of climate change. Frequent forest cutting and disturbance, including a 
pending spruce budworm outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of spruce-fir decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Maine by late-century 
under both low and high emissions scenarios. Climate change models portend declining snow 
conditions from low- to high-emissions. Because increases in temperature are thus far tracking 
high emissions scenarios we are less optimistic for snow conditions that favor lynx by mid- to 
late-century. In the past decade, interest in development has increased in lynx critical habitat, 
especially proposals for large-scale residential and resort development and extensive wind 
energy development that could cover hundreds of square miles. We conclude that these threats, 
individually and cumulatively, indicate diminished populations of lynx and their habitat. If these 
threats are not abated, we believe that the probability of persistence will be lower than projected 
by experts by mid-century and that lynx will have a greater likelihood of extirpation by the end of 
the century. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Figure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change. 
 
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 
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pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit). 
 
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38). 

Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. Active 
management of forest lands can maintain, restore, or create lynx habitat, and the SNF has a 
long-term commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
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management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, the species would be placed on the Forest’s Regional Forester 

Sensitive Species list for a minimum of 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. The SNF consults with the FWS to 
consider the effects of any projects to lynx and its critical habitat and is anticipated to do so as 
long as the species is listed under the ESA. 
  
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing. 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
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long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 

management practices benefit populations of snowshoe hares, the lynx’s primary prey 

(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49). If the DPS was not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future 
conservation of lynx because lynx distribution and habitat is likely to shift upward in elevation 
within its currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). 
Greatest stressors of climate change include diminishing snow depth, quality and duration; 
competition from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004, 
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario. 
  
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).  
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Lynx require at least four months (120 days) of continuous snow coverage (Gonzalez et al. 

2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 

1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 

al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next 
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the state by 2095 (Moen and 
Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of the small area in Cook County (the extreme northeastern 
corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than the majority of 
the area that is now considered lynx core habitat and would, therefore, support a much smaller 
number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
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the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood, partial cut, and uneven-aged cutting; wildlife restoration projects that involve tree 
cutting, shearing, burning, seeding, and planting; prescribed burning for ecological purposes, 
hazardous fuel reduction, and site preparation; mechanical site preparation. If the DPS is de-
listed, the species would be placed on the Forest’s Regional Forester Sensitive Species list for a 
minimum of five years, which gives it a higher priority than other species for monitoring and 
management during that time; however, it is unclear what the forest management would entail 
during or after that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
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http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management 
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
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increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.  
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporarybecause the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.  
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more 
pessimistic about the future of lynx in Minnesota than the lynx expert panel. The Core Team 
concluded, with slightly more certainty than the expert panel, that the lynx may be extirpated at 
the end of the century. The experts predicted the probability of persistence to decline to 
approximately 35 percent by 2100 while the Core Team thought the probability of persistence 
would be lower at that time. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Furthermore, hybridization and competition with bobcat 
may increase with diminishing snow conditions because of continued climate warming and there 
are uncertainties how insect outbreaks or disease may affect the species or its habitat. 
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The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is state listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the state statute, a person may not take, import, transport, or 
sell any portion of an endangered or threatened species. However, these acts may be allowed 
by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the state. In Minnesota, the large proportion of lynx core area owned by the Forest 
Service provides a nexus for USFWS review of Forest projects under section 7 of the 
Endangered Species Act (i.e., there is rarely federal funding spent on forestry and no federal 
permits required for forest management on private lands), which would be lost post de-listing. 
Because of their Federal listing, Canada lynx are recognized as a priority species for planning 
by federal, tribal, state, and private forest landowners. Voluntary guidelines that consider the 
Federal listing status may guide private landowners to at least consider measures to help 
conserve listed species in the future. Without Federal listing driving voluntary conservation 
guidelines, however, there would be little or no motivation for private forest landowners to 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the USFWS to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); for new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development. Without Federal-
listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 

trapping may be further delayed or halted and may result in the diminishment of protective 
measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 lynx have 
been reported to be incidentally trapped in Minnesota since listing, resulting in at least 6 
mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without federal 
protection. High-profile law Federal enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota and trapping would be expected to occur there that may lead to greater 
incidental take of lynx. Without federal listing, shooting lynx may increase. We believe that 
despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that will likely be 
significantly diminished by mid- to late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy snow 
is critical to the existence of hare and lynx, and snow depth and duration are currently at or 
below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios, 
we are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believe that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
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into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity. 
  
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure 10, below). 
 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
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and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 

cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
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the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 

Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five years to assess its ability to sustain itself without the 
ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended. Given these requirements, we expect that future Federal management 
direction will continue to include regulations and guidance protective of lynx, although specific 
measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
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On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 

habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished or that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), although some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
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by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.  
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging the use 
of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
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Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 

population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future. Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity resulting from continued 
climate warming and drying, it may be necessary to reconsider whether fire suppression in 
some lynx habitats could benefit lynx by reducing the potential for extirpation of resident 
populations, especially in places already apparently only marginally capable of supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
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not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years. Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting eventually in an 
increased likelihood of functional extirpation of lynx from this unit (i.e., a lower probability that 
the unit would continue to support a persistent resident lynx population). However, as noted 
above, the lynx population in the Purcell Mountains in the northwestern part of this unit was 
estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over 
the last four years of the period for which the Seeley Lake population was estimated to be 
declining. In the absence of information on historic, recent, and likely future rates of immigration 
and its contribution to the persistence of lynx populations in this geographic unit, impacts of 
potentially reduced future immigration are difficult to project and are largely speculative at this 
time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
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to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State managed lands within Washington State. 
 
Further, should lynx be delisted, the management for and status of lynx in this geographic unit 
should be largely secure (insofar as we can affect their status [i.e., notwithstanding effects of 
climate change)] as greater than 90 percent of lynx habitat in this unit consists of Federal 
ownership on the OWNF and CNF. We expect that both the OWNF and CNF will be required to 
manage for lynx and their habitat into the future because both forests will have incorporated lynx 
management direction into their respective LRMPs. We acknowledge that LRMPs can be 
amended or revised. However, LRMPS are typically in place for 15 years or longer, and the 
Service, other Federal and State agencies, and the public would have opportunities to comment 
on any proposed amendments or revisions to the OWNF and/or CNF LRMPs through the 
National Environmental Policy Act process. Therefore, we expect that both the OWNF and CNF 
will continue managing for lynx and their habitat into the future regardless of their listing status. 
 
Climate Warming - The one risk factor identified by the LCAS which the Forest Service, or the 
WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of the published literature on 
this subject leads the Core Team to conclude that climate change does indeed pose the 
greatest risk to the long-term persistence of lynx, including within this geographic unit. 
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
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wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 

estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 

elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 

Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 

comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
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speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures. Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced because of projected 
climate-mediated decreases in snow quantity and quality. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely 
to increase the population’s vulnerability to stochastic environmental and demographic events. 

Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
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that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit. 

 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 12). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 



 

208 
 

conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
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and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
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However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 

become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 

to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
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have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 

least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Figure 13). 
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily-
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 

exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
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(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five percent is in 
Federal ownership. Other ownerships include state, county, municipal, etc., and private lands. 
Some BLM resource management plans have not been amended to include conservation 
specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow forest extensions 
connected to larger blocks of habitat on adjacent USFS lands. Generally these extensions are 
insufficient on their own to support a lynx home range. However, the Gunnison Field Office is 
the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 

warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow 
would continue to be retained late in the 21st century, including the high elevations of 
Colorado.” 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
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elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 

models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 

substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 

(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historic 
record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
had no data). Despite these uncertainties, we anticipate lynx populations to persist through the 
end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.  
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains in 
place, lynx are likely protected from take, and their habitat requirements likely met in a 
significant majority of the available habitat within the state. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 

fully exploit habitats year round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
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Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 

with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 

temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 

range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx. 
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) 
continue to support resident lynx, thought to number 200-300, although a small subpopulation in 
the Garnet Mountains on the southern periphery of this unit may have been extirpated recently. 
In North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events. 
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Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 

12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 

to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
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been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
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The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 

range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
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lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 50 
percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid- 
to late-century concerning the timing and extent of various stressors that will affect lynx and 
hare habitat and snow regimes, especially those related to climate change. However, review of 
the best available science in concert with input from lynx experts suggests that the probability of 
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the persistence of resident breeding populations will decline in all geographic units, with the 
negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 
contrary) beyond that time frame. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
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Thanks Scott and others,

We appreciate your comments and will do our best to address them and use them to improve the final SSA report
(although no one in my agency has explained where that fits into the current lynx schedule, given court-ordered
deadlines, etc.....).

A couple requests for clarification:

1. "....there are areas within the GYA that contain good snowshoe hare and lynx habitat."

In the report, we provide information on the areas of the GYA, primarily in the Wyoming Range, that have had good
hare densities documented and that have occasionally supported resident lynx.  However, to be considered "good
lynx habitat," we would argue that it must demonstrate an ability to support a persistent resident lynx population
over time.  As detailed in the draft report, we do not believe the historic record of verified occurrence suggests this
is likely the case anywhere within this geographic unit.  We believe our assessment that most of the GYA unit is
naturally poor lynx and hare habitat and that only relatively small areas of better but still marginal habitat exist, and
these are perhaps only intermittently capable of supporting a very few resident lynx, is the most reasonable
interpretation of the available information.  If you have information that we have not considered and which
demonstrates relatively large areas/landscapes with hare densities consistently adequate to support a resident lynx
population over time, and which have done so, either historically or recently/currently, please provide that
information to us.

2.  "We believe that the GYA provides areas of habitat that are important for lynx conservation...."

To help us better frame our consideration of and response to this comment, please tell us why you believe this. 
Specifically, please provide any information, hypotheses, or context you have that demonstrate or articulate how the
GYA contributes to or is otherwise important to conservation of lynx in the contiguous U.S. or to the species as a
whole.

3.  "...your conclusion on page 42 that 'southern WY did not historically or recently support a resident lynx
population and is not now capable of doing so seems overly broad and runs counter to other published reports
(Reeve (1986) and Oakleaf and Patla (2010))."
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Although a very few lynx have been documented occasionally in southern Wyoming (the areas of the state south and
east of the Wyoming and Wind River ranges [both of which are considered part of the GYA]) over the past 160
years, we find no evidence based on verified records in either Reeve et al. (1986) or Patla and Oakleaf (2010) that
demonstrates or presents a compelling argument that southern Wyoming ever historically or recently supported a
resident lynx population.  Reeve et al. reported only 3 documented (i.e., verified) lynx records in this area over 130
years (1856-1986; see Figure 9), one of which occurred in clearly anomalous habitat, and only another 8 "probable"
(but unverified and therefore anecdotal) records over the same time frame.  These records do not suggest the
persistent or continuous presence of resident lynx in this part of Wyoming.  Patla and Oakleaf (2010) evaluated
records and habitats in the Wyoming Range, which we considered the southern extent of the GYA and not a part of
"southern Wyoming." The best available information, McKelvey et al. 2000 and any later verified evidence of lynx
occurrence, also does not support the contention that southern Wyoming historically or recently supported a resident
lynx population or that it is capable of doing so.

4.  "We believe it would be appropriate and useful to provide a discussion of the conservation value that is provided
by lynx and snowshoe habitat near the southern periphery of lynx distribution, both in the GYA and in western
Colorado."

To inform that discussion, please provide your agency's thoughts on the the conservation value, to the contiguous
U.S. lynx DPS and/or to the taxon as a whole, provided by lynx and hare habitat in the GYA and in western
Colorado.

Thanks.

Jim

On Fri, Feb 17, 2017 at 5:02 PM, Jackson, Scott -FS <sjackson03@fs.fed.us> wrote:

Hi Jim,

 

In response to your request for comments on the draft Species Status
Assessment (SSA) for Canada Lynx, the Forest Service offers the
following.  I have included the comments that I received from folks in
USFS regions 1, 2 and 6.  You may also have received other
comments from USFS.

 

As a general comment, the document is well written and contains an
impressive amount of lynx information, with good discussions of what
is known and also where there is uncertainty.

 

In two places within the document (page 45-paragraph 2; and page 86-
paragraph 2), there is the statement, “Multiple large fires in the
Okanogan over the last 24 years have burned about 34% of lynx
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habitat (Lewis 2016, p.4).”  In several other places there is the
statement, “over the past two decades these wildfires have burned
greater than 50% of the suitable lynx habitat within this geographic
unit (Koehler et al. 2008, p.1523).”  This 50% figure is used on p.101-
paragraph 2; p.139-paragraph 3; p.143-paragraph 4; and p.164-
paragraph 2.  While this initially seemed like an inconsistency, we
believe it just needs some clarification.  The Lewis 2016 figure of
34% is referring to amount of area within the Lynx Management Zone
(LMZ) that has recently burned.  Koehler et al. 2008 specifically
refers to suitable habitat within that LMZ that has been burned
recently.  Not all acres within the LMZ are suitable lynx habitat. 
Therefore, to perhaps make this more clear, the statements on pages
45 and 86 should be edited to say “about 34% of the LMZ” rather than
“about 34% of lynx habitat.”

 

Although we appreciate the large amount of information that has been
compiled and summarized, we suggest that some of your conclusions
relative to habitat conditions in the Greater Yellowstone Area (GYA)
are too general.  For instance, on page 211 the report concludes that
“conditions for lynx in this unit (GYA) are naturally marginal.”  As
indicated in other parts of the SSA report, there are areas within the
GYA that contain good snowshoe hare and lynx habitat.  We believe
that the GYA provides areas of habitat that are important for lynx
conservation and suggest that summaries of habitat conditions in the
GYA include the fact that not all habitat in that area is marginal or
suboptimal.

 

We understand the uncertainty associated with the intermittent nature
of lynx occupation/detections in the GYA.  However, your conclusion
on page 42 that “southern WY did not historically or recently support
a resident lynx population and is not now capable of doing so” seems
overly broad and runs counter to other published reports (Reeve
(1986) and Oakleaf and Patla (2010)).



 

We believe it would be appropriate and useful to provide a discussion
of the conservation value that is provided by lynx and snowshoe
habitat near the southern periphery of lynx distribution, both in the
GYA and in western Colorado.

 

Although there may be some uncertainty about the efficacy of the
federal land management regulatory framework (p.217), we believe
that current USFS management direction largely addresses the habitat
needs of lynx and provides a minimum threshold for maintaining a
mosaic of vegetation structural stages through time that are necessary
to support persistent lynx occupancy across lynx analysis units. 
However, newly developing science may indicate that there is
additional information that should be taken into account for effective
lynx habitat management.

 

Relatedly, we appreciate the discussion of future conditions relative to
lynx habitat management direction and how it may change in response
to new science (pages 195 and 207).  We agree with your assessment
that, although specific standards and guidelines may change as new
scientific information and management techniques become available,
Federal land management designed to conserve and restore potential
lynx habitat is anticipated to continue.

 

References on pages 128-130 stating that lynx haven’t been detected
in the Garnet Range of Montana since 2010 should be updated to
reflect recent (2016) lynx detections in that mountain range.

 

When discussing the probability of lynx persistence into the future in
each geographic area (Ch. 5.2), care should be taken to ensure that



these probabilities are accurately characterized merely as estimates
based on expert opinion.

 

Thank you for the opportunity to review the draft lynx SSA report. 
We appreciate all the work that went into preparing this document.  If
I can provide additional information or be of assistance, please let me
know.  Have a good weekend!

 

Scott Jackson 
National Carnivore Program Leader
Forest Service

Northern Regional Office

p: 406-329-3664 
f: 406-329-3171 
sjackson03@fs.fed.us

26 Fort Missoula Road
Missoula, MT 59804
www.fs.fed.us 
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penalties. If you believe you have received this message in error, please notify the sender
and delete the email immediately.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
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Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Lisa Solberg Schwab
Subject: Fwd: Another question regarding your review of the lynx SSA
Date: Thursday, March 30, 2017 12:12:50 PM
Attachments: image001.png

image003.png
image004.png
image002.png

At bottom is my request to John for clarification of some of his comments; immediately below is his response,
which again relies on much information that was reviewed by McKelvey et al. 2000 and considered by them as
unverified (therefore anecdotal).

---------- Forwarded message ----------
From: Squires, John -FS <jsquires@fs.fed.us>
Date: Mon, Mar 20, 2017 at 9:25 AM
Subject: RE: Another question regarding your review of the lynx SSA
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Hello Jim,

 

I appreciate the difficulty in rectifying all the comments you received with the SSA.  As I
mentioned in my review,  I thought you and others at the USFWS did an excellent job on
the SSA report.  You pulled together much information in a very short period of time and
successfully captured the conclusions of the SSA expert panel.  An issue that I did take
exception to in the document was the discussion of lynx in the GYA.   I didn’t view your
comments in your last email as “dismissive”, but rather as a legitimate attempt to
interpret lynx occupancy in the GYA base on an imperfect historical record.

 

As you know better than most, establishing the long-term persistence of lynx
populations across the contiguous US is difficult and incomplete (e.g. Colorado, Idaho,
Vermont, Wyoming).  The challenge is how do we define long-term occupancy or
persistence, while acknowledging the imperfect historical records for lynx due to the
species’ irruptive movements, potential misidentification with bobcats in harvest records
and field observations, and the fact they occur at low population densities in remote
high-elevation forests.   I agree that lynx in the GYA may have historically occurred as a
small population, but I don’t think we should discount the importance of small persistent
populations to the species conservation. 
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I made the point in my review that the consistency of occupancy for lynx in Wyoming is
very different than documentation available for New York, New Hampshire, and
Colorado.   As Murphy et al. (2005 – Yellowstone Science) stated,  “Very little is known
about the historic numbers and distribution of lynx in Yellowstone. Early writers dating
from the late 1800s noted that lynx were present, but their estimates of parkwide
numbers were highly subjective and varied widely, ranging from “about 10 individuals”
to “quite common.” The park archives contain several reliable photos of lynx, and the
Smithsonian Institution in Washington, D.C., contains a single skull, dated 1895. Park
files contain records of 73 direct or indirect (tracks) observations of lynx made by park
visitors or employees from 1887 to 2003. In addition, there are 34 references to lynx
(tracks or direct observations) in ranger logbooks found in the Yellowstone National Park
archives, dating 1895–1926, including references to at least six individuals trapped or
shot in the park. Collectively, Yellowstone historical records suggest a parkwide
distribution. However, sightings data are difficult to interpret—lay park visitors and
untrained park staff may misidentify look-alike species, such as bobcats, and have
difficulty correctly distinguishing lynx tracks from those of cougars.”    I interpret these
observations as convincing (although certainly imperfect) documentation that lynx were
in the GYA since the 1800’s, but the consistency of occupancy is unknown.  In addition,
Reeve et al. (1986) provided repeated documentation of lynx through the 1980’s as you
describe below, and we documented the species presence from 1997 until recently. 
Based on this imperfect historical record, we do not know if lynx occupancy was
persistent or if a small population ebbed and flowed through possible augmentation
from Canada (early 1970s).  However, the GYA is the only region in the contiguous U.S
that is disjunct from the Canadian border with an historical record that is as long-term
and “persistent.”  

 

In addition, I made the point that the parts of the GYA were recently reoccupied by
transplanted lynx from Colorado, including males and females with overlapping home
ranges (e.g. Togwotee Pass).  The attempted reoccupancy of this area is unique to
Wyoming (possibly Minnesota too).  It is not fully understood why the Wyoming Range,
Union Pass and Togwotee Pass are apparently important to native or dispersing lynx, but
it does appear to be the case.  Thus, historical patterns of lynx occupancy and
reoccupancy in Wyoming are different than other regions of the continental US and the
region is relevant to conservation planning in my opinion.     

 



Thanks for the opportunity to further clarify my SSA comments.  Regards, John

 

 

 

John Squires, PhD 
Research Wildlife Biologist
Forest Service

Rocky Mountain Research Station
p: 406-542-4164 
jsquires@fs.fed.us
800 E. Beckwith Ave 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people

 

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Thursday, March 16, 2017 12:07 PM
To: Squires, John -FS <jsquires@fs.fed.us>
Subject: Another question regarding your review of the lynx SSA

 

Hi John,

 

I'm looking for some additional information regarding your comment on our treatment of the
historical record of lynx in Wyoming.

 

After in-depth review of the "certain" (i.e., verified) records in Reeve et al. 1986 and the
verified records in McKelvey et al. 2000, I reach a less certain conclusion regarding whether
Wyoming continuously or consistently supported a resident population.

 

Based on those documents, there are 33 or 34 (McKelvey et al's total did not include one of
Reeve et al's "certains" - a record from 1969) verified records from Wyoming from 1856-
1999.  These include 4 records from the 1800s, 3 of which were from the southeast part of the
state that seems unlikely to have supported a persistent resident population. Then there were
10 records from 1904-1920, 7 from YNP and surrounding area, 2 from the upper Wind Rivers,
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and 1 from the Big Horns.  Of these 10, 8 were from the years 1917-1920, which may suggest
dispersing lynx associated with an irruption.

 

There were no verified records in WY from 1921-1939, then there were 9 records from 1940-
1957, all from the west-central border area (northern Wyoming Range).  Six of these 9 were
killed in 1952-1955, again suggestive of a pulse of dispersing lynx.

 

After 1957, there were single records from 1963 and 1983 (and perhaps one in 1969), both
from southeast WY, one clearly in anomalous habitat, and then 8 records from the Wyoming
Range from 1996-2000 that included the adult male and adult female you and Laurion and
Oakleaf had collared, and her 6 kittens from 2 consecutive years (none of which appear to
have survived to independence; and the female starved about the time the second litter would
have been ready to disperse from the maternal home range).

 

Since 2000, as documented in the report, there have been only a handful of verified records
that suggest 3 lynx in the park over a couple of years and 10 Colorado lynx that passed thru
WY, with a couple temporarily hanging out in the area of the Wyoming Range previously
occupied by the late 1990s resident pair, but with no evidence of reproduction.

 

To me, the best available (verified) data simply do not refute the possibility that the GYA was
perhaps only capable of supporting small numbers of resident lynx intermittently over the past
150 years.  It is also possible, and we acknowledge so in the report, that it may have supported
a small but persistent resident population, although the verified record does not strongly
support that conclusion.

 

I know Reeve et al. had many more data that they categorized as "probable," (you cite 262
total records in your comment letter, which includes 22 verified records, 209 "probable"
records, and the rest either "questionable" or "unlikely" ) but Kevin did not consider these
verified, and he and Mike built a compelling argument in their 2008 paper about why only
verified data should be used to evaluate historical range.  I think the vagaries in historical lynx
trapping records, the strong likelihood of bobcats being misidentified as lynx, problems with
unconfirmed track or observation data, and the pulsed, ebb/flow dynamics of lynx distribution
all further strengthen the argument for only using verified data for lynx.

 

Nonetheless, I looked at the "probable" (but unverified) records reported in Reeve et al., and
they suggest a low-level of occurrence for much of the last century (mean = 1.3 anecdotal
observations per year, range 0-5, from 1918-1969), followed by big increases beginning in
1970 and continuing through 1985 (mean = 7.8 anecdotal observations per year, range 3-19,
from 1970-1986) – likely a reflection of the big irruptions of lynx out of Canada in the early
1970s and early 1980s (McKelvey et al. 2000, Fig. 8.6; also Fig. 8.3) combined with probable



increased survey efforts.

 

I also have seen the reference to the unverified 18 lynx being trapped from a relatively small
area of the Wyoming Range over a short time in 1972, but this also suggests a pulse of
dispersing lynx associated with the unprecedented irruption of the early 1970s documented in
McKelvey et al. 2000.  If all or most of these were resident lynx, why were the all suddenly
simultaneously vulnerable to trapping in one year?

 

Anyway, if there is additional evidence that I'm overlooking or if you have additional thoughts
or information that support the presence of a persistent resident population in Wyoming, I'd
appreciate knowing about it.

 

I'd also like you to consider that this is not a lack of humility or an effort to be dismissive of
the possibility that the GYA (or more realistically the Wyoming Range portion of the GYA)
may have supported a small persistent population, but rather to try to reach the most
parsimonious conclusion based on a reasonable interpretation of the best and most reliable
data/information.

 

Thanks,

 

Jim

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov
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This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Lisa Solberg Schwab
Subject: Colorado, Idaho and Montana agency comments on Lynx Draft SSA Reprot
Date: Thursday, March 30, 2017 12:49:24 PM
Attachments: FINAL signed ColoradoParksWildlife_Lynx_ssa_Comments_Letterhead.pdf

2017 02 22 IDFG Comments Lynx SSA Draft Report.pdf
2017 02 07 Montana FWP Comments on Lynx Species Status Assessment.pdf

Attached. (Most of Montana's letter is Appendix A - the raw expert elicitation graphs we provided to them).

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Lisa Solberg Schwab
Subject: Fwd: Question about impacts to lynx/hare habitats in the Wyoming Range
Date: Thursday, March 30, 2017 1:05:29 PM

Some follow-up questions and responses regarding Wyoming's comments on the Draft SSA Report.

---------- Forwarded message ----------
From: Susan Patla <susan.patla@wyo.gov>
Date: Wed, Mar 15, 2017 at 10:43 AM
Subject: Re: Question about impacts to lynx/hare habitats in the Wyoming Range
To: "Zelenak, Jim" <jim_zelenak@fws.gov>
Cc: Nichole Cudworth <nichole.bjornlie@wyo.gov>

Let me know if you get what you need or if I can work with the BTNF here in Jackson to
document habitat loss/fragmentation in lynx areas.  I will check my old files also to see what I
might have.

Susan Patla
Nongame Biologist
Wyoming Game and Fish Department
PO Box 67
Jackson, WY 83001
307-733-2383  ext. 229   office
307 413-1222   cell
Susan.Patla@wyo.gov

         

 
E-Mail to and from me, in connection with the transaction of public business,  is subject to the Wyoming Public Records Act and may be 
disclosed to third parties.

On Wed, Mar 15, 2017 at 10:38 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Susan.

I'll try to contact Bob and have more discussion with Gary.

Nichole - Congratulations!  Please do not reply to my earlier request. 

On Wed, Mar 15, 2017 at 10:31 AM, Susan Patla <susan.patla@wyo.gov> wrote:
Jim,

I just read your email message.

Timber harvesting by the Bridger-Teton National Forest in the 1970s onward in the
Wyoming Range, including areas where lynx activity had been documented, was the
major concern.  Some harvesting activity continues on the Bridger-Teton forest and
adjacent BLM lands.  I think you might want to discuss this with Gary Hanvey as he
should be able to provide the total acreage affected or how best to compile these data for
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the Forest Service lands.  

Also, in regard to interpretation of the historic status of lynx in Wyoming, Bob Oakleaf
who is retired would probably be the best person to talk to in regard to this question. I
know he did not pursue lynx surveys earlier than he did as he thought Wyoming had a
secure population back in the 1970s.  

His email is:  boboakleaf@gmail.com.

Nichole just had a baby so may not respond right away.

Susan

Susan Patla
Nongame Biologist
Wyoming Game and Fish Department
PO Box 67
Jackson, WY 83001
307-733-2383  ext. 229   office
307 413-1222   cell
Susan.Patla@wyo.gov

         

 
E-Mail to and from me, in connection with the transaction of public business,  is subject to the Wyoming Public Records Act and 
may be disclosed to third parties.

On Tue, Mar 14, 2017 at 3:58 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Susan and Nichole,

Several papers included with the State of Wyoming's review and comments on the draft lynx SSA report
suggest past and perhaps continued alteration of or impacts to lynx and hare habitats in Wyoming.

For example, Laurion and Oakleaf 1998 (p. 174) concluded that "Lynx may not persist in the face of
continued alteration of lynx/snowshoe hare habitat in Wyoming."

Similarly, Laurion and Oakleaf 2000 (p. 114) stated "Wyoming's hare habitat situation is one of natural
fragmentation, and the additional fragmentation caused by logging and possibly grazing."

And, Van Fleet et al. 2006 (p. 49) added that "The continued alteration of habitat, especially in the Wyoming
Range, has significantly reduced the amount of available habitat and has complicated lynx conservation
efforts in Wyoming. The little remaining lynx habitat in Wyoming is quite restrictive and disjunct with little
to no potential existing in protected Wilderness Areas." 

Likewise, John Squires recently commented that "...the best lynx habitat in the state [in the Wyoming Range]
is  actually outside national parks and has been highly impacted by natural and anthropogenic disturbance
(fire, timber manipulation, proposed energy development, conflicting wildlife management priorities)." 

I'm not sure how proposed energy development may have highly impacted habitat, but I will try to get
clarification on that from John.
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My question for the two of you is whether you have any reports or other information documenting and/or
quantifying the sources and amounts or proportion of such impacts to what is considered higher quality
lynx/hare habitats, particularly in the Wyoming Range.  Is there any documentation of the timing and amount
of logging that occurred in potential lynx/hare habitats and whether those impacts resulted in temporary or
permanent loss of lynx habitat?  What other anthropogenic factors may have impacted/ diminished lynx
habitats in the Wyoming Range?  I'm particularly interested in what data/info Van Fleet et al. relied on to
conclude that habitat had been significantly reduced; what caused so little to remain?

Also, Laurion and Oakleaf 2000 (p. 108) says that the Wyoming Range "...was known to have had a healthy
breeding population in the late 1960s and early 1970s (B. Neely and J. Welch, pers. comm.)" but that it was
considered in 2000 to  be "much reduced from that period".

I'm wondering if there are any data (other than Reeve et al.'s 1986 compilation of very few verified
["certain"] and many more "probable" [but unverified] lynx occurrence records) or other information to
support the conclusion that the Wyoming Range had a "healthy" persistent resident breeding lynx population
in the 1960s -1970s, or at any time historically.  Laurion and Oakleaf 2000 (p. 114) point to the 18 lynx
trapped from the Merna study area north to the Hoback Rim during a few months of 1972, but I'm wondering
why this would be considered evidence of a breeding population and not possibly an indication of the many
dispersing lynx that were documented in many parts of the lower 48 in the early 1970s as a result of the
second of two unprecedented irruptions of lynx into the Lower 48 from Canada (the other in the early 1960s
- both are documented in McKelvey et al. 2000 [Chapter 8 in Ecology and Conservation of Lynx in the
United States]).

Sorry for the long and involved request, and thanks in advance for any clarification and/or supporting
information you are able to provide.

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

E-Mail to and from me, in connection with the transaction 
of public business, is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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E-Mail to and from me, in connection with the transaction 
of public business, is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Lisa Solberg Schwab
Subject: Fwd: Question about impacts to lynx/hare habitats in the Wyoming Range
Date: Thursday, March 30, 2017 1:06:43 PM

As Susan suggested, I contacted Bob Oakleaf but have not heard back from him.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Mar 15, 2017 at 10:50 AM
Subject: Fwd: Question about impacts to lynx/hare habitats in the Wyoming Range
To: boboakleaf@gmail.com

Hi Bob,

Susan Patla forwarded your email address and suggested you may have some thoughts you'd be willing to share
regarding my search for information, below.

I'm working on finalizing a species status assessment (SSA - yet another new acronym for USFWS...) for lynx in the
Lower 48 and, based on some peer review comments from John Squires and comments from the State of Wyoming,
I'm trying to compile and summarize the most appropriate information and present the likely history of lynx and
habitat in Wyoming in the most parsimonious way.

I'd appreciate any thoughts you are willing to share. Please feel free to give a call (406-449-5225, extension 220) if
you'd rather talk about this than reply via email.

Thanks,

Jim 

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, Mar 14, 2017 at 3:58 PM
Subject: Question about impacts to lynx/hare habitats in the Wyoming Range
To: susan.patla@wyo.gov, Nichole Cudworth <nichole.bjornlie@wyo.gov>

Hi Susan and Nichole,

Several papers included with the State of Wyoming's review and comments on the draft lynx SSA report suggest
past and perhaps continued alteration of or impacts to lynx and hare habitats in Wyoming.

For example, Laurion and Oakleaf 1998 (p. 174) concluded that "Lynx may not persist in the face of continued
alteration of lynx/snowshoe hare habitat in Wyoming."

Similarly, Laurion and Oakleaf 2000 (p. 114) stated "Wyoming's hare habitat situation is one of natural
fragmentation, and the additional fragmentation caused by logging and possibly grazing."

And, Van Fleet et al. 2006 (p. 49) added that "The continued alteration of habitat, especially in the Wyoming Range,
has significantly reduced the amount of available habitat and has complicated lynx conservation efforts in
Wyoming. The little remaining lynx habitat in Wyoming is quite restrictive and disjunct with little to no potential
existing in protected Wilderness Areas." 

mailto:jim_zelenak@fws.gov
mailto:lisa_solbergschwab@fws.gov
mailto:jim_zelenak@fws.gov
mailto:boboakleaf@gmail.com
mailto:jim_zelenak@fws.gov
mailto:susan.patla@wyo.gov
mailto:nichole.bjornlie@wyo.gov


Likewise, John Squires recently commented that "...the best lynx habitat in the state [in the Wyoming Range] is
 actually outside national parks and has been highly impacted by natural and anthropogenic disturbance (fire,
timber manipulation, proposed energy development, conflicting wildlife management priorities)." 

I'm not sure how proposed energy development may have highly impacted habitat, but I will try to get clarification
on that from John.

My question for the two of you is whether you have any reports or other information documenting and/or
quantifying the sources and amounts or proportion of such impacts to what is considered higher quality lynx/hare
habitats, particularly in the Wyoming Range.  Is there any documentation of the timing and amount of logging that
occurred in potential lynx/hare habitats and whether those impacts resulted in temporary or permanent loss of lynx
habitat?  What other anthropogenic factors may have impacted  ordiminished lynx habitats in the Wyoming Range? 
I'm particularly interested in what data/info Van Fleet et al. relied on to conclude that habitat had been significantly
reduced; what caused so little to remain , and whether such impacts were permanent or temporary?

Also, Laurion and Oakleaf 2000 (p. 108) says that the Wyoming Range "...was known to have had a healthy
breeding population in the late 1960s and early 1970s (B. Neely and J. Welch, pers. comm.)" but that it was
considered in 2000 to  be "much reduced from that period".

I'm wondering if there are any data (other than Reeve et al.'s 1986 compilation of very few verified ["certain"] and
many more "probable" [but unverified] lynx occurrence records) or other information to support the conclusion that
the Wyoming Range had a "healthy" persistent resident breeding lynx population in the 1960s -1970s, or at any time
historically.  Laurion and Oakleaf 2000 (p. 114) point to the 18 lynx trapped from the Merna study area north to the
Hoback Rim during a few months of 1972, but I'm wondering why this would be considered evidence of a breeding
population and not possibly an indication of the many dispersing lynx that were documented in many parts of the
lower 48 in the early 1970s as a result of the second of two unprecedented irruptions of lynx into the Lower 48 from
Canada (the other in the early 1960s - both are documented in McKelvey et al. 2000 [Chapter 8 in Ecology and
Conservation of Lynx in the United States]).

Sorry for the long and involved request, and thanks in advance for any clarification and/or supporting information
you are able to provide.

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Solberg Schwab, Lisa
To: Zelenak, Jim
Subject: Re: Question about impacts to lynx/hare habitats in the Wyoming Range
Date: Thursday, March 30, 2017 2:24:51 PM

Jim,

I really appreciate you taking the time to talk with me and sending all the documents
to me.

I will let you know if I have any further questions.

Thank you.
lisa

Lisa Solberg Schwab
Biologist
USFWS, Wyoming ES Field Office
located at
BLM Pinedale Field Office
1625 W. Pine St.
P.O. Box 768
Pinedale, WY 82941
(307) 367-5340

On Thu, Mar 30, 2017 at 1:09 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I also followed-up with Gary - my questions and his reply below.

---------- Forwarded message ----------
From: Hanvey, Gary -FS <ghanvey@fs.fed.us>
Date: Thu, Mar 16, 2017 at 9:47 PM
Subject: RE: Question about impacts to lynx/hare habitats in the Wyoming Range
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Hey Jim.  I was in a meeting (actually, retirement training) this afternoon, and will be there all day
tomorrow as well.  Just came in to address some questions for Katrina and saw your note. 

 

Think I can provide some info on veg history in the WY Range, depending on what you think you
need – I’ll have to dig up the  NEPA report I prepared for those large oil and gas projects I was
working on – there are some details on past veg projects in the cumulative effects section
regarding location, year of treatment, ect…. But cant remember if there are details on acres
treated.  But all that data is available in GIS.
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I agree w/ some of the thoughts of Oakleaf, Squires, Van Fleet……  relative to changes in veg in the
WY Range since the 70’s.  The most significant changes resulted from large wildfires – three large
ones in particular (30 to 50K each) have occurred on the E. Front of the WY Range since about
2000. Two of those large fires (Horse Creek and Mule Creek Wildfires) occurred within the home
range of the female that had two litters – an area that likely was the best of habitat in the WY
Range in the 70s, 80s, and 90s. Those big burn areas are not recovering – they burned hot and
conifers have not reestablished, likely because of a lack of conifer seed source – AF/ES forests on
the BT have long fire return intervals (300+ years), and when they burn, recovery is slow because
of high elevation and short growing seasons – they are more similar to CO forests than MT forests.
  Many timber sales (mostly regen harvests) have also occurred in the WY Range since the 70’s –
many of those units  were replanted (w/ mostly LPP) and  have reestablished - but growth is slow,
and many of the units still don’t provide SSH habitat during winter.  Most recently, many heavily
encroached mature aspen stands (where Berg recorded some of the highest SSH densities in his
study) have been stand-replace prescribed burned to improve habitat for mule deer – those burns
removed most of the conifers, and aspen is coming back is some of the units, but many of them
are dominated by low shrubs.  

 

The net effect of past wildfire and veg management actions in the WY Range is that mature multi-
storied forest has been significantly reduced since the 70’s. And, I think (and John agrees) that we
may not currently have enough mature multistoried habitat in the WY Range to sustain lynx.  One
of John’s proposed assessments will focus on mapping existing habitat conditions in ID, E. MT and
the GYE and assessing potential for lynx occupation relative to his work in MT where lynx still
occur.  As you know, John’s work in MT, and Kosterman’s study in MT indicates that mature forest
may be much more important to lynx occupation than we thought.  In MT lynx occur where the
largest patches of mature forest remain on the landscape – they don’t seem to occur anywhere
else.  John has told me that of the 48 home ranges in his MT study area, none have more than 12%
young regenerating forest.  John and Megan Kosterman are working on a manuscript to publish
her findings.  And, John is working on another assessment to better define structural conditions
within the mature forest class suggested in Kosterman’s study.

 

Let’s talk more next week – I should be in the office all week.

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Thursday, March 16, 2017 1:28 PM
To: Hanvey, Gary -FS <ghanvey@fs.fed.us>
Subject: Fwd: Question about impacts to lynx/hare habitats in the Wyoming Range

 

Hi Gary,

 

mailto:jim_zelenak@fws.gov
mailto:ghanvey@fs.fed.us


Susan thought you might be able to provide some data/documentation regarding my
question below regarding impacts to potential lynx/hare habitats in the Wyoming Range.

 

I know you and I have talked about this before, but I haven't seen any reports that actually
document the amount, extent, and timing of logging or other potential impacts and whether
they resulted in permanent or temporary loss/degradation of lynx habitat, and what
proportion of the highest quality hare habitat may have been affected.

 

Appreciate any data you care to share.

 

I've also emailed Bob on the other question.

 

Thanks,

 

Jim

 

---------- Forwarded message ----------
From: Susan Patla <susan.patla@wyo.gov>
Date: Wed, Mar 15, 2017 at 10:31 AM
Subject: Re: Question about impacts to lynx/hare habitats in the Wyoming Range
To: "Zelenak, Jim" <jim_zelenak@fws.gov>
Cc: Nichole Cudworth <nichole.bjornlie@wyo.gov>

Jim,

 

I just read your email message.

 

Timber harvesting by the Bridger-Teton National Forest in the 1970s onward in the
Wyoming Range, including areas where lynx activity had been documented, was the major
concern.  Some harvesting activity continues on the Bridger-Teton forest and adjacent BLM
lands.  I think you might want to discuss this with Gary Hanvey as he should be able to
provide the total acreage affected or how best to compile these data for the Forest Service
lands.  

mailto:susan.patla@wyo.gov
mailto:jim_zelenak@fws.gov
mailto:nichole.bjornlie@wyo.gov


 

Also, in regard to interpretation of the historic status of lynx in Wyoming, Bob Oakleaf who
is retired would probably be the best person to talk to in regard to this question. I know he
did not pursue lynx surveys earlier than he did as he thought Wyoming had a secure
population back in the 1970s.  

 

His email is:  boboakleaf@gmail.com.

 

Nichole just had a baby so may not respond right away.

 

Susan

 

 

 

Susan Patla
Nongame Biologist
Wyoming Game and Fish Department

PO Box 67

Jackson, WY 83001

307-733-2383  ext. 229   office

307 413-1222   cell

Susan.Patla@wyo.gov

 

 

  

  

    

 

E-Mail to and from me, in connection with the transaction of public business,  is subject to the Wyoming Public Records

mailto:boboakleaf@gmail.com
mailto:First.Last@wyo.gov
https://twitter.com/WGFD


Act and may be disclosed to third parties.

 

 

On Tue, Mar 14, 2017 at 3:58 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

Hi Susan and Nichole,

 

Several papers included with the State of Wyoming's review and comments on the draft
lynx SSA report suggest past and perhaps continued alteration of or impacts to lynx and
hare habitats in Wyoming.

 

For example, Laurion and Oakleaf 1998 (p. 174) concluded that "Lynx may not persist in
the face of continued alteration of lynx/snowshoe hare habitat in Wyoming."

 

Similarly, Laurion and Oakleaf 2000 (p. 114) stated "Wyoming's hare habitat situation is
one of natural fragmentation, and the additional fragmentation caused by logging and
possibly grazing."

 

And, Van Fleet et al. 2006 (p. 49) added that "The continued alteration of habitat,
especially in the Wyoming Range, has significantly reduced the amount of available
habitat and has complicated lynx conservation efforts in Wyoming. The little remaining
lynx habitat in Wyoming is quite restrictive and disjunct with little to no potential existing
in protected Wilderness Areas." 

 

Likewise, John Squires recently commented that "...the best lynx habitat in the state [in
the Wyoming Range] is actually outside national parks and has been highly impacted by
natural and anthropogenic disturbance (fire, timber manipulation, proposed energy
development, conflicting wildlife management priorities)." 

 

My question for the two of you is whether you have any reports or other information
documenting and/or quantifying the sources and amounts or proportion of such impacts to
what is considered higher quality lynx/hare habitats, particularly in the Wyoming Range. 
Is there any documentation of the timing and amount of logging that occurred in potential
lynx/hare habitats and whether those impacts resulted in temporary or permanent loss of
lynx habitat?  What other anthropogenic factors may have impacted/ diminished lynx
habitats in the Wyoming Range?  I'm particularly interested in what data/info Van Fleet et
al. relied on to conclude that habitat had been significantly reduced; what caused so little

mailto:jim_zelenak@fws.gov


to remain?

 

Also, Laurion and Oakleaf 2000 (p. 108) says that the Wyoming Range "...was known to
have had a healthy breeding population in the late 1960s and early 1970s (B. Neely and J.
Welch, pers. comm.)" but that it was considered in 2000 to  be "much reduced from that
period".

 

I'm wondering if there are any data (other than Reeve et al.'s 1986 compilation of very
few verified ["certain"] and many more "probable" [but unverified] lynx occurrence
records) or other information to support the conclusion that the Wyoming Range had a
"healthy" persistent resident breeding lynx population in the 1960s -1970s, or at any time
historically.  Laurion and Oakleaf 2000 (p. 114) point to the 18 lynx trapped from the
Merna study area north to the Hoback Rim during a few months of 1972, but I'm
wondering why this would be considered evidence of a breeding population and not
possibly an indication of the many dispersing lynx that were documented in many parts of
the lower 48 in the early 1970s as a result of the second of two unprecedented irruptions
of lynx into the Lower 48 from Canada (the other in the early 1960s - both are
documented in McKelvey et al. 2000 [Chapter 8 in Ecology and Conservation of Lynx in
the United States]).

 

Sorry for the long and involved request, and thanks in advance for any clarification and/or
supporting information you are able to provide.

 

Jim 

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

 

tel:(406)%20449-5225
mailto:jim_zelenak@fws.gov


E-Mail to and from me, in connection with the transaction 
of public business, is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender
and delete the email immediately.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


From: lynxdan@gmail.com
To: Mark McCollough
Subject: Fwd: Snowshoe hare vegetation study
Date: Thursday, March 30, 2017 8:00:56 PM

Hi Mark,

Despite that IFW is awash in P-R funds and has repeatedly identified a need for more
snowshoe hare date, they again refuse to collaborate with their Land Grant University.....very
sad.

Dan

Daniel J. Harrison
Professor of Wildlife Ecology - Department of Wildlife, Fisheries, and Conservation Biology
Cooperating Professor of Sustainable Forestry
The University of Maine
5755 Nutting Hall, Room 210
Orono, ME 04469-5755
(207) 581-2867
harrison@maine.edu

---------- Forwarded message ----------
From: Jakubas, Walter <Walter.Jakubas@maine.gov>
Date: Thu, Mar 30, 2017 at 1:10 PM
Subject: Snowshoe hare vegetation study
To: Daniel Harrison <harrison@maine.edu>

Hi Dan,

 

We have discussed your proposal in house.  While we agree that having a
better understanding of snowshoe hare densities and how their
populations fluctuate in Maine could provide insights on population
changes in some of our predator populations, we do not feel that this
research is a high priority for the Department at this time relative to other
needs. I am sorry but we will not be able to contribute to hiring a post-doc
for this project.

 

Wally

 

From: lynxdan@gmail.com [mailto:lynxdan@gmail.com] On Behalf Of Daniel Harrison
Sent: Tuesday, March 28, 2017 11:41 AM

mailto:harrison@maine.edu
mailto:mark_mccollough@fws.gov
mailto:harrison@maine.edu
mailto:Walter.Jakubas@maine.gov
mailto:harrison@maine.edu
mailto:lynxdan@gmail.com
mailto:lynxdan@gmail.com


To: Webb, Nathan; Jakubas, Walter; Connolly, James; Camuso, Judy
Subject: Re: Lynx SSA

 

Hi Nate et al.,

 

I am at a critical juncture in the hiring process for the post-doc to evaluate, analyze, and write
up the snowshoe hare and vegetation data collected from 1997 to 2015.  All the veg and hare
data is organized and in an ACCESS database and is ready to go.  The short prospectus that I
forwarded last month is attached.  Essentially, I have the salary funded and am requesting
additional support to cover the 50% for the fringe benefits.  Given the timeline of funds,  I
need to start this project by 15 May.   Please indicate whether IFW is interested in
participating, as without additional support I will need to go with a lower priced Research
Associate, which will not be as efficient or productive.  We will nevertheless, keep the ball
rolling forward and hope to collaborate with IFW to maximize the utility of this unique time
series of data.

 

I'll be around all of next week and will be available to discuss... please contact me via this e-
mail as I am on sabbatical and working remotely.

 

Thanks!

 

Dan

 

   

Daniel J. Harrison
Professor of Wildlife Ecology - Department of Wildlife, Fisheries, and Conservation Biology
Cooperating Professor of Sustainable Forestry
The University of Maine
5755 Nutting Hall, Room 210
Orono, ME 04469-5755
(207) 581-2867
harrison@maine.edu

 

On Wed, Feb 22, 2017 at 1:11 PM, Webb, Nathan <Nathan.Webb@maine.gov> wrote:

tel:(207)%20581-2867
mailto:harrison@maine.edu
mailto:Nathan.Webb@maine.gov


Hi Dan – I just wanted to follow up and let you know that I’ve shared the post-doc funding request
with Wally, Jim Connolly, and Judy Camuso.  I don’t think they’ve had a chance to discuss it yet but I
will let you know if they need any additional information.

 

Thanks again for your help with the hare density discussion. 

 

 

Nate

 

Nathan Webb

Maine Department of Inland Fisheries and Wildlife

284 State Street, 41 SHS

Augusta, ME  04333

207-287-5293 (office)

207-592-4534 (cell)

 

Correspondence to and from this

office is considered a public record

and may be subject to a request

under the Maine Freedom of Access

Act. Information that you wish to

keep confidential should not be

included in email correspondence.

 

 

 

 

From: lynxdan@gmail.com [mailto:lynxdan@gmail.com] On Behalf Of Daniel Harrison
Sent: Monday, February 06, 2017 11:44 AM

tel:(207)%20287-5293
tel:(207)%20592-4534
mailto:lynxdan@gmail.com
mailto:lynxdan@gmail.com


To: Webb, Nathan
Subject: Re: Lynx SSA

 

Hi Nate,

 

I look forward to talking with you.  2:45 will be safer for me as I will be leading a meeting of
the alumni awards committee across campus until 2:30.  You can call me on my office phone
207-581-2867.

 

Attached is a graph of preliminary results of relative overwinter hare densities across stand
types.  Unfortunately, our results are most solid for the regenerating clearcuts (all were 16-40
years post-cut), the mature stands, and for the selection harvest stands.  We had good sample
sizes (n=9) for the first 3 years in shelterwood stands, but then the overstories on those
shelterwood stands (eventually 7 of the 9) were removed and the regeneration was altered
greatly by the skid trails and harvesting operation, and in some cases by biomass harvesting of
the understory.  As such, we did not continue to monitor those stands after the harvests.   

 

I think it is high priority to get all of the hare information collected since 2001 summarized
and analyzed at the individual stand-level using time series analysis.  I also foresee a modeling
project to evaluate effects of treatment, time since harvest, within-stand vegetation
characteristics (and year of course) on overwinter hare densities.  We also have analyses
partially completed to evaluate age to self thinning and to determine when harvested stands
progress out of hare habitat (and the influence of site quality on that progression).   We have
vegetation re-surveys in our surveyed stands in 2001-2002, 2005, 2008, and 2012-13 and I
have had a research associate (no longer working in my lab due to lack of funds) compile and
organize all of the historical hare and vegetation work into an ACCESS database.

 

Unfortunately, all of this has been occurring on a shoestring and I currently have no grad
students or post-docs working on hares.  As such, I am wondering if IFW would be interested
in contributing to a project to put a capstone on the long-term hare work.  Attached is a file
with the proposed funding model.  In short, I have 64% of the $81,803 in direct-cost support in
hand, but $47,553 of those funds will lapse by 31 December 2017, so I need to act very soon. 
I can not advertise the post-doc position without full funding committed, so am in a bit of a
pickle.....

 

Look forward to talking tomorrow at 2:45!

 

Dan

tel:(207)%20581-2867


 

 

 

 

Daniel J. Harrison
Professor of Wildlife Ecology - Department of Wildlife, Fisheries, and Conservation Biology
Cooperating Professor of Sustainable Forestry
The University of Maine
5755 Nutting Hall, Room 210
Orono, ME 04469-5755
(207) 581-2867
harrison@maine.edu

 

On Fri, Feb 3, 2017 at 3:24 PM, Webb, Nathan <Nathan.Webb@maine.gov> wrote:

Hi Dan – thanks for the reply and making time for a conversation as I’m sure you’re very busy.  My
schedule is pretty packed next week as well so it might work best if we talked by phone.  Could we
plan on 2:30 on Tuesday? 

 

From: lynxdan@gmail.com [mailto:lynxdan@gmail.com] On Behalf Of Daniel Harrison
Sent: Friday, February 03, 2017 3:03 PM
To: Webb, Nathan
Subject: Re: Lynx SSA

 

Hi Nate,

 

Yes we continued surveying a portfolio of about 30 stands twice annually for hares in Telos
and Clayton Lake to 2015 (with the previous work that gives us a 2001-2015 time series for
some stand types) and I would be glad to meet to discuss those emerging results with you.  I
am out of town on Monday and tied up on campus through 2:30 on Tuesday but could meeting
in Nutting Hall after that in my office  I have commitments locally on Wednesday afternoon,
but could meet at the Bangor IFW office on Wednesday morning between 9 and 1.  I could
also travel and meet you at the IFW Sydney office perhaps on Thursday morning?  I share the
same deadline, so will need to save some time on Thursday PM and Friday to meet it on
relatively short notice. 

 

tel:(207)%20581-2867
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If a meeting won't fit into schedules then we can chat during any of those times.  Let me know
what works for you.

 

Amazing that the hare grids that you helped set up in 2001 still have relevance to current
management!!

 

Cheers- Dan

 

 

 

Cheers- Dan

Daniel J. Harrison
Professor of Wildlife Ecology - Department of Wildlife, Fisheries, and Conservation Biology
Cooperating Professor of Sustainable Forestry
The University of Maine
5755 Nutting Hall, Room 210
Orono, ME 04469-5755
(207) 581-2867
harrison@maine.edu

 

On Fri, Feb 3, 2017 at 10:26 AM, Webb, Nathan <Nathan.Webb@maine.gov> wrote:

Hi Dan – I hope you’re doing well.  I just called your office and heard that you are on
sabbatical this semester…hopefully you are up to something fun!

 

As you may know the USFWS recently sent us the draft Lynx SSA for review and comment. 
We have a tight timeline (comments due February 10th) and I have been asked to review the
document on behalf of MDIFW.  Reading some of the information on hare densities brought
back some good memories of wading through fir thickets near Telos with Jessica and Tom
back in 2000 and 2001!

 

I was hoping you would have time to discuss some of your more recent work on hare densities
with me?  In particular I’d like to get your thoughts on potential hare densities in conifer
dominated stands regenerated with shelterwood harvests, and how they might compare to
similar aged clearcuts.  The SSA also references some of your data that indicates hares have

tel:(207)%20581-2867
mailto:harrison@maine.edu
mailto:Nathan.Webb@maine.gov


continued to decline through 2013 but I was curious if these declines have continued through
2016 and if the trend is consistent across all stand types?

 

Anyway, please let me know if you have time for a quick call or meeting.  I would really value
your perspective on some of these questions and feel that it would help us conduct a more
thoughtful review of the draft SSA. 

 

Thanks!

 

Nate

 

Nathan Webb

Maine Department of Inland Fisheries and Wildlife

284 State Street, 41 SHS

Augusta, ME  04333

207-287-5293 (office)

207-592-4534 (cell)

 

Correspondence to and from this

office is considered a public record

and may be subject to a request

under the Maine Freedom of Access

Act. Information that you wish to

keep confidential should not be

included in email correspondence.
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About the Center  
 

The Center for Research on Sustainable Forests (CRSF) was founded in 2006 to 
build on a rich history of leading forest research and to enhance our 
understanding of Maine’s forest resources in an increasingly complex world. The 
CRSF is currently built around four major research programs: Commercial Forests, 
Family Forests, Conservation Lands, and Nature-Based Tourism. Researchers in 
these programs work together and collaboratively with diverse stakeholders to 
solve the full array of problems facing Maine’s forests, and contribute to the 
sustainability of Maine’s forest resources. 

 
Our mission is to conduct and promote leading interdisciplinary research on issues 
affecting the management and sustainability of northern forest ecosystems and 
Maine’s forest-based economy.  

 
 
 

Center for Research on Sustainable Forests University of Maine 
5755 Nutting Hall 

Orono, Maine 04469-5755 
Tel. 207.581.3794 
crsf.umaine.edu 

 
 

 
 
 

Cover photo by Pam Wells 
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Director’s Report 
The Center for Research on Sustainable Forests (CRSF) had another productive year during 2014-15. 
We are especially pleased to announce the formation of our Nature-based Tourism Research 
Program led by Dr. Sandra De Urioste-Stone, who initiated a major new study to assess the 
economic impact of tourism in Maine. 

Center programs were successful in a number of other areas. The Commercial Forests Research 
Program, headed by Drs. Bob Wagner and Brian Roth, led a dozen stakeholder-driven research 
projects for 35 member organizations through the Cooperative Forestry Research Unit (CFRU) 
representing half of Maine’s forest, led development of a statewide spruce budworm assessment, 
and provided members with updated depth-to-water-table maps for the State of Maine. Dr. Rob 
Lilieholm made two new videos about the Maine Futures Community Mapper tool for the 
Conservation Lands Research Program. In the Family Forests Research Program, Dr. Jessica Leahy 
worked closely with the Small Woodland Owner Association of Maine (SWOAM) to assist small 
family forest owners with their estate planning needs, and to better understand the 
intergenerational transfer of forestlands which will affect the future of a third of Maine’s forest in 
the coming decades.  

The CRSF worked closely with the Maine Forest Products Council and Maine Forest Service to lead 
the Maine Spruce Budworm Task Force. In addition, the Howland Research Forest continues to be a 
valued research asset of the CRSF. Two new grants from the USFS Northern Research Station will 
allow Dr. Shawn Fraver and research assistant John Lee to continue making automated greenhouse 
gas, eddy covariance (flux), and numerous other atmospheric measurements as part of the national 
Ameriflux Network.  

We welcomed Dr. Arun Bose to CRSF this year as Post-doctoral Research Fellow to coordinate 
several research projects associated with the National Science Foundation’s Center for Advanced 
Forestry Systems (CAFS) that is part of the CFRU.  

The overall success of the CRSF this year is also due in large measure to the hard work of many 
scientists, graduate students, and summer technicians that worked on CRSF research projects. Their 
hard work and accomplishments are described in the following report.  

 
 

 
  Robert G. Wagner 

CRSF Director 
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People  
LEADERSHIP & STAFF  

Robert Wagner, Director  

Brian Roth, Commercial Forests Program 
Leader & CFRU Associate Director 

Sandra de Urioste-Stone, Nature-Based 
Tourism Program Leader 

Jessica Leahy, Family Forest Program Leader  

Rob Lilieholm, Conservation Lands Program 
Leader  

John Lee, Research Associate, Howland 
Research Forest 

Arun Kantibose, CFRU Post-Doctoral 
Research Scientist 

Meg Fergusson, CRSF Administrative 
Assistant  

Cynthia Smith, CFRU Administrative 
Assistant 

COOPERATING SCIENTISTS  

Jeffrey Benjamin (CFRU)  

Daniel Harrison (CFRU, NSRC) 

Robert Seymour (NSRC)  

Aaron Weiskittel (CFRU, NSRC) 

PROJECT SCIENTISTS  

Paul Arp, University of New Brunswick 
(CFRU)  

Mohammad Bataineh, University of 
Arkansas (NSRC, CFRU) 

Eric Blomberg, University of Maine (CFRU) 

Randall Boone, Colorado State University 
(Conservation Lands) 

John Brissette, USF-NRS (NSRC) 

Mark Castonguay, University of New 
Brunswick, (CFRU) 

Sophan Chhin, Michigan State University 
(NSRC) 

Stephen Colombo, Ontario Forest Research 
Institute (NSRC) 

Anthony D’Amato, Univ. of Minnesota 
(NSRC) 

John Daigle, University of Maine (NSRC) 

Michael Day, University of Maine (NSRC) 

Mark Ducey, Univ. of New Hampshire 
(NSRC) 

Bob Evans, USDA Forest Service (Howland)) 

Inornate Ringlet Butterfly -  photo by  Pam Wells 
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 Wood Duck - photo by Pamela Wells 

Ivan Fernandez, Univ. of Maine (NSRC) 

Shawn Fraver, Univ. of Maine (NSRC, CFRU) 

Todd Gabe, Univ. of Maine (Tourism) 

Chris Hennigar, Univ. of New Brunswick 
(CFRU, NSRC)  

David Hollinger, USDA Forest Service (NSRC, 
Howland) 

Holly Hughes, Woods Hole Research Center 
(Howland) 

Michelle Johnson, U.S. Forest Service 
(Conservation Lands) 

Tora Johnson, Univ. of Maine-Machias 
(Conservation Lands) 

Jennifer Hushaw, INRS, LLC. (NSRC) 

John Kershaw, Univ. of New Brunswick 
(CFRU)  

Laura Kenefic, USFS-NRS (NSRC CFRU) 

David Kittredge, Univ. of Mass. (Family 
Forests) 

Christian Kuehne, Univ. of Maine (NSRC) 

Eric Labelle, Northern Hardwood Research 
Institute (CFRU) 

Kasey Legaard, Univ. of Maine (CFRU, NSRC) 

Cynthia Loftin, USFWS / Univ. of Maine 
(CFRU) 

Pengxin Lu, Ontario Forest Research 
Institute (NSRC) 

Spencer Meyer, Yale School of Forestry  
Environmental Studies (NSRC)  

Andrew Nelson, Univ. of Arkansas at 
Monticello (NSRC)  

Jesse Njoka, University of Nairobi, Kenya 
(Conservation Lands) 

Caroline Noblet, Univ. of Maine (Family 
Forests, Tourism) 

Jae Ogilvie, University of New Brunswick 
(CFRU) 

Joseph Ogulu, International Livestock 
Research Institute (Conservation Lands) 

Dave Owen, Maine Law School 
(Conservation Lands) 

Bill Parker, Ontario Forest Research Institute 
(NSRC) 

Gaetan Pelletier, Northern Hardwoods 
Research Institute (CFRU) 

Parinaz Rahimzadeh, Univ. of Maine (CFRU) 

Robin Reid, Colorado State University 
(Conservation Lands) 
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Mohammed Said, International Livestock 
Research Institute (Conservation Lands) 

Erin Simons-Legaard, Univ. of Maine (CFRU, 
NSRC)  

Susan Stein, USFS-NRS (NSRC) 

Crista Straub, Univ. of Maine (Family 
Forests)  

Brian Sturtevant, USFS-NRS (NSRC)  

Michael Ter-Mikaelian, Ontario Ministry of 
Natural Resources (NSRC) 

Suraj Upadhaya, Univ. of Kentucky 
(Conservation Lands) 

Jeremy Wilson, Harris Center for Forest 
Conservation (NSRC) 

Jeffrey Worden, African Conservation 
Centre, Nairobi, Kenya (Conservation 
Lands) 

Petra Wood , USGS West Virginia 
Cooperative Fish  Wildlife Research Unity 
(CFRU) 

Ronald Zalesny, U.S. Forest Service (NSRC) 

GRADUATE STUDENTS  

Caitlin Andrews (NSRC) 

Patrick Clune (CFRU) 

Jon Doty (NSRC) 

Stephen Dunham (CFRU)  

Rei Hayashi (CFRU) 

Patrick Hiesl (CFRU)  

Lydia Horne (Conservation Lands) 

Michelle Johnson (Conservation Lands, 
      NSRC)  

Cody LaChance (CFRU) 

C.J. Langley (NSRC) 

Sabrina Morano (CFRU) 

Bethany Munoz, (NSRC) 

Sheryn Olson (CFRU) 

Allison Price, (NSRC) 

Ben Rice, (NSRC, CFRU)  

Brian Rolek (CFRU)  

Matthew Scaccia (Tourism)  

Jared Stapp (Conservation Lands) 

Joel Tebbenkamp (CFRU) 

Kristen Weil (Conservation Lands) 

Emily Wilkins (Tourism) 

Nathan Weseley (CFRU) 
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Financial Report 
Income and expenses for the CRSF during 
FY2014-15 are shown in Table 1. Income 
supporting the center came from programs 
administered by or that support the general 
operations of the CRSF ($1,085,940), UMaine 
competitive sources ($111,001), as well as 
extramural grants supporting specific research 
projects ($867,600) that were received by CRSF 
scientists from outside agencies. These 
extramural grants made up 42% of funding for 
the center (Figure 1).  Total funding of the CRSF for 
FY 2014-15 was $2,064,521 million.  

The proportion of total funding allocated to 
research programs making up the CRSF is shown 
in Figure 1: Commercial Forests (58%), Family 
Forests (10%), Nature-Based Tourism (5%), 
Conservation Lands (<1%), Howland Research 
Forest (10%), and Northeastern States Research 
Cooperative (17%), research projects supported 
by the. About 81% of the funding received by 
CRSF went directly to support research projects 
described in this report (Figure 1). The remaining 
funds supported personnel salaries (9%) and 
center operating expenses (10%).  

A key source of financial support for the CRSF is 
provided by the Maine Economic Improvement 
Fund (MEIF). The $160,892 investment from 
MEIF helped leverage $925,028 from other CRSF 
sources, $111,001 from UMaine competitive 
sources, and $867,600 in extramural grants for a 
total of leverage of $1.9 million. This means that 
every dollar of MEIF fund leveraged $1,903,629 
(or $11.83 for every dollar of MEIF funding) of additional research funding. 

Figure 1 - Income sources, research program allocation, 
and expense allocation for CRSF during FY 2014-15. 
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American Toad – Photo by Pam Wells 

Table 1 – FY2014-15 Budget for Center for Research on Sustainable Forests 
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Table 1 continued 
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Stakeholders  

CRSF researchers strive to conduct not just 
cutting-edge forest science, but also real-
world, applied science about Maine’s forests, 
forest-based businesses, and the public that 
supports them. We build and foster 
relationships with a wide variety of 
organizations and their people to achieve 
common goals.  Over the past year we have 
worked with the following partners:  

 
Acadia National Park 

Ameriflux 

Androscoggin Valley Council of 

      Governments  

Appalachian Mountain Club 

Baskahegan Corporation 

Baxter State Park, Scientific Forest  

Management Area 

BBC Land, LLC 

Bear Brook Experimental Watershed 

Canopy Timberlands Maine, LLC 

Clayton Lake Woodlands Holding, LLC 

Colorado State University 

Downeast Lakes Land Trust 

Eastern Maine Development Corp. 

EMC Holdings, LLC 

Field Timberlands 

Forest Society of Maine 

Frontier Forest, LLC 

Highstead’s Regional Conservation 

        Partnership 

Hilton Timberlands, LLC 

Huber Engineered Woods, LLC 

Institute of Forestry (Pokhara, Nepa;) 

Irving Woodlands, LLC 

Katahdin Forest Management, LLC 

LandVest 

Lincoln Institute of Land Policy 

Maine Bureau of Parks and Lands 

Maine Department of Agriculture, 

Conservation, and Forestry 

Maine Department of Environmental 

        Protection 

Maine Department of Inland Fisheries  

and Wildlife 

Maine Division of Parks and Public Lands 

Maine Forest Service 

Maine Forest Products Council 

 
Red Saddlebag Dragonfly  -  Photo by Pam Wells 
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Maine Office of Tourism 

Maine STEM Alliance 

Maine Tree Foundation 

Mosquito, LLC 

National Science Foundation 

Natural Resources Conservation Service 

New Brunswick Tree Improvement Council 

New Brunswick Department of Natural 

        Resources 

New England Forestry Foundation 

North Woods Maine, LLC 

Nova Scotia Department of Natural 

       Resources 

Orono Land Trust 

PenBay Regional Land Trust 

Penobscot Experimental Forest 

Plum Creek Timber Company, Inc. 

Portland Metropolitan Planning District 

Prentiss & Carlisle Company, Inc. 

Prince Edward Island Department of Natural 

      Resources 

Quebec Ministry of Natural Resources 

ReEnergy Holdings, LLC 

Robbins Lumber Company 

SAPPI Fine Paper 

Schoodic Institute 

SeedTree Nepal 

Seven Islands Land Company 

Simorg North Forest, LLC 

Small Woodland Owners Association 

 of Maine 

Snowshoe Timberlands, LLC 

St. John Timber, LLC 

Sylvan Timberlands, LLC 

Social and Economic Sciences Research 

        Center, Washington State University 

The Forestland Group, LLC 

The Nature Conservancy 

Timbervest, LLC 

University of Maine, Upward Bound 

University of New Hampshire 

University of Vermont, Rubenstein School 

        of Environment and Natural Resources 

UPM Madison Paper 

USDA, Forest Service, Northern Research 

Station 

Wagner Forest Management 

Woods Hole Research Center 

World Wildlife Fun-Nepal 
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Nature-Based Tourism 
 
The Nature-Based Tourism Program of the CRSF was established in 2014 and has quickly gained 
momentum. Tourism plays a vital role in the culture, economy, and future economic 
development of Maine’s rural communities, as well as in the overall economy of the state. 
Tourism in Maine provides economic and non-economic values to its citizens, including nature 
conservation, cultural heritage maintenance and pride, and infrastructure and facility 
improvement. Maine’s outstanding tourism assets, along with the diversity of outdoor 
recreation opportunities, attract millions of visitors annually to and within Maine. Challenges to 
capturing growth opportunities relate to changes in visitor travel behavior, economic crises, 
constrained integrated tourism planning and development, and extreme weather 
events/natural disasters. By regularly gathering, analyzing, and communicating information 
about the economic impact and trends of tourism in Maine we expect to increase the efficiency 
of and opportunities for Maine’s tourism industry. 

In its inaugural year, the program has received $87,361 in research funding and launched five 
sustainable tourism-related research projects, mailed 3,000 surveys on recreational use and 
changing socioeconomic and environmental conditions to residents along the Penobscot River, 
conducted field surveys in various recreational areas of the state, including Acadia National 
Park and Sebago Lake; and contributed survey data to the Maine State Comprehensive Outdoor 
Recreation Plan for 2014–2019. 

 

  

 
Research assistants Lydia Horne and Ashley Cooper 

 at Acadia National Park, Mount Desert Island,  
Maine - Photo by Emily Wilkins) 
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Understanding Visitor Perceptions about the Impacts of 
Climate Change to Tourism Destinations in Maine 
Sandra DeUrioste-Stone 
University of Maine 

Final Report 

Summary: 
Climate change is one of the most pressing 
global environmental issues facing the world 
today and one that has major social, 
economic and environmental repercussions 
(Yu, Schwartz, & Walsh, 2009). Among all 
economic sectors, tourism is considered one 
of the most vulnerable industries to climate 
change due to its frequent reliance on 
natural resources as primary assets (Lépy et 
al., 2014).  In spite of this, research on the 
potential effects of climate change on tourism 
destinations remains scarce (Dawson & Scott, 2007). A comparative case study was conducted 
in two Maine tourism destinations to understand (1) visitor perceptions about the impacts of 
climate change on tourism, (2) visitor risk perceptions associated with climate change, and (3) 
potential travel substitution strategies in response to changing climatic conditions.  

Project Objectives   

• Understand the range of perceptions that visitors have about the effects of climate
change on tourism in Maine.

• Determine if differences exist among visitors regarding their perceptions of the effects
of climate change on tourism in Maine.

• Identify Maine visitor perceptions on the (1) likelihood of climate change impacts to
occur, (2) climate change risk perceptions in relation to tourism, and (3) factors that may
potentially influence future travel behavior.

• Inform management

Thunder Hole, Acadia National Park, Maine 
Photo by Matt D. Scaccia 
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Approach 

• A case study methodology (Creswell, 2013) was used to measure visitor perceptions
about the impacts of climate change on tourism in two study sites: Mount Desert Island
region (MDI) and Katahdin region, Maine, US.

• The study comprised of two data collection and analysis phases:

o Phase 1: included an intercept survey was used to collect data on visitor
perceptions about the role of weather in destination selection, potential impacts
of climate change to tourism in general, and visitor overall travel behavior. A two
stage cluster probability sampling (Scheaffer, Mendenhall III, Ott, & Gerow,
2012) was used to randomly select visitor at selection tourism attractions in both
study regions.

o Phase 2: involved the application of an on-line survey that measured visitors risk
perceptions associated with climate change, using Dillman’s Tailored Design
method (Dillman, Smyth, & Melani, 2014). The online survey inquired about
purpose of travel, climate change risk perceptions, and travel substitution
strategies.

• Quantitative data were analyzed using SPSS 22, and included independent samples
t-test, One-way ANOVA, factor analyses with varimax rotation, and logistic regression.

• Qualitative data were analyzed in NVivo 10 using content analysis and thematic coding.

Key Findings / Accomplishments 

Phase 1 

• A total of 849 visitors participated in phase 1.

• The majority of participants believe that climate change will affect tourism destinations
in Maine (62%). The results indicate the majority of visitors to are concerned with the
negative effects that unpredictable weather may have to the regions, and the reduction
in visitor numbers (Table 2).

• Statistically significant differences between age groups and gender about the effects of
climate change on tourism were identified. By understanding the perceptions of the
visitors suitable adaptive strategies and early preparedness actions may be developed to
cope with the impacts of climate change to the nature-based tourism industry in
national parks.



17 

• In addition, as mentioned by several visitors, lack of information about climate change,
or limited understanding of the regions’ biophysical factors seriously affected some
visitor perceptions of the influence of climate change to tourism in the region.

o This finding on visitors’ concern with the lack of information could be used as an
educational opportunity for managers, who may capitalize on this to inform
visitors about current biophysical changes to destinations as a result of climate
change, visitors’ role in reducing their carbon footprint, climate-friendly services
offered by the park, adaptation strategies in place, and potential behaviors to
encourage. As suggested by several studies (Brownlee, 2012; Brownlee, Hallo, &
Krohn, 2013; Brownlee, Powell, & Hallo, 2013; Manning, 2011), assessing visitor
perceptions about climate change is essential to develop appropriate
management and interpretation strategies, and outdoor recreation
programming.

o Furthermore, research could help inform resource management decisions and
aid in the development of targeted climate change education and interpretation
programs in protected areas (United Nations, 1992) using tools that may
enhance their ability to effectively communicate climate change information
(Evans, Hicks, Fidelman, Tobin, & Perry, 2013).

Phase 2 

• A total of 179 visitors to Acadia National Park (Mount Desert Island, Maine) completed
the online questionnaire.

• Respondents’ risk perceptions of climate change impacts as threats to visitors showed
an increased importance of other environmental impacts such as increased presence of
mosquitoes (60%) and ticks (58%); with extreme events as the key risk to visitors (68%).
However, perceptions that pose potential personal risk to visitors gained in significance
when considering their influence on travel behavior, including impacts such as disease
outbreak and water scarcity. Factor analyses with varimax rotation identified four
climate change impact factors associated with perceived vulnerability, perceptions of
risk, and influence on future travel to MDI; the four factors generated were: weather
patterns, impacts on wildlife, access and health, and physiological and safety needs.
Results from logistical regression modeling suggest perceived vulnerability, perceived
risks, factors that may influence travel behavior, sociodemographic variables (age and
income), and reasons to visit the destination explain variance of importance of weather
in the decision to travel to MDI (Table 2).
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• Visitors to Acadia National Park perceived Mount Desert Island (MDI)-Acadia National
Park to be vulnerable to climate change impacts, such as extreme weather, sea level
rise, and increased ticks and mosquitoes.

• In terms of risk perception, visitors perceived potential climate change impacts such as
increased presence of mosquitoes (60% of respondents) and increased presence of ticks
(58% of respondents) to be among the most important threats to visitors to the area.

• Respondents rated extreme weather (60%), disease outbreak (59%), hurricanes (58%)
and water scarcity (57%) as the top four threats to potentially influence visitors’ decision
to travel to MDI in the future. These results suggest that perceptions of potential threats
to one’s personal safety and well-being are important when considering potential travel.
Studies on climate change perceptions have suggested that when impacts are expected
to harm something a person values, concerns regarding the issue may increase
(Brownlee, Hallo, Moore, Powell, & Wright, 2014; Stern, Dietz, Abel, Guagnano, & Kalof,
1999). 

Sand Beach, Acadia National Park. 
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Table 2 - Mean responses of perceived likelihood, perceived risks, and influences for potential travel of potential 
climate change impacts according to responses by visitors to Mount Desert Island–Acadia National Park to the 
online survey, from September–December 

Mean 

Perceived likelihood 
(vulnerability) 

Perceived 
risks/threats 

Influence for 
potential travel 

Sea level rise 0.78 0.47 0.10 

Extreme weather 0.91 0.77 0.56 

Hurricanes 0.28 0.39 0.60 

Wildlife migrate out 0.45 0.27 0.04 

Wildlife migrate in 0.49 0.11 -0.03 

Species extinction 0.23 0.05 -0.03 

Reduced snow 0.30 0.16 -0.36 

Increased ticks 0.69 0.64 0.48 

Increased mosquitoes 0.70 0.65 0.58 

Increased ice storms 0.46 0.47 0.08 

Heat waves 0.53 0.31 0.21 

Disease outbreaks 0.05 0.28 0.71 

Damage to roads 0.62 0.40 0.29 

Power outages 0.55 0.41 0.40 

Water scarcity -0.04 0.32 0.59 

Food scarcity -0.29 0.20 0.52 

Note. Scales range from (-2) to (2) 
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Future Plans 

• Share results with tourism stakeholders.

• Conduct additional research to explore visitor perceptions across climatic regions of
Maine.
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Analyzing the Economic Impact of Tourism in Maine 

Sandra De Urioste-Stone, Caroline Noblet, and Todd Gabe 
University of Maine 

Progress Report, Year 1 of 2 

Summary:  
The travel and tourism industry plays a key role in Maine’s 
economy, and the economic development of many 
communities in the state. By most measures, tourism is 
considered one of the largest industries in the state 
(Maine Development Foundation, 2004). In 2012, the 
industry generated over 20% of the state’s jobs (Maine 
Department of Labor, 2013) and accounted for an 
estimated 17% of state tax revenue (Maine Revenue 
Services, 2013). Limited information exists on the 
economic activity generated by tourism in Maine. This 
study intends to contribute to the ongoing efforts by the 
Maine Office of Tourism to estimate the economic impact 
of the industry. The study includes two phases: (1) a pilot 
visitor survey (June 2014 - April 2015) to establish an 
effective and reliable methodology; and (2) a mixed-mode 
visitor survey (intercept and online) is being conducted in the state to understand travel 
behavior and spending. 

Project Objectives   

• Inform existing efforts by the Maine Office of Tourism to estimate the economic impact
of the travel and tourism industry in the state.

• Develop an economic impact assessment methodology responding to Maine’s needs
and context.

• Contribute to the development of instruments to estimate the economic impact of
tourism at the state level.

Graduate research student Emily Wilkins 
at the Calais Visitor Center, Calais, Maine. 

(Photo  by Lydia Horne) 
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Approach 

• Utilize an intercept survey to understand general travel behavior of visitors to Maine.

• Use of an online survey that applies Dillman’s Tailored Design method (Dillman, Smyth,
& Melani, 2014) to estimate visitors’ spending and overall travel behavior.

• Select visitors using a two-stage cluster probability sampling design (Scheaffer,
Mendenhall III, Ott, & Gerow, 2012) at tourist attractions, airports, visitor centers,
national and state parks, camping areas, and selected chambers of commerce across
Maine.

• The study comprises two data collection and analysis phases

Key Findings / Accomplishments  

Phase 1 (August 2014-April 2015): 

• A total of 229 visitors from Mount Desert Island and Katahdin tourism destinations
participated in a pilot online survey.

• The majority of respondents where non-residents of Maine (86%), mostly visiting from
New England (27%), South Atlantic (16%), and Middle Atlantic (13%) US regions.

• Over half of the respondents mentioned participating in the following activities:
Sightseeing for pleasure (70%), Food experiences (69%), Enjoying nature (66%),
Backpacking/hiking (55%), and Shopping (58%).

• In average, visitors who participated in the study spent $1,768.86 per trip in Maine (See
Table 3). The top two regions with the highest visitor spending included:

o The South Atlantic region, in average, spent more money in Maine ($3,411;
amount does not include airline ticket) than any other group of visitors (Table 3).
States with the highest visitor spending from the South Atlantic region included:
Florida, followed by Georgia.

o Mountain region was second highest spending group ($2,587; amount does not
include airline ticket). Colorado was the state with the highest spending from the
mountain region.
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Table 3 - Visitors’ Average Spending by Region of Origin. 

Region of Origin* Average spending per 
trip in Maine 

Average spending per trip in 
Maine (includes airline 
expense)  

Division 1: New England $1,420 $1,472 

Division 2: Middle Atlantic $1,308 $1,335 

Division 3: East North Central $1,076 $1,126 

Division 4: West North Central $2,100 $2,250 

Division 5: South Atlantic $3,411 $4,518 

Division 6: East South Central $1,495 $1,613 

Division 7: West South Central $2,340 $2,490 

Division 8: Mountain $2,587 $3,053 

Division 9: Pacific $1,252 $1,618 

International $1,732 $3,295 

*States where grouped into regions that correspond to the U.S. Census Bureau’s
Regions and Divisions. 

Phase 2 (2015): 

• By July 2015, a total of 1,155 visitors have participated in an intercept survey, while 347
visitors have completed an online survey.

• To-date, most participants where out-of-state visitors (89%), visiting from
Massachusetts (18%), New York, (7.5%) New Hampshire (7.2%), and Pennsylvania (7%).
Other states generating significant Maine visitor numbers included Florida, Ohio and
Texas (Table 4). International visitors accounted for 7.1% of non-resident visitors to
Maine.

• An estimated 28% of visitors where visiting Maine for the first time.

• The majority of visitors (30%) planned their trip 1-3 months in advance.
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Table 4 - Top 15 States that Generate Visitors to 
Maine, May-June 2015 • The average summer visitor to Maine

traveled in groups of two (57%), had
completed a 4-year college degree
(37%), and was 58 years old.

• Visitors spent in average two nights in
Maine.

Future Plans 

• Finalize summer, fall, and winter
visitor surveys.

• Analyze spending, travel behavior,
and climate change risk perception
data.

• Share results with stakeholders.

• Conduct economic impact analysis
using IMPLAN.

• Develop assessment methodology.

State of Origin* Percent from Total Number 
of Visitors to Maine 

1. Massachusetts 18.5% 

2. New York 7.5% 

3. New Hampshire 7.2% 

4. Pennsylvania 7% 

5. Connecticut 6.9% 

6. Florida 6.6% 

7. New Jersey 3.6% 

8. Virginia 3.4% 

9. Ohio 2.8% 

10. Texas 2.5% 

11. Maryland 2.3% 

12. Michigan 2.2% 

13. North Carolina 2.1% 

14. California 1.9% 

15. Georgia 1.8% 
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Drone Bee, Sunkhaze Meadows National Wildlife Refuge 

Photo by Pam Wells 



27 

Conservation Lands & Public Values 
Maine has led the nation in the development and 
application of innovative land conservation tools, 
especially when it comes to private lands and the 
protection of working forests. Maine currently has 
nearly 4 million acres of land protected from 
development. These lands provide a host of public 
and private benefits, ranging from parks and 
working forests, to wildlife habitat and biodiversity 
protection. Together, these protected areas 

provide both recreation and ecosystem services for current and future generations of Mainers, 
and have been protected through the combined efforts of federal (e.g., Forest Legacy), state 
(e.g., Land for Maine’s Future) and a host of municipal and nongovernmental groups, including 
nearly 100 land trusts. 

The landscape mosaic of developed and 
undeveloped lands in the northeastern U.S. has 
progressively changed at various spatial scales in 
response to land use and development pressures, 
socioeconomic influences, expansion of 
transportation networks, and non-uniform state 
and local regulatory frameworks. As ongoing 
processes of urbanization have transformed open 
spaces and agricultural property into developed 
land uses, there has been a remarkable counter-balancing expansion of public and private land 
conservation activities aimed at protecting biodiversity, scenic values, working forest lands, 
ecosystem services, recreational opportunities, and special natural areas in the remaining 
undeveloped land base. Because land use changes and conservation efforts in the region have 
occurred incrementally at multiple scales and in a variety of jurisdictions, it is challenging to 
assess the aggregate impacts of these cumulative land use decisions on environmental quality, 

resilience, and long-term sustainability across the 
overall landscape. 

CRSF’s research program on Conservation Lands & 
Public Values seeks to assist decision makers and 
planners as they look to the future and 
increasingly think strategically about balancing 
land conservation, working lands protection, and 
land development activities. Program activities are 
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designed to: (1) help develop a clear understanding of the current status, extent, and landscape 
patterns of conserved lands across the region; (2) determine what kinds of values and 
conditions are represented in conserved parcels; (3) account for the dominant processes and 
criteria driving conservation activities across the different states of the Northeast; and (4) 
develop tools that help a wide range of stakeholders understand land use change and explore 
alternative future development paths. 

Understanding how these lands are ultimately protected, managed, and valued by current and 
future generations will significantly affect the sustainability of Maine’s communities and related 
forest-based industries, including forest processors and the recreation and tourism sector. As 
an important step in realizing these goals, we have released the Maine Futures Community 
Mapper – an award-winning online tool for assessing land use for forestry, agriculture, 
conservation and development across two large watersheds covering 4.4 million acres in 
Maine. To learn more, visit MaineLandUseFutures.org. 
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Alternative Futures Modeling for the Lower Penobscot 
and Lower Androscoggin River Watersheds in Maine 

Robert J. Lilieholm, Spencer Meyer, Michelle Johnson, Christopher Cronan, Dave Owen, and 
Aaron Weiskittel  
University of Maine 

Progress Report, Year 1 of 3 

Summary:  
We developed stakeholder-derived land use 
suitability scores for nearly 4.5 million acres 
in two large Maine watersheds. The 
suitabilities, developed using Bayesian 
Belief Networks to integrate expert opinion 
and geospatial data, identify areas 
conducive to forestry, agriculture, 
conservation and development. A set of five 
alternative development scenarios were 
generated with stakeholder input to portray 
a range of develop options likely to occur 
over the next 30 years, identifying potential 
conflicts and compatibilities between our 
four land uses. Our research is available to 
the public through an interactive website 
(see http://www.mainelandusefutures.org), and in 2014 won the President’s Research Impact 
Award at the University of Maine. 

Project Objectives   

• The overall goal of the project is to spatially assess the suitability of four critical land
uses across these two watersheds: (1) economic development; (2) forestry; (3)
conservation; and (4) agriculture. In assessing these suitabilities, compatibilities and
potential conflicts can then be identified under a range of stakeholder-defined futures
scenarios.

• Develop alternative future development and conservation scenarios for the two study
watersheds.

• Assess the impact of future development and conservation scenarios on potential
timber supplies for selected regions within the study areas.
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Approach 

• Land use-specific focus groups of 8 to 12 individuals were used to create and
parameterize Bayesian Belief Networks of land suitability.

• Potential conflicts and compatibilities between land uses were explored.

• Stakeholder-derived future development scenarios were used to highlight where land
uses such as forestry and agriculture are likely to be displaced.

Key Findings / Accomplishments 

• Land suitabilities for forestry, development, agriculture and conservation differ
substantially both across our two watersheds and within each watershed.

• Based on Maine’s demographic and economic trends, limited development potential
exists across large areas of
our study watersheds.

• Limited development
pressure in rural areas
suggests that the limited
development that does
take place should be
encouraged to enhance
rather than detract from
the region’s natural and
cultural amenities.

• Land suitabilities and conflicts/compatibilities are available for the public to explore on
our interactive website at www.MaineLandUseFutures.org.

Future Plans 

• For selected areas within our study watersheds, we will examine the potential impact on
timber supplies of various development scenarios.

• Our work has highlighted the importance of economic diversification to the region –
especially in rural areas. Based on this, we have begun to view the Penobscot River
Corridor – i.e., the Bay-to-Baxter region – as an important asset to leverage economic
development and protect quality of life. Two pending grants seek additional funding to
quantify ecosystem services and explore community resilience in the region.
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Partners / Stakeholders / Collaborators 

Maine Department of Environmental protection, Maine Department of Inland Fisheries and 
Wildlife, Maine Forest Service, Maine Coast Heritage Trust, Schoodic Institute, Acadia National 
Park, UMaine Upward Bound, Eastern Maine Development Corp., Orono Land Trust, PenBay 
Regional Land Trust, Androscoggin Valley Council of Governments, Portland Metropolitan 
Planning District, Maine STEM Alliance, Highstead’s Regional Conservation Partnership, Harvard 
University’s NSF RCN-SEES on Forest Scenarios, Services and Society, Lincoln Institute of Land 
Policy. 

Fish going over the dam in Orland, Maine – Photo by Pam Wells 
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Maine Woods Dashboard: Documenting the Economic, 
Ecological, and Social Impacts of Maine’s Forest 

Resource
Robert J. Lilieholm 
University of Maine 

Progress Report, Year 1 of 2 

Summary:  
The Maine Forest Service (MFS) leads efforts to 
report on key measures of forest management 
throughout the state. Specifically, Maine 
statute requires MFS to periodically report on: 
(1) forest resource assessment; (2) forest 
sustainability; (3) the state of Maine’s forests; (4) 
wood processor activity, including imports and exports; and (5) silvicultural activities. In 
addition, MFS also reports on forest inventory and best management practices. These and 
other state and federal activities provide valuable information to a host of stakeholders, making 
timely and accurate reporting paramount. Unfortunately, the dispersed nature of these data – 
including its limited availability in periodic printed reports as opposed to real-time datasets and 
analyses – hinders the capacity for long-term planning and productivity enhancements. This 
project leverages developments in database and web technologies to create a website where 
detailed and customized data queries about all aspects of Maine’s forests can be generated to 
assist forest sector businesses and planning in the face of increasingly complex global markets. 

Project Objectives   

• Create a Maine Woods Data Portal (MWDP) that will house publically available data
related to Maine’s forests and forest sectors.

• Develop a Maine Woods Dashboard (MWD) that will allow users to readily access,
analyze and display data within the MWD.

Approach 

• Phase I: The Maine Woods Data Portal (MWDP) – The MWDP will provide access to all
publicly available, relevant forest resources information. It will combine all available
biophysical and socioeconomic information related to forest management (see MFS
reporting requirements above). Data will be available for download through this portal,
increasing accessibility to currently inaccessible information.

Canada Lily – Photo by Pam Wells
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• Phase II: The Maine Woods Dashboard (MWD) – The MWD will be an outreach tool
based on metrics housed in the MWDP, delivering timely, scientifically credible
information about the economic, social, and environmental conditions and impacts of
Maine’s forests. MWD will host relevant information for a wide range of audiences,
from the general public to business leaders, researchers to students. MWD will allow for
the creation and presentation of data summaries (e.g., graphs, tables, infographics, etc.)
in an easy-to-use graphical interface.

Key Findings / Accomplishments 

• Thus far, website design has been completed, and MFS forest-related databases
secured. Data on timber harvests and processing are currently being entered into the
system. This dataset will be used to develop the suite of analysis and display tools that
will ultimately be available to users on the website.

Future Plans 

• Continue with website development.

Partners / Stakeholders / Collaborators: 

Maine Forest Service 
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Linking Attitudes, Policy, and Forest Cover Change in 
Buffer Zone Communities of Chitwan National Park, 
Nepal 

Jared R. Stapp, Robert J. Lilieholm, S. Upadhaya, Jessica Leahy, Tora Johnson, Tim Waring, 
Carol Kinsey 
University of Maine 

Final Report 

Summary:  
Deforestation in Nepal threatens the 
functioning of complex social-
ecological systems, including rural 
populations that depend on forests for 
subsistence. Nepal’s forests are 
particularly important to the nation’s 
poorest inhabitants, as many depend 
upon them for daily survival. Indeed, 
two-thirds of Nepal’s population relies 
on forests for sustenance, and these 
pressures are likely to increase in the 
future. This, coupled with high 
population densities and rates of 
growth, highlights the importance of studying the relationship between human communities, 
forest cover and trends through time, and forest management institutions. Here, we explore 
how household attitudes associated with conservation-related behaviors in two rural 
communities in southern Nepal – one that has experienced significant forest loss, the other 
forest gain – compare with forest cover trends as indicated by satellite-derived forest loss and 
regeneration estimates between 1989, 2005 and 2013. We then constructed an agent-based 
model to explore the dynamics between land use, land cover, population growth and 
conservation policies. 

Project Objectives   

• Quantify changes in forest cover in and around Chitwan National Park between 1989
and 2013.

• Understand household views towards forests and forest conservation in communities
experiencing the greatest forest loss, and greatest forest gain.
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• Develop an agent-based model to explore the dynamics between land use, land cover,
population growth and conservation policies.

Approach 

• Landsat imagery was used for the years 1989, 2005, and 2013 to compute a normalized
difference vegetation index (NDVI) to analyze trends in forest cover for 36 buffer zone
village development committees
(VDCs).

• In high-forest-loss and high-forest-
gain VDCs, a household survey was 
developed to elicit information about 
resident views towards forests (e.g., 
use, dependence, conservation), and 
the willingness to adopt conservation-
oriented technologies (e.g., fuel-
efficient stoves and home biogas). 

• In total, 114 individuals were
surveyed – 60 in Bachauli VDC, and 54 
in Narayani VDC. The response rate was 
100%. 

• NetLogo was used to develop the
agent-based model using remote-
sensed forest change data and data extracted from our household surveys.

Key Findings / Accomplishments 

• We found a significant difference in attitudes in the two areas studied, perhaps
contributing to and reacting from current forest conditions and trends.

• In both study sites, participation in community forestry strengthened support for
conservation, supportive forest conservation-related attitudes aligned with forest cover
gain in recent years, and a negative relationship was found between economic status
and having supportive forest conservation-related attitudes.

• On average, respondents were not satisfied with their District Forest Officers and did
not feel that the current national political climate in Nepal supported sustainable
forestry. These findings are especially important as Nepal’s Master Plan for the Forestry
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Sector has expired and the country is in the process of structuring a new Forestry Sector 
Strategy. 

Future Plans  

• Complete publication process for two articles under review.

Bluebird – Photo by Pam Wells 
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Family Forests 
The Family Forests Program serves the 
estimated 120,000 private, individual 
forest landowners who own 5.7 million 
acres of forest land in Maine. These 
landowners, who own between 1-1,000 
acres each, have largely been 
underserved in research and outreach 
that would enhance their forest 
stewardship. Therefore, the mission of 
the Family Forests Program is conduct 
to conduct applied scientific research 
and outreach that contributes to the 
sustainable management of Maine’s 
family forests for desired products, 
services, and conditions in partnership 
with Maine’s family forest stakeholders. 
These stakeholders range from the Small Woodland Owner Association of Maine (SWOAM), 
USDA Family Forest Research Center, UMaine Cooperative Extension, American Tree Farm 
System (ATFS), Maine Forest Service (MFS), Natural Resources Conservation Service (NRCS), 
USDA State and Private Forestry, American Consulting Foresters (ACF) and other consulting 
foresters, Professional Logging Contractors of Maine and forest management firms offering 
services to family forest owners (e.g., Prentiss and Carlisle, LandVest, etc.).  

The Family Forests Program has pursued three general lines of research and outreach over the 
last year: (1) Developing and implementing social work models of landowner engagement and 
outreach; (2) Applying risk theory and other social science theories to predict woody biomass 
supply from family forest lands; and (3) Surveying the knowledge, attitudes, and behaviors of 
landowners toward invasive forest pests such as the emerald ash borer and Asian long-horned 
beetle.  

Accomplishments include $161,795 in research and outreach funding from a variety of sources 
including the Northeastern States Research Cooperative, Small Woodland Owner Association of 
Maine, the U.S. Department of Agriculture, and the National Science Foundation (SSI).  

Two Old Friends - Wells Forest – Photo by Pam Wells 
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Anticipating Emerald Ash Borer and Asian Longhorned 
Beetle in the Northern Forest: Opportunities for 
Community Leader and Landowner Cross-boundary 
Cooperation in Managing Forest Pests 
Jessica E. Leahy, Janet Gorman, John Daigle, 
Sandra De Urioste-Stone, Crista Straub, and 
Stephanie Snyder 

University of Maine 

Progress Report Year 2 of 3 

Summary: 
As nonnative invasive insects such as the 
emerald ash borer (Agrilus planipennis) and 
Asian longhorned beetle (Anoplophora 
glabripennis) permeate the Northern Forest and move closer to Maine, an exigent need arises 
to create cross-boundary management plans involving a variety of stakeholders. In order to 
create and implement effective early detection and long-term management against these 
forest pests, specific stakeholders such as community leaders and landowners must be 
recognized and understood. This study will focus on analyzing community trust and attitudes 
towards cross-boundary cooperation. In addition, trust and risk perception among an existing 
landowner dataset will be examined in order to better anticipate public reaction upon the 
arrival of one or both forest pests in Maine. 

Project Objectives   

• To determine commonalities between landowners who are willing to engage in forest
pest management behaviors versus those who are unwilling in order to better anticipate
reactions to new or continued forest pest management.

• To link community leader trust and attitudes about cross-boundary cooperation to
management behavioral intentions.

• To apply relevant social theories to stakeholder attitudes in order to anticipate public
reaction to various levels of forest pest management.

Approach 

• We will conduct qualitative interviews with community conservation leaders, who are
members of town government such as city planners, town managers, conservation
commissioners, and mayors.

Asian Longhorned Beetle – Photo courtesy of the
Nature Conservancy 
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• Areas of New Hampshire that have been impacted by emerald ash borer will be a
starting point for interviews, with three geographic study sites: infested communities,
quarantine zone communities, and non-infested/non-quarantined nearby communities.

• We will also conduct quantitative surveys with landowners, who own between 10 and
1,000 acres in Maine, Vermont and New Hampshire. These study participants will be
randomly selected from public tax records.

Key Findings / Accomplishments 

Interviews were conducted with 18 community conservation leaders and are still ongoing. The 
overall response rate to the survey was 38% with 1,389 returned surveys across all three states. 
The survey results showed that landowners in Northern New England are concerned about 
forest pests (Table 5), yet are not very knowledgeable about forest pests (Table 6).  

Landowners would like to learn more about how to identify forest pests (Table 7), where to 
report an insect, and what to do if they find a suspicious insect. They would prefer to learn 
about forest pests through websites and newsletters rather than social media. Most 
landowners have not looked for forest pests, but many plan to do so in the future, especially 
after reading outreach material about forest pests. 

Table 5 - Concern about Emerald Ash Borer (EAB) 

Not at all 
concerned 

(1) 

Slightly 
unconcerned 

(2) 

Somewhat 
concerned 

(3) 
Concerned 

(4) 

Extremely 
concerned 

(5) 

Total 
responses* Mean 

In your 
state 2% 1% 32% 28% 36% 313 3.97 

In your 
community 1% 2% 20% 30% 47% 313 4.20 

On your 
own land 1% 2% 18% 22% 57% 312 4.34 

*This question was included only in the EAB Risk perception versions of the Survey
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Table 6 - How severe of a problem would Emerald Ash Borer (EAB) be… 

Within the next five 
years, how severe of 
a problem would it 
be? 

Not at 
all 

severe 
(1) 

Slightl
y 

severe 
(2) 

Somewha
t severe 

(3) 

Sever
e 

(4) 

Extremel
y severe 

(5) 

Total 
responses

* 

Mea
n 

For the forest 
products industry in 
your state 

3% 7% 38% 26% 26% 276 3.68 

If emerald ash borer 
was discovered on 
your property 

6% 10% 35% 19% 30% 279 3.57 

For the biodiversity 
of forests in your 
state 

3% 9% 38% 29% 21% 273 3.57 

If emerald ash borer 
was discovered in 
your community 

3% 9% 43% 24% 22% 280 3.54 

For town and 
roadside trees 4% 9% 41% 24% 23% 269 3.53 

If emerald ash borer 
was discovered in 
your state 

3% 10% 46% 22% 20% 279 3.47 

For the scenic 
beauty of the state 6% 14% 33% 27% 20% 274 3.41 

For your timber 
values 13% 13% 32% 24% 18% 274 3.2 

For Native 
American basket 
makers in your state 

11% 14% 43% 19% 14% 264 3.1 

For your property 
values 14% 19% 36% 18% 14% 276 2.98 

For recreation and
tourism in your state 13% 19% 39% 16% 13% 275 2.97 

For your control 
over your land 24% 18% 31% 16% 11% 271 2.73 

To lose tree for 
which you have 
sentimental value 

22% 23% 30% 15% 11% 273 2.7 

For your privacy 23% 23% 33% 10% 10% 274 2.61 
*This question was included in all EAB version of the
Risk perception surveys 
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Table 7 - Social acceptability of actions (Emerald Ash Borer detection and management items) 

Would you be willing to...? Strongly 
disagree 

(1) 
Disagree 

(2) 

Neither 
agree nor 
disagree 

(3) 
Agree 

(4) 
Strongly 
agree (5) 

Total
Responses* Mean

Host a purple prism trap 2% 1% 20% 22% 55% 291 4.26 
Comply with emergency orders 
restricting harvested wood 
movement 

2% 5% 20% 24% 49% 295 4.15 

Allow officials to monitor 
predaceous wasps 
(biosurveillance) if a wasp 
colony is present  on my land 

6% 3% 16% 26% 49% 298 4.10 

Allow officials onto property to 
properly identify forest pests 4% 4% 18% 27% 47% 297 4.09 

Allow preventive treatment on 
my land 3% 4% 24% 26% 42% 293 3.98 

Support biological control 4% 3% 28% 25% 41% 288 3.96 

Work with my neighbors to 
prevent the spread of forest pests 2% 4% 30% 31% 33% 295 3.89 

Girdle an ash tree on my 
property to serve as a trap tree 7% 2% 25% 28% 38% 287 3.86 

Talk with my neighbors to share 
information about forest pests 2% 7% 28% 31% 32% 296 3.84 

Attend a training to learn how to 
identify forest pests 5% 4% 30% 31% 30% 296 3.78 

Attend public meetings to learn 
more about forest pests 4% 7% 29% 29% 31% 296 3.77 

Avoid planting ash trees on my 
property 6% 6% 34% 21% 33% 294 3.69 

Allow harvesters to come cut 
trees and chip to one inch in two 
dimension chips that too small 
for larvae to survive 

13% 9% 35% 20% 22% 288 3.30 

Participate in developing a 
community response plan 8% 11% 43% 21% 17% 294 3.28 

*This question was included in all EAB version of the Risk
perception surveys 
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Future Plans 

In the future, we will continue with the qualitative interviews of community conservation 
leaders. Janet Gorman intends to finish her MS degree in the next year. Peer reviewed journal 
articles will be forthcoming in the next year, as well.  

Funding 

Maine Department of Agriculture, Conservation and Forestry 

Maine Agricultural and Forest Experiment Station 

Partners / Stakeholders / Collaborators 

Maine Department of Agriculture, Conservation and Forestry 

New England Forest Pest Council 

Green Winged Teal Duck – Photo by Pam Wells 
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Understanding and Informing Family Forest Owner 
Decisions of Intergenerational Land Transfer to Ensure 
Working Forested Landscapes 

Jessica Leahy and Kathleen Bell 
University of Maine 

Progress Report, Year 1 of 3 

Summary: 
Family-owned tree farms, known simply as "family forest lands" provide tremendous amounts 
of wood products and ecosystem services in the U.S, particularly in the northeast where 52% of 
the land is held by family forest owners (FFOs). Due to an aging landowner population, in the 
coming years, almost half of the FFOs in the U.S. 
will be deciding the future of their land (i.e., 
convert to another use, parcelize, conserve). 
These decisions will be the most important 
determinants of the viability of working forests, 
because forest cover loss and parcel size 
reductions eliminate or lessen forest 
management opportunities. Stabilizing the forest 
land base by stemming the tide of conversion and 
parcelization is critical to ensuring a future of 
viable and competitive working forested 
landscapes. The project team, made up of the 
Universities of Massachusetts, Maine, Vermont 
and Cornell aim to help stabilize the forested land 
base by working to ensure that a significant 
proportion of FFO lands are passed from one 
generation of landowners to the next with 
minimal amount of forest conversion and 
parcelization. The research component of this 
project will use landowner interviews and a mail survey to better understand how FFOs make 
decisions about the future of their land. These research findings will inform regional extension 
programs that use peer network and train-the-trainers approaches to help inform FFO 
decisions. By working to stabilize the land base in this way, this project will assist in maintaining 
a viable forest industry, and, ultimately, vibrant rural communities. 

Jessica Leahy, Co-author 



44 

Project Objectives   

• Gain a better understanding of the timing and influences of bequest decisions in the
northeast region.

• Use research findings to develop effective conservation-based estate planning extension
resources and programs.

• Amplify the reach of extension efforts through the development and training of a
network of professionals and peer landowners.

• Inform the land bequest decisions of family owned tree farms and help them move
forward in the conservation-based estate planning process by providing them with links
to more experienced peers and knowledgeable professionals.

Approach 

This research will involve cognitive interviews to gain a more in-depth understanding of 
landowner thought processes regarding bequest and for survey development and pre-testing. 

We will use draft survey questions to hold a series of cognitive interviews with FFOs living and 
owning land in the previously-defined priority areas of the four northeastern states. The 
feedback we obtain from an initial round of testing will enable us to review and modify a 
questionnaire.  

In addition to developing a survey instrument, the cognitive interviews will involve asking semi-
structured questions that probe our understanding of landowner motivations for bequest 
(traditional and conservation bequests), barriers to bequeathing land, the estate planning 
decision process, and issues that were identified in previous extension and research.  

Having developed and tested our survey instrument, we will implement a mail survey in the 
priority landscapes of the four states with FFOs owning at least 10 acres of land. FFO survey 
recipients in Maine, Massachusetts, Vermont and New York will be randomly identified. We will 
use the Dillman’s Tailored Design Method (Dillman et al. 2009) as a method for administering 
the survey.  

The final research step involves developing and analyzing a state-of-the-art behavioral model of 
bequest motivation grounded in economic theory.  

Key Findings / Accomplishments 

A pre-screening survey was developed and administered across all four states. Initial results 
showed that there was a distribution of succession and estate planning actions taken by 
landowners. There was no detected non-response bias. Analysis is ongoing.  



45 

Approximately 50% of the qualitative interviews are completed with more ongoing.  

The interviews are leading to new understanding about how the transtheoretical model applies 
to succession and estate planning.  

Future Plans  

Analysis of the pre-screening survey will continue, as well qualitative interviews. An extensive 
survey will be conducted in 2016 and will serve as the basis for the econometric model.  

Hermit Thrush – Photo by Pam Wells 
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Resolving a Critical Question in Predicting Woody 
Biomass Supply to the Northern Forest Industry: 
Understanding Willingness to Harvest from Small 
Woodland Owners  

Emily Silver Huff and Jessica Leahy 
University of Maine 

Final Report 

Summary: 
Predicting and understanding timber supply is 
one central component to the viability of the 
bioenergy industry. This study seeks to 
understand the knowledge, attitudes, and 
willingness to harvest timber for bioenergy 
markets. Thirty-two semi-structured interviews 
were conducted with private woodland owners who 
had previously harvested timber, had never 
harvested timber, and had harvested timber for woody biomass markets.  Results indicate that 
private woodland owners have little knowledge of biomass harvesting, but a desire to learn 
more. Attitudes toward biomass harvesting are mixed, with negative attitudes about nutrient 
removal, poor economics, and it being a poor end-use for wood products. Positive attitudes 
towards biomass pertained to fossil fuel replacement, a use for low-quality wood, and 
strengthening Maine’s forest economy.  Some owners expressed a willingness to supply timber 
for biomass, but not all that had harvested for bioenergy markets would do so again. These 
results help provide insight to available timber supply for the bioenergy industry and provide an 
assessment of landowner awareness of timber harvesting options (Table 8).  

Project Objectives   

• Create a comprehensive literature review on woodland owner attitudes towards
multiple aspects of timber harvesting and woody biomass harvesting, in particular,

• Identify current policies and regulatory mechanisms that relate to landowner perception
of biomass harvesting,

• Examine risk perception of small woodland owners specifically related to harvesting
timber for biomass production, and

Pulp Grade Harvest – Photo by Pam Wells
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• Provide recommendations to state and local policy makers, town planners, regional
conservation groups, and the forest products industry that suggest ways to provide
outreach to small woodland owners and build collaborations between landowners,
loggers, and biomass facilities.
Table 8 - Significant Predictors in the Decision to Harvest Timber by Private Woodland Owners 

Approach 

• We conducted a literature and policy review, to explore existing survey data and
interview transcripts for relevance to our study. Following this exploration of secondary
data, we conducted semi-structured interviews with 32 landowners owning between
10-2,800 acres in Maine, Vermont, and New Hampshire. We recruited interview
participants using the networks within landowner associations, state forestry agencies,
Cooperative Extension, and others.

Key Findings / Accomplishments 

• Key accomplishments in this final year were three peer-reviewed publications and a
dissertation. The graduate student involved on this project secured full-time, permanent
employment as a Research Forester with the USDA Forest Service.

• Timber harvesting behavior literature has increased over time with the vast majority of
papers using a mail survey or an empirically-based economic model. Of the 81 articles
that focused on timber harvesting behavior, 25 used a statistical technique that
predicted intended or actual timber harvesting behavior. The variables that significantly
predicted timber harvesting were parcel size, total forested acres, living on the forested
land, and income. Researchers believe a mix of qualitative (i.e. focus groups and
interviews) and quantitative (e.g. surveys) methods are best, but few studies utilize
both. Additionally, the impact of landowner risk perception, in relation to a harvesting
decision, has not been extensively studied.  Many studies purportedly studied behavior,
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but actually measured stated preference or attitudes. Few studies validated stated 
preferences or attitudes by measuring observable harvesting behaviors. 

• Definitions of biomass harvesting and bioenergy were highly variable and typically
concern the type of harvest or the post-processing of woody materials. Knowledge of
biomass harvesting and the bioenergy industry in Maine was low while the desire for
more information is high. Attitudes toward biomass harvesting were mixed, with
negative attitudes about nutrient removal, poor economics, and it being a poor end-use
for wood products. Positive attitudes towards biomass pertained to fossil fuel
replacement, a use for low-quality wood, and strengthening Maine’s forest economy.
Willingness to harvest biomass was low, and often context dependent (e.g. if another
harvest were taking place already). Reactions to biomass harvesting scenarios (i.e.
transportation, destination, end use, byproduct use) revealed that the majority of
landowners do not care what happens after the wood leaves their property. Those that
cared were primarily concerned that the energy recovered from their wood did not
exceed the energy used to make a particular product. The landowners who had
harvested biomass for bioenergy production were not qualitatively different from those
who had not. They still expressed negative attitudes and sometimes an unwillingness to
harvest despite having harvested for bioenergy previously. Risks to the forest included
diseases and pests, and development pressure (Figure 2).

Figure 2 - Percentages of land ownership in Maine totaling roughly 7 million forested hectares  
(a) and percentages of wood use by the Maine timber industry (b) 

Funding 

University of Maine’s Sustainability Solutions Initiative, NSF Sustainable Energies Pathways, and 
Northeastern States Research Cooperative 

Partners / Stakeholders / Collaborators 

Small Woodland Owners of Maine, Maine Forest Service, American Forest Foundation, Forest 
Bioproducts Research Initiative 
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Commercial Forests (CFRU) 

Maine’s commercial forests cover the northern half of the state 
and provide the backbone of the state’s annual $8 billion forest 
products economy. These private landowners manage large tracts 
of land that involve complex decisions about a wide variety of forest resource issues over long 
periods of time. To help meet this challenge, these landowners recognized the need long ago 
for a strong applied research program to provide new information about how to best manage 
their lands. As a result, they partnered with the University of Maine in 1975 to form the 
Cooperative Forestry Research Unit (CFRU).  

The mission of the CFRU is to “conduct applied scientific research that contributes to the 
sustainable management of Maine’s forests for desired products, services, and conditions.” 
Currently composed of 35 private and public forestland management organizations, wood 
processors, conservation organizations, and other members, the CFRU guides and supports 
research on key issues facing Maine’s forest landowners and managers. These members 
represent 8.3 million acres, or half of Maine’s forestland. The CFRU is one of the oldest 
industry/university forest research cooperatives in the United States, and serves as a model for 
stakeholder-driven research at the University of Maine. 

This year, the CFRU raised $505,025 in member contributions and leveraged an additional 
$614,716 (48%) in extramural grants and in-kind support. Research from the past year focused 
on three primary areas: silviculture and productivity, growth & modeling, and wildlife habitat. 
Project highlights include 10-year results from the CTRN, an analysis of the third-wave of 
treatments for the Austin Pond study, new research to document the long-term effect of 
whole-tree harvesting on biomass production, evaluation of LiDAR coverage from a wide range 
of stand structures and species compositions, growth & yield data on the effects of 
management on future forest growth, analyses of harvesting on snowshoe hare habitat and 
Canada lynx diet, and an ongoing study of bird community responses to forest management. 

CFRU Members: 

Appalachian Mountain Club 

Baskahegan Corporation 

Baxter State Park, SFMA 

BBC Land, LLC 

Canopy Timberlands Maine, LLC 

Clayton Lake Woodlands Holding, LLC 

Downeast Lakes Land Trust  

EMC Holdings, LLC 

Field Timberlands 

Forest Society of Maine 

Frontier Forest, LLC 

Huber Engineered Woods, LLC 
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Irving Woodlands, LLC 

Katahdin Forest Management, LLC 

LandVest 

Maine Bureau of Parks & Public Lands 

Mosquito, LLC 

New England Forestry Foundation 

North Woods Maine, LLC 

Plum Creek Timber Company, Inc. 

Prentiss and Carlisle Company, Inc. 

ReEnergy Holdings, LLC 

Robbins Lumber Company 

SAPPI Fine Paper 

Seven Islands Land Company 

Simorg North Forest LLC  

Snowshoe Timberlands, LLC 

St. John Timber, LLC 

Sylvan Timberlands, LLC 

The Forestland Group, LLC 

The Nature Conservancy 

Timbervest, LLC 

UPM Madison Paper 

Wagner Forest Management

 

  

 

Pre-harvested mixed Stand – Photo Pam Wells 
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CFRU PROJECT SUMMARIES 

Silviculture & Productivity 

 

Commercial Thinning Research Network (CTRN)  

Robert Wagner, Patrick Clune, and Brian Roth  
University of Maine 

Status: Progress Report, Year 2 of 4  

Summary:  
A 10-year analysis of results from the CTRN was completed this year. Growth & yield, residual stand 
structure, wood products, and financial value were compared following various commercial thinning 
methods (low, crown, dominant), removal intensities (33% and 50%), and timing of entry (thin 
immediately, delay 5 years) using two separate experiments on 12 study sites on CFRU member 
lands across northern Maine. Results from a completed MS Thesis (Clune 2013) indicated that older 
(34–70-year-old) spruce-fir stands that never received precommercial thinning (PCT) should not be 
commercially thinned (CT) from above due to wind losses to the residual stand. If CT is desired in 
older stands, low thinning by 33% produced the most resilient stand structure with highest net 
present value.  

In younger (23–42-year-old) fir-spruce stands that received PCT, all CT treatments improved residual 
stand structure and increased growth over the unthinned control. Greatest gains in stem diameter 
resulted from 50% delayed thinning, while greatest increase in net merchantable volume periodic 
annual increment occurred with 50% early CT. Highest financial gains occurred with 33% early CT. If 
the objective was to increase mean tree size and reduce the age at which trees reach a minimum 
size, delayed CT at higher intensity removal (50%) was best. If the objective was to increase stand 
value and financial returns, early CT at medium intensity (33%) was indicated. 
 

Austin Pond Study: Third Wave of Treatments to Assess 
Rotation-length Outcomes for Silvicultural Options in 
Maine’s Northern Forest  
 
Brian Roth and Patrick Hiesl 
University of Maine 

Status: Final Report  

Summary:  
The third and final year of installing a third wave of treatments and evaluating harvesting 
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productivity at Austin Pond was completed. During the winters of 2012-13 and 2013-14, the Austin 
Pond research site was commercially thinned using cut-to-length (CTL) and whole-tree (WT) 
harvesting systems in PCT and non-PCT stands, respectively. Thinning prescriptions consisted of 
three nominal removal intensities (33%, 50%, and 66% of the standing softwood volume) in a 
randomized block design. Stand density, basal area, hardwood content, and removal intensity were 
not significant in explaining variation in harvester and feller-buncher productivity. The unit cost of 
production of wood chips using a WT system was less costly than the production of roundwood 
using a CTL system; however, profits were similar for both products harvested. 

 

Weymouth Point: Monitoring the Effects of Whole Tree 
Harvesting and Intermediate Silvicultural Treatments on 
Long-term Spruce-Fir Productivity  
 
Brian Roth, Robert Wagner, Robert Seymour, Aaron Weiskittel, Andrew Nelson,  
and Mohammad Bataineh 
University of Maine 

Status: Progress Report, Year 1 of 1  

Summary:  
Despite continued interest in the long-term effects of whole-tree harvesting (WT), there are only a 
limited number of locations in New England where these effects can be quantified. One such 
location is CFRU’s Weymouth Point paired watershed study, where aboveground biomass was 
measured 32-years following harvesting (Briggs 2000, Smith 1984). In the summer of 2014, a 
network of fifth-acre plots was re-established from across three existing experiments and an 
inventory was completed. Silvicultural treatments included precommercial thinning and fertilization. 
Aerial LiDAR data were collected, a detailed digital elevation model created, and a depth-to-water 
table map was generated. Next steps will be to use these data to estimate biomass, analyze for 
differences between treatments, and examine relationships with drainage class. 
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Assessment of Productivity and Costs for Logging 
Equipment in Maine’s Forest Industry  
 
Jeffrey Benjamin and Patrick Hiesl  
University of Maine 

Status: Final Report  

Summary:  
Cycle time and productivity models for harvesting equipment commonly used in Maine’s logging 
industry were developed for partial harvest operations. Time consumption data were collected per 
work cycle for each machine and productivity values were developed using tree volumes estimated 
with samples of dbh and tree height for individual species. Data were collected from seven whole-
tree partial harvests with initial stand densities between 411 and 1,027 trees per acre. Basal area 
ranged from 109 to 238 square feet per acre. Removal intensities ranged from 15% to 67% of the 
initial basal area. Data were collected from five cut-to-length partial harvests with initial stand 
densities between 537 and 1,948 trees per acre. Basal area ranged from 116 to 203 square feet per 
acre. Removal intensities ranged from 25% to 90% of the initial basal area. Key variables that 
influence cycle time and productivity are stem size and number of stems per accumulation (feller-
bunchers); stem size and species grouping (cut-to-length processor and stroke delimbers); skidding 
distance and load size (grapple skidders); and forwarding distance, log volume and logs per load 
(forwarders). 
 

Effects of mechanized Harvesting Operations on Residual 
Stand Conditions  
 
Jeffrey Benjamin, Eric R. Labelle, Robert Seymour, Brian Roth, and Ivan Fernandez  
University of Maine 

Status: Progress Report, Year 1 of 3  

Summary:  
Post-harvest stand condition, including residual stems and soil properties, is greatly influenced by 
mechanized operations and harvest trails in particular. Studies from other regions have considered 
the effect of trails on regeneration, crown closure and growth of nearby trees but there is a need to 
consider the influence of the trails on stand condition for this region in particular. Whole tree (WT) 
harvesting is often associated with extensive soil disturbance ranging from removal of the forest 
floor to severe compaction and rutting. A site disturbance assessment was conducted as part of the 
Weymouth Point paired watershed study to quantify the extent and magnitude of soil disturbance 
following mechanized harvesting, and an opportunity exists to re-evaluate regeneration and growth 
of crop trees three decades after harvest. Recent soil compaction studies in New Brunswick for cut-
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to length (CTL) harvest systems provide great insight into site conditions following harvest, but there 
is a need to continue this research for WT harvest sites.  

This study will determine the effects of mechanized harvest operations on residual stand condition 
and ultimately on the long-term growth of Maine’s mixed wood forests. Specifically, this project will 
investigate the impact of soil disturbance on spruce-fir productivity 32 years following WT 
harvesting at the Weymouth Point paired watershed study. We will also establish a network of 
permanent research plots at 10 new harvest sites to (1) assess the impact of trails, site disturbance 
and soil compaction on residual stem growth, and (2) quantify damage to residual stems and 
determine the effect of wound size and severity level on future growth and quality. A team of 
experts in forest soils and stand development has been assembled from the University of Maine, the 
Northern Hardwood Research Institute, the Natural Resources Conservation Service, and 
engineering consultants to evaluate site disturbance (10-point qualitative scale and detailed terrain 
models pre- and post-harvest), soil compaction (nuclear moisture and density gauge and laboratory 
determined soil properties) and stem damage (wound size and severity ratings). 

 

  

 
Penobscot River – Photo by Pam Wells 
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Growth & Modeling 
Extending the Acadian Variant of FVS to Managed Stands 
 
Aaron Weiskittel1, Chris Hennigar2, and John Kershaw2 

1University of Maine and 2University of New Brunswick 

Status: Final Report 

Summary:  
Most forest growth & yield models do not adjust their predictions for certain management activities 
such as precommercial or commercial thinning, which can lead to significant biases. This project's 
primary goal was to modify the Acadian variant of the Forest Vegetation Simulator (FVS-ACD) to 
account for the primary forest management activities in the region. To accomplish this, an extensive 
regional database of individual tree measurements from different forest management regimes was 
compiled. Component equations of FVS-ACD were then tested for performance in the managed 
stands and modified accordingly. In particular, precommercial and commercial thinning were found 
to significantly modify growth following treatment and the response was governed by a variety of 
different factors. These modifiers were incorporated into FVS-ACD and this should ensure proper 
representation of key forest management activities in the region. Continual improvement and 
modification will be completed as new data becomes available. 

Linking LiDAR and Ground-based Forest Inventory Plots for 
Improving Estimation of Key Attributes  
 
Aaron Weiskittel1 and John Kershaw2 

1University of Maine and 2University of New Brunswick 

Status: Final Report  

Summary:  
LiDAR is emerging as a prominent technology for measuring key forest attributes like standing 
volume and dominant height. Limited research has been conducted on the effectiveness of LiDAR in 
structurally-complex, mixed-species forests that dominant in Maine. This project was initiated to 
evaluate the performance of LiDAR across a range of stand structures and species compositions that 
are typical for the region. In the process, a variety of important issues with using LiDAR for 
operational forest planning were evaluated including robustness of developed prediction models, 
sample size and selection method for model calibration, and the effect of prediction tile size on 
overall accuracy. We found that LiDAR is a promising tool that deserves further exploration, but 
there are some potential issues that need to be resolved. 
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Depth-to-Water Table Mapping for Maine using Latest 
DEM Coverage  
 
Mark Castonguay, Jae Ogilvie, and Paul Arp  
University of New Brunswick 

Status: Final Report  

Summary:  
The objective of this project was to provide CFRU members with updated wet area maps (WAM) for 
their lands. The previous maps built by CFRU were developed in 2005-06, but improved digital 
elevation maps (DEM) for the state since then provided an opportunity to greatly improve the 
accuracy of these maps. The analysis was conducted using the latest available geospatial data 
sources (National Elevation Dataset – NED via USGS) at multiple resolutions (1/3 and 1/9 arc-second 
– 10 m and 3 m where available). Contiguous / continuous, updated spatial maps of base elevation 
DEM, predicted sub-surface wetness (WAM), and enhanced hydrological flow network (unmapped 
streams) were created through various algorithm / GIS data processing methods. Approximately 27 
million acres (including all of Maine and watersheds beyond the state borders that influenced water 
flow) were remapped / updated at 10m resolution (with and without the inclusion of wetlands), and 
3.5 million acres at a finer 3 m resolution (without wetlands). 

 
Incorporating Young Hardwood Stand Responses to 
Various Levels of Silviculture and Stand Composition into 
New CFRU Growth & Yield Models  
 
Andrew Nelson, Robert Wagner, and Aaron Weiskittel  
University of Maine  

Status: Final Report  

Summary:  
This report completes the third and final year of this project. We used an established experiment on 
the Penobscot Experimental Forest to: (1) examine the response of early successional stands to 
combinations of two management intensities (with and without enrichment planting and different 
levels of vegetation control) and three compositional objectives (hardwood, mixedwood and 
conifer); (2) compare the biomass production of planted white spruce and hybrid poplar plantations 
(four clones) in monoculture and in mixture of the two on a typical reforestation site in Maine; and 
(3) develop branch, crown and vertical leaf area distribution models for various hardwood species. A 
PhD dissertation was completed and three journal papers were published. 
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Wildlife Habitat 
Relationships among Forest Harvesting, Snowshoe Hares, 
and Canada Lynx in Maine  
 
Sheryn Olson and Daniel Harrison  
University of Maine  

Status: Final Report  

Summary:  
We investigated whether snowshoe hare pellet densities were different between two seasons 
across three forest stand-types: regenerating (RG) coniferous-dominated (19-39 years post-harvest), 
selection harvested (SEL) mixed coniferous-deciduous (8-18 years), and mature (42-80 years). We 
then evaluated which vegetation characteristics most strongly influenced hare densities between 
seasons across 26 forest stands. Hare densities, indexed by pellet densities, were measured semi-
annually in 41 stands from 2005–2012. Densities were significantly higher during leaf-off (winter) 
than leaf-on (summer) periods in RG stands, but not in mature or SEL stands. Pellet densities were 
greater in RG than other stand-types during both seasons, and unexpectedly, significantly higher 
during the leaf-on season. These results suggest greater winter survival or movement to RG from 
summer to winter, and relatively higher summer survival and juvenile recruitment in RG. Seasonal 
differences in pellet densities across 26 stands were most strongly influenced by conifer sapling 
density [68% relative importance weight (RIW)] and total sapling density (11% RIW). During the leaf-
off season when snow may interact with vegetation, the strongest influence on pellet densities was 
percent understory coverage of all conifer foliage (RIW 88.9%). 

During 2014 we also completed our investigations of lynx food habits which were targeted at 
evaluating whether lynx are less specialized on hares at the southeastern limit of their range. We 
documented food habits using scats genetically confirmed as lynx during a summer-lower (2007-
2012, 0.92 hares/ha, n=199 scats) and a winter-higher (2001-2006, 1.98 hares/ha, n=125) hare 
density period. Lynx had higher dietary breadth during the summer-low compared to the winter-
high hare density period (F4,322=0.0068). Frequency of occurrence of hares in lynx diets declined 
during the summer-low (75.2%, n=230 food item categories) period compared to during the winter-
high (92.1%, n=127) hare density period. Despite evidence that lynx broaden their dietary niche 
during summer, high occurrence of hares in lynx diets during both seasons and across periods of 
changing hare density indicate that lynx are obligatory specialists on snowshoe hares near the 
southeastern limit of their geographic range. These results suggest that management for high-
density snowshoe hare habitat should be a continued focus of lynx conservation in this region. 
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Patch Occupancy, Habitat Use, and Population 
Performance of Spruce Grouse in Commercially Managed 
Conifer Stands  
 
Stephen Dunham and Daniel Harrison 
University of Maine  

Status: Progress Report, Year 3 of 4  

Summary:  
This study investigates patterns of breeding season patch occupancy, brood rearing home range 
characteristics, and annual survival trends of spruce grouse among stands representing 5 forest 
management treatments in Maine. During the 2012-2014 breeding seasons (May-June) and brood 
rearing seasons (June-Aug) we conducted repeated call-back surveys in 28-41 stands annually, 
which represented mature conifer/mixed stands, regenerating conifer-dominated clearcuts, two 
ages of precommercially thinned stands, and selection harvests. Responding grouse were captured 
and marked with colored leg bands, and females were equipped with a necklace mounted VHF 
transmitter. Marked individuals were monitored regularly until brood break-up (October 1). 
Vegetation data was collected both within the surveyed stands and within the home ranges of 
marked birds. Preliminary results indicate that males have a high probability of occupancy within 
the studied stands (~76%) and that they are more likely to be found in stands with increased density 
of conifers > 3 inches dbh and in stands with presence of dead limbs near the ground. Additionally, 
females were more likely to occupy previously clearcut and precommercially thinned stands, 
especially stands with relatively less dense overstory canopy and with increased lateral cover and 
edible cover (food resources with a height <0.5 m). 

 

Bird Communities of Coniferous Forests in the Acadian 
Region: Habitat Associations and Responses to Forest 
Management  
 
Brian Rolek, Daniel Harrison, Cynthia Loftin, and Petra Wood 
University of Maine  

Status: Progress Report, Year 2 of 3  

Summary:  
We sampled birds across sites located within the Acadian Forest Region, which coincides roughly 
with Bird Conservation Region 14 in the United States. In 2013, we established survey points in the 
North Maine Woods (Clayton Lake and Telos), Baxter State Park, and four National Wildlife Refuges 
(Nulhegan Basin Division of Silvio Conte NWR, Umbagog NWR, Moosehorn NWR, and Aroostook 
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NWR). In 2013, we surveyed 110 forest stands with approximately 3 to 8 survey locations per stand 
for a total of 609 sampled points. In 2014, we added 48 points in 7 stands to increase sample size in 
shelterwood harvests, increasing total samples to 657 point locations in 117 stands. Across all study 
areas, we recorded 19,431 detections of 123 bird species in 2013 and 22,784 detections of 134 bird 
species in 2014. We adapted methods from the Forest Inventory Analysis and Breeding Bird 
Research and Monitoring Database to measure vegetation at the location of each point count. Data 
collected included an array of structural and compositional measurements. We completed 1,320 
vegetation plots and measured 15,024 trees during those surveys. 

forests and wetlands, are being harvested at accelerating rates in Maine. The goals of this project 
are to increase our understanding of the effects of commercial forest management in northern 
Maine on patterns of habitat occupancy, habitat use, and reproductive success of spruce 
grouse.   Data collection across a range of stand conditions is ongoing and consists of occupancy 
surveys, home range analysis of broods, and monitoring of survival and brood rearing success of 
adult females. 

 

  

 
Spruce Grouse, Wells Forest – Photo by Pam Wells 
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Partnerships & Initiatives 
An important dimension of the CRSF’s mission is collaboration with other programs that can help 
advance research on various aspects of forest resources. These initiatives and partnerships 
strengthen our overall mission by leveraging funds, facilities, and talent, as well as fostering 
interdisciplinary cooperation on key issues facing forest resources.  

For example, CRSF provided state leadership this year through in the Spruce Budworm Task Force to 
prepare a risk assessment and preparation plan for the coming outbreak in northern Maine. The 
CRSF also leads Theme 3 of the Northeastern States Research Cooperative (NSRC), which provides 
competitive research funding for projects that advance understanding about forest productivity. 
The CFRU is part of the National Science Foundation’s Center for Advanced Forestry Systems 
(CAFS), which provides funding with nine other industry/university forest research cooperatives 
across the country. CRSF is the home for the Howland Research Forest, which is part of the national 
Ameriflux network measuring the atmospheric flux of carbon dioxide. CRSF is also a partner in 
Forests for Maine’s Future, which provides a social media and website connection on important 
forest resource issues with the general public. In addition, CRSF partners with other UMaine 
research centers on collaborative projects, including the Sustainability Solutions Initiative (SSI) and 
Forest Bioproducts Research Institute (FBRI). 

In addition to the aforementioned stakeholders, this year CRSF participated in the following 
strategic partnership and initiatives: 
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Spruce Budworm 
Assessment & 
Preparation Plan 
 

About 40 years ago, the spruce budworm (SBW) was 
devastating spruce-fir forests across northern Maine. This 

outbreak was a regional event covering more than 130 million acres across Quebec, Northern New 
England, and the Maritime Provinces of Canada. That outbreak lasted about 15 years (1970-85) and 
shaped the forest, forestry politics, and careers of most foresters during this period. It was during 
this period that the CFRU also was formed to help forest landowners work together with the 
University of Maine to meet the challenges associated with the SBW.  

Returning on a natural 30-60 year cycle, the next outbreak is now at Maine’s doorstep. The current 
outbreak began in Quebec in around 2008 and has spread to cause severe defoliation on over 10 
million acres of spruce-fir forest. Insect traps in northern Maine and New Brunswick have captured 
steadily increasing SBW moth counts over the past several years, and defoliation of spruce-fir stands 
is within a few miles of Maine’s northern border. Therefore, Maine is likely only 2 to 3 years away 
from seeing the first defoliated trees. 

To help Maine prepare for the coming outbreak, the CFRU, 
Maine Forest Service, and Maine Forest Products Council 
formed a joint SBW Task Force in 2013. More than 65 
experts contributed to task teams this year to address:  

• Monitoring strategies, 

• Forest management strategies, 

• Protection options, 

• Policy, regulatory & funding issues, 

• Wildlife habitat issues, 

• Public communications & outreach, and 

• Research priorities. 

 

The findings of the Task Force were compiled into a draft 
report that was released for public review in 2015. The 
report includes a detailed risk assessment and nearly 70 
recommendations for how Maine’s forestry community can begin preparing for and responding to 
the coming outbreak. The final report will be released in March 2016.  
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Center for Advanced Forestry 
Systems (CAFS) 

 
Bob Wagner and Aaron Weiskittel  
This year saw the completion of the fifth year of Phase I for the UMaine site under the Center for 
Advanced Forestry Systems (CAFS). CAFS is funded by the National Science Foundation (NSF) 
Industry/University Cooperative Research Centers Program (I/UCRC) in partnership with CFRU 
members. CAFS is a partnership between CFRU members and I/UCRC to support a University of 
Maine research site for CAFS. CAFS unites ten university forest research programs with forest 
industry members across the US to collaborate on solving complex, industry-wide problems at 
multiple scales. The mission of CAFS is to optimize genetic and cultural systems to produce high 
quality raw forest materials for new and existing products by conducting collaborative research that 
transcends species, regions, and disciplinary boundaries. CAFS is a multi-university center that works 
to solve forestry problems using multi-faceted approaches and questions at multiple scales, 
including molecular, cellular, individual-tree, stand, and ecosystem levels. Collaboration among 
scientists with expertise in biological sciences (biotechnology, genomics, ecology, physiology, and 
soils) and management (silviculture, bioinformatics, modeling, remote sensing, and spatial analysis) 
is at the core of CAFS research. 

Phase 1 of CAFS contributed $70,000 per year to the center as long as CFRU members contributed a 
minimum of $300,000 per year to support the work of the site. This past year of CAFS funding jointly 
supported the advancing growth and yield models in commercially thinned stands in the Northeast. 
Using CAFS support, Patrick Clune (MS student) and Dr. Mohammad Bataineh modeled the growth 
of stands and individual trees in the CTRN.  

This year, Bob Wagner and Aaron Weiskittel submitted a successful proposal to NSF for the Maine 
CAFS site to enter Phase II of the I/UCRC. In Phase II, NSF will provide $60,000 per year for 5 years if 
CFRU members contribute a minimum of $350,000 per year. Detailed proposals for CAFS research 
will be developed by Wagner and Weiskittel in the coming year. 

CFRU staff and several Advisory Committee members represented the Maine CAFS site at the 
Seventh Annual CAFS Industrial Advisory Board (IAB) Meeting held May 20-22, 2014 in Coeur 
d'Alene, ID. The meeting was well attended by scientists, graduate students, and forest industry 
representatives who met to review and approve all CAFS projects nationwide. CFRU looks forward 
to another 5-years of collaboration with the NSF I/UCRC through CAFS. 
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The Northeastern States Research 
Cooperative (NSRC) 
The Northeastern States Research Cooperative (NSRC) is a competitive 
grant program funded by the USDA Forest Service that supports cross-

disciplinary, collaborative research in the Northern Forest — a 26-million acre working landscape 
that is home to more than one million residents and stretches from eastern Maine through New 
Hampshire and Vermont and into northern New York.  The NSRC addresses the importance of the 
Northern Forest to society and the need for research to have relevance and benefit to the people 
who live there, work with its resources, use its products, visit it, and care about it.  

The program is jointly directed through the USDA Forest Service, Northern Research Station, and a 
designated institution in each of the four Northern Forest states: The Rubenstein School of 
Environment and Natural Resources at the University of Vermont, the University of New Hampshire 
in cooperation with the Hubbard Brook Research Foundation in New Hampshire, the Center for 
Research on Sustainable Forests at the University of Maine, and the State University of New York 
College of Environmental Science and Forestry.  

Since 2001, the NSRC has awarded over 295 research grants, totaling over $22 million, to 
researchers throughout the region. Each year, the NSRC supports Northern Forest research that fits 
into four research themes: 

Theme 1 (Vermont): Sustaining Productive Forest Communities: Balancing Ecological, Social, and 
Economic Considerations 
Theme 2 (New Hampshire):  Sustaining Ecosystem Health in Northern Forests 
Theme 3 (Maine): Forest Productivity and Forest Products 
Theme 4 (New York): Biodiversity and Protected Area Management 

 
Theme 3 at CRSF 

NSRC Theme 3 is managed by the CRSF and supports research that will quantify, improve, and 
sustain productivity of the products-based economy of the Northern Forest.  Aspects of primary 
interest include underlying biological processes, management practices, and methods of prediction 
that will influence future wood supplies and forest conditions.  Dr. Bob Wagner and Meg Fergusson 
manage the NSRC within CRSF. 

During FY 2013-14, four new project proposals on the Northern Forest were approved for funding 
through Theme 3, while CRSF continues to support over a dozen ongoing NSRC projects granted in 
past years.  Summaries of the final reports from past projects and progress reports from current 
Theme 3 projects follow (full reports available on the NSRC web site at nsrcforest.org). 
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NSRC THEME 3 FINAL REPORT SUMMARIES 
Managing an Aging Resource:  Influence of Age on Leaf 
Area Index, Stemwood Growth, Growth Efficiency, and 
Carbon Sequestration of Eastern White Pine 
 
Robert S. Seymour 
University of Maine 

Progress Report, Year 4 

Summary: 
The main goal of this study was to quantify the key attributes of the production ecology of 
eastern white pine over a 200+-year chronosequence, for the purpose of formulating optimal 
rotations and regeneration strategies for the maturing pine resource of New England. Objectives 
are to: 

1. Quantify the effects of age and stand density on leaf area index (LAI), following the models of 
Long and Smith (1992) and DeRose and Seymour (2010). 

2. Quantify the stemwood and total above-ground productivity (biomass, Carbon) and growth 
efficiency over this same chronosequence. 

3. Compare the patterns documented to those predicted by the Fire and Fuels Extension of the 
Forest Vegetation Simulator (Dixon 2001). 
 

Objective 1 was fully addressed by Adam Bland’s MS thesis, as fully documented therein as well as 
in my 2013 progress report. Before he left our graduate program last year, Nathan Rutenbeck was 
working on addressing objectives 2 and 3.  Limited progress was made, owing to Rutenbeck’s 
part-time status and other responsibilities (teaching assistant, etc).  A proposal was submitted to 
the Cooperative Forestry Research Unit to fund a remeasurement of these plots, but despite a 
strong vote in favor by the CFRU Advisory Committee, was not funded owing to budget priorities 
and other program limitations.  My tenure as Cooperating Scientist for CFRU has ended, and I 
have not resubmitted this proposal. 

Since the last progress report, all plots were visited twice to collect litter samples and make 
additional tree and plot measurements.  A backlog of litter samples was partially reduced, but not 
eliminated, owing to our difficulty finding students to work in the lab. The funds remaining in last-
year’s account were largely spent for this purpose, leaving a bit over $100 remaining in the 
account. While not ideal, the extension of this project has allowed collection of three additional 
years of litterfall data which, once fully analyzed, will add strength and validation to the leaf area 
predictions made from allometric equations. We will make every effort to get these samples 
processed and analyzed by March 2016, so that a final report can be prepared. PI Seymour is still 
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looking for another graduate student to take over this study; we were unable to recruit one last 
fall. 

A manuscript documenting the white pine density management diagram developed by Adam 
Bland is nearly ready for submission to Forest Science (Applied). Another paper addressing 
Objective 2 from Bland’s thesis is also in preparation, likely for the Canadian Journal of Forest 
Research. 

Kate Baldwin has requested that I give a NSRC-sponsored webinar on this and other white-pine 
related projects, which I plan to do early in 2016. 

  

 White Pine Stand, Wells Forest – Photo by Pam Wells 
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Potential Impacts of Alternative Future Land Uses on 
Forest Management and Wood Supply across Maine 
 
Spencer R. Meyer  
Yale University 
 
Progress Report Year 3 of 4 
 
Summary: 
Maine is the most heavily forested state in 
the United States, with 95% of its forests in 
private ownership. These forests support 
rural economies across the state through 
forest-based manufacturing as well as 
outdoor recreation and tourism. Maine’s 
rural character, attractive quality-of-place, 
and relatively low land cost continues to 
encourage development, which in turn places pressure on private forest resources. The likely 
prospect of future development poses a risk to the wood supply upon which Maine’s forest 
products economy relies. In this project, we are using a mixed-methods approach that combines 
land use planning with an assessment of the wood supply that could be affected by future 
development patterns. Using Bayesian belief networks (BBN), we integrated geospatial data and 
expert opinion to development land suitability models for four land uses (development, forestry, 
conservation and agriculture) across two major watersheds. Initial projections of future 
development suggest limited impact on timber supplies. Land parcelization, however, is likely to 
be more of a concern in the short-run. 

Project Objectives:    

• Create spatial maps of future development in selected locations in Maine. 

• Summarize current development impact on forests. 

• Project future forest cover and volume. 

• Evaluate trends and spatial patterns of impacts of future development on forests. 

Approach: 

• Focus groups were used to solicit stakeholder input on landscape/parcel factors affecting 
suitability for four key land uses – development, forestry, conservation and agriculture 
(Figure 3). 

 
Log Yard – Photo by Pam Wells 
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• Bayesian belief networks (BBN) were co-developed with stakeholders from the focus 
groups. These networks combined expert knowledge with over 100 geospatial datasets to 
spatially identify areas of suitability for our four land uses. 

• All stakeholders were convened to review and comment on BBN output. At these 
workshops, we also solicited a set of alternative future development scenarios (Figure 4). 

• An agent based model was used to apply stakeholder-derived scenarios under varying 
assumptions across our two study areas (Figure 5). 

• The intersection between likely future development and productive forestland will be 
used to estimate future timber supply impacts (Figure 6). 

 

Key Findings / Accomplishments:  

Stakeholders were able to serve a critical role in developing land use specific BBNs for our two 
Maine watersheds. The all-stakeholder workshop led to a successful set of future scenarios  

Scenario generation is difficult. Most scenarios envision slight changes to the status quo. In our 
case, the Penobscot River Watershed has lost several major pulp and paper mills. The magnitude 
of the change in processing capacity far outweighed anything our stakeholders might have 
envisioned. A lesson learned is that “unrealistic” scenarios that forecast significant change have a 
role to play in futures analyses. 

The anemic rate of development in Maine following the 2008 financial crisis continues to linger. 
This suggests that, at least for the immediate future, timber demand/processing capacity is a 
more critical concern and limiting factor than the traditional focus on the amount of forestland 
and fiber supply.  
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Figure 3 - Complete suitability maps for both watersheds 

 
 

 
Figure 4 - Scenario matrix for future development, forestry, conservation,  

and agriculture trends, based on input by stakeholders. 
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Figure 5 - Scenario results for 2036 showing changes in land use categories. 

 
Figure 6 - First phase of spatial analysis to determine extent of impact of  

development and changing land use on forest cover. 

Future Plans 

• Further refine future development scenarios 

• Refine agent based model to better predict development in rural areas 

• Use forest BBN suitability measures and USDA Forest Service FIA data to estimate lost 
forest acreage and fiber productivity due to future development 
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Influence of Commercial Thinning on Resistance to and 
Recovery from Defoliation in Spruce-Fir Forests 
 
Michael E. Day and C. J. Langley 
University of Maine 

Progress Report, Year 2 of 3   

Summary:  
Recent decades have experienced an increasing interest in thinning treatments to enhance 
productivity in spruce-fir forest types, resulting in the establishment of a large scale study by the 
University of Maine Cooperative Forest Research Unit (CFRU). The Commercial Thinning Network 
study, supported by funding from large-scale landowners, has made substantial progress in 
understanding effects of spacing treatments in spruce-fir silviculture, but how thinned stands will 
respond to repeated defoliation in a budworm outbreak remains unclear. Studies have repeatedly 
demonstrated that stand recovery is highly correlated with spruce-fir composition. However, 
studies comparing spaced and unspaced stands have provided mixed results on survival and 
recovery of productivity 

The study attempts to quantitatively establish the influence of thinning treatments on potentially 
the two most important tree-level variables related to survival and re-establishing post-
defoliation productivity in spruce-fir: foliar resistance to larval feeding and ability to recover leaf 
area after repeated defoliation. The results will directly illuminate the physiological basis for the 
differential post-defoliation recovery of spruce and fir, provide input for process-based predictive 
modeling relating thinning to recovery from defoliation. In addition, this research will establish a 
baseline for a second-phase study on resource dynamics following artificial defoliation of 
individuals in thinned and unthinned stands. 

Project Objectives    

1. The overarching objective of this study is to establish the physiological basis for greater 
mortality and loss of productivity associated with balsam fir than red spruce following 
defoliation by spruce budworm larvae. Specific hypotheses/questions are: 
 

2. Increased carbohydrate reserves (non-structural carbohydrates, NSC) enhance recovery 
from defoliation in red spruce compared to balsam fir. 
 

3. Post-defoliation foliage in red spruce is more robust due to greater lignin (phenolics) and 
tannins stimulated by feeding on needles, providing red spruce with enhanced resistance 
in multiple years of defoliation. 
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4. The ability to establish NSC reserves for post-defoliation recovery and production of more 
robust foliage is enhanced by precommercial thinning treatments by increased resource 
availability. 

Approach 

• Compare non-structural carbohydrate reserves in red spruce and balsam fir trees at three 
thinned and non-thinned CFRU Thinning Study sites. 

• Experimentally manipulate branches in spruce and fir trees in the thinned treatments by 
(1) removing all foliage and (2) cutting existing foliage in half to simulate insect feeding. 

• Compare responses in new foliage to simulated feeding treatments by quantifying 
phenolics content. 

Key Findings / Accomplishments  

• Samples of bole wood, large roots, large branches and fine branches were processed in 
 lab for total non-structural carbohydrates (NSC: sugars + starch). 
 

• Data for NSC were analyzed for species, thinning treatment and organ effects 
. 

• Calibration curves were developed for photospectrometric analysis of non-structural 
phenolics. 
 

•  Samples of needles from treatment and control branches were collected and are currently 
 being processed for total non-structural phenolic content. 
 

•  Information on this project has been included in region-wide compendia of research 
  efforts focused on responses to spruce budworm outbreaks. 

Future Plans  

• A full-time graduate student is supported by the project to lead sample and data analysis 
and  will develop a MS thesis based on the results. We anticipate publishing results in 
peer-  reviewed journals and dissemination at regional conferences. 
 

• This field season we are (1) visiting all field sites to collect current year foliage from 
 experimental and control branches, and (2) analyzing foliar samples for phenolic content. 
 

• Results of non-structural carbohydrate analysis are being presented at a meeting of the 
Acadian Entomological Society (August, 2015, Fredericton, NB). 
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• Project results will be tentatively presented at a field meeting of the UMaine Cooperative 
Forestry Research Unit in October, 2015, at the Weeks Brook field site. 
 

• Presentations of project results are planned for the New England annual meeting of the 
Society of American Foresters in March, 2016. 

Products Delivered 

Conference Papers 

Results of non-structural carbohydrate analysis presented at a meeting of the Acadian 
Entomological Society (Fredericton, NB). 

 
 

  

 
Norway Spruce Seedling – Photo by Pam Wells 
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Analysis of Wood Resource Availability in the 
Northeastern United States 
 
Jennifer J. Hushaw 
Innovative Natural Resource Solutions, LLC 

Progress Report, Year 2 of 2   

Summary: 
At the time of this progress report, the majority of the intended spatial data layers have been 
created, representing a suite of terrain, logistic, and market access variables that affect the 
likelihood of harvest in a given area. These datasets will be useful stand-alone products for 
stakeholders interested in particular questions related to wood resource availability, but the final 
phase of the analysis will also involve an aggregation of these data layers into a single map of 
relative harvest likelihood for the entire study area. Now that the data acquisition and analysis 
phases have largely been completed, we will begin compiling the documentation, user-friendly 
downloadable products, and other enhancements that will make these data accessible and useful 
for a wide variety of stakeholders.  

Project Objectives    

• Spatially map and quantify the accessibility of wood supply in the northeast region, using 
variables related to the environmental, social, management or logistical constraints to 
harvesting.  

• Generate regression models to predict the effect of parcelization on operable forest 
property size.  

• Facilitate utilization of generated data layers by producing thorough documentation, 
making them freely available for download on-line, and by integrating them with an 
existing wood supply modeling tool. 

• Compile all data layers into a final map of the relative likelihood of harvest.  

• Identify existing data gaps.  
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Approach 

• Use ArcGIS software to create spatial datasets that represent real-world factors that affect 
harvest accessibility of standing timber, such as distance from roads, protected areas, 
stream buffers, existing harvest demand, and others.  

• Convert each data layer to a binary format that represents the presence or absence of a 
barrier to harvesting, where a ‘barrier’ is a condition that increases the environmental, 
social, or financial cost of harvest operations (e.g. areas within stream buffers are a barrier 
with a higher ‘cost’ than areas without). 

• Combine all binary data layers to produce a cost surface, where ‘high cost’ areas have 
multiple harvest barriers present (e.g. protected area within a stream buffer in steep 
terrain) and ‘low cost’ areas have few barriers to accessibility. This acts as a proxy 
representation of the relative likelihood of harvesting – the greater the cumulative ‘cost,’ 
the lower the likelihood of harvesting. 

• Use individual parcel boundary data from towns across the Northern Forest region, in 
conjunction with land cover data and data on land protection status, to identify parcel size 
distribution and the size distribution of individual parcels of forest land.  Use regression on 
data from the U.S. Census to predict the size distribution of forest parcels for towns that 
do not have publically-available parcel boundary data. 

 

Key Findings / Accomplishments  

• Completed a spatial analysis of access to low-grade wood markets. 

• Completed analysis of variable riparian buffers based on state-specific BMPs, as applied to 
waterbodies, streams, and wetlands in the region. 

• Created a Voronoi map based on point features representing road bridges that met a 
certain trucking weight limit threshold. 

• Created a data layer representing limits to road access based on typical maximum skidding 
distance.  

• Compiled an integrated dataset of protected areas and conservation easements where 
there are some harvesting limitations in place. 
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• Compiled town-level parcel data for Maine, New Hampshire, Vermont, and New York, and 
performed a pilot analysis using New Hampshire data.  Currently extending the analysis to 
the full data set with a goal of mapping forest parcelization impact for the entire Northern 
Forest over the next month.  

Future Plans  

• Creation of harvest likelihood map combining all data layers.  

• Creation of tabular datasets summarizing each data layer by town.  

• Thorough documentation of data sources and methodology used to generate each 
dataset. 

• Packaging spatial and tabular datasets for download. 

• Incorporate results into an existing wood supply modeling tool (Northern Forest Biomass 
Project Evaluator: www.nefainfo.org/BPE.html)  

 

Products Delivered 

Presentations / Workshops / Meetings / Field Tours 

Ducey, M.J. 2014. Poster: Spatial data for modeling wood resource availability in the Northeastern 
     United States. Eastern Canada-United States of America Forest Sciences Conference, 7th  
     ECANUSA, October 17, 2014, Rimouski, Quebec, Canada.  
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A Long-Term Perspective on Biomass Harvesting: 
Northern Conifer Forest Productivity 50 Years after 
Whole-Tree and Stem-Only Harvesting  
 
Laura Kenefic 
USDA Forest Service, Northern Research Station  
 
Progress Report, Year 1 of 2 

Summary:  
Beginning summer 2014, 23 permanent sample plots (PSPs) were installed in Compartment 33, 
located within the Penobscot Experimental Forest (Figure 7).  Treatments include an unharvested 
reference, whole-tree harvesting (WTH), and stem-only harvesting (SOH). For analysis, stand 
attributes such as basal area (m2/ha), total volume (m3/ha), merchantable volume (m3/ha), total 
biomass (Mg/ha), stem density (#/ha), quadratic mean diameter (cm), average height (m), and 
percent hardwood biomass for all live trees within the unharvested reference, WTH, and SOH 
units were calculated and compared. In addition, total biomass and volume were calculated for 
both standing dead trees and down woody debris as well as regeneration density by species. Soil 
and foliage samples were collected and processed through the Maine Agricultural and Forest 
Experiment Station (MAFES). Statistical analysis revealed differences in average aboveground 
species biomass, with more aspen (Populus spp.) in WTH units. Results were presented at both 
national and international conferences.  

Project Objectives  

• Quantify site productivity (soil and foliar nutrients) and stand attributes (biomass and 
composition) 50 years after treatment in a designed experiment of clearcutting with WTH 
and SOH  

• Determine the effect, if any, of incremental (SOH vs WTH) biomass removal on 
productivity  

• Synthesize our findings with those from other studies of WTH in the Northern Forest (e.g. 
Roxby 2012, Roxby and Howard 2013, Roth et al. in progress) to provide insight for future 
sustainable biomass harvesting guidelines  

Approach  

• At each PSP, height, diameter at breast height (dbh, 1.37 m), and species of living and 
standing dead trees were measured for stand structure and composition analysis  
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• For plant-available nutrient measurements, we installed ion exchange resin membranes 
(IERMs) at the bases of two red maple (Acer rubrum) and two balsam fir (Abies balsamea) 
trees demonstrating dominant characteristics within each unit (i.e., each tree had one 
cation and one anion IERM strip placed side by side, at a distance ~10x the dbh of the tree, 
azimuth of 180°)  

• Foliage samples were then obtained on the upper 1/3 canopy from each of those trees, 
targeting the current year’s growth  

• Down woody debris ≥ 10 cm in diameter was measured using modified Brown’s transects 
on all PSPs (van Wagner 1968, Brown 1971, Brown 1974)  

• Regeneration up to < 1.37 m in height was inventoried on all PSPs  

• Depth of the ‘O’ horizon within the soil was measured, as well as both parent material and 
soil drainage type confirmed in field, for use as potential explanatory variables on all PSPs  

Key Findings / Accomplishments  

• May – August 2014: 4 permanent sample plots (PSPs) were installed in the unharvested 
reference area, 7 within WTH experimental units (EUs), and 5 within SOH EUs, in 
Compartment 33.  

o Both stand structural attribute data and soil and foliar samples collected on each PSP  

• July 2014: Basal area (ft2/ac) and trees per acre summary statistics presented during New 
England Society of American Foresters (NESAF) Management and Utilization Working 
Group Tour, Penobscot Experimental Forest  

• July – August 2014: 315 IERM extracts and 62 foliage samples submitted to MAFES for 
processing  

o Plant-available nutrient results returned August 2014  

o Foliage sample results returned March 2015  

• July – December 2014: Data analysis for stand structural attributes completed  

o Key Finding: Statistical analysis of standing live, aboveground biomass revealed 
differences in average species biomass, with more aspen (Populus spp.) in WTH units, 
regardless of soil drainage type  
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• October 2014: Presentation of findings at 2014 International Union of Forest Research 
Organizations (IUFRO) World Congress, Salt Lake City, UT (Oral Presentation), AND 2014 
Society of American Foresters National Convention, Salt Lake City, UT (Oral Presentation)  

• May – June 2015: Installation of 6 PSPs within stem-only harvest with burn (SOHB) EUs 
and 1 PSP within an SOH EU, in Compartment 33 (Figure 7).  

o Only stand structural attribute data collected  

o Collected for comparison of stand structural attributes between SOH and SOHB  

 

 

 

Figure 7 - Map of Compartment 33 plot centers and extents. 
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Future Plans  

• July 2015 – June 2016: Muñoz will complete data analysis, producing three chapters in her 
dissertation dedicated to this project  

o Chapters will be submitted for publication, targeting Forest Ecology and Management 
and other natural resource journals  

Chapter 1: Comparison of WTH and SOH stand structural and compositional attributes (no 
comparison to unharvested reference)  
Chapter 2: Comparison of WTH, SOH, and Unharvested Reference soil and foliar nutrition  
Chapter 3: Comparison of SOHB and SOH stand structural and compositional attributes  
 

• December 2016: Presentation of all results at Muñoz dissertation defense  

Products Delivered  

Presentations / Workshops / Meetings / Field Tours  

Muñoz, B. 2014. A Long-Term Perspective on Biomass Harvesting: Northern Conifer Forest 
     Productivity 50 Years after Whole-Tree and Stem-Only Harvesting. New England Society 
     of American Foresters (NESAF), Management and Utilization Working Group Tour, July 
     24, 2014, Penobscot Experimental Forest, Bradley, ME. 
    
Muñoz, B., L. Kenefic, A. Weiskittel, I. Fernandez, J. Benjamin, and S. Fraver. 2014. A Long- 
    Term Perspective on Biomass Harvesting: Northern Mixedwood Forest  Productivity 50 
     Years after Whole-Tree and Stem-Only Harvesting. International Union of Forest 
     Research Organizations (IUFRO) World Congress, October 7, 2014, The Salt Palace 
     Convention Center, Salt Lake City, UT.  
 
Muñoz, B., L. Kenefic, A. Weiskittel, I. Fernandez, J. Benjamin, and S. Fraver. 2014. 
     Northern Mixedwood Forest Productivity 50 Years after Whole- Tree and Stem-Only 
     Harvesting. Society of American Foresters National Convention, October 10, 2014, The 
     Salt Palace Convention Center, Salt Lake City, UT. 
  

References  
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How Does Nitrogen Deposition Affect In-stream 
Dissolved Organic Nitrogen Processing and Its Role in 
Regulating Watershed Nitrogen Export? 
Madeleine M. Mineau 
Earth Systems Research Center, University of New Hampshire  

Final Report 

Summary: 
We investigated the effect of nitrogen (N) deposition on dissolved organic nitrogen (DON) uptake 
and the coupling of dissolved organic carbon (DOC) and DON in forested headwater streams in 
the northeastern US.  In fall 2012, we found that DON uptake decreased as inorganic nitrogen 
availability increased across sites but DOC uptake was unrelated to N availability resulting in the 
decoupling of DOC and DON uptake.  However, this pattern did not occur during the following 
summer or fall.  We think that N demand was high in fall 2012 due to biofilms accruing following 
“super storm Sandy” which resulted in the high demand for DON where inorganic N was low.  N-
acquiring enzyme activity was significantly higher in the stream with the highest DOC. When we 
experimentally increased nitrate concentration in a stream while simultaneously measuring DOC 
and DON uptake, we found that DON uptake increased and DOC uptake was not affected. 

Project Objectives 

• Understand how in-stream demand and processing affects DON export from 
northeastern U.S. forested watersheds across a gradient of N deposition 

• Understand how inorganic nitrogen availability affect the coupling of dissolved organic 
carbon and dissolved organic nitrogen in forested headwater streams 

Approach 

• Reach-scale DOC and DON uptake measurements in 6 streams across gradient of ambient 
and experimentally elevated N deposition. 

• Reach-scale DOC and DON uptake measurements with experimental manipulation of 
nitrate concentration. 

• DOC and DON bioavailability assays 

• Biofilm microbial enzyme activity measurements 

 



82 
 

Key Findings / Accomplishments (July 2014 – June 2015) 

• Contrary to our hypothesis, experimentally increasing nitrate concentration increased 
DON uptake and did not affect DOC uptake. This does provide supporting evidence that 
DOC and DON processing can be decoupled and influenced by inorganic nitrogen 
availability however, these results are contrary to our previous findings that increased 
nitrate availability reduced DON uptake. 

 

 

 

 

 

  

Allison Price collecting water samples 
during a DOC-DON uptake 

measurement at the Catskills sites. 

Madeleine Mineau collecting  
biofilm samples for microbial  

enzyme activity assays. 
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Silvicultural Effects on Environmental Conditions and 
Resulting Aboveground Productivity and Carbon 
Sequestration of Northeastern Mixedwood Forests 
 
Andrew Nelson, Robert G. Wagner, Michael E. Day, and Ivan J. Fernandez 
University of Maine 

Final Report 

Summary: 
Early successional forests in Maine comprise nearly 12% of all forestlands in the state, yet 
their response to different intensities of silviculture is poorly understood. One way to 
understand the mechanisms driving silvicultural responses is to study quantify resource 
capture and resource-use efficiency of individual trees and stands. Therefore, the goal of this 
project was the explore resource capture and resource-use efficiency of trees and stands in 
the SIComp experiment on the Penobscot Experimental Forest in eastern Maine. SIComp 
consists of factorial treatment combinations of silvicultural intensity and species 
compositional objectives. The distinct developmental trajectories provide an ideal setting to 
explore mechanistic drivers on forest productivity in the region.  

First, we developed individual tree leaf area models for common early successional species in 
the region. We found that species differed considerably in the amount of leaf area they 
produce and how the leaf area was partitioned within their crowns. These models were then 
linked with SIComp inventory data to examine temporal changes in stand leaf area index (LAI) 
in response to the contrasting silvicultural treatments. Although LAI was reduced considerably 
in all treatments, LAI approached pre-treatment values seven years after treatment but 
shifted LAI to different species groups. LAI in both the conifer-dominated and mixedwood 
stands were shifted to conifer species and shade tolerant hardwood species, while LAI in 
hardwood-dominated treatments remained in shade intolerant hardwood species. 
Treatments also affected the vertical partitioning of LAI though the canopy, with the most 
rapid upward partitioning occurring in shade intolerant species. In contrast, conifer species 
allocated LAI laterally even after release. Last, we explored how contrasting growing 
conditions (plantations vs. natural stands) affected light capture and light-use efficiency of 
individual white spruce trees. For the average sized tree, trees in plantations absorb 
substantially more light than trees in natural stands due to lower neighborhood competition. 
In comparison, the efficiency that captured light was converted to aboveground biomass was 
greater in natural stands than plantations, likely due to the moderate shade tolerance of 
white spruce. Overall, the results from this project provide initial findings to better 
understand the coexistence of multiple species in early successional stands in Maine that may 
assist in the refining silvicultural prescriptions and modeling efforts. 
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Project Objectives 

• Light capture and light-use efficiency can be directly assessed using light-intercept 
models, providing a mechanistic understanding of how trees respond to neighborhood 
growing conditions 
 

• Examining patterns in light capture and use efficiency in response to silviculture 
provides a broader understanding of the underlying processes affecting growth and 
may assist in refining growth and yield models. 

Approach: 

Individual Tree Leaf Area Models 

• Trees were sampled from the SIComp experiment on the Penobscot Experimental 
Forest in eastern Maine in summer 2011 
 

• Trees were cut at the base and branches were subsampled to develop branch-level 
projected leaf area models 
 

• Branch models were used to predict leaf area of all branches within a tree and 
summed to obtain total leaf area estimates 
 

• Nonlinear regression was used to fit total tree leaf area models by species 

Stand Leaf Area Index 
 

• Leaf area index was estimated for trees in the SIComp experiment on the Penobscot 
Experimental Forest using the individual tree leaf area models developed for trees at 
the site. 
  

• SIComp was designed to explore the effects of factorial combinations of silvicultural 
intensity and species compositional objectives in early successional stands. 
  

• We used eight years of long-term inventory data and individual tree leaf area models 
to examine how treatments affected stand productivity 
 

• Leaf area was summed for all trees within each plot to estimate leaf area index 
 

• Leaf area index was then calculated separately for three broad species groups: shade 
intolerant hardwoods, shade tolerant hardwoods, and conifers. 
 

• Vertical distribution of canopy leaf area index was estimated using the right-truncated 
Weibull distribution models developed for individual trees. 
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• New right-truncated Weibull distribution models were then fit for each treatment plot 
and measurement year for (a) all trees combined, and (b) for the individual species 
groups. 

White Spruce Light-Use Efficiency 

• The study was conducted on the SIComp experiment on the Penobscot experimental 
forest. 
 

• Trees were selected from treatments with contrasting growing conditions: (a) white 
spruce enrichment planting in stands shifted to conifer and mixedwood dominance, 
and (b) white spruce planted in pure and mixed plantations with hybrid poplar trees. 
 

• All trees within a 6 m radius of the focal white spruce tree were identified to species, 
stem mapped, and their size was measured (stem diameter, height, crown width, 
crown length). 
 

• MAESTRA, an individual tree light capture model, was used to estimate the amount of 
light captured by each individual white spruce tree throughout the growing season by 
accounting for the shading by neighboring trees. 
 

• Analysis of covariance was used to explore the effects of distance-weighted 
competition and tree size on light capture and use efficiency across the treatments. 

Key Findings / Accomplishments:  

Our results demonstrate: 

• Early successional hardwood species differ considerably in their strategies for 
producing leaf area and partitioning leaf area within their crowns. 
 

• These different leaf area strategies among species allow for coexistence in mixed-
species stands. 
 

• When scaled to a stand-level, these different strategies help explain some of the 
underlying effects of silvicultural treatments on aboveground productivity. 
 

• White spruce trees growing on contrasting environments differ considerably in light 
capture and light-use efficiency, with trees growing in natural stands exhibiting 
greater efficiency of converting captured light into biomass than plantation trees. 
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Vertical Leaf Area Models: Vertical leaf area distributions for the five naturally regenerated 
hardwood species. Vertical distributions were fit with a right-truncated Weibull distribution from 
the tip of the tree to the base of the crown. Shown are both relative leaf area with relative depth 
into the crown and absolute leaf area with absolute depth into the crown for the averaged size 
tree across species. 

 

White Spruce Light-Use Efficiency: Figures the correlations between APAR and annual 
aboveground biomass increment and the correlation between leaf area and aboveground 
biomass increment. The different lines were estimated with ANCOVA to explore differences in the 
correlations between trees in plantations and natural stands. 
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Future Plans:  

• Expand individual tree leaf area models to more species common on Northeastern 
forests, especially shade tolerant hardwood species. This will provide a better 
understanding of species differences in light capture and coexistence. 

• Assess light-use efficiency of white spruce trees in different treatment once trees 
begin to interact aboveground after crown closure. Then, a better understanding of 
the effects of pure- versus mixed-species forests on light capture an efficiency can be 
assessed. 

• Explore the effects of belowground resource availability on light capture and light-use 
efficiency. 

Products Delivered 

Refereed Journal Publications 

Nelson, A.S., Wagner, R.G., Day, M.E., Fernandez, I.J., Weiskittel, A.R., and Saunders, M.R. In 
     Review. Effects of contrasting growing conditions on aboveground net primary 
     productivity, efficiency, and foliar δ13C composition of juvenile white spruce trees. Trees– 
     Structure and Function. 

Nelson, A.S., Wagner, R.G., Weiskittel, A.R., and Saunders, M.R. 2015. Effects of species  
    composition, management intensity, and shade tolerance on vertical distribution of leaf  
    area index in juvenile stands in Maine, U.S.A. European Journal of Forest Research 134:  
    281-291. 

Nelson, A.S., Weiskittel, A.R., and Wagner, R.G. 2014. Development of branch, crown, and  
    vertical distribution leaf area models for contrasting hardwood species in Maine, U.S.A. 
     Trees– Structure and Function 28(1): 17-30 

Research Reports: 

Nelson, A.S., and Wagner, R.G. 2011. Influence of silvicultural intensity and species 
     composition on the productivity of early successional stands in Maine. In Cooperative 
     Forestry Research  Unit 2011 Annual Report. Edited by B. Roth, Orono, ME. pp. 22-26 

Conference Papers: 

Nelson, A.S., Weiskittel, A.R., Wagner, R.G., and Saunders, M.R. 2012. Vertical  
     distribution and total tree leaf area equations of juvenile trees in eastern Maine. Presented 
     at: Southern Mensurationist 2012 Annual Meeting. Jacksonville, FL. 

Nelson, A.S., Weiskittel, A.R., and Wagner, R.G. 2011. Crown and total biomass equations of  
    young, naturally regenerated hardwood species in central Maine. Presented at: 15th Annual 
    Northeastern Mensurationists Organization Meeting. Quebec City, Quebec, Canada. 
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Future Distribution and Productivity of Spruce-Fir 
Forests under Climate Change: A C omparison of the 
Northeast and the Lake States 
 
Erin M. Simons-Legaard, Aaron Weiskittel, Kasey Legaard, Anthony D’Amato,  
and Brian Sturtevant 
University of Maine  

Progress Report, Year 2 of 3 

Summary: 
The ecologically- and economically-important spruce-fir forests of the Northeast and Great 
Lakes regions are expected to be highly susceptible to the negative effects of climate change, 
as this forest type is already at the latitudinal limit of its southern range within the northern 
United States. This project uses a meta-modeling approach that includes bioclimatic envelope 
models and an integrated forest projection system to explore climate change effects. Within 
this framework, long-term projections of species distributions and productivity under varying 
climate and disturbance regimes are being produced. Species modeling and simulations allow 
for sensitivity evaluation of forest response to climate and disturbance, as well as 
identification of areas of potential refugia for this important forest type. Our goal is to 
improve understanding of how climate change will impact species directly and indirectly 
through interactions with other disturbance agents, including timber harvesting and eastern 
spruce budworm. 

 

Project Objectives 

• Produce high-resolution (temporal and spatial) projections of spruce-fir forest type 
using a meta-modeling framework; 

• Estimate future changes in the distribution and productivity of the spruce-fir forest 
type due to potential changes in climate; 

• Identify physiographic settings that ameliorate the effects of climate change and 
provide refugia for spruce-fir tree species; Evaluate the sensitivity of the projected 
future forest distribution and productivity to disturbance agents like the spruce 
budworm; 

• Compare the findings for the Northeast to similar work being done in the Great Lake 
states to understand key differences between regions. 
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Approach 

• Use an extensive database of forest inventory plots compiled in Year 1, consisting of 
more than 10 million observations from the Northeast (Maine, Vermont, New 
Hampshire), the Great Lakes (Michigan, Wisconsin, Minnesota), and Canada (Ontario, 
Quebec, New Brunswick, Nova Scotia, Newfoundland, Prince Edward Island), to 
identify plots with balsam fir, black spruce, red spruce, or white spruce. 

• Develop bioclimatic envelope models that link species specific data (e.g., 
presence/absence, basal area, stem density) with climate and topographic variables 
using the nonparametric random forest algorithm with balanced sampling. 

• Use envelope models to predict and map the spatial distribution of suitable habitat 
conditions for each species under the ENSEMBLE RCP6 climate model. 

• Compare modeled outcomes with and without the inclusion of historical tree data. 

• Evaluate sensitivity of projected species distributions and future productivity to 
additional disturbance agents such as timber harvesting and eastern spruce budworm 
using the LANDIS-II forest landscape model (Scheller et al. 2007). 

• Develop methods to modify key species parameters, including maximum annual net 
primary productivity (ANPPmax) and probability of establishment (Pest) using PnET-II 
(Aber et al. 1995), in order to model the effects of an increase in annual temperature, 
as is predicted for our study area (i.e., 4-5 °F by 2050; Fernandez et al. 2015). 

Key Findings / Accomplishments 

Balsam fir, white spruce, black spruce, and red spruce were located in 15.4%, 6.6%, 9.1%, and 
4.1% of plots, respectively. 

Occurrence models yielded excellent statistical results, as measured by area under the 
operating curve (AUC), with AUC > 0.90 for all species, and maps of likelihood of occurrence 
revealed strong correspondence with patterns of basal area concentration (Figure 8). 

Abundance models performed well but not as well as presence/absence models and with 
greater differences between species. White spruce was consistently the most difficult species 
to accurately predict with the lowest R2 (65-68%), whereas black spruce models were the 
most accurate (87-88% R2). Overall, abundance models were good at detecting mid-range 
values, but overestimated low abundance and underestimated high abundance. 

Occurrence and abundance models exhibited similarity in regards to selected variables. The 
predictor variable PRMTCM (i.e., the ratio between growing season precipitation and mean 
annual precipitation multiplied by the mean temperature in the coldest month) was always 
high ranking, indicating that areas where winter precipitation matches or exceeds growing 
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season precipitation and mean temperature in the coldest month is lower than the average 
of the study area are suitable habitat for the species considered in this analysis. 

Projections from the bioclimatic models suggest a net loss of suitable habitat for all species in 
the future as result of climate change. 

Maps generated for the years 2030, 2060, and 2090 suggest that suitable habitat for white 
and black spruce will disappear from the U.S. by 2060 and from the Acadian Region by 2090 
(Figure 9).  Patches of suitable habitat for balsam fir and red spruce are projected to remain in 
the U.S. ca. 2060, but dwindle to only a few located at high altitudes along the Appalachian 
Mountains by 2090. 

In addition to persistence in some areas, projections further suggest that suitable habitat will 
expand north of the Acadian Region for balsam fir and white spruce, and north and east for 
red spruce. Black spruce is likely to occupy regions past the northern extent of the study area 
used in this analysis. 

The inclusion of historical tree data into the analysis (321, 5, 33, and 544 additional plots 
respectively for balsam fir, white spruce, black spruce, and red spruce) was influential on the 
predictions of suitable habitat for all species, suggesting persistence in areas that models 
would have otherwise indicated recession (Figure 9). 

Preliminary results from forest landscape modeling suggest that interactions between climate 
change and timber harvesting may contribute to declines in balsam fir and white spruce, but 
provide some amelioration for black and red spruce (Figure 10). 

Compared to a timber harvesting only scenario, projections of area dominance under 
harvesting and climate change suggest that the positive effect of timber harvesting on balsam 
fir regeneration in particular will be negatively offset by increasing temperature if there is no 
additional precipitation to reduce soil moisture stress. White spruce, which projections also 
suggest garners some regeneration benefit from timber harvesting, will likely experience a net 
loss of forest area with climate change. 

By comparison, differences in area dominance between scenarios are positive for red and 
black spruce. This difference appears to be a partial result of the negative effect of climate 
change on paper birch and red maple. As a consequence, rates of site turnover from red or 
black spruce to intolerant hardwoods are reduced with climate change. 

 

 

 

 

 

 



91 
 

 

 

 

 

 

 



92 
 

 

 
Figure 9 - Predicted occurrence (>50% likelihood), with and without historical data, for each species in 2030, 
2060, 2090 under the ENSEMBLE RCP6 climate scenario. Additional areas of suitable habitat predicted with 
the inclusion of historical data are shown in red. Adapted from Andrews (2015). 
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Future Plans 

In Year 3 of this project we will be continuing our use of LANDIS-II to model and explore 
interactions between climate change, timber harvesting, and spruce budworm 

 

Products Delivered 

These: 

Andrews, C. 2015. Modeling and forecasting the influence of current and future climate on 
eastern North America spruce-fir (Picea-Abies) forests. Master’s Thesis, University of 
Maine, Orono, ME. 
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Figure 10 - Projected change in area dominance for the 13 most abundant tree species 
in Maine between 2010 and 2060, with (blue) and without (yellow) climate change. 
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Presentations / Workshops / Meetings / Field Tours 

Simons-Legaard, E., Legaard, K., Weiskittel, A., Andrews, C., D’Amato, A. Future  
     distribution and productivity of spruce-fir forests under climate change in Maine.  
     Maine Sustainability & Water Conference. March 31, 2015. Augusta, Maine. 
 
References 
 
Aber, J.D., Ollinger, S.V, Federer, C.A., Reich, P.B., Goulden, M.L., Kicklighter, D.W., 
   Lathrop, R.G. 1995. Predicting the effects of climate change on water yield and forest    
       production in the northeastern United States. Climate Research, 5, 207–222. 
 
Andrews, C. 2015. Modeling and forecasting the influence of current and future climate on 
      eastern North America spruce-fir (Picea-Abies) forests. Master’s Thesis, University of 
       Maine, Orono, ME. 
 
Fernandez, I.J., Schmitt, C.V., Birkel, S.D., Stancioff, E., Pershing, A.J., Kelley, J.T., Runge, 
      J.A., Jacobson, G.L., Mayewski, P.A. 2015. Maine’s Climate Future: 2015 Update. 
       Orono, ME: University of Maine. 24pp. 
 
Scheller, R.M., Domingo, J.B., Sturtevant, B.R., Williams, J.S., Rudy, A., Gustafson, E.J., 
     Mladenoff., D.J. 2007. Design, development, and application of LANDIS-II, a spatial 
      landscape simulation model with flexible temporal and spatial resolution. Ecological 
      Modelling, 201, 409‒419. 

Partners / Stakeholders / Collaborators: 

Dr. Phil Radtke, Virginia Tech 

Nick Crookston, U.S. Forest Service Dr. Shawn Fraver, U.S. Forest Service 
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Extending the Acadian Variant of the Forest Vegetation 
Simulator (FVS) to Managed Stands in the Northeast US 
 
Aaron Weiskittel, Chris Hennigar, Jeremy Wilson, and Christian Kuehne 
University of Maine 

Progress Report, Year 2 of 2 

Summary:  
This project was intended to evaluate and modify the behavior of the Acadian Variant of the 
Forest Vegetation Simulator (FVS-ACD) for managed stands. An extensive regional database on 
managed stand data was compiled and used for the analysis. The database included plots with 
precommercial and commercial thinning, varying degrees of vegetation control, and alternative 
forest harvesting methods. Model performance was tested using the database and modifiers 
developed to address the influence of management. Currently, modifiers have been developed to 
project the short-term influence of commercial thinning on balsam fir and red spruce growth and 
mortality have been developed. The modifiers indicate that red spruce has a higher relative 
response in diameter growth when compared to balsam fir, but the response is relatively short-
term (<6-8 years). These modifiers have been incorporated into the Acadian Variant and used to 
project alternative silvicultural regimes forward.  

Project Objectives    

Compile, document, and summarize a regional database of permanent plots in managed stands; 
calibrate and test the performance of the current FVS-ACD equations across a range of 
management activities; develop species- and management-specific equation modifiers to improve 
prediction performance; and provide means to forecast stand growth with these modifiers for 
various management regimes with FVS-ACD and demonstrate their use. 

Approach 

• Permanent plot data from Maine, New Brunswick, Nova Scotia, Prince Edward Island, and 
Quebec was obtained, cleaned, and compiled into a standardized relational database. 

• Evaluate component equations (tree height, height to crown base, diameter and height 
increment, mortality) using equivalence tests 

• Develop species- and management-specific equation modifiers using nonlinear regression 
when sufficient data is available and equivalence test suggest dissimilarity between 
observed and predicted values 

• Incorporate the developed modifiers into FVS-ACD and Open Stand Model (OSM) that has 
been developed and maintained by Dr. Hennigar  
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Key Findings / Accomplishments:  

A total of over 3 million trees from 20,068 plots across a range of locations and management 
regimes was obtained (Table 9). OSM has been fully documented, tested, and capability to 
conduct thinning/partial harvesting has been implemented. Modifiers for red spruce and balsam 
fir diameter growth response to commercial thinning was developed using the CFRU Commercial 
Thinning Research Network (CTRN), which was of the the following form: 

ΔDBHadj = ΔDBHunadj *[1+(b0*(%BARM*((QMDB/QMDA)^b1))*                                          
exp(b2*log(TST+1)+b3*(TST^2)))],  

where ΔDBHadj is the adjusted annual diameter increment (cm yr-1), ΔDBHunadj is the unadjusted 
annual diameter increment (cm yr-1), %BARM is the % of total basal area removed in the thinning, 
QMDB is the quadratic mean diameter before thinning (cm), QMDA is the quadratic mean 
diameter after thinning (cm),    TST is the time since treatment (yrs), and bi are species-specific 
parameters estimated from the data (Table 10).   

Results from the analysis indicated that red spruce generally showed a greater relative response 
to the commercial thinning treatments and that the diameter growth response generally peaked 
5 year since the treatment, but the response varied by the intensity and type of the removal 
applied (Figure 11) 

These modifiers have been incorporated into FVS-ACD and long-term simulations for a financial 
assessment of commercial thinning are currently be conducted on the CTRN dataset by PhD 
student Patrick Hiesl.  

 
 

Table 9 - Summary of plots, # of remeasurements, and tree-level measurements by geographic location and 
management regime. 

Management  Plots # of Plot re-
measurements 

Tree re-measurements (outliers excluded)* 

Total Mean Max Total DBH ΔDBH HT ΔHT 

Maine 

All   10,985    30,481  14   30  551,019  495,867  281,977  382,373  165,322  

None 9,369    25,993     2.8  12  478,222  427,302   241,369  326,262  136,780  

Partial Cut   1,391  3,743  2.7  3  40,755  37,360  17,171  29,438  11,968  

PCT 45  289  6.4  12  26,700  26,244  21,117  23,171  15,176  

Planted 180  456  2.5  3  5,342  4,961  2,320  3,502  1,398  

New Brunswick 
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All 4,095  5,088 13  28  1,410,834  1,021,258  633,244  634,344  379,228  

None 2,324  8,988   3.9  7  661,260  613,187  388,631  87,100  45,751  

Partial Cut 205  414  2.0  4  61,127  54,684  19,929  14,222  5,085  

PCT 508  1,611  3.2  9  383,685  204,056  130,757  246,529  150,859  

Planted 1,058  4,075  3.9  8  304,762  149,331  93,927  286,493  177,533  

Nova Scotia 

All 3,574  18,554  22  37  733,315  662,375  443,648  586,014  380,759  

None 2,413  11,250  4.7  9  427,185  395,417  256,803  378,954  241,498  

Partial Cut 807  5,690  7.1  9  215,730  186,094  125,599  182,750  121,914  

PCT 53  302  5.7  8  17,238  14,939  11,895  4,540  3,383  

Planted 301  1,312  4.4  11  73,162  65,925  49,351  19,770  13,964  

Prince Edward Island  

All 731 4,843  21   30  287,533  287,527  212,824  21,773  16,864  

None 153  1,007  6.6  11  71,470  71,467  52,923  4,643  3,607  

Partial Cut 40  293  7.3  9  14,644  14,643  10,910  1,278  1,001  

Planted 538  3,543  6.6  10  201,419  201,417  148,991  15,852  12,256  

Quebec 

All 683  2,134  6  10  82,842  70,209  31,284  12,334  4,676  

None 359  911  2.5  5  34,605  32,447  14,840  5,692  2,268  

Partial Cut 324  1,223  3.8  5  48,237  37,762  16,444  6,642  2,408  

Total 20,068  71,100  76  135  3,065,543  2,537,236  1,602,977  1,636,838  946,849  
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Table 10 - Parameter estimates and p-values for the commercial thinning modifier by species. 

 

Parameter 

Balsam fir Red spruce 

Estimate P-value Estimate P-value 

b0 0.0050 <0.0001 0.0021 <0.0001 

b1 0.5424 0.1331 0.5841 0.2235 

b2 0.6169 0.0345 1.3937 0.0007 

b3 -0.0151 <0.0001 -0.0236 <0.0001 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Future Plans  

• Modifiers for additional forest management activities such as precommercial thinning, 
planting, and partial harvesting will be developed and tested. 

• Modifiers will be incorporated into FVS-ACD and OSM, which will allow model users to 
evaluate the short- and long-term influence of alternative forest management regimes. 

 

Figure 11 - Balsam fir (BF, gray lines) and red spruce (RS, red lines) diameter growth 
relative responsiveness to different commercial thinnings over time since thinning. 
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Products Delivered 

Refereed Journal Publications: 
 
Russell, M.B., Weiskittel, A.R., and Kershaw Jr., J.A. 2014. Comparing strategies for 
     modeling individual-tree height and height-to-crown base increment in mixed-species 
     Acadian forests of  northeastern North America. European Journal of Forest Research 
     133: 1121-1135.  
 

Presentations / Workshops / Meetings / Field Tours 
 
Weiskittel, A. and Wagner, R. 2015. Extending the Acadian Variant of the Forest 
Vegetation Simulator to managed stands in the Northeast US. National Science 
Foundation Center for Advanced Forestry Systems Annual Meeting. Asheville, NC. May 19-
21. 
 

Partners / Stakeholders / Collaborators 

Plum Creek, JD Irving, Quebec Ministry of Natural Resources, New Brunswick Tree Improvement 
Council, New Brunswick Department of Natural Resources (DNR), Nova Scotia DNR, and Prince 
Edward Island DNR have provided access to managed stand data. 
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Effects of Climate Change on Growth, Productivity, and 
Wood Properties of White Pine in Northern Forest 
Ecosystems 
 
Ronald S. Zalesny Jr., John Brissette, Sophan Chhin, Steve Colombo, Les Groom, Pengxin Lu, Bill 
Parker, and Michael Ter-Mikaelian 
Northern Research Station, U.S Forest Service 
 
Progress Report, Year 4 or 5 
 
Summary:  
During the last year we spent the majority of our efforts on objectives 1, 2, and 4; however, we 
also worked on objectives 3 and 5. For objective 1, Les Groom nearly completed all xray 
densitometry analyses, and Sophan Chhin conducted requisite QA/QC on all cores and began 
developing growth response functions based on height and diameter. Similarly, Michael Ter-
Mikaelian developed growth response functions for biomass. For objective 2, Ron Zalesny 
synthesized annual diameter information from the Lake States and projected carbon 
sequestration potential (see manuscript below). In his analyses for objective 1, Michael Ter-
Mikaelian quantified the range of genetic variation in response to climate variables. Both Sophan 
Chhin and Michael Ter-Mikaelian developed universal response functions for the traits described 
in objective 1. All of these efforts contributed to projections for objective 5.  

 
Project Objectives    

• Predict the effects of climate change on growth, productivity, and wood properties of 
existing white pine forests; 

• Estimate C sequestration potential of white pine under new climate regimes; 
• Quantify range of genetic variation in climatic response and adaptive traits of white pine; 
• Develop seed transfer models from historic climate data and provenance trial data from a 

subset of test locations; 
• Use validated models from (4) and future climate projections to: a) predict radial and stem 

growth response of white pine in the northeastern U.S., and b) contribute to provisional 
seed transfer recommendations for assisted migration of white pine seed sources to help 
adapt northern forests to future climate. 

Approach 

• Height, diameter at breast height (dbh), and survival were recorded for each experimental 
tree located at each of seven sites (Wabeno, WI; Manistique, MI; Pine River, MI; Newaygo, 
MI; Turkey Point, ON; Ganaraska Forest, ON; Orono, ME). 

• Two wood cores were collected from each tree and permanently mounted and sanded to 
prepare them for radial growth trend analysis using standard dendrochronology 
procedures and x-ray densitometry (see below).  
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• Scanned images of individual cores were processed with cross-dating (COFECHA) and tree 
ring analysis (WinDENDRO, Regent Instruments, Quebec) software.  

• Mean tree ring width, mean annual basal area increment, and total tree ring basal area 
increment over the period 1980 to 2004 were estimated for each provenance.  

• Quantitative genetic and dendrochronological analyses were used to develop the 
universal response functions. 

• X-ray densitometry was used to measure intra and inter tree-ring density. 
 
Key Findings / Accomplishments  

• QA/QC of cores and scanned images were completed. 
• Over half of the x-ray densitometry analyses are completed. 
• Preliminary universal response functions were developed for biomass, height, and 

diameter. 
• A synthesis was conducted to compare biomass and carbon storage of white pine to short 

rotation woody crops in the Lake States. Key findings included (see manuscript below): 
o Comparable 10-yr hybrid poplar stand biomass and carbon sequestration for white 

pine were not achieved until 45 yrs (biomass @ 45 to 47 years; carbon @ 45 to 46 
years). 

o Specific genotype × environment interactions resulted in white pine exceeding 10-
yr-old hybrid poplar at ages younger than 45 years. 

o White pine was not comparable to 20-yr-old hybrid poplar at 48 years. 
o While the timing and magnitude of biomass/carbon differ between the genera, 

producing both provides greater ecosystems services across the landscape.   
 

 
White pine provenance trial in Manistique, Michigan.  

Photo by Ron Zalesny,US Forest Service. 
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BiomassMAI (a,b) and carbonMAI (c,d) production curves throughout plantation development for poplar at four sites 
in Minnesota, USA through age 20 years and white pine in Wisconsin, USA (one site) and Michigan, USA (three 
sites) through age 48 years. From Zalesny and Headlee (2015) (see below). 
 

Future Plans  

• Finish all x-ray densitometry analyses. 
• Continue to work on fulfilling all objectives, as outlined above. 
• Prepare and submit peer-reviewed manuscripts. 
• Prepare and submit final report. 

 
Products Delivered 
Refereed Journal Publications 

Zalesny, R.S. Jr., and Headlee, W.L. 2015. Developing woody crops for the enhancement of 
    ecosystem services under changing climates in the North Central United States. Journal  
    of Forest and Experimental Science 31:78-90  

Conference Papers 
Zalesny, R.S. Jr., and Headlee, W.L. 2014. Developing woody crops for the enhancement of 
     ecosystem services under changing climates in the North Central United States. In: 
     International Symposium on Tree Breeding Strategies to Cope with Climate Change; 
     September 15-19, 2014; Suwon, Republic of Korea.  

Presentations / Workshops / Meetings / Field Tours 
 

Zalesny, R.S. Jr., and Headlee, W.L. 2014. Comparing aboveground, stand-level carbon 
     storage potential of intensively-managed poplar with plantation-grown eastern white 
     pine in the North Central United States. In: International Poplar Symposium VI; July 20- 
     23, 2014; Vancouver, British Columbia, Canada.  
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Zalesny, R.S. Jr., Headlee, W.L., Bauer, E.O., Birr, B.A., Hall, R.B., Parker, B., and Wiese, A.H.  
    2014. Contrasting ecosystem services of hybrid poplar and white pine in the upper- 
    Midwest, USA. In: 10th Biennial Conference of the Short Rotation Woody Crops  
    Operations Working Group; July 17-19, 2014; Seattle, WA, USA.  
 
 
 
 
 

  

 

Canadian Geese Family – Photo by Pam Wells 
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Howland Research 
Forest 
 

The CRSF welcomed the Howland Research Forest 
under its umbrella in 2015. The Howland Forest is a 
continuously operating forest ecosystem research site 
established in 1986 by University of Maine researchers 
with the cooperation of International Paper.  It is 
located approximately 30 miles north of Orono, 
Maine, and situated within an expansive low elevation 
conifer/northern hardwood transitional forest.   

Initially funded to conduct biogeochemical cycling and acid rain research, Howland Forest has 
since been host to various model and sensor development efforts as well as numerous studies 
focusing on nutrient cycling, forest ecology, ecosystem modeling, acid deposition, remote 
sensing, climate change, and carbon sequestration.  Howland Forest, with its long fetch and low 
surface roughness, is an ideally situated tower research site for micrometeorological 
measurements.  With infrastructure in place and  a comprehensive data train of ecological 
monitoring from below the soil to above the tree canopy, the site continues to attract scientists 
from around the globe associated with numerous universities, independent research 
organizations, and federal agencies (such as the USDA Forest Service, NOAA, NASA, EPA, DOE, and 
DOD). 

Already a member of several research networks, Howland Forest became the first base site for 
the Ameriflux network in 1996.  The current research focus is based around our ability to measure 
the flux of carbon dioxide (i.e. the forest-atmosphere exchange).  This, along with the many 
ancillary ecological and atmospheric data measurement systems, provides valuable information 
about how the landscape breathes and grows, and is the foundation for related research to 
further our understanding of how the environment works.  Howland Forest is managed by the 
Environmental Physics group of the University of Maine, and is currently funded by the 
Department of Energy through its Ameriflux program and the USDA Forest Service through its 
Global Change Program.   
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Appendices  
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Publications and Presentations 

CRSF scientists disseminated results from their research in a wide variety of ways this year. 
They delivered 17 journal publications, 1 book chapter,  12 research reports and working 
papers,  3 conference proceedings,  5 theses,  more than 50 presentations (including posters, 
filed tours, media presentations, and workshops), and contributed to 18 media publications 
(including newspapers, periodicals, television, and web pages). 

Refereed Journal Publications (*Graduate student; +Undergraduate student) 

Greenwood, M.S., B. E. Roth, D. Maass and L. C. Irland. 2015. Near rotation-length 
performance of selected hybrid larch in Central Maine. Silvae Genetica 64(1-
2):73-80. 

Huff, E.S.*, Leahy, J.E., Weiskittel, A.W., Hiebeler, D., Noblet, C.L. 2015c. An 
agent-based model of private forest owner management behavior using social 
interactions, information flow, and peer-to-peer networks. PLoS ONE 
10(11):e0142453 

Johnson, M.L., S.R. Meyer, R.J. Lilieholm, and C.S. Cronan. 2015. Development and 
application of a patch-scale Bayesian network–cellular automata model for 
exploratory land use scenarios at a regional extent. Landscape and Urban 
Planning (in revision). 

Meyer, S.R., C.S. Cronan, R.J. Lilieholm, M.L. Johnson, and D.R. Foster. 2014. 
Land conservation in northern New England: Historic trends and alternative 
conservation futures. Biological Conservation 174(2014):152-160. 

Meyer, S.R., M.K. Beard, C.S. Cronan, and R.J. Lilieholm. 2015. An analysis of 
spatio-temporal landscape patterns for protected areas in northern New England: 
1900-2010. Landscape Ecology 30:1291-1305. 

Meyer, S.R., M.L. Johnson, R.J. Lilieholm, and C.S. Cronan. 2014. Development of a 
Stakeholder-driven spatial modeling framework for strategic landscape planning 
using Bayesian networks across two urban-rural gradients in Maine, USA. 
Ecological Modelling 291:42-57. DOI: 10.1016 

Nelson, A.S., R.G. Wagner, M.E. Day, A.R. Weiskittel, and M.R. Saunders. 2015. 
Effects of species composition, management intensity, and shade tolerance on 
vertical distribution of leaf area index in juvenile stands in Maine, USA. 
European Journal of Forest Research 134(2): 281-291. 

 

Nelson, A.S., Weiskittel, A.R., R.G. Wagner, and M.R. Saunders. 2014. Development 
and evaluation of aboveground small tree biomass models for naturally 
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regenerated and planted species in eastern Maine, U.S.A. Biomass and Bioenergy 
68: 215-227. 

Nelson, A.S., and R.G. Wagner. 2014. Spatial coexistence of American beech and 
sugar maple regeneration in post-harvest northern hardwood forests. Annals of 
Forest Science 71: 781–789. 

Nelson, A.S., A.R. Weiskittel, and R.G. Wagner. 2014. Development of branch, 
crown, and vertical distribution leaf area models for contrasting hardwood 
species in Maine, USA. Trees 28(1): 17-30. 

Rice, B., A.R. Weiskittel, and R.G. Wagner. 2014. Efficiency of alternative forest 
inventory methods in partially harvested stands. European Journal of Forest 
Research 133(2): 261-272. 

Silver, E.J., Leahy, J.E., Kittredge, D.B., Noblet, C.L., Weiskittel, A.R. 2015a. An 
evidence-based review of timber harvesting behavior among private woodland 
owners. Journal of Forestry 113(5): 490 - 499.  

Silver, E.J., Leahy, J.E., Noblet, C.L., Weiskittel, A.R. 2015b. Maine woodland 
owner perceptions of long rotation woody biomass harvesting and bioenergy. 
Biomass and Bioenergy 76: 69-78.  

Stapp, J.R., J.E. Leahy, R.J. Lilieholm and T. Waring. 2015. Using agent-based 
modeling to examine land use/land cover change in decision-making in Bachauli, 
Nepal: A summary of challenges. Ecology and Society (in review). 

Stapp, J.R., R.J. Lilieholm, J.E. Leahy, and S. Upadhaya. 2015. Linking attitudes, 
policy, and forest cover change in the buffer zone of Chitwan National Park, 
Nepal. Environmental Management (in review). 

Stapp, J.R., R.J. Lilieholm, S. Upadhaya, and T. Johnson. 2015. Evaluating the 
impacts of forest management policies and community-level institutions in the 
buffer zone of Chitwan National Park, Nepal. Journal of Sustainable Forestry 
34(5):445-464. 

Books and Book Chapters 

Lilieholm R.J., C.S. Cronan, M. Johnson, S. Meyer, and D. Owen. 2014. Alternative 
Futures modeling in Maine’s Penobscot River watershed: Forging a regional 
identity for river restoration. Pages 171-204 (Chapter 9) in J. Levitt, ed., The 
Academy as Nature’s Agent. Lincoln Institute of Land Policy, Cambridge, MA. 
350 pages. 
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Research Reports (*Graduate student) 

De Urioste-Stone, S.M., Gabe, T. & C. Noblet. (2015). Progress report on visitor 
spending and visitation in Maine. Submitted to University of Maine Office of the 
President. 

Doak, T., Leahy, J., and Merk, R. 2015. Creating a legacy: A guide to planning your 
land’s future. Outreach Publication of the Small Woodland Owners Association of 
Maine. Augusta, ME.  

*Dunham, S., and D. Harrison.   2014.  Patch occupancy, habitat use, and 
population performance of spruce grouse in commercially managed conifer 
stands. Pages 75-79 in R.G. Wagner, editor, Cooperative Forestry Research Unit: 
2014 Annual Report, University of Maine, Orono. 

Harrison, D., and S. Olson.  2015.  Relationships among forest harvesting, snowshoe 
hares, and Canada lynx in Maine.  Pages 68-74 in R.G. Wagner, editor, 
Cooperative Forestry Research Unit:  2014 Annual Report, University of Maine, 
Orono. 

Hutchinson, S., A. Weiskittel, D. MacKay, and R. Lilieholm. 2015. Estimating 
timberland parcel value in the northeast United States using acreage and 
commercial timber value. Center for Research on Sustainable Forests, University 
of Maine, NEFIS Publication 169, Orono, ME. 

*Rolek, B., D. Harrison, C. Loftin, and P. Wood. 2015. Bird communities of 
coniferous forests in the Acadian Region: Habitat associations and response of 
birds to forest management.  Pages 80-88 in R.G. Wagner, editor, Cooperative 
Forestry Research Unit: 2014 Annual Report, University of Maine, Orono. 

*Rolek, B., D. Harrison, C. Loftin, and P. Wood. 2015. Bird communities of 
coniferous forests in the Acadian Region: Habitat associations and response of 
birds to forest managemen. Annual report to Baxter State Park. 

*Rolek, B., D. Harrison, C. Loftin, and P. Wood. 2015. Bird communities of 
coniferous forests in the Acadian Region: Habitat associations and response of 
birds to forest managemen. Annual report to Fish and Wildlife Service and 
National Wildlife Refuges. 

*Rolek, B., D. Harrison, C. Loftin, and P. Wood. 2015. Bird communities of 
coniferous forests in the Acadian Region: Habitat associations and response of 
birds to forest management. Annual report to USGS Maine Cooperative Fish and 
Wildlife Research Unit. 
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*Scaccia, M. & S.M. De Urioste-Stone. (2015). Exploring visitor perceptions on 
climate change impacts to Acadia National Park-Mount Desert Island, Maine. 
Report submitted to Acadia National Park. 

*Scaccia, M. & S.M. De Urioste-Stone. (2015). Understanding the role of climate 
change on guiding tourism at the Katahdin region, Maine. Report submitted to 
Baxter State Park 

Wagner, R.G., J. Bryant, B. Burgason, M. Doty, B.E. Roth, P. Strauch, D. Struble, 
and D. Denico. 2014. Coming spruce budworm outbreak: Initial risk assessment 
and preparation & response recommendations for Maine's forestry community. 
Draft report for public review. 90 pages. 

Theses 

Hiesl, P. 2015. Forest harvesting productivity and cost in Maine: New tools and 
processes. Ph.D. Dissertation, University of Maine, Orono. 142 p. 

Johnson, S. L. 2014. Engaging the future with land use scenarios. Ph.D. 
Dissertation. The University of Maine, Orono. 

Olson, S. 2015.  Seasonal influences on habitat use by snowshoe hares: implications 
for Canada lynx in northern Maine.  M.S. Thesis, University of Maine, Orono, 
153pp. 

Silver, E. 2015. Understanding private woodland owner forest management: 
Qualitative and quantitative applications. Ph.D. Dissertation. University of 
Maine. Orono, ME.  

Stapp, J.R. 2015. Linking attitudes, policy, and forest cover change in buffer zone 
communities of Chitwan National Park, Nepal. M.S. Thesis, The University of 
Maine, Orono. 158 pages. 

Conference Papers  

Day, M. (2015). Results of non-structural carbohydrate analysis. Presented at a 
meeting of the Acadian Entomological Society (Fredericton, NB). 

De Urioste-Stone, S.M., & M. Scaccia. (2015). Understanding perceptions of nature-
based tourism stakeholders’ adaptive capacity to climate change in Maine. 
Proceedings of the Northeastern Recreation Research Symposium. 

Ducey, M. J. 2014. Poster: Spatial data for modeling wood resource availability in 
the Northeastern United States. Eastern Canada-United States of America 
Forest Sciences Conference, 7th ECANUSA, October 17, 2014, Rimouski, Quebec, 
Canada.  
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Presentations / Workshops / Meetings / Field Tours 

Conservation for People & Communities: Open space, health and wellness. 2015. 
National Science Foundation Research Collaboration Network (RCN) 3-day 
Workshop on Services, Scenarios, and Solutions. Migis Lodge on Sebago Lake, 
South Casco, Maine. (Johnson Presenting, with Lilieholm, Meyer & Cronan).  

De Urioste-Stone, S.M. 2015. Stakeholder perceptions on vulnerability and adaptive 
capacity of tourism destinations to climate change in Maine. School of Biology 
and Ecology Spring Seminar Series, Orono, Maine, March 20. 

De Urioste-Stone, S.M. 2015. Resilience of rural Maine communities to climate 
change: A pilot study of the nature-based tourism industry. ADVANCE Grant 
Awardee Luncheon, Pecha Kucha, Orono, Maine, March 22. 
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Summary of major or consistent issues, comments, concerns, and themes from Peer reviews and State 
agency reviews of the Draft Lynx SSA Report 

I. Peer Reviews 

• Several peer reviewers (Harrison, Squires, Schwartz) question the utility of the 3Rs approach and our 
qualitative assessment of “adequacy” of each R. 

• Several (Harrison, Moen,) question the appropriateness of projecting to end of century, or beyond 
about mid-century, given CC and other uncertainties. 

• Several (Moen, Schwartz) also suggest a greater emphasis on the importance of connectivity with 
Canadian lynx populations to the persistence of DPS populations; another (Harrison) suggests that 
connectivity with / reliance on Canadian populations may be less important, at least for some units 
(Maine and Minnesota). 

• Several (Harrison, Schwartz) think our conclusions (and those of the expert panel) regarding 
likelihood of persistence at mid-century and end-of-century may be optimistic for some DPS 
populations, particularly with regard to Colorado (Harrison).  

Peer Reviewer 1 – Ron Moen (Tam) 

1.  Questions the length of the forecasting window; feels we can be reasonably confident in predictions 
through 2030 or 2040, but then need to qualify predictions beyond that by saying there is much more 
uncertainty further into the future, especially with respect to climate change.  Questions validity of 
projections (persistence probabilities) out to 2100. 

2.  Concerned about how we presented/summarized process and results of expert elicitation and 
associated uncertainty; cautions about use of the term “probabilities” vs. quantifying opinion, and on 
use of “confidence intervals” with regard to expert uncertainty and implying a “false [level of] 
precision.” 

3.  Thinks that a connection with Canada and cross-border movement (both emigration and 
immigration) is currently more important to persistence of most segments of the DPS than implied. In 
Minnesota, especially in recent years (since 1980's), periodic supplementation with lynx from southern 
Ontario has occurred and is likely important for maintaining the MN population over the long-term. 

4.  Believes that with high climate change emissions scenario, lynx habitat in MN could disappear 
completely even sooner than 2060-2069, and predicted by Galatowitsch et al. (2009), perhaps by 2050. 

5.  Both "upward in elevation" and "receding northward" should be included in discussions of climate 
change impacts, with recognition that MN lacks substantial elevational relief to provide potential 
upslope refugia. 

6.  There is too much emphasis on the ability of lynx to move in deep “fluffy” snow.  In the context of 
comparison to competitors of lynx (e.g., coyotes and bobcats) there is no question that foot-loading of 
lynx is less given their foot size and body mass. However, what lynx benefit most from is the presence of 
a crust in the snow. The crust enables them to walk on top of the snow. If there is a new snowfall, they 
will go through the new snow until they hit the crust.  It should be phrased in the context of relative 
ability to move. There are further implications of snow quality for both lynx and for snowshoe hare for 
lynx movement and predation success. 



7.  Recommends we consider developing a population viability analysis (PVA) approach for application 
across the DPS; would be more confident in results of a PVA than in the expert probabilities of 
persistence to 2100. 

Peer Reviewer 2 – Dennis Murray (Bryon) 

1.  Agrees with our conclusions regarding the overall effects of climate change and the potential impacts 
to the probability of lynx persistence in each of the geographic regions and DPS as a whole, but he 
challenge our analysis underlying the mechanisms of climate change impacts upon lynx persistence. 

2.  Feels the SSA places too much emphasis on loss of snow and changes in snow conditions leading to 
increased competition with lynx from bobcats for snowshoe hares as the primary driver of effects to 
lynx, and not enough emphasis upon what he considers the more likely explanation that loss of snow is 
likely to reduce snowshoe hare abundance and distribution that is likely to lead to decreased lynx 
abundance and perhaps distribution. 

3.  Challenges our statements pertaining to the 0.5 hares/ha threshold level landscape density of 
snowshoe hares thought necessary to support lynx reproduction, as he contends there is no empirically 
based science supporting this threshold.  

4.  Suggests that lynx may be able to rely more heavily on alternate prey in areas with lower snowshoe 
hare densities. 

Peer Reviewer 3 – Dan Harrison (Mark and Jim) 

1.  Challenges the generalization that “…lynx are naturally less abundant and more patchily-distributed 
within the DPS than in the core of the species’ range in Canada and Alaska.”  Argues that even in the 
core of the species’ range (Canada and Alaska), lynx become patchily/unevenly distributed and occur at 
very low densities at the low in the hare cycle, and that some parts of the DPS (particularly Maine) have 
relatively stable hare densities that are considerably higher than in the core of the range during the low 
phase of the cycle.  

2.  Argues that the less volatile/variable nature of hare and lynx populations in Maine and perhaps 
Minnesota (vs. Canada /Alaska) may actually enhance the long-term stability (less dramatic temporal 
fluctuations than in core of the range) of these DPS populations.  “…the possibility that a lack of 10-year 
cycles in lynx at the southern limit of their distribution means that the populations are not sustainable 
without inputs from Canada is a tenuous inference and ignores the point that average long-term finite 
growth rate could be positive in places with non-cyclic or dampened fluctuations with increased 
periodicity.” 

3.  Argues that the long-term consistent distribution and “harvestable surplus” of the demographically-
isolated lynx in Maine and the Gaspe Region of Quebec south of the Saint Lawrence River “…suggests 
high resiliency of this population and argues that Maine is not an island in the meta-population sense 
and is part of a persistent population across the mixed transitional forests of Maine, southern Quebec, 
and New Brunswick and spanning nearly 30 million acres of habitat that is contiguous and 
demographically isolated from other lynx populations. The population dynamics of this large population 
in Maine may differ from populations in north-western Canada and Alaska, but may be sustainable and 
may contribute dispersers to Canada.” 



4.  Challenges our assumption (based on McKelvey et al. 2000) that lynx populations in the DPS may be 
peripheral populations in a mainland-island metapopulation structure.   “This ‘mainland-island’ 
metapopulation structure is critical to the biological assessments throughout the Draft SSA and does not 
appear relevant to the contiguous populations in Maine, and also does not likely apply in Minnesota. 
The application of the metapopulation concept may or may not apply in Montana (depending on 
subpopulation), and seems most relevant to the populations in Washington, the GYE, and western 
Colorado.  Applying this concept across the entire DPS does not seem appropriate.” 

5.  Argues we (a) generalize too broadly across DPS populations; (b) ignore substantial differences in 
hare density among western (lower) and ME/MN (higher) populations, and differences in natural 
fragmentation (high in the west, low in ME and MN). 

6.  Concludes that the general assumption that population processes in the DPS are similar to northerly 
populations during hare lows is inaccurate, though perhaps more relevant to western populations in the 
DPS but not to ME and MN. 

7.  Feels that the assumption that that “current levels of conservation for lynx would continue without 
protections under the ESA is completely unrealistic.” (Note: this is not what we said; rather we indicated 
our belief that some conservation measure/efforts could be relaxed in a future in which lynx were not 
listed but that it was unlikely that all protections and conservation efforts would disappear).  

8.  Argues that no credible assessment has been done of the efficacy of recent efforts to prioritize lynx 
conservation on federal lands within the DPS and, therefore, “It seems inadvisable to change what USFS 
and BLM have planned to accomplish before evaluating whether the current efforts are working or 
require modification/enhancements.” 

9.  Charges that our current and future conditions sections for Maine “…incorrectly imply that lynx 
would be absent and populations would be non-sustainable without the extensive clearcutting that 
occurred in the late 1970’s through 1990.” (We do not imply this, only that said clearcutting created 
more lynx and hare habitat and thus more lynx currently than was likely under historical disturbance 
regimes). 

10.  Argues we and lynx experts overestimate current and future status of the lynx population in 
Colorado and inadequately address why lynx were extirpated or absent from CO in the past.  “In my 
professional judgment, this unnatural (likely), recently established, and marginally viable (at extreme 
southern range limit for hares) population should be deemed experimental and should not be a high 
priority for ESA protection (similar to the approach of the Draft SSA with the GYE).  As written, the Draft 
SSA would seem to place the western Colorado population at higher priority for future conservation 
than other long-established populations based solely on the criterion of future projected snow 
conditions (which lack certainty), while minimizing the historical and current potential to provide for a 
sustainable population.” 

11.  “The assumption that populations will be extirpated from 3 of 5 units represents excessive 
speculation and ignores the high uncertainty and many assumptions associated with that expectation. I 
agree that the climate change projections, despite uncertainty, suggest increasing challenges for lynx 
conservation in all geographic units. Populations without topographic relief could be at high risk. 
Additionally, if lynx retreat to higher elevations in western populations their distributions could become 
even more fragmented within naturally fragmented landscapes. Again, the conclusion that extirpation is 
inevitable in 3 of 5 units implies a level of certainty that is unwarranted given the many interacting 
uncertainties.”   



Note:  The comments listed below for this reviewer are those that Mark considered to be “Red flag!!!!!” 
or “Potential red flag!!!!!” issues. 

1.  The issue of potential effects of incidental and illegal mortality have not been adequately considered 
or evaluated in the Draft SSA. 

2.  “…the currently underutilized opportunity for enhancing habitat management on private lands would 
be further diminished if lynx were to be de-listed.” 

[Mark concludes, based on the 2 comments above:  “Potential red flag!!!!! The SSA does not explore and 
consider the cumulative and synergistic effects of stressors on individual SSA units individually or as a 
whole.” – I (JZ) don’t see anything in these comment of Dan’s that has anything to do with lack or 
inadequacy of cumulative/synergistic effects analyses, although I agree the draft report was light on 
these issues]. 

3.  The rapid landscape-scale shift in forest composition away from conifers and towards hardwoods in 
Maine from forest harvesting (projected by Legaard et al. 2015) is much more important to lynx in the 
short run than is the longer term forest shift associated with climate change. 

4.  Roads are typically considered in terms of human-induced mortality, but the habitat effects of roads 
are incredibly significant for the Maine population – they are avoided by lynx, have low conifer stem 
density and hare densities, affect lynx movements/foraging paths, thus affecting availability of high-
quality habitat.  Utility corridors, access roads to wind sites, and gravel forest roads (particularly if they 
receive snowmobile traffic) may enhance access of generalist and edge associated predators and 
competitors (e.g., coyotes and red foxes) into areas where lynx occur and forage on hares. 

5.  “The summary does not address how current ESA listing affects current status of lynx or how 
protections and status would be expected to change if the DPS were to be removed from ESA 
protections.  This seems inconsistent with the frequent mention and consideration of those topics 
throughout the Draft SSA and considering that this document is intended to guide future 
decisionmaking.” 

Peer Reviewer 4 – John Squires (Jim) 

1.  Questions what constitutes “adequate” resiliency and redundancy for southern (DPS) lynx 
populations and our conclusion that most DPS populations have historically and recently demonstrated 
“adequate resiliency.” 

2.  Wonders if contraction of small, localized populations could be expression of loss of resiliency and 
redundancy among southern lynx populations; considers such contraction a “major conservation 
concern.”  Also feels we treat these populations “dismissively.” 

3.  Questions our assessment of historical lynx occupancy in Wyoming/GYA; cites largely anecdotal 
(unverified) occurrence data to (1) show that “early records suggest that lynx were present in Wyoming 
for a long time based on photographs from Yellowstone extending back to the 1920s and museum 
records,” (2) conclude that lynx “may have inhabited the Wyoming Range since 1940,” and (3) “…refute 
the notion, as reported in the SSA document, that lynx were ‘intermittent’ in the region.” 

4.  Feels we did not stress importance of the Wyoming Range to lynx in Wyoming; that we “downplayed 
the historical importance of the Wyoming population throughout the document; suggests the team 
review/edit the wording to “provide a better balance.”  Suggests that the Wyoming Range has the best 



lynx habitat in the state but has been “highly impacted by natural and anthropogenic disturbance (fire, 
timber manipulation, proposed energy development, conflicting wildlife management priorities).” 

Peer Reviewer 5 – Mike Schwartz (Jim) 

1.  Believes that the resiliency/redundancy/representation framework is not comprehensive and misses 
important ideas of historical range, representation, and connectivity.  Suggests that conservation 
priorities should be that populations are resilient, redundant, adaptable/representative, and have 
recovered to some historical extent; otherwise, “…the persistence of the species (DPS) may be assured 
in the short run, but its recovery and return as an ecologically functional element is incomplete.” 
 
2.  Feels the expert estimate of the size of the Minnesota population (50-200 according to Moen [in 
several places we said 190-250]) is optimistic and appears to be “…based on converting suitable habitat 
to number of individuals (presumably by assuming a home range size and some overlap among the 
sexes).  This approach assumes that the fundamental niche (habitat suitability) equals the realized niche 
(habitat suitability limited by competition, species interactions, etc).  This is almost never the case.”  
 
3.  Feels that in Wyoming “…there is a consistent signal of lynx from at least the 1970s with strong 
signals at the beginning of the 21st century.”  Suggests caution in interpreting recent (2010-2017) 
absence of verified lynx records as suggesting range decline because “…effort to detect lynx appears to 
have dramatically declined since 2010.” 
 
4.  Feels our assessment of resiliency and redundancy is optimistic because of the inherent assumption 
that the six units are functioning independently. 
 
5.  Feels the importance of connectivity is undervalued and needs to be elevated in the final SSA report; 
that it “…plays a role in both resiliency and redundancy while influencing representation…”;  and that 
the adequacy of connectivity he documented among peripheral populations in 2002-2003 may have 
changed in the last 15 years.  “If each of the populations at the border with Canada (WA, MT, MN, ME) 
suffer reduced connectivity, due to climate change or because there have been no large amplitude 
cycles in the past decades, they are again not completely independent and less redundant than the 
document and the experts suggest.” 
 
6.  Feels the importance of genetic drift is underappreciated and that our conclusion that there is little 
risk of significant genetic drift is false if DPS populations are isolated from Canadian boreal populations 
(which they do not seem to be, and which was not hypothesized by other experts). 
 
7.  Is concerned that our conclusions in the draft SSA report “…may be too optimistic for the future of 
lynx in the contiguous United States. There are symptoms of serious problems throughout much of the 
range. Even the most robust populations (MT and ME) show either some sign of decline (MT with a 
negative population growth rate in Seeley Lake and a loss of a peripheral population in the Garnet 
range) or have projections of major habitat change due to both climate and socio-economic change in 
the region. Unless we see a large dispersal event from the Canadian boreal forest in the near future I 
would expect to see each population chiseled away slowly over the next few decades. On the other 
hand, I agree with the experts that over the very short time frame there appears to be little risk of 
extirpation of lynx in the contiguous United States.” 
 
 



II. Substantive State Agency Reviews 

Colorado Parks and Wildlife (Jim) 

1.  Need to remove significant redundancies. 

2.  Treating the 6 populations as a single DPS is confusing; there are many places where statements, 
paragraphs, or even series of paragraphs summarize research in a seemingly general sense, but in reality 
the results apply to only 1-2 populations and have no bearing on, or completely misrepresent, the reality 
in other populations. 

3.  Several sections of the document read as a litany of every possible factor that could negatively 
impact lynx.  Some of these factors are clearly more important than others, however no hierarchy is 
given. 

4. Several recent publications specific to lynx and climate change in Colorado were not relied upon in 
the report, but should be. 

5.  The climate change section provides much pertinent information but seems unorganized and suffers 
from language that is so strong that it undermines the credibility of the information. 

6.  The section on expert opinion needs to proceed with substantially more caution, especially regarding 
predictions in the distant future and appropriate discussion of inherent uncertainties in expert 
projections and the methods of summarizing and presenting them. 

7.  It is not clear how a DPS can be justified for the Canada lynx in the lower 48; the distinctness of this 
DPS appears to be in question. 

Idaho Fish and Game (Jim) 

1.  The draft SSA presents an inherent conflict for its scientific evaluation. Information in the draft SSA 
indicates that designation of a DPS based on the international Canada-U.S. boundary was based on 
incorrect assumptions, including those related to both discreteness and significance. 

2.  The draft SSA presents “factors affecting viability” via a confusing litany of sources of lynx mortality 
and lynx-human interaction without clear relationship to population effect.  Vegetation management, 
wildlife management, climate change, etc. cannot affect the viability of a lynx population where the 
information indicates a peripheral or transient presence at most; so it is confusing to include such 
analysis. Similarly, the draft SSA details state harvest regulations and incidental trapping occurrences 
(even where there is no demonstrated impact to individual lynx) without relating them to any 
population effect. 

3.  The final SSA should clarify the level of uncertainty in evaluating probabilities of persistence and likely 
future conditions. For example, the draft SSA’s summary of the expert elicitation panel’s discussion in 
this regard failed to acknowledge the panel’s statements as to the high degree of uncertainty in their 
speculations as to long-term persistence. 

4.  It would be more accurate to state that the number of individual lynx with home ranges occurring in 
the northeast corner of the Idaho Panhandle is unknown but small, based on the amount of potential 
habitat, and that individual lynx in Idaho are part of a larger population that occurs primarily in 
northwestern Montana and southeastern British Columbia.  The final SSA should reflect that, although 



there have been multiple detections of lynx in the Selkirk Mountains in Idaho during 2015-2016 and one 
detection of a lynx in the Selkirks in 2010, there is not evidence of a long-term, persistent resident lynx 
population. During the last several years, radio-collar data and remote camera images have documented 
a single lynx with a home range in the west Cabinet Mountains in Idaho, but there is not other evidence 
of a long-term, persistent resident population. In the Purcell Mountains in Idaho, there have been 
detections of multiple lynx in or immediately adjacent to designated critical habitat (i.e., within 10 miles 
of the Canada border). Purcell detections in 2015-2016 included a photo of an adult lynx accompanied 
by juvenile lynx, but there has not been other evidence of a persistent breeding population. 

5.  In referencing the LCAS revision, the SSA should recognize the comments of the states of Montana, 
Idaho, and Wyoming from 2012 and 2013, which identified weaknesses and a lack of federal 
cooperation with states in issuing the revised document. 

6.  Suggest several recent climate change/forest management papers should be reviewed and cited, and 
that some reach different conclusions that those reached in the draft SSA report. 

Idaho Office of Species Conservation (Jim) 

1.  Disagrees with the Service’s determination that lynx in the contiguous U.S. qualify as a DPS; claim 
they do not qualify as a discrete and significant population as contemplated by the Service’s DPS Policy; 
the State encourages the Service to revisit its prior DPS determination. 
 
2.  Idaho lacks a persistent lynx population.  Future ESA considerations must take into account Idaho’s 
historic and current lack of a persistent lynx population. 
 
Maine Department of Inland Fisheries and Wildlife (Mark) 

1.  Troubled “…with the tone of the document and by what appears to be a very subjective, if not 
biased, selection of data to include in the draft SSA.” 

2.  Feel “The definitive tone of the climate change section on how Maine's forests and lynx populations 
will be affected, does not follow the guidance offered in the IPCC Climate Change 2014 Synthesis Report 
which states that an integral feature of the report is communicating the uncertainty of its findings.” 

3.  Concerned that the draft SSA considers the lack of management assurances on private lands to be a 
risk to lynx populations because Maine's lynx population reached what is believed to be historic highs on 
these private lands without federal or state intervention.  Models used in the SSA to predict forest 
habitat changes and trends in lynx populations do not take into full account, and in some cases 
misrepresent, forest management on private lands. 

4.  “The lack of focused attention on the “five-factor analyses” that guides ESA status changes 
(https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf) is perplexing.  In the absence of a 
recovery plan with specific conservation objectives, a periodic “5-year” status review should provide a 
clear evaluation of the species with regard to ESA listing factors.  This seems essential in the SSA if it will 
be the only evaluation of lynx DPS status after 17 years of listing under the ESA.” 

5.  Given the success of lynx populations on private lands in Maine, MDIFW finds some statements in the 
SSA overstate the threat posed by private land management to lynx.  The period of greatest lynx 
population growth in Maine occurred during the same period that caused “major shifts in forest 
management strategies, outcomes, and products.” 



6.  MDIFW strongly disagrees with statements in the SSA that Maine’s lynx population and 
lynx/snowshoe hare habitat have declined since 2006, e.g., “The best available science indicates that 
hare populations have declined by about half across all stand types (and in adjacent Quebec) since 2006 
and apparently have not rebounded.”  No references are given in the SSA to substantiate this claim.  
MDIFW asserts that there is insufficient scientific evidence to conclude that hares have declined at a 
landscape level and have remained low since 2006 in northern Maine.  Hare densities in stands subject 
to shelterwood and overstory removal harvests more than doubled from 2008 to 2011.  As of 2011 (the 
last year of monitoring in this stand type), hare densities in these stands were approximately double 
those in regenerating clearcuts (D. Harrison, unpublished data). 

7.  MDIFW has information on the current status of lynx in Maine, which suggests the lynx population is 
both increasing in numbers and expanding its range, and questions why this information presented at 
the Expert Elicitation Workshop (EEW) was not included in the draft Lynx SSA.  MDIFW urges the USFWS 
to consider the data and arguments presented in this review and at the EEW to arrive at a more 
objective perspective on the resiliency of Maine’s current lynx population. 

8.  Many of the conclusions and the tone of the Climate Change Section in the SSA do not adequately 
communicate uncertainty and are definitive in nature.  MDIFW is concerned about the objectivity of the 
climate change sections in the SSA and urges a thorough review of this section -- especially given the 
USFWS SSA Core Team’s admission that they took a more pessimistic view of climate change impacts to 
lynx than the experts at the EEW.  Furthermore, MDIFW asks, are 50-year projections an appropriate 
standard for the “foreseeable future” language of the ESA? 

9.  Concerned about “…over reliance on modeling to predict the persistence of lynx in the face of 
contradicting field data.  For example, p. 66 of the SSA states, ‘Reduced snow depth and duration may 
reduce lynx’s competitive advantage over bobcats, which have similar ecology to lynx but are not as 
well-adapted to hunting hares in deep fluffy snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 
2013, pp. 69, 71). The bobcat is the closest related species to lynx in North America, and it outcompetes 
or displaces lynx wherever the two species overlap, at both broad (Peers et al. 2016, entire) and local 
(Parker et al. 1983; Robinson 2006, pp. 120-129) geographic scales.”  However, field observations and 
surveys indicate that lynx have expanded their range in Maine, and that lynx are now living and 
reproducing in Downeast Maine (i.e., sections of Penobscot, Washington, and Hancock Counties).  
Northern sections of Downeast Maine have long been considered one of the best bobcat regions in 
Maine, and this region has historically had lower snowfall totals than northern interior Maine because of 
the influence of maritime weather patterns.  These field observations call into question whether 
marginally lower snow levels and bobcat are a significant threat to lynx in Maine.” 

10.  “MDIFW questions the conclusions reached in the SSA regarding predictions that Maine’s forests 
will change in a manner that threatens lynx and snowshoe hare populations.  MDIFW argues that the 
presentation of forest and hare data is misleading, and that more research is needed on hare densities 
in shelterwood stands.” 

11.  MDIFW disagrees with statements that Maine’s lynx population would face increased threats from 
trapping and hunting if they did not have not have protection under the federal ESA. Trapping was 
evaluated at the time of listing (USFWS 2000) and was determined not to be a significant threat to the 
lynx population. Currently, the vast majority of lynx caught in foothold traps are released with little to 
no injury.  MDIFW submits that in the event of delisting, the Department would continue to be 
committed to protecting lynx populations through trapper and hunter education, regulations focused to 
minimize captures in traps, and an active law enforcement presence. 



12.  MDIFW finds the statement on p. 20 of the SSA, lines 6-7 troubling: “… we do not evaluate the 
unlikely hypothetical future in which the DPS is not listed and conservation efforts disappear.”  An 
inference that lynx conservation is totally dependent upon ESA seems unfortunate.  The traditional role 
of state conservation efforts is apparently discounted, and current examples of cooperative efforts 
among states and the USFWS to prevent listings (e.g., New England cottontail) may have not been 
considered.  MDIFW does not argue that ESA protections are sometimes appropriate and value-added, 
but USFWS should not ignore the long-standing primary jurisdiction of states for most wildlife resources, 
critically important partnerships with states for conservation of vulnerable species.  MDIFW believes the 
SSA is presenting an “all or nothing” worst-case scenario for the lynx DPS: “Our evaluation, therefore, 
considers the possibility of the future relaxing of some lynx conservation measures and efforts, but not 
the complete absence of all protections for lynx.” MDIFW concurs that the lynx DPS needs thoughtful 
conservation attention at its southernmost range limits. However, our Department (1) strongly disagrees 
that the ESA is the only effective protection, and (2) counters that state conservation strategies, which 
may be inspired by the ESA, are generally a better, more lasting solution. 

13.  MDIFW suggests that a broader more forthright discussion is needed on the structure of the DPS.  In 
the description of the geographical units of the SSA, MDIFW suggests stating, “The DPS designation 
reflects a jurisdictional boundary, not a biological one, for Canada lynx.  The species is widespread and 
relatively secure in Canadian provinces adjacent to the DPS.”  Would the USFWS be willing to state, in 
the list of assumptions (p. 8, SSA), “We assume that the statuses of lynx within individual SSA geographic 
units are mostly independent of one another”?  This assumption is requested to critically reconsider 
conservation strategies and outcomes given “the units are relatively isolated from each other” (SSA, p. 
5). In fact, Unit 1 (Northern Maine) and Unit 2 (Northeastern Minnesota) are extremely isolated from 
other units by distance and marginal habitat.  As the USFWS has experienced with recovery efforts for 
Canis lupus, the improbability of “recovery” occurring concurrently in three (or more) regionally distinct 
SSA units greatly handicaps any scenario for delisting. 

14.  MDIFW believes the SSA overstates the confidence with which climate models can be used to 
inform future trends in lynx distribution and population size in Maine. Uncertainty regarding changes in 
the amount and duration of snowfall, and the response to these changes by hares, lynx, and potential 
lynx competitors such as bobcats and coyotes, make projecting impacts on lynx very challenging.  In 
addition, we feel that conclusions about changing forest species composition in northern Maine due to 
climate change are overstated and not supported by current data. 

15.  MDIFW strongly endorses major conclusions in the SSA that (1) the initial threat for listing the lynx 
DPS has been met; (2) that the DPS currently is resilient, redundant, and representative; and (3) 
although there is tremendous uncertainty with long-term projections, we agree with the EEW experts 
that in the foreseeable future (at least through the next 25 years) lynx status is secure in the DPS. 

Minnesota Department of Natural Resources (Tam) 

1.  Most of MNDNR’s substantial comments focused on the many uncertainties that come with 
predicting future conditions, particularly with climate change, into the long-term future. 

2.  Concerned about unclear evidence of causal relationships; for example, they are not aware of any 
study that has attempted to quantify hare/lynx response to the changes in Federal land management 
plans. 



3.  They agree that lynx have adaptations for deep snow, but disagree that they need snow.  Lynx need 
hares and hares need boreal forest, but lynx do not need snow because in most of the DPS they survive 
7 months out of the year without snow. 

4.  MNDNR does not believe one can say much beyond that lynx require hares, and thus hare 
habitat/populations should be a main focus in the SSA. 

Montana Fish, Wildlife & Parks (Jim) 

1.  The Draft SSA incorrectly summarizes the expert elicitation panel’s discussions about likely future 
conditions and probabilities of persistence as if they are conclusions without uncertainty. This 
uncertainty must be adequately presented in the SSA for the document to be received as legitimate. 

2.  Speculative expert opinion is being held equivalent to objective science – this is a major departure 
from the use of best available science. 

3.  The GYA is not capable of maintaining a resident reproducing lynx population and should be removed 
from the list of lynx units. 

4.  The SSA needs to (better) address the incongruence apparent in the ephemeral nature of (some) lynx 
populations (ref. to the Garnets Range). 

5. Continue to object to the designation of a single DPS and see no justification to preserve ESA 
protections in the Northwest Montana/Idaho Geographic Unit. 

6.  Suggest 1) designating 5 discrete DPSs where lynx are known to occur, 2) eliminating the GYA as a 
Geographic Unit or DPS, and 3) considering the status of and threat to lynx within each DPS separately 
and on the merits of those local situations.  We also believe that the level of connectivity to contiguous 
populations in Canada should be a criteria used to assess the species’ U.S. status.  U.S. populations 
occupy on 2% of the Canada lynx’s North American range and habitat conditions are, and always have 
been, relatively marginal.  

7.  Believes the regulatory threat for which the DPS was listed has been adequately address and, 
“…along with other subsequent and perpetual protections, clearly obviate the justification or need for 
further ESA listing.” 

Washington Department of Fish and Wildlife (Bryon) 

1.  The SSA is lacking in conservation measures for lynx breeding populations that likely exist in between, 
and that potentially connect the six geographic areas we are focusing on for lynx conservation, 
especially the geographic areas in Washington, Idaho, and Montana. (Note: (JZ) the SSA was not 
intended to, and does not, develop or identify necessary conservation measures for any DPS 
populations, including those that may or may not occur outside of the geographic units evaluated in the 
report). 

2.  Concerned that the SSA under appreciates the short-term (10-20 years) risk to the probability of lynx 
persistence in Washington from threats, and the large uncertainties about population processes that will 
influence its probability of persistence (e.g., immigration from BC, emigration, fires, snowpack, disease, 



current demographics of the population, impact of trapping in southern BC, status of population in BC, 
habitat corridor stability between BC and WA). 

3.  States that current management plans for lynx are in need of revision to incorporate new information 
and concepts pertaining to lynx management. 

4.  Questions the SSA’s conclusion that there is a meaningful level of lynx immigration from Canada to 
Washington and cites declining lynx harvests in BC as an indicator of potential reduced lynx immigration 
to Washington (we did not conclude this; only that historical connectivity appears to have remained 
intact and that cross-border movements by lynx have been documented). 

 

Note:  Non-substantive comments, letters of support, or submission of minor corrections/new data 
were received from Michigan, New Hampshire, New Mexico, Wisconsin, and Wyoming. 

No comments were received from New York, Oregon, Utah, or Vermont. 



From: Zelenak, Jim
To: Holt, Bryon
Subject: Re: FW: Latest agenda
Date: Friday, March 31, 2017 1:20:23 PM

Hey Bryon,

Jodi was out of office all day yesterday and only in briefly this morning.  She was gone before I realized I hadn't
talked to her about this workshop (I had earlier when I first became aware of it after a conversation with Scott
Tomson, and even then she was doubtful about my participation, given lynx SSA schedule, etc.).

Anyway, because we have a State/Federal partners coordination call for the SSA on Wed. next week (day 1 of the
workshop) and because we have an all-staff meeting here most of that morning, I'm sure I cannot attend the
workshop.  This bums me out because I think we miss opportunities when we (USFWS) fail to have a presence at
these types of scientific gatherings.

I also doubt whether anyone from our Kalispell Office will attend because they also have the same staff meeting
most of the morning next Wed.

Sorry.

On Thu, Mar 30, 2017 at 9:13 AM, Holt, Bryon <bryon_holt@fws.gov> wrote:

---------- Forwarded message ----------
From: Kosterman, Megan <megan_kosterman@fws.gov>
Date: Tue, Mar 14, 2017 at 3:47 PM
Subject: Fwd: FW: Latest agenda
To: Bryon Holt <bryon_holt@fws.gov>

---------- Forwarded message ----------
From: Tomson, Scott D -FS <stomson@fs.fed.us>
Date: Tue, Feb 28, 2017 at 1:21 PM
Subject: FW: Latest agenda
To: "Kosterman, Megan" <megan_kosterman@fws.gov>

 

 

From: Davis, Cory [mailto:cory.davis@umontana.edu] 
Sent: Monday, February 27, 2017 3:22 PM
To: Tomson, Scott D -FS <stomson@fs.fed.us>
Subject: Latest agenda

 

Hey Scott,
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The latest agenda is attached. Give me a call when you have a few minutes.

Cory

 

Cory Davis

Coordinator

Southwestern Crown of the Continent Collaborative

University of Montana, College of Forestry and Conservation

Office (406) 257-3166; Cell: (406) 471-3314

cory.davis@umontana.edu

 

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender
and delete the email immediately.

-- 
Megan Kosterman
Endangered Species Biologist
U.S. Fish and Wildlife Service
Northern Idaho Field Office
11103 East Montgomery Drive
Spokane Valley, WA 99206
megan_kosterman@fws.gov
Office: 509-893-8013

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014

mailto:cory.davis@umontana.edu
mailto:megan_kosterman@fws.gov


Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:bryon_holt@fws.gov
mailto:jim_zelenak@fws.gov


From: McCollough, Mark
To: Anna Harris
Subject: Fwd: Lynx SSA Coordination Call
Date: Monday, April 03, 2017 4:20:11 PM

Anna:  There is a lynx SSA call with States this Wednesday afternoon at 3:00 PM.  See
below...  Mark
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, Mar 21, 2017 at 10:39 AM
Subject: Lynx SSA Coordination Call
To: bob.broscheid@state.co.us, craig.mclaughlin@state.co.us, Jake Ivan - DNR
<Jake.ivan@state.co.us>, "Odell, Eric" <eric.odell@state.co.us>, "Moore,Virgil"
<virgil.moore@idfg.idaho.gov>, "Dustin Miller (dustin.miller@osc.idaho.gov)"
<dustin.miller@osc.idaho.gov>, Joshua Uriarte <Joshua.Uriarte@osc.idaho.gov>,
"Sallabanks,Rex" <rex.sallabanks@idfg.idaho.gov>, Sam Eaton
<Sam.Eaton@osc.idaho.gov>, rita.dixon@idfg.idaho.gov, Chandler.woodcock@maine.gov,
"Connolly, James" <James.Connolly@maine.gov>, "Vashon, Jennifer"
<jennifer.vashon@maine.gov>, moritzw@michigan.gov, bumpa@michigan.gov,
kennedyd@michigan.gov, commissioner.dnr@state.mn.us, jim.leach@state.mn.us,
Paul.Telander@state.mn.us, "Baker, Richard (DNR)" <richard.baker@state.mn.us>, "Erb,
John D (DNR)" <john.erb@state.mn.us>, JTubbs@mt.gov, "McDonald, Ken"
<kmcdonald@mt.gov>, "Inman, Bob" <bobinman@mt.gov>, Jay Kolbe
<jkolbe.fwp@gmail.com>, seggeman@mt.gov, "Baty, Ross" <rbaty@mt.gov>,
glenn.normandeau@wildlife.nh.gov, Mark.Ellingwood@wildlife.nh.gov,
john.kanter@wildlife.nh.gov, William.Staats@wildlife.nh.gov, Patrick.Tate@wildlife.nh.gov,
alexandra.sandoval@state.nm.us, stewart.liley@state.nm.us, rick.winslow@state.nm.us,
"Stuart, James N., DGF" <james.stuart@state.nm.us>, sean.murphy@state.nm.us,
michael.schiavone@dec.ny.gov, doug.stang@dec.ny.gov, curt.melcher@state.or.us,
derek.j.broman@state.or.us, Gregory Sheehan <GregSheehan@utah.gov>, Kimberly Hersey
<kimberlyasmus@utah.gov>, louis.porter@state.vt.us, mark scott <mark.scott@state.vt.us>,
"Bernier, Chris" <Chris.Bernier@state.vt.us>, director@dfw.wa.gov, cpl@dnr.wa.gov,
"Lewis, Jeffrey C (DFW)" <Jeffrey.Lewis@dfw.wa.gov>, "Maletzke, Benjamin T (DFW)"
<Benjamin.Maletzke@dfw.wa.gov>, cathy.stepp@wisconsin.gov,
kurt.thiede@wisconsin.gov, Sanjay.Olson@wisconsin.gov, Tom.Hauge@wisconsin.gov,
Erin.Crain@wisconsin.gov, Owen Boyle <Owen.Boyle@wisconsin.gov>, "Roberts, Nathan
M - DNR" <NathanM.Roberts@wisconsin.gov>, "Rossler, Shawn T - DNR"
<Shawn.Rossler@wisconsin.gov>, David.MacFarland@wisconsin.gov,
John.White@wisconsin.gov, scott.talbot@wyo.gov, Bob Lanka <bob.lanka@wyo.gov>, Zack
Walker <zack.walker@wyo.gov>, Nichole Bjornlie <nichole.cudworth@wyo.gov>, Susan
Patla <susan.patla@wyo.gov>, Rick Kahn <rick_kahn@nps.gov>, "Jackson, Scott -FS"
<sjackson03@fs.fed.us>, "Hanvey, Gary -FS" <ghanvey@fs.fed.us>, "Tripp, Kim"
<ktripp@blm.gov>, Christopher Boone <ctboone@blm.gov>, "Sparks, James"
<jrsparks@blm.gov>, Jonathan Mawdsley <jmawdsley@fishwildlife.org>, "Kilborn, Jillian"
<jillian.kilborn@wildlife.nh.gov>
Cc: Jodi Bush <jodi_bush@fws.gov>, Heather Bell <heather_bell@fws.gov>, Mary Parkin
<mary_parkin@fws.gov>, Jonathan Cummings <jwcummings@usgs.gov>, Justin Shoemaker
<justin_shoemaker@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>, Mark McCollough <mark_mccollough@fws.gov>, Tamara
Smith <tamara_smith@fws.gov>, Anna Harris <anna_harris@fws.gov>, Brady McGee
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<brady_mcgee@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>, Lisa Solberg Schwab
<lisa_solbergschwab@fws.gov>, Ann Timberman <ann_timberman@fws.gov>, Brad
Thompson <brad_thompson@fws.gov>, Chris Mensing <chris_mensing@fws.gov>, David
Stilwell <David_Stilwell@fws.gov>, David Simmons <david_simmons@fws.gov>, Drue
DeBerry <drue_deberry@fws.gov>, Eric Rickerson <eric_rickerson@fws.gov>, Grant
Canterbury <Grant_Canterbury@fws.gov>, Jeff Krupka <jeff_krupka@fws.gov>,
"Szymanski, Jennifer" <jennifer_szymanski@fws.gov>, Karen Cathey
<karen_cathey@fws.gov>, Karl Halupka <Karl_Halupka@fws.gov>, Kate Novak
<kate_novak@fws.gov>, Kathleen Hendricks <kathleen_hendricks@fws.gov>, Larry Crist
<Larry_Crist@fws.gov>, Laura Ragan <Laura_Ragan@fws.gov>, Leslie Ellwood
<leslie_ellwood@fws.gov>, Mark Maghini <mark_maghini@fws.gov>, Martin Miller
<Martin_Miller@fws.gov>, Megan Kosterman <megan_kosterman@fws.gov>, Michelle
Eames <michelle_eames@fws.gov>, Patricia Zenone <patricia_zenone@fws.gov>, Paul
Casey <paul_casey@fws.gov>, Paul Henson <paul_henson@fws.gov>, Peter Fasbender
<peter_fasbender@fws.gov>, Rollie White <rollie_white@fws.gov>, Sarah Hall
<sarah_hall@fws.gov>, Scott Hicks <scott_hicks@fws.gov>, Sue Livingston
<sue_livingston@fws.gov>, Tom Chapman <Tom_Chapman@fws.gov>, Tom McDowell
<tom_mcdowell@fws.gov>, Tyler Abbott <Tyler_Abbott@fws.gov>, Dennis Mackey
<Dennis_Mackey@fws.gov>, Marjorie Nelson <marjorie_nelson@fws.gov>, Lori
Nordstrom/R6/FWS/DOI <lori_nordstrom@fws.gov>, Paul Phifer <paul_phifer@fws.gov>,
Michael Thabault <michael_thabault@fws.gov>, "Kurz, Gregg" <Gregg_Kurz@fws.gov>

Hi All:

Our next monthly State and Federal Partner coordination call/update will be moved from Wed.
March 29 to the following Wed., April 5, as usual at 1:00 PM Mountain Time, and same call-
in information, below.

866-822-7385
Passcode 5396168

I will also send out a reminder a day or two ahead.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
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PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: Zelenak, Jim
To: Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt Broderdorp; Mark

McCollough; Tamara Smith; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab; Ann Timberman; Brad Thompson;
Chris Mensing; David Stilwell; Drue DeBerry; Eric Rickerson; Grant Canterbury; Jeff Krupka; Karl Halupka; Kate
Novak; Larry Crist; Laura Ragan; Leslie Ellwood; Mark Maghini; Martin Miller; Megan Kosterman; Michelle Eames;
Paul Casey; Paul Henson; Peter Fasbender; Rollie White; Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman;
Tyler Abbott; Wally Murphy; Dennis Mackey; Patricia Zenone; Gary Miller; Karen Cathey; Tom McDowell; Anna
Harris; Szymanski, Jennifer; David Simmons; Kurz, Gregg

Subject: Re: Cancelled - Internal Lynx SSA Coordination Call
Date: Tuesday, April 04, 2017 11:10:33 AM

Hi All:

Because of scheduling conflicts here, we are cancelling the monthly internal Service coordination call on the lynx
SSA that was scheduled for today at 10:00 Mountain Time. Instead, we will hold a joint call with State and Federal
partners tomorrow, Wed., April 5 at 1:00 PM Mountain Time.

I will forward a reminder and call-in information for that call shortly.

Thanks, and sorry for the late notice.

On Mon, Mar 6, 2017 at 4:16 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

We're cancelling this month's lynx SSA update/coordination call; there's little to report.

We did meet with Service decision makers last week in Denver to present/summarize the results of the Draft SSA
Report and discuss the peer review and partner comments we received on the draft.  However, because comments
from 3 of 5 peer reviewers were still outstanding and the late arrival of several State reviews prevented us from
fully digesting them, we have some additional work to do with the reviews and the decision team before a final
recommendation can be made.

Our next call is scheduled for Tues., April 4th, 10:00 AM Mountain Time.  I'll send out a reminder a day or two
ahead.

As always, if you have questions or need additional information, please email or call.

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenCancelled - Internal Lynx SSA Coordination Callak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
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Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: bumpa@michigan.gov; seggeman@mt.gov; Lewis, Jeffrey C (DFW); Nichole Cudworth;

William.Staats@wildlife.nh.gov; glenn.normandeau@wildlife.nh.gov; Inman, Bob; Jonathan Mawdsley; Jay Kolbe;
Jay Kolbe; Connolly, James; Baty, Ross; Sam Eaton; Moore,Virgil; Joshua Uriarte; Bernier, Chris;
cpl@dnr.wa.gov; sean.murphy@state.nm.us; craig.mclaughlin@state.co.us; Odell, Eric; doug.stang@dec.ny.gov

Subject: Lynx SSA Monthly Coordination Call
Date: Tuesday, April 04, 2017 3:40:56 PM

Hi All:

I got a "delivery failure" notice from each of your email servers regarding a reminder I sent
earlier today for the monthly lynx SSA call.  Hoping this one finds you all and that you will be
able to join the call.

Our next monthly State and Federal Partner coordination call/update will be held tomorrow,
Wed., April 5, as usual at 1:00 PM Mountain Time, and same call-in information, below.

866-822-7385
Passcode 5396168

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Eric Odell - DNR
To: Zelenak, Jim
Subject: Re: Lynx SSA Monthly Coordination Call
Date: Tuesday, April 04, 2017 4:34:22 PM

I didn't get the first, but did get this. Look forward to tomorrow's update.

On Tue, Apr 4, 2017 at 3:49 PM Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

I got a "delivery failure" notice from each of your email servers regarding a reminder I sent
earlier today for the monthly lynx SSA call.  Hoping this one finds you all and that you will
be able to join the call.

Our next monthly State and Federal Partner coordination call/update will be held tomorrow,
Wed., April 5, as usual at 1:00 PM Mountain Time, and same call-in information, below.

866-822-7385
Passcode 5396168

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Eric Odell
Species Conservation Program Manager
Terrestrial Section

P 970.472.4340  |  F 970.472.4458  |  C 970.217.3915
317 West Prospect Road, Fort Collins, CO 80526
eric.odell@state.co.us  |  cpw.state.co.us

mailto:eric.odell@state.co.us
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:eric.odell@state.co.us
http://www.cpw.state.co.us/


From: Zelenak, Jim
To: bob.broscheid@state.co.us; craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric; Moore,Virgil; Dustin

Miller (dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam Eaton; rita.dixon@idfg.idaho.gov;
Chandler.woodcock@maine.gov; Connolly, James; Vashon, Jennifer; moritzw@michigan.gov;
bumpa@michigan.gov; kennedyd@michigan.gov; commissioner.dnr@state.mn.us; jim.leach@state.mn.us;
Paul.Telander@state.mn.us; Baker, Richard (DNR); Erb, John D (DNR); JTubbs@mt.gov; McDonald, Ken; Inman,
Bob; Jay Kolbe; seggeman@mt.gov; Baty, Ross; glenn.normandeau@wildlife.nh.gov;
Mark.Ellingwood@wildlife.nh.gov; john.kanter@wildlife.nh.gov; William.Staats@wildlife.nh.gov;
Patrick.Tate@wildlife.nh.gov; alexandra.sandoval@state.nm.us; stewart.liley@state.nm.us;
rick.winslow@state.nm.us; Stuart, James N., DGF; sean.murphy@state.nm.us; michael.schiavone@dec.ny.gov;
doug.stang@dec.ny.gov; curt.melcher@state.or.us; derek.j.broman@state.or.us; Gregory Sheehan; Kimberly
Hersey; louis.porter@state.vt.us; mark scott; Bernier, Chris; director@dfw.wa.gov; cpl@dnr.wa.gov; Lewis,
Jeffrey C (DFW); Maletzke, Benjamin T (DFW); cathy.stepp@wisconsin.gov; kurt.thiede@wisconsin.gov;
Sanjay.Olson@wisconsin.gov; Tom.Hauge@wisconsin.gov; Erin.Crain@wisconsin.gov; Owen Boyle; Roberts,
Nathan M - DNR; Rossler, Shawn T - DNR; David.MacFarland@wisconsin.gov; John.White@wisconsin.gov;
scott.talbot@wyo.gov; Bob Lanka; Zack Walker; Nichole Bjornlie; Susan Patla; Rick Kahn; Jackson, Scott -FS;
Hanvey, Gary -FS; Tripp, Kim; Christopher Boone; Sparks, James; Jonathan Mawdsley; Kilborn, Jillian

Cc: Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt Broderdorp; Mark
McCollough; Tamara Smith; Anna Harris; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab; Ann Timberman;
Brad Thompson; Chris Mensing; David Stilwell; David Simmons; Drue DeBerry; Eric Rickerson; Grant Canterbury;
Jeff Krupka; Szymanski, Jennifer; Karen Cathey; Karl Halupka; Kate Novak; Kathleen Hendricks; Larry Crist;
Laura Ragan; Leslie Ellwood; Mark Maghini; Martin Miller; Megan Kosterman; Michelle Eames; Patricia Zenone;
Paul Casey; Paul Henson; Peter Fasbender; Rollie White; Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman;
Tom McDowell; Tyler Abbott; Dennis Mackey; Marjorie Nelson; Lori Nordstrom/R6/FWS/DOI; Paul Phifer; Michael
Thabault; Kurz, Gregg

Subject: Re: Lynx SSA Coordination Call
Date: Wednesday, April 05, 2017 1:05:22 PM

Technical difficulties - please dial back in if you haven
t done so.  Thanks.

On Tue, Apr 4, 2017 at 9:13 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

On Tue, Mar 21, 2017 at 8:39 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

Our next monthly State and Federal Partner coordination call/update will be moved from
Wed. March 29 to the following Wed., April 5, as usual at 1:00 PM Mountain Time, and
same call-in information, below.

866-822-7385
Passcode 5396168

I will also send out a reminder a day or two ahead.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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RECOVERY OUTLINE 
Contiguous United States Distinct Population Segment of the Canada Lynx 

 
Common Name:  Canada lynx    
Scientific Name:  Lynx canadensis  
 
 
Listing Status:  Threatened 
Date Listed:   March 24, 2000 
 
 
Lead Region:  U.S. Fish and Wildlife 

Service, Region 6.  
Cooperating regions are 
Regions 1, 3 and 5. 

 
 
Lead Field Office:  Montana Field Office 
   100 N. Park Avenue, Suite 320 
   Helena, Montana 59601 
   Telephone: 406-449-5225 
 
 
Lead Biologist:  Lori Nordstrom, Montana Field Office 
   Telephone 406-449-5225 ext. 208; lori_nordstrom@fws.gov  
 
 
Purpose of the Recovery Outline:  This document serves as an interim strategy to guide 
recovery efforts and inform the critical habitat designation process for the contiguous United 
States population of the Canada lynx until a draft recovery plan has been completed.  Recovery 
outlines are intended primarily for internal U.S. Fish and Wildlife Service use; formal public 
participation will be invited upon release of the draft recovery plan.  We will consider any new 
information or comments that members of the public may wish to offer regarding this outline 
during the recovery planning process.  For more information on Federal recovery efforts for the 
contiguous United States population of the Canada lynx, or to provide additional comments, 
interested parties may contact the lead biologist for this species, Lori Nordstrom, at the above 
address, telephone, or e-mail. 
 
Scope of Recovery and Available Information:  The scope of this recovery effort is the 
contiguous United States distinct population segment of the Canada lynx (U.S. Department of 
the Interior [USDI] 2000, 2003).  This outline provides a general overview of the available 
information on the contiguous United States lynx distinct population segment, and provides 
preliminary recovery objectives and actions based on our understanding of current and historical 
lynx occurrence and lynx population dynamics in the contiguous United States  Because of the 
gaps in our knowledge of this species, for this recovery outline we made some assumptions 
regarding lynx population dynamics and the relative importance of different geographic areas to 
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the persistence of lynx in the contiguous United States.  We recognize the uncertainties of this 
information and identified the assumptions we made.   
 
 
OVERVIEW   ------------------------------------------------------------------------------------------------- 
 
Species Description and Life History:  Canada lynx are medium-sized cats, generally 
measuring 75-90 centimeters long (30-35 inches) and weighing 8-10.5 kilograms (18-23 pounds) 
(Quinn and Parker 1987).  They have large feet adapted to walking on snow, long legs, tufts on 
the ears, and black-tipped tails.  They are highly adapted for hunting snowshoe hare, their 
primary prey, in the snows of the boreal forest.   
 
Lynx in the contiguous United States are at the southern margins of a widely-distributed range 
across Canada and Alaska.  The center of its North American range is in north-central Canada.  
Lynx occur in mesic coniferous forests that have cold, snowy winters and provide a prey base of 
snowshoe hare (Ruggiero et al. 2000).  These forests are generally described as boreal forests.  In 
North America, the distribution of lynx is nearly coincident with that of snowshoe hares (Bittner 
and Rongstad 1982; McCord and Cardoza 1982).  Lynx survivorship, productivity and 
population dynamics are closely related to snowshoe hare density in all parts of its range.  A 
minimum density of snowshoe hares (greater than 0.5 hares per hectare (1.2 hares per acre) 
(Ruggiero et al. 2000)) distributed across a large landscape is necessary to support survival of 
lynx kittens and recruitment into and maintenance of a lynx population.   
 
Lynx populations in the contiguous United States seem to be influenced by lynx population 
dynamics in Canada (Thiel 1987; McKelvey et al. 2000a,c).  These populations in Canada are 
directly connected with most U.S. populations, and are likely a source of emigration into 
contiguous United States lynx populations.  Therefore, we assume that retaining connectivity 
with larger lynx populations in Canada is important to ensuring long-term persistence of lynx 
populations in the U.S.  We assume that, regionally, lynx within the contiguous United States 
and adjacent Canadian provinces interact as metapopulations and, therefore, assessments of 
population viability must be made at this larger scale and not solely based on populations within 
the contiguous United States. 
 
In the United States, lynx inhabit conifer and conifer-hardwood habitats that support their 
primary prey, snowshoe hares.  Snowshoe hares reach their highest densities in early 
successional habitat stages created by disturbance processes including fire, insect infestations, 
catastrophic wind events, and disease outbreaks (Kilgore and Heinselman 1990; Veblen et al. 
1998, Agee 2000).   Both timber harvest and natural disturbance processes can provide foraging 
habitat for lynx when resulting understory stem densities and structure provide the forage and 
cover needs of snowshoe hare (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 
1980; Parker et al. 1983; Litvaitis et al. 1985; Monthey 1986; Bailey et al. 1986; Koehler 1990, 
1991).  These characteristics include a dense, multi-layered understory that maximizes cover and 
browse at both ground level and at varying snow depths throughout the winter (crown cover 
within the lower 4.5 meters [15 feet] in order to provide cover and food for snowshoe hares to 2 
meters (6 feet) high at maximum snow depths).  Despite the variety of habitats and settings, good 
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snowshoe hare habitat has a common denominator – dense, horizontal vegetative cover 1 to 3 
meters (3 to 10 feet) above the ground or snow level (Hodges 2000).   
 
In northern Canada, lynx populations fluctuate in response to the cycling of snowshoe hare 
(Mowat et al. 2000).  Although snowshoe hare populations in the southern portion of the range in 
the contiguous United States may fluctuate, they do not show strong, regular population cycles as 
in the north (Hodges 2000).  In the contiguous United States, the degree to which regional local 
lynx population fluctuations are influenced by local snowshoe hare population dynamics is 
unclear. 
 
The southernmost extent of the boreal forest that supports lynx occurs in the contiguous United 
States in the Northeast, western Great Lakes, northern and southern Rockies, and northern 
Cascades (Ruediger et al. 2000).  Here the boreal forest transitions into other vegetation 
communities and becomes more patchily distributed.  As a result, the southern boreal forests 
generally support lower snowshoe hare densities, hare populations do not appear to be as highly 
cyclic as snowshoe hares further north, and lynx densities are lower compared to the northern 
boreal forest.   
 
Lynx have large home ranges (generally 50 – 200 square kilometers [19 – 77 square miles])  
(Saunders 1963; Brand et al. 1976; Mech 1980; Parker et al. 1983; Koehler 1990, Koehler and 
Aubry 1994; Apps 2000; Aubry et al. 2000; Mowat et al. 2000; Squires and Laurion 2000; G. 
Matula, Maine Department of Inland Fish and Wildlife, in litt. 2003).  Thus, a lynx population 
can only persist in a large boreal forested landscape that contains appropriate forest types, snow 
depths and high snowshoe hare densities.  In the Northeast, lynx were most likely to occur in 
areas that support deep snow (greater than 268 centimeters [106 inches] annual snowfall) 
associated with late regeneration boreal forests in landscapes 100 square kilometers (40 square 
miles) or greater in area (Hoving 2001; Hoving et al. 2004).  We assume areas with smaller 
patches of boreal forest are unlikely to provide a sufficient amount of habitat suitable to support 
a lynx population.   
 
Lynx are highly mobile and have a propensity to disperse long distances, particularly when prey 
becomes scarce (Mowat et al. 2000).  Lynx also make long distance exploratory movements 
outside their home ranges (Squires et al. 2001; G. Matula, in litt. 2003; Moen et al. 2004).  Areas 
or habitats used by lynx during dispersal or exploratory movements are poorly understood at this 
time.  Dispersing lynx may colonize suitable but unoccupied habitats, augment existing resident 
populations, or disperse to unsuitable or marginal habitats where they cannot survive.  Numerous 
lynx mortality records exist from anomalous habitats or habitats where no current or historical 
records support presence (either current or historical) of a reproducing population (McKelvey et 
al. 2000a).  Many of these records correspond to post population peaks in Canada, with some lag 
time for immigration (McKelvey et al. 2000a).  We find no evidence of lynx populations 
becoming established in such areas.   
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PRELIMINARY RECOVERY ASSESSMENT ----------------------------------------------------- 
 
The historical and current range of the lynx in the contiguous United States is within the southern 
extensions of the boreal forest in the Northeast, Great Lakes, Rocky Mountains, and Cascade 
Mountains.  The lynx is listed in the14 states that support boreal forest types and contain verified 
records of lynx occurrence: Colorado, Idaho, Maine, Michigan, Minnesota, New Hampshire, 
New York, Oregon, Montana, Utah, Vermont, Washington, Wisconsin, and Wyoming. 
 
Based on our examination of historical and recent evidence, lynx habitat and occurrence within 
the contiguous U.S can be categorized as: 1) core areas, 2) secondary areas, and 3) peripheral 
areas.  The areas with the strongest long-term evidence of the persistence of lynx populations 
within the contiguous United States are defined as “core areas.”  Core areas have both persistent 
verified records of lynx occurrence over time and recent evidence of reproduction.  Six core 
areas and one “provisional” core area are identified within the contiguous United States.  The 
provisional core area in the Southern Rockies was identified because it contains a reintroduced 
population1.  Reproduction has been documented in this introduced population; however, it is too 
early to determine whether a self-sustaining lynx population will result.    Focusing lynx 
conservation efforts on these core areas will ensure the continued persistence of lynx in the 
contiguous U.S by addressing fundamental principles of conservation biology:  
 
 1) representation by conserving the breadth of ecological settings of the distinct 

population segment; 
 2) redundancy by retaining a sufficient number of populations to provide a margin of 

safety to withstand catastrophic events; and 
 3) resiliency by maintaining sufficient numbers of animals in each population to 

withstand randomly occurring events and prey population dynamics.  
 
At this time, the role of areas outside of these core areas in sustaining lynx populations in the 
contiguous United States is unclear.  The fluctuating nature of lynx population dynamics and the 
ability of lynx to disperse long distances have resulted in many individual occurrence records 
outside of core areas, without accompanying evidence of historic or current presence of lynx 
populations.  Areas classified as “secondary areas” are those with historical records of lynx 
presence with no record of reproduction; or areas with historical records and no recent surveys to 
document the presence of lynx and/or reproduction.  If future surveys document presence and 
reproduction in a secondary area, the area could be considered for elevation to core.  We 
hypothesize that secondary areas may contribute to lynx persistence by providing habitat to 
support lynx during dispersal movements or other periods, allowing animals to then return to 
“core areas”.  In “peripheral areas” the majority of historical lynx records is sporadic and 
generally corresponds to periods following cyclic lynx population highs in Canada.  There is no 
evidence of long-term presence or reproduction that might indicate colonization or sustained use 
of these areas by lynx.  However, some of these peripheral areas may provide habitat enabling 
the successful dispersal of lynx between populations or subpopulations.  At this time, we simply 

                                                           
1 Since 1999, 204 lynx from Canada and Alaska have been released into Colorado.   In 2003, 6 litters were 
documented with a total of 16 kittens; in 2004, 14 litters were documented with a total of 39 kittens.  (T. Shenk, 
Colorado Division of Wildlife, pers. comm. 2005). 
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do not have enough information to clearly define the relative importance of secondary or 
peripheral areas to the persistence of lynx in the contiguous United States   
 
 

I. CORE AREA CRITERIA   To meet the definition of a core area for lynx, the area 
must meet all of the following conditions (Table 1): 

 
• Has verified evidence (e.g., McKelvey et al. 2000a; Hoving et al. 2003) of long-term 

historical and current presence of lynx populations.  Lynx occurrences within the core 
area are persistent over time despite the cyclic or fluctuating nature of lynx and 
snowshoe hare populations that may periodically result in reduced populations or 
suspected local extirpation of lynx.  This is normal unless populations do not show a 
positive response when snowshoe hare populations increase.   

 
• Has recent (within the past 20 years) evidence of reproduction.  Reproduction or 

recruitment into the lynx population may not occur every year because of natural 
cyclic or fluctuating populations that are tied to snowshoe hare population levels.   

 
• Contains boreal forest vegetation types of the quality and quantity to support both  

lynx and snowshoe hare life needs. 
 

o Large or numerous patches of habitat supporting average snowshoe hare 
densities over time of at least 0.5 hares per hectare (1.2 hares per acre) 
(Ruggiero et al. 2000); the best available information suggests that this is the 
minimum density necessary to support survival of lynx kittens and recruitment 
into and maintenance of a lynx population. 

 
o Contains a minimum of 1250 square kilometers (483 square miles) of boreal 

forest habitat as part of a larger landscape for conservation (can include boreal 
forest habitat directly adjacent in Canada).  This is the minimum size 
considered necessary to support a minimum lynx population of at least 25 
adults based on information from the North Cascades in Washington (one 
lynx per 50 square kilometers) (Brittell et al. 1989; Koehler 1990; McKelvey 
et al. 2000b).  Habitat patches must be sufficiently large and connected to 
enable movement within and between patches within a core area.  

 
• Snow conditions are generally fluffy and/or deep enough for sufficient periods to 

favor the competitive advantage of lynx.    
 

 Core Areas (Figure 1):  
o Northeast 

• Northern Maine/northern New Hampshire  
o Great Lakes 

• Northeastern Minnesota 
o Northern Rockies/Cascades 

• Northwestern Montana/northeastern Idaho 
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• Northern Cascades (Washington) 
• Kettle/Wedge (Washington)  
• Greater Yellowstone Area (portions of Wyoming, Montana, Idaho) 

 
 Provisional Core Area (Figure 1):   

o Southern Rockies.   
• Entire (Colorado and southern Wyoming)   

 
 

II. SECONDARY AREA CRITERIA (Table 1): 
 

• Compared to core areas, secondary areas have fewer and more sporadic current 
and historical records of lynx and, as a result, historical lynx abundance has been 
relatively low.  Reproduction has not been documented. Some of the secondary 
areas have not been surveyed following any survey protocol; as a result the 
current status of lynx occupancy in some secondary areas is not known. 

 
• Quality and quantity of lynx habitat (including snowshoe hare densities and snow 

conditions) is less clear.  Information is currently lacking to understand why 
historical lynx abundance in these areas appears to be less than in core areas.  
Compared to core areas, habitat in secondary areas may be patchier, drier, and/or 
more maritime resulting in snow or habitat conditions that are not favorable to 
lynx.  Another explanation may be that lynx populations were extirpated because 
of changes in vegetation structure that resulted in poor prey populations or some 
disturbance, such as past trapping, and the area has not been recolonized by lynx.     

 
• As new information becomes available, some areas currently classified as 

secondary may be elevated to core status. 
 

 
 Secondary Areas (Figure 1):  

 
o Northeast 

• None 
o Great Lakes 

• Northern Minnesota/northwestern Wisconsin (portions) 
o Northern Rockies/Cascades 

• Southwest Montana 
• Northern/central Idaho(north of the Salmon River) 
• Northern Chelan County (Washington) 
• Salmo Priest (Washington) 
• Little Pend Oreille (Washington) 

o Southern Rockies 
• None 
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III. PERIPHERAL AREA CRITERIA (Table 1):  
 
• Areas that contain few verified historical or recent records of lynx; records are 

sporadic and usually associated with periods when there were unprecedented cyclic 
population highs in Canada, such as the early to mid 1960s and/or 1970s.  There may 
be large gaps in time, e.g. from 1920s to 1960s, with no records of lynx.   

 
• Quality and quantity of habitat to support adequate snowshoe hare or lynx 

populations are questionable.  Habitat may occur in small patches and is not well-
connected to larger patches of high quality habitat. 

 
• May sustain short-term survival during lynx dispersal. 
 

 Peripheral Areas (Figure 1): 
 

o Northeast:  
• Vermont  
• New York  
• Eastern Maine 
• Central New Hampshire 

o Great Lakes:  
• Northeastern Wisconsin  
• Michigan 

o Northern Rockies/Cascades:  
• Utah  
• Big Horn Mountains (Wyoming)  
• Northeast Oregon/southeast Washington  
• Southern Cascades (Washington)  
• Vulcan/Tunk (Washington)  
• Snowy Mountains and Highwood Mountains (Montana) 

o Southern Rockies: 
• None 

 
 
Land Ownership Pattern:  Coarse estimates of the amount of lynx habitat and land ownership 
in the different regions of the contiguous United States can be found in our 2003 Clarification of 
the Final Rule (USDI 2003). Outside of the Northeast, lynx habitat occurs primarily on a 
Federally-owned land base, predominantly U.S. Forest Service.  In the Northeast, nearly all the 
lynx habitat is privately-owned, most of which is commercial forest in Maine.  
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Summary of Listing Factors: 
 
A)  The present or threatened destruction, modification or curtailment of habitat or range. 
  
In all regions within the range of lynx in the contiguous United States, timber harvest, recreation 
and their related activities are the predominant land use affecting lynx habitat.  The final rule 
stated that timber harvest and associated forest management can be benign, beneficial, or 
detrimental to lynx depending on harvest methods, spatial and temporal specifications, and the 
inherent vegetation potential of the site (USDI 2000, 2003).   
 
The primary factor that caused the lynx to be listed was the lack of guidance for conservation of 
lynx and snowshoe hare habitat in National Forest Land and Resource Plans and Bureau of Land 
Management (BLM) Land Use Plans given that a substantial amount of lynx habitat in the 
contiguous United States is federally managed (USDI 2000).  This lack of guidance allowed the 
continued degradation of lynx habitat on Federal lands through timber management and other 
Federal activities.  The remanded final rule2 found that timber harvest and/or fire suppression 
may have had regional or local impacts but we believe that they are not currently at a level 
threatening the contiguous United States lynx distinct population segment, as a result of 
conservation agreements3 between the U.S. Forest Service, BLM and U.S. Fish and Wildlife 
Service.  The Forest Service and BLM have curtailed pre-commercial thinning, thought to be 
detrimental to snowshoe hare and thus lynx, since the signing of a Lynx Conservation 
Agreement with the Service and the programmatic biological opinion on Forest and BLM land 
management plans.  Both the Conservation Agreement and programmatic biological opinion 
require that the information and recommendations in the Lynx Conservation Assessment and 
Strategy (Ruediger et al. 2000), which was based on the current state of knowledge, be 
considered for project planning and used as the basis for effects determinations. 
 
Except for lynx habitat management plans on some private and State lands in Washington, in the 
remainder of the contiguous United States range there are no management plans that specifically 
address lynx conservation.  
 
 Northern Rockies/Cascades and Southern Rockies 
  The remanded final rule (USDI 2003) concluded that some timber harvest 

activities, such as pre-commercial thinning, may reduce the quality of snowshoe 
hare habitat in local areas on non-Federal lands in the Northern Rocky 
Mountains/Cascades and Southern Rocky Mountains, and thus may negatively 
affect lynx or lynx habitat at local scales.  Alternatively, timber harvest regimes in 
lynx habitat that create a dense understory provide good snowshoe hare and lynx 
conditions.  Furthermore, lynx habitat on National Forest and BLM lands is 
currently managed to conserve lynx since the signing of a Lynx Conservation 
Agreement and the programmatic biological opinion on Forest and BLM land 

                                                           
2 A 2002 court order directed the Service to reconsider the status of the Canada lynx under the Endangered Species 
Act.   The remanded final rule reaffirmed the decision to list as threatened in the contiguous United States. 
 
3 Both conservation agreements expired in December 2004.  The Forest Service agreement has been revised (May 
2005), resulting in changes from the original conservation agreement.    
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management plans, both of which require that the information and 
recommendations in the Lynx Conservation Assessment and Strategy be 
considered for project planning and used as the basis for effects determinations. 

 
The remanded final rule (USDI 2003) found that fire suppression has had only 
limited effects on lynx habitat in the Northern Rocky Mountains/Cascades and 
Southern Rocky Mountains; however, it may affect lynx habitat quality at some 
local scales, particularly on non-Federal lands.  Fire suppression and reduction of 
heavy fuels has the potential to affect snowshoe hare habitat.  Because the highest 
priorities for fuels treatment projects are in low elevation forests with low-
intensity-high frequency fire regimes (which are not lynx habitat) and for 
wildland-urban interface areas, the overall effects on lynx habitat are anticipated 
to be limited.   

 
 Great Lakes 
  Timber harvest and fire suppression on non-Federal lands may cause local 

impacts to lynx and snowshoe hare habitat in the Great Lakes Region.  Since the 
lynx was listed, lynx habitat on National Forest lands is managed to conserve lynx 
and National Forest Plans on the Superior and Chippewa National Forests have 
been revised to provide for the conservation of lynx.  

 
 Northeast 

Timber harvest and associated activities on non-Federal lands exert the most 
influence on lynx habitat in the Northeast and have created the favorable 
conditions that currently exist for lynx and snowshoe hares (Homyack 2003) in 
northern Maine.  As a result of the Standards (Maine Department of Conservation 
1999) that implement the Maine Forest Practices Act, as amended (Maine 
Department of Conservation 2004) harvest management in Maine has shifted 
away from clearcutting and now favors partial cutting, which, in some situations, 
may result in less favorable conditions for snowshoe hare and lynx.   
 

 
B) Overutilization for commercial, recreational, scientific, or educational purposes. 
 
We found that in the contiguous United States, lynx populations occur at naturally low densities.  
This is expected because of limited habitat and limited availability of their primary prey, 
snowshoe hares.  At southern latitudes, low snowshoe hare densities are likely a result of the 
naturally patchy, transitional boreal habitat.  Such habitat prevents hare populations from 
achieving high densities similar to those in the extensive northern boreal forest.  The final rule 
(USDI 2000) and remanded final rule (USDI 2003) found that despite concerns that overtrapping 
had severely depressed the U.S. populations of lynx, low numbers of lynx in the contiguous 
United States compared to northern Canada occur not as a result of historical overtrapping within 
the U.S., but because lynx and their prey are naturally limited by the amount of habitat, 
topography, and climate.  Precautions taken by States to restrict lynx trapping since the 1980s 
likely prevented and continue to prevent the overharvest of resident lynx.   
 



 

 10

Legal trapping, snaring, and hunting for bobcat, coyote, wolverine, and other furbearers create a 
potential for incidental capture or shooting of lynx.  Lynx persist throughout their range despite 
the incidental catch that presumably has occurred throughout the past, probably at higher levels 
than presently.  Although we are concerned about the mortality of lynx that are incidentally 
captured, we have no information to indicate that the loss of these individuals has negatively 
affected the overall ability of lynx in the contiguous United States to persist. We recognize that 
individuals may be lost, which could affect small, local populations. 
 
Lynx trapping in Canada, where lynx are a legally harvested furbearer, may affect rates of lynx 
immigration into the contiguous United States  Immigration of lynx into the contiguous United 
States is believed important to sustaining persistent lynx populations in core areas adjacent to 
Canada, therefore, contiguous United States lynx populations might be negatively affected if 
trapping reduces the numbers of emigrating lynx. 
 
 
C) Disease or predation. 
 
Disease or predation is not known to be a factor threatening lynx at a population level. 
 
 
D) Inadequacy of existing regulatory mechanisms. 
 
As a result of Federal, State, and Tribal regulations and plans that conserve lynx, in particular the 
Forest Service and BLM Lynx Conservation Agreements and the revision of some Forest Plans, 
the threats to lynx from the inadequacy of existing regulatory mechanisms have been reduced 
since the lynx was listed.  However, establishment of consistent guidance that provides adequate 
regulatory mechanisms over the longer term is needed through the range of the lynx.  Similarly, 
plans to conserve lynx habitat and provide long-term conservation of lynx in the Northeast are 
currently lacking.  The Maine Forest Practices Act has significantly changed silvicultural 
practices from clearcutting to partial harvesting, which may not create conditions that are 
beneficial to lynx and snowshoe hares (Hoving et al. 2004).   
 
 
E) Other natural or manmade factors affecting the species’ continued existence. 
 
Lynx move between boreal habitats in Canada and the contiguous United States  Immigration of 
lynx from Canada plays a vital role in sustaining lynx in the contiguous United States 
(McKelvey et al. 2000c).   It is essential that landscape connectivity between lynx habitats and 
populations in Canada and the contiguous United States be maintained.  Lynx movements may 
be negatively influenced by high traffic volume on roads that bisect suitable lynx habitat, such as 
in the Southern Rockies.  At this time there is no evidence that, if competition exists between 
lynx and potential competitors such as coyotes and bobcats, it exerts a population-level impact 
on lynx.  The theory that compacted snow trails and roads that are maintained for winter 
recreation and forest management facilitate competition by giving other species, particularly 
coyotes, access to lynx winter habitat has neither been proven or disproven at this time. 
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The ranges of lynx and bobcat naturally interface within the contiguous United States   The range 
of bobcats is limited by snow conditions that provide a competitive advantage to lynx.  Since 
2003, lynx-bobcat hybridization has been documented in the Great Lakes and the Northeast 
(Schwartz et al. 2004).  Whether lynx-bobcat hybridization has implications for lynx 
conservation is unknown at this time. 
 
Scientific evidence has demonstrated that globally the climate has been warming as evidenced by 
changes in the amount of snow cover, among other indicators (Intergovernmental Panel on 
Climate Change 2001).  Continued warming temperatures are likely to negatively affect the cold 
climatic conditions that create and maintain the boreal forest ecosystem for which lynx are 
highly adapted.  As a result, we anticipate that continued warming trends may eventually cause 
the boreal forests in the contiguous United States to recede north and/or recede to higher, colder 
elevations, which would likely result in adverse effects to the contiguous United States 
population of lynx.    
 
Conservation Efforts:  The Forest Service and BLM signed 4-year Conservation Agreements 
with the Service in 2000.  The Forest Service agreement was extended for a year in December, 
2004.  Under the agreements, lynx habitat was mapped on all National Forest and BLM lands 
across the contiguous United States and section 7 consultation occurs on these lands.  
Determination of project effects on lynx are based on the most current science, including the 
Lynx Conservation Assessment and Strategy.  National Forest Land and Resource Plans and 
BLM Land Use Plans have been revised or amended, or are in the process of revision or 
amendment, to address lynx conservation needs.  In the Northeast, there are no land management 
plans to address lynx conservation at this time. 

Research on lynx and snowshoe hare ecology, habitat requirements, population demographics 
and factors influencing lynx populations continues in Colorado, Maine, Minnesota, Montana, 
Washington, and Wyoming.  The State of Colorado is continuing its intensive effort to augment 
or reestablish resident lynx populations in the Southern Rocky Mountains 
(http://wildlife.state.co.us/species_cons/lynx.asp).  Results of a 3-year effort to document lynx 
distribution in the U.S. through the National Lynx Survey are being prepared for publication (K. 
McKelvey, Rocky Mountain Research Station, pers. comm. 2005).  The Washington Department 
of Fish and Wildlife has adopted a Lynx Recovery Plan given that the lynx is a classified by the 
Washington Fish and Wildlife Commission as threatened (Stinson 2001).  
   
 
PRELIMINARY RECOVERY STRATEGY  ---------------------------------------------------------- 
 
Recovery Priority Number: 15, on a scale of 1C (highest) to 18 (lowest) (USDI1983a,b).  This 
ranking is based on a low degree of threat, a high potential for recovery, and a taxonomic 
classification as a distinct population segment under the Endangered Species Act (16 United 
States Code 1531, et seq.). 
 
Recovery Goal: The goal of this recovery effort is to address threats to the lynx so that 
protection of this species under the Endangered Species Act is no longer required, and delisting 
is warranted.   
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Preliminary Recovery Objectives and Actions.  Recovery of the lynx will be achieved when 
conditions have been attained that will allow lynx populations to persist long-term within each of 
the identified core areas.  Here we present our preliminary recovery objectives and measures for 
calculating progress toward the recovery goal of delisting the lynx, as well as the recommended 
recovery actions to attain that goal, with the understanding that all are subject to change as new 
information is gathered.  More specific recovery objectives, delisting criteria, and actions will be 
developed in the course of the formal recovery planning process and as additional data become 
available for analysis.  Note that the development of demographic criteria for delisting is not 
possible at this time (see “Additional Recovery Considerations,” below).  We present our 
recommended preliminary recovery actions here to encourage the immediate implementation of 
such actions, rather than waiting on the release of the draft recovery plan, to make positive 
progress toward recovery of the lynx. 
 

Objective 1:  Retain adequate habitat to support the long-term persistence of lynx 
populations within each of the identified core areas.  
 
Objective 2: Ensure that sufficient habitat is available to accommodate the long-term 
persistence of immigration and emigration between each core area and adjacent 
populations in Canada or secondary areas in the U.S. 
 
Objective 3: Ensure that habitat in secondary areas remains available for continued 
occupancy by lynx. 
 
Objective 4:  Ensure that threats have been addressed so that lynx will persist in the 
contiguous United States for at least the next 100 years.   

   
 
Recovery Actions Needed to Attain Objectives: 
 
1. Establish management commitments in core areas that will provide for adequate quality 

and quantity of habitat such that there is a reasonable expectation that persistent lynx 
populations can be supported in each of the core areas for the next 100 years. 

 
1.1. On major Federal land ownerships within each core area, establish and implement long-

term guidance whose adequacy to conserve lynx has been verified in a biological 
opinion.    

 
1.2. On non-Federal lands in the core areas, develop and implement best management 

practices and long-term management agreements for lynx with key State, private and/or 
Tribal forest managers.    

 
2. Maintain baseline inventories of lynx habitat in each core area, monitoring changes in 

structure and the distribution of habitat components.    
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3. Monitor lynx use in lynx analysis units4 or other appropriate management unit at least 
once every 10 years to determine distribution and occupancy within the core area.   

 
4. Identify habitat facilitating movement between each core area and lynx populations in 

Canada.  
 

4.1. Develop and implement long-term management commitments with key Canadian, U.S. 
Federal, State, Tribal, and private forest landowners to conserve these habitats. 

 
4.2. Develop agreements with appropriate Canadian wildlife authorities to survey lynx 

populations in Provinces adjacent to core areas and closely monitor the effects of lynx 
harvest to ensure lynx populations in southern Canada persist.  

 
 

5. Ensure that habitat in secondary areas remains available for occupancy by lynx. 
 

5.1.  Conduct surveys to determine whether any of the unsurveyed secondary areas support 
lynx populations that have not been recently documented.  Based on results, adjust core 
and secondary area designations as appropriate. 

 
5.2. Conduct research to determine the role of secondary areas in ensuring the persistence of 

lynx in both the contiguous United States and individual core areas.  Based on results, 
adjust recovery objectives and criteria as appropriate. 

 
5.3. In secondary areas, monitor amount and condition of habitat and conduct surveys (at 

least once every 10 years during population peaks) to document occurrence of lynx.  
 

5.4. Identify and implement management efforts as necessary to provide lynx habitat in 
secondary areas.  Use the Lynx Conservation Assessment and Strategy (Ruediger et al. 
2000) as habitat management guidance in secondary areas. 

 
5.5. Determine whether dispersal occurs between core areas and secondary areas and develop 

and implement management agreements with key landowners to conserve these habitats 
if necessary. 

 
 
6. Identify population and habitat limiting factors for lynx in the contiguous United 

States. 
 

6.1. Continue and complete studies necessary to gather basic information on the ecological 
requirements, distribution, population size and trends in each of the core areas and as 
possible for secondary areas. 

 

                                                           
4  As defined in Ruediger et al. (2000), a lynx analysis unit is a project analysis unit upon which direct, indirect, and 
cumulative effects analyses are performed.  The size of a lynx analysis unit approximates the area used by an 
individual lynx, about 65 to 129 square kilometers (25 to 50 square miles).     
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6.2. Identify the risk to lynx populations posed by forest management techniques and human-
induced mortality from factors such as roads, trapping and hunting.  Address these 
factors as necessary to ensure the long-term persistence of lynx populations in core 
areas. 

 
6.3.  Continue and complete studies to assess the role of potential competitors (bobcat, 

coyotes) and predators (fisher, mountain lions) in limiting persistence of lynx 
populations in core areas; if determined to be limiting factors address as necessary. 

 
6.4.   Research the role hybrization between lynx and bobcats may have in limiting the 

persistence of lynx populations in core areas; if determined to be a limiting factor 
address as appropriate. 

 
6.5. Monitor the effects of climate change on boreal forest habitat in each of the core areas.  

Modify the delineation of core areas and adjust management strategies if necessary. 
 
 
7. Develop a post-delisting monitoring plan that will be in place and ready for 

implementation prior to delisting to ensure the continuing effectiveness of the recommended 
recovery actions and allow for adaptive management, as necessary. 

 
 
Additional Recovery Considerations: 
 
This recovery outline provides preliminary recovery objectives for the contiguous United States 
distinct population segment of the Canada lynx.  At the present time, there are inadequate 
methods available to develop lynx population estimates for each of the six core areas.  Without 
methods to assess population size or trends, it is not yet possible to develop demographic criteria 
for delisting the species.  The cyclic or fluctuating nature of lynx populations provides an 
additional element of uncertainty in assessing population trends.  As a result, the Service has 
concluded that it is not practicable at this time to establish demographic criteria for delisting the 
species.   
 
The delineation of demographic recovery criteria would be facilitated by the development of 
regional population viability models for each of the core areas (and adjacent lynx populations in 
Canada, if appropriate) to better understand the population sizes needed for long-term 
persistence.   Modeling can also provide insights into how the cyclic or fluctuating nature of lynx 
populations and threats affect long-term persistence.    
 
Further uncertainty in recovery and persistence of lynx in the contiguous United States lies in the 
potential effects of global climate change.  Continued warming trends may eventually have a 
profound effect on the winter conditions that create the habitats for which lynx are highly 
adapted, and could result in a substantial reduction or even elimination of lynx habitats from the 
contiguous United States.    
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Federal Recovery Plan Coordination and Preparation:  The Service does not anticipate 
appointing a formal Recovery Team to develop a recovery plan.  An informal group of scientists 
consisting of U.S. Fish and Wildlife Service and USDA Forest Service representatives from 
across the lynx range in the contiguous United States has worked to prepare this recovery 
outline.  Comments and suggestions regarding this outline will be considered in preparing a draft 
recovery plan.  Regional lynx recovery workgroups may be established by a State, Tribal, or 
Federal entity with responsibility for wildlife management to provide oversight on lynx 
conservation and recovery efforts at local levels. 
 
The public will be invited to comment on the draft recovery plan at the time it is released.  A 
final recovery plan will be made available to all interested parties. 
 
Stakeholder Involvement:  Stakeholders will be involved during the process of plan 
development.  Stakeholders may include but are not limited to: States, U.S. Department of 
Agriculture Forest Service, Tribes, Bureau of Land Management, National Park Service, U.S. 
Department of Agriculture Animal Plant Health Inspection Service – Wildlife Services, 
researchers, timber industry, trappers, environmental groups, Canadian wildlife and land 
managers, recreational interests and other members of the general public.  At the local or 
regional level, stakeholders will be able to participate in lynx conservation efforts. 
 
 
Prepared by: 
 Lori Nordstrom, USFWS, Montana 
 Anne Hecht, USFWS, Massachusetts  
 Mark McCollough, USFWS, Maine 
 Bob Naney, USDA Forest Service, Washington 
 Joel Trick, USFWS, Wisconsin 
 Nancy Warren, USDA Forest Service, Colorado 
 Michele Zwartjes, USFWS, Oregon 
 
 
 
 
 
 
Approval: 
 
 
 
___________________________________   ____________________ 
 
 
Regional Director, USFWS     Date 
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 Role in recovery Criteria Identified Areas 
 
Core 

 
Ensure the continued persistence of lynx 
in the contiguous U.S by providing:  
1) representation by conserving the 
breadth of ecological settings of the DPS; 
2) redundancy by retaining a sufficient 
number of populations to provide a 
margin of safety to withstand 
catastrophic events;  

3) resiliency by maintaining sufficient 
numbers of animals in each population to 
withstand randomly occurring events and 
prey population dynamics 

 
1. Verified evidence of long-term historical and 

current presence of lynx populations. 
2. Recent (within the past 20 years) evidence of 

reproduction.   
3. Average snowshoe hare densities over time 

are at least 0.5 hares/ha. 
4. Contains a minimum of 1250 sq km (483 sq 

mi) of boreal forest habitat (can include 
boreal forest habitat directly adjacent in 
Canada).  Habitat patches must be 
sufficiently large and connected to enable 
movement within and between patches 
within a core area.  

5. Snow conditions favor the competitive 
advantage of lynx. 

 

 
Northeast - Northern Maine/northern New 
Hampshire  
Great Lakes - Northeastern Minnesota 
Northern Rockies/Cascades 
- Northwestern Montana/northeastern Idaho 
- North Cascades (WA) 
- Kettle/Wedge (WA)  
- Greater Yellowstone Area (WY, ID, MT) 
 
Provisional Core Area:  Southern Rockies - 
Entire (CO and WY)  
 

 
Secondary 
 

 
Unclear:  possibly unable to sustain  lynx 
populations or actions may have caused 
local extirpation without recolonizition. 
May enable successful dispersal of lynx 
between populations or subpopulations. 

 
1. Fewer and more sporadic current and 

historical records of lynx and relatively low 
historical abundance. 

2. Surveys lacking in some areas to identify 
whether lynx populations may be present 

3. Reproduction not documented. 
4. Reason for relatively few lynx records in 

secondary areas unclear at this time.   
 

 
Northeast - None 
Great Lakes – Northern 
Minnesota/northwestern Wisconsin 
Northern Rockies/Cascades 
- Southwest Montana 
- Northern/central Idaho 
- Northern Chelan County  (WA) 
- Salmo Priest (WA) 
- Little Pend Oreille (WA) 
Southern Rockies – None 
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 Role in recovery Criteria Identified Areas 
 
Peripheral 

 
Unclear:  May enable successful dispersal 
of lynx between populations or 
subpopulations. 

 
1. Few historic or recent verified records of 

lynx 
2. Habitat in small patches not well-connected 

to larger patches of high quality habitat. 
 

 
Northeast 
- Vermont  
- New York  
- Eastern Maine 
-Central New Hampshire 
Great Lakes 
- Northeastern Wisconsin;  
- Michigan 
Northern Rockies/Cascades 
- Utah 
- Big Horn Mountains (WY) 
- Northeast Oregon/southeast Washington 
- Southern Cascades (WA)  
- Vulcan/Tunk (WA)  
- Snowy Mountains (MT)  
- Highwood Mountains (MT) 
Southern Rockies - None 
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From: Zelenak, Jim
To: Hanvey, Gary -FS
Subject: Re: Thanks for the map!
Date: Friday, April 07, 2017 1:51:35 PM

Thanks Gary.

I appreciate the reminder about the fire/WUI issues down there - I know when I first came on here in Helena, Ann
Belleman and I discussed that, and her resulting problems during consultations with USFS and BLM.

Thanks also for the map.  It makes me wonder whether we have or could compile similar information across all NFs
with lynx/LAUs.  It would be really helpful to have and to use/display/refer to such maps in the final SSA and/or
subsequent 5-year status review.  If we could compare (by hindcasting the LAUs onto veg maps from 2000) the "%
suitable" on all LAUs at time of listing versus now, we would have a much better idea of habitat status/trend since
listing.  It would also be helpful to know the relative importance of the sources of the unsuitable stuff - i.e., how
much was veg. management versus wildfire.  Your recent messages suggest that you believe fire has had more of an
impact on lynx/hare habitats on the B-TNF, at least recently, than harvest/management has, yeah?

For evaluation relative to Megan K's work, it would also be cool to know how many of the green LAUs have less
than 12 or 15% unsuitable at each time period (2000, 2017).

Regardless, looking at your map, 34 of 55 LAUs (62%) should be in pretty good shape in terms of ability to support
lynx - less than 20% unsuitable; 39/55 (71%) meet the 30% threshold; and 16/55 (29%) do not.  Unless our
understanding of lynx habitat needs are way off, why, in a large landscape in which 60-70% should be decent for
lynx, are lynx not there??  Is it the (relatively small, apparently, according to your map) level of the impacts?  Or is
it the natural limitations of the landscape (i.e., generally naturally low hare densities except for some pockets of
higher quality hare habitat and therefore higher hare densities)?  Keeping in mind your earlier reminder that in
marginal landscapes it may not take much impact to flip the switch from just barely good enough to not quite good
enough - in terms of ability to support resident lynx persistently.

I had a long call with Bob Oakleaf yesterday - what a treat to hear his perspective!  He believes that McKelvey et al.
2000 were too restrictive in filtering out verified versus anecdotal, at least for Wyoming - though Kevin applied the
same criteria everywhere.  I can understand Bob's position, but then there are problems with defining "reliable but
unverified," and that would likely differ depending on who you're talking to, etc.  I mean really, that's part of the
problem - that someone might feel that particular records are very reliable, even if unverified, while others would
find them less so, and where do you draw the lines?

Anyway, he feels pretty certain that prior to what he called extensive timber harvest and slash removal (which he
thought was really the bad deal for lynx/hares - the slash removal I mean), beginning in the 1970s, and the more
recent aspen restoration projects, that the area from west of Dubois down to the area west of Big Piney, maybe La
Barge, supported resident lynx, maybe typically somewhere in the neighborhood of 20-30 pairs, more, maybe 50
pairs, when hare numbers were high.  Given recent surveys/research and the historical record, it's hard for me to
imagine that many lynx consistently present there, or that timber harvest/veg. mgmt. could have wiped them ALL
out, but that is what he seems to think.  He could not explain why they haven't come back, given that most of that
timber harvest apparently occurred in the 70s and 80s and much should be returning to hare habitat by now.
Anyway, it was good to talk to him and hear the thoughts of someone intimately familiar with the landscape and
habitats down there.  The same reason I always enjoy talking to you about this stuff.

On your last point - those 18 lynx reported trapped over a short time in one winter in a single drainage - could that
single drainage really support 18 (or more, unless they got all of 'em) resident lynx?  Seems unlikely to me (though
perhaps it was a really good year and 4 females each had 3 or 4 kittens that survived to winter...), and a pulse of
dispersers all ending up in close proximity (noting that lynx are very good at finding pockets of high hare density
even in landscapes with generally low densities) seems much more likely.  Also, because dispersers tend to wait
until they're close to starvation before abandoning home ranges, dispersers would be hungry and likely very
vulnerable to trapping (though lynx in general are said to be not hard to trap, and kittens especially). I also can't
resolve why no lynx were trapped there in the few years before or after that big "pulse."

mailto:jim_zelenak@fws.gov
mailto:ghanvey@fs.fed.us


Anyway, I went back to Reeve et al., and they report (Appendix A, p. 67) only 11 total records for 1972 - all
"probable" (none "certain"), including 5 that were trapped, 4 that were "live animal seen," and 2 based on tracks.
They provide the UTMs but I don't have the GIS skills to map the locations (but I bet YOU do!) - would be
interesting to see how many are in that particular drainage.

Let me know when I can expect similar LAU suitability maps (for 2000 and 2017) for the rest of the NFs covered by
the NRLMD and SRLA!  It would be great if you could also do the same for Glacier, Yellowstone, and Grand Teton
NPs, but I'll understand if you direct me elsewhere for the latter. :-)

Have a great weekend Gary!

Jim

On Thu, Apr 6, 2017 at 4:44 PM, Hanvey, Gary -FS <ghanvey@fs.fed.us> wrote:

Not ignoring your message – just haven’t had time to respond. I need to re-read and study
McKelvey et al. and Reeves et al.,  and the 2008 paper by McKelvey that you sent me. And, I will
see if I can get the BT GIS guru to help better quantify recent disturbance history on the BT –
obviously, I don’t work on the BT or the Intermountain Region anymore, but he’s a friend and
maybe I can get him to help me – if not, I have (or had) some GIS skills and might be able to make
some maps if I can get to the data.

 

Regarding your question below:  …..wouldn't the NRLMD and the BLM standards and guides
prevent additional impacts in such areas, at least on the federal lands…. the quick answer is
no, for three reasons.  1) the NRLMD does not apply to wildland fire and wildland fire use
decisions – the BT likes wildland fire and allows wildfires to burn unless they threaten structures
and/or private lands.  There aren’t many of either within the interior of Forest Boundaries – many
of the areas where they actively suppress fires are centered around Jackson GTNP on the North
End, and Pinedale on the South End.  2) the NRLMD does provide mgmt. direction intended to
avoid and/or minimize adverse effects of veg mgmt. actions – except in WUI. Since the NRLMD
was signed, Community Wildfire Protection Plans have been developed – those plans labeled the
majority of Lincoln and Sublette Counties as WUI – thus, the WY and Wind River Ranges are
considered WUI, where mgmt. actions are exempted.  Regardless, the regen harvests and aspen
enhancement burns completed and planned are relatively minor when compared to the impacts
of wildland fire.  See the attached map I made when I was on the Forest – it depicts status of LAUs
on the BT relative to the amount of lynx habitat (by LAU) that exceeds the 30% unsuitable
threshold (eg….amount of lynx habitat that was stand replaced by fire or veg treatment and does
not yet provide SSH habitat).  The NRLMD does not preclude more wildfire or veg treatment in
WUI in any of the LAUs, regardless of their suitability status.  Since I made this map the BT
experienced significant high intensity fire in the Upper WY Range that would turn an additional 2-3
LAUs red. 3) Kosterman’s thesis indicates that mature forest is much more important than
previously thought when the NRLMD was developed.  30% unsuitable habitat condition within
home ranges (or LAUs in this case) is likely too high for sustained occupation.
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My last comment is relative to the 18 lynx trapped in 1972 – these trapping records were cited by
Squires and Laurion (pa 338 in CH 11 of Ecology and Conservation of Lynx in the US)  via personal
communications w/ trappers.  I’m sure they were lynx, but I understand your “reliability”
standard.  Susan is looking to see if they were recorded in trapping records.  Regardless, I can’t
imagine that all 18 individuals are the result of a “pulse” from Canada in the early ‘70s – they were
all in the same drainage.  I’d bet that some of them were kittens and/or sub-adults – if so, perhaps
the trapping records will indicate.

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Monday, April 03, 2017 1:44 PM
To: Hanvey, Gary -FS <ghanvey@fs.fed.us>
Subject: Re: Thanks for the map!

 

Sorry about the delayed response on this.

 

The Service considers McKelvey et al 2000 (Ch. 8) the best available information on
historical range of lynx in the contiguous U.S. up to that time, and we consider McKelvey et
al. 2008 (attached) the best available information regarding the need to use verified vs.
anecdotal occurrence data for rare/elusive species.  In the latter, Kevin and colleagues make
a compelling case for the use of verified data, and they use lynx and the problems that can
result from even a very small number of mis-identifications of bobcats as lynx as an
example in the paper (see bottom of p. 553).

 

And yes, Kevin et al.'s (2000) Table 8.1 lists all the observation/occurrence records, assigns
some of the unverified as "reliable" vs. "unreliable," and at the far right shows the number of
truly verified records for each state. So Kevin found 30 verified records for Wyoming, most
from the northwest corner (GYA), but none in what he called the GYE after 1920.  But he
does state that there were 9 verified records from 1940-1957 and "...all were lynx killed near
the west-central border of the state."  These included 5 lynx trapped by predator control
agents 1952-1955 in northern Lincoln County, one collected in northwest Sublette County in
1954, and a kitten collected in southwestern Teton County in 1957. After 1957, the only
verified records include only one lynx in the Laramie Range of southeast WY in 1963, and
one from an "anomalous locality" near Douglas in east-central WY in 1983. Plus the pair of
adults Squires and Oakleaf had collared in 1996-1999 (and, presumably, the female's 6
kittens over 2 years, none of which seems to have survived to independence /recruitment).

 

Likewise, Reeve et al. 1986 compiled 262 records for Wyoming, but only 22 were
considered verified ("certain", see Appendix A and Fig. 9), 209 were considered "probable"
(but these were considered unverified by McKelvey et al. 2000), 25 considered
"questionable," and 5 as "unlikely."
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Since 2000, we have the 3 lynx (including 2 kittens) over 2 years in YNP documented by
Murphy et al. 2006 and another 5 or 6 documented by Berg et al. surveys and confirmed by
Mike's genomics lab, which showed that all but one of Berg's lynx were Colorado lynx, and
the other was one of the lynx Murphy et al. documented previously in the park.

 

In my reviews of McKelvey et al. 2000 and Reeve et al. 1986, and the survey work by
Murphy, Berg and others since then, I do not think that the verified data demonstrate
compellingly that Wyoming historically supported a persistent resident lynx population, or
that the best available data rule out the possibility that resident lynx may naturally be only
ephemeral in WY/GYA, perhaps tied to pulses of lynx dispersing during irruptions from
southern Canada. John disagrees but, in our recent correspondence on the issue, he seems to
continue to rely on some of the unverified data in Reeve et al. to support his position.  He
may be right, and we acknowledge in the SSA report that we can not say for certain one way
or the other (persistent vs. ephemeral) and that each is possible, but my agency's requirement
to use the best available information does not allow us to use anecdotal data as the basis of
our determinations.  

 

Anyway, I'm still interested in any info you have quantifying impacts to potential lynx/hare
habitats in the Wyoming Range/ Union Pass/ Togwotee Pass areas, as well as the proportion
of that area that is in "developmental" land use status (not Park, wilderness, or other
protected designation).  Given that most of the area is USFS or BLM, and both agencies
have amended plans to incorporate either the NRLM or the recommendations of the LCAS,
I'm not sure how continuing mgmt. impacts could move forward in places that have already
been, as John says, "highly impacted" - wouldn't the NRLMD and the BLM standards and
guides prevent additional impacts in such areas, at least on the federal lands?

 

Thanks,

 

Jim 

 

On Thu, Feb 23, 2017 at 4:27 PM, Hanvey, Gary -FS <ghanvey@fs.fed.us> wrote:

I have never read McKelvey et al. 2000 in detail.  Per you reference (below) to verified and
unverified/anecdotal data, are you thinking that verified records are those in Kevin’s Table 8.1 in
the extreme right hand column?  And, that all other records in the table are the
unverified/anecdotal data?
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I don’t know if the records on the map I sent over w/ Tom would match up with Kevin’s map on
page 244 or not – his map is pretty small.  When I have time, I think I will talk again to the BT GIS
guy we got this layer from and see if there is any info associated w/ that data layer that might
help explain its source. I meet w/ John, Kevin, and others at RMRS a couple times a week, and
think I will take the map with me and see if Kevin see’s anything that sticks out……

 

What intrigues me most about locations on the map are the groupings of points in some areas. 
We’re working w/ John to map lynx habitat via his HSF modeling process – his process uses
several different covariates to rate pixel value, including veg type (AF/ES), structural stage,
slope, aspect, snow depth, ect….  Would be interesting to overlay locations on this map and all
the telemetry locations he has from his study areas over his habitat value map and see how well
his model predicts habitat value.  John advocates that lynx can tell us what they like – so, we
should be able to figure out what habitat components tend to be most common where lynx are
(or where). 

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Thursday, February 23, 2017 2:39 PM
To: Hanvey, Gary -FS <ghanvey@fs.fed.us>
Subject: Re: Thanks for the map!

 

Thanks.

 

So this map, and the one p. 244 of McKelvey et al. 2000, clearly contain both verified and
unverified/anecdotal data - there are many more dots on the maps than the number of
verified records they report in Table 8.1 on page 210.  I wish Kevin had made one like
this but with the verified occurrences highlighted a different color.  Regardless, it paints
and interesting picture, and I appreciate you sending it down.

 

 

 

 

 

On Thu, Feb 23, 2017 at 12:54 PM, Hanvey, Gary -FS <ghanvey@fs.fed.us> wrote:

Yea, I’m pretty sure these are the data collected by McKelvey and discussed in CH 8 starting
on page 207 in Ruggiero et al 2000.  The locations on the map should match those depicted
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on page 244.  Per Kevin’s CH 8, records were collected from “1800’s to present”.  I haven’t
been able to track down the meta data for this data set – and Kevin didn’t have it either.  I
remember seeing a table of these data that identified record type (trapping record,
observation, reporter/recorder, ect…..).  It’s probably packed up in one of the many boxes of
“stuff” I have in my storage unit. In Stevensville. 

 

When I worked on the National Lynx Survey, I used these data to help inform potential survey
locations on the 64 survey units (National Forests, National Parks, BLM Units, ect….) that we
surveyed from 2000-2003.

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Thursday, February 23, 2017 12:32 PM
To: Hanvey, Gary -FS <ghanvey@fs.fed.us>
Subject: Thanks for the map!

 

Appreciate it.

 

Wondering if you have info on date it was made or the date up to which the data are
current.

 

Are these McKelvey et al.'s occurrence data?  Are they all "verified" locations?

 

Thanks,

 

jim

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1
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Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or
disclosure of the information it contains may violate the law and subject the violator to
civil or criminal penalties. If you believe you have received this message in error,
please notify the sender and delete the email immediately.

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1
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mailto:jim_zelenak@fws.gov


Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Abstract 25 

The Northern Adaptation Partnership (NRAP) identified climate change issues relevant to resource 26 

management in the Northern Rockies (USA) region, and developed solutions that minimize negative 27 

effects of climate change and facilitate transition of diverse ecosystems to a warmer climate. The NRAP 28 

region covers 183 million acres, spanning northern Idaho, Montana, northwest Wyoming, North Dakota, 29 

and northern South Dakota, and includes 15 national forests and 3 national parks across the U.S. Forest 30 

Service Northern Region and adjacent Greater Yellowstone Area. U.S. Forest Service scientists, resource 31 

managers, and stakeholders worked together over a two-year period to conduct a state-of-science climate 32 

change vulnerability assessment and develop adaptation options for national forests and national parks in 33 

the Northern Rockies region. The vulnerability assessment emphasized key resource areas—water, 34 

fisheries, wildlife, forest and rangeland vegetation and disturbance, recreation, cultural heritage, and 35 

ecosystem services—regarded as the most important for local ecosystems and communities. Resource 36 

managers used the assessment to develop a detailed list of ways to address climate change vulnerabilities 37 

through management actions. The large number of adaptation strategies and tactics, many of which are a 38 

component of current management practice, provide a pathway for slowing the rate of deleterious change 39 

in resource conditions.       40 
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Summary 57 

 The Northern Rockies Adaptation Partnership (NRAP) is a science-management partnership 58 

consisting of 15 national forests in the Northern Region of the U.S. Forest Service, three national parks, 59 

the U.S. Forest Service Pacific Northwest and Rocky Mountain Research Stations, the University of 60 

Washington, and numerous other organizations and stakeholders. These organizations worked together 61 

over a period of two years to identify climate change issues relevant to resource management in the 62 

Northern Rocky Mountains (USA) and to find solutions that can minimize negative effects of climate 63 

change and facilitate transition of diverse ecosystems to a warmer climate. The NRAP provided 64 

education, conducted a climate change vulnerability assessment, and developed adaptation options for 65 

national forests and national parks that manage more than 28 million acres in northern Idaho, Montana, 66 

northwestern Wyoming, North Dakota, and northern South Dakota. 67 

 Global climate models project that the Earth’s current warming trend will continue throughout the 68 

21st century in the Northern Rockies. Compared to observed historical temperature, average warming 69 

across the five NRAP subregions is projected to be about 4 to 5 °F by 2050, depending on greenhouse gas 70 

emissions. Precipitation may increase slightly in the winter, although the magnitude is uncertain.  71 

 Climatic extremes are difficult to project, but they will probably be more common, driving 72 

biophysical changes in terrestrial and aquatic ecosystems. Droughts of increasing frequency and 73 

magnitude are expected in the future, promoting an increase in wildfire, insect outbreaks, and non-native 74 

species. These periodic disturbances, will rapidly alter productivity and structure of vegetation, 75 

potentially altering the distribution and abundance of dominant plant species and animal habitat. 76 

 Highlights of the vulnerability assessment and adaptation options for the Northern Rockies include 77 

the following: 78 

 79 

Water resources and infrastructure 80 
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 Effects:  Decreasing snowpack and declining summer flows will alter timing and availability of 81 

water supply, affecting agricultural, municipal, and public uses in and downstream from national 82 

forests, and affecting other forest uses including livestock, wildlife, recreation, firefighting, road 83 

maintenance, and instream fishery flows.  Declining summer low flows will affect water 84 

availability during late summer, the period of peak demand (e.g., for irrigation and power 85 

supply). Increased magnitude of peak streamflows will damage roads near perennial streams, 86 

ranging from minor erosion to extensive damage, thus affecting public safety, access for resource 87 

management, water quality, and aquatic habitat. Bridges, campgrounds, and national forest 88 

facilities near streams and floodplains will be especially vulnerable, reducing access by the 89 

public. 90 

 Adaptation options:  Primary adaptation strategies to address changing hydrology in the Northern 91 

Rockies include restoring the function of watersheds, connecting floodplains, reducing drainage 92 

efficiency, maximizing valley storage, and reducing hazardous fuels. Tactics include adding 93 

wood to streams, restoring beaver populations, modifying livestock management, and reducing 94 

surface fuels and forest stand densities. Primary strategies for infrastructure include increasing the 95 

resilience of stream crossings, culverts, and bridges to higher peak flows and facilitating response 96 

to higher peak flows by reducing the road system and disconnecting roads from streams. Tactics 97 

include completing geospatial databases of infrastructure (and drainage) components, installing 98 

higher capacity culverts, and decommissioning roads or converting them to alternative uses. It 99 

will be important to map aquifers and alluvial deposits, improve monitoring to provide feedback 100 

on water dynamics, and understand the physical and legal availability of water for aquifer 101 

recharge. Erosion potential to protect water quality can be addressed by reducing hazardous fuels 102 

in dry forests, reducing non-fire disturbances, and using road management practices that prevent 103 

erosion.  104 

 105 

Fisheries 106 
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 Effects:  Decreased snowpack will shift the timing of peak flows, decrease summer low flows, 107 

and in combination with higher air temperature, increase stream temperatures, all of which will 108 

reduce the vigor of cold-water fish species. Abundance and distribution of cutthroat trout and 109 

especially bull trout will be greatly reduced, although effects will differ by location as a function 110 

of both stream temperature and competition from non-native fish species. Increased wildfire will 111 

add sediment to streams, increase peak flows and channel scouring, and raise stream temperature 112 

by removing vegetation. 113 

 Adaptation options:  Primary strategies to address climate change threats to cold-water fish 114 

species include maintaining or restoring functionality of channels and floodplains to retain (cool) 115 

water and buffer against future changes, decreasing fragmentation of stream networks so aquatic 116 

organisms can access similar habitats, and developing wildfire use plans that address sediment 117 

inputs and road failures. Adaptation tactics include using watershed analysis to develop integrated 118 

actions for vegetation and hydrology, protecting groundwater and springs, restoring riparian areas 119 

and beaver populations to maintain summer baseflows, reconnecting and increasing off-channel 120 

habitat and refugia, identifying and improving stream crossings that impede fish movement, 121 

decreasing road connectivity, and revegetating burned areas to store sediment and maintain 122 

channel geomorphology. Removing non-native fish species and reducing their access to cold-123 

water habitat reduces competition with native fish species. 124 

  125 

Forest vegetation 126 

 Effects:  Increasing air temperature, through its influence on soil moisture, is expected to cause 127 

gradual changes in the abundance and distribution of tree, shrub, and grass species throughout the 128 

Northern Rockies, with more drought tolerant species becoming more competitive. The earliest 129 

changes will be at ecotones between lifeforms (e.g., upper and lower treelines). Ecological 130 

disturbance, including wildfire and insect outbreaks, will be the primary facilitator of vegetation 131 

change, and future forest landscapes may be dominated by younger age classes and smaller trees. 132 
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High-elevation forests will be especially vulnerable if disturbance frequency increases 133 

significantly. Increased abundance and distribution of non-native plant species, as well as the 134 

legacy of past land uses, create additional stress for regeneration of native forest species. 135 

 Adaptation options:  Most strategies for conserving native tree, shrub, and grassland systems 136 

focus on increasing resilience to chronic low soil moisture (especially extreme drought and low 137 

snowpack), and to more frequent and extensive ecological disturbance (wildfire, insects, non-138 

native species). These strategies generally include managing landscapes to reduce the severity 139 

and patch size of disturbances, encouraging fire to play a more natural role, and protecting refugia 140 

where fire-sensitive species can persist. Increasing species, genetic, and landscape diversity 141 

(spatial pattern, structure) is an important “hedge your bets” strategy that will reduce the risk of 142 

major forest loss. Adaptation tactics include using silvicultural prescriptions (especially stand 143 

density management) and fuel treatments to reduce fuel continuity, reducing populations of non-144 

native species, potentially using multiple genotypes in reforestation, and revising grazing policies 145 

and practices. Rare and disjunct species and communities (e.g., whitebark pine, quaking aspen) 146 

require adaptation strategies and tactics focused on encouraging regeneration, preventing damage 147 

from disturbance, and establishing refugia. 148 

 149 

Rangeland vegetation 150 

 Effects:  A longer growing season is expected to increase net primary productivity of many 151 

rangeland types, especially those dominated by grasses, although responses will depend on local 152 

climate and soil conditions. Elevated atmospheric carbon dioxide may increase water use 153 

efficiency and productivity of some species. In many cases, increasing wildfire frequency and 154 

extent will be particularly damaging for big sagebrush and other shrub species that are readily 155 

killed by fire. The widespread occurrence of cheatgrass and other non-natives facilitates frequent 156 

fire through annual fuel accumulation. In montane grasslands, wildfire may kill Douglas-fir and 157 

other species that have recently established in rangelands through fire exclusion. Shrub species 158 
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that sprout following fire may be quite resilient to increased disturbance, but may be outcompeted 159 

by more drought tolerant species over time. 160 

 Adaptation options:  Adaptation strategies for rangeland vegetation focus on increasing resilience 161 

of rangeland ecosystems, primarily through non-native species control and prevention. Using 162 

ecologically based non-native plant management focuses on strategies to repair damaged 163 

ecological processes that facilitate invasion, and seeding of desired natives can be done where 164 

seed availability and dispersal of natives are low. Proactive management to prevent establishment 165 

of non-native species is also critical (early detection-rapid response), including tactics such as 166 

weed-free policies, education of employees and the public, and collaboration among multiple 167 

agencies to control weeds. Livestock grazing can also be managed through the development of 168 

site-specific indicators that inform livestock movement guides and allow for maintenance and 169 

enhancement of plant health. 170 

 171 

Wildlife 172 

 Effects:  Few data exist on the direct effects of climatic variability and change on most animal 173 

species. Therefore, projected climate change effects must be inferred from what is known about 174 

habitat characteristics and the autecology of each species. Habitat for mammals that depend on 175 

high-elevation, snowy environments for both predators (Canada lynx, fisher, wolverine) and prey 176 

(snowshoe hare) is expected to deteriorate relatively soon if snowpack continues to decrease. 177 

Species that are highly dependent on a narrow range of habitat (pygmy rabbit, Brewer’s sparrow, 178 

greater sage-grouse,) will be especially vulnerable if that habitat decreases from increased 179 

disturbance (e.g., sagebrush mortality from wildfire). Species that are mobile or respond well to 180 

increased disturbance and habitat patchiness (deer, elk) will probably be resilient to a warmer 181 

climate in most locations. Some amphibian species (Columbia spotted frog, western toad) may be 182 

affected by pathogens (e.g., amphibian chytrid fungus) that are favored by a warmer climate. 183 
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 Adaptation options:  Adaptation for wildlife is focused on maintaining adequate habitat and 184 

healthy wildlife populations, and increasing knowledge of species’ needs and climate 185 

sensitivities. Connectivity is an important conservation strategy for most species in the Northern 186 

Rockies. Maintaining healthy American beaver populations will provide riparian habitat structure 187 

and foraging opportunities for multiple species. Quaking aspen habitat, which is also important 188 

for several species, can be enhanced by allowing wildfire, protecting aspen from grazing, and 189 

reducing conifer encroachment. Restoration of more open stands of ponderosa pine and mixed 190 

conifer forest through reduction of stand densities will benefit species such as fisher and 191 

flammulated owl. Excluding fire and reducing non-native species will maintain sagebrush 192 

habitats that are required by several bird and mammal species.  193 

 194 

Recreation 195 

 Effects:  Recreation has a significant economic impact throughout the Northern Rockies. A 196 

warmer climate will generally improve opportunities for warm-weather activities (hiking, 197 

camping, sightseeing) because it will create a longer time during which these activities are 198 

possible, especially in the spring and autumn “shoulder seasons.” However, it will reduce 199 

opportunities for snow-based, winter activities (downhill skiing, cross-country skiing, 200 

snowmobiling) because snowpack is expected to decline significantly in the future. Recreationists 201 

will probably seek more water-based activities in lakes and rivers in order to seek refuge from 202 

hotter summer weather. Higher temperatures may have both positive and negative effects on 203 

wildlife-based activities (hunting, fishing, birding) and gathering of forest products (e.g., berries, 204 

mushrooms), depending on how target habitats and species are affected.  205 

 Adaptation options:  Recreationists are expected to be highly adaptable to a warmer climate by 206 

shifting to different activities and different locations, behavior that is already observed from year 207 

to year. For example, downhill skiers may switch to ski areas that have more reliable snow, cross-208 

country skiers will travel to higher elevations, and larger ski areas on federal lands may expand to 209 
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multi-season operation. Water-based recreationists may adapt to climate change by choosing 210 

different sites that are less susceptible to changes in water levels. Hunters may need to adapt by 211 

altering the timing and location of hunts. Federal management of recreation is currently not very 212 

flexible with respect to altered temporal and spatial patterns of recreation. This can be at least 213 

partially resolved by assessing expected use patterns in a warmer climate, modifying opening 214 

times of facilities, and deploying seasonal employees responsible for recreational facilities earlier 215 

in the year.  216 

 217 

Ecosystem services 218 

 Ecosystem services are increasingly valued on federal lands, beyond just their economic value. 219 

Climate change effects will vary greatly within different subregions of the Northern Rockies, with some 220 

ecosystem services being affected in the short term and others in the long term. Of the many ecosystem 221 

services provided in the Northern Rockies, eight are considered here, most of which are relevant to other 222 

resource categories included in the assessment. 223 

 While annual water yield is not expected to change significantly, timing of water availability will 224 

likely shift, and summer flows may decline. These changes may result in some communities 225 

experiencing summer water shortages, although reservoir storage can provide some capacity. 226 

Rural agricultural communities will be disproportionately affected by climate change if water 227 

does become limiting. 228 

 Water quality will decrease in some locations if wildfires and floods increase, adding sediment to 229 

rivers and reservoirs. Agriculture is currently the major source of impairment, affecting riparian 230 

systems, aquatic habitat, water temperatures, and fecal coliform. Climate change is expected to 231 

amplify these effects. Hazardous fuel treatments, riparian restoration, and upgrading of 232 

hydrologic infrastructure can build resilience to disturbances that damage water quality. 233 

 Wood products are a relatively small component of the Northern Rockies economy, and effects 234 

from economic forces will probably have the biggest impacts in the future. As wildfires and 235 
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insect outbreaks become more common, wood supply could become less reliable, but overall 236 

effects will generally be small except in small towns that depend on steady timber supply.  237 

 Minerals and mineral extraction are important economic drivers in eastern Montana and western 238 

North Dakota. The biggest effects on this industry will be economic factors, as well as how it 239 

connects to other ecosystem services, particularly water quality. Wildfires and floods can put 240 

mineral extraction infrastructure at risk in some watersheds.  241 

 Forage for livestock is expected to increase in productive grasslands as a result of a longer 242 

growing season and in some cases elevated carbon dioxide. Therefore, ranching and grazing may 243 

benefit from climate change. Primary effects on grazing include loss of rural population, spread 244 

of non-native grasses, and fragmentation of rangelands. 245 

 Viewsheds and air quality will be negatively affected by increasing wildfires and longer pollen 246 

seasons. A growing percentage of the Northern Rockies population will be in demographic 247 

groups at risk for respiratory and other medical problems on days with poor air quality. 248 

Hazardous fuel treatments can help build resilience to disturbances that degrade air quality. 249 

 Regulation of soil erosion will be decreased by agricultural expansion, spread of non-native 250 

plants, and increased frequency of wildfire and floods. Increased capital investments may be 251 

needed for water treatment plants if water quality degrades significantly. Climate-smart practices 252 

in agriculture and road construction can reduce some negative effects.  253 

 Carbon sequestration will be increasingly difficult if wildfires, insect outbreaks, and perhaps 254 

plant disease increase as expected, especially in the western part of the Northern Rockies. At the 255 

same time, managing forests for carbon sequestration is likely to become more important in 256 

response to national policies on carbon emissions. Hazardous fuel treatments can help build 257 

resilience to disturbances that rapidly oxidize carbon and emit it to the atmosphere. 258 

 259 

Cultural resources 260 
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 Disturbances such as wildfires, floods, and soil erosion place cultural and heritage values at risk. 261 

Damage to cultural and historic sites are irreversible, making protection a key management focus. 262 

Climate-induced changes in terrestrial and aquatic habitats affect abundance of culturally-valued plants 263 

and animals (especially fish), affecting the ability of Native American tribes to exercise their treaty rights. 264 

Effects on cultural resources are amplified by external social forces that include a growing regional 265 

population, vandalism, and loss of traditional practices in a globalizing culture.    266 

 267 

 The NRAP facilitated the largest climate change adaptation effort on public lands to date, including 268 

participants from federal agencies and stakeholder organizations interested in a broad range of resource 269 

issues. It achieved specific goals of national climate change strategies for the U.S. Forest Service and 270 

National Park Service, providing a scientific foundation for resource management and planning in the 271 

Northern Rockies. The large number of adaptation strategies and tactics, many of which are a component 272 

of current management practice, provide a pathway for slowing the rate of deleterious change in resource 273 

conditions. Rapid implementation of adaptation—in land management plans, National Environmental 274 

Policy Act documents, project plans, and restoration—will help maintain functionality of terrestrial and 275 

aquatic ecosystems in the Northern Rockies, as well as build the organizational capacity of federal 276 

agencies to incorporate climate change in their mission of sustainable resource management. Long-term 277 

monitoring will help detect potential climate change effects on natural resources, and evaluate the 278 

effectiveness of adaptation options that have been implemented.  279 
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Chapter 1: Introduction 395 

S. Karen Dante-Wood 396 

 397 

The Northern Rockies Adaptation Partnership (NRAP) is a science-management partnership among 398 

the Forest Service, U.S. Department of Agriculture regional offices and national forests (mostly in the 399 

Northern Region, and small portions of the Intermountain and Rocky Mountain Regions); U.S. Forest 400 

Service Pacific Northwest and Rocky Mountain Research Stations; Glacier, Yellowstone and Grand 401 

Teton National Parks; Great Northern and Plains and Prairie Potholes Landscape Conservation 402 

Cooperatives; Department of Interior North Central Climate Science Center; Greater Yellowstone 403 

Coordinating Committee; Oregon State University; and EcoAdapt.  404 

Initiated in 2013, the NRAP is a collaborative project with the goals of increasing climate change 405 

awareness, assessing vulnerability, and developing science-based adaptation strategies to reduce adverse 406 

effects of climate change and ease the transition to new climate states and conditions (see 407 

http://adaptationpartners.org/nrap). Developed in response to proactive climate change strategies of the 408 

Forest Service (USDA FS 2008, 2010a,c), and building on previous efforts in national forests (Halofsky 409 

et al. 2011; Littell et al. 2012; Raymond et al. 2013, 2014; Rice et al. 2012; Swanston and Janowiak 2012; 410 

Swanston et al. 2011), the partnership brings together resource managers and research scientists to plan 411 

for climate change in the Northern Rockies.  412 

CLIMATE CHANGE RESPONSE IN THE FOREST SERVICE AND NATIONAL PARK 413 

SERVICE 414 

Climate change is an agency-wide priority for the U.S. Forest Service (USFS), which has issued 415 

direction to administrative units for responding to climate change (USDA FS 2008) (table 1.1). In 2010, 416 

the USFS provided specific direction to the National Forest System in the form of the National Roadmap 417 

for Responding to Climate Change (USDA FS 2010a) and the Performance Scorecard for Implementing 418 

the Forest Service Climate Change Strategy (USDA FS 2010a). The goal of the USFS climate change 419 
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strategy is to “ensure our national forests and private working lands are conserved, restored, and made 420 

more resilient to climate change, while enhancing our water resources” (USDA FS 2010a). To achieve 421 

this goal, starting in 2011, each national forest and grassland began using a 10-point scorecard system to 422 

report accomplishments on ten elements in four dimensions: (1) increasing organizational capacity; (2) 423 

partnerships, engagement, and education; (3) adaptation; and (4) mitigation and sustainable consumption. 424 

Progress towards accomplishing elements of the scorecard must be reported annually by each national 425 

forest and national grassland; all units are expected to accomplish 7 of 10 criteria by 2015, with at least 426 

one “yes” in each dimension. 427 

Similarly, the National Park Service (NPS) Climate Change Response Strategy provides direction for 428 

addressing the impacts of climate change on the National Park System lands (NPS 2010) (table 1.2). The 429 

strategy has four components to guide NPS actions: science, adaptation, mitigation and communication. 430 

The science component involves conducting and synthesizing research at various scales, monitoring 431 

trends and conditions, and delivering information to resource managers and partners. It also provides the 432 

scientific basis for adaptation, mitigation, and communication. Adaptation involves developing capacity 433 

within the agency to assess climate change scenarios and risks and implementing actions to better manage 434 

natural and cultural resources and infrastructure for a changing climate. Mitigation efforts focus on 435 

reducing the agency carbon footprint and enhancing carbon sequestration. Finally, the strategy requires 436 

the NPS to take advantage of agency capacity for education and interpretation to communicate the effects 437 

of climate change to NPS employees and to the public. Park rangers and other employees are encouraged 438 

to engage visitors about climate change, because national parks are visible examples of how climate 439 

change can affect natural and cultural resources. The similarity of USFS and NPS climate response 440 

strategies facilitated coordination between the two agencies.  441 

The NRAP built on existing efforts in ecosystem-based management and ecological restoration to 442 

address climate change and put these efforts in a broader regional context in the Northern Rockies. 443 

Restoration is a priority in most national forests in this region, particularly related to hazardous fuel 444 

reduction in dry forests (stand density reduction plus surface fuel removal, often with prescribed burning), 445 
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and restoration of riparian areas to improve hydrologic and biological function. The NRAP works in 446 

conjunction with these management priorities to access the best available science on climate change 447 

effects and implement climate change adaptation plans.  448 

In 2010, a climate change report was developed for the Kootenai and Idaho Panhandle National 449 

Forests planning effort (USDA FS 2010b). At the time, this was the most comprehensive climate change 450 

vulnerability assessment and adaption document compiled for the Northern Region. Although this report 451 

addressed many issues, it did not include non-forested vegetation, cultural resources, recreation resources, 452 

or ecosystem services. The Northern Region also partially funded the University of Washington Climate 453 

Impacts Group to provide datasets of historical (1916-2006) and future (2040s, 2080s) downscaled 454 

climate and hydrologic data for the Upper Missouri River and Columbia River basins (Littell et al. 2011).  455 

Building on these downscaled data, the Northern Region developed climate change “primers” to help 456 

assess and evaluate regionally specific climate-related trends. Primers for wildland fire, watershed 457 

ecology, forest regeneration, and forest landscapes were in progress when the NRAP was initiated and 458 

have been incorporated into this publication. In addition to these primers, the Northern Region is 459 

currently developing a watershed-based climate change vulnerability assessment, downscaling regional 460 

water and stream temperature data for the Lolo National Forest, focused on bull trout (Salvelinus 461 

confluentus) and a preliminary discussion of the western pearlshell mussel (Margaritifera falcata), water 462 

supply, and forest infrastructure (USDA FS 2015).  463 

The NRAP also incorporates existing USFS Northern Region efforts to consider and address climate 464 

change effects in management operations. In 2011, the Northern Region developed an Integrated 465 

Restoration & Protection Strategy that provided a framework for climate change adaptation (Bollenbacher 466 

et al. 2014, USDA FS 2011). In addition, periodic Northern Region restoration and resiliency reports 467 

provide baseline information on vegetative characteristics to better understand the effects of adaptive 468 

management (USDA FS 2014).  469 

Most previous efforts to consider climate change effects and adaption strategies in the Northern 470 

Rockies have focused on vegetation and aquatic resources. The NRAP broadens these efforts to develop a 471 
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synthesis for a more comprehensive list of resource values, and to develop adaptation strategies for 472 

resources that have not been emphasized in management operations.  473 

SCIENCE-MANAGEMENT PARTNERSHIPS 474 

Previous efforts in the Pacific Northwest and beyond have demonstrated the success of science-475 

management partnerships for increasing climate change awareness among resource managers and 476 

adaptation planning on federal lands. Olympic National Forest and Tahoe National Forest initiated the 477 

first science-management partnerships for developing adaptation options for individual national forests 478 

(Littell et al. 2012). The Olympic climate change study assessed resource vulnerabilities and developed 479 

adaptation options for Olympic National Forest and Olympic National Park on the Olympic Peninsula in 480 

Washington (Halofsky et al. 2011). Similar to efforts in the Olympics, the North Cascadia Adaptation 481 

Partnership assessed vulnerabilities and formulated adaptation options for two national forests and two 482 

national parks in Washington (Raymond et al. 2014).  483 

In collaboration with three management units in California—Tahoe National Forest, Inyo National 484 

Forest, and Devils Postpile National Monument—the USFS Pacific Southwest Research Station held 485 

climate change education workshops and developed the Climate Project Screening Tool in order to 486 

incorporate adaptation into project planning (Morelli et al. 2012). In response to requests from the 487 

Shoshone National Forest in northern Wyoming, the Forest Service Rocky Mountain Research Station 488 

synthesized information on past climate, future climate projections, and potential effects of climate 489 

change on the multiple ecosystems within the forest (Rice et al. 2012).  490 

In the largest effort to date in the eastern United States, the USFS Northern Research Station, in 491 

collaboration with the Chequamegon-Nicolet National Forest in northern Wisconsin and numerous other 492 

partners, conducted a vulnerability assessment for natural resources (Swanston et al. 2011) and developed 493 

adaptation options (Swanston and Janowiak 2012). Another joint national forest and Forest Service 494 

research vulnerability assessment effort focused on the vulnerability of watersheds to climate change 495 

(Furniss et al. 2013). Watershed vulnerability assessments, conducted on 11 national forests throughout 496 

the United States, were locally focused (at a national forest scale) and included water resource values, 497 
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hydrologic reaction to climate change, watershed condition and landscape sensitivity. The assessments 498 

were intended to help national forest managers identify where limited resources could be best invested to 499 

increase watershed resilience to climate change.  500 

The processes, products, and techniques used for several studies and other climate change efforts on 501 

national forests have been compiled in a guidebook for developing adaptation options for national forests 502 

(Peterson et al. 2011). The guidebook outlines four key steps to facilitate adaption in national forests: (1) 503 

become aware of basic climate change science and integrate that understanding with knowledge of local 504 

conditions and issues (review), (2) evaluate sensitivity of natural resources to climate change (rank), (3) 505 

develop and implement options for adapting resources to climate change (resolve), and (4) monitor the 506 

effectiveness of on-the-ground management (observe) and adjust as needed. The NRAP is focused on 507 

implementation of the principles and practices in the guidebook.  508 

THE NORTHERN ROCKIES ADAPTATION PARTNERSHIP PROCESS 509 

The NRAP includes 15 national forests, 7.8 million acres of wilderness, and 3 national parks across 510 

the U.S. Forest Service Northern Region and the adjacent Greater Yellowstone Area. The NRAP region 511 

covers 183 million acres (fig.1.1), spanning northern Idaho, Montana, northwest Wyoming, North 512 

Dakota, and northern South Dakota. In order to facilitate analyses and interpretations, the NRAP 513 

assessment is divided into the following 5 subregions: 514 

 Western Rockies: Idaho Panhandle National Forest, Kootenai National Forest, Nez Perce-515 

Clearwater National Forest, Glacier National Park 516 

 Eastern Rockies: Beaverhead-Deerlodge National Forest (eastern portion), Custer National 517 

Forest (eastern portion), Gallatin National Forest (northern portion), Helena National Forest, 518 

Lewis and Clark National Forest 519 

 Central Montana: Bitterroot National Forest, Flathead National Forest, Lolo National Forest 520 

 Grassland: Custer National Forest (part), Dakota Prairie National Grassland 521 

 Greater Yellowstone Area: Bridger-Teton National Forest, Caribou-Targhee National Forest, 522 

Shoshone National Forest, Gallatin National Forest (southern portion), Custer National Forest 523 
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(western portion), Beaverhead-Deerlodge National Forest (western portion), Grand Teton 524 

National Park, Yellowstone National Park 525 

The NRAP process includes: (1) a vulnerability assessment of the effects of climate change on 526 

hydrology and roads, fisheries, wildlife, forested and non-forested vegetation and disturbance, recreation, 527 

and cultural, ecosystem services, (2) development of adaptation options that will help reduce negative 528 

effects of climate change and assist the transition of biological systems and management to a warmer and 529 

a changing climate, and (3) development of an enduring science-management partnership to facilitate 530 

ongoing dialogue and activities related to climate change in the Northern Rockies region. These resource 531 

sectors were selected based on their importance in the region and current management concerns and 532 

challenges.  533 

Vulnerability assessments typically involve exposure, sensitivity, and adaptive capacity (Parry et al. 534 

2007), where exposure is the degree to which the system is exposed to changes in climate, sensitivity is an 535 

inherent quality of the system that indicates the degree to which it could be affected by climate change, 536 

and adaptive capacity is the ability of a system to respond and adjust to the exogenous influence of 537 

climate. Vulnerability assessments can be both qualitative and quantitative and focus on whole systems or 538 

individual species or resources (Glick et al. 2011). Several tools and databases are available for 539 

systematically assessing sensitivity (e.g., Lawler and Case 2010, Luce et al. 2014) and vulnerability of 540 

species (e.g., Potter and Crane 2010).  541 

For the NRAP, we used scientific literature and expert knowledge to assess exposure, sensitivity and 542 

adaptive capacity to identify key vulnerabilities for the identified resource areas. The assessment process 543 

took place over 16 months, and involved monthly phone meetings for each of the resource-specific 544 

assessment teams (see appendix 1A for assessment team members). Each assessment team refined key 545 

questions that the assessment needed to address, selected values to assess, and determined which climate 546 

change impact models best informed the assessment. In some cases, assessment teams conducted spatial 547 

analyses and/or ran and interpreted models, selected criteria in which to evaluate model outputs, and 548 

developed maps of model output and resource sensitivities. To the greatest extent possible, teams focused 549 
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on effects and projections specific to the NRAP region and used the finest scale projections that are 550 

scientifically valid (Littell et al. 2011).  551 

By working collaboratively with scientists and resource managers and focusing on a specific region, 552 

the goal of NRAP was to provide the scientific foundation for operationalizing climate change in 553 

planning, ecological restoration, and project management (Peterson et al. 2011; Raymond et al. 2013, 554 

2014; Swanston and Janowiak 2012). After identifying key vulnerabilities for each resource sector, five 555 

workshops were convened in October and November 2014 in Bismarck (North Dakota), Bozeman 556 

(Montana), Coeur d’Alene (Idaho), Helena (Montana), and Missoula (Montana) to present and discuss the 557 

vulnerability assessment, and to elicit adaptation options from resource managers (see appendix 1A for 558 

workshop participants).  559 

During these workshops, scientists and resource specialists presented information on climate change 560 

effects and current management practices for each of the resources. Facilitated dialogue was used to 561 

identify key sensitivities and adaption options. Participants identified strategies (general approaches) and 562 

tactics (on-the-ground actions) for adapting resources and management practices to climate change, as 563 

well as opportunities and barriers for implementing these adaptation actions into projects, management 564 

plans, partnerships and policies. Participants generally focused on adaptation options that can be 565 

implemented given our current scientific understanding of climate change effects, but they also identified 566 

research and monitoring that would benefit future efforts to assess vulnerability and guide management 567 

practices. Information from the region-wide assessment was also downscaled to identify the most 568 

significant vulnerabilities to climate change for priority resources in each subregion. Facilitators captured 569 

information generated during the workshops with a set of spreadsheets adapted from Swanston and 570 

Janowiak (2012). Initial results from the workshops were augmented with continued dialogue with federal 571 

agency resource specialists.  572 

This publication contains a chapter on expected climatological changes in the Northern Rockies, and 573 

one chapter for each of the resource sectors covered in the vulnerability assessment (water resources, 574 

fisheries, forested and rangeland vegetation, disturbance, wildlife, recreation, ecosystem services, and 575 
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cultural heritage) (see appendix 1B for author affiliations). Each of the resource chapters includes a 576 

review of climate change effects, sensitivities, current management practices, and results of the adaptation 577 

strategies and tactics discussions.  578 

Resource managers and other decision makers can use this publication in several ways. First, the 579 

vulnerability assessment will provide information on climate change effects needed for national forest and 580 

national park plans, project plans, conservation strategies, restoration, and environmental effects analysis. 581 

The assessment will be particularly useful for national forest and national park planning and management. 582 

Second, climate change sensitivities and adaptation options developed at the regional scale will provide 583 

the scientific foundation for subregional and national forest and national park vulnerability assessments, 584 

adaptation planning, and resource monitoring. We expect that over time, and as needs and funding align, 585 

appropriate adaptation options will be incorporated into plans and programs of federal management units. 586 

Third, we anticipate that resource specialists will apply this assessment in land management throughout 587 

the region, thus operationalizing climate-smart resource management and planning.  588 

Adaptation planning is an ongoing and iterative process. Implementation may occur at critical times 589 

in the planning process, such as when managers revise USFS land management plans and other planning 590 

documents, or after the occurrence of extreme events and ecological disturbances (e.g., wildfire). We 591 

focus on adaptation options for the USFS and NPS, but this publication provides information that can be 592 

used by other land management agencies as well. Furthermore, the NRAP process can be emulated by 593 

national forests, national parks, and other organizations outside the Northern Rockies, thus propagating 594 

climate-smart management across larger landscapes (e.g., the Intermountain Adaptation Partnership in 595 

Utah, Nevada, and southern Idaho; http://adaptationparnters.org/iap).  596 

ALL-LANDS APPROACH TO CLIMATE CHANGE ADAPTATION 597 

The USFS and NPS climate change strategies identify the need to build partnerships and work across 598 

jurisdictional boundaries when planning for adaptation. This concept of responding to the challenge of 599 

climate change with an “all-lands” approach is frequently mentioned, but a process for doing so is rarely 600 

defined. Unique in its effort to implement an all-lands approach to adaptation for a specific region, NRAP 601 
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is an inclusive partnership of multiple agencies and organizations with an interest in managing natural 602 

resources in a changing climate. In addition to representatives from the national forests, grasslands, and 603 

parks, several other agencies and organizations participated in the resource sector workshops (see 604 

appendix 1A). This type of partnership enables a coordinated and complementary approach to adaptation 605 

that crosses jurisdictional boundaries. NRAP also provides a venue for agencies to learn from the 606 

practices of others so that the most effective adaptation strategies can be identified. 607 

Risks and vulnerabilities resulting from climate change and gaps in scientific knowledge and policy 608 

need to be assessed. Adaptation is a prominent focus of the NRAP, with emphasis on creating resilience 609 

in human and natural systems. Communicating climate change information and engaging employees, 610 

partners, and the general public in productive discussions is also an integral part of successfully 611 

responding to climate change. The need for partnerships and collaborations on climate change issues was 612 

also identified in the NRAP. Sharing climate change information, vulnerability assessments, and 613 

adaptation strategies across administrative boundaries will contribute to the success of climate change 614 

responses in the Northern Rockies. 615 
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Chapter 2: Biogeographic, Cultural, And Historical Setting Of The Northern 757 

Rocky Mountains 758 

S. Karen Dante-Wood 759 

 760 

The Northern Rocky Mountains Adaptation Partnership (NRAP) includes diverse landscapes, ranging 761 

from high mountains to grasslands, from alpine glaciers to broad rivers (fig. 1.1). This region, once 762 

inhabited solely by Native Americans, has been altered by two centuries of settlement by Euro-763 

Americans, including extractive activities such as timber harvest, grazing, mining, and water diversions. 764 

Although urbanization is relatively small in this region, paved and unpaved roads and electrical 765 

transmission wires permeate much of the landscape. A significant portion of the Northern Rockies is 766 

owned and managed by federal agencies, including 15 national forests and 3 national parks. 767 

Resource conditions, resource management issues, effects of climatic variability and change, and 768 

climate change adaptation options differ greatly from Idaho to North Dakota and from the Canadian 769 

border to Wyoming. In order to capture these differences, the NRAP climate change vulnerability 770 

assessment and adaptation strategy were conducted for five subregions: Western Rockies, Central 771 

Rockies, Eastern Rockies, Greater Yellowstone Area, and Grassland. These subregions are briefly 772 

described below. 773 

WESTERN ROCKIES SUBREGION 774 

The Western Rockies subregion occupies approximately 17 million acres across portions of Idaho and 775 

Montana, including the Idaho Panhandle, Kootenai, and Nez Perce-Clearwater National Forests and 776 

several Native American reservations (e.g., Nez Perce Indian Reservation, Coeur d’Alene Indian 777 

Reservation). Most of this subregion is extremely mountainous and heavily forested, the mountains 778 

broken by river and stream valleys and two large grassland ecosystems, Big Camas Prairie and Palouse 779 

country. The subregion also includes 1.7 million acres of wilderness lands.  780 
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The Rocky Mountains encompass a large area of Idaho and extend from the Idaho panhandle along 781 

the Wyoming border. To the west of the Rockies lie the prairie lands of Washington and Oregon, while 782 

the east is home to mountainous western Montana. A distinguishing feature of this region is the rugged 783 

mountains that extend lengthwise along the panhandle. The Bitterroot Mountains border the Idaho 784 

Panhandle along the Montana/Idaho border; the Coeur d’Alene Mountains lie in the northern portion of 785 

the panhandle from Lake Pend Oreille in the north to Lake Coeur d’Alene in the south; and south of the 786 

Coeur d’Alene Mountains are the Clearwater and Salmon River Mountains.  787 

Continental glaciers shaped the topography of this panhandle region by excavating lake basins and 788 

depositing glacial till and outwash. The bedrock found here is composed of sedimentary rocks of the Belt 789 

Supergroup, deposited 1470-1400 million years B.P. Deposition took place in a large basin where space 790 

was not a limiting factor and the sediment was able to build up vertically (ISU 2014a). Due to this 791 

deposition, the Coeur d’Alene area contains large silver, lead, and zinc deposits.  792 

The Western Rockies subregion contains numerous large rivers. Commonly referred to as the “River 793 

of No Return,” the Salmon River winds 425 miles through central Idaho and divides the northern and 794 

southern part of the state. The canyon gorge is deeper than the Grand Canyon of Colorado. It is one of the 795 

longest rivers in the state and renowned for its spawning beds for Pacific salmon species. The Clearwater 796 

River, also in Idaho, was fed by the Bitterroot Mountains and was preferred by explorers, trappers, 797 

miners, and loggers because it was easier to navigate than the turbulent Salmon River (ISU 2014b). Other 798 

rivers include the Kootenai and Pend Oreille, which flow into the Columbia River. The Clark Fork of the 799 

Columbia River feeds into Lake Pend Oreille and the Saint Maries, Saint Joe, and Coeur d’Alene Rivers 800 

flow into Lake Coeur d’Alene. Priest Lake and Hayden Lake near Pend Oreille are heavily used for 801 

recreation because of their scenic setting among forested mountains (ISU 2014b).  802 

Since Idaho is only 300 miles east from the Pacific Ocean, its climate is affected by a maritime 803 

atmospheric pattern, bringing more precipitation to northern Idaho than southern Idaho. Summers are 804 

typically hot and dry, and winters are relatively cold due to the high amount of moisture carried through 805 

the Columbia River Gorge.  806 
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The most actively managed forests in the Western Rockies are found in northern Idaho, which is 807 

characterized as a steppe-coniferous forest alpine meadow province (Schnepf and Davis 2013). A 2012 808 

Forest Service, U.S. Department of Agriculture report used Forest Inventory and Analysis data to describe 809 

various forest cover types in the subregion. The six most common forest groups include Douglas-fir 810 

(Pseudotsuga menziesii), subalpine fir (Abies lasiocarpa)/Engelmann spruce (Picea 811 

engelmannii)/mountain hemlock (Tsuga mertensiana), lodgepole pine (Pinus contorta var. latifolia), 812 

ponderosa pine (Pinus ponderosa), western hemlock (Tsuga heterophylla)/Sitka spruce (Picea sitchensis), 813 

and quaking aspen (Populus tremuloides)/paper birch (Betula papyrifera) (Sullivan et al. 1986). 814 

Commercially harvested coniferous species in this area include Douglas-fir, Engelmann spruce, grand fir 815 

(Abies grandis), lodgepole pine, ponderosa pine, subalpine fir, western hemlock, western larch (Larix 816 

occidentalis), western redcedar (Thuja plicata), and western white pine (Pinus monticola). Other species 817 

not used for wood products include whitebark pine (Pinus albicaulis), limber pine (Pinus flexilis), alpine 818 

larch (Larix lyallii), mountain hemlock, and western juniper (Juniperus occidentalis). Quaking aspen, 819 

black cottonwood (Populus nigra) and paper birch are also commonly found.  820 

The western white pine is an important tree species to this region. It grows on a variety of soil types 821 

and slopes and can regenerate across a broad range of environments. Western white pine forests usually 822 

originate from wildfires and when the species matures, it can survive fire better than nearly all of its 823 

shade-tolerant competitors. While the species can survive to 300 to 400 years old, it unfortunately is 824 

declining due to white pine blister rust.  825 

Common shrub species in the subregion include serviceberry (Amelanchier alnifolia), Redosier 826 

dogwood (Cornus sericea), oceanspray (Holodiscus discolor), Lewis mockorange (Philadelphus lewisii), 827 

huckleberries (Vaccinium membranaceum) and smooth sumac (Rhus glabra). Evergreen shrubs include 828 

Oregon-grape (Berberis aquifolium), snowbrush ceanothus (Ceanothus velutinus), and mountain lover 829 

(Paxistima myrsinites), and evergreen groundcovers include kinnikinnick (Arctostaphylos uva-ursi), and 830 

twinflower (Linnaea borealis) (Sullivan et al. 1986).  831 
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The ecologically diverse habitats in the Western Rockies subregion also support a large number of 832 

rare plant species. The warm, dry grassland areas in the western part of the subregion harbor populations 833 

of Spalding’s catchfly (Silene spaldingii), a federally threatened species, and Palouse goldenweed 834 

(Pyrrocoma liatriformis). In contrast, the much wetter forests in the Clearwater River drainage contain 835 

several narrowly endemic plants such as Constance’s bittercress (Cardamine constancei), as well as a 836 

number of disjunct species that are geographically isolated from their main ranges in the Cascade 837 

Mountains, such as Pacific dogwood (Cornus nuttallii). In the northern part of the subregion, fens 838 

(groundwater-dependent wetlands where peat has accumulated) are uncommon habitats that support 839 

peripheral populations of more northern plant species such as spoon-leaved sundew (Drosera intermedia) 840 

and small cranberry (Vaccinium oxycoccos). 841 

The Western Rockies provide habitat for over 300 animal species. Large mammal species include 842 

woodland caribou (Rangifer tarandus caribou), black bear (Ursus americanus), grizzly bear (U. arctos), 843 

whitetail deer (Odocoileus virginianus), mule deer (O. hemionus hemionus), elk (Cervus elaphus), moose 844 

(Alces alces), coyote (Canis latrans), gray wolf (Canis lupus), bobcat (Lynx rufus), cougar (Puma 845 

concolor), and wolverine (Gulo gulo). Smaller vertebrates include Coeur d’Alene salamander (Plethodon 846 

idahoensis) and pygmy shrew (Sorex hoyi).  847 

A broad range of avian taxa include bald eagle (Haliaeetus leucocephalus), golden eagle (Aquila 848 

chrysaetos), osprey (Pandion haliaetus), many species of owls, wild turkey (Meleagris gallopavo), 849 

California quail (Callipepla californica), greater sage grouse (Centrocercus urophasianus), blue jay 850 

(Cyanocitta cristata), and calliope hummingbird (Stellula calliope).  851 

Both native and nonnative fish are found in many of Western Rockies rivers and lakes, making it a 852 

popular area for angling and spawning. Fish species include native cutthroat trout (Oncorhynchus clarkii), 853 

rainbow trout (O. mykiss), and bull trout (Salvelinus confluentus), which is federally listed, and nonnative 854 

brook trout (Salvelinus fontinalis). The Kootenai River is home to the endangered white sturgeon 855 

(Acipenser transmontanus) and threatened burbot (Lota lota).  856 
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Wildfire is a dominant influence on the structure, function, and productivity of forest ecosystems in 857 

the Western Rockies. Fire frequency varies greatly depending on biogeographic conditions, with stand 858 

replacement fires occurring at 50-500 year intervals, and surface fires occurring in dry forests at 2-50 year 859 

intervals. Frequent fires keep many forests in the early stages of succession as indicated by high numbers 860 

of western larch and pine (Schnepf and Davis 2013), although fire exclusion during the past 80 years or 861 

so has reduced fire frequency in lower-elevation dry forests, resulting in dense stands and elevated 862 

accumulation of surface fuels. 863 

Mountain pine beetles (Dendroctonus ponderosae) kill large numbers of lodgepole pine, often in 864 

outbreaks of thousands of acres, and they increasingly kill whitebark pine and limber pine (Pinus flexilis) 865 

at high elevation as the climate continues to warm. Western spruce budworm (Choristoneura 866 

occidentalis) causes sporadic outbreaks in Douglas-fir and true firs (Abies), and Douglas-fir tussock moth 867 

(Orygia pseudotsugata) is a prominent defoliator of Douglas-fir.  868 

White pine blister rust (Cronartium ribicola), a nonnative fungus, causes mortality in five-needle 869 

pines (western white pine, whitebark pine, limber pine), and has greatly reduced the dominance of 870 

western white pine (Schwandt et al. 2013). Forests dominated by Douglas-fir and grand fir have increased 871 

as a result, accelerating forest succession toward shade tolerant, late-successional true firs, western 872 

hemlock and western redcedar (Bollenbacher et al. 2014). Attempts to control the spread of blister rust 873 

through removal of currant (Ribes), its alternate host, were mostly unsuccessful (Russell and Jain 2007).  874 

Various root diseases kill and reduce the vigor of Douglas-fir and grand fir (Abies grandis), especially 875 

north of the Salmon River. Parasitic dwarf mistletoes (Arceuthobium spp.) reduce the vigor of and 876 

sometimes kill several species of conifers, including western larch, Douglas-fir, ponderosa pine, and 877 

lodgepole pine (Idaho Forest Products Commission 2011).  878 

Several silvicultural treatments are used to reduce the effects of these disturbances and stressors, 879 

including thinning, mechanically mixing the soil, and prescribed burning to favor the regeneration of 880 

different species and reduce surface fuels (Graham and Jain 2005). Treatments can be targeted to modify 881 

different portions of forest stands, from the soil to the upper canopy. Harvesting larger trees can result in 882 
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the redistribution of fewer stems, create canopy openings, and encourage regeneration. Thinning to 883 

remove the mid-story of forests can result in a various species combinations. Ground-level vegetation 884 

treatments can increase the density of small trees and, creating a continuous distribution of low-stature 885 

fuels. 886 

The economic structure of the Western Rockies integrates northern Idaho, northeastern Washington, 887 

and western Montana as “the inland empire.” In the early 1950s, the timber industry was the second 888 

largest after agriculture. Large-scale lumbering operations did not occur until after Weyerhauser 889 

Corporation opened up plants near Sandpoint and Moscow in northern Idaho. Before 1900, timber was 890 

used locally for lumber and fuel wood for homes, railroads, and fence posts. After outside markets 891 

developed, operating sawmills produced various products such as 2x4 studs, plywood, wafterboard, 892 

particleboard, house logs, posts, poles, pulp and paper, wood beams, mobile homes, roof supports and 893 

much more. Although forest industry maintains a significant presence in the Western Rockies, it has 894 

declined in the past 20 years because of changing economic conditions, competition with other markets, 895 

and greatly reduced harvest on federal lands. 896 

Agriculture is a dominant industry on private lands, and continuous cultivation and livestock grazing 897 

has occurred on fertile prairie lands since the 1860s. Mining, which began in the 1880s, is another 898 

important industry in some areas, especially the Coeur d’Alene region, which leads the nation in silver 899 

production and produces other nonferrous metals such as lead and zinc. Water that originates in high 900 

mountains of the Western Rockies is an extremely important resource because of its value for agriculture, 901 

hydroelectric power, industry, and municipal consumption. Forests are increasingly recognized and 902 

managed for their capacity to produce large amounts of clean water and to reduce erosion that would 903 

degrade water quality. 904 

As extractive industries have declined in the past 30 years and affluence of human populations has 905 

increased, recreation and aesthetically based activities have increased in popularity and economic 906 

importance. Rugged topography, forests, lakes, and streams are a major attraction for primary residences, 907 

seasonal residences, and recreational travel (fig. 2.1). Hunting, fishing, hiking, mountain biking, off-road 908 
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vehicle use, and snow skiing are popular activities for local residents and visitors from throughout North 909 

America. Federal management increasingly focuses on providing opportunities for a broad range of 910 

recreational activities. 911 

The Western Rockies has large populations of the Nez Perce, Kalispel, Kootenai, and Coeur d’Alene 912 

tribes who have lived for thousands of years in the terrestrial and aquatic ecosystems, and more recently 913 

urban areas, of this subregion. Most tribes in this area had many villages and camps. They lived in teepees 914 

during the warmer months, and in large camps, mainly underground houses, during the winter. Hunting, 915 

fishing (especially for salmon), and gathering of wild foods occurred year round, and men and women 916 

typically had separate duties. Men hunted and fished, and women gathered vegetables and fruits such as 917 

chokecherry (Prunus virginiana), huckleberry (Vaccinium spp.), wild strawberry (Fragaria virginiana), 918 

and common camas (Camassia quamash). Native people in this subregion excelled at basketry, which 919 

was used for collecting nuts, storing fruits and roots, and cooking food. Federal agencies increasingly 920 

collaborate with tribal partners to ensure that tribal values (including cultural) and access to resources are 921 

considered in land management planning. 922 

CENTRAL ROCKIES SUBREGION 923 

The Central Rockies subregion occupies approximately 12 million acres across portions of western 924 

Montana and Idaho and includes the Bitterroot, Flathead, and Lolo National Forests; Glacier National 925 

Park, and Flathead Indian Reservation (fig. 1.1). The subregion contains steep mountains, rolling 926 

meadows, large rivers and lakes (fig. 2.2), and alpine ecosystems that span the Sapphire Mountains, 927 

Bitterroot Mountains, Mission Mountains, and many other ranges. It also contains the largest contiguous 928 

area of designated wilderness in the United States outside of Alaska. The northern portion of the Central 929 

Rockies is referred to as the Crown of the Continent, which includes Glacier National Park and the 930 

Flathead National Forest. 931 

The Bitterroot and Missoula Valleys located in west-central Montana experience an inland mountain 932 

climate. Air masses that develop over the Pacific Ocean release moisture in the Cascade Range and over 933 

the mountains of northern Idaho. West-central Montana occupies the rain-shadow area receiving dried-out 934 
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Pacific air and little moisture in the valley bottoms, approximately 13 inches annually (Lackschewitz 935 

1991). Humidity is high is this region, except during the summer months, and winters are cold and moist. 936 

The climate in the Flathead and Glacier region is very similar, influenced by the Pacific Maritime 937 

atmospheric pattern with warm, dry summers and wet, cold winters.  938 

Alluvial sediments filled the Bitterroot River valley during the Tertiary period, and glacial Lake 939 

Missoula drained and refilled several times as a section of a continental glacier repeatedly washed out and 940 

redeveloped. Glacial lake sediments of various depths and qualities cover the slopes, bottomlands and 941 

terraces in west-central Montana today (Lackschewitz 1991). During the Pleistocene era, low-elevation 942 

valleys were scoured by continental glaciers, while the mountains were shaped by alpine glaciers in the 943 

Flathead and Glacier region (Newlon and Burns 2009).  944 

In the Central Rockies, microclimate has a big effect on the distribution, abundance, and productivity 945 

of vegetation. For example, steep south-facing slopes with low retention of snow and soil moisture in 946 

summer are generally less productive and have different species composition than north-facing slopes. 947 

The bottoms of mountain canyons support lush vegetation due to the high level of moisture, whereas 948 

ridge tops support vegetation that requires little moisture for growth and survival. 949 

Due to the Pacific-influenced climate, forests found in the west-central region (Bitterroot and 950 

Missoula valleys) are drier than those in Idaho and northwestern Montana. Only a few species typical of 951 

the Pacific Coast are found here, such as western redcedar, western white pine, Pacific yew (Taxus 952 

brevifolia), bride’s bonnet (Clintonia uniflora), American trail plant (Adenocaulon bicolor), and threeleaf 953 

foamflower (Tiarella trifoliata). Intermountain forest species dominate the west-central Montana 954 

landscape, including western larch, subalpine larch (Larix lyallii), ponderosa pine, mock azalea 955 

(Menziesia ferruginea), Hitchcock’s smooth woodrush (Luzula hitchcockii), common beargrass 956 

(Xerophyllum tenax). Bottomland ponderosa pine and hardwood species are commonly found in moist 957 

sites, whereas different types of bunchgrass species (Agropyron, Festuca) and a mixture of ponderosa 958 

pine and bunchgrasses are found in dry sites. Douglas-fir, grand fir, and subalpine fir dominate at higher 959 

elevation (Lackschewitz 1991). Extensive stands of lodgepole pine are present at mid to upper elevations. 960 
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Much of the native vegetation in the lower Bitterroot and Missoula valleys have either been lost to pasture 961 

or urban development.  962 

In the Flathead Valley and Glacier National Park, lower elevations are dominated by Douglas-fir, 963 

ponderosa pine, grand fir, Engelmann spruce, and western redcedar. Douglas-fir, western larch and 964 

subalpine fir are common at mid elevation, and whitebark pine is found at high elevation (Newlon and 965 

Burns 2009). Black cottonwood (Populus trichocarpa) and quaking aspen are common deciduous trees 966 

found at lower elevations near Glacier National Park, often along lakes.  967 

Wildfire is a major disturbance in the Central Rockies. Fires were fairly regular at lower and middle 968 

elevations in the Bitterroot and Missoula valleys prior to 1900. Seral western larch and lodgepole pine 969 

previously dominated north-facing slopes, but fire exclusion has led to increased dominance of shade 970 

tolerant species. As a result, silvicultural and prescribed burning treatments are being used to increase the 971 

distribution and abundance of seral tree and shrub species (Lackschewitz 1991).  972 

The Central Rockies contain over 60 species of mammals, with wilderness locations having relatively 973 

intact populations. Species include gray wolf (Canis lupus), Canada lynx (Lynx canadensis), cougar, elk, 974 

mountain goat (Oreamnos americanus), bighorn sheep (Ovis canadensis), northern bog lemming 975 

(Synaptomys borealis), grizzly bear, golden-mantled ground squirrel (Callospermophilus lateralis), and 976 

pygmy shrew. Canada lynx and grizzly bear are on the threatened species list, and gray wolf, bald eagle, 977 

and peregrine falcon (Falco peregrinus) have been removed from the federally threatened and endangered 978 

species list.  979 

Hundreds of bird species are found in the Central Rockies, including killdeer (Charadrius vociferus) 980 

and spotted sandpiper (Actitis macularius) in riparian areas, song sparrows (Melospiza melodia) in 981 

grassland, willow flycatcher (Empidonax traillii) and MacGillivray’s warbler (Geothlypis tolmiei) in 982 

shrubby habitat, and bald eagle and Bullock’s oriole (Icterus bullockii) in mature forest canopy. 983 

Diverse native cold-water fish and nonnative fish are abundant in Central Rockies rivers. For 984 

example, Flathead National Forest is well known for its populations of native bull trout and westslope 985 

cutthroat trout (Oncorhynchus clarki lewisi), which are found in Flathead Lake and the Flathead River. 986 
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The Bitterroot River is home to many native fish species including bull trout, westslope cutthroat trout, 987 

northern pike minnow (Ptychocheilus oregonensis), and largescale sucker (Catostomus macrocheilus). As 988 

a result of the diversity and abundance of fish species, angling is a popular recreational activity in this 989 

area.  990 

Wildfires and insect outbreaks are disrupting ecosystems in the Central Rockies. Although wildfires 991 

play an important ecological role, with warmer spring and summer temperatures, there have been more 992 

occurrences of larger wildfires and longer wildfire seasons. These fires are becoming increasingly 993 

expensive to control as they make their way around the forested landscape but also as they enter the 994 

wildland-urban interface, the zone where housing borders forests and woodlands. Insect invasions in this 995 

subregion have also been known to damage and kill trees.  996 

Mountain pine beetle is one of the most destructive bark beetles in North America and has caused 997 

serious damage and mortality to whitebark pine in this subregion. Lodgepole pine were affected by the 998 

beetle between 1911 and 1942 in the forests of Idaho and Montana. These outbreaks originally occurred 999 

at lower elevations and moved upwards into whitebark pine habitat. This occurred in the Flathead 1000 

National Forest in the 1970s, where the mountain pine beetle invaded lodgepole pine forests first and then 1001 

moved upward into whitebark pine (Bartos and Gibson 1990). White pine blister rust has caused 1002 

extensive mortality in whitebark pine in the Central Rockies, especially in Glacier National Park and 1003 

adjacent areas, where over 70 percent of the trees are infected and 30 percent have died. 1004 

Many of the aforementioned flora and fauna were documented by Meriwether Lewis and William 1005 

Clark during their expedition in the early 1800s. The explorers travelled across the Bitterroot River and 1006 

Lolo Creek valley twice and never passed through the Flathead valley. Other early explorers to the region 1007 

included fur companies and independent trappers. Fur companies obtained fur during by trading goods for 1008 

furs with Native Americans, employing hunters and trappers, and trading furs with hunters and trappers at 1009 

trading posts (McKay 1994). Hudson’s Bay Company, had a good rapport with the Flathead, Pend 1010 

d’Oreille, and Kootenai tribes, trading products for bison provided by Native Americans.  1011 

DRAFT



Halofsky et al. Chapter 2 

 41 

In 1855, the Hellgate Treaty established the Flathead Indian Reservation for the Flathead, Pend 1012 

d’Oreille, and Kootenai tribes. As the tribes began to live on the reservation, Euro-American settlement 1013 

accelerated. Initially inhabited by quartz miners, fur trappers, and French Canadians, the upper Flathead 1014 

valley was more heavily settled after the Northern Pacific Railroad connected with Missoula in 1883.  1015 

Timber harvest was a primary extractive activity in the Central Rockies in the late 1800s. With the 1016 

passage of the 1891 Forest Reserve Act, the President had authority to create forest reserves to revise 1017 

public land laws (McKay 1994), and various protections gradually spread across federal lands. 1018 

Yellowstone was the first forest reserve established by President Harrison. In 1897, the Flathead, 1019 

Bitterroot, Lewis and Clark, and Priest River became the first four reserves in the Northern Region 1020 

established by President Cleveland. Much of the lower elevation land in the Central Rockies today has 1021 

been converted to agriculture and urban and suburban development. The major industries are agriculture, 1022 

ranching, forestry, and recreation/tourism.  1023 

EASTERN ROCKIES SUBREGION 1024 

The Eastern Rockies subregion occupies approximately 12 million acres in central, west-central, 1025 

north-central, and southwest Montana (fig. 1.1). Included in this area are the Beaverhead-Deerlodge 1026 

(eastern portion), Helena, and Lewis and Clark National Forests. These forests are mostly found on the 1027 

eastern side of the Continental Divide. The subregion extends from high mountains (often exceeding 1028 

11,000 ft) in the west to broad plains in the east, including several large wilderness areas. It contains 1029 

numerous mountain ranges—the Beaverhead, Bitterroot, Pioneer, Centennial, Bridger, Madison, 1030 

Absaroka, Beartooth, Crazy, Gallatin, Elkhorn, and Big Belt Mountains—most of which have reasonably 1031 

intact ecosystems at higher elevation. 1032 

Climate in the Eastern Rockies varies considerably, based on location relative to the Continental 1033 

Divide. The western side receives more precipitation as air masses from the west cool and release 1034 

moisture over the mountain ranges, whereas on the eastern side, the air becomes warmer and drier, often 1035 

accompanied by downslope air movement known as Chinook winds that create a more moderate than that 1036 
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of the Great Plains (Phillips 1999). In general, the eastern portion of the subregion experiences a drier 1037 

continental climate.  1038 

The Rocky Mountains were developed from intense plate tectonic movement during the Jurassic, 1039 

Cenozoic, and Laramide orogeny periods. The Laramide orogeny, which took place approximately 70-40 1040 

million years B.P., is responsible for elevating the Rocky Mountains. California, Oregon, and Washington 1041 

were added to North America during the Mesozoic Era, whereas the Rockies were added to the continent 1042 

much later (70 million years B.P.). Although mountain building usually occurs 200-400 miles inland from 1043 

the boundary of a tectonic plate (the subduction zone), the Rocky Mountains are several hundred miles 1044 

inland. In the Rockies, the oceanic plate sank beneath the continental plate at a flat angle that led to 1045 

mountain building farther inland than might be expected (USGS 2014). 1046 

Numerous rivers flow through the Eastern Rockies, including the Missouri, Blackfoot, and Smith 1047 

Rivers. The longest river in North America, the Missouri begins at the confluence of the Jefferson and 1048 

Madison Rivers near Three Forks, Montana and includes three reservoirs (Canyon Ferry, Hauser, and 1049 

Upper Holter). The Smith River is a tributary of the Missouri River and flows between the Little Belt and 1050 

Big Belt Mountains. The Blackfoot River, a snow and spring fed river, begins at the Continental Divide in 1051 

Lewis and Clark County, and is the river featured in the book A River Runs Through It by Norman 1052 

Maclean. These rivers are known for their blue-ribbon trout fishery status, scenic floats, and other water-1053 

based recreational activities.  1054 

Vegetation in the Eastern Rockies varies primarily as a function of elevation and aspect. Lower 1055 

elevations are dominated by grassland and sagebrush steppe that include needle-and-thread grass 1056 

(Hesperostipa comata), Idaho fescue (Festuca idahoensis), sagebrush (Artemisia spp.), rabbitbrush 1057 

(Chrysothamnus spp.), milkvetch (Astragalus spp.) and wildflowers such as lupine (Lupinus) and 1058 

balsamroot (Balsamorhiza spp.). Fremont’s cottonwood (Populus fremontii), yellow willow (Salix lutea), 1059 

coyote willow (S. exigua), woods rose (Rosa woodsii), and golden currant (Ribes aureum) are commonly 1060 

found along rivers and streams. Dominant species in foothills and woodlands include limber pine (Pinus 1061 

flexilis), Rocky Mountain juniper (Juniperus scopulorum), Douglas-fir, and ponderosa pine trees. 1062 
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Understory species include antelope bitterbrush (Purshia tridentata), mountain-mahogany (Cercocarpus), 1063 

and skunkbrush sumac (Rhus aromatica var. simplicifolia). Douglas-fir and ponderosa pine dominate 1064 

upper montane slopes, and lodgepole pine and Engelmann spruce common at high elevation (Phillips 1065 

1999).  1066 

Common wildlife species in the eastern Rockies include mountain goat, bighorn sheep, elk, cougar, 1067 

Canada lynx, wolverine and black bear. Hunters from around the world have and continue to purchase 1068 

tags to hunt in this subregion for many of the aforementioned big game species. Also common are bald 1069 

eagle, greater sage grouse, peregrine falcon, and red-tailed hawk (Buteo jamaicensis). Fly fishing 1070 

opportunities are plentiful due to abundant populations of westslope cutthroat trout, rainbow trout, brook 1071 

trout, and northern pike (Esox lucius). There are a few populations of grizzly bear and gray wolf in the 1072 

region, but these species are concentrated in the western section of the eastern Rockies, particularly in 1073 

wilderness areas.  1074 

Forests in the Eastern Rockies have been subject to widespread drought, wildfire, and insect 1075 

outbreaks over the past 20 years (Montana DEQ 2013). Several large wildfires have burned with 1076 

uncharacteristic intensity because the absence of fire for several decades has resulted in elevated 1077 

accumulation of fuels. Mountain pine beetle has caused extensive mortality of lodgepole pine and some 1078 

ponderosa pine, the concurrence of older, non-vigorous stands being susceptible to elevated beetle 1079 

populations caused by warmer temperature. Western spruce budworm has caused mortality and stunted 1080 

growth in Engelmann spruce and Douglas-fir in some areas.  1081 

The travels of Meriwether Lewis and William Clark through the Eastern Rockies have created a 1082 

prominent historical legacy (fig. 2.3). Their expedition began in 1804 near St. Louis, and in the spring of 1083 

1805, they traveled to Three Forks, Montana via the Jefferson River. On this route, the explorers 1084 

interacted with Shoshone Indians, and after passing over the Bitterroot Mountains, they made their way 1085 

down to Fort Clatsop on the Oregon side of the Columbia River (Perry 2010). The Lewis and Clark 1086 

National Forest and other place names commemorate the expedition. 1087 
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Thousands of years before Euro-Americans arrived, the Blackfoot, Sioux, Cheyenne, Flathead and 1088 

Crow Indians used the area as hunting grounds and a place to winter. Prior to 1806, the Blackfoot had 1089 

exchanged wolf and beaver pelts with Canadian and English settlers for guns and ammunition. The 1090 

livelihoods and cultures of these tribes were highly dependent on hunting the American bison (Bison 1091 

bison), which provided food, shelter, and clothing. After horses were introduced to the region in the mid 1092 

1700s, hunters had much greater mobility to pursue bison, and horses themselves became part of 1093 

livelihood, commerce, and culture. The decimation of bison herds by Euro-Americans in the mid 1800s 1094 

contributed to a rapid decline in Native American populations. 1095 

In the mid 1800s, mining for gold and other precious minerals was a common activity along the 1096 

Continental Divide, particularly near the town of Helena, which was founded in 1864 and had the second 1097 

largest placer gold deposit in Montana. Within four years, Last Chance Gulch (the original name for 1098 

Helena) produced $19 million of gold. Since the city was adjacent to major transportation routes, the 1099 

mining town was able to persist through the gold rush (History 2009).  1100 

Agriculture is the largest industry in Montana, and Beaverhead County is the leading cattle and calves 1101 

producer in the state, followed by Gallatin County, Jefferson County and Madison County (Ranch and 1102 

Recreational Group 2011). In the past several years, ranchland has been increasingly at risk to subdivision 1103 

development. The wave of development in this region has transformed the forests and grasslands 1104 

landscape into one of towns, farms, and increasingly fragmented forested areas. Several organizations 1105 

such as The Nature Conservancy are working with private landowners to add conservation easements on 1106 

their lands to limit subdivisions from fragmenting wildlife landscapes and affecting ranching operations. 1107 

The Forest Service often coordinates with the Bureau of Land Management and Montana Department of 1108 

Fish, Wildlife and Parks on natural resource issues related to landscape connectivity and restoration.  1109 

GREATER YELLOWSTONE AREA SUBREGION 1110 

The Greater Yellowstone Area (GYA) subregion occupies approximately 23 million acres, extending 1111 

across portions of Wyoming, Montana and Idaho. It includes both the country’s first national park 1112 

(Yellowstone) and first national forest (Shoshone), in addition to Grand Teton National Park and portions 1113 
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of Bridger-Teton, Caribou-Targhee, Gallatin, Custer and Beverhead-Deerlodge National Forests. One of 1114 

the defining features of the subregion is a group of 24 conterminous mountain ranges that wrap around 1115 

the Yellowstone Plateau (Morgan 2007).  1116 

The Yellowstone “hotspot” and associated geological activity have shaped the geography, 1117 

topography, climate, soils, and biota of the GYA. The hotspot is a thermal disturbance fixed in the Earth’s 1118 

mantle below the North American continental plate, moving to the northeast at the rate of one inch per 1119 

year (Morgan 2007). This volcanic hotspot is responsible for eruptions that have left calderas in Oregon, 1120 

Nevada, and Idaho and for creating the eastern Snake River plain. Volcanism formed the Yellowstone 1121 

rhyolite plateau, and faulting formed sediment-filled basins and steep mountains such as the Teton 1122 

Range/Jackson Hole and Madison Range/Madison Valley. Uplift contributed to the high altitude of the 1123 

GYA and associated deep valleys (Morgan 2007). The heat of eruptions that created calderas originated in 1124 

the Earth’s mantle, providing the source of heat for hot springs and geysers, one of the primary reasons 1125 

that Yellowstone National Park was established; more geysers are found here than anywhere else in the 1126 

world (USDI NPS 2015).  1127 

The GYA is the source of three major river systems—the Missouri/Mississippi, Snake/Columbia, and 1128 

Green/Colorado. The Missouri River begins in the northwest corner of the GYA and merges into the 1129 

Mississippi River, the Snake River begins in the southeast corner of the GYA and merges into the 1130 

Columbia River, and the Green River is the main tributary of the Colorado River. Anglers are drawn to 1131 

these river systems for their blue-ribbon fishing streams.  1132 

The GYA is one of the largest relatively intact and functional natural ecosystems in the temperate 1133 

zone (Keiter and Boyce 1991). Abiotic factors such as topography and soils strongly influence vegetation 1134 

composition and structure of the area. Differences in elevation strongly influence local climate, with 1135 

valley bottoms experiencing substantially higher annual temperatures than higher elevations. Soils are 1136 

deeper in valley bottoms than on the Yellowstone Plateau, which is more affected by nutrient-poor soils 1137 

derived from the Yellowstone Caldera (Hansen et al. 1999). Valley bottoms are generally occupied by 1138 

lodgepole pine (USDI NPS 2013), lower slopes and richer soils (on basaltic or andesitic volcanic rocks, 1139 
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sedimentary rocks, and Precambrian crystalline rocks) support Engelmann spruce, subalpine fir, and 1140 

Douglas-fir (Morgan 2007), and the highest elevations are dominated by whitebark pine (USDI NPS 1141 

2012). Quaking aspen, willows, and cottonwoods are also found on richer soils, such as valley toe slopes 1142 

and bottoms.  1143 

In lodgepole pine forests, elk sedge (Carex geyeri) and grouse whortleberry (Vaccinium scoparium) 1144 

are dominant understory plants, whereas understories of Douglas-fir forests are dominated by pinegrass 1145 

(Calamagrostis rubescens). Utah honeysuckle (Lonicera utahensis), snowberry (Symphoricarpos albus), 1146 

and buffaloberry (Shepherdia canadensis) are dominant understory species around the edge of the 1147 

northern range of the GYA. Mountain big sagebrush (Artemisia tridentata var. vaseyana) and Idaho 1148 

fescue dominate lower elevation grassland and meadows (NPS 2012).  1149 

The GYA appears to have retained most of its historical complement of vertebrate wildlife species 1150 

(NPS 2013). The largest elk (Cervus elaphus) and bison (Bison bison) herds in North America and the 1151 

United States, respectively, are found in the area. The northern range—the grassland in the northern part 1152 

of Yellowstone National Park—sustains large populations of these animals. This ecosystem supports 1153 

other charismatic megafauna such as grizzly bear (fig. 2.4), moose, white-tailed deer (Odocoileus 1154 

virginianus), gray wolf, and coyote; distinctive avifauna such as trumpeter swan (Cygnus columbianus) 1155 

and bald eagle; several hundred species of other small mammals and birds; and thousands of species of 1156 

insects and other invertebrates (Keiter and Boyce 1991). This rich diversity of fauna allows for intact 1157 

predator-prey interactions and other aspects of trophic dynamics.  1158 

Of the many fish species found in the GYA, westslope cutthroat trout and Yellowstone cutthroat trout 1159 

(Oncorhynchus clarkii bouvieri) are keystone species preyed upon by many wildlife species, including 1160 

grizzly bears (Ursus arctos). Cutthroat trout are currently at risk from hybridization and competition with 1161 

nonnative lake trout (Salvelinus namaycush) (USDI NPS 2012). Apart from fishing pressure, water 1162 

resources will become increasingly important if the population of the 21 counties in the GYA continues 1163 

increase.  1164 
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Climate, soil and plant productivity are some of the many factors that influence where organisms are 1165 

found. For example, many bird species are predominantly found at lower elevations, because primary 1166 

productivity is highest there and climate is moderate (Hansen et al. 1999). In the GYA, plant assemblages 1167 

dominated by lodgepole pine, cottonwood, quaking aspen, and willow have high bird abundance and 1168 

diversity.  1169 

The topography of the GYA has influenced human use of the region for more than 10,000 years. 1170 

Native Americans entered the Greater Yellowstone region soon after they entered North America 13,500-1171 

12,800 years B.P. For their survival, hunter-gatherer groups would forage for seeds, fruit, and animals at 1172 

lower elevations and follow the maturation of plants and migration of animals into mountainous areas. 1173 

Around 1872, Native Americans were moved to a reservation in central Wyoming. Soon after, roads were 1174 

developed for gold camps in Montana. During the development of roads, Native Americans tried to 1175 

protect their hunting grounds by constructing forts. Pioneering ranchers eventually settled into the lower 1176 

valleys of the region. It was the construction of the railroad from Livingston, Montana to Yellowstone 1177 

National Park that brought increasing numbers of tourists to the area (Morgan 2007).  1178 

Current land allocations and land use in the GYA indicate that human activities are prevalent at low 1179 

elevations, similar to the abundance of native species. From the Yellowstone Plateau to the Gallatin 1180 

Valley, land use transitions from timber management, grazing, and agriculture to rural and urban 1181 

residences. Development in urban areas such as Bozeman has increased in the past several years where 1182 

the majority of the population is concentrated along the foothills, near streams or transportation routes 1183 

(Hansen et al. 1999). 1184 

The GYA has faced many land-use changes and disturbances, both natural and human caused. 1185 

Wildfire has had an enormous impact, especially the fires of 1988, which burned over 1.2 million acres. 1186 

These fires helped change how scientists, resource managers, and the general public think about the role 1187 

of large fires in the fire ecology of Western forests. Mountain pine beetles have killed thousands of acres 1188 

of lodgepole pine in the GYA, although the outbreaks have not been as extensive as in other areas of 1189 

North America. 1190 
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One of the most controversial issues in the region to date involves the restoration of wolves to the 1191 

area. Many scientists consider the reintroduction of wolves to be successful in restoring ecological 1192 

completeness in the GYA (USDI NPS 2013). However, others consider it to be a disruption to existing 1193 

conditions and local resources, including big game species such as elk, and livestock in adjacent private 1194 

and public lands. As of September 2014, the western gray wolves have been removed from the 1195 

endangered species list and listed as a nonessential experimental population for the state of Wyoming.  1196 

The Yellowstone grizzly bear population is also of importance to this subregion (fig. 2.4). The U.S. 1197 

Fish and Wildlife Service listed the grizzly bears as a threatened species in 1975 as the species range was 1198 

reduced to two percent of its former range. To help the population recover, federal and state agencies 1199 

implemented many actions such as placing a stop on grizzly hunting seasons, and establishing a 1200 

Yellowstone grizzly bear recovery area, and two interagency teams – Interagency Grizzly bear Study 1201 

Team and Interagency Grizzly Bear Committee – to coordinate management and increase 1202 

communication. While the population has recovered to some extent, the species is back on the threatened 1203 

species list today. Managers and scientists continue to monitor the population and strive to maintain a 1204 

viable population (USDI NPS 2015).  1205 

The GYA attracts visitors from all over the world to tour the national parks and participate in 1206 

recreational activities such as fishing, hunting, skiing, and hiking. The economy of the area is therefore 1207 

driven by the character and quality of the natural and social environment, which draws visitors and 1208 

permanent residents to the area. Communities such as Gardiner and West Yellowstone depend on 1209 

Yellowstone National Park for economic activity, whereas communities such as Bozeman, Livingston, 1210 

and Cody are less dependent on the park and have more diverse economies (Graff 2005).  1211 

GRASSLAND SUBREGION 1212 

The Grassland subregion occupies 119 million acres, extending across portions of Montana, 1213 

Wyoming, North Dakota and South Dakota. The area includes portions of Custer National Forest, all of 1214 

the Dakota Prairie National Grassland and several Indian reservations including the Crown Indian, Fort 1215 

Peck, Standing Rock, Blackfoot, Cheyenne River and Spirit Lake.  1216 
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The Wisconsinan glacier shaped the rolling and flat plains of North Dakota at the end of the last 1217 

glacial period, approximately 12,000 years B.P. The southwestern corner of North Dakota was untouched 1218 

by the glacier, which in turn led to the formation of the Little Missouri Badlands. Although this Ice Age 1219 

glacier did not help shape the badlands, a previous glacier did. The Little Missouri River flowed 1220 

northward up until 600,000 years B.P. until a glacier blocked its path and diverted its flow east (Herman 1221 

and Johnson 2008a), creating a cycle of erosion and downcutting which led to the development of 1222 

badlands.  1223 

Sedimentary layers found here are mainly continental sediments deposited by rivers and streams. 1224 

Siltstone, claystone, sandstone, and lignite coal are common sediments in this environment (Bluemle 1225 

1996). Clinkers (or scoria), rocks produced by burning coal beds, are also commonly found in the 1226 

badlands. They are mostly reddish in color but also include shades of pink to black. The landforms found 1227 

in the Badlands—hills, valleys, cliffs, buttes—are a result of the differential hardness of minerals and 1228 

their resistance to erosion (Bluemle 1996). As Theodore Roosevelt remarked, “The Badlands grade all the 1229 

way from those that are almost rolling in character to those that are so fantastically broken in form and so 1230 

bizarre in color as to seem hardly properly to belong to this earth.” 1231 

The rugged badlands were carved from rocks from the Late Cretaceous through the Eocene period. 1232 

Cretaceous and Tertiary sedimentary formations mark the period when dinosaurs became extinct. The 1233 

Hell Creek formation, located in the southern portion of the Little Missouri Badlands, has remnants of the 1234 

last species of dinosaurs that existed on Earth, the most common of which was Triceratops spp. (Bluemle 1235 

1996). Along with dinosaur remains, other common fossils found in the area include those of fish, turtles, 1236 

alligators, birds, and small mammals. Fossils of broad-leafed trees, cycads, palms, and ground ferns are 1237 

also present, indicating the presence of a subtropical coastal plain environment during the Cretaceous 1238 

period. Petrified wood is commonly found in the Badlands and is thought to be the remains mostly of 1239 

dawn redwood (Metasequoia glyptostroboides) (Bluemle 1996). 1240 

The Missouri, Red, and Souris (or Mouse) Rivers are the three major river systems in the Dakota 1241 

Prairie portion of the Grassland subregion. The Missouri River is the largest and longest in the state of 1242 
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North Dakota. The Red River borders North Dakota and Minnesota, and the Souris River begins in 1243 

eastern Saskatchewan, Canada and flows into North Dakota, after which it loops back into Canada. The 1244 

Tongue and Powder Rivers are the major river systems that flow into the Yellowstone River in the 1245 

southern portion of the Grassland subregion.  1246 

The subregion is characterized by three very different ecosystem types, badlands, prairie, and 1247 

ponderosa pine forest. The pine forests are found in “islands of green in a sea or rolling prairie.” Most of 1248 

the ponderosa pine forest in the Custer and Sioux National Forest burned in the last decade. Located 1249 

mostly along the Little Missouri River, the badlands are a collection of rugged landscapes as described 1250 

above. Sioux Indians, a group that lived in the region before Euro-American settlement, called the 1251 

badlands “makosika” (land bad), and the French explorers called it “les mauvais terrers a traverser” which 1252 

means bad lands to travel across (Bluemle 1996).  1253 

Most of the vegetation found in the badlands is native and consists of grasses, forbs, trees and shrubs. 1254 

Shortgrasses are dominant because average precipitation is only 10-12 inches annually. Common 1255 

bunchgrasses include little bluestem (Schizachyrium scoparium), blue grama (Bouteloua gracilis), and 1256 

needle and thread (Hesperostipa comata). In areas where precipitation reaches close to 15 inches, western 1257 

wheatgrass (Pascopyrum smithii) is fairly common. Open areas that can retain moisture throughout the 1258 

year can support trees and shrubs. Deciduous trees include eastern cottonwood (Populus deltoides), green 1259 

ash (Fraxinus pennsylvanica), boxelder (Acer negundo) and American elm (Ulmus americana), and 1260 

ponderosa pine and Rocky Mountain juniper (Juniperus scopulorum) are common in some locations. 1261 

Drainages dominated by trees also provide habitat for shrubs such as western serviceberry (Amelanchier 1262 

alnifolia), chokecherry (Prunus virginiana), currant species, and American plum (P. americana). Shrubs 1263 

found in drier locations include sagebrush, winterfat (Krascheninnikovia lanata), rabbitbrush, and 1264 

buckbrush (Ceanothus cuneatus). Prairie wildflowers include gumbo lily (Mentzelia decapetala), scarlet 1265 

globemallow (Sphaeralcea coccinea), soapweed yucca (Yucca glauca), and brittle pricklypear cactus 1266 

(Opuntia fragilis) (Herman and Johnson 2008a).  1267 
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The badlands landscape provides wildlife habitat in native prairie, sagebrush, woody draws, shrubby 1268 

areas, and buttes. Large animals include bighorn sheep, pronghorn (Antilocapra americana), elk, white-1269 

tailed deer, and mule deer. When Lewis and Clark passed through North Dakota in 1804, the most 1270 

abundant animal they encountered was bison followed by pronghorn. Populations of wildlife considered 1271 

food and game species were greatly reduced after Euro-American settlement. Other mammals found in 1272 

the Grassland include black-tailed prairie dog (Cynomys ludovicianus), cougar, porcupine (Erethizon 1273 

dorsatum), cottontail rabbit (Lepus sylvaticus), and bobcat. Common reptiles include prairie rattlesnake 1274 

(Crotalus viridis), bullsnake (Pituophis catenifer), and sagebrush lizard (Sceloporus graciosus), and 1275 

common amphibians include Woodhouse’s toad (Anaxyrus woodhousii), Great Plains toad (A. cognatus), 1276 

and plains spadefoot toad (Spea bombifrons) (Herman and Johnson 2008).  1277 

The badlands support a diversity of bird species such as long-billed curlew (Numenius americanus), 1278 

yellow-breasted chat (Icteria virens), mountain bluebird (Sialia currucoides), rock wren (Salpinctes 1279 

cabanis), western kingbird (Tyrannus verticalis), eastern kingbird (T. tyrannus), black-billed magpie 1280 

(Pica hudsonia), prairie falcon (Falco mexicanus), and burrowing owl (Athene cunicularia). Greater sage 1281 

grouse are found in southwestern North Dakota and depend on declining sagebrush habitat, and sharp-1282 

tailed grouse (Tympanuchus phasianellus) are found in similar sagebrush and prairie habitat (Herman and 1283 

Johnson 2008a). 1284 

The native prairie component of the Grassland subregion is dominated by grasses and forbs (fig. 2.5) 1285 

that tolerate low precipitation, strong winds, cold winters and hot summers, frequent fire, and herbivory. 1286 

Native grasses have deep and extensive connected root systems that allow them to persist under stressful 1287 

conditions (Herman and Johnson 2008b). Native prairie is divided into three tallgrass, mixed grass, and 1288 

shortgrass. Tallgrass prairie, which dominates eastern North Dakota, requires the most moisture, and 1289 

shortgrass prairie requires the least. 1290 

The largest remaining tallgrass prairie is in the Red River Valley, dominated by big bluestem 1291 

(Andropogon gerardii), switchgrass (Panicum virgatum), Indian grass (Sorghastrum), and prairie 1292 

dropseed (Sporobolus heterolepis) (NDGF 2012). Humus, which develops as grasses and forbs 1293 
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decompose, helps retain soil moisture. This fertile soil led to the near extinction of the tallgrass prairie as 1294 

farmers cultivated the land for wheat and other crops. The Sheyenne National Grassland contains most of 1295 

the remaining tallgrass prairie in North Dakota today. Cedar River National Grassland, which connects 1296 

with Grand River National Grassland in South Dakota, contains both tallgrass and shortgrass species. 1297 

Warm and cool season grasses dominate this area, such as prairie junegrass (Koeleria macrantha), crested 1298 

wheatgrass (Agropyron cristatum), green needlegrass (Nassella viridula), needle and thread, blue grama, 1299 

little bluestem, and needleaf sedge (Carex duriuscula). Dominant forbs include eastern pasque flower 1300 

(Anemone patens), western wall-flower (Erysimum asperum), prairie smoke (Geum triflorum), 1301 

blacksamson (Echinacea angustifolia) and common yarrow (Achillea millefolium) (Herman and Johnson 1302 

2008b).  1303 

Shortgrass prairie, found in the higher elevation region of the Missouri slope of North Dakota, is 1304 

dominated by warm season species that require little rainfall, including spikemoss (Selaginella), blue 1305 

grama, needleaf sedge, threadleaf sedge (Carex filifolia), buffalo grass (Urochloa mutica), and needle and 1306 

thread. These grasses are 3-7 inches tall. The Little Missouri National Grassland contains both mixed and 1307 

shortgrass prairie. Common prairie forbs include wild prairie rose (Rosa arkansana), blacksamson, showy 1308 

milkweed (Asclepias speciosa), soapweed yucca, gumbo lily, and tenpetal blazingstar (Mentzelia 1309 

decapetala) (Herman and Johnson 2008b). 1310 

American bison was formerly the iconic “ruler of the prairies,” and Native Americans depended on 1311 

bison for their livelihood. However, Euro-American settlement and hunting nearly drove the bison to 1312 

extinction. Other mammals found in prairie habitat of the Grassland subregion include elk, red fox 1313 

(Vulpes vulpes), coyote, American badger (Taxidea taxus), several species of ground squirrel 1314 

(Spermophilus spp.) and pocket gopher (Thomomys spp.), white-tailed jackrabbit (Lepus townsendii), 1315 

eastern cottontail (Sylvilagus floridanus), and meadow vole (Microtus pennsylvanicus) (Herman and 1316 

Johnson 2008b). 1317 

Reptiles found in the prairie include garter snakes (Thamnophis spp.), smooth green snake 1318 

(Opheodrys vernalis), and western hognose snake (Heterodon nasicus). Bird species include greater 1319 
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prairie chicken (Tympanuchus cupido) in the tallgrass prairie, sharp-tailed grouse, greater sage grouse, 1320 

upland sandpiper (Bartramia longicauda), nonnative ring-necked pheasant (Phasianus colchicus), and 1321 

many songbird species (Herman and Johnson 2008b).  1322 

The Grassland subregion is home to over 100 species of fish, including northern pike, walleye 1323 

(Sander vitreus), and sauger (Sander canadensis). Walleye inhabit large reservoirs such as Lake 1324 

Sakakawea and Lake Oahe, while sauger are mostly found in the Missouri River (Herman and Johnson 1325 

2008c). In addition, this subregion contains a variety of endemic prairie fish assemblages, including 1326 

sensitive species like northern redbelly dace (Phoxinus eos), a sensitive species, and associated native 1327 

macroinvertebrates like fatmucket mussels (Lampsilis siliquoidea). 1328 

The Sioux, Assiniboine, Cheyenne, Mandan, Hidatsa, and Arikara were the first inhabitants of the 1329 

land. In 1910, approximately 6,000 Native Americans lived in North Dakota. That number increased to 1330 

over 25,000 in 1970 and over 30,000 today. Today, there are five federally recognized tribes in North 1331 

Dakota: Fort Berthold, Lake Traverse Indian Reservation, Standing Rock Indian Reservation, Spirit Lake 1332 

Reservation, and Turtle Mountain Reservation.  1333 

With the majority of the Grassland subregion located on fertile soil, agriculture drives the economy. 1334 

Wheat, flaxseed, canola, peas, lentils, and oats are some of the many products grown here, especially in 1335 

the Red River Valley (also known as “Breadbasket of the World”). Livestock production occurs on the 1336 

less suitable lands and includes beef, dairy cattle, and hogs. North Dakota is currently in a boom phase of 1337 

oil production, focused on the Bakken and Three Forks formations, making it the second largest oil-1338 

producing state. Petroleum refining and food processing are also major industries. 1339 

The declining sage-grouse population is of extreme concern to western states and is now a candidate 1340 

species for listing under the Endangered Species Act. Over half of the greater sage-grouse habitat has 1341 

been lost resulting in sage-grouse population numbers of 200,000 to 500,000. The Bureau of Land 1342 

Management, U.S. Forest Service, U.S. Fish and Wildlife Service and the Natural Resources 1343 

Conservation Service are working together to conserve the western sagebrush habitat. Several 1344 

Environmental Impact Statements have been developed by these agencies to incorporate sage-grouse 1345 
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conservation measures into land use plans (USDI BLM 2015). While agencies continue to monitor and 1346 

evaluate the western landscape, a final decision on the species listing is forthcoming.  1347 

Many organizations such as the U.S. Forest Service, U.S. Fish and Wildlife Service, The Nature 1348 

Conservancy, North Dakota Game and Fish Department, and Ducks Unlimited are working to protect 1349 

existing grasslands and aquatic habitat. Although most of the land is under private ownership, many land 1350 

owners have converted cropland to grassland under the Conservation Reserve Program, in which the 1351 

federal government pays farmers to plant grass on less fertile lands. In many cases, reserve lands produce 1352 

higher populations of white-tailed deer, ducks, ring-necked pheasant, and many non-game species. 1353 

Unfortunately West Nile virus, oil and gas development, and conversion of sagebrush land to cropland 1354 

have reduced greater sage-grouse range habitat and populations (USFWS 2014).  1355 
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Chapter 3: Historical and Projected Climate in ihe Northern Rockies 1496 

Adaptation Partnership Region 1497 

Linda A. Joyce, Marian Talbert, Darrin Sharp, Jeffrey Morisette, and John Stevenson 1498 

 1499 

INTRODUCTION 1500 

Climate influences the ecosystem services we obtain from forest and rangelands. Climate is described 1501 

by the long-term characteristics of precipitation, temperature, wind, snowfall, and other measures of 1502 

weather that occur over a long period in a particular place. Day to day implementation of resource 1503 

management practices are made in response to weather conditions; resource management strategies and 1504 

plans are developed using our understanding of climate, the long-term average conditions. With the need 1505 

to consider climate change in planning and management, an understanding of how climate may change in 1506 

the future in a resource management planning area is valuable. In this chapter, we present the current 1507 

understanding of the future changes in climate for the Northern Rockies Adaptation Partnership Region 1508 

(NRAP). 1509 

CLIMATE MODEL PROJECTIONS: CMIP3 AND CMIP5 1510 

Global climate models have been used to understand the nature of global climate, how the atmosphere 1511 

interacts with the ocean and the land surface. Scientist can use these models to pose questions about how 1512 

changes in the atmospheric chemistry would affect global temperature and precipitation patterns. Given a 1513 

set of plausible greenhouse gas scenarios, these models can be used to project potential future climate. 1514 

These projections can be helpful in understanding how the environmental conditions of plants and 1515 

animals might change in the future; how runoff and seasonal flows might vary with precipitation and 1516 

timing of snowmelt, how wildfire, insects and disease outbreaks might be affected by changes in climate, 1517 

and how humans might respond in their use of the outdoors and natural resources.  1518 

The Coupled Model Intercomparison Project (CMIP) began in 1995 to coordinate a common set of 1519 

experiments for evaluating changes to past and future global climate (Meehl et al. 2007). This approach 1520 
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allows comparison of results from different global climate models around the world and improves our 1521 

understanding of the “range” of possible climate change. The third CMIP modeling experiments, or 1522 

CMIP3, were used in the International Panel on Climate Change (IPCC) Fourth Assessment Report 1523 

(Solomon et al. 2007), whereas CMIP5, the latest experiments, were used in the IPCC Fifth Assessment 1524 

Report (Stocker et al. 2013).  1525 

A key difference between CMIP3 and CMIP5 is the set of emissions scenarios that drive, or force, the 1526 

simulations of future climate (fig. 3.1, taken from Walsh et al. 2014). The CMIP3 simulations of the 21st 1527 

century were forced with emission scenarios from the Special Report on Emissions Scenarios (SRES) 1528 

(Nakićenović et al. 2000). The CMIP3 scenarios represent futures with different combinations of global 1529 

population growth and policies related to alternative energy and conventional fossil fuel sources 1530 

(Solomon et al. 2007). The CMIP5 simulations of the 21st century are driven by representative 1531 

concentration pathways (RCP) scenarios (van Vuuren et al. 2011). The RCPs do not define emissions, but 1532 

instead define concentrations of greenhouse gases and other agents influencing the climate system. RCPs 1533 

present the range of current estimates regarding the evolution of radiative forcing, the total amount of 1534 

extra energy entering the climate system throughout the 21st century and beyond. Projections made with 1535 

RCP 2.6 show a total radiative forcing increase of 2.2 Wyd-2 (Watts per square yard) by 2100; projected 1536 

increased radiative forcing through the scenarios of RCP 4.5, RCP 6.0 and RCP 8.5 indicate increases of 1537 

4.5, 6.0, and 8.5 Watts per square meter, respectively (3.75, 5.0, and 7.1 Wyd-2, respectively). Unlike the 1538 

SRES scenarios used in CMIP3, the RCPs in CMIP5 do not assume any particular climate policy actions. 1539 

Rather, policy analysts and social scientists are free to develop mitigation scenarios that lead to one of the 1540 

RCPs. Comparisons between CMIP3 and CMIP5 model results for the states of Oregon and Washington 1541 

are described in box 3.1. 1542 

CLIMATE OF THE NORTHERN ROCKIES ADAPTATION PARTNERSHIP REGION 1543 

Historical Climate 1544 

For historical data, we drew from and contrasted three common gridded historic datasets; Parameter-1545 

elevation Regressions on Independent Slopes Model (PRISM) (PRISM 2014), Maurer (Maurer et al. 1546 
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2002), and TopoWx (Oyler et al. 2014). These three gridded historic products are knowledge-based 1547 

systems that use point measurements of precipitation, temperature, and other climatic factors to produce 1548 

continuous, digital grid estimates of monthly, yearly, and event-based climatic parameters. Due to 1549 

differences in the station data used by these gridded products as well as the models and assumptions used 1550 

to interpolate to a grid, these climate models do not always agree on the historic climate or trend for a 1551 

region. This is especially true in the western mountains where PRISM has been shown to have an 1552 

artificial amplification in warming trend (Oyler et al. 2015). For this reason we chose to contrast all 1553 

models rather than the trend and values produced by a single model.   1554 

Projected Climate 1555 

For an overview of projected climate in the NRAP region, we use downscaled CMIP5 projections 1556 

based on RCP 4.5 and RCP 8.5 scenarios (fig. 3.2). Output from global climate models is at a scale too 1557 

coarse to represent climate dynamics in subregions and management areas relevant for the NRAP. Many 1558 

methods have been developed to bring climate projection information down to a scale that can be helpful 1559 

to resource managers. We drew on climate projections that had been downscaled using the bias-correction 1560 

and spatial disaggregation (BCSD) method (Maurer et al. 2007). We obtained the downscaled projection 1561 

data from the Downscaled CMIP3 and CMIP5 Climate and Hydrology Projections archive at: http://gdo-1562 

dcp.ucllnl.org/downscaled_cmip_projections. We use projections from 36 climate models for RCP 4.5 1563 

and 34 climate models for RCP 8.5 (table 3.1). The variables available for each BCSD climate projection 1564 

include monthly precipitation and monthly surface air temperature for the 1950-2099 period. Spatial 1565 

resolution of the data is 1/8-degree latitude-longitude (~7.5 mi by 7.5 mi) and covers the entire NRAP 1566 

region. We use a base period of 1970-2009 for the historical climate, and compare projections for two 1567 

periods (2030-2059, 2070-2099) with this historical climate. These time periods were selected in an 1568 

attempt to summarize climate that has influenced the current conditions (base period) and two future 1569 

periods that will be relevant to long-term management action (such as road construction, hydrological 1570 

infrastructure, or vegetation planting).  1571 
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The currently cooler climates associated with the Rocky Mountains are evident as are the warmer 1572 

parts of eastern Montana and South Dakota (fig. 3.2). All areas warmed under both projections, with a 1573 

greater warming in RCP 8.5. Average annual precipitation ranges from less than 6 inches to just over 85 1574 

inches with the wetter areas occurring in the northern parts of the mountains in Montana (fig. 3.3). See 1575 

box 3.2 for key messages associated with these NRAP region maps.  1576 

COMPARISONS OF CMIP5 PROJECTIONS WITH THE CMIP3 PROJECTIONS USED IN 1577 

THE RESOURCE CHAPTERS 1578 

The CMIP3 projections have been widely used in assessments, such as the National Climate 1579 

Assessment (Walsh et al. 2014), and the Forest Service, U.S. Department of Agriculture Resource 1580 

Planning Act Assessment (USDA Forest Service 2012). Since many of the resource chapters in this report 1581 

use published literature using the CMIP3 projections developed by Littell et al. (2011), figure 3.4 1582 

compares the CMIP5 results used in this overview with CMIP3 projections of Littell et al. (2011) for use 1583 

in natural resource assessments. There are many ways to compare projections; one such comparison 1584 

involves comparing the change in temperature with the change in precipitation over a common period. 1585 

The downscaled projections from Littell et al. (2011) did not cover the entire NRAP region (they cover 1586 

the western area but stop at the continential divide). However, because we are interested in comparing the 1587 

differences in temperature and precipitation between the CMIP3 and CMIP5 models for the entire region, 1588 

we estimated the change in temperature and precipitation using global results for the models Littell et al. 1589 

(2011) used - 10 CMIP3 model projections using the A1B scenario. We obtained these 1-degree global 1590 

model projections for the entire NRAP region (Littell, written communication). Using these data we 1591 

estimate the change in temperature and percent change in precipitation between a future period (2040-1592 

2060) and a historical period (1979-2009) for the models that Littell et al. (2011) used and the CMIP5 1593 

models that we are using in this study. In fig 3.4, the projected change in mean annual temperature is 1594 

shown on the horizontal axis, and the percent change in precipitation is shown on the vertical axis. 1595 

Change is described as the difference in temperature (future mean annual value minus historical mean 1596 
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annual value) and percent change in precipitation (100*[future mean annual value minus historical mean 1597 

annual value]/historical mean annual value).  1598 

Across all models, projected change in temperature by the 2040-2060 period ranges from just under 2 1599 

oF to nearly 8 oF (fig. 3.4). Generally, the projected change for models using the RCP 8.5 scenario (shown 1600 

in red) is greater than the change projected for RCP 4.5 scenario (shown in yellow). Change in 1601 

precipitation ranges across these CMIP5 models from a decrease of approximately 5 percent to an 1602 

increase of 25 percent with a mean projected change of around 6 and 8 percent for RCP 4.5 and RCP 8.5 1603 

respectively. Change in the CMIP3 projections developed by Littell et al. (2011) is shown on this graph as 1604 

pcm1, Ensemble (average of 10 model projections), and miroc_3.2 (where pcm1 and miroc_3.2 are 1605 

individual climate models). We conclude that when this set of CMIP3 results (Littell et al. 2011) are 1606 

compared with CMIP5 results for the NRAP region, the CMIP3 results are in the same temperature range 1607 

for 2040-2060, although CMIP5 precipitation projections are slightly wetter in the future (fig. 3.4).  1608 

CLIMATIC VARIABILITY AND CHANGE IN NRAP SUBREGIONS 1609 

The following five sections summarize historical and projected climate for the five subregions in the 1610 

Northern Rockies Adaptation Partnership: Western, Central, Eastern, Greater Yellowstone, and Grassland 1611 

(see figure of subregions in chapter 2). Each section contains a set of figures based on a common template 1612 

that we describe here. Key messages for each region are given in a series of boxes.  1613 

The first figure in each section shows the annual mean daily maximum temperature (oF), the annual 1614 

mean daily minimum temperature (oF), and the total annual precipitation (inches) for 1949 to 2010. For 1615 

this historical data, we drew from and contrasted three common gridded historic datasets; PRISM, 1616 

Maurer, and TopoWx. In both temperature and precipitation there is variability, so we show the 10-year 1617 

rolling average to highlight any short-term trends (bold lines).  1618 

The second figure in each section shows the historical modeled and projected annual mean of the 1619 

daily maximum and minimum temperatures (oF), and total annual precipitation (inches) for the RCP 4.5 1620 

and the RCP 8.5 scenarios based on the CMIP5 1/8th degree BCSD data available on the Green Data 1621 

Oasis (https://computing.llnl.gov/resources/gdo/). Typically, the higher emission scenario (RCP 8.5) will 1622 
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show a higher temperature by 2100. In these figures, each model was backcast and we display the 1623 

modeled historic data, which include all CMIP5 models that are bias corrected and downscaled in the 1624 

same manner as the model projections. We overlay the 1/8-degree spatial resolution (about 7.5 mi) 1625 

gridded historical observation dataset (blue line) (Maurer et al. 2002), which was used in the bias 1626 

correction of the modeled data. The projections are shown in the colors used in figure 3.6, red for RCP 1627 

8.5 and yellow for RCP 4.5. The ensemble median from all models for each scenario is shown in the 1628 

heavy line; the 5th and 95th percent quantiles for all models are shown by the shaded area. The 1629 

precipitation projections have a greater variability than either temperature projection, and there is less 1630 

confidence in any one particular model’s projection for precipitation.  1631 

The third figure in each section shows the seasonal means of the daily maximum temperature (oF) for 1632 

the historical and projected period. We use box plots here, where each box is an aggregation of 20 years 1633 

of modeled historical or projected seasonal data. For example, the box labeled as 1960 represents the 1634 

seasonal average of 1950 to 1969. The modeled historical boxes are grey, and boxes for projections use 1635 

the same colors as in other figures: yellow for RCP 4.5 and red for RCP 8.5. The central line in each box 1636 

is the median, indicating the same number of modeled historical or projections lie above and below this 1637 

line. The hinges or edges of the boxes are the first and third quartiles. Whiskers extend past the first and 1638 

third quartile by 1.5 times the interquartile range.  1639 

The fourth figure in each section shows the seasonal means of the daily minimum temperature (oF) 1640 

for the historical and projected period 1950 to 2100. The figure is set up as the third figure description 1641 

above. We do not show the seasonal mean precipitation values as there is large variability and no 1642 

discernible trend and hence, less confidence overall in the finer scale precipitation projections.  1643 

Western Subregion 1644 

The primary results of analysis of historical and projected climate in the Western subregion are 1645 

summarized in box 3.3, with specific detail in figs. 3.5, 3.6, 3.7, and 3.8. 1646 

Central Subregion 1647 
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The primary results of analysis of historical and projected climate in the Central subregion are 1648 

summarized in box 3.4, with specific detail in figs. 3.9, 3.10, 3.11, and 3.12. 1649 

Eastern Subregion 1650 

The primary results of analysis of historical and projected climate in the Eastern subregion are 1651 

summarized in box 3.5, with specific detail in figs. 3.13, 3.14, 3.15, and 3.16. 1652 

Greater Yellowstone Subregion 1653 

The primary results of analysis of historical and projected climate in the Greater Yellowstone 1654 

subregion are summarized in box 3.6, with specific detail in figs. 3.17, 3.18, 3.19, and 3.20. 1655 

Grassland Subregion 1656 

The primary results of analysis of historical and projected climate in the Grassland subregion are 1657 

summarized in box 3.7, with specific detail in figs. 3.21, 3.22, 3.23, and 3.24. 1658 
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Chapter 4: Effects of Climate Change on Snowpack, Glaciers, and Water 1718 

Resources in the Northern Rockies Region 1719 

Charles H. Luce 1720 

 1721 

INTRODUCTION 1722 

Water is critical to life, and the effects of climate change on ecosystems are mediated through 1723 

changes to hydrology. Changes in how snow accumulates and melts are one of the more consistently 1724 

noted climate-induced changes to water in the western U.S. (Barnett et al. 2005; Service 2004), and these 1725 

changes affect when water will be available for forests and fish alike. Changes in summer atmospheric 1726 

circulation patterns may alter the ability of summer precipitation to allow midsummer respite from 1727 

seasonal drought and dampening of wildfire spread (IPCC 2013; see chapter 8). Fish will be affected by 1728 

both lower low flows with earlier snowmelt and higher midwinter floods caused by rain-on-snow events. 1729 

Declining summer water supplies will likewise challenge municipal and agricultural water supplies. All of 1730 

these meaningful effects can be traced to interactions between temperature and precipitation changes 1731 

projected for the future and described in chapter 3. In this chapter, we describe mechanisms of hydrologic 1732 

change, provide maps illustrating variations in effects across the region, and discuss some uncertainties 1733 

relevant to effects. Effects of climate change on stream temperature are discussed in chapter 5. 1734 

Warming temperatures are the most certain consequence of increased CO2 in the atmosphere. The 1735 

hydrological consequences of warmer temperatures include less snowpack and greater evaporative 1736 

demand from the atmosphere. Snowpack depth, extent, and duration are expected to decrease due to a 1737 

combination of 1) less precipitation falling as snow (Pierce et al. 2008), and 2) slightly earlier melt (Luce 1738 

et al. 2014). The degree of change expected as a result of warming varies dramatically over the landscape 1739 

as a function of temperature (Luce et al. 2014). Places that are warm (near the melting point of snow) are 1740 

expected to be more sensitive than places where temperatures remain subfreezing throughout much of the 1741 
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winter despite warming (Woods 2009). In the coldest locations, snowpack may increase with increasing 1742 

winter precipitation under changing climate (Hamlet et al. 2013).  1743 

The relationship of evapotranspiration to a warming climate is more complicated (Roderick et al. 1744 

2014). Warmer air can hold more water, which means that even if the relative humidity stays constant, the 1745 

vapor pressure deficit, the difference between the actual water content of the air and the water content at 1746 

saturation, increases. That difference between actual and saturation drives a water vapor gradient between 1747 

leaves and the atmosphere that can draw more moisture out of the leaves. This has led many to expect 1748 

greater evaporation during climate change (e.g., Cook et al. 2014; Dai 2013) using potential 1749 

evapotranspiration formulations dependent on temperature, reflecting the increased “demand.” 1750 

Evaporation, however, is an energy intensive process, and there is only so much additional energy 1751 

that will be available for evaporation. In addition, one needs to consider both the water balance and the 1752 

energy balance when considering future warming (Roderick et al. 2015). The observation that 1753 

temperatures are warmer during drought are more generally related to the lack of water to evaporate 1754 

leading to warmer temperatures than to warmer temperatures causing faster evaporation (Yin et al. 2014). 1755 

Unfortunately when potential evapotranspiration models based on air temperature (including Penman-1756 

Monteith) are applied as post-processing to general circulation model (GCM) calculations, an 1757 

overestimate of increased evapotranspiration is likely, because the energy balance is no longer tracked 1758 

(Milly 1992; Milly and Dunne 2011). The reality is that most of the increased energy from increased 1759 

longwave radiation will result in warming rather than increased evaporation (Roderick et al. 2015). 1760 

Changing precipitation is more rarely discussed in climate change projections because it is more 1761 

uncertain (Blöschl and Montanari 2010; IPCC 2013). Nevertheless, it has a much more direct impact on 1762 

hydrologic process than temperature and cannot be ignored. On average, across many GCMs, 1763 

precipitation is expected to increase very slightly in the Northern Rockies. The bounds are quite large, 1764 

however, ranging from on the order of +30% to -20% (see chapter 3). Unfortunately, because many 1765 

hydrologic processes are sensitive to precipitation (e.g., floods, hydrologic drought, snow accumulation), 1766 

this represents a profoundly large uncertainty. As a consequence, the general approach in this and other 1767 
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analyses is to use an ensemble average (i.e., average across many GCMs) precipitation outcome. In this 1768 

report, we discuss some of the uncertainty surrounding that mean estimate to illustrate which processes or 1769 

hydrologic outcomes are most uncertain and where. Not all processes are sensitive to precipitation, and 1770 

uncertainty in outcomes caused by uncertainty in precipitation is not the same everywhere for a given 1771 

process. Acknowledging the substantial quantitative disagreement among models in projected 1772 

precipitation behavior, we now turn to discussion of the general physical mechanisms behind precipitation 1773 

change, on which there is some agreement. 1774 

Two primary concepts are applied for precipitation change: 1) dynamic and 2) thermodynamic 1775 

(Seager et al. 2010). Dynamic drivers of precipitation change include changes in global circulation 1776 

patterns (e.g., the Hadley cell extent) and changes in mid-latitude eddies. Changes in teleconnection 1777 

patterns, for example the North American Monsoon System (NAMS), would also fall into this category. 1778 

Thermodynamic changes refer to the fact that the atmosphere can hold more water (Held and Soden 2006) 1779 

according to a non-linear Clausius-Clapeyron relationship (saturation vapor pressure versus temperature), 1780 

leading to a rough expectation on the order of seven percent increase in precipitation per 1.8 °F of 1781 

temperature change. There are, however, other physical limits on the disposition of energy driving the 1782 

cycling of water in the atmosphere, leading to lesser estimates on the order of 1.6 percent per 1.8 °F at the 1783 

global scale, with individual grid cells being less or potentially negative, particularly over land (Roderick 1784 

et al. 2014). Different approaches to scaling the thermodynamic contribution is one of the reasons for 1785 

differences among models, although the dynamic process modeling differences can be great as well. 1786 

When considering the impacts of precipitation change on streamflow, the seasonality of precipitation 1787 

is important. One key outcome of the thermodynamically driven changes is that when precipitation 1788 

happens, it is expected to fall with greater intensity. In turn, this is expected to result in greater dry spell 1789 

duration between events. This process can be important in determining drought duration (and 1790 

consequently severity) in locations where summer precipitation is an important component of the summer 1791 

water budget (Luce et al. 2016), such as much of eastern Montana, and low elevation stations in western 1792 

Montana (fig. 4.1). Locations with more exposure to westerlies (e.g., Idaho stations and the Yellowstone 1793 
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area), and high elevations in northern Montana, show a more pronounced winter-wet pattern, which is 1794 

broadly more representative of high elevation stations than low elevation stations (figs. 4.1 and 4.2). It is 1795 

specifically worthwhile noticing that much of the region has a substantially wetter May and June than 1796 

July and August, and in some cases, the May through June precipitation is on a par with or exceeds the 1797 

winter snowpack contribution to the annual water budget (fig. 4.2). In these locations, the snowpack 1798 

changes may have less consequence than any circulation changes driving summer precipitation, such as 1799 

expected shifts in NAMS (IPCC 2013). The May through June precipitation contributions, for example, 1800 

can be an important determination of the severity of summer drought and the fire season (Abatzoglou and 1801 

Kolden 2013). Pairing longer periods of precipitation deficit in summer with decreasing snowpack may 1802 

be particularly challenging for vegetation and fishes. 1803 

Changes in orographic enhancement of precipitation over mountain areas in the Pacific Northwest is 1804 

another effect within the class of dynamic effects. Historical changes in westerly windflows have led to a 1805 

decrease in the enhancement of winter precipitation by orographic lifting over mountain ranges (Luce et 1806 

al. 2013), raising the important question of whether such a pattern may continue into the future. Westerly 1807 

winds across the Pacific Northwest are strongly correlated with precipitation in mountainous areas (fig. 1808 

4.3), but valley precipitation is not, nor is precipitation in much of eastern Montana. The historical trend 1809 

in westerlies was driven by pressure and temperature changes spatially consistent with those expected 1810 

under a changing climate, but were a consequence in part (~50%) of normal climate variability. Dynamic 1811 

downscaling using a regional climate model (RCM) with small (~12.5 mi) cells provides a means to 1812 

estimate orographically-induced precipitation (fig. 4.4b), which cannot be simulated with the large cell 1813 

size of GCMs (fig. 4.4a). While the GCM shows general moistening over most of the area, the RCM 1814 

shows a pattern of drying or no change on the upwind side of major mountain ranges, with moistening 1815 

limited to valleys in the lee. Since precipitation falls mostly in mountain areas where streamflows 1816 

originate, this is a potentially important aspect of future changes to consider. The variable infiltration 1817 

capacity (VIC) model simulations detailed later in this chapter do not include this effect, so for purposes 1818 

of general discussion, it can be lumped as an additional source of uncertainty for precipitation. 1819 
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The range of potential changes to climate looks complex, particularly for such a varied landscape as 1820 

the Northern Rockies. Perhaps the most important point to summarize from the above is that the current 1821 

climatological settings vary over the landscape at both macroscales and fine scales. There are broad east-1822 

west changes in precipitation seasonality and amount, and local differences between nearby mountain and 1823 

valley weather stations echo that pattern. Trends and drivers for climate variations will differ greatly from 1824 

east to west. Fundamentally, topography is an important factor affecting seasonality, precipitation 1825 

amount, and potential trends. Given that forests and much of the water supply generation are generally in 1826 

mountain areas, it is important to recognize the role of topography in affecting the climate. Specific 1827 

hydrologic outcomes of interest are changes to snowpacks and glaciers, streamflow, and drought. 1828 

SNOWPACK AND GLACIERS 1829 

Snowpack 1830 

Snowpack declines are among the most widely cited changes occurring with climate change, as 1831 

warmer temperatures will reduce the fraction of precipitation falling as snow (Klos et al. 2014; Pierce et 1832 

al. 2008). On the order of 70 percent of the water supply in the western U.S. is tied to mountain 1833 

snowpacks (Service 2004), and thus changes in snowpack are particularly relevant to municipal and 1834 

agricultural water timing (Stewart et al. 2005).  1835 

Historical trends in snowpack accumulation have been negative across much of the region (Mote et 1836 

al. 2005; Regonda et al. 2005). Although earlier work has ascribed the changes primarily to warming 1837 

temperatures, the interior parts of the Northern Rockies are cold enough to be relatively insensitive to 1838 

warming and strongly sensitive to precipitation variation (Luce et al. 2014; Mote 2006). Consequently, 1839 

interior snowpacks have likely responded primarily to reduced precipitation (Luce et al. 2013). In 1840 

contrast, the low elevation mountains of northern Idaho, the western-most mountains in the region, are 1841 

heavily influenced by a maritime snow climate (Armstrong and Armstrong 1987; Mock and Birkeland 1842 

2000; Roch 1949), and are still sensitive to temperature variability, particularly with respect to snow 1843 

durability (Luce et al. 2014) (fig. 4.5). 1844 
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Precipitation uncertainty can be substantial, but it does not translate into uncertainty in snowpack 1845 

changes everywhere (fig. 4.6). An index of uncertainty can be calculated as a ratio of the effects of the 1846 

likely range of precipitation values (about +/-7.5% for one standard deviation across models) to the 1847 

relatively certain temperature change (the timing is uncertain, but a change in temperature is certain as 1848 

long as CO2 concentrations continue to increase): 1849 

𝑅𝑢  =  
∆ (±7.5%)

∆
 1850 

Figure 4.6 shows strong certainty of large changes in April 1 snow water equivalent (SWE) for the 1851 

Cascades but substantial uncertainty in outcomes for the Greater Yellowstone Area, where cold 1852 

temperatures leave the snowpack more sensitive to precipitation than temperature changes. The 1853 

uncertainty ratio in these areas suggests that relatively large increases in precipitation could counter the 1854 

effects of warming on snowpack loss. 1855 

Glaciers 1856 

Glaciers are well known features in the Northern Rockies, with a large number located in and near 1857 

Glacier National Park, on the northern edge of the region, and in the Wind River, Absaroka, and 1858 

Beartooth ranges in and near Yellowstone National Park, at the southern edge. They are also found in 1859 

several other mountain ranges in Montana and Wyoming (see http://glaciers.research.pdx.edu/states-1860 

glaciers for maps). Significant changes have been noted in the glaciers of Glacier National Park over the 1861 

course of the 20th century (Fagre 2005), with the Grinnell Glacier having on the order of 10 percent of the 1862 

ice that it had at its peak in 1850 (fig. 4.7). Declines have also been seen in the Wind River Range over 1863 

the 20th century (Marston et al. 1991).  1864 

Estimating future changes in glaciers is complex (Hall and Fagre 2003), but empirical relationships 1865 

derived for the glaciers indicate a brief future for them, with many glaciers becoming fragmented or 1866 

disappearing by the 2030s. Increasing temperatures yield a rising equilibrium line altitude (ELA), 1867 

decreasing the effective contributing area for each glacier as warming progresses. A 5.4 °F warming can 1868 

translate into between 500 and 300 m of elevation rise in snow-rain partitioning and summer 1869 
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temperatures. Unfortunately, for simplicity’s sake, those changes do not directly equate to shift in ELA, 1870 

which depends on the geometry and topography of the contributing cirque. Temperate alpine glaciers are 1871 

well known for being as, or more, sensitive to precipitation variations as they are to temperature changes 1872 

(McCabe and Fountain 1995), which has likely contributed to changes in glaciers across the Pacific 1873 

Northwest. Westerlies and their contribution to winter precipitation have changed over the Glacier 1874 

National Park region since the 1940s (fig. 4.3) and April 1 SWE at these elevations and latitudes is 1875 

relatively insensitive to temperature. However, it is important to note that this area receives significant 1876 

spring and summer precipitation (fig. 4.1), and changing summer temperatures affect both the melt rate 1877 

and additional summertime mass contributions (new snow) in these glaciers. Thus, summer temperature is 1878 

a strong predictor of their behavior, and regardless of changes in precipitation, significant reduction in 1879 

area of glaciers is expected by the end of the 21st century (Hall and Fagre 2003).  1880 

STREAMFLOW 1881 

Streamflow changes of significance for aquatic species, water supply, and infrastructure include: 1882 

 Annual yield 1883 

 Summer low flows – average and extreme 1884 

 Peakflows – scouring floods 1885 

 Peakflow seasonality 1886 

 Center of runoff timing 1887 

Annual yield, summer low flows, and center of runoff timing are all important metrics with respect to 1888 

water supply. Irrigation water for crops and urban landscapes is typically needed in summer months, and 1889 

these metrics are most relevant to surface water supplies rather than groundwater supplies, although 1890 

changes in long-term annual means could be informative for the latter. For summer low flows, two 1891 

metrics are used, the mean summer yield (June through September), and the minimum weekly flow with a 1892 

10-year recurrence probability (7Q10). Center of runoff timing refers to the timing of water supply, and 1893 

shifts in runoff earlier in the winter or spring disconnect streamflow timing from water supply needs. 1894 

Center of timing can be redundant with other metrics that measure impact more directly, but with care in 1895 
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interpretation, it can help clarify different potential causal mechanisms, changing precipitation versus 1896 

changing temperature. 1897 

Peakflows are important to fishes and infrastructure. Scouring flows can damage eggs in fish redds if 1898 

they occur while the eggs are in the gravel or alevin are emerging ( DeVries 1997; Goode et al. 2013; 1899 

Montgomery et al. 1996; Tonina et al. 2008;). Winter peakflows can affect fall spawning fish (chinook, 1900 

bull trout, brook trout) while spring peakflows affect spring spawning cutthroat trout, steelhead, and 1901 

resident rainbow trout (Wenger et al. 2011a,b). Spring peakflows associated with the annual snowmelt 1902 

pulse are typically muted in magnitude in comparison to winter rain-on-snow events, because the rain-on-1903 

snow events tend to affect much larger fractions of a basin at a time, so scouring is less of a risk to spring 1904 

spawning fishes. Consequently, a shift to more mid-winter events can yield greater peakflow magnitudes, 1905 

which can threaten infrastructure such as roads, recreation sites, or water management facilities 1906 

(diversions, dams). 1907 

Historical changes in some of these streamflow metrics have been examined in some of the western 1908 

and southern basins in the Northern Rockies. For instance earlier runoff timing was noted by Cayan et al. 1909 

(2001) and Stewart et al. (2005), and declining annual streamflows were noted by Luce and Holden 1910 

(2009) and Clark (2010). Declining low flows (7Q10) have also been seen in the western half of the 1911 

Northern Rockies (Kormos et al. in review) associated more with declining precipitation than warming 1912 

temperature effects for the historical period. Low flow changes and timing changes in projections are 1913 

generally associated with the expected changes in snowpack related to temperature (e.g., more melt or 1914 

precipitation as rain in winter yielding a longer summer dry period). 1915 

Streamflow Projections  1916 

Streamflow projections were produced from the VIC model (Liang et al. 1994) for the western U.S. 1917 

(available online, Western U.S. Hydroclimate Scenarios Project, https://cig.uw.edu/datasets/wus/). 1918 

Climate projections are based on Coupled Model Intercomparison Project Phase 3 (CMIP3) GCM runs, 1919 

the full details of which are discussed in Littell et al. (2011). Differences between the climate described 1920 

by CMIP3 and CMIP5 are provided in chapter 3. The gridded data were used to estimate streamflow by 1921 
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using area-weighted averages of runoff from each VIC grid cell within a given basin, following the 1922 

methods of Wenger et al. (2010), to accumulate flow and validate. Streamflow metrics were calculated for 1923 

stream segments in the NHD+ V2 stream segments 1924 

(http://www.fs.fed.us/rm/boise/AWAE/projects/modeled_stream_flow_metrics.shtml).  1925 

Uncertainty in climate model inputs can be a significant factor in uncertainty for outcomes for natural 1926 

resources (e.g., Wenger et al. 2013). Besides showing the projected change from the ensemble average, 1927 

metrics were calculated for two additional climate scenarios; MIROC 3.2 and PCM GCMs were chosen to 1928 

show warmer-drier and cooler-wetter summers than the ensemble mean, respectively (Littell et al. 2011). 1929 

The difference between these two runs is shown in the second panel of the figures for each metric to give 1930 

a sense of the certainty with which the change is projected in a given basin. Downscaling for these runs 1931 

was done statistically, so GCM expectations for precipitation are implicit. No effects of change in 1932 

orographic enhancement (e.g., fig. 4.4) are inherent in these images, so readers may wish to consider an 1933 

additional degree of uncertainty (in a drier direction) on the windward side of mountain ranges. 1934 

Although calculations were made for all 6th-Digit Hydrologic Units in the Northern Rockies, only the 1935 

western half of the region is shown in figures 4.8-4.14. Trimming the domain allows easier comparison of 1936 

the uncertainty map to the ensemble mean projection, at the loss of display for eastern Montana and 1937 

western North Dakota. Fortunately, the easternmost part of the maps that are shown show little change 1938 

going east. 1939 

Mean annual flow (fig. 4.9) shows minor increases in the western and southern portions of the 1940 

domain, with lesser changes across eastern Montana. Higher mountains in northern Idaho and 1941 

northwestern Montana show substantial uncertainty in the annual scale water yield compared to the size 1942 

of the change. Over much of the rest of the domain, the range of uncertainty is on par with the magnitude 1943 

of the expected change in runoff. Changes in the ensemble mean are comparable to ensemble changes in 1944 

precipitation.  1945 

Despite projections of increased annual flow, low flows are expected to decline (figs. 4.10 and 4.11). 1946 

Uncertainty is low compared to the magnitude of changes, particularly in mountain areas. Patterns are 1947 
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nominally similar, with relatively uniform changes, though with somewhat more pronounced changes in 1948 

mountain areas, particularly in wetter ranges. By and large, those areas showing more pronounced change 1949 

in low flows show a large shift in timing (on the order of two months; fig. 4.12), again with uncertainty 1950 

generally lower than change magnitudes in mountain areas, and stronger changes in mountains with 1951 

greater precipitation. The primary mechanism expected to drive lower low flows is reduced snowpack in 1952 

winter, leading to less stored water.  1953 

Summer wet portions of the region are more likely to see low flows affected by summer precipitation 1954 

patterns. Shifts in circulation that affect how moisture flows from the Gulf of Mexico during summer 1955 

months are expected to negatively affect precipitation, on the net, and there will also likely be increased 1956 

spacing between precipitation events (IPCC 2013; Luce et al. 2016). These summer wet areas are also 1957 

more likely to see greater losses in precipitation with increased evaporation, but it is critically important 1958 

to recognize the energy balance constraints when estimating the degree of loss (Roderick et al. 2014). 1959 

This is not done in the VIC modeling, which uses only the temperature outputs from GCMs without 1960 

reevaluating the change in energy balance from a different hydrological formulation, which is known to 1961 

potentially lead to overestimation of loss (Milly and Dunne 2011).  1962 

Changes to flood magnitude across the region are substantially more uncertain and spatially 1963 

heterogeneous at fine scales (fig. 4.13). The second metric on flood timing shows changes in the number 1964 

of days in winter that are in the top five percent of flows for the year (a maximum of 18.25 days on 1965 

average; fig. 4.14). Bull trout are sensitive to this metric and tend be rare when values exceed five percent 1966 

(Wenger et al. 2011a,b). The shift to more midwinter rain and more rain-on-snow flooding depends 1967 

strongly on the elevation range of each given basin. Generally, the maps reflect strong declines in flood 1968 

magnitude in higher elevation basins near the crest of major mountain ranges, with strong increases at 1969 

middle elevations and little change below that. This matches well with the information on number of 1970 

midwinter events, which shows the greatest increases at middle elevations and less pronounced changes at 1971 

both higher and lower elevations. While there is less snow and more rain at higher elevations, it is 1972 

probably more a process of shifting shoulder seasons (Woods 2009) than more midwinter flood events, 1973 
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thus producing more rain or rain-on-spring snowmelt floods, which tend to be less severe (MacDonald 1974 

and Hoffman 1995). With less snow accumulating, the annual snowmelt and rain events during snowmelt 1975 

are likely to be smaller, because less area will be snow-covered. At mid-elevations, temperatures will 1976 

increase enough that rain is likely on snowpacks, even in midwinter. Uncertainty in peakflow magnitudes 1977 

are generally as large as or larger than the expected magnitude of the change. Uncertainty in the amount 1978 

of flooding occurring in mid-winter is less uncertain.  1979 

ADAPTING WATER RESOURCES TO CLIMATIC VARIABILITY AND CHANGE IN THE 1980 

NORTHERN ROCKIES 1981 

With many potential changes in water resources, there are naturally questions about what we might be 1982 

able to do to shift water and land management practices to reduce the impacts or consequences of a 1983 

changing climate on water resources. Since the NRAP region includes a broad diversity of topography, 1984 

geology, watershed configurations, and ecosystems, adaptation responses to climatic variability and 1985 

change vary considerably across the region. However, several themes prevail across most of the region in 1986 

response to dominant sensitivities to climate change (table 4.1). Many of these strategies and tactics may 1987 

do little to alleviate some of the more direct consequences of shifting precipitation, snowpack timing, and 1988 

temperature changes to forests during drought conditions (e.g.,Vose et al. 2016); they are largely directed 1989 

toward affecting downstream water availability and consequences of hydrologic drought. 1990 

Of greatest concern is reducing the vulnerability of roads and infrastructure to flooding, a 1991 

phenomenon that is expected to increase considerably as snowpack declines and snow:rain ratios increase. 1992 

National forests in particular contain thousands of miles of roads, mostly unpaved. Damage to those roads 1993 

and associated drainage systems reduce access by users and is extremely expensive to repair. Road 1994 

damage often has direct and deleterious effects on aquatic habitats as well, particularly when roads are 1995 

adjacent to streams. Resilience to higher peakflows and frequency of flooding can be increased by (1) 1996 

maintaining the capability of floodplains and riparian areas to retain water, (2) conducting a risk 1997 

assessment of vulnerable roads and infrastructure, and (3) modifying infrastructure where possible (e.g., 1998 

increasing culvert size, improving road drainage, relocating vulnerable campgrounds or road segments).  1999 
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Climate-induced occurrence of disturbances such as drought and flooding are expected to increase, 2000 

thus reducing water quality. Building an information base on potential locations of and responses to 2001 

disturbances will help ensure informed and timely decision making when disturbances occur. Within this 2002 

overall strategy, tactics include (1) prioritizing data collection based on projections of future drought, (2) 2003 

collecting pre-disturbance data on water resources, and (3) developing a clearinghouse for programs 2004 

related to fire and other disturbance. All tactics are focused on federal lands (table 4.1). 2005 

In contrast to the effects of winter peakflows, reduced overall base flows (especially in summer) are 2006 

expected to reduce riparian habitat, water storage, and shallow aquifers. The primary adaptation strategies 2007 

in this case are to increase natural storage and build storage where appropriate, as well as increase 2008 

knowledge about groundwater. Specific tactics focus on (1) increasing storage with constructed wetlands, 2009 

beavers, and obliterated roads, and (2) considering small-scale storage in dams, retention ponds, and 2010 

swales, where appropriate. In addition, it will be important to map aquifers and alluvial deposits, improve 2011 

monitoring to provide feedback on water dynamics, and understand the physical and legal availability of 2012 

water for aquifer recharge. 2013 

Public lands are a critical source of municipal water supplies, for which both quantity and quality are 2014 

expected to decrease as snowpack declines. A critical adaptation strategy is to reduce erosion potential to 2015 

protect water quality, as well as prioritize municipal water supplies. Water quality can be addressed by: 2016 

(1) reducing hazardous fuels in dry forests to reduce the risk of crown fires, (2) reducing other types of 2017 

disturbances (e.g., off-road vehicles, livestock grazing), and (3) using road management practices that 2018 

reduce erosion. These tactics should be implemented primarily in high-value locations (near communities 2019 

and reservoirs) on public and private lands. 2020 

Harvesting trees to increase water yield has been a practice of interest for some time (e.g., Bates and 2021 

Henry 1928). Trees use water, so it is not surprising that water yields generally increase after canopy loss 2022 

(Brown et al. 2005; Jones and Post 2004; Troendle and King 1987; Troendle et al. 2010). There are, 2023 

however, certain caveats to be considered. For example, increases in water yield are generally greater in 2024 

moister environments or years, with less increase in drier locations or years (e.g., Brown et al. 2005), and 2025 
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in some circumstances in drier climates, decreased yields may be seen (Adams et al. 2011; Guardiola-2026 

Claramonte et al. 2011). In broad terms, the general places and times one would want to see increases in 2027 

water yield are the places and times when forest harvest is least effective (Troendle et al. 2010; Vose et al. 2028 

2012). Furthermore, thinning has proven to be ineffective in increasing water yield ( Lesch and Scott 2029 

1997; Wilm and Dunford 1948). However, it can be useful in augmenting snow accumulation depths, for 2030 

example for wildlife or recreation benefit ( Sankey et al. 2015; Wilm 1944). 2031 

Canopy removal for streamflow augmentation is likewise not all positive. A negative effect of canopy 2032 

reduction treatments is that they advance the timing of runoff (Luce et al. 2012). An example of large 2033 

scale canopy loss in an area with similar vegetation and climate is the Boise River Basin, where about 45 2034 

percent of one basin burned while the other was left relatively unchanged after 46 years of calibration. 2035 

This allowed for detection of a five percent increase in water yield from the 494,211-acre basin, providing 2036 

an average of an additional 50,000 acre-feet each year. However, the average timing of release advanced 2037 

by two weeks because the exposed snowpack melted faster, and most of the additional runoff was 2038 

available prior to April, when it would be of little use in bolstering low flows. In warmer regions of the 2039 

Northern Rockies, such large scale canopy removal could increase the magnitude of mid-winter rain-on-2040 

snow floods (Marks et al. 1998; Tonina et al. 2008). There are also water quality consequences to large 2041 

scale canopy treatments, such as warming stream temperatures (Isaak et al. 2010) or sediment from 2042 

increased road construction and use (Black et al. 2012; Luce and Black 1999). 2043 

Conceptually, replacing snowpack storage with storage in constructed reservoirs to carry over water 2044 

from the winter wet season into the summer could be beneficial to irrigators in regions with significant 2045 

irrigated agriculture. The degree of potential benefit, however, varies substantially with context of 2046 

existing water right regulations, reservoir operating rules, snowpack sensitivity to temperature and 2047 

precipitation, expectations for future precipitation, and the role and future of summer precipitation. The 2048 

benefits of replacing snowpack storage with reservoir storage are somewhat built around the notion that 2049 

the only thing changing is timing and that total volumes are unchanged. If, for instance, precipitation 2050 

rises, temperature induced changes could be compensated for in relatively cold regions (Luce et al. 2014), 2051 
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such as those found across most of the Northern Rockies. If, on the other hand, precipitation declines, 2052 

total flow volume will be reduced, and it will be harder to fill reservoir storage because of other rights for 2053 

water further downstream that might not be fulfilled. Ironically, this would be most difficult in dry years 2054 

when the timing would be most strongly shifted because of the effect of snow water equivalence on 2055 

duration of the melt period (Luce and Holden 2009). Given the large expenses, both financial and 2056 

ecological, of dam construction, and that the precipitation uncertainties are considerable, it is likely 2057 

worthwhile to perform a detailed economic and ecologic analysis before dam construction is seriously 2058 

considered. 2059 

Shifting dam operation is another possibility, which would cost significantly less, but still require 2060 

some infrastructure investment in upstream snowpack, soil, and weather monitoring. Streamflow 2061 

forecasting allows more informed management of the tension between water storage for irrigation and 2062 

maintaining empty reservoirs to buffer potential flooding (e.g., Wood and Lettenmaier 2006). Information 2063 

on current state of the snowpack is a great boon to runoff forecasting in basins with substantial snowmelt 2064 

contributions (Wood et al. 2015), even more so than climate and weather forecasting. Under such 2065 

circumstances, it is reasonable to taper reservoir filling in such a way as to bring the reservoir to 2066 

operational levels without undue flood risks, because later in the season, snowpack area is substantially 2067 

reduced and rain-on-snow during the spring is generally less severe (or variable) than midwinter events 2068 

when snowpack coverage over the basin is greater (MacDonald and Hoffman 1995). Predictability is 2069 

declining in some regions as we lose snowpack, but the Northern Rockies region will still retain 2070 

significant snowpack, making improved forecasting through investment in instrumentation a viable 2071 

alternative. Note that besides informing reservoir operation, improved forecasting can also be used to 2072 

better determine downstream financial investments in crops and community choices in how to invest 2073 

water (Broad et al. 2007). 2074 

A final strategy for addressing water availability is to reduce water use by increasing efficiency, an 2075 

important connection between the source of water on public lands and use of water downstream on public 2076 

and private lands. First, it will be helpful to identify effective water-saving tactics and where they can be 2077 
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successfully implemented. Second, low water-use appliances can be installed at administrative sites (e.g., 2078 

restrooms), and drought tolerant plants can be used for landscaping (e.g., adjacent to management unit 2079 

buildings). Third, the benefit of water conservation can be communicated to users of public lands (e.g., in 2080 

campgrounds). These tactics demonstrate leadership in water conservation as an agency, providing 2081 

outreach and public relations that extend to local communities. 2082 

More specific details on adaptation strategies and tactics for each NRAP subregion are in Appendix 2083 

4A. 2084 

CONCLUSIONS 2085 

Changes in climate over the Northern Rockies are likely to have substantial impacts on hydrology. A 2086 

primary change will be shifts in snowpack storage, though other changes in precipitation and atmospheric 2087 

circulation could have significant consequences for forests, grasslands, streams, fishes, and agriculture in 2088 

the region. Information is still the best tool for adaptation to a changing climate, and summaries provided 2089 

here give a sense of both the general expectation for change as well as uncertainties that need to be 2090 

considered in adaptation planning.  2091 

A range of adaptation options exist for the future of water resources, and while there is a bias in 2092 

human nature toward taking action, information may yet be one of our better choices for future adaptation 2093 

to an uncertain and varying climate. If we continue to invest in monitoring to track changing climate and 2094 

outcomes, we can be better prepared, as what are now challenges of the future become current challenges. 2095 

Armed with a better knowledge of how shifting temperatures and circulation have played out on our 2096 

landscapes, snowpacks, and streams, we can make better decisions.  2097 

This effort illustrated that adapting to climate change does not necessarily entail drastically different 2098 

management actions than those that are currently implemented. Many of the current federal agency 2099 

management actions to improve and restore watersheds and riparian areas are consistent with the 2100 

adaptation strategies and tactics identified here, as fully functional watersheds and riparian areas are more 2101 

resilient to change. Thus, in many cases, adaptation to climate change involves increasing restoration 2102 
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activities and re-prioritizing actions, and agencies are well-prepared for these types of shifts in 2103 

management.  2104 
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Chapter 5: Climate Vulnerability of Native Cold-Water Salmonids in the 2337 

Northern Rockies 2338 

Michael K. Young, Daniel J. Isaak, Scott Spaulding, Cameron A. Thomas, Scott A. Barndt, Matthew 2339 

C. Groce, Dona Horan, David E. Nagel 2340 

 2341 

INTRODUCTION 2342 

 During the 21st century, climate change is expected to alter aquatic habitats throughout the 2343 

Northern Rocky Mountains, intermountain basins, and western Great Plains. Particularly in montane 2344 

watersheds, direct changes are likely to include warmer water temperatures, earlier snowmelt-driven 2345 

runoff, earlier declines to summer baseflow, downhill movement of perennial channel initiation, and 2346 

more intermittent flows (see chapter 4), as well as indirect changes attributable to altered and 2347 

perhaps novel disturbance regimes. For animals restricted to freshwater aquatic environments for 2348 

most or all of their lives—fishes, amphibians, crayfish, mussels, and aquatic macroinvertebrates—2349 

changes in habitat and in hydrologic regimes are likely to lead to marked shifts in their abundance 2350 

and distribution. This is primarily because many of these species are ectothermic (cold blooded), 2351 

thus environmental conditions dictate their metabolic rates and nearly every aspect of their life 2352 

stages, including growth rate, migration patterns, reproduction, and mortality (Magnuson et al. 2353 

1979).  2354 

A vast and growing literature describes the myriad interactions between climate change, aquatic 2355 

environments, and biotic communities. Rather than revisit this topic, we refer the reader to syntheses 2356 

of the nexus between climate change and aquatic species in the northwestern United States 2357 

(especially Rieman and Isaak 2010, but also Isaak et al. 2012a,b; ISAB 2007; Mantua et al. 2010; 2358 

Mantua and Raymond 2014; Mote et al. 2003) and beyond (Ficke et al. 2007; Furniss et al. 2010, 2359 

2013; Luce et al. 2012; Poff et al. 2002; Schindler et al. 2008). However, assessments rarely provide 2360 
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empirically based, spatially explicit, and precise climate change projections for species across broad 2361 

geographic regions. 2362 

To address this gap, we developed high-resolution stream temperature and flow scenarios that 2363 

translate outputs from global climate models (GCMs) into reach-scale habitat factors relevant to 2364 

aquatic biota (Isaak et al. 2015). Those scenarios were coupled with species distribution datasets 2365 

crowdsourced from the peer-reviewed literature and state and federal agency reports to develop 2366 

accurate species distribution models for contemporary relationships between climate and biology. 2367 

These models were used to project the probability of species habitat occupancy in streams 2368 

throughout the inland northwestern United States, facilitating the identification of streams that are 2369 

most likely to be occupied in the future and serve as invasion-resistant climate refugia.  2370 

We focused on climate vulnerabilities and current and projected distribution of two native 2371 

salmonid fishes—bull trout (Salvelinus confluentus) and cutthroat trout (Oncorhynchus clarkii)—2372 

because of their importance to society, the large amount of data on their distribution and abundance, 2373 

and their sensitivity to warm stream temperature (Eby et al. 2014; USDA FS 2013). We confined our 2374 

inferences to suitable habitat for juveniles of each native species, because they are more thermally 2375 

constrained than are adults. We directly addressed how the presence of nonnative species, such as 2376 

brook trout (S. fontinalis), brown trout (Salmo trutta), and rainbow trout (Oncorhynchus mykiss) (the 2377 

latter native to a portion of the analysis area) further restricts climate-suitable habitats for native 2378 

species now and in the future. A full explanation of our rationale, approach, and results are in Isaak 2379 

et al. (2015). The associated Climate Shield website 2380 

(http://www.fs.fed.us/rm/boise/AWAE/projects/ClimateShield.html) provides access to a 2381 

comprehensive archive of user-friendly digital maps and ArcGIS databases showing stream-specific 2382 

model projections for multiple climate and brook trout invasion scenarios across most of the 2383 

northwestern and interior western United States. 2384 

In this assessment, we summarize information for stream populations of bull trout and cutthroat 2385 

trout in the Northern Rockies and briefly discuss adaptation measures and future research directions 2386 
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(see Rieman and Isaak 2010 for a more comprehensive discussion). We regard our inferences as 2387 

robust, but foresee the arrival of improved models fostered by ongoing improvements in measuring 2388 

and modeling the attributes of populations and streams. Databases describing the distributions of 2389 

many aquatic species via rapid, cost-effective environmental DNA surveys (McKelvey et al. 2016a; 2390 

Wilcox et al. 2016) are rapidly proliferating and can be used with new geostatistical stream models 2391 

(Isaak et al. 2014; Ver Hoef et al. 2006) to develop more precise information for many aquatic taxa. 2392 

This combination of advanced survey methods and more sophisticated stream network models has 2393 

already been adopted for assessing the validity and refining the predictions of the Climate Shield 2394 

model for bull trout (M. Young, K. McKelvey, and D. Isaak, unpublished data).  2395 

ANALYSIS AREA AND METHODOLOGY 2396 

This assessment encompasses all streams in national forests and national parks encompassed by 2397 

the Forest Service, U.S. Department of Agriculture Northern Region (fig. 5.1). To delineate a stream 2398 

network for this area, geospatial data for the 1:100,000-scale National Hydrography Dataset (NHD)-2399 

Plus were downloaded from the Horizons Systems website (http://www.horizon-2400 

systems.com/NHDPlus/index.php; Cooter et al. 2010) and filtered by minimum flow and maximum 2401 

stream slope criteria. Summer flow values predicted by the Variable Infiltration Capacity hydrologic 2402 

model (VIC; Wenger et al. 2010) were obtained from the Western United States Flow Metrics 2403 

website (http://www.fs.fed.us/rm/boise/AWAE/projects/modeled_stream_flow_metrics.shtml) and 2404 

linked to individual stream reaches through the COMID field.  2405 

Stream reaches with summer flows less than 0.2 ft3 s-1), approximating a wetted width of 3.3 ft 2406 

(based on an empirical relationship developed in Peterson et al. 2013b), or with slopes greater than 2407 

15 percent were trimmed from the network because they tend to be unoccupied or support very low 2408 

numbers of fish (Isaak et al. 2015). In the case of the stream slope criterion, reaches steeper than 15 2409 

percent occur at the top of drainage networks where slopes become progressively steeper, and 2410 

populations are more vulnerable to disturbances (e.g., post-wildfire debris torrents) that result in 2411 

periodic extirpations (Bozek and Young 1994; Miller et al. 2003). The slope and flow criteria were 2412 
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set liberally to minimize the exclusion of fish-bearing reaches from the analysis, but doing so results 2413 

in the inclusion of many reaches with intermittent flows or migration barriers that prevent fish 2414 

access. Thus, the network extent of 113,733 mi used as baseline habitat in this assessment probably 2415 

overestimates potential habitat, but the current resolution of the NHDPlus hydrology layer and VIC 2416 

flow model prevent further refinement. 2417 

Climate Scenarios 2418 

Average summer flow values for three 30-year climate periods were available from the flow 2419 

metrics website: a baseline period (1970–1999, hereafter 1980s) and two future periods (2030–2059, 2420 

hereafter 2040s; 2070–2099, hereafter 2080s) associated with the A1B (moderate) emission scenario. 2421 

An ensemble of 10 global climate models (GCMs) that best represented historical trends in air 2422 

temperatures and precipitation for the northwestern United States during the 20th century was used 2423 

for future projections (table 5.1). Due to the significant uncertainties concerning the timing of change 2424 

in the future, we deemphasize the dates associated with scenarios and refer to them instead as 2425 

baseline (1980s), moderate change (2040s), and extreme change scenarios (2080s). With respect to 2426 

scenarios used in other chapters of the NRAP assessment, the A1B scenario is similar to the RCP 6.0 2427 

scenario associated with Coupled Model Intercomparison Project 5 (CMIP5) simulations (see 2428 

chapter 3). 2429 

To complement the streamflow information, geospatial data for August mean stream 2430 

temperatures were downloaded for the same A1B trajectory and climate periods from the NorWeST 2431 

website and linked to the stream hydrology layer 2432 

(www.fs.fed.us/rm/boise/AWAE/projects/NorWeST.html). Within the study area, the NorWeST 2433 

scenarios were developed using spatial statistical network models (Isaak et al. 2010; Ver Hoef et al. 2434 

2006) applied to 11,703 summers of monitoring data at 5,461 unique stream sites monitored with 2435 

digital sensors from 1993 to 2011. The density and spatial extent of the temperature dataset, 2436 

combined with the predictive accuracy (r2 = 0.91; RMSE = 1.8 °F) and resolution (~0.62 mi) of the 2437 

NorWeST model across those sites, was deemed sufficient for this assessment. Details about the 2438 
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rationales associated with climate scenarios and the stream temperature model are discussed in Isaak 2439 

et al. (2015). 2440 

Focal Species 2441 

Bull trout in the Northern Rockies are largely from an inland lineage (Ardren et al. 2011) 2442 

primarily west of the Continental Divide (USFWS 2014). Bull trout may exhibit migratory or 2443 

resident life histories. Migratory fish travel long distances as subadults to more productive habitats 2444 

and achieve larger sizes and greater fecundity as adults before returning to natal habitats to spawn. 2445 

Resident fish remain in natal habitats and mature at smaller sizes, although often at the same age as 2446 

migratory adults. Adults spawn and juveniles rear almost exclusively in streams with average 2447 

summer water temperatures less than 54 °F and flows greater than 1.2 ft3 s-1 (Isaak et al. 2010; 2448 

Rieman et al. 2007). Relative to its historical distribution, this species has undergone substantial 2449 

declines because of water development and habitat degradation (particularly activities leading to 2450 

water temperature increases, but also cumulative losses of in-channel habitat complexity), 2451 

elimination of migratory life histories by human-created barriers, harvest by anglers, and interactions 2452 

with introduced nonnative fishes (Rieman et al. 1997). Nonnative species such as brook trout, brown 2453 

trout, and lake trout (Salvelinus namaycush) may compete with or prey on bull trout (Al-Chokhachy 2454 

et al. 2016; Martinez et al. 2009), or lead to wasted reproductive opportunities (Kanda et al. 2002). 2455 

As a consequence, bull trout were listed as threatened under the U.S. Endangered Species Act (ESA) 2456 

by the U.S. Fish and Wildlife Service in 1998 (USFWS 2015). 2457 

Cutthroat trout are represented by two subspecies. Westslope cutthroat trout (Oncorhynchus 2458 

clarki lewisi) has a complicated lineage structure that can be roughly broken into a single lineage in 2459 

the north and east that occupied and colonized river basins directly influenced by glaciation or 2460 

glacial dams, and a southern and western group of several presumably older lineages in basins never 2461 

directly influenced by glaciation (M. Young, unpublished data). These fish also exhibit resident and 2462 

migratory life history strategies. Spawning and juvenile rearing can occur in streams smaller (<2 ft 2463 

wide) and warmer (up to 57 °F) than those used by bull trout (Isaak et al. 2015; Peterson et al. 2464 
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2013a,b; M. Young, unpublished data). Yellowstone cutthroat trout (O. c. bouvieri) has an 2465 

unresolved distribution because certain lineages are found in portions of the Bonneville basin 2466 

(Campbell et al. 2011; Loxterman and Keeley 2012), probably because of periodic hydrologic 2467 

connectivity between the Bonneville and upper Snake River basins associated with passage of the 2468 

North American plate across the Yellowstone mantle plume, Basin and Range faulting, and stream 2469 

drainage reversals (Smith et al. 2002). Undisputed members of this taxon are represented by a single 2470 

mtDNA clade found throughout the analysis area in the Yellowstone River basin (Campbell et al. 2471 

2011). For this analysis, we assume that life histories and presumably spawning and juvenile habitats 2472 

are the same as for westslope cutthroat trout.  2473 

The distributions of both subspecies have declined substantially (>50 percent) in response to the 2474 

same stressors affecting bull trout (Gresswell 2011; Shepard et al. 2005), although each subspecies 2475 

appears to occupy a larger proportion of its historical habitat and is often found in larger populations 2476 

at higher densities than are bull trout. Both subspecies of cutthroat trout have been petitioned under 2477 

the ESA, but found not warranted for listing. Brook trout have replaced cutthroat trout in many 2478 

waters in the region, disproportionately so in the upper Missouri River basin (Shepard et al. 1997). 2479 

These invasions in part seem influenced by the distribution of low-gradient alluvial valleys that may 2480 

serve as nurseries for brook trout (Benjamin et al. 2007; Wenger et al. 2011a). Where rainbow trout 2481 

have been introduced outside their native range, introgressive hybridization occurs with both taxa of 2482 

cutthroat trout at lower elevations and in warmer waters (Rasmussen et al. 2012), similar to patterns 2483 

where westslope cutthroat trout occurred historically with native rainbow trout (the Clearwater River 2484 

basin in Idaho and the Kootenai River basin in Idaho-Montana; McKelvey et al. 2016b). 2485 

Yellowstone cutthroat trout have also been widely stocked throughout the historical range of 2486 

westslope cutthroat trout (Gresswell and Varley 1988) and these two taxa readily hybridize to form 2487 

hybrid swarms (Forbes and Allendorf 1991; McKelvey et al. 2016b). Lake trout predation decimated 2488 

adfluvial populations of Yellowstone cutthroat trout in Yellowstone Lake at the beginning of the 21st 2489 
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century, but predator control efforts are enabling cutthroat trout populations to rebound (Syslo et al. 2490 

2011). 2491 

Trout Distribution Models 2492 

Species distribution models were developed that predicted the occurrence probabilities of 2493 

juvenile bull trout and cutthroat trout. We focused on juveniles as indicators of important natal 2494 

habitats and the presence of locally reproducing populations (Dunham et al. 2002; Rieman and 2495 

McIntyre 1995). This approach provides more precision than also considering distributions of 2496 

subadults and adults, which migrate widely, occupy an array of habitats, and occur with many other 2497 

fish species (Behnke 2010). Juvenile distributions, by contrast, are restricted in ecological scope and 2498 

geographic extent, especially with respect to temperature (Elliott 1994). For example, juvenile bull 2499 

trout are rarely found where mean summer temperatures exceed 54 °F (Dunham et al. 2003; Isaak et 2500 

al. 2010), whereas adult bull trout sometimes occupy habitats as much as 9–18 °F warmer (Howell et 2501 

al. 2010). Similar patterns are evident with cutthroat trout (Peterson et al. 2013a; Schrank et al. 2502 

2003), so we used a thermal criterion to delimit potentially suitable habitats for juvenile native trout. 2503 

Temperature Criterion for Juvenile Trout Habitats 2504 

A mean August stream temperature of 52 °F was selected as the temperature criterion from a set 2505 

of standardized thermal niches that were developed by cross-referencing thousands of species 2506 

occurrence locations in Montana, Idaho, and Wyoming with the NorWeST baseline scenario (fig. 2507 

5.2). Fish data were contributed by national forest monitoring programs; Idaho Department of Fish 2508 

and Game; Montana Fish, Wildlife and Parks; and Wyoming Game and Fish Department (Isaak et al. 2509 

2015). These niches revealed that most juvenile native trout (90 percent of bull trout observations 2510 

and 75 percent of cutthroat trout observations) occurred at sites less than 52 °F, whereas nonnative 2511 

species like brown trout and rainbow trout were rare at those sites. The thermal niche of brook trout 2512 

overlapped that of the native species, but its occurrence peaked at a slightly warmer temperature and 2513 

declined thereafter. Since especially cold temperatures limit rainbow trout incursions, colder 2514 

temperatures also restrict introgression with rainbow trout, such that stream reaches with 2515 
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temperatures less than 48 °F usually support only genetically pure cutthroat trout (McKelvey et al. 2516 

2016b; Rasmussen et al. 2012; Yau and Taylor 2013; M. Young unpublished data).  2517 

Habitat Attributes and Logistic Regression Models 2518 

Spatially contiguous 0.6-mile (1-km) reaches of stream with temperatures less than 52 °F 2519 

were aggregated into discrete cold-water habitats (CWHs), and occupancy status (present or absent) 2520 

of native trout juveniles and brook trout within a subset of those CWHs (bull trout, n = 512; cutthroat 2521 

trout, n = 566) was determined using the fish survey database described above. Logistic regressions 2522 

were used to model the probability of native trout occupancy as a function of CWH size, stream 2523 

slope, brook trout prevalence, and stream temperature. Habitat size was represented as the channel 2524 

length of each CWH, stream slope as the average value across all the reaches within a CWH, and 2525 

brook trout prevalence as the percentage of sample sites within a CWH where they occurred. 2526 

Temperature was represented as mean August temperature averaged across all 0.6-mi sections 2527 

constituting a CWH or the lowest mean temperature of any 0.6-mi section within a CWH.  2528 

The four variables were good predictors of juvenile trout occurrence within the training dataset; 2529 

classification accuracy of the models at a 50 percent occupancy threshold was 78.1 percent for bull 2530 

trout and 84.6 percent for cutthroat trout. The final logistic regression models included the four main 2531 

predictor variables and some interactions among those variables. Plots of species response curves 2532 

from the final models matched expectations based on the ecology of bull trout and cutthroat trout, 2533 

but also revealed important differences between the species (fig. 5.3). Habitat occupancy for both 2534 

native trout was positively related to CWH size, but bull trout required habitats five times larger than 2535 

cutthroat trout to achieve comparable probabilities of occupancy. Bull trout occupancy declined as 2536 

minimum temperature warmed, whereas cutthroat trout occupancy was positively related to mean 2537 

temperature. Stream slope negatively affected both species, as did their co-occurrence with brook 2538 

trout, especially in small streams. The presence of brook trout masked the apparent preference of 2539 

cutthroat trout for habitats with low slopes. Additional details on modeling procedures and variable 2540 

selection are summarized in Isaak et al. (2015). 2541 
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Application of Models for Status and Vulnerability Assessment 2542 

The logistic regression models were applied to the full set of CWHs within the historical range 2543 

of each native species across the Northern Rockies to project probabilities of native trout occupancy. 2544 

Projections were made for the baseline and future climate periods. To account for uncertainties in 2545 

brook trout distributions, occupancy probabilities were calculated and mapped for a pristine scenario 2546 

(no brook trout) and a broad invasion scenario that assumed brook trout would be present at half the 2547 

sites within each CWH (50 percent brook trout). For this exercise, we did not map a scenario in 2548 

which brook trout were present at all sites, because their prevalence rarely exceeded 50 percent in the 2549 

large CWH (i.e., greater than 25 mi) that were most likely to serve as strongholds for native trout 2550 

(Isaak et al. [2015] show brook trout prevalence in over 500 streams), and because not all locations 2551 

appear suitable for brook trout (Wenger et al. 2011a). In some small streams with native trout brook 2552 

trout prevalence occasionally reaches 100 percent, so probabilities for a full range of invasion 2553 

scenarios were integrated into the ArcGIS databases at the Climate Shield website 2554 

(http://www.fs.fed.us/rm/boise/AWAE/projects/ClimateShield.html) and can be used for stream-2555 

specific assessments of brook trout invasions. 2556 

After species probability maps were developed for all streams, the information was cross-2557 

referenced with land administrative status using geospatial data from the U.S. Geological Survey 2558 

Gap Analysis Program (Gergely and McKerrow 2013). The total length and percentage of CWHs 2559 

and stream temperatures were summarized by jurisdiction for different climate periods. Also noted 2560 

were the proportions of CWHs that were administratively protected within national parks and 2561 

wilderness areas. Finally, we denoted those CWHs with probabilities of occupancy exceeding 90 2562 

percent as climate refugia. 2563 

NATIVE TROUT VULNERABILITY TO CLIMATE CHANGE 2564 

Stream Temperature Status and Projected Trends 2565 

Considerable thermal heterogeneity exists across Northern Rockies streams because of the 2566 

complex topography and range of elevations in this region (fig. 5.4). Of the 114,000 miles of stream 2567 
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habitat within the analysis area, 43,000 mi (38 percent) had mean temperatures less than 52 °F (table 2568 

5.2). Most of those cold-water habitats (86 percent) were in publically administered lands, primarily 2569 

(69 percent) in national forests. Areas with concentrations of cold streams were generally associated 2570 

with high-elevation, high-relief mountain ranges in Montana (e.g., Whitefish Range, Mission 2571 

Mountains, Swan Range, Flathead Range, Lewis and Clark Range, Sawtooth Range, Anaconda 2572 

Range, Flint Creek Range, Big and Little Belt Mountains, Crazy Mountains, and ranges associated 2573 

with the topographic rise produced by the Yellowstone mantle plume). In contrast, comparable 2574 

mountain ranges and clusters of cold-water habitats are absent in most of northern Idaho. 2575 

Mean August stream temperatures were projected to increase across the Northern Rockies by an 2576 

average of 2.2 °F in the 2040s and 3.6 °F in the 2080s (table 5.1, fig. 5.4). Larger than average 2577 

increases are expected in the warmest streams at low elevations, and smaller than average increases 2578 

are expected for the coldest streams. Differential warming occurs because cold streams tend to be 2579 

buffered by local influxes of groundwater (Luce et al. 2014), a trend represented in the NorWeST 2580 

scenarios we used. Averaged across all streams, future projections imply faster rates of warming 2581 

(0.4–0.5 °F per decade) than were observed in recent decades (0.2–0.3 °F per decade; Isaak et al. 2582 

2012a). If future projections are accurate, the length of streams with temperature less than 52 °f will 2583 

decrease to 27,000 mi in the 2040s and 17,000 mi in the 2080s (table 5.3). In both scenarios, over 75 2584 

percent of these cold streams are in national forests. Groups of exceptionally cold streams still likely 2585 

to host bull trout or cutthroat trout would originate from the Sawtooth and Lewis and Clark Ranges 2586 

along the Continental Divide in northern Montana, several smaller mountain ranges scattered 2587 

throughout central Montana, and along the northern flank of the Yellowstone topographic high (fig. 2588 

5.4). Persistent CWHs are more isolated elsewhere. 2589 

Cutthroat Trout Status and Projected Trends 2590 

The historical range of cutthroat trout extends through most of the Northern Rockies. The 2591 

number of discrete CWHs for cutthroat trout during the baseline climate period was estimated to 2592 

exceed 5,000 and encompass over 28,000 mi of streams (table 5.4, fig. 5.5). Over 90 percent of the 2593 
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CWHs were predicted to have probabilities of occupancy exceeding 50 percent (table 5.4), largely 2594 

because of the relatively small stream networks (6 mi is associated with a 90 percent probability of 2595 

occupancy) that cutthroat trout populations require for persistence (Peterson et al. 2013a) (fig. 5.3). 2596 

Nonetheless, the largest CWHs accounted for a disproportionate amount of the habitat most likely to 2597 

be occupied; 32.6 percent of CWHs were climate refugia, but these accounted for 70.7 percent of the 2598 

length of CWHs. As expected, the number and extent of CWHs decreased 20–60 percent in future 2599 

periods, but nearly 3,500 potential habitats encompassing over 12,000 mi were projected to remain 2600 

under the extreme scenario.  2601 

Since some streams are currently too cold for cutthroat trout, future warming will increase the 2602 

probability of occupancy in some basins (e.g., the Teton River basin along the Rocky Mountain 2603 

Front and streams in the northern portion of Yellowstone National Park). Assuming that brook trout 2604 

were present within half of each CWH did not affect the number or amount of CWHs, because the 2605 

habitats remained potentially suitable for cutthroat trout, but occupancy probabilities declined (table 2606 

5.4). Reductions were particularly severe in categories with the highest probabilities of occupancy 2607 

(greater than 75 percent). The sensitivity of streams to brook trout invasions varied with local 2608 

conditions, but reductions were most pronounced in small streams with relatively low slopes.  2609 

Bull Trout Status and Projected Trends 2610 

The historical range of bull trout occupies a smaller portion of the Northern Rockies than 2611 

cutthroat trout, but the number of discrete CWHs for bull trout during the baseline climate period 2612 

was still estimated to exceed 1,800 and encompass over 14,000 mi (table 5.5, fig. 5.6). Probabilities 2613 

of occupancy for most bull trout CWHs were less than 50 percent because of the relatively large 2614 

stream networks that bull trout require for persistence (30 mi is associated with a 90 percent 2615 

probability of occupancy; fig 5.3). Although fewer than six percent of CWHs constituted climate 2616 

refugia, they provided 30 percent of the total length of CWH, emphasizing the contribution of large 2617 

CWH to the amount of habitat projected to be occupied. The requirement for larger CWHs caused 2618 

projected decreases in the number and network extent of bull trout CWHs to be more substantial (38-2619 
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71 percent) than those for cutthroat trout, particularly for the CWHs with the highest probabilities of 2620 

occupancy. More than 800 CWHs representing over 4,200 mi were projected to remain, even in the 2621 

extreme scenario.  2622 

Brook trout invasions reduced bull trout occupancy rates. These declines were more pronounced 2623 

for bull trout than cutthroat trout, especially in the CWHs most likely to be occupied (those with 2624 

greater than 50 percent probability of occupancy); fewer than 10 climate refugia for juvenile bull 2625 

trout are projected to remain under any warming scenario if brook trout occupy half of each CWH. 2626 

However, many of the large habitats bull trout require appear less susceptible to broad-scale brook 2627 

trout invasions (Isaak et al. 2015). As expected, CWHs with the highest bull trout occupancy 2628 

probabilities during all climate periods and brook trout invasion scenarios coincided with river 2629 

networks with the largest number of cold streams: headwater portions of the North and Middle Forks 2630 

of the Flathead River, the Whitefish River, and the North Fork Blackfoot River (figs. 5.4, 5.6). Due 2631 

to the lower elevations and warmer streams in northern Idaho, few or no climate refugia were 2632 

projected to remain under either warming scenario. 2633 

Additional Fish Species 2634 

See boxes 5.1 and 5.2 for narratives on additional fish species in the Northern Rockies that are at 2635 

risk from climate change and are candidates for the habitat occupancy-climate vulnerability approach 2636 

described here. 2637 

INTERPRETING AND APPLYING THE ASSESSMENT 2638 

The assessment described above provides accurate, spatially explicit projections of habitat 2639 

occupancy in the Northern Rockies by combining (1) ecological understanding of cutthroat trout and 2640 

bull trout, (2) distribution data from public data sources, and (3) broad-scale, high-resolution stream 2641 

temperature and flow projections. Assuming that species responses are related to the effects of 2642 

climate on stream ecosystems—and the accuracy of the models supports this contention—the models 2643 

also provide reasonably robust projections of habitat occupancy in light of anticipated climate 2644 

change. These projections have several implications for the future viability of native fish populations 2645 
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in the Northern Rockies and for developing management strategies targeted at conservation of these 2646 

species. 2647 

Although both native trout species require cold-water habitat, their response to a changing 2648 

climate is expected to differ. Bull trout, and most members of the genus Salvelinus, are adapted to 2649 

some of the coldest freshwater environments in the Northern Hemisphere (Klemetsen et al. 2003). 2650 

These species also tend to inhabit variable environments, often with strong gradients in productivity 2651 

that appear to favor migration as a life history tactic (Klemetsen 2010). It is unsurprising that a 2652 

species near the southern end of its distribution that relies on large amounts of cold-water habitats 2653 

and is often found at low density (High et al. 2008) would be susceptible to range contraction as 2654 

temperatures warm. In the Northern Rockies, we anticipate large declines in their distribution 2655 

because relatively few areas have the capability to serve as climate refugia. Nevertheless, retention 2656 

of at least some climate refugia implies that bull trout will not be extirpated from the region. 2657 

However, the conditions favoring migratory or resident life histories may change, although how to 2658 

accommodate or exploit this is uncertain. As we learn more about the extent and prevalence of 2659 

populations occupying cold-water habitats with varying probabilities of occupancy, a better 2660 

understanding of environmental drivers of bull trout life history may emerge. 2661 

By contrast, cutthroat trout can accommodate a wider range of thermal environments, 2662 

commensurate with its broad latitudinal distribution and an evolutionary history (since the late 2663 

Miocene or early Pliocene) that exposed them to fluctuation in warm/arid and cold/moist periods in 2664 

western North America (McPhail and Lindsey 1986; Minckley et al. 1986). They are relatively 2665 

flexible with respect to life history strategies, ranging from highly migratory populations dependent 2666 

on large rivers or lakes for growth and fecundity, to resident populations that move little and have 2667 

been isolated for many decades, (Northcote 1992; Peterson et al. 2013a). Although we anticipate net 2668 

losses in their distribution within the Northern Rockies, they are not expected to be as severe as for 2669 

bull trout, and some basins that are currently too cold to support cutthroat trout will become high-2670 

quality climate refugia (Coleman and Fausch 2007; Cooney et al. 2005). Of greater importance may 2671 
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be how nonnative salmonids, which often displace or replace cutthroat trout, respond to warming 2672 

conditions (Wenger et al. 2011a). 2673 

The presence of brook trout is problematic for both native species. Brook trout’s tolerance of 2674 

cold temperature is nearly equivalent to that of cutthroat trout, and they favor the low-gradient 2675 

environments preferred by cutthroat trout and bull trout (Wenger et al. 2011a). Nonetheless, larger 2676 

habitats (e.g., those > 40 mi long) appear less susceptible to invasion by this species, which may be 2677 

attributed to their preference for small streams but also to the likelihood that large systems will 2678 

contain other salmonid species, such as rainbow trout or brown trout, that constrain brook trout 2679 

distributions in their native range in eastern North America (Fausch et al. 2009). Rainbow trout and 2680 

brown trout are expected to shift their distribution upstream as temperature isotherms optimal for 2681 

these species move in that direction (Isaak and Rieman 2013; Wenger et al. 2011b). Both species 2682 

appear to have negative effects on cutthroat trout, but cold headwaters that resist their invasions are 2683 

expected to remain widespread. 2684 

Most cold-water habitats in the Northern Rockies are in national forests (tables 5.2, 5.3). This 2685 

emphasizes the critical role that the U.S. Forest Service will play in the conservation of populations 2686 

of native fish. Active management that conserves native fish will be possible, because most of the 2687 

cold-water habitats are outside designated wilderness areas and national parks that limit many 2688 

management activities. Conservation options will vary by location. For example, even under extreme 2689 

warming, some cold-water habitats are expected to persist in some river basins in Montana. 2690 

Maintaining those conditions may be all that is necessary to ensure the persistence of native fish 2691 

populations. By contrast, very few habitats regarded as climate refugia are anticipated to remain in 2692 

the Clearwater, Spokane, and Kootenai River basins in Idaho. Those circumstances favor more 2693 

active yet strategic management to promote population persistence through manipulation of habitat, 2694 

fish populations, or both. Many cold-water habitats in Montana and Idaho are situated in landscapes 2695 

where multiple resource values and ecosystem services are important (see chapter 11), so fish 2696 

conservation strategies that are compatible with other resource objectives will be an important issue 2697 
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in public land management (Rieman et al. 2010). Retaining native trout populations in some areas 2698 

may require conservation investments that are unacceptably high or could prove ineffective as 2699 

climate warms. In these circumstances, reallocating those investments to areas where native 2700 

populations are more likely to persist may be preferable. 2701 

The model projections described above contain uncertainties associated with emission scenarios 2702 

and unanticipated characteristics of future climate (Hallegatte et al. 2012). The future scenarios we 2703 

considered reflect qualitatively similar trends to those that have been occurring in the Northern 2704 

Rocky Mountains during the last 50 years: summer streamflow decreases, air temperature increases, 2705 

and stream temperature increases (Isaak et al. 2010, 2012a,b; Leppi et al. 2012; Luce and Holden 2706 

2009). Consequently, these estimates of occupancy probabilities should be a biologically robust and 2707 

spatially explicit ranking of habitats critical to the persistence of native trout. The Climate Shield fish 2708 

distribution maps (fig. 5.7) and databases developed in association with this project were designed 2709 

for ease of use, allowing users to gauge the amount, distribution, and persistence of native trout 2710 

habitats. In addition, this information can be summarized for multiple spatial scales and 2711 

biogeographic entities (e.g., stream, river network, national forest, species or subspecies, state, 2712 

region). 2713 

As with all models, current predictions and future projections of occupancy by juvenile native 2714 

trout are estimates. These projections could be improved by including more local information on 2715 

habitat conditions (Peterson et al. 2013a), the presence of barriers that influence habitat size and 2716 

connectivity among populations (Eros et al. 2012), and the application of spatial statistical network 2717 

models (Isaak et al. 2014). The potential for improvement notwithstanding, the accuracy of these 2718 

simple models suggests that environmental gradients are the primary drivers of habitat occupancy by 2719 

juvenile native trout.  2720 

The next step in an ongoing assessment process is to continue to reduce uncertainties associated 2721 

with the distribution of aquatic species and their responses to a changing climate. Although we used 2722 

data from thousands of sites to develop occupancy models, data on thousands of additional sites 2723 
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would improve existing models and help build new ones for additional species. Compiling a 2724 

comprehensive aquatic species database from all national forests has the potential to provide 2725 

information on the recent presence of species in locations from which they may have disappeared, or 2726 

from which they may have been absent but now exist. These data, and outputs from occupancy 2727 

models, form the basis for projecting and detecting trends in aquatic species distributions, especially 2728 

if coupled with new surveys, such as those based on rapid and reliable environmental DNA surveys 2729 

(McKelvey et al. 2016a). Although DNA surveys are often conducted with one or a few species in 2730 

mind, the samples constitute a snapshot of the entire aquatic community and can be archived to 2731 

support future analyses of multiple species. Finally, better distribution data, an understanding of 2732 

changes in occupancy, and geospatial analysis will improve the accuracy of existing species 2733 

occupancy models and facilitate the development of new ones, ranging from an individual reach to 2734 

an entire species range.  2735 

ADAPTING FISHERIES TO CLIMATIC VARIABILITY AND CHANGE 2736 

Adaptation Strategies and Tactics 2737 

Many options are available to facilitate climate change adaptation and improve the resilience of 2738 

fish populations, perhaps more options than for any other resource assessed in the Northern Rockies 2739 

Adaptation Partnership. Adaptation for fish conservation has been the subject of comprehensive 2740 

reviews, including for the Northern Rockies (Rieman and Isaak 2010, especially table 2) and other 2741 

parts of the Northwest (Beechie et al. 2013; Isaak et al. 2012a; ISAB 2007; Luce et al. 2013; 2742 

Williams et al. 2015). Having a relatively well-known set of climate sensitivities and adaptation 2743 

options (Isaak et al. 2015; Mantua and Raymond 2014; Rieman et al. 2007) provides for credibility 2744 

and consistency in sustainable management of fisheries in the Northern Rockies and beyond. 2745 

The Western, Central, Eastern, and Greater Yellowstone subregions within NRAP all have steep 2746 

mountain topography, complex stream systems, and cold-water fish populations. Therefore, climate 2747 

change sensitivities and adaptation options across this broad area tend to be similar (table 5.6), 2748 

although the effects of livestock grazing as a stressor are more important in the Eastern subregion. 2749 
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The Grassland subregion has no cold-water fish species and is dominated by warm-water species 2750 

many of which are nonnatives. Although some concern exists about aquatic systems in this 2751 

subregion, no adaptation options were developed for fisheries at the Grassland workshop (but see 2752 

box 5.2). 2753 

Reduced snowpack is one of the best-documented effects of warmer temperatures in 2754 

mountainous regions (see chapter 4), resulting in lower summer streamflows and warmer stream 2755 

temperatures. Adaptation strategies can attempt to either maintain higher summer flows or mitigate 2756 

the effects of lower flows (table 5.6). Specific adaptation tactics include pulsing flows from 2757 

regulated streams when temperature is high, reducing water withdrawals for various human uses, and 2758 

securing water rights for instream flows to maintain more control of overall water supply. 2759 

Another strategy is to increase cold-water habitat resilience by maintaining and restoring the 2760 

structure and function of streams. Specific tactics include restoring the functionality of channels and 2761 

floodplains to retain (cool) water and riparian vegetation, and ensuring that passages for aquatic 2762 

organisms are effective. These tactics could be particularly appropriate in areas where restoration 2763 

activities are already underway and where habitat is limiting or declining, especially near roads and 2764 

where high peakflows are frequent. In addition, accelerating riparian restoration may be a 2765 

particularly effective and long-lasting way to improve hydrologic function and water retention. 2766 

Maintaining or restoring American beaver populations provides a “natural” engineering alternative 2767 

for cool water retention. In conjunction with restoration, road removal and relocation from sensitive 2768 

locations near stream channels and floodplains can significantly improve local hydrologic function. 2769 

Interactions with nonnative fish species and other aquatic organisms are a significant stress for 2770 

native cold-water fish species in the Northern Rockies. One adaptation strategy is to facilitate 2771 

movement of native fish to locations with suitable stream temperatures. Adaptation tactics include 2772 

increasing the patch size of suitable habitat, modifying or removing barriers to fish passage, and 2773 

documenting where groundwater inputs provide cold water. All of these tactics will be more 2774 

effective if native fish populations are healthy and nonnatives are not already dominant. Another 2775 
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adaptation strategy is to focus management on reduction of nonnative fish species. Adaptation tactics 2776 

include increased harvest of nonnative fish (e.g., sport fishing), manual or chemical removal of 2777 

nonnatives, and excluding nonnatives with physical or electrical barriers where feasible. These 2778 

tactics will generally be more effective if nonnatives are not already well established. 2779 

In stream systems adjacent to grasslands and shrublands, livestock grazing can damage aquatic 2780 

habitat, causing stress that may be compounded by warmer stream temperatures. An important 2781 

adaptation strategy is to manage grazing to restore as much ecological and hydrologic function of 2782 

riparian systems as possible. Specific adaptation tactics include ensuring that standards and 2783 

guidelines for water quality are adhered to and monitored, making improvements that benefit water 2784 

quality (e.g., fencing), and reducing the presence of cattle through the retirement of vacant grazing 2785 

allotments. It will make sense to prioritize these actions for locations that have high ecological value. 2786 

In a warmer climate, it is almost certain that increased wildfire occurrence will contribute to 2787 

erosion and sediment delivery to streams, thus reducing water quality for fisheries. Increasing 2788 

resilience of vegetation to wildfire may reduce the frequency and severity of fires when they occur. 2789 

Hazardous fuel treatments that reduce forest stand densities and surface fuels are an adaptation tactic 2790 

that is already widely used in dry forest ecosystems. Disconnecting roads from stream networks, 2791 

another tactic already in practice, is especially important, because most sediment delivery following 2792 

wildfire is derived from roads. Finally, erosion control structures can reduce postfire sediment 2793 

delivery and are often a component of Burned Area Emergency Rehabilitation on federal lands. 2794 

More specific details on adaptation strategies and tactics for the subregions are in appendix 5A. 2795 

The process used to elicit adaptation options differed among subregions, with some information 2796 

being general and some being geographically specific. 2797 

Toward Climate-Smart Management 2798 

The broad range of adaptation options summarized in table 5.6 and appendix 5A provide a 2799 

diverse toolkit for fisheries managers. In addition to specific strategies and tactics, several 2800 

overarching issues help guide applications in federal lands. 2801 
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Be Strategic 2802 

Prioritizing watershed restoration such that the most important work is done in the most 2803 

important places is critical, because funds, labor, and time for management of native fish populations 2804 

are limited (Peterson et al. 2013b). For example, climate refugia for native trout in wilderness areas 2805 

may not require or be amenable to habitat modification to ensure the persistence of those 2806 

populations. Similar refugia outside wilderness might be targeted to improve habitat conditions or 2807 

reduce nonnative species, particularly if doing so increases the probability of occupancy of such 2808 

habitats. Regardless of such efforts, some basins are unlikely to provide suitable habitat for native 2809 

trout in the future, so directing conservation investments elsewhere, or for other species, may be 2810 

prudent. 2811 

Implement Monitoring Programs 2812 

Being strategic means reducing current and future uncertainties for decision-making. In the case 2813 

of fisheries, more data are needed for streamflow (more sites), stream temperature (annual data from 2814 

sensors maintained over many years), and fish distributions. These data can be used for better status-2815 

and-trend descriptions, and to develop robust (more accurate and precise) models for species to 2816 

understand the interaction of climate change, natural variation, and land management. The feasibility 2817 

of monitoring at small to broad scales is increasing with the advent of rapid, reliable eDNA 2818 

inventories of aquatic organisms (Thomsen et al. 2012) and the availability of inexpensive, reliable 2819 

temperature and flow sensors (USEPA 2014). 2820 

Restore and Maintain Cold Stream Temperature in Summer 2821 

Persistence of native trout species will depend on a variety of management techniques to restore 2822 

and maintain stream shade and narrow unnaturally widened channels. Actions may include 2823 

relocating roads away from streams, limiting seasonal grazing in some areas, and managing 2824 

streamside riparian forest buffer zones to maintain effective shade and cool, moist riparian 2825 

microclimates. Tactics described above have implications and consequences far beyond enhancing 2826 
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the persistence of native fish populations, but being open to opportunities to do so are part of 2827 

strategic thinking. 2828 

Manage Connectivity  2829 

Beyond climate change concerns, obstacles to fish migration are often removed in hopes of 2830 

enhancing the success of migratory life history forms, or permitting native species to reoccupy 2831 

former habitat or supplement existing populations. However, this presents a dilemma: accessible 2832 

waters can be invaded by nonnative fish species that can replace natives (Fausch et al. 2009). In 2833 

some cases, barriers can be installed to prevent these invasions. Native populations above barriers 2834 

may be secure if they can adopt resident life histories, but could be susceptible to loss from extreme 2835 

disturbance events in small habitats, requiring human intervention re-establish or supplement 2836 

populations. Barriers are usually temporary, and may require reconstruction if nonnative species still 2837 

remain downstream. 2838 

Remove Nonnative Species 2839 

Removal of nonnative fish species, although challenging in some locations, may be the best 2840 

option for maintaining or restoring some native fish populations. These efforts typically consist of 2841 

chemical treatments or electrofishing, and both tend to be feasible only in smaller, simpler habitats. 2842 

Both are also costly, in part because they need to be conducted on multiple occasions to be effective. 2843 

Chemical treatment can be controversial because of its perceived effects on water quality. 2844 

Furthermore, any method of removal is successful only if the source of nonnative species is 2845 

removed, often by installation of a migration barrier (see above). Public resistance to removal of 2846 

nonnative fishes may also be an obstacle, particularly if sport fish are involved. Unauthorized 2847 

introductions are also common, and can undermine conservation efforts. Finally, using control 2848 

measures to manage the abundance of nonnative species rather than removing all of them has been 2849 

helpful in some areas (e.g., removal of lake trout to promote bull trout persistence, electrofishing to 2850 

depress brook trout and favor cutthroat trout). Such activities will be successful only if conducted at 2851 
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regular intervals for the foreseeable future, which assumes social acceptance and that project funding 2852 

will be available indefinitely. 2853 

Implement Assisted Migration? 2854 

Moving native fish species from one location to another, a historically common activity in fish 2855 

management, has typically been used to found populations in previously fishless waters. This 2856 

practice, alternately termed assisted migration or managed relocation, has become controversial for 2857 

some taxa in recent years. However, assisted migration may be useful in the Northern Rockies where 2858 

basins are currently fishless (or host only nonnative species in limited numbers) because of natural 2859 

barriers such as waterfalls, and may constitute high-quality climate refugia in the future. Moving 2860 

native fish to such areas is feasible, but potential effects on other native taxa (e.g., amphibians or 2861 

invertebrates) must be considered. Reintroductions of native species may also be warranted when 2862 

natural refounding is not an option, such as when populations in a specific location are isolated and 2863 

periodically fail or suffer population bottlenecks (Dunham et al. 2011). This degree of management 2864 

intervention requires a thorough understanding of genetic principles and broodstock establishment. 2865 

In conclusion, fisheries managers responding to the environmental trends associated with climate 2866 

change will require a diverse portfolio comprised of many of the actions described in this chapter. 2867 

Equally important is adapting our mindsets—and our administrative processes—to a new paradigm 2868 

of dynamic disequilibrium for the 21st century. Under this paradigm, stream habitats will become 2869 

more variable, undergo gradual shifts through time, and sometimes decline. Many populations will 2870 

retain enough flexibility to adapt and track their habitats, but others could be overwhelmed by future 2871 

changes. It is unlikely that we will be able to preserve all populations of all fish species as they 2872 

currently exist. However, as better information continues to be developed in the future, managers 2873 

will have increasingly precise tools at their disposal to know when and where resource commitments 2874 

are best made to enhance the resilience of existing fish populations or to benefit other species for 2875 

which management was previously not a priority. There is much to do as climate change adaptation 2876 
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continues in future years, and federal lands will play a critical role in providing important refuge 2877 

habitats for aquatic resources.  2878 
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Chapter 6: Climate Change Effects on Forest Vegetation in the Northern 3290 

Rocky Mountains 3291 

Robert E. Keane, Mary Frances Mahalovich, Barry L. Bollenbacher, Mary E. Manning, Rachel A. 3292 

Loehman, Terrie B. Jain, Lisa M. Holsinger, Andrew J. Larson, and Meredith M. Webster 3293 

 3294 

INTRODUCTION 3295 

The projected rapid changes in climate will impact the unique vegetation assemblages of the Northern 3296 

Rockies in myriad ways, both directly through shifts in vegetation growth, mortality, and regeneration, 3297 

and indirectly through changes in disturbance regimes and interactions with changes in other ecosystem 3298 

processes, such as hydrology, snow dynamics, and exotic invasions (Bonan 2008; Hansen and Phillips 3299 

2015; Hansen et al. 2001; Notaro et al. 2007). These impacts, taken collectively, could change the way 3300 

vegetation is managed by public land agencies in this area. Some species may be in danger of rapid 3301 

decreases in abundance, while other may experience range expansion (Landhäusser et al. 2010). New 3302 

vegetation communities might form, while historical vegetation complexes may simply shift to other 3303 

areas of the landscape or become rare. Juxtaposed with climate change concerns are the consequences of 3304 

other land management policies and past activities, such as fire exclusion, fuel treatments, and grazing. A 3305 

thorough assessment of the responses of vegetation to projected climate change is needed, along with an 3306 

evaluation of the vulnerability of important species, communities, and vegetation-related resources that 3307 

may be impacted by the effects, both direct and indirect, of climate change. This assessment must also 3308 

account for past management actions and current vegetation conditions and their interactions with future 3309 

climates. 3310 

This chapter addresses the potential impacts of climate change on forest vegetation in the Forest 3311 

Service, U.S. Department of Agriculture (USFS) Northern Region and the Greater Yellowstone Area 3312 

(GYA), hereafter called the Northern Rockies (NR) assessment area (fig. 6.1). Then, based on the climate 3313 

impacts assessment, we present an evaluation of the vulnerability of important tree species, vegetation 3314 

DRAFT



Halofsky et al. chapter 6  

 117 

types, and resources of concern to projected climate change effects. And last, we present various 3315 

adaptation actions to address climate change vulnerabilities.  3316 

This chapter includes six major sections. In the introductory section, we define terminology used 3317 

throughout the chapter and provide background material on the details of the assessment including the 3318 

scales, geographic areas, and pertinent information used to make our assessments. We also included 3319 

discussion on how to evaluate uncertainty in climate change projections and vegetation response. We also 3320 

summarize the methods used to make projections of vegetation response to changing climate. The second 3321 

section contains important ecological background information that was used to assess climate change 3322 

impacts and projected climate change responses for 17 tree species, five forest vegetation types, and three 3323 

resources of concern. The third section is comprised on information on the tree species, types, or 3324 

resources of concern that are important when evaluating climate change responses. In the fourth section, 3325 

we then rate the vulnerability of the species, vegetation types, and resources of concern to climate change 3326 

using information presented in section three. In the fifth section, we discuss adaptation strategies and 3327 

management actions that can be used to address likely impacts of climate change. The final section is a 3328 

concluding discussion.  3329 

This chapter utilizes the best-available information of climate change impacts on vegetation in the NR 3330 

assessment area. We have integrated broad scale modeling results with a detailed synthesis of climate 3331 

change literature for the NR area. This chapter was written to aid land managers in addressing climate 3332 

change impacts on forest vegetation in land management planning and development of management 3333 

strategies. This chapter does not include the detail needed to address climate change impacts at the project 3334 

level, but it does include valuable information and syntheses that can be used in project planning and in 3335 

addressing broad concerns at a landscape and project scale.  3336 

Terminology 3337 

Climate 3338 

Evaluations of climatic trends can be quite confusing, mostly because weather and climate vary at 3339 

different spatial and temporal scales. To reduce this confusion, it is often helpful to clearly define the 3340 
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terms and explain the scales that distinguish weather, climate variability, and climate change. Weather is 3341 

the hourly, daily, weekly or monthly summaries in temperature, precipitation, wind, humidity, and other 3342 

atmospheric conditions observed at a given place or across a large region. Weather changes at relatively 3343 

small temporal scales (quickly) and it can change significantly as one moves north or south, east or west, 3344 

or up and down in elevation. Weather is difficult to predict more than a few days in advance. Climate is a 3345 

statistical characterization of the weather, averaged over many years. The World Meteorological 3346 

Association defines it as the average 30-year weather patterns of a region. Climate variability is the 3347 

variation in weather statistics over relatively broad regions and long time periods. Climate variability can 3348 

be caused by underlying climatic processes, such as changes in patterns of ocean temperatures. The El 3349 

Niño-Southern Oscillation (ENSO) and the Pacific Decadal Oscillation (PDO), for example, are two 3350 

sources of climate variability in western North America (Newman et al. 2003). ENSO oscillations occur 3351 

over two to seven year periods (Gershunov and Barnett 1998), while PDO oscillations occur on a longer 3352 

cycle (20 – 50 years) (Heyerdahl et al. 2002). External forcings, such as changes in solar radiation, large 3353 

volcanic eruptions, and increasing concentrations of greenhouse gases in the atmosphere, also influence 3354 

climate variability. Climate change is a non-random change in climate that is measured over several 3355 

decades or longer. It is technically defined as a statistically significant variation in either the mean state of 3356 

the climate or in its variability, persisting for an extended period (decades or longer). Like climate 3357 

variability, climate change may be due to natural internal processes or to external forcings. A climate 3358 

scenario is a plausible and often simplified representation of one possible future climate, based on a 3359 

consistent set of known principles about the climate system used as input to climate models.  3360 

Vegetation 3361 

There are several general terms that are used in vegetation ecology to describe how ecosystems 3362 

respond to climate change (IPCC 2007). Adaptive capacity is the ability of a plant, species, or system to 3363 

adjust to climate change (including climate variability and extremes) to moderate potential damages, to 3364 

take advantage of opportunities, or to cope with the consequences. Exposure is the nature and degree to 3365 

which a system is exposed to significant climate variations (Glick and Stein 2010). Sensitivity is the 3366 
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degree to which a system is affected, either adversely or beneficially, by climate variability or change. 3367 

The effect may be direct, such as crop yield decreases in response to a higher temperature, or indirect, 3368 

such as damages caused by an increase in the frequency of coastal flooding due to sea-level rise. 3369 

Resilience is the degree to which ecosystems can recover from one or more disturbances without a major 3370 

shift in composition or function, while resistance is the ability of an organism, population, community, or 3371 

ecosystem to withstand perturbations without significant loss of structure or function (i.e., remain 3372 

unchanged) (Holling 1973; Seidl et al. 2016). From a management perspective, resistance includes both 3373 

(1) the degree to which communities are able to resist change, such as that from warming climates, and 3374 

(2) the manipulation of the physical environment to counteract and resist physical and biological change 3375 

(i.e., cutting, burning, harvest treatments). Vulnerability is the degree to which a system is susceptible to, 3376 

and unable to cope with, the adverse effects of climate change, including associated climate variability 3377 

and extremes. Vulnerability is a function of the character, magnitude, and rate of climate change and 3378 

variation to which a system is exposed, its sensitivity, and its adaptive capacity.  3379 

Other terms describe how ecosystem processes that are impacted by climate change will affect 3380 

vegetation. In general, stressors are any physical, chemical, or biological entity that can induce an adverse 3381 

ecosystem response. Stressors can arise from physical and biological alterations of natural disturbances, 3382 

increased unmanaged demand for ecosystem services (such as recreation), alterations of the surrounding 3383 

landscape, chemical alterations in regional air quality, or from a legacy of past management actions 3384 

(Joyce et al. 2008).  3385 

Management 3386 

Climate change adaptation is an adjustment in natural or human systems in response to actual or 3387 

expected climatic stimuli or their effects, which hopefully moderates harm or exploits beneficial 3388 

opportunities (Spittlehouse and Stewart 2004). Adaptation is often referred to as preparedness, and is 3389 

based on scientifically supported strategic and tactical activities that support sustainable resource 3390 

management. Adaptation addresses specific aspects of the sensitivity of resources to an altered climate. 3391 

An adaption tactic is a specific action described in management and planning documents that supports 3392 
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adaptation strategies and is implemented on the ground (e.g., reducing stem density and surface fuels in a 3393 

dry mixed conifer forest, or increasing culvert size on roads along a stream that is expected to have higher 3394 

flood volumes) approaches (Joyce et al. 2008; Millar et al. 2007a; West et al. 2009). Assisted migration is 3395 

deliberately helping plant species colonize new habitats when driven out of their historical habitats due to 3396 

rapid environmental change, especially climate change.  3397 

In an ideal sense, ecological restoration is defined as the practice of reestablishing historical plant and 3398 

animal communities in a given area and the renewal of ecosystem and cultural functions necessary to 3399 

maintain these communities now and into the future (Egan and Howell 2001). However, this ideal may be 3400 

impossible to manage because: (1) little is known about historic conditions; (2) many key species may 3401 

already be lost; (3) some efforts may be prohibitively expensive; and most importantly, (4) future climates 3402 

will create novel ecosystems. As a result, The Society for Ecological Restoration has opted for a 3403 

definition that states that ecological restoration is “the process of renewing and maintaining ecosystem 3404 

health”. 3405 

The U.S. Forest Service manual (FSM) direction contained in FSM 2020 includes objectives and a 3406 

policy for restoration. The objectives of the Forest Service ecosystem restoration policy are to: 3407 

1. Restore and maintain ecosystems that have been damaged, degraded, or destroyed by 3408 

reestablishing the composition, structure, pattern, and ecological processes. 3409 

2. Manage for resilient ecosystems that have a greater capacity to withstand stressors, 3410 

absorb and recover from disturbances, and reorganize and renew themselves, especially under 3411 

changing and uncertain environmental conditions. 3412 

3. Achieve long-term ecological sustainability and provide a broad range of ecosystem 3413 

services to society. 3414 

The Forest Service emphasizes ecosystem restoration across all National Forest System lands with the 3415 

goal of attaining resilient ecosystems. All strategic plans, including the Forest Service Strategic Plan, land 3416 

and resource management plans, and area plans, must include goals and objectives to sustain the 3417 

resilience and adaptive capacity of aquatic and terrestrial ecosystems by reestablishing, maintaining, or 3418 
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modifying their composition, structure, function, and connectivity. The goals and objectives must be 3419 

established within this framework as defined by laws, Indian treaties and Tribal values and desires, and 3420 

regulations. The goals and objectives also must consider public values and desires, social concerns, 3421 

economic sustainability, the historical range of variability, ecological integrity, current and likely future 3422 

ecological capabilities, a range of climate and other environmental change projections, the best available 3423 

scientific information, and technical and economic feasibility to achieve desired conditions for National 3424 

Forest System lands. A primary element of an integrated approach is to identify and eliminate or reduce 3425 

stressors that degrade or impair the ecosystem. Restoration activities should also take into account social 3426 

and ecological influences at multiple scales and incorporate the concept of a dynamic system and 3427 

ecological trajectory. Some ecosystems may have been altered to such an extent that reestablishing 3428 

components of the historical range of variability may not be ecologically or economically possible. 3429 

Therefore, goals and activities should focus on restoring the underlying processes that create functioning 3430 

ecosystems.  3431 

Functional restoration, an alternative concept used in the Forest Service, is defined as the “restoration 3432 

of abiotic and biotic processes in degraded ecosystems”. Functional restoration focuses on the underlying 3433 

processes that may be degraded, regardless of the structural condition of the ecosystem. As contrasted 3434 

with ecological restoration, that tends to seek a historical reference condition, functional restoration 3435 

focuses on the dynamic processes that drive structural and compositional patterns. Functional restoration 3436 

aims to restore functions and improve structures with a long-term goal of restoring interactions between 3437 

function and structure. It may be, however, that a functionally-restored system will look quite different 3438 

than the historical reference condition in terms of structure and composition, and these disparities cannot 3439 

be easily corrected because some threshold of degradation has been crossed or the environmental drivers, 3440 

such as climate, that influenced structural and (especially) compositional development have changed. 3441 

Scales of Assessment 3442 

This chapter uses three scales to assess the impacts of climate change on forest vegetation: species, 3443 

vegetation types, and resource concerns. We selected these scales and their elements to ensure flexibility 3444 
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when considering the complex ecological concerns across the NR study area. Not only did this structure 3445 

facilitate consistent and comprehensive assessments for the major management concerns identified in this 3446 

chapter, but it also allows for the addition of new elements that may be identified in the future. 3447 

Species 3448 

At the finest level of assessment, we address climate change effects at the species or species group 3449 

level. We allowed for the use of species groups by aggregating species by genera, guilds, plant functional 3450 

types, or lifeforms. In this chapter we had only one species group – all cottonwood species (Populus 3451 

tricarpa, P. angustifolia, P. deltoides). We selected the species scale to allow new species or species 3452 

groups easily at later dates. This scale was meant to address regional concerns about important individual 3453 

species or species groups that might be adversely impacted by climate change. Obviously, all tree species 3454 

cannot be addressed, and so the list of species and species groups included here represent only those 3455 

species that are identified by the government agencies in the NR as critical for addressing both 3456 

management and climate change concerns. 3457 

Vegetation types 3458 

The vegetation type assessment scale addresses climate change concerns at a coarse vegetation 3459 

community type level so that future evaulations can be spatially described using a map or geographic 3460 

information system layer. Five forest vegetation types were assessed in this report to summarize potential 3461 

climate change impacts, including dry ponderosa pine (Pinus ponderosa)/Douglas-fir (Pseudotsuga 3462 

menziesii) forests, western larch (Larix occidentalis) mixed mesic forests, mixed mesic western white 3463 

pine (Pinus monticola), western redcedar (Thuja plicata), western hemlock (Tsuga heterophylla), grand 3464 

fir (Abies grandis) forests, lodgepole pine (Pinus contorta) mixed subalpine forests, and whitebark pine 3465 

(Pinus albicaulis) mixed upper subalpine forests. These types are shown in both an existing vegetation 3466 

map (fig. 6.1) and a potential vegetation map (fig. 6.2). Both maps and resultant categories were derived 3467 

from LANDFIRE data (Rollins 2009), which covered the entire NR study area. Many of the estimated 3468 

effects of climate change were based on evaluations of MC2 model simulations (see MC2 section), and 3469 

figure 6.3 portrays the MC2 vegetation types used to generate the model results in appendix 6A of this 3470 
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report. The potential vegetation type map and MC2 map can be used to estimate species assemblages in 3471 

the absence of disturbance.  3472 

Resource Concerns 3473 

There are a number of resource concerns related to forest vegetation that were also addressed in this 3474 

report. First, we addressed the impact of climate change and vegetation response on landscape 3475 

heterogeneity, defined as the diversity in landscape structure or patch characteristics. We assumed that 3476 

landscapes with high heterogeneity are more resilient to disturbance (Ahlqvist and Shortridge 2010; 3477 

Oliver et al. 2010; Turner 1987). The second resource concern is timber production, as represented by 3478 

timber volume. We attempted to address impacts of climate change on timber production solely via 3479 

vegetation response, not from disturbance. Lastly, we describe climate impacts on carbon reserves across 3480 

the NR area. NR resource specialists selected these resource concerns. 3481 

Geographic Stratification 3482 

The NR assessment area was stratified into five geographic sub-areas (fig. 6.1). The west side area 3483 

includes northwestern Montana and northern and central Idaho. The central area includes west-central 3484 

Montana and all lands west of the continental divide to the west side and north to Canada. The east side 3485 

area includes the Rocky Mountain Front and southwestern Montana. The grasslands area includes all 3486 

lands east of the east side boundary to the eastern border of the Northern Region. Lastly, the GYA 3487 

includes all lands that have been officially designated as part of this high profile area, including 3488 

Yellowstone National Park, Grand Teton National Park, the southern end of the Gallatin National Forest 3489 

and the Beaverhead Deerlodge National Forest, the western side of the Custer National Forest and parts of 3490 

the Shoshone, Bridger-Teton, Caribou, and Targee National Forests.  3491 

The main purpose of dividing the assessment area into five geographic sub-areas was to refine climate 3492 

change projections, impacts, and adaptation options to a specific part of the NR study area. The five sub-3493 

areas shown in figure 6.1 were included for all authors to standardize the spatial scales of their sections, 3494 

but some authors of this chapter chose to evaluate climate change impacts at the national forest or finer 3495 
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scale. As a result, this chapter does not include formal sections for each geographical area. Instead, the 3496 

authors tuned their material to the sub-areas if the data and information allowed.  3497 

Uncertainty 3498 

Uncertainty is an expression of the degree to which something is unknown. Uncertainty can result 3499 

from a lack of information or from a disagreement about what is known or even knowable. Uncertainty 3500 

can also result from known and unknown errors. It may have many types of sources, from quantifiable 3501 

errors in data to ambiguously-defined concepts or terminology, or uncertain projections of human 3502 

behavior. Uncertainty can therefore be represented by quantitative measures, such as a range of values, or 3503 

by qualitative statements, such as assessment of the judgment of a team of experts. Uncertainty is quite 3504 

different from variability; variability is the actual range of a value or ecosystem variable. 3505 

All the climate models (Global Circulation Models or GCMs) that predict rapidly warming climates 3506 

have a high degree of uncertainty (IPCC 2007). While there is little debate that atmospheric CO2 is 3507 

increasing and that this increase will cause major changes in climate (IPCC 2007), there is a great deal of 3508 

uncertainty about the magnitude and rate of climate change (Roe and Baker 2007; Stainforth et al. 2005). 3509 

This uncertainty will almost undoubtedly increase as climate projections are made at finer resolutions, for 3510 

different geographical areas, and for longer time periods (Knutti and Sedlacek 2013). The range of 3511 

possible projections of future climate from GCMs (anywhere from a 2.88 – 14.4 oF increase in global 3512 

average annual temperature) is much greater than the variability of climate over the past two or three 3513 

centuries (Stainforth et al. 2005), and the variability across GCMs is greater than the variability in each 3514 

model’s climate projections. Since it is impossible to know whether society will respond to climate 3515 

change by employing technological innovations to minimize CO2 emissions or to mitigate its effects, most 3516 

GCMs also simulate a suite of scenarios that capture a range of possible strategies to deal with climate 3517 

change, introducing yet another source of uncertainty. Moreover, it is the high variability of climate 3518 

extremes, not the gradual change of average climate, that will drive most ecosystem responses to the 3519 

climate-mitigated disturbance and plant dynamics, and these rare, extreme events are the most difficult to 3520 

predict (Easterling et al. 2000).  3521 
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Yet another source of uncertainty in attempting to predict ecosystem change is introduced when we 3522 

try to predict how the Earth’s vegetation and ecosystems will respond to highly uncertain climate change 3523 

(Araujo et al. 2005). Mechanistic ecological simulation of climate, vegetation, and disturbance dynamics 3524 

across landscapes is still in its infancy (Keane and Finney 2003; Sklar and Costanza 1991; Walker 1994). 3525 

Many current ecosystem simulation models are missing the important direct interactions of disturbance, 3526 

hydrology, and land use with climate that will surely dictate effects on plant distributions (Notaro et al. 3527 

2007). Little is known about the interactions among climate, vegetation, and disturbance, and interactions 3528 

among different disturbance regimes (fire and beetles, for example) could create novel landscape 3529 

behaviors. It is also difficult to determine how the critical plant and animal life cycle processes of 3530 

reproduction, growth, and mortality will respond to changing climate (Gworek et al. 2007; Ibanez et al. 3531 

2007; Keane et al. 2001; Lambrecht et al. 2007). These modeling uncertainties greatly increase as 3532 

projections are made further into the future and at finer spatial scales (Xu et al. 2009). 3533 

Managers must account for these uncertainties when using the information in this report in any land 3534 

management plan or analysis. Sometimes there is less uncertainty in implementing conventional 3535 

restoration designs than in designing restoration or treatment plans that attempt to account for climate 3536 

change impacts. For some areas or resources, such as the restoration of western larch ecosystems, 3537 

addressing climate change in management plans may require only minor changes to current management 3538 

practices, while in other situations, major changes to current treatment designs may be needed, such as in 3539 

ponderosa pine ecosystems. All climate effects will be manifest in different ways on different landscapes, 3540 

and as a result, there is no magic “one-size-fits-all” prescription that can be adopted everywhere. The 3541 

decision to modify management actions to include climate change effects must always include an 3542 

assessment of the uncertainty of that modification and most importantly, local conditions. 3543 

Climate Change Assessment Techniques 3544 

Anticipating ongoing rapid climate change, ecologists are attempting to project the effects of those 3545 

changes on myriad ecosystem processes across various scales (Clark et al. 2001; Joyce et al. 2014; 3546 

Schumacher et al. 2006). Using traditional ecological field methods to explore climate change response 3547 
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may be difficult because of the complex interactions between ecological processes, disturbance, and 3548 

climate at multiple temporal and spatial scales (McKenzie et al. 2014). It would simply be too costly and 3549 

time-intensive to sample at the large spatial scales and long timespans need to quantify vegetation 3550 

response (Keane and Finney 2003).  3551 

In general, there are four techniques to assess and project the effects of climate change on vegetation 3552 

and any other resource concern. The first is expert opinion, and it involves having experts in the fields of 3553 

climate change, ecology, and vegetation dynamics qualitatively assess what will happen to vegetation 3554 

under various climate change scenarios. The majority of papers about climate change impacts on 3555 

vegetation used in this report were written by experts who have evaluated future climate projections and 3556 

used their valuable experience to deduce how vegetation will respond to different climates. Information 3557 

from these papers was included in this report, but expert opinions were only used when there was no other 3558 

information from the other assessment techniques. 3559 

The second technique involves field assessment where extensive field sampling or remote sensing 3560 

projects monitor vegetation change as the climate warms. Field sampling involves establishing plots in 3561 

networks across the landscape, detecting change between plot measurements, and correlating these 3562 

changes to climate data. Van Mantgem and Stephenson (2007), for example, related high tree mortalities 3563 

to climate change using a network of monitoring plots. Demography studies track individuals over time, 3564 

rather than use periodic plot-level inventories, to fully understand the role of climate relative to other risk 3565 

factors like competition, variation in physiology and function, and vulnerability to insects and pathogens. 3566 

Such demography data sets are rare (Iverson and McKenzie 2013), but one study has tracked more than 3567 

27,000 individuals of 40 species for about a decade to address interactions over an area of the 3568 

southeastern U.S. (Clark et al. 2011). The only demographic dataset available for the NR assessment area 3569 

is the Forest Inventory and Analysis database, but this extensive dataset has yet to be summarized to 3570 

describe vegetation shifts due to climate change in the NR, although it has been elsewhere (McNulty et al. 3571 

1994). While field assessment techniques are the most reliable and most useful, they are often intractable 3572 
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(see previous paragraphs) because of the large areas and long time periods needed to properly sample 3573 

vegetation at the appropriate scales to detect changes as a result of climate. 3574 

The third method involves the use of statistical analysis to create empirical models that project 3575 

climate change response. Most of the studies that project the habitat, range, or occupational shifts of NR 3576 

tree species from climate warming use species distribution models (SDMs) to project future geographical 3577 

ranges (Hansen and Phillips 2015; Iverson and Prasad 2002; Warwell et al. 2007). SDMs, also called 3578 

bioclimatic envelope models, niche models, and species envelope models, are developed by linking 3579 

current climate with the current distribution of a species of interest by means of advanced statistical 3580 

modeling (Guisan and Zimmermann 2000; Watling et al. 2012). Then, using the statistical model, a future 3581 

species distribution is computed using projected future climate data as inputs rather than the past climate. 3582 

However, SDMs are inherently flawed for projecting future species distributions in that they relate past 3583 

species occurrence to climate, resulting in predictions of potential species habitat, not species distribution 3584 

(Iverson and McKenzie 2013). The projected potential habitat is only reflective of the species’ distribution 3585 

today and does not relate climate to historical distributions. One of the biggest limitations to this approach 3586 

is that many studies have now found that most species distributions are NOT in equilibrium with climate, 3587 

thereby causing SDMs to miss those areas conducive for the species but where the species is currently 3588 

absent (type II error). Moritz and Agudo (2013), for example, found many species in the fossil record 3589 

existed over a wider range of climates than is recorded today.  3590 

Another limitation of empirical models is that the critical ecological processes, such as pollination, 3591 

cone production, seed dispersal, seed germination, seedling establishment, tree growth, mycorrhizae 3592 

influences, competitive interactions, disturbance, mutualists, and mortality, as well as the many 3593 

disturbance processes, are not represented in SDMs, and these are the main processes that control species 3594 

abundance and presence (Iverson and McKenzie 2013; Watling et al. 2012). Dullinger et al. (2012), for 3595 

example, found that range shifts predicted by SDMs retracted by over 40 percent when seed dispersal was 3596 

included in the prediction process. Girardin et al. (2008) found that process models were much better at 3597 

projecting climate change effects on tree growth because they accounted for changes in soil moisture and 3598 
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growing season. Moreover, the climates used to develop SDMs represent a very small slice of time (50 – 3599 

100 years) relative to the long time periods that existing trees, such as the long-lived whitebark pine 3600 

(>1000 years of age), have survived on the landscape today, and so SDMs cannot capture the climate for 3601 

all stages of today’s tree’s life cycle. Most mature trees used to evaluate species occurrence in statistical 3602 

models may have lived for hundreds to thousands of years and continued to survive despite major changes 3603 

in climate. Along those same lines, one of the major problems of SDM modeling is that there is no sense 3604 

of how long it will take for a species to be eliminated from one site and effectively populate a new site, 3605 

and because migration is a slow process, the timing of SDM model results are often incompatible with 3606 

management time frames. In addition, SDMs assume that the current distribution of the species is a 3607 

consequence of climate alone, yet we know that fire exclusion, exotic diseases, and management actions 3608 

have also impacted species occurrence (Gustafson 2013; Iverson and McKenzie 2013). Therefore, it is 3609 

difficult to have any confidence in SDM projections for fine scale applications; they are informative, but 3610 

not prognostic, especially on short time scales of decades and half-centuries required by land 3611 

management. This is especially true when addressing the high uncertainty of the GCM derived climate 3612 

used by the SDMs.  3613 

The last and perhaps the most effective technique uses simulation modeling to assess climate-3614 

mediated vegetation responses (Gustafson 2013; Iverson and McKenzie 2013; McKenzie et al. 2014). 3615 

Here, future projections of climate are input into simple to complex ecological models to simulate the 3616 

climate change effects (Baker 1989; He et al. 2008; Keane et al. 2004; Merriam et al. 1992; Perry and 3617 

Millington 2008). A variety of existing models simulate ecological change at broad (global, regional) and 3618 

fine (point, ecosystem, stand) scales (Bugmann 2001; Cramer et al. 2001). However, landscape scale 3619 

(38.6 to 386 square miles) models are perhaps the most critical for predicting effects of climate change 3620 

because this is a key scale at which most ecosystem processes and linkages are manifest and the scale at 3621 

which most management decisions are made (Cushman et al. 2007; Littell et al. 2011; McKenzie et al. 3622 

2014). Finer-scale stand models cannot incorporate important exogenous disturbance regimes because of 3623 

their limited spatial extent, and coarse-scale dynamic global vegetation models (DGVMs) are unable to 3624 
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simulate important plant-, species- and canopy-level competition and disturbance effects, such as 3625 

successional shifts, community dynamics, and differential disturbance effects among species (McKenzie 3626 

et al. 2014). 3627 

To realistically model species composition changes, a mechanistic, process-driven simulation 3628 

approach might be preferable to emphasize those physical drivers of vegetation dynamics that are directly 3629 

related to climate (Gustafson 2013). However, mechanistic model design is often overly complex and 3630 

therefore presently intractable because of (1) overly detailed parameterization of species life histories and 3631 

physiologies for all species, (2) high complexity of many interacting disturbance factors, and (3) 3632 

necessary high-resolution modeling over large areas (Lawler et al. 2006). Dynamic global vegetation 3633 

models, such as the MC2 model used in this report (next section), operate at scales from regional 3634 

(hundreds of miles) to global (degrees of latitude and longitude). While DGVMs project climate change 3635 

across large domains, these models aggregate species into life forms or plant functional types (PFTs), 3636 

using structural or functional attributes, which may be useless to local managers (Bachelet et al. 2003; 3637 

Bonan 2008; Neilson et al. 2005). Most of these models project shifts to more drought-tolerant and 3638 

disturbance-tolerant species or PFTs for future climates. This general shift in vegetation may be offset by 3639 

physiological changes induced by CO2 fertilization, as suggested by a DGVM (MC1) that links water-use 3640 

efficiency to CO2-simulated expansion of forests into areas where the climate is currently too dry 3641 

(Bachelet et al. 2003). This particular issue deserves further study to resolve the extent and duration of 3642 

such mitigating effects of CO2; these effects could change substantially depending on the outcome of 3643 

climate change projections.  3644 

To be effective at realistically predicting climate change effects, ecosystem models must simulate 3645 

disturbances, vegetation, and climate, and also their interactions across multiple scales (Purves and Pacala 3646 

2008). Yet few models simulate ecosystem processes with the mechanistic detail needed to realistically 3647 

represent important interactions between landscape processes, vegetation dynamics, disturbance regimes, 3648 

and climate (Keane et al. 2015; Riggs et al. 2015). Direct interactions between climate and vegetation, for 3649 

example, may be more realistically represented by simulating daily carbon (photosynthesis, respiration), 3650 
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water (evapotranspiration), and nutrient (nitrogen, phosphorous) dynamics at the plant level than by 3651 

simulating vegetation development annually using state-and-transition modeling approaches (Keane et al. 3652 

[in press]). A fully mechanistic approach, however, may be difficult for both conceptual and 3653 

computational reasons, and some simulated processes may always require a stochastic or empirical 3654 

approach (Falk et al. 2007; McKenzie et al. 2014). 3655 

We used output from the DGVM MC2 to standardize our evaluation of change and vegetation 3656 

responses for the NR. Output from this model is presented in appendix 6A, and this output was used by 3657 

all authors in developing the material on future climate effects on vegetation and in the vulnerability 3658 

assessment. We did not use MC2 simulated species projections in the following sections. 3659 

MC2 model 3660 

MC2 is a new implementation of the MC1 DGVM, which was created to assess the impacts of global 3661 

climate change on ecosystem structure and function at a wide range of spatial scales from landscape to 3662 

global (Bachelet et al. 2001; Peterman et al. 2014). MC2 is short for "MC1 version 2." MC1 was 3663 

produced by combining physiologically-based biogeographic rules, originally defined in the Mapped 3664 

Atmosphere-Plant-Soil System (MAPSS) model (Neilson 1995), with biogeochemical processes 3665 

packaged in a modified version of CENTURY (Parton et al. 1987) and a new fire disturbance model, 3666 

MCFIRE (Lenihan et al. 1998; Lenihan et al. 2003). The three linked modules simulate biogeography 3667 

(lifeform interpreter and vegetation classifier), biogeochemistry, and fire. The main functions of the 3668 

biogeographic module are to (1) predict lifeforms, that is, the composition of deciduous-evergreen tree 3669 

and C3-C4 grass lifeform mixtures; and (2) classify those lifeforms and their associated biomass into 3670 

different vegetation classes using a climatologic rule base. The biogeochemical module simulates monthly 3671 

carbon (C) and nutrient dynamics for a given ecosystem. Aboveground and belowground processes are 3672 

modeled in detail and include plant production, soil organic matter decomposition, and water and nutrient 3673 

cycling. Parameterization of this module is based on the lifeform composition of the ecosystems, which is 3674 

updated annually by the biogeographic module. The fire module simulates the occurrence, behavior, and 3675 

effects of severe fire. Allometric equations, keyed to the lifeform composition supplied by the 3676 
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biogeographic module, are used to convert aboveground biomass to fuel classes. Fire effects, specifically 3677 

plant mortality and live and dead biomass consumption, are estimated as a function of simulated fire 3678 

behavior (fire spread and fire line intensity) and vegetation structure. Fire effects feed back to the 3679 

biogeochemical module to adjust levels of various carbon and nutrient pools to alter vegetation structure 3680 

(e.g., leaf area index levels and woody versus grass-dominated vegetation). 3681 

The MC2 DGVM model simulations were generated by Tim Sheehan (Conservation Biology 3682 

Institute). Inputs to the MC2 model include soil (depth, texture and bulk density), annual average 3683 

atmospheric CO2 concentration, and monthly average climate variables (monthly precipitation, mean 3684 

vapor pressure, and means of daily maximum and minimum temperatures). Historical climate data (1895-3685 

2008) were obtained from the PRISM group (Daly et al. 2008) and were upscaled to 30-arc-second 3686 

resolution (~0.23 square mile). Soils data were derived from STAGSGO (SCS 1991) by Kern (1995, 3687 

2000) and were scaled to the resolution of the climate data. Future climate projections were available 3688 

from various GCMs, and we chose the MIROC 3.2 medres (Hasumi and Emori 2004) based on its 3689 

relatively high overall ranking according to Mote and Salathé (2010). GCM future projections were 3690 

downscaled to 0.23 mi2 using the delta or anomaly method (Fowler et al. 2007). Anomalies between 3691 

future and mean monthly historical (1971-2000) values were calculated to project estimates for each 3692 

climate variable and each future month across the study area. We evaluated model output based on two 3693 

IPCC Special Report on Emissions Scenarios greenhouse gas emission scenarios (Nakićenović et al. 3694 

2000) - A1B and A2. Future projections based on the most recent generation of emissions scenarios, the 3695 

Representative Concentration Pathways, were not available across the entire NR area, but the two 3696 

generations of models are relatively similar in their estimates of global temperature change and spatial 3697 

patterns temperature and precipitation change (Knutti and Sedláček 2013).  3698 

To evaluate potential climate impacts on vegetation assemblages and disturbance regimes and the 3699 

interaction with land management, we evaluated a suite of vegetation-related and fire occurrence 3700 

variables output by the MC2 model under historical (1971-2000) conditions and future projections for 3701 

mid-century and end-of-century. Specifically, we compared past vegetation distributions across the NR 3702 
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with fire suppression and without, and made similar comparisons for two future years, 2050 and 2100, 3703 

under both the A1B and the A2 emissions scenario (appendix 6A). Aboveground processes were 3704 

examined comparing the amount of carbon in live and dead biomass for three time periods (historical, 3705 

2030-2050, 2080-2100) and with/without fire suppression (appendix 6A). Potential evapotranspiration 3706 

was also evaluated to compare possible changes in aridity (over similar time spans and land management 3707 

measures). Finally, projected changes in fire disturbance were examined comparing estimated fire rotation 3708 

and the percent of study area burned by time period and suppression management (appendix 6A). 3709 

FOREST VEGETATION RESPONSES TO CLIMATE 3710 

In general, many scientists feel that the impacts of climate change on forest vegetation will be 3711 

primarily driven by vegetation responses to shifts in disturbance regimes, and then secondarily, through 3712 

direct effects of vegetation with climate through shifts regeneration, growth, and mortality processes at 3713 

both individual plant and community scales (Dale et al. 2001; Flannigan et al. 2009; Temperli et al. 2013). 3714 

And most of the expected climate changes are reduced precipitation and increase temperatures (see 3715 

chapter 3) resulting in reduce water available to trees and understory plants. These effects will be highly 3716 

variable across time, from year to year and from day to day, and across space, as the footprint of the new 3717 

climate becomes manifest at fine to coarse scales. Trees will respond to projected reduced water 3718 

availability, higher temperatures, and changes in growing season in diverse manners, but since trees 3719 

cannot pick up their roots and move, any changes in vegetation composition and structure will be the 3720 

result of changes in both a plant’s life cycle processes and its responses to disturbance. This section 3721 

discusses some general responses that trees and forested vegetation might have to projected climates. 3722 

Individual Plant 3723 

The impacts of climate on forest vegetation can occur as both direct and indirect effects. Direct 3724 

effects are the immediate and long-term impacts of increased temperature and decreasing water 3725 

availability on vegetation life cycle processes, as discussed at length throughout this document. Indirect 3726 

effects, such as changes to fire, insect, and disease regimes, however, may be more important and 3727 

longlasting than direct effects.  3728 
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In short, there are several important modes of response of plants to changing climates (Joyce and 3729 

Birdsey 2000). The first is changes in productivity; plant productivity may increase in the future because 3730 

of increasing temperatures, longer growing seasons, more variable precipitation, and CO2 fertilization 3731 

(Aston 2010; Joyce 1995). Increases and decreases in productivity are related to changes in cone crops, 3732 

tree vigor, and tree defenses. The window of successful seedling establishment will change (Ibanez et al. 3733 

2007); increasing drought and high temperatures may narrow the time for effective regeneration in low 3734 

elevation NR forests and widen the window in high elevation forests. Climate may directly cause tree 3735 

mortality due to temperature or moisture stress on trees; there have been increases in tree mortality around 3736 

the world from drought and increasing temperatures (Allen et al. 2010; Williams et al. 2010). This of 3737 

course is related to productivity, but not entirely. Extreme climate events, such as late growing season 3738 

frosts and high winds causing blowdowns, may increase because of the predicted increases in climate 3739 

variability (Notaro 2008), and these events may cause catastrophic mortality events (Joyce et al. 2014). 3740 

There will also be disruptions in phenology as climates change; many plants may experience major 3741 

damage or mortality as phenological cues and events are mistimed with new climates (e.g., flowering 3742 

occurring during dry portions of the growing season) (Cayan et al. 2001). Another related mode is the 3743 

genetic limitation of the species or tree to respond to climate change (Hamrick 2004); specialists may 3744 

become maladapted to new climates (St. Clair and Howe 2007). Lastly, plants can respond to climate-3745 

mediated changes in disturbance in myriad ways (Aitken et al. 2008). This section only deals with those 3746 

causal mechanisms that drive direct climate responses; the indirect climate-mediated disturbances 3747 

responses are detailed in a later section. 3748 

Direct impacts of temperature on plant growth may increase both photosynthesis and respiration 3749 

(Waring and Running 1998). Plant photosynthesis rates increase with temperature up to an optimum and 3750 

then decline thereafter, with the optimum being species-dependent. If projected temperatures exceed the 3751 

photosynthetic optimums for NR tree species, such as those in the lower elevation NR forests, then plant 3752 

growth might suffer. However, there may be many portions of the NR where temperature increases 3753 

probably will not exceed optimums, and there may be photosynthetic gains, such as in montane and 3754 
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subalpine areas. This, of course, depends on whether sufficient water is available to support increased 3755 

photosynthesis. Respiration also increases with temperature, thus photosynthetic gains may be lost 3756 

through growth and maintenance respiration. Respiration occurs even when stomata are closed, so high 3757 

temperatures coupled with low water availability may result in high respirational losses with few 3758 

photosynthetic gains (Ryan et al. 1995). 3759 

Increased atmospheric CO2 levels may also directly modify ecophysiological growth processes. 3760 

Oxygen and carbon dioxide compete for active Rubisco (primary enzyme used in photosynthesis) sites. 3761 

Higher atmospheric CO2 concentrations may increase internal leaf CO2 concentrations, thereby ensuring 3762 

CO2
 reaches most of the Rubisco sites, resulting in photosynthetic increases of 2 to 250 percent depending 3763 

on site and species (Ehleringer and Cerling 1995). Conifers may also experience increased water use 3764 

efficiency (WUE) in future water-limited environments, and increased WUE may compensate for 3765 

decreases in water availability and increase growth rates in water-rich environments (Waring and 3766 

Running 1998). WUE is the ratio of water used for plant metabolism (photosynthesis and respiration) to 3767 

the water lost to transpiration. With higher CO2 concentrations in the atmosphere, the plant would obtain 3768 

more CO2 during the time the stomata are open, resulting in less transpiration losses. Leaf biomass is 3769 

usually the first to increase as plants attempt to optimize photosynthesis by growing more 3770 

photosynthetically active tissue (i.e., more leaf area). However, increases in leaf area index are often 3771 

transitory and greatly dependent on available nitrogen and water variability. Interestingly, increases in 3772 

leaf area might also result in greater rainfall interception, higher snow collection, greater canopy 3773 

evaporation, and shadier forest floors that might heighten forest soil aridity. It is also postulated that 3774 

elevated CO2 levels will change root to shoot ratios, with more aboveground biomass and fewer roots due 3775 

to higher photosynthesis and WUE (Chmura et al. 2011). Increased atmospheric CO2 levels and 3776 

increasing temperatures can also interact to increase growth. Photosynthesis has temperature optima that 3777 

are different among tree species and warmer temperatures might be closer to the new temperature optima, 3778 

especially during the cooler early growing season, perhaps resulting in faster growth. 3779 
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Another major direct effect of warming temperatures is longer growing seasons (Cayan et al. 2001; 3780 

McKenzie et al. 2008); that is, increases in temperatures often lengthen growing seasons for forest plants. 3781 

There are concerns that future climates are projected to be highly variable, and the coupling of highly 3782 

variable daily weather with highly variable growing seasons may increase the chances that plants will be 3783 

more susceptible to adverse weather during fragile phenological stages (Hanninen 1995). Warm 3784 

conditions in the early spring, for example, might stimulate bud burst and early growth, only to have these 3785 

expanding tissues frozen by subsequent frost events. Plant phenological cues may be disrupted or 3786 

triggered inappropriately because of high weather variability, and while this variability might result in 3787 

minor damage for mature individuals, it may be fatal for seedlings. This may be especially true in 3788 

localized frost pockets and narrow valleys that accumulate cold air, resulting in frequent frost during the 3789 

early growing season. Warmer temperatures may reduce and perhaps eliminate growing season frosts in 3790 

mountain valleys, thereby allowing more frost-susceptible species, such as ponderosa pine and western 3791 

larch, to exist in traditional lodgepole pine, subalpine fir (Abies lasiocarpa), and Engelmann spruce 3792 

(Picea engelmannii) habitats. Chmura et al. (2011) note that increased temperatures may result in 3793 

decreased winter chilling that could result in delayed bud burst, reduce flowering, and seed germination. 3794 

Winter dormancy prevents trees from growth flushes during warm winter periods, and future climates 3795 

may trigger changes in winter dormancy and subject trees to high mortality during those cold snaps after 3796 

the winter warming. 3797 

Snowpack dynamics are also directly influenced by changes in temperature and precipitation and 3798 

declining snowpacks are expected under future climates (Mote et al. 2005). Since most of the water used 3799 

by NR trees usually comes from snowmelt (Waring and Running 1998), the amount and duration of 3800 

snowpack have the potential to influence regeneration and growth patterns of forest communities 3801 

throughout the NR. Warming temperatures may cause earlier snowmelt, leading to an earlier start of the 3802 

growing season. However, earlier snowmelt could also result in longer periods of low soil water during 3803 

the remaining part of the growing season, effectively shortening the growing season. Earlier snowmelt 3804 

may also result in greater competition for water across the plants and species that comprise the complex 3805 
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plant communities of the NR. Plants with roots in the topmost layers of the soil might be able to more 3806 

effectively capture the rainfall that used to occur as snowfall. This may favor grasses and some forbs over 3807 

shrubs and trees (Daly et al. 2000). The lower snowpack may allow longer growing seasons in those 3808 

subalpine and upper subalpine communities where cold and snowpack duration govern tree regeneration 3809 

and growth; production and regeneration will likely increase with decreasing snowpacks, especially in 3810 

those high mountain environments where water is rarely limiting. 3811 

An indirect effect of climate change will be the shift in distribution of microsites that facilitate tree 3812 

regeneration (Jones 2013). While effects of climate change at coarser scales mostly relate to tree growth 3813 

and mortality, changes to microsite conditions will likely govern tree regeneration (Petrie et al. 2016). 3814 

Microsites suitable for tree regeneration must be addressed in a spatial and temporal context; suitable 3815 

conditions for tree establishment may be suitable all year on small microsites of up to 1.2 square-yards, 3816 

for example, while larger microsites may only be conducive for regeneration during the spring. 3817 

Researchers in Washington State found that even with major changes in climate, there probably will be 3818 

ample microsites that are suitable for regeneration of trees (Little et al. 1994). In the NR, however, 3819 

projected climate changes will probably result in smaller and more ephemeral microsites for regeneration, 3820 

and it could be that the size, distribution, and duration of suitable microsites will vary more each year and 3821 

most regeneration will only occur during “wave” years (i.e., years with favorable weather conditions) 3822 

where plentiful suitable microsites are widely available for long periods of time (see next section). 3823 

Climate change can also indirectly impact vegetation by altering mycorrhizae dynamics (Amaranthus 3824 

et al. 1999). Nearly all NR conifers depend on mycorrhizae for enhanced water use and nutrient 3825 

absorption. Even whitebark pine, a species that lives in areas with the highest precipitation in the NR, 3826 

enjoys a mutualistic relationship with several species of fungi (Mohatt et al. 2008). Many trees, 3827 

particularly those in the seedling and sapling stages, need mycorrhizae to survive, especially in areas of 3828 

periodically severe water shortage (Walker et al. 1995). The migration of NR tree species to more 3829 

favorable sites in future climates may be entirely governed by the ability of the mycorrhizae to also 3830 

populate these areas to allow or facilitate tree species establishment (Lankau et al. 2015). Allison and 3831 
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Treseder (2008) found warming increased fungal interactions, but drying caused significant decreases. 3832 

Without viable populations of mycorrhizae, tree species movement might be significantly slowed or 3833 

stopped. New microsite conditions created by predicted future climates may be inhospitable to 3834 

mycorrhizae, but so little is known about how these fungi shift with climate that it is difficult to evaluate 3835 

how they will respond to climate change (Fitter et al. 2000). However, mycorrhizae responses to climate 3836 

change after increased fire may be more important; fire may reduce the fungi in some areas. This may be 3837 

especially true if the large, severe fires projected for the future actually occur (Stephens et al. 2014). 3838 

Severe fires may kill all trees in a large burn, thereby eliminating the host for the mycorrhizae, and 3839 

perhaps eventually the mycorrhizae itself. Establishment of trees into these burned areas can be delayed 3840 

for long periods, decades or even centuries, as both mycorrhizae and trees revegetate the area together 3841 

(Schowalter et al. 1997). 3842 

Perhaps the most important future indirect ecological concern is the role of today’s forest conditions 3843 

and how they affect the ability of tree species to respond to future climate change. Ample research has 3844 

shown that past and future human land use activities often result in ecological impacts that overwhelm 3845 

any direct or indirect climate change effects (Moritz and Agudo 2013). Nearly a hundred years of fire 3846 

suppression activities have resulted in increased tree regeneration and denser forest canopies, coupled 3847 

with increases in duff, litter, and downed, dead woody fuel (Arno 1998; Ferry et al. 1995; Keane et al. 3848 

2002). Trees in these dense forests are in greater competition for the little water that is available for 3849 

growth, along with light and nutrients. As a result, trees in many fire-excluded stands are stressed, making 3850 

them highly susceptible to mortality from secondary stressors, such as insect and disease outbreaks 3851 

(Anderegg et al. 2012; Wikars and Schimmel 2001), drought (Allen et al. 2010), and fire (Hood et al. 3852 

2007). Increased tree densities may also foster increases in severities of subsequent disturbances, resulting 3853 

in more individuals dying and creating larger patches of mortality. 3854 

Another ecological concern closely related to fire exclusion is the current climate-mediated decline in 3855 

forest communities that have recently become established as a result of fire exclusion. Some forests in the 3856 

NR, including the limber pine (Pinus flexilis) communities along the Rocky Mountain Front, became 3857 
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established during the fire exclusion era but may now be declining in some portions of the NR because of 3858 

increased drought. Other NR forests, such as ponderosa pine, now have atypical forest compositions and 3859 

structures due to the century of fire exclusion, and these now denser forests are stressed from both 3860 

overcrowding and climate change (Millar et al. 2007b). Had fires been allowed to burn, there would 3861 

probably be significantly less mortality, either from climate change or disturbance, as compare to what we 3862 

are experiencing today, and the mortality levels probably would not be projected to be as high in the 3863 

future (Holsinger et al. 2014). Moreover, there are areas in the NR where trees have encroached into dry 3864 

grasslands (Arno and Gruell 1986), montane meadows, and subalpine forb fields (Butler 1986). Now, due 3865 

to increased temperatures and decreased water availability, some of these recently established trees are 3866 

now dying. Examples include the limber pine expansion along the Rocky Mountain front (Taylor and 3867 

Sturdevant 1998), Douglas-fir encroachment into dry prairie (Arno and Gruell 1986), and subalpine fir 3868 

into GYA forb fields (Bigler et al. 2005). There is concern as to whether climate change represents a 3869 

threat to these modern forest types that were probably rare in the historical record. Does increased 3870 

vulnerability in 100-year-old limber pine forests really constitute a management concern? Or is the 3871 

increase in mortality expected because the forests established in wet periods of the fire exclusion era? 3872 

Many forest species in the NR may respond to direct climate warming and drying by expanding their 3873 

range into new habitats. Migrating to a new site has historically been the main response of plants to 3874 

climate change (Huntley 1991). Migration requires that the species have the ability to quickly occupy 3875 

newly desirable sites of the future before other species get there or outcompete other species once they are 3876 

there. Neilson et al. (2005) detail four basic components of migration (moving to a new site): fecundity, 3877 

dispersal, establishment, and growth. To be successful in the future, a species must produce enough seeds 3878 

or propagules (fecundity) that are easily dispersed to new sites (dispersal), and the seedlings that become 3879 

established on these sites must be able to grow (establishment) so that they can also produce ample 3880 

propagules that are then dispersed even further (growth). But, as Davis et al. (2005) note, the species also 3881 

has to have the genetic capacity to migrate to the new climate and survive into maturity. Adapting in situ 3882 

can take many forms, by reducing leaf area to minimize transpiration losses, or by surviving perturbations 3883 

DRAFT



Halofsky et al. chapter 6  

 139 

in the new disturbance regimes created by climate change. Most NR tree species are long-lived and 3884 

genetically plastic so that they can survive the wide fluctuations of weather in the future, but the ability to 3885 

handle both deep drought and modified disturbance regimes may be the most important factor dictating 3886 

future distributions of forest species (Allen et al. 2010). 3887 

It is widely thought that warming climates will result in upward shifts in the elevational distribution 3888 

of plant species. For example, Lenoir et al. (2008) found that some plant species have moved upward in 3889 

elevation at a rate of 31.7 yards per decade. However, it is unclear whether such elevational shifts will 3890 

drive long-term changes in forest communities, or if other predominating forces will outweigh these 3891 

upward trends. For example, fire plays a dominant role in most NR ecosystems, determining landscape 3892 

structure and processes. Since even more extensive wildfires are expected as climates change, effects of 3893 

these large events may overwhelm any shifts in distributional ranges of forest species resulting from 3894 

climate warming. Also, most plants in the NR have slow migration rates, mostly because they are adapted 3895 

to fire and as such rely more on regenerative organs (e.g., sprouting) than seed dispersal. Finally, 3896 

implications of an upward elevational migration on forest communities need to be considered within a 3897 

temporal and spatial context. That is, it may take a century or two for tree species to demonstrate 3898 

significant elevational shifts due to their long life cycles, old maturation ages, highly variable weather, 3899 

and low dispersal potentials. The potential for tree species to migrate may be entirely different in each of 3900 

the unique mountain ranges in the NR area, depending on a host of abiotic and biotic factors (e.g., 3901 

precipitation levels, invasive species) and available colonizing species.  3902 

Most projections for the response of vegetation to climate shifts are for populations of species, not for 3903 

communities. Little is known about how composition and abundance of biota will change at a community 3904 

level in response to climate shifts. Will new plant communities be dominated by generalist species that 3905 

can exist across a wide variety of biophysical settings? Or, will future communities be similar to historical 3906 

analogs where fire-adapted species dominate? Will future communities be composed of species 3907 

collections that were historically rare? Answers to these questions have important implications for future 3908 

land management in that there is a great deal of synergy between plants and species in historical 3909 
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communities, such as interacting via root-grafting, sharing mycorrhizae, and relying on common 3910 

pollinators, and future community composition may not have as many interactions. Moreover, future 3911 

communities may not be as diverse because they may be dominated by a limited suite of species. 3912 

Climate change can impact important phases of the life cycle processes of plants: reproduction, 3913 

regeneration, growth, and mortality. Moreover, it can impact plants at various scales from the needle to 3914 

the tree to the forest, and over seconds to days to years to centuries (Eamus and Jarvis 1989). The 3915 

following sections detail possible climate change effects by life cycle processes. 3916 

Reproduction 3917 

Cone and seed crops for many NR trees could be both adversely and beneficially affected by climate 3918 

change (Ibanez et al. 2007; LaDeau and Clark 2001). Low elevation, xeric forests might experience fewer 3919 

and smaller cone crops because of increased stand density and water stress. Cone crops might also have a 3920 

lower percentage of viable seed because of increased tree stress. The infrequency of cone crops coupled 3921 

with low seed numbers may result in the lack of regeneration in recently burned areas, thereby causing a 3922 

shift to non-forest vegetation.  3923 

The opposite might be true in higher, colder environments where increased temperatures will increase 3924 

growing season length and thereby increase potential for more cone crops with greater number of seeds. 3925 

Spruce-fir communities might produce so much seed that they may overwhelm regeneration of other 3926 

conifers, especially after mixed-severity fires. Subalpine pine species such as whitebark and lodgepole 3927 

pine have unique cone characteristics (whitebark pine cones facilitate bird dispersal, while lodgepole pine 3928 

cones may be serotinous and opened only by fire), so they may need to rely on disturbance for increased 3929 

cone abundance. 3930 

An indirect result of the interaction of fire, vegetation, and climate is that as fire becomes frequent, 3931 

some species, primarily trees, may be killed by fire before they reach reproductive maturity and fail to set 3932 

cones. Holsinger et al. (2014), for example, found that future fires were so frequent in a western Montana 3933 

watershed that lodgepole pine seedlings were killed by fire before they were reproductively mature 3934 

(around 15 years). Keane et al. (1990) found that ponderosa pine forests needed occasional inter-fire 3935 
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periods to be greater than 35 years to allow pine seedlings to grow above the lethal scorch height. If fire is 3936 

too frequent, plants will not be able to grow to reproductive maturity or the reproductive organs might 3937 

always be scorched by fire. 3938 

Climate warming and increased variability will also affect the phenology of cone crops, but impacts 3939 

may be minimal as plants adapt to new conditions. Some predict higher frost mortality of emerging cones 3940 

due to an earlier onset of the growing season coupled with high daily temperature variability and lower 3941 

flowering and seed germination because chilling requirements will not be met (Chmura et al. 2011). 3942 

Others suggest that frequency and abundance of cone crops will be reduced in the future because of high 3943 

tree stress from drought (Ibanez et al. 2007). However, the increased productivity projected for many NR 3944 

forests may overwhelm minor losses from extreme weather events over the long run. 3945 

With changing climate, some tree species might be restricted from their current range because warmer 3946 

temperatures may not allow chilling requirements for the seed (Shafer et al. 2001). The chilling 3947 

requirement was a major evaluation factor in determining climate change vulnerability in Devine et al. 3948 

(2012). Similarly, new climates may be asynchronous with many tree species’ phenology. Seed dispersal, 3949 

for example, may occur at the driest or warmest times. Phenological keys may be out of sync with new 3950 

climates, especially in a highly variable future, resulting in reduced flowering, growth, and reproduction. 3951 

Interestingly, these phenological mis-cues may also occur in disturbance agents; highly variable weather 3952 

may result in occasional deep frosts that kill beetle larvae, for example. 3953 

Regeneration 3954 

The life cycle phase where tree species are perhaps most susceptible to shift in climate is regeneration 3955 

(Solomon and West 1993). Most tree species in the NR reproduce by producing seeds that fall to the 3956 

ground to germinate and then grow into seedlings that then become mature trees. Microsite conditions 3957 

needed for successful establishment are so demanding that seed germination and survival, especially for 3958 

seeds that are wind-dispersed, is rarely successful (Anderson and Winterton 1996). The successfully 3959 

germinated seed produces a fragile radicle (embryonic root) that must penetrate the litter, then duff, then 3960 

soil to put down a root system that will eventually feed the growing aboveground tissue. This penetration 3961 
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process demands moist soil conditions or the radicle and associated cotyledon (developing leaves) and 3962 

hypocotyl (stem) will dry and die. To succeed in becoming a seedling, suitable moisture conditions must 3963 

persist for long periods of time. Since few seeds become seedlings, many tree species often rely on high 3964 

seed production to overcome mesic site conditions to ensure successful regeneration; by producing 3965 

millions of seed, hopefully some will land on moist microsites suitable for establishment. For dry xeric 3966 

forests, most of the successful regeneration occurs in those wet years when soils are moist for a suitable 3967 

time and solar insulation does not kill developing leaves and stems. These moist years are often called 3968 

“wave” years, and the pulses of regeneration that occur in these years results in even-aged patches. 3969 

Projected climate change will likely decrease the frequency of these wave years, and on the driest sites, 3970 

the frequency of wave years may be so low that no regeneration may occur, depending on the species. 3971 

Planting on these newly dry sites may also be ineffective because of the short window of high soil 3972 

moisture. 3973 

At the highest elevations, where the depth and duration of snow cover often governs tree 3974 

regeneration, regeneration may be enhanced by warming. Most years are moist enough for regeneration at 3975 

high elevations, but snow remains on sites too long for successful regeneration in many years. With 3976 

warming temperatures, snow will likely melt earlier, giving more time for seedlings to survive and grow. 3977 

Previous warm wave years in upper subalpine ecosystems are often dated using seedling and sapling tree 3978 

ages. Recent observations of invasions of subalpine meadows and balds by subalpine fir, alpine larch 3979 

(Larix lyallii), and Engelmann spruce is testimony of the high number of sequential warm years over the 3980 

last decade that have facilitated high mountain regeneration (Butler 1986). Therefore, climate warming is 3981 

expected to enhance regeneration at the subalpine and upper subalpine forest ecosystems.  3982 

Future climates and their high variability may also impact the ability of forest species to successfully 3983 

germinate. Seed chilling requirements may not be met during mild winters, thereby reducing germination, 3984 

and it could be that germination will be delayed to the driest parts of the growing season. Nitschke and 3985 

Innes (2008) found that the chilling requirements were not being met for the majority of low elevation 3986 

DRAFT



Halofsky et al. chapter 6  

 143 

tree species in British Columbia. Soil temperatures may be too high, causing greater mortality of both 3987 

germinants and established seedlings (Rochefort et al. 1994). 3988 

Climate change may also affect the dispersal properties of the reproductive propagules. Rodents that 3989 

disperse seeds of ponderosa and western white pine, for example, may migrate or decline because of 3990 

warmer, drier habitat conditions. Whitebark pine is dispersed by the Clark’s Nutcracker (Nucifraga 3991 

columbiana) that might shift habitats because of climate-mediated changes; nutcrackers usually nest in 3992 

high elevation areas with ample snowpack (Tomback 1998), and these nesting habitats are predicted to 3993 

decline in the future (Westerling et al. 2006). Longer and drier summers and autumns also mean that seed 3994 

dispersal may take place when the ground and litter is the driest and least hospitable for seed germination 3995 

and establishment (Neilson et al. 2005). Human- and ungulate-mediated seed dispersal of exotic species 3996 

could also be different in future climates; warmer, drier climates might reduce human and ungulate use to 3997 

lower exotic seed dispersal. Changes in landscape spatial heterogeneity may also influence mechanisms 3998 

of non-wind seed dispersal by shifting potential seed sources and changing patch sizes. 3999 

Growth and Mortality 4000 

It is possible that there will be increases in productivity in some NR forests with warming climate, 4001 

resulting in increased vigor and more resistance to stressors (Joyce 1995). Worldwide, Lin et al. (2010) 4002 

compute increases in biomass of over 12 percent (20 percent in forests) with climate warming. However, 4003 

Chmura et al. (2011) note that even with increased productivity, most forests will experience reduced 4004 

growth and survival as the climate interacts with the entire tree species life cycle.  4005 

Climate can adversely impact growth and mortality in a number of ways (Bugmann and Cramer 1998; 4006 

Keane et al. 2001). Projected decreases in water availability may result in shorter effective growing 4007 

seasons and longer periods of continued drought in the drier NR forests (Williams et al. 2010). Longer 4008 

drought might require NR conifers to close stomata longer to conserve the little water available. Some 4009 

xeric conifers, such as ponderosa pine and limber pine, have excellent stomatal control and are able to 4010 

remain closed for long periods of time. Other conifers, such as Douglas-fir, have poor stomatal control, 4011 

and this may drive leaf water potentials to extremely low values that might result in intercellular 4012 

DRAFT



Halofsky et al. chapter 6  

 144 

cavitation, tissue damage, and perhaps plant mortality (Sala et al. 2005). The projected increased 4013 

temperatures will increase both maintenance and growth respiration, especially during the periods when 4014 

stomata are closed, and this will require additional photosynthetic gains to counterbalance respiration 4015 

losses, thus demanding even more water in a drier future. If photosynthetic production cannot exceed 4016 

respiration demands, then the plant becomes stressed, thereby increasing the probability of mortality and 4017 

susceptibility to insects and disease.  4018 

In the most mesic and montane ecosystems, it is likely that a warming climate will enhance growth 4019 

and decrease mortality. Wu et al. (2011) found increases in plant growth for many forest and rangeland 4020 

ecosystems with warming worldwide. Earlier growing seasons with ample moisture, such as that 4021 

predicted for mesic montane NR forests, will likely result in increased productivity and greater growth. 4022 

Although this increased biomass could result in additional foliar material to increase canopy bulk density 4023 

and therefore result in higher crown fire potential, it could also result in higher growth rates for timber 4024 

production and forage. This will be especially true in the higher mountain environments where cold 4025 

temperatures, not moisture, limit tree growth. Longer, warmer growing seasons might result in higher 4026 

productivities and greater biomass. The increased biomass will also increase competitive interactions 4027 

between species, thereby favoring the more shade-tolerant individuals in the absence of disturbance. 4028 

However, increased biomass could foster more intense fires, and maybe greater insect and disease 4029 

outbreaks, such that the more disturbance-tolerant species might ultimately inherit the landscape.  4030 

Genetics Concerns 4031 

It is widely accepted that climate limits species distributions. Climate is also a major environmental 4032 

factor affecting plant phenotypes and a critical agent of natural selection, molding among-population 4033 

genetic variation. Plant adaptations to local environments have often developed a clinal or continuous 4034 

response to abiotic and biotic factors such as temperature, frost-free periods, precipitation, fire, insects, 4035 

and disease. More recently, a wider appreciation of ecotypic or a discontinuous response to environmental 4036 

gradients is being recognized based on different soil or edaphic properties. The combination of clinal and 4037 
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ecotypic environmental gradients across the landscape enhances or limits plant survival and long-term 4038 

persistence.  4039 

A plant's hardiness is determined by its genetic background. Ecological genetics or genecology is a 4040 

field of study investigating a species genetic architecture, phenotypic plasticity and adaptive capacity in 4041 

the context of interactions among and between plant populations and environmental gradients. Ecological 4042 

genetics and common garden studies are employed to study individual species. Well-designed common 4043 

garden studies provide information on a species’ adaptive strategy (e.g., generalist, intermediate, or 4044 

specialist; table 6.1) (Rehfeldt 1994). Processes that shape a species’ genetic architecture include natural 4045 

selection, migration, genetic drift, and its mating system. Thus, the ability of plant populations to respond 4046 

to climate change is influenced by the underlying patterns of genetic variation.  4047 

Molecular markers can reveal significant genetic diversity and divergence among populations 4048 

associated with variation among populations (table 6.1). Past historical events shaping divergence among 4049 

populations can be shaped by fire, volcanic activity (e.g., range shifts east of the Cascades indicated 4050 

ponderosa pine was replaced with lodgepole pine, and later repopulated by ponderosa pine after the 4051 

Pleistocene [Hansen 1942, 1947, 1949]), glaciation (Hamrick 2004), seed dispersal agents (whitebark 4052 

pine, limber pine, and ponderosa pine) (Lorenz and Sullivan 2009), and pollinator history. Plants that are 4053 

insect-pollinated or rely on animal-dispersed seed are more vulnerable to climate change because of the 4054 

requirement for interaction with another organism. 4055 

Genetic diversity imparts a species’ ability to adapt to changing environments, colonize new areas, 4056 

occupy new ecological niches, and produce substantial and robust progeny that persist in the long term 4057 

(Ledig and Kitzmiller 1992). The entire species does not adapt to environmental change over time, but 4058 

populations within a species do. Genetic diversity is important to species ability to colonize new areas and 4059 

occupy new ecological niches (USDA 2006). Species and populations of plants most vulnerable to 4060 

climate change are rare species, genetic specialists, species with limited phenotypic plasticity, species or 4061 

populations with low genetic variation, populations with low dispersal or colonization potential, 4062 

populations at the trailing edge of climate change, populations at the upper elevational limit of their 4063 
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distribution, and populations threatened by habitat loss, fire, disease or insects (Spittlehouse and Stewart 4064 

2003; St. Clair and Howe 2011). The underlying assumption regarding forest and rangeland species is as 4065 

climate continues to change, populations will become poorly adapted to their local climates, whereby 4066 

poorly-adapted populations will become stressed. A species ability to respond to environmental change is 4067 

closely tied to its adaptive strategy and the mechanisms that shape its genetic structure, thus this 4068 

assumption may be false. Some species such as Douglas-fir, juniper (Juniperus spp.) and sagebrush 4069 

(Artemisia spp.) may show range expansion in the future (Hansen and Phillips 2015). 4070 

Historical gene flow (seed and pollen movement) creates patterns of genetic differentiation that may 4071 

allow some populations to be more predisposed to respond to climate change than others. Fragmentation 4072 

is a critical issue for plant populations because isolation and a relatively few number of individuals can 4073 

promote inbreeding and loss of genetic diversity (Broadhurst et al. 2008; Potter et al. 2015). Information 4074 

from this field also informs research and management of each species’ adaptive capacity and vulnerability 4075 

to climate change (i.e., its direction and magnitude). Gene flow from adjacent populations that are more 4076 

typical of future climates have the ability to increase the rate of adaptation by introducing genetic 4077 

variation that is pre-adapted to warmer or drier climates (Aitken et al. 2008). A practical application of 4078 

this field of study facilitates evaluating options for responding to environmental gradients and climate 4079 

change, for example choice of the appropriate population or seed source to increase the likelihood of 4080 

attaining a desired reforestation, restoration or revegetation outcome.  4081 

The majority of species may not be able to adapt quickly enough to keep pace with projected 4082 

migration rates of 328 to 3280 ft y-1 with climate change (Davis 1989; Malcolm et al. 2002). Davis and 4083 

Shaw (2001) and Davis et al. (2005) suggest plant adaptation may be a more important factor in response 4084 

to climate change due to the slow rates of plant migration impeded by population fragmentation as a 4085 

result of land use patterns. Where Hamrick et al. (1992) and Hamrick (2004) suggest that long-lived 4086 

species with high levels of genetic variation are well-positioned for climate change, Etterson and Shaw 4087 

(2001), Jump and Peñuelas (2005), and Parmesan et al. (2006) argue the ability of forest trees to adapt or 4088 
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migrate and follow climatic shifts may be restricted by their long life spans, long generation intervals and 4089 

long juvenile phases.  4090 

Long-lived or perennial species often maintain high levels of genetic variation and gene flow, which 4091 

facilitates their ability to evolve in response to changing climates (Hamrick 2004; Hamrick et al. 1992). 4092 

Whitebark pine is an example of a long-lived species with high levels of genetic variation (Mahalovich 4093 

and Hipkins 2011) and extensive gene flow (Richardson et al. 2002) attributed both to long distance seed 4094 

caching by Clark’s Nutcracker and an outcrossed mating system involving wind pollination (Richardson 4095 

et al. 2002). Since plant populations are genetically adapted to local climates, the climatic tolerance of 4096 

individual populations is often considerably narrower than the tolerance of the entire species.  4097 

Existing knowledge of the adaptation of NR plant species is well documented for conifers (Rehfeldt 4098 

1994) but incomplete or lacking for other native plants. A species does not necessarily have one adaptive 4099 

strategy, though most do. Differences in adaptive strategy can be characterized by varietal differences 4100 

(e.g., P. ponderosa var. ponderosa or Rocky Mountain ponderosa pine [P. ponderosa var. scopulorum]), 4101 

changes in elevation and geography. For example, P. ponderosa var. ponderosa is characterized as having 4102 

an intermediate adaptive strategy; however, at high elevations (>5,000 ft), ponderosa pine has a specialist 4103 

adaptive strategy. Rocky Mountain Douglas-fir (Pseudotsuga menziesii var. glauca) is characterized as 4104 

having a specialist adaptive strategy (i.e., its genetic variation is organized into numerous local 4105 

populations, finely tuned to site-specific gradients); however, at higher elevations east of the Continental 4106 

Divide, Douglas-fir has a generalist adaptive strategy (i.e., its genetic variation is organized into one or a 4107 

few populations capable of surviving, growing and reproducing over a broad range of environments) 4108 

(Rehfeldt 1989). Species possessing a generalist adaptive strategy are proposed to fair better than their 4109 

intermediate and specialist counterparts with respect to climate change. 4110 

Other native plants’ (e.g., shrubs, forbs, grasses, and sedges) patterns of adaptive variation are more 4111 

complex, being both clinal and ecotypic, involve multiple life forms (e.g., annual, biennials, and 4112 

perennials) and different ploidy levels (multiple copies of DNA, 4X, 6X, 8X, etc.) where 2X is the base 4113 

level where one copy of DNA is inherited on both the maternal and paternal sides. Grasses are 4114 
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hypothesized to be largely generalists and less vulnerable to climate change; however, ecotypic variation 4115 

can overlay the generalist adaptive strategy. Forbs are largely insect-pollinated and coupled with longer 4116 

growing seasons and changes in phenology and are more vulnerable to climate change.  4117 

Soil Responses  4118 

Each soil in the Northern Rockies has an inherent ability to produce vegetation based on climate, 4119 

parent material, topography, soil biology and soil development (Armson 1977). Soil supports production 4120 

of vegetation through interactions of nutrient cycling, soil hydrology, soil biology, physical support, and 4121 

filtering (or buffering) (Attiwill and Leeper 1987). Amount of soil organic matter (quality and quantity), 4122 

moisture (season and amount), temperature, and acidity may all be affected by climate change and 4123 

ultimately affect functional properties of soils and perhaps productivity (Bonan 2008).  4124 

Climate change affects the growth, mortality, and decomposition of vegetation, which in turn impact 4125 

soil biology (Waring and Running 1998). Warmer temperatures, increased CO2, and longer growing 4126 

season contribute to higher vegetative growth. Warmer temperatures, increased drought, and greater 4127 

susceptibility to insects and disease may lead to increased mortality. Although higher temperatures will 4128 

increase decomposition rates, the moisture required for decomposition may increase or decrease, leading 4129 

to variable changes in decomposition rates (Davidson and Janssens 2006). Decomposition will increase 4130 

with a combination of warmer temperature and higher moisture, whereas decomposition will decrease if 4131 

summer droughts extend later (Rustad et al. 2000). Increased fire frequency and would generally reduce 4132 

soil organic matter across large landscapes (Dooley and Treseder 2012).  4133 

Higher air temperatures will directly increase soil temperature. Increased vegetative cover would 4134 

provide dense shade, thus decreasing soil temperature, whereas decreased vegetative cover would result 4135 

in more heating at the soil surface. Dry soil, which is expected to be more common during future drought, 4136 

would have wider temperature fluctuations than wet soil, which is buffered by the high heat capacity of 4137 

water. In addition, if snow cover is lower but extreme cold periods continue to occur, soils will experience 4138 

lower minimum temperatures (Davidson and Janssens 2006). 4139 
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The vulnerability of soils to future climate change is summarized in table 6.2. Effects will differ 4140 

greatly, depending on local soil characteristics, the magnitude and trend of climate change, and vegetation 4141 

response. 4142 

Stressors – Biotic and Abiotic Disturbances 4143 

A warming climate will rarely be the direct agent of change for the NR tree species and communities. 4144 

Most of the changes in vegetation will likely be a result of responses to disturbance or some combination 4145 

of other stressors to climate change (Keane et al. [in press]). Climate change has marginally to severely 4146 

altered disturbance regimes in the western U.S. (Liu et al. 2011). As we consider past climate variability 4147 

and then add the projections in temperature and precipitation, there may be significant changes occurring 4148 

across NR forests because of a changing water balance and the role of disturbances such as wildfires, 4149 

insects and diseases. Whether it is invasive species (e.g., white pine blister rust), drought, uncharacteristic 4150 

wildfires, elevated native insects and disease levels, loss of historically fire-adapted tree species, 4151 

unusually high forest densities compared to historical conditions, or some other combination of 4152 

disturbance agents that serve to stress trees and forest ecosystems, recent research suggests that climate 4153 

change will likely further exacerbate those stressors and “stress complexes” (Iverson and McKenzie 4154 

2013). The following sections present a short summary on four major classes of stressors important in the 4155 

NR. More detailed summaries of disturbance responses and their interactions to climate change are 4156 

presented in chapter 8 of this report. 4157 

Wildland Fire 4158 

Wildland fire is pervasive throughout NR forest ecosystems and was historically the dominant 4159 

landscape disturbance in the region (Baker 2009; Barrows et al. 1977; Wellner 1970). Fire exclusion since 4160 

the 1920s has disrupted annual occurrence, spatial extent, and cumulative area burned by wildfires, 4161 

resulting in increased surface fuel loads, tree densities, and ladder fuels, especially in low-elevation, dry 4162 

conifer forests. Since climate change impacts to fire regimes are overlaid on a century of ecological 4163 

changes to forest vegetation and fuels, observed differences between current fire patterns and historical 4164 

ones are a product of management legacies as well as anthropogenic changes to climate. 4165 
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Wildland fire regimes, defined by fire frequency, annual area burned, severity and pattern, are greatly 4166 

influenced by variability in landscape environmental conditions including vegetation distribution, climate, 4167 

weather, and topography (McKenzie et al. 2011). Climate and fuels are the two most important factors 4168 

controlling patterns of fire within forest ecosystems. Climate controls the frequency of weather conditions 4169 

that promote fire, whereas the amount and arrangement of fuels influences fire intensity and spread. 4170 

These wildland fuels - the live and dead biomass that burn in fires - lose moisture and become flammable 4171 

in the region’s typically warm and dry summers, during which there are ample sources of ignition from 4172 

lightning strikes and humans. Therefore, the active fire season (period conducive to active burning) is in 4173 

the summer, typically from late June through October, with shorter seasons at higher elevation sites where 4174 

snowpack can persist well into July. Regionally, widespread fire years are correlated with drought 4175 

(Heyerdahl et al. 2008). At landscape scales, topography can influence the spatial pattern of fire spread; 4176 

for example, in dissected mountainous areas, topographic features (e.g., barren slopes) can form barriers 4177 

to fire spread (Grissino-Mayer et al. 2004), but where drainages are aligned with prevailing winds, 4178 

topography can facilitate the spread of large fires (Sharples 2009).  4179 

Compositions and structures of forests in the NR are strongly determined by fire history. In general, 4180 

fire regimes vary along environmental gradients, with fire frequency decreasing and fire severity 4181 

increasing with elevation. For example, at the lowest and driest elevations where forests are dominated by 4182 

ponderosa pine, frequent surface fires historically consumed litter and dead wood and killed seedlings and 4183 

smaller trees. Adaptive traits such as thick bark allowed mature ponderosa pines to survive many repeated 4184 

fires over time and tree densities were kept low. As mentioned above, fire exclusion since the 1920s has 4185 

increased surface fuel loads, tree densities, and ladder fuels, especially in low-elevation, dry conifer 4186 

forests (Schoennagel et al. 2004). As a result, fires here may be larger and more intense, and may cause 4187 

higher rates of tree mortality, than historical fire. In middle and higher elevation forests, however, where 4188 

fires were historically infrequent because of relatively cold, wet conditions, fire exclusion has not affected 4189 

the fire regimes (Romme and Despain 1989; Schoennagel et al. 2004). However, earlier onset of snow 4190 

melt, predicted to occur with changing regional climate, will reduce fuel moistures during fire season, 4191 
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making middle to high elevation forested systems flammable for longer periods of time (Miller et al. 4192 

2009). As these forested systems are not fuel-limited, fire occurrence and extents are likely to increase in 4193 

the future (Littell et al. 2009, 2010; Westerling et al. 2006). 4194 

Insect Outbreaks 4195 

Regional insect activity and outbreaks, climate drivers, and potential climate change impacts to insect 4196 

activity are also highly correlated with climate and will dictate future forest composition and structure. 4197 

The mountain pine beetle (Dendroctonus ponderosae) is an integral component of forest ecosystem 4198 

processes because of its role in stand thinning and redistribution of resources and nutrients important for 4199 

tree regeneration. It is also recognized as an aggressive and economically important forest insect 4200 

responsible for tree mortality across large areas (Logan et al. 2003). Both bark beetle populations and 4201 

their host trees are being influenced by changing climate. Many bark beetle life history traits that 4202 

influence population success are temperature-dependent (Bentz and Jӧnsson 2015), and warming 4203 

temperatures associated with climate change have directly influenced bark beetle-caused tree mortality in 4204 

some areas of western North America (Safranyik et al. 2010; Weed et al. [in press]). Host tree distribution 4205 

across the NR, and tree vigor that influences susceptibility to bark beetle attack (Chapman et al. 2012; 4206 

Hart et al. 2013), will also be influenced as climate continues to change. Future bark beetle-caused tree 4207 

mortality will therefore depend not only on the spatial distribution of live host trees and heterogeneity of 4208 

future landscapes, as described in this chapter, but also on the ability of beetle populations and their 4209 

associates to adapt to changing conditions when existing phenotypic plasticity is surpassed. 4210 

Pathogens 4211 

Forest diseases are found in all forest ecosystems of the NR. They are one of three major disturbance 4212 

groups that affect ecosystem development and change, yet impacts of forest diseases on various resources 4213 

and services in the region are difficult to estimate. The major groups of forest diseases in the NR that 4214 

impact ecosystems and ecosystem services are fungi and rusts (fungi that infects needles and causes 4215 

damage and mortality, the most important being white-pine blister rust), dwarf mistletoes (Arceuthobium) 4216 

(a group of parasitic seed plants that are widespread across the region and which mainly cause reduced 4217 
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tree growth and productivity), root diseases (a major cause of growth loss and mortality), needle casts and 4218 

blights (diseases that cause crown thinning and loss of lower branches), and abiotic diseases (damage to 4219 

trees resulting from impacts of adverse environmental factors on tree physiology or structure).  4220 

Effects of climate changes on forest diseases are difficult to predict. Climate change can alter 4221 

pathogens through direct effects on the development and survival of the pathogen, physiological changes 4222 

in tree defenses, or indirect effects on the abundance of natural enemies, mutualists and competitors 4223 

(Ayres and Lombardero 2000). These dynamics are not well-captured by GCMs, because pathogens’ 4224 

ecology and impacts are based on local site and environmental conditions. Epidemics also depend on 4225 

local conditions for spread and infection to occur. Although models usually generate mean climatic 4226 

conditions, it is often the extremes that have the greatest influence on pest conditions (Hepting 1963), and 4227 

these are also not well represented by GCMs. However, modeling efforts to date suggest that among the 4228 

major NR diseases, root disease is projected to cause the highest basal area loss as a percent of total basal 4229 

area in the NR. Projected losses from root diseases ranged from zero percent on most national forests east 4230 

of the Continental Divide to 15 – 19 percent on west-side forests (Krist et al. 2014). Klopfenstein et al. 4231 

(2009) used a subset of GCMs to predict how the geographic distribution of the climate envelope for 4232 

Armillaria root rot (Armillaria solidipes, formerly A. ostoyae) and Douglas-fir could change in the interior 4233 

northwestern U.S. Their analysis suggests that Douglas-fir will have a considerably smaller geographic 4234 

space that matches its current climate envelope and that this space will shift, while A. solidipes will 4235 

experience only minor changes. They suggest that areas where Douglas-fir is maladapted could increase, 4236 

which could increase its susceptibility to Armillaria root rot. Climate-mediated changes to forest tree 4237 

diseases will be dictated by disease and host responses to new climates, and their interactions (Sturrock et 4238 

al. 2010), and the interactions between biotic diseases, abiotic stressors, and host status will be drive 4239 

future pathogen outbreaks. Predicted increases in temperature and drought will probably serve to increase 4240 

pathogen populations in the future (Chakraborty et al. 2008). The roles of pathogens as important 4241 

disturbance agents will likely increase in the future because they are able to migrate to new environments 4242 

at a faster rate than trees. 4243 
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Drought 4244 

Soil type and depth, aspect, and elevation all contribute to effective moisture availability for tree 4245 

establishment and growth, producing patterns of forests in the NR study area. Additionally, the impact of 4246 

stand condition on overall water balance and the effect of site and soil conditions on moisture availability 4247 

are important to consider. The Montana Natural Resources Conservation Service (NRCS) and the Natural 4248 

Resource Information System of the Montana State Library have mapped the relative effective annual 4249 

precipitation (REAP) for the State of Montana (http://nris.mt.gov/nrcs/reap/index.asp). REAP is an 4250 

indicator of the amount of moisture available at a location, taking into account precipitation, slope and 4251 

aspect, and soil properties. For example, two sites that receive the same amount of precipitation may have 4252 

different effective precipitation due to unique soil and landform factors at each site. Depending upon the 4253 

geographic location within Montana and degree of slope, the actual precipitation for southerly aspects 4254 

may be adjusted downward while northerly aspects may be adjusted upward.  4255 

Future climate change models indicate that the NR will have longer, drier summers and warmer 4256 

conditions. Pioneer (seral) species such as ponderosa pine have the unique ability to establish on bare soil 4257 

surfaces where high surface temperatures (>149 °F) exclude other species. One of the adaptations of these 4258 

seral species are deep rooting characteristics that allow the tree to find an adequate water supply and 4259 

avoid extensive competition with shallow- and fibrous-rooted grasses and forbs. As the shade from these 4260 

species limits sun-loving grasses and forbs, shade tolerant tree species establish and grow, and these 4261 

species usually have a shallower rooting characteristic that allows them to gather soil water from the 4262 

nutrient-rich soil surface. The overall rooting structure in essence becomes much more competitive as 4263 

succession progresses. In addition, the overall leaf surface area that develops over time on a given site 4264 

increases. Grass/forb and shrublands usually develop a maximum total leaf area of about 3.23 ft2 per 1.08 4265 

ft2 of soil surface area. Forests can develop leaf areas in excess of 6.46 ft2 per 1.08 ft2 of soil surface area. 4266 

With increasing leaf area comes increased water transpiration that can deplete the soil water storage 4267 

capacity needed to keep trees hydrated throughout the summer. The additional canopy interception of rain 4268 

and snow in dense forests, which directly evaporates back into the atmosphere, further compounds this 4269 
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effect, reducing soil water recharge. The end result is a water-stressed forest that not only becomes more 4270 

susceptible to insects and disease, but also more prone to supporting severe wildfires because live fuel 4271 

moisture is relatively low.  4272 

CLIMATE CHANGE ASSESSMENTS 4273 

This section contains the information that was used to assess vulnerability for all tree species, 4274 

vegetation types, and resources of concern. There are four subsections for each item (e.g., tree species) to 4275 

detail the (1) ecology, (2) disturbance interactions, (3) current and historical conditions, and most 4276 

importantly (4) potential climate change responses. The first subsection presents important ecological 4277 

information needed to understand how a species, type or concern might respond to future changes in 4278 

climates, such as its drought and shade tolerance. The disturbance interactions subsection contains 4279 

information on those agents that impact that species, type, or concern, and important projections of how 4280 

those disturbance agents might change in the future. Historical and current conditions are included as a 4281 

subsection, because any climate change response is greatly dependent on current status and past actions. 4282 

Lastly, the anticipated climate change responses for the species, types, and concerns are included in 4283 

perhaps the most important subsection. This material was ultimately the basis for any evaluation of 4284 

vulnerability or development of potential adaptation actions.  4285 

Most of the material in this section was taken from published literature, but there are also substantial 4286 

amounts of anecdotal and observational information that was included for context. However, due to 4287 

imperfect knowledge across the evaluated entities and the high uncertainty in climate predictions and 4288 

ecosystem responses, we admit that many of our projected climate change responses and resultant 4289 

vulnerability assessments are based on our own professional experiences. Moreover, some climate change 4290 

response material may appear uneven across species, types, and concerns because some species, types, or 4291 

concerns do not have the detailed information of others; more information is available for timber tree 4292 

species than non-timber species, for example. 4293 

Tree Species 4294 
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Most of the background information used in this section was synthesized from three primary sources. 4295 

The Bollenbacher (2012) report presents characteristics of the major tree species of the NR, adapted from 4296 

the autecological synthesis developed by Minore (1979). The commonly used silviculture reference edited 4297 

by Burns and Honkala (1990) was used throughout, and the climate change report compiled by Devine et 4298 

al. (2012) for the Pacific Northwest was also used for genetics and autecological information. Table 6.3 4299 

provides a general summary of important ecological and genetic characteristics by tree species that will 4300 

be important under future climate change. In this section, we attempted to integrate the genetic, 4301 

morphological, ecological, and disturbance response characteristics summarized in Table 6.3 to predict 4302 

how a tree species would respond under future climate warming. We also integrated any material 4303 

available in the literature to aid and support our predictions.  4304 

The climate change responses subsections were synthesized from information in the literature and the 4305 

MC2 modeling results (appendix 6A) to evaluate the effects of climate change on important species, 4306 

vegetation types, and resource concerns. These subsections are the foundation material to support our 4307 

vulnerability assessments and the adaptation strategies and tactics. Many of these climate change 4308 

responses are based on the species characteristics and current ecosystem condition presented in this 4309 

section.  4310 

The most astonishing finding in this section is that the literature is inconsistent on the response of tree 4311 

species to future climate change. Results from SDM modeling are often, but not always, different from 4312 

most other sources that include gap modeling, mechanistic ecosystem simulation, and field data 4313 

summaries. As a result, we put a lesser emphasis on the SDM results in our vulnerability assessment 4314 

evaluations in appendix 6B. Another finding is that the amount of climate change really matters. Most 4315 

climate change studies predict few species changes after moderate warming (e.g., the B1, B2, A1B, 4316 

RCP4.5 scenarios), but major species shifts under the most extreme emission scenarios (e.g., the A1 and 4317 

RCP8.5 scenarios). Third, the time frame used in the climate change study is also important. Management 4318 

time frames of 10 to 50 years are not long enough to effectively evaluate changes in fire, beetles, and tree 4319 

growth. Ecosystem response to disturbance takes time, often two to five times the disturbance return 4320 
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interval. Lastly, the GCMs used to simulate and quantify climate change are incredibly important in 4321 

understanding climate change study results and subsequent ecosystem responses. Some GCMs predict 4322 

minor warming for the NR, while others predict major changes. 4323 

Based on a thorough review of the literature, we feel that there are basically three modes of response 4324 

to climate change for the major tree species of the NR: modification, contraction, and expansion. First, the 4325 

species could increase or decrease in productivity in situ within its current range due to increasing 4326 

temperatures and adequate precipitation (acclimatization); for example, the majority of information seem 4327 

to support that most lands in NR will increase in productivity (Aston 2010). Next, the species could die in 4328 

those parts of its range where conditions will change enough to become inhospitable to that species (Allen 4329 

et al. 2010) (contraction). Lastly, the species could migrate to areas that are more conducive for 4330 

establishment and growth (Johnstone and Chapin 2003) (expansion). Any species can have multiple 4331 

modes of response to climate change, and most species will respond to future climates via all three 4332 

modes.  4333 

Application of these three modes to determine future species dynamics demands a thorough 4334 

integration of variability and scale. For example, the ebb and flow of species migration demands a 4335 

relatively long temporal scope to properly evaluate species range shifts (Prentice et al. 1991). A tree 4336 

species could become established in a “new” environment made suitable by climate change, such as 4337 

subalpine tree expansion into snow glades, but the great variability in climate may result in one year of 4338 

drought or high snow that kills all established seedlings. Conversely, one year of drought could kill many 4339 

individuals in the grassland-woodland ecotone, but several wet years in a row might facilitate 4340 

reestablishment of tree species into the high mortality zone. Also, the rate of climate change shifts will be 4341 

governed by disturbance, not competition, so disturbance adaptions will be more important than climatic 4342 

niches. Management actions, such as fire exclusion, may facilitate species expansion into areas that will 4343 

eventually burn, causing extensive mortality.  4344 

All of the climate change response evaluations in this chapter have a high level of uncertainty; they 4345 

are essentially best guesses from a wide variety of resource specialists. The information in the following 4346 
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section may provide a starting place, a possible prioritization, or assistance in addressing climate change 4347 

in forest plans, but it is in no way accurate enough to provide valid predictions of what will happen in the 4348 

future.  4349 

Limber Pine (Pinus flexilis) 4350 

Autecology 4351 

Limber pine is a shade intolerant, early seral to pioneer species in the NR (Steele 1990). Its seeds are 4352 

dispersed by rodents, but more importantly, by a bird (Clark’s Nutcracker) that will cache limber pine 4353 

seed anywhere there is microsite pattern that they use for finding the seed (Lanner 1980; Lanner and 4354 

Vander Wall 1980). Limber pine has difficulty in competing with other encroaching species on more 4355 

productive mesic sites and is often succeeded by Douglas-fir and subalpine fir. There is often little to no 4356 

reproduction once tree densities are below 25 trees per hectare, mostly because of the lack of an effective 4357 

pollination cloud, and those seeds that are produced have increased likelihood of inbreeding. Moreover, a 4358 

minimum of 25 cone-bearing trees per 2.47 acres is needed for dispersal by the Clark’s Nutcracker 4359 

(McKinney et al. 2009). This tree species is quite slow growing but long-lived, and some of the oldest 4360 

trees in the NR are limber pine. 4361 

Limber pine is a puzzling species in the ecosystem land management context. It is a tree species that 4362 

occupies xeric sites across a wide range of elevations (2600 to 8900 ft elevation) in the NR that are often 4363 

marginal for timber production (Jackson et al. 2010). Historically, it was often found on the margins 4364 

between grasslands and forest ecosystems at the lower timberline on fire refugia (Steele 1990). Since 4365 

limber pine is easily killed by fire, the species was mostly found in fire-protected cove sites that 4366 

experienced rare fires of low severity, such as rocky outcrops, barren areas, and moist north slopes (Steele 4367 

1990). In these lower timberline areas, limber pine is often associated with Douglas-fir, Rocky Mountain 4368 

ponderosa pine, and quaking aspen (Populus tremuloides). On upland montane sites, it can be often found 4369 

on limestone substrates and droughty soils, but in these areas it is associated with many other NR 4370 

conifers, especially lodgepole pine, subalpine fir, and Engelmann spruce (Steele 1990; Langor 2007). 4371 
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Limber pine seedlings are poor competitors with grass, but do well on rocky substrates and in shrub 4372 

environments. 4373 

Limber pine is quite tolerant of drought and can become established and grow in some of the most 4374 

arid environments in the NR (Steele 1990) (table 6.3). It is associated with both ectomycorrhizae and 4375 

arbuscular mycorrhizae that facilitate its ability to exist in extremely dry environments. Seedlings are very 4376 

drought tolerant but have a low tolerance for competition, especially from herbaceous plants. 4377 

Genetically, limber pine has high outcrossing rates with average genetic diversity and average 4378 

population differentiation (Devine et al. 2012). The fundamental and realized niche for limber pine is very 4379 

broad in the NR, indicating that this species has a generalist adaptive strategy with wide phenotypic 4380 

plasticity. 4381 

Disturbance Interactions  4382 

As mentioned previously, limber pine’s thin bark and low foliage make the species highly susceptible 4383 

to damage from wildland fire. Limber pine is also highly susceptible to white-pine blister rust, and many 4384 

communities are currently experiencing high mortality when the disease infects trees in a new region 4385 

(Smith et al. 2013). Limber pine also facilitates the expansion of currant into traditional grasslands 4386 

(Baumeister and Callaway 2006), thus increasing rust infections and mortality.  4387 

Other insects and pathogens are also impacting limber pine, but at a much reduced severity. Some 4388 

have detected mortality from mountain pine beetle in parts of the species range (Jackson et al. 2010). 4389 

Others have noted that limber pine stands on mesic sites may have severe dwarf mistletoe infections that 4390 

could result in mortality levels similar to those observed from white-pine blister rust. Porcupine 4391 

(Erethizon dorsatum) damage is also quite prevalent east of the Continental Divide. 4392 

Historical and Current Conditions 4393 

With fire exclusion, limber pine has expanded its range from fire-protected cove sites into areas 4394 

where it was historically restricted by frequent fires (Arno and Gruell 1983; Brown and Schoettle 2008). 4395 

As a result of the diminished fire activity and active nutcracker caching, limber pine has expanded into 4396 

grass and shrub rangelands, and this expansion has also allowed other species to inhabit historical non-4397 
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forest areas (Jackson et al. 2010). It appears that limber pine can facilitate the establishment of other 4398 

forest species, especially Douglas-fir, in rangeland settings (Baumeister and Callaway 2006). As a result, 4399 

NR limber pine is currently occupying areas that were traditionally grasslands, and it is difficult to 4400 

determine if this is inside or outside the range of variability of this ecosystem. 4401 

Ironically, the newly established limber pine forests throughout the NR are experiencing dramatic 4402 

declines due to white-pine blister rust, mountain pine beetles, and red belt (Jackson et al. 2010; Langor 4403 

2007; Taylor and Sturdevant 1998). Increasing fires are also burning some of these stands that have 4404 

become established after 1910. There is some white-pine blister rust resistance in the species, but it is 4405 

low, perhaps lower than 1 in 100 individuals.  4406 

Climate Change Responses 4407 

Some anticipate that warming temperatures on the east side of the NR, along with increasing but more 4408 

variable precipitation, especially during the growing season, and waning snowpack will result in 4409 

increased growth in many limber pine communities (Aston 2010). Increases in vigor are usually 4410 

accompanied by larger cone crops, higher seed viability, greater number of seeds per cone, wider seed 4411 

dispersal, and greater resistance to disease. Increased seed dispersal includes both denser caching by birds 4412 

and mammals, and probably more distant caching by the Clark’s Nutcracker. Increases in vigor might 4413 

also extend to limber pine’s competitors, so there could be increased competition from wind-dispersed 4414 

conifers, especially on the more mesic portions of limber pine’s range. 4415 

Warm temperatures, even with increased precipitation, could also result in drier conditions, especially 4416 

for seed germination and seedling growth. Even if there are more seeds cached by mammals and birds, 4417 

the subsequent establishment of seedlings from the unclaimed caches might be low because of longer 4418 

drought seasons and hotter ground temperatures. Any seed dispersal to new areas, especially non-forested 4419 

stands, might have limited limber regeneration success because of the lack of ectomycorrhizal 4420 

associations and increased competition from grasses and dense shrubs (Coop and Schoettle 2009).  4421 

Disturbance interactions with warming climates will likely be important to future limber pine 4422 

dynamics. Increasing fire frequency and intensities may burn more limber pine stands, causing higher 4423 
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mortality (Coop and Schoettle 2009). Increased fire may stem the encroachment of limber pine into 4424 

grasslands in areas where grazing is low. Warmer, drier conditions may also reduce blister rust infection 4425 

by disrupting the blister rust cycle, especially during the late summer when Ribes spp. to pine infection 4426 

occurs, and there may be fewer “wave years” where temperature and humidity are optimal for pine 4427 

infection by white-pine blister rust. Where precipitation is projected to increase, such as the eastern 4428 

portions of the NR, there may be higher blister rust and dwarf mistletoe infections, and this may cause 4429 

higher limber pine mortality. Continued fire exclusion could enhance currant facilitation under mature 4430 

limber pines and result in even greater white-pine blister rust mortality. Warmer temperatures also favor 4431 

expansion of alternate host species such as currant, lousewort (Pedicularis) and Indian paintbrush 4432 

(Castilleja) (Keane et al. [in press]). 4433 

Limber pine has an intermediate genetic adaptive strategy under changing climates largely driven by 4434 

timing of pollen cloud dispersal (elevational effect) and bird dispersal (Feldman et al. 1999). The species 4435 

is highly adapted to populating the increasing burned areas projected for the future because of mammal 4436 

and corvid-mediated dispersal (Lanner and Vander Wall 1980). If future fires are larger and more severe, 4437 

there may be less competition from other competing conifers, especially in the eastern NR along the 4438 

timber-grassland ecotone. Limber pine has moderate genetic variation (capacity) in blister rust resistance, 4439 

but major gene resistance to blister rust has not been identified in several studies of interior populations. 4440 

There is probably little to no opportunity to hybridize with western white pine due to non-overlapping 4441 

species distributions, and it will probably not hybridize with whitebark pine because the two species only 4442 

overlap on limestone substrates. There is a high risk of loss of disjunct and isolated populations due to 4443 

genetic drift, ineffective pollen cloud, and substrate availability. 4444 

Given all available information, limber pine responses to future climates may be minor and governed 4445 

mostly by wildland fire and white-pine blister rust. If fires increase, limber pine forests, some of which 4446 

are already declining from rust, will see some major declines, especially in those places where they have 4447 

encroached as a result of fire exclusion. Given its minor role in the NR prior to European settlement, we 4448 

feel that this species is at most moderately vulnerable to climate change based on its high tolerance to 4449 
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drought and ability to populate severe environments, but high susceptibility to the introduced white-pine 4450 

blister rust and fire damage may put this species in peril. 4451 

Ponderosa Pine (Pinus ponderosa) 4452 

Autecology 4453 

Ponderosa pine shows distinct geographic variation over its range. The ponderosa variety (P. 4454 

ponderosa var. ponderosa) ranges from the Fraser River drainage of southern British Columbia south 4455 

through Washington, Oregon and into northern California (Oliver and Ryker 1990). In the NR, it extends 4456 

from the Canadian border to the central part of Montana on the west side of the Continental Divide. 4457 

Rocky Mountain ponderosa pine extends east of the Continental Divide to North and South Dakota and 4458 

south into Wyoming and further. Within the wide range of both ponderosa pine variants, it is absent from 4459 

several areas, including a large portion of southwestern Montana. This may be due to the lack of rainfall 4460 

in the summer months, which prevents establishment except at higher elevations; however, it is also 4461 

limited by the shorter growing season at these elevations.  4462 

In most of western Montana and Idaho, the upper elevational limit of the ponderosa variety is around 4463 

1500 m, depending on latitude (Pfister et al. 1977). Moisture is the factor most often limiting growth, 4464 

especially in the summer. Seasonal rainfall deficiency is evident from July and August precipitation 4465 

(Fowells and Kirk 1945; Tarrant 1968). The distribution of ponderosa pine on drier sites is closely related 4466 

to supplies of available soil moisture, which is closely related to soil textures and depth. Low 4467 

temperatures, however, may dictate the success of ponderosa pine regeneration; seedlings of the species 4468 

are highly susceptible to frost damage and the occurrence of frosts often excludes the pine from low 4469 

valley settings, especially in frost pockets and cold air drainages (Shearer and Schimidt 1970).  4470 

Ponderosa pine is a shade-intolerant, drought-adapted species of the low elevation, dry forests of the 4471 

NR (Minore 1979) (table 6.3). It can be a climax species at the lower elevational limits of NR coniferous 4472 

forests, or a seral species in the higher elevation mesic forests, especially the Pacific variety. In dry 4473 

climax forests, there is generally a mosaic of small even-aged groups. As a seral species, it is often 4474 

associated with Douglas-fir, lodgepole pine, grand fir, and in the northwest NR, western larch. Ponderosa 4475 
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pine is mostly intolerant of shade, but it is generally more tolerant than western larch and less tolerant 4476 

than grand fir and western white pine. While it reaches its greatest site indexes on the mesic grand fir, 4477 

western redcedar, and western hemlock sites (Cooper et al. 1991), it is rapidly replaced by a suite of more 4478 

shade tolerant competitors. 4479 

Ponderosa pine is a “drought avoider” meaning it tolerates dry soil conditions by efficiently closing 4480 

stomata to avoid water loss and xylem cavitation and stay alive during deep droughts (Sala et al. 2005) 4481 

(table 6.3). This allows the species to tolerate intense drought better than its associates, specifically 4482 

Douglas-fir, because it is a “drought tolerator” and able to obtain water at lower moisture conditions. 4483 

Drought tolerators attempt to draw ground water at such low soil water potentials that they might 4484 

experience extreme xylem cavitation that may cause eventual death. Ponderosa pine has been associated 4485 

with several species of ectomycorrihizae, giving it a high capacity to survive in dry environments. 4486 

Cone crop periodicity varies greatly with ponderosa pine; observations indicate it is a poor seeder 4487 

west of the Continental Divide and a fair seeder east of the Divide. Throughout the NR, natural 4488 

regeneration is sporadic; it is best when there is a heavy seed crop followed by favorable weather during 4489 

the next growing season (Heidmann 1983; Shearer and Schimidt 1970). Potter et al. (2015) performed 4490 

molecular work that indicates that Rocky Mountain ponderosa pine is one of the most inbred conifers in 4491 

the NR, and its vulnerability could be further compromised with limited gene flow between populations. 4492 

With cone crop periodicity or masting events that only occur every 7-10 years, there appears to be 4493 

increasing natural regeneration problems on the east side. Soil texture, plant competition, and seedbed 4494 

conditions have the greatest effect on seedling survival. Moisture stress reduces seed germination and 4495 

limits seedling survival and growth. Competing vegetation deters seedling. As mentioned, young 4496 

seedlings (<36 days old) are susceptible to cold night temperatures and deep frosts, and occasionally the 4497 

pine trees suffer winter desiccation in drying winds. Older seedlings (>110 days) can often withstand 4498 

higher temperatures than Douglas-fir, grand fir and Engelmann spruce, making it likely they will be more 4499 

successful under future climates. 4500 
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Ponderosa pine has a moderate potential for outcrossing with a high outcrossing rate. It has average 4501 

genetic variation, but is weakly differentiated geographically. While it has a strong population 4502 

differentiation, it may be considered to be intermediate in adaptive strategy because both individuals and 4503 

populations may be suited to diverse environments. There are steep clines in elevation, but gentle clines in 4504 

latitude and longitude. There is high genetic variation between east- and west-side ponderosa pine in 4505 

growth, survival, needle length, season pattern of root growth, and ability to germinate under moisture 4506 

stress (Oliver and Ryker 1990). 4507 

Disturbance Interactions 4508 

Fires have a profound effect on ponderosa pine where competing tree species are considerably less 4509 

fire tolerant; this allows ponderosa pine to maintain dominance over large areas (Arno 1988; Steele et al. 4510 

1986). Fires historically allowed ponderosa pine to maintain its dominance across most of the low 4511 

elevation savannas by killing competitors. Ponderosa pine has a great capacity to survive fire, better than 4512 

nearly all of its competitors (Ryan and Reinhardt 1988).  4513 

There are around 108 species of insects that attack west-side ponderosa pine and over 59 species that 4514 

attack east-side ponderosa pine. The most damaging of the tree-killing insects are several species of 4515 

Dendroctonus Erichson, 1836 (Oliver and Ryker 1990). Among bark beetles, Ips species are second in 4516 

destructiveness only to Dendroctonus. Ips are present naturally in all stands, where they usually breed in 4517 

slash. Dwarf mistletoe is ponderosa pine's most widespread disease but is rarely fatal in the NR. Western 4518 

pine shoot borer (Eucosma sonomana) is also a concern in the future. 4519 

Historical and Current Conditions 4520 

Ponderosa pine forests have been experiencing a severe decline due to the combination of logging and 4521 

fire exclusion. Large pine trees in the open pine savannas were harvested from nearly all but the most 4522 

remote, inaccessible, or protected areas in the NR. Wildland fires have been excluded from remaining 4523 

pine forests, causing advanced succession that was most rapid in the mesic habitat types (Arno 1988; 4524 

Gruell et al. 1982). This has resulted in dense forests with overstories of stressed pines and dense 4525 

understories of its shade-tolerant competitors, most commonly Douglas-fir. There are often buildups of 4526 
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duff and litter, and an atypical accumulation of downed dead woody fuels on the soil surface. The dense 4527 

crowns, coupled with high surface fuel loadings, ensure that when these forests are burned by wildfires, 4528 

the damage from the fire will be severe with high tree mortality, deep soil heating, high fuel consumption, 4529 

and abundant smoke (Keane et al. 2002). 4530 

Climate Change Responses 4531 

We expect ponderosa pine in the NR to handle increasing temperatures and deeper, longer droughts 4532 

with only moderate difficulty. Its ability as a “drought avoider” to close stomata when soil water potential 4533 

is low make it one of the few forest species, besides juniper, that maintains its presence in many low 4534 

elevation settings (Stout and Sala 2003). Morales et al. (2015) projected an 11 percent increase in range of 4535 

ponderosa pine in the western U.S., and Nitschke and Innes (2008), using a gap modeling approach, 4536 

projected the replacement of dry Douglas-fir dominated communities of British Columbia with ponderosa 4537 

pine. Hansen et al. (2001) projected an expansion of ponderosa pine across the western U.S. and 4538 

specifically in the Pacific Northwest, when most other tree species ranges were retracting in area. Rocky 4539 

mountain ponderosa pine is more intermediate in adaptive strategy than the ponderosa variety and 4540 

therefore has a high phenotypic plasticity and is better adapted to drought (table 6.3).  4541 

However, declining precipitation and variable spatial and temporal rainfall patterns may caused 4542 

declines in ponderosa pine regeneration and range contractions, except in the eastern portion of the 4543 

northern region where precipitation is expected to increase. Crimmins et al. (2011) estimated that 4544 

ponderosa pine environments may rise over 700 m in elevation by 2050 in its range. Similarly, Gray and 4545 

Hamann (2013) estimated ponderosa pine might move over 500 km northward and almost 300 m higher 4546 

in elevation by 2050 in the NR. However, Franklin et al. (1991) projected future ponderosa pine forests 4547 

will cover about a third of its current range in landscapes of the eastern Cascades, and Bell et al. (2014) 4548 

projected losses of over 60 percent of its range by 2090.  4549 

Increases in mountain pine beetle outbreaks, advancing competition resulting from fire exclusion, 4550 

western pine shoot borer occurrence, and increases in fire severity and intensity will dictate the future of 4551 

ponderosa pine in the NR. If fires are too frequent, established regeneration will never grow above the 4552 

DRAFT



Halofsky et al. chapter 6  

 165 

lethal scorch height, and mature individuals will not become established. Increasing fire severity and 4553 

occurrence could also eliminate many of NR relict ponderosa pine trees that provide the critical seed 4554 

sources for populating future burns.  4555 

Douglas-Fir (Pseudotsuga menziesii) 4556 

Autecology 4557 

Douglas-fir has been a major component of forests of western North American since the mid-4558 

Pleistocene era (Hermann and Lavender 1990). Only Rocky Mountain Douglas-fir (var glauca) is found 4559 

in the NR. Its range extends from central British Columbia through the Rocky Mountains into central 4560 

Mexico. The range is fairly continuous in northern Idaho, western Montana, and northwestern Wyoming, 4561 

with several outlying areas in eastern-central Montana and Wyoming. In the NR, Douglas-fir grows in 4562 

areas with maritime influence and mild climate in all seasons except a dry period in July and August. In 4563 

the central Rocky Mountains, the winters are long and severe, summers are hot and in some parts very 4564 

dry. West of the Continental Divide in the NR, the rainfall may be evenly divided between winter and 4565 

summer. The altitudinal distribution of Douglas-fir increases from north to south, due to the effect of 4566 

climate on the distribution. The limiting factors are temperature in the northern part of the range and 4567 

moisture to the south. Thus, Douglas-fir prefers southerly slopes in the northern part of its range, and 4568 

northerly exposures in the southern part of its range (Pfister et al. 1977). 4569 

Douglas-fir in the NR grows in pure stands on dry, cold sites, both in an even- and uneven-aged 4570 

condition (Hermann and Lavender 1990). On other sites, the associated species are dependent on the 4571 

climate, and by proxy, elevation and region. Montane, low elevation, mesic Douglas-fir is often 4572 

associated with western larch, western white pine, grand fir, western redcedar, and western hemlock, 4573 

while on low elevation, xeric sites, Douglas-fir is associated with ponderosa pine, juniper, and quaking 4574 

aspen. At upper elevational limits, the species is often found with lodgepole pine, subalpine fir, and 4575 

Engelmann spruce. It is rarely found at the highest elevations associated with mountain hemlock (Tsuga 4576 

mertensiana), whitebark pine, and alpine larch. Most of the NR Douglas-fir forests are found on droughty 4577 

sites, and the species is often associated with ponderosa pine; Douglas-fir is often the primary climax 4578 

DRAFT



Halofsky et al. chapter 6  

 166 

species whenever it is found with ponderosa pine (Keane 1985; Ryker and Losensky 1983; Steele and 4579 

Geier-Hayers 1989). Again, proportion of other species growing with Douglas-fir varies widely 4580 

depending on aspect, elevation, soil type and past history, particularly fire history, of the area.  4581 

Regeneration is most successful where Douglas-fir is seral, especially in the area of strong maritime 4582 

influence in northern Idaho and western Montana, where it is associated with more montane species (e.g., 4583 

grand fir, western redcedar, and western larch). Regeneration is poor where it has attained climax status in 4584 

the cool, dry habitats (Ryker and Losensky 1983). Seedling growth the first year is relatively slow, 4585 

limited generally by moisture, which triggers initiation of dormancy in midsummer. Competing 4586 

vegetation may promote the establishment of a variety of seedlings by reducing temperature stress, but 4587 

may inhibit seedlings growth by competing strongly for moisture; this is most pronounced in the southern 4588 

portion of the range. In the Rocky Mountains, it is a seral species in moist habitats and climax in the 4589 

warmer, drier areas of its range.  4590 

In the interior portion of its NR range, Douglas-fir ranks intermediate in shade tolerance, being more 4591 

tolerant than western larch, ponderosa pine, lodgepole pine, and aspen (Table 6.3). Old growth Douglas-4592 

fir shows a wide range of age classes, indicating it established over long periods after major fires. It is 4593 

gradually replaced by more tolerant western hemlock, western redcedar and true fir on mesic montane 4594 

sites. Douglas-fir tolerates drought better than nearly all of its competitors except for ponderosa pine. The 4595 

species is a drought “tolerator” in that it keeps stomata open to extract soil water at extremely low soil 4596 

water potentials, thereby subjecting it to potential xylem cavitation and potential death (Sala et al. 2005; 4597 

Stout and Sala 2003). 4598 

The species exhibits a great deal of genetic differentiation, which is strongly associated with 4599 

geographic or topographic features (Rehfeldt 1978). The pattern of genetic variation in growth and 4600 

phenological traits among clines (ecotypes or forms of species that exhibit gradual phenotypic and genetic 4601 

differences over a geographical area as a result of environmental heterogeneity) have been observed along 4602 

north-south, east-west and elevational transects. There is evidence of low genetic variation within local 4603 

regions. For example, in southern Oregon, seed collected on the more xeric southern aspects grew slower, 4604 
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set bud earlier, and had larger roots compared to seedlings grown from north-facing slopes. Seedlings 4605 

from seed sources on southerly aspects have adaptive characteristics for a shorter growing season and 4606 

drier soils and may survive under drought stress better than seedlings from north-aspect seed sources. 4607 

Disturbance Interactions 4608 

Douglas-fir has a great capacity to survive fire because of its thick corky bark and its deep main roots. 4609 

The species’ capacity to form adventitious roots is another adaptation that has enabled Douglas-fir to 4610 

survive fire. However, young Douglas-fir have thin bark and low height to live crown, greatly increasing 4611 

mortality from fire (Ryan and Reinhardt 1988). Ponderosa pine and western larch have better ability to 4612 

survive fire across all life stages, so on sites with frequent fires where Douglas-fir is associated with other 4613 

species, its cover is usually kept low by fire (Agee 1991). However, on cold, dry sites where the species is 4614 

the indicated climax, frequent fire may create Douglas-fir savannas, especially east of the Continental 4615 

Divide and the high valleys of southwestern Montana.  4616 

Douglas-fir is subject to serious damage from a variety of agents that may increase under future 4617 

climates (Hermann and Lavender 1990). Western spruce budworm (Choristoneura occidentalis) and 4618 

Douglas-fir tussock moth (Orgyia pseudotsugata) are the most important insects affecting Douglas-fir. 4619 

Both insects attack trees of all ages at periodic intervals throughout the range of interior Douglas-fir, often 4620 

resulting in severe defoliation of stands. Many Douglas-fir stands in the central NR are currently 4621 

devastated by budworm and beetle. The Douglas-fir beetle (Dendroctonus pseudotsugae) is a destructive 4622 

insect pest in old-growth stands of coastal and interior Douglas-fir. Armillaria and annosus 4623 

(Heterobasidion annosum) root diseases may intensify in infection and widen in distribution to cause high 4624 

tree mortality. Annosus root disease is particularly lethal in Douglas-fir (Hagle 2003). Of the many heart 4625 

rot fungi (more than 300) attacking Douglas-fir, the most damaging and widespread is red ring rot 4626 

(Porodaedalea pini, Murrill 1905). Knots and scars resulting from fire, lightning, and falling trees are the 4627 

main paths of infection. Losses from this heart rot far exceed those from any other decay. Other important 4628 

heart rot fungi in the NR are brown trunk rot (Fomitopsis officinalis), Fomitopsis cajanderi, and Phaeolus 4629 

schweinitzii. 4630 
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Historical and Current Conditions 4631 

Historical frequent wildland fires kept Douglas-fir from becoming established on those dry sites 4632 

where it was associated with ponderosa pine (frequent fires favored ponderosa pine establishment). It 4633 

often became established after long inter-fire periods, such as during the Little Ice Age, and easily 4634 

attained dominance if fire frequency was decreased. However, in the more montane portions of the 4635 

species NR range, Douglas-fir was often one of the major dominants, as it was a major competitor under 4636 

historical mixed-severity fire regimes (Arno et al. 2000). 4637 

Today, however, cumulative effects of the fire exclusion era coupled with logging have allowed 4638 

Douglas-fir to become the dominant species across its range, especially where it successionally replaced 4639 

the historically-dominant ponderosa pine forests (Arno and Gruell 1983; Arno et al. 2000; Gruell et al. 4640 

1982). As a result, we have seen an expansion of Douglas-fir into areas where fire was frequent 4641 

historically, but also a densification of the forests where it is associated with more mesic species. This has 4642 

created large, contiguous areas where canopy fuels have increased and become denser, and surface fuels 4643 

that have been converted from grass and shrubs to heavy downed, dead woody fuels (Keane et al. 2002). 4644 

This predisposes many Douglas-fir forests to severe future fires. Moreover, these dense stand conditions 4645 

have contributed to decreased vigor that predisposes the species to western spruce budworm and Douglas-4646 

fir beetle outbreaks. Many Douglas-fir forests of southwestern and central Montana are currently 4647 

experiencing high budworm and beetle mortality. 4648 

Climate Change Responses 4649 

Several studies suggest that Douglas-fir will respond positively with future changes in climate. 4650 

Morales et al. (2015) projected a seven percent increase in the range of the species in the western U.S. by 4651 

2060. Soulé and Knapp (2013) found almost doubled radial growth in Douglas-fir in the western portions 4652 

of the NR in the latter half of the 20th century, but they attributed some of this increase to other factors 4653 

such as CO2 fertilization. Rose and Burton (2009), using SDMs, projected that Douglas-fir forests in 4654 

British Columbia will nearly triple by 2080, while Franklin et al. (1991) project no net loss of Douglas-fir 4655 
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habitat in the future in the Pacific Northwest. Using a gap model, Cumming and Burton (1996) also found 4656 

little change in the Douglas-fir zone in the future in British Columbia. 4657 

However, it is likely that myriad factors will contribute to decline of Douglas-fir forests in some parts 4658 

of the NR in the future. Recent Northern Region seedling survival survey results from 2014 show 4659 

significant increases in Douglas-fir three-year seedling mortality (approximately 50 percent) due to 4660 

increasing drought, high temperatures, and severe conditions, presumably related to climate change. In 4661 

addition, Kemp (2015) found that natural postfire regeneration of Douglas-fir on sites that burned in 2000 4662 

and 2007 varied across gradients in elevation, aspect, and burn severity, and findings indicated that 4663 

Douglas-fir regeneration was significantly reduced with increased heat loading (incoming solar radiation 4664 

derived from site latitude, aspect, and slope); specifically, the probability of successful Douglas-fir 4665 

regeneration was lower at lower elevation sites and on sites with higher heat load (steep, southwest 4666 

aspects). Likewise, Douglas-fir abundance was lower on sites at lower elevations and with higher heat 4667 

loads.  4668 

On dry lower elevation southerly aspects in the southern NR, ponderosa pine will likely cope with 4669 

moisture deficits better than Douglas-fir because it does not have the high potential for xylem cavitation 4670 

(Stout and Sala 2003). In addition, Douglas-fir might not have the genetic potential to rapidly migrate to 4671 

more conducive sites (Aitken et al. 2008). More importantly, there are a suite of insects and diseases that 4672 

are increasing in NR Douglas-fir forests that are creating heavy mortality, especially in southwestern NR 4673 

areas. The spruce budworm is killing many Douglas-fir stands in southwestern Montana, while the 4674 

Douglas-fir bark beetle is attacking stands in other parts of the NR. Nitschke and Innes (2008) predict 4675 

major losses of Douglas-fir from parts of British Columbia because of hot, dry conditions, while Shafer et 4676 

al. (2001) predict major transitions in Douglas-fir in most of the US Pacific Northwest, and raise some 4677 

major concerns that the climate might be too warm to meet the chilling requirements of Douglas-fir seed. 4678 

Using SDM approaches, Gray and Hamann (2013) projected that Douglas-fir will migrate over 400 km 4679 

north and 170 m upwards in elevation by 2050, and Bell et al. (2014) projected major losses of over 40 4680 

percent of its range in the NR by 2090. 4681 
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Increases in wildland fires, coupled with adverse effects of the fire exclusion era in NR forests, could 4682 

also present some problems for Douglas-fir. Increasing fire danger in Douglas-fir stands with high canopy 4683 

and surface fuels may promote wildland fires that kill the majority of Douglas-fir, even the most mature 4684 

individuals. If fires increase in the future, regardless of fire suppression efforts, they may be so frequent 4685 

that Douglas-fir seedlings cannot become established and become mature trees.  4686 

Douglas-fir might be one of the NR tree species most limited in range expansion because of its 4687 

limited genetic diversity and structure (St. Clair and Howe 2007). The species has a specialist genetic 4688 

adaptive strategy at low to mid elevations and a more generalist strategy at higher elevations. With 4689 

warming temperatures and a possible decrease in summer moisture conditions, Rocky Mountain Douglas-4690 

fir may contract from the driest portions of its range. Current natural regeneration failures may be 4691 

exacerbated by reduced seed sources owing to large wildfires and hot and dry microclimate conditions, 4692 

especially on southerly exposures at lower elevations. On moist sites (mixed mesic forest), there may be 4693 

increases in root disease mortality because of increasing moisture stress. 4694 

Western Larch (Larix occidentalis) 4695 

Autecology 4696 

Western larch grows in the Upper Columbia River Basin of northwestern Montana, and in north and 4697 

west central Idaho (Schmidt and Shearer 1990). It grows in the relatively moist-cool climatic zone. 4698 

Limiting factors to western larch are low temperatures at the upper elevations, and lack of moisture at the 4699 

lower extremes (Habeck 1990). Western larch grows on a wide variety of soils; most soils suitable for 4700 

growth are deep and well drained. It is commonly found on valley bottoms, benches, and northeast-facing 4701 

mountain slopes (Schmidt et al. 1976).  4702 

Western larch is adapted to extreme environmental heterogeneity, from maritime climates in the west 4703 

and northwest to more continental climates, as westerly air masses move across the Bitterroot and Cabinet 4704 

Mountains (Rehfeldt 1982). At comparable elevations, the frost-free period in western Montana is 30 days 4705 

shorter than in northern Idaho, and thus populations from western Montana are better adapted genetically 4706 

to short frost-free growing seasons as compared to similar elevations in northern Idaho (Rehfeldt 1995b). 4707 
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Moreover, as elevation increases and frost-free periods decrease, growth potential decreases. Early fall 4708 

cold snaps are a major temperature factor affecting seedling and sapling survival, before resting buds have 4709 

had an opportunity to fully lignify (Rehfeldt 1995a). Drought is another major climatic factor affecting 4710 

mid- to late-season survival. (Schmidt 1995). It is most likely to affect seedlings under heavy shade 4711 

because of the heavy moisture use by the overstory and other competing vegetation. Zhang and Marshall 4712 

(1994) and Zhang et al. (1994) characterize western larch as having low water-use efficiency, as 4713 

compared to other conifers in the NR. Plants that have low water-use efficiency tend to be larger in 4714 

stature and produce more biomass, which may be trait-limiting in future warmer and more arid or 4715 

variable-precipitation climates. The lower water-use efficiency of western larch may explain its absence 4716 

on xeric sites (Gower et al. 1995).  4717 

Cone and seed production in western larch is most prolific at ages older than 30 to 50 years, with seed 4718 

crops occurring every 14 years in Idaho and every 10 years Montana (Owens 2008). Good cone crops 4719 

may occur in successive years if conditions are favorable (Owens and Molder 1979). Spring frosts often 4720 

reduce pollen, cone and seed production in western larch, leading to sporadic seed years. Cone production 4721 

is higher in stands that have larger crowns, such as stands that have been thinned (Shearer 1976). Cooler, 4722 

wetter springs favor foliar diseases such as larch needle cast (Meria larisis); successive years of infection 4723 

lead to reductions in available cone crops. Cone maturation follows elevation gradients, where cones at 4724 

lower elevations are generally mature in mid-August and seed dispersal occurs into September. As such, 4725 

seed may be available for dispersal during the fire season.  4726 

Seed germinates best on seedbeds exposed by burning or mechanical scarification (Antos and Shearer 4727 

1980; Beaufait et al. 1977; Schmidt 1969; Shearer 1976). Western larch seedlings survive poorly on 4728 

undisturbed litter, humus, sod or heavy root competition; seedlings germinated on duff do not often 4729 

survive (Beaufait et al. 1977). High solar irradiation is the most important physical factor affecting 4730 

seedling survival (Shearer 1976). South and west exposures are generally too severe for western larch 4731 

seedlings to establish, particularly in drier sites at the lower elevational limits of its range. In the mid- and 4732 

northern portion of its ranges, western larch grows well on all exposures. Young seedlings grow fast on 4733 
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desirable sites. Only lodgepole pine is similar to western larch in seedling growth; Douglas-fir grows 4734 

about half the rate, and spruce and subalpine fire about one quarter the rate of western larch. Site 4735 

productivity has the most effect on height growth on western larch sites.  4736 

Western larch is a long-lived early seral species. It is a fast-growing species with tall, open crowns 4737 

making the species easily able to out-grow all of its competitors on the more mesic sites (Milner 1992). It 4738 

is also the most shade-intolerant conifer in the NR (Minore 1979) (table 6.3); it can tolerate partial 4739 

shading only in the seedling stage. Western larch is replaced through succession by all other conifers 4740 

except for ponderosa pine. Western larch is moderately drought tolerant and can survive seasonal drought, 4741 

but performs poorly when droughts last more than one or two years. Douglas-fir is the most common 4742 

associate, but others include ponderosa pine on lower drier sites, western hemlock, western redcedar, and 4743 

western white pine on moist sites, and Engelmann spruce, subalpine fir, lodgepole pine and mountain 4744 

hemlock on cool, moist subalpine sites (Schmidt and Shearer 1990). It has been associated with 4745 

mycorrhizal fungi in many portions of the NR (Harvey et al. 1978). 4746 

Western larch has average genetic diversity with a weak population differentiation. Its low levels of 4747 

differentiation indicate that it is more a generalist than specialist. The species has a moderate outcrossing 4748 

rate, and the patterns of genetic variation are mostly dominated by latitude and longitude. Populations 4749 

need to be separated by 1640 ft in elevation before genetic differentiation is expected. 4750 

Disturbance Interactions 4751 

Wildland fire is essential to the maintenance of western larch populations. Western larch depends on 4752 

the open-canopy, high light environments, and mineral soil seedbeds created by fire for successful, 4753 

widespread regeneration (Schmidt et al. 1976). Western larch has unique characteristics that allow it to 4754 

survive intense fire, including the thickest bark (Ryan and Reinhardt 1988), high crowns with high 4755 

moisture contents, deep roots and epicormic branch production (Fiedler and Lloyd 1995; Harrington 4756 

2012; Schmidt et al. 1976; Schmidt and Shearer 1995). Western larch is one of the few NR tree species 4757 

that has adapted to survive mixed to stand-replacement fires (Hopkins et al. 2013; Marcoux et al. 2015). 4758 

Tall surviving western larch can produce copious seeds that are wind-dispersed across large burns to land 4759 
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on mineral soil seedbeds and ensure continued western larch domination (Stoehr 2000). However, if 4760 

serotinous mature lodgepole pine trees occur with western larch, regeneration may be dominated by both 4761 

species (e.g., Hopkins et al. 2013). Since western larch grows quicker and taller, it often outcompetes 4762 

lodgepole pine to attain dominance (Pfister et al. 1977). 4763 

Western dwarf mistletoe (Arceuthobium campylopodum) is perhaps the most damaging disease-4764 

causing parasite of western larch (Schmidt and Shearer 1990). It can infect seedlings as young as three to 4765 

seven years old and continue throughout the life of the tree. In addition to killing treetops, reducing seed 4766 

viability, creating conditions suitable for entry of other diseases and insects, and causing burls, brashness, 4767 

and some mortality, it decreases height and diameter growth. Three other important diseases are found in 4768 

western larch: needlecast caused by Hypodermella laricis, brown trunk rot, and red ring rot. The exotic 4769 

larch casebearer (Coleophora laricella) and native western spruce budworm are currently the two most 4770 

serious insect pests of western larch (Schmidt and Fellin 1973). However, neither of these agents causes 4771 

substantial mortality. Western larch is susceptible to defoliation as a result of the recent western spruce 4772 

budworm outbreak (DeNitto et al. 2013). Larch needle cast results in substantial needle damage in cooler, 4773 

moister springs. Episodic outbreaks of larch casebearer and western spruce budworm can also cause 4774 

severe enough defoliation as to reduce the current year’s tree growth (Schmidt et al. 1976) and disrupt 4775 

cone production. 4776 

Historical and Current Condition 4777 

The more mesic montane western portions of the NR were often dominated by extensive western 4778 

larch forests that had regenerated after major fires. The species dominated northwestern Montana and was 4779 

the major timber species for most of the 1950’s to 1970’s. However, extensive logging beginning as early 4780 

as 1908 on US Forest Service lands (Arno 2010) removed many of the large tall western larch that could 4781 

have survived fire and cast seed across the landscape, and effective fire exclusion has removed the 4782 

burned, mineral soil seedbeds where western larch can regenerate. Continued fire exclusion has served to 4783 

densify the forest and increase surface fuel loads so that future fires may be more severe. 4784 

Climate Change Responses 4785 
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Western larch is a species that is highly susceptible to climate warming. Most climate change studies 4786 

predict major losses of western larch throughout the NR. Morales et al. (2015) used an SDM approach to 4787 

project a 41 percent loss of western larch in its range in the western U.S., and Aston (2010) mentions 4788 

major declines in western larch habitat in the northern Rocky Mountains. Rehfeldt and Jaquish (2010) 4789 

projected major shifts in western larch in western NR, with major losses in Montana and gains in Idaho. 4790 

Nitschke and Innes (2008) used gap modeling approaches to simulate major losses in western larch in 4791 

most of British Columbia. Coops and Waring (2011) mention that western larch may invade many areas 4792 

vacated by lodgepole pine in the future in some portions of the Pacific Northwest. In addition, considering 4793 

western larch associates, competitive interactions among species may play a critical role in the current 4794 

and projected distribution of tree species such as western larch (Thuiller et al. 2008). While temperature–4795 

precipitation interactions tend to set the limits where species can successfully compete, temperature alone 4796 

seems primarily responsible for adaptation of populations within those limits (Rehfeldt et al. 2014). 4797 

Western larch will probably migrate to more northerly and higher areas in the NR, but not without 4798 

surviving major fires. Gray and Hamann (2013) estimated western larch could migrate over 500 mi 4799 

northward and over 1100 ft higher in elevation by 2050 in the NR. Western larch has the ability to quickly 4800 

take advantage of changes in productivity of colder sites, providing these areas burn and the western larch 4801 

will survive the fires to provide sufficient seed for colonization. Increasing fires may serve to return 4802 

western larch to the NR landscape, but this may require significant assistance from management through 4803 

planting burns with western larch before other species become established. Continued fire exclusion will 4804 

probably result in major declines of western larch in the western NR, because increased competition will 4805 

reduce vigor, making the trees more susceptible to damaging agents, and surface and canopy fuel 4806 

buildups will be so great that many relic western larch trees will die in uncharacteristically severe fires 4807 

(Arno et al. 1997; Davis 1980; Norum 1974). Keane et al. (1996) simulated major declines in the future 4808 

for western larch under fire exclusion and moderate climate change, but found it increased as more fire 4809 

was allowed to burn in the Glacier National Park landscape.  4810 
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Western larch exhibits an intermediate adaptive strategy, and geographic clines for most adaptive 4811 

traits are relatively flat (Rehfeldt 1994, 1995a). Populations from northerly latitudes and higher elevations 4812 

exhibit the lowest growth potential, least tolerance to larch needle cast and the lowest survival. Using a 4813 

common garden study of 143 populations, Rehfeldt (1995a) demonstrated an increase of 9 °F would 4814 

produce a mean annual temperature exceeding the current ecological distribution of the species. A 4815 

molecular study using allozymes indicated low levels of genetic differentiation among populations from 4816 

the inland Northwest (Fins and Steeb 1986). Evolutionary bottlenecks are commonly cited as a 4817 

mechanism of reduced genetic differentiation among populations, and increased differentiation within 4818 

populations. 4819 

Western larch may be highly susceptible to future changes in climate primarily because of its narrow 4820 

geographic and elevational distribution in the NR and its uncertain association with wildland fire. If 4821 

wildland fires increase, western larch may have a distinct colonization advantage, providing fire mortality 4822 

is low in those communities that have extensive fuel buildups from fire exclusion. However, if fires 4823 

decrease and exclusion is continued, western larch may be outcompeted by its shade-tolerant competitors, 4824 

and those seed-producing western larch that remain might be killed by severe fires created by abnormal 4825 

fuel accumulations. If the NR plants western larch in those severely burned areas, the species will surely 4826 

remain on the landscape in the future. 4827 

Western White Pine (Pinus monticola) 4828 

Autecology 4829 

In the interior west, western white pine grows from near Quesnal Lake, British Columbia, south 4830 

through the Selkirk Mountains of eastern Washington and northern Idaho and into the Bitterroot 4831 

Mountains of western Montana (Graham 1990). Isolated populations are found as far east as Glacier 4832 

National Park (Loehman et al. 2011a). The climate of the interior portion of western white pine range is 4833 

influenced by the Pacific Ocean, where summers are dry and the majority of the precipitation occurs in 4834 

the fall and winter. Western white pine is limited by moisture at lower elevations and temperatures at 4835 

upper elevations. The southern boundary is limited by a balance of precipitation and evaporation.  4836 
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Western white pine grows on a diversity of soil types in the NR (Harvey et al. 2008), but it primarily 4837 

grows in areas where the upper soil layers are composed of loess or loess-like material. In the NR, it 4838 

generally grows between 1640 and 5906 ft elevation and where the topography is steep with v-shaped and 4839 

round-bottomed valleys. It grows on a variety of slopes, but is common along moist creek bottoms, lower 4840 

benches, and northerly slopes. Western white pine grows in association with a variety of species, and in 4841 

the western hemlock/bride’s bonnet (Clintonia uniflora), western redcedar/bride’s bonnet, and grand 4842 

fir/bride’s bonnet habitat types (Cooper et al. 1991).  4843 

Western white pine seeds require 20 to 120 days of cold, moist conditions before germination occurs. 4844 

Germination occurs in the spring when soil moisture is at field capacity from melting snow. Western 4845 

white pine seedling establishment is favored by partial shade on severe to moderately severe sites 4846 

(Graham 1990) but little to no shade on north slopes. Under full sun, germination begins earlier and ends 4847 

earlier than in shaded conditions. Mineral soil surfaces are preferred over duff. Once established, western 4848 

white pine grows best in full sunlight on all sites. Seedlings have low drought tolerance, and seedling 4849 

mortality late in the first growing season is attributed to high surface temperatures on exposed sites, and 4850 

drought in heavily shaded areas where root penetration is slow. Early root and shoot development is not 4851 

rapid.  4852 

Western white pine is almost always a seral species and is classed as intermediate in shade tolerance 4853 

(Minore 1979). It attains dominance in a stand only following wildfire or silvicultural systems that favor 4854 

it. It is tolerant of cold when it is dormant, and similar to lodgepole pine in cold tolerance.  4855 

Genetic variation of western white pine is high, with the greatest difference being among trees within 4856 

a stand. Differences occur among stands and elevational zones, but the proportion of variation is smaller 4857 

than that for trees within a stand. The adaptation of western white pine to different conditions 4858 

(topographic, climatic, geographic, and edaphic) is governed more by phenotypic plasticity (ability of an 4859 

organism to change its phenotype in response to changes in the environment) than by selective 4860 

differences. The species has a high outcrossing rate and average genetic diversity with moderate genetic 4861 

DRAFT



Halofsky et al. chapter 6  

 177 

differentiation. It is a generalist species with broad climate and environmental tolerances (Devine et al. 4862 

2012). 4863 

Disturbance Interactions 4864 

Historically, western white pine forests mostly originated from wildfires, especially stand-4865 

replacement burns, but were also maintained by frequent low severity fires (Barrett et al. 1991). The 4866 

species, especially when mature, is more tolerant of heat and can better survive fire than nearly all of its 4867 

shade-tolerant competitors. Its relatively thick bark and moderately flammable foliage make it 4868 

intermediate in fire resistance among its conifer associates (Graham 1990). Native American burning was 4869 

probably the primary source of fire that created the pure stands of western white pine in northern Idaho, 4870 

but lightning was also important (Graham 1990).  4871 

The most prominent agent causing the severe declines in western white pine is white-pine blister rust 4872 

(Fins et al. 2002; Harvey et al. 2008). A combination of climate, extensive white-pine blister rust, 4873 

abundant alternate hosts, and susceptible western white pine caused significant losses in the recent past. 4874 

Selection of naturally resistant trees as seed sources and planting of rust-resistant nursery stock can 4875 

reduce losses. In the absence of blister rust, western white pine is long-lived, commonly surviving to 300 4876 

to 400 years old. 4877 

The foremost root disease of western white pine is Armillaria root rot, which causes fading foliage, 4878 

growth reduction, root-collar exudation of resin, dead and rotten roots, and black rhizomorphs. Annosus 4879 

root disease and laminated root rot (Phellinus sulphurascens) also cause some mortality of individuals 4880 

and groups. In periods of drought, pole blight, a physiological disorder, can occur in stands of the 40- to 4881 

100-year age class, causing yellow foliage and dead resinous areas on the trunk. Later, the top dies and, 4882 

after a few years, the tree dies. The disease does not appear to be caused by a primary pathogen but results 4883 

from rootlet deterioration in certain soils, restricting the uptake of water. Bark beetles are the most 4884 

important insects that attack western white pine, and the most important is the mountain pine beetle, 4885 

which kills groups of trees, primarily in mature forests. The mountain pine beetle often attacks trees 4886 
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weakened by blister rust. Likewise, the red turpentine beetle (Dendroctonus valens) sometimes attacks 4887 

weakened trees. 4888 

Historical and Current Conditions 4889 

Western white pine stands were once extensive across northern Idaho and parts of Montana, with 4890 

large, tall pine trees dominating the montane landscapes (Harvey et al. 2008). As a result of logging, fire 4891 

suppression and extensive white-pine blister rust infection, western white pine forests are nearly gone, 4892 

and the species occurs only as scattered individuals in mixed conifer stands (Fins et al. 2002). This is 4893 

truly an ecosystem in decline, and it may be doomed to extinction without active restoration.  4894 

Climate Change Responses 4895 

 Western white pine presents a special challenge in forest management in the future. Recent 4896 

studies have shown that western white pine might be the species best adapted to changes in climate 4897 

change in the northwestern portions of the NR (Loehman et al. 2011a). Using SDMs, Gray and Hamann 4898 

(2013) estimated western white pine could move almost 250 mi northward and 500 ft higher in elevation 4899 

in the NR by 2050. Its superior growth rates, ability to survive fire, and high timber value make it a 4900 

species to promote in the creation of future forests with high resilience (Baumgartner et al. 1994; Graham 4901 

1990). It has the unique ability to disperse seeds into burned areas, which will likely increase in the 4902 

future, and the predicted increases in productivity in the areas where it occurs could mean that it might 4903 

achieve the most significant benefits from changing climates, especially in the context of timber 4904 

production. However, the species is currently ravaged by white-pine blister rust, and it has not yet 4905 

developed the genetic capacity to overcome the damaging effects of this exotic disease to populate future 4906 

northwestern NR landscapes (Fins et al. 2002). The species simply has not achieved a sufficient level of 4907 

rust resistance to allow it to dominate future stands (Harvey et al. 2008). With white-pine blister rust and 4908 

its alternate hosts (e.g., currant) predicted to also increase in the future, creating a rust-resistant population 4909 

of western white pine is critical to maintaining it in the mesic grand fir/western redcedar/western hemlock 4910 

habitat types (Baumgartner et al. 1994). Without a comprehensive western white pine restoration 4911 

program, there is little chance that this species will play an important role in the future.  4912 
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There are other issues that may govern future western white pine dynamics. While wildland fire may 4913 

increase growing space, thereby providing for high regeneration potential, there may be few western 4914 

white pine trees to provide the seed source needed to regenerate these large burns. Also, in some portions 4915 

of the NR, the species may be highly dependent on ash cap soils (Graham 1990), which may prevent its 4916 

migration to warmer sites. The species is also dependent on a unique assemblage of ectomycorrhizae 4917 

whose availability in some areas might be reduced in the future; suitable substrate may not exist upslope 4918 

so migration may not occur. 4919 

In summary, we feel that western white pine is highly predisposed to declines in the future due to the 4920 

interacting effects of continued fire exclusion, low levels of white-pine blister rust-resistance in native 4921 

populations, and rapid succession to more shade-tolerant conifer communities. While it may be a species 4922 

of special interest for northwestern portions of the NR, its populations and future under changing climates 4923 

is especially precarious because of white-pine blister rust. Abundance of western white pine is currently 4924 

low in isolated landscapes, and thus the magnitude of any decline may be large relative to current and past 4925 

populations. 4926 

Aspen (Populus tremuloides) 4927 

Autecology 4928 

Quaking aspen is the most widely distributed native tree species in North America and is abundant in 4929 

the mountains of western and southwestern Montana and northern Idaho (DeByle 1985; Perala 1990). Its 4930 

habitat is limited primarily to areas of water surpluses (annual precipitation exceeds evapotranspiration), 4931 

and it is also limited by minimum or maximum growing season temperatures. Deterioration of aspen 4932 

stands is often related to warmer summer temperatures (Perala 1983). Aspen grows on a variety of soils, 4933 

but growth and development are strongly influenced by both physical and chemical properties of the soil. 4934 

The best soils for aspen growth are usually well drained, loamy, and high in organic matter, calcium, 4935 

magnesium, potassium, and nitrogen. Aspen has an important role in nutrient cycling because of its rapid 4936 

growth and high nutrient demand. Aspen is limited by both shallow and deep water tables (>8.2 ft) 4937 

because the roots need sufficient water and good aeration, especially during the growing season.  4938 
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Compared to most conifer species, aspen is a short-lived, disturbance-maintained seral species 4939 

(Mueggler 1985; Rogers 2002). It is shade intolerant and aggressively sprouts following any disturbance 4940 

(usually fire), which kills most of the live stems, thus stimulating vegetative reproduction (i.e., suckering) 4941 

(Bartos 1978). Aspen reproduces primarily by asexual root sprouting. Parent trees (genets) produce 4942 

stems/trees (ramets), and this results in a clone or stand of genetically identical aspen stems (trees). 4943 

Damage to parent trees alters the growth hormones (auxins and cytokinens) and stimulates a sprouting 4944 

response (Perala 1990). Soil temperature is the most critical abiotic factor affecting suckering. Light is not 4945 

needed for suckering but is needed for secondary growth. Eventually, most of the original root 4946 

connections are severed as the ramets develop their own root systems to support nutrient uptake (Rogers 4947 

et al. 2007; Shepperd and Smith 1993). This reproductive strategy allows aspen to establish quickly on 4948 

disturbed sites and out-compete conifers for soil moisture, nutrients and light. In addition, the shared root 4949 

system maintains overall stand vigor by allowing sharing of resources during the early stages of stand 4950 

development (Mitton and Grant 1996; Romme et al. 1997).  4951 

While there are a number of different aspen classifications (Mueggler 1988; Shepperd et al. 2001), it 4952 

is widely recognized that aspen occurs as both stable climax communities and as seral, disturbance-4953 

maintained communities (Mueggler 1988, 1985). Stable aspen communities occupy sites with both high 4954 

soil moisture and solar radiation, which appears to preclude establishment of conifers for very long 4955 

periods (or they never establish). Stable climax aspen communities do not require disturbance to maintain 4956 

aspen dominance. Seral aspen seems to occur in two forms in the NR. First, there are mesic stands in 4957 

northwest Montana and northern Idaho, where aspen is a common seral component, but it rarely 4958 

dominates stands unless there are several consecutive burns (Campbell and Bartos 2001; Cooper et al. 4959 

1991; DeByle 1985). The second seral type occurs in the drier forested areas in the NR, such as east of the 4960 

Continental Divide and southwestern Montana. In these seral types, which are created by fire and 4961 

sprouting, aspen occurs as the major stand component; these stands will eventually succeed to more shade 4962 

tolerant conifers (e.g., Douglas-fir, subalpine fir, and Engelmann spruce) in the absence disturbance 4963 

(DeByle 1985; Mueggler 1988). 4964 
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Aspen has a high genetic diversity, because it is essentially a trans-boreal broadleaf tree. It has weak 4965 

genetic differentiation geographically, but strong differentiation at the population level. There is 4966 

substantial phenotypic variation in the species, found both in the field and in genetic studies, as 4967 

documented by varied leaf sizes, shapes, and phenologies.  4968 

Disturbance Interactions 4969 

Numerous factors other than competition will be important for quaking aspen under changing climate. 4970 

Perhaps the most important factor affecting aspen regeneration and distribution is browsing by ungulates 4971 

that frequently damage reproduction by browsing and by rubbing their antlers against the stems 4972 

(Eisenberg et al. 2013; White et al. 1998). Elk and moose can also damage pole- and saw log-size trees by 4973 

"barking" them with their incisors. Such injuries often expose individuals to secondary attack by insects 4974 

or pathogens. Heavy use by overwintering ungulates can greatly reduce the number of aspen trees in 4975 

localized areas. Cattle and sheep browsing is a serious problem in many areas of the NR because livestock 4976 

are allowed to range through recent aspen clearcuts. Mature aspen stands adjacent to livestock 4977 

concentrations (water holes, salt blocks, and isolated stands in large open areas) often have root damage, 4978 

are declining, and have few if any suckers present.  4979 

Fire can kill aspen stands (Bartos 1998), but it also creates conditions conducive to aspen 4980 

regeneration and suckering by eliminating shade-tolerant conifers, which compete for light and eventually 4981 

overtop and shade out aspen, leading to aspen decline (Campbell and Bartos 2001; Shepperd et al. 2001). 4982 

Mature aspen trees may not survive fire as well as the fire-adapted conifers of the NR, but aspen is easily 4983 

the most competitive after fire because it can aggressively regenerate from suckers (Shinneman et al. 4984 

2013). It would appear that aspen could do quite well in a warmer climate with increased fire frequency, 4985 

but moisture will limit its success, with varied results (Anderegg et al. 2012; Hogg and Hurdle 1995; 4986 

Kulakowski et al. 2013; Worrall et al. 2013).  4987 

Following disturbance, aspen normally dominates a site for 40 to 80 years. Natural thinning from 4988 

disease, aging, and succession (shading) by competing conifers eventually reduces aspen abundance 4989 

(Mueggler 1985; Rogers 2002). In central Utah, Shepperd et al. (2001) found that both regenerating and 4990 
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nonregenerating clones had stems of various age classes, which suggests that periodic sucker events 4991 

occurred in these clones. In addition, they found that all of the non-regenerating clones had fewer roots 4992 

than their regenerating neighbors, which indicates that root systems decline when clones are not 4993 

periodically regenerating. Many aspen clones are known to be associated with ectomycorrhizae (Cripps 4994 

and Miller 1993).  4995 

Aspen has low susceptibility to insect damage, except in urban plantings, but stem canker diseases 4996 

have a significant impact on aspen ecosystems. Depending on the fungus, cankers may kill trees within a 4997 

few years or persist for decades. Hypoxylon canker caused by Hypoxylon mammatum is probably the 4998 

most serious aspen disease east of the Rockies, killing one to two percent of the aspen annually (Perala 4999 

1990). Young trees are killed by small rodents and mammals, particularly large ungulates (Eisenberg et 5000 

al. 2013). 5001 

Historical and Current Conditions 5002 

Since around 1970, aspen has been in a period of general decline that is thought to be the result of 5003 

wildfire exclusion, which has allowed plant succession to proceed toward conditions that ordinarily 5004 

exclude aspen (Campbell and Bartos 2001; Frey et al. 2004). Recent episodes of aspen dieback have been 5005 

superimposed on this general decline. Dieback can be recognized by the suddenness of the impact and by 5006 

an epidemiology that begins with the death of branch tips, death of mature trees, and eventually death of 5007 

entire clones (Frey et al. 2004). The dieback is suspected to be caused by drought. The condition is 5008 

generally referred to as sudden aspen decline because of the suddenness of the impact. 5009 

Climate Change Response 5010 

Aspen is a species that may experience both gains and losses under future climate, depending on local 5011 

site conditions, particularly soil moisture. Seral aspen communities will respond differently than stable, 5012 

climax aspen communities. Aspen communities on warmer, drier sites could experience high mortality 5013 

because of increasing water deficit. Ireland et al. (2014) found that drought was the major factor causing 5014 

recent high mortality in southwestern aspen stands. In the boreal forests of western Canada, Hogg and 5015 

Hurdle (1995) estimate that even with an 11 percent increase in precipitation, boreal forests in which 5016 

DRAFT



Halofsky et al. chapter 6  

 183 

aspen is a major component will decline due to drought stress. Sudden aspen decline has been associated 5017 

with severe, prolonged drought, particularly in aspen stands that are on the fringe of the species’ 5018 

distribution (warmer and drier sites than those typically considered optimal for aspen persistence) (Frey et 5019 

al. 2004). Recent research efforts have found that extreme weather events (e.g., drought, thaw–freeze 5020 

events), insect defoliation, and/or pathogens have led to aspen mortality (Brandt et al. 2003; Candau et al. 5021 

2002; Hogg et al. 2002). Marchetti et al. (2011) found that aspen mortality from various insects and 5022 

disease (e.g., Cytospora canker [Cytospora], bronze poplar borer [Agrilus liragus], and aspen bark beetles 5023 

Trypophloeus populi and Procryphalus mucronatus) was greater in those stands that were drought-5024 

stressed and declining due to sudden aspen death. Further exacerbating the situation is that declining 5025 

stands may have little or no regeneration due to intense ungulate herbivory, and those smaller stands that 5026 

persist may be smaller and fewer with increased plant stress due to increased severity of summer droughts 5027 

(Rogers et al. 2013). Growth may increase because photosynthetic rates appear to increase more in aspen 5028 

than other tree species as atmospheric carbon increases, but this may be offset by increased atmospheric 5029 

ozone, which reduces photosynthesis and may increase susceptibility to insects and disease. 5030 

Increased fire frequency, particularly on moist sites, will likely favor aspen regeneration in the future 5031 

by removing shading conifers, and younger stands (<40 years old) created by fire may be more resilient to 5032 

drought. However, if future fires are severe, they may kill the shallow root systems and eliminate aspen. 5033 

Increased herbivory on regenerating stands may occur as adjacent upland vegetation senesces and 5034 

desiccates earlier in the growing season. Areas with mountain pine beetle-caused conifer mortality 5035 

(especially in lodgepole pine) may release aspen, and it will regenerate once the conifer canopy is thinned 5036 

or removed, again given sufficient soil moisture.  5037 

Grand Fir (Abies grandis) 5038 

Autecology 5039 

Grand fir is found on a wide variety of sites, including stream bottoms, and valley and mountain 5040 

slopes of the northwestern U.S. and southern British Columbia (Foiles et al. 1990). Average precipitation 5041 

in its range varies from 1.6 to 8.2 ft but in northern Idaho the average is from 1.6 to 4.3 ft. The average 5042 
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growing season temperature is 57.2 to 66.2 °F. In the inland portion of its range, grand fir grows best on 5043 

rich mineral soils of valley bottoms but also grows well on shallow exposed soils of mountain ridges if 5044 

moisture is adequate (Antos 1972).  5045 

Grand fir is either a seral or climax species, depending on site moisture (Ferguson and Johnson 1996). 5046 

On productive mesic sites, it grows rapidly to compete with other seral species in the overstory, but it is 5047 

outcompeted by western redcedar and western hemlock. On drier sites where western redcedar and 5048 

western hemlock are excluded because of drought, it is the most shade-tolerant species and can easily 5049 

dominate the understory, which eventually assumes the dominant position in the climax condition. Grand 5050 

fir is a major climax species in a variety of habitat types in Montana and northern Idaho, but it rarely 5051 

grows in pure stands; one exception is on the Clearwater River drainage in north-central Idaho (Cooper et 5052 

al. 1991; Pfister et al. 1977). In Montana and parts of Idaho, grand fir can also share dominance, even in 5053 

the climax state, with subalpine fir, especially in narrow valley bottoms where subalpine fir can exert 5054 

dominance in lower elevational zones (Antos 1972). In most of its range, grand fir is often associated with 5055 

Douglas-fir, ponderosa pine, western larch, western white pine, and subalpine fir.  5056 

Grand fir has a high tolerance to shade but a low tolerance to drought, even though it can tolerate 5057 

drought better than any of the conifers that may succeed it in the absence of disturbance (e.g., western 5058 

redcedar and western hemlock). Grand fir forms associations with ectomycorrhizae and arbuscular 5059 

mycorrhizae, which may allow it to outcompete some shade-tolerant conifers. It has a very low frost 5060 

tolerance but can tolerate seasonally fluctuating water tables. It is monoecious and it produces large, 5061 

winged seed dispersed by wind. It has average levels of genetic diversity but weak geographic 5062 

differentiation. There are apparently genetic differences between the northern Idaho and western Montana 5063 

populations. 5064 

Disturbance Interactions 5065 

Grand fir is susceptible to fire damage in moist creek bottoms but is more resistant on dry hillsides 5066 

where roots are deeper and bark is thicker (Ryan and Reinhardt 1988). Grand fir is less resistant to fire 5067 

than western larch, ponderosa pine, and Douglas-fir but more resistant than subalpine fir, western 5068 
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hemlock, and Engelmann spruce. Most fires that burn grand fir sites are stand-replacement or mixed-5069 

severity, and these fires burn in fuels that generate sufficient heat to kill most grand fir trees (Arno 1980; 5070 

Arno et al. 2000). 5071 

Grand fir is susceptible to heart rot and decay. Armillaria root rot and annosus root disease are 5072 

common root diseases causing high tree mortality (Hagle et al. 2003). Numerous insects attack grand fir. 5073 

The western spruce budworm and Douglas-fir tussock moth have caused widespread defoliation, topkill, 5074 

and mortality in grand fir. The western balsam bark beetle (Dryocoetes confusus) and the fir engraver 5075 

(Scolytus ventralis) are the principal bark beetles attacking grand fir (Foiles et al. 1990). 5076 

Historical and Current Conditions 5077 

Fire exclusion has increased grand fir on both dry and mesic sites, but increased tree densities 5078 

have also stressed grand fir trees, contributing to increased fuel loadings, higher root rot, and greater 5079 

insect damage and mortality. Historically, grand fir sites were probably dominated by western larch, 5080 

western white pine, Douglas-fir, and ponderosa pine because of frequent fires, but these sites have since 5081 

succeeded to the more shade-tolerant grand fir, and on the productive mesic sites, to western redcedar and 5082 

western hemlock. Therefore, the condition of most grand fir stands depends on the last severe fire; if fire 5083 

exclusion has caused grand fir to dominate in both the overstory and understory, then these stands are 5084 

usually highly stressed because of increased root rot and insect agents. However, in earlier seral stands 5085 

that have not yet experienced high grand fir regeneration, a rise in grand fir cover types is likely with 5086 

continued fire exclusion. 5087 

Climate Change Responses 5088 

On xeric sites, increased drought and longer growing seasons will exacerbate grand fir stress from 5089 

competition, resulting in high mortality mainly from insects and disease. Nitschke and Innes (2008), using 5090 

a gap modeling approach, projected major declines in grand fir, and Coops and Waring (2011) used a 5091 

mechanistic model to simulate a nearly 50 percent decrease in the range of grand fir compared to 5092 

historical distributions. Franklin et al. (1991) projected that grand fir will nearly disappear from the east 5093 

slope of the Cascades. 5094 
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Yet, projections of increased productivity may lead to increased grand fir populations on moderate 5095 

sites (Aston 2010). Urban et al. (1993) projected an expansion of grand fir forests into upland, xeric sites 5096 

of the Pacific Northwest. On mesic sites where grand fir is seral to western redcedar and western 5097 

hemlock, the longer growing seasons coupled with higher temperatures may increase growth rates and 5098 

regeneration success, thereby increasing tree density and competition and effectively reducing grand fir 5099 

components. The opposite is true on those sites where grand fir is the indicated climax; grand fir will 5100 

increase in both the overstory and understory in the absence of disturbance. 5101 

Disturbance, specifically fire, could be the major factor in the rearrangement of grand fir communities 5102 

across the NR landscape. Longer fire seasons and high fuel loadings from both fire exclusion and 5103 

increased productivity will serve to foster large, severe fires that may reduce grand fir, especially on those 5104 

sites where it is the indicated climax species (i.e., grand fir habitat types). Fire will reduce grand fir 5105 

dominance at both landscape and stand scales. 5106 

In summary, while many grand fir forests are highly stressed from high tree densities, the species will 5107 

probably tolerate changes in climate and remain on the landscape at levels that are closer to historical 5108 

conditions rather than the high abundance observed now. 5109 

Western Redcedar (Thuja plicata) 5110 

Autecology 5111 

The inland range of western redcedar extends from the western slope of the Continental Divide in 5112 

British Columbia south through the Selkirk Mountains into western Montana and northern Idaho (Minore 5113 

1990). The southern limit is Ravalli County and the eastern limit is near Lake McDonald in Glacier 5114 

National Park. A few trees may exist east of the Continental Divide near St. Mary’s Lake (Pfister et al. 5115 

1977). Western redcedar is abundant in many forested swamps as well as sites that are too dry for western 5116 

hemlock; it has better root penetration than western hemlock (Habeck 1978). Western redcedar dominates 5117 

wet ravines and poorly-drained depressions. Where there is sufficient precipitation, low temperatures 5118 

limit the species range. It is not resistant to frost and can be damaged by freezing temperatures in late 5119 

spring and early fall. 5120 
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Western redcedar only occurs in pure stands where fire has been excluded for a long time, or where 5121 

fire has been used to maintain western redcedar dominance (Barrett 1988; Barrett and Arno 1991). It is 5122 

commonly associated with a wide array of tree species, specifically grand fir, western white pine, western 5123 

hemlock, western larch, and ponderosa pine. Only western hemlock in the NR is more tolerant to shade 5124 

than western redcedar, but western redcedar can be overtopped by Douglas-fir, grand fir, western 5125 

hemlock, and western white pine (table 6.3). Its relative shade tolerance may be higher in warm than in 5126 

cool areas, but western redcedar is very tolerant wherever it grows. Often present in all stages of forest 5127 

succession, western redcedar can occupy pioneer, seral, and climax positions, but in the NR, most western 5128 

redcedar stands are in the late seral stages; it is usually considered a climax or near climax species. It has 5129 

little tolerance for drought but can exist in seasonally wet areas, especially near riparian systems (Devine 5130 

et al. 2012). 5131 

Western redcedar regenerates best on disturbed mineral soil, although scorched soil is not beneficial 5132 

to its regeneration. Rotten wood that is in contact with the soil is a preferred seedbed in western redcedar 5133 

groves. Western redcedar also propagates by clones, and clones tend to be more abundant than young 5134 

trees established by seed. Establishing seedlings survive best in partial shade, as they are not tolerant of 5135 

high soil temperatures or frost. Young branches can sunscald. Roots of young seedlings grow more 5136 

slowly than Douglas-fir but faster than western hemlock, and shoots have the longest growing period of 5137 

any of the associated conifers.  5138 

Western redcedar has very low levels of genetic diversity, and this diversity is weakly distributed 5139 

geographically and within populations. Clines are very gentle and seed zones narrow. This species cannot 5140 

tolerate wide ranges of environmental conditions. 5141 

Disturbance Interactions 5142 

Relative to its associates, western redcedar is not as affected by damaging agents, but because it is 5143 

long-lived, damaged trees are common (Minore 1990). Although western redcedars are somewhat wind-5144 

firm, especially on dry sites, western redcedars are often wind thrown in wetter environments. Western 5145 

redcedar is less susceptible to fire damage than Engelmann spruce, western hemlock, grand fir, and 5146 
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subalpine fir in the NR. Western redcedar is also less susceptible than other associated species to root 5147 

pathogens. However, root disease still impacts western redcedars, and fungi eventually invade heartwood 5148 

typically resistant to decay. In North America, the most important fungi attacking western redcedar are 5149 

root, butt, and trunk rots, most importantly laminated root rot, honey fungus (Armillaria mellea), and 5150 

stringy butt rot (Perenniporia subacida). 5151 

Historical and Current Conditions 5152 

Compared to historical distributions, there has not been a significant increase or decrease in western 5153 

redcedar distribution in the NR. However, there has likely been an increase in western redcedar 5154 

dominance in those stands occupying mesic western redcedar sites due to fire exclusion.  5155 

Climate Change Responses 5156 

With warmer temperatures, mesic northern Rocky Mountain ecosystems may increase in productivity 5157 

(Aston 2010), and western redcedar may expand into more upland communities. Hamann and Wang 5158 

(2006) projected that the western hemlock/cedar forests of British Columbia would double in range by 5159 

2050, and Urban et al. (1993), using gap modeling, simulated an expansion of western redcedar into 5160 

upland western Oregon sites. Devine et al. (2012) rated western redcedar as having moderate vulnerability 5161 

in the Pacific Northwest Region. With increased western redcedar productivity could come increased 5162 

cone production and seed dispersal into new areas that might be more conducive for long-term seedling 5163 

establishment.  5164 

Although warmer conditions in the future may benefit western redcedar, drier conditions in the future 5165 

would likely result in retraction of western redcedar to the warmer, wettest NR sites; upland western 5166 

redcedar stands might have high mortality from declining productivity. Woods et al. (2010) noted recent 5167 

declines in western redcedar in British Colombia and attributed the decline to increased drought that 5168 

decreased vigor and increased insects attacks and disease in western redcedar. Warming may also result in 5169 

a loss of chilling required for western redcedar (Nitschke and Innes 2008), and western redcedar’s narrow 5170 

genetic potential (Devine et al. 2012) may limit its expansion into new habitats. Using SDMs, Gray and 5171 

Hamann (2013) estimated western redcedar might move 400 mi northward and 1,000 ft higher in 5172 
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elevation by 2050 in the Pacific Northwest. However, in some of the NR, redcedar is mostly associated 5173 

with ash cap soils, so it may be that even though new climates create new habitats, the potential of non-5174 

ash soils to sustain productive western redcedar may be limited. 5175 

It is uncertain how disturbance will affect western redcedar in the future. Fire can serve to maintain 5176 

western redcedar communities if it burns at low severities and kills only seedlings and saplings. However, 5177 

high severity wildfires could eliminate seed sources. Continued fire exclusion may maintain current 5178 

western redcedar distributions, but without proactive fuel treatments, wildfire that occurs after long 5179 

periods of exclusion may burn with sufficient severity to cause extensive western redcedar mortality. 5180 

Also, new warm-cold cycles may facilitate red belt and adversely affect young western redcedar, as 5181 

evidence by increased flagging during past dry seasons. 5182 

In summary, western redcedar may not be severely affected by future climate warming. The species 5183 

may remain its current range, and productivity may increase in some settings. 5184 

Western Hemlock (Tsuga heterophylla) 5185 

Autecology 5186 

The inland range of western hemlock includes the west side of the Continental Divide of the Rocky 5187 

Mountains in Montana and Idaho, north to Prince George, British Columbia (Packee 1990). Western 5188 

hemlock thrives in mild humid climates and in environments with abundant soil moisture throughout the 5189 

growing season (Hann et al. 1994). Where the growing season is relatively dry, western hemlock is 5190 

confined primarily to northerly aspects, moist stream bottoms, or seepage sites. Western hemlock grows 5191 

on a variety of soil types, although it is a shallow-rooted species and does not develop a taproot. 5192 

Abundant roots, especially fine roots, grow near the soil surface and are easily damaged by fire. 5193 

Western hemlock is considered very shade tolerant and is perhaps the most shade tolerant tree species 5194 

in the NR (table 6.3). It is a major climax or near climax species in the NR and is found with nearly all of 5195 

the other conifer species, including western redcedar, grand fir, Douglas-fir, western larch, western white 5196 

pine, lodgepole pine, and ponderosa pine. Seed germination and germinant survival occurs when there is 5197 

adequate moisture. Western hemlock can germinate on a variety of materials and in both organic and 5198 
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mineral seedbeds. Decaying logs and rotten wood are often favorable seedbeds; decayed logs have the 5199 

added benefit of good nutrition. Western hemlock is highly susceptible to drought and demands abundant 5200 

water throughout the growing season (Baumgartner et al. 1994). It is associated with some 5201 

ectomycorrihizae. Its seedlings are highly susceptible to frost. 5202 

Western hemlock has relatively low genetic diversity and low geographic differentiation. It has a high 5203 

outcrossing rate and average heterozgosity (Devine et al. 2012). Growth rate is more related to soil 5204 

conditions that to genetics. 5205 

Disturbance Interactions 5206 

A variety of root and bole pathogens cause significant damage and mortality in western hemlock. It is 5207 

also very susceptible to fire damage because of its shallow roots and thin bark, and it is also susceptible to 5208 

wind throw owing to shallow roots. On droughty sites, top dieback is common, and entire stands of 5209 

western hemlock saplings have been killed in exceptionally dry years. Western hemlock is highly 5210 

susceptible to annosus root disease and Indian paint fungus (Echinodontium tinctorium), but seems to 5211 

have a high tolerance to Armillaria root rots (Packee 1990).  5212 

Historical and Current Conditions 5213 

The current distribution of western hemlock is similar to its historical distribution. However, most 5214 

stands with western hemlock have become denser and the western hemlock component has increased in 5215 

both the overstory and understory. Overly dense western hemlock stands may be experiencing declines in 5216 

vigor, thereby becoming more susceptible to disease, insects, and abiotic perturbations (e.g., windthrow).  5217 

Climate Change Responses 5218 

In the past, milder, western hemlock/western redcedar forests were associated with wetter conditions 5219 

in the low elevation forests of the NR, but this type declined as fires and drought increased (Gavin et al. 5220 

2007). Thus, increased drought and area burned may decrease western hemlock abundance and 5221 

distribution. Several studies have projected contractions in western hemlock distribution. For example, 5222 

Hansen et al. (2001) simulated major contractions in western hemlock range, and Franklin et al. (1991) 5223 

project that western hemlock will occupy about half its current range on the western slopes of the 5224 
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Cascades. Shafer et al. (2001) noted that western hemlock may decrease in range because chilling 5225 

requirements for the seeds will not be met. Using a mechanistic landscape model, Keane et al. (1996) 5226 

simulated losses of western hemlock and cedar under moderate climate warming in Glacier National Park, 5227 

mostly as a result of severe fires. Cumming and Burton (1996) projected minor changes in the western 5228 

redcedar-western hemlock zone in British Columbia under moderate warming. Hamann and Wang 5229 

(2006), on the other hand, predicted that western hemlock would increase its range by over 200 percent in 5230 

British Columbia, and using gap modeling, Urban et al. (1993) simulated an expansion of western 5231 

hemlock into upland western Oregon sites.  5232 

It is possible that western hemlock will maintain its current range under changing climate. It may not 5233 

have the diversity in growth habit that will allow it to expand its range into the more upland sites as 5234 

temperatures warm. Since the species is dependent on ash cap soils, any migration may be relegated to 5235 

those wetter and warmer sites without ash cap soils.  5236 

Lodgepole Pine (Pinus contorta) 5237 

Autecology 5238 

Lodgepole pine has wide ecological amplitude, but only the inland form (var. latifolia) is found in the 5239 

NR (Lotan and Critchfield 1990). Lodgepole pine has the widest range of environmental tolerance of any 5240 

conifer in North America (Lotan and Critchfield 1990). It is relatively resistant to frost injury and can 5241 

often survive in frost pockets where other species cannot (Pfister et al. 1977). In Montana, lodgepole pine 5242 

does not grow on highly calcareous soils derived from dolomitic limestone (Lotan and Perry 1983). 5243 

Lodgepole pine is mainly found on moist soils developed on colluviums from other types of limestone 5244 

and calcareous glacial till. It grows well on gentle slopes and in basins, but it is also found on rough and 5245 

rocky terrain, on steep slopes and ridges, and bare gravel (Lotan and Critchfield 1990). Compared to other 5246 

associated species, lodgepole pine is intermediate in its needs for water, requiring more than Douglas-fir 5247 

or ponderosa pine but less than spruce and subalpine fir in the NR.  5248 

Lodgepole pine is intolerant of shade but highly tolerant of frost and drought (table 6.3). Occasionally 5249 

seedlings become established under a forest canopy, but these individuals rarely do well and remain in a 5250 

DRAFT



Halofsky et al. chapter 6  

 192 

stunted form for long periods of time (decades to centuries). In the absence of fire, lodgepole pine is 5251 

usually succeeded by its more tolerant associates, such as Douglas-fir in xeric environments and 5252 

Engelmann spruce and subalpine fir in subalpine environments. Succession proceeds at variable rates, 5253 

however, and is particularly slow in some high elevation forests (Arno et al. 1993). Lodgepole pine grows 5254 

both in pure stands and in association with many conifers, primarily subalpine fir, spruce, Douglas-fir, 5255 

and western larch (Steele et al. 1983). Its successional role is dependent on environmental conditions and 5256 

on competition. It is seral in most mesic NR forest communities (Arno et al. 1986). However, on cool dry 5257 

habitats, such as those found in the Greater Yellowstone Area and southeastern Idaho, it is dominant and 5258 

tends to be persistent and form near climax communities (Despain 1983). Its ability to remain on xeric 5259 

landscapes is enhanced by its association with many types of mycorrhizae.  5260 

Lodgepole pine has a great ability to regenerate due to a combination of cone serotiny, high seed 5261 

viability, early rapid growth, and ability to survive a wide variety of microsite and soil conditions (Hardy 5262 

et al. 2000). The serotinous cone habit, where cones only open after being heated by wildland fire, is 5263 

common in the Rocky Mountains, but in general, the highest serotiny is found in the northern parts of the 5264 

NR. Large quantities of stored seeds are available for regeneration after fire, and annual seed fall from 5265 

non-serotinous cones helps in restocking in areas of relatively minor disturbance and maintaining 5266 

lodgepole pine presence in mixed stands.  5267 

The best lodgepole germination occurs in full sunlight and on bare mineral soil or disturbed duff, with 5268 

little competition. Adequate soil moisture is required for germination and survival, with the first few 5269 

weeks being most critical. In southwest Montana most of the season’s total germination occurs during the 5270 

two weeks following snowmelt in late June when soil is saturated and temperatures most favorable. 5271 

Drought is a common cause of mortality in first year seedlings. Freezing temperatures may kill seedlings, 5272 

but seedlings vary in frost resistance based on seed source. Frost heaving also causes mortality. Height 5273 

growth begins earlier than other associated species, except for other pines and western larch.  5274 

There is moderate genetic variation in strains of lodgepole pine, resulting in some strains growing 5275 

well in cold climate and on poor sites. Lodgepole pine has an average genetic diversity but a weak 5276 
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differentiation across its NR range and strong differentiation among populations. The species is a prolific 5277 

seed producer and has a good cone crop at about one to three year intervals. It is wind-pollinated and its 5278 

seeds are wind-dispersed. 5279 

Disturbance Interactions 5280 

Fire plays a critical role in lodgepole pine forest succession (Brown 1973; Lotan et al. 1984). 5281 

Typically, many NR lodgepole pine forests were borne from stand-replacement fires, but extensive fire 5282 

scars in NR lodgepole pine forests indicate the existence of a low severity, non-lethal fire regime 5283 

component in lodgepole pine forests, especially in many areas east of the Continental Divide (Arno et al. 5284 

1993; Stewart and Arno 1997). Lodgepole pine appears to be able to survive low intensity fires quite well 5285 

even though it has thin bark (Ryan and Reinhardt 1988). However, most NR lodgepole pine forests have a 5286 

mixed severity fire regime in space and time, where all possible fire severity types are possible depending 5287 

on available fuels, antecedent drought, and wind conditions (Arno et al. 2000). The end result is that 5288 

lodgepole is a tree species that will be well adapted to the fires of the future. Repeated fires, however, can 5289 

eliminate lodgepole pine seed sources if the fires occur before existing lodgepole has become 5290 

reproductively mature (approximately 10 years) (Larson et al. 2013). In most cases, lodgepole pine 5291 

natural regeneration often overwhelms a burned site with abundant seed from serotinous cones and 5292 

thereby excludes other species (Lotan and Perry 1983; Nyland 1998).  5293 

The mountain pine beetle is the most significant insect pest and has played a significant role in the 5294 

dynamics of lodgepole ecosystems (Roe and Amman 1970). Past research has tried to link fire, beetles, 5295 

and lodgepole pine in a complex web of interactions (Brown 1973; Geiszler et al. 1980). However, recent 5296 

findings have shown that fire and beetles often act independently to influence lodgepole pine dynamics 5297 

(Axelson et al. 2009; Moran and Corcoran 2012; Schoennagel et al. 2012).  5298 

Historical and Current Conditions 5299 

Advancing succession due to fire exclusion is contributing to replacement of lodgepole pine with 5300 

subalpine fir in many areas of the NR. Keane et al. (1994) found that upper subalpine landscapes have 5301 

experienced successional advancement of subalpine communities from under eight percent of the Bob 5302 
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Marshall Wilderness landscape to over 22 percent. Concurrent increases in burn areas are creating many 5303 

new lodgepole stands and some may become dense thickets, but coupled with increased drought, these 5304 

dense lodgepole stands may exacerbate stress from other factors, including competition, endemic insects 5305 

and diseases, and wind. Warming temperatures have heightened bark beetle activity, resulting in more 5306 

frequent and severe outbreaks that have devastated many mature lodgepole pine communities in the 5307 

central NR (Carroll et al. 2003). 5308 

Climate Change Responses 5309 

Longer drought periods and warmer temperatures in the lower, south-facing, drier lodgepole pine 5310 

subalpine environments may cause decreased tree growth and regeneration potential, perhaps resulting in 5311 

a transition to more xeric trees species, such as Douglas-fir. Chhin et al. (2008) found that recent warming 5312 

has decreased lodgepole pine growth rates in the foothills lodgepole pine communities of the low 5313 

elevation forests in Alberta, Canada. Coops and Waring (2011) used process modeling to simulate minor 5314 

declines with moderate warming in lodgepole pine in the Pacific Northwest (Oregon, Washington, and 5315 

British Columbia), but major type conversions to other species with major warming. Using an SDM 5316 

approach, Hamann and Wang (2006) projected a net 50 percent loss of lodgepole pine in British 5317 

Columbia under severe warming. Nigh (2014) projected that lodgepole pine heights may decrease by 5318 

roughly one yard in moderate future warming, but the species has the genetic capacity to mitigate this 5319 

height loss, while Rehfeldt et al. (1999) found substantial decline in lodgepole pine growth and height 5320 

with minor changes in climate. Chhin et al. (2008) also found decreases in lodgepole pine growth were 5321 

correlated with high summertime temperatures, presumably related to summer drought. However, they 5322 

also found that increases in lodgepole pine growth with high fall temperatures. Gray and Hamann (2013) 5323 

estimated lodgepole pine would move over 250 miles northward and over 650 ft higher in elevation by 5324 

2050 in the NR using SDM techniques. Bell et al. (2014), using SDMs, project major losses of over 70 5325 

percent of its NR range by 2090. Given that lodgepole pine is a generalist that is capable of regenerating 5326 

and growing in a wide range of environments, it is likely that the decline of lodgepole pine from drier 5327 

sites will only occur under extreme warming scenarios (e.g., RCP 8.5 and A2) over longer time periods. 5328 
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Another possibility is that, in the higher elevational areas of the NR subalpine, where seasonal 5329 

drought is not a problem, warming climates may actually increase lodgepole pine productivity because of 5330 

high precipitation (Aston 2010). Johnstone and Chapin (2003) show that lodgepole pine is not in 5331 

equilibrium with current climate, and this means that the species’ response to climate shifts will be 5332 

difficult to predict using SDM approaches. However, they found that there are places where lodgepole 5333 

pine will be positively affected by climate change. Wang et al. (2006) found major increases in lodgepole 5334 

pine productivity under future climates with moderate warming, but major decreases and perhaps local 5335 

extinctions under extreme warming. Romme and Turner (1991) projected increases in the lodgepole pine 5336 

zone in the GYA under moderate warming. 5337 

A third possibility is that lodgepole pine will migrate into areas where it is currently excluded by 5338 

harsh cold, windy conditions, such as the upper subalpine and timberline. This relocation process will 5339 

likely be catalyzed by fire, especially in those areas with high serotiny. Clark et al. [in review] found that 5340 

under moderate warming, lodgepole pine would remain on the GYA landscape, but it would also expand 5341 

into higher elevation environments historically occupied by whitebark pine. Most studies have projected 5342 

the migration of lodgepole pine into the whitebark pine zone (Hamann and Wang 2006; Romme and 5343 

Turner 1991). 5344 

Lodgepole pine is well-adapted to increases in fire occurrence, depending on level of serotiny (Turner 5345 

et al. 1999). Smithwick et al. (2009) simulated some positive increases in GYA lodgepole pine after fire 5346 

and under climate change. However, if fire is too frequent, lodgepole may be eliminated from sites where 5347 

fires reburn stands before established seedlings and saplings become reproductively mature. Clark et al. 5348 

[in press] simulated major and rapid decreases in GYA lodgepole pine under high climate warming due to 5349 

both inhospitable environments and too frequent fire.  5350 

In mesic subalpine sites, continued fire exclusion coupled with higher productivities will certainly 5351 

heighten competitive interactions and put more lodgepole pine trees into stress, thereby increasing 5352 

mortality, insect and disease vulnerability, canopy and surface fuels, and accelerating succession toward 5353 

subalpine fir (Smithwick et al. 2009). Severe fires that then occur in these advanced successional 5354 
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communities could covert back to lodgepole pine, providing there is not a loss of seed source. Fire 5355 

exclusion, especially in areas of high serotiny, might delay the expansion of lodgepole pine.  5356 

Projected increases in climatic conditions that facilitate mountain pine outbreaks could reduce 5357 

lodgepole pine populations and forest extents (Creeden et al. 2014; Gillette et al. 2014). Lodgepole pine is 5358 

highly susceptible to bark beetle mortality, especially on those landscapes where fire exclusion has 5359 

resulted in an abundance of mature hosts (Temperli et al. 2013). Bark beetle outbreaks will favor the more 5360 

shade tolerant, non-host tree species, thereby creating dense stands that may be subject to severe crown 5361 

fires after 10-20 years. If beetle-killed stands burn, lodgepole pine can occupy the burned area only if 5362 

viable seed sources still remain. The varying levels of serotiny and beetle mortality will dictate future 5363 

stand conditions in beetle-killed stands. Landscape heterogeneity is the only hedge against massive 5364 

declines of lodgepole pine in the future (Logan and Powell 2001). 5365 

In summary, lodgepole pine is expected to both expand and contract in range, but as long as fire 5366 

remains on the landscape, the species will likely maintain its presence in the NR at roughly the same 5367 

proportions as during the last 100 years, albeit in different areas. The species is highly exposed to any 5368 

climate changes because of its wide range and diverse growing environments, but Soulé and Knapp 5369 

(2013) note that the steep clines associated with lodgepole pine seem to be driven more by density-5370 

dependent selection than by environmental selection, so this species may be well-adapted to future 5371 

changes in climate. In addition, while the magnitude of climate effects will likely be great for tree growth, 5372 

it may be only moderate for the species survival compared to other species, and the likelihood of these 5373 

effects are highly uncertain, mainly because of the role that fire will play in the maintenance of lodgepole 5374 

as a major component on future landscapes.  5375 

Whitebark Pine (Pinus albicaulis) 5376 

Autecology 5377 

Whitebark pine is an important component of high-elevation upper subalpine forests in the western 5378 

U.S. and Canada (Arno and Hoff 1990). It is a keystone species because it supports unique community 5379 

diversity, and it is a foundation species because of its roles in promoting community development and 5380 
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stability (Tomback and Achuff 2010; Tomback et al. 2001). Since more than 90 percent of whitebark pine 5381 

forests occur on public lands in the U.S. and Canada, maintaining whitebark pine communities requires a 5382 

coordinated effort across federal, state, and provincial land management agencies (Keane et al. 2012).  5383 

Whitebark pine is a long-lived tree of moderate shade tolerance (Minore 1979) (Table 6.3). It is 5384 

common to find mature whitebark pine trees well over 400 years of age, especially on harsh growing 5385 

sites; the oldest is more than 1,275 years (Luckman et al. 1984). Well-formed, thrifty individuals often 5386 

have smooth, grey bark, especially in the tree crowns, which may appear whitish in bright sunlight (Arno 5387 

and Hoff 1990). Whitebark pine is slowgrowing in both height and diameter, and it rarely grows faster 5388 

than most of its competitors, except on the most severe sites (Arno and Hoff 1990). In general, whitebark 5389 

pine grows where summers are short and cool, most precipitation comes in the form of snow and sleet, 5390 

with rain only in June through September. Whitebark pine survives strong winds, thunderstorms, and 5391 

severe blizzards, and is one of the few upper subalpine species that can tolerate long periods of drought 5392 

(Callaway et al. 1998). 5393 

Whitebark pine is a major component of high elevation forests throughout the upper subalpine and 5394 

timberline zones in the NR (Arno and Hoff 1990). Whitebark pine forests occur in two high mountain 5395 

biophysical settings. On productive upper subalpine sites, whitebark pine is the major seral species that is 5396 

replaced by the more shade-tolerant subalpine fir, Engelmann spruce, and mountain hemlock, depending 5397 

on geographic region (Arno 2001). These sites, referred to as “seral whitebark pine sites”, support 5398 

upright, closed-canopy forests in the upper subalpine lower transition to timberline, just above or 5399 

overlapping with the elevational limit of the shade-intolerant lodgepole pine (Pfister et al. 1977), and the 5400 

two pine species can often share dominance. Other minor species found with whitebark pine on these sites 5401 

are Douglas-fir, limber pine, and alpine larch (Keane et al. 2012). Sites where whitebark pine is the only 5402 

tree species able to successfully dominate high elevation settings (called “climax whitebark pine sites”) 5403 

occur in the upper subalpine forests and at treeline on relatively dry, cold slopes. Other species, such as 5404 

subalpine fir, spruce, and lodgepole pine, can occur on these sites, but as scattered individuals with 5405 

truncated growth forms. Whitebark pine can also occur as krummholz, elfin forests, clusters, groves, tree 5406 
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islands, and timber atolls in the alpine treeline ecotone (Tomback 1989) and as a minor seral in lower 5407 

subalpine sites (Cooper et al. 1991; Pfister et al. 1977).  5408 

Whitebark pine is eventually replaced, in the absence of fire, by the shade-tolerant subalpine fir, 5409 

spruce, and mountain hemlock on the productive, seral whitebark pine sites (Arno and Hoff 1990). It can 5410 

take 50 to 250 years for subalpine fir to replace whitebark pine in the overstory, depending on the local 5411 

environment and previous fire history (Keane 2001). Whitebark pine competes with lodgepole pine 5412 

during early successional stages in the lower portions of its elevational range. Lodgepole pine usually has 5413 

the competitive advantage over whitebark pine when it establishes from seed after a stand-replacing 5414 

disturbance event because of its fast growth, serotiny, and copious seed production.  5415 

A bird, the Clark’s Nutcracker, and whitebark pine have coevolved into mutualistic relationship to 5416 

ensure their continued presence on the landscape (Tomback 1982, 1983). Whitebark pine has evolved a 5417 

nearly exclusive dependence on nutcrackers to disperse its large wingless seeds, and in turn, nutcrackers 5418 

utilize the large whitebark pine seeds as an important food source. The key behavior that benefits the 5419 

whitebark pine is the tendency of nutcrackers to bury thousands of whitebark pine seeds each year as food 5420 

stores in small clusters or “seed caches” across diverse forest terrain (Keane et al. 2012). Nutcrackers 5421 

retrieve these seed caches primarily in spring and summer months as an important food source for 5422 

themselves and their young. However, not all seed caches may be recovered, particularly following a 5423 

large cone crop. Snowmelt, spring rains, and summer showers stimulate seed germination, leading to 5424 

whitebark pine regeneration. While whitebark pine depends nearly exclusively on nutcrackers, 5425 

nutcrackers often harvest and cache seeds of other large-seeded pines. 5426 

Whitebark pine is a genetically diverse species because of its dependence on bird-mediated seed 5427 

dispersal (Keane et al. 2012). As a result, the species is highly adapted to exist across many environments, 5428 

and is only limited by competition, even at the lowest elevations. It has only six seed zones across its 5429 

entire range, so it is easily able to migrate across local landscapes to rapidly take advantage of newly 5430 

burned areas. Whitebark pine has weak geographic differentiation in the NR, but a moderate level of 5431 

inbreeding. One concern in the future is that the breeding of rust-resistance in future whitebark pine 5432 
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seedlings may compromise other important traits; Mahalovich et al. (2006) found lower cold tolerance in 5433 

high rust-resistant seedlings grown in the nursery.  5434 

Disturbance Interactions 5435 

Whitebark pine fire regimes are quite complex and variable in space and time, but in general, all three 5436 

types of fire severities describe whitebark pine fire dynamics: non-lethal, stand-replacing, and mixed-5437 

severity (Morgan et al. 1994b). Some whitebark pine stands may experience fire events that burn in low-5438 

intensity, non-lethal surface fires (sometimes called underburns or low-severity fires) because of sparse 5439 

surface and canopy fuel loadings and unique topographical settings. However, most fires in the upper 5440 

subalpine burn in mixed-severity patterns that best facilitate continued existence of whitebark pine 5441 

(Keane et al. 1994). 5442 

Mountain pine beetle is by far the most damaging insect in mature stands of whitebark pine. Much of 5443 

the mature whitebark pine in the NR was killed by this insect between 1909 and 1940. Epidemics 5444 

evidently spread upward into the whitebark pine forest after becoming established in the lodgepole pine 5445 

forests below. The GYA whitebark pine ecosystems have recently experienced one of the most severe 5446 

mountain pine beetle mortality events in recorded history. 5447 

The principal disease of whitebark pine is the introduced white-pine blister rust (Schwandt 2006). 5448 

Blister rust is particularly destructive where the ranges of whitebark pine and blister rust coincide with the 5449 

rust’s alternative host, currant. Where there is a source of inoculum from lowland forests, the spores that 5450 

infect pine can be carried by wind to the trees, but cool, moist conditions are needed for infection in 5451 

whitebark pine. Blister rust damage is severe and prevents tree development in many upper subalpine 5452 

settings of northern Idaho and northwestern Montana. Whitebark pine has some resistance to the disease, 5453 

and efforts at developing rust-resistant seed for regenerating burned and treated areas have been quite 5454 

successful. 5455 

Historical and Current Conditions 5456 

Whitebark pine has been declining since the early 20th century from the combined effects of native 5457 

mountain pine beetle outbreaks, contemporary fire exclusion policies, and the spread of the exotic white-5458 
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pine blister rust (Schwandt 2006; Tomback and Achuff 2010). Losses of whitebark pine in some areas of 5459 

the NR exceed over 80 percent (Keane et al. 2012). Whitebark pine is listed as endangered in the province 5460 

of Alberta, Canada, it is a candidate species for listing under the U.S. Endangered Species Act (U.S. Fish 5461 

and Wildlife Service 2011), and it is listed as endangered in Canada under the federal Species at Risk Act. 5462 

Within the last decade, major outbreaks of pine beetle and increasing damage and mortality from blister 5463 

rust have resulted in cumulative whitebark pine losses that have altered high-elevation community 5464 

composition and ecosystem processes in many regions of the U.S. and Canada. 5465 

Climate Change Responses 5466 

There is much confusion in the research and management communities about the fate of whitebark 5467 

pine as climates slowly warm. Some maintain that projected warmer conditions will severely reduce 5468 

whitebark pine habitat and push whitebark pine “off the tops of mountains” (Lenoir et al. 2008) or restrict 5469 

the species to north of the Canadian border (Koteen 1999; Schrag et al. 2007; Warwell et al. 2007). This 5470 

assumes that less hardy, shade-tolerant conifer species would establish in those higher elevation stands 5471 

where whitebark pine currently dominates, and whitebark pine would “migrate” upslope to the limited 5472 

areas above its current elevational range (Romme and Turner 1991). Bell et al. (2014), using SDMs, 5473 

project minor losses (10 - 20 percent) in whitebark pine’s range in the NR by 2090. Others hold that 5474 

climate-mediated changes in the disturbance regimes will serve to keep whitebark pine within its current 5475 

range, albeit at lower levels (Loehman et al. 2011b). The fate of whitebark pine is uncertain because of 5476 

high uncertainty in regional climate change predictions, the high genetic diversity and resilience of the 5477 

species, and the localized changes in disturbance regimes and their interactions (Keane et al. [in press]).  5478 

Climate change has the potential to significantly impact whitebark pine ecosystems (Bartlein et al. 5479 

1997). Devine et al. (2012) rated whitebark pine the most vulnerable of all the PNW tree species, 5480 

primarily because of restricted range and white-pine blister rust infections. However, taking a historical 5481 

perspective, whitebark pine was able to persevere through many major climatic cycles in the past. 5482 

Historical analogs of warmer climates in the paleoecological record indicate whitebark pine was 5483 

maintained and even increased in some places under past warmer and drier climates in some parts of its 5484 
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range (Whitlock and Bartlein 1993; Whitlock et al. 2003). Whitebark pine can grow within a broad upper 5485 

elevation zone in the west; it just happens to grow best at high elevations where there is little competition 5486 

from other tree species. For example, Arno et al. (1995) found that whitebark pine’s elevational range 5487 

extended over 500 ft below the current lower elevation limits of whitebark pine in the Bitterroot 5488 

Mountains of Montana. Nitschke and Innes (2008) suggested that temperature alone would exclude 5489 

whitebark pine from British Columbia landscapes. However, whitebark pine occupies the largest range of 5490 

any five-needled pine in the U.S. and Canada, including about 18˚ of latitude and 21˚ of longitude, 5491 

indicating a great deal of tolerance to different climates (Tomback and Achuff 2010), and because it is 5492 

bird-dispersed, it is planted and grows in many environments and only dies from competition (Arno and 5493 

Hoff 1990). Moreover, its longevity provides potential buffering against changing climates (Morris et al. 5494 

2008). 5495 

The same three responses of tree species to climatic change will occur for whitebark pine: ranges will 5496 

decline, stay the same, and expand. SDM studies have projected dramatic decreases in whitebark pine 5497 

habitat over the next 50 years (McDermid and Smith 2008; Warwell et al. 2007). Hamann and Wang 5498 

(2006) project a 100 percent decline in whitebark pine in British Columbia with high levels of warming. 5499 

These same models also predict that whitebark pine will probably transition to timberline environments 5500 

that are above the current elevational range, but these transitional areas are much smaller in size than 5501 

whitebark pine’s traditional range, thereby resulting in a net loss of the species. Climate can adversely 5502 

impact growth and mortality of whitebark pine in a number of ways (Bugmann and Cramer 1998; Keane 5503 

et al. 2001). Projected decreases in water availability may result in less water being available for some 5504 

droughty sites. Longer drought might cause whitebark pine to shut their stomata longer to conserve the 5505 

little water available, resulting in slow growth.  5506 

However, many whitebark pine stands may have positive responses to warming climates. Anecdotal 5507 

evidence shows that some whitebark pine forests are experiencing abnormally high growth and more 5508 

frequent cone crops with warmer summers and longer growing seasons. These observations are consistent 5509 

with some region-based scenarios using computer modeling (Loehman et al. 2011b). Recent modeling 5510 
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efforts have shown that whitebark pine might be maintained on the landscape in the future, providing that 5511 

projected increases in large, stand-replacement fires create large, competition-free burned areas (Clark et 5512 

al. [in review]; Loehman et al. 2011b). If tree dispersal enables range shifts to occur, this will lead to a 5513 

new northern distributional range of whitebark pine (Hamann and Wang 2006; McKenney et al. 2007). 5514 

Moreover, whitebark pine shows promise for being maintained in the NR because of high levels of 5515 

genetic diversity (Mahalovich and Hipkins 2011; Richardson et al. 2002); moderate to high heritabilities 5516 

in key adaptive traits (Mahalovich [in press]); demonstrated blister rust resistance (Hoff et al. 2001; 5517 

Mahalovich et al. 2006); minimal inbreeding (Bower and Aitken 2007; Mahalovich and Hipkins 2011); 5518 

and generalist adaptive strategies (Mahalovich [in press]).  5519 

Future climates may enhance whitebark pine diameter and height growth and decrease mortality, 5520 

especially in mesic seral whitebark pine forests. Earlier growing seasons with ample moisture, such as 5521 

those projected for the upper subalpine forests, will result in increased productivity and greater growth. 5522 

Longer, warmer growing seasons may also result in higher productivities and greater biomass, especially 5523 

considering the high amounts of precipitation that currently fall in upper subalpine forests. The abundant 5524 

moisture may enable longer high elevation tree growth, thereby increasing growing seasons. Increased 5525 

biomass could result in higher growth rates for timber production and forage, especially in the widespread 5526 

higher mountain areas where cold, not moisture, limits tree growth, creating potential for the inclusion of 5527 

whitebark pine in the timber base. Increased biomass could also foster more intense, severe fires, and 5528 

maybe insect and disease outbreaks, but more importantly, the increased biomass will probably increase 5529 

cone crop abundance and frequency. However, this increased production may also heighten competitive 5530 

interactions between whitebark pine and its associated species, thereby favoring the more shade-tolerant 5531 

individuals in the absence of disturbance. However, if disturbances increase, the more fire-tolerant 5532 

whitebark pine might inherit the landscape. 5533 

Whitebark pine cone and seed crops could be both adversely and beneficially affected by climate 5534 

change. In high elevation, historically cold environments, increased temperatures may increase growing 5535 

seasons and thereby increase potential for more frequent and more abundant cone crops with greater 5536 
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numbers of seed. This is important because decreases in species abundance and associated cone 5537 

production may be offset by climate-driven increases in cone crops. Climate warming and its variation 5538 

will also affect the phenology of cone crops, but these impacts may be minimal as plants adapt to the new 5539 

conditions. Some predict higher frost mortality of emerging cones due to earlier onset of the growing 5540 

season, coupled with high daily temperature variability (Chmura et al. 2011), while others suggest that 5541 

cone crops will be reduced in the future because of high tree stress from drought resulting in less frequent 5542 

and abundant cone crops. Since whitebark pine is both drought-tolerant and cold-tolerant, many expect 5543 

that changes in climate variability and timing will have low impact on species reproduction. 5544 

Perhaps the most critical whitebark pine life stage is regeneration, where most species, but especially 5545 

trees, are most susceptible to shifts in climate (Solomon and West 1993). The microsite conditions needed 5546 

for successful regeneration are so demanding that seed germination, especially from seeds that are wind-5547 

dispersed, is rarely successful (McCaughey and Tomback 2001). Bunn et al. (2003) emphasized the 5548 

importance of accounting for microsite variability in assessing climate change response; high-elevation 5549 

microsite changes, coupled with increased fire activity, could increase whitebark pine regeneration and 5550 

growth as climates change. The depth and duration of snow cover often governs high elevation tree 5551 

regeneration. Most years are moist enough for regeneration, but snow remains on sites for a long time, 5552 

thereby limiting the number of days that a seedling can actually photosynthesize and grow. If 5553 

temperatures increase, then snow might melt earlier, giving more time for seedlings to survive and grow. 5554 

Warm years often result in waves of regeneration and can be dated in upper subalpine ecosystems using 5555 

seedling and sapling tree ages (Little et al. 1994; Rochefort et al. 1994). Recent observations of invasions 5556 

of subalpine meadows and balds by subalpine fir, alpine larch, and spruce are testimony to the high 5557 

number of sequential warm years over the last decade that has facilitated high mountain regeneration. 5558 

Moreover, there is often abundant precipitation in upper subalpine settings, and projections for the future 5559 

indicate roughly the same amount, so seedling mortality from drought might continue to be minimal.  5560 

Many climate change studies consistently project drier conditions in the range of whitebark pine, 5561 

which would result in large increases in the annual number, area burned, and severity of wildfires 5562 
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(Flannigan et al. 2009; Krawchuk et al. 2009; Marlon et al. 2009). With increased fire, whitebark pine 5563 

will have a unique opportunity to maintain its range or even increase in distribution in the future because 5564 

it has bird-mediated seed dispersal mechanisms that can disseminate seed great distances into large, 5565 

severe burns, well before wind can disperse the seeds of its competitors (Tomback 1977, 1982, 1989; 5566 

Lorenz et al. 2008). Whitebark pine also has morphology that enables it to survive low- to moderate-5567 

severity fires (Ryan and Reinhardt 1988). Therefore, whitebark pine is uniquely positioned as a species 5568 

that can increase under the more frequent fire regimes that result from warming climates. Also, since 5569 

nutcrackers may be harvesting seeds from trees that have survived blister rust, there is some chance that 5570 

seeds from unclaimed nutcracker caches may become blister rust-resistant trees. It is entirely possible that 5571 

as long as wildland fire creates areas where birds will cache seeds and resultant seedlings can grow 5572 

without competition, whitebark pine will continue to thrive throughout its range. 5573 

Current mountain pine beetle outbreaks are killing more whitebark pine than historical records 5574 

indicate, and these outbreaks are probably a result of warmer winter temperatures that facilitate expansion 5575 

of and establishment of beetle populations in the higher-elevation whitebark pine zone (Logan and Powell 5576 

2001; Logan et al. 2003). A warmer climate may also accelerate the spread of blister rust (Koteen 1999).  5577 

In summary, whitebark pine is not expected to do well under future climates, not because it is poorly-5578 

adapted to shifts in climate regimes, but rather because it is currently experiencing major declines from 5579 

the exotic disease (white-pine blister rust) that preclude its immediate regeneration in future burned areas. 5580 

Moreover, these declines from white-pine blister rust and mountain pine beetle have served to reduce 5581 

whitebark pine populations to severely low levels, and now the nutcracker is acting more as a seed 5582 

predator than a seed disperser (Keane and Parsons 2010). Climate shifts will only exacerbate this decline 5583 

and complicate restoration efforts. Whitebark pine will be highly exposed to any climate changes because 5584 

of its (1) confined distribution to the upper subalpine environments; (2) severely depressed populations; 5585 

and (3) lack of an ability to regenerate when populations are low because of nutcracker predation. 5586 

However, the species has the genetic capacity to overcome both white-pine blister rust and new climates 5587 

to thrive over the next century, but only with extensive restoration efforts.  5588 
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Subalpine Fir (Abies lasiocarpa) 5589 

Autecology 5590 

Subalpine fir grows in the coolest and wettest forest areas of the western continental U.S. (Alexander 5591 

et al. 1990). Although widely distributed, it grows within a narrow range of mean temperatures of 25° to 5592 

40 °F; however, January temperatures average 5° to 25°F degrees. Compared to other subalpine species, 5593 

cool summers, cold winters, and deep winter snowpack are more important than precipitation in 5594 

determining where subalpine fir grows.  5595 

Subalpine fir occupies the lower valleys to upper subalpine zone in the NR. In the lower valley 5596 

bottoms and footslopes, it is often associated with grand fir, western larch, Douglas-fir, western redcedar, 5597 

and western white pine (Pfister et al. 1977). At the mid-subalpine, it is often associated with lodgepole 5598 

pine, Douglas-fir, and Engelmann spruce, while at the upper subalpine, it is associated with whitebark 5599 

pine, alpine larch, mountain hemlock, and Engelmann spruce (Arno 2001). In the Rocky Mountains, 5600 

subalpine fir is commonly found with Engelmann spruce, and the two together are often called spruce-fir 5601 

forests (Moran-Palma and McTague 1997). The subalpine fir habitat types are probably the most common 5602 

forest habitat types in the NR (Pfister et al. 1977). 5603 

Subalpine fir is shade-tolerant, and is often the most shade-tolerant of all its associates, except for 5604 

grand fir and mountain hemlock in isolated cases (Alexander et al. 1990; Minore 1979) (table 6.3). 5605 

Although subalpine fir can grow under nearly all light conditions, seedling establishment and early 5606 

survival are usually favored by partial shade (Knapp and Smith 1982). In the absence of grand fir and 5607 

mountain hemlock, subalpine fir will survive under closed-forest conditions with less light than 5608 

Engelmann spruce. It may not compete well with the spruces, lodgepole pine, or interior Douglas-fir in 5609 

the lower subalpine when light intensity exceeds 50 percent of full shade. Subalpine fir is quite intolerant 5610 

of drought, and many seedlings can be killed if droughts are overly long or deep. The species is highly 5611 

tolerant of frosts and can remain alive in seasonally wet conditions. Subalpine fir is usually the climax 5612 

tree species in most subalpine areas of the NR, although it sometimes shares climax status with spruce. 5613 
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Subalpine fir is a prolific seeder, often having large cone crops every two or three years (Alexander et 5614 

al. 1990). Its seedfall usually occurs in late autumn, over snow in most places. The species is restricted to 5615 

cold, humid habitats because of its seedlings’ low tolerance to high temperatures and dry conditions 5616 

(Knapp and Smith 1982); newly germinated subalpine fir seedlings rarely tolerate high solar radiation, 5617 

and they are susceptible to heat girdling and drought (Little 1992). Seedlings are also killed or damaged 5618 

by spring frosts, competing vegetation, frost heaving, damping off, snowmold, birds, rodents, and 5619 

trampling and browsing by large animals, but losses are not different than for any of the species’ common 5620 

associates (Alexander et al. 1990). However, the fir’s abundant seedfall, coupled with cool conditions in 5621 

the subalpine, often create dense mats of seedlings in stands that contain partial shade and overwhelm 5622 

seedling establishment of all other species. Subalpine fir has average genetic diversity for an NR tree 5623 

species and weak geographic differentiation. There are strong clinal variations in phenological and 5624 

morphological characteristics.  5625 

Disturbance Interactions 5626 

Subalpine fir is highly susceptible to fire damage because of thin bark, low hanging dense foliage, 5627 

and shallow roots (Ryan and Reinhardt 1988). Even the lowest-severity fire can cause high mortality in 5628 

subalpine fir. Frequent fires often eliminate subalpine fir from both the overstory and understory, thereby 5629 

maintaining the more fire-adapted species of lodgepole pine, whitebark pine, western larch, and western 5630 

white pine (Little et al. 1994; Murray et al. 1995; Wadleigh and Jenkins 1996). Invariably, some fir trees 5631 

survive even the most severe fires in refugia, thereby providing a seed source for future stands (Murray et 5632 

al. 1998; Veblen et al. 1994). 5633 

In spruce-fir forests, the most important insect pests are the western spruce budworm and western 5634 

balsam bark beetle. The silver fir beetle (Pseudohylesinus sericeus) and the fir engraver may at times be 5635 

destructive, but only in local situations in the NR. Fir broom rust (Melampsorella caryophyllacearum) 5636 

and wood rotting fungi are responsible for most disease losses, but root and butt rots may be important 5637 

locally. Wood rots and broom rust weaken affected trees and predispose them to windthrow and 5638 

windbreak. Decades of intense competition, coupled with a period of moderate to severe drought, often 5639 
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cause extensive mortality in subalpine fir stands. These high mortality events are often attributed to a 5640 

complex of disease, insects, and other agents, but the underlying cause is low vigor in existing trees from 5641 

over-competition.  5642 

Historical and Current Conditions 5643 

Effects of one hundred years of fire exclusion have not yet become manifest in most subalpine fir 5644 

ecosystems because of historically infrequent fire and slow successional advancement. However, 5645 

abundance of subalpine fir cover types has increased in many subalpine and upper subalpine landscapes 5646 

(Keane et al. 1994), and many stands that had low subalpine fir components now have fir dominating the 5647 

understory and encroaching in the overstory. This densification has resulted in many stands becoming 5648 

stressed from competitive interactions, resulting in increasing susceptibility to disturbances. Recent dry, 5649 

droughty conditions have led to high elevation subalpine fir mortality of undetermined origin called 5650 

subalpine fir “die off”, usually attributed to a complex of causal mechanisms such as drought, heightened 5651 

competition, higher temperatures, and increasing diseases. Therefore, as fire is progressively kept off the 5652 

subalpine landscape, the subalpine fir stands that replaced the pine communities will progressively 5653 

decline in vigor and be more susceptible to fire, insects, and diseases. A concern is that if these overly 5654 

dense, unhealthy stands continue to escape fire, the seed sources of the fire-adapted pines will be 5655 

eliminated, and high elevation sites may be converted to grass and shrublands (Keane 2001). Another 5656 

concern is that as fire is excluded from these dense subalpine fir forests, canopy and surface fuels will 5657 

accumulate to such levels that, when burned, fires will be of extremely high severities (Keane 2001; 5658 

Morgan et al. 1994b). 5659 

Climate Change Responses 5660 

It is challenging to predict responses of subalpine fir to future climate change. It is a species that is 5661 

highly adapted to moist growing conditions, so it will likely respond poorly to increasing temperatures 5662 

and drought (Alexander et al. 1990). On the other hand, it is a fierce competitor that can outcompete all 5663 

subalpine tree species for shade, and it is a species that has a diverse range throughout the NR. Subalpine 5664 

fir could expand its range into the timberline, become more or less productive in its current range, and 5665 
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decline in productivity and occurrence in those areas that become inhospitable for the species, presumably 5666 

the warmer, drier portions of its current range. Most paleo-reconstructions over the Holocene show 5667 

subalpine fir dominated during periods of cold, moist conditions but declined in extent as climates 5668 

warmed (Brunelle et al. 2005; Whitlock 1993, 2004). Hamann and Wang (2006) projected that future 5669 

losses of subalpine fir from drought will exceed gains from range expansion, resulting in a 97 percent 5670 

decrease in the species’ range in British Columbia. Romme and Turner (1991) estimated major to minor 5671 

losses in subalpine fir in the future in the GYA, depending on degree of warming, and Bell et al. (2014) 5672 

modeled little loss of subalpine fir in the NR. Using SDM techniques, Crimmins et al. (2011) estimated 5673 

that the subalpine fir/spruce zone would move upward in elevation by 300 ft by 2050. Woodward et al. 5674 

(1994) speculated that subalpine fir will experience less frequent and lower cone crops in the future. 5675 

However, seedling establishment may be the bottleneck for subalpine fir establishment in the future; the 5676 

species needs long periods of high moisture for seeds to germinate and seedlings to thrive (Urban et al. 5677 

1993), and those years that meet these conditions may be less frequent in the future in the lower 5678 

subalpine. 5679 

In those areas with abundant precipitation, longer growing seasons and reduced snowpacks may 5680 

increase regenerative success of subalpine fir, especially in those subalpine areas where snow historically 5681 

controlled regenerative success (Means 1990; Urban et al. 1993). These areas constitute the majority of 5682 

the fir’s range in the subalpine to timberline. Little and Peterson (1991) found that most fir regeneration 5683 

occurred in low snow years because there were more suitable microsites. Villalba et al. (1994) found 5684 

subalpine fir growth was positively correlated with increasing summertime temperature. Higher 5685 

productivity in these subalpine forests may also increase cone crops, tree growth, and species densities. 5686 

Denser stands may eventually result in high competitive stress, making these fir stands even more 5687 

vulnerable to high mortality from insects, disease, and abiotic factors, and therefore less resilient. 5688 

However, declines in whitebark pine and lodgepole pine from beetle- and rust-caused mortality may 5689 

facilitate fir regeneration and growth, resulting in more fir trees and more stands dominated by subalpine 5690 

fir. 5691 
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Those NR areas in high elevation (timberline) settings may see an increase in subalpine fir as the 5692 

heavy snow and cold conditions that precluded fir regeneration at timberline become less frequent (Cayan 5693 

et al. 2001; Rochefort et al. 1994). However, the decline of whitebark pine trees that act as nurse crops to 5694 

facilitate subalpine fir establishment may contribute to the inability of the fir to gain purchase in the high 5695 

elevation settings. Establishment of populations at the upper subalpine and timberline may only be 5696 

possible when fire is absent long enough to allow enough subalpine fir to gain reproductive maturity so 5697 

that sufficient seed can be dispersed over enough years to ensure suitable environmental conditions for 5698 

seedling establishment (Little and Peterson 1991; Little et al. 1994). 5699 

Increases in wildland fire would decrease subalpine fir throughout the NR, and those decreases would 5700 

be much more extensive and steeper than any resulting from direct climate change effects. Frequent fires 5701 

would favor nearly all of subalpine fir’s associates because it is the least adapted to survive fire (Arno and 5702 

Hoff 1990; Keane 2001). Little et al. (1994) found little subalpine fir regeneration over 30 years after a 5703 

fire at Mt Rainier, USA, but those regeneration events that did occur happened after low snow years. 5704 

Heusser (1998) found that subalpine fir increased in growth with warmer temperatures during the spring 5705 

of the growth year, but growth was negatively correlated with high summer temperatures the previous 5706 

years. 5707 

In summary, the future of subalpine fir will depend on both the future level of fire and the degree of 5708 

climatic warming. Subalpine fir will likely be a species that shifts across the high mountain landscape, 5709 

with gains in expansion balancing losses of contraction (caused directly by changes in climate). However, 5710 

future increases in fire, disease, and insects may limit its abundance. Since fir is an aggressive competitor, 5711 

it is expected that its gains through advanced succession in the upper subalpine will probably be balanced 5712 

or exceed its losses from the drier, lower subalpine caused by fire, drought, and pathogens.  5713 

Engelmann Spruce (Picea Engelmannii) 5714 

Autecology 5715 

Engelmann spruce is widely distributed in the western U.S. and is a major component of the high 5716 

elevation NR forests (Alexander and Shepperd 1990). It grows in humid climates with long, cold winters 5717 
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and short, cool summers, and occupies one of the highest and coldest environments of the western U.S. 5718 

The range of mean annual temperature in which this species occurs is narrow considering its wide 5719 

distribution. Engelmann spruce grows best on moderately deep, well-drained, loamy sands and silts, and 5720 

clay loam soils from a variety of volcanic and sedimentary materials. It also grows well on glacial and 5721 

alluvial soils where the water table is accessible. 5722 

Engelmann spruce is rated tolerant in its ability to endure shade, but is less shade tolerant than its 5723 

major associate, subalpine fir (Minore 1979) (table 6.3). It is more shade enduring than interior Douglas-5724 

fir, western white pine, lodgepole pine, quaking aspen, western larch, or ponderosa pine (Alexander and 5725 

Shepperd 1990). The species does not tolerate drought well and it is perhaps the least adapted to drought 5726 

conditions of the subalpine tree species (Alexander and Shepperd 1990). It is highly frost-tolerant and one 5727 

of the few upper subalpine species that can tolerate seasonal standing water. It is associated with 5728 

mycorrhizae but does not seem to be dependent on the fungi for survival. It is wind-pollinated and its 5729 

seeds are wind dispersed. 5730 

In the NR, Engelmann spruce is mostly associated with subalpine fir but grows with many other tree 5731 

species, including mountain hemlock, whitebark pine, western larch, Douglas-fir, quaking aspen, 5732 

lodgepole pine, limber pine and western hemlock. In most upland subalpine NR sites, Engelmann spruce 5733 

is a minor species associated with subalpine fir in later seral communities. It is often found in the upper 5734 

subalpine as scattered individuals with the greatest height and diameter (Arno 2001). Pure Engelmann 5735 

spruce communities are found in wet areas and riparian settings, and in severe frost pockets where all 5736 

frost-sensitive tree species are excluded.  5737 

Spruce seeds germinate in a variety of substrates, including duff, litter, and decomposed humus, and 5738 

seedlings have best initial survival on duff seedbeds, rather than on mineral soil. Engelmann spruce has 5739 

low tolerance to high temperatures and drought, especially in the first five years of establishment. Due to 5740 

its slow initial root penetration and sensitivity to heat in the succulent stage, drought and heat girdling kill 5741 

many first-year spruce seedlings. Drought losses can continue to be significant during the first five years 5742 
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of seedling development, especially during prolonged summer dry periods (Alexander and Shepperd 5743 

1990). After establishment, adequate soil moisture, cool temperatures, and shade favor survival. 5744 

Engelmann spruce is similar to subalpine fir in that it has an average genetic diversity with weak 5745 

geographic differentiation. It is considered intermediate in its adaptive strategy, being neither a generalist 5746 

nor a specialist. Populations show habitat specificity. Engelmann spruce has a high outcrossing rate and 5747 

possesses the ability to cross with white spruce (Picea glauca). 5748 

Disturbance Interactions 5749 

Engelmann spruce is highly susceptible to fire injury and death, but some spruce survive severe burns 5750 

because of their large size (Bigler et al. 2005; Wadleigh and Jenkins 1996). The species can survive fire 5751 

better than its primary associate, subalpine fir (Ryan and Reinhardt 1988). Surviving large spruce trees 5752 

can provide abundant seed in burned areas, but rarely do these seeds germinate to create forests 5753 

dominated by Engelmann spruce; these spruce-dominated forests only occur in seasonally-wet habitats 5754 

(Pfister et al. 1977). 5755 

Engelmann spruce is susceptible to windthrow, especially after any cutting in old-growth forests. The 5756 

spruce beetle (Dendroctonus rufipennis) is the most serious insect pest of Engelmann spruce. It is 5757 

restricted largely to mature and over-mature spruce, and epidemics have occurred throughout recorded 5758 

history. The western spruce budworm also attacks Engelmann spruce. 5759 

Historical and Current Conditions 5760 

It is difficult to determine recent trends in Engelmann spruce forests across the NR because the 5761 

species is rarely the dominant component in a stand. One would expect that advancing succession under a 5762 

century of fire exclusion has increased spruce in the subalpine and upper subalpine. However, logging 5763 

and fire has reduced spruce in lower elevation areas where it occurs in seasonally wet areas and frost 5764 

pockets.  5765 

Climate Change Responses 5766 

Similar to subalpine fir, some losses of spruce are likely in the drier portions of its range, especially in 5767 

those seasonal moist sites that will be mostly dry in the future. Liang et al. (2015) found that major 5768 
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mortality events have occurred in Engelmann spruce over the last twenty years because of increased 5769 

drought, presumably related to changing climate. Alberto et al. (2013) found that this species had a 5770 

reduced growth the year following warm, dry years in the U.S. Cascades. Using SDMs, Morales et al. 5771 

(2015) projected a 47 percent contraction in Engelmann spruce in the northern Rocky Mountains by 2060, 5772 

and Hamann and Wang (2006) projected a 27 decrease in the range of Engelmann spruce in British 5773 

Columbia by 2050. Gray and Hamann (2013) estimated Engelmann spruce would move 230 ft northward 5774 

and 550 ft higher in elevation by 2050 in the NR. Using SDMs for the southwestern US, Notaro et al. 5775 

(2012) projected that Engelmann spruce would disappear by 2050. Using gap modeling, Burton and 5776 

Cumming (1995) project a precipitous collapse of Engelmann spruce in the mesic forests of British 5777 

Columbia. Coops and Waring (2011) used mechanistic modeling to simulate a retraction in spruce range 5778 

by over 50 percent. 5779 

Spruce may be the first species to become established in high elevation areas where snow precluded 5780 

conifer regeneration historically, but where there now may be a seasonal wetland or subalpine wet 5781 

meadow (Schauer et al. 1998). Jump and Peñuelas (2005) note that Engelmann spruce has the genetic 5782 

capacity to adapt to large swings in climate in situ by taking advantage of shifts in microsites. Due to its 5783 

great seed dispersal ability and tall stature, spruce is able to disseminate into previously unforested areas, 5784 

such as glades, meadows, and balds, to expand its range. Whitlock (2000) found increased spruce 5785 

regeneration during the warmest periods of the past several centuries, and Luckman et al. (1984) found 5786 

Engelmann spruce growth positively correlated with increasing summertime temperature. Various SDM 5787 

approaches project minor changes in the spruce-fir subalpine zone (Bell et al. 2014; Crimmins et al. 2011) 5788 

Engelmann spruce is poorly-adapted to fire, and thus major declines are expected with the projected 5789 

increases in area burned. These declines, however, may be offset by increased regeneration on burned 5790 

areas with mineral soil substrates. Continued fire suppression activities may maintain spruce on the 5791 

landscape, but it may persist at lower abundance because of increased drought. Fire suppression may also 5792 

ensure the demise of Engelmann spruce in that, when fires eventually burn, the severities may be so great 5793 

that they kill all spruce seed sources. In addition, Bentz et al. (2010) note that future climates will likely 5794 
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be more conducive to the spruce beetle, and Stout and Sala (2003) note that future climates may foster 5795 

more spruce budworm events, leading perhaps to further declines in spruce. 5796 

In summary, while Engelmann spruce is a species that is highly-sensitive to climate, it is likely going 5797 

to persist in future NR landscapes because of its superior ability to seed into new areas, especially burned 5798 

areas, and its ability to remain in the high mountain landscape. Projected increases in subalpine 5799 

productivity will also serve to keep spruce on the NR landscape. 5800 

Mountain Hemlock (Tsuga mertensiana) 5801 

Autecology 5802 

Mountain hemlock is usually found on cold, wet, snowy upper subalpine sites where it grows slowly 5803 

and sometimes lives to be more than 800 years in age. The species appears to be limited by late snowmelt, 5804 

short growing seasons, and cool summer temperatures throughout much of its range in the Pacific 5805 

Northwest. Earlier snowmelt, higher summer temperatures, and lower summer precipitation in the lower 5806 

portions of its range produce conditions under which growth is limited (West et al. 2009). Areas occupied 5807 

by mountain hemlock generally have a cool to cold maritime climate that includes mild to cold winters, a 5808 

short, warm to cool growing season, and moderate to high precipitation. The presence of mountain 5809 

hemlock in the Rocky Mountains is closely correlated with the eastward penetration of moist maritime air 5810 

masses (Woodward et al. 1994). Mountain hemlock occurs in mixed upper subalpine stands in the 5811 

western portions of the NR, often relegated to the moist north slopes. 5812 

Mountain hemlock is considered highly tolerant of shade and other forms of competition, and it is 5813 

probably more tolerant than any of its NR associates, even subalpine fir in some places (Minore 1979). 5814 

Mountain hemlock is considered a minor climax species in most of its limited habitats; mountain hemlock 5815 

often succeeds lodgepole pine or subalpine fir (Means 1990). The species has a low tolerance for drought 5816 

but a high tolerance for frost and standing water. It is wind-pollinated, and the seeds are wind-dispersed. 5817 

Mountain hemlock has large cone crops about every three years. It reaches reproductive maturity 5818 

quickly by around twenty years, and most of the seedfall occurs during the fall months. It has average 5819 

genetic diversity, weak geographic differentiation, but moderate population differentiation.  5820 
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Disturbance Interactions 5821 

Mountain hemlock is considered susceptible to fire because it often retains branches almost to the 5822 

ground, grows in clusters, and often has shallow roots that are throughout well-developed forest floors 5823 

that dry out in the summer (Dickman and Cook 1989). It has thick bark and can withstand some low 5824 

intensity fire, but overall, it will often succumb to fire damage over time. Fire is a rare visitor to these 5825 

mesic, cold stands, so any increase in fire frequency will reduce mountain hemlock populations. 5826 

The most striking damage to mountain hemlock is probably that caused by laminated root rot. This 5827 

fungus spreads from centers of infection along tree roots so that all trees are killed in circular areas that 5828 

expand radially. Mountain hemlock is the most susceptible species to root rot in subalpine forests (Means 5829 

1990). 5830 

Historical and Current Conditions 5831 

There have been few evaluations of mountain hemlock distributions in the NR, and thus it is difficult 5832 

to gauge trends in this species over the last century. The fire exclusion era has advanced succession in 5833 

those subalpine sites where mountain hemlock can be found, thereby increasing the numbers and density 5834 

of the species. These dense forests are probably not currently stressed because of high productively in 5835 

these areas. Mountain hemlock has a limited range in the NR, so any significant warming and drying 5836 

could drive the species to be locally extinct.  5837 

Climate Change Responses 5838 

With warming climate in western North America, existing mountain hemlock forests will probably 5839 

increase in productivity, especially in the upper and lower elevational boundaries of the mountain 5840 

hemlock zone (Means 1990). Near Mount Baker, Washington, ring width of mountain hemlock increased 5841 

with increasing monthly temperatures in the preceding 12 months, decreasing winter precipitation, and 5842 

decreasing snow depth, implying that productivity should increase with predicted temperature increases 5843 

(Woodward et al. 1994). Graumlich et al. (1989) estimated that productivity increased 60 percent in the 5844 

last century in four high-elevation stands in Washington, three of which contained 48 to 96 percent 5845 

mountain hemlock. They related this increase most strongly to the increase in growing season temperature 5846 
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during this period (about 2.7 °F). West et al. (2009) projected that mountain hemlock growth and 5847 

productivity will likely increase throughout much of its range in Washington and northern Oregon, but 5848 

increased summer drought stress will reduce productivity in mountain hemlock forests of southern 5849 

Oregon and near the species lower elevation limit. Peters and Lovejoy (1992) estimated that if mean 5850 

annual temperatures increase 4.5 °F, the mountain hemlock zone may be shifted upwards 1800 ft and 5851 

decrease in area from nine to two percent in Oregon. An increase of 9.0 °F may induce an upward shift of 5852 

3700 ft, which is above all but the tallest peaks, effectively eliminating the species from the NR (Means 5853 

1990). Woodward et al. (1994) speculated the mountain hemlock will experience less frequent and lower 5854 

cone crops in the warm future. 5855 

In summary, the high productivity of mountain hemlock sites in the western NR may mitigate the 5856 

potential decline of mountain hemlock over the next fifty years. There will likely be local shifts of the 5857 

species where it is established in droughty low elevation areas of Idaho and western Montana, but overall, 5858 

the species might be somewhat stable under climate warming, and it might even increase in productivity 5859 

and make range expansions into the lower timberline. The species is not highly exposed to climate 5860 

changes because of its limited range in the NR and its somewhat confined niche. The magnitude of 5861 

climate effects on mountain hemlock responses will be great, but mostly positive, and the likelihood of 5862 

these effects have a high uncertainty, mainly because of the role that fire will play in the dynamics of 5863 

mountain hemlock populations in future landscapes. 5864 

Alpine Larch (Larix lyallii) 5865 

Autecology 5866 

Alpine larch is a deciduous conifer that occupies the highest and most remote environments in the 5867 

NR, growing in and near the timberline on high mountains across the inland Pacific Northwest (Arno 5868 

1990). In the Rocky Mountains, alpine larch extends from the Salmon River Mountains of central Idaho 5869 

northward to Lake Louise in Banff National Park, Alberta (Arno 1990). Within this distribution, alpine 5870 

larch is common in the highest areas of the Bitterroot, Anaconda-Pintler, Whitefish, and Cabinet Ranges 5871 

of western Montana. It is also found in lower abundance in isolated stands atop many other ranges and 5872 
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peaks in western Montana and northern Idaho (Arno and Habeck 1972). Alpine larch grows in very cold, 5873 

snowy, and generally moist climates where for more than half of the year, mean temperatures are below 5874 

freezing. Mean annual precipitation for most alpine larch sites is between 32 and 75 inches, the larger 5875 

amount being more prevalent near the crest of the Cascades; most stands in the Montana Bitterroot Range 5876 

receive 39 to 59 inches. About 75 percent of this precipitation is snow and sleet. Ridgetop alpine larch 5877 

stands are exposed to violent winds; most alpine larch stands annually experience winds reaching 5878 

hurricane velocity or more, especially during thunderstorms or during the passage of frontal systems. 5879 

Alpine larch is perhaps the most drought-susceptible conifer in the NR because of its reliance on sub-5880 

surface water during the dry summer months (Arno 1990). It achieves its best growth in high cirque 5881 

basins and near the base of talus slopes where the soils are kept moist throughout the summer by aerated 5882 

seep water. It can also tolerate boggy wet meadow sites having very acidic organic soils. The species is 5883 

most abundant on cool, north-facing slopes and high basins where it forms the uppermost band of forest. 5884 

It also covers broad ridgetops and grows locally under relatively moist soil conditions on south-facing 5885 

slopes. The NR may have a droughty period for a few weeks in late summer, but the effect is minor in 5886 

most alpine larch sites; however, dry surface soils may prevent seedling establishment in certain years.  5887 

Alpine larch is the most shade-intolerant conifer growing at high elevation NR sites and is classed as 5888 

very intolerant (Minore 1979) (table 6.3). Its evergreen associates attain their best development in forests 5889 

below the lower limits of larch. An exception is whitebark pine, another timberline inhabitant, which is 5890 

most abundant on warm exposures and microsites and thus tends to complement rather than compete with 5891 

larch. Alpine larch grows mostly in pure stands but it can be found with whitebark pine, subalpine fir, and 5892 

Engelmann spruce near their upper limits. Alpine larch roots extend deep into fissures in the rocky 5893 

substrate. Trees are well anchored by a large taproot and large lateral roots and are very windfirm. Alpine 5894 

larch is easily replaced by subalpine fir in most upper subalpine sites, but the species can act as a climax 5895 

species in the lower timberline (Arno and Habeck 1972). 5896 

Alpine larch is one of the few deciduous conifers in the NR, and as a result, it has a high capacity to 5897 

survive wind, ice, and desiccation damage during the winter because the needles are off the trees. The 5898 
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species also has an evergreen sapling stage that allows it to quickly take advantage of the short growing 5899 

season in the early summer after snowmelt (Arno and Habeck 1972). Alpine larch seedlings are frost 5900 

tolerant. Mature trees produce good cone crops every fifth year, and these seeds drop in early fall. It is 5901 

assumed that the species has an average genetic diversity and weak geographic differentiation, but there 5902 

has been little genetic work done on this species. 5903 

Disturbance Interactions 5904 

Fire is an occasional but localized visitor in alpine larch stands, causing injury or death in most cases. 5905 

Large fires are infrequent in the cool, moist, and rocky sites where alpine larch occurs, and fire spreads 5906 

poorly on these sites because of light and discontinuous fuels. Unlike its thick-barked, fire-resistant 5907 

relative, western larch, alpine larch has thin bark, has low resistance to surface fire, and often dies after 5908 

low-intensity fires (Ryan 1998). 5909 

Powerful winds in alpine larch stands often damage crowns, in conjunction with loads of clinging ice 5910 

or wet snow (Arno and Habeck 1972). Nevertheless, this tree's deciduous habit and supple limbs make it 5911 

more resistant to wind damage than its associates. Death usually occurs when advanced heart rot has so 5912 

weakened the bole that high winds break off the trunk. Brown trunk rot produces the only conks 5913 

commonly found on living trunks (Arno 1990); this fungus is evidently the source of most heart rot. Snow 5914 

avalanches and snowslides are an important source of damage in many stands, but again, this species is 5915 

better adapted to survive these disturbances than its evergreen associates. 5916 

Historical and Current Conditions 5917 

This species is rarely studied, and as a result, very little is known about its population trends in the 5918 

NR. Our best guess is that alpine larch populations have stayed roughly the same across most of its range 5919 

in the NR over the last 100 years. There have been some losses from fire in some areas, especially the 5920 

Bitterroot Mountains of Montana, but there have also been gains. Recent anecdotal observations have 5921 

found that alpine larch has been increasing in ribbon forests glades and high elevation open areas where 5922 

snow accumulated historically, but over the last two decades, these heavy snow areas have been clear of 5923 

snow enough of the year to foster alpine larch regeneration. 5924 
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Climate Change Responses 5925 

We feel alpine larch has a high potential to experience decreases in both productivity and abundance 5926 

with climate change. On one hand, alpine larch is a shade- and drought-intolerant species, indicating that 5927 

it does not do well in areas of increasing dryness and competition (Arno and Habeck 1972). Its high 5928 

demand for sub-surface water during the growing season appears to be the main factor limiting its range 5929 

in the NR (Arno 1990), making it highly susceptible to increasing drought in the future. Alpine larch 5930 

growth is highly correlated with high snowpack, especially in April, which is usually indicative of high 5931 

subalpine moisture throughout the year (Colenutt and Luckman 1991; Peterson and Peterson 1994). The 5932 

lack of summertime ground water would be more likely in the southern part of alpine larch’s range in the 5933 

NR, specifically western Montana and central Idaho. 5934 

On the other hand, alpine larch can produce copious amounts of seed that may land on upper 5935 

subalpine and timberline areas that were historically covered with snow the majority of the year, but in 5936 

the future may be sufficiently snow-free to allow wind-dispersed seed to germinate and grow into viable 5937 

seedlings. There is ample anecdotal evidence documenting alpine larch encroachment into snowfields, 5938 

glades, and ribbon forests. These seedlings could become mature trees, provided there is sufficient 5939 

moisture. With higher rates of productivity in a warming climate, seedlings and trees may have greater 5940 

growth and cone production. However, short-term increases in alpine larch regeneration may be offset by 5941 

the high variability in drought in the upper subalpine to eventually cause declines in the larch. Another 5942 

possibility is that the more shade tolerant subalpine conifers, such as spruce and subalpine fir, might 5943 

become established in these new open areas and outcompete alpine larch for dominance. Along those 5944 

same lines, the more drought-tolerant whitebark pine may also become established in the snow free areas 5945 

and survive the anticipated long droughts.  5946 

While alpine larch does not seem to have the morphological, ecophysiological, and genetic capacity 5947 

to adapt to new environments, it does have the ability to genetically integrade with western larch to 5948 

produce hybrids that may be more tolerant of drought and competition (Carlson et al. 1990). Moreover, its 5949 

superior seed dispersal capability may allow it to become established in treeline areas made 5950 
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environmentally favorable by climate change, mainly from decreasing snowpacks and higher 5951 

temperatures. These areas, however, may be significantly smaller and more isolated than areas in its 5952 

current range, where it will decline because of lack of water. 5953 

Alpine larch is not well-adapted to survive wildland fire (Arno 1990), and as its existing range 5954 

becomes drier and fires become more probable, it is expected that more alpine larch will burn, providing 5955 

there are sufficient fuels. Those upper subalpine forests that are co-dominated by whitebark pine and 5956 

alpine larch are probably the most susceptible of subalpine larch habitats to increases in fire. Rocks, scree, 5957 

and fuel-free areas protect many alpine larch communities, so it may be years before fire, or the more 5958 

shade-tolerant competitors, invade pure alpine larch woodlands (Arno and Habeck 1972). While alpine 5959 

larch does not seem to be impacted by major insects and pathogens (Arno 1990), it could be that future 5960 

climates may increase the possibility that insects and diseases that were relatively minor in the past could 5961 

become more significant in the future, especially in timberline environments where damaging agents were 5962 

depressed by cold (Woods et al. 2010). 5963 

In summary, alpine larch is one of the most susceptible tree species in the NR to climatic shifts that 5964 

result in increasing drought and fire. Its exposure to climate change will likely be high, because upper 5965 

subalpine areas may experience the greatest climatic change (Luce et al. 2013). Due to its specialized 5966 

habitat, alpine larch has the highest risk for major range shifts, and impacts to the species may be great if 5967 

there are insufficient environments created upslope.  5968 

Green Ash (Fraxinus pennsylvanica) 5969 

Autecology 5970 

Green ash is the most widely distributed of all the American ashes (Kennedy 1990), but primarily 5971 

occurs in the eastern and central U.S. In the NR, green ash is restricted to the northern Great Plains, which 5972 

is the northwestern edge of its range (Girard et al. 1987; Lesica 2009). Naturally a moist bottomland or 5973 

stream bank tree, it is well-adapted to climatic extremes and has been widely-planted in the Plains states 5974 

and Canada. It is probably the most adaptable of all the ashes, growing naturally on a range of sites, from 5975 

clay soils subject to frequent flooding and overflow, to sandy or silty soils where the amount of available 5976 
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moisture may be limited. In the northern Great Plains, green ash grows best on fertile, moist, well-drained 5977 

alluvial soils, primarily along river bottomlands and woody draws. It also occurs in broad upland 5978 

depressions and ridges, which have subsurface water early in the growing season (Girard et al. 1987; 5979 

Lesica 2003; Lesica and Marlow 2013). Natural stands of green ash are almost completely confined to 5980 

bottomlands, but the species grows well when planted on moist upland soils. It lines the watercourses in 5981 

the western parts of its range where rainfall is insufficient to support upland growth.  5982 

Green ash varies from intolerant to moderately shade tolerant in woody draws. It is an early seral 5983 

species, colonizing alluvial soils. It regenerates from seed when exotic grass (which inhibits germination 5984 

through competition for soil moisture) is absent or has low cover (Lesica 2003; Lesica and Marlow 2013). 5985 

It also regenerates vegetatively through stump sprouting. Uresk and Boldt (1986) reported 90 percent 5986 

sprouting success following trunk removal in an experimental study in North Dakota. Lesica (2009) found 5987 

that stump sprouts can achieve full tree height in 20 years. While green ash is generally drought-tolerant, 5988 

since it is at the most arid edge of its range, prolonged drought may affect regeneration success (Severson 5989 

and Boldt 1974). Kennedy (1990) found that a population from the arid, northwestern part of the green 5990 

ash range was more drought resistant than one from the moister central Great Plains and northeast. 5991 

Disturbance Interactions 5992 

Green ash is easily killed by fire, but stumps of most size classes of green ash sprout readily after 5993 

both fire and mechanical trunk or stem removal (Lesica 2009). The species has several insect and disease 5994 

agents; it is particularly susceptible to white stringy heartroot (Perenniporia fraxinophila), which 5995 

weakens the plant and makes it more susceptible to wind or ice breakage (Lesica and Marlow 2013).  5996 

Historical and Current Conditions 5997 

Very little is known about the range expansion or contraction of green ash. However, green ash in the 5998 

NR is at the northwestern (most arid) edge of its range (Lesica 2009), and there is evidence suggesting 5999 

that many of the green ash communities on the western fringe of the Northern Great Plains are declining 6000 

(Boldt et al. 1978; Lesica 1989, 2001).  6001 

Climate Change Responses 6002 
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Green ash has a broad ecological amplitude and can survive droughty conditions, but it grows 6003 

optimally on moist sites. As soil moisture declines with a warmer, drier climate, marginal sites may 6004 

become less favorable for regeneration and survival of young green ash trees. With increases in fire 6005 

frequency, there will likely be increased vegetative regeneration and decreased production of seedlings 6006 

following fire; fire often kills green ash seed on or near the soil surface, restricting seedling recruitment to 6007 

surviving seed-producing trees. Green ash may benefit from increased temperatures, because seedling and 6008 

mature tree growth may increase with increasing soil temperatures. However, those green ash populations 6009 

associated with moist upland microsites (e.g., northeast facing residual snow-loaded depressions) may 6010 

experience severe drought stress as snowpack declines and melts sooner, and regeneration may decrease, 6011 

eventually resulting in loss of those communities. 6012 

Since most mature green ash communities are somewhat resistant to wildland fire, given that the 6013 

species can sprout afterward, the projected increases in fire in the future may not impact most green ash 6014 

stands, especially the moist communities. Low-severity fires might promote regeneration by thinning 6015 

stands and stimulating sprouting; green ash has both root crown and epicormic sprouts, and both are 6016 

typical following fire events, especially in the woody draws and riparian areas of the Great Plains. High 6017 

severity fires, however, may result in mortality. Browsing pressure on green ash communities will also 6018 

likely increase with increased drought, as upland grasses and forbs desiccate and senesce earlier, or are 6019 

replaced by invasive, less palatable species. 6020 

Cottonwood (Populus spp.) 6021 

Autecology 6022 

Black cottonwood (Populus trichocarpa) is the largest of the American poplars and the largest 6023 

hardwood tree in western North America (Debell 1990). Narrowleaf cottonwood (P. angustifolia) and 6024 

black cottonwood grow primarily on seasonally wet to moist open canopy sites (typically along streams 6025 

and rivers) in the western portion of the NR. Plains cottonwood (Populus deltoides) occurs in eastern 6026 

Montana and the Dakotas portion of the NR. All three species typically occupy fluvial surfaces along 6027 

floodplains of streams and rivers. 6028 
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Cottonwoods typically dominate riparian communities on alluvial sites at low to mid-elevations. 6029 

Various riparian shrubs (e.g., willows (Salix), alder (Alnus), birch (Betula), dogwood (Cornus) and a 6030 

variety of graminoids and forbs occur in the understory of cottonwood stands (Merigliano 2005). 6031 

Cottonwood is very shade intolerant, and shade-tolerant conifers (e.g., Douglas-fir, Rocky Mountain 6032 

juniper (Juniperus scopulorum), ponderosa pine, Engelmann spruce, subalpine fir) may encroach and 6033 

become dominant in upland cottonwood forests (typically on river and stream terraces). The species is 6034 

also drought intolerant, and requires an accessible water table (i.e., free, unbound water) during most of 6035 

the growing season (Rood et al. 2003). Older cottonwood individuals become can access very deep water 6036 

tables. Plains cottonwood is likely more able to extract water in the unsaturated zone once the water table 6037 

has dropped below the extent of the roots (Merritt et al. 2010). The finer textured soils in the northern 6038 

Great Plains hold more water, but it is harder to extract due to the finer soil texture. However, plains 6039 

cottonwood appears to have adapted to extract water and will likely be more resilient to drought than the 6040 

other species.  6041 

For all three species of cottonwood, high streamflows are required for successful seedling 6042 

establishment; the associated scouring action and deposition of fresh alluvium creates optimal surfaces for 6043 

germination. All species of cottonwood are prolific seed producers, and the windborne seeds disperse 6044 

widely once the catkins have matured and seeds are released. Seeds are only viable for about two weeks, 6045 

and thus timing of seed release and recession of flood flows is essential to successful germination 6046 

(Malanson and Butler 1991). Black and narrowleaf cottonwood seedlings are usually established on a 6047 

yearly basis, depending on flood frequency, timing and duration. Plains cottonwood establishment is less 6048 

frequent and more episodic, since flows are more variable in both magnitude and frequency. Scott et al. 6049 

(1997) found that approximately 72 percent of the plains cottonwoods along the Missouri River of eastern 6050 

Montana established after a very large flood event (flow >1831 yd3/s with a recurrence interval of 9.3 6051 

years). High numbers of seedlings become established in the first year after a flood, but they naturally 6052 

thin out up to several years later, if they have not been scoured away by high flow events. The young 6053 
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seedlings and saplings that survive are frequently injured and sometimes killed by unseasonably early or 6054 

late frosts (Debell 1990). 6055 

Disturbance Interactions 6056 

Cottonwood is mildly fire-tolerant owing to its thick bark, high branches, and foliage that is too moist 6057 

to burn in most years. It is considered a weak stump sprouter, but unlike aspen, cottonwood rarely 6058 

regenerates from suckers (Brown 1996). Gom and Rood (1999) found that black and narrowleaf 6059 

cottonwood were more successful at coppice (stump) sprouting and suckering than plains cottonwood. 6060 

Cottonwood is able to survive low intensity fires in the short term, but fire injuries can lead to the 6061 

introduction of diseases that weaken and perhaps kill the tree (Borman and Larson 2002).  6062 

Although several insects attack cottonwood, none has yet been reported as a pest of economic 6063 

significance. Tent caterpillars (Malacosoma) are the most important foliar feeders that affect the NR. At 6064 

least 70 fungal species cause decay in cottonwood, but only six fungi cause significant losses; two of 6065 

these (brown stringy heart rot (Spongipellis delectans) and yellow laminated butt rot (Pholiota populnea) 6066 

cause 92 percent of the loss. Russian olive (Elaeagnus angustifolia) and saltcedar (Tamarix ramosissima) 6067 

are aggressive invasive trees that often outcompete plains cottonwood, particularly during or following 6068 

drought (Shafroth et al. 2009). These species, along with invasive herbaceous species, are a threat to 6069 

cottonwoods in general. 6070 

Historical and Current Conditions 6071 

Black cottonwood was common throughout the Columbia River watershed in Lewis and Clark's day, 6072 

and can still be found today, but it is greatly reduced in extent. 6073 

Climate Change Responses 6074 

As the snowpack declines and melts earlier with warming temperatures, there will be reduced, 6075 

attenuated river flows (loss of extreme high and low flows), along with a possible shift in timing of 6076 

peakflows to earlier in the season, before cottonwood seed is viable for germination. These shifts in 6077 

timing, magnitude and variability may result in both decreased germination and establishment of young 6078 

cottonwoods (Whited et al. 2007). There will also likely be increased human demands for water in the 6079 
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future, which will likely result in creation of additional diversions and reservoir expansions. Any 6080 

alteration of hydrologic flow regime (i.e., timing, magnitude and duration) will affect both floodplain 6081 

interaction and available water to cottonwoods, which in turn may reduce recruitment and establishment 6082 

of seedlings (Auble and Scott 1998; Beschta and Ripple 2005). Decreased streamflows and floodplain 6083 

interactions may result in a conversion of streamside vegetation from cottonwood to upland species, along 6084 

with reduced growth and regeneration (recruitment) and increased mortality of cottonwood (Beschta and 6085 

Ripple 2005). Upland conifers (e.g., Engelmann spruce, lodgepole pine, and Douglas-fir) typically 6086 

establish once the stream and local water table have dropped, and they can shade out the remaining 6087 

cottonwoods. In addition to competition from upland conifers, there may also be increased browsing 6088 

pressure on cottonwoods, which will further contribute to declines in cottonwood regeneration and 6089 

recruitment.  6090 

Plains cottonwood may be more persistent under changing climate because of greater plant available 6091 

soil water in the unsaturated zone (as a result of finer textured soils) in its habitat. Black and narrowleaf 6092 

cottonwood typically occur in coarser substrate, which will become much drier as flows are lower and 6093 

recede earlier than in the past, or are attenuated due to diversions. Seedling and sapling mortality may 6094 

increase in these species. Plains cottonwood regeneration occurs with episodic flooding, whereas black 6095 

and narrowleaf cottonwood regenerate with 1-3 year bankfull flow return intervals (typically an annual 6096 

recruitment cycle); therefore, plains cottonwood will likely be more adapted to irregular flows that may 6097 

occur with climate change. Black and narrowleaf cottonwood will likely be at greater risk to changing 6098 

climate because of soil water characteristics in their habitats and their narrow amplitude in terms of 6099 

germination and flood events on specific fluvial surfaces. 6100 

Vegetation Types 6101 

Vegetation types are broad species assemblages that are used to identify the geographic distribution 6102 

of vegetation in the NR. Vegetation types are different than species in that species can be a major to 6103 

minor component in a vegetation type, but vegetation types can be composed of a number of species. 6104 

Here we describe generally the likely response of forest vegetation types in the NR to climate change. 6105 
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This section is less detailed than the species section (above), because we assumed that individual species 6106 

for each vegetation type could be referenced above. 6107 

Dry Ponderosa Pine/Douglas-Fir Forests 6108 

Ecology 6109 

Dry ponderosa pine and Douglas-fir forests are the driest forests in the NR. These forests are 6110 

relatively rare in northern Idaho, more common in western Montana, and prominent in central and eastern 6111 

Montana where moisture is most limited. They are often found at the foothills of mountain ranges in the 6112 

NR, but also in extensive flatlands bordering perennial grasslands and shrublands. Historically, frequent 6113 

fires often maintained pure to mixed ponderosa pine woodlands and savannas in areas currently occupied 6114 

by this type. However, fire exclusion has led to increased tree density and abundance of Douglas-fir, 6115 

making these forests susceptible to uncharacteristically severe fire.  6116 

Disturbance Interactions 6117 

These forests recover from disturbance by slowly transitioning from fire-tolerant pioneer species to 6118 

less fire-tolerant and shade-tolerant “climax” species over time. This successional process can occur over 6119 

200 to 1000 years. Ponderosa pine is often able to colonize the hot dry surface conditions of a disturbed 6120 

site. Over time, as it matures, it provides a shaded environment where less heat-tolerant Douglas-fir can 6121 

establish. In a frequent low-severity fire regime, the thick-barked ponderosa pine survives fire, while the 6122 

thinner-barked Douglas-fir and ponderosa pine seedlings do not. If frequent fires are sustained, the 6123 

ponderosa pine forest can develop into large patches of open grown old-growth, intermixed with 6124 

relatively small openings that can persist for centuries. During a cool wet climatic period, or through fire 6125 

suppression, Douglas-fir or denser ponderosa pine can become established. The increased biomass and 6126 

structural heterogeneity of these denser forests allow fires to develop into active crown fires that return 6127 

the site back to the initial stand establishment phase. If fires re-burn these areas, forest establishment may 6128 

be limited because of loss of seed source, limited soil moisture, and high surface temperature. 6129 

Historical and Current Conditions 6130 
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A century of fire exclusion, coupled with extensive logging and grazing, has changed these open dry 6131 

woodlands to closed, dense forests that are often dominated by Douglas-fir.  6132 

Climate Change Responses 6133 

This vegetation type may be reduced in some areas of its current range under changing climate 6134 

because of dry, hot conditions. However, this type may expand into the mixed mesic forest type (next 6135 

section), especially on south slopes, as drought increases. This forest type will probably be the most 6136 

dynamic in the future, with many of the current areas of this type seeing losses in Douglas-fir, balanced 6137 

by gains in ponderosa pine. Dry Douglas-fir communities that are currently too cool to support ponderosa 6138 

pine may support more ponderosa pine with warming climate. Fire exclusion in this type has resulted in 6139 

forest densification and accumulation of surface fuels that will likely support high-severity fires in the 6140 

next century (Keane et al. 2002).  6141 

Western Larch Mixed Mesic Forests 6142 

Ecology 6143 

Western larch mixed conifer forests, found in northern Idaho and northwestern Montana, evolved 6144 

under a mixture of moist air masses from the west and cold air masses from Canada, resulting in a patchy 6145 

forest condition with a mixture of western larch, ponderosa pine, lodgepole pine, Douglas-fir and spruce 6146 

subalpine forests. Western larch is most prominent on cooler, moist topographic positions (Touzel 2013), 6147 

and thus, the influence of a warming climate may change the potential distribution of western larch to the 6148 

more northerly aspects with soils most capable of retaining needed moisture during the growing season 6149 

(Rehfeldt and Jaquish 2010).  6150 

Disturbance Interactions 6151 

These forests evolved under a mixed-severity fire regime, which produced a diverse pattern of shade 6152 

intolerant western larch, ponderosa pine, lodgepole pine and Douglas-fir. High-severity fire was more 6153 

common on moist and cool sites, and produced very large burn patches, often with legacy western larch 6154 

(Marcoux et al. 2015). Under fire exclusion, many of these forests have become denser, putting them at 6155 

risk from high-severity fire (Arno 2010; Harrington 2012; Hopkins et al. 2013).  6156 
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Historical and Current Conditions 6157 

In the past, wildland fire maintained extensive stands of western larch across Montana and Idaho. Due 6158 

to its great value as a timber species, many older western larch stands were harvested across much of the 6159 

NR, and these forests were often planted back to western larch after extensive site treatments. With fire 6160 

exclusion, succession advanced and western larch was replaced with mixed stands of lodgepole pine, 6161 

Douglas-fir, and grand fir. 6162 

Climate Change Responses 6163 

The western larch mixed conifer forests of northern Idaho and northwestern Montana are a forest type 6164 

that has been changing and will likely continue to change. Fire exclusion, coupled with climate change, 6165 

will likely continue to reduce western larch and increase the more shade-tolerant Douglas-fir, grand fir, 6166 

and subalpine fir in some areas. Continued fire exclusion will result in further accumulation of surface 6167 

and canopy fuels, and coupled with hotter and drier conditions with climate change, put these forests at 6168 

risk of high-severity fire, which may result in high mortality of the seed-bearing western larch and 6169 

ponderosa pine.  6170 

There are some attributes of this cover type that may serve to make it more resilient in the future. 6171 

Western larch is not susceptible to the wide range of insects and diseases common to its associated tree 6172 

species, and it has the best ability to survive fire of all its tree associates. As such, it makes an excellent 6173 

candidate to feature in management to increase resilience. Overall, however, western larch mixed mesic 6174 

forests are one of our most vulnerable forests to climate change impacts, mainly because past land 6175 

management has made natural western larch forests susceptible to the damaging effects of 6176 

uncharacteristically high-severity wildfires. Management of these forest types to create stand and 6177 

landscape conditions within the historical range of variability will likely increase resilience to climate 6178 

change.  6179 

Mixed Mesic Western White Pine, Cedar, Hemlock, Grand Fir Forests 6180 

Ecology 6181 
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The moist forests within the NR range from 500 to 1750 ft and occasionally occur at 1900 ft (Jain and 6182 

Graham 2005). These forests are influenced by a maritime climate with wet winters and dry summers. 6183 

Precipitation ranges from 20 to 91 inches and predominantly occurs from November to May. A defining 6184 

characteristic of these forests is a layer of fine-textured ash (up to 24 inches thick) that caps the residual 6185 

soils. In addition, these forests are characterized by complex topography, including dissected slopes and 6186 

varying degrees of slope angle, all of which influence soil development and ash cap depth. Disturbance is 6187 

also a main component of these forests that contributes to creating vegetative mosaics. Thus, the 6188 

combination of disturbance, topography, moisture and temperature regimes, parent material, soil 6189 

weathering, and ash cap depth results in productive and complex vegetation in terms of composition and 6190 

structure. For example, eight to nine and sometimes ten different tree species can occupy a given square 6191 

yard of this forest type (Jain and Graham 2005).  6192 

The primary nine tree species that grow together in this wet forest type, outside of riparian areas, are 6193 

ponderosa pine, western larch, Douglas-fir, grand fir, western white pine, western redcedar, western 6194 

hemlock, lodgepole pine, and Engelmann spruce. The niche that these species occupies varies by habitats. 6195 

For example, western redcedar is a mid-seral species in western hemlock types but is late-seral on western 6196 

redcedar riparian and upland habitat types. The genetic adaptive capacity and autecological characteristics 6197 

of individual trees species and their tolerances for light, moisture, temperature, and disturbance is also 6198 

highly variable among the different tree species in this forest type (Minore 1979). Some species are more 6199 

adapted to regenerating in shade (western hemlock and western redcedar), while other species can 6200 

regenerate in a wide range of conditions (western white pine). Some have a stronger competitive capacity 6201 

than other species when growing together (western larch cannot compete with western hemlock). Some 6202 

are drought tolerant (ponderosa pine, western larch, and western white pine), et al. are drought intolerant 6203 

(western hemlock).  6204 

Disturbance Interactions 6205 

Natural disturbances (snow, ice, insects, disease, and fire), when combined, create heterogeneity in 6206 

patch sizes, forest structures, and composition in this forest type. Ice and snow create small gaps and 6207 
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openings, reducing forest densities and altering species composition. Native insects (e.g., bark beetles) 6208 

and diseases (e.g., Armillaria root rot and dwarf mistletoes) infect and kill the very old or stressed 6209 

individuals, and tend to diversify vegetation communities (Hessburg et al. 1994). A mixed-severity fire 6210 

regime also plays a role in creating a mosaic of forest compositions and structures. Historically, non-6211 

lethal surface fires occurred at relatively frequent intervals (every 15 to 25 years) in a quarter of the area 6212 

of this forest type. Lethal crown fires burned about a quarter of the area at intervals of 20 to 150 years, 6213 

occasionally extending to 300 years. A mixed-severity fire regime characterized the rest of the moist 6214 

forests, with return intervals of 20 to150 years. Fires typically started burning in July and were usually out 6215 

by early September (Hann et al. 1997). 6216 

Historical and Current Conditions 6217 

In addition to white-pine blister rust and salvage that removed most of the western white pine, 6218 

harvesting removed the early-seral, shade-intolerant species (e.g., ponderosa pine and western larch) that 6219 

were resistant to fire and other disturbances. Partial canopy removal and minimal soil surface disturbance 6220 

in these harvests were ideal for Douglas-fir and grand fir, which regenerated aggressively, rather than the 6221 

shade-intolerant pines and larch species. Fire exclusion also prevented the creation of canopy openings 6222 

and receptive seedbeds for the regeneration of pine and larch. Similar to the dry forests, high canopies 6223 

(>55 yds) of western white pine, western larch, and ponderosa pine and other early- and mid-seral species 6224 

are currently are absent. In their place, the present forest structure and composition (grand fir and 6225 

Douglas-fir) favor the compression of nutrients, microbial processes, and root activity toward the soil 6226 

surface (Harvey et al. 2008). When wildfires occur, surface organic layers can be consumed, decreasing 6227 

the nutrition and microbial processes important for sustaining these forests. In general, the lack of the 6228 

early-seral species and historical structures most likely have altered the disturbance regimes that sustained 6229 

these forests. 6230 

Climate Change Responses 6231 

Habitat types are not static but reflect the operational environment that supports a particular set of 6232 

plant species. As the moist forests experience climate change, the competition among species and how 6233 
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these forests evolve will be particularly dynamic. Thus, any discussion concerning climate change and an 6234 

individual tree species that grows in moist mixed conifer (and dry mixed conifer) must be placed within 6235 

the context of species cohorts, an individual tree species adaptive capacity, the interaction of disturbance, 6236 

and how environmental niches change over time and space. For example, if future moisture regimes no 6237 

longer support the current distribution of western hemlock, the remaining species that thrive on the upland 6238 

western redcedar habitat types will likely become dominant (Graham 1990). How disturbance changes 6239 

(intensity, extent, and return interval) with a warming climate can also influence the subsequent effects on 6240 

particular tree species. In a drier climate, western redcedar may become the late-seral species in what we 6241 

consider to be western hemlock habitat types.  6242 

Lodgepole Pine Mixed Subalpine Forests 6243 

Ecology 6244 

Lodgepole pine forests straddling and occurring east of the Continental Divide are associated with the 6245 

cold continental air mass that influenced their development. The higher elevations combined with the 6246 

relatively dry cold climate associated with this type exclude many of the warm and moisture-dependent 6247 

tree species found on the west side of the Continental Divide. Aspen, which is often associated with 6248 

moisture seeps, swales, and other moist sites within this type, is released from conifer suppression by fire. 6249 

Disturbance is needed to maintain aspen in this type and to keep seral lodgepole pine communities from 6250 

becoming dense with subalpine fir.  6251 

Disturbance interactions. Lodgepole pine mixed subalpine forests in the NR evolved with both high-6252 

severity and mixed-severity fire regimes. Mixed-severity fire regimes were common in central Montana 6253 

on flatter slope positions and produced a diverse pattern of various-sized patches of different ages and tree 6254 

sizes. Stand-replacing fire return intervals were 100 to 500 years (Fischer and Clayton 1983). However, 6255 

stands reaching 60 to 80 years of age often experienced severe mortality from mountain pine beetle, 6256 

creating snags and down fuel (Jenkins et al. 2008).  6257 

Historical and Current Conditions 6258 
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This forest type was probably the most extensive in the NR, with vast subalpine areas dominated by 6259 

even- and multi-aged stands of lodgepole pine, mixed with aspen, created by mixed-severity fire. There 6260 

have likely been increases in subalpine fir as a result of fire exclusion, but more importantly, most of this 6261 

type is currently dominated by large, mature lodgepole pine. Landscapes of these mature forests have 6262 

fostered the large mountain pine beetle outbreak observed in many parts of the NR (central and GYA). 6263 

Climate Change Responses 6264 

This type will probably see expansion and contraction, but provided that fire is not excluded from 6265 

these areas, it will likely not change substantially under changing climate.  6266 

Whitebark Pine Mixed Upper Subalpine Forests 6267 

Ecology 6268 

Perhaps the most threatened forest type, whitebark pine mixed upper subalpine forests are associated 6269 

with high elevations, and the distribution of this type is primarily influenced by the cold continental air 6270 

masses in Montana and higher elevations in northern Idaho. In this type, whitebark pine is found with 6271 

subalpine fir, Engelmann spruce, and mountain hemlock, and subalpine larch in the area west of the 6272 

Continental Divide. This type occurs on approximately 5 million acres in the NR, primarily on the higher 6273 

ridges and mountaintops. At the lower elevations within the range of this type, whitebark pine typically 6274 

serves as a minor early seral species in mixed conifer stands. At the uppermost elevations, whitebark pine 6275 

can serve as a major climax species.  6276 

Disturbance Interactions 6277 

Whitebark pine and its associates developed under both a stand-replacing fire regime on steep north 6278 

slopes, and under a mixed-severity fire regime on other aspects and flatter slope positions. Various sized 6279 

patches are common within the range, with density depending on moisture availability. The future could 6280 

bring more intense fire that could further threaten whitebark pine distribution.  6281 

There have been three outbreaks of mountain pine beetle in the northern Rockies over the last 100 6282 

years. The first one in the 1920s-30s killed significant areas of whitebark pine (Tomback et al. 2001). 6283 
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Snags from this outbreak can still be seen today. There was another major outbreak in the early 1980s, but 6284 

the largest outbreak started in the mid-2000s and has continued, especially in the GYA. 6285 

Historical and Current Conditions 6286 

Over 14 percent of the NR could have consisted of whitebark pine forests, with late-seral mixed fir-6287 

spruce patches mixed throughout, prior to 1910. However, with extensive white-pine blister rust 6288 

epidemics and mountain pine beetle outbreaks over the last several decades, the upper subalpine 6289 

landscape has slowly shifted from whitebark pine to more spruce and fir and non-forest vegetation in 6290 

some places (Tomback et al. 2001). 6291 

Climate Change Responses 6292 

There may be substantial change in the upper subalpine forests over the next century. However, that 6293 

change will likely be driven by whitebark pine mortality from the exotic white-pine blister rust rather than 6294 

climate change, and the changes will primarily be in forest composition and structure rather than 6295 

distribution. Over the last forty years, whitebark pine has become a minor component of this forest type in 6296 

many parts of the western NR because of white-pine blister rust, allowing subalpine fir to become 6297 

dominant in both the overstory and understory. While the GYA has yet to see massive die-offs from 6298 

white-pine blister rust, it has not escaped recent mountain pine beetle outbreaks, and the whitebark pine 6299 

mortality rates in cone-bearing trees from these outbreaks exceed 50 percent in most areas. Recent fires in 6300 

the upper subalpine have served to reset the successional clock to the earliest seral stages of shrub and 6301 

herbaceous communities, but whitebark pine regeneration levels are low in these burns because of low 6302 

population levels (Leirfallom et al. [in press]). It appears that the nutcracker is eating most of the seeds 6303 

from the few remaining whitebark pine trees and not enough of their seed caches go unclaimed to 6304 

germinate and grow into trees (Keane and Parsons 2010). This has served to keep recently burned areas in 6305 

the shrub/herb stage for long periods, which may allow time for other wind-dispersed tree species to 6306 

populate the burn. Thus, whitebark pine may continue to decline in this type, and species dominance will 6307 

likely shift to subalpine fir, Engelmann spruce, and lodgepole pine. 6308 
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It is likely that most of the range shifts of this forest type will be in wilderness areas, since about 50 6309 

percent of this type is found in wilderness (Keane 2000). Many NR wilderness areas have lands that are 6310 

above the elevations at which this type occurs, so there are potential areas for this type expand. Wildland 6311 

fire will be the catalyst for any range shifts in this forest type. Continued fire exclusion may seem 6312 

appropriate for whitebark pine types, but it is contra-indicated in many situations; most whitebark pine 6313 

will eventually succumb to white-pine blister rust, and thus suppressing fire does not necessarily protect 6314 

it. Fire is needed to create conditions in which whitebark pine can become established and grow to 6315 

maturity. If fires are suppressed and no rust-resistant trees are planted, then whitebark pine will likely 6316 

remain a minor component of this forest type. However, if wildland fires occur and burned areas are 6317 

planted with rust-resistant trees, then whitebark pine may become more abundant in the high-elevation 6318 

settings of the NR. Therefore, land management will likely be more critical than climate in dictating the 6319 

future composition and extent of this forest type. 6320 

Resource Concerns 6321 

Landscape Heterogeneity 6322 

Background 6323 

Historically, most Northern Rockies landscapes were shaped by disturbance regimes interacting with 6324 

vegetation and climate creating shifting mosaics of diverse vegetation assemblages. Wildfire was the 6325 

primary sculptor of historical landscape composition and structure, especially at lower elevations 6326 

(including ignitions by Native Americans and lightning), with other disturbances (mountain pine beetle 6327 

outbreaks, root rot pockets, windthrow) woven into the patchwork of forestlands. Forest patterns were 6328 

constantly shifting over time and space at rates governed by interactions among vegetation, disturbance, 6329 

and climate, resulting in different patch sizes, shapes, and distributions. Therefore, understanding the 6330 

variability and scale of disturbance and succession is critical to quantifying historical landscape 6331 

heterogeneity, which in turn affects biological diversity and ecosystem resilience. 6332 

High landscape heterogeneity creates diverse biological structure and composition that are considered 6333 

more resilient and resistant to disturbances (Bannerman 1997; Cohn et al. 2015; Haire and McGarigal 6334 

DRAFT



Halofsky et al. chapter 6  

 234 

2010; Turner 1987). For example, the effects of mountain pine beetle outbreaks are less severe in 6335 

landscapes with diverse age structures of host tree species (Schoettle and Sniezko 2007). Heterogeneous 6336 

landscapes also promote population stability (Oliver et al. 2010), because fluctuations in plant and animal 6337 

population are less when landscape structure is diverse (Turner et al. 1993). Heterogeneous landscapes 6338 

may also have more corridors, buffers, and refugia for wildlife and plant migration.  6339 

During the past 100 years, land management practices have altered the temporal and spatial 6340 

characteristics of Northern Rockies landscapes. Timber management has modified patch shape and 6341 

structure at lower elevation, and fire exclusion has changed patch size and diversity. Fire exclusion has in 6342 

many cases created landscapes with large contiguous patches of old, dense stands with high surface and 6343 

canopy fuel accumulations (Keane et al. 2002), although some areas with frequent disturbance (e.g., 6344 

frequently burned ponderosa pine forest) are also homogeneous compared to pre-settlement montane 6345 

forests (Romme 2005). Since we have directly or indirectly managed for late-seral conditions, some 6346 

Northern Rockies landscapes are highly susceptible to insects and disease, owing to low tree vigor from 6347 

intense competition, and have an abundance of live and dead fuels that will contribute to the severity of 6348 

future wildfires.  6349 

Climate Change Responses 6350 

Many current Northern Rockies landscapes have less ability to buffer potential climate change effects 6351 

because of widespread forest densification with shade tolerant species, although some landscapes, 6352 

especially in subalpine forests, still have structures and compositions similar to those observed in the 6353 

historical record. Recent wildfires, restoration activities, and timber harvest have helped return some 6354 

heterogeneity, especially in wilderness areas and national parks. However, most Northern Rockies 6355 

landscapes are outside their historical range and variability (HRV) in landscape structure, making it 6356 

challenging to implement effective climate change adaptation. 6357 

Landscape heterogeneity may increase if climate-mediated changes in disturbance regimes increase 6358 

(Funk and Saunders 2014). During the past 20 years, wildfire area burned and mountain pine beetle 6359 

outbreaks have both increased, replacing late-seral forests with younger age and size classes and thereby 6360 
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increasing heterogeneity. Continued increases in wildfire and other disturbances are projected in a warmer 6361 

climate (Bentz et al. 2010; Marlon et al. 2009), so projected declines in biodiversity (e.g., Botkin et al. 6362 

2007) could be balanced by gains in landscape heterogeneity (Kappelle et al. 1999).  6363 

Continued fire exclusion in a warmer climate may promote late-seral forests that would be stressed 6364 

from competition and drought (van Mantgem and Stephenson 2007). Wildfires that will eventually burn 6365 

these landscapes may become large and burn more severely, thereby creating large patches of 6366 

homogeneous post-burn conditions (Flannigan et al. 2005, 2009). These fires may also create semi-6367 

permanent shrublands and grasslands in areas that have become too dry for conifer establishment or 6368 

where seed sources are eliminated (Fulé et al. 2004). However, some have found a high degree of 6369 

heterogeneity in severity and vegetation conditions following large fires (Collins and Stephens 2010; 6370 

Keane et al. 2008). Although the size, shape, and distribution of forest management treatments are a 6371 

concern for landscape heterogeneity, the effects of management on landscape properties may be 6372 

overwhelmed by other disturbances. 6373 

Is there an appropriate level of heterogeneity for Northern Rockies landscapes? How can management 6374 

facilitate landscape heterogeneity and minimize adverse climate change effects? Mechanistic ecosystem 6375 

models can be used to simulate landscape structure and composition in the future and for understanding 6376 

effects of management actions (Keane 2013), but cannot generate heterogeneity metrics as design criteria 6377 

for ecosystems. Using the HRV of landscape characteristics is a more straightforward and useful 6378 

approach (Keane 2013; Morgan et al. 1994a; Nonaka and Spies 2005) (box 6.1). The HRV of landscape 6379 

metrics may not represent future conditions (Millar 1997; Millar and Woolfenden 1999), but does provide 6380 

an estimate of landscape conditions under which ecosystems have developed over the last thousand years, 6381 

conditions that produced functional, heterogeneous ecosystems (Landres et al. 1999). It is preferable to 6382 

first use HRV as a reference for landscape heterogeneity (Keane et al. 2015), then ecological models can 6383 

be parameterized for historical conditions and used to generate a set of useful landscape metrics (Keane 6384 

2012).  6385 

Timber Production 6386 
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Background 6387 

The area managed for timber production as one of the objectives for management is approximately 6388 

8,600 out of 34,000 square miles of forested lands throughout the Northern Region of the U.S. Forest 6389 

Service. This area includes approximately 2,600 square miles in northern Idaho, 3,800 square miles in 6390 

western Montana, 1,400 square miles in central and eastern Montana, and 460 square miles in the Greater 6391 

Yellowstone portion of the Northern Region.  6392 

During the 1970’s and 1980’s, an average of 98 square miles were harvested each year, which 6393 

amounted to about 1,900 square miles that had some type of harvest treatment implemented to meet 6394 

various management objectives including timber production. During the time period from 1990 through 6395 

2014, an average of 39 square miles were harvested each year, which amounted to about 970 square 6396 

miles. Recent harvest during 2014 of 32 square miles may be more typical of current and near term future 6397 

harvest levels.  6398 

The species composition of timber harvests has fluctuated during the past 45 years, as harvest has 6399 

often followed some disturbance agent such as mountain pine beetle in western white pine and lodgepole 6400 

pine, spruce beetle in Engelmann spruce, white-pine blister rust in western white pine, root disease in 6401 

Douglas-fir and grand fir, Douglas-fir beetle and spruce budworm in Douglas-fir, and wildfire in a variety 6402 

of species types. The current percentage of total hectares in each of the major species composition groups 6403 

within the approximately 8,687 square miles of lands suitable for timber production across the Northern 6404 

Region is 6 percent ponderosa pine, 13 percent dry Douglas-fir, 27 percent lodgepole pine, 6 percent 6405 

western larch, 12 percent mixed subalpine fir and Engelmann spruce, and 35 percent mixed western white 6406 

pine, grand fir, western hemlock, moist site Douglas-fir and western redcedar forests.  6407 

Many of the current timber harvests in mixed mesic types of northern Idaho and western Montana are 6408 

removing grand fir, Douglas-fir and western hemlock, and replanting western white pine, western larch 6409 

and ponderosa pine. Other harvests involve removal of lodgepole pine and replanting of western larch. 6410 

Thinning in ponderosa pine and dry Douglas-fir forests is also common. Within the eastern Montana and 6411 
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the GYA, harvesting is concentrated on mountain pine beetle-susceptible or dead lodgepole pine and 6412 

ponderosa pine, and thinning in ponderosa pine and dry forest Douglas-fir forests is also common. 6413 

Climate Change Responses 6414 

With increasing temperatures and the potential for increases in forest productivity (Aston 2010; Joyce 6415 

1995) and biomass accumulation (Lin et al. 2010) will probably come increases in timber production for 6416 

most NR forests (Garcia-Gonzalo et al. 2007). Since the majority of NR forested lands are in the mesic 6417 

montane, subalpine, and upper subalpine, the productivity increases are projected to be substantial. The 6418 

increase in biomass might result in higher basal areas, greater timber value, and increased regeneration 6419 

(Sohngen et al. 2001). However, these mesic temperate forests might also become denser, which may 6420 

result in decreased vigor that may offset gains in productivity from climate alone. Depressed vigor might 6421 

also increase susceptibility to insects and disease, and since insect and disease outbreaks are projected to 6422 

increase in severity and frequency, there may be some major timber losses from forest pathogen and 6423 

insect mortality (Joyce et al. 2008). There will also be an increase in potential mortality from wildland 6424 

fire with increased fuel, drier conditions, and longer fire seasons, and this might facilitate even more 6425 

timber losses. Future timber harvests from mature timberland might be a race against losses from 6426 

increased insects, disease, and fire. The greatest climate change impacts on commercial forestry may 6427 

come from changes in the disturbance regimes rather than changes in productivity (Kirilenko and Sedjo 6428 

2007). 6429 

There are other considerations in addressing how timber resources in the NR will change with 6430 

warming climates. First, the majority of roads on NR lands are in drier, lower elevation forests where 6431 

productivity may decline and more trees are projected to die from drought. Fewer roads are in the 6432 

subalpine and upper subalpine where productivities and associated timber values are likely to increase, 6433 

resulting in limited ability to transport timber to markets. Creation of new roads is expensive, risky, and 6434 

environmentally damaging. These higher lands are distant from timber markets and sawmills, and are also 6435 

more topographically complex and steep, thereby limiting the potential for mechanized timber removal 6436 

while also increasing harvesting costs. These higher elevation lands are also where most of the threatened 6437 
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and endangered plant and animal species are found, especially grizzly bear (Ursus arctos), Canada lynx 6438 

(Lynx canadensis), and wolverine (Gulo gulo), making it more difficult to implement timber harvest 6439 

projects in these sensitive areas. If increases in insects, diseases, and fire are realized, the quality of 6440 

timber will probably be reduced, and the value of the timber for building material will drop dramatically 6441 

(Gillette et al. 2014; Kirilenko and Sedjo 2007; Spittlehouse and Stewart 2004). Longer fire seasons will 6442 

probably mean there will be less time to perform forestry tasks, such as inventory, sale layout, and 6443 

cruising. This may also mean that less agency money will be spent on forestry projects, such as ecosystem 6444 

restoration, fuel treatments, and timber harvest sales, and more money will be spent on fire suppression 6445 

activities. As the risk of uncharacteristic fire severity due to uncharacteristically high forest density 6446 

increases, there will most likely be reductions in timber production opportunities, especially in dry forest 6447 

areas that may be lost and converted to grass and shrub lands (Allen et al. 2010). 6448 

Timber species will also shift in the future. Increases in temperature and soil moisture deficits may 6449 

result in shifts of desirable timber species, such as western larch, to species compositions that are 6450 

susceptible to root disease, such as Douglas-fir and grand fir. Any increases in production at mid and 6451 

higher elevations from warming temperatures could be offset by losses from root disease because of 6452 

continued fire exclusion. Land management efforts that create late-seral, shade-tolerant communities, 6453 

namely fire exclusion and some fuel treatments, will increase the risk that any standing timber will be 6454 

affected by damaging agents before it can be harvested.  6455 

Many new forest practices, harvesting techniques, and markets are being proposed to offset carbon 6456 

emissions from fossil fuels with carbon emissions from harvested biomass (Kirilenko and Sedjo 2007). 6457 

Most of these new technologies will result in better utilization of timber resources and a more diverse and 6458 

vibrant timber market. Biomass burning for energy, for example, could provide a market for non-6459 

commercial material removed from proposed fuel treatments. Slash piles could have value as biomass for 6460 

energy. A more diverse market for wood products would surely enhance potential timber harvests in the 6461 

NR, but it is essential that any proposed cutting activity be done in an ecological context, especially in 6462 

this time of rapidly changing climates. Proposed harvesting activities must address a wide diversity of 6463 
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issues, such as landscape character, species mix, successional dynamics, and fuels, to ensure these 6464 

activities are effective and to minimize the long-term environmental impact.  6465 

It is essential that ecological principles be used to design harvest treatments of the future to ensure the 6466 

creation of resistant, resilient forests that can withstand major impacts of climate change. Designing fuel 6467 

treatments without considering ecosystem restoration concerns, for example, might create forests that are 6468 

highly susceptible to insects and disease or fire. Favoring shade-tolerant, fire-susceptible species over 6469 

fire-tolerant, sun-loving, early-seral trees species is ecologically inconsistent and will likely create 6470 

landscapes that are intolerant of future climate change.  6471 

One proposed management alternative, carbon sequestration (see next section), might be cause for 6472 

concern. The main assumption of most carbon sequestration options is to maximize biomass to sequester 6473 

carbon from the atmosphere and put it into timber products to offset fossil fuel burning. The problem is 6474 

that this approach must recognize the role of disturbance to be effective in the long term. Many studies 6475 

have shown that the most resilient forests are ones with sub-optimal carbon sequestration. 6476 

Again, the major issue related to climate change and timber production in the near term is loss from 6477 

disturbance. The anticipated increases in drought, severe large wildfires, root disease, other diseases such 6478 

as white-pine blister rust, and insect damage such as that from large-scale bark beetle outbreaks, need to 6479 

be addressed throughout the NR. Tactics to increase landscape heterogeneity overall, and reduce forest 6480 

density in the dry forest types will be key climate change responses in the near term. Additionally, in the 6481 

short and long term, adjusting species composition and distribution will be very important to sustaining 6482 

long-term timber production. 6483 

Carbon Sequestration 6484 

Background 6485 

North American forests are considered important carbon sinks and currently offset about 13 percent 6486 

of annual continental fossil fuel emissions (Pacala et al. 2007). Size and persistence of forest carbon sinks 6487 

depends on land use and land management and environmental factors such as vegetation composition, 6488 

structure, and distribution, climate, and disturbance processes including wildfire. Carbon accumulates in 6489 
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woody biomass and soils for decades to centuries until a disturbance event releases this stored carbon into 6490 

the atmosphere. Although long intervals between disturbance events, such as wildfires or insect 6491 

outbreaks, can allow carbon to accumulate for years to centuries, probability of disturbance increases with 6492 

time (Loehman et al. 2014). Thus, disturbance-prone forests will eventually move stored carbon to the 6493 

atmosphere, regardless of management strategies designed to limit or prevent disturbance events. 6494 

However, unless structural or functional ecosystem shifts occur, net carbon balance in disturbance-6495 

adapted systems at steady state is zero when assessed over long time periods and at landscape scales. This 6496 

is significant to management for two reasons: (1) disturbance-prone ecosystems cannot be managed to 6497 

increase stored carbon over historical amounts without limiting the occurrence and magnitude of 6498 

disturbance events; and (2) major shifts in vegetation composition, distribution, and structure resulting 6499 

from climate change will result in different patterns of carbon storage on the landscape as compared with 6500 

the historical period. Thus, it is important to develop expectations for landscape carbon storage potential 6501 

in the context of projected climate change effects on both disturbance dynamics and vegetation patterns, 6502 

and the relationships between them.  6503 

Vegetated landscapes play an important role in storing carbon in the form of plant and animal 6504 

materials (both live and dead), aboveground and in soils. Forests store carbon in soils (approximately 45 6505 

percent of total storage), above and belowground live biomass (approximately 42 percent), deadwood 6506 

(approximately 8 percent), and litter (approximately 5 percent) (Bonan 2008; Pan et al. 2011). Since 6507 

forests contain large reservoirs of carbon (i.e., carbon sinks) and facilitate flows of carbon from the 6508 

atmosphere to the biosphere (i.e., carbon sequestration), they are an important component of the global 6509 

carbon cycle and are thought to have the potential to mitigate climate change (Ingerson 2007; Pan et al. 6510 

2011). For example, North American forests currently offset about 13 percent of annual continental fossil 6511 

fuel emissions (Pacala et al. 2007). The carbon sequestration potential of Earth’s forests is about 33 6512 

percent of global anthropogenic emissions from fossil fuels and land use (Denman 2007). Size and 6513 

persistence of forest carbon sinks, and thus their potential to mitigate climate change, depends on both 6514 

anthropogenic activities such as land use and land management, and environmental factors such as 6515 
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vegetation composition, structure, and distribution, climate, and disturbance processes including wildfire 6516 

(Loehman et al. 2014). Carbon typically accumulates in woody biomass and soils for decades to centuries 6517 

until a disturbance event releases this stored carbon into the atmosphere (Goward et al. 2008). 6518 

Disturbance is recognized as the primary mechanism that shifts ecosystems from carbon sinks to carbon 6519 

sources (Baldocchi 2008), and wildfire in forested ecosystems is one of the primary disturbances that 6520 

regulates patterns of carbon storage and release (Kasischke et al. 2000a,b). Forest insect outbreaks can 6521 

also release carbon through decomposition of needles and other fine fuels from attacked trees (Kurz et al. 6522 

2008). The amount and rate of carbon release from a disturbance event depends on the extent and severity 6523 

of the disturbance, as well as predisturbance site conditions and productivity (Bigler et al. 2005; Falk et 6524 

al. 2007). In the case of both wildfires and insect outbreaks, although long intervals between events can 6525 

allow carbon to accumulate for years to centuries, probability of disturbance increases with time (Clark 6526 

1989). Climate changes, in combination with other ecosystem stressors such as disturbance, may be 6527 

sufficient to cause structural or functional changes in ecosystems, and thus fundamentally alter carbon 6528 

dynamics of landscapes. 6529 

Climate Change Responses 6530 

As described in chapter 8, future warmer, drier conditions are likely to result in more frequent, larger 6531 

wildfires, and greater annual area burned, that will serve to move carbon from biomass storage to the 6532 

atmosphere. Warmer temperatures and increased drought stress are also projected to increase the area 6533 

susceptible to or affected by beetle outbreaks. Regrowth of forests following disturbance may be delayed 6534 

if the climatic conditions stress remaining or re-establishing species. Disturbance events in combination 6535 

with additional climate-caused stressors may also result in functional transitions, such as a shift from 6536 

forests to montane woodland or grassland-dominated vegetation types, which would likely result in less 6537 

stored carbon. Frequent fires may also maintain open woodlands and savannas that might sequester less 6538 

carbon than forests, but these carbon pools may be more stable and resilient to climate shifts. 6539 

Strategies that aim to manage carbon resources should consider the following: 6540 
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1. Is the system disturbance-prone? If so, is it reasonable to expect the system to accumulate 6541 

carbon over historical (steady-state) levels, especially given future climatic conditions that may 6542 

increase the frequency, severity, and magnitude of disturbance events? 6543 

2. What are appropriate temporal and spatial scales over which to measure carbon storage? 6544 

For example, in forests with multi-century disturbance cycles, it may take hundreds of years for 6545 

forests to attain pre-disturbance levels of carbon, but this does not mean that they have become 6546 

carbon sources at the appropriate, ecological scale of measurement? 6547 

3. Can potential future disturbance events be managed? For example, will it be possible to 6548 

suppress or exclude wildfires from the system in the future, and at what economic or ecological 6549 

costs? 6550 

4. Can additional stressors (e.g., drought stress, invasive weeds, and other management 6551 

activities) be mitigated, to help maintain existing vegetation communities? 6552 

5. How might the system change with changing climate and disturbance? For example, are 6553 

future climatic conditions conducive to persistence of forests, or will conditions become too 6554 

warm or dry for the current dominant species?  6555 

6. Do planned carbon accounting methods assess ecological benefits of natural disturbance 6556 

processes in carbon-equivalent units so that they can be weighed against carbon losses from 6557 

disturbance? For example, wildfires confer many important ecological benefits not measurable in 6558 

carbon units (e.g., nutrient release and redistribution and stimulation of plant growth, increased 6559 

productivity in soil systems from decomposition of burned material, initiation of vegetation 6560 

succession and forest regeneration, and increased availability of resources for surviving trees) that 6561 

may actually increase carbon sequestration rates. 6562 

Two complementary activities, monitoring and modeling, can improve our understanding of cross-6563 

scale ecological drivers and responses to disturbance (Loehman et al. 2014). Monitoring programs can be 6564 

used to quantify long-term carbon dynamics before and after disturbance, evaluate responses of 6565 

ecosystems to changes in climate, and identify shifts in ecosystem patterns and processes emergent under 6566 
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changing climates. Monitoring data can also be used to provide inputs to, calibrate, and validate models. 6567 

Models, in turn, can be used to simulate emergent environmental patterns, compare effects of potential 6568 

treatments, identify vulnerable landscapes or ecosystem components, and bridge gaps between landscape-6569 

scale ecological processes and variables measured in small areas and over short periods of time. There is 6570 

room for improvement on both fronts, as described previously in this chapter. Although it may be 6571 

tempting to meet policy-driven goals of increased carbon storage via management strategies designed to 6572 

exclude or limit the extent and magnitude of disturbance events (e.g., wildfires), it is important to 6573 

remember that native disturbance processes confer many important ecological benefits not measurable in 6574 

carbon units (e.g., nutrient release and redistribution and stimulation of plant growth, increased 6575 

productivity in soil systems from decomposition of burned material, initiation of vegetation succession 6576 

and forest regeneration, increased availability of resources for surviving trees). Thus, it will be important 6577 

to develop accounting methods that can assess ecological benefits in carbon-equivalent units so that they 6578 

can be weighed against carbon losses from disturbance. 6579 

VULNERABILITY ASSESSMENT 6580 

All items in each of the three scales of assessment were rated as to their vulnerability to climate 6581 

change using the same rubric employed across all chapters in this report (Table 6.4), and the results are 6582 

summarized in detail in appendix 6B. We populated a table with valuable information for the eight 6583 

categories in Table 6.4 using a thorough consideration of five factors: (1) climate; (2) disturbance; (3) life 6584 

history; (4) dependencies; and (5) other stressors. For climate, we considered whether the species, 6585 

vegetation type, or resource concern was sensitive to changes in direct effects of climate (temperature and 6586 

precipitation) or indirect effects of climate (e.g., soil moisture, snowpack, seasonality of flows, climatic 6587 

water deficit, altered flow regimes, and stream temperature). For example, we asked, “Does the system 6588 

inhabit a relatively narrow climatic zone or does it experience large changes in composition or structure 6589 

with small climatic changes?” We also considered both direct sensitivity to climate change (e.g., 6590 

ecophysiology and life history) and indirect sensitivity to climate change (e.g., ecological relationships 6591 

such as competition, dispersal, and migration). Vulnerability to disturbance was assessed in reference to 6592 
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whether the species, type, or concern was sensitive to major disturbances, mainly wildland fire, insect 6593 

outbreaks, drought, and pathogens. Disturbances are major catalysts for vegetation change and can 6594 

combine with climate stressors and non-climate stressors to create a broader stress complex with multiple 6595 

interactions. Life history aspects of the species and vegetation type were considered to address the impact 6596 

of a species’ growth rate, susceptibility to mortality, longevity, and reproductive strategy, which may 6597 

influence sensitivity to climate change. Species with long life spans may have lower vulnerability than 6598 

short-lived species. We also addressed the species dependencies on other ecosystem processes or 6599 

landscape elements. Riparian species, for example, are dependent on wet conditions. Lastly, non-climate 6600 

stressors, such as land use, grazing, and timber harvest, and fire exclusion were integrated into our 6601 

assessment.  6602 

The appendix 6B vulnerability assessment is further summarized in Table 6.5 for only the tree species 6603 

included in this report. We ranked each species by the NR geographic regions (fig. 6.1) and removed 6604 

those species that did not occur in those regions. We also included the rankings of two other efforts for 6605 

comparison purposes. The Devine et al. (2012) report assessed vulnerability for a number of tree species 6606 

in the Pacific Northwest, and the Hansen and Phillips (2015) effort assessed vulnerability for some NR 6607 

tree species using SDMs. This information is presented as a means to aid land managers to integrate 6608 

climate change impacts into their planning documents and analyses. 6609 

ADAPTATION STRATEGIES AND TACTICS 6610 

This chapter documents what could happen to NR forest resources under potential future climates. 6611 

However, the real question facing land managers is what they should do to adapt to climate change and 6612 

mitigate any adverse impacts incurred as a result of changing climate. Adaptation can be defined as 6613 

initiatives and measures to reduce the vulnerability of natural and human systems against actual or 6614 

expected climate change effects (IPCC 2007). Adaptation actions range from the simple, such as doing 6615 

nothing or increasing the harvest rotation age, to the complex, such as implementing fuel treatments to 6616 

reduce the risk of high-severity fire in ecosystems with rare plants (Spittlehouse and Stewart 2004). Most 6617 

land managers have the tools, knowledge, and resources to begin to address climate change, but as 6618 
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Swanston and Janowiak (2012) note, managers need to expand their thinking to consider new issues, 6619 

spatial scales, timing, and prioritization of efforts. For example, managers need to account for the high 6620 

variability and trend of climate in the design of alternative land management actions. 6621 

There are some fundamental principles that can serve as starting points in the development of 6622 

adaptation approaches (Joyce et al. 2008; Millar et al. 2007a; West et al. 2009). First, it will be 6623 

increasingly important to prioritize management actions based on both the vulnerability of resources and 6624 

on the likelihood that actions to reduce vulnerability will be effective (i.e., prioritization). Next, adaptive 6625 

management principles provide a decision-making framework that maintains flexibility and incorporates 6626 

new knowledge and experience over time (i.e., adaptive management). Management actions that result in 6627 

a wide variety of benefits under multiple scenarios but have little or no risk may be initial places to look 6628 

for near-term implementation (i.e., low-hanging fruit). Where vulnerability to a particular resource is 6629 

high, precautionary actions to reduce risk in the near term, even with existing uncertainty, may be 6630 

extremely important (i.e, triage). It is important to remember that climate change is much more than 6631 

increasing temperatures; increasing climate variability across all components of climate, such as 6632 

precipitation, humidity, and radiation, will lead to equal or greater impacts that will need to be addressed 6633 

(i.e., increased uncertainty). Lastly, many adaptation actions are often complementary with other land 6634 

management actions, and any actions to adapt forests to future conditions may also help restore these 6635 

forests to healthy conditions (i.e., multiple objectives). When designing adaptation actions, it is important 6636 

to address and integrate these principles to maximize efficiency.  6637 

The concepts of resistance, resilience, and response serve as the fundamental options for managers to 6638 

consider when responding to climate change using adaptation (Millar et al. 2007a; Swanston and 6639 

Janowiak 2012). Resistance options improve the ecosystems defenses against anticipated climate change 6640 

responses or directly defend the ecosystem against disturbance to maintain current conditions. Resistance 6641 

actions are often effective in the short term, but it is likely that resistance options may require greater 6642 

effort over the long term as the climate shifts further from historical norms. Moreover, there is a real risk 6643 

that the ecosystem will undergo irreversible change because of large climatic shifts, thereby rendering all 6644 
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resistance activities ineffective. Resilience options allow some change, but emphasize a quick return to 6645 

prior conditions after a disturbance. Resilience actions are also short-term and should be used for high-6646 

value resources or areas that are buffered from climate change impacts. Response options intentionally 6647 

accommodate change and allow ecosystems to adaptively respond to changing and new conditions. A 6648 

wide range of actions exists under this option, all working to influence ways in which ecosystems adapt to 6649 

future conditions.  6650 

Resistance, resilience, and response options serve as the broadest and most widely applicable level of 6651 

a continuum of management responses to climate change. Along this continuum, adaptation actions 6652 

become increasingly specific from options to strategies to tactics. Adaptation strategies describe how 6653 

adaptation options could be employed, but they are still broad and general in their application across 6654 

ecosystems, while tactics are more specific adaptation responses, and they can provide prescriptive 6655 

directions on how actions can be applied on the ground.  6656 

There are many broad strategies and associated tactics that can be used to adapt to climate change 6657 

impacts in the NR, and the major ones that were identified by managers and scientists in a series of 6658 

workshops in the fall of 2015 are detailed in Table 6.6 and described below. Adaptation tactics for all NR 6659 

species, vegetation types, and resource concerns discussed in this chapter are summarized in Table 6.7. 6660 

Adaptation tactics were designed at different scales and levels of organization. Some concern NR 6661 

managers at the highest levels of agency organization, while others concern ecologists, silviculturists, and 6662 

resource specialists at the lower levels of organization. Some tactics concern multiple species or 6663 

resources, while others are specific to just one entity. These tactics were design so that NR managers can 6664 

use these recommendations to directly address climate change impacts in their planning and 6665 

implementation of any action, specifically National Environmental Policy Act analysis. 6666 

As in other adaptation efforts, many tactics developed by NR managers were focused on protecting 6667 

forests from severe disturbance, mainly fire (Table 6.6). For example, managers identified promoting 6668 

disturbance-resilient forest structure and species as key strategies. Thinning and prescribed fire can both 6669 

be used to reduce forest density and promote disturbance-resilient species. Disturbance-resilient species 6670 
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can also be planted. Managers recognized the importance of promoting and planting site-adapted species, 6671 

specifically western larch and western white pine on moist sites, ponderosa pine on dry sites, Douglas-fir 6672 

on extremely dry sites, and lodgepole pine on harsh sites that are difficult to regenerate.  6673 

Preparing for disturbance will also be important under a changing climate. Tree regeneration after 6674 

severe fire may be more limited in the future with increased drought. Promoting legacy trees of 6675 

disturbance-resilient species may help to increase postfire regeneration. Managers may also want to 6676 

increase seed collection and ensure that adequate nursery stock is available for post-disturbance planting.  6677 

Another theme in the adaptation strategies and tactics developed by NR managers was promoting 6678 

diversity, including species diversity, genetic diversity, and landscape diversity. Increasing diversity is a 6679 

“hedge your bets” strategy that reduces risk of major forest loss. Areas with low species and genetic 6680 

diversity will likely be more susceptible to the stressors associated with climate change, and thus, 6681 

promoting species and genetic diversity, through plantings and in thinning treatments, will likely increase 6682 

forest resilience to changing climate. Promoting landscape heterogeneity, in terms of species and 6683 

structure, will also likely increase resilience to wildfire, insects, and disease.  6684 

There is a lot of uncertainty associated with climate change, and managers identified several ways to 6685 

increase knowledge and manage in the face of uncertainty. Implementation of an adaptive management 6686 

framework can help managers deal with uncertainty and adjust management over time. In the context of 6687 

climate change adaptation, adaptive management involves: definition of management goals, objectives 6688 

and timeframes; analyzing vulnerabilities; determining priorities; developing adaptation strategies and 6689 

tactics; implementing plans and projects; and monitoring, reviewing, and adjusting (Millar et al. 2014). 6690 

Development of a consistent monitoring framework that can capture ecosystem changes with shifting 6691 

climate is a key component of the adaptive management framework. For example, tracking tree species 6692 

regeneration and distribution will help managers determine how species are responding to climatic 6693 

changes and how to adjust management accordingly (e.g., guidelines for planting). Integration between 6694 

research and management and across resource areas (e.g., forest management and wildlife) will also be 6695 

key in implementation of the adaptive management framework to ensure that the best available science is 6696 
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being considered in on-the-ground management and that management approaches do not conflict (e.g., 6697 

what effects will particular thinning treatment have on wildlife?).  6698 

Managers also identified adaptation strategies and tactics to maintain particular species or community 6699 

types of concern. For example, climate change will likely lead to increased whitebark pine mortality 6700 

through increased mountain pine beetle activity, fire and white-pine blister rust. There will also likely be a 6701 

loss of site conditions that support whitebark pine. To promote resilient whitebark pine communities, 6702 

managers may want to focus restoration efforts on sites less likely to be affected by climate change (i.e., 6703 

refugia). A variety of management strategies can be implemented to promote whitebark pine, including 6704 

fire management, planting at lower elevations, and removing other dominant species (e.g., lodgepole pine, 6705 

spruce and fir). Genetically selected seedlings can also be planted to promote blister rust resistance. 6706 

Finally, managers recognized that stressors associated with climate change cross boundaries, making 6707 

it increasingly important that agencies coordinate and work across boundaries. Agencies can coordinate 6708 

by aligning budgets and priorities for programs of work, communicating about projects adjacent to other 6709 

lands, and working across boundaries to maintain roads, trails and access that will likely be more 6710 

frequently impacted by fire and flood events under changing climate.  6711 

DISCUSSION 6712 

Given the high uncertainties in predicting climate, vegetation, and disturbance responses to increasing 6713 

CO2, we feel that assessing vegetation change and vulnerabilities is currently more of an educated guess 6714 

based on inconsistent and contradictory studies rather than a highly confident evaluation of 6715 

comprehensive scientific investigation. Many of the techniques used to predict tree species response to 6716 

climate change in the literature present only one possible future out of seemingly unlimited possibilities. 6717 

These predictions would change if a new climate change scenario were used; if new data were augmented 6718 

with existing data; if new variables were included in the analysis; if simulation parameters were modified; 6719 

or if new algorithms were included in existing models. Moreover, there are still many unknowns in 6720 

ecosystem science, and if you link those unknowns to the unknowns in climate systems, these 6721 
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uncertainties would certainly swamp any educated guesses that we might have. The end result is that 6722 

these projections and assessments must be interpreted in the context of high uncertainty.   6723 

One important lesson that we learned while writing this chapter is that climate change is only one of 6724 

the many challenges facing land managers, and some of these other challenges might be more important 6725 

than mitigating climate change. We found that by successfully mitigating ecosystem impacts from past 6726 

management actions, such as fire exclusion and exotics introductions, will also mitigate against climate 6727 

change impacts. Restoring fire-prone ecosystems declining due to fire exclusion, for example, might 6728 

successfully solve two issues – it would increase ecosystem health and create resilient forests that could 6729 

thrive under future climate changes. These fire-dominated forests have already experienced great 6730 

variation in past climate and clearly have broad amplitudes of resilience with respect to climate. In 6731 

another example, fostering greater rust-resistance in our native five-needle pines may allow us to create 6732 

those forests that are less vulnerable to changes in climate. There will be places in the NR where the 6733 

primary challenge will be climate change impacts, such as drought at the lower treeline, but overall, we 6734 

feel that the best approach is to integrate climate change considerations into current management actions 6735 

rather than conduct management actions for the sole purpose of climate change mitigation. Ecosystem 6736 

restoration, as a prime example, could be the best approach for preparing for climate change. 6737 

The main question then, is how do we restore ecosystems in the NR? Managers need reference 6738 

conditions at the stand and landscape scales to prioritize, plan, design, and implement effective restoration 6739 

activities. This becomes somewhat problematic when we need that reference to include the trend and 6740 

variability of future climate. Considering the high uncertainty of future climate and vegetation 6741 

projections, and knowing the resilience of fire-adapted species, we suggest that any conclusions about the 6742 

infeasibility of ecosystem restoration under changing climate are imprudent. On one hand, it may be more 6743 

prudent to wait until simulation technology has improved to include credible pattern and process 6744 

interactions with realistic regional climate dynamics for the future so that we base decisions on the 6745 

restoration of ecosystems on better information. But improving ecosystem models may take decades 6746 

before simulations can be used to predict species and landscape response to climate change with 6747 
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reasonable accuracy, and while we wait, we lose valuable populations and rust-resistant trees, and our 6748 

options for restoration diminish greatly. Even with climate change, restoration activities will probably be 6749 

appropriate considering the considerable genetic variation across the range of this species, which provides 6750 

the foundation for adaptation (Rehfeldt et al. 1999; Bower and Aitken 2006, 2008, Mahalovich and 6751 

Hipkins 2011). Therefore, we believe that the current emphasis on ecosystem restoration in the NR will 6752 

lead to more resilient ecosystems for the future. Until we have realistic models and less uncertain climate 6753 

change projections, we desperately need a construct to use as a reference for restoration. It may be less 6754 

uncertain to use historical data to guide future management actions rather than build new references based 6755 

on uncertain climate change projections. Therefore, we believe that historical ranges and variability 6756 

(HRV) may provide sufficient reference conditions in the future.  6757 

We feel that the concept of HRV still has a valid place in land management, at least for the near 6758 

future. Landscape models can be used to simulate fire regimes and their interaction with climate and 6759 

vegetation to create HRV time series that can be used as reference conditions to assess, plan, evaluate, 6760 

design, and implement ecosystem restoration treatments. HRV should only be used to guide land 6761 

management; not as a target on which to evaluate success or failure. There are few measures of ecosystem 6762 

health that match the scale, scope, flexibility, and robustness of HRV analysis. HRV might provide a 6763 

useful, but not ideal, reference for land management over the next several decades until simulation 6764 

modeling advances to a level where future models can forecast both accurate climate and climate 6765 

responses by the ecosystems.  6766 

CONCLUSIONS 6767 

Climate change is one of many challenges facing land managers, and some of these other challenges 6768 

might be more important than climate change. In addition, mitigating past ecosystem damage (e.g., fire 6769 

exclusion and nonnative introductions) is a climate-smart practice. For example, restoring fire-prone 6770 

ecosystems can both improve ecosystem function and create forests that will be resilient in a warmer 6771 

climate. Fire-prone forests have already experienced variation in past climate and have broad amplitudes 6772 

of resilience with respect to climate. There will be places in the NR where climate change will be the 6773 
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primary challenge (e.g., drought at lower treeline), but integrating climate change considerations into 6774 

current management operations is preferable to a climate-centric management strategy. Even with climate 6775 

change, restoration will be appropriate considering the high genetic variation across the range of forest 6776 

species, providing a foundation for adaptation (Bower and Aitken 2006, 2008; Mahalovich and Hipkins 6777 

2011; Rehfeldt et al. 1999).  6778 

Multi-resource monitoring will be critical for managing ecosystems in the future, building on existing 6779 

monitoring systems but with additional elements to accommodate the effects of climate change (Janowiak 6780 

et al. 2014). Although costly in terms of money and personnel, an extensive monitoring system will save 6781 

money in the long run by evaluating the effectiveness of adaptation tactics and providing a means to 6782 

adjust them. Without monitoring, it will be impossible to know the magnitude and trend of climate effects 6783 

on vegetation, or if actions proposed in this document (see adaptation section) are useful for planning and 6784 

management. Monitoring data can also be used to provide inputs to, calibrate, and validate models. 6785 

Models, in turn, can be used to simulate emergent environmental patterns, compare effects of potential 6786 

treatments, identify vulnerable landscapes or ecosystem components, and bridge gaps between large-scale 6787 

ecological processes and variables measured in small areas and over short periods of time. Therefore, any 6788 

future land management planning will be complete only if a plan for monitoring proposed actions is 6789 

included. 6790 
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Chapter 7: Effects Of Climate Change On Rangeland Vegetation 8561 

Matt C. Reeves, Mary E. Manning, Jeff P. DiBenedetto, Kyle A. Palmquist, William K. Lauenroth, John 8562 

B. Bradford, and Daniel R. Schlaepfer 8563 

 8564 

INTRODUCTION 8565 

Rangelands are dominated by grass, forb, or shrub species, but are usually not modified using 8566 

agronomic improvements such as fertilization or irrigation (Lund 2007; Reeves and Mitchell 2011) as 8567 

these lands would normally be considered pastures. Rangeland includes grassland, shrubland, and desert 8568 

ecosystems, alpine areas, and some woodlands (box 7.1). Within the Northern Rockies, rangelands 8569 

occupy more than 65 million acres (Reeves and Mitchell 2011). Ecosystem services derived from 8570 

rangelands in the Northern Region include, but are not limited to, forage for millions of domestic and 8571 

wild ungulates, greater sage-grouse (Centrocercus urophasianus) habitat, and numerous recreational 8572 

opportunities (see chapter 10).  8573 

The sustainability of goods and services is threatened by land-use change, including residential 8574 

development, energy development, and invasive (nonnative) plant species (see chapter 11). These threats, 8575 

expressed against the backdrop of climate change, pose unique challenges for managers in the Northern 8576 

Region. The effects of climate change on rangelands have received less attention than forests, but similar 8577 

to forests, past and future human land-use activities may exceed climate change effects, at least in the 8578 

short term (Peilke et al. 2002). Interactions between land-use change, management, and climate change 8579 

are not well understood and difficult to forecast. Therefore, this analysis of potential climate change 8580 

effects on rangelands does not explicitly include estimates of future land-use change or management, and 8581 

instead focuses estimated regeneration success, response to disturbance (especially fire), and life history 8582 

traits.  8583 

Relative to forests, rangelands usually occur in more arid environments, either due to edaphic (e.g., 8584 

some montane grasslands, subalpine shrublands, and fell-fields) or climatic factors. These arid conditions 8585 
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present challenges for studying the effects of climate change because some rangelands will be less 8586 

resilient to changes in environmental influences such as fire regimes and periodicity of precipitation. 8587 

Understanding resistance and resilience for rangelands is important for estimating possible effects of 8588 

climate change. Generally speaking, resilience refers to the capacity of ecosystems to regain structure, 8589 

processes, and functioning in response to disturbance (Allen et al. 2005; Holling 1973), whereas 8590 

resistance describes capacity to retain these community attributes in response to disturbance (Folke et al. 8591 

2004). These concepts are especially critical when considering establishment of nonnative plants and 8592 

interactions between climate change stressors (Chambers et al. 2014). In the Northern Rockies, areas 8593 

receiving higher precipitation and cooler temperatures generally result in greater resources and more 8594 

favorable conditions for plant growth and reproduction (Alexander et al. 1993; Dahlgren et al. 1997). 8595 

These concepts are demonstrated in figure 7.1, which indicates that management for ecosystem services 8596 

derived from rangelands will be relatively more effective in more mesic rangelands.  8597 

In this chapter we explore potential effects of climate change on selected rangeland habitats. The 8598 

evaluation of risk was qualitatively and synthetically determined using a combination of workshop 8599 

output, literature (where available) and our judgement and that of two reviewers. It is meant to represent 8600 

our best guess as to the relative vulnerability of each system to estimated perturbations brought forth by 8601 

expected changes in climate across the Northern Region.  8602 

VEGETATION CLASSES 8603 

The rangeland assessment focuses largely on groupings of vegetation types but also references 8604 

individual species where information and data suggest inferences can be made for species. Identifying 8605 

rangeland vegetation to be included in the vulnerability assessment was accomplished by first reviewing 8606 

the extent of rangelands within the conterminous United States (Reeves and Mitchell 2011). The National 8607 

Resources Inventory (NRI) definition (box 7.1) of rangelands was used to identify rangelands within the 8608 

Northern Rockies. The list of U.S. Ecological Systems designated as rangelands that were retained for 8609 

evaluation is found in table 7.1. The great complexity of rangeland vegetation combined with a paucity of 8610 

climate change effects studies suggests that a grouping) of individual vegetation types into classes would 8611 
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be useful. The resulting grouping and the final groups to be analyzed include Northern Great Plains 8612 

(mixtures of cool and warm-season species), montane shrubs, montane grasslands (referred to as “western 8613 

grasslands” and dominated by cool season species), and sagebrush systems. It is important for the reader 8614 

to understand that multiple vegetation types comprise each of the four broad classes of vegetation. In the 8615 

case of sagebrush systems, however, four groups were identified (short sagebrushes, big sagebrushes, 8616 

sprouting sagebrushes, and mountain sagebrush) which were subsequently further permuted by individual 8617 

types (table 7.1).  8618 

The Northern Great Plains has a broad geographic expanse and mixture of both cool-season (C3) and 8619 

warm-season (C4) species. Montane shrubs are comprised of species important for browsing by native 8620 

ungulates. Montane grasslands have a unique position on the landscape, dominance of cool-season 8621 

species, relative scarcity and specific types of habitats they provide in juxtaposition to forest vegetation.  8622 

Sagebrush systems (dominated by species in the genus Artemisia) provide critical wildlife habitat, 8623 

including for the imperiled greater sage-grouse, and are a ubiquitous and iconic species in much of the 8624 

western United States. In addition, sagebrush systems, especially those dominated by big sagebrushes 8625 

(Wyoming big sagebrush [Artemisia tridentata ssp. wyomingensis], mountain big sagebrush [A. tridentata 8626 

ssp. vaseyana], and basin big sagebrush [A. tridentata ssp. tridentata]) have been more widely studied, at 8627 

least partially as a result of recent research on sage-grouse habitat. Therefore, the vulnerability of some 8628 

sagebrush species is supported by a richer body of information than for other vegetation. However, this 8629 

does not mean that all sagebrush types have been studied equally in the context of climate change. To 8630 

reflect the disparate amount of study on climate change effects on sagebrush species, four sagebrush types 8631 

were delineated for the Northern Rockies for the purposes of this study (fig. 7.2, sagebrush types): 8632 

 Big sagebrushes—Wyoming big sagebrush and Basin big sagebush  8633 

 Low sagebrushes—low sagebrush (A. arbuscula) and black sagebrush (A. nova) 8634 

 Sprouting sagebrushes—silver sagebrush (A. cana) and three-tip sagebrush (A. tripartita) 8635 

 Mountain big sagebrush  8636 
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Figure 7.2 does not represent an exact accounting of these four vegetation classes but suggests an 8637 

estimated distribution where each grouping is usually found. In addition, using Ecological Systems 8638 

mapped at this level it is not possible to differentiate the distribution of silver and three-tip sage as they 8639 

are often disjunctively commingled with other types. As a result, only three categories are mapped but 8640 

within the largest category, the big sagebrushes, and sprouters are all represented in one estimated 8641 

distribution.  8642 

The Wyoming and basin big sagebrush types were aggregated for their similar life histories, stature, 8643 

and areal coverage in the Northern Region, and because they represent critical habitats for many species 8644 

of birds and wild and domestic ungulates. Despite having similar life history traits, basin big sagebrush 8645 

occupies sites with deeper soils (often on alluvial fans). These conditions tend to increase available 8646 

moisture with higher coverage by perennial bunchgrasses, suggesting these sites may be more resilient 8647 

and resistant to various threats (Chambers et al. 2007). Similarly, the low sagebrushes were chosen for the 8648 

unique habitats they represent (especially black sagebrush) and similar life histories. Both silver 8649 

sagebrush and three-tip sagebrush can resprout after fire, making them unique in that regard among the 8650 

sagebrush species, with the exception of periodic sprouting by some variants of mountain big sagebrush.  8651 

Finally, mountain big sagebrush was chosen for its (usually) distinct positioning on the landscape, in 8652 

addition to being the most mesic of sagebrush communities in the Northern Rockies. Communities 8653 

dominated by Wyoming big sagebrush are by far the most common and occupy the greatest area (table 8654 

7.2), whereas the low sagebrush type occupies the least. However, although basin and Wyoming 8655 

sagebrush are common throughout the Northern Region, mountain big sagebrush communities occupy the 8656 

greatest extent on lands managed by the Forest Service, U.S. Department of Agriculture. Although the 8657 

communities dominated by the Artemisia species listed here were subdivided for evaluating possible 8658 

effects of climate change, four species (Basin-big, Wyoming, three-tip, and silver) were grouped for 8659 

mapping purposes as the “big or sprouter” category (table 7.1) since differentiating these across the 8660 

landscape was impractical. 8661 
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VEGETATION PRODUCTIVITY IN RESPONSE TO CLIMATE CHANGE 8662 

Although the current extent of rangeland in the Northern Rockies can be accurately described, 8663 

uncertainty in the underlying global climate models (GCMs) used to estimate climate change effects (see 8664 

chapter 3), and uncertainty in models of physiological response, make it difficult to confidently project 8665 

the effects of climate change on rangelands. Our understanding of the potential effects of climate change 8666 

can be improved if comparisons of impacts are made with other areas our understanding of the relative 8667 

effects in the Northern Region can be improved.  8668 

The primary inference about climate change effects on rangeland vegetation nationally is one of 8669 

increasing temperature, lower soil moisture, changing phenology, and decreasing annual production. 8670 

However, projected temperatures exhibit far less variability among scenarios and GCMs than 8671 

precipitation. Therefore, areas where projections suggest temperature rather than precipitation is a 8672 

dominant driver may be more reliable. Figure 7.3 suggests that, relative to much of the rest of the country, 8673 

the Northern Region could experience an increase in annual net primary productivity (NPP). In addition, 8674 

the modeled overall increases in productivity appear to be more consistent in the Northern Rockies 8675 

compared with other areas because there is less disagreement among the three emission scenarios 8676 

evaluated (Nakicenovic et al. 2000; Reeves et al. 2014). 8677 

Changing climate regimes will also influence phenology in unexpected ways. For example, in 8678 

tallgrass prairie (a rare type in the Northern Rockies), a 7.2 °F increase in ambient temperature caused 8679 

earlier anthesis among spring blooming species and later anthesis in fall-blooming species (Sherry et al. 8680 

2007), implying that climate change will influence vegetation in complex ways (Suttle et al. 2007; 8681 

Walther 2010). In addition, effects of climate change may be greater at higher elevations (Beniston et al. 8682 

1997) (fig. 7.3, panel A), a logical projection for the Northern Rockies where the primary factor limiting 8683 

plant growth at high elevations is growing-season length and cold temperatures.  8684 

The modeled overall effect of projected climate change in the Northern Rockies appears to be 8685 

increased growing season length and increased NPP, which may be especially pronounced at higher 8686 

elevations. Removal of growth limitations could result in significant changes in vegetation at higher 8687 
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elevations, such as the Greater Yellowstone Area subregion. Higher NPP may seem counterintuitive 8688 

because increased temperatures suggest greater moisture stress and therefore potentially less favorable 8689 

growing conditions. Indeed, if all other factors besides temperature remained constant in the future, then 8690 

vegetation might experience significant reductions in productivity from increased evaporative demand 8691 

and reduced soil moisture. Conversely, some high elevation areas may experience increased production 8692 

with increasing temperatures (Reeves et al. 2014), especially some relatively more mesic areas supporting 8693 

mountain sagebrush.  8694 

Increased atmospheric CO2 concentrations may modify ecophysiological growth processes in 8695 

rangeland vegetation. Carbon dioxide enrichment can enhance water use efficiency through reduced water 8696 

lost through stomata (see chapter 6), but the response is not consistent across all vegetation. For example, 8697 

in tallgrass prairie, Owensby et al. (1999) found that elevated CO2 could increase productivity of above- 8698 

and below-ground biomass, but response depended on water stress. These findings are consistent with 8699 

results from Reeves et al. (2014) and suggest that desiccation effects of increased temperature can be 8700 

offset to some extent by CO2 enrichment via reduced transpirational demand (Leakey 2009; Morgan et al. 8701 

2004b, 2011; Woodward and Kelly 2008), and higher water use efficiency (Bachelet et al. 2001; 8702 

Christensen et al. 2004; Morgan et al. 2008, 2011; Polley et al. 2003).  8703 

Recent experimental research on the Northern Great Plains is particularly relevant to the managers in 8704 

the Grassland subregion where northern mixed grass prairie dominates. The Prairie Heating and CO2 8705 

Enrichment (PHACE) study reported an increase of aboveground productivity by an average of 33 8706 

percent over three years (Morgan et al. 2011), which substantiates estimates of Reeves et al. (2014) of a 8707 

28 percent increase in productivity for the Northern Great Plains by 2100.  8708 

As a footnote to the discussion above, it is important to note that all models are a simplification of 8709 

reality, and interpretation of model results needs to consider uncertainty, inputs, and model assumptions. 8710 

Models cited here have increasing disparity as time progresses, especially in more arid regions where 8711 

changing precipitation amounts and patterns may be the primary driver of change. 8712 

Management Concerns  8713 
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The primary management and ecological concerns affecting rangelands in the Northern Rockies 8714 

identified include uncharacteristic fire regimes, improper grazing, and invasive species. Uncharacteristic 8715 

fire regimes, which are based on the historic fire regime, threaten some rangeland habitats, especially 8716 

sagebrush steppe, across much of the western United States including the Northern Rockies. It is 8717 

suggested, however, that the overall concern over uncharacteristic fire regimes is smaller than for other 8718 

regions such as the Great Basin. On one end of the spectrum, it appears “too much” fire presently affects 8719 

the landscape relative to historic fire regimes, because many sagebrush habitats now have shortened fire 8720 

return intervals. It is widely documented that increasing dominance of invasive annual grasses have 8721 

created a positive feedback cycle characterized by frequent fire followed by increased dominance of 8722 

annual grasses that further create fuel conditions that facilitate combustion (Chambers et al. 2007). These 8723 

conditions are exacerbated by wetter and warmer winters, which are projected throughout the study area 8724 

in the future.  8725 

On the other end of the spectrum, fire exclusion has led to decreased fire return intervals that may be 8726 

responsible for Douglas-fir (Pseudotsuga menziesii) encroachment into montane grasslands (Arno and 8727 

Gruell 1986), and in higher elevation sagebrush habitats, especially those dominated by mountain big 8728 

sagebrush (Heyerdahl et al. 2006) (fig. 7.4). Overall, the invasive species of greatest concern throughout 8729 

rangelands of the Northern Region in sagebrush communities is cheatgrass (Bromus tectorum), although 8730 

Japanese brome (B. japonicus) and leafy spurge are also concerns in the Northern Great Plains. Recent 8731 

range expansion of cheatgrass is particularly prominent in the western half of the Northern Rockies and 8732 

can be somewhat explained by genetic variation leading to increased survival and persistence in otherwise 8733 

marginal habitats (Merrill et al. 2012; Ramakrishnan et al. 2006). This rapid range expansion may be 8734 

enhanced by elevated atmospheric CO2 concentrations and increased soil disturbance (Chambers et al. 8735 

2014). Improper grazing, a term referring to the mismanagement of grazing that produces detrimental 8736 

effects on vegetation or soil resources, can exacerbate these conditions (see chapter 6). However, U.S. 8737 

rangelands are generally not improperly grazed (Reeves and Bagget 2014; Reeves and Mitchell 2011) to 8738 

the point of degradation. Although improper grazing does occur, it is not the normal condition across the 8739 
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extent of rangeland rangelands in the Northern Region. Where improper grazing does occur, it can 8740 

accelerate the annual grass invasion/fire cycle, especially in some sagebrush types, the Northern Great 8741 

Plains, and montane grasslands.  8742 

BROAD-SCALE VULNERABILITY OF RANGELANDS TO CLIMATE CHANGE 8743 

Determining the vulnerability of rangeland vegetation is a difficult task inherently wrought with great 8744 

uncertainty. Uncertainty exists in the projections of future climatic conditions as well as in expected 8745 

effects of vegetation. Given the lack of studies focused on manipulated climate on vegetation 8746 

performance, we are limited to past observations; some published scientific studies, and our collective 8747 

best judgement. Despite the lack of focused studies on the effects of climate change on rangeland 8748 

vegetation and the large uncertainty of projected climates, there are a few elements of climate change that 8749 

are increasingly recognized as potential outcomes. As a result, in this section, we briefly discuss some 8750 

overarching expected climatic conditions against which the estimation of likely future vegetation 8751 

outcomes of each previously identified vegetation class is formulated.  8752 

Of all the estimated future climate outcomes, projected temperature increases (IPCC 2014; chapter 3) 8753 

are expected to increase evaporative demand (e.g. potential evapotranspiration; Klos et al. 2014) and pose 8754 

greater overall temperature stress (Polley 2013). Projected changes in precipitation patterns and 8755 

increasing potential evapotranspiration could encourage more frequent and intense fires from the 8756 

combined effects of early season plant growth combined with the desiccating effects of warmer, drier 8757 

summers (Morgan et al. 2008). Collectively, these changes may result in considerably drier soils, 8758 

particularly in the summer months when plants are phenologically active (Bradford et al. 2014; Polley et 8759 

al. 2013). However, winter precipitation is projected to increase by 10 to 20 percent in the Northern 8760 

Region (IPCC 2014; Shafer et al. 2014; chapter 3), which may compensate for increasing severity and 8761 

frequency of droughts. In addition, rising CO2 levels may offset water loss due to higher evaporative 8762 

demand by increasing stomatal closure and water use efficiency.  8763 

Warmer winters, and decreasing snowpack may also be significant factors affecting rangeland 8764 

vegetation classes discussed below. Minimum temperatures are expected to increase more than maximum 8765 
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temperatures, providing longer frost-free periods. Warmer, wetter winters would favor early-season plant 8766 

species and tap-rooted species that are able to access accumulated early growing season soil water (Polley 8767 

et al. 2013). These conditions are projected to significantly increase annual area burned and fire intensity 8768 

(Westerling et al. 2006).  8769 

Montane Grasslands 8770 

Montane grasslands are associated with mountainous portions of the Northern Rockies including the 8771 

Palouse prairie and canyon grasslands of northern and central Idaho. Montane grasslands occur in 8772 

intermountain valleys, foothills, and mountain slopes from low to relatively high elevation. They are 8773 

dominated by cool-season (C3) grasses, along with a large number of forbs and upland sedges. Shrubs 8774 

and trees may occur with low cover. Dominant species include bluebunch wheatgrass (Pseudoroegneria 8775 

spicata), rough fescue (Festuca campestris), Idaho fescue (F. idahoensis), Sandberg bluegrass (Poa 8776 

secunda), needle-and-thread (Hesperostipa comata), western wheatgrass (Pascopyrum smithii), prairie 8777 

junegrass (Koeleria macrantha), western needlegrass (Achnatherum nelsonii), and Richardson’s 8778 

needlegrass (A. richardsonii).  8779 

Many low elevation grasslands have been converted to agricultural use or are grazed by domestic 8780 

livestock. They have also been subject to extensive human use and land-use conversion. Those grasslands 8781 

that remain, particularly at lower elevations, are typically highly disturbed, fragmented, and frequently 8782 

occupied by many nonnative, invasive plant species. Prolonged improper livestock grazing, native 8783 

ungulate herbivory, and nonnative invasive plants are the primary stressors in these grasslands (Finch 8784 

2012). Loss of topsoil can occur if vegetation cover and density decline and bareground increases. Lack 8785 

of fire is also a chronic stressor because conifers from lower montane forests can become established in 8786 

some areas, and increase in density and cover with fire exclusion (Arno and Gruell 1986; Heyerdahl et al. 8787 

2006). As conifer density and cover increase with fire exclusion, grass cover declines, because most 8788 

grassland species are shade intolerant (Arno and Gruell 1983). Although lack of fire has been a stressor, if 8789 

fires become hotter and more frequent, there is an increased risk of mortality of native species and 8790 

invasion by nonnative plant species but invasive plants may not always establish and dominate a site 8791 
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(Ortega et al. 2012; Pearson et al. in review) under these conditions. It is thought, however, that greater 8792 

spring and winter precipitation may facilitate exotic annual grasses, particularly cheatgrass, which 8793 

germinates in the winter/early spring, to establish and set seed earlier than native perennial grasses (Finch 8794 

2012). This creates an uncharacteristic, continuous fine fuel load that is combustible by early summer, 8795 

burning native perennial grasses often before they have matured and set seed (Bradley 2008; Chambers et 8796 

al. 2007). Other nonnative species, such as spotted knapweed (Centaurea melitensis), Dalmatian toadflax 8797 

(Linaria dalmatica), butter-and-eggs (Linaria vulgaris), and sulphur cinquefoil (Potentilla recta) respond 8798 

favorably after fire and can increase in cover and density.  8799 

Nonnative, invasive plant species will probably expand particularly in the lower elevation grassland 8800 

communities as these communities become warmer and drier since resistance to invasion may decrease 8801 

(Chambers et al. 2014). Greater disturbance will likely increase the rate and magnitude of infestation 8802 

(Bradley 2008). In addition, drier site conditions coupled with ungulate effects (grazing, browsing, hoof 8803 

damage) may increase bare ground along with associated increases in surface soil erosion (Washington-8804 

Allen et al. 2010). Low-elevation grasslands may shift in dominance towards more drought tolerant 8805 

species. Some model output, such as MC2 (Bachelet et al. 2001) suggests that cool season (C3) 8806 

grasslands will decline and that warm season (C4) grasslands will expand based solely on temperature 8807 

trends. However, research indicates that elevated CO2 favors C3 grasses and enhances biomass 8808 

production, whereas warming favors C4 grasses due to increased water use efficiency (Morgan et al. 8809 

2004a, 2007). Although C3 grasses dominate Western montane grasslands, a warmer and drier climate 8810 

may allow C4 grasses (primarily northern Great Plains species) to expand westward into montane 8811 

grasslands. In general, it is likely that with increased warming and more frequent fires, grasslands will 8812 

become a more dominant landscape component as shrublands and lower montane conifer forests are 8813 

burned more frequently and unable to regenerate. Increasing fire would also encourage more invasive 8814 

species in grasslands (Bradley 2008; D’Antonio and Vitousek 1992). 8815 

Risk Assessment 8816 

Magnitude of effects: High 8817 
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Likelihood of effects: High 8818 

Communities Dominated by Montane Shrubs 8819 

Montane shrubs are typically associated with montane and subalpine forests, and occur as large  8820 

patches within forested landscapes. Species such as Rocky Mountain maple (Acer glabrum), oceanspray 8821 

(Holidiscus discolor), tobacco brush (Ceanothus velutintis var. velutinus), Sitka alder (Alnus viridus 8822 

subsp. sinuata), thimbleberry (Rubus parviflorus), chokecherry (Prunus virginiana), serviceberry 8823 

(Amelanchier alnifolia), currant (Ribes spp.), snowberry (Symphoricarpos albus), Scouler willow (Salix 8824 

scouleriana), and mountain ash (Sorbus scopulina) are common.  8825 

Montane shrubs persist on sites where regular disturbance kills the top of plants. This, along with full 8826 

sunlight and adequate soil moisture, stimulates regrowth from the root crown, rhizomes and roots. 8827 

Stressors include fire exclusion and conifer establishment, browsing by both native and domestic wildlife, 8828 

and insects and disease. Loss of topsoil following frequent, hot fires, can lead to loss of these species over 8829 

time (Larsen 1925; Wellner 1970). Mesic shrubs are well adapted to frequent fire, and under the right 8830 

conditions can expand and outcompete regenerating conifers. However, with declining snowpack and 8831 

warmer temperatures, fires may be hotter and sites may be drier, causing variable amounts of mortality, 8832 

depending on site conditions. 8833 

Mesic shrubs are well adapted to frequent fire (Smith and Fisher 1997) and sprout vigorously 8834 

following fire enabling them to quickly regain dominance on the site. As sites become drier and fires 8835 

become more frequent and severe, however, there may be a shift away from mesic species to more xeric 8836 

specie such as rubber rabbitbrush (Ericameria nauseosa), green rabbitbrush (Chrysothamnus 8837 

viscidiflorus), and spineless horsebrush (Tetradymia canescens). Nonnative invasive plant species may 8838 

also expand into these communities, particularly following fire (Bradley 2008; D’Antonio and Vitousek 8839 

1992). With warmer temperatures and drier soils, some mesic shrub species (e.g., Sitka alder and Rocky 8840 

Mountain maple) may shift their distribution up in elevation or to cooler, moister sites (e.g., northeast 8841 

facing depressions).  8842 

Risk Assessment 8843 

DRAFT



Halofsky et al. chapter 7  

 298 

Magnitude of effects: Moderate 8844 

Likelihood of effects: High 8845 

Communities Dominated by Short Sagebrushes (Black and Low Sagebrush) 8846 

The current distribution of low sagebrush ecosystems in the Northern Rockies is restricted to about 8847 

one percent of the total sagebrush habitat as indicated in the LANDFIRE existing vegetation type (EVT) 8848 

database. The western portion of the Northern Rockies contains 50 percent of the low sagebrush habitat, 8849 

but limited patches are also found in the Eastern Rockies subregion and in the Greater Yellowstone Area 8850 

subregion, especially on the western edge. Most of these sites support low sagebrush but not black 8851 

sagebrush. Low sagebrush sites are characterized as relatively low production areas over shallow, claypan 8852 

soils that restrict drainage and root growth. Low sagebrush is found on altitudinal gradients from 2,300 to 8853 

more than 11,500 ft (Beetle and Johnson 1982), and it is generally found between 6000 to 9000 ft in 8854 

Montana and Idaho. In contrast, black sagebrush is considerably more restricted in ecological amplitude 8855 

and is found on shallow, dry, infertile soils. Current stressors are predominantly improper use by 8856 

livestock and invasion by nonnative species. 8857 

Despite growing across large altitudinal gradients, low and black sagebrush exhibit a relatively more 8858 

limited distribution than other sagebrush systems. Thus, it is reasonable to assume that as climates 8859 

change, ranges could be further restricted, resulting in small islands being isolated, although this is more 8860 

likely for black sagebrush because of its poor competitive ability (West and Mooney 1972). Both species 8861 

depend heavily on seeding for reproduction (Wright et al. 1979) and recovery from disturbance. In 8862 

addition, several traits make low sagebrush sensitive to climate change. There is high mortality in the first 8863 

year of growth (Shaw and Monsen 1990). Establishment is probably greatest when a thin layer of soil 8864 

covers the seeds, and if erosion increases from drought-induced reductions of plant cover, the already thin 8865 

soils may not provide suitable seedbeds for germination. Seed development and establishment is best in 8866 

years with ample precipitation, and if unfavorable conditions for seeding persist following disturbance, it 8867 

is reasonable to assume that low sagebrush may disappear from some stands, especially if annual grass 8868 

invasion occurs concomitantly with unfavorable growth conditions.  8869 
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Climate change will result in shifts in the distribution of conditions suitable to support low sagebrush 8870 

and hence the spatial configuration of low sagebrush habitats. Both low and black sagebrush are intolerant 8871 

of fire and do not resprout. Therefore, increased fire activity will have negative consequences for both 8872 

species. Fire return intervals vary considerably among communities dominated by low sagebrush. 8873 

Estimates of fire-return intervals for xeric sagebrush communities of the Great Basin range from 35 to 8874 

over 100 years (Brown 2000; Riegel et al. 2006), but intervals of 100 to 200 years for low-productivity 8875 

black sagebrush communities have been reported. Especially for black sagebrush, which usually occupies 8876 

quite unproductive sites with small buildup of fuels, these fire return intervals may be overestimated 8877 

(Baker 2013). Within the boundaries and on the periphery of the Greater Yellowstone Area subregion, 8878 

MC2 results indicate that the proportion of landscape burned will increase substantially in the future (fig. 8879 

7.5), allowing a higher likelihood of ignition and flaming fronts to reach some low sage communities. The 8880 

extent to which these sites will carry fire depends on herbaceous production and probably on magnitude 8881 

of invasion by annual grasses (especially cheatgrass). In summary, climate change may influence low 8882 

sagebrush systems by reducing seedling establishment in unfavorable years. In addition, projected 8883 

increased fire activity will decrease the abundance of low sagebrush relative to other species, especially if 8884 

nonnative annual grasses, such as medusahead (Taeniatherum caput-medusae) and cheatgrass, become 8885 

more prevalent.  8886 

Relative to other sagebrush species, low and black sagebrush have limited adaptive capacity. Black 8887 

sagebrush hybridizes with silver sagebrush, and sprouting is thought to be a heritable trait in crosses 8888 

between non-sprouting and sprouting sagebrushes (McArthur 1994). However, in the Northern Rockies, it 8889 

is unlikely that silver sagebrush will exhibit a significant presence in areas that support low sagebrush, 8890 

since the distribution of these species is usually disjunctive so the possibility of inheriting sprouting traits 8891 

is unlikely. In addition, the relatively low productivity characterizing low sagebrush sites may also limit 8892 

adaptive capacity, especially if other risk factors are present.  8893 

Risk Assessment 8894 
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Magnitude of effects: High. The resiliency of many of these areas is low given the thin and argillic 8895 

soil properties characterizing these sites. The magnitude of effects will likely increase if other 8896 

perturbations such as improper recreational or grazing schemes are present. The low adaptive capacity of 8897 

this sagebrush type, intolerance of fires, and low rate of reproduction act in concert to increase the 8898 

magnitude of effects.   8899 

Likelihood of effects: Moderate to high. Models suggest increased production at higher elevations 8900 

(Reeves et al. 2014), increasing the likelihood of fires carrying through otherwise relatively unburnable 8901 

landscapes. The problem of increased flammability will increase, especially if invasive annual grasses 8902 

exhibit a significant presence on low sagebrush sites in the future.  8903 

Shrublands Dominated by Sprouting Sagebrush Species (Threetip and Silver Sagebrush)  8904 

Significant areas of threetip and silver sagebrush shrublands have been converted to agricultural 8905 

lands. Those that remain are often used for domestic livestock grazing because of the palatable 8906 

herbaceous undergrowth in this sagebrush type. Those that have had chronic improper grazing typically 8907 

have a large amount of bare ground, low vigor of native herbaceous species, and as a result, nonnative 8908 

plant species present in varying amounts. Prolonged improper livestock grazing, native ungulate 8909 

herbivory, and nonnative invasive plants are the primary stressors. Loss of topsoil can occur if vegetation 8910 

cover and density declines and bare ground increases, primarily caused by ungulate impacts (e.g., grazing 8911 

and mechanical/hoof damage) (Sheatch and Carlson 1998; Washington-Allen et al. 2010). 8912 

Both species can sprout from the root crown following top kill (primarily from fire) (Bunting et al. 8913 

1987) but this trait depends on site conditions and fire severity. Silver sagebrush is a vigorous sprouter 8914 

(Rupp et al. 1997), whereas threetip sagebrush is less successful as a sprouter, and its response varies 8915 

based on site characteristics (Akinsoji 1988; Bunting et al. 1987). Both species occur on mesic sites; 8916 

threetip sagebrush is often associated with mountain big sagebrush communities, and silver sagebrush 8917 

typically occupies moist riparian benches or moist toe slopes. Although these species will sprout, 8918 

increased fire frequency and severity (particularly in threetip communities) may cause a shift in 8919 

community composition to dominance by fire-adapted herbaceous species or nonnative species. Other 8920 
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fire-adapted shrub species (e.g., rubber rabbitbrush, green rabbitbrush, spineless horsebrush) may 8921 

increase, particularly following fire. In addition, more spring and winter precipitation may facilitate exotic 8922 

annual grasses to establish and set seed earlier than the native perennial grasses, particularly in lower-8923 

elevation communities (Bradley 2008; D’Antonio and Vitousek 1992). This creates an uncharacteristic, 8924 

continuous fine fuel load that can burn by late spring/early summer, burning sagebrush and native grasses 8925 

often before they have matured and set seed (Chambers and Pellant 2008). Other nonnative invasive 8926 

species (e.g., spotted knapweed, Dalmatian toadflax, butter-and-eggs, sulphur cinquefoil) respond 8927 

favorably after fire, and if present, will increase in cover and density.  8928 

Historical fire return intervals for both species are relatively short and research shows that threetip 8929 

sagebrush cover can return to preburn levels 30-40 years after fire (Barrington et al. 1988; 8930 

Neuenschwander, n.d.). Lesica et al. (2007) found that after a fire in southwest Montana, threetip 8931 

sagebrush cover did not increase (presumably from resprouting), but instead established from seed. These 8932 

generalizations will vary considerably depending on site conditions and postfire management. All three 8933 

subspecies of silver sagebrush sprout after fire, and along with threetip, also typically occur on more 8934 

mesic sites. With a warmer and drier climate, frequent, high severity burns may not only cause initial 8935 

mortality, but sites may not be as favorable for postfire vegetation regeneration (from sprouting, 8936 

regrowth, or from seed). Invasive species will likely either expand into these communities after fire or 8937 

increase in abundance in altered conditions that are less favorable to the native plant community. 8938 

Understory composition in both communities may possibly shift to more xeric grassland species (e.g., 8939 

bluebunch wheatgrass, needle-and-thread), which are more adapted to warmer and drier conditions. Both 8940 

of these sagebrush species may shift landscape position to sites with more moisture and cooler 8941 

temperature (e.g., higher elevation, lower landscape position, and northeast aspects).  8942 

Risk Assessment 8943 

Magnitude of effects: Moderate 8944 

Likelihood of effects: High 8945 

Communities Dominated by Wyoming Big Sagebrush and Basin Big Sagebrush 8946 
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The current distribution of Wyoming big sagebrush ecosystems in the Northern Region is generally 8947 

patchy throughout most of Montana with more spatially consistent cover in the Eastern Rockies and 8948 

Grassland subregions (Comer et al. 2002). As previously mentioned, the distribution of basin big 8949 

sagebrush habitats is generally restricted to deeper soils, often including alluvial fans. Stressors to both 8950 

Wyoming and basin big sagebrush communities include prolonged improper livestock grazing, native 8951 

ungulate herbivory, and nonnative invasive plants. Loss of topsoil can occur if vegetation cover and 8952 

density decline and bare ground increases, primarily caused by ungulate impacts (e.g., grazing and 8953 

mechanical/hoof damage). Compared with mountain and basin big sagebrush habitats, Wyoming big 8954 

sagebrush is habitats spatially coincide with oil and gas development, which is prominent on the eastern 8955 

edge of its distribution. The Grassland and Greater Yellowstone Area subregions contain the largest 8956 

extent of big sagebrush, although the Western Rockies subregion may contain the largest amount of basin 8957 

big sagebrush.  8958 

Big sagebrush ecosystems have decreased in spatial extent in the 20th century (Bradley 2010; Knick 8959 

et al. 2003; Manier et al. 2013; Noss et al. 1995) because of oil and gas development leading to habitat 8960 

destruction and fragmentation (Doherty et al. 2008; Walston et al. 2009), big sagebrush removal to 8961 

increase livestock forage (Shane et al. 1983), plant pathogens and insect pests (Haws et al. 1990; Nelson 8962 

et al. 1990), improper grazing (Davies et al. 2011), invasive species (D’Antonio and Vitousek 1992, 8963 

Davies 2011), and changes in disturbance regimes (Baker 2011; Balch et al. 2013). Oil and gas 8964 

development, along with urbanization and land conversion for agriculture and livestock grazing, not only 8965 

lead to habitat loss, but to fragmented habitat patches (Naugle et al. 2011), resulting in barriers to plant 8966 

dispersal, greater sage-grouse avoidance, and loss of obligate and facultative wildlife species (Rowland et 8967 

al. 2006). In addition to habitat destruction of big sagebrush ecosystems, several stressors can cause big 8968 

sagebrush dieback and reduce its biomass and density, including insect pests (Haws et al. 1990), plant 8969 

pathogens (Cárdenas et al. 1997; Nelson et al. 1990), and frost damage (Hanson et al. 1982). Improper use 8970 

by domestic livestock alters the structure and composition of big sagebrush ecosystems through the loss 8971 

of palatable components of the plant community (i.e., perennial grasses and forbs), along with reducing or 8972 
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increasing big sagebrush cover (Anderson and Holte 1981; Brotherson and Brotherson 1981), and 8973 

increasing the probability of nonnative annual grass invasion (Cooper et al. 2007; Davies et al. 2011; 8974 

Knapp et al. 1996). Cheatgrass has reduced the spatial distribution and habitat quality of sagebrush 8975 

ecosystems throughout much of the western United States (Balch et al. 2013; Brooks et al. 2004).  8976 

Cheatgrass invasion poses a continued and heightened threat to big sagebrush ecosystems in the 8977 

future, because its biomass production and fire frequency are projected to increase in response to rising 8978 

temperature and CO2 levels (Westerling et al. 2006; Ziska et al. 2005). Although less studied, field brome 8979 

(Bromus arvensis) can also negatively affect big sagebrush plant communities, because it can colonize 8980 

readily after stand-replacing fires that eliminate big sagebrush (Cooper et al. 2007).  8981 

Several life history traits of big sagebrush make it sensitive to direct and indirect effects of climate 8982 

change. Amount and timing of precipitation control seeding establishment at low elevation, whereas 8983 

minimum temperature and snow depth control germination and survival at high elevations (Nelson et al. 8984 

2014; Poore et al. 2009, reviewed by Schlaepfer et al. 2014a). Drought events are projected to increase in 8985 

the western United States in the future (IPCC 2014), although the likelihood of increased drought in the 8986 

Northern Rockies is uncertain (see chapter 3). Thus, big sagebrush ecosystems remain vulnerable to 8987 

drought, which may affect germination and survival of seedlings, because soil water content primarily 8988 

controls seedling survival (Schlaepfer et al. 2014a). Big sagebrush seedling survival may be highest in 8989 

intermediate temperature and precipitation regimes (Schlaepfer et al. 2014b). Even after seedling 8990 

establishment, drought and increased summer temperature can affect survival and growth of adult plants, 8991 

because growth is positively correlated with winter precipitation and winter snow depth (Poore et al. 8992 

2009). As a result, if drought events increase in frequency and severity in the Northern Rockies, big 8993 

sagebrush biomass and the abundance and diversity of perennial grasses and forbs may decrease.  8994 

It is uncertain if big sagebrush can move in concert with shifting temperature and precipitation 8995 

regimes and disperse to available habitat patches and colonize them. Most big sagebrush seeds (50-60 8996 

percent) are not viable in the seedbank after two years, with few viable seed in the upper soil (Wijayratne 8997 

and Pyke 2009, 2012). Furthermore, big sagebrush is a poor disperser (Schlaepfer et al. 2014a; Young et 8998 
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al. 1989) and seed production is episodic (Young et al. 1989). Even if big sagebrush seeds successfully 8999 

disperse and germinate in response to a changing climate, probabilities of seedling establishment and 9000 

adult survivorship are uncertain, because big sagebrush is a poor competitor relative to associated 9001 

herbaceous species (Schlaepfer et al. 2014a).  9002 

Big sagebrush is sensitive to fire and cannot resprout (Shultz 2006), and because recovery from seed 9003 

dispersal can take 50-150 years (Baker 2006, 2011), postfire recovery may become a problem in the 9004 

future, if the frequency and intensity of fires increase as projected (Abatzoglou and Kolden 2011; 9005 

Westerling et al. 2006). Regeneration of big sagebrush postfire is strongly linked to winter precipitation 9006 

(Nelson et al. 2014), which is expected to increase by 10-20 percent in the Northern Rockies by 2100 9007 

(IPCC 2014; Shafer et al. 2014). Although more frequent fire may result in larger losses of big sagebrush 9008 

habitat in the future, recovery of big sagebrush may be less impeded. It is also possible that much of this 9009 

increased precipitation will come as rainfall (Klos et al. 2014), which could, in turn, promote herbaceous 9010 

growth which might suppress sagebrush recovery in some instances.  9011 

Climate change will result in shifts in the distribution of conditions suitable to support big sagebrush 9012 

and hence the spatial configuration of big sagebrush habitat, with direct and indirect effects on sagebrush-9013 

dependent species (e.g., greater sage-grouse). Several studies using species distribution modeling (SDM) 9014 

have projected that big sagebrush will move northward and up in elevation in response to increased winter 9015 

temperatures and summer drought associated with climate change (Schlaepfer et al. 2012; Shafer et al. 9016 

2001). Although big sagebrush may expand northward and upslope, its habitat is predicted to contract 9017 

significantly due to increased soil moisture stress, primarily at southern latitudes and lower elevations 9018 

(fig. 7.6).  9019 

The probability of big sagebrush regeneration has been projected to increase at the leading edge of its 9020 

range (i.e., northern range limit) under future climate conditions, suggesting potential northward range 9021 

expansion with climate change (Schlaepfer et al. in review). This is in part due to changes in habitat 9022 

suitability, because soil water conditions at the leading edge will be similar to current soil water patterns 9023 

in big sagebrush systems. Habitat suitability for big sagebrush is predicted to increase primarily in 9024 
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northeast and north-central Montana (Schlaepfer et al. in review; Schrag et al. 2011) (fig. 7.6). In contrast, 9025 

habitat suitability is predicted to decrease in parts of the Western and northwest Greater Yellowstone 9026 

Area subregions (fig. 7.6), primarily from summer drought (Schlaepfer et al. 2012; Schlaepfer et al. in 9027 

review). However, expansion of big sagebrush out of unsuitable habitat and into suitable habitat is 9028 

contingent on its ability to disperse to available habitat patches and compete with other species.  9029 

In addition to changes in big sagebrush distribution, shifts in community composition and 9030 

productivity are expected with climate change. Since there is uncertainty about length and severity of 9031 

drought events in the future, the projected shifts in community composition and productivity in big 9032 

sagebrush ecosystems in response to climate change remain uncertain. If drought events do increase in the 9033 

Northern Rockies, native herbaceous plant diversity and cover may be reduced. In contrast, in non-9034 

drought years, warming temperatures and increased levels of CO2 may lead to increased biomass 9035 

production (Reeves et al. 2014), more frequent fires, and increases in herbaceous biomass at the expense 9036 

of fire-intolerant shrubs, such as big sagebrush.  9037 

Paleoecological studies have shown that species move individualistically and at different rates in 9038 

response to climate change, resulting in novel combinations of species (Delcourt and Delcourt 1981). 9039 

Even species in the same functional group (e.g., grasses) may respond differentially to climatic change 9040 

(Anderson and Inouye 2001). Thus, big sagebrush plant communities are unlikely to migrate as a unit in 9041 

response to altered temperature and precipitation. The response of individual species to climate change 9042 

will depend on both physiological tolerances and competitive ability.  9043 

Shifts in disturbance regimes (e.g., fire, insects, pathogens) associated with climate change may affect 9044 

big sagebrush ecosystems in the future. Disturbances affect vegetation directly by killing individuals and 9045 

removing aboveground biomass, and indirectly by altering soil conditions. Climate change and 9046 

disturbance may have additive effects on soil water balance in big sagebrush ecosystems, decreasing soil 9047 

water content (Bradford et al. 2014) and resulting in diminished growth and regeneration (Poore et al. 9048 

2009). Since big sagebrush is incapable of resprouting after disturbance (Shultz 2006), increased 9049 

disturbance frequency could reduce the spatial extent of big sagebrush in the future, despite increased 9050 
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habitat suitability and regeneration potential. As with other vegetation types, there is great uncertainty and 9051 

variability regarding estimates of fire return intervals of stands dominated by big sagebrush. For example, 9052 

in the Northern Rockies, Lesica et al. (2007) suggest that fire return intervals for Wyoming big sagebrush 9053 

are longer than for basin big sagebrush and mountain big sagebrush, and range from 50 to 150 years while 9054 

(Baker 2011, 2013; Bukowski and Baker 2013) estimate ranges of 200 to about 350 years. 9055 

The long fire return intervals to which Wyoming big sagebrush is adapted are related to its very slow 9056 

postfire recovery, as low as two percent recovery 23 years after fire (Lesica et al. 2007). The slow 9057 

recovery of these systems is partly due to slow growth rates and harsher environmental conditions in 9058 

many sites in the Northern Rockies. In contrast, basin big sagebrush canopy cover development and 9059 

growth are faster than for Wyoming big sagebrush (Booth et al. 1990; Lesica et al. 2007; McArthur and 9060 

Welch 1982). Invasive annual grasses such as cheatgrass may exacerbate slow growth.  9061 

Big sagebrush ecosystems have some capacity to adapt to climate change. Big sagebrush occurs over 9062 

a large geographic area with high diversity in topography, soils, and climate, suggesting that it can 9063 

withstand a relatively broad range of ecological conditions and may tolerate shifting climates. Various 9064 

subspecies of big sagebrush often hybridize and have a high level of polyploidy, providing it with the 9065 

capacity to undergo selection and adapt to shifting climatic regimes relatively quickly (e.g., Poore et al. 9066 

2009). 9067 

Although lower soil water availability may pose a threat to big sagebrush ecosystems, long periods of 9068 

sustained drought would be needed to cause mortality (Kolb and Sperry 1999). In addition, big sagebrush 9069 

habitat suitability is projected to change across space (e.g., decreasing suitability in northwest Wyoming 9070 

and across much of western Montana), big sagebrush may still persist in relatively “unsuitable” habitat for 9071 

some time, perhaps in a degraded state. 9072 

Risk Assessment 9073 

Magnitude of effects: Highly variable. In northwestern Wyoming and western Montana, the effects of 9074 

climate change will likely be low to moderate, because lower water availability may cause declines in big 9075 

sagebrush growth and regeneration, facilitating some habitat contraction. However, big sagebrush may 9076 
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expand northward into northern and eastern Montana, as habitat suitability increases in future decades. 9077 

Despite this generalization, it is also possible that an increase in fire activity will decrease the extent of 9078 

big sagebrush communities in many locations.  9079 

Likelihood of effects: Variable. Some contraction in big sagebrush habitat may occur in northwest 9080 

Wyoming and western Montana, particularly at lower elevations because of increased temperature and 9081 

evapotranspiration. However, if big sagebrush can successfully exploit changing climatic conditions, the 9082 

total area covered by big sagebrush in the Northern Rockies may increase by the end of the 21st century. 9083 

Potential expansion may be tempered by faster rates of loss if the cheatgrass-fire cycle tracks new habitats 9084 

in the northeastern part of region. It is conceivable that drier sites, such as those with sandy soils, may 9085 

lose the ability to regenerate sagebrush, whereas more mesic sites might still be able to regenerate.  9086 

Mountain Big Sagebrush Shrublands 9087 

Some areas of mountain big sagebrush shrublands have been converted to agricultural lands, and 9088 

those that remain are used for domestic livestock grazing, primarily because of the palatable herbaceous 9089 

undergrowth. Those that have had chronic improper grazing typically have high bare ground, low vigor of 9090 

native herbaceous species, and as a result, have nonnative plant species present in varying amounts. 9091 

Prolonged improper livestock grazing, native ungulate herbivory, and invasive nonnative plants are the 9092 

primary stressors. Loss of topsoil can occur if vegetation cover and density decline and bare ground 9093 

increases, primarily caused by ungulate impacts (e.g., grazing and mechanical/hoof damage). In addition, 9094 

lack of fire is also a chronic stressor, facilitating conifer establishment which increases in density and 9095 

cover over time (Arno and Gruell 1986; Heyerdahl et al. 2006), while grass cover declines (Arno and 9096 

Gruell 1983).  9097 

Mountain big sagebrush is killed by fire. With increased fire severity and frequency, there will be a 9098 

shift in community composition to dominance by fire-adapted shrub and herbaceous species and possibly 9099 

nonnatives. Fire-adapted shrub species (e.g., rubber rabbitbrush, green rabbitbrush, white horsebrush) 9100 

may increase in abundance following fire (Fischer and Clayton 1983; Smith and Fischer 1997). In 9101 

addition, more spring and winter precipitation may facilitate nonnative annual grasses (particularly 9102 
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cheatgrass which germinates in winter/early spring)) establishment, although this is less likely in cooler, 9103 

moister mountain big sagebrush communities compared to lower elevation Wyoming and basin big 9104 

sagebrush communities. However, with a warmer, drier climate, the conditions may be conducive to 9105 

cheatgrass establishment. An abundance of cheatgrass creates an uncharacteristic, continuous fine fuel 9106 

load that can burn by late spring/early summer, burning sagebrush and native perennial grasses often 9107 

before they have matured and set seed (Chambers et al. 2007; Pellant 1990; Whisenant 1990), especially 9108 

in the Great Basin. However, other research in the northern edge of the Great Basin indicates that some 9109 

sagebrush communities may be less susceptible to cheatgrass invasion following fire, at least under the 9110 

current climate (Lavin et al. 2013; Seefeldt et al. 2007). Other nonnative species (e.g., spotted knapweed, 9111 

Dalmatian toadflax, butter-and-eggs, sulphur cinquefoil) respond favorably after fire and if present, will 9112 

increase in cover and density.  9113 

Historically, the fire return intervals were relatively short but variable—a few decades (Lesica 2007) 9114 

to more than 100 years (Baker 2013)—compared to Wyoming big sagebrush (more than 100 years) 9115 

(Heyerdahl et al. 2006; Lesica et al. 2005, 2007). Mountain big sagebrush regenerates from seeds shed 9116 

from nearby unburned plants. It will fully recover between 15-40 years after fire (Bunting et al. 1987), 9117 

depending on site characteristics and fire severity. In a warmer and drier climate, frequent, high-severity 9118 

burns (facilitated by cheatgrass) may not cause initial mortality and create unfavorable conditions for 9119 

postfire regeneration (from sprouting, regrowth, or seed). Since there is no viable sagebrush seed bank, if 9120 

fires burn large areas and there are no live, seed-bearing sagebrush nearby, there may be a type 9121 

conversion to grassland. In addition, invasive, nonnative species will likely either expand into these areas 9122 

after fire, or they will increase in abundance due to altered conditions that no longer favor the native plant 9123 

community (Bradley 2008; D’Antonio and Vitousek 1992). 9124 

Mountain big sagebrush is not fire adapted, and may decline in cover and density or becomes 9125 

extirpated in response to warmer temperatures and increased fire frequency and severity. Over time, 9126 

especially if fine fuels such as senesced cheatgrass are present, more frequent fires may eliminate 9127 

mountain big sagebrush from a community (Chambers and Pellant 2008; D’Antonio and Vitousek 1992; 9128 
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Whisenant 1990). However, because mountain big sagebrush occurs at higher elevations, typically on 9129 

more productive cooler, mesic sites, these communities are typically less invaded by nonnative species. 9130 

However, if these sites become warmer and drier, herbaceous understory composition could shift to more 9131 

xeric species that are better adapted, and bareground may increase (Chambers et al. 2014). As a result, 9132 

invasive species, particularly cheatgrass, could expand into and establish dominance in these altered 9133 

communities. 9134 

It is possible that mountain big sagebrush distribution may shift to cooler and moister sites (e.g., 9135 

higher elevation, northeast-facing snow-filled depressions). With climate change, it may be able to persist 9136 

only in sites with higher moisture and deeper soils than the surrounding landscape. Understory 9137 

composition may shift to more xeric grassland species (e.g., bluebunch wheatgrass, needle-and-thread), 9138 

which are more tolerant of warmer, drier conditions.  9139 

Risk Assessment 9140 

Magnitude of effects: Moderate 9141 

Likelihood of effects: Moderate 9142 

Northern Great Plains, Dominated by Mixtures of Cool-Season and Warm-Season Grasses 9143 

Eastern grasslands are expansive across the northern Great Plains extending from the foothill 9144 

grasslands along the east slope of the northern and central Rocky Mountains in Montana to the Red River 9145 

basin in eastern North Dakota. Annual precipitation increases from west to east changing from dry 9146 

temperate steppe to humid temperate prairie parkland provinces along this gradient (ECOMAP 2007). 9147 

Grasslands are the predominant potential vegetation type, occupying approximately 80 percent of the 9148 

northern Great Plains landscape. Küchler (1975) divides the potential natural vegetation of this area into 9149 

shortgrass prairie, northern mixed grass prairie, and tallgrass prairie, reflecting the changing precipitation 9150 

regime. The shortgrass prairie borders the foothills grassland and extends to eastern Montana. The typical 9151 

grassland vegetation types are characterized by grama (Bouteloua sp.)/needlegrass/wheatgrass and a mix 9152 

of C3 and C4 plant species. The northern mixed grass prairie borders the shortgrass prairie in eastern 9153 

Montana and extends to eastern North Dakota. Typical grassland vegetation types are characterized by 9154 
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wheatgrass/needlegrass in the west and wheatgrass/bluestem (Andropogon sp.)/needlegrass to the east, 9155 

including a mix of C3 and C4 plant species. The tallgrass prairie borders the northern mixed grass prairie 9156 

in eastern North Dakota and South Dakota and borders the eastern hardwood forest to the east. The 9157 

typical grassland vegetation types are characterized by bluestem and a dominance of C4 grasses, although 9158 

C3 grass species are present.  9159 

Frequent fire was a major factor in maintaining grassland dominance, particularly in the eastern Great 9160 

Plains. Settlement in the late 19th and early 20th centuries altered fire regimes by reducing fire frequency 9161 

and changing the seasonality of fire. The predominant land use and land cover changed from grasslands to 9162 

crop agriculture and domestic livestock production, affecting the continuity of fuels and fire spread. 9163 

Reduced fire coupled with increased CO2 has encouraged woody plant encroachment, primarily in the 9164 

eastern Great Plains (Morgan et al. 2008).  9165 

Other stressors include increased presence and abundance of competitive invasive grass and forb 9166 

species. These species reduce plant diversity of native grasslands and alter grassland structure. Noxious 9167 

weeds such as leafy spurge (Euphorbia esula) are abundant in places, and other invasive nonnative 9168 

species include Kentucky bluegrass (Poa pratensis), Japanese brome, and cheatgrass. Additionally, 9169 

energy development and the associated infrastructure fragments grassland patterns where it occurs 9170 

locally. Roads and traffic increase opportunities for introduction and spread of invasive species. 9171 

Soil water availability and water stress are principal driving factors in semi-arid grasslands, 9172 

influencing plant species distribution, plant community composition and structure, productivity, and 9173 

associated social and economic systems of the northern Great Plains. Soil water availability is influenced 9174 

by complex interactions among temperature, precipitation, topography, soil properties, and ambient CO2 9175 

(Ghannoum 2009; Morgan et al. 2011). These physical factors interacting with plant species physiological 9176 

mechanisms, particularly those of C3 and C4 plants, will influence how grasslands will respond to climate 9177 

change and elevated atmospheric CO2 levels (Bachman et al. 2010; Chen et al. 1996; Ghannoum 2009; 9178 

Morgan et al. 2011). 9179 
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Available soil water is unevenly distributed across landscapes and a function of landform, 9180 

topography, and soil properties. Soil moisture loss through evapotranspiration is influenced by slope, 9181 

aspect, and solar loading at the ground surface, and water holding capacity is influenced by soil 9182 

properties. These characteristics in the northern plains may modify the effects of climate change and 9183 

enhanced CO2 locally. Landscape patterns of available soil water may result in uneven patterns of 9184 

vegetation change and productivity under changing temperature and moisture regimes and elevated CO2 9185 

levels. The desiccating effect of higher temperature and increased evaporative demand (Morgan et al. 9186 

2011) is expected to offset the benefit of higher precipitation, resulting in lower soil water content and 9187 

increased drought throughout most of the Great Plains (Morgan et al. 2008). Elevated CO2 may counter 9188 

the effects of higher temperatures and evaporative demand by improving water-use efficiency of plants 9189 

(Morgan et al. 2011). 9190 

Rising CO2 and temperature combined with increased winter precipitation may favor some 9191 

herbaceous forbs, legumes, and woody plants (Morgan et al. 2008). Plant productivity is expected to 9192 

increase with projected changes in temperature and moisture combined with elevated CO2 (Morgan et al. 9193 

2008). Forage quality may decline as a result of less available forms of soil nitrogen and changes in plant 9194 

species and functional groups (Morgan et al. 2008). A major shift in functional groups from C3 to C4 9195 

plants is possible but uncertain, because warmer temperature and longer growing seasons favor C4 9196 

grasses, but the effects of higher CO2 on water-use efficiency may benefit C3 grasses. Since most 9197 

invasive species are C3 plants, they may become more problematic with the benefits of increased CO2 9198 

(Morgan et al. 2008). 9199 

The adaptive capacity of Great Plains grasslands during the 1930s and 1950s drought was 9200 

documented for the central plains (Weaver 1968). There was a shift in C4 grasses, in which big bluestem 9201 

(Andropogon gerardii) and little bluestem (Schizachyrium scoparium) were replaced by the shortgrass 9202 

species blue grama (Bouteloua gracili) and buffalograss (Bouteloua dactyloides). Shifts from tallgrass 9203 

prairie to mixed grass prairie were also documented with an increase in the C3 plants western wheatgrass 9204 

and needlegrass. This shift was later reversed during the higher precipitation period of the 1940s, 9205 
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indicating an adaptive capacity of Great Plains grasslands to the effects of long-term drought. These shifts 9206 

were also affected by grazing condition of the grasslands prior to the drought. 9207 

Risk Assessment— 9208 

Magnitude of effects: Moderate magnitude for change from temperate grassland to sub-tropical 9209 

grassland by 2050 under no fire suppression. Change toward increased woody vegetation by 2050 with 9210 

fire suppression. High magnitude for change from temperate grassland to sub-tropical grassland by 2100. 9211 

Moderate magnitude for change towards woody vegetation by 2100. 9212 

Likelihood of effects: Moderate likelihood for a change from temperate grassland to sub-tropical 9213 

grassland by 2050 under no fire suppression; change toward increased woody vegetation by 2050 with 9214 

fire suppression. The response of C3 and C4 species to the combined effects of higher temperature and 9215 

elevated CO2 is uncertain. 9216 

ADAPTING RANGELAND VEGETATION MANAGEMENT TO CLIMATE CHANGE IN THE 9217 

NORTHERN ROCKIES 9218 

Rangeland vegetation in the northern Rockies will likely be affected by changing fire regimes, 9219 

increased drought, and increased establishment of invasive species in a changing climate. Effects of 9220 

climate change will also compound existing stressors on rangeland ecosystems caused by human 9221 

activities. Thus, adaptation strategies and tactics for rangeland vegetation focused on increasing the 9222 

resilience of rangeland ecosystems, primarily through invasive species control and prevention (table 7.3).  9223 

To control invasive species in rangelands, managers stressed the importance of using ecologically 9224 

based invasive plant management (EBIPM) (Krueger-Mangold et al. 2006; Sheley et al. 2006). The 9225 

EBIPM framework focuses on strategies to repair damaged ecological processes that facilitate invasion 9226 

(James et al. 2010). For example, prescribed fire treatments can be used where fire regimes have been 9227 

altered, and seeding of desired natives can be done where seed availability and dispersal of natives is low.  9228 

Another adaptation strategy is to increase proactive management actions to prevent establishment of 9229 

invasive species. Early detection, rapid response (EDRR) for new invasions was the most frequently 9230 

suggested tactic to prevent invasive species establishment. Other tactics include implementing weed free 9231 
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policies, conducting outreach to educate employees and the public about invasives (e.g., teach people to 9232 

clean their boots), and developing weed management areas that are collaboratively managed by multiple 9233 

agencies, non-governmental organizations, and the public.  9234 

In addition to invasive species control and prevention, grazing management will be important in 9235 

maintaining and increasing resilience of rangelands to climate change. Climate changes will lead to 9236 

altered availability of forage, requiring some reconsideration of grazing strategies. For example, reducing 9237 

grazing in July and August may encourage growth of desired perennials in degraded systems. Livestock 9238 

grazing can also be managed through the development of site-specific within-season triggers and end 9239 

point indicators that would inform livestock movement guides and allow for the maintenance and 9240 

enhancement of plant health.  9241 

A changing climate has led to a decline of pollinators in some communities (Potts and others 2010) 9242 

and may lead to phenological mismatches between pollinators and host plants (Forrest 2015). Pollinator 9243 

declines may negatively affect the health of grasslands in the Northern Rockies, and encouraging native 9244 

pollinators may be key to sustaining these ecosystems. Tools to promote native pollinators include re-9245 

vegetation with native species, appropriate herbicide and insecticide use, and education. Implementing 9246 

long term monitoring of pollinators can help to identify where treatments can be prioritized.  9247 

In montane shrublands, existing stressors include fire exclusion and conifer establishment, browsing 9248 

by both native and domestic ungulates, and insects and disease. Characteristic species can be lost in these 9249 

systems with loss of topsoil following frequent, hot fires. Warmer temperatures and drier conditions with 9250 

climate change may lead to an increase in high-severity fires. Adaptation tactics include implementing 9251 

fuel reduction projects such as brush cutting, slashing, mastication and targeted browsing, and 9252 

reestablishing appropriate fire regimes may prove beneficial in maintaining these shrublands and 9253 

increasing their resiliency. To control invasives, EDRR and EBIPM can be applied, along with 9254 

maintenance of adequate shrub cover, vigor, and species richness. Educating specialists on ecology and 9255 

disturbances affecting shrublands, effects of repeated burns, reforestation needs, and reporting on weeds 9256 

will also help to maintain these systems.  9257 

DRAFT



Halofsky et al. chapter 7  

 314 

More specific details on adaptation strategies and tactics for the NRAP subregions are in Appendix 9258 

7A. 9259 

LITERATURE CITED 9260 

Abatzoglou, J. T. and C. A. Kolden. 2011. Climate change in western US deserts: potential for increased 9261 
wildfire and invasive annual grasses. Rangeland Ecology and Management. 64: 471–478. 9262 
 9263 
Akinsoji, A. 1988. Postfire vegetation dynamics in a sagebrush steppe in southeastern Idaho, USA. 9264 
Vegetation. 78: 151–155. 9265 
 9266 
Alexander, E. B.; Mallory, J.I.; Colwell, W. L. 1993. Soil-elevation relationships on a volcanic plateau in 9267 
the southern Cascade Range, northern California, USA. Catena. 20: 113–128. 9268 
 9269 
Allen, C. R.; Gunderson, L.; Johnson, A.R. 2005. The use of discontinuities and functional groups to 9270 
assess relative resilience in complex systems. Ecosystems. 8: 958–966. 9271 
 9272 
Anderson, J. E.; Holte, K.E. 1981. Vegetation development over 25 years without grazing on sagebrush-9273 
dominated rangeland in southeastern Idaho. Journal of Range Management. 34: 25–29. 9274 
 9275 
Anderson, J. E.; Inouye, R.S. 2001. Landscape-scale changes in plant species abundance and biodiversity 9276 
of a sagebrush steppe over 45 years. Ecological Monographs. 71: 531–556.  9277 
 9278 
Arno, S.; Gruell, G. 1983. Fire history at the forest-grassland ecotone in southwestern Montana. Journal 9279 
of Range Management. 36: 332–336. 9280 
 9281 
Arno, S.; Gruell, G. 1986. Douglas-fir encroachment into mountain grasslands in southwestern Montana. 9282 
Journal of Range Management. 39: 272–276. 9283 
 9284 
Bachelet, D.; Neilson, R.P.; Lenihan, J.M.; Drapek, R.J. 2001. Climate change effects on vegetation 9285 
distribution and carbon budget in the United States. Ecosystems. 4: 164–185. 9286 
 9287 
Bachman, S.; Heisler-White, J.L.; Pendall, E. [et al.]. 2010. Elevated carbon dioxide alters impacts of 9288 
precipitation pulses on ecosystem photosynthesis and respiration in a semi-arid grassland. Oecologia. 9289 
162: 791–802. 9290 
 9291 
Baker, W.L. 2006. Fire and restoration of sagebrush ecosystems. Wildlife Society Bulletin. 34: 177–185. 9292 
 9293 
Baker, W. L. 2011. Pre-EuroAmerican and recent fire in sagebrush ecosystems. In: Knick, S.T.; Connelly, 9294 
J.W., eds. Greater sage-grouse: ecology and conservation of a landscape species and its habitats. Berkely, 9295 
CA: University of California Press: 185–201.  9296 
 9297 
Baker, W.L., 2013. Is wildland fire increasing in sagebrush landscapes of the western United States? 9298 
Annals of the Association of American Geographers. 103: 5–19.  9299 
 9300 
Balch, J.K.; Bradley, B.A.; D’Antonio, C.M.; Gómez-Dans, J. 2013. Introduced annual grass increases 9301 
regional fire activity across the arid western USA (1980–2009). Global Change Biology. 19: 173–183. 9302 
 9303 

DRAFT



Halofsky et al. chapter 7  

 315 

Barrington, M.; Bunting, S.; Wright, G. 1988. A fire management plan for Craters of the Moon National 9304 
Monument. Cooperative Agreement CA-9000-8-0005. Moscow, ID: University of Idaho, Range 9305 
Resources Department. 52 p.  9306 
 9307 
Beetle, A.A.; Johnson, K.L. 1982. Sagebrush in Wyoming. Laramie, WY: University of Wyoming, 9308 
Agricultural Experiment Station. 68 p. 9309 
 9310 
Beniston, M., Diaz, H.F., Bradley, R.S., 1997. Climatic change at high elevations: an overview. Climatic 9311 
Change. 36: 233–251. 9312 
 9313 
Bigler, C.; Kulakowski, D.; Veblen, T.T. 2005. Multiple disturbance interactions and drought influence 9314 
fire severity in Rocky Mountain subalpine forests. Ecology. 86: 3018–3029. 9315 
 9316 
Booth, G.D.; Welch, B.L.; Jacobson, T.L.C. 1990. Seedling growth rate of 3 subspecies of big sagebrush. 9317 
Journal of Range Management. 43: 432–436. 9318 
 9319 
Bradford, J.; Schlaepfer, D.; Lauenroth, W. 2014. Ecohydrology of adjacent sagebrush and lodgepole pine 9320 
ecosystems: the consequences of climate change and disturbance. Ecosystems. 17: 590–605. 9321 
 9322 
Bradley, B.A., 2008. Regional analysis of the impacts of climate change on cheatgrass invasion shows 9323 
potential risk and opportunity. Global Change Biology: 14: 1–13. 9324 
 9325 
Bradley, B.A. 2010. Assessing ecosystem threats from global and regional change: hierarchical modeling 9326 
of risk to sagebrush ecosystems from climate change, land use and invasive species in Nevada, USA. 9327 
Ecography. 33: 198–208. 9328 
 9329 
Brooks, M. L., D’Antonio,C.M.; Richardson, D.M. [et al.]. 2004. Effects of invasive alien plants on fire 9330 
regimes. BioScience. 54: 677–688. 9331 
 9332 
Brooks, M. L., Matchett, J.R., Shinneman, D. J. [et al.]. 2015. Fire patterns in the range of greater sage-9333 
grouse, 1984-2013-Implications for conservation and management. Page 66. U.S. Geological Survey 9334 
Open-File Report 2015-1167.  9335 
 9336 
Brotherson, J. D.; Brotherson, W.T. 1981. Grazing impacts on sagebrush communities of central Utah. 9337 
Western North American Naturalist. 41: 335–340. 9338 
 9339 
Brown, J. K. 2000. In: Brown, J.K.; Smith, J.K., eds. Wildland fire in ecosystems: effects of fire on flora. 9340 
Gen. Tech. Rep. RMRS-GTR-42-vol. 2. Ogden, UT: U.S. Department of Agriculture, Forest Service, 9341 
Rocky Mountain Research Station: 1–8. 9342 
 9343 
Bukowski, B.E., Baker, W.L. 2013. Historical fire in sagebrush landscapes of the Gunnison sage-grouse 9344 
range from land-survey records. Journal of the Arid Environment. 98: 1–9. 9345 
 9346 
Bunting, S. C.; Kilgore, B.M.; Bushey, C.L. 1987. Guidelines for prescribed burning sagebrush-grass 9347 
rangelands in the northern Great Basin. Gen. Tech. Rep. INT-231. Ogden, UT: U.S. Department of 9348 
Agriculture, Forest Service, Intermountain Research Station. 33 p. 9349 
 9350 
Cárdenas, A.; Lewinsohn, J.; Auger, C. [et al.]. 1997. Characterization of a sagebrush (Artemisia 9351 
tridentata ssp. wyomingensis) die-off on the Handford Site. Richland, WA: Pacific Northwest National 9352 
Laboratory. 9353 
 9354 

DRAFT



Halofsky et al. chapter 7  

 316 

Chambers, J.C.; Bradley, B.A.; Brown, C.A. [et al.]. 2014. Resilience to stress and disturbance, and 9355 
resistance to Bromus tectorum L. invasion in the cold desert shrublands of western North America. 9356 
Ecosystems. 17: 360–375. 9357 
 9358 
Chambers, J.C.; Pellant, M. 2008. Climate change impacts on northwestern and intermountain United 9359 
States rangelands. Rangelands. 30: 29–33. 9360 
 9361 
Chambers, J.C.; Roundy, B.A.; Blank, R.R. [et al.]. 2007. What makes Great Basin sagebrush ecosystems 9362 
invasible to Bromus tectorum? Ecological Monographs. 77: 117–145. 9363 
 9364 
Chen, D., Hunt, H. W.; Morgan, J.A. 1996. Responses of a C3 and C4 perennial grass to CO2 enrichment 9365 
and climate change: comparison between model predictions and experimental data. Ecological Modelling. 9366 
87: 11–27. 9367 
 9368 
Christensen, L.; Coughenour, M.B.; Ellis, J. E.; Chen, Z.Z. 2004. Vulnerability of the Asian typical 9369 
steppe to grazing and climate change. Climatic Change. 63: 351–368. 9370 
 9371 
Comer, P.; Kagan, J.; Heiner, M.; Tobalske, C. 2002. Current distribution of sagebrush and associated 9372 
vegetation in the western United States (excluding NM and AZ). Interagency Sagebrush Working Group. 9373 
http://sagemap.wr.usgs.gov [Accessed July 1, 2014]. 9374 
 9375 
Cooper, S. V.; Lesica, P.; Kudray, G. M. 2007. Postfire recovery of Wyoming big sagebrush shrub-steppe 9376 
in central and southeast Montana. Helena, MT: U.S. Department of the Interior, Bureau of Land 9377 
Management, State Office, Montana Natural Heritage Program. 16 p. 9378 
 9379 
D’Antonio, C. M.; Vitousek, P.M. 1992. Biological invasions by exotic grasses, the grass/fire cycle, and 9380 
global change. Annual Review of Ecology and Systematics. 23: 63–87. 9381 
 9382 
Dahlgren, R. A.; Boettinger, J. L.; Huntington, G.L.; Amundson, R.G. 1997. Soil development along an 9383 
elevational transect in the western Sierra Nevada. Geoderma. 78: 207–236. 9384 
 9385 
Davies, K. 2011. Plant community diversity and native plant abundance decline with increasing 9386 
abundance of an exotic annual grass. Oecologia. 167: 481–491. 9387 
 9388 
Davies, K. W.; Boyd, C.S.; Beck, J. L. [et al.]. 2011. Saving the sagebrush sea: an ecosystem 9389 
conservation plan for big sagebrush plant communities. Biological Conservation. 144: 2573–2584. 9390 
 9391 
Delcourt, P. A., Delcourt, H.R. 1981. Vegetation maps for eastern North America: 40,000 yr B.P. to the 9392 
present. Geobotany. 2: 123–165. 9393 
 9394 
Doherty, K.E., Naugle, D.E., Walker, B.L., Graham, J.M., 2008. Greater sage-grouse winter habitat 9395 
selection and energy development. The Journal of Wildlife Management. 72:187-195. 9396 
 9397 
Ecomap. 2007. In: McNab, W.H.; Cleland, D.T.; Freeouf, J.A. [et al.], compilers (for the ECOMAP 9398 
team). Ecological subregions: sections and subsections for the conterminous United States, vector digital 9399 
data [CD-ROM]. Gen. Tech. Rep. WO-76. Washington, DC: U.S. Department of Agriculture, Forest 9400 
Service. 9401 
 9402 
Finch, D.M. 2012. Climate change in grasslands, shrublands, and deserts of the interior American West: a 9403 
review and needs assessment. Gen. Tech. Rep. RMRS-GTR-285. Fort Collins, CO: U.S. Department of 9404 
Agriculture, Forest Service, Rocky Mountain Research Station. 139 p.  9405 

DRAFT



Halofsky et al. chapter 7  

 317 

 9406 
Fischer, W.C., Clayton, B.D. 1983. Fire ecology of Montana forest habitat types east of the continental 9407 
divide. Gen. Tech. Rep. INT-GTR-141. Ogden, UT: U.S. Department of Agriculture, Forest Service, 9408 
Rocky Mountain Forest and Range Experiment Station. 82 p. 9409 
 9410 
Folke, C.; Carpenter, S.; Walker, B. [et al.]. 2004. Regime shifts, resilience, and biodiversity in ecosystem 9411 
management. Annual Review of Ecology, Evolution, and Systematics. 33: 557–581. 9412 
 9413 
Forrest, J.R. 2015. Plant-pollinator interactions and phonological change: what can we learn about climate 9414 
impacts from experiments and observations? Oikos. 124: 4–13. 9415 
 9416 
Ghannoum, O. 2009. C4 photosynthesis and water stress. Annals of Botany. 103: 635–644. 9417 
Hanson, C. L., Johnson, C.W. and Wight, J.R. 1982. Foliage mortality of mountain big sagebrush 9418 
[Artemisia tridentata subsp. vaseyana] in southwestern Idaho during the winter of 1976-77. Journal of 9419 
Range Management 35: 142–145. 9420 
 9421 
Haws, B.A.; Bohart, G.E.; Nelson, C.R.; Nelson, D.L. 1990. Insects and shrub die-off in western states: 9422 
1986-89 survey results. In: McArthur, E.D.; Romney, E.M.; Smith, S.D.; Tueller, P.T., eds. Proceedings 9423 
symposium on cheatgrass invasion, shrub die-off, and other aspects of shrub biology and management. 9424 
Las Vegas, NV, April 5-7, 1989. Ogden, UT: U.S. Department of Agriculture, Forest Service, 9425 
Intermountain Research Station: 127–151. 9426 
 9427 
Heyerdahl, E.K.; Miller, R.F.; Parson, R.A. 2006. History of fire and Douglas-fir establishment in a 9428 
savanna and sagebrush-grassland mosaic, southwestern Montana, USA. Forest Ecology and Management. 9429 
230: 107–118. 9430 
 9431 
Holling, C.S. 1973. Resilience and stability in ecological systems. Annual Review of Ecology and 9432 
Systematics. 4: 1–23. 9433 
 9434 
IPCC. 2014. Intergovernmental Panel on Climate Change. Climate Change 2013: the physical science 9435 
basis. Contribution of working group I to the fifth assessment report of the Intergovernmental Panel on 9436 
Climate Change. Cambridge, United Kingdom: Cambridge University Press. 9437 
 9438 
James, J.J.; Smith, B.S.; Vasquez, E.A.; Sheley, R.L. 2010. Principles for ecologically based invasive 9439 
plant management. Invasive Plant Science and Management. 3: 229–239. 9440 
 9441 
Klos, P.Z.; Link, T.E.; Abatzoglou, J.T. 2014. Extent of the rain-snow transition zone in the western U.S. 9442 
under historic and projected climate. Geophysical Research Letters. 2014GL060500. 9443 
 9444 
Knapp, P.A.; Soule, P.T. 1996. Vegetation change and the role of atmospheric CO2 enrichment on a relict 9445 
site in central Oregon: 1960-1994. Annals of the Association of American Geographers. 86: 387–411. 9446 
 9447 
Knick, S.T.; Dobkin, D.S.; Rotenberry, J.T. [et al.]. 2003. Teetering on the edge or too late? Conservation 9448 
and research issues for avifauna or sagebrush habitats. The Condor. 105: 611–634. 9449 
 9450 
Kolb, K.J., Sperry, J.S., 1999. Differences in Drought Adaptation Between subspecies of sagebrush 9451 
(Artemisia tridentata). Ecology. 80: 2373–2384.  9452 
 9453 
Krueger-Mangold, J.M.; Sheley, R.L.; Svejcar, T.J. 2006. Toward ecologically-based invasive plant 9454 
management on rangeland. Weed Science. 54: 597–605. 9455 
 9456 

DRAFT



Halofsky et al. chapter 7  

 318 

Küchler, A.W. 1975. Potential natural vegetation of the conterminous United States. 2nd ed. Map 9457 
1:3,168,000. Washington, DC: American Geographical Society. 9458 
 9459 
Larsen, J.A. 1925. Natural reproduction after forest fires in northern Idaho. Journal of Agricultural 9460 
Research. 30: 1177–1197. 9461 
 9462 
Lavin, M.; Brummer, T.; Quire, J. [et al.]. 2013 Physical disturbance shapes vascular plant diversity more 9463 
profoundly than fire in the sagebrush steppe of southeastern Idaho, U.S.A. Ecology and Evolution. 3: 9464 
1626–1641.  9465 
 9466 
Leakey, A.D.B. 2009. Rising atmospheric carbon dioxide concentration and the future of C4 crops for 9467 
food and fuel. Proceedings of the Royal Society B: Biological Sciences. 276: 2333–2343. 9468 
 9469 
Lesica, P.; Cooper, S.V.; Kudray, G. 2007. Recovery of big sagebrush following fire in southwest 9470 
Montana. Rangeland Ecology and Management. 60: 261–269. 9471 
 9472 
Lesica, P.; Cooper, S.V.; Kudray, G. 2005. Big sagebrush shrub-steppe postfire succession in southwest 9473 
Montana. Unpublished report to the Montana Heritage Program. Helena, MT: U.S. Department of the 9474 
Interior, Bureau of Land Management, Dillon Field Office. 29 p. plus appendices. 9475 
 9476 
Lund, G.H. 2007. Accounting for the worlds rangelands. Rangelands. 29: 3–10. 9477 
 9478 
Manier, D.J.; Wood, D.J.A.; Bowen, Z.H. [et al.]. 2013. Summary of science, activities, programs, and 9479 
policies that influence the rangewide conservation of greater sage-grouse (Centrocercus urophasianus). 9480 
Open-File Rep. 2013-1098, Reston, VA: U.S. Geological Survey. 9481 
 9482 
McArthur, E. D. 1994. Ecology, distribution, and values of sagebrush within the Intermountain region. In: 9483 
Monsen, S. B.; Kitchen, S. G., compilers. Proceedings--ecology and management of annual rangelands; 9484 
1992 May 18-22; Boise, ID. Gen. Tech. Rep. INT-GTR-313. Ogden, UT: U.S. Department of 9485 
Agriculture, Forest Service, Intermountain Research Station: 347-351.  9486 
 9487 
McArthur, E. D.; Welch, B. L. 1982. Growth rate differences among big sagebrush (Artemisia tridentata) 9488 
accessions and subspecies. Journal of Range Management. 35: 396-401. 9489 
 9490 
Merrill, K.R., Meyer, S.E., Coleman, C.E., 2012. Population genetic analysis of Bromus tectorum 9491 
(Poaceae) indicates recent range expansion may be facilitated by specialist genotypes. American Journal 9492 
of Botany. 99: 529–537.  9493 
 9494 
Morgan, J.A.; Derner, J. D.; Milchunas, D. G.; Pendall, E. 2008. Management implications of global 9495 
change for Great Plains rangelands. Rangelands. 30: 18–22. 9496 
 9497 
Morgan, J.A.; LeCain, D.R.; Pendall, E. [et al.]. 2011. C4 grasses prosper as carbon dioxide eliminates 9498 
desiccation in warmed semi-arid grassland. Nature. 476: 202–206. 9499 
 9500 
Morgan, J.A.; Milchunas, D.G.; LeCain, D.R. [et al.]. 2007. Carbon dioxide enrichment alters plant 9501 
community structure and accelerates shrub growth in the short grass steppe. Proceedings of the National 9502 
Academy of Sciences, USA. 104: 14724–14729. 9503 
 9504 
Morgan, J.A.; Mosier, A.R.; Milchunas, D. G. [et al.]. 2004a. CO2 enhances productivity, alters species 9505 
composition, and reduces digestibility of short grass steppe vegetation. Ecological Applications. 14: 208–9506 
219. 9507 

DRAFT



Halofsky et al. chapter 7  

 319 

 9508 
Morgan, J.A.; Pataki, D.E.; Körner, C. [et al.]. 2004b. Water relations in grassland and desert ecosystems 9509 
exposed to elevated atmospheric CO2. Oecologia. 140: 11–25. 9510 
 9511 
Nelson, D.L.; Weber, D.J.; Garvin, S.C. 1990. The possible role of plant disease in the recent wildland 9512 
shrub dieoff in Utah. In: McArthur, E.D.; Romney, E.M.; Smith, S.D.; Tueller, P.T., eds. Proceedings 9513 
symposium on cheatgrass invasion, shrub die-off, and other aspects of shrub biology and management. 9514 
Las Vegas, NV, April 5-7, 1989. Ogden, UT: U.S. Department of Agriculture, Forest Service, 9515 
Intermountain Research Station: 84–90. 9516 
 9517 
Nelson, Z.J.; Weisberg, P.J.; Kitchen, S.G. 2014. Influence of climate and environment on postfire 9518 
recovery of mountain big sagebrush. International Journal of Wildland Fire. 23: 131–142. 9519 
 9520 
Neuenschwander, L.F. n.d. The fire induced autecology of selected shrubs of the cold desert and 9521 
surrounding forests: a state-of-the-art review. Moscow, ID: University of Idaho, College of Forestry, 9522 
Wildlife and Range Sciences. Unpublished manuscript on file at: U.S. Department of Agriculture, Forest 9523 
Service, Intermountain Fire Sciences Laboratory, Missoula, MT. 30 p. 9524 
 9525 
Noss, R.F.; LaRoe III, E.T.; Scott, J.M. 1995. Endangered ecosystems of the United States: a preliminary 9526 
assessment of loss and degradation. Washington, DC: National Biological Service. 9527 
 9528 
Ortega, Y., Pearson, D.E.; Waller, L.P. [et al.]. 2012. Population-level compensation impedes biological 9529 
control of an invasive forb and indirect release of a native grass. Ecology. 93: 783–792. 9530 
 9531 
Owensby, C. E., Ham, J. M.; Knapp, A.K.; Auen, L. M. 1999. Biomass production and species 9532 
composition change in a tallgrass prairie ecosystem after long-term exposure to elevated atmospheric 9533 
CO2. Global Change Biology. 5: 497–506. 9534 
 9535 
Pearson, D. E.; Ortega, Y.K.; Eren, O.; Hierro, J.L. [In review]. Quantifying “apparent” impact and 9536 
distinguishing impact from invasiveness in multispecies plant invasions. Ecological Applications. 9537 
 9538 
Pellant, M. 1990. The cheatgrass-wildfire cycle—are there any solutions? In: McArthur, E.D.; Romney, 9539 
E.M.; Smith, S.D.; Tueller, P.T., eds. Proceedings symposium on cheatgrass invasion, shrub die-off, and 9540 
other aspects of shrub biology and management. Las Vegas, NV, April 5-7, 1989. Ogden, UT: U.S. 9541 
Department of Agriculture, Forest Service, Intermountain Research Station: 11–18. 9542 
 9543 
Pielke, R.A., Marland, G., Betts, R.A. [et al.]. 2002. The influence of land-use change and landscape 9544 
dynamics on the climate system: relevance to climate-change policy beyond the radiative effect of 9545 
greenhouse gases. Philosophical Transactions: Mathematical, Physical and Engineering Sciences. 360: 9546 
1705–1719. 9547 
 9548 
Polley, H. W., Briske, D.D.; Morgan, J.A. [et al.]. 2013. Climate Change and North American 9549 
Rangelands: Trends, Projections, and Implications. Rangeland Ecology and Management. 66: 493–511. 9550 
 9551 
Polley, H. W.; Johnson, H.B.; Derner, J. D. 2003. Increasing CO2 from subambient to superambient 9552 
concentrations alters species composition and increases above-ground biomass in C3/C4 grasslands. New 9553 
Phytologist. 160: 319–327. 9554 
 9555 
Poore, R.E., Lamanna, C.A.; Ebersole, J.J.; Enquist, B.J. 2009. Controls on radial growth of mountain big 9556 
sagebrush and implications for climate change. Western North American Naturalist. 69: 556–562. 9557 
 9558 

DRAFT



Halofsky et al. chapter 7  

 320 

Potts, S.G.; Biesmeijer, J.C.; Kremen, C. [et al.]. 2010. Global pollinator declines: trends, impacts and 9559 
drivers. Trends in Ecology & Evolution. 25: 345–353.  9560 
 9561 
Ramakrishnan, A.P.; Meyer, S.E.; Fairbanks, D.J.; Coleman, C.E. 2006. Ecological significance of 9562 
microsatellite variation in western North American populations of Bromus tectorum. Plant Species 9563 
Biology. 21: 61–73. 9564 
 9565 
Reeves, M.; Moreno, A.; Bagne, K.; Running, S.W. 2014. Estimating the effects of climate change on net 9566 
primary production of US rangelands. Climatic Change. 126: 429–442. 9567 
 9568 
Reeves, M. C.; Mitchell, J. E. 2011. Extent of coterminous U.S. rangelands: quantifying implications of 9569 
differing agency perspectives. Rangeland Ecology and Management. 64: 1–12. 9570 
 9571 
Riegel, G.M.; Miller, R.F.; Smith, S.E.; Skinner, C. 2006. Northeastern Plateaus bioregion. In: Sugihara, 9572 
N.G., van Wagtendonk, J.W., Shaffer, K.E. [et al.], eds. Fire in California's ecosystems. Berkeley, CA: 9573 
University of California Press: 225–263. 9574 
 9575 
Rowland, M.M.; Wisdom, M.J.; Spring, L.H.; Meinke, C.W. 2006. Greater sage-grouse as an umbrella 9576 
species for sagebrush-associated vertebrates. Biological Conservation. 129: 323–335. 9577 
 9578 
Rupp, L.; Roger, K.; Jerrian, E.; William, V. 1997. Shearing and growth of five Intermountain native 9579 
shrub species. Journal of Environmental Horticulture. 15: 123–125. 9580 
 9581 
Schlaepfer, D.R.; Lauenroth, W.K.; Bradford, J.B. 2012. Effects of ecohydrological variables on current 9582 
and future ranges, local suitability patterns, and model accuracy in big sagebrush. Ecography. 35: 374–9583 
384. 9584 
 9585 
Schlaepfer, D.R.; Lauenroth, W.K.; Bradford, J.B. 2014a. Modeling regeneration responses of big 9586 
sagebrush (Artemisia tridentata) to abiotic conditions. Ecological Modeling. 286: 66–77.  9587 
 9588 
Schlaepfer, D.R., Lauenroth, W.K.; Bradford, J.B. 2014b. Natural regeneration processes in big sagebrush 9589 
(Artemisia tridentata). Rangeland Ecology and Management. 67: 344–357.  9590 
 9591 
Schlaepfer, D.R.; Taylor, K.A.; Pennington, V.E. [et al.]. [In review]. Future regeneration of big 9592 
sagebrush support predicted changes in habitat suitability at trailing and leading edges. Ecological 9593 
Applications. 9594 
 9595 
Schrag, A.; Konrad, S.; Miller, B. [et al.]. 2011. Climate-change impacts on sagebrush habitat and West 9596 
Nile virus transmission risk and conservation implications for greater sage-grouse. GeoJournal. 76: 561–9597 
575. 9598 
 9599 
Seefeldt, S., Germino, M.J.; DiChristina, K.M. 2007. Prescribed fires have minor and transient effects on 9600 
herbaceous vegetation cover and composition. Applied Vegetation Science. 10: 249–256. 9601 
 9602 
Shafer, M.; Ojima, D.; Antle, J.M. [et al.]. 2014. Chapter 19: Great Plains. In: Melillo, J.M.; Richmond, 9603 
T.C.; Yohe, G.W., eds. Climate change impacts in the United States: the third National Climate 9604 
Assessment. Washington, DC: U.S. Global Change Research Program: 441–461. 9605 
 9606 
Shafer, S.L.; Bartlein, P.J.; Thompson, R.S. 2001. Potential changes in the distributions of western North 9607 
America tree and shrub taxa under future climate scenarios. Ecosystems. 4: 200–215.  9608 
 9609 

DRAFT



Halofsky et al. chapter 7  

 321 

Shane, R.L.; Garrett, J.R.; Lucier, G.S. 1983. Relationship between selected factors and internal rate of 9610 
return from sagebrush removal and seeding crested wheatgrass. Journal of Range Management. 36: 782–9611 
786. 9612 
 9613 
Shaw, N.L.; Monsen, S.B. 1990. Use of sagebrush for improvement of wildlife habitat. In: Fisser, H.G., 9614 
ed. Wyoming shrublands: aspen, sagebrush and wildlife management. Proceedings, 17th Wyoming shrub 9615 
ecology workshop, June 21-22, 1988, Jackson, WY. Laramie, WY: University of Wyoming, Department 9616 
of Range Management: 19–35. 9617 
 9618 
Sheatch, G.W. and Carlson. W.T. 1998. Impact of cattle treading on hill land. 1. Soil damage patterns and 9619 
pasture status. New Zealand Journal of Agricultural Research. 41: 271–278. 9620 
 9621 
Sheley, R.L.; Mangold, J.M.; Anderson, J.L. 2006. Potential for successional theory to guide restoration 9622 
of invasive-plant-dominated rangeland. Ecological Monographs. 76: 365–379. 9623 
 9624 
Sherry, R.A.; Zhou, Z.; Gu, S. [et al.]. 2007. Divergence of reproductive phenology under climate 9625 
warming. Proceedings of the National Academy of Sciences, USA. 104: 198–202. 9626 
 9627 
Shultz, L.M. 2006. The genus Artemisia (Asteraceae: Anthemideae). In: Editorial Committee, eds. Flora 9628 
of North America: Flora of North America North of Mexico. New York, NY: Oxford University Press. 9629 
503–534. 9630 
 9631 
Smith, J.K.; Fischer, W.C. 1997. Fire ecology of the forest habitat types of northern Idaho. General 9632 
Technical Report INT-GTR-363. Ogden, UT: U.S. Department of Agriculture, Forest Service, Rocky 9633 
Mountain Forest and Range Experiment Station. 142 p. 9634 
 9635 
Suttle, K.B.; Thomsen, M.A.; Power, M.E. 2007. Species interactions reverse grassland responses to 9636 
changing climate. Science. 315: 640–642. 9637 
 9638 
Society for Range Management. 1998. Glossary of terms used in range management. 4th ed. Denver, CO: 9639 
Society for Range Management, Glossary Update Task Group. 32 p. 9640 
 9641 
U.S. Department of Agriculture [USDA]. 2009. Summary report: 2007 national resources inventory. 9642 
Washington, DC: Natural Resources Conservation Service and Center for Survey Statistics and 9643 
Methodology. Ames, IA: Iowa State University. 123 p. 9644 
 9645 
U.S. Department of Agriculture, Forest Service [USDA FS]. 2010. Interior West Forest Inventory & 9646 
Analysis P2 field procedures. Washington, DC, USA: U.S. Department of Agriculture, Forest Service. 9647 
370 p. 9648 
 9649 
Walston, L.J.; Cantwell, B. L.; Krummel, J.R. 2009. Quantifying spatiotemporal changes in a sagebrush 9650 
ecosystem in relation to energy development. Ecography. 32: 943–952. 9651 
 9652 
Walther, G.R. 2010. Community and ecosystem responses to recent climate change. Philosophical 9653 
Transactions of the Royal Society B: Biological Sciences. 365: 2019–2024. 9654 
 9655 
Washington-Allen, R.A.; Briske, D.D.; Shugart, H.H.; Salo, L.F. 2010. Introduction to special feature on 9656 
catastrophic thresholds, perspectives, definitions, and applications. Ecology and Society. 15: 38.  9657 
 9658 
Weaver, J.E. 1968. Prairie plants and their environment: a fifty-year study in the Midwest. Lincoln, NE: 9659 
University of Nebraska Press. 276 p. 9660 

DRAFT



Halofsky et al. chapter 7  

 322 

 9661 
Wellner, C.A. 1970. Fire history in the Northern Rocky Mountains. In: Symposium, the role of fire in the 9662 
Intermountain West; sponsored by Intermountain Fire Research Council; 1970 October 27-29; Missoula, 9663 
MT. University of Montana, School of Forestry: 42–64.  9664 
 9665 
Westerling, AL.; Hidalgo, H.G.; Cayan, D.R.; Swetnam, T.W. 2006. Warming and earlier spring increase 9666 
western U.S. forest wildfire activity. Science. 318: 940–943. 9667 
 9668 
West, M., Mooney, H.A., 1972. Photosynthetic characteristics of three species of sagebrush as related to 9669 
their distribution patterns in the White Mountains of California. American Midland Naturalist. 88: 479–9670 
484. 9671 
 9672 
Whisenant, S. G. 1990. Changing fire frequencies on Idahoʼs Snake River Plain: ecological and 9673 
management implications. In: McArthur, E.D.; Romney, E.M.; Smith, S.D.; Tueller, P.T., eds. 9674 
Proceedings symposium on cheatgrass invasion, shrub die-off, and other aspects of shrub biology and 9675 
management. Las Vegas, NV, April 5-7, 1989. Ogden, UT: Department of Agriculture, Forest Service, 9676 
Intermountain Research Station: 5–7. 9677 
 9678 
Wijayratne, U. C.; Pyke, D.A. 2009. Investigating seed longevity of big sagebrush (Artemisia tridentata). 9679 
Open-File Rep. 2009-1146. Reston, VA: U.S. Geological Survey. 9680 
 9681 
Wijayratne, U.C.; Pyke, D.A. 2012. Burial increases seed longevity of two Artemisia tridentata 9682 
(Asteraceae) subspecies. American Journal of Botany. 99: 438–447.  9683 
 9684 
Woodward, F.I.; Kelly, C.K. 2008. Responses of global plant diversity capacity to changes in carbon 9685 
dioxide concentration and climate. Ecological Letters. 11: 1229–1237. 9686 
 9687 
Wright, H. A., Neuenschwander, L. F., Britton, C. M. 1979. The role and use of fire in sagebrush-grass 9688 
and pinyon-juniper plant communities: A state-of-the-art review. Gen. Tech. Rep. INT-58. Ogden, UT: 9689 
U.S. Department of Agriculture, Forest Service, Intermountain Forest and Range Experiment Station. 48 9690 
p. 9691 
 9692 
Young, J.A.; Evans, R.A.; Palmquist, D.E. 1989. Big sagebrush (Artemisia tridentata) seed production. 9693 
Weed Science. 37: 47–53. 9694 
 9695 
Young, J.A.; Evans, R.A. 1989. Dispersal and germination of big sagebrush (Artemisia tridentata) seeds. 9696 
Weed Science. 37: 201–206. 9697 
 9698 
Ziska, L.H.; Reeves, J.B.; Blank, B. 2005. The impact of recent increases in atmospheric CO2 on biomass 9699 
production and vegetative retention of cheatgrass (Bromus tectorum): implications for fire disturbance. 9700 
Global Change Biology. 11: 1325–1332. 9701 
  9702 

DRAFT



Halofsky et al. Chapter 8 

 323 

Chapter 8: Effects of Climate Change on Ecological Disturbance 9703 

Rachel A. Loehman, Barbara J. Bentz, Gregg A. DeNitto, Robert E. Keane, Mary E. Manning, Jacob P. 9704 

Duncan, Joel M. Egan, Marcus B. Jackson, Sandra Kegley, I. Blakey Lockman, Dean E. Pearson, James 9705 

A. Powell, Steve Shelly, Brytten E. Steed, and Paul J. Zambino 9706 

 9707 

INTRODUCTION 9708 

This chapter describes the ecology of important disturbance regimes in the region encompassed by 9709 

the Northern Rockies Adaptation Partnership, and potential shifts in these regimes as a consequence of 9710 

observed and projected climate change. The term disturbance regime describes the general temporal and 9711 

spatial characteristics of a disturbance agent—insect, disease, fire, weather, even human activity—and 9712 

the effects of that agent on the landscape (table 8.1). More specifically, a disturbance regime is the 9713 

cumulative effect of multiple disturbance events over space and time (Keane 2013). Disturbances disrupt 9714 

an ecosystem, community, or population structure and change elements of the biological and/or physical 9715 

environment (White and Pickett 1985). The resulting shifting mosaic of diverse ecological patterns and 9716 

structures in turn affects future patterns of disturbance, in a reciprocal, linked relationship that shapes the 9717 

fundamental character of landscapes and ecosystems. Disturbance creates and maintains biological 9718 

diversity in the form of shifting, heterogeneous mosaics of diverse communities and habitats across a 9719 

landscape (McKinney 1998), and biodiversity is generally highest when disturbance is neither too rare nor 9720 

too frequent on the landscape (Grime 1973).  9721 

A changing climate may already be altering characteristics of disturbance agents, events, and regimes, 9722 

with additional effects expected in the future (Dale et al. 2001). Climate changes can alter the timing, 9723 

magnitude, frequency, and duration of disturbance events, as well as the interactions of disturbances on a 9724 

landscape. Interactions among disturbance regimes, such as the co-occurrence in space and time of bark 9725 

beetle outbreaks and wildfires, can result in highly visible, rapidly occurring, and persistent changes in 9726 

landscape composition and structure. Understanding how altered disturbance patterns and multiple 9727 
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disturbance interactions might result in novel and emergent landscape behaviors is critical for addressing 9728 

climate change impacts and for designing land management strategies that are appropriate for future 9729 

climates (Keane et al. 2015).  9730 

We summarize five disturbance types present in the Northern Rockies that are sensitive to a changing 9731 

climate. Wildfires, bark beetles, white pine blister rust (Cronartium ribicola), other forest diseases, and 9732 

nonnative plant invasions acting individually or synergistically can transform landscape patterns and 9733 

ecological functions. This chapter provides background that can help managers understand the important 9734 

role of disturbances on Northern Rockies landscapes, and anticipate how, when, where, and why climate 9735 

changes may alter the characteristics of disturbance regimes. 9736 

WILDFIRE 9737 

Overview 9738 

Wildland fire is ubiquitous throughout forest ecosystems of the Northern Rockies and was historically 9739 

the most important and extensive landscape disturbance in the region (Helj et al. 1995). Wildfire emerged 9740 

as a dominant process in North America after the end of the last glacial period, about 16,500-13,000 years 9741 

before present, commensurate with rapid climate changes and increased tree cover (Marlon et al. 2009). 9742 

In the Northern Rockies, many forest types are fire prone and fire adapted, meaning that fire is an integral 9743 

and predictable part of their maintenance and ecological functioning. Wildfire, as well as other 9744 

disturbances such as insect outbreaks, disease, drought, invasive species, and storms, is part of the 9745 

ecological history of most forest ecosystems, influencing vegetation age and structure, plant species 9746 

composition, productivity, carbon (C) storage, water yield, nutrient retention, and wildlife habitat (Agee 9747 

1993).  9748 

Climate and fuels are the two most important factors controlling patterns of fire in forest ecosystems. 9749 

Climate controls the frequency of weather conditions that promote fire, whereas the amount and 9750 

arrangement of fuels influence fire intensity and spread. Climate influences fuels on longer time scales by 9751 

shaping species composition and productivity (Dale et al. 2001; Marlon et al. 2008; Power et al. 2008) 9752 

and large-scale climatic patterns such as the El Niño Southern Oscillation (ENSO) and Pacific Decadal 9753 
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Oscillation (PDO) are important drivers of forest productivity and susceptibility to disturbance (Collins et 9754 

al. 2006; Kitzberger et al. 2007). Current and past land use, including timber harvest, forest clearing, fire 9755 

suppression, and fire exclusion through grazing have affected the amount and structure of fuels in the 9756 

United States (Allen et al. 2002; Falk et al. 2011; Pausas and Keeley 2014).  9757 

Disturbance impacts can overwhelm the direct effects of climate changes on ecosystems. As 9758 

described in other chapters in this publication, climate changes influence forests directly; for example, it 9759 

has been suggested that drought and heat stress are linked to increased tree mortality, shifts in species 9760 

distributions, and decreased productivity (Allen et al. 2010; Van Mantgem et al. 2009; Williams et al. 9761 

2013). However, the most visible and significant short-term effects of climate changes on forest 9762 

ecosystems will be caused by altered disturbances, often occurring with increased frequency and severity. 9763 

Climate changes are likely to increase fire frequency, fire season length, and cumulative area burned in 9764 

the coming decades in the western United States, in response to warmer, drier conditions (Flannigan et al. 9765 

2006; McKenzie et al. 2004). Climate changes may also increase the frequency or magnitude of extreme 9766 

weather events that affect fire behavior (Kurz et al. 2008; Lubchenco and Karl 2012). Although shifts in 9767 

vegetation composition and distribution caused by climate alone may occur over decades or centuries, 9768 

wildfires can temporarily or persistently reorganize landscapes over a period of days (Overpeck et al. 9769 

1990; Seidl et al. 2011).  9770 

The role of fire in ecosystems and its interactions with dominant vegetation is termed a fire regime 9771 

(Agee 1993). Fire regimes are defined by fire frequency (mean number of fires per time period), extent, 9772 

intensity (measure of the heat energy released), severity (net ecological effect), and seasonal timing (table 9773 

8.2). These characteristics vary across vegetation types and depend on the amount and configuration of 9774 

live and dead fuel present at a site, environmental conditions that favor combustion, and ignition sources 9775 

(Agee 1993; Krawchuk et al. 2009). Ecosystems in the Northern Rockies have been subject to a range of 9776 

historical fire regimes, including (1) frequent (1-35 years), low- or mixed-severity fires that replaced less 9777 

than 25 percent of the dominant overstory vegetation; (2) moderate-frequency (35-200 years), mixed-9778 

severity fires that replaced up to 75 percent of the overstory; and (3) infrequent (200+ years), high-9779 
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severity fires that replaced greater than 75 percent of the dominant overstory vegetation (fig. 8.1). More 9780 

detailed information on fire regimes specific to individual vegetation species and vegetation types can be 9781 

found in chapter 6 of this volume.  9782 

Wildland fire behavior is influenced by variability in environmental conditions including vegetation 9783 

type and distribution, climate, weather, and topography. Despite major human influences on western U.S. 9784 

wildfires since Euro-American settlement, climate is generally considered to be the primary control on 9785 

fire regimes in the region, influencing vegetation production and condition as well as the physical 9786 

environment (Marlon et al. 2012). Where rates of vegetation production outpace decomposition, sufficient 9787 

biomass is available to support fires, although higher elevation regions with abundant fuels do not always 9788 

experience sufficiently dry conditions to sustain a fire. In these systems short-duration drying episodes 9789 

generally do not create sufficiently dry conditions to sustain a fire, but prolonged dry weather conditions 9790 

(about 40 days without precipitation) can sufficiently dry live fuels and larger dead fuels to carry large, 9791 

intense fires once they are ignited (Schoennagel et al. 2004). Wildland fuels lose moisture and become 9792 

flammable in warm and dry summers typical in the Northern Rockies, during which time there are ample 9793 

sources of ignition from lightning strikes and humans. Therefore, the active fire season (period conducive 9794 

to active burning) is in the summer, typically from late June through October, with shorter seasons at 9795 

higher elevation sites where snowpack can persist into July (Littell et al. 2009). 9796 

At annual time scales, weather is the best predictor of fire characteristics such as area burned and fire 9797 

size. Correlations between weather and annual area burned by fire or the number of large fires are similar 9798 

for both pre-20th century fires and fires that have occurred during the past few decades. Fire-weather 9799 

relationships exist for forested ecosystems of the Pacific Northwest (Hessl et al. 2004; Heyerdahl et al. 9800 

2002, 2008a) and Northern Rockies (Heyerdahl et al. 2008b; Littell et al. 2009; Westerling et al. 2003, 9801 

2006), constructed using tree-ring and fire-scar records and independently reconstructed climate, or 9802 

observed fire events and observed weather occurring in the seasons leading up to and during the fire 9803 

where records are available. Regionally, widespread fire years are correlated with drought (Heyerdahl et 9804 

al. 2008b; Morgan et al. 2008), and these regionally synchronous fires have generally occurred in the 9805 
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Northern Rockies (Idaho and western Montana) during years with relatively warm spring-summers and 9806 

warm-dry summers (Heyerdahl et al. 2008a; Morgan et al. 2008).  9807 

In non-forested systems in the eastern Northern Rockies, precipitation amount, at both short (weeks to 9808 

months) (Littell et al. 2009) and long (decades to centuries) (Brown et al. 2005) time scales is the 9809 

dominant control on fire. During the fire season, the amount and timing of precipitation largely determine 9810 

availability and combustibility of fine fuels, and short periods of dry weather are sufficient to 9811 

precondition these systems to burn (Gedalof et al. 2005; Westerling and Swetnam 2003). In contrast to the 9812 

grasslands of the southwestern United States, antecedent precipitation has not been found to be a 9813 

significant driver of large fires in the northern grasslands; rather, large fires are most strongly correlated 9814 

with low precipitation, high temperatures, and summer drought (July through September) in the year of 9815 

the fire (Littell et al. 2009).  9816 

Humans are also important drivers of wildfire, via altered ignition patterns associated with land 9817 

clearing and land cover change, agriculture, introduction of exotic species, and fire management (fuel 9818 

treatments and fire suppression/exclusion). Grazing and the introduction of nonnative species have altered 9819 

ecological processes that affect fire, including fuel loading and continuity, forest composition and 9820 

structure, nutrient cycling, soils, and hydrology (Marlon et al. 2009; Swetnam et al. 1999). For many 9821 

sagebrush ecosystems of low to moderate productivity, fire intervals are 10 to 20 times shorter today than 9822 

what is estimated for pre-20th century conditions (Peters and Bunting 1994; Whisenant 1990; chapter 7), 9823 

because of the spread and dominance of the nonnative annual cheatgrass (Bromus tectorum). Dry forests, 9824 

shrublands, and grasslands in the region exist in a state of “fire deficit” as the result of fire exclusion, 9825 

leading to less frequent wildfire, higher stand densities, higher fuel quantities, and higher fuel continuity. 9826 

This has increased the potential for crown fires in forests that historically experienced low-severity fire 9827 

regimes (Agee 1998; Peterson et al. 2005) and in some forests that experienced mixed-severity regimes 9828 

(Taylor and Skinner 2003).  9829 

Wildfire Shapes Landscape Patterns 9830 
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The composition and structure of forests in the Northern Rockies is determined by climate, elevation, 9831 

topographic position, and history of fire. In general, fire regimes vary along environmental gradients, with 9832 

fire frequency decreasing and fire severity increasing with elevation (although aspect and slope position 9833 

can influence fire patterns). For example, low-severity fires are typical in many ponderosa pine (Pinus 9834 

ponderosa) forests at low elevations. Historically, fires here burned frequently enough to maintain low 9835 

fuel loads and an open stand structure, producing a landscape in which fire-caused mortality of mature 9836 

trees was rare (Agee 1998; Jenkins et al. 2011; Moritz et al. 2011). Adaptive traits such as thick bark also 9837 

allowed mature ponderosa pines to survive many repeated fires over time. Conversely, high-severity fires 9838 

occurring at intervals of more than 300 years are typical in subalpine forests and tend to result in high 9839 

mortality of mature trees (“stand replacement”) because long intervals between fires result in dense, 9840 

multi-storied forest structures that are susceptible to crown fires (Agee 1998) (fig. 8.2). 9841 

Fire exclusion since the 1920s has increased surface fuel loads, tree densities, and ladder fuels, 9842 

especially in low-elevation, dry conifer forests (Schoennagel et al. 2004) (fig. 8.3). As a result, fires in 9843 

these forests may be larger and more intense, and may cause higher rates of tree mortality than historical 9844 

fires. In higher elevation forests where fires were historically infrequent, fire exclusion has not altered fire 9845 

regimes (Romme and Despain 1989; Schoennagel et al. 2004). For example, lodgepole pine (Pinus 9846 

contorta var. latifolia) forests in Yellowstone National Park historically experienced large, stand-9847 

replacing fires (Romme 1982), and many (but not all) lodgepole pine trees can regenerate prolifically 9848 

when heating from fires releases seed from serotinous cones (Schoennagel et al. 2003).  9849 

Wildfires and Forest Carbon Sequestration 9850 

Concerns about projected changes in global climate have raised an expectation that forests can help 9851 

mitigate climate changes via management for increased carbon sequestration and storage (Sommers et al. 9852 

2014). Forests contain large reservoirs of carbon in soils (~45 percent of total storage), aboveground and 9853 

belowground live biomass (~42 percent), deadwood (~8 percent) and litter (~5 percent) (Pan et al. 2011). 9854 

The carbon sequestration potential of Earth’s forests is about 33 percent of global emissions from fossil 9855 

fuels and land use (Denman 2007), and North American forests currently offset about 13 percent of 9856 
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annual continental fossil fuel emissions (Pacala et al. 2007). The potential for forests to mitigate climate 9857 

change depends on human activities such as land use and land management, and environmental factors 9858 

such as vegetation composition, structure, and distribution, disturbance processes, and climate (Loehman 9859 

et al. 2014).  9860 

Carbon typically accumulates in woody biomass and soils for decades to centuries until a disturbance 9861 

event like wildfire releases this stored carbon into the atmosphere (Goward et al. 2008). Wildfire in 9862 

forested ecosystems is one of the primary disturbances that regulates patterns of carbon storage and 9863 

release (Kasischke et al. 2000). The amount and rate of carbon release from a wildfire depends on the 9864 

extent and severity of the fire, as well as pre-disturbance site conditions and productivity (Bigler et al. 9865 

2005; Dale et al. 2001; Falk et al. 2007). For example, high-severity fires typical of mid- to upper-9866 

elevation forests in the Northern Rockies may consume a large amount of aboveground biomass, resulting 9867 

in an instantaneous pulse of carbon (i.e., the area affected becomes a carbon source to the atmosphere); 9868 

however, these fires typically occur infrequently, and carbon is stored in woody biomass as forests 9869 

regrow. Low-severity fires such as those that occur in low-elevation, dry forest types typically release less 9870 

carbon per fire event (although total emissions are dependent on area burned) at more frequent intervals 9871 

than with stand-replacing regimes, and favor long-lived and fire-resistant (or tolerant) forest species that 9872 

typically survive multiple fire events (Ritchie et al. 2007). Carbon losses from wildland fire are balanced 9873 

by carbon capture from forest regrowth across unmanaged fire regimes and over multiple decades, unless 9874 

a lasting shift in dominant plant life form occurs or fire return intervals change (Kashian et al. 2006; 9875 

Wiedinmyer and Neff 2007).  9876 

There are several important ideas to consider when managing forests and fires for carbon resources. 9877 

First, as stated above, unless structural or functional ecosystem shifts occur, net carbon balance in 9878 

disturbance-adapted systems at steady state is zero when assessed over long time periods and at large 9879 

spatial scales. Under these conditions, although a fire may result in a temporary loss of stored carbon 9880 

from a forest to the atmosphere (i.e., be a carbon source), this effect is transitory and balanced by carbon 9881 

accumulation as the forest regrows. The time required for the postfire environment to shift from carbon 9882 
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source to sink varies among forest types and climates. For example, in simulations of effects of stand-9883 

scale fuel treatments on carbon-fire relationships in Northern Rockies forests, postfire carbon recovery 9884 

occurred in 10 to 50 years, depending on vegetation type and whether stands were treated before fire to 9885 

reduce woody fuels (Reinhardt and Holsinger 2010).  9886 

Second, quantifying or projecting wildland fire emissions is difficult because their amount and 9887 

character vary greatly from fire to fire, depending on biomass carbon densities, quantity and condition of 9888 

consumed fuels, combustion efficiency, and weather (Loehman et al. 2014). Emissions measured for an 9889 

individual fire event may not be characteristic of large-scale emissions potential, because of complex 9890 

ecological patterning and spatial heterogeneity of burn severity within fire perimeters. Although long 9891 

intervals between wildfires can allow carbon to accumulate for years to centuries, disturbance-prone 9892 

forests will eventually lose stored carbon to the atmosphere, regardless of management strategies 9893 

designed to limit or prevent disturbance events.  9894 

Third, wildfire confers many important ecological benefits not measurable in carbon units (e.g., 9895 

nutrient release and redistribution, stimulation of plant growth, increased productivity in soil systems 9896 

from decomposition of burned material, initiation of vegetation succession and forest regeneration, 9897 

increased availability of resources for surviving trees). Thus, it will be important to develop accounting 9898 

methods that can assess ecological benefits in carbon-equivalent units so that they can be weighed against 9899 

carbon losses from disturbance. 9900 

Finally, climate changes in combination with other ecosystem stressors may be sufficient to cause 9901 

structural or functional changes in ecosystems and thus alter carbon dynamics of landscapes. For 9902 

example, if climate changes increase wildfire frequency, extent, and/or severity in forested ecosystems, 9903 

forests will likely lose carbon to the atmosphere that will not be rapidly replaced by new growth. This will 9904 

cause forests to act as carbon sources for a period of time, until disturbance regimes and biomass 9905 

stabilize. Future landscapes could have the potential to store less, or more, carbon than under current 9906 

climate and disturbance regimes.  9907 

Potential Future Wildfire Regimes and Wildfire Occurrence 9908 
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Potential mid to late 21st century climate-driven changes to regional fire regimes include longer fire 9909 

seasons and increases in fire frequency, annual area burned, number of high fire danger days, and fire 9910 

severity as compared with modern fire patterns (Bachelet et al. 2003; Brown et al. 2004; Dillon et al. 9911 

2011; Krawchuk et al. 2009; Rocca et al. 2014; Westerling et al. 2006) (figs. 8.4, 8.5). In particular, 9912 

lengthening of the fire season (the period of the year when fires can burn) will allow for more ignitions, 9913 

greater likelihood of fire spread, and a longer burning duration. A longer burning window combined with 9914 

regionally dry fuels will promote larger fires and increased annual area burned relative to modern 9915 

recorded fire activity. Earlier onset of snowmelt will reduce fuel moistures during fire season, making a 9916 

larger portion of the landscape flammable for longer periods of time (McKenzie et al. 2004; Miller et al. 9917 

2011). This shift may be especially pronounced in middle to high elevation forested systems where fuels 9918 

are abundant.  9919 

Earlier snowmelt, higher summer temperatures, longer fire season, and expanded vulnerable area of 9920 

high-elevation forests have produced observed increased wildfire activity compared to the mid-20th 9921 

century, particularly in the Northern Rockies (Westerling et al. 2006). Annual area burned by western 9922 

wildfires in the 20th century was greater in years with low precipitation, high drought severity, and high 9923 

temperatures (Littell et al. 2009). Wildfire activity in the western United States is expected to increase if 9924 

climates become warmer and drier in the future. Among western United States forests, mid-elevation 9925 

forests of the Northern Rockies are projected to have a high risk of climate-induced increase in fire 9926 

(Westerling et al. 2006), and increases in the area burned by fire are likely in lower and middle elevations 9927 

of mountainous areas (Littell et al. 2009). However, in areas that are fuel limited, fires may become more 9928 

infrequent where there is insufficient moisture for fine fuel accumulation (Littell et al. 2009).  9929 

The potential effects of climate change on wildfire area have been assessed using statistical and 9930 

ecological process models for the western United States (McKenzie et al. 2004; Spracklen et al. 2009), 9931 

Pacific Northwest (Littell et al. 2010), Northern Rockies (Holsinger et al. 2014; Loehman et al. 2011a, 9932 

2011b; Rocca et al. 2014), and the Greater Yellowstone Area (Westerling et al. 2011). For a mean 9933 

temperature increase of 4 ºF, the annual area burned by wildfires is expected to increase by a factor of 1.4 9934 
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to 5 for most western states (McKenzie et al. 2004), ultimately leading to greater damage, growth 9935 

reductions, and mortality in forest ecosystems. The effects of future climate on fire severity (i.e., the 9936 

proportion of overstory mortality) are less certain because severity may be more sensitive than area 9937 

burned to arrangement and availability of fuels. The risk posed by future fire activity in a changing 9938 

climate can be assessed by its likely effects on human and ecological systems. At the wildland-urban 9939 

interface, higher population and forest density have created forest conditions that are likely to experience 9940 

more area burned and possibly higher fire severity than in the historical record (Dillon et al. 2011) (figs. 9941 

8.4, 8.5).  9942 

Although fire size in historic sagebrush landscapes is poorly understood, it is generally accepted that 9943 

recent large fires have been fueled by woodland encroachment and higher fine fuel loads from weed 9944 

invasions (e.g., cheatgrass). These changes in fire regime and vegetation-fuel structure affect large areas 9945 

in the semiarid western United States and cascade through all trophic levels. Effects are particularly 9946 

harmful on landscapes where postfire recovery is slow. The trend for larger, more damaging fires in 9947 

sagebrush ecosystems is expected to continue until aberrations in fuel conditions that drive fire are 9948 

corrected (Keane et al. 2008).  9949 

Interactions with Other Disturbance Processes 9950 

Wildland fires and insect outbreaks are the two primary natural disturbance processes in conifer 9951 

forests of western North America (Hicke et al. 2012; Jenkins et al. 2012). The interaction of wildland fire 9952 

and bark beetles has been studied since the early 20th century (Evenden and Gibson 1940; Miller and 9953 

Patterson 1927; Weaver 1943), with research primarily focused on the potential for increased fire hazard 9954 

following outbreaks. Multiple studies have cited changes in fire behavior, extent, and severity resulting 9955 

from bark beetle-caused morality in pine forests (see Hicke et al. 2012 for a summary). Drought and 9956 

increased temperatures are key drivers of both wildland fires and bark beetle outbreaks. Climate change 9957 

may be a causal factor in recent increases in annual area burned by wildfires (Littell et al. 2009) and area 9958 

affected by bark beetle outbreaks (Bentz et al. 2010). Projections of warmer temperatures and increased 9959 

drought stress suggest that the total area susceptible to or affected by beetle outbreaks and large or severe 9960 
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fires may increase in the coming decades (Williams et al. 2013). Acting independently or synchronously 9961 

in space and time, wildland fires and bark beetle outbreaks can substantially influence forest structure, 9962 

composition, and function; abruptly reorganize landscapes; and alter biogeochemical processes such as 9963 

carbon cycling, water supply, and nutrient cycles (Edburg et al. 2012; Falk 2013; Fettig et al. 2013; 9964 

Hansen 2013; Kurz et al. 2008a). 9965 

Unknowns and Uncertainties 9966 

 Projections of future climate are somewhat uncertain because the ultimate magnitude of climate 9967 

change and the severity of its impacts depend strongly on the actions that human societies take to respond 9968 

to these risks (NRC 2010). Global climate models and their downscaled products may not accurately 9969 

represent climate and weather at the regional and local scales that influence fire occurrence and behavior. 9970 

For example, although associations between fire and quasi-periodic patterns such as ENSO and PDO have 9971 

been identified, there is incomplete understanding of how these will respond to climate warming 9972 

(McKenzie et al. 2004). In addition, precipitation trends are highly variable, and projections of future 9973 

precipitation reflect both uncertainty and high variation (IPCC 2007, 2012; Littell 2011). Lightning, an 9974 

important ignition source for wildland fires, may increase in the future, thus increasing the potential for 9975 

fire activity – for example, recent projections suggest that lightning strikes in the continental US may 9976 

increase by about 50 percent over the 20th century as the result of global warming–induced increase in 9977 

updraft speeds and atmospheric water content (Romps et al. 2014). However, others have concluded that 9978 

confidence in projections of increased thunderstorms and severe local weather events is low (Seneviratne 9979 

et al. 2012). 9980 

Thus, the influence of climate changes on future fire patterns is not precisely known. Grissino-Mayer 9981 

and Swetnam (2000) note that “long-term changes in climate…. are unlikely to produce simple linear 9982 

responses in global fire regimes, e.g., warmer temperatures may not necessarily lead to increased fire 9983 

frequency,” in large part because fire activity is strongly influenced by precipitation, which can occur at 9984 

scales not well captured by climate models. Other research suggests that increases in burned area can be 9985 

expected in a warming climate, but fire activity will ultimately be limited by the availability of fuels 9986 
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(Brown et al. 2004; Flannigan et al. 2006; Loehman et al. 2011a; McKenzie et al. 2004; Torn and Fried 9987 

1992). In addition, climate drivers interact with legacies of human land use and local vegetation and fuel 9988 

conditions at large spatial scales, making linear climate-fire predictions difficult. Specifically, decades-9989 

long fire exclusion and timber harvesting in some forests of the western US have resulted in densely 9990 

stocked stands and heavy downed fuels accumulation that have likely contributed to the anomalous size 9991 

and intensity of recent fires (Grissino Mayer and Swetnam 2000; Naficy et al. 2010).  9992 

BARK BEETLES 9993 

Overview 9994 

Bark beetles (Coleoptera: Curculionidae, Scolytinae) comprise a large subfamily of insects, although 9995 

less than one percent of the more than 6,000 species found worldwide cause significant economic 9996 

impacts. In the Northern Rockies, bark beetles of economic concern feed in the phloem of living conifers 9997 

and can have extreme population amplifications over short time periods, the hallmark of outbreak species. 9998 

Larval feeding, in addition to colonization by beetle-introduced fungi, typically results in death of the 9999 

tree, and new host material is therefore required for each beetle generation. Historically, pulses of bark 10000 

beetle-caused tree mortality have been extensive across the northern Rocky Mountain Region. Recently, 10001 

between 1999 and 2013, bark beetle-caused tree mortality has had substantial impacts in the Northern 10002 

Rockies across an average of 1.4 million acres each year (fig. 8.6). Mountain pine beetle (Dendroctonus 10003 

ponderosae, hereafter referred to as MPB) caused the majority of tree mortality (82 percent of acres with 10004 

mortality detected) with a cumulative impact across 8.7 million acres during this time period (fig. 8.7). 10005 

Across western North America between 1997 and 2010, bark beetle-caused tree mortality resulted in a 10006 

transfer of carbon that exceeded that of fire-caused tree mortality (Hicke et al. 2013).  10007 

Both bark beetle populations and their host trees are being influenced by a warmer climate. Many 10008 

bark beetle life history traits that influence population success are temperature dependent (Bentz and 10009 

Jӧnsson 2015), and warming temperatures associated with climate change have directly influenced bark 10010 

beetle-caused tree mortality in some areas of western North America (Safranyik et al. 2010; Weed et al. 10011 
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2015). Host tree distribution across the Northern Rockies, and tree vigor that influences susceptibility to 10012 

bark beetle attack (Chapman et al. 2012; Hart et al. 2013) will also be influenced as the climate continues 10013 

to warm.  10014 

Bark Beetles in the Northern Rockies 10015 

Bark beetles are relative specialists, feeding on a single tree species or several species within a single 10016 

genus. In the Northern Rockies, multiple tree species are affected by different bark beetle species (table 10017 

8.3). Populations of several beetle species, and MPB in particular, began building in 1999, with high 10018 

populations continuing in some areas through 2013 (http://foresthealth.fs.usda.gov/portal; fig. 8.6). Trend 10019 

analysis indicates that a majority of subwatersheds have declining populations, although some specific 10020 

locations had increases in 2012 and 2013 (fig. 8.7) (Egan 2014; Egan et al. 2013). Based on 2012 10021 

vegetation characteristics, susceptibility of Northern Rockies watersheds to future MPB outbreaks is 10022 

spatially variable with many areas projected to lose >25 percent of total basal area (Krist et al. 2014).  10023 

Drivers of Bark Beetle Outbreaks 10024 

Bark beetle population outbreaks require forests with extensive host trees of suitable size and age 10025 

(Fettig et al. 2013). For most irruptive species, preferred hosts are large, mature trees that provide a large 10026 

amount of phloem resource for a developing brood. Large landscapes of these mature stands provide the 10027 

perfect scenario for years of bark beetle population growth. 10028 

Although suitable host trees are critical to outbreak development, beetle populations can exist for 10029 

years at low levels until release is triggered by inciting factors that allow for rapid population growth that 10030 

makes use of plentiful host trees. Triggers have been difficult to quantify but include factors that make 10031 

food more readily available, and increase survival and reproduction of the beetles. Stand conditions 10032 

(Fettig et al. 2013), drought (Chapman et al. 2012; Hart et al. 2013), and pathogens (Goheen and Hansen 10033 

1993) can make it easier for low levels of beetles to overwhelm and kill trees. Similarly, large areas of 10034 

host trees recently killed by fire, wind, or avalanche provide pulses of accessible food, and have resulted 10035 

in outbreaks of some species such as Douglas-fir beetle (Dendroctonus pseudotsugae) and spruce beetle 10036 

(D. rufipennis) (Hebertson and Jenkins 2007; Shore et al. 1999), as well as secondary beetles including 10037 
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Ips species and fir engraver (Scolytus ventralis) (Livingston 1979). Weather favorable to beetle 10038 

reproduction and survival also influences population fluctuations, and can both initiate and sustain 10039 

outbreaks (Bentz et al. 2011; Powell and Bentz 2009; Regniere and Bentz 2007).  10040 

Given a susceptible forest, climate and weather directly drive bark beetle outbreaks by affecting 10041 

beetle growth and survival through temperature-dependent life history traits. For example, the process of 10042 

mass attack needed to successfully overcome tree defenses requires synchronous emergence of adults, a 10043 

process mediated by temperature (Bentz et al. 1991). Diapause and development rate thresholds help in 10044 

this synchrony (Bentz and Jönsson 2015; Hansen et al. 2001, 2011; Ryan 1959; Safranyik et al. 1990). 10045 

These same strategies also reduce the likelihood that life stages most sensitive to cold (eggs and pupae) 10046 

are not present during winter. Development rates and thresholds also dictate life cycle timing, an 10047 

important determinant of the number of generations per year.  10048 

The western pine beetle (D. brevicomis) and Ips species can be bivoltine (two generations in one 10049 

year) in the Northern Rockies (Kegley et al. 1997; Livingston 1991), although multivoltine in more 10050 

southern parts of their range. Other bark beetle species require at least one year to complete a generation 10051 

(univoltine), and at higher elevations where temperatures are cooler, two to three years may be required 10052 

for a complete life cycle. Warm temperatures in the summer and spring extend the time that temperatures 10053 

are above development thresholds, thereby allowing a reduction in generation time (Bentz et al. 2014; 10054 

Hansen et al. 2001). Shorter generation times can lead to increased population growth, causing increased 10055 

tree mortality. Winter temperature also influences bark beetle population success. Larvae cold-harden to 10056 

survive subfreezing temperatures (Bentz and Mullins 1999; Miller and Werner 1987), although extreme 10057 

fluctuations in temperature in spring and autumn, in addition to long durations of temperatures below -31 10058 

°F, can cause extensive larval mortality (Evenden and Gibson 1940; Regniere and Bentz 2007; Safranyik 10059 

and Linton 1991).  10060 

Bark Beetle Outbreaks Shape Landscape Patterns 10061 

Bark beetle disturbances play a significant role in successional pathways and biogeochemical cycles 10062 

in Northern Rockies forests (DeRose and Long 2007; Edburg et al. 2012; Hansen 2014). At low 10063 
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population levels, bark beetles act locally as thinning agents, producing forest gaps that promote 10064 

regeneration and the release and subsequent growth of neighboring host and non-host trees, often 10065 

producing uneven-aged stands (Mitchell and Preisler 1998). At outbreak population levels, tree mortality 10066 

can approach 80 percent across landscapes of homogeneous host species and age, changing age-class 10067 

distributions and overstory and understory species compositions. For example, in seral lodgepole pine 10068 

forests, removal of the largest trees by MPB can hasten succession by climax species when fire is absent 10069 

(Hagle et al. 2000; Roe and Amman 1977). Bark beetle disturbance can have long-term effects on forest 10070 

structure and composition (Pelz and Smith 2012), and future landscape patterns in some forest types will 10071 

be driven by tree mortality caused by large outbreaks of beetles. 10072 

Potential Future Bark Beetle Regimes and Occurrence 10073 

Climate change will have direct and indirect effects on bark beetle population outbreaks (table 8.4). 10074 

Indirectly, changing temperature and precipitation regimes will influence the suitability and spatial 10075 

distribution of host trees. Community associates important to bark beetle population success, including 10076 

fungi, predators and competitors, will also be affected by changing climate and thereby indirectly affect 10077 

beetle population outbreaks. Direct effects will also occur as changing temperature regimes either 10078 

promote or disrupt bark beetle temperature-dependent life history strategies that evolved through local 10079 

adaptation for increased beetle population fitness and survival. Future bark beetle-caused tree mortality 10080 

will therefore depend not only on the spatial distribution of live host trees and heterogeneity of future 10081 

landscapes (see chapter 6), but also the ability of beetle populations and their associates to adapt to 10082 

changing conditions when existing phenotypic plasticity is surpassed. 10083 

Projected changes in temperature and precipitation, in addition to a potential increase in extreme 10084 

events such as windstorms, will significantly influence the spatial and temporal distribution of suitable 10085 

host trees across future landscapes. For example, host tree defenses can be weakened by reduced water 10086 

availability (Chapman et al. 2012; Gaylord et al. 2013; Hart et al. 2013). Increasing temperature is also 10087 

associated with changing hydrologic regimes (see chapter 4), including altered inter-seasonal timing of 10088 

soil water availability facilitated by snow packs that have progressively melted earlier in recent decades, 10089 
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and changes in the distribution of precipitation falling as rain versus snow (Regonda et al. 2005). These 10090 

factors, along with other potential climate changes, may enhance physiological drought stress in host trees 10091 

that could indirectly benefit bark beetles that colonize stressed hosts in the late-spring or summer (Raffa 10092 

et al. 2008). Similarly, increased wind events could provide a reservoir of stressed trees used by some 10093 

bark beetle species to surpass the endemic-epidemic threshold. Species currently considered secondary 10094 

(i.e., infest stressed trees) could become primary tree killers as their favored habitat increases.  10095 

Warming temperatures will also directly influence bark beetle population success, although the 10096 

effects will depend on the beetle species, as well as the seasonal timing, amount, and variability of 10097 

thermal input. For example, across MPB habitats in the western United States from 1960 to 2011, 10098 

minimum temperatures increased 6.5 °F. This increase in minimum temperature resulted in an increase in 10099 

MPB survival and subsequent beetle-caused tree mortality in many areas of the Northern Rockies (Weed 10100 

et al. 2015). As climate continues to change, however, extreme within-year variability in winter warming, 10101 

could be detrimental to insect survival. Bark beetles produce supercooling compounds as temperatures 10102 

decrease and catabolize compounds as temperature warm. Large temperature fluctuations could result in 10103 

excessive metabolic investment in maintaining appropriate levels of antifreeze compounds, leaving 10104 

individuals with minimal energy stores at the end of winter. In addition, many species overwinter at the 10105 

base of tree boles, garnering protection from predators and excessive cold temperatures when insulated 10106 

beneath snow. Reduced snow levels in a warming climate could therefore add to increased overwinter 10107 

mortality.  10108 

Warming at other times of the year could similarly have both positive and negative effects on bark 10109 

beetle populations. Phenological flexibility allows some species to shift voltinism pathways, developing 10110 

on a semivoltine (one generation every two years) life cycle in cool years, and a univoltine lifecycle in 10111 

warm years (Bentz et al. 2014; Hansen et al. 2001). Warming temperatures could also cause species that 10112 

are currently bivoltine (e.g., western pine beetle, Ips species) to become multivoltine. These types of 10113 

voltinism shifts can lead to rapid increases in beetle populations and subsequent tree mortality. Some 10114 

thermal regimes allow these life cycle shifts yet maintain seasonal flights. However, other thermal 10115 
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regimes that result in voltinism shifts could also disrupt seasonality. For example, warm summers could 10116 

accelerate development resulting in reduced generation time, but also result in cold-sensitive life stages 10117 

entering winter. Existing developmental thresholds and diapause strategies that serve synchrony currently 10118 

reduce the likelihood of this happening. As existing phenotypic plasticity is surpassed, rapid warming 10119 

without adaptation could lead to lower overall population fitness in some areas as a result of poor 10120 

seasonal timing (Régnière et al. 2015). 10121 

Expected Effects of Climate Change 10122 

Although there are many bark beetle species in the Northern Rocky Mountains that can cause 10123 

economic impact, the influence of climate change on population outbreaks has been most studied in MPB. 10124 

It is clear that multiple aspects of climate change can positively influence MPB, including increasing 10125 

winter temperature (Regniere and Bentz 2007; Weed et al. 2015) and reduced precipitation (Chapman et 10126 

al. 2012). Changing thermal regimes, however, can also have both positive and negative effects on MPB 10127 

population growth through phenological synchrony and generation timing. Acknowledging potential other 10128 

climate effects, here we describe expected direct effects of climate change using a temperature-dependent 10129 

mechanistic demographic model of MPB population growth that is based on phenological synchrony 10130 

(Powell and Bentz 2009). The effect of future temperatures on univoltine population growth rate relative 10131 

to historic conditions is projected. Although current climates appear to restrict MPB from successfully 10132 

completing two generations in a single year (i.e., bivoltinism) (Bentz and Powell 2015; Bentz et al. 2014), 10133 

we also evaluated if future thermal regimes would promote bivoltinism. The model was driven with 10134 

downscaled temperatures from two global circulation models (GCMs): CanEMS2, CCSM4, and two 10135 

emission scenarios (Representative Concentration Pathways RCP 4.5 and RCP 8.5) based on the 10136 

multivariate adaptive constructed analogs approach (http://maca.northwestknowledge.net). Although 10137 

indirect effects of climate clearly affect host tree vigor, stand composition, and distribution across a 10138 

landscape, these effects are currently not included our demographic model. We report our model results, 10139 

however, in conjunction with hazard categories developed by Krist et al. (2014) based on stand conditions 10140 

conducive to MPB population growth (table 8.5). Model output was considered only for locations where 10141 
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pines currently grow. Model projections are presented in figures 8.8 and 8.9, and tables 8.4 and 8.5, and 10142 

are summarized below. See Bentz et al. (2016) for spatial displays (for the CanEMS2 GCM). 10143 

 The proportion of areas with thermal requirements for MPB bivoltinism has historically been low 10144 

in the Northern Rockies (figs. 8.8, 8.9). 10145 

 Stands at elevations less than 3,300 ft currently have relatively few pines and low hazard to MPB, 10146 

and population growth of univoltine populations was historically very low. This is most likely because it 10147 

was too warm, and adult emergence synchrony was disrupted. Growth rate is projected to decrease further 10148 

in current (2000-2009) and future climates relative to historic periods (fig. 8.8). However, the proportion 10149 

of simulation points at less than 3300 ft with thermal regimes that allow for bivoltinism is projected to 10150 

increase through 2100, particularly when the RCP 8.5 scenario temperature projections are used (fig. 8.8). 10151 

The availability of pines at less than 3,300 ft in future climates may be restricted.  10152 

 Pine stands at 3,300-6,600 ft were also projected to have lower univoltine population growth rates 10153 

in current and future climates than historically, and some small proportion of stands will have increasing 10154 

probability of bivoltinism (fig. 8.8).  10155 

 The highest density of pine currently occurs at 6,600-10,000 ft, the elevation range also 10156 

associated with a majority of stands with high hazard (56 percent) (table 8.5). These stands are predicted 10157 

to have higher univoltine population growth rates than historic, through 2030-2050. Thermal regimes for 10158 

bivoltinism are unlikely at this elevation (fig. 8.8).  10159 

 Population growth rates were historically very low in stands above 10,000 ft until 2000-2009; 10160 

rates are projected to increase through 2100 (fig. 8.8). These stands are too cool for bivoltinism 10161 

historically and in future climates. 10162 

 Pine forests under 6,600 ft currently have low stand hazard for MPB and low univoltine growth 10163 

potential in the near future (2015-2025), although bivoltine potential is moderate. Pine forests above 10164 

6,600 ft have high current stand hazard for MPB and high univoltine growth potential between 2015 and 10165 

DRAFT



Halofsky et al. Chapter 8 

 341 

2025, although bivoltine potential is zero. Our results suggest that pine stands above 6,600 ft, particularly 10166 

between 6,600 and 10,000 ft, have the highest risk to MPB-caused tree mortality in the near future. 10167 

 The Grassland subregion contains a small amount of “Great Plains ponderosa pine,” and 10168 

historically temperatures were too warm for univoltine MPB population success (fig. 8.9). A high 10169 

proportion of locations in these areas is projected to become thermally suitable for bivoltinism (fig. 8.9), 10170 

although pine occurrence in future climates may be limited.  10171 

 In the Western, Central, and Eastern Rockies subregions, univoltine population growth is 10172 

projected to decrease beginning in the 2000-2009 period, although a small proportion of locations at the 10173 

lowest elevations will become thermally suitable for bivoltinism by 2080-2100.  10174 

 In the Greater Yellowstone Area subregion, univoltine population growth remains relatively high 10175 

until the 2080-2100 time period (fig. 8.9) with a small proportion of locations at the lowest elevations 10176 

with the potential to become bivoltine at that time (fig. 8.9). 10177 

Interactions with Other Disturbance Processes 10178 

Bark beetle-caused tree mortality is influenced by and can influence fire, although the relationships 10179 

are complex and dynamic (Hicke et al. 2012; Jenkins et al. 2014). In fact, any disturbance that influences 10180 

the distribution and vigor of host trees will influence bark beetle outbreaks. Moreover, the pattern of bark 10181 

beetle-killed trees across a landscape will have cascading effects on a myriad of abiotic and biotic 10182 

processes such as fire, wildlife habitat, and vegetation succession and dynamics (Saab et al. 2014). During 10183 

non-outbreak years, many bark beetle species survive in trees infected with root diseases. The amount of 10184 

root disease in trees stressed by climate change may increase, which in turn can result in higher 10185 

populations of  10186 

bark beetles causing increased tree mortality (see root disease section).  10187 

Unknowns and Uncertainties 10188 

It is important to acknowledge uncertainties with projections of future climate, in addition to 10189 

uncertainties in models that describe relationships among climate, bark beetle populations, and their host 10190 

trees. Mechanistic-based phenology models are good tools for projecting beetle population response in a 10191 
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changing climate (Bentz and Jönsson 2015). This type of model incorporates the important role of 10192 

seasonality and allows for emergent population processes when driven by climate change projections. 10193 

However, data are lacking on temperature-dependent relationships of most bark beetle species in the 10194 

Northern Rockies, hindering development of conceptual and empirical models. Moreover, one of the 10195 

greatest uncertainties is a lack of understanding of potential adaptations in bark beetle developmental 10196 

traits to a rapidly changing climate. With few exceptions (Addison et al. 2013, 2014), little is also known 10197 

about climatic effects on the wide array of bark beetle community associates including fungi, bacteria, 10198 

parasites, and predators. 10199 

Host trees will also respond to climate change, and responses will have cascading effects on bark 10200 

beetle populations. Further investigation, especially in water-limited systems, is needed to increase 10201 

quantitative understanding of how climate-induced changes in trees influence bark beetle population 10202 

success at different spatial scales. Due to this absence of understanding, predictive models that 10203 

incorporate the integrated effects of climate and bark beetle disturbances on vegetation pathways are 10204 

lacking, hindering our capacity for making projections for future forests (Anderegg et al. 2015).  10205 

WHITE PINE BLISTER RUST 10206 

Overview 10207 

White pine blister rust (Cronartium ribicola, hereafter referred to as WPBR) is a nonnative fungus 10208 

that was inadvertently introduced to western North America from Europe around 1910 (Bingham 1983; 10209 

Tomback and Achuff 2011). The WPBR fungus infects only five-needle pine species, and all nine North 10210 

American white pine species are susceptible; three white pines are found in the Northern Region: western 10211 

white pine (Pinus monticola), whitebark pine (Pinus albicaulis), and limber pine (Pinus flexilis). WPBR 10212 

has been found across most of the ranges of these three pines in the Northern Region, and it has caused 10213 

over 90 percent mortality in western white pine. Whitebark and limber pine WPBR are variable, but 10214 

highest in the warmer, moister parts of their ranges (Tomback and Achuff 2010). 10215 

The life cycle of WBPR requires two hosts, with two spore-producing stages on white pine and three 10216 

separate spore producing stages on three potential alternate hosts: Ribes, Pedicularis, and Castilleja. Pine 10217 
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infection begins when basidiospores produced on Ribes leaves in late summer are wind dispersed to 10218 

nearby pines. The basidiospores germinate on pine needles and fungal hyphae grow through the stomata 10219 

into the cell tissues, needles, and stem (Patton and Johnson 1970).  10220 

Cankers form on white pine branches and main stems as the phloem is first invaded by hyphae and 10221 

then becomes disrupted by blister-like structures that are filled with powdery yellow aeciospores 10222 

(Hudgins et al. 2005). As tree branches and stems are girdled, branches and tops die back to the canker. 10223 

Continued downward growth of the persistent cankers and poor competitive ability then kill infected 10224 

trees. Depending on where the canker occurs, cone production often decreases or is prevented well before 10225 

tree death. 10226 

The released aeciospores infect Ribes and the other alternate host species (Schwandt et al. 2013). This 10227 

can occur at long distances from infected pines, as aeciospores are hardy and can disperse as much as 60 10228 

miles (Frank et al. 2008). At most locations and for most alternate hosts, infected leaves produce 10229 

urediniospores that spread only short distances from leaf to leaf or plant to plant (Newcomb 2003). These 10230 

recurrent infections keep rust alive through the growing season until conditions are suitable for pine 10231 

infection. For most alternate hosts, leaf infections produce hair-like structures (teliospores) that produce 10232 

basidiospores in fall or when night temperatures are cool while other hosts with less vigorous leaf 10233 

infections may produce teliospores directly. Locations where synergistic pairs of alternate hosts occur—10234 

one that readily spreads urediniospores, and one that produces pine-infecting basidiospores, are especially 10235 

favorable for pine infection (Zambino 2010).  10236 

Basidiospores have a narrow weather window for production, dispersal, and successful infection of 10237 

pine needles: they infect best in periods of high humidities (greater than 98 percent) with moderate 10238 

temperatures (between 60 and 68 oF) (Bega 1960). Conditions for infection are determined by 10239 

temperature, with a 48-hour optimum for infection at 64 oF, though up to 5 days may be required at 39 oF 10240 

(McDonald et al. 1981). Temperatures exceeding 77 oF are lethal for teliospores. Basidiospores are short-10241 

lived and most often cause infections within a few feet of Ribes plants, but they can be carried long 10242 

distances or upslope on moist air masses, lofted in thermals over bodies of water, or carried down slope 10243 
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on cold air currents to infect trees at the interfaces with temperature inversions (Hunt 1983, Van Arsdel et 10244 

al. 2005, Zambino 2010).  10245 

The time required for WPBR to kill its host varies by species, distance of infection from bole 10246 

(Schwandt 2013), and bole circumference. Typically WPBR kills western white pine in 5-10 years, and 10247 

whitebark pines (P. albicaulis.) after 20 years (Hoff and Hagle 1990). WPBR-caused tree mortality 10248 

greatly affects stand structure and species composition, but the most serious impact of WPBR is the long-10249 

term impact on white pine regeneration capacity, with direct mortality of rust-susceptible seedlings and 10250 

saplings and the loss of cone and seed production following branch dieback and top kill. Native pine 10251 

populations show some heritable resistance to WPBR but the frequency of resistance is low and variable 10252 

(Zambino and McDonald 2004). Studies in the 1970s of natural stands that originated in the late 1920s 10253 

estimated that fewer than 1 in 10,000 trees lacked cankers (were rust resistant) (Hoff et al. 1980). 10254 

However, resistance may have increased in the 35 years since this report as a result of additional rounds 10255 

of regeneration under natural selection (Klopfenstein et al. 2009; McDonald et al. 2004, 2005; Zambino 10256 

and McDonald 2005).  10257 

Effects of Climate Change on White Pine Blister Rust 10258 

Climate changes may cause WPBR infections to occur earlier and with greater incidence in pine 10259 

stands (table 8.6). Specific weather conditions required for basidiospore germination and infection of pine 10260 

needles may occur more frequently and for longer periods in the future (Koteen 1999). “Wave” years—10261 

hot and humid weather conditions throughout most of the growing season that facilitate infections on pine 10262 

and alternate hosts, followed by moist but cooler weather events for teliospore and basidiospore 10263 

production and pine infection—are projected to increase in the future for whitebark pine (Keane et al. [in 10264 

press]), although Sturrock et al. (2011) speculate that wave years will actually decrease for most 10265 

temperate pine forests (western white and limber pine) because of hotter, drier projected climates. Helfer 10266 

(2014) also believes that warmer temperatures could negatively impact rusts and that higher 10267 

concentrations of atmospheric carbon dioxide (CO2) could cause declines in rust populations. He also 10268 
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mentions that the highly variable and extreme weather projected in the future will aid in WPBR spore 10269 

dispersal, resulting in expansion of its range and higher spore loads on existing pines.  10270 

The highly variable and novel climate conditions projected in the future may serve to accelerate 10271 

mutations of WPBR to create populations that may overcome the native rust resistance in five-needle 10272 

pines (Simberloff 2000). Alternatively, changing climates may lead to suitable climates for WPBR 10273 

variants that are in locations other than North America. Since most rust infection and mortality occur 10274 

regardless of tree condition and vigor, it is doubtful that any direct responses of the tree or the Ribes hosts 10275 

to future climates, such as increased growth, will enhance or degrade the ability of the host to ward off 10276 

infections. However, climate-mediated changes in host regeneration dynamics could restrict or expand 10277 

host ranges (Helfer 2014). As a result, this could alter WPBR range. Some predict higher leaf biomass for 10278 

the two host species with warmer, enriched CO2 environments, and more leaves could provide additional 10279 

germination surfaces and a higher chance for rust infection on both hosts.  10280 

Distribution and frequency of synergistic alternate host species combinations (Zambino 2010) could 10281 

also change. Higher elevation areas may experience new climates (i.e., warming temperatures along with 10282 

high precipitation) that facilitate the expansion of Ribes into areas that were historically too cold and 10283 

snowy to support certain hosts. On the other hand, low elevation upland areas where Ribes are currently 10284 

abundant might experience drought that causes decline of the host. Moreover, drought may cause 10285 

extended and extensive stomatal closure in the pines, thus preventing hyphae entry. The shifting mosaics 10286 

of the Ribes host populations into new higher elevation areas, driven by drought in lower elevations, may 10287 

spread WPBR into areas where it has not yet occurred. 10288 

Interactions with Other Disturbance Processes 10289 

The interaction of fungal pathogens and their hosts with other disturbances may be a key factor in 10290 

future WPBR infections (Ayres and Lombardero 2000). The interactive effects of wildland fire on WPBR 10291 

are probably most important, but they are mostly minor and primarily indirect under future climates. The 10292 

exception is the possibility that smoke may kill rust spores produced at the time of the fire (Hoffman et al. 10293 

2013). 10294 
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WPBR and Wildland Fire  10295 

Fire indirectly affects WPBR by changing the size, distribution, and abundance of its hosts. Most 10296 

five-needle pines of the western United States are somewhat fire-adapted with thick bark, high canopies, 10297 

and deep roots (Ryan and Reinhardt 1988). Mixed- and high-severity fires are currently common in most 10298 

forests where WPBR is present (Arno et al. 2000; Murray 2007) and are projected to increase in size, 10299 

frequency, and intensity (Westerling et al. 2011). Increases in fires and burned areas can create favorable 10300 

conditions for pine regeneration because most five-needle pine seeds are dispersed by rodents and birds 10301 

and are thus better adapted to spread into postfire landscapes than seeds of their tree competitors (Lanner 10302 

1989, Morgan et al. 1994). Ribes populations may increase after fire through regeneration by seed and 10303 

sprouting from roots and rhizomes. Therefore, fire will often favor Ribes regeneration over other species 10304 

not adapted to fire. However, re-burns soon after an initial fire can eliminate regenerating Ribes before 10305 

they can develop a seed bank for the next forest regeneration cycle (Zambino 2010). 10306 

Severe fires that kill rust-resistant pine trees may ensure continued high rust mortality in the future 10307 

because it dampens the rate of rust-resistant adaptions (Keane et al. 2012). However, where rust-resistant 10308 

five-needle pines survive fire they can provide the seeds for populating future landscapes that are resilient 10309 

to both rust infection and fire mortality. Fire exclusion generally increases competition stress (Heward et 10310 

al. 2013), weakening pine trees. Stress from competition does not increase rust infection (Parker et al. 10311 

2006), but may facilitate mortality in pines trees under stress after being girdled by blister rust. 10312 

Trees infected with WPBR are weakened, and may be more susceptible to fire-caused damage and 10313 

mortality (Stephens and Finney 2002). Ladder fuels of trees attacked or killed by WPBR may increase 10314 

crowning owing to abundant pitch that can extend from base to rust bole cankers, and from dead red 10315 

crowns of girdled trees. As branches and tops of white pines die back they add dead foliage and wood to 10316 

the fuelbed, which may increase fire intensity and fire-caused tree mortality. In contrast, western white 10317 

pine needles gradually added to the fuel bed are more similar to normal needle shed, and are quickly 10318 

degraded in moist, productive environments. Mortality from WPBR often results in the elimination or 10319 

thinning of the shade-intolerant pine overstory, allowing shade tolerant competitors to occupy the 10320 
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openings. This creates substantially different canopy fuel conditions, such as lower canopy base heights, 10321 

higher canopy bulk densities, and greater canopy cover, which facilitate more frequent and intense crown 10322 

fires (Keane et al. 2002, Reinhardt et al. 2010). Many shade tolerant competitors are also more susceptible 10323 

to fire damage, resulting in higher postfire tree mortality in rust-infected landscapes.  10324 

WPBR and Mountain Pine Beetle 10325 

Interactions between native MPB populations and WPBR are rarely studied because they are difficult 10326 

to quantify over time. In their endemic phase, MPB populations may weaken pines and facilitate infection 10327 

by WPBR, but these interactions are strongly governed by climate and biophysical environment 10328 

(Tomback and Achuff 2011). However, the ubiquitous presence of WPBR spores and the resistance to the 10329 

disease in pine species ensures that most five-needle pines at many sites will eventually become infected 10330 

and die from WPBR, regardless of MPB endemic levels (Hoff et al. 2001). More importantly, MPB 10331 

influences WPBR through regulation of the tree species that are host to both disturbance agents and 10332 

killing of host trees that are resistant to the rust (Campbell and Antos 2000). For example, although 10333 

whitebark pine stands in the Greater Yellowstone Area show little WPBR-related mortality, levels of 10334 

MPB-related mortality are high (Kendall and Keane 2001; Macfarlane et al. 2013). Many stands of 10335 

healthy five-needle pines in Yellowstone have been subjected to a major MPB outbreak over the last 10336 

decade as a result of high densities of large diameter trees coupled with prolonged warm, dry conditions. 10337 

These outbreaks resulted in substantial mortality of rust-resistant whitebark pine trees (Logan et al. 2008). 10338 

Effects of WPBR on MPB infestations are also highly variable and subtle. Archibald et al. (2013) 10339 

found less MPB activity in trees that had high WPBR damage, whereas Bockino and Tinker (2012) found 10340 

that whitebark pine selected as hosts for MPB had significantly higher WPBR infection, but this varied by 10341 

tree size (diameter), stand type, and disturbance pattern (Larson 2011). Kulhavy et al. (1984) found that 10342 

over 90 percent of western white pine trees infected by bark beetles had either WPBR or some type of 10343 

root disease, whereas Six and Adams (2007) found little evidence of interaction effects between MPB and 10344 

WPBR. Simulations of MPB disturbance under current climate result in a decline in both lodgepole pine 10345 

and whitebark pine, with a corresponding increase in subalpine fir (Abies lasiocarpa) and Douglas-fir 10346 
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(Pseudotsuga menziesii), with little change from the addition of WPBR (fig. 8.10). These trends are 10347 

enhanced under a warmer climate, in which lodgepole pine declines are greater and stands are mainly 10348 

replaced by Douglas-fir, but WPBR interaction has minor effects on species composition (Keane et al. 10349 

2015).  10350 

WPBR, Fire, and Mountain Pine Beetle 10351 

Studies of interactions among fire, beetles, and rust are rare, but we posit that MPB and WPBR serve 10352 

to reduce five-needle pine populations and create fuelbeds that may support wildfires that are more 10353 

intense than historical counterparts, potentially resulting in high mortality of the dominant vegetation. 10354 

Although fire reduces pine abundance in the short term, it appears to ensure their long-term persistence by 10355 

eliminating competitors (Keane and Morgan 1994). Modeling studies have shown that decades to 10356 

centuries are required to re-establish populations of rust-resistant white pines after die-off (such as would 10357 

occur with MPB) and increased frequency and extent of wildfire under climate change favored white pine 10358 

regeneration and persistence over shade-tolerant species in some regions, even in the presence of WPBR 10359 

and of losses of some WWP from fire (Loehman et al., 2011a,b).The largest decline in whitebark pine has 10360 

been found in those areas affected by both WPBR and MPB, but not fire (Campbell and Antos 2000). 10361 

Interactions among fire, MPB, and WPBR can occur only in areas that have the potential to support 10362 

five-needle pines, which are rare in many landscapes. However, recent simulation efforts have found that 10363 

fire frequency under current climate is 10 percent lower when all three disturbances are allowed to 10364 

interact, and average tree mortality is also lower (fig. 8.10). In a warmer climate, fire frequency decreases, 10365 

high severity fires increase, and interactions among disturbances create different landscapes than when 10366 

each disturbance acts separately (or in the absence of disturbance) (Keane et al. 2015) (fig. 8.11). 10367 

WPBR Unknowns and Uncertainties 10368 

It is difficult to mechanistically simulate WPBR population dynamics because of the disease is 10369 

governed by fine scale (e.g., microclimate, spore production and germination, tree size and health) to 10370 

coarse scale (e.g., spore dispersal, wind, alternate host distributions, topographic controls) processes. 10371 

Therefore, the representation of WPBR in most models will tend to be both stochastic and empirical, and 10372 
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this will tend to reduce the robustness of model predictions and add to the uncertainty of future WPBR 10373 

predictions.  10374 

White pine trees will also directly respond to climate change, and responses will have interacting 10375 

effects on WPBR infection potential. The key to the future abundance of white pines on the Northern 10376 

Rocky Mountain landscapes will hinge on the ability of the three pine species to develop rust-resistant 10377 

populations that are resilient to climate change. This probably will not happen without human 10378 

intervention. The rapid pace of predicted climate change coupled with the long maturation times of the 10379 

three pine species may exacerbate the species decline. It is essential that natural resistance is facilitated by 10380 

land management agencies to ensure that these valuable species and the forests that they create are not 10381 

lost forever. 10382 

FOREST DISEASES 10383 

Overview 10384 

Forest diseases are found in all forest ecosystems of the Northern Rockies. They are one of three 10385 

major disturbance groups that affect ecosystem development and change, but the overall impacts of forest 10386 

diseases on various resources are difficult to quantify. This is partly due to our inability to separate 10387 

predisposing effects of some of the most important diseases, which act over a long term, from mortality 10388 

caused by short-term factors such as insect outbreaks and drought. The effects of forest diseases tend to 10389 

be more cryptic and chronic in effects, so estimating their occurrence and abundance is difficult. Here we 10390 

rely mostly on older studies and observations to quantify disease effects in what were formerly called 10391 

“commercial timberlands.” Spatial distributions of most forest diseases have not changed much, although 10392 

the effects of individual diseases may change due to effects of climate on disease organisms, hosts, and 10393 

environmental predisposition.  10394 

We focus on the major groups of forest diseases in the Northern Rockies known to have significant 10395 

effects on ecosystems and ecosystem services, and for which at least some information is available on 10396 

effects of climate.  10397 

Dwarf Mistletoe 10398 
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Dwarf mistletoes (Arceuthobium spp.) are a group of parasitic seed plants that are widespread across 10399 

the Northern Rockies and mainly cause reduced tree growth and productivity, but in some cases also 10400 

cause tree mortality. Five species of dwarf mistletoe are found in the Northern Rockies, mostly on these 10401 

primary hosts: A. americanum on lodgepole pine, A. campylopodum on ponderosa pine, A. cyanocarpum 10402 

on limber pine (Pinus flexilis), A. douglasii on Douglas-fir, and A. laricis on western larch (Larix 10403 

occidentalis). Mistletoes may occasionally infect trees of other species when they are growing 10404 

interspersed with infected primary hosts.  10405 

Approximately 28 percent of lodgepole pine forest is infested by A. americanum. A. cyanocarpum 10406 

occurs primarily east of the Continental Divide, although the area affected has not been estimated. 10407 

Douglas-fir is infested in over 13 percent of its range by A. douglasii. About 38 percent of the western 10408 

larch type is infested by A. laricis. The distribution of A. campylopodum in is limited to a portion of Idaho 10409 

where it occurs on ponderosa pine. Drummond (1982) estimated that 2.1 million acres of national forest 10410 

lands were infested by the three most important species of dwarf mistletoe in the Northern Rockies. An 10411 

estimated 31 million cubic feet of wood are destroyed by these pathogens each year. 10412 

Root Disease 10413 

Caused by various species of fungi, root disease is a major cause of tree growth loss and mortality in 10414 

the Northern Rockies. These diseases are primarily a problem west of the Continental Divide, but also 10415 

affect local areas east of the Divide. The two most significant native pathogens in the Northern Rockies 10416 

region are Armillaria and annosus root diseases. These and other root diseases co-occur in many mesic to 10417 

moist forests west of the Divide. Armillaria kills conifers of all species when they are young, but is 10418 

especially damaging to Douglas-fir, subalpine fir, and grand fir (Abies grandis) because these species 10419 

remain susceptible throughout their lives (Kile et al. 1991). In addition, root diseases often affect canopy 10420 

closure and create small gaps. The effects of these root pathogens are persistent on a site and affect 10421 

multiple generations of trees. Armillaria and other root diseases influence forest species composition, 10422 

structure, and successional trajectories by accelerating a transition to species that are more tolerant of root 10423 
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disease or by maintaining stands of more susceptible species in early seral stages (Byler and Hagle 2000). 10424 

They can also affect ecosystem services by affecting visual and recreational resources.  10425 

At least 3.3 million acres in the Northern Rockies have moderate to severe root disease, with up to 60 10426 

percent caused by Armillaria ostoyae (Smith 1984; USDA FS 2007). A recent evaluation of Forest 10427 

Inventory and Analysis data in the Forest Service, U.S. Department of Agriculture Northern Region 10428 

identified 2.3 million acres of national forest lands with moderate to severe root disease (Lockman et al. 10429 

in preparation). Shrub fields have replaced forest cover on three percent of forest lands in Idaho and 10430 

Montana as a result of severe root disease. A study of Ecosection M333d (Bailey 1983) that includes the 10431 

southern Idaho Panhandle National Forest and southern Kootenai National Forest found evidence of root 10432 

disease on 94 percent of the area (Byler and Hagle 2000). Root disease has reduced forest canopy cover in 10433 

affected stands in northern Idaho and western Montana by an average of 20-30 percent.  10434 

The National Insect and Disease Forest Risk Assessment (Krist et al. 2014) identified locations where 10435 

significant tree mortality and basal area losses from insects and diseases could occur between 2013 and 10436 

2027, modeling the potential for damage in standing live basal area across all ownerships from a variety 10437 

of insects and pathogens. Root disease had the highest basal area loss as a percent of total basal area, with 10438 

projected losses ranging from 0 to 20 percent in most national forests.  10439 

Needle Disease 10440 

Needle diseases have historically been of limited significance in the Northern Rockies; severe 10441 

infection years occur only occasionally, and effects are mostly limited to crown thinning and loss of lower 10442 

branches with some mortality of young trees. Needle casts usually cause loss of needles in the year 10443 

following a season that has been favorable for infection. In western larch, needle cast and needle blight 10444 

are observed in the year of infection. 10445 

Needle casts and needle blights in lodgepole pine, ponderosa pine, western white pine, Douglas-fir, 10446 

grand fir, and western larch generally cause little damage in the Northern Rockies, although periodic 10447 

outbreaks can cause severe damage in local areas (Lockman and Hartless 2008). These diseases are 10448 
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favored by long, mild, damp springs. Their occurrence at epidemic levels depends on favorable weather 10449 

conditions and presence of an adequate host population.  10450 

Abiotic Disease 10451 

Most abiotic diseases result from the effects of adverse environmental factors on tree physiology or 10452 

structure. This group of diseases can affect trees directly or interact with biotic agents, including 10453 

pathogens and insects. A number of abiotic and environmental factors can affect foliage, individual 10454 

branches, or entire trees, tree physiology and overall tree vigor. The most significant abiotic damage is 10455 

tree mortality.  10456 

Forests in the Northern Rockies periodically experience damage from weather extremes, such as 10457 

temperature and drought. Factors such as air pollutants and nutrient extremes occur infrequently or 10458 

locally. Conifers on the east side of the Continental Divide, primarily Douglas-fir and lodgepole pine, 10459 

often experience injury known as red belt, caused by strong, dry, warm Chinook winds in winter that 10460 

induce twig and needle necrosis and desiccation (Bella and Navratil 1987). Drought injury, an abiotic 10461 

factor that can cause disease through loss of foliage and tree mortality, can initiate a decline syndrome by 10462 

predisposing trees with stressed crowns and roots and low energy reserves to infection by less aggressive 10463 

biotic agents, such as canker fungi and secondary beetles. A well-studied decline of western white pine 10464 

called pole blight occurred in the Northern Rockies in the 1930s and 1940s (Leaphart and Stage 1971). 10465 

This disease occurred on pole-sized trees, often in plantations that were growing on shallow soils with 10466 

low moisture storage capacity that were exposed to extended drought. 10467 

Canker Disease 10468 

Canker diseases affect tree branches and boles, typically in trees that are poorly-adapted to the sites in 10469 

which they are growing. Damage is caused by breakage at the site of the cankers, or by mortality of 10470 

branches and boles beyond girdling cankers. Although canker fungi are most active on trees under stress, 10471 

lack of specific data on climate effects makes it difficult to infer the effects of climate change. 10472 

Broad-Scale Climate Drivers of Forest Diseases 10473 
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Climatic variability and change can alter patterns of pathogen distribution and abundance through (1) 10474 

direct effects on development and survival of a pathogen, (2) physiological changes in tree defenses, and 10475 

(3) indirect effects on abundance of natural enemies, mutualists and competitors (Ayres and Lombardero 10476 

2000). Sturrock et al. (2011) suggest that climate change will affect pathogens, hosts, and their 10477 

interaction; changes in these interactions may become the most substantial drivers of future disease 10478 

outbreaks. 10479 

Fungi cause most forest diseases in the Northern Rockies. Fungus life cycles are significantly 10480 

influenced by climate-related factors such as timing and duration of precipitation, humidity, and 10481 

temperature for spore germination, fungus growth, and inactivation. Fungus life cycles are short 10482 

compared to their hosts, so fungi can respond more rapidly to a changing climate than their hosts, with 10483 

potentially serious consequences (Boland et al. 2004). Dwarf mistletoe reproduction and infection are also 10484 

affected by temperature and moisture (Hawksworth and Wiens 1996), and dwarf mistletoes are generally 10485 

most prevalent in sites that have experienced past disturbances.  10486 

Overall health of host trees has a major role in determining if a pathogen successfully infects a tree or 10487 

kills it. Many forest diseases, such as canker diseases, are caused by “facultative pathogens” that attack 10488 

weakened hosts under specific environmental conditions. Impacts of climate change on host physiology 10489 

may modify host resistance and alter stages and rates of development of pathogens (Coakley et al. 1999). 10490 

Drought, or limited soil moisture availability, is a major driver that affects the incidence and severity of 10491 

facultative pathogens. Soil moisture deficit, flooding, and water table fluctuation can all predispose trees 10492 

to pathogens. Even if there are areas that may have a net gain in precipitation, projected longer growing 10493 

seasons could cause recurring water deficit stress. Some diseases may be considered threshold diseases, 10494 

that is, they are damaging but only under certain climatic conditions (Hepting 1963). These diseases may 10495 

become more damaging if thresholds that trigger infections are reached more frequently, such as in 10496 

recurring drought.  10497 

Effects of Climate Change on Forest Diseases 10498 
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One of the difficulties of predicting sensitivity to a changing climate is that the scales available for 10499 

GCMs, pathogen/disease models, and microsite environments do not always match (Seem 2004). For 10500 

example, some GCM projections provide only mean monthly and annual estimates, rather than daily data 10501 

useful for modeling forest diseases. In addition, pathogen ecology and effects are sensitive to local site 10502 

and environmental conditions that may not be well represented by GCMs. There is also considerable 10503 

uncertainty and lack of knowledge of impacts of a changing climate on future forest conditions and 10504 

interactions with pathogens (Woods et al. 2005, 2010). Compared to trees, for which available soil 10505 

moisture is critical, pathogens are more affected by precipitation events, especially timing, duration and 10506 

pattern, all of which are poorly projected by climate models. Facultative pathogens respond to weakened 10507 

or less vigorous hosts, and their importance could increase if climatic conditions less favorable to tree 10508 

growth become more frequent.  10509 

A changing climate will affect forest disease occurrence and severity, through effects on the 10510 

pathogen, the host, or their interaction (Sturrock et al. 2011) (table 8.7). Interactions between pathogens 10511 

and abiotic stressors (e.g., temperature and moisture) may represent the most substantial drivers of 10512 

increased disease outbreaks (Sturrock 2012). Epidemics also depend on relatively constrained conditions 10513 

for spread and infection to occur. For example, increased drought could affect host susceptibility to 10514 

pathogens and predispose hosts to disease outbreaks (Coakley et al. 1999). Although models usually 10515 

generate mean climatic conditions, it is often the extremes that have the greatest influence on pest 10516 

conditions (Hepting 1963). Increased host stress could result in increased disease occurrence and 10517 

interactions among multiple agents (Coakley et al. 1999). There is likely to be an increase in declines and 10518 

dieback syndromes (Manion 1991) caused by changes in disease patterns involving a variety of diseases. 10519 

Indirect effects may be on competitors, antagonists, and mutualists that interact with plant pathogens 10520 

(Kliejunas et al. 2009). Some of the most profound effects of temperature and moisture changes could be 10521 

on soil microflora, and on and in roots and shoots where a complex of organisms live in relationships at 10522 

the transition between pathogenesis, symbiosis, and saprogenesis. The balance among organisms could be 10523 

upset, for example, turning a normal mycorrhizal association to pathogenesis, shifting pathogens from 10524 
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saprogenic to pathogenic phases, or shifting the order of ascendency of competing organisms due to their 10525 

different temperature or moisture optima, even permitting a pathogen to take dominance from a 10526 

saprophyte (Hepting 1963). Given that root pathogens of trees can often exploit a large food reserve in a 10527 

tree once a defense is breached and then use those reserves to bolster attacks on nearby trees, even small 10528 

changes in the frequency of shifts in relationships among fungal communities could have large effects. 10529 

Although considerable knowledge exists on climatic conditions required by specific forest pathogens, 10530 

little has been done to determine how changing climates may affect these pathogens (Kliejunas et al. 10531 

2009). Recent modeling work by Klopfenstein et al. (2009) used a subset of GCMs to project how the 10532 

geographic distribution of the climate envelope for Armillaria solidipes and Douglas-fir could change in 10533 

the interior northwestern United States. Their analysis suggests that Douglas-fir will have a considerably 10534 

smaller geographic space that matches its current climate envelope and that this space will shift, while A. 10535 

solidipes will experience only minor changes. They suggest that areas where Douglas-fir is maladapted 10536 

could increase, which could increase its susceptibility to Armillaria root disease.  10537 

The methodology used by Klopfenstein et al. (2009) for estimating the potential effects of climate on 10538 

A. solidipes used climatic variable information from the current distribution of the pathogen on its 10539 

Douglas-fir host based on current pathogen occurrence in a network of plots. Climate space for A. 10540 

solidipes modeled for current and 2060 climate are shown in figure 8.12. These preliminary projections 10541 

are not necessarily the current or future distribution of A. solidipes, but identify only the modeled climate 10542 

space matching where the pathogen currently occurs. It is unknown how the climate envelope could 10543 

change, because of changes in distribution of competitor fungi and hosts. 10544 

Spring precipitation is projected to increase in most of the mountainous area of the Northern Rockies 10545 

(see chapter 3). This may increase frequency and severity of years when needle diseases cause significant 10546 

needle loss in conifer species. This could affect the energy balance of susceptible trees, with potential 10547 

effects on yield and vigor, particularly for species that normally carry multiple years of needles and 10548 

cannot re-flush later in the season in response to defoliation.  10549 
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There may be elevation and location maladaptation in resistance to the increased needle disease 10550 

pressure resulting from climate change, as areas of tree host ranges and disease occurrences shift in 10551 

location. Lophodermella needle cast in lodgepole pine (caused by Lophodermella concolor) occurred in 10552 

northern Idaho in the early 1980s (Hoff 1985), and has also had outbreaks at high elevation in some Idaho 10553 

locations in recent years. Lodgepole pine at high elevation normally has only infrequent outbreaks 10554 

because bud break occurs near or after the time when spring rains that favor infection have ended, 10555 

whereas needles in lower elevation trees expand when spores are present and able to infect. A provenance 10556 

study under natural conditions during the outbreak in the 1980s showed that low-elevation populations 10557 

were generally more resistant and had heritable resistance, but high-elevation populations were 10558 

susceptible. About six percent of trees in this mixed provenance planting showed no infection, but 5 10559 

percent had almost complete defoliation. If moist conditions following bud break continue to occur at 10560 

high elevation where natural selection for resistance has not occurred, recurrent needle disease outbreaks 10561 

could stress trees and make lodgepole pine more susceptible to other factors (Hoff 1985).  10562 

Another example of a needle disease that may increase in the Region under climate change is Swiss 10563 

needle cast (caused by Phaeocryptopus gaeumannii). This disease severely limits productivity of 10564 

Douglas-fir west of the Cascade divide in Oregon and Washington, causing growth losses of up to 50 10565 

percent (Manter et al. 2005). Needle loss is very highly correlated with increasing winter temperatures 10566 

and spring needle wetness. The disease, which is expected to become more severe in forests west of the 10567 

Cascade crest in a warmer climate (Stone et al. 2008), has periods of local occurrence in northern Idaho 10568 

(Navratil and Bella 1988) and Montana (Weir 1917). Milder winters and wetter springs that could 10569 

increase the future distributions and severity of the disease might occur, but as yet, investigations and 10570 

modeling have not been conducted to map and quantify potential effects.  10571 

Kliejunas (2011) performed a qualitative risk assessment of the effect of projected climate change on 10572 

a number of forest diseases, several of which occur in the Northern Rockies. Dothistroma needle blight, 10573 

(caused by Dothistroma septosporum), provides a good example of potential effects of climate change. 10574 

Kliejunas (2011) estimates that the risk potential is low if a warmer and drier climate occurs. A warmer 10575 
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and wetter climate could increase the risk potential to moderate. His assessment of the effect of climate 10576 

change on dwarf mistletoes indicated a high risk potential regardless of precipitation levels because dwarf 10577 

mistletoe survival and infection increases with temperature. His assessment of Armillaria root disease 10578 

indicated a high to very high risk potential depending on moisture availability, with drier conditions 10579 

increasing the potential.  10580 

Forest Pathogen Interactions 10581 

Direct effects of fire on pathogens are generally minimal. Fire directly and indirectly influences 10582 

distribution, severity, and persistence of forest diseases; similarly, forest diseases influence fire behavior 10583 

and severity. Since diseases are generally host specific, removal of susceptible tree species by fire will 10584 

usually reduce disease, whereas improving habitat for susceptible tree species will usually increase 10585 

disease over time.  10586 

Forest pathogens are directly damaged by smoke and heat of fires. Smoke can inhibit dwarf mistletoe 10587 

seed germination (Zimmerman and Laven 1987), and heat from fire can kill pathogens that cause root 10588 

disease in the top 3 inches of soil (Filip and Yang-Erve 1997). Forest diseases are affected more by tree 10589 

mortality from fire. Frequency and intensity of fire can affect persistence, as well as distribution and 10590 

severity of certain diseases. High intensity fires can completely remove a pathogen with its host, as with 10591 

lodgepole pine-dwarf mistletoe (Kipfmueller and Baker 1998; Zimmerman et al. 1990), or remove species 10592 

susceptible to root disease and prepare the site for regeneration of less susceptible seral species, such as 10593 

pines and western larch (Hagle et al. 2000). Low intensity fires often leave mosaics of pathogens along 10594 

with their susceptible hosts, which can cause substantial increases of diseases such as dwarf mistletoe 10595 

(Kipfmueller and Baker 1998). However, low intensity fires in some habitats maintain species tolerant of 10596 

root disease such as western larch (Hagle et al. 2000).  10597 

Human-caused fire exclusion has led to an increase of root disease and dwarf mistletoe (Hagle et al. 10598 

2000; Rippy et al. 2005), which can influence fire behavior and severity. Root disease creates pockets of 10599 

mortality and scattered mortality, resulting in standing and downed woody debris that increases fuel 10600 

loading, especially large fuels (Fields 2003). Increased litter accumulation and resinous witches’ brooms 10601 
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from dwarf mistletoe infections can provide ladder fuels that may cause a ground fire to move into the 10602 

canopy (Geils et al. 2002).  10603 

Climate effects that increase frequency or intensity of fires may affect incidence and severity of dwarf 10604 

mistletoes (Zimmerman and Laven 1985). Fire affects dwarf mistletoes by changing canopy structure and 10605 

stand density (Alexander and Hawksworth 1975; Dowding 1929), eliminating lower branches that may 10606 

have the heaviest infections and mistletoe seed production, thinning stem density which may reduce 10607 

lateral spread, and causing mistletoe shoots to abscise. Loss of shoots eliminates some infections directly, 10608 

but even if infections remain within the bark, loss of shoots prevents seed production for several years, 10609 

slowing mistletoe intensification within stands. Trees heavily infested with mistletoe often retain low 10610 

infected branches and are prone to torching in fire, which could increase the risk of crown fire (Conklin 10611 

and Geils 2008). Alternatively, torching in individual trees could eliminate the most heavily infected 10612 

sources of mistletoe seed that infect understory regeneration.  10613 

An increase in severe weather events or fires could increase occurrence of other diseases. For 10614 

example, root and bole wounds could be used as “infection courts” for root disease, and such wounds 10615 

from management, windfalls, and fire are major avenues of infection for true fir and western hemlock 10616 

(Smith 1989) and lodgepole pine (Littke and Gara 1986). Fire damage and other stresses can release root 10617 

disease infections that have been walled off by host resistance responses (Hagle and Filip 2010). Relative 10618 

importance of different root diseases could be altered under some climate change scenarios. Except as a 10619 

sapling, western larch is considered resistant to Armillaria root disease due to its ability to generate 10620 

multiple corky barriers at infection sites (Robinson and Morrison 2001). This species response to wounds 10621 

and the thick bark that it generates also make it among the most resistant to fire damage, and a species 10622 

more likely to persist and regenerate under increased fire frequency.  10623 

Illustrating interactions between bark beetles and disease, a study in lodgepole pine forests of central 10624 

Oregon showed that altered stand structure following an MPB epidemic increases dwarf mistletoe in 10625 

lodgepole pine stands, thereby reducing stand growth and productivity and slowing stand recovery (Agne 10626 

et al. 2014). The influence of dwarf mistletoe on stand structure heterogeneity could increase landscape 10627 
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resistance and resilience to disturbances. Another example of complex interrelationships is the interaction 10628 

between stem decay, bark beetles and fire frequency in central Oregon lodgepole pine. After fire damaged 10629 

the roots of lodgepole pines, stem decay fungi infected these damaged roots and over time caused 10630 

extensive heartwood decay in the boles of these trees. Data show these decay-infected trees grew at a 10631 

slower rate than uninfected trees and trees with stem decay were preferentially attacked by mountain pine 10632 

beetles years later (Littke and Gara 1986). 10633 

NONNATIVE PLANTS 10634 

Overview 10635 

Projecting how nonnative plants and climate change may interact to alter native plant communities, 10636 

ecosystems, and the services they provide is challenging because of our limited ability to project how 10637 

climate change will alter specific local abiotic conditions that define the fundamental niches of plants 10638 

(Gurevitch et al. 2011; Thuiller et al. 2008). We start with knowledge of structure and function of current 10639 

ecosystems, and then apply first principles of ecology to explore how climate change might alter these 10640 

systems, their susceptibility to invasion, and invasiveness of introduced plants from a general perspective. 10641 

We do not project changes in individual plant species, but define the parameters that bound potential 10642 

community change based on climate projections and discuss how community invasibility might be 10643 

affected across that range of potential conditions.  10644 

Effects of Climate Change on Nonnative Species 10645 

Hundreds of nonnative species have been introduced into the Northern Rockies 10646 

(http://invader.dbs.umt.edu). Not all of these species are abundant, but recent surveys showed that 10647 

nonnative plants comprise an average of 40 percent of species present (richness), and 25 percent of those 10648 

nonnatives have significant effects on native grassland flora (Ortega and Pearson 2005; Pearson et al. in 10649 

review). Invasive plant species represent a threat to ecosystem integrity, because they compete with native 10650 

species in many plant communities and can alter ecological processes. These negative impacts can reduce 10651 

biological diversity, forage for wildlife, and recreation opportunities. Most nonnative invasives are 10652 
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herbaceous species (graminoids and forbs), but some are shrub and tree species that commonly occur in 10653 

riparian areas (e.g., Russian olive [Elaeagnus angustifolia], tamarisk [Tamarix ramosissima]).  10654 

Although extensive work has been done to understand the biology of some of the most common 10655 

nonnatives, such information is far from complete, and few studies have explored how changes in 10656 

temperature and moisture related to climate change may affect nonnative plant populations in the 10657 

Northern Rockies.  10658 

It has historically been assumed that climate change will favor nonnative plants over natives (Dukes 10659 

and Mooney 1999; Thuiller et al. 2008; Vila et al. 2007; Walther et al. 2009), but this may be an 10660 

overgeneralization (Bradley et al. 2009, 2010; Ortega et al. 2012). Numerous attributes associated with 10661 

successful invaders suggest nonnatives could flourish under certain climate change scenarios. For 10662 

example, many nonnatives are fast growing early seral species (ruderals) that tend to respond favorably to 10663 

increased resource availability, including temperature, water, sunlight, and CO2 (Milchunas and 10664 

Lauenroth 1995; Smith et al. 2000; Walther et al. 2009). As a result, extensive work shows that 10665 

nonnatives respond favorably to disturbance (Zouhar et al. 2008) which can increase resource availability 10666 

(Davis et al. 2000). Nonnatives may also exploit the disturbances associated with postfire conditions 10667 

better than many natives (Zouhar et al. 2008), despite native plant adaptations to fire. In bunchgrass 10668 

communities, many nonnative plants recruit more strongly than do natives when native vegetation is 10669 

disturbed, even under equal propagule availability (Maron et al. 2012). Successful invaders also 10670 

commonly have strong dispersal strategies and shorter generation times, both of which can allow them to 10671 

migrate more quickly than slow growing and slowly dispersed species (Clements and Ditommaso 2011). 10672 

Greater plasticity of successful invaders could also favor their survival in place and ability to expand their 10673 

populations (Clements and Ditommaso 2011). Collectively, these attributes suggest that many nonnatives 10674 

would benefit if climate change results in increased disturbance. 10675 

Few studies have manipulated CO2, moisture, or temperature to quantify the effects of climate change 10676 

on nonnative versus native plants in the northern Rockies. Of the work that does exist, most has targeted 10677 

grassland and sagebrush communities, presumably because these are among the most susceptible to 10678 
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invasion (Forcella 1992, chapter 7). Experimentally increasing temperatures in a Colorado meadow 10679 

system resulted in increases in native upland shrubs with big sagebrush (Artemisia tridentata) increasing 10680 

in drier conditions and shrubby cinquefoil (Dasiphora fruticosa) in wetter conditions (Harte and Shaw 10681 

1995). These different responses indicate the importance of background moisture in driving species-10682 

specific responses to elevated temperatures.  10683 

Recent experimental work in western Montana showed that reduced precipitation can significantly 10684 

impact spotted knapweed (Centaurea melitensis), whereas native bluebunch wheatgrass 10685 

(Pseudoroegneria spicata) populations were unaffected by the same drought stress (Ortega et al. 2012; 10686 

Pearson et al. unpublished data). This result is consistent with historic observations of spotted knapweed 10687 

declines following drought conditions (Pearson and Fletcher 2008). In Wyoming sagebrush-steppe 10688 

systems, bluebunch wheatgrass outperformed both cheatgrass and medusahead (Taeniatherum caput-10689 

medusae) in dry years, but the opposite was true in wet years (Mangla et al. 2011). Community-level 10690 

studies in other grasslands have shown that drought periods can shift vegetation away from annual grasses 10691 

and forbs and toward drought-tolerant native perennial grasses (Tilman 1992). Hence, heating and drying 10692 

could favor drought-tolerant natives in dry grassland and sagebrush systems and reduce their 10693 

susceptibility to nonnatives (see chapter 7). However, these same conditions might increase susceptibility 10694 

of native vegetation to invasive species in wetter locations. 10695 

Xeric Grasslands and Shrublands  10696 

Of the many dominant cover types that occur in the Northern Rockies, the most vulnerable to weed 10697 

invasion are typically those on warm, dry (xeric) sites, although riparian and wetland sites can be invaded 10698 

by several invasive plant species. The most susceptible plant communities tend to have low vegetation 10699 

cover, high bare ground, and unproductive soils; various nonnatives plant species exploit these more open 10700 

sites. However, disturbances resulting from fire or vegetation management can provide opportunities for 10701 

invasion in most kinds of dominant vegetation. Hundreds of nonnative plant species occur in the Northern 10702 

Rockies, the most serious of which are described in table 8.8. 10703 
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Xeric grasslands and shrublands are highly vulnerable to establishment of nonnative species (see 10704 

chapter 7). Many of the native plants in Northern Rockies grasslands are perennials that tolerate 10705 

environmental variability over long time scales versus the life history strategies of weedy invasive species 10706 

(Grime 1977; MacArthur 1967). Whether natives or nonnatives benefit, or more specifically, which 10707 

natives or nonnatives benefit, will likely depend on the specific ways in which climate change plays out.  10708 

If temperature increases but precipitation does not, this will likely reduce resource availability and 10709 

increase stress, potentially favoring native species. Projections of the effects of climate change needs to 10710 

consider how nonnative plants respond, as well as how recipient communities and their invasibility may 10711 

change. Many successful nonnatives flower later and have different phenologies than natives, allowing 10712 

nonnatives to potentially exploit an empty niche (Pearson et al. 2012). Therefore, nonnatives may 10713 

increase if this niche expands with climate change, or decline if the niche is disrupted. 10714 

Invasive species primarily spread into disturbed areas with sufficient bare ground and sunlight for 10715 

germination and establishment, although some species such as spotted knapweed, houndstongue 10716 

(Cynoglossum officinale), yellow sweet clover (Melilotus officinalis), and yellow toadflax (Linaria 10717 

vulgaris) can readily establish in undisturbed plant communities. Non-forested vegetation (e.g., 10718 

shrublands, grasslands) has been invaded in many areas of the Northern Rockies and Northern Great 10719 

Plains (see chapter 7). As fires and other disturbances increase in intensity and frequency, invasive 10720 

species can occupy and potentially dominate native plant communities that were previously resistant to 10721 

invasion, although numerous factors such as fire resistance of native species, propagule availability, and 10722 

variation in burn severity can affect establishment (Zouhar et al. 2008). Native and domestic livestock 10723 

grazing and browsing of native species can reduce plant vigor and open up sites for establishment of 10724 

invasive species. Silvicultural prescriptions that decrease canopy cover also increase the likelihood that 10725 

invasive species may establish and increase in both cover and density, although subsequent succession 10726 

may suppress those species as canopy closure returns. 10727 

Climate change is likely to result in a range of responses among invasive species, due to differences 10728 

in their ecological amplitude and life history strategies (table 8.9). Bioclimatic envelope modeling 10729 
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indicates that climate change could result in both range expansion and contraction for five widespread and 10730 

dominant invasive plants in the western U.S. Yellow starthistle (Centaurea solstitialis) and tamarisk are 10731 

likely to expand, whereas leafy spurge (Euphorbia esula) is likely to contract, and cheatgrass and spotted 10732 

knapweed are likely to shift in range, leading to both expansion and contraction (Bradley 2009; Bradley et 10733 

al. 2009). Invasive species are generally inherently adaptable and capable of relatively rapid genetic 10734 

change, which can enhance their ability to invade new areas in response to ecosystem modifications 10735 

(Clements and Ditomaso 2011), including short-term disturbance (fire) or long-term stressors (e.g., 10736 

prolonged drought, increased temperatures, chronic improper overgrazing). Increased concentrations of 10737 

CO2 in the atmosphere have been shown to increase the growth of weed species, which could have an 10738 

influence on their invasiveness (Ziska 2003).  10739 
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Chapter 9: Climate Change and Wildlife in the Northern Rocky Mountains 11695 

Kevin S. McKelvey and Polly C. Buotte 11696 

 11697 

HOW CLIMATE AFFECTS WILDLIFE 11698 

Temperature and moisture affect organisms through their operational environment and the thin 11699 

boundary layer immediately above their tissues, and these effects are measured at short time scales (fig. 11700 

9.1). When a human (a mammal) wearing a dark insulative layer walks outdoors on a cold but sunny day, 11701 

s/he feels warm because the sun energy is interacting with the dark clothing, creating a warm boundary 11702 

layer to which his/her body reacts. Conditions beyond that thin boundary layer are physiologically 11703 

irrelevant. Walk into the shade, and suddenly one is cold because the warm boundary layer has been 11704 

replaced with one at the ambient temperature of the air. This example demonstrates a number of factors to 11705 

consider when evaluating the degree to which a change in climate will affect an organism. Climate is 11706 

defined as the long-term average of temperature, precipitation, and wind velocity. “Long term,” when 11707 

applied to climate, is a relative term and can refer to periods of weeks to centuries. In the context of 11708 

climate models, results are generally reported as averages across 30-year intervals, which for many 11709 

animal species represents multiple generations. Our ability to infer the biological effects of projected 11710 

long-term changes in temperature and precipitation relies both on our abilities to directly relate these 11711 

multi-year averages to biological responses, and the trophic distance between climate-induced ecological 11712 

change and its effects on specific biological relationships. 11713 

As noted above, a human’s response to change in radiant energy is fast, measured in seconds to 11714 

minutes, so its relation to 30-year average temperature is obscure. Climate changes the frequency of 11715 

weather events, which in turn change the frequency of nearly instantaneous shifts in boundary layer 11716 

conditions around one’s body. In aggregate, these changes in frequency either lead to conditions that you 11717 

can navigate or tolerate or not. This is further complicated for endotherms (warm blooded animals) which 11718 

maintain a constant body temperature. Cold or excessive heat affects endotherms by requiring them to 11719 
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burn more calories to maintain the required core temperature. Thus, endotherms can function in a wide 11720 

variety of environmental conditions if they have enough food to supply the necessary energy. Endotherm 11721 

physiology responds directly to a change in temperature, whereas effectiveness and sustainability of the 11722 

physiological response is related to the quality and quantity of available food. Fish, reptiles, and 11723 

amphibians are ectotherms (cold blooded), which react to the cold not by feeling cold and metabolizing 11724 

energy to maintain core temperature, but by having their metabolism slow until they are torpid.  11725 

Many of the species described here occupy terrestrial habitats. Terrestrial organisms can manipulate 11726 

their operational environment in a myriad of ways, choosing to stand in the sun or shade, moving uphill 11727 

or down, changing aspect, or seeking cooler or warmer environments by digging into a burrow in the 11728 

ground or under the snow. Endothermic animals can change the thickness of the boundary layer by 11729 

modifying their hair or feathers, both seasonally and on a short-term basis, thus responding to variable 11730 

thermal conditions while minimizing energy expenditures. The ability of terrestrial organisms to 11731 

manipulate their operational environment contrasts with aquatic organisms that have a harder time 11732 

avoiding adverse temperatures because water is an excellent conductor of heat. In addition, aquatic 11733 

ectotherms have no way to avoid overheating when water temperatures rise, so it is more straightforward 11734 

to evaluate the effects of climate change for fish with known warm-water limits than it is for terrestrial 11735 

endotherms (see chapter 5). 11736 

Due to the flexibility of terrestrial endotherms in dealing with changes in temperature, these species 11737 

are more likely to experience effects associated with changes in precipitation amounts and types, because 11738 

water produces physical features that serve as habitat. In the Northern Rockies, and in other areas with 11739 

cold winters, snow provides physical habitat for which a number of organisms have specific adaptations. 11740 

An obvious adaptation is seasonal color change in pelage: being white in a snowy landscape enhances the 11741 

likelihood of escaping detection if you are prey, and approaching prey if you are a predator. Therefore, 11742 

white pelage in winter confers specific fitness advantages if pelage change is properly timed to coincide 11743 

with snow cover, but is a disadvantage if mistimed (see discussion of snowshoe hare [Lepus americanus] 11744 

below) (fig. 9.2). Specific morphological features such as oversized feet, long legs, and light bone 11745 
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structures also provide benefits in snow-covered landscapes but may be disadvantageous in environments 11746 

without snow.  11747 

Deep snow provides a relatively warm, stable environment at the interface between snow and soil; 11748 

soils in areas characterized by deep snow generally remain above freezing throughout the winter 11749 

(Edwards et al. 2007), and the subnivean environment (beneath the snow surface) is used by many 11750 

organisms to den or feed. For organisms that depend on a stable subnivean environment, or who have 11751 

specific phenological adaptations to snow, reduced snowpack caused by a shift in precipitation from snow 11752 

to rain represents a loss of critical habitat (see discussion of American pika [Ochotona princeps] below). 11753 

Similarly, water bodies provide physical habitats for a wide variety of animals, providing features such as 11754 

safety from predation, temperature control, and sources of prey. In addition, open or flowing water can 11755 

provide important microclimates. For example, pika can be found in what appear to be hot, dry 11756 

environments if water flow beneath the talus produces cool microsites (Millar and Westfall 2010a).  11757 

Physical features associated with snow and water integrate across longer time periods and are 11758 

therefore closely associated with projected climate. For example, depth of snowpack integrates seasonal 11759 

moisture and temperature. Seeps, springs, bogs, and persistent streams dependent on continuous sources 11760 

of groundwater can integrate longer climatic periods. In some areas, water features are dependent on 11761 

glaciers, which integrate seasonal weather and long-term climate. Therefore, areas with these features and 11762 

the species that depend on them are vulnerable to climate change, reacting at time scales reasonably 11763 

consistent with the temporal projections of global climate models (GCM) and providing opportunities to 11764 

project effects on habitats and species.  11765 

As noted above, terrestrial endotherms have many options for controlling both their operational 11766 

environments and the physiological effects of these environments. Terrestrial plants are stationary 11767 

ectotherms, and lacking the behavioral and physiological plasticity of endothermic animals, are more 11768 

directly affected by climate changes (see chapter 6). Therefore, climate effects on wildlife will frequently 11769 

occur due to changes in plant assemblages that comprise wildlife habitat (fig. 9.1). For predators, these 11770 

effects may be either direct (e.g., changes in the number and locations of vegetation boundaries used by 11771 
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predators) or indirect through changes in prey densities or prey availability to predators. Climate-induced 11772 

changes in trophic structures are expected to be common, complex, and interactive, but are at least one 11773 

step removed from climate (e.g., Post et al. 1999).  11774 

The effects of these changes on a specific animal are difficult to project and require specific 11775 

understanding of the functional roles that ecological attributes play in the animal’s life history, and the 11776 

consequences associated with alternative life history strategies. These types of data are often lacking, and 11777 

although current behaviors can be studied, they may not be informative relative to climate change effects, 11778 

and responses may be novel and unanticipated. For example, polar bears (Ursus maritimus) are 11779 

historically adapted to pack-ice hunting for seals, but with recent reductions in pack ice, they have in 11780 

some areas shifted to feeding on the eggs of snow geese (Chen caerulescens) (Rockwell and Gormezano 11781 

2009), whose populations have erupted because of their ability to feed in agricultural fields (Fox et al. 11782 

2005).  11783 

In addition to changes in vegetation and prey, trophic effects include the presence and abundance of 11784 

disease and parasitic organisms. For example, for greater sage-grouse (Centrocercus urophasianus), the 11785 

potential spread of West Nile virus (Flavivirus spp.) associated with climate change may increase stress in 11786 

grouse populations (Schrag et al. 2011), but the effect is difficult to project. For many organisms, current 11787 

ranges are often strongly limited by human activities. For example, greater sage-grouse range is limited 11788 

by conversion of native sagebrush (Artemisia spp.) habitat to agricultural uses (Connelly et al. 2004; 11789 

Miller and Eddleman 2001).  11790 

Climate change is likely to alter the nature and location of human activities that affect wildlife. In the 11791 

western United States, changes in water availability and the amounts required for irrigation can be 11792 

expected to have profound effects on human activity and settlement patterns (Barnett et al. 2005). In 11793 

addition, societal effects associated with local changes will occur within the context of societal changes 11794 

across much larger spatial domains. Changes in technology, standards of living, infrastructure, laws, and 11795 

the relative effects of climate changes in other areas will all affect local human activities.  11796 
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In summary, the ways that climate change affects endothermic terrestrial species are likely to be 11797 

complex and difficult to project. In addition to the uncertainty of future climate itself (see chapter 3), 11798 

effects on most species will be indirect through proxies such as ecological disturbance, habitat structure, 11799 

prey availability, disease dynamics, and shifts in human activities.  11800 

THE IMPORTANCE OF COMMUNITY IN DEFINING HABITAT 11801 

Our understanding of wildlife ecology, particularly at broad spatial scales, is generally limited to the 11802 

correlation of occurrence patterns rather than direct studies of those factors that limit species distributions. 11803 

In some cases, patterns of occurrence are clear, consistent, and highly correlated with climate (see section 11804 

on wolverine [Gulo gulo] below), but the causal relationships remain obscure. Many passerine birds, for 11805 

example, nest only in specific habitats, such as Brewer’s sparrow (Spizella breweri) (see section below), 11806 

which is obligate to sagebrush. Although the pattern is clear and invariant, the nature of the obligate links 11807 

to sagebrush are unknown. Species such as ruffed grouse (Bonasa umbellus) (see section below) clearly 11808 

have northern distributions, but the factors that define the southern limits of their current distributions are 11809 

not well understood (Lowe et al. 2010).  11810 

This lack of causal understanding may be unimportant for current management of these species, 11811 

because management occurs only in areas where they currently exist or where they existed in the recent 11812 

historical past. Based on observed patterns of use and distribution, enough information exists to identify 11813 

and manage current habitat. However, it cannot be assumed that measured correlations will persist in an 11814 

altered climate. We typically characterize habitat elements that exist in assemblages of mostly 11815 

unmeasured plants and animals. Assume that an organism’s occurrence is strongly correlated with mature 11816 

Douglas-fir (Pseudotsuga menziesii) forests. These forests contain other specific tree and understory 11817 

species, animal communities, and successional trajectories (e.g., habitat types; Daubenmire [1952]). 11818 

However, Douglas-fir projected onto a future landscape may be associated with different plant and animal 11819 

communities. Due to the correlational nature of most of our habitat knowledge, it is difficult to know 11820 

which of these community members are critical to habitat quality of a target species and thus the habitat 11821 

quality of novel species assemblages.  11822 
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In addition, factors identified as important are restricted to those that currently limit behavior. 11823 

Therefore, in correlation-based habitat relationships, changes in non-limiting but essential factors will not 11824 

produce strong correlations with behaviors. For example, distance to water may be a strong habitat 11825 

correlate in desert environments but may not be correlated with habitat quality in a rainforest. Water may 11826 

be no less important in the rainforest, but it is currently not limiting. As climate change alters biophysical 11827 

attributes of landscapes, limiting factors and definitions of what constitutes habitat may change.  11828 

In addition to potentially changing vegetation communities and limiting factors, the effects of climate 11829 

on future habitats are further complicated by altered disturbance regimes. Regeneration, growth, and 11830 

disturbance patterns collectively create landscapes that provide habitats. Changing disturbance dynamics 11831 

(see chapter 8) alter the characteristics of landscape mosaics and fundamentally alter habitats. As climate 11832 

change causes shifts in plant and animal distributions, a temporal mismatch between decrease of current 11833 

habitat and increase of new habitat may occur, a mismatch that will be exacerbated by increased levels of 11834 

disturbance. Wildfire can destroy current habitat in a day, but generation of new habitat may require 11835 

centuries, depending on the time necessary to create critical elements through regeneration, growth, and 11836 

succession. The fisher (Martes pennanti) provides an example of these uncertainties. In Idaho and 11837 

Montana, fishers are currently limited to mature forests in the Inland Maritime climatic zone. However, 11838 

GCMs indicate that this zone will move to the east, and mature forest may require a century or more to 11839 

grow in this location, creating uncertainty about the future range of fisher (see discussion below).  11840 

Given the uncertainty associated with determining likely trajectories of species and their habitats 11841 

under climate change, assessments of general vulnerability and projected changes can be viewed as 11842 

hypotheses to be tested. Therefore, it is desirable to develop a trajectory focused on proactive 11843 

management strategies that maintain valued species and landscape attributes, including objectives such as 11844 

creating resilience to disturbance. Prioritizing which things are measured can improve the connection 11845 

between environmental change and management. A monitoring program designed to test specific 11846 

hypotheses associated with specific organisms (Nichols and Williams 2006) can improve our 11847 
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understanding of relationships between climate change and landscapes, providing data that inform 11848 

science-based management.  11849 

EVALUATING SPECIES SENSITIVITY TO CLIMATE CHANGE 11850 

Evaluating the potential effects of climate change on animal species begins with determining which 11851 

species are of interest, collecting biological information about them, and paying special attention to 11852 

biological traits that might lead to changes in distribution and abundance in a warmer climate (e.g., Glick 11853 

et al. 2011). Some species have received significant attention and have generated peer-reviewed articles 11854 

that formally analyze the effects of climate change, although this is relatively uncommon.  11855 

Foden et al. (2013) identify three dimensions associated with climate change vulnerably—sensitivity, 11856 

exposure, and adaptive capacity—and apply a framework based on assessing these attributes to nearly 11857 

17,000 species. Other expert systems have been developed to evaluate the relative degree of climate 11858 

sensitivity and vulnerability for various species including the Climate Sensitivity Database 11859 

(http://climatechangesensitivity.org) and NatureServe Climate Change Vulnerability Index 11860 

(http://www.natureserve.org/conservation-tools/climate change-vulnerability-index). These tools do not 11861 

seek to understand specific responses of animals to climate, but rather to identify species that are likely to 11862 

be vulnerable based on current habitat associations, life history traits, and distributions (Foden et al. 11863 

2013). Bagne et al. (2011) formalized this process in the System for Assessing Vulnerability of Species 11864 

(SAVS) to climate change. In SAVS, species are assessed based on a large number of traits associated 11865 

with habitat (7 traits), physiology (6 traits), phenology (4 traits), and biotic interactions (5 traits). For each 11866 

of these 22 traits, a score of -1, 0, or 1 is assigned; positive scores indicate vulnerability, and negative 11867 

scores indicate resilience. The raw scores are multiplied by correction factors associated with the number 11868 

of traits in a category and possible scores across traits, to achieve a standardized score between -20 and 20 11869 

that indicates the relative vulnerability of the species. 11870 

Formalizing traits that can lead to vulnerability provides a framework for collecting biological data 11871 

associated with a species and for considering the effects of climate change. However, existing expert 11872 

systems cannot be used to infer that sensitivities for disparate topics such as habitat and phenology are 11873 
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proportionally important or if estimated vulnerability has quantitative meaning (Bagne et al. 2011; Case et 11874 

al. 2015). Even if these issues were considered unimportant, for most of the species evaluated below, 11875 

accurately identifying vulnerability (Foden et al. 2013) would not be possible given current biological 11876 

understanding. Since data on climate-species relationships are so sparse, this assessment focuses primarily 11877 

on evaluation of each trait as it relates to the biology of animal species. 11878 

Below are assessments for animal species identified as high priority by Forest Service, U.S. 11879 

Department of Agriculture Northern Region resource specialists, and for additional species identified by 11880 

participants in five workshops convened by the Northern Rockies Adaptation Partnership (see chapter 1). 11881 

Species were not necessarily chosen based on their perceived level of vulnerability. In many cases, 11882 

species are associated with specific habitats that were considered vulnerable; for example, some species 11883 

are associated with sagebrush communities, others with snow depth and cover, et al. with dry forests that 11884 

have large trees. The assessment summaries below contain projections of climate change effects based on 11885 

interpretation of the pertinent literature. Level of detail differs considerably among species and is mostly 11886 

driven by the degree to which the species have been evaluated in the context of climate change. Species 11887 

are listed in alphabetical order within each taxonomic class. 11888 

American Beaver (Castor canadensis) 11889 

Since beavers tend to spend most of the winter in their lodges or swimming to retrieve food, climate 11890 

may be more influential during spring through autumn than during winter (Jarema et al. 2009). However, 11891 

body weights of juvenile European beavers were lighter when winters were colder (Campbell et al. 2013). 11892 

The cost of thermodynamic regulation may be greater for juveniles because they have higher surface area-11893 

to-volume ratios than adults (on whom winter temperature had no effect) (Campbell et al. 2013).  11894 

In Quebec (Canada), beaver density was highest in areas with the highest maximum spring and 11895 

summer temperatures (Jarema et al. 2009). Conversely, European beavers in Norway achieved heavier 11896 

body weights when spring temperatures were lower, and the rate of vegetation green-up was slower 11897 

(Campbell et al. 2013). This apparent contradiction may have been caused by the timing and 11898 

measurement of climate and response variables. Although beavers create and require ponds, survival and 11899 
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body weight in European beavers has been linked to lower, and more consistent, April-September 11900 

precipitation (Campbell et al. 2012, 2013). Higher water levels during high precipitation years were 11901 

thought to lead to decreased riparian plant growth caused by waterlogging (Campbell et al. 2012).  11902 

Climate can indirectly influence beavers through effects on vegetation. Climate change and climate-11903 

driven changes in streamflow are likely to reduce an abundance of dominant, early-successional tree 11904 

species in riparian habitats (Perry et al. 2012), reducing food and building materials for beaver. Beavers 11905 

can be used as a management tool to buffer riparian systems from drought (Lawler 2009) (fig. 9.3). 11906 

Beaver ponds increase the amount of open water (Hood and Bayley 2008), and beaver management can 11907 

be used as a surrogate for amphibian conservation (Stevens et al. 2007).  11908 

American Pika (Ochotona princeps) 11909 

The American pika is a small (5-8 oz) lagomorph that often inhabits rocky alpine areas in western 11910 

North America (Smith and Weston 1990) (fig. 9.4). The species has been extensively studied in the Great 11911 

Basin where pika habitat typically occurs as small islands near mountaintops. Relatively little study of 11912 

pikas had occurred in the Northern Rockies until recently, with the exception of research on occupancy 11913 

and abundance in relation to microclimate, topography, and vegetation in the Bighorn Mountains and 11914 

Wind River Range (Wyoming) (Yandow 2013). Currently, studies are in process in the Bridger-Teton 11915 

National Forest and Greater Yellowstone Area (Beever, U.S. Geological Survey, Northern Rocky 11916 

Mountain Science Center, personal communication).  11917 

Pikas appear to depend on moist, cool summer conditions and winter snow (Beever et al. 2011), and 11918 

on low water-balance stress and green vegetation (Beever et al. 2013). Across paleontological time scales 11919 

(Grayson 2005) and during the 20th century, pikas across the Great Basin have reacted to increasing 11920 

temperature by moving upslope or becoming locally extirpated when the climate becomes hot and dry 11921 

(Beever et al. 2011). Results from field research in 2012-2014 in the Great Basin indicate that local 11922 

extirpations and retractions are continuing (Beever, U.S. Geological Survey, Northern Rocky Mountain 11923 

Science Center, personal communication). Local changes in pika distribution have also been recorded in 11924 
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Utah, the southern Sierra Nevada, and southern and central Cascade Range (Beever et al. 2011 and 11925 

references therein).  11926 

In the Great Basin, pika extirpation (1994-2008) occurred in microsites that were generally hotter in 11927 

summer (more frequent acute heat, and hotter average temperature across the whole summer) and were 11928 

more frequently very cold in winter than in locations where pikas persisted. In the latter case, warming 11929 

reduced insulating snow, causing temperatures near-ground temperature to decrease (Beever et al. 2010). 11930 

Furthermore, density of pikas in surveys during 2003-2008 was best predicted by maximum snow-water 11931 

equivalent and growing-season precipitation (Beever et al. 2013). Some extirpations have occurred at 11932 

sites with low annual precipitation (Beever et al. 2011, 2013), reinforcing studies in the southern Rocky 11933 

Mountains (mostly Colorado), where surveys indicated that four pika extirpations (among 69 total sites 11934 

with historical records) occurred at the driest sites (Erb et al. 2011).  11935 

Winter snowpack not only insulates pikas during cold periods, but also provides water during the 11936 

summer, when plant senescence at drier sites occurs earlier in the year, eliminating available metabolic 11937 

water for pikas. Surveys, mostly in the Sierra Nevada, found that pika extirpations were associated with 11938 

sites with higher maximum temperatures and lower annual precipitation (Millar and Westfall 2010b). 11939 

Chronic stresses (average temperature during summer, maximum snowpack, and growing-season 11940 

precipitation), acute temperature stresses (hot and cold), and vegetation productivity appear to affect pika 11941 

declines in the Great Basin (Beever et al. 2010, 2011, 2013). 11942 

Individual mountain ranges are believed to act as discrete areas without any pika migration between 11943 

adjacent ranges across valley bottoms (Castillo et al. 2014), although disjunct metapopulations of pikas 11944 

separated by short distances may exist. In a study of pika populations in ore dumps separated by tens to 11945 

hundreds of yards, individual populations that were extirpated were recolonized, and abundance across all 11946 

ore piles remained constant (Smith 1980). This process appears to occur only at very short distances 11947 

because habitats isolated by more than 1150 ft were generally unoccupied, although populations in the 11948 

southern group of ore piles subsequently collapsed. Connectivity of pika populations appears to be 11949 

context dependent, with lower connectivity between sites that occur in hotter, drier landscapes (Castillo et 11950 
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al. 2014; Henry et al. 2012). Thus, recolonization may occur at distances less than 0.5 mi and in areas 11951 

where between-population dispersal occurs within cool, moist landscapes, whereas recolonization at 11952 

longer distances is rare. In the Great Basin, across 21 years of contemporary research, once pikas have 11953 

been extirpated from a site, they have never been detected in subsequent surveys (Beever et al. 2011).  11954 

At the broadest spatial scales, there is genetic evidence for historical isolation in which pikas across 11955 

the Intermountain West separate into five distinct groups (Galbreath et al. 2010). At smaller scales, in 11956 

British Columbia, inbreeding and high levels of genetic structure exist between high- and low-elevation 11957 

populations, even when the populations are geographically proximal. Castillo et al. (2014) found that 11958 

gene flow is restricted primarily by topographic relief, water, and west-facing aspects, suggesting that 11959 

physical restrictions related to small body size and mode of locomotion, as well as exposure to relatively 11960 

high temperatures, limited pika dispersal.  11961 

Studies in the Sierra Nevada (Millar and Westfall 2010a,b) and southern Rocky Mountains (Erb et al. 11962 

2011), at sites in which pikas were common and not generally subject to extirpation across most of the 11963 

landscape, indicated that physiological limits for this species had not been reached. This will probably be 11964 

the case for most pika populations in the Northern Rockies in the near term. Although hot, dry climate 11965 

may limit pika distributions, local moisture sources, rock-ice features, aspect, and the physical structure of 11966 

talus fields may climatically buffer pikas from macroclimatic stresses (Millar and Westfall 2010a). 11967 

Existence of pikas at Lava Beds National Monument, Craters of the Moon National Monument, and the 11968 

Columbia River Gorge—all of which have warm, dry climate—underscore the importance of 11969 

microclimate for species vulnerability assessments, and indicate that microclimate and macroclimate are 11970 

decoupled in some locations (Rodhouse et al. 2010; Simpson 2009; Varner and Dearing 2014). 11971 

Since pikas are sensitive to high temperature, we expect that pika populations will respond to climate 11972 

change in the Northern Rockies. However, site-specific factors contribute to highly variable 11973 

microclimates, so response to climate change will vary considerably over space and time. A large amount 11974 

of data has been collected on this species over the past decade, and it should be possible to develop more 11975 

accurate projections of population response as monitoring data continue to accrue. 11976 
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Canada Lynx (Lynx canadensis) 11977 

The Canada lynx is a mid-sized cat with a number of specific adaptations that allow it to travel across 11978 

soft snow. The most obvious adaptation is oversized feet: foot loading is 0.5 times that of the similar 11979 

sized bobcat (L. rufus) (Buskirk et al. 2000). Canada lynx prey nearly obligately on snowshoe hares 11980 

(Lepus americanus) (fig. 9.2). Not only do snowshoe hares constitute 33-100 percent of lynx diet (Mowat 11981 

et al. 2000), but a low proportion of hares in the diet indicates scarcity of hares, not diet plasticity (Mowat 11982 

et al. 2000). Studies of lynx winter diet in the Clearwater River watershed (western Montana) found 94-99 11983 

percent of the diet consisted of snowshoe hare (Squires and Ruggiero 2007). Snowshoe hares are also 11984 

specially adapted to snowy environments. When compared to similar sized leporids, they have oversized 11985 

feet. They also exhibit seasonal pelage change from brown to white. Due to the close association between 11986 

lynx and hares, and because both species have specialized adaptations to allow survival in snowy 11987 

environments, climate relationships for both species are explored in this section.  11988 

Canada lynx is found exclusively in North America, its distribution extending across the interior of 11989 

Canada and Alaska and northward into tundra vegetation. In the conterminous United States, both current 11990 

and likely historical populations are located in the extreme northern portions of this region: Maine, 11991 

historically New York and New Hampshire, Minnesota north of Lake Superior, western Montana, and 11992 

northern Washington (McKelvey et al. 2000). Periodically, in the years immediately following major 11993 

population eruptions in the north, lynx distributions expand and lynx are found ephemerally in North 11994 

Dakota, and populations temporarily increase in Montana (McKelvey et al. 2000). Since bobcats (Lynx 11995 

rufus) and lynx were not well differentiated in the fur market (Novak et al. 1987), with large bobcats often 11996 

recorded as “lynx,” trapping records are typically untrustworthy (McKelvey et al. 2000). Recently, a 11997 

population was translocated to Colorado, and appears to be persisting; after initial high mortality rates, 11998 

annual survival has exceeded 90 percent (Devineau et al. 2010). However, the historical evidence for lynx 11999 

in Colorado is weak, with most of the verified records occurring in years consistent with immigration 12000 

from the north (McKelvey et al. 2000). Hare densities in Colorado are generally less than the 0.5 hare ac-1 12001 
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threshold (Ivan et al. 2014) thought to be the minimum hare density associated with stable lynx 12002 

populations (Mowat et al. 2000).  12003 

When evaluating the potential distribution of lynx, it is important to note that large populations of 12004 

lynx are located in the interior of the continent. Lynx are common in Alberta and Saskatchewan (Canada) 12005 

where over 20,000 were trapped per year in recent eruptions (Novak et al. 1987), but were rare along both 12006 

the Atlantic and Pacific coasts. Lynx are more common in areas with a northern continental climate, 12007 

probably because soft powdery snow is more common there.  12008 

Maintaining population connectivity is central to lynx conservation. However, maintaining 12009 

connectivity may become increasingly difficult as southern populations of boreal species become more 12010 

isolated with climate change (van Oort et al. 2011). This is of particular concern because disturbance 12011 

processes that include wildfire, insects, and disease make some boreal forests vulnerable to climate 12012 

change (Agee 2000; Carroll et al. 2004; Fishlin et al. 2007; Fleming et al. 2002; IPCC 2007a,b; Logan et 12013 

al. 2003).  12014 

In the Northern Rockies, lynx exist in only a few areas: the Clearwater River watershed, Bob 12015 

Marshall Wilderness, and northwestern corner of Montana. Dens are located in boulder fields and spruce-12016 

fir forests with high horizontal cover and abundant coarse woody debris. Eighty percent of dens are in 12017 

mature forest and 13 percent in mid-seral regenerating stands (Squires et al. 2008). For winter foraging, 12018 

lynx preferentially forage in mature, multilayer spruce-fir forests composed of larger diameter trees with 12019 

high horizontal cover, abundant snowshoe hares, and deep snow (Squires et al. 2010). During summer, 12020 

lynx occupy young forests with high horizontal cover, abundant total shrubs, abundant small diameter 12021 

trees, and dense spruce-fir saplings (Squires et al. 2010). Lynx select home ranges with vegetative 12022 

conditions consistent with those identified for foraging and denning, primarily at mid elevations (Squires 12023 

et al. 2013). Assuming that preferences for movement between home ranges are similar to those 12024 

associated with moving within the home range, dispersal pathways consist of areas with similar properties 12025 

to those used for foraging (Squires et al. 2013).  12026 
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The range of snowshoe hare (Hall and Kelson 1959) is more extensive than that of lynx, extending 12027 

into the mid Sierra Nevada and areas such as the Olympic Peninsula where there are no records of lynx 12028 

occurrence (McKelvey et al. 2000). The more extensive hare distribution, which includes areas with 12029 

limited snow (e.g., the Pacific coast), is likely caused by greater genetic differentiation for snowshoe 12030 

hares than for lynx. Across the continent, lynx exist in a single, largely panmictic (random mating) 12031 

population (Schwartz et al. 2004), whereas hares are subdivided into six subspecies (Wilson and Reeder 12032 

2005).  12033 

Hares exhibit variation in timing of pelage change across western North America, but variation is low 12034 

in any specific location, and timing appears to be genetically controlled and linked to photoperiod (e.g., 12035 

Hall and Kelson 1959; Zimova et al. 2014). Timing of pelage change is critical for hare survival, because 12036 

mismatches—a white hare on a dark background and vice versa—cause most hares to die from predation 12037 

(Hodges 2000) (fig. 9.2). Initiation of pelage change appears to be driven by photoperiod rather than 12038 

background color, so the ability of hares to shift the timing of pelage change to match patterns of snow 12039 

cover is limited (Mills et al. 2013). Given projections of snow cover by 2100 (see chapters 3 and 4), 12040 

current patterns of pelage change in the Northern Rockies will be mismatched with the period of snow 12041 

cover. Unless a significant change occurs in the population genetics of hares, they will be the wrong color 12042 

for approximately two months per year (one month in spring, one month in autumn) in the Northern 12043 

Rockies (Mills et al. 2013). 12044 

Both lynx and hares require specific amounts and duration of winter snow. An example of this for 12045 

lynx occurs in Minnesota where current and historical populations are limited to the “arrowhead” north of 12046 

Lake Superior (McKelvey et al. 2000; Schwartz et al. 2004). This area is characterized by lake-effect 12047 

snow, and outside of it, bobcats dominate and lynx are not found. Both lynx and hares require forests with 12048 

dense understory canopies. In western Montana, lynx and hares use older spruce-fir forests. If climate 12049 

change and associated disturbance reduce the abundance of these forest types, habitat loss could be 12050 

significant, reducing populations of lynx and hares. 12051 

Fisher (Martes pennanti) 12052 
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The fisher is a mid-sized, forest-dwelling mustelid whose range covers much of the boreal forest in 12053 

Canada, a broad area of the northeastern United States extending from the Lake States to Maine, and a 12054 

scattered distribution in the western United States. Males and females are similar in appearance but the 12055 

males are larger. Males are 35-47 in long and weigh 8-13 lb; females are 30-37 long and weigh 4-6 lb 12056 

(Powell 1993). 12057 

Fishers are common and often associated with urban environments in the eastern United States, but 12058 

are uncommon in the western United States and appear to have very specific habitat associations. 12059 

Although the current distribution of fishers is reduced from its historical range, its populations have 12060 

typically been disjunct. Genetic studies have shown that fisher populations in California have been 12061 

historically isolated from those in Washington, and fishers in the southern Sierra Nevada have been 12062 

isolated from those in the Klamath region (Tucker et al. 2012). Fisher in Montana contains unique 12063 

haplotypes (DNA variations that tend to be inherited together) not found elsewhere (Schwartz 2007; 12064 

Vinkey et al. 2006) and therefore were apparently isolated both from large populations in northern British 12065 

Columbia and coastal populations in Washington. Common attributes for resting sites across eight studies 12066 

of Western fishers were: steep slopes, cool microclimates, dense forest canopy cover, high volume of 12067 

logs, and prevalence of large trees and snags (Aubry et al. 2013). Although these features are important 12068 

for managing fisher habitat, they do not necessarily explain the fragmented historical distribution in the 12069 

West (Tucker et al. 2012).  12070 

Fishers have long been thought to have specific climatic associations. Krohn et al. (1995) compared 12071 

fisher and marten (Martes americana) distributions in the Sierra Nevada, and found that areas occupied 12072 

predominantly by marten were closely associated with forested areas with the deepest snow (>9 in per 12073 

winter month), whereas areas occupied predominantly by fishers were forested areas with low monthly 12074 

snowfall (<5 in). There is direct evidence that fishers avoid deep snowpack (Krohn et al. 1995, 2005; 12075 

Raine 1983) and that deep snow can limit fisher dispersal (Carr et al. 2007). Fishers also avoid dry 12076 

habitats (Jones and Garton 1994; Schwartz et al. 2013). 12077 

DRAFT



Halofsky et al. Chapter 9 

 398 

Presence in warmer, wetter forests appears to be common in both macro and micro distributions of 12078 

fishers in the western United States, although large populations in northern interior British Columbia and 12079 

Alberta are not associated with these specific climates. Therefore, defining fisher habitat in climatic terms 12080 

and projecting future habitat is more challenging than for animals with more obvious climatic associations 12081 

(Copeland et al. 2010; McKelvey et al. 2011).  12082 

In a recent modeling study of fisher habitat in an area consistent with its distribution in the Northern 12083 

Rockies, Olson et al. (2014) built occurrence models for fisher populations in northern Idaho and western 12084 

Montana that included variables such as canopy cover, climatic variables such as minimum winter 12085 

temperature, and topographic variables such as slope. They found that most of the variability in the model 12086 

was explained by mean annual precipitation (34 percent), topographic position index (29 percent), and 12087 

mean temperature of the coldest month (27 percent). Therefore, fisher habitat was projected to be best in 12088 

areas with high annual precipitation, low relief, and mid-range values for mean temperature in the coldest 12089 

month. Krohn et al. (1997) and Olson et al. (2014) both projected similar areas of fisher habitat and in 12090 

similar places. 12091 

Olson et al. (2014) used downscaled data from a single GCM (Collins et al. 2001; Hadley Centre 12092 

Coupled Model, version 3; HCCM3) and two emission scenarios (A2-high, B2-low) (IPCC 2007b), 12093 

projecting habitat for 2030, 2060, and 2090. At the macro scale, results for both scenarios are similar: in 12094 

the near term, habitat currently occupied by fishers might improve, but by 2090, habitat in areas that are 12095 

currently occupied (primarily central Idaho) decline sharply, and new habitat is created in to the east in 12096 

northwestern Montana. The main difference between the scenarios at this level of detail is the rate at 12097 

which changes occur. In the A2 scenario, the change is visibly apparent by 2060, but not for the B2 12098 

scenario. As habitat shifts, it becomes increasingly fragmented, and the amount of usable habitat is 12099 

strongly affected by how acceptable minimum patch size is defined (Olson et al. 2014). 12100 

Olson et al. (2014) bracketed the emission scenarios, providing some measure of the potential range 12101 

of results, but between-model variability exceeds variability between emission scenarios. In addition, the 12102 

performance of specific GCMs varies considerably at the regional scale (Mote and Salathé 2010), and the 12103 
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Hadley family of GCMs is considered to be on the hot-dry side of climate projections for the Northern 12104 

Rockies (Alder and Hostetler 2014). As a result, details within the model can influence patterns of 12105 

projected habitat.  12106 

Additional uncertainties exist about the ability of habitat components to track climate. Given that 12107 

fishers are associated with mature forests, significant time lags may exist between the loss of current 12108 

habitat and formation of new habitat in areas that currently are unsuitable. If large trees cannot survive the 12109 

shift in climate, mature forests may become rare for many decades. In climatic zones suitable for fishers, 12110 

forests may be dominated by young trees and shrubs whose suitability for fisher habitat is unknown. 12111 

Therefore, projections in Olson et al. (2014) are an optimistic view of habitat availability under climate 12112 

change, and it is uncertain if fishers would disperse into new habitat should it occur.  12113 

Moose (Alces alces) 12114 

A number of species fall into categories for which the effects of climate change are apparent, but 12115 

difficult to assess, including species whose ranges are clearly northern but for which the southern range 12116 

limitations are not linked either to physiological constraints or to specific vegetative communities. Some 12117 

organisms with broad historical distributions are currently limited to northern distributions because of 12118 

southern extirpation, such as gray wolves (Canis lupus) and brown bears (Ursus arctos). These species 12119 

are considered to be climate limited, although human populations are low in boreal forests and tundra, and 12120 

interaction with large carnivores is minimal. Were climates to warm, and people to relocate into these 12121 

northern systems, this would obviously affect species such as wolves and brown bears.  12122 

For other species whose northern ranges are not defined by human impacts, both direct and indirect 12123 

climate limits may not have been identified. Moose provide an example of a well-studied animal that has 12124 

a northern distribution but whose dependency on boreal environments is not immediately obvious. We 12125 

suspect that other species with northern distributions may exhibit similar constraints that define the 12126 

southern extents of their ranges. 12127 

A limited amount of climate change research has been conducted on moose (Murray et al. 2006, 12128 

2012). Several factors have been identified as influencing the biogeographical distribution of moose 12129 
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including food supply, climate, and habitat. Based on metabolic research, moose are intolerant of heat but 12130 

well adapted to cold, and summer temperatures may define their southerly distribution (Renecker and 12131 

Hudson1986). When winter temperatures were >23 °F or summer temperatures were >57 °F, moose 12132 

experienced an increase in metabolism and heart and respiration rates (Renecker and Hudson 1986, 1990), 12133 

reduced feed intake (Belovsky and Jordan 1978; Renecker and Hudson 1986), and reduced body weight 12134 

(Renecker and Hudson 1986). When ambient air temperatures exceeded 68 °F moose resorted to open-12135 

mouthed panting to regulate core body temperature (Renecker and Hudson 1986). Heat stress was 12136 

particularly difficult in the spring when moose were still in their winter coats (Schwartz and Renecker 12137 

1997). These temperature thresholds represent physiological thresholds that, when exceeded, represent 12138 

heat stress that increases the energy expenditure needed to stay cool.  12139 

However, it is unknown if moose are able to avoid being exposed to high mid-day summer 12140 

temperatures. In Minnesota, Lenarz et al. (2009) found that temperature was highly correlated with moose 12141 

survival, but winter temperature was more critical than summer heat. High temperatures in January were 12142 

inversely correlated with subsequent survival and explained >78 percent of variability in spring, fall, and 12143 

annual survival. In northern Minnesota, moose populations were not viable, largely because of disease 12144 

and parasite related mortality (Murray et al. 2006). However, in nearby southern Ontario (Canada), moose 12145 

populations appeared to be viable with favorable growth rates (Murray et al. 2012). Warming 12146 

temperatures favor white-tailed deer (Odocoileus virginianus) expansion into moose range, and increased 12147 

transmission of deer parasites to moose (Lankester 2010), although separating direct and indirect climate 12148 

effects is difficult (Murray et al. 2012).  12149 

Northern Bog Lemming (Synaptomys borealis) 12150 

As the name implies, northern bog lemmings inhabit wet meadows, bogs, and fens within several 12151 

overstory habitat types (Foresman 2012). Generally these places have extensive sphagnum (Sphagnum 12152 

spp.), willow (Salix spp.), or sedge components. These mammals likely occupy places that retained high 12153 

water levels after the last glacial retreat (Foresman 2012). Given their dependence on wet habitats, it 12154 

follows that climate changes that decrease the amount of surface water will likely have negative impacts 12155 
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on northern bog lemmings. Management practices that maintain surface water may therefore be 12156 

beneficial. However, documented studies of climate and management effects are lacking. 12157 

Pronghorn (Antilocapra americana) 12158 

The pronghorn (Antilocapra americana) is an ungulate native to the prairies, shrublands, and deserts 12159 

of the western United States occupying a broad range of climatic conditions from southern Canada 12160 

(Dirschl 1963) to Mexico (Buechner 1950). Although pronghorns occupy a broad climatic region and 12161 

their diet is generalized, they are prone to epizootic diseases, notably bluetongue (a viral disease 12162 

transmitted by midges [Culicoides spp.]) (Thorne et al. 1988). Bluetongue is thought to be cold weather 12163 

limited, and recent extensions of bluetongue in Europe have been attributed to climatic warming (Purse et 12164 

al. 2005). Given their current range and food habits, the emergence of new disease threats caused by a 12165 

warmer climate probably poses the greatest risk to pronghorns. 12166 

Pygmy Rabbit (Brachylagus idahoensis) 12167 

The pygmy rabbit is one of the smallest leporids in the world and is endemic to big sagebrush 12168 

(Artemisia tridentata) (Katzner and Parker 1997), which is critical for food and cover. In southeastern 12169 

Idaho, areas selected by pygmy rabbits had a significantly higher woody cover and height than other 12170 

areas, with lower quantities of grasses and higher quantities of forbs. Sagebrush was eaten throughout the 12171 

year, comprising 51 percent of the diet in summer and 99 percent in winter (Green and Flinders 1980). 12172 

These findings are similar to those reported for southern Wyoming (Katzner and Parker 1997) and Utah 12173 

(Edgel et al. 2014). In addition, areas used by pygmy rabbits accumulate more snow than unused areas, 12174 

and rabbits use the subnivean environment to access food and avoid predators (Katzner and Parker 1997). 12175 

The presence of significant snow for thermal protection may be important for winter survival, because of 12176 

small body size, lack of metabolic torpor, and lack of food caching (Katzner and Parker 1997).  12177 

Structural characteristics of sagebrush are considered more important than food availability for 12178 

pygmy rabbits (Green and Flinders 1980; Katzner and Parker 1997). Although large, dense sagebrush 12179 

would seem to be associated with older stands, Edgel et al. (2014) found no difference in age between 12180 

occupied and unoccupied sites; structure was important, but age was not. As a result, processes that 12181 
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reduce the size and density of sagebrush are likely to have negative effects on pygmy rabbits, and 12182 

processes that fragment sagebrush stands may decrease habitat quality. For example, Pierce et al. (2011) 12183 

found that burrows, observed rabbits, and fecal pellets decrease in density with proximity (<300 ft) to 12184 

edges.  12185 

Paleoecological studies show that both sagebrush and pygmy rabbits are sensitive to climate change. 12186 

Both species decreased in the mid-Holocene, characterized in the Great Basin by extreme aridity 12187 

(Grayson 2000). Big sagebrush is sensitive to fire, and 100 percent mortality and complete stand 12188 

replacement after burning are common (Davies et al. 2011; see chapter 7). In addition, big sagebrush 12189 

cannot resprout from the root crown after a fire, so recruitment of sagebrush relies on wind dispersal of 12190 

seeds from adjacent seed sources, and on composition of the seed bank in the soil (Allen et al. 2008; 12191 

Ziegenhagen and Miller 2009). Mountain big sagebrush (A. tridentata ssp. vaseyana) required 13-27 12192 

years after spring prescribed burning to return to conditions suitable for pygmy rabbit habitat (Woods et 12193 

al. 2013). In areas where fire has been suppressed for many decades, sagebrush habitat can be displaced 12194 

by conifer incursion (Miller and Rose 1999). 12195 

Pygmy rabbits are likely to be sensitive to climate change for several reasons. First, they depend on a 12196 

single species (big sagebrush) and habitat condition (tall, dense stands). Climatic variability has affected 12197 

sagebrush communities and pygmy rabbits in the past (Grayson 2000), and this could happen again in the 12198 

future. Second, pygmy rabbit habitat is sensitive to altered disturbance. Increased fire frequency and area 12199 

burned are projected as the climate continues to warm (see chapters 6, 7, and 8). Finally, changes in 12200 

winter snow depth could affect overwinter survival by altering the protection provided by the subnivean 12201 

environment.  12202 

Townsend’s Big-Eared Bat (Corynorhinus townsendii) 12203 

Climate change can affect foraging ability, drinking water availability, and timing of hibernation in 12204 

bats (Sherwin et al. 2013). Townsend’s big-eared bats generally require cavern-like structures for diurnal, 12205 

maternal, and hibernation roosting, although they also use large tree cavities, buildings, and bridges 12206 

(Gruver and Keinath 2003). They forage for insects along riparian and forest edge habitats (Fellers and 12207 
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Pierson 2002). Their distribution appears to be limited by the availability of suitable roosting sites, as 12208 

western populations have declined (O'Shea and Vaughan 1999) coincidental with the closure of mines 12209 

(Gruver and Keinath 2003). Townsend’s big-eared bats are not able to produce highly concentrated urine 12210 

(Geluso 1978) and therefore require daily access to water sources for drinking (Gruver and Keinath 12211 

2003). Man-made water holes and mining ponds may serve as water sources (Geluso 1978), metal 12212 

contaminants in the latter have may cause some bat mortality (Pierson et al. 1999).  12213 

Bioaccumulation of pesticides in fat tissue appears to be one cause of declines in Townsend’s big-12214 

eared bat populations (Clark 1988). Human activities that reduce moth populations can also negatively 12215 

affect bat populations because moths are a primary food source of Townsend’s big-eared bats (Burford 12216 

and Lacki 1998; Whitaker et al. 1977). Bats may be especially sensitive to human disturbance during 12217 

hibernation (Thomas 1995).  12218 

In Colorado, the reproductive success of Myotis spp. declined during warmer and drier conditions, 12219 

which are projected to be typical of future climate conditions (Adams 2010). However, in other instances, 12220 

warmer spring temperatures have led to earlier births, which promotes juvenile survival (Lucan et al. 12221 

2013). Higher summer precipitation may reduce reproductive success (Lucan et al. 2013). Future 12222 

warming may also reduce the effectiveness of some bat echolocation calls (Luo et al. 2014).  12223 

Ungulates (Elk, Mule Deer, White-tailed Deer) 12224 

Rocky Mountain elk (Cervus canadensis), Rocky Mountain mule deer (Odocoileus hemionus 12225 

hemionus) and white-tailed deer (O. virginianus) provide the core of big game hunting in the Northern 12226 

Rockies. All three have very broad ranges in North America. The current range for elk, which includes 12227 

most of the Rocky Mountain West, also includes areas in the eastern and southwestern United States that 12228 

were historically occupied by other sub-species. Rocky Mountain mule deer extends from the Yukon 12229 

(Canada) to northern Arizona. White-tailed deer extend across most of North America and into northern 12230 

South America, including 38 recognized sub-species (De la Rosa-Reyna 2012). 12231 

Based on their broad ranges, it is clear that all three species exhibit a high degree of flexibility 12232 

towards habitat. Habitat use by elk in forested areas is associated with edges (Grover and Thompson 12233 
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1986; Irwin and Peek 1983; Thomas et al. 1979, 1988) in which areas containing high quality forage and 12234 

areas with forest cover are in proximity. In open habitats, they select areas of high vegetative diversity 12235 

with intermixed patches of shrubs and grasslands (Sawyer et al. 2007). Both patterns of habitat use appear 12236 

to be maximized by a disturbance regime with spatial heterogeneity at relatively fine scales.  12237 

A study of Rocky Mountain mule deer found that home range size increased in areas with few large 12238 

patches and was smallest in fine-grained vegetation mosaics (Kie et al. 2002). Mule deer depend on 12239 

disturbance to create forage (e.g., Bergman et al. 2014), but the size and juxtaposition of patches are 12240 

important. Fine-grained disturbance mosaics appear to be optimal for white-tailed deer, especially in areas 12241 

where thermal cover is important. In the Northern Rockies, thermal cover prevents heat loss during 12242 

winter, although in warmer climates, thermal cover reduces daytime heating. In Texas, male white-tailed 12243 

deer chose areas with high cover and poor foraging opportunities during the mid-day, but chose areas 12244 

with higher forage quantities during crepuscular and nocturnal periods (Wiemers et al. 2014).  12245 

Ungulates generally respond positively to disturbance (fig. 9.5), but the types of disturbance and the 12246 

resulting landscape condition and species composition are equally important. Just as wildfire intensity 12247 

affects patchiness in the postfire landscape, it also affects which plant species are likely to revegetate 12248 

burned areas. For example, Emery et al. (2011) found that at lower temperatures several native plant 12249 

species exhibited enhanced germination, whereas nonnative plant species did not. Vegetation growth after 12250 

disturbance is important where nonnative species are common. For example, Bergman et al. (2014) found 12251 

that treatments that removed trees and controlled weeds produced better mule deer habitat than treatments 12252 

that removed only trees.  12253 

Climate change is expected to alter fire regimes, but for ungulates the exact nature of those changes 12254 

will be critical. For example, in the Greater Yellowstone Area subregion, wildfires are infrequent, large, 12255 

and intense. If climate change causes more frequent fires (Westerling et al. 2011), then the landscape will 12256 

be patchier compared to the current condition, and the distribution and abundance of forest species could 12257 

change. In the short term, novel fire-climate-vegetation relationships can be expected. In the long-term, 12258 
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the effects of altered vegetation on ungulate populations are uncertain, but it is unlikely that there will be 12259 

highly negative consequences. 12260 

Wolverine (Gulo gulo) 12261 

The wolverine is the largest mustelid, occurring throughout the Arctic, as well as subarctic areas and 12262 

boreal forests of western North America and Eurasia. At the southern extent of its distribution in North 12263 

America, populations occupy peninsular extensions of temperate montane forests. Monitoring programs 12264 

in Fennoscandia (Flagstad et al. 2004) and surveys in Canada (Lofroth and Krebs 2007) inform our 12265 

understanding of wolverine occurrence in those regions, but the limits of wolverine distribution in other 12266 

portions of its range are less understood. 12267 

Wolverines are often considered to be generalists with respect to habitat, and their occurrence has 12268 

been associated with remoteness from human development (Banci 1994; May et al. 2006; Rowland et al. 12269 

2003). However, unlike brown bear and gray wolf, whose northern distributions are the result of recent 12270 

human hunting and habitat alteration, there is no historical evidence for wolverine presence in areas not 12271 

characterized by arctic or boreal conditions (Aubry et al. 2007). Fossil evidence is consistent with this 12272 

understanding (Alvarez -Lao and Garcıa 2010), and it appears that wolverines have always been 12273 

associated with cold northern climates.  12274 

Wolverines den in snow, and deep snow throughout the denning period is thought to be essential 12275 

(Magoun and Copeland 1998). The strong, perhaps obligate relationship between wolverine den selection 12276 

and deep snow in the late spring has been reinforced by recent studies (Copeland et al. 2010; Dawson et 12277 

al. 2010; Inman et al. 2012). A proxy for spring snowpack (areas where snow persisted through mid May) 12278 

effectively describes den site selection, current range limits, and year-around habitat use at the southern 12279 

periphery of their range (Copeland et al. 2010). These same areas are associated with successful dispersal 12280 

(Schwartz et al. 2009) and historical range (Aubry et al. 2007). Although not all biological aspects of this 12281 

association are understood, its universal nature in both space (it applies to populations in Alaska, Idaho, 12282 

and Scandinavia) and time (it describes both historical and contemporary distributions) indicate that snow 12283 

persistence will be associated with future distributions as well. Since wolverines apparently travel within 12284 
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these areas when dispersing and strongly minimize travel through low-elevation habitat, we can project 12285 

both current and future travel routes based on altered snowpack. 12286 

McKelvey et al. (2011) modeled future spring snowpack within the Columbia, Upper Missouri, and 12287 

Colorado River basins, and projected changes in habitat and connectivity associated with future 12288 

landscapes based on existing wolverine habitat relationships (Copeland et al. 2010) and dispersal 12289 

preferences (Schwartz et al. 2009). A projection derived from an ensemble mean of 10 GCMs under an 12290 

intermediate emission scenario (A1B) (Mote and Salathé 2010) was used to produce climate projections 12291 

(Elsner et al. 2010; Littell et al. 2011). Historical data across the area were reconstructed following 12292 

methods in Hamlet and Lettenmaier (2005), and changes from historical patterns were modeled using the 12293 

“delta” method of downscaling, resulting in regionally averaged temperature and precipitation change for 12294 

2030-2059 and 2070-2099. Downscaled climate data were input to the Variable Infiltration Capacity 12295 

(VIC) model (Hamlet and Lettenmaier 2005; Liang et al. 1994), which was used to project snowpack. 12296 

Historical modeled snowpack depth was fit to most closely match the persistent snow cover data from 12297 

Copeland et al. (2010), and this fit was then used to identify areas of future habitat for wolverines. 12298 

In the Columbia and Upper Missouri River Basins, where most of the Northern Rockies is located, 12299 

snowpack projection indicated a loss of 35 percent and 24 percent, respectively, for spring snow by the 12300 

mid 21st century, and 66 percent and 51 percent, respectively, by the end of the century. Central Idaho 12301 

was projected to lose nearly all snow by the end of the century, whereas northern Montana, the southern 12302 

Bitterroot Mountains, and the Greater Yellowstone Area retained significant spring snow (McKelvey et 12303 

al. 2011). The ensemble mean model output was similar to results associated with the Parallel Climate 12304 

Model (pcm1; a cool extreme; http://www.cgd.ucar.edu/pcm), but at the warm extreme, little spring snow 12305 

was retained at the end of the century. A connectivity model (Schwartz et al. 2009) in conjunction with 12306 

ensemble climate model projections indicated that all remaining habitat would be genetically isolated by 12307 

the end of the 21st century (McKelvey et al. 2011).  12308 

The threshold between rain and snow causes estimates of snowpack loss to differ greatly between 12309 

GCMs, because timing of moisture and the temperature when it occurs affect model performance. Cool 12310 
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models (e.g., Goddard Institute for Space Studies model E; Schmidt et al. 2006) indicate increases in 12311 

January snowpack at high elevation (e.g., Yellowstone Plateau, Colorado) through the mid-21st century, 12312 

whereas warmer models (e.g., Model for Interdisciplinary Research on Climate; Watanabe et al. 2011) 12313 

show large losses in snowpack across all regions (Alder and Hostetler 2014). All models, including the 12314 

coolest and wettest, indicate a continuing reduction in spring snow, a pattern that has been ongoing since 12315 

at least the 1950s (Mote et al. 2005). 12316 

Brewer’s Sparrow (Spizella breweri) 12317 

Brewer’s sparrow appears to be a sagebrush obligate during the nesting period when nest occupancy 12318 

is positively related to tall, dense stands of sagebrush (Petersen and Best 1985; Reynolds 1981) (fig. 9.6). 12319 

In areas where other sage obligate species exist (e.g., sage thrasher [Oreoscoptes montanus]), these 12320 

sparrows may compete for nest locations (Reynolds 1981). In many areas, however, Brewer’s sparrow is 12321 

the most abundant bird species (Norvell et al. 2014). Some consider the closely related timberline sparrow 12322 

(Spizella breweri taverneri) to be a species (i.e., S. taverneri) or sub-species, but in any case, no genetic 12323 

mixing occurs between the alpine and sagebrush variants (Klicka et al. 1999). 12324 

Reasons for the obligate relationship of Brewer’s sparrow with sagebrush are obscure. Although this 12325 

relationship appears to be robust, especially patterns of nest occupancy (Petersen and Best 1985), 12326 

evidence for why Brewer’s sparrow nests in sagebrush rather than in other brush species is lacking. 12327 

Therefore, we rely on correlative associations to project climate change effects and cannot speculate as to 12328 

the flexibility of this species to shift to alternative shrub species should sagebrush become scarce. Within 12329 

sagebrush communities, Brewer’s sparrows do exhibit flexibility in response to nest predation, shifting 12330 

locations of sequential nests in response to previous predation (Chalfoun and Martin 2010) 12331 

Brewer’s sparrow populations appear to be reasonably stable range-wide, although they have been in 12332 

decline in some areas in Colorado (USGS 2013). Although Brewer’s sparrow selects for areas with tall, 12333 

dense sagebrush, sparrow abundance was unaffected by treatments designed to modify sagebrush cover 12334 

and improve habitat for greater sage-grouse (Norvell et al. 2014). Similarly, a study of the effects of 12335 

(nonnative) smooth brome (Bromus inermis) found that nest success was higher in areas with brome 12336 

DRAFT



Halofsky et al. Chapter 9 

 408 

establishment (Ruehmann et al. 2011). In general, the effects of climate change on Brewer’s sparrow will 12337 

probably depend to a great degree on changes in the distribution, abundance, composition, and structure 12338 

of sagebrush communities. Increased wildfire will likely reduce the distribution, abundance, and age of 12339 

sagebrush stands in a warmer climate. 12340 

Flammulated Owl (Otus flammeolus) 12341 

The flammulated owl is a small nocturnal owl, approximately 6 inches long with a 14-inch wingspan. 12342 

It is migratory but breeds in montane areas across much of western North America, ranging from southern 12343 

British Columbia to central Mexico (Ridgely et al. 2003). It is a cavity nester, associated with mature 12344 

forests with large diameter trees. It is also associated with open forests, but does not appear to be specific 12345 

to any particular tree species. In New Mexico, it is found in pinyon pine (Pinus edulis) (McCallum and 12346 

Gehlbach 1988), pondersoa pine (P. ponderosa) (Bull et al. 1990; Linkhart et al. 1998) and Douglas-fir 12347 

(Powers et al. 1996; Scholer et al. 2014) forest. In the Sierra Nevada, it has been associated with (from 12348 

low to high elevation) black oak (Quercus kelloggii), mixed conifer, Jeffrey pine (P. jeffreyi), white fir 12349 

(Abies concolor), and red fir (A. magnifica) forest (Stanek et al. 2011).  12350 

Flammulated owls are thought to be obligate secondary cavity nesters, although it has been 12351 

anecdotally observed to nest in the ground (Smucker and Marks 2013). Flammulated owls feed almost 12352 

exclusively on insects, primarily Lepidoptera, which they gather from trees, on the ground, or in flight 12353 

(Linkhart et al. 1998). During the nesting period, males are single-trip, central-place foragers, so the 12354 

energetics of prey selection are important, with distance traveled and energy content of prey differing by 12355 

forest type. Little information is available on the diet of flammulated owls and their relationships to forest 12356 

habitat. Interactions with other owl species appear minimal (Hayward and Garton 1988).  12357 

The extensive latitudinal range of flammulated owls, lack of specific forest associations, and 12358 

generalized insect diet indicate that straightforward links to specific climatic regimes are unlikely. If 12359 

climate change is to affect flammulated owls, then it will most likely be through disturbance processes 12360 

that remove large diameter trees. Shifts to denser forest structure would be problematic for this species, 12361 

but there is little evidence that this would occur, because drought and wildfire are projected to increase 12362 
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throughout the Northern Rockies (Alder and Hostetler 2014). Like other long-lived owl species (Linkhart 12363 

and Reynolds 2004), flammulated owl populations will be very sensitive to adult survival (Noon and 12364 

Biles 1990). 12365 

Greater Sage-Grouse (Centrocercus urophasianus) 12366 

Greater sage-grouse is the largest grouse in North America (Mezquida et al. 2006). Considered an 12367 

obligate with sagebrush (Miller and Eddleman 2001), its distribution is currently about half of its pre-12368 

settlement range (Schroeder et al. 2004), and many populations have been steadily declining in recent 12369 

decades (Braun 1998; Connelly and Braun 1997; Connelly et al. 2004). In some areas, land conversion 12370 

that eliminated sagebrush appears to have caused the declines (Connelly et al. 2004; Miller and Eddleman 12371 

2001). Extirpation of sage-grouse is more likely in areas with high human population densities, land 12372 

conversion to cropland, severe droughts (Aldridge et al. 2008), sagebrush displacement by conifers, and 12373 

corvid predation. It is also more likely in areas with <25 percent sagebrush cover proximal to the edge of 12374 

the historical range.  12375 

Declines in sage-grouse have also occurred in areas still dominated by sagebrush (Miller and 12376 

Eddleman 2001). In addition to reduced sagebrush cover, declines have been attributed to nonnative 12377 

plants (Connelly et al. 2004; Knick et al. 2003; Wisdom et al. 2002), energy exploration and extraction 12378 

(Braun et al. 2002; Doherty et al. 2008; Holloran et al. 2005; Lyon and Anderson 2003; Walker et al. 12379 

2007a), grazing (Beck and Mitchell 2000; Hayes and Holl 2003), altered fire regimes (Connelly et al. 12380 

2000, 2004), and a warmer climate (Neilson et al. 2005). In recent years, West Nile virus has also been 12381 

implicated (Naugle et al. 2004, 2005; Walker et al. 2007b). 12382 

Assessing the effects of climate change is challenging, because so many factors potentially affect 12383 

sage-grouse population dynamics, Nevertheless, Schrag et al. (2011) produced a detailed climate change 12384 

assessment for greater sage-grouse that evaluated changes in distribution of sagebrush and transmission of 12385 

West Nile virus. They first built bioclimatic models for sagebrush distribution, then West Nile spread was 12386 

modeled based on temperature thresholds. They used six GCMs and one emission scenario (A1B), and 12387 

GCM output was statistically downscaled to 7.5-mi pixels. Both the envelope model and temperature 12388 
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thresholds were projected to 2030 based on the downscaled GCM output. Results varied greatly across 12389 

models, but it was concluded that the cumulative effects of projected climate change on both sagebrush 12390 

and West Nile virus transmission would reduce suitable sage-grouse habitat in the Northern Rockies and 12391 

northern Great Plains (Schrag et al. 2011). Since sage-grouse require large areas of mature sagebrush, 12392 

future increases in wildfire are expected to significantly reduce habitat.  12393 

Creutzburg et al. (2015) evaluated the likely trajectory of greater sage grouse habitat in southeastern 12394 

Oregon. They simulated the effects of climate change, disturbance, and cheatgrass (Bromus tectorum) 12395 

invasion by coupling a linked dynamic global vegetation model, climate envelope model, and state-and-12396 

transition simulation model, based on three climate models, chosen to cover a range of possible futures. In 12397 

the near term, loss of sagebrush from wildfire and cheatgrass invasion leads to habitat deterioration. 12398 

However, in all three climate projections, native shrub-steppe communities increased circa 2070 leading 12399 

to habitat improvement. In this simulation, all projected climate futures had better long-range prospects 12400 

for sage-grouse than was simulated based on current climate.  12401 

Harlequin Duck (Histrionicus histrionicus) 12402 

Harlequin ducks in the intermountain west breed and summer on fast-flowing mountain streams and 12403 

winter on rocky coastal areas (Robertson and Goudie 2015). In Grand Teton National Park, breeding pairs 12404 

used streams with dense shrubs along the banks (Wallen 1987). During summer they feed primarily on 12405 

larval insects on stream bottoms and in winter on a variety of small food items including snails, small 12406 

crabs, barnacles, and fish roe (Robertson and Goudie 2015). They are relatively rare in Montana, with a 12407 

concentration in Upper McDonald Creek in Glacier National Park (Reichel 1996). Climate change may 12408 

alter the timing, duration, and levels of streamflows. In Glacier National Park, harlequin duck 12409 

reproductive success declined with higher and less predictable streamflows (Hansen 2014). 12410 

Mountain Quail (Oreortyx pictus) 12411 

The mountain quail (Oreortyx pictus) is a small ground-dwelling bird that occupies upland forest and 12412 

woodland habitats in the western United States and northern Mexico (Brennan et al. 1987). In the Pacific 12413 

Northwest, its range extends into deep canyons such as Hells Canyon of the Snake River (Pope and 12414 
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Crawford 2004) where their populations have been declining. Population augmentation through 12415 

translocation is common. Population studies have focused on survival, but connections to climate-related 12416 

change are minimal. Stephenson et al. (2011) found that climate-related variables were important to 12417 

survival, with lower survival being linked both to hot, dry conditions and cold winter weather. Seasonal 12418 

movements to avoid snowpack led to increased rates of movement, which were also important predictors 12419 

of survival.  12420 

Pygmy Nuthatch (Sitta pygmaea) 12421 

The pygmy nuthatch, a small bird about 4 inches long, is found throughout montane coniferous 12422 

forests in western North America and as far south as central Mexico (McEllin 1979; Ridgely et al. 2003). 12423 

It is a cavity nester, often associated with ponderosa pine forests (McEllin 1979) but also found in other 12424 

forest types such as quaking aspen (Populus tremuloides) (Li and Martin 1991). Pygmy nuthatches can 12425 

exhibit a social structure of cooperative breeding in which “helpers” aid breeding birds by feeding the 12426 

incubating female, feeding nestlings and fledglings, and defending nesting territory (Sydeman et al. 12427 

1988).  12428 

Pygmy nuthatches nest in cavities in both live and dead trees (Li and Martin 1991; study site in 12429 

Arizona), and population responses to disturbance are modest. For example, Hurteau et al. (2008; study 12430 

site in Arizona) found that population densities across a variety of thinning and fuel treatments remained 12431 

constant except in thin-and-burn treatments, where densities increased by over 500 percent. Saab et al. 12432 

(2007; information from interior western United States) found that nuthatches showed a negative response 12433 

to fire the first year after wildfire, but a neutral response in subsequent years. Due to their apparent neutral 12434 

response to disturbance, coupled with flexibility in habitat and wide latitudinal range, it is difficult to 12435 

project whether pygmy nuthatch will respond positively or negatively to climate change. Other than the 12436 

effects of conversion from forest to non-forest, extirpation of this organism from climate change appears 12437 

unlikely. 12438 

Ruffed Grouse (Bonasa umbellus) 12439 
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Ruffed grouse are characterized by a boreal distribution that includes peninsular extensions into the 12440 

Rocky Mountains and Appalachian Mountains (USGS 2014). Throughout much of their range, ruffed 12441 

grouse occupy aspen forest (Kubisiak 1985; Stauffer and Peterson 1985; Svoboda and Gullion 1972), 12442 

which provides important food sources (Jakubas and Gullion 1991). Although ruffed grouse exist in 12443 

forests that contain no aspen (e.g., oak-dominated forest) (Haulton et al. 2003), they are mostly limited to 12444 

aspen habitats in many areas of the West (e.g., Mehls et al. 2014). Since ruffed grouse were identified as a 12445 

species of concern in the Northern Rockies in the context of aspen-dominated forest, we focus here on the 12446 

use of aspen by ruffed grouse. 12447 

In central Wisconsin, ruffed grouse densities were highest in young (<25 years) aspen stands 12448 

(Kubisiak 1985). Similarly, ruffed grouse preferred stand structures characteristic of early successional 12449 

stages in Idaho (Stauffer and Peterson 1985) but also use aspen stands of all ages (Mehls et al. 2014). 12450 

Thus, optimal grouse habitat consists of aspen forests with stands in a variety of age classes, including a 12451 

large component of young stands.  12452 

Aspen may be sensitive to heat and drought in some locations (Anderegg et al. 2013; Huang and 12453 

Anderegg 2011). Although higher temperature is expected to cause increased stress in aspen, differences 12454 

in forest structure and age affect the relationship between aspen mortality and drought (Bell et al. 2014), 12455 

and mortality can be reduced by controlling stand densities and ages and limiting competition from 12456 

conifers. If climate change causes decreased extent of aspen in the Northern Rockies, reduced habitat 12457 

would have detrimental effects on ruffed grouse populations. However, it appears that significant options 12458 

exist to mitigate these changes through silviculture that favors aspen over conifers and through active 12459 

manipulation of stand densities and ages. 12460 

Columbia Spotted Frog (Rana luteiventris) 12461 

The Columbia spotted frog (Rana luteiventris) breeds in montane ponds throughout western North 12462 

America (Green et al. 1996, 1997) (fig. 9.7). Funk et al. (2008) built a phylogeny for this species based on 12463 

samples across western North America. Populations separated into three distinct clades; within the 12464 

analysis area, all samples were associated with the northern clade and were fairly closely related. The 12465 
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effects of climate change on Columbia spotted frogs are unclear. In Utah, they were more likely to occur 12466 

in persistent, shady ponds that maintained constant temperatures (Welch and MacMahon 2005). In 12467 

Yellowstone National Park, pond desiccation led to sharp declines in frog populations (McMenamina et 12468 

al. 2008), and throughout their range, populations in large stable water bodies were doing well, whereas 12469 

those in smaller more ephemeral ponds were subject to rapid declines (Hossack et al. 2013). In Montana, 12470 

warmer winters were associated with improved reproduction and survival of Columbia spotted frogs 12471 

(McCaffrey and Maxell 2010). This species does not appear to be sensitive to stand-replacing fires 12472 

(Hossack and Corn 2007). 12473 

Columbia spotted frog populations are stable in areas with stable water supplies, and are capable of 12474 

rapid population expansion into restored wetlands (Hossack et al. 2013). However, the amphibian chytrid 12475 

fungus (Batrachochytrium dendrobatidis, hereafter referred to as Bd), is prevalent in many populations 12476 

(Pearl et al. 2009; Russell et al. 2010) and warming waters would, in most systems, favor Bd (see section 12477 

on western toad below). Although the fungus is common, the population effects of infection are unclear.  12478 

Western Toad (Anaxyrus boreas) 12479 

Western toads (Anaxyrus boreas) are montane amphibians broadly distributed across the western 12480 

United States (Muths et al. 2008); in the southern Rocky Mountains, the subspecies boreal toad (A. b. 12481 

boreas) is recognized. The western toad appears to have suffered widespread declines, particularly at the 12482 

southern extent of its range (Corn et al. 2005), a phenomenon well documented in Colorado (Carey 1993). 12483 

This species suffers from the amphibian chytrid fungus, which is often fatal. Laboratory studies of Bd 12484 

have found that it grows optimally at 63-77 °F, and colonies are killed at 86 °F (Piotrowski et al. 2004). 12485 

Although Bd can grow in temperatures as cold as 39 °F, warming waters would increase its prevalence.  12486 

In a study across Colorado, Wyoming, and Montana, Bd was consistently found in western toad 12487 

tissues, and was more prevalent in warmer, lower elevation sites (Muths et al. 2008). A warmer climate 12488 

may allow Bd to spread to higher elevations and become even more widespread, although there is some 12489 

question about how susceptible the western toad is to the effects of Bd, because increased mortality is not 12490 
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always associated with high infection rates. Recent studies indicate that the skin of the toad contains 12491 

bacterial colonies that inhibit Bd (Park et al. 2014). 12492 

ASSESSING SUBREGIONAL DIFFERENCES IN VULNERABILITY 12493 

When considering how climate change would affect wildlife populations in their subregion, Northern 12494 

Rockies Adaptation Partners (NRAP) workshop participants tended to think in terms of pathways through 12495 

which climate could exert an influence (fig. 9.1, black text and arrows). These pathways can interact with 12496 

each other, and with population characteristics (fig. 9.1, blue text and arrows) to produce an effect on the 12497 

population of interest (fig. 9.1, red text). However, a given pathway influences multiple species, and 12498 

multiple pathways influence a given species. Below we summarize the subregional workshop discussions.  12499 

Upper temperature thresholds for moose were discussed for the Greater Yellowstone Area subregion 12500 

(GYA). This was the only species and subregion with a discussion of direct physiological sensitivities to 12501 

climate. However, it was noted in all subregions that there is a general lack of understanding of direct 12502 

physiological sensitivities to climate for most wildlife species. However, even when these sensitivities 12503 

have been measured (e.g., the lower thermoneutral limits for wolverines (e.g., Iversen 1972) it is unclear 12504 

how this laboratory-derived knowledge can be interpreted in the context of habitat use and demographic 12505 

performance. 12506 

Position within a species’ niche can influence population vulnerability. Some species are at the 12507 

climatological limits of their range in particular subregions. Exposure to climate change in these places 12508 

has a strong effect on species ability to persist, whereas the same amount of change in the center of its 12509 

range has less effect. The Western Rockies and Central Rockies subregions are at the junction of maritime 12510 

and continental climates, and many species are at the edges of their ranges. For example, participants in 12511 

the Central Rockies workshop discussed how future climate change is expected to increase habitat 12512 

suitability for the fisher, such that this species may expand its range into the subregion. 12513 

Some species had different habitat associations in different subregions. For example, in the GYA, 12514 

ruffed grouse was linked to aspen habitat but was associated with a broader range of habitats in the 12515 
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Central Rockies subregion. Therefore, ruffed grouse were seen as more sensitive to climate effects on 12516 

aspen in the GYA than in the Central Rockies.  12517 

 The importance of previous habitat loss, potentially caused by recent warming, differed across the 12518 

subregions. In the Eastern Rockies subregion, extensive lodgepole pine (Pinus contorta var. latifolia) 12519 

mortality has been caused by mountain pine beetles (Dendroctonus ponderosae), likely caused by warmer 12520 

winters (Bentz et al. 2010). Cavity nesting birds were thought to be more sensitive to potential future 12521 

habitat loss, because they have already lost a substantial portion of their habitat. Prior habitat loss was not 12522 

discussed in the other subregions. 12523 

Another pathway for habitat loss, discussed in the Central Rockies workshop, was an increase in 12524 

invasive species. For example, the flammulated owl feeds on insects that depend on understory plant 12525 

composition, and that composition could be altered by increased abundance of invasive plants such as 12526 

cheatgrass.  12527 

 Negative effects on wildlife populations from an increase in disease occurrence and transmission 12528 

caused by climate change (e.g., West Nile virus) was discussed in three of the five subregions. 12529 

Participants also noted there was relatively little known about disease ecology and the future potential for 12530 

disease to affect wildlife populations.  12531 

 Connectivity was a primary concern in four of the five subregions. Participants considered 12532 

different scales of connectivity to be important: the ability for individuals to move through the landscape 12533 

to meet their daily needs, the ability to complete seasonal migrations, and the ability to track potentially 12534 

shifting habitat. Numerous indirect influences on each of those scales of connectivity were discussed.  12535 

Indirect pathways that increase vulnerability to climate change can also arise when a changing 12536 

climate influences landscape configurations such that species are then more at risk from other stressors. In 12537 

the GYA and Central subregions, participants discussed the need to understand how potential shifts in 12538 

residential development (e.g., into riparian habitats) could affect wildlife. Changing demands for energy 12539 

sources and the influence of energy development on wildlife habitat were discussed in the Central and 12540 

Grassland subregions. 12541 
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Another source of regional variation was the importance of multiple collaboratives focused on 12542 

conservation issues in the Central subregion. Forest Service participants stated that these collaboratives 12543 

increased their range of achievable management tactics.  12544 

There were differences in the amount of climate change expected (exposure), the response of 12545 

individuals and populations to that change (sensitivity), and the ability of organisms and organizations to 12546 

adapt to that change (adaptive capacity) across Northern Rockies subregions. However, participants 12547 

agreed there is a lack of understanding about mechanisms of climate influence. Identifying and 12548 

contrasting the importance of pathways of climate influence across subregions can suggest potential 12549 

mechanisms of climate influence. Hypotheses can be developed to account for these mechanisms, and 12550 

management actions can be monitored to test those hypotheses. Based on the results of those tests, 12551 

decisions can be made to continue with management actions, or develop new actions or hypotheses, 12552 

creating an adaptive monitoring program (Lindenmayer and Likens 2009). Sensitivities listed in tables 12553 

9.2-9.9 provide a starting point for identifying potential hypotheses.  12554 

ADAPTING WILDLIFE MANAGEMENT TO THE EFFECTS OF CLIMATE CHANGE 12555 

Adaptation to climate change for wildlife resources in NRAP subregions was focused on maintaining 12556 

adequate habitat and healthy wildlife populations, and increasing knowledge of species needs and climate 12557 

sensitivities. Workshop participants identified the major habitats in their subregion and then developed 12558 

adaptation strategies for species they regarded as important and for which they believed viable 12559 

management options exist. For example, participants in the GYA workshop discussed climate sensitivities 12560 

of American pika, but decided not to work through adaptation options because they did not see how 12561 

management efforts could influence pika population viability. Participants tended to address species or 12562 

habitats that had not been covered in prior workshops, even if some were important in their subregion. 12563 

Adaptation options are summarized according to major habitats, (tables 9.2 through 9.7) which can then 12564 

be associated with individual species (table 9.1). 12565 

Riparian habitats are important across the Northern Rockies. The primary strategy for improving 12566 

riparian habitat resilience is maintaining healthy American beaver populations (table 9.2). Beaver 12567 
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complexes can buffer riparian systems against both low and high streamflows, and provide habitat 12568 

structure and foraging opportunities for multiple species. Non-riparian wetlands were discussed as 12569 

important habitats, but no adaptation strategies were developed. 12570 

Quaking aspen habitats are common in the four western subregions and occur occasionally in the 12571 

Grassland subregion. Aspen was identified as important because of its high productivity, role in structural 12572 

diversity, and habitat for cavity-nesting birds. In the GYA, ruffed grouse were identified as strongly tied 12573 

to aspen habitats. Reduction in the distribution and abundance of aspen is projected for some locations 12574 

(especially lower elevation) in a warmer climate (see chapter 6). The most common tactics for promoting 12575 

aspen resilience were allowing wildfire or using prescribed fire in older aspen stands, protection from 12576 

grazing, and reducing conifer encroachment in any age stand (table 9.3).  12577 

Dry ponderosa pine forests are common in the Central Rockies and Eastern Rockies subregions and 12578 

provide habitat for cavity nesting birds such as the flamulated owl. These habitats have experienced 12579 

encroachment by Douglas-fir as a result of fire exclusion, increasing vulnerability of pine to future fires. 12580 

Tactics for promoting ponderosa pine resilience included reducing competition from Douglas fir through 12581 

understory burning and cutting, protecting mature stands, and planting ponderosa pine were it has been 12582 

lost (table 9.4). 12583 

The Western Rockies and Central Rockies subregions support older, mesic forests because they 12584 

experience a maritime climate influence (see chapter 3). These forests, which provide important habitat 12585 

for fisher, may have younger age classes (caused by increased disturbance; see chapter 8) and different 12586 

species composition in a warmer climate (see chapter 6). Adaptation strategies included restoring 12587 

historical structure, conserving current structure, and promoting potential future mesic forest habitats 12588 

(table 9.5). 12589 

Mountain sagebrush-grassland habitat occurs in all regions except the Grassland. In the Western 12590 

Rockies subregion, mountain sagebrush-grassland habitats are unique in that they have less of a sagebrush 12591 

component, primarily occur in steep mountain canyons, and support populations of mountain quail; 12592 

differences in aspect have a strong influence on climate in these canyons. In a warmer climate, these 12593 
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habitats could lose some of their forb component, making them vulnerable to increased abundance of 12594 

nonnative species (see chapter 7). Specific tactics for restoring historical habitat and maintaining current 12595 

habitat included managing fire, controlling nonnative species, and restoring formerly cultivated lands 12596 

(table 9.6).  12597 

Sagebrush habitats are common in the Eastern Rockies, GYA, and Grassland subregions, supporting 12598 

gallinaceous birds (greater sage-grouse, Brewer’s sparrow, greater prairie chicken [Tympanuchus cupido], 12599 

sharp-tailed grouse [T. phasianellus) and pygmy rabbits, among other species. Tactics for maintaining 12600 

adequate sagebrush habitat included managing fire, controlling nonnative species, preventing 12601 

fragmentation, and restoring degraded habitat (table 9.7). Current focus on conservation of greater sage-12602 

grouse within sagebrush habitat in the western United States will benefit from including a climate-smart 12603 

approach to management. 12604 

Developing on-the-ground management tactics requires understanding how climate change will 12605 

influence species. In all subregions, and independent of habitat association, participants identified the 12606 

need for better understanding of species requirements and the mechanisms of climate change impacts. In 12607 

addition, connectivity and the potential for increases in disease were identified as important processes 12608 

affecting multiple habitats and species in each subregion, although climate sensitivities of diseases are not 12609 

well understood. Accordingly, several adaptation strategies were suggested to fill knowledge gaps (table 12610 

9.8). There is wide agreement on the need to better understand the mechanisms of climate sensitivities 12611 

relative to the life histories of individual species. Examples of tactics to accomplish this objective include 12612 

analyzing female Canada lynx home ranges to determine the necessary distribution and size of habitat 12613 

patches, quantifying and monitoring pygmy rabbit distribution, and understanding sagebrush succession 12614 

following fire. The influence of low-snow years on wolverine denning success is an example of a 12615 

mechanistic relationship with climate that needs more data.  12616 

Connectivity, although not tied to a particular habitat type, is considered an important conservation 12617 

strategy for most species in all Northern Rockies subregions, although climate influences on connectivity 12618 

are uncertain. Several forms of connectivity were identified: daily, seasonal, dispersal, and range shift. 12619 
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Connectivity can be affected by changes in water supply, habitat loss, habitat shifts, vegetation phenology 12620 

shifts, human population expansion and redistribution, and snowpack dynamics. Specific tactics for 12621 

increasing knowledge that would enable the maintenance of connectivity include monitoring connectivity 12622 

with genetic, tracking, and remote-sensing tools; identifying dispersal habitats; and identifying and 12623 

removing or mitigating barriers to connectivity (table 9.9).  12624 

Disease is also important in most subregions, not tied to a particular habitat, and not well understood. 12625 

Specific tactics for addressing disease include monitoring the presence of white-nose syndrome (caused 12626 

by the fungus Pseudogymnoascus destructans) in bat hibernacula (currently ongoing through 12627 

collaboration of U.S. Forest Service, other agencies, and Northern Rocky Mountain Grotto), monitoring 12628 

disease trends in moose and bighorn sheep, and coordinating with state agencies to monitor West Nile 12629 

virus.  12630 

More specific details on adaptation strategies and tactics for each NRAP subregion are in Appendix 12631 

9A. 12632 
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Chapter 10: Effects of Climate Change on Recreation 13367 

Michael S. Hand and Megan Lawson 13368 

 13369 

INTRODUCTION 13370 

Outdoor recreation is an important benefit provided by federal agencies and other public lands in the 13371 

Northern Rockies. National forests in the Northern Region and Greater Yellowstone Area see an 13372 

estimated 13.3 million visits per year; Yellowstone, Grand Teton and Glacier National Parks account for 13373 

an additional 8 million visits per year. National forests and national parks provide recreation opportunities 13374 

at sites that offer a wide variety of characteristics. Recreation on public lands in the Northern Rockies and 13375 

Greater Yellowstone Area is inseparable from ecosystems and natural features. Whether skiing, hiking, 13376 

hunting, or camping, visiting developed sites or the backcountry, or simply driving through a park or 13377 

forest, natural and ecological conditions in large part determine the overall recreation experience. 13378 

Climatic conditions and environmental characteristics that depend on climate are key factors that 13379 

determine the availability of and demand for different recreation opportunities (Shaw and Loomis 2008). 13380 

Changing climate conditions may alter the supply of and demand for recreation opportunities, resulting in 13381 

changes visitation patterns and the benefits derived from recreation in the future. Climate change is 13382 

projected to increase outdoor recreation participation in general (Bowker et al. 2013). Benefits provided 13383 

by recreation are expected to increase under climate change scenarios due to increases in summer and 13384 

warm-weather activities outweighing losses in winter activities (Loomis and Crespi 2004; Mendelsohn 13385 

and Markowski 2004).  13386 

Public lands managers will face a complex task of managing recreation opportunities under changing 13387 

recreational preferences and ecological conditions. Investments in infrastructure, the provision and 13388 

maintenance of facilities, and decisions about recreation development are important inputs that determine 13389 

recreational setting and the type of recreational opportunities available to visitors. These inputs can be 13390 

classified using the Recreation Opportunity Spectrum (ROS), which has been used for decades by public 13391 
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lands managers for planning and allocation of recreation opportunities (Clark and Stankey 1979). 13392 

Recreation visitation behavior and values can be mapped to the ROS, providing managers with 13393 

information about the tradeoffs associated with different types of investments and development 13394 

(Rosenthal and Walsh 1986; Swanson and Loomis 1996). A changing climate may alter types of 13395 

recreation experiences desired and the opportunities that can be provided by public lands.  13396 

Although broad trends in recreation participation under climate change scenarios may be borne out at 13397 

the regional scale, little is known about how recreation in the Northern Rockies will change. This chapter 13398 

describes the broad categories of recreation activities that may be sensitive to climate-related changes in 13399 

the Northern Rockies, and assesses the likely effects of projected climate changes on recreation 13400 

participation. 13401 

RELATIONSHIPS BETWEEN CLIMATE CHANGE AND RECREATION 13402 

The supply of and demand for recreation opportunities are sensitive to climate through (1) a direct 13403 

effect of changes in temperature and precipitation on the availability and quality of recreation sites, and 13404 

(2) an indirect effect of climate on the characteristics and ecological condition of recreation sites (Loomis 13405 

and Crespi 2004; Mendelsohn and Markowski 2004; Shaw and Loomis 2008) (fig. 10.1).  13406 

Direct effects of changes in temperature and precipitation patterns are likely to affect most outdoor 13407 

recreation activities in some way. Direct effects are important for skiing and other snow-based winter 13408 

activities that depend on seasonal temperatures and the amount, timing, and phase of precipitation (Englin 13409 

and Moeltner 2004; Irland et al. 2001; Stratus Consulting 2009). Warm-weather activities are also 13410 

sensitive to direct effects of climate change. Increases in minimum temperatures have been associated 13411 

with increased national park visits in Canada, particularly during non-peak “shoulder” seasons (Scott et 13412 

al. 2007). The number of projected warm-weather days is positively associated with expected visitation 13413 

for a national park in the United States, although visitation is expected to be lower under extreme-heat 13414 

scenarios (Bowker et al. 2012; Richardson and Loomis 2004). Temperature and precipitation may also 13415 

directly affect the comfort and enjoyment that participants derive from engaging in an activity on a given 13416 

day (Mendelsohn and Markowski 2004).  13417 
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Indirect climate effects tend to be important for recreation activities that depend on additional 13418 

ecosystem inputs, such as wildlife, vegetation, and surface water. Cold-water fishing is expected to 13419 

decline in the future due to climate effects on temperature and streamflow that threaten cold-water fish 13420 

species habitat (Jones et al. 2013) (see chapter 5). Surface water area and streamflows are important for 13421 

water-based recreation (e.g., boating), and forested area affects several outdoor activities (e.g., camping 13422 

and hiking) (Loomis and Crespi 2004). Recreation visits to sites with highly valued natural 13423 

characteristics, such as glaciers or popular wildlife species (see chapters 4 and 9) or scenic and aesthetic 13424 

qualities, may be reduced in some future climate scenarios if the quality of those characteristics is 13425 

threatened (Scott et al. 2007). The indirect climate effect on disturbances, and wildfire in particular (see 13426 

chapter 8), may also play a role in recreation behavior, although the effect may be diverse and vary over 13427 

time (Englin et al. 2001). 13428 

IDENTIFYING CLIMATE-SENSITIVE OUTDOOR RECREATION ACTIVITIES 13429 

People participate in a wide variety of outdoor recreation activities in the Northern Rockies. The 13430 

National Visitor Use Monitoring (NVUM) survey, conducted by the Forest Service, U.S. Department of 13431 

Agriculture (USFS) to monitor recreation visitation and activity on national forests, identifies 27 different 13432 

recreation activities in which visitors may participate. These include a wide variety of activities and ways 13433 

that people enjoy and use national forests and other public lands. 13434 

NVUM surveys roughly one-quarter of forest units in each region every year, and each unit is re-13435 

surveyed every five years. For this analysis, we used the latest survey data available for each forest. 13436 

Sample years for the units included in this analysis are as follows: 2008 – Bridger-Teton, Custer, Helena; 13437 

2009 – Gallatin, Idaho Panhandle, Shoshone; 2010 – Beaverhead-Deerlodge, Caribou-Targhee, Flathead; 13438 

2011 – Clearwater, Lolo, Nez Perce; 2012 – Bitterroot, Kootenai, Lewis and Clark. Visitors are sampled 13439 

using a stratified random sampling technique designed for assessing use on national forests. Sampling 13440 

sites are stratified according to type of recreation site and times of day and week. Visitors are asked about 13441 

different categories of trip-related spending incurred within 50 miles of the site where they are 13442 
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interviewed. Interviewees are selected at random, and interviewers conduct as many surveys as possible 13443 

(English et al. 2001). 13444 

All outdoor recreation activities depend to some degree, directly or indirectly, on climate conditions 13445 

or environmental conditions that are determined by climate. For example, skiing opportunities depend on 13446 

the availability of areas with snow-covered terrain, which is determined by patterns of temperature and 13447 

precipitation as snow. As climate change affects seasonal trends in temperature and precipitation, the 13448 

availability of certain skiing sites may change in the future.  13449 

To assess how recreation patterns may change in the Northern Rockies, categories of outdoor 13450 

recreation activities are identified that may be sensitive to climate changes (fig. 10.2). For the purposes of 13451 

the recreation assessment, a recreation activity is sensitive to climate change if changes in climate or 13452 

environmental conditions that depend on climate would be an important factor affecting the demand for 13453 

or supply of that recreation activity within the study area. However, there is no hard rule on which 13454 

activities satisfy this requirement, and other types of activities not explicitly covered in this chapter may 13455 

be affected by climate changes.  13456 

The 27 recreation activities identified in the NVUM survey are grouped into five climate-sensitive 13457 

categories of activities, plus an “other” category of activities that are less sensitive to climate changes. 13458 

Each category includes activities that would likely be affected by changes to climate and environmental 13459 

conditions in similar ways. Table 10.1 lists the activities that comprise the climate-sensitive categories 13460 

and summarizes their sensitivity to climate changes. The categories were developed to capture the most 13461 

common types of recreation that people engage in on public lands in the Northern Rockies that would be 13462 

affected by climate changes. In total, 17 activities were identified as sensitive to climate changes.  13463 

These 17 activities account for the primary recreation activities for 83 percent of visits to national 13464 

forests in the study area. Activities in the “Other” category were judged to be less sensitive to climate 13465 

changes and tend to be less frequently listed as a primary recreation activity in the study area. Although 13466 

participation in many of these activities is likely linked to climate in some way, other factors are likely to 13467 

be more important determinants of participation (for example, maintenance of infrastructure for visiting 13468 
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interpretive sites). Warm-weather activities are the most popular, and include hiking/walking, viewing 13469 

natural features, developed and primitive camping, bicycling, backpacking, horseback riding, picnicking, 13470 

and other non-motorized uses. These were the main activity for 35.9 percent of national forest visitors 13471 

(4.8 million visitors per year) (table 10.1). Of these, hiking/walking was the most popular, and is the 13472 

primary reason for a visit for 16.9 percent of visitors (2.2 million people). Snow-based winter activities 13473 

are also a large draw, and include downhill skiing, snowmobiling, and cross-country skiing. They were 13474 

the primary activity for 25 percent of all visitors (3.3 million people). Wildlife-related activities, including 13475 

hunting, fishing, and viewing wildlife, were the primary activity for 18.5 percent of visitors (2.5 million 13476 

people). Of these, hunting was the most popular with 11 percent of visitors (1.5 million people). 13477 

Gathering forest products such as berries and mushrooms was the primary activity for 2.4 percent of 13478 

visitors (300,000 people). Motorized and non-motorized water activities (other than fishing) comprised 13479 

0.7 percent of visitors (97,000 people) (table 10.1).  13480 

Non-local visitors – those who report a home zipcode that is more than 30 miles from the forest 13481 

boundary – spend $601 million (in 2014 dollars) per year within 50 miles of the forest boundaries. The 13482 

non-local definition is applied based on reported home zipcode; some non-local respondents may have 13483 

second homes near the forest boundary that would qualify as local had they reported the zipcode 13484 

associated with the second home (Stynes and White 2005). Table 10.2 summarizes expenditures by 13485 

visitors to national forests in the Northern Rockies and Greater Yellowstone Area. We focus on spending 13486 

by non-local visitors because these individuals spend money in local communities that would not have 13487 

occurred otherwise. Lodging expenses comprise nearly 31 percent of total expenditures, followed by 13488 

restaurant (18 percent), gas and oil (17 percent), and groceries (12 percent). The remaining expenditure 13489 

categories of other transportation, activities, admissions and fees, and souvenirs comprise 21 percent of 13490 

all spending.  13491 

CLIMATE CHANGE VULNERABILITY ASSESSMENT 13492 

The overall effect of climate change on recreation activity is likely to be an increase in participation 13493 

and increase in the benefits derived from recreation. This is due primarily to warmer temperatures and 13494 
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increased season length appropriate for warm-weather activities, outweighing decreased winter activities 13495 

that depend on snow and consistently cold temperatures (Mendelsohn and Markowsi 2004). However, 13496 

these general findings mask potential variation in the effects of climate on recreation between types of 13497 

activities and geographic locations (boxes 10.1, 10.2).  13498 

This section provides an assessment of the likely effects of climate on major climate-sensitive 13499 

recreation activities in the region. Two sources of information are used to develop assessments for each 13500 

category of recreation activity. First, reviews of existing studies of climate change effects on recreation 13501 

and studies of how recreation behavior responds to climate-sensitive ecological characteristics are used to 13502 

draw inferences about likely changes for each activity category. Second, projections of ecological 13503 

changes specific to the Northern Rockies, as detailed in the other chapters contained in this volume, are 13504 

paired with the recreation literature to link expected responses of recreation behavior to specific expected 13505 

climate effects.  13506 

Current Conditions and Existing Stressors 13507 

Public lands in the Northern Rockies provide an abundance and variety of recreational options, 13508 

offering opportunities for people of all interests and abilities. Opportunities range from high-use 13509 

developed sites near urban areas and popular tourist destinations, to vast areas of remote wilderness and 13510 

seldom-used sites off the beaten path. The facilities and services available also exhibit a wide range of 13511 

conditions and characteristics. Some sites are developed with modern amenities and staffed by agency 13512 

employees or volunteers. Others may exhibit scant evidence of human influence other than a trailhead.  13513 

Current conditions reflect wide variation in intra- and inter-annual (within and between years) 13514 

weather and ecological conditions. Temperature, precipitation, water flows and levels, wildlife 13515 

distributions, vegetative conditions, and wildfire activity may exhibit wide ranges of variation. 13516 

Recreationists are likely already accustomed to some degree to making decisions with a significant degree 13517 

of uncertainty about conditions at the time of participation. 13518 

Several existing challenges and stressors affect recreation in the Northern Rockies. Increased 13519 

population, particularly in proximity to public lands, can strain visitor services and facilities due to 13520 
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increased use; projected population increases in the future may exacerbate these effects (Bowker et al. 13521 

2012). Increased use due to population growth can also reduce site quality because of congestion at the 13522 

most popular sites (Yen and Adamowicz 1994). Changes in land use may alter access to public lands, 13523 

fragmentation of landscapes and habitat, and disturbance regimes that relate to recreation activities. 13524 

The physical condition of recreation sites and natural resources are constantly changing due to human 13525 

and natural forces. Recreation sites and physical assets need maintenance, and deferred or neglected 13526 

maintenance may increase congestion at other sites that are less affected or increase hazards for visitors 13527 

who continue to use degraded sites. Unmanaged recreation can create hazards and contribute to natural 13528 

resource degradation (U.S. Department of Agriculture 2010). This stressor may interact with others, such 13529 

as population growth and maintenance needs, if degraded site quality or congestion encourages users to 13530 

engage in recreation that is not supported or appropriate at certain sites or at certain times of the year. 13531 

Natural hazards and disturbances may create challenges for the provision of recreation opportunities. For 13532 

example, wildfire affects recreation demand (due to site quality and characteristics), but may also damage 13533 

physical assets or exacerbate other natural hazards such as erosion (see chapters 4 and 12).  13534 

Current Management 13535 

Recreation is an important component of public land management in the Northern Rockies. For lands 13536 

managed by the USFS, sustainable recreation serves as a guiding principle for planning and management 13537 

purposes (U.S. Department of Agriculture 2010, 2012b). Recreation is included among other major 13538 

multiple uses of national forests, such as timber products and livestock grazing. Sustainable recreation 13539 

seeks to “sustain and expand benefits to America that quality recreation opportunities provide,” (U.S. 13540 

Department of Agriculture 2010). At the heart of this principle is the desire to manage recreational 13541 

resources to increasingly connect people with natural resources and cultural heritage, and adapt to 13542 

changing social needs and environmental conditions. Recreation managers aim to provide diverse 13543 

recreation opportunities that span the recreation opportunity spectrum, from modern and developed to 13544 

primitive and undeveloped (Clark and Stankey 1979)  13545 

Warm-Weather Activities 13546 
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Warm-weather activities as a category are the most common recreation activities in national forests 13547 

and national parks in the Northern Rockies. Slightly more than one-third of all visits involve one of these 13548 

activities as the primary activity of visitors. Warm-weather recreation is sensitive to the length of 13549 

appropriate season, depending on the availability of snow- and ice-free trails and sites, and the timing and 13550 

number of days with temperatures within minimum and maximum comfortable range (which may vary 13551 

with activity type and site). The number of warm-weather days has been shown to be a significant 13552 

predictor of expected visitation behavior (Richardson and Loomis 2004), and studies of national park 13553 

visitation show that minimum temperature is a strong predictor of monthly visitation patterns (Scott et al. 13554 

2007). 13555 

Participants are also sensitive to site quality and characteristics, such as the presence and abundance 13556 

of wildflowers, conditions of trails, and vegetation and cover (e.g., cover for shade, wildfire effects). The 13557 

condition of unique features that are sensitive to climate changes, such as glaciers, may affect the 13558 

desirability of certain sites (Scott et al. 2007). Forested area is positively associated with warm-weather 13559 

activities, such as camping, backpacking, hiking, and picnicking (Loomis and Crespi 2004), and is 13560 

sensitive to future climate changes (U.S. Department of Agriculture 2012a). 13561 

Wildfire can also affect participation in warm-weather activities through changes to site quality and 13562 

characteristics (fig. 10.3). Wildfires have a diverse and temporally nonlinear effect on recreation (Englin 13563 

et al. 2001). The presence of recent wildfires has differential effects on the value of hiking trips (positive) 13564 

and mountain biking (negative), although recent wildfire activity tends to decrease the number of visits 13565 

(Hesseln et al. 2003, 2004; Loomis et al. 2001). The severity of fire may also matter; high-severity fires 13566 

have been associated with decreased recreation visitation, whereas low-intensity fires are associated with 13567 

slight increases in visitation (Starbuck et al. 2006). Recent fires are associated with initial losses of 13568 

benefits for camping (Rausch et al. 2010) and backcountry recreation activities (Englin et al. 1996) that 13569 

are attenuated over time. Visitation in Yellowstone National Park tends to be lower following months 13570 

with high wildfire activity, although there is no discernable effect of previous-year fires (Duffield et al. 13571 

2013). 13572 
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Overall demand for warm-weather activities is expected to increase due to a direct effect of climate 13573 

change on season length. Temperatures are expected to increase 5 to 12 °F across the region by the year 13574 

2100 (see chapter 3), which is expected to result in earlier availability of snow- and ice-free sites and an 13575 

increase in the number of warm-weather days in spring and autumn. For example, higher minimum 13576 

temperatures are associated with increased number of hiking days (Bowker et al. 2012). More extreme 13577 

summer temperatures can dampen participation during the hottest weeks of the year, and extreme-heat 13578 

scenarios for climate change are expected to reduce visitation (Richardson and Loomis 2004), and higher 13579 

maximum summer temperatures are associated with reduced participation in warm-weather activities 13580 

(Bowker et al. 2012). The temperature that is considered “extreme” may vary between individuals and 13581 

chosen activities. In Bowker et al. (2012), a linear effect of maximum summer temperature in the visitor’s 13582 

home county was included in participation models. Extreme heat may shift demand to cooler weeks at the 13583 

beginning or end of the warm-weather season, or shift demand to alternative sites that are less exposed to 13584 

extreme temperatures (e.g., at higher elevations).  13585 

Indirect effects of climate change on forested area may have a negative effect on warm-weather 13586 

recreation if site availability and quality (e.g., scenic and aesthetic attributes) are compromised. However, 13587 

the effect on warm-weather recreation in the Northern Rockies and its various subregions will depend on 13588 

local effects of climate on forest resources. 13589 

Potential increases in the likelihood of extreme wildfire activity may reduce demand for warm-13590 

weather activities in certain years because of degraded site desirability, impaired air quality from smoke, 13591 

and limited site access due to fire management activities. The Northern Rockies are expected to 13592 

experience increased area burned by wildfire, average fire size, and fire severity (see chapter 8), which 13593 

tend to have a negative impact on recreation visitation and benefits derived from recreation. 13594 

Adaptive capacity among recreationists is high because of the large number of potential alternative 13595 

sites, ability to alter the timing of visits, and ability to alter capital investments (e.g., appropriate gear). 13596 

However, benefits derived from recreation may decrease even if substitute activities or sites are available 13597 

(Loomis and Crespi 2004). For example, some alternative sites may involve higher costs of access 13598 
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(because of remoteness or difficulty of terrain) or congestion costs if demand is concentrated among 13599 

fewer desirable sites. In addition, limits on ability to alter seasonality of visits may exist because of the 13600 

timing of scheduled academic breaks. Although the ability of recreationists to substitute sites and 13601 

activities is well established, there remains little understanding of how people substitute across time 13602 

periods or between large geographic regions (e.g.., choosing a site in the Northern Rockies instead of the 13603 

Southwest) (Shaw and Loomis 2008). In some cases, unique features or strong individual attachment to 13604 

particular places may limit substitutability. 13605 

Projected climate scenarios are expected to result in a moderate increase warm-weather recreation 13606 

activity and benefits derived from these activities. Longer warm-weather seasons will likely increase the 13607 

number of days when warm-weather activities are viable and increase the number of sites available during 13608 

shoulder seasons. The effects of a longer season may be offset somewhat by negative effects on warm-13609 

weather activities during extreme heat and increased wildfire activity. The likelihood of effects on warm-13610 

weather recreation is high; the primary driver of climate-related changes to warm-weather recreation is 13611 

through direct effects of temperature changes on the demand for warm-weather recreation. Climate 13612 

scenarios outlined in chapter 3 vary in their projection of the magnitude of warming, but overall project 13613 

warmer temperatures. Indirect effects on recreation, primarily through wildfire effects, may be harder to 13614 

project with certainty and precision (particularly at a fine-grained geospatial scale). 13615 

Cold-Weather Activities 13616 

The Northern Rockies boast a large number of winter recreation sites that in total exhibit a wide range 13617 

of site characteristics and attract local, national, and international visitors. Several sites support developed 13618 

downhill skiing and snowboarding operated by special permit on lands administered by the USFS. Sites 13619 

for cross-country skiing, snowshoeing, and snowmobiling tend to be maintained directly by the Forest 13620 

Service, although national parks also provide access for these activities. 13621 

Snow-based recreation is highly sensitive to variations in temperature and the amount and timing of 13622 

precipitation as snow. Seasonal patterns of temperature and snowfall determine the likelihood of a given 13623 

site having a viable season and the length of viable seasons (Scott et al. 2008). Lower temperatures and 13624 
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the presence of new snow are associated with increased demand for skiing and snowboarding (Englin and 13625 

Moeltner 2004). Indirect effects of climate, such as changes in scenery and unique features (e.g., glaciers) 13626 

may also affect winter recreation, although these effects are expected to be small relative to the effect of 13627 

changes in amount and timing of snowfall.  13628 

Climate change is expected to have a generally negative effect on snow-based winter activities, 13629 

although a wide range of effects at local scales are possible because of variations across the region in site 13630 

location and elevation. Warmer projected winter temperatures for the region are expected to reduce the 13631 

proportion of precipitation as snow, even if the total amount of precipitation does not deviate significantly 13632 

from historical norms (see chapter 4). The rain-snow transition zone (i.e., where precipitation is more 13633 

likely to be snow rather than rain for a given time of year) is expected to move to higher elevations, 13634 

particularly in late autumn and early spring (Klos et al. 2014). This effect places lower elevation sites at 13635 

risk of shorter or non-existent winter recreation seasons (fig. 10.4). However, the highest elevation areas 13636 

in the region remain snow-dominated for a longer portion of the season in future climate scenarios.  13637 

Studies of the ski industry in North America uniformly project negative effects of climate change 13638 

(Scott and McBoyle 2007). Overall warming is expected to reduce expected season length and the 13639 

likelihood of reliable winter recreation seasons. Climatological projections for the Northern Rockies (see 13640 

chapter 3) are consistent with studies of ski area vulnerability to climate change in other regions, where 13641 

projected effects of climate change on skiing, snowboarding, and other snow-based recreation activities is 13642 

negative (Dawson et al. 2009; Scott et al. 2008; Stratus Consulting 2009).  13643 

Snow-based recreationists have moderate capacity to adapt to changing conditions given the 13644 

relatively large number of winter recreation sites in the region. For undeveloped or minimally developed 13645 

site activities (for example, cross-country skiing, backcountry skiing, snowmobiling, snowshoeing), 13646 

recreationists may seek higher elevation sites with higher likelihoods of viable seasons. Although 13647 

developed downhill skiing sites are fixed improvements, potential adaptations include snowmaking, 13648 

higher elevation development, and new run development (Scott and McBoyle 2007). However, the ability 13649 

of winter tourism sector businesses to adapt likely varies considerably. Warmer temperatures and 13650 
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increased precipitation as rain may increase availability of water for snowmaking in the near term during 13651 

winter, but warmer temperatures may also reduce the number of days per season when snowmaking is 13652 

viable. 13653 

Changes in Northern Rockies sites relative to other regions may also be important. If other regions 13654 

experience relatively large effects of climate on snow-based recreation, recreationists may view Northern 13655 

Rockies sites as a substitute for sites in other regions (e.g., the Southwest), although inter-regional 13656 

substitution patterns for recreation activities are poorly understood (Shaw and Loomis 2008). Further, 13657 

increased inter-regional substitution combined with shorter seasons may result in concentrated demand at 13658 

fewer sites on fewer days, creating potential congestion effects. 13659 

The magnitude of climate effects on snow-based winter activities is expected to be high. Warmer 13660 

temperatures are likely to shorten winter recreation seasons and reduce the likelihood of viable seasons at 13661 

lower elevation sites. Developed sites may have limited ability to adapt to these changes unless additional 13662 

adjacent area is available and feasible for expanded development. In comparison to other regions, 13663 

Northern Rockies winter recreation sites may see fewer effects from climate change; inter-regional 13664 

substitution could mitigate losses in some years if participants from other regions are more likely to visit 13665 

Northern Rockies sites. The likelihood of effects is expected to be high for snow-based recreation, 13666 

although variation across sites is possible because of differences in location and elevation. Climate 13667 

models generally project warming temperatures and a higher-elevation rain-snow transition zone, which 13668 

would leave additional sites exposed to the risk of shorter seasons. 13669 

Wildlife Activities 13670 

Wildlife recreation activities involve terrestrial or aquatic animals as a primary component of the 13671 

recreation experience. Wildlife recreation can involve consumptive (e.g., hunting) or non-consumptive 13672 

(e.g., wildlife viewing, birding, catch-and-release fishing) activities. Distinct from other types of 13673 

recreation, wildlife activities depend on the distribution, abundance, and population health of desired 13674 

target species. These factors influence activity “catch rates,” that is, the likelihood of catching or seeing 13675 

an individual of the target species. Sites with higher catch rates can reduce the costs associated with a 13676 
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wildlife activity (e.g., time and effort tracking targets) and enhance overall enjoyment of a recreation day 13677 

for that activity (e.g., greater number of views of highly valued species).  13678 

Participation in wildlife activities is sensitive primarily to climate-related changes that affect expected 13679 

catch rates. Catch rates are important determinants of site selection and trip frequency for hunting 13680 

(Loomis 1995, Miller and Hay 1981), substitution among hunting sites (Yen and Adamowicz 1994), 13681 

participation and site selection for fishing (Morey et al. 2002), and participation in non-consumptive 13682 

wildlife recreation (Hay and McConnell 1979). Changes to habitat, food sources, or streamflows and 13683 

water temperature (for aquatic species) may alter wildlife abundance and distribution, which in turn 13684 

influences expected catch rates and wildlife recreation behavior. 13685 

Wildlife activities may also be sensitive to other direct and indirect effects of climate change. The 13686 

availability of highly valued targets affects benefits derived from wildlife activities (e.g., cutthroat trout 13687 

[Oncorhynchus clarkii] for cold-water anglers) (Pitts et al. 2012), as does species diversity for hunting 13688 

(Milon and Clemmons 1991) and non-consumptive activities (Hay and McConnell 1979). Temperature 13689 

and precipitation are related to general trends in participation for multiple wildlife activities (Bowker et 13690 

al. 2012; Mendelsohn and Markowski 2004), although the precise relationship may be specific to the 13691 

activity or species. Some activities such as big game hunting may be enhanced by cold temperatures and 13692 

snowfall at particular times to aid in field dressing, packing out harvested animals, and tracking. Other 13693 

activities may be sensitive to direct climate effects similar to warm-weather activities, in which moderate 13694 

temperatures and snow- and ice-free sites are desirable.  13695 

Warming temperatures projected for the Northern Rockies are expected to increase participation in 13696 

terrestrial wildlife activities because of an increased number of days that are desirable for outdoor 13697 

recreation. In general, warmer temperatures are associated with greater participation in and number of 13698 

days spent hunting, bird watching, and viewing wildlife (Bowker et al. 2012). However, hunting that 13699 

occurs during discrete seasons (e.g., elk and deer hunts managed by state seasons) may depend on 13700 

weather conditions during a short period of time. The desirability of hunting during established seasons 13701 
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may decline as warmer weather persists later into the fall and early winter and the likelihood of snow 13702 

cover decreases, reducing harvest rates. 13703 

The effects of changes in habitat for target species are likely to be ambiguous because of complex 13704 

relationships among species dynamics, vegetation, climate, and disturbances (primarily wildfire and 13705 

invasive species) (see chapter 9), and are likely heterogeneous across species and habitat types. Overall 13706 

vegetative productivity may decrease in the future, although this is likely to have a neutral effect on game 13707 

species populations, depending on the size, composition, and spatial heterogeneity of forage opportunities 13708 

in the future (see chapter 9). Similarly, the effects of disturbances on target species harvest rates are 13709 

ambiguous because it is unknown exactly how habitat composition will change in the future. 13710 

Higher temperatures will likely decrease populations of native cold-water fish species as climate 13711 

refugia retreat to higher elevations (see chapter 5). This change favors increased populations of fish 13712 

species that can tolerate warmer temperatures. However, it is unclear whether shifting populations of 13713 

species (e.g., substituting rainbow trout [O. mykiss] for cutthroat trout) will affect catch rates because 13714 

relative abundance of fish may not necessarily change.  13715 

Total precipitation is not projected to change under future climate scenarios (see chapter 3), but 13716 

increased interannual variability in precipitation, the possibility of extreme drought, and reduced 13717 

snowpack could result in higher peakflows in winter and lower low flows in summer, creating stress for 13718 

fish populations during different portions of their life histories. The largest patches of habitat for cold-13719 

water species will be at higher risk to shrink and fragment. Increased incidence and severity of wildfire 13720 

may increase the likelihood of secondary erosion events that degrade waterways and game species 13721 

habitat. These effects could degrade the quality of individual sites in a given year or decrease the 13722 

desirability of angling as a recreation activity relative to other activities. 13723 

The magnitude of climate effects on activities involving terrestrial wildlife is expected to be low 13724 

overall for terrestrial wildlife activities and moderate for fishing. Ambiguous effects of vegetative change 13725 

on terrestrial wildlife populations and distribution suggest that conditions may improve in some areas and 13726 

decline in others. Overall warming tends to increase participation, but may create timing conflicts for 13727 
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activities with defined regulated seasons (e.g., big game hunting) unless the timing of seasons is changed. 13728 

Anglers may experience moderate negative effects of climate change on benefits derived from fishing. 13729 

Opportunities for cold-water species fishing are likely to be reduced as cold-water refugia retreat to 13730 

higher elevations or are eliminated in some areas. Cold-water species tend to be the highest value targets, 13731 

indicating that this habitat change will decrease benefits enjoyed by anglers. Warm-water tolerant species 13732 

may increasingly provide targets for anglers, mitigating reduced benefits from fewer cold-water species. 13733 

Warmer temperatures and longer seasons encourage additional participation, but indirect effects of 13734 

climate on streamflows and reservoir levels could reduce opportunities in certain years. The likelihood of 13735 

climate-related effects on wildlife activities is expected to be moderate for both terrestrial and aquatic 13736 

wildlife activities. Uncertainties exist about the magnitude and direction of indirect effects of climate on 13737 

terrestrial habitat and the degree to which changes in available target species affects participation.  13738 

Gathering Forest Products 13739 

Forest product gathering for recreational purposes accounts for a relatively small portion of primary 13740 

visit activities in the Northern Rockies, although it is relatively more common as a secondary activity. 13741 

Forest products are also important for cultural and spiritual uses, which is discussed in chapter 11. A 13742 

small but avid population of enthusiasts for certain types of products supports a small but steady demand 13743 

for gathering as a recreational activity. Small-scale commercial gathering likely competes with 13744 

recreationists for popular and high-value products such as huckleberries (Vaccinium spp.), although 13745 

resource constraints may not be binding at current participation levels. 13746 

Forest product gathering is sensitive primarily to climatic and vegetative conditions that support the 13747 

distribution and abundance of target species. Participation in forest product gathering is also akin to 13748 

warm-weather recreation activities, depending on moderate temperatures and the accessibility of sites 13749 

where products are typically found. Vegetative change due to warming temperatures and increased inter-13750 

annual variation in precipitation may alter the geographic distribution and productivity of target species 13751 

(see chapters 6 and 7). Increased incidence and severity of wildland fires may eliminate sources of forest 13752 

products in some locations (e.g., for berries), but in some cases fires may encourage short- or medium-13753 
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term productivity for other products (e.g., mushrooms). Long-term changes in vegetation that reduces 13754 

forest cover may reduce viability of forest product gathering in areas that have a high probability of 13755 

vegetative transition to less productive vegetation types.  13756 

Recreationists engaged in forest product gathering may have the ability to select different gathering 13757 

sites as the distribution and abundance of target species changes, although these sites may increase the 13758 

costs of gathering. Those who engage in gathering as a secondary or tertiary activity may choose alternate 13759 

activities to complement primary activities. Commercial products serve as an imperfect substitute for 13760 

some forest products such as Christmas trees.  13761 

The magnitude of climate effects on forest product gathering is expected to be low. This activity is 13762 

among the less-common primary recreation activities in the region, although it may be more often 13763 

engaged in as a secondary or tertiary activity. Longer warm-weather seasons may expand opportunities 13764 

for gathering in some locations, although these seasonal changes may not correspond with greater 13765 

availability of target species. The likelihood of effects is expected to be moderate, although significant 13766 

uncertainty exists regarding direct and indirect effects on forest product gathering. Vegetative changes 13767 

caused by climate changes and disturbances may alter abundance and distribution of target species, 13768 

although the magnitude and direction of these effects is unclear.  13769 

Water-Based Activities, Not Including Fishing 13770 

Separate from angling, water-based activities comprise a small portion of primary recreation activity 13771 

participation on federal lands. Upper reaches of streams and rivers are generally not desirable for boating 13772 

and floating. Lakes and reservoirs provide opportunities for both motorized and non-motorized boating 13773 

and swimming, although boating may commonly be paired with fishing. Existing stressors include the 13774 

occurrence of drought conditions that reduce water levels and site desirability in some years, and 13775 

disturbances that can alter water quality (for example, erosion events following wildland fires).  13776 

Even if total precipitation does not change significantly under future climate scenarios (see chapter 3), 13777 

the availability of suitable sites for non-angling, water-based recreation is sensitive to reductions in water 13778 

levels caused by warming temperatures, increased variability in precipitation (including the possibility of 13779 
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severe droughts), and decreased precipitation as snow. Reduced water levels may also have an indirect 13780 

effect on the aesthetic qualities of some water-based recreation sites (e.g., exposure of “bathtub rings” at 13781 

reservoirs with low water levels). Reductions in surface-water area are associated with decreases in 13782 

participation in boating and swimming activities (Bowker et al. 2012; Loomis and Crespi 2004; 13783 

Mendelsohn and Markowski 2004), and streamflow is positively associated with number of days spent 13784 

rafting, canoeing, and kayaking (Loomis and Crespi 2004). Demand for water-based recreation is also 13785 

sensitive to temperature. Warmer temperatures are generally associated with higher participation in water-13786 

based activities (Loomis and Crespi 2004; Mendelsohn and Markowski 2004), although extreme heat may 13787 

dampen participation for some activities (Bowker et al. 2012).  13788 

Increasing temperatures, reduced storage of water as snowpack, and increased variability of 13789 

precipitation are expected to increase the likelihood of reduced water levels and greater variation in water 13790 

levels in lakes and reservoirs on federal lands (see chapter 4), which is associated with reduced site 13791 

quality and suitability for certain activities (fig. 10.5). Increased demand for surface water by downstream 13792 

users may exacerbate water levels in drought years. Warmer temperatures are expected to increase the 13793 

demand for water-based recreation as the viable season lengthens. Extreme heat encourages some people 13794 

to seek water-based activities as a climate refuge, although extreme heat also discourages participation in 13795 

outdoor recreation in general (Bowker et al. 2012). Overall, projections of water-based activities in 13796 

response to climate change tend to be small compared to broad population and economic shifts (Bowker 13797 

et al. 2012). 13798 

Climate change is expected to have a moderate effect on water-based activities. Increasing 13799 

temperatures and longer warm-weather seasons are likely to increase demand, although the incidence of 13800 

extreme temperatures may dampen this effect in certain years. A higher likelihood of lower streamflows 13801 

and reservoir levels and potential reductions to site aesthetic quality may also offset increased demand to 13802 

some extent. Climate change effects are expected to occur with moderate likelihood. Climate model 13803 

projections tend to agree on a range of warming temperatures and longer seasons, although changes in 13804 

precipitation are uncertain. Changes in the timing of snowmelt may increase the likelihood of negative 13805 

DRAFT



Halofsky et al. Chapter 10 

 452 

effects to water-based activities (through lower summer flows and reservoir levels) that offset increases 13806 

due to warmer temperatures.  13807 

Summary 13808 

Several recreation activities are considered highly sensitive to changes to climate and ecosystem 13809 

characteristics. However, recreation in the Northern Rockies is diverse, and the effects of climate are 13810 

likely to vary widely between different categories of activities and across geographic areas within the 13811 

region. Overall, participation in climate-sensitive recreation activities is expected to increase in the 13812 

region, primarily because longer warm-weather seasons will make more recreation sites available for 13813 

longer periods of time. 13814 

Increased participation in warm-weather activities is likely to be offset somewhat by decreased snow-13815 

based winter activities. Receding snow-dominated areas and shorter seasons in the future are likely to 13816 

reduce the opportunities (in terms of available days and sites) for winter recreation. 13817 

Beyond these general conclusions, the details of changes to recreation patterns in response to climate 13818 

changes are complex. Recreation demand is governed by several economic decisions with multiple 13819 

interacting dependencies on climate. For example, decisions whether to engage in winter recreation, 13820 

activity type (e.g., downhill or cross-country skiing), location, frequency of participation, and duration of 13821 

stay per trip depend somewhat on climate and ecological characteristics. On the supply side, site 13822 

availability and quality depend on climate, but the effect may differ greatly from one location to another. 13823 

Thus, climate effects on recreation depend on spatial and temporal relationships between sites, climate 13824 

and ecological characteristics, and human decisions. 13825 

Uncertainty derives from unknown effects of climate on site quality and characteristics that are 13826 

important for some recreation decisions (e.g., indirect effects of climate on vegetation, wildlife habitat, 13827 

and species abundance and distribution). The precise effect of climate on target species or other quality 13828 

characteristics may be difficult to predict or diverse across the region, yet these characteristics play a 13829 

large role in recreation decisions for some activities. Another source of uncertainty is how people will 13830 

adapt to changes when making recreation decisions. Inter-regional and inter-temporal substitution 13831 
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behavior is not yet well understood (Shaw and Loomis 2008). This may be important for the Northern 13832 

Rockies if in the future some sites exhibit relatively little effect from climate change compared with sites 13833 

in other regions. For example, winter recreation sites in the Northern Rockies may experience shorter or 13834 

lower-quality seasons in the future but see increased demand if the quality of sites in other regions 13835 

becomes relatively worse in the future. 13836 

Substitution is likely to be an important adaptation mechanism for recreationists. Many recreation 13837 

activities that are popular in the region may have several alternate sites, or timing of visits can be altered 13838 

to respond to climate changes. However, substitution may represent a loss in benefits derived from 13839 

recreation even if it appears that participation changes little (Loomis and Crespi 2004); the new substitute 13840 

site may be slightly more costly to access, or slightly lower quality than the preferred visit prior to climate 13841 

change. This represents a decrease in benefits to the person engaging in recreation. 13842 

ADAPTING RECREATION TO THE EFFECTS OF CLIMATE CHANGE 13843 

Adapting recreation management to climate change in the Northern Rockies will be critical to ensure 13844 

that recreation opportunities exist in the future.  13845 

Adaptation by Recreation Participants 13846 

Increasing temperatures with changing climate will have significant negative effects on snow-based 13847 

recreation, because the snow-based recreation season will likely decrease in length, and the quality of the 13848 

snow during the season may also decrease (be wetter).  13849 

Water-based recreationists may adapt to climate change by choosing different sites that are less 13850 

susceptible to changes in water levels (e.g., by seeking higher-elevation natural lakes) and changing the 13851 

type of water-based recreation activity they engage in (e.g., from motorized boating on reservoirs to non-13852 

motorized boating on natural lakes). 13853 

Hunters may need to adapt by altering the timing and location of hunts. However, state rules on 13854 

hunting season dates impose a constraint on this behavior unless states change hunting seasons based on 13855 

expected climate changes. Hunters may also target different species if the abundance or distribution of 13856 

preferred species changes in the future.  13857 
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Like hunters, wildlife viewers may change the timing and location of viewing experiences and target 13858 

different species. Since viewing is not typically governed by state-regulated seasons, wildlife viewers 13859 

may have more flexibility to shift timing to coincide with appropriate weather conditions or species 13860 

movements into accessible areas. However, adaptation options may be more limited if the abundance or 13861 

distribution of highly valued species significantly decreases the likelihood of viewing, and limited high-13862 

quality substitute species are available. 13863 

Anglers may adapt by choosing different species to target (for example, shifting from cold-water to 13864 

warm-water tolerant species) and choosing sites that are relatively less affected by climate change (for 13865 

example, higher-elevation secondary-stem reaches of streams). The former is less costly than the latter, 13866 

although some anglers may place a high value on certain target species and have a lower willingness to 13867 

target warm-water species that may thrive in place of cold-water species. 13868 

Adaptation by Public Land Managers 13869 

Managers may need to reconsider how infrastructure investments and the provision and maintenance 13870 

of facilities align with changing ecological conditions and demands for recreation settings. The 13871 

Recreation Opportunity Spectrum (ROS) can be used to match changing conditions and preferences to the 13872 

allocation of available recreation opportunities. Adaptation by managers may take the form of responding 13873 

to changing recreation patterns, but also helping to shape the settings and experiences that are available to 13874 

recreation users on public lands in the future. 13875 

For winter recreation, a general adaptation strategy may be to transition recreation management to 13876 

address shorter winter recreation seasons and changing recreation use patterns (table 10.4). Specifically, 13877 

opportunities may exist to expand facilities where concentrated use increases, and options for snow-based 13878 

recreation can be diversified to include more snow-making, additional ski lifts, and higher-elevation runs. 13879 

However, in some cases adaptations related to the supply and quality of winter recreation opportunities 13880 

could result in tradeoffs with other activities, e.g. undeveloped warm-weather access to higher elevation 13881 

sites or winter vs. summer streamflow effects of snowmaking. 13882 
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With higher temperatures and earlier snowmelt, warm-weather activity seasons will likely lengthen. 13883 

Recreation managers have options for responding to changing patterns in warm-season recreation demand 13884 

in order to provide sustainable recreation opportunities. A first step will be to conduct assessments to 13885 

understand the changing patterns of use (table 10.4). Then, adjustments can be made to increase the 13886 

capacity of recreation sites that are showing increased use (e.g., campgrounds can be enlarged, and more 13887 

fences, signs, and gates can be installed where necessary). The potential for congestion and resource 13888 

damages due to increases in use for some sites may, in part, drive such adjustments. However, there may 13889 

be some limitations to increasing the capacity of some recreations sites (e.g., limitations for developed 13890 

recreation sites under the U.S. Fish and Wildlife Service Northern Continental Divide Ecosystem Grizzly 13891 

Bear Conservation Strategy; USFWS 2013). The timing of some actions such as trail closures, food 13892 

storage orders, and special use permits may also need to be adjusted within the context of providing 13893 

sustainable recreation. For example, the season for whitewater rafting permits may need to be modified to 13894 

adjust to shifts in timing of peakflows (table 10.4). 13895 

Increased frequency of disturbances, such as fire and flooding, will likely cause increased damage to 13896 

infrastructure associated with multiple types of recreation activities. Recreation sites can be managed to 13897 

decrease risks to public safety and infrastructure (table 10.4). Assessments can be used to determine 13898 

which sites and infrastructure are most at risk from disturbance, and strategic investments can be made in 13899 

those facilities that will likely be viable in the future and accommodate changing use patterns.  13900 

More specific details on adaptation strategies and tactics for each Northern Rockies Adaptation 13901 

Partners (NRAP) subregion are in Appendix 10A.  13902 
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Chapter 11: Effects of Climate Change on Ecosystem Services 14054 

Travis Warziniack, Megan Lawson, and S. Karen Dante-Wood 14055 

 14056 

INTRODUCTION 14057 

In this chapter, we focus on the ecosystem services provided to people who visit, live adjacent to, or 14058 

otherwise benefit from natural resources on public lands. Communities in the region are highly dependent 14059 

on ecosystem services from water, soil, and air that will be impacted by climate change in a variety of 14060 

ways. Every community in the region will feel these impacts. We link biophysical effects associated with 14061 

climate change, as described in previous chapters, with potential effects on the well-being of humans and 14062 

communities, and identify strategies for adapting to climate-induced changes and prioritizing among 14063 

competing interests. First, we introduce ecosystem services and how to describe and measure them. 14064 

Second, we describe how people and communities currently use and benefit from public lands in the 14065 

Northern Rockies, as well as existing stressors that may affect the ability of communities to adapt to a 14066 

changing climate. Third, we discuss climate change effects on specific ecosystem services. Finally, we 14067 

identify adaptation strategies that can help reduce negative effects on ecosystem services, and discuss the 14068 

ability of public agencies and communities to respond to climate change (adaptive capacity). 14069 

Ecosystem services are benefits to people from the natural environment. These include timber for 14070 

wood products, clean drinking water for downstream users, recreation opportunities, and spiritual and 14071 

cultural connection to the environment and natural resources. As stated by Collins and Larry (2007), “An 14072 

ecosystem services perspective encourages natural resource managers to extend the classification of 14073 

multiple uses to include a broader array of services or values.”  14074 

Ecosystem services are commonly placed in the following four categories (Millenium Ecosystem 14075 

Assessment 2005): 14076 

 Provisioning services—products obtained from ecosystems, including timber, fresh 14077 

water, wild foods, and wild game. 14078 
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 Regulating services—benefits from the regulation of ecosystem processes, including the 14079 

purification of water and air, carbon sequestration, and climate regulation. 14080 

 Cultural services—nonmaterial benefits from ecosystems, including spiritual and 14081 

religious values, recreation, aesthetic values, and traditional knowledge systems. 14082 

 Supporting services—long-term processes that underlie the production of all other 14083 

ecosystem services, including soil formation, photosynthesis, water cycling, and nutrient cycling.  14084 

Categorizing ecosystem services in this manner helps identify the ways in which natural resources 14085 

and processes benefit humans, and how changes in the natural environment will affect these benefits. 14086 

Climate change will affect the quality and quantity of ecosystem services provided by public lands. 14087 

Establishing the link among natural processes, ecosystem services, and human benefits helps clarify the 14088 

communities or types of people most vulnerable to a changing climate. 14089 

Although ecosystem service categories help organize our understanding of the relationship between 14090 

natural resources and human benefits, this simple approach may obscure complex relationships between 14091 

natural and human systems. Three important caveats are relevant to discussions of ecosystem services and 14092 

anticipated climate change effects. First, these categories are not exclusive, and many natural resources 14093 

fall under multiple categories, depending on the context. For example, the consumption of fresh water can 14094 

be considered a provisioning service, the process of purifying water a regulating service, the use of fresh 14095 

water for recreation a cultural service, and the role of fresh water in the life cycle of organisms a 14096 

supporting service. Second, these categories are interdependent, such that individual services would not 14097 

exist without the functioning of a broad set of ecosystem services.  14098 

To address the challenges of ecosystem services falling into multiple, interdependent categories, 14099 

Boyd and Krupnick (2009) use ecological production theory to describe ecosystems as “collections of 14100 

commodities linked by a range of biophysical processes, delineating biophysical inputs and outputs, 14101 

ecological endpoints, and processes that transform them from one to another.” In this framework, fresh 14102 

water is an output from a filtration process, an ecological endpoint in itself as drinking water, and then an 14103 

input for the endpoints of recreation and plant and animal populations. This framework facilitates 14104 
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assessment of ecosystem service vulnerability by allowing analysts to identify ecosystem service 14105 

endpoints and connect changes in inputs and processes caused by climate change to changes in ecosystem 14106 

service provision.  14107 

Ecological production theory and the subsequent distinction between natural resources that are 14108 

endpoints, inputs, and outputs, provides a helpful framework for measuring ecosystem services. Later in 14109 

this chapter, we identify the most significant ecosystem services in the Northern Rockies and describe 14110 

how they are expected to change. 14111 

ECOSYSTEM SERVICES AND PUBLIC LANDS 14112 

The evaluation of ecosystem services in this assessment is consistent with federal agency 14113 

management requirements. Under the Forest Planning Rule of 2012, the Forest Service, U.S. Department 14114 

of Agriculture is required to formally address ecosystem services in land management plans for national 14115 

forests (Federal Register 2012). The National Park Service does not have specific mandates concerning 14116 

ecosystem services, but they have incorporated ecosystem service considerations into management 14117 

planning and made ecosystem services a key part of their 2014 Call to Action (NPS 2014). The Bureau of 14118 

Land Management has also identified nonmarket environment values, synonymous with ecosystem 14119 

services, as an increasingly important consideration for land management (Winthrop n.d.). 14120 

Although all natural systems provide some type of ecosystem services, managing for ecosystem 14121 

services on public lands involves specific considerations that make it especially important to identify the 14122 

endpoints, how they are used, and which ones are most susceptible to disruption from a changing climate. 14123 

There are many beneficiaries from ecosystem services provided by public lands, including neighboring 14124 

communities, non-local visitors, and people who may never visit or directly use the lands but gain 14125 

satisfaction from knowing a resource exists and will be there for future generations (Kline and Mazzotta 14126 

2012). This is particularly true for iconic landscapes and rivers in the study area such as Yellowstone 14127 

National Park, Glacier National Park, the Salmon River, and the Selway River (Borrie et al. 2002; 14128 

Chouinard and Yoder 2004; Mansfield et al. 2008; O’Laughlin 2005; Pederson et al. 2006).  14129 

DRAFT



Halofsky et al. Chapter 11 

 
 

462 

Mandates to manage for multiple use of natural resources can create situations in which some 14130 

ecosystem services conflict with others. For example, managing lands for non-motorized recreation may 14131 

conflict with managing for motorized recreation, timber, and mining, but it could complement 14132 

management for biodiversity and some wildlife species. Ecosystem services from public lands are critical 14133 

for neighboring communities, particularly in rural areas of the Northern Rockies where people rely on 14134 

these lands for fuel, food, water, recreation, and cultural connection. Decreased quantity and quality of 14135 

ecosystem services produced by public lands will affect human systems that rely on them, requiring 14136 

neighboring communities to seek alternative means of providing these services or to change local 14137 

economies and lifeways.  14138 

Management decisions for public lands can substantially affect ecosystem service flows, with 14139 

cascading effects on numerous users. This chapter is intended to highlight potential climate change effects 14140 

on ecosystem service flows, for which management decisions can help users mitigate or adapt to these 14141 

effects and illustrate the tradeoffs in the decision-making process. Since the concept of ecosystem 14142 

services is somewhat new, data on ecosystem services are scarce. In this chapter, we use quantitative data 14143 

when possible, but we often rely on qualitative descriptions or proxy measures. Demographic and 14144 

economic factors often have a significant effect on ecosystem services, providing an important context for 14145 

understanding the effects of climate change.  14146 

ECOSYSTEM SERVICES IN THE NORTHERN ROCKIES 14147 

The U.S. Forest Service Northern Region Resource Information Management Board identified 14148 

ecosystem services that are used by a large number of people and can also be affected by management 14149 

decisions. Using the standard categories discussed above, we focused on provisioning, regulating, and 14150 

cultural ecosystem services. Supporting services were not included because, although important, they are 14151 

largely indirect services that are inputs to other biophysical processes, and are unlikely to be directly 14152 

affected by management decisions. Note, while we have grouped ecosystem services into provisioning, 14153 

regulating, and cultural services below, these categories are not definitive; many could have been 14154 
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included in an alternative category. Although the Forest Service designated these ecosystem services, 14155 

many of these services are also important for other public agencies in the Northern Rockies: 14156 

Provisioning ecosystem services 14157 

 Abundant fresh water for human (e.g., municipal and agricultural water supplies) and 14158 

environmental (e.g., maintaining streamflows) uses 14159 

 Building materials and wood products 14160 

 Mining materials 14161 

 Forage for livestock 14162 

 Fuel from firewood and biofuels 14163 

 High air quality and scenic views  14164 

 Genetic diversity and biodiversity 14165 

Regulating ecosystem services 14166 

 Water filtration and maintenance of water quality associated with drinking, recreation, 14167 

and aesthetics 14168 

 Protection from wildfire and floods 14169 

 Protection from erosion 14170 

 Carbon sequestration 14171 

Cultural ecosystem services 14172 

 Recreation opportunities 14173 

 Aesthetic values from scenery 14174 

 Protection and use of cultural sites 14175 

 Native American treaty rights 14176 

The amount of detail below for these ecosystem services varies as a function of how much 14177 

information is available and can be interpreted in the context of climate change. Many of the ecosystem 14178 

services are also discussed in other chapters of this assessment, including recreation (chapter 10), genetic 14179 
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diversity and biodiversity (chapter 6), and protection from wildfire and floods (chapter 9). Most of the 14180 

others are covered to some extent in this chapter. Ecosystem services are combined in a single section if 14181 

all of them are likely to be affected by the same changes in natural resource conditions.  14182 

SOCIAL VULNERABILITY AND ADAPTIVE CAPACITY 14183 

Communities that have the social structure and resources to adapt to one environmental impact 14184 

generally have the capacity to adapt to others. A growing literature on social vulnerability seeks to 14185 

identify which institutions, resources, and characteristics make communities more or less resilient to 14186 

environmental hazards. The sections below address the first part of social vulnerability – exposure to 14187 

negative changes related to specific ecosystem services and possible adaptation strategies. The capacity to 14188 

adapt to those changes often depends on factors that transcend specific resources, and are so addressed 14189 

more broadly here. 14190 

 The most widely used measure of social vulnerability is the Social Vulnerability Index (SoVI), 14191 

managed and updated by the Hazards and Vulnerability Research Institute at the University of South 14192 

Carolina (Cutter et al. 2003). The SoVI is based on 11 underlying factors identified to affect social 14193 

vulnerability: personal wealth, age, density of the built environment, single-sector economic dependence, 14194 

housing stock and tenancy, race, ethnicity, occupation, and infrastructure dependence. For each county in 14195 

the U.S., scores based on these 11 factors are summed to form a composite vulnerability score. To 14196 

highlight counties with the most “extreme” scores, composite scores are then converted to standard 14197 

deviations and mapped (fig. 11.1).  14198 

Figure 11.1 shows that most counties in the region fall in the high to medium vulnerability range. A 14199 

large factor in the region’s vulnerability is its rural character. Among the region’s counties, the average 14200 

percentage of county populations living in rural areas is 75.3 percent, compared to a national average of 14201 

19.3 percent (all demographic data in this section is based on the 2012 Census American Community 14202 

Survey). Rural counties tend to be reliant on a single industry, have older populations, and have fewer 14203 

social resources (hospitals, for example) than urban areas. Loss of youth is also a primary concern among 14204 

ranching communities, where the younger generation is often reluctant to take over the ranching business 14205 
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and more likely to move outside the region. The oldest mean average age in the region is found in Prairie 14206 

County, Montana, where the mean age is 56. The average median age among the counties is 43.4, and the 14207 

low is 22 in Madison County, Idaho. Figure 11.2f shows the proportion of each county over the age of 65. 14208 

An aging population and decline in youth in rural counties worries many because of the potential loss of a 14209 

traditional culture in many Western communities.  14210 

The median household income of Region 1 counties is $45,235, which is considerably lower than the 14211 

national average of $53,046. The high-income counties tend to be in the eastern part of the region, with 14212 

ties to the oil and gas industry, and areas with high concentrations of recreation-based industries. Income 14213 

is lowest in the counties dependent on grazing and timber.  14214 

Figures 11.2a and 11.2b show relatively widespread unemployment and poverty in the region. 14215 

Theodossiou (1998) found employment is more important than income in predicting life satisfaction. The 14216 

region on average had an average unemployment rate in 2012 of 5.4 percent, which was lower than the 14217 

national average of 9.3. Spatially, unemployment follows median incomes closely, with counties in the 14218 

east having low unemployment and counties in the west having high unemployment. A few counties have 14219 

very high unemployment, particularly in the timber-dependent counties where jobs are concentrated 14220 

among a few large employers.  14221 

The service industry typically pays low wages, maintains part time positions, and does not pay 14222 

benefits like retirement and health insurance. Employment fluctuates with overall economic conditions. 14223 

For these reasons, workers in the service industry can be vulnerable to economic fluctuations. The mean 14224 

percent employed in the region’s service industry is 17.8. Some counties have more than 30 percent of 14225 

their labor force employed in the service industry.  14226 

Many of the factors that make individuals more vulnerable are compounded among migrants and 14227 

minorities. They tend to have fewer economic resources, lack political power and sometimes struggle 14228 

with communication (Aguirre 1998; Blaikie et al. 1994; Fothergill and Peek 2004; Morrow 1999; Phillips 14229 

1993; Phillips and Ephraim 1992). Such factors make minorities less likely to participate in disaster 14230 

planning, be familiar with support services, and have basic resources like a vehicle for use during an 14231 
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evacuation or to transport the injured and sick to hospitals (fig. 11.2c). On average, the region has very 14232 

few foreign born residents, 2.7 percent compared to a national average of 12.9 percent. A few counties, 14233 

however, have large concentrations of migrant agricultural workers (fig. 11.2d). Clark County, Idaho, 14234 

though it only had 982 people in the 2010 Census, was home to over 350 immigrants. Minorities are also 14235 

concentrated among a few counties. Between 39 and 56 percent of the populations in the Idaho counties 14236 

in the region are minorities, compared to a regional average of only 15.9 percent. In comparison, many 14237 

counties in eastern Montana and North Dakota have less than 5 percent minorities. The predominant 14238 

minority group in the region is Native American, located in counties with more than 56 percent of their 14239 

population from minorities.  14240 

Some of the regional trends in vulnerability and demographics are tied to traditional uses of the land 14241 

and major industries in the counties. Table 11.1 shows mean SoVI scores by industry. Grazing 14242 

communities, because they tend to be older, poorer, and more rural, score significantly higher on the SoVI 14243 

than communities without grazing. Communities dependent on timber, oil and gas, and recreation have 14244 

significant score significantly lower on the SoVI than other counties. Counties in the national forest 14245 

economic impact zones of Region 1 have higher SoVI scores, though the difference is not significant 14246 

(table 11.1).  14247 

Table 11.2 shows the number of counties significantly below or above the regional mean SoVI, by 14248 

industry. Each row shows data for counties that are in the top half of counties sorted by share of 14249 

employment in that industry. For example, the “Grazing” row shows results for counties for which 14250 

grazing represents a larger share of total employment than half the other counties in the region. Among 14251 

grazing counties, 54 counties have unemployment rates significantly below the regional average of 5.4 14252 

percent and 18 counties have unemployment rates significantly above the regional average (based on 95 14253 

percent confidence intervals). Grazing counties tend to have the lowest median incomes, the oldest 14254 

populations, and the highest percentage of people living in rural settings. Timber counties tend to have the 14255 

highest unemployment rates and the highest percentages of foreign-born residents and minorities. 14256 

Counties with a lot of recreation-based employment are among the least vulnerable, though they do have 14257 
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a lot of service industry employment. Counties with oil and gas tend to have lower unemployment rates 14258 

and higher wages than most places in the U.S., much less the region. 14259 

ECOSYSTEM SERVICE: WATER QUANTITY 14260 

Water use can be broadly classified as consumptive or non-consumptive. Water allocated to a 14261 

consumptive use is not available for other uses, whereas water allocated to a non-consumptive use is 14262 

available for other uses. Most economic uses of water have components of both consumptive and non-14263 

consumptive uses. For example, a portion of water applied to croplands is taken up by plants and does not 14264 

return to the waterways; this portion represents consumptive use of water by the crop. The portion of 14265 

water applied to cropland that returns to the waterways via runoff is the non-consumptive portion. Major 14266 

consumptive uses of water in the Northern Rockies include domestic and municipal water supply, 14267 

industrial use of water, and water for oil and gas development (drilling and hydraulic fracturing). Non-14268 

consumptive uses of water in the region include recreational uses (e.g., boating, maintaining fish habitat) 14269 

and hydroelectric power production. Most water in the Northern Rockies is already appropriated, and 14270 

many uses are tied to junior water rights. Junior water rights can be exercised only during high-flow 14271 

years, so they are unreliable from season to season or year to year. Any new uses of water require a 14272 

transfer of water rights, increased water supply through reservoir storage, or mining of ground water.  14273 

A recent draft of the Montana State Water Plan (Montana DNRC 2014) details water use in Montana 14274 

(tables 11.3, 11.4) and is representative of most of the Northern Rockies. Hydroelectric power generation 14275 

(hydropower) accounts for 86 percent of total water demand in Montana, although hydropower is 14276 

considered a non-consumptive use because it does not affect in-stream flow or total water available 14277 

downstream. However, reservoirs needed for hydropower experience high rates of water loss to 14278 

evaporation. Fort Peck Reservoir, in the Lower Missouri River Basin, annually loses 611,400 acre-feet of 14279 

water to evaporation. 14280 

The largest consumptive use of water in Montana is irrigated agriculture, which accounts for 96 14281 

percent of all water diversions and 67 percent of all consumptive use (accounting for return flows). In the 14282 

Yellowstone River basin, irrigation accounts for 83 percent of consumptive use.  14283 
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Due to the downstream location of fish and wildlife habitat, preserving in-stream water for habitat 14284 

often requires explicit water rights. Montana Fish, Wildlife, and Parks maintains 3.6 million acre-feet of 14285 

in-stream flow rights downstream of Fort Peck and below the Milk River confluence with the Missouri 14286 

River. They maintain 5.5 million acre-feet of in-stream flow rights for the Yellowstone River at Sidney. 14287 

Although population is increasing in the Western Rockies and Greater Yellowstone Area subregions, 14288 

water demand for urban uses has not increased significantly; even in the most populated regions, 14289 

consumptive use by households is below 4 percent. 14290 

The share of any particular water use does not imply anything about relative values of water among 14291 

uses. The marginal value of water in agriculture is routinely an order of magnitude lower than the 14292 

marginal value of water for municipal uses, particularly in areas of recent population growth. Prices for 14293 

municipal uses are $290 to $3,145 per acre-foot, whereas prices for leased agricultural water diverted for 14294 

in-stream conservation are $42 to $3,614 per acre-foot (Montana DNRC 2014). In general, prices increase 14295 

for more senior water rights and when few other options for obtaining water exist in the area. Current 14296 

rates paid by agricultural users of water from Bureau of Reclamation and Montana Department of Natural 14297 

Resources and Conservation facilities are $2.32 to $7.50 per acre-foot per year, or a capitalized value of 14298 

$76 to $244 per acre-foot. Accounting for delivery and operating costs, the capitalized costs of 14299 

agricultural water range from $189 to $615 per acre-foot. 14300 

Effects of Climate Change 14301 

A warming climate is expected to cause a transition in the form of precipitation from snow to rain 14302 

(see chapter 3), which will affect the timing of water availability (see chapter 4). Warmer temperatures 14303 

will make drought more frequent, despite small increases in precipitation shown in some climate models, 14304 

increasing overall competition for water. This will amplify many of the effects of population growth and 14305 

demographic changes already occurring. Agricultural and municipal users will experience major impacts, 14306 

making it more difficult to allocate in-stream flows for recreation and wildlife. 14307 

Agriculture 14308 
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Timing of snowmelt is a chief concern in the Columbia and Missouri Basin headwaters (see chapter 14309 

4). Earlier runoff may be out of sync with many of the water rights currently held by agriculture, even as 14310 

warmer months extend the growing season. Future water quantities in North Dakota and the eastern plains 14311 

of Montana are likely to be more variable.  14312 

North Dakota has already seen an increase in regional temperatures that has brought a mixture of 14313 

impacts to agriculture, the largest industry in the state. Wheat production alone generates $4.5 billion 14314 

annually in economic activity (North Dakota Wheat Commission 2007). Warmer temperatures and higher 14315 

commodity prices have pushed wheat and corn production into areas of the state where either they were 14316 

not previously grown or where shorter-season varieties dominated.  14317 

Higher temperatures increase plant demand for water, contributing to droughts even though the 14318 

Grassland subregion is expected to see a slight increase in precipitation (see chapter 3). Drier soils and 14319 

more intense precipitation events may increase flood frequency, leading to increased dependence on tile 14320 

drainage. In 2002, drought cost North Dakota $223 million, and heavy rains in 2005 ruined over 1 million 14321 

acres of cropland and prevented another 1 million from being planted. These heavy rains caused $425 14322 

million in damage to North Dakota crops, and the state’s livestock industry lost $32 million, largely from 14323 

the increased price of feed which was in short supply (Karetinkov et al. 2008). More droughts and intense 14324 

temperatures may also make plants more susceptible to insect pests (Rosenzweig et al. 2000). 14325 

Domestic and Municipal Uses 14326 

If the frequency of drought and heavy rain events increases, they will stress municipal water supply 14327 

systems and built infrastructure. Decreased permeability of soils associated with drought conditions will 14328 

also lead to more flash floods, endangering lives and affecting water supply systems and infrastructure. In 14329 

regions with clay soils, increased frequency of drought is already causing sidewalks, driveways, and 14330 

streets to crack, and while the cost of fixing one sidewalk one time is relatively small, these persistent 14331 

costs add up and have been shown to cause large financial burdens on communities.  14332 

Warmer months and growing populations will increase demand for both air conditioning and lawn 14333 

watering. There will be a slight decrease in demand for heat, but net household demand for electricity is 14334 
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expected to rise. Therefore, demands for water for power generation and other municipal uses are 14335 

expected to increase. 14336 

Recreation and Wildlife 14337 

The effects of climate change on skiing, boating, and fishing are summarized in chapter 10, and the 14338 

effects of wildfire are described in chapter 8. Beyond effects mentioned in those chapters, it may become 14339 

harder to preserve in-stream flows even though demographic changes will increase demand for such 14340 

preservation. Particularly vulnerable habitats include small streams in the mountains and highly valued 14341 

fisheries throughout the Northern Rockies.  14342 

Climate models suggest a drier climate will shift some of the most productive waterfowl breeding 14343 

grounds of the northern prairie wetlands and pothole region (which produces 50 to 80 percent of North 14344 

America’s ducks) to the wetter eastern and northern fringes of the Northern Rockies, an area where many 14345 

wetlands have been drained. Unless these wetlands are restored, bird populations will be significantly 14346 

affected (Johnson et al. 2005). Some estimates show that the north-central duck population in the United 14347 

States could be reduced by 50 percent (Sorenson et al. 1998). 14348 

Adaptive Capacity 14349 

As noted above, adaptive capacity refers to institutional capability to modify management, decision-14350 

making, and policy to ensure sustainable production of ecosystem services. Objectively assessing the 14351 

region’s capacity to respond to changes in ecosystem services is difficult, with little guidance in general 14352 

from science and no guidance specific to the region. This section, therefore, mostly focuses on adaptation 14353 

strategies.  14354 

Transfer of water rights from one use to another is legally possible within the Northern Rockies but 14355 

realistically constrained by the ability to transport water. Transfers between agricultural and municipal 14356 

uses, for example, can only occur between users in the same watershed. Since municipal values of water 14357 

are usually higher than those of agriculture, these transfers are likely to occur should the need be dire 14358 

enough.  14359 
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Reuse of effluent and other conservation methods will be important tools for adaptation. Ground 14360 

water pumping is also available as a short-term solution, but is not sustainable in the long run. These 14361 

methods are expensive and will be cost prohibitive for most rural communities in the Northern Rockies. 14362 

New municipal demands are more likely to be met by purchasing or leasing reliable senior water rights 14363 

(Montana DNRC 2014). Water rights are still available in some water basins, but these new 14364 

appropriations are junior in priority and not likely to be reliable enough for municipal uses.  14365 

A drier climate in the central and western prairie pothole habitats of the Grassland subregion will 14366 

diminish the benefits of preserving waterfowl habitat in that area and increase the importance of restoring 14367 

wetlands along the wetter fringes (Johnson et al. 2005).  14368 

Risk Assessment 14369 

Compared to more arid regions of the western United States, changes in water yield in the northern 14370 

Rockies are expected to be modest, although they may be disproportionately large for local residents who 14371 

experience them (Foti et al. 2012). Changes in timing of runoff will be significant. Climate and 14372 

hydrological models consistently project changes in temperature and timing of runoff, making the 14373 

likelihood of these effects high.  14374 

ECOSYSTEM SERVICE: WATER QUALITY, AQUATIC HABITATS, AND FISH FOR FOOD 14375 

Compared to many areas of the United States, the Northern Rockies have excellent water quality. The 14376 

headwater streams of the region generally provide safe, clean drinking water to downstream communities 14377 

(fig. 11.3) and provide habitat for some of the country’s premier recreational and commercial fisheries 14378 

(see chapter 10). Fresh water is important to the cultural practices of area tribes, including ability to 14379 

exercise their indigenous fishing rights. Nonetheless, many of the region’s streams and lakes are already 14380 

threatened or impaired according to U.S. Environmental Protection Agency standards (tables 11.5, 11.6, 14381 

11.7). In all Northern Rockies states, agriculture is the primary source of impairment in rivers and 14382 

streams, caused by grazing in riparian and shoreline zones and by fertilizer sediment in runoff. In 14383 

Montana, grazing leads to loss of streamside vegetation and increased sedimentation. Idaho sees similar 14384 

disturbances, but with increased water temperatures as the primary reason for impairment. In North 14385 
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Dakota, animal feeding operations add to riparian grazing, causing unsafe levels of fecal coliform and 14386 

habitat alterations.  14387 

Major causes of impairment for lakes, reservoirs, and ponds differ between states. Runoff from roads 14388 

and bridges are a problem in Idaho, leading to high levels of phosphorous and mercury. In Montana, 14389 

abandoned mines can cause accumulation of mercury and lead. In North Dakota, grazing and animal 14390 

feeding operations can produce levels of fecal coliform that can contaminate water bodies. 14391 

For municipal water supplies, disturbances such as wildfires and mudslides are a major concern (see 14392 

chapter 8) (fig. 11.4). Due to the generally high water quality in the region, water treatment plants are able 14393 

to operate with lower capital investments. When there are sudden increases in sediment or other 14394 

pollutants, such as often occurs after a wildfire, treatment plants need to shut down or incur high costs to 14395 

treat the water and remove sediment from reservoirs.  14396 

Some Northern Rockies residents worry about the effects of increased oil and gas extraction activities 14397 

on watershed health. Groundwater contamination in northeastern Montana near the Fort Peck Indian 14398 

Reservation has been linked to development of the East Poplar oil field (Thamke and Smith 2014). 14399 

Groundwater is the only source of drinking water in the area, and contamination has affected drinking 14400 

water quality. Oil spills in the Yellowstone River (2011, 2015), a pipeline leak near Tioga, North Dakota 14401 

(2014), and train derailments in Lac Megantic, Canada (2013) and near Lynchburg, Virginia (2014) 14402 

highlight the dangers to watersheds surrounding oil and gas fields, even if the activity that caused 14403 

contamination does not occur in the watershed.  14404 

Effects of Climate Change 14405 

Climate change will impact water quality in ways that affect fishing, water-based recreation, and 14406 

drinking water. Climate change will amplify the effects of development on water quality already 14407 

occurring in the region. Increased number and severity of wildfires will deposit more sediment in streams, 14408 

lakes, and reservoirs. Increased air temperature and loss of vegetation along stream banks will raise the 14409 

temperature of streams, and altered vegetation may affect water filtration and flow rate. Lower water 14410 
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quality may affect municipal water supplies, water-based recreation, and ecosystem services tied to the 14411 

health of fish and wildlife and associated aquatic systems.  14412 

Warming air temperature due to climate change and loss of streamside vegetation due to 14413 

development, grazing, and agriculture in the riparian zone will cause water temperatures to increase. 14414 

Since most aquatic organisms are ectothermic, temperature is a significant abiotic factor influencing 14415 

physiology, bioenergetics, behavior, and biogeography (Rahel 2002; Sweeney et al. 1992). Some native 14416 

fish species, such as bull trout (Salvelinus confluentus), are extremely sensitive to warm water, whereas 14417 

some nonnative species can tolerate higher temperatures (see chapter 5). Fish habitats at lower elevations 14418 

are likely to experience the biggest and soonest temperature increases, making them the most vulnerable 14419 

to shifts in species composition and distribution. The response of microbial and aquatic invertebrate 14420 

communities to a warming climate and altered hydrologic patterns is poorly understood. Native fish 14421 

species with high ecological plasticity will be able to withstand some environmental change by altering 14422 

life history timing or distribution patterns, but the magnitude and rate of change will overwhelm species 14423 

with narrow ecological niches or limited ability to withstand competition from nonnatives. In the 14424 

Northern Rockies, this includes bull trout and cutthroat trout (Oncorhynchus clarkii).  14425 

Effects of climate change on fish are summarized in chapter 5, and effects on recreational fishing are 14426 

summarized in chapter 10. Additional effects are likely to occur to culturally important fisheries. For 14427 

example, the Nez Perce tribe maintains fishing rights within the boundaries of their reservation and 14428 

traditional fishing grounds, which include the mainstem of the Columbia River. Hydropower and stream 14429 

modification have already significantly affected salmon and steelhead (O. mykiss) fisheries (Smith et al. 14430 

2002; Wagner et al. 2004; Williams et al. 2001). Climate change is expected to amplify these impacts, 14431 

leading to decreased fish abundance and increased emphasis on conservation programs.  14432 

Threats to municipal watersheds from wildfire and insects are expected to increase considerably (see 14433 

chapter 8). Climate models project higher precipitation for the region and more frequent occurrence of 14434 

storm events (see chapter 3). These changes will potentially increase sedimentation in rivers and 14435 
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reservoirs, increase water treatment costs, and require expensive dredging in reservoirs to maintain water 14436 

storage.  14437 

Warming has already led to expansion of agriculture in some areas of the western United Stated, 14438 

including the Northern Rockies. Higher precipitation could lead to increased dependence on tile drainage 14439 

and increased levels of pollutants in waterways. Increased occurrence of drought would have the exact 14440 

opposite effect. Expansion of agriculture would generally cause reduced water quality, but the net effects 14441 

of both more flooding and more drought are uncertain (Warziniack 2014).  14442 

Many of the effects on water quality will be magnified if water quantity also falls substantially. 14443 

Lower flows have been linked to increases in water temperature, eutrophication, and increases in nutrients 14444 

and metals. Lower flows imply less water to dissipate solar radiation and dilute pollutants already in the 14445 

water (Allan and Castillo 2007; Murdoch et al. 2000; Poole and Berman 2001; van Vliet et al. 2011). Low 14446 

flows also increase the likelihood of eutrophication in nutrient-rich bodies of water (Conley et al. 2009; 14447 

Schindler et al. 2008; Vollenweider 1968). 14448 

Adaptive Capacity 14449 

Restoration of streams, wetlands, and riparian areas may help stabilize temperatures in some 14450 

locations, but in the long term, investments in water treatment infrastructure will be needed if sediment 14451 

increases substantially or if large disturbances become more frequent. Enhancing fish populations through 14452 

hatcheries is already occurring, and such human intervention may become more important in the face of 14453 

climate change. Other adaptation strategies for aquatic species and water-based recreation are described in 14454 

chapters 5 and 10. 14455 

Risk Assessment 14456 

The effects of increased fire frequency on municipal water supplies will be large, and are likely to be 14457 

amplified by an increasing population reliant on surface water. Altered timing of precipitation and 14458 

frequency of flooding may affect erosion rates (Sham et al. 2013). Given current knowledge gaps 14459 

regarding species response to climate change, it is difficult to provide a quantitative risk assessment. For 14460 

example, 20-90 percent of currently suitable habitat for native trout species could disappear in the 14461 
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Northern Rockies by 2100 (Isaak 2012). This would be an example of a high magnitude effect for 14462 

ecosystem services and aquatic species. 14463 

The likelihood of effects on municipal water supplies is high, and is already occurring in some 14464 

regions of the western United States. Sedimentation from severe wildfires in areas where fire has been 14465 

excluded for many decades may cause more impacts than climate change. Nonetheless, climate change is 14466 

expected to exacerbate these effects. Given the high levels of diversity and variability in how aquatic 14467 

habitats will respond to a changing climate, it is difficult to quantify the likelihood of effects for these 14468 

ecosystem services. Low-elevation habitats are expected to be affected the most and soonest, resulting in 14469 

a high likelihood for a shift in ecosystem services in aquatic systems. High-elevation aquatic 14470 

environments may be buffered by the influence of altitude on temperature, resulting in a lower likelihood 14471 

of effects, at least in the near term. 14472 

ECOSYSTEM SERVICE: BUILDING MATERIALS AND WOODS PRODUCTS 14473 

Timber used for wood products is a provisioning ecosystem service. Since much of the timber is 14474 

exported from the region, the most important aspect of timber is its ability to provide jobs, particularly in 14475 

rural communities. The timber industry also helps maintain a labor force capable of doing forest 14476 

restoration work. 14477 

A timber processing area for the U.S. Forest Service Northern Region is defined by counties with 14478 

processing facilities that receive timber from counties containing non-reserve timberland in the region 14479 

(primarily located in Idaho north of the Salmon River and in Montana) (McIver et al. 2013). Timber 14480 

processing spans 12 Idaho counties, 26 Montana counties, and four Washington counties (fig. 11.5). Over 14481 

95 percent of timber harvested from regional forests is processed by mills in northern Idaho and Montana. 14482 

In 2011, Idaho and Montana contained 160 timber processing facilities including saw mills (73), house 14483 

log/log home facilities (42), manufacturers of log furniture (18), post and small pole producers (18), cedar 14484 

products producers (4), plywood and veneer plants (4), and a utility pole producer. Over 97 percent of 14485 

timber is processed in sawmills, and 91 percent of timber processed is from trees with diameters greater 14486 
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than 10 inches. The percent of timber processed in sawmills is up from 80 percent reported in Keegan et 14487 

al. (2005). 14488 

Timber and forest products are dominant economic forces in the Northern Rockies, with forest 14489 

products (as defined by U.S. Department of Labor, Bureau of Labor Statistics) comprising 23 percent of 14490 

direct manufacturing employment in Montana (McIver et al. 2013) (table 11.8). Historically, much of the 14491 

timber harvested in the area has come from national forests, although that share has decreased greatly. In 14492 

1979, 46 percent of timber harvested in Idaho came from national forests, declining to only 7 percent by 14493 

2006 (Brandt et al. 2012). Table 11.8 shows the sold volume for the Northern Rockies for the past two 14494 

decades. Timber removal has varied over time in response to changing market and policy conditions, but 14495 

the past decade has been particularly difficult for the timber industry.  14496 

Timber harvests have decreased since the late 1980’s on national forests throughout the nation due to 14497 

changing economic conditions, environmental policies, and litigation against public agencies. The easily 14498 

accessible larger tree stock has mostly been cut, increasing timber costs and decreasing profits. Increased 14499 

housing starts spurred a slight recovery in 2003-2005, but the recession that followed led to the worst 14500 

wood products markets since the Great Depression (Keegan et al. 2012). Between 2005 and 2009, 14501 

employment in the wood products industry declined 29 and 24 percent in Idaho and Montana, 14502 

respectively. Most of these losses were in the forestry and logging industries, for which employment 14503 

declined 33 and 37 percent in Idaho and Montana, respectively (Bureau of Economic Analysis data, from 14504 

Keegan et al. 2012).  14505 

Mills in the region are the major employer for some small communities, making the effects 14506 

particularly pronounced in a few places. At the height of the downturn in 2008, initial unemployment 14507 

claims in the woods products industry were over 3,400 in 39 mass layoffs. Across the West, there were 30 14508 

percent fewer mills operating in 2009-2010 than in 2004-2005, a 27 percent decrease in timber-processing 14509 

capacity (Keegan et al. 2012).  14510 

Timber jobs have generally been declining in the Northern Rockies, whereas non-timber jobs have 14511 

generally been increasing (fig. 11.6). These data include jobs in growing and harvesting, sawmills and 14512 
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paper mills, and wood products manufacturing. In 1998, there were 17,076 jobs in the timber industry, but 14513 

in 2012, there were only 9,531 jobs, a 44.2 percent decrease. At the same time, non-timber employment 14514 

increased from 287,163 to 350,929 jobs, a 22.2 percent increase. Since the absolute number of timber jobs 14515 

has declined while the number of non-timber jobs has increased, the proportion of employment in timber 14516 

has decreased substantially, from 5.6 percent in 1998 to 2.6 percent in 2012. 14517 

However, regional trends in timber employment differ within the Northern Rockies (table 11.9). The 14518 

Western Rockies subregion, which includes the Idaho Panhandle, Kootenai, and Nez Perce-Clearwater 14519 

National Forests, has the highest proportion of employment in the timber industry, accounting for 5.2 14520 

percent of private employment in 2012. Benewah County, Idaho has 31.8 percent of private employment 14521 

in timber, the highest in the subregion. Employment in the timber industry has decreased most in the 14522 

Western Rockies subregion, with 7 of 15 counties (Asotin, WA; Bonner, ID; Clearwater, ID; Kootenai, 14523 

ID; Lincoln, MT; Pend Oreille, WA; and Sanders, MT) losing over half of their timber-related jobs 14524 

between 1998 and 2012. Only one county in the subregion (Idaho County, ID) increased employment in 14525 

the timber industry (18 percent). Some counties in the Central Rockies and Eastern Rockies subregions 14526 

have increased employment, but these are counties with a low proportion of jobs in the timber sector, so a 14527 

small number of new jobs have a disproportionate effect.  14528 

Effects of Climate Change 14529 

Although temperature and precipitation may affect vegetation in the Northern Rockies, the direct 14530 

effect of climate on timber production is expected to be small. More important to the timber industry are 14531 

the economic and policy changes that affect demand for forest products and timber quotas for national 14532 

forests. The primary effects of climate change on timber will occur through the effects of temperature on 14533 

disturbance and to a lesser extent on growth and productivity (see chapters 7 and 8). 14534 

The primary sensitivities of timber resources associated with climate change are wildfire, insects, and 14535 

disease. Forest growth is expected to be lower in areas that experience higher temperature and decreased 14536 

precipitation (Ryan et al. 2008) (see chapter 7). In addition, warmer winters and associated freezing and 14537 

thawing may increase forest road erosion and landslides, making winter harvest more difficult and 14538 
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expensive, and potentially reducing the timber supply (Karl et al. 2009). Reduced snowpack may promote 14539 

insect or disease outbreaks, although harvests could increase in the short term through salvage of dead 14540 

and dying trees. Climate change will result in larger, more frequent fires and a longer fire season. 14541 

Increased fires may increase demand for fuel treatments, either through timber harvests or through 14542 

mechanical and manual thinning that uses the timber labor force and infrastructure. Although this may 14543 

affect the availability of harvestable wood products, the overall effect on timber-related jobs would be 14544 

relatively small.  14545 

Forest Products (Commercial Use) 14546 

The provision of commercial timber from national forests could be affected by altered temperature 14547 

and precipitation. Effects on the distribution and abundance of vegetation are expected to vary widely by 14548 

species and location (see chapter 6). Although overall wood production is projected to increase, the 14549 

proportion of saw timber (combining both softwoods and hardwoods) is somewhat larger with climate 14550 

change in all scenarios, species, and regions. This shift in product mix reflects the effects of accelerated 14551 

growth on rotation age, which is lengthened in the long term for all regions and species. With longer 14552 

rotations come larger volumes of saw timber relative to pulpwood (Irland et al. 2001). 14553 

Although direct effects of elevated temperature on tree growth rates can be positive (e.g., through 14554 

lengthening the growing season), associated soil water deficits will probably occur in most locations 14555 

except in the high elevations. Tree responses to soil water deficits vary among species as a result of 14556 

differences in tree physiology and morphology. Within species, drought sensitivity of trees is usually 14557 

largest in seedlings. Mortality can result directly from water stress or indirectly from insects and 14558 

pathogens, and vulnerability of trees to increase outbreaks may increase during periods of water deficit 14559 

(Kardol et al. 2010). Climate-driven changes in in-stream flow are likely to reduce abundance of early-14560 

successional tree species, favor herbaceous species and drought-tolerant and late-successional woody 14561 

species (including introduced species) reduce habitat quality for some riparian animals, and slow litter 14562 

decomposition and nutrient cycling (Perry et al. 2012). 14563 
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Although direct effects on tree growth will vary by species and climate change scenario, one study 14564 

observed that productivity and timber inventories will increase while timber prices decrease (Irland et al. 14565 

2001), the result of an adaptive timber market. Adaptation in U.S. timber and wood product markets are 14566 

expected to offset some potentially negative effects of climate change. In the United States, lumber and 14567 

plywood production increases under all scenarios, and pulpwood production decreases under some 14568 

scenarios. Overall, consumers and mill owners would benefit from climate change, whereas landowners 14569 

may have reduced economic benefits (Irland et al. 2001). 14570 

Markets generally adapt to short-term increases in mortality by reducing prices, salvaging dead and 14571 

dying timber, and replanting new species that are favorably adapted to the new climate. Salvage during 14572 

dieback ranges from 50 to 75 percent, depending on management intensity. Total benefits to producers 14573 

plus consumers rise in all scenarios considered. Market adaptation can reduce or reverse potential forest 14574 

carbon fluxes in the United States (Irland et al. 2001). New technologies represent another method of 14575 

adapting to climate change. For example, new adhesives have led to new classes of wood panels and 14576 

composites, which have displaced older products. These new products often enable the industry to draw 14577 

on more abundant species of trees that are also closer to end-use markets. New technologies have also 14578 

helped mills produce more product value from a given tree. If this trend continues, the forest-based 14579 

economy will be more resilient if forest dieback occurs in the future (Irland et al. 2001). 14580 

Adaptive Capacity 14581 

Adaptive capacity will depend on the ability to manage both the natural resources (maintaining 14582 

healthy forests) and adapting to economic forces. Management actions may be able to mitigate drought 14583 

stress and soil water deficits, mitigating some of the effects of climate change. Land managers also have 14584 

the option to conduct fuel treatments, which help decrease the probability of large, severe wildfires and to 14585 

salvage burned or insect-killed timber before it loses market value. Timber management can improve 14586 

forest resistance and resilience to stressors in areas identified for treatment, usually in the portions of the 14587 

forest that contain roads. Timber management is a relatively slow process, requiring 50 or more years 14588 

from regeneration to harvest. Therefore, timber management cannot respond quickly to potential threats, 14589 
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serving more as a long-term modification of forest composition and structure by helping the landscape 14590 

gradually become more resistant and resilient. The wood products industry may also be able to adapt to 14591 

changing conditions by using alternative species, changing the nature or location of capital and 14592 

machinery, changing reliance on imports or exports, and adopting new technologies (Irland et al. 2001). 14593 

Developing capacity within the industry to take advantage of emerging products will be important, though 14594 

the most resilient communities will be those that diversify their economic bases, effectively reducing their 14595 

exposure to adverse impacts to the timber industry. 14596 

Risk Assessment 14597 

In summary, the magnitude of effects for wood products is expected to be large, but mostly from non-14598 

climate forces. The likelihood of effects is moderate, again from non-climate forces, but it is uncertain 14599 

how climate will affect forest disturbances that could have a more dominant influence on timber supply. 14600 

ECOSYSTEM SERVICE: MINING MATERIALS 14601 

Minerals are provisioning ecosystem services, but their primary role in the region is as an economic 14602 

driver, providing jobs and incomes. Mineral development is important throughout the Northern Rockies, 14603 

but particularly in northeastern Montana and northwestern North Dakota. In some counties, oil and gas 14604 

development represents a third of total income to residents. According to 2012 IMPLAN data (MIG 14605 

2012), the percentage of total county income directly from the oil and gas sector are: Fallon County, MT 14606 

(33 percent), Williams County, ND (32 percent), Slope County, ND (29 percent), Dunn County, ND (26 14607 

percent), Stark County, ND (23 percent), Mountrail, ND (22 percent), McKenzie, ND (21 percent). Most 14608 

of this income comes from the Bakken Formation, which lies under parts of North Dakota, Montana, and 14609 

Saskatchewan. At full development (about four wells per square mile), the formation is expected to be the 14610 

nation’s largest oil field (Mason 2012).  14611 

The main stressors from oil and gas development are effects on other ecosystem services, such as 14612 

water quality (discussed above). Traffic from trucks and heavy machinery also increase the risk of 14613 

introducing nonnative species to surrounding rangelands (see chapter 7). 14614 

Effects of Climate Change 14615 
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Climate is not likely to directly affect minerals, but it is included in this assessment due to its 14616 

prominence in the region and because of its potential to conflict with other ecosystem services. Power 14617 

generation, oil and gas development, and mineral extraction are major users of water. Increased mudslides 14618 

and fires may threaten oil and gas infrastructure, which would in turn threaten the ecosystem services that 14619 

are co-located with mineral development. 14620 

Regional centers of oil and gas draw people from all over the country looking for high-paying jobs. 14621 

Competition for workers in the oil fields causes wages in all other sectors of regional economics, 14622 

including traditionally low-wage jobs in the service industry, to rise. If climate adversely affects other 14623 

economic sectors, job opportunities in mining and energy will become more important. Climate change 14624 

could affect the oil and gas infrastructure, but non-climatic drivers will be more important, including 14625 

international prices for oil and gas, national climate policy, and regional concerns about threats to 14626 

watersheds. 14627 

Adaptive Capacity 14628 

Global economic forces primarily drive the oil and gas industry. Oil and gas development potential 14629 

determines where drilling activity takes place, and regional growth occurs so quickly that communities 14630 

respond to rather than plan for such development. Adaptive capacity is either not applicable to this 14631 

ecosystem service or limited from an economic development perspective. The most successful mineral-14632 

based economies are those that are able to collect some of the resource rents from drilling and invest them 14633 

back into the community, extending prospects for long-term economic growth (Kunce and Shogren 14634 

2005). Oil and gas development is subject to booms and busts, and the most resilient communities are 14635 

those that invest resource rents into efforts to diversify the economy.  14636 

Risk Assessment 14637 

Climate change is not expected to have significant effects on industries based on extraction of 14638 

minerals and energy. The magnitude of effects is expected to be large from non-climate forces, and the 14639 

likelihood of effects is expected to be moderate from non-climate forces.  14640 
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ECOSYSTEM SERVICE: FORAGE FOR LIVESTOCK 14641 

The area contained within the Northern Rockies Adaptation Partnership contains 158 million acres of 14642 

rangeland. Over 85 percent of these rangelands are privately held; 43 percent of rangeland in the Northern 14643 

Region economic impact area is in Montana, which ranks third in the nation, behind Texas and New 14644 

Mexico, in non-federal rangeland area. Of the federal rangeland, 8.5 million acres are Bureau of Land 14645 

Management lands, of which 8 million acres are in Montana (USDI BLM n.d.). A variety of economic 14646 

uses for rangeland exist in the Northern Rockies, but grazing cattle is by far the largest. Almost all 14647 

counties in the region have shares of total income derived from cattle above the national average, with 14648 

some counties in Montana and the Dakotas having more than 100 times the national average (MIG 2012 14649 

IMPLAN data). 14650 

Cheatgrass (Bromus tectorum), and other nonnative plants have become a major nuisance throughout 14651 

Western rangelands, significantly reducing usable forage. The Nez Perce-Clearwater National Forest 14652 

assessment (June 2014 review draft) states that forage has decreased in some places from 250 pounds per 14653 

acre to as low as 25 pounds per acre (table 11.10). Human modification has also converted rangeland to 14654 

other uses (Reeves and Mitchell 2012). Between 1982 and 2007, Montana lost about 900 acres of 14655 

rangeland, 3100 acres of Conservation Reserve Program land, and 30 acres of cropland. This pattern of 14656 

loss is consistent across the region, with the exception of small gains in pasture in Montana and Idaho 14657 

(table 11.11). Historic rangeland losses in the West have been caused by agricultural development (17 14658 

percent), resource extraction (7.4 percent), and residential development (5.8 percent) with much smaller 14659 

losses to mixed use, recreation, and transportation (Reeves and Mitchell 2012).  14660 

Rates of land conversion exceed population growth. Nationally, between 1945 and 1992, one 14661 

additional person led to about half an acre converted to urban use; between 1992 and 1997, the rate 14662 

reached 1.2 acres per additional person (DeCoster 2000). Human modification and fragmentation of 14663 

rangelands have potential consequences for the socio-economic sustainability of rural communities, 14664 

including loss of rural character, loss of biodiversity, difficulty in managing interconnected lands for 14665 
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grazing, threats to watershed health, limited outdoor opportunities, compromised viewscapes, loss of 14666 

native species, changes in disturbance regimes, and increased spread of nonnative species.  14667 

Effects of Climate Change 14668 

Warmer temperatures and increased precipitation are expected to increase productivity of rangelands 14669 

(Reeves and Mitchell 2012) (see chapter 7), and increased regional population will lead to fragmentation 14670 

of rangelands. Arid grasslands are likely to experience short-term response in species richness to altered 14671 

precipitation due to the prevalence of annual species (Cleland et al. 2013). Carbon dioxide (CO2) 14672 

enrichment may alter the relative abundance of grassland plant species by increasing the production of 14673 

one or more species without affecting biomass of other dominant and co-dominant species. This favored-14674 

species pathway to species change is the most frequently reported mechanism by which CO2 affects 14675 

grassland communities (Polley et al. 2012). 14676 

Cattle stocking rates in the Northern Rockies remain at or below current capacity of the land to 14677 

support livestock (Reeves and Mitchell 2012), with few counties experiencing forage demand above 14678 

current forage supply. In the long term, longer and wetter growing seasons would likely make rangeland 14679 

more productive. The greatest threat to grazing from climate change may be increasing rates of spread of 14680 

nonnative weeds and changes in fire regime (Maher 2007). Fire, itself, makes ranch planning difficult. 14681 

Loss of access to grazing areas, on both private and public lands, requires emergency measures like the 14682 

use of hay, which can devastate ranchers already operating with thin margins. Across all rangelands, 14683 

increased fire in the future has the general effect of converting more lands to invasive mono-cultures (B. 14684 

rubens, B. tectorum, etc.). Fire also kills shrubs, increasing the prevalence of grasses and herbs, which can 14685 

reduce structural and floristic diversity. The net effect is a narrowing of options for ranch income 14686 

diversification (e.g., loss of quail habitat and loss of mule deer winter range).  14687 

Adaptive Capacity 14688 

Human modification of rangelands and associated fragmentation are driven by opportunities for 14689 

economic growth, as land is converted to higher-value uses. Rangeland conversion to residential 14690 

development has brought new populations, higher incomes, and higher tax bases to rural communities, 14691 
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creating what has been called the “New West” (Riebsame et al. 1997). During the 1990s, 67 percent of 14692 

counties in the Rocky Mountains grew faster than the national average (Beyers and Nelson 2000). Natural 14693 

amenities in the Northern Rockies are often touted as an economic asset (Power 1998; Rasker 1993). 14694 

Economic growth without preservation of these assets is not likely to be sustainable.  14695 

Risk Assessment 14696 

The magnitude of effects on rangeland reflected in potentially large increases in productivity will be 14697 

high, but given that forage supply exceeds demand, the effect on grazing will be small. Effects of invasive 14698 

species and development may be large. The likelihood of effects is high, given that change is already 14699 

being observed and that these trends are likely to persist. Loss of rural character is a concern, but it is not 14700 

likely that the region will become heavily urbanized in the foreseeable future.  14701 

ECOSYSTEM SERVICE: VIEWSHEDS AND CLEAN AIR 14702 

Air quality is an important ecosystem service that can be altered by changes in vegetation 14703 

composition and tree responses to climate change. For example, tropospheric ozone (O3), air pollution 14704 

episodes, plant sensitivity to air pollutants, and release of pollen all affect the provision of air quality by 14705 

forests.  14706 

The Northern Rockies generally have exceptional air quality, although a few counties in the region 14707 

regularly have days with poor air quality (American Lung Association 2015), and some areas are subject 14708 

to wintertime inversions that trap air pollutants. During these inversions, wood-burning stoves used to 14709 

heat homes become a major source of air pollution. In the summer, smoke from wildfires settles in 14710 

valleys, leading to poor air quality. Counties in Idaho are often affected by burning of crop residues, and 14711 

smoke can get trapped or settle into valleys where it persists until strong winds clear the air. Major 14712 

sources of air pollution in North Dakota include coal-fired power plants, oil-field emissions, and vehicle 14713 

traffic in the mineral-rich areas of the state. However, the North Dakota topography does not contain any 14714 

features that would trap pollutants, so air quality is generally good throughout the state. 14715 

A large percentage of Northern Rockies residents are in demographic groups (e.g., elderly, poor) that 14716 

are sensitive to poor air quality. Almost 1 in 10 adults in the region have asthma (Center for Disease 14717 

DRAFT



Halofsky et al. Chapter 11 

 
 

485 

Control 2009). As more and more young people leave rural communities for more urban settings, 14718 

sensitive populations are left isolated in rural areas that often lack the health facilities needed to 14719 

accommodate an aging, ailing population.  14720 

Effects of Climate Change 14721 

Air quality can decline rapidly during a wildfire, and increased frequency of wildfires will affect 14722 

viewsheds and air quality. Extended fire seasons will affect both scenery and air quality, with detrimental 14723 

effects to human health. Analyses of the effects of climate change on air pollution in general have shown 14724 

that climate change will increase the severity and duration of air pollution episodes (Bedsworth 2011). 14725 

Climate change may affect distribution patterns and mixtures of air pollutants through altered wind 14726 

patterns and amount and intensity of precipitation. The intensity of precipitation determines atmospheric 14727 

concentration and deposition of acidifying compounds, potentially altering frequency and extent of 14728 

pollution episodes (e.g., O3) (Bytnerowicz et al. 2007). By 2050, summertime organic aerosol 14729 

concentration over the western United States is projected to increase by 40 percent and elemental carbon 14730 

by 20 percent. Higher temperatures accelerate chemical reactions that synthesize O3 and secondary 14731 

particle formation. Higher temperatures, and perhaps elevated CO2 concentrations, also lead to increased 14732 

emissions by vegetation of volatile organic compound precursors to O3 (Kinney 2008). In addition to 14733 

earlier onset of the pollen season and possibly enhanced seasonal pollen loads in response to higher 14734 

temperatures and longer growing seasons, elevated CO2 itself may increase pollen levels in some plant 14735 

species (Kinney 2008).  14736 

Adaptive Capacity 14737 

A number of systems are already in place to alert residents when air quality deteriorates. These 14738 

systems may become more common, as will days with poor air quality and associated alerts. Adaptation 14739 

options include limiting physical activity outdoors, using air conditioning, and taking medications to 14740 

mitigate health impacts. Tighter restrictions on use of wood for heating homes and on agricultural burning 14741 

can reduce pollutants, and fuels treatments can reduce wildfire risk and smoke intensity. These strategies 14742 

reduce exposure and mitigate damages. Many may be possible in the long run, but the geographic 14743 
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diversity and rural character of the region makes quick adaptation unlikely. Unfortunately, the effects of 14744 

poor air quality also fall heaviest on the most vulnerable populations like the elderly, young, and poor – 14745 

groups that make up much of the rural populations of the region where shortages of health care already 14746 

exist. These groups have little capacity to adapt. 14747 

Risk Assessment 14748 

The magnitude of effects is expected to be high, since a large percentage of the population (rural poor 14749 

and elderly) is at risk for health impacts from poor air quality. This percentage will increase as the 14750 

population ages, and young people move to urban areas. The likelihood of effects is expected to be high 14751 

because many areas are already seeing diminished air quality from increased fires and longer pollen 14752 

seasons. 14753 

ECOSYSTEM SERVICE: SOIL EROSION REGULATION 14754 

A U.S. Forest Service soil management directive (USDA FS 2009) identifies six soil functions: soil 14755 

biology, soil hydrology, nutrient cycling, carbon storage, soil stability and support, and filtering and 14756 

buffering. Steep slopes are the key element associated with erosion and landslides in mountain 14757 

landscapes, and open rangeland is susceptible to topsoil loss. Erosion and landslides threaten 14758 

infrastructure, water quality, and important cultural sites.  14759 

General resource management practices are designed to limit erosion and soil impaction, but 14760 

landslides and erosion are still a common problem. Roads and other human activities are the largest 14761 

source of sediment in most watersheds. Landslide-prone areas are generally on slopes greater than 60 14762 

percent with geomorphology and surficial geology sensitive to earth movement. Individual management 14763 

units in public lands may experience hundreds of landslides each year. 14764 

Loss of soil from farm fields is a problem in the eastern part of the Northern Rockies (Kellogg et al. 14765 

1997) (fig. 11.7), but best practices in agriculture and range management have begun to slow the loss. 14766 

Soil loss rates still exceed natural regeneration of soil in much of the eastern part of the Northern Rockies, 14767 

and recent expansion of agriculture is likely to make the problem worse. 14768 

Effects of Climate Change 14769 
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Soil erosion is tied to many forces on the landscape that are affected by climate change. In 14770 

mountainous areas, wildfire and precipitation interact to affect erosion rates. Frequency of wildfire, 14771 

precipitation in the form of rain rather than snow, and intense precipitation events are expected to increase 14772 

(see chapters 3, 4, and 8), a combination that will lead to greater erosion and more landslides.  14773 

In the eastern rangelands, increased precipitation and warmer temperatures may benefit grass 14774 

productivity and limit erosion. However, the same changes that make rangelands more productive also 14775 

make land more valuable for agriculture. Expansion of agriculture is already occurring and will increase 14776 

soil erosion in some areas. A combination of increased drought and increased flooding will add to already 14777 

high erosion rates. Erosion rates on rangelands are also likely to increase with increased fire prevalence 14778 

and spread of nonnative species.  14779 

Erosion is a significant concern for cultural sites, and is discussed in more detail in chapter 12. 14780 

Adaptive Capacity 14781 

One of the key impacts of soil erosion in mountains is its effect on water quality and drinking water 14782 

treatment costs. Without expensive dredging, the usable life of dams and reservoirs will shorten, and 14783 

capital investments will be necessary to remove added sediment from drinking water sources (Sham et al. 14784 

2013). Limiting erosion on rangelands can be done with best management practices for agriculture, 14785 

including the use of buffers and limiting activity in sensitive riparian areas. In all areas, more resilient 14786 

vegetation can be used to stabilize soils and support soil formation and nutrient cycling.  14787 

Risk Assessment 14788 

Landslides and flooding in mountainous areas have the potential for large, sudden damages to homes, 14789 

infrastructure, and watersheds. Costs of soil erosion on the plains are high, but occur over extended 14790 

periods of time. The likelihood of increased erosion in the mountains is high, because it depends on 14791 

natural processes (e.g., fire, flooding) that are already changing. If agricultural practices do not change, 14792 

erosion on the plains is also fairly certain. Likelihood of effects on the plains could be low if best 14793 

practices become more common in agriculture. 14794 
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ECOSYSTEM SERVICE: CARBON SEQUESTRATION 14795 

Forests provide an important ecosystem service in the form of carbon sequestration, or the uptake and 14796 

storage of carbon in forests and wood products. Carbon sequestration is often referred to as a regulating 14797 

ecosystem services because it mitigates greenhouse gas emissions by offsetting losses through removal 14798 

and storage of carbon. As such, carbon storage in forests is “...becoming more valuable as the impacts of 14799 

greenhouse gas emissions are becoming more fully understood and experienced” (USDA FS 2015). 14800 

The National Forest System (NFS) constitutes one-fifth (22 percent) of the Nation’s total forestland 14801 

area and contains one-fourth (24 percent) of the total carbon stored in all U.S. forests, excluding interior 14802 

Alaska. The management of these lands and disturbances such as fire, insect, and disease influence carbon 14803 

sequestration rates. Rates of sequestration may be enhanced through management strategies that retain 14804 

and protect forest land from conversion to nonforest uses, restore and maintain resilient forests that are 14805 

better adapted to a changing climate and other stressors, and reforest lands disturbed by catastrophic 14806 

wildfires and other natural events (e.g., mortality following windthrow). 14807 

The Forest Service champions the principles of considering carbon and other benefits together, 14808 

integrating climate adaptation and mitigation, and balancing carbon uptake and storage in a wide range of 14809 

ecosystem services, some of which have tradeoffs. The goal is to maintain and enhance net sequestration 14810 

on federal forests across all pools and age classes through protection of existing stocks and building 14811 

resilience in stocks through adaptation, restoration and reforestation. Carbon stewardship is an aspect of 14812 

sustainable land management. It is also important to consider that carbon estimates are most useful at 14813 

larger spatial scales; typically, baseline carbon estimates at the forest scale are not useful for project-14814 

specific applications.  14815 

Forests are highly dynamic systems that are continuously repeating the natural progression of 14816 

establishment, growth, death, and recovery, while cycling carbon throughout the ecosystem and the 14817 

atmosphere. This cycle, which drives overall forest carbon dynamics, varies geographically and by forest 14818 

type, but also depends on the frequency, magnitude, and type of disturbance events. Natural and 14819 

anthropogenic disturbances can cause both immediate and gradual changes in forest structure, which in 14820 
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turn affect forest carbon dynamics. For instance, a severe wildfire may initially release carbon dioxide to 14821 

the atmosphere and cause tree mortality, shifting carbon from living trees to dead wood and the soil. 14822 

However, as the forest recovers, new trees establish and grow, absorbing carbon dioxide from the 14823 

atmosphere. While disturbances may be the predominant drivers of forest carbon dynamics (Pan et al. 14824 

2011), environmental factors, such as the availability of key forest nutrients like CO2 and nitrogen, as 14825 

well as climatic variability, influence forest growth rates and consequently the cycling of carbon through 14826 

a forest ecosystem (Pan et al. 2009).  14827 

Changes in carbon stocks and resulting net emissions may be influenced through vegetation 14828 

management strategies. Land management and restoration strategies, plans, and actions, such as fire and 14829 

fuels management, timber harvesting, reforestation, and other forest stand treatments, can be designed to 14830 

integrate carbon sequestration capacity across broad landscapes and over the long-term, while meeting 14831 

other resource management objectives.  14832 

Wood uses for products can also complement land management by extending the storage of carbon in 14833 

useful products and reducing emissions as wood products substitute for those that emit more carbon 14834 

dioxide and other greenhouse gasses. Harvested wood products (HWP), such as lumber, panels, and 14835 

paper, can account for a significant amount of off-site carbon storage and estimates of this addition are 14836 

important for both national level accounting and regional reporting (Skog 2008). Products derived from 14837 

the harvest of timber from the national forests extend the storage of carbon and/or substitute for fossil fuel 14838 

use, which is part of the overall carbon cycle.  14839 

Baseline Estimates 14840 

The Forest Service’s 2012 Planning Rule and Climate Change Performance Scorecard Element 9 14841 

(Carbon Assessment and Stewardship) both require NFS units to identify baseline carbon stocks and to 14842 

consider that information in planning and management. The Climate Change Advisor’s Office (now the 14843 

Office of Sustainability and Climate Change) facilitated work by Forest Service Research & Development 14844 

to develop a nationally-consistent carbon assessment framework and to deliver forest information for 14845 

every NFS unit. Estimates of total ecosystem carbon and stock change (flux) have been produced at the 14846 
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forest level across the entire country, relying on consistent methodology and plot-level data from the 14847 

Forest Inventory and Analysis (FIA) program (USDA FS 2015).  14848 

Carbon stocks reflect the amount of carbon stored in seven ecosystem carbon pools – above-ground 14849 

live tree, below-ground live tree, understory, standing dead trees, down dead wood, forest floor, and soil 14850 

organic carbon – for the period 1990 to 2013. Carbon stock change (flux) reflects the year-to-year balance 14851 

of carbon going into or being pulled from the atmosphere (Woodall et al. 2013). Carbon stock change 14852 

measures the inter-annual change in carbon stock caused by tree growth, disturbance, management, etc. 14853 

Negative stock change values indicate that carbon is being pulled from the atmosphere (i.e., net carbon 14854 

sink), while positive values mean carbon is being released (i.e., net carbon source). 14855 

Figure 11.8 displays carbon stock trends for each of the national forests in the Northern Region 14856 

between the years 1990 and 2013, where the Idaho Panhandle National Forest stored the largest amount 14857 

of carbon in the region, approximately 207 million short tons in 1990 and 202 million short tons in 2013. 14858 

During this period, the Beaverhead-Deerlodge, Kootenai, Nez Perce, Flathead, Lolo, Clearwater, Gallatin 14859 

and Custer national forests all increased in ecosystem forest carbon stocks, while the Lewis and Clark, 14860 

Helena, Bitterroot national forests and Dakota Prairie Grassland decreased. 14861 

The cumulative carbon stored in the Northern Region HWP experienced a jump in 1955 and began to 14862 

continually increase at a steady rate, peaking in 1995 with approximately 37 million short tons in storage 14863 

(fig. 11.9). The HWP pool since then has decreased to 35 million short tons. This illustrates the influence 14864 

of timber harvest on the HWP pool. Since the amount of HWP carbon entering that pool is less than the 14865 

amount of carbon exiting it through various pathways, HWP stocks are decreasing. 14866 

Effects of Climate Change 14867 

Many factors affect the sensitivity of forests to sequester carbon, and the net effect of climate change 14868 

on carbon storage in forests is uncertain. The greatest vulnerability to forest distribution and health as a 14869 

result of climate change is increased risk of fire, insects, and disease (mostly fungal pathogens). 14870 

Preliminary results from the Forest Carbon Management Framework (Healey et al. 2014; Raymond et al. 14871 

2015), show for example, that fire had the largest impact of carbon storage on the Flathead National 14872 
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Forest between 1990 and 2012, followed by harvest. The largest impact on carbon storage on the Idaho 14873 

Panhandle National Forest was disease, followed by harvest.  14874 

Since nitrogen often is a limiting nutrient in forests, nitrogen deposition may increase wood 14875 

production and accumulation of soil organic matter, thus increasing carbon sequestration. When carbon 14876 

uptake is caused by increased growth, it is likely a transitory phenomenon. When soil accumulation is the 14877 

main cause, forests could be a long-term carbon sink, because belowground carbon has longer turnover 14878 

times than aboveground carbon (Bytnerowicz et al. 2007). 14879 

Tropospheric O3 damage in sensitive plant species may offset some productivity gains from elevated 14880 

atmospheric CO2, thus reducing carbon storage on land and possibly contributing further to climate 14881 

change. Increasing O3 will negatively affect plant productivity, reducing the ability of ecosystems to 14882 

sequester carbon, indirectly providing feedback to atmospheric CO2 (Sitch et al. 2007). Over the course of 14883 

the 21st century, net carbon uptake by terrestrial ecosystems is likely to peak before mid-century and then 14884 

weaken or even reverse, thus amplifying climate change (IPCC 2007). 14885 

Fungal pathogens, especially various types of root rot, are another key concern for forests and may 14886 

affect the ability of forests to sequester carbon (Hicke et al. 2012). Increased temperature and humidity 14887 

coupled with decreased snow and cold weather facilitate the spread of root rot. As more trees die and 14888 

decompose, forests could switch from carbon sinks to carbon sources. 14889 

Adaptive Capacity 14890 

Adaptive capacity for sequestering carbon depends on the spatial and temporal scales at which an 14891 

ecosystem service is defined. Carbon storage in any particular forest location may go up or down over 14892 

time, but analysis of storage should occur at very large spatial scales. Adaptive capacity for this particular 14893 

ecosystem service is likely low, since most of the factors affecting carbon sequestration are external, 14894 

including development pressures and wildfire. The Climate Change Scorecard and Carbon Management 14895 

Principles highlight the role National Forests can play in managing forest carbon.  14896 

Risk Assessment 14897 

DRAFT



Halofsky et al. Chapter 11 

 
 

492 

Although increased temperature and drought will reduce forest growth, the most detrimental effects to 14898 

carbon sequestration will be indirect, through increased risk and frequency of wildfires and insect 14899 

outbreaks. Some deterioration in forest health is highly likely, so some change in the ability of forests to 14900 

sequester carbon is also likely. However, the net effects on forest health and carbon sequestration are 14901 

difficult to project, primarily due to the uncertainty in the magnitude of future occurrence of wildfire and 14902 

insect outbreaks. 14903 

ECOSYSTEM SERVICE: CULTURAL AND HERITAGE VALUES 14904 

The goods and services that ecosystems provide have spiritual, cultural, and historical value to many 14905 

people. The effects of climate change will affect the provision of these services for individual locations, 14906 

plant and animal species, and landscape characteristics. The majority of research on this topic pertains to 14907 

forest resource values realized by Native American tribes and the effect of climate change on sense of 14908 

place (see Adger et al. 2013 for a review).  14909 

Availability of resources (e.g., for food) and adequate habitat limit traditional lifeways, especially if 14910 

the distribution and abundance of plants and animals change in response to increased temperature and 14911 

disturbance (especially wildfire). In general, cultural and heritage values are high in the Northern 14912 

Rockies, and mostly threatened by changes in culture and the way humans interact with the landscape. 14913 

Tribal values face ongoing stresses as Native American people attempt to preserve both culture and places 14914 

on the land, including legal struggles with federal agencies (for example, the ongoing disagreement 14915 

between the Blackfeet and Glacier National Park regarding access to resources on the park) and effects of 14916 

recreation on sacred places. Educational programs and law enforcement on federal lands protect many 14917 

cultural sites, but funding is insufficient to protect all of them (see chapter 12). 14918 

A large part of one’s culture is his or her connection with physical places, often including an image of 14919 

“home.” Such senses of place may be at risk by climate change if those connections and images change. 14920 

People may identify with livelihoods and activities that are no longer sustainable in a changing climate 14921 

(Adger et al. 2011; Agyeman et al. 2009; Igor 2005). People that are tied to their communities are more 14922 
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reluctant to leave during economic and social hard times, which makes them more vulnerable to the 14923 

effects of climate change (Field and Burch 1988).  14924 

Effects of Climate Change 14925 

Increased frequency of wildfire, floods, nonnative species establishment, and erosion all put cultural 14926 

values, cultural sites, and historic sites at risk. Changes in climate that affect ranges of species that are 14927 

traditionally harvested by Native Americans affect the ability of tribes to exercise their treaty rights. 14928 

Impacts can be amplified or mitigated by management decisions and societal forces.  14929 

The economies of resource-dependent communities and indigenous communities in the region are 14930 

particularly sensitive to climate change, with likely winners and losers controlled by effects on important 14931 

local resources (Maldonado et al. 2013). Residents of high-elevation and northern-latitude communities 14932 

are likely to experience the most disruptive impacts of climate change, including shifts in the range or 14933 

abundance of wild species crucial to the livelihoods and well-being of indigenous people (Field et al. 14934 

2007). As traditional foods are affected by climate change through habitat alterations and changes in the 14935 

abundance and distribution of species, traditional practices and knowledge tend to erode (Cordalis and 14936 

Suagee 2008; Lynn et al. 2013). Tribal rights to harvest culturally important plants, animals, and fish are 14937 

based on historic harvest areas, so tribes may lose their ability to exercise these rights if species leave 14938 

their historic ranges. 14939 

Adaptive Capacity 14940 

Since this ecosystem service relates to preserving the past and maintaining access to current sites, 14941 

adaptive capacity is low. Increased resources for law enforcement and preservation of cultural sites can 14942 

mitigate some of the expected damages, and Traditional Ecological Knowledge has helped Tribes adapt to 14943 

past social and ecological periods of change. Fish hatcheries and other human assistance to survival of 14944 

plant and animal species will become more important. Vegetation management can potentially be 14945 

implemented near high-risk cultural and historic sites that are prone to fire, floods, nonnative species 14946 

establishment, and erosion.  14947 

Risk Assessment 14948 
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Loss of sacred places and heritage is largely irreversible, and many argue that the damage associated 14949 

with such losses cannot be quantified. The overall magnitude of climate-induced changes may be 14950 

moderate to high. Increased rates of erosion are already being observed at some cultural sites, and 14951 

vandalism rates are increasing as human population increases. Culturally important fish populations are 14952 

declining and in some cases rely on human assistance for migration and survival. Therefore, the 14953 

likelihood of climate change effects is high. 14954 

SUMMARY 14955 

Ecosystem services are the benefits people derive from landscapes and encompass the values that 14956 

motivate people to live in the Northern Rockies. Ecosystem services are the core of our sense of place and 14957 

are important to protect in the face of a growing number of threats. Some of these threats are social 14958 

(demographic changes, economics, policy) and some are environmental (e.g., climate change). In many 14959 

cases, social and environmental forces will act to amplify the effects of the other, but opportunities exist 14960 

for adaptation in some cases. Below are key findings from the ecosystem services vulnerability 14961 

assessment. 14962 

 Total annual water yield is not expected to change significantly. However, timing of water 14963 

availability will likely shift, and summer flows may decline. These changes may result in some 14964 

communities experiencing summer water shortages, although reservoir storage can provide some 14965 

capacity. Snowmelt is already occurring earlier, and both floods and drought may become more 14966 

common. Agriculture is currently the largest consumer of water and one of the largest economic 14967 

forces in the region, and rural agricultural communities will be disproportionately affected by 14968 

climate change. 14969 

 Water quality is closely tied to water yield. Increased occurrence of wildfires and floods 14970 

will add sediment to rivers and reservoirs, affecting in-stream water quality and making water 14971 

treatment more expensive. Agriculture is currently the major source of impairment, leading to 14972 

loss in streamside vegetation, loss of aquatic habitat, increased water temperatures, and high 14973 

levels of fecal coliform. Climate change is expected to amplify these effects. 14974 
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 Wood products provide jobs in the region. Climate changes will lead to more wildfires 14975 

and insect outbreaks, but in general effects will be small. The largest effects on wood products are 14976 

likely to be from economic forces and policies. Timber production has been in steady decline, and 14977 

that trend is likely to continue. Timber is a major employer in some small towns that have already 14978 

seen an economic downturn, a trend that may continue as a function of economic factors at the 14979 

national to local levels. 14980 

 The Northern Rockies contain one of the largest oil fields in the United States. Near the 14981 

Bakken formation, about a third of regional income comes directly from oil and gas. Minerals 14982 

and mineral extraction are not likely to be affected by climate change, making mining and energy 14983 

development important economic drivers. The greatest effect on mineral and energy extraction is 14984 

likely to be how it connects to other ecosystem services, particularly water quality. Wildfires, 14985 

floods, and mudslides all put mineral extraction infrastructure in danger, which in turn increases 14986 

risk to watersheds.  14987 

 Climate change is expected to increase the potential of rangeland to provide forage for 14988 

livestock. Ranching and grazing, all else equal, may benefit from climate change. Major threats 14989 

to grazing are human induced, including loss of rural population, spread of nonnative grasses, and 14990 

fragmentation of rangelands.  14991 

 Viewsheds and air quality will be affected by increasing wildfires and longer pollen 14992 

seasons. A growing percentage of the region’s population will be in at-risk demographic groups 14993 

who will suffer respiratory and other medical problems on days with poor air quality. 14994 

 The ability to regulate soil erosion will be diminished by both agricultural expansion, 14995 

spread of invasive plants, and increased frequency of wildfire and floods. Increased capital 14996 

investments may be needed for water treatment plants if water quality degrades significantly. Best 14997 

practices in agriculture and construction of roads can mitigate some of these effects.  14998 
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 The ability of forests to sequester carbon may be affected by wildfires, insect outbreaks, 14999 

and plant disease, and carbon sequestration in the western part of the Northern Rockies, will be 15000 

affected by more frequent disturbance and stress. Managing forests for carbon sequestration is 15001 

likely to become more important in response to national climate policies.  15002 

 Disturbances such as wildfires, floods, and soil erosion place cultural and heritage 15003 

values at risk. Damage to cultural and historic sites are irreversible, making protection a key 15004 

management focus. Climate-induced changes in terrestrial habitats and human modification of 15005 

streamflow affect abundance of culturally plants and animals (especially native fish), affecting 15006 

the ability of Native American tribes to exercise their treaty rights. Effects on this ecosystem 15007 

service are amplified by social forces that include a growing regional population, vandalism, and 15008 

loss of traditional practices in a globalizing culture.   15009 
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Chapter 12: Effects of Climate Change on Cultural Resources 15341 

Carl M. Davis 15342 

 15343 

BACKGROUND AND CULTURAL CONTEXT IN THE NORTHERN ROCKIES 15344 

People have inhabited the Northern Rocky Mountains of the United States since the close of the 15345 

last Pleistocene glacial period, some 14,000 B.P. (Fagan 1990; Meltzer 2009). Across this region (15 15346 

national forests, 3 national parks; northern Idaho, Montana, northwest Wyoming, North Dakota, and 15347 

northern South Dakota), evidence of this distant and more recent human occupation is found 15348 

throughout all of the subregions within the Northern Rockies Adaptation Partnership area. Each of 15349 

these subregions, and the public and private lands they now encompass, contain thousands of years of 15350 

human history. 15351 

The Northern Rockies are the ancestral homeland or aboriginal territory of the Arikara, 15352 

Assiniboine, Bannock, Blackfeet, Chippewa-Cree, Coeur d’Alene, Crow, Hidatsa, Kiowa, Kutenai, 15353 

Mandan, Nez Perce, Northern Cheyenne, Pend d ’Oreille, Salish, Shoshone, Sioux and other Plains, 15354 

Intermountain, and Columbia Plateau American Indian tribes (DeMallie 2001; Schleiser 1994; 15355 

Walker 1988). Beginning in the 18th century, the region was explored and then settled by people of 15356 

French, British, Irish, Scottish, Chinese, German, Scandinavian and other ancestries (White 1993). 15357 

The region then, as today, was a diverse blend of cultural backgrounds and lifeways.  15358 

The archaeological and historical evidence of these past cultural groups, interactions, and 15359 

events—collectively called “cultural resources”—is extensive and varied across the Northern 15360 

Rockies. Cultural resources here include (1) ancient Indian camps and villages, rock art, tool stone 15361 

quarries, and travel routes, (2) historic military forts and battlefields, mining and logging ruins, and 15362 

homesteads, and (3) ranger stations, fire lookouts, and recreation sites built by the Civilian 15363 

Conservation Corps. Currently, some 20,000 cultural resources have been documented, which 15364 

represents a small fraction of what likely exist in the Northern Rockies. 15365 
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Protection of cultural resources has been formally recognized since 1906 when the Antiquities 15366 

Act was signed into law. This law requires federal land management agencies to preserve historic, 15367 

scientific, commemorative, and cultural values of archaeological and historic sites and structures of 15368 

public lands for present and future generations (NPS 2015a), and gives the President of the United 15369 

States authority to designate national monuments as a means to protect landmarks, structures, and 15370 

objects of historical or scientific significance. The importance of cultural resources has been 15371 

reaffirmed through the Historic Sites Act of 1935, the National Historic Preservation Act of 1966, the 15372 

Archaeological Resources Protection Act of 1979 and the Native American Graves Protection and 15373 

Repatriation Act of 1990. Although the focus of these laws differs, together they mandate the 15374 

protection and management of cultural resources in federal lands. The National Park Service has a 15375 

particularly strong emphasis on protection of cultural resources (box 12.1). 15376 

Beyond physical sites, structures, and artifacts associated with past human use or events, 15377 

protection of cultural resources involves the ongoing use of resources and associated activities 15378 

relevant to the continuation of specified extant cultures. Many cultural resources are currently 15379 

vulnerable to natural biophysical phenomena and human activities. Wildfire and biological processes 15380 

degrade and destroy cultural resources, particularly those made of wood or located in erosion-prone 15381 

environments. Vandalism, illegal artifact digging, arson, and other depreciative human behaviors also 15382 

damage cultural resources. Agency land management actions can affect cultural sites and landscapes, 15383 

and although federal land managers protect and mitigate adverse effects to cultural resources, the 15384 

enormity of this task often outstrips agency resources and capacity.  15385 

BROAD-SCALE CLIMATE CHANGE EFFECTS ON CULTURAL RESOURCES 15386 

This assessment of the potential effects of climate change on cultural resources in the Northern 15387 

Rockies is fairly general, because so little information has been generated on this topic, compared to 15388 

the effects of climate change on natural resources. A broad diversity of cultural resources and 15389 

locations where they are found make it difficult to infer the spatial extent and timing of specific 15390 

effects. Therefore, we have synthesized the relevant literature from diverse disciplines to cautiously 15391 
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project how an altered climate, both directly and indirectly (through increased disturbance) will create 15392 

conditions that modify the condition of and access to cultural resource sites and their contents.  15393 

Climate change has the potential to exacerbate and accelerate existing effects to cultural resources 15394 

(table 12.1). A warmer climate will alter the scale of wildfires across western North America 15395 

(Schoennagel et al. 2004; Westerling et al. 2006) (see chapter 8), thus having at least three general 15396 

effects on cultural resources. First, wildfires readily burn cultural resources made of wood and 15397 

combustible materials, such as ancient aboriginal wood shelters and game drives, or historic 15398 

homesteads, mining ruins, and buildings. Second, emergency wildfire suppression tactics, including 15399 

fireline construction using heavy equipment, affect both standing structures and archaeological sites 15400 

buried in forest soils. Third, post-wildfire flooding and debris flows threaten cultural resources 15401 

exposed atop fire-charred landforms and soils. Alternatively, fire can expose cultural sites that might 15402 

not have been otherwise visible (fig. 12.1). 15403 

Currently, federal agencies implement various actions to reduce the effects of wildfire on cultural 15404 

resources, such as encasing historic structures in fireproof wrap, routing of fireline away from sites, 15405 

and armoring cultural resources vulnerable to postfire flooding events. However, these actions are 15406 

often not commensurate with the scale of large wildfires or the ensuing cultural resource loss. Thus, 15407 

damage is expected to continue as climate change amplifies amount of area burned, if not severity, 15408 

across the Northern Rockies.  15409 

Seasonal aridity and prolonged drought accelerate soil deflation and erosion, and thus expose 15410 

archaeological sites once buried in plains and mountain soils. Wind and water roil across 15411 

archaeological sites, blowing or washing away ground cover, revealing ancient artifacts and features 15412 

such as cooking hearths and tool-making areas (fig. 12.2). This new ground exposure leaves artifacts 15413 

vulnerable to artifact collecting and illegal digging, effects that are intensified in areas where 15414 

livestock grazing, recreation, and mining occur and the ground is already impacted. For example, 15415 

livestock in grazing allotments typically converge around creeks and natural springs where ancient 15416 

hunter-gatherer archaeological sites are commonly located.  15417 
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Periods of dry climate and drought have occurred throughout the Holocene in the intermountain 15418 

West, with corresponding episodes of soil deflation, erosion, and down cutting (Meltzer 1990; 15419 

Ruddiman 2007). However, increasing temperatures outside of the Holocene norm (IPCC 2014; 15420 

Mayewski and White 2002) (see chapter 3) will create additional potential for cultural resource loss 15421 

through drought and erosion, particularly in drier areas such as southeastern Montana.  15422 

In addition, if winter precipitation increases (see chapter 3) and reduced snowpack leads to higher 15423 

winter streamflows (see chapter 4), archaeological and historic sites will be increasingly vulnerable to 15424 

flooding, debris flows, down cutting, and mass wasting of underlying landforms. This scenario is now 15425 

common in the aftermath of large-scale wildfires, especially in the dry mountain ranges of central and 15426 

eastern Montana (fig. 12.3). These severe events are likely to accelerate hydrological impacts to 15427 

cultural resources (National Research Council 2002).  15428 

Perennial, high-elevation snowfields contain ancient artifacts, the result of hunting and gathering 15429 

excursions to mountain environments (Lee 2012) (fig. 12.4). Melting ice caused by a warmer climate 15430 

poses a risk to previously ice-encased and well-preserved cultural resources. For example, melting ice 15431 

patches in the Beartooth Mountains of south-central Montana have yielded ancient bone, wood, and 15432 

fiber artifacts. Although melting ice patches provide research opportunities, the rapid rate of melting 15433 

ice may preclude timely inspection of by archaeologists, and newly exposed artifacts may decay or be 15434 

stolen without adequate archaeological documentation.  15435 

Climate change also affects larger cultural landscapes whose integrity is derived from both 15436 

cultural resources and environmental context (NPS 1994). Historical sites from the 1800s (e.g., Euro-15437 

American settlements, battlefields) are also valued historical resources, especially in some National 15438 

Park Service units. Major shifts in dominant vegetation could potentially affect the physical and 15439 

visual integrity of these landscapes (Melnick 2009). For example, whitebark pine (Pinus albicaulis) is 15440 

an important historical component of the Alice Creek-Lewis and Clark Pass cultural landscape on the 15441 

Continental Divide near Helena, Montana (fig. 12.5). Whitebark pine is currently in decline, because 15442 

warmer winter temperatures have accelerated the rate of mountain pine beetle outbreaks 15443 
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(Dendroctonus ponderosae) in addition to the effects of white pine blister rust (Cronartium ribicola), 15444 

a nonnative fungal pathogen (Tomback and Kendall 2001) (see chapter 8).  15445 

Cultural sites and landscapes are also recognized for their traditional importance to descendant 15446 

communities, particularly American Indian tribes in the intermountain West. Some traditional use 15447 

areas provide foods, medicinal and sacred plants, paints, and other resources, as well as ceremonial-15448 

religious places. Significant climate-induced effects in these landscapes, particularly altered 15449 

distribution and abundance of vegetation, may curtail and even sever the continuous cultural 15450 

connectivity and traditional use of these areas by indigenous peoples and local communities.  15451 

Climate change also poses risks to historic buildings and structures, including wildfire, flooding, 15452 

debris flow, and extreme weather events (fig. 12.6). In addition to these direct threats, period 15453 

furniture, interpretive media, and artifact collections inside historic (and non-historic) buildings may 15454 

likewise be affected by those events. More nuanced stressors include increased heat, moisture, 15455 

humidity, freeze-thaw events, insect infestation, and micro-organisms (mold), all of which accelerate 15456 

weathering, deterioration, corrosion, and decay of buildings, structures and ruins made of wood, 15457 

stone, and other organic materials (UNESCO 2007).  15458 

Finally, climate change may diminish the appeal of cultural sites and landscapes for public 15459 

visitation and interpretation. Extensive outbreaks of mountain pine beetle and other insects, which 15460 

have been facilitated by higher temperature, have turned some historic landscapes in southwestern 15461 

Montana from green to brown to gray (e.g., Logan and Powell 2001). In addition to visual impacts, 15462 

dead and dying forests present hazards to hikers, sightseers, and other forest users (see chapter 10). 15463 

Over time, altered ecological conditions in cultural landscapes of the Northern Rockies may reduce 15464 

their attractiveness and value for tourism, recreation and other purposes, thus affecting local 15465 

communities and economies (see chapters 10, 11).  15466 

Likelihood and Magnitude of Climate Change Effects 15467 

Climate change effects on cultural resources are likely to be highly variable across the Northern 15468 

Rockies by the end of the 21st century, depending on the particular stressor and geographic location. 15469 
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Wildfire is expected to create the highest risk for cultural resources and is expected to broadly, though 15470 

unevenly, affect cultural resources and on all national forests, national grasslands, and national parks, 15471 

including locations that have already burned since the 1990s.  15472 

The prospect of prolonged aridity and drought caused by projected temperature increase may be 15473 

partly offset if winter precipitation increases in the future (see chapter 3). Thus, it is difficult to 15474 

quantify the long-term effects of drought, floods, and extreme weather events on cultural resources. In 15475 

general, these natural processes, enhanced by climate change, are likely to pose a significant risk to 15476 

cultural resources. Resource loss will be greatest in those areas prone to major hydrological events, 15477 

such as at canyon mouths and in river bottoms where cultural sites are often concentrated. Cultural 15478 

sites located here are difficult to armor and protect in the face of significant flooding and debris 15479 

flows. Furthermore, artifact collectors may eventually target these areas because newly exposed 15480 

cultural materials are often strewn over a wide area in the aftermath of a flood or debris flow, 15481 

invoking the need for active law enforcement.  15482 

Other potential climate change-related effects on cultural resources will be more subtle and 15483 

moderate. Shifting or changing vegetation regimes are likely to affect the visual integrity of some 15484 

cultural landscapes. Climate change effects to historic buildings or structures will be both gradual and 15485 

cumulative (i.e., decay and degradation) and sudden and direct (i.e., structural collapse caused by 15486 

moisture and snow loading). Certain natural resources associated with traditional cultural landscapes, 15487 

which continue to be used by tribal peoples today, may be diminished or entirely disappear. However, 15488 

increased wildfire may increase the abundance of some culturally valuable species, such as 15489 

huckleberry (Vaccinium spp.) common camas (Camassia quamash), and nodding onion (Allium 15490 

cernuum). 15491 

Agency proposals and efforts to control, abate, or mitigate the projected effects of climate change 15492 

may also affect cultural resources. For example, in anticipation of significant flooding events in the 15493 

future, historical culverts and bridge abutments made of stone may be replaced with larger metal 15494 

ones. Although project design and mitigation measures would reduce many adverse effects to cultural 15495 
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resources, landscape restoration projects designed to increase resilience to climate stressors could 15496 

diminish the cultural resource base in some locations.  15497 

The effects of climate change on cultural resource tourism are difficult to estimate because this is 15498 

contingent on social and economic factors. Visiting historical sites is popular throughout the Northern 15499 

Rockies (Nickerson 2014), and tourism is an important economic contributor to many local 15500 

communities (see chapter 10). Hot, dry summer weather could reduce public interest in visiting 15501 

cultural resources, cultural landscapes, and interpretive sites located in federal lands, particularly in 15502 

areas recently affected by severe wildfires or floods. This potential effect on forest tourism could, in 15503 

turn, affect local communities to some extent.  15504 

ADAPTING TO THE EFFECTS OF CLIMATE CHANGE 15505 

Federal agencies in the Northern Rockies have the capacity to address some of the projected 15506 

effects of climate change on cultural resources. Fuels reduction around significant cultural resources 15507 

is already in place in some locations, thus reducing the intensity and severity of future wildfires. 15508 

Forest Service, U.S. Department of Agriculture heritage personnel are engaged in all aspects of 15509 

wildfire suppression and recovery, which facilitates protection of cultural resources threatened by 15510 

wildfires. However, fire vulnerability assessment and abatement programs for cultural resources may 15511 

need further emphasis to address a potential for more wildfires in the future.  15512 

Less progress has been made in completing vulnerability assessments or implementing protection 15513 

strategies for cultural resources located in areas prone to large-scale hydrological events, and the full 15514 

scope of this risk is unknown in the Northern Rockies. Hydrological events are unpredictable, and 15515 

protection measures such as stabilization and armoring are expensive. Viable protection measures 15516 

often require hydrological, engineering, and other resource expertise. Nonetheless, federal agencies 15517 

have a strong mandate to implement measures to protect cultural sites threatened by such natural 15518 

processes and emergency events.  15519 

Survey and evaluation in areas where cultural resources are concentrated or likely is ongoing, 15520 

although intermittent, in the Northern Rockies. It will be possible to locate and monitor cultural 15521 
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resources potentially only if these efforts are significantly expanded. High-elevation melting ice 15522 

patches are a particular priority, but surveys are critical in other locations where cultural resources are 15523 

likely to be affected by flooding and debris flows in mountain canyon and foothills areas. Correlating 15524 

areas where cultural resources are common with areas where flooding and ice melt are expected will 15525 

help to focus attention in landscapes at greatest risk. 15526 

Some climate-induced vegetation shifts in designated cultural landscapes could be partly 15527 

mitigated through silvicultural treatments and prescribed burning, although the effectiveness of 15528 

proposed treatments relative to the scope and scale of the cultural landscape is difficult to evaluate. 15529 

Careful monitoring and tracking of vegetation stability and change in cultural landscapes will become 15530 

increasingly important in future decades.  15531 

To date, the potential effects of climate change on the historic built environment in the Northern 15532 

Rockies has received relatively little attention. However, a variety of actions may eventually be 15533 

necessary to abate or mitigate the projected effects of climate change on historic buildings and 15534 

structures. Vulnerability assessments by qualified experts are necessary precursors to initiating any 15535 

remediation work such as stabilization, armoring, and other interventions. In this context, historic 15536 

preservation teams, volunteers, and partners will be important contributors to climate-related 15537 

preservation work in the future. 15538 

LITERATURE CITED 15539 

DeMallie, R.J., ed. 2001. Handbook of North American Indians: plains, volume 13. Sturtevant, W.C., 15540 
general ed. Washington, DC: Smithsonian Institution.  15541 
 15542 
Fagan, B.M. 1990. The journey from Eden: the peopling of our world. London, United Kingdom: 15543 
Thames & Hudson. 15544 
 15545 
Imbrie, J.; Palmer Imbrie, K. 1979. Ice ages: solving the mystery, Cambridge, MA: Harvard 15546 
University Press. 15547 
 15548 
Intergovernmental Panel on Climate Change [IPCC]. 2007. The physical science basis. Contribution 15549 
of Working Group I to the Fourth Assessment Report of the Intergovernmental Panel on Climate 15550 
Change. Solomon, S.; Qin, D.; Manning, M. [et al.], eds. Cambridge, United Kingdom and New 15551 
York: Cambridge University Press. 996 p. 15552 
 15553 

DRAFT



Halofsky et al. Chapter 12 

 
 

511 

Lee, C. M. 2012. Withering snow and ice in the mid-latitudes: a new archaeological and 15554 
paleobiological record for the Rocky Mountain region. Arctic. 65: 165–177.  15555 
 15556 
Logan, J.; Powell, J. 2001. Ghost forests, global warming, and the mountain pine beetle (Coleoptera : 15557 
Scolytidae). American Entomologist. 47: 160–173. 15558 
 15559 
Mayewski, P.A.; White, F. 2002. The ice chronicles: the quest to understand global climate change. 15560 
Hanover, NH: University of New Hampshire Press. 15561 
 15562 
Melnick, R.Z. 2009. Climate change and landscape preservation: a twenty-first century conundrum. 15563 
APT Bulletin: Journal of Preservation Technology. 40: 3–4, 34–43. 15564 
 15565 
Meltzer, D.J. 1990. Human responses to Middle Holocene (Altithermal) climates on the North 15566 
American Great Plains. Quaternary Research. 52: 404–416. 15567 
 15568 
Meltzer, D.J. 2009. First peoples in a new world: colonizing Ice Age America. Berkeley, CA: 15569 
University of California Press.  15570 
 15571 
National Park Service [NPS]. 1994. Protecting cultural landscapes: planning, treatment and 15572 
management of historic landscapes. Preservation Brief 36. Washington, DC: U.S Department of the 15573 
Interior, National Park Service.  15574 
 15575 
National Park Service [NPS]. 2011a. Climate change at Big Hole National Battlefield. Upper 15576 
Columbia Basin Network Resource Brief. 15577 
http://www.nps.gov/biho/learn/nature/upload/UCBN_Clim_BIHO_ResBrief_20110114.pdf 15578 
[Accessed December 12, 2015]. 15579 
 15580 
National Park Service [NPS]. 2011b. Cultural resources, partnerships and science directorate. 15581 
http://www.nps.gov/history/tribes/aboutus.htm [Accessed November 30, 2015]. 15582 
 15583 
National Park Service [NPS]. 2015a. Archaeology program–Antiquities Act 1906-2006. 15584 
http://www.nps.gov/archeology/sites/antiquities/about.htm [Accessed December 1, 2015]. 15585 
 15586 
National Park Service [NPS]. 2015b. Glacier National Park: What are cultural resources? 15587 
http://gnpculturalresourceguide.info/files/resources/What%20Are%20Cultural%20ResourcesFinal.pd15588 
f [Accessed December 1, 2015]. 15589 
 15590 
National Research Council. 2002. Abrupt climate change: inevitable surprises. Washington, DC: 15591 
National Academy Press, Committee on Abrupt Climate Change.  15592 
 15593 
Nickerson, N.P. 2014. Travel and recreation in Montana: 2013 review and 2014 outlook. Missoula, 15594 
MT: University of Montana. College of Forestry and Conservation, Institute for Tourism and 15595 
Recreation Research.  15596 
 15597 
Rockman, M. 2014. A national strategic vision for climate change and archaeology. National Park 15598 
Service archaeology webinar, 15 January, 2014. Washington, DC: National Park Service.  15599 
 15600 
Ruddiman, W.F. 2007. Earth’s climate: past and future, New York, NY: W.H. Freeman.  15601 
 15602 

DRAFT



Halofsky et al. Chapter 12 

 
 

512 

Shafer, M.; Ojima, D.; Antle, J.M. [et al.]. 2014. Great Plains. In: Melillo, J.M.; Richmond, T.C.; 15603 
Yohe, G.W., eds. Climate change impacts in the United States: the third National Climate 15604 
Assessment. Washington, DC: U.S. Global Change Research Program: 441–461. 15605 
 15606 
Schoennagel, T.; Verblen, T.T.; Romme, W.H. 2004. The interaction of fire, fuels, and climate across 15607 
Rocky Mountain forests. BioScience. 54: 661–676.  15608 
 15609 
Schleiser, K.H. 1994. Plains Indians, A.D. 500-1500: the archaeological past of historic groups. 15610 
Norman, OK: University of Oklahoma Press. 15611 
 15612 
Tomback, D.F.; Kendall, K.C. 2001. Whitebark pine communities: ecology and restoration. In: 15613 
Tomback, D.F.; Arno, S.F.; Keane, R.E., eds. Washington, DC: Island Press: 243-262. 15614 
 15615 
United Nations Educational, Scientific, and Cultural Organization, [UNESCO]. 2007. Climate change 15616 
and world heritage: report on predicting and managing the impacts of climate change on world 15617 
heritage and strategy to assist states parties to implement appropriate management responses. World 15618 
Heritage Report 22. Paris, France: United Nations Educational, Scientific, and Cultural Organization, 15619 
World Heritage Centre. 15620 
 15621 
Walker, D.E., Jr., ed. 1988. Handbook of North American Indians: Plains, volume 12. Sturtevant, 15622 
W.C., general ed. Washington, DC: Smithsonian Institution.  15623 
 15624 
Westerling, A.L., Hidalgo, H.G.; Cayan, D.R.; Swetnam, T.W. 2006. Warming and earlier spring 15625 
increase western U.S. forest wildfire activity. Science. 313: 940–943. 15626 
 15627 
White, R. 1993. It's your misfortune and none of my own: a new history of the American West. 15628 
Norman, OK: University of Oklahoma Press.  15629 
  15630 

DRAFT



Halofsky et al. Chapter 13 

 
 

513 

Chapter 13: Conclusions 15631 

S. Karen Dante-Wood and Linh Hoang 15632 

 15633 

The Northern Rockies Adaptation Partnership (NRAP) provided significant contributions to assist 15634 

climate change response in national forests and national parks of the region. The effort synthesized the 15635 

best available scientific information to assess climate change vulnerability, develop adaptation options, 15636 

and catalyze a collaboration of land management agencies and stakeholders seeking to address climate 15637 

change in the Northern Rockies. The vulnerability assessment and corresponding adaptation options 15638 

provided information to support national forests and national parks in implementing respective agency 15639 

climate change strategies described in the National Roadmap for Responding to Climate Change (USDA 15640 

FS 2010), Climate Change Performance Scorecard (USDA FS 2012) (see chapter 1), and National Park 15641 

Service Climate Change Response Strategy (USDI NPS 2010). The NRAP process allowed all forests in 15642 

the USFS Northern Region to respond with “yes” to scorecard questions in the organizational capacity, 15643 

engagement, and adaptation dimensions. Also, the NRAP process enabled participating national parks to 15644 

make progress towards implementing several components (communication, science, and adaptation goals) 15645 

of the National Park Service (NPS) Climate Change Response Strategy (USDI NPS 2010).  15646 

RELEVANCE TO AGENCY CLIMATE CHANGE RESPONSE STRATEGIES 15647 

In this section, we summarize the relevance of the NRAP process to the climate change strategy of 15648 

federal agencies and the accomplishments of participating national forests, national grasslands and 15649 

national parks. Information presented in this report is also relevant for other land management agencies 15650 

and stakeholders in the Northern Rockies. This process can be replicated and implemented by any 15651 

organization, and the adaptation options are applicable in the Northern Rockies and beyond. Like 15652 

previous adaptation efforts (e.g., Halofsky et al. 2011; Raymond et al. 2014), a science-management 15653 

partnership was critical to the success of the NRAP. For others interested in emulating this approach, we 15654 
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encourage them to pursue this type of partnership as the foundation for increasing climate change 15655 

awareness, assessing vulnerability, and developing adaptation plans.  15656 

Communication, Education, and Organizational Capacity 15657 

Organizational capacity to address climate change, as outlined in the Forest Service, U.S. Department 15658 

of Agriculture (USFS) Climate Change Performance Scorecard requires building institutional capacity in 15659 

management units through training and education for employees. Training and education were built into 15660 

the NRAP process through workshops and webinars that provided information about the effects of climate 15661 

change on water resources, fisheries, forested vegetation, non-forested vegetation, disturbance, wildlife, 15662 

recreation, ecosystem services, and cultural resources). The workshops introduced climate tools and 15663 

processes for assessing vulnerability and planning for adaptation.  15664 

The NPS Climate Change Response Strategy challenges NPS staff to increase climate change 15665 

knowledge among employees and to communicate this information to the public, in addition to the 15666 

actions taken by the agency to respond to climate change. Although communication about climate change 15667 

with the public was beyond the scope of the NRAP, knowledge generated through this process can be 15668 

used for outreach and interpretive materials.  15669 

Partnerships and Engagement 15670 

The NRAP science-management partnership and process were as important as the products that were 15671 

developed, because these partnerships are the cornerstone for successful agency responses to climate 15672 

change. We built a partnership that included several federal agencies as well as other organizations (e.g., 15673 

EcoAdapt, Headwater Economics) and universities (Oregon State University, University of Washington).  15674 

Elements 4 and 5 of the USFS Climate Change Performance Scorecard require units to engage with 15675 

scientists and scientific organizations to respond to climate change (element 4) and work with partners at 15676 

various scales across all boundaries (element 5). Similarly, the NPS Climate Change Response Strategy 15677 

emphasizes the importance of collaboration and building relationships, in addition to products that 15678 

support decision-making and a shared vision. The NRAP process therefore allowed both agencies to 15679 

achieve unit-level compliance in their agency-specific climate responses.  15680 
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The NRAP process encouraged collaboration between Forest Service, U.S. Department of Agriculture 15681 

(USFS) and NPS, supporting a foundation for a coordinated regional response to climate change. By 15682 

working with partners (federal and non-governmental), we increased our capability to respond to climate 15683 

change. Responding to such a challenge requires using an all lands approach, which this partnership 15684 

fostered.  15685 

Assessing Vulnerability and Adaptation 15686 

Elements 6 and 7 of the USFS Climate Change Performance Scorecard require units to assess the 15687 

expected effects of climate change and which resources as a result will be most vulnerable, and identify 15688 

management strategies to improve the adaptive capacity of the national forest lands. The NRAP 15689 

vulnerability assessment used the best available science to identify sensitivity and vulnerability of 15690 

multiple resources in the Northern Rockies (table 13.1). Adaptation options were then developed for each 15691 

of the resource areas that can be incorporated into resource specific programs and plans.  15692 

The science-management dialogue identified management practices that are useful for increasing 15693 

resilience and reducing stressors and threats. Although implementing all options developed in the NRAP 15694 

process may not be feasible, resource managers can still draw from the menu of options as needed. Some 15695 

adaptation strategies and tactics can be implemented on the ground now, whereas others may require 15696 

changes in policies and practices or can be implemented when management plans are revised or as threats 15697 

become more apparent.  15698 

The NRAP process used many of the principles and goals for assessing vulnerability and planning for 15699 

adaptation, as identified in the NPS Climate Change Response Strategy, which calls for units to 15700 

implement adaptation in all levels of planning to promote ecosystem resilience and enhance restoration, 15701 

conservation, and preservation of resources (USDI NPS 2010). It specifically requires developing and 15702 

implementing adaptation to increase the sustainability of facilities and infrastructure, and preserve 15703 

cultural resources.  15704 

Science and Monitoring 15705 
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Monitoring is addressed in Element 8 of the USFS Climate Change Performance Scorecard and in the 15706 

NPS Climate Change Response Strategy. Where applicable, the NRAP products identified information 15707 

gaps or uncertainties important to understanding climate change vulnerabilities to resources and 15708 

management influences on vulnerabilities. These identified information gaps could drive where important 15709 

monitoring and research would decrease uncertainties inherent to management decisions. In addition, 15710 

current monitoring programs that provide information for detecting climate change effects, and new 15711 

indicators, species and ecosystems that require additional monitoring, were identified for some resource 15712 

chapters. Working across multiple jurisdictions and boundaries will allow NRAP participants to increase 15713 

collaborative monitoring and research of climate change effects and effectiveness of implementing 15714 

adaptation strategies and tactics that increase resilience or reduce stressors and threats.  15715 

Throughout the NRAP process, the best available science was used to understand projected changes 15716 

in climate and effects on natural resources. This science can be incorporated into large landscape 15717 

assessments such as forest/grassland planning assessments, environmental analysis for National 15718 

Environmental Policy Act (NEPA) projects, or project design and mitigations.  15719 

NEXT STEPS 15720 

The NRAP built on previous science-management partnerships by creating an inclusive forum for 15721 

local and regional stakeholders to address issues related to climate change vulnerability and adaptation. 15722 

Although this partnership was conducted at the regional scale, more work is needed to truly achieve an 15723 

“all lands” approach to adaptation. The federal agencies involved have different missions and goals, and 15724 

are at different stages in integrating climate change in resource management and planning. Although the 15725 

differences allowed agencies to share approaches and experiences, it presented challenges in terms of 15726 

creating a collaborative adaptation plan.  15727 

In the future, it may be valuable to develop partnerships around specific resource issues and 15728 

implement adaptation options accordingly. Similarly, working at sub-regional scales would enable the 15729 

assessment to target specific management concerns. Finally, engaging managers early through a query 15730 
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regarding priority information needs to support adaptation planning would help to generate “buy in” and 15731 

ensure that products target important management needs.  15732 

The goal of this vulnerability assessment was to cover a range of natural resources that are critical to 15733 

the region. By exploring several resources in detail, participants identified species and ecosystems that are 15734 

sensitive to climate change. More detailed quantitative and spatially-explicit vulnerability assessments 15735 

would improve the scientific basis for detecting the effects of climate change and developing site-specific 15736 

management responses and plans. It would also allow resource managers to prioritize locations for 15737 

implementation. The vulnerability assessment could also be expanded to include other systems and issues 15738 

such as social and economic effects.  15739 

Implementing Adaptation Strategies and Tactics 15740 

Implementing adaptation strategies and tactics is the most challenging next step. This will gradually 15741 

occur with time, changes in policies, plan and program revisions, and major disturbances or extreme 15742 

weather events. As previously noted, collaboration among landowners and management agencies will 15743 

produce more successful adaptation outcomes than operating independently.  15744 

With the formation of the science-management partnership, two products were produced through the 15745 

NRAP partnership: the vulnerability assessment and the adaptation strategies and tactics. Prior to 15746 

applying any of the adaptation strategies or tactics, land managers require a process to consider which 15747 

actions are most important and the locations that are most important to implement those actions. 15748 

Landscape management strategies provide context for decision making in which managers can be 15749 

transparent in decisions to apply any given strategy or tactic. Determinations of which adaptation options 15750 

are most appropriate must consider the condition and context of the resource, social and ecological 15751 

values, time scales for management, and feasible goals for treatment given changing climate (Peterson et 15752 

al. 2011). Depending on the context and conditions, landscape management strategies can have various 15753 

objectives, such as increasing resilience, resisting climate influences, facilitating transitions, or 15754 

realigning/restoring systems to be more resilient (Peterson et al. 2011).  15755 
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Developing critical questions based on the vulnerability assessment, other factors important for 15756 

resources, and site-specific ecological and social situations in the context of larger landscapes would 15757 

assist land managers in making reasoned and transparent decisions in applying adaptation strategies and 15758 

tactics. Workshops with large and small planning teams to develop resource specific critical questions and 15759 

their response to those questions could result in the development of broadly applicable management 15760 

strategies (see fig. 13.1 for general framework and fig. 13.2 for example). A process similar to the 15761 

Climate Project Screening Tool (Morelli et al. 2012) could be adapted to landscape management.  15762 

In many cases, similar adaptation options were identified for more than one resource sector, 15763 

suggesting a need to integrate adaptation planning across multiple disciplines. Adaptation options that 15764 

yield benefits to more than one resource are likely to have the greatest benefit (Halofsky et al. 2011; 15765 

Peterson et al. 2011; Raymond et al. 2014). However, some adaptation options involve tradeoffs and 15766 

uncertainties that need further exploration. Assembling an interdisciplinary team to tackle this issue will 15767 

be critical for assessing risks and developing risk management options.  15768 

Applications 15769 

The climate change vulnerability assessment and adaptation approach developed by the NRAP can be 15770 

used by the USFS, NPS, and other organizations in many ways (fig. 13.3, table 13.2). From the 15771 

perspective of federal land management, this information can integrate within the following aspects of 15772 

agency operations: 15773 

 Landscape management assessments/planning: The vulnerability assessment provides 15774 

information on departure from desired conditions and best science on effects of climate change on 15775 

resources for inclusion in planning assessments. The adaptation strategies and tactics provide 15776 

desired forest/grassland conditions, objectives, standards, and guidelines for land management 15777 

plans and general management assessments. 15778 

 Resource management strategies: The vulnerability assessment and adaptation strategies 15779 

and tactics can be used to incorporate NRAP best science into conservation strategies, fire 15780 

management plans, infrastructure planning, and State Wildlife Action Plans.  15781 
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 Project NEPA analysis: The vulnerability assessment provides best available science for 15782 

documentation of resource conditions, effects analysis, and alternatives development. Adaptation 15783 

strategies and tactics provide mitigation and design tactics at specific locations. 15784 

 Monitoring plans: The vulnerability assessment can help identify knowledge gaps that 15785 

can be addressed by monitoring in broad-scale strategies, plan-level programs, and project-level 15786 

data collection. 15787 

We are optimistic that climate change awareness, climate-smart management and planning, and 15788 

implementation of adaptation in the Northern Rockies will continue to evolve. We anticipate that by the 15789 

end of the decade: 15790 

 Climate change will become an integral component of business operations. 15791 

 The effects of climate change will be continually assessed on natural and human systems.  15792 

 Monitoring activities will include indicators to detect the effects of climate change on 15793 

species and ecosystems.  15794 

 Agency planning processes will provide opportunities to manage across boundaries.  15795 

 Restoration activities will be implemented in the context of the influence of a changing 15796 

climate.  15797 

 Management of carbon will be included in adaptation planning. 15798 

 Institutional capacity to manage for climate change will increase within federal agencies 15799 

and local stakeholders.  15800 

 Managers will implement climate-informed practices in long-term planning and 15801 

management.  15802 

This assessment provides the foundation for implementing adaptation options that help reduce the 15803 

negative effects of climate change and transition resources to a warmer climate. We hope that building on 15804 

existing partnerships, the assessment will foster collaborative climate change adaptation in resource 15805 

management and planning throughout the Northern Rockies.  15806 
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Table 1.1—U.S. Forest Service policies related to climate change.  

Policy Description 

Forest Service Strategic 
Framework for 
Responding to Climate 
Change 

(USDA FS 2008) 

Developed in 2008, the Strategic Framework is based on seven strategic goals in three 
broad categories: foundational, structural, and action. The seven goals are science, 
education, policy, alliances, adaptation, mitigation, and sustainable operations. Like the 
challenges themselves, the goals are interconnected; actions that achieve one goal 
tend to help meet other goals. The key is to coordinate approaches to each goal as 
complementary parts of a coherent response to climate change. All seven goals are 
ultimately designed to achieve the same end (the USFS mission): to ensure that 
Americans continue to benefit from ecosystem services from national forests and 
grasslands.  

USDA 2010-2015 
Strategic Plan 

(USDA FS 2010d) 
 

In June 2010, the U.S. Department of Agriculture released the Strategic Plan that 
guides its agencies toward achieving several goals including Strategic Goal 2—Ensure 
our national forests and private working lands are conserved, restored, and made more 
resilient to climate change, while enhancing our water resources. This goal has several 
objectives. Objective 2.2 is to lead efforts to mitigate and adapt to climate change. The 
performance measures under this objective seek to reduce greenhouse gas emissions 
by the U.S. agricultural sector, increase the amount of carbon sequestered on U.S. 
lands, and bring all national forests into compliance with a climate change adaptation 
and mitigation strategy. The USFS response to this goal includes the National 
Roadmap for Responding to Climate Change and Performance Scorecard. 

National Roadmap for 
Responding to Climate 
Change 

(USDA FS 2010c) 

Developed in 2011, the Roadmap integrates land management, outreach, and 
sustainable operations accounting. It focuses on three kinds of activities: assessing 
current risks, vulnerabilities, policies, and gaps in knowledge; engaging partners in 
seeking solutions and learning from as well as educating the public and employees on 
climate change issues; and managing for resilience in ecosystems and human 
communities through adaptation, mitigation, and sustainable consumption strategies. 

Climate Change 
Performance Scorecard 

(USDA FS 2010a) 
 

To implement the Roadmap, starting in 2011, each national forest and grassland began 
using a 10-point scorecard to report accomplishments and plans for improvement on 10 
questions in four dimensions: organizational capacity, engagement, adaptation, and 
mitigation. By 2015, each is expected to answer “yes” to at least seven of the scorecard 
questions, with at least one “yes” in each dimension. The goal is to create a balanced 
approach to climate change that includes managing forests and grasslands to adapt to 
changing conditions, mitigating climate change, building partnerships across 
boundaries, and preparing employees to understand and apply emerging science. 

2012 Planning Rule 

(USDA FS 2012) 
 

The 2012 Planning Rule is based on a planning framework that will facilitate adaptation 
to changing conditions and improvement in management based on new information 
and monitoring. There are specific requirements for addressing climate change in each 
phase of the planning framework, including in the assessment and monitoring phases, 
and in developing, revising, or amending plans. The 2012 Planning Rule emphasizes 
restoring the function, structure, composition, and connectivity of ecosystems and 
watersheds to adapt to the effects of a changing climate and other ecosystem drivers 
and stressors, such as wildfire and insect outbreaks. A baseline assessment of carbon 
stocks required in assessment and monitoring will check for measureable changes in 
the plan area related to climate change and other stressors.Requirements of the 
Roadmap and Scorecard and requirements of the 2012 Planning Rule are mutually 
supportive and provide a framework for responding to changing conditions over time. 
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Table 1.2—National Park Service policies related to climate change.  
 

Policy Description 

National Park Service 
Climate Change 
Response Strategy 

(NPS 2010) 

Developed in 2010, the Climate Change Response Strategy is designed to guide 
management actions and collaboration, from the national to park levels, to 
address the effects of climate change. The Response Strategy is based on four 
components: science, mitigation, adaptation, and communication. These 
components provide a framework for consistent, legal, and appropriate 
management decisions. The Response Strategy calls for a scientific approach to 
updating interpretations of previous policy and mandates in order to uphold the 
mission of the NPS in the face of new conditions created by climate change. 

A Call to Action: 
Preparing for a Second 
Century of Stewardship 
and Engagement 

(NPS 2011) 

The Call to Action outlines themes and goals for the second century of 
stewardship and engagement of the NPS. The plan provides actions for the 
achievement of each goal before the NPS centennial in 2016. Under the theme 
of preserving America’s special places, the plan sets the goal for management of 
resources to increase resilience to climate change stressors. Specific actions 
include revised management objectives, increases in sustainability, and changes 
in investments. 

Green Parks Plan 

(NPS 2012b) 

 

The Green Parks Plan (GPP) outlines how the NPS will achieve the commitment 
set in A Call to Action, to “Go Green.” An overarching vision and strategy for 
sustainable management in the future, the GPP is based on nine strategic goals 
that focus on the effects of park operations on the environment and human 
welfare. The goals are to continually improve environmental performance; be 
climate friendly and climate ready; be energy smart; be water wise; develop a 
green NPS transportation system, buy green and reduce, reuse, and recycle; 
preserve outdoor values; adopt best practices; and foster sustainability beyond 
NPS boundaries. 

Revisiting Leopold: 
Resource Stewardship 
in the National Parks 

(NPS 2012c) 

 

In August 2012, the NPS released the Revisiting Leopold, intended as a updated 
interpretation of the guiding document The Leopold Report (Leopold et al. 1963). 
Members of the current NPS Science Committee were tasked with revisiting 
three questions: (1) What should be the goals of resource management in the 
National Parks? (2) Which policies for resource management are necessary to 
achieve these goals? (3) Which actions are required to implement these policies? 
The interpretation presents general principles and guidance for the enlarged 
scope of all natural and cultural resources of the NPS. The committee stresses 
that the NPS needs to act quickly on structural changes and long-term 
investments in management in order to preserve resources through the 
uncertainties of environmental change.  

Climate Change Action 
Plan 2012—2014 

(NPS 2012a) 

The 2012 Climate Change Action Plan builds on the 2010 NPS Climate Change 
Response Strategy to communicate how the NPS can respond to climate change 
at different geographic scales. The plan outlines parameters for introducing 
science, adaptation, mitigation, and communication actions to address climate 
change. The plan also identifies high-priority actions for addressing climate 
change in NPS operations, and describes how to anticipate and prepare for 
future changes. 
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Table 3.1—CMIP5 climate projections for RCP 4.5 and RCP 8.5 scenarios were obtained for these 
models using the Downscaled CMIP3 and CMIP5 Climate and Hydrology Projections” archive at: 
http://gdo-dcp.ucllnl.org/downscaled_cmip_projections. The first model run was selected for this 
analysis. 

Institution Climate model RCP 4.5 RCP 8.5
Commonwealth Scientific and Industrial Research Organization 
and Bureau of Meteorology, Australia 

ACCESS1-0 X X 
ACCESS1-3 X X 

Beijing Climate Center, China Meteorological Administration bcc-csm1-1 X X 
Beijing Climate Center, China Meteorological Administration bcc-csm1-1-m X X 
Canadian Centre for Climate Modelling and Analysis CanESM2 X X 
National Center for Atmospheric Research CCSM4 X X 
Community Earth System Model Contributors 
 

CESM1-BGC X X 
CESM1-CAM5 X X 

Centro Euro-Mediterraneo per I Cambiamenti Climatici CMCC-CM X X 
Centre National de Recherches Météorologiques/ Centre Européen 
de Recherche et Formation Avancée en Calcul Scientifique 

CNRM-CM5 X X 

Commonwealth Scientific and Industrial Research Organization, 
Queensland Climate Change Centre of Excellence 

CSIRO-Mk3-6-0 X X 

 EC-EARTH consortium EC-EARTH X X 
Laboratory of Numerical Modeling for Atmospheric Sciences and 
Geophysical Fluid Dynamics, Institute of Atmospheric Physics, 
Chinese Academy of Sciences, and Center for Earth System 
Science, Tsinghua University 

FGOALS-g2 X X 

Laboratory of Numerical Modeling for Atmospheric Sciences and 
Geophysical Fluid Dynamics, Institute of Atmospheric Physics, 
Chinese Academy of Sciences, and Center for Earth System 
Science, Tsinghua University 

FGOALS-s2 X X 

The First Institute of Oceanography, State Oceanic Administration, 
China 

FIO-ESM  X X 

NOAA Geophysical Fluid Dynamics Laboratory GFDL-CM3 X X 
GFDL-ESM2G X X 
GFDL-ESM2M X X 

NASA Goddard Institute for Space Studies GISS-E2-H-CC X  
GISS-E2-R X X 
GISS-E2-R-CC X  

Met Office Hadley Centre (additional HadGEM2-ES realizations 
contributed by Instituto Nacional de Pesquisas Espaciais) 

HADGEM2-AO X X 

Met Office Hadley Centre (additional HadGEM2-ES realizations 
contributed by Instituto Nacional de Pesquisas Espaciais) 

HADGEM2-CC X X 

Met Office Hadley Centre (additional HadGEM2-ES realizations 
contributed by Instituto Nacional de Pesquisas Espaciais) 

HADGEM2-ES X X 

Institute for Numerical Mathematics INM-CM4 X X 
Institut Pierre-Simon Laplace IPSL-CM5A-LR X X 

IPSL-CM5A-MR X X 
IPSL-CM5B-LR X X 

Japan Agency for Marine-Earth Science and Technology, 
Atmosphere and Ocean Research Institute (The University of 
Tokyo), and National Institute for Environmental Studies 

MIROC-ESM X X 
MIROC-ESM-CHEM X X 

Atmosphere and Ocean Research Institute (The 
University of Tokyo), National Institute for Environmental Studies, 
and Japan Agency for Marine-Earth Science and Technology 

MIROC5 X X 

Max Planck Institute for Meteorology (MPI-M) MPI-ESM-LR X X 
Max Planck Institute for Meteorology (MPI-M) MPI-ESM-MR X X 
Meteorological Research Institute MRI-CGCM3 X X 
Norwegian Climate Centre NorESM1-M X X 
Norwegian Climate Centre MorESM1-ME X X 
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Table 3.2—The CMIP3 models used by Littell et al. (2011). Two individual models were chosen as 
bracketing members: pcm1 and miroc_3.2, as well as an ensemble of 10 models from the AlB 
emission scenario (Nakićenović et al. 2000). 

Model or ensemble Reason for selection
Pcm1 Wetter summers: +10% by 2040s, +4% by 2080s; less 

temperature increase: +2.9 oF by 2040s, +5.2 oF by 2080s 
Miroc_3.2 Drier summers: -12% by 2040s, -28% by 2080s; more 

temperature increase: +5.6 oF by 2040s, +10.4 oF by 2080s. 
Ensemble A1B (comprised of models: bccr, 
cnrm_cm3, csiro_3_5, echam5, echo_g, 
hadcm, hadgem1, miroc_3.2, miroc3_2_hi, 
pcm1) 

The suite of models reflects those models that best 
represented the historical Pacific Northwest climate. 
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Table 4.1—Adaptation options that address climate change effects on water resources in the Northern Rockies. 

Sensitivity to climatic variability and change: 
Increased flooding will increase damage to roads and infrastructure. 
 
Adaption Strategy / Approach:  
Identify and proactively decrease vulnerability of infrastructure to flooding. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Increase resilience of stream resources 
by identifying and restoring degraded 
riparian areas to reduce flooding and 
increase natural storage; add large 
woody debris, improve floodplain 
connectivity, increase riparian 
roughness, restore beavers. 

Conduct a basin-wide risk assessment 
of hydrologic interactions with roads 
and other infrastructure where 
vulnerability of infrastructure is highest. 

Increase resilience of infrastructure: 
culvert sizing, hardened fords, road 
drainage, etc.; remove or relocate 
infrastructure (e.g., roads, 
campgrounds).  
 

Where can tactics be 
applied? 

All lands Federal and private lands Mostly federal lands 

 
Sensitivity to climatic variability and change: 
Increased occurrence of disturbances such as drought and flooding will reduce water quality. 

Adaption Strategy / Approach:  
Build an information base for a timely response to disturbance, thus ensuring that data are available to inform decision making. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C 
Tactic 
 
 

Prioritize data collection based on 
projections of future drought. 

Collect pre-disturbance data on stream 
and riparian conditions, including high-
quality values and habitat in need of 
protection. 
 

Develop a clearinghouse for available 
funding and programs related to fire 
and other disturbances. 

Where can tactics be 
applied? 

Mostly federal lands Mostly federal lands Mostly federal lands 
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Table 4.1 (cont.)—Adaptation options that address climate change effects on water resources in the Northern Rockies. 

Sensitivity to climatic variability and change: 
Reduced base flows will cause smaller riparian habitats and morphological changes, affecting groundwater, storage, and shallow alluvial aquifers. 

Adaption Strategy / Approach:  
Increase knowledge about the groundwater resource. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Map aquifers and alluvial deposits Determine legal availability and better 
understanding of physical availability of 
water for aquifer recharge 

Improve monitoring of streamflow and 
groundwater to improve 
understanding of surface water-
groundwater interactions; obtain real-
time data  
 

Where can tactics be 
applied? 
 

All lands All lands All lands 

Sensitivity to climatic variability and change: 
Reduced base flows will cause smaller riparian habitats and morphological changes, affecting groundwater, storage, and shallow alluvial aquifers. 

Adaption Strategy / Approach: 
Increase natural storage and build storage. 
  
 Specific Tactic – A Specific Tactic – B Specific Tactic – C 
Tactic 
 
 

Increase natural water storage 
(mirroring natural processes) with 
constructed wetlands, beavers, and 
road obliteration. 
 

Promote distributed small-scale water 
storage in small dams, retention ponds, 
and swales in stream channels and 
uplands.  

Improve streamflow and groundwater 
monitoring to improve understanding 
of surface water-groundwater 
interactions and obtain real-time data. 

Where can tactics be 
applied? 
 

Multiple land ownerships Agricultural lands, headwaters without 
native fish species 

All lands 
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Table 4.1 (cont.)—Adaptation options that address climate change effects on water resources in the Northern Rockies. 

Sensitivity to climatic variability and change: 
Reduced snowpack will reduce the quantity and quality of municipal water supplies. 
 
Adaption Strategy / Approach: 
Reduce erosion potential to protect municipal water supplies; prioritize municipal systems for protection. 
  
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Reduce hazardous fuels. Reduce disturbances (off-road vehicles, 
grazing, etc.). 

Use road management practices that 
reduce erosion. 

Where can tactics be 
applied? 
 

High-value locations High value-locations on public and 
private lands 

High value locations on public lands 

Sensitivity to climatic variability and change: 
Higher temperatures and decreased snowpack will reduce water availability. 

Adaption Strategy / Approach: 
Reduce water use and increase efficiency, demonstrate leadership in water efficiency, and create outreach opportunities. 
  
 Specific Tactic – A Specific Tactic – B Specific Tactic – C 
Tactic 
 
 

Communicate water saving tactics and 
benefits. 
 

Research successful water saving 
tactics and apply tactics where 
appropriate. 

Install low -low appliances at 
administrative sites; replace 
landscaping with drought tolerant plants. 
 

Where can tactics be 
applied? 
 

All lands, where appropriate All lands, including administrative 
locations (campgrounds, visitor centers, 
etc.) 

All lands, including administrative 
locations (campgrounds, visitor centers, 
etc.); use Internet, press releases, 
interpretive signing, etc.  
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Table 5.1—Projected changes in mean August air temperature, stream temperature, and 
streamflow for major river basins in the Northern Rockies. 

 2040s (2030–2059) 2080s (2070–2099) 

NorWeST unita 

Air 
temperatureb 

change 
Streamflowb,c 

 change 

Stream 
temperatured 

change 

Air 
temperature 

change 
Streamflow  

change 

Stream 
temperature 

change 

 °F Percent °F °F Percent °F 

Yellowstone 5.06 -  4.1 1.82 9.14 -  5.4 3.26 

Clearwater 5.71 -23.9 2.92 9.81 -34.2 5.00 

Spokane-Kootenai 5.49 -20.1 2.29 9.59 -31.5 3.94 

Upper Missouri  5.85 -14.9 2.11 9.85 -21.3 3.49 

Marias-Missouri 5.24 -10.0 1.35 9.54 -18.7 2.47 
a For boundaries of NorWeST production units, see the NorWeST website 
(http://www.fs.fed.us/rm/boise/AWAE/projects/NorWeST.html). 
b Changes in air temperature and streamflow are expressed relative to the 1980s (1970–1999) baseline 
climate period. Projections are based on the A1B emission scenario represented by an ensemble of 10 
global climate models that best projected historical climate conditions during the 20th century in the 
northwestern United States (Hamlet et al. 2013, Mote and Salathé 2010). Additional details about the 
scenarios are provided elsewhere (Hamlet et al. 2013, Wenger et al. 2010). 
c For more information on streamflow, see the western United States flow metrics website 
(http://www.fs.fed.us/rm/boise/AWAE/projects/modeled_stream_flow_metrics.shtml) and the Pacific 
Northwest Hydroclimate Scenarios Project website (http://warm.atmos.washington.edu/2860). 
d Changes in stream temperatures account for differential sensitivity to climate forcing within and among 
river basins as described in Luce et al. (2014) and at the NorWeST website. For more information on 
stream temperatures, see Isaak et al. (2010), Luce et al. (2014) and the NorWeST website. 
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Table 5.2—Length of streams in the Northern Rockies, categorized by mean August stream temperature during the baseline climate 
period and by land administrative status. Values in parentheses are percentages of the total in the last row. 
 

Land status a, b <46 °F 46-52 °F 52–57 °F 57–63 °F 63–68 °F >68 °F Total
   Miles (percent of total)   
Private 274 (3.2) 5,494 (15.8) 16,524 (47.2) 14,465 (64.4) 8,178 (73) 1,067 (66.1) 46,002 (40.4) 
The Nature Conservancy  1 (0)  191 (0.5)      99 (0.3)     9 (0)      1 (0)  0 (0)    301 (0.3) 
Tribal 170 (2.0)  769 (2.2) 3,371 (9.6)   4,181 (18.6)    1,593 (14.2)   380 (23.5)   10,464 (9.2) 
State/City 137 (1.6)    1,578 (4.5) 2,529 (7.2) 1,156 (5.1)     723 (6.5)   62 (3.8)     6,185 (5.4) 
Bureau of Land Management   49 (0.6)  826 (2.4)    838 (2.5)    268 (1.2)     207 (1.8)   55 (3.4) 2,243 (2.0) 
National Park Service 537 (6.2)    1,689 (4.9)    654 (1.9)    296 (1.3)       70 (0.6)     1 (0.1) 3,247 (2.9) 
Forest Service Wilderness 2,269 (26.2)  3,516 (10.1) 1,174 (3.4)    175 (0.8)       39 (0.3)  1 (0) 7,174 (6.3) 

Forest Service Non-
Wilderness 4,825 (55.8) 19,299 (55.5)   8,168 (23.3) 1,041 (4.6)     206 (1.8) 16 (1) 33,555 (29.5) 

Other  386 (4.5)    1,438 (4.1) 1,596 (4.6)    876 (3.9)     193 (1.7)    33 (2.1) 4,522 (4.0) 
Total   8,648  34,800  34,953   22,467    11,210  1,615 113,693 

a Stream reaches with slope less than 15 percent and summer flows greater than 0.20 ft3 s-1, based on the Variability Infiltration Capacity model 
(see text). 
b Other category includes U.S. Army Corps of Engineers, U.S. Fish and Wildlife Service, U.S. Bureau of Reclamation, and lands with 
undesignated status. 
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Table 5.3—Length of streams in the Northern Rockies, categorized by mean August stream temperature during the baseline and two 
future climate periods and by land administrative status (Forest Service [FS] and non-Forest Service [Non-FS]). Values in parentheses are 
percentages of the total in the last column. 

Land status a <46 °F 46-52 °F 52–57 °F 57–63 °F 63–68 °F >68 °F Total
   Miles (percent of total) b   
FS lands        
1980s    7,094 (17.4) 22,815 (56.0)   9,342 (22.9) 1,216 (3.0)    244 (0.6)   17 (0)   40,728 
2040s 2,504 (6.3) 17,858 (44.7) 15,911 (39.8) 3,092 (7.7)    445 (1.1)    121 (0.3)   39,931 
2080s    961 (2.4) 12,701 (32.3) 19,051 (48.5)   5,525 (14.1)    836 (2.1)    237 (0.6)   39,311 
        
Non-FS lands        
1980s 1,554 (2.1) 11,986 (16.4) 25,645 (35.1) 21,260 (29.1) 10,963 (15.0) 1,597 (2.2) 73,005 
2040s    569 (0.8) 5,960 (8.4) 20,980 (29.5) 24,422 (34.3) 15,434 (21.7) 3,820 (5.4) 71,185 
2080s    253 (0.4) 3,448 (4.9) 16,401 (23.3) 25,128 (35.7) 18,410 (26.1) 6,798 (9.7) 70,438 

a Stream reaches with slope less than 15 percent and summer flows greater than 0.20 ft3 s-1, based on the Variability Infiltration Capacity model 
(see text). 
b Reductions in network extent result from projected decreases in summer flows as described in table 5.1. 
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Table 5.4—Number and length of cold-water habitats for juvenile cutthroat trout by probability of 
occurrence for three climate periods and two brook trout invasion scenarios across the Northern 
Rockies. 

  Probability of occurrence (percent)  

  <25 25–50 50–75 75–90 >90 Total 

Cold-water habitat number        
0% brook trout prevalence 1980s 71 392 1,140 1,817 1,739   5,159 
 2040s 41 328 1,405 1,505 1,148   4,427 
 2080s 86 659    949    977    770   3,441 
        
50% brook trout prevalence 1980s 73 501 2,790 1,384    581   5,329 
 2040s 41 382 2,571 1,065    367   4,426 
 2080s 86 684 1,837    673    161   3,441 
        
Cold-water habitat length     Miles   
0% brook trout prevalence 1980s 268    794 4,068 7,730 32,646 45,506 
 2040s   78    558 3,832 6,034 17,964 28,466 
 2080s 142 1,031 2,938 4,151 10,459 18,721 
        
50% brook trout prevalence 1980s 387 1,456 6,413 8,203 12,023 28,482 
 2040s 126    855 5,079 5,451   6,404 17,915 
 2080s 228 1,238 3,931 3,908   2,857 12,162 
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Table 5.5—Number and length of cold-water habitats for juvenile bull trout by probability of 
occurrence during three climate periods and two brook trout invasion scenarios in the Northern 
Rockies. 

  Probability of occurrence (percent)  

  <25 25–50 50–75 75–90 >90 Total 

Cold-water habitat number        
0% brook trout prevalence 1980s 875 534 248 92 106 1,855 
 2040s 664 314   98 41   32 1,149 
 2080s 474 274   81 24   13    866 
        
50% brook trout prevalence 1980s 995 484 181 65   28 1,753 
 2040s 697 270   63 17     5 1,052 
 2080s 535 260   49   5     3    852 
        
Cold-water habitat length     Miles   
0% brook trout prevalence 1980s 2,906 3,168 2,565 1,616 4,657 14,912 
 2040s 2,222 1,934 1,129    769 1,340   7,394 
 2080s 1,310 1,324    773    386    579   4,372 
        
50% brook trout prevalence 1980s 3,920 3,762 2,712 1,891 2,351 14,636 
 2040s 2,728 2,208 1,191    589    408   7,124 
 2080s 1,569 1,645    704    153    266   4,337 
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Table 5.6—Adaptation options that address climate change effects on fisheries in the Northern Rockies. 

Sensitivity to climatic variability and change: 
Reduced snowpack will decrease summer streamflows. 
 
Adaption Strategy / Approach:   
Increase streamflows and moderate changes in instream flows. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Pulse flows from regulated streams 
during critical times (high 
temperatures) 
 

Reduce water withdrawals and improve 
efficiency for agriculture (especially 
irrigation), municipal, and industrial uses 
 

Secure water rights for instream flows 
 

Where can tactics be 
applied? 
 

All regulated streams Where water demands overlap with 
current and future suitable habitat 

Where fish and suitable habitat 
overlap 

 
Sensitivity to climatic variability and change: 
Reduced snowpack will increase stream temperatures and alter flow regimes. 

Adaption Strategy / Approach: 
Increase habitat resilience for cold-water aquatic organisms by restoring structure and function of streams. 
  
 Specific Tactic – A Specific Tactic – B Specific Tactic – C 
Tactic 
 
 

Restore natural channel and 
floodplain form and function (e.g., 
restore areas with human-caused 
bank and bed instability) 
 

Restore aquatic organism passage 
structures through design and placement 
of appropriate structures. 

Maintain functional stream channel 
morphology with adequate 
width:depth ratios, pool frequency, 
and healthy riparian vegetation   

Where can tactics be 
applied? 
 

Areas with ongoing restoration 
activities and where habitat is a 
primary limiting factor (especially 
where roads are present) 

Drainages with frequent high peakflows, 
areas with sensitive geology, areas with 
important rearing streams 

Areas with ongoing restoration 
activities and where habitat is a 
primary limiting factor (especially 
where roads are present) 
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Table 5.6 (cont.)—Adaptation options that address climate change effects on fisheries in the Northern Rockies. 

Sensitivity to climatic variability and change: 
Reduced snowpack will increase stream temperatures and alter flow regimes. 

Adaption Strategy / Approach:   
Increase habitat resilience for cold-water aquatic organisms by restoring structure and function of streams. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Restore riparian areas to increase 
hydrologic function and retain cold 
water 

Reintroduce beaver where beaver and 
management of westslope cutthroat trout are 
compatible 

Remove or relocate roads 
adjacent to riparian areas, 
channels, and floodplains where 
they inhibit complexity; minimize 
cumulative effect of road network 
on surface and subsurface flow 
 

Where can tactics be 
applied? 
 

Where riparian areas limit the 
availability of cold-water habitat 

Where beaver will not affect barriers; in 
stream reaches >1 mile; in larger population 
conservation networks; where brook trout are 
absent 

Where roads currently cause 
problems or may do so in the 
future, especially where roads 
occupy lengthy portions of the 
riparian zone 

 
Sensitivity to climatic variability and change: 
Reduced snowpack will increase stream temperatures, affecting native species and interactions between natives and nonnatives. 

Adaption Strategy / Approach: 
Provide opportunities for native fish to move and find suitable stream temperatures. 
  
 Specific Tactic – A Specific Tactic – B Specific Tactic – C 
Tactic 
 
 

Increase the patch size of favorable 
habitat to enhance viable populations 
and allow migratory life histories 

Modify or remove barriers to increase 
connectivity between areas of cold-water 
habitat 
 

Identify and map where 
groundwater inputs provide cold 
water 

Where can tactics be 
applied? 
 

Where native fish currently exist; 
where suitable habitat is nearby; 
where nonnatives are not present or 
can be effectively managed; where 
populations are fragmented and need 
greater connectivity 

Where barriers prevent movement to suitable 
habitat, and where removal will not increase 
invasion of nonnatives 

All locations 
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Table 5.6 (cont.)—Adaptation options that address climate change effects on fisheries in the Northern Rockies. 

Sensitivity to climatic variability and change: 
Warmer temperatures will increase stream temperature and risk of invasion by nonnative fish species. 

Adaption Strategy / Approach:   
Manage nonnative fish populations to eliminate or reduce their impact on native fish. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Encourage increased take/harvest of 
nonnatives, especially near long-term 
strongholds for natives 
 

Remove nonnatives with manual or 
chemical techniques 
 

Exclude nonnatives with physical 
or electrical barriers  

Where can tactics be 
applied? 
 

Areas with heavy recreation and sport 
fishing; most effective at the front of 
invasions 

Where long-term suitable habitat for 
natives is available and nonnatives are 
present 

Where long-term suitable habitat 
for natives is available and 
nonnatives are present 

 
Sensitivity to climatic variability and change: 
Continued livestock grazing will compound stress caused by increased stream temperatures. 

Adaption Strategy / Approach: 
Manage livestock grazing to restore ecological function of riparian vegetation and channels. 
  
 Specific Tactic – A Specific Tactic – B Specific Tactic – C 
Tactic 
 
 

Comply with all existing standards and 
guidelines for maintaining water quality in 
streams and riparian areas; facilitate 
compliance through monitoring 
 

Use innovative techniques to fund and 
maintain and implement improvements 
(e.g., riparian fencing, rest-rotation 
systems, off-channel water, exclosures) 

Identify and prioritize vacant 
allotments for retirement 
 

Where can tactics be 
applied? 
 

All locations, with emphasis on areas that 
are important in terms of ecological value 
and large financial investment 

All locations, with emphasis on areas 
that are important in terms of ecological 
value and prior financial investment; 
prioritize areas with core conservation 
fish populations that are under imminent 
threat 

All locations where vacant 
allotments exist and opportunities 
allow  
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Table 5.6 (cont.) —Adaptation options that address climate change effects on fisheries in the Northern Rockies. 

Sensitivity to climatic variability and change: 
Higher temperatures will increase wildfire occurrence that can lead to erosion and mass wasting. 

Adaption Strategy / Approach:   
Increase resilience to fire-related disturbance. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Implement fuel treatments (thinning, 
prescribed burning) to reduce wildfire 
severity and size 
 

Disconnect roads from stream networks 
to reduce erosion and sediment delivery 
to streams 
 

Install erosion control structures 
following wildfires 

Where can tactics be 
applied? 
 

Areas where canopy and surface fuels 
are high, adjacent to known native fish 
populations and habitat 

Areas adjacent to known native fish 
populations and habitat 

Where wildfire has occurred and 
erosion would affect known native 
fish populations and habitat 

 

 

DRAFT



     

Table 6.1—Comparison of attributes characterizing a species’ adaptive strategy.1 

 Adaptive strategy 

Attributes Specialist Generalist
Factor controlling phenotypic expression of adaptive 
traits Genotype Environment 

Mechanisms for accommodating environmental 
heterogeneity Genetic variation Phenotypic plasticity 

Range of environments where physiological 
processes function optimally Small Large 

Slope of clines for adaptive traits Steep Flat 
Partitioning of genetic variation in adaptive traits Largely among populations Largely within populations 

1 Modified after Rehfeldt (1994). 
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Table 6.2—Assessment for soils to apply to vegetation concerns in the Northern Rockies (NR). 

Broad-scale 
climate change 

effect 

Ecosystem 
function 

Current condition, 
existing stressors 

Sensitivity to 
climatic 

variability and 
change 

Expected effects of climate 
change 

   Risk assessment
 
Magnitude   Likelihood 
of effects     of effects 

Mainly changes in 
summer precipitation 

Higher summer 
temperatures 

Available 
water (for 
vegetation) 

Relative effective 
annual precipitation has 
been mapped for MT. 
Current condition has 
not been assessed for 
ID and ND.  

Existing stressors: 
extremes in water year 
(more frequent 
droughts), high stand 
densities. 

Variable, 
depending on 
species, 
subregion and 
slope position.  

In western Northern Rockies, 
decreased precipitation is 
projected at low elevations; 
increased summer drought may 
result. High elevations may have 
increased precipitation.  

In eastern Northern Rockies, the 
higher interannual variation of 
precipitation would lead to years of 
increased drought. No trend 
projected for annual or seasonal 
precipitation. 

High High 

Increased 
atmospheric CO2  

Nutrient 
cycling for 
vegetation 
production 

Variable. Nitrogen is the 
most common nutrient 
deficiency, but other 
nutrients (phosphorus, 
potassium, boron) are 
also limiting.  

Existing stressors: 
severe fires, erosion. 

Unknown.  

Potassium is 
easily lost on 
some 
metasediments, 
during whole-tree 
yarding. 

Nitrogen, phosphorus, potassium 
and boron will become less 
available if soils become more 
acidic. Increased acidity of 
leachate would contribute to faster 
parent material decomposition, 
which would release inherent 
mineral nutrients in soil. 

 

Unknown High 

Soil temperature, 
moisture, and CO2 
levels 

Soil biota Most soils have healthy 
soil biota. Exceptions 
occur on abandoned 
roads and landings. 
Some stands have 
reduced biotic health 
from past management. 

Existing stressors: 
Severe fires, erosion 

Moderate  Alteration of soil biota (fungi, 
microbes, nematodes) as well as 
the communities. 

Variable Very high 
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Table 6.2(cont.)—Assessment for soils to apply to vegetation concerns in the Northern Rockies (NR). 

Broad-scale 
climate change 

effect 

Ecosystem 
function 

Current condition, 
existing stressors 

Sensitivity to 
climatic 

variability and 
change 

Expected effects of climate 
change 

   Risk assessment
 
Magnitude   Likelihood 
of effects     of effects 

Everything that 
contributes to 
increased fire and 
flood (e.g., more 
frequent high-
intensity storms) 

Soil stability Little surface erosion 
occurs in the Northern 
Rockies 

Existing stressors: Most 
erosion occurs after 
severe wildfires or 
floods. Small amounts 
may occur in 
conjunction with roads, 
timber sales, grazing, 
and other land 
management activities. 

High—existing 
stressors will 
become more 
prevalent. 

Areas with decreased ground 
cover will be susceptible to 
increased surface erosion from 
wind and water.  

 

Moderate Very high 

Changes in spring 
and autumn 
precipitation (rain 
rather than snow, 
period of saturation 
longer)  

Slope stability Landslide prone areas 
have been mapped.  

Existing stressor: long 
period of saturation in 
some years. 

Variable Size and frequency of landslides 
will increase. 

Broad Very high 

Temperature, 
precipitation and 
CO2 concentrations 

Soil carbon 
storage and 
dynamics 

Soil is currently a major 
carbon storage pool and 
will continue to be a 
carbon sink as long as 
young stands continue 
to mature. 

Current stressors: 
periodic wildfires and 
insect outbreaks. 

High in areas 
where 
disturbances 
become more 
prevalent. 

If wildfire increases in frequency 
and extent as much as projected, 
this will maintain forests in 
younger age classes with less 
potential for carbon storage but 
higher carbon uptake. 

Potentially 
high in 
drier 
forests 

High in dry 
forests 
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Table 6.3—Summary of tree characteristics that indicate possible responses to future climate change. All fields are rated on a scale from 
one to five, with 1 generally indicating low levels and five generally indicating high levels of the variable (see specific notes below).  

Species Distribution1 

Tolerances2 Genetics 
Mycorrhizal 

dependence6 

Insect and 
disease 

exposure7 

Seed 
dissemination 

strategy8 Shade Drought Fire Diversity3 
Geographic 

Differentiation4 Strategy5 

Limber pine 1 1 5 2 3 3 I 4 4 5,4 
Ponderosa pine–var. 
scopulorum 3 2 4 4 3 2 I 3 2 3,4 

Ponderosa pine-var. 
ponderosa 3 2 4 5 3 2 I,S 3 4 3,4 

Douglas-fir 4 4 4 4 2 2 S,G 3 3 3 

Western larch 2 2 2 5 3 2 I 2 2 3 

Western white pine 1 2 2 5 3 3 G 2 4 3,4 

Aspen 2 1 4 1 5 2 G 2 3 3,2 

Grand fir 2 4 2 2 2 2 G 2 4 3 

Western redcedar 2 5 5 2 1 2 S 1 2 3 

Western hemlock 2 5 5 2 2 2 S 2 2 3 

Lodgepole pine 4 2 3 3 4 2 S 3 4 6 

Whitebark pine 3 3 2 3 4 3 G 3 4 5 

Subalpine fir 4 4 4 1 3 2 I 2 3 3 

Engelmann spruce 3 4 4 2 3 2 I 2 2 3 

Mountain hemlock 1 4 5 1 2 2 S 2 2 3 

Alpine larch 1 1 5 1 2 3 S 3 1 3 

Green ash 2 1 2 1 2 3 G 4 1 3 

Cottonwood 2 1 4 3 3 3 G 3 2 1 
1Distribution of 1 indicates narrow distribution in the Northern Rockies, while distribution of 5 indicates wide distribution. 
2Shade, drought, and fire tolerance of 1 indicates high intolerance, while 5 indicates high tolerance. 
3Genetic diversity of 1 indicates low diversity and 5 indicates high diversity. 
4Geographic differentiation of 1 indicates low genetic differentiation (narrow seed zones) and 5 indicates wide differentiation (large seed zones). 
5Genetic adaptive strategy of G indicates a generalist species (grows under wide range of conditions), I indicates an intermediate species (grows over a moderate range of 
conditions), and S indicates a specialist species (grows under a narrow range of conditions) (from Scott et al. 2013). 
6Mycorrhizal dependence of 1 indicates that the species is not dependent on mycorrhizae, while 5 indicates that the species is highly dependent on mycorrhizae. 
7Insect/disease exposure of 1 indicates that the species is not susceptible to many damaging agents, while 5 indicates that the species is highly susceptible to insects and disease. 
8Seed dissemination is the primary means of seed dispersal where 1-water, 2-sprouts, 3-wind/gravity, 4-rodent, 5-bird, 6-serotinous. 
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Table 6.4—Categories used to assess the vulnerability of species, vegetation types, and resource 
concerns in this chapter.  

Evaluation category Description Example

Habitat, ecosystem 
function, or species 

Specific biophysical or social entity of 
interest 
 

Whitebark pine 

Broad-scale climate 
change effect 

Overarching change in climate that is 
expected to affect a resource 
 

Warming temperatures 

Current condition, existing 
stressors 

Current status of resource relative to desired 
conditions, including factors that are 
reducing the quality or quantity of the 
resource 
 

Reduced abundance, wildland fire, 
mountain pine beetle, white-pine 
blister rust 

Sensitivity to climatic 
variability and change 

Specific sensitivity of a habitat, species, or 
ecosystem function that responds to climate  
 

Low ability to compete with 
encroaching conifers 

Expected effects of 
climate change 

How specific habitat, species, or ecosystem 
function is expected to respond to climate 
change (develop inferences from model 
projections and known responses to climatic 
variability) 
 

Regeneration may be reduced by 
combination of warming and low seed 
availability 

Adaptive capacity 
 

Ability to adjust to climate change, to 
moderate potential damages, or to cope with 
the consequences; usually more appropriate 
for species than for systems and processes 
 

Variable: unable to compete with 
other tree species, but bird-mediated 
seed dispersal allows quick 
colonization of burned over areas 

Exposure The extent to which each species’ physical 
environment will change expressed as low, 
moderate or high 
 

High 

Risk assessment, 
magnitude of effects  

Estimate of the magnitude of climate change 
effects expressed as low, moderate, or high 
by time period  
 

Moderate 

Risk assessment, 
likelihood of effects  

Estimate of the likelihood that climate 
change effects will occur expressed as low, 
moderate, or high by time period

High 
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Table 6.5—Final tree species ratings for the entire Northern Rockies (NR), and the five sub-regions 
of the NR. The table from lowest to highest vulnerability in the NR. Also included are ratings from 
the Pacific Northwest in Devine et al. (2012) report and from the northern Rocky Mountains in 
Hansen and Phillips (2015).  

Tree species NR 
 

West 
 

Central East GYA Grass Devine et al. 
(2012)  

Hansen and 
Phillips (2015) 

Alpine larch 1 2 1 NA1 NA NA 4 NRT2 

Whitebark pine  2 1 2 1 1 NA 1 1 

Western white pine 3 5 3 NA NA NA 13 NRT 

Western larch 4 6 4 NA NA NA 12 8 

Douglas-fir 5 8 8 2 2 1 11 9 

Western redcedar 6 4 5 NA NA NA 15 7 

Western hemlock 7 3 6 NA NA NA 10 6 

Grand fir 8 7 7 NA NA NA 5 11 

Engelmann spruce 9 9 11 3 4 5 3 5 

Subalpine fir 10 10 12 4 5 6 2 4 

Lodgepole pine 11 11 10 5 6 7 8 3 

Mountain hemlock 12 3 9 NA NA NA 7 2 

Cottonwood 13 12 13 6 3 2 17 NRT 

Aspen 14 13 14 8 7 3 6 NRT 

Limber pine 15 NA 15 7 8 4 18 NRT 

Ponderosa pine-west 16 14 16 NA NA NA 14 10 

Ponderosa pine-east 17 NA NA 8 9 8 NRT 10 

Green ash 18 NA NA 9 10 9 19 NRT 
1NA = Not applicable 
2NRT = Not rated 
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Table 6.6—Adaptation options that address climate change effects on forested vegetation in the Northern Rockies. 

Sensitivity to climatic variability and change: The frequency and scale of disturbance will likely increase with climate change.
 
Adaption Strategy / Approach: Promote disturbance-resilient species, including western larch and western white pine on moist sites, ponderosa pine on dry 
sites, Douglas-fir on extremely dry sites, and lodgepole pine on harsh sites that are difficult to regenerate.      
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 

Thin to favor disturbance-resilient 
species. 

Plant disturbance-resilient species. Promote disturbance-resilient species 
with prescribed fire and/or natural fire 
use. 
 

Where can tactics be 
applied? 

On sites most likely to be affected by 
wildfire 

On sites most likely to be affected by 
wildfire 
 

On sites most likely to be affected by 
wildfire 

Sensitivity to climatic variability and change: Increasing temperatures with climate change will lead to increased moisture stress and fire. 
 
Adaption Strategy / Approach: Reduce forest density and maintain low densities.

 Specific Tactic – A Specific Tactic – B Specific Tactic – C 
Tactic Conduct thinning treatments (pre-

commercial and commercial). 
Use prescribed fire to maintain structure 
and promote fire-tolerant conifer 
species. 
 

Use regeneration and planting to 
influence forest structure. 

Where can tactics be 
applied? 

On overstocked sites with low risk of 
root disease problems  

On overstocked sites Where there are no opportunities for 
thinning because of species or stand 
condition. 
 

Sensitivity to climatic variability and change: Areas with limited species and genetic diversity will likely be more susceptible to climate change stressors. 

Adaption Strategy / Approach: Promote species and genetic diversity. 

 Specific Tactic – A Specific Tactic – B Specific Tactic – C

Tactic Plant potential microsites with mix of 
species (hedge your bets). 

Maintain species diversity during 
thinning. 

Interplant to supplement natural 
regeneration and genetic diversity. 

Where can tactics be 
applied? 

 

In sufficiently large openings on sites 
most at risk for drought stress 

In dense or overstocked stands on sites 
more at risk for drought stress and 
where sufficient diversity exists for 
thinning. 

In sufficiently large openings on sites 
most at risk for drought stress. 
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Table 6.6 (cont.)—Adaptation options that address climate change effects on forested vegetation in the Northern Rockies. 

Sensitivity to climatic variability and change: Increasing temperatures with climate change will lead to longer growing seasons, increased drought stress, 
and increased fire.  

Adaption Strategy / Approach: Promote ecosystem resilience.

 Specific Tactic – A Specific Tactic – B Specific Tactic – C 
Tactic 

 

Promote legacy trees of western larch, 
Douglas-fir, western white pine, 
Engelmann spruce, whitebark pine, and 
subalpine larch for regeneration and 
wildlife habitat.  

Collect seed for post-wildfire 
reforestation and other planting needs, 
especially for subalpine larch, whitebark 
pine, and high-elevation western larch.  

Promote landscape heterogeneity and 
create connectivity at multiple scales.  

 

Where can tactics be 
applied? 

On dense spruce, fir, and lodgepole 
pine sites 

Where species of interest occur At the landscape scale 

Sensitivity to climatic variability and change: Climate change will likely lead to increased disturbance, increased moisture deficits, and species distribution 
shifts. 
 
Adaption Strategy / Approach: Increase knowledge for agency land managers and stakeholders. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 

Determine what connectivity means for 
different species and guilds.  
 

Track tree species regeneration and 
distribution. 

Improve integration between wildlife 
managers and forest ecologists, and 
between research and management.  
 

Where can tactics be 
applied? 

All lands All lands All lands 

 Specific Tactic – D Specific Tactic – E Specific Tactic – F 
Tactic 
 
 

Monitor blister rust resistance within 
planted white pine stands, and try to 
understand the relationship between 
infection rates and climatic drivers (e.g., 
fog). 

Identify other resource management 
goals (not directly related to stand 
structure and composition) that may 
modify management strategies for forest 
vegetation, such as water yield, snow 
retention, and wildlife habitat. 
 

Support the adaptive management 
research framework; develop consistent 
monitoring framework that can capture 
long-term change. 

Where can tactics be 
applied? 

On sites planted with white pine Federal lands Federal lands 
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Table 6.6 (cont.)—Adaptation options that address climate change effects on forested vegetation in the Northern Rockies. 

Sensitivity to climatic variability and change: Climate change will likely lead to increased whitebark pine mortality through increased mountain pine beetle 
activity, fire and white-pine blister rust. There will also likely be a loss of site conditions that support whitebark pine. 

Adaption Strategy / Approach: Promote resilient whitebark pine communities.

 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 

 

Identify sites that are less likely to be 
affected by climate change (refugia), 
and focus on those sites for restoration. 

Implement a variety of management 
strategies and options to promote 
whitebark pine, including fire 
management, planting at lower 
elevations, and removing other 
dominant species (e.g., lodgepole pine, 
spruce and fir) 

Plant genetically-selected seedlings to 
promote blister rust resistance  

Where can tactics be 
applied? 
 

Federal lands Federal lands Federal lands 

Sensitivity to climatic variability and change: Climate change will lead to increased risk of stand-replacing wildfire, mortality from drought, and loss of large 
ponderosa pine individuals in ponderosa pine forests.  
 
Adaption Strategy / Approach: Decrease density within stands, and increase structural diversity across the landscape. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C 
Tactic 
 
 

Reduce density by thinning, prescribed 
fire, and wildfire use, with density and 
structural goals based on past and 
predicted future conditions.  

Promote age class and structural 
diversity across the landscape, through 
regeneration harvest, thinning, 
prescribed fire and wildfire use. 

Monitor establishment, survival and 
development of ponderosa by age class 
and in different topoedaphic conditions 
using Forest Inventory and Analysis 
data and project-level stocking exams.  
 

Where can tactics be 
applied? 
 

Ponderosa pine, Douglas-fir forests In locations where activities are allowed Ponderosa pine, Douglas-fir forests 

Sensitivity to climatic variability and change: Climate change stressors cross boundaries, forcing agencies to coordinate and work across boundaries.  
 
Adaption Strategy / Approach: Work across jurisdictions at a larger scales.
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C 
Tactic 
 
 

Align budgets and priorities for program 
of work with neighboring lands  
 

Communicate about projects adjacent to 
other lands, and coordinate on the 
ground  

Work across boundaries to preserve 
roads, trails, and access with increasing 
fire and flood events 

Where can tactics be 
applied? 

All lands All lands All lands 
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Table 6.6 (cont.)—Adaptation options that address climate change effects on forested vegetation in the Northern Rockies. 

Sensitivity to climatic variability and change: The vigor and extent of aspen may be reduced with increased frequency of disturbance and drought under 
changing climate. 
 
Adaption Strategy / Approach: Restore and promote the health and vigor of aspen clones.
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Manage ungulates during the 
regeneration phase (e.g., with slash 
barriers, increased hunting pressure, 
grazing management, and salt block 
placement) 
 

Remove conifers around aspen, at 
multiple scales and using multiple tools 
(i.e., hand and commercial treatments) 

Monitor the extent and condition of 
aspen clones to determine the effect of 
disturbance frequency on aspen 
survival, effects of sudden aspen 
decline, and incidence of new clones; 
this may lead to strategic protection 
measures for specific clones 
 

Where can tactics be 
applied? 
 

Wherever aspen regeneration 
prescriptions are applied 

Wherever aspen occurs outside of 
protected areas 

Wherever aspen occurs 

Sensitivity to climatic variability and change: The distribution of subalpine forests is likely to shift as a result of increasing temperatures with climate 
change. 
 
Adaption Strategy / Approach: Monitor and detect change in seedling survival, species composition, and mortality of mature trees in subalpine forests. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C 
Tactic 
 
 

Install and analyze additional plots to 
gather trend information over time, 
targeting areas where changes are 
expected. 
 

Use Forest Inventory and Analysis plot 
information to determine trends in 
subalpine forests. 
 

Expand reforestation monitoring and 
post-treatment monitoring.  

Where can tactics be 
applied? 
 

Federal lands All lands In reforestation or treatment locations 
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Table 6.7—Management recommendations for each of the evaluated species, vegetation types, and resource concerns. 

Habitat, ecosystem 
function, or species 

Primary adaptive tactics Restoration potential Further management recommendations

Species 

Limber pine Promote rust-resistance while 
preserving genetic diversity; monitor 
mortality rates and distributions; 
Evaluate which stands need treatment to 
ensure conservation of species; 
determine impact of fire exclusion era 

Low to moderate – the main 
drawback is the exotic disease white-
pine blister rust. Most management 
actions should be to increase rust 
resistance in native populations 

Initiate rust-resistant programs; identify plus trees; 
collect cones and determine rust resistance; map 
limber pine populations and identify those stands that 
have become established before and after the fire 
exclusion era  

Ponderosa pine Restore fire to historically fire-dominated 
stands; reduce fuel loadings to mitigate 
uncharacteristic fire severities; use HRV 
as guide to design and conduct 
restoration treatments  

Moderate to high – reintroducing fire 
or fire surrogates into fire-excluded 
stands is the first step; addressing 
where to plant in the future is the next 

Reduce or eliminate Douglas-fir in fire-excluded stands; 
remove competition through thinnings and prescribed 
burns; monitor lower treeline in SW Montana and 
central Idaho to evaluate potential ponderosa pine 
increases  

Douglas-fir Reduce competition and increase vigor; 
keep stand density down; replace 
Douglas-fir with ponderosa pine, 
western white pine, and western larch in 
areas where root disease is a concern; 
emphasize ponderosa pine on lower 
elevation dry forests 

Moderate to high – mitigating effects 
of the fire exclusion era is the first 
step; might be more difficult in cool, 
dry environs 

Keep stocking low; change species composition on 
sites where root disease and soil moisture deficits will 
be increasing; concentrate planting on the higher 
elevation, mesic sites and avoid planting in the lower 
treeline 

Western larch Restore declining larch stands from 
adverse fire exclusion effects; Prioritize 
northerly aspects and ash cap soils for 
treatment; reduce competition; manage 
larch more intensively on more xeric 
sites where larch may not be the species 
to plant on south slopes even though 
current climate may be suitable 
Reduce forest density in all successional 
stages to provide larch with better 
chance to utilize soil moisture 

Moderate to high in west region; 
moderate in central region 

Cut to remove more shade-tolerant species using 
group selections and thinnings; consider planting 
options on north slopes where long term persistence 
will have highest potential; consider genetic stock with 
best adaptive traits for drought and moisture stress 
compatibility; Maintain stocking and structure diversity 
to favor moisture regime for larch in all successional 
stages and to be more able to cope with fire; Consider 
most intensive management for larch on sites with least 
moisture deficits 

Western white pine Promote rust-resistance  Moderate in west region; low to 
moderate in central region, mainly 
due to the devastating effects of rust 
mortality  

Increased planting of blister rust resistant material; 
thinning dense stands to increase young pine vigor  

Grand fir Foster landscape heterogeneity; ensure 
age class structure is near HRV 

High in the west and central regions Low priority for restoration; no real need to spend 
valuable restoration dollars restoring this forest unless 
it is locally declining 

Western redcedar Ensure high landscape heterogeneity; 
multiple age classes  

High in west and central NR regions Low priority for restoration; no real need to spend 
valuable restoration dollars restoring this forest unless 
it is locally declining 

DRAFT



Table 6.7(cont.)—Management recommendations for each of the evaluated species, vegetation types, and resource concerns. 

Habitat, ecosystem 
function, or species 

Primary adaptive tactics Restoration potential Further management recommendations

Species (cont.)    
Western hemlock Maintain diversity of age classes and 

high landscape diversity 
High in west and central NR regions Low priority for restoration; no real need to spend 

valuable restoration dollars restoring this forest unless 
it is locally declining 

Aspen Restore quasi-historical fire regimes; 
prioritize areas were aspen already exist 
albeit at lower than historical levels 

Moderate for all NR Plant aspen where it is now absent but once flourished; 
manage aspen at the landscape level by ensuring mix 
of age classes and successional stages 

Lodgepole pine Perhaps the most important subalpine 
species to manage for mixed age 
classes and successional stages that 
approximate HRV  

Moderate to high in most if its NR 
range 

Allow WFU fires to burn in moderate years 

Subalpine fir Populations can best be modified by 
wildfire suppression efforts at local 
scales  

High in most of the NR Low priority for climate impact mitigation; no real need 
to spend valuable restoration dollars restoring this 
forest unless it is locally declining 

Engelmann spruce Populations can best be modified by 
wildfire suppression efforts at local 
scales; planting may be warranted in 
areas with declining populations 

High in most of the NR; moderate in 
those low elevation wetland stands 

Low priority for climate change adaptation actions; no 
real need to spend valuable restoration dollars 
conserving this forest unless it is declining locally 

Mountain hemlock Increased fire suppression efforts will 
increase populations if needed  

Moderate to High in west and central 
regions of NR 

While this species may have low priority for mitigating 
adverse climate change effects it is important to 
monitor the species so it does not go locally extinct 

Whitebark pine Most climate change adaptation 
strategies are detailed in Keane et al. 
(2015)[in press]: promote rust 
resistance; conserve genetic diversity; 
implement treatments on the higher 
stands in project areas; plant rust-
resistant seedlings in old or recent burns 

Low to moderate in most of its range 
primarily due to the devastating 
effects of WPBR 

Follow Keane et al. (2010) rangewide strategy: protect 
rust-resistant plus trees; promote rust resistance; 
implement prescribed burn and mechanical cuttings to 
reduce competition; plant and direct-seed blister rust 
resistant seedlings on burn and treated areas; cold 
hardy and drought tolerant material 

Alpine larch Preserve genetic diversity by collecting 
and storing seed;  

Low to moderate across most of its 
range 

Monitor changes in alpine larch populations; document 

Green ash Reduce grazing; increasing fire 
suppression and grazing can be used to 
modify ash populations along with 
planting in those areas where 
populations are critically low 

High in the eastern NR Plant in recently burned areas where it last existed  

Cottonwood Foster high variability in river flows to 
increase seedling establishment 
potential; eliminate competition 

Moderate to high Prioritize the most mesic sites first; allow fire to burn in 
areas that are not too dense; conduct cuttings to 
remove conifer competition 
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Table 6.7(cont.)—Management recommendations for each of the evaluated species, vegetation types, and resource concerns. 

Vegetation types 

Dry ponderosa pine 
and Douglas-fir 
forests 

Create less dense forests with 
composition related to moisture deficit 
tolerance  

High all over the Region with in dry 
settings 

Manage density and appropriate composition related to 
projected moisture limited sites 

Western larch mixed 
conifer forests 

Create a greater landscape 
heterogeneity forest pattern that may 
limit the extent of large 
uncharacteristically severe disturbances 
using mechanical and prescribed fire as 
tools; 
Greater moisture deficits, less available 
moisture for trees will require 
consideration of appropriate species 
distribution and forest density in the 
future; Create within stand structure 
diversity and more open conditions to 
allow larch to maintain dominance 

High in western portion of the region  Manage pattern of the forest to increase the diversity of 
successional stages and arrangement; tools in areas 
suitable for timber production will include timber 
harvest and prescribed burning, while areas in 
Roadless areas will be restored with wildfire for 
resource benefit with some planting where seed source 
is absent due to large fires; maintain stocking levels to 
favor larch moisture relationship in all successional 
stages and to be able to better cope with fire; Mange 
species composition less susceptible to root disease 
especially in northern Idaho; manage larch in lynx 
habitat knowing that larch needs more open conditions 
to maintain dominance over the long term in a stand 

Lodgepole pine and 
aspen mixed conifer 
forests  

 High in most of the NR Again, manage pattern to increase the diversity of 
successional stages and arrangement; Roadless areas 
need wildfire for resource benefit; planting to lodgepole 
may be needed where seed source is absent due to 
large fires; Mange species composition in lynx habitat 
knowing that returning natural fire regimes will reduce 
subalpine fir populations 

Mixed mesic white 
pine, cedar, hemlock 
grand fir forests 

Attempt to emphasize the restoration of 
western white pine while also 
maintaining landscape heterogeneities 
similar to historical conditions; promote 
rust resistance and plan treated and 
burned areas with pine seedlings 

Moderate in most of the NR because 
of the exotic rust 

Be careful to monitor local conditions to evaluate 
losses or gains in the four species so management 
options can be adjusted 

Whitebark pine-
spruce-fir forests 

Most climate change adaptation 
strategies are detailed in Keane et al. 
(2015)[in press]: most important – create 
landscape heterogeneity in composition 
and size classes; also promote rust 
resistance; conserve genetic diversity; 
implement treatments on the higher 
stands in project areas; plant rust-
resistant seedlings in old or recent burns 

Low to moderate in most of its range 
primarily due to the devastating 
effects of WPBR 

Follow Keane et al. (2010) rangewide strategy: protect 
rust-resistant plus trees; promote rust resistance; 
implement prescribed burn and mechanical cuttings to 
reduce competition; plant and direct-seed blister rust 
resistant seedlings on burn and treated areas; cold 
hardy and drought tolerant material 
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Table 6.7(cont.)—Management recommendations for each of the evaluated species, vegetation types, and resource concerns. 

Resource concerns 

Landscape 
heterogeneity 

Design restoration and climate change 
treatments at multiple scales, especially 
the landscape scale; allow wildfires to 
burn  

Moderate Landscape heterogeneity should be evaluated 
periodically to determine trends and magnitudes  

Timber production Thinning and planting western larch, 
ponderosa pine and western white pine 
on appropriate habitats will be important 
to long term timber production to enable 
the forest to better cope with disturbance 
such as fire and root disease, manage 
density within dry forest settings 

High in western portion of region for 
larch and western white pine. High for 
ponderosa pine throughout the 
Region. See appendix for acres of 
potential larch restoration and other 
tree species restoration within the 
suitable for timber production areas 
and non-suitable for timber 
production areas; High on all dry 
forest settings for density reduction 

Manage landscapes for species composition, structure 
and pattern best able to cope with moisture deficits and 
disturbance, especially root disease, bark beetles and 
fire. Mange dry forest settings to be more open grown 
ponderosa pine compared to current dense mixed 
Douglas-fir forests. Increase percent of ponderosa 
pine, western larch and western white pine on mixed 
mesic settings to cope with increase in fire and root 
disease. Manage for a diversity of lodgepole pine, 
spruce, subalpine fir, larch and whitebark pine in higher 
elevations considering increasing soil moisture deficits. 
Manage for a diversity of successional stages 
(landscape heterogeneity) in a pattern that will better 
cope with disturbance agents 

Carbon sequestration Carbon can be best sequestered by 
embracing ecosystem management and 
restoring landscapes and ecosystems; 
Carbon sequestration is a side-effect of 
an ecosystem treatment, not the 
objective 

N/A The best management approach for managing carbon 
sequestration is to foster a timber management 
program that emphasizes an ecosystem approach 

 

DRAFT



Table 7.1—Approximate area of U.S. Ecological Systems identified as rangelands within the NRAP 
assessment region. Sagebrush systems were further subdivided into mountain, low, and big or 
sprouters. These distinct species were grouped into the “big or sprouters” category only for 
developing map legends because, using the mid-level Ecological Systems mapping approach, 
without external data, it would be difficult to differentiate each unique cover type dominated by the 
various Artemisia spp. across the landscape.  

Rangeland vegetation 
types 

Ecological system Area 
Sagebrush 
grouping 

  Acres  

Northern Great Plains 
(C3/C4 mix) 

Central Tallgrass Prairie 479,899 NA 

  Northwestern Great Plains Mixedgrass Prairie 37,818,629 NA 
  Western Great Plains Sand Prairie 2,285,234 NA 
  Western Great Plains Shortgrass Prairie 39,543 NA 
  Western Great Plains Tallgrass Prairie 7,763 NA 

  
North-Central Interior Sand and Gravel Tallgrass 
Prairie 

209,599 NA 

  Northern Tallgrass Prairie 367,864 NA 
  Great Plains Prairie Pothole 262,813 NA 
Total  41,471,344 NA 
Montane shrubs Northern Rocky Mountain Montane-Foothill 

Deciduous Shrubland 
1,257,671 NA 

 Inter-Mountain Basins Curl-leaf Mountain 
Mahogany Woodland and Shrubland 

175,887 NA 

 Rocky Mountain Lower Montane-Foothill 
Shrubland 

4,602 NA 

Total  1,438,160 NA 
   NA 
Montane grasslands (C3) Columbia Plateau Steppe and Grassland 1,257,642 NA 
 Columbia Basin Palouse Prairie 2,692,161 NA 

 Columbia Basin Foothill and Canyon Dry 
Grassland 

58,773 NA 

 Inter-Mountain Basins Semi-Desert Grassland 42,311 NA 

 Northern Rocky Mountain Lower Montane-
Foothill-Valley Grassland 

14,419 NA 

 Northern Rocky Mountain Subalpine-Upper 
Montane Grassland 

5,957 NA 

Total  4,071,263 NA 
    
Sagebrush systems Artemisia tridentata ssp. vaseyana Shrubland 

Alliance 
2,931,640 Mountain 

 Inter-Mountain Basins Big Sagebrush Steppe 9,656,339 Big or sprouter 
 Inter-Mountain Basins Big Sagebrush Shrubland 2,451,624 Big or sprouter 
 Inter-Mountain Basins Montane Sagebrush 

Steppe 
1,993,178 Big or sprouter 

 Columbia Plateau Low Sagebrush Steppe 156,012 Low 
 Wyoming Basins Dwarf Sagebrush Shrubland 

and Steppe 
49,723 Low 

 Inter-Mountain Basins Semi-Desert Shrub-
Steppe 

41,572 Big or sprouter 

 Great Basin Xeric Mixed Sagebrush Shrubland 17,970 Low 
 Columbia Plateau Scabland Shrubland 14,529 Big or sprouter 
Total  17,312,587  

All rangelands total  64,293,354  
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Table 7.2—Area of rangeland vegetation classes evaluated in each NRAP subregion. 

Subregion Rangeland vegetation classes Area Proportion 
  Acres Percent 
Western Rockies Montane grasslands        596,837 34.4 
 Montane shrubs        298,153 35.7 
 Sagebrush systems        358,086 29.9 
Total      1,253,076  
    
Central Rockies Montane grasslands        845,539 43.6 
 Montane shrubs        173,980 18.6 
 Sagebrush systems        507,391 37.8 
Total      1,526,909  
    
Eastern Rockies Montane grasslands        735,758 13.5 
 Montane shrubs        328,306 12.5 
 Northern Great Plains (C3/C4 mix)        221,193   5.9 
 Sagebrush systems     2,572,138 68.2 
Total      3,857,395  
    
Grassland Montane grasslands     1,343,858   1.8 
 Montane shrubs        266,233   0.7 
 Northern Great Plains (C3/C4 mix)   41,204,297 80.6 
 Sagebrush systems     8,586,897 16.8 
Total    51,401,285  
    
Greater 
Yellowstone Area Montane grasslands        549,271   6.1 
 Montane shrubs        371,488   8.5 
 Northern Great Plains (C3/C4 mix)          45,848   0.7 
 Sagebrush systems     5,288,075 84.7 
Total      6,254,682  
    
All subregions 
total  128,586,695  
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Table 7.3—Adaptation options that address climate change effects on rangelands in the Northern Rockies. 

Sensitivity to climatic variability and change: Increased susceptibility of vegetation communities (e.g., grasslands) to invasive species.  
 
Adaption Strategy / Approach: Increase proactive management actions in order to prevent invasive species 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 

Conduct ecologically based invasive 
plant management; implement 
prescriptive grazing, fire, herbicide and 
re-seeding. 

Develop weed management areas and 
coordinate with multiple agencies, non-
governmental organizations, and the 
public.  
 

Apply early detection rapid response 
(EDRR) and inventory and mapping.  

Where can tactics be 
applied? 

Prioritize small/new invasions by most 
critical species; work back to road 
corridors and developed areas 
 

Recreation high use areas (roads); 
administrative areas 

All lands  

 Specific Tactic – D Specific Tactic – E Specific Tactic – F 
Tactic Use best invasive management 

practices to address vectors; emphasize 
invasive species education (e.g., teach 
people how to clean their equipment, 
boots). 
 

Remove conifers with mechanical 
treatments, prescribed fire, and harvest. 

Conduct integrated weed management 
(i.e., spraying, chemical, biological, 
mechanical, manual control, targeted 
grazing). 
 

Where can tactics be 
applied? 

Forest/grassland/region level Encroached communities Recreation high use areas (roads), 
administrative areas 
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Table 7.3(cont.)—Adaptation options that address climate change effects on rangelands in the Northern Rockies. 

Sensitivity to climatic variability and change: Increased temperature and drought will cause more and larger wildfires, leading to mortality of sagebrush 
and grasslands and increased dominance of fire-adapted herbaceous and non-native species. 
 
Adaption Strategy / Approach: Maintain intact ecosystems, and increase resilience and resistance of native sagebrush-grass ecosystems.
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 

Inventory intact areas with high native 
cover (i.e., weed free areas). 

Employ preventative measures to 
reduce the spread and introduction of 
invasive species into intact/weed free 
plant communities. 
 

Manage priority invasive species on 
priority acres.   

Where can tactics be 
applied? 

On all land Areas that are currently weed free In priority areas 

 Specific Tactic – D Specific Tactic – E Specific Tactic – F 
Tactic Restore to minimize or reverse adverse 

effects. 
 

Manage fire for resource benefits. Promote the occurrence and growth of 
native species. 
 

Where can tactics be 
applied? 

Degraded non-forest vegetation 
communities 

Priority areas based on current 
condition and potential response to fire   

Sagebrush-dominated areas where 
native species have significant 
populations and non-natives are not 
dominant  
 

 Specific Tactic – G Specific Tactic – H Specific Tactic – I 
Tactic Determine and implement proper 

grazing; conduct adaptive management 
that recognizes climate changes will 
lead to different availability of range; use 
rest and rotation practices; reduce 
grazing in July and August to encourage 
perennial growth. 
 

Manage livestock grazing through 
planning efforts that serve as livestock 
movement guides (within-season 
triggers) and allow for the maintenance 
and/or enhancement of plant health 
(end-point indicators). 
 

Use targeted grazing to address 
contemporary vegetation management 
challenges (e.g., control invasive exotic 
and noxious weeds and undesirable 
species, and reduce fire risk). 

Where can tactics be 
applied? 

On all grazed lands On all grazed lands Priority areas based on current 
condition and potential response to 
treatment 
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Table 7.3(cont.)—Adaptation options that address climate change effects on rangelands in the Northern Rockies. 

Sensitivity to climatic variability and change: Phenological mismatch between pollinators and host plants. 
 
Adaption Strategy / Approach: Maintain and restore natural grassland habitat to ensure pollination. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C 
Tactic Encourage native pollinators; provide 

other habitats for pollinators (nesting 
cover, feeding cover, brooding cover). 
 

Restore and enhance habitat (using tools 
such as grazing, fire, herbicide 
application, reseeding).  
 

Implement long term monitoring of 
pollinators (e.g., research, tech transfer, 
education, citizen science projects, and 
monitor existing populations).  

Where can tactics be 
applied? 

Throughout current range of 
grasslands 

Use ecological site descriptions to 
identify priority areas for restoration or 
enhancement  

Look at native and non-native 
ecosystems, overlap in these ecosystems 
and the types of pollinators present  
 

Sensitivity to climatic variability and change: Loss of topsoil and invasion of weeds in montane shrublands.
 
Adaption Strategy / Approach: Maintain and increase montane shrublands. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 

Educate fuels specialists, forest 
ecologists, wildlife biologists and 
silviculturists on ecology and 
disturbances affecting shrublands; 
effects of repeated burns; shifting 
mosaics (creating a balance of types 
across landscapes); and weeds 
(identification, awareness, reporting). 
 

Maintain adequate shrub cover, vigor, and 
species richness, and avoid bare ground; 
create different age classes and 
compositions of shrubfields (shifting 
mosaic); no action is a viable alternative 
dependent on system; tools include 
removal of timber products, targeted 
grazing, prescribed burning, and 
mastication/slashing. 
 

Apply early detection rapid response 
(EDRR), and use ecologically based 
invasive plant management (EBIPM); 
tools include biocontrol, herbicides, 
timing burning prescriptions (to avoid 
annual brome expansion), and targeted 
grazing. 

Where can tactics be 
applied? 

Throughout and across jurisdictional 
boundaries 

Throughout and across jurisdictional 
boundaries 

Throughout and across jurisdictional 
boundaries 
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Table 8.1—Characteristics used to describe disturbance regimes.a 

Disturbance 
characteristic 

Description Example 

Agent Factor causing the disturbance Mountain pine beetle is the agent that kills trees 
 

Source, cause Origin of the agent Lightning is a source for wildland fire 
 

Frequency How often the disturbance occurs or 
its return time 

Years since last fire or beetle outbreak (scale dependent) 
 

Intensity A description of the magnitude of 
the disturbance agent 

Mountain pine beetle population levels; wildland fire heat 
output 
 

Severity The level of impact of the 
disturbance on the environment 

Percent mountain pine beetle tree mortality; fuel 
consumption in wildland fires 
 

Size Spatial extent of the disturbance Mountain pine beetles can kill trees in small patches or 
across entire landscapes 
 

Pattern Patch size distribution of 
disturbance effects; spatial 
heterogeneity of disturbance effects 

Fire can burn large regions but weather and fuels can 
influence fire intensity and therefore the patchwork of 
tree mortality 
 

Seasonality Time of year at which a disturbance 
occurs 

Species phenology can influence wildland fires effects; 
spring burns can be more damaging to growing plants 
than fall burns on dormant plants 
 

Duration Length of time of that disturbances 
occur 

Mountain pine beetle outbreaks usually last for 3-8 years; 
fires can burn for a day or for an entire summer 
 

Interactions Disturbance interact with each 
other, climate, vegetation and other 
landscape characteristics 

Mountain pine beetles can create fuel complexes that 
facilitate or exclude wildland fire 
 

Variability The spatial and temporal variability 
of the above factors 

Highly variable weather and mountain pine beetle 
mortality can cause highly variable burn conditions 
resulting in patchy burns of small to large sizes 

aFrom Keane (2013). 
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Table 8.2— Risk assessment for fire regime changes.a 
 

Fire regime 
component 

Predicted 
direction of 

change 
Main driver(s) of 

change 
Projected duration of 

change 
Likelihood of 

change 
Ignitions Unknown  Changes in lightning 

frequency and 
anthropogenic ignitions 
 

Unknown Unknown  

Area burned Increase Increased fire season 
length, decreased fuel 
moistures, increased 
extreme fire conditions 

Until a sufficient proportion of 
the landscape has been 
exposed to fire, thus 
decreasing fuel loads and 
increasing structural and 
species heterogeneity 
 

High 

Fire frequency Increase Increased ignitions, 
increased fuel loads, 
decreased fuel 
moistures, increased fire 
season length 
 

In forested systems until a 
sufficient proportion of the 
landscape has been exposed 
to fire, reducing fuel loads and 
continuity; in grass- and 
shrubland systems, until global 
climate stabilizes 
 

Moderate 

Average fire 
size 

Increase Increased fire season 
length, decreased fuel 
moistures, increased 
extreme fire conditions 

Until a sufficient proportion of 
the landscape has been 
exposed to fire, thus 
increasing the likelihood that 
previous fires will restrict 
growth of current year fires 
 

High 

Fire season 
length 

Increase Increased temperatures, 
decreased precipitation, 
decreased winter 
snowpack, decreased 
runoff 
 

Until the global climate system 
stabilizes; predicted to 
increase as climate changes 
become more severe 

High 

Fire severity Increase Decreased fuel 
moistures, increased 
extreme fire conditions 

In dry forest types, until fires 
decrease surface fuel loads; in 
mesic forests, if increased fire 
frequency decreases fuel 
loads 

Moderate 

a Developed using expert opinion and information from literature as summarized in this chapter. 
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Table 8.3—Bark beetle species that cause economic impacts in the Northern Rockies. 

Bark beetle species 
Common name Scientific name Host tree species

 
Western pine beetle 

 
Dendroctonus brevicomis 

 
Ponderosa pine 
 

Mountain pine beetle D. ponderosae Limber pine, lodgepole pine, 
ponderosa pine, western white pine, 
whitebark pine 
 

Douglas-fir beetle D. pseudotsugae Douglas-fir 
 

Spruce beetle D. rufipennis Engelmann spruce 
 

Pine engraver beetle Ips spp. Lodgepole pine, ponderosa pine, 
western white pine 
 

Fir engraver Scolytus ventralis Grand fir 
  DRAFT



Table 8.4—Risk assessment for mountain pine beetle outbreaks.a 

a Developed using model simulations and expert opinion and information from literature as summarized 
in this chapter. 
i Two generations in one year. 
ii One generation in two years. 
iii One generation in one year. 
 
 

Elevation 
 

Direction of change Main driver(s) of change
 

Projected duration of 
change 

 

Likelihood 
of change 

 
<3,300 ft Increase if host trees 

available 
 

Temperature–caused shift to 
bivoltinismi 

Increasing risk through 
2100 

 High 

3,300-6600 ft Decrease Temperature-caused 
disruption of seasonality 
 

Decreasing risk 
through 2100 

 High 

6,600-10,000 ft Increase initially, then 
decrease 

Initially temperature-caused 
shift from semivoltineii to 
unvioltineiii, then disruption of 
seasonality 
 

Decreasing risk 
through 2100 

 High 

>10,000 ft Increase Temperature-caused shift 
from semivoltine to univoltine 

Increasing risk through 
2100 

 High DRAFT



Table 8.5—Pine and mountain pine beetle (MPB) metrics by elevation category. Pine forests <6600 
ft have relatively low current hazard for MPB and low univoltine growth potential, although 
bivoltine potential is moderate. Pine forests >6600 ft have relatively high current stand hazard 
conditions for MPB and relatively high univoltine growth potential, although bivoltine potential is 
zero. 

a From Blackard et al. (2009). 
b Current MPB hazard based on host stand conditions (from Krist et al. 2014). 
 
 

 <3,300 ft 3,300-6,600 ft 6,600-10,000 ft >10,000 ft
Current stand density pine (trees per 
acre [standard deviation])a 

46.4 (58.7) 142 (206) 471 (434) 223 (223) 

 Proportion of area (percent) b rated as:     
   Low hazard 97 69 30 18 
   Moderate hazard   2 13 14 13 
   High hazard   1 18 56 68 
MPB potential for population success 
(2015-2025), based on simulation with 
CanEMS2 GCM, emission scenario 
RCP-45 

    

  Univoltine population growth rate (R) 0.00 0.44 1.62 0.65 
Bivoltine (percent of points within 
elevation category projected to have a 
thermal regime supporting bivoltinism 
for >50 percent of years between 2015 
and 2025) 

 

24 5 0 0 

MPB potential  for population success 
(2015-2025), based on simulation with 
CanEMS2 GCM, emission scenario 
RCP-85 

    

  Univoltine population growth rate (R) 0.04 0.86 2.0 1.05 
  Bivoltine (as above) 35 7 0 0 
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Table 8.6—Risk assessment for white pine blister rust.a 

 Direction of 
change 

Main driver(s) of change Predicted duration of 
change 

Likelihood of 
change 

Infection frequency 
and severity 

Little to moderate 
Increase 

Possibility of increased wave 
years in high elevation 
ecosystems 

Until a sufficient 
proportion of the 
landscape has 
populations of rust-
resistant pine trees, 
there will always be 
high infections 
regardless of climate 

Low 

a Developed using expert opinion and information from literature as summarized in this chapter. 
 
 DRAFT



Table 8.7—Risk assessment for forest diseases.a 

a Developed using expert opinion and information from literature as summarized in this chapter. 

 
 

Pathogen 
component 

Direction of change Main driver(s) of 
change 

Projected duration of 
change 

Likelihood of 
change 

Needle 
disease 

Significant increase if 
appropriate 
precipitation timing 
occurs 
 

Increased precipitation 
in spring and early 
summer 

May occur sporadically 
in association with 
weather events 

High 

Root disease Little change Host stress While hosts are 
maladapted 
 

Moderate 

Dwarf 
mistletoe 

Could decrease 
mistletoe populations 
 

Temperature could 
influence flowering and 
seed 
production/dispersal 

Unknown Low 

Abiotic 
disease 

Significant increase Temperature and 
decreased 
precipitation 

Unknown High DRAFT



Table 8.8—Prominent nonnative species in the Northern Rockies and their primary habitats.  

Species Habitat
 
Cheatgrass (Bromus tectorum) 

 
Xeric shrublands and grasslands 
 

Spotted knapweed (Centaurea maculosa) Xeric shrublands and grasslands, dry forest openings 
 

Rush skeletonweed (Chondrilla juncea)  Xeric shrublands and grasslands 
 

Canada thistle (Cirsium arvense) Wetland/riparian areas, disturbed sites in moist grasslands 
 

Houndstongue (Cynoglossum officinale) Highly disturbed mesic and xeric grasslands, roadsides 
 

Leafy spurge (Euphorbia esula) Riparian areas, mesic and xeric grasslands 
 

Orange hawkweed (Hieracium aurantiacum) Forest openings, moist meadows, roadsides 
 

Yellow hawkweed complex (Hieracium spp.) Forest openings, roadsides 
 

St. Johnswort (Hypericum perforatum) Xeric grasslands and shrublands 
 

Dalmatian toadflax (Linaria dalmatica) Xeric grasslands and shrublands 
 

Yellow toadflax (Linaria vulgaris) Mesic to xeric grasslands and shrublands, burned areas 
 

Sulfur cinquefoil (Potentilla recta) Xeric grasslands and shrublands 
 

Common tansy (Tanacetum vulgare) Riparian areas 
 
 
 

DRAFT



Table 8.9—Risk assessment for nonnative plant species.a 

Invasive species 
component 

Direction of 
change 

Main driver(s) of change 
Likelihood of 

change 
 
Area infested 

 
Variable by 
species, from low 
to high 

 
Altered temperature and precipitation 
patterns; increased atmospheric CO2; 
altered fire regimes 
 

 
High 

Species response to 
habitat disturbance 

High  Increased fire frequency and severity, 
which can increase the amount of habitat 
vulnerable to nonnative invasion 
 

High 

Altered fire regimes High Increased fire frequency in areas with fire-
tolerant and flammable invasive species 
(e.g., cheatgrass-fire cycle) 

High 

a Developed using expert opinion and information from literature as summarized in this chapter. 
 DRAFT



Table 9.1—Species included in the Northern Rockies Adaptation Partnership vulnerability 
assessment, including species discussed at subregional workshops. 

 
Habitat / Species Western 

Rockies 
Central 
Rockies 

Eastern 
Rockies 

Greater 
Yellowstone 

Area 
Grassland 

Dry forest      
  Flammulated owl  X  X  
  Pygmy nuthatch  X X X  
 
Riparian/wetland 

     

  American beaver   X X X  
  Moose     X  
  Northern bog lemming     X  
  Townsend’s big-eared bat   X X X  
  Harlequin duck   X  X  
  Columbia spotted frog  X  X  
  Western toad   X  X  
 
Quaking aspen 

     

  Avian cavity nesters  X X X  
  Ruffed grouse    X  
 
Sagebrush grasslands 

     

  Pronghorn    X  
  Pygmy rabbit    X   
  Brewer’s sparrow    X  
  Greater sage-grouse    X X 
 
Mountain grasslands 

     

  Mountain quail 
 

X     

Mesic old-growth forest      
  Fisher  X  X  
 
Snow-dependent species 

     

  American pika    X  
  Canada lynx  X  X  
  Wolverine  X  X  

 

DRAFT



Table 9.2—Adaptation options that address climate change effects on riparian habitat and associated wildlife species in the Northern 
Rockies. 

Sensitivity to climatic variability and change: Decreased streamflow reduces riparian vegetation, affecting food supply and habitat structure for 
multiple species.  
 
Adaption Strategy / Approach: Improve riparian habitat by maintaining healthy beaver populations on the landscape. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Inventory current and potential habitat 
(include multiple factors) 

Restore riparian habitat 
e.g. plant willows, manage  grazers, raise 
water level 
 

Translocation, manage trapping 

Where can tactics be 
applied? (geographic) 
 

Range-wide Suitable habitat range-wide Suitable habitats range-wide 
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Table 9.3—Adaptation options that address climate change effects on aspen habitat and associated wildlife species in the Northern 
Rockies. 

Sensitivity to climatic variability and change: A warmer climate will lower water tables, leading to loss of quaking aspen. 
 
Adaption Strategy / Approach: Promote aspen resilience.
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Promote disturbance (fire, cutting) in 
older aspen stands 

Protect from grazing (fencing, manage 
grazing) 

Reduce conifer competition (fire, 
cutting) in any age aspen stand 

Where can tactics be 
applied? (geographic) 
 

Range-wide Range-wide Range-wide 
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Table 9.4—Adaptation options that address climate change effects on dry forest (ponderosa pine) habitat and associated wildlife species in 
the Northern Rockies. 

Sensitivity to climatic variability and change: A warmer climate will potentially convert drier ponderosa pine to grassland; in addition, many 
ponderosa stands have converted to Douglas-fir because of fire exclusion and are susceptible to projected increases in fire frequency. 
 
Adaption Strategy / Approach: Promote ponderosa pine resilience 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C Specific Tactic – D
Tactic 
 
 

Reduce competition from 
Douglas-fir and grand fir (thin, 
burn) in current mature 
ponderosa pine stands 
 

Frequent understory 
burning 

Retain current mature and 
older ponderosa pine stands 
 

Plant ponderosa pine 
where it has been lost 

Where can tactics be 
applied? (geographic) 
 

Range-wide Range-wide Range-wide Range-wide 
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Table 9.5—Adaptation options that address climate change effects on old-growth, mesic forest habitat and associated wildlife species in 
the Northern Rockies. 

Sensitivity to climatic variability and change: A warmer climate will create drier conditions and cause more wildfire, potentially eliminating old forest 
structure and mesic habitat. 
 
Adaption Strategy / Approach: Maintain current habitat, restore historical habitat, and promote potential future inland maritime forest habitat. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C Specific Tactic – D
Tactic 
 
 

Conserve current old-growth 
cedar and larch, but reduce 
density to increase resilience to 
drought 
 

Restore white pine with a 
cedar understory to create 
future habitat 

Maintain or create necessary 
structure in modeled future 
fisher habitat 

Conserve current old-
growth cedar and larch, but 
reduce density to increase 
resilience to drought 
 

Where can tactics be 
applied? (geographic) 
 

Northern Idaho, Kootenai, 
Bitterroot divide 
 
Where risk of loss is greatest 
(edge of range) 
 
Need redundancy across 
landscape to buffer against 
future fire or drought mortality 

Northern Idaho, Kootenai, 
Bitterroot divide. 
 
Need redundancy across 
landscape to buffer against 
future fire or drought 
mortality 

Mission side of Swan Range. 
 
Need redundancy across 
landscape to buffer against 
future fire or drought mortality 

Northern Idaho, Kootenai, 
Bitterroot divide 
 
Where risk of loss is 
greatest (edge of range) 
 
Need redundancy across 
landscape to buffer against 
future fire or drought 
mortality 
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Table 9.6—Adaptation options that address climate change effects on mountain sagebrush-grassland habitat and associated wildlife 
species in the Northern Rockies. 

Sensitivity to climatic variability and change: A warmer climate will dry soils, reducing the forb component of mountain sagebrush-grassland habitat. 
 
Adaption Strategy / Approach: Maintain current and restore historical habitat. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Manage fire to maintain desired 
habitat 

Control invasive vegetation Restore formerly cultivated land 

Where can tactics be 
applied? (geographic) 
 

Range-wide Range-wide Range-wide 
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Table 9.7—Adaptation options that address climate change effects on sagebrush habitat and associated wildlife species in the Northern 
Rockies. 

Sensitivity to climatic variability and change: A warmer climate and increased wildfire will reduce the distribution and abundance of sagebrush 
habitat. 
 
Adaption Strategy / Approach: Maintain adequate sagebrush habitat. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C Specific Tactic – D
Tactic 
 
 

Manage fire to maintain 
desired habitat 

Control invasive vegetation Restore formerly cultivated 
land 

Prevent fragmentation of 
sagebrush habitat (roads, 
energy development lines) 
 

Where can tactics be 
applied? 
(geographic) 
 

Range-wide 
 

Range-wide 
 

Range-wide 
 

Range-wide 
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Table 9.8—Adaptation options that address knowledge gaps in climate change effects on wildlife populations in the Northern Rockies. 

Sensitivity to climatic variability and change: Species requirements and/or climate sensitivities are largely unknown for many species. 
 
Adaption Strategy / Approach: Increase knowledge of species needs and climate sensitivities 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C Specific Tactic – D
Tactic 
 
 

Analyze female lynx home 
ranges to determine 
necessary mix of habitat 
patches: distribution and size 
 

Update and expand 
knowledge of existing pygmy 
distribution 

Understand climate 
influences on pygmy rabbits 

Understand succession 
after fire in sagebrush 

Where can tactics be 
applied? (geographic) 
 

Range-wide Range-wide 
 

Range-wide 
 

Range-wide 
 

Sensitivity to climatic variability and change: Loss of connectivity can be caused by changes in water supply and snowpack dynamics, habitat loss, 
habitat shifts, vegetation phenology shifts, and human population expansion and redistribution. 
 
Adaption Strategy / Approach: Maintain multiple levels of connectivity (daily, seasonal, dispersal range shift). 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C Specific Tactic – D
Tactic 
 
 

Monitor connectivity using 
genetics, tracking, remote 
sensing tools (e.g., multi-
carnivore genetic monitoring 
across the Northern 
Continental Divide Ecosystem 
with multiple partners 
 

Compile table of connectivity 
vulnerability by species 
(daily through range shift) 

Identify dispersal habitat 
requirements for selected 
species (e.g., wolverine) 

Identify and remove or 
mitigate barriers  

Sensitivity to climatic variability and change: Disease transmission may increase with warmer temperatures. 
 
Adaption Strategy / Approach: Increase knowledge of disease-climate relationships.  
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Monitor environmental conditions 
at bat hibernacula to understand 
environmental conditions that 
promote white-nose syndrome 
 

Monitor moose and bighorn sheep 
disease trends to determine if there 
are climatic drivers 

Work with the state wildlife departments to 
monitor West Nile virus 

Where can tactics be 
applied? (geographic) 

Region-wide Region-wide 
 

Region-wide 
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Table 9.9—Adaptation options that address climate change effects on connectivity for wildlife populations in the Northern Rockies. 

Sensitivity to climatic variability and change: Connectivity depends multiple factors, including water supply, habitat shifts, vegetation phenology, 
snow pack dynamics, and human population expansion and redistribution. 
 
Adaption Strategy / Approach: Maintain connectivity 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Monitor connectivity through 
genetics, tracking, and remote 
sensing 
 

Compile table of known connectivity 
vulnerabilities by species 

Identify and remove barriers 

Where can tactics be 
applied? (geographic) 
 

Region-wide Region-wide 
 

Region-wide 
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Table 10.1–Participation in different recreational activities in national forests in the Northern Region and Greater Yellowstone Area.  

Activity Relationship to climate and environmental conditions 

National Forest visitors who 
participated in this activity as 

their main activitya 

  
Percent of total 

NF visits 
Number 

Warm-weather activities Participation typically occurs during warm weather; dependent on the availability of 
snow- and ice-free sites, dry weather with moderate daytime temperatures, and the 
availability of sites where air quality is not impaired by smoke from wildfires. 

35.9 4,770,616 

Hiking/walking 16.9 2,248,171 

Viewing natural features   8.6 1,136,245 

Developed camping   2.8    375,174 

Bicycling   2.2    286,707 

Other non-motorized   2.0    265,476 

Horseback riding   1.3    168,175 

Picnicking   1.2    164,638 

Primitive camping   0.6      74,876 

Backpacking   0.4      51,154 

Winter activities Participation depends on the timing and amount of precipitation as snow and cold 
temperatures to support consistent snow coverage. Inherently sensitive to climate 
variability and inter-annual weather patterns. 

25.0 3,318,426 

Downhill skiing 12.8 1,695,621 
Snowmobiling 6.4    843,778 
Cross-country skiing 5.9    779,027 

Wildlife activities Wildlife is a significant input for these activities. Temperature and precipitation are 
related to habitat suitability through effects on vegetation, productivity of food 
sources, species interactions, and water quantity and temperature (for aquatic 
species). Disturbances (wildland fire, invasive species, insect and disease outbreaks) 
may affect amount, distribution, and spatial heterogeneity of suitable habitat. 

18.5 2,452,053 

Hunting 11.3 1,503,520 
Fishing 5.3    708,589 
Viewing wildlife 1.8    240,944 

Gathering forest products Depends on availability and abundance of target species (e.g., berries, mushrooms), 
which are related to patterns of temperature, precipitation, and snowpack. 
Disturbances may alter availability and productivity of target species in current 
locations and affect opportunities for species dispersal. 

2.4    313,475 

Water-based activities, not 
including fishing 

Participation requires sufficient water flows (in streams and rivers) or levels (in lakes 
and reservoirs). Typically considered a warm-weather activity, and depends on 
moderate temperatures and snow- and ice-free sites. Some participants may seek 
water-based activities as a heat refuge during periods of extreme heat. 

0.7      96,643 

a Source: USDA FS (n.d.). Total estimated National Forest visits is 13,273,685. Percentage calculations are based on the percent of total visits 
accounted for by each activity and category 
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Table 10.2—Total annual expenditures by non-local and local visitors to Northern Rockies and 
Greater Yellowstone Area national forests, by spending category. 

 Non-local spending,a,b Local spending 

Spending category 

 
Total annual 
expenditures  

 

Spending for 
each 
category 

Total annual 
expenditures  

 

Spending for 
each 

category 

 
 
Lodging 

Thousands of $ (2014) 
 

185,355  

% 
 

31 

Thousands of $ (2014) 
 

    14,743  

% 
 
6 

Restaurant 109,743  18     29,618  13 
Groceries   74,003  12     44,886  19 
Gasoline, oil 104,319  17     78,880  34 
Other transportation     3,013    1       1,059  0 
Activities   36,376    6     14,195  6 
Admissions, fees   39,482    7     19,103  8 
Souvenirs   48,839    8     28,075  12 
Total 601,128     230,562   

,a Non-local refers to trips that required traveling more than 50 miles. 
,b Source: USDA FS (n.d.). 
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Table 10.3—Summary of climate change assessment ratings for recreation by activity category. 

Activity 
category 

Magnitude of 
climate effect 

Likelihood of 
climate effect 

Direct effects Indirect effects

Warm-weather 
activities 

Moderate (+) High Warmer temperature (+) 
Higher likelihood of extreme 
temperatures (-) 

Increased incidence, area, 
and severity of wildfire (+/-) 
Increased smoke from 
wildfire (-) 
 

Snow-based 
winter activities 

High (-) High Warmer temperature (-) 
Reduced precipitation as snow 
(-) 
 

 

Wildlife activities Terrestrial wildlife: 
low (+) 
Fishing: moderate 
(-) 

Moderate Warmer temperature (+) 
Higher incidence of low 
streamflow (fishing -) 
Reduced snowpack (hunting -) 

Increased incidence, area, 
and severity of wildfire 
(terrestrial wildlife +/-) 
Reduced cold-water 
habitat, incursion of warm-
water tolerant species 
(fishing -) 
 

Gathering forest 
products 

Low (+/-) Moderate Warmer temperature (+) More frequent wildfires (+/-) 
Higher severity wildfires (-) 
 

Water-based 
activities, not 
including fishing 

Moderate (+) Moderate Warming temperatures (+) 
Higher likelihood of extreme 
temperatures (-) 

Lower streamflows and 
reservoir levels (-) 

Note: Positive (+) and negative (-) signs indicate expected direction of effect on overall benefits derived 
from recreation activity 
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Table 10.4—Adaptation options that address climate change effects on recreation in the Northern Rockies. 

Sensitivity to climatic variability and change: 
Ice- and snow-based recreation is highly sensitive to variations in temperature and the amount and timing of precipitation as snow.  
 
Adaption Strategy / Approach: 
Transition to address shorter average winter recreation seasons and changing use patterns.  
  
 Specific Tactic – A Specific Tactic – B Specific Tactic – C 
Tactic 
 
 

Maintain current infrastructure and 
expand facilities in areas where 
concentrated use increases. 

Develop options for diversifying snow-
based recreation, such as cat-skiing, 
helicopter skiing, additional ski lifts, 
additional higher elevation runs, toboggan 
runs, snow making, and back country 
yurts 
 

Conduct safety education to make the 
public aware of increased risk of 
avalanche and thin ice 
 

Where can tactics be 
applied? 
 

Snow recreation areas and major 
lakes 

In and around existing permitted areas; 
within driving distance of population 
centers 

Snow recreation areas and major 
lakes 
 

 
Sensitivity to climatic variability and change: 
The warm weather recreation season will increase in length with increasing temperatures and earlier snowmelt. 

Adaption Strategy / Approach: 
Provide sustainable recreation opportunities in response to changing demand. 
  
 Specific Tactic – A Specific Tactic – B Specific Tactic – C 
Tactic 
 
 

Assess to understand changes in use 
patterns and identify demand shifts 

Adjust capacity of recreation sites (e.g., 
enlarge campgrounds, collect additional 
fees, and install infrastructure such as 
fences, signs and gates) 
 

Adjust timing of actions such as road 
and trail closures, food storage 
orders, and special use permits 

Where can tactics be 
applied? 
 

At multiple levels (national, regional, 
forest-level, and local) 

Where demand increases on federal 
lands, as appropriate 

Federal lands 
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Table 10.4(cont.)—Adaptation options that address climate change effects on recreation in the Northern Rockies. 

Sensitivity to climatic variability and change: 
The seasonality of whitewater rafting will shift with increasing temperatures and shifts in the timing of peak streamflows. 

Adaption Strategy / Approach:   
Increase management flexibility and facilitate transitions to meet user demand and expectation. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Vary permit season to adapt to 
changes in peakflow and duration 

Educate the public about changing river 
conditions 

n/a 

Where can tactics be 
applied? 
 

Permitted rivers Permitted rivers n/a 

Sensitivity to climatic variability and change: 
Increases in flooding, fire, and other natural disturbances will cause damage to infrastructure. 

Adaption Strategy / Approach:   
Manage recreation sites to mitigate risks to public safety and infrastructure and to continue to provide recreation opportunities.  
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Assess to determine what recreation 
sites and infrastructure are at risk 
from increased flooding and other 
natural hazards 
 

Prioritize post-disturbance treatments, 
including relocation, arming, and other 
mitigation measures 

Invest strategically in developed 
recreation facilities, prioritizing those 
that will be viable in the future and 
accommodate changing use patterns 

Where can tactics be 
applied? 
 

Federal lands Federal lands Federal lands 
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Table 10.B1—National Forest visits by NRAP subregion and activity category. 

                        Subregiona

 
Activity category 

 
Western 
Rockies 

 
Central 
Rockies 

 
Eastern 
Rockies 

 
Grassland 

Greater 
Yellowstone 

Area 
 Percent of annual visitors reporting main activity 

 
Warm-weather activitiesb,c 36.7 36.9 33.3 60.8 36.2 

Snow-based winter 
activities 

  7.4 26.0 27.2   1.6 31.3 

Wildlife activities 
 

23.3 19.6 18.8 30.5 15.1 

Forest product gathering   6.5   1.9   2.1   0.0   1.1 

Water-based activities, not 
including fishing 

  0.5   0.8   1.6   0.2   0.1 

a To estimate activity participation, subregions are defined by groups of national forests: Western Rockies 
(Idaho Panhandle, Kootenai, Nez Perce-Clearwater), Central Rockies (Bitterroot, Flathead, Lolo), Eastern 
Rockies (Beaverhead-Deerlodge, Custer, Gallatin, Helena, Lewis and Clark), Grassland (Dakota Prairie 
Grasslands), Greater Yellowstone Area (Bridger-Teton, Caribou-Targhee, Shoshone). Geospatial 
definitions of the subregions include parts of several forests divided between two subregions—for 
example, parts of Custer, Beaverhead-Deerlodge, and Gallatin National Forests are divided between the 
Eastern Rockies and Greater Yellowstone Area subregions, but tabulated as part of the Eastern Rockies 
subregion; these forests are also summarized in table 10.B2 separately from the other Greater 
Yellowstone Area forests. 
b Source: USDA FS (n.d.). 
c Percentages do not sum to 100 because not all visitors report activities, and not all activities are included 
in climate-sensitive categories (e.g., nature center activities, visiting historic sites). 
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Table 10.B2—Recreation visits to Greater Yellowstone Area units and Glacier National Park. 

Unit 
 

Total annual visits Most frequent activity Year 

Yellowstone National 
Parka,b 

3,390,000 Viewing wildlife  
(93% of visitors) 
 

2010-2014 annual average 

Grand Teton National 
Parka,b 

2,650,000 Viewing scenery  
(88% of visitors) 
 

2010-2014 annual average 

Red Rock Lakes 
National Wildlife 
Reservec 

     12,000 Viewing wildlife  
(45% of visitors) 
 

2014 

National Elk Refugea,d    900,000 Viewing wildlife  
(53% of visitors) 
 

2008, 2004 

Gallatin National 
Foreste 

2,010,000 Hiking/walking 
(29% of visitors) 
 

2009 

Beaverhead-
Deerlodge National 
Foreste 

   583,000 Hunting 
(32% of visitors) 
 

2010 

Caribou-Targhee 
National Foreste 

1,850,000 Hiking/walking  
(18% of visitors) 
 

2010 

Shoshone National 
Foreste 

   646,000 Viewing natural features 
 (25% of visitors) 
 

2009 

Bridger-Teton National 
Foreste 

2,180,000 Downhill skiing  
(31% of visitors) 
 

2008 

Custer National 
Foreste 

   314,000 Downhill skiing  
(26% of visitors) 
 

2008 

Glacier National Parkb,f 2,149,000 Sightseeing  
(97% of visitors) 

2010-2014 annual average 
1990 (visitor activities) 

a Source: NPS (2006). 
b Source: NPS (2014). 
c Source: USDI (2014). 
d Source: Sexton et al. (2012).  
e Source: USDA FS (n.d.); most frequent activity is the reported main activity (visitors may engage in 
other secondary or tertiary activities). 
f Source: Littlejohn (1991). 
Note: Visitor data are not available for John D. Rockefeller Parkway. 
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Table 11.1—Mean Social Vulnerability Index scores across industries. Counties were ranked by 
industry shares for each industry and separated into quartiles. Scores are first (on the left) 
compared scores for the lower and upper quartiles, then (on the right) the lower and upper half of 
counties, sorted by shares of employment in that industry. Significance levels are shown by the test 
statistics for comparison of the means and the associated p-values. 

 Lower 
quartile 

Upper 
quartile 

Test 
statistic 

p-value Lower 
half 

Upper 
half 

Test 
statistic 

p-
value 

Timber 2.93 0.94 4.32 0.00 2.90 0.76 5.44 0.00 
Grazing -0.20 3.69 -8.03 0.00 0.61 3.04 -6.37 0.00 
Recreation 2.56 0.63 3.56 0.00 2.39 1.28 2.67 0.01 
Oil & gas 2.45 1.68 1.38 0.17 1.94 1.74 0.47 0.64 

   No Yes Test 
Statistic 

p-value   

Counties in National Forest Impact 
Zones 

1.75 2.13 0.923 0.34   
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Table 11.10—Unsuitable land area in the Christie Creek and Sherwin Creek allotments in the Nez 
Perce-Clearwater National Forest, including forage production reduced from conversion of 
desirable vegetation to “weedy” species.a  

Allotment Pasture Unsuitable land area Forage reduced 
  Acres Animal unit months 
Christie Creek Rhett 

 
  83 11 

 Christie Creek 
 

106 11 

 Deer Creek 
 

151 20 

Sherwin Creek Lower Center Ridge 
 

238 32 

Total 578 74 
a Source: Nez Perce–Clearwater National Forest assessment (June 2014 review draft). DRAFT



 

Table 11.11—Changes in non-federal rangeland area, 1982-2007.a 

 Net change  
 

Historic 
rangeland 

Change 
from historic 
rangeland 

Rangeland 
threatened by 

residential 
development 

  
 

Rangeland 

 
 

Pasture 
 

CRP land 

 
Crop 
land 

  
Acres 

Thousands 
of acres 

 
Percent 

Thousands of 
acres 

Montana 
 

-897.8   671.6 -3,084 -28.8 67,604 -24 28 

South Dakota 
 

-784.8 -556.2    -245     1.6 45,924 -52 46 

North Dakota 
 

-507.4    -5.8 -3,034   85.1 43,214 -71 29 

Idaho 
 

-177.6  103.4 -1,154   94.6 29,763 -20 77 

Wyoming 221.0 -178.0    -458   10.0 49,306   -8 13 
a Source: Reeves and Mitchell (2012). 
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Table 11.2—Number of counties significantly below and above regional means. 

 Unemployme
nt rate (5.4%) 

Percent 
employed in 
service 
industry 
(17.8%) 

Median 
household 
income 
($45,235) 

Median age 
(43.4) 

Percent 
foreign born 
(2.7%) 

Percent 
population 
minority 
(15.9%) 

Percent population 
in rural areas 
(75.3%) 

 Below Above Below Above Below Above Below Above Below Above Below Above Below Above 

Grazing 54 18 44 21 49 24 16 57 57 12 62 15 13 66 

Timber 27 40 19 43 43 34 34 39 25 32 57 23 45 29 

Recreation 37 36 18 44 41 32 37 36 31 26 59 21 47 31 

Oil and gas 54 21 31 34 33 43 32 39 38 25 65 12 37 41 
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Table 11.3—Total water use in Montanaa. 

Planning basin Hydropower 
(non-
consumptive) 
 

Irrigation Reservoir 
evaporation 

Municipal, 
industrial, 
livestock 

In-stream flow 
(non-
consumptive) 

   Percent   
 
Statewide 
 

 
86.0 

 
12.4 

 
1.2 

 
0.5 

 
0 

Clark Fork / 
Kootenai River 
 

94.4   4.7 0.5 0.4 0 

Upper Missouri 
 

88.0 11.2 0.5 0.3 0 

Lower Missouri 
 

39.4 19.5 6.0 0.3 35.0 

Yellowstone River 24.5 23.0 0.4 1.4  50.7 
a Data from Montana DNRC (2014).  
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Table 11.4—Consumptive water use in Montana.a 

Planning basin 
 

Irrigation Reservoir 
evaporation 

Domestic & 
municipal 

Livestock Industrial Thermo-
electric 

   Percent 
 

  

Statewide 
 

67.3 28.0 2.4 1.2   0.3   0.8 

Clark Fork / 
Kootenai River 
 

67.0 27.0 3.9 0.5   1.2 0 

Upper Missouri 
 

82.2 13.7 3.0 0.9 <0.1 0 

Lower Missouri 
 

42.0 56.3 0.4 1.4 <0.1 0 

Yellowstone River 83.3   7.2 2.8 2.1   0.3   4.2 
a Data from Montana DNRC (2014). 
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Table 11.5—Threatened and impaired waterways in Montana.a 

  Rivers and 
streams 

Lakes, reservoirs, 
and ponds 

Use Percent 

Agriculture 14.3 22.1 
Aquatic life 83.6 76.7 
Drinking water 29.3 65.5 
Primary contact recreation 38.7 13.5 
 
Causes of impairment 
Rivers and streams  Miles 

     Alteration in streamside or littoral vegetation  8,352 
     Sedimentation, siltation  7,456 
     Phosphorus 5,091 
     Low flow alterations 4,936 
     Nitrogen total 4,846 
Lakes, reservoirs, and ponds  Acres 

     Mercury  311,192 
     Lead 246,950 
     Phosphorous, total    73,324 
     Sedimentation, siltation    69,411 
     Nitrogen, total    68,354 
 
Sources of impairment 

 

Rivers and streams Miles 

     Agriculture 6,000 
     Grazing in riparian or shoreline zones  5,862 
     Irrigated crop production  4,570 
     Natural sources 4,518 
     Source unknown 4,223 
Lakes, reservoirs, and ponds  Acres 

     Impacts from abandoned mine lands  279,490 
     Atmospheric deposition – toxics  250,570 
     Historic bottom sediments (not sediment)  237,654 
     Municipal point source discharges    97,542 
     Source unknown    86,868 

a Data from U.S. Environmental Protection Agency Watershed Assessment, Tracking and Environmental 
Results System database (http://water.epa.gov/scitech/datait/tools/waters/index.cfm). 
 

DRAFT



 

Table 11.6—Threatened and impaired waterways in Idaho.a 

  
 

Rivers and 
streams 

Lakes, reservoirs, 
and ponds 

Use Percent 

Cold water aquatic life 52.5 91.3 
Primary contact recreation 18.3   2.6 
Salmonid spawning 45.9 86.0 
Warm water aquatic life 68.0 99.4 
Domestic water supply   3.2                 0 
Seasonal cold water aquatic life               0             100 
Secondary contact recreation 15.3 97.0 
Causes of impairment 
Rivers and streams  Miles 

     Temperature, water 18,494 
     Sedimentation, siltation  14,988 
     Phosphorus   6,017 
     Escherichia coli   4,480 
     Combined benthic, fish bioassessments    4,306 
     Other flow regime alterations   3,877 
Lakes, reservoirs, and ponds Acres 

     Phosphorus  146,576 
     Mercury  121,329 
     Other flow regime alterations    84,682 
     Sediment, siltation    80,169 
     Dissolved oxygen    77,473 
Sources of impairment  
Streams and rivers  Miles 

     Grazing in riparian or shoreline zones 2,230 
     Rangeland grazing  1,782 
     Livestock (grazing, feeding)  1,152 
     Flow alterations from water diversions     643 
     Loss of riparian habitat    608 
     Managed pasture grazing     561 
Lakes, reservoirs, and ponds Acres 

     Highways, roads, bridges, infrastructure  340 
     Post-development erosion and sedimentation  340 
     Natural sources  340 
     Agriculture  340 
     Loss of riparian habitat  340 

a Data from U.S. Environmental Protection Agency Watershed Assessment, Tracking and Environmental 
Results System database (http://water.epa.gov/scitech/datait/tools/waters/index.cfm). 
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Table 11.7—Threatened and impaired waterways in North Dakota.a 

 Rivers and 
streams 

Lakes, reservoirs, 
and ponds 

Use Percent 

Agriculture             0               0 
Fish and other aquatic biota           16.6               0.1 
Fish consumption           80.8             81.3 
Industrial             0               0 
Municipal and domestic             0               0 
Recreation           27.2 0.9 
Causes of impairment 
Rivers and streams Miles 

     Fecal coliform bacteria  3,820 
     Physical substrate habitat alterations  2,423 
     Escherichia coli  1,882 
     Sedimentation, siltation  1,783 
     Combined benthic, fish bioassessments    604 
Lakes, reservoirs, and ponds  Acres 

     Fecal coliform bacteria  3,820 
     Physical substrate habitat alterations  2,423 
     Escherichia coli  1,882 
     Sedimentation, siltation  1,783 
     Combined benthic, fish bioassessments    604 
Sources of impairment  
Rivers and streams  Miles 

     Grazing in Riparian or shoreline zones  5,797 
     Animal feeding operations   3,909 
     Crop production (crop land or dry land)  2,549 
     Loss of riparian habitat  2,415 
     Source unknown  1,148 
Lakes, reservoirs, and ponds  Acres 

     Grazing in Riparian or shoreline zones  5,797 
     Animal feeding operations   3,909 
     Crop production (crop land or dry land)  2,549 
     Loss of riparian habitat  2,415 
     Source unknown  1,148 

a Data from U.S. Environmental Protection Agency Watershed Assessment, Tracking and Environmental 
Results System database (http://water.epa.gov/scitech/datait/tools/waters/index.cfm) 

DRAFT



 

Table 11.8—Sold timber volumes from national forests in the U.S. Forest Service Northern Region and Greater Yellowstone Area 
subregion over the last two decades.a  

 1980 2013 Difference 

 
 
National Forest Number 

of sales 
Sold 

volume 

Inflation 
adjusted 

sold value Sales 
Sold 

volume 

Inflation 
adjusted 

sold value Sales 
Sold 

volume 

Inflation 
adjusted 

sold 
value 

   ft3 Dollars   ft3 Dollars Percent 

Beaverhead-Deerlodge    630   47,137   1,971,012 845   8,176 59,067  34 -83 -97 

Bitterroot    268   42,751   3,883,685 266   8,123 459,684   -1 -81 -88 

Bridger-Teton    425   20,141      885,087 627   9,641 150,834   48 -52 -83 

Caribou-Targhee 7,347   98,301   7,726,627 743   7,234 93,922  -90 -93 -99 

Custer   127     1,653        81,794 292   1,573 18,088 130   -5 -78 

Flathead   289 194,340 22,504,836 334 14,797 963,163   16 -92 -96 

Gallatin   310   23,575      628,518 551   4,480 44,820   78 -81 -93 

Helena   113   21,916   1,451,979 393   3,431 34,000 248 -84 -98 

Idaho Panhandle   669 317,157 64,207,103 866 40,180 3,562,340   29 -87 -94 

Kootenai   616 175,803 36,705,744 820 35,589 1,820,020   33 -80 -95 

Lewis and Clark   277   12,423      134,615 387   2,152 21,160   40 -83 -84 

Lolo   367   40,744   2,281,829 597   6,402 298,537   63 -84 -87 

Nez Perce-Clearwater   414 255,741 18,881,743 699 44,402 6,567,655   69 -83 -65 

Shoshone   307   11,883      198,089 415   7,667 225,075   35 -35  14 
a Source: U.S. Forest Service, accessed via Headwaters Economics (http://headwaterseconomics.org/interactive/national-forests-timber-cut-sold) 
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Table 11.9—Employment in the timber industry, by county and region, 2012.a  

County 
Total private 
employment 

Timber 
employment 

Employment 
in timber (%) 

Change in timber 
employment, 1998-2012 

(%) 

All subregions 365,255 9,531   2.6  -44 
Western Rockies subregion 112,143 6,511   5.8  
Asotin County, WA     4,605        9   0.2  -95 
Benewah County, ID     2,130    677 31.8  -25 
Bonner County, ID   10,972    401   3.7  -70 
Boundary County, ID     2,239    410 18.3    -3 
Clearwater County, ID     1,896    358 18.9  -59 
Idaho County, ID     3,165    386 12.2  18 
Kootenai County, ID   44,080    913   2.1  -52 
Latah County, ID     8,398    349   4.2   -11 
Lewis County, ID        717    132 18.4  -47 
Lincoln County, MT     3,771    191   5.1  -79 
Nez Perce County, ID   16,061 1,693 10.5  -13 
Pend Oreille County, WA     1,403      83   5.9  -67 
Sanders County, MT     1,910    122   6.4  -55 
Shoshone County, ID     4,183      94   2.2  -28 
Stevens County, WA     6,613    693 10.5  -30 
Central Rockies subregion 110,451 2,374   2.1  
Flathead County, MT   31,316    977   3.1  -45 
Glacier County, MT     2,205        1   0.0     0 
Lake County, MT     5,121    119   2.3  -51 
Mineral County, MT        895    231 25.8 175 
Missoula County, MT   47,885    574   1.2  -69 
Powell County, MT     1,024    243 23.7   37 
Ravalli County, MT     8,522    220   2.6  -69 
Silver Bow County, MT   13,483        9   0.1 125 
Eastern Rockies subregion 114,783    595   0.5  
Beaverhead County, MT     2,234        9   0.4  -40 
Broadwater County, MT        790    178 22.5   78 
Carbon County, MT     2,169        3   0.1   50 
Cascade County, MT   29,168      25   0.1   19 
Chouteau County, MT        723        4   0.6     0 
Fergus County, MT     3,291        9   0.3 -89 
Gallatin County, MT   37,409    103   0.3 -59 
Granite County, MT        481      47   9.8 -69 
Jefferson County, MT     1,679      34   2.0  89 
Lewis and Clark County, MT   23,623      48   0.2 129 
Madison County, MT     1,943      10   0.5   67 
Meagher County, MT        268        4   1.5  -73 
Park County, MT     4,394      86   2.0  -28 
Powder River County, MT        329        0   0.0                     -100 
Rosebud County, MT     2,562        0   0.0 -100 
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Stillwater County, MT     2,683      35   1.3   -58 
Sweet Grass County, MT     1,037        0   0.0 -100 
Greater Yellowstone Area 
subregion   26,609      50   0.2  
Fremont County, ID     1,429      19   1.3   -75 
Park County, WY     9,876      25   0.3   -36 
Teton County, WY   15,304        6   0.0  100 
Grassland subregion     1,269        1   0.1  
Carter County, MT        184        0   0.0 -100 
Harding County, SD        402        1   0.2      0 
McHenry County, ND        683        0   0.0      0 

a Source: U.S. Department of Commerce (2014).  
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Table 12.1—Summary of climate change stressors and potential effects on cultural resources in the 
Northern Rockies (see also Rockman 2014, UNESCO 2007). Human activities can exacerbate some 
of the expected effects of climate change (see text). 

 

Climate change 
stressor Biophysical effects Effects on cultural sites and landscapes 

 
Temperature 
increase  

 
 Wildfire  

 
 Drought, erosion 

 
 Vegetation changes 

 
 Spread of invasive 

species   
 

 Ice patch melt  
 

 Altered freeze-thaw 
cycles  

 

 
 Combustion, damage, destruction 

 
 Exposed artifacts and cultural features       

 
 Altered physical appearance, integrity    

 
 Altered physical appearance, integrity 

 
 Artifact decay and theft    

 
 Saturation, desiccation, warping, 

biochemical changes  
 

Altered 
precipitation  

 Earlier seasonal runoff, 
flooding  

 
 Debris flows, slumping  

 
 Down-cutting, mass 

wasting   
 

 Increased moisture and 
humidity  

 
 Extreme precipitation 

events  
   

 Removal, damage, degradation      
 

 Burial, removal, degradation  
 

 Removal, damage, degradation  
 

 Decay, oxidation, exfoliation, corrosion, 
biochemical changes  

 
 Removal, damage, degradation, collapse, 

exposure   
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Table 13.1—Risk assessment for resources in the vulnerability assessment for the Northern 
Rockies. The qualitative and quantitative approach for estimating magnitude and likelihood of 
climate change effects varies by resource and availability of information (see individual chapters 
for more detail). 

   

Resource Habitat, ecosystem function or 
species 

Magnitude of effects Likelihood of effects

Water resources Snowpack and glaciers High to low, depending on 
elevation and winter 
temperatures 

High 

Streamflow High to low across the region, 
depending on local climate 

High to low across the 
region, depending on 
local climate 

Fisheries Bull trout Moderate for 2040s, high by 
2080s 

High for 2040s, 
moderate for 2080s 

Westslope cutthroat trout and 
Yellowstone cutthroat trout 

Low for 2040s, moderate for 
2080s 

High for 2040s, 
moderate for 2080s 

Vegetation –  
general types 

Dry ponderosa pine and 
Douglas-fir  

High High 

Lodgepole pine and aspen mixed 
conifer 

Moderate High 

Mixed mesic white pine, western 
redcedar, western hemlock 
grand fir  

Moderate Low 

Western larch mixed conifer  High Very high 
Whitebark pine/spruce-fir  High High 
Big sagebrush  Highly variable Moderate  
Mountain big sagebrush and 
basin big sagebrush 

Mountain big sagebrush – 
moderate; basin big 
sagebrush – high  

High 

Threetip sagebrush and silver 
sagebrush 

Moderate High 

Western grasslands High High 
Vegetation –  
tree species 

Alpine larch High High 
Cottonwood Moderate Moderate 
Douglas-fir High High  
Engelmann spruce Moderate Moderate 
Grand fir Moderate Moderate 
Green ash Moderate High 
Limber pine Low  Low 
Lodgepole pine Moderate High 
Mountain hemlock High High 
Ponderosa pine - var. ponderosa Moderate Moderate 
Ponderosa pine – var. 
scopulorum 

Moderate Moderate 

Quaking aspen Moderate High 
Subalpine fir High High 
Western hemlock Moderate  Moderate 
Western larch High Very high 
Western redcedar Moderate Moderate 
Western white pine Moderate Moderate 
Whitebark pine Moderate Moderate 

Vegetation – 
resource 
concerns 

Carbon sequestration High Moderate 
Landscape heterogeneity Moderate High 
Timber production Moderate to high in northern 

Idaho 
High in north Idaho 

 
Bark beetle disturbances Moderate Varies  
Invasive plant species High High 
Wildfire regimes Low-moderate Moderate-high 
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Table 13.1(cont.)—Risk assessment for resources in the vulnerability assessment for the Northern 
Rockies.  

 

Wildlife American beaver Moderate by 2100 Moderate by 2100 
 American pika Low in 2030, 2050; moderate 

by 2100 
Varies 

Canada lynx Moderate by 2030, high by 
2050, extreme by 2100 

High 

Fisher Low by 2030, moderate by 
2050, probably high by 2100 

High 

Moose Moderate by 2100 Moderate by 2100 
Northern bog lemming Moderate by 2050; 

high by 2100 
High by 2050 

Pronghorn Moderate by 2100 Moderate by 2100 
Pygmy rabbit Moderate by 2050; could be 

high by 2100 
High by 2050 
 

Townsend’s big-eared bat Moderate by 2100 Moderate by 2100 
Ungulates (elk, mule deer, white-
tailed deer) 

Uncertain, but probably low to 
moderate by 2100 

Low to moderate in all 
time periods 

Wolverine Low by 2030, moderate by 
2050, high to very high by 
2100 

High in all time periods 

Brewer’s sparrow Low to moderate by 2050; 
moderate to high by 2100 

Moderate, depending on 
sagebrush habitat 

Flammulated owl Largely unknown across all 
time periods 

Largely unknown across 
all time periods 

Greater sage-grouse Largely unknown across all 
time periods 

Largely unknown across 
all time periods 

Harlequin duck Moderate across all time 
periods 

Moderate across all time 
periods 

Mountain quail Low to moderate across all 
time periods 

Low to moderate across 
all time periods 

Pygmy nuthatch Largely unknown across all 
time periods 

Largely unknown across 
all time periods 

 Ruffed grouse Low to moderate across all 
time periods 

Low to moderate across 
all time periods 

 Columbia spotted frog Moderate across all time 
periods, depending on fungal 
infections 

Moderate across all time 
periods 
 

 Western toad Moderate across all time 
periods 

Moderate across all time 
periods 

Recreation Warm-weather activities  Moderate High 
 Snow-based recreation activities  High High 
 Wildlife-based activities  Hunting, wildlife viewing–low; 

fishing–moderate to high  
Hunting, wildlife viewing– 
moderate; fishing–high  

Gathering forest products  Low Moderate 
 Water-based activities  Low to moderate Moderate 
Ecosystem 
services 

Building materials/wood products Large from non-climate forces Likely from non-climate 
forces 

Cultural and heritage values  Highly variable Highly variable 
Erosion regulation Landslides and flooding have 

the potential for large sudden 
damages; costs of soil 
erosion are high. 

High  

Fuel (firewood/biofuels)  
 

Firewood – low; biofuels – 
uncertain  

High 

Mining, minerals Large from non-climate forces High 
Viewsheds/clean air  High High 
Water quality High High 
Water quantity Moderate High 
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Table 13.2—Example of how information on climate change vulnerability and adaptation can be 
used in land management applications for dry forests.  

Vulnerability and adaptation information
 

Land management application 

Sensitivity to climatic variability and change 
 Potential conversion to grassland  
 Many ponderosa pine forests have converted to 

Douglas-fir types due to fire exclusion and are 
therefore more susceptible to future fires 

 

 
 Forest/grassland planning: assessment phase 
 Project National Environmental Policy Act 

(NEPA) analysis: existing condition and best 
science on effects of climate change on 
resource 

 
Adaption strategy 
 Restore fire-adapted ponderosa pine stand 

conditions in order to facilitate transition 

 
 Forest/grassland planning: desired conditions 
 Project NEPA analysis: purpose and needs 

 
Tactics 
 Reduce competition from Douglas-fir and grand fir 

(thin, burn) in current mature pine stands 
 Conduce frequent understory burning 
 Retain current mature and older ponderosa pine 

stands 
 Plant ponderosa pine where it has been lost 

 
 Forest/grassland planning: objectives 
 Project NEPA analysis: project design features 

and other mitigation 
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Figure 1.1—Project area for the Northern Rockies Adaptation Partnership (NRAP). Map by 

Robert Norheim.
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Figure 2.1—Highly dissected watersheds with mixed conifer forest adjacent to streams are common 

in the Western Rockies subregion. (Photo by U.S. Forest Service). 
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Figure 2.2—Glacially carved landscapes, dense coniferous forest, and deep lakes are common in 

the Central Rockies subregion. (Photo by National Park Service) 
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Figure 2.3—The expedition of Lewis and Clark has created a historical legacy in the Eastern 

Rockies subregion. This painting by Alfred Russell depicts Sacajawea guiding the expedition 

from Mandan through the Rocky Mountains. (Photo by Bettmann/CORBIS)
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Figure 2.4—Populations of the grizzly bear, an iconic species in the Greater Yellowstone Area 

subregion, have increased over the past several decades as a result of successful conservation 

efforts. (Photo by U.S. Fish and Wildlife Service) DRAFT



 

 
 

Figure 2.5—A rich diversity of grasses and forbs, often mixed with ponds and lakes provide 

excellent habitat for waterfowl in the Grassland subregion. (Photo by Jim Ringelman, Ducks 

Unlimited).
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Figure 3.1—Comparison of global temperatures projected with emission levels from CMIP3 (left 

panel) and with emission levels from CMIP5 (right panel) (figure 2.4 from Walsh et al. 2014). 

Different amounts of heat-trapping gases released into the atmosphere by human activities 

produce different projected increases in Earth’s temperature. In the figure, the red and blue lines 

represent a central estimate of global average temperature rise (relative to the 1901-1960 

average) for a specific emissions pathway. The shaded areas for a given color indicate the range 

(5th to 95th percentile) of results from a suite of climate models. The bars to the right of each 

panel indicate projections in 2099 for additional emissions pathways are indicated. In all cases, 

temperatures are expected to rise, although the difference between lower and higher emissions 

pathways is substantial. (Left) The panel shows the two main scenarios (SRES – Special Report 

on Emissions Scenarios): A2 assumes continued increases in emissions throughout this century, 

and B1 assumes much slower increases in emissions beginning now and significant emissions 

reductions beginning around 2050, though not due explicitly to climate change policies. (Right) 

The panel shows results from the most recent generation of climate models (CMIP5) using the 

most recent emissions pathways (RCPs – Representative Concentration Pathways). The newest 

set includes both lower and higher pathways than did the previous set. The lowest emissions 

pathway shown here, RCP 2.6, assumes immediate and rapid reductions in emissions and would 

result in about 2.5 °F of warming in this century. The highest pathway, RCP 8.5, roughly similar 

to a continuation of the current path of global emissions increases, is projected to lead to more 

than 8 °F warming by 2100, with a high-end possibility of more than 11 °F. (Data from CMIP3, 

CMIP5, and NOAA NCDC). These results draw on raw GCM data summarized for the entire 

Earth rather than bias corrected to spatially downscaled GCM models for our regions depicted in 

all other graphics. 
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Figure 3.2—Historical (1970-2009) and projected (2030-2059 and 2070-2099) mean annual 

monthly temperature (oF) for Northern Rockies Adaptation Partnership Region (NRAP) under 

RCP 4.5 and RCP 8.5 scenarios. Projected climate results are the mean of 36 models for RCP 

4.5 and 34 models for RCP 8.5 (see table 3.1). Spatial resolution of the data is 1/8-degree 

latitude-longitude. 
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Figure 3.3—Historical (1970-2009) and projected (2030-2059 and 2070-2099) total annual 

precipitation (inches) under RCP 4.5 and RCP 8.5. Projected climate results are the mean of 36 

models for RCP 4.5 and 34 models for RCP 8.5 (see Table 3.1). Spatial resolution of the data is 

1/8 degree latitude-longitude. 
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Figure 3.4—For the entire NRAP region, percent change in total annual precipitation (%) and 

change in mean annual temperature (oF) from the simulated historical climate (1979-2009) and 

the projected climate (2040-2060) using the CMIP5 RCP 4.5 and RCP 8.5 scenarios and the 

CMIP3 A1B scenario. Each CMIP5 model result is labeled by a number with a key in the legend 

(e.g., 29 is MIROC-ESM) in colors to indicate RCP 4.5 (yellow) and RCP 8.5 (red) (see table 

3.1). The crosses in the middle represent the median and 25-75% of the RCP 4.5 and the RCP 8.5 

projections used in this study. The mean values for the CMIP5 changes are shown on the figure 

as colored diamonds. The CMIP3 results are labeled in black triangles (see table 3.2 and Littell et 

al. 2011). 
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Figure 3.5—Annual historical mean monthly maximum temperature, annual mean monthly 

minimum temperature, and total annual precipitation from monthly gridded PRISM, Maurer 

and TopoWx for 1949 to 2010 for the NRAP Western subregion. The heavy lines are the 10-

year rolling average to show short-term trends.  
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Figure 3.6—Historical modeled and projected annual mean monthly maximum temperature, 

annual mean monthly minimum temperature, and total annual precipitation for the RCP 4.5 and 

RCP 8.5 emission scenarios based on CMIP5 data for the NRAP Western subregion. Historic 

modeled results are indicated in gray, projections in colors. The shaded area shows the 5th and 

95th percent quantiles for all models. The grey, red, or yellow heavy line illustrate ensemble 

median; the heavy blue line is the gridded historical observed data from Maurer et al. (2002).  
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Figure 3.7—Seasonal mean monthly maximum temperature for 1950-2100 for the NRAP 

Western subregion. Each box is an aggregation of 20 years of modeled historical or projected 

seasonal data centered on the year listed (historical, grey boxes; RCP 4.5, yellow boxes; RCP 

8.5, red boxes). For example, 1960 represents the seasonal average of 1950 to 1969. The 

central line in each box is the median. Hinges or edges of the boxes are the first and third 

quartiles; whiskers extend past the first and third quartile by 1.5 times the interquartile range 

(middle 50); points outside of the whiskers are extreme values. 
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Figure 3.8—Seasonal mean monthly minimum temperature for 1950-2100 for the NRAP 

Western region. Each box is an aggregation of 20 years of modeled historical or projected 

seasonal data (historical, grey boxes; RCP 4.5, yellow boxes; RCP 8.5, red boxes). For 

example, 1960 represents the seasonal average of 1950 to 1969. The central line in each box is 

the median. Hinges or edges of the boxes are the first and third quartiles; whiskers extend past 

the first and third quartile by 1.5 times the interquartile range (middle 50); points outside of the 

whiskers are extreme values. 
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Figure 3.9—Annual historical mean monthly maximum temperature, annual mean monthly 

minimum temperature, and total annual precipitation from monthly gridded PRISM, Maurer 

and TopoWx for 1949 to 2010 for the NRAP Central subregion. The heavy lines are the 10-

year rolling average which show short-term trends.  
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Figure 3.10—Historical modeled and projected annual mean monthly maximum temperature, 

annual mean monthly minimum temperature, and total annual precipitation for the RCP 4.5 and 

RCP 8.5 emission scenarios based on CMIP5 data for the NRAP Central subregion. Historic 

modeled results are indicated in gray, projections in colors. The shaded area shows the 5th and 

95th percent quantiles for all models. The grey, red, or yellow heavy line illustrate ensemble 

median; the heavy blue line is the gridded historical observed data from Maurer et al. (2002). 
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Figure 3.11—Seasonal mean monthly maximum temperature for 1950-2100 for the NRAP 

Central subregion. Each box is an aggregation of 20 years of modeled historical or projected 

seasonal data (historical, grey boxes; RCP 4.5, yellow boxes; RCP 8.5, red boxes). For 

example, 1960 represents the seasonal average of 1950 to 1969. The central line in each box is 

the median. Hinges or edges of the boxes are the first and third quartiles; whiskers extend past 

the first and third quartile by 1.5 times the interquartile range (middle 50); points outside of the 

whiskers are extreme values.  
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Figure 3.12—Seasonal mean monthly minimum temperature for 1950-2100. Each box is an 

aggregation of 20 years of modeled historical or projected seasonal data for the NRAP Central 

subregion (historical, grey boxes; RCP 4.5, yellow boxes; RCP 8.5, red boxes). For example, 

1960 represents the seasonal average of 1950 to 1969. The central line in each box is the 

median. Hinges or edges of the boxes are the first and third quartiles; whiskers extend past the 

first and third quartile by 1.5 times the interquartile range (middle 50); points outside of the 

whiskers are extreme values.  
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Figure 3.13—Annual historical mean monthly maximum temperature, annual mean monthly 

minimum temperature, and total annual precipitation from monthly gridded PRISM, Maurer 

and TopoWx for 1949 to 2010 for the NRAP Eastern subregion. The heavy lines are the 10-

year rolling average which show short-term trends 
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Figure 3.14—Historical modeled and projected annual mean monthly maximum temperature, 

annual mean monthly temperature, and total annual precipitation for the RCP 4.5 and RCP 8.5 

emission scenarios based on CMIP5 data for the NRAP Eastern subregion. Historic modeled 

results are indicated in gray, projections in colors. The 5th and 95th percent quantiles for all 

models are shown by the shaded area. The ensemble median is illustrated by the grey, red, or 

yellow heavy line; the heavy blue line is the gridded historical observed data from Maurer et al.  

2002). 
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Figure 3.15—Seasonal mean monthly maximum temperature for 1950-2100 for the NRAP 

Eastern subregion. Each box is an aggregation of 20 years of modeled historical or projected 

seasonal data (historical, grey boxes; RCP 4.5, yellow boxes; RCP 8.5, red boxes). For 

example, 1960 represents the seasonal average of 1950 to 1969. The central line in each box is 

the median. Hinges or edges of the boxes are the first and third quartiles; whiskers extend past 

the first and third quartile by 1.5 times the interquartile range (middle 50); points outside of the 

whiskers are extreme values. 
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Figure 3.16—Seasonal mean monthly minimum temperature for 1950-2100 for the NRAP 

Eastern subregion. Each box is an aggregation of 20 years of modeled historical or projected 

seasonal data (historical, grey boxes; RCP 4.5, yellow boxes; RCP 8.5, red boxes). For example, 

1960 represents the seasonal average of 1950 to 1969. The central line in each box is the median. 

Hinges or edges of the boxes are the first and third quartiles; whiskers extend past the first and 

third quartile by 1.5 times the interquartile range (middle 50); points outside of the whiskers are 

extreme values. 
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Figure 3.17—Annual historical mean monthly maximum temperature, annual mean monthly 

minimum temperature, and total annual precipitation from monthly gridded PRISM, Maurer and 

TopoWx for 1949 to 2010 for the NRAP Greater Yellowstone subregion. The heavy lines are the 

10-year rolling average which show short-term trends.  
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Figure 3.18—Historical modeled and projected annual mean monthly maximum temperature, 

annual mean monthly minimum temperature, and total annual precipitation for the RCP 4.5 and 

RCP 8.5 emission scenarios based on CMIP5 data for the NRAP Greater Yellowstone 

subregion. Historic modeled results are indicated in gray, projections in colors. The shaded 

area shows the 5th and 95th percent quantiles for all models. The grey, red, or yellow heavy line 

illustrate ensemble median; the heavy blue line is the gridded historical observed data from 

Maurer et al. (2002). 
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Figure 3.19—Seasonal mean monthly maximum temperature for 1950-2100 for the NRAP 

Greater Yellowstone subregion. Each box is an aggregation of 20 years of modeled historical 

or projected seasonal data (historical, grey boxes; RCP 4.5, yellow boxes; RCP 8.5, red boxes). 

For example, 1960 represents the seasonal average of 1950 to 1969. The central line in each 

box is the median. Hinges or edges of the boxes are the first and third quartiles; whiskers 

extend past the first and third quartile by 1.5 times the interquartile range (middle 50); points 

outside of the whiskers are extreme values. 
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Figure 3.20—Seasonal mean monthly minimum temperature for 1950-2100 for the NRAP 

Greater Yellowstone subregion. Each box is an aggregation of 20 years of modeled historical 

or projected seasonal data (historical, grey boxes; RCP 4.5, yellow boxes; RCP 8.5, red boxes). 

For example, 1960 represents the seasonal average of 1950 to 1969. The central line in each 

box is the median. Hinges or edges of the boxes are the first and third quartiles; whiskers 

extend past the first and third quartile by 1.5 times the interquartile range (middle 50); points 

outside of the whiskers are extreme values. 
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Figure 3.21—Annual historical mean monthly maximum temperature, annual mean monthly 

minimum temperature, and total annual precipitation from monthly gridded PRISM, Maurer 

and TopoWx for 1949 to 2010 for the NRAP Grassland subregion. The heavy lines are the 10-

year rolling average which show short-term trends. 
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Figure 3.22—Historical modeled and projected annual mean monthly maximum temperature, 

annual mean monthly minimum temperature, and total annual precipitation for the RCP 4.5 and 

RCP 8.5 emission scenarios based on CMIP5 data for the NRAP Grassland subregion. Historic 

modeled results are indicated in gray, projections in colors. The shaded area shows the 5th and 

95th percent quantiles for all models. The grey, red, or yellow heavy line illustrate ensemble 

median; the heavy blue line is the gridded historical observed data from Maurer et al. (2002).  
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Figure 3.23—Seasonal mean monthly maximum temperature for 1950-2100 for the NRAP 

Grassland subregion. Each box is an aggregation of 20 years of modeled historical or projected 

seasonal data (historical, grey boxes; RCP 4.5, yellow boxes; RCP 8.5, red boxes). For 

example, 1960 represents the seasonal average of 1950 to 1969. The central line in each box is 

the median. Hinges or edges of the boxes are the first and third quartiles; whiskers extend past 

the first and third quartile by 1.5 times the interquartile range (middle 50); points outside of the 

whiskers are extreme values. 
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Figure 3.24—Seasonal mean monthly minimum temperature for 1950-2100 for the NRAP 

Grassland subregion (historical, grey boxes; RCP 4.5, yellow boxes; RCP 8.5, red boxes). Each 

box is an aggregation of 20 years of modeled historical or projected seasonal data. For 

example, 1960 represents the seasonal average of 1950 to 1969. The central line in each box is 

the median. Hinges or edges of the boxes are the first and third quartiles; whiskers extend past 

the first and third quartile by 1.5 times the interquartile range (middle 50); points outside of the 

whiskers are extreme values. 
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Figure 4.1—Bar graphs of annual precipitation amounts and distribution from several 

representative locations. More western and higher elevation sites tend to have stronger winter 

precipitation, with a pronounced lull in July and August. May and June precipitation is generally 

more pronounced than July and August precipitation and so is likely an important water source 

for vegetation during the summer drought. 
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Figure 4.2—An index of precipitation seasonality in the Northern Rockies, a ratio of early 

summer (May-June) to winter (December-January) precipitation. Greener colors are wetter in 

May and June. July and August precipitation is low for most locations. Of note is the relative 

contribution of May through June precipitation in western Montana and central Idaho compared 

to mountains (SNOTEL sites) further south. There is also a notable difference in mountain 

versus local valley (COOP sites) seasonality. 
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Figure 4.3—Correlation of winter precipitation to winter westerly wind speed across the Pacific 

Northwest (From Luce et al. 2013). 
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Figure 4.4—October through March precipitation change for 2041-2070 versus 1971-2000 as 

represented by a) a global circulation model (CanESM2) and b) a regional climate model with 

finer topographic detail. 
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Figure 4.5—Estimated loss of a) April 1 snow water equivalent and b) mean snow residence time as related to warming of 5.4 °F 

(from Luce et al. 2014).
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Figure 4.6—Uncertainty ratio for April 1 snow water equivalent. Orange to dark red sites are 

strongly influenced by precipitation in contrast to temperature. Thus, temperature based 

projections in those sites may be inaccurate if precipitation changes are large. At dark green (and 

white) sites, temperature effects will predominate, and precipitation changes in either direction 

are inconsequential.
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Figure 4.7—Oblique view of Grinnell Glacier taken from the summit of Mount Gould, Glacier National Park (After Fagre 2005).  
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Figure 4.8—Projections for fractional change in mean annual flow for the 2080s compared to 1977-2006. The ensemble mean is on 

the left while the range between two disagreeing projections is shown on the right. 
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Figure 4.9—Projections for fractional change in mean summer flow (June-September) for the 2080s compared to 1977-2006. The 

ensemble mean is on the left while the range between two disagreeing projections is shown on the right. 
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Figure 4.10—Projections for fractional change in minimum weekly flow with a 10-year return probability (7Q10) for the 2080s 

compared to 1977-2006. The ensemble mean is on the left while the range between two disagreeing projections is shown on the right. 
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Figure 4.11—Projections for number of days of change in center of streamflow timing for the 2080s compared to 1977-2006. The 

ensemble mean is on the left while the range between two disagreeing projections is shown on the right. 
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Figure 4.12—Projections for fractional change in 1.5-year flood magnitude (approximate “bankfull” flow) for the 2080s compared to 

1977-2006. The ensemble mean is on the left while the range between two disagreeing projections is shown on the right. 
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Figure 4.13—Projections for number of days in winter that exceed the 95th percentile flow in each year, an indicator of when floods 

are likely to happen, for the 2080s compared to 1977-2006. The value of this metric can take on values between 0 and 18.25, and the 

difference can take on the same range. The ensemble mean is on the left while the range between two disagreeing projections is shown 

on the right. 
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Figure 5.1—Northern Rockies Adaptation Partnership analysis area for cutthroat trout and bull 

trout, including the U.S. Forest Service Northern Region (white border). Bull trout range 

encompasses basins west of the Continental Divide and the St. Mary River basin (yellow dashed 

line), whereas historical cutthroat trout range includes most of the analysis area. 
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Figure 5.2—Presence of juvenile bull trout and cutthroat trout and all age classes of other trout 

species at sampling sites relative to temperature projections from the NorWeST baseline scenario 

of mean August temperature. Figure reproduced from Isaak et al. (2015). 
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Figure 5.3—Relations between environmental covariates and probability of occupancy of 

juvenile native trout developed from 512 bull trout (a, b, c) and 566 cutthroat trout (d, e, f) cold-

water habitats. Relations are conditioned on mean values of two independent variables not shown 

in a panel. An exception occurs for cutthroat trout with regard to stream slope (f) where brook 

trout values of 0% and 100% were used to highlight the interaction between these covariates. 

Figure reproduced from Isaak et al. (2015). 
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Figure 5.4—NorWeST August mean stream temperature maps interpolated from 11,703 

summers of monitoring data at 5,461 unique stream sites across the 114,000 mi of streams in the 

analysis area. Map panels show conditions during baseline (a, 1980s), moderate (b, 2040s), and 

extreme change scenarios (c, 2080s). Networks were trimmed to represent potential fish-bearing 

streams by excluding reaches with slopes greater than 15 percent and Variable Infiltration 

Capacity model summer flows less than 0.20 ft3 s-1. High-resolution digital images of these maps 

and ArcGIS databases with reach-scale predictions are available at the NorWeST website 

(http://www.fs.fed.us/rm/boise/AWAE/projects/NorWeST.html).  
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Figure 5.5—Distribution of cold-water habitats with probabilities of occupancy greater than 0.1 

for juvenile cutthroat trout during baseline (a and d, 1980s), moderate change (b and e, 2040s), 

and extreme change scenarios (c and f, 2080s). Panels a–c illustrate occupancy when brook trout 

are absent. Panels d–f illustrate occupancy when brook trout prevalence is 50 percent. High-

resolution digital images and ArcGIS databases of these maps with stream-specific projections 

are available at the Climate Shield website 

(http://www.fs.fed.us/rm/boise/AWAE/projects/ClimateShield/maps.html). 
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Figure 5.6—Distribution of cold-water habitats with probabilities of occupancy greater than 0.1 

for juvenile bull trout during baseline (a and d, 1980s), moderate change (b and e, 2040s), and 

extreme change scenarios (c and f, 2080s). Panels a–c illustrate occupancy when brook trout are 

absent. Panels d–f illustrate occupancy when brook trout prevalence is 50 percent. High-

resolution digital images and ArcGIS databases of these maps with stream-specific predictions 

are available at the Climate Shield website 

(http://www.fs.fed.us/rm/boise/AWAE/projects/ClimateShield/maps.html).   
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Figure 5.7—Example of a detailed Climate Shield map available at the project website that 

shows probabilities of juvenile bull trout occupancy in cold-water habitats during the 1980s 

baseline period in the North Fork Flathead River basin. Maps with identical formats for three 

climate periods and five brook trout invasion scenarios are available as .pdf and ArcGIS files for 

all bull trout and cutthroat trout streams across the northwestern United States. 
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Figure 6.1—The Northern Rockies (NR) assessment area that includes the Northern Region of 

the U.S. Forest Service and the Greater Yellowstone Area (Yellowstone National Park and 

surrounding areas). Presented are existing vegetation types by the five geographic sub-areas used 

to stratify assessments in this report. This map was created from the LANDFIRE Existing 

Vegetation Type map by aggregating the National Vegetation Classification Standard vegetation 

types into a set of vegetation types that has some meaning across the NR at this coarse scale. 

This map is intended to convey current vegetation of the NR.  
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Figure 6.2—Potential vegetation types for the entire NRAP assessment area by the five 

geographic sub-areas. This map was created from the LANDFIRE Biophysical settings map by 

aggregating the National Vegetation Classification Standard vegetation types into a set of 

vegetation types that has some meaning across the NR at this coarse scale.  
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Figure 6.3—The MC2 vegetation types for the assessment area by the five geographic sub-areas. 

This map was created from a MC2 modeling effort (see appendix 6A).
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Figure 7.1—Resilience to disturbance (A) and resistance to cheatgrass (B) over a typical 

temperature/precipitation gradient in the cold desert. Dominant ecological sites occur along a 

continuum that includes Wyoming big sagebrush on warm and dry sites, to mountain big 

sagebrush on cool and moist sites, to mountain big sagebrush and root-sprouting shrubs on cold 

and moist sites. Resilience increases along the temperature/precipitation gradient and is 

influenced by site characteristics like aspect. Resistance also increases along the 

temperature/precipitation gradient and is affected by disturbances and management treatments 

that alter vegetation structure and composition and increase resource availability. Modified from 

Chambers et al. (2014). ARTRw = Wyoming big sagebrush (Artemisia tridentata ssp. 
wyomingensis); ARTRv = mountain big sagebrush (A. tridentata ssp. vaseyana); SYOR = 

mountain snowberry (Symphoricarpos oreophilus) 
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Figure 7.2—Estimated distribution of various sagebrush vegetation classes in the Northern 

Rockies. 
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Figure 7.3—Mean slope of linear regression of the net primary productivity trend for the B2, 

A1B, and A2 emission scenarios (models averaged here include: GCGM2, HadCM3, CSIRO, 

MK2, MIROC3.2)(A) and standard deviation of the mean slope of linear regression of the net 

primary productivity trend for the same scenarios (B). From Reeves et al. (2014). 
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Figure 7.4—Conifer encroachment, predominantly ponderosa pine into a montane grassland, 

including the ubiquitous graminoid rough fescue. (Photo by Mary Manning, Forest Service, U.S. 

Department of Agriculture) 

DRAFT



 

 

Figure 7.5—Mean and standard deviation of percent of subregions burned across three time 

spans (historic, 2030-2050, 2080-2100) and without/with fire suppression. 
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Figure 7.6—Change in big sagebrush habitat suitability (a-d) based on species distribution 

models using climate (c)-(d) or ecohydrology (a)-(b), along with germination (e) and seedling 

survival potential (f) for NR (outlined in bold). Projected change in big sagebrush habitat 

suitability is between 1970-1999 climate and future A2 scenario (a)-(c) and B1 scenario (b)-(d) 

2070-2099 emission scenarios. Red cells indicate areas of decrease in big sagebrush habitat 

suitability, blue cells indicate areas of increase, white cells indicate stable areas, and gray cells 

indicate absence of big sagebrush. Maps of germination (e) and seedling survival (f) represent 

current conditions and are summarized as fraction of years with successes: red (0, no years with 

success), tan (>0), green (1, every year with success). Black cells indicate data not available 

(Schlaepfer et al. 2012). 
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Figure 8.1—Fire regime groups for the Northern Rockies, LANDFIRE mapping program. The 

fire regime group layer characterizes the presumed historical fire regimes within landscapes 

based on interactions among vegetation dynamics, fire spread, fire effects, and spatial context. 

See http://www.landfire.gov/NationalProductDescriptions12.php. 
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Figure 8.2—Mean fire return interval for the Northern Rockies, LANDFIRE mapping program. 

The mean fire return interval layer quantifies the average period between fires under the 

presumed historical fire regime. See 

http://www.landfire.gov/NationalProductDescriptions13.php for more information. 
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Figure 8.3—Vegetation condition class for the Northern Rockies, LANDFIRE mapping 

program. The vegetation condition class layer quantifies the amount that current vegetation has 

departed from the simulated historical vegetation reference conditions. See 

http://www.landfire.gov/NationalProductDescriptions10.php. 
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Figure 8.4—Changes in mean annual area burned (ha) for current levels of fire suppression and 

no fire suppression, A1B (moderate) and A2 (hgh) emission scenarios, and for the time periods 

2030-2050 and 2080-2100, as projected by the MC2 dynamic global vegetation model (Bachelet 

et al. 2003). 
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Figure 8.5—Severe fire potential (probability) for 90th percentile fire weather scenario, with 

non-burnable areas added in from the LANDFIRE 2008 Fire Behavior Fuel Model layer (Dillon 

et al. 2011).  
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Figure 8.6—Area (acres) affected by bark beetles in the U.S. Forest Service Northern Region. 

Data based on Forest Health Protection aerial detections surveys. 
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Figure 8.7—Cumulative area affected by mountain pine beetle between 1999 and 2013 in the 

Northern Rockies. Data based on Forest Health Protection aerial detection surveys. 
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Figure 8.8—Left panel: projected mountain pine beetle (MPB) population growth rate (mean, 

standard deviation) of univoltine populations (one generation per year) over decades (historical) 

and 20-year periods (projected) from 1950 to 2100. Shown are the mean and standard deviation 

among locations of decadal (historic) and 2-decadal (projected) growth rates. Right panel: 

proportion of simulation points in which bivoltinism (two generations in one year) is projected 

for more than 50 percent of years in each time period. Projections are based on a temperature-

dependent model of MPB development and population growth (Powell and Bentz 2009) using 

temperatures from the CanESM2 and CCSM4 GCMs and two emission scenarios 

(Representative Concentration Pathways [RCP] 4.5 and 8.5). Model output is shown by elevation 

category (in feet). Simulation points are geographic locations of downscaled temperatures where 

pines occur (sample size = 17,616). 
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Figure 8.9—Left panel: Predicted mountain pine beetle (MPB) population growth rate (mean, 

standard deviation) of univoltine populations (one generation per year) over decades (historical) 

and 20 year periods (projected) from 1950 to 2100. Shown are the mean and standard deviation 

among locations of decadal (historic) and 2-decadal (projected) growth rates. Right panel: 

proportion of simulation points where bivoltinism (i.e., two generations in one year) is projected 

for more than 50 percent of years in each time period. Predictions are based on a temperature-

dependent model of MPB development and population growth (Powell and Bentz 2009) using 

temperatures from the CanESM2 and CCSM4 GCMs and two emission scenarios (RCP 4.5, RCP 

8.5). Model output is shown by Northern Rockies Adaptation Partners (NRAP) subregion. 

Simulation points are geographic locations of downscaled temperatures where pines occur 

(sample size = 17,616). 
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Figure 8.10—Landscape composition of species cover types using the plurality of basal area for 

current climate for the East Fork of the Bitterroot River landscape with all combinations of fire, 

white pine blister rust (WPBR), and mountain pine beetle (MPB): (A) fire, WPBR, and MPB, 

(B) no fire, WPBR, MPB, (C) fire and MPB, (D) MPB only, (E) fire and WPBR, (F) WPBR 

only, (G) fire only, and (H) no disturbances. Species: PIAL-whitebark pine, PIEN-Engelmann 

spruce, ABLA = subalpine fir, PICO-lodgepole pine, PSME-Douglas-fir, and PIPO-ponderosa 

pine. Produced using the FireBGCv2 mechanistic ecosystem-fire process model (Keane et al. 

2015). 
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Figure 8.11—Landscape composition of species cover types using the plurality of basal area for 

a warmer climate (A2 emission scenario) for the East Fork of the Bitterroot River landscape with 

all combinations of fire, white pine blister rust (WPBR), and mountain pine beetle (MPB): (A) 

fire, WPBR, and MPB, (B) no fire, WPBR, MPB, (C) fire and MPB, (D) MPB only, (E) fire and 

WPBR, (F) WPBR only, (G) fire only, and (H) no disturbances. Species: PIAL = whitebark pine, 

PIEN = Engelmann spruce, ABLA = subalpine fir, PICO = lodgepole pine, PSME = Douglas-fir, 

and PIPO = ponderosa pine. Produced using the FireBGCv2 mechanistic ecosystem-fire process 

model (Keane et al. 2015). 
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Figure 8.12—Modeled (A) current and (B) future (year 2060) climate space for Armillaria 
solidipes (Klopfenstein et al. 2009). Colors represent the number of tree votes cast, analogous to 

the probability of occurrence. Yellow = 50 to 75 votes, red = 76 to 100 votes. 
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Figure 9.1—Visual summary of workshop discussions on the influence of climate on wildlife 

populations in the Northern Rockies Adaptation Partnership. Pathways of climate influence 

(black) interact with population characteristics (blue) to affect the future population status (red). 

A given pathway affects multiple species, and multiple pathways affect a given species. 
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Figure 9.2—Canada lynx have snow-specific adaptations (oversized feet, long legs, and a thin, 

light skeleton), and snowshoe hares dominate their diets. Snowshoe hares undergo seasonal 

pelage changes from brown to white, and the effectiveness of this strategy depends on synchrony 

with snow cover. A mismatch between the hare’s fur color and its environment would make it 

more vulnerable to predation by lynx. (Left photo by Milo Burcham, right photo by L. Scott 

Mills) 
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Figure 9.3—Maintenance and restoration of American beaver populations are an adaptation 

tactic for maintaining water on the landscape. Although beavers are not particularly climate 

sensitive themselves, the structures beavers create and their effects on aquatic habitats and 

floodplains may help to ameliorate the effects of climatic change on cold-water fish species and 

other aquatic organisms. (Photo by E. Himmel, National Park Service) 
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Figure 9.4—The American pika is a small lagomorph that collects grass and herbs throughout 

the summer as winter food and remains active throughout the winter. It depends on the relatively 

warm subnivean environment associated with deep winter snowpack. (Photo by Jim Jacobson) 
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Figure 9.5—Ungulates generally respond favorably to wildfires that create patchy habitat, 

especially if forage availability improves, as shown in this photo of an elk browsing adjacent to a 

recently burned lodgepole pine forest. (Photo by Jeff Henry, National Park Service) 
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Figure 9.6—Since climate change is expected to reduce the extent of mature sagebrush through 

increased wildfire, sagebrush-obligate species such as Brewer’s sparrow (shown here) and 

greater sage-grouse may have less nesting habitat in the future. (Photo by Paul Higgins, 

www.utahbirds.org)  

  

DRAFT



 

 
 

Figure 9.7—Warmer air temperature and less snowpack are expected to decrease the presence of 

shallow water during the summer, reducing habitat for the Columbia spotted frog (shown here) 

and western toad. Higher water air and water temperatures may also increase infections from 

amphibian chytrid fungus. (Photo by Roger Myers, Alaska Department of Fish and Game) 
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Figure 10.1—Direct and indirect effects of climate on recreation decisions. 
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Figure 10.2—Percent of total national forest visits by climate-sensitive primary activity (Source: 

USDA FS n.d.) 
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Figure 10.3—Expectations for extent and severity of wildfires in a warmer climate will create forest 

conditions that may be less desirable for hiking and other recreational activities. (Photo courtesy of Dave 

Pahlas, http://IdahoAlpineZone.com) 
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Figure 10.4—Cross-country skiing at lower elevation locations (shown here in the Beaverhead-Deerlodge 

National Forest) may be vulnerable as snowpack decreasee in future decades. (Photo courtesy of U.S. 

Forest Service) 

 

  

DRAFT



 

 
 
Figure 10.5—Algal blooms, shown here in Hayden Lake, Idaho, may become more common in a warmer 

climate. These conditions are undesirable for water-based recreation and some fish species. (Photo 

courtesy of Panhandle Health District) 

DRAFT



 

 
 

 

 

Figure 11.1— The Social Vulnerability Index (SoVI) to environmental hazards for U.S. counties 

(managed and updated by the Hazards and Vulnerability Research Institute at the University of 

South Carolina; Cutter et al. 2003). The SoVI is based on 11 underlying factors identified to 

affect social vulnerability: personal wealth, age, density of the built environment, single-sector 

economic dependence, housing stock and tenancy, race, ethnicity, occupation, and infrastructure 

dependence. For each county in the U.S., scores based on these 11 factors are summed to form a 

composite vulnerability score. To highlight counties with the most “extreme” scores, composite 

scores are then converted to standard deviations and mapped. 
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Figure 11.2—Demographic information for the Northern Rockies region, including proportion unemployed (a), proportion in poverty 

(b), proportion without a vehicle (c), proportion of minorities (d), proportion with limited English skills (e), and proportion over age 

65 (f).   
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Figure 11.3—Forests to Faucets data showing the relative importance of surface water for municipal water supply (top) and forests for 

maintaining watershed health (bottom). The index depends on both the amount of water coming off forests and the population served 

by that water. Higher numbers indicate higher levels of importance (from Weidner and Todd 2011). 
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Figure 11.4—Wildland fire threat to forests and importance to surface drinking water. Higher numbers indicate higher risk of wildland 

fire (from Weidner and Todd 2011).
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Figure 11.5—Primary area where timber is processed from national forests in the U.S. Forest 

Service Northern Region. 
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Figure 11.6—Total jobs in timber and non-timber for national forests in the U.S. Forest Service 

Northern Region (from U.S. Department of Commerce 2014).  
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Figure 11.7—Ranking of watersheds in U.S. by their potential for soil loss from sheet and rill 

erosion (from U.S. Department of Agriculture, Natural Resources Conservation Service, 

http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/home/?cid=nrcs143_014067).
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Figure 11.8—Total forest ecosystem carbon for the national forests and grassland in the Northern 

Region from 1990 to 2013.  
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Figure 11.9—Cumulative total carbon stored in harvested wood products (HWP) manufactured 

from the Northern Region timber. Carbon in HWP includes both products that are still in use and 

carbon stored at solid waste disposals sites (SWDS), including landfills and dumps (Stockmann 

et al. 2014). 
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Figure 12.1—Prehistoric stone cairn exposed by wildfire in Custer National Forest. Intense 

wildfires, suppression, and rehabilitation activities annually affect hundreds of cultural resources 

in the Northern Rockies. (Photo by Halcyon LaPoint, Custer-Gallatin National Forest) 
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Figure 12.2—Prehistoric artifacts exposed in soil-deflated surface caused by drought conditions. 

Exposed artifacts are vulnerable to illegal collecting and livestock trampling. (Photo by Carl 

Davis, U.S. Forest Service) 
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Figure 12.3—Post-wildfire debris flow that obliterated or covered cultural resources in 

Meriwether Canyon, Helena National Forest. Early, intense spring runoff events may become 

more common in the future. (Photo by Carl Davis, U.S. Forest Service) 
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Figure 12.4—Melting perennial ice patches expose prehistoric artifacts in Custer-Gallatin 

National Forest. These high-elevation locations document activities by Native American groups 

in the recent and distant past. (Photo by Craig Lee, Montana State University)   
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Figure 12.5—Whitebark pine mortality may affect the integrity and status of cultural sites, such 

as the Lewis and Clark Pass cultural landscape and National Register District shown here. 

Significant landscape change may also affect indigenous peoples and local communities who use 

the area and its resources. (Photo by Sara Scott, Montana Department of Fish, Wildlife, and 

Parks)
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Figure 12.6—Installing emergency roof supports in the main lodge, OTO Dude Ranch, Custer-

Gallatin National Forest. Routine and emergency projects to stabilize, protect, and maintain 

historic buildings are likely to increase in a warmer climate. (Photo by Marcia Pablo, Custer-

Gallatin National Forest) 
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Figure 13.1—General framework for use of the Northern Rockies Adaptation Partnership 

vulnerability assessment and adaptation strategies and tactics to ask critical questions and 

develop a landscape management strategy. 
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Figure 13.2—Example of how a workshop can be conducted to answer critical questions and 

develop a landscape management strategy for cold-water fish 
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Figure 13.3—Example applications of Northern Rockies Adaptation Partnership products to land 

management operations. 
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Box 3.1—Comparing CMIP3 and CMIP5 for temperature and precipitation projections for 

Oregon and Washington 

 

Model evaluation 
One way to evaluate a model’s “skill” is to have it simulate (recreate) past climate and compare 

those results to observed climate. Both CMIP3 and CMIP5 models reproduce important 

characteristics of climate in the NRAP region fairly well, including wet winters, dry summers, 

annual temperature, and a 20th century warming trend (~1.4 °F per century). However, both CMIP3 

and CMIP5 models are wetter on an annual basis than observations (Mote and Salathé 2010, Rupp et 

al. 2013).  

 

Future temperature  
 CMIP5 climate experiments based on RCP 4.5 and RCP 8.5 are warmer for the NRAP region, on 

average, than the CMIP3 scenarios based on SRES-B1 and SRES-A2.  

 Most of the difference in temperature projections can be explained through increased forcing 

between the two sets of emissions/concentration scenarios, rather than modifications to the 

models between CMIP3 and CMIP5. 

 

Future precipitation  
 CMIP3 and CMIP5 both project a slightly wetter future on average by mid-21st century.  

 CMIP3 and CMIP5 both project slightly drier summers and slightly wetter conditions the rest of 

the year. 

 High natural variability in precipitation masks differences between CMIP3 and CMIP5. 
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Box 3.2—Summary: Climatic variability and change for the Northern Rockies Adaptation 

Partnership region 

 The mountainous West, Central, East, and Greater Yellowstone Ecosystem subregions sit at 

the boundary between the warm, wet, maritime airflows from the Pacific Ocean, and the 

cooler, drier airflows from Canada. The Grassland subregion is influenced primarily by the 

cooler, drier airflows from Canada. 

 

 Climatic variability in the mountainous areas of Idaho, Montana, and the Greater 

Yellowstone Ecosystem is strongly influenced by interactions with topography, elevation, 

and aspect.  

 

 Historically, the coolest areas are found in the Greater Yellowstone Ecosystem, and the 

warmest areas are associated with grasslands in central Montana and into South Dakota and 

North Dakota. 

 

 By the 2040s, mean annual monthly temperatures are projected to increase in the NRAP 

region. The warmest areas continue to be associated with central Montana. For the Grassland 

subregion, projections show a pattern of drier west and wetter east, with the mean of climate 

models showing a slight increase in the wetter eastern area. 

  

 Projections for precipitation suggest a very slight increase in the future. Precipitation 

projections, in general, have much higher uncertainty than those for temperature. 

 

 Seasonally, projected winter maximum temperature begins to rise above freezing (32 oF) in 

the mid-21st century in several of the subregions.  

 

 Projected climate was derived from climate models in the Coupled Model Intercomparison 

Project version 5 (CMIP5) database, which was used in the most recent Intergovernmental 

Panel on Climate Change reports. 

 

 Some chapters in this publication draw from existing scientific literature that used climate 

projections from the 2007 IPCC reports (CMIP3 database). In the mid- 21st century (2040-

2060), CMIP3 and CMIP5 temperature projections are similar, whereas CMIP5 precipitation 

projections are slightly wetter than those in CMIP3.  
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Box. 3.3—Summary: Historical and projected climate for the NRAP Western subregion 

 

 Climatologically, this mountainous region sits at the boundary between warm, wet, maritime 

airflows from the Pacific Ocean, and cooler, drier airflows from Canada. 

 

 Changes in climate affecting mountain snowpack will have important hydrological implications. 

 

 Over the historical period of record (1895-2012), the annual mean monthly minimum 

temperature increased by about 3.0 °F, while the annual mean monthly maximum temperature 

increased by about 0.6 °F. During the same period, annual mean monthly precipitation increased 

slightly, by an average of about 0.1 per month. 

 

 Temperature is projected to increase 5-10 °F is by 2100, including increases in both the annual 

mean monthly minimum and annual mean monthly maximum.  

 

 Mean monthly maximum and minimum temperatures are projected to increase for all seasons. 

The mean monthly minimum temperature (spring and autumn) and the mean monthly maximum 

temperature (winter) may rise above freezing.  

 

 Seasonal precipitation is projected to be slightly wetter in winter and spring, slightly drier in 

summer. 
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Box. 3.4—Summary: Historical and projected climate for the NRAP Central subregion 
 

 Climatologically, this mountainous region sits at the boundary between warm, wet, maritime 

airflows from the Pacific Ocean, and cooler, drier airflows from Canada. 

 

 Changes in climate affecting mountain snowpack will have important hydrological implications. 

 

 Over the historical period of record (1895-2012), the annual mean monthly minimum 

temperature increased by about 2.6 °F, while the annual mean monthly maximum temperature 

increased by about 1.3 °F.  

 

 By 2100, temperature is projected to increase 6-12 °F for the annual mean monthly minimum, 

and 5-11 °F for the annual mean monthly maximum.  

 

 Mean monthly maximum and minimum temperatures are projected to increase for all seasons. 

The mean monthly minimum temperature (spring and autumn) and the mean monthly maximum 

temperature (winter) may rise above freezing.  

 

 Seasonal precipitation is projected to be slightly wetter in winter and spring, slightly drier in 

summer. 
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Box. 3.5—Summary: Historical and projected climate for the NRAP Eastern subregion 
 

 Climatologically, this mountainous region sits at the boundary between warm, wet, maritime 

airflows from the Pacific Ocean, and cooler, drier airflows from Canada. 

 

 Changes in climate affecting mountain snowpack will have important hydrological implications. 

 

 Over the historical period of record (1895-2012), the annual mean monthly minimum 

temperature increased by about 2.2 °F, while the annual mean monthly maximum temperature 

increased by about 1.8 °F. During the same period, annual mean monthly precipitation was 

unchanged. 

 

 By 2100, temperature is projected to increase 6-11 °F for the annual mean monthly minimum, 

and 5-11 °F for the annual mean monthly maximum.  

 

 Mean monthly maximum and minimum temperatures are projected to increase for all seasons. 

The mean monthly minimum temperature (spring and autumn) and the mean monthly maximum 

temperature (winter) may rise above freezing.  

 

 Seasonal precipitation is projected to be slightly wetter in winter and spring, slightly drier in 

summer. 
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Box. 3.6—Summary: Historical and projected climate for the NRAP Greater Yellowstone 

subregion 
 

 In the Greater Yellowstone Ecosystem subregion, climatic variability is strongly influenced by 

interactions with topography, elevation, and aspect.  

 

 Over the historical period of record (1895-2012), the annual mean monthly minimum 

temperature increased by about 2.9 °F, while the annual mean monthly maximum temperature 

increased by about 1.2 °F.  

 

 By 2100, temperature is projected to increase 5-10 °F for the annual mean monthly minimum, 

and 7-12 °F for the annual mean monthly maximum.  

 

 Annual mean monthly precipitation is projected to increase slightly by 2100, although 

projections for precipitation have high uncertainty compared to temperature. 

 

 Projected winter maximum temperature is projected to increase above freezing in the mid-21st 

century. Projected summer temperature is projected to increase 5 °F by 2060 and 10 °F by 2100.    DRAFT



 

Box. 3.7—Summary: Historical and projected climate for the NRAP Grassland subregion 

 

 Warming trends indicate that future climate will be similar to the area south of this region. 

 

 Even with little or no change in precipitation, there is the potential for summer drying or drought 

due to the increased heat and increased evapotranspiration. 

 

 Early snow melt from the west will imply changes in streamflow, with implications for 

streamflow and temperature, therefore reservoir management and stream ecology. 

 

 There is a pattern of a drier west and wetter east, with the average of climate models showing a 

slight shift for more of the wetter east.  
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Box 5.1—Effects of Climate Change on Arctic Grayling 

 

Arctic grayling (Thymallus arcticus) are a salmonid species native to Arctic Ocean drainages in 

North America and northern Eurasia, and Pacific Ocean basins in Alaska and British Columbia, with 

two disjunct inland groups in Michigan (now extinct) and the upper Missouri River basin in Montana 

and Wyoming (Kaya 1992, Scott and Crossman 1998). Within its range in Montana and Wyoming, 

grayling was represented by four adfluvial (lake living, stream spawning) populations in the Red 

Rock and Big Hole River basins, and by fluvial populations widely but irregularly distributed in the 

Missouri River basin above the Great Falls (USFWS 2014). Relative to this historical distribution, 

the current range and abundance of Arctic grayling have decreased greatly. Lacustrine populations 

are more common recently because of introductions inside and outside its historical range (Kaya 

1992). Declines of riverine populations were caused by habitat degradation and fragmentation, 

inundation by reservoirs, overharvest, and interactions with nonnative fish, particularly rainbow 

trout, brook trout, and brown trout (Kaya 1992). The distinct population segment in the upper 

Missouri River basin was petitioned for listing under the ESA, but has not been listed (USFWS 

2014). Recent activities focused on increasing instream flows, improving habitat connectivity, 

supplementing existing populations, and founding new populations (some in historically fishless 

lakes) appear to have arrested declines in most grayling populations in this basin (USFWS 2014). 

Arctic grayling are regarded as a cold-water species (Elliott and Elliott 2010). Grayling life 

histories are often characterized by extensive movements to habitats for growth, reproduction, and 

overwintering, especially in riverine systems (Northcote 1995). Access to thermal refugia may be 

important to population persistence at the southern extreme of its range; many of the fluvial systems 

that retain grayling in the upper Missouri River basin are heavily influenced by groundwater inputs 

(USFWS 2014). Although the thermal preferences of this species are uncertain, the upper thermal 

limits of grayling in the Big Hole River basin are comparable to those of cutthroat trout (Johnstone 

and Rahel 2003; Lohr et al. 1996; Wagner et al. 2001). 

The influence of climate change on Arctic grayling is uncertain, because data are lacking on this 

topic, but their reliance on mobility emphasizes the need for connectivity among complementary 

habitats. Ameliorating the effects of low summer discharge has been a target of management 

(USFWS 2014), but this problem may become more severe and difficult to overcome if projected 

climate-related changes in discharge (chapter 4) are realized. Many of the extant populations are in 

high-elevation lakes that are presumed to be less vulnerable to the effects of warming or reduced 

streamflow (USFWS 2014).  

Responses to warmer stream temperatures may be complex. With warming summer water 

temperatures, initiation of the spawning season advanced by more than three weeks over the course 

of four decades in a population of adfluvial European grayling (T. thymallus) in Switzerland 

(Wedekind and Küng 2010). Paradoxically, earlier spawning meant a longer exposure of incubating 

eggs and fry to colder spring water temperatures, patterns that coincide with substantial declines in 

the number of female spawners. This pattern may reflect declining survival of juvenile fish 

(Wedekind and Küng 2010) or sex-specific vulnerability to changes in thermal regimes (Pompini et 

al. 2013). Whether this is symptomatic of a broader trend or case study is unknown, but warming 

stream temperatures, population declines, and sex ratio shifts in salmonids have been observed 

elsewhere in Europe (Hari et al. 2006). Regardless, the few Arctic grayling populations extant in 

their historical range are likely to remain the focus of management efforts (USFWS 2014), and the 

continuation of these efforts may play a significant role in the near-term persistence of grayling in 

the upper Missouri River basin. At longer time scales, the "climate velocity" associated with 

warming of low-gradient stream habitats (Isaak and Rieman 2013) may challenge our ability to 

maintain recent improvements in the conservation status of this species.  
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Box 5.2—Effects of Climate Change on Fish Species in the Grassland Subregion 

 

Several native fish species are found in the Grassland subregion of NRAP. Located in the eastern 

portions of the Custer-Gallatin National Forest and the Dakota Prairies National Grassland, these 

species have received little scientific study and monitoring compared to cold-water salmonids and 

warm-water sportfish. Many prairie streams have never been sampled or are sampled sporadically at 

best (S. Barndt, personal observation; G. Gallinat, South Dakota Fish and Game, personal 

communication; Montana Fish, Wildlife and Parks database). As a result, fish distribution and 

aquatic habitat are poorly understood at all spatial scales. However, as in most dendritic stream 

networks, small streams constitute the majority of fish habitat, and species favoring those habitats 

are likely to be the most common. Small streams may also provide seasonal habitats for spawning 

and rearing of species favoring larger streams, rivers, and lakes (Thornbrugh and Gido 2009).  
Prairie streams are dynamic, tending to vary between periods of floods and flow intermittency, 

among and sometimes within years (Dodds et al. 2004). Extirpation and recolonization of local 

habitats by fish species is typical (Falke et al. 2012), and patterns of occupancy by fish species can 

be considered in the context of metapopulation theory, in which the presence of subpopulations of 

each species depends on habitat connectivity and duration (Falke and Fausch 2010). Although it is 

typical for prairie streams to be reduced to sets of disconnected pools in some years, this pattern is 

more prevalent in agricultural landscapes where surface and groundwater withdrawals are common 

(Gido et al. 2010; Falke et al. 2011). Climate change is expected to exacerbate these patterns (Jaeger 

et al. 2014) and lead to greater extremes, including severe droughts and more intense storms and wet 

intervals in plains and dryland systems (Michels et al. 2007; Starks et al. 2014).  

Projecting the responses of prairie fishes to climate change is complicated by difficulty in 

identifying habitat preferences, partly because many fish species are habitat generalists (Wuellner et 

al. 2013) and because the dynamics of prairie streams lead to difficulties in predicting interannual 

habitat occupancy (Falke et al. 2012). Prairie fish assemblages in the analysis area are represented by 

four species guilds—northern headwaters, darter, madtom, and turbid river guilds (Clingerman et al. 

2012)—that are likely to differ in their vulnerability to climate change. Annual air temperature and 

various indicators of streamflow are strong predictors of presence for the northern headwaters, 

madtom, and darter guilds. 

Observed and modeled patterns allow some inferences to be made about climate vulnerability 

and adaptation for prairie fishes. First, the northern headwaters guild may be most vulnerable to 

increasing temperature, as well as to climate-related decreases in ground water recharge (Clingerman 

et al. 2012). This guild includes the northern redbelly dace (Chrosomus eos), a sensitive species in 

the U.S. Forest Service Northern Region, which occupies small, stable, and relatively cool headwater 

streams (Stasiak 2006). Accurate mapping of habitat types, species assemblages present in them, and 

monitoring of habitat conditions will help refine possible climate change effects on both habitat and 

species, as well as define appropriate management responses. Buffering variations in flow extremes 

(e.g., securing instream flows) and encouraging the presence of riparian vegetation are practical 

responses to climate change where the northern headwaters guild is present. Although the other 

prairie fish guilds seem less vulnerable to changes to temperature, all are influenced by amount and 

timing of flow. Therefore, climate change adaptation strategies for the northern headwater guild 

should also be appropriate for the other guilds. Finally, all guilds are currently at risk, and may 

become more so if flow regimes become more variable, especially if migration barriers prevent fish 

from moving along stream courses. Many of these species may be ill-adapted to surmounting either 

height or velocity barriers (Rosenthal 2007; Perkin and Gido 2012). Therefore, removing barriers to 

fish passage between habitats is a prudent adaptation strategy. This strategy carries the risk of 

allowing nonnative species to invade, so it should be implemented within the larger conservation 

context of a site (Fausch et al. 2009). 
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Box 6.1—Using historical range and variability to assess and adapt to climate change  
 

To effectively implement ecosystem-based management, land managers often find it necessary to obtain a 

reference or benchmark to represent the conditions that describe fully functional ecosystems (Cissel et al. 

1994, Laughlin et al. 2004). Contemporary conditions can be evaluated against this reference to determine 

status, trend, and magnitude of change, and to design treatments that provide society with valuable 

ecosystem services while returning declining ecosystems to a more sustainable condition (Hessburg et al. 

1999, Swetnam et al. 1999). Reference conditions are assumed to represent the dynamic character of 

ecosystems and landscapes, varying across time and space (Swanson et al. 1994, Watt 1947).  

The concept of historical range and variability (HRV) was introduced in the 1990s to describe past 

spatial and temporal variability of ecosystems (Landres et al. 1999), providing a spatial and temporal 

foundation for planning and management. HRV has sometimes been equated with “target” conditions 

(Harrod et al. 1999), although targets can be subjective and somewhat arbitrary, representing only one 

possible situation from a range of potential conditions (Keane et al. 2009). HRV encompasses a full range 

of conditions that have occurred across multiple spatiotemporal scales.  

HRV represents a broad historical envelope of possible ecosystem conditions—burned area, 

vegetation cover type area, patch size distribution—that can provide a time series of reference conditions. 

This assumes that (1) ecosystems are dynamic, not static, and their responses to changing processes are 

represented by past variability; (2) ecosystems are complex and have a range of conditions within which 

they are self-sustaining, and beyond this range they transition to disequilibrium (Egan and Howell 2001); 

(3) historical conditions can serve as a proxy for ecosystem health; (4) the time and space domains that 

define HRV are sufficient to quantify observed variation; and (5) the ecological characteristics being 

assessed for the ecosystem or landscapes match the management objective (Keane et al. 2009).  

The use of HRV has been challenged because a warmer climate may permanently alter the 

environment of ecosystems beyond what was observed under historical conditions (Millar et al. 2007a), 

particularly altered disturbance processes, shifts in plant species distribution, and hydrologic dynamics 

(Notaro et al. 2007). However, a critical evaluation of possible alternatives suggests that HRV might still 

be the most viable approach in the near term because it has relatively low uncertainty.  

An alternative to HRV is forecasting future variations of landscapes under changing climates using 

complex empirical and mechanistic models. However, the range of projections for future climate from the 

commonly used global climate models may be greater than the variability of climate over the past three 

centuries (Stainforth et al. 2005). This uncertainty increases when we factor in projected responses to 

climate change through technological advances, behavioral adaptations, and population growth 

(Schneider et al. 2007). Moreover, the variability of climate extremes, not the gradual change of average 

climate, will drive most ecosystem response to climate-mediated disturbance and plant dynamics (Smith 

2011) that are difficult to project. Uncertainty will also increase as climate projections are extrapolated to 

the finer scales and longer time periods needed to quantify future range and variability (FRV) for 

landscapes (Araujo et al. 2005, Keane et al. 2009).  

Given these cumulative uncertainties, time series of HRV may have lower uncertainty than simulated 

projections of future conditions, especially because large variations in past climates are already captured 

in the time series. It may be prudent to wait until simulation technology has improved enough to create 

credible FRV landscape pattern and composition, a process that may require decades. In the meantime, 

attaining HRV would be a significant improvement in the functionality of most ecosystems in the 

Northern Rockies, and would be unlikely to result in negative outcomes from a management perspective. 

As with any approach to reference conditions, HRV is useful as a guide, not a target, for restoration and 

other management activities.
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Box 7.1—Rangeland definitions used by different federal agencies 

 

U.S. Forest Service 
Land primarily composed of grasses, forbs, or shrubs. This includes lands vegetated naturally or 

artificially to provide a plant cover managed like native vegetation and does not meet the definition of 

pasture. The area must be at least 1.0 acre in size and 120.0 ft wide. 

(USDA FS 2010)   

 

Bureau of Land Management 
Land on which the indigenous vegetation (climax or natural potential) is predominantly grasses, 

grass-like plants, forbs, or shrubs and is managed as a natural ecosystem. If plants are introduced, they are 

managed similarly. Rangelands include natural grasslands, savannas, shrublands, many deserts, tundra, 

alpine communities, marshes, and wet meadows.  

(Society for Range Management 1998) 

 

Natural Resources Conservation Service 
A land cover/use category that includes land on which the climax or potential plant cover is 

composed principally of native grasses, grass-like plants, forbs or shrubs suitable for grazing and 

browsing, and introduced forage species that are managed like rangeland. This would include areas where 

introduced hardy and persistent grasses, such as crested wheatgrass, are planted and practices such as 

deferred grazing, burning, chaining, and rotational grazing, are used with little or no chemicals/fertilizer 

being applied. Grasslands, savannas, many wetlands, some deserts, and tundra are considered to be 

rangeland. Certain low forb and shrub communities, such as mesquite, chaparral, mountain shrub, and 

pinyon-juniper, are also included as rangeland”  

(USDA 2007). 
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Box 10.1—Subregional assessment of climate change effects on recreation 

 

The broad links between climate, ecological changes, and recreation behavior that form the basis of 

the activity category assessments are designed to be generally applicable to all locations in the Northern 

Rockies region. However, in a region that encompasses parts of five states and stretches hundreds miles 

from east to west, significant subregional heterogeneity in climate effects may exist. The five subregions 

(Western Rockies, Central Rockies, Eastern Rockies, Grassland, Greater Yellowstone Area [GYA]) 

represent a wide variety of geographic and ecological features, and each has distinctive recreation 

opportunities that may be sensitive to climate changes. Assessing differences between the subregions can 

yield more geographically specific information about the effects of climate on recreation. 

Table 10.B1 summarizes national forest visits by primary activity category for each subregion. 

Warm-weather activities are the most common category for all subregions, but there are significant 

differences in the relative importance of each activity category. Snow-based recreation is relatively more 

important in the Central Rockies, Eastern Rockies, and GYA subregions where there are multiple sites 

with consistently viable snow seasons and developed ski areas. In contrast, much less snow-based 

recreation (as a share of total visits) occurs in the West Rockies and Grassland subregions. Wildlife 

recreation activities (hunting, fishing, wildlife viewing) are most important in the Western Rockies and 

Grassland, although the Central Rockies, Eastern Rockies, and GYA see a significant minority of visitors 

engaging in these activities. Forest product gathering and water-based (not fishing) activities represent a 

small share of visits in all subregions, but the Grassland subregion sees almost no visitation for these 

activities. 

The differences in activity participation also suggest that climate will have different effects on 

recreation in each subregion. The largest differences in activity participation are for snow-based activities; 

these activities are also the most likely to see negative impacts due to warming temperatures and 

decreased precipitation as snow. The Grassland subregion and to a lesser extent the Western Rockies have 

relatively low exposure to this effect because snow-based recreation is less prominent. The Central 

Rockies, Eastern Rockies, and GYA have higher participation in snow-based activities that could be 

exposed to climate change, although it is unclear to what extent snow-based sites will experience changes 

that degrade conditions for snow-based activities.  

Other differences between subregions likely depend on differences in climate effects between 

subregions. For example, one subregion could experience warming that increases the incidence of 

extreme heat days, which has a negative impact on warm-weather recreation, whereas another sub-region 

experiences warming that extends the warm-weather season without a significant increase in the 

incidence of extreme heat days.  
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Box 10.2—Climate change in the Greater Yellowstone Area and Glacier National Park 

 

The Greater Yellowstone Area (GYA) provides a wide range of recreation opportunities. The GYA is 

comprised of two national parks (Yellowstone, Grand Teton), parts of six national forests (Beaverhead-

Deerlodge, Bridger-Teton, Caribou-Targhee, Custer, Gallatin, Shoshone), and other federally 

administered protected areas (John D. Rockefeller Memorial Parkway, National Elk Refuge, Red Rock 

Lakes National Wildlife Reserve [NWR]). These areas offer the full spectrum of recreation opportunities, 

from developed and urban settings to wilderness and primitive sites. Glacier National Park (GNP), which 

straddles the Western and Eastern Rockies subregions of NRAP in northwestern Montana, also provides a 

broad range of recreation opportunities comparable to those in the GYA. 

Recreation visitation to federal units within the GYA and Glacier National Park is summarized in 

table 10.B2. Yellowstone National Park (YNP) and Grand Teton National Park (GTNP) respectively 

receive an average of 3.4 million and 2.6 million visitors annually. For both parks, the most common 

activities included viewing wildlife and viewing scenery and natural features. A majority of YNP visitors 

also indicated that they engaged in developed camping, walking or hiking, and visiting museums and 

visitor centers, while GTNP visitors indicated pleasure driving and walking or hiking as common 

activities (NPS 2006). Wildlife viewing is also an important activity for visitors to the Red Rock Lakes 

NWR and the National Elk Refuge, although these sites receive only a fraction of the visitors compared 

with the national parks (NPS 2006). Sightseeing is the dominant activity for the 2.1 million annual 

visitors in GNP. 

National forests in the GYA receive a combined 7.6 million visitors annually. The most popular 

activity for visitors varies across forests. In the Gallatin and Caribou-Targhee National Forests, hiking and 

walking are the most popular activities, whereas downhill skiing is the most popular activity in Bridger-

Teton and Custer National Forests. In Beaverhead-Deerlodge National Forest, hunting is the most popular 

activity (32 percent of visitors) and in Shoshone National Forest, viewing natural features is the most 

popular activity (25 percent of visitors). 

Most of the general assessment of climate change effects on recreation in the Northern Rockies 

applies to the GYA and GNP, although the different activity profile means that exposure to the effects of 

climate change differs in this subregion. Visitation is dominated by warm-weather visits; 80 percent of 

visits to YNP and GTNP are during the June-September period. An additional 11 percent of visits occur 

during the “shoulder” season months of May and October. Warmer temperatures are expected to increase 

warm-weather recreation; earlier and later season periods of snow- and ice-free sites in the parks may 

encourage additional off-peak visitation. Some visitors may also substitute early- or late-season visits to 

avoid extreme summer heat. However, seasonal shifts in visitation may be constrained by summer 

vacation months determined by academic calendars.  

Changes in the distribution and abundance of wildlife may affect recreation visitation and enjoyment 

due to the large number of YNP and GTNP visitors that engage in wildlife viewing. However, many 

climate-related changes in target wildlife species are ambiguous because of complex interactions between 

species, vegetation and forage opportunities, and disturbances (see chapter 9).  

Other popular activities, such as driving for pleasure on roads and viewing scenery and special 

features (e.g., geysers and thermal features in YNP, driving the Going-to-the-Sun road in GNP), may be 

more or less sensitive to climate changes. In some cases the qualities, characteristics, and features that 

draw visitors to these activities have a limited connection to climate changes. However, features such as 

glaciers (in GNP) and snow-capped mountains are a particular draw for some visitors, and visitation tied 

to such features will likely be affected. Longer warm-weather seasons will likely increase access to roads 

and sites inaccessible when snow and ice is present, which would have a positive effect on visitation. In 

addition, wildfire and other disturbances can affect site access and the desirability of visitation to fire-

affected sites. For example, wildfires in YNP are ssociated with decreased visitation in the subsequent 

month, but there does not appear to be a lasting negative effect on visitation or wildfire occurrence 

(Duffield et al. 2013). 
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Box 12.1. National Park Service lands in the Northern Rockies emphasize preservation and 

management of cultural resources 

 

The National Park Service was created by Congress through the National Park Service Organic Act of 

1916, whereby the Agency would allow “access to parks for the public enjoyment of cultural resources 

while ensuring their protection” (NPS 2011b). Specifically, a cultural resource is considered to be “an 

aspect of cultural system that is valued by or significantly representative of a culture, or that contains 

significant information about a culture” (NPS 2015b). Cultural heritage and its preservation are 

emphasized in the agency’s Cultural Resources, Partnerships and Science directorate, with goals to: 

 Preserve cultural resources in cooperation with Indian tribes, Alaska Native villages and corporations, 

Native Hawaiian organizations, states, territories, local governments, nonprofit organizations, 

property owners, individuals, and other partners. 

 Provide leadership in research and use of advanced technologies to improve the preservation of the 

nation’s cultural heritage. 

 Establish standards and guidance for managing cultural resources within the National Park System 

and communities nationwide. 

 Enhance public understanding and appreciation for the nation’s cultural heritage.  

 

Cultural Resources of National Parks in the Northern Rockies 

 

Glacier National Park 
Glacier National Park has six National Historic Landmarks and 350 structures listed in the National 

Register of Historic Places. Archaeological resources found in the park include prehistoric campsites, 

mining claims and homesteads. Cultural landscapes in the park include the Going-to-the-Sun-Road, Chief 

Mountain and Headquarters Historic District.  

 

Grand Teton National Park 
Historical sites in Grand Teton National Park pre-date creation of the park, and many structures are 

found in the National Register of Historic Places. Some structures include homestead remnants from the 

people who settled in the Jackson Hole area and ranches. Several of these structures have been 

incorporated in the ark and restored to their natural condition. Mining Ditch is an early structure, still in 

the park today, that carried water in the area of Schwabacher’s Landing. Cunningham Cabin, an early 

piece of settlement, can be found in the northern area of Jackson Hole. Menor’s Ferry, created by D. 

Menor, was operational until 1927, taking passengers across the Snake River.  

 

Yellowstone National Park 
Yellowstone National Park has been preserved not only for biodiversity but also for information 

about past human activities and significant archaeological and cultural resources contained within the 

park. Some historical structures and sites include: (1) Obsidian Cliff where obsidian was first used for 

tool making over 11,000 B.P., (2) Yellowstone Lake which still has intact cultural deposits from over 

9,000 B.P., (3) Mammoth Hot Springs which includes the Mammoth Post Office and Roosevelt Arch 

from the late 1800s, and (4) the town site of Cinnabar, Montana which was established in 1883 as the last 

stop on the Northern Pacific Railroad line to Yellowstone Park. The potential effects of climate change on 

cultural resources have been described for Big Hole National Battlefield, Montana (NPS 2011a). A 

warmer climate will complicate the goal of management to restore and maintain the battlefield in a 

biological condition representative of 1877. Scientific understanding of climate change effects provides a 

foundation for reconciling biological effects with management goals based on historical conditions. 
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Appendix 1A 
 

NRAP Resource Team Participants 
 
Leadership Team 
 Linh Hoang – USFS, Region 1 
 Dave Peterson – USFS, Pacific Northwest Research Station 
 Scott Barndt – USFS, Region 1 
 Barry Bollenbacher – USFS, Region 1 
 Yvette Converse – USFWS, Great Northern Landscape Conservation Cooperative 
 Karen Dante-Wood – USFS, Climate Change Office 
 Pam Fletcher – USFS, Region 1 
 Jessica Halofsky – University of Washington 
 Cat Hawkins Hoffman – NPS 
 Linda Joyce – USFS, Rocky Mountain Station 
 Virginia Kelly – NPS, Greater Yellowstone Coordinating Committee 
 Jessi Kershner – EcoAdapt 
 Jerry Krueger – USFS, Region 1  
 Jeff Morisette – USGS, North Central Climate Center 
 Rick Nelson – USFWS, Plains & Prairie Potholes Landscape Conservation Cooperative 
 Fred Noack – USFS, Region 4 
 Tom Olliff – NPS, Great Northern Landscape Conservation Cooperative 
 Ann Rodman – NPS 
 Alicia Torregrosa – USGS, Western Geographic Center 
 Andrea Woodward – USGS 

 
Climate 
 Kathie Dello – Oregon State University 
 John Gross – NPS  
 Bill Monahan – NPS 
 John Stevenson – Oregon State University 
 Marian Talbert – USGS, North Central Climate Center 
 Mike Tercek – Walking Shadow Ecology/ Yellowstone National Park 

 
Water resources 
 Charlie Luce – USFS Rocky Mountain Station 
 Dan Fagre – USGS, Northern Rockies Center 
 Stu Hoyt – USFS, Region 1 
 Bruce Sims –USFS, Region 1 
 Mike Tercek – Walking Shadow Ecology / Yellowstone National Park  
 Cameron Thomas – USFS, Region 1 

 
Fisheries 
 Michael Young – USFS Rocky Mountain Station 
 Scott Barndt – USFS, Region 1 
 Jason Dunham – USGS, Region 1 
 Dan Isaak – USFS, Rocky Mountain Station 
 Kevin McKelvey – USFS, Rocky Mountain Station 
 Gregor Schuurman – NPS, Natural Resources Team 
 Scott Spaulding – USFS, Region 1 
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Wildlife 
 Kevin McKelvey – USFS, Rocky Mountain Station 
 Eric Beever – USGS, Northern Rockies Center 
 Barry Bollenbacher – USFS, Region 1 
 Renate Bush – USFS, Region 1 
 Alan Dohmen – USFS, Region 1 
 Beth Hahn – USFS, Rocky Mountain Station 
 Scott Jackson –USFS, Region 1 
 Mary Manning – USFS, Region 1 
 Steve Shelly – USFS, Region 1 
 Gregor Schuurman – NPS, Natural Resources Team 
 Meredith Webster – USFS, Region 1 

 
Recreation 
 Michael Hand – USFS, Rocky Mountain Station 
 Krista Gebert – USFS, Region 1 
 Stu Hoyt – USFS, Region 1 
 Cynthia Manning – USFS, Region 1 
 Lis Novak – USFS, Region 1 

 
Forest Vegetation 
 Bob Keane – USFS, Rocky Mountain Station 
 Barry Bollenbacher – USFS, Region 1 
 Kate Dwire – USFS, Rocky Mountain Station 
 Greg Eckert – NPS, Resource Management Team 
 John Gross – NPS, Natural Resource Science Team 
 Russ Graham – USFS, Rocky Mountain Station 
 Eric Henderson- USFS, Region 1 
 Lisa Holsinger – USFS, Rocky Mountain Station 
 Terrie Jain – USFS, Rocky Mountain Station 
 Jerry Krueger – USFS, Bitterroot NF 
 Andrew Larson – University of Montana 
 Mary Frances Mahalovich – USFS, Region 1 
 Mary Manning – USFS, Region 1 
 Susan Rinehart – USFS, Region 1 
 Mike Tercek – Walking Shadow Ecology, NPS 
 Meredith Webster – USFS, Region 1 
 Art Zack – USFS, Region 1 

 
Non-Forest Vegetation 
 Matt Reeves – USFS, Rocky Mountain Station 
 Jeanne Chambers – USFS, Rocky Mountain Station 
 Jeff Dibenedetto – USFS, Custer NF 
 Andy Hansen – Montana State University 
 Bill Lauenroth – University of Wyoming 
 Mary Manning – USFS, Region 1 
 Susan Rinehart – USFS, Region 1 

 
Disturbance 
 Rachel Loehman – USFS, Rocky Mountain Station 
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 Barb Bentz – USFS, Rocky Mountain Station 
 Ann Lynch – USFS, Rocky Mountain Station 
 Gregg DeNitto – USFS, Region 1 
 Joel Egan – USFS, Region 1 
 John Gross – NPS, Natural Resource Science Team 
 Jeff Hicke – University of Idaho 
 Stu Hoyt – USFS, Region 1 
 Blakey Lockman – USFS, Region 1 
 Roy Renkin – NPS, Yellowstone Center for Resources 
 Steve Shelly – USFS, Region 1 
 Elaine Sutherland – USFS, Rocky Mountain Station 

 
Social, economic, ecosystem services 
 Travis Warziniack – USFS, Rocky Mountain Station 
 Krista Gebert – USFS, Region 1 
 Michael Hand – USFS, Rocky Mountain Station 
 Stu Hoyt – USFS, Region 1 
 Jerry Krueger – USFS, Region 1 
 Megan Lawson  Headwaters Economics 
 Cynthia Manning – USFS, Region 1 
 Lis Novak – USFS, Region 1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Acronyms:  
‐ USFS: US Forest Service 
‐ USFWS: US Fish and Wildlife 
Service 
‐ NPS: National Park Service 
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NRAP Workshop Participants 
 
Bozeman, MT October 9 – 10, 2014 
 
Vegetation 
 Andrew Hasen – Montana State University, Ecology Department 
 Ann Rodman – Yellowstone National Park, Branch Chief, Physical Sciences 
 Bob Keane – USFS Rocky Mountain Research Station, Research Ecologist 
 Ben Poulter – Montana State University, Climate Change Modeler 
 Cavan Fitzsimmons – Custer/Gallatin National Forest, Hebgen District Ranger 
 Jill McMurray – USFS R1/R4, Air Quality 
 Julie Shea – Custer/Gallatin National Forest, Fire Ecologist 
 Keith Konen – Gallatin National Forest, Silviculturist 
 Kelly McCloskey – Grand Teton National Park, Ecologist 
 Mary Mahalovich – USFS Rocky Mountain Research Station, Regional Geneticist 
 Traute Parrie – Custer/Gallatin National Forest, Beartooth District Ranger 

 
Non-Forest Vegetation 
 Denice Swanke  
 Diane Abendroth – Grand Teton National Park, Fire Ecologist 
 Jeff Dibenedetto – Custer National Forest, Ecologist  
 Jessi Salix – Beaverhead-Deerlodge National Forest, Botany 
 Kevin Suzuki –Beaverhead-Deerlodge National Forest, Weeds/Botany 
 Mary Manning – USFS Region 1 Regional Office, Regional Ecologist 
 Matt Reeves – USFS Rocky Mountain Research Station, Research Ecologist  
 Rose Lehman – Caribou-Targhee National Forest, Forest Botanist 
 Susan Lamont – Gallatin National Forest, Weeds 
 Travis Ziehl – Teton County, Assistant Supervisor Weed & Pest District 
 Walt Allen – Custer/Gallatin National Forest, Gardiner District Ranger 

 
Wildlife 
 Amie Shovlain – Beaverhead Deerlodge National Forest, Wildlife 
 Jeff Burrell – Wildlife Conservation Society , Northern Rockies and Yellowstone Program 
 Jodie Canfield – Gallatin National Forest, Wildlife 
 Kevin McKelvey – USFS Rocky Mountain Research Station, Wildlife Ecologist 
 Kristin  Legg – Greater Yellowstone Network, Inventory Monitoring Coordinator 
 Mary Erickson – Custer/Gallatin National Forest, Forest Supervisor 
 Polly Buotte – University of Idaho, Research Associate, Geography 
 Rachel Feigley – Custer/Gallatin National Forest, Wildlife Biologist  
 Rob Mickelson – Caribou-Targhee National Forest, Resource Staff Officer 
 Sue Consolo Murphy – Grand Teton National Park, Chief of Resources 

 
Hydrology 
 Alex Sienkiewicz – Custer/Gallatin National Forest, Yellowstone District Ranger 
 Andy  Ray – NPS Inventory and Monitoring, Hydrologist 
 Dave Thoma – NPS Inventory and Monitoring, Hydrologist 
 Ed Snook – USFS Region 1 Regional Office, Regional Hydrologist 
 Eric Winthers – Bridger-Teton National Forest, Soil and Water Program Manager 
 Gretchen Hurley – BLM, Geologist 
 Karri Cary – Shoshone National Forest, Hydrologist 
 Mike Tercek – Yellowstone National Park Contractor, Ecologist 
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 Pam Fletcher – Beaverhead-Deerlodge National Forest, Forest Inventory & Monitoring 
Coordinator 

 Richard Raione – Bridger-Teton National Forest, Greys River District Ranger  
 
Fisheries 
 Brad Shepard – Wildlife Conservation Society  
 Dan Isaak – USFS Rocky Mountain Research Station, Fisheries Scientist 
 Dave Hallac – Yellowstone National Park 
 Gary Tabor – Center for Large Landscape Conservation , Director 
 Jessi  Kershner – EcoAdapt, Lead Scientist 
 Lisa Stoeffler – Custer/Gallatin National Forest, Bozeman District Ranger 
 Michael Young – USFS Rocky Mountain Research Station, Fisheries Biologist 
 Molly Cross – Wildlife Conservation Society 
 Robert Al-Chokhachy – USGS Northern Rocky Mountain Science Center, Research Fish 

Biologist 
 Scott Barndt – Custer-Gallatin National Forest, Ecosystem Staff Officer 
 Shawn Anderson – Shoshone National Forest, Forest Fish Biologist 
 Yvette Converse – Great Northern Landscape Conservation Cooperative/NPS, Co-Coordinator 

 
Recreation 
 Jamie Schoen – Bridger-Teton National Forest, Archeologist 
 Jane Ruchman – Custer/Gallatin National Forest, Landscape Architect Developed Recreation 
 Krista Gebert – USFS Region 1 Regional Office, Regional Economist 
 Megan Lawson – Headwaters Economics 
 Natalie Little – USFS Region 4, Climate Change Coordinator 
 Travis Warziniack – USFS Rocky Mountain Research Station, Research Economist 
 Trey Schillie – USFS Region 2, Regional Inventory and Monitoring and Climate Change 

Coordinator 
 Virginia Kelly – Greater Yellowstone Coordinating Committee, Executive Coordinator 

 
Bismarck, ND October 15 – 16, 2014 
 
Non-Forest Vegetation 
 Adnan Akyuz – North Dakota State University, Climatologist 
 Bernadette Braun – Dakota Prairie Grassland, Range 
 Chad Prosser – Dakota Prairie Grassland, Weeds 
 Karen Dunlap – Dakota Prairie Grassland, NEPA, Appeals, Litigation 
 Kurt Hansen – Custer National Forest – Sioux Ranger District, District Ranger 
 Libby Knotts – Dakota Prairie Grassland, Botany  
 Mary Manning – USFS Region 1 Regional Office, Regional Ecologist 
 Meghan Dinkins – Dakota Prairie Grassland, Wildlife Biologist 

 
Hydrology 
 Alison Schlag – Dakota Prairie Grassland, Hydrology 
 Andy Efta – Custer National Forest, Hydrology, Soils 
 Karen Ryberg – USGS North Dakota Water Science Center, Statistician 
 Mike Philbin – BLM, Montana, Physical Scientist 
 Pam Fletcher – Beaverhead-Deerlodge National Forest, Forest Inventory & Monitoring 

Coordinator 
 Rick Nelson – Plains & Prairie Pothole Landscape Conservation Cooperative, Coordinator  
 Scott Barndt – Custer-Gallatin National Forest, Ecosystem Staff Officer 
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 Steven Krentz – US Fish and Wildlife Service, Mountain Prairie Region, Fisheries Biologist 
 Robert Swithers – Dakota Prairie Grassland, Staff Officer 
 Kevin Shelley – US Fish and Wildlife Service, Ecological Services 
 Babete Anderson – Dakota Prairie Grassland, Public Affairs Officer 
 Meredith Webster – USFS Region 1 Regional Office, Regional Soils Scientist 

 
Missoula, MT October 20 – 21, 2014 
 
Vegetation 
 Barry Bollenbacher – USFS Region 1 Regional Office, Regional Silviculturist 
 Bob Keane – USFS Rocky Mountain Research Station, Research Ecologist 
 Bruce Erikson – Lolo National Forest, Silviculturist 
 C. Alina Cansler – University of Washington, Fire and Mountain  Ecology Lab 
 Cheri Hartless – Bitterroot National Forest, Silviculturist 
 Elaine Sutherland – USFS Rocky Mountain Research Station, Biologist 
 Greg Denitto – USFS Region 1 Regional Office, Forest Pathologist 
 Heidi Trechsel – Flathead National Forest, Silviculturist 
 Jeremy Amberson – Bitterroot Restoration Committee 
 Jerry Kruger – Bitterroot National Forest, Planning sTaff Officer 
 LaWen Hollingsworth – Fire Modelling Institute, Spatial Fire Analyst 
 Linda Donner – Flathead National Forest, IDT Leader 
 Melissa Hayes – Montana Forest Restoration Committee, Coordinator 
 Melissa Jenkins – Flathead National Forest, Forest Silviculturist 
 Rob Carlin – Flathead National Forest, Forest Staff Officer 
 Shelagh Fox – USFS Region 1 Regional Office, Reforestation Specialist 
 Sheryl Gunn – Lolo National Forest, Silviculturist 

 
Non-Forest Vegetation 
 Chantelle Delay – Flathead National Forest, Botany 
 Gil Gale – Bitterroot National Forest, Weeds 
 Holger Jensen – USFS Region 1 Regional Office, Regional Range Program Leader 
 Karen Stockmann – Lolo National Forest, Weeds/Botany 
 Mary Manning – USFS Region 1 Regional Office, Regional Ecologist 
 Matt Reeves – USFS Rocky Mountain Research Station, Research Ecologist  
 Susan Rinehart – USFS Region 1 Regional Office, Native Plant Program Manager 
 Tara Carolin – Glacier National Park, Botanist 

 
Wildlife 
 Alan Dohmen – USFS Region 1 Regional Office, Wildlife Ecologist 
 Greg Gustina – Lolo National Forest, Planning and Preparation Staff Officer 
 Kari Eneas – Confederate Salish and Kootenai Tribes, Wildlife Biologist 
 Kuennen Reed – Flathead National Forest, Wildlife 
 Len Broberg – University of Montana, Environmental Studies  
 Melly Reuling – Center for Large Landscape Conservation, Senior Conservation Officer 
 Peter Nelson – Defenders of Wildlife, Senior Policy Advisor 
 Polly Buotte – University of Idaho, Research Associate, Geography 
 Renate Bush – USFS Region 1 Regional Office, Inventory and Analysis 
 Tom Reed – Lee Metcalf National Wildlife Refuge, Manager  
 Whisper Means – Confederate Salish & Kootenai Tribes, Wildlife Biologist 

 
Hydrology 

DRAFT



 Amber Richardson – Bitterroot National Forest, Forest Engineer 
 Caryn Miske – Flathead Basin Commission, Executive Director 
 Charlie Luce – USFS Rocky Mountain Research Station, Research Hydrologist 
 Chris Brick – Clark Fork Coalition, Science Director 
 Craig Kendall – Flathead National Forest, Forest Hydrologist 
 Ed Snook – USFS Region 1 Regional Office, Regional Hydrologist 
 Nate Dieterich – Flathead National Forest, Forest Hydrologist 
 Regan Nelson – Crown of the Continent Conservation Initiative 

 
Fisheries 
 Anne Carlson – Wilderness Society 
 Aubree Benson – Lolo National Forest, Fisheries Biologist 
 Bruce Farling – Trout Unlimited 
 Cameron Thomas – USFS Region 1 Regional Office, Regional Aquatic Ecologist 
 Clint Muhlfeld – USGS Northern Rocky Mountain Science Center, Research Fish Biologist 
 Dan Brewer – US Fish and Wildlife Service, Fisheries Biologist 
 Dan Isaak – USFS Rocky Mountain Research Station, Research Fisheries Scientist 
 David Schmetterling – Montana Fish, Wildlife and Parks, Fisheries Biologist  
 Erin Sexton – University of Montana, Research Scientist 
 Michael Young – USFS Rocky Mountain Research Station, Research Fisheries Biologist  
 Pat Van Eimeren – Flathead National Forest, Fisheries 
 Robert Davies – Flathead National Forest, Glacier View Ranger District Ranger 
 Ryan Kovach – USGS NOROCK, Fisheries Biologist 
 Sims Wade – Idaho Panhandle National Forest, Aquatic Ecologist 
 Wade Fredenberg – Montana Ecological Services SubOffice, Fisheries Biologist 
 Scott Spaulding –– USFS Region 1 Regional Office, Fisheries Biologist  

 
Recreation 
 Byron Stringham – Lolo National Forest, Zone Landscape Architect 
 Carl Davis – USFS Region 1 Regional Office, Regional Archeologist  
 Cynthia Manning – USFS Region 1 Regional Office, Social Scientist  
 Jeff Ward – USFS Region 1 Regional Office, Recreation Business Program Manager 
 Krista Gebert – USFS Region 1 Regional Office, Regional Economist 
 Marsha Moore – Flathead National Forest, Recreation/Wilderness Planner 
 Michael Hand – USFS Rocky Mountain Research Station, Research Forester 
 Rosa Nygaard – USFS Region 1 Regional Office, Natural Resource Information Coordinator 
 Rusty Wilder – Lola National Forest, Infrastructure and Operations 
 Keith Stockmann – USFS Region 1 Regional Office, Economist 

 
Coeur d’Alene, ID October 23 – 24, 2014 
 
Vegetation  
 Art Zack – Idaho Panhandle National Forest, Silviculturist, Ecologist 
 Barry Bollenbacher – USFS Region 1 Regional Office, Regional Silviculturist 
 Bob Boeh –Idaho Forest Group 
 Carol McKenzie – Idaho Panhandle National Forest, Deputy Forest Supervisor 
 Christopher Schnepf – University of Idaho Extension, Educator - Forestry 
 Jason Jerman – Idaho Panhandle National Forest, Silviculturist 
 Jessie Grossman – Yaak Valley Forest Council, Forest Watch Coordinator 
 Kevin Greenleaf – Kootenai Tribe of Idaho, Environmental Director 
 Lee Pederson – USFS Region 1 Regional Office, Forest Entomologist 
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 Malcolm Edwards – Kootenai National Forest, Libby District, District Ranger 
 Megan Strom – Kootenai National Forest, Silviculturist  
 Mike Giesey – Kootenai National Forest, Silviculturist 
 Pat Behrens – Idaho Panhandle National Forest, Silviculturist 
 Paul Zambino  – USFS Region 1 Regional Office, Plant Pathologist 

 
Non-Forest Vegetation 
 Derek Antonelli – Idaho Native Plant Society 
 Jennifer Costich – Thompson – Idaho Panhandle National Forest, Botanist 
 LeAnn Abell – BLM, Botanist 
 Many Manning – USFS Region 1 Regional Office, Regional Ecologist 
 Megan Lucas – Clearwater/Nez Perce National Forest, Hydrologist/Soils Specialist 
 Mike Hays – Clearwater/Nez Perce National Forest, Botany 
 Valerie Goodnow – Idaho Panhandle National Forest, Weeds/Botany 

 
Wildlife 
 Guy Wagner – Clearwater/Nez Perce National Forest, Wildlife Biologist 
 Jason Flory – US Fish and Wildlife Service, Northern Idaho Field Office 
 JJ Teare – Idaho Department Fish and Game, Regional Supervisor 
 Kevin McKelvey – USFS Rocky Mountain Research Station, Wildlife Ecologist  
 Leona Svancara – Idaho Department of Fish and Game 
 Lynn M Johnson – Kootenai National Forest, Wildlife Biologist 
 Polly Buotte – University of Idaho, Research Associate – Geography 
 Rema Sadak – Clearwater/Nez Perce National Forest, Wildlife 

 
Hydrology 
 Cara Farr – Clearwater/Nez Perce National Forest, Soil Scientist 
 Ed Snook – USFS Region 1 Regional Office, Regional Hydrologist 
 Laura Jungst – Kootenai National Forest, Hydrologist 
 Shandra Dekome – Idaho Panhandle National Forest, Ecosystem Staff Officer 

 
Fisheries 
 Dan Isaak – USFS Rocky Mountain Research Station, Research Fisheries Scientist 
 Dan Kenny – Clearwater/Nez Perce National Forest, Fisheries 
 Greg Hoffman – US Army Corps of Engineers Libby Dam Kootenai River, Fisheries Biologist 
 Jessie Kershner – EcoAdapt, Lead Scientist 
 Jim Fredericks – Idaho Fish and Game 
 Kathrine Thompson – Clearwater/Nez Perce National Forest, Fisheries 
 Michael Young – USFS Rocky Mountain Research Station, Research Fisheries Biologist  
 William Young – Idaho Panhandle National Forest, Fisheries  

 
Recreation  
 Diane Jones – Clearwater/Nez Perce National Forest, Landscape Architect 
 Krista Gebert – USFS Region 1 Regional Office, Regional Economist 
 Loretta Stevens – Kootenai National Forest/Confederated Salish and Kootenai Tribes, Tribal 

Liaison 
 Morai Helfen – Idaho Panhandle National Forest, Forest Landscape Architect 
 Timory Peel – Kootenai National Forest, Forest Planner 
 Pam Fletcher – Beaverhead –Deerlodge National Forest, Planner  

 
Helena, MT November 4 – 5, 2014 
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Vegetation 
 Alicia Torregrosa – USGS, Physical Scientist 
 Amanda Milburn – Helena National Forest, Forest Silviculturist 
 Andrea Woodward – USGS, Biologist 
 Rob Gump – Beaverhead-Deerlodge National Forest, Forest Silviculturist 
 Stamm Elisa – Beaverhead-Deerlodge National Forest, Silviculturist 
 Tanya Murphy – Helena National Forest, Silviculturist 

 
Non-Forested Vegetation 
 Amanda Hendrix – Helena/Lewis & Clark National Forest, Wildlife/Botany Technician 
 Beth Anderson – Lewis & Clark National Forest, Soil Scientist 
 Casey Johnson – Lewis & Clark National Forest, Weeds 
 Mary Manning – USFS Region 1 Regional Office, Regional Ecologist 
 Matt Reeves – USFS Rocky Mountain Research Station, Research Ecologist  
 Rowdy Wood – Helena/Lewis & Clark National Forest, Range Program Leader 
 Steve Black – Bighole Battlefield, Superintendent 
 Steve Shelly – USFS Region 1 Regional Office, Regional Botanist 
 Tammy Cherullo – Beaverhead – Deerlodge National Forest, North Zone Archaeologist  
 

Wildlife 
 Anne Roberts – Beaverhead – Deerlodge National Forest, Wildlife Biologist 
 Denise Pengeroth – Helena National Forest, Wildlife 
 Justin Gude – Montana Fish, Wildlife and Parks, Biologist 
 Kevin McKelvey – USFS Rocky Mountain Research Station, Wildlife Ecologist 
 Polly Buotte – University of Idaho, Research Associate – Geography 
 Bray Beltron – Heart of the Rockies Initiative, Spatial Ecologist 
 Gregg DeNitto – USFS Region 1 Regional Office, Forest Health Protection 
 Ryan Quire – Helena National Forest, Biological Technician 

 
Hydrology 
 Deb Entuistle – Helena National Forest 
 Brian Sugden – Plum Creek, Forest Hydrologist 
 David Callery – Helena/Lewis & Clark National Forest, Watershed Program Manager 
 Ed Snook – USFS Region 1 Regional Office, Regional Hydrologist 
 Larry Dolan – Montana Department of Natural Resources and Conservation, Hydrologist 
 Pam Fletcher – Beaverhead-Deerlodge National Forest, Forest Inventory & Monitoring 

Coordinator 
 Robert Ray – Montana Department of Environmental Quality 
 Sara Rouse – Beaverhead-Deerlodge National Forest, Soil Scientist 
 Sue Higgins – Roundtable on the Crown of the Continent, Support Team 
 Wayne Green – Lewis & Clark National Forest, Forest Hydrologist 

 
Fisheries 
 Anne Carlson – Wilderness Society 
 David Moser – Montana Fish, Wildlife and Parks, Fish/Wildlife Biologist 
 Jessie Kershner – EcoAdapt, Lead Scientist 
 Jim Brammer – Beaverhead-Deerlodge National Forest, Forest Aquatics Program Manager 
 Kendall Cikanek – Lewis & Clark National Forest, Fisheries 
 Less Nelson – Montana Fish, Wildlife and Parks 
 Peru Suernam – Beaverhead-Deerlodge National Forest, Planning Staff Officer 
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 Scott Spaulding –– USFS Region 1 Regional Office, Fisheries Biologist  
 
Recreation 
 Charlene Bucha – Beaverhead-Deerlodge National Forest, District Ranger 
 David Fothergill – Helena National Forest, Landscape Architect/Recreation 
 Elizabeth Casselli – Helena/Lewis and Clark National Forest, Recreation Program Manager 
 Jocelyn Dodge – Beaverhead-Deerlodge National Forest, Recreation Forester 
 Lis Novack – USFS Region 1 Regional Office, Recreation 
 Michael Hand – USFS Rocky Mountain Research Station, Research Forester 
 Mike Munoz – Lewis & Clark National Forest, District Ranger 
 Patty Bates – Beaverhead-Deerlodge National Forest, Public Services Staff Officer 
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Organizations Represented in NRAP 
 
 Bitterroot Restoration Committee 
 Bureau of Land Management  
 Center for Large Landscape Conservation 
 Clark Fork Coalition 
 Confederate Salish and Kootenai Tribes 
 Crown of the Continent Conservation Initiative 
 Defenders of Wildlife 
 Department of Interior North Central Climate Science Center 
 EcoAdapt 
 Fire Modeling Insistute 
 Flathead Basin Commission 
 Great Northern Landscape Conservation Cooperative 
 Greater Yellowstone Coordinating Committee 
 Headwaters Economics 
 Heart of the Rockies Initiative 
 Idaho Fish and Game 
 Idaho Forest Group 
 Idaho Native Plant Society 
 Kootenai Tribe of Idaho 
 Lee Metcalf National Wildlife Refuge 
 Montana Department of Environmental Quality 
 Montana Department of Natural Resources and Conservation 
 Montana Fish, Wildlife and Parks 
 Montana State University 
 National Park Service 
 North Dakota State University 
 Oregon State University  
 Plains and Prairie Pothole Landscape Conservation Cooperative 
 Plum Creek 
 Roundtable on the Crown of the Continent  
 The Climate Impacts Research Consortium  
 Trout Unlimited 
 University of Idaho 
 University of Montana 
 University of Washington 
 US Army Corps of Engineers 
 US Fish and Wildlife Service 
 US Forest Service 
 US Geological Survey 
 Walking Shadow Ecology 
 Wilderness Society 
 Wildlife Conservation Society 
 Yaak Valley Forest Council 
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Table 4A.1—Adaptation options that address climate change effects on water resources in the Central Subregion. 

Sensitivity to climatic variability and change: Increased flooding will increase damage to roads and infrastructure. 
 
Adaption Strategy / Approach: Identify and proactively decrease vulnerability of infrastructure to flooding.
 
Strategy Objective: Increase resilience. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Identify and restore degraded 
riparian areas in order to reduce 
flooding and increase natural 
storage. Reduce the amount of 
infrastructure in the floodplain. 

Conduct a basin-wide risk assessment 
of hydrologic interactions with roads 
and other infrastructure where 
vulnerability of infrastructure is highest. 

Educate private landowners, county 
managers, and recreational users to 
increase knowledge on benefits of 
riparian vegetation, water storage, and 
effects of floodplain development. 
 

Tactic effectiveness 
(risks) 

High High 
 

Moderate 

Implementation urgency  
 

Near term and ongoing Near term Near term and ongoing 

Where can tactics be 
applied? (geographic) 
 

All lands Federal and private lands Partnerships with state agencies, 
county and municipal governments, and 
private property owners 
 

Opportunities for 
implementation 
 
 

Partnerships with other federal and 
state agencies, and county and 
municipal governments 

Partnerships with other federal and 
state agencies, and county and 
municipal governments 

Partnerships with other federal and 
state agencies, and county and 
municipal governments 

Cost 
 

Moderate Inexpensive, mostly employee time 
required 

Low  

Barriers to 
implementation 

Property rights issues Social resistance to change (e.g., 
property rights) 

Social resistance to change (e.g., 
property rights) 
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Table 4A.2—Adaptation options that address climate change effects on water resources in the Central Subregion. 

Sensitivity to climatic variability and change: Reduced base flows will shrinking riparian habitats and alter morphology, affecting groundwater, 
storage, and shallow alluvial aquifers. 
 
Adaption Strategy / Approach: Increase natural storage and built storage.
 
Strategy Objective: Increase resilience. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Increase natural water storage 
(mirroring natural processes) with 
constructed wetlands, beavers, and 
road obliteration. 
 

Promote distributed small-scale water 
storage, using small dams, retention 
ponds, and swales in stream channels 
and uplands. 

Use groundwater injection wells and sills 
to retain water upstream in alluvial 
deposits (and retain higher water table). 

Tactic effectiveness 
(risks) 

Highly effective at small scales Dams – high 
Swales – low to unknown 

Variable 

Implementation urgency  
 
 

Near term Mid term to long term Near term to long term 

Where can tactics be 
applied? (geographic) 
 

Multiple land ownerships Agricultural lands, headwaters without 
native fish species 

Injection wells, large aquifers, sills 
 

Opportunities for 
implementation 
 
 

Collaboration with other land 
management activities (timber 
sales, road decommissioning)  

Collaboration with Bureau of 
reclamation and NGOs, combined with 
hydropower projects 

Areas near high-value water supplies 

Cost 
 

Moderate to high High High 

Barriers to 
implementation 
 

Lack of available sites, plans for 
future land use, social acceptance 

For dams – significant environmental 
effects, safety risks, cost, access 
 

Lack of available sites 
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Table 4A.3—Adaptation options that address climate change effects on water resources in the Central Subregion. 

Sensitivity to climatic variability and change: Reduced base flows will shrink riparian habitats and alter morphology, affecting groundwater, storage, 
and shallow alluvial aquifers. 
 
Adaption Strategy / Approach: Increase knowledge about the groundwater resource.
 
Strategy Objective: Increase knowledge.
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Map aquifers and alluvial deposits. Determine legal availability and better 
understanding of physical availability 
of water for aquifer recharge. 

Improve monitoring of streamflow and 
groundwater to improve understanding 
of surface water-groundwater 
interactions; obtain real-time data.  
 

Tactic effectiveness 
(risks) 

Moderate Moderate Moderate 

Implementation urgency  
 
 

Near term – information needed for 
both water and fisheries 

Near term – information needed for 
both water and fisheries 

Near term – information needed for both 
water and fisheries 

Where can tactics be 
applied? (geographic) 
 

All lands and locations All lands and locations All lands and locations 

Opportunities for 
implementation 
 
 

Collaboration with USFS Rocky 
Mountain Research Station 

Collaboration with state of Montana 
Water Court and Dept. of Natural 
Resources and Conservation 

Collaboration with USGS; state and 
research partnerships 

Cost 
 

Low to moderate Moderate High 

Barriers to 
implementation 
 

Availability of staff and funding Availability of staff and funding Availability of staff and funding 
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Table 4A.4—Adaptation options that address climate change effects on water resources in the Central Subregion. 

Sensitivity to climatic variability and change: Reduced base flows will shrinking riparian habitats and alter morphology, affecting groundwater, 
storage, and shallow alluvial aquifers. 
 
Adaption Strategy / Approach: Reduce evaporation and transpiration losses.
 
Strategy Objective: Increase resilience. 
 
 Specific Tactic – A Specific Tactic – B
Tactic 
 
 

Evaluate how increasing western larch cover would 
decrease evapotranspiration. 
 

Selectively use forest harvest (patch clearcuts) to increase 
water yield. 
 

Tactic effectiveness 
(risks) 

Unknown Low 

Implementation urgency  
 

Near term Long term 

Where can tactics be 
applied? (geographic) 
 

Areas where western larch is currently present Areas with moderate to high precipitation 

Opportunities for 
implementation 
 

Projects where western larch is planted Minimal opportunities 

Cost 
 

Moderate for study  Moderate for treatment, high for maintenance 

Barriers to 
implementation 
 

Cost Environmental consequences (loss of forested habitat, 
more edge, less interior species, more roads); political and 
social acceptance 
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Table 4A.5—Adaptation options that address climate change effects on water resources in the Central Subregion. 

Sensitivity to climatic variability and change: Reduced snowpack will reduce the quantity and quality of municipal water supplies. 
 
Adaption Strategy / Approach: Reduce erosion potential to protect municipal water supplies; prioritize municipal systems for protection.
 
Strategy Objective: Increase resilience. 
 
 Specific Tactic – A Specific Tactic – B
Tactic 
 
 

Evaluate how increasing western larch cover would 
decrease evapotranspiration. 
 

Selectively use forest harvest (patch clearcuts) to increase 
water yield. 
 

Tactic effectiveness 
(risks) 

Unknown Low 

Implementation urgency  
 

Near term Long term 

Where can tactics be 
applied? (geographic) 
 

Areas where western larch is currently present Areas with moderate to high precipitation 

Opportunities for 
implementation 
 

Projects where western larch is planted Minimal opportunities 

Cost 
 

Moderate for study  Moderate for treatment, high for maintenance 

Barriers to 
implementation 
 

Cost Environmental consequences (loss of forested habitat, more 
edge, less interior species, more roads); political and social 
acceptance 
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Table 4A.6—Adaptation options that address climate change effects on water resources in the Central Subregion. 

Sensitivity to climatic variability and change: Increased occurrence of disturbances such as drought and flooding will reduce water quality. 
 
Adaption Strategy / Approach: Build an information base for a timely response to disturbance, thus ensuring that data are available to inform 
decision making. 
 
Strategy Objective: Increase knowledge.
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Prioritize data collection based on 
projections of future drought. 

Collect pre-disturbance data on stream 
and riparian conditions, including high-
quality values and habitat in need of 
protection. 
 

Develop a clearinghouse for available 
funding and programs related to fire and 
other disturbances. 

Tactic effectiveness 
(risks) 

Moderate High Moderate 

Implementation urgency 
 

Near term Near term Near term 

Where can tactics be 
applied? (geographic) 
 

Mostly federal lands Mostly federal lands Mostly federal lands 

Opportunities for 
implementation 
 
 

NEPA, USFWS NEPA, ESA, USFWS Emergency Relief for Federally Owned 
Roads; BAER implementation; NRCS, 
Federal Highway Administration 
 

Cost Low  Low  Low  

Barriers to 
implementation 

Agency culture, staffing, budget Agency culture, staffing, budget Agency requirements and time to 
manage clearinghouse 
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Table 4A.7—Adaptation options that address climate change effects on water resources in the Eastern Subregion. 

Sensitivity to climatic variability and change: Large riverine systems are susceptible to a change in timing and quantity of peak flows as well as 
lower low flows associated with warming temperatures. Lower low flows and flashier flow regimes could lead to bank instability due to loss of 
vegetation. Changes in precipitation and/or temperature may reduce base flows. 
 
Adaption Strategy / Approach: Determine how climate change will alter lakes and reservoirs. 
 
Strategy Objective: Increase resilience; reduce stressors.
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Optimize grazing management practices 
to enhance riparian health and stream 
channel stability, soil water holding 
capacity, and shallow groundwater 
storage. 
 

Promote beaver recolonization and 
maintenance of beavers where 
appropriate.  

Promote cottonwood, willow, and 
aspen to improve riparian health and 
support beaver recolonization.  

Tactic effectiveness 
(risks) 

High for riparian health and baseflows  High  Moderate 

Implementation urgency  
 

Near term – information needed for 
water, fisheries, and amphibians 

Near term – information needed for 
water, fisheries, and amphibians 

Near term – information needed for 
water, fisheries, and amphibians 
 

Where can tactics be 
applied? (geographic) 

Forest wide, especially priority 
watersheds and allotments 

Where appropriate, based on local 
knowledge and inventory and 
monitoring data 
  

Where appropriate, based on local 
knowledge and inventory and 
monitoring data 
  

Opportunities for 
implementation 
 
 

Collaboration with private partners, local 
ranchers, permittees, non-governmental 
organizations (NGOs), and Montana 
Fish, Wildlife, and Parks; Clean Water 
Act, ESA, grass banking 
 

Collaboration with private partners, 
local ranchers, permittees, NGOs, 
and Montana Fish, Wildlife, and 
Parks; Clean Water Act, Endangered 
Species Act, grass banking 
 

Collaboration with USFS wildlife 
program, NGOS, and Montana Fish, 
Wildlife, and Parks 

Cost Inexpensive Inexpensive Moderate 

Barriers to 
implementation 
 

Political and social opposition, concern 
about offsite water use; education and 
perhaps incentives needed  

Social opposition; need education 
and identification of appropriate 
locations  

Funding, staff availability, competing 
priorities 
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Table 4A.8—Adaptation options that address climate change effects on water resources in the Grassland Subregion. 

Sensitivity to climatic variability and change: Decreased snowpack will lead to increased frequency of high peak flows.  
 
Adaption Strategy / Approach: Maintain hydrological and ecological function of watersheds. 
 
Strategy Objective: Promote resilience, reduce stressors, engage coordination 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Implement 17 Indicators of rangeland 
health, and maintain or restore forest 
vegetation resilience.   

Promote/maintain proper functioning 
condition of riparian areas and 
wetlands, including: ensure adequate 
grazing regimes, adequate riparian 
buffers, beaver colonization, and 
restoration of riparian vegetation.  

Maintain/improve streamflow 
continuity by optimizing hydrologic 
connectivity, including: reduce 
sediment loading, properly design 
in-channel infrastructure, ensure 
adequate culvert size, promote 
beaver colonization, and procure 
in-stream flow water rights.  
 

Tactic effectiveness 
(risks) 

High  High High 

Implementation urgency  
 

Near term Near term Near term 

Where can tactics be 
applied? (geographic) 

All federal lands All federal lands Where watersheds have been 
heavily fragmented, prioritizing 
intact habitat where native guilds 
exist 

Opportunities for 
implementation 
 
 

State wildlife action plans, 
grassland/forest plan direction, 
interdisciplinary approach to 
management 

Coordination with tribes. Watershed 
Condition Framework documents where 
this is an issue at the 6th code scale 

Opportunities exist, but need work 
to be identified; coordination with 
federal and state agencies, tribes, 
counties, and watershed 
restoration plans 

Cost Inexpensive to moderately expensive Inexpensive to expensive, depending on 
treatments 

Inexpensive to expensive, 
depending on treatments 

Barriers to 
implementation 
 

Personnel availability, litigation barriers 
with vegetation management projects, 
common understanding of purpose 

Social barriers – lack of understanding, 
not valued by some.  

Funding, coordination, data gaps 
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Table 4A.8 (cont.)—Adaptation options that address climate change effects on water resources in the Grassland Subregion 

Sensitivity to climatic variability and change: Decreased snowpack will lead to increased frequency of high peak flows.  
 
Adaption Strategy / Approach: Maintain hydrological and ecological function of watersheds. 
 
Strategy Objective: Promote resilience, reduce stressors, engage coordination 
 
 Specific Tactic – D Specific Tactic – E Specific Tactic – F
Tactic 
 
 

Minimize expansion of drainage network 
by disconnecting road system from 
stream system, including improved road 
drainage and road decommissioning. 
 

Develop off-channel watering strategies; 
minimize in-stream dewatering (e.g., 
horizontal wells), for both livestock and 
other water uses.  

Move infrastructure out of 
floodplains, and encourage use of 
best management practices 
throughout watershed to protect 
and restore water quality.  

Tactic effectiveness 
(risks) 

High Low High 

Implementation urgency  
 

Near term Near term Near to mid term 

Where can tactics be 
applied? (geographic) 

Prioritize by value of downstream water 
and associated biota 

Priority watersheds Where assets exist on floodplains 

Opportunities for 
implementation 
 
 

Prioritize by value of downstream water 
and associated biota 

Coordination with tribes, federal and 
state agencies, and counties 

Prioritize by values at risk 
associated with assets; public 
education opportunity 
 

Cost Inexpensive to expensive Inexpensive to moderate Moderate to expensive 

Barriers to 
implementation 
 

Funding, legal authority (including 
NEPA), social opposition (road access, 
changing traditional land use practices)  

Water rights, social opposition Social opposition (effects on 
recreation sites, public perception), 
cultural resource concerns 
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Table 4A.9—Adaptation options that address climate change effects on water resources in the Grassland Subregion. 

Sensitivity to climatic variability and change: Higher temperatures will lead to lower low stream flows in the summer. 
 
Adaption Strategy / Approach: Maintain hydrological and ecological function of watersheds. 
 
Strategy Objective: Promote resilience, reduce stressors, engage coordination 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Implement 17 Indicators of rangeland 
health, and maintain or restore forest 
vegetation resilience.   

Promote/maintain proper functioning 
condition of riparian areas and 
wetlands, including: ensure adequate 
grazing regimes, adequate riparian 
buffers, beaver colonization, and 
restoration of riparian vegetation.  

Maintain/improve streamflow 
continuity by optimizing hydrologic 
connectivity, including: reduce 
sediment loading, properly design 
in-channel infrastructure, ensure 
adequate culvert size, promote 
beaver colonization, and procure 
in-stream flow water rights.  
 

Tactic effectiveness 
(risks) 

High  High High 

Implementation urgency  
 

Near term Near term Near term 

Where can tactics be 
applied? (geographic) 

All federal lands All federal lands Where watersheds have been 
heavily fragmented, prioritizing 
intact habitat where native guilds 
exist 

Opportunities for 
implementation 
 
 

State wildlife action plans, 
grassland/forest plan direction, 
interdisciplinary approach to 
management 
 

Coordination with tribes. Watershed 
Condition Framework documents where 
this is an issue at the 6th code scale 

Opportunities exist, but need work 
to be identified; coordination with 
federal and state agencies, tribes, 
counties, and watershed 
restoration plans 

Cost Inexpensive to moderate Inexpensive to expensive, depending on 
treatments 

Inexpensive to expensive, 
depending on treatments 

Barriers to 
implementation 
 

Personnel availability, litigation barriers 
with vegetation management projects, 
common understanding of purpose 

Social barriers – lack of understanding, 
not valued by some.  

Funding, coordination, data gaps 
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Table 4A.10—Adaptation options that address climate change effects on water resources in the Grassland Subregion. 

Sensitivity to climatic variability and change: Increasing air temperature will lead to increased stream temperature, changes in the hydrograph, and 
changes in land use, affecting water quality.  
 
Adaption Strategy / Approach: Ensure riparian function and resilience, including groundwater-surface water interactions 
 
Strategy Objective: Promote resilience, reduce stressors, engage coordination 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Promote/maintain proper functioning 
condition of riparian areas and 
wetlands: ensure adequate grazing 
regimes and adequate riparian buffers, 
promote beaver colonization, and 
restore riparian vegetation.  
 

Develop adequate inventory and 
promote protection of spring sources 
and shallow aquifers.  

Promote and educate regarding best 
management practices for agricultural 
runoff; form/participate in task forces 
and working groups.  

Tactic effectiveness 
(risks) 

Moderate to high, depending on 
degree of implementation 
 

Moderate to high Low to moderate, depending on 
social factors 

Implementation urgency  
 

Near term Near term Near term 

Where can tactics be 
applied? (geographic) 

All lands Priority watersheds  Mostly non-federal lands 

Opportunities for 
implementation 
 
 

Coordination with tribes; Watershed 
Condition Framework documents 
where this is an issue at the 6th HUC 
scale 
 

Work with botanists, soil scientists, 
hydrologists to compile existing 
information 

Partnerships with NRCS, Praire 
Potholes Landscape Conservation 
Cooperative 

Cost Inexpensive to expensive, depending 
on treatments 
  

Inexpensive to moderate, depending 
on scale 

Inexpensive to moderate 

Barriers to 
implementation 
 

Social opposition – lack of 
understanding and not valued by some 

Lack of funding and staff time Social opposition, lack of staff time, 
crop values  
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Table 4A.11—Adaptation options that address climate change effects on water resources in the GYA Subregion. 

Sensitivity to climatic variability and change: Higher temperatures and decreased snowpack will reduce water availability.
 
Adaption Strategy / Approach: Reduce water use and increase efficiency, demonstrate leadership in water efficiency, and create outreach 
opportunities. 
 
Strategy Objective:  Reduce stressors, facilitate transition, increase knowledge.
  
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Research successful water saving 
tactics and apply tactics where 
appropriate. 

Install low -low appliances at 
administrative sites; replace 
landscaping with drought tolerant 
plants. 
 

Communicate water saving tactics 
and benefits. 

Tactic effectiveness 
(risks) 

High  High Variable—difficult to measure effects 

Implementation urgency  
 

Near term Mid term Near term 

Where can tactics be 
applied? (geographic) 

All lands, where appropriate All lands, including administrative 
locations (campgrounds, visitor 
centers, etc.) 

All lands, including administrative 
locations (campgrounds, visitor 
centers, etc.); use Internet, press 
releases, interpretive signing, etc.  
 

Opportunities for 
implementation 
 

Collaboration with GYCC Collaboration with GYCC Collaboration with GYCC 

Cost Inexpensive Inexpensive Inexpensive 

Barriers to 
implementation 
 

None Resistance to xeriscaping, low-flow 
toilets 

None 
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Table 4A.12—Adaptation options that address climate change effects on water resources in the GYA Subregion. 

Sensitivity to climatic variability and change: Discharge from natural springs and seeps may be reduced, affecting water quantity and quality, 
wetland plant species, wildlife habitat, and water for livestock.  
 
Adaption Strategy / Approach: Protect natural springs and seeps from potential degradation and development.
 
Strategy Objective: Reduce stressors. 
  
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Develop map/inventory of springs and 
seeps locations (6th code level). 

Instrument (piezometer) prioritized 
representative springs to get detailed 
flow information. 

Develop local protection strategies 
such as fencing, stock fencing; 
develop alternative water sources; 
moratoriums on wells where 
appropriate. 
 

Tactic effectiveness 
(risks) 

High High  Variable depending on strategy and 
stakeholder support 
 

Implementation urgency  
 

Near term Near to mid term Near to mid term 

Where can tactics be 
applied? (geographic) 

All lands Priority areas with springs and seeps Priority areas with springs and seeps 

Opportunities for 
implementation 
 
 

Collaborations with USGS, state 
agencies that manage water, NOAA, 
USFS remote sensing center 

Collaborations with USGS, state 
agencies that manage water, NOAA 

Collaborations with federal and state 
agencies, private landowners, range 
permittees 

Cost Moderate Inexpensive to moderate Inexpensive to moderate 

Barriers to 
implementation 
 

Information may be sensitive None Social and legal opposition, especially 
based on water rights 
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Table 4A.13—Adaptation options that address climate change effects on water resources in the GYA Subregion. 

Sensitivity to climatic variability and change: Higher flows may lead to flooding of valuable infrastructure (roads, buildings, campgrounds, etc.).
 
Adaption Strategy / Approach: Reduce risk of damage to infrastructure.
 
Strategy Objective: Promote resilience. 
  
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Map and prioritize areas with higher 
peak flows to determine high-risk 
locations.  

Implement tactic A—replace, remove, 
adjust, and resize as necessary; 
implement early warning systems.  

Communicate risk with all 
stakeholders, including affected 
public and private entities. 
 

Tactic effectiveness 
(risks) 

High Variable, depending on tactic/location. 
Low—replacing culverts, due to variable 
nature of stream types and unknown 
changes in climate affecting flows 
High—removal of campgrounds from 
floodplains, installation of bridges, 
removal of culverts 
 

Variable, depending on reception of 
information, severity of risk, and 
ability to implement changes 

Implementation urgency  
 

Near term – need this information to 
take further steps toward adaptation  
 

Near to long term, depending on model 
predictions and expected flows 

Near term, especially where human 
safety is a concern 

Where can tactics be 
applied? (geographic) 

All lands Priority areas All locations where stakeholders are 
at risk 

Opportunities for 
implementation 
 
 

Collaboration with USGS, FEMA, 
county emergency management, 
NOAA 

Collaboration with state and local, 
USGS, FEMA, county emergency 
management, NOAA 

Collaboration with state and local, 
USGS, FEMA, county emergency 
management, NOAA 

Cost Inexpensive Inexpensive to moderate Inexpensive 

Barriers to 
implementation 

None Legal—NEPA, Social—removal of 
favorite recreation spots 

None 
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Table 4A.14—Adaptation options that address climate change effects on water resources in the GYA Subregion. 

Sensitivity to climatic variability and change: Higher temperatures, higher evapotranspiration rates, and earlier runoff may reduce recharge to 
shallow aquifers reducing downstream domestic water yields. 
 
Adaption Strategy / Approach: Identify and protect shallow aquifer recharge zones by communicating and partnering with stakeholders. 
 
Strategy Objective: Reduce stressors, facilitate transition, engage coordination.
  
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Map/inventory recharge zones, 
especially in areas where water is 
heavily utilized (municipal 
watersheds).  
 

Form watershed user groups—
coordinated resource management 
groups (CRM – federal, state, 
stakeholders) to identify concerns and 
solutions. 
 

Improve diversion efficiencies (install 
headgates, convert from ditch to 
pipeline, install weirs as needed, etc). 

Tactic effectiveness 
(risks) 

High High to moderate High 

Implementation urgency  
 

Near term  Near to mid term Near to mid term 

Where can tactics be 
applied? (geographic) 

Recharge zones and identified 
CRMs 

Identified CRMs, identified watersheds 
with stakeholders  

Site specific within affected 
watersheds  

Opportunities for 
implementation 
 
 

GYA partners. USGS, university, 
GYCC 

Conservation districts, NRCS, state 
agencies that regulate water, advisory 
groups, landscape conservation 
cooperatives, Trout Unlimited 

Conservation districts, NRCS, state 
agencies that regulate water, advisory 
groups, landscape conservation 
cooperatives, Trout Unlimited 
 

Cost Moderate Inexpensive Inexpensive to moderate 

Barriers to 
implementation 
 

None Social opposition; need communication 
to work through barrier 

Variable legal and social opposition; 
concerns about listed fish species and 
downstream users.  
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Table 4A.15—Adaptation options that address climate change effects on water resources in the GYA Subregion. 

Sensitivity to climatic variability and change: Higher temperatures and evapotranspiration rates may lead to increased loss of lower elevation, 
isolated wetlands, 
  
Adaption Strategy / Approach: Increase understanding of location and risk for all wetland types and apply appropriate management actions to 
reduce loss. 
 
Strategy Objective: Reduce stressors, promote resilience.
  
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Update National Wetland Inventory 
maps for all wetlands, including 
hydrologic regime and type. 

Assess vulnerability of all wetlands.  Increase connectivity of wetlands (e.g., 
prevent road bisections); avoid 
degradation of wetlands by new 
structures; protect beaver dams; 
consider artificial wetland 
construction/augmentation of natural 
wetlands in vulnerable watersheds. 
 

Tactic effectiveness 
(risks) 

High High Variable, depending on action 

Implementation urgency  
 

Near term Near term Mid to long term 

Where can tactics be 
applied? (geographic) 

All lands All lands Mostly federal lands 

Opportunities for 
implementation 
 
 

Collaborations with GYCC, Ducks 
Unlimited, National Academy of 
Sciences, National Science 
Foundation, USFWS, National 
Wildlife Federation 

Collaborations with GYCC, Ducks 
Unlimited, National Academy of 
Sciences, National Science 
Foundation, USFWS, National Wildlife 
Federation 
 

Collaborations with state and federal 
agencies, private land owners 

Cost Inexpensive Inexpensive Moderate 

Barriers to 
implementation 
 

None None Social and legal opposition (road 
removal, augmenting wetlands) 
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Table 4A.16—Adaptation options that address climate change effects on water resources in the Western Subregion. 

Sensitivity to climatic variability and change: Decreased snowpack will increase flooding and damage to roads and infrastructure. 
 
Adaption Strategy / Approach: Identify and proactively decrease vulnerability of roads and infrastructure to flooding.
 
Strategy Objective: Increase resilience. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Identify and restore degraded 
riparian areas in order to reduce 
flooding and increase natural 
storage; reduce the amount of 
infrastructure in the floodplain. 

Increase resilience of infrastructure:  
culvert sizing, hardened fords, road 
drainage; remove and relocate 
infrastructure (e.g., roads, 
campgrounds).  

Increase resilience of stream resources 
by identifying and restoring degraded 
riparian areas to reduce flooding and 
increase natural storage; add large 
woody debris, improve floodplain 
connectivity, increase riparian 
roughness, restore beavers. 
 

Tactic effectiveness 
(risks) 

Moderate Moderate Moderate 

Implementation urgency  
 

Near term and ongoing Near term and ongoing Near term and ongoing 

Where can tactics be 
applied? (geographic) 
 

Across the west subregion Across the west subregion Across the west subregion 

Opportunities for 
implementation 
 
 

Partnerships with federal and state 
agencies, county and municipal 
governments, NGOs, private 
landowners 
 

Partnerships with federal and state 
agencies, NGOs, Avista, US Army 
Corps of Engineers, Idaho Power 

Partnerships with federal and state 
agencies, NGOs, Avista, US Army Corps 
of Engineers, Idaho Power 

Cost Moderate to expensive Expensive Inexpensive to expensive 

Barriers to 
implementation 
 

Property rights advocates Public acceptance; depends on 
location, scale of project, and 
partnerships.  

Public acceptance; depends on location, 
scale of project, and partnerships.  

 

 

DRAFT



Table 4A.17—Adaptation options that address climate change effects on water resources in the Western Subregion. 

Sensitivity to climatic variability and change: Decreased snowpack will reduce base flows and shrink riparian habitats, altering groundwater, 
storage, and shallow alluvial aquifers. 
 
Adaption Strategy / Approach: Increase knowledge of the groundwater resource.     
 
Strategy Objective: Increase knowledge.
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Map aquifers and alluvial deposits; 
identify groundwater influenced 
streams. 

Determine legal availability and better 
understanding of physical availability 
of water for aquifer recharge. 

Improve streamflow and groundwater 
monitoring information to improve 
understanding of surface water-
groundwater interactions; obtain real-time 
data.   
 

Tactic effectiveness 
(risks) 

Moderate Moderate Moderate 

Implementation urgency  
 

Near term – Information is needed 
for both water and fisheries 
 

Near term – Information is needed for 
both water and fisheries 

Near term – Information is needed for both 
water and fisheries 

Where can tactics be 
applied? (geographic) 
 

All lands All lands All lands 

Opportunities for 
implementation 
 
 

USFS Rocky Mountain Research 
Station, universities, Montana 
Bureau of Mines 

State agencies 
 

USGS, state and research partnerships 

Cost Moderate Moderate High 

Barriers to 
implementation 
 

Availability of staff and funding Availability of staff and funding Availability of staff and funding 
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Table 4A.18—Adaptation options that address climate change effects on water resources in the Western Subregion. 

Sensitivity to climatic variability and change: Decreased snowpack and increased disturbance will reduce municipal water supply and quality. 
 
Adaption Strategy / Approach: Reduce erosion potential to protect municipal water supplies; prioritize municipal systems for protection.
 
Strategy Objective: Increase resilience. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Reduce hazardous fuels. Reduce disturbance (e.g., off-road 
vehicles, grazing, riparian roads). 

Manage roads to reduce erosion. 

Tactic effectiveness 
(risks) 

Moderate High High, although detecting 
improvements can be difficult and 
site dependent 
 

Implementation urgency  
 

Near term Near term Near term 

Where can tactics be 
applied? (geographic) 

High-value locations High-value locations on public and 
private lands 

High value locations on public 
lands 

Opportunities for 
implementation 
 
 

Partnerships with municipalities, 
counties, NGOs, tribes, private 
landowners. 

Partnerships with municipalities, 
counties, NGOs, tribes, private 
landowners. 

Partnerships with municipalities, 
counties, NGOs, tribes, private 
landowners. 

Cost Expensive Inexpensive to moderate Moderate to high 

Barriers to 
implementation 
 

Public acceptance, cost Public acceptance, cost Public acceptance, cost, some 
user groups 
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Table 4A.19—Adaptation options that address climate change effects on water resources in the Western Subregion. 

Sensitivity to climatic variability and change: Increased droughts and flooding will reduce water quality. 
 
Adaption Strategy / Approach: Build an information base for a timely response to disturbance, thus ensuring data are available to inform decision 
making. 
 
Strategy Objective: Increase knowledge.
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Prioritize data collection based on 
forecasted drought. 

Collect pre-disturbance data on stream 
and riparian conditions (high-quality 
values, habitat most in need of 
protection). 
 

Develop a directory/checklist for sites 
where disturbance has a direct effect 
on water quality (metals). 

Tactic effectiveness 
(risks) 

Moderate High Moderate 

Implementation urgency  
 

Near term Near term Near term 

Where can tactics be 
applied? (geographic) 

Mostly federal lands Mostly federal lands All lands 

Opportunities for 
implementation 
 
 

Collaboration with other agencies, 
universities 

Collaboration with other agencies, 
universities 

Collaborate with USEPA (TMDL, 
CERCLA, Natural Resource Damage 
Assessment 

Cost Moderate Moderate Expensive 

Barriers to 
implementation 
 

Staffing, budget  Staffing, budget  Agency requirements, time to staff and 
manage the clearinghouse 
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Table 4A.20—Adaptation options that address climate change effects on water resources in the Western Subregion. 

Sensitivity to climatic variability and change: Decreased snowpack and increased disturbance will alter water quantity and quality of lakes and 
reservoirs (including dam operations). 
 
Adaption Strategy / Approach: Determine how climate change will alter lakes and reservoirs. 
 
Strategy Objective: Increase knowledge.
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Develop a clearinghouse of 
information on the effects of climate 
change from all available sources. 
 

Increase coordination between all 
partners (federal, state, tribal, private). 

Improve understanding about 
connectivity and interaction of streams 
and lakes (temperature, nutrient sinks, 
sources, etc.). 
 

Tactic effectiveness 
(risks) 

High High Moderate 

Implementation urgency  
 

Near term – Information needed for 
water, fisheries, and amphibians 

Near term – Information needed for 
water, fisheries, and amphibians 

Near term – Information needed for 
water and fisheries 
 

Where can tactics be 
applied? (geographic) 

All lands All lands All lands 

Opportunities for 
implementation 
 
 

Forest or regional level for 
identified sources of data 

Forest or regional level for identified 
sources of data 

Collaborations with USGS, state, and 
research institutions 

Cost Moderate Moderate Expensive 

Barriers to 
implementation 
 

Availability of staff and funding Availability of staff and funding Availability of staff and funding 
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Appendix 5A 
 
For the Central Subregion, geographically specific adaptation options were compiled as lists to 
complement Table 5A.1. Adaptation tactics and other issues are summarized for each location. 
 
Flathead National Forest 

 Need aggressive suppression and eradication of non-native fish 
 Brook trout more in the Middle Fork Flathead and less in the North Fork; bull trout tanked on 

west side of the park (Bowman, Logging, Kintla) because of brook trout; Quartz Lake has very 
active suppression of non-natives 

 Some effects from logging (lack of wood in streams, some roads) in Coal Creek, Big Creek, 
Whale, Red Meadow); active logging in Canada in same drainage has effects (non-natives going 
upstream, logging effects coming downstream) 

 In order to protect westslope cutthroat trout, Montana Fish, Wildlife, and Parks (FWP) are 
focused on eradicating rainbow trout through rotenone and other techniques 

 Efforts to slow spread of hybrids; targeting rainbow trout sources in lower Flathead 
 Barriers being installed or removed in North Fork Flathead; removing barriers in Rose Creek; 

removing culverts in Langford tributary to Big Creek 
 Ongoing habitat work by Montana FWP in South Fork of Cold Creek 
 Suppression of brook trout in Flathead Lake is a high priority 
 Translocated bull trout this year; can use stocks to move them above barriers; 
 Genetic rescue of westslope cutthroat trout (tributary to Swan Lake) 
 Land acquisition presents huge opportunities for protection of habitat 
 

South Fork Flathead River 
 Try to maintain the status quo in Hungry Horse Reservoir, a genetic refuge for bull trout 
 Try to manage more natural burns in South Fork of the Flathead; could apply this tactic to land 

around Hungry Horse Reservoir 
 Need a check station at the dam and ranger station to prevent introduction of non-native fish, in 

combination with public outreach on this issue 
 Montana FWP restored connectivity around Hungry Horse reservoir (also around Emery Creek) 

that was severed when road was constructed, but additional opportunities exist 
 
Swan River 

 Non-native issues are similar to Flathead River 
 Westslope cutthroat trout are more hybridized with more brook trout characteristics 
 Need small barriers to protect bull trout headwater populations 
 Need to explore passage barrier issues 
 Consider pulling road segments back from streams in critical locations 
 Major road management issues exist on former Plum Creek lands, which have a large amount of 

spawning and rearing habitat relative to size  
 Need thermographs throughout floodplains because of the importance of groundwater upwelling 

for bull trout; this will help improve models of these cold water systems  
 
Clearwater River, Blackfoot River 

 Long-term effects of timber harvest and roads, including the effects of roads on connectivity of 
the hydrologic system 

 Unmanaged roads deliver low amounts of sediment; 
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 Continuing work with The Blackfoot Challenge to expand voluntary drought response plans; 
irrigation efficiency programs are addressing de-watering issues (particularly in drought years) 

 Livestock grazing issues in Monture Creek 
 Need to address contaminants issues near Mike Horse Mine 
 Conservation easements need to be added more strategically (rather than opportunistically only) 
 Restorative work is needed to narrow and deepen creeks to significantly reduce stream 

temperatures (Nevada Creek); could be applied strategically in other areas (Shanley Creek), as 
suggested by bull trout recovery plan  

 Restoration of the main stem of the Blackfoot River is needed to reduce channel simplification 
and restore functionality and complexity 

 One option is to identify reaches on private land and work to connect landscape and habitat up to 
higher elevation habitat on public lands 

 Ongoing efforts to connect cold-water tributaries in the Upper Blackfoot; also need to do bank 
restoration in locations with land conversion 

 This area has high use for recreation and fishing; this level of use may not be sustainable if 
habitat quality declines in the future 

 
Upper Clark Fork River, Bitterroot River 

 Heavy fishing pressure (catch and release) in this location 
 East side of Bitterroot is a stronghold for native fish, but west side has no apparent occupancy 

(need to confirm) 
 Dewatering events in tributaries are important, including issues for mitigation of water quality 

and quantity 
 West Fork of Bitterroot above Painted Rocks Dam has been affected by forest management; road 

mitigation and removal are helping 
 Sleeping Child/Darby timber land restoration is removing roads  
 Habitat in Daily Creek (strong producer of bull trout out of Skalkaho) is being improved by 

placing woody debris in streams  
 South Fork Lolo Creek is likely native fish stronghold, although Highway 12 and private land 

management limit potential restoration options  
 
Middle and Lower Clark Fork River 

 Fish passage at the reservoir dams has a huge effect on downstream rearing of westslope cutthroat 
trout and bull trout 

 Legacy effects of management (e.g., placer mining) on cold water patches (Cedar Creek, Trout 
Creek) have degraded habitat, requiring structural channel remediation and road relocation and 
mitigation 

 Thompson River native fish strong holds (Fish Trap, West Fork Thompson) provide options for 
improving channel complexity and habitat 

 Little Joe River is a very cold water patch but with seasonal disconnection; unclear if this hinders 
access by bull trout 

 Moore Lake is a source of brook trout to the South Fork Little Joe River 
 
Rock Creek 

 Bull trout populations are decreasing faster here than anywhere else; brown trout numbers are 
correspondingly increasing; East Fork above the reservoir has agricultural issues including effects 
of dewatering events caused by irrigation withdrawals 

 Easy restore options have already been implemented to improve connectivity   
 Options on east side for road relocation (Burnt Fork) 
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 Lower Rock Creek has heavy angling pressure 
 Water and land restoration options on Ranch Creek 

 
Rattlesnake Creek 

 Current bull trout producer, but warming with few options for improving management 
 Large wood and channel complexity, especially in the urban interface. 
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For the Western Subregion, adaptation options were compiled as lists rather than in tabular 
format. Adaptation options below are summarized by climate change stressor. 
 
Temperature 
 
Adaptation tactics 

 Identify and protect groundwater areas and side channels 
o Increase density of sensor network 
o Develop GIS layer and incorporate into stream temperature maps 

 Action application: where groundwater has not yet been captured; everywhere 
native cold-water fish species occur 

o Remote sensing at microscale (longitudinal profile of larger rivers), which provides more 
fine-scale temperature mapping to help identify areas of groundwater inputs 
 Action application: Clearwater, St. Joe; anywhere there is private land or 

proposed development (feeds into floodplain or road development issues); rivers 
large enough to support this kind of sampling 

 Restrict floodplain development and channelization 
o Action application: 3rd order streams 

 Remove/relocate roads from creeks/streams 
o Action application: prioritize areas based on proximity to and presence of fish doing well. 

For example, the Clearwater has one HUC 6 with no human effects that is prioritized for 
restoration. Alternatively, the Selway is connected to lots of good habitat so less 
important to prioritize for road removal/relocation. 
 At a site-specific scale, prioritize similarly to watershed but on smaller scale; 

look at the potential of that habitat to support native fish both now and in the 
future 

 Limit exploitation of groundwater/water withdrawals 
o Action application: anywhere tied to groundwater upwelling 

 Hypolimnitic withdrawal  
o Action application: where possible (e.g., Priest Lake, Libby Dam, Albany Falls, 

Dworshak and Clark Fork dams) 
o In some cases (e.g., Kootenai) the water has been too cold for fish species, but this may 

change in the future 
 Use beaver and/or large woody debris to increase groundwater storage 

o Action application: headwaters/headwater storage in high elevation areas 
 Maintain current shade and microclimate characteristics 

o Action application: everywhere 
 Identify, prioritize, and protect high-quality watersheds (HUC 6/7) and generate specific 

standards and guidelines for the area 
o Implement in national forest land management plans. Use this as an overarching strategy 

to identify high, moderate, and low priority watersheds with specific actions in each 
 Reduce grazing effects 

o Identify thresholds that, once exceeded, trigger movement of the cattle to another pasture 
o Generate and implement adaptive management scenarios (similar to described above) 
o Re-evaluate timing of grazing and the amount of time between grazing activities 
o Riparian fencing (not as feasible in forested environments) 
o Retire allotments 

 Action application: target areas most susceptible to grazing (low-elevation 
meadows) (especially on Nez Perce-Clearwater NF) 

 Remove barriers to fish passage 
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o Action application: remove if barrier prevents bull trout migration (not necessarily 
westslope cutthroat trout) 

o Other: westslope cutthroat trout database can compared with stream temperature maps 
 Water temperature management through dams. For example, Dworshak dam has contributed to 

resilience of downstream fish b/c of temperature mitigations (i.e., they can create thermal refugia 
downstream of these facilities).  

o Need to match fish migration with thermal window (i.e., when fish migrate and 
temperatures necessary to sustain that migration) and consider longer, warmer stream 
temperatures in the future and how that may affect fish migration ability 

o Re-examine water temperature release in light of climate change (e.g., Kootenai) 
o Develop temperature models to better inform this action 

 Install snowpack sensors to better anticipate changes in stream temperature and flow regimes 
 
Runoff regime 
 

 Address site-specific activities that make narrower and deeper channels and affect runoff 
characteristics and peak flow (e.g., clear cutting) by reducing surface area to depth 

o Action application: anywhere with narrow and deep channels, clearcut areas 
 Limit actions (e.g., vegetation removal) that contribute to peak yield 

o Action application: primarily in rain-on-snow areas; north end of Clearwater has 
private/state/federal lands interspersed; need an analysis to determine effects from 
management activities (e.g., vegetation removal) on all lands to understand potential 
impacts on runoff characteristics and sedimentation 

 Reconnect floodplains to improve the ability of system to deal with large flow events 
o Consider using beavers and large woody debris to help facilitate this process 
o Action application: prioritize areas of past dredge mining, where possible/feasible given 

social/financial constraints 
 Restore water holding capacity using beaver or mechanical storage methods 

o Action application: degraded headwater streams 
 Re-examine flow release (variable Q) from dams with projected climate changes (currently use 

from 1999 and back) 
o Action application: dams 

 Increase connectivity, where possible, to allow fish to move to cope with changing conditions 
o Action application: remove mainstem dam passages/impoundments (although these may 

be non-native selectors too so this needs to be considered at site-level) 
 Increase capacity of infrastructure to handle flows (e.g., upsizing culverts/structures to 100-yr 

flood) 
o Action application: take advantage of Burned Area Emergency Rehabilitation to replace 

culverts; take advantage of vegetation projects to replace culverts; road and trail 
relocation outside of 100-year floodplain 

 Conduct roads analysis within proposed timber harvest areas, considering riparian/aquatic habitat 
and fish impacts (e.g., road density is a concern for fish) 

 Hydrologically disconnect roads from streams (e.g., adding cross-drains or culverts or outsloping 
roads) 

 Examine current and proposed future campgrounds/dispersed campgrounds on creeks and 
potential future changes in flow regimes (permanent disturbance regimes for fish habitat) 

 
Invasive species 
 

 Remove brook trout in higher elevations that are likely to be cold-water refugia for bull trout 
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o Action application: headwater lakes in wilderness (rotenone can be used for brook trout 
suppression in wilderness); when removing fish, we need to provide an alternative for 
recreational fisheries 

 Create an integrated strategy across the sub-region that supports multiple species. For example, 
leave some lakes fishless for amphibians, incorporate brook trout strategy (below) at basin scale 
(HUC5) to balance public need (i.e., recreational fishery) with ecological need (i.e., bull trout) 

 Identify brook trout locations and prioritize where to eradicate 
o Need: strong partnership with state and wildlife agencies to do a cross-agency effort (see 

action above as well); also support from leadership and funding 
o Eradication and preventing re-invasion by: 

 Install barriers 
 Avoid rotenone by using combo of electrofishing and tiger musky (although may 

be difficult to eliminate source entirely) 
 Expand options for brook trout management (e.g., gill netting) 
 Manipulate gametes and “swamp” current population so species essentially 

eradicates itself 
o Action application: meadow creeks in upper North Fork Clearwater 

 Public education and outreach 
 Brown trout and pike are newer invasive species, although management options are limited 

o Take limit off the fisheries (already done) 
o Where feasible and biology of species lends itself to it (e.g., Pend Oreille), can do some 

suppression 
 Manage reservoirs and lakes (e.g., suppression efforts) to protect adult bull trout breeders from 

smallmouth bass and lake trout 
 Utilize changing flow regimes and temperatures to keep invasives out 

o This has been used in Pend Oreille to keep pike out 
o Action application: dams/reservoirs 

 Reservoir manipulation 
o Fertilization of species (kokanee); application: putting kokanee in headwater areas 

 Establish barriers to invasive species movement 
o Have to make conscious decision to write off fluvial form of bull trout 
o Many factors have to coincide to make this work 
o Small-scale application for cutthroat (e.g., above barriers and more opportunistic) 

 
In areas projected to be cold-water refugia until 2040: 

 Suppress non-native fish 
 Conduct a status assessment of current species and management actions 
 Mange fire and fire effects 
 Note: many of these areas in Nez Perce-Clearwater NF are in wilderness, so fewer management 

options 
 Aggressive fish management (e.g., hatcheries) 

o Action application: Lake Coeur d’Alene drainage is historical bull trout drainage and 
critical habitat, but none there now 
 Questions: where to get fish and how many 
 This is a viable future habitat but may be social barriers (cattlemen’s association, 

political will, social will) to implementation 
 Use this as template for future 

o Action application: in areas with non-native species, use hatcheries to bring fish in, 
rotenone habitat, and aggressively re-stock 
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In areas with fish currently, but projected to be gone by 2040: 
 Suppress non-native fish 
 Improve connectivity 
 Address higher river mainstem temperatures that act as barrier 
 Monitor areas (fish there now, historical records, eDNA, presence/absence of juveniles, physical 

characteristics) 
  
During warm phases of the Pacific Decadal Oscillation 

 Warmer, drier conditions may affect year-class strength , potential barometer of how populations 
may respond in the future. 

 
High-severity wildfire areas 

 With connectivity, fire effects and debris torrents may not be an issue 
 Nez Perce-Clearwater NF probably would not move fish unless they were spawning populations 

with limited connectivity 
o Strategy: monitor over time to understand distributions of spawning populations and how 

they respond to disturbances 
o Action application: translocate brood stocks only in certain situations (no connectivity) 

 
Valued species other than cold-water fish 
 

 Sturgeon and burbot 
o Opportunities: management of dam (temperature and flow), specifically temperature for 

these species (dependent on season and species) 
o Potential conflict: want to reduce flow in winter for water to cool off, but Bonneville 

Power Administration wants to release more flow during this time to generate power 
 Western pearlshell mussel: increased peak flows may wipe out colonies 
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Table 5A.1—Adaptation options that address climate change effects on fisheries in the Central Subregion. 

Sensitivity to climatic variability and change: Reduced snowpack will alter the thermal regime of streams in space and time. 
 
Adaption Strategy / Approach: Improve riparian function and increase functional riparian area.  
 
Strategy Objective: Promote resilience, reduce stressors.
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Re-vegetate denuded sections of 
riparian areas (leading to additional 
refined tactics for grazing effects, fire 
effects, etc.). 

Strategically relocate, eliminate, and 
minimize the effects of riparian and 
upland road segments. 

Restore groundwater and hyporheic 
exchange through beaver 
reintroduction/protection, channel 
restoration, and re-establishment of fire 
regimes. 
 

Tactic effectiveness 
(risks) 

High High High 

Implementation urgency  
 

Near term  Near term  Near term  

Where can tactics be 
applied? 
 

All locations where riparian areas 
have been damaged, especially if 
native fish populations are present 
or nearby 
 

All locations where streams have been 
or could be damaged, especially if 
native fish populations are present or 
nearby 
 

All locations where each specific tactic 
is appropriate and likely to be effective 
 

Opportunities for 
implementation 
 

  
 

  
 

  

Cost       

Barriers to 
implementation 
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Table 5A.2—Adaptation options that address climate change effects on fisheries in the Eastern Subregion. 

Sensitivity to climatic variability and change: Reduced snowpack will increase stream temperatures and alter flow regimes. 
 
Adaption Strategy / Approach: Increase habitat resilience for cold-water aquatic organisms by restoring structure and function of streams.
 
Strategy Objective: Promote resilience 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Restore natural channel and 
floodplain form and function (e.g., 
restore areas with human-caused 
bank and bed instability). 
 

Restore aquatic organism passage 
structures through design and 
placement of appropriate structures. 

Maintain functional stream channel 
morphology with adequate width:depth 
rations, pool frequency, and healthy 
riparian vegetation.   

Tactic effectiveness 
(risks) 

Moderate-high High High 

Implementation urgency  
 

Near term (gradual process, but 
need to get started) 
 

Near term  Near term  

Where can tactics be 
applied? (geographic) 
 

Areas with ongoing restoration 
activities and where habitat is a 
primary limiting factor (especially 
where roads are present) 
 

Drainages with frequent high peak 
flows, areas with sensitive geology, 
areas with important rearing streams 

Areas with ongoing restoration activities 
and where habitat is a primary limiting 
factor (especially where roads are 
present) 

Opportunities for 
implementation 
 

Mining restoration projects 
 

Talk to insurance companies to see if 
they will fund replacements (e.g., in 
locations where flows can affect 
downstream communities) 
 

  

Cost       

Barriers to 
implementation 
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Table 5A.3—Adaptation options that address climate change effects on fisheries in the Eastern Subregion. 

Sensitivity to climatic variability and change: Reduced snowpack will increase stream temperatures and alter flow regimes. 
 
Adaption Strategy / Approach: Increase habitat resilience for cold-water aquatic organisms by restoring structure and function of streams.
 
Strategy Objective: Promote resilience 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Restore riparian areas to increase 
hydrologic function and retain cold 
water. 

Reintroduce beaver where beaver 
and management of westslope 
cutthroat trout are compatible. 

Remove or relocate roads adjacent to 
riparian areas, channels, and floodplains 
where they inhibit complexity; minimize 
cumulative effect of road network on 
surface and subsurface flow. 
 

Tactic effectiveness 
(risks) 

High Moderate High, but spatially limited 

Implementation urgency  
 

Near term  
 

Long term  Near-medium term 

Where can tactics be 
applied? (geographic) 
 

Where riparian areas limit the 
availability of cold-water habitat 

Where beaver will not affect 
barriers; in stream reaches > 1 
mile; in larger population 
conservation networks; where 
brook trout are absent 
 

Where roads currently cause problems or 
may in the future, especially where roads 
have substantial linear effects 

Opportunities for 
implementation 
 

Mining restoration projects 
 

Talk to insurance companies to see 
if they will fund replacements (e.g., 
in locations where flows can affect 
downstream communities) 
 

  

Cost     Very high cost 

Barriers to 
implementation 
 

  Beaver habitat can enhance brook 
trout populations 
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Table 5A.4—Adaptation options that address climate change effects on fisheries in the Eastern Subregion. 

Sensitivity to climatic variability and change: Reduced snowpack will increase stream temperatures and alter flow regimes. 
 
Adaption Strategy / Approach: Increase habitat resilience for cold-water aquatic organisms by restoring structure and function of streams.
 
Strategy Objective: Promote resilience. 
 
 Specific Tactic – A Specific Tactic – B
Tactic 
 
 

Acquire Montana water compact/rights in a strategic 
way. 

Increase efficiency of irrigation techniques. 

Tactic effectiveness 
(risks) 

Low-moderate (for instream flows) Low-moderate 

Implementation urgency  
 

Long term 
 

Long term  

Where can tactics be 
applied? (geographic) 
 

Where future plans for water development may overlap 
with areas where native fish populations may be 
declining 

Where future plans for water development may overlap with 
areas where native fish populations may be declining 
 

Opportunities for 
implementation 
 

  
 

  

Cost     

Barriers to 
implementation 
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Table 5A.5—Adaptation options that address climate change effects on fisheries in the Eastern Subregion. 

Sensitivity to climatic variability and change: Continued livestock grazing will compound stress caused by increased stream temperatures. 
 
Adaption Strategy / Approach: Manage livestock grazing to restore ecological function of riparian vegetation and channels.
 
Strategy Objective: Promote resilience, reduce stressors
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Comply with all existing standards 
and guidelines for maintaining 
water quality in streams and 
riparian areas; facilitate compliance 
through monitoring. 
 

Use innovative techniques to fund and 
maintain and implement improvements 
(e.g., riparian fencing, rest-rotation 
systems, off-channel water, 
exclosures). 

Identify and prioritize vacant allotments 
for retirement. 
 

Tactic effectiveness 
(risks) 

Moderate Moderate-high (high for techniques that 
physically prevent access) 

High, but spatially limited and 
opportunistic 

Implementation urgency  
 

Near term 
 

Near term 
 

Near term 
 

Where can tactics be 
applied? (geographic) 
 

All locations, with emphasis on 
areas that are important in terms of 
ecological value and large financial 
investment 

All locations, with emphasis on areas 
that are important in terms of ecological 
value and prior financial investment; 
prioritize areas with pure native fish 
populations that are under imminent 
threat 
 

All locations where vacant allotments 
exist and opportunities allow  
 

Opportunities for 
implementation 
 

  
 

    

Cost       

Barriers to 
implementation 
 

 Lack of public support Beetle-killed trees damage fences   
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Table 5A.6—Adaptation options that address climate change effects on fisheries in the Eastern Subregion. 

Sensitivity to climatic variability and change: Continued livestock grazing will compound stress caused by increased stream temperatures. 
 
Adaption Strategy / Approach: Manage livestock grazing to restore ecological function of riparian vegetation and channels.
 
Strategy Objective: Promote resilience, reduce stressors.
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Incorporate aquatic resource 
values in prioritization and 
implementation of land 
management plans. 
 

Convene regional meeting to identify 
and prioritize key fisheries areas; 
develop implementation plan that 
describes line officer actions. 
 

Continue and formalize agency 
coordination for fish habitat 
conservation (where projects are 
planned). 
 

Tactic effectiveness 
(risks) 

Moderate-high, depending on how 
well values are incorporated 

High, but depends on spatial extent and 
number of stakeholders involved 

High, but spatially dependent 

Implementation urgency  
 

Near term 
 

Near term 
 

Near term 
 

Where can tactics be 
applied? (geographic) 
 

All locations, as management plan 
revisions occur 

All areas of Montana 
 

Where projects are planned and where 
existing conservation issues related to 
grazing exist 
 

Opportunities for 
implementation 
 

  
 

East-side range meetings; efforts to 
avoid listing of westside cutthroat trout 
populations; monitoring plans 
 

  

Cost       

Barriers to 
implementation 
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Table 5A.7—Adaptation options that address climate change effects on fisheries in the Eastern Subregion. 

Sensitivity to climatic variability and change: Warmer temperatures will increase stream temperature and risk of invasion by non-native fish 
species. 
 
Adaption Strategy / Approach: Manage non-native fish populations to eliminate or reduce their impact on native fish.
 
Strategy Objective: Promote resilience, reduce stressors.
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Construct barriers to restrict non-
native fish. 
 

Remove non-native fish and re-establish 
or restore western cutthroat trout 
populations. 
 

Secure, maintain, and improve riparian 
stream function and flows, including 
temperature. 
 

Tactic effectiveness 
(risks) 

High High Moderate 

Implementation urgency  
 

Near term (Big Hole and other 
locations with urgent issues); Long 
term (everywhere else) 
 

Near term (Big Hole and other locations 
with urgent issues); Long term 
(everywhere else) 
 

Near term 
 

Where can tactics be 
applied? (geographic) 
 

Where feasible and necessary 
(Big Hole, Selway Meadows-Red 
Rock, all drainages on Rocky 
Mountains front) 

Where feasible and necessary (Big Hole, 
Selway Meadows-Red Rock, all 
drainages on Rocky Mountains front) 

Where native fish populations and 
impaired riparian function exist, as 
identified in annual coordination 
meetings 
 

Opportunities for 
implementation 
 

  
 

East-side range meetings; efforts to 
avoid listing of westside cutthroat trout 
populations; monitoring plans 
 

  

Cost   Potentially high   

Barriers to 
implementation 
 

Not socially feasible Not socially feasible (e.g., high value 
recreational fishery) or may be 
unacceptable to kill all non-natives 
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Table 5A.8—Adaptation options that address climate change effects on fisheries in the GYA Subregion. 

Sensitivity to climatic variability and change: Reduced snowpack will reduce summer streamflows. 
 
Adaption Strategy / Approach: Increase streamflows and moderate changes in instream flows. 
 
Strategy Objective: Promote resilience. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Pulse flows during critical times (high 
temperatures) from regulated 
streams. 
 

Reduce water withdrawals and improve 
efficiency for agriculture (especially 
irrigation), municipal, and industrial 
uses. 
 

Secure water rights for instream 
flows. 
 

Tactic effectiveness 
(risks) 

Moderate-high 
 
 

High 
 

High 

Implementation urgency  
 
 

Near term  Near term Near term  

Where can tactics be 
applied? (geographic) 
 

All regulated streams Where water demands overlap with 
current and future suitable habitat 

Where fish and suitable habitat 
overlap 

Opportunities for 
implementation 
 

      

Cost 
 

      

Barriers to 
implementation 
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Table 5A.9—Adaptation options that address climate change effects on fisheries in the GYA Subregion. 

Sensitivity to climatic variability and change: Reduced snowpack will reduce summer streamflows. 
 
Adaption Strategy / Approach: Provide opportunities for native fish to move and find suitable stream temperatures.
 
Strategy Objective: Promote resilience. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Increase the patch size of favorable 
habitat to enhance viable 
populations and allow adfluvial life 
histories. 
 

Modify or remove barriers to increase 
connectivity between areas of cold-
water habitat. 
 

Identify and map where groundwater 
inputs provide cold water. 

Tactic effectiveness 
(risks) 

High High High 

Implementation urgency  
 

Near term  Near term Mid term  

Where can tactics be 
applied? (geographic) 
 

Where native fish currently exist; 
where suitable habitat is nearby; 
where non-natives are not present or 
can be effectively managed; where 
populations are fragmented and 
need greater connectivity 
 

Where barriers prevent movement to 
suitable habitat, and where removal 
will not increase invasion of non-
natives 

All locations 

Opportunities for 
implementation 
 

  Locations that are economically 
advantageous 

  

Cost 
 

      

Barriers to 
implementation 
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Table 5A.10—Adaptation options that address climate change effects on fisheries in the GYA Subregion. 

Sensitivity to climatic variability and change: Water temperature will increase, and the hydrograph will change in terms of magnitude and 
seasonality. 
 
Adaption Strategy / Approach: Protect and enhance fish habitat.
 
Strategy Objective: Promote resilience. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Restore degraded riparian 
vegetation, reconnect floodplains to 
rivers. 
 

Reintroduce beaver, encourage 
beaver recolonization. 
 

Disconnect roads from stream networks 
to reduce sedimentation. 

Tactic effectiveness 
(risks) 

Moderate-high Moderate High 

Implementation urgency  
 

Near term  Near term Near term  

Where can tactics be 
applied? (geographic) 
 

Smaller streams will be most 
effective, especially in lower-
elevation valleys; prioritize areas 
with native fish or potentially suitable 
habitat 
 

Where brook trout do not occur 
(beaver dams tend to facilitate brook 
trout) and where suitable beaver 
habitat exists 

Where roads adjacent to streams have 
the potential to erode and deliver 
sediment 

Opportunities for 
implementation 
 

 Smaller streams Locations that are economically 
advantageous 

  

Cost 
 

      

Barriers to 
implementation 
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Table 5A.11—Adaptation options that address climate change effects on fisheries in the GYA Subregion. 

Sensitivity to climatic variability and change: Water temperature will increase, and cold-water fish habitat will decline. 
 
Adaption Strategy / Approach: Reduce stress on native fish species to enhance their ability to tolerate climate-induced stress.
 
Strategy Objective: Reduce stressors 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Limit angling pressures on native 
fish. 

Reduce effects of recreation and 
grazing disturbance in streams. 
 

Reduce non-native (non-fish) aquatic 
species and diseases. 

Tactic effectiveness 
(risks) 

Moderate Moderate Moderate 

Implementation urgency  
 

Mid term  Mid term  Near term  

Where can tactics be 
applied? (geographic) 
 

Locations that are at or near 
temperature thresholds for native 
fish 
 

Where recreation and grazing activities 
are high, coincident with occupied or 
projected suitable fish habitat 
 

Where non-native aquatic species and 
diseases occur, coincident with 
occupied or projected suitable fish 
habitat 
 

Opportunities for 
implementation 
 

      

Cost 
 

      

Barriers to 
implementation 
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Table 5A.12—Adaptation options that address climate change effects on fisheries in the GYA Subregion. 

Sensitivity to climatic variability and change: Warmer temperatures will increase stream temperature and risk of invasion by non-native fish 
species. 
 
Adaption Strategy / Approach: Manage non-native fish populations to eliminate or reduce their impact on native fish.
 
Strategy Objective: Promote resilience, reduce stressors.
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Encourage increased take/harvest of 
non-natives, especially near long-
term strongholds for natives. 
 

Remove non-natives with manual or 
chemical techniques. 
 

Implement physical or electrical 
barriers to exclude non-natives. 

Tactic effectiveness 
(risks) 

Low-Moderate (need heavy harvest at 
the invasion front) 

Moderate-High Moderate-High 

Implementation urgency  
 

Mid term  Near term  Near term  

Where can tactics be 
applied? (geographic) 
 

Areas with heavy recreation and sport 
fishing; most effective at the front of 
invasions 
 

Where long-term suitable habitat for 
natives is available and non-natives are 
present 

Where long-term suitable habitat for 
natives is available and non-natives 
are present 

Opportunities for 
implementation 
 

      

Cost 
 

      

Barriers to 
implementation 
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Table 5A.13—Adaptation options that address climate change effects on fisheries in the GYA Subregion. 

Sensitivity to climatic variability and change: Higher temperatures will increase wildfire occurrence that can lead to erosion and mass wasting. 
 
Adaption Strategy / Approach: Increase resilience to fire-related disturbance.
 
Strategy Objective: Promote resilience, reduce stressors.
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Implement fuel treatments (thinning, 
prescribed burning) to reduce wildfire 
severity and size. 
 

Disconnect roads from stream 
networks to reduce erosion and 
sediment delivery to streams. 
 

Install erosion control structures 
following wildfires. 

Tactic effectiveness 
(risks) 

Moderate Moderate Moderate 

Implementation urgency  
 

Mid term  Mid term  Near term  

Where can tactics be 
applied? (geographic) 
 

Areas where canopy and surface 
fuels are high, adjacent to known 
native fish populations and habitat 
 

Areas adjacent to known native fish 
populations and habitat 

Where wildfire has occurred and 
erosion would affect known native fish 
populations and habitat 

Opportunities for 
implementation 
 

Areas that are already being targeted 
for fuel treatment, especially in the 
wildland-urban interface 
 

    

Cost 
 

      

Barriers to 
implementation 
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Table 6B.1—Vulnerability assessment for the three scales of analysis (species, vegetation type, resource concern) for 
vegetation of the Northern Rockies (NR).  

Habitat, ecosystem 
function, or 
species 

Broad-scale 
climate change 
effect 

Current condition, 
existing stressors 

Sensitivity to climatic 
variability and change 

Expected effects of climate change

Species 

Limber pine Warming 
temperatures, 
eastern portion of 
Northern Rockies 
anticipated increase 
in precipitation, less 
snow pack, variable 
precipitation during 
growing season 

Reduced abundance 
due to exotic white-pine 
blister rust infections, 
native mountain pine 
beetle outbreaks, 
continued fire exclusion, 
and on wetter sites, 
limber pine dwarf 
mistletoe can be more 
of a problem resulting in 
mortality as compared 
to blister rust 

Shade intolerant, early seral 
to pioneer species following 
fire or tree removal; difficulty 
in competing with other 
encroaching species on more 
productive sites; Little to no 
reproduction at low tree 
densities (lack of effective 
pollination cloud) and those 
seeds that are produced have 
increased likelihood of 
inbreeding; minimum of 25 
cone-bearing trees per 
hectare is needed for 
dispersal by birds (i.e., 
corvids) 

Increased growth; larger seed crops; 
increased seed dispersal into burned areas 
due to bird dispersal; lower seed germination 
due to warmer, drier conditions; loss of 
ectomycorrhizal associations, increased 
competition from wind-dispersed conifers; 
less blister rust infection due to higher 
temperatures and lower relative humidity 
disrupting the blister rust cycle; except in 
wave years; higher blister rust and dwarf 
mistletoe infections on eastside where 
precipitation is projected to increase; large 
and intense wildfires could threaten seed 
sources 

Ponderosa Pine – 
var. scopulorum 

Increasing 
temperatures; 
deeper and longer 
droughts; 
increasing fire 
severity and 
occurrence; shorter 
growing seasons 
and longer dormant 
seasons 

Higher than historical 
tree densities  

Generalist adaptive strategy; 
high phenotypic plasticity; 
early- to mid-seral species; 
moderate shade-tolerance; 
well-adapted to drought 

 

Decreases in dwarf mistletoe and western 
gull rust damage; competitive capacity will 
increase; fire effects uncertain; more highly 
vulnerable to loss of disjunct and isolated 
populations, as compared to var. ponderosa; 
declining precipitation and variable spatial 
and temporal pattern may cause declines in 
regeneration, except in eastern portion of 
northern region where precipitation is 
expected to increase; increases in mountain 
pine beetle outbreaks; advancing 
competition, increasing western pine shoot 
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borer occurrence; large and intense wildfires 
could threaten seed sources 

Ponderosa pine-var. 
ponderosa 

Minor cold 
hardiness issues at 
lower elevations 

Precipitation pattern 
may favor 
regeneration; 
increases in pine 
beetle (western and 
mountain) 

Lophodermium sp.  

Elytroderma, Armillaria 
root rot, 

Mycosphaerella pini; 
extreme fire behavior; 
competition from grand 
fir and Douglas-fir 

Intermediate adaptive 
strategy at low to mid 
elevations; 

specialist adaptive strategy at 
higher elevations; moderate 
phenotypic plasticity; early- to 
mid-seral species; little 
shade-tolerance; less 
adapted to drought 

 

 

Competitive capacity will increase; increasing 
fires may have both beneficial and 
detrimental effects (high uncertainty); dwarf 
mistletoe and western gull rust may 
decrease; loss of disjunct and isolated 
populations on edges of range; limited 
ectomycorrhizae availability at higher 
elevations; suitable substrates for may not 
exist upslope, impedes both natural and 
artificial regeneration; large and intense 
wildfires could threaten seed sources 

Douglas-fir Increase in 
temperature 
causing increase in 
soil moisture 
deficits and less 
available water 
especially at lower 
elevation dry sites 

Increase in tree density 
has increased risk of 
mortality from a large 
fire standpoint with will 
also limit regeneration 
and species distribution 
locally; root disease a 
major cause of mortality 
in northern Idaho and 
western Montana 

Sensitive to increasing 
temperatures and increasing 
soil moisture deficits, this will 
predispose Douglas-fir to 
other related mortality agents 
such as insect and disease  

At lower elevation southerly aspects expect 
ponderosa pine to be better able to cope with 
moisture deficits and disturbance such as fire, 
spruce bud worm, less seed source due fire 
size and due to cone production problems 
with spruce bud worm, mesic sites expect 
increase in mortality due to root disease, 
higher elevation southerly slopes may provide 
increased climate suitability for Douglas-fir; 
large and intense wildfires could threaten 
seed sources 

Western larch Increase in 
temperature 
causing increase in 
evaporative 
demand and soil 
moisture deficits  

Increase in forest 
density has increased 
mortality risk from a fire 
standpoint, especially 
existing large size larch 
trees; past selective 
harvest and lack of fire 
has reduced species 

Very sensitive to changes in 
temperature; Spring frosts 
often reduce pollen, cone and 
seed production that leads to 
sporadic seed years; very 
sensitive to warm 
temperatures to establish 
regeneration on high energy, 

Range expansion and/or shift to more 
northerly aspects; reduction of size/age 
diversity of trees; larger fires may facilitate 
larch regeneration because the larger larch 
trees may provide seed on burned areas; 
increased drought on drier sites may 
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distribution and density 
especially very large 
individuals.  

southerly slopes; rising 
temperatures and increasing 
soil moisture deficits will 
affect potential distribution; 
increasing amount of fire will 
likely benefit larch as long as 
it is not in overly dense forest 
conditions with poor vigor 
leading to loss of seed source 
after fire. 

exacerbate competition stress caused by 
invading shade tolerant species.  

Western white pine Warming 
temperatures; 
longer growing 
seasons; increased 
fire; increases in 
drought 

Local rates of blister 
rust infection may hold 
steady but remains 
highly susceptible to 
wave years of infection; 
increases in Armillaria 
root rot, mountain pine 
beetle (endemic-
depends on white pine 
population size and tree 
size), Lophodermium 
nitens, Lecanosticta 
aciocola severe needle 
blight on-going issue 
with cool-wet protracted 
springs; potential seed 
sources vulnerable to 
fire damage; critical 
thresholds for 
regeneration 
establishment may be 
possible resulting in 
ineffective pollen cloud, 
no seed production and 
higher probability of 
inbreeding 

Early spring frost – cold 
hardiness – may not be 
physiologically in tune as 
individuals migrate upslope 
Moisture: lower elevation 
ecotones (<25” per year 
precipitation threshold); 

moderate shade-tolerance; 

early- to mid-seral 

Good competitive ability; up 
to three (3) years seed 
viability in soil bank; 
generalist adaptive strategy; 
high phenotypic plasticity 

 

Increased growth; increased abundance with 
less grand fir provided there is a seed source 
or planting; less blister rust infection due to 
high temperatures and lower relative humidity 
except for wave years; if seed source exists 
fire will increase growing space providing for 
regeneration potential; the species is 
dependent on ash cap on many sites which 
may prevent migration to wetter/warmer sites; 
limited ectomycorrhizae availability at higher 
elevations; suitable substrate may not exist 
upslope so migration may not be expedited; 
both natural and artificial regeneration may 
occur with drought; pole blight may occur 
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Aspen Warming 
temperatures, 
decreasing 
snowpack, increase 
in severity and 
frequency of 
wildfires  

While there are stable 
climax aspen 
communities, most 
aspen is a fire-
maintained, early seral 
component of a forested 
community; stands are 
declining in number and 
size; stressors include 
competition with and 
shading by conifers, 
typically due to fire 
exclusion, domestic and 
native ungulate 
herbivory, and 
increasing temperature 
coupled with declining 
precipitation; reduction 
of soil moisture may 
cause severe water 
stress which reduces 
aspen’s ability to 
survive (e.g., sudden 
aspen decline) and to 
reproduce both 
vegetatively and by 
seed, thereby reducing 
genetic variability.  

Sensitivity varies based on 
site characteristics, primarily 
soil moisture and solar 
radiation; it is mostly shade-
intolerant; ubiquitous across 
most of North America; aspen 
is most persistent on sites 
with high solar radiation 
coupled with moist to wet 
soils; it does not tolerate 
extended drought; highly fire-
adapted and regenerates 
abundantly after stand-
replacing fire, although it can 
regenerate in conifer 
dominated stands in some 
settings ; it will persist or 
possibly increase with 
warmer temperatures as long 
as there is sufficient soil 
moisture; fringe communities 
may succumb to sudden 
aspen decline with long-term 
and severe water deficit, 
which will kill the roots.  

Communities on warmer, drier sites could 
decrease due to water deficit; some stands 
may have significant mortality with little or no 
regeneration due to herbivory; sudden aspen 
decline has been associated with severe, 
prolonged drought, particularly in aspen 
stands that are on the fringe of the species’ 
distribution (warmer and drier sites than those 
typically considered optimal for aspen 
persistence); fewer and smaller stands and of 
those that persist, there will be increased 
plant stress due to increased severity of 
summer droughts; increased fire frequency 
may likely favor aspen regeneration by 
removing shading conifers; younger stands 
(<40 years old) may be more resilient to 
drought and frequent fires could favor aspen 
on moister sites; severe fire may kill shallow 
root systems and eliminate aspen in some 
hotter and drier sitess; growth may increase 
because photosynthetic rates appear to 
increase more in aspen than other tree 
species as atmospheric carbon increases, but 
this may be offset by increased drought 
stress and increased atmospheric ozone, 
which reduces photosynthesis and may 
increase susceptibility to insects and disease; 
higher herbivory (browsing) on regenerating 
stands is possible as adjacent upland 
vegetation senesces and desiccates earlier in 
the growing season; areas with mountain 
pine beetle-caused conifer mortality 
(especially in lodgepole pine) may release 
aspen and regenerate once the conifer 
canopy is removed; conifers use more water 
than aspen so aspen stands mean more 
streamflows; aspen forms natural fuel breaks 
that can be used effectively in fire 
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management; pathological rotation is short-
lived. 

Grand fir Increasing drought; 
longer growing 
seasons; increased 
fire and disease; 
highly variable 
weather 

Fire exclusion has 
increased grand fir in 
dry and mesic sites but 
increased tree densities 
have also stressed fir 
trees contributing to 
increased fuel loadings, 
higher root rot, and 
greater insect damage 
and mortality 

Late seral, shade tolerant 
species highly susceptible to 
fire; usually exists in areas 
where competition and tree 
density is high so most trees 
are stressed; highly stress 
trees are more susceptible to 
climatic fluctuations and 
trends  

On xeric sites, increased drought and longer 
growing seasons will exacerbate stress from 
competition resulting in high mortality mainly 
from insects and disease; longer fire seasons 
and high fuel loadings from exclusion will also 
reduce this species; on the mesic sites, 
longer growing seasons coupled with higher 
temperatures may increase growth rates and 
regeneration success thereby increasing tree 
density and competition; fire will reduce grand 
fir dominance at landscape- and stand-scales 

Western redcedar Longer growing 
seasons; warmer 
temperatures; 
highly variable 
weather; Enhanced 
warm and cold 
cycles; early frosts 

Root and butt disease: 
Philinus, fomis, and 
Armillaria root rot; low 
susceptibly to 
pathogens 

Generalist adaptive strategy; 
high phenotypic plasticity; 
high shade-tolerance; long-
lived; seed production good; 
vegetative potential 

Increased growth rate; fire adds uncertainty; 
warm/cold cycle may facilitate red-belt and 
adversely affect western redcedar (early 
warming followed by early frost); cedar 
flagging from dry seasons (entire branch is 
shed, interferes with seed production); ash 
cap dependent which may prevent it to 
migrate to wetter/warmer sites 

Western hemlock Longer growing 
seasons; warmer 
temperatures; 
highly variable 
weather; early 
frosts during the 
growing stage. 

Confined to the moister 
portions of northern 
Rockies; susceptible to 
annosus root rot, 
Echinodontium 
tinctorium; High 
tolerance to Armillaria 
root rot  

Provisionally tends to be a 
generalist adaptive strategy; 
high shade-tolerance; needs 
ample moisture; susceptible 
to spring frost; very good 
competitor; high seed 
producer; seed viability only 
lasts one year in soil bank; 
susceptible to acid rain; ash 
cap dependent 

May stay the same and potentially not 
change its current distribution; vulnerable to 
water deficits so declines are possible on the 
drier sites; since the species is ash cap 
dependent, migration may be retarded to 
wetter/warmer sites without ash cap soils. 

 

Lodgepole pine Increasing 
temperatures; 
longer droughty 
periods; increasing 

Advancing succession 
due to fire exclusion is 
contributing to declines 
in lodgepole pine in 

Shade intolerant conifer that 
has a wide climatic amplitude 
in subalpine areas; exists on 
a wide variety of soil types 

Longer drought periods and warmer 
temperatures may decrease growth and 
regeneration on the driest sites (lower 
elevation lodgepole stands); lodgepole is well 
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fire occurrence, 
frequency, and 
severity; increased 
productivity;  

many areas; current 
increases in burn areas 
are creating many new 
lodgepole stands and 
some may become 
dense thickets; 
increased drought may 
exacerbate stress from 
other factors including 
competition, endemic 
insects and diseases, 
and wind; warming 
temperatures may 
heighten bark beetle 
activity resulting in more 
frequent and severe 
epidemics 

and may be the only species 
to inhabit infertile and well 
drained sites; Moderately 
drought tolerant; reproductive 
success depends on level of 
serotiny; well adapted to 
colonize post-burn 
environments; highly 
susceptible to bark beetles, 
especially when in stress 
from endogenous and 
exogenous factors such as 
competition, fire-damage, and 
drought  

adapted to increases in fire occurrence and 
size depending on level of serotiny, but it may 
be eliminated from sites where fires reburn 
stands before established seedlings and 
saplings become reproductively mature; In 
mesic subalpine sites, continued fire 
exclusion coupled with higher productivities 
will heighten competitive interactions and put 
more lodgepole pine into stress thereby 
increasing mortality, insect and disease 
vulnerability, canopy and surface fuels, and 
accelerating succession toward subalpine fir; 
conversely, increasing fire could expand 
lodgepole pine occurrence, even when fires 
are large and severe; increasing insect (i.e., 
bark beetles) outbreaks may further 
acceleration towards non-host, shade tolerant 
species 

Subalpine fir Increased 
disturbance 
frequency and 
severity; highly 
variable weather 
and climate; 
decreasing 
snowpacks; 
lengthening 
growing seasons;  

Fire exclusion has 
increased abundance of 
this species on many 
subalpine and upper 
subalpine landscapes; 
many current stands 
have high densities and 
trees may be stressed 
from competitive 
interactions resulting in 
increasing susceptibility 
to disturbances; 
increasing drought 
could further exacerbate 
competitive stress and 
increase mortality 

Highly vulnerable to subtle 
changes in climate; shade 
tolerant species that is an 
aggressive competitor in 
subalpine areas; uniquely 
adapted to quickly occupy 
gaps in subalpine forest 
canopies; relatively intolerant 
of drought; unable to mature 
when seasonal drought is 
common; not adapted to 
disturbance, especially fire, 
with high mortality even after 
low severity fires; frequent 
cone crops  

Longer growing seasons and reduced 
snowpacks will increase regenerative 
success, especially in those high elevation 
areas where snow historically controlled 
regenerative success; higher productivity in 
subalpine forests may increase regeneration 
and species densities, eventually resulting in 
high competitive stress making these fir 
stands vulnerable to high mortality and 
therefore less resilient; declines of the 
species on drier sites may result from new 
drought regimes reducing regeneration 
success; increases of the species on moister 
sites will result from increased regeneration 
and competitive advantages; fir may gain in 
upper subalpine and timberline environments 
that are controlled by snow dynamics; 
subalpine fir could also increase as it 
replaces rust- and beetle-killed whitebark 
pine, yet whitebark pine can also act as a 
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nurse crop to facilate subalpine fir 
establishment; increased fire would decrease 
fir throughout the NR; the future of subalpine 
fir would depend on both fire suppression 
levels coupled with climatic responses. 

Engelmann spruce Increased 
disturbance 
frequency and 
severity; highly 
variable weather 
and climate; 
decreasing 
snowpacks; 
lengthening 
growing seasons  

Spruce is usually 
associated with fir in the 
NR; it occurs as a minor 
to major component of 
many subalpine stands 
and only dominates in 
wetland or special land 
types; Fire exclusion 
has increased 
abundance of this 
species on many 
subalpine and upper 
subalpine landscapes; 
many current stands 
have high densities and 
trees may be stressed 
from competitive 
interactions resulting in 
increasing susceptibility 
to disturbances; 
increasing drought 
could further exacerbate 
competitive stress and 
increase mortality 

Like fir, spruce is highly 
susceptible to changes in 
climates; it is not as an 
aggressive competitor and 
often is only a minor portion 
of a stand; it is highly 
vulnerable to drought; it can 
quickly regenerate in severely 
burned microsites providing 
there are seed sources; 
highly susceptible to 
windthrow and wind damage  

Losses of spruce in the drier portions of its 
range, especially in those seasonal moist 
sites that will now be dry; not well adapted to 
fire so major declines are expected in burned 
areas, but these declines may be offset by 
increased regeneration on burned areas with 
mineral soil substrates; continued 
suppression activities may maintain spruce 
on the landscape but it may be at lower levels 
due to increased drought; it may increase in 
the upper subalpine when snowpacks 
become consistently lower and soil becomes 
drier thereby allowing spruce to encroach into 
glades, meadows, and balds. 

Whitebark pine Warming 
temperatures, lower 
snowpacks, highly 
variable weather, 
increasing fires in 
both intensity and 
severity, increasing 
insect and disease 

Reduced abundance 
due to exotic white-pine 
blister rust infections, 
native mountain pine 
beetle outbreaks, and 
continued fire exclusion; 
survival due to cold 
hardiness in seedlings 

Inability to compete with 
encroaching conifers due to 
low growth rates, moderate 
shade intolerance, and seed 
dispersal characteristics. 
Little to no reproduction may 
occur once tree densities are 

On many upper subalpine sites there may be 
increased growth, larger seed crops, 
increased seed dispersal into increasing 
areas being burned due to bird-mediated 
dispersal providing there are adequate seed 
sources; lower seed germination due to 
warmer, drier conditions; possible loss of 
ectomycorrhizal associations; lack of suitable 
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outbreak 
frequencies and 
severities; increase 
in populations of 
mountain pine 
through possible 
univoltism shifts 

and saplings in frost 
pockets and swales 

low; long- lived species that 
lasts through climate epochs 

substrates (suitable soils) as species moves 
upslope; increased competition from wind-
dispersed, shade tolerant conifers with fire 
exclusion; less infection due to higher 
temperatures and lower relative humidity 
disrupting the highly variable blister rust cycle 
except in wave years; increased fire may 
provide caching habitat for nutcrackers that 
allow decades of unfettered development in 
the absence of competition from fir and 
spruce; losses in whitebark pine due to 
increased beetles, rust, and fire may be offset 
by increases in growth, cone crops, and 
abundant regeneration in burned areas, but 
management actions are needed to augment 
natural regeneration by planting and direct 
seedling rust-resistant pine 

Alpine larch Warming 
temperatures; 
longer growing 
seasons; smaller 
snowpacks that last 
shorter; less 
summertime water; 
possible 
summertime 
droughts; increased 
fire 

Found in moist upper 
subalpine cove sites 
with abundant above 
and belowground 
moisture; exists in 
mixed stands of 
whitebark pine and 
sometimes subalpine fir; 
can form extensive 
stands in sub-irrigated 
upper subalpine areas  

Very shade intolerant; 
intergrades with western 
larch; while this species is 
quite sensitive to shifts in 
climate, it may initially 
increase because it may 
colonize upper subalpine 
non-forest sites quicker than 
other species, but the newly 
established individuals may 
be unable to survive to 
maturity as drought and 
temperatures increase, 
climates become more 
variable, and fires increase in 
the upper subalpine; 
susceptible to damage from 
fire 

Increased growth rates; greater ability to 
populate upper subalpine and treeline 
ecotones because of wind-aided seed 
dispersal and evergreen regenerative 
properties; increased fire may reduce many 
stands that historically were too wet to burn; 
on mesic sites – enhanced growing 
environment may increase competition from 
other more competitive, shade tolerant 
conifers; lack of whitebark pine seed caching 
because of depressed cone crops may favor 
alpine larch dominance in areas that currently 
lack trees (e.g., treeline, subalpine balds, 
meadows, glades); on xeric sites – lack of 
summertime ground water may contribute to 
higher water stress and lower growth rates; 
years with deep droughts may kill established 
regeneration; alpine larch may decline in 
those areas with lower water availability and 
declining groundwater flow 
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Green ash 

 

Warming 
temperatures, 
decreasing 
snowpack, increase 
in severity and 
frequency of 
wildfires. 

Domestic and native 
ungulate herbivory has 
affected both structure 
and composition of 
these communities. 

Green ash has broad 
ecological amplitude and can 
survive droughty conditions, 
but persists optimally in moist 
sites; as soil moisture 
declines, marginal sites may 
become less favorable for 
regeneration and survival of 
young trees; there will 
probably be increased 
vegetative regeneration and 
decreased production of 
seedlings following fire- fire 
often kills green ash seed on 
or near the soil surface, 
restricting seedling 
recruitment to surviving seed 
producing trees. 

Green ash may benefit from increased 
temperatures; seedling growth may increase 
with increasing soil temperatures; after 
increased fires, green ash has both root 
crown and epicormic sprouts, and both are 
typical following disturbances such as fire; fire 
may be very important in woody draws and 
riparian areas of the Great Plains; Since 
woody draws are typically long and narrow, 
even though they are more moist than 
surrounding uplands, they likely were also 
burned during frequent fires in the 
surrounding grasslands. Thus ash is well-
adapted to fire; low-severity fires might 
promote regeneration by thinning stands and 
stimulating sprouting (the primary response to 
fire); browsing pressure will likely increase 
with increased drought, as upland grasses 
and forbs desiccate and senesce earlier, or 
are replaced by invasive, less palatable 
species. 

Cottonwood 

  

 

Warming 
temperatures; 
decreasing 
snowpack; increase 
in severity and 
frequency of 
wildfires 

There has been a 
reduction in area due to 
conversion and 
development of 
floodplains; composition 
and structure of 
cottonwood forests 
have been altered due 
to changes in flow 
regimes; structural 
alteration (typically 
simplification) of the 
channel (e.g., levees, 
bank armoring 
structures) has likely 
contributed to channel 
widening, or channel 

All species of cottonwood 
require saturated, but aerobic 
substrates and full sunlight to 
germinate and persist; any 
alteration of hydrologic flow 
regime (e.g., timing, 
magnitude and duration) will 
affect floodplain interaction 
and plant available water that 
may reduce recruitment and 
establishment of seedlings 
(cottonwoods regenerate 
primarily by seed); decreased 
streamflows and floodplain 
interaction may result in a 
shift in streamside vegetation 
to upland species, along with 

Timing of flooding is critical to germination 
success and establishment of young (sapling, 
pole) cottonwoods both diminished; this will 
vary based on winter snowpack, and amount 
and timing of snowmelt (and associated 
peakflows); seedlings establish on moist to 
wet bare mineral soil, typically on stream 
bars, in full sunlight; as the snowpack 
declines and melts earlier, there will be 
reduced, more stabilized flows (loss of 
extreme high and/or low flows) and/or a shift 
in timing of peakflows to earlier in the season, 
before cottonwood seed is viable for 
germination); with earlier peakflows and less 
discharge, germination success is 
diminished; increased demand for water 
(additional diversions, reservoir expansions) 
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incision and loss of 
floodplain interaction; 
nonnative trees which 
are more drought 
tolerant are already 
present along rivers and 
streams in eastern 
Montana; increased 
drought stress will likely 
favor these species 
over cottonwood; 
additional stressors 
include roads, along 
with domestic and 
native ungulate 
browsing (particularly 
on young cottonwoods). 

reduced growth and 
regeneration, and increased 
mortality of cottonwood; since 
cottonwoods are shade 
intolerant (require full 
sunlight) any conifers that 
establish on the drier fluvial 
surfaces will grow tall enough 
to eventually shade out the 
cottonwoods; as snowpacks 
decline and melt earlier, 
peakflows will be reduced 
and variation in discharge will 
decline, leading to a loss of 
various fluvial (depositional) 
surfaces along the stream, on 
which cottonwood germinate; 
the system becomes less 
complex; there may be fewer 
recruitment events; in 
addition, there may be a shift 
in timing of peakflows to 
earlier in the season, before 
cottonwood seed is viable for 
germination, resulting in both 
decreased germination and 
establishment of young 
cottonwoods; increased 
demand for water (additional 
diversions, reservoir 
expansions) and increased 
browsing pressure (adjacent 
upland vegetation senesces 
and desiccates earlier in the 
growing season) may also 
lead to a decline in 
cottonwood; sizes of 
cottonwood forests may 
decrease as these fluvial 

and increased browsing pressure (as 
adjacent upland vegetation senesces and 
desiccates earlier in the growing season) will 
also likely lead to a decline in cottonwood. 
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surfaces are less frequently 
inundated; there may be little 
to no recruitment of young 
cottonwoods.  

Vegetation types 

Dry ponderosa 
pine and Douglas-
fir forests 

Increase in 
temperature causing 
increase in soil 
moisture deficits and 
less available water 
especially at lower 
elevation dry sites 

Increases in density has 
put at risk increased 
mortality from a fire 
severity standpoint, root 
disease a major cause 
of mortality in northern 
Idaho and western 
Montana 

Sensitive to increasing 
temperatures and increasing 
soil moisture deficits; this will 
predispose Douglas-fir to 
other related mortality agents 
such as insect and disease; 
this may give ponderosa pine 
an advantage on these 
settings 

At lower elevation southerly aspects expect 
ponderosa pine to be better able to cope with 
moisture deficits and disturbance such as fire, 
spruce bud worm; less seed source due fire 
size and due to cone production problems 
with spruce bud worm; mesic sites expect 
increase in mortality due to root disease; 
higher elevation southerly slopes may provide 
increased climate suitability for Douglas-fir 
while ponderosa pine will be favored at lower 
elevations; patches size will increase due to 
severe fire if density reductions are not 
implemented 

Western larch 
mixed-conifer 
forests 

Increase in 
temperatures will 
likely rearrange 
current species 
associations on 
higher energy slope 
positions 

Larch forests have been 
reduced significantly in 
extent due to 
successional effect from 
fire suppression, and 
preferential harvest; 
forest density increases 
have been substantial, 
and it now exists in 
uncharacteristic dense 
forest conditions in 
many areas. In northern 
Idaho, forest density 
(and productivity) was a 
bit denser due to warm 
mesic climate and deep 
ash capped soils. In 
areas once dominated 

Larch is sensitive to changes 
in temperature; very sensitive 
to warm temperatures to 
establish regeneration on 
high energy, southerly slopes; 
rising temperatures and 
increasing soil moisture 
deficits will affect potential 
distribution and pattern of 
larch forests especially on 
high energy aspects. 
Increasing amount of fire will 
likely benefit larch as long as 
it is not in overly dense forest 
conditions with poor vigor 
with continuous horizontal 

 Larch is highly vulnerable to increase in 
temperature and uncharacteristic fires in 
dense forest settings; the loss of large tree 
structure and larch regeneration success 
could be a major effect due to the current lack 
of heterogeneity and patch densities; this is 
especially true for high energy topographic 
locations; increases in soil moisture deficits 
could retract the range of western large to 
more northerly slopes with deep soils; cone 
production could be positively affected with 
increasing temperatures which could cause 
cone maturation to be earlier which could 
mean earlier fire seasons may still be timed 
with cone production and seed cast after fire. 
Adaptation ability for cone production and 
seeding distance and regeneration ability 
may be reduced if connectivity is reduced due 
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in northern Idaho by 
western larch, western 
white pine, and 
ponderosa pine they are 
now dominated by 
mixed grand fir and 
moist site Douglas-fir 
forests. The spatial 
pattern of forest 
structure has been 
homogenized in many 
areas leading to a 
continuous nature of the 
horizontal fuel profile 
atypical of historic fire 
regime landscape 
structure in many areas 
once typical of mixed-
severity regime.  

fuel profile across 
landscapes. 

to very large and more frequent severe fires 
occurring. High forest density and low 
landscape pattern diversity compared to HRV 
may put at risk medium, large, and old-growth 
larch stands due to increasing moisture 
deficits and stand replacing fire. Simplification 
of within and between patch structure due to 
increased fire severity and size could lead to 
loss of diversity and loss of important wildlife 
habitat such as cavity nesting habitat for birds 
and mammals. In northern Idaho, the change 
in species composition of the forest to more 
intolerant to shade species has resulted in a 
forest much more susceptible to wide spread 
root disease mortality. These areas involve 
millions of acres on which less carbon 
sequestration is and will take place given the 
relatively novel species composition of 
today’s forests. Given the likely increase in 
soil moisture deficits in the future, root 
disease effects are not likely to reduce; Lower 
tree densities of reproductively mature larch 
and loss of connectivity between populations 
will increase inbreeding depression as a 
result of disruption of an effective pollen cloud 

Lodgepole pine 
and aspen mixed 
conifer forests  

Increasing 
temperatures; longer 
droughty periods; 
increasing fire 
occurrence, 
frequency, and 
severity; increased 
productivity;  

Many stands of this type 
are succeeding to 
subalpine fir-spruce due 
to fire exclusion; aspen 
has been declining due 
to lack of fire and 
increasing drought; 
healthiest areas are in 
wilderness 

This type is more sensitive to 
management actions than 
climate in that continued fire 
exclusion will ensure their 
decline; this type thrives with 
fire and will even survive 
insect and disease outbreaks 
if fire is present on the 
landscape; 

This cover type actually could expand in the 
future with increasing fires and the warming 
of the subalpine; disturbances may eliminate 
competing conifers and facilitate serotiny-
aided lodgepole pine regeneration; aspen 
may decline on the drier parts of its range, 
but could increase and make major advances 
into the subalpine as fires burn competing 
conifers and temperatures moderate creating 
favorable climates; if fires are too frequent, 
this cover type may be replaced by semi-
permanent shrub-herb, but as long as fire 
return intervals are greater than the 
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reproductive age, lodgepole and aspen 
should prevail; as fires increase, more areas 
in this type will be early seral creating more 
heterogeneous landscapes with more 
patches of pine and fir mixed with aspen. 

Mixed mesic white 
pine, cedar, 
hemlock grand fir 
forests 

Increasing 
temperatures; more 
drought; more fires 

This type is limited to 
the northwestern 
portions of the NR and 
much of this site has 
had management 
activities (harvest); 
western white pine 
occurrence has been 
severely reduced by 
blister rust but has 
shown increases in 
some portions of this 
type; unharvested 
stands are becoming 
more dense creating 
conditions that favor rot, 
insects, and disease 
damage 

This type includes a fire-
tolerant, fast-growing, early 
seral species (western white 
pine) with a collection of late 
seral, shade tolerant, highly 
competitive species so the 
type may actually not change 
in coverage as fires facilitate 
conversion to pine on these 
sites. 

Western white pine may become a more 
dominant feature of this type; declines in 
cedar and hemlock are possible but grand fir; 
moisture changes are probably not limiting on 
these sites as much as the dependence on 
ash cap soils; major gains in the type are 
probably not possible because of the limited 
distribution of ash cap soils in some areas 
and the decrease in moisture outside of the 
current type’s range; Similar to other types, 
the distribution of seral types may be more 
heterogeneous due to fire but the long period 
of fire exclusion might foster atypical high 
severity fires that might burn entire 
landscapes in some areas and this might 
result in homogeneous pine stands providing 
sufficient rust-resistance and seed sources  

Whitebark pine-
spruce-fir forests 

Declining snowpacks; 
increasing fire; 
increasing 
temperatures 

This type is probably 
increasing in the NR 
from effective fire 
exclusion; losses in 
whitebark pine are 
successionally replaced 
by fir-spruce; the low 
elevation spruce-fir 
types are becoming 
more dense and 
crowded 

This type might not be as 
sensitive as other more xeric 
sites to direct climate change 
impacts because there is 
abundant water, and 
predicted increases in both 
regeneration and growth may 
actually increase its climate 
resilience; increasing fires 
may cause a shift to more 
early seral communities and if 
whitebark pine populations 
were not experiencing rust 
outbreaks, these early seral 

This type may contract into the future due to 
several interacting factors – whitebark pine 
will continue to decline due to rust and beetle 
outbreaks, spruce-fir forest may decline due 
to increased fire and reduced soil water; this 
site could be replaced by lodgepole-aspen in 
the drier parts of the NR; if agencies plant 
and conduct restoration activities, whitebark 
pine could make major gains into the 
increasing burned areas thereby replacing 
spruce-fir and limiting the contraction of this 
type; low elevation spruce-fir stands are 
probably going to move towards the western 
larch/mixed conifer type because of 
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communities would probably 
be dominated by whitebark 
pine. 

prolonged droughts and increasing 
temperatures, especially after fires 

Resource concerns 

Landscape 
heterogeneity 

Increased 
productivity causing 
accelerated 
succession; 
increases in 
disturbance 
frequency and 
extent; highly 
variable drought 
intensity and extent; 
migration of species 
to new habitats; 
changes in 
magnitude, season, 
and variability of 
water availability 

Ninety years of fire 
exclusion coupled with 
past management 
activities (e.g., grazing) 
has reduced landscape 
heterogenity 

Landscape heterogeneity is 
highly susceptible to subtle 
shifts in climate because it 
is the reflection of the 
interaction of vegetation 
dynamics with disturbance 
regimes, topography, and 
land use. Small changes in 
climate may facilitate large 
changes in disturbances or 
vegetation dynamics 
causing new landscape 
mosaics 

Increased fire across most of the NR may both 
increase and decrease landscape 
heterogeneity. Wildfires and wildland fire use 
fires may create patchworks of fire severity 
types across burned areas that will increase 
heterogeneity and therefore landscape 
resilience, but some fires may burn fire-
excluded landscapes with high severities 
causing atypical large patches of high plant 
mortality that may decrease heterogeneity. 
While large, severely burned patches occurred 
in historical fires, the frequency and size of 
these patches may be different today. The 
highly variable species migration rates into 
areas with new climates may increase 
heterogeneity, but the rapidly changing climates 
may only facilitate generalist species thereby 
decreasing heterogeneity. 

Timber production Increase in 
temperature 
causing increase in 
soil moisture 
deficits and less 
available water that 
larch need, will shift 
species 
composition to root 
disease prone 
species particularly 
Douglas-fir and 
grand fir. Higher 
temperatures likely 

Composition shift 
causing reduced 
productivity is likely in 
the western portion of 
the region on root 
disease prone sites and 
in southerly exposures 
Region wide. Risk of 
uncharacteristic fire 
severity very high due 
to uncharacteristic high 
forest density which will 
reduce timber 
production opportunities 

Sensitivity high in northern 
Idaho and southerly 
exposures Region wide 
due to increasing moisture 
deficits and increase in 
uncharacteristic 
disturbance such as 
severity and extent of fire 
and root disease 

 Expect some theoretical increase in production 
at mid and higher elevations due to warming 
temperatures. This could be offset overall by 
losses due to root disease and increase in fire 
severity across the areas suitable for timber 
productions in Forest Plans. Less production 
(sequestration) anticipated in northern Idaho if 
current species compositions are not changed.  
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to extend fire 
season and to 
reduce forest 
inventory on areas 
suitable for timber 
production. Some 
increase in 
productivity may 
occur at mid to 
higher elevations; 
however increase in 
fire may reduce 
timber production 
opportunities. 

especially in dry forest 
areas.  

Carbon 
sequestration 

Increased fire; 
increasing drought; 
productivity gains 
and losses; 

Past policies of fire 
exclusion have created 
late seral landscapes 
that sequester little 
carbon; past timber 
activities may have 
created younger stands 
that sequester more 
carbon; increasing 
disturbances (fire, 
insect, disease) has 
caused short-term 
losses in carbon 
sequestration 

Carbon sequestration is 
very sensitive to climate 
change impacts on 
vegetation and disturbance; 
Rates of carbon 
sequestration are going to 
largely dependent on the 
rate of burning in the future 
and the gains and losses of 
productivity in NR 
ecosystems; productivity 
gains and losses need to 
be evaluated at large 
spatial and temporal scales 
to understand future carbon 
dynamics 

fire exclusion will tend to push most ecosystems 
into later successional stages where 
sequestration rates are minimal; burning from 
controlled and uncontrolled wildfires and 
prescribed burning will cause short-term losses 
but the high productivity of the developing early 
seral stands may increase sequestration for 
decades; sites that were historically dry will 
probably experience decreases in production 
and carbon sequestration in the future, while 
those mesic sites that experience abundant 
water (e.g., subalpine, upper subalpine, 
timberline) may experience increases in 
productivity 
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Table 6B.2—Risk assessment and vulnerability ratings for species, vegetation types, and resources of concern. 

Habitat, 
ecosystem 
function, or 
species 
 

Adaptive capacity 
 

Exposure Risk 
Assessment 
Magnitude of 
effects  

Risk 
Assessment 
Likelihood of 
effects  

Northern 
Rockies 
Vulnerability 
Ranking 

Species 

Limber pine Intermediate adaptive strategy largely driving by timing of 
pollen cloud dispersal (elevational effect); highly adapted 
to populating the burned areas predicted for the future due 
both to wind and corvid-mediated dispersal; poor 
competitor on more productive sites, if future fires are 
larger, more severe, there will be less competition from 
other subalpine conifers; possesses moderate genetic 
variation (capacity) in blister rust resistance; major gene 
resistance to blister rust has not been identified in several 
studies of interior populations, warmer temperatures favor 
expansion of alternate host species (currant, lousewort 
and Indian paintbrush); little to no opportunity to hybridize 
with western white pine due to non-overlapping species 
distributions, cannot hybridize with whitebark pine; very 
high risk of loss of disjunct and isolated populations due to 
genetic drift, ineffective pollen cloud, and substrate 
availability 
 

High Moderate Moderate 15 

Ponderosa pine 
var. scopulorum 
 

Generalist adaptive strategy; high phenotypic plasticity; 
better adapted to drought 

Moderate Low Low 17 

Ponderosa pine 
var. ponderosa 

Intermediate adaptive strategy at low to mid elevations  
Specialist adaptive strategy at higher elevations; 
moderate phenotypic plasticity; less adapted to drought 
 

Moderate Moderate Moderate 16 

Douglas-fir Specialist adaptive strategy at low to mid elevations, 
generalist adaptive strategy at higher elevations; no 
opportunity of hybridizing with coastal Douglas-fir 
subspecies since distributions do not overlap; highly 
adaptive to a large range of moisture and temperature 
gradients. In moist forest settings Douglas-fir is limited to a 
relatively short- lived seral species due to the influence of 
two root diseases; With warming temperatures and a 
possible decrease in summer moisture drought conditions, 
Rocky Mountain Douglas-fir may increase along with an 
increase abundance of associated stressors; vulnerable to 

High High  High  5 
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uncharacteristic fire behavior and severity due to increased 
densities; increase in susceptibility to Douglas-fir bark 
beetle morality uncertain but probably an increased 
activity; moderate change in species distribution expected 
away from driest margins. High potential for natural 
regeneration failure due to reduced seed source from large 
wildfires and difficult micro climate especially on southerly 
exposures at lower elevations with increasing moisture 
deficits expected. On moist sites (mixed mesic forest), 
increases in root disease mortality due to increasing 
moisture stress on sites where western white pine, 
ponderosa pine and larch occurred historically. Less 
carbon sequestration expected in Douglas-fir in those 
forest setting; there is a high likelihood of change in local 
distribution due to moisture deficits and fire severity and a 
high probability of carbon sequestration in northern ID if 
Douglas-fir remains a dominant species in mixed mesic 
forests 
 

Western larch Intermediate adaptive strategy, Low capacity to regenerate 
with increasing moisture deficits on higher energy slopes. 
Larch is adapted to warm moist and cool moist settings. It 
does best on northerly cool aspects. It is a prolific light 
seed cone producer but in sporadic years. High adaptive 
capacity on lower energy slopes; wind disperses seed 
further than many associates so it can take advantage of 
newly opened areas due to harvest or fire as an early seral 
species; larch has few insect and disease stressors unlike 
associates and is adapted to fairly frequent mixed-severity 
fire; it can be a dominant, long lived seal tree species in 
much of the western portion of the NR on lower energy 
slopes; concerning are potential serious reductions in 
extent of larch on higher energy slope positions.  
 

High  High Very High  4 

Western white pine Generalist adaptive strategy, high phenotypic plasticity; 
cold hardiness may influence distribution; Lack of 
abundance may influence its role in the moist forest 
ecosystem; especially adapted to future climates in the 
mesic regions of the NR; there could be major expansions 
into historical ranges and the subalpine as rust-resistance 
increases in western white pine populations 
 

Moderate High High 3 

Aspen Aspen has the widest distribution of all trees in this report; 
it is circumpolar across multiple continents; it is highly 

Moderate Moderate High 14 
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susceptible to many insect and diseases; with a warmer 
climate gypsy moth may have greater impacts and cause 
possible mortality; aspen distribution may shift upslope or 
to northeast (cooler, moister) aspects if drought and 
repeated fire causes mortality on the warmer, drier sites. 
Riparian aspen communities will likely persist or increase 
in extent, particularly if the sites remain moist throughout 
the growing season and increased fire burns the riparian 
zone, killing conifers. Fire will favor aspen, but prolonged 
drought will cause mortality. Younger aged stands (<40 
years) may be more resilient to drought; long distance 
dispersal by light seed may enhance its ability to colonize 
recently burned areas and establishment of young 
(sapling, pole) cottonwoods are both diminished; this will 
vary based on winter snowpack, and amount and time of 
melt (and associated peakflows) but only if there is 
sufficient moisture. 
 

Grand fir Generalist adaptive strategy, only differences are racial 
(blue and green race); increases in disease, insects, and 
fire may reduce populations 
 

Low Moderate Moderate 8 

Western redcedar Generalist adaptive strategy; high phenotypic plasticity; 
cold/warm cycles early in spring or winter may cause red 
belt. 
 

Moderate Moderate Moderate 6 

Western hemlock Inferred or putative generalist adaptive strategy 
Information limited concerning western hemlock 
Susceptible to early frost 
 

Moderate Moderate Moderate 7 

Lodgepole pine Specialist adaptive strategy; especially adapted to occupy 
post-burn landscapes that may be more common in the 
future; highly susceptible to increasing bark beetle 
outbreaks, especially on landscapes dominated by mature 
individuals; Varying levels of serotiny allow the species to 
both occupy new upper subalpine environments while also 
regenerating after fire; its intolerance of deep droughts 
may reduce its capacity along the xeric edges of its current 
range; High hetergenity at landscape scales may mitigate 
adverse impacts from fire and mountain pine beetles. 
 

Moderate Moderate Moderate 11 

Subalpine fir Generalist adaptive strategy; increasing fire will 
dramatically reduce subalpine fir populations to historical 
levels; fire exclusion may foster subalpine fir 

Low Moderate Moderate 10 
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encroachment into larch, lodgepole pine, and whitebark 
pine late seral stands; increasing subalpine temperatures 
may increase fir growth and accelerate succession toward 
fir-dominated stands, however, as competition increases, 
the warmer climates may facilitate increased mortality from 
insects and disease as trees become more stressed from 
high densities 
 

Engelmann spruce Intermediate adaptive strategy with strong opportunities to 
hybridize with white spruce, hybrids may be more suited to 
future climates and hybridization is another key driver in 
speciation 
 

Low Moderate Moderate 9 

Mountain hemlock 
 

 Low Moderate Moderate 12 

Whitebark pine Highly adapted to populating the greater burned areas 
predicted for the future due to bird-mediated dispersal; if 
future fires are larger, more severe, there will be less 
competition from other subalpine conifers; ability to survive 
fire better than its competitors; moderately shade tolerant 
so it can exist in competition with limited cone crops; 
delayed germination adaptation may mitigate warmer, drier 
conditions; possesses moderate to high genetic variation 
(capacity) in adaptive traits (blister rust resistance, late 
winter cold hardiness and drought tolerance), as well as 
phenotypic plasticity to respond to climate change. 
Warmer temperatures favor expansion of alternate host 
species (currant, lousewort and Indian paintbrush). No 
opportunity to hybridize with another stone pine and 
cannot cross with western white or limber pine where 
species distributions overlap; high risk and loss of disjunct 
and isolated populations; more drought tolerant than its 
assocates; long distance bird dispersal will increase 
regeneration potential as more of the landscape burns. 
 

High High High 
 

2 

Alpine larch Its specific habitat requirements may make it difficult for 
alpine larch to remain on the landscape over the long term; 
short-term gains in alpine larch encroachment in upper 
subalpine and treeline glades and meadows may be lost in 
those years with deep drought; effective, long-term 
establishment of alpine larch may depend on the ability of 
seed dispersal to find those areas with sufficient moisture 
to maintain the species. 
 

High High High 1 
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Green ash Since green ash communities are already fire adapted 
(most associated species display some fire tolerance 
and/or post-fire sprouting ability), increased fire will likely 
not affect most of the moister communities. However, 
those communities associated with either ephemeral 
drainages (e.g., woody draws) or moist upland microsites 
(e.g., northeast facing residual snow-loaded depressions) 
may experience more drought stress as snowpack 
declines and melts sooner, and regeneration may 
decrease, eventually resulting in loss of those 
communities. 
 

Moderate Moderate  High 18 

Cottonwood Plains cottonwood may be more persistent due to greater 
plant available soil water in the unsaturated zone (as a 
result of finer textured soils). Black and narrowleaf 
cottonwood typically occur in coarser substrate which will 
become more droughty as flows are lower and recede 
earlier than in the past, or are attenuated due to 
diversions. Seedling and sapling mortality may increase in 
these species. Plains cottonwood regeneration occurs with 
episodic flooding, whereas black and narrowleaf 
cottonwood typically regenerate with 1-3 year bankfull flow 
return intervals; therefore plains cottonwood will likely be 
more adapted to irregular flows (in timing, magnitude and 
duration) that may occur with climate change. 
 

Moderate Moderate Moderate to 
High 

13 

Vegetation Types  

Dry ponderosa pine 
and Douglas-fir 
forests 

Douglas-fir highly adaptive to a large range of moisture 
and temperature gradients. Ponderosa pine adapted to 
settings that are moisture limited and can grow well where 
moisture is less limited such in association currently with 
grand fir; exposure of Douglas-fir to increasing moisture 
deficits may change composition to more ponderosa pine; 
Increasing moisture deficits will give ponderosa pine the 
advantage on dry forest settings due to fire, insect and 
disease 
 

High  High High 3 

Western larch 
mixed conifer 
forests 

Larch forest thrive on northerly cool aspects locations in 
the Region; it is a prolific light seed cone producer but in 
sporadic years; may seed longer distances than many 
associates so can take advance of newly opened areas 
due to harvest or fire as an early seral species; larch has 
few insect and disease stressors unlike associates, and is 
adapted to fairly frequent fire; it can out-dominate long 

High High Very High  2 
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lived seal tree species in much of the western portion of 
the Region, and due to the large diameters it can attain is 
important to many cavity nesters as habitat when it 
reaches ages over 200 years in patches large enough, and 
connected enough to provide functional habitat; exposure 
on southerly aspects; with warming temperatures, and 
possible decrease in summer moisture and associated 
drought may decrease distribution of western larch which 
could mean that it will retreat to low energy northerly slope 
settings; distribution of larch in patches on high energy 
slopes would be reduced significantly; Serious reduction in 
extent of larch in patches on higher energy slope positions 
in the long run 50yrs + reduced distribution of wildlife 
habitat 
 

Lodgepole pine and 
aspen mixed 
conifer forests  

This type has the capacity to absorb climate changes and 
either remain constant or expand into the upper subalpine; 
losses in aspen due to drought may be offset by gains in 
lodgepole pine, especially after fire; there may be long-
term migrations of this type to higher elevation areas with 
increasing disturbance 
 

High Moderate High 4 

Mixed mesic white 
pine, cedar, 
hemlock grand fir 
forests 

This type may also have the capacity to remain intact with 
changing climates; it may not be able to expand due to ash 
cap; increasing fire will favor western white pine while fire 
exclusion with favor the shade tolerant species; drier sites 
may see grand fir becoming more common than cedar or 
hemlock 
  

Low Moderate Low 5 

Whitebark pine-
spruce-fir forests 

This type may have the capacity to respond favorably to 
changes in climate but the depressed populations of 
whitebark pine coupled with the increasing fire may result 
in short-term losses of this type; however, if rust-resistant 
whitebark pine are planted and restoration activities are 
implemented, whitebark pine can easily dominate on these 
sites, especially if fires are large and severe, and 
whitebark pine may be able to make advances into the 
timberline; continued fire exclusion will probably aid in 
keeping this type somewhat static, and it may encroach on 
lower timberline sites if no fires are allowed 
 

High High High 1 

Resource Concerns  
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Landscape 
heterogeneity 

Since heterogeneity is an expression of disturbance, 
vegetation, and climate interactions it really is dependent 
on other factors to determine its adaptive capacity 
 

High Moderate High NA 

Timber production Productivity could increase at higher elevation sites. 
Productivity in northern Idaho will likely decrease on 
southerly aspects due to root disease reducing productivity 
of alternate species unless western larch, ponderosa pine 
and western white pine are aggressively restored; high 
exposure due to species composition changes and risk to 
increased disturbance 
 

High  Moderate to 
high in north 
Idaho 

High in north 
Idaho 

NA 

Carbon 
sequestration 

All ecosystems have an inherent capability to store carbon 
and the rate and capacity of carbon storage depends on 
plant productivity and disturbance with the maximum levels 
of productivity dependent on climate while the 
instantaneous levels of productivity depend on 
successional stage or time since disturbance; Many 
modeling studies have shown that many areas in the NR 
will actually increase productivity and increase 
sequestration rate and magnitude; the delicate balance 
between disturbance and climate coupled with land 
management will dictate where sequestration will increase 
and where it will decrease; it is important to know that over 
the long term (centuries), sequestration is near zero 
(disturbance and respiration losses are balanced by 
productivity gains) 
 

High High Moderate NA 
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Table 6C.1—Adaptation options that address climate change effects on forest vegetation in the Central Subregion. 

Sensitivity to climatic variability and change: Aspen will be lost with increasing drought and lack of disturbance.
 
Adaption Strategy / Approach: Increase aspen populations. 
 
Strategy Objective: Increase aspen populations. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C Specific Tactic – D
Tactic 
 
 

Actively decrease impact 
of ungulate browsing 
through an increase in 
predation of ungulates. 

Increase fire disturbance. Develop techniques to 
successfully artificially 
regenerate aspen; improve 
drought tolerance with genetic 
selection of drought-tolerant 
mother trees and identify and 
target areas most likely to 
successfully regenerate or 
provide favorable planting 
habitat. 
 

Protect existing aspen 
populations and regeneration 
treatments from browsing. 

Tactic effectiveness 
(risks) 

High where ungulates 
concentrate 
 

   

Implementation 
urgency  
 

 
 

 
 

 
 

 

Where can tactics be 
applied? 
(geographic) 
 

 
 

   

Opportunities for 
implementation 
 

    

Cost 
 

    

Barriers to 
implementation 
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Table 6C.2—Adaptation options that address climate change effects on forest vegetation in the Central Subregion. 

Sensitivity to climatic variability and change: Known unknowns and unknown unknowns.
 
Adaption Strategy / Approach: Increase knowledge and implement adaptive management. 
 
Strategy Objective: Increase knowledge. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Monitor blister rust resistance 
within planted white pine 
stands, and try to understand 
the relationship between 
infection rates and 
climatic/weather drivers like 
fog. 
 

Identify other resource management goals 
(not directly related to stand structure and 
composition) that may modify 
management strategies for forest 
vegetation, such as water yield, snow 
retention, and wildlife habitat. 
 

Support the adaptive management 
research framework through a partnership 
between Region 1 and Rocky Mountain 
Research Station to evaluate 
management treatments and how they 
contribute to resiliency. Develop 
monitoring framework that will be 
consistently be implemented so that long-
term change can be captured. 
 

Tactic effectiveness 
(risks) 
 

   

Implementation urgency  
 

 
 

 
 

 
 

Where can tactics be 
applied? (geographic) 
 

   

Opportunities for 
implementation 
 

   

Cost 
 

   

Barriers to 
implementation 
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Table 6C.3—Adaptation options that address climate change effects on forest vegetation in the Central Subregion. 

Sensitivity to climatic variability and change: Potential shifts in lodgepole pine ecosystems with changing climate.
 
Adaption Strategy / Approach: Promote resilience by maintaining age-size class composition at the stand and landscape level. 
 
Strategy Objective: Maintain lodgepole pine on the landscape. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Identify areas appropriate for 
wildfire use and increase flexibility 
in how we manage fire; emphasize 
modified suppression and resource 
benefit fire; allow moderate season 
fires to burn. 
 

Proactively treat stands with prescribed 
fire to reduce fire and insect mortality 
and increase individual tree vigor. 

Implement silvicultural mechanical 
treatments. 

Tactic effectiveness 
(risks) 

Other unintended consequences 
could lower it from high to 
moderate 

Highly variable depending on scale, 
district expertise, and landscape 
position 
 

Highly variable depending on scale 
 

Implementation urgency  
 

High/near term  
 

 
 

Where can tactics be 
applied? (geographic) 
 

Implement Wildland Fire Decision 
Support System forest wide 

  

Opportunities for 
implementation 
 

Highly dependent on other 
resource concerns and political and 
social issues 

  

Cost 
 

   

Barriers to 
implementation 
 

Integration between forest and fire 
team 

Prescribed fire air quality restrictions 
limit what we can do; other resource 
constraints (e.g., lynx) 

Other resource constraints (e.g., 
thermal cover, lynx habitat, marten and 
wolverine) 
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Table 6C.4—Adaptation options that address climate change effects on forest vegetation in the Central Subregion. 

Sensitivity to climatic variability and change: Homogenization of the ponderosa forest type across the landscape resulting in: increase in density 
causing associated increase in risk of severe stand replacing fires; increased risk of mortality from drought; loss of ponderosa pine on stressful sites; 
loss of large ponderosa pine and large ponderosa snag recruitment; and reduced water yield. 
 
Adaption Strategy / Approach: Decrease the density within ponderosa pine-Douglas-fir stands, and increase structural. 
 
Strategy Objective: Develop resilience to fire, moisture and stress. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Reduce stand density with thinning, 
prescribed fire, and wildland fire use, 
with density and structural goals based 
on past and predicted future 
conditions. 

Promote age class and structural 
diversity across the landscape, 
through regeneration harvest, 
thinning, prescribed fire, and wildland 
fire use. 

Monitor establishment, survival and 
development of ponderosa by age class and 
in different conditions (e.g., aspect, heat load 
and soil moisture) using Forest Inventory and 
Analysis data and project-level stocking 
exams. 
 

Tactic 
effectiveness 
(risks) 

Thinning = high, prescribed fire = high, 
wildland fire use = moderate 
 

High where implemented High 

Implementation 
urgency  
 

Near-term in Wildland Urban Interface 
areas. Mid-term elsewhere 
 

Near-term in Wildland Urban 
Interface areas. Mid-term elsewhere 

Long-term 

Where can tactics 
be applied? 
(geographic) 

Ponderosa pine – Douglas-fir forests 
 

Harvesting and thinning on non-
reserved lands; prescribed fire and 
wildland fire use where approved. 
 

Ponderosa pine – Douglas-fir forests 

Opportunities for 
implementation 
 
 

Work with collaborators on private and 
state land to include the wildland urban 
interface; work with other 
organizations to get funding and do 
work on private lands  
 

Work with collaborators on private 
and state land to include the wildland 
urban interface; work with other 
organizations to get funding and do 
work on private lands 
 

Forest Inventory and Analysis; restoration 
and resiliency report; forest regeneration 
reports; adapting Common Stand Exam 
protocols 

Cost 
 

Varies by treatment Varies by treatment Inexpensive 

Barriers to 
implementation 

 Some: cost, litigation None 
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Table 6C.5—Adaptation options that address climate change effects on forest vegetation in the Central Subregion. 

Sensitivity to climatic variability and change: Changing moisture regimes with changing climate. 
 
Adaption Strategy / Approach: Replace plant association group-habitat typing with an index based on biophysical variables. 
 
Strategy Objective: Increase knowledge; plant associations are not expected to remain the same under climate change. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Identify a set of biophysical 
predictors related to habitat types, 
site productivity, vegetation 
composition, and structure. Possible 
predictors include landform, soil 
depth, texture, type (specifically ash 
cap soil), actual evapotranspiration, 
potential evapotranspiration and 
water balance deficit.  
 

Predict site productivity based on 
biophysical predictors; make concept 
operationally implementable so it can 
be used to aid in planting decisions, 
and aid understanding of long-term 
effects of management and long-term 
goals for a site. 

Project into the future based on climate 
change models. 

Tactic effectiveness 
(risks) 

Unknown Unknown Unknown 

 
Implementation urgency  
 

 
Near term 

 
Near term 

 
Near term 

Where can tactics be 
applied? (geographic) 
 

 
 

  

Opportunities for 
implementation 
 

   

Cost 
 

   

Barriers to 
implementation 
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Table 6C.6—Adaptation options that address climate change effects on forest vegetation in the Central Subregion. 

Sensitivity to climatic variability and change: Subalpine forest shifts as a result of climate change. 
 
Adaption Strategy / Approach: Monitor and detect change through measurement of seedling survival, species composition and mortality of mature 
trees. 
 
Strategy Objective: Increase knowledge on climate-induced subalpine forest shifts. 
 
 Specific Tactic – A Specific Tactic – B
Tactic 
 
 

Install and analyze additional plots where trend 
information is needed over time; more intensified grid 
plots could also be installed. 
 

Initiate the use of Forest Inventory and Analysis plot information. 

Tactic effectiveness 
(risks) 

High  Moderate to low, depending on how fast changes are occurring 
 

Implementation 
urgency  

High - need to know now Already part of regional strategy 
 

Where can tactics be 
applied? 
(geographic) 
 

Target areas of risk where we expect to see changes, 
focusing on disturbance areas; in especially sensitive 
forests such as whitebark pine 

Large enough geographic area that information can be statistically 
meaningful 

Opportunities for 
implementation 
 
 

Very few because of lack of funding, but protocols and 
analysis tools already established 

Already paid for, and existing expertise and knowledge are 
available 

Cost 
 

High based on information needs; a lot of plots 
needed 

Minimal 

Barriers to 
implementation 
 

Need training and oversight of data collection; need to 
have consistent, replicable protocol in order to be able 
to detect change; lack of immediate and long term 
funding 

Difficult to get data updates in a timely manner; getting non-Forest 
Service data is difficult 
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Table 6C.6 (cont.)—Adaptation options that address climate change effects on forest vegetation in the Central Subregion 

Sensitivity to climatic variability and change: Subalpine forest shifts as a result of climate change. 
 
Adaption Strategy / Approach: Monitor and detect change through measurement of seedling survival, species composition and mortality of mature 
trees. 
 
Strategy Objective: Increase knowledge on climate-induced subalpine forest shifts. 
 
 Specific Tactic – C Specific Tactic – D
Tactic 
 
 

Expand reforestation monitoring to include additional 
monitoring and different electronic formats. 

Implement pre- and post- treatment monitoring over time to be 
able to determine if treatments are meeting objectives. 
 

Tactic effectiveness 
(risks) 

High High  

Implementation 
urgency  

High Moderate 

Where can tactics be 
applied? 
(geographic) 
 

Everywhere we are planting sensitive vegetation types Treated areas  

Opportunities for 
implementation 
 
 

Often doing it anyway, and methodology is already in 
place; need to make sure we are collecting right data in 
the right electronic format 
 

Existing systems 

Cost 
 

Low unless data collection becomes arduous 
 

Moderate to high; depends on number of plots variability, length 
of time to monitor, what data is being collected; less expensive 
than intensifying grid across landscape. 
 

Barriers to 
implementation 
 

Need to establish protocols, conduct training, identify a 
location for data storage and determine who would do 
the analysis; lack of immediate and long term funding 

Lack of immediate and long term funding; lack of training and 
oversight; lack of treatments to monitor 
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Table 6C.7—Adaptation options that address climate change effects on forest vegetation in the Central Subregion. 

Sensitivity to climatic variability and change: Subalpine forest shifts as a result of climate change. 
 
Adaption Strategy / Approach: Promote resilience of subalpine forests to climate-induced shifts. 
 
Strategy Objective: Create conditions that will be resilient to perturbations. 
 
 Specific Tactic – A Specific Tactic – B
Tactic 
 
 

Identify areas appropriate for wildfire use; increase the 
flexibility of how we manage fire and de-emphasize 
suppression.  
 

Artificially regenerate seedlings with higher levels of rust 
resistance than the natural population. 

Tactic effectiveness 
(risks) 

Other unintended consequences could lower it from high 
to moderate 
 

High at site level; low at landscape level  

Implementation 
urgency  

High-near term High-near term 

Where can tactics be 
applied? 
(geographic) 
 

Highly dependent on other resource concerns and 
political and social issues; problematic in areas with 
mixed ownership 

Have process established to develop rust resistant seedlings; 
coordinate with tree improvement and nursery to continue to 
improve rust resistant sources  
 

Opportunities for 
implementation 
 
 

All lands - federal, state, districts, communities, 
universities  

All lands - federal, state, districts, communities, universities 

Cost 
 

Inexpensive Moderately expensive; cost of seedlings high  
 

Barriers to 
implementation 
 

Integration between forest and fire team; sociopolitical 
environment and backlash; lack of public support; 
decline in air quality 

Access; cost; unable to plant in wilderness or research natural 
areas 
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Table 6C.7 (cont.)—Adaptation options that address climate change effects on forest vegetation in the Central Subregion 

Sensitivity to climatic variability and change: Subalpine forest shifts as a result of climate change. 
 
Adaption Strategy / Approach: Promote resilience of subalpine forests to climate-induced shifts. 
 
Strategy Objective: Create conditions that will be resilient to perturbations. 
 
 Specific Tactic – C Specific Tactic – D Specific Tactic – E
Tactic 
 
 

Proactively treat with prescribed burn or 
mechanical thinning to reduce the risk of fire 
and insect mortality; increase individual tree 
vigor to establish the desired species 
composition and establish appropriate patch 
sizes. 
 

Implement a broad scale review of 
most current literature, develop a 
regional library, and implement a 
climate change information 
system. 
 

Educate the public on the need to 
increase resilience and develop a 
cohesive broader message. 

Tactic effectiveness 
(risks) 

Highly variable depending on scale, district 
expertise, and landscape position 
 

High if used Low 

Implementation 
urgency  
 

Moderate-mid term High near term Low-long term 

Where can tactics be 
applied? (geographic) 
 

 All National 

Opportunities for 
implementation 
 

All lands - federal, state, districts, 
communities, universities 

 National 

Cost 
 

Low to high depending on the combination of 
treatment, objectives and local conditions  
 

  

Barriers to 
implementation 
 

This type is not as far from historic conditions, 
so there is not as much reason to restore; 
more complex and difficult to access; window 
for treatment is narrower 
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Table 6C.8—Adaptation options that address climate change effects on forest vegetation in the Central Subregion. 

Sensitivity to climatic variability and change: Homogenization of the larch forest type across the landscape resulting in increased density and 
associated increase risk of severe stand-replacing fires, increased risk of mortality from drought, loss of western larch on stressful sites, loss of large 
larch, large larch snag recruitment across the landscape, and reduced water yield. 
 
Adaption Strategy / Approach: Decrease density within stands, and increase structural diversity across the landscape. 
 
Strategy Objective: Develop resilience to fire and moisture stress. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Reduce density with thinning, 
prescribed fire, and wildland 
fire use. 

Promote age class and structural 
diversity across the landscape, through 
regeneration harvest, thinning, 
prescribed fire and wildland fire use. 

Monitor establishment and survival of western larch 
by age class across different aspects/heat load/soil 
moisture. Use Forest Inventory and Analysis data 
to capture regeneration success by topographical 
position. 
 

Tactic 
effectiveness 
(risks) 

Thinning = high; prescribed 
fire = moderate; wildland fire 
use = low when first 
implemented, moderate over 
time 
 

High where implemented  High 

Implementation 
urgency  
 

 
 

 
 

 
 

Where can tactics 
be applied? 
(geographic) 
 

 
 

  

Opportunities for 
implementation 
 

   

Cost 
 

   

Barriers to 
implementation 
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Table 6C.8 (cont.)—Adaptation options that address climate change effects on forest vegetation in the Central Subregion 

Sensitivity to climatic variability and change: Homogenization of the larch forest type across the landscape resulting in increased density and 
associated increase risk of severe stand-replacing fires, increased risk of mortality from drought, loss of western larch on stressful sites, loss of large 
larch, large larch snag recruitment across the landscape, and reduced water yield. 
 
Adaption Strategy / Approach: Decrease density within stands, and increase structural diversity across the landscape. 
 
Strategy Objective: Develop resilience to fire and moisture stress. 
 
 Specific Tactic – D Specific Tactic – E 
Tactic 
 
 

Prioritize management for larch on landscape facets 
where monitoring indicates it is going to persist (e.g., on 
north aspects, but not southern aspects, or by habitat 
types). 
 

Maintain and promote large diameter western larch across the 
landscape, so that large diameter snags, larch seed sources, and 
wildlife habitats are also maintained. 

Tactic 
effectiveness 
(risks) 
 

High High if A and B are implemented  

Implementation 
urgency  
 

  

Where can tactics 
be applied? 
(geographic) 
 

  

Opportunities for 
implementation 
 

  

Cost 
 

  

Barriers to 
implementation 
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Table 6C.9—Adaptation options that address climate change effects on forest vegetation in the Central Subregion. 

Sensitivity to climatic variability and change: High density of mixed-mesic white pine, cedar, hemlock, grand fir forests stands, leading to lower 
carbon sequestration because of lower density of some species (western larch, ponderosa pine and western white pine) and increased shade tolerant 
species. High densities increased susceptibility to wildfire. Heart rot and root rot in cedar and hemlock decreases carbon sequestration and timber 
values.  
Adaption Strategy / Approach: Promote diversity in species composition and structure at multiple spatial scales (within stands and across the 
landscape). 
Strategy Objective: Promote resilience and increase carbon sequestration. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C Specific Tactic – D Specific Tactic –

E 
Tactic 
 
 

Conduct regeneration 
harvest and planting to 
promote shade-
intolerant tree species 
(western larch, 
ponderosa pine, white 
pine, birch) and rust-
resistant white pine.  
 

Promote western 
white pine.  

Conduct density 
management thinning to 
retain shade-intolerant 
trees and develop large 
trees across the 
landscape; prune 
younger western white 
pine to promote 
resistance to blister rust.   
 

Increase knowledge on 
how the different tree 
densities and species 
compositions within this 
group function as 
habitats and how the 
mosaic of stands 
influence connectivity 
for wildlife.  

Develop a site-
related 
prioritization 
approach for 
implementing 
management 
tactics. 
 

Tactic effectiveness 
(risks) 

High High High Unknown High 

Implementation 
urgency  
 

Mid-term     

Where can tactics be 
applied? 
(geographic) 
 

Within this vegetation 
type 

    

Opportunities for 
implementation 
 

     

Cost 
 

     

Barriers to 
implementation 
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Table 6C.10—Adaptation options that address climate change effects on forest vegetation in the Central Subregion. 

Sensitivity to climatic variability and change: Whitebark pine mortality from increased mountain pine beetle outbreaks, fire and blister rust and 
shifts/loss of site conditions that support whitebark pine. 
 
Adaption Strategy / Approach: Restore whitebark pine. 
 
Strategy Objective: Increase rust resistant regeneration and cone bearing trees. 
 
 Specific Tactic – A Specific Tactic – B
Tactic 
 
 

Assess condition; save seed sources; grow rust resistant 
seedlings; collect seed; plant seedlings; monitor activities; 
prioritize treatment; and conduct research (Mirror Keane 
range-wide restoration strategy). 
 

Identify sites that are likely to not be as heavily affected 
(refugia), and focus on those sites for restoration. 

Tactic effectiveness 
(risks) 

  

Implementation urgency  
 

  

Where can tactics be 
applied? (geographic) 
 

  

Opportunities for 
implementation 
 

  

Cost 
 

Cost of planting is high  

Barriers to 
implementation 
 

The majority of whitebark pine is in wilderness or other 
protected areas, or in roadless areas with limited access. 
Thus, the ability to treat directly is limited.  
There is a lack of understanding or commitment by 
personnel.  
Need comprehensive long term planning and commitment at 
multiple levels. 
Funding for climate change adaption implementation is not 
coming to the ground level. 
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Table 6C.11—Adaptation options that address climate change effects on forest vegetation in the Eastern Subregion. 

Sensitivity to climatic variability and change: Increased frequency of disturbance, drought, browsing, and livestock trampling may reduce vigor and 
extent of aspen, even given the unique upward trend of aspen in pine forests that have extensive beetle-caused mortality. 
 
Adaption Strategy / Approach: Maintain and restore/promote the health and vigor of clones (specific key stressors include repeat disturbance, 
conifer competition, browse/trampling). 
 
Strategy Objective: Maintain the current population trend, promote resilience, reduce stressors/threats, and increase knowledge. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Actively manage ungulates during 
regeneration phase through slash 
barriers, increase in hunting 
pressure, grazing management 
and salt block placement. 
 

Implement conifer removal on 
multiple scales and through hand 
and commercial treatments. 

Monitor extent and condition of aspen clones 
to determine the effect of disturbance 
frequency on aspen survival, effects of sudden 
aspen decline, and incidence of new clones; 
potentially implement strategic protection 
measures for specific clones. 
 

Tactic effectiveness 
(risks) 

High Highest 
 

Moderate to high 

Implementation urgency  
 

Near term Near term Near term 

Where can tactics be 
applied? (geographic) 
 

Wherever aspen regeneration 
prescriptions are applied  

Wherever aspen occurs outside of 
protected areas 

Wherever aspen occurs 

Opportunities for 
implementation 
 

Rocky Mountain Elk Foundation, 
permittees 

Rocky Mountain Elk Foundation Rocky Mountain Elk Foundation 

Cost 
 

Varies by tool 
Expensive – fencing 
Inexpensive – grazing 
management 
 

Inexpensive Moderate 

Barriers to 
implementation 
 

Some – litigation, scale and timing 
to be effective (staffing capacity), 
priority, permittees 

Some – litigation, scale and timing 
to be effective (staffing capacity), 
priority 

None 
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Table 6C.12—Adaptation options that address climate change effects on forest vegetation in the Eastern Subregion. 

Sensitivity to climatic variability and change: Ability of Douglas-fir to develop stands with large, old-growth structure in face of fire, drought, beetles, 
budworm and limited cone production. 
 
Adaption Strategy / Approach: Establish age class and structural diversity to promote landscape heterogeneity, which could provide appropriate 
amounts and distribution of large tree structure. 
 
Strategy Objective: Promote resilience, and reduce stressors and threats. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C Specific Tactic – D
Tactic 
 

Manage stand level 
disturbance through 
thinning, prescribed fire 
and natural fire 
management to accelerate 
the development of large 
tree structure. 
 

Manage landscape 
disturbance to achieve 
heterogeneity in structural 
diversity. 

Identify critical stands with high 
value and large diameter for direct 
protection from fire and insects; 
protect using pesticides, stand 
manipulation, fire protection, and 
windthrow monitoring. 
 

Improve cone 
production in key 
seed collection areas 
through fertilizer, 
pesticides and stand 
manipulation. 
 

Tactic effectiveness 
(risks) 

High – thinning 
Moderate – fire 
 

Moderate–high High Moderate 

Implementation 
urgency  
 

Near–mid term  Near–mid term Near term Near term 

Where can tactics be 
applied? 
(geographic) 
 

Throughout species range Throughout species range Throughout species range Throughout species 
range 

Opportunities for 
implementation 
 

Forest plan; restoration 
committees 

Forest plan; restoration 
committees 

Coordinate with wildlife priorities Inland Empire 
Cooperatives 

Cost 
 

Inexpensive Inexpensive Inexpensive Inexpensive–
moderate 

Barriers to 
implementation 
 

Some – litigation, scale and 
timing to be effective 
(staffing capacity), priority 

Some – litigation, scale and 
timing to be effective (staffing 
capacity), priority 

None None 
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Table 6C.13—Adaptation options that address climate change effects on forest vegetation in the Eastern Subregion. 

Sensitivity to climatic variability and change: Limited ability of limber pine to persist and regenerate in the face of frequent fires, blister rust and pine 
beetle; challenges include uncertainties in genetic variation and geographically disjunct populations found in the eastern subregion. 
 
Adaption Strategy / Approach: Maintain viable populations of limber pine in suitable environments. 
 
Strategy Objective: Promote resilience, reduce impacts of stressors/threat, increase knowledge, engage coordination. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Address information gaps on 
current location, potential habitat 
and stand condition through 
coordination with other groups. 
 

Address genetic data gaps by 
establishing a breeding program that 
includes rust resistance screening, seed 
zones and drought tolerance through 
coordination with other groups. 

Conduct stand treatments to promote 
resilience over a wide geographic area; 
protect remaining trees with pesticides and 
stand thinning, and establish a planting 
program to achieve scattered, mature 
individuals.  
 

Tactic effectiveness 
(risks) 

High High High at local stand level 
Moderate at population level 
 

Implementation 
urgency  
 

Near term Near term Near term: improve resilience of existing 
stands 
Mid term: planting (answer genetic 
questions first) 
 

Where can tactics be 
applied? (geographic) 
 

Forest plans, Region 1 broad 
scale monitoring strategy 

Inland Empire Cooperatives Forest plans, restoration committees 

Opportunities for 
implementation 
 

All lands – federal, state, districts, 
communities, universities  

All lands – federal, state, districts, 
communities, universities 

All lands – federal, state, districts, 
communities, universities 

Cost 
 

Moderate Moderate Inexpensive  

Barriers to 
implementation 

None None Some – litigation, scale and timing to be 
effective (staffing capacity), priority 
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Table 6C.14—Adaptation options that address climate change effects on forest vegetation in the Eastern Subregion. 

Sensitivity to climatic variability and change: Small, fragmented populations of eastside ponderosa pine are vulnerable to loss of regeneration 
capability following repeated disturbance, especially in ecotone sites. 
 
Adaption Strategy / Approach: Maintain genetic diversity, population viability, increase resilience, and promote big-tree structure. 
 
Strategy Objective: Promote resilience, reduce stressors/threats, and facilitate transition. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Manage stand level disturbance 
through thinning, prescribed fire and 
natural fire management to accelerate 
the development of large tree 
structure and facilitate the transition 
to a savanna ecotone.  
 

Develop seed collection and 
reforestation strategies to address 
potential loss of genetic variability due 
to disjunct populations and shortened 
mean return interval of severe 
disturbances. 

Identify critical stands with high value 
and large diameter for direct protection 
from fire and insects; protect with 
pesticides, stand manipulation and fire 
protection. 

Tactic effectiveness 
(risks) 

High High High 
 

Implementation urgency  
 

Near term Near term Near term 

Where can tactics be 
applied? (geographic) 
 

Low elevation ecotones; suitable 
ponderosa pine sites 

Low elevation ecotones; suitable 
ponderosa pine sites 

Low elevation ecotones; suitable 
ponderosa pine sites 

Opportunities for 
implementation 
 

Forest management; coordination 
with fire management 

Forest management; Inland Empire 
Cooperatives 

Forest management; wildlife habitat 
priorities 

Cost 
 

Inexpensive Inexpensive-moderate Inexpensive 

Barriers to 
implementation 
 

Some – litigation, scale and timing to 
be effective (staffing capacity), priority 

None Some – litigation, scale & timing to be 
effective (staffing capacity), priority 
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Table 6C.15—Adaptation options that address climate change effects on forest vegetation in the GYA Subregion. 

Sensitivity to climatic variability and change: Climate change forces us to work across boundaries. Stressors cross boundaries. The public expects 
coordination. 
 
Adaption Strategy / Approach: Work across jurisdictions at larger scales. 
 
Strategy Objective: Encourage coordination. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Align budgets/priorities for program 
of work for neighboring lands (e.g., 
constrained budget forces 
cooperation for invasive species 
strategies). 
 

Communicate about adjacent projects 
and coordinate on the ground; develop 
memorandum of understanding for 
adjacent projects.  

Preserve roads, trails, and access in 
despite increased fire and flood events. 

Tactic effectiveness 
(risks) 
 

High (if we succeed) High High 

Implementation urgency  
 

Near term Near term Near term 

Where can tactics be 
applied? (geographic) 
 

Greater Yellowstone Area 
 

Greater Yellowstone Area 
 

Greater Yellowstone Area 
 

Opportunities for 
implementation 
 

All lands - federal, state, districts, 
communities, universities  

All lands - federal, state, districts, 
communities, universities 

All lands - federal, state, districts, 
communities, universities 

Cost 
 

Inexpensive Inexpensive Moderately expensive 

Barriers to 
implementation 
 

Major barriers - politics  Some barriers - politics, time, lack of 
priority, distance, travel budget 

Major barriers – shrinking budget, 
staffing 
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Table 6C.16—Adaptation options that address climate change effects on forest vegetation in the GYA Subregion. 

Sensitivity to climatic variability and change: Increased fire and disease, and interactions with the wildland urban interface. 
 

Adaption Strategy / Approach: Increase the resilience of forest stands to disturbance, and protect people from potential risks of increased fire.
 
Strategy Objective: Manage fires in a way to protect the wildland urban interface.
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C Specific Tactic – D
Tactic 
 
 

Create buffer zones 
between fire and 
residential development, 
and implement thinning.  
 

Influence development 
zoning in high risk areas 
with local government and 
insurance companies. 

Increase forest diversity through 
heterogeneity of species 
composition, age class and 
structure. 

Promote education and 
communication about 
responsible land owner 
tactics. 
 

Tactic effectiveness 
(risks) 

Moderate – intense fires 
cross boundaries, having 
unintended impacts on 
resources and cultural 
landscapes  
 

High (if we can do it) Moderate – huge fires, climate 
change 

Moderate 

Implementation 
urgency  
 

    

Where can tactics be 
applied? 
(geographic) 
 

 
 

   

Opportunities for 
implementation 
 

    

Cost     

Barriers to 
implementation 
 

Land designation     
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Table 6C.17—Adaptation options that address climate change effects on forest vegetation in the GYA Subregion. 

Sensitivity to climatic variability and change: Increased impacts from fire, pests, disease, climate and increased competition. 
 
Adaption Strategy / Approach: Promote resilient whitebark pine communities. 
 
Strategy Objective: Maintain whitebark pine on the landscape. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C Specific Tactic – D
Tactic 
 
 

Actively remove other 
dominant tree species, 
such as lodgepole pine, 
spruce and fir. 

Prioritize management for 
populations with high 
potential survival. 

Implement a variety of 
management strategies/options, 
such as control sites, fire 
management, and possibly planting 
at lower elevations. 
 

Replant screened, grafted, 
genetically-selected 
seedlings to promote 
blister rust resistance. 

Tactic effectiveness 
(risks) 

Unknown – Not sure if it will 
work. See barriers. 

Moderate – uncertainty, 
models not considering all 
factors 
 

Moderate – see barrier Moderate – see barriers 

Implementation 
urgency  
 

Near term Near term to long term –
more information needed 
 

Near term Near term 

Where can tactics 
be applied? 
(geographic) 
 

Where we have access; 
road, management 
designation 

Greater Yellowstone Area 
 

Greater Yellowstone Area 
 

Where we have access 
and permission 

Opportunities for 
implementation 
 

Overall whitebark pine 
strategies, investment 
strategy niches, Greater 
Yellowstone Coordinating 
Committee (GYCC) 

Overall whitebark pine 
strategies, investment 
strategy niches, GYCC 
 

Overall whitebark pine strategies, 
investment strategy niches, GYCC 
 

We already have the trees 
and selected planting 
locations 

Cost 
 

Moderately expensive Inexpensive Expensive Moderately expensive 

Barriers to 
implementation 
 

Major barriers -  Limited by 
wilderness designations, 
road access, litigation, 
compliance  

Major barriers -  Limited by 
wilderness designations, 
road access, litigation, cost 

Major barriers - -  Limited by 
wilderness designations, road 
access, litigation, cost 

Some barriers – ideal 
places, access, cost 
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Table 6C.18—Adaptation options that address climate change effects on forest vegetation in the Western Subregion. 

Sensitivity to climatic variability and change: Increased impacts from moisture stress and fire. 
 
Adaption Strategy / Approach: Actively reduce density and maintain low densities. 
 
Strategy Objective: Promote forest resilience through density management.  
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Implement precommercial and 
commercial thinning. 

Conduct prescribed fires. Influence stand density with planting. 

Tactic effectiveness 
(risks) 

High Moderate – depends on stand 
conditions 

High 

Implementation urgency  
 

Near term Near term Near term 

Where can tactics be 
applied? (geographic) 
 

Be cautious with root disease 
sensitive species and sites 

Applied to maintain fire tolerant conifer 
species and maintaining structure 

Apply where opportunities for thinning 
are null due to species or stand 
condition 

Opportunities for 
implementation 
 

   

Cost Inexpensive Inexpensive Inexpensive 

Barriers to 
implementation 
 

Some - barriers greater for federal 
lands. Funding at the landscape 
scale is less than needed. There are 
thinning restrictions due to lynx. 

Some - barriers greater for federal lands Some - barriers greater for federal 
lands 
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Table 6C.19—Adaptation options that address climate change effects on forest vegetation in the Western Subregion. 

Sensitivity to climatic variability and change: Increased frequency and scale of disturbances such as fire and drought. 
 
Adaption Strategy / Approach: Promote disturbance-resilient species, such as ponderosa pine, western larch, western white pine, Douglas-fir, and 
lodgepole pine. 
 
Strategy Objective: Promote forest vegetation resilience to disturbance. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Promote thinning to favor 
disturbance-resilient species. 

Promote planting of disturbance-
resilient species. 

Promote resilient species with prescribed 
fire and/or natural fire use. 

Tactic effectiveness 
(risks) 

High  High Moderate 
 

Implementation urgency  
 

Near term Near term Near term 

Where can tactics be 
applied? (geographic) 
 
 

Western larch and western white 
pine on moist sites, ponderosa pine 
on dry sites, Douglas-fir on 
extremely dry sites, and lodgepole 
pine on harsh, difficult to 
regenerate sites 

Western larch and western white pine 
on moist sites, ponderosa pine on dry 
sites, Douglas-fir on extremely dry 
sites, and lodgepole pine on harsh, 
difficult to regenerate sites 

Western larch and western white pine on 
moist sites, ponderosa pine on dry sites, 
Douglas-fir on extremely dry sites, and 
lodgepole pine on harsh, difficult to 
regenerate sites 

Opportunities for 
implementation 
 

Any place management is feasible 
and allowed 

Any place management is feasible and 
allowed 

Any place management is feasible and 
allowed 

Cost Inexpensive Inexpensive Inexpensive 

Barriers to 
implementation 
 

Scale will vary because of 
budgetary limitations 

Scale will vary because of budgetary 
limitations 

Scale will vary because of budgetary 
limitations. Natural fire may not occur 
where or when manageable. 
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Table 6C.20—Adaptation options that address climate change effects on forest vegetation in the Western Subregion. 

Sensitivity to climatic variability and change: Increasing disturbance, moisture deficits, stress due to densities, and longer growing seasons.   
 
Adaption Strategy / Approach: Increase knowledge on current issues, strategies, and future goals.  
 
Strategy Objective: Increase knowledge for agency land managers and stakeholders. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic Address definition of connectivity, 

including species guilds and scale, 
and identify existing and historical 
conditions in order to develop 
desired conditions.  

Share knowledge on tree species 
migration at fine and broad scales, and 
track regeneration success, species 
distribution at the fine scale, species 
transfer zones, habitat type and soil type. 
 

Share knowledge on fire regimes in 
spruce-fir forests and increase 
collaboration with the Rocky Mountain 
Research Station. 
 
 

Tactic effectiveness 
(risks) 

High  High High 

Implementation urgency  
 

Near term Near term Near term 

Where can tactics be 
applied? (geographic) 
 

Landscape Landscape Landscape 

Opportunities for 
implementation 
 

All lands – federal, state, districts, 
communities, and universities  

All lands – federal, state, districts, 
communities, and universities 

All lands – federal, state, districts, 
communities, and universities 

Cost Inexpensive Inexpensive Moderately expensive 

Barriers to 
implementation 
 

Funding, lack of understanding Funding, lack of understanding Funding, lack of understanding 
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Table 6C.21—Adaptation options that address climate change effects on forest vegetation in the Western Subregion. 

Sensitivity to climatic variability and change: Increasing disturbance, moisture deficits, stress due to densities, and longer growing seasons.   
 
Adaption Strategy / Approach: Increase knowledge on current issues, strategies, and future goals.  
 
Strategy Objective: Increase knowledge for agency land managers and stakeholders.
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Address how to manage conservation 
areas, such as research natural areas 
and roadless wilderness. Promote the 
important components within these 
areas and desired conditions.  
 

Communicate the accurate mapping 
of important species such as 
whitebark pine.  
 

Address the desired conditions at the 
landscape level and also for important 
wildlife habitat by tackling the “how 
much is enough?” question.  

Tactic effectiveness 
(risks) 

Moderate High High 

Implementation urgency  
 

Mid-term Near term Near term 

Where can tactics be 
applied? (geographic) 
 

Program level Program and forest level Program and forest level 

Opportunities for 
implementation 
 
 

Rocky Mountain Research Station, 
The Nature Conservancy, Wilderness 
Society, universities, tribes, 
conservation partners 
 

Universities, conservation partners, 
state heritage programs 

Rocky Mountain Research Station, 
universities, tribes, conservation 
partners 

Cost 
 

Moderate Moderate Moderate 

Barriers to 
implementation 
 

Time Time Time 
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Table 6C.22—Adaptation options that address climate change effects on forest vegetation in the Western Subregion. 

Sensitivity to climatic variability and change: Increasing disturbance, moisture deficits, stress due to densities, and longer growing seasons.   
 
Adaption Strategy / Approach: Increase knowledge on current issues, strategies, and future goals.  
 
Strategy Objective: Increase knowledge for agency land managers and stakeholders. 
 
 Specific Tactic – A Specific Tactic – B
Tactic 
 
 

Increase awareness on the role of root disease in 
carbon sequestration by publishing Hagles root 
disease data. 
 

Communicate the need for improved integration between wildlife 
managers and forest ecologists, and between research and 
management. Conduct an annual meeting with Rocky Mountain 
Research Station on management needs for research. 
 

Tactic effectiveness 
(risks) 

 High 

Implementation urgency  
 

 
 

Near term 

Where can tactics be 
applied? (geographic) 
 

 Program/Region 1 and Rocky Mountain Research Station 

Opportunities for 
implementation 
 

 Program/Region 1 and Rocky Mountain Research Station 

Cost 
 

 Inexpensive 

Barriers to 
implementation 
 

 Lack of time and impetus to do it 
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Table 6C.23—Adaptation options that address climate change effects on forest vegetation in the Western Subregion. 

Sensitivity to climatic variability and change: Increasing disturbance, moisture deficits, stress due to densities, and longer growing seasons.   
 
Adaption Strategy / Approach: Promote resilience in forest vegetation. 
 
Strategy Objective: Promote resilience by reducing stressors and facilitating transitions. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Reduce forest densities to increase 
fire resilience in lodgepole pine and 
whitebark pine sites with 
precommercial thinning. 
 

Reduce forest densities to increase fire 
resilience in lodgepole pine and 
whitebark pine sites with commercial 
thinning. 

Promote appropriate density conditions 
and landscape heterogeneity within 
mapped lynx habitat in spruce-fir 
forests. 

Tactic effectiveness 
(risks) 

High  High Moderate 

Implementation urgency  
 

Near term Near term Mid term 

Where can tactics be 
applied? (geographic) 
 

Higher elevations Higher elevations Higher elevations 

Opportunities for 
implementation 
 

Whitebark Pine Ecosystem 
Foundation, Forest Health 
Protection, programmatic National 
Environmental Policy Act work, 
stewardship contracting 
 

Whitebark Pine Ecosystem 
Foundation, Forest Health Protection, 
programmatic National Environmental 
Policy Act work 

Rocky Mountain Research Station, 
state fish and game, U.S. Fish and 
Wildlife Service, fire management 

Cost 
 

Moderate Moderate Moderate 

Barriers to 
implementation 
 

Endangered species (lynx), lack of 
available funding, access and short 
operating season, management 
limitations within roadless 
wilderness, and potential litigation 

Endangered species (lynx), lack of 
available funding, access and short 
operating season, management 
limitations within roadless wilderness, 
and potential litigation 

Knowledge gaps in desired conditions 
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Table 6C.24—Adaptation options that address climate change effects on forest vegetation in the Western Subregion. 

Sensitivity to climatic variability and change: Increasing disturbance, moisture deficits, stress due to densities, and longer growing seasons.   
 
Adaption Strategy / Approach: Promote resilience in forest vegetation. 
 
Strategy Objective: Promote resilience by reducing stressors and facilitating transitions. 
 
 Specific Tactic – D Specific Tactic – E Specific Tactic – F
Tactic 
 
 

Promote legacy trees of western 
larch, Douglas-fir, western white 
pine, Engelmann spruce, 
whitebark pine, and alpine larch. 
 

Establish seed collection and seed bank 
needs for alpine larch, whitebark pine, 
and high-elevation western larch. 
Coordinate with other land 
managers/owners on post-wildfire 
reforestation and planting of whitebark 
pine. 
 

Promote landscape heterogeneity and 
create connectivity at multiple scales 
through strategic placement of 
treatment units. Increase patch 
size/treatments and cross-ownership 
boundary coordination. 
 

Tactic effectiveness 
(risks) 

High High Moderate 

Implementation urgency  
 

Near term Near term Mid term 

Where can tactics be 
applied? (geographic) 
 

Within dense spruce-fir-lodgepole 
pine sites 

Where these species occur Landscape 

Opportunities for 
implementation 
 

Forest plan desired conditions and 
project 

Whitebark Pine Ecosystem Foundation, 
volunteers (e.g., backcountry horseman 
and stakeholders), Forest Health 
Protection 
 

Forest plan desired conditions and 
project 

Cost 
 
 

Inexpensive – can be done in 
conjunction with project 

Expensive because of remote 
location/poor access, but volunteers can 
help reduce costs 
 

Moderately expensive 

Barriers to 
implementation 
 

None other than lack of these 
trees in some areas and 
windthrow risk 

Budget (to reduce this barrier, solicit 
partners); wilderness/roadless policy 
limitations 

Some barriers - knowledge gaps in 
desired conditions. 
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Table 6C.25—Adaptation options that address climate change effects on forest vegetation in the Western Subregion. 

Sensitivity to climatic variability and change: Increasing disturbance, moisture deficits, stress due to densities, and longer growing seasons.   
 
Adaption Strategy / Approach: Promote resilience in forest vegetation. 
 
Strategy Objective: Promote resilience by reducing stressors and facilitating transitions. 
 
 Specific Tactic – G Specific Tactic – H Specific Tactic – I
Tactic 
 
 

Promote rapid response and 
assessment for post-fire reforestation. 
 

Implement a triage approach to soil 
moisture conditions (e.g., loess soil 
mapping) for prioritizing areas for 
western white pine and whitebark pine. 
 

Protect high value trees (plus other 
trees, cone producers, and rare 
species) via management actions, 
including pheromones and seed 
orchards. 
 

Tactic effectiveness 
(risks) 

High  High High 

Implementation urgency  
 

Near term Near term Near term 

Where can tactics be 
applied? (geographic) 
 

Throughout zone Throughout zone Throughout zone 

Opportunities for 
implementation 
 

Burned area emergency response Intermountain Forest Tree Nutrition 
Cooperative, Natural Resources 
Conservation Service, Rocky Mountain 
Research Station 
 

Whitebark Pine Ecosystem Foundation, 
volunteers, Forest Health Protection 

Cost 
 

Moderate Moderate Moderate 

Barriers to 
implementation 
 

Burned area emergency response does 
not fund planting; commitment from 
forests; lack of strategy 

Funding; lack of understanding of utility 
by forests 

Funding 
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Table 6C.26—Adaptation options that address climate change effects on forest vegetation in the Western Subregion. 

Sensitivity to climatic variability and change: Accelerated root disease mortality due to climate stressors. 
 
Adaption Strategy / Approach:  Reduce dominance of root disease sensitive species (e.g., Douglas-fir and grand fir) on root disease-prone sites. 

 
Strategy Objective: Facilitate transition. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Regenerate and plant with species 
less susceptible to root disease. 
 

Thin out root disease-susceptible 
species where less root disease-
susceptible species are abundant. 
 

Conduct a hot prescribed burn, followed 
by a re-burn. 

Tactic effectiveness 
(risks) 

High 
 

Moderate Unknown 

Implementation urgency  
 

Near term Near term Near term 

Where can tactics be 
applied? (geographic) 
 
 

Root disease-prone sites with 
current root disease losses and 
where management is allowed 

Root disease-prone sites; in areas 
where management is allowed; where 
adequate, less susceptible species are 
present and current losses are low 
 

Root disease prone sites and in areas 
where management is allowed 

Opportunities for 
implementation 
 

   

Cost 
 

Inexpensive Inexpensive Inexpensive 

Barriers to 
implementation 
 

Where losses are severe and 
timber value may not cover cost of 
site preparation 

May not be highest priority 5-year regeneration requirement 
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Table 6C.28—Adaptation options that address climate change effects on forest vegetation in the Western Subregion. 

Sensitivity to climatic variability and change: Increasing moisture demands and drought stress in moisture demanding species (western hemlock 
and western redcedar) on upland sites. 
 
Adaption Strategy / Approach: Minimize the effects to the stand from the affected species (western hemlock and western redcedar). 
 
Strategy Objective: Promote resilience and facilitate transition. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Implement precommercial thinning to 
limit dominance of these species on 
drough-prone sites.  
 

Encourage regeneration harvest and 
planting with a more diverse species 
mix. 

Preserve road and trail access 
despite increased fire and flood 
events. 

Tactic effectiveness 
(risks) 
 

Moderate High Moderate 

Implementation urgency  
 

Near term Near term Mid term 

Where can tactics be 
applied? (geographic) 
 

   

Opportunities for 
implementation 
 

  
 

 
 

Cost 
 

   

Barriers to 
implementation 
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Table 6C.28—Adaptation options that address climate change effects on forest vegetation in the Western Subregion. 

Sensitivity to climatic variability and change: Increasing moisture demands and drought stress in moisture demanding species (western hemlock 
and western redcedar) on upland sites. 
 
Adaption Strategy / Approach: Minimize the effects to the stand from the affected species (western hemlock and western redcedar). 
 
Strategy Objective: Promote resilience and facilitate transition. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Implement precommercial thinning to 
limit dominance of these species on 
drough-prone sites.  
 

Encourage regeneration harvest and 
planting with a more diverse species 
mix. 

Preserve road and trail access 
despite increased fire and flood 
events. 

Tactic effectiveness 
(risks) 
 

Moderate High Moderate 

Implementation urgency  
 

Near term Near term Mid term 

Where can tactics be 
applied? (geographic) 
 

   

Opportunities for 
implementation 
 

  
 

 
 

Cost 
 

   

Barriers to 
implementation 
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Table 6C.29—Adaptation options that address climate change effects on forest vegetation in the Western Subregion. 

Sensitivity to climatic variability and change: Western white pine is resilient but underrepresented. 
 
Adaption Strategy / Approach: Increase presence of western white pine. 
 
Strategy Objective: Promote resilience and facilitate transition. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Implement planting of blister rust 
resistant western white pine.  

Implement blister rust pruning. Retain existing natural white pine when 
thinning, harvesting, and burning.  
 

Tactic effectiveness 
(risks) 

High High Thinning/harvest – high 
Burning – moderate 
 

Implementation urgency  Near term Near term Near term 

Where can tactics be 
applied? (geographic) 
 

Western redcedar, western 
hemlock and moist grand fir habitat 
types (and on moister microsites of 
drier habitat types) 

Stands with moderate infection, but low 
infection above pruning height; may be 
critical if thinning 

Where western white pin is present 

Opportunities for 
implementation 
 

    

Cost 
 

Inexpensive Inexpensive Inexpensive 

Barriers to 
implementation 

Openings are lacking because of 
limited timber harvest and fire 
suppression. 

Insufficient funds and access More difficult on steep ground, where 
fire is needed for site preparation 
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Table 7A.1—Adaptation options that address climate change effects on non-forested vegetation in the Central Subregion.  

Sensitivity to climatic variability and change: Increased susceptibility of vegetation communities (e.g., grasslands) to invasive species. Effects of 
climate change on grasslands will be amplified by management actions. 
 
Adaptation Strategy / Approach: Increase proactive management actions in order to prevent invasive species 
 
Strategy Objective: Reduce stressors/threats, engage coordination, increase knowledge 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C Specific Tactic – D 
Tactic 
 
 

Conduct integrated weed management 
(i.e., spraying, chemical, biological, 
mechanical, manual control, 
education, targeted grazing). 
 

Develop weed management areas 
and coordinate with multiple 
agencies, non-governmental 
organizations, and public.  
 

Apply early detection 
rapid response 
(EDRR) and inventory 
and mapping.  

Update weed risk 
assessment (WRA) to 
enhance integrated 
weed management. 
 

Tactic 
effectiveness 
(risks) 

High  High (if properly implemented) High  Moderate  

Implementation 
urgency  
 

Near term  Near term  Near term  Mid term  

Where can tactics 
be applied? 
(geographic) 
 
 

Recreation high use areas (roads), 
administrative areas; Lolo Creek 
(Missoula District for sheep/goat 
grazing) 
 

Recreation high use areas (roads); 
administrative areas 

Wilderness protected 
areas  

Multi-scale effort  

Opportunities for 
implementation 
 
 

Coordinate with multiple agencies, 
non-governmental organizations, 
public; opportunity to graze in newly 
acquired lands (sheep/goats) 
 

Coordinate with multiple agencies, 
non-governmental organizations, 
public 

Coordinate with 
multiple agencies, 
non-governmental 
organizations, public, 
employees 

Coordinate with 
federal and state 
agencies 

Cost 
 
 

Expensive Inexpensive/moderately expensive 
(depends on implementation scale) 
 

Inexpensive/moderat
ely expensive 

Moderately expensive 

Barriers to 
implementation 
 

Management support; conflict between 
bighorn sheep and domestic  

Community support; social 
economic barriers (e.g., education, 
trust, holdouts) 

Lack of acceptance 
that it is a priority  

Time, lack of 
prioritization  
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Table 7A.2—Adaptation options that address climate change effects on non-forested vegetation in the Eastern Subregion. 

Sensitivity to climatic variability and change: Increased temperature and drought will cause more and larger wildfires, leading to mortality of 
sagebrush and grasslands and increased dominance of fire-adapted herbaceous and non-native species. 
 
Adaptation Strategy / Approach: Maintain intact ecosystems, and increase resilience and resistance of native sagebrush-grass ecosystems.
 
Strategy Objective: Promote resilience, reduce stressors/threats, engage coordination, and increase knowledge. 
 
 Specific Tactic – A Specific Tactic - B Specific Tactic – C Specific Tactic – D
Tactic 
 
 

Inventory intact/high 
native cover/weed free 
areas. 

Employ preventative measures 
to reduce the spread and 
introduction of invasive species 
into intact/weed free plant 
communities. 
 

Survey for new invasive 
species. 

Manage priority invasive 
species on priority acres.   

Tactic effectiveness 
(risks) 

High Moderate to high High Moderate 

Implementation 
urgency  
 

Near term Near term Near term Near term 

Where can tactics be 
applied? 
(geographic) 
 

On all lands (where 
access can be granted) 

Areas that are currently weed 
free 

On all lands (where 
access can be granted) 

On priority acres  

Opportunities for 
implementation 
 
 

Work with agencies, 
counties, state, non-profit 
and private land owners to 
share and incorporate 
current and future 
inventory data 

Work with agencies, counties, 
state, non-profit and private land 
owners to partner in weed 
prevention strategies and 
practices 

Work with agencies, 
counties, state, non-profit 
and private land owners to 
share and incorporate 
current and future survey 
data, technology 

Work with agencies, counties, 
state, non-profit and private 
land owners to collaborate on 
invasive species 
management activities 
 

Cost 
 
 

Moderately expensive Inexpensive to moderately 
expensive 

Moderately expensive Inexpensive to moderately 
expensive 

Barriers to 
implementation 
 

Some to major barriers - 
staff capacity; budgets; 
priorities 

Some to major barriers - public 
and internal awareness and 
perception; funding 

Some to major barriers - 
staff capacity; budgets; 
priorities 

Some to major barriers - 
budget; plant identification 
and phenology; capacity 
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Table 7A.2 (cont.)—Adaptation options that address climate change effects on non-forested vegetation in the Eastern Subregion 

Sensitivity to climatic variability and change: Increased temperature and drought will cause more and larger wildfires, leading to mortality of 
sagebrush and grasslands and increased dominance of fire-adapted herbaceous and non-native species. 
 
Adaptation Strategy / Approach: Maintain intact ecosystems, and increase resilience and resistance of native sagebrush-grass ecosystems.
 
Strategy Objective: Promote resilience, reduce stressors/threats, engage coordination, and increase knowledge. 
 
 Specific Tactic – E Specific Tactic - F Specific Tactic – G Specific Tactic – H
Tactic 
 
 

Restore to minimize or 
reverse adverse effects.  

Manage conifer encroachment.  Manage fire for resource 
benefits. 

Promote the occurrence and 
growth of early-season natives. 
 

Tactic 
effectiveness 
(risks) 

Moderate to high  Low to high Moderate to high Moderate 
 
 

Implementation 
urgency  
 

Near term Near term Near term Short term 

Where can 
tactics be 
applied? 
(geographic) 
 
 

Degraded non-forest 
vegetation communities 

Priority areas based on current 
condition and potential 
response to treatment  

Priority areas based on 
current condition and 
potential response to fire   

Sagebrush-dominated areas 
where native species have 
significant populations and non-
natives are not dominant  

Opportunities for 
implementation 
 
 

Collaborate with partners 
on the design and 
implementation of 
restoration activities 
 

Collaborate with partners on 
conifer encroachment 
management activities 

Collaborate with agencies, 
counties, state, non-profit 
and private land owners on 
fire management 

Coordinate with range 
permittees 

Cost 
 
 

Inexpensive to expensive Inexpensive to moderately 
expensive 

Inexpensive to moderately 
expensive 

Moderately expensive, 
depending on work needed 

Barriers to 
implementation 
 

Some to major barriers – 
awareness and recognition 
of need 

Some to major barriers –
litigation; burn windows; 
awareness and recognition of 
need 

Some to major barriers - 
Recognition of need; public 
and internal perception and 
risk aversion 

Some barriers: 
Some public opposition 
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Table 7A.2 (cont.)—Adaptation options that address climate change effects on non-forested vegetation in the Eastern Subregion 

Sensitivity to climatic variability and change: Increased temperature and drought will cause more and larger wildfires, leading to mortality of 
sagebrush and grasslands and increased dominance of fire-adapted herbaceous and non-native species. 
 
Adaptation Strategy / Approach: Maintain intact ecosystems, and increase resilience and resistance of native sagebrush-grass ecosystems.
 
Strategy Objective: Promote resilience, reduce stressors/threats, engage coordination, and increase knowledge. 
 
 Specific Tactic – I Specific Tactic – J Specific Tactic – K Specific Tactic – L 
Tactic 
 
 

Reduce grazing in July 
and August to 
encourage perennial 
growth. 
 

Manage livestock grazing 
through planning efforts that 
serve as livestock movement 
guides (within-season triggers) 
and allow for the maintenance 
and/or enhancement of plant 
health (end-point indicators). 
 

Use targeted grazing to address 
contemporary vegetation 
management challenges (e.g., 
control invasive exotic and 
noxious weeds and undesirable 
species, reduce fire risk). 

Identify and manage (e.g., 
close, obliterate, re-route) 
non-system/user created 
routes (roads and trails). 

Tactic 
effectiveness 
(risks) 

Moderate 
 

Low to moderate Low to moderate Low to high 

Implementation 
urgency  
 

Mid term Near term Near to mid term Near term 

Where can tactics 
be applied? 
(geographic) 
 

Areas with high 
probability of recovery, 
primarily moist sites 
  

On all grazed lands Priority areas based on current 
condition and potential 
response to treatment 

On priority areas 

Opportunities for 
implementation 

Coordinate with range 
permittees 

Livestock managers  Livestock managers  Partner with National Forest 
Foundation, NGOs 

Cost Inexpensive Inexpensive to moderately 
expensive 

Inexpensive to moderately 
expensive 

Inexpensive to moderately 
expensive 

Barriers to 
implementation 
 

Opposition by some 
permittees 
 

Commitment by managers; 
compliance by livestock 
managers; staff capacity  

Public perception, National 
Environmental Policy Act; 
litigation; logistics and access 

Awareness; detection; 
budget; perception of need 
(internal and external);  
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Table 7A.3—Adaptation options that address climate change effects on non-forested vegetation in the Grasslands Subregion. 

Sensitivity to climatic variability and change: Phenological mismatch between pollinators and host plants. 
 
Adaptation Strategy / Approach: Maintain and restore natural habitat to ensure pollination. 
 
Strategy Objective: Promote resilience, reduce stressors/threat. 
 
 Specific Tactic – A Specific Tactic – B 
Tactic 
 
 

Restore and enhance habitat (using tools 
such as grazing, fire, herbicide application, 
reseeding).  
 

Implement long term monitoring of pollinators (e.g., research, 
tech transfer, education, citizen science projects, and monitor 
existing populations).  
 

Tactic effectiveness (risks) Depends on the combination of tools  Not applicable 

Implementation urgency  
 
 

Near term Near term 

Where can tactics be 
applied? (geographic) 
 
 

Use ecological site descriptions to identify 
priority areas for restoration or enhancement 

Look at native and non-native ecosystems, overlap in these 
ecosystems and the types of pollinators present  

Opportunities for 
implementation 
 

Take advantage of other restoration 
activities; public involvement 

Search for existing information; engage with Natural 
Resources Conservation Service, Agricultural Research 
Service, state extensions, North Dakota Department of 
Agriculture for education on pollinators and agricultural 
practices; opportunity for citizen science projects to detect 
broad trends  
 

Cost 
 
 

Cost varies by tool; shared cost with other 
restoration projects  

Inexpensive with partnerships (i.e., citizen science projects) 

Barriers to implementation 
 

Some of the restoration tools may adversely 
impact the habitat. 
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Table 7A.4—Adaptation options that address climate change effects on non-forested vegetation in the Grasslands Subregion. 

Sensitivity to climatic variability and change: Encroachment of native species into grasslands (i.e., willow [Salix], sumac [Rhus], juniper [Juniperus], 
snowberries [Gaultheria], ponderosa pine [Pinus ponderosa]). 
 
Adaptation Strategy / Approach: Restore natural disturbance regimes in grasslands.  
 
Strategy Objective: Promote resilience, reduce stressors/threats 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Conduct prescribed fires. Conduct mechanical treatments 
(chainsaws, mowing, mastication, 
logging, lop and scatter, haying, 
grazing). 
 

Use herbicide (use appropriate 
delivery method). 

Tactic effectiveness 
(risks) 

Moderate  Moderate/high  High  

Implementation urgency  
 

   

Where can tactics be 
applied? (geographic) 
 
 

Use ecological site descriptions to 
determine where to apply prescribed fire 

  

Opportunities for 
implementation 
 

   

Cost    

Barriers to 
implementation 
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Table 7A.5—Adaptation options that address climate change effects on non-forested vegetation in the Grasslands Subregion. 

Sensitivity to climatic variability and change: Encroachment of non-native species into grasslands (i.e., leafy spurge [Euphorbia esula], knapweed 
[Centaurea], sulphur cinquefoil [Potentilla recta], Canada thistle [Cirsium arvense], Russian olive [Elaeagnus angustifolia], hounds tongue 
[Cynoglossum officinale], redtop [Agrostis stolonifera], cattail [Typha], reed canary grass [Phalaris arundinacea], paleyellow iris [Iris pseudacorus], 
Japanese brome [Bromus japonicus], Kentucky bluegrass [Poa pratensis], smooth brome [Bromus inermis], crested wheatgrass [Agropyron cristatum], 
cheatgrass [Bromus tectorum], sweet clover [Melilotus], absinth wormwood [Artemisia absinthium], black henbane [Hyoscyamus niger], buckthorn 
[Rhamnus]). 
 
Adaptation Strategy / Approach: Maintain and increase resilience of native grassland communities. 
 
Strategy Objective: Promote resilience. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Use ecological site descriptions to 
prioritize areas for treatment (wouldn’t 
apply to all the species listed above). 
 

Apply biological control.  Implement prescriptive grazing, fire, 
herbicide and re-seeding (timing, duration, 
frequency, kind and class of livestock). 

Tactic effectiveness 
(risks) 

Moderate/high Low-high Moderate/high  

Implementation 
urgency  
 

Near term Dependent on research  Near term 

Where can tactics be 
applied? (geographic) 
 
 

Forest/grassland/sub region level  Where it is likely to be effective 
and not have unintended 
consequences 
 

Forest/grassland/sub region level  
 

Opportunities for 
implementation 
 
 

Interagency weed working groups Interagency weed working 
groups 

Interagency weed working groups; US Fish 
and Wildlife Service; interagency fire 
program; ranchers 
 

Cost Varies  Varies by agent  Moderately expensive/ expensive 
 

Barriers to 
implementation 
 

Lack of knowledge; funding and training Uncertainty and unintended 
consequences of using biological 
control in a changing climate 

Social perceptions (e.g., grazing, fire, 
herbicide use) 
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Table 7A.5 (cont.)—Adaptation options that address climate change effects on non-forested vegetation in the Grasslands Subregion 

Sensitivity to climatic variability and change: Encroachment of non-native species into grasslands.  
 
Adaptation Strategy / Approach: Maintain and increase resilience of native grassland communities. 
 
Strategy Objective: Promote resilience. 
 
 Specific Tactic –

D 
Specific Tactic – E Specific Tactic – F Specific Tactic – G 

Tactic 
 
 

Apply early 
detection rapid 
response.  

Use best invasive management 
practices to address vectors; 
emphasize invasive species education 
(e.g., teach people how to clean their 
equipment, boots). 
 

Conduct internal and external 
education and outreach.  

Maintain and increase 
agency, state and county 
cooperation on invasive 
weeds. 

Tactic effectiveness 
(risks) 

High High High High  

Implementation 
urgency  
 

Near term  Near term Near term Near term 

Where can tactics be 
applied? 
(geographic) 
 
 

Wherever new 
invasions are 

Forest/grassland/region level Forest/grassland/region level Forest/grassland/region 
level 

Opportunities for 
implementation 
 
 

Interagency weed 
working groups 

Interagency weed working groups; 
field technicians 

Interagency weed working 
groups; field technicians 

Interagency weed working 
groups 

Cost 
 
 

Inexpensive  Inexpensive  Inexpensive  Inexpensive  

Barriers to 
implementation 
 

Plant identification 
skills 

Plant identification skills; turnover of 
local population  

Plant identification skills; 
turnover of local population  

Coordinated action (need 
mechanism to ensure 
continued coordination) 
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Table 7A.6—Adaptation options that address climate change effects on non-forested vegetation in the GYA Subregion. 

Sensitivity to climatic variability and change: Increase in fire frequency and intervals, invasive species, herbivory, and species shift (C4) 
 
Adaptation Strategy / Approach: Increase resilience of C3 grassland communities to the above sensitivities, and maintain C3 grassland communities 
on the landscape. 
 
Strategy Objective: Promote resilience, reduce stressors/threats. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C Specific Tactic – D 
Tactic 
 
 

Allow natural and 
prescribed fire.  

Conduct ecologically based 
invasive plant management; 
use herbivory (goats), 
biocontrol, wildfire, and 
seeding (e.g., smooth brome).  

Conduct inventory of data, 
including maps and risk 
assessments; use Early Detection 
Rapid Response (EDRR) and 
weed-free policies regarding stock; 
conduct inventory and monitoring.   

Remove conifers with 
mechanical treatments, 
prescribed fire, and harvest. 

Tactic 
effectiveness 
(risks) 

Moderate Moderate  High High 

Implementation 
urgency  
 

Mid term Near term Near term Near term 

Where can 
tactics be 
applied? 
(geographic) 
 

Expand beyond wildland 
urban interface; apply in 
areas with healthy 
vegetation 

Prioritize small/new invasions 
by most critical species; work 
back to road corridors and 
developed areas  

EDRR for all new findings Encroached communities  

Opportunities for 
implementation 
 

Implement projects per 
forest management plan 

Effective at local levels; not at 
landscape scale 

Effective at local levels; not at 
landscape scale 

Small watershed or 
landscape of 1000-1500 
acres 

Cost Cost varies by project 
size and complexity 

Moderately expensive Inexpensive Moderately expensive 

Barriers to 
implementation 
 

Some barriers: 
Community acceptance; 
litigation; risk aversion; 
lack of non-WUI funding 

Major barriers: Community 
acceptance; capacity; need to 
scale up to be effective; 
perceived lack of urgency 

Some barriers: Lack of champions; 
workforce availability; perceived 
lack of urgency 

Some barriers: Staffing; 
litigation; availability of burn 
windows; fiscal year 
limitations; risk aversion 
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Table 7A.7—Adaptation options that address climate change effects on non-forested vegetation in the GYA Subregion. 

Sensitivity to climatic variability and change:  Increase in fire severity and frequency, invasive species, and herbivory. 
 
Adaptation Strategy / Approach:  Increase resilience of mountain sagebrush community to the above sensitivities, and maintain sagebrush 
communities on the landscape. 
 
Strategy Objective:  Maintain current trend. Promote resilience. Reduce stressors/threats. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Strategically place fuels treatments 
(thinning, mulching, limited 
suppression) across the landscape. 

Conduct ecologically based invasive 
plant management (EBIPM); use 
herbivory (goats), biocontrol, 
wildfire, and seeding.  

Conduct inventory of data, including maps 
and risk assessments; use Early Detection 
Rapid Response (EDRR) and weed-free 
policies regarding stock; conduct inventory 
and monitoring.   
 

Tactic effectiveness 
(risks) 

Moderate Moderate  
 

High 

Implementation 
urgency  
 

Near term/mid term Near term Near term 

Where can tactics 
be applied? 
(geographic) 
 

Expand beyond wildland urban 
interface; apply in areas with existing 
healthy vegetation 

Prioritize small/new invasions by 
most critical species; work back to 
road corridors and developed areas  

EDRR for all new findings 

Opportunities for 
implementation 
 
 

Implement projects per forest 
management plan; be opportunistic 
when wildfire does strike (crew 
availability; community acceptance) 

Public Lands Day and other 
volunteer projects; partner with 
wildlife and other stakeholder groups 
for habitat improvement  
 

Public Lands Day and other volunteer 
projects; partner with wildlife and other 
stakeholder groups for habitat improvement 
(Trout Unlimited, friends group). 
 

Cost 
 
 

Moderately expensive; cost varies by 
project size and  complexity 
 

Moderately expensive Inexpensive 

Barriers to 
implementation 
 

Some barriers: political; community 
acceptance; litigation; risk aversion; 
lack of non-wildland urban interface 
funding 

Major barriers: community 
acceptance; availability of workforce; 
need to scale up to be effective; 
perceived lack of urgency 

Some barriers: lack of champions; workforce 
availability; perceived lack of urgency 
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Table 7A.7 (cont.)—Adaptation options that address climate change effects on non-forested vegetation in the GYA Subregion  

Sensitivity to climatic variability and change:  Increase in fire severity and frequency, invasive species, and herbivory. 
 
Adaptation Strategy / Approach:  Increase resilience of mountain sagebrush community to the above sensitivities, and maintain sagebrush 
communities on the landscape. 
 
Strategy Objective:  Maintain current trend. Promote resilience. Reduce stressors/threats. 
 
 Specific Tactic – D Specific Tactic – E 
Tactic 
 
 

Determine and implement proper grazing; conduct adaptive 
management that recognizes climate changes will lead to 
different availability of range; use rest and rotation 
practices. 
 

Remove conifers with mechanical treatments, prescribed fire, 
and harvest. 

Tactic effectiveness 
(risks) 

High High 

Implementation 
urgency  
 

Moderate Near term 

Where can tactics be 
applied? (geographic) 
 

Everywhere Encroached communities  

Opportunities for 
implementation 
 

Coordinate with range permittees; cultivate management 
support.  

Coordinate with fuels and habitat objectives for interagency 
and partnership work (and funding; commercial harvest 

Cost 
 

Inexpensive Moderately expensive 

Barriers to 
implementation 
 

Some barriers: Lack of stakeholder support (real or 
perceived); lack of trust; noncompliance; perceived lack of 
urgency 

Some barriers: Staffing levels; litigation; uncertain availability 
of burn windows due to climate change; fiscal year 
limitations; challenges with interagency and/or non-fed 
implementation and coordinated planning efforts; risk 
aversion 
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Table 7A.8—Adaptation options that address climate change effects on non-forested vegetation in the GYA Subregion. 

Sensitivity to climatic variability and change: Increase in fire severity and frequency, invasive species, and herbivory. 
 
Adaptation Strategy / Approach: Increase resilience of Wyoming sagebrush community to the above sensitivities. 
 
Strategy Objective: Maintain sagebrush communities on the landscape; create and maintain a healthy and diverse plant community. 
 
 Specific Tactic – A Specific Tactic – B
Tactic 
 
 

Strategically place fuels treatments (thinning, mulch, 
limited suppression) across the landscape. 

Conduct ecologically based invasive plant management (EBIPM); 
use herbivory (goats), biocontrol, wildfire, and seeding. 

Tactic effectiveness 
(risks) 

Moderate Moderate (unless strict adherence to EBIPM, then high) 
 

Implementation 
urgency  
 

Near term/Mid term Near term 

Where can tactics 
be applied? 
(geographic) 
 
 

Anywhere we can; expand beyond wildland urban 
interface; apply tactic in areas with existing healthy intact 
vegetation; avoid degraded areas 
 

Prioritize small/new invasions by most critical species; work back 
to road corridors and developed areas in non-wilderness.  

Opportunities for 
implementation 
 
 

Implement projects per forest management plan; be 
opportunistic when wildfire does strike (crew availability; 
community acceptance) 

Public Lands Day and other volunteer projects; partner with 
wildlife and other stakeholder groups for habitat improvement 
(Trout Unlimited, friends groups) 

Cost 
 
 

Moderately expensive; cost varies by project size and 
complexity 
 

Moderately expensive 

Barriers to 
implementation 
 

Some barriers: Political; community acceptance; 
management and community tolerance; litigation; risk 
aversion; lack of non-wildland urban interface funding 

Major barriers: Community acceptance; availability of workforce; 
methodology; public perception; technology; need to scale up to 
be effective; perceived lack of urgency 
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Table 7A.8 (cont.)—Adaptation options that address climate change effects on non-forested vegetation in the GYA Subregion  

Sensitivity to climatic variability and change: Increase in fire severity and frequency, invasive species, and herbivory. 
 
Adaptation Strategy / Approach: Increase resilience of Wyoming sagebrush community to the above sensitivities. 
 
Strategy Objective: Maintain sagebrush communities on the landscape; create and maintain a healthy and diverse plant community. 
 
 Specific Tactic – C Specific Tactic – D 
Tactic 
 
 

Conduct inventory of data, including maps and risk assessments; 
use Early Detection Rapid Response (EDRR) and weed-free 
policies regarding stock; conduct inventory and monitoring.   
 

Determine and implement proper grazing; conduct 
adaptive management that recognizes climate changes 
will lead to different availability of range; use rest and 
rotation practices. 
 

Tactic effectiveness 
(risks) 

High High 

Implementation 
urgency  
 

Near term Moderate 

Where can tactics 
be applied? 
(geographic) 
 

EDRR for all new findings Everywhere 

Opportunities for 
implementation 
 
 

Public Lands Day and other volunteer projects; partner with 
wildlife and other stakeholder groups for habitat improvement 
(Trout Unlimited, friends groups) 

Coordinate with range permittees; cultivate management 
support.  

Cost Inexpensive Inexpensive 

Barriers to 
implementation 
 

Some barriers: Lack of champions; workforce availability; 
perceived lack of urgency 

Some barriers: Lack of stakeholder support (real or 
perceived); lack of trust; noncompliance; perceived lack of 
urgency 
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Table 7A.9—Adaptation options that address climate change effects on non-forested vegetation in the Western Subregion. 

Sensitivity to climatic variability and change: Increase in fires, warmer drier conditions, and invasive species, and decline in pollinators. With 
warmer wetter conditions, conifers are establishing in balds and snow belts because of changes in precipitation from snow to rain. 
 
Adaptation Strategy / Approach: Maintain healthy and intact grasslands. 
 
Strategy Objective: Maintain and increase resilience from perturbation and resistance to invasive species; reduce weed invasion; increased 
knowledge of the ecology of grasslands. 
 
 Specific Tactic – A Specific Tactic – B
Tactic 
 
 

Maintain or restore adequate native plant cover, vigor, and 
species richness; ensure ecologically significant remnant 
populations of endemics are maintained; tools include 
appropriate grazing management, focused herbicide use, re-
vegetation (with locally adapted and site specific species, forbs 
and graminoids), appropriate fire management, appropriate 
travel management, maintaining public land management  of 
ecologically significant remnant plant communities (e.g., rough 
fescue, Palouse prairie), and conservation easements.  
 

Encourage native pollinators; provide other habitats for 
pollinators (nesting cover, feeding cover, brooding 
cover); tools include re-vegetation (with native species), 
appropriate herbicide and insecticide use, and education 
for public and within agency.  
 
 

Tactic effectiveness 
(risks) 

Low/moderate/high Moderate/high 

Implementation 
urgency  

Near term/ongoing  Near term/ongoing  

Where can tactics be 
applied? 
(geographic) 
 

Throughout current range of grasslands; management activities 
are species specific 
 

Throughout  

Opportunities for 
implementation 

Acquiring remnant populations (partners: The Nature 
Conservancy (TNC), working with tribes, private landowners, 
land trusts); conservation easements (TNC, local land trusts) 

Xerces Society; native plant societies; local garden 
clubs; local conservation groups; Idaho Master 
Naturalists; youth organizations (high schools, 4H) 

Cost Inexpensive/moderately expensive Inexpensive/ moderately expensive 

Barriers to 
implementation 

Multiple land ownership and fragmentation; lack of scientific 
knowledge; reduced budgets for inventory and monitoring  

Farm Bill language; introduction of non-native pollinators; 
use of insecticides; multiple ownerships 
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Table 7A.9 (cont.)—Adaptation options that address climate change effects on non-forested vegetation in the Western Subregion 

Sensitivity to climatic variability and change: Increase in fires, warmer drier conditions, and invasive species, and decline in pollinators. With 
warmer wetter conditions, conifers are establishing in balds and snow belts because of changes in precipitation from snow to rain. 
 
Adaptation Strategy / Approach: Maintain healthy and intact grasslands. 
 
Strategy Objective: Maintain and increase resilience from perturbation and resistance to invasive species; reduce weed invasion; increased 
knowledge of the ecology of grasslands. 
 
 Specific Tactic – C Specific Tactic - D 
Tactic 
 
 

Step 1 - Identify and map soil types (locate 
molisols); Step 2 - Prioritize restoration based 
on Step 1; sites that were historically 
maintained have now shifted to conifer 
savannas; identify sites that were fire 
maintained versus snow maintained.  
 

Step 1 - Map risk areas for severe drought, and conduct snow melt risk 
analysis; Step 2 - Establish targeted areas for monitoring based on step 
1 (re-visit and monitor established plots); Step 3 - Work with geneticists 
to isolate frost and drought hardiness, early emergence; Step 4 - Use 
seed sources with those traits (step 3) to help vegetate specific sites 
that were identified in step 1.  

Tactic effectiveness 
(risks) 

Step 1/2 moderate  High  

Implementation urgency  
 

Near term  Step 1 – near term; step 2 – ongoing dependent on prioritization of 
areas  

Where can tactics be 
applied? (geographic) 

In identified and mapped areas In identified risk areas  

Opportunities for 
implementation 

Partnerships with Natural Resources 
Conservation Service (NRCS) 
 

Heritage Program (for monitoring); partner with NRCS, National 
Oceanic and Atmospheric Administration (snow melt data), Rocky 
Mountain Research Station; local cooperators to help with seed 
accessions and Forest Service nursery 

Cost Moderately expensive Moderately expensive  

Barriers to 
implementation 
 

Funding; time and personnel intensive; 
Requires finer-scale knowledge to be 
effective; higher priorities (mindset) 

Funding; time and personnel intensive; higher priorities? (mindset); 
sequential process  
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Table 7A.10—Adaptation options that address climate change effects on non-forested vegetation in the Western Subregion. 

Sensitivity to climatic variability and change: Loss of topsoil and invasion of weeds.
 
Adaptation Strategy / Approach: Maintain and increase montane shrublands. 
 
Strategy Objective: Maintain and increase resilience from perturbation and resistance to invasive species; reduce weed invasion; increased 
knowledge of the ecology of shrublands. 
 
 Specific Tactic – A Specific Tactic – B
Tactic Implement fuel reduction projects (i.e., reduce conifer 

encroachment, brush cutting, slashing/ mastication without 
burning, targeted browsing); if burning is used, design 
prescriptions according to requirements of desired shrub 
species (soil moisture requirements, desired end result 
conditions).  

Maintain adequate shrub cover, vigor, and species 
richness, and avoid bare ground; create different age 
classes and compositions of shrubfields (shifting mosaic); 
no action is a viable alternative dependent on system; tools 
include removal of timber products, targeted grazing, 
prescribed burning, and mastication/slashing. 
 

Tactic effectiveness 
(risks) 

Moderate (unintended consequences, higher priorities) 
 

Moderate/high  

Implementation urgency  
 

Near term/ongoing  Near term/ongoing 

Where can tactics be 
applied? (geographic) 
 

Throughout; critical areas for restoration Throughout and across jurisdictional boundaries 

Opportunities for 
implementation 
 
 

Partners – Rocky Mountain Elk Foundation, sportsmen 
associations, Idaho Fish and Game, Bureau of Land 
Management, Idaho Forest Landowner association; forest 
harvests open up new shrublands 

Partners – Rocky Mountain Elk Foundation, sportsmen 
associations, Idaho Fish and Game, BLM, Idaho Forest 
Landowner association, Turkey Federation 
 

Cost 
 
 

Inexpensive/moderately expensive (depends on scale) 
 

Inexpensive/moderately expensive (depends on scale) 
 

Barriers to 
implementation 

Current forest management policies about allowing 
shrubfields to be maintained rather than reforestation; 
mindset of current land managers (tradition) 

Mindset of current land managers (tradition); lack of 
equipment; availability of target livestock; road access; 
inaccessibility (slope); multi-resource objectives 
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Table 7A.10 (cont.)—Adaptation options that address climate change effects on non-forested vegetation in the Western Subregion 

Sensitivity to climatic variability and change: Loss of topsoil and invasion of weeds.
 
Adaptation Strategy / Approach: Maintain and increase montane shrublands. 
 
Strategy Objective: Maintain and increase resilience from perturbation and resistance to invasive species; reduce weed invasion; increased 
knowledge of the ecology of shrublands. 
 
 Specific Tactic – C Specific tactic - D
Tactic Apply early detection rapid response (EDRR), and use 

ecologically based invasive plant management 
(EBIPM); tools include biocontrol, herbicides, timing 
burning prescriptions (to avoid annual brome 
expansion, and targeted grazing. 

Educate fuels specialists, forest ecologists, wildlife biologists 
and silviculturists on ecology and disturbances affecting 
shrublands; effects of repeated burns; shifting mosaics 
(creating a balance of types across landscapes); and weeds 
(identification, awareness, reporting). 
 

Tactic effectiveness 
(risks) 

Low/moderate Moderate  

Implementation urgency  
 

Near term/ongoing Near term/ongoing  

Where can tactics be 
applied? (geographic) 
 

Throughout and across jurisdictional boundaries Throughout and across land management jurisdictions 

Opportunities for 
implementation 
 
 

Coordinate with private landowners; cooperative weed 
management areas; partner with Bonneville Power, 
tribes, private groups such as backcountry horsemen, 
National Forest Foundation; use volunteer cooperators 
(for surveys and monitoring) 
 

Revise Forest Service manual; brownbag lunch – weed 
webinar; educational products such as flyers, posters; ross 
training and/or internal training for line officers  

Cost 
 
 

Inexpensive/moderately expensive (depends on scale) 
 

Moderately expensive 

Barriers to 
implementation 
 

Multiple jurisdictions; National Environmental Policy 
Act – not being able to adapt to new chemicals; 
logistically inaccessible (backpack or on horse); public 
mindset of using chemicals; budgets are prohibitive. 

Tie implementation to performance for achieving objectives 
(misuse of herbicides, treating non-target native plants); need 
line officer support; mindset of current land managers 
(tradition); public mindset of using chemicals  
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Table 9A.1—Adaptation options that address climate change effects on wildlife in the Central Subregion. 

Sensitivity to climatic variability and change: Potential conversion to grassland type; many ponderosa pine forests have converted to Douglas-fir 
types with fire exclusion and are therefore more susceptible to future fires (putting dry forest cavity nester habitat at risk). 
 
Adaption Strategy / Approach: Restore fire-adapted ponderosa pine stand conditions for dry forest cavity nesters. 
 
Strategy Objective: Promote resilience. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Reduce competition from Douglas-fir 
and grand fir (thin, burn) in current 
mature ponderosa pine stands. 
 

Conduct frequent understory burning. Retain current mature and older 
ponderosa pine stands and plant 
where it has been lost. 

Tactic effectiveness 
(risks) 

High High High 

Implementation urgency  
 

Near term Near term Near term 

Where can tactics be 
applied? (geographic) 
 
 

Low elevations with emphasis on where 
compatible with wildland urban interface 
(WUI) objectives; need redundancy 
across the landscape to buffer against 
future fire or drought mortality 
 

Has to follow tactic A in the WUI, not 
necessarily in non-developed areas; 
need redundancy across the landscape 
to buffer against future fire or drought 
mortality 

Wherever they occur; need 
redundancy across the landscape 
to buffer against future fire or 
drought mortality 

Opportunities for 
implementation 
 

Collaboration with other landowners Collaboration with other landowners Collaboration with other 
landowners 

Cost 
 
 

Low in places with market size DF, 
otherwise moderate. 

Moderate, depending on location Low for retaining, moderate for 
planting 
 

Barriers to 
implementation 
 

Some Major None 
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Table 9A.2—Adaptation options that address climate change effects on wildlife in the Central Subregion. 

Sensitivity to climatic variability and change: Drying of inland maritime forest types that fishers depend on.  
 
Adaption Strategy / Approach: Maintain current, restore historical, and promote potential future fisher habitat. Conserving fisher habitat preserves 
cool wet forest types that provide habitat for multiple other wildlife species. 
 
Strategy Objective: Promote resilience, facilitate transition 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Conserve current old-growth cedar and 
larch, but reduce density to increase 
resilience to drought. 
 

Restore white pine with a cedar 
understory to create future habitat. 

Maintain or create necessary 
structure in modeled future fisher 
habitat. 

Tactic effectiveness 
(risks) 

Moderate Uncertain Unknown (will that be habitat) and 
uncertain (can the conditions be 
effectively created) 
 

Implementation urgency  
 

Near term Near term Near term 

Where can tactics be 
applied? (geographic) 
 
 

Northern ID, Kootenai, Bitterroot divide; 
where risk of loss is greatest (edge of 
range); eed redundancy across the 
landscape to buffer against future fire or 
drought mortality 
 

Northern ID, Kootenai, Bitterroot divide; 
need redundancy across the landscape 
to buffer against future fire or drought 
mortality 

Mission side of Swan; need 
redundancy across the landscape 
to buffer against future fire or 
drought mortality 

Opportunities for 
implementation 
 

Fits with Collaborative Forest 
Landscape Restoration Program 
(CFLRP) objectives 
 

Fits with CFLRP objectives Fits with CFLRP objectives 

Cost 
 

Inexpensive Moderate Varies 

Barriers to 
implementation 

Major None Some 
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Table 9A.3—Adaptation options that address climate change effects on wildlife in the Central Subregion. 

Sensitivity to climatic variability and change: Snow melt occurring earlier in the spring creates snowshoe hare pelage mismatch. Lynx adapted to 
deep soft snow and denser snow could give other predators a competitive advantage. Burn intensity is predicted to increase, and repeat burns can 
reduce tree seed source; in winter, lynx avoid high intensity burns until tree regeneration allows for branches at snow surface. 
 
Adaption Strategy / Approach: Manage vegetation for long-term lynx and hare habitat and connectivity. 
 
Strategy Objective: Promote resilience, reduce stressors, and facilitate transition. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C Specific Tactic – D
Tactic 
 
 

Thin some young stands to 
create a variety of multi-
storied hare habitat across 
the landscape to prevent 
boom and bust cycles. 
 

Maintain forest cover 
connections between 
good habitat patches. 

Maintain current multi-
storied forest conditions, 
prevent large monoculture 
stand conditions (burning, 
harvest). 

Analyze female home ranges to 
determine necessary mix of 
habitat patches (distribution and 
size). 

Tactic effectiveness 
(risks) 

Uncertain Moderate Moderate Moderate 

Implementation 
urgency  
 

Near Term Near Term Near Term Near Term 

Where can tactics be 
applied? 
(geographic) 
 

Anywhere in current range 
of lynx 

Anywhere in current range 
of lynx 

Anywhere in current range 
of lynx 

Anywhere in current range of 
lynx 

Opportunities for 
implementation 
 
 

Forest Planning; U.S. Fish 
and Wildlife Service 

U.S. Fish and Wildlife 
Service 

Northern Rockies Lynx 
Management Direction; 
critical habitat rule; U.S. Fish 
and Wildlife Service 

U.S. Fish and Wildlife Service; 
Rocky Mountain Research 
Station; Collaborative Forest 
Landscape Restoration 
Program; Southwest Crown 
Partnership 
 

Cost 
 

Moderate Inexpensive Moderate Inexpensive 

Barriers to 
implementation 

Major Major None None 

 

 

 
DRAFT



Table 9A.4—Adaptation options that address climate change effects on wildlife in the Central Subregion. 

Sensitivity to climatic variability and change: Townsend’s big-eared bat maternal colonies winter hibernacula are sensitive to temperature change, 
loss of access to habitat, and spread of white-nose syndrome. 
 
Adaption Strategy / Approach: Maintain maternal colony and hibernacula sites, and reduce non-climate stressors. 
 
Strategy Objective: Increase knowledge, promote resilience, reduce stressors, engage coordination 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C Specific Tactic – D
Tactic 
 
 

Identify, and protect 
current maternal colony 
sites. 

Monitor environmental 
conditions at identified sites, 
compared to unoccupied sites. 

Educate the public (caver groups) 
about spread of white-nose 
syndrome and stress 
decontamination procedures. 
 

Maintain, or create, open 
wetland complexes (for 
insects) near maternal 
colony sites. 

Tactic effectiveness 
(risks) 

High Moderate, but not an end point 
itself 

Moderate Unknown 

Implementation 
urgency  
 

Near term Near term Near term Near to mid term 

Where can tactics be 
applied? 
(geographic) 
 

Range wide Public land Range wide Public land 

Opportunities for 
implementation 
 

Local caving clubs Local caving clubs Local caving clubs Mostly on private lands 

Cost Moderate Inexpensive Inexpensive Variable 

Barriers to 
implementation 
 

Some Some None Some 
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Table 9A.5—Adaptation options that address climate change effects on wildlife in the Central Subregion. 

Sensitivity to climatic variability and change: Increasing winter temperatures reduce snowpack, and snow melt occurs earlier in the spring. 
Wolverine are obligate snow denners. 
 
Adaption Strategy / Approach: Maintain wolverine female reproductive capacity and core habitat connection. 
 
Strategy Objective: Reduce stressors. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Map areas with high persistent snow 
potential; identify protection status and 
development potential to identify areas 
of concern and connection between 
mountain ranges. 
 

Identify dispersal habitat requirements. Conduct multi-carnivore genetic 
monitoring.  

Tactic effectiveness 
(risks) 

High Variable High 

Implementation urgency  
 

Near term Near term Near term 

Where can tactics be 
applied? (geographic) 
 

Range wide Range wide Range wide 

Opportunities for 
implementation 
 

  Coordinate existing monitoring, 
and develop regional monitoring 
goals. 
 

Cost 
 

Inexpensive Expensive Expensive 

Barriers to 
implementation 

None Some Some 
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Table 9A.6—Adaptation options that address climate change effects on wildlife in the Eastern Subregion. 

Sensitivity to climatic variability and change: Pygmy rabbits are dependent on big-sage, which may be vulnerable to climate change, but range 
could expand with climate change. 
 
Adaption Strategy / Approach: Increase information on distribution and sensitivities of pygmy rabbit. 
 
Strategy Objective: Increase knowledge. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Produce more accurate sage 
distribution layer. 

Update and expand knowledge of 
existing pygmy distribution. 

Understand climate influences on 
pygmy rabbits. 

Tactic effectiveness 
(risks) 

Moderate Moderate Moderate 

Implementation urgency  
 

Near term Near term Near term 

Where can tactics be 
applied? (geographic) 
 

Eastern subregion Eastern subregion Eastern subregion  

Opportunities for 
implementation 
 
 

 Heritage program. Wildlife Conservation Society 
study at the Idaho National Lab; 
candidate for State Wildlife Grant 
funding 

Cost 
 
 

Moderate Moderate Moderate 

Barriers to 
implementation 
 

Some: funding priority Some: funding priority Some: funding priority, not on 
anyone’s radar screen 

 

 

DRAFT



Table 9A.7—Adaptation options that address climate change effects on wildlife in the Eastern Subregion. 

Sensitivity to climatic variability and change: Pygmy rabbits are dependent on big-sage, which may be vulnerable to climate change, but range 
could expand with climate change. 
 
Adaption Strategy / Approach: Conserve pygmy rabbit habitat. 
 
Strategy Objective: Promote resilience. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Obtain conservation easements in 
current sagebrush areas. 

Lease sagebrush. Understand succession after fire in 
sagebrush in the region. 

Tactic effectiveness 
(risks) 

High High High 

Implementation urgency  
 

Near term Near term Near term 

Where can tactics be 
applied? (geographic) 
 

Sagebrush habitat on unprotected 
private land 

Sagebrush habitat on private and state 
land 

Sagebrush habitat 

Opportunities for 
implementation 
 

Land Reliance; partners   

Cost 
 
 

Inexpensive (cost-sharing and is 
happening now, even though a lot of 
money is spent) 
 

Inexpensive (happening now, even 
though a lot of money is spent) 

Inexpensive to moderate 

Barriers to 
implementation 
 

Some: land owner willingness; political 
consequences 

Some Funding priorities; lack of 
understanding for the need for the 
information; difference of opinion 
about what we already know 
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Table 9A.8—Adaptation options that address climate change effects on wildlife in the GYA Subregion. 

Sensitivity to climatic variability and change: Bat hibernaculum temperature change linked to white-nose syndrome; alternative energy 
development impacts (wind power). 
 
Adaption Strategy / Approach: Maintain healthy bat populations. 
 
Strategy Objective: Reduce stressors; increase knowledge and coordination. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Consider summer roosting in vegetation 
management. 

Protect hibernaculum from disturbance. Survey for hibernacula. 

Tactic effectiveness 
(risks) 

Uncertain Moderate Uncertain 

Implementation urgency  
 

   

Where can tactics be 
applied? (geographic) 
 

Greater Yellowstone Area Greater Yellowstone Area Greater Yellowstone Area 

Opportunities for 
implementation 
 

   

Cost    

Barriers to 
implementation 
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Table 9A.9—Adaptation options that address climate change effects on wildlife in the GYA Subregion. 

Sensitivity to climatic variability and change: Reduced stream flow, loss of riparian vegetation, incised stream channels due to flood events. 
 
Adaption Strategy / Approach: Maintain healthy beaver populations on the landscape. 
 
Strategy Objective: Promote resilience; reduce stressors; increase public knowledge (slow down the water). 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Inventory current and potential habitat 
(include multiple factors). 

Restore riparian habitat 
(e.g., plant willows, manage grazers, 
raise water level). 
 

Translocate beavers, manage 
trapping. 

Tactic effectiveness 
(risks) 

High High High 

Implementation urgency  
 

   

Where can tactics be 
applied? (geographic) 
 

Greater Yellowstone Area Greater Yellowstone Area Greater Yellowstone Area 

Opportunities for 
implementation 
 

   

Cost    

Barriers to 
implementation 
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Table 9A.10—Adaptation options that address climate change effects on wildlife in the GYA Subregion. 

Sensitivity to climatic variability and change: Habitat shifts and disease transmission in bighorn sheep from direct and indirect effects of climate 
change (e.g., increase in overlap with domestics, increased disease transmission, shifts in pressure from recreation). 
 
Adaption Strategy / Approach: Maintain healthy bighorn sheep populations. 
 
Strategy Objective: Increase knowledge; reduce stressors; promote resilience. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Monitor sheep disease trends to 
determine if there are climate drivers. 

Identify locations and improve 
connectivity between seasonal ranges; 
maintain separation from domestic 
sheep. 

Maintain communication among 
research groups and promote 
sharing of information and 
collaboration of 
research/management efforts. 
 

Tactic effectiveness 
(risks) 

Unknown High Moderate 

Implementation urgency  
 

Near term Near term Near term 

Where can tactics be 
applied? (geographic) 
 

Greater Yellowstone Area Greater Yellowstone Area Greater Yellowstone Area 

Opportunities for 
implementation 
 
 

Focus of current attention (state, 
federal, non-governmental 
organizations, universities) 

Focus of current attention (state, 
federal, non-governmental 
organizations, universities) 

Focus of current attention (state, 
federal, non-governmental 
organizations, universities) 

Cost 
 

Inexpensive Moderately to expensive depending on 
scale 

Inexpensive 

Barriers to 
implementation 

None Some to major (social, legal, 
jurisdiction) 

None 
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Table 9A.11—Adaptation options that address climate change effects on wildlife in the GYA Subregion. 

Sensitivity to climatic variability and change: Loss of mountain sage and grassland habitat for Brewer’s sparrow.  
 
Adaption Strategy / Approach: Maintain adequate mountain sage grassland communities for Brewer’s sparrow. 
 
Strategy Objective: Promote resilience, reduce stressors, and increase knowledge. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Manage fire to maintain desired habitat 
(see sage-grouse conservation 
strategy). 
 

Control invasive vegetation. Restore formerly cultivated land. 

Tactic effectiveness 
(risks) 

High Low to high depending on the invasive 
species 

Low to high depending on site 
conditions 

Implementation urgency  
 

   

Where can tactics be 
applied? (geographic) 
 

Greater Yellowstone Area Greater Yellowstone Area Greater Yellowstone Area 

Opportunities for 
implementation 
 

   

Cost 
 

   

Barriers to 
implementation 
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Table 9A.12—Adaptation options that address climate change effects on wildlife in the GYA Subregion. 

Sensitivity to climatic variability and change: Water supply; habitat loss; habitat shifts; vegetation phenology shifts; human population expansion 
and redistribution; snowpack dynamics. 
 
Adaption Strategy / Approach: Maintain connectivity within and through the Greater Yellowstone Area (GYA), including daily, seasonal, dispersal, 
and range shift connectivity. 
 
Strategy Objective: Facilitate transition; engage coordination; increase knowledge 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Monitor connectivity (genetics, tracking, 
remote sensing). 

Compile table of connectivity (daily 
through range shift) vulnerability by 
species. 
 

Identify and remove barriers. 

Tactic effectiveness 
(risks) 

Moderate High High 

Implementation urgency  
 

   

Where can tactics be 
applied? (geographic) 
 

Greater Yellowstone Area Greater Yellowstone Area Greater Yellowstone Area 

Opportunities for 
implementation 
 
 

New technologies (e.g., eDNA, remote 
cameras, GPS collars) make this more 
accessible 

  

Cost 
 

   

Barriers to 
implementation 
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Table 9A.13—Adaptation options that address climate change effects on wildlife in the GYA Subregion. 

Sensitivity to climatic variability and change: Moose prefer colder temperatures; increased disease potential in warmer climates; increased algal 
growth in warmer ponds; precipitation patterns affect growth of preferred vegetation. 
 
Adaption Strategy / Approach: Maintain healthy moose habitats (e.g., riparian, aspen, spruce-fir) and populations. 
 
Strategy Objective: Reduce stressors; engage coordination. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Reduce mortality; coordinate with state 
agencies to reduce hunting quotas; 
coordinate to reduce highway mortality. 
 

Increase knowledge and monitoring of 
disease and pests. 

Improve riparian habitat: see 
beaver sheet. 

Tactic effectiveness 
(risks) 

Moderate Moderate High 

Implementation urgency  
 

   

Where can tactics be 
applied? (geographic) 
 

Greater Yellowstone Area Greater Yellowstone Area Greater Yellowstone Area 

Opportunities for 
implementation 
 

   

Cost 
 

   

Barriers to 
implementation 
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Table 9A.14—Adaptation options that address climate change effects on wildlife in the GYA Subregion. 

Sensitivity to climatic variability and change: Loss of aspen due to warmer, drier climate and lower water table. 
 
Adaption Strategy / Approach: Maintain adequate habitat structural diversity to support ruffed grouse populations. 
 
Strategy Objective: Promote resilience; increase knowledge. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Promote disturbance (fire, cutting) in 
older aspen stands. 

Protect from grazing (fencing, manage 
grazing). 

Reduce conifer competition (fire, 
cutting) in any age aspen stand. 

Tactic effectiveness 
(risks) 

High High High 

Implementation urgency  
 

   

Where can tactics be 
applied? (geographic) 
 

Greater Yellowstone Area Greater Yellowstone Area Greater Yellowstone Area 

Opportunities for 
implementation 
 

   

Cost 
 

   

Barriers to 
implementation 
 

   

 

 

DRAFT



Table 9A.15—Adaptation options that address climate change effects on wildlife in the GYA Subregion. 

Sensitivity to climatic variability and change: Loss of sage and grassland habitat for greater sage grouse.  
 
Adaption Strategy / Approach: Maintain adequate sage grassland communities, with inclusion of mesic meadows (brood rearing), for greater sage 
grouse. 
 
Strategy Objective: Promote resilience, reduce stressors, increase knowledge 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C Specific Tactic – D
Tactic 
 
 

Manage fire to maintain 
desired habitat (see sage-
grouse conservation 
strategy). 

Control invasive 
vegetation. 

Restore formerly cultivated 
land. 

Limit anthropogenic disturbance  
(e.g., grazing, hunting, 
infrastructure). 
 

Tactic effectiveness 
(risks) 

High Low to High depending on 
the invasive species 

Low to high depending on 
site conditions 

High 

Implementation 
urgency  
 

    

Where can tactics be 
applied? 
(geographic) 
 

Greater Yellowstone Area Greater Yellowstone Area Greater Yellowstone Area Greater Yellowstone Area 

Opportunities for 
implementation 
 

    

Cost     

Barriers to 
implementation 
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Table 9A.16—Adaptation options that address climate change effects on wildlife in the Western Subregion. 

Sensitivity to climatic variability and change: Conversion to nonnatives; change in fire frequency; reduction in cover; change of available forage 
could affect insects, affecting mountain quail habitat. 
 
Adaption Strategy / Approach: Reduce stressors on mountain quail. 
 
Strategy Objective: Promote resilience, reduce stressors 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Reduce high intensity burns using fuel 
breaks and late winter burning to reduce 
fuel buildup. 

Maintain conifer components, including 
north face and higher elevation riparian 
stringers to retain moisture in 
microsites; replant; protect from burning; 
avoid harvesting. 
 

Need more information on insect 
production and the forb component 
associated with moist areas; how 
will insects react with phenology 
changes? 

Tactic effectiveness 
(risks) 

   

Implementation urgency  
 

   

Where can tactics be 
applied? (geographic) 
 

Western subregion Western subregion Western subregion 

Opportunities for 
implementation 
 

   

Cost 
 

   

Barriers to 
implementation 
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Table 10A.1—Adaptation options that address climate change effects on recreation in the Central Subregion. 

Sensitivity to climatic variability and change: Risk to infrastructure with changes in the frequency and severity of natural hazards and disturbances. 
 
Adaption Strategy / Approach: Manage recreation sites to mitigate natural hazards. 
 
Strategy Objective: Increase the resiliency of recreation sites by reducing threats and encouraging coordination with partners.  
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Maintain safety by assessing risk 
factors.  
 

Identify flood plains and risks to 
campgrounds (developed sites) and  
dispersed recreation sites. 

Identify effects after disturbance to 
recreation sites and prioritize treatments 
or conversions (e.g., relocate, arming, 
and/or mitigation measures). 
 

Tactic effectiveness 
(risks) 

Moderate–high  Moderate–high High 

Implementation urgency  
 

Near term Near term Near term 

Where can tactics be 
applied? (geographic) 
 

Forest lands or adjacent lands; 
high risk disturbance areas 

Forest wide  National Forest System lands  

Opportunities for 
implementation 
 
 

Work with other agencies, such as 
the Federal Emergency 
Management Agency; use existing 
data for tree mortality and add 
species and overlay  of use areas  
 

Model risk of storm events, such as 
rain-on-snow events and flood events 
(including post-fire floods) 
 

Rapid assessment teams; learn from 
other agencies, such as the Park Service 

Cost Moderately expensive 
 

Moderately expensive Moderately expensive 

Barriers to 
implementation 
 

Some - organizational will; 
leadership commitment; internal 
resistance, priority setting; 
integration and interpretation of 
data and models 

Some - external partner support and 
coordination 

Some - forest capacity (resources and 
funding); public resistance to relocations 
and closures 
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Table 10A.2—Adaptation options that address climate change effects on recreation in the Central Subregion. 

Sensitivity to climatic variability and change: Changes in demand for warm weather recreation. 
 
Adaption Strategy / Approach: Transition to address extended seasons or changing use patterns. 
 
Strategy Objective: Provide sustainable recreation opportunities in response to changing demand. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Assess use patterns to understand 
demand shifts and address recreation 
niches identified for the area. 
 

Identify natural resource impacts 
and increase coordination with 
partners and concessionaires.  

Adjust capacity issues such as 
enlarging campgrounds and fee 
opportunities. 

Tactic effectiveness 
(risks) 

Moderate  Moderate-high High  

Implementation urgency  
 

Near term Mid term Mid term 

Where can tactics be 
applied? (geographic) 
 

National, regional, forest and local 
levels 

Forest level  Local level 

Opportunities for 
implementation 
 

Coordinate with states, local 
communities; enhance National Visitor 
Use and Monitoring processes with 
sub-surveys  
 

Annual operation meetings,  
meetings with target user groups, 
special interest groups meetings  
          

Limited opportunities  

Cost 
 

Moderately expensive  Moderately expensive  Moderate – expensive  

Barriers to 
implementation 
 

Ability to acquire or predict patterns of 
use is difficult because demand is 
difficult to determine; lack of leadership 
support to engage in studies; low 
priority in program of work regionally 
and nationally; declining budgets and 
staffing  

Shifting demographics Political and environmental justice fees 
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Table 10A.3—Adaptation options that address climate change effects on winter recreation in the Central Subregion. 

Sensitivity to climatic variability and change: Threats to winter recreation 
 
Adaption Strategy / Approach: Transition to address shorter average season and changing use patterns. 
 
Strategy Objective: Provide sustainable recreation in response to changing demand. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Shift winter use, address safety 
concerns, and engage partners to 
implement changes needed in 
use. 
 

Create management areas and direction 
addressing concentrated winter use 
areas through forest planning; 
communicate with partners, cooperators 
and other agencies and maintain 
recreation internet sites with access 
information. 
 

Relocate sites as necessary and add 
signs to guide the public. 

Tactic effectiveness 
(risks) 

Moderate Moderate-high Moderate  

Implementation urgency  
 

Mid term  Near term  Mid term  

Where can tactics be 
applied? (geographic) 
 

Winter recreation sites Designated management areas Winter recreation sites  

Opportunities for 
implementation 
 
 
 

Nordic clubs; special interest 
groups; partnerships; increased 
public interest; impacts as climate 
changes  

Forest Planning – Revision Efforts  
Project planning  
Avalanche Centers 
State Agreements  

Integrate projects to include recreation; 
large landscape efforts; adjusted 
stewardship law to include recreation  

Cost 
 

Moderately expensive  Moderately expensive  Expensive  

Barriers to 
implementation 
 

Our ability to respond  Timing, unclear direction for those not in 
revision; lacks leadership support to 
engage   
 

Environmental resources; cultural and 
political  
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Table 10A.4—Adaptation options that address climate change effects on recreation in the Eastern Subregion. 

Sensitivity to climatic variability and change: Recreation access needs may change with climate change, including change to location, season of 
use, type of use, and duration of use. 
 
Adaption Strategy / Approach: Ensure that access is adequate for projected recreation use and demand and compatible with resource and climate 
change conditions. 
 
Strategy Objective:  Facilitate transition of recreation access to ensure relevancy and resiliency by season of use and changing use patterns. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Evaluate and prioritize existing 
access by season (e.g., trailheads 
and trails) to ensure consistency with 
changing recreation opportunity 
spectrum settings with climate 
change. 
 

Identify new access needs and 
potential changes to existing access 
by season.  

Strategically invest in new and 
potential changes to existing access 
by season. 

Tactic effectiveness (risks) High High High/moderate 

Implementation urgency  
 

Near term Mid term Mid term 

Where can tactics be 
applied? (geographic) 

Federal lands Federal lands Federal lands 

Opportunities for 
implementation 
 

Partners Partners Partners 

Cost Moderate Moderate Moderate 

Barriers to implementation 
 

Some (funding/capacity) Some (funding/capacity) Some (funding) 
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Table 10A.5—Adaptation options that address climate change effects on recreation in the Eastern Subregion. 

Sensitivity to climatic variability and change: Recreation settings (recreation opportunity spectrum and scenery), both motorized and non-
motorized, during all seasons will be affected by the expected changes in climate. 
 
Adaption Strategy / Approach:  
Align our recreation settings with changing landscape conditions and demand. 
 
Strategy Objective: Facilitate transition of recreation settings to achieve flexibility, relevancy and resiliency; maintain those recreation settings that 
complement our niches. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Assess existing recreation 
opportunity spectrum settings and 
scenic character to determine which 
are most vulnerable to climate 
change effects. 

Develop management strategies to 
shift or maintain existing recreation 
opportunity spectrum settings and 
scenic character in response to 
climatic change. 
 

Develop a sub-regional niche. 

Tactic effectiveness (risks) High High Moderate/low 

Implementation urgency  
 

Mid term Mid term Near term 

Where can tactics be 
applied? (geographic) 

Federal lands Federal lands Federal lands 

Opportunities for 
implementation 
 

None 
 

None None 

Cost Moderately expensive Moderately expensive Inexpensive 

Barriers to implementation 
 

Some barriers Some barriers None 
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Table 10A.6—Adaptation options that address climate change effects on recreation in the Eastern Subregion. 

Sensitivity to climatic variability and change: Cultural and heritage resources may be affected by changes in climate, technology, demographics, 
and culture. 
 
Adaption Strategy / Approach: Protect cultural and heritage sites and the sacred uses of traditional cultural landscapes.  
 
Strategy Objective: Acknowledge the importance of cultural and heritage sites and protect valuable sites. 
 
 Specific Tactic – A Specific Tactic – B
Tactic 
 
 

Inventory and identify those areas at most risk to 
climate change and changes in use patterns, and 
mitigate the effects. 
 

Develop interpretation and education opportunities to educate 
the public in areas or resources most at risk. 
 

Tactic effectiveness 
(risks) 

Moderate Moderate 

Implementation urgency  
 

Near term Near term 

Where can tactics be 
applied? (geographic) 
 

Greater Yellowstone Area 
 

Greater Yellowstone Area 
 

Opportunities for 
implementation 
 
 
 

Tribes; Tribal Historic Preservation Office; universities, 
State Historic Preservation Officer; Passport in Time 
volunteers  

Tribes; Tribal Historic Preservation Office; universities, State 
Historic Preservation Officer; Passport in Time volunteers 

Cost 
 

Expensive Moderately expensive 

Barriers to 
implementation 
 

Some - Forest Service capacity and funding Some - Forest Service capacity and funding 
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Table 10A.7—Adaptation options that address climate change effects on recreation in the Eastern Subregion. 

Sensitivity to climatic variability and change: Recreation user demand and the shift in recreation activity, amount of use, and patterns of use will be 
driven by climate change, technology, demographics, and culture.  
 
Adaption Strategy / Approach: Align our recreation opportunities with future demand to commercial (permitted) and non-commercial recreation 
users. 
 
Strategy Objective: Facilitate transition of recreation opportunities to achieve flexibility, relevancy and resiliency. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 
 

Understand the changes in 
demand, demographics, and 
economic trends, both regionally 
and nationally. 
 

Conduct research to clearly identify 
localized impacts of climate change. 

Conduct research to understand the 
latest and upcoming technology that 
impacts recreation. 

Tactic effectiveness 
(risks) 

High High High 

Implementation urgency  
 

Near term Near term Near term 

Where can tactics be 
applied? (geographic) 
 

   

Opportunities for 
implementation 
 

Partners, research, university, non-
governmental organizations 

Partners, research, university, non-
governmental organizations 

Partners, research, university, non-
governmental organizations 

Cost Moderate Moderate Moderate 

Barriers to 
implementation 
 

Some - expertise, agency culture Some - expertise, agency culture Some - expertise, agency culture 
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Table 10A.8—Adaptation options that address climate change effects on recreation in the Eastern Subregion. 

Sensitivity to climatic variability and change: The future viability of recreation facilities will be affected by changes in climate.  
 
Adaption Strategy / Approach: Provide recreation facilities that accommodate future demand, and reduce user and natural resource conflicts.   
 
Strategy Objective: Facilitate transition of recreation opportunities to achieve flexibility, relevancy and resiliency. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Prioritize existing recreation facilities, by 
season, for viability, investment, and 
change in services. 
 

Invest strategically in developed 
recreation facilities. 

Design facilities for flexibility in 
use. 

Tactic effectiveness 
(risks) 

Moderate Moderate-high Moderate 

Implementation urgency  
 

Near term Mid term Mid term 

Where can tactics be 
applied? (geographic) 
 

   

Opportunities for 
implementation 
 

Partners, including permittees, public 
and non-governmental organizations 

None None 
 

Cost Moderate Expensive Moderate 

Barriers to 
implementation 
 

Some - funding, internal agency Some - funding Some - funding and capacity 
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Table 10A.9—Adaptation options that address climate change effects on recreation in the GYA Subregion. 

Sensitivity to climatic variability and change: Archeological sites are susceptible to damage and destruction with increase in wildland fires, erosion 
and floods, vandalism due to increased recreation activities and longer summer season, and rot from loss of protective snow cover hiding archeological 
sites. 
 
Adaption Strategy / Approach: Get cultural resources more involved in the climate change discussion.
 
Strategy Objective: Increase education and reduce stressors.  
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C Specific Tactic – D
Tactic 
 
 

Increase pro-active surveys 
and site recording.  

Increase post-fire 
inventories. 

Prioritize site sensitivities 
and management allocation. 
 

Mitigate adverse effects.  
 

Tactic effectiveness 
(risks) 

High 
 

High Medium Medium-high 

Implementation 
urgency  
 

Near term Near term Near term Near term 

Where can tactics be 
applied? 
(geographic) 
 

High elevation – determine 
locations by predictive 
modeling 

In burned areas Unit wide Site specific 

Opportunities for 
implementation 
 
 

Section 110 of National 
Historic Preservation Act; 
engage with university 
partners; historical societies; 
Passport in Time projects 
 

Burned area emergency 
response; engage with 
university partners 

Forest Service manual Section 110 of National 
Historic Preservation Act 
(when not related to specific 
undertaking) 

Cost 
 

Moderately expensive Moderately expensive Inexpensive Expensive 

Barriers to 
implementation 
 

Forest leadership team may 
not see benefit, would rather 
concentrate on support to 
other functions 

Limitation of use of burned 
area emergency response 
funds 

None Major costs 
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Table 10A.10—Adaptation options that address climate change effects on recreation in the GYA Subregion. 

Sensitivity to climatic variability and change: Infrastructure location, sizing, safety, and resource protection. Will our infrastructure be able to 
accommodate the projected future use in a safe manner, considering shorter winters with less snow, increased and earlier runoff, increased erosion, 
increased hazard trees from insects, disease and windthrow mortality, population shifts to higher elevation, and rapidly growing outdoor recreation 
locations? 
 
Adaption Strategy / Approach: Proactively determine sites where projected climate change impacts may cause safety, resource or recreation-quality 
issues.   
 
Strategy Objective: Assess infrastructure and set priorities while considering limited funding and capacity. 
 
 Specific Tactic – A Specific Tactic – B 
Tactic 
 
 

Install appropriately sized culverts; relocate 
infrastructure; or eliminate infrastructure.  
 

Develop additional restrictions in the permitting process, seasonal 
closures or allowable uses. 

Tactic effectiveness 
(risks) 
 

Very high Medium 

Implementation 
urgency  
 

Near to mid term, unless major infrastructure, then 50 
years. 

Near term 

Where can tactics be 
applied? 
(geographic) 
 

After catastrophic events using burned area 
emergency response funds; first priorities from 
climate analysis 
 

Where needed – site specific 

Opportunities for 
implementation 
 

Department of Transportation, Emergency Relief for 
Federally Owned Roads 

Existing user groups 

Cost 
 

Expensive, except when incorporated in already 
funded projects.   
 

Moderately expensive – staff time 

Barriers to 
implementation 

None to major: funding; political and social barriers to 
road closures 

Some barriers: social and political  
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Table 10A.10 (cont.)—Adaptation options that address climate change effects on recreation in the GYA Subregion 

Sensitivity to climatic variability and change: Infrastructure location, sizing, safety, and resource protection. Will our infrastructure be able to 
accommodate the projected future use in a safe manner, considering shorter winters with less snow, increased and earlier runoff, increased erosion, 
increased hazard trees from insects, disease and windthrow mortality, population shifts to higher elevation, and rapidly growing outdoor recreation 
locations? 
 
Adaption Strategy / Approach: Proactively determine sites where projected climate change impacts may cause safety, resource or recreation-quality 
issues.   
 
Strategy Objective: Assess infrastructure and set priorities while considering limited funding and capacity. 
 
 Specific Tactic – C Specific Tactic – D
Tactic 
 
 

Develop new opportunities or new recreation sites; be 
proactive in encouraging use in locations where the use 
will be sustainable and resources can support the use. 
 

Monitor closure and restriction dates and set trigger points to 
determine changes. 
 

Tactic effectiveness 
(risks) 
 

Very high Moderate 

Implementation 
urgency  
 

Near – mid term Near term 

Where can tactics be 
applied? 
(geographic) 
 

Urban interface Site specific 

Opportunities for 
implementation 
 
 

Any rec site planning process Unit level; user groups 

Cost 
 

Expensive Moderately expensive – staff time 

Barriers to 
implementation 
 

Some Some: lack of staff time; lack of priority 
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Table 10A.11—Adaptation options that address climate change effects on recreation in the GYA Subregion. 

Sensitivity to climatic variability and change: Lower snow amounts, earlier snowmelt and a longer summer season.
 
Adaption Strategy / Approach: Focus on regulation, education, enforcement, and infrastructural changes.
 
Strategy Objective: Increase education and reduce stressors.  
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C Specific Tactic – D
Tactic 
 
 

Adjust dates of orders, as 
needed, such as extended 
dates of food storage, travel 
management, closures and 
trail shares. 
 

Implement social media 
technology to disperse use, 
direct users, educate, and 
promote etiquette. 

Engage Chambers of Commerce 
and Development organizations to 
help deal with the increased 
pressures on forest and park 
resources. 

Install infrastructure 
as needed (e.g., 
fences, signs, gates). 

Tactic 
effectiveness 
(risks) 

Medium-high  Medium-high Low-medium Moderate 

Implementation 
urgency  

Near term Near term Mid to long term Near term 

Where can tactics 
be applied? 
(geographic) 

Anywhere appropriate, but 
especially in areas with high 
occurrence of resource-user 
conflicts 

Everywhere – messages can be 
general or site specific 

Starting with the larger urban 
centers (i.e. Jackson, Bozeman, 
Cody, Idaho Falls and Billings) 

Anywhere appropriate  

Opportunities for 
implementation 

Laws; revised travel 
management  

The “GYA app”; National 
Geographic Magazine 

Chambers of Commerce; state 
departments of tourism; state 
development councils; regional-
scale employers; influential people 
who settle in the GYA 
 

User groups; 
businesses 

Cost Inexpensive Inexpensive to medium Medium Inexpensive (with 
partners) 

Barriers to 
implementation 

Small to large, depending on 
social/cultural opposition from 
users and communities 

Medium to small - lack of 
coverage in remote areas and 
seniors not using social media; 
cost barrier 

Medium to high - internal cultural 
barriers and political differences 
and external barriers   

Low to implement; 
high to avoid 
vandalism 
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Table 10A.12—Adaptation options that address climate change effects on recreation in the GYA Subregion. 

Sensitivity to climatic variability and change: Shorter winters with less snow, and wetter or icier snow. 
 
Adaption Strategy / Approach: Consider diversifying permitted activities, assess infrastructure and recreation sites, and develop prioritization 
process and criteria.  
 
Strategy Objective: Increase knowledge, assess options, and engage industry and community partners. 
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C Specific Tactic – D
Tactic 
 
 

Develop options for 
diversifying snow-based 
recreation. 
 

Use master development 
plan to determine if we can 
add uses and extend 
seasons (or modify the 
plan). 
 

Examine viability of agency 
snow-based recreation sites, 
permitted downhill resorts 
and all permitted winter 
operations. 
 

Monitor snow dates, snow 
event dates, and snowpack 
depth. 

Tactic effectiveness 
(risks) 

High in the short-term; must 
consider cost–exclusivity and 
resource impacts 
 

Low-medium Low Moderate 

Implementation 
urgency  
 

Mid term Mid term Mid-long term Near term 

Where can tactics 
be applied? 
(geographic) 
 
 

For permitted areas, in and 
around the existing permitted 
area, within driving distance of 
population centers 
 

Within and around 
permitted area  

In and around recreation  
area 

Existing snow telemetry  
(SNOTEL) sites   

Opportunities for 
implementation 
 

   Unit 

Cost 
 

   Inexpensive (especially with 
partners) 
 

Barriers to 
implementation 

   Low to implement; high to 
avoid vandalism 
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Table 10A.13—Adaptation options that address climate change effects on recreation in the Western Subregion. 

Sensitivity to climatic variability and change: Increased human exposure to contaminated sediment due to dropping lake levels in the Coeur 
d’Alene basin and/or increased desire for water-based recreation in higher temperatures in the contaminated areas. 
 
Adaption Strategy / Approach: Avoidance of contaminated areas.
 
Strategy Objective: Reduce stressors/threat and increase knowledge.
 
 Specific Tactic – A Specific Tactic – B Specific Tactic – C
Tactic 
 
 

Cap or harden contaminated areas. 
 

Establish vegetation barriers. Concentrate use in areas that have 
been hardened.  

Tactic effectiveness (risks) High in the short-term (requires 
maintenance) 
 

High Moderate to low. 

Implementation urgency  
 

Near term (but ongoing in long term) Near term (but ongoing in long term) 
 

Near term (but ongoing in long term) 

Where can tactics be 
applied? (geographic) 

Throughout the basin, but focus on 
priority areas identified in the Coeur 
d’Alene Basin Restoration Plan 
Environmental Impact Statement 
 

Throughout the basin, but focus on 
priority areas identified in the Coeur 
d’Alene Basin Restoration Plan 
Environmental Impact Statement 

Throughout the basin, but focus on 
priority areas identified in the Coeur 
d’Alene Basin Restoration Plan 
Environmental Impact Statement 

Opportunities for 
implementation 
 

Federal, state, tribal, non-
governmental organization partners 

Federal, state, tribal, non-
governmental organization partners 

Federal, state, tribal, non-
governmental organization partners 

Cost Moderately expensive Moderately expensive Moderately expensive 

Barriers to implementation 
 

Issues with sensitive species or other 
resource concerns 

Minimal to none Social 
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Table 10A.14—Adaptation options that address climate change effects on recreation in the Western Subregion. 

Sensitivity to climatic variability and change: Increased desire for water-based recreation with higher temperatures will lead to increased dispersed 
recreation sites in riparian areas.  
 
Adaption Strategy / Approach: Limit expansion of sites and pioneering of new sites.
 
Strategy Objective: Coordinate (e.g., with other agencies and the public); reduce stressors/threat. 
 
 Specific Tactic – A Specific Tactic – B
Tactic 
 
 

Educate the public and post signs to prevent 
expansion of dispersed recreation sites in riparian 
areas. 

Design measures for resource protection, such as blocking 
access to riparian areas, and revegetating impacted areas. 
 

Tactic effectiveness (risks) Moderate Moderate 

Implementation urgency  
 

Near term (ongoing to long term) Near term (ongoing to long term) 

Where can tactics be 
applied? (geographic) 

Riparian areas on federal lands Riparian areas on federal lands 

Opportunities for 
implementation 
 

Federal, state, tribal, and private partnerships Federal, state, tribal, and private partnerships 

Cost Moderately expensive Moderately expensive 

Barriers to implementation 
 

Social Social; recognizing treaty rights to maintain access to 
traditional family use areas 
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Table 10A.15—Adaptation options that address climate change effects on recreation in the Western Subregion. 

Sensitivity to climatic variability and change: Cultural/heritage recreation and tourism (e.g., Nimiipuu Trail and Lewis and Clark Trail) and 
associated scenic driving recreation will likely be affected by increased wildland fire with changing climate.  
 
Adaption Strategy / Approach: Manage vegetation to limit wildfire impacts on recreation and tourism. 
 
Strategy Objective: Promote resiliency. 
 
 Specific Tactic – A Specific Tactic – B
Tactic 
 
 

Reduce stand density, and vary age class and species 
composition through vegetation management and/or 
prescribed fire. 

Re-establish native vegetation (e.g., forbs, grasses, and 
conifers such as whitebark pine); slow spread and 
reduce populations of invasive species. 
 

Tactic effectiveness (risks) High to moderate Moderate to low 

Implementation urgency  
 

Near term Near term 

Where can tactics be 
applied? (geographic) 

Within scenic corridors Within scenic corridors 

Opportunities for 
implementation 
 

Tribal partnerships and collaborative partnerships Cross-regional genetics improvement programs; 
federal, tribal, state, and private partnerships 

Cost Moderately expensive  Expensive 

Barriers to implementation 
 

Some (opponents to vegetation management as a tool) Some (difficulty with implementation success) 
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Table 10A.16—Adaptation options that address climate change effects on recreation in the Western Subregion. 

Sensitivity to climatic variability and change: Seasonality of whitewater rafting will likely shift with changing climate and timing of peak flows. 
 
Adaption Strategy / Approach: Increase management (primarily permitting) flexibility. 
 
Strategy Objective: Promote resiliency. 
 
 Specific Tactic – A Specific Tactic – B
Tactic 
 
 

Vary permit season to adapt to changes in peak 
flow and duration. 

Educate the public about changes in peak flows and permitting. 

Tactic effectiveness (risks) Moderate High to moderate 

Implementation urgency  
 

Mid term Mid term 

Where can tactics be 
applied? (geographic) 

Permitted rivers Permitted rivers 

Opportunities for 
implementation 
 

Agency partnerships Agency partnerships 

Cost Low Low 

Barriers to implementation 
 

Social Social 
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Table 10A.17—Adaptation options that address climate change effects on recreation in the Western Subregion. 

Sensitivity to climatic variability and change: Winter recreation (ice fishing, cross-country skiing, snowmobiling) will be at risk with increased 
temperatures. 
 
Adaption Strategy / Approach: Increase management (primarily permitting) flexibility. 
 
Strategy Objective: Promote resiliency. 
 
 Specific Tactic – A Specific Tactic – B
Tactic 
 
 

Maintain current infrastructure and expand facilities 
in areas where concentrated use increases 
(anticipate additional use as lower elevation areas 
[Missoula] have reduced snowpacks). 
 

Conduct safety education for increased risk (avalanche 
potential and thinning ice sheets). 

Tactic effectiveness (risks) Moderate Moderate 

Implementation urgency  
 

Near term Near term 

Where can tactics be 
applied? (geographic) 

Snow play areas and major lakes Snow play areas and major lakes 

Opportunities for 
implementation 
 

Fees Partnerships 

Cost Moderately expensive Low 

Barriers to implementation 
 

Social; expense Social (people do not always listen) 
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From: McKelvey, Kevin -FS
To: Zelenak, Jim
Subject: RE: Halofsky et al., in preess
Date: Wednesday, April 12, 2017 5:36:08 PM
Attachments: image001.png
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I would like to know as well.  K.
 

Kevin S. McKelvey, PhD 
Research Ecologist
Forest Service
Rocky Mountain Research Station, Wildlife and Terrestrial Ecosystems
p: 406-542-4163 
f: 406-543-2663 
kmckelvey@fs.fed.us
800 East Beckwith 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people

Personal web page               Google profile
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Wednesday, April 12, 2017 2:49 PM
To: McKelvey, Kevin -FS <kmckelvey@fs.fed.us>
Subject: Halofsky et al., in preess
 
Hi Kevin,
 
Wondering if you can tell me when finalization and publication of this document is expected?
 
Halofsky, Jessica E.; Peterson, David L.; Dante-Wood, S. Karen; Hoang, Linh; Ho, Joanne J.;
Joyce, Linda A., editors. 2017. Climate change vulnerability and adaptation in the Northern
Rocky Mountains.  Gen. Tech. Rep. RMRS-GTR-xxx. Fort Collins, CO: U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research Station. xxx p.
 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:kmckelvey@fs.fed.us
mailto:jim_zelenak@fws.gov
mailto:kmckelvey@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
http://facebook.com/USDA
http://www.fs.fed.us/research/people/profile.php?alias=kmckelvey
http://scholar.google.com/citations?user=CmG2R0QAAAAJ&hl=en
mailto:jim_zelenak@fws.gov


This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.



From: McKelvey, Kevin -FS
To: Zelenak, Jim
Subject: RE: Halofsky et al., in preess
Date: Thursday, April 13, 2017 4:57:16 PM
Attachments: image001.png

image002.png
image003.png
image004.png

I routinely check it-the RMRS editorial staff has a regularly updated spreadsheet that I can look at.  It
has been in editorial for months and I haven’t noticed much progress.  However, it’s a big thing.  K.
 

Kevin S. McKelvey, PhD 
Research Ecologist
Forest Service
Rocky Mountain Research Station, Wildlife and Terrestrial Ecosystems
p: 406-542-4163 
f: 406-543-2663 
kmckelvey@fs.fed.us
800 East Beckwith 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people

Personal web page               Google profile
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Thursday, April 13, 2017 7:33 AM
To: McKelvey, Kevin -FS <kmckelvey@fs.fed.us>
Subject: Re: Halofsky et al., in preess
 
It was provided to me as "in press" so hopefully soon. I will let you know if I hear anything.  
 
On Wed, Apr 12, 2017 at 5:35 PM, McKelvey, Kevin -FS <kmckelvey@fs.fed.us> wrote:

I would like to know as well.  K.
 

Kevin S. McKelvey, PhD 
Research Ecologist
Forest Service
Rocky Mountain Research Station, Wildlife and Terrestrial Ecosystems
p: 406-542-4163 
f: 406-543-2663 
kmckelvey@fs.fed.us
800 East Beckwith 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people

Personal web page               Google profile

mailto:kmckelvey@fs.fed.us
mailto:jim_zelenak@fws.gov
mailto:kmckelvey@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
http://facebook.com/USDA
http://www.fs.fed.us/research/people/profile.php?alias=kmckelvey
http://scholar.google.com/citations?user=CmG2R0QAAAAJ&hl=en
mailto:kmckelvey@fs.fed.us
mailto:kmckelvey@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
http://facebook.com/USDA
http://www.fs.fed.us/research/people/profile.php?alias=kmckelvey
http://scholar.google.com/citations?user=CmG2R0QAAAAJ&hl=en


 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Wednesday, April 12, 2017 2:49 PM
To: McKelvey, Kevin -FS <kmckelvey@fs.fed.us>
Subject: Halofsky et al., in preess
 
Hi Kevin,
 
Wondering if you can tell me when finalization and publication of this document is
expected?
 
Halofsky, Jessica E.; Peterson, David L.; Dante-Wood, S. Karen; Hoang, Linh; Ho, Joanne
J.; Joyce, Linda A., editors. 2017. Climate change vulnerability and adaptation in the
Northern Rocky Mountains.  Gen. Tech. Rep. RMRS-GTR-xxx. Fort Collins, CO: U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research Station. xxx p.
 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify the
sender and delete the email immediately.

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:kmckelvey@fs.fed.us
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


From: Keane, Robert E -FS
To: Zelenak, Jim
Subject: RE: Ch. 6 in Halofsky et al., eds., in press
Date: Friday, April 14, 2017 11:07:30 AM

Jim,
Thanks for this.. I’ll get it fixed ASAP… bob
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, April 14, 2017 11:05 AM
To: Keane, Robert E -FS <rkeane@fs.fed.us>
Subject: Ch. 6 in Halofsky et al., eds., in press
 

Hi Bob,
 
I downloaded a copy of the draft  Climate Change Vulnerability and Adaptation in the
Northern Rocky Mountains and noticed a minor error in Ch. 6 that I thought I'd let you know
about.
 
Lines 5774-5775, p. 212 say:
 
"Gray and Hamann (2013) estimated Engelmann spruce would move 230 ft northward
 and 550 ft higher in elevation by 2050 in the NR."
 
I think it is just rounding and unit of measurement error (feet instead of miles in the former
estimate), but I went to Gray and Hamann and saw in Table 4 on p. 299 that they project a
379-km (236-mi) northward contraction and a 167-m (548-ft) upslope movement of
Englemann spruce in the US Rockies by the 2050s.
 
I'm finding this chapter very useful for evaluating/summarizing projected Canada lynx and
snowshoe hare habitat conditions/distribution in a warming future - I'm working to finalize a
species status assessment (SSA) for the contiguous U.S. lynx distinct population segment
(DPS).
 
Thanks very much for pulling all this helpful info together - I look forward to the final
document.
 
Cheers! 
 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:rkeane@fs.fed.us
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.



From: Zelenak, Jim
To: Lisa Solberg Schwab
Cc: Tyler Abbott
Subject: Fwd: Request for info - Colorado lynx in Wyoming
Date: Tuesday, April 18, 2017 12:40:50 PM
Attachments: Summary of movements of Colorado lynx in Wyoming.pdf

Thought the attached document from Jake Ivan at Colorado Parks and Wildlife might be useful for you all.

---------- Forwarded message ----------
From: Ivan - DNR, Jake <jake.ivan@state.co.us>
Date: Tue, Apr 18, 2017 at 11:49 AM
Subject: Re: Request for info - Colorado lynx in Wyoming
To: "Zelenak, Jim" <jim_zelenak@fws.gov>
Cc: "Odell - DNR, Eric" <eric.odell@state.co.us>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>

Hi Jim,

The Wyoming report is attached.  I think it contains all of the information you
requested.  Let me know if you have questions.

Jake

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us

On Mon, Apr 10, 2017 at 7:57 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Same format would be fine.  Thanks very much Jake and Eric.

On Fri, Apr 7, 2017 at 5:06 PM, Ivan - DNR, Jake <jake.ivan@state.co.us> wrote:
I think I can get this done in the next few weeks.  I assume the format of the
Montana report is OK?  I have notes on how I did all of that so that's what I'll
shoot for unless I hear something different.

Jake

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us

On Mon, Apr 3, 2017 at 10:06 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
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As always, sooner is better, but whenever you can squeeze it in; in the next couple of weeks would be most
helpful.  I really appreciate it.

On Mon, Apr 3, 2017 at 10:01 AM, Odell - DNR, Eric <eric.odell@state.co.us> wrote:
Hi Jim-

I talked with Jake and this is likely something that can be produced. What is
the timeframe?

On Mon, Apr 3, 2017 at 9:44 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Jake and Eric,

A while back, you provided the attached documentation of the number of CO lynx that dispersed to
MT, how much time they spent there, and what was know about their eventual fates.

I'm working on addressing John Squires' peer review comments on the draft Lynx SSA report (along
with those you and other State agency folks submitted - thanks!), and similar information would be
helpful to evaluate John's comment that CO-released lynx "repeatedly recolonized" the Wyoming
Range/Union Pass/Togwotee Pass area of the GYA geographic area.  My understanding is that 10 CO
lynx dispersed into or through Wyoming, including a male and female that settled simultaneously but
temporarily in the area that was occupied by native resident pair that John et al. had radio-marked in the
late 1990s, but the CO lynx eventually left without reproducing.

If you could provide a summary for CO lynx in Wyoming like the one you prepared for me for
Montana, it would really help me understand the pattern of lynx use/movements into and through
Wyoming and respond appropriately to John's peer review comments.

Let me know if you can do this.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Eric Odell
Species Conservation Program Manager
Terrestrial Section

P 970.472.4340  |  F 970.472.4458  |  C 970.217.3915
317 West Prospect Road, Fort Collins, CO 80526
eric.odell@state.co.us  |  cpw.state.co.us
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Bryon Holt; Kurt Broderdorp; Betty Grizzle; Squires, John -FS; McKelvey, Kevin -FS; Jackson, Scott -FS; Hanvey,

Gary -FS; megan_kosterman@fws.gov; Maletzke, Benjamin T (DFW); Hodges, Karen; Jeff Krupka; Lewis, Jeffrey
C (DFW); Michelle Eames; Schwartz, Michael K -FS; Kevin Aceituno; Lisa Solberg Schwab; Nichole Cudworth;
Susan Patla; Inman, Bob; Jay Kolbe; Kate Novak; Odell, Eric; Jake Ivan - DNR; Tamara Smith; Mark McCollough;
Jodi Bush; James Boyd

Subject: New Western Snow Pack paper
Date: Wednesday, April 19, 2017 4:50:30 PM

In case you haven't seen it already.

https://www.nature.com/articles/ncomms14996

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Maletzke, Benjamin T (DFW)
To: Zelenak, Jim
Subject: RE: New Western Snow Pack paper
Date: Wednesday, April 19, 2017 4:56:21 PM

Thanks Jim.  I appreciate you passing this stuff along.
 
Cheers,
Ben
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Wednesday, April 19, 2017 3:51 PM
To: Bryon Holt; Kurt Broderdorp; Betty Grizzle; Squires, John -FS; McKelvey, Kevin -FS; Jackson, Scott -
FS; Hanvey, Gary -FS; megan_kosterman@fws.gov; Maletzke, Benjamin T (DFW); Hodges, Karen; Jeff
Krupka; Lewis, Jeff C (DFW); Michelle Eames; Schwartz, Michael K -FS; Kevin Aceituno; Lisa Solberg
Schwab; Nichole Cudworth; Susan Patla; Inman, Bob; Jay Kolbe; Kate Novak; Odell, Eric; Jake Ivan -
DNR; Tamara Smith; Mark McCollough; Jodi Bush; James Boyd
Subject: New Western Snow Pack paper
 
In case you haven't seen it already.
 
https://www.nature.com/articles/ncomms14996
 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Hanvey, Gary -FS
To: Zelenak, Jim
Cc: Jackson, Scott -FS
Subject: RE: New Western Snow Pack paper
Date: Thursday, April 20, 2017 8:35:32 AM

Have a meeting to review a Mesocarnivore Monitoring Plan Draft in an hour or so, and will look at

your message in detail later today.  But your 1st paragraph below is right on the nose!!!!
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Thursday, April 20, 2017 8:30 AM
To: Hanvey, Gary -FS <ghanvey@fs.fed.us>
Cc: Jackson, Scott -FS <sjackson03@fs.fed.us>; Katrina Dixon <katrina_dixon@fws.gov>; Olenicki,
Thomas <thomas_olenicki@fws.gov>
Subject: Re: New Western Snow Pack paper
 
Thanks Gary.
 
I look forward to whatever you can provide.
 
A consistent theme we're hearing from SSA peer reviewers and some state reviewers is that
while the NRLMD, SRLA, CAs and other implementation of LCAS
measures/recommendations (e.g., revised or amended BLM plans) have filled the regulatory
void that was the reason the lynx DPS was listed, there has, to date, been no effectiveness
monitoring to determine whether/how effective the new regulatory mechanisms have been at
conserving lynx habitats and populations of federal lands
 
Of course some reviewers claim that the threat for listing has been adequately addressed, that
the current plans ensure adequate regulatory mechanisms, and that most DPS populations are
stable (though they provide no scientific evidence of that stability), and therefore we should
delist the DPS immediately.  There's little talk of long-term certainty of implementation if lynx
were delisted, though I think most folks agree that USFS/BLM/NPS as well as state mgmt
agencies wouldn't suddenly roll back all lynx protections if the DPS was delisted.
 
Anyway, sooner or later (hopefully sooner), we will need some analysis at least of how
effective the amended/revised plans/regs have been at avoiding/minimizing impacts to lynx
and hare habitats and maintaining resident lynx on the landscape. I think what would go a long
way is an assessment of the current status of LAUs in terms of meeting the 30% standard (like
what you and Reed provided from the Flathead recently, but for all forests with mapped lynx
habitat and designated LAUs) and, if possible, comparing the current condition to what the
LAUs were probably like at the time of listing, and maybe even trying to compare to the likely
natural (pre- timber harvest, thinning, and fire suppression) conditions. Where LAUs have
changed from meeting to not meeting the standard (or vice-versa), it would be really good to
know what changes were driven by mgmt. (harvest, thinning, fire suppression) and what
changes resulted from wildfire.  My understanding is that most places where LAUs went from
meeting the standard to not meeting it, it was because of fire.  But it would be good to show
exactly how often that has been the case.
 
Also, in the fire risk assessment model, you say 0-20 years will be used for "early stand
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initiation" and that this is equivalent to the "not suitable"/"not currently providing habitat"
used to determine compliance with VEG S1. I was under the impression that for the latter,
once it hits 11 years old, it goes back into "suitable"/"currently providing habitat" category. 
I've copied Kat and Tom so they can tell me if I'm off base on that.
 
Also copied Scott so he has a feel for the kind of information/analysis we might need to work
on together soon.
 
Apparently, neither of us could generate a brief email if our lives depended on it.  I have a
similar problem when I talk to Scott on the phone.... ;-).
 
Hope all is well.
 
On Wed, Apr 19, 2017 at 6:03 PM, Hanvey, Gary -FS <ghanvey@fs.fed.us> wrote:

Thanks Jim.
 
I’ve been meaning to call you and discuss some of the info on habitat condition you thought I
might be able to help with, but I just haven’t had time.  But, I am having some GIS folks here in the
RO develop some mapping products for Forests in R1 per a request from the Regional Fire/Fuels
Staff.  They are working on a fire risk assessment model that predicts highest potential for wildfire
in R1 relative to existing fuels conditions – the model will also provide info on highest priority
areas for fuels reduction projects in R1.  Their assessment includes considerations for at risk
resources [ eg….. communities, municipal watersheds, powerlines, whitebark pine, ect….. and lynx
habitat].  Because the model bases risk of wildfire on fire response per existing veg conditions, we
are stratifying lynx habitat by three categories that includes early stand initiation forest (0 -20
years old), young regeneration (20-40 years old) and mature (>40 years old).  The early stand
initiation stage (0 -20 years) would be equivalent to the unsuitable condition for lynx that we use
to determine compliance w/ Standard VEG S1 – the threshold for the VEG S1 standard is that no
more than 30% of an LAU can be in unsuitable condition during winter (ie….. does not provide
habitat for SSH or lynx in winter).   Large wildfires create such conditions and recently such fires
have been occurring at increased frequencies. As I have suggested, stands burned by wildfires on
the BT can take much longer than 20 years to regenerate – we think that may also be true on east
side MT forests were AF/ES stands (lynx habitat) occurs at higher elevations w/ shorter growing
seasons, as is the case in WY. 
 
Anyway, my point is that we can provide you with maps where these existing unsuitable habitat
conditions occur – the 0 – 20  year old stratification depicted on these maps would include new
stands via wildfire and regen timber harvest.  This GIS exercise was to be made available this week
– but, I don’t know if they are on schedule or not. We can talk more on the phone
 
Why can I never keep messages to you short??
 
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Wednesday, April 19, 2017 4:51 PM
To: bryon_holt@fws.gov; kurt_broderdorp@fws.gov; Betty Grizzle <betty_grizzle@fws.gov>;
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Squires, John -FS <jsquires@fs.fed.us>; McKelvey, Kevin -FS <kmckelvey@fs.fed.us>; Jackson,
Scott -FS <sjackson03@fs.fed.us>; Hanvey, Gary -FS <ghanvey@fs.fed.us>;
megan_kosterman@fws.gov; Maletzke, Benjamin T (DFW) <Benjamin.Maletzke@dfw.wa.gov>;
Hodges, Karen <karen.hodges@ubc.ca>; Jeff_krupka@fws.gov; Lewis, Jeffrey C (DFW)
<Jeffrey.Lewis@dfw.wa.gov>; Michelle Eames <michelle_eames@fws.gov>; Schwartz, Michael K -
FS <michaelkschwartz@fs.fed.us>; Kevin Aceituno <kevin_aceituno@fws.gov>; Lisa Solberg
Schwab <lisa_solbergschwab@fws.gov>; Nichole Cudworth <nichole.bjornlie@wyo.gov>; Susan
Patla <susan.patla@wyo.gov>; Inman, Bob <bobinman@mt.gov>; Jay Kolbe
<jkolbe.fwp@gmail.com>; Kate Novak <kate_novak@fws.gov>; Eric.Odell@state.co.us; Jake Ivan -
DNR <Jake.ivan@state.co.us>; Tamara_Smith@fws.gov; mark_mccollough@fws.gov;
Jodi_Bush@fws.gov; James Boyd <james_boyd@fws.gov>
Subject: New Western Snow Pack paper
 
In case you haven't seen it already.
 
https://www.nature.com/articles/ncomms14996
 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify the
sender and delete the email immediately.

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Hanvey, Gary -FS
Subject: Re: FW: Lynx Ecology RIM Proposal
Date: Thursday, April 20, 2017 10:43:52 AM
Attachments: JZ Qs on RIM Proposal_Lynx_RMRS_Squires_14March2017_FINAL.docx

Thanks Gary.  Lots of good and necessary work proposed - I hope you and John get the funding for it.

I have a couple questions on Johns proposal doc - see attached - mostly about where some of these products reside,
because they would be really useful to have for consideration in the final SSA.

On Wed, Apr 19, 2017 at 6:34 PM, Hanvey, Gary -FS <ghanvey@fs.fed.us> wrote:

Jim, attached is a proposal we submitted to our R1 Budget folks to secure funding for
assessments we have asked Squires to conduct relative to lynx and lynx habitat use in his
study area in Western MT.  The attached provides a breakdown of the assessments we want
John to address over the next two year period.  Our objective is to develop the science
necessary to inform changes in management direction provided in the NRLMD.  Obviously,
these assessments would also inform recovery planning.

 

As you may or may not know, John and Joe Holbrook have completed a  few assessments
already (a lynx habitat quality map for “the boot” in NW MT, a SSH habitat quality map in
NW MT, and an assessment that relates HC  to SSH density).  All three papers have or will
be submitted for publication.

 

A small team of FS folks here in the RO [Scott, Barry Bollenbacher (our Regional
Silviculturist), and myself] meet 2-3 times a month with John, Joe, and Russ Graham
(RMRA Research Silviculturist) to discuss John’s assessments.  Our goal is to focus John’s
work on addressing lynx management questions that best inform changes in management
direction.  We should try and  pull you into this process – what do you think?

 

By the way, the attachments are budget proposals and a bit “sensitive” – so, please don’t
forward to others. 

 

From: Hanvey, Gary -FS 
Sent: Wednesday, March 15, 2017 4:39 PM
To: Jackson, Scott -FS <sjackson03@fs.fed.us>
Subject: Lynx Ecology RIM Proposal
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This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender
and delete the email immediately.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Dixon, Katrina
Cc: Hanvey, Gary -FS; Jackson, Scott -FS; Olenicki, Thomas
Subject: Re: New Western Snow Pack paper
Date: Thursday, April 20, 2017 12:06:36 PM

Thanks Kat - that certainly makes more sense than just applying a certain time frame, given differences in climate,
precip., topography, soils, etc., that all can influence time to recovery/development of winter hare habitat.

And thanks for the clarifying thoughts on "suitable"/"unsuitable" - I agree those are troubling terms that are maybe
best avoided. 

On Thu, Apr 20, 2017 at 11:54 AM, Dixon, Katrina <katrina_dixon@fws.gov> wrote:
Jim - 

To answer your question on timing after a fire or regen harvest, no certain number of years
are defined in the direction for when it meets the standard or not.  The standards says if more
than 30% of the lynx habitat in the LAU is currently in a stand initiation structural stage that
does not yet provide winter snowshoe hare habitat...  It does not provide a timeframe.  The
best information available for that area should be used to determine whether acres should
count toward VEGS1 or not. 

Anyhow, I rely on the information provided by the biologist in their analysis, based on their
expertise in the area.  Different areas regenerate at different speeds.  Whether or not they put
in a year for modelling at the LAU scale, I don't know but at the project scale, the units are
ground truthed, so it doesn't matter how many years have passed, it is what it is on the
ground and that is what they call it (not called something just because it has been a certain #
of years).  For the model at the larger LAU or multiple LAUs, I would imagine the eastern
Forests might use a different timeframe than the western, wetter Forests.  

Also, just noting that VEGS1 does not mention unsuitable.  This term is misleading.  At
some point after the disturbance stand initiation can be suitable.  While it may not be
providing winter hare habitat yet, it might be providing summer habitat and thus is not
completely unsuitable. If it is not winter habitat yet, it counts towards the 30%, once it is
winter it does not, but that is not saying it is unsuitable.  The standard was developed to help
maintain a mosaic of structural stages, so we wouldn't end up with a large proportions of any
LAU being all 1 age class.  I could see calling it unsuitable directly after the disturbance and
for some time after that because it lacks forage, cover, denning, etc but habitat does not go
directly from unsuitable to good winter hare habitat.  There is something in between.  That is
why stand initiation is used rather than unsuitable.  It describes the structural stage of the
habitat not the quality.

Katrina

On Thu, Apr 20, 2017 at 8:29 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Gary.

I look forward to whatever you can provide.

A consistent theme we're hearing from SSA peer reviewers and some state reviewers is that while the NRLMD,
SRLA, CAs and other implementation of LCAS measures/recommendations (e.g., revised or amended BLM
plans) have filled the regulatory void that was the reason the lynx DPS was listed, there has, to date, been no
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effectiveness monitoring to determine whether/how effective the new regulatory mechanisms have been at
conserving lynx habitats and populations of federal lands

Of course some reviewers claim that the threat for listing has been adequately addressed, that the current plans
ensure adequate regulatory mechanisms, and that most DPS populations are stable (though they provide no
scientific evidence of that stability), and therefore we should delist the DPS immediately.  There's little talk of
long-term certainty of implementation if lynx were delisted, though I think most folks agree that
USFS/BLM/NPS as well as state mgmt agencies wouldn't suddenly roll back all lynx protections if the DPS
was delisted.

Anyway, sooner or later (hopefully sooner), we will need some analysis at least of how effective the
amended/revised plans/regs have been at avoiding/minimizing impacts to lynx and hare habitats and
maintaining resident lynx on the landscape. I think what would go a long way is an assessment of the current
status of LAUs in terms of meeting the 30% standard (like what you and Reed provided from the Flathead
recently, but for all forests with mapped lynx habitat and designated LAUs) and, if possible, comparing the
current condition to what the LAUs were probably like at the time of listing, and maybe even trying to compare
to the likely natural (pre- timber harvest, thinning, and fire suppression) conditions. Where LAUs have changed
from meeting to not meeting the standard (or vice-versa), it would be really good to know what changes were
driven by mgmt. (harvest, thinning, fire suppression) and what changes resulted from wildfire.  My
understanding is that most places where LAUs went from meeting the standard to not meeting it, it was because
of fire.  But it would be good to show exactly how often that has been the case.

Also, in the fire risk assessment model, you say 0-20 years will be used for "early stand initiation" and that this
is equivalent to the "not suitable"/"not currently providing habitat" used to determine compliance with VEG S1.
I was under the impression that for the latter, once it hits 11 years old, it goes back into "suitable"/"currently
providing habitat" category.  I've copied Kat and Tom so they can tell me if I'm off base on that.

Also copied Scott so he has a feel for the kind of information/analysis we might need to work on together soon.

Apparently, neither of us could generate a brief email if our lives depended on it.  I have a similar problem
when I talk to Scott on the phone.... ;-).

Hope all is well.

On Wed, Apr 19, 2017 at 6:03 PM, Hanvey, Gary -FS <ghanvey@fs.fed.us> wrote:

Thanks Jim.

 

I’ve been meaning to call you and discuss some of the info on habitat condition you thought I
might be able to help with, but I just haven’t had time.  But, I am having some GIS folks here in
the RO develop some mapping products for Forests in R1 per a request from the Regional
Fire/Fuels Staff.  They are working on a fire risk assessment model that predicts highest
potential for wildfire in R1 relative to existing fuels conditions – the model will also provide
info on highest priority areas for fuels reduction projects in R1.  Their assessment includes
considerations for at risk resources [ eg….. communities, municipal watersheds, powerlines,
whitebark pine, ect….. and lynx habitat].  Because the model bases risk of wildfire on fire
response per existing veg conditions, we are stratifying lynx habitat by three categories that
includes early stand initiation forest (0 -20 years old), young regeneration (20-40 years old)
and mature (>40 years old).  The early stand initiation stage (0 -20 years) would be equivalent
to the unsuitable condition for lynx that we use to determine compliance w/ Standard VEG S1
– the threshold for the VEG S1 standard is that no more than 30% of an LAU can be in

mailto:ghanvey@fs.fed.us


unsuitable condition during winter (ie….. does not provide habitat for SSH or lynx in winter). 
 Large wildfires create such conditions and recently such fires have been occurring at
increased frequencies. As I have suggested, stands burned by wildfires on the BT can take
much longer than 20 years to regenerate – we think that may also be true on east side MT
forests were AF/ES stands (lynx habitat) occurs at higher elevations w/ shorter growing
seasons, as is the case in WY. 

 

Anyway, my point is that we can provide you with maps where these existing unsuitable
habitat conditions occur – the 0 – 20  year old stratification depicted on these maps would
include new stands via wildfire and regen timber harvest.  This GIS exercise was to be made
available this week – but, I don’t know if they are on schedule or not. We can talk more on the
phone

 

Why can I never keep messages to you short??

 

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Wednesday, April 19, 2017 4:51 PM
To: bryon_holt@fws.gov; kurt_broderdorp@fws.gov; Betty Grizzle <betty_grizzle@fws.gov>;
Squires, John -FS <jsquires@fs.fed.us>; McKelvey, Kevin -FS <kmckelvey@fs.fed.us>; Jackson,
Scott -FS <sjackson03@fs.fed.us>; Hanvey, Gary -FS <ghanvey@fs.fed.us>;
megan_kosterman@fws.gov; Maletzke, Benjamin T (DFW) <Benjamin.Maletzke@dfw.wa.gov>
; Hodges, Karen <karen.hodges@ubc.ca>; Jeff_krupka@fws.gov; Lewis, Jeffrey C (DFW)
<Jeffrey.Lewis@dfw.wa.gov>; Michelle Eames <michelle_eames@fws.gov>; Schwartz, Michael
K -FS <michaelkschwartz@fs.fed.us>; Kevin Aceituno <kevin_aceituno@fws.gov>; Lisa Solberg
Schwab <lisa_solbergschwab@fws.gov>; Nichole Cudworth <nichole.bjornlie@wyo.gov>;
Susan Patla <susan.patla@wyo.gov>; Inman, Bob <bobinman@mt.gov>; Jay Kolbe
<jkolbe.fwp@gmail.com>; Kate Novak <kate_novak@fws.gov>; Eric.Odell@state.co.us; Jake
Ivan - DNR <Jake.ivan@state.co.us>; Tamara_Smith@fws.gov; mark_mccollough@fws.gov;
Jodi_Bush@fws.gov; James Boyd <james_boyd@fws.gov>
Subject: New Western Snow Pack paper

 

In case you haven't seen it already.

 

https://www.nature.com/articles/ncomms14996
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--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or
disclosure of the information it contains may violate the law and subject the violator to
civil or criminal penalties. If you believe you have received this message in error, please
notify the sender and delete the email immediately.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
--------------------------------------
Katrina Dixon
Montana Field Office
US Fish and Wildlife Service
katrina_dixon@fws.gov
406-449-5225 ext. 222

-- 
Jim Zelenak, Biologist
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U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Bush, Jodi
Subject: Re: Cancelled: Lynx SSA State/Federal Partner Coordination Call
Date: Wednesday, April 26, 2017 8:08:16 AM

Thanks - I know the date but didn't want to put it out there in case it changes.

On Wed, Apr 26, 2017 at 8:04 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
its may 12 but your answer is good. 

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Apr 26, 2017 at 7:48 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Not yet Jim.  We are working to schedule that with the Regional Directors and Assistant RDs, hopefully in the
next few weeks.

On Wed, Apr 26, 2017 at 7:44 AM, Connolly, James <James.Connolly@maine.gov>
wrote:

Did the second meeting of the directorate occur to review the SSA and the additional
peer review reports and confirm what their recommendation was going to be?  

James Connolly 
Director, Bur. Resource Management
Maine Dept Inland Fisheries & Wildlife
41 State House Station
Augusta ME 04333-0041
(207) 287-5259

From: Zelenak, Jim <jim_zelenak@fws.gov>
Sent: Wednesday, April 26, 2017 9:41:47 AM
To: bob.broscheid@state.co.us; craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric;
Moore,Virgil; Dustin Miller (dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam
Eaton; rita.dixon@idfg.idaho.gov; Woodcock, Chandler; Connolly, James; Vashon, Jennifer;
moritzw@michigan.gov; bumpa@michigan.gov; kennedyd@michigan.gov;
commissioner.dnr@state.mn.us; jim.leach@state.mn.us; Paul.Telander@state.mn.us; Baker,
Richard (DNR); Erb, John D (DNR); JTubbs@mt.gov; McDonald, Ken; Inman, Bob; Jay Kolbe;
seggeman@mt.gov; Baty, Ross; glenn.normandeau@wildlife.nh.gov;
Mark.Ellingwood@wildlife.nh.gov; john.kanter@wildlife.nh.gov;
William.Staats@wildlife.nh.gov; Patrick.Tate@wildlife.nh.gov;
alexandra.sandoval@state.nm.us; stewart.liley@state.nm.us; rick.winslow@state.nm.us;
Stuart, James N., DGF; sean.murphy@state.nm.us; michael.schiavone@dec.ny.gov;
doug.stang@dec.ny.gov; curt.melcher@state.or.us; derek.j.broman@state.or.us; Gregory
Sheehan; Kimberly Hersey; louis.porter@state.vt.us; mark scott; Bernier, Chris;
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director@dfw.wa.gov; cpl@dnr.wa.gov; Lewis, Jeffrey C (DFW); Maletzke, Benjamin T (DFW);
cathy.stepp@wisconsin.gov; kurt.thiede@wisconsin.gov; Sanjay.Olson@wisconsin.gov;
Tom.Hauge@wisconsin.gov; Erin.Crain@wisconsin.gov; Owen Boyle; Roberts, Nathan M -
DNR; Rossler, Shawn T - DNR; David.MacFarland@wisconsin.gov; John.White@wisconsin.gov;
scott.talbot@wyo.gov; Bob Lanka; Zack Walker; Nichole Bjornlie; Susan Patla; Rick Kahn;
Jackson, Scott -FS; Hanvey, Gary -FS; Tripp, Kim; Christopher Boone; Sparks, James; Jonathan
Mawdsley; Kilborn, Jillian
Cc: Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt;
Kurt Broderdorp; Mark McCollough; Tamara Smith; Anna Harris; Brady McGee; Jeffrey Dillon;
Lisa Solberg Schwab; Ann Timberman; Brad Thompson; Chris Mensing; David Stilwell; David
Simmons; Drue DeBerry; Eric Rickerson; Grant Canterbury; Jeff Krupka; Szymanski, Jennifer;
Karen Cathey; Karl Halupka; Kate Novak; Kathleen Hendricks; Larry Crist; Laura Ragan; Leslie
Ellwood; Mark Maghini; Martin Miller; Megan Kosterman; Michelle Eames; Patricia Zenone;
Paul Casey; Paul Henson; Peter Fasbender; Rollie White; Sarah Hall; Scott Hicks; Sue
Livingston; Tom Chapman; Tom McDowell; Tyler Abbott; Dennis Mackey; Marjorie Nelson;
Lori Nordstrom/R6/FWS/DOI; Paul Phifer; Michael Thabault; Kurz, Gregg
Subject: Cancelled: Lynx SSA State/Federal Partner Coordination Call
 
Hi All:

We are cancelling today's scheduled coordination call.  Not much to report other than that we continue to
work to address peer and partner review comments and draft the final SSA.

Our next regularly scheduled call would be Wed., May 31.  I will send a reminder ahead of that one.

As always, feel free to email or call me if you have questions .

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Connolly, James
Cc: Jodi Bush
Subject: Re: Cancelled: Lynx SSA State/Federal Partner Coordination Call
Date: Wednesday, April 26, 2017 8:26:22 AM

That is mostly correct, Jim, except that the final SSA report will continue to be just about the science - it will not be
written or used to "support" or "justify" the recommendation.  It will provide the scientific information that decision
makers will consider when making the recommendation, but it will remain strictly about the science, not about
policy or policy determinations, and it will not take a position on those things.

My understanding is that the 5-year status review, which also will rely heavily on the final SSA, will be the
Service's formal announcement of it's recommendation regarding the ESA status of the DPS.

You are correct that any recommended change in ESA status would require subsequent rule making - publication of
a proposed rule followed by peer review and public comment, then publication of a final rule, 30 days after which
any change would become effective.

I've copied Jodi, who has much more experience with these things than I do, in case anything I've said here requires
clarification.

Hope this helps.

Jim  

On Wed, Apr 26, 2017 at 8:10 AM, Connolly, James <James.Connolly@maine.gov> wrote:
It was my understanding that after this second meeting the Service will have decided what
the recommendation will be for lynx listing.  The finalized SSA and the five year review
will support and elaborate on the information and analyses that justify that recommendation.
  I understand any actual listing decision other than staying the course at threatened must go
through a separate rule making process before it changes anything.   Is that correct?  Jim

James Connolly 
Director, Bur. Resource Management
Maine Dept Inland Fisheries & Wildlife
41 State House Station
Augusta ME 04333-0041
(207) 287-5259

From: Zelenak, Jim <jim_zelenak@fws.gov>
Sent: Wednesday, April 26, 2017 9:48:52 AM
To: Connolly, James
Cc: Jodi Bush
Subject: Re: Cancelled: Lynx SSA State/Federal Partner Coordination Call
 
Not yet Jim.  We are working to schedule that with the Regional Directors and Assistant RDs, hopefully in the
next few weeks.

On Wed, Apr 26, 2017 at 7:44 AM, Connolly, James <James.Connolly@maine.gov> wrote:
Did the second meeting of the directorate occur to review the SSA and the additional peer
review reports and confirm what their recommendation was going to be?  
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James Connolly 
Director, Bur. Resource Management
Maine Dept Inland Fisheries & Wildlife
41 State House Station
Augusta ME 04333-0041
(207) 287-5259

From: Zelenak, Jim <jim_zelenak@fws.gov>
Sent: Wednesday, April 26, 2017 9:41:47 AM
To: bob.broscheid@state.co.us; craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric;
Moore,Virgil; Dustin Miller (dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam
Eaton; rita.dixon@idfg.idaho.gov; Woodcock, Chandler; Connolly, James; Vashon, Jennifer;
moritzw@michigan.gov; bumpa@michigan.gov; kennedyd@michigan.gov;
commissioner.dnr@state.mn.us; jim.leach@state.mn.us; Paul.Telander@state.mn.us; Baker,
Richard (DNR); Erb, John D (DNR); JTubbs@mt.gov; McDonald, Ken; Inman, Bob; Jay Kolbe;
seggeman@mt.gov; Baty, Ross; glenn.normandeau@wildlife.nh.gov;
Mark.Ellingwood@wildlife.nh.gov; john.kanter@wildlife.nh.gov; William.Staats@wildlife.nh.gov;
Patrick.Tate@wildlife.nh.gov; alexandra.sandoval@state.nm.us; stewart.liley@state.nm.us;
rick.winslow@state.nm.us; Stuart, James N., DGF; sean.murphy@state.nm.us;
michael.schiavone@dec.ny.gov; doug.stang@dec.ny.gov; curt.melcher@state.or.us;
derek.j.broman@state.or.us; Gregory Sheehan; Kimberly Hersey; louis.porter@state.vt.us; mark
scott; Bernier, Chris; director@dfw.wa.gov; cpl@dnr.wa.gov; Lewis, Jeffrey C (DFW); Maletzke,
Benjamin T (DFW); cathy.stepp@wisconsin.gov; kurt.thiede@wisconsin.gov;
Sanjay.Olson@wisconsin.gov; Tom.Hauge@wisconsin.gov; Erin.Crain@wisconsin.gov; Owen
Boyle; Roberts, Nathan M - DNR; Rossler, Shawn T - DNR; David.MacFarland@wisconsin.gov;
John.White@wisconsin.gov; scott.talbot@wyo.gov; Bob Lanka; Zack Walker; Nichole Bjornlie;
Susan Patla; Rick Kahn; Jackson, Scott -FS; Hanvey, Gary -FS; Tripp, Kim; Christopher Boone;
Sparks, James; Jonathan Mawdsley; Kilborn, Jillian
Cc: Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt;
Kurt Broderdorp; Mark McCollough; Tamara Smith; Anna Harris; Brady McGee; Jeffrey Dillon;
Lisa Solberg Schwab; Ann Timberman; Brad Thompson; Chris Mensing; David Stilwell; David
Simmons; Drue DeBerry; Eric Rickerson; Grant Canterbury; Jeff Krupka; Szymanski, Jennifer;
Karen Cathey; Karl Halupka; Kate Novak; Kathleen Hendricks; Larry Crist; Laura Ragan; Leslie
Ellwood; Mark Maghini; Martin Miller; Megan Kosterman; Michelle Eames; Patricia Zenone; Paul
Casey; Paul Henson; Peter Fasbender; Rollie White; Sarah Hall; Scott Hicks; Sue Livingston; Tom
Chapman; Tom McDowell; Tyler Abbott; Dennis Mackey; Marjorie Nelson; Lori
Nordstrom/R6/FWS/DOI; Paul Phifer; Michael Thabault; Kurz, Gregg
Subject: Cancelled: Lynx SSA State/Federal Partner Coordination Call
 
Hi All:

We are cancelling today's scheduled coordination call.  Not much to report other than that we continue to work
to address peer and partner review comments and draft the final SSA.

Our next regularly scheduled call would be Wed., May 31.  I will send a reminder ahead of that one.

As always, feel free to email or call me if you have questions .
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Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Connolly, James
To: Zelenak, Jim
Cc: Jodi L. Bush
Subject: Re: Cancelled: Lynx SSA State/Federal Partner Coordination Call
Date: Wednesday, April 26, 2017 8:52:59 AM

Yes I understood that distinction with the SSA being the science and not policy.  The five year review is more the analysis of that
information in relation to the listing process isn't it?

James Connolly 
Director, Bur. Resource Management
Maine Dept Inland Fisheries & Wildlife
41 State House Station
Augusta ME 04333-0041
(207) 287-5259
_____________________________
From: Zelenak, Jim <jim_zelenak@fws.gov>
Sent: Wednesday, April 26, 2017 10:26 AM
Subject: Re: Cancelled: Lynx SSA State/Federal Partner Coordination Call
To: Connolly, James <james.connolly@maine.gov>
Cc: Jodi Bush <jodi_bush@fws.gov>

That is mostly correct, Jim, except that the final SSA report will continue to be just about the science - it will not be written or used to "support" or "justify" the
recommendation.  It will provide the scientific information that decision makers will consider when making the recommendation, but it will remain strictly about the
science, not about policy or policy determinations, and it will not take a position on those things.

My understanding is that the 5-year status review, which also will rely heavily on the final SSA, will be the Service's formal announcement of it's recommendation
regarding the ESA status of the DPS.

You are correct that any recommended change in ESA status would require subsequent rule making - publication of a proposed rule followed by peer review and public
comment, then publication of a final rule, 30 days after which any change would become effective.

I've copied Jodi, who has much more experience with these things than I do, in case anything I've said here requires clarification.

Hope this helps.

Jim  

On Wed, Apr 26, 2017 at 8:10 AM, Connolly, James <James.Connolly@maine.gov> wrote:
It was my understanding that after this second meeting the Service will have decided what the recommendation will be for lynx listing. 
The finalized SSA and the five year review will support and elaborate on the information and analyses that justify that recommendation.
  I understand any actual listing decision other than staying the course at threatened must go through a separate rule making process
before it changes anything.   Is that correct?  Jim

James Connolly 
Director, Bur. Resource Management
Maine Dept Inland Fisheries & Wildlife
41 State House Station
Augusta ME 04333-0041
(207) 287-5259

From: Zelenak, Jim <jim_zelenak@fws.gov>
Sent: Wednesday, April 26, 2017 9:48:52 AM
To: Connolly, James
Cc: Jodi Bush
Subject: Re: Cancelled: Lynx SSA State/Federal Partner Coordination Call
 
Not yet Jim.  We are working to schedule that with the Regional Directors and Assistant RDs, hopefully in the next few weeks.

On Wed, Apr 26, 2017 at 7:44 AM, Connolly, James <James.Connolly@maine.gov> wrote:
Did the second meeting of the directorate occur to review the SSA and the additional peer review reports and confirm what their
recommendation was going to be?  

James Connolly
Director, Bur. Resource Management
Maine Dept Inland Fisheries & Wildlife
41 State House Station
Augusta ME 04333-0041
(207) 287-5259

From: Zelenak, Jim <jim_zelenak@fws.gov>
Sent: Wednesday, April 26, 2017 9:41:47 AM
To: bob.broscheid@state.co.us;craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric; Moore,Virgil; Dustin Miller
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(dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam Eaton; rita.dixon@idfg.idaho.gov; Woodcock, Chandler; Connolly, James;
Vashon, Jennifer;moritzw@michigan.gov; bumpa@michigan.gov;
kennedyd@michigan.gov;commissioner.dnr@state.mn.us;jim.leach@state.mn.us;Paul.Telander@state.mn.us; Baker, Richard (DNR); Erb, John
D (DNR);JTubbs@mt.gov; McDonald, Ken; Inman, Bob; Jay Kolbe;seggeman@mt.gov; Baty, Ross;glenn.normandeau@wildlife.nh.g
ov;Mark.Ellingwood@wildlife.nh.gov;john.kanter@wildlife.nh.gov;William.Staats@wildlife.nh.gov
;Patrick.Tate@wildlife.nh.gov;alexandra.sandoval@state.nm.us;stewart.liley@state.nm.us;rick.winslow@state.nm.us; Stuart, James N.,
DGF;sean.murphy@state.nm.us;michael.schiavone@dec.ny.gov;doug.stang@dec.ny.gov;curt.melcher@state.or.us;derek.j.broman@state.or.us;
Gregory Sheehan; Kimberly Hersey;louis.porter@state.vt.us; mark scott; Bernier, Chris;director@dfw.wa.gov; cpl@dnr.wa.gov; Lewis, Jeffrey C
(DFW); Maletzke, Benjamin T (DFW); cathy.stepp@wisconsin.gov; kurt.thiede@wisconsin.gov; Sanjay.Olson@wisconsin.gov;
Tom.Hauge@wisconsin.gov; Erin.Crain@wisconsin.gov; Owen Boyle; Roberts, Nathan M - DNR; Rossler, Shawn T -
DNR;David.MacFarland@wisconsin.gov;John.White@wisconsin.gov;scott.talbot@wyo.gov; Bob Lanka; Zack Walker; Nichole Bjornlie; Susan
Patla; Rick Kahn; Jackson, Scott -FS; Hanvey, Gary -FS; Tripp, Kim; Christopher Boone; Sparks, James; Jonathan Mawdsley; Kilborn, Jillian
Cc: Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt Broderdorp; Mark McCollough; Tamara
Smith; Anna Harris; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab; Ann Timberman; Brad Thompson; Chris Mensing; David Stilwell; David
Simmons; Drue DeBerry; Eric Rickerson; Grant Canterbury; Jeff Krupka; Szymanski, Jennifer; Karen Cathey; Karl Halupka; Kate Novak; Kathleen
Hendricks; Larry Crist; Laura Ragan; Leslie Ellwood; Mark Maghini; Martin Miller; Megan Kosterman; Michelle Eames; Patricia Zenone; Paul
Casey; Paul Henson; Peter Fasbender; Rollie White; Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman; Tom McDowell; Tyler Abbott; Dennis
Mackey; Marjorie Nelson; Lori Nordstrom/R6/FWS/DOI; Paul Phifer; Michael Thabault; Kurz, Gregg
Subject: Cancelled: Lynx SSA State/Federal Partner Coordination Call
 
Hi All:

We are cancelling today's scheduled coordination call.  Not much to report other than that we continue to work to address peer and partner review comments and
draft the final SSA.

Our next regularly scheduled call would be Wed., May 31.  I will send a reminder ahead of that one.

As always, feel free to email or call me if you have questions .

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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RECOVERY OUTLINE 
Contiguous United States Distinct Population Segment of the Canada Lynx 

 
 
Common Name:  Canada lynx 
Scientific Name:  Lynx canadensis 
 
Listing Status:  Threatened 
Date Listed:   March 24, 2000 
 
Lead Region:  U.S. Fish and Wildlife 

Service, Region 6.  
Cooperating regions are 
Regions 1, 3, and 5. 

 
Lead Field Office: Montana Field Office 
   100 N. Park Avenue, Suite 320 
   Helena, Montana 59601 
   Telephone: 406-449-5225 
 
Lead Biologist:  Lori Nordstrom, Montana Field Office 
   Telephone 406-449-5225, ext. 208; lori_nordstrom@fws.gov 
 
Purpose of the Recovery Outline:  This document serves as an interim strategy to guide 
recovery efforts and inform the critical habitat designation process for the contiguous United 
States population of the Canada lynx until a draft recovery plan has been completed.  Recovery 
outlines are intended primarily for internal U.S. Fish and Wildlife Service (Service) use; formal 
public participation will be invited upon release of the draft recovery plan.  We will consider any 
new information or comments that members of the public may wish to offer regarding this 
outline during the recovery planning process.  For more information on Federal recovery efforts 
for the contiguous United States population of the Canada lynx, or to provide additional 
comments, interested parties may contact the lead biologist for this species, Lori Nordstrom, at 
the above address, telephone, or e-mail. 
 
Scope of Recovery and Available Information:  The scope of this recovery effort is the 
contiguous United States distinct population segment of the Canada lynx (U.S. Department of 
the Interior [USDI] 2000, 2003).  This outline provides a general overview of the available 
information on the contiguous United States lynx distinct population segment, and provides 
preliminary recovery objectives and actions based on our understanding of current and historical 
lynx occurrence and lynx population dynamics in the contiguous United States  Because of the 
gaps in our knowledge of this species, for this recovery outline we made some assumptions 
regarding lynx population dynamics and the relative importance of different geographic areas to 
the persistence of lynx in the contiguous United States.  We recognize the uncertainties of this 
information and identified the assumptions we made. 
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OVERVIEW 
 
Species Description and Life History:  Canada lynx are medium-sized cats, generally 
measuring 75-90 centimeters long (30-35 inches) and weighing 8-10.5 kilograms (18-23 pounds) 
(Quinn and Parker 1987).  They have large feet adapted to walking on snow, long legs, tufts on 
the ears, and black-tipped tails.  They are highly adapted for hunting snowshoe hare, the primary 
prey, in the snows of the boreal forest. 
 
Lynx in the contiguous United States are at the southern margins of a widely-distributed range 
across Canada and Alaska.  The center of the North American range is in north-central Canada.  
Lynx occur in mesic coniferous forests that have cold, snowy winters and provide a prey base of 
snowshoe hare (Ruggiero et al. 2000).  These forests are generally described as boreal forests.  In 
North America, the distribution of lynx is nearly coincident with that of snowshoe hares (Bittner 
and Rongstad 1982; McCord and Cardoza 1982).  Lynx survivorship, productivity and 
population dynamics are closely related to snowshoe hare density in all parts of its range.  A 
minimum density of snowshoe hares (greater than 0.5 hare per hectare (1.2 hares per acre) 
[Ruggiero et al. 2000]) distributed across a large landscape is necessary to support survival of 
lynx kittens and recruitment into and maintenance of a lynx population. 
 
In the United States, lynx inhabit conifer and conifer-hardwood habitats that support their 
primary prey, snowshoe hares.  Both timber harvest and natural disturbance processes, including 
fire, insect infestations, catastrophic wind events, and disease outbreaks, can provide foraging 
habitat for lynx when resulting understory stem densities and structure provide the forage and 
cover needs of snowshoe hare (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 
1980; Parker et al. 1983; Litvaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990, 
1991; Agee 2000).  These characteristics include a dense, multi-layered understory that 
maximizes cover and browse at both ground level and at varying snow depths throughout the 
winter (crown cover within the lower 4.5 meters (15 feet) in order to provide cover and food for 
snowshoe hares to 2 meters (6 feet) high at maximum snow depths).  Despite the variety of 
habitats and settings, good snowshoe hare habitat has a common denominator – dense, horizontal 
vegetative cover 1-3 meters (3-10 feet) above the ground or snow level (Hodges 2000). 
 
In northern Canada, lynx populations fluctuate in response to the cycling of snowshoe hare 
(Mowat et al. 2000).  Although snowshoe hare populations in the southern portion of the range in 
the contiguous United States may fluctuate, they do not show strong, regular population cycles as 
in the north (Hodges 2000).  In the contiguous United States, the degree to which regional local 
lynx population fluctuations are influenced by local snowshoe hare population dynamics is 
unclear. 
 
The southernmost extent of the boreal forest that supports lynx occurs in the contiguous United 
States in the Northeast, western Great Lakes, northern and southern Rockies, and northern 
Cascades (Ruediger et al. 2000).  Here the boreal forest transitions into other vegetation 
communities and becomes more patchily distributed.  As a result, the southern boreal forests 
generally support lower snowshoe hare densities, hare populations do not appear to be as highly 
cyclic as snowshoe hares further north, and lynx densities are lower compared to the northern 
boreal forest. 
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Individual lynx maintain large home ranges (reported as generally ranging between 
31-216 kilometers2 (km2) (12-83 miles2 (mi2)) (Koehler 1990; Aubry et al. 2000; Squires and 
Laurion 2000; Vashon et al. 2005).  Thus, a lynx population can only persist in a large boreal 
forested landscape that contains appropriate forest types, snow depths and high snowshoe hare 
densities.  In the Northeast, lynx were most likely to occur in areas that support deep snow 
(greater than 268 centimeters [106 inches] annual snowfall) associated with regenerating boreal 
forests in landscapes 100 km2 (40 mi2) or greater in area (Hoving 2001; Hoving et al. 2004).  We 
assume areas with smaller patches of boreal forest are unlikely to provide a sufficient amount of 
habitat suitable to support a lynx population. 
 
Lynx are highly mobile and have a propensity to disperse long distances, particularly when prey 
becomes scarce (Mowat et al. 2000).  Lynx also make long distance exploratory movements 
outside their home ranges (Aubry et al. 2000; Squires et al. 2001; Moen et al. 2004).  Areas or 
habitats used by lynx during dispersal or exploratory movements are poorly understood at this 
time.  Dispersing lynx may colonize suitable but unoccupied habitats, augment existing resident 
populations, or disperse to unsuitable or marginal habitats where they cannot survive.  Numerous 
lynx mortality records exist from anomalous habitats or habitats where no records support 
evidence (either current or historical) of a reproducing population (McKelvey et al. 2000a).  
Many of these records correspond to post-population peaks in Canada, with some lag time for 
immigration (McKelvey et al. 2000a).  We find no evidence of lynx populations becoming 
established in such areas. 
 
Lynx populations in the contiguous United States seem to be influenced by lynx population 
dynamics in Canada (Thiel 1987; McKelvey et al. 2000a, c).  Many of these populations in 
Canada are directly interconnected United States populations, and are likely a source of 
emigration into contiguous United States lynx populations.  Therefore, we assume that retaining 
connectivity with larger lynx populations in Canada is important to ensuring long-term 
persistence of lynx populations in the United States.  We assume that, regionally, lynx within the 
contiguous United States and adjacent Canadian provinces interact as metapopulations and, 
therefore, assessments of population viability must be made at this larger scale and not solely 
based on populations within the contiguous United States. 
 
PRELIMINARY RECOVERY ASSESSMENT 
 
The historical and current range of the lynx in the contiguous United States is within the southern 
extensions of the boreal forest in the Northeast, Great Lakes, Rocky Mountains, and Cascade 
Mountains.  The lynx is listed in the 14 States that support boreal forest types and contain 
verified records of lynx occurrence--Colorado, Idaho, Maine, Michigan, Minnesota, New 
Hampshire, New York, Oregon, Montana, Utah, Vermont, Washington, Wisconsin, and 
Wyoming. 
 
Based on our examination of historical and recent evidence, lynx habitat and occurrence within 
the contiguous United States can be categorized as--1) core areas, 2) secondary areas, and 
3) peripheral areas.  The areas with the strongest long-term evidence of the persistence of lynx 
populations within the contiguous United States are defined as “core areas.”  Core areas have 
both persistent verified records of lynx occurrence over time and recent evidence of 
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reproduction.  Six core areas and one “provisional” core area are identified within the contiguous 
United States.  The provisional core area in the Southern Rockies was identified because it 
contains a reintroduced population1.  Reproduction has been documented in this introduced 
population; however, it is too early to determine whether a self-sustaining lynx population will 
result.  Focusing lynx conservation efforts on these core areas will ensure the continued 
persistence of lynx in the contiguous United States by addressing fundamental principles of 
conservation biology: 
 
1) representation by conserving the breadth of ecological settings of the distinct population 

segment; 
 
2) redundancy by retaining a sufficient number of populations to provide a margin of safety to 

withstand catastrophic events; and 
 
3) resiliency by maintaining sufficient numbers of animals in each population to withstand 

randomly occurring events and prey population dynamics. 
 
At this time, the role of areas outside of these core areas in sustaining lynx populations in the 
contiguous United States is unclear.  The fluctuating nature of lynx population dynamics and the 
ability of lynx to disperse long distances have resulted in many individual occurrence records 
outside of core areas, without accompanying evidence of historic or current presence of lynx 
populations.  Areas classified as “secondary areas” are those with historical records of lynx 
presence with no record of reproduction; or areas with historical records and no recent surveys to 
document the presence of lynx and/or reproduction.  If future surveys document presence and 
reproduction in a secondary area, the area could be considered for elevation to core.  We 
hypothesize that secondary areas may contribute to lynx persistence by providing habitat to 
support lynx during dispersal movements or other periods, allowing animals to then return to 
“core areas.”  In “peripheral areas” the majority of historical lynx records is sporadic and 
generally corresponds to periods following cyclic lynx population highs in Canada.  There is no 
evidence of long-term presence or reproduction that might indicate colonization or sustained use 
of these areas by lynx.  However, some of these peripheral areas may provide habitat enabling 
the successful dispersal of lynx between populations or subpopulations.  At this time, we simply 
do not have enough information to clearly define the relative importance of secondary or 
peripheral areas to the persistence of lynx in the contiguous United States. 
 

                                                           
1 Since 1999, 204 lynx from Canada and Alaska have been released into Colorado.  In 2003, 6 litters were 
documented with a total of 16 kittens; in 2004, 14 litters were documented with a total of 39 kittens (T. Shenk, 
Colorado Division of Wildlife, pers. comm. 2005). 
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I. CORE AREA CRITERIA  To meet the definition of a core area for lynx, the area must 
meet all of the following conditions (Table 1): 
 Has verified evidence (e.g., McKelvey et al. 2000a; Hoving et al. 2003) of long-term 

historical and current presence of lynx populations.  Lynx occurrences within the core 
area are persistent over time despite the cyclic or fluctuating nature of lynx and snowshoe 
hare populations that may periodically result in reduced populations or suspected local 
extirpation of lynx.  This is normal unless populations do not show a positive response 
when snowshoe hare populations increase. 

 Has recent (within the past 20 years) evidence of reproduction.  Reproduction or 
recruitment into the lynx population may not occur every year because of natural cyclic 
or fluctuating populations that are tied to snowshoe hare population levels. 

 Contains boreal forest vegetation types of the quality and quantity to support both lynx 
and snowshoe hare life needs. 
o Large or numerous patches of habitat supporting average snowshoe hare densities 

over time of at least 0.5 hare per hectare (1.2 hares per acre) (Ruggiero et al. 2000); 
the best available information suggests that this is the minimum density necessary to 
support survival of lynx kittens and recruitment into and maintenance of a lynx 
population. 

o Contains a minimum of 1,250 km2 (483 mi2) of boreal forest habitat as part of a larger 
landscape for conservation (can include boreal forest habitat directly adjacent in 
Canada).  This is the minimum size considered necessary to support a minimum lynx 
population of at least 25 adults based on information from the North Cascades in 
Washington (1 lynx per 50 km2) (Brittell et al. 1989; Koehler 1990; McKelvey et al. 
2000b).  Habitat patches must be sufficiently large and connected to enable 
movement within and between patches within a core area. 

 Snow conditions are generally fluffy and/or deep enough to favor the competitive 
advantage of lynx. 
 CORE AREAS (Figure 1) 

 NORTHEAST 
 Northern Maine/northern New Hampshire 

 GREAT LAKES 
 Northeastern Minnesota 

 NORTHERN ROCKIES/CASCADES 
 Northwestern Montana/northeastern Idaho 
 Northern Cascades (Washington) 
 Kettle/Wedge (Washington) 
 Greater Yellowstone Area (portions of Wyoming, Montana, Idaho) 
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 PROVISIONAL CORE AREA (Figure 1) 
 SOUTHERN ROCKIES 

 Entire (Colorado and southern Wyoming) 
II. SECONDARY AREA CRITERIA (Table 1) 

 Compared to core areas, secondary areas have fewer and more sporadic current and 
historical records of lynx and, as a result, historical lynx abundance has been relatively 
low.  Reproduction has not been documented. Some of the secondary areas have not been 
surveyed following any survey protocol; as a result the current status of lynx occupancy 
in some secondary areas is not known. 

 Quality and quantity of lynx habitat (including snowshoe hare densities and snow 
conditions) is less clear.  Information is currently lacking to understand why historical 
lynx abundance in these areas appears to be less than in core areas.  Compared to core 
areas, habitat in secondary areas may be patchier, drier, and/or more maritime resulting in 
snow or habitat conditions that are not favorable to lynx.  Another explanation may be 
that lynx populations were extirpated because of changes in vegetation structure that 
resulted in poor prey populations or some disturbance, such as past trapping, and the area 
has not been recolonized by lynx. 

 As new information becomes available, some areas currently classified as secondary may 
be elevated to core status. 
 SECONDARY AREAS (Figure 1) 

 NORTHEAST 
 None 

 GREAT LAKES 
 Northern Minnesota/northwestern Wisconsin (portions) 

 NORTHERN ROCKIES/CASCADES 
 Southwest Montana 
 Northern/central Idaho(north of the Salmon River) 
 Northern Chelan County (Washington) 
 Salmo Priest (Washington) 
 Little Pend Oreille (Washington) 

 SOUTHERN ROCKIES 
 None 
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III. PERIPHERAL AREA CRITERIA (Table 1) 
 Areas that contain few verified historical or recent records of lynx; records are sporadic 

and usually associated with periods when there were unprecedented cyclic population 
highs in Canada, such as the early to mid 1960s and/or 1970s.  There may be large gaps 
in time, e.g., from 1920s to 1960s, with no records of lynx. 

 Quality and quantity of habitat to support adequate snowshoe hare or lynx populations 
are questionable.  Habitat may occur in small patches and is not well-connected to larger 
patches of high quality habitat. 

 May sustain short-term survival during lynx dispersal. 
 PERIPHERAL AREAS (Figure 1) 

 NORTHEAST 
 Vermont 
 New York 
 Eastern Maine 
 Central New Hampshire 

 GREAT LAKES 
 Northeastern Wisconsin  
 Michigan 

 NORTHERN ROCKIES/CASCADES 
 Utah 
 Big Horn Mountains (Wyoming) 
 Northeast Oregon/southeast Washington 
 Southern Cascades (Washington) 
 Vulcan/Tunk (Washington) 
 Snowy Mountains and Highwood Mountains (Montana) 

 SOUTHERN ROCKIES 
 None 

 
Land Ownership Pattern:  Coarse estimates of the amount of lynx habitat and land ownership 
in the different regions of the contiguous United States can be found in our 2003 Clarification of 
the Final Rule (USDI 2003). Outside of the Northeast, lynx habitat occurs primarily on a 
federally-owned land base, predominantly U.S. Forest Service (FS).  In the Northeast, nearly all 
the lynx habitat is privately-owned, most of which is commercial forest in Maine. 
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SUMMARY OF LISTING FACTORS 
 
A) The present or threatened destruction, modification or curtailment of habitat or range. 
 
In all regions within the range of lynx in the contiguous United States, timber harvest, recreation 
and their related activities are the predominant land use affecting lynx habitat.  The final rule 
stated that timber harvest and associated forest management can be benign, beneficial, or 
detrimental to lynx depending on harvest methods, spatial and temporal specifications, and the 
inherent vegetation potential of the site (USDI 2000, 2003). 
 
The primary factor that caused the lynx to be listed was the lack of guidance for conservation of 
lynx and snowshoe hare habitat in National Forest Land and Resource Plans and Bureau of Land 
Management (BLM) Land Use Plans given that a substantial amount of lynx habitat in the 
contiguous United States is federally managed (USDI 2000).  This lack of guidance allowed the 
continued degradation of lynx habitat on Federal lands through timber management and other 
Federal activities.  The remanded final rule2 found that timber harvest and/or fire suppression 
may have had regional or local impacts but we believe that they are not currently at a level 
threatening the contiguous United States lynx distinct population segment, as a result of 
conservation agreements3 between the FS, BLM, and Service.  The FS and BLM have curtailed 
pre-commercial thinning, thought to be detrimental to snowshoe hare and thus lynx, since the 
signing of a Lynx Conservation Agreement with the Service and the programmatic biological 
opinion on FS and BLM land management plans.  Both the Conservation Agreement and 
programmatic biological opinion require that the information and recommendations in the Lynx 
Conservation Assessment and Strategy (Ruediger et al. 2000), which was based on the current 
state of knowledge, be considered for project planning and used as the basis for effects 
determinations. 
 
Except for lynx habitat management plans on some private and State lands in Washington, in the 
remainder of the contiguous United States range there are no management plans that specifically 
address lynx conservation. 
 
NORTHERN ROCKIES/CASCADES AND SOUTHERN ROCKIES 
The remanded final rule (USDI 2003) concluded that some timber harvest activities, such as 
pre-commercial thinning, may reduce the quality of snowshoe hare habitat in local areas on 
non-Federal lands in the Northern Rocky Mountains/Cascades and Southern Rocky Mountains, 
and thus may negatively affect lynx or lynx habitat at local scales.  Alternatively, timber harvest 
regimes in lynx habitat that create a dense understory provide good snowshoe hare and lynx 
conditions.  Furthermore, lynx habitat on National Forest and BLM lands is currently managed to 
conserve lynx since the signing of a Lynx Conservation Agreement and the programmatic  

                                                           
2 A 2002 court order directed the Service to reconsider the status of the Canada lynx under the Endangered Species 
Act.  The remanded final rule reaffirmed the decision to list as threatened in the contiguous United States. 
 
3 Both conservation agreements expired in December 2004.  The Forest Service agreement has been revised (May 
2005), resulting in changes from the original conservation agreement. 
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biological opinion on FS and BLM land management plans, both of which require that the 
information and recommendations in the Lynx Conservation Assessment and Strategy be 
considered for project planning and used as the basis for effects determinations. 
 
The remanded final rule (USDI 2003) found that fire suppression has had only limited effects on 
lynx habitat in the Northern Rocky Mountains/Cascades and Southern Rocky Mountains; 
however, it may affect lynx habitat quality at some local scales, particularly on non-Federal 
lands.  Fire suppression and reduction of heavy fuels has the potential to affect snowshoe hare 
habitat.  Because the highest priorities for fuels treatment projects are in low elevation forests 
with low-intensity-high frequency fire regimes (which are not lynx habitat) and for 
wildland-urban interface areas, the overall effects on lynx habitat are anticipated to be limited. 
 
GREAT LAKES 
Timber harvest and fire suppression on non-Federal lands may cause local impacts to lynx and 
snowshoe hare habitat in the Great Lakes Region.  Since the lynx was listed, lynx habitat on 
National Forest lands is managed to conserve lynx and National Forest Plans on the Superior and 
Chippewa National Forests have been revised to provide for the conservation of lynx. 
 
NORTHEAST 
Timber harvest and associated activities on non-Federal lands exert the most influence on lynx 
habitat in the Northeast and have created the favorable conditions that currently exist for lynx 
and snowshoe hares (Homyack 2003) in northern Maine.  As a result of the Standards (Maine 
Department of Conservation 1999) that implement the Maine Forest Practices Act, as amended 
(Maine Department of Conservation 2004) harvest management in Maine has shifted away from 
clearcutting and now favors partial cutting, which, in some situations, may result in less 
favorable conditions for snowshoe hare and lynx. 
 
B) Overutilization for commercial, recreational, scientific, or educational purposes. 
 
We found that in the contiguous United States, lynx populations occur at naturally low densities.  
This is expected because of limited habitat and limited availability of their primary prey, 
snowshoe hares.  At southern latitudes, low snowshoe hare densities are likely a result of the 
naturally patchy, transitional boreal habitat.  Such habitat prevents hare populations from 
achieving high densities similar to those in the extensive northern boreal forest.  The final rule 
(USDI 2000) and remanded final rule (USDI 2003) found that despite concerns that overtrapping 
had severely depressed the United States populations of lynx, low numbers of lynx in the 
contiguous United States compared to northern Canada occur not as a result of historical 
overtrapping within the United States, but because lynx and their prey are naturally limited by 
the amount of habitat, topography, and climate.  Precautions taken by States to restrict lynx 
trapping since the 1980s likely prevented and continue to prevent the overharvest of resident 
lynx. 
 
Legal trapping, snaring, and hunting for bobcat, coyote, wolverine, and other furbearers create a 
potential for incidental capture or shooting of lynx.  Lynx persist throughout their range despite 
the incidental catch that presumably has occurred throughout the past, probably at higher levels 
than presently.  Although we are concerned about the mortality of lynx that are incidentally  
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captured, we have no information to indicate that the loss of these individuals has negatively 
affected the overall ability of lynx in the contiguous United States to persist.  We recognize that 
individuals may be lost, which could affect small, local populations. 
 
Lynx trapping in Canada, where lynx are a legally harvested furbearer, may affect rates of lynx 
immigration into the contiguous United States  Immigration of lynx into the contiguous United 
States is believed important to sustaining persistent lynx populations in core areas adjacent to 
Canada, therefore, contiguous United States lynx populations might be negatively affected if 
trapping reduces the numbers of emigrating lynx. 
 
C) Disease or predation. 
 
Disease or predation is not known to be a factor threatening lynx at a population level. 
 
D) Inadequacy of existing regulatory mechanisms. 
 
As a result of Federal, State, and Tribal regulations and plans that conserve lynx, in particular the 
Forest Service and BLM Lynx Conservation Agreements and the revision of some Forest Plans, 
the threats to lynx from the inadequacy of existing regulatory mechanisms have been reduced 
since the lynx was listed.  However, establishment of consistent guidance that provides adequate 
regulatory mechanisms over the longer term is needed throughout the range of the lynx.  
Similarly, plans to conserve lynx habitat and provide long-term conservation of lynx in the 
Northeast are currently lacking.  The Maine Forest Practices Act has significantly changed 
silvicultural practices from clearcutting to partial harvesting, which may not create conditions 
that are beneficial to lynx and snowshoe hares (Hoving et al. 2004). 
 
E) Other natural or manmade factors affecting the species’ continued existence. 
 
Lynx move between boreal habitats in Canada and the contiguous United States.  Immigration of 
lynx from Canada plays a vital role in sustaining lynx in the contiguous United States 
(McKelvey et al. 2000c).  It is essential that landscape connectivity between lynx habitats and 
populations in Canada and the contiguous United States be maintained.  Lynx movements may 
be negatively influenced by high traffic volume on roads that bisect suitable lynx habitat, such as 
in the Southern Rockies.  At this time there is no evidence that, if competition exists between 
lynx and potential competitors such as coyotes and bobcats, it exerts a population-level impact 
on lynx.  The theory that compacted snow trails and roads that are maintained for winter 
recreation and forest management facilitate competition by giving other species, particularly 
coyotes, access to lynx winter habitat has neither been proven or disproven at this time. 
 
The ranges of lynx and bobcat naturally interface within the contiguous United States.  The range 
of bobcats is limited by snow conditions that provide a competitive advantage to lynx.  In 2003, 
lynx-bobcat hybridization was first documented in Minnesota and has since been documented 
elsewhere in the Great Lakes and the Northeast (Schwartz et al. 2004).  Whether lynx-bobcat 
hybridization has implications for lynx conservation is unknown at this time. 
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Scientific evidence has demonstrated that globally the climate has been warming as evidenced by 
changes in the amount of snow cover, among other indicators (Intergovernmental Panel on 
Climate Change 2001).  Continued warming temperatures are likely to negatively affect the cold 
climatic conditions that create and maintain the boreal forest ecosystem for which lynx are 
highly adapted.  As a result, we anticipate that continued warming trends may eventually cause 
the boreal forests in the contiguous United States to recede north and/or recede to higher, colder 
elevations, which would likely result in adverse effects to the contiguous United States 
population of lynx. 
 
Conservation Efforts:  The FS and BLM signed 4-year Conservation Agreements with the 
Service in 2000.  The FS agreement has been revised and renewed (FS and Service 2005).  The 
BLM agreement has not been renewed although the agency continues to work within the 
agreement.  Under the agreements, lynx habitat was mapped on all National Forest and BLM 
lands across the contiguous United States and section 7 consultation occurs on these lands.  
Determinations of project effects on lynx are based on the most current science, including the 
Lynx Conservation Assessment and Strategy.  National Forest Land and Resource Plans and 
BLM Land Use Plans have been revised or amended, or are in the process of revision or 
amendment, to address lynx conservation needs.  In the Northeast, there are no land management 
plans to address lynx conservation at this time. 
 
Research on lynx and snowshoe hare ecology, habitat requirements, population demographics 
and factors influencing lynx populations continues in Colorado, Maine, Minnesota, Montana, 
Washington, and Wyoming.  The State of Colorado is continuing its intensive effort to augment 
or reestablish resident lynx populations in the Southern Rocky Mountains 
(>http://wildlife.state.co.us/species_cons/lynx.asp<).  Results of a 3-year effort to document lynx 
distribution in the United States through the National Lynx Survey are being prepared for 
publication (K. McKelvey, Rocky Mountain Research Station, pers. comm. 2005).  The 
Washington Department of Fish and Wildlife has adopted a Lynx Recovery Plan given that the 
lynx is a classified by the Washington Fish and Wildlife Commission as threatened (Stinson 
2001). 
 
PRELIMINARY RECOVERY STRATEGY 
 
Recovery Priority Number:  15, on a scale of 1C (highest) to 18 (lowest) (USDI 1983a, b).  
This ranking is based on a low degree of threat, a high potential for recovery, and a taxonomic 
classification as a distinct population segment under the Endangered Species Act 
(16 U.S.C. 1531, et seq.). 
 
Recovery Goal:  The goal of this recovery effort is to address threats to the lynx so that 
protection of this species under the Endangered Species Act is no longer required, and delisting 
is warranted. 
 
Preliminary Recovery Objectives and Actions:  Recovery of the lynx will be achieved when 
conditions have been attained that will allow lynx populations to persist long-term within each of 
the identified core areas.  Here we present our preliminary recovery objectives and measures for 
calculating progress toward the recovery goal of delisting the lynx, as well as the recommended 



 12

recovery actions to attain that goal, with the understanding that all are subject to change as new 
information is gathered.  More specific recovery objectives, delisting criteria, and actions will be 
developed in the course of the formal recovery planning process and as additional data become 
available for analysis.  Note that the development of demographic criteria for delisting is not 
possible at this time (see “Additional Recovery Considerations,” below).  We present our 
recommended preliminary recovery actions here to encourage the immediate implementation of 
such actions, rather than waiting on the release of the draft recovery plan, to make positive 
progress toward recovery of the lynx. 
 
Objective 1:  Retain adequate habitat of sufficient quality to support the long-term persistence of 
lynx populations within each of the identified core areas. 
 
Objective 2:  Ensure that sufficient habitat is available to accommodate the long-term 
persistence of immigration and emigration between each core area and adjacent populations in 
Canada or secondary areas in the United States. 
 
Objective 3:  Ensure that habitat in secondary areas remains available for continued occupancy 
by lynx. 
 
Objective 4:  Ensure that threats have been addressed so that lynx populations will persist in the 
contiguous United States for at least the next 100 years. 
 
Recovery Actions Needed to Attain Objectives 
 
1. Establish management commitments in core areas that will provide for adequate quality 

and quantity of habitat such that there is a reasonable expectation that persistent lynx 
populations can be supported in each of the core areas for at least the next 100 years. 

 
1.1. On major Federal land ownerships within each core area, establish and implement long-

term guidance whose adequacy to conserve lynx has been verified in a biological 
opinion. 

 
1.2. On non-Federal lands in the core areas, develop and implement best management 

practices and long-term management agreements for lynx with key State, private and/or 
Tribal forest managers. 

 
2. Maintain baseline inventories of lynx habitat in each core area, monitoring changes in 

structure and the distribution of habitat components. 
 
3. Monitor lynx use in lynx analysis units4 or other appropriate management unit at least 

once every 10 years to determine distribution and occupancy within the core area. 
 

                                                           
4  As defined in Ruediger et al. (2000), a lynx analysis unit is a project analysis unit upon which direct, indirect, and 
cumulative effects analyses are performed.  The size of a lynx analysis unit approximates the area used by an 
individual lynx, about 65 to 129 square kilometers (25 to 50 square miles).     
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4. Identify habitat facilitating movement between each core area and lynx populations in 
Canada. 

 
4.1. Develop and implement long-term management commitments with key Canadian, 

United States Federal, State, Tribal, and private forest landowners to conserve these 
habitats. 

 
4.2. Develop agreements with appropriate Canadian wildlife authorities to survey lynx 

populations in Provinces adjacent to core areas and closely monitor the effects of lynx 
harvest to ensure lynx populations in southern Canada persist.  

 
5. Ensure that habitat in secondary areas remains available for occupancy by lynx. 
 

5.1. Conduct surveys to determine whether any of the unsurveyed secondary areas support 
lynx populations that have not been recently documented.  Based on results, adjust core 
and secondary area designations as appropriate. 

 
5.2. Conduct research to determine the role of secondary areas in ensuring the persistence of 

lynx in both the contiguous United States and individual core areas.  Based on results, 
adjust recovery objectives and criteria as appropriate. 

 
5.3. In secondary areas, monitor amount and condition of habitat and conduct surveys (at 

least once every 10 years during population peaks) to document occurrence of lynx.  
 

5.4. Identify and implement management efforts as necessary to provide lynx habitat in 
secondary areas.  Use the Lynx Conservation Assessment and Strategy (Ruediger et al. 
2000) as habitat management guidance in secondary areas. 

 
5.5. Determine whether dispersal occurs between core areas and secondary areas and develop 

and implement management agreements with key landowners to conserve these habitats 
if necessary. 

 
6. Identify population and habitat limiting factors for lynx in the contiguous United 

States. 
 

6.1. Continue and complete studies necessary to gather basic information on the ecological 
requirements, distribution, population size and trends in each of the core areas and as 
possible for secondary areas. 

 
6.2. Identify the risk to lynx populations posed by forest management techniques and human-

induced mortality from factors such as roads, trapping and hunting.  Address these 
factors as necessary to ensure the long-term persistence of lynx populations in core 
areas. 
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6.3. Continue and complete studies to assess the role of potential competitors (bobcat, 
coyotes) and predators (fisher, mountain lions) in limiting persistence of lynx 
populations in core areas; if determined to be limiting factors address as necessary. 

 
6.4. Research the role hybrization between lynx and bobcats may have in limiting the 

persistence of lynx populations in core areas; if determined to be a limiting factor 
address as appropriate. 

 
6.5. Monitor the effects of climate change on boreal forest habitat in each of the core areas.  

Modify the delineation of core areas and adjust management strategies if necessary. 
 
7. Develop a post-delisting monitoring plan that will be in place and ready for 

implementation prior to delisting to ensure the continuing effectiveness of the recommended 
recovery actions and allow for adaptive management, as necessary. 

 
Additional Recovery Considerations:  This recovery outline provides preliminary recovery 
objectives for the contiguous United States distinct population segment of the Canada lynx.  At 
the present time, there are inadequate methods available to develop lynx population estimates for 
each of the six core areas.  Without methods to assess population size or trends, it is not yet 
possible to develop demographic criteria for delisting the species.  The cyclic or fluctuating 
nature of lynx populations provides an additional element of uncertainty in assessing population 
trends.  As a result, the Service has concluded that it is not practicable at this time to establish 
demographic criteria for delisting the species. 
 
The delineation of demographic recovery criteria would be facilitated by the development of 
regional population viability models for each of the core areas (and adjacent lynx populations in 
Canada, if appropriate) to better understand the population sizes needed for long-term 
persistence.  Modeling also can provide insights into how the cyclic or fluctuating nature of lynx 
populations and threats affect long-term persistence. 
 
Further uncertainty in recovery and persistence of lynx in the contiguous United States lies in the 
potential effects of global climate change.  Continued warming trends may eventually have a 
profound effect on the winter conditions that create the habitats for which lynx are highly 
adapted, and could result in a substantial reduction or even elimination of lynx habitats from the 
contiguous United States. 
 
Federal Recovery Plan Coordination and Preparation:  The Service does not anticipate 
appointing a formal Recovery Team to develop a recovery plan.  Comments and suggestions 
regarding this outline will be considered in preparing a draft recovery plan.  The public will be 
invited to comment on the draft recovery plan at the time it is released.  A final recovery plan 
will be made available to all interested parties. 
 
Given staff and budget limitations, the Service intends to begin formal recovery planning for the 
lynx in early 2007, after the final lynx critical habitat designation is complete (due 
November 2006).  We anticipate a draft recovery plan would be available for public review in 
January 2008. 
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From: McKelvey, Kevin -FS
To: Zelenak, Jim
Subject: RE: Ch. 9 in Havlofsky et al. in press
Date: Thursday, April 27, 2017 3:25:24 PM
Attachments: image001.png

image002.png
image003.png
image004.png

Jim. Thank you—good catch.  We will fix it when we get the edited version back.  Speaking of which,
just checked the progress sheet and it has not moved since we last communicated.  K.
 

Kevin S. McKelvey, PhD 
Research Ecologist
Forest Service
Rocky Mountain Research Station, Wildlife and Terrestrial Ecosystems
p: 406-542-4163 
f: 406-543-2663 
kmckelvey@fs.fed.us
800 East Beckwith 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people

Personal web page               Google profile
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Thursday, April 27, 2017 3:14 PM
To: McKelvey, Kevin -FS <kmckelvey@fs.fed.us>
Subject: Ch. 9 in Havlofsky et al. in press
 
Hey Kevin,
 
I noticed a potential error in the lynx part of your chapter in the draft Climate Change
Vulnerability and Adaptation in the Northern Rocky Mountains (Havlofsky et al., editors). 
 
Pp. 394-395, lines 12001-12003:
 
"Hare densities in Colorado are generally less than the 0.5 hare ac-1 threshold (Ivan et al.
2014) thought to be the minimum hare density associated with stable lynx populations (Mowat
et al. 2000)."
 
This seems to attribute the threshold to Ivan et al., when that doc is really only about the hare
densities in CO.
 
The second citation to Mowat et al. 2000 is also not correct - that doc does not discuss the 0.5
threshold although it does note parenthetically on p. 290 "...low hare densities
(<0.5hares/ha),..."  
It was Ruggiero et al 2000 (Ch. 13, pp. 446-447) that hypothesized/suggested the hare density
threshold.  Note also that it is not 0.5 hares/acre (as you report), but rather 0.5 hares/hectare
(or 0.2/acre).

mailto:kmckelvey@fs.fed.us
mailto:jim_zelenak@fws.gov
mailto:kmckelvey@fs.fed.us
http://www.fs.fed.us/
http://usda.gov/
https://twitter.com/forestservice
http://facebook.com/USDA
http://www.fs.fed.us/research/people/profile.php?alias=kmckelvey
http://scholar.google.com/citations?user=CmG2R0QAAAAJ&hl=en


 
A possible revision might be "Hare densities in Colorado (Ivan et al. 2014) are generally less
than the 0.5 hare ha-1 threshold thought to be the minimum hare density associated with stable
lynx populations (Ruggiero et al. 2000)."
 
Some of the peer review we've gotten on the draft lynx SSA still question that threshold as
unsupported but, as we report in the SSA, recent research appears to support it in several parts
of the Lower 48 (in Maine and Minnesota).  After review, this is what I wrote in the SSA:
 
"Available research suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are
necessary to support lynx home ranges and resident breeding populations; lynx home range
abandonment, dispersal, and mortality increase when hare densities are lower; and lynx may
be unable to survive where landscape hare densities are below 0.3/ha (0.12/ac) (Ward and
Krebs 1985, pp. 2819-2822; Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-
447; ILBT 2013, pp. 26, 125). Recent research in the contiguous U.S. supports this - in
northern Maine, areas with landscape hare densities of 0.74/ha (0.30/ac) supported resident
breeding lynx, but areas with hare densities below 0.5/ha (0.2/ac) were not occupied by lynx
(Simons-Legaard et al. 2013, pp. 567, 574-575). Likewise, in northeastern Minnesota, resident
lynx maintained home ranges where landscape hare densities were 0.64/ha (0.26/ac), but
nearby Voyageurs National Park, where hare density was estimated at 0.35/ha (0.14/ac), did
not support resident breeding lynx (Moen et al. 2012, pp. 352–354)."
 
I hope this is helpful. 
 
Jim 
 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.

mailto:jim_zelenak@fws.gov


From: Hanvey, Gary -FS
To: Zelenak, Jim
Subject: FW: HRVA - Lynx, WBP
Date: Friday, April 28, 2017 10:07:20 AM
Attachments: image001.png
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Jim, I just got this data compilation the Region is using for their region-wide fire risk assessment.  See
the data set relative to lynx on the last page.  And then, lets talk……………
 

From: Barber, Jim -FS 
Sent: Friday, April 28, 2017 9:17 AM
To: Julie Gilbertson-Day <jgilbertsonday@pyrologix.com>
Cc: Wilmore, Brenda L -FS <bwilmore@fs.fed.us>; Hanvey, Gary -FS <ghanvey@fs.fed.us>
Subject: HRVA - Lynx, WBP
 
Hi Julie – I have FINALLY got these data uploaded to the CloudVault ftp site along with updated
overview documentation (also attached). Sorry for the delay…
 
I anticipate that yourself, Gary, and I will need to talk about how best to incorporate the lynx stuff. I
am facilitating the R1 Geospatial Workshop next week but can try to break away at some point. I am
also around all day today as well.
 

Jim Barber 
Regional GIS Coordinator
Forest Service
Northern Region (R1)
p: 406-329-3093 
jbarber@fs.fed.us
5785 Highway 10 West
Missoula, MT 59808
www.fs.fed.us 

Caring for the land and serving people

 
 

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.
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From: Zelenak, Jim
To: Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt Broderdorp; Mark

McCollough; Tamara Smith; Anna Harris; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab; Ann Timberman;
Brad Thompson; Chris Mensing; David Stilwell; David Simmons; Drue DeBerry; Eric Rickerson; Grant Canterbury;
Jeff Krupka; Szymanski, Jennifer; Karen Cathey; Karl Halupka; Kate Novak; Kathleen Hendricks; Larry Crist;
Laura Ragan; Leslie Ellwood; Mark Maghini; Martin Miller; Megan Kosterman; Michelle Eames; Patricia Zenone;
Paul Casey; Paul Henson; Peter Fasbender; Rollie White; Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman;
Tom McDowell; Tyler Abbott; Dennis Mackey; Marjorie Nelson; Lori Nordstrom/R6/FWS/DOI; Paul Phifer; Michael
Thabault; Kurz, Gregg

Subject: Cancelled: Lynx SSA Internal FWS Coordination Call
Date: Monday, May 01, 2017 5:25:57 PM

Hi All:

As we did last week with the State/Fed partners call, we are cancelling tomorrow's scheduled
internal FWS lynx SSA coordination call.  Not much to report other than that we continue to
work to address peer and partner review comments and draft the final SSA.

Our next regularly scheduled call would be Tues., June 6.  I will send a reminder ahead of that
one.

As always, feel free to email or call me if you have questions .

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Fisher, John
To: Jim Zelenak
Subject: Fwd: Scan from a Xerox WorkCentre
Date: Tuesday, May 02, 2017 5:04:31 AM
Attachments: img-502070810-0001.pdf

Hi Jim:

Here is the chapter you wanted below

John

John Fisher
USFWS/NCTC
Publications Coordinator, Service Interlibrary Loans
Branch of Creative Libraries
698 Conservation Way
Shepherdstown, WV 25443
304-876-7659
304-876-7689 (fax)

The FWS National Conservation Library:
your portal to library resources worldwide

library.fws.gov  - one stop shop for literature, images, & FWS publications

---------- Forwarded message ----------
From: WorkCentre 7120 <no_name@fws.gov>
Date: Tue, May 2, 2017 at 7:08 AM
Subject: Scan from a Xerox WorkCentre
To: john_fisher@fws.gov

Please open the attached document.  It was scanned and sent to you using a Xerox
WorkCentre.

Number of Images: 13
Attachment File Type: PDF

Device Name: WorkCentre 7120
Device Location:

For more information on Xerox products and solutions, please visit http://www.xerox.com/

mailto:john_fisher@fws.gov
mailto:jim_zelenak@fws.gov
https://nctc.fws.gov/resources/knowledge-resources/
mailto:no_name@fws.gov
mailto:john_fisher@fws.gov
http://www.xerox.com/


From: Zelenak, Jim
To: Mark McCollough
Subject: Fwd: Scan from a Xerox WorkCentre
Date: Tuesday, May 02, 2017 8:45:55 AM
Attachments: img-502070810-0001.pdf

We had Brocke et al 1993 in our PDF folder, but not Brocke et al 1992, so I asked John to track it down.

Attached below in case you don't already have it for your files....

Interesting to see that they estimated 0.55 hares/ha and thought the Adirondacks could support 70 or more resident
lynx.  Wonder if they surveyed hares at an unusually high density and if it is typically lower?  Odd, too, that this
chapter came out two years after they finished the releases, but it only discusses the first two (of 3) years of releases.

Glad you can make the call today.  

---------- Forwarded message ----------
From: Fisher, John <john_fisher@fws.gov>
Date: Tue, May 2, 2017 at 5:04 AM
Subject: Fwd: Scan from a Xerox WorkCentre
To: Jim Zelenak <jim_zelenak@fws.gov>

Hi Jim:

Here is the chapter you wanted below

John

John Fisher
USFWS/NCTC
Publications Coordinator, Service Interlibrary Loans
Branch of Creative Libraries
698 Conservation Way
Shepherdstown, WV 25443
304-876-7659
304-876-7689 (fax)

The FWS National Conservation Library:
your portal to library resources worldwide

library.fws.gov  - one stop shop for literature, images, & FWS publications

---------- Forwarded message ----------
From: WorkCentre 7120 <no_name@fws.gov>
Date: Tue, May 2, 2017 at 7:08 AM
Subject: Scan from a Xerox WorkCentre

mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:john_fisher@fws.gov
mailto:jim_zelenak@fws.gov
https://nctc.fws.gov/resources/knowledge-resources/
mailto:no_name@fws.gov


To: john_fisher@fws.gov

Please open the attached document.  It was scanned and sent to you using a Xerox
WorkCentre.

Number of Images: 13
Attachment File Type: PDF

Device Name: WorkCentre 7120
Device Location:

For more information on Xerox products and solutions, please visit http://www.xerox.com/

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:john_fisher@fws.gov
http://www.xerox.com/
mailto:jim_zelenak@fws.gov


From: Fisher, John
To: Zelenak, Jim
Subject: Re: Scan from a Xerox WorkCentre
Date: Tuesday, May 02, 2017 8:57:15 AM

We have the book so copying the chapter was no problem

John

John Fisher
USFWS/NCTC
Publications Coordinator, Service Interlibrary Loans
Branch of Creative Libraries
698 Conservation Way
Shepherdstown, WV 25443
304-876-7659
304-876-7689 (fax)

The FWS National Conservation Library:
your portal to library resources worldwide

library.fws.gov  - one stop shop for literature, images, & FWS publications

On Tue, May 2, 2017 at 10:33 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks again John!

On Tue, May 2, 2017 at 5:04 AM, Fisher, John <john_fisher@fws.gov> wrote:
Hi Jim:

Here is the chapter you wanted below

John

John Fisher
USFWS/NCTC
Publications Coordinator, Service Interlibrary Loans
Branch of Creative Libraries
698 Conservation Way
Shepherdstown, WV 25443
304-876-7659
304-876-7689 (fax)

The FWS National Conservation Library:
your portal to library resources worldwide

mailto:john_fisher@fws.gov
mailto:jim_zelenak@fws.gov
https://nctc.fws.gov/resources/knowledge-resources/
mailto:jim_zelenak@fws.gov
mailto:john_fisher@fws.gov


library.fws.gov  - one stop shop for literature, images, & FWS publications

---------- Forwarded message ----------
From: WorkCentre 7120 <no_name@fws.gov>
Date: Tue, May 2, 2017 at 7:08 AM
Subject: Scan from a Xerox WorkCentre
To: john_fisher@fws.gov

Please open the attached document.  It was scanned and sent to you using a Xerox
WorkCentre.

Number of Images: 13
Attachment File Type: PDF

Device Name: WorkCentre 7120
Device Location:

For more information on Xerox products and solutions, please visit
http://www.xerox.com/

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

https://nctc.fws.gov/resources/knowledge-resources/
mailto:no_name@fws.gov
mailto:john_fisher@fws.gov
http://www.xerox.com/
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INFORMATION/ BRIEFING MEMORANDUM  
FOR THE REGIONAL DIRECTOR 

 
 
DATE:   May 4, 2017  
 
FROM: Jodi Bush, Supervisor, Montana Ecological Services Office, (406) 449-5225. 
 
SUBJECT: Wrapping up the Decision Process of the Lynx SSA  
 
We have completed a DRAFT Species Status Assessment (SSA) report for the contiguous U.S. 
distinct population segment (DPS) of the Canada lynx (Figure 1).  The SSA was undertaken as 
part of the new recovery planning process.  Additionally it is intended to inform our response to 
a court order to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
such a plan will not promote the conservation of the [lynx]”).  The SSA assembles the best 
available information on the current status and likely future viability of the DPS.  It is intended to 
inform multiple Service needs including a determination by Service decision makers of whether 
(1) the DPS continues to warrant protection under the Endangered Species Act (Act) and (2) a 
recovery plan is needed to guide conservation and recovery of the DPS.  A status 
recommendation will be documented in a five-year status review based on the final SSA report. 
 
BACKGROUND 
 
The Service designated the lynx DPS as threatened in 2000 because of the inadequacy, at that 
time, of existing regulatory mechanisms on federal lands.  In 2003, in response to a court ruling, 
we reaffirmed the DPS’s status as threatened.  We completed a recovery outline in 2005, 
designated critical habitat for the DPS in 2006, and, in 2007, again in response to a court order, 
clarified our determinations of “significant portion of the range” and that all lynx in the 
contiguous U.S. constitute a single DPS.  We revised the critical habitat designation in 2009 and 
again in 2014 in response to a court order.  We reinitiated the 5-year status review in January, 
2015 and commenced the SSA in April, 2015.  In September 2016, the court remanded the 2014 
critical habitat rule for further evaluation of Colorado and five national forests in Idaho and 
Montana.  
 
In March of 2017, the SSA Core team provided an overview of the draft SSA to the Decision 
Team (R6 RD and ARDs from R3, R5, R6 and R1).  We also discussed the Peer, State and 
Partner comments received up to that point and our initial responses.  Using that information and 
their review of the draft SSA, the Decision Makers came to a draft decision regarding the Lynx 
determination as stated above.  The Decision Team asked the Core team to re-convene when they 
had completed their review and full assessment of the comments.  This is the purpose of this 
briefing.  At the conclusion, we anticipate a final decision/recommendation from Decision 
Makers on the status of the Lynx DPS.   A five-year review will then document that decision.  
 
KEY POINTS 
 
• We announced the re-initiation of a five-year status review on January 13, 2015.  Shortly 

thereafter, we embarked on the SSA framework.  Information in the SSA will be used by 
Service decision makers to inform classification decisions, recovery planning direction, and 
other determinations required by the Act. 



• Through the SSA framework we have assessed the species’ needs, current and future 
condition including viability of the DPS using a compilation of the best available scientific 
and commercial data, including empirical data, published literature, and expert input. Our 
assessment included a workshop for scientific experts to address the current and likely future 
status of the DPS that occurred in the fall of 2015. 

• Information solicited from the 10 member lynx expert panel addressed the viability of the 
DPS based on the 3Rs (Representation, Redundancy, Resiliency) and what is known about 
climate science related to lynx.  The resultant workshop report is one component of the SSA. 

• We completed the DRAFT SSA report in January 2017 and made it available for Peer and 
Partner review and comment.  This review and comment was completed in March 2017.  
Approximately 400 individual comments were considered as we received reviews from all 5 
Peer Reviewers, 3 Federal agencies and 11 states out of the 14 or so states within the Lynx 
range.    

• At our Decision Meeting in March, we provided an overview of the Draft SSA and a 
summary of major or consistent issues, comments, concerns, and themes from Peer, State and 
Federal partner reviews of the Draft Lynx SSA Report.   

• Upon additional review of the comments, the Core team’s conclusion is that although there 
are recurring themes and some additional work needed to finalize the report, nothing in these 
reviews suggests major consequential omissions or fatal flaws with our assessment that 
would lead us to significantly different conclusions.   

  



 
 
 
 
 
 

 
 

Figure 1.  Six geographic units within the range of  the contiguous U.S. distinct population segment of  
Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) resident lynx 
populations.  
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time, of existing regulatory mechanisms on federal lands.  In 2003, in response to a court ruling, 
we reaffirmed the DPS’s status as threatened.  We completed a recovery outline in 2005, 
designated critical habitat for the DPS in 2006, and, in 2007, again in response to a court order, 
clarified our determinations of “significant portion of the range” and that all lynx in the 
contiguous U.S. constitute a single DPS.  We revised the critical habitat designation in 2009 and 
again in 2014 in response to a court order.  We reinitiated the 5-year status review in January, 
2015 and commenced the SSA in April, 2015.  In September 2016, the court remanded the 2014 
critical habitat rule for further evaluation of Colorado and five national forests in Idaho and 
Montana.  
 
In March of 2017, the SSA Core Tteam provided an overview of the draft SSA to the Decision 
Team (R6 RD and ARDs from R3, R5, R6 and R1).  We also discussed the comments received 
up to that point from pPeer reviewers and, State and Federal Partner agencies comments received 
up to that point and our initial responsesassessment of those reviews.  Using that information and 
their review of the draft SSA to complete facilitated structured decision making exercises, the 
Decision Makers Team came to an draft decisioninterim recommendation regarding the Lynx 
determination as stated abovestatus of the DPS.  The Decision Team postponed a final 
recommendation pending receipt and evaluation by the Core Team of outstanding peer and 
partner reviews and .  The Decision Team asked the Core team to re-convene when they had 
completed their review and full assessment of the commentsthat evaluation was completed.  This 
is the purpose of this briefingThe Core Team has completed reviewing all peer and partner 
agency reviews, and a follow-up conference call and webinar have been scheduled for May 12.  
At the conclusion, we anticipate a final decision/recommendation from Decision Makers Team 
on the status of the lLynx DPS.   A five-year review will then document that decision.  
 
KEY POINTS 



 
• We announced the re-initiation of a five-year status review on January 13, 2015.  Shortly 

thereafter, we embarked on the SSA framework.  Information in the SSA will be used by 
Service decision makers to inform classification decisions, recovery planning direction, and 
other determinations required by the Act. 

• Through the SSA framework we have assessed the species’ needs, current and future 
condition including viability of the DPS using a compilation of the best available scientific 
and commercial data, including empirical data, published literature, and expert input. Our 
assessment included a workshop for scientific experts to address the current and likely future 
status of the DPS that occurred in the fall of 2015. 

• Information solicited from the 10 member lynx expert panel addressed the viability of the 
DPS based on the 3Rs (Representation, Redundancy, Resiliency) and what is known about 
climate science related to lynx.  The resultant workshop report is one component of the SSA. 

• We completed the DRAFT SSA report in January 2017 and made it available for Peer and 
Partner review and comment.  This review and comment was completed in March 2017.  
Approximately 400 individual comments were considered as we received reviews from all 5 
Peer Reviewers, 3 Federal agencies and 11 of 15 states out of the 14 or so states within the 
Lynx DPS range.    

• At our Decision Meeting in March, we provided an overview of the Draft SSA and a 
summary of major or consistent issues, comments, concerns, and themes from Peer, State and 
Federal partner reviews of the Draft Lynx SSA Report.   

• Upon additional review of the comments, the Core team’s conclusion is that although there 
are recurring themes and some additional work needed to finalize the report, nothing in these 
reviews suggests major consequential omissions or fatal flaws with our assessment that 
would lead us to significantly different conclusions.   

  



 
 
 
 
 
 

 
 

Figure 1.  Six geographic units within the range of  the contiguous U.S. distinct population segment of  
Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) resident lynx 
populations.  



INFORMATION/ BRIEFING MEMORANDUM  
FOR THE REGIONAL DIRECTOR 

 
 
DATE:   May 4, 2017  
 
FROM: Jodi Bush, Supervisor, Montana Ecological Services Office, (406) 449-5225. 
 
SUBJECT: Wrapping up the Decision Process of the Lynx SSA  
 
This briefing memo for the Regional Director (RD) is to provide an update and context for the 
upcoming Canada lynx five-year review Recommendation Meeting follow-up discussion.   
 
BACKGROUND 
 
We have completed a DRAFT Species Status Assessment (SSA) report for the contiguous U.S. 
distinct population segment (DPS) of the Canada lynx (Figure 1).  The SSA was undertaken as 
part of the new recovery planning process.  Additionally it is intended to inform our response to 
a court order to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
such a plan will not promote the conservation of the [lynx]”).  The SSA assembles the best 
available information on the current status and likely future viability of the DPS.  It is intended to 
inform multiple Service needs including a determination by Service decision makers of whether 
(1) the DPS continues to warrant protection under the Endangered Species Act (Act) and (2) a 
recovery plan is needed to guide conservation and recovery of the DPS.  A status 
recommendation will be documented in a five-year status review based on the final SSA report. 
 
DISCUSSION 
BACKGROUND 
 
The Service designated the lynx DPS as threatened in 2000 because of the inadequacy, at that 
time, of existing regulatory mechanisms on Ffederal lands.  In 2003, in response to a court 
ruling, we reaffirmed the DPS’s status as threatened.  We completed a recovery outline in 2005, 
designated critical habitat for the DPS in 2006, and, in 2007, again in response to a court order, 
clarified our determinations of “significant portion of the range” and that all lynx in the 
contiguous U.S. constitute a single DPS.  We revised the critical habitat designation in 2009 and 
again in 2014 in response to a court order.  We reinitiated the 5-year status review in January, 
2015 and commenced the SSA in April, 2015.  In September 2016, the court remanded the 2014 
critical habitat rule for further evaluation of Colorado and five Nnational Fforests in Idaho and 
Montana.  
 
At the Recommendation Meeting iIn March of 2017, the SSA Core Tteam provided an overview 
of the draft SSA to the Decision Team (R6 RD and ARDs from R3, R5, R6 and R1).  We also 
discussed the comments received up to that point from pPeer reviewers and, State and Federal 
Partner agencies comments received up to that point and our initial responsesassessment of those 
reviews.  Using that information and their review of the draft SSA to complete facilitated 
structured decision making exercises, the Decision Makers Team came to an draft 
decisioninterim recommendation regarding the Lynx determination as stated abovestatus of the 
DPS.  The Decision Team postponed a final recommendation pending receipt and evaluation by 
the Core Team of outstanding peer and partner reviews and .  The Decision Team asked the Core 
team to re-convene when they had completed their review and full assessment of the 
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commentsthat evaluation was completed.  This is the purpose of this briefingThe Core Team has 
completed reviewing all peer and partner agency reviews, and a follow-up conference call and 
webinar have been scheduled for May 12.  At the conclusion, we anticipate a final 
decision/recommendation from the Decision Makers Team on the status of the lLynx DPS.   A 
five-year review will then document that decision.  
 
KEY POINTSKey Points: 
 
• We announced the re-initiation of a five-year status review on January 13, 2015.  Shortly 

thereafter, we embarked on the SSA framework.  Information in the SSA report will be used 
by Service decision makers to inform classification decisions, recovery planning direction, 
and other determinations required by the Act. 

• Through the SSA framework we have assessed the species’ needs, current and future 
condition including viability of the DPS using a compilation of the best available scientific 
and commercial data, including empirical data, published literature, and expert input. Our 
assessment included a workshop for scientific experts to address the current and likely future 
status of the DPS that occurred in the fall of 2015. 

• Information solicited from the 10 member lynx expert panel addressed the viability of the 
DPS based on the 3Rs (Representation, Redundancy, and Resiliency) and what is known 
about climate science related to lynx.  The resultant workshop report is one component of the 
SSA. 

• We completed the DRAFT SSA report in January 2017 and made it available for Peer and 
Partner review and comment.  This review and comment was completed in March 2017.  
Approximately 400 individual comments were considered as we received reviews from all 5 
Peer Reviewers, 3 Federal agencies and 11 of 15 states out of the 14 or so states within the 
Lynx DPS range.    

• At our Decision Recommendation Meeting in March, we provided an overview of the Draft 
SSA and a summary of major or consistent issues, comments, concerns, and themes from 
Peer, State and Federal partner reviews of the Draft Lynx SSA Report.   

• Upon additional review of the comments, the Core team’s conclusion is that although there 
are recurring themes and some additional work needed to finalize the SSA report, nothing in 
these reviews suggests major consequential omissions or fatal flaws with our assessment that 
would lead us to significantly different conclusions.   

 

NEXT STEPS 

• Finalize the SSA report (or if it is finished, state that here).  The report will be made 
available to the public on our website concurrently with the announcement of the five-year 
review.  

• Finalize a status recommendation with the Decision Team during the follow-up meeting on 
May 12, 2017.  The decision will be documented in the five-year review for Canada lynx, 
anticipated to be completed when??? 
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Figure 1.  Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations.  
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INFORMATION/ BRIEFING MEMORANDUM  
FOR THE REGIONAL DIRECTOR 

 
 
DATE:   May 4, 2017  
 
FROM: Jodi Bush, Supervisor, Montana Ecological Services Office, (406) 449-5225. 
 
SUBJECT: Wrapping up the Decision Process of the Lynx SSA  
 
This briefing memo for the Regional Director (RD) is to provide an update and context for the 
upcoming Canada lynx five-year review Recommendation Meeting follow-up discussion.   
 
BACKGROUND 
 
We have completed a DRAFT Species Status Assessment (SSA) report for the contiguous U.S. 
distinct population segment (DPS) of the Canada lynx (Figure 1).  The SSA was undertaken as 
part of the new recovery planning process.  Additionally it is intended to inform our response to 
a court order to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
such a plan will not promote the conservation of the [lynx]”).  The SSA assembles the best 
available information on the current status and likely future viability of the DPS.  It is intended to 
inform multiple Service needs including a determination by Service decision makers of whether 
(1) the DPS continues to warrant protection under the Endangered Species Act (Act) and (2) a 
recovery plan is needed to guide conservation and recovery of the DPS.  A status 
recommendation will be documented in a five-year status review based on the final SSA report. 
 
DISCUSSION 
BACKGROUND 
 
The Service designated the lynx DPS as threatened in 2000 because of the inadequacy, at that 
time, of existing regulatory mechanisms on Ffederal lands.  In 2003, in response to a court 
ruling, we reaffirmed the DPS’s status as threatened.  We completed a recovery outline in 2005, 
designated critical habitat for the DPS in 2006, and, in 2007, again in response to a court order, 
clarified our determinations of “significant portion of the range” and that all lynx in the 
contiguous U.S. constitute a single DPS.  We revised the critical habitat designation in 2009 and 
again in 2014 in response to a court order.  We reinitiated the 5-year status review in January, 
2015 and commenced the SSA in April, 2015.  In September 2016, the court remanded the 2014 
critical habitat rule for further evaluation of Colorado and five Nnational Fforests in Idaho and 
Montana.  
 
At the Recommendation Meeting iIn March of 2017, the SSA Core Tteam provided an overview 
of the draft SSA to the Decision Team (R6 RD and ARDs from R3, R5, R6 and R1).  We also 
discussed the comments received up to that point from pPeer reviewers and, State and Federal 
Partner agencies comments received up to that point and our initial responsesassessment of those 
reviews.  Using that information and their review of the draft SSA to complete facilitated 
structured decision making exercises, the Decision Makers Team came to an draft 
decisioninterim recommendation regarding the Lynx determination as stated abovestatus of the 
DPS.  The Decision Team postponed a final recommendation pending receipt and evaluation by 
the Core Team of outstanding peer and partner reviews and .  The Decision Team asked the Core 
team to re-convene when they had completed their review and full assessment of the 
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commentsthat evaluation was completed.  This is the purpose of this briefingThe Core Team has 
completed reviewing all peer and partner agency reviews, and a follow-up conference call and 
webinar have been scheduled for May 12.  At the conclusion, we anticipate a final 
decision/recommendation from the Decision Makers Team on the status of the lLynx DPS.   A 
five-year review will then document that decision.  
 
KEY POINTSKey Points: 
 
• We announced the re-initiation of a five-year status review on January 13, 2015.  Shortly 

thereafter, we embarked on the SSA framework.  Information in the SSA report will be used 
by Service decision makers to inform classification decisions, recovery planning direction, 
and other determinations required by the Act. 

• Through the SSA framework we have assessed the species’ needs, current and future 
condition including viability of the DPS using a compilation of the best available scientific 
and commercial data, including empirical data, published literature, and expert input. Our 
assessment included a workshop for scientific experts to address the current and likely future 
status of the DPS that occurred in the fall of 2015. 

• Information solicited from the 10 member lynx expert panel addressed the viability of the 
DPS based on the 3Rs (Representation, Redundancy, and Resiliency) and what is known 
about climate science related to lynx.  The resultant workshop report is one component of the 
SSA. 

• We completed the DRAFT SSA report in January 2017 and made it available for Peer and 
Partner review and comment.  This review and comment was completed in March 2017.  
Approximately 400 individual comments were considered as we received reviews from all 5 
Peer Reviewers, 3 Federal agencies and 11 of 15 states out of the 14 or so states within the 
Lynx DPS range.    

• At our Decision Recommendation Meeting in March, we provided an overview of the Draft 
SSA and a summary of major or consistent issues, comments, concerns, and themes from 
Peer, State and Federal partner reviews of the Draft Lynx SSA Report.   

• Upon additional review of the comments, the Core team’s conclusion is that although there 
are recurring themes and some additional work needed to finalize the SSA report, nothing in 
these reviews suggests major consequential omissions or fatal flaws with our assessment that 
would lead us to significantly different conclusions.   

 

NEXT STEPS 

• Finalize the SSA report (or if it is finished, state that here).  The report will be made 
available to the public on our website concurrently with the announcement of the five-year 
review.  

• Finalize a status recommendation with the Decision Team during the follow-up meeting on 
May 12, 2017.  The decision will be documented in the five-year review for Canada lynx, 
anticipated to be completed when??? 
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Figure 1.  Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations.  
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INFORMATION/ BRIEFING MEMORANDUM  
FOR THE REGIONAL DIRECTOR 

 
 
DATE:   May 5, 2017  
 
FROM: Jodi Bush, Supervisor, Montana Ecological Services Office, (406) 449-5225. 
 
SUBJECT: Wrapping up the Decision Process of the Lynx SSA  
 
This briefing memo for the Regional Director (RD) is to provide an update and context for the 
upcoming Canada lynx five-year review Recommendation Meeting follow-up discussion.   
 
BACKGROUND 
 
We have completed a DRAFT Species Status Assessment (SSA) report for the contiguous U.S. 
distinct population segment (DPS) of the Canada lynx (Figure 1).  The SSA was undertaken as 
part of the new recovery planning process.  Additionally it is intended to inform our response to 
a court order to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
such a plan will not promote the conservation of the [lynx]”.  The SSA assembles the best 
available information on the current status and likely future viability of the DPS.  It is intended to 
inform multiple Service needs including a determination by Service decision makers of whether 
(1) the DPS continues to warrant protection under the Endangered Species Act (Act) and (2) a 
recovery plan is needed to guide conservation and recovery of the DPS.  A status 
recommendation will be documented in a five-year status review based on the final SSA report. 
 
DISCUSSION 
 
The Service designated the lynx DPS as threatened in 2000 because of the inadequacy, at that 
time, of existing regulatory mechanisms on Federal lands.  In 2003, in response to a court ruling, 
we reaffirmed the DPS’s status as threatened.  We completed a recovery outline in 2005, 
designated critical habitat for the DPS in 2006, and, in 2007, again in response to a court order, 
clarified our determinations of “significant portion of the range” and that all lynx in the 
contiguous U.S. constitute a single DPS.  We revised the critical habitat designation in 2009 and 
again in 2014 in response to a court order.  We reinitiated the 5-year status review in January, 
2015 and commenced the SSA in April, 2015.  In September 2016, the court remanded the 2014 
critical habitat rule for further evaluation of Colorado and five National Forests in Idaho and 
Montana.  
 
At the Recommendation Meeting in March of 2017, the SSA Core Team provided an overview 
of the draft SSA to the Decision Team (R6 RD and ARDs from R3, R5, R6 and R1).  We also 
discussed the comments received up to that point from peer reviewers and State and Federal 
Partner agencies and our initial assessment of those reviews.  Using that information and their 
review of the draft SSA to complete facilitated structured decision making exercises, the 
Decision Team came to an interim recommendation regarding the status of the DPS.  The 
Decision Team postponed a final recommendation pending receipt and evaluation by the Core 
Team of outstanding peer and partner reviews and asked to re-convene when that evaluation was 
completed.  The Core Team has completed reviewing all peer and partner agency reviews, and a 
follow-up conference call and webinar have been scheduled for May 12.  At the conclusion, we 



anticipate a final decision/recommendation from the Decision Team on the status of the lynx 
DPS.  A five-year review will then document that decision.  
 
Key Points: 
 
• We announced the re-initiation of a five-year status review on January 13, 2015.  Shortly 

thereafter, we embarked on the SSA framework.  Information in the SSA report will be used 
by Service decision makers to inform classification decisions, recovery planning direction, 
and other determinations required by the Act. 

• Through the SSA framework we have assessed the species’ needs, current and future 
condition including viability of the DPS using a compilation of the best available scientific 
and commercial data, including empirical data, published literature, and expert input. Our 
assessment included a workshop for scientific experts to address the current and likely future 
status of the DPS that occurred in the fall of 2015. 

• Information solicited from the 10 member lynx expert panel addressed the viability of the 
DPS based on the 3Rs (Representation, Redundancy, and Resiliency) and what is known 
about climate science related to lynx.  The resultant workshop report is one component of the 
SSA. 

• We completed the DRAFT SSA report in January 2017 and made it available for Peer and 
Partner review and comment.  This review and comment was completed in March 2017.  
Approximately 400 individual comments were considered as we received reviews from all 5 
Peer Reviewers, 3 Federal agencies and 11 of 15 states within the DPS range.    

• At our Recommendation Meeting in March, we provided an overview of the Draft SSA and a 
summary of major or consistent issues, comments, concerns, and themes from Peer, State and 
Federal partner reviews of the Draft Lynx SSA Report.   

• Upon additional review of the comments, the Core team’s conclusion is that although there 
are recurring themes and some additional work needed to finalize the SSA report, nothing in 
these reviews suggests major consequential omissions or fatal flaws with our assessment that 
would lead us to significantly different conclusions.   

 

NEXT STEPS 

• Finalize a status recommendation with the Decision Team during the follow-up meeting on 
May 12, 2017.  The decision will be documented in the five-year review for Canada lynx, 
anticipated to be completed before the end of the current FY. 

• Finalize the SSA report by June 30.  The report will be made available to the public on our 
website concurrently with the announcement of the five-year review.  
 

  



 
 
 
 
 

 
 

Figure 1.  Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations.  
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MODELING AND FORECASTING THE INFLUENCE OF CURRENT AND FUTURE CLIMATE ON 
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An Abstract of the Thesis Presented 
in Partial Fulfillment of the Requirements for the 
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 The spruce-fir (Picea-Abies) forest type of the Acadian Region is at risk of 

disappearing from the United States and parts of Canada due to climate change and 

associated impacts. Managing for the ecosystem services provided by this forest type 

requires accurate forecasting of forest metrics across this broad international region in the 

face of the expected redistribution of tree species. This analysis linked species specific data 

with climate and topographic variables using the nonparametric random forest algorithm, 

to generate models that accurately predicted changes in species distribution due to climate 

change. A comprehensive dataset, consisting of 10,493,619 observations from twenty-two 

agencies, including historical inventories, assured accurate assignation of species 

distribution at a finer resolution (1 km2) than previous analyses. Different dependent 

variables were utilized, including presence/absence, a likelihood value, abundance variables 

(i.e. basal area, stem density, and importance value), and predicted maximum stand density 

index (SDImax), in order to inspect the difference in results in regards to their conservation 

management utility, as well as the effects of inherent species life history traits on outcomes. 



 
 

 Using linear quantile mixed models, predictions of SDImax were estimated for spruce 

or fir-dominated plots across the Acadian Region. Model performance was strong and 

estimates of SDImax from these models were similar to previous regional studies. The 

establishment of an individual constant slope of self-thinning for plots dominated by each 

spruce or fir species reinforces previous research that Reineke’s slope is not universal for all 

species, and that the differences in slope are telling of different species’ life history 

patterns. Individual plot estimates of SDImax, achieved through a varying intercept, allowed 

for the assessment of each stand’s potential and limitations in regards to the impact that 

climate, nutrient availability, site quality, and other factors might have on SDI. 

 A high association with environmental variables was exhibited for all dependent 

variables. Area under receiver operator curve values for presence/absence models averaged 

0.99 ± 0.01 (mean ± SD) well above the accepted standard for excellent model performance. 

The addition of historical tree data revealed supplementary suitable habitat along the 

southern edge of species’ ranges, due to marginal dynamics potentially overlooked by 

approaches relying solely on current inventories. The likelihood models provided an 

adequate surrogate to abundance models, reflecting gradients of suitable habitat. The 

SDImax variables performed the best of the continuous variables inspected in regards to 

climate associations, likely because of the selection of spruce or fir-dominated plots and the 

ability to capture core ranges. Black spruce (Picea mariana (Miller) B.S.P.) responded the 

best to abundance modeling, due to this species’ uniform range. White spruce (Picea glauca 

(Moench) Voss) consistently performed the worst among all species for each model, due to 

this species’ wide distribution at low abundances. Presence/absence models assist in 

understanding the full range of climatically suitable habitats, abundance values provide the 



 
 

ability to prioritize suitable habitat based upon higher abundance, and SDImax models can be 

utilized for the construction of Density Management Diagrams and the active management 

of future landscapes based on size-density relationships. 
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CHAPTER 1  

INTRODUCTION AND REVIEW OF THE SPRUCE-FIR FOREST AND SPECIES-CLIMATE 

MODELING 

1.1. Introduction 

It is certain that global surface temperatures have increased since measurement began 

in the late 19th century (Stocker et al., 2013). Temperatures on average have risen 0.89°C 

since 1880, with 80% of the increase occurring after 1950. Furthermore, climate models 

predict with high confidence that the 30-year period between 1982 and 2012 is the 

warmest 30-year period of the last 800 years. This increase in temperatures has cascading 

effects on sea surface temperatures, annual precipitation, glacier and ice sheet volume, and 

many more aspects of the global climate system. These changes to climate are 

unsurprisingly reflected in species’ distributions and ecosystems’ configurations. It is 

recognized that as temperatures rise species’ geographic distributions generally shift 

poleward and upward in altitude (Harsch et al., 2009; Lenoir et al., 2008; Parmesan, 2006). 

Paleoecological evidence confirms that temperature shifts as little as 1°C led to significant 

forest reconfigurations as little as 1,000 years ago (Lindbladh et al., 2003; Schauffler and 

Jacobson, 2002). Currently, transformations are already being witnessed, with one meta-

analysis of mobile organisms estimating a median latitudinal migration of 16.9 km per 

decade and a median shift to higher elevations of 11 m per decade (Chen et al., 2011). 

Climate impacts on sessile flora, such as forests, are still being evaluated, as response to 

climate change is complex, relying on the interactive effects of both temperature and 

precipitation changes (Parmesan, 2006). Rapid migration potential is limited, and shifts in 
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the suitability of habitat conditions (Iverson et al., 2008), or the reconfiguration of forest 

structure, composition, and productivity (Dolanc et al., 2013; Mohan et al., 2009), are a 

common outcome of climate warming. 

According to the latest report by the Intergovernmental Panel on Climate Change 

(IPCC), it is extremely likely that more than half of the observed increases in global 

temperatures can be assigned to anthropogenic influences, including greenhouse gas 

emissions and land use changes (Rosenzweig et al., 2008; Stocker et al., 2013). Future 

projections of climate are based upon our knowledge of anthropogenic and natural 

influences to the system, as well as scenarios based upon how humans may or may not 

mitigate climate change over the next century. Assuming sustained doubling of atmospheric 

carbon dioxide (CO2), models indicate that temperatures will rise between 1.5°C and 4.5°C 

by 2090, and that a rise less than 1°C or greater than 6°C is extremely unlikely. Feedback 

effects due to climate change will create regional differences in cloud cover, precipitation, 

and extreme weather events, necessitating the inspection of localized downscaled models 

of climate projections. Of particular concern are extreme events, including severe storms 

(i.e. hurricanes, northeaster) and extended periods of drought and freezing temperatures, 

which directly contribute to mass forest mortality, as well as indirectly, through increased 

vulnerability to wildfire and insect attacks (Allen et al., 2010; Huntington et al., 2009). 

Change in climate is already being manifested in the regional redistribution of forests. 

Numerous studies have documented the shift of forest habitat (Beckage et al., 2008; Kelly 

and Goulden, 2008; Lenoir et al., 2008) upward in altitude, or the loss of ecosystems 

altogether (Condit et al., 1996), due to climate change. Other studies have observed the 

redistribution of forest structure as a result of the mortality of mature individuals (Dolanc et 



 
3 

 

al., 2013). In general, climate effects to forest ecosystems are either chronic, through 

gradual changes in the central tendencies of climatic variables (Adams et al., 2009; Beckage 

et al., 2008) or abrupt (Shuman et al., 2009), including extreme events such as drought in 

water stressed ecosystems (Park Williams et al., 2012) or rising sea-level in tidal ecosystems 

(Doyle et al., 2010). Evidence of climate related drought and heat stress induced mortality in 

forest is present on all six of the treed continents (Allen et al., 2010). Warmer temperatures, 

independent of precipitation amount, can increase forest water stress and shorten the time 

to drought-induced mortality (Adams et al., 2009; Park Williams et al., 2012). Drought 

increases vulnerability to additional stressors including wildfire and disease outbreak 

(Huntington et al., 2009; Noss, 2001). Observed increases in the area of forests burned in 

Canada over the last four decades is consistent with models due to anthropogenic climate 

change (Gillett et al., 2004) and all aspects of insect outbreak cycles have intensified as the 

climate warms (Logan et al., 2003). Not all effects of climate change are adverse, and 

greater levels of CO2, as well as simultaneous increases in temperature and precipitation, 

have boosted forest productivity in many locations (Huntington et al., 2009; Parmesan, 

2006; Swetnam and Betancourt, 1997). The myriad effects of a changing climate on forest 

growth and distribution necessitates the inspection of individual ecosystems to properly 

analyze and predict specific transformations. 

1.2. The Acadian Forest 

Traversing international boundaries, the Acadian Forest stretches from the northern 

New England states of the United States (U.S.) to Québec and the maritime provinces of 

Canada (Figure 1.1), and is of great ecological and economic value to the region. Bounded 

by the boreal forest to the north and the temperate, deciduous hardwood forest to the 
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south, the Acadian Forest is distinct for its mixed-wood stands at higher elevations and the 

economically important spruce-fir (Picea-Abies) forest type present on lower slopes (Loo 

and Ives, 2003; Westveld, 1931). The Acadian Forest contains fourteen species of conifers, 

more than any other mixed forest save the Appalachian Blue Ridge and Southeastern mixed 

forests, and 35 species of hardwoods (Olson et al., 2001). Of the 49 common tree species, 

49% (twenty-three) exhibit a range boundary in the Acadian Region (Barton et al., 2012). 

The rich composition of this forest is inextricably linked to the varied climate and it is clear 

that changes in climate will have effects on forest make-up, as well as the people and 

wildlife communities that rely on it. 

 

Figure 1.1. Map of the Acadian Region. The dark green represents the Acadian Forest Region 

designated by the World Wildlife Fund (WWF). 
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The Acadian Region is expected to have hotter summers with less precipitation and 

shorter winters marked by more rain and less snow (Jacobson et al., 2009). Projected future 

changes are consistent with a warmer climate, including shrinking snow cover, more 

frequent droughts, and extended periods of low hydrological flows in the summer (Hayhoe 

et al., 2007). Summertime precipitation is projected to decrease on the Acadian coastline 

and inland, but increase along the Canadian border (Anderson et al., 2010; Hayhoe et al., 

2008). Meanwhile, evaporation is expected to increase in most of the region, resulting in 

lower soil moisture content and higher humidity (Anderson et al., 2010). Extreme 

precipitation events are projected to increase by at least 50%, while days with extreme high 

temperatures are expected to at least double (Anderson et al., 2010; Hayhoe et al., 2008). 

Short- and medium-term droughts are expected to increase, and in conjunction with drier 

hotter summers, the effects on the water supply could be severe (Hayhoe et al., 2007). 

Already, overall average temperatures increased by 0.37 to 0.43°C per decade between 

1965 and 2005, with greater temperature increases in the winter (Huntington et al., 2009). 

The amount of days with snow on the ground has decreased by up to 25 days and ice-out on 

rivers and lakes has decreased by nine days (Hodgkins et al., 2002; Wake et al., 2006).  

This diversity in climate conditions for the Acadian Region can partially be attributed to 

a correspondingly diverse geography.  This region is approximately 23,750,190 ha and spans 

seven degrees of latitude (Olson et al., 2001). The presence of a long coastline, buffered by 

the Labrador Current, translates to cooler and moister climatic trends for this area. The 

southern edge of the Labrador current converges with the much warmer Gulf stream, 

resulting in a dramatic sea surface temperature shifts and increased atmospheric activity at 

this boundary (Bradbury et al., 2002). Climate in the region is predominantly controlled by 
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clashing atmospheric circulation patterns that currently convene in the mid-latitudes. 

Warm, wet subtropical systems meet sub-polar maritime systems and dry, cold continental 

arctic masses at the Polar Jet Front. Much of the Acadian Region lies on the boundary of the 

ever-shifting polar front. While the polar cell typically dips further south in the winter and 

the Hadley cell pushes further north in the summer, the region can be on either side of the 

boundary at any time of the year (Keim, 1998; Zielinski and Keim, 2003). Climate predictions 

are consistent with a summertime northward shift in the Polar Jet Front, resulting in 

warmer summertime temperatures, and an eastward shift of the East Coast Trough, 

resulting in drier conditions (Hayhoe et al., 2007). 

 The Acadian Forest is composed of a complex variety of different forest types, 

including numerous spruce-fir communities. Within the Acadian Forest, the spruce-fir forest 

type is a distinguishing feature that provides forest products and wildlife habitat. Spruce-fir 

communities compose approximately 42% of Canada’s Acadian Forest and 32%, 10%, and 

14% of New Hampshire, Maine, and Vermont, respectively, in the U.S. (Canada’s National 

Forest Inventory, 2006; McWilliams et al., 2005; North East State Foresters Association, 

2007). The forest product industry is led by softwood production due to the availability of 

this resource. Forest products account for up to 4.9% (Maine) in the USA and 9% (New 

Brunswick) in Canada of regional gross domestic products (APEC, 2005, 2003; 

Forest2Market, 2009). Several species of local (e.g. spruce grouse (Dendragapus canadensis 

canace)) and national concern (e.g., Bicknell’s Thrush (Catharus bicknelli), Canadian Lynx 

(Lynx canadensis)) rely on the spruce-fir forest for habitat. 

Traditionally, Acadian spruce-fir forests were broadly divided into two types: dominant 

softwood and secondary softwood. Dominant softwood includes spruce swamps, spruce-fir 
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flats, high elevation spruce slopes, and the coastal spruce-fir. Secondary softwoods include 

yellow birch (Betula alleghaniensis Britton)-spruce and sugar maple (Acer saccharum 

Marsh)-spruce forest types (Hosmer, 1902; Leak, 1982; Mosseler et al., 2003). While human 

disturbance has undeniably altered the landscape and distorted forest types, these spruce-

fir forests are still recognizable today. Recent surveys have similarly grouped different 

spruce-fir types, but with more detail. The United States Forest Service (USFS) Forest 

Inventory and Analysis (FIA) program makes use the Society of American Foresters’ (SAF) 

classification system, which lists six different spruce-fir types for the Acadian Region (Eyre, 

1980). One recent classification only for Maine includes ten different community types with 

a majority spruce-fir component. These include black spruce barrens, black spruce 

woodlands, lower elevation spruce-fir forests, maritime spruce-fir forests, spruce rocky 

woodlands, montane spruce-fir forests, subalpine fir forests, spruce-pine woodlands, 

spruce-northern hardwoods and black spruce bogs (Gawler and Cutko, 2010). It is evident 

that spruce-fir forest assemblages are diverse and that when referring to this forest type we 

are talking about a spectrum of geographic, edaphic, and climatic conditions.  

1.3. Species-Climate Associations 

The Acadian spruce-fir forest type relies on cooler and moister conditions associated 

with northern latitudes and sensitive high alpine and coastal areas, and is at a particular risk 

for loss of habitat due to climate change. Previous climate models have predicted range 

contraction of up to 400 kilometers north (Iverson et al., 2008) and a possible reduction of 

97-100% of suitable habitat in the U.S. in the next 100 years (Hansen et al., 2001). Refugia 

locations in New England are predicted to be restricted to high elevations or inland along 

the U.S.-Canada border (Tang and Beckage, 2010). These studies of the spruce-fir forest 
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have been limited by the absence of data that fully characterizes the species’ relationships 

with the environment in the northern portion of their ranges, as they reach across 

international boundaries. The absence of this data not only limits understanding of the 

species relationship with climate, but also prohibits recognizing future suitable habitat for 

forest communities. 

In order to better understand the predictions of species’ distributions, and to envision 

how future landscapes might manifest themselves, understanding individual species’ 

physiological tolerances and optima in regards to not only range boundaries, but also life 

history requirements, is essential. Recent biogeographical studies suggest that tolerance to 

climate extremes, particularly freezing temperatures, accounts for 80% of variation in range 

size (Mathews and Bonser, 2005; Pither, 2003). Since recent climate trends are particularly 

driven by warming winter temperatures (Stocker et al., 2013), the assumption is that tree 

species’ ranges currently restricted by freezing temperatures will expand or experience 

increased growth at the edges of their ranges (Harsch et al., 2009). On the other hand, soil 

moisture is critical to seedling recruitment success (Chmura et al., 2011; Greenwood et al., 

2008), and as temperatures warm, not only is soil moisture predicted to decrease (Anderson 

et al., 2010), but longer, more frequent episodes of drought are expected (Hayhoe et al., 

2008). Additionally, it is important to recognize the impact of biotic interactions on species’ 

ranges, as this certainly influences the realized niche witnessed on the current landscape 

and is often a result of physiological limitations in regards to light tolerance, rooting depth, 

and nutrient requirements in the face of competition (Schwarz et al., 2003). As climate 

changes realized niches will shift within the bounds of their fundamental niche (Maiorano et 

al., 2013), and phenotypic variation will be expressed as a response to changing conditions 
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(Kearney and Porter, 2009). The primary species of the Acadian spruce-fir forest types are 

balsam fir (Abies balsamea L.), white spruce (Picea glauca (Moench) Voss), black spruce 

(Picea mariana (Miller) B.S.P.), and red spruce (Picea rubens Sarg.). While these species exist 

in distinct associations with one another today, paleoecology studies indicate that past 

compositions have no bearing on current, and likely future, forest assemblages (Davis, 1976; 

Huntley, 1991).  

Black and white spruce are thought of as “plastic” species, meaning they can survive in 

highly variable circumstances, with extreme climate and soil conditions, and are associated 

with establishment post-glaciation (Halliday and Brown, 1943; Lindbladh et al., 2003). For 

example, black spruce was found to survive in one study area where temperatures dipped 

to -62°C, and white spruce to -54°C (Maini, 1966; Major et al., 2003). Generally, plastic 

species’ ranges are larger than those with more specific niches (Morin and Lechowicz, 

2013), and abundance and frequency of these species within their range are controlled less 

by abiotic factors, and more by biotic competition (Murphy et al., 2006). Black spruce is 

more cold tolerant than white spruce, and enjoys near 100% abundance in the core of its 

range (Vincent, 1965). In the Acadian Region, black spruce’s shallow root system allows for 

survival in organic and water logged soils including peatlands throughout Canada (Brumelis 

and Carleton, 1988) and the species will grow in the understory on rich sites due to an 

intermediate shade tolerance (Vincent, 1965). Black spruce is also much more tolerant of 

frequent fire, and associated dry weather, than other associated spruce species (Foster, 

1983). In eastern North America, white spruce is not nearly as abundant, likely due to the 

fact that it is more demanding of light and soil conditions than associated conifers 

(Kabzems, 1971; Sutton, 1969). Paleoecological reconstructions suggests that white spruce 
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was the first to arrive in post-glacial periods and thrived on rich, coarse-textured soils with 

good drainage (Lindbladh et al., 2007), but was quickly replaced on the landscape by black 

spruce due to paludification as the climate became colder and wetter (Grimm and Jacobson, 

2003; Lindbladh et al., 2007). White spruce establishes and grows well on abandoned 

farmland and other select coastal sites due to fast establishment with light availability, 

though it is outcompeted over time (Davis, 1966). 

In the Acadian Region, often suitable habitat for black spruce gives way to genetically 

and morphologically similar red spruce (Gordon, 1976). Red spruce occupies a much more 

specific niche than the other spruces of the region, and this is thought to be mostly 

controlled by adequate moisture in cool environs (Dumais and Prévost, 2007). 

Paleoecological evidence suggests that red spruce growth is prohibited in dry warm 

conditions and is also limited by low winter temperatures (i.e. -16°C, Thompson et al., 

2009), and that the proliferation of this species in New England is a recent phenomenon due 

to cooler and moister conditions (Lindbladh et al., 2003). Maximum development is 

obtained at the southern edge of its range, in the humid southern Appalachian mountains 

(Walter, 1967), and foggy, coastal habitat in the northeast (Davis, 1966). Adequate moisture 

is essential for germination (Frank and Bjorkbom, 1973), as well as a mineral soil layer 

reachable by red spruce’s shallow rooting system (Hart, 1965). Similar to black spruce, red 

spruce will grow on thin, unformed soils that other species will not tolerate, most notably at 

high elevations in New England (Frank and Bjorkbom, 1973; Seymour, 1995), though this 

species is much more frost intolerant than black spruce (Major et al., 2003). Red spruce is 

very shade tolerant and long-lived, and will persist in the understory for many years as 

advanced regeneration before being released (Davis, 1991; Seymour, 1992). 
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Lastly, though not considered a plastic species, nor as cold tolerant as black and white 

spruce, balsam fir is a generalist with the ability to survive in a wide array of climate and soil 

conditions. Balsam fir is extremely competitive and flowers and thrives in full light, taking 

advantage of disturbed environments to establish itself (Bakuzis and Hansen, 1965). Balsam 

fir is widely believed to have increased in abundance across the landscape due to frequent 

clear cuts over the last century, particularly after the spruce budworm infestation of the late 

1970s (McWilliams et al., 2005). Though the root system of this species is relatively shallow, 

it is deeper than that of all spruces, spreading faster and deeper during establishment 

(Bakuzis and Hansen, 1965; Greenwood et al., 2008), giving it a competitive edge. And while 

light is an important factor for growth, soil moisture is the most important factor 

determining seedling establishment, though it is able to succeed in a variety of situations. 

1.4. Statistical and Mechanistic Models 

Describing the relationship between an ecosystem and its environment as it relates to 

climate change is typically achieved in one of two ways. One, the ecosystem is examined 

through the lens of its important species, and a bioclimatic envelope is developed for each 

species through direct statistical linkages. Also known as species distribution models 

(SDMs), ecological niche models, and bioclimatic envelopes, this method is an empirical 

based approach to correlating the presence of species to climatic variables, assuming the 

hypothesis that the best indicator of a species realized niche is its current distribution 

(Pearson and Dawson, 2003). Direct statistical linkages between environmental variables 

and species distributions are relatively easily accounted for and evaluated (Araújo et al., 

2005), and the field profits from a long history of use, discussion, and development 

(Heikkinen et al., 2006; Luoto et al., 2005). Until recently statistical methods were seen as a 
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poor choice for species-climate modeling as this relationship was hard to capture, but the 

advent of computer based classification and regression trees (CARTs) has been able to 

accurately predict associations (Cutler et al., 2007). Obvious limitations for this 

methodology include the inability to capture the fundamental niche of species, as well as 

biotic interactions between organisms (Williams et al., 2013). Additionally, extrapolating 

these models to unknown scenarios, such as future climate change, does not account for 

species’ genetic variability, phenotypic plasticity, evolutionary changes, CO2 effects, and 

dispersal pathways (Elith and Leathwick, 2009; Heikkinen et al., 2006). Lastly, studies often 

suffer from a lack of high quality empirical data that is necessary for accurate predictions. 

Alternatively, ecosystems are modeled though prefabricated simulation frameworks 

that rely on knowledge of complex ecosystem processes to simulate forest growth and 

succession (Taylor et al., 2008). These mechanistic or process based models are modeled at 

diverse spatial resolutions, as small as a leaf for photosynthesis models (Landsberg, 2003), 

or as large as multiple forest stands (Mladenoff, 2004). Process based models, particularly in 

the fields of carbon cycling (Larocque et al., 2008; Mäkelä et al., 2000) and forest 

disturbance (Seidl et al., 2011) have proven successful, and led to higher confidence in 

landscape level simulations that are able to integrate climate change into their predictions 

(Duveneck et al., 2014). Mechanistic models though suffer from complexity which limits the 

extent and scale that can be modeled due to computational demand, as well as the 

availability of numerous difficult to measure inputs (Taylor et al., 2009; Weiskittel et al., 

2011). 

For studies of mixed species forest types over a large study area, bioclimatic envelopes 

are a more suitable tactic to understand ecosystem climatic relationships, if reliable 
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empirical data is available. The focus of this climate study is not the process by which we 

arrive at a future landscape, but rather what the landscape might look like under different 

climate scenarios, obviating the necessity of a mechanistic model (Taylor et al., 2009). The 

spruce-fir forest, expressed as different community types across the Acadian landscape, 

would be difficult to capture in a mechanistic model at this scale. Undoubtedly, the 

abundant additional hardwoods and softwoods species that compose and interact with the 

spruce-fir forest types would be difficult to parameterize, and computational ability to 

initialize and predict a study area of 23,750,190 ha is unavailable. While bioclimatic 

envelopes do not account for disturbance, competition, and other filter factors determining 

a species presence on the landscape, it is a reliable first step in identifying a broader range 

of current and future suitable habitats (Heikkinen et al., 2006). Additionally, the comparison 

and integration of bioclimatic envelopes with process based models is able to elucidate 

model differences as well as ecosystem processes, while coming to a consensus on 

predictive futures (Kearney and Porter, 2009; Keith et al., 2008). 

1.5. The Dependent Variable  

 The decision of which dependent variable to use in species distribution modeling is 

based upon the desired product and management implications of the research. A quick 

literature review reveals that a binary variable of presence or absence is the most 

commonly used, and thus, ongoing research benefits from vast information about the 

successes and failures of these models (Araújo et al., 2005; Elith et al., 2010; Graham et al., 

2007; Guisan et al., 2007; Heikkinen et al., 2006; Segurado and Araujo, 2004). Measurement 

of abundance have gained considerable popularity though, particularly in the world of 

forestry (Iverson et al., 2008; Prasad et al., 2006) and other plant species models (Kent and 
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Coker, 1992). Amongst these abundance variables, arguments persist about the practicality 

of different measurements, and the trade-off between model efficiency and accuracy. 

 The reasons for the popularity of the presence/absence dependent variable are 

simple. Mainly, this is the most commonly collected piece of data, and such a direct 

measurement leaves little room for human error. For landscape level studies which desire 

to characterize a species across its entire range, often numerous organizations or 

researchers might contribute to the model dataset. Though considerations still need to be 

taken into account for different sampling protocols, such as the frequency of data collection 

locations (Guisan et al., 2007; Luoto et al., 2005), utilizing datasets from different 

organizations is much simpler with the presence/absence variable. Additionally, unique 

datasets, such as pollen cores used in palynology studies (Williams et al., 2013), herbarium 

samples (Mathews and Bonser, 2005), or witness tree surveys recorded in the U.S. at the 

time of European settlement (Hanberry et al., 2012; Tinner et al., 2013), where abundance 

data is difficult to calculate, can be used in SDMs to highlight differences in realized niches 

(Kearney and Porter, 2009) and the reallocation of species’ distributions in response to past 

climate change. Numerous modeling techniques easily accommodate the presence/absence 

variable, including the Ecological Niche Factor Analysis (ENFA), CARTs, neural networks, 

generalized linear models (GLMs), and generalized additive models (GAMs), furthering its 

popularity (Segurado and Araujo, 2004). CARTs have proven the most successful at 

accurately linking species’ distribution with climate variables (Guisan et al., 2007; Prasad et 

al., 2006; Segurado and Araujo, 2004). Additionally, with presence/absence modeling, 

balancing the data, so that errors are concentrated in favor of falsely predicting presence 

when absent, as opposed to absences when present, is straightforward (Joyce and Rehfeldt, 
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2013). With regards to endangered ecosystems, accidentally identifying regions for 

conservation greatly outweighs the risk of missing potential zones for refugia (Guisan et al., 

2013). 

 Abundance variables have gained particularly popularity in the world of species 

distribution modeling for forest species (Iverson et al., 2008). This is largely due to the 

availability of consistently measured, uniformly distributed plot networks across the 

landscape, such as the FIA program in the U.S., maintained by USFS. Similar datasets exist 

provincially in Canada (Porter et al., 2001; Prince Edward Island Department of Agriculture 

and Forestry, 2002; Townsend, 2004), and vary by country throughout Europe (Guisan et al., 

2007). The origins of these datasets are rooted in the economic importance of countries’ 

timber supplies (Bechtold and Patterson, 2005), and thus tree species are in an unique 

position in regards to abundance species distribution modeling. While abundance measures 

are often outputs in mechanistic models, the use of a continuous predictor in statistical 

climate modeling was difficult until the advent of CARTs (Iverson and Prasad, 1998). While 

balancing a dataset with a continuous variable will still help increase model accuracy, 

abundance models often suffer from high errors of statistical measurement (i.e. R2) because 

it is difficult to pinpoint exact, but varied, values across a landscape. Despite this, these 

models have proven immensely useful since they have the ability to reflect the sensitivity of 

each species to environmental gradients at their respective range boundaries, as well as 

depicting the core of species’ ranges (Iverson et al., 2011). 

The most frequently employed abundance variable in similar studies is the 

importance variable (IV), which is a combined metric of both proportional basal area (BA; 
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m2 ha-1) and stem count (TPH; trees ha-1 (TPH)), and is defined in Curtis and McIntosh 

(1951). The concept of the IV is that many small trees of the same species, or a few mature 

trees in the upper canopy, would have a similar value per unit. In regards to the species 

used in this study, areas of high stem count tend to simultaneously occur in areas of high 

basal area (Seymour, 1992). In theory, locations with a higher predicted IV are better 

candidates for conservation (Iverson et al., 2010). Accuracy in regards to exact values are 

not as important, as long as relative patterns across the landscape are achieved, and 

locations for conservation can be prioritized. As an alternative to direct abundance 

measure, the likelihood output from presence/absence CART modeling has been suggested 

as computationally more efficient way to calculate and display these relative patterns (Joyce 

and Rehfeldt, 2013). Points with a greater probability of being selected as suitable habitat 

are more likely to contain the species, as there is a direct relationship between greater 

habitat suitability and species occurrence. This is an important interpretation of 

presence/absence models in that it allows these models to reflect the core distribution of 

the species and act as a surrogate for abundance modeling. 

 Both presence/absence and abundance variables seek to help land managers select 

the best land for conservation in the face of shifting species distributions due to climate 

change. Presence/absence models are easier to generate and to interpret, while abundance 

variables help to pinpoint locations of greater habitat suitability. Neither of these types of 

variables assist land managers in the active management of land, nor assist in the dynamic 

process of a changing landscape as the climate alters. Forestry in particular, as a sect of land 

management that actively manages forest for multiple objectives, including timber 

production, wildlife habitat, and recreational opportunities, needs guidelines and tools on 
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how to manage forests under varying conditions. Density management diagrams (DMDs), 

which graphically represent the relationship between average tree size and stand density in 

forests, have long served as an important tool in making predictions about future stand 

development based on size-density relationships (Jack and Long, 1996). Integral to designing 

DMDs is the concept of the stand-density index (SDI; Reineke, 1933), a comparative 

measurement that provides the degree to which a stand is achieving full site occupancy 

based upon the maximum size-density relationship (SDImax) (Zeide, 2005).  

Traditionally, SDImax has been estimated through the visual observation of fully 

stocked stands, but recent research has focused on the statistical prediction of SDImax 

through different modeling techniques including modified linear regression (Solomon and 

Zhang, 2002), nonlinear regression (Yang and Titus, 2002), and quantile regression (Zhang et 

al., 2013). Not only are the SDImax and DMDs universally used forestry tools, they are also 

particularly key for managing for forests in the face of climate change. Density management 

has been suggested as the single best way to achieve healthy forests, by reducing density to 

decrease moisture and nutrient stress caused by competition (Chmura et al., 2011), and 

therefore reducing vulnerability to wildfire and disease outbreak (Noss, 2001), known 

agents of acute mass mortality in climate stressed ecosystems (Allen et al., 2010). 

Integrating the results of a landscape level SDImax prediction into a climate model has not 

been attempted at the time of this study. Careful considerations need to be taken in regards 

to compounded risk of error associated with the stacking of model results. 
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1.6. Objectives 

It is clear that the spruce-fir forest type of the Acadian Forest is an unique assemblage 

of species that provides invaluable economic and ecological resources. Land managers need 

accurate information in order to conserve and manage for changes to this ecosystem under 

different models of climate change, and different dependent variables provide different 

types of information. Modeling alternative dependent variables for different species though 

is rarely performed due to the lack of data availability, thus missing the opportunity to 

inspect species’ performance to different response variables and to study the different 

implications these modeling outcomes could have on conservation decisions. Thus, there is 

a need to compare these variables on the same landscape and to understand their 

implications, while also exploring innovative modeling techniques.  

The broad objectives of research documented in this thesis were: 

1. To explore new data and modeling techniques for SDMs. This includes the impact of 

higher spatial resolution, and the impact of the use of an international dataset 

composed from numerous current and historical sources, on predictive accuracy, 

and the ability of newly developed statistical techniques to predict important 

variables for forest management, such as SDImax.  

2. To characterize the distribution and abundance of the important species spruce-fir 

forest, while comparing the usefulness of both presence/absence and abundance 

models, as well as alternatives, for conservation decisions.  

3. To compare and illustrate the differences between the results and application of 

directly calculated variables useful for passive management versus predicted 

variables useful for the active management of forests.  
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CHAPTER 2                                                                                                                              

MODELING AND FORECASTING EASTERN NORTH AMERICAN SPRUCE-FIR 

OCCURRENCE/ABUNDANCE UNDER CURRENT AND FUTURE CLIMATE CONDITIONS 

2.1. Abstract 

The spruce-fir (Picea-Abies) forest type of the Acadian Region is at risk of disappearing 

from the United States and parts of Canada due to climate change and associated impacts. 

This valuable ecosystem provides habitat to wildlife of both local and national conservation 

concern, and sustains regional economies. Managing for the multiple resources provided by 

this ecosystem requires accurate forecasting across international boundaries in the face of 

expected tree species distribution shifts. This analysis linked species specific data with 

climate and topographic variables using the nonparametric random forest algorithm, to 

generate models that accurately predicted changes in species distribution under different 

models of climate change. Previous analyses of these species were limited due to coarse 

spatial and temporal resolution of analyses, the dependent variable employed, and 

geopolitical limitations associated with fully characterizing the species’ ranges, particularly 

into Canada. A database consisting of over 10 million individual field observations of tree 

occurrence and abundance (defined as basal area, stem density, and importance value) was 

compiled from the species’ current and potential range. When compared to other 

approaches, the occurrence models were able to accurately determine current distribution. 

Area under receiver operator curve (AUC) values for models averaged 0.99 ± 0.01 (mean ± 

SD), well above the accepted standard for excellent model performance. Abundance 

modeling results varied, with model performance contingent upon individual species’ 

characteristics. Black spruce (Picea mariana (Miller) B.S.P.) responded the best to 
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abundance modeling, while red spruce (Picea rubens Sarg.) and white spruce (Picea glauca 

(Moench) Voss) distribution were most accurately estimated through presence/absence 

models. The addition of historical tree data revealed supplementary suitable habitat along 

the southern edge of species’ ranges, due to marginal dynamics potentially overlooked by 

approaches relying solely on current inventories. Future predictions suggest an almost 

complete extirpation of suitable spruce-fir habitat from the United States by the year 2090, 

with the exception of locations at high altitudes in the Adirondacks and along the 

Appalachian Mountain chain in New Hampshire and Maine. Areas of large future suitable 

habitat are predicted for interior and peninsular Newfoundland and along the Gulf of St. 

Lawrence in Québec, including the northeastern tip of the Gaspé Peninsula, the Côte-Nord 

region, and Anticosti Island. These outcomes will help public and private land managers 

evaluate multiple alternative scenarios in which ecosystem perseverance, economic 

profitability, and concerns for wildlife habitat can be accounted for in the face of 

uncertainty. 

2.2. Introduction 

According to the latest report by the Intergovernmental Panel on Climate Change 

(IPCC), global surface temperatures are likely to rise between 0.3 and 4.8°C by the end of 

the 21st century (Stocker et al., 2013). Additionally, the last three decades are likely the 

warmest 30-year period of the previous 1400 years, with a temperature increase of 0.7°C in 

that time. This increase in temperatures has cascading effects on sea surface temperatures, 

annual precipitation, glacier and ice sheet volume, and many more aspects of the global 

climate system. These changes to climate are unsurprisingly reflected in species’ 

distributions and ecosystems’ configurations. It is recognized that as temperatures rise 
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species’ geographic distributions generally shift poleward and upward in altitude (Harsch et 

al., 2009; Lenoir et al., 2008; Parmesan, 2006). Paleoecological evidence confirms that 

temperature shifts as little as 1°C led to significant forest reconfigurations as little as 1,000 

years ago (Lindbladh et al., 2003; Schauffler and Jacobson, 2002). Currently, transformations 

are already being witnessed, with one meta-analysis of mobile organisms estimating a 

median latitudinal migration of 16.9 km per decade and a median shift to higher elevations 

of 11 m per decade (Chen et al., 2011). Climate impacts on sessile flora, such as forests, are 

still being evaluated, as response to climate change is complex, relying on the interactive 

effects of both temperature and precipitation changes (Parmesan, 2006). Numerous studies 

have documented the shift of forest habitat (Kelly and Goulden, 2008; Lenoir et al., 2008) 

upward in altitude, or the loss of ecosystems altogether (Condit et al., 1996), due to climate 

change. Rapid migration potential is limited, and shifts in the suitability of habitat conditions 

(Iverson et al., 2008), or the reconfiguration of forest structure, composition, and 

productivity (Dolanc et al., 2013; Mohan et al., 2009), are a more immediate common 

outcome of climate warming. 

The Acadian Region of North America is expected to have hotter summers and shorter 

winters marked by more rain and less snow (Jacobson et al., 2009). Projected future 

changes are consistent with a warmer climate, including shrinking snow cover, more 

frequent droughts, and extended periods of low hydrological flows in the summer (Hayhoe 

et al., 2007). Summertime precipitation is projected to decrease on the Acadian coastline 

and inland, but increase along the Canadian border (Anderson et al., 2010; Hayhoe et al., 

2008). Meanwhile, evaporation is expected to increase in most of the region, resulting in 

lower soil moisture content and higher humidity (Anderson et al., 2010). Already, overall 
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average temperatures have increased by 0.37 to 0.43°C per decade since 1965, with greater 

temperature increases in the winter, and the amount of days with snow on the ground has 

decreased by up to 25 days (Huntington et al., 2009; Wake et al., 2006). This change in 

climate is already being manifested in the regional redistribution of forests, with one study 

reporting an upward shift of 91 to 119 m in the montane northern hardwood-boreal forest 

ecotone in Vermont (Beckage et al., 2008). 

Several other coarse scale analyses have addressed the potential reduction or loss of 

species richness in Northeastern United States (U.S.) as species and communities migrate 

northward (Hansen et al., 2001; Iverson et al., 2008; Tang and Beckage, 2010). Of particular 

concern within the Acadian Forest, is the spruce-fir (Picea-Abies) forest type, as the primary 

tree species in this forest, red spruce (Picea rubens Sarg.), black spruce (Picea mariana 

(Miller) B.S.P), white spruce (Picea glauca (Moench) Voss), and balsam fir (Abies balsamea 

L.), prefer cooler and moister conditions associated with northern latitudes and sensitive 

high alpine and coastal areas. Previous climate models have predicted range contraction of 

up to 400 km north (Iverson et al., 2008) and a possible reduction of 97-100% of suitable 

spruce-fir habitat in the U.S. in the next 100 years (Hansen et al., 2001). Refugia locations in 

New England are predicted to be restricted to high elevations or inland along the United 

States-Canada border (Tang and Beckage, 2010). The risk of this shrinking habitat is further 

compounded by the fact that several species of local (e.g. spruce grouse (Dendragapus 

canadensis canace)) and national concern (e.g., Bicknell’s Thrush (Catharus bicknelli), 

Canadian Lynx (Lynx canadensis)) rely on the spruce-fir forest and that this habitat is already 

considered uniformly rare in Maine and endangered in New York (Noss et al., 1994). These 

previous studies that have predicted range contraction of the spruce-fir forest type have 
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been limited by the absence of data that fully characterizes the species’ relationships with 

the environment in the northern portion of their range, as it reaches across international 

boundaries, preventing range wide modeling and monitoring. The absence of this data not 

only limits understanding of species and climate associations, but also prohibits recognizing 

future suitable habitat for forest communities and their associated wildlife.  

For studies of mixed species forest types over a large study area, developing statistical 

models that link individual species’ distributions with important environmental variables, 

has been suggested as an appropriate tactic towards understanding ecosystem climatic 

relationships, if reliable empirical data is available. Also known as species distribution 

models (SDMs), ecological niche models, and bioclimatic envelopes, this method is an 

empirical based approach to correlating the presence of species to climatic variables, 

assuming the hypothesis that the best indicator of a species realized niche is its current 

distribution (Pearson and Dawson, 2003). While bioclimatic envelopes do not account for 

disturbance, competition, and other filter factors determining a species presence on the 

landscape, it is a reliable first step in identifying a broader range of current and future 

suitable habitats (Heikkinen et al., 2006). Accurate and comprehensive datasets are 

necessary in order to fully characterize species relationships with climate. Empirical data 

utilized in species distribution modeling typically rely on a single data source to describe 

species relationships with their environment. Sources range from records obtained from 

Herbaria, Museums or Atlases (Austin, 2007; Graham et al., 2007) to systematic national 

inventories of trees (Guisan et al., 2007; Iverson et al., 2008) and other species (e.g.. 

butterflies (Luoto et al., 2005)). Within the U.S., analyses of tree species have typically relied 

on the Forest Inventory and Analysis (FIA) program maintained by the U.S. Forest Service 
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(USFS) (Iverson et al., 2008). While it appears that this dataset can accurately delineate the 

presence of tree species at a coarse resolution, particularly those with large uniform 

distributions, the ability of this dataset to precisely capture species with a small specific 

niche or low abundance, in a mixed species landscape, at a fine resolution, is unsure. 

Additional, obvious limitations arise from the ability of a single national inventory to 

correctly describe species’ ranges that cross international boundaries.  

Furthermore, in areas of continual intense anthropogenic disturbance and settlement, 

where forest habitats have been altered or excised, the temporal range of FIA and other 

datasets do not include data prior to disturbance. Known distribution is usually limited to 

information collected after 1900, and primarily after 1950 (Elith et al., 2006). While the FIA 

was established in 1930, it did not begin regular inventory until 1998 (Bechtold and 

Patterson, 2005). For North American tree species, historical records collected at the time of 

European settlement are widely available. Previous analyses based on historical tree data 

have shown changes between historical and current forest species composition and 

abundance, resulting from logging, fire suppression, and other anthropogenic disturbances 

(Cogbill et al., 2002; Hanberry et al., 2012). Less studied is how land-use has affected 

suitable habitat for individual tree species, or what effect this might have on species’ 

bioclimatic envelopes and subsequent assessments of climate impacts on future suitable 

habitat (Tinner et al., 2013). 

Species’ distributions have primarily been defined in previous studies through 

presence/absence data (Elith et al., 2010; Guisan et al., 2007), as this type of data is widely 

available. Abundance variables (i.e. basal area (BA), stem density, importance value (IV)) 

have gained particularly popularity in the world of species distribution modeling for forest 
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species (Iverson et al., 2008), due to the availability of consistently measured, uniformly 

distributed plot networks across the landscape, such as the FIA program. Modeling for these 

different types of dependent variables serves slightly different purposes. Presence/absence 

models benefit from user-generated balancing that can concentrate error in favor of falsely 

predicting presences when absent as opposed to absences when present (Joyce and 

Rehfeldt, 2013). With regards to endangered ecosystems, identifying regions with current 

conservation value greatly outweighs the risk of eliminating potential zones for refugia 

(Guisan et al., 2013). Abundance variables are seen as useful because they have the ability 

to reflect the sensitivity of each species to environmental gradients at their respective range 

boundaries, as well as depicting the core of species’ ranges (Iverson et al., 2011). In theory, 

locations with a higher predicted abundance are better candidates for conservation (Iverson 

et al., 2010). Accuracy in regards to exact values are not as important, as long as relative 

patterns across the landscape are achieved, and locations for conservation can be 

prioritized. Regardless of modeling intent, inherent species characteristics, such as 

prevalence and range size, are thought to chiefly influence model performance (Guisan et 

al., 2007; Luoto et al., 2005; Segurado and Araujo, 2004), and abundance versus 

presence/absence data might outperform one another under different circumstances.  

As an alternative to direct abundance measures, the likelihood output from 

presence/absence models has been suggested as computationally more efficient way to 

calculate and display these relative patterns (Joyce and Rehfeldt, 2013). It is inferred that 

points with a greater probability of being selected as suitable habitat are more likely to 

contain the species, as there is a direct relationship between greater habitat suitability and 

species occurrence. This is an important interpretation of presence/absence models in that 
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it allows these models to reflect the core distribution of the species and act as a surrogate 

for abundance modeling. Modeling alternative dependent variables for different species 

though is rarely performed due to the lack of data availability, thus missing the opportunity 

to inspect species’ performance to different response variables and to study the different 

implications these modeling outcomes could have on conservation decisions. 

In order to capture the full range of spruce-fir species’ relationships with their 

environment across the entire Acadian Region, individual bioclimatic envelopes were 

developed with a comprehensive dataset including resources from both the U.S. and 

Canada. Both presence/absence, likelihood, and abundance variables (i.e. relative BA, 

relative stem density, IV) were examined to evaluate the ability of bioclimatic envelopes to 

accurately model species’ distributions and to reflect cores of distribution. These models 

were constructed with and without historical observations to observe the effect that 

obfuscated habitat ranges might have on species’ bioclimatic profiles. Models were built at 

a fine resolution (1 km²) in order to assist in identifying areas of potential refugia at the 

extremes of species’ habitats under different models of climate change. This fine resolution 

will be of more practical use to land managers than previous coarse-resolution models. The 

specific objectives of this study were to: (1) develop species-specific current distribution 

models using contemporary data; (2) compare predictions when contemporary and/or 

historical data are used; (3) evaluate alternative methods for estimating the current 

distribution; and (4) generate predictive maps of future distribution.  
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2.3. Methods 

2.3.1. Study Area 

The species considered for this study included red spruce, black spruce, white 

spruce, and balsam fir. In order to fully understand these species’ relationship with their 

environment, the study area extended beyond the boundaries of the Acadian Forest to 

include the southern extent of species’ ranges (Figure 2.1). As species migrate northward it 

is expected they will exhibit similar associations with their environment in the Acadian 

Region as they do today to the south. For example, isolated red spruce populations, in 

conjunction with Fraser fir (Abies fraseri Pursh) Poir), are located throughout the southern 

Appalachians at elevations above 1400-1600 m (Stephenson and Adams, 1984). These 

populations are thought to be relics from the last ice age, with shrinking suitable habitat as 

climate warms (Oosting and Billings, 1951). The breadth of the study area included data 

from ecoregions north of the Acadian Forest as well, but the northern edge of multiple 

 

Figure 2.1. Study area overlaid with World Wildlife Fund (WWF) ecoregions. 
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species’ ranges were not included in this analysis. Black spruce, white spruce, and balsam fir 

ranges extend well into the Canadian taiga, a region where little tree data has been 

collected. Classifying this edge was not thought to have an impact on describing species’ 

distributions for the Acadian Region under current or future climate scenarios, particularly 

given the elevational equivalents for these bioclimatic conditions contained within the 

mountainous portions of the study area. 

The New England-Acadian Forest terrestrial ecoregion defined by the World Wildlife 

Fund (WWF) was used to cartographically delineate this region (Olson et al., 2001). Data 

overlapped with 17 additional ecoregions in this analysis. The Allegheny highlands, 

Appalachian Blue Ridge forests, Appalachian mixed mesophytic forests, Central Canadian 

Shield, Eastern Canadian forests, Eastern forest-boreal transition, Eastern Great Lakes 

lowland forests, Gulf of St. Lawrence lowland forests, Newfoundland highland forests, 

Northeastern coastal forests, and Southern Hudson Bay taiga coincide with at least one of 

the species’ ranges. Data from six other regions including the Atlantic coastal pine barrens, 

Central U.S. hardwood forests, Middle Atlantic coastal forests, South Avalon-Burin oceanic 

barrens, Southern Great Lakes forests, and Southeastern mixed forests was used to supply 

information about climate characteristics outside of the species’ ranges. 

2.3.2. Tree Data 

Observations, including individual tree species and diameter at breast height (dbh), 

were gathered from various agencies in the U.S .and Canada to provide detailed coverage of 

the study area. Strict attention was paid to sampling protocols used by each organization in 

order to consistently calculate the necessary variables for analyses. Details about the 

protocols used by each organization are in Appendix A. Four dependent variables were 
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determined from this data. These were measures of presence or absence for each species 

and three measures of relative abundance, including stem density (trees ha-1), BA (m2 ha-1), 

and an IV. The IV is a combined metric of proportional stem density and BA defined in Curtis 

and McIntosh (1951). All variables were calculated at the plot level and expanded to one ha. 

A threshold of 10 cm and greater for individual tree dbh was used to calculate these values. 

This threshold was used to target the core of distribution. Preliminary analysis performed 

using smaller dbh thresholds indicated only small changes in predictions of suitable habitat 

(Appendix B). The primary focus was to collect data sampled from spruce-fir habitat, but 

observations from different forest types within or near to the Acadian Forest were also 

obtained. This absence data was used to train models to distinguish whether spruce-fir will 

be present or not, particularly in areas with similar climatic and geographic profiles, but 

different forest types.  

2.3.2.1. Contemporary Tree Data 

 10,493,619 observations on 248,821 plots were collected to provide details about 

the contemporary distribution of species. The data collection period spanned from 1955 to 

2012, with the majority collected after 1980 (85%). The New Brunswick Department of 

Natural Resources, the Newfoundland Forest Service, the Nova Scotia Department of 

Natural Resource, the Québec Ministry of Natural Resource, and the Prince Edward Island 

Department of Agriculture and Forestry provided coverage of Canada. In the United States, 

the Cooperative Forestry Research Unit, the Massachusetts Department of Conservation 

and Recreation, the National Park Service, the New Hampshire Division of Parks and Lands, 

the USFS, the University of Maine, the University of Massachusetts, the Vermont Center for 

Ecostudies, and the Vermont Monitoring Cooperative provided data. Data from the USFS 
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FIA was primarily utilized to provide wider coverage of absence data. The USFS FIA provided 

a substantial amount of the data in this analysis and predictions generated using solely FIA 

data are presented in Appendix C as a direct comparison to previous similar analyses 

(Iverson et al., 2008). In short, the use of only FIA data produced similar model fit statistics, 

but accurate predictions were not obtained across the full range of the species, particularly 

in Canada (Appendix C).  

2.3.2.2. Historical Tree Data 

 1,342 historical tree observations from 778 plots were obtained from a database 

maintained by Charles Cogbill (Cogbill, 2000). This data was originally collected between 

1623 and 1869 and represents tree composition at the time of European settlement in the 

New England states and New York. This land was surveyed at the time of division into 40 – 

60 ha lots by proprietors, with the largest tree at the corner of each lot recorded as a 

demarcation boundary (Cogbill, 2000). Though sampling methods were often poorly 

documented, these observations are thought to be representative of town wide 

composition at the time of collection, as they were collected on a grid pattern (Cogbill et al., 

2002). Only presence/absence, not abundance, can be garnered from this data. Inclusion of 

this data provided a unique opportunity to account for habitats and regions that may have 

historically supported spruce-fir species prior to extirpation by land use or other factors. 

2.3.3. Climate Data 

Climate data was collected from Moscow Forest Science Laboratory climate 

database available online at http://forest.moscowfsl.wsu.edu/climate/ (download date 05 

January 2014). Climate data was derived by applying thin-plate smoothing spline procedures 

that extrapolate data from discrete weather stations to specific plot points with 
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corresponding elevation (Rehfeldt, 2006). Current climate data was normalized for a thirty 

year period (1960-1990) and was based on weather station data for about 15,000 locations 

for precipitation and 12,000 for temperature (Joyce and Rehfeldt, 2013). 33 climatic 

variables were used in analysis, which have been shown to be effective in previous analyses 

(e.g. Joyce and Rehfeldt, 2013) (Table 2.1). Sixteen of these variables are direct 

measurement of climate, while the remaining seventeen are second-order interactions. 

2.3.4. Topographic Data 

Topographic variables were used to model species occurrence and abundance in 

order to capture discrete landscape features that influence species’ dynamics and life 

history outcomes, and also to capture effects that terrain features might have on 

microclimate. Elevation, slope, and aspect data were collected, if available, from the original 

data source. If not available, elevation data was extracted from the 30 m resolution national 

elevation dataset (NED) generated by the United States Geological Service (USGS) available 

at http://viewer.nationalmap.gov/viewer/ (download date 12 February 2013) and from the 

30 m resolution digital elevation dataset made available through the Canadian Council on 

Geomatics (CCOG) available at http://www.geobase.ca/geobase/en/find.do?produit=cded 

(download date 3 March 2014). Slope and aspect were derived from the NED using the 

raster package (Hijmans, 2014) available through R statistical software (R Core Team, 2013). 

A measure of northness and eastness were calculated from aspect data based on Beers et 

al. (1966). Five additional topographic indices were derived from the NED using the System 

for Automated Geoscientific Analyses (SAGA) (Brenning, 2008), including a topographic 

wetness index, a convergence index, a terrain index, a topographic openness index, and site  
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Table 2.1. Description of climate variables used in analysis. Mean, standard deviation (S.D.), minimum 
(Min), and maximum (Max) values are listed for both the plots used in this analysis and the entire study 
area. Climate variables in bold represent those which were used to construct the absence sampling 
hypervolume. 

Acronym Definition 
Plots Study Area 

Mean S.D. Min Max Mean S.D. Min Max 

D100 

Julian date of 
when the 

number of days 
above 5°C 

reaches 100 

84.9 39.3 17.0 188.0 114.8 40.6 17.0 197.0 

DD0 

Annual number 
of days below 
0°C based on 

mean monthly 
temperature 

455.6 666.7 0.0 3233.0 975.8 898.7 0.0 3480.0 

DD5 

Annual days 
above 5°C based 

on mean 
monthly 

temperature 

3127.8 1208.4 503.0 5358.0 2267.2 1222.4 356.0 5372.0 

FDAY 

Julian date of 
first freezing 

temperature in 
autumn 

288.9 21.4 238.0 348.0 274.1 22.2 237.0 349.0 

FFP 
Frost free period 

length 
174.7 48.0 59.0 298.0 141.9 49.0 58.0 298.0 

GSDD5 

Mean number 
of days above 
5°C between 

SDAY and FDAY 

2630.6 1072.8 311.0 4852.0 1883.5 1084.3 240.0 4858.0 

GSP 

Growing season 
(April - 

September) 
precipitation 

627.3 72.8 353.0 1108.0 588.5 70.0 323.0 1128.0 

MAP 
Mean annual 
precipitation 

1203.5 180.7 656.0 2217.0 1110.9 188.9 654.0 2374.0 

MAT 
Mean annual 
temperature 

11.4 5.7 -5.2 19.7 7.0 6.4 -6.4 19.7 

MMAX 

Mean maximum 
temperature in 

the warmest 
month 

28.9 3.9 14.1 33.9 25.9 4.8 12.4 33.9 

MMIN 

Mean minimum 
temperature in 

the coldest 
month 

-7.3 7.8 -32.2 4.6 -13.0 9.0 -32.2 4.7 

MINDD0 

Annual number 
of days below 
0°C based on 

mean minimum 
monthly 

temperature 

942.6 958.0 20.0 4696.0 1685.2 1226.1 19.0 4943.0 
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Table 2.1. continued 

Acronym Definition 
Plots Study Area 

Mean S.D. Min Max Mean S.D. Min Max 

MTCM 

Mean 
temperature in 

the coldest 
month 

-1.5 7.9 -24.6 10.7 -7.4 8.9 -25.5 10.8 

MTWM 

Mean 
temperature in 

the warmest 
month 

22.8 3.9 10.4 27.6 20.0 4.5 8.9 27.6 

SDAY 

Julian date of 
last freezing 

temperature in 
spring 

113.2 25.8 52.0 184.0 131.5 26.9 52.0 187.0 

TDIFF MTWM-MTCM 24.3 4.4 16.7 37.1 27.3 5.0 16.6 37.2 

Interactions 

ADI 
Annual dryess 

index: 
(DD5)0.5/MAP 

0.05 0.01 0.01 0.06 0.04 0.01 0.01 0.06 

ADIMINDD0 

Annual dryness 
& cold index: 

ADI * MINDD0 
37.4 32.8 1.1 176.4 61.9 40.7 1.1 182.4 

DD5MTCM 
(DD5 * 

MTCM)/1000 
4.7 19.1 -26.0 57.3 -6.5 15.5 -26.5 58.0 

GSPDD5 
(GSP * 

DD5)/1000 
2002.6 885.0 240.4 4216.9 1383.1 853.5 198.8 4234.4 

GSPMTCM 
(GSP * 

MTCM)/1000 
-0.6 4.8 -15.9 8.4 -4.0 5.0 -17.1 8.5 

GSPTD 
(GSP * 

TDIFF)/100 
150.6 22.4 88.3 282.7 158.8 24.5 80.8 295.7 

MAPDD5 
(MAP * 

DD5)/1000 
3877.5 1787.8 531.2 8236.7 2649.3 1731.4 427.7 8289.3 

MAPMTCM 
(MAP * 

MTCM)/1000 
-0.9 8.9 -28.9 14.3 -7.0 9.0 -36.1 14.4 

MAPTD 
(MAP * 

TDIFF)/100 
287.2 39.3 190.0 508.5 296.4 36.2 179.5 593.5 

MTCMGSP MTCM/GSP 0.0 0.0 -0.1 0.0 0.0 0.0 -0.1 0.0 

MTCMMAP MTCM/MAP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

PRATIO GSP/MAP 0.5 0.0 0.4 0.7 0.5 0.0 0.4 0.7 

PRDD5 PRATIO * DD5 1626.3 616.6 227.7 3259.0 1196.0 618.1 166.0 3267.0 

PRMTCM PRATIO * MTCM -0.9 4.4 -15.8 6.5 -4.2 5.1 -16.1 6.6 

SDI 
Summer dryness 

index: 
(GSDD5)0.5/GSP 

0.1 0.0 0.0 0.1 0.1 0.0 0.0 0.1 

TDGSP TDIFF/GSP 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.1 

TDMAP TDIFF/MAP 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.1 
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curvature. These variables were assumed to capture effects not reflected in the climate 

variables such as soil drainage, exposure, and solar radiation profiles. 

2.3.5. Species-Specific Distribution Model Development 

Four different dependent variables were used to construct species’ bioclimatic 

profiles. Species-specific presence/absence models were constructed with and without 

historical tree data to evaluate differences with the inclusion of this data. All models were 

constructed using the random forest algorithm (Liaw and Wiener, 2002) available in R (R 

Core Team, 2013). Random forest can create classification or regression trees. Classification 

trees have been shown to have high predictive accuracy for presence/absence species 

distribution modeling (Elith et al., 2010; Guisan et al., 2007), while the regression 

component of random forest has been used in abundance modeling (Iverson et al., 2008). 

The classification and regression components of random forest are very similar, but 

differences lie in how many random independent variables are selected at each node (i.e. 

square root of all independent variables for classification, one-third for regression) and the 

default node size at each split (i.e. one for classification, five for regression). 

Random forest is an ensemble learning model that aggregates the results of multiple 

unique trees. Each tree is generated by sub-sampling two-thirds of the complete dataset 

and then recursively partitioning the data by choosing the optimal predictor variable for 

splitting the data at each node (Liaw and Wiener, 2002). Random forest is unique in that at 

each node a subset of the independent variables is selected. This added layer of 

randomness reduces correlation between trees and thus decreases total forest error rate 

(Breiman, 2001). Additionally, selecting from a subset of independent variables increases 

computational efficiency making this algorithm ideal for large datasets with a multi-
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dimensional independent variable space. Partitioning is complete once error can no longer 

be reduced and multiple terminal nodes are reached. The result is a tree that predicts for 

the dependent variable at each terminal node, by means of deriving the average response 

value (regression) or most common response (classification) from the observations within 

this node using a piecewise constant prediction function (Joyce and Rehfeldt, 2013; Strobl et 

al., 2009). Data points are then predicted by aggregating the votes from each tree. For 

classification, the majority of votes determines class output and for regression an average 

value is calculated. 

Prevalence, or the percent of individuals present in the dataset, for each species was 

relatively low across the represented landscape. In order to address the concern that the 

random forest algorithm relies on equal representation across classes for accurate 

prediction (Joyce and Rehfeldt, 2013), absence data was down sampled to represent 

approximately 50% of the dataset in the presence/absence models and 20% in the 

abundance models of species (Chen et al., 2004). Furthermore, the number of present or 

abundance data points were duplicated prior to absence sampling and analysis. Increasing 

prevalence within a dataset relative to the actual incidence across the landscape decreases 

erroneous predictions of absence without violating any basic statistical assumptions 

(Pearson and Dawson, 2003). This was considered important for the study, in which the goal 

was to identify future suitable habitats of an at-risk ecosystem. 

It is important to provide random forest algorithms with absence data in order to 

train the model to distinguish not only the limits of the species’ range boundaries, but also 

to differentiate between areas with similar abiotic features but with dissimilar species 

abundance or composition. The construction of each model dataset varied, but preliminary 
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analyses showed an approximate ratio of 50-50, presence to absence, and 80-20 for 

regression models, provided the most accurate results. Approximately half of the absence 

data were sampled from areas determined to be climatically similar to the presence or 

abundance data for each species. To establish climatic similarity, an eighteen variable 

hypervolume was defined per species and expanded by 0.01 standard deviation in all 

directions (Table 2.1, in bold) (Joyce and Rehfeldt, 2013). To complete the dataset, 

additional “outside” absence data were sampled from beyond the established hypervolume. 

Absence data were either randomly sampled without replacement or randomly sampled 

within strata defined by ecoregion, depending upon model performance.  

For each dataset, a random forest consisting of 500 trees was ran five times. The 

most important variables were determined using the unscaled permutation accuracy 

importance measure based on the VarImp function option in the random forest package. 

This measure is a calculation of the mean decrease in accuracy for classification, or the 

mean decrease in node impurity for regression, when a variable in the tree is randomly 

permutated to another variable. Permuted variables that result in a higher decrease in 

precision are considered more important. The unscaled computation of this measure was 

used because the scaled measure has shown preference of correlated predicted variables 

(Strobl et al., 2007) and results provide greater predictive accuracy. Preliminary analyses 

showed that reducing the complete array of 43 variables to the top eight, five, and two 

predictors, resulted in an average 14.6%, 16.2%, and 47.3% increase in out of bag (OOB) 

error, respectively, for classification models and an average 4.9%, 5.8%, and 9.1% decrease 

in R2, respectively, for regression models. The five most important variables were selected 

for each model as this number was considered a parsimonious balance between model 
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accuracy, computational efficiency, and the ability to describe each species’ relationship 

with its environment. Final models were generated using the most important variables in a 

random forest with 500 trees.  

2.3.6. Model Evaluation and Comparison 

Measures of accuracy considered in this study for presence/absence models were 

area under receiver operator curve (AUC) and OOB error. A pseudo R2 was used for 

regression models. All models were predicted across the current landscape. Kappa values 

were used to compare predicted current distribution against actual distribution using the 

Map Comparison Kit (Visser and de Nijs, 2006). 

 The random forest algorithm reserves one-third of the model dataset, referred to as 

the OOB sample, for each tree that is constructed. This sample is used to internally estimate 

the precision of the tree constructed by running the sample down the tree and recording 

the accuracy of each data point’s value (Breiman, 2001). For regression models, the mean 

square error (MSE) as well as a “pseudo R2” is calculated and reported to determine 

accuracy. Random forest’s R2 differs from the traditional R2 in that the variance is calculated 

by dividing by n, as opposed to n-1.  

For classification models, the OOB error is calculated as a proportion of 

misclassifications per data point relative to the total number of observations in the forest. 

The OOB error is represented as a confusion matrix, in which two types of misclassifications 

can be calculated, errors of commission and errors of omission. Errors of commission refer 

to erroneous predictions of presence. Models with a high commission error are referred to 

as having low specificity. Errors of omission refer to erroneous prediction of absence. 

Models with a high omission error are referred to as having low sensitivity (Pearson et al., 
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2004). As mentioned before, having a greater prevalence will increase overprediction and 

lower omission rates. These two metrics are calculated independently of one another and 

can be misleading as to overall model performance (Pearson and Dawson, 2003). Thus, OOB 

classification error rates were used as an index to determine the best prevalence rate and 

sampling scheme for each specific dataset, but not as a metric for comparing one model to 

another. 

 AUC and Cohen’s kappa statistic of similarity (kappa) are both measures that 

evaluate overall model agreement between predictions and observation. Kappa is a 

measure that corrects for agreement expected to occur by chance (Cohen, 1960), but 

suffers from the necessity of a user defined threshold above which the model outputs are 

considered present (Pearson et al., 2004). AUC assesses the full range of threshold values by 

plotting the tradeoff between sensitivity and specificity for any given model (Fielding and 

Bell, 1997). These measures have been shown to be highly correlated to one another 

(Graham et al., 2007; Pearson and Dawson, 2003) and both measures have been widely 

used in species modeling, although AUC has widely replaced kappa in recent years. AUC 

values can range from 0 to 1, with values greater than 0.5 representing model performance 

greater than chance (Fielding and Bell, 1997). Similar studies have considered AUC values 

below 0.7 as poor, between 0.7 and 0.9 as useful, and over 0.9 as good to excellent (Guisan 

et al., 2007). 

 Kappa was used in the study to compare model generated maps to actual maps of 

species distribution and abundance. Kappa values can range from -1 to 1, with 1 presenting 

perfect agreement in the distribution of categories between two maps. Values of kappa 

greater than 0.75 are regarded as very good, values between 0.4 and 0.75 indicate fair 
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agreement, and values less than 0.4 signify a poor relationship (Monserud and Leemans, 

1992). To analyze using this method, the abundance predictions were delineated into eight 

equal categories representing the range of values, post-regression. Two elements of kappa 

further describe the locational (Kloc) and quantitative (Khist) similarities between two map 

objects. Kloc describes the accuracy of spatial allocation of categories by comparing the 

actual to expected rate relative to the maximum success rate that could be obtained if the 

locations of the categories in one map were rearranged. Khist is a similarity index that 

compares the histograms of the two maps (Pontius, 2000; Prasad et al., 2006). 

Lastly, the probability prediction object for each presence/absence model was 

generated to examine the likelihood of occurrence, which measures the proportion of trees 

in the random forest object that produced a positive vote at each pixel. For example, if a 

point received a positive vote 400 times in a forest consisting of 500 trees, it has an 80% 

likelihood of occurring at that point. These probability objects have been proposed as a 

surrogate for abundance models in regards to their ability to reflect the core and outer 

limits of distribution. A default threshold of 50% for non-occurrence versus occurrence was 

used in this analysis, as mapping this threshold has shown strong similarity to Little’s (1971) 

range maps (Joyce and Rehfeldt, 2013). Probability predictions were mapped and displayed 

in the strata presented in Joyce and Rehfeldt (2013). Locations with a likelihood occurrence 

between 50 and 85% are shown in yellow and those greater than 85% are indicated in 

green. For comparison, actual abundance values were divided and displayed by those that 

are in the top 15th percentile of predicted values and those between the 50th and 85th 

percentile. Spearman’s rank correlation coefficient ( ) was reported to detect trends 

between the two predicted datasets. The Spearman rank is a nonparametric technique that 
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divides the data into ranks in order to inspect the relationship between two variables and 

values can range from -1 to 1 (Chok, 2010). This metric was used instead of the more 

popular Pearson’s correlation coefficient as inferences from  do not rely on assumptions of 

normal distribution. 

2.3.7. Predictive Mapping 

Mapped predictions of future distribution for spruce and fir forest types of the 

Acadian Region were generated using the output of the random forest predicted over 

different climate landscapes in the years 2030, 2060, and 2090. Mapping was based on 

0.00833° (~1 km2) grid and generated with the raster package (Hijmans, 2014) in R. Future 

landscapes were acquired for each important variable through the Moscow Forest Science 

Laboratory’s climate database. The ENSEMBLE representative concentration pathways 6 

(RCP6) scenario, generated in affiliation with the IPCC was used to forecast future suitable 

habitat. Different RPCs were created by analyzing varying predicted rates of radiative 

forcing, as well as greenhouse gases emission rates and concentrations by the year 2100 

(Stocker et al., 2013). RCP6 is a moderate scenario, the 6 referring to the radiative forcing in 

2100 measured in watts m2. 

2.4. Results  

2.4.1. Data Characteristics 

Balsam fir, white spruce, black spruce, and red spruce were located in 15.4%, 6.6%, 

9.1%, and 4.1% of plots, respectively. The majority of these plots were located in the New 

England-Acadian Forests, the Eastern Canadian Forests, and the Eastern forest-boreal 

transition (Figure 2.2). Absence data was represented across all ecoregions and accounted 

for 79.5% of observations and 64.9% of plots in the total dataset. A majority of the absence 
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data was provided by the USFS FIA (95.5%), while spruce-fir data was collected primarily 

from non-FIA sources (97.3%). The distribution of relative BA, relative stem density, and the 

IV of white spruce, red spruce, and balsam fir all exhibited descending monotonic type 

shapes (Figure 2.3). Black spruce exhibited a relatively even distribution with higher 

concentrations located near zero and near one. Mean values varied, but relative 

abundances were higher overall for balsam fir and black spruce, and lower for white and red 

spruce (Table 2.2). 

Table 2.1 exhibits the climatic variation of the dataset compared to the entire study 

area. In general, plot climate data reached the minimum and maximum values of the study 

area. The means of the plots were within one standard deviation of the means of study 

area. Plot were higher or lower than study area means due to the concentration of the 

collection of the data in the central portion of the study area. 

2.4.2. Model Performance  

 Sensitivity ranged from 98.84% (balsam fir) to 99.49% (black spruce) and specificity 

ranged from 91.01% (black spruce) to 95.17 (red spruce) (Table 2.3). Black spruce exhibited 

the largest difference between these two values, while red spruce demonstrated the 

smallest. All AUC values were 0.99, with the exception of white spruce, which was 0.98. AUC 

values were well above 0.90, signifying that these models were excellent representations of 

their datasets.  

For the abundance metrics, BA models performed slightly better than stem density 

or IV models (Table 2.3). Similar patterns were exhibited for each species between the 

abundance models. White spruce consistently displayed the lowest R2 (± MSE) (BA: 67.7 ± 

0.01; Stem Density: 65.0 ± 0.02; IV: 65.3 ± 261.4) and the R2 for black spruce (BA: 87.8 ± 
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0.02; Stem Density: 87.5 ± 0.02; IV: 88.1 ± 352.6) was the highest. More accurate results 

were exhibited for the balsam fir BA and IV model (BA: 78.5 ± 0.02; IV: 76.1 ± 357.4) as 

opposed to the stem density model (72.0 ± 0.03). Red spruce demonstrated midrange 

values for all dependent variables (BA: 74.7 ± 0.01; Stem Density: 73.3 ± 0.03; IV: 73.6 ± 254.5). 

The average percent difference between the actual and predicted means were 39.5% for 

BA, 43.6% for stem density, and 40.5% for IV. Density plots for the observed data are 

overlaid with the prediction object density distribution in Figure 2.3. Overall, random forest 

abundance models were better at detecting mid-range values, but overestimated low 

abundance and underestimated high abundance on the landscape, driving down predicted 

mean values. Overprediction of very low values was particularly a problem with the stem 

density models(TPH) and the red spruce BA and IV models. The white spruce models were 

an exception to this, as this species occurs frequently at low abundances across the 

landscape. Red spruce’s actual means were the most disparate from their predicted means, 

while black spruces’ were the closest. Predicted midrange values for balsam fir, white 

spruce, and black spruce were all artificially elevated, while red spruce’s predictions 

consistently underpredicted values greater than zero. 

Models exhibited similarity in regards to variable importance selection. The same 

five variables were selected for each presence/absence model, though rank varied (Table 

2.3). For the abundance models, a total of seven different variables were selected, including 

the five that were the closest. Predicted midrange values for balsam fir, white spruce, and 

black spruce were all artificially elevated, while red spruce’s predictions consistently 

underpredicted values greater than zero.  
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Figure 2.2. Frequency of types of data sorted by ecoregion. Ecoregion designated by World 

Wildlife Fund (WWF). FIA = Forest Inventory and Analysis. 

 
Table 2.2. Statistics of abundance values by species. Mean and standard deviation (S.D.) are 

included. 

Species Relative Basal Area 
Relative Stem 

Density 
Importance Value 

Mean S.D. Mean S.D. Mean S.D. 

Balsam Fir 0.31 0.27 0.39 0.30 33.84 27.09 

White Spruce 0.17 0.21 0.17 0.23 16.65 20.39 

Black Spruce 0.51 0.37 0.52 0.36 51.47 36.32 

Red Spruce 0.21 0.34 0.33 0.22 22.56 22.69 
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Models exhibited similarity in regards to variable importance selection. The same 

five variables were selected for each presence/absence model, though rank varied (Table 

2.3). For the abundance models, a total of seven different variables were selected, including 

the five that were selected for the occurrence models. All selected important variables are 

interactions. No topographic variables were determined as important in these analyses.  

PRMTCM was selected as an important variables for all sixteen models. Histograms of 

PRMTCM for each species illustrates the frequency of occurrence relative to the entire study 

area (Figure 2.4). This indicates that areas where winter precipitation matches or exceeds 

growing season precipitation and mean temperature in the coldest month is lower than the 

average of the study area are suitable habitat for the species considered in this analysis. 

Balsam fir displays a wider range than the three spruce species. Black spruce’s minimum 

range approximately matches that of the study area. 

The actual plot points and predicted presence/absence objects for each species are 

presented in Figure 2.5. The absence of a species on a current map does not necessarily 

ascertain that this species was absent at this location. The mapped prediction objects of the 

presence/absence models indicate that the models were able to precisely capture species 

presence, with select instances of overprediction in the Acadian Region. The white spruce 

model overpredicted presence in interior New Brunswick, but was able to capture 

populations in northern New England into Canada and along the coast. Specificity for the 

black spruce model ranked lowest, but model prediction of presence was well maintained 

for the Acadian Region, capturing distinct populations in northern Maine, along the Acadian 

coast, and in the northern Adirondacks. The well-defined range of red spruce was captured  
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Table 2.3. Results of random forest analysis for each species. The prevalence ratio is a ratio of 
prevalence to an absence sample from within the hypervolume (HV) to an absence sample from 
outside the HV. OOB = Out of bah; AUC – Area under receiver operator curve; MSE = Mean square 
error. 

Species 
Prevalen
ce Ratio 

OOB 
Error 

Specifi-
city 

Sensiti-
vity 

AUC 
Pseudo 

R2 
MSE Top 5 Variables 

Presence/Absence 

Balsam 
Fire 

55-20-25 3.3 94.08 98.84 0.99 - - 
PRDD5, MAPMTCM, 
PRMTCM, MAPDD5, 

GSPMTCM 

White 
Spruce 

50-25-25 4.09 92.40 99.41 0.98 - - 
PRDD5, PRMTCM, 

MAPMTCM, MAPDD5, 
GSPMTCM 

Black 
Spruce 

55-20-25 4.32 91.01 99.49 0.99 - - 
MAPDD5, PRMTCM, 
PRDD5, GSPMTCM, 

MAPMTCM 

Red 
Spruce 

40-40-20 3.15 95.17 99.37 0.99 - - 
PRDD5, MAPDD5, 

PRMTCM, MAPMTCM, 
GSPMTCM 

Presence/Absence with Historical Data 

Balsam Fir 55-20-25 3.29 94.04 98.89 0.99 - - 
PRDD5, MAPMTCM, 

PRMTCM, GSPMTCM, 
MAPDD5 

White 
Spruce 

50-25-25 4.05 92.52 99.38 0.98 - - 
PRDD5, MAPMTCM, 
PRMTCM, MAPDD5, 

GSPMTCM 

Black 
Spruce 

55-20-25 4.2 91.26 99.52 0.99 - - 
PRMTCM, MAPDD5, 
PRDD5, MAPMTCM, 

GSPMTCM 

Red 
Spruce 

40-40-20 3.32 94.93 99.31 0.99 - - 
PRDD5, PRMTCM, 

MAPMTCM, MAPDD5, 
GSPMTCM 

Relative Basal Area 

Balsam Fir 80-8-12 - - - - 78.35 0.02 
PRDD5, MAPDD5, 
PRMTCM, TDMAP, 

MAPMTCM 

White 
Spruce 

80-8-12 - - - - 67.72 0.01 
PRDD5, MAPDD5, 

PRMTCM, MAPMTCM, 
GSPMTCM 
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Table 2.3. continued 

Species 
Prevalen
ce Ratio 

OOB 
Error 

Specifi-
city 

Sensiti-
vity 

AUC 
Pseudo 

R2 
MSE Top 5 Variables 

Black 
Spruce 

80-8-12 - - - - 87.83 0.02 
MAPDD5, PRMTCM, 
PRDD5, GSPMTCM, 

MAPMTCM 

Red 
Spruce 

75-15-10 - - - - 74.67 0.01 
GSPMTCM, 

MAPMTCM, PRDD5, 
PRMTCM, MAPDD5 

Relative Stem Density 

Balsam Fir 80-8-12 - - - - 71.96 0.03 
PRDD5, TDMAP, 

MAPDD5, TDGSP, 
PRMTCM 

White 
Spruce 

80-8-12 - - - - 64.96 0.02 
GSPMTCM, 

MAPMTCM, PRMTCM, 
TDMAP, PRDD5 

Black 
Spruce 

80-8-12 - - - - 87.51 0.02 
MAPDD5, PRMTCM, 
PRDD5, GSPMTCM, 

MPMTCM 

Red 
Spruce 

75-15-10 - - - - 73.28 0.03 
GSPMTCM, 

MAPMTCM, PRMTCM, 
TDGSP, MAPDD5 

Importance Value 

Balsam Fir 80-8-12 - - - - 76.08 357.40 
PRDD5, MAPDD5, 
PRMTCM, TDMAP, 

MAPMTCM 

White 
Spruce 

80-8-12 - - - - 65.32 261.37 
MAPDD5, PRDD5, 

PRMTCM, MAPMTCM, 
GSPMTCM 

Black 
Spruce 

80-8-12 - - - - 88.08 352.60 
MAPDD5, PRDD5, 

PRMTCM, GSPMTCM, 
MAPMTCM 

Red 
Spruce 

75-15-10 - - - - 73.58 254.55 
GSPMTCM, 

MAPMTCM, PRDD5, 
PRMTCM, MAPDD5 
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Figure 2.3. Density plots for actual versus predicted basal area (a), relative stem density (b), 

and importance value (c) per species. The density line of the prediction object is overlaid. 

a. 

b. 
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Figure 2.3. continued. Density plots for actual versus predicted importance value (c) per 

species. The density line of the prediction object is overlaid. 

 

by the model including extant populations in southern Appalachia. The balsam fir model 

was able to capture the wide range of this species. 

The mapped prediction objects confirm patterns of underestimation in almost all of 

the abundance models (Figures 2.6 -2.8). These maps reveal that while exact values were 

incorrectly estimated, the models were largely able to capture the cline from lesser to 

greater abundance, particularly for the BA and IV models. Black spruce maps presented the 

most accurate patterns of abundance, representing populations in Québec and along the 

coasts of eastern New Brunswick, Nova Scotia, and eastern Newfoundland. Red spruce 

models portrayed populations in southern Appalachia and concentrations throughout the 

Adirondacks into northern New England, New Brunswick, and Nova Scotia. The red spruce  

c. 
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Figure 2.4. Presence versus absence plots' relationship with PRMTCM per species. PRMTCM 

is the pratio multiplied by the mean temperature in the coldest month (MTCM). Presence 

plots are represented in white and absence plots in black. 

 

abundance models falsely predicted small populations in coastal Newfoundland and 

Labrador. The balsam fir abundance models retained denser populations in 

Newfoundland,along the Gulf of St. Lawrence, and along the Appalachian ridge of New 

Hampshire into Maine, but missed additional New Hampshire populations. The balsam fir 

stem density and IV models were able to capture heightened stem count in the 
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Adirondacks. White spruce abundance was uniformly low for the Acadian Region and the 

models reflect this pattern while still representing concentrated populations along the Bay 

of Fundy and the coast of Nova Scotia, as well as pockets in Newfoundland, Anticosti Island, 

and along the Pennsylvania and New York border. 

Results for kappa are displayed in Table 2.4. For the presence/absence models, all 

values were above the 0.75 threshold, indicating a good to excellent agreement between 

actual and predicted maps. Kappa was greatest for balsam fir and lowest for black spruce 

for. Both Khis and Kloc values were high for the models, with all values of Khist above 0.9. This 

suggests that quantitative categorical similarity, as well as spatial similarity, was highly 

preserved in model predictions. Kappa values for the abundance metrics confirmed 

underprediction of actual values. Kappa values were low, falling below the threshold of 0.4, 

which indicates fair performance. Khist and Kloc were above this threshold signifying a better 

preservation of categorical and spatial similarity. Balsam fir, overall, exhibited the highest 

kappa and Khist values for the abundance metrics, while red and white spruce exhibited the 

highest values of Kloc. 

2.4.3. Historical Model Performance 

 The addition of historical tree data appended 321, 5, 33, and 544 plots, respectively, 

to the balsam fir, white spruce, black spruce, and red spruce occurrence datasets. The 

models produced with this additional data were not significantly different than the original 

presence/absence models in regards to OOB error and AUC measurement (Table 2.3). 

Selected important variables were retained between each model, though rank varied. 

Current predicted occurrence remains similar, but additional habitats indicated by the  



 
51 

 

 

Figure 2.5. Actual and predicted presence for each species. Presence was predicted with and 

without additional historical data.  
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historical data are represented in southern New Hampshire and western Massachusetts for 

balsam fir, eastern New York for black spruce, and southeast Massachusetts and 

Connecticut for red spruce (Figure 2.5). 

2.4.4. Likelihood Model Performance 

The likelihood prediction maps reveal a strong correspondence with actual 

concentrated BA (“actual likelihood”) (Figure 2.8), as well as similarities to the BA predicted 

output. Black spruce’s likelihood model closely parallels the BA model output, reflecting the 

goodness of fit for black spruce’s abundance modeling. Red spruce’s likelihood model also 

exhibits similarity to the abundance model output, capturing pockets of populations in the 

Adirondacks, Maine, New Brunswick, and Nova Scotia. Balsam fir and white spruce’s 

likelihood models are less alike to the predicted BA output than they are to actual 

likelihoods. Predicted likelihood objects for these two species predict much more suitable 

habitat than the BA model indicates, though similar hotspots were selected across the 

landscape. Both the white spruce predicted likelihood and predicted BA output indicate 

habitat along the Bay of Fundy and Anticosti Island. The white spruce predicted likelihood 

object additionally specifies northern Maine, northern New Brunswick, western Québec, 

and Prince Edward Island as additional areas where white spruce was more likely to have 

suitable habitat. The balsam fir likelihood output indicates a strong possibility for 

occurrence in western Québec, Maine, and Nova Scotia that were missed by the predicted 

BA output. The relationship between the likelihood output and predicted relative BA output 

are further analyzed in Appendix D. 

Spearman’s  indicated a strong positive relationship between all likelihood objects 

and BA abundance models. Average correlation was 0.90, with black spruce BA abundance 
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exhibiting strongest relationship (0.95) with the likelihood object, and red spruce the 

weakest (0.84). The boxplots in Figure 2.9 also exhibit the relationship between these two 

variables. A general linear model (GLM) locally weighted scatterplot smoothing (LOWESS) 

line was added to these graphs to represent a general relationship. The likelihood of 

presence values range from zero to one for almost all BA output categories greater than 

zero indicating large deviances from the mean. A correspondence between increasing 

likelihood and an increase in the mean of each category was exhibited. 

2.4.5. Future Predictions of Species’ Distributions 

 Maps generated for the years 2030, 2060, and 2090 under the ENSEMBLE RCP6 

model show shifts north and east in suitable habitat, with the eventual loss of almost all 

habitat for these species in the U.S. by 2090 (Figure 2.10). In 2030, suitable habitat in the 

U.S. was projected to already be limited to northern Maine, New Hampshire, and Vermont, 

as well as the Adirondacks. White and black spruce habitat was projected to disappear from 

the U.S. by 2060, though habitat remains in the Acadian Region in northern New Brunswick, 

the Gaspe Peninsula, and Cape Breton Island, Nova Scotia. Balsam fir and red spruce habitat 

remains in patches in Maine, New Hampshire, and the Adirondacks. Suitable habitat for 

balsam fir and red spruce dwindles to only a few high altitude locations along the 

Appalachian Mountains in the U. S. by 2090. These include locations in the White Mountains 

of New Hampshire, and the Longfellow Mountains and Katahdin Mountains of Maine. 

Within the Acadian Region, further suitable habitat for balsam fir and red spruce was 

maintained in the northern and coastal highlands of New Brunswick, as well as Cape Breton 

Island. All suitable habitat for white and black spruce was extirpated from the Acadian 

Region by 2090. At this time, hotspots for suitable habitat for all four species appear outside  
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Figure 2.6. Actual and predicted stem density for each species. 
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Figure 2.7. Actual and predicted importance value (IV) for each species. The same color 

scale found in Iverson et al. 2008 is used for comparison
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Figure 2.8. Actual and predicted basal area (BA) and likelihood model outputs for each 

species
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Figure 2.8. continued. Actual and predicted basal area (BA) and likelihood model outputs for 

each species  
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Table 2.4. Kappa values for all models. Kloc = Kappa comparative location measure; Khisto = 

Kappa comparative histogram measure. 

 Presence/Absence Basal Area Stem Density Importance Value 

Balsam Fir 

Kappa 0.83 0.34 0.29 0.34 

Kloc 0.90 0.48 0.44 0.48 

Khist 0.93 0.71 0.66 0.70 

White Spruce 

Kappa 0.81 0.30 0.28 0.32 

Kloc 0.90 0.50 0.52 0.53 

Khist 0.90 0.59 0.55 0.60 

Black Spruce 

Kappa 0.77 0.30 0.30 0.31 

Kloc 0.83 0.48 0.47 0.47 

Khist 0.94 0.64 0.65 0.65 

Red Spruce 

Kappa 0.80 0.35 0.30 0.32 

Kloc 0.87 0.54 0.47 0.50 

Khist 0.93 0.65 0.64 0.65 

 

the Acadian Region in Québec along the St. Lawrence River Valley and the Gulf of St. 

Lawrence, including the Gaspé Peninsula and Anticosti Island, and in interior and northern 

Newfoundland along the northern most reaches of the Appalachian Mountain chain. 

 While potential habitat was diminished between each period, losses in the U.S. are 

met with significant gains to the north for balsam fir and white spruce, and to the northeast 

for red spruce (Table 2.5). Black spruce is likely to occupy regions past the northern extent 

of the study area used in this analysis. Balsam fir and white spruce will have the greatest  

area of potential suitable habitat available in 2090. Each species loses area by 2090 when 

compared to current predicted suitable habitat. Balsam fir (48.0%) and black spruce (72.9%) 
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lose the most, while white and red spruce only experience reductions of 31.2% and 21.1% of 

suitable habitat. 

 The inclusion of the historical tree data made significant differences in the 

predictions of future suitable habitat for all four species considered in this analysis (Figure 

2.10, Table 2.5). The predicted habitat for black and red spruce in 2030 revealed additional 

suitable areas throughout the Adirondacks and northern New York, the Champlain Valley, 

and western Massachusetts. In 2060, additional habitat in Québec was shown for balsam fir 

and white spruce. Black and red spruce habitat expanded into the Pennsylvania and New  

 

Figure 2.9. Boxplots exhibiting the relationship between predicted likelihood and predicted 

relative area abundance for each species. The red line is a locally weighted scatterplot 

smoothing (LOWESS) line that represents a general relationship between the two objects 

 



 
60 

 

York border, the Adirondacks, Vermont, southern New Hampshire and the St. Lawrence 

River Valley of Québec. Balsam fir, black spruce, and red spruce all gained additional habitat 

in 2090 in the U.S., primarily in northern and central Maine, as well as the Adirondacks and 

the eastern border of Vermont. Predicted suitable habitat for red spruce expanded the most 

in each time period, followed by black spruce, while white spruce gained the least with the 

addition of the historical observations. 

Future suitable habitats were generated using the likelihood prediction object with 

the inclusion of the historical data for each species (Figure 2.11). These predictions were in 

consensus with the presence/absence future maps, but reveal prospective core areas of 

abundance. No locations with a likelihood greater than 85% were predicted to be within the 

U.S. for any of the four species by 2060. Hotspots for future suitable habitat in 2090 with 

this analysis were similar to those listed above, but were more focused. These hotspots 

included Island, and the Côte-Nord area along the Gulf of St. Lawrence within Québec. 

2.5. Discussion 

 Modeling alternative dependent variables for different species allowed for the close 

inspection of the important effects of modeling inputs, as well as inherent species 

characteristics, on model performance. All presence/absence models yielded excellent 

statistical results, but these models output generated little information about the 

prioritization of lands for conservation. The addition of historical data to the overall dataset, 

indicated the persistence of additional habitat on the southern edge of species’ ranges 

under different models of climate change, which is promising for the maintenance of 

current forest composition under different models of climate change. This additional, 

unique dataset also highlights the drawbacks of modeling species distributions using a single 
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current inventory, and calls into question previous models of this sort that have been used 

to make management decisions. Statistical results for the abundance models were less 

accurate, but this is not surprising considering the range of values is infinitely greater for 

abundance models than the binomial prediction for presence/absence models, and the fine 

spatial resolution used in this analysis. All abundance models underpredicted actual 

quantities, but were able to maintain relative patterns of abundance across the landscape, 

allowing for the qualitative prioritization of land. The likelihood prediction object from the 

presence/absence models was also able to reflect cores of abundance and displayed 

similarity to the BA predictions. This is an important interpretation of presence/absence 

models as they are calculated with more computational ease and from a data type that is 

typically obtainable at a regional scale  

The results of this analysis emphasize the importance of accounting for the role of 

past land use and other factors on the current realized niche of a species, particularly when 

developing bioclimatic models. Past work modeling species climatic niches has relied 

primarily on contemporary inventory data, which does not account for the full climatic 

classification of a species (Tinner et al, 2013). Known datasets are limited by their inability 

to capture the fundamental niche of species and species are thought to shift within the 

range of their fundamental under different climate scenarios and associated changes to the 

competitive forest environment (Maiorano et al., 2013). While it is difficult to capture these 

realized range shifts without additional paleoecological research, supplementary historical 

data typically expands the realized niche, adding to overall knowledge of species specific 

climatic tolerances. In this study, small extensions of range boundaries that have been 

obfuscated by settlement and development had large implications on future suitable  
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Table 2.5. Area (thousands of kilometers) occupied by each species under three different models. The 

reduction in area from current values is shown below the future values in parenthesis. The four sets of 

results listed are (clockwise) the presence/absence model, the presence/absence model with historical 

data, and the likelihood model: area with a greater than 50% likelihood of occurrence and 

greater than 85% likelihood of occurrence. 

Species 

Presence/Absence Model Presence/Absence Model (Historical) 

Current 2030 2060 2090 Current 2030 2060 2090 

Balsam 
Fir 

1,521 1,302 
(-14.4) 

1,142 
(-24.9) 

791 
(-48.0) 

1,523 1,370 
(-10.1) 

1,220 
(-19.9) 

870 
(-42.9) 

White 
Spruce 

971 941 
(-3.1) 

815 
(-16.1) 

668 
(-31.2) 

950 946 
(-0.4) 

867 
(-8.7) 

713 
(-24.9) 

Black 
Spruce 

1604 1,005 
(-37.3) 

753 
(-53.1) 

434 
(-72.9) 

1,617 1,033 
(-36.1) 

817 
(-49.5) 

506 
(-68.7) 

Red 
Spruce 

495 469 
(-5.3) 

401 
(-19.0) 

391 
(-21.0) 

504 525 
(4.2) 

518 
(2.8) 

578 
(14.7) 

Species 
Likelihood Model: Above 50% Likelihood Model: Above 85% 

Current 2030 2060 2090 Current 2030 2060 2090 

Balsam 
Fir 

1,522 1,373 
(-9.8) 

1,222 
(-19.7) 

872 
(-42.7) 

828 392 
(-52.7) 

285 
(-65.6) 

211 
(-74.5) 

White 
Spruce 

973 949 
(-2.5) 

870 
(-10.6) 

715 
(-26.5) 

410 137 
(-66.6) 

140 
(-65.9) 

126 
(-69.3) 

Black 
Spruce 

1,605 1,035 
(-35.5) 

818 
(-49.0) 

508 
(-68.3) 

1173 492 
(-58.1) 

233 
(-80.1) 

70 
(-94.0) 

Red 
Spruce 

496 527 
(6.3) 

521 
(5.0) 

583 
(17.5) 

257 107 
(-58.4) 

80 
(-68.9) 

70 
(-72.8) 
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Figure 2.10. Future predicted presence or absence for each species. Predictions generated 

in 2030, 2060, 2090 under the ENSEMBLE RCP6 climate scenario with and without historical 

data. 
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Figure 2.11. Future predicted likelihood for each species. Predictions generated in 2030, 

2060, 2090 under the ENSEMBLE RCP6 climate scenario. 
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climate. For example, historical data indicated populations of black spruce in western 

Massachusetts that were otherwise not recorded. This additional habitat extended the 

maximum range value for PRDD5, resulting in increased predicted suitable habitat in the 

U.S. under the historical model. The extension of climatic niches via integration of historical 

data also suggested a greater level of persistence for each species in the southern portion of 

the Acadian Region under projected climate change relative to models based solely on 

contemporary data. This is consistent with work examining Abies alba abundance in central 

Europe, which found a lack of future range contraction for this species once historical data 

had been integrated into climate niche models (Tinner et al., 2013). Such findings 

underscore the profound implications of relying solely on current species distributions in 

developing models for informing vulnerability assessments and anticipating climate impacts 

across the landscape. 

The possibility does exists that these supplementary areas and associated habitats 

have already been affected by climate change. Substantial changes in species composition 

and spruce habitat are known to have been altered with a 0.55°C change in temperature 

(Gajewski, 1988), while temperatures in the Northeast have risen approximately 1°C in the 

last century, with greater increase along the shoreline from New Jersey to New Hampshire 

(Wake et al., 2006). Previous studies suggest that anthropogenic influence has had more 

effect on species composition shifts in the U.S. than climate change in the Eastern U.S. 

(Nowacki and Abrams, 2014). It is likely the truth is an interactive effect between declining 

climatic suitability and anthropogenic disturbance, particularly on the southernmost edge of 

indicated ranges. Coastal habitats, including Cape Cod, have long been recognized as refugia 

locations for spruce species due to their cool climates (Schauffler and Jacobson, 2002), and 
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historical data confirms former occurrence of species in these areas. These absent coastal 

habitats have possibly been excised by development and disturbance alone. Determining 

the reason for these habitats’ disappearance though is not as important as recognizing 

former species-climatic relationships that could bear on future habitat suitability, as even 

persistence in non-optimal climate ranges is indicative of species’ survival tactics in the face 

of climate change. 

Previous studies have found that variation in model performance is greater among 

tree species than among techniques (Guisan et al., 2007), and that no technique can rescue 

species that are difficult to predict. These analyses confirmed this trend, with consistent 

ranking in model performance amongst the species analyzed here. For presence/absence 

models, it has been observed that generalist species with a widespread range perform 

worse than species that occupy specific niches (Guisan et al., 2007; Luoto et al., 2005; Pöyry 

et al., 2008). All four species’ models performed excellent in regard to AUC, but OOB varied. 

Of the four species inspected in this analysis, black spruce had the broadest range of 

distribution, occupying a widespread variety of environments, while red spruce occupied 

the most specific niche. These species’ ranges are reflected in their mapped model 

performance, with the current distribution of red spruce captured very well, while black 

spruce had the lowest rates of specificity and was likely overpredicted in some areas. 

However, it is important to note the differences between AUC scores in this analysis were 

relatively minimal and all above 0.90. 

The results of the abundance models anecdotally appear related to the distribution 

of relative abundance. For example, a majority of the black spruce data points used in this 

analysis were concentrated at the northern extent of the study area where relative BA and 
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stem density reach 100%. Abundance modeling performed the best for this species as actual 

abundance increases along a latitudinal gradient associated with climatic clines. The species 

with the smallest pseudo R2 values for abundance modeling was white spruce. This species 

has a high distribution of low abundance across a large range and model performance was 

erratic. The difficulty in distinguishing patterns of abundance for this species is additionally 

compounded by uncaptured life history traits. For example, over the last century, white 

spruce has increased in presence and abundance in coastal area due to its ability to 

outcompete after farm field abandonment (Mosseler et al., 2003). Similarly, with the advent 

of the pulpwood industry in the Acadian Region over the last century, balsam fir has 

increased in abundance. Models are likely capturing a larger portion of this species 

fundamental niche, which is not realized across the landscape, particularly in undisturbed 

areas. Finally, red spruce abundance models consistently underpredicted values driving up 

the difference between actual and predicted means. It is likely that the consistent model 

performance was due to the small and specific current range of red spruce, which reflects 

both its narrow ecological niche, as well as anthropogenic activity including selective logging 

of this species from lower elevation mixedwood stands in the 19th and early 20th centuries 

(Kelty and D’Amato, 2006). The restricted distribution of red spruce gives rise to an unusual 

pattern of relative abundance, where it decreases monotonically, but never achieves great 

numbers, and likely led to overall underprediction in abundance models. 

Hypothesis testing is not relevant to random forest objects (Cutler et al., 2007), but 

the other metrics of model comparison signaled that the BA abundance models were more 

harmonious with actual conditions than models with stem density or IV as the dependent 

variable. BA is often the primary variable in forest modeling as it is reflective of established 
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density and biomass (Li et al., 2011). Meanwhile, a large stem count is not necessarily 

reflective of suitable habitat, as early stages of stand development often exhibit large 

numbers that reflect recent recruitment as a product of disturbance and might not reflect 

long-term patterns of abundance. Extensive works in abundance modeling have made use 

of IV, which takes into account both BA and stem count, weighting each variable equally 

(Iverson et al., 2008). Similar distribution patterns were exhibited between all three 

variables, current and predicted, across the landscape. In many different spruce-fir forest 

types, high stem density and small diameters are not uncommon, and it was thought that 

the IV or stem density models might best capture these environments. Many of these 

environments though, including recently disturbed sites dominated by balsam fir, poor 

northern sites occupied by black spruce, or the understory of mature stands with a high red 

spruce, in the form of advanced regeneration, presence, are simultaneously dominated by 

the same or other spruce or fir species and are likely captured in the BA model (Seymour, 

1992).  

The overprediction of low values, and corresponding decrease in mean, exhibited in 

the abundance outputs does not disregard these models as a useful conservation tool. 

Areas with predicted, falsely or otherwise, relative low abundance of an at-risk species are 

unlikely to be chosen for conservation of critical habitat (Guisan et al., 2013). Of greater 

concern for conservation decision making is the inability of the abundances model to 

capture locations with the greatest abundance. Though abundance models did repeatedly 

underestimate actual BA, stem density and IV, they were able to detect locations of greatest 

abundance and maintained patterns of density across the landscape. Previous works in 

abundance modeling have maintained that these models are important as they can reflect 
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the core of distribution (Iverson et al., 2011). The abundance models produced in this 

analysis achieved this, but the probability object of the presence/absence model also 

displayed parallel patterns to BA abundance. These likelihood models were not only able to 

accurately detect areas where species were more abundant, but also simultaneously 

indicated greater probability of occurrence. This is an important interpretation of these 

outputs, as species that have low abundance across the landscape (e.g. white spruce) are 

not likely to perform well with abundance modeling, but the most suitable habitat for that 

small frequency can be detected. These models are as useful as their abundance 

counterparts and are superior in regards to the wider availability of presence/absence data, 

as well as the reduced computational capacity needed to perform this analysis. 

Remarkable consistency was exhibited throughout all 20 models in regards to 

variable selection. Seven total climate variables were selected from the total spread of 43 

independent variables. All variables selected were climate interactions, emphasizing the 

importance of both precipitation and temperature in determining suitable species’ habitats. 

PRMTCM was selected in all twenty models, PRDD5, MAPMTCM, and MAPDD5, were 

selected in nineteen, and GSPMTCM in seventeen. TDGSP and TDMAP were selected one 

and three times, respectively, in the abundance models. Temperature variables such as 

MTCM and DD5 reflect a preference or tolerance for colder climates for all species, while 

precipitation variables indicate preferences for wet weather concentrated in the winter 

months. Previous works have emphasized the importance of summer temperature as an 

indicator of species occurrence and growth (Duveneck et al., 2014; Ribbons, 2014) and have 

examined the correlation between mean July temperature and the treeline (Cogbill et al., 

1997). On the other hand, recent biogeographical studies suggest that tolerance to climate 
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extremes, particularly freezing temperatures, accounts for 80% of variation in range size 

(Mathews and Bonser, 2005; Pither, 2003). MTWM, closely related to July temperature, was 

not as good of an indicator of species occurrence as cold weather variables, suggesting that 

tolerance for cold temperatures on a landscape scale was more important than limiting 

summer maximums for predicting species occurrence.  

While habitat for spruce and fir is predicted to vastly shrink in the U.S. and 

throughout the Acadian Region, results suggest that extensive areas of suitable habitat will 

persist in Canada. Hotspots include the Gaspé Peninsula and other high elevation areas 

along the Gulf of St. Lawrence, Anticosti Island, and interior and northern regions in 

Newfoundland. Small populations along the Appalachian Mountains in Maine and New 

Hampshire will be important locations for refugia in the United States. These predicted 

locations of absence and refugia are in agreement with similar analyses for the “boreal 

conifer forest” under future climate scenarios with the added beneficial effects of increased 

carbon dioxide (CO2) (Tang and Beckage, 2010), though other studies have stated that 

increased CO2  would have little to no effect on growth of spruce as the optimum 

temperature for photosynthesis is exceeded (Ollinger et al., 2007). Coastal habitats were 

not predicted as important locations in future predictions, with the exception of red spruce 

in Nova Scotia. Pollen records shows that white and black spruce were able to persist in 

coastal New England during a period of warming between 6000 and 5000 years due to cool 

and foggy refugia habitat generated by tidal mixing in the Bay of Fundy (Schauffler and 

Jacobson, 2002). Future climate projections though predict that the Bay of Fundy and the 

Gulf of St. Lawrence will warm (Bush et al., 2014) and downscaled sampling of global models 

predict increased temperatures along the coast at rates at least equal to nearby inland 
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habitats and neglect to mention large scale changes in regional ocean circulation (Hayhoe et 

al., 2008). 

Red and white spruce saw smaller reductions in area of suitable habitat than balsam 

fir and black spruce, and habitat for red spruce and balsam fir was predicted to persist in the 

U.S. until 2090. The smaller percent reduction of red and white spruce habitat is primarily 

due to their current restricted range sizes, and the persistence of red spruce and balsam fir 

habitat is because these species are more tolerant of warmer temperatures than white or 

black spruce. Red spruce is projected as being restricted to high elevations areas within the 

United States, as well as in Nova Scotia, New Brunswick, and Québec. This is harmonious 

with general beliefs of the effects of climate change on plant species (Parmesan and Yohe, 

2003), but also in-line with red spruce life history traits. This includes exemplified patterns 

of adaptability, currently maintaining habitat at suitable elevations in Appalachian 

Mountains of West Virginia, as well as rapidly establishing itself in the Acadian Region only 

between 1000 and 500 years ago when temperatures cooled by 1°C (Lindbladh et al., 2003). 

Current high elevation habitat that is predicted to persist under different models of climate 

change, should be prioritized for conservation. Warmer temperatures will likely increase 

growth in red spruce habitat that is currently surviving at the edge of its cold tolerance, such 

as krummholz and other diffuse form Acadian high altitude environments (Gamache and 

Payette, 2004; Harsch et al., 2009). While balsam fir is predicted to lose a substantial 

amount of area, the total predicted suitable habitat for this species is greater than any other 

species considered in this analysis, as the models were able to detect a larger share of this 

species’ fundamental niche. Due to this species’ comparative tolerance for warmer 

temperatures, large range, high abundance, high fecundity, and competitive superiority in 
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disturbed environments, the future outlook for suitable realized habitat under climate 

change is positive (Bakuzis and Hansen, 1965). The reduction in black spruce habitat was 

relatively exaggerated as the study area was unable to show the complete northern range 

of this species. As a plastic species, tolerant of a wide range of climate and soil conditions, 

controls on black spruce habitat is influenced less by abiotic features and more by biotic 

competition (Murphy et al., 2006). Persistence in current habitat in the Acadian Region, 

such as the vast complexes of peatlands in the lowland of Maine, will rely on the 

maintenance of current hydrology and the delay in arrival of swamp competitors, such as 

black tupelo (Nyssa sylvatica), whose northern edge of ranges’ are currently restricted by 

cold temperatures. While the maintenance of black spruce ecosystems in the Acadian 

Region might be difficult, the persistence of this species is likely in the core of its range in 

Canada. Lastly, white spruce, is extremely restricted in its current range in the U.S., and is 

easily outcompeted in poor light and soil environments. While white spruce has the 

phenotypic plasticity to be able to survive in a variety of climate conditions (Gordon, 1996), 

it suffers from the ability to adequately migrate due to its restricted current range. This 

species is a good candidate for current habitat protection and facilitated migration through 

the establishment of populations in proper suitable habitat in northeastern Canada. 

Basic tenets of forest management are built around historical forest conditions and 

requirements of individual species and ecological sustainability; the assumption being that if 

we maintain these conditions, the forest will continue to provide goods and services. With 

impending shifts of species distributions due to climate change these assumptions can no 

longer be held true. Creating models that can accurately link species distribution with 

climate is an essential first step towards visualizing future landscapes as climate warms. 
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These models are static predictors of species’ dynamic with climate and with one another, 

and cannot take into account species specific phenotypic plasticity, longevity, fecundity, or 

dispersal that will determine migratory success in a competitive environment as climate 

changes. Rather by exploring the impacts of different data and dependent variables inputs, 

these models assist in delineating and ranking future suitable habitat for conservation, and 

elucidating species specific patterns across the landscape. 

2.6. Conclusion 

Presence/absence models generated with the random forest algorithm were able to 

precisely predict species occurrence on the landscape. Both abundance models and the 

likelihood prediction object from the presence/absence models represented the core 

distribution of the important species considered in this analysis. The likelihood object was 

easy to generate and its interpretation allows land managers to determine the most likely 

habitat for species of concern, particularly important for species of inherently low 

abundance. The inclusion of historical data in these analyses was important in elucidating 

habitats that have been excised by anthropogenic disturbance and species’ habitats were 

predicted to persist further south in their range under climate change. Future habitats for 

spruce and fir species will be sparse in the U.S., limited to sections of the Appalachian 

Mountain chain in Maine, New Hampshire, New York, and Vermont. Suitable habitat was 

projected to be present to the north and east in Canada, located on interior and peninsular 

Newfoundland and along the Gulf of St. Lawrence in Québec, including the northeastern tip 

of the Gaspé Peninsula, the Côte-Nord region, and Anticosti Island. The models created in 

this analysis were reliable and can be used to inform current and future management 

decisions.  



 
74 

 

CHAPTER 3                                                                                                                                      

MODELING AND FORECASTING THE INFLUENCE OF CURRENT AND FUTURE CLIMATE ON 

MAXIMUM STAND DENSITY FOR EASTERN NORTH AMERICAN SPRUCE-FIR FORESTS 

3.1. Abstract 

 The spruce-fir (Picea-Abies) forest type of the Acadian Region is at risk of 

disappearing from the United States and parts of Canada due to climate change and 

associated impacts. This valuable ecosystem provides habitat to wildlife of both local and 

national conservation concern, and sustains regional economies. Managing for the many 

ecosystem services provided by this forest type requires accurate forecasting of forest 

metrics across this broad international region in the face of the expected redistribution of 

tree species. The maximum stand density index (SDImax) has long been used by foresters to 

determine stocking potential and phases of stand development based upon a stand’s 

species composition and location. Previous predictions of the SDImax for spruce-fir forest 

types were limited by specific-species composition mixtures that could not be applied 

outside of the study area and use of traditional statistical methods. Using linear quantile 

mixed models (LQMM), predictions of SDImax were readily estimated for spruce or fir-

dominated plots across the Acadian Region. Model performance was strong and estimates 

of SDImax from these models were similar to previous regional studies. Estimated slope 

coefficients for the relationship between quadratic mean diameter and stand density 

ranged from -1.46 ± 0.21 (± SE) for white spruce (Picea glauca (Moench) Voss) to -2.20 ± 

0.11 for balsam fir (Abies balsamea L.), varying from Reineke’s universal slope of -1.605 .The 

establishment of an individual constant slope of self-thinning for plots dominated by each 

spruce or fir species reinforces previous research that Reineke’s slope is not universal for all 
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species, and that the differences in slope are telling of different species’ life history 

patterns. Providing regional estimates based on the estimation of plot species dominance, 

obviates the necessity for the construction of specific species ratios, and simplifies the 

estimation of potential SDImax. Individual plot estimates of SDImax, achieved through a 

varying intercept, allowed for assessment of each stand’s potential and limitations, and for a 

wide range of inferences about the impact that climate, nutrient availability, site quality, 

and other factors might have on a stand’s SDI.  

Estimates of SDImax for each species were linked with climate and topographic variables 

using the nonparametric random forest algorithm to generate models that accurately 

predicted changes in species’ SDImax under different models of climate change. This 

represents the first known formal analyses of region wide differences in species specific 

SDImax due to climate, though previous research suggests that climate does have an 

influence on stand stockability. Model performance was consistently high (average pseudo 

R2 of 84.3), and the random forest models were able to approximate the observed regional 

patterns of SDImax, though very low values were consistently overpredicted. Varied climate 

variables were selected for each species’ model, consistent with known specific species 

climatic requirements. The spatial distribution of spruce-fir forest types’ SDImax under the 

ENSEMBLE RCP6 climate show a general pattern of shifts in SDImax values to the north and 

east over the next century with the almost complete extirpation of these species, and their 

associated SDImax, in the U.S. by 2090. While the mean SDImax is expected to decrease on 

average for all species, this reduction remains steady over the next century, and similar 

maximum SDImax values are achieved elsewhere on the landscape as species’ distributions 

shift.  
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3.2. Introduction 

In the last three decades, global temperatures have increased more so than they 

have in any other 30-year period over the last 1400 years. Additionally, global surface 

temperatures are expected to rise by another 0.3 - 4.8°C by the end of the 21st century 

(Stocker et al., 2013). It is already widely recognized that as the climate warms, many 

species migrate poleward and upward, with one recent analysis of mobile organisms finding 

a median latitudinal migration of 16.9 km per decade (n=764) having already occurred due 

to climate change (Chen et al., 2011).  For sessile organisms, such as forest trees, rapid 

migration potential is limited, and shifts in the suitability of habitat conditions (Iverson et al. 

2008), or the reconfiguration of forest structure (Dolanc et al., 2013),  is a more common 

outcome of climate warming. Of particular concern in the United States (U.S) is the spruce-

fir (Picea-Abies) forest type in the Acadian Region. It already realized that this ecosystem is 

at risk from disappearing from the U.S. due to climate change, with previous climate 

analyses predicting range contraction of up to 400 km north (Iverson et al., 2008) and a 

possible reduction of 97-100% of suitable habitat in the U.S. in the next 100 years (Hansen 

et al., 2001).This valuable ecosystem provides habitat to wildlife of both local (e.g., 

Canadian Lynx (Lynx canadensis), spruce grouse (Dendragapus canadensis canace)) and 

national conservation concern (e.g., Bicknell’s Thrush (Catharus bicknelli)), and sustains 

regional economies (McWilliams et al., 2005). Managing for the multiple resources provided 

by this ecosystem requires accurate forecasting of the relationship between climate and 

important forest metrics through easily applied, flexible modeling techniques in the face of 

the redistribution of species’ habitats. Previous species-climate models have focused on 

presence/absence, which while useful for the spatial distribution of future habitat, it does 
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not yield the information necessary to make informed forest management decisions in 

regards to forest production and carbon storage. 

Density management diagrams (DMDs), which graphically represent the relationship 

between average tree size and stand density in forests, have long served as an important 

tool in making predictions about future stand development based on forest management 

decisions (Jack and Long, 1996). Imperative to designing DMDs are the concepts of stand-

density index (SDI; Reineke, 1933) and relative density (RD; Drew and Flewelling, 1977). 

Both of these indices are comparative measurements that provide the degree to which a 

stand is achieving full site occupancy based upon the maximum size-density relationship 

(SDImax) (Zeide, 2005). SDI is defined as “the number of trees per hectare as if quadratic 

mean diameter of the stand is 25 cm” (Long, 1985) and is calculated using the slope of the 

SDImax line, while RD is ratio of observed SDI to a species- and region-specific SDImax. The 

SDImax is part of a linear continuum demonstrated for a diversity of plant life forms, the self-

thinning line, where a stand with a few large trees or one with many small trees, fall on 

either end, and along this continuum a stand will self-thin due to competition at a constant 

rate (Yoda et al., 1963).   

Traditionally, the SDImax has been determined through visual observations of the 

most fully stocked stands, and all other stands of similar species composition are compared 

to this SDImax to obtain their SDI and RD. The RD of a stand generally corresponds to 

important phases in stand development (Drew and Flewelling, 1977). For example, at a RD 

of ~.15 (phase I), crown closure is obtained, between a RD of .35 and .55 the growth of 

individual trees slows (phase II), and above .55 a stand enters the “zone of eminent 
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mortality” and asymptotically approaches the SDImax self-thinning slope (phase III) (Hann, 

2014).  Applying these principles allows for a compromise between the maximization of 

production at the stand level and the maximization of individual tree growth (Long, 1985). 

Additionally, other important forestry concepts, such as stockability, or the tolerance of a 

forest stand to the presence or competition of an increasing number of trees, are generally 

inferred from the SDImax (DeBell et al., 1989). In the early life stages of stands, increased 

productivity would be associated with faster growth rates, but as a stand enters phase III, an 

increase in a stand’s stockability accounts for greater productivity. Thus, establishing a 

species’ SDImax and obtaining relative measures such as RD or SDI are imperative to applying 

appropriate management techniques based on the stand life history stage and managing for 

desirable future forest conditions. In order for this tool to be functional for managing future 

forests, the relationship between size-density patterns and climate needs to be fully 

realized. 

Numerous equations have been proposed to define the SDImax across stands of 

different species compositions (Drew and Flewelling, 1977; Reineke, 1933; Yoda et al., 

1963). While the size variables differ (i.e. volume, quadratic mean diameter (QMD), height, 

crown size) between these formulations, these equations have in common the intent to 

define the slope that describes the self-thinning line. The completeness of these equations 

has been called into question over the last thirty years (Volvfovicz Leon, 2011). In theory, 

the intercept for each of these equations vary for stands of different species composition, 

the slope is constant, and the SDImax achieved is independent of site index, age, and 

management as it is commonly assumed that these additional factors only influence the 

time it takes for a stand to reach the maximum (Jack and Long, 1996). Previous studies have 
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argued that not only does the species-specific intercept vary based on factors such as site 

nutrient quality (Morris and Myerscough, 1991), soil fertilization (Bi, 2004), site index 

(Weiskittel et al., 2009), and stand age (Zeide, 2005), but also that the slope is not universal 

across all species types, and that each stand or population has its own dynamic thinning line 

(VanderSchaaf and Burkhart, 2007; Weiskittel et al., 2009; Zeide, 1987).  Given the potential 

sensitivity of these relationships to site conditions, the effects of current and future climate 

conditions on size-density relationships needs to be explored. 

Regardless of the ongoing debate about the commonality of species-specific 

intercepts and the slope of the self-thinning line, a major hindrance of the maximum size-

density line is its inability to account for structurally diverse and mixed-species stands, 

where a near infinite number of species combinations, and corresponding varying 

intercepts, occur. Early solutions for structurally diverse stands included calculating the SDI 

through a summation method, where the SDI is calculated for each tree or diameter class 

individually, and summarized to yield stand SDI (Shaw, 2000; Stage, 1968). While this is able 

to account for diverse stand structures, it does not account for varying species 

compositions. Various techniques have been explored to estimate SDImax of mixed species 

stands and typically fall into one of three categories: (1) stands of a mixed-species forest 

type are selected and a static SDImax boundary line is developed through different statistical 

techniques (i.e. modified linear regression (Solomon and Zhang, 2002; Sturtevant et al., 

1998; Williams, 2003), reduced major axis regression (Wilson et al., 1999), fixed effects 

nonlinear regression (Yang and Titus, 2002)); (2) stands of a mixed-species forest type are 

selected and a dynamic SDImax surface that varies with species composition is developed 

through different statistical techniques (i.e. fixed effects nonlinear regression (Puettmann et 
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al., 1992), modified linear and non-linear regression (Stout and Nyland, 1986; Swift et al., 

2007), optimization functions (Rivoire and Le Moguedec, 2012)); or (3) SDImax is calculated 

and statistically related to a proxy for varying species distributions such as specific gravity 

(Ducey and Knapp, 2010; Woodall et al., 2005)) or top height (Sterba and Monserud, 1970). 

While many of these techniques have been successful in approximating SDImax for their 

datasets, they suffer from the inability to easily be extrapolated to other regions, as well as 

complicated model forms. 

Quantile regression is a statistical method that has recently been introduced to 

ecological studies and has proven itself as an effective tool for modeling the SDImax (Cade 

and Guo, 2000; Zhang et al., 2013, 2005). Quantile regression involves inspecting the 

relationship between two variables at quantiles of the distribution other than the mean, the 

standard in linear regression. This is particularly useful in evaluating heterodastic datasets 

with unequal variances, where multiple rates of changes are distributed through different 

quantiles (Cade and Noon, 2003; Koenker and Bassett Jr., 1978). Additionally, quantile 

regression eliminates the need to subjectively select plots that have already achieved their 

SDImax (Zhang et al., 2005). Quantile regression has been used in a variety of ecological 

studies to study the upper boundary of a relationship between two variables, establishing 

the effects of a constraint on a response (Lima-Ribeiro et al., 2014; Niinemets and 

Valladares, 2006; Stahl et al., 2014). The constraining relationship between plant density 

and plant size has been examined in multiple studies (Cade and Guo, 2000; Sea and Hanan, 

2012) including, specifically, SDImax in forestry applications (Cao and Dean, 2015; Zhang et 

al., 2013, 2005).  
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Quantile regression though has been criticized for the difficulty to make statistical 

inference from the results (Zhang et al., 2005), as there is no defined distribution on the 

error portion of the model (Cade and Noon, 2003). The deterministic component of the 

model is parametric and is defined as the inverse of the cumulative distribution function of 

the response variable (Koenker and Bassett Jr., 1978). Estimates of prediction have been 

achieved without any parameterization on the error (Cade et al., 1999), as well as goodness 

of fit measures (Koenker and Machado, 1999), but have come under scrutiny by the authors 

themselves later in time. Additionally quantile regression in its simple linear form is unable 

to account for variation both within and amongst plots whether it be due to established 

modifiers (i.e. species composition) or those that are more widely debated (i.e. site quality 

and stand origin). Previous applications of quantile regression in SDI studies, have either 

used SDI as the dependent variable and predicted variations due to mean stand variables 

(Ducey and Knapp, 2010; Woodall et al., 2005) or have incorporated these variables directly 

into the equation (Zhang et al., 2013).  

Linear quantile mixed models (LQMM) apply quantile regression methods to mixed 

models, allowing for varying intercepts as well as varying slopes. Developing models for 

clustered data (e.g. measurements taken at the same plot at different times) at points other 

than the mean has been discussed over for the last two decades (Jung, 1996; Koenker, 

2004), but only recently has a model been developed that can estimate fixed and random 

effects at any quantile (Geraci and Bottai, 2007). The LQMM developed by Geraci and Bottai 

(2007) does not follow the inverse of cumulative distribution function of simple quantile 

regression, but rather the model is based on the asymmetric Laplace distribution (ALD). ALD 

has been suggested for use in quantile regression before, as likelihood ratios tests (Koenker 
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and Machado, 1999) and variance of the distribution (Yu and Zhang, 2005) are more easily 

defined. Additionally, as with other mixed models, clustered data is accounted for, and 

variation at the individual and group level is calculated (Jones, 2007). The data is partially 

pooled and groups with even only one observation can be predicted and provide 

information to the overall estimation of coefficients and variance (Gelman and Hill, 2006).  

The popularity of SDImax can be attributed to the fact that it is grounded in plant 

population biology theory (Reineke, 1933), and its wide applicability to a diversity of 

ecosystems, including different forest types. This near universal concept is an important tool 

for managing current, and potentially, future forests when properly applied. All forests are 

likely to experience changes in their distribution and productivity due to climate change 

(Dolanc et al., 2013; Iverson and Prasad, 1998; Medlyn et al., 2011; Mohan et al., 2009)). 

Many studies have analyzed the relationship between site differences and SDImax, usually 

finding that site index, which in turn is influenced by climate, is linked to stand variability 

(Weiskittel et al., 2009, 2011; Zhang et al., 2013). Debell et al. (1989) and Harms et al. (1994) 

observed that stands of loblolly pine (Pinus taeda) in Hawaii and South Carolina, 

experienced large differences in stockability without increased mortality, and assigned the 

differences to the more favorable climate and nutrient availability in Hawaii, as well as 

differences in sunlight angle. Not one study though has explicitly studied the regional 

relationship between SDImax and climate, and how this relationship might change under 

different models of climate change. Inspecting the relationship between climate and species 

at a landscape level seeks to model the species-boundary line, or the maximum size-density 

of a given species across all environments and populations (Weller, 1990). Recent 

implementation of classification and regression trees (CARTs) such as the random forest 
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algorithm (Liaw and Wiener, 2002), make it possible to study the effects of a mass array of 

climatic variables on a dependent variable. Random forest has proven excellent at selecting 

the most important climatic variables from a multi-variable space where the relationships 

between the response and predictors is not always linear, and has the ability to predict this 

relationship onto future climate landscapes (Joyce and Rehfeldt, 2013).  

The overall intent of this study is to develop an easily applied technique that can 

model SDImax for specific species in mixed species forests, in order to study the relationship 

between SDImax and climate at a landscape level. The specific objectives of this analysis are 

to: (1) use linear quantile mixed effects modeling to estimate the maximum size density for 

spruce/fir (Picea-Abies) dominant plots of the northeast; (2) determine the importance of 

climate and other factors on estimating the SDImax using random forest; and (3) predict the 

future distribution SDImax under different models of climate change. 

3.3. Methods 

3.3.1. Data 

 A total of 10,493,619 tree observations on 248,821 plots were considered to 

determine the SDImax of spruce-fir forest types across the study area.  The data collection 

period spanned from 1955 to 2012 and the majority of the data was collected after 1980 

(85%). The New Brunswick Department of Natural Resources, the Newfoundland Forest 

Service, the Nova Scotia Department of Natural Resource, the Québec Ministry of Natural 

Resource, and the Prince Edward Island Department of Agriculture and Forestry provided 

coverage of Canada. In the U.S., the Cooperative Forestry Research Unit, the Massachusetts 

Department of Conservation and Recreation, the National Park Service, the New Hampshire 
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Division of Parks and Lands, the U.S. Forest Service (USFS), the University of Maine, the 

University of Massachusetts, the Vermont Center for Ecostudies, and the Vermont 

Monitoring Cooperative provided data.  

Plots with a dominant spruce or fir species component were determined from the 

data. The four species selected for were balsam fir (BF; Abies balsamea (L.) Mill.), white 

spruce (WS; Picea glauca (Moench) Voss), black spruce (BS; Picea mariana (Mill.) B.S.P.), and 

red spruce (RS; Picea rubens Sarg.). The data was cleaned prior to analysis. For plots with 

two or more measurements, observations were removed that had not yet reached the 

phase of competition induced mortality (i.e., RD < 0.55). Additionally, data in the 99th 

percentile, that were thought to also be in phase 1 or phase II, were removed prior to 

LQMM analysis, to properly estimate the intercept and slope of the SDImax self-thinning line. 

3.3.1.1. Climate Data 

Climate data was collected from Moscow Forest Science Laboratory climate 

database available online at http://forest.moscowfsl.wsu.edu/climate/ (download date 05 

January 2014). Climate data was derived by applying thin-plate smoothing spline procedures 

that extrapolate data from discrete weather stations to specific plot points with 

corresponding elevation (Rehfeldt, 2006).  Current climate data was normalized for a thirty 

year period (1960-1990) and was based on weather station data for about 15,000 locations 

for precipitation and 12,000 for temperature (Joyce and Rehfeldt, 2013). 33 climatic 

variables were used in analysis, sixteen of which are direct measurement of climate, while 

the remaining seventeen are interactions (Table 3.1). 
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3.3.1.2. Topographic Data 

Topographic variables were used to model species occurrence and abundance in 

order to capture discrete landscape features that influence a species’ dynamics and life 

history outcomes, and also to capture effects that terrain features might have on 

microclimate. Elevation, slope, and aspect data were collected, if available, from the original 

data source. If not available, elevation data was extracted from the 30 m resolution national 

elevation dataset (NED) generated by the United States Geological Service (USGS) available 

at http://viewer.nationalmap.gov/viewer/ (download date 12 February 2013) and from the 

30 m resolution digital elevation dataset made available through the Canadian Council on 

Geomatics (CCOG) available at http://www.geobase.ca/geobase/en/find.do?produit=cded 

(download date 3 March 2014). Slope and aspect were derived from the NED using the 

raster package (Hijmans, 2014) available through R statistical software (R Core Team, 2013). 

A measure of northness and eastness were calculated from aspect data based on Beers et 

al. (1966). Five additional topographic indices were derived from the NED using the System 

for Automated Geoscientific Analyses (SAGA) (Brenning, 2008), including a topographic 

wetness index, a convergence index, a terrain index, a topographic openness index, and site 

curvature. These variables were assumed to capture effects not reflected in the climate 

variables such as soil drainage, exposure, and solar radiation profiles. 

3.3.2. LQMM Analysis 

 The purpose of the first phase of this analysis was to estimate the maximum size-

density index (SDImax) for plots with a dominant spruce or fir component in the Acadian 

Region. Reineke’s (1933) SDI equation was selected due to the widespread availability of the 
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Table 3.1. Description of climate variables used in this analysis. Mean, standard deviation (S.D.), 
minimum (Min), and maximum (Max) values are listed for both the plots used in this analysis and the 
entire study area. Climate variables in bold represent those which were used to construct the absence 
sampling hypervolume. 

Acronym Definition 
Plots Study Area 

Mean S.D. Min Max Mean S.D. Min Max 

D100 

Julian date of 
when the number 
of days above 5°C 

reaches 100 

106.0 40.1 15.0 188.0 114.8 40.6 17.0 197.0 

DD0 

Annual number of 
days below 0°C 
based on mean 

monthly 
temperature 

735.5 673.1 0.0 3233.0 975.8 898.7 0.0 3480.0 

DD5 

Annual days 
above 5°C based 

on mean monthly 
temperature 

2491.7 1234.3 503.0 5431.0 2267.2 
1222.

4 
356.0 5372.0 

FDAY 

Julian date of first 
freezing 

temperature in 
autumn 

278.4 21.7 238.0 347.0 274.1 22.2 237.0 349.0 

FFP 
Frost free period 

length 
150.7 48.8 59.0 297.0 141.9 49.0 58.0 298.0 

GSDD5 

Mean number of 
days above 5°C 
between SDAY 

and FDAY 

2067.0 1096.7 311.0 4994.0 1883.5 
1084.

3 
240.0 4858.0 

GSP 

Growing season 
(April - 

September) 
precipitation 

611.0 71.5 396.0 1109.0 588.5 70.0 323.0 1128.0 

MAP 
Mean annual 
precipitation 

1185.5 177.1 656.0 2217.0 1110.9 188.9 654.0 2374.0 

MAT 
Mean annual 
temperature 

8.5 5.8 -5.2 19.9 7.0 6.4 -6.4 19.7 

MMAX 

Mean maximum 
temperature in 

the warmest 
month 

26.8 4.2 14.1 33.9 25.9 4.8 12.4 33.9 

MMIN 
Mean minimum 
temperature in 

the coldest month 
-10.8 7.8 -32.2 4.9 -13.0 9.0 -32.2 4.7 

MINDD0 

Annual number of 
days below 0°C 
based on mean 

minimum 
monthly 

temperature 

1367.2 964.7 13.0 4690.0 1685.2 
1226.

1 
19.0 4943.0 

MTCM 
Mean 

temperature in 
the coldest month 

-5.1 7.9 -24.6 11.4 -7.4 8.9 -25.5 10.8 
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Table 3.1. continued 

Acronym Definition 
Plots Study Area 

Mean S.D. Min Max Mean S.D. Min Max 

MTWM 

Mean 
temperature in 

the warmest 
month 

20.8 4.0 10.4 27.8 20.0 4.5 8.9 27.6 

SDAY 

Julian date of last 
freezing 

temperature in 
spring 

127.0 26.8 49.0 184.0 131.5 26.9 52.0 187.0 

TDIFF MTWM-MTCM 25.9 4.5 15.8 37.0 27.3 5.0 16.6 37.2 

Interactions 

ADI 
Annual dryess 

index: 
(DD5)0.5/MAP 

0.0 0.0 0.0 0.1 0.04 0.01 0.01 0.06 

ADIMINDD
0 

Annual dryness & 
cold index: ADI * 

MINDD0 
50.0 32.3 0.6 176.4 61.9 40.7 1.1 182.4 

DD5MTC
M 

(DD5 * 
MTCM)/1000 

-3.5 18.7 -26.0 61.9 -6.5 15.5 -26.5 58.0 

GSPDD5 (GSP * DD5)/1000 1560.7 888.3 240.4 4777.3 1383.1 853.5 198.8 4234.4 

GSPMTC
M 

(GSP * 
MTCM)/1000 

-2.9 4.8 -15.9 9.5 -4.0 5.0 -17.1 8.5 

GSPTD (GSP * TDIFF)/100 156.8 24.7 96.0 282.7 158.8 24.5 80.8 295.7 

MAPDD5 (MAP * DD5)/1000 3023.5 1716.8 514.8 8787.9 2649.3 
1731.

4 
427.7 8289.3 

MAPMTC
M 

(MAP * 
MTCM)/1000 

-5.4 9.0 -28.9 16.4 -7.0 9.0 -36.1 14.4 

MAPTD 
(MAP * 

TDIFF)/100 
302.3 42.8 191.0 508.8 296.4 36.2 179.5 593.5 

MTCMGS
P 

MTCM/GSP 0.0 0.0 0.0 0.0 0.0 0.0 -0.1 0.0 

MTCMMA
P 

MTCM/MAP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

PRATIO GSP/MAP 0.5 0.0 0.4 0.7 0.5 0.0 0.4 0.7 

PRDD5 PRATIO * DD5 1295.5 657.7 227.7 3392.3 1196.0 618.1 166.0 3267.0 

PRMTCM PRATIO * MTCM -2.7 4.3 -15.8 7.1 -4.2 5.1 -16.1 6.6 

SDI 
Summer dryness 

index: 
(GSDD5)0.5/GSP 

0.1 0.0 0.0 0.1 0.1 0.0 0.0 0.1 

TDGSP TDIFF/GSP 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.1 

TDMAP TDIFF/MAP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 
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size variable (mean tree size) over a large study area, the ability of this variable to be 

adjusted to reflect a wide variety of stand structures, and the flexibility to objectively select 

stands that are at or near the SDImax. Reineke (1933) defined the relationship between size 

and density as:  

𝑙𝑛 (𝑇𝑃𝐻 ) =  −1.605 𝑙𝑛 (𝐷 ) +  𝑧 

where D is average stand diameter, 𝑧 is a constant varying with species, and -1.605 is the 

slope Reineke (1933) estimated that explains the relationship of self-thinning between 

density and size. From Reineke’s (1933) formula, the SDI for any given stand can be 

calculated as: 

𝑆𝐷𝐼 =  𝑇𝑃𝐻(
𝐷

25.4
) 1.6  

 TPH and mean tree size were determined for each plot in this study. Reineke’s 

(1933) diameter (DR) was used as an alternative to the traditional QMD, in order to account 

for the varied and non-normally distributed tree sizes often found in the spruce-fir forest 

types of the U.S. DR is calculated as: 

𝐷𝑅 = (
1

𝑇𝑃𝐻
∗ ∑ 𝐷𝑖1.6)

1
1.6 

where 𝐷𝑖 is an individual tree diameter, that is summed per stand. Using DR in the SDI 

formula yields the same result per stand as the summation method often used for 

calculating SDI in unevenly distributed stands (Shaw, 2000; Zeide, 1983).  

 The ln-ln relationship between TPH and DR for each species was modeled using the 

LQMM package (Geraci, 2014) available in R (R Core Team, 2013). Individual plots were 
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accounted for through a random effect on the intercept, while the slope coefficient was 

fixed. From the results of the LQMM model, individual plots’ ln TPH was estimated. SDImax 

was calculated using the fixed slope coefficient from the output of the model in place of 

Reineke’s (1933) slope. 

LQMM is similar to linear quantile regression, in that the quantile function of the 

response variable is the inverse of the cumulative distribution function. Given a sample of 

observations, (𝛸𝑖, 𝑦𝑖), where 𝛸𝑖 is a matrix of predictors for each value of 𝑦𝑖, the quantile 

function in linear quantile regression is 𝑄𝑦𝑖𝛸𝑖
= 𝐹𝑦𝑖𝛸𝑖

−1 . The goal is to estimate the quantile, τ, 

by: 

 𝑄𝑦𝑖|𝛸𝑖
(𝜏) = 𝛸𝑖𝛽

𝜏 ,          𝑖 = 1, … , 𝑁, 

where τ is 0 < 𝜏 < 1 and 𝛽𝜏 is a matrix of coefficients for 𝛸𝑖 at 𝜏.  𝛽𝜏 is estimated by 

minimizing a loss function of absolute values of residuals, defined as 𝜌𝜏(𝑣) = 𝑣(𝜏 − 𝐼 (𝑣 ≤

0) ), where 𝐼 is an indicator function. This loss function assigns weights of τ or 1 - τ to 

observations based on whether they are greater or lesser than the mean, meaning that 

𝑃𝑟 (𝑦 ≤ 𝜇)  =  𝜏 (Geraci and Bottai, 2007). Errors change as a function of 𝛸𝑖, but there is no 

assumed distribution, and the variance of the regression is volatile, changing with small 

differences in τ (Zhang et al., 2005).  

For LQMM, where a sample of observations is (𝛸𝑖𝑗, 𝑦𝑖𝑗) and each 𝑖 is nested within a 

group, 𝑗, the quantile is estimated as 𝑄𝑦𝑖𝑗|𝑘𝑖
=  𝐹𝑦𝑖𝑗|𝑘𝑖

−1  where the response is conditional on a 

location-shift random effect, 𝑘𝑖, that is independently distributed according to the ALD 

(𝑦𝑖𝑗  ~ 𝐴𝐿𝐷 (𝜇, 𝜎, 𝜏)). Thus LQMM the linear mixed quantile model of the response is 

written as: 
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𝑄𝑦𝑖𝑗|𝑘𝑖
(𝜏|𝛸𝑖𝑗 , 𝑘𝑖) = 𝛸𝑖𝑗𝛽 + 𝑘𝑖 , 𝑗 = 1, … , 𝑛𝑖 , 𝑖 = 1, … , 𝑁, 

and 𝑦𝑖𝑗  conditional on 𝑘𝑖 is distributed as:  

𝑓(𝜇, 𝜎, 𝜏) =  
𝜏(1−𝜏)

𝜎
𝑒𝑥𝑝 {−

1

𝜎
𝜌𝜏(𝑦𝑖𝑗 − 𝜇𝑖𝑗)}, 

where 𝜇𝑖𝑗 = 𝑋𝑖𝑗𝛽 + 𝑘𝑖,−∞ < 𝜇 < ∞ acts as the location parameter, 𝜎 > 0 acts as the scale 

parameter, and  0 < 𝜏 < 1 acts as the skewness parameter (Geraci and Bottai, 2007; Geraci, 

2014; Yu and Zhang, 2005) 𝜌𝜏 is the loss function defined above. The mean and variance of 

the ALD (𝑦𝑖𝑗  ~ 𝐴𝐿𝐷 (𝜇, 𝜎, 𝜏)) are 𝛦(𝑦𝑖𝑗) =  𝜇 + 𝜎
1−2𝜏

𝜏(1−𝜏)
 and 𝑉𝐴𝑅(𝑦𝑖𝑗) =

𝜎2(1−2𝜏+2𝜏2)

(1−𝜏)2𝜏2
, 

respectively, and are proofed in Yu and Zhang (2005). 

3.3.3. Random Forest Analysis 

Once SDImax for each plot was estimated using LQMM, the relationship between 

SDImax and climate was inspected using the randomForest (Liaw and Wiener, 2002) package 

in R.  Random forest is a type of CART that is able to predict the response variable by 

creating multiple trees that select predictors that minimize error, and then aggregating the 

results of these trees to determine output. Each tree is generated by sub-sampling two-

thirds of the complete data set and then recursively partitioning the data by choosing the 

optimal predictor variable for splitting the data at each node. Random forest is unique in 

that at each node a subset of the independent variables are selected. This added layer of 

randomness reduces correlation between trees and thus decreases total forest error rate 

(Breiman, 2001). Additionally, selecting from a subset of independent variables increases 

computational efficiency making this algorithm ideal for large datasets with a multiple 

dimension independent variable space. Partitioning is complete once the error can no 
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longer be reduced and multiple terminal nodes are reached. The result is a tree that 

predicts for the dependent variable at each terminal node, by means of deriving the average 

response value in from the observations within this node using a piecewise constant 

prediction function (Strobl et al., 2009).  

The random forest algorithm reserves one-third of the model dataset, referred to as 

the out of bag (OOB) sample, for each tree that is constructed. This sample is used to 

internally estimate the precision of the tree constructed by running the sample down the 

tree and recording the accuracy of each data point’s value (Breiman, 2001). For regression 

trees, the mean square error (MSE) as well as a “pseudo R2” is calculated and reported to 

determine accuracy. Random forest’s R2 differs from the traditional R2 in that the variance is 

calculated by dividing by n, as opposed to n-1. 

The number of spruce or fir SDImax points were duplicated prior to random forest 

analysis. Increasing prevalence within a dataset relative to the actual incidence across the 

landscape decreases erroneous errors of absence without violating any basic statistical 

assumptions (Pearson and Dawson, 2003). Additionally points where a dominant spruce or 

fir species was known to be absent, were appended to the input dataset, in order to train 

the model to distinguish between areas with similar abiotic features but with dissimilar 

species composition and SDImax. Preliminary analyses showed a ratio of 90 to 10, occurrence 

to absence, provided the most accurate results. Half of the absence data were sampled 

from areas determined to be climatically similar to areas where spruce-fir forest types were 

present. To establish climatic similarity, an eighteen variable hypervolume (Table 3.1, in 

bold) was defined and expanded by 0.01 standard deviation in all directions (Joyce and 
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Rehfeldt, 2013). Absence data from the hypervolume were stratified by ecoregion and 

randomly sampled. To complete the dataset, additional “outside” absence data were 

randomly sampled from beyond this established hypervolume.  

A random forest consisting of 500 trees was run five times. Using the VarImp 

function option in the random forest package, the most important variables were 

determined using the unscaled permutation accuracy importance measure for each forest. 

This measure is a calculation of the mean decrease in node impurity, when a variable in the 

tree is randomly permutated to another variable. Permuted variables which result in a 

higher decrease in purity are considered more important. The unscaled computation of this 

measure was used as the scaled measure and has shown preference of correlated predicted 

variables (Strobl et al., 2007) with these results provided greater predictive accuracy. 

Preliminary analyses showed that iteratively reducing the complete array of 43 variables to 

the 5 most important variables resulted in a model that retained model accuracy while 

parsimonious balancing computation efficiency and an accurate description of SDImax.  Final 

models were generated using the most important independent variables in a random forest 

with 500 trees.  

3.3.4. Current and Future Predictions 

Mapped predictions of future distribution of the SDImax for spruce and fir forest 

types of the Acadian Region were generated using the output of the random forest 

predicted over different climate landscapes in the years 2030, 2060, and 2090. All mapping 

was based on 0.00833° (~1 km2) grid and generated with the raster package (Hijmans, 2014) 

in R. Future landscapes were acquired for each important variable through the Moscow 

Forest Science Laboratory’s climate database. The ENSEMBLE representative concentration 
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pathways 6 (RCP6) scenario, generated in affiliation with the International Panel on Climate 

Change (IPCC), was used to forecast future suitable habitat. These RPCs were created by 

analyzing varying predicted rates of radiative forcing, as well as greenhouse gases emission 

rates and concentrations by the year 2100 (Stocker et al., 2013). RCP6 is a moderate 

scenario, the 6 referring to the radiative forcing in 2100 measured in watts per square 

meter. 

3.4. Results 

Of the 248,821 total plots considered in this study, 80,133 were found suitable for 

analysis. A total of 15,143 or 18.9% of these plots were classified as predominantly one of 

the four spruce or fir species. The majority (79.9%) of the spruce or fir plots had only one 

measurement, 7.1% had two measurements, and the remaining 13.0% had three or more. 

The majority of the spruce or fir plots were classified as predominantly BF (49.5%; Figure 

3.1, Table 3.2). The observed TPH for balsam fir and black spruce was considerably larger 

than white or red spruce, and DR was lowest for these two species. In general, plot climate 

data reached the minimum and maximum values of the study area and the means of the 

plots were within one standard deviation of the means of study area (Table 3.1).  

The relationships between the observed ln(TPH) and ln(DR) suggested that individual 

plots viewed collectively across the landscape would yield a self-thinning trend line, and 

that these lines would vary by the dominant species selected (Figure 3.2). Predicted slopes 

(±S.E.) from the LQMM models ranged from -2.20 (±0.11) for balsam fir to -1.46 (±0.21) for 

white spruce (Table 3.3). All predicted intercepts and slopes were significant and plot level 

random effects for the intercept had a large range. The relationships between the predicted  
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Figure 3.1. Map of different spruce-fir forest types distributed across the study area. Plots 

are colored according to their forest-type. BF = balsam fir; BS = black spruce; RS= red spruce; 

and WS = white spruce. 

 

Table 3.2. Summary of stand variables for each species. TPH = trees per hectare, DR = Reineke’s 
diameter, Comp % = the percent of composition that the species occupies on the plot, and S.D. = 
standard deviation. 

Dominant Species No. of 
Plots 

Variable Mean S.D. Minimum Maximum 

Balsam Fir 7288 

TPH 2003.0 2629.0 59.5 24980.0 

DR 14.3 4.6 4.5 33.5 

Comp % 64.4 20.6 19.7 100.0 

White Spruce 843 

TPH 1076.0 989.5 74.3 12430.0 

DR 16.9 5.3 4.5 38.3 

Comp % 62.0 22.3 20.9 100.0 

Black Spruce 5626 

TPH 1749.0 2137.2 75.0 24480.0 

DR 12.4 3.5 4.5 30.2 

Comp % 82.1 18.6 21.1 100.0 

Red Spruce 1668 

TPH 1304.0 1180.7 59.5 14640.0 

DR 17.7 4.6 4.5 38.1 

Comp % 61.2 19.5 16.8 100.0 
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ln(TPH)99 and observed ln(DR) are consistent with the expectation that for the every value of 

DR the TPH prediction would increase to represent the 99th quantile and the maximum 

ln(TPH)99 and observed ln(DR) are consistent with the expectation that for the every value of 

DR the TPH prediction would increase to represent the 99th quantile and the maximum 

relationship between the two variables along a consistent slope (Figure 3.3). The mean 

values of predicted TPH were largest for balsam fir and black spruce and much lower for the 

99th percentile group for all species and for two species, white and black spruce, white, and 

red spruce (Table 3.4), consistent with the observed TPH pattern (Table 3.2). 

Correspondingly, the mean predicted values of SDImax were lowest for balsam fir and black 

spruce, and their predicted slope lines the steepest.  

 

Figure 3.2. Observed ln (TPH) vs observed ln (DR) for all plots used in this analysis. The 

average lqmm trend line for each species is overlaid. TPH = trees per hectare; DR = Reineke’s 

diameter. 
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Summary statistics were calculated for those plots considered to be in the 99th 

percentile and are presented in Table 3.5 in order to compare the difference between the 

99th percentile plots and the total plots, per species. The mean DR between the two subsets 

are very similar. The percent of total composition for each species was on average higher 

for the 99th percentile subset, but safely within one standard deviation of the mean of total 

plots and not considered significantly different. The mean TPH was consistently higher in 

exceeded one standard deviation in difference from the mean of the total plots.  

The average pseudo R2 (± MSE) of the random forest object developed using the 

complete array of 43 climate and topographic variables was 84.9 (± 9341.7). Reducing this 

display of variables to the 8 most important, decreased the R2 to 84.0 (± 10830.1), and to 

the 5 most important, decreased the R2 to 83.24 (± 11435.4). The random forest model for 

white spruce was the least accurate and displayed the most variability (79.2 (± 18453.2)), 

while the red spruce model achieved the highest R2 (91.8 (± 9212.6)) and the black spruce 

model achieved the lowest error (80.1 (± 7771.9) (Table 3.6). The random forest models 

were able to closely match the spatial distribution of the species across the landscape, as 

well as gradients in SDImax quantities (Figure 3.4). White spruce’s presence, as well as low  

 
Table 3.3. Statistics of predicted intercept and slope for each species’ linear quantile mixed model. 

Dominant 
Species 

Variable Value 
Standard 

Error 
Lower Bound Upper Bound 

Balsam Fir 
Intercept 13.59 0.29 13.00 14.17 

Slope -2.20 0.11 -2.41 -1.98 

White Spruce 
Intercept 11.49 0.54 10.41 12.57 

Slope -1.46 0.21 -1.88 -1.04 

Black Spruce 
Intercept 13.06 .47 12.12 14.01 

Slope -2.07 .17 -2.42 -1.73 

Red Spruce 
Intercept 12.38 0.21 11.96 12.81 

Slope -1.76 0.08 -1.92 -1.60 
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values of red spruce, were overestimated, including the inaccurate presence of low 

quantities of red spruce in Newfoundland. Overestimation of low values are responsible for 

drawing down the predicted means of SDImax, particularly red spruce, though overall the 

models were able to match the distribution of mid-range and higher values (Table 3.7). The 

average ratio between the predicted and actual means was 0.32, but if only predicted 

values over their observed minimum are considered, this ratio rises to 0.80. 

 The top 5 most influential variables for all models were all climatic and primarily 

interactions. Three temperature variables (DD0, DD5, and D100) appeared throughout the 

spruce models, signaling the importance of temperature in influencing the limits of these 

species’ SDImax.  For example, as DD0, or the number of days where the temperature is  

 

Figure 3.3. Predicted ln (TPH) vs. observed ln (DR) for all plots in this analysis. The average 

lqmm trend line for each species is overlaid. TPH = trees per hectare; DR = Reineke’s 

diameter. 
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below 0°C, increases, black spruce’s SDImax increases, and no values are found below 500 

(Figure 3.5). Black spruce SDImax values also decreased as PRATIO increased, indicating 

preference for an environment where precipitation is concentrated in the winter months. 

As D100, or the Julian date of when the days above 5°C reaches 100, increases, the SDImax of 

white spruce peaks and then decreases, signifying less tolerance for colder weather. White 

spruce also exhibited a preference for moister summer weather. PRDD5 was a top two 

important predictor in two models (balsam fir and white spruce) and both species’ SDImax 

show a significant drop as values increase, reflecting an intolerance for hotter 

temperatures, particularly balsam fir. Some important climatic variables, such as MTCMGSP 

and TDMAP in the red spruce model, exhibited a normal distribution for SDImax values, 

reflecting the core likely distribution of red spruce’s values, and the fact that its entire range 

was captured in this model. 

The spatial distribution of spruce-fir forest types’ SDImax under the ENSEMBLE RCP6 

climate show a general pattern of shifts in SDImax values to the north and east over the next 

century with the almost complete extirpation of these species, and their associated SDImax, 

in the U.S. by 2090 (Figure 3.6). While the mean SDImax is expected to decrease on average 

10.4% for all species, this reduction remains steady over the next century, and similar 

maximum SDImax values are achieved elsewhere on the landscape as species’ distributions 

shift. The reduction of balsam fir and red spruce SDImax values are more gradual than white 

or black spruce, with these species persisting in select portions of their range in the U.S., 

though diminished, until 2090. SDImax values of balsam fir are predicted to increase in 

Newfoundland and will expand into new territory in interior western Québec, though SDImax 

might be limited in this region. The SDImax of red spruce will gradually decrease in most of 
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Table 3.4. Summary of predicted variables for each species using linear quantile mixed models 
(LQMM). TPH = predicted trees per hectare, SDImax = calculated stand density index maximum, and S.D. 
= standard deviation. 

Dominant 
Species 

Variable Mean S.D. Minimum Maximum 

Balsam Fir 
SDImax 683.4 124.0 175.4 1258.0 

TPH 3888.6 4470.1 299.8 34347.4 

White Spruce 
SDImax 911.9 123.9 572.9 1238.1 

TPH 2038.8 1319.3 451.8 10426.2 

Black Spruce 
SDImax 601.3 85.2 322.5 894.1 

TPH 3614.2 3250.8 425.7 29024.7 

Red Spruce 
SDImax 852.8 226.7 176.7 2075.0 

TPH 1992.0 1596.8 190.8 18111.9 

 

Table 3.5. Summary of stand variables for each species in the 99th percentile. TPH = trees per hectare, 
DR = Reineke’s diameter, Comp % = the percent of species composition that the dominant species 
occupies on the plot, and S.D. = standard deviation. 

Dominant Species 
No. of 
Plots 

Variable Mean S.D. Minimum Maximum 

Balsam Fir 291 

TPH 4553.0 4774.5 825.0 22980.0 

DR 14.4 4.5 4.6 26.1 

Comp % 77.4 18.8 25.8 100.0 

White Spruce 40 

TPH 2444.0 2092.3 850.0 11290.0 

DR 16.8 5.3 5.3 26.9 

Comp % 68.1 23.9 28.8 100.0 

Black Spruce 191 

TPH 4564.0 4338.9 1175.0 24230.0 

DR 12.5 3.4 4.5 21.2 

Comp % 90.4 13.3 28.2 100.0 

Red Spruce 73 

TPH 2325.0 2005.8 625.0 14600.0 

DR 17.9 4.8 4.6 31.8 

Comp % 70.1 18.7 30.0 98.9 

 

Table 3.6. Results of the SDImax random forest models for each species. Important variables are listed in 
order of their importance. SDImax = maximum stand density index ; M.S.E = mean square error. 

Dominant Species Psuedo R2 M.S.E. Important Variables 

Balsam Fir 83.5 9232.6 PRDD5, DD5MTCM, PRMTCM, GSPDD5, ADIMINDD0 

White Spruce 79.2 18453.2 PRDD5, D100, GSPDD5, SDI, DD0 

Black Spruce 80.1 7771.9 DD0, PRMTCM, GSPMTCM, PRATIO, MAPDD5 

Red Spruce 91.8 9212.6 MTCMGSP, TDMAP, DD5MTCM, PRDD5, DD5 
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Figure 3.4. Maps of current actual versus predicted SDImax. Actual SDImax generated with the 

linear quantile mixed model (LQMM) versus the random forest prediction of SDImax based on 

climate. 
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Nova Scotia over the next century, but will increase in northern New Brunswick, the Gaspé 

Penninsula in Québec, and on Cape Breton Island in Nova Scotia. Red spruce habitat and 

larger SDImax values are predicted to expand further into Québec, along the northern coast, 

the St. Lawrence River Valley and Anticosti Island, as well as Newfoundland. Major 

reductions in habitat are predicted for white and black spruce as early as 2030 in the 

southern portion of their range, and little to no habitat is represented in the U.S., except in 

northern Maine, at this time. Reductions of white spruce’s SDImax values are not as severe in  

 

Table 3.7. Summary of SDImax predicted using the random forest models for each species. The 
ENSMEBLE RCP 6 climate scenario was used for predictions in 2030, 2060, and 2090. Values in 
parenthesis in the current column represent the ratio between the listed value and the SDImax 
generated with the linear quantile mixed models (Table 3.4).Values in parenthesis in the future 
columns represent the ratio between the listed value and the current prediction in the first columns. 
Since the random forest models suffered from overprediction of low values, all minimums were set to 
the minimums in Table 3.4. SDImax = maximum stand density index. S.D. = standard deviation 

Dominant 
Species 

Current 
Future 

2030 

Mean S.D. Max Mean S.D. Max 

Balsam 
Fir 

558.8 
(0.82) 

133.4 
(1.08) 

1029.0 
(0.82) 

480.4 
(0.86) 

147.5 
(1.11) 

954.9 
(0.93) 

White Spruce 
740.8 
(0.81) 

101.4 
(0.82) 

1066.1 
(0.86) 

725.3 
(0.98) 

89.4 
(0.88) 

1025.1 
(0.96) 

Black Spruce 
529.7 
(0.88) 

71.3 
(0.84) 

835.8 
(0.93) 

489.8 
(0.92) 

77.2 
(1.08) 

749.5 
(0.90) 

Red Spruce 
581.9 
(0.68) 

224.0 
(0.99) 

2070.6 
(1.00) 

523.5 
(0.90) 

194.0 
(0.87) 

1131.2 
(0.55) 

Dominant 
Species 

Future Future 

2060 2090 

Mean S.D. Max Mean S.D. Max 

Balsam 
Fir 

458.4 
(0.82) 

150.1 
(1.13) 

962.9 
(0.94) 

471.8 
(0.84) 

151.7 
(1.14) 

870.5 
(0.85) 

White Spruce 
718.0 
(0.97) 

89.3 
(0.88) 

1039.8 
(0.98) 

711.6 
(0.96) 

100.4 
(0.99) 

1007.1 
(0.94) 

Black Spruce 
471.9 
(0.89) 

75.9 
(1.06) 

745.5 
(0.89) 

476.0 
(0.90) 

80.6 
(1.13) 

731.7 
(0.88) 

Red Spruce 
492.0 
(0.85) 

190.4 
(0.85) 

1111.5 
(0.54) 

506.1 
(0.87) 

208.1 
(0.93) 

1345.7 
(0.65) 
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the remaining habitat, and new suitable habitat with high predicted values are expected in 

interior central Québec and eastern and peninsular Newfoundland. Black spruce’s SDImax 

values will continue to diminish over the next century in most of the study area, though new 

growth is predicted for Cape Breton Island until 2060, and peninsular Newfoundland. Black 

spruce will likely extend into territories north of the study area considered in this study. 

Overall, the models indicate spruce-fir populations in the U.S. will be severely restricted to  

 

 

Figure 3.5. Partial dependency plots for each species’ random forest model and the two 

most important variables from those models. The most important variable is listed on the x-

axis, the second most important variable on the y-axis, and the predicted SDImax value is list 

on the z-axis. 
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high elevation areas, particularly in Maine, though populations will persist throughout the  

Acadian Region in Nova Scotia, and in coastal and northern New Brunswick. 

3.5. Discussion 

Modeling for stands dominated by specific species in a mixed species landscape 

using LQMM successfully provided species boundary lines, as well as individual plot 

estimates of SDImax. The error component of the LQMM algorithm (Geraci, 2014; Yu and 

Zhang, 2005) afforded effective gauging of error and the range of uncertainty for 

predictions, as opposed to fixed effects quantile regression (Zhang et al., 2005). The 

establishment of an individual constant slope of self-thinning for plots dominated by each 

spruce or fir species reinforces previous research that Reineke’s slope is not universal for all 

species (Pretzch and Biber, 2005; Weiskittel et al., 2009), and that the differences in slope 

are telling of different species’ life history patterns. The emphasis of this study was not on 

how species composition might change the SDImax, as the effects of species composition on 

SDImax is known to be highly species-composition specific (Woodall et al., 2005), but rather 

to find if a specific species dominance was an important enough factor to establish a distinct 

and constant slope of self-thinning. Previous studies of mixed-species stands were only able 

to account for populations of a limited geographic scope and specific species-composition 

ratios, which has relatively little context outside of their intended study area (Solomon and 

Zhang, 2002; Stout and Nyland, 1986; Sturtevant et al., 1998). Providing regional estimates 

based on the estimation of plot species dominance, obviates the necessity for the 

construction of specific species ratios, and simplifies the estimation of potential SDImax. 

Individual plot estimates of SDImax, achieved through a varying intercept, allowed for  
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Figure 3.6. Maps of future predictions of SDImax depicted as a ratio between the future 

predicted value and the current predicted value. Deep red indicates a sharp decrease, while 

deep green represents expansion of species; SDImax into new territory. Models were 

generated using random forest models for each species under the ENSEMBLE RCP6 scenario 

of climate change in years 2030, 2060, and 2090.  
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assessment of each stand’s potential and limitations, and for a wide range of inferences 

about the impact that climate, nutrient availability, site quality, and other factors might 

have on a plot’s SDI. Due to the breadth of the input data, representing diverse stand 

conditions across a large study area, analysis of the effects of regional drivers, including 

climate, was straightforward. Climate was found to be an important determinant in 

establishing patterns of SDImax, for each species across the landscape, with psuedo R2 values 

ranging from 79.2 for white spruce to 91.8 for red spruce. Information provided from this 

study can be used to plan for future conditions that will arise as the growth and distribution 

of species migrate due to climate change.   

Species’ individual inherent life history traits, as well as anthropogenic activities on 

the landscape, influence self-thinning trends, which in turn affect the predicted SDImax, and 

random forest model behavior. Anecdotally, it appears that species with higher density 

values in this study (i.e. balsam fir, black spruce) and lower average size values, 

mathematically resulting in lower values of SDImax, and a steeper slope line. In the case of 

balsam fir, this species has increased in dominance in the Acadian Region as an early 

successional competitor due to aggressive harvesting, including salvage logging as a reaction 

to the late 1970s spruce-budworm outbreaks in the region. The steep slope exhibited in this 

study might be a by-product of a forest in transformation, as the stages of succession are 

passed through and balsam fir’s presence on the landscape is reduced (McWilliams et al., 

2005). Additionally, both balsam fir and black spruce dominated stands tend to form 

unabated by competition, often in full light, and young stands consist of a high abundance 

of small trees. These species are also able to grow on poor sites, such as thin-soiled 

montane locations for balsam fir (Sprugel and Bormann, 1981) and the Canadian shield and 
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lowlands for black spruce (Subedi and Sharma, 2013), resulting in mature stands with 

relatively high TPH and small BA.  Unsurprisingly, stands of this nature might thin faster and 

exhibit qualities similar to that of shade intolerant species. Meanwhile, red spruce often 

grows in the understory as advanced regeneration before being released and coming to 

dominate a stand. By the time a red spruce stand is calculated as dominant based upon 

basal area, the stand has already likely already self-thinned to some degree, resulting in 

larger average size values and a shallower slope. White spruce, which is naturally sparse and 

inconsistent across the landscape, exhibited the most variation in both the lqmm and 

random forest model and is difficult to account for. Naturally this species grows in the moist 

cool fog belt of the Acadian coast, and often co-exists in mixed stands. White spruce has 

increased in dominance across the landscape due to its ability to thrive in farm fields 

abandoned over the last century, though it is outcompeted over time (Mosseler et al., 

2003).  It is likely that the LQMM model was shaped around these older semi-natural 

stands, resulting in a shallower slope. 

Validation of results through direct comparisons between previous predictions of 

SDImax for the species in this study are difficult, as earlier studies inspected specific mixed 

species composition ratios. For example, Sturtevant et al. (1998) studied mixed balsam fir-

black spruce-miscellaneous stands in Newfoundland, with an average ratio composition of 

74-17-9, and found a SDImax of 1050. Subsetting the data for similar location and species 

composition conditions, the LQMM predicted SDImax ranging from 379 - 950, with a mean of 

760. Similarly, Swift et al. (2007) estimated the SDImax for 50-50 spruce-fir mixtures in New 

Brunswick as 900. The LQMM predictions for similar conditions range from 435-1190 with a 

mean of 844. Although the ratios used in Solomon and Zhang (2002) are unclear, SDImax 
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predictions ranged from 992 for spruce-fir as well as hemlock (Tsuga canadensis)-red spruce 

mixtures to 1310 for cedar (Thuja occidentalis)-black spruce mixtures, which are comparable 

to SDImax estimates for the species in this study.  

 Comparing the slope of the self-thinning lines is also difficult, as earlier studies of 

similar species used different formulas or independent and dependent variables. The 95% 

confidence interval for the slope coefficients predicted using LQMM encompasses Reineke’s 

(1933) slope of -1.68 for both red and white spruce. Meanwhile the predicted slope 

coefficients for both black spruce (-2.07±.08) and balsam fir (-2.20±0.11) are steeper than 

Reineke’s value and the upper and lower bounds do not encompass -1.68. Both the 

Solomon and Zhang (2002) and Wilson (1998) formulations for spruce-fir plots in Maine, as 

well as the Swift et al. (2007) study of the Acadian Region, found slopes shallower than the -

3/2 power law when developing a self-thinning line based on ln(Max Volume)-ln(TPH) 

relationship. However, steeper slope values were reported for the cedar-black spruce forest 

types in Solomon and Zhang (2002), as well as the values reported in Newton and Smith 

(1990) and Newton (2006) based upon the size-density relationship. Slopes similar to the 

values found in this study for black spruce and balsam fir have been reported, but have 

traditionally been associated with shade intolerant species, particularly pines (i.e. Pinus 

contorta, P. echinata, P. elliottii, P. taeda) (Reineke, 1933; Woodall et al., 2005). However, 

more recent studies have found a wide range in slope predictions for a variety of species, 

varying far from Reineke’s (1933) established slope. For example, Pretzch and Biber (2005) 

calculated slopes ranging from -1.204 to -2.027 in mixed stand of beech (Fagus sylvatica L), 

Norway spruce (Picea abies [L.] Karst.), Scots pine (Pinus sylvestris L.) and common oak 

(Quercus patraea [Mattuschka] Liebl.). In addition, values of -0.593 to -1.687 were reported 
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for mixed stands including white spruce, lodgepole pine, and trembling aspen (Populus 

tremuloides Michx) (Yang and Titus, 2002).  

Steps were taken to alleviate common pitfalls of SDImax modeling in the first phase of 

analysis. One recent review of multiple SDImax analyses, concluded that modeling the 

boundary lines of individual stands using datasets with multiple measurements consistently 

taken over time, and using a size measure (i.e. DR, volume) as the dependent variable, yields 

the most reliable results (Hann, 2014). While this review was generated from the 

perspective of stand level growth and trajectory modeling, and this paper is more related to 

high resolution landscape level patterns due to climate, the Hann (2014) finding does bring 

up important inconsistencies common in SDImax modeling. For example, concerns about the 

effect of “meaningless observations” or areas where slope is either infinite or 0, in phase I, 

before competition induced mortality, can be primarily be dismissed, as inspecting only the 

99th quantile automatically excludes the majority of these observations. The data in this 

analysis was minimally screened to eliminate observations that appeared to be both in the 

99th quantile and in phase I of stand development, as not to dampen the coefficient 

predictions. Additionally, while time-series data is valuable when seeking to model the 

individual stands trajectories of populations, it is not as valuable when seeking to model a 

species boundary line, particularly when using a mixed-model approach, where individual 

and group effects both exert influence on the final predictions. With the exception of this 

minimal cleaning, the selection of plots used in this analysis was an objective process 

including a massive dataset encompassing much of the Acadian Region. It is believed that 

this data does represent landscape wide specific species patterns of self-thinning in a variety 

of conditions. 
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Another concern is that the 99th quantile of data used in these analyses is inherently 

different than the remaining data, and predictions on this quantile should not be applied 

outside of this group. To inspect if this was the case, metrics of TPH, DR, and species 

composition ratios were compared between the two groups. The mean percent of the 

species composition ratio of the dominant species between the two groups was not 

significantly different, eliminating the possibility that differences between the two groups 

was due to species composition. DR was also similar between the two groups, as expected. 

TPH differed between two groups, significantly for white and black spruce. This variation of 

TPH between the two groups was expected though, as the ability to have a higher density 

while maintaining the average DR, is what differentiates these observations into the 99th 

percentile, and establishes the SDImax for a particular species. 

 The random forest models largely overpredicted the presence of low SDImax values, 

which are unrealistic in the context of total plot SDImax values. For example, the red spruce 

random forest model exhibited the greatest problem with the overprediction of low values 

and underprediction of very high values. Since the entirety of red spruce’s range was 

captured in the study area, and red spruce exhibits an “abundant-core distribution”, with 

core habitat surrounding the center and extending 60-70% of the way towards the edge of 

its range (Murphy et al., 2006), it is believed that the random forest model tried to exact a 

normal distribution across the landscape. By virtue, the calculation of SDImax for a total plot 

does not vary normally from zero to a maximum value, as opposed to calculating TPH or BA 

for only a specific species. This normal absence of low SDImax values, could explain the 

difference between observed and predicted distributions of SDImax values in all the random 
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forest models. This focus on higher values and species dominance, could lead to more 

accurate estimation and selection of important climate variables. 

When compared to species-specific abundance variables, SDImax consistently showed 

the highest association with climate variables and resulted in better model accuracy (Thesis, 

Chapter 2), with the exception of black spruce models, where the R2 for abundance 

variables was slightly higher. This is likely due to the large consistent expanses of consistent 

TPH, BA, and IV, associated with black spruce, which are easier to detect, as opposed to the 

relatively more difficult SDImax gradient. Consistent with Chapter 2, the majority of these 

climate variables were interactions, emphasizing the importance of both precipitation and 

temperature in determining suitable species’ habitats, though there was a slight preference 

in the selection of temperature variables.  In contradiction to Chapter 2, these variables 

varied greatly between species’ models, suggesting that using SDImax as the dependent 

variable is better at capturing important species specific climate signals. By and large the 

selection of variables in this study match with known criteria of species’ specific tolerances 

and preferences. The selection of variables for the black spruce model indicated a steep 

tolerance for cold weather and for a climate where the majority of precipitation occurs in 

winter (Vincent, 1965). While black spruce can survive in warmer environs, it tolerates and 

thrives in locations of extreme cold, unabated by competition (Pither, 2003). White spruce, 

also considered a cold tolerant species, was clearly less tolerant of extreme cold than black 

spruce, and was limited by warming temperatures in the southern portion of its range. 

Values of SDImax for white spruce increased with summer moisture, and white spruce is 

known for its reliance on coastal moisture in this region, particularly fog. While fog or fog 

drip is not directly captured in this model, it is possible the climate variable SDI, or summer 
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dryness index, captured these moist coastal zones where fog occurrence is greatest in 

summer months (Klemm et al., 1994). Red spruce has a small specific range, and is known to 

be reliant on cool moist environments (Dumais and Prévost, 2007).  The three climate-

precipitation interaction variables selected for the red spruce models indicate such, with a 

normal distribution of SDImax values in a small constrained range, with steep drop offs in 

SDImax outside of this distribution, indicating higher temperatures or limiting moisture. The 

patterns of SDImax for the two temperature variables selected (i.e. DD5, DD5MTCM) indicate 

a cold preference. Lastly, though not as cold tolerant as black and white spruce, balsam fir is 

a generalist with the ability to survive in a wide array of climate conditions (Bakuzis and 

Hansen, 1965), and the patterns of the selected variables indicate as much. It is clear though 

that this species has strict limits in terms of SDImax values, limited by the lack of adequate 

moisture as well as hot and cold temperatures. 

Estimations of SDImax in 2030, 2060, and 2090 represent the potential achievable SDImax 

for stands that are predominantly composed of the species in this study. While differences 

in SDImax due to climate are accounted for by the climate models, other factors not captured 

by this model are certain to play a role in the actual stocking of species in the future. 

Previous studies have found that nutrient availability, soils, and angle of the sun all play an 

important role in stocking, and that greater precipitation appears to affect stockability 

differences versus temperature, and climate more so than soils (DeBell et al., 1989; Perala 

et al., 1999). Species specific features need to be taken into account in regards to their 

influence on realized SDI and stockability. For example, the ability to reallocate foliage along 

the bole is an individual species trait that affects stockability (Dean and Long, 1992), and 

clumping, which might be expected in lower light conditions, could lead to lower stocking 
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levels (Puettmann et al., 1993). This study is an important step in estimating potential SDImax 

for specific species in a mixed species landscape, and estimating shifts in species’ SDImax due 

to climate. 

Managing for future forest stands will not only require knowledge of specific species’ 

life history requirements in a mixed species landscape, but also an understanding of 

ecophysiological responses to climate change in different life history stages. Increased heat 

stress and evapotranspiration, and decreased snowpack and soil moisture, will certainly 

affect vulnerable seedling recruitment and survival (Nitschke and Innes, 2008), particularly 

in the case of shallow rooted and moisture dependent white and red spruce seedlings 

(Davis, 1966). Drought, changes in nutrient availability, and increased vulnerability to 

disturbances such as fire and disease as a result of climate change, are thought to be a 

major driver of mortality in mature stands (Allen et al., 2010). Studies have shown that 

despite the mortality of mature individuals and seedling stress, forests are not shifting as 

fast as anticipated, as younger, smaller individuals readily replace the overstory (Dolanc et 

al. 2013). This suggests that while forest structure is certainly shifting, composition changes 

are not as certain.  

Dynamic ecosystems require dynamic management plans, and frequently adjusted 

models of species’ abundance across the landscape are essential to informing these plans. 

As climate change takes effect, realized niches will shift (Maiorano et al., 2013), phenotypic 

plasticity will be expressed (Joyce and Rehfeldt, 2013), new species interactions will emerge 

(Williams et al. 2013), and species will adapt through migration and by changing structure. 

Forest managers should focus now on cornerstones of adaptive forest management by 
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increasing resistance and resilience of forest stands (Noss, 2001). This requires not only the 

passive protection of forests, including primary forests and areas known to be climatic 

refugia for species from previous climatic events (Keppel et al., 2012), but also active 

management.  Low intensity forestry, including partial cuts, are more likely to increase 

resistance and resilience than aggressive forestry practices, as species diversity is 

maintained and oft increased, soil structure is preserved, and the ecosystem is not left 

vulnerable to invasives (Noss, 2001). Due to the mixed species nature of the Acadian Forest, 

as well as the passage of the Maine Forest Practices Act (MFPA) and similar legislation which 

heavily regulated clearcuts, partial harvests including selection and shelterwood cutting 

already compose a significant portion of harvesting activity in the Northeast U.S. 

(McWilliams et al. 2003), while clearcuts are more prominent in Canada. Aggressive partial 

harvesting (i.e. Under MFPA only a BA of needs to be maintained) though can also open up 

forests to risks associated with low species and structural diversity, as well as soil 

disturbance (Sader et al., 2003). Multi-aged management systems, which mimic natural 

disturbance, and increase resilience through greater structural and functional diversity, are 

already being researched in the Northeast (Nunery and Keeton, 2010; Saunders et al., 2008) 

and are seen as the best management practice in the face of an uncertain future (O’Hara 

and Ramage, 2013). Furthermore, density management has been suggested as the most 

effective approach to managing forests for both resistance and resilience to climate change 

(Chmura et al., 2011). Using DMDs, constructed from the SDImax values and the self-thinning 

lines presented in this study, forest density can be reduced to delay the onset of mortality 

due to drought (Elkin et al., 2015) as well as nutrient stress caused by competition, fire risk, 

and the predisposition to disease outbreak, all while maintaining economic profitability. For 
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example, by reducing aggressive harvests, while managing for stand density and 

composition, balsam fir on the landscape would be reduced, along with the increased risks 

and impacts of a spruce budworm outbreak (Westveld, 1946). Additionally, shifts in forest 

structure due to climate change can be accounted for with landscape level species 

maximum boundary lines that inherently account for a diversity of stand structures which 

aren’t as predominant today, but might be in the future.  

3.6. Conclusion 

 Predictions of SDImax for plots dominated by a spruce or fir species in the Acadian 

Region were successfully modeled using LQMM. The establishment of an individual constant 

slope of self-thinning for plots dominated by each spruce or fir species reinforces previous 

research that Reineke’s slope is not universal for all species, and that the differences in 

slope are telling of different species’ life history patterns. Providing regional estimates 

based on the estimation of plot species dominance, obviates the necessity for the 

construction of specific species ratios, and simplifies the estimation of potential SDImax. 

Individual plot estimates of SDImax, achieved through a varying intercept, allowed for 

assessment of each stand’s potential and limitations, and for a wide range of inferences 

about the impact that climate, nutrient availability, site quality, and other factors might 

have on a plot’s SDI. Climate was found to be an important determinant in establishing 

patterns of SDImax, for each species across the landscape. Overprediction of low SDImax 

values were present, thought to be an artefact of the modeling technique. This 

overprediction of low values is not seen as a concern, as land managers should focus on 

conserving areas with high potential SDImax. Information provided from this study can be 
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used to plan for future conditions that will arise as the growth and distribution of species 

migrate due to climate change.   
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CHAPTER 4                                                                                                                           

CONCLUSION AND SUMMARY OF MAJOR FINDINGS 

The spruce-fir (Picea-Abies) forest type of the Acadian Region is at risk of 

disappearing from the United States and parts of Canada due to climate change and 

associated impacts. According to the latest report by the Intergovernmental Panel on 

Climate Change (IPCC), mean global temperatures are predicted to rise between 1.5°C and 

4.5°C by 2090 (Stocker et al., 2013). Already, records indicate that temperatures have risen 

by 0.89°C since 1880. As temperatures rise, cascading changes to the global climate system 

are taking effect, including transformations to precipitation, humidity, and cloud cover. 

These changes to the global climate system are reflected in species’ geographic distributions 

and ecosystems’ configurations, as each species has a specific set of climatic requirements 

and limitations that determine their fundamental niche on the landscape. The fundamental 

niche is bounded by additional abiotic controls, as well as biotic competition, where species 

compete for requirements including light, nutrients, and water, resulting in the realized 

niche, often represented as current species distribution. While species of the spruce-fir 

forest type exist in distinct associations with one another today, paleoecology studies 

indicate that past compositions have no bearing on current, and likely future, forest 

assemblages (Davis, 1976). 

This thesis was an investigation into the effects of the use of different dependent 

variables in species distribution models (SDMs) on not only characterizing the relationship 

between species and climate, but also investigating the difference in model outcomes in 

regards to conservation management utility. The focus of this climate study was not the 

process by which we arrive at future landscapes, but rather to envision what future tree 
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distributions might look like under different climate scenarios. The decision of which 

dependent variable to use in species distribution modeling is based upon the desired 

management product, where passive management, through the conservation of suitable 

lands, or the active management of forests, is pursued. Both presence/absence and 

abundance variables seek to help land managers select the best land for conservation in the 

face of shifting species distributions due to climate change. Presence/absence models are 

easier to generate and to interpret, while abundance variables help to pinpoint locations of 

greater habitat suitability. Alternatively, predicting maximum stand density index (SDImax), 

allows for the construction of density management diagrams (DMDs), which have long 

served as an important tool in making predictions about future stand development based 

on size-density relationships. These different dependent variables were analyzed for spruce 

(Picea spp.) and fir (Abies spp.) across the entire Acadian landscape and compared, while 

also exploring innovative modeling techniques. 

4.1. Summary of Findings by Objective 

4.1.1. To Explore New Data and Modeling Techniques for SDMs 

 Previous studies that have predicted range contraction of the spruce-fir forest type 

have been limited by the absence of data that fully characterizes the species’ relationships 

with the environment in the northern portion of their range, as it reaches across 

international boundaries, preventing range wide modeling and monitoring. These previous 

analyses only made use of a single national inventory, widely thought to underrepresent the 

Northeastern spruce-fir resource. Additionally, a course resolution of 20 km2 was used in 

previous regional climate-envelope analyses of spruce and fir species (Iverson et al., 2008), 

not allowing for the evaluation of specific lands for future conservation. Lastly, while 
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abundance variables have been considered for this region, alternatives such as SDImax have 

not. Innovate modeling techniques included the prediction of SDImax on plots dominated by 

a spruce or fir species using linear quantile mixed models (LQMM). 

 10,493,619 observations on 248,821 plots from twenty-two different agencies were 

collected to provide details about the contemporary distribution of spruce and fir species. 

Additionally, 1,342 historical tree observations on 778 plots were obtained from a database 

maintained by Charles Cogbill (Cogbill, 2000). Forest Inventory and Analysis (FIA) data 

contributed less than 3% to the total observations of spruce or fir, marking a departure from 

previous analyses which solely relied on FIA data. This data was able to fully characterize the 

range of the important spruce-fir species within the Acadian Forest, including important 

locations in Canada, where suitable habitat will exist in the future. The extension of climatic 

niches via integration of historical data also suggested a greater level of persistence for each 

species in the southern portion of the Acadian Region under projected climate change 

relative to models based solely on contemporary data. The high spatial resolution (1 km²) 

used in this analysis allow for specification of future habitat to the stand level. Models 

developed using this data resulted in high accuracy and performance, particularly the 

presence/absence and SDImax models. 

 The use of species-specific SDImax represents the first known formal analyses of 

region wide differences due to climate. Modeling for stands dominated by specific species in 

a mixed species landscape using LQMM successfully provided species boundary lines, as 

well as individual plot estimates of SDImax. The establishment of an individual constant slope 

of self-thinning for plots dominated by each spruce or fir species reinforced previous 

research that Reineke’s slope is not universal for all species (Pretzch and Biber, 2005; 
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Reineke, 1933; Weiskittel et al., 2009), and that the differences in slope are telling of 

different species’ life history patterns, as well as abiotic limitations. Specific species 

dominance was a significant factor, able to establish a distinct and constant slope of self-

thinning. Previous studies of mixed-species stands were only able to account for 

populations of a limited geographic scope and specific species-composition ratios, which has 

relatively little context outside of their intended study area (Solomon and Zhang, 2002; 

Stout and Nyland, 1986; Sturtevant et al., 1998). Providing regional estimates based on the 

estimation of plot species dominance, obviates the necessity for the construction of specific 

species ratios, and simplifies the estimation of potential SDImax. Individual plot estimates of 

SDImax, achieved through a varying intercept, allowed for the both the assessment of 

individual stand’s self-thinning trajectory, which when pooled, contributed to the overall 

development of the self-thinning line, and individualized estimates of the SDImax., which are 

more reflective of a gradient of SDImax values across the region due to differences in abiotic 

conditions. Climate was found to be an important determinant in establishing patterns of 

SDImax for each species across the landscape. This Information can be used to manage stands 

as climate changes.  

4.1.2. To Characterize the Distribution and Abundance of the Important Species in the 

Spruce-Fir Forest, while Comparing the Usefulness of Both Presence/Absence and 

Abundance Models, as well as Alternatives, for Conservation Decisions 

 Presence/absence models were able to accurately predict and determine current 

distribution. Area under receiver operator curve (AUC) values for models averaged 0.99 ± 

0.01 (mean ± SD), well above the accepted standard for excellent model performance, and 

almost errors were concentrated as false predictions of presence. Predicted presence for 
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each species exceeded known presence on the current landscape, as the models were able 

to determine locations that meet species climate requirements, while actual presence is 

limited by biotic factors, including competition, as well as further abiotic controls, include 

soil and nutrient availability. 

 Presence/absence models were found to predict with more accuracy than the 

abundance models, but this is not surprising considering the range of values is infinitely 

greater for abundance models than the binomial prediction for presence/absence models, 

and the fine spatial resolution used in this analysis. All abundance models underpredicted 

actual quantities, but were able to maintain relative patterns of abundance across the 

landscape. Of the three abundance dependent variables, basal area (BA; m2 ha-1), 

performed the best (Mean: 77.14 (±0.02)), while stem count (trees ha-1 (TPH)) performed 

the worst (Mean: 74.43 (±0.03)). The importance value (IV) performed slightly worse than 

the basal area models (Mean: 75.57 (±306.14), but benefits from being able reflect both BA 

and stem count, and this metric can be directly compared with previous, coarser resolution 

analyses for these species (Iverson et al. 2008).  

The likelihood prediction object from the presence/absence models is able to reflect 

cores of abundance. Spearman’s indicated a strong positive relationship between all 

likelihood objects and BA abundance models. Average correlation was 0.90, with black 

spruce BA abundance exhibiting the strongest relationship (0.95) with the likelihood object, 

and red spruce the weakest (0.84). This is an important interpretation of the likelihood 

object, as it is generated from the computationally more efficient, and readily available, 
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presence/absence metric, while producing the same type of information: The core of 

abundance which is thought to represent habitat more optimal for the modeled species.  

4.1.3. To Compare and Illustrate the Differences between the Results and Application of 

Directly Calculated Variables Useful for Passive Management versus Predicted Variables 

Useful for the Active Management of Forests 

 Overall, the SDImax metric correlated the best with climatic variables (83.65 

(±11167.58)), when compared to alternative continuous variables. It is believed that since 

the SDImax was calculated only for plots dominated by either a spruce or fir species, that the 

dataset was more representative of optimal spruce or fir habitat. This resulted in a model 

that was able to better capture the climatic relationship, both in terms of pseudo R2 and, 

also, the selection of most important climatic variables. While the variables selected in 

Chapter 2 were remarkably consistent between species, almost no overlap was shared 

between species in Chapter 3, representing the models’ ability to learn species specific 

climate signals. The overprediction of low values, seen throughout all random forest models 

built in this study, was particularly exacerbated in the SDImax metric models. It is believed 

that since SDImax is a stand level calculation where low numbers are inherently absent, that 

the model sought to exact a more normal distribution on the landscape. 

 SDImax models can be utilized for the construction of DMDs and the active 

management of future landscapes. While presence/absence models are important for 

understanding the full range of climatically suitable habitats, and abundance values provide 

the ability to prioritize suitable habitat based upon higher abundance, both of these are 

unable to assist forest managers in future forest planning. The predicted SDImax values for 
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each species, represent a regional species boundary line, or the maximum size-density 

relationship for a give species across a wide range of environments (Weller, 1990). The 

achievement of these predicted maximum values in a given stand is dependent upon the 

presence of ideal abiotic conditions. Climate was found to be partially accountable for this 

set of idyllic circumstances, and thus as climate changes, it is expected that forest stands 

that were previously limited to their population boundary lines, will be able achieve higher 

values found along the species boundary line.  

Forest managers can use DMDs constructed from these models, both in the short- 

and long-term. In the short term, rapid migration of forest species is not expected in most 

environments, and forest composition may persist, though structure (Dolanc et al., 2013) 

and growth (Mohan et al., 2009) will likely change. As the climate transforms to conditions 

considered optimal for spruce and fir dominated stands, structure and composition can be 

managed for forest health enhancement, including increased resistance to the consequent 

effects of climate change. Spruce-fir forest types of the Acadian Region are naturally 

composed of multiple age classes and sizes, yielding various micro-environments for 

different species, and these inherent qualities are conducive to multi-age management. 

Multi-age management has been lauded for its ability to increase forest resistance and 

resilience, as well as stand complexity and response diversity, by integrating partial 

disturbance into the management structure (D’Amato et al., 2011; O’Hara and Ramage, 

2013). As climate changes, the risk of disturbance to forest ecosystems is expected to rise, if 

forest vulnerability is not reduced. Further benefits from irregular regeneration methods, or 

any management regime that reduce stand density, could include the reduction of 

competition for water and nutrients (Chmura et al., 2011) and decreased onset of mortality 
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due to drought (Elkin et al., 2015), and increased stand resistance to disease outbreak, as 

pest and diseases tend to be mono-specific (Edmonds et al., 2010). Alternatively, stands at 

low risk to fire and disease outbreak could be managed for climate change mitigation by 

increasing stocking levels, and therefore carbon storage, by retaining older mature 

individuals present in the canopy (D’Amato et al., 2011; Nunery and Keeton, 2010).  

On a longer time scale, species composition and structure, particularly in regards to 

density, will continually need to be managed, but species will likely shift to new habitats. 

The future suitable habitat predictions provided by the presence/absence and abundance 

models, can assist in determining ideal locations for future habitat and conservation 

prioritization. Novel stand species compositions will likely appear during this time, as well as 

corresponding interactions in regards to interspecific competing life history strategies and 

stand development (Williams et al., 2013). While the models presented in this thesis do not 

directly account for biotic interactions, SDImax models similar to the ones constructed here 

will continue to be useful, as the only requirement for utilization is a specific species 

dominance. However, SDImax models will need to be reconfigured with datasets from future 

stands, as life history strategies, and the corresponding realization on the landscape, are 

thought to be an important factor in determining species specific self-thinning line 

coefficients. In regards to the migration of species to future suitable habitats, shifts in 

habitat are likely to outpace many species’ ability to disperse and migrate. Species with 

large distributions that cover numerous environmental gradients, are likely phenologically 

predisposed to adaptation to shifts in climate in their current range (Aitken et al., 2008). 

Species with small, specific ranges, which are centered in abundance at the core, and 

species with low fecundity, are at risk for extirpation. These at-risk species might rely on 
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locations of refugia, which are locations of limited spatial extent that are environmentally 

suitable for species to retract to during times of climate stress (Keppel et al., 2012). 

Protecting locations for refugia, as well as the establishment of populations through 

facilitated migration outside of current habitat (i.e. ex situ refugia), might assist species with 

heightened longevity, large phenotypic plasticity, and low dispersal, as these nucleated 

populations might persist until the eventual arrival of additional member of the species, or 

the return of suitable climate. The SDM outputs generated in this thesis, along with abiotic 

overlays and mechanistic model outputs, can help determine locations of suitable refugia. 

4.2 .Summary of Findings by Species 

Previous studies have found that variation in model performance is greater among 

tree species than among techniques (Guisan et al., 2007), and that no technique can rescue 

species that are difficult to predict. This thesis confirmed this trend, with consistent ranking 

in model performance amongst the species analyzed here. Discussed below is model 

success amongst species, as well as the implication of specific life history requirements on 

the models, and how the models should be interpreted in regards to future distribution in 

management. 

4.2.1. Balsam Fir (Abies balsamea L.) 

 Balsam fir responded well to all models presented in this thesis, performing best in 

response to the SDImax dependent variable. Balsam fir is a generalist with the ability to 

survive in a wide array of climate and soil conditions. This species is also extremely 

competitive and flowers and thrives in full light (Bakuzis and Hansen, 1965), and has 

increased in distribution across the landscape due to anthropogenic forest disturbance. 
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Models were thus able to establish and detect a larger share of this species fundamental 

niche in regards to climate, but realized habitat on non-disturbed landscapes is much more 

limited by biotic competition. Similarly, a predicted steeper slope of the self-thinning lines 

appears related to high stem density and lower average size values, which is currently 

associated with balsam fir due to alterations to the natural disturbance regime in this 

region. SDImax values and the associated self-thinning line will need to be reconfigured 

depending on future forest development and disturbance. Due to this species’ comparative 

tolerance for warmer temperatures, large range, high abundance, high fecundity, and 

competitive superiority in disturbed environments, the future outlook for suitable realized 

habitat under climate change is positive.  

4.2.2. White Spruce (Picea glauca (Moench) Voss) 

 White spruce consistently performed the worst amongst the tree species considered 

in this analysis, with the lowest reported AUC and psuedo R2 values. Of the continuous 

variables, white spruce responded the best to SDImax modeling. Lower accuracy amongst 

models is likely a result of this species sparse and inconsistent distribution across the 

landscape, due to more exacting  light and soil conditions than associated conifers 

(Kabzems, 1971). Currently, in northeastern North America, white spruce grows abundantly 

in the moist cool fog belt of the Acadian coast, and it is found in the interior of Maine and 

elsewhere in low abundance in mixed stands. White spruce has increased in dominance 

across the landscape due to its ability to thrive in farm fields abandoned over the last 

century, though it is outcompeted over time (Mosseler et al., 2003). Both current and future 

suitable habitat based on important climate variables predicted large areas of suitable 

habitat for this species, while actual realized habitat is much more restricted. White spruce 
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is considered a plastic species and is able to grow in a variety of climatic conditions. 

Generally, plastic species’ ranges are larger than those with more specific niches (Morin and 

Lechowicz, 2013), and abundance and frequency of these species within their range are 

controlled less by abiotic factors, and more by biotic competition (Murphy et al., 2006). 

Pollen records show that this species rapidly established on the post-glaciated landscape at 

the end of the last glacial maximum. The success of white spruce at this time is due to lack 

of biotic completion, and the presence of rich, coarse-textured soils with good drainage 

(Lindbladh et al., 2007), that quickly disappeared as the climate became colder and wetter 

(Grimm and Jacobson, 2003). While white spruce likely has the phenotypic plasticity to be 

able to survive in a variety of climate conditions (Gordon, 1996), it suffers from the ability to 

adequately migrate due to its restricted current range. Though the possibility exists that 

white spruce may be able to compete as other species concurrently decline in fitness due to 

climate change, this species is a good candidate for current habitat protection and 

facilitated migration through the establishment of ex situ refugia in proper suitable habitat 

in northeastern Canada. 

4.2.3. Black Spruce (Picea mariana (Miller) B.S.P.) 

 Black spruce consistently performed the best amongst the tree species considered 

in this analysis in regards to the abundance models. Black spruce was the only species 

whose model performance did not increase with the use of SDImax as the dependent 

variable. The R2 values for this model were still high, but the random forest algorithm likely 

had an easier time detecting the consistent and expansive abundance metrics across the 

landscape. Black spruce, also considered a plastic species, can survive in a wide variety of 

climatic conditions. Studies indicate that this species experienced large range shifts in a 
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relatively quick period at the end of the last ice age, and that there is no apparent sign that 

dispersal limitation is constraining their modern range (Williams et al., 2013). Location of 

black-spruce dominated krummholz at the tree line, as well as habitat at the forest-tundra 

boundary, are expected to continue to react positively to climate warming (Gamache and 

Payette, 2004; Thomson et al., 2009). Black spruce will likely continue to form uniform, high 

stem-density, low individual tree-size stands on poor sites in northern Canada, though the 

locations of these habitats will shift north. Density management should be considered when 

feasible to reduce the risk of fire in these regions. In the Acadian Region, black spruce 

habitat may persist in krummholz and other high elevation locations. The peatlands of 

Maine and other moist habitats, currently suitable habitat for black spruce in the Acadian 

Region, may persist if current hydrology is maintained (Anderson and Davis, 1997) and if 

other wet-footed species, such as tupelo (Nyssa sylvatica), do not prohibitively compete for 

resources in this environment as they migrate north. 

4.2.4. Red Spruce (Picea rubens Sarg.) 

 Red spruce responded well to all models presented in this thesis, due to an easy to 

detect, small and specific range. It responded the best amongst models and species to the 

SDImax dependent variable. Red spruce dominated plots captured in the SDImax analysis, 

primarily represent mature stands with red spruce in the overstory, and this model was able 

to detect the suite of climatic variables that support this habitat. Red spruce is a temperate 

species and its habitat is limited by sensitivity to low winter temperatures (Thompson et al., 

2006), and reliant upon adequate moisture in cool environs (Dumais and Prévost, 2007). 

Models indicate that suitable habitat will persist in the Acadian Region, particularly when 

compared to its fellow Picea species. While it is unclear where red spruce endured during 
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the late-glacial and early Holocene, it was a late arrival to northeastern North America, 

initially limited by cold temperatures during the Younger Dryas, and later prohibited by 

seasonal temperature extremes, including dry and warm fire-prone summer conditions, 

caused by solar precession (Grimm and Jacobson, 2003; Lindbladh et al., 2003). Climate 

predictions for the Acadian Region do predict increases in summer climate extremes, but 

winter temperatures are also expected to warm, and future suitable habitat for this species 

is predicted throughout northeastern North America. Warmer temperatures will increase 

growth in red spruce habitat that is currently surviving at the edge of its cold tolerance, such 

as krummholz and other Acadian high altitude environments. Migratory success of red 

spruce is uncertain, as the species is extremely shade tolerant and establishment is best on 

non-disturbed landscapes and in the understory of pre-existing stands. Due to the longevity 

of the species and its preference of warmer temperatures, red spruce is a good candidate 

for facilitated migration and the establishment of ex situ refugia, though providing the 

necessary conditions for establishment need to be carefully considered. The relative rarity 

of this species across the landscape, necessitates that current remaining old growth habitat, 

including high altitude elevations, be preserved. 

4.3. Conclusion 

 This thesis set out to link species specific data with climate and topographic 

variables in order to generate models that would accurately predict changes in species 

distribution due to climate change. While the analyses presented here were able to 

characterize species’ known or realized distribution with climate with high statistical 

significance, many questions are left unanswered on what future forests will look like and 

how we will get there. In regards to species’ climatic tolerances, only known distributions, 
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which included historical inventories, were analyzed, and it is likely that species’ 

fundamental niches are much wider than what we see on the current landscape.  

Understanding species’ full range of climatic tolerance in order to predict future suitable 

habitat requires more knowledge about their fundamental niche, as well as the genetic 

expression of tolerance to different climate variables. Further research, including 

paleoecological climate research and provenance testing of important species, needs to be 

under taken in order to understand to better predict relationships.  

 Even if species-climate associations were fully characterized in this study, a whole 

suite of other factors that determine species occurrence and dominance on the landscape 

were not captured in these analyses. Perhaps most importantly, it is very difficult to predict 

future biotic interactions and the effects on forest structure and function. Dynamic 

landscapes predictions can be achieved with mechanistic models, and while computer 

capacity currently limits region-wide studies, even pocket analyses help elucidate future 

interactions between species on the landscape. The real limit to these mechanistic models 

though is our knowledge of how species’ will redistribute and disperse in novel climate and 

competitive environments, as most of our data is based on the present observed world. 

Currently, effects of climate change to forest ecosystems, such as tree-line advances and 

shifts to higher latitudes or elevations, are not occurring at the rate that would be expected 

given the change in climate, and in fact, the opposite reaction has been observed in some 

locations. Many studies have focused on future predictions to ecosystems due to climate 

change, but more research needs to be undertaken that observes the current effects of 

climate to forest ecosystems, and what the drivers of these changes are.  
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APPENDIX A: Data Sources 

 

Québec Permanent Sample Plots 

Tree data was obtained from a variety of Permanent Sample Plots (PSPs) in Québec. 

The majority of the data was obtained from the Québec Ministère des Ressources 

naturelles. Data was collected between 1970 and 2011 from 0.04 ha plots that were 

remeasured on average at five year intervals. Other data sources included the Fédération 

des producteurs de bois du Québec, Parks Canada, Service de la Comptablité Forestière, 

Service de la protection des insectes et des maladies, and University of Laval. Data collection 

began at different times between 1970 and 1996 and continued until 2008. Mean plot sizes 

across these plots ranged from 0.32 to 0.40 ha in size and mean measurement intervals 

ranged from five to 11 years (Li et al., 2011). 

Nova Scotia Permanent Sample Plots 

Individual dbh measurements were obtained from 3,230 PSPs from Nova Scotia’s 

Department of Natural Resources Forestry Division. All PSPs were 0.04 ha in size (Townsend, 

2004). Tree dbh began measurement in 1965, and measurement intervals averaged five 

years. 

New Brunswick Permanent Sample Plots 

 Data was collected from PSPs managed by the New Brunswick Department of 

Natural Resources. Plot sizes varied by density (Porter et al., 2001). The majority of the data 

came from 1,769 0.04 ha plots, while the remaining 688 plots varied from 0.0008 to 1 ha in 



 
152 

 

size. Data collection began in 1985 and was remeasured on approximately five year 

intervals. 

Newfoundland Permanent Sample Plots 

 PSP data was collected from 1,003 plots maintained by the Newfoundland Forest 

Service. Plot size varied by density and ranged from 0.002 to 0.1 ha, but the majority of data 

was collected from 0.04 ha plots. Plot sampling was initiated in 1985 and remeasured on 

four to five year intervals (Moroni and Harris, 2011). 

Penobscot Experimental Forest 

 Long-term tree data was obtained from numerous studies that occurred at the USFS 

Penobscot Experiment Forest (PEF), located in the towns of Bradley and Eddington, Maine. 

Continuous forest inventory overstory tree data was collected from 248 0.02 ha plots 

beginning in 1974 and recollected on an average of five year intervals (Russell et al., 2014). 

Additional data came from 295 0.008 ha plots collected between 1976 and 2008 as part of a 

long term pre-commercial thinning (PCT) study and 180 0.01 ha plots from the Acadian 

Forest Ecosystem Research Program (AFERP), remeasured on average of three times 

between 1995 and 2008 (Saunders et al., 2008). 

Cooperative Forestry Research Unit 

 Individual tree measurements were acquired from three sources throughout Maine 

managed by the University of Maine’s Cooperative Forestry Research Unit (CFRU). Data was 

collected once from Austin Pond in Somerset, Maine in 1999 on 26 0.021-ha plots as part of 

a long term study examining the effects PCT and herbicide treatment on spruce-fir 
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regeneration. Additional data was collected from a thinning study on 31 1 ha plots between 

1978 and 1994 in Northern Maine. Lastly, data was acquired from the commercial thinning 

research network (CTRN). The CTRN data includes twelve research location across Maine 

monitoring the effects PCT in spruce and fir stands. Tree measurements began in 2001 and 

were remeasured annually or biannually through 2010 on 0.08 ha plots (Meyer, 2009). 

University of Maine Research 

 Research completed by associates of the University of Maine was supplied to assist 

in analysis. Dr. Sean Fraver shared data from 34 0.15-ha and three 0.25-ha plots collected at 

Big Reed Forest Reserve located in northern Piscataquis County, Maine (Fraver et al., 2007) 

and Dr. Thomas Brann supplied data from 424 0.02 ha plots revisited on an annual basis 

between 1974 to 1985. 

Prince Edward Island Permanent Inventory Plots 

 The Prince Edward Island Department of Agriculture and Forestry maintains a 

network of 803 forested Permanent Inventory Plots (PIP), established in 1999 (Prince 

Edward Island Department of Agriculture and Forestry, 2002). Plot size was unknown at the 

time of analysis, and data was only used in presence/absence analyses. 

New Hampshire Division of Forests and Lands 

 Data was collected from New Hampshire’s Forest Health Monitoring (FHM), 

Continuous Forest Inventory (CFI), and Growth Point programs. FHM protocols are 

established nationally (Tallent-Halsell, 1994). Data was collected annually from 2003 – 2013 

at three different locations throughout the state. At each location, tree data was collected 

from four 0.016 ha plots located within 36.6 meters from one another. CFI data was 
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obtained for the Caroline A. Fox Research and Demonstration Forest. Approximately 68 

16.03 m radius plots have been monitored since 1955 at approximately 10-year intervals. 

Lastly, five growth points were established in Honey Brook State Forest in 2013 to track 

growth in a red spruce habitat.  Sample trees were determined using a 20 basal area factor 

(BAF) prism. 

Vermont Monitoring Cooperative 

 FHM Data was collected from the Lye Brook Wilderness Area (Green Mountain 

National Forest) and Mt. Mansfield State Forest in Vermont. Data is managed by the 

Vermont Monitoring Cooperative, a partnership by the State of Vermont, the University of 

Vermont and the USDA Forest Service, that manages forest ecosystem data. Tree data was 

collected from four 0.016 ha plots at 20 different locations throughout the two areas at 

approximately annual intervals. 

National Park Service - Northeast Temperate Network 

 The Northeast Temperate Network consists of eleven parks owned by the National 

Park Service in the northeastern United States. The largest park in this network, Acadia 

National Park, is primarily spruce-fir habitat (Tierney et al., 2013). Since 2006 individual tree 

measurements have been collected at four year intervals on 176 0.0225 ha plots. Additional 

data was collected from 174 0.04 ha plots spread throughout seven smaller national historic 

parks and national historic sites in the network. These additional plots primarily consist of 

northern hardwood and central hardwood habitat. 
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Vermont Center for Ecostudies 

Tree data was collected from the Vermont Center for Ecostudies’ Mountain 

Birdwatch program to target high elevation spruce-fir habitat. These datasets include plots 

located in the Adirondack Mountains of New York, the Green Mountains of Vermont, the 

White Mountains of New Hampshire and Maine, and the Appalachian Mountains in 

northern Maine. Mountain Bird Watch established 131 transects between 2010 and 2011. 

These sites were re-measured on an annual basis. Each transect consisted of between 3 and 

6 plots located 250 m from one another. A ten BAF wedge prism was used to count tree by 

species present at each plot (Scarl, 2012). 

University of Massachusetts  

 Data from the research of Dr. William DeLuca at the University of Massachusetts-

Amherst was collected to target high elevation spruce-fir populations. This data was 

collected following two different protocols. Individual tree dbhs were collected from 42 0.04 

ha plots in Vermont and New York in 2011 and 2012. In New Hampshire, individual species 

composition was measured as a percent of total canopy make up at 127 plots. The data 

from New Hampshire was used for presence/absence analysis only (Deluca and King, 2014). 

Massachusetts Department of Conservation and Recreation 

 Individual tree dbh measurements were obtained from the Massachusetts 

Department of Conservation and Recreation’s continuous forest inventory for the Quabbin 

Reservoir watershed located in Massachusetts. In 1960, 347 0.08 ha plots were established 

and remeasured on a five or ten-year basis (Kyker-Snowman et al., 2007). Five plots with 

spruce-fir habitat were made available for these analyses
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Table A.1. Description of different data sources used in analyses. 

Source Owner 
Geographic 

Region 
Number of 
Observations 

Number of 
Plots 

Remeasurement 
Interval 
(years) 

Measurement 
Period 

Plot Size 
(ha)/Prisma 

% of Plots 
with 

Spruce or 
Fir 

Forest Inventory and 
Analysis (FIA) 

US Forest Service Eastern US 6,833,159 194,838 Varies  1968-2010 0.07b 0.50% 

Québec PSP Québec Ministry of 
Natural Resources  

Southern 
Québec 

1,583,176 39,436 5 1970-2013 0.04 84.5 

Nova Scotia PSP 

Nova Scotia 
Department of 

Natural Resources 
Forestry Division  

Nova Scotia 494,108 3,042 5 1965-2006 0.04 94.7 

New Brunswick PSP 
New Brunswick 
Department of 

Natural Resources. 

New 
Brunswick 

493,104 2,387 5 1985-2005 

0.04c 

94.1 

Québec Research PSP Québec Ministry of 
Natural Resources  

Southeast 
Québec 321,855 

3,069 5 to 11 1970-2008 0.32 - 0.40 88.7 

Newfoundland PSP 
Newfoundland Forest 

Service 
Newfoundland 321,550 1,291 4 or 5 1985-2008 0.04d 100 

Penobscot 
Experimental Foreste 

US Forest Service Central Maine 169,118 562 Varies  1974-2008 Varies 98.2 

Commercial Thinning 
Research Network 

Cooperative Forestry 
Research Unit 

Northern ME 
80,035 

78 1 or 2 2000-2007 0.08 100 

Brann GIS University of Maine 
Northern 

Maine 64,570 
365 1 1975-1985 0.04 100 

AFERP University of Maine Central Maine 
31,850 

180 5 1995-2007 
0.01 or 

0.05 
98.9 

Prince Edward Island 
PSP 

Prince Edward Island 
Department of 
Agriculture and 

Forestry  

Prince Edward 
Island 

26,782 691 - 1999 - ? - 91.3 
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Table A.1. continued 

Source Owner 
Geographic 

Region 
Number of 
Observations 

Number of 
Plots 

Remeasurement 
Interval 
(years) 

Measurement 
Period 

Plot Size 
(ha)/Prisma 

% of Plots 
with 

Spruce or 
Fir 

Caroline A. Fox 
Research Forest 

New Hampshire 
Division of Parks and 

Lands 

Southern New 
Hampshire 

20,118 65 10 1955-2011 0.08 33.3 

Vermont Forest 
Health Monitoring 

Vermont Monitoring 
Cooperative 

Vermont 17,065 76 1 1992-2013 0.06 63.2 

Northeast Temperate 
Network 

National Park Service 
Northeastern 

US 
14,532 324 4 2006-2013 

0.02 or  
0.04f 

40.7 

Austin Pond 

Cooperative Forestry 
Research Unit 

Central Maine 10,267 207 - 1999 0.02 100 

Mountain Birdwatch 
Program 

Vermont Center for 
Ecostudies 

High 
elevations in 
New England 
and New York 

5,797 2,008 1 2010-2011 
10 BAF 
prism 

99.4 

Big Reed Forest 
Reserve 

University of Maine Central Maine 3,102 37 - 2000-2001 
0.15 or 

0.25 
97.3 

New Hampshire 
Forest Health 
Monitoring 

New Hampshire 
Division of Parks and 

Lands 

New 
Hampshire 

2,939 16 1 2003-2013 0.06 100 

High Elevation Bird 
Habitat 

University of 
Massachusetts 

High 
elevations in 
New England 
and New York 

1,752 151 1 2011-2013 0.04 94.7 

Witness Tree Data 
Database maintained 

by Charles Cogbill 
New England 
and New York 

1,342 778 - 1623-1859 NA 72.6 
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Table A.1.continued 

Source Owner 
Geographic 

Region 
Number of 
Observations 

Number of 
Plots 

Remeasurement 
Interval 
(years) 

Measurement 
Period 

Plot Size 
(ha)/Prisma 

% of Plots 
with 

Spruce or 
Fir 

McCormack Thinning 
Study 

Cooperative Forestry 
Research Unit 

Northern 
Maine 

691 14 NA 1978-1994 1 100 

Quabbin Reservoir CFI 

Massachusetts 
Department of 

Conservation and 
Recreation 

Central 
Massachusetts 

456 5 5 or 10 1960-2010 0.08 80 

HoneyBrook 
New Hampshire 

Division of Parks and 
Lands 

Southern 
NNew 

Hampshire 
38 5 - 2013 

20 BAF 
prism 

100 

 

a Majority or most frequent plot sizes reported 

b Sampling design for FIA implemented in 1998. Prior to this data sampling designs varied by region and were taken into account in analyses. 

c Plot size varied by tree density. 80% of plots were 0.04 ha in size. The remaining 29% varied from 0.0008 to 0.02 ha in size (NB) 

d Plot size varied by tree density. 34% of plots were 0.04 ha in size. The remaining 66% varied from 0.1 to 1 ha in size  

e Data from numerous studies within the Penobscot Experimental Forest were used including a continuous forest inventory (CFI), a long term pre-commercial 
thinning study (PCT), and the research of Dr. Mike Saunders. 

f 0.02 ha plots at Acadia National Park. 0.04 at all other National Parks in the Network. 

 

 



 
 

 
159 

 
 

APPENDIX B: Effect of Tree Diameter Thresholds on Analysis 

 

Table B.1. Results of random forest analyses for presence/absence modeling performed with a 
threshold of 1 cm and 5 cm as a requirement for individuals included in analysis. The prevalence ratio is 
a ratio of prevalence to an absence sample from within the hypervolume (HV) to an absence sample 
from outside the HV. OOB = Out of bag; AUC = Area under receiver operator curve. 

Species 
Prevalence 

Ratio 
OOB 
Error 

Specificity Sensitivity AUC Top 5 Variables 

THRESHOLD OF 1 CM 

Balsam Fir 55-20-25 5.18 92.26 96.92 0.98 
PRDD5, PRMTCM, MAPMTCM, 

MAPDD5, GSPMTCM 

White 
Spruce 

50-25-25 3.89 92.71 99.51 0.98 PRDD5, PRMTCM, MAPMTCM, 
MAPDD5, GSPMTCM 

Black 
Spruce 

55-20-25 4.37 91.91 99.54 0.99 MAPDD5, PRMTCM, PRDD5, 
MAPMTCM, GSPMTCM 

Red Spruce 40-40-20 3.00 95.21 99.67 0.99 
PRMTCM, PRDD5, MAPDD5, 

MAPMTCM, GSPMTCM 

THRESHOLD OF 5 CM 

Balsam Fir 55-20-25 3.31 94.07 98.82 0.98 
PRDD5, MAPDD5, PRMTCM, 

GSPMTCM, MAPMTCM 

White 
Spruce 50-25-25 4.03 92.42 99.52 0.98 

PRDD5, PRMTCM, MAPMTCM, 
MAPDD5, GSPMTCM 

Black 
Spruce 55-20-25 4.17 91.33 99.52 0.99 

PRMTCM, MAPDD5, PRDD5, 
MAPMTCM, GSPMTCM 

Red Spruce 40-40-20 3.16 95.15 99.38 0.99 PRMTCM, PRDD5, MAPMTCM, 
MAPDD5, GSPMTCM 
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Figure B.1. Mapped predictions of presence/absence models using a data inclusion 

threshold of 1 cm and 5 cm for balsam fir. 
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Figure B.2. Mapped predictions of presence/absence models using a data inclusion 

threshold of 1 cm and 5 cm for white spruce. 
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Figure B.3. Mapped predictions of presence/absence models using a data inclusion 

threshold of 1 cm and 5 cm for black spruce. 
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Figure B.4. Mapped predictions of presence/absence models using a data inclusion 

threshold of 1 cm and 5 cm for red spruce. 
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APPENDIX C: Effect of Solely Using Forest Inventory and Analysis Data for Acadian Forest 

Spruce-Fir Species Distribution Models 

 

Presence/absence models were generated for balsam (Abies balsamea L.), white 

spruce (Picea glauca (Moench) Voss), black spruce (Picea mariana (Miller) B.S.P.), and red 

spruce (Picea rubens Sarg.) using only Forest Inventory and Analysis (FIA) data from the 

United States (U.S.) Forest Service (USFS). Results are presented in Table C.1. The mapped 

prediction objects for each species are presented in Figure C.1. Overall, FIA models were 

able to predict species’ distributions well within the U.S., but were unable to accurately 

portray species’ ranges on unknown surfaces in Canada. Within the U.S., balsam fir was 

likely overpredicted in the Adirondacks, and white spruce on the Pennsylvania and New 

York border. Black spruce was falsely predicted as vastly present in the Adirondacks and 

over represented in Maine. Balsam fir and white spruce habitats were grossly overpredicted 

in Canada, while much of black spruce’s habitat was missed. Red spruce’s range was falsely 

extended into parts of Québec and Newfoundland. 

FIA data is an uniformly generated unbiased dataset that is considered 

representative of the landscape in the U.S. (Bechtold and Patterson, 2005). Using solely FIA 

data to model the species of interest in the study did not generate accurate results beyond 

the perimeter of the United States. FIA data does have potential in modeling species’ 

distribution that are bounded within the U.S. For example, studies performed at a broad 

resolution (Iverson et al., 2008) or studies of species that were contained within the U.S. 

(Joyce and Rehfeldt, 2013) have had good results.  
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Depiction of black spruce using only FIA data was poor. This is likely due to a low 

number of examples of species presence. Taking into account knowledge of black spruce 

distribution within the U.S., supported by additional data collected for this study, it appears 

that FIA data collection was unable to capture species occurrence within Maine. Predictions 

generated with this data overpredicted current distribution in Maine, as well as in upstate 

New York. The absence of data points given by the FIA data in general, led to overprediction 

as opposed to under representation. This is in part due to model construction, but is also 

representative of the fact that suffering from lack of adequate data to fully characterize 

species-climate interactions will results in the inability to realize species-niche limitations, 

rather than miss areas of habitat appropriateness. While FIA data has limitations, it should 

not necessarily be compared in quality to the additional data used in the study, as this data 

was largely selected for the presence of spruce and fir. 

 

Table C.1. Results for presence/absence modeling with only US Forest Service Forest Inventory and 
Analysis data. OOB = Out of bag; AUC = Area under receiver operator curve.  

Species 
OOB 
Error 

Specificity Sensitivity AUC Top 5 Variables 

Balsam Fir 2.0 95.6 99.9 0.99 PRDD5, MAPTD, MAPMTCM, GSPMTCM, 
PRMTCM 

White 
Spruce 

2.6 94.7 100.0 0.99 MTCMGSP, MAPMTCM, MTCMMAP, 
GSPMTCM, MAPDD5 

Black 
Spruce 5.3 88.3 99.9 0.98 

PRDD5, MTCMGSP, MTCMMAP, TDGSP, 
MAPMTCM 

Red Spruce 3.3 95.1 99.0 0.99 
MAPMTCM, GSPMTCM, MTCMGSP, MAPDD5, 

MTCMMAP 
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Figure C.1. Mapped predictions objects for presence/absence models for each species 

generated with solely United States Forest Service Forest Inventory and Analysis data. 

  

 



 
 

 
167 

 
 

APPENDIX D: Testing the Output of Likelihood Models as a Predictor of Abundance 

 

To determine if a higher likelihood of occurrence translates to more abundance, 

indicating the core of distribution, models were fit between the two random forest ouputs 

for balsam fir (Abies balsamea L.), white spruce (Picea glauca (Moench) Voss), black spruce 

(Picea mariana (Miller) B.S.P.), and red spruce (Picea rubens Sarg.). Modeling abundance 

with presence/absence data has been shown possible, dependent on species’ relationship 

with the environment (Barry and Welsh, 2002; Nielsen et al., 2014; Royle and Nichols, 

2003). The probability prediction objects of the presence/absence models were compared 

to predicted abundance. Only the relative basal area (BA) abundance metric was used for 

these analyses. Prediction objects for both likelihood and abundance estimates are of the 

same size, and thus every pixel in the prediction matrices were assigned both a likelihood 

value and an abundance value. This facilitated direct comparison with model fitting. The 

large proportion of absences in the predicted datasets necessitated the use of models that 

do not rely on the assumptions of normal distribution. Models considered in this analysis 

included a generalized linear model (GLM), a zero-inflated regression model (ZIM), and a 

zero-altered model (ZAM) each with a negative binomial distribution.  

A negative binomial distributed accounts for over dispersion in the data set that 

arises from the implicit heterogeneity of tree composition across the large landscape used 

in this analysis. At this scale the majority of data is concentrated in absence or low numbers 

across the landscape, reflecting non-ideal habitat or the influence of competition and 

disturbance on species occurrence, with select spots of high species abundance. This results 
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in a low mean and a high variance that exceeds the mean. The negative binomial 

distribution accounts for this over dispersion with an additional parameter, theta (k). 

Distribution of the model is defined as (Lawless, 1987; Li et al., 2011): 

NB(y)= Γ(y+1k)Γ(1k)y!(1μk+1)k(μkμk+1)y 

Where y is the random variable, µ is the mean, and  Γ represents the Gamma distribution. 

Variance is defined as Var(y)= μ+μ2k. When k exceeds 10 the distribution behaves like a 

Poisson distribution. The negative binomial can be viewed as an overdispersed Poisson, 

where the k parameter of the Poisson is exhibiting a Gamma distribution (Royle and Nichols, 

2003). ZIM and ZAM models improve upon the typical GLM in this scenario by dividing and 

fitting the data in two parts; one that accounts for the zeroes in the data and one that 

accounts for values above zero. The difference between ZIM and ZAM is subtle and lies in 

how the zeroes are modeled. In a ZIM model, zero data is divided into two parts: those 

caused by a binomial mechanism and those caused by negative binomial distribution. ZAM 

accounts for all zeroes through a binomial process (Zeileis et al., 2007). Models fits were 

compared via Akaike information criterion (AIC) and -2log-likelihood (-2logL) and assessed 

for accuracy by comparing them to actual distributions. Smaller values of AIC and -2logL 

indicate a better fit.  

 Negative binomial distribution modeling exhibited limited success in describing the 

relationship between the two prediction objects. Zeros composed on average of 56% of the 

observed frequency of the abundance model outputs. Average mean (± SD) ranged from 

3.7% (± 8.3) for red spruce to 22.6% (± 30.2) for black spruce. The average observed 

variance to mean ratio for the response variable ranged from 12.5% (P. glauca) to 40.2% 
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(P.mariana) which suggests over dispersion in the data. The AIC and -2logL indicated that 

the GLM negative binomial performed substantially worse than those that incorporated a 

second regression for zeros into their model form (Table D.1). ZIM and ZAM performed 

similarly, with the AIC and -2logL demonstrating ZIM performed marginally better in most 

cases. The Vuong (1989) hypothesis test, designed for non-nested models, confirmed that 

ZIM was the better fit for all models (p<0.0001). Coefficients are the ZIM models are shown 

in Table D.2. 

 Both ZIM and ZAM were able to capture similar zero frequencies when compared to 

the actual model outputs (Table D.3), indicating that most of the zeros were captured by 

modeling through a binomial process. The ZIM was able to precisely describe the mean of 

the observed datasets (1.4% average percent difference), but failed to capture the full 

variance. On average, the variance to mean ratio differed by 29.4%. The failure to capture 

the full effect of the variance exhibited itself by over representing values below or close to 

the mean and underestimating or completely missing values concentrated at the higher 

range of values.  

 It was difficult to capture high levels of abundance with negative binomial models. 

Negative binomial regression is typically conserved for count data. While BA can be 

considered count data, the data was weighted as a proportion prior to abundance modeling. 

It is possible this weighting concentrated values in an unnatural dispersion form, affecting 

model performance. Furthermore, model performance seems to be affected by low 

distribution of values in the upper range of the dataset. For example, the red spruce ZIM 

failed to capture values greater than 40%, but the observed values above this mark only 
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Table D.1. Values for negative binomial model comparison models. GLM = generalized linear model; 
ZAM = zero adjusted model; ZIM = Zero inflated model; -2logl = -2log-likelihood; AIC = Akaikie 
information criterion. 

Species Model Form -2logL AIC 

Balsam Fir GLM 10830930 21661865 

ZAM 8756949 17513908 

ZIM 8669185 17338380 

White Spruce GLM 10871139 21742283 

ZAM 8387052 16774113 

ZIM 8240570 16481151 

Black Spruce GLM 12133382 24266770 

ZAM 9444979 18889967 

ZIM 9390209 18780429 

Red Spruce GLM 7115475 14230949 

ZAM 5868185 11736381 

ZIM 5735562 11471133 

 

composed 0.8% of the dataset. Similarly, values missed for white spruce composed 2.7% of 

the dataset, 5.5% for balsam fir, and 12.8% for black spruce. While the percent of the values 

missed is low, capturing these values is important as they represent suitable habitat for the 

species of the spruce-fir forest. It is important to note that the abundance model output 

underpredicted high BA values and this error affected, and was further compounded, in the 

negative binomial models. 
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Table D.2. Coefficients for zero-inflated model (ZIM) for each species.SE = standard error. 

Species Model Parameter Estimate SE p-value 

Balsam fir y0 3.7510 0.0007 <0.0001 

β0 -0.0198 0.0000 <0.0001 

log(k) 0.9532 0.0011 <0.0001 

y1 -0.0166 0.5662 <0.0001 

β1 1.7010 0.0057 <0.0001 

White spruce y0 2.1830 0.0007 <0.0001 

β0 0.0086 0.0000 <0.0001 

log(k) 1.0980 0.0012 <0.0001 

y1 2.6724 0.0029 <0.0001 

β1 -2.7399 0.0078 <0.0001 

Black Spruce y0 4.2140 0.0004 <0.0001 

β0 -0.0220 0.0000 <0.0001 

log(k) 1.4920 0.0012 <0.0001 

y1 -0.0176 0.5932 <0.0001 

β1 1.8010 0.0060 <0.0001 

Red Spruce y0 3.4300 0.0013 <0.0001 

β0 -0.0208 0.0000 <0.0001 

log(k) 0.6414 0.0063 <0.0001 

y1 -0.0202 0.3912 <0.0001 

β1 2.0490 0.0039 <0.0001 
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Table D.3. Observed versus predicted frequencies for negative binomial models for each species. GLM 
= generalized linear model; ZAM = zero adjusted model; ZIM = Zero inflated model 

Species Range 
Observed 

Frequency 

Predicted Frequency 

NB ZIM ZAM 

Balsam Fir 0 2138569 2222677 2097706 2134697 

1-10 493231 572317 363913 303972 

11-20 559485 215394 431809 454759 

21-30 404297 163867 440856 440856 

31-40 259899 160029 591783 656687 

41-50 156548 163038 333668 268764 

51-60 88479 128784 0 0 

61-70 61850 142210 0 0 

71-80 54181 157751 0 0 

81-90 24802 215683 0 0 

91-100 5031 117985 0 0 

White 

Spruce 

0 2186701 2553688 2092168 219002 

1-10 783741 706221 599708 362686 

11-20 886251 307853 1426602 1618871 

21-30 29402 218536 141257 87176 

31-40 78240 215110 0 0 

41-50 21091 57922 0 0 

51-60 6813 57922 0 0 

61-70 2247 0 0 0 

>70 559 0 0 0 

Black 

Spruce 

0 2155749 2194834 2158821 2158821 

1-10 291822 462039 172749 162379 

11-20 216468 130407 273687 273688 

21-30 223542 90836 160112 170481 

31-40 210574 81204 164184 153060 
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Table D.3. continued 

Species Range 
Observed 

Frequency 

Predicted Frequency 

NB ZIM ZAM 

Black 

Spruce 

41-50 195541 87706 178824 189948 

51-60 217038 79638 231239 231239 

61-70 234832 82608 920119 920119 

71-80 239726 55641 0 0 

81-90 184099 130800 0 0 

91-100 90344 864022 0 0 

Red Spruce 0 2978780 3527191 2980604 3111969 

1-10 719732 247957 761993 619037 

11-20 323026 80812 203866 215457 

21-30 137379 60267 252187 278396 

31-40 63005 47043 61085 34876 

41-50 26244 50330 0 0 

51-60 8379 32496 0 0 

61-70 2495 58356 0 0 

71-80 636 34167 0 0 

>80 56 121116 0 0 
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INFORMATION/ BRIEFING MEMORANDUM  
FOR THE REGIONAL DIRECTOR 

 
 
DATE:   May 5, 2017  
 
FROM: Jodi Bush, Supervisor, Montana Ecological Services Office, (406) 449-5225. 
 
SUBJECT: Wrapping up the Decision Process of the Lynx SSA  
 
This briefing memo for the Regional Director (RD) is to provide an update and context for the 
upcoming Canada lynx five-year review Recommendation Meeting follow-up discussion.   
 
BACKGROUND 
 
We have completed a DRAFT Species Status Assessment (SSA) report for the contiguous U.S. 
distinct population segment (DPS) of the Canada lynx (Figure 1).  The SSA was undertaken as 
part of the new recovery planning process.  Additionally it is intended to inform our response to 
a court order to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
such a plan will not promote the conservation of the [lynx]”.  The SSA assembles the best 
available information on the current status and likely future viability of the DPS.  It is intended to 
inform multiple Service needs including a determination by Service decision makers of whether 
(1) the DPS continues to warrant protection under the Endangered Species Act (Act) and (2) a 
recovery plan is needed to guide conservation and recovery of the DPS.  A status 
recommendation will be documented in a five-year status review based on the final SSA report. 
 
DISCUSSION 
 
The Service designated the lynx DPS as threatened in 2000 because of the inadequacy, at that 
time, of existing regulatory mechanisms on Federal lands.  In 2003, in response to a court ruling, 
we reaffirmed the DPS’s status as threatened.  We completed a recovery outline in 2005, 
designated critical habitat for the DPS in 2006, and, in 2007, again in response to a court order, 
clarified our determinations of “significant portion of the range” and that all lynx in the 
contiguous U.S. constitute a single DPS.  We revised the critical habitat designation in 2009 and 
again in 2014 in response to a court order.  We reinitiated the 5-year status review in January, 
2015 and commenced the SSA in April, 2015.  In September 2016, the court remanded the 2014 
critical habitat rule for further evaluation of Colorado and five National Forests in Idaho and 
Montana.  
 
At the Recommendation Meeting in March of 2017, the SSA Core Team provided an overview 
of the draft SSA to the Decision Team (R6 RD and ARDs from R3, R5, R6 and R1).  We also 
discussed the comments received up to that point from peer reviewers and State and Federal 
Partner agencies and our initial assessment of those reviews.  Using that information and their 
review of the draft SSA to complete facilitated structured decision making exercises, the 
Decision Team came to an interim recommendation regarding the status of the DPS.  The 
Decision Team postponed a final recommendation pending receipt and evaluation by the Core 
Team of outstanding peer and partner reviews and asked to re-convene when that evaluation was 
completed.  The Core Team has completed reviewing all peer and partner agency reviews, and a 
follow-up conference call and webinar have been scheduled for May 12.  At the conclusion, we 



anticipate a final decision/recommendation from the Decision Team on the status of the lynx 
DPS.  A five-year review will then document that decision.  
 
Key Points: 
 
• We announced the re-initiation of a five-year status review on January 13, 2015.  Shortly 

thereafter, we embarked on the SSA framework.  Information in the SSA report will be used 
by Service decision makers to inform classification decisions, recovery planning direction, 
and other determinations required by the Act. 

• Through the SSA framework we have assessed the species’ needs, current and future 
condition including viability of the DPS using a compilation of the best available scientific 
and commercial data, including empirical data, published literature, and expert input. Our 
assessment included a workshop for scientific experts to address the current and likely future 
status of the DPS that occurred in the fall of 2015. 

• Information solicited from the 10 member lynx expert panel addressed the viability of the 
DPS based on the 3Rs (Representation, Redundancy, and Resiliency) and what is known 
about climate science related to lynx.  The resultant workshop report is one component of the 
SSA. 

• We completed the DRAFT SSA report in January 2017 and made it available for Peer and 
Partner review and comment.  This review and comment was completed in March 2017.  
Approximately 400 individual comments were considered as we received reviews from all 5 
Peer Reviewers, 3 Federal agencies and 11 of 15 states within the DPS range.    

• At our Recommendation Meeting in March, we provided an overview of the Draft SSA and a 
summary of major or consistent issues, comments, concerns, and themes from Peer, State and 
Federal partner reviews of the Draft Lynx SSA Report.   

• Upon additional review of the comments, the Core team’s conclusion is that although there 
are recurring themes and some additional work needed to finalize the SSA report, nothing in 
these reviews suggests major consequential omissions or fatal flaws with our assessment that 
would lead us to significantly different conclusions.   

 

NEXT STEPS 

• Finalize a status recommendation with the Decision Team during the follow-up meeting on 
May 12, 2017.  The decision will be documented in the five-year review for Canada lynx, 
anticipated to be completed before the end of the current FY. 

• Finalize the SSA report by June 30.  The report will be made available to the public on our 
website concurrently with the announcement of the five-year review.  
 

  



 
 
 
 
 

 
 

Figure 1.  Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations.  



Canada Lynx  
Species Status Assessment 

 
 

Decision Meeting Follow-up 
 
 May 12, 2017 



 Brief recap of March recommendation meeting 
 Summarize/synthesize peer, partner, internal reviews of 

the Draft SSA Report 
 Revisit questions/scores/rationales, if necessary 
 Finalize/document Decision Team status recommendation 

for DPS 
 

 

 
 

Objectives 



 What are we doing? 
 Reviewing scoring and interim decision from March 2-3 meeting 
 Summarizing peer/partner reviews of the Draft SSA Report 
 Finalizing a DPS status recommendation based on SSA 
 

  Why? 
 Late peer and partner reviews prevented full consideration during 

March 2017 Decision Team meeting  
 We left that meeting with an “interim recommendation”; need to 

finalize for 5-year review 
 Court order to complete Recovery Plan by Jan. 15, 2018, unless 

we determine the DPS no longer warrants listing 

Overview 



 DPS designation, listing history, threats (at listing vs. 
now) 
 Historical vs. current distribution; uncertainties 
 SSA units; Expert Elicitation (EE) results; current/future 

conditions (3 Rs) 
 Questions and scores from first meeting 
 

 
 

Recap March DT Meeting 



 1997-2007 - Lynx in contiguous U.S. are a DPS 
 Discrete - international boundary and mgmt. differences 
 Significant - southern extent of range; climatic, vegetation, and 

lynx/hare population dynamics differences; significant gap 
 One DPS – each geographic area is discrete, but none individually 

is significant to the taxon 
 

 2000 Final Rule/2003 Remand 
 DPS listed T – inadequacy of regulatory mechanisms (Factor D); 

lack of conservation measures in U.S. Forest Service and BLM 
land mgmt. plans 

DPS and Listing History 



Lynx Records/Distribution 



Range Contraction? (Poole 2003) 



Lynx Habitat in 6 Geographic Units 



 Redundancy 
 DPS as a whole is not vulnerable to extirpation 

from a single catastrophic event 
No catastrophic event that could result in the 

functional extirpation of the entire DPS 
 
 

 No or a very low likelihood of functional 
extirpation of any of the individual geographic 
units due to a single catastrophic event 
 

Expert Elicitation Workshop 



 Representation 
 Few threats to the genetic fitness or adaptive 

capacity of lynx in the DPS 
High gene flow; no major barriers to dispersal 
 

 Adaptability and evolutionary capacity of the 
DPS does not appear to have been diminished 
and is unlikely to become so, independent of 
threats that may impact the redundancy and 
persistence of lynx populations 
 

Expert Elicitation Workshop 



Resiliency – probability of persistence of resident lynx populations in 
each geographic unit  

 

Expert Elicitation Workshop 



Overall message of the expert workshop report 
 

Expert Elicitation Workshop 



 Responses:  Resiliency 
 All 5 occupied units have >70% expectation of 

supporting resident lynx populations by year 2050 
(median, most likely) 

 

 Declining likelihood and greater uncertainty by 2100 
– only one unit has >50% probability of persistence 

 

 Responses suggest overarching threat to long-term 
persistence of DPS is climate change 
 Loss of snow conditions favorable for hares and lynx 
 Subsequent (lagged) loss of boreal forest habitats 
 Timing and magnitude of such losses are uncertain 

 

Expert Elicitation Workshop 



Draft SSA Report  

 Lynx SSA Team largely in agreement with experts 
regarding the 3 Rs and persistence of resident populations 
in the DPS 
 Maine and Minnesota – Some team members more pessimistic 
 Colorado – Some team members more optimistic; some less 

 

 Projected continued warming appears to be largest threat 
 Lynx habitat likely to shift northward and upslope 
 Lynx habitats and populations in the DPS will become smaller, 

more fragmented/isolated (reduced resiliency) 
 Functional extirpation of some DPS populations likely in the 

future (reduced representation and redundancy) 
 Much uncertainty regarding timing and magnitude  



March Meeting Scoring Exercises 

Define Timeframe: Endangered 
 

Based on the biology of Canada lynx and the factors that are 
affecting its status in the U.S., what timeframe is most scientifically 
& legally defensible for defining "endangered"? 
 

Round Today 1-8 Years 1-30 Years 

1 30 50 5 

2 65 35 0 



March Meeting Scoring Exercises 

Define Timeline: Threatened 
 

Based on the biology of Canada lynx, the factors that are affecting 
its status in the U.S., and the degree of uncertainty of future 
predictions, what timeframe is most scientifically & legally 
defensible for defining “threatened, i.e., foreseeable"? 
 

Round 2025 2050 2100 

1 17.5 80 0 

2 12.5 85 0 

Round 8 years 33 years 83 years 

3 0 97.5 0 



March Meeting Scoring Exercises 
DPS Status 
 

Which determination is most scientifically and legally defensible? 
 
 
 
 

Based on 2050 scenario, which determination is most scientifically 
and legally defensible? 
 

 
 
 
*Recovered = no longer in danger of extinction within the foreseeable future 

Determination 2015 2025 2050 2100 

DPS in danger of  extinction 0 0 5 30 

DPS not in danger of  extinction 100 100 95 70 

Determination 2050 

DPS is recovered* 92.5 

DPS is not recovered 7.5 



 5 peer reviewers – lynx expertise from across DPS 
 Maine (Harrison), Minnesota (Moen), Montana/Wyoming/Colorado 

(Squires), Canada (Murray) 
 Genetics expertise from National Genomics Lab (Schwartz) 

 

 15 State agencies invited to review/comment; AFWA assistance 
 Substantive comments – CO, ID, ME, MN, MT, WA 
 Minor/non-substantive comments – MI, NH, NM, WI, WY 
 No comments – NY, OR, UT, VT 
 

 3 Federal agency partners 
 Minor comments - USFS 
 No comments - BLM and NPS 
 

 Tribes - Native American Liaisons at HQ and Regions 1,2,3,5 and 6 
coordinated invitations to review and comment; none received 

Synthesize Peer, Partner & Internal Reviews 



 Major Comment Issues/Themes 
 

 Utility of 3 Rs approach – what is “adequate”? 
 Forecasting time frame - EE persistence probabilities and climate 

modeling uncertainties 
 EE results - limitations/uncertainties; “quantified opinion” vs. 

science 
 Roles of connectivity, snow, competition (esp. bobcat) 
 Applicability of “mainland-island” metapopulation structure 
 Small effective population size (MN, WA) – potential for drift 
 Additional recent climate modeling – fate of boreal forest in DPS 
 Effectiveness of current regulatory mechanisms 

 

Synthesize Peer, Partner & Internal Reviews 



 Major Comment Issues/Themes 
 

 Optimistic projections of persistence for some units 
 Cons but not pros of acyclic hare populations in the south 
 Overemphasis on 0.5 hares/ha “threshold” 
 “Litany” of all things that might possibly impact lynx 
 Broad brush approach to DPS 
 Future without listing – expectations of continued efforts 
 Redundancy; need to tightly edit final SSA 
 Policy recommendations 

 

Core Team – other thoughts/issues specific to your geographic 
area? 

Synthesize Peer, Partner & Internal Reviews 



 Decision Team – questions/clarification? 
 Management/FIT Team – other thoughts? 
 Decision Team – need to revisit questions/scores/ 

rationales? 
 Final recommendation? 

Finalize & Document Decision Team Status 
Recommendation for DPS 



Potential Recommendations 

DPS remains T 

DPS warrants 
Delisting 

Final Recovery Plan 
due 1/15/2018 

Future Uplisting/ 
Delisting Rule 

Formal Memo 
Exempting DPS 
from Recovery 

Planning 

 

DPS warrants E 



Wrap Up 
Canada Lynx / © Ted Swem 
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northcentral and northeastern Washington (from Lewis 2016). 

Figure 2. Okanogan and Kettle Lynx Management Zones, Lynx Analysis Units and wildfire activity from 2000 through 

2015 within Washington State, US. 
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Figure 5. Okanogan Lynx Management Zone 2013 post-fire resource map with fire activity polygons from 2000-2015. The 

majority of fire activity after 2013 occurred outside of lynx habitat and burn intensity data was unavailable at the time of 

this assessment so was not included here. 

Figure 6. Annual mixed effect resource selection function reclassified to relative habitat quality classes mapped within the 

Kettle Lynx Management Zone. 6a) depicts the 2000 pre-fire condition prior to substantial wildfire activity from 2000-

2015, while 6b) depicts the 2015 post-fire condition. Red polygons depict fire boundaries for wildfire activity from 2000 

through 2015.  

Figure 7. Spatial distribution of mean annual territorial female lynx density (# per 100km2) by LAU in the Okanogan LMZ. 

Differences between scenarios were a result of resource changes due to disturbance, primarily wildfire, with three different 

home range sizes (39km2, 55km2, and 72 km2). Color scheme and range of values were held constant within each home 

range to show the influence of disturbance on modeled density outcomes.  

Figure 8. Spatial distribution of mean annual territorial female lynx density (# per 100km2) by LAU in the Kettle LMZ. 

Differences between scenarios were a result of resource changes due to disturbance, primarily wildfire, with three different 

home range sizes (39km2, 55km2, and 72 km2). Color scheme and range of values were held constant within each home 

range to show the influence of disturbance on modeled density outcomes. 
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INTRODUCTION AND OBJECTIVE 

Canada lynx (Lynx canadensis) is a species native to boreal forests of north-central and north-eastern 

Washington State. Once found in large numbers, particularly in the northern portion of the state, populations 

have declined due to habitat loss and hunting (Lewis 2016). The Canada lynx was listed as a Washington State 

threatened species in 1993, resulting in development of a recovery plan in 2001 (Stinson 2001). Lynx were listed 

as a Threatened species under the Federal Endangered Species Act in April 2000. Key threats identified in the 

Washington recovery plan included: forest management, fire and fire suppression, insect epidemics, and 

management of lynx harvest and habitats in southern British Columbia. Fifteen years later, these threats are still 

identified as important issues while recent research suggests climate change is likely to impact lynx, potentially 

exacerbating habitat loss through increased wildfire, leading to even smaller and more isolated populations in 

the future with decreased habitat suitability and genetic diversity (Hoving et al. 2005, Gonzalez et al. 2007, Yan 

et al. 2013).  

Historically lynx were believed to occupy six Lynx Management Zones (LMZ), but Washington’s lynx 

population is now largely restricted to the Okanogan LMZ (Fig. 1) (Lewis 2016), which falls under multiple 

land-management jurisdictions, including the Okanogan-Wenatchee National Forest, North Cascades National 

Park, Mount Baker-Snoqualmie National Forest, and Washington Department of Natural Resources. Occasional 

detections of lynx in the Kettle LMZ suggest lynx are present but likely not part of a resident population (Lewis 

2016). The Kettle LMZ is predominantly managed by the Colville National Forest and the Confederated Colville 

Tribes. 

Over the past 35 years understanding of lynx habitat use and population ecology, and methods to estimate the 

potential carrying capacity of wildlife populations within ecosystems have advanced tremendously. Our goal 

was to synthesize these advances and integrate spatial habitat data and demographic parameter estimates using 

a spatially explicit, individual-based population modeling approach. We used this model to address two 

questions: 1) What is the potential carrying capacity for Canada lynx in the Okanogan and Kettle LMZs, and 2) 

How have changes in habitat influenced carrying capacity over time within those LMZs?  

Figure 1.  Lynx management zones (LMZs) in Washington indicate the general areas historically occupied by lynx in 

northcentral and northeastern Washington (WDNR 2006). 
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ANALYSIS AREA 

Our analysis area included the portion of the Okanogan LMZ north of Lake Chelan and the entire Kettle LMZ. 

The Okanogan LMZ is approximately 9,200 km2 (3,552 mi2) and the Kettle LMZ is approximately 3,300 km2 

(1,274 mi2) (Fig 2). Both LMZs include a range of land uses from designated wilderness to multiple use resource 

lands to heavily populated urban areas.  

The Okanogan LMZ varies from extensive lush subalpine forests and alpine meadows along the central spine of 

the North Cascades Mountains, transitioning rapidly to dry forests and dry, lowland valleys on the eastern portion 

of the ecosystem. Elevation ranges from 242 m in the eastern valleys, to peaks reaching 2755 m. Road densities 

vary across the landscape with a large expanse of predominantly roadless area in the western and northwestern 

portion of the LMZ. Similarly, the Kettle LMZ varies from subalpine forests and alpine meadows along the 

central spine of the Kettle Range, then transitions rapidly to dry forests and dry, lowland valleys along all edges 

of the LMZ. Elevation ranges from 390 m around the edges of the LMZ, to peaks exceeding 2,100 m along the 

center of the LMZ. Road densities vary across the landscape with minimal expanses of roadless areas.  

Both LMZs share a northern border with British Columbia. The LMZs are divided into Lynx Analysis Units 

(LAUs) to identify assessment units for monitoring and evaluation of cumulative effects (Gaines et al. 2003, 

ILBT 2013). These analysis units approximate a female lynx home range and are large enough to allow the 

assessment of seasonal habitats and the cumulative effects of human activities on these habitats. There are 50 

LAUs in the Okanogan LMZ and 14 LAUs in the Kettle LMZ (Fig 2).  

Both LMZs are also located in fire-prone landscapes with varying fire return intervals and risk for large fires 

(Hessburg et al. 2005, Perry et al. 2011). Over the past 15 years both of these areas have experienced an increase 

in substantial wildfire activity. Wildfires have impacted over 2000 km2 within the Okanogan LMZ study area 

and 360km2on the Kettle LMZ.  

 

METHODS 

To estimate carrying capacity we developed a suite of spatially-explicit, individual-based population models 

using HexSim software (version 4.0.3.0, Schumaker 2016) that integrated information on habitat selection, and 

population dynamics and changes in resource availability. HexSim software provides a framework for 

implementing population simulation models that has been used to investigate potential population outcomes 

based on empirical information regarding habitat associations and demographic rates (Heinrichs et al. 2010, 

Spencer et al. 2011, Huber at al. 2014). We developed Canada lynx population models that provided the 

appropriate information and flexibility to address two key questions: 1) What is the potential carrying capacity 

for lynx in the Okanogan and Kettle LMZs? and 2) How have wildfire and habitat changes influenced carrying 

capacity?  

Application of HexSim required information on resource selection, home range size, dispersal, survival, and 

fecundity. We used data primarily from the Okanogan LMZ and expert knowledge from biologists familiar with 

lynx in Washington to populate these parameters. When site-specific data were unavailable we used information 

from the literature, primarily from ecosystems that resembled the southern periphery nature of the Okanogan 

and Kettle LMZs. We then extrapolated this model to the Kettle LMZ.  
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Figure 2. Okanogan and Kettle Lynx Management Zones, Lynx Analysis Units and wildfire activity from 2000 through 

2015 within Washington State, US. 

 

Development of Resource Layers – Lynx Habitat Modeling 

HexSim requires that each hexagon within the model be assigned a habitat resource value based on the quality 

of habitat within the hexagon. To estimate carrying capacity for the two different LMZs at two time periods, we 

built several different resource layers based on available spatial data. This resulted in resource layers that 

represented:  

1) OLMZ 2013 post-fire 

2) OLMZ 2000 pre-fire 

3) KLMZ 2015 post-fire  

4) KLMZ 2000 pre-fire 

To include spatial data that could show changes on the landscape we included canopy cover, forest structure and 

greenness in our model selection process. We anticipated that these variables would change between the pre and 
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post-fire conditions in response to the effect of not only wildfire but also effects of harvest, insect and disease, 

and succession.  

The initial resource values and habitat quality classifications were calculated using a resource selection function 

(RSF) (Manley et al. 2002, Proctor et al. 2015). We used GPS data from radio-collared lynx within the Okanogan 

LMZ to assess habitat selection at the scale of the Lynx Management Zone for both female and male lynx to 

develop a general annual model for the region. Developing an RSF model for the Okanogan LMZ based on 

telemetry data provided a model of “current” habitat selection. We acquired GPS data from Washington 

Department of Fish and Wildlife (WDFW) for 16 lynx over the time period: February 2008 through June 2013. 

We selected a random sample of 80% of available lynx locations for model development and withheld the 

remaining 20% for model evaluation.   

We estimated a 100% minimum convex polygon range of all of the lynx telemetry locations to delineate our 

study area for model development. We only used locations within the United States, due to spatial data layer 

constraints. We used GPS radio-collar locations and an equal number of random locations from within the 100% 

MCP home range of all lynx to develop the RSF. We estimated model parameters with mixed effects logistic 

regression with individual lynx as a random effect (n=14) and applied a square root transformation to transform 

and normalize the positive skewing of exponential RSF values using R software (version 3.2.2, R Development 

Core Team, Vienna, Austria) and ArcGIS (version 10.4, ESRI, Inc.). Only three of the collared lynx were female 

so we pooled male and female lynx telemetry data to provide a more robust analysis of lynx habitat selection. 

We acknowledge that male selection may differ from females but the pooled information likely provides an 

adequate general picture of habitat selection. We tested all covariates for pairwise correlations (Spearman) and 

when correlations were found (r>= 0.7) we did not use those pairings in the same model. All continuous variables 

were standardized to examine relative influence on RSFs. 

We developed a set of 30 a priori models and used Akaike’s Information Criterion (AIC, Burnham and Anderson 

2002) to select the model that best fit the structure of our data. We calculated a bootstrapped (n=100) mean and 

confidence interval for resultant coefficient estimates. Although we recognize that this set of models may be 

conservative, our objective was to provide a descriptive and biologically meaningful multivariate model of lynx 

resource selection that could be generalized to the population and provide the foundation for subsequent 

population carrying capacity modeling.  

We examined selection ratios (use/availability) for individual lynx between the model evaluation dataset and 

model development dataset to assess how well the RSF predicted use. We mapped the resource selection function 

across the Okanogan LMZ and initially classified the transformed RSF values into 10 equal interval bins where 

habitat use equaled the proportion of withheld GPS locations within each bin (relative to total locations) and 

availability equaled the proportion of area within each bin (relative to total area). Selection ratios also determined 

the subsequent break points for final resource layer classes.  

To develop the initial resource map and to classify habitat for HexSim we classified the RSF scores into three 

categories based on habitat selection where 1 = habitat selected less than available (low quality habitat); 2 = 

selection approximately equal to availability (moderate quality habitat); and 3 = habitat selection greater than 

available (high quality habitat). We removed non-habitat types of ice, rock, and water bodies larger than 10km2. 

This initial resource map functioned as our post-fire scenario. We also mapped RSF values with the pre-fire data 

layers to create the “pre-fire” scenario resource map.  

Data Layers 

Occupancy, reproduction and habitat selection have been documented during several studies that occurred during 

the 1980-2012 time period in the Okanogan LMZ (Brittell et al. 1989, Koehler 1990, McKelvey et al. 2000, von 

Keinast 2003, Maletzke 2004, Koehler et al. 2008, Vanbianchi 2015). These studies and work in other 
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ecosystems (Squires et al. 2010, Squires et al. 2013) provided a group of variables we used in our suite of models 

to describe habitat. Our final set of variables included those that provided a direct measurement (i.e. canopy 

cover) as well as those that could be considered as an index or surrogate (i.e. greenness and solar radiation). Our 

static terrain variables included slope, elevation, aspect, surface ruggedness, topographic wetness index and solar 

radiation derived with a Digital Elevation Model (smoothed to remove banding. See Copeland et al. 2007) in 

ARCGIS. We linearized aspect (McKelvey et al. 2000) to provide values that ranged from 0 on the coldest, 

wettest slopes (due northeast) to 180 on the warmest, driest slopes (due southwest).  

We also considered dynamic variables that could potentially capture changes in habitat over time, such as 

increases due to succession, or decreases due to disturbances such as wildfire, insects and disease or harvest. 

Our dynamic variables included greenness, vegetative cover type (forest structure type) and canopy cover. 

Greenness is an index of leafy green productivity calculated with a tasseled cap transformation (Baig et al. 2014). 

We derived greenness from Landsat 8 imagery during the summer of 2000 and 2013. These two time periods 

provided the most recent comparable imagery of good quality for the Okanogan and Kettle LMZs that coincided 

with vegetative data for the post-fire time period as well as a comparable pre-fire snapshot. Vegetative 

classification was based on GNN data from 2000 and 2012 (Ohmann et al. 2011). We reclassified the original 

GNN forest type into four categories: mesic-forest (i.e. Engelmann spruce, lodgepole, ABLA dominated), dry 

forest (i.e. PSME & PIPO dominated), Other forest and Non-forest (i.e. agricultural lands, remnant forest with 

<10% canopy, grasslands, wet and mesic shrublands and shrub-steppe) (Table 1). Canopy cover data was 

obtained from the GNN dataset. We included quadratic forms for canopy cover and elevation in some models. 

For the sake of simplicity the resource maps developed for the post-fire analysis are referred to as “2013 post-

fire”.  

Table 1. Variables used in resource selection function development. 

Category Variable Units 

Vegetation Canopy Cover continuous 

 Dry Forest categorical 

 Mesic Forest categorical 

 Other forest categorical 

 Non-forest categorical 

Ecological Greenness continuous 

 Solar radiation kj/m2 

 Elevation meters 

 Slope degrees 

 Aspect continuous 

 Surface Roughness ratio 

 

Wildfire and other changes to habitat 

By using Landsat and GNN data from 2000 as compared to 2013 we hoped to capture changes in vegetation due 

to fires over a 13 year period. This would capture effects from approximately 2000 km2 of wildfire on the OLMZ. 

Most of the wildfire activity on the OLMZ after 2013 occurred outside of lynx habitat and burn intensity data 

was unavailable at the time of this assessment so was not included here (Fig. 5). 

 In contrast, substantial fire activity within lynx habitat on the Kettle LMZ occurred in 2015. As such we adjusted 

the 2013 resource layer for the Kettle to account for those changes (see below under Kettle LMZ Resource Layer 

development). Wildfire impacted approximately 360 km2 on the Kettle LMZ from 2000 through 2015. We 

attempted to use the best available data consistently across the LMZs to describe the current habitat condition 

but did not want to disregard the significant recent fire activity on the KLMZ.  
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Carrying Capacity Model – HexSim Input 

HexSim is an individual-based population modeling framework that represents population function based on a 

series of annual life history events. The Canada lynx model incorporated survival, reproduction, movement, 

resource acquisition, home range establishment and a population census, all of which are influenced by habitat 

conditions. We used a female-only, single-sex model structure because: 1) lynx are polygynous, 2) reproductive 

output is limited by the number of females of reproductive age, 3) female survival influences population trend 

more than male survival (Aubry et al. 2000, Anderson and Lovallo 2003) and 4) to reduce the complexity of the 

model. Model parameters were based on local empirical information, estimates from the literature or professional 

opinion depending on availability of information. 

 

Figure 3. HexSim flowchart – HexSim is an individual-based population modeling framework that represents population 

function based on a series of annual life history events. Events in the lynx model included: 1) Survival, 2) Reproduction, 3) 

Movement, 4) Resource Acquisition / Home Range Establishment, and 5) Population Census. The process repeats as 

individuals age by a year.   

 

Habitat Resources 

HexSim uses a hexagonal grid to represent habitat conditions that influence individual movement, survival, and 

reproduction. The Okanogan and Kettle landscapes were represented as a grid of 16.2 ha (500m diameter) 

hexagons. We chose this hexagon size because it captured relatively fine-scale landscape patterns that we expect 

would influence lynx habitat selection without becoming computationally limiting. Each hexagon was assigned 

a resource score based on underlying habitat values. We calculated a focal sum of Habitat Classes 1 (poor 

quality) through 3 (high quality) at a 250m radius across the study area. We attributed hexagons with the focal 

sum value at the center of the hexagon. Simulated individuals were assigned to a resource quality class based on 

the total resource scores of all hexagons within their home ranges (see Resource Acquisition / Home Range 

section below).   

Survival 

Survival rates of females were incorporated into the model relative to age class and resource quality. Modeled 

individuals were assigned to four age classes: kitten (<1 year), yearling (age 1 year), sub-adult (age 2 years) and 

adult (age >2 years). Survival values for each age class were estimated based on data available from other lynx 

populations. Although there were extensive data available in the literature relative to survival estimates for the 

four age classes, (kitten, yearling, subadult and adult), no quantifiable information on the relationship between 
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survivorship and habitat quality was available. As such we estimated female survival for kittens, yearlings, 

subadults, and adults in low, moderate and high quality habitat based on general published values. We 

determined the values for each life stage in the high habitat quality class as the highest values from our literature 

review less 5%, in the moderate habitat quality class as the mean value from the literature, and in the low habitat 

quality class as 25% less than the lowest value in the literature (Table 2). The resource quality class refers to 

lynx whose home range meets the home range requirements as defined in HexSim. A home range in the high 

resource quality class had a minimum of 60% of the home range in the high quality category. A home range in 

the Moderate resource quality class had 40 to 59% of the home range in the high quality category. Home ranges 

that did not meet the high or moderate classes defaulted to the low resource quality class.  

 

Table 2. Annual female lynx survival values for all combinations of age classes and resource quality classes used in 

population model. Values were determined for each life stage in the high habitat quality class as the highest value from our 

literature review less 5%, in the moderate habitat quality class as the mean value from the literature, and in the low habitat 

quality class as 25% less than the lowest value in the literature.  

   Resource Quality Class 

Age Class Low  Moderate High 

Kitten 0.09 0.45 0.74 

Yearlings* 0.39 0.60 0.65 

Sub-adult 0.39 0.60 0.65 

Adult 0.56 0.85 0.88 
*data specific to yearlings was unavailable in the literature so were set equal to sub-adults. 

 

Reproduction 

Like many aspects of lynx population dynamics, lynx reproduction is closely tied to hare populations and will 

fluctuate according to hare density (Aubry et al. 2000). Lynx have a moderate reproductive rate, resulting 

primarily from the early age of first reproduction (as early as one year old), a litter size that generally ranges 

from 1-4 kittens and a short interval between litters (at most annually, but interval may increase dependent on 

prey densities) (Brittell et al. 1989, Koehler 1990, Brainerd 1985, Squires 2016). Fecundity in lynx is defined as 

the average number of young per adult female per year. Fecundity values were estimated based on data available 

from other lynx populations. In our model only yearling, subadult, and adult females with home ranges that met 

the moderate or high habitat quality class as defined in HexSim were allowed to reproduce. Similar to the 

survival estimates, we determined fecundity rates in the high habitat quality class as the highest value from our 

literature review less 5%, in the moderate habitat quality class as the mean value from the literature, and zero in 

the low habitat quality class (Table 3). The age of first reproduction was set at one year.  

 

Table 3. Annual female lynx fecundity values for all combinations of age classes and resource quality classes used in 

population model. Values were determined for each life stage in the high habitat quality class as the highest value from our 

literature review less 5%, in the moderate habitat quality class as the mean value from the literature, and in the low habitat 

quality class as 25% less than the lowest value in the literature.  

 Resource Quality Class 

Age Class Low Moderate High 

Kitten 0 0 0 

Yearling* 0 0.15 0.29 

Sub-adult 0 0.15 0.29 

Adult 0 0.83 1.20 
*data specific to yearlings was unavailable in the literature so were set equal to sub-adults. 
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Movement 

Movement parameters for dispersing individuals were based on information from other lynx populations and 

data from the OLMZ. Published information on female lynx dispersal is limited in southern boreal forests (Aubry 

et al. 2000) and available information in other ecosystems suggests a wide range of possibilities (Poole 1997, 

Mowat et al. 2000). Although information has been recorded on long-distance movements, female lynx may not 

disperse long distances, and may establish home ranges that are near or overlap their natal home range (Aubry 

et al. 2000, Mowat et al. 2000). We calculated mean home range diameters for female lynx in the OLMZ of 

approximately 13km. As such we set the dispersal value as 11km to allow lynx to disperse but still allow for 

overlap. Only individuals that failed to acquire adequate resources to establish a home range dispersed. Generally 

we assumed that lynx were dispersal habitat generalists and were not strongly influenced by habitat suitability 

in their dispersal movements. Marcot et al. (2015) found that HexSim population estimates had relatively low 

sensitivity to dispersal movement parameters compared to other model parameters they investigated.  

Resource Acquisition and Home Range 

Home Range 

To determine the home range sizes for HexSim scenarios we calculated 95% minimum convex polygon home 

ranges (Calenge 2006) for female lynx in the OLMZ and also used values from lynx work completed earlier in 

the analysis area (Koehler 1990). As such the home-range sizes used in the carrying capacity models were 39km2 

(Koehler 1990), 55km2 (mid-range value) and 72km2 (the mean OLMZ female home range estimate). In our 

model, individual lynx were classified as group members (female lynx with established home ranges), or floaters 

(dispersing female lynx without home ranges).  

Territoriality 

Although lynx may have home ranges that overlap, the degree of overlap, or territoriality, often depends on the 

sex of the individuals. Related females and opposite sex tend to be more tolerant of overlap (Poole 1995, Mowat 

et al. 2000). We incorporated territoriality by requiring lynx to defend a proportion of their home range, thus 

preventing other lynx from using those resources. Quantitative data on territoriality is limited so we analyzed 

the spatial and temporal overlap of female lynx in the OLMZ with a straightforward method. We estimated a 

60% fixed kernel core home range and then examined the degree of overlap. We found female lynx (n=2) that 

exhibited spatial and temporal overlap had 79 – 87% overlap of the core home range. We also examined model 

sensitivity to territoriality values and found population size increased to an optimal value when territoriality was 

equal to 30%. As territoriality increased the population size and variability decreased. For our scenarios we set 

territoriality at 30%, recognizing that this would optimize population densities and values will vary depending 

on actual defended territory. 

Carrying Capacity Model –Scenarios 

Because data on lynx demographics and habitat use can vary considerably, we created several different model 

scenarios to examine carrying capacity of the Okanogan and Kettle LMZs and the influence of disturbance. We 

developed multiple scenarios to assure key model variables were included and to address the uncertainty 

associated with modeling a potential population. A complete description of all model input is provided in 

Appendix S1.  

Our preliminary analysis resulted in a suite of three different model scenarios that we believed were most 

plausible and likely bound the actual carrying capacity of the OLMZ (Table 4). Each model was run for a total 

of 175 years, including a 75 year “burn-in” period followed by a 100 year simulation period. Models were 

initiated with 1000 individuals randomly placed across the landscape. The “burn-in” period allowed populations 

to approach equilibrium in the landscape and develop a representative distribution of age classes prior to the 
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simulation period (Singleton 2013). We ran the three scenarios on the 2013 post-fire resource map and on the 

2000 pre-fire resource map to examine effects of habitat changes on population outcomes. However, it should 

be noted that the two different time steps are represented by snapshots of habitat quality at defined intervals. The 

model outputs are best interpreted as indices of habitat carrying capacity under landscape conditions at two 

specific times, given model uncertainty and assumptions.  

 

Table 4. Description of model scenarios developed to estimate carrying capacity for lynx in the OLMZ. The number in the 

Scenario name refers to the home range size used in the model. All models used the same initial resource layer as indicated 

by pre-fire or post-fire.  

Scenario Description 

39_pre-fire 
39 km2 home range size. Resource layer to 

describe pre-fire habitat conditions in 2000.  

39_post-fire 
39 km2 home range size. Resource layer to 

describe post-fire habitat conditions in 2013.  
  

55_pre-fire 
55 km2 home range size. Resource layer to 

describe pre-fire habitat conditions in 2000.  

55_post-fire 
55 km2 home range size. Resource layer to 

describe post-fire habitat conditions in 2013. 
  

72_pre-fire 
72 km2 home range size. Resource layer to 

describe pre-fire habitat conditions in 2000.  

72_post-fire 
72 km2 home range size. Resource layer to 

describe post-fire habitat conditions in 2013. 

 

We ran 25 population simulation replicates per scenario. Preliminary analysis indicated that 25 replicates were 

adequate to capture the variability in annual population size and distribution estimates produced by repeated 

simulations. We used simulation-duration mean number of individuals to represent the carrying capacity metric. 

We summarized patterns of spatial distribution of the modeled populations across the LMZ by calculating the 

annual mean number of female lynx with home ranges by LAU. All model output compilation, statistical analysis 

and mapping were conducted using R software (version 3.2.2, R Development Core Team, Vienna, Austria) and 

ArcGIS (version 10.4, ESRI, Inc.).  

To calibrate our model results we compared our population outcomes with previously calculated density 

estimates for the OLMZ and other similar ecosystems. We calculated a population size for each LMZ where: 

population size = density estimate from literature (#lynx /100km2) * LAU area (100km2). Although these other 

ecosystems may not be at carrying capacity, a comparison of density estimates provided a plausibility test of 

model outcomes.  

 

Resource Layer and Carrying Capacity Model – Kettle LMZ 

Because site specific information on lynx in the Kettle LMZ is unavailable, we applied the Okanogan LMZ 

model to the Kettle LMZ landscape. We developed the resource layer using the same spatial data sources, 

specific to the Kettle region. To account for the 2015 fire activity and to provide a more accurate representation 

of the current situation, we adjusted the initial RSF output with recent fire activity data. We overlayed Rapid 

Assessment of Vegetation Condition after Wildfire (RAVG) data from the US Forest Service to discount RSF 

values within fire boundaries in 2015 (http://www.fs.fed.us/postfirevegcondition/whatis.shtml).  

RAVG provided a seven-class basal area loss layer (Table 5) that was used to adjust the Kettle 2015 Resource 

Map. For the purposes of this exercise, areas within RAVG Classes 1 and 2 did not change the resource map 
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habitat class. Areas within RAVG Class 3 decreased the resource map habitat class by 1 (from high quality to 

moderate quality habitat or from moderate quality habitat to low quality habitat). Areas within RAVG Classes 

4-7 decreased the resource map habitat class to Class 1-low quality habitat.  

Table 5. Rapid Assessment of Vegetation Condition after Wildfire (RAVG) classes and associated loss of basal area 

vegetation resulting from wildfire.  

RAVG Class % basal area loss 

1 0 

2 0 - < 10 

3 10 - < 25 

4 50 - < 75 

5 25 - < 50 

6 75 - < 90 

7 90 or greater 

 

RESULTS and DISCUSSION 

Lynx Habitat Modeling – Okanogan and Kettle LMZs 

The most parsimonious RSF habitat model contained greenness, mesic forest, non-forest, surface ruggedness, 

aspect, elevation and canopy cover and the quadratics for elevation and canopy cover (Table 6.). This RSF model 

had considerably greater empirical support as compared to the remaining models (second “best” model ∆AICc 

=30). Habitat selection results indicated a positive relationship with greenness, mesic forest, non-forest, 

elevation and canopy cover, a negative relationship with aspect, surface ruggedness and a quadratic effect for 

elevation and canopy cover. Correlations between surface ruggedness and slope and between aspect and solar 

radiation eliminated pairing of these variables in subsequent models.   

Table 6. Parameters and associated coefficients in the Okanogan LMZ habitat model. 

Fixed Effects    95% Confidence Interval 

  Estimate Standard Error Lower Upper 

greenness 0.39 0.01 0.29 0.47 

mesic forest 0.44 0.03 0.29 0.59 

non-forest 2.18 0.08 1.58 2.79 

surface ruggedness -0.6 0.02 -1.04 -0.17 

aspect -0.18 0.01 -0.26 -0.1 

elevation 15.54 0.28 11.83 20.26 

elevation2 -13.29 0.24 -17.57 -10.08 

canopy cover 3.06 0.10 1.96 4.19 

canopy cover2 -2.18 0.08 -3.08 -1.15 

Intercept -4.3 0.13 -5.14 -3.36 

 

Selection ratios from model development and evaluation datasets indicated that the threshold for habitat selection 

occurred when transformed RSF scores were ≥0.4. We looked at selection of individual lynx to determine 

classification and categorized the resource layer map as follows: 

 Class 1 = RSF score <0.4. Selection less than available (poor quality lynx habitat) 

 Class 2 = RSF score ~0.4-0.5. Selection equal to or slightly greater than available (moderate quality 

lynx habitat). 

 Class 3 = RSF score >0.5. Selection greater than available (high quality lynx habitat).  
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Eighty-seven percent of withheld lynx locations had RSF values ≥0.4 (moderate to high quality habitat), whereas 

only 36% of the model development area had values ≥0.4. The resulting resource maps depict relative quality 

of habitat across the LMZ in the pre-fire (Fig 4a) and post-fire (Fig. 4b) time periods. Approximately 260 km2 

(3%) of lynx habitat in the OLMZ decreased from high quality habitat (Class 3) to low quality habitat (Class 1), 

primarily as a result of wildfire.  

Our resource maps provided a reasonable and consistent general description of lynx habitat selection in the 

Okanogan analysis area. Previous studies in the Okanogan area found lynx select for Engelmann spruce and 

subalpine fir forest, moderate canopy cover, flat to moderate slopes, and relatively high elevations; and select 

against Douglas-fir and ponderosa pine forests, forest openings, recent burns, sparse canopy and understory, and 

relatively steep slopes (Koehler et al. 2008, Maletzke et al. 2008).  

Other studies have shown quality foraging habitat for lynx occurs where forest structure provides habitat for 

snowshoe hares (Koehler 1990, Agee 2000, Hodges 2000) in the form of dense, multi-layered understory 

(Hodges 2000, Lewis et al. 2011) that maximizes cover and browse at varying snow depths throughout the 

winter. Such habitat structure is common in early-seral stages but may also occur in coniferous forests with 

mature but relatively open overstories (Hodges 2000, Lewis et al. 2011). Another important component of lynx 

habitat is areas that are used for denning (Koehler 1990, Moen et al. 2008, Squires et al. 2008) which generally 

consists of large woody debris, in the form of either down logs or root wads (Koehler 1990, Mowat et al. 2000, 

Slough 1999, Squires et al. 2008). These structures are often associated with late-successional forests and may 

be located within older regenerating stands (>20 years since disturbance) or in mature conifer or mixed conifer-

deciduous (typically spruce/fir or spruce/birch) forests (Koehler 1990, Slough 1999, Squires et al. 2008). Lynx 

habitat selection was strongly associated with elevation as lynx are highly adapted to environments that receive 

considerable winter snowpack (Koehler and Aubry 1994, Aubry et al. 2000, von Keinast 2003, Maletzke 2004). 

Recent research in the Okanogan area indicated that lynx avoid recently burned areas, particularly areas that 

burned with higher intensity, but may use unburned stands within fire boundaries (Vanbianchi 2015). These 

“skips” may provide connectivity across large burned areas. It should be noted that lynx survivorship, 

productivity and population dynamics are closely related to snowshoe hare density, although potentially to a 

lesser degree in the southern boreal forests (Aubry et al. 2000, Mowat et al. 2000), but subsequent model 

complexity and a lack of data prohibited including prey density in our model. 

Kettle LMZ Resource Layers 

Application of the RSF model to the Kettle LMZ suggested lynx habitat is primarily located along the center of 

the LMZ where elevations and habitat types fall into those preferred by lynx. (Fig. 6a and 6b). Approximately 

95 km2 (3%) of lynx habitat in the KLMZ decreased from high and moderate quality habitat (Class 3 and 2) to 

low quality habitat (Class 1), primarily as a result of wildfire. 

  



Figure 4. Annual mixed effect resource selection function reclassified to relative habitat quality classes mapped within the Okanogan Lynx Management Zone. 4a) 

depicts the 2000 pre-fire condition, prior to substantial wildfire activity from 2000-2013, while 4b) depicts the 2013 post-fire condition.  

4a) 2000 pre-fire         4b) 2013 post-fire  
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Figure 5. Okanogan Lynx Management Zone post-fire resource map with fire activity polygons from 2000-2015. The majority of fire activity after 2013 occurred outside 

of lynx habitat and burn intensity data was unavailable at the time of this assessment so was not included here. 
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Figure 6. Annual mixed effect resource selection function reclassified to relative habitat quality classes mapped within the Kettle Lynx Management Zone. 6a) depicts 

the 2000 pre-fire condition prior to substantial wildfire activity from 2000-2015, while 6b) depicts the 2015 post-fire condition. Red polygons depict fire boundaries for 

wildfire activity from 2000 through 2015.  

6a) 2000 pre-fire               6b) 2015 post-fire 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Carrying Capacity Estimates – Okanogan and Kettle LMZs 

The range of model outcomes for the pre-fire time period indicated the OLMZ was capable of supporting a lynx 

population that ranged from a low of four females to a high of 70 females (Table 7). Results varied greatly depending 

on the home range size and, as expected, larger home ranges resulted in smaller carrying capacity estimates. The HexSim 

modeling framework also demonstrated the negative impact that wildfire has on carrying capacity for lynx. Habitat 

changes due to wildfire resulted in a reduction in total female population estimates ranging from 36-68% (Table 7) as 

compared to the pre-fire scenarios. Several simulations reached a population size of zero before the completion of the 

run. This suggests that the LMZ may not be capable of sustaining a lynx population in isolation and may be dependent 

on immigration, particularly given larger home range size assumptions.  

The Kettle LMZ displayed similar results. The range of model outcomes for the pre-fire time period indicated the KLMZ 

was capable of supporting a lynx population that ranged from a low of three females to a high of 24 females (Table 7). 

Results varied greatly depending on the home range size and, as expected, larger home ranges resulted in smaller carrying 

capacity estimates. Habitat changes due to wildfire resulted in a reduction in total female population estimates ranging 

from 30-52% (Table 7) as compared to the pre-fire scenarios. Only the 39_prefire scenario replicates reached simulation 

completion each time, suggesting the KLMZ may be even more limited than the OLMZ with regard to sustaining a lynx 

population in isolation.  

Model Calibration: Are these estimates plausible? 

Our simulation results provided a range of potential lynx carrying capacity values for the Okanogan and Kettle LMZs. 

To examine if these estimates were plausible we compared our results to density estimates from a variety of other 

ecosystems. Density estimates ranged considerably depending on the ecosystem (i.e. northern boreal vs. southern boreal) 

and snowshoe hare density. As such our population estimate comparisons may be conservative. For this exercise we 

compared our estimates to those of southern boreal forests such as the Okanogan (Brittell et al. 1989, Koehler 1990), or 

more northerly ecosystems during low hare density years such as the Yukon (Slough and Mowat 1996) and the NW 

Territories (Poole 1994), which provided a range of densities from 2 – 3 lynx /100km2.  

 

Based on those densities reflected in the literature we estimated approximately 60-91 females within the Okanogan LMZ. 

Our post-fire simulations resulted in population estimates that ranged from 1-45 females in the OLMZ, which was 

slightly lower than the range estimated from other Washington studies or ecosystems. Based on those densities reflected 

in the literature we estimated approximately 10-15 females within the Kettle LMZ. Our post-fire simulations resulted in 

population estimates that ranged from 1-16 females in the KLMZ, which was similar to the range estimated from other 

Washington studies or ecosystems.  

 

Spatial patterns of lynx occupancy within both LMZs were generally consistent across the model variants (Fig. 7 and 8). 

Lynx were predicted to occur throughout the LAUs within the LMZs in the pre-fire scenarios, while LAUs in the current 

scenarios occasionally equaled zero. Predicted lynx abundance generally followed the pattern of the resource map with 

higher densities occurring in areas of contiguous higher quality habitat, and then shifted with the post-fire resource layer 

and correlated with the location of large wildfires that occurred from 2000-2015.   

Okanogan LMZ 

LAUs on the east side of the ecosystem (Loomis Central/North/South) and in the Pasayten Wilderness generally had the 

highest density of territorial females across pre-fire scenarios (Fig. 7). Including the influence of habitat changes 

decreased overall densities throughout the LMZ. Some LAUs with substantial fire activity reached densities of zero. 

These patterns were relatively consistent across scenarios.  
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Kettle LMZ 

Lambert, Indian and U.S. LAUs generally had the highest density of territorial females across pre-fire scenarios (Fig. 8). 

This seemed reasonable given the high quality habitat mapped by the RSF model along the central portion of the LMZ. 

However, including the influence of habitat changes decreased overall densities throughout the LMZ. Lambert and North 

Sherman LAUs, centrally located in the LMZ, had the highest post-fire densities. The lowest density LAUs were on the 

north end of the LMZ where the majority of the wildfire impacts occurred. These patterns were relatively consistent 

across scenarios.  

The spatial distribution estimates along the international border may be somewhat inaccurate because our analysis area 

created a false barrier along the northern edge where hypothetical lynx could not disperse and habitat values diminished. 

This was an artifact of our model framework that could be addressed by expanding the spatial extent of the model into 

Canada. This approach should be considered as our simulations indicated these populations are likely dependent on 

immigration from BC for persistence. Because habitat is limited, lynx populations in the US are small relative to the 

larger populations in Canada. As such US lynx populations may depend on immigration from populations in Canada to 

ensure genetic diversity and population persistence (Ruggiero et al. 2000). Koehler et al. (2008) discussed how trapping, 

wildfire and timber harvest contributed to decreased lynx populations in the Okanogan and Kettle regions over 10 years 

ago. The challenges associated with these LMZs, such as isolated habitat, increased wildfire, and potential dispersal 

obstacles (fencing, major roadways), are still significant conservation challenges.  

Conclusion 

Through modeled simulations we have estimated the carrying capacity of lynx in the Okanogan and Kettle Lynx 

Management Zones, which can inform efforts to manage lynx in these ecosystems. Lynx populations in Washington 

have experienced a decline over the past 20 years that can be partially attributed to the loss of quality habitat to wildfire. 

Our modeling approach involved estimating carrying capacities for two landscapes that received no immigration from 

outside population sources.  Using this approach, the small carrying capacities we estimated may correspond to low 

probabilities of persistence until habitat conditions in these LMZs could support larger populations. However, the lynx 

population in Washington is not isolated and because it is on the margin of their range, the connection with the larger 

population to the north in Canada is likely sustaining the Washington population. On-going habitat loss and 

fragmentation warrants further consideration relative to population persistence. We explored carrying capacity with a 

single sex model, acknowledging these models have limitations for representing small population processes (including 

Allee effects and demographic stochasticity) that can contribute to small population extinction and meta-population 

instability. Additionally, the population we modeled is based on demographic characteristics from resident populations, 

however the characteristics of the lynx population currently residing in the Okanogan LMZ may differ substantially from 

a typical resident population. The population’s relatively small size, its position at the margin of the range, the possible 

limitations of demographic support (i.e. immigration) from BC, and the fragmented configuration of habitat within the 

LMZ, may significantly influence the sex ratio, age structure and reproductive potential of this population, and 

ultimately, its probability of persistence. As such, creating a two-sex model to simulate population viability would be a 

logical next step to further assess the stability, viability and probability of persistence of the Washington population to 

inform recovery objectives and strategies.  
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Table 7. Simulation-duration annual mean number of female individuals for the total, group and floater populations in the Okanogan and Kettle LMZs for six scenarios. 

The change in population carrying capacity as a result of changes in habitat due to wildfire and other disturbances, as well as succession, was calculated as the percent 

change in total population size between scenarios (Post-Fire – Pre-Fire). Group members were female lynx in the total population with established home ranges and 

floaters were dispersing female lynx in the total population without home ranges.  

LMZ Scenario 

Total 

Population 

(#) 

90% 

quantile 

range 

SE 

Group 

Members 

(#) 

90% 

quantile 

range 

SE 
Floaters 

(#) 

90% 

quantile 

range 

SE 

Decrease 

in 

Population 

Size (%) 

Number of 

simulations 

that reached 

100 years 

(out of 25 

simulations) 

Mean 

persistence 

(years) 

OKANOGAN 39_pre-fire 70 49-89 0.5 40 29-51 0.3 30 19-40 0.3  25 100 

  39_post-fire 45 29-63 0.4 25 16-34 0.2 19 11-29 0.2 36 25 100 

                

  55_pre-fire 39 24-54 0.4 22 14-31 0.2 16 9-24 0.2  25 100 

  55_post-fire 21 0-36 0.4 12 0-19 0.2 9 0-17 0.2 46 4 90 

                

  72_pre-fire 4 0-14 0.1 2 0-7 0.1 2 0-7 0.1  3 44 

  72_post-fire 1 0-5 0.1 1 0-3 0.03 1 0-2 0.03 68 0 16 

                

KETTLE 39_pre-fire 24 12-35 0.2 14 7-20 0.1 10 4-16 0.1  25 100 

  39_post-fire 16 0-28 0.2 9 0-16 0.1 7 0-13 0.1 33 20 87 

                

  55_pre-fire 12 0-22 0.2 7 0-13 0.1 5 0-10 0.1  19 87 

  55_post-fire 8 0-19 0.2 5 0-11 0.1 4 0-9 0.1 30 10 72 

                

  72_pre-fire 3 0-9 0.1 1 0-4 0.04 1 0-4 0.04  4 30 

  72_post-fire 1 0-5 0.1 1 0-3 0.03 1 0-2 0.04 52 0 4 
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Figure 7. Spatial distribution of mean annual territorial female lynx density (# per 100km2) by LAU in the Okanogan LMZ. Differences between scenarios were a result 

of resource changes due to disturbance, primarily wildfire, with three different home range sizes (39km2, 55km2, and 72 km2). Color scheme and range of values were 

held constant within each home range to show the influence of disturbance on modeled density outcomes.  

Home Range: 39km2 

Scenario: 39_pre-fire         Scenario: 39_post-fire 
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Figure 7. continued 

Home Range: 55km2  

Scenario: 55_pre-fire         Scenario: 55_post-fire 
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Figure 7. continued 

Home Range: 72 km2 

Scenario: 72_pre-fire        Scenario: 72_post-fire 
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Figure 8. Spatial distribution of mean annual territorial female lynx density (# per 100km2) by LAU in the Kettle LMZ. Differences between scenarios were a result of 

resource changes due to disturbance, primarily wildfire, with three different home range sizes (39km2, 55km2, and 72 km2). Color scheme and range of values were held 

constant within each home range to show the influence of disturbance on modeled density outcomes. 

Home Range: 39km2 

Scenario: 39_pre-fire         Scenario: 39_post-fire 
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Figure 8. continued 

Home Range: 55km2 

Scenario: 55_pre-fire         Scenario: 55_post-fire 
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Figure 8. continued 

Home Range: 72 km2 

Scenario: 72_pre-fire         Scenario: 72_post-fire 
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Appendix S1. Literature sources and associated data values for demographic parameters used in the development of the Okanogan 

and Kettle Lynx Management Zones Canada lynx carrying capacity models. 

 

Table S1. Summary of lynx GPS data and calculated homerange area based on 95% minimum convex polygon (calculated in R, 

adehabitatHR, Calenge 2006). Range and mean home range area for female and male lynx within the OLMZ was used to determine 

habitat composition. 

ID Sex Dates # locations 95% MCP (km2) Mean (km2) 

LF1 F 3/12-12/12 1243 106.5  

LF2 F 3/10-11/10 863 42.1  

LF3 F 3/12-8/12 745 67.3 Females: 72.0 

      

LM1 M 2/08-12/09 1787 76.1  

LM2 M 2/12-1/13 1733 73.2  

LM3 M 2/08-1/09 1574 36.5  

LM4 M 3/12-6/13 1604 125.2  

LM5 M 3/09-10/10 1900 689.7  

LM6 M 3/11-10/11 838 231.4  

LM7 M 4/11-10/11 543 19  

LM8 M 2/09-10/09 941 118.9  

LM9 M 4/08-3/09 631 24.9  

LM10 M 2/10-11/10, 

3/11-4/12 

2998 106  

LM11 M 3/11-10/11 740 102.7 Males: 92.6 

LM12 M 2/07-3/07 193* Na  

LM13 M 1/07-2/07 126* Na  

*Did not use in model. Too few locations.  

Table S2. Sources used to determine survival estimates for NCE lynx carrying capacity models. Data was unavailable specific to 

yearlings so we used subadult values for yearlings in all models.   

 Survival Rate by Age Class 

Location Kittens SubAdult Adult Source 

Washington 0.12   Koehler 1990 

Maine 0.78   Vashon et al 2012 

Seely Lake, MT  0.52 0.75 Squires 2016 

Purcells, MT  0.68 0.85 Squires 2016 

Washington   0.83 Koehler 1990 

Washington    0.89 Brittel et al 1989 

Colorado   0.93 Devineau et al. 2010 

Colorado   0.82 Devineau et al. 2010 

Yukon   0.75 

Slough and Mowatt 1996, 

O'Donoghue et al. 1997 

Yukon   0.90 

Slough and Mowatt 1996, 

O'Donoghue et al. 1997 

NW territories    0.90 Poole 1994 
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Table S3. Sources used to determine fecundity estimates for NCE lynx carrying capacity models. 

Litter Size Study Area Sample Size Years Source 

2.24 Seeley Lake, MT 33 1999-2007 Squires 2016 

2.95 Purcell Mountains, MT 22 2003 - 2007 Squires 2016 

2.0 Okanogan Co, WA 4 litters, 4 litters 1980 -1987 Brittel et al. 1989, Koehler 1990 

3.22 MN 9 2004-2006 Moen et al. 2008 

2.25 (low hare years) ME NA 2006-2010 Vashon et al. 2012 

2.74 (high hare years) ME NA 1999-2005 Vashon et al. 2012 

1.75 (1-3) MT 18 1985 Brainerd 1985 

3.25 (1-5) MT 18 1985 Brainerd 1985 

3.2 NS 154 1977-1980 Parker et al. 1983 

3.6 NS 154 1977-1980 Parker et al. 1983 

 

 

Table S4. Lynx population density estimates from other ecosystems used in comparison with carrying capacity estimates for 

Okanogan and Kettle LMZs.  

Location Date of estimate Density (lynx/100 km2) Source 

Southern Boreal Forests       

Okanogan National Forest, 

Washington 1985-1987 2.3 Koehler 1990 

Okanogan National Forest, 

Washington  1989 2 Brittell et al. 1989 

Yukon 1987 2.7 Slough and Mowat 1996 

NW Territories 

1989-1993, population low 

after decline in hare numbers 3 Poole 1994 

 



Population fragmentation and extinction in the Iberian lynx
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Abstract

We studied the relationship between extinction frequencies of Iberian lynx subpopulations (Lynx pardinus) and their size and
isolation during a 35-year period of strong geographic range contraction. At the end of this period there were fewer fragmentation
events, fewer lynx populations of small size, and less isolation between them, than in simulated geographic ranges derived from a

random distribution of local extinctions. Only small populations occupying <500 km2 went extinct. Local extinction in large, self-
sustainable populations probably resulted from the sole action of deterministic factors, e.g. widespread prey decline. As compared
with large populations, small ones experienced increased contraction per unit occupied area, which may reflect demographic

unstability. The consistent effect of isolation on extinction suggests that such unstability was often prompted by reduced immigra-
tion and the subsequent disruption of metapopulation equilibrium. Several practical recommendations could be derived. Provided
that habitat quality was adequate, a lynx population should avoid extinction within 35 years if it occupied an area of at least 500

km2. The persistence of small populations will also be enhanced by minimizing the distances to neighbouring populations within 30
km, and by maximizing the area occupied by these neighbours. Therefore, habitat management, or any other restoration action,
directed to expand the area occupied by a small lynx population should be best located at points of its boundaries oriented towards

other existing nearby populations.
# 2002 Elsevier Science Ltd. All rights reserved.

Keywords: Extinction; Fragmentation; Geographic range contraction; Lynx pardinus; Metapopulation dynamics

1. Introduction

Fragmented populations, as opposed to continuous
distributions, often occur naturally reflecting the het-
erogeneity in the distribution of resources. For instance,
population fluctuations that track temporal variability
in environmental conditions cause continuous contrac-
tion or expansion of the geographic range boundaries
(Brown and Lomolino, 1998), which may result in frag-
mented distributions at these fringe areas (Curnutt et
al., 1996; Mehlman, 1997). Nowadays, however, popu-
lation fragmentation in more central parts of the geo-
graphic range is usually the consequence of long-lasting
declines, triggered by habitat loss or other deterministic
factors related to human activity (Caughley, 1994).
Metapopulation theory predicts that, if separation
between discrete populations is within the species’ dis-
persal distances, larger population size and higher
immigration rates will increase population persistence
(Hanski, 1999). Conversely, if a species with a frag-
mented distribution suffers further range contraction,

we expect that vulnerable small and/or isolated popula-
tions will go extinct first. There is, therefore, conserva-
tion interest in determining the size and proximity of
populations in order to minimize their probability of
extinction (Bright et al., 1994; Rodrı́guez and Andrén,
1999). This information may be used to decide where
habitat management will best improve population
persistence.

There are many field studies either inferring or
demonstrating the relevance of population size and
migration (or its absence) between populations to
explain patterns of fragmented distributions. Case
studies often refer to small species with high potential
for turnover (e.g. Peltonen and Hanski, 1991; Kuussaari
et al., 1996; Driscoll, 1997). There are fewer field studies
on larger, long-lived species (e.g. Berger, 1990; New-
mark, 1995) for which the extinction of isolated popu-
lations might be delayed, for example when adults
survive but no longer reproduce. Large species may need
longer observation periods to show metapopulation
equilibrium, which depends on the rescue (or reinforce-
ment) of extinct (or weak) populations by immigrants.

Recently we have reconstructed the contraction of
geographic range in the Iberian lynx (Lynx pardinus)
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during a 35-year period. Lynx distributional patterns
and the contraction process can be described by four
main features (Rodrı́guez and Delibes, 2002). First, lynx
distribution was already discontinuous in 1950. A large
central or ‘‘mainland’’ population was surrounded by
smaller satellite or ‘‘island’’ populations, some of which
could receive immigrants from the ‘‘mainland’’ (see
Harrison, 1994). Second, highly vulnerable small popu-
lations were present in 1950 and new ones were gener-
ated through fragmentation later on. This allowed us to
measure extinction frequencies in populations of differ-
ent age and degree of isolation. Third, range contraction
was steady and successful colonization of previously
extinct populations did not occur during the study per-
iod. Finally, the contraction had a similar impact on
both the central and satellite populations across the
whole range. Rodrı́guez and Delibes (2002) have pro-
posed that this contraction was initially precipitated by
myxomatosis causing a widespread and persistent
reduction in rabbits (Oryctolagus cuniculus), which were
the main lynx prey.

The original aim behind this work was to develop
criteria to decide where conservation measures should
be best allocated in order to maximize the persistence of
lynx populations. We first consider if extinctions were
spatially correlated to assess whether they were only
caused by deterministic factors operating in particular
regions (Harrison and Quinn, 1989). Second, we com-
pare the geometry of populations at the end of the 35-
year contraction with that of virtual populations result-
ing from a simulated random distribution of extinctions
across the lynx range. Third, we examine whether
extinction frequencies decreased with increasing popu-
lation size and immigration, and set the population size
above which extinction risk approaches zero. A similar
threshold for immigration will depend on the method
employed to estimate isolation. Therefore, we finally
evaluate how well can extinction rates be predicted by
different estimates of isolation. In particular we investi-
gate the relative effect on extinction of three potential
determinants of immigration, namely number, size, and
distance of neighbouring populations.

2. Methods

2.1. Distribution maps

The study was based on the eight distribution maps of
lynx at 5-year intervals from 1950 to 1985 reconstructed
by Rodrı́guez and Delibes (2002), and plotted on a 10-
km UTM projection grid (Fig. 1). Here we define a
‘population’ as a continuum of occupied adjacent cells
connected either by sides or corners. The area within
each cell allows up to 13 lynx breeding territories, and
the distance between populations (510 km) is much

larger than the maximum foraging movements of settled
adults (Ferreras et al., 1997). Therefore, lynx presence
within a cell is unlikely to be sensitive to changes in the
occupancy of individual breeding territories, whereas
lynx absence will indicate that the population (or a part
of it) has become extinct. Consequently, a ‘local popu-
lation’ refers to each single occupied cell in the grid.
Note that this definition only agrees with the usual
meaning in the metapopulation literature (discrete sub-
population connected with others by migration) in the
particular case of single cell populations. Thus, ‘local
extinction’ means the loss of a local population during a
given period, while ‘population extinction’ implies the
local extinction of all cells making up a population.
‘Area loss’ denotes the number of local extinctions in a

Fig. 1. Sketch of the Iberian lynx distribution at the first and last

stages of a 35-year period of geographic range contraction, plotted on

a 10-km grid. Modified from Rodrı́guez and Delibes (2002).
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specified population or group of populations. ‘Range
loss’ is the number of local extinctions in the whole
geographic range. ‘Fragmentation’ refers to the fission
of a population caused by area loss. When we observed
this ‘event’, by comparing maps, we assigned the iden-
tity of the original population to the largest resulting
fragment and new identities were assigned to the others.
We call ‘short-term extinction rate’ the fraction of extinct
populations between two consecutive maps at 5-year
intervals. ‘Long-term extinction rates’ were calculated
between the first and last distribution maps (Fig. 1).

2.2. Spatial attributes of populations

Large isolated populations tend to persist longer than
small ones (Pimm et al., 1988) in a more than linear
relationship with the area they occupy (Gaston et al.,
2000). Nevertheless, we opted for modelling a linear
relationship between distribution and density. Popula-
tion size (variable SIZE) was set equal to the number of
occupied cells, and average density was assumed to be
similar across populations. For each population, we
also recorded the number of neighbouring populations
(NEIG), defined as those having at least one cell within
three grid units away. This distance is 30 km, the max-
imum natal dispersal distance recorded for the Iberian
lynx (Ferreras, 1994). Finally, we measured the dis-
tances (DIST, given in grid units) to each neighbouring
population, defined as the length of the line connecting
the centres of the closest cells of the focal population
and its neighbour.

Immigration rates have been implicitly (Whitcomb et al.,
1981; Buechner, 1987) or explicitly (Hanski et al., 1994)
modelled by different functions of distance to neighbour-
ing populations. We estimated isolation in three ways:

1. as the number of neighbouring populations,
NEIG, under the hypothesis that all neighbours
contribute equally to reduce isolation regardless
of their size and distance.

2. as the distance to the nearest neighbour, NEAR.
Using this variable we assume that immigration
rates decrease geometrically with distance
(Waser, 1985; Buechner, 1987), i.e. the nearest
neighbour contributes most immigrants regard-
less of its size. A geometric distribution with
parameter P=0.071 describes adequately the
distribution of lynx maximum dispersal distances
(km) recorded in the field (Ferreras, 1994, p.
111). For distances within 30 km, the probability
of dispersal beyond a given distance predicted by
the inverse of this geometric distribution can be
approached by an exponential distribution.
Thus, we used exp(NEAR) to estimate immigra-
tion from the nearest neighbour.

3. as the weighted distance index ISOL,

ISOL ¼
Xk
i¼1

wie
Di

St

where k=NEIG, D=DIST, and St is the sum of all the
neighbours’ sizes. This formula for isolation assumes
that (1) all neighbours contribute immigrants, (2) the
contribution of each neighbour decreases geometrically
with distance (estimated again by an exponential func-
tion), and increases linearly with neighbour size, (3)
immigrant contribution is additive, and (4) the effect of
distance is weighted (w) by neighbour size, where
wi=SIZEi/St. This way of modelling isolation is con-
ceptually similar to that used by Hanski (1994, 1997).

2.3. Analyses

We represented lynx distribution and measured
population attributes with a GIS (Idrisi32; Eastman,
1999). We simulated the lynx distribution in 1985 by
randomly removing 183 cells from the 1950 map, i.e. a
number of cells equal to the overall long-term range loss
(Rodrı́guez and Delibes, 2002). By comparing real and
simulated maps we examined how likely it was to obtain
the observed population attributes if the lynx range had
contracted at random places. The spatial attributes
measured were number, size, shape, and isolation of
populations, as well as the number of fragmentation
events. Shape was expressed as the compactness ratio,
C=(A/Ac)

0.5, where A is the number of cells occupied
by a population, and Ac is the area of a circle having the
same population perimeter. For each population, isola-
tion was measured on an area of N cells which con-
tained the focal population plus three grid units around
it, by using the indices ISOL and patch cohesion,

PC ¼ 1 �
SP

S P
ffiffiffiffi
A

p� �
" #

1 �
1ffiffiffiffi
N

p

� ��1

;

where, for each population, A is the number of cells
occupied and P is its perimeter in cell sides (Schumaker,
1996).

3. Results

Out of 32 populations that were present in 1950, 17
had disappeared 35 years later, which gives a long-term
population extinction rate of 0.53 during the study per-
iod (mean annual rate=0.015; Fig. 2). The rates at
which the 32 populations present in the initial map went
extinct in successive 5-year periods were <0.07 during
the first 20 years (mean annual rate=0.005) and >0.07
during the last 15 years (mean annual rate=0.032;
Fig. 2). A significant increase in extinctions took place
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between the periods 1970–1974 (mean annual
rate=0.006) and 1975–1979 (mean annual rate=0.042;
G=4.64, df=1, P=0.031; Fig. 2).

Overall we observed 21 extinction events. Most of
them occurred in the periods 1970–1974 (six) and 1980–
1984 (eight). Since extinction rates did not differ
between these two periods (Fig. 2), we used the 1970
and 1980 maps to analyse the differences between attri-
butes of extinct and surviving populations in the short
term (see below). Pooling populations of both maps did
not result in pseudoreplication because range contrac-
tion between 1970 and 1980 was so intense (Rodrı́guez
and Delibes, 2002) that only one out of 59 populations
kept the same values of size and isolation over that
period.

3.1. Spatial correlation of extinctions

Only populations with 43 cells went extinct in any of
the 5-year periods (see below). Thus, it seems that these
small populations were especially vulnerable. If adverse
environmental factors had operated over one region,
most or all vulnerable populations in the region would
have gone extinct, and extinctions would aggregate.
Hence, the average distances between extinct popula-
tions would have been shorter than the distances
between these extinctions and extant vulnerable popu-
lations outside the affected region. However, the dis-
tance between extinctions that took place in the same 5-
year period was large (>100 km for 88% of pairs;
Table 1). Moreover, for any focal extinction, up to 15

extant vulnerable populations were counted within the
distance to the nearest contemporary extinction (V in
Table 1), while none was expected to occur that close.
For each 5-year period, the mean distance between
extinctions was either similar to, or higher than, the
mean distance between pairs of vulnerable populations
randomly chosen (Table 1). We conclude that there
were no signs of spatially correlated extinctions.

3.2. Geometry of populations

At the end of the 35-year period, the geometric attri-
butes of lynx populations differed in many ways from
those of populations resulting from a simulated random
distribution of local extinctions (Table 2). The number
of populations in 1985 was much lower than expected.
Remarkably, 47% of the observed range in 1985 was
contained in small populations of 2–5 cells, while their
expected percentage was 34%. The contribution of
populations in other size classes was significantly lower
than expected (Table 2). There were also fewer frag-
mentation events than expected. Perimeter length of
populations in 1950 explained 87% of the variance in
the log transformed number of fragments produced
after 35 years (multiple regression, F1,9=60.4,
P<0.001). Excluding the influent central population,
which had a very convoluted edge, their compactness
ratio explained 73% of this variance (F1,8=22.2,
P=0.002). This shows that populations with complex
shapes split up into more fragments than relatively
compact populations. The compactness ratio of popu-

Fig. 2. Cumulative extinction rate of the 32 lynx populations present in the 1950 map (line). Short-term extinction rates (circles) represent the ratio

between the number of populations present in 1950 that disappeared (bars) and the number of extant populations five years before (n).
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lations in 1985 was higher than in simulated populations
of the same size (Table 2). Values of isolation in the
observed map were significantly lower than in artificial
populations (Table 2), even when we assumed larger
dispersal capabilities of the Iberian lynx by redefining
neighbouring populations as those within five grid units.

3.3. Effects of size on population extinction

Long-term extinction rates were 0.75, 0.63, and 0.00
for populations of size 1, 2–5, and >5 cells, respectively
(Fig. 3). Populations of 45 cells had a significantly
higher extinction risk than larger ones (G=15.26, df=1,
P<0.001). Among the population attributes examined,
size in 1950 had the strongest effect on long-term

extinction rates (69% of the explained variance,
Table 3). Large populations persisted but suffered
extensive area loss during the study period. The Iberian
lynx disappeared from 156 out of 369 cells allocated in
populations of >5 cells (42%; Rodrı́guez and Delibes,
2002). The same long-term rate of area loss applied to
the 37 cells that belonged to populations of 45 cells in
1950 would have yielded 16 local extinctions, whereas
the actual number of extinct cells in small populations
was 27 (�2=14.3, df=1, P<0.001).

In the short-term populations of >3 cells were never
observed to go extinct. Population size had a strong
effect on short-term extinction rates (0.38 for one-cell
populations, n=32; 0.06 for larger populations, n=36;
G=11.36, df=1, P<0.001) and was again the most

Table 1

Analysis of the spatial correlation of lynx extinctionsa.

Period Population

code

Distance to

the nearest

extinction (km)

V Distance between observed

extinctions (km)

Distance between vulnerable

populationsb (km)

Meanc�SD Mean�SD CI 95% td df P

1955–1959 a 91 4 173�154 62 283

b 91 2

1965–1969 c 272 15 152�105 77 228

d 272 11

1970–1974 Alle 203�117 182�81 124 240 0.49 23 0.631

e 112 3 182�130 0.01 13 0.990

f 112 3 204�114 0.44 13 0.665

g 95 2 150�85 0.71 13 0.490

h 95 4 159�92 0.50 13 0.627

i 292 9 350�54 4.14 13 0.001

j 58 3 170�112 0.23 13 0.825

1975–1979 All 158�17 260�104 185 335

k 140 6

l 140 4

m 158 4

1980–1984 All 272�131 235�122 148 322 0.78 36 0.438

n 133 6 290�117 0.93 15 0.367

o 133 11 213�68 0.43 15 0.672

p 89 3 240�136 0.08 15 0.936

q 108 2 317�148 1.24 15 0.234

r 32 2 230�148 0.08 15 0.935

s 32 0 251�148 0.24 15 0.815

t 142 6 274�123 0.64 15 0.534

u 150 3 365�127 2.12 15 0.051

a Left: letters identify each observed extinct population, n is the number of extinctions per 5-year period. V is the number of extant vulnerable

populations within a circle with centre in the middle cell previously occupied by the focal extinct population, and radius equal to the distance to the

nearest contemporary extinction. Under the hypothesis of correlated extinctions V should be zero. Right: test of the hypothesis that the mean dis-

tance between populations that went extinct was equal to the mean distance between 10 pairs of vulnerable populations drawn at random from the

same distribution map.
b Vulnerable populations are those with size 43 cells.
c Sample size is n–1 distances between each focal and all other contemporary extinctions.
d t-test performed only when n>5.
e ‘All’ refers to the n(n–1)/2 distances between all pairs of extinct populations.
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important explanatory factor as revealed by logistic
regression (Table 3).

3.4. Effects of isolation on population extinction

Long-term extinction rates were inversely related to
the number of neighbours (Fig. 3): 0.85, 0.44, and 0.17
for populations having one, two, and more than two
neighbours, respectively (G=9.31, df=2, P=0.010).
When the nearest neighbour was as close as possible
(NEAR=2) the extinction rate (0.42) was significantly
lower (G=6.10, df=1, P=0.014) than when it was fur-
ther away (rate=0.89; Fig. 3). The best regression
model included the exponential of the distance to the
nearest neighbour (Table 3). In contrast, long-term
extinction rates varied less among the three categories of
the weighted distance index ISOL (G=1.52, df=2,
P=0.468; Fig. 3). Among isolation indices, only ISOL
was positively related to short-term extinction rates
after the effect of size was controlled for (Table 3).

4. Discussion

4.1. Effects of size on extinction

One-cell populations were very unstable in the long-
term and went extinct at frequencies higher than larger
ones. The relatively high vulnerability of small popula-
tions due to stochastic variation in their demography is
well established (Goodman, 1987; Lande, 1993). Large
populations are thought to be only vulnerable to deter-
ministic disturbance. Some authors contend that high
extinction of small populations may result only from
deterministic factors as edge effects (Woodroffe and
Ginsberg, 1998). However, edge effects were unlikely to
operate during the study period, given the nature of
deterministic factors involved (e.g. myxomatosis spread
all over the lynx range). Moreover, deterministic factors
that may have been important in the early years did not
affect all areas containing small populations (hunting;
Rodrı́guez and Delibes, 1990). We conclude that determi-
nistic disturbance alone could not explain the high levels
of extinction in areas occupied by small populations.
Although stochastic factors always operate, they only
have visible effects on small populations (Gilpin and Soulé,
1986; Soulé and Simberloff, 1986); their sizemay be a good
predictor of extinction risk irrespective of the pressure
exerted by human disturbance (see Richman et al., 1988).

What kind of stochastic factors may have played a
role? The absence of spatial correlation between extinc-
tions suggests that large-scale environmental fluctua-
tions were not involved. Range contraction was so rapid
(Rodrı́guez and Delibes, 1990, 2002) that the adverse
effects of a potential genetic impoverishment probably
had no time to influence extinctions. Hence, demographic

processes after complete isolation have probably been
the stochastic component of lynx extinctions.

4.2. Fragmentation

The lynx range in 1950 was made up of relatively
compact populations which tended to split up less often
than predicted by a random distribution of local
extinctions. Simulated maps featured high fragmenta-
tion probably because they were generated as if all cells
went suddenly extinct. In contrast, the real 1985 map is
the product of lasting processes acting differentially on
each cell. Thus, the internal dynamics of large popula-
tions, e.g. replacement of vacant territories by surplus
transient individuals, would tend to buffer it against
local extinction from fragmentation or creation of gaps.

Table 2

Descriptive attributes of lynx distribution in 1985, and in 10 simulated

maps resulting from drawing 183 randomly distributed local extinc-

tions in the 1950 mapa

Simulated maps Observed

map

CI 95%

Attribute Mean Lower Upper

NUMBER 47.7 45.1 50.3 36b

SIZE

1 23.2 20.4 26.0 14b

2–5 16.2 15.0 17.4 17

6–20 6.2 4.8 7.6 3b

>20 2.1 1.7 2.5 2

CONTRIBUTION TO TOTAL RANGE SIZE (%)

1 48 44 52 39b

2–5 34 31 38 47b

>5 17 15 20 14b

SHAPEc

5 0.59 0.56 0.62 0.69b

8 0.51 0.47 0.54 0.56b

10 0.47 0.42 0.53 0.56b

12 0.47 0.38 0.57 0.47

�60 0.20 0.18 0.22 0.28b

ISOLATION

Mean ISOL 1.96 1.81 2.11 1.22b

Maximum ISOL 15.54 11.86 19.22 7.39b

Mean PC 0.39 0.37 0.31 0.47b

FRAGMENTATION

EVENTS

37.7 35.5 39.9 32b

a NUMBER of populations; SIZE, number of populations in each

size class (cells); % TOTAL RANGE contributed by populations in each

size class (cells); SHAPE, compactness ratio C for populations of differ-

ent size (cells); ISOLATION, the mean and maximum of the index ISOL,

and the mean patch cohesion, for all populations in a distribution map;

FRAGMENTATION EVENTS, the total number of fragments gener-

ated.
b The observation falls outside the 95% confidence interval for the

mean of each attribute in simulated maps.
c The compactness ratio C is only shown for populations larger than

four cells as lower sizes allow little variation in C values.
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4.3. Effects of isolation on extinction

The significant effect of isolation suggests that most
small populations may have been maintained by immi-
gration. Extinctions could be explained by three
mechanisms leading to the disruption of metapopulation
equilibrium (Harrison, 1994): decreased population den-
sity at the source of immigrants, increased resistance of the
inter-population space to movement, and reduced chances
of immigrant settlement in the recipient area (Fig. 4).

First, dispersal can be proximately driven by popula-
tion density (Hansson, 1991; Lidicker and Stenseth,
1992). Iberian lynx dispersal seems to be density-depen-
dent for females (Ferreras, 1994; Gaona et al., 1998). A

local decrease of density may result in lower emigration
and, consequently, reduced immigration in recipient
populations (Fig. 4, case B). Indeed, the contraction of
large lynx populations has been accompanied by a drop
of density inside them (Rodrı́guez and Delibes, 2002).

Second, the suitability for dispersal of the habitat
between populations may affect the proportion of emi-
grants that reach the target (Taylor et al., 1993; Åberg
et al., 1995; Gustafson and Gardner, 1996). For the
Iberian lynx, Ferreras (2001) has found that the pro-
portion of dispersers reaching a given subpopulation
was partly determined by the quality of intervening
habitats. A reduction in quality of the matrix habitat
can reduce connectivity below a critical threshold and

Fig. 3. Frequency distribution of extinct (shaded bars) and extant lynx populations (open bars) after 35 years as a function of their spatial attributes

in 1950. NEIG: number of neighbours. NEAR: distance to the nearest neighbour (�10 km). ISOL: index of isolation (see text for definition).

Table 3

The effects of size and isolation of lynx populations on their long-term (35 year) and short-term (5 year) probability of extinctiona

Intercept ln(SIZE) exp(NEAR) ISOL G df P % explained

deviance

Long-term

STEP 1 1.30�0.58 �1.30�0.55 9.00 1 0.003 24

STEP 2 �6.13�5.03 �1.27�0.63 0.92�0.65 4.57 1 0.033 35

Short-term

STEP 1 �0.54�0.39 �1.80�0.76 10.90 1 0.001 18

STEP 2 �1.20�0.50 �1.90�0.77 0.30�0.15 6.34 1 0.012 29

a Coefficients (�SE) of terms in the logistic regression function are given.
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produce absolute isolation (With et al., 1997; Fig. 4,
cases E and F).

Third, if vulnerable populations inhabit good habitats
they can have a net positive growth and persist without
immigration (Fig. 4, cases A and E). This may explain
the persistence during 35 year of small, highly isolated
lynx populations. In contrast, populations in suboptimal
habitats (i.e. sinks; Pulliam, 1988) may have gone extinct
quickly without consistent immigration (Fig. 4).

Whereas persistence in the long-term increased with
the number of neighbours, the crucial factor was how
far apart and how large they were. The significant
influence of isolation was represented by different vari-
ables in the long- and the short-term. The variables
NEAR and ISOL did not convey the same information,
the former expressing absolute isolation better than the
latter (Fig. 5). When the nearest neighbour was far
away, the contribution of immigration to recipient per-
sistence may have been irrelevant. Therefore,
exp(NEAR) may indicate qualitative isolation, even
being a quantitative variable, because it describes a steep
declining probability function for immigration. Distance
to the nearest neighbour (NEAR) was shown to have an
effect in the long-term since extinction risk increases with
time after absolute isolation (Soulé et al., 1988; Berger,
1990). For populations in good habitats, absolute isolation
does not imply immediate extinction (Fig. 4). Habitat
quality was probably high in most areas occupied by lynx
populations in 1950 because myxomatosis had not entered
the Iberian peninsula then (Fenner and Ross, 1994), its

catastrophic effects were delayed a few years (Rogers et al.,
1994), and adverse changes in land uses also occurred after
1960 (Fernández-Alés at al., 1992).

Conversely, the weighted distance index ISOL is a
relatively poor indicator of absolute isolation because
even when its value is high it is possible that one neigh-
bour can be close enough to supply some immigrants
(Fig. 5). Given that there is immigration, this index
probably estimates the amount of immigrants more
accurately than the distance to the nearest neighbour
NEAR (Fig. 5). ISOL may explain the quick extinction
of non-isolated sink populations that depend on a
steady supply of immigrants (Fig. 4). In fact, many vul-
nerable lynx populations that were generated during the
fragmentation crises of 1970 and 1980 probably lived in
suboptimal habitats because of prey scarcity (Rodrı́guez
and Delibes, 2002). Simultaneously habitat quality in, and
emigration from, source populations may have decreased,
leading to a sudden disequilibrium (Fig. 4, case B).

5. Conservation implications

Predictions of extinction probability based on our
regression models can help decision making in lynx
conservation. If economic resources for conservation
are expressed in terms of the number of cells where local
extinction is to be avoided, or the number of cells where
suitable conditions for lynx are aimed at recovery,
models developed here can be used to determine the

Fig. 4. Possible mechanisms of disruption of metapopulation equilibrium. The central population undergoes contraction and local reduction of

population density. Both distance and isolation increase between the large population and populations A, C, and E. Whereas A and E persist, C

does not receive enough immigrants and goes extinct. Isolation (but not distance) increases in B and F, because of reduced emigration in the

mainland and precluded dispersal across the interposed empty area, respectively.
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places where these efforts should be concentrated to
maximize persistence at the regional scale.

Despite extensive disturbance throughout the lynx
range during the study period (about 10 lynx genera-
tions, Gaona et al., 1998), only a fraction of populations
living in areas smaller than 500 km2 (i.e. five grid cells
and up to 100 adult lynx; Ferreras et al., 1997) went
extinct. These rough threshold estimates of area and
population size may be useful approximations of the
minimum reserve size needed to avoid population
extinction in 35 years under low levels of adverse envir-
onmental stochasticity.

However, habitat quality was probably much better in
populations occupying up to five cells in 1950 than it is
nowadays. Relatively high lynx densities (more than 16
adults/100 km2, but locally as high as 90 adults/100
km2) have been associated with little disturbed pro-
tected areas (Palomares et al., 1991, 2001). Densities of
this magnitude should have been common in the 1950s
throughout the lynx range, whereas estimated densities
>8 adults/100 km2 at the end of the 1980s were only
found in 12.3% of the lynx range (Rodrı́guez and
Delibes, 1992). Thus, a habitat quality condition should
be added to the minimum reserve size, so that lynx can
live at high densities in them, otherwise the minimum

area needed to avoid extinction in 35 years would
increase considerably.

The expected persistence of small populations can be
improved in the long-term by keeping them within 30
km of a stable population, and in the short-term by
minimizing distances to neighbours within the range 0–
30 km. Where possible this should be done by making
suitable for the lynx the major components of its habitat
(e.g. structure of scrubland, rabbit density, mortality
factors, barriers to movement) in the area interposed
between small and other nearby populations. Similarly,
area and density of neighbouring populations should be
maximized in order to favour migration towards
dependent small populations. Acting upon the same
habitat components, this can be achieved by recovering
new adjacent area to allow the natural expansion of
existing populations, and by improving the quality of
areas already occupied, respectively.
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Grimsö Wildlife Research Station, SLU, Sweden.

References
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Avenida Maria Luisa s/n, E-41013 Sevilla, Spain

Received 15 September 2004; received in revised form 3 February 2005; accepted 27 February 2005

Available online 4 May 2005

Abstract

Eurasian lynx are slowly recovering in Germany after an absence of about 100 years, and additional reintroduction programs

have been launched. However, suitable habitat is patchily distributed in Germany, and whether patches could host a viable popu-

lation or contribute to the potential spread of lynx is uncertain. We combined demographic scenarios with a spatially explicit pop-

ulation simulation model to evaluate the viability and colonization success of lynx in the different patches, the aim being to conclude

guidelines for reintroductions. The spatial basis of our model is a validated habitat model for the lynx in Germany. The dispersal

module stems from a calibrated dispersal model, while the demographic module uses plausible published information on the lynx�
life history. The results indicate that (1) a viable population is possible, but that (2) source patches are not interconnected except

along the German–Czech border, and that (3) from a demographic viewpoint at least 10 females and 5 males are required for a start

that will develop into a viable population with an extinction probability of less than 5% in 50 years. The survival rate of resident

adults was the most sensitive parameter, and the best management strategy for the success of reintroduction would be to reduce the

mortality of residents in the source patches. Nevertheless, the extremely low probability of connectivity between suitable patches

makes most of the reintroduction plans isolated efforts, and they are therefore questionable in the long run. With such a model,

the suitability of the single habitat patches can be assessed and the most appropriate management scheme applied. This study shows

that simulation models are useful tools for establishing the comparative effectiveness of reintroduction plans aimed at increasing the

viability of the species.

� 2005 Elsevier Ltd. All rights reserved.

Keywords: Large carnivores; Lynx lynx L.; Mortality scenarios; Population viability analysis; Spatially explicit individual-based model; Species

reintroduction

1. Introduction

Species reintroduction is being increasingly regarded
as a valuable tool for conservation schemes, for example

to save species from extinction or to reinstate species

that have become locally extinct. Due to a change in

public attitudes towards wildlife in the mid-20th cen-

tury, species reintroductions have been increasingly con-
sidered (Leaper et al., 1999; South et al., 2000; Sarrazin

and Legendre, 2000; Breitenmoser et al., 2001; O�Toole
et al., 2002). In human-dominated landscapes of Ger-

many, reintroductions of lynx Lynx lynx have been the

subject of intense, controversial debate since the 1970s

(see Schadt et al., 2002a,b). A recent example is the
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release of lynx into the Harz Forest in 2000 (Wotschi-

kowsky et al., 2001). Lynx are also slowly recolonizing

the Bavarian Forest and the adjacent low mountain

ranges following a reintroduction of lynx in the Czech

Bohemian Forest (Fig. 1; Wölfl et al., 2001).

Carnivore reintroductions in particular are extremely
lengthy, costly and complex processes, and so they evi-

dently need to be made more efficient (Breitenmoser

et al., 2001). The future development of a reintroduced

lynx population and the success of potential reintroduc-

tion initiatives are difficult to assess because of the large

spatial requirements of a lynx population and because

the dynamics of small expanding populations in frag-

mented landscapes are not well understood. Questions
such as the minimum number of individuals that should

be released and the influence of factors leading to higher

mortality on population development remain unan-

swered. For example, although the higher deaths caused

by humans in fragmented landscapes due to habitat con-

traction and modification as well as poaching and road

mortality are major factors contributing to the failure of

reintroductions (Kaczensky et al., 1996; Trombulak and

Frissell, 2000; Ferreras et al., 2001), their consequences

for population dynamics are inherently difficult to assess.
Models as assessment tools for reintroductions and

management have been used for a variety of species

(Howells and Edward-Jones, 1997; Letcher et al., 1998;

Bustamante, 1998; Leaper et al., 1999; Merrill et al.,

1999; South et al., 2000; Ebenhard, 2000; Mathews

and Macdonald, 2001; Ellner and Fieberg, 2003; Steury

and Murray, 2004; Posillico et al., 2004). The assessment

of human impact on the survival of species, such as frag-
mentation due to roads, is increasingly relying on popu-

lation viability analyses (PVA), which use demographic

models incorporating various aspects of the ecology and

behaviour of the species concerned (Boyce, 1992;

Fig. 1. Source and target patches for measuring the connectivity of the German landscape. Dark grey indicates source patches, which are larger than

1000 km2; light grey shows target patches, which are larger than 100 km2. Dotted lines show highways; black lines mark main rivers. The triangles

indicate the starting points of the simulated animals. Connectivity between the patches for the different scenarios and the numbers of released lynx

pairs are given in the Appendix.
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Akcakaya and Raphael, 1998). Conservation efforts of

other carnivores in fragmented landscapes using PVA

have, for example, been made for the Iberian lynx in

Spain (Gaona et al., 1998; Revilla et al., 2004). Despite

a few drawbacks (Beissinger and Westphal, 1998; but see

Wiegand et al., 2004), spatially explicit population sim-
ulation models are virtually the only means to answer

certain specific questions of population development un-

der different landscape and demographic scenarios

(Brook et al., 2002) and should therefore be integrated

into the recovery planning process (Morris et al.,

2002). Often, generic population viability analysis tools

are too unspecific for this purpose (Possingham and Da-

vies, 1995; Akcakaya, 1995) and specifically constructed
models are required (Wiegand et al., 1998; Brook et al.,

2000; Reed et al., 2002).

We perform a PVA with a specifically constructed,

spatially explicit population simulation model that sum-

marizes the available data on the Eurasian lynx. The

model consists of three submodels: a landscape sub-

model for entire Germany and some surrounding areas

with a resolution of 1 km2, an individual-based dispersal
submodel which describes dispersal of lynx in this land-

scape, and a population submodel which includes a ter-

ritory selection module allocating female and male home

ranges (which may comprise areas on average 100 km2)

after dispersal in this landscape as well as a demographic

module including mortality and reproduction. In a pre-

vious publication (Schadt et al., 2002b) we constructed

and validated a habitat model for the lynx in Germany.
Based on this map we defined four landscape categories:

barriers, matrix, dispersal and breeding habitat, which

we assigned to each 1 km2 pixel of the landscape. The

habitat model showed that a pixel of breeding habitat

was always part of a connected and undisturbed area,

mainly forests, of the size of an average female home

range of about 100 km2 (i.e., the habitat model included

a variable which operated at a scale larger than the pixel
of the landscape). We therefore refer to the areas with

breeding habitat >100 km2 as possibly suitable patches.

Additionally, we refer to �source patches�, when the area

identified as suitable is larger than 1000 km2 (Schadt

et al., 2002b). We then identify the scenarios under

which a lynx population would be viable in Germany.

The aim of our study is to formulate management

strategies and to provide guidelines for evaluating suit-
able habitat patches before animals are released in order

to improve species reintroductions. To this end, we test

the impact of demographic scenarios (i.e., different mor-

tality scenarios) on the development of the population

and hence on reintroduction success. In this context,

questions such as the requirements for successful spread-

ing (e.g., the size of suitable habitat, the numbers and sex

of individuals, connectivity among populations) are of
particular interest. Our specific questions are: (1) Can

the suitable habitat patches sustain a viable lynx popula-

tion? (2) If so, what would be the minimum release popu-

lation? (3) What would be the most efficient (economic)

ratio of females to males? (4) And can other patches be

colonized? We answer these questions explicitly for Ger-

many.We are especially interested in population develop-

ment in the Harz Forest, and whether there is a possible
linkage via the Thuringian Forest with the population

in the Bavarian Forest. Additionally, we assess the popu-

lation development in other patches considered suitable,

such as the Black Forest and the Palatine Forest (Fig. 1).

2. Methods

We use an individual-based, spatially explicit model to

simulate the spatiotemporal population dynamics of lynx

in Germany and to test the viability of reintroduced pop-

ulations under the different demographic scenarios. The

model basically consists of a landscapemodel, an individ-

ual-based dispersal model, a home range selection model,

and a demographic model. The landscape model is based

on a GIS habitat suitability map for Germany (Schadt
et al., 2002b), and the dispersal model was developed in

Kramer-Schadt et al. (2004). Model rules and parameters

are derived from published data of lynx demography in

Europe (Table 1). Sensitivity analysis was conducted to

assess the influence of model parameters on the model re-

sults against a realistic reference scenario. Sensitivity was

considered to be high whenever deviation from the refer-

ence scenario exceeded 20% (Huth et al., 1998).

2.1. Life history of Eurasian lynx

In central Europe, lynx are mostly bound to forested

habitat and their main prey are ungulates, especially roe

deer. Apart from females with the current year�s off-

spring, lynx are solitary living animals. Their territories

are intrasexually exclusive, and holding a territory seems
to be a condition for adults to reproduce (Ferreras et al.,

1997; Breitenmoser et al., 2000). Adult males generally

occupy large territories, often sharing them with one

or two females.

Mating takes place in spring and the average litter size

is two kittens (Breitenmoser-Würsten et al., 2001). Subad-

ults leave their natal territory at the age of about 10

months to search for their own territories (Zimmermann,
1998). Adults can also disperse if breeding areas are satu-

rated (Gaona et al., 1998). Mortality during dispersal is

higher than for resident individuals, the total annualmor-

tality rate being about 0.5 (Ferreras et al., 1992, 2001;

Gaona et al., 1998; Breitenmoser-Würsten et al., 2001).

Females are usually mature at the age of two years.

Lynx can be sexually active throughout their lifetime,

which can be up to 17 years in the wild (Breitenmoser
et al., 2000). Lynx suffer high mortality rates due to
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human-related factors such as poaching and road casu-

alties, resulting in total annual mortality rates of 0.2–

0.3. In protected areas, mortality rates for residents

average about 0.1 (Ferreras et al., 1992; Jedrzejewski

et al., 1996; Zimmermann, 1998; Ferreras, 2001; Bre-

itenmoser-Würsten et al., 2001).

2.2. Study area

Germany has an area of about 358,000 km2 and an

average human population density of 230 inhabitants

per km2, dropping to about 100 inhabitants per km2 in

areas such as low mountain ranges (e.g., the Black For-

est, Palatine Forest and Thuringian Forest). About 30%

of Germany is forested, including plantations, albeit

with large local variations (e.g., Hessen has 41% forest,
compared to about 10% in Schleswig-Holstein). The for-

ests are clustered in areas formerly unsuitable for agri-

cultural activity in the low mountain ranges and in

areas with poor soils in the north-east. Two point five

per cent of German territory is protected by National

Park status. Germany has a very dense road network

consisting of 11,000 km of motorways and more than

50,000 km of interstate or main roads. We included con-
nected neighbouring forest areas in Poland, the Czech

Republic (e.g., the Bohemian Forest), France (e.g., the

northern Vosges Mountains) and Belgium in our large-

scale study area (Fig. 1).

2.3. Data resolution and scales of the submodels

Our aim requires a model which operates at a spatial

scale of entire Germany (358,000 km2), the size of

�source patches� (i.e., the spatial unit of a population)
is larger than 1000 km2, a female lynx home range

(i.e., the spatial unit of an individual lynx) is on average

100 km2, and lynx disperse on average distances of 42

km (Kramer-Schadt et al., 2004). Our model therefore

needs to balance between inclusion of detail in the

description of the landscape given through the habitat

suitability model, the spatial resolution of our data

and the typical scales at which the important processes
of the model take place.

For constructing the habitat suitability model with

data from Switzerland, Germany, Czech Republic and

Slovenia, Schadt et al. (2002b) used only one uniform

data source, the CORINE land use data (European To-

pic Center on Land Cover, Environment Satellite Data

Center, Kiruna, Sweden), which classify the following

land use types on a 250-m grid. The CORINE classifica-
tion names are provided in parentheses when different:

(i) Urban areas (artificial territories); (ii) agricultural

Table 1

Model parameters for each submodel. The mortality probabilities for each model step are given in each submodel and were assessed with indirect

parameter adjustment to reflect published data on annual mortality rates

Submodel Symbol Published value Model parameter value

or range

Demographic submodel

� Non-overlapping core area size of female home ranges CAf 70 (SD ± 30) km2a 70–100 km2

� Males overlapping females RESm 1 or morea, 1–2b,c Up to 3

� Surviving subadults starting to disperse per reproductive female Nsub 1.6d, 1.0–1.1c 1–2

� Sex ratio of kittens Ratios 1:1d,c 1:1

� Reproduction rate (=prob. of giving birth) Pbirth 0.75d, 0.88c 0.5, 0.75, 0.95

0.6 ± 0.12 SD; 0.8 ± 0.12

SD e

� Annual mortality rates of residents MRres 12%d, 10–30%e, 13%c

Jura Mts., 22–28%c Alps

0.07, 0.18, 0.25

(results p.a. see Table 2)

� Number of released males and females Nrel – 1–18, 20, 22, 25, 30

Dispersal submodel

� Correlation factor (dispersal) PC
f 0.5

� Probability of stepping into matrix Pmatrix
f 0.03

� Maximum number of intraday steps smax
f 45

� Exponent of step distribution of Eq. (2) x f 11

� Annual mortality rates of dispersers MRdisp 55%e, 44%c Jura Mts.,

56–60%c Alps

(results p.a. see Table 2)

� Daily mortality rate of dispersers Mbasic
f 0.0001, 0.0006, 0.0014

� Mortality rate per crossing event of motorway/main river Mhighway
f 0, 0.09, 0.14

main road Mroad
f 0, 0.0009, 0.0019

a Breitenmoser et al. (1993).
b Breitenmoser et al. (2000).
c The authors state that their statistics concerning annual mortality rates are very weak due to small sample sizes (Breitenmoser-Würsten et al.,

2001).
d Jedrzejewski et al. (1996).
e Gaona et al. (1998).
f Kramer-Schadt et al. (2004).
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land (strongly artificial vegetated areas); (iii) pasture

(less artificial vegetated areas); (iv) forests; (v) non-

wooded semi-natural areas, e.g., heathland; (vi) wet-

lands; (vii) water surfaces. There was no further

breakdown of these land cover types to more detailed

classes (e.g., deciduous forest etc.) available for all coun-
tries. The accuracy of the telemetry location data used to

construct the habitat suitability map was 1 km2, which

was selected as the spatial resolution of the habitat suit-

ability model. Of course, small scale features, such as

dense understorey, may influence habitat selection (Fer-

nandez et al., 2003), but given home ranges of 100–400

km2, we can assume that within such a large area the

lynx will find appropriate structures for its needs. This
is in accordance with other very detailed habitat models

in fragmented landscapes (Zimmermann, 2004).

Considering the different spatial scales given above,

which resolution would be appropriate for our model?

Since lynx perceive forest fragments less than 1 km apart

as connected (Haller and Breitenmoser, 1986), they may

respond during dispersal to spatial structures of 1 km2.

In order not to loose detail of this process we used the
original grain of the habitat suitability model also as

the grain of our model landscape. Based on the habitat

suitability map we defined the four landscape categories

breeding habitat, dispersal habitat, matrix and barriers

(see below). Thus, our landscape consists of a grid of

860 · 680 cells, each representing 1 km2 and containing

information about its suitability for lynx (e.g., dispersal

habitat, matrix etc.).
In the dispersal model (see Section 2.6; Kramer-

Schadt et al., 2004), the individuals directly search for

the next movement steps based on the information the

neighbouring 1 km2 grid cells contain. In the population

model (see Section 2.5), we upscale in terms of home

range occupancy, i.e., each female that wants to settle

and reproduce needs to collect a certain amount of con-

tagious cells of non-occupied breeding habitat, whereas
males search for cells that are already occupied by fe-

males (see below). The other scales automatically

emerge from the behaviour of the individuals in the

model in response to the landscape map and their demo-

graphic parameters. Individuals settling in a given

source patch may (or may not) form a viable (sub)pop-

ulation, and the connectivity between source patches

automatically emerges due to the behavioural rules of
dispersing lynx. Thus, we use the same landscape model

for all submodels, but in the submodels we address it in

different ways to account for the different spatial scales

involved.

2.4. Landscape submodel

We obtained the habitat suitability map for resident
individuals by logistic regression with a mesh size of 1

km2 as described in Schadt et al. (2002b). The model

contained just one variable: the proportion of area used

extensively by humans, such as forests and heathland, in

a 5 km circular neighbourhood. The habitat types can be

summarized as breeding, dispersal, matrix and barrier

habitat. Breeding habitat refers to areas with non-frag-

mented forest and other natural and semi-natural land
use types with a P-value above 0.5 as calculated in the

logistic regression model. All forested area and breeding

habitat is dispersal habitat (Kramer-Schadt et al., 2004).

Barriers consist of urban areas and lakes, and are never

used. The remaining areas, such as pasture and agricul-

tural land, are summarized as matrix which, although

not strictly avoided by dispersing lynx, is only used

occasionally.
To simulate the effects of road mortality and crossing

large rivers, we created a second map containing linear

elements such as main roads (2–4 lanes), motorways

(P4 high speed lanes) and main rivers (>100 m wide,

e.g., the Rhine and the Danube). To integrate the assess-

ment of connectivity between patches into our model,

we define source patches as the main patches of special

management interest (>1000 km2) and target patches
as each suitable area >100 km2 (Fig. 1), which is the

average home range size of a female lynx in the Swiss

Jura Mountains (Breitenmoser et al., 1993). Patches sep-

arated by gaps of 1 km were considered as single

patches, as this is thought to be the distance that lynx

can perceive as connected (Haller and Breitenmoser,

1986). Altogether, we obtained 59 patches, of which 11

are source patches ((2) North-Eastern Forests, (6) Lüne-
burger Heath, (20) Harz Forest, (27) Rothaar Moun-

tains, (29) Erz Mountains, (34) Thuringian Forest, (40)

Spessart, (49) Bavarian Forest, (53) Northern Black

Forest, (55) Southern Black Forest, (56) Palatine Forest;

the numbers in parentheses refer to the patches shown in

Fig. 1). Animals leaving the study area in the simula-

tions are deleted because once they have emigrated they

have no further influence on population development;
the re-immigration of these individuals is not considered

either.

2.5. Population submodel

One simulation run. At the beginning of each model

time step (year), we determine the number of resident

males and females and the number of dispersers. All
non-residents older than one year disperse (Rule 1)

and search for home ranges (Rule 2). The spatially expli-

cit processes of dispersal and territory selection in the

model depend upon local habitat quality as perceived

by individual lynx as they move through the landscape.

Consequently, these processes are determined by a set of

rules which take into account the habitat type of the

eight cells surrounding the location of the individual.
If dispersing individuals survive, they settle or continue

dispersal in the following year. Next, we decide for each
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resident female to reproduce (Rule 3). In the final step,

we update the demographic variables for each surviving

individual (age and status, i.e., disperser or resident).

Each parameter set is simulated 100 times to obtain a

stabilized standard deviation (<1% variability).

Plausible parameter ranges. The demographic param-
eters of the model are mainly based on published data

from Switzerland, Spain and Poland. These data were

derived from long-term field studies of reintroduced

Eurasian lynx populations in the Swiss Jura Mountains

(Breitenmoser et al., 1993) and the Swiss Alps (Haller

and Breitenmoser, 1986; Breitenmoser-Würsten et al.,

2001) as well as a native population of Eurasian lynx

in the Białowie _za Primeval Forest (Jedrzejewski et al.,
1996). Data from Spain are also based on long-term field

studies of the Iberian lynx Lynx pardinus (Gaona et al.,

1998; Ferreras et al., 2001). Although this is a different

species, we use published information to constitute the

range of the model parameters. Model rules include de-

tailed information about life-history attributes, family

structure, mortality rates and reproduction.

Mortality rates are influenced by the status of the ani-
mal. We introduce three different schemes in which a

simulated individual may die (mortality scheme) to real-

istically reflect the effect of the fragmented landscape: (1)

a daily mortality probability for dispersing lynx; (2) a

mortality probability per linear barrier (road, motor-

way, river) crossing event for dispersers, and (3) an an-

nual mortality probability per resident individual.

Mortality parameters for each scheme were adjusted
for the Harz Forest with indirect parameter assessment

to produce a plausible range for annual mortality rates

as known from the literature (Table 1). We test 9 differ-

ent mortality scenarios (low (�10%), medium (�20%)

and high (�30%) total annual mortality for residents

and low (�30%), medium (�50%) and high (�70%) to-

tal annual mortality rates for dispersers each, i.e., the

combined effect of daily and road traffic mortality) (Ta-
ble 2). Note that for dispersers the mortality rates may

vary due to differing densities of motorways and other

roads in the different patches.

Rule 1: Dispersal. By definition, starting animals are

dispersers as long as they do not occupy a territory

(see Rule 2); otherwise dispersal starts in the second year

after separation from the mother. The same dispersal

rules are applied to males and females. For movement

rules see below (Section 2.6).

Rule 2: Settlement. We use two different territory

selection mechanisms for males and females. Females
are the basic unit in the model that react to the landscape

structure, i.e., the arrangement of the different grid cells

of breeding habitat, dispersal habitat, matrix and barri-

ers, because they have more stringent objectives for terri-

tory selection (i.e., no motorways or rivers inside), as is

known for other large carnivores (e.g. Kaczensky et al.,

1996). Males overlap contiguous female territories, i.e.,

in the model they search for occupied female territories.
We applied the procedures for territory selection to dis-

persing individuals for each time step (day).

Once a dispersing female has found a cell of breeding

habitat, it searches the surrounding area for contagious

cells of non-occupied breeding habitat. If it finds at least

70–100 cells (=km2), it can occupy a territory (Table 1).

To include stochasticity in territory size we draw for

each female a random number of cells from a uniform
distribution between 70 and 100 cells. The simulated fe-

male then has to use this amount of cells as her territory.

Once occupied, territory cells cannot be used by other

females. In unoccupied areas the female that �comes first�
has the best chance of occupying a territory. The possi-

bility of territories shifting was not considered in the

model as lynx normally have fixed territories (Bre-

itenmoser et al., 1993).
The male search strategy is for occupied territory cells

of neighbouring females. Once a male has occupied a

territory belonging to a female, this female is not avail-

able to other males (owing to the intrasexual exclusivity

of territories; Breitenmoser et al., 1993). Males can over-

lap up to three neighboured females in the model.

Rule 3: Reproduction. The probability of reproduc-

tion of each female per year is 0.75 (Jedrzejewski
et al., 1996). Only females occupying a territory

(age P 2) and overlapped by a male can reproduce.

Field studies show that the litter size can be up to 4 cubs,

although kitten mortality is at least 50% (Breitenmoser

et al., 1993; Jedrzejewski et al., 1996). Thus, about one

Table 2

Simulated mortality rates resulting from the different mortality scenarios for the Harz Forest Mountains under given landscape conditions when

more than 8 females and 8 males are released

Scenario 1 2 3 4 5 6 7 8 9

Total annual mortality rates (±SD) [%]

Residents 12.0 (±0.2) 19.8 (±0.7) 28.6 (±0.7) 10.8 (±0.1) 20.4 (±0.5) 29.2 (±1.2) 10.6 (±0.1) 20.7 (±0.8) 29.2 (±1.1)

Dispersers 19.1 (±0.2) 21.5 (±1.0) 25.0 (±1.7) 47.2 (±0.6) 54.0 (±1.5) 55.0 (±1.3) 63.2 (±0.3) 69.0 (±1.0) 69.6 (±1.5)

Total 15.7 21.2 26.8 29.6 36.9 42.2 37.5 44.6 49.6

Birth probability was set to 0.75. Scenario 5 for example with a total annual mortality rate of 37% resembles a realistic mortality scenario known

from Poland or Spain, where poaching and road casualties occur.
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or two subadults per reproductive female start dispersal

in their second year (Table 1). We therefore set the prob-

ability of having one or two dispersers starting to 0.5

and the sex ratio to 1:1 (Jedrzejewski et al., 1996).

We did not include environmental stochasticity, e.g.,

good years with a higher birth probability and vice ver-
sa, as the roe deer density – the main food resource of

Eurasian lynx (Breitenmoser and Haller, 1993; Okarma

et al., 1997; Jobin et al., 2000) – in Germany is very high.

Hence it is assumed that food limitation does not feature

in population dynamics (Schadt et al., 2002b).

2.6. Dispersal submodel

The movement rules and parameters were taken from

a calibrated dispersal model for the Eurasian lynx (Kra-

mer-Schadt et al., 2004; Table 1). The smallest spatial

unit in our dispersal model is one movement step. We

assume that individuals survey their eight-cell neigh-

bourhood and that their movement steps are based on

this information. The next cell is chosen based on the

preference for dispersal habitat and the avoidance of
matrix. If the neighbourhood of a dispersing lynx, com-

prising the origin cell and its 8 neighbours, contains only

matrix or dispersal habitat cells, the probability of

choosing one of these cells is random (i.e., 1/9). How-

ever, if the neighbourhood is a mixture of dispersal hab-

itat and matrix, we consider the preference for dispersal

habitat as follows: The number of matrix cells nmat with-

in the neighbourhood is counted. The probability of
leaving dispersal habitat Pleave is then dependent on

the number of matrix cells around the origin cell multi-

plied by a factor Pmatrix (ranging from total avoidance of

matrix [Pmatrix = 0] to randomly choosing any surround-

ing cell [Pmatrix = 1/(9 � nbarr)], where nbarr is the amount

of barrier cells)

P leave ¼ nmat � Pmatrix.

We included a correlation factor Pc of maintaining

direction within a day, which gives the probability of

the next cell being in the same direction of movement.

The hierarchy is preference of dispersal habitat over cor-

relation in movement direction. The first direction of

every day is chosen randomly (Revilla et al., 2004).

Each day, we assign a dispersing lynx a certain
amount of movement steps s based on a probability

P(s) using the power function

P ðsÞ ¼ u � 1� s� 1

smax � 1

� �� �x

;

with an exponent x, giving the probability to move

many or few steps per day, and parameter smax that gives

the maximum number of steps that a dispersing lynx can

cover during one day and a normalization factor u scal-

ing P(s) between 0 and 1. P(s) is a good descriptor of the
empirical distribution of daily movement distances.

2.7. Population scenarios

We release lynx in the patches considered for reintro-

ductions (the Black Forest (53), Palatine Forest (56),

Bavarian Forest (49), Harz Mountains (20), North-East-

ern Forests (2) and Thuringian Forest (34); Fig. 1). Our
goal is to assess the minimum number of female and

male lynx required for successful reintroduction under

the different mortality scenarios, and also the connectiv-

ity between these patches.

Assessing the minimum release population. We define

the �minimum release population� (MRP) as the popula-

tion size whose chances of survival are >95%, measured

as the percentage of extinction Pext < 5%, if it were to
survive at least 50 years. As females are the basic unit,

we increase the number of females and keep the number

of males fixed to the amount of released females (Table

1). To assess the minimum number of males needed for

an MRP, we use the obtained minimum amount of fe-

males necessary for an MRP as a fixed parameter and

vary the number of males.

Isolation or connectivity of the patches. We define con-
nectivity as the probability Pcol of settling and reproduc-

ing in other patches. Population development in other

patches is measured as the arithmetic mean of the ob-

served exponential rate of increase �r during the popula-

tion persistence time TP of all simulation runs n, t is time

(years), Nt+1 is the number of animals (residents + new-

borns) in a certain patch in the current year, and Nt the

number of animals of the previous year in the same
patch. Within the time of population persistence, we cal-

culated the geometric mean of r (Caughley, 1980)

�r ¼
Pn

1

PTP
t

ln
Ntþ1
Nt

� �

T P

n
.

We only considered residents and newborns to assess

whether individuals (e.g., immigrants) have settled in

these patches. Thus, the influence of this year�s dispers-
ers on population development was neglected and we

could ensure that population growth was due to repro-

duction and settlement. When �k > 1, where

�k ¼ er

the population has increased. We used the z-score to cal-

culate the proportion of the one-tailed normal curve

that lies beyond (i.e., is more extreme than) a given nor-

mal deviate, where Z ¼ ð�r � lÞ=r (Zar, 1999); in this

case it is the proportion of the curve that lies beyond

the stable state of population development (i.e., l = 0,

no growth). We distinguish different probability classes

of increasing population trend Pcol, i.e., (1) >0.75, (2)
>0.5 and <0.75, (3) >25 and <0.5, (4) >0.05 and

<0.25, (5) >0.01 and <0.05 and (6) <0.01. For example,

probability classes of (2) have a positive population

trend in more than 50% of cases. Probability classes of

S. Kramer-Schadt et al. / Biological Conservation 125 (2005) 169–182 175



(6) indicate that at least one female in 50 years and 100

repeated simulations settles in the patch (P = 0.0002).

Note that these are extreme cases. We define patches

linked with a probability class of at least (6) as

connected.

3. Results

3.1. Model sensitivity

For the sensitivity analysis we simulated an increas-

ing amount of females and males in the Harz Forest

with different parameter values for reproduction and
for the nine mortality scenarios (Table 1). We chose

the Harz Forest to highlight the applied nature of our

study, as lynx have been released there recently. We

took mortality Scenario 5 (Pbirth = 0.75, MRres = 0.2,

MRdisp = 0.5; Table 2) as the reference scenario because

it yielded the current knowledge on overall mortality

rates (see below: �Plausible parameter ranges�).
Deviations from the 20% envelope occur with differ-

ent mortality rates for resident individuals and different

birth rates. If more than five females and males are re-

leased in our reference scenario, the mortality rate of

dispersers plays a crucial role for the survival of the

whole population (Fig. 2). Dispersers have to fill the

gaps in the reproducing part of the population, espe-

cially when birth probability is low or resident mortality
high.

A higher birth probability of 0.95 affects the mini-

mum number of females needed to establish a viable

population. It is decreased to 6 females (Fig. 2(c)). For

a birth probability of 0.5, only mortality scenarios with

very low mortality rates for residents and dispersers

show a trend to reach the MRP with at least 10–20 fe-

males, depending on dispersal mortality. As expected,
we can therefore state that the survival of residents is

the most important factor for establishing a viable pop-

ulation, which was also predicted to be important for

other species of predators, such as Iberian lynx Lynx

pardinus, cheetahs Acinonyx jubatus, badgers Meles

meles, vultures Gyps fulvus or brown bears Ursus arctos

(Crooks et al., 1998; Wiegand et al., 1998; Van Appeldo-

orn et al., 1998; Gaona et al., 1998; Sarrazin and Legen-
dre, 2000).

Fig. 2. Extinction probability of the Harz population under different mortality scenarios and birth probabilities when the same number of females

and males was released. Only scenarios with low mortality values for residents reach a viable population within a time horizon of 50 years. The

envelope of our reference Scenario 5 (see (b)) shows that the most sensitive parameters are the birth rate and the mortality rate of residents. The lower

the birth probability, the more important the initial number of released animals.
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3.2. Population scenarios

Assessing the minimum release population. If an over-

lap of one to three female territories per male is as-

sumed, the Harz Forest (20) has a carrying capacity of

15 ± 2 female resident lynx and 9 ± 1 male resident lynx.
This results in a density of about 1 female resident lynx

per 100 km2 of breeding habitat, which also holds for

the other source patches, with the exception of the

North-Eastern Forests (2) (Table 3), which are frag-

mented by two motorways.

For low mortality rates of residents in the Harz For-

est (mortality scenarios 1, 4, 7; Table 3) and a realistic

annual birth probability of 0.75 per resident female,
the probability of extinction drops relatively quickly be-

low 0.05 with an increasing number of females, i.e., for

at least 8 released females (and 8 released males) we

reach the requirements for an MRP. Mortality rates of

dispersers did not affect the viability of the population

if the resident mortality was very low (Fig. 2(b)). Lynx

pairs released in addition to 8 pairs had no effect on pop-

ulation development. The optimal sex ratio for scenarios
reaching an MRP (Scenarios 1, 4, 7) was reached with

about 8 females and 5 males in the Harz Forest (Fig. 3).

Assuming higher mortality rates of residents of about

0.2, which are realistic figures known from lynx popula-

tions in unprotected areas with poaching or expected

road casualties (Jedrzejewski et al., 1996; Gaona et al.,

1998; Ferreras et al., 2001), the requirements for an

MRP are not met (Fig. 2(b)). However, the mean persis-
tence time of a population with resident mortality of

about 0.3 (Scenarios 3, 6 and 9) was about the life span

of an individual lynx (in years ± SD: e.g., for the Harz

Forest: 17 ± 7 in Scenario 3, 14 ± 5 in Scenario 6,

12 ± 4 in Scenario 9). This indicates that monitoring

programs should be launched for a long period before

the success of a species reintroduction can be assessed,

and that care should be taken to keep adult mortality

very low.

We obtain similar requirements for an MRP for the

northern Black Forest (53), the Palatine Forest (56)

and the Thuringian Forest (34). Six to ten females need

to be released, and it is only the scenarios with low res-
ident mortality that yield viable populations (Table 3).

However, in the Bavarian Bohemian Forest (49) a viable

population can even be obtained with a higher resident

mortality, but only if the number of released females is

high (Scenario 2, Table 3). By contrast, a viable popula-

tion in the North-Eastern Forests (2) is only likely given

a high number of initially released females and very low

mortality rates of both residents and dispersers. The dif-
ferences between these patches are explained by the dif-

ferent mortality rates of the dispersing animals (Table

Table 3

Minimum number of females needed to establish a viable population under the mortality scenarios for the different source locations (Fig. 1)

Location (patch no.) Patch size [km2] Occupied HR (SD) Mortality scenario

Females Males 1 2 3 4 5 6 7 8 9

Northern Black Forest (53) 1934 18 (3) 11 (2) 7 – – 6 – – 9 – –

Bavarian Bohemian Forest (49) 1849 18 (3) 11 (2) 6 30 – 7 – – 7 – –

Palatine Forest (56) 5232a 13 (2) 8 (1) 8 – – 9 – – 9 – –

Harz (20) 1566 15 (2) 9 (1) 7 – – 8 – – 7 – –

North-Eastern Forests (2) 1721 11 (2)b 7 (1) 17 – – – – – – – –

Thuringian Forests (34) 1676 16 (2) 10 (1) 7 – – 8 – – 10 – –

Birth probability is 0.75 and the time horizon 50 years. We released the same amount of females and males in each patch. If an MRP is reached in a

mortality scenario, the minimum number of females is given. Also shown is the maximum carrying capacity of resident lynx reached and the patch

size. The number of occupied home ranges (HR) was measured for viable populations as the average number of home ranges after the first 20 years

until the maximum time step of 50 years.
a Palatine and Vosges Mountains in France together. The size of the German part is 1354 km2. Lynx emigrating into the Southern Vosges

Mountains were deleted.
b The low number of occupied home ranges in comparison to the patch size indicates that not all the space was continuously occupied due to the

increased mortality on the two highways intersecting the patch.

Fig. 3. Influence of an increasing number of male lynx on population

development in the Harz Forest under different mortality scenarios.

Eight females are fixed. For legend see Fig. 2.
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4). Even in the low dispersal mortality scenarios (Sce-
narios 1, 2, 3), the total annual mortality rates of dis-

persers are up to three times higher in the North-

Eastern Forests (2) than in the Harz Forest (20) since

the former are divided by two motorways and flanked

by another (Fig. 1); the population in the North-Eastern

Forests (2) could not spread because all the dispersers

were killed on the motorways. Accordingly, the extinc-

tion risk of the whole source patch was much higher,
and on average only 11 females occupied territories even

though there was room for at least 17. By contrast, the

road density in the Bavarian Bohemian Forest (49) is

low, as is the annual mortality rates of dispersers (Table

4). This shows that dispersing lynx represent a buffer

mechanism enhancing the viability of the whole popula-

tion, because vacant territories can be occupied quickly

(Grimm et al., 2005).
Patch connectivity. Generally speaking, connectivity

to other patches (i.e., that at least one female settled in

another patch in 50 years and 100 repeated simulation

runs) occurs for each source patch and different mortal-

ity scenarios, and all the source patches are intercon-

nected via target patches (Fig. 1; Appendix). The

Thuringian Forest (34) would even be directly connected

to the four source patches Harz Forest (20), Rothaar
Mountains (27), Spessart (40) and Erz Mountains (29).

However, sporadically arriving females are no guarantee

of colonization.

The chances of an increasing population trend in the

target patches due to migration from other patches are

extremely low. Only the German–Czech border (49,

48, 41, 44, 39), the northern and southern Black Forest

(55, 53), Palatine Forest and the Vosges Mountains (56,
52) and Thuringian Forest and the Rhön (32, 34) could

be colonized permanently with a probability Pcol P 0.5

within a time frame of 50 years. Patch connectivity

mainly occurs for scenarios with low resident mortality

(Scenarios 1, 4, 7). Population spread across Germany

is very restricted, although occasional individual ex-

change is possible.

4. Discussion

PVA can be a valuable tool to support practical con-

servation and can be used to evaluate and design man-

agement methods (Ebenhard, 2000). The basic question

of a PVA is �What are the minimum conditions for the

long-term persistence and adaptation of a species or pop-

ulation in a given place?� (Soulé, 1987). Population via-

bility analysis has been a specific field of research in
conservation biology since the mid-1980s and has been

conducted for a variety of species (e.g. Gaona et al.,

1998; Hansen et al., 1999; McCarthy et al., 2000, 2001;

Penn et al., 2000; Kelly and Durant, 2000; Haight

et al., 2002). Unfortunately, PVA has a few drawbacks

linked to the parameterizing of models, making the re-

sults uncertain and unreliable (Beissinger and Westphal,

1998). PVA�s significance and usefulness are rooted in its
ability to compare different management options (Reed

et al., 2002; Brooks et al., 2002), and we show an example

of how different mortality scenarios affect the probability

of the reintroduction of a lynx population succeeding.

One important advantage of modelling is that a

model puts the data and knowledge on the system into

a logical framework and allows exploring the conse-

quences of this knowledge at spatial and temporal scales
which escape observation or experiments. This is espe-

cially important for PVA which operates usually at time

horizons of 50 or 100 years and require risk assessment.

Clearly, scale issues are fundamental to PVA. For exam-

ple, not only minimum conditions from the ecological

point of view are relevant but also the scale at which

these conditions need to be analyzed to respond to the

specific objectives of the PVA. Our objectives required
a spatial scale of entire Germany and could thus not in-

clude details such as stand age of forests which may be

important when analyzing habitat selection within the

spatial scale of home ranges. Nevertheless, we selected

the maximum spatial resolution sustained by our data

(1 km2) which was also necessary to capture the essence

of the response of dispersing lynx to landscape structure.

Table 4

Total annual mortality rates [%] of dispersers in the different source patches due to different road and motorway densities under the different

mortality scenarios

Location (patch no.) Road

density

[km/km2]

Patch

size

[km2]

Length [km] of linear barriers Mortality scenario

Main roads Motorway Main rivers 1 2 3 4 5 6 7 8 9

Northern Black Forest (53) 0.17 1934 336.8 26.1 – 36.7 40.7 41.4 61.8 65.7 65.0 72.9 74.9 75.0

Bavarian Forest (49) 0.01 1849 21.4a – – 9.3 11.1 12.9 27.2 31.3 33.6 47.2 52.1 52.2

Palatine Forest (56) 0.15 1354 196.5 21.5 – 26.7 33.8 36.1 44.2 54.7 56.6 53.3 63.3 66.2

Harz (20) 0.19 1566 303.7 – – 19.1 21.5 25.0 47.2 54.0 55.0 63.2 69.0 69.6

North-Eastern Forests (2) 0.07 1721 125.1 74.8 35.3 58.2 61.6 61.7 77.0 78.3 78.4 83.8 84.4 83.9

Thuringian Forests (34) 0.13 1676 223.3 – –

The parameters for crossing linear barriers have been adjusted for the Harz Forest.
a Only the roads on the German side could be considered.
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Processes at all other spatial scales relevant to our objec-

tive (e.g., selection of home ranges) were covered by

rules which translated the minimum 1 km scale to the re-

quired scale.

4.1. Limitations of our model

We included into our model the most important

known factors of lynx biology at a spatial resolution

necessary to respond to our objectives. Those include

landscape structure (which defined the locations where

lynx may breed and canalized dispersal), mortality risk

when crossing linear barriers such as highways, dis-

persal, social structure and demographics. We found
clear and robust answers to our questions. However,

as any model, we needed to make simplifying assump-

tions and have to discuss their potential impact on our

results.

Empirical studies have shown that small populations

in the wild can suffer increased risk in the long term be-

cause of inbreeding (Saccheri et al., 1998; Sobel et al.,

1999; Ebenhard, 2000; Keller and Waller, 2002). The
long-term survival of a population is influenced by ge-

netic variation, which is a prerequisite for evolutionary

adaptation to a changing environment, and the mainte-

nance of population numbers and genetic variation

should be a key aspect of plans for long-term population

management (Lande and Barrowclough, 1987). Our

model does not include the effects of inbreeding and ge-

netic stochasticity, i.e., random genetic drift, and could
underestimate the risk of extinction (although cf. Keane

et al., 1994; Ballou, 1997). However, the founder effect

could be greatly limited with a release number of 15–

20 individuals since this number of effective founders

can have a quite diverse genetic pool. It would be neces-

sary to ascertain how many initial individuals or how

many immigrants per generation are needed to avoid ge-

netic bottlenecks or inbreeding depression. The genetic
structure and variability of the two Swiss lynx popula-

tions reintroduced in the Alps and Jura Mountains are

presently being studied, and the results should be in-

cluded in further assessments of suitable areas for

reintroduction.

Another potential mechanism known from general

PVA models to influence viability are catastrophic

events as an element of environmental stochasticity that
can sharply reduce population size in a short time. Then

again, severe environmental changes such as a sudden

reduction of the main prey (roe deer) or breeding habi-

tat, or a severe disease, are unlikely for lynx, and there is

no historical information on their occurrence for this

species. Nevertheless, there is evidence of lynx losses

due to infections with mange in the Swiss Alps. Though

it seems improbable that mange will occur as an epi-
demic in lynx, it may have an impact on the population

(Ryser-Degiorgis et al., 2002). The impacts of occasional

deaths due to disease have been taken into account as

�baseline mortality� in the model.

One of the major uncertainties in the model is that we

did not consider the behavioural flexibility of lynx. They

could probably learn to use underpasses or green-

bridges, and this would reduce the mortality risk. In this
case, the model results would underestimate patch con-

nectivity. Additionally, lynx react to many small-scale

features in the landscape during dispersal, such as rib-

bons of vegetation along rivers (Zimmermann, 2004),

and this information is lost on the 1 km2 scale of our

habitat model. But this has been balanced in the dis-

persal model by a certain probability to step into matrix,

which accounts for the presence of small scale factors
that attract lynx into the matrix.

4.2. The future of a lynx population in Germany

According to the model results, a population in the

Harz Forest (20) under the current landscape situation

would only be viable if the mortality rates of the resident

animals could be kept very low. As known from other
populations in Spain or Poland, such a mortality sce-

nario is rather unrealistic. In areas of suitable habitat

outside national parks where road mortality and poach-

ing still occur, the mortality rate may be as high as 0.3

(Ferreras et al., 2001). Even in the protected area in Po-

land, poaching makes up 71% of the population�s total
mortality rate of 0.37, while in Switzerland road kills

and poaching account for 70% of mortality (Zimmer-
mann, 1998; Schmidt-Posthaus et al., 2002). Whether

these human-induced mortality factors can be neglected

in Germany is thus highly unlikely. Consequently, under

the expected mortality scenarios the probability of a

lynx reintroduction into the Harz Forest succeeding is

only about 0.5 for a time window of 50 years (Fig. 2(b)).

The results show that viable populations would also

be possible in the other major patches such as the Thu-
ringian Forest (34), the Black Forest (53, 55) and Pala-

tine Forest (56), but only assuming low mortality for

resident and dispersing lynx. A linkage in the form of

the colonization of other source patches is not given

for the source patch Harz (20). An exception is the

Bavarian Bohemian Forest (49) that is connected along

the German–Czech border with the Erz Mountains (29),

a result that is also supported by field data (Wölfl et al.,
2001). The Thuringian Forest (34) could also be linked

with the patches along the German–Czech border (29,

28, 39, 44, 49) and with the Rhön (40).

New motorway construction, as planned and being

carried out between the Harz Forest (20) and the Thu-

ringian Forest (34) as well as between the Erz Moun-

tains (29) and the Bavarian Forest (49), will

additionally worsen colonization success in new patches.
Even short motorway sections can play a significant role

as barriers. In Slovenia, a stretch of motorway 30 km
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long accounted for 31% of the total mortality of brown

bears U. arctos in the area (Kaczensky et al., 1996). The

fact that lynx are �bad colonizers� is apparent from the

Swiss Alps, where lynx had to be translocated from

the Western to the Eastern population in the Alps. Bar-

riers were not only constituted by high and snow-capped
mountain rifts, but especially by urbanized valleys,

which additionally contain motorways or waterways.

It can therefore be concluded that in Germany lynx will

probably remain restricted to the release patch. But

there is also positive news in a postulation of the Federal

Nature Conservation Agency for protecting the move-

ment corridors between the source patches, including

measures to minimize animal–vehicle collisions (Reck
et al., 2004).

Movement in fragmented landscapes was included to

a certain degree by using data from the Swiss JuraMoun-

tains, although there were too few data to determine

whether lynx actively avoid motorways or if instead

fences prevent them from crossing. If the latter applies,

movement could be guided, and green-bridges or under-

passes would reduce the mortality risk of dispersers.
Experience of the effectiveness of wildlife passages

mainly stems from other species (Kaczensky et al.,

1996; Rodrı́guez et al., 1996, 1997; Clevenger and Wal-

tho, 2000; Gloyne and Clevenger, 2001; Clevenger

et al., 2001). This implies testing methods to reduce traf-

fic collisions, including measures to increase the attrac-

tiveness of existing bridges and underpasses for wildlife.

At any rate, it is questionable whether a lynx popula-
tion will have a bright future in Germany if we conclude

that in certain areas they will be restricted to their re-

lease patches. Of course, survival may be possible in

the individual patches for some time, but releases in iso-

lated patches do not contribute to an overall connected

population. Wildlife conservation means more than sim-

ply releasing a species in a given area. We must consider

the development of the population as well as linkage to
other existing populations. In this sense, we strongly rec-

ommend using PVA before launching reintroductions to

assess the most suitable areas.

4.3. Recommendations for reintroductions

The results show that about 10 females are needed to

successfully establish a minimum viable population if
mortality is kept low. We also showed that the success

of a reintroduction can be influenced by the number of

lynx released. This tallies with findings on critical popu-

lation sizes for other large carnivores (e.g. Saether et al.,

1998). If demographic parameters such as the birth rate

are uncertain, it would be better to release more animals

to �be on the safe side�. This could also reduce the risk of

inbreeding. In addition, more females than males can be
released. However, high mortality among residents can-

not be compensated for by releasing a large number of

animals. Monitoring programs should be launched that

exceed the life span of the animals to assess reintroduc-

tion success (IUCN/SSC, 1995).

This study shows that simulation models are useful

tools for establishing the comparative effectiveness of

reintroduction plans designed to increase the viability
of the species (Van Appeldoorn et al., 1998). We recom-

mend PVA and the assessment of land change scenarios

(Dale et al., 1994; White et al., 1997; Pearson et al.,

1999; Urban, 2000; Serneels and Lambin, 2001; Morris

et al., 2002) before a species is released, so that efforts

can be focused on the most promising and fruitful areas,

as well as releasing an appropriate number of animals

that is most likely to lead to a successful reintroduction.

Acknowledgements

This work was kindly funded by Deutsche Bundess-

tiftung Umwelt (ref. 6000/596) and Deutsche Wildtier

Stiftung for the main author. E.R. was supported by a

Marie Curie Individual Fellowship provided by the
European Commission (Energy, Environment and

Sustainable Development; Contract EVK2-CT-1999-

50001). We thank Ludwig Trepl and Alejandro Rodrı́-

guez for critically commenting on the manuscript.

Appendix A. Supplementary data

Supplementary data associated with this article can

be found in the online version at doi:10.1016/

j.biocon.2005.02.015.

References

Akcakaya, H.R., 1995. RAMAS/GIS: Linking landscape data with

wildlife management and conservation of endangered species. The

Compiler 13, 38–42.

Akcakaya, H.R., Raphael, M.G., 1998. Assessing human impact

despite uncertainty: viability of the northern spotted owl meta-

population in the northwestern USA. Biodiversity and Conserva-

tion 7, 875–894.

Ballou, J.D., 1997. Ancestral inbreeding only minimally affects

inbreeding depression in mammalian populations. Journal of

Heredity 88, 169–178.

Beissinger, S.R., Westphal, M.I., 1998. On the use of demographic

models of population viability in endangered species management.

Journal of Wildlife Management 62, 821–841.

Boyce, M.S., 1992. Population viability analysis. Annual Review of

Ecology and Systematics 23, 481–506.

Breitenmoser-Würsten, C., Zimmermann, F., Ryser, A., Capt, S.,

Laass, S., Siegenthaler, A., Breitenmoser, U., 2001. Untersuchun-

gen zur Luchspopulation in den Nordwestalpen der Schweiz 1997–

2000. KORA Bericht 9, 92.

Breitenmoser, U., Haller, H., 1993. Patterns of predation by reintro-

duced European lynx in the Swiss Alps. Journal of Wildlife

Management 57, 135–144.

180 S. Kramer-Schadt et al. / Biological Conservation 125 (2005) 169–182



Breitenmoser, U., Breitenmoser-Würsten, C., Carbyn, L.N., Funk,

S.M., 2001. Assessment of carnivore reintroductions. In: Gittle-

man, J.L., et al. (Eds.), Carnivore Conservation. University of

Cambridge Press, Cambridge, England, pp. 241–281.

Breitenmoser, U., Breitenmoser-Würsten, C., Okarma, H., Kaphegyi,

T., Kaphegyi-Wallmann, U., Müller, U.M., 2000. The Action Plan

for the Conservation of the Eurasian Lynx (Lynx Lynx) in Europe.

Council of Europe, Switzerland, p. 63.

Breitenmoser, U., Kaczensky, P., Dötterer, M., Breitenmoser-Wür-

sten, C., Capt, S., Bernhart, F., Liberek, M., 1993. Spatial

organization and recruitment of lynx (Lynx lynx) in a re-

introduced population in the Swiss Jura Mountains. Journal of

Zoology (London) 231, 449–464.

Brook, B.W., Burgman, M.A., Akcakaya, H.R., O�Grady, J.J.,

Frankham, R., 2002. Critiques of PVA ask the wrong questions:

Throwing the heuristic baby out with the numerical bath water.

Conservation Biology 16, 262–263.

Brook, B.W., Burgman, M.A., Frankham, R., 2000. Differences and

congruencies between PVA packages: the importance of sex ratio

for predictions of extinction risk. Conservation Ecology [online] 4,

6.

Brooks, T.M., Mittermeier, R.A., Mittermeier, C.G., da Fonseca,

G.A.B., Rylands, A.B., Konstant, W.R., Flick, P., Pilgrim, J.,

Oldfield, S., Magin, G., Hilton-Taylor, C., 2002. Habitat loss and

extinction in the hotspots of biodiversity. Conservation Biology 16,

909–923.

Bustamante, J., 1998. Use of simulation models to plan species

reintroductions: the case of the bearded vulture in Southern Spain.

Animal Conservation 1, 229–238.

Caughley, G., 1980. Analysis of Vertebrate Populations. John Wiley &

Sons, Chichester.

Clevenger, A.P., Chruszcz, B., Gunson, K., 2001. Drainage culverts as

habitat linkages and factors affecting passage by mammals. Journal

of Applied Ecology 38, 1340–1349.

Clevenger, A.P., Waltho, N., 2000. Factors influencing the effective-

ness of wildlife underpasses in Banff National Park, Alberta

Canada. Conservation Biology 14, 47–56.

Crooks, K., Sanjayan, M.A., Doak, D.F., 1998. New insight on

cheetah conservation through demographic modeling. Conserva-

tion Biology 12, 889–895.

Dale, V.H., Pearson, S.M., Offerman, S.M., O�Neill, R.V., 1994.

Relating patterns of land-use change to faunal biodiversity in the

Central Amazon. Conservation Biology 8, 1027–1036.

Ebenhard, T., 2000. Population viability analyses in endangered

species management: the wolf, otter and peregrine falcon in

Sweden. Ecological Bulletins 48, 143–163.

Ellner, S.P., Fieberg, J., 2003. Using PVA for management despite

uncertainty: effects of habitat, hatcheries, and harvest on salmon.

Ecology 84, 1359–1369.

Fernandez, N., Delibes, M., Palomares, F., Mladenoff, D.J., 2003.

Identifying breeding habitat for the Iberian lynx: inferences from

a fine scale spatial analysis. Ecological Applications 13, 1310–

1324.

Ferreras, P., 2001. Landscape structure and asymmetrical inter-patch

connectivity in a metapopulation of the endangered Iberian lynx.

Biological Conservation 100, 125–136.

Ferreras, P., Aldama, J.J., Beltran, J.F., Delibes, M., 1992. Rates and

causes of mortality in a fragmented population of Iberian lynx

(Felis pardina Temminck, 1824). Biological Conservation 61, 197–

202.

Ferreras, P., Beltran, J.F., Aldama, J.J., Delibes, M., 1997. Spatial

organization and land tenure system of the endangered Iberian lynx

(Lynx pardinus). Journal of Zoology (London) 243, 163–189.

Ferreras, P., Gaona, P., Palomares, F., Delibes, M., 2001. Restore

habitat or reduce mortality. Implications from a population

viability analysis of the Iberian lynx. Animal Conservation 4,

265–274.

Gaona, P., Ferreras, P., Delibes, M., 1998. Dynamics and viability of a

metapopulation of the endangered Iberian Lynx (Lynx pardinus).

Ecological Monographs 68, 349–370.

Gloyne, C.C., Clevenger, A.P., 2001. Cougar Puma concolor use of

wildlife crossing structures on the Trans-Canada highway in Banff

National Park, Alberta. Wildlife Biology 7, 117–124.

Grimm, V., Revilla, E., Groeneveld, J., Kramer-Schadt, S., Schwager,

M., Tews, J., Wichmann, M.C., Jeltsch, F., 2005. Importance of

buffer mechanisms for population viability analysis. Conservation

Biology 19 (2), 578–580.

Haight, R.G., Cypher, B., Kelly, P.A., Phillips, S., Possingham, H.P.,

Ralls, K., Starfield, A.M., White, P.J., Williams, D., 2002.

Optimizing habitat protection using demographic models of

population viability. Conservation Biology 16, 1386–1397.

Haller, H., Breitenmoser, U., 1986. Zur Raumorganisation der in den

Schweizer Alpen wiederangesiedelten Population des Luchses

(Lynx lynx). Zeitschrift für Säugetierkunde 51, 289–311.
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Erstellung eines bundesweit kohärenten Grobkonzeptes (Initiat-

ivskizze) (Eds). Bundesamt für Naturschutz & Deutscher Jagds-

chutz-Verband, p. 42.

Reed, J.M., Mills, L.S., Dunning, J.B., Menges, E.S., McKelvey, K.S.,

Frye, R., Beissinger, S.R., Anstett, M.C., Miller, P., 2002.

Emerging issues in population viability analysis. Conservation

Biology 16, 7–19.

Revilla, E., Wiegand, T., Palomares, F., Ferreras, P., Delibes, M.,

2004. Effects of matrix heterogeneity on animal dispersal: from

individual behavior to metapopulation-level parameters. The

American Naturalist 164, E130–E153.

Rodrı́guez, A., Crema, G., Delibes, M., 1996. Use of non-wildlife

passages across a high speed railway by terrestrial vertebrates.

Journal of Applied Ecology 33, 1527–1540.

Rodrı́guez, A., Crema, G., Delibes, M., 1997. Factors affecting

crossing of red foxes and wildcats through non-wildlife passages

across a high-speed railway. Ecography 20, 287–294.

Ryser-Degiorgis, M.-P., Ryser, A., Bacciarini, L., Angst, C., Gottstein,

B., Janovsky, M., Breitenmoser, U., 2002. Notoedric and sarcoptic

mange in free-ranging lynx from Switzerland. Journal of Wildlife

Diseases 38, 228–232.

Saccheri, I., Kuussaari, M., Kankare, M., Vikman, P., Fortelius, W.,

Hanski, I., 1998. Inbreeding and extinction in a butterfly meta-

population. Nature 392, 491–494.

Saether, B.-E., Engen, S., Swenson, J.E., Bakke, O., Sandegren, F.,

1998. Assessing the viability of Scandinavian brown bear, Ursus

arctos, populations: the effects of uncertain parameter estimates.

OIKOS 83, 403–416.

Sarrazin, F., Legendre, S., 2000. Demographic approach to releasing

adults versus young in reintroductions. Conservation Biology 14,

488–500.

Schadt, S., Knauer, F., Kaczensky, P., Revilla, E., Wiegand, T., Trepl,

L., 2002a. Rule-based assessment of suitable habitat and patch

connectivity for the Eurasian lynx in Germany. Ecological Appli-

cations 12, 1469–1483.

Schadt, S., Revilla, E., Wiegand, T., Knauer, F., Kaczensky, P.,

Breitenmoser, U., Bufka, L., Cerveny, J., Koubek, P., Huber, T.,

Stanisa, C., Trepl, L., 2002b. Assessing the suitability of central

European landscapes for the reintroduction of Eurasian lynx.

Journal of Applied Ecology 39, 189–203.

Schmidt-Posthaus, H., Breitenmoser-Würsten, C., Posthaus, H., Bac-

ciarini, L., Breitenmoser, U., 2002. Causes of mortality in

reintroduced Eurasian lynx in Switzerland. Journal of Wildlife

Diseases 38, 84–92.

Serneels, S., Lambin, E.F., 2001. Impact of land-use changes on the

wildebeest migration in the northern part of the Serengeti-Mara

ecosystem. Journal of Biogeography 28, 391–407.

Sobel, N., Khan, R.M., Saltman, A., Sullivan, E.V., Gabrieli, J.D.E.,

1999. Restoration of an inbred adder population. Nature 402, 34–

35.

Soulé, M.E., 1987. Introduction. In: Soulé, M.E. (Ed.), Viable

Populations for Conservation. Cambridge University Press, Cam-

bridge, England, pp. 1–10.

South, A., Rushton, S., Macdonald, D., 2000. Simulating the proposed

reintroduction of the European beaver (Castor fiber) to Scotland.

Biological Conservation 93, 103–116.

Steury, T.D., Murray, D.L., 2004. Modeling the reintroduction of lynx

to the southern portion of its range. Biological Conservation 117,

127–141.

Trombulak, S.C., Frissell, C.A., 2000. Review of ecological effects of

roads on terrestrial and aquatic communities. Conservation Biol-

ogy 14, 18–30.

Urban, D.L., 2000. Using model analysis to design monitoring

programs for landscape management and impact assessment.

Ecological Applications 10, 1820–1832.

Van Appeldoorn, R.C., Knaapen, J.P., Schippers, P., Verboom, J.,

Van Engen, H., Meeuwsen, H., 1998. Applying ecological knowl-

edge in landscape planning: a simulation model as a tool to

evaluate scenarios for the badger in the Netherlands. Landscape

and Urban Planning 41, 57–69.

White, D., Minotti, P.G., Barczak, M.J., Sifneos, J.C., Freemark,

K.E., Santelmann, M.V., Steinitz, C.F., Kiester, A.R., Preston,

E.M., 1997. Assessing risks to biodiversity from future landscape

change. Conservation Biology 11, 349–360.

Wiegand, T., Naves, J., Stephan, T., Fernandez, A., 1998. Assessing

the risk of extinction for brown bear (Ursus arctos) in the

Cordillera Cantabrica, Spain. Ecological Monographs 68, 539–

570.

Wiegand, T., Revilla, E., Knauer, F., 2004. Reducing uncertainty in

spatially explicit population models. Biodiversity and Conservation

13, 53–78.

Wotschikowsky, U., Kaczensky, P., Knauer, F., 2001. Wiederansied-

lung des Luchses im Harz. Eine kritische Stellungnahme aus

wildbiologischer Sicht. Naturschutz und Landschaftsplanung 33,

259–261.

Wölfl, M., Bufka, L., Cerveny, J., Koubek, P., Heurich, M., Habel, H.,

Huber, T., Poost, W., 2001. Distribution and status of lynx in the

border region between Czech Republic, Germany and Austria.

Acta Theriologica 46, 181–194.

Zar, J.H., 1999. Biostatistical Analysis. Prentice-Hall, Upper Saddle

River, New Jersey.

Zimmermann, F., 1998. Dispersion et survie des Lynx (Lynx lynx)
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Overview 
 
Documentation Resources provides guidance for U.S. Fish and Wildlife Service (FWS, Service) 
employees who create documents that support our mission and contribute to the conservation 
of fish and wildlife and their habitats. It’s a source for basic style decisions and promotes 
consistency of how information is presented.  
 
Earlier editions of Documentation Resources were intended primarily for biologist planners and 
included information about a “planning template” used by Region 3 planners to create 
Comprehensive Conservation Plans (CCPs), Environmental Assessments (EAs),  and 
Environmental Impact Statements (EISs). This edition drops the focus on planning 
documentation as well as the section about the template; the focus now is on basic style 
choices based primarily on the Government Printing Office Style Manual and The Chicago 
Manual of Style. It is not intended to supersede style guides used by other government writers 
and editors. 
 
In this document you will find: 
 
General Guidelines – Guidance for identifying and understanding the audience; organizing 
content; consistency; proper grammar, tone, and voice; and sentence and paragraph structure.  
 
Style Guide – A set of standards for writing and designing documents, which features 
abbreviations, acronyms, and initialisms; capitalization; compounding and hyphenating; dates, 
numerals, and measurements; and punctuation. 
 
Content Review Checklist – An abridged list of items to be used by writers, editors, and 
anyone else who contributes to documents to ensure writing standards are followed. 
 
Additional Resources – Recommended writing resources. 
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General Guidelines 
 
This section provides general guidelines to help you write your documents. It discusses: 
 
Audience 
Content Organization and Consistency 
Writing and Grammar 
Tone and Voice 
Sentences 
Paragraphs 
 
Related information is located in Appendix B: Guidelines from Plain Language.gov. 
 
Audience 
 
Know your intended audiencewhat they want to know and what you need to tell them. In 
general: 
 

• Identify and write for your audience. 

o For content that is read by a wide and varied audience, write to an elementary 
reading level. This is not meant to be condescending, but the reality is that simple, 
plain language is most effective for mass audiences. 

o If you are certain of your audience’s level of knowledge, write to that level. 

o Avoid using professional jargon. Your audience is likely a mixture of biology 
professionals and the general public. 

• Explain everything. Do not assume your audience has knowledge that they may not 
have. This is particularly important when it comes to abbreviations, acronyms, initialisms, 
and topics that are common knowledge within your department and the Service but may 
not be common knowledge to others. 

 
Content Organization and Consistency 
 
Provide consistency for documents in their appearance as well as the use of terms; 
abbreviations, acronyms, and initialisms; naming conventions, and organization of content. 
Creating one look and feel for documents doesn’t mean removing regional or station identity, 
but it is important for the audience—internal (Service employees) and external (the American 
public)—to be presented with material that is readily recognized and consistent across all 
regions. 
 
Organize a document using the following guidelines, keeping in mind that the some documents 
may likely be hardcopy and presented online: 
 

• Use headings and sub-headings. 

• Lead strong. Put your most important information at the beginning of a section. 

• Layer information by using brief introduction sentences or paragraphs that lead to more 
in-depth information.  
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• Make sure content doesn't contradict other information in your document.  

• Be consistent with terminology, capitalization of proper nouns, voice, point of view, and 
punctuation. 

o Make sure that words and phrases mean the same thing throughout the document.  

o Use a consistent point of view: first person, second person, or third person. Each 
point of view expresses a different relationship to the reader. 

 First person is when the person or object is speaking: We can . . .  

 Second person is when the person is spoken to: You can . . . 

 Third person is when the object is spoken to: It can . . . 

o Use the serial comma (also known as Oxford comma)—the comma before the word 
“and” at the end of a list. 

Example: 

Red, white, and blue. 

o Use either one or two spaces between a period and the start of the next sentence, 
but be consistent within a document. 

• Allow white space (blank areas) on your pages. White space provides eye relief, makes 
items easier to find, and creates a more attractive page. 

• Avoid using page numbers as reference points within your text, which may be 
overlooked or cause tedious updating when the document is revised. 

• Avoid duplication and redundancy. 

 
Writing and Grammar 
 

• Be concise. 

• Begin with the main point. Avoid using too many introductory clauses. 

• Use subject-verb agreement. 

o Singular nouns take singular verbs. 

Example:  

The author of the plan and reports is . . . 

(Not: The author of the plans and reports are . . . ) 

o Plural nouns take plural verbs. 

Example:  

Our forecast, together with the plan, shows that . . . 

(Not: Our forecast, together with the plan, show that . . . ) 

o If one subject is singular and one is plural, the verb usually agrees with the nearer 
subject. 

Examples: 
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Neither the quality nor the prices have changes. 

Neither the prices nor the quality has changed. 

• Maintain consistent verb tenses. 

o A verb expresses an action and indicates a time of occurrence, which is a verb 
tense. There are three main verb tenses: present, past and future—as shown here: 

 Simple Present: They walk. 

 Present Perfect: They have walked. 

 Simple Past: They walked. 

 Past Perfect: They had walked. 

 Future: They will walk. 

 Future Perfect: They will have walked. 

o Plain Language.gov recommends using present tense. 

• Use parallel writing styles for sentences, phrases and terms, references, and bullets. 

o Begin bullets with the same part of speech (noun, verb, adjective, etc.). 

• Avoid underlining section names, sub-section names, and words, especially if the 
document is published online. Underlined words may convey a hyperlink to some users. 
Instead, use bold text for emphasis. 

• Contractions enhance readability, but use them with discretion. Don’t use contractions 
wherever possible but wherever they sound natural.  

 
Tone and Voice 
 

• Write in active voice most of the time. Writing in passive voice obscures who is 
responsible for what. However, do not confuse passive voice with past tense. 

o In active voice sentences, the subject is doing the action of the verb. 

Example: 

The Service proposed new regulations. 

o In passive voice sentences, the object is doing the action of the verb. 

Example: 

New regulations were proposed. 

• Use active voice to write concisely, as active voice sentences are normally shorter than 
passive voice sentences. 

• Use passive voice sparingly. It can be used occasionally to: 

o Emphasize the object of the action, not the doer. 

Example: 

Stringent hunting guidelines were issued by the DNR in 1999. 

o When the subject of the sentence (the doer) is unimportant or unknown. 

http://www.plainlanguage.gov/index.cfm
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Example: 

Stringent hunting guidelines were issued in 1999. 

 
Sentences 
 

• As much as possible, use short sentences. They are easier to read, especially online. 

• Whenever possible, translate complicated information into more manageable language. 

• Two independent clauses can be linked with a coordinating conjunction (and, but, or, 
nor) preceded by a comma. If the logical relationship between independent clauses is 
clear without a conjunction, they can be linked by a semicolon. 

• Do not begin a sentence with an abbreviation, except for words like Mr., Dr., and St., 
which are rarely spelled out. 

• It is acceptable to begin a sentence with an acronym. 

 
Paragraphs 
 

• Paragraphs are flush left with no indention. 

• Begin a paragraph with a topic sentence. This establishes context for the audience 
before providing them with details. 
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Style Guide 
 
The Style Guide is set of standards for writing and designing documents. It is intended to help 
you address grammar, punctuation, and usage issues and provide general writing 
recommendations. It is not intended to be a complete rulebook. 
 
If you have a question that isn’t covered in the Style Guide or would like additional information, 
consult these references, which are the primary sources used to create this guide: 
 

• United States Government Printing Office Style Manual (gpo.gov) 

• Plain Language.gov (plainlanguage.gov) 

• The Chicago Manual of Style 

• The Associated Press Stylebook 

• The American Heritage Dictionary of the English Language 

• The Merriam-Webster Dictionary 

• The Journal of Fish and Wildlife Management 

 
The Style Guide consists of: 
 
General Style: Agreement, Usage, Word Choice 
Abbreviation, Acronyms, Initialism 
Capitalization 
Compounding and Hyphenating 
Dates, Numerals, Measurements 
Punctuation 
Miscellaneous 
 
 

General Style: Agreement, Usage, Word Choice 
See the “United States Government Printing Office Style Manual” or other resources for additional 
information, specific rules, and exceptions. 
A, an Use a in front of nouns that start with consonants. 

Examples: 
a bird 
a fish 

 
Use an in front of nouns that start with vowels. 

Examples: 
an environmental assessment 
an organism 

 
Sometimes it’s not the beginning letter but the pronounced sound of 
the beginning letter that determines the correct article. 

Examples: 
a unit of measurement 

http://www.gpo.gov/fdsys/pkg/GPO-STYLEMANUAL-2008/content-detail.html
http://www.plainlanguage.gov/
http://www.gpo.gov/fdsys/pkg/GPO-STYLEMANUAL-2008/content-detail.html
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an hour 
Affect, effect Affect is a verb that means “to have an effect on.” 

 
Effect may be either a noun that means “result” or a verb that 
means “to bring about.” 

A lot, alot, allot A lot means a considerable quantity or extent; it is always two 
words. 
 
Alot is not a word. 
 
Allot means to parcel out; to assign a share. 

Alternative, alternate Alternative implies other possibilities. 
 
Alternate is sometimes used to imply possibilities but is usually a 
synonym for “opposite” or “every other.” 

Although, though Although is more formal and is the preferred use. 
 
Though is interchangeable with although, with the latter being the 
preferred use. If though is used as an adverb, it is not 
interchangeable with although, and though is the preferred use.  

Example: 
This weekend, though, the event would take place. 

And versus or in a series And (in a series) means items listed are to be taken together. 
 
Or (in a series) means items are to be taken separately. 

Anyone, anybody Refers to any person. 
Assume, presume Assume means to suppose or believe something without any proof. 

When you assume you’re really not sure. 
 
Presume means to be sure of something before it happens; you 
suppose something without proof, based on probability. 

Assure, ensure, insure Assure means tell me that it is so; to provide assurance. 
 
Ensure means make sure it happens. 
 
Insure means agree to make cash settlement in given 
circumstances. 

As well as As well as generally doesn’t need a comma before it unless it is part 
of a non-restrictive clause. 

Examples: 
Please read the executive summary as well as the entire plan. 
The executive summary, as well as the entire plan, are now 
available. 

Because, since Because indicates cause and effect. Use a comma before because 
if it is used in a sentence as a subordinating conjunction (links a 
main clause to a subordinating clause). 

Example: 
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I am enforcing the policy, because it’s my job. 
 
Since indicates from a certain time. 

Because of, due to Because of means for that reason. 
 
Due to means as a result of. 

Before, prior to Before means in front, in advance, ahead, previously, or earlier or 
sooner. 

Example: 
Before the adoption of electronic communication, hard copy 
prevailed. 

 
Prior to means before or until. Generally, it should not be used in 
place of last or before. 

Example: 
Prior to joining the team, Sam was in college.  

Begin, start Begin means start, perform, or undergo the first part of an action or 
activity. 
 
Start means cause something to happen, or cause or enable 
someone or something to begin pursuing or doing something. 

Compare to, compare with Compare to is to compare one thing to another to indicate they are 
similar in some respect. 
 
Compare with is to compare one thing with another to examine 
them side by side. 

Complement, compliment Complement means to complete; something that completes. 
 
Compliment means to praise; an expression of praise. 

Concurrent, consecutive Concurrent means at the same time. 
 
Consecutive means one after the other in a series. 

Continuous, continual Continuous means uninterrupted or constant; nonstop, never-
ending. 
 
Continual means continued occurrence; things come and go 
(chronic). 

Data, datum Data is a plural noun (in Latin; see below for usage) and means a 
collection of pieces of factual information. 
 
Datum is a singular noun (in Latin; see below for usage) and means 
a single piece of factual information. 

Data are, data is Data is a plural word in Latin, with its singular being datum. Some 
organizations continue to use the word following Latin rules: “the 
data are” and “the data show.” 
 
However, data has been an English word for centuries, and we are 
not required to continue with Latin rules. In the English treatment of 
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the word, data can be used as both plural and singular. It comes 
down to personal preference, but however you chose to use the 
word data—as singular or plural—be sure to be consistent in your 
document.  

Dispose of, dispose Dispose of means get rid of. 
 
Dispose means arrange, settle, be inclined. 

Due to, because of See “Because of, due to.” 
During, over, more than During is used for continuance or throughout the duration. 

Example: 
Attendance declined during the last three years. 
Not: Attendance declined over the last three years. 

 
Over refers to physical position or place and special reference. 

Examples: 
The cow jumped over the moon. 
over 6 feet tall 

 
More than is used for comparison, especially for amounts, figures, 
countable numbers. 

Example: 
There were more than 40 inquiries during the last six months. 
Not: There were over 40 inquiries during the last six months. 

Effect, affect See “Affect, effect.” 
E-mail Use hyphen. 
Ensure, insure, assure See “Assure, ensure, insure.” 
Every Every is singular when used to show possession. 

Example: 
Every refuge’s plan should be completed. (Note the location of 
the apostrophe.) 

Everyone, everybody Refers to every person. 
Farther, further Farther means at or to a greater distance. Advance in distance. 

 
Further means moreover; to a greater extent. Advance in degrees 
or intensity. 

Fewer, less Fewer refers to items that you can count. 
 
Less refers to items you can’t count. 

Historic, historical Historic means famous; important in history. 
 
Historical means of, belonging to, or referring to history. 

Insure, assure, ensure See “Assure, ensure, insure.” 
Imply, infer Imply means to hint at something rather than saying it directly. 

 
Infer means to make an educated guess. 

Less, fewer See “Fewer, less.” 
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Mean, median, average Mean is the sum of all numbers in a set divided by the amount of 
numbers in the set. 
 
Median is the middle point of a number set in which half the 
numbers are above the median and half are below. 
 
Average is the same as the mean; they are synonyms. 

More than, during, over See “During, over, more than.” 
Optimum, optimal Optimum is an adjective, but it can be a noun. It tells that conditions 

are almost perfect, the best, or most satisfactory for achieving a 
good result. 
 
Optimal is an adjective, but it can be an adverb (optimally). It refers 
to the best possible (not ideal) conditions that lead to a favorable 
outcome. 

Or versus and in a series See “And versus or in a series.” 
Over, more than, during See “During, over, more than.” 

 
Prior to, before See “Before, prior to.” 
Should, would, will See “Would, will, should.” 
Since, because See “Because, since.” 
Species Species is both singular and plural. Use singular and plural 

pronouns and verbs depending on the meaning being conveyed. 
 
Follow guidelines for taxonomic and naming standards provided in 
the “Journal of Fish and Wildlife Management Guide for Authors” 
(http://www.fws.gov/science/resourcesforauthorsandreviewers.html).  
 
Note that bird names are capitalized, following the Guide’s 
recommended resource: “The American Ornithologists’ Union 
Check-list.” 

Start, begin See “Begin, start.” 
That, which That and which are not interchangeable. 

 
That introduces an essential clause. An essential clause can’t be 
removed without changing the basic meaning of the sentence. A 
comma is not usually placed before “that.” 
 
Which introduces a nonessential clause. A nonessential clause can 
be removed without changing the basic meaning of the sentence. A 
comma is usually placed before “which.” 

Though, although See “Although, though.” 
Toward Not towards. 
Turbid, turgid Turbid means muddy, opaque. 

 
Turgid means swollen, bombastic. 

Use, usage, utilize Use means to do something—to take, hold, or deploy something as 

http://www.fws.gov/science/resourcesforauthorsandreviewers.html
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a means of accomplishing or achieving something as it was 
designed for. 
 
Usage means the act of using or the customary manner in which a 
language is spoken or written. 
 
Utilize means put something to use—to make or render useful, to 
employ something for unintended purposes. 

Which, that See “That, which.” 
Will, should, would See “Would, will, should.” 
Words that are always plural Both, few, many, others, several. 
Words that are always singular Each, every, either, neither, one another, much. 
Words that are singular or plural, 
depending on the noun to which 
the word refers 

All, none, any, some, more, most. 

Would, will, should Would means invitation, request, preference. 
 
Will means definite future actions. 
 
Should means ought to. 

U.S. Department of the Interior Proper reference is the U.S. Department of the Interior. It is Interior 
or the Department when standing alone.  
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Abbreviations, Acronyms, Initialisms 
See the “United States Government Printing Office Style Manual” or other resources for additional 
information, specific rules, and exceptions. 
General guidelines This section of the Style Guide provides guidance for the use of: 

 
Abbreviations – shortened version of a term or series of words 
 
Acronyms – word formed from letters or parts of a series of 
words 
 
Initialisms – initial letters pronounced separately 

 
Avoid abbreviations. If possible, avoid acronyms. Plain 
Language.gov recommends limiting the number of abbreviations 
you use in one document to no more than three, and preferably 
two. Spell out everything else. This may be challenging in a 
scientific document, but the point is considering the audience and 
their understanding of the content. 
 
Put an abbreviation, acronym, or initialism in parenthesis next to the 
proper term the first time it is used in each chapter. This assists the 
reader who may not begin using the document at chapter 1 but may 
access the material at any chapter. 
 
Well known abbreviations, such as USA, need no explanation, but 
when in doubt, spell it out. 
 
Generally, do not introduce an abbreviation, acronym, or initialism 
unless it is used at least twice. 
 
Do not begin a sentence with an abbreviation, except for words like 
Mr., Dr., and St., which are rarely spelled out. 
 
It is acceptable to begin a sentence with an acronym. 
 
Plurals and Possessives: An apostrophe is used for possessive (the 
NWR’s plan) but not for plural (many NWRs in the region). 

a.m., p.m. Use lowercase and periods. 
 
The word “o’clock” is not used with abbreviations of time. 

Not: 10 o’clock p.m. 
e.g., Means “for example.” Include comma. 
et al. Means “and other people.” Do not include a comma before et al. if 

et al. is used after a series of items. Do not include a comma after 
et al. when used in a citation. 

Example: 
(FWS et al. 2001) 

etc. Means “and other things,” “and so forth.” 

http://www.gpo.gov/fdsys/pkg/GPO-STYLEMANUAL-2008/content-detail.html
http://www.plainlanguage.gov/
http://www.plainlanguage.gov/
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et seq. Means “and the following.” 
 
Italicize in documents that will be published in the Federal Register 
such as Notice of Intent and Notice of Availability. 

genetically-modified, glyphosate-
tolerant 

Abbreviation is GMGT. 
 
Use lowercase, hyphens, and comma. 

i.e., Means “that is.” Include comma. 
states From the “Associated Press Stylebook”: 

 
When the name of a state stands alone in a sentence, spell it out. 
 
When the name of a city and state are used together, the name of 
the state should be abbreviated (except for Alaska, Hawaii, Idaho, 
Iowa, Maine, Ohio, Texas, and Utah). 

U.S. Fish and Wildlife Service In all Service documents, use the agency's full name on first 
reference. Use FWS, or Service for subsequent references. 

Examples: 
U.S. Fish and Wildlife Service (FWS, Service), or 
U.S. Fish and Wildlife Service (Service) if “FWS” is not used in 
the document 

 
An ampersand (&) instead of a spelled-out "and" is used only in 
graphic elements such as the logo or the name bar.  
 
It is acceptable to use USFWS, especially if the abbreviation is 
within quoted or cited material, but be consistent throughout the 
document with your usage. 

U.S. or United States Use U.S. if an adjective. 
Example: 
U.S. Citizen 

 
Spell out if a noun. 

Example: 
citizen of the United States 

Washington, DC No periods after D and C. 
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Capitalization 
See the “United States Government Printing Office Style Manual” or other resources for additional 
information, specific rules, and exceptions. 
General guidelines Generally, capitalize proper nouns, including the names of 

organizations and personal titles. Titles following a personal name 
or used alone in place of a name are, with few exceptions, 
lowercased. 

Examples: 
U.S Government; federal government 
Secretary of the Interior Jewell; the secretary of the interior 
President of the United States; President Lincoln; the president 

act of Congress Lowercase “act” since it is a common, not proper noun. Congress is 
capitalized. 

Acts, treaties, and government 
programs 

Capitalize full formal or accepted titles of acts, executive orders, 
laws, plans, policies, and treaties. Incomplete names are usually 
lowercased. 

Examples: 
Fish and Wildlife Improvement Act 
the improvement act; the act 

Administration Capitalize "Administration" when used in conjunction with the name 
of a President, such as the Obama Administration.  

Bailey’s ecoregion naming 
convention 

Capitalize province when used as a proper noun. Lowercase 
province if not a proper noun. 

Examples: 
Arctic Tundra Province 
the province 

 
Lowercase section. 

Example: 
Oak Savannah section 

Band, tribe See “Tribe, band.” 
Basin or basin Capitalize if it’s a legal entity (Upper Basin); lowercase if not 

(Missouri River basin). 
century 
  

Lowercase. 
Examples: 
ninth century 
20th century 

Chapter, figure, table Lowercase when referenced in the body of the document if not 
including the full title in the reference. 

Examples: 
see chapter 1 
see Chapter 1: Introduction 

Coast Capitalize when it refers to a region, such as the East Coast.  
 
Lowercase when it refers to a smaller area, such as the Maryland 

http://www.gpo.gov/fdsys/pkg/GPO-STYLEMANUAL-2008/content-detail.html


Style Guide – Capitalization
 

 
U.S. Fish and Wildlife Service Documentation Resources 
16 

coast. 
Committee Capitalize when it is part of a formal name, such as the House 

Resources Committee. Do not abbreviate.  
Congress Capitalize. Often used to refer only to the House. Properly refers to 

both the House and the Senate. 
Example: 
members of Congress 

comprehensive conservation plan Lowercase when spelled out, but abbreviation is capitalized. 
Example: 
comprehensive conservation plan (CCP) 

Director Director of the U.S. Fish and Wildlife Service, the Director  
 
Capitalize the job title when it appears either before or after the 
Director's full name. 

Examples: 
Director of the U.S. Fish and Wildlife Service Dan Ashe 
Dan Ashe, Director of the U.S. Fish and Wildlife Service 

District Capitalize if referring to a specific station name. 
Examples: 
Big Stone District (applicable usage after Wetland Management 
District is spelled out for its initial reference) 

 
Lowercase for all other uses. 

Example: 
the district 

E-mail Capitalize to start a sentence. 
 
Lowercase when word is within a sentence. 
 
Use hyphen. 

East, eastern See “Region, locality, geographic feature.” 
Executive, executive Capitalize if used in place of “President of the United States” and 

when used with any of the following. 
Examples: 
Executive Decree 
Executive Office 

 
Lowercase if used with any of the following. 

Examples: 
executive agreement 
executive branch 
executive department 

Executive Order, Executive order Capitalize Executive and Order if using with a specific order 
number. 

Example: 
Executive Order No. 34, Executive Order 34 
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Lowercase order if no specific order number is used. 
Example: 
Executive order 

Federal or federal Capitalize when part of a proper name. 
Example: 
Federal Register 

 
Lowercase when used as an adjective 

Examples: 
federal agencies 
federal government 
federal judge 

Fiscal year Lowercase fiscal year or abbreviate: FY 16. 
flyway Not capitalized. 

Example: 
Mississippi flyway 

fragmented quote First word of a fragmented quote is not capitalized. 
Example: 
They objected “to the phraseology, not to the ideas.” 

genetically-modified, glyphosate-
tolerant 

Use lowercase, hyphens, and comma when spelled out. 
 
Abbreviation is GMGT. 

Great Capitalize if part of a name. 
Examples: 
Great Plains 
southern Great Plain 

Greater Capitalize. 
Example: 
Greater Chicago 

Great Lakes or Great Plains Capitalize in all cases. On second reference they may be  
cited as the Lakes or the Plains. 

Gulf Coast Capitalize when referring to the region surrounding the Gulf of 
Mexico. 

Highway names Capitalize. 
Examples: 
U.S. Highway 
U.S. Route 
State Route 
Interstate 

Lakes Capitalize if referring to a specific lake or lakes listed in sequence 
Examples: 
Lake Erie 
Lake Huron 
Lakes Erie and Huron 

levee Lowercase. 
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Lobe Capitalize if used in a name. 
Example: 
Des Plains Lobe 

 
Lowercase for all other uses. 

Example: 
the lobe 

Indian Capitalize. 
Indiangrass Capitalize, and one word. (See the USDA Plants Database.) 
Indian tribes; bands See “Tribe, band.” 
metropolitan area Capitalize if used in a title or name. 
Months Capitalize the name of months in all uses. 
Nation Capitalize if used as a synonym for United States. 

Example: 
Protecting the Nation’s wildlife 

 
Lowercase for all other uses. 

Examples: 
a nation 
nationwide 

No Action Capitalize if associated with a comprehensive conservation plan. 
No Action Alternative Capitalize if associated with a comprehensive conservation plan. 
North, northern See Region, locality, geographic feature. 
Reach Capitalize if referring to a specific reach or reaches listed in 

sequence. 
Examples: 
Columbia Reach and St. Louis Reach; the Columbia and St. 
Louis Reaches 

 
Lowercase for all other uses. 

Examples: 
the reach 
the reaches 

Refuge Capitalize if associated with a specific station name. 
Example: 
Big Stone Refuge (applicable usage after National Wildlife 
Refuge is spelled out for its initial reference) 
 

Lowercase for all other uses. 
Example: 
the refuge 

 
Capitalize if used in parenthesis as an initial reference when the 
reference is to a specific station name. 

Example: 
Big Stone National Wildlife Refuge (NWR, Refuge) 
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Lowercase if used in parenthesis as an initial reference when the 
reference is not referring to a specific station name. 

Example: 
a national wildlife refuge (NWR, refuge) 

Refuge Manager Capitalize if referring to a specific title. 
Example: 
the Refuge Manager at Big Stone National Wildlife Refuge 

 
Lowercase refuge manager if referring to the position and not the 
person. 

Refuge System Lands “Lands” is plural when spelled out but not in abbreviation (not 
RSLs). 
 
Abbreviation is RSL.  

Refuge Supervisor  Capitalize if referring to a specific title. 
Example: 
the Refuge Supervisor at Big Stone National Wildlife Refuge 

 
Lowercase refuge supervisor if referring to the position and not the 
person. 

Regional Office Capitalize if referring to a specific regional office; otherwise, 
lowercase. 

Region, locality, geographic 
feature 

From the “United States Government Printing Office Style Manual”: 
 
A description term used to denote a definite region, locality, or 
geographic feature is a proper name and is therefore capitalized; 
also for temporary distinction a coined name of a region is 
capitalized. 

Examples: 
the North Atlantic States 
the Gulf States 
the Central States 
the Pacific Coast States 
East North Central States 
Eastern North Central 
States 
Far Western States 
the West 
the Midwest 
the Middle West 
the Far West 
the Western Hemisphere 

the Eastern Shore 
the Continental Divide 
Deep South 
Midsouth 
the Far East 
Far Eastern 
the East 
Middle Eastern 
Mideast 
the East Side 
the North and South 
Poles 
the Temperate Zone 

 
A descriptive term used to denote mere direction or position is not a 
proper name and is therefore not capitalized. 

Examples: 
north, south, east, west 
northerly; northern; 

west Florida 
but West Florida 
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northward 
eastern 
east Pennsylvania 
southern California 
northern Virginia 
midwestern farmer 

(1763–1819) 
eastern region; western 
region 
north-central region 
east coast 

 

River or River Valley Capitalize if referring to a specific river or rivers listed in sequence. 
Examples: 
Mississippi River; Mississippi and Minnesota Rivers 
the Red River Valley 

but 
the rivers Hudson and Mississippi 

 
Lowercase for all other uses. 

Examples: 
the river 
the river valley 

 
See “Topographical names.” 

Seasons Lowercase spring, summer, fall, winter. 
South, southern See Region, locality, geographic feature. 
Species naming convention Follow guidelines for taxonomic and naming standards provided in 

the “Journal of Fish and Wildlife Management Guide for Authors” 
(http://www.fws.gov/science/resourcesforauthorsandreviewers.html). 
 
Note that bird names are capitalized, following the Guide’s 
recommended resource: “The American Ornithologists’ Union 
Check-list.” 
 
Except for birds, generally lowercase, with the exception of species 
whose name includes a proper name such as the Mexican wolf.  
 
If you discuss more than one species of the same genus in text, cite 
the full scientific name for the first and abbreviate the genus for 
subsequent species or subspecies. It is also preferable to italicize 
the scientific name (or underline if you cannot italicize).  

State Capitalize in all "state of" constructions. 
Example: 
the State of Pennsylvania 

 
Capitalize: 

Examples: 
New York (Ohio, etc.) 
State 
State government 
State legislature 
Eastern (etc.) States 
East North Central States 

Middle Atlantic States 
Middle Western States 
Midwestern States 
Mountain States  
New England States 
North Atlantic States 
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East South Central States 
Eastern Gulf States 
Far Western States 
Gulf; Gulf Coast States 
Lake States 
lower 48 States 
Middle States 
Middle Atlantic States 

Northwestern (etc.) 
States 
Pacific States 
Pacific Coast States 
South Atlantic States 
Southern (etc.) States 
western farming States 

 
Lowercase the word "state" when it stands alone. 

Examples: 
in the state 
downstate; upstate 

 
Kentucky, Massachusetts, Pennsylvania, and Virginia are 
technically commonwealths. 

Station Manager Capitalize if referring to a specific person. 
Example: 
the Station Manager is at the refuge 

 
Lowercase station manager if referring to the position and not the 
person. 

Upper Capitalize if part of a name. 
Examples: 
Upper Midwest 
Upper Great Plains 

Taxonomic names Capitalize the names of genera, families, orders, classes, phyla, 
and kingdoms and the first component of a species name. Italicize 
genus and species names. 

Example: 
Haliaeetus leucocephalus 

The Nature Conservancy Capitalize “The.” 
Topographical names According to “The Chicago Manual of Style,” when a generic term is 

used in the plural either before or after more than one proper name, 
the term should be capitalized if, in the singular form and in the 
same position, it would be recognized as part of each name. 

Examples: 
the Hudson and Mississippi Rivers 

but 
the rivers Hudson and Mississippi 

 
When a generic term is used descriptively rather than as part of the 
name, or when it is used alone, it is lowercased. 

Examples: 
the valley of the Mississippi 
the Hudson River valley 

tribal Lowercase. 
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Example: 
tribal government 

Tribe, band Capitalize if a proper name. 
Examples: 
Shawnee Tribe 
Five Civilized Tribes 
Eastern Band of Cherokee 

 
Lowercase if not a proper name. 

Examples: 
the tribe 
the tribes 
the band 

watershed Lowercase. 
Valley Capitalize if a proper name. 
West, western See “Region, locality, geographic feature.” 
ZIP Code™ Capitalize. 
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Compounding and Hyphenating 
See the “United States Government Printing Office Style Manual” or other resources for additional 
information, specific rules, and exceptions. 
General guidelines Nearly all words beginning with the following prefixes do not 

use hyphens: 
 

anti 
bi 
co 
counter 

extra 
infra 
inter 
intra 

micro 
mid 
mini 
neo 

non* 
over 
post 
pre 

pro 
re 
semi 
socio 

sub 
trans 
un 
under 

 
* “Non” is not followed by a hyphen except when followed by 
a capitalized word, such as non-Service. 
 
In the body of a document, do not capitalize the second word 
of a hyphenated word form that is a proper noun. 
 
In a title or heading, do capitalize the second word of any 
hyphenated word form. 

A 
area wide  
B 
bird-watcher  
bird watching  
board feet  
board foot (usual usage) or board-foot Use hyphen if unit modifier. 
bottom land (usual usage) or bottom-land  Use hyphen if unit modifier. 
broad-based  
brome grass There several types of brome grass, and all present brome 

as a separate word. (See the USDA Plants Database.) 
built in or built-in Use hyphen if unit modifier. 
C 
canarygrass As In reed canarygrass. 
case-by-case  
checkmark  
cleanup One word, no hyphen when used as a noun or a unit 

modifier. 
coldwater As in coldwater fish. 
cool season  
cordgrass  
cost effective (usual usage) or cost-
effective  

Use hyphen if unit modifier. 

cost-effectiveness  
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cover type  
crop cover  
crop fields  
crop ground  
cropland  
cross section  
cutoff One word, no hyphen when used as a noun or as a unit 

modifier. 
D 
database  
dataset  
decision maker (noun) 
decision making (noun) 
decision-making (adjective) 

 

deep water (usual) or deep-water Use hyphen if unit modifier. 
dewpoint  
downstream  
drop-down As in “drop-down menu.” 
F 
factsheet  
farm field  
farmsite  
farmstead  
federally listed (or endangered, or listed, 
or protected) 

Lowercase; no hyphen. 

fee title  
fenceline  
fencepost  
flood plain (usual usage) or flood-plain Use hyphen if unit modifier. 
freshwater  
flow line; flow path  
flyway  
follow up or follow-up Use hyphen if unit modifier. 

 
Tip: follow-up is a unit modifier if “the” can precede it. 

Examples: 
The follow-up test. 
Did you follow up with her? 

full-time  
G 
gamebird  
grass Most (not all) grass species take on a one-word form (e.g., 
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canarygrass). (See the USDA Plants Database.) 
grassland  
groundcover  
ground water (usual usage) or ground-
water 

Use hyphen if unit modifier. 

H 
hard copy  
headcut  
headcutting  
high water (usual usage) or high-water Use hyphen if unit modifier. 
homesite  
homestead  
I 
Indiangrass One word, and capitalized. (See the USDA Plants 

Database.) 
inter, intra, intro Generally, all word forms that begin with inter, intra, or intro 

are one word without a hyphen. 
K 
kickoff One word, no hyphen when used as a noun or as a unit 

modifier. 
L 
lakebed  
land base (usual usage) or land-base Use hyphen if unit modifier. 
land-based  
land bird (usual usage) or land-bird Use hyphen if unit modifier. 
land cover  
landform  
landmark  
landmass  
landowner  
landscape  
landscape-level  
landslide  
land use  
large-scale  
life cycle  
long-range  
longstanding or long-standing Use hyphen if unit modifier. 
long-term  
M 
main stem  
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manmade  
marshbird  
mid Generally, all word forms that begin with mid are one word 

without a hyphen. Notable exceptions include: mid-
American, mid-January (etc.), and mid-Pacific (etc.). 

mudflat  
N 
nationwide  
nearshore  
Non-Government Organization  
nonmigratory  
nonnative  
O 
offshore  
offsite  
ongoing  
online  
onsite  
open land  
open water  
outbuilding  
out-of-date  
overspray  
overstory  
P 
part-time  
pre Generally, all word forms that begin with pre are one word 

without a hyphen. Notable exceptions are word forms with 
proper nouns. 

present-day  
policymaker  
R 
rail line  
railway line  
re Generally, all word forms that begin with re are one word 

without a hyphen. Notable exceptions where word forms use 
hyphens include: re-cover (cover again) and re-create 
(create again). 

regionwide or region-wide One word when used as a noun. Use hyphen if unit modifier. 
riverbank  
riverbed  
river bottom (usual usage) or river-bottom Use hyphen if unit modifier. 
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riverflow  
riverfront  
riverscape  
riverside  
riverward  
roadbed  
roadway  
row crop  
runoff One word, no hyphen when used as a noun or as a unit 

modifier. 
run-on Use hyphen of noun or unit modifier. 
runup One word, no hyphen when used as a noun or as a unit 

modifier. 
S 
sandbar  
sandhill  
sandpile  
science-based  
sea bird (usual usage) or sea-bird Use hyphen if unit modifier. 
seaborne  
seacoast  
seafloor (usual usage) or sea-floor Use hyphen if unit modifier. 
sealane  
sea level (usual usage) or sea-level Use hyphen if unit modifier. 
seascape  
seashore  
seaside  
seedbed  
sheet flow  
shore bird (usual usage) or shore-bird Use hyphen if unit modifier. 
shortgrass  
short-term  
side channel  
small-scale  
snow cover (usual usage) or snow-cover Use hyphen if unit modifier. 
snow-covered  
snowmelt  
snowplow  
snowscape  
snow-topped  
socioeconomic  
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songbird  
square feet; square foot  
square mile (usual usage) or square-mile Use hyphen if unit modifier. 
stand-alone  
startup One word, no hyphen when used as a noun or as a unit 

modifier. 
streambank  
streamflow  
step-down As in step-down plans. 
stoplog  
stopover  
switchgrass  
T 
tallgrass As in tallgrass prairie. 
timeframe  
townsite  
tradeoff  
U 
upriver  
upstream  
up-to-date  
W 
warm season  
WatchList One word; capitalize “W” and “L.” 
water bird (usual usage) or water-bird Use hyphen if unit modifier. 
waterflow  
waterfowl  
waterscape  
water table (usual usage) or water-table Use hyphen if unit modifier. 
waterway  
weather-dependent  
wildland  
wildlife-dependent  
wind farm  
work-around  
world-wide  
Y 
year round (usual usage) or year-round Use hyphen if unit modifier. 

Not year around. 
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Dates, Numerals, Measurements 
See the “United States Government Printing Office Style Manual” or other resources for additional 
information, specific rules, and exceptions. 
Ages Always use figures. 

Examples: 
6 years old 
a 3-year old 
the age of 3 
52 years 10 months 6 days 

Dates Express years in numerals unless they stand at the 
beginning of a sentence. 
 
Use an apostrophe when leaving out part of a date. 

Example: 
the spirit of ‘76 

 
Do not use an apostrophe before the s of a date. 

Example: 
the 1900s 

 
Do not use a comma separating a month and year. 

Example: 
June 2012 or June of 2012 
Not: June, 2012 

 
Do not repeat the date year in a date range if the year is the 
same. 

Example: 
March 6 to April 15, 2012 
Not: March 6, 2012 to April 15, 2012 

 
Use an en dash (–) to indicate a range of dates. 

Example: 
April 14–18, 2013 

Degrees Omit spaces. 
Examples: 
longitude 77°04’ E. 
35°30’; 35°30’ N. 

 
See “Temperature.” 

Numbers Spell out single-digit numbers (one through nine) unless 
they are used with units of measure or are directly compared 
with a larger number. 

Examples: 
four anglers 
5 cm 
8 bluefish and 16 striped bass 
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Use numerals for decimal fractions and numbers of two or 
more digits (10 and above) except with money and 
percentages. 

Examples: 
0.4 times 
17 tanks; 326 fish 
$4 billion 
4 percent 

 
Spell out any number that begins a sentence. 

Examples: 
Thirty-five employees were at the meeting. 
There were 35 employees at the meeting. 
Not: 35 employees were at the meeting. 

 
Do not repeat a spelled-out number in figures, except in 
legal documents. 

Example: 
twelve birds 
Not: twelve (12) birds 

 
Spell out numbers less than 10 that are used with units of 
measure (as well as the units of measure) when there are 
intervening words. 

Example: 
seven or more inches 

 
Use commas in numbers of 1,000 and greater. 
 
If spelled out, numbers larger than 1,000 should be set in the 
following form: 

two thousand and twenty 
one hundred and fifty-two thousand three hundred and 
five 

 
Numbers of less than 100 preceding a compound modifier 
containing a figure are spelled out. 

Examples: 
two ¾-inch boards 
two 5-percent decreases  

 
Indefinite expressions are spelled out. 

Examples: 
the seventies 
the early seventies 
but  the early 1870s 
 

These words do not reflect indefinite expressions: nearly, 
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about, around, approximately. 
Examples: 
The bass weighed about 6 pounds. 
The dock is nearly 8 years old. 
 

Use 0 before decimal fractions. 
Example: 
0.05 

 
Spell out fractions when used in the body of your document. 

Examples: 
one-half 
forty-two hundredths 

 
Mixed fraction are always expressed in figures. Fractions 
standing alone, however, or if followed by of a or of an, are 
generally spelled out. 

Examples: 
three-fourths of an inch (not ¾ of an inch) 
one-fourth inch 
half an inch 
seven-tenths of 1 percent 
a quarter of an inch 
one-hundredth 
two one-hundredths 
five one-thousands 

but: 
½ to 1¾  pages 
½-inch pipe 
½-inch-diameter pipe 
2½ times 

 
Use numerals for numbers used as numbers or designating 
items in a sequence. 

Examples: 
The index ranges from 1 to 5. 
experiment 2 

 
Spell out numbers less than 100 when they modify a 
compound adjective that contains a number. 

Examples: 
ten 40-cm fish 
105 30-cm fish 

 
Use numerals for numbers that apply to the same or similar 
items when any of those numbers are greater than 9 and 
they occur in close proximity to one another. 

Examples: 



Style Guide – Dates, Numerals, Measurements
 

 
U.S. Fish and Wildlife Service Documentation Resources 
32 

from 5 to 20 species 
2–20 potholes 

 
Use hyphens with most unit modifiers: 
 

5-day week 
8-year-old tree 
8-hour day 
10-foot pole 
½ -inch pipe 
5-foot-wide entrance 
5-percent increase 

but: 
two-story building 
five-member board 
$20 million addition 

 
Use Arabic numerals unless Roman numerals are 
specifically called for, such as World War II. 

Measurements Generally, write out measurements―such as inches, feet, 
fractions―in narrative text, but use abbreviations in tables. 

Examples: 
1½ miles 
6 acres 
15 cubic yards 

but 
three-ply; five votes; six bales; two dozen; one gross; 
seven-story building 

Million and billion Use Arabic numerals with million or billion. Do not mix billion 
and million, or million and thousand, in the same figure. Use 
decimal points instead. However, do not go beyond two 
decimal points. It is $1.56 billion, not $1.562 billion.  

Percentage Percent spelled out is preferred to the symbol (%) in the 
body of a document. 

Examples: 
12 percent 
0.5 percent (or one-half of 1 percent) 
12 percent; 25.5 percent 
thirty-four one hundredths of 1 percent 
100-percent increase 

 
Tables are an exception, where the symbol (%) is preferred. 

Proportion 1 to 4; 1–3–5; 1:62,500 
Temperature Expressed in figures. When the degree mark is used, it must 

appear next to the capital letter and not against the figure. 
Examples: 
7 degrees Celsius; 7 ºC 
7 degrees Fahrenheit; 7 ºF 



Style Guide – Dates, Numerals, Measurements
 

 
U.S. Fish and Wildlife Service Documentation Resources 

33 

Time 7 minutes; 8 days; 1 month 
four centuries; three decades; one-half hour 
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Punctuation 
See the “United States Government Printing Office Style Manual” or other resources for additional 
information, specific rules, and exceptions. 
Apostrophe (‘) All singular nouns form their possessive case by the addition of an 

apostrophe and an s. Plural nouns ending in s form their plurals by 
adding only an apostrophe. Some irregular plurals require both an 
apostrophe and an s. 

Examples: 
boss’s, bosses’ 
citizen’s, citizens’ 
people’s, peoples’ 

 
In compound nouns, the ‘s is added to the element nearest the 
object possessed. 

Examples: 
comptroller general’s decision 
Mr. Brown of New York’s motion to adjourn 

 
Joint possession is indicated by placing an apostrophe on the last 
element of a series, while individual or alternative possession 
requires the use of an apostrophe on each element in a series. 

Examples: 
soldiers and sailor’s home 
master’s and doctor’s degrees 

 
Possessive pronouns do not take an apostrophe. 

Example: 
its, ours, theirs, yours, hers, whose 

 
Do not use an apostrophe after a date, such as the 1970s. 

Colon (:) Use before a final clause that extends or amplifies preceding 
matter. 
 
Use to introduce formally any matter that forms a complete 
sentence, question, or quotation. 
 
Use after introductory lines in lists and tables. 

Comma (,) Use to separate two words or figures that might otherwise be 
misunderstood. 

Examples: 
Instead of hundreds, thousands came. 
Instead of 20, 50 came. 

 
Use between an introductory modifying phrase and the subject 
modified. 

Example: 
Beset by the enemy, they retreated. 
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Separate subject and verbs in compound sentences with commas. 
Example: 
Jane went to the store, and Robert fed the dog.  
Not: Jane went to the store and Robert fed the dog. 

 
Use the serial (or Oxford) comma. 

Example: 
red, white, and blue 
Not: red, white and blue 

 
Use a comma after an introductory prepositional phrase only if the 
phrase is very long or if figures need separation. 

Example: 
In his speech John emphasized habitat loss. 
Not: In his speech, John emphasized habitat loss. 
 
Example: 
In 2013, 15 members of the committee volunteered. 
Not: In 2013 15 members of the committee volunteered. 

 
Comma goes inside closing quotation mark. 

Example 
He said “four,” not “five.” 

Dollar sign ($) Use the $ sign with numbers. Do not write out. 
Example: 
$4 billion 
Not: 4 billion dollars 

Ellipses ( . . . ) Ellipses are used to indicate omission in quotations. 
 
Use three periods separated by spaces at the beginning or end of a 
sentence. Separate the last period of the ellipses and the ending 
punctuation with a space. 

Em dash (—) Use an em dash within text to amplify or explain information within 
text. 

Example: 
Habitat conservation is simply a means to attain the Service’s 
true goal—the conservation of populations and ecological 
functions that sustain them. 

En dash (–) Use an en dash to indicate a range of numbers or other sequential 
items. 

Examples: 
April 14–18, 2013 
Pages 29–36 

 
Do not use an en dash for “to” when the word “from” precedes the 
first of two related figures or expressions. 

Example: 
from June 1 to July 30, 1999 
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Not: from June 1–July 30, 1999  
Parenthesis () Put periods inside the  ) mark when the parenthesis encompass a 

complete sentence. 
Example: 
(The study was done in January.) 

 
Put periods outside the closing ) mark when the parenthesis 
encompass a phrase within the sentence. 

Example: 
The refuge manager announced the program (to be completed in 
July). 

 
Be careful not to overuse parenthesis by over-relying on 
parenthetical remarks instead of clear, complete sentences. 

Quotation marks (“ “) Commas and periods always appear inside quotation marks. Other 
punctuation, like colons and semicolons, may be either inside or 
outside quotation marks, depending on the meaning being 
conveyed. 
 
Ordinarily, capitalize the first word of every complete sentence in 
quotation marks. 
 
When quoting a word or phrase, do not capitalize the first word 
unless it meets one of these conditions: 
 

• It is a proper noun, an adjective, or the pronoun “I.” 
• It was capitalized in its original use. 
• The quoted word begins at the beginning of a sentence. 
• It represents a complete sentence. 

 
If one or more words are omitted at the end of a quoted sentence, 
use three spaced periods (ellipsis marks) followed by the necessary 
terminal punctuation for the sentence as a whole. 
 
If only a fragment of a sentence is quoted within another sentence, 
it is not necessary to use ellipsis marks to signify the omission of 
words before or after the fragment. If the fragment can be read as a 
complete sentence, capitalize the first word in the quoted fragment, 
even though this word was not capitalized in the original. 
 
If a displaced quotation starts in the middle of a sentence, use three 
spaced periods (ellipsis marks) at the beginning of the quotation. If 
the fragment can be read as a complete sentence, capitalize the 
first word of the fragment and omit the ellipsis marks. 
 
Use quotation marks—not italics—to enclose titles of articles, 
books, reports, etc. It is acceptable to use italics when referencing 
Federal Register (as per the Government Printing Office Style 
Manual). 
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Semicolon (;) Use a semicolon to separate clauses containing clauses. 
Example: 
Reptiles, amphibians and predatory mammals swallow their prey 
whole or in large pieces, bones included; waterfowl usually take 
shellfish whole. 

 
Use a semicolon to separate the items in a series when the items 
already include commas. 

Example: 
Our regional offices are located in Oregon, New Mexico; 
Bloomington, Minnesota; and Massachusetts. 

 
Generally, semicolons are used instead of commas to separate 
independent clauses that are joined by one of the following 
adverbs: 
 

also 
finally 
incidentally 
meanwhile 
otherwise 
thus 

anyway 
furthermore 
indeed 
moreover 
still 

besides 
hence 
instead 
nevertheless 
then 

consequently 
however 
likewise 
next 
therefore 
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Miscellaneous 
See the “United States Government Printing Office Style Manual” or other resources for additional 
information, specific rules, and exceptions. 
Bibliography Key is consistency. See the “United States Government 

Printing Office Style Manual” or “The Chicago Manual of 
Style” for examples. 
 
Usually articles come before publications if both are cited. 
Usually put title of article in quotation marks and title of 
publication in italics. 

Citations in text Citations are usually placed at the end of a sentence, in 
parenthesis and before the ending period. 

Example: 
Wetland restoration began in late 2000s (Jones 2013). 

 
When using more than one citation for a particular 
statement, list them chronologically beginning with the 
oldest, then alphabetically within years. 

Examples: 
(Roberts 2003; Johnson 2007) 
(Roberts 2003; Smith 2005; Smith and Jones 2005) 

 
Exception: Group publication by the same author or authors 
together, even if this violates the rule about chronological 
listing. 

Example: 
(Robert 2003, 2007; Smith 2006) 

 
Lowercase letters to distinguish multiple publication by an 
author or authors in the same year. 

Example: 
(Jones et al. 2005a, 2005b) 

Lists: bullets (unordered) and numbers 
(ordered) 

Consider the following when using bullets (unordered list): 
 

• Use a bulleted list when a specific ordering of items 
is not required. This style features built-in indents 
and spacing. 

• Generally, the introduction to a list of bullet 
statements includes a colon. 

• Bulleted items may be short phrases, single 
sentences, or of paragraph length.  

• It is acceptable to omit a period (.) at the end of a 
bulleted item IF it is not a complete sentence and 
the introductory statement is grammatically 
complete. 

• It is acceptable to end every bulleted item except the 
last one with a semicolon (;) and end the last item 
with a period (.). 

• It is acceptable to end a bulleted item with a period 

http://www.gpo.gov/fdsys/pkg/GPO-STYLEMANUAL-2008/content-detail.html
http://www.gpo.gov/fdsys/pkg/GPO-STYLEMANUAL-2008/content-detail.html
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(.) if the item is a complete sentence. If you use a 
period after one item in the list, be sure to be 
consistent and use a period after each item in the 
list. 

 
Consider the following when using numbers (ordered list): 
 

1. Use a numbered list when order is emphasized, as 
in a procedure or steps to complete an action. This 
style features built-in indents and spacing. 

a. Use sub-steps when order is still required. 
• Use a bullet if you need to list unordered 

items below a numbered step. 
• This is done by pressing Enter after the 

numbered step (to create a new line, 
which is numbered), then pressing the Tab 
key to create the bullet. 

2. Continue entering numbered items as necessary. 
 
Add a single line space between your last list item and the 
beginning of the next paragraph, list, table, or heading. 

Figures Place a figure as soon after its reference as possible. 
 
Refer to figures in the text. 

Example: 
See figure 1-1. 

 
Figures, such as GIS-generated maps, should not be resized 
manually so as not to affect scale indicated on the image. 

Secretary of the Interior Include “the.” 
Tables Refer to tables in the text. 

Example: 
See table 1-1. 

 
Place a table as soon after its reference as possible without 
causing an unnecessary break in the table. 
 
Tables should be self-contained. Spell out abbreviations, 
acronyms, and initialisms on the first use or in notes below 
the table. 
 
Generally, use abbreviations for measurements―such as 
inches, feet, fractions―in tables. 
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Appendix A: Content Review Checklist 
 
Clarity and 
Correctness 

• Be concise. 
• Begin with the main point. Avoid using too many introductory clauses.  
• Use the Style Guide and other resources that are provided to produce clear 

and correct information. 
Content Organization 
and Consistency 

• Write content in the inverted pyramid format with the most important 
information at the beginning, contextual information in the middle, and 
supplementary information at the end. 

• Layer information by using brief introduction sentences or paragraphs that 
lead to more in-depth information.  

• Make sure content doesn't contradict other information in your document.  
• Be consistent with terminology, capitalization of proper nouns, voice, point of 

view, and punctuation. 
• Use a consistent point of view: first person, second person, or third person. 

Each point of view expresses a different relationship to the reader. 
• Spell out all abbreviations, acronyms, and initialisms when used the first time 

in each section. 
Tone and Voice • Write in active voice most of the time. 

• Use passive voice sparingly. 
Agreement • Do not use plural pronouns to refer to singular nouns (or pronouns). 

• Use subject-verb agreement. Generally, a singular subject takes a singular 
verb, while a plural subject takes a plural verb. 

• Use parallel writing styles for sentences, phrases and terms, references, and 
bullets. 

Sentences • Vary sentence length, but avoid long sentences. 
• Use short sentences for stating straight-forward concepts. 
• If you must use a long sentence, make your point at the beginning, and finish 

the sentence with supporting ideas. 
Paragraphs • State the purpose of the page or section in the first paragraph. 

• Limit paragraphs to a single topic or major idea. 
• Reflect the purpose of the paragraph in the first sentence. 
• Repeat key words and use transitions between paragraphs. 

Style • See primarily the “United States Government Printing Office Style Manual” for 
style guidance—especially for: 
o Abbreviations, acronyms, initialisms 
o Capitalization rules (for example when to use Federal or federal) 
o Compounding examples (when to use—or not use—hyphens) 
o Land descriptions, measurements, numbers, dates (when to write out, 

when to use numerals) 
• See Appendix C:Additional Resources for more information about style 

guidance, writing styles, and standards. 
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Appendix B: Guidelines from Plain Language.gov 
 
The guidance provided here is from the Plain Language.gov website 
(http://www.plainlanguage.gov/index.cfm), and in particular, Federal Plain Language Guidelines.  
 
In this appendix: 
 
Writing and Grammar 
Tone and Voice 
Sentences 
Paragraphs 
 
 
Writing and Grammar 
 
Omit unnecessary words. 
 
Wordy, dense construction is one of the biggest problems in government writing. Nothing is 
more confusing to the user than long, complex sentences containing multiple phrases and 
clauses. Unnecessary words come in all shapes and sizes, and it's difficult to put them into 
distinct categories. To address the problem, writers must become more critical of their own 
writing. They must consider whether they need every word. 
 
Unnecessary words waste your audience's time on the web as well. Remember great web 
content is like a conversation. Omit information that the audience doesn't need to know. 
 
One place to start working on this problem in your own writing is to watch out for "of," "to," "on," 
and other prepositions. They often mark phases you can reduce to one or two words. 
 
Don’t say Say 
 
• a number of 
• a sufficient number of 
• at this point in time 
• is able to 
• on a monthly basis 
• on the ground that 
• an amount of X 
• be responsible for 
• in order to 

 
• several, a few, many 
• enough 
• now 
• can 
• monthly 
• because 
• X 
• must 
• to 

 
 
Often, you can omit redundant words. 
 
Don’t say Say 

The X Department and the Y Department worked 
together on a joint project to improve … 

The X and Y Departments worked on a project to 
improve … 

 
 
In this statement, you don't need "joint." You don't even need "together." Saying that X and Y 
worked on a project says it all. "Joint" and "together" are both redundant. 
 

http://www.plainlanguage.gov/index.cfm
http://www.plainlanguage.gov/index.cfm
http://www.plainlanguage.gov/howto/guidelines/FederalPLGuidelines/index.cfm?CFID=215234&CFTOKEN=3e816b11fb4dc13-5A36A12C-CF59-7A90-EE7A58E978B5BD54&jsessionid=A1EFC70FFAE93CB4EB05DD559C200232.chh
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Similarly, we often use excess modifiers such as absolutely, actually, 
completely, really, quite, totally, and very. But if you look closely, you'll find that they often aren't 
necessary and may even be nonsensical. 
 
Don’t say Say 

Their claim was totally unrealistic. 
 
It is particularly difficult to reconcile the somewhat 
differing views expressed by the management team.  
 
Total disclosure of all facts is very important to make 
sure we draw up a total and completely accurate 
picture of the Agency’s financial position. 

Their claim was absurd. 
 
It is difficult to reconcile the differing views 
expressed by the management team. 
 
Disclosing all facts is important to creating an 
accurate picture of the Agency’s financial position. 

 
 
Avoid doublets and triplets. English writers love to repeat the same concept by using different 
words that say the same thing. 
 
Don’t say Say 
 
• due and payable 
• cease and desist 
• knowledge and information 
• begin and commence 

 
• due 
• stop 
• (either one) 
• start 

 
 
Other ways to omit unnecessary words include eliminating hidden verbs, using pronouns, and 
using active voice. See the guidance on those three topics (Avoid hidden verbs, Use pronouns 
to speak directly to readers, and Use active voice) for more information. 
 
Here's an example that uses several of the techniques discussed above to cut a 54 word 
sentence down to 22 words, with no loss of meaning. 
 
Don’t say Say 

If the State Secretary finds that an individual has 
received a payment to which the individual was not 
entitled, whether or not the payment was due to the 
individual’s fault or misrepresentation, the individual 
shall be liable to repay to State the total sum of the 
payment to which the individual was not entitled. 

If the State agency finds that you received a 
payment that you weren’t entitled to, you must pay 
the entire sum back. 

 
 
Omitting excess words can cut documents significantly. Be diligent in challenging every word 
you write, and eventually you will learn to write not only clearly, but concisely. 
 
 
Plain Language.gov sources:  
 
Garner, Bryan A., Legal Writing in Plain English, 2001, University of Chicago Press, Chicago, pp. 43, 40, 34. 

Kimble, Joseph, Lifting the Fog of Legalese, Carolina Academic Press, 2006, Durham, NC, pp. 93, 170. 

Securities and Exchange Commission, Plain English Handbook, 1998, Washington, DC, p. 25. 

 
 

http://www.plainlanguage.gov/howto/guidelines/FederalPLGuidelines/writeNoVerbNouns.cfm
http://www.plainlanguage.gov/howto/guidelines/FederalPLGuidelines/writeYou.cfm
http://www.plainlanguage.gov/howto/guidelines/FederalPLGuidelines/writeYou.cfm
http://www.plainlanguage.gov/howto/guidelines/FederalPLGuidelines/writeActive.cfm
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Avoid stringing together more than three nouns. 
 
Bring these constructions under control by eliminating descriptive words that aren't essential. If 
you can't do that, open up the construction by using more prepositions and articles to clarify the 
relationships among the words. 
 
Avoid nouns strings like these Instead, say 

Underground mine worker safety protection 
procedures development. 
 
Draft laboratory animal rights protection regulations. 
 
 
National Highway Traffic Safety Administration’s 
automobile seat belt interlock rule. 

Developing procedures to protect the safety of 
workers in underground mines. 
 
Draft regulations to protect the rights of laboratory 
animals. 
 
The National Highway Traffic Safety Administration's 
interlock rule applies to automotive seat belts. 

 
 
Plain Language.gov sources:  
 
Charrow, Veda R., Erhardt, Myra K. and Charrow, Robert P. Clear & Effective Legal Writing, 4th edition, 2007, Aspen Publishers, 
New York, NY, pp. 192-193. 

Garner, Bryan A., A Dictionary of Modern Legal Usage, 2nd edition, 1995, Oxford University Press, Oxford and New York, pp. 601-
602. 

Garner, Bryan A., Garner’s Modern American Usage, 2003, Oxford University Press, Oxford and New York, p. 557. 

Wydick, Richard, Plain English for Lawyers, 5th edition, 2005, Carolina Academic Press, Durham, NC, p. 71. 

Zinsser, William, On Writing Well, 6th edition, 2001, HarperCollins, New York, pp. 77-78. 

 
 
Use the simplest form of a verb. 
 
The simplest and strongest form of a verb is present tense. A document written in the present 
tense is more immediate and less complicated. Using the present tense makes your document 
more direct and forceful. The more you use conditional or future tense, the harder your 
audience has to work to understand your meaning. Writing entirely in the present tense saves 
your audience work and helps make your point clearly. 
 
Don’t say Say 

These sections describe types of information that 
would satisfy the application requirements of Circular 
A-110 as it would apply to this grant program. 

These sections tell you how to meet the 
requirements of Circular A-110 for this grant 
program. 

 
 
Even if you are covering an event that occurred in the past, you can clarify the material for your 
user by writing as much as possible in the present tense. 
 
Don’t say Say 

Applicants who were Federal employees at the time 
that the injury was sustained should have filed a 
compensation request at that time. Failure to do so 
could have an effect on the degree to which the 
applicant can be covered under this part. 

You may not be covered under this part if: 
a. You were a Federal employee at the time of the 

injury; and 
b. You did not file a claim at that time. 
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Occasionally, of course, you may need to use other tenses. For example, National 
Environmental Policy Act (NEPA) documents frequently refer to what may happen in the future if 
certain events occur. But use tenses other than the present only when necessary for accuracy. 
 
 
Avoid hidden verbs. 
 
A hidden verb is a verb converted into a noun and often needs an extra verb to make sense. 
 
Hidden verbs come in two forms. Some have endings such as -ment, -tion, -sion, and -ance or 
link with verbs such as achieve, effect, give, have, make, reach, and take. Often, you will find a 
hidden verb between the words "the" and "of." 
 
Hidden Verb Uncovered 

To trace the missing payment, we need to carry out 
a review of the Agency’s accounts so we can gain 
an understanding of the reason the error occurred. 
 
If you cannot make the payment of the $100 fee, you 
must make an application in writing before you file 
your tax return. 
 
This means we must undertake the calculation of 
new figures for the congressional hearing. 
 
The production of accurate statistics is important for 
the committee in the assessment of our 
homelessness policy. 

To trace the missing payment, we need to review 
the Agency's accounts so we understand the reason 
the error occurred. 
 
If you cannot pay the $100 fee, you must apply in 
writing before you file your tax return. 
 
 
This means we must calculate new figures for the 
congressional hearing. 
 
Producing accurate statistics is important to the 
committee in assessing our policy on homelessness. 

 
 
Plain Language.gov sources:  
 
Charrow, Veda R., Erhardt, Myra K. and Charrow, Robert P. Clear & Effective Legal Writing, 4th edition, 2007, Aspen Publishers, 
New York, NY, pp. 176–178. 

Garner, Bryan A., Legal Writing in Plain English, 2001, University of Chicago Press, Chicago, p. 38 (14.) 

Kimble, Joseph, Lifting the Fog of Legalese, 2006, Carolina Academic Press, Durham, NC., p. 71 (D.4). 

Securities and Exchange Commission, Plain English Handbook, 1998, Securities and Exchange Commission, Washington, DC., p. 
21. 

Wright, Nick, at www.plainlanguage.gov/howto/wordsuggestions/hiddenverbs.cfm. 

 
 
Use pronouns to speak directly to the reader. 
 
Pronouns help the audience picture themselves in the text and relate better to your documents. 
More than any other single technique, using "you" pulls users into your document and makes it 
relevant to them. When you use "you" to address users, they are more likely to understand what 
their responsibility is. Using "we" to refer to your agency makes your agency more 
approachable. It also makes your sentences shorter and your document easier to read. 
 
Don’t say Say 

Copies of tax returns must be provided. You must provide copies of your tax returns. 
 
 

http://www.plainlanguage.gov/howto/wordsuggestions/hiddenverbs.cfm
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Writing for an individual forces you to analyze carefully what you want the reader to do. By 
writing to an individual, you will find it easier to: 
 

• Put information in a logical order 

• Answer questions and provide the information that your reader wants to know 

• Assign responsibilities and requirements clearly 

 
Be sure to define “you” clearly. 
 
Don’t say Say 

Facilities in regional and district offices are available 
to the public during normal business hours for 
requesting copies of agency records. 

If you are a private citizen, you can get copies of our 
records at any regional or district office … 

 
 
Define “you” by any of the following methods: 
 

• State in the beginning of the document who the audience is—“This regulation tells you, 
the loan applicant, how to secure a loan.” 

• Define “you” in the Definitions section—“You” means a loan applicant. 

• Where you address different readers in different parts of the document, define “you” in 
each context— “How do different types of borrowers apply for a loan? If you are a small 
business, you must submit … If you are an individual, you must submit …” 

 
It’s especially important to define “you” when writing to multiple audiences. 
 
Don’t say Say 

Lessees and operators are responsible for restoring 
the site. You must ensure that … 

Lessees and operators are responsible for restoring 
the site. If you are the lessee, you must monitor the 
operator to ensure that. If you are the operator, you 
must conduct all operations in a way … 

 
 
If you use a question-and-answer format, you should assume that the user is the one asking the 
questions. Use "I" in the questions to refer to the user. Use "we" in the responses to represent 
your agency. 
 
Don’t say Say 

Submission of applications. How do I apply? 
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By using "we" to respond to questions, you state clearly what your agency requires and what 
your agency's responsibilities are. You also avoid the passive voice and use fewer words. You 
can define "we" in the definitions sections of your document if that will help the user. 
 
 
Don’t say Say 

Loan applications will be reviewed to ensure that 
procedures have been followed. 
 
The Office of Consumer Affairs will process your 
application within 30 days after receipt. 

We review your loan application to ensure that you 
followed our procedures. 
 
We’ll process your application within 30 days of 
receiving it. 

 
 
Make sure you use pronouns that clearly refer to a specific noun. If a pronoun could refer to 
more than one person or object in a sentence, repeat the name of the person or object or 
rewrite the sentence. 
 
Don’t say Say 

After the Administrator appoints an Assistant 
Administrator, he or she must … 

After the Administrator appoints an Assistant 
Administrator, the Assistant Administrator must … 

 
 
Plain Language.gov sources:  
 
Garner, Bryan A., A Dictionary of Modern Legal Usage, 2nd edition, 1995, Oxford University Press, Oxford and New York, p. 643. 

Garner, Bryan A., Legal Writing in Plain English, 2001, University of Chicago Press, Chicago, p. 50. 

Murawski, Thomas A., Writing Readable Regulations, 1999, Carolina Academic Press Durham, NC, pp. 33–38. 

Securities and Exchange Commission, Plain English Handbook, 1998, Washington, DC, p. 22. 

Wydick, Richard, Plain English for Lawyers, 5th edition, 2005, Carolina Academic Press, Durham, NC. 

 
Tone and Voice 
 
In an active sentence, the person or agency that's acting is the subject of the sentence. In a 
passive sentence, the person or item that is acted upon is the subject of the sentence. Passive 
sentences often do not identify who is performing the action. 
 
Passive voice Active voice 

The lake was polluted by the company. 
 
New regulations were proposed. 
 
The following information must be included in the 
application for it to be considered complete. 
 
Bonds will be withheld in cases of non-compliance 
with all permits and conditions. 
 
Regulations have been proposed by the Department 
of Veterans Affairs. 
 
The permit must be approved by the agency’s State 
office. 

The company polluted the lake. 
 
We proposed new regulations. 
 
You must include the following information in your 
application. 
 
We will withhold your bond if you don’t comply with 
all permit terms and conditions. 
 
We have proposed regulations. 
 
 
Our State office must approve your permit. 
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Plain Language.gov sources:  
 
Charrow, Veda R., Erhardt, Myra K. and Charrow, Robert P. Clear & Effective Legal Writing, 4th edition, 2007, Aspen Publishers, 
New York, NY, pp. 173–175. 

Garner, Bryan A., A Dictionary of Modern Legal Usage, 2nd edition, 1995, Oxford University Press, Oxford and New York, pp. 643-
644. 

Garner, Bryan A., Legal Writing in Plain English, 2001, University of Chicago Press, Chicago, pp. 24–26. 

Garner, Bryan A., Garner’s Modern American Usage, 2003. Oxford University Press, Oxford and New York, pp. 892–893. 

Murawski, Thomas A., Writing Readable Regulations, 1999, Carolina Academic Press Durham, NC, pp. 73–75. 

Office of the Federal Register, Document Drafting Handbook, 1998, p. MMR-5. www.archives.gov/federal-
register/write/handbook/ddh.pdf. 

Redish, Janice C., How to Write Regulations and Other Legal Documents in Clear English, 1991, American Institutes for Research, 
Washington, DC, p. 26. 

Securities and Exchange Commission, Plain English Handbook, 1998, Washington, DC, pp. 19–20. 

 
Sentences 
 
In the following example, we have made an "if" clause into a separate sentence. By beginning 
the first sentence with "suppose" (that is, "if") and the second sentence with "in this case" (that 
is, "then") we have preserved the relationship between the two. 
 
Don’t say Say 

If you take less than your entitled share of 
production for any month, but you pay royalties on 
the full volume of your entitled share in accordance 
with the provisions of this section, you will owe no 
additional royalty for that lease for prior periods 
when you later take more than your entitled share to 
balance your account. This also applies when the 
other participants pay you money to balance your 
account. 

Suppose that one month you pay royalties on your 
full share of production but take less than your 
entitled share. In this case, you may balance your 
account in one of the following ways without having 
to pay more royalty. You may either: 
a. Take more than your entitled share in the 

future; or 
b. Accept payment from other participants. 

 
 
Plain Language.gov sources:  
 
Charrow, Veda R., Erhardt, Myra K. and Charrow, Robert P. Clear & Effective Legal Writing, 4th edition, 2007, Aspen Publishers, 
New York, NY, pp. 163–165. 

Garner, Bryan A., Legal Writing in Plain English, 2001, University of Chicago Press, Chicago, pp. 19–21. 

Kimble, Joseph, Guiding Principles for Restyling the Federal Rules of Civil Procedure (Part 1), Michigan Bar Journal, September 
2005, pp. 56–57. www.michbar.org/journal/pdf/pdf4article909.pdf. 

Kimble, Joseph, Lifting the Fog of Legalese, 2006, Carolina Academic Press, Durham, NC, p. 96. 

Murawski, Thomas A., Writing Readable Regulations, 1999, Carolina Academic Press Durham, NC, p. 77. 

Office of the Federal Register, Document Drafting Handbook, 1998, MMR-5. www.archives.gov/federal-
register/write/handbook/ddh.pdf. 

Redish, Janice C., How to Write Regulations and Other Legal Documents in Clear English, 1991, American Institutes for Research, 
Washington, DC, pp. 29–32 

Securities and Exchange Commission, Plain English Handbook, 1998, Washington, DC, p. 28. 
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Keep the subject, verb, and object together. Avoid using too many modifier, phrases, or 
clauses between two or all three of these parts. 
 
Consider this long, convoluted sentence: 
 

If any member of the board retires, the company, at the discretion of the board, and after 
notice from the chairman of the board to all the members of the board at least 30 days 
before executing this option, may buy, and the retiring member must sell, the member's 
interest in the company. 

 
In essence, the sentence says: 
 

The company may buy a retiring member's interest. 
 
All the rest of the material modifies the basic idea and should be moved to another sentence or 
at least to the end of the sentence. 
 
 
Plain Language.gov sources:  
 
Garner, Bryan A., Legal Writing in Plain English, 2001, University of Chicago Press, Chicago, pp. 23–4, 102. 

Murawski, Thomas A., Writing Readable Regulations, 1999, Carolina Academic Press Durham, NC, pp.77-78. 

Office of the Federal Register, Document Drafting Handbook, 1998, MMR-6. www.archives.gov/federal-
register/write/handbook/ddh.pdf 

Securities and Exchange Commission, Plain English Handbook, 1998, Washington, DC, p. 32. 

 
 
Avoid double negatives and exceptions to exceptions. This makes it more difficult for the 
audience to understand the document. 
 
When you write a sentence containing two negatives, they cancel each other out. Your 
sentence sounds negative, but is actually positive. As Rudolph Flesch (1979) says, these 
sentences require "a mental switch from no to yes." 
 
Don’t say Say 

No approval of any noise compatibility program, or 
any portion of a program, may be implied in the 
absence of the agency’s express approval. 

You must get the agency’s express approval for any 
noise compatibility program or any portion of a 
program. 

 
 
Here are some expressions that signal double negatives. 
 
Change the double negative To a positive 
 
• no fewer than … 
• has not yet attained 
• may not … until 
• is not . . . unless 

 
• at least 
• is under 
• may only … when 
• is . . . only if 
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Many ordinary words have a negative meaning, such as unless, fail to, notwithstanding, except, 
other than, unlawful (un- words), disallowed (dis- words), terminate, void, insufficient, and so on. 
Watch out for them when they appear after not. Find a positive word to express your meaning. 
 
Don’t say Say 

An application for a grant does not become void 
unless the applicant’s failure to provide requested 
information is unreasonable under the 
circumstances. 

An application for a grant remains active if the 
applicant provides the information we request within 
a reasonable time. 

 
 
Exceptions to exceptions. 
 
An exception that contains an exception is just another form of a double negative. That makes it 
even harder for the user to puzzle out. Rewrite the sentence to emphasize the positive. 
 
Don’t say Say 

Applicants may be granted a permit to prospect for 
geothermal resources on any federal lands except 
lands in the National Park System, unless the 
applicant holds valid existing rights to the 
geothermal resources on the National Park System 
lands listed in the application. 

You may be granted a permit to prospect for 
geothermal resources on any federal lands. This 
includes lands in the National Park System only if 
you hold valid existing rights to the park lands listed 
in your application. 

 
 
Plain Language.gov sources:  
 
Charrow, Veda R., Erhardt, Myra K. and Charrow, Robert P. Clear & Effective Legal Writing, 4th edition, 2007, Aspen Publishers, 
New York, NY, pp. 178–180. 

Flesch, Rudolf, How to Write in Plain English, A Book for Lawyers and Consumers, 1979, Harper and Rowe, New York, p. 95. 

Garner, Bryan A., Guidelines for Drafting and Editing Court Rules, 1996, Administrative Office of the US Courts, Washington, DC, 
pp. 30–31. 

Wydick, Richard, Plain English for Lawyers, 5th edition, 2005, Carolina Academic Press, Durham, NC, pp. 75–76. 

 
 
Place the main idea before exceptions and conditions. 
 
When you start a sentence with an introductory phrase or clause beginning with "except," you 
almost certainly force the reader to re-read your sentence. You are stating an exception to a 
rule before you have stated the underlying rule. The audience must absorb the exception, then 
the rule, and then usually has to go back to grasp the relationship between the two. Material is 
much easier to follow if you start with the main idea and then cover exceptions and conditions. 
 
Don’t say Say 

Except as described in paragraph (b), the Division 
Manager will not begin the statutory 180-day review 
period for the program until after the preliminary 
review determines that your submission is 
administratively complete. 

The Division Manager will not begin the statutory 
180-day review period for the program until the 
preliminary review determines that your submission 
is administratively complete. However, see 
paragraph (b) for an exception. 
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In the first version, the audience has to decide whether to jump immediately down to paragraph 
(b) or continue reading to the end of the sentence. This means the audience is focusing on 
reading strategy, not on your content. 
 
There is no absolute rule about where to put exceptions and conditions. Put them where they 
can be absorbed most easily by readers. In general, the main point of the sentence should be 
as close to the beginning as possible. 
 
Usually use the word if for conditions. Use when (not where), if you need if to introduce 
another clause or if the condition occurs regularly. 
 
If an exception or condition is just a few words, and seeing it first will avoid misleading users, 
put it at the beginning instead of the end. 
 
Don’t say Say 

With your grant application you must submit a 
resume containing your undergraduate, graduate, 
and any other professional education, your work 
experience in the field of, and phone number of 
current and previous employers in the health care 
field, unless you have already submitted this 
information. 

Unless you have already submitted an up-to-date 
resume, you must submit a resume containing 
your undergraduate, graduate, and any other health 
care, and the name professional education, your 
work experience in the field of health care, and the 
name, address and phone number of current and 
previous employers in the health care field. 

 
 
If an exception or condition is long and the main clause is short, put the main clause first and 
then state the exception or condition. 
 
Don’t say Say 

Except when you submitted an identical 
application for an education grant in the 
previous year and you received full or partial 
grant for that year’s program</strong>, we will 
schedule a hearing on your application. 

We will schedule a hearing on your 
application, except when you submitted an 
identical application for an education grant in the 
previous year and you received full or partial 
grant for that year’s program. 

 
 
If a condition and the main clause are both long, foreshadow the condition and put it at the end 
of the sentence. If there are several conditions, lead with "if" or a phrase such as "in the 
following circumstances." 
 
Don’t say Say 

If you, or an interested party, requests that the 
hearing be held at the educational institution where 
you plan to instruct program participants, and the 
hearing room is both handicapped-accessible and 
large enough for at least 100 people, we may, at our 
discretion, hold the hearing at that location, after 
adequate public notice. 

We may hold a hearing at the educational institution 
where you plan to instruct program participants if: 
a. You, or an interested party, request the 

location; 
b. The hearing room is large enough for at least 

100 people and handicapped-accessible; and 
c. We can give adequate public notice. 
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Use a list (like the example above) if your sentence contains multiple conditions or exceptions. 
Here’s how the first example, above, could be rewritten. 
 
Don’t say Say 

With your grant application you must submit a 
resume containing your undergraduate, graduate, 
and any other professional education, your work 
experience in the field of health care, and the name, 
and phone number of current and previous 
employers in the health care field, unless you have 
already submitted this information. 

Unless you have already submitted an up-to-date 
resume, you must submit a resume containing: 
• Your undergraduate, graduate, and any other 

professional education; 
• Your work experience in the field of health care; 

and 
• The name, address and phone number of 

current and previous employers in the health 
care field. 

 
 
Use numbers or letters to designate items in a list if future reference or sequence is important 
(for example, in a regulation). Otherwise, use bullets. 
Make implied conditions explicit by using if. 
 
Don’t say Say 

A party must make advance arrangements with the 
hearing officer for the transportation and receipt 
of exhibits of unusual bulk. 

If your exhibits are unusually bulky, you must 
make advance arrangements for transporting them 
with the hearing. 

 
 
Avoid using an exception, if you can, by stating a rule or category directly rather than describing 
that rule or category by stating its exceptions. 
 
Don’t say Say 

All persons except those 18 years or older must… Each person under 18 years of age must… 
 
 
But use an exception if it avoids a long and cumbersome list or elaborate description. 
 
Don’t say Say 

Alabama, Alaska, . . . and Wyoming (a list of 47 
states) must 

Each state except Texas, New Mexico, and Arizona 
must . . . 

 
 
Plain Language.gov sources:  
 
Charrow, Veda R., Erhardt, Myra K. and Charrow, Robert P. Clear & Effective Legal Writing, 4th edition, 2007, Aspen Publishers, 
New York, NY, pp. 166–167. 

Garner, Bryan A., Guidelines for Drafting and Editing Court Rules, 1996, Administrative Office of the US Courts, Washington, DC, 
pp. 5–9. 

Office of the Federal Register, Drafting Legal Documents, 1998, § 7. www.archives.gov/federal-register/write/legal-docs/. 

Wydick, Richard, Plain English for Lawyers, 5th edition, 2005, Carolina Academic Press, Durham, NC, pp. 46–47. 
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Place words carefully. 
 
Sloppy word placement can cause ambiguity. To reduce ambiguity: 
 

• Keep subjects and objects close to their verbs. 

• " Put conditionals such as "only" or "always" and other modifiers next to the words they 
modify. Write "you are required to provide only the following," not "you are only required 
to provide the following." 

• " Put long conditions after the main clause. Write "complete form 9-123 if you own more 
than 50 acres and cultivate grapes," not "if you own more than 50 acres and cultivate 
grapes, complete form 9-123." 

 
In the left column below, it's difficult to figure out which words relate to the forest products, which 
to the tribe, and which to the payments. The right column eliminates this problem by dividing the 
material into shorter sentences and pulling together the words about each provision. 
 
Confusing word placement Clearer construction 

Upon the request of an Indian tribe, the Secretary 
may provide that the purchaser of the forest 
products of such tribe, which are harvested under a 
timber sale contract, permit, or other harvest sale 
document, make advance deposits, or direct 
payments of the gross proceeds of such forest 
products, less any amounts segregated as forest 
management deductions pursuant to section 163.25, 
into accounts designated by such Indian tribe. 

If a tribe (you) asks us, we will require purchasers of 
your forest products to deposit their payment into an 
account that you designate. 
a. You can instruct us to deposit advance 

payments as well as direct payments into the 
account. 

b. We will withhold from the deposit any forest 
management deductions under section 163.25. 

 
 
You will eliminate many potential sources of ambiguity by writing shorter sentences. The less 
complex the sentence, the clearer the meaning and less chance that ambiguity will creep in. 
Still, you must watch how you place words even in short sentences. In the example below, the 
audience may have to read the original statement several times to realize that we don't mean, 
"If you really want to have a disability …" 
 
Ambiguous construction Clearer construction 

If you are determined to have a disability, we will pay 
you the following: 

If we determine that you have a disability, we will 
pay you the following: 

 
 
Plain Language.gov source:  
 
Garner, Bryan A., Garner’s Modern American Usage, 2003, Oxford University Press, Oxford and New York, pp. 566–567. 
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Paragraphs 
 
Write short paragraphs. 
 
Long paragraphs discourage your audience from even trying to understand your material. Short 
paragraphs are easier to read and understand. Writing experts recommend paragraphs of no 
more than 150 words in three to eight sentences. Paragraphs should never be longer than 250 
words. Vary the lengths of your paragraphs to make them more interesting. As with sentence 
length, if all paragraphs are the same size your writing will be choppy. 
 
There is nothing wrong with an occasional one-sentence paragraph. 
 
Using short paragraphs is an ideal way to open up your document and create more white space. 
In turn, this makes your writing more inviting and easier to read. It also gives you the opportunity 
to add more headings. 
 
 
Plain Language.gov sources:  
 
Garner, Bryan A., Legal Writing in Plain English, 2001, University of Chicago Press, Chicago, pp. 72–73. 

Murawski, Thomas A., Writing Readable Regulations, 1999, Carolina Academic Press Durham, NC, pp. 24–25. 

 
 
Use transition words.  
 
Bryan Garner (2001) divides transition words into three types: 
 
Pointing words: words like this, that, these, those, and the. 
Pointing words – especially this and that – refer directly to something already mentioned. They 
point to an antecedent. If your preceding paragraph describes the process of strip mining, and 
your next paragraph begins with "this process causes…," the word this makes a clear 
connection between paragraphs. 
 
Echo links: words or phrases echo a previously mentioned idea. 
Echo links often work together with pointing words. In the example above, you've just written a 
paragraph about how strip mining removes the top surface of the land to get at the coal under it. 
If you then begin the next paragraph with "this scaring of the earth," the words "scarring of the 
earth" are an echo of the mining process described in the previous paragraph. 
 
Explicit connectives: words whose chief purpose is to supply transitions (such 
as further, also, therefore). 
 
Explicit connectives between sentences and paragraphs can be overdone, but more often we 
simply overlook using them. Being too familiar with our own material, we think they aren't 
needed. Readers, on the other hand, find them helpful in following our train of thought. Here are 
some examples from Bryan Garner. 
 

• When adding a point: also, and, in addition, besides, what is more, similarly, further 

• When giving an example: for instance, for example, for one thing, for another thing 
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• When restating: in other words, that is, in short, put differently, again 

• When introducing a result: so, as a result, thus, therefore, accordingly, then 

• When contrasting: but, however, on the other hand, still, nevertheless, conversely 

• When summing up: to summarize, to sum up, to conclude, in conclusion, in short 

• When sequencing ideas: First, . . . Second, . . . Third, . . . Finally, . . . 

 
 
Plain Language.gov source:  
 
Garner, Bryan A., Legal Writing in Plain English, 2001, University of Chicago Press, Chicago, pp. 67–71. 
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Appendix C: Additional Resources 
 
There are many document standards and style guides—both internally and externally. The 
following resources have been used to develop “Documentation  Resources.” They should be 
your first choice when looking for help with style, naming conventions, correct terminology, and 
other topics of concern not found with in this document. 
 
“United States Government Printing Office Style Manual” (hardcopy or online at: 
http://www.gpo.gov/fdsys/pkg/GPO-STYLEMANUAL-2008/pdf/GPO-STYLEMANUAL-2008.pdf 
[2008 edition]). 
 
U.S. Fish and Wildlife Service policy manuals on public information, media and 
communications: 
http://www.fws.gov/policy/manuals/part.cfm?series=100&seriestitle=EXTERNAL%20RELATION
S%20AND%20OUTREACH%20SERIES#115 
 
U.S. Fish and Wildlife Service Scientific Journals: Resources for Authors and Reviewers: 
http://www.fws.gov/science/resourcesforauthorsandreviewers.html 
 
 
Species Usage 
 
“Scientific Journals: Resources for Authors and Reviewers” cited above includes the following 
recommendations for species usage: 
 
 
Amphibians and Reptiles 
 
As a general reference for amphibians and reptiles, follow Crother (2008; Herpetological 
Circular 37, Society for the Study of Amphibians and Reptiles) for species from North America. 
 
 
Birds 
 
As general references for birds, use the most current edition (7th) of The American 
Ornithologists’ Union Check-list (i.e., 1998 plus 49th supplement from 2008).  
 
 
Fish and Invertebrates 
 
For taxonomic and vernacular names of North American fish species, we follow the American 
Fisheries Society’s most recent edition of Common and Scientific Names of Fishes from the 
United States, Canada, and Mexico (Special Publication 29). The American Fisheries Society 
Fish Name Spellchecker is a useful tool for providing current common and scientific names. For 
other fish and invertebrate species, we encourage readers to follow the Society’s companion 
publications: World Fishes Important to North Americans (Special Publication 21), and Common 
and Scientific Names of Aquatic Invertebrates from the United States and Canada (Mollusks, 
2nd edition; Crustaceans, and Cnidaria and Ctenophora are currently available in the latter 
series). 

http://www.gpo.gov/fdsys/pkg/GPO-STYLEMANUAL-2008/content-detail.html
http://www.fws.gov/policy/manuals/part.cfm?series=100&seriestitle=EXTERNAL%20RELATIONS%20AND%20OUTREACH%20SERIES#115
http://www.fws.gov/policy/manuals/part.cfm?series=100&seriestitle=EXTERNAL%20RELATIONS%20AND%20OUTREACH%20SERIES#115
http://www.fws.gov/science/resourcesforauthorsandreviewers.html
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Insects 
 
As a general reference for insects, use the current Entomological Society of America (ESA) 
Common Names of Insects and Related Organisms online database or names approved by the 
ESA Common Names Committee. 
 
 
Mammals 
 
For mammals, use either Whitaker (1996) National Audubon Society Field Guide to North 
American Mammals or Wilson and Reeder (2005) Mammal Species of the World, 3rd edition.  
 
 
Plants 
 
There is no single reference for plants in North America; cite the most widely accepted regional 
flora reference (e.g., in northwestern states, Hitchcock and Cronquist [1973]). 
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The mission of the U.S. Fish & Wildlife Service is working with others to 
conserve, protect, and enhance fish and wildlife and their habitats for the 
continuing benefit of the American people. 
 
The mission of the National Wildlife Refuge System is to administer a 
national network of lands and waters for the conservation, management and, 
where appropriate, restoration of the fish, wildlife and plant resources and 
their habitats within the United States for the benefit of present and future 
generations of Americans. 

 



From: Zelenak, Jim
To: bob.broscheid@state.co.us; craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric; Moore,Virgil; Dustin

Miller (dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam Eaton; rita.dixon@idfg.idaho.gov;
Chandler.woodcock@maine.gov; Connolly, James; Vashon, Jennifer; moritzw@michigan.gov;
bumpa@michigan.gov; kennedyd@michigan.gov; commissioner.dnr@state.mn.us; jim.leach@state.mn.us;
Paul.Telander@state.mn.us; Baker, Richard (DNR); Erb, John D (DNR); JTubbs@mt.gov; McDonald, Ken; Inman,
Bob; Jay Kolbe; seggeman@mt.gov; Baty, Ross; glenn.normandeau@wildlife.nh.gov;
Mark.Ellingwood@wildlife.nh.gov; john.kanter@wildlife.nh.gov; William.Staats@wildlife.nh.gov;
Patrick.Tate@wildlife.nh.gov; alexandra.sandoval@state.nm.us; stewart.liley@state.nm.us;
rick.winslow@state.nm.us; Stuart, James N., DGF; sean.murphy@state.nm.us; michael.schiavone@dec.ny.gov;
doug.stang@dec.ny.gov; curt.melcher@state.or.us; derek.j.broman@state.or.us; Gregory Sheehan; Kimberly
Hersey; director@dfw.wa.gov; cpl@dnr.wa.gov; Lewis, Jeffrey C (DFW); Maletzke, Benjamin T (DFW);
cathy.stepp@wisconsin.gov; kurt.thiede@wisconsin.gov; Sanjay.Olson@wisconsin.gov;
Tom.Hauge@wisconsin.gov; Erin.Crain@wisconsin.gov; Owen Boyle; Roberts, Nathan M - DNR; Rossler, Shawn T
- DNR; David.MacFarland@wisconsin.gov; John.White@wisconsin.gov; scott.talbot@wyo.gov; Bob Lanka; Zack
Walker; Nichole Bjornlie; Susan Patla; Rick Kahn; Jackson, Scott -FS; Hanvey, Gary -FS; Tripp, Kim; Christopher
Boone; Sparks, James; Jonathan Mawdsley; Kilborn, Jillian; Scott.Darling@vermont.gov;
Kim.Royar@vermont.gov; Bernier, Chris; Mark.Scott@vermont.gov; Louis.Porter@vermont.gov

Cc: Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt Broderdorp; Mark
McCollough; Tamara Smith; Anna Harris; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab; Ann Timberman;
Brad Thompson; Chris Mensing; David Stilwell; David Simmons; Drue DeBerry; Eric Rickerson; Grant Canterbury;
Jeff Krupka; Szymanski, Jennifer; Karen Cathey; Karl Halupka; Kate Novak; Kathleen Hendricks; Larry Crist;
Laura Ragan; Leslie Ellwood; Mark Maghini; Martin Miller; Megan Kosterman; Michelle Eames; Patricia Zenone;
Paul Casey; Paul Henson; Peter Fasbender; Rollie White; Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman;
Tom McDowell; Tyler Abbott; Dennis Mackey; Marjorie Nelson; Lori Nordstrom/R6/FWS/DOI; Paul Phifer; Michael
Thabault; Kurz, Gregg

Subject: Cancelled: Lynx SSA State/Federal Partner Coordination Call
Date: Wednesday, May 31, 2017 9:10:51 AM

Hi All:

We are cancelling today's scheduled coordination call.  Nothing to report other than that we
continue to work to address peer and partner review comments and draft the final SSA report,
which we intend to complete by end of June.

Our next regularly scheduled call would be Wed., June 28.  I will send a reminder ahead of
that one.

As always, feel free to email or call me if you have questions .

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt Broderdorp; Mark

McCollough; Tamara Smith; Anna Harris; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab; Ann Timberman;
Brad Thompson; Chris Mensing; David Stilwell; David Simmons; Drue DeBerry; Eric Rickerson; Grant Canterbury;
Jeff Krupka; Szymanski, Jennifer; Karen Cathey; Karl Halupka; Kate Novak; Kathleen Hendricks; Larry Crist;
Laura Ragan; Leslie Ellwood; Mark Maghini; Martin Miller; Megan Kosterman; Michelle Eames; Patricia Zenone;
Paul Casey; Paul Henson; Peter Fasbender; Rollie White; Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman;
Tom McDowell; Tyler Abbott; Dennis Mackey; Marjorie Nelson; Lori Nordstrom/R6/FWS/DOI; Paul Phifer; Michael
Thabault; Kurz, Gregg

Subject: Cancelled: Lynx SSA Internal FWS Coordination Call
Date: Monday, June 05, 2017 6:21:43 PM

Hi All:

As we did last week with the State/Federal partners call, we're cancelling this month's internal call. 

There's little to report other than that we continue to work to address peer and partner review
comments and draft the final SSA report, which we intend to complete by end of June.

Our next regularly scheduled call would fall on July 4, so we will likely move that back a
week to Tues., July 11.  I will send a reminder ahead of that one.

As always, feel free to email or call me if you have questions.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: bob.broscheid@state.co.us; craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric; Moore,Virgil; Dustin

Miller (dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam Eaton; rita.dixon@idfg.idaho.gov;
Chandler.woodcock@maine.gov; Connolly, James; Vashon, Jennifer; moritzw@michigan.gov;
bumpa@michigan.gov; kennedyd@michigan.gov; commissioner.dnr@state.mn.us; jim.leach@state.mn.us;
Paul.Telander@state.mn.us; Baker, Richard (DNR); Erb, John D (DNR); JTubbs@mt.gov; McDonald, Ken; Inman,
Bob; Jay Kolbe; seggeman@mt.gov; Baty, Ross; glenn.normandeau@wildlife.nh.gov;
Mark.Ellingwood@wildlife.nh.gov; john.kanter@wildlife.nh.gov; William.Staats@wildlife.nh.gov;
Patrick.Tate@wildlife.nh.gov; alexandra.sandoval@state.nm.us; stewart.liley@state.nm.us;
rick.winslow@state.nm.us; Stuart, James N., DGF; sean.murphy@state.nm.us; michael.schiavone@dec.ny.gov;
doug.stang@dec.ny.gov; curt.melcher@state.or.us; derek.j.broman@state.or.us; Gregory Sheehan; Kimberly
Hersey; director@dfw.wa.gov; cpl@dnr.wa.gov; Lewis, Jeffrey C (DFW); Maletzke, Benjamin T (DFW);
cathy.stepp@wisconsin.gov; kurt.thiede@wisconsin.gov; Sanjay.Olson@wisconsin.gov;
Tom.Hauge@wisconsin.gov; Erin.Crain@wisconsin.gov; Owen Boyle; Roberts, Nathan M - DNR; Rossler, Shawn T
- DNR; David.MacFarland@wisconsin.gov; John.White@wisconsin.gov; scott.talbot@wyo.gov; Bob Lanka; Zack
Walker; Nichole Bjornlie; Susan Patla; Rick Kahn; Jackson, Scott -FS; Hanvey, Gary -FS; Tripp, Kim; Christopher
Boone; Sparks, James; Jonathan Mawdsley; Kilborn, Jillian; Scott.Darling@vermont.gov;
Kim.Royar@vermont.gov; Bernier, Chris; Mark.Scott@vermont.gov; Louis.Porter@vermont.gov

Cc: Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt Broderdorp; Mark
McCollough; Tamara Smith; Anna Harris; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab; Ann Timberman;
Brad Thompson; Chris Mensing; David Stilwell; David Simmons; Drue DeBerry; Eric Rickerson; Grant Canterbury;
Jeff Krupka; Szymanski, Jennifer; Karen Cathey; Karl Halupka; Kate Novak; Kathleen Hendricks; Larry Crist;
Laura Ragan; Leslie Ellwood; Mark Maghini; Martin Miller; Megan Kosterman; Michelle Eames; Patricia Zenone;
Paul Casey; Paul Henson; Peter Fasbender; Rollie White; Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman;
Tom McDowell; Tyler Abbott; Dennis Mackey; Marjorie Nelson; Lori Nordstrom/R6/FWS/DOI; Paul Phifer; Michael
Thabault; Kurz, Gregg

Subject: Lynx SSA State/Federal Partner Coordination Call
Date: Tuesday, June 27, 2017 11:16:14 PM

Hi All:

We will have a conference call tomorrow, Wed., June 28, at 1:00 PM Mountain Time, to provide a quick update on the Lynx
SSA and answer any questions that may arise.

Call-in information:

866-822-7385
Passcode 5396168

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Mogadam, Roya
To: Johnson, Heather
Subject: Re: Congressional Affairs Update, Hill Visits, and Thank YOU!
Date: Monday, July 24, 2017 9:26:45 AM

❤ not to play favorites... but yall are my favorite haha

On Mon, Jul 24, 2017 at 9:25 AM, Johnson, Heather <heather_johnson@fws.gov> wrote:
Thank you SO MUCH for sending us this note Roya!! You are one CLASS ACT!!!    

Heather   

Heather Johnson
Regional Coordinator
Partners for Fish and Wildlife Program
Lakewood, Colorado   80228

heather_johnson@fws.gov
303-236-4316
303-594-8780 (cell)

On Mon, Jul 24, 2017 at 9:21 AM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
Morning Everyone-

Last week was a very busy one on Capitol Hill including Noreen and Matt meeting with
several members from our Region. Some quick highlights:

Noreen and Matt met with:
Congressman Gianforte (R-MT-AL)
Staff for Senator Daines (R-MT)
Congressman Cramer (R-ND-AL)
Staff for Senator Thune (R-SD)
Staff for Senator Heitkamp (D-ND)
Congresswoman Cheney (R-WY-AL)
Staff for Senator Tester (D-MT)
Staff for Senator Gardner (R-CO)
Staff for Senator Rounds (R-SD)
Senator Enzi (R-WY)
Senator Barrasso (R-WY)

Acting Director Greg Sheehan testified before the House Committee on Natural
Resources on the Endangered Species Act and five bills to amend the ESA.  
The House Appropriations Committee favorably reported the Interior
Appropriations bill that would fund the Fish and Wildlife Service in FY 2018 and
contains a number of policy provisions including a provision that would prohibit the
Service from acquiring easements over 50 years in North Dakota.
The President's nomination of David Bernhardt to be Deputy Secretary of the
Interior, cleared a procedural vote in the Senate.  This allows for a vote to confirm
the nominee to proceed next week, scheduled for today.  
The House passed a bill to authorize construction of a road through the Izembek
National Wildlife Refuge. 

mailto:roya_mogadam@fws.gov
mailto:heather_johnson@fws.gov
mailto:heather_johnson@fws.gov
mailto:heather_johnson@fws.gov
mailto:roya_mogadam@fws.gov


Attached and also on the google drive is the Mountain-Prairie Region Congressional
Affairs Update for the week of July 17  - July 21 for more information. If folks have
questions please let me know.

Also I want to thank all of your folks for their help with the briefing materials and
handouts including:

Partners Program: Thanks to Heather, Dominic, Bill Noonan, Mark Hogan, and
Kurt Forman for their help with the leave behinds on the Partners program in each
state. It was a great way to share with each office the great work of the PFW
program.
Sage-team: Thanks to Lindy (invasives in WY) and Drue (gunnison). Sage-grouse
came up at many of our meetings and we even left behind the great fact sheets for
each state. Thanks to Kales for helping coordinate this effort.
Easements in North and South Dakota: Thank you to Matt Sprenger, Dave Azure,
and Kurt Forman for all their help with briefing materials and briefings for Matt and
Noreen. This was a topic that came up at 4 separate meetings and was a major topic
on the Hill that week. The info they provided was incredibly helpful for all our
discussions. 
Greg Langer and Amy Thornburg, for leading the coordination for the Refuges BPs.
It was a crazy time for Refuges with most folks out for the Project Leaders meeting
but they helped out tremendously.
Kelly Hogan for preparing a BP on NBR from scratch.
Tom Koerner for his help on a briefing paper and providing information on
Cokesville Meadow and for providing information about Seedskadee.
Brian Glaspell for his help refining a BP on National Elk Refuge.
Kevin Shelley, for his help with North Dakota ES issues.
Upper Colorado Fish Recovery Team: For their recent BP for the program. Senator
Gardner's office was very interested in learning more about the program.
ES Team: For BPs on BFF, Sage Grouse, Grizzly Bears, Lynx, Gray Wolves, etc,
etc, etc! All of these got brought up in meeting 

Thank you all so much for all of your help!

-Roya
-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

https://docs.google.com/a/doi.gov/document/d/1gHcYgZH2KdKlu6Gpx3XRCF2LE0YnF2ayh3A4V9DTiGQ/edit?usp=sharing
mailto:Roya_Mogadam@fws.gov


-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572
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From: Mogadam, Roya
To: Hausman, Alyssa
Cc: Lisa Jones
Subject: Re: Inquiry from Senator Tester"s Office: Lynx Critical Habitat
Date: Wednesday, August 02, 2017 8:20:09 AM

Yes, yes it did... 

On Wed, Aug 2, 2017 at 6:31 AM, Hausman, Alyssa <alyssa_hausman@fws.gov> wrote:
Thanks! Did this come from Henry?

(This reeks of cottonwood)

Alyssa Hausman
Congressional and Legislative Affairs Specialist
U.S. Fish and Wildlife Service
Office: (703) 358-2275
Mobile: (703) 785-3402
alyssa_hausman@fws.gov

On Tue, Aug 1, 2017 at 4:14 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
Hi Folks-

I had a VM from Senator Tester's DC office requesting the GIS files/data for the Canada
Lynx CH original listing (2000?)? He is preparing an internal document for their office
and has been using our 2015 data but wanted the 2000 data to compare.

-Roya

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
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Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572
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From: Roya Mogadam
To: Zelenak, Jim
Cc: Hausman, Alyssa; Shoemaker, Justin; Jodi Bush
Subject: Re: Inquiry from Senator Tester"s Office: Lynx Critical Habitat
Date: Monday, August 14, 2017 9:08:21 AM

Thanks Jim!

Sent from my iPhone

> On Aug 11, 2017, at 4:18 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
>
> Hi Alyssa,
>
> Attached are the zipped final shape files for the 2009 lynx critical
> habitat designation.  Note that Tom O. made some adjustments to these
> (projection, namely, as described in his declaration for the court) so that
> he could construct the maps showing what changed between the 2009 and 2014
> revised designations that I sent previously.
>
> I hope these are what Sen. Tester's office is looking for. Let me now if
> they need other.
>
> Cheers!
>
> Jim
>
> On Fri, Aug 11, 2017 at 10:05 AM, Hausman, Alyssa <alyssa_hausman@fws.gov>
> wrote:
>
>> Thank you very much, Jim. This is all very helpful.
>>
>> I spoke to Sen. Tester's staffer just now and he is very interested in the
>> 2009 vs. 2014 summaries; thank you for providing those. He would still like
>> to get the 2009 shape files for his records, so please send those along
>> when you get a chance. He's heading out in two hours for vacation, so it's
>> no problem if it's easier for you to send those sometime next week.
>>
>> I really appreciate you walking me through the various
>> designations/revisions and putting together all of this information.
>>
>> Have a great weekend
>>
>> - Alyssa
>>
>> Alyssa Hausman
>> Congressional and Legislative Affairs Specialist
>> U.S. Fish and Wildlife Service
>> Office: (703) 358-2275
>> Mobile: (703) 785-3402
>> alyssa_hausman@fws.gov
>>
>> On Fri, Aug 11, 2017 at 11:55 AM, Zelenak, Jim <jim_zelenak@fws.gov>
>> wrote:
>>
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>>> Alyssa,
>>>
>>> Attached please find a summary and accompanying maps of changes between
>>> the 2009 and 2014 final revised critical habitat designations for the lynx
>>> DPS, along with a declaration from Tom Olenicki here in the Helena office
>>> who did the GIS work and produced the maps for this comparison requested by
>>> DOJ/RSOL. The methods Tom used are described in the declaration for the
>>> court.
>>>
>>> As we discussed, I will try to find and zip then send the GIS data/shape
>>> files for the 2009 final designation unless I hear from you that those data
>>> are no longer needed to respond to the Daines/Tester request.
>>>
>>> On Fri, Aug 11, 2017 at 9:42 AM, Zelenak, Jim <jim_zelenak@fws.gov>
>>> wrote:
>>>
>>>> Good talking with you Alyssa.
>>>>
>>>> I will send the 2009 vs. 2014 summary and maps shortly, but I wanted to
>>>> send the attached memo right away because it provides the history of the
>>>> 2006 CH designation with a little more detail than I was able to provide on
>>>> the phone.
>>>>
>>>> See pages 2-3.
>>>>
>>>> Interesting read!
>>>>
>>>> Cheers,
>>>>
>>>> Jim
>>>>
>>>> On Wed, Aug 9, 2017 at 9:47 AM, Hausman, Alyssa <alyssa_hausman@fws.gov>
>>>> wrote:
>>>>
>>>>> Thank you very much, Jim. If it is possible to zip the 2009 file, that
>>>>> would be incredibly helpful. I will share the maps from the FR documents
>>>>> with Tester's office in the interim. Hopefully that can help address their
>>>>> questions.
>>>>>
>>>>> Best,
>>>>> Alyssa
>>>>>
>>>>> Alyssa Hausman
>>>>> Congressional and Legislative Affairs Specialist
>>>>> U.S. Fish and Wildlife Service
>>>>> Office: (703) 358-2275
>>>>> Mobile: (703) 785-3402
>>>>> alyssa_hausman@fws.gov
>>>>>
>>>>> On Tue, Aug 8, 2017 at 4:28 PM, Zelenak, Jim <jim_zelenak@fws.gov>
>>>>> wrote:
>>>>>
>>>>>> Here are the links to the 2006, 2009, and 2014 CH Federal Register
>>>>>> documents (which at least have the maps for each lynx CH designation):
>>>>>>
>>>>>> 2006 - https://www.gpo.gov/fdsys/pkg/FR-2006-11-09/pdf/06-9090.pd
>>>>>> f#page=2

https://www.gpo.gov/fdsys/pkg/FR-2006-11-09/pdf/06-9090.pd


>>>>>>
>>>>>> 2009 - https://www.gpo.gov/fdsys/pkg/FR-2009-02-25/pdf/E9-3512.pd
>>>>>> f#page=2
>>>>>>
>>>>>> 2014 - https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
>>>>>>
>>>>>> On Tue, Aug 8, 2017 at 2:00 PM, Zelenak, Jim <jim_zelenak@fws.gov>
>>>>>> wrote:
>>>>>>
>>>>>>> I had not seen this before.
>>>>>>>
>>>>>>> There are a few problems in this email string:
>>>>>>>
>>>>>>> 1. We did not designate lynx CH in 2000 when we listed the DPS.
>>>>>>>
>>>>>>> 2. We have 2014 CH data, but not 2015.
>>>>>>>
>>>>>>> We first designated lynx CH in 2006 (71 FR 66008-66061), when we
>>>>>>> designated 4,768 km2 (1,841 mi2) only in national parks (Voyageurs NP in
>>>>>>> Minnesota, Glacier NP in Montana, and North Cascades NP in Washington).
>>>>>>> However, because that designation was later found to have been
>>>>>>> inappropriately influenced by DOI appointee Deputy Assistant Secretary
>>>>>>> Julie MacDonald, we withdrew it in 2007 after DOI Inspector General report
>>>>>>> from Earl Devaney led to MacDonald's early retirement. I do not know if we
>>>>>>> have the GIS shapefiles for the original 2006 CH in our files in Helena
>>>>>>> (although we should...).
>>>>>>>
>>>>>>> We revised the CH designation in 2009 (74 FR 8616-8702), when we
>>>>>>> designated 101,001 km2 (39,000 mi2) in Maine, Minnesota, Montana, Idaho,
>>>>>>> Washington and Wyoming. We have those GIS files here in Helena.
>>>>>>>
>>>>>>> We again revised the CH designation in 2014 (79 FR 54782-54846), in
>>>>>>> response to court order regarding the 2009 designation.  In 2014, we
>>>>>>> designated a very similar area to 2009, though slightly smaller - 100,891
>>>>>>> km2 (38,954 mi2) - all in the same states/units as in 2009.  The GIS shape
>>>>>>> files for the 2014 designation are on our R6 lynx page:
>>>>>>>
>>>>>>> https://www.fws.gov/mountain-prairie/es/canadaLynx.php
>>>>>>>
>>>>>>> under Critical habitat »
>>>>>>> <https://www.fws.gov/mountain-prairie/es/canadaLynx.php#>
>>>>>>>
>>>>>>>
>>>>>>>   - Critical Habitat Shapefiles
>>>>>>>   <https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/CHFinalRule2014/Lynx_CH_2014_Final.zip> zipped
>>>>>>>   file (6 MB)
>>>>>>>
>>>>>>>
>>>>>>> SO:
>>>>>>>
>>>>>>> 1. the 2014 CH GIS data/ shape files are on our lynx webpage.
>>>>>>>
>>>>>>> 2. With a little help, I can find and zip/send the 2009 CH GIS data/
>>>>>>> shape files, but they are very similar to the 2014 designation (so probably
>>>>>>> marginally informative/responsive to the request).
>>>>>>>

https://www.gpo.gov/fdsys/pkg/FR-2009-02-25/pdf/E9-3512.pd
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
https://www.fws.gov/mountain-prairie/es/canadaLynx.php#
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/CHFinalRule2014/Lynx_CH_2014_Final.zip
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/CHFinalRule2014/Lynx_CH_2014_Final.zip


>>>>>>> 3.  In my time here, I have never seen GIS data/ shape files for the
>>>>>>> short-lived 2006 designation and was unable to find them now with a look in
>>>>>>> the most obvious places on our server here in Helena.
>>>>>>>
>>>>>>> Let me know how I can help.  I will be out of the office tomorrow and
>>>>>>> Thursday, back in on Friday.
>>>>>>>
>>>>>>> Jim
>>>>>>>
>>>>>>>
>>>>>>>
>>>>>>> On Tue, Aug 8, 2017 at 12:41 PM, Shoemaker, Justin <
>>>>>>> justin_shoemaker@fws.gov> wrote:
>>>>>>>
>>>>>>>> Jodi and Jim,
>>>>>>>>
>>>>>>>> Have either of you seen this yet?  Does the FO have the GIS data for
>>>>>>>> the 2000 CH?
>>>>>>>>
>>>>>>>> Justin Shoemaker
>>>>>>>> Classification and Recovery Biologist
>>>>>>>> U.S. Fish and Wildlife Service, Region 6
>>>>>>>> Phone: 309-757-5800 x214
>>>>>>>> Email: justin_shoemaker@fws.gov
>>>>>>>>
>>>>>>>> ---------- Forwarded message ----------
>>>>>>>> From: Hausman, Alyssa <alyssa_hausman@fws.gov>
>>>>>>>> Date: Tue, Aug 8, 2017 at 10:43 AM
>>>>>>>> Subject: Re: Inquiry from Senator Tester's Office: Lynx Critical
>>>>>>>> Habitat
>>>>>>>> To: "Mogadam, Roya" <roya_mogadam@fws.gov>
>>>>>>>> Cc: Nicole Alt <Nicole_Alt@fws.gov>, Justin Shoemaker <
>>>>>>>> justin_shoemaker@fws.gov>, Lisa Jones <lisa_m_jones@fws.gov>
>>>>>>>>
>>>>>>>>
>>>>>>>> Hi All,
>>>>>>>>
>>>>>>>> I'm checking in to see if we will be able to fulfill the request
>>>>>>>> from Tester's office for lynx CH GIS data. I can send Henry the links to
>>>>>>>> the various final rules with maps of CH in Montana if not, but would
>>>>>>>> certainly prefer to provide him with GIS files if they exist.
>>>>>>>>
>>>>>>>> Thank you,
>>>>>>>> Alyssa
>>>>>>>>
>>>>>>>> Alyssa Hausman
>>>>>>>> Congressional and Legislative Affairs Specialist
>>>>>>>> U.S. Fish and Wildlife Service
>>>>>>>> Office: (703) 358-2275
>>>>>>>> Mobile: (703) 785-3402
>>>>>>>> alyssa_hausman@fws.gov
>>>>>>>>
>>>>>>>> On Fri, Aug 4, 2017 at 10:06 AM, Hausman, Alyssa <
>>>>>>>> alyssa_hausman@fws.gov> wrote:
>>>>>>>>
>>>>>>>>> Thanks, Roya. I'm happy to close the loop with Henry. Have a nice
>>>>>>>>> vacation.



>>>>>>>>>
>>>>>>>>> - Alyssa
>>>>>>>>>
>>>>>>>>> Alyssa Hausman
>>>>>>>>> Congressional and Legislative Affairs Specialist
>>>>>>>>> U.S. Fish and Wildlife Service
>>>>>>>>> Office: (703) 358-2275
>>>>>>>>> Mobile: (703) 785-3402
>>>>>>>>> alyssa_hausman@fws.gov
>>>>>>>>>
>>>>>>>>> On Thu, Aug 3, 2017 at 6:25 PM, Mogadam, Roya <roya_mogadam@fws.gov
>>>>>>>>>> wrote:
>>>>>>>>>
>>>>>>>>>> Hi Everyone-
>>>>>>>>>>
>>>>>>>>>> I am going out of town tomorrow so if you could, please reply all
>>>>>>>>>> so Lisa or Alyssa could get back to Tester's office (Henry)
>>>>>>>>>>
>>>>>>>>>> Thanks,
>>>>>>>>>> Roya
>>>>>>>>>>
>>>>>>>>>> On Tue, Aug 1, 2017 at 2:14 PM, Mogadam, Roya <
>>>>>>>>>> roya_mogadam@fws.gov> wrote:
>>>>>>>>>>
>>>>>>>>>>> Hi Folks-
>>>>>>>>>>>
>>>>>>>>>>> I had a VM from Senator Tester's DC office requesting the GIS
>>>>>>>>>>> files/data for the Canada Lynx CH *original *listing (2000?)? He
>>>>>>>>>>> is preparing an internal document for their office and has been using our
>>>>>>>>>>> 2015 data but wanted the 2000 data to compare.
>>>>>>>>>>>
>>>>>>>>>>> -Roya
>>>>>>>>>>>
>>>>>>>>>>> --
>>>>>>>>>>> Roya Mogadam
>>>>>>>>>>> Deputy Assistant Regional Director, External Affairs
>>>>>>>>>>> Mountain-Prairie Region
>>>>>>>>>>> U.S. Fish and Wildlife Service
>>>>>>>>>>> 134 Union Boulevard
>>>>>>>>>>> Lakewood, CO 80228
>>>>>>>>>>>
>>>>>>>>>>> Roya_Mogadam@fws.gov
>>>>>>>>>>> (303) 236-4572
>>>>>>>>>>>
>>>>>>>>>>>
>>>>>>>>>>>
>>>>>>>>>>>
>>>>>>>>>>
>>>>>>>>>>
>>>>>>>>>> --
>>>>>>>>>> Roya Mogadam
>>>>>>>>>> Deputy Assistant Regional Director, External Affairs
>>>>>>>>>> Mountain-Prairie Region
>>>>>>>>>> U.S. Fish and Wildlife Service
>>>>>>>>>> 134 Union Boulevard
>>>>>>>>>> Lakewood, CO 80228
>>>>>>>>>>



>>>>>>>>>> Roya_Mogadam@fws.gov
>>>>>>>>>> (303) 236-4572
>>>>>>>>>>
>>>>>>>>>>
>>>>>>>>>>
>>>>>>>>>>
>>>>>>>>>
>>>>>>>>
>>>>>>>>
>>>>>>>
>>>>>>>
>>>>>>> --
>>>>>>> Jim Zelenak, Biologist
>>>>>>> U.S. Fish and Wildlife Service
>>>>>>> Montana Ecological Services Office
>>>>>>> 585 Shepard Way, Suite 1
>>>>>>> Helena, MT 59601
>>>>>>> (406) 449-5225 ext. 220
>>>>>>> jim_zelenak@fws.gov
>>>>>>>
>>>>>>
>>>>>>
>>>>>>
>>>>>> --
>>>>>> Jim Zelenak, Biologist
>>>>>> U.S. Fish and Wildlife Service
>>>>>> Montana Ecological Services Office
>>>>>> 585 Shepard Way, Suite 1
>>>>>> Helena, MT 59601
>>>>>> (406) 449-5225 ext. 220
>>>>>> jim_zelenak@fws.gov
>>>>>>
>>>>>
>>>>>
>>>>
>>>>
>>>> --
>>>> Jim Zelenak, Biologist
>>>> U.S. Fish and Wildlife Service
>>>> Montana Ecological Services Office
>>>> 585 Shepard Way, Suite 1
>>>> Helena, MT 59601
>>>> (406) 449-5225 ext. 220
>>>> jim_zelenak@fws.gov
>>>>
>>>
>>>
>>>
>>> --
>>> Jim Zelenak, Biologist
>>> U.S. Fish and Wildlife Service
>>> Montana Ecological Services Office
>>> 585 Shepard Way, Suite 1
>>> Helena, MT 59601
>>> (406) 449-5225 ext. 220
>>> jim_zelenak@fws.gov
>>>



>>
>>
>
>
> --
> Jim Zelenak, Biologist
> U.S. Fish and Wildlife Service
> Montana Ecological Services Office
> 585 Shepard Way, Suite 1
> Helena, MT 59601
> (406) 449-5225 ext. 220
> jim_zelenak@fws.gov
> <unit1_lynxch_final.zip>
> <unit2_lynxch_final.zip>
> <unit3_lynxch_final.zip>
> <unit4_lynxch_final.zip>
> <unit5_lynxch_final.zip>



From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Lynx SSA Lit Cited
Date: Tuesday, August 15, 2017 2:59:50 PM

Yes, this will be helpful.  I have a few more citations given my edits to incorporate a few new
articles and address your comments.

Anna wants to review all the edits that I made to the SSA and incorporate her edits into one
version.  I think our last review session is tomorrow.

Have you seen R5 solicitor Dave Rothstein's comments on the Maine sections?  Are the other
sections being reviewed by respective solicitors?

Anna would rather that I not review the future section for ME as she believes there will be
substantial changes.  I will try to at least address the comments you made.  We may have a
draft to you by the end of the week.

I hope all is going reasonably well.

Mark

On Tue, Aug 8, 2017 at 4:41 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Mark,

Attached please find the current Lit Cited list for the Final SSA.  I had some help from Admin. folks here with
cross-checking, and I've highlighted (inserted authors/dates) citations that need to be added.  For some but not all
I included the section of the report where the citation occurred (you can search by author/date if need be to find
where the citation occurred).

Thought this might be helpful as you add the missing ones that identify you as owner and as you add page
numbers to the citations in the document that need those.

Let me know if you have questions.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED
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Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: Mogadam, Roya
To: Alyssa Hausman
Cc: Lisa Jones
Subject: Re: Follow Up from Meeting with Tester
Date: Wednesday, August 16, 2017 8:38:22 AM

whew 

On Wed, Aug 16, 2017 at 8:36 AM, Alyssa Hausman <alyssa_hausman@fws.gov> wrote:
I'm already on it! I spoke with Henry about the lynx CH request last week and he mentioned
setting up a meeting. He's out of the office for the week and a half and said he would follow
up after he returns.

Thanks for the heads up.

-alyssa 

Sent from my iPhone

On Aug 16, 2017, at 10:29 AM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:

Morning Alyssa and Lisa-

Tester's office, when we met with them last month, mentioned they would be
interested in a meeting with our SME (Gary?) on Cottonwood and ESA. I am
not sure if Henry reached out to you all as well but wanted to flag and mention
to see how you would like to move forward with that request.

Thanks!
Roya

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
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U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

mailto:Roya_Mogadam@fws.gov


From: Mogadam, Roya
To: Lisa Jones; Alyssa Hausman
Subject: Fwd: Meeting with Senator Daines Staff
Date: Thursday, August 24, 2017 10:39:19 AM

---------- Forwarded message ----------
From: Alt, Nicole <nicole_alt@fws.gov>
Date: Thu, Aug 24, 2017 at 10:28 AM
Subject: Fwd: Meeting with Senator Daines Staff
To: Anna Munoz <anna_munoz@fws.gov>, Roya Mogadam <roya_mogadam@fws.gov>
Cc: Michael Thabault <Michael_Thabault@fws.gov>, Marj Nelson
<marjorie_nelson@fws.gov>

FYI.  See Jodi's summary of her meeting with Sen. Daines staff this week.

N

Nicole Alt
Deputy ARD Ecological Services
Mountain-Prairie Region
nicole_alt@fws.gov

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Thu, Aug 24, 2017 at 10:15 AM
Subject: Meeting with Senator Daines Staff
To: "Thabault, Michael" <michael_thabault@fws.gov>, Nicole Alt <nicole_alt@fws.gov>
Cc: Marjorie Nelson <Marjorie_Nelson@fws.gov>

On Wed, August 23, 2017 in Butte, MT,  I met with five members of Senator Daines Statt:  

Darin Thacker, Legislative Director; 
Meghan Thacker, Senior Policy Advisor; 
Kaari Carpenter, Legislative Fellow (from USFS); 
Joshua Sizemore, Legislative Aide, and 
Ron Catlett, NW Field Representative.  

Primarily the conversation was about both HECLA mines: Rock Creek and Montanore.  

WIth Rock Creek, I confirmed that: 

1. We are working with USFS on this priority.  
2. I reiterated that we are following a process with the FS that prioritizes our work
(particularly since they pay for much of our time through reimburseable agreements), that
Rock Creek is number 3 on this list for Kevin but number 4 for the USFS Region after
Cottonwood/Salix Lynx CH BO. 
3.  I made sure they knew that the FS was not waiting on us for our BO as they are working on
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their objection period -tied to their Forest Planning Rules and would not be ready to sign a
ROD til after the end of October and that the USFS was shooting for the end of the calendar
year for the ROD.  
4.  And that we expected to provide them with a BO by the end of October. 

With Montanore, we talked about the litigation and what the judge's remand indicated. 
1.  In talking with the FS and our FWS SOLs, we will not be able to just consult at the
evaluation phase (this is something HECLA wanted to do to speed up the process), 
     a. Even if the FS gave us a BA on only the evaluation phase, given our regulations (50 CFR
402.14 (k) and case law (Connor v Buford), the FWS cannot consult on incremental steps -we
are required to consider the entire                 action.      
     b. And because we have already consulted on the entire action (in the original litigation) we
can't unknow what the plan is.  
     c. And because the judge has already seen our consultation on the full project for both
Montanore and Rock Creek, the SOL thinks that this piecemeal approach would not pass
muster. 
2.  We discussed what the issues were with our BO (GB and BT) and how we thought we
could address them (GB -revision -better explanation and BT a revised discussion about
effects but more importantly a more thorough mitigation plan  similar to what is in place for
GB) and that we would need help from the FS and Hecla (to agree to the mitigation that we
think we need). 
3.  I also agreed that it was likely that this BO could be completed by next fall or late summer
of 2018. 

There were alot of questions about staffing, I told them where our holes were and why. They
were particularly interested in the FS vacancy and might look at a way to allow the FS to hire
a permanent bio and assign them to us.  The FS and I have talked about this previously and
were going to pursue it until the hiring freeze happened.  

There was also discussion about wolverine.  I told them where we are at with SSA.  They were
pretty irate about the judge's decision and discussed legislative fixes.  I asked that they let us
try to address the issues through the process first.  They acknowledged that that would be
better but were concerned about the endless do loop (my words).  

Legislative fixes also came up a bit in reference to Rock Creek and Montanore.  They
indicated that after this next iteration of revisions, if the courts continue to find fault with our
analysis they will look for a legislative or administrative fix to take HECLA projects off the
table.  

Lastly we talked about YES delisting, the Great Lakes Wolf Decision and NCDE.  I tried to
explain the court case as simply as I could and explained that it is likely to change our intent to
complete the NCDE recovery package asap.  They had mentioned that they were pleased we
were getting moving on the NCDE timeline.  They had heard from Noreen on the topic a
couple of weeks ago.  I don't think they were as pleased after my discussion about the great
lakes case. 

They asked that I send them the Great Lakes decision.  I will.  Other than the above topics
pretty quick discussion -45 mins.  I talked fast.   

Let me know if you have any questions. JB



 

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

mailto:Roya_Mogadam@fws.gov


From: Michael Thabault
To: Shoemaker, Justin
Cc: Marjorie Nelson; Jodi Bush
Subject: Re: Lynx 5-yr
Date: Monday, August 28, 2017 8:17:56 AM

Perfect. Thanks. Send me something only when you are ready. Let me know time line
changes. 

Michael Thabault
Assistant Regional Director
Ecological Services
Mountain Prairie Region

On Aug 28, 2017, at 8:10 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:

Mike,

I will finish a first draft of the 5 yr review this week.  It will be as concise as
possible, supported by the SSA report.  I can share w/ this group when its done if
you want to see it before it comes around for surnames.  

I've been giving the SSA report close review over the last few weeks and helping
Jim polish that up.  Taking longer than I wanted it to.  I think Jim has done a great
job in reducing redundancies and strengthening sections of the report since the
version we all saw at the time of the decision meeting.  Its all the same info of
course, just packaged in a more solid and readable document.  Still long, but I
think it just has to be for this case.  I'm finishing my review and suggestions to the
report today, then Jim has some work to do to address my comments. I'd like to
walk him through my suggestions so he's not spinning his wheels.  If I need to
drop this and focus on the 5 yr asap, just let me know. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Fri, Aug 25, 2017 at 4:40 PM, Thabault, Michael
<michael_thabault@fws.gov> wrote:

How are we doing on progress on this specific piece of the puzzle?

Michael Thabault
Assistant Regional Director
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region
303-236-4210
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From: Zelenak, Jim
To: Jodi Bush; Justin Shoemaker
Subject: Fwd: Hopefully Quick Question
Date: Thursday, August 31, 2017 2:55:20 PM

FYI. Update request from Wyoming ES office and my response.

---------- Forwarded message ----------
From: Keinath, Douglas <douglas_keinath@fws.gov>
Date: Thu, Aug 31, 2017 at 2:36 PM
Subject: Re: Hopefully Quick Question
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Thanks a bunch Jim. This is perfect... answers all my questions.  A politically challenging
beast to work with, for sure.

~~~
Douglas Keinath, PhD
Recovery Coordinator
U.S. Fish and Wildlife Service
Wyoming Ecological Services Field Office
5353 Yellowstone Road, Suite 308A
Cheyenne, WY  82009
Office: (307) 772-2374 x 236
Cell: (307) 631-5920
douglas_keinath@fws.gov
~~~

On Thu, Aug 31, 2017 at 1:13 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Doug,

We are still working to get the SSA finalized based on comments from 5 peer reviewers, 11 State agencies, and 3
other federal agencies, as well as some late comments/concerns from R5 and its regional solicitor, and internal R6
review.

We are now shooting for the end of Sept. to simultaneously make available the final SSA and the 5-year review. 
We will be working with R6 EA soon on the outreach package for that announcement.

We have consistently shared with States that there are 3 possible recommendations that could come from the 5-
year review: 1) the lynx DPS remains threatened, 2 it is uplisted to endangered, or 3) it no longer warrants listing.

If 1) or 2), we would proceed quickly with recovery plan development.  The court order says we will have final
recovery plan by Jan. 15, 2018 unless we determine one is not needed (listing no longer warranted).  It is hard to
imagine how we would meet that time line.

If 3), we would move forward with a proposed rule to delist followed by public comment, hearings, peer and
partner review, etc., followed by a final rule.  Both proposed and final rules would have to be published in the
Federal Register.

An important message that seems not to have resonated with some of our State partners is that even if the 5-yr
recommends 3) - delisting - the DPS would remain listed until 30 days after the final rule to delist.  That is, even
if the 5-year recommends delist, that would not happen officially for a year or two, depending on the length and
complexity of the delisting rule-making process, and the DPS would remain listed as T during that time.

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:douglas_keinath@fws.gov
mailto:jim_zelenak@fws.gov
mailto:douglas_keinath@fws.gov
mailto:jim_zelenak@fws.gov


Hope this helps. Let me know if you need more/other info.  If so, feel free to give me a call to discuss.

Jim

On Thu, Aug 31, 2017 at 12:09 PM, Keinath, Douglas <douglas_keinath@fws.gov> wrote:
Hi Jim,

I hope things are well with you.  I have to give our state partners a quick update on the
status of Lynx SSA and legal efforts.  Based on our conversation in the spring, I
previously gave them the following:

The lynx SSA is currently in the partner and peer review phase. Comments will be
incorporated by roughly June 2017, with a ‘final’ SSA shortly thereafter. This will be
followed by a 5-year review of the status of Lynx under the ESA, which will hopefully be
completed by late summer 2017. Depending on the result of the 5-year review, work may
then begin on a recovery plan with the goal of having it out for review in January 2018.

Can you fill me in on what has happened and is happening now?

Many thanks,
Doug

~~~
Douglas Keinath, PhD
Recovery Coordinator
U.S. Fish and Wildlife Service
Wyoming Ecological Services Field Office
5353 Yellowstone Road, Suite 308A
Cheyenne, WY  82009
Office: (307) 772-2374 x 236
Cell: (307) 631-5920
douglas_keinath@fws.gov
~~~

On Fri, Apr 7, 2017 at 10:10 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Doug,

Good talking with you on the phone; hope you have a clearer understanding and that I was able to answer at
least some of your questions regarding lynx and the SSA process.

Here's the R6 lynx web page that I mentioned and which has the expert elicitation workshop report and
supporting materials as well as the critical habitat history we talked a little about:

https://www.fws.gov/mountain-prairie/es/canadaLynx.php

Let me know if there's anything else you need and don't hesitate to call or email if you
have other questions.

Jim

On Fri, Apr 7, 2017 at 9:30 AM, Shoemaker, Justin <justin_shoemaker@fws.gov>
wrote:

Jim,
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Can you provide Doug w/ the latest messaging bullets? See his request below. Thanks.

Justin Shoemaker
Acting Branch Chief for Classification and Recovery
U.S. Fish and Wildlife Service, Region 6
Phone: 303-236-4217
Email: justin_shoemaker@fws.gov

On Fri, Apr 7, 2017 at 9:27 AM, Douglas Keinath <douglas_keinath@fws.gov>
wrote:

Thanks Sarah.   

 

Justin: I basically need a few short bullets on why the SSA was initiated, what status it’s in,
and when we anticipate completion and decision.  Much of that info (other than perhaps
details of current status) is probably in the project plan. 

 

Many thanks!

Doug

 

 

 

 

~~~

Douglas Keinath, PhD

Recovery Coordinator

U.S. Fish and Wildlife Service

Wyoming Ecological Services Field Office

5353 Yellowstone Road, Suite 308A

Cheyenne, WY  82009

Cell: (307) 631-5920 (preferred phone)

Office: (307) 772-2374 x 236

douglas_keinath@fws.gov
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~~~

 

From: Backsen, Sarah [mailto:sarah_backsen@fws.gov] 
Sent: Thursday, April 06, 2017 4:30 PM
To: Keinath, Douglas
Cc: Shoemaker, Justin
Subject: Re: Hopefully Quick Question

 

Hi Doug,

 

Justin is the RO lead for that one.  Justin, can you answer?

Sarah Backsen

Classification Biologist

U.S. Fish and Wildlife Service, Region 6

134 Union Blvd., Suite 670
Lakewood, Colorado  80228

303-236-4388

sarah_backsen@fws.gov

 

On Thu, Apr 6, 2017 at 4:26 PM, Keinath, Douglas <douglas_keinath@fws.gov>
wrote:

Sarah,

 

Are you the regional contact for the Lynx SSA?  I am trying to get a quick update on
the status of that effort (lead office, current phase, expected review and completion
dates) that I can relate to a meeting of state collaborators next week.  

 

This could be as simple as pointing me toward the project plan, if it is up to date.

 

Thanks,

mailto:sarah_backsen@fws.gov
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Doug

 

~~~

Douglas Keinath, PhD

Recovery Coordinator

U.S. Fish and Wildlife Service

Wyoming Ecological Services Field Office

5353 Yellowstone Road, Suite 308A

Cheyenne, WY  82009

Office: (307) 772-2374 x 236

Cell: (307) 631-5920

douglas_keinath@fws.gov

~~~

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
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jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Mogadam, Roya
To: Racey, Meagan
Subject: Re: Comment for National Geographic news article Lynx behavior
Date: Tuesday, September 05, 2017 2:55:23 PM
Attachments: OutlookEmoji-1487083095538_signature5e37ce8d-0210-4b66-84b1-30092b21a6aa.png

❤

On Tue, Sep 5, 2017 at 2:44 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Thanks Roya! 

On Tue, Sep 5, 2017 at 4:26 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
Hi Meagan-

Thanks so much for working with the NatGeo on this story and for coordinating with our
folks. I know how quickly these requests can come in so its not always possible to
coordinate ahead of time but appreciate you reaching out after. I am also looping in Steve
Segin who is leading for R6-EA on the lynx announcement. 

-Roya

On Tue, Sep 5, 2017 at 2:13 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi Jodi and Jim (and Roya) - Our ES folks are out today so they asked me to bring this
to your attention. We should have coordinated with you all on the below response from
MEFO to NatGeo. Our apologies. Could you let us know if there are any additional
points we should make, or clarifications? I'm awaiting information on the reporter's
deadline, but if you'd prefer to respond or draft the responses, as the lead region for
lynx, please let us know as soon as possible.

Best,
Meagan
---------- Forwarded message ----------
From: Sarah Gibbens <Sarah.Gibbens@natgeo.com>
Date: Tue, Sep 5, 2017 at 2:58 PM
Subject: Re: Comment for National Geographic news article Lynx behavior
To: "McCollough, Mark" <mark_mccollough@fws.gov>
Cc: Anna Harris <anna_harris@fws.gov>, Keith Ramos <keith_ramos@fws.gov>,
"Racey, Meagan" <meagan_racey@fws.gov>

Hi Mark, 

Thank you so much for your thorough response. It was very helpful. I just had a couple
of follow-up questions about the vocalizations specifically. 
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Is there any information or research on why their calls sound so different from other
large cats? I haven't been able to locate any studies on this. 

Do they use the calls heard in the video for territorial disputes only or, generally, is this
what they sound like? 

Best,

Sarah

From: McCollough, Mark <mark_mccollough@fws.gov>
Sent: Tuesday, September 5, 2017 9:51:32 AM
To: Sarah Gibbens
Cc: Anna Harris; Keith Ramos; Racey, Meagan
Subject: Re: Comment for National Geographic news article Lynx behavior
 
Dear Sarah:

Thanks for your questions about the lynx behavior in this video.  I just drove this section
of road in Kokadjo, Maine several days ago, but didn't see lynx!  In the past I have taken
Audubon groups to this area to track lynx in the winter.  What a treat to see this lynx
behavior!

Similar videos have been taken in Maine in recent years.  Here is a video an even more
striking video of lynx vocalizing in northern Maine: http://www.youtube.com/watch?
v=UFEShmDh6RE.  and another that shows identical behavior
https://www.youtube.com/watch?v=HrCMHKLWbxU 

Here is a video from Montana lynx researchers (both lynx are radio-tagged) that shows
vocalization and scent marking behavior - rubbing a "scent post" and urinating on the
tree in the center of the photo .https://youtu.be/6OrjghiEiTA

Both male and female lynx maintain territories or home ranges.  Males have larger home
ranges that contain the home ranges of one to three females.  In Maine, home ranges
average about 27 square miles for males and about 12 square miles for females.  The
size of home ranges is based on the availability of the lynx primary prey, snowshoe
hares.  Home ranges are smaller in Maine where there are as many as five hares for
every 10 acres.  In Montana, where hares occur at lower densities, lynx home ranges
several times larger.  Home ranges fluctuate in Canada and Alaska throughout the 10-
year snowshoe hare cycle.

The lynx in these videos display similar territorial behavior.  Perhaps the road represents
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a boundary between lynx territories.  Perhaps these lynx, which are solitary for much of
the year, are just meeting each other - a rare occasion in such an expansive landscape as
the North Maine Woods.  One animal could be a resident and the other a dispersing
lynx.  In the video you sent me, the lynx on the left appears to be the dominant animal.

The sex of the animals in the video you sent is unknown, but they are likely males. 
Females would likely have young accompanying them at this time of year (late
summer).  No lynx kittens are visible in video.

With their sharp teeth and claws, lynx, cougars and other wild cats could inflict much
damage on each other in territorial disputes.  This elaborate behavior, scent-marking,
and vocalization is a substitute for physical combat, which may leave one or both lynx
injured.  In all three videos from northern Maine, lynx resolve their disputes without
physical contact.

Few naturalists have witnessed or described these behaviors and vocalizations from wild
lynx, although they may be observed with animals in captivity.  One could imagine
hearing these strange noises coming from the woods while on a camping trip in northern
Maine.  

Breeding population of lynx occur in the lower 48 states in Maine, Minnesota, Montana,
Washington, and Colorado where they are recognized as federally-threatened species. 
They are more common to the north in Canada and Alaska.  Challenges to their
existence include some kinds of forest management, but in many instances other types
of forest management can create lynx habitat.  Climate change is affecting the deep,
fluffy snow conditions that lynx require and causes temporary loss of habitat to more
frequent fire and insects.  Some researchers believe that a changing climate is making
winters shorter, which affects the survival of snowshoe hares that rely on changing from
brown (summer) to white (winter) based on photoperiod.

Feel free to call if you have questions.

Sincerely,

Mark McCollough

On Fri, Sep 1, 2017 at 1:04 PM, Sarah Gibbens <Sarah.Gibbens@natgeo.com> wrote:

Hi Mark,

I'm hoping you might be able to help me explain some lynx behavior for a National
Geographic news article. We recently obtained this video below that shows two (I
assume) male lynxes in some sort of standoff.

https://www.youtube.com/watch?v=L4iyPXHM89E
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The video has become really popular online because, as you can hear, the cats are
making some pretty funny sounding vocalizations. 

Do you have time to briefly explain the behavior seen in the video? I'm also interested
in knowing if the sounds they're making are typical for this species. From what I
understand, Maine also has the only breeding population in the continental U.S., and I
was hoping you might also be able to comment on threats to their conservation. 

Please feel free to reach me any time at 202-791-1340 or via email. 

Thank you,

CONFIDENTIALITY NOTICE: This e-mail transmission, and any documents, files
or previous e-mail messages attached to it may contain confidential information that is
legally privileged. If you are not the intended recipient, or a person responsible for
delivering it to the intended recipient, you are hereby notified that any disclosure,
copying, distribution or use of any of the information contained in or attached to this
transmission is STRICTLY PROHIBITED. If you have received this transmission in
error, please immediately notify the sender. Please destroy the original transmission
and its attachments without reading or saving in any manner.

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE



CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
CONFIDENTIALITY NOTICE: This e-mail transmission, and any documents, files or
previous e-mail messages attached to it may contain confidential information that is
legally privileged. If you are not the intended recipient, or a person responsible for
delivering it to the intended recipient, you are hereby notified that any disclosure,
copying, distribution or use of any of the information contained in or attached to this
transmission is STRICTLY PROHIBITED. If you have received this transmission in
error, please immediately notify the sender. Please destroy the original transmission and
its attachments without reading or saving in any manner.

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572
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-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572
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From: Marjorie Nelson
To: Zelenak, Jim
Cc: Shoemaker, Justin; Jodi Bush
Subject: Re: Canda Lynx 5 yr review - Invitation to collaborate
Date: Tuesday, September 19, 2017 6:53:21 PM

I sent a note to Anna.  

Sent from my iPhone
(720) 582-3524

On Sep 19, 2017, at 2:42 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

I agree.  I've also only had a quick look but I think the NR needs substantive correction and much
more detail to be useful (e.g., wouldn't we say what the recommendation of the 5-yr review is?).

I'm not sure how detailed/accurate the communications strategy needs to be, but I suspect it also
needs careful work.

What about Q&As/FAQs? I see that the comm plan says don't attach, but won't we still want/need
those?  And if so, they need to complement/support what is presented in the news release and the 5-
yr review doc..

I'll need some guidance/direction regarding the priority for working on these vs. continuing to
finalize the SSA report based on Justin's review and comments from R5 RSOL et al. along with
some outstanding responses to peer and state reviews.

Jodi?

 

On Tue, Sep 19, 2017 at 3:21 PM, Shoemaker, Justin
<justin_shoemaker@fws.gov> wrote:

Marj,

I've only taken a quick look at these outreach materials, they need a lot of work
before I would be comfortable sharing w/ anyone.  I don't know why this is
begin pushed out to other regions by tomorrow.  Can we slow the outreach
down so the 5 yr review can catch up?

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Tue, Sep 19, 2017 at 4:08 PM, Robert Segin <robert_segin@fws.gov>
wrote:

Thanks all for the quick turnaround.

I was informed that it needed to be at other regions this week and into
surname in the RO next week.
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Sent from my iPhone

On Sep 19, 2017, at 3:05 PM, Shoemaker, Justin
<justin_shoemaker@fws.gov> wrote:

Jodi and Jim,

I will take a look at this asap, but thought you should see these
documents also. Steve Segin is taking the lead for EA.  Trying to
get this to other regions for review by tomorrow. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

---------- Forwarded message ----------
From: Robert Segin (via Google Drive) <drive-shares-
noreply@google.com>
Date: Mon, Sep 18, 2017 at 10:37 AM
Subject: Canda Lynx 5 yr review - Invitation to collaborate
To: justin_shoemaker@fws.gov
Cc: marjorie_nelson@fws.gov, craig_hansen@fws.gov

Robert Segin has invited you to contribute to the
following shared folder:

Canda Lynx 5 yr review

Good Morning,

We need to get this off to R1,3,5 By
tomorrow 9/20/17 in the AM. Can you take
a look and see if its on track. Glenn
Johnson created it when he was here and
I added some additional stuff. 

Sorry for the quick turn around. 

Thank You

Open
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Google Drive: Have all your files within reach

from any device. 

Google Inc. 1600 Amphitheatre Parkway,

Mountain View, CA 94043, USA

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

https://drive.google.com/
mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Marjorie Nelson
Cc: Bush, Jodi; Shoemaker, Justin
Subject: Re: Canda Lynx 5 yr review - Invitation to collaborate
Date: Wednesday, September 20, 2017 9:43:29 AM

I have edited the draft News Release on the Google Drive (in "suggestion mode" so changes are obvious) and
provided the information I think is necessary.  It needs review by ESA gurus (you all).

Please take a look and edit as you see fit and let me know if anything else from me is needed.

I have not reviewed or edited the comm. plan.  

On Wed, Sep 20, 2017 at 8:49 AM, Marjorie Nelson <marjorie_nelson@fws.gov> wrote:
EA will slow down. 

Sent from my iPhone
(720) 582-3524

On Sep 20, 2017, at 7:40 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:

Jim. As we talked - please spend some time on the NR and add what you think
is appropriate.  I will take a look at the other doc when you are done.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Sep 19, 2017 at 3:42 PM, Zelenak, Jim <jim_zelenak@fws.gov>
wrote:

I agree.  I've also only had a quick look but I think the NR needs substantive correction and
much more detail to be useful (e.g., wouldn't we say what the recommendation of the 5-yr
review is?).

I'm not sure how detailed/accurate the communications strategy needs to be, but I suspect it also
needs careful work.

What about Q&As/FAQs? I see that the comm plan says don't attach, but won't we still
want/need those?  And if so, they need to complement/support what is presented in the news
release and the 5-yr review doc..

I'll need some guidance/direction regarding the priority for working on these vs. continuing to
finalize the SSA report based on Justin's review and comments from R5 RSOL et al. along with
some outstanding responses to peer and state reviews.

Jodi?
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On Tue, Sep 19, 2017 at 3:21 PM, Shoemaker, Justin
<justin_shoemaker@fws.gov> wrote:

Marj,

I've only taken a quick look at these outreach materials, they need a lot of
work before I would be comfortable sharing w/ anyone.  I don't know why
this is begin pushed out to other regions by tomorrow.  Can we slow the
outreach down so the 5 yr review can catch up?

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Tue, Sep 19, 2017 at 4:08 PM, Robert Segin <robert_segin@fws.gov>
wrote:

Thanks all for the quick turnaround.

I was informed that it needed to be at other regions this week and into
surname in the RO next week.

Sent from my iPhone

On Sep 19, 2017, at 3:05 PM, Shoemaker, Justin
<justin_shoemaker@fws.gov> wrote:

Jodi and Jim,

I will take a look at this asap, but thought you should see
these documents also. Steve Segin is taking the lead for EA. 
Trying to get this to other regions for review by tomorrow. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

---------- Forwarded message ----------
From: Robert Segin (via Google Drive) <drive-shares-
noreply@google.com>
Date: Mon, Sep 18, 2017 at 10:37 AM
Subject: Canda Lynx 5 yr review - Invitation to collaborate
To: justin_shoemaker@fws.gov
Cc: marjorie_nelson@fws.gov, craig_hansen@fws.gov
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Robert Segin has invited you to contribute to
the following shared folder:

Canda Lynx 5 yr review

Good Morning,

We need to get this off to R1,3,5 By
tomorrow 9/20/17 in the AM. Can you
take a look and see if its on track.
Glenn Johnson created it when he
was here and I added some additional
stuff. 

Sorry for the quick turn around. 

Thank You

Open

Google Drive: Have all your files within

reach from any device. 

Google Inc. 1600 Amphitheatre Parkway,

Mountain View, CA 94043, USA

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Harris, Anna
To: Zelenak, Jim
Cc: Jodi Bush
Subject: Re: MDIFW Citation
Date: Tuesday, September 26, 2017 10:13:59 AM

Hi Jim,

Those citations needed to get done & I had at least one other person in MEFO help for a few
hours! You're right about the time though, if you need help addressing SOL comments, please
let me know. I don't like that we dumped a bunch of comments in your lap at the 11th hour.
Mark will be back Monday if you need some of the citations from him - esp the personal
communication reference and Jen Vashon's unpublished data.

Thanks,
Anna

On Tue, Sep 26, 2017 at 9:48 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Anna. Sorry this fell to you. If I wasn't still trying to wrap up edits/responses to comments and get the
SSA finalized, I would've tried tracking these down myself. All of this takes more time than it seems like it
should.  I think we should be good to go on citations now. The few outstanding ones are likely unnecessary - I
will check the report and make changes as needed.

Jim 

On Tue, Sep 26, 2017 at 6:51 AM, Harris, Anna <anna_harris@fws.gov> wrote:
Hi Jim,

Attached is the lynx lit cited with the citations that I could find. I've attached a document
with the citations that are still missing. Some I'm not sure exist and others involve Mark
directly because they are personal communications. I have the 2015 ITP information if
you need those PDFs. I've contacted our webmaster to see if we can get those online asap
so you'll have a link to them.

I hope this helps. Please let me know if you have questions on the attached.

all the best,
Anna

On Mon, Sep 18, 2017 at 9:53 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Anna,

I think it will be fine to use the new total numbers for IT/mortalities and just cite the doc we cited there
previously and the 2016 annual report that provided numbers for the last year. Think we're OK on that.

We could use some help from your office/region in getting some of Mark's missing citations (things cited in
the SSA text but not yet added to the lit cited list).  At last check there were about 95 of these. I think some
(many?) were from the 2013 LCAS and could probably be pulled (copy-pasted) directly from that
document's list (a corrected version of the LCAS lit cited is attached).

A while back I updated the lit cited list for the SSA and noted citations that were missing, whose they were
(Core Team member), and what section of the doc the cite was from as of that time (around Aug. 8, if I
remember correctly).

mailto:anna_harris@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:anna_harris@fws.gov
mailto:jim_zelenak@fws.gov


I've also attached the latest version of that list here showing citations that still need to be added. Mark also
supplied some new text recently, but I think any citations from those he already added.

If you have someone who could check the SSA missing cites against the LCAS cites, and add (copy-paste, in
SSA-list format) those to the SSA list where highlighted, that would be a big help.

Let me know if you think you have someone there who can work on that or if you have questions or need
more info.

Thanks much,

Jim

On Sun, Sep 17, 2017 at 6:04 PM, Harris, Anna <anna_harris@fws.gov> wrote:
If you want I can reach out to Maine IFW to see if they have the total -

let me know, 

I am in all week and happy to help-

On Fri, Sep 15, 2017 at 3:30 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks.  We want the total incidentally trapped (reported, anyway) since listing (2000); not just since
the ITP was implemented.

I'll work it out...

On Fri, Sep 15, 2017 at 12:43 PM, Harris, Anna <anna_harris@fws.gov> wrote:
Hi Jim,

Can we use the numbers in the 2016 report:
During the 2016-17 trapping season, 10 lynx were incidentally captured in
foothold traps set for canids. No lynx were caught in killer-type traps set for
marten and fisher, in
aquatic sets, or traps set by ADC agents. All 10 lynx were captured by licensed
fur-trappers; none were
captured by trappers enrolled in MDIFW’s Predator Management program.

Not sure why we have from 2000 since the permit was issued in 2014.

There is the figure on pg 23: The distribution of Canada lynx in Maine from
ecoregional snow track surveys, sightings of
lynx (primarily tracks) by IFW biologists, incidental takes, and telemetry data
from 2000 until 2016.

On Fri, Sep 15, 2017 at 2:31 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks for sending that, Anna. Unfortunately, I cannot find the data that we cite to in the doc.
(total of 106 reported incidental captures and 12 mortalities from 2000 to 2016).  Do we (FWS)
have those data compiled somewhere in a doc I can cite to? 

On Fri, Sep 15, 2017 at 11:49 AM, Harris, Anna <anna_harris@fws.gov>
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wrote:
Hi Jim

The 2016 report is attached. Please let me know if there are other comments I
can help address.

Thanks,
Anna

On Fri, Sep 15, 2017 at 12:19 PM, Zelenak, Jim <jim_zelenak@fws.gov>
wrote:

Hi Anna,

I've made edits recommended by you, Mark,and/or Dave R., including the following:

"From 2000 to 2016, this program has resulted in the release of 106 lynx that were reported
incidentally trapped in northern Maine (MDIFW 2016b, p. xx). During this time, 12 lynx died
from traps or being illegally shot while in traps."

You and Dave both recommended updating with the 2016 annual report from MDIFW, and
Mark supplied those numbers. However, I don't have the page numbers or the document cited.
Just above this quote, same paragraph, we cite MDIFW 2016a, which is the State's 2016-17
summary of trapping laws/regs (has the lynx exclusion and minimization requirements, etc.).

Could you please send me a copy of MDIFW's 2016 annual report on the ITP so I can add the
page numbers to this citation and add the document to the lit cited list? I'd ask Mark first but
understand he's on leave for the next couple weeks.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
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Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
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From: Zelenak, Jim
To: bob.broscheid@state.co.us; craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric; Moore,Virgil; Dustin Miller (dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam Eaton;

rita.dixon@idfg.idaho.gov; Chandler.woodcock@maine.gov; Connolly, James; Vashon, Jennifer; moritzw@michigan.gov; bumpa@michigan.gov; kennedyd@michigan.gov; commissioner.dnr@state.mn.us;
jim.leach@state.mn.us; Paul.Telander@state.mn.us; Baker, Richard (DNR); Erb, John D (DNR); JTubbs@mt.gov; McDonald, Ken; Inman, Bob; Jay Kolbe; seggeman@mt.gov; Baty, Ross;
glenn.normandeau@wildlife.nh.gov; Mark.Ellingwood@wildlife.nh.gov; john.kanter@wildlife.nh.gov; William.Staats@wildlife.nh.gov; Patrick.Tate@wildlife.nh.gov; alexandra.sandoval@state.nm.us;
stewart.liley@state.nm.us; rick.winslow@state.nm.us; Stuart, James N., DGF; sean.murphy@state.nm.us; michael.schiavone@dec.ny.gov; doug.stang@dec.ny.gov; curt.melcher@state.or.us;
derek.j.broman@state.or.us; Gregory Sheehan; Kimberly Hersey; director@dfw.wa.gov; cpl@dnr.wa.gov; Lewis, Jeffrey C (DFW); Maletzke, Benjamin T (DFW); cathy.stepp@wisconsin.gov;
kurt.thiede@wisconsin.gov; Sanjay.Olson@wisconsin.gov; Tom.Hauge@wisconsin.gov; Erin.Crain@wisconsin.gov; Owen Boyle; Roberts, Nathan M - DNR; Rossler, Shawn T - DNR;
David.MacFarland@wisconsin.gov; John.White@wisconsin.gov; scott.talbot@wyo.gov; Bob Lanka; Zack Walker; Nichole Bjornlie; Susan Patla; Rick Kahn; Jackson, Scott -FS; Hanvey, Gary -FS; Tripp, Kim;
Christopher Boone; Sparks, James; Jonathan Mawdsley; Kilborn, Jillian; Scott.Darling@vermont.gov; Kim.Royar@vermont.gov; Bernier, Chris; Mark.Scott@vermont.gov; Louis.Porter@vermont.gov

Cc: Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt Broderdorp; Mark McCollough; Tamara Smith; Anna Harris; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab;
Ann Timberman; Brad Thompson; Chris Mensing; David Stilwell; David Simmons; Drue DeBerry; Eric Rickerson; Grant Canterbury; Jeff Krupka; Szymanski, Jennifer; Karen Cathey; Karl Halupka; Kate Novak;
Kathleen Hendricks; Larry Crist; Laura Ragan; Leslie Ellwood; Mark Maghini; Martin Miller; Megan Kosterman; Michelle Eames; Patricia Zenone; Paul Casey; Paul Henson; Peter Fasbender; Rollie White; Sarah
Hall; Scott Hicks; Sue Livingston; Tom Chapman; Tom McDowell; Tyler Abbott; Dennis Mackey; Marjorie Nelson; Lori Nordstrom/R6/FWS/DOI; Paul Phifer; Michael Thabault; Kurz, Gregg

Subject: Lynx SSA Coordination
Date: Tuesday, September 26, 2017 6:13:27 PM

Hi All:

Jodi and I discussed the efficacy of a monthly coordination call and agreed that in lieu of a call letting you know that we are still working to finalize the SSA report and develop the 5-year status
review for the lynx DPS, we would provide the following update.

So we will not be having the call originally scheduled for tomorrow, Wed., Sept. 27.

As always, if you have specific questions or need more information, please call me or email.

Cheers!

Jim

Canada Lynx Update

In June 2014, the U.S. District Court for the District of Montana ordered the Service to initiate recovery planning for the Canada lynx DPS.  In April 2015, the
Service determined the need to complete a Species Status Assessment (SSA) to inform its response to the court order, and in July 2015, it convened the Lynx
SSA Team. In October 2015, the Team conducted an Expert Elicitation Workshop in Minnesota to gather the professional judgments and opinions of
recognized lynx experts and other subject matter experts regarding the current status, threats, and potential future conditions for DPS lynx populations. After
review by participating experts, we completed the workshop report in April 2016 (available here:

https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/2016%2004%2018%20FINAL%20Lynx%20SSA%20EE%20Workshop%20Report%202%20jzeds.pdf).

In January 2017, after reviewing the available scientific information and considering expert opinion, we provided the draft SSA report to the AFWA for
distribution to and coordination of review by the wildlife and natural resource agencies of 15 states within the DPS range (Colorado, Idaho, Maine, Michigan,
Minnesota, Montana, New Hampshire, New Mexico, New York, Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming). At the same time, we
provided the draft to 5 independent peer reviewers, other Federal agencies (BLM, National Park Service, and U.S. Forest Service) and Tribal organizations
throughout the DPS range.  By March 2017, we had received all peer reviews and State and Federal agency reviews.

We continue working to finalize the SSA based on comments from 5 peer reviewers, 11 State agencies, and 3 other federal agencies, as well as additional
internal Service and solicitor reviews.  The Final SSA Report will form the basis of the statutorily-required 5-year status review and determine our next steps,
including recovery planning direction. We hope to complete the final report and the 5-year review very soon and we plan to release both to our State (and
AFWA), Tribal, and federal partners, and to make them available to the public simultaneously.

As we have indicated in previous calls, there are 3 possible recommendations that could come from the 5-year review: (1) the lynx DPS should remain
threatened, (2) it should be uplisted to endangered, or (3) it no longer warrants listing.  If the Service recommends either (1) or (2), we will proceed with
recovery plan development.  The court ordered that we complete a final recovery plan by Jan. 15, 2018, unless we determine one is not needed (listing no
longer warranted). 

If the Service recommends that the lynx DPS no longer warrants listing (3), we will initiate a rule-making process that would include a proposed rule to delist
with public comment, hearings, peer and partner review, etc., followed by a final rule determining listing status of the DPS.  Both the proposed and final rules
would be published in the Federal Register.  This means that even if the Service were to recommend delisting, the DPS would remain listed until 30 days after
the final rule to delist is published.  That is, even if the 5-year review recommended delisting, that would not happen officially for a year or more, depending on
the length and complexity of the rule-making process, and the DPS would remain listed during that time.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Ellingwood, Mark
Cc: Jodi Bush
Subject: Re: Lynx SSA Coordination
Date: Wednesday, September 27, 2017 9:41:19 AM

Thanks Mark - glad you found it helpful.

Jim

On Wed, Sep 27, 2017 at 6:58 AM, Ellingwood, Mark <Mark.Ellingwood@wildlife.nh.gov>
wrote:

Jim;

 

At the risk of cluttering your inbox I did want to thank you for the very informative synopsis and
update of your efforts. 

 

Sincerely,

 

Mark

 

Mark Ellingwood

Wildlife Division Chief

Certified Wildlife Biologist ®

 

NH Fish and Game Department, Wildlife Division

11 Hazen Drive, Concord, NH 03301

603-271-2461 or 603-271-1439, mark.ellingwood@wildlife.nh.gov

 

NH Fish and Game...connecting you to life outdoors

Did You Know?  NH Fish and Game is a self-supporting agency, funded by hunting and fishing license
fees, federal grants and donations.
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From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, September 26, 2017 6:13 PM
To: bob.broscheid@state.co.us; craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric;
Moore,Virgil; Dustin Miller (dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam Eaton;
rita.dixon@idfg.idaho.gov; Chandler.woodcock@maine.gov; Connolly, James; Vashon, Jennifer;
moritzw@michigan.gov; bumpa@michigan.gov; kennedyd@michigan.gov;
commissioner.dnr@state.mn.us; jim.leach@state.mn.us; Paul.Telander@state.mn.us; Baker, Richard
(DNR); Erb, John D (DNR); JTubbs@mt.gov; McDonald, Ken; Inman, Bob; Jay Kolbe;
seggeman@mt.gov; Baty, Ross; Normandeau, Glenn; Ellingwood, Mark; Kanter, John; Staats, William;
Tate, Patrick; alexandra.sandoval@state.nm.us; stewart.liley@state.nm.us; rick.winslow@state.nm.us;
Stuart, James N., DGF; sean.murphy@state.nm.us; michael.schiavone@dec.ny.gov;
doug.stang@dec.ny.gov; curt.melcher@state.or.us; derek.j.broman@state.or.us; Gregory Sheehan;
Kimberly Hersey; director@dfw.wa.gov; cpl@dnr.wa.gov; Lewis, Jeffrey C (DFW); Maletzke, Benjamin
T (DFW); cathy.stepp@wisconsin.gov; kurt.thiede@wisconsin.gov; Sanjay.Olson@wisconsin.gov;
Tom.Hauge@wisconsin.gov; Erin.Crain@wisconsin.gov; Owen Boyle; Roberts, Nathan M - DNR;
Rossler, Shawn T - DNR; David.MacFarland@wisconsin.gov; John.White@wisconsin.gov;
scott.talbot@wyo.gov; Bob Lanka; Zack Walker; Nichole Bjornlie; Susan Patla; Rick Kahn; Jackson,
Scott -FS; Hanvey, Gary -FS; Tripp, Kim; Christopher Boone; Sparks, James; Jonathan Mawdsley;
Kilborn, Jillian; Scott.Darling@vermont.gov; Kim.Royar@vermont.gov; Bernier, Chris;
Mark.Scott@vermont.gov; Louis.Porter@vermont.gov
Cc: Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt
Broderdorp; Mark McCollough; Tamara Smith; Anna Harris; Brady McGee; Jeffrey Dillon; Lisa Solberg
Schwab; Ann Timberman; Brad Thompson; Chris Mensing; David Stilwell; David Simmons; Drue
DeBerry; Eric Rickerson; Grant Canterbury; Jeff Krupka; Szymanski, Jennifer; Karen Cathey; Karl
Halupka; Kate Novak; Kathleen Hendricks; Larry Crist; Laura Ragan; Leslie Ellwood; Mark Maghini;
Martin Miller; Megan Kosterman; Michelle Eames; Patricia Zenone; Paul Casey; Paul Henson; Peter
Fasbender; Rollie White; Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman; Tom McDowell; Tyler
Abbott; Dennis Mackey; Marjorie Nelson; Lori Nordstrom/R6/FWS/DOI; Paul Phifer; Michael Thabault;
Kurz, Gregg
Subject: Lynx SSA Coordination

 

Hi All:

 

Jodi and I discussed the efficacy of a monthly coordination call and agreed that in lieu of a
call letting you know that we are still working to finalize the SSA report and develop the 5-
year status review for the lynx DPS, we would provide the following update.

 

So we will not be having the call originally scheduled for tomorrow, Wed., Sept. 27.

 

As always, if you have specific questions or need more information, please call me or email.

 

Cheers!
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Jim

 

 

Canada Lynx Update

 

In June 2014, the U.S. District Court for the District of Montana ordered the Service to
initiate recovery planning for the Canada lynx DPS.  In April 2015, the Service determined
the need to complete a Species Status Assessment (SSA) to inform its response to the court
order, and in July 2015, it convened the Lynx SSA Team. In October 2015, the Team
conducted an Expert Elicitation Workshop in Minnesota to gather the professional
judgments and opinions of recognized lynx experts and other subject matter experts
regarding the current status, threats, and potential future conditions for DPS lynx
populations. After review by participating experts, we completed the workshop report in
April 2016 (available here:

 

https://www.fws.gov/mountain-prairie/es/species/mammals/
lynx/SSA2016/Appendices/2016%2004%2018%20FINAL%20Lynx%
20SSA%20EE%20Workshop%20Report%202%20jzeds.pdf).

 

In January 2017, after reviewing the available scientific information and considering expert
opinion, we provided the draft SSA report to the AFWA for distribution to and coordination
of review by the wildlife and natural resource agencies of 15 states within the DPS range
(Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New Mexico,
New York, Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming). At the same
time, we provided the draft to 5 independent peer reviewers, other Federal agencies (BLM,
National Park Service, and U.S. Forest Service) and Tribal organizations throughout the
DPS range.  By March 2017, we had received all peer reviews and State and Federal agency
reviews.

 

We continue working to finalize the SSA based on comments from 5 peer reviewers, 11
State agencies, and 3 other federal agencies, as well as additional internal Service and
solicitor reviews.  The Final SSA Report will form the basis of the statutorily-required 5-
year status review and determine our next steps, including recovery planning direction. We
hope to complete the final report and the 5-year review very soon and we plan to release
both to our State (and AFWA), Tribal, and federal partners, and to make them available to
the public simultaneously.

 

As we have indicated in previous calls, there are 3 possible recommendations that could
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come from the 5-year review: (1) the lynx DPS should remain threatened, (2) it should be
uplisted to endangered, or (3) it no longer warrants listing.  If the Service recommends either
(1) or (2), we will proceed with recovery plan development.  The court ordered that we
complete a final recovery plan by Jan. 15, 2018, unless we determine one is not needed
(listing no longer warranted). 

 

If the Service recommends that the lynx DPS no longer warrants listing (3), we will initiate a
rule-making process that would include a proposed rule to delist with public comment,
hearings, peer and partner review, etc., followed by a final rule determining listing status of
the DPS.  Both the proposed and final rules would be published in the Federal Register. 
This means that even if the Service were to recommend delisting, the DPS would remain
listed until 30 days after the final rule to delist is published.  That is, even if the 5-year
review recommended delisting, that would not happen officially for a year or more,
depending on the length and complexity of the rule-making process, and the DPS would
remain listed during that time.

 

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt Broderdorp; Mark

McCollough; Tamara Smith; Anna Harris; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab; Ann Timberman;
Brad Thompson; Chris Mensing; David Stilwell; David Simmons; Drue DeBerry; Eric Rickerson; Grant Canterbury;
Jeff Krupka; Szymanski, Jennifer; Karen Cathey; Karl Halupka; Kate Novak; Kathleen Hendricks; Larry Crist;
Laura Ragan; Leslie Ellwood; Mark Maghini; Martin Miller; Megan Kosterman; Michelle Eames; Patricia Zenone;
Paul Casey; Paul Henson; Peter Fasbender; Rollie White; Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman;
Tom McDowell; Tyler Abbott; Dennis Mackey; Marjorie Nelson; Lori Nordstrom/R6/FWS/DOI; Paul Phifer; Michael
Thabault; Kurz, Gregg

Subject: Cancelled: Internal Lynx SSA Coordination Call
Date: Tuesday, October 03, 2017 7:53:00 AM

Hi All:

As with the State/Federal partners call last week, we are cancelling the monthly internal Service coordination call as
we work to finalize the SAA report and related documents.

You all should have seen the email update we provided other partners last week.

If you have questions, email or call me.

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Bush, Jodi
To: Thabault, Michael
Cc: Marjorie Nelson; Shoemaker, Justin; Jim Zelenak
Subject: Re: Lynx 5-yr
Date: Tuesday, October 03, 2017 4:31:38 PM

yes sir!   

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Oct 3, 2017 at 4:22 PM, Thabault, Michael <michael_thabault@fws.gov> wrote:
OK but need SSA done before 5_yr goes public because all the meat is in there not in the 7
pages of the 5-yr.  I don't want to set an arbitrary timeline buts lets tackle that have to dos. 
Thanks.

Michael Thabault
Assistant Regional Director
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region
303-236-4210
michael_thabault@fws.gov

On Tue, Oct 3, 2017 at 4:18 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
MIke.  Received your call and question on the Lynx SSA.  

Jim is still working hard on it.  Justin has provided some very good comments regarding
climate that took a little while to complete (incorporating new information).  This will
make the document better.  In addition, he is still working through the 220 comments we
received from Region 5, particularly those from the SOL.  He is half way through with
them.   

Jim could lay the pen down on Friday (October 6) but will not be able to address the most
important of all of these comments.  He would feel much better about the product if he
could be finished on October 13.  

I do not think the SSA needs to incorporate the 5-year review since the exec summary is
so robust.  I was hoping we could sent it around for review and then if anyone asks for the
SSA, provide that when its complete. 

Your call.  Let us know if we have until this friday or next.  JB

mailto:jodi_bush@fws.gov
mailto:michael_thabault@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
mailto:michael_thabault@fws.gov
mailto:michael_thabault@fws.gov
mailto:jodi_bush@fws.gov


Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Aug 28, 2017 at 12:25 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Mike.  This is some additional information in response to your request about where we
are at with the 5 year review for Lynx and the SSA.  

You've heard from Justin on the 5 year review.  He is moving that along quickly. 

To add information to Justin's reference to the SSA, it is on a longer timeline due to
some last minute comments we received from the Maine Field Office and the Region 5
Solicitor.   We expect to have a final SSA towards the end of September. 

Background.  On August 9 and again on 16th we received comments from R5 -  226
comments in total.  Until that time we had been focusing on making sure we were
responding to the substantive comments raised by the reviewers.  We are being
extremely thorough about this because we are aware of the long standing controversial
nature of anything to do with lynx.  

When we sent the draft final SSA out to the Core Team on June 22,  we asked that " folks
look at their sections and let us know if you see any major omissions or failure to adequately address substantive
comments and to add page numbers to citations and add citations to the list at the end".     This was only intended as a
request for Core team members to address the remaining substantive comments raised by the reviewers and to make
sure to dot their i's and cross their t's regarding lit cited, page numbers etc. 

We did not intend for the document to go through another review.  For various reasons, Region 5 felt the need to do a
more comprehensive review and in addition, because of other lynx litigation had their SOL review the document.  We
think many of these comments have likely been addressed by Jim's continued attempt to make the document more
readable and to address uncertainty brought up by the reviewers and others.  Unfortunately, we still need to go
through each comment and see if it is still relevant (in light of the revised document) and address if necessary.  

This unfortunately adds time to our completion date as we continue to work steadily towards a final SSA.  Feel free to
give me a call if you have any additional questions or require clarifications.  Thanks JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Aug 28, 2017 at 8:09 AM, Shoemaker, Justin <justin_shoemaker@fws.gov>
wrote:

Mike,
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I will finish a first draft of the 5 yr review this week.  It will be as concise as possible,
supported by the SSA report.  I can share w/ this group when its done if you want to
see it before it comes around for surnames.  

I've been giving the SSA report close review over the last few weeks and helping Jim
polish that up.  Taking longer than I wanted it to.  I think Jim has done a great job in
reducing redundancies and strengthening sections of the report since the version we all
saw at the time of the decision meeting.  Its all the same info of course, just packaged
in a more solid and readable document.  Still long, but I think it just has to be for this
case.  I'm finishing my review and suggestions to the report today, then Jim has some
work to do to address my comments. I'd like to walk him through my suggestions so
he's not spinning his wheels.  If I need to drop this and focus on the 5 yr asap, just let
me know. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Fri, Aug 25, 2017 at 4:40 PM, Thabault, Michael <michael_thabault@fws.gov>
wrote:

How are we doing on progress on this specific piece of the puzzle?

Michael Thabault
Assistant Regional Director
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region
303-236-4210
michael_thabault@fws.gov
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From: Kurz, Gregg
To: Anderson, Hannah E (DFW)
Cc: Lewis, Jeff C (DFW); Becker, Penny A (DFW)
Subject: Re: FW: Washington Lynx Conservation Strategy Meeting
Date: Thursday, October 05, 2017 7:53:50 AM
Attachments: image001.png

Hi Hannah,

I think a call on this topic would be a good thing. It would definitely be beneficial to discuss
what you all are thinking for recommended changes to the DNR plan and the rationale for
those potential revisions. I don't have a great deal of information on the SSA beyond what Jim
Zelenak has provided for today's meeting but I'd be happy to go over that as well. I will be out
on leave from October 20-November 6 but have a few days that are pretty open between now
and then. 

Gregg

On Wed, Oct 4, 2017 at 10:24 AM, Anderson, Hannah E (DFW)
<Hannah.Anderson@dfw.wa.gov> wrote:

Hi Gregg –

 

Looking forward to our meeting tomorrow.  Reminds me that there were a couple things I
wanted to follow up with you.

 

First is the Loomis Mgmt Plan and our recommendations for revision. We had talked about
having a quick conference call between FWS/WDFW to make sure we were on the same
page and develop our strategy for moving forward and talking with DNR.  Shall we get a
quick call on our collective calendars?

 

And, I was wondering if there was any progress made in learning the feedback regarding
WDFW’s comments on the Lynx SSA?  We had made substantial comments and are curious
about how they were incorporated or addressed.

 

Thanks much!

H

 

From: Lewis, Jeff C (DFW) 
Sent: Tuesday, October 03, 2017 4:30 PM
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To: Fitkin, Scott H (DFW) <Scott.Fitkin@dfw.wa.gov>; Heinlen, Jeffrey C (DFW)
<Jeffrey.Heinlen@dfw.wa.gov>; Yarborough, Fenner F (DFW)
<Richard.Yarborough@dfw.wa.gov>; Base, Dana L (DFW) <Dana.Base@dfw.wa.gov>;
Prince, Annemarie (DFW) <Annemarie.Prince@dfw.wa.gov>; Ransom, Jason
(jason_i_ransom@nps.gov) <jason_i_ransom@nps.gov>; Aaron J. Wirsing
<wirsinga@uw.edu>; daniel.thornton@wsu.edu; karen.hodges@ubc.ca; Weir, Rich
ENV:EX <Rich.Weir@gov.bc.ca>; Reid, Aaron ENV:EX <Aaron.Reid@gov.bc.ca>;
marc@ucut-nsn.org; cloggers@fs.fed.us; Rohrer, John -FS <jrohrer@fs.fed.us>
(jrohrer@fs.fed.us) <jrohrer@fs.fed.us>; Marsh, Matt D -FS <mdmarsh@fs.fed.us>; Kuk,
Monte - FS <mkuk@fs.fed.us>; 'bgaines@genext.net'; Andrea Lyons
<andrealyons3@gmail.com>; Maletzke, Benjamin T (DFW)
<Benjamin.Maletzke@dfw.wa.gov>; FISHER, SCOTT (DNR)
<SCOTT.FISHER@dnr.wa.gov>; joshuachapman@fs.fed.us; apeatt@syilx.org; Bearfoot
Resources Ltd. <Alpeatt@shaw.ca>; Bell, Gary W (DFW) <Gary.Bell@dfw.wa.gov>;
anne_carlson@tws.org; eric_rickerson@fws.gov; Jeff Krupka <jeff_krupka@fws.gov>;
'gregg_kurz@fws.gov'; hdavis@artemiswildlife.com; rweir@artemiswildlife.com;
Richard.Whitney@colvilletribes.com
Cc: Dave Werntz (dwerntz@conservationnw.org) <dwerntz@conservationnw.org>;
Anderson, Hannah E (DFW) <Hannah.Anderson@dfw.wa.gov>; Cotten, Taylor B (DFW)
<Taylor.Cotten@dfw.wa.gov>; Connally, Wendy A (DFW)
<Wendy.Connally@dfw.wa.gov>; jwatkins@conservationnw.org; Yaeger, Scott ENV:EX
(Scott.Yaeger@gov.bc.ca) <Scott.Yaeger@gov.bc.ca>
Subject: Washington Lynx Conservation Strategy Meeting (Thursday, 5 October 2017; 1-4
PM PST): Agenda (attached), web link to webinar, and an update (attached)

 

Hello All: We are getting close to our Washington Lynx Conservation Strategy meeting (this
Thursday, 5 Oct; 1-4 pm PST) and we needed to send you some essential information. 
Below, you will find the web link to “join the meeting” and connect to the webinar, as well
as a telephone number and password if you should need/want to call in.  We have attached
the working agenda for the meeting as well as an update on the USFWS’s lynx Species
Status Assessment that Jim Zelenak provided so folks could read that before the meeting
(Thanks, Jim).  As you will see in the agenda, our objectives are to 1) provide updates to the
group on recently completed and ongoing work, 2) affirm or adjust our current conservation
priorities, 3) discuss strategies for implementing these priority actions now and in the near
future, and 4) discuss the objectives for our upcoming conservation strategy meeting at the
Wildlinks Conference (Manning Lodge, BC, 24-25 Oct 2017).  There is a whole lot to cover,
and Dave, Hannah and I will be diligent in moving us along as expeditiously and effectively
as possible so we can make a lot of headway during our 3 hours.  We really appreciate you
taking the time to work on this effort with us and we look forward to leaving with 2-3 solid
actions we can put in place (and/or continue) right away to support lynx conservation in
Washington.  Don’t hesitate to contact me if you have any questions about the materials,
objectives or the agenda, and we look forward to meeting with you on Thursday.  Best, Jeff
Lewis (WDFW), Dave Werntz (Conservation Northwest), and Hannah Anderson (WDFW)

 

 

**You have been invited to join an online meeting**
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When you join WebEx, you will be asked if you want WebEx to call you back and connect
you via phone to the Webinar or you can choose to listen through your computer speakers. 
If you are calling from a phone with an extension OR if you have difficulties with the
WebEx “call back” method, please call WebEx toll-free to join the seminar.  Please mute
your phone while listening to prevent feedback, but feel free to un-mute to ask questions or
provide comments. 

 

Please use the following directions to join the webinar:

 

Meeting Number: 808 399 178

Meeting Password: LynxWash1

 

Join the meeting:

 

https://watech.webex.com/watech/j.php?MTID=m89cb4d9c8d5412b83318741e97a1fbc2

 

Video address: Dial 808399178@watech.webex.com

Audio connection: +1-240-454-0887 US Toll

Access code: 808 399 178

 

 

Jeffrey C. Lewis, PhD | Mesocarnivore Conservation Biologist

Washington Department of Fish and Wildlife

1111 Washington Street SE

Olympia, WA 98501-1091

Jeffrey.Lewis@dfw.wa.gov

360-902-2374

https://watech.webex.com/watech/j.php?MTID=m89cb4d9c8d5412b83318741e97a1fbc2
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-- 
Gregg Kurz
Carnivore Specialist
Branch Manager for Listing and Recovery
Central Washington Field Office
215 Melody Lane, Suite 103
Wenatchee, WA 98801-8122

509-665-3508 ex:2007



From: Bush, Jodi
To: Shoemaker, Justin
Subject: Re: Draft Tribal Email
Date: Thursday, October 05, 2017 11:24:18 AM

i'm on it.  I'll have to reach out to folks to get email info tho for tribes.  That will be the
problem (Only OR, WA and ID got back to me for states -still waiting on UT and CO and got
the rest myself).   

 Honestly I'm not all that worried about giving them the headsup.  More concerned about
making sure we get it out to them when its ready in a timely fashion.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Thu, Oct 5, 2017 at 11:09 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Jodi,

Do you have time to deal w/ this?  I'm working on lynx ch. 6 and promised Betty I'd read
wolverine again before Tuesday. But if you are busy I can.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

---------- Forwarded message ----------
From: Munoz, Anna <anna_munoz@fws.gov>
Date: Thu, Oct 5, 2017 at 9:45 AM
Subject: Re: Draft Tribal Email
To: "Shoemaker, Justin" <justin_shoemaker@fws.gov>
Cc: Marjorie Nelson <marjorie_nelson@fws.gov>, Jodi Bush <jodi_bush@fws.gov>

Yes.  I think we should also notify our tribal partners.  We can send them a letter with the
information.  We should send them a letter and an email, just to be on the safe side.  We can
get the email out first, if needed and follow up with a letter.  I am fine with Jodi's language. 
Given that we are not making a decision at this time, I don't think we need to offer G2G
consultation, but to allay any concerns, we could add a sentence to the last paragraph
indicating that if at some point in the future, the Service decides to review or revise the
species status under the ESA, we will reach out to all tribes to engage in G2G conservation. 
Or we could just be silent on it.  The recent letter R2 sent to tribes for the ABB SSA did not
mention or offer consultation.  

Anna
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Anna Muñoz
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service, Mountain-Prairie Region
Office: 303-236-4510
Cell: 720-648-2542

On Thu, Oct 5, 2017 at 7:56 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Anna,

We're getting ready to give our State and Federal partners a heads up email that the draft
SSA report will be coming their way on Oct 20, and that they will have 30 days to review. 
Do you think we should do the same for our Tribal partners (R1, R6, R8).  

When we are ready to share the SSA report, can that go to Tribes via email, or should we
send a letter?  I'm concerned that a letter might not be fast enough given our timeline. We
need reviews/comments on the SSA report back by Nov. 22. 

Jodi has provided some language below we could use. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Wed, Oct 4, 2017 at 5:18 PM
Subject: Draft Tribal Email
To: Justin Shoemaker <justin_shoemaker@fws.gov>
Cc: Betty Grizzle <betty_grizzle@fws.gov>

Justin.  Below is a stab at a Tribal transmittal email for the Draft Wolverine SSA Report. 
(I stole it from work Jim did for Lynx).  After you talk to the Tribal folks, perhaps we can
share this or some version of it with prior to sending out the SSA.  We will need the
Regional Liaisons to send the email and the Draft SSA Report to their Tribal partners in
Regions 1, 2, and 6, so hopefully we can get this all lined up in the next week or two.  JB

____________________________________

Dear Tribal Partners:

Attached please find the U.S. Fish and Wildlife Service's DRAFT Species Status Assessment (SSA) for the Wolverine -
Contiguous United States Distinct Population Segment (DPS).  The SSA is intended to provide the biological and
scientific underpinnings for all decisions the Service must make in accordance with the Endangered Species Act (Act).
The draft report will undergo concurrent peer review and review by State Fish and Wildlife Agencies and by Federal
land management agencies (BLM, NPS, and USFS) within the DPS range.  

The Service jointly respects and values the significant role of Indian Tribes in past and ongoing species conservation. 
We also respect the sovereignty of Tribal governments and our collective Trust responsibility to Tribes.  Continuing this
effective relationship with interested Tribes and others is essential to achieving conservation of species including
wolverine.  Therefore, we are providing this draft for review by members of your organization with expert knowledge of
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the species and its habitat.  That review will help us ensure that we have appropriately considered the best scientific and
commercial information when evaluating the current status and future viability of the wolverine DPS.

We request your organization's independent scientific perspectives on the comprehensiveness and logic of the document,
as well as how well the technical conclusions are supported by the data and analyses.  We ask that your comments on the
draft SSA report focus specifically on whether the best available information was used, the quality of the scientific
information, and our interpretation and analyses of the data with regard to the species’ viability in the contiguous United
States.  We request that you direct your review to the scientific issues and assumptions related to your expertise.

We welcome consolidated comments from your organization by November 20?, 2017. Please send comments by that
date to betty_grizzle@fws.gov. Thank you for your interest and assistance.

This document is not intended to solicit public comment and will be revised after this scientific review. This document
does not predetermine any future agency decision under the Endangered Species Act.

General Information about SSAs:

The Species Status Assessment framework is a new tool the U.S. Fish and Wildlife Service is using to improve
transparency while conducting listing determinations and other actions in accordance with the Act, and peer review of
our analyses of the viability of species is part of that new process.  The attached draft SSA report is a rough draft; we
are seeking comments at this stage to ensure that we have time to incorporate any substantial comments as we finalize
the report.
 
In reviewing the document, please note that this draft SSA report does not result in or predetermine a decision by the
Service on whether the Canada lynx warrants protections of the Act.  This document is strictly a characterization of the
species’ viability in the contiguous United States.  As a reminder, all reviews and comments submitted to the Service will
become public documents and part of our administrative record for this document.

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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From: Kurz, Gregg
To: Zelenak, Jim
Subject: Re: Washington Lynx Conservation Strategy Meeting (Thursday, 5 October 2017; 1-4 PM PST): Agenda

(attached), web link to webinar, and an update (attached)
Date: Thursday, October 05, 2017 3:34:02 PM

I think you did an excellent job of explaining our process and how it relates to the efforts WA
may take in the future.

John's explanation glossed over the fact that not all of the areas within those perimeter maps
burned and that immigrating lynx still have the ability to move through and into areas of
remaining habitat, However, habitat protection and minimization of habitat loss from fire
fighting efforts (backburning) seems like something we should attempt to do. I feel this is an
effort that should be started with coordination between the agencies at the level of folks like
John Chattel and the interagency committee. Having an established group assess this issue and
bring it forward will carry more weight than recommendations from this loosely assembled
group of folks.

On Thu, Oct 5, 2017 at 3:18 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks, Gregg.

Hope my bit was on target and didn't push any buttons unnecessarily. Would appreciate any feedback you care to
share.

Listening to John R. (and the current conversation), I was wondering if the Service has a role in the conversation
regarding the need to minimize fire impacts in lynx habitat in the next 5-10 years. Also wondering what your
thoughts are on that.

The interagency lynx steering committee and science/biology teams have been fairly inactive the last few years
(at least the 5 that I've been thinking about lynx) except for the revision to the LCAS.

If Service engagement/participation in the fire conversation (i.e., pressing the discussion with the USFS) would
help WA's conservation efforts, at what level do you think it ought to occur?

On Thu, Oct 5, 2017 at 12:56 PM, Gregg Kurz <gregg_kurz@fws.gov> wrote:

Sent from my iPhone

Begin forwarded message:

From: "Lewis, Jeff C (DFW)" <Jeffrey.Lewis@dfw.wa.gov>
Date: October 3, 2017 at 4:30:11 PM PDT
To: "Fitkin, Scott H (DFW)" <Scott.Fitkin@dfw.wa.gov>, "Heinlen, Jeffrey
C (DFW)" <Jeffrey.Heinlen@dfw.wa.gov>, "Yarborough, Fenner F (DFW)"
<Richard.Yarborough@dfw.wa.gov>, "Base, Dana L (DFW)"
<Dana.Base@dfw.wa.gov>, "Prince, Annemarie (DFW)"
<Annemarie.Prince@dfw.wa.gov>, "Ransom, Jason
(jason_i_ransom@nps.gov)" <jason_i_ransom@nps.gov>, "Aaron J.
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Wirsing" <wirsinga@uw.edu>, "daniel.thornton@wsu.edu"
<daniel.thornton@wsu.edu>, "karen.hodges@ubc.ca"
<karen.hodges@ubc.ca>, "Weir, Rich ENV:EX" <Rich.Weir@gov.bc.ca>,
"Reid, Aaron ENV:EX" <Aaron.Reid@gov.bc.ca>, "marc@ucut-nsn.org"
<marc@ucut-nsn.org>, "cloggers@fs.fed.us" <cloggers@fs.fed.us>, "Rohrer,
John -FS <jrohrer@fs.fed.us> (jrohrer@fs.fed.us)" <jrohrer@fs.fed.us>,
"Marsh, Matt D -FS" <mdmarsh@fs.fed.us>, "Kuk, Monte - FS"
<mkuk@fs.fed.us>, "'bgaines@genext.net'" <'bgaines@genext.net'>, Andrea
Lyons <andrealyons3@gmail.com>, "Maletzke, Benjamin T (DFW)"
<Benjamin.Maletzke@dfw.wa.gov>, "FISHER, SCOTT (DNR)"
<SCOTT.FISHER@dnr.wa.gov>, "joshuachapman@fs.fed.us"
<joshuachapman@fs.fed.us>, "apeatt@syilx.org" <apeatt@syilx.org>,
"Bearfoot Resources Ltd." <Alpeatt@shaw.ca>, "Bell, Gary W (DFW)"
<Gary.Bell@dfw.wa.gov>, "anne_carlson@tws.org"
<anne_carlson@tws.org>, "eric_rickerson@fws.gov"
<eric_rickerson@fws.gov>, Jeff Krupka <jeff_krupka@fws.gov>,
"'gregg_kurz@fws.gov'" <'gregg_kurz@fws.gov'>,
"hdavis@artemiswildlife.com" <hdavis@artemiswildlife.com>,
"rweir@artemiswildlife.com" <rweir@artemiswildlife.com>,
"Richard.Whitney@colvilletribes.com" <Richard.Whitney@colvilletribe
s.com>
Cc: "Dave Werntz (dwerntz@conservationnw.org)"
<dwerntz@conservationnw.org>, "Anderson, Hannah E (DFW)"
<Hannah.Anderson@dfw.wa.gov>, "Cotten, Taylor B (DFW)"
<Taylor.Cotten@dfw.wa.gov>, "Connally, Wendy A (DFW)"
<Wendy.Connally@dfw.wa.gov>, "jwatkins@conservationnw.org"
<jwatkins@conservationnw.org>, "Yaeger, Scott ENV:EX
(Scott.Yaeger@gov.bc.ca)" <Scott.Yaeger@gov.bc.ca>
Subject: Washington Lynx Conservation Strategy Meeting (Thursday, 5
October 2017; 1-4 PM PST): Agenda (attached), web link to webinar,
and an update (attached)

Hello All: We are getting close to our Washington Lynx Conservation
Strategy meeting (this Thursday, 5 Oct; 1-4 pm PST) and we needed to send
you some essential information.  Below, you will find the web link to “join
the meeting” and connect to the webinar, as well as a telephone number and
password if you should need/want to call in.  We have attached the working
agenda for the meeting as well as an update on the USFWS’s lynx Species
Status Assessment that Jim Zelenak provided so folks could read that before
the meeting (Thanks, Jim).  As you will see in the agenda, our objectives are
to 1) provide updates to the group on recently completed and ongoing work,
2) affirm or adjust our current conservation priorities, 3) discuss strategies for
implementing these priority actions now and in the near future, and 4) discuss
the objectives for our upcoming conservation strategy meeting at the
Wildlinks Conference (Manning Lodge, BC, 24-25 Oct 2017).  There is a
whole lot to cover, and Dave, Hannah and I will be diligent in moving us
along as expeditiously and effectively as possible so we can make a lot of
headway during our 3 hours.  We really appreciate you taking the time to
work on this effort with us and we look forward to leaving with 2-3 solid
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actions we can put in place (and/or continue) right away to support lynx
conservation in Washington.  Don’t hesitate to contact me if you have any
questions about the materials, objectives or the agenda, and we look forward
to meeting with you on Thursday.  Best, Jeff Lewis (WDFW), Dave Werntz
(Conservation Northwest), and Hannah Anderson (WDFW)

 

 

**You have been invited to join an online meeting**

 

When you join WebEx, you will be asked if you want WebEx to call you
back and connect you via phone to the Webinar or you can choose to listen
through your computer speakers.  If you are calling from a phone with an
extension OR if you have difficulties with the WebEx “call back” method,
please call WebEx toll-free to join the seminar.  Please mute your phone
while listening to prevent feedback, but feel free to un-mute to ask questions
or provide comments. 

 

Please use the following directions to join the webinar:

 

Meeting Number: 808 399 178

Meeting Password: LynxWash1

 

Join the meeting:

 

https://watech.webex.com/watech/j.php?MTID=m89cb4d9c8d5412b8
3318741e97a1fbc2

 

Video address: Dial 808399178@watech.webex.com

Audio connection: +1-240-454-0887 US Toll

Access code: 808 399 178

 

https://watech.webex.com/watech/j.php?MTID=m89cb4d9c8d5412b83318741e97a1fbc2
https://watech.webex.com/watech/j.php?MTID=m89cb4d9c8d5412b83318741e97a1fbc2
mailto:808399178@watech.webex.com


 

Jeffrey C. Lewis, PhD | Mesocarnivore Conservation Biologist

Washington Department of Fish and Wildlife

1111 Washington Street SE

Olympia, WA 98501-1091

Jeffrey.Lewis@dfw.wa.gov

360-902-2374

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Gregg Kurz
Carnivore Specialist
Branch Manager for Listing and Recovery
Central Washington Field Office
215 Melody Lane, Suite 103
Wenatchee, WA 98801-8122

509-665-3508 ex:2007
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From: Zelenak, Jim
To: Kurz, Gregg
Subject: Re: Washington Lynx Conservation Strategy Meeting (Thursday, 5 October 2017; 1-4 PM PST): Agenda

(attached), web link to webinar, and an update (attached)
Date: Thursday, October 05, 2017 4:10:20 PM

Thanks.

Let's talk sometime soon after the SSA and 5-year are out the door.

Management on the border is an area where I wish we'd had better info for the SSA, and it will be very important
moving forward regardless of the 5-year recommendation.

On Thu, Oct 5, 2017 at 4:34 PM, Kurz, Gregg <gregg_kurz@fws.gov> wrote:
I think you did an excellent job of explaining our process and how it relates to the efforts
WA may take in the future.

John's explanation glossed over the fact that not all of the areas within those perimeter maps
burned and that immigrating lynx still have the ability to move through and into areas of
remaining habitat, However, habitat protection and minimization of habitat loss from fire
fighting efforts (backburning) seems like something we should attempt to do. I feel this is an
effort that should be started with coordination between the agencies at the level of folks like
John Chattel and the interagency committee. Having an established group assess this issue
and bring it forward will carry more weight than recommendations from this loosely
assembled group of folks.

On Thu, Oct 5, 2017 at 3:18 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks, Gregg.

Hope my bit was on target and didn't push any buttons unnecessarily. Would appreciate any feedback you care
to share.

Listening to John R. (and the current conversation), I was wondering if the Service has a role in the
conversation regarding the need to minimize fire impacts in lynx habitat in the next 5-10 years. Also wondering
what your thoughts are on that.

The interagency lynx steering committee and science/biology teams have been fairly inactive the last few years
(at least the 5 that I've been thinking about lynx) except for the revision to the LCAS.

If Service engagement/participation in the fire conversation (i.e., pressing the discussion with the USFS) would
help WA's conservation efforts, at what level do you think it ought to occur?

On Thu, Oct 5, 2017 at 12:56 PM, Gregg Kurz <gregg_kurz@fws.gov> wrote:

Sent from my iPhone

Begin forwarded message:
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From: "Lewis, Jeff C (DFW)" <Jeffrey.Lewis@dfw.wa.gov>
Date: October 3, 2017 at 4:30:11 PM PDT
To: "Fitkin, Scott H (DFW)" <Scott.Fitkin@dfw.wa.gov>, "Heinlen,
Jeffrey C (DFW)" <Jeffrey.Heinlen@dfw.wa.gov>, "Yarborough, Fenner F
(DFW)" <Richard.Yarborough@dfw.wa.gov>, "Base, Dana L (DFW)"
<Dana.Base@dfw.wa.gov>, "Prince, Annemarie (DFW)"
<Annemarie.Prince@dfw.wa.gov>, "Ransom, Jason
(jason_i_ransom@nps.gov)" <jason_i_ransom@nps.gov>, "Aaron J.
Wirsing" <wirsinga@uw.edu>, "daniel.thornton@wsu.edu"
<daniel.thornton@wsu.edu>, "karen.hodges@ubc.ca"
<karen.hodges@ubc.ca>, "Weir, Rich ENV:EX" <Rich.Weir@gov.bc.ca>,
"Reid, Aaron ENV:EX" <Aaron.Reid@gov.bc.ca>, "marc@ucut-nsn.org"
<marc@ucut-nsn.org>, "cloggers@fs.fed.us" <cloggers@fs.fed.us>,
"Rohrer, John -FS <jrohrer@fs.fed.us> (jrohrer@fs.fed.us)"
<jrohrer@fs.fed.us>, "Marsh, Matt D -FS" <mdmarsh@fs.fed.us>, "Kuk,
Monte - FS" <mkuk@fs.fed.us>, "'bgaines@genext.net'"
<'bgaines@genext.net'>, Andrea Lyons <andrealyons3@gmail.com>,
"Maletzke, Benjamin T (DFW)" <Benjamin.Maletzke@dfw.wa.gov>,
"FISHER, SCOTT (DNR)" <SCOTT.FISHER@dnr.wa.gov>,
"joshuachapman@fs.fed.us" <joshuachapman@fs.fed.us>,
"apeatt@syilx.org" <apeatt@syilx.org>, "Bearfoot Resources Ltd."
<Alpeatt@shaw.ca>, "Bell, Gary W (DFW)" <Gary.Bell@dfw.wa.gov>,
"anne_carlson@tws.org" <anne_carlson@tws.org>,
"eric_rickerson@fws.gov" <eric_rickerson@fws.gov>, Jeff Krupka
<jeff_krupka@fws.gov>, "'gregg_kurz@fws.gov'"
<'gregg_kurz@fws.gov'>, "hdavis@artemiswildlife.com"
<hdavis@artemiswildlife.com>, "rweir@artemiswildlife.com"
<rweir@artemiswildlife.com>, "Richard.Whitney@colvilletribes.com"
<Richard.Whitney@colvilletribes.com>
Cc: "Dave Werntz (dwerntz@conservationnw.org)"
<dwerntz@conservationnw.org>, "Anderson, Hannah E (DFW)"
<Hannah.Anderson@dfw.wa.gov>, "Cotten, Taylor B (DFW)"
<Taylor.Cotten@dfw.wa.gov>, "Connally, Wendy A (DFW)"
<Wendy.Connally@dfw.wa.gov>, "jwatkins@conservationnw.org"
<jwatkins@conservationnw.org>, "Yaeger, Scott ENV:EX
(Scott.Yaeger@gov.bc.ca)" <Scott.Yaeger@gov.bc.ca>
Subject: Washington Lynx Conservation Strategy Meeting (Thursday,
5 October 2017; 1-4 PM PST): Agenda (attached), web link to webinar,
and an update (attached)

Hello All: We are getting close to our Washington Lynx Conservation
Strategy meeting (this Thursday, 5 Oct; 1-4 pm PST) and we needed to send
you some essential information.  Below, you will find the web link to “join
the meeting” and connect to the webinar, as well as a telephone number and
password if you should need/want to call in.  We have attached the working
agenda for the meeting as well as an update on the USFWS’s lynx Species
Status Assessment that Jim Zelenak provided so folks could read that before
the meeting (Thanks, Jim).  As you will see in the agenda, our objectives
are to 1) provide updates to the group on recently completed and ongoing
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work, 2) affirm or adjust our current conservation priorities, 3) discuss
strategies for implementing these priority actions now and in the near
future, and 4) discuss the objectives for our upcoming conservation strategy
meeting at the Wildlinks Conference (Manning Lodge, BC, 24-25 Oct
2017).  There is a whole lot to cover, and Dave, Hannah and I will be
diligent in moving us along as expeditiously and effectively as possible so
we can make a lot of headway during our 3 hours.  We really appreciate you
taking the time to work on this effort with us and we look forward to
leaving with 2-3 solid actions we can put in place (and/or continue) right
away to support lynx conservation in Washington.  Don’t hesitate to contact
me if you have any questions about the materials, objectives or the agenda,
and we look forward to meeting with you on Thursday.  Best, Jeff Lewis
(WDFW), Dave Werntz (Conservation Northwest), and Hannah Anderson
(WDFW)

 

 

**You have been invited to join an online meeting**

 

When you join WebEx, you will be asked if you want WebEx to call you
back and connect you via phone to the Webinar or you can choose to listen
through your computer speakers.  If you are calling from a phone with an
extension OR if you have difficulties with the WebEx “call back” method,
please call WebEx toll-free to join the seminar.  Please mute your phone
while listening to prevent feedback, but feel free to un-mute to ask
questions or provide comments. 

 

Please use the following directions to join the webinar:

 

Meeting Number: 808 399 178

Meeting Password: LynxWash1

 

Join the meeting:

 

https://watech.webex.com/watech/j.php?MTID=m89cb4d9c8d5412b8
3318741e97a1fbc2

 

https://watech.webex.com/watech/j.php?MTID=m89cb4d9c8d5412b83318741e97a1fbc2
https://watech.webex.com/watech/j.php?MTID=m89cb4d9c8d5412b83318741e97a1fbc2


Video address: Dial 808399178@watech.webex.com

Audio connection: +1-240-454-0887 US Toll

Access code: 808 399 178

 

 

Jeffrey C. Lewis, PhD | Mesocarnivore Conservation Biologist

Washington Department of Fish and Wildlife

1111 Washington Street SE

Olympia, WA 98501-1091

Jeffrey.Lewis@dfw.wa.gov

360-902-2374

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Gregg Kurz
Carnivore Specialist
Branch Manager for Listing and Recovery
Central Washington Field Office
215 Melody Lane, Suite 103
Wenatchee, WA 98801-8122

509-665-3508 ex:2007

-- 
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https://maps.google.com/?q=1111+Washington+Street+SE%0D+Olympia,+WA+98501&entry=gmail&source=g
mailto:Jeffrey.Lewis@dfw.wa.gov
mailto:jim_zelenak@fws.gov
https://maps.google.com/?q=215+Melody+Lane,+Suite+103Wenatchee,+WA+98801&entry=gmail&source=g
https://maps.google.com/?q=215+Melody+Lane,+Suite+103Wenatchee,+WA+98801&entry=gmail&source=g


Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Nelson, Marjorie
To: Robert Segin
Cc: Bush, Jodi; Anna Munoz; Mogadam, Roya; Justin Shoemaker; Jim Zelenak; jennifer_strickland@fws.gov
Subject: Re: lynx outreach
Date: Tuesday, October 10, 2017 9:49:31 AM

thanks Steve,

I would rather have Jim and Justin coordinate with the biologists for regional specific
information and provide the biologist voice to the document rather than open it to all 4
Regions' biologists.  Likewise, I would recommend that R6 EA be the clearing house
for EA comments from the other Regions.  We will also need to have an avenue for
R6 SOL to review - let us know if you'd like ES to manage that input.

The 5 YSR went to the ARDs for concurrence on Friday.  Once I have the SSA in
hand, I will pass that to the ARDs.

thanks,
Marj

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

On Tue, Oct 10, 2017 at 9:19 AM, Robert Segin <robert_segin@fws.gov> wrote:
Good morning everyone

I was working with jim and Justin… And we sent the COMS materials out to the partner
regions after the documents were edited here in the region.  Some of those we are now just
getting back.

I can't tell if those are jim's comments on something the other region changed/suggested …
Or changes to the COMS materials after he and Justin made the initial edits and changes?

I did share with jim and Justin two of the three regions edits.

What I will do is consolidate the responses in the Google drive and share with everyone.

Then perhaps the biologists in the three regions can edit it to what is accurate and then we
can go forward.

Yes… I'm on hurricane duty for the military and won't be back until the end of the month.

mailto:marjorie_nelson@fws.gov
mailto:robert_segin@fws.gov
mailto:jodi_bush@fws.gov
mailto:anna_munoz@fws.gov
mailto:roya_mogadam@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jennifer_strickland@fws.gov
mailto:robert_segin@fws.gov


I won't be able to do that until this afternoon though.

Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
Lakewood, CO
303-236-4578
720-355-5042 Cell

On Oct 10, 2017, at 8:57 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:

Anna/Roya.  Since Robert is out til the end of the month, I wanted to make sure
you folks see our comments on the lynx outreach.  We appreciate Robert's work
(and Glenn's before him), but there are some generalizations in the comm plan
and NR that are in error.  See Jim's specific comments below.  Since the SSA
and 5-year review are likely to go to HQ before Robert gets back - I wanted to
make sure whoever was going to do the next draft saw our comments and
concerns.  

Also, once we get the SSA report and 5 year review out to other Regions for
their concurrence, we'd like to have a webinar with all of the affected regions
EA teams, Decision makers and bios to make sure that we are all on the same
page for messaging.  This is going to be hugely important.  

It is likely that we will schedule this webinar in the next several weeks so we
will need the outreach documents to be close to final.  Thanks for your help.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Mon, Oct 9, 2017 at 8:16 AM
Subject: Re: FW: Region 3 edits to lynx outreach
To: Robert Segin <robert_segin@fws.gov>
Cc: Justin Shoemaker <justin_shoemaker@fws.gov>, Jodi Bush
<jodi_bush@fws.gov>

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
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Some edits to the NR and draft Q&As are OK, others need attention. One focuses only on Forest
Service as reason for listing, but the listing rules were very specific to inadequacies in both Forest
Service and BLM land mgmt. plans.

This, in the comm. plan., in NOT accurate:

"The review and subsequent species status assessment (SSA) indicate that the
Canada lynx has a significant and steady population in north-central
Washington, northwest and southwest Montana, western Colorado, northeastern
Minnesota and northern Maine, with ephemeral populations in nine other
states."

Washington is the ONE PLACE where we think lynx have declined because of
large, frequent and intense fires in lynx habitat over the last 25 years.  Nowhere
else do we have data that would allow us to say "significant and steady
populations - we only have guesses as to how many resident lynx each
geographic unit MIGHT support. Finally, we speculate that a metapopulation
structure would suggest that some pops in DPS may be naturally ephemeral, but
we don't know for sure., and certainly not enough info to say 9 other states have
them.  Not sure where this comes from, but there is substantially more nuance
and care needed in how we present this stuff.

Lacking evidence of decline is not the same as having data showing "significant
and steady" or "thriving populations."

Also need to ditch references to "Canada lynx has rebounded" language.  No
population increases have been demonstrated except where there were
introduced in Colorado (and we suspect they are actually declining slowly there
and will eventually wink out). There are more of them in Maine and Minnesota
than we thought there were when we listed them, and fewer in Montana, Idaho,
Washington, Wyoming, than we thought at listing. 

Same care needed for language like this:

"empirical evidence that the populations within the DPS are thriving and
relatively stable."

We simply do not have evidence of thriving except in Maine, and we expect
that to change (less thriving over the next 2 decades).  We also have no
empirical evidence of population stability - what we know is that resident lynx
continue to occur in the places we think they did historically, for the most part.

I don't have time to review the rest of the comm. plan right now, but I urge that
it not go out until I and the other lynx biologists have a chance to weigh in.  As
is, there is a lot of misinformation and many inaccuracies.

I know everyone wants a "success story," but caution in how we present this,
with care not to go beyond what the available info really says, is absolutely
imperative. Otherwise, we are overreaching and will have a hard time when
folks ask for the data upon which such grand pronouncements are based. 



On Sun, Oct 8, 2017 at 7:46 PM, Robert Segin <robert_segin@fws.gov> wrote:

Comments for one of the regions and wanted your take.

 

From: Parham, Georgia [mailto:georgia_parham@fws.gov] 
Sent: Tuesday, October 03, 2017 1:21 PM
To: Robert Segin
Cc: Charles Traxler; Tim Patronski; Garrett Peterson
Subject: Region 3 edits to lynx outreach

 

Hi Steve,

 

Thanks for the opportunity to take a look. We've made a few suggested edits -
just let me know if you have any questions.

 

Thanks!
Georgia

Georgia Parham

U.S. Fish and Wildlife Service

Midwest Region External Affairs

620 South Walker Street

Bloomington, IN 47403

812-334-4261 x 203

Cell: 812-593-8501

 

<<^._.^>>   <<^._.^>>  <<^._.^>> 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
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Helena, MT 59601
(406) 449-5225 ext. 220
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5-YEAR REVIEW 

Canada lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
GENERAL INFORMATION 
 
Methodology used to complete the review: 

 
The purpose of a 5-year review is to assess each threatened and endangered species to determine 
whether its status has changed since the time of its listing, or its last status review and whether it 
should be classified differently or removed from the list of threatened and endangered species.  
The U.S. Fish and Wildlife Service (Service) evaluated the biology and status of the contiguous 
United States (U.S.) distinct population segment (DPS) of the Canada lynx as part of a Species 
Status Assessment (SSA) to inform this 5-year review and, if needed, recovery planning.  The 
SSA Report was written by the Canada Lynx Species Status Assessment Team (Lynx SSA 
Team), which consists of a Core Team of Service biologists who work on lynx issues across the 
DPS range and an SSA Framework Implementation Team of Service and U.S. Geological 
Survey staff who have developed and advanced the SSA framework.  The SSA Report represents 
the Service’s evaluation of the best available scientific information, including the formally-
elicited professional judgments and opinions of recognized lynx experts.  The SSA Report 
underwent independent peer and partner review before being used as the scientific basis to 
support a decision making process involving Service Regions 1, 3, 5, and 6 regarding the 
recommendation presented in this 5-year review.   
 
Region 6 is the lead region for this action in coordination with Regions 1, 2, 3, and 5.  The lead 
field office (FO) is the Montana Ecological Services FO, with support from the Maine, 
Minnesota, Washington, and Western Colorado Ecological Services FOs.  
 
Background: 

 
Listing history 

 
The Service listed the lynx DPS as a threatened species under the Endangered Species Act (ESA) 
in 2000 because of the potential for impacts to lynx habitat conditions and the availability of 
snowshoe hare and other prey populations within the lynx DPS and existing regulatory 
mechanisms on Federal lands, at that time, did not provide sufficient guidance for the 
conservation of lynx habitats and populations or snowshoe hare habitat in light of potential 
threats (65 FR 16052-16086).  On May 8, 2014, the United States District Court for the District 
of Montana ordered the Service to complete recovery planning for the lynx DPS (U.S. District 
Court MT 2014a, p. 8).  On June 25, 2014, the same court ordered the Service to complete a 
recovery plan by January 15, 2018 “…unless the Service finds that such a plan will not promote 
the conservation of the [lynx]” (i.e., the DPS is recovered or no longer warrants ESA protections; 
U.S. District Court MT 2014b, p. 2).  We noticed the initiation of the 5-yr review in the Federal 
Register on April 18, 2007 (72 FR 19549), and additionally published a news release announcing 
re-initiation of a 5-yr review on January 13, 2015.   
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We completed the SSA Report to summarize the best available scientific information on the 
current status and likely future viability of the DPS.  SSA provides the scientific basis for this 5-
yr review.   
 
REVIEW ANALYSIS 
 
Application of the 1996 Distinct Population Segment (DPS) policy  

 
The Service designated lynx in the contiguous United States as a DPS because of differences in 
the management of lynx and lynx habitats across the international boundary with Canada 
(meeting discreteness criteria in the DPS policy) and because of the climatic, vegetative, and 
ecological differences in lynx habitat compared to the northern parts of the species’ range in 
Canada and Alaska (meeting significance criteria) (65 FR 16052; 68 FR 40076; 72 FR 1186).  
 
Updated Information and Current Species Status  
 
Summary of SSA Results:  
 
In the SSA, we describe the current and future viability of the lynx DPS in terms of resiliency, 
redundancy, and representation.  Resident lynx populations persisted historically and continued 
to persist in 4 of the 6 geographic units evaluated in the SSA (Units 1 (Northern Maine), 2 
(Northeastern Minnesota), 3 (Northwestern Montana/Northeastern Idaho), and 4 (North-central 
Washington)) (SSA Report, p. X).  Based on verified records, it is uncertain if the Greater 
Yellowstone Area (Unit 5) historically supported a persistent resident lynx population and it 
currently appears not to support resident lynx (SSA Report, p. X).  Available evidence also 
suggests that Colorado (Unit 6) did not historically support persistent lynx presence; however, a 
resident population has persisted there for more than a decade since the 1999-2006 release of 218 
Canadian and Alaskan lynx in the San Juan Mountains (SSA Report, p. X).   
 
Considering the available information, we found no reliable evidence that the current distribution 
and relative abundance of resident lynx in the contiguous United States are substantially reduced 
from historical conditions (SSA Report, p. X).  In fact, because of the introduction of lynx in 
Colorado and anthropogenically influenced lynx abundance in Maine, there may be more 
resident lynx currently in the DPS range than likely occurred historically (SSA Report, p. X).  
This suggests historical and current resiliency among lynx populations in the DPS.  The current 
broad distribution of resident lynx in large, geographically discrete areas (redundancy) makes the 
DPS invulnerable to extirpation caused by a single catastrophic event (SSA Report, p. X).  
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished from 
historical levels (SSA Report, p. X).  In fact, as a result of the current population in Colorado, 
redundancy in the DPS is likely greater, at least temporarily, now than it was historically (SSA 
Report, p. X).  Similarly, resident lynx remains broadly distributed across the range of habitats 
that have supported them historically, suggesting maintenance of the breadth and diversity of 
ecological settings occupied within the DPS range (representation) (SSA Report, p. X).   
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Additionally, observed high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the past 
and recent genetic health of lynx populations in the DPS (representation) (SSA Report, section 
2.1).  Because there are no indications of significant loss of, or current stressors too, the genetic 
health or adaptive capacity of lynx populations in the DPS, we find that the current level of 
representation within the DPS does not appear to indicate a decrease from historical conditions 
(SSA Report, p. X). 
 
We conclude that resident lynx populations are very likely to persist in all 5 units that currently 
support them (Units 1-4 and 6) in the near-term (2025) and likely to persist in those 5 units at 
mid-century (2050) (SSA Report, p. X).  We and the experts we consulted have low confidence 
in predicting the likely conditions of DPS populations beyond 2050 (SSA Report, p. X).  
Therefore we consider 2050 as the foreseeable future for this 5-year review.  Nonetheless, we 
expect lynx populations in each geographic unit to become smaller and more patchily-distributed 
in the future due largely to projected climate-driven losses in habitat quality and quantity and 
related factors (SSA Report, p. X).  However, the timing, rate, and extent of habitat decline due 
to projected climate warming and corresponding effects to lynx populations all are highly 
uncertain (SSA Report, p. X).  That said, smaller, more isolated populations would be less 
resilient and more vulnerable to demographic and environmental stochasticity and genetic drift 
and, therefore, at higher risk of extirpation (SSA Report, p. X).  Despite some reduced resiliency, 
we conclude that resident lynx populations are likely to persist through mid-century in the 
geographic units that supported them historically (units 1-4); with the corresponding 
maintenance of redundancy and representation in the DPS over that time span (SSA Report, p. 
X).  Predictions out to 2100 are highly uncertain (SSA Report, p. X), and beyond what we 
consider to be reasonably foreseeable.  Nonetheless, although we expect some resident lynx to 
persist within the DPS at the end of the century, it is possible that populations in some units 
could be functionally extirpated by then (SSA Report, p. X).  Should future extirpations occur, 
this would indicate a loss of resiliency, reduced redundancy, and representation, and an increased 
risk of extirpation of the DPS. 
 
Consideration of the Five 4(a)(1) Factors: 
 
Through our SSA analysis, we have evaluated the effects of all factors identified in section 
4(a)(1) of the ESA.  In the SSA we focused on the influences identified as having the potential to 
exert population and DPS-level impacts on lynx and lynx habitats (SSA Report, chapter 3). 
Those anthropogenic influences include climate change (Factor E), vegetation management 
(Factor A), wildland fire management (Factor A), and habitat loss and fragmentation (Factor A).  
We also considered other potential stressors such as trapping (Factor B), and disease and 
predation (Factor C).  Additionally, we considered how each of the above influences is 
ameliorated or exacerbated by existing regulatory mechanisms (Factor D). 
 
In light of potential threats considered at the time of listing, lynx conservation measures and 
habitat management guidance adopted by the U. S. Forest Service (USFS) and the Bureau of 
Land Management (BLM), via formally amended or revised management plans or conservation 
agreements with the Service, have substantially addressed the conservation of lynx habitats and 
populations or snowshoe hare habitat (SSA Report, p. X).   
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Synthesis (Application of SSA Results to ESA Classification)  
 
As defined by the Endangered Species Act (Act), an endangered species is any species that is “in 
danger of extinction throughout all or a significant portion of its range.”  In the SSA Report, we 
evaluated the best available scientific information regarding the current and predicted future 
condition of the lynx DPS to describe its viability and how it may change over time (2025, 2050, 
and 2100).  We assess the viability of the lynx DPS by evaluating its ability to maintain a 
sufficient number and distribution of viable populations to withstand environmental stochasticity 
(resiliency), catastrophes (redundancy), and changes in its environment (representation) into the 
future.  Ultimately, we compare our evaluation of the DPS’ risk of extinction against the 
definitions of an endangered or threatened species as defined by the Act.   
 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4), the current persistence of lynx in one of the units 
(Unit 6), and the absence of reliable information indicating that the current distribution and 
relative abundance of resident lynx are substantially reduced from historical conditions suggest 
the historical and recent resiliency to stochastic events of lynx populations in the DPS (SSA 
Report, p. X).  The large sizes and broad distributions of the geographic units occupied by 
resident lynx populations likewise indicate historical and current redundancy in the DPS 
sufficient to preclude the possibility of extirpation from catastrophic events (SSA Report, p. X).  
There are no indications of current threats to the genetic health or adaptive capacity of lynx 
populations in the DPS, and the current level of representation do not suggest a decrease from 
historical conditions (SSA Report, p. X).  Due to the current resiliency, redundancy, and 
representation of the lynx DPS, we conclude that the risk of extinction (in this case, extirpation 
of all resident lynx populations in the DPS) is low, such that the DPS currently is not in danger 
of extinction throughout all of its range and, therefore, does not meet the definition of an 
endangered species. 
 
Having determined that the lynx DPS is not endangered, we next compare the status of the DPS 
to the definition of a threatened species.  Under the Act, a threatened species is any species that 
is “likely to become an endangered species within the foreseeable future throughout all or a 
significant portion of its range.”  The foreseeable future refers to the extent to which the 
Secretary can reasonably rely on predictions about the future in making determinations about the 
future conservation status of the species (U.S. Department of Interior, Solicitor’s Memorandum, 
M-37021, and January 16, 2009).  The key statutory difference between a threatened species and 
an endangered species is the timing of when a species may be in danger of extinction, either now 
(endangered species) or in the foreseeable future (threatened species).  In the SSA, we 
considered the future condition of the lynx DPS out to 2025, 2050, and 2100 (SSA Report, p. X).  
It became apparent through discussions with lynx experts, in peer and partner reviews of the 
draft SSA Report, and among Service biologists and management that any future projections of 
lynx status beyond mid-century were complicated by a very high degree of uncertainty 
concerning the timing and extent of various stressors that may affect lynx and hare habitat and 
snow regimes, especially those related to projected future climate change (SSA Report, p. X).  
Therefore, in this evaluation, we focused on mid-century (2050) as the foreseeable future 
because this time horizon gives us a higher degree of certainty in reasonably projecting the future 
condition of the lynx DPS.  
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As discussed in the SSA Report, resident lynx populations in all geographic units that currently 
support them are expected to be smaller and more fragmented and isolated in the future, and each 
geographic unit and the DPS as a whole will be less resilient in the future (SSA Report, p. X).  
However, all 5 geographic units that currently support resident lynx populations (all units except 
the GYA) are expected by lynx experts (with likelihoods of 70 to 90 percent) to continue to do so 
through mid-century (2050) (SSA Report, p. X).  Our analyses and expert input suggest that 
resiliency will likely be sufficient to foster persistence (i.e., preclude extirpation) of resident lynx 
through mid-century in all or most of the 5 geographic units that currently support them (SSA 
Report, p. X).  At mid-century, we expect lynx to retain a wide geographical distribution of 
populations, maintaining redundancy within the DPS (SSA Report, p. X).  Should lynx 
populations in each geographic unit to become smaller and more patchily-distributed, reduced 
genetic health and/or adaptive capacity would be expected; however, we have no evidence to 
suggest reduced representation would be a DPS-level concern at mid-century (SSA Report, p. 
X).  Therefore, we conclude that the risk of extinction (extirpation of the DPS) by 2050 is low, 
such that the lynx DPS is not likely to become endangered throughout all of its range within the 
foreseeable future and, therefore, does not meet the definition of a threatened species. 
 
Recovery Criteria  
 
Recovery Plan or Outline:  There is no recovery plan for the Canada lynx DPS and, therefore, 
recovery criteria have not been developed.  However, the Service completed a Recovery Outline 
on September 14, 2005, which provided preliminary recovery objectives and actions based on 
our understanding, at that time, of current and historical lynx occurrence and lynx population 
dynamics in the contiguous United States DPS.  Even in the absence of a recovery plan, progress 
has been made on some components of the preliminary recovery strategy described in the 2005 
Recovery Outline (e.g., improved regulatory mechanisms on Federal and some State, Tribal, and 
private lands and related protections of important lynx and hare habitats), while other 
components have seen little or no progress or may no longer be appropriate.  Nonetheless, lynx 
conservation measures and habitat management guidance adopted by the USFS and the BLM 
have substantially addressed the potential threats considered at the time of listing to the 
maintenance of lynx DPS habitat conditions and the availability of snowshoe hare and other prey 
populations (SSA Report, p. X).  Furthermore, as described above, the lynx DPS no longer meets 
the definition of a threatened species.  
 
RESULTS 
 
Recommended Classification: After assessing the best available information, we conclude that 
the Canada lynx DPS is not in danger of extinction throughout all of its range nor is it likely to 
become so in the foreseeable future, i.e., not a threatened species throughout its range.  We 
recommend removing the Canada lynx DPS, currently listed as threatened, from the list of 
threatened and endangered species.  
 

____ Downlist to Threatened 
 ____ Uplist to Endangered 
 __x_ Delist (Indicate reasons for delisting per 50 CFR 424.11): 
  ____ Extinction 
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  __x_ Recovery 
  ____ Original data for classification in error 
 ____ No change is needed 
 
New Recovery Priority Number (indicate if no change; see Appendix E): 

 
Brief Rationale:  

 
Listing and Reclassification Priority Number, if reclassification is recommended (see 
Appendix E)   

 
Reclassification (from Threatened to Endangered) Priority Number: ____ 
Reclassification (from Endangered to Threatened) Priority Number: ____ 
Delisting (Removal from list regardless of current classification) Priority Number: 

__x_ 
 
Brief Rationale:  
 

 
RECOMMENDATIONS FOR FUTURE ACTIONS – Proceed with a proposed rule to 
remove the Canada lynx DPS from the list of threatened and endangered species.  
  
REFERENCES – A large part of the lynx SSA involved seeking expert input on lynx biology, 
stressors, and current and future condition of the DPS.  We describe the expert elicitation process 
and the experts involved in our Canada Lynx Expert Elicitation Workshop Final Report (Service 
2016, entire).  A draft SSA Report went through an extensive review process with peer 
reviewers, tribes, State agencies, and Federal agencies within the range of the lynx DPS.  The 
final SSA Report has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 3 
other Federal agencies. 
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U.S. FISH AND WILDLIFE SERVICE 
5-YEAR REVIEW  

Canada Lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
Current Classification:  
   
Recommendation resulting from the 5-Year Review: 

 
____ Downlist to Threatened 

 ____ Uplist to Endangered 
 __x_ Delist 

  ____ No change needed 
 
Appropriate Listing/Reclassification Priority Number, if applicable: 
 
Review Conducted By: 
 
FIELD OFFICE APPROVAL: 
 
Lead Field Supervisor, U.S. Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
The lead Field Office must ensure that other offices within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  The 
lead field office should document this coordination in the agency record. 
 
REGIONAL OFFICE APPROVAL: 
 
The Regional Director or the Assistant Regional Director, if authority has been delegated to the 
Assistant Regional Director, must sign all 5-year reviews.   
 
Lead Regional Director, U.S. Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
 
The Lead Region must ensure that other regions within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  Written 
concurrence from other regions is required.  
 
Cooperating Regional Director, Region 1, U.S. Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   
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Cooperating Regional Director, Region 3, U.S. Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   
 
Cooperating Regional Director, Region 5, U.S. Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   



From: Phifer, Paul
To: Anna Harris; Krishna Gifford; Martin Miller; Mary Parkin
Subject: Fwd: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23
Date: Thursday, October 12, 2017 11:56:17 AM
Attachments: Tab 2. Canada Lynx draft 5-yrReview_09282017.doc

Do any of you want to take a look?  
______________
Paul Phifer, PhD
Assistant Regional Director - Ecological Services
Northeast Region
Dept of the Interior
US Fish and Wildlife Service
413.253.8698 work
413.687.4764 cell

---------- Forwarded message ----------
From: Nelson, Marjorie <marjorie_nelson@fws.gov>
Date: Fri, Oct 6, 2017 at 4:06 PM
Subject: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23
To: Paul Phifer <Paul_Phifer@fws.gov>, Lori Nordstrom <Lori_Nordstrom@fws.gov>,
Rollie White <rollie_white@fws.gov>
Cc: Michael Thabault <Michael_Thabault@fws.gov>, Justin Shoemaker/R6/FWS/DOI
<justin_shoemaker@fws.gov>

Region 6 requesting your concurrence on the attached 5 year status review for the  contiguous US DPS of the
Canada lynx.  This review documents the recommendation and rationale from the meeting on April and follow-up
conference call on May 12th based on the SSA Report.  We appreciate all of your regions' input and contributions
to this effort. This one is the first 5 YSR based off an SSA and I am happy to report that it is 6 pages plus cover
(plus the form for signatures).  

Given the various lawsuits associated with Canada lynx, we are working with the SOL on the timing and nature of
informing appropriate courts.  As such, we are not public about this pending recommendation to the point that it
did not get onto the delisting workplan posted by HQ last week.

At present, we are addressing comments on the received from RSOL.  I will send you all a copy of that SSA in about a week.  

In the meantime, I am requesting a concurrence via email by October 23rd.  If you have concerns, questions or comments,
feel free to contact me asap.  We can then incorporate any changes and circulate a clean version for signature (though I think
we could streamline concurrence to email as we do for rulemakings).

thank you,
Marj

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

mailto:paul_phifer@fws.gov
mailto:anna_harris@fws.gov
mailto:krishna_gifford@fws.gov
mailto:martin_miller@fws.gov
mailto:mary_parkin@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:Paul_Phifer@fws.gov
mailto:Lori_Nordstrom@fws.gov
mailto:rollie_white@fws.gov
mailto:Michael_Thabault@fws.gov
mailto:justin_shoemaker@fws.gov


ORIGINAL ARTICLE

Potential effects of climate change and rising CO2

on ecosystem processes in northeastern U.S. forests

S. V. Ollinger & C. L. Goodale & K. Hayhoe & J. P. Jenkins

Received: 11 December 2006 /Accepted: 11 May 2007 / Published online: 26 September 2007
# Springer Science + Business Media B.V. 2007

Abstract Forest ecosystems represent the dominant form of land cover in the northeastern
United States and are heavily relied upon by the region’s residents as a source of fuel, fiber,
structural materials, clean water, economic vitality, and recreational opportunities. Although
predicted changes in climate have important implications for a number of ecosystem
processes, our present understanding of their long-term effects is poor. In this study, we
used the PnET-CN model of forest carbon (C), nitrogen (N) and water cycling to evaluate
the effects of predicted changes in climate and atmospheric carbon dioxide (CO2) on forest
growth, C exchange, water runoff, and nitrate (NO�3 ) leaching at five forest research sites
across the northeastern U.S. We used four sets of statistically downscaled climate
predictions from two general circulation models (the Hadley Centre Coupled Model,
version 3 and the Parallel Climate Model) and two scenarios of future CO2 concentrations.
A series of model experiments was conducted to examine the effects of future temperature,
precipitation, CO2, and various assumptions regarding the physiological response of forests
to these changes. Results indicate a wide range of predicted future growth rates. Increased
growth was predicted across deciduous sites under most future conditions, while growth
declines were predicted for spruce forests under the warmest scenarios and in some
deciduous forests when CO2 fertilization effects were absent. Both climate and rising CO2

contributed to predicted changes, but their relative importance shifted from CO2-dominated
to climate-dominated from the first to second half of the twenty-first century. Predicted
runoff ranged from no change to a slight decrease, depending on future precipitation and
assumptions about stomatal response to CO2. Nitrate leaching exhibited variable responses,
but was highest under conditions that imposed plant stress with no physiological effects of
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CO2. Although there are considerable uncertainties surrounding predicted responses to
climate change, these results provide a range of possible outcomes and highlight
interactions among processes that are likely to be important. Such information can be
useful to scientists and land managers as they plan on means of examining and responding
to the effects of climate change.

Keywords Climate change . CO2
. Forest ecosystems . Carbon cycling . NPP. NEP.

Nitrogen . Nitrate . Runoff

1 Introduction

There is broad scientific consensus that human alteration of the global carbon (C) cycle has
induced a change in climate that is expected to continue into the foreseeable future
(Intergovernmental Panel on Climate Change [IPCC] 2001). A growing body of literature
has begun documenting the consequences of this change, which include accelerated melting
of Arctic and Antarctic ice sheets (Alley et al. 2005), increased Arctic river discharge
(Peterson et al. 2002), altered vegetation phenology (Schwartz et al. 2006), and shifts in the
distributions of plant and animal species (Root et al. 2003).

Across the northeastern U.S., mean annual temperatures have increased 0.7°C over the
past 30 years (0.26°C per decade), and are expected to increase another 2–6°C over the next
century. Our understanding of what climate change and rising carbon dioxide (CO2) will
mean for the health and function of northeastern U.S. forests is presently limited. Although
insights can be gained from retrospective studies and present-day climate gradients, the
expected rates of change for both CO2 and climate are unprecedented in recent geological
history and can only be addressed using costly experiments or ecosystem models. To date,
whole ecosystem warming experiments have not been undertaken in mature forests. There
have been only a handful of field-scale forest CO2-enrichment experiments; most of these
are in young plantations, and none are in the Northeast. Concurrent exposure to multiple
environmental change factors complicate predictions further due to interactions that can
either accentuate or offset the effects of individual stressors. For instance, although forests
may grow faster in a warmer, CO2-rich world, increased growth could also lead to higher
evapotranspiration and reduced runoff to streams (Huntington 2003). Rising temperatures
may cause increased drought stress, even under increased precipitation, although the effect
of rising CO2 on leaf stomatal conductance should at least partially offset this effect
(Medlyn et al. 2001). Limits on soil nitrogen (N) availability may constrain growth in forests
that would otherwise be stimulated by rising CO2 or temperature (e.g., Luo et al. 2006),
unless offset by atmospheric N deposition or warming-driven increases in soil N cycling.
Multi-factor manipulation experiments can provide valuable tests of certain combinations of
these changes, but ecosystem models are needed to predict interactive effects across the full
range of conditions likely to be experienced by native northeastern forests.

The purpose of this study was to apply a widely-used ecosystem model representing our
current understanding of relevant biogeochemical and physiological processes with a new
set of high resolution climate predictions for the northeastern U.S. To date, model analyses
designed to assess climate change effects on northeastern forests have used now-outdated
and coarse-scale climate scenarios, and have had limited treatment of historical N
deposition and forest disturbance (e.g., Bolker et al. 1995; Aber et al. 1995; Jenkins et al.
2000). Climate change can be expected to bring a variety of consequences to the region’s
forests, including shifts in the composition of dominant trees and in the composition of
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forest pests and pathogens favored under warmer conditions (see Iverson et al. 2007 and
Paradis et al. 2007). Here, we focus on projected effects of changes in climate and CO2 on
ecosystem processes, including forest growth (net primary production; NPP), C exchange
(net ecosystem production; NEP), water runoff, and leaching of nitrate (NO�3 ) from soils to
surface waters.

2 Methods

2.1 Study sites

Five northeastern U.S. forest research sites were chosen to represent a range of conditions
across the region (Table 1). All sites have long histories of ecosystem research, providing
sufficient information to parameterize models for vegetation type and disturbance history.
Sites used for model simulations were: Huntington Forest, Adirondacks, NY (Hunt);
Biscuit Brook, Catskills, NY (Bisc); Hubbard Brook, White Mountains, NH (HB); Harvard
Forest, Petersham, MA (HF); and Howland Forest, Howland, ME (How). Four of the sites
are dominated by deciduous tree species (yellow birch, Betula alleghaniensis; red maple,
Acer rubrum; sugar maple, Acer saccharum; American beech, Fagus grandifolia; and red
oak, Quercus rubrum) and one site (Howland, ME) is dominated by evergreens (red spruce,
Picea rubens; and eastern hemlock, Tsuga canadensis). Although northward shifts in the
distributions of some tree species are predicted to occur by 2100 (Iverson et al. 2007),
consideration of species migration effects was beyond the scope of the model simulations
presented here.

Table 1 Site and disturbance history parameters for the five study sites used in the analysis

Site Location Forest type WHC N
Dep.

Disturbance history Reference

Type Year Mortality
(%)

Removed
(%)

Biscuit
Brook, NY

41.99–
74.50

Oak, red
maple

12 0.96 Harvest 1859 90 80 Murdoch and
Stoddard 1992Harvest 1916 90 80

Huntington
Forest, NY

43.98–
74.23

Northern
hardwood

12 0.61 Harvest 1859 90 80 Mitchell
et al. 2001Harvest 1916 90 80

Harvard
Forest, MA

42.5–
72.2

Oak, red
maple

18 0.80 Agric. 1750–
1850

100 5/year Foster and
Aber 2004

Hubbard
Brook, NH

43.94–
71.75

Northern
hardwood

12 0.64 Harvest 1904 20 80 Likens and
Bormann 1995Harvest 1919 80 80

Wind 1938 20 40

Howland
Forest, ME

45.25–
68.73

Spruce 18 0.39 Uncut and unmanaged Hollinger
et al. 1999

Location coordinates are latitude and longitude, respectively, in decimal degrees. Soil water holding capacity
(WHC) is in cm. Nitrogen deposition (N Dep.) values are contemporary annual averages in gN m−2 yr−1 .
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2.2 PnET-CN model description

PnET-CN is a monthly time-step forest ecosystem model that combines algorithms for
processes such as photosynthesis, evapotranspiration, litter production, decomposition, and
N mineralization along with monthly climate inputs to estimate complete fluxes of C, N,
and water (see schematic in Aber et al. 1997; Ollinger et al. 2002). The model uses a multi-
layered sub-model of photosynthesis and phenology developed by Aber et al. (1995, 1996)
and modified by Ollinger et al. (1997, 2002) to account for the effects of rising CO2 and
tropospheric ozone. The productive potential of forest canopies is dependent on canopy N
content (Reich et al. 1999) and on vertical gradients in light and leaf structure through the
canopy. Stomatal conductance varies with photosynthesis such that water use efficiency is a
function of CO2 gain and is inversely related to atmospheric vapor pressure deficit. Actual
evapotranspiration and moisture stress are calculated as functions of plant water demand
and available soil water. Photosynthetic response curves for light and temperature were
derived by Aber and Federer (1992). The temperature effect on gross photosynthesis is
represented using a multiplier which varies between 0 and 1, determined as a parabolic
function with minimum and optimum temperature values parameterized from the literature
(Fig. 1). Temperature optima for northern hardwoods and spruce-fir were set at 24°C and
20°C, respectively (Aber et al. 1995). Foliar respiration is a function of gross photosynthesis
and increases with temperature using a Q10 factor of 2 (Aber and Federer 1992).

The model’s CO2 response builds on findings from C enrichment experiments indicating
that plants maintain relatively constant ratios of internal to ambient CO2 concentrations
(Ci/Ca ratios) in response to varying atmospheric CO2 (e.g., Drake and Gonzalez-Meler
1996) and that leaf photosynthetic rates at varying CO2 concentrations scale along stable
A–Ci curves (Ellsworth 1999; Nowak et al. 2004). In PnET, these responses are captured
using a Michaelis–Menten equation fit to normalized A–Ci curves. Internal leaf CO2

concentrations (Ci) are estimated from Ci/Ca ratios, which are unaffected by ambient CO2,
but vary slightly as a function of foliar N. This reflects greater internal CO2 assimilation,
and greater draw-down of Ci, in foliage with higher N concentrations. The effect of CO2 on
stomatal conductance (Medlyn et al. 2001) is handled by treating photosynthesis and
conductance as coupled processes such that changes in conductance are proportional to the
change in CO2 concentrations across the stomatal boundary as ambient CO2 is altered
(Ollinger et al. 2002).

Added to these canopy processes in PnET-CN are allocation and accumulation of C and
N in live biomass, dead wood, and soil organic matter, as well as algorithms for N

Fig. 1 Temperature effect on gross photosynthesis (psn.; left) and foliar respiration (center) for northern
hardwoods (solid line) and spruce-fir (dotted line). Temperature effect on soil decomposition rate and gross
nitrogen mineralization (right)
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mineralization and nitrification, plant N uptake, and leaching losses (Aber et al. 1997). At
present, PnET-CN includes only two detrital organic matter pools: dead wood, and a single
soil organic matter pool with a base mean residence time of 13 years (k=0.075 year−1). The
soil decomposition rate decreases linearly with decreasing soil moisture, and increases
exponentially with temperature (Fig. 1). Gross N mineralization occurs with decomposition,
and the fraction of N re-immobilized increases with soil C/N ratio. Tissue N concentrations
change from year-to-year as a function of the availability of C and N in plants and soils.
When plants have high internal N pools, the efficiency of N uptake from the soil is reduced.
Increased foliar N increases net photosynthesis and hence plant demand for N in the
production of new tissues, which completes a negative feedback. C to N ratios in biomass
are translated to litter and soil pools. Nitrogen deposition and land use history act through
their effects on soil C and N pools, which in turn affect plant and soil C/N ratios, rates of N
supply to vegetation, and N losses to drainage water. Historical disturbance effects can
persist for several hundred years, depending on disturbance severity and rates of N
deposition. Model structure and vegetation parameters used here follow Ollinger et al.
(1998, 2002). Site parameters for the sites used in this study are given in Table 1.

2.3 Prior model application and validation in the Northeast region

The PnET models have been used in numerous applications in northeastern U.S. forests and
elsewhere, including several of the sites in the present study. These analyses have included
a considerable body of validation exercises which have established the model’s suitability
for simulating C, N, and water cycles and have also highlighted limitations and sources of
error. Because the primary goal of the present study is to examine the model’s response to
specific projections of future climate change, we rely here on synthesis of previous
validation rather than repeating validation exercises for the sites used in this study.

Predicted NPP and biomass accumulation have been evaluated for northeastern forests
by Ollinger et al. (1998), Ollinger and Smith (2005) and Goodale et al. (2002) and at
Hubbard Brook and Harvard Forest by Aber et al. (1995). Rates of gross and net ecosystem
production have been tested against eddy covariance CO2 flux data at Harvard Forest by
Aber et al. (1996) and Braswell et al. (2005) and at Howland by Richardson et al. (2007).
Ollinger et al. (1998) tested predicted runoff against measured United States Geological
Survey (USGS) stream gauge data from a large number of northeastern watersheds, while
Aber et al. (1997, 2002) and Aber and Driscoll (1997) examined predictions of seasonal
and interannual variation in runoff and NO�3 export at Hubbard Brook. Although there is no
standard metric for establishing the success of a validation exercise, the collection of PnET
analyses carried out thus far have generally yielded a high degree of correspondence
between predicted and observed C, N, and water fluxes. Sources of error typically involve
inaccuracies in input parameters or a lack of understanding of specific processes. Errors
associated with input parameters can often be quantified and occasionally corrected through
a combination of sensitivity analyses and investigation into alternative data sources (e.g.,
Ollinger and Smith 2005). Errors associated with poorly understood mechanisms are more
difficult to address and often require additional research.

2.4 Climate and environmental inputs

PnET-CN requires monthly inputs of average maximum and minimum daily temperature,
precipitation, photosynthetically active radiation (PAR), N deposition and atmospheric CO2

concentrations. Temperature and precipitation estimates going back to 1900 were available

Mitig Adapt Strat Glob Change (2008) 13:467–485 471



from the National Oceanic and Atmospheric Administration’s (NOAA) historic climate data
network. These data were used in the model up to the point when measurements from on-site
or nearby weather station data became available. Climate values for the initialization period
from 1700 to 1900 were derived by repeating the 1900–1950 climate record backwards
through time, which provided a means of imposing a realistic range of variation while
maintaining the appropriate long-term average. PAR measurements are not widely available
and are not part of the NOAA historical climate network. However, PAR data has been
collected at three of the five study sites (HF, HB, and How) over a period of 10 or more years
and solar radiation estimates were available for all five sites from a model described by
Ollinger et al. (1995, 1998) and scaled to PAR by Aber et al. (1996).

Monthly and annual wet+dry N deposition were estimated for each site from a regional
deposition model that was derived by combining gradients in air and precipitation N
concentrations with precipitation amounts and deposition velocity estimates (Ollinger et al.
1993, 2002). After Aber and Driscoll (1997), N deposition was held at 20% of its
contemporary level prior to 1930 and increased linearly to their present values.
Atmospheric CO2 concentrations for 1700 to 2000 were estimated using a nonlinear
function that mirrors patterns seen in ice core data and in the Mauna Loa CO2 record
(Ollinger et al. 2002).

2.5 Future climate scenarios

Climate projections for 2000 to 2099 at each of the five sites were generated by Hayhoe
et al. (2006) using the PCM (Parallel Climate Model) and HadCM3 (Hadley Centre
Coupled Model, version 3) general circulation models (GCMs), statistically downscaled to
one-eighth degree or approximately 10 km spatial resolution. Projections were generated
using two scenarios of CO2 and other greenhouse gas emissions (the IPCC Special Report
on Emission Scenarios [SRES] higher [A1fi] and lower [B1] scenarios, Nakicenovic et al.
2000), yielding four climate scenarios per site (HADA1, HADB1, PCMA1, PCMB1;
Table 2). Among these scenarios, the HADA1 projections had the greatest degree of
warming, with an average increase of 6.3°C across the five sites for the period of
2070–2099. The least amount of warming occurred under the PCMB1 scenario, which
simulated a 1.5°C increase over the same time period. The PCMA1 and HADB1 scenarios

Table 2 Summary of climate predictions at the five study sites for 2070–2099 under four climate model
scenarios in contrast to observed means for 1990–1999

Year HB HF Bisc Hunt How Mean

Mean annual temperature 1990–1999 Obs. 4.5 7.5 9.0 5.1 6.4 6.5
2070–2099 PCMA1 7.9 10.7 12.0 8.4 9.8 9.8

PCMB1 6.2 9.0 10.4 6.7 7.9 8.0
HADA1 10.9 14.0 15.2 11.5 12.6 12.8
HADB1 8.5 10.6 11.9 8.1 9.2 9.7

Mean annual precipitation 1990–1999 Obs. 146.7 98.4 132.7 102.2 91.7 114.4
2070–2099 PCMA1 146.4 134.5 144.1 115.0 114.0 130.8

PCMB1 152.3 142.5 149.1 120.3 124.3 137.7
HADA1 170.9 156.5 157.8 131.4 148.6 153.0
HADB1 161.0 148.4 154.6 125.3 136.5 145.2

Temperature values in °C and precipitation values are in cm year−1 .
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were intermediate, producing mean annual temperature increases of 3.3°C and 3.2°C,
respectively. Annual precipitation increased under all scenarios, ranging from a 14% rise
under the PCMB1 scenario to a 34% rise under HADA1.

To identify potential biases in the climate predictions, model-based climate outputs were
begun in 1960, providing more than 40 years of overlap with measured data (Hayhoe et al.
2006). Detailed comparison of predicted and observed values were given by Hayhoe et al.
(2006). A general conclusion was that predicted temperature trends closely matched the
measured record, albeit with a lesser amount of predicted winter warming than had actually
occurred. Although the models successfully captured mean rates of precipitation, agreement
was poor on an interannual basis as a result of the much greater degree of interannual
variability in precipitation than temperature. For one of the sites used here (HB), simulated
precipitation from both PCM and HadCM3 was 20% lower than measured values for the
1960–2000 period, likely due to local effects of mountainous topography. All GCM
precipitation estimates for HB were scaled upwards by 20%, effectively imposing a
topographic effect on the climate projections. No other bias was observed between GCM-
predicted and measured values for temperature or precipitation across the study sites.

Because GCM output includes shortwave radiation (SWRad) but not photosynthetically
active radiation, future radiation projections were converted from SWRad to PAR using an
empirically-based relationship obtained by comparing predicted and measured values for the
period of overlap. This comparison was possible at HB, How, and HF, which all have measured
PAR data, and yielded a nonlinear pattern that was consistent across sites and was fit with a
logarithmic relationship [PAR=a Ln(SWRad)−b, where a and b are derived coefficients].
Because PAR data were not available at Bisc or Hunt, equations used were obtained at HF
and HB, respectively, which are the most climatically and physiographically similar.

Future rates of N deposition in the region are highly uncertain and will depend on the
potentially antagonistic effects of growing population densities and more stringent N
emissions regulations. As a result, we assumed no change in future N deposition and held
each site at its present rate into the future. Future CO2 concentrations were set using the
same scenarios (A1fi and B1) as were used to drive the GCM simulations. These scenarios
produced CO2 concentrations that increase to 970 ppm (A1fi) and 548 ppm (B1) by 2099.

2.6 Model scenarios

For each site, PnET-CN was allowed to equilibrate and run transiently from 1700 to 2100
using the historical climate inputs and future climate projections described above. Historical
disturbances related to agriculture and timber harvesting were treated in a similar fashion to
that of Ollinger et al. (2002), with harvest scenarios imposed by parameters defining the
proportion of biomass killed and the fraction which was removed, and agriculture
represented as a fractional annual harvest of vegetation (Table 1).

For each of the four climate scenarios, PnET-CN was run using two scenarios of forest
response to elevated CO2: the full effects of CO2 on photosynthesis and stomatal
conductance described above, and no CO2 fertilization effects on either process. Although
CO2 effects on short-term physiology are becoming increasingly well-resolved through
CO2 fertilization experiments, there are considerable uncertainties regarding how these
processes will play out over decades to centuries. Additionally, although CO2 fertilization
studies have shown substantial enhancement of leaf-level photosynthesis, effects on stand-
level growth rates have been more moderate (Nowak et al. 2004). Evidence for
enhancement of NPP in response to the CO2 rise that has occurred thus far has yet to
emerge. Because most ecosystem models, PnET-CN included, use leaf-level responses to
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scale CO2 effects to whole ecosystems, we view the two scenarios imposed here as an
upper and lower bound to the range of responses forests are likely to exhibit.

In this study, no assumptions were made about future disturbance patterns or changes in
forest composition. Although shifts in species distribution are considered by Iverson et al.
(2007), future patterns of disturbance and human land use are exceedingly difficult to
predict and will likely be highly variable.

3 Results and discussion

3.1 Predicted forest growth

Predicted NPP under the four climate scenarios and two CO2 fertilization scenarios is shown in
Fig. 2 and summarized in Table 3. Most scenarios produced increased growth rates as a result
of warmer temperatures and an increase in growing season length. When CO2 fertilization
effects were included, the mean growth increase for the period from 1990–2000 to
2070–2099 ranged from 25% at Howland to 75% at Biscuit Brook and Hubbard Brook
across the four climate scenarios (Table 3). Under the warmest scenario (HADA1), predicted
growth at Howland declined throughout the later half of the twenty-first century. This
occurred because the spruce forests at Howland have a lower temperature optimum for
photosynthesis (Fig. 1) and began to experience temperature stress that was not offset by CO2

fertilization. This result is significant given the prevalence of spruce forests across northern
New England and the importance of the pulp and paper industry to the region’s economy.

When CO2 fertilization effects were absent, changes in growth were more modest and
ranged from a 24% increase at Biscuit Brook to a 9% decline at Howland. Without CO2

fertilization, growth rates at the four deciduous-dominated sites began to decline by 2099
under the HADA1 scenario as mid-summer temperatures exceeded optima for net
photosynthesis. The other three climate scenarios produced no change to moderate
increases in growth by the century’s end (Fig. 2).

Although rising CO2 generally had a greater effect than did changes in climate, most of
the CO2 effect was realized during the first half of the twenty-first century, while changes
occurring beyond 2050 were dominated by climate (Fig. 3). This pattern stems from the
nonlinear nature of the photosynthetic response to CO2, which caused the rate of CO2

enhancement to decrease over time and eventually become saturated. Although projections
cannot be made beyond 2099 in this study, the implication of this result is that the
beneficial effects of rising CO2 will be transient and will be replaced by increasing
temperature stress if warming continues over longer time scales.

3.2 Net carbon exchange

Net ecosystem production (NEP), or net C exchange, is the balance between C uptake
through photosynthesis and C losses by respiration from living plants and decomposition of
dead organic matter. Net ecosystem production is usually equivalent to the whole-
ecosystem rate of net C sequestration or loss. Because young, aggrading forests actively
accumulate biomass, NEP is often related to forest age and disturbance history to an equal
or greater extent than to climate. Nevertheless, changes in climate have potentially
important effects on NEP through their effects on both growth and decomposition.

The overall pattern of NEP across all model runs was similar in nature to patterns of
NPP and the effects of rising CO2 were greater than those of climate (Table 4). Modeled
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Fig. 2 Predicted net primary productivity (NPP) (gC m−2 year−1) for the five study sites in the USA (Biscuit
Brook, New York; Hubbard Brook, New Hampshire; Harvard Forest, Massachusetts; Huntington Forest,
New York; and Howland, Maine) under four climate scenarios with and without CO2 enhancement effects.
The four climate scenarios result from two climate models (PCM and HAD), each run with a high (A1) and
low (B1) scenario of future CO2
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effects of rising CO2 on photosynthesis and biomass accumulation were greater than
temperature effects on plant respiration and detrital decomposition. As a result, most
scenarios that included CO2 fertilization showed enhanced C uptake over the whole
ecosystem. The exception to this pattern was the HADA1 scenario where the effects of
increasing temperature stress caused NEP to decline toward the end of the simulations. This
was particularly true for Howland, but was also evident at the other four sites (Fig. 4).

In contrast, simulations that lacked CO2 fertilization showed either little change or
modest declines in NEP over time (Fig. 4). These results indicate that rising temperatures
had a relatively small effect on biomass accumulation, either directly through effects on
photosynthesis balance, or indirectly through increased N mineralization in soils.
Furthermore, interpretation is confounded by the natural process of stand development,
which causes NEP to drift towards zero over time as ecosystems recover from past
disturbances. Because the Howland site has not been affected by historical agriculture or
logging, it had the lowest NEP values going into the study and had become a net C source
by the end of the century under several scenarios.

3.3 Water yield

Under scenarios that included CO2 enhancement effects, predicted annual runoff at the end
of the twenty-first century ranged from relatively little change at Hubbard Brook and

Fig. 3 Predicted net primary productivity (NPP) (gC m−2 year−1) for Hubbard Brook, New Hampshire with
a rise in CO2, but no change in climate (green lines), in contrast to predictions that include rising CO2 along
with the four climate scenarios from two climate models (PCM and HAD), each run with a high (A1) and low
(B1) scenario of future CO2. In the no-climate-change scenarios, climate values for the period from 2000–
2099 were generated by reproducing the 1900–1999 record

Table 3 Summary of predicted NPP under contemporary and future climate and CO2 at the five study sites,
generated with and without CO2 fertilization effects included in the model

Year CO2 effect Bisc HB Hunt How HF

1990–2000 Contemporary 606 510 434 334 581
2010–2039 Yes 813 598 567 357 693

No 743 526 493 334 555
2040–2069 Yes 943 746 688 413 825

No 742 544 497 335 546
2070–2099 Yes 1,065 894 815 417 961

No 752 575 523 308 543

Values are averages (gC m−2 year−1 ) of the four climate scenarios over the periods indicated.
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Harvard Forest, to modest increases (approximately 10%) at Biscuit Brook and Huntington,
and a substantial increase (53%) at Howland (Table 5, Fig. 5). The larger response at
Howland reflects the predicted decline in spruce forest NPP—and hence water demand—
under the warmer climate scenarios, while the more moderate response at the other sites
resulted from the tradeoffs between higher temperatures, increased precipitation and greater
plant water use efficiency. When CO2 enhancement effects were absent, predictions ranged
from no change to a 12% decrease at the deciduous sites and a 33% increase at Howland
(Table 5, Fig. 5). These lower runoff values reflect the lack of a CO2 effect on stomatal
conductance, which prevented the potential for reduced canopy transpiration to offset the
greater evaporative demand brought by higher temperatures.

In addition to changes in annual runoff, the seasonality of runoff is important because it
can influence both the potential for altered frequency of flooding events and mid-summer
drought. Although the monthly time step of the PnET-CN runs does not allow examination
of individual events, all four climate scenarios resulted in a shortening of the spring high
flow period and a lengthening of the summer low flow period (data not shown). This
resulted from a reduction in, and earlier melting of, the winter snowpack and an earlier
onset of water demand by plants.

3.4 Nitrate leaching

Export of NO�3 from forest soils to surface waters has been a concern for decades in light of
elevated atmospheric N inputs and the deleterious effects associated with base cation
removal and acidification of soils and streams (Driscoll et al. 2003). However, predicting N
losses from soils has proven difficult, both because N cycling mechanisms associated with
immobilization and denitrification remain poorly understood (e.g., Dail et al. 2001;
Venterea et al. 2004) and because observations that show declines in stream NO�3 over the
past several decades do not match expectations based on theories of nutrient retention with
ecosystem development (Goodale et al. 2003). Retention of N by ecosystems is also
sensitive to a variety of stress factors and the effects of land use and disturbance can persist
for decades or centuries (Aber et al. 2002).

Despite these caveats, examining the effects of climate change on N losses predicted by
PnET-CN can be instructive because climate and CO2 can both have a potentially strong
influence on N turnover in soils and N demand by vegetation. Under contemporary
conditions (1990–2000), predicted N losses were low across all sites, ranging from 0.05 g
m−2 year−1 at Harvard Forest to 0.32 g m−2 year−1 at Biscuit Brook, or 6.3% and 33.1% of
the annual inputs from N deposition, respectively (Table 6). The differences among sites

Table 4 Summary of predicted NEP under contemporary and future climate and CO2 at the five study sites,
generated with and without CO2 fertilization effects

Year CO2 effect Bisc HB Hunt How HF

1990–2000 Contemporary 69.0 35.0 38.2 13.7 150.2
2010–2039 Yes 220.3 118.0 125.5 29.6 177.2

No 122.5 35.6 41.5 2.1 97.7
2040–2069 Yes 245.4 188.4 183.8 63.6 213.7

No 79.2 36.0 40.3 −2.9 35.1
2070–2099 Yes 238.1 210.5 188.8 43.1 206.6

No 46.3 36.0 38.6 −14.4 3.4

Values are averages (gC m−2 year−1 ) of the four climate scenarios over the periods indicated.
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Fig. 4 Predicted net ecosystem production (NEP) (gC m−2 year−1) for the five study sites in the USA
(Biscuit Brook, New York; Hubbard Brook, New Hampshire; Harvard Forest, Massachusetts; Huntington
Forest, New York; and Howland, Maine) under four climate scenarios, with and without CO2 enhancement
effects. The four climate scenarios result from two climate models (PCM and HAD), each run with a high
(A1) and low (B1) scenario of future CO2
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correspond to differences in rates of N deposition as well as the severity of soil N depletion
caused by past disturbance. For example, although Harvard Forest has the second highest
rate of N deposition (Table 1), its history of agriculture and timber harvesting result in a
high capacity for present-day soil N retention (Aber et al. 1997).

Under the four climate scenario simulations that included CO2 growth enhancement
effects, mean predicted N losses for 2070–2099 increased slightly in the four deciduous
stands—to between 21% and 46% of N deposition inputs—whereas N losses at Howland
increased to more than twice the input from deposition (Fig. 6, Table 6; note that because
simulated N inputs remained constant through the twenty-first century, leaching losses can
be compared through time as a fraction of atmospheric inputs). These increases in N loss
occurred despite increased plant demand for N by more quickly growing trees, indicating
that plant demand for N did not keep pace with increased N availability from accumulated
N deposition and from faster N mineralization associated with increasing temperature. The
greatest effect at Howland occurred under the HADA1 scenario (Fig. 6). The high
temperatures of this scenario produced the greatest decline in growth for spruce, which
translated to reduced plant N demand, increased N mineralization, and increased potential
for elevated nitrification and N leaching.

Under climate change scenarios that lacked CO2 enhancement effects, mean N losses for
the 2070–2099 period increased more markedly and ranged from 57% of atmospheric
inputs at Harvard Forest to over three times the atmospheric inputs at Howland (Fig. 6).
These higher N loss values stem from the lower plant demand for N that occurs in the
absence of CO2 fertilization.

N leaching losses of the magnitude predicted under the HADA1 scenario and by
scenarios that lacked CO2 fertilization effects would likely raise significant concerns for the
health of aquatic ecosystems. However, several sources of uncertainty should be considered
when interpreting these results. First, if scenarios leading to the decline of spruce at
Howland are borne out, it is likely that the growth of other forest types—most likely
deciduous forests with higher temperature tolerance—will increase as a result, imposing a
higher plant demand for N than predicted by PnET-CN. Secondly, simulations assume
constant N inputs and no disturbance throughout the twenty-first century, would produce
increasing soil N pools that would eventually reach saturation. Actual N loss rates could be
lower than those predicted here if reductions in N pollution emissions are imposed or if
other mechanisms of N removal from ecosystems occur (e.g. loss from denitrification or
harvesting). Conversely, an increase in future N deposition could result in N losses that are
higher than those predicted here.

Table 5 Summary of predicted runoff under contemporary and future climate and CO2 at the five study
sites, generated with and without CO2 fertilization effects

Year CO2 effect Bisc HB Hunt How HF

1990–2000 Contemporary 72.4 88.7 54.3 46.4 65.2
2010–2039 Yes 76.9 84.9 60.2 62.9 62.2

No 73.5 81.1 59.1 59.0 66.3
2040–2069 Yes 76.9 83.6 59.2 64.1 61.7

No 69.3 76.9 55.8 56.5 61.8
2070–2099 Yes 80.7 87.4 61.2 70.8 63.8

No 70.0 78.2 56.4 61.9 61.1

Values are averages (cm year−1 ) of the four climate scenarios over the periods indicated.

Mitig Adapt Strat Glob Change (2008) 13:467–485 479



Fig. 5 Predicted annual runoff (cm year−1) for the five study sites under four climate scenarios with and
without CO2 enhancement effects. The four climate scenarios result from two climate models (PCM and
HAD), each run with a high (A1) and low (B1) scenario of future CO2
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4 Conclusions

In this study, the potential effects of predicted changes in climate and CO2 on growth rates
and C, N, and water balances at five northeastern forest research sites were examined.
Although the four climate scenarios and two CO2 response scenarios produced a wide range
of results, several generalizations can be made. First, whereas the three scenarios of
moderate climate warming all produced increased growth rates over the twenty-first
century, the hottest scenario (HADA1) induced significant growth declines at the Howland
spruce forest site and began to induce declines at deciduous sites when CO2 growth
enhancement effects were absent. Across all climate scenarios, the effects of CO2

fertilization were equal to or greater than the effects of changes in climate. Assumptions
about CO2 fertilization also had a large influence on predicted ecosystem C balances, with
large increases occurring in scenarios that included CO2 enhancement, but saw either small
increases or declines in scenarios where CO2 enhancement was absent. Predicted runoff
increased across most scenarios, although the degree of increase was generally less than the
increase in precipitation, due to the effects of higher temperatures and extended growing
season length on evapotranspiration. Predicted N export from NO�3 leaching showed little
change to moderate increases under most scenarios, reflecting a tradeoff between continued
atmospheric N loading and rising plant N demand. However, in climate scenarios that
induced declines in growth or lacked CO2 enhancement, the lower N demand by vegetation
led to substantial N loss rates, rising to more than three times atmospheric inputs in some
circumstances.

Predictions generated in this study should be interpreted with consideration of several
sources of uncertainty. First, although in viewing the scenarios that either included or
lacked CO2 growth enhancement effects as an upper and lower bound to actual CO2 effects,
the large differences produced by these assumptions emphasizes the need to improve
understanding of long-term ecosystem CO2 response. Major uncertainties remain in
understanding plant physiology on the extent to which CO2-driven enhancements in leaf-
level photosynthesis would translate into enhancements of leaf- and wood production, or

Table 6 Summary of predicted NO�3 leaching under contemporary and future climate and CO2, generated
with and without CO2 fertilization effects at the five study sites

Year CO2 effect Bisc HB Hunt How HF

1990–2000 0.32 0.15 0.09 0.14 0.05
33.1% 23.7% 15.4% 35.5% 6.3%

2010–2039 Yes 0.19 0.20 0.11 0.23 0.09
19.8% 31.9% 18.6% 60.1% 11.5%

No 0.32 0.46 0.12 0.47 0.02
33.0% 72.1% 19.1% 121.1% 3.1%

2040–2069 Yes 0.18 0.23 0.20 0.49 0.15
18.4% 35.4% 32.3% 124.4% 18.5%

No 0.65 0.92 0.58 0.81 0.08
67.9% 143.5% 94.7% 207.0% 10.4%

2070–2099 Yes 0.20 0.30 0.28 0.88 0.26
21.0% 46.4% 46.1% 224.9% 32.4%

No 0.90 1.26 1.07 1.21 0.45
94.2% 197.4% 174.6% 311.3% 56.5%

Values are averages (gN m−2 year−1 ) of the four climate scenarios over the time periods indicated. Also
shown is N leaching as a percent of N inputs from atmospheric deposition.
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Fig. 6 Predicted leaching (gN m−2 year−1) for the five study sites under four climate scenarios, with and
without CO2 enhancement effects. The four climate scenarios result from two climate models (PCM and
HAD), each run with a high (A1) and low (B1) scenario of future CO2
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would instead be balanced by increased respiration above- or below-ground (Körner et al.
2005; Albani et al. 2006). Secondly, given uncertainties in future N deposition rates, N
deposition was held constant through the twenty-first century. Additional sensitivity
analyses can be performed to examine the influence of this assumption, but increasing the
level of certainty in PnET-CN predictions will depend on improved N deposition forecasts
becoming available. Similarly, other stress factors such as ozone pollution, which are likely
to become increasingly important into the future, have not been addressed.

Whereas the focus has been on the response of ecosystem processes to changes in
climate and CO2, changes in ecosystem composition and distribution will also be important.
Although it can be expected that such changes will be small over the course of 100 years or
less (due to limitations in tree migration imposed by seed dispersal and the long life spans
of trees), they may still be important, particularly in areas that represent ecotones between
different forest community types (e.g., the transition between deciduous and evergreen
communities along elevation gradients). The potential effects of such species shifts on
ecosystem processes should be addressed and will require a coupling of models like PnET-
CN with those designed to predict the dynamics and dispersal of forest communities.

Finally, although the impacts of high and low future emissions scenarios were examined,
there is a possibility of emissions exceeding those projected in the higher A1fi scenario or,
through concerted action to reduce greenhouse gas emissions, remaining below those of the
lower B1 scenario. Furthermore, the climate models used in this analysis span only the
lower two-thirds of the likely range of climate sensitivity (Intergovernmental Panel on
Climate Change [IPCC] 2001; Hegerl et al. 2006). Hence, there is also the possibility for
changes in temperature or precipitation to fall beyond the range of future conditions
examined here.
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From: Parkin, Mary
To: Phifer, Paul
Cc: Anna Harris; Krishna Gifford; Martin Miller
Subject: Re: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23
Date: Thursday, October 12, 2017 12:47:35 PM

As a matter of standard procedure, I should see 5-year review concurrence copies.  Thanks!
Mary

On Thu, Oct 12, 2017 at 11:56 AM, Phifer, Paul <paul_phifer@fws.gov> wrote:
Do any of you want to take a look?  
______________
Paul Phifer, PhD
Assistant Regional Director - Ecological Services
Northeast Region
Dept of the Interior
US Fish and Wildlife Service
413.253.8698 work
413.687.4764 cell

---------- Forwarded message ----------
From: Nelson, Marjorie <marjorie_nelson@fws.gov>
Date: Fri, Oct 6, 2017 at 4:06 PM
Subject: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23
To: Paul Phifer <Paul_Phifer@fws.gov>, Lori Nordstrom <Lori_Nordstrom@fws.gov>,
Rollie White <rollie_white@fws.gov>
Cc: Michael Thabault <Michael_Thabault@fws.gov>, Justin Shoemaker/R6/FWS/DOI
<justin_shoemaker@fws.gov>

Region 6 requesting your concurrence on the attached 5 year status review for the  contiguous US DPS of the
Canada lynx.  This review documents the recommendation and rationale from the meeting on April and follow-
up conference call on May 12th based on the SSA Report.  We appreciate all of your regions' input and
contributions to this effort. This one is the first 5 YSR based off an SSA and I am happy to report that it is 6
pages plus cover (plus the form for signatures).  

Given the various lawsuits associated with Canada lynx, we are working with the SOL on the timing and nature
of informing appropriate courts.  As such, we are not public about this pending recommendation to the point that
it did not get onto the delisting workplan posted by HQ last week.

At present, we are addressing comments on the received from RSOL.  I will send you all a copy of that SSA in about a
week.  

In the meantime, I am requesting a concurrence via email by October 23rd.  If you have concerns, questions or comments,
feel free to contact me asap.  We can then incorporate any changes and circulate a clean version for signature (though I
think we could streamline concurrence to email as we do for rulemakings).

thank you,
Marj

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

mailto:mary_parkin@fws.gov
mailto:paul_phifer@fws.gov
mailto:anna_harris@fws.gov
mailto:krishna_gifford@fws.gov
mailto:martin_miller@fws.gov
mailto:paul_phifer@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:Paul_Phifer@fws.gov
mailto:Lori_Nordstrom@fws.gov
mailto:rollie_white@fws.gov
mailto:Michael_Thabault@fws.gov
mailto:justin_shoemaker@fws.gov


-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

mailto:mary_parkin@fws.gov
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A comparison of snow-track and camera surveys for detecting 

Canada lynx (Lynx canadensis) and sympatric carnivores in north-

central New England 
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Abstract 

Canada lynx (Lynx canadensis) were listed as Threatened under the Endangered Species Act in 

2000.  Since this designation, numerous studies have investigated factors that influence lynx 

ecology and distribution in the conterminous United States.  However, certain regions in its 

peripheral range are still underrepresented due to limited access.  To understand factors that 

influenced the distribution of lynx and other sympatric carnivores in north-central New England, 

we utilized existing snow track and camera survey protocols and developed new methods to meet 

the monitoring needs of the region.  We specifically compared detection events and trends for 

snow track and camera surveys for lynx, bobcats (Lynx rufus), coyotes (Canis latrans), red fox 

(Vulpes vulpes), fishers (Pekania pennanti), and American martens (Martes americana) at high 

elevation landscapes with limited access and at low elevation ones with high road density.  We 

also compared effort and cost for each lynx detection.  Additionally, we utilized site covariate 

data available from camera trap sites to estimate detection probability and occupancy for a suite 

of northern forest carnivores during winter.  We surveyed a total of 1,473 km (high elevation = 

306 km, low elevation = 1,167 km) snowmobile and hiking trails during winter 2014.  Coyotes 

were encountered most often (n = 449), followed by marten (n = 359), red fox (n = 124), fisher 

(n = 118), bobcat (n = 102), and lynx (n = 8) were only detected in northern New Hampshire.  

Sixty-three camera traps were set for an average of 97 (15-187) days for a total of 6,221 trap 

nights) during winter 2014.  Martens were photographed most often (n = 97), followed by 

coyotes (n = 41), fisher (n = 19), bobcats (n = 19), red fox (n = 5), and lynx (n = 5) were detected 

in northern Vermont and New Hampshire.  The indices and trends between snow track and 

camera surveys were relatively similar for each species indicating that either method was reliable 

for monitoring northern forest carnivores.  Overall, camera surveys required greater field effort 

(camera surveys = 810 hours, snow track surveys = 662 hours) and resulted in a lower efficiency 

for detecting lynx (1 detection/162 hours).  Further, the cost of fuel and labor was slightly higher 

for snow track surveys ($11,645.73) compared to $10,582.57 for camera surveys (does not 

include initial cost of equipment) yet resulted in less cost per lynx detection (1 lynx/$1,629.64) 

as more lynx were detected during snow track surveys.  Site occupancy (ψ) was best explained 

by elevation for all species:  bobcats, coyotes, and fishers were more likely to occupy sites at low 

elevation that had a shallow snowpack and the reverse trend occurred for martens.  However, 

preliminary data indicates that site occupancy may change throughout the year as bobcats, 

coyotes, and fishers were detected at high elevation sites during the snow free months.  We 

recommend continuing camera surveys for at least one more year to determine if these trends 

continue and to increase coverage along latitudinal gradients to determine factors that influence 

lynx occupancy.  We also recommend designing snow track surveys to estimate occupancy and 

to compare corresponding estimates and precision with the camera trap method. 
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Introduction 

Canada lynx (Lynx canadensis) were listed as Threatened in 2000 under the Endangered 

Species Act, precipitating numerous studies to investigate lynx ecology in the conterminous 

United States (Murray et al. 2008).  An important objective of several studies was to delineate 

the distribution of southern populations and identify factors that influenced range expansion 

(Hoving et al. 2005, Koehler et al. 2008, Simons-Legaard et al. 2013).  Until recently, little was 

known about the status and distribution of lynx in the Northeast.  However, a decade of research 

(2000-2010) has provided considerable insight into lynx ecology and specific recommendations 

for management in the core of its range in Maine (USDI Fish and Wildlife Service 2013).  Yet, 

there is still a need to investigate lynx distribution and determine appropriate survey strategies in 

peripheral habitat in north-central New England where lynx occur at lower density (Interagency 

Lynx Biology Team 2013). 

Provided that lynx generally occupy deep snow forests and their tracks are relatively 

unambiguous, snow track surveys have been used extensively and meet a variety of research 

objectives (see Zielinski and Kucera 1995, Squires et al. 2004, Crowley et al. 2005, Bunnell et al. 

2006, Kolbe et al. 2007, Dowd 2010).  However, camera surveys have been used – although to a 

lesser degree – and are beneficial, as they provide year round monitoring (see Crowley et al. 

2005, Moen and Lindquist 2006, Nielson and McCollough 2008).  Both methods have been 

valuable yet have inherent biases that need to be addressed to develop appropriate sampling 

method(s) for the region.  Further, although there are several protocols available for monitoring 

lynx (see Squires et al. 2004, Crowley et al. 2005, and Nielson and McCollough 2009) they may 

not be well suited within or outside a region due to varying levels of land access.  In the 

northeastern United States, landownership is diverse, ranging from large private industrial 
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landownerships in the core of lynx range in northern Maine, to a mix of large, small, and public 

landownerships in its peripheral range in northern New Hampshire and Vermont (USDI Fish and 

Wildlife Service 2013).  Consequently, public and private landownership may either facilitate or 

prevent access and ultimately influence the ability to detect lynx. 

Since 2012, New Hampshire Fish and Game (NHFG), Vermont Fish and Wildlife 

Department (VFWD), and United States Fish and Wildlife Service (USFWS) have conducted 

snow track surveys in northern New Hampshire and Vermont to document lynx occurrence and 

distribution following a protocol established by the Maine Department of Inland Fisheries and 

Wildlife (see Crowley et al. 2005).  This protocol was designed for townships with consistent 

area and road access that also contained suitable lynx habitat; surveys were conducted by 

snowmobile and required >55 km/100 km2 or >80 km/100 km2 to confidently detect one or all 

radio collared lynx within the survey area, respectively (Crowley et al. 2005).  However, towns 

with suitable lynx habitat vary in area and access in New Hampshire and Vermont, necessitating 

alternative survey methods.  For example, approximately half of the suitable habitat in New 

Hampshire is located in the White Mountain National Forest (WMNF) which is remote and 

mountainous with only hiking access.  Also, the prevalence of private property in both states 

greatly complicates access to snowmobiles trails, even in towns where a sufficient network 

exists.   

To address these concerns, we utilized snow track survey methods developed in a low 

density lynx population in Montana (Squires et al. 2004, Squires et al. 2012; hereafter SEL) and 

a high density population in Maine (Crowley et al. 2005), and compared with a novel camera 

trap method to determine the appropriate survey method(s) for the region.  First, we created a 

predictive GIS habitat model to increase survey efficiency for lynx in winter 2014, as past 
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surveys indicated that there was considerable suboptimal habitat in New Hampshire (Webb 

2012, Holman 2013) (Appendix A).  This model was not developed for Vermont as GIS data was 

unavailable and lynx were only surveyed regularly in 2 locales (Bernier 2013).  We then 

compared lynx detections from winter 2014 and those from recent years (2006-2013) with the 

GIS model to determine 1) its predictive value, 2) factors that influenced detection probability 

and distribution, and 3) the effectiveness of the priority ranking method (Appendix A).  The 

snow track surveys in towns with sufficient road access approached or met the effort required by 

the Crowley et al. (2005) protocol as in previous years (Bernier 2012, Webb 2012), but 

incorporated methods developed by SEL to provide comparison, whereas surveys in remote high 

elevation sites only used the SEL method.  Camera trapping occurred along snow track survey 

routes at selected sites that either had road access and a documented lynx presence or reduced 

access with a high probability of lynx occurrence (typically high elevation habitat in the 

WMNF).  Additionally, we recorded track and camera detections of competing and/or sympatric 

mesocarnivores, as lynx distribution is partially influenced by interspecific competition (Parker 

et al. 1983, Aubry et al. 2000, Buskirk et al. 2000).  To determine the effectiveness and 

efficiency of each survey method we compared detection data, effort, and cost.  Finally, we 

recorded biotic and abiotic covariates at camera stations to investigate factors that influenced 

detection probability and occupancy of lynx and sympatric mesocarnivores.     

The objectives of these surveys were to 1) document lynx presence and distribution to aid 

in USFWS recovery efforts, 2) develop a predictive GIS habitat model to improve search 

efficiency for lynx (New Hampshire only; Appendix A), 3) establish high and low elevation 

survey sites with varying levels of access to monitor lynx where they presently occur, 

historically occurred, and are predicted to occur, 4) compare varying levels of effort and 
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detection among snow track and cameras surveys to determine the appropriate survey strategy(s) 

for lynx in the region, and 5) determine the suitability of these surveys for monitoring multiple 

northern forest carnivores, associated prey species, and factors that influence detection 

probability and occupancy.       

Methods 

Study Area 

The study area was located in the northern towns and in the White Mountain National 

Forest (hereafter WMNF) of New Hampshire, and in the Victory Basin Wildlife Management 

Area (hereafter VB) and the Nulhegan Basin Division of the Silvio O. Conte National Fish and 

Wildlife Refuge (hereafter NBD) of Vermont (Fig. 1).   

Snow Track Surveys  

Snow track survey routes in the northern towns of New Hampshire (north of Route 2) 

were amended to meet both MDIFW and SEL effort based on varying habitat quality.  

Conversely, the high elevation routes in WMNF incorporated the SEL method (surveyed 2x and 

8.3-20 km) and were located on hiking trails and roads that traversed habitat with a high 

probability of lynx occurrence and in areas with recent lynx detections and/or historical 

sightings.  For Vermont, the existing survey routes in VB and NBD were not altered as both 

areas contained high quality habitat and a recent history of lynx detections.  The location of 

survey routes for New Hampshire were derived using a probability of occurrence map weighted 

by snow depth and conifer forest (Litvaitis and Tash 2005) and a recent northern New 

Hampshire Land Cover dataset (NNLCD 2012).  From these GIS layers, lynx probability of 

occurrence >0.5 and four land cover values considered important for lynx (regenerating 
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softwood, mixed-wood, and wetland forest, spruce-fir forest, wetland forest, and sub-alpine 

forest) were selected to assess the current distribution of potential lynx habitat in northern New 

Hampshire and the WMNF (Fig. 2).  The NNLCD layer was used to calculate lynx habitat pixels 

(28.5 m x 28.5 m resolution) and the probability of occurrence layer was used to ensure that 

these habitat pixels were within areas with sufficient snow depth.  To identify high and medium 

priority survey areas to establish survey routes, 8x8 km grids (average female home range size) 

were then projected over the entire study area (Squires et al. 2004) (Fig. 1)1.  It was assumed that 

habitat quality in north-central New England was likely lower than in core habitat in Maine but 

similar to Montana and that this grid size might approximate a local average female lynx home 

range.  The proportion of potential lynx habitat per grid was calculated to determine sampling 

priority (Fig. 2).  Because of arbitrary grid placement and the irregularity of the New Hampshire 

state boundary those located along borders were often less in area.  High priority sampling grids 

constituted >27% of potential lynx habitat which is considered important for sustaining lynx in 

Maine (Simons-Legaard 2013), those with 15-26% suitable habitat were considered medium 

priority, and those <15% were considered low priority.  For the northern towns existing survey 

                                                 
1 We only used the grid system to standardize effort and increase efficiency for the snowmobile surveys in 

northern New Hampshire and to evaluate the effectiveness of a GIS habitat model to predict lynx occurrence 

(Appendix A).  The grid system was used to identify survey routes in the WMNF, but due to arbitrary grid 

placement and limited resources we allowed these routes to overlap grids to increase survey efficiency, but still 

maintained minimum survey distance.  In attempt to reconcile any bias created by this sampling artefact we used 

indices for snow track (species detections/kilometer) and camera (species detections/100 trap nights) surveys to 

provide comparison.  Hereafter, use of the term “grid” refers to the northern New Hampshire surveys and landscape 

refers the survey areas that may or may not have used the grid system.   
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routes were linked together with high and medium priority sampling grids (Fig. 2).  High priority 

grids (n = 6) were surveyed twice per winter, at an effort greater than SEL, but less than MDIFW 

and well distributed throughout the grid.  Medium priority grids (n = 22) were surveyed once, 

meeting the MDIFW effort (35 km/grid), and low priority grids were surveyed opportunistically 

when traveling between high and medium priority grids.   

As in previous winters, surveys were conducted 24-96 hours following a snow and/or 

wind event, ideally within the 48-72 hour window (Appendix B).  Weather and time from last 

snow event was recorded for each snow track survey as well as a qualitative assessment of 

snowshoe hare (Lepus americanus) abundance, and overall snowpack characteristics (Appendix 

B).  However, for winter 2014 detections of lynx and competing carnivores were also recorded 

(bobcat [Lynx rufus], coyote [Canis latrans], red fox [Vulpes fulva], and fisher [Martes pennant]) 

and American marten [Martes americana]) with a GPS and considered independent if detected 

>100 m from a previously recorded track; independence was calculated later using GIS 

(Appendix B).  To compare species detections between high and low elevation routes and with 

camera trap data we calculated the number of detections/km (total species detections/grid type ÷ 

total distance (km) /grid type).    

Camera Surveys 

We established 63 camera trapsites along snow track survey routes in 4 low elevation 

landscapes with road access and lynx sightings within the last 8 years, and 6 high elevation 

landscapes with reduced access but potential lynx habitat in the WMNF (Fig. 1).  Camera 

trapsites were spaced 1-3 km apart along routes in each landscape and placed in high quality 

habitat and/or in close proximity to recent or historical lynx sightings.  This spacing is 

comparable to past camera trap studies of lynx (Crowley et al. 2005, Moen and Lindquist 2006, 
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Nielson and McCollough 2009) and bobcat (Kelly and Holub 2008, Clare 2013).  There were an 

average of 6 (2-12) camera trapsites per landscape providing a total of 63 camera stations.  We 

used a combination of camera brands (Moultrie i990 [n = 15] and M80 [n = 2], Bushnell Trophy 

Cam [n = 24], Reconyx HC500 Hyperfire [n = 5], and ScoutGuard SG565FV-8M [n = 18]) to 

achieve this density and some were interchanged to ensure all sites continued operating.  All 

cameras were set to take 3 consecutive pictures every 10 sec when triggered, except for the 

ScoutGuard cameras that did not allow for consecutive pictures; to compensate, these cameras 

were set at the lowest setting (one picture every 5 sec when triggered). 

Each camera trapsite included a compact disc hung in a strategic position as a long range 

visual attractant, and a commercial skunk lure and a short range visual attractant (e.g., feathers) 

placed on a wooden stake (hereafter attractant stake; Fig 2).  We positioned cameras on a tree 

facing north, 1-2 m above the snow surface, and pointed at a slight downward angle towards the 

attractant stake positioned 3-5 m from the camera (Fig. 2).  A GPS was used to mark the location 

of each camera trapsite and was flagged discretely for future trap checks.  Each trapline was set 

for >45 d and checked once every 1-4 weeks to download data, refresh attractants, and to ensure 

cameras were working properly (Appendix C). 

Detections of lynx and competing carnivores were recorded and considered independent 

when detected >1 hr apart.  If >1 individual of the same species were present in the camera trap 

or if individual identity was recognizable we allowed for >1 detection/hr.  Total trap nights were 

recorded and the catch per unit effort (CPUE:  # of species/100 trap nights) was used as an index 

to evaluate performance.  Additionally, the mean latency to first detection (LTD) was calculated 

for each species at each camera trap and used as a general summary statistic to evaluate the 

length of time cameras would need to be deployed to detect each species. 
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To estimate detection probability and occupancy, covariates considered important for 

lynx and sympatric carnivores were recorded.  The visibility or exposure of the camera trap site 

was noted during camera trap setup using a visibility scale of high, medium, and low.  Snow 

depth was recorded at each camera trap station by reading the ruler on the attractant stake from 

pictures taken by the camera.  Camera detections of competing carnivores and prey abundance 

(snowshoe hare, red squirrel, and ruffed grouse) were tallied and divided by total trap nights, and 

standardized to detections/100 trap nights to provide a measure of CPUE.  Additionally, tracks of 

competing carnivores and prey in the camera trap vicinity (~20 m radius) were noted during each 

visit to provide a broader assessment of prey abundance, presence of predators, and to evaluate 

camera performance (Appendix C).  We also recorded the temperature, time, and date of each 

camera detection to use as model covariates for estimating detection probability and occupancy; 

date and time data were available for all cameras, whereas temperature data were only available 

for 59% (37 of 63) cameras.  

Method Comparison 

 Snow track and camera surveys provide inherently different measures which can make 

direct comparison challenging (Kendall and White 2009).  In attempt to test for differences in 

detection events between methods, we used standardized track counts (detections/km) and 

camera captures (captures/100 TN) and compared ratios using a Wilcoxon two-sample ranked 

test.  Further, we assumed that there would be similar detection trends between methods because 

camera traps were spaced along snow track survey routes within each landscape.  To test this 

assumption we compared species presence/absence for each method at each landscape using 

Kendall’s rank correlation.  Landscapes (n = 11) were considered the sampling unit for detection 

and correlation analyses.  We used the “coin” (Torsten et al. 2006) and “Kendall” (McLeod 
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2011) packages in R to calculate Wilcoxon and Kendall rank tests, respectively, and evaluated 

significance based on the 95% confidence level.   

 We compared the effort (i.e., personnel hours) and cost (i.e., labor expense, equipment, 

and training) with the total number of lynx detections to provide an index of efficiency 

(hours/lynx detection; Crowley et al. 2005) and cost (cost/species detection; Clare 2013).  

Because multiple agencies were involved we estimated effort simply by calculating personnel 

hours for each agency in addition to training hours; only field hours were included.  Cost for 

each survey method was calculated based on operational expenses (e.g., cameras, trapping gear, 

fuel, and training materials) and the allotted budget used for agency personnel.  For privacy 

reasons, hourly wages for each agency were not provided.  Rather only the total cost of field 

work (hours*hourly wage for each agency) is reported.  The cost/gallon of gas was calculated 

using the regional average ($3.59 for regular unleaded) for 1 January-31 April 2014 and the 

average snowmobile gas mileage (10 m.p.g.) and truck mileage (17 m.p.g.) were used to 

determine the overall cost of fuel for snow track and camera surveys.    

Occupancy Modeling       

Camera trap data was organized into daily occasions and for each occasion we tallied 

presence/absence and included this data into an occupancy modeling framework (MacKenzie et 

al. 2002) to estimate daily detection probability (p) and site occupancy (ψ) using the unmarked 

package (Fiske and Chandler 2011) in R (R Core Team 2014).  We compared naïve estimates of 

p (i.e., the null model without covariates) among species and also calculated the cumulative 

detection probability (i.e., p* = 1 – (1-p)k), where p* = probability level and k = number of 

occasions, to determine the effort required to estimate presence/absence at the 90% confidence 

level for each species.  We then compared this threshold of cumulative detection probability with 
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the LTD to determine the utility of the latter measurement.  Occupancy was modeled for each 

species using a suite of abiotic and biotic covariates that we considered predictive of occurrence 

for each.  Specifically, we evaluated site covariate data that was either extracted using GIS (e.g., 

elevation, forest type, stand and landscape seral stage) or collected at the site (temperature, snow 

depth, and predator and prey CPUE) and observation covariate data that we felt influenced 

detection probability (e.g., camera make and model, site tending and lure application, site 

visibility).  All models were evaluated using Akaike Information Criterion scores and competing 

models (i.e., AIC <8) were chosen and parameter estimates extracted to evaluate the covariates 

that influenced occupancy; if the null model was a competing model we only chose models 

which ranked higher.  The significance (P <0.05) of the parameter estimates for the best fitting 

models were evaluated using Wald z-tests.  We chose a liberal cutoff for AIC model selection as 

this was a preliminary investigation to shape future study design.  Based on previous research we 

hypothesized that lynx and martens would occupy forests with a deep snowpack and that the 

reverse trend would occur for competing carnivores (Murray and Boutin 1991, Krohn et al. 

2004).  We also hypothesized that marten ψ would be positively correlated with elevation and 

mature forest types.   

Results 

There were 21 high elevation and 41 low elevation snow track surveys conducted in 

winter 2014.  Total distance surveyed was 1,473 km (High = 306 km, Low = 1,167 km).  

Overall, the number of lynx detections was low (n = 8) and confined to surveys in northern New 

Hampshire (Fig. 3).  Coyotes were detected most often (n = 449), followed by marten (n = 359), 

red fox (n = 124), fisher (n = 118), and bobcat (n = 102); except for lynx these species were 

detected along high and low elevation routes (Table 1).  The reported counts for coyotes and red 
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fox were low as these species weren’t recorded on several surveys.  Further, coyotes were often 

too numerous to count and often travelled along the survey routes >100 m, thereby increasing 

counts considerably.  Comparing species detections between route types using adjusted counts 

(detections/km) revealed that coyotes (high elevation = 0.16 detections/km; low elevation = 0.34 

detections/km) and bobcats (high elevation = 0.02 detections/km; low elevation = 0.08 

detections/km) were more common along low elevation routes, red fox (high elevation = 0.11 

detections/km; low elevation = 0.08 detections/km) were as likely to be detected along either 

route type, and martens (high elevation = 0.85 detections/km; low elevation = 0.08 

detections/km) and fishers (high elevation = 0.18 detections/km; low elevation = 0.05 

detections/km) were more common along the WMNF high elevation routes (Fig. 3).   

 Sixty-three camera traps were set for an average of 97 (15-187) days for a total of 6,221 

trap nights; camera failure occurred on 2 cameras and these were excluded from analyses.  

Additionally, U.S. Customs and Border Protection shared picture data from 2 cameras increasing 

the total to 65 cameras; however, this data did not include attractants and or snow depth and only 

lynx detections were utilized.  We recorded 4 lynx detections at 2 camera stations in northern 

New Hampshire and 1 lynx at a camera trapsite in NBD, Vermont.  Overall, CPUE for lynx was 

low (0.1 lynx/100 trap nights (TN)) and no lynx were detected in high elevation landscapes 

(Table 2).  Martens were detected most often (n = 97), followed by coyotes (n = 41), fisher (n = 

19), bobcats (n = 19) and red fox (n = 5) (Table 2).  Comparing species detections between 

landscape types revealed that martens (2.7 martens/100 TN) were more common at high 

elevation landscapes, whereas coyotes (0.9 coyotes/100 TN), bobcats (0.6 bobcats/100 TN), and 

fishers (0.4 fishers/100 TN) were more common at low elevation ones (Fig. 4).  Conversely, red 

fox were only detected by cameras in high elevation landscapes with a low detection rate (high 
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elevation = 0.2 fox/100 TN; Table 2, Fig. 5).  Similarly, the mean (± SE) latency to first 

detection (LTD) indicated that marten were detected sooner at sites in high elevation landscapes 

(22 ± 4 days), whereas, coyotes (21 ± 6 days) and bobcats (59 ± 19 days) were detected sooner at 

sites in low elevation landscapes.  However, LTD for fisher was approximately even (low 

elevation = 42 ± 10 days; high elevation = 41 ± 17 days).  LTD for lynx was relatively short (15 

± 4 days) and long for fox (53 ± 12 days); however, sample size was relatively small for both 

species.   

 Although camera trap indices (detections/100 TN) were higher these differences were 

only marginally significant for mustelids (fisher [Z1.75, P = 0.08]; marten, [Z1.52, P = 0.14]), and 

similar to track indices (detections/km) for felids (bobcat [Z0.68, P = 0.52]; lynx, [Z0.04, P = 1]), 

and coyotes (Z0.23, P = 0.83).  Red fox were the only species to have lower camera detection 

indices (Z-1.23, P = 0.23), yet these statistically similar to track indices.  However, the detection 

trends for both methods were similar, indicating the reliability of either method to provide 

presence/absence data for species at survey sites.  Specifically, detection trends for marten were 

perfectly correlated (r = 1.0, P = 0.005), strongly correlated for felids (lynx [r = 0.671, P = 0.06]; 

bobcat, [r = 0.583, P = 0.10]), and moderately correlated for red fox (r = 0.327, P = 0.41).  

However, there was a weak negative correlation for fisher detections (r = -0.250, P = 0.57) and 

no correlation was detected between camera and snow track data for coyotes.   

 Overall, camera surveys required greater field effort (camera surveys = 810 hours, snow 

track surveys = 662 hours; Table 3) and resulted in 1 lynx detection/162 hours of camera trap 

effort compared to 1 lynx detection/83 hours of snow track survey effort; totals include 

assistance from citizen science volunteers and U.S. Customs and Border Protection personnel.  

The cost of fuel and labor was slightly higher for snow track surveys ($11,645.73) compared to 
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$10,582.57 for camera surveys (Table 3).  However, if the initial cost of camera equipment (e.g., 

cameras, batteries, SD cards) is included ($9,969.60), camera surveys were nearly twice as 

expensive ($21,460.18) as snow track surveys (Table 3).  The cost per lynx detection was less 

expensive for snow track surveys (1 lynx/$1,629.64) compared to camera trapping (1 

lynx/$2,298.12, or 1 lynx/$4,292.04 if the cost of camera equipment is included).  In New 

Hampshire, the only camera trap detections of lynx were provided retroactively by the U.S. 

Customs and Border Protection.  It’s reasonable to assume that we would’ve detected lynx if we 

had cameras in this survey grid, given that the U.S. Customs and Border Protection camera traps 

did not use attractants and we detected a lynx using the camera trap protocol at NBD in Vermont. 

We evaluated a suite of detection probability (p) and occupancy (ψ) models for bobcats, 

coyotes, fishers, and martens using camera trap data; sample sizes were too low for lynx and red 

fox.  Further, we only evaluated univariate models for these species as certain variables were 

correlated (e.g., snow depth, forest type, and elevation) and limited sample size lowered 

statistical power and therefore model selection.  Overall, the naïve estimate of p (i.e., the null 

model) was low to moderate for most species (fisher p = 0.01 [95% C. I. 0.001-0.014], bobcat p 

= 0.02 [95% C. I. 0.01-0.04], coyote p = 0.03 [95% C. I. 0.016-0.039], and marten p = 0.04 [95% 

C. I. 0.026-0.046]; logit values in Table 5).  Further, the cumulative detection probability 

indicated that a camera trapsite would need to be operating a minimum of 67 days to detect a 

marten, 95 days to detect a coyote, 108 days to detect a bobcat, and 383 days to detect a fisher at 

the 90% confidence level (Fig. 5).  For 3 of 4 species the null p model ranked highest, yet the top 

p model for coyotes was clearly “Julian day” (Table 4) and the parameter estimates of this model 

indicated that p increased as Julian days increased (Table 5).  Although, “Julian day” was not the 

top model for the other species, it consistently outperformed other models and was comparable 
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to the null model (∆AICc scores <8) (Table 4).  Similarly, the “Julian day” model for these 

species indicated that p was directly proportional to an increase in Julian days (Table 5).   

The top occupancy (ψ) model for most species was “elevation” and/or models that were 

correlated with elevation (i.e., “seral stage (landscape)”, “seral stage (site)”, and “maximum 

snow depth (site)”; Table 4).  Overall, ψ increased for bobcats at lower elevation sites, and those 

with shallow snow depths, and in landscapes that contained mixed mature and early regenerating 

forest, yet none of these relationships were considered significant (Table 5, Fig. 6).  However, 

“hare CPUE (landscape)” was a top competing model and was a positive and significant (P = 

0.013) predictor of ψ, indicating that bobcats occupied sites within landscapes that had overall 

higher hare CPUE (detections/100 trap nights; Tables 4-5, Fig. 6).  Site occupancy was 

significantly higher for coyotes at lower elevation sites (P = 0.007), in regenerating stands (P = 

0.016), and in mixed seral stage landscapes (P = 0.05), and marginally higher at sites with 

deciduous cover (P = 0.06) and shallow snow depths (P = 0.06; Table 5, Fig. 7).  Similarly, these 

patterns persisted for fishers where ψ was higher at low elevation sites, in landscapes that 

contained a mosaic of regenerating and mature forest, and sites with deciduous cover and overall 

shallow snowpack; however, these were relatively weak relationships as the null ψ model ranked 

relatively high and these predictors were statistically insignificant (Tables 4-5, Fig. 8).  The top 

ψ model for marten was clearly “elevation”, with “seral stage (landscape)” a distant competitor; 

both models indicated that ψ increased significantly at high elevation (P <0.001) and in mature 

forest landscapes (P <0.001; Tables 4-5, Fig. 9).   
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Discussion 

 Snow track and camera surveys were effective for monitoring lynx and sympatric 

carnivores in the region.  We recorded 11 lynx detections (6 snow track intercepts, 5 camera 

detections) during winter 2014.  Although sample size is small, we detected lynx in the same grid 

in northern New Hampshire using both methods during formal surveys and lynx were detected in 

an adjacent grid during informal camera and snow track surveys in 2011 (unpublished data, 

NHFG).  However, a lynx was only detected by a camera during formal surveys in NBD, 

Vermont.  Overall, detection indices and trends between survey methods were similar, 

suggesting that both methods were reliable for monitoring the survey species.  Some of the 

variance and/or inconsistencies between the methods was likely due to small sample sizes, and 

potential shortcomings of the sampling scheme.  For example, red fox were rarely detected by 

cameras, yet they were more commonly encountered close to human development during snow 

track surveys where cameras were absent.   

Overall, snow track surveys required less effort and expense to detect lynx compared to 

camera surveys.  However, if the initial cost of camera equipment is considered, camera surveys 

become cost effective in following years, especially if the number of camera trapsites/landscape 

is reduced or if tending is reduced.  Because winter 2014 was in part a pilot study to evaluate the 

effectiveness of camera surveys for multiple northern forest carnivores, we often saturated 

landscapes with camera traps to determine the appropriate sampling strategy required for 

detecting each species.  It is reasonable to assume that fewer cameras are required per landscape 

for lynx and competing carnivores (i.e., bobcat, coyote, and red fox), which would allow for 

greater coverage.  However, if the goal is to also include fishers and martens the camera trap 

spacing/density should meet or eclipse what was used in this study.  One suggestion is to use a 
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nested grid system.  For example, to meet the occupancy sampling requirements for martens – 

the species with the smallest area requirements – the 8 x 8 grid could be subdivided into 2 x 2 km 

grids to estimate occupancy for multiple species (Shannon et al. 2014).  Further, camera trap 

checks were conducted frequently during the first part of the survey period to ensure that 

cameras and attractants were working properly.  Because camera failure was rare (3%; 2 of 63 

cameras) and the smell of skunk lure was evident during camera checks, camera checks can 

occur less frequently and thereby reduce the effort and associated costs considerably. 

For most species, there was scant evidence of factors that influenced detection 

probability.  However, “Julian day” ranked high for all species and was the best model for 

coyotes.  We decided a priori to include Julian day as a model covariate as we felt it best 

captured several factors that influenced p.  First, we assumed that it may take a certain period of 

time for each species to be lured into a camera trapsite.  Second, the species we surveyed 

generally become more active and mobile during late winter as the snowpack becomes more 

supportive and they increase travel for breeding opportunities.  The “Julian day” models were 

well supported for all species and confirmed that detectability increased as days elapsed.  

However, we thought that the camera brand/model may have influenced detectability as 

brands/models have different sensitivity levels (Wellington et al. 2014) and some were equipped 

with incandescent flashes which may cause trap shyness (e.g., coyotes; Sequin et al. 2003), but 

there was no support for this model for any species.  We also considered the exposure of the site 

(i.e., how visible it was) as a factor, but there was also no evidence for these models as well.  It’s 

possible that the camera trap method was relatively unbiased.  However, there are likely other 

factors that we didn’t consider or have enough data to test.  For example, we only had 

temperature and barometric pressure data for 37 of the 63 cameras and could not effectively test 
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the influence of this covariate on detectability due to excessive missing data.  If resources are 

limited it would be wise to ensure that adjacent trapsites have at least one camera capable of 

recording daily climate data.  Also, future efforts should quantify the number of days elapsed 

since a site was tended to determine if this factor influences detection probability.  Overall, 

though, naïve estimates of p were relatively low to intermediate (0.01-0.03) which is typical for 

camera trap studies (Shannon et al. 2014).  Further, the cumulative detection probability revealed 

that cameras need to be operating for over a year (67-384 days) to estimate presence/absence at a 

site for all species at the 90% confidence level.  These estimates were much higher than LTD, 

yet reveal the overall probability of detecting a species during the survey at all sites.  LTD only 

incorporates data from sites where species were detected and indicates the mean (± SE) number 

of days that elapse before the species is detected at a site.  Because occupancy modeling 

specifically incorporates detection probability and can be used to evaluate the influence of 

specific factors (e.g., probability of detecting species at a site with or without attractants) on p, it 

a more robust approach for determining the effort required to confidently detect a survey species 

at a specific threshold.  However, there may be too few detections to accurately estimate p, and 

in these cases LTD should provide a rough estimate of effort and may help identify site 

conditions which are associated with occupancy (e.g., habitat, snow depth, etc.).   

The species specific site occupancy models (ψ) provided inference into factors that 

influenced distribution of mesocarnivores in the survey area and was consistent with predictions 

regarding morphology and adaptability to snow (Krohn et al. 2004).  First, and foremost, 

elevation was the most powerful predictor of species occurrence.  In north-central New England, 

elevation is a reliable surrogate for snow depth, seral condition, and forest type (unpublished 

data, NHFG).  Generally, snow depth is shallow at low elevation except in northern New 
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Hampshire where it was comparable to high elevation sites.  Further, most forest management 

occurs below 823 m which is the cutoff for high elevation spruce-fir forest and there were clear 

habitat associations with species occurrence in this study.  Lastly, although some landscapes 

have considerable low elevation spruce-fir forest (e.g., NBD, VB, and CLNA), forest cover type 

is typically associated with elevation gradients with high elevation forest containing softwood, 

mid-elevation mixedwood, whereas lower elevation stands are primarily hardwood.  Occupancy 

models for each species showed that bobcats, coyotes, and fishers were positively associated 

with lower elevation sites that contained shallow snow depths and a higher proportion of 

regenerating forest.  Importantly, we documented marten ψ to be positively associated with 

higher elevation and mature forest conditions.  These findings confer with past research in the 

region (Kelly 2005, Jensen 2012), and provide evidence that mountainous habitat is relatively 

inaccessible to competing carnivores in the winter likely due to deep and unsupportive snow 

conditions.   

Interestingly, we found evidence that occupancy may shift for species during snow free 

months.  Although we only evaluated occupancy in both states for a single season, camera trap 

data from camera trapsites that remained operational in New Hampshire indicated that coyotes, 

bobcats, and fishers accessed high elevation sites in late winter and after the snowpack melted.  

Further, when they were detected at high elevation sites during late winter/early spring, they 

were not sinking into the snowpack.  To our knowledge, this is the first study to document these 

temporal use patterns for a community of carnivores in the northeastern United States.  These 

seasonal detection trends highlight the utility of using camera traps to survey for northern forest 

carnivores and warrant further investigation to determine if they occur on an annual basis.  

Further, it will be important to increase sites in the northern part of the study area, as this region 
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was underrepresented, yet contains the bulk of majority of lynx detections in New Hampshire.  It 

is likely that latitude is a strong determinant of occupancy for these species.  However, there 

were only 4 sites in the CLNA landscape and 1 camera failed during the survey period, yet these 

sites had the deepest snowpack (126 ± 12 cm) that remained until late spring.  Further, the 

northernmost sites that were set by U.S. Customs and Border Patrol did not include snow data or 

pictures of species besides lynx.  It would be prudent to establish cameras in these grids and 

those adjacent using the camera trap protocol described in this study to increase coverage and 

determine the influence of latitude on occupancy.  We detected martens at low elevation 

consistently at sites in the CLNA landscape, yet no bobcats and coyotes were detected.  This 

detection pattern was consistent with snow track surveys in this grid and in surrounding ones, 

indicating that latitude gradients within the study area influence likely influence occupancy.     

Overall, snow track surveys were relatively inexpensive, allowed for broad sampling, and 

were relatively unbiased.  However, they are restricted to winter months, can be labor intensive, 

require training, and if snow conditions are unreliable it can be difficult to meet the survey 

protocol.  These factors are especially relevant if the goal is to estimate occupancy for species in 

large landscapes, which requires multiple sampling occasions/grid (Mackenzie et al. 2002).  

Although we were able to sample most high and medium priority grids this past winter, it was 

difficult to survey some of the high elevation, high priority ones twice, and several low elevation, 

medium priority grids were skipped in the northern part of the state.  Snow track surveys require 

considerable training to ensure that field observers are proficient at identifying wildlife tracks, as 

misidentification can lead to erroneous results and hamper management and/or conservation 

initiatives (e.g., Evans et al. 2009).  Ideally, all observers should be evaluated, trained, or 

certified to minimize observer variability (Evans et al. 2009).  We were fortunate to have a small 
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group of well-trained biologists and citizen science trackers, but would have benefited greatly 

from more trained field observers. 

Conversely, camera surveys provide yearlong monitoring, the exact date and time of a 

species detection, relatively unambiguous identification, and inclusion of climate data (snow 

depth and accumulation, temperature, and barometric pressure).  The cameras we used allowed 

multiple frames/minute and most images were good quality (i.e., 8-10 megapixel) which allowed 

for positive identification in most instances (88%; 185 of 210 detections).  Also, cameras often 

captured prey species important for lynx and other northern forest carnivores (e.g., snowshoe 

hare, red squirrel, and grouse).  However, it’s unknown if the scale at which cameras detect these 

species accurately reflects their relative abundance.  Compared to snow track surveys, detection 

only occurs at the camera trap site which may introduce bias, especially when attractants are 

used.  Further, some species may illicit a negative behavioral response (i.e., trap shyness) due to 

the presence of a foreign object and/or human scent, and introduce bias that may underestimate 

occupancy for some species.  For example, coyotes are known to be camera shy especially for 

those that utilize incandescent flashes (Séquin et al. 2003).  However, this trend was not 

observed at our camera trap sites in New Hampshire where there were a high number of 

detections of coyote and ~1/3 of our cameras had incandescent flashes.  However, at the 

Vermont study sites, coyotes were rarely detected on cameras.  It is unknown if this is reflective 

of local coyote densities or if tending camera traps often results in increased wariness by canids 

due to the presence of human scent.  New Hampshire camera trap sites were checked less 

frequently than those in Vermont, potentially resulting in reduced human scent and increased 

security.  A similar theory is that the Vermont sites had increased public access compared to the 

New Hampshire study sites, resulting in behavioral avoidance and the observed low camera 
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detection rates of canids at these sites.  Interestingly, red fox were rarely detected by cameras (n 

= 5 detections) and only at high elevation sites in the WMNF.  However, red fox were detected 

during snow track surveys at low elevation but were often associated with human development.  

It is likely that this is an artifact of our sampling design as sample size of camera trap grids was 

relatively low and biased against human development.  It is important to note that the same trend 

occurred in the 2 Vermont study sites where camera trap density was high and there were no red 

fox detections.  Lastly, managing and analyzing camera trap data is a significant task that can 

sometimes take personnel weeks to complete.   

Recommendations 

 Snow track surveys are an excellent method to detect lynx and other northern forest 

carnivores, especially if the conditions and accessibility are good (Crowley et al. 2005, Squires et 

al. 2012).  Efforts should focus on grids with high quality lynx habitat and surveys should be 

conducted at least 2 times per winter to determine if lynx are present (Squires et al. 2012) and ≥3 

times to estimate occupancy (Mackenzie et al. 2002).  Also, the minimal survey length can be 

shorter (≥7 km) provided that it covers suitable lynx habitat within a grid (Squires et al. 2012).  

However, as this method has not been tested against telemetered lynx in the northeastern United 

States, its unknown if this sampling distance is appropriate.  Although, we were often well below 

the survey effort required by the MDIFW protocol in all towns/grids where lynx were detected 

(Webb 2012, Sirén 2014).  Until these relationships are tested, we suggest maintaining a balance 

between the SEL and MDIFW protocols and survey at least 15 km roads/trails per 8 x 8 km, high 

priority grid.  However, is accessibility is poor then 10 km is likely sufficient, especially if 

multiple surveys are conducted (Squires et al. 2012).  Future efforts should document the 

distance (km) from each lynx detection to the starting point of the survey to determine the 
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minimal distance required to survey lynx per grid, as this metric may be useful in the absence of 

radio-collared individuals.  Also, because lynx are sparsely distributed in the state it may be 

useful to adopt cluster sampling methods (Thompson 1992) that allow for adaptive sampling in 

grids that are adjacent to lynx detections (J. Squires, pers. commun., United States Department of 

Agriculture, Forest Service). 

The camera trap method provides annual monitoring, and can be cost-efficient for 

detecting lynx and other northern carnivores if used long-term.  Training and site setup is 

relatively straightforward and species identification is less ambiguous compared to snow 

tracking.  Further, the inclusion of snow accumulation and depth from the attractant stake 

provides important data to predict the distribution of lynx and other northern forest carnivores.  

We recommend 6-8 visits per year as this seems like a good balance for natural resource 

agencies and volunteers.  If necessary, the number of visits could be cut back to 5 visits with 

preferably more visits during winter as this is the best time to detect survey carnivores.  Camera 

traps should be installed during the snow free months when the frost is absent to ensure that the 

attractant/snow depth stakes can be installed to the 0 cm mark (i.e., ground level).  We 

recommend using skunk essence lure as it’s used on number of carnivore studies in New 

England, and remains potent in a variety of weather conditions.  Additionally, solar activated 

scent dispersers (e.g., black HME Seal-Tite Drop Wicks http://www.amazon.com/Hme-

Products-Seal-Tite-Drop-Olive/dp/B005L9VY5A) are relatively inexpensive and may prolong 

the potency of the skunk essence, and SD cards with high memory capacity (preferably ≥8 GB) 

will reduce the tending frequency.  Also, visual lures (i.e., feathers and cd’s) should have strong 

monofilament (≥20 lb. test) and be attached by barrel swivels to avoid breakage.  Because the 

PIR sensitivity changes between seasons we suggest setting cameras for normal or automatic 

http://www.amazon.com/Hme-Products-Seal-Tite-Drop-Olive/dp/B005L9VY5A
http://www.amazon.com/Hme-Products-Seal-Tite-Drop-Olive/dp/B005L9VY5A
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sensitivity during winter and low sensitivity during summer months.  A final recommendation 

for camera settings, is to set cameras to take pictures twice a day to record minimum and 

maximum temperatures (e.g., 04:00 and 14:00) and to ensure that snow depth is tallied daily; 

these data are important for occupancy modeling.  Either the newer (i.e., 2013) Bushnell Trophy 

Cam or Moultrie i990 camera models provide this option; we recommend both these brands as 

they performed well and were relatively inexpensive.  Also, database management tools such as 

the ASAP add-in from MS Excel can be used to efficiently manage and analyze camera trap 

data.  These add-ins save significant time which will in return lower the cost of the office time 

required for managing large picture databases.  Lastly, if cameras are checked by staff and/or 

volunteers, it’s crucial that the camera data on SD cards is not modified.  Rather, cards need to 

be sent directly to the person responsible for managing the camera database, as valuable 

metadata gets lost sending files through FTP sites and results in considerable time loss and 

potential errors.   

Ideally, monitoring should continue for at least 2 more years to better understand the 

factors that influence lynx distribution and because optimal habitat in the WMNF was 

underrepresented in the first couple years.  Efforts should focus on high priority grids in northern 

New Hampshire and the WMNF, as lynx detections from 2006-2014 were highly correlated with 

the GIS habitat model (Appendix A).  Both sampling strategies are effective for monitoring lynx 

and should follow the recommendations suggested herein.  If testing between survey methods 

continues, we highly recommend only comparing detection between grids as this standardizes 

effort and is customary for occupancy modeling.  Further, because citizen science volunteers 

played a crucial role in sampling this winter (20% of total hours [289 of 1,472 hours]), and are 



25 

 

continuing to monitor camera trap lines in the WMNF, it is advisable to include these 

individuals/organizations in future efforts. 
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Table 1.  Survey distance and species detections (species detections/km) for high and low elevation snow track 

surveys and total distance surveyed and total species detections (bold) for all snow track surveys in New Hampshire 

and Vermont from 4 January-11 April 2014. 

Landscape type distance (km) lynx bobcat coyote* red fox* fisher marten 

High elevation 306 0 5 (0.02) 50 (0.16) 34 (0.11) 54 (0.18) 261 (0.85) 

Low elevation 1,167 8 (0.01) 97 (0.08) 399 (0.34) 90 (0.08) 64 (0.05) 98 (0.08) 

 
1,473 8 102 449 124 118 359 

 

* Species detections for coyote and fox are underestimated as these species weren’t tallied on 6 surveys. 
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Table 2.  Summary of species detections (# of camera trapsites that detected each species, and mean (± days) LTD), 

and species detections/100 TN (bold) for high and low elevation camera trap sites (total trap nights) in New 

Hampshire and Vermont from 9 January-27 June 2014. 

type lynx bobcat coyote red fox fisher marten 

Low 

elevation 

(2,900) 

5 (3, 15) 17 (8, 59 ± 19) 26 (10, 21 ± 6) 0 13 (11, 42 ± 10) 8 (4, 30 ± 9) 

0.2 0.6 0.9 - 0.4 0.3 

High 

elevation 

(3,321) 

0 2 (1, 100) 15 (7, 76 ± 18) 5 (5, 53 ± 12) 6 (5, 41 ± 17) 89 (25, 22 ± 4) 

- 0.1 0.5 0.2 0.2 2.7 

Total 

(6,221) 

5 (3, 15 ± 4) 19 (9, 63 ± 17) 41 (17, 44 ± 10) 5 (5, 53 ± 12) 19 (16, 41 ± 8) 97 (29, 23 ± 3) 

0.8 0.3 0.7 0.1 0.3 1.6 
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Table 3.  Fuel (snowmobile and truck), labor, and total costs for each survey methods to detect lynx and other survey 

carnivores in New Hampshire and Vermont from 4 January-15 July 2014. 

Method 
snow 

(miles) 

snow 

(cost)a 

truck 

(miles) 

truck 

(cost)b 
fuel cost hoursc cost (labor) cost (total)d 

Camera 918 $329.39 2,740 $578.62 $908.01 622 $10,582.57 $11,490.58 

Snow 1,832 $657.86 3,474 $733.52 $1,391.38 545 $11,645.73 $13,037.11 

 

a Snowmobile fuel cost was calculated by dividing the average gas mileage of snowmobiles (10 m.p.g.) by the 

snowmobile mileage and then multiplying the fuel efficiency by the average price/gallon for regular unleaded fuel 

for New England during 1 Jan-31 April 2014 ($3.59).   

b Truck fuel cost was calculated by dividing the average gas mileage of trucks (17 m.p.g.) by the truck mileage and 

then multiplying the fuel efficiency by the average price/gallon for regular unleaded fuel for New England during 1 

Jan-31 April 2014 ($3.59). 

c Hours were calculated differently depending on agency and agency position and do not include the citizen science 

volunteer hours (289) or U.S. Customs and Border Patrol hours (16).  Including these hours increases totals to: 

camera surveys = 810 hours, snow track surveys = 662 hours.  

d Cost does not include equipment expense.  If camera equipment is included ($9,969.60 for agencies in both 

states:  14 Bushnell cameras @ $200/piece; 18 ScoutGuard cameras @$160/piece; 15 Moultrie i990 cameras @ 

$145.17/piece; 32 packs [8 count] of Ultimate Lithium Energizer batteries @ $13.13/pack; 15 packs [8 count] of 

Ultimate Lithium Energizer batteries @ $13.23/pack; 30 – 4 gb SD cards @ $5.95/piece; 40 – 8 gb SD cards @ 

$7.99/piece; and 30 – 32 gb SD cards @ $26.56/piece) then the price of camera trapping increases to $21,460.18 

during the first year.   
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Table 4.  The number of parameters (K), adjusted Akaike Information Criterion Score for small sample size (AICc ), 

delta AIC (∆AICc ), and model weight (wi ) for top competing bobcat, coyote, marten, and fisher detection (p) and 

occupancy (ψ) models from camera trap data collected from 9 January 2014-15 April 2014 in northern New 

Hampshire and Vermont, USA.  Top models were those with ∆AICc scores <8.   

Species Model K AICc ∆AICc wi 

bobcat 

p null 2 151.49 0.00 0.46 

p Julian day 3 151.60 0.11 0.43 

     

ψ elevation 3 142.98 0.00 0.56 

ψ seral stage (landscape) 3 145.09 2.11 0.19 

ψ hare CPUE (landscape) 3 145.60 2.62 0.15 

ψ maximum snow depth (site) 3 146.90 3.92 0.08 

coyote 

p Julian day 3 316.04 0.00 0.96 

p null 2 323.78 7.74 0.02 

     

ψ elevation 3 318.44 0.00 0.40 

ψ seral stage (site) 3 319.33 0.89 0.26 

ψ stand type 4 321.28 2.84 0.10 

ψ seral stage (landscape) 3 321.53 3.09 0.09 

ψ maximum snow depth (site) 3 321.60 3.16 0.08 

fisher 

p null 2 237.49 0.00 0.64 

p Julian day 3 239.43 1.95 0.24 

     

ψ seral stage (landscape) 3 235.69 0.00 0.25 

ψ elevation 3 235.72 0.04 0.25 

ψ stand type 4 237.11 1.43 0.12 

ψ null 2 237.49 1.80 0.10 

ψ maximum snow depth (site) 3 237.62 1.93 0.10 

marten 

p null 2 733.64 0.00 0.60 

p Julian day 3 735.09 1.45 0.29 

     

ψ elevation 3 693.08 0.00 0.97 

ψ seral stage (landscape) 3 700.15 7.06 0.03 
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Table 5. Parameter estimates (Est), standard errors (SE), and probability statistics (P(>|z|)) for the top detection 

probability (p) and occupancy (ψ) models (i.e., those with ∆AICc <8) for bobcat, coyote, marten, and fisher from 

camera trap data collected from 9 January 2014-15 April 2014 in northern New Hampshire and Vermont, USA.   

Species Model Parameter Est SE P(>|z|) Logita 

bobcat 

p null null -3.840 0.379 0.000 0.02 

p Julian day Julian day 0.019 0.014 0.179 0.50 

ψ elevation elevation -0.013 0.008 0.133 0.50 

ψ seral stage (landscape) mixed seral stage 8.370 24.400 0.732 1.00 

 mature seral stage -9.500 24.400 0.698 0.00 

ψ hare CPUE (landscape) hare CPUE 0.196 0.079 0.013 0.55 

ψ maximum snow depth (site) maximum snow depth -0.050 0.030 0.080 0.49 

coyote 

p Julian day Julian day -0.028 0.009 0.003 0.49 

p null null -3.650 0.231 0.000 0.03 

ψ elevation elevation -0.004 0.001 0.007 0.50 

ψ seral stage (site) regenerating stand 1.760 0.735 0.016 0.85 

 mature stand -1.910 0.550 0.001 0.13 

ψ stand type deciduous  2.803 1.503 0.062 0.94 

 mixedwood 0.152 0.811 0.851 0.54 

 softwood -1.451 0.473 0.002 0.19 

ψ seral stage (landscape) mixed seral stage 1.460 0.754 0.050 0.81 

 mature seral stage -1.950 0.631 0.002 0.12 

ψ maximum snow depth (site) maximum snow depth -0.024 0.013 0.064 0.49 

fisher 

p null null -5.290 0.562 0.000 0.01 

p Julian day Julian day -0.003 0.011 0.813 0.50 

ψ seral stage (landscape) mixed seral stage 7.798 50.180 0.877 1.00 

 mature seral stage -0.386 0.858 0.653 0.40 

ψ elevation elevation -0.004 0.004 0.273 0.50 

ψ stand type deciduous  8.313 32.515 0.798 1.00 

 mixedwood 1.405 1.523 0.356 0.80 

 softwood -0.499 0.746 0.504 0.38 

ψ null null 1.540 2.900 0.597 0.82 

ψ maximum snow depth (site) maximum snow depth -0.038 0.034 0.264 0.49 

marten 

p null null -3.350 0.133 0.000 0.03 

p Julian day Julian day -0.004 0.005 0.449 0.50 

ψ elevation elevation 0.009 0.002 0.000 0.50 

ψ seral stage (landscape) mixed seral stage -4.200 1.046 0.000 0.01 

  mature seral stage 2.370 0.903 0.009 0.91 

 

a The logit of the parameter estimate was calculated to report the probability of detecting a species at a site during an 

occasion (i.e., a day) and a species occupy a site during the survey period.  Detection probability was compared 

between species using the null model (i.e., the naïve model without covariates).   
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Fig. 1. Study area site in New Hampshire and Vermont for lynx snow track and camera surveys in winter 2014.  

Survey routes are based on existing routes in northern New Hampshire and Vermont and high elevation routes are 

along hiking trails in the WMNF.  Priority ranking system was only used for northern New Hampshire (see 

Appendix A). 
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Fig. 2.  Camera trap design included attractant stake, feather, cd (top picture), and camera placed ~3-5 m away 

(bottom picture; red circle) and pointed down at attractant stake (bottom picture; red oval). 
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Fig. 3.  Species detections (tracks >100m apart/km) per unit effort (detections/km) during snow track surveys from 4 

January-11 April 2014 in high and low elevation landscapes in the WMNF and northern New Hampshire.  

Competing carnivore detections – especially coyote and red fox – are underestimated as they were not recorded on 6 

of the 62 surveys. 
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Fig. 4.  Species detections (camera captures ≥1 hr apart) per unit effort (detections/100 trap nights (TN)) for camera 

surveys in New Hampshire and Vermont from 9 January-27 June 2014. 
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Fig. 5.  The number of sampling days (dotted vertical line) required to achieve a 90% detection probability (red 

dashed line) for each species as indicated by cumulative detection probability curves.    
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Fig. 6. Top bobcat probability of occurrence models (order indicates ranking):  Bobcats were more likely to occur at 

lower elevation sites (1), in landscapes with regenerating and mature forest (2) and sites with higher snowshoe hare 

CPUE (3), and at sites with shallow snow depths (4).  Probability of occurrence plots contain upper and lower 95% 

confidence intervals (curves) or standard error bars (dot plots). 
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Fig. 7.  Top coyote probability of occurrence models (order indicates ranking):  Coyotes were more likely to occur at 

lower elevation sites (1), in sites that had regenerating stands (2) that were deciduous (3) with shallow snow depths 

(5), and in landscapes with regenerating and mature forest (4).  Probability of occurrence plots contain upper and 

lower 95% confidence intervals (curves) or standard error bars (dot plots).   
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Fig. 8.  Top fisher probability of occurrence models (order indicates ranking):  Fishers were more likely to occur in 

landscapes with regenerating and mature forest (1) that contained sites with higher snowshoe hare CPUE (5), and at 

lower elevation sites (2), deciduous (3) and regenerating stands (6), and at sites with shallow snow (4).  Probability 

of occurrence plots contain upper and lower 95% confidence intervals (curves) or standard error bars (dot plots).   
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Fig. 9.  Top marten probability of occurrence models (order indicates ranking):  Martens were more likely to occur 

at higher elevation sites (1) and in landscapes that were primarily comprised of mature forest.  Probability of 

occurrence plots contain upper and lower 95% confidence intervals (curves) or standard error bars (dot plots). 
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APPENDIX A. 

 

A GIS habitat model to detect lynx in northern New Hampshire 

New Hampshire Fish and Game Department:  Prepared by Alexej Sirén 

Introduction 

New Hampshire Fish and Game Department has been monitoring Canada lynx (Lynx 

canadensis) since 2011 to aid in USFWS federal recovery efforts (Webb 2012, Holman 2013).  

However, past efforts have indicated that searcher efficiency is compromised by the current 

amount of suboptimal lynx habitat (Holman 2013).  To identify areas to search for lynx during 

winter 2014, we created a GIS model to predict the current distribution of high quality snowshoe 

hare habitat in northern New Hampshire, as abundant hare populations are generally associated 

with lynx occurrence (>0.5 hares/ha; Ruggerio et al. 2000, Moen et al. 2012, Simons-Legaard et 

al. 2013).  We calculated the proportion of current high value snowshoe hare habitat within 8 x 8 

km grids (average size of female lynx home range; Squires et al. 2004) to identify priority areas.  

The grid assignments were delineated as high priority (≥27% high quality snowshoe hare habitat; 

Simons-Legaard et al. 2013), medium priority (15-26%), and low priority (0-16%).  We then 

established snow track survey routes and camera traps within the high and medium priority grids 

and searched these following protocols developed in Maine (Crowley et al. 2005) and Montana 

(Squires et al. 2012); low priority grids were searched opportunistically.  We then compared lynx 

detections from 2014 and those from recent years (2006-2013) with the habitat model to 

determine its predictive value and the effectiveness of the priority ranking method. 
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We were specifically interested in understanding how well the GIS habitat layer 

performed at predicting recent lynx detections.  To do so, we compared the lynx detection data 

with randomly generated locations to test the hypothesis that lynx were keying in on habitat 

features associated with its preferred prey.  We also included the elevation and latitude of the 

actual and randomized lynx detections to determine if lynx were using areas with a deeper 

snowpack.  Second, we were interested in how well the priority grid system worked as a method 

for focusing efforts in a large landscape.  We were specifically interested if a higher proportion 

of the recent lynx detections would be found in the high and/or medium priority grids compared 

to low priority ones.   

Methods 

The location of snow track survey routes and camera trap survey sites were derived using 

a probability of occurrence map weighted by snow depth and conifer forest (Litvaitis and Tash 

2005) and a recent northern New Hampshire Land Cover dataset (NNLCD 2012).  From these 

GIS layers, lynx probability of occurrence >0.5 and four land cover values considered important 

for lynx (regenerating softwood, mixed-wood, and wetland forest, spruce-fir forest, wetland 

forest, and sub-alpine forest) were selected to assess the current distribution of potential lynx 

habitat in northern New Hampshire and the WMNF (Fig. 1).  The NNLCD layer was used to 

calculate lynx habitat pixels (28.5 m x 28.5 m resolution) and the probability of occurrence layer 

was used to ensure that these habitat pixels were within areas with sufficient snow depth.  To 

identify high and medium priority survey areas to establish survey routes, 8 x 8 km grids 

(average female home range size) were then projected over the entire study area (Squires et al. 

2004) (Fig. 2).  It was assumed that habitat quality in New Hampshire was likely lower than in 

Maine but similar to Montana and that this grid size might approximate a local average female 
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lynx home range.  The proportion of potential lynx habitat per grid was calculated to determine 

sampling priority (Fig. 1).  Because of arbitrary grid placement and the irregularity of the New 

Hampshire state boundary those located along borders were often less in area.  The grid 

assignments were delineated as:  High priority grids contained ≥27% high quality snowshoe hare 

habitat as identified in Maine (Simons-Legaard et al. 2013); medium priority grids contained 17-

26% with the lower end determined by the noticeable increase in distribution of grids with 

available hare habitat (Fig. 2); and low priority grids contained 0-16% high quality habitat.   

To determine the effectiveness of the habitat layer to detect lynx, we measured the 

distance of lynx detections to the closest habitat patch; lynx detected within a patch were counted 

as a “0”.  To test that these detections weren’t random occurrences and that lynx would be 

detected closer to habitat patches than random, we provided a random sample (5 x the number of 

actual locations; Rettie and McCoughlin 1999) within the landscape and measured the distance 

from each random sample to the nearest habitat patch.  We evaluated the hypothesis that lynx 

would be detected closer to habitat patches and tested it against a random model.  We also 

included elevation and latitude as model covariates as lynx distribution is influenced by a deep 

snowpack, which is common at high elevation in the WMNF and in northern New Hampshire.  

Logistic regression models were evaluated using Akaike Information Criterion adjusted for small 

sample size (AICc) and the location of each detection was included as a random intercept to 

adjust for potential autocorrelation.  We also tested the effectiveness of the survey grids for 

detecting lynx and calculated the proportion of detections within each grid type and for those 

detected in lower priority grids the average distance to the closest high or medium priority grid.  

We used the “lme4” (Bates et al. 2013) and “AICmodavg” (Mazerolle et al. 2013) packages in R 

to perform mixed effects logistic regression models and evaluated significance at the 95% 
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confidence level using Wald z-tests.  If top competing models were close (i.e., had ∆AICc scores 

<2), we model-averaged parameter estimates with the MuMIn package (Bartoń 2013) in R (R 

Development Core Team 2013) to derive a predictive equation.  We then used the Raster 

Calculator tool in ArcGIS 10.2 (ESRI 2013) to generate a distribution map using this equation. 

Results 

Lynx were detected by snow track and camera surveys in 2 grids (n = 11) in northern 

Pittsburg during winter 2014.  These detections and ones from previous years (2006-2013; 

primarily though from 2010-2013) resulted in a total of 32 detections.  The top model identified 

that the proximity of lynx to habitat patches was not random and that latitude was a strong 

determinant of lynx detections in New Hampshire (Table 1).  On average, the probability of 

detecting a lynx increased as distance to habitat patches decreased (β = -0.002, P = 0.03) and 

detection probability also increased in the northern part of the state (β = 4.810, P < 0.0001; Table 

1, Fig. 3).  The following equation was used to create the predictive raster surface of detection 

probability values within the state:  

𝜌 = 213.7 + (−0.002 × 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝑝𝑎𝑡𝑐ℎ) + (4.810 × 𝑙𝑎𝑡𝑖𝑡𝑢𝑑𝑒) 

Where ρ represents the likelihood of detecting a lynx in relation to the summation of the 

intercept, distance to habitat patches, and changes in latitude.  Lynx were detected within habitat 

patches on 9 occasions and the average distance of those located outside of habitat patches (n = 

23) was 297 ± 78 ft, indicating these lynx were often traveling along the edge of the habitat 

patches (Table 2).   

For winter 2014, lynx were detected in high (n = 11, 85%) and medium (n = 2, 15%) 

priority grids in northern Pittsburg, and no lynx were detected in low priority grids (Table 2).  
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Overall, the proportion of lynx detections that occurred within high and medium priority grids 

was equal and accounted for most of the detections (n = 28, 87.6%) from 2006-2014 (Table 2).  

Conversely, only 4 lynx were detected in low priority grids during this period and these were 

relatively close (6,699 ± 3,159 ft. [median = 4,850 ft.]) to high and medium priority grids (Table 

2).   

Discussion 

Overall, the hypothesis that lynx detections would be positively correlated with the 

snowshoe hare habitat patches was well supported.  On average, lynx were detected closer to 

these habitat patches than random and were often detected adjacent to these patches.  The latter 

finding highlights two important considerations.  First, surveys occurred along roads and this 

bias likely explains why lynx were associated with edges.  However, lynx do prefer edge habitat 

at several scales due to increased foraging success and perhaps proximity to denning habitat 

(Kesterson 1988, Staples 1995, Fuller et al. 2007, Fuller and Harrison 2010, Simons-Legaard et 

al. 2013; for exception see Squires et al. 2010).  Additionally, most lynx were detected in the 

northern part of the state which confers with past modeling efforts (Litvaitis and Tash 2005, 

Carroll 2007), and perhaps relates to bobcat distribution (Reed 2013), as both species are 

influenced by snowpack.  Although bobcat detections were not included as a model covariate in 

this analysis, there is anecdotal evidence that bobcat populations are rebounding due to 

consecutive shallow snow winters (W. Staats, New Hampshire Fish and Game Department, pers. 

comm.).  Coincidentally, bobcat tracks dominated those grids where lynx were detected in 

previous years (e.g., Success and Cambridge) but absent in winter 2014. 

Similarly, lynx detections were highly associated with high and medium priority grids 

providing evidence that this approach is useful for identifying areas to survey for lynx.  Lynx 
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were only detected in high and medium priority grids during winter 2014 and rarely detected in 

low priority grids in previous years.  There are several caveats that are worth mentioning though.  

Although, the habitat is likely similar, it’s unknown how much this habitat has changed since 

lynx were first detected in 2006.  It is also possible that some of these lynx were dispersing and 

traveling through suboptimal habitat given the juxtaposition of optimal habitat on the landscape.  

Further, the random placement of survey grids may either include or exclude data, yet still 

provide interesting interpretation.  For example, the grids along the border of Maine and New 

Hampshire likely underestimated the proportion of hare habitat patches per grid.  These were 

smaller (i.e., often only 8x4 km) and did not incorporate areas in Maine where there is likely 

considerable optimal hare habitat (e.g., high elevation and regenerating conifer forest).  Also, the 

detections in the low priority grids were reasonably close to the high and medium priority grids 

and also associated with habitat patches providing evidence that grid placement only 

approximates occupancy.   

The snowshoe hare habitat layer and priority grid system was a reasonably accurate 

method for predicting lynx occurrence and to identify survey areas in New Hampshire.  We 

suggest using it in the short term to identify important connectivity zones for lynx and test it to 

see how well it predicts the distribution of other carnivores dependent upon snowshoe hare (e.g., 

marten, bobcats).  Prior to this, though, it will be important to determine if the ranking system is 

a reliable surrogate of hare density at the landscape scale and if the high priority areas meet the 

thresholds required to support lynx (Simons-Legaard et al. 2013).   
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Table 1.  Model selection summary and parameter estimates of the top competing lynx detection model.  The total 

number of parameters (K), AICc score, ∆AICc, and model weight (wi) for the lynx detection models. The parameter 

estimates, standard error, z value, and z statistic are included for the top model (i.e., ∆AICc scores <2).  Lynx were 

detected more often near or in habitat patches and in the northern part of the state.    

Model K AICc ∆AICc wi  

lat + near 4 98.85 0 0.95  

lat 3 104.7 5.85 0.05  

near 3 147.28 48.43 0  

interact 5 149.65 50.8 0  

elev 3 158.09 59.24 0  

null 2 162.86 64.01 0  

      

Parameter β estimate SE z value Pr(>|z|)  

(Intercept) -213.70 43.140 -4.954 7.28E-07 *** 

near -0.002 0.001 -2.199 0.0279 * 

latitude 4.810 0.961 5.008 5.51E-07 *** 

---      

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1    
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Table 2.  Summary statistics for lynx detections for winter 2014 and for all recent detections (2006-2014) as related 

to habitat patches, grid classifications, and elevation.  Lynx were often detected along habitat edges and were 

detected disproportionately in high and medium priority grids during winter 2014 and for all years. 

time 

period 

detections 

in habitat 

patches 

± ft) 

to habitat 

patch 

n (%) in high 

quality 

habitat grids 

n (%) in 

medium quality 

habitat grids 

n (%) in 

low quality 

habitat grids 

± ft) to 

high/med 

grids 

± ft) 

elevation 

2014 4 225 ± 85 9 (85%) 2 (15%) 0 0 2,404 

2006-

2014 
9 297 ± 78 14 (43.8%) 14 (43.8%) 4 (12.5%) 6699 ± 3159 2199 ± 83 
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Fig. 1.  Distribution of lynx detections from 2006-2010 in the WMNF and northern New Hampshire.  Low priority 

grids are white.  Lynx were closely associated with snowshoe hare habitat and with high and medium priority grids.    
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Fig. 2.  Distribution of hare habitat grids in northern New Hampshire.  There was considerably more low and 

medium priority (quality) snowshoe hare girds than high quality ones (i.e., ≥27% hare habitat per grid). 
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Fig. 3. Predicted probability of detection map derived from verified Canada lynx (Lynx canadensis) detections (n = 

33) and randomized absences (n = 165) from 2006-2014 in New Hampshire, USA.   
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APPENDIX B. 

 

Canada Lynx Monitoring Project Protocol for Snowmobile and 

Hiking Snow Track Surveys  
New Hampshire Fish & Game:  Prepared by Alexej Sirén and Lindsay Webb and adapted from 

MDIFW protocol 

Snow Track Survey Protocol (snowmobile) 

Each town will be surveyed by a 2-4 person team depending on the density of roads or length of 

transects.  Surveys will be done by snowmobile or on foot which will cover all the identified 

routes possible that bisect high quality habitat in 8x8 km grids.  Routes will be identified 

beforehand using GIS and uploaded onto each GPS to simplify survey effort.  Surveys conducted 

using snowmobiles will be driven at a slow speed to aid in looking for tracks.  Each surveyor 

will keep a track log with a handheld GPS unit to accurately summarize the kilometers of roads 

surveyed within the town.  Track logs will be set to collect a track point every 15 seconds to 

maximize road mapping accuracy and routes will be calculated later in the office utilizing GIS.   

High Elevation Surveys (hiking) 

High elevation snow track survey routes in WMNF will be located at sites with a high 

probability of lynx occurrence based on snow depth and conifer cover (Litvaitis and Tash 2005), 

a high proportion of current lynx habitat (for complete methods see design document), and in 

areas with recent lynx detections and/or historical sightings.  Survey routes vary 8-15 km in 

length based on suggestions from previous research (Squires et al. 2012).  Approximately half of 

these routes will be coupled with camera stations placed 1-3 km apart to provide comparison 

with low elevation and high road density snow track and camera survey sites in northern New 

Hampshire and Vermont.  Surveys will be done by foot by a ≥2 person team depending on site 

conditions and cover all of the identified routes to meet the required survey effort.  Route maps 

will be identified beforehand using GIS and uploaded onto each GPS and/or printed and 

laminated for field use.  Each surveyor will keep a track log with a handheld GPS unit to 

accurately summarize the kilometers of hiking trails surveyed.  Track logs will be set to collect a 

track point every 30 seconds to maximize trail mapping accuracy and exact routes will be 

calculated later in the office utilizing GIS.   

Timing and Frequency 

Snow track surveys to detect lynx presence should begin 24 hours after a snow event.  If, after a 

snow event, there is a wind strong enough to cover tracks, surveys should not be started until 24 

hours after the wind event has ended.  Surveys should be conducted 24-96 hours after a 

snow/wind event only under conditions that provide clear definition of tracks and ideally 48-72 

hours as this provides the greatest opportunity to detect lynx (Squires et al. 2012).  This time 

delay will allow animals time to travel sufficiently following severe weather and provide a 

reasonable chance of detecting their presence.  Number of hours after a snow or wind event will 

be recorded on the data sheet to correct for the accumulation of tracks that occur as time 

progresses.   Weather and tracking conditions will be documented on the data sheet.  Surveyors 

should note on the data sheet if conditions change throughout the survey day.  In some cases, 
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weather conditions, snow conditions, number of tracks encountered, etc., may make completion 

of an entire transect route impractical.  Surveys along designated routes should be conducted 

2 times per winter in order to increase the likelihood of detecting lynx tracks (Squires et al. 

2012) and this should occur whether or not lynx tracks were detected during the first 

survey.  If the objective is to estimate occupancy, it is suggested that surveys be conducted ≥3 

occasions (Mackenzie et al. 2002).  There are several factors that may lead to low detection 

probability of lynx during surveys.  Lynx are at their distributional edge in New Hampshire and 

Vermont where habitat quality and hare abundance are likely lower than source populations in 

Maine or Canada.  Also, there may be higher density of competing predators (e.g., fisher, bobcat 

and coyote) which may further reduce the probability of detecting lynx during a survey.  

Plowed Roads 

This survey protocol was designed for unplowed roads and trails where the likelihood of 

detecting a lynx track if a lynx crossed a road is greater.  However, under certain situations some 

plowed roads may be surveyed, but additional data needs to be collected to determine the value 

of the survey.  When surveying plowed roads, mark the starting point with a waypoint (e.g. 

PRB1).  At the end of the plowed road, obtain a second waypoint marking the end of the plowed 

road (e.g. PRE1).  Also, record snow conditions on plowed road following the below scores (see 

data sheet).  

Snowshoe hare sign 

In order to get a general idea of snowshoe hare abundance each surveyor will record a general 

description of abundance of hare tracks.  The surveyor will record hare abundance based on the 

general impression of the percentage of your survey area where hares were absent (no tracks), 

rare (<10 tracks), common (25-75 tracks), or abundant (>100 tracks) (see Fig. 2).     

Data Collection 

For each survey unit the following information should be recorded on an individual ___ data 

sheet (refer to Fig. 2).  If conditions change throughout the survey day, it should be noted on the 

data sheet.   

 Date:  Record the date. 

 Observer(s):  Record the names of the observers. 

 Survey Route:  Record the name of the survey route.  

 End Date of Last Snow/Wind Event:  Record the date of the last snow or wind event.  

 End Time of Last Snow/Wind:  Record the time that the last snow or wind event ended.  

GPS Map Datum:  Determine the map datum your GPS unit is collecting data.  If you 

have a choice set it for NAD 83, State Plane.   

Start Time – Record the time you start the transect. 

End Time:  Record the time you end the transect.  

GPS Track Name:  Record the name you gave your GPS track. 
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Tracking Conditions:  Describe the snow depth, sinking depth, snow structure (crust, 

powder, granular, etc), etc.  Record the time and changes in tracking conditions 

throughout the day.  

Weather Code:  Clear(1); Partly Cloudy(2); Cloudy(3); Fog(4); Mist(5); Rain 

Showers(6); Rain(7); Rainstorm(8); Hail(9); Freezing Rain(10); Sleet(11); Snow 

Showers(12); Snow(13); Snowstorm(14).  Record the time and changes in 

weather throughout the day.  

Road/Trail Conditions:  When the trail surface changes, record the following information. 

Waypoint:  Record the waypoint coordinates or a landmark where there is a 

noticeable change in snow conditions.   

Trail Conditions:  Indicate the conditions on the trail as: Best: fresh snowfall, no 

traffic, and not recently travelled (e.g. can read tracks in the trail and 

alongside it). Good: fresh snowfall, and light foot traffic (e.g. can read 

tracks in trail between snowshoe tracks, and alongside the trail).  

Acceptable: high foot traffic, but the snow alongside the trail has fresh 

snow and adequate conditions to read tracks if a lynx crossed the path.  

Poor: high foot traffic and snow conditions alongside the trail are poor. 

Average STQ:  Record the overall snow track quality of the observed tracks along 

a section of the survey route.    

Snowshoe Hare Conditions:  At the end of the day record the general impression of 

snowshoe hare tracks along the survey route.  Estimate the percent of the survey 

route where tracks were absent (no tracks), rare (<10 tracks), common (25-75 

tracks), and abundant (100 tracks).   

Lynx Tracks Detected:  If lynx tracks are detected the additional data sheet should be 

filled out.   

Bobcat Tracks Detected:  If bobcat tracks are detected the additional data sheet should be 

filled out.  Only a representative bobcat track needs to be recorded.  You can note 

with a waypoint or indicate on data sheet other tracks along the same survey 

transect.   

Other Carnivore Tracks Detected:  If other survey carnivores are detected the additional 

data sheet should be filled out.  Only a representative track for each species needs 

to be recorded.  You can note with a waypoint or indicate on data sheet other 

tracks along the same survey transect.  

 Species:  List other carnivore species detected during survey.   

Comments:  Any additional comments should be recorded here. 

Since predators frequently travel roads and trails, or they may cross roads/trails several times 

over a short distance, following the recommendation of Stephenson and Karczmarczyk (1989), a 

track intercept will be defined as any trail made by a lynx encountered along the survey route 

that could not be connected to an adjacent lynx trail, based on visual examination from the 

survey route.   
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If a lynx track is encountered, record the track intercept by obtaining a GPS waypoint where that 

lynx track crosses the road.  Record the location on the datasheet after it has been acquired on the 

GPS.  Obtain and record the error associated with the marked waypoint.  The estimated position 

error (EPE) should be <10 m for all track intercepts.  When a lynx travels along the survey 

route, obtain a waypoint where it both enters the road and leaves the road and record information 

for both waypoints on the data sheet.  When more than 1 set of lynx tracks is identified (usually 

family groups), record the number of individuals observed.  See Fig. 1 below, courtesy of 

MDIFW. 

 

At each lynx track intercept and representative bobcat or other survey carnivore intercept, the 

following additional data should be recorded (refer to Fig. 3): 

 Date:  Record the date.  

 Observer(s):  Record the observer names.  

GPS Map Datum:  Determine the map datum your GPS unit is collecting data.  If you 

have a choice set it for NAD 83, State Plane.   

 Town/Survey Unit:  Record the name of the town/survey unit.  

Waypoint # or coordinates:  Mark a waypoint at the track intercept and record the name 

or coordinates here.  Remember that the EPE needs to be <10 m.   

Photo(s) #:  Take several photographs that are close-ups of the track along with several 

photographs that display the stride and straddle of the track set.  Include a small 

ruler as a scale reference in photographs.  Use the same ruler in all 
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photographs of all tracks.  Record the photo number or indicate the number of 

photos taken.  

 Species:  Indicate the species you believe the track belongs to.  

Confidence Level:  Provide a level of confidence (e.g., 50%, 75%, or 90%) and 

briefly describe your choice (e.g., poor snow conditions, unsure). 

Track measurements:  For each individual set of tracks, measure and record the track 

length, track width, stride (toe to toe of the same foot), straddle (measure on 

outside of tracks), and sinking depth.  Take several repeated measurements of 

different tracks for each of the measurement types. 

STQ (Snow Tracking Quality):  Record the quality of the detected track as follows: 

Rating 4: Best; every footprint registers, and detail within prints is very clear.  

Species identification is essentially absolute based on track details.  Rating 3: 

Good; every print registers, but details are weak, perhaps obscured by snow 

falling in print. Print details usually visible in microtopographic sites. e.g. tree 

wells and shadows.  Identification based on track details, but gait patterns offer 

needed support.  Rating 2: Acceptable; some prints fail to register, and footprint 

details, if present are visible only in microtopographic sites. Identification based 

primarily on gait patterns.  Rating 1: Poor; many prints do not register. Track 

details lacking. Identification is essentially by gait patterns, and may be possible 

only in microtopographic sites.  Rating 0: Unacceptable; target species does not 

leave enough prints to identify gait patterns left in trails. 

Number of Ind.:  Record the number of individual lynx (i.e. solitary individual or family 

group of 3).     

DNA Sample:  If a DNA sample is collected take a GPS waypoint and write the GPS 

waypoint name and coordinates on the data sheet. See “Collection of scat DNA 

samples” below for protocol.   

Tracking Conditions:  Describe the snow depth, sinking depth, snow structure (crust, 

powder, granular, etc), etc.  Record the time and changes in tracking conditions 

throughout the day.  

Track Activity/Observation:  Record any behavioral observations such as crossing road, 

traveling on road, chasing prey, kill site, scat, resting site, scent markings, or 

other.                                 

Trail Conditions:  Indicate the conditions on the trail as: Best: fresh snowfall, no traffic, 

and not recently travelled (e.g. can read tracks in the trail and alongside it). Good: 

fresh snowfall, and light foot traffic (e.g. can read tracks in trail between 

snowshoe tracks, and alongside the trail).  Acceptable: high foot traffic, but the 

snow alongside the trail has fresh snow and adequate conditions to read tracks if a 

lynx crossed the path.  Poor: high foot traffic and snow conditions alongside the 

trail are poor. 
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Collection of scat DNA samples 

Scat samples should be placed in an unused Ziploc bag wearing a latex glove. When you return 

from the field, the scat should be removed from the bag to air dry and then be placed in a vial of 

desiccant.  Store scat samples in a cool, dry place (not frozen).  All samples should be labeled 

with date, species, township, sample number, observer’s initials, and NHFGD.  

Bobcats and Hybrids 

It is essential that we obtain data to provide supporting evidence that bobcat tracks are being 

properly identified.  Bobcat distribution as well as bobcat/lynx hybrids are possible throughout 

the survey areas in NH.  In addition to obtaining a waypoint at each bobcat intercept, we need to 

record track measurements and obtain a photograph of the track.  However, you may encounter 

many bobcat tracks, which may hinder your ability to complete surveys within the survey area.  

Therefore, it is only necessary to take a photograph and obtain track measurements (individual 

track and trail pattern (i.e. stride and straddle)) of a representative bobcat track in each survey 

transect that a bobcat track is observed.  When documenting the initial encounter, follow the 

guidelines outlined above for documenting a potential lynx track.  All intercepts thereafter can 

just be recorded using a GPS and “bobcat” can be entered into the notes screen of the GPS.   

Note: if you question whether a track was left by a bobcat or lynx, record all information as you 

would for a lynx and include comments describing your concerns regarding the identification of 

the tracks.  This can be entered in the comments section. 

Other Survey Carnivores (marten, fisher, coyote, fisher) 

While it is not mandatory to document these carnivores, doing so will be helpful for interpreting 

lynx presence or absence in an area.  Additionally, marten are a state threatened species and there 

is concern for declining fisher populations.  If time allows and the surveyor can confidently 

identify the survey species listed above we would greatly appreciate this additional 

information.  In the event that a track of these species is discovered, record track measurements 

and obtain a photograph of the track.  However, you may encounter many tracks, which may 

hinder your ability to complete surveys within the survey area.  Therefore, it is only necessary to 

take a photograph and obtain track measurements (individual track and trail pattern (i.e. stride 

and straddle)) for the initial encounter of each species.  When documenting the initial encounter, 

follow the guidelines outlined above for documenting a potential lynx track.  All intercepts 

thereafter can just be recorded using a GPS and the species name can be entered into the 

notes screen of the GPS.  If this becomes too time consuming the surveyor may elect to just list 

the presence/absence of the other carnivore survey species instead of taking a GPS waypoint at 

each track intercept.   

Note: if you question whether a track was left by a bobcat or lynx, record all information as you 

would for a lynx and include comments describing your concerns regarding the identification of 

the tracks.  This can be entered in the comments section. 
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Fig. 2. New Hampshire Canada Lynx Winter Track Survey sheet to be filled out for each survey.  
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Fig. 3.  Lynx, bobcat, and survey species sheet to be filled out for each lynx encounter and all initial bobcat, marten, 

fisher, fox and coyote encounter.   
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APPENDIX C. 

 

Camera Trap Survey Protocol for Canada Lynx Monitoring Project Surveys 
Prepared by:  Alexej Sirén (NHFG), Rachel Cliché (USFWS), and Tony Smith (VFWD) 

 

Introduction 

Since 2011, New Hampshire and Vermont have conducted annual snow track surveys to 

document Canada lynx (Lynx canadensis) occurrence and distribution following a protocol 

established by Maine Department of Inland Fisheries and Wildlife (MDIFW) (Crowley et al. 

2005).  This protocol was designed for townships with consistent area and road access that also 

contained suitable lynx habitat; surveys were conducted by snowmobile and required a minimal 

effort of 55 km/township (Crowley et al. 2005).  In New Hampshire and Vermont, towns with 

suitable lynx habitat vary in area and access, necessitating alternative survey methods.  For 

example, approximately half of the suitable habitat in New Hampshire is located in the White 

Mountain National Forest (WMNF) which is remote and mountainous with only hiking access.  

Further private property in areas of both states restricts snowmobile access.   

To address these concerns, an alternative snow track survey method developed in a low 

density lynx population in Montana (Squires et al. 2004, Squires et al. 2012; hereafter SEL) and 

a camera trap method designed to detect lynx occurrence (Nielson and McCollough 2009) will 

be tested and compared with the snow track protocol developed in Maine (Crowley et al. 2005).  

Snow track surveys in towns with road access will approach or meet the effort required by 

MDIFW protocol as in previous years (Webb 2012), but will incorporate methods developed by 

SEL to allow for comparison, whereas surveys in remote high elevation sites will only use the 

SEL method.  Camera trapping will occur along snow track survey routes at selected sites that 
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either have road access and a documented lynx presence or reduced access with a high 

probability of lynx occurrence.  To determine the effectiveness and efficiency of each survey 

method we will compare detection data, effort, and cost.  Further, we will calculate detection 

probability for each survey method to determine factors that influences detection and record 

covariates associated with lynx presence in an attempt to estimate occupancy for the sampled 

landscape.  

Methods (camera only) 

Camera Surveys 

Camera trap stations will be spaced 1-3 km apart and placed in high quality habitat and/or 

in close proximity to recent or historical lynx sightings.  This spacing is comparable to past 

camera trap studies of lynx (Crowley et al. 2005, Moen and Lindquist 2006) and bobcat (Kelly 

and Holub 2008, Clare 2013), and although less than that used for lynx in Maine (Nielson and 

McCollough 2009) it is still considered sufficient for objectives of this study (email 

communication; M. McCollough, United States Fish and Wildlife Service).  For each survey site 

there will be approximately 4 camera traps per average female lynx home range (~40 km2; 

Vashon et al. 2008) resulting in 4-12 camera trap stations per survey site.  This is higher than 

what is suggested in the literature of 2 per average home range size for estimating density (Dillon 

and Kelly 2007) which requires greater effort compared to occupancy estimation; 2 low 

elevation sites will have only 1 camera due to limited resources, yet will serve to compare 

methods with minimal camera survey effort.   

Each camera trap station will include a compact disc hung in a strategic position as a long 

range visual attractant, and a commercial skunk lure and a short range visual attractant (e.g., 
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feathers) that will be placed underneath a platform on a wooden stake (Fig 1).  Cameras will be 

positioned on a tree facing north, 1-2 m above the snow surface and pointed at a slight downward 

angle towards the wooden stake positioned 3-5 m from the camera (Fig. 1).  A GPS will be used 

to mark the location of each camera trap station and the local site will be marked discretely for 

future trap checks.  Each trapline will be set for >45 d and checked monthly to download data, 

refresh attractants, and to ensure cameras are working properly.      

In the attempt to estimate detection probability and occupancy, covariates considered 

important for lynx will be recorded.  The visibility or exposure of the camera trap site will be 

noted during camera trap setup using a visibility scale of high, medium, and low.  Snow depth 

will be recorded at each camera trap station by reading the ruler on the attractant stake from 

pictures taken by the camera.  It will be important for the person conducting weekly visits to 

clear any snow from the attractant stake which will also allow for a picture to be taken to allow 

for snow depth calculation.  Camera detections of competing carnivores and prey abundance 

(snowshoe hare, red squirrel, and ruffed grouse) will be included as a count variable.  

Additionally, tracks of competing carnivores and prey in the camera trap vicinity (~20 m radius) 

will be noted during each visit to provide a broader assessment of prey abundance, presence of 

predators, and to evaluate camera performance (see data sheet).  Because the observed tracks will 

likely vary due to the time from the last snowfall, the days elapsed from the last snow event will 

be used as an offset variable to calculate the expected accumulation of prey tracks for each 

camera trap site.  Additional exploratory covariates such as temperature, moon phase, and 

countdown to expected breeding season will be calculated later using data provided from the 

time stamp of each detection.     
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Site Establishment:  The following section provides the materials and steps required to set 

up a camera trap station.   

Materials  

 GPS w/extra batteries 

 Trail camera with SD cards (labeled with the camera number) 

 Monofilament line (≥20 lb. test) and barrel swivels  

 Scissors 

 Turkey feathers (or any large bird feather) 

 Wooden stakes (150 cm long x 5 cm wide x 5 cm thick) 

 CD with a swivel and monofilament line (≥20 lb. test) attached to pre-drilled hole   

 Dry erase board and dry erase marker 

 Paper towels 

 Digital camera 

 Saw 

 Skunk lure 

 Post driver 

 Black sharpie  

 Note book and pencil 

Procedure 

1. Before heading out, mark the attractant stakes in 4cm increments, starting approximately 

20cm from the tip. Label every 20cm (i.e., 20, 40, 60 …). 

2. Scout each possible site location in the desired area and choose one that best meets the 

criteria below. 

a. If camera thievery is a concern, then sites should not be directly on the main 

trails; rather, they should be on skid and secondary roads that are not receive less 

use during winter months.  
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b. Make sure the area is accessible in different conditions (e.g., during the winter 

months with heavy snow cover and in early spring when the snow is melting and 

there is moving water). 

c. There should be multiple trees to potentially place a camera on. 

d. Spruce/fir forests should be the main stand type in the area or at least adjacent to 

site.  If possible, sites should be established along edge habitat that is open. 

3. Determine cardinal directions and choose a tree that allows the camera to be on the north 

side of the tree. 

4. Using a handsaw, remove all branches from the tree that could potentially hinder your 

ability to attach the camera or would be in the view of the camera. 

a. Place the camera approximately 1-2 m off the ground depending on expected 

snow depth of area.   

5. Using your GPS, mark a waypoint and label it SiteName ## (e.g., Kinsman 1). 

6. In your note book, write down the site name, UTMs, and the visibility class of the site 

(high, medium, low).  Visibility is based on how likely it is for a lynx to see the CD (in 

the future Visibility should be quantified by using a cover pole).   

7. Place the attractant stake in the ground approximately 3-5 m away from the camera, with 

the “0” cm mark at ground level.   

8. Aim the camera so that the photo includes the entire attractant stake and ample room in 

the foreground to detect species. Make sure the stake is centered (left to right) in the 

photo.  The picture frame will vary depending the presence/absence of snow cover and 

should be adjusted accordingly.   

a. Bending down behind the stake, look directly at the camera and see where the 

lens is looking.  Adjust the camera until the lens seems to be looking slightly 

below your face while kneeling. 

b. When you think the camera is aligned, turn it on and arm it for taking pictures.  

Most cameras provide a 5-10 second delay until the camera is armed to take 

pictures.  Wait this length of time and then walk in front of the attractant stake to 

trigger the camera and remain there for a sufficient length of time to ensure it 

takes multiple pictures. 

c. Verify that pictures have been taken either using the camera viewer or by 

removing the SD card and placing it into in a digital camera.  If the trail camera 

has sufficiently captured the attractant stake and the foreground then proceed.  

Otherwise, repeat this process until you have the stake and foreground are visible 

and centered.   

9. Once the camera is aligned, establish visual and olfactory attractants and take the initial 

picture with the whiteboard to document the trapsite name, date and time.   



70 

 

a. Take your handsaw and make small incisions (no more than 1/8th an inch) on the 

top corners of the stake where the feather will be fastened. 

b. Tie fishing line onto the feather so that once tied to the stake, it dangles about 6 

inches. 

c. Tie the CD to a nearby tree approximately 1-2 m off the ground.  Remember, the 

CD requires a barrel swivel so that it can swing freely and not stress the 

monofilament.  Make sure it cannot get tangled in other trees/shrubs and is not 

directly in line with the camera, as the reflection could potentially cause the 

camera to take pictures.  

d. Place a small amount (the tip of an index finger) of skunk lure on the top and 

notches of the stake using a stick.  Be careful not to get this on anything you don’t 

want to stink for excessive amounts of time. 

e. When everything else is complete, remove all supplies from in front of the camera 

and turn it ON so it is “armed”.  

f. Take your dry erase board out and using the marker put the Site name, Date, and 

Time (military) on the board.  Make sure the board is dry before writing on it, 

otherwise the marker won’t work.  Walk in front of the camera so that it takes a 

picture of you but mainly so the board can be read.  Do not block the attractant 

stake as this records snow depth/accumulation during winter months.   

g. Confirm that a picture was taken and re-arm the camera once you confirmed a 

picture was taken.  

 

Camera Trap Checks:  The following section provides the materials and steps required to 

perform a camera trap check.   

Materials 

 Canada Lynx Camera Survey datasheet (Fig. 2) 

 GPS with camera location coordinates loaded 

 Clipboard 

 Blank, formatted and labeled SD cards (one for each camera) 

 Dry erase board and dry erase marker 

 Paper Towels 

 Digital Camera 

 Sharpie 

 Extra CDs with swivels attached 

 Extra feathers 



71 

 

 Fishing line 

 Pencils 

 Scissors or knife 

Procedure 

1. Before entering the detection zone of the camera, write the site name, date, and time on 

your white board using the dry erase marker in large letters. 

2. Enter the detection zone and stand directly in front of the camera with your board visible 

to the camera so that a picture can be taken of you.  Do not block the attractant stake as 

this records snow depth/accumulation during winter months.  Stand there for at least 

10 seconds to make sure the photo was taken. 

3. Open the camera and turn it off.  Record the number of battery bars and number of photos 

on the datasheet (Fig. 2). 

a. Bushnell:  Open the case carefully to avoid changing the camera position on the 

tree, then turn the camera off.  The Bushnell camera has a switch that faces the 

viewer.  Then move the off/on switch upwards to the setup mode (Fig. 3).  It may 

take 5-10 seconds for the screen to illuminate.  If the LCD screen does not appear, 

sometimes you may need to gently wiggle the switch with your thumb while in 

setup mode.  Be patient, I’ve had it take over 10 seconds before!  Please note the 

battery power (upper right corner of LCD screen) and report the number of bars 

on the datasheet (Fig. 2).  Full power is 3 bars, medium power is 2 bars, and low 

power is 1 bar.  After the battery power has been noted, record the number of 

photos on the sd card on the datasheet (Fig. 2).  The picture data is on the bottom 

of the screen.  The camera should read 0000/9999 if there are no pictures taken.  

This means that 0 out of 9999 have been taken.  The field on the right will vary 

based on the memory capacity of the sd card and the megapixel setting (i.e., it 

might be another number other than 9999).  Only record the number on the left. 

b. ScoutGuard:  Open the case carefully to avoid changing the camera position on 

the tree, then turn the camera off.  The Scout Guard camera (camouflage one) has 

a switch on its underside (Fig. 3).  Then plug the white remote into the USB slot 

which is adjacent to the sd card slot and move the switch back to the on mode 

(Fig. 3).  The LCD screen on the white remote should illuminate.  Please note the 

battery power (upper right corner of LCD screen) and report the number of bars.  

Full power is 3 bars, medium power is 2 bars, and low power is 1 bar.  After the 

battery power has been noted, record the number of photos on the sd card.  The 

picture data is on the bottom of the screen.  The camera should read 

00000/30591m if there are no pictures taken.  This means that 0 out of 30,591m 

have been taken.  The field on the right will vary based on the memory capacity 

of the sd card and the megapixel setting (i.e., it might be another number other 

than 30,591m).  Only record the number on the left. 
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4. Turn the camera off before removing the SD card; this is standard procedure for 

most remote cameras.  Replace the SD card with a new, blank card and put the used 

card in a safe location, separate from the blank cards.  Make sure the new card is 

formatted.  Both the used and blank SD cards should be properly labeled with the site 

name.  Refer to the specific instructions for each camera make below. 

a. Bushnell: After the camera is off, remove the sd card.  These are located on the 

underside for both cameras and require the technician to push the card gently for 

it to unlock itself from the card slot (Fig. 3).  After it becomes unlocked, pull it 

out gently and put it into a Ziploc bag.  Each camera will have 2 sd cards each 

that will have a code written on them.  For example, if the camera trap site is 

Zealand 1, there will be two cards labeled Z1A and Z1B.  It is important that you 

note the id of the one you’re installing in the Id# field; the one that you remove 

can be noted in the notes field immediately to the right of the Id# field (Fig. 2).  

When this documented, place the new card in the card slot by pushing it gently 

into the housing until it clicks into place and close the camera.  Then you will 

need to format the new card.  Move the switch upward to the setup position and 

then press the menu button.  From here press the right (or shot) button until the 

screen reads “Format Execute”.  Then push the “Ok” button and use the up or 

down button to select “yes” and push the “Ok” button again.  It will take about 6 

seconds for the camera to format the card.  Once it is formatted it will go back to 

the “Format Execute” screen.  Press “Menu” and turn the camera off. 

b. ScoutGuard:  After the camera is off, remove the sd card.  The sd card is located 

on the underside of the Scout Guard near the off/on switch and requires one to 

push the card gently for it to unlock itself from the card slot (Fig. 3).  After it 

becomes unlocked, pull it out gently and put it into a Ziploc bag.  Each camera 

will have 2 sd cards each that will have a code written on them.  For example, if 

the camera trap site is Zealand 1, there will be two cards labeled Z1A and Z1B.  It 

is important that you note the id of the one you’re installing in the Id# field; the 

one that you remove can be noted in the notes field immediately to the right of the 

Id# field (Fig. 2).  When this documented, place the new card in the card slot by 

pushing it gently into the housing until it clicks into place and close the camera.  

Then you will need to format the new card.  Turn the camera on (the white remote 

must be plugged in) and press menu to display the setting menu.  Then scroll 

through the menu using the up or down key to find the “Format” screen.  Press 

“OK” to enter into the submenu and then press “Right” to select “Yes”.  When 

you reach this option, press “OK” and it will format the card.  When it is 

completed press “Menu” again to return to the main screen (i.e., the one that 

displays battery power and # of pictures).   Once it is formatted turn the camera 

off. 

5. Check all the equipment (Camera, CD, stake, feather, skunk lure) is still properly 

positioned/aligned and functioning.  To determine if the camera is aimed directly at the 

attractant stake position yourself in front of it as an animal might and look towards the 

camera.  It should appear that the camera is focusing on you.  If it seems improperly 

aligned please carefully adjust the camera so it properly faces the attractant stake.  If 
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there is anything that needs to be replaced or adjusted, record this in the “Trapsite Notes” 

field on the datasheet (Fig. 3).  

a. Use your spare supplies to replace/fix anything that needs tending to. 

6. Using a stick, gently stir up the skunk lure on the stake. This helps the scent disperse 

fully again. 

7. Once all these steps are completed, turn the camera on again. 

a. Bushnell:  Open the camera and move the switch upward to the on position and 

carefully close the camera.  You should see a blinking red light for about 5 

seconds and the camera will start taking pictures in about 10 seconds. 

b. ScoutGuard:  Open the camera, plug in the white remote and move the switch to 

the on position.  Make sure that the screen displays the main menu (i.e., the one 

that shows the battery power and the number of pictures taken/available).  Then 

remove the white remote and carefully close the camera.  A blinking red light 

should be visible for about 5 seconds after the remote has been removed and then 

the camera will start taking pictures.   

8. On your dry erase board, write the site name, date, and time again in large letters.  Stand 

to the side of the attractant stake for at least 10 seconds so your picture is taken with the 

board visible and readable by the camera. 

9. If you want to see check to make sure the photo was taken go back to step 3 and follow 

instructions for each camera make.  It’s likely that only a few pictures will be taken.   

File management 

1. In the office download the photos into separate files.  

a. Insert the SD card into the SD slot attached to the computer. 

b. Find the icon for the SD card in My Computer and open the file to show the pictures. 

c. Create individual files for each camera trap line, camera trap, and each date you 

checked the camera trap.  For example, if you tend the Zealand line, create a folder 

named “Zealand” and then create individual folders for each camera trap (e.g., Zeal 1; 

the first Zealand camera trap).  Perhaps you check Zeal 1 on June 2nd, 2014.  You 

would then would create a folder named “Z1_6-2-14” within the Zeal 1 folder.   

i. Here is the computer path for the given example:  My Pictures → Zealand → 

Zeal 1 → Z1_6-2-2014 

d. Highlight all the photos on the SD card and drag them into the new folder you had 

just made with the date.  

2. Before deleting the photos, close the folders and reopen them to verify that the transfer 

worked.  Once all the photos have been successfully transferred, delete the photos from 

the SD card by highlighting them all, right clicking and selecting delete. 
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Fig. 1.  Camera trap design included an attractant stake and feather (top and bottom pictures), cd, and camera placed 

~3-5 m away (red circle) and pointed down at attractant stake (red oval). 
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Fig. 2. Canada Lynx Camera Survey datasheet used for recording during camera site visits. 

Observer(s):_________________
# of pics:_____________ Battery level:_______________ Remove SD Card?__ Id #_____New SD Card Id:_____________________

Prey Tracks Detected?:  Snowshoe Hare:_______  Red Squirrel:_______ Grouse:_______ Stake snow depth (cm):_______________

Trapsite Notes :__________________________________________________________________________________________________________

Observer(s):_________________
# of pics:_____________ Battery level:_______________ Remove SD Card?__ Id #_____New SD Card Id:_____________________

Prey Tracks Detected?:  Snowshoe Hare:_______  Red Squirrel:_______ Grouse:_______ Stake snow depth (cm):_______________

Trapsite Notes :__________________________________________________________________________________________________________

Observer(s):_________________
# of pics:_____________ Battery level:_______________ Remove SD Card?__ Id #_____New SD Card Id:_____________________

Prey Tracks Detected?:  Snowshoe Hare:_______  Red Squirrel:_______ Grouse:_______ Stake snow depth (cm):_______________

Trapsite Notes :__________________________________________________________________________________________________________

Circle if present within 20 m of camera trap site then record # of track sets for each species.  If too abundant, just write "abundant" in field.  

Trapsite Notes is a f ield to document items that need to be addressed at the site (e.g., needs cd or feather missing)

Circle if present within 20 m of camera trap site then record # of track sets for each species.  If too abundant, just write "abundant" in field.  

Date:_____/_____/_____

Note the battery level and if too low  w rite "replaced" in Battery level f ield.  Use Notes f ield to record any potential problems w ith camera

Canada Lynx Camera Survey 2014   
             To be filled out for each camera trapsite.

Date:_____/_____/_____ Trapsite id:_____________

Trapsite Notes is a f ield to document items that need to be addressed at the site (e.g., needs cd or feather missing)

Trapsite id:_____________ Survey Unit:_________________________

Canada Lynx Camera Survey 2014   
             To be filled out for each camera trapsite.

             To be filled out for each camera trapsite.

Trapsite id:_____________ Survey Unit:_________________________Date:_____/_____/_____

Circle if present within 20 m of camera trap site then record # of track sets for each species.  If too abundant, just write "abundant" in field.  

Note the battery level and if too low  w rite "replaced" in Battery level f ield.  Use Notes f ield to record any potential problems w ith camera

Trapsite Notes is a f ield to document items that need to be addressed at the site (e.g., needs cd or feather missing)

Canada Lynx Camera Survey 2014   

Carnivores Tracks Detected?:  Lynx:_______  Bobcat:_______  Fisher:_______ Coyote:_______ Red Fox:_______  Marten:_______

Carnivores Tracks Detected?:  Lynx:_______  Bobcat:_______  Fisher:_______ Coyote:_______ Red Fox:_______  Marten:_______

Carnivores Tracks Detected?:  Lynx:_______  Bobcat:_______  Fisher:_______ Coyote:_______ Red Fox:_______  Marten:_______

Note the battery level and if too low  w rite "replaced" in Battery level f ield.  Use Notes f ield to record any potential problems w ith camera

Survey Unit:_________________________
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Fig. 3.  Identification of Bushnell Trophy Cam (2 top pictures) and ScoutGuard 565 (below) camera components 

required for checking cameras and changing sd cards.   
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Gifford, Krishna <krishna_gifford@fws.gov>

Re: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23 
1 message

Gifford, Krishna <krishna_gifford@fws.gov> Thu, Oct 12, 2017 at 1:17 PM
To: "Phifer, Paul" <paul_phifer@fws.gov>
Cc: Anna Harris <anna_harris@fws.gov>, Mary Parkin <mary_parkin@fws.gov>, "Miller, Martin" <martin_miller@fws.gov>

With Marty and Mary looking at it, I don't need to.  Thanks for asking though.  -Krishna

______________________________________________________________________
Krishna Gifford

ESA Listing Coordinator
U.S. Fish and Wildlife Service - Northeast Region
Endangered Species Program
300 Westgate Center Dr.
Hadley, MA 01035
413-253-8619 (v); 413-253-8482 (f)

On Thu, Oct 12, 2017 at 1:11 PM, Miller, Martin <martin_miller@fws.gov> wrote: 
I'd like to take a look.  Will do that today.
 
On Thu, Oct 12, 2017 at 11:56 AM, Phifer, Paul <paul_phifer@fws.gov> wrote: 

Do any of you want to take a look?  
______________
Paul Phifer, PhD
Assistant Regional Director - Ecological Services
Northeast Region 
Dept of the Interior
US Fish and Wildlife Service
413.253.8698 work
413.687.4764 cell
 
---------- Forwarded message ---------- 
From: Nelson, Marjorie <marjorie_nelson@fws.gov> 
Date: Fri, Oct 6, 2017 at 4:06 PM 
Subject: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23 
To: Paul Phifer <Paul_Phifer@fws.gov>, Lori Nordstrom <Lori_Nordstrom@fws.gov>, Rollie White <rollie_white@fws.gov> 
Cc: Michael Thabault <Michael_Thabault@fws.gov>, Justin Shoemaker/R6/FWS/DOI <justin_shoemaker@fws.gov> 
 
 
Region 6 requesting your concurrence on the attached 5 year status review for the  contiguous US DPS of the Canada lynx.  This
review documents the recommendation and rationale from the meeting on April and follow-up conference call on May 12th based on
the SSA Report.  We appreciate all of your regions' input and contributions to this effort. This one is the first 5 YSR based off an SSA
and I am happy to report that it is 6 pages plus cover (plus the form for signatures).  
 
Given the various lawsuits associated with Canada lynx, we are working with the SOL on the timing and nature of informing
appropriate courts.  As such, we are not public about this pending recommendation to the point that it did not get onto the delisting
workplan posted by HQ last week. 
 
At present, we are addressing comments on the received from RSOL.  I will send you all a copy of that SSA in about a week.  
 
In the meantime, I am requesting a concurrence via email by October 23rd.  If you have concerns, questions or comments, feel free
to contact me asap.  We can then incorporate any changes and circulate a clean version for signature (though I think we could
streamline concurrence to email as we do for rulemakings). 
 
thank you,
Marj
 
Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct 
720-582-3524 cell

https://mail.google.com/mail/?view=cm&fs=1&tf=1&to=martin_miller@fws.gov
https://mail.google.com/mail/?view=cm&fs=1&tf=1&to=paul_phifer@fws.gov
https://mail.google.com/mail/?view=cm&fs=1&tf=1&to=marjorie_nelson@fws.gov
https://mail.google.com/mail/?view=cm&fs=1&tf=1&to=Paul_Phifer@fws.gov
https://mail.google.com/mail/?view=cm&fs=1&tf=1&to=Lori_Nordstrom@fws.gov
https://mail.google.com/mail/?view=cm&fs=1&tf=1&to=rollie_white@fws.gov
https://mail.google.com/mail/?view=cm&fs=1&tf=1&to=Michael_Thabault@fws.gov
https://mail.google.com/mail/?view=cm&fs=1&tf=1&to=justin_shoemaker@fws.gov
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--  
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and Wildlife Service, 300 Westgate Center Drive,
Hadley, MA 01035, 413-253-8615

https://maps.google.com/?q=300+Westgate+Center+Drive,+Hadley,+MA+01035,+413&entry=gmail&source=g


From: Gifford, Krishna
To: Phifer, Paul
Cc: Anna Harris; Mary Parkin; Miller, Martin
Subject: Re: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23
Date: Thursday, October 12, 2017 1:18:22 PM

With Marty and Mary looking at it, I don't need to.  Thanks for asking though.  -Krishna

______________________________________________________________________
Krishna Gifford

ESA Listing Coordinator
U.S. Fish and Wildlife Service - Northeast Region
Endangered Species Program
300 Westgate Center Dr.
Hadley, MA 01035
413-253-8619 (v); 413-253-8482 (f)

On Thu, Oct 12, 2017 at 1:11 PM, Miller, Martin <martin_miller@fws.gov> wrote:
I'd like to take a look.  Will do that today.

On Thu, Oct 12, 2017 at 11:56 AM, Phifer, Paul <paul_phifer@fws.gov> wrote:
Do any of you want to take a look?  
______________
Paul Phifer, PhD
Assistant Regional Director - Ecological Services
Northeast Region
Dept of the Interior
US Fish and Wildlife Service
413.253.8698 work
413.687.4764 cell

---------- Forwarded message ----------
From: Nelson, Marjorie <marjorie_nelson@fws.gov>
Date: Fri, Oct 6, 2017 at 4:06 PM
Subject: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23
To: Paul Phifer <Paul_Phifer@fws.gov>, Lori Nordstrom <Lori_Nordstrom@fws.gov>,
Rollie White <rollie_white@fws.gov>
Cc: Michael Thabault <Michael_Thabault@fws.gov>, Justin Shoemaker/R6/FWS/DOI
<justin_shoemaker@fws.gov>

Region 6 requesting your concurrence on the attached 5 year status review for the  contiguous US DPS of
the Canada lynx.  This review documents the recommendation and rationale from the meeting on April and
follow-up conference call on May 12th based on the SSA Report.  We appreciate all of your regions' input and
contributions to this effort. This one is the first 5 YSR based off an SSA and I am happy to report that it is 6
pages plus cover (plus the form for signatures).  

Given the various lawsuits associated with Canada lynx, we are working with the SOL on the timing and
nature of informing appropriate courts.  As such, we are not public about this pending recommendation to the
point that it did not get onto the delisting workplan posted by HQ last week.
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At present, we are addressing comments on the received from RSOL.  I will send you all a copy of that SSA in about a
week.  

In the meantime, I am requesting a concurrence via email by October 23rd.  If you have concerns, questions or
comments, feel free to contact me asap.  We can then incorporate any changes and circulate a clean version for signature
(though I think we could streamline concurrence to email as we do for rulemakings).

thank you,
Marj

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

https://maps.google.com/?q=300+Westgate+Center+Drive,+Hadley,+MA+01035,+413&entry=gmail&source=g


 

 1 

 
 
 
 
 

Canada Lynx 
(Lynx canadensis) 

 
5-Year Review: 

Summary and Evaluation 

 
 
 
 
 
 
 
 
 
 

U.S. Fish and Wildlife Service 
Mountain-Prairie Region 

Lakewood, Colorado 



 

 2 

 
5-YEAR REVIEW 

Canada lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
GENERAL INFORMATION 
 
Methodology used to complete the review: 

 
In accordance with section 4(c)(2) of the Endangered Species Act (ESA), Tthe purpose of a 5-
year review is to assess each threatened and endangered species to determine whether its status 
has changed since the time of its listing, or its last status review and whether it should be 
classified differently or removed from the list of threatened and endangered species.  The U.S. 
Fish and Wildlife Service (Service) evaluated the biology and status of the contiguous United 
States (U.S.) distinct population segment (DPS) of the Canada lynx as part of a Species Status 
Assessment (SSA) to inform this 5-year review and, if needed, recovery planning.  The SSA 
Report was written by the Canada Lynx Species Status Assessment Team (Lynx SSA Team), 
which consists of a Core Team of Service biologists who work on lynx issues across the DPS 
range and an SSA Framework Implementation Team of Service and U.S. Geological Survey staff 
who have developed and advanced the SSA framework.  The SSA Report represents the 
Service’s evaluation of the best available scientific information, including the formally-elicited 
professional judgments and opinions of recognized lynx experts.  The SSA Report underwent 
independent peer and partner review before being used as the scientific basis to support a 
decision making process involving Service Regions 1, 3, 5, and 6 regarding the recommendation 
presented in this 5-year review.   
 
Region 6 is the lead region for this action in coordination with Regions 1, 2, 3, and 5.  The lead 
field office (FO) is the Montana Ecological Services FO, with support from the Maine, 
Minnesota, Washington, and Western Colorado Ecological Services FOs.  
 
Background: 

 
Listing history 

 
The Service listed the lynx DPS as a threatened species under the Endangered Species Act (ESA) 
in 2000 because of the potential for impacts to lynx habitat conditions and the availability of 
snowshoe hare and other prey populations within the lynx DPS and existing regulatory 
mechanisms on Federal lands, at that time, did not provide sufficient guidance for the 
conservation of lynx habitats and populations or snowshoe hare habitat in light of potential 
threats (65 FR 16052-16086).  On May 8, 2014, the United States District Court for the District 
of Montana ordered the Service to complete recovery planning for the lynx DPS (U.S. District 
Court MT 2014a, p. 8).  On June 25, 2014, the same court ordered the Service to complete a 
recovery plan by January 15, 2018 “…unless the Service finds that such a plan will not promote 
the conservation of the [lynx]” (i.e., the DPS is recovered or no longer warrants ESA protections; 
U.S. District Court MT 2014b, p. 2).  We noticed the initiation of the 5-yr review in the Federal 
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Register on April 18, 2007 (72 FR 19549), and additionally published a news release announcing 
re-initiation of a 5-yr review on January 13, 2015.   
We completed the SSA Report to summarize the best available scientific information on the 
current status and likely future viability of the DPS.  SSA provides the scientific basis for this 5-
yr review.   
 
REVIEW ANALYSIS 
 
Application of the 1996 Distinct Population Segment (DPS) policy  

 
The Service designated lynx in the contiguous United States as a DPS because of differences in 
the management of lynx and lynx habitats across the international boundary with Canada 
(meeting discreteness criteria in the DPS policy) and because of the climatic, vegetative, and 
ecological differences in lynx habitat compared to the northern parts of the species’ range in 
Canada and Alaska (meeting significance criteria) (65 FR 16052; 68 FR 40076; 72 FR 1186).  
 
Updated Information and Current Species Status  
 
Summary of SSA Results:  
 
In the SSA, we describe the current and future viability of the lynx DPS in terms of resiliency, 
redundancy, and representation.  Resident lynx populations persisted historically and continued 
to persist in 4four of the 6six geographic units evaluated in the SSA (Units 1 (Northern Maine), 2 
(Northeastern Minnesota), 3 (Northwestern Montana/Northeastern Idaho), and 4 (North-central 
Washington)) (SSA Report, p. X).  Based on verified records, it is uncertain if the Greater 
Yellowstone Area (Unit 5) historically supported a persistent resident lynx population and it 
currently appears not to support resident lynx (SSA Report, p. X).  Available evidence also 
suggests that Colorado (Unit 6) did not historically support persistent lynx presence; however, a 
resident population has persisted there for more than a decade since the 1999-2006 release of 218 
Canadian and Alaskan lynx in the San Juan Mountains (SSA Report, p. X).   
 
Considering the available information, we found no reliable evidence that the current distribution 
and relative abundance of resident lynx in the contiguous United States are substantially reduced 
from historical conditions (SSA Report, p. X).  In fact, because of the introduction of lynx in 
Colorado and anthropogenically influenced lynx abundance in Maine, there may be more 
resident lynx currently in the DPS range than likely occurred historically (SSA Report, p. X).  
This suggests historical and current resiliency among lynx populations in the DPS.  The current 
broad distribution of resident lynx in large, geographically discrete areas (redundancy) makes the 
DPS invulnerable to extirpation caused by a single catastrophic event (SSA Report, p. X).  
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished from 
historical levels (SSA Report, p. X).  In fact, as a result of the current population in Colorado, 
redundancy in the DPS is likely greater, at least temporarily, now than it was historically (SSA 
Report, p. X).  Similarly, resident lynx remains broadly distributed across the range of habitats 
that have supported them historically, suggesting maintenance of the breadth and diversity of 
ecological settings occupied within the DPS range (representation) (SSA Report, p. X).   

Comment [MJM1]: Relative to what? 
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Additionally, observed high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the past 
and recent genetic health of lynx populations in the DPS (representation) (SSA Report, section 
2.1).  Because there are no indications of significant loss of, or current stressors too, the genetic 
health or adaptive capacity of lynx populations in the DPS, we find that the current level of 
representation within the DPS does not appear to indicate a decrease from historical conditions 
(SSA Report, p. X). 
 
We conclude that resident lynx populations are very likely to persist in all 5five units that 
currently support them (Units 1- to 4 and 6) in the near- term (2025) and likely to persist in those 
5five units at mid-century (2050) (SSA Report, p. X).  We and the experts we consulted have 
low confidence in predicting the likely conditions of assessing the risk to DPS populations 
beyond 2050 (SSA Report, p. X).  Therefore, we consider 2050 as the foreseeable future for this 
5-year review.  Nonetheless, we expect lynx populations in each geographic unit to become 
smaller and more patchily- distributed in the future due largely to projected climate-driven losses 
in habitat quality and quantity and related factors (SSA Report, p. X).  However, the timing, rate, 
and extent of habitat decline due to projected climate warming and corresponding effects to lynx 
populations all are highly uncertain (SSA Report, p. X).  That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation (SSA Report, p. X).  
Despite some reduced resiliency, we conclude that resident lynx populations are likely to persist 
through mid-century in the geographic units that supported them historically (uUnits 1- to 4); 
with the corresponding maintenance of redundancy and representation in the DPS over that time 
span (SSA Report, p. X).  Predictions out to 2100 are highly uncertain (SSA Report, p. X), and 
beyond what we consider to be reasonably foreseeable.  Nonetheless, although we expect some 
resident lynx to persist within the DPS at the end of the century, it is possible that populations in 
some units could be functionally extirpated by then (SSA Report, p. X).  Should future 
extirpations occur, this would indicate a loss of resiliency, reduced redundancy, and 
representation, and an increased risk of extirpation of the DPS. 
 
Consideration of the Five 4(a)(1) Factors: 
 
Through our SSA analysis, we have evaluated the effects of all factors identified in section 
4(a)(1) of the ESA.  In the SSA we focused on the influences identified as having the potential to 
exert population and DPS-level impacts on lynx and lynx habitats (SSA Report, chapter 3). 
Those anthropogenic influences include climate change (Factor E), vegetation management 
(Factor A), wildland fire management (Factor A), and habitat loss and fragmentation (Factor A).  
We also considered other potential stressors such as trapping (Factor B), and disease and 
predation (Factor C).  Additionally, we considered how each of the above influences is 
ameliorated or exacerbated by existing regulatory mechanisms (Factor D). 
 
In light of potential threats considered at the time of listing, lynx conservation measures and 
habitat management guidance adopted by the U. S. Forest Service (USFS) and the Bureau of 
Land Management (BLM), via formally amended or revised management plans or conservation 
agreements with the Service, have substantially addressed the conservation of lynx habitats and 
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populations or snowshoe hare habitat (SSA Report, p. X). 
   
Synthesis (Application of SSA Results to ESA Classification)  
 
As defined by the Endangered Species Act (Act)ESA, an endangered species is any species that 
is “in danger of extinction throughout all or a significant portion of its range.”  In the SSA 
Report, we evaluated the best available scientific information regarding the current and predicted 
future condition of the lynx DPS to describe its viability and how it may change over time (2025, 
2050, and 2100).  We assess the viability of the lynx DPS by evaluating its ability to maintain a 
sufficient number and distribution of viable populations to withstand environmental stochasticity 
(resiliency), catastrophes (redundancy), and changes in its environment (representation) into the 
future.  Ultimately, we compare our evaluation of the DPS’ risk of extinction against the 
definitions of an endangered or threatened species as defined by the ActESA.   
 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4four of the 6six geographic units (Units 1 -to 4), the current persistence of lynx in one of 
the units (Unit 6), and the absence of reliable information indicating that the current distribution 
and relative abundance of resident lynx are substantially reduced from historical conditions 
suggest the historical and recent resiliency to stochastic events of lynx populations in the DPS 
(SSA Report, p. X).  The large sizes and broad distributions of the geographic units occupied by 
resident lynx populations likewise indicate historical and current redundancy in the DPS 
sufficient to preclude the possibility of extirpation from catastrophic events (SSA Report, p. X).  
There are no indications of current threats to the genetic health or adaptive capacity of lynx 
populations in the DPS, and the current level of representation does not suggest a decrease from 
historical conditions (SSA Report, p. X).  Due to the current resiliency, redundancy, and 
representation of the lynx DPS, we conclude that the risk of extinction (in this case, extirpation 
of all resident lynx populations in the DPS) is low, such that the DPS currently is not in danger 
of extinction throughout all of its range and, therefore, does not meet the definition of an 
endangered species. 
 
Having determined that the lynx DPS is not endangered, we next compare the status of the DPS 
to the definition of a threatened species.  Under the ActESA, a threatened species is any species 
that is “likely to become an endangered species within the foreseeable future throughout all or a 
significant portion of its range.”  The foreseeable future refers to the extent to which the 
Secretary can reasonably rely on predictions about the future in making determinations about the 
future conservation status of the species (U.S. Department of Interior, Solicitor’s Memorandum, 
M-37021, and January 16, 2009).  The key statutory difference between a threatened species and 
an endangered species is the timing of when a species may be in danger of extinction, either now 
(endangered species) or in the foreseeable future (threatened species).  In the SSA, we 
considered the future condition of the lynx DPS out to 2025, 2050, and 2100 (SSA Report, p. X).  
It became apparent through discussions with lynx experts, in peer and partner reviews of the 
draft SSA Report, and among Service biologists and management that any future projections of 
lynx status beyond mid-century were complicated by a very high degree of uncertainty 
concerning the timing and extent of various stressors that may affect lynx and hare habitat and 
snow regimes, especially those related to projected future climate change (SSA Report, p. X).  
Therefore, in this evaluation, we focused onidentified mid-century (2050) as the foreseeable 
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future because this time horizon gives us a higher degree of certainty in reasonably projecting the 
future condition of the lynx DPS. 
  
As discussed in the SSA Report, resident lynx populations in all geographic units that currently 
support them are expected to be smaller and more fragmented and isolated in the future, and each 
geographic unit and the DPS as a whole will be less resilient in the future (SSA Report, p. X).  
However, all 5five geographic units that currently support resident lynx populations (all units 
except the GYA) are expected by lynx experts (with likelihoods of 70 to 90 percent) to continue 
to do so through mid-century (2050) (SSA Report, p. X).  Our analyses, andas informed by 
expert input, suggest that resiliency will likely be sufficient to foster persistence (i.e., preclude 
extirpation) of resident lynx through mid-century in all or most of the 5five geographic units that 
currently support them (SSA Report, p. X).  At mid-century, we expect lynx to retain a wide 
geographical distribution of populations, maintaining redundancy within the DPS (SSA Report, 
p. X).  Should lynx populations in each geographic unit to become smaller and more patchily- 
distributed, reduced genetic health and/or adaptive capacity would be expected; however, we 
have no evidence to suggest reduced representation would be a DPS-level concern at mid-
century (SSA Report, p. X).  Therefore, we conclude that the risk of extinction (extirpation of the 
DPS) by 2050 is sufficiently low, such that the lynx DPS is not likely to become endangered 
throughout all of its range within the foreseeable future and, therefore, does not meet the 
definition of a threatened species. 
 
Recovery Criteria  
 
Recovery Plan or Outline:  There is no recovery plan for the Canada lynx DPS, and, therefore, 
recovery criteria have not been developed.  However, the Service completed a Recovery Outline 
on September 14, 2005, which provided preliminary recovery objectives and actions based on 
our understanding, at that time, of current and historical lynx occurrence and lynx population 
dynamics in the contiguous United States DPS.  Even in the absence of a recovery plan, progress 
has been made on some components of the preliminary recovery strategy described in the 2005 
Recovery Outline (e.g., improved regulatory mechanisms on Federal and some State, Tribal, and 
private lands and related protections of important lynx and hare habitats), while other 
components have seen little or no progress or may no longer be appropriate.  Nonetheless, lynx 
conservation measures and habitat management guidance adopted by the USFS and the BLM 
have substantially addressed the potential threats considered at the time of listing to the 
maintenance of lynx DPS habitat conditions and the availability of snowshoe hare and other prey 
populations (SSA Report, p. X).  Furthermore, as described above, the lynx DPS no longer meets 
the definition of a threatened species.  
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RESULTS 
 
Recommended Classification: After assessing the best available information, we conclude that 
the Canada lynx DPS is not in danger of extinction throughout all of its range nor is it likely to 
become so in the foreseeable future,; i.e.that is, it is not an endangered species throughout all of 
its range or a threatened species throughout all of its range.  We recommend removing the 
Canada lynx DPS, currently listed as threatened, from the list of threatened and endangered 
species.  
 

____ Downlist to Threatened 
 ____ Uplist to Endangered 
 __x_ Delist (Indicate reasons for delisting per 50 CFR 424.11): 
  ____ Extinction 
  __x_ Recovery 
  ____ Original data for classification in error 
 ____ No change is needed 
 
New Recovery Priority Number (indicate if no change; see Appendix E): 

 
Brief Rationale:  

 
Listing and Reclassification Priority Number, if reclassification is recommended (see 
Appendix E)   

 
Reclassification (from Threatened to Endangered) Priority Number: ____ 
Reclassification (from Endangered to Threatened) Priority Number: ____ 
Delisting (Removal from list regardless of current classification) Priority Number: 

__x_ 
 
Brief Rationale:  
 

 
RECOMMENDATIONS FOR FUTURE ACTIONS – Proceed with a proposed rule to 
remove the Canada lynx DPS from the list of threatened and endangered species.  
  
REFERENCES – A large part of the lynx SSA involved seeking expert input on lynx biology, 
stressors, and current and future condition of the DPS.  We describe the expert elicitation process 
and the experts involved in our Canada Lynx Expert Elicitation Workshop Final Report (Service 
2016, entire).  A draft SSA Report went through an extensive review process with peer 
reviewers, tribes, State agencies, and Federal agencies within the range of the lynx DPS.  The 
final SSA Report has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 3 
other Federal agencies. 
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U.S. FISH AND WILDLIFE SERVICE 
5-YEAR REVIEW  

Canada Lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
Current Classification:  
   
Recommendation resulting from the 5-Year Review: 

 
____ Downlist to Threatened 

 ____ Uplist to Endangered 
 __x_ Delist 

  ____ No change needed 
 
Appropriate Listing/Reclassification Priority Number, if applicable: 
 
Review Conducted By: 
 
FIELD OFFICE APPROVAL: 
 
Lead Field Supervisor, U.S. Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
The lead Field Office must ensure that other offices within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  The 
lead field office should document this coordination in the agency record. 
 
REGIONAL OFFICE APPROVAL: 
 
The Regional Director or the Assistant Regional Director, if authority has been delegated to the 
Assistant Regional Director, must sign all 5-year reviews.   
 
Lead Regional Director, U.S. Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
 
The Lead Region must ensure that other regions within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  Written 
concurrence from other regions is required.  
 
Cooperating Regional Director, Region 1, U.S. Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   
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Cooperating Regional Director, Region 3, U.S. Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   
 
Cooperating Regional Director, Region 5, U.S. Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   



From: Miller, Martin
To: Phifer, Paul
Cc: Anna Harris; Krishna Gifford; Mary Parkin
Subject: Re: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23
Date: Thursday, October 12, 2017 2:02:09 PM
Attachments: Tab 2. Canada Lynx draft 5-yrReview_09282017_MMiller.doc

Paul - I reviewed the 5-year review and made some suggested edits and comments.  I have two
main concerns:

1.  Expert opinion - As I commented on the SSA Report, expert opinion is not something we
consider in addition to the best available information; it helps us interpret the information. 
What counts is our conclusion, so we should be careful in how we refer expert opinion. 
Moreover, the References section describes how expert elicitation was a part of the SSA
methodology, so we don't need to be mentioning expert opinion at all in the body of the
review.  If we want to mention expert opinion, we need to adequately explain how it
influenced our conclusions.

2.  Predicting the future versus assessing risk - The document presents conclusions in terms of
what is the likely/expected future.  Our job is not to try to predict THE future, but rather to
assess risk.  A species can be likely/expected to persist but still be endangered.  So, saying we
conclude the species is likely to persist does not tell me it's not endangered.

On Thu, Oct 12, 2017 at 11:56 AM, Phifer, Paul <paul_phifer@fws.gov> wrote:
Do any of you want to take a look?  
______________
Paul Phifer, PhD
Assistant Regional Director - Ecological Services
Northeast Region
Dept of the Interior
US Fish and Wildlife Service
413.253.8698 work
413.687.4764 cell

---------- Forwarded message ----------
From: Nelson, Marjorie <marjorie_nelson@fws.gov>
Date: Fri, Oct 6, 2017 at 4:06 PM
Subject: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23
To: Paul Phifer <Paul_Phifer@fws.gov>, Lori Nordstrom <Lori_Nordstrom@fws.gov>,
Rollie White <rollie_white@fws.gov>
Cc: Michael Thabault <Michael_Thabault@fws.gov>, Justin Shoemaker/R6/FWS/DOI
<justin_shoemaker@fws.gov>

Region 6 requesting your concurrence on the attached 5 year status review for the  contiguous US DPS of the
Canada lynx.  This review documents the recommendation and rationale from the meeting on April and follow-
up conference call on May 12th based on the SSA Report.  We appreciate all of your regions' input and
contributions to this effort. This one is the first 5 YSR based off an SSA and I am happy to report that it is 6
pages plus cover (plus the form for signatures).  

Given the various lawsuits associated with Canada lynx, we are working with the SOL on the timing and nature
of informing appropriate courts.  As such, we are not public about this pending recommendation to the point that

mailto:martin_miller@fws.gov
mailto:paul_phifer@fws.gov
mailto:anna_harris@fws.gov
mailto:krishna_gifford@fws.gov
mailto:mary_parkin@fws.gov
mailto:paul_phifer@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:Paul_Phifer@fws.gov
mailto:Lori_Nordstrom@fws.gov
mailto:rollie_white@fws.gov
mailto:Michael_Thabault@fws.gov
mailto:justin_shoemaker@fws.gov


it did not get onto the delisting workplan posted by HQ last week.

At present, we are addressing comments on the received from RSOL.  I will send you all a copy of that SSA in about a
week.  

In the meantime, I am requesting a concurrence via email by October 23rd.  If you have concerns, questions or comments,
feel free to contact me asap.  We can then incorporate any changes and circulate a clean version for signature (though I
think we could streamline concurrence to email as we do for rulemakings).

thank you,
Marj

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The lynx is a boreal forest carnivore whose populations are strongly tied to its primary prey, the 
snowshoe hare (Lepus americanus). Both species occur primarily in the extensive boreal 
spruce-fir forests of Canada and Alaskan; however, the southern margins of both their ranges 
extend into the northern contiguous United States. The Service designated lynx in the Lower 48 
States as a DPS because of differences in the management of lynx and lynx habitats across the 
international boundary with Canada and because of the climatic, vegetative, and ecological 
differences between lynx habitat at the southern extent of its range in the contiguous United 
States compared to the northern range in Canada and Alaska. The Service listed the DPS as 
threatened under the Endangered Species Act (ESA) in 2000 because of the inadequacy, at 
that time, of regulatory mechanisms on some Federal lands to provide for the conservation of 
lynx habitats and populations (see section 3.1.1). This SSA does not reconsider the designation 
of the DPS or its listing status under the ESA, which are Service policy decisions. Instead, it 
provides the scientific basis for the statutorily required 5-year status review for the DPS and 
other decisions the Service is required to make in accordance with the ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
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predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are naturally 
less abundant and generally more patchily-distributed than in the core of the species’ range in 
Canada and Alaska. Maintaining connectivity between the DPS and lynx populations in Canada 
is thought to be important. However, the extent to which DPS populations may depend on 
immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in future projections, particularly beyond 
mid-century. The output from this expert elicitation process (summarized below and presented 
in detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline in the future largely 
as a result of projected continued climate warming and associated impacts, which are likely to 
exacerbate the potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue in the future, although we do not anticipate that such 
events alone would cause the permanent loss of breeding lynx populations in any geographic 
unit. We are aware of no management actions that could be expected to abate the projected 
long-term retreat of boreal forests, declining hare populations, and diminished snow conditions 
expected under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically, and many more than was known or suspected at the time the DPS was 
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listed. This is due to the large amount and broad distribution of high-quality lynx and hare 
habitat that currently exists as a result of landscape-level clearcutting on private commercial 
timber lands in response to a major spruce budworm (Choristoneura fumiferana) outbreak in the 
1970s and 1980s. These dense young regenerating conifer stands are much more extensive 
than they are thought to have been historically under natural disturbance regimes. The State of 
Maine suggests that this unit currently may support 750-1,000 resident lynx. However, habitat 
extent probably peaked in the late 1990s and early 2000s, and habitat quality is projected to 
decline in these stands over the next few decades as they age beyond 35-40 years post-
harvest. Because a shift in forest management from clearcutting to partial harvesting that began 
in 1989 is unlikely to maintain or recreate this extensive high-quality habitat, we expect lynx 
habitat and numbers to decline in this unit over the next several decades, perhaps to levels 
more consistent with likely historical conditions. We concur with the expert panel that the 
resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the longer-
term (at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further reducing 
lynx numbers and likely decreasing the population’s resilience. Some climate models indicate 
substantial loss of boreal forest and favorable snow conditions under higher emissions 
scenarios, and this unit generally lacks potential elevational refugia that would support upslope 
movement of lynx habitats and populations. Therefore, we suggest that the likelihood that this 
unit will support a resident lynx population at 2100 may be somewhat lower than expert 
projections, although the timing and extent of future climate-mediated habitat decline is highly 
uncertain. This geographic unit may also be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington. Because of this, the 
number of resident lynx in this unit is likely lower than it was historically and when the DPS was 
listed. Based on estimates of lynx carrying capacity, this unit may have been capable of 
supporting roughly 50-60 resident lynx prior to large fires beginning in the early 1990s. Recent 
habitat evaluations suggest it currently may be capable of supporting only about 30-35 lynx, with 
the decline due to fire-driven habitat losses. Although these losses are expected to be 
temporary, additional fires in this unit before previously burned areas recover (10-40 years post-
burn) would further reduce lynx numbers and make this geographic unit more vulnerable to 
extirpation. Because of these habitat impacts and remaining stressors to lynx, the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. Nonetheless, 
we concur with the expert panel that the resident lynx population in this unit is very likely to 
persist at years 2025 and 2050. Over the longer-term (2100), we expect continued climate 
warming to reduce the amount and quality of lynx habitat in this unit, further reducing lynx 
numbers and likely decreasing the population’s resilience. Therefore, we concur with experts 
that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
 
Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 



 

9 
 

only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
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for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated lynx in the contiguous United States as a DPS because of differences 
in the management of lynx and lynx habitats across the international boundary with Canada and 
because of the climatic, vegetative, and ecological differences in lynx habitat compared to the 
northern parts of the species’ range in Canada and Alaska (62 FR 28654-28655). The Service 
listed the DPS as threatened under the ESA in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on some Federal lands to provide for the conservation of lynx 
habitats and populations (65 FR 16052-16086). On May 8, 2014, the United States District 
Court for the District of Montana ordered the Service to complete recovery planning for the lynx 
DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered the 
Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that such 
a plan will not promote the conservation of the [lynx]” (i.e., the DPS is recovered or no longer 
warrants ESA protections; U.S. District Court MT 2014b, p. 2). We completed this SSA (version 
1.0) to summarize the best available scientific information on the current status and likely future 
viability of the DPS. This SSA will inform a determination by Service decision makers of whether 
(1) the DPS continues to warrant protection under the ESA and (2) a recovery plan is needed to 
guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions. It 
is generally restricted to areas that receive deep and persistent unconsolidated (“fluffy”) snow, 
which is thought to allow lynx, with their proportionately longer limbs and very large feet, to 
outcompete other terrestrial hare predators that are less efficient in such conditions (McCord 
and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-
94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; 
Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 
25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are known or 
suspected to intermittently support resident lynx and occasional reproduction. Uncertainty 
remains as to whether resident lynx populations occurred historically in other areas not 
encompassed by the geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                 
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                 
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
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● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate conifer or deciduous) forests, non-snow-domintated climates, or to persist 
on alternate prey species where hare densities are or become inadequate. Therefore, we 
assume lynx populations in the DPS are vulnerable (sensitive, exposed, and with little 
capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 5) to the 
projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 

 
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
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stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
                                                 
3 http://www.itis.gov.  

http://www.itis.gov/
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tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
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that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
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363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
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Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 



 

28 
 

Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus  spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
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projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
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Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
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2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in northern and eastern Canada (McKelvey et al. 



 

32 
 

2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 

competition from other hare predators, and 
d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 

etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
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own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous United States), hare 
population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 
2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx 
SSA Team 2016a, pp. 16-17), and hare and lynx abundances and lynx demographic rates are 
typically like those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; 
Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern populations the 
likelihood is probably relatively low that an individual lynx will have its ecological requirements 
met sufficiently to replace itself in the breeding population. Also in the south, there are more 
diverse assemblages of potential competitors and predators, more natural patchiness and 
anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provision dependent kittens (Moen 
et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
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females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
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level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Historical lynx occurrence 
records in the contiguous United States were correlated with areas that received at least 4 
months (December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). 
Where snow conditions do not consistently favor lynx, increased potential for predation and 
competition would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely 
to survive, breed, and replace themselves in the breeding population if they occupy home 
ranges where trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, 
entire), high-speed/high-volume roadways are absent (ILBT 2013, pp. 77-78), and other 
potential anthropogenic causes of lynx mortality are absent or minimal. 
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
For a lynx population in the core of the species’ range in the southern Yukon, Slough and 
Mowat (1996, p. 952, table 4) calculated population growth rate (lambda, λ) = 2.03 (annual 
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doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx population. This 
period of rapid growth was followed by a rate of λ = 1.01 (stable) during the first year of a hare 
decline, and λ = 0.10 and λ = 0.46 (rapid decline) during the first 2 years of the lynx population 
decline when hares were scarce. However, the natural range in λ that would be expected 
among peripheral, isolated, or semi-isolated lynx populations where hares are non-cyclic or 
weakly-cyclic (i.e., in DPS and some southern Canadian populations), versus those that would 
signal long-term population decline or instability is unknown. Despite this, and the limitations 
noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) calculated population 
growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area (i.e., declining 
population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains (increasing trend, 
2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex 10, deterministic 
population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) to calculate 
finite growth rates during a period of high hare density (λ = 1.16; increasing trend) and during a 
period of low hare density (λ = 0.88; decreasing trend) for the lynx population in northern Maine 
(see also section 4.2.1). Neither the Montana nor Maine estimates incorporated rates of 
immigration/emigration (i.e., both assumed immigration and emigration rates of zero, which is 
very unlikely and contradicted by historical and recent evidence of lynx dispersal in both 
directions across the Canada-Unites States border across the DPS range). Schwartz (2017, p. 
4) noted that very low immigration rates (less than 1 female/year on average for a theoretical 
population of 100 lynx) could provide population stability or even growth, suggesting that the 
Seeley Lake population and perhaps other DPS populations are probably being bolstered by 
low levels of immigration, which may go undetected. Other efforts to model lynx population 
dynamics in the DPS range include those of Lyons et al. (2016, entire), who developed spatially-
explicit, individual-based population models to estimate reductions in potential lynx carrying 
capacity in Washington associated with recent large wildfires, and Licht et al. (2017, in press, 
entire), who conducted a PVA of a potential lynx reintroduction to Isle Royale in Lake Superior, 
about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
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years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
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risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
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The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarilyinto areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
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80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat. The 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, McKelvey et al. 
(2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 

2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
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the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because it is a habitat and prey specialist, lynx densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist. 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449) because they are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors and predators (Buskirk et al. 2000a, p. 90; Krohn 
et al. 2005, p. 123; also see section 2.2 above), although behavioral adaptations may offset 
morphological differences to some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
 
Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
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(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a detailed, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
 
In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
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state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontarior than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire)indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
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high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
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has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecendentedly large irruptions of lynx from Canada into 
the northern contiguous United States, when dispersing/transient lynx occurred temporarily in 
many places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoning Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
                                                 
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 



 

47 
 

may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 
In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
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recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
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recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Although the current population size in Maine is uncertain, 
habitat distribution and lynx home range data suggest this geographic unit could potentially 
support 750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016a, p. 18]). The current lynx 
population in Maine is supported by the broad distribution of high-quality hare habitat that 
resulted from extensive, large-scale clearcutting in the 1970s and 1980s in response to a 
massive spruce budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; 
also see section 4.2.1). As these regenerating clearcuts, which currently provide the dense 
horizontal structure preferred by hares, mature beyond about 35-40 years post-harvest, hare 
densities are expected to decline as cover and forage are reduced as a result of forest 
succession (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16). The 
current lynx population in Maine is probably substantially larger than typically occurred 
historically under the natural disturbance regime, when relatively small amounts of the spruce-fir 
forests in the state are thought to have been composed of the dense young stands that provode 
optimal hare (and, therefore, lynx foraging) habitat (Lorimer 1977, entire; 68 FR 40094; Vashon 
et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the proliferation of 
partial harvesting following enactment of the Maine Forest Practices Act of 1989, lynx densities 
in Maine are projected to decline by 55 to 65 percent by 2032 (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16), perhaps to levels more consistent with likely 
historical conditions. Lynx in Maine likely represent the southern periphery of a larger population 
that occurs in northern New Brunswick and southern Quebec south of the St. Lawrence 
Seaway/River, which appears to partially isolate lynx in this region, demographically and 
genetically, from populations in the core of the species’ range (Koen et al. 2015, entire). 
Whether lynx persistence in Maine relies on immigration from Canada, and if so to what extent, 
is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
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whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
there is no indication of substantial immigration from Canada after the 1980s (Squires in Lynx 
SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent evidence of 
reproduction have been documented in the Montana portion of the GYA where, as with the 
northwestern Wyoming part of the GYA (discussed above), uncertainty about whether this area 
consistently or only intermittently supported resident lynx historically makes it difficult to interpret 
their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As elsewhere in 
the West, recent research and habitat assessments suggest that habitats capable of supporting 
resident lynx in Montana are, and historically were, naturally patchier and less-broadly 
distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx therefore 
naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson in Lynx 
SSA Team 2016a, p. 12). 
 
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
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the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 
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3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
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management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
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movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
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incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2104, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
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to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
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the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are potentially capable of supporting them. They represent the agencies’ 
efforts, in collaboration with the Service, to address and ameliorate the singular threat for which 
the lynx DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it is clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous United 
States. Overall, Federal lands managed by the USFS, BLM, and NPS constitute nearly 64 
percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, and all but a tiny fraction of 
these lands are actively managed for lynx conservation. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
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resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
specifation of trap sizes and sets that may be used to legally harvest other furbearers and that 
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are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). In 2015, the 
                                                 
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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MNDNR issued emergency trapping rules in the LMZ mandating additional restrictions on the 
types of traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of 
incidentally trapping lynx. In response to a Federal court order, MDNR developed an incidental 
take plan designed to minimize the potential for lynx to be incidentally trapped during other legal 
furbearer trapping; the plan is currently under review by the Service. Like Maine, Minnesota has 
a State Endangered Species Statute (84.0895) which requires the MNDNR to adopt rules 
designating species meeting the statutory definitions of endangered, threatened, or species of 
special concern (State of Minnesota 2016, entire). The Statute also authorizes the MNDNR to 
adopt rules that regulate treatment of species designated as endangered and threatened. Also 
like Maine, however, Minnesota has not designated lynx as threatened or endangered under the 
statute. Instead it has designated the lynx a species of special concern, a designation for 
species that are extremely uncommon, have unique or highly specific habitat requirements, or 
occur on the periphery of their range in Minnesota and, therefore, deserve careful monitoring 
(MNDNR 2013, pp. 1-2). Thus, the MNDNR coordinates with the Service and other agencies to 
conduct research and monitor lynx populations and habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of reasonable restrictions on trapping in lynx 
habitat. Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
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10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming were offered full protection from trapping 
and hunting beginning in 1973, and they are designated by the State as a species of greatest 
conservation need (ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also 
participates in the CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
                                                 
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an 
early regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than typical historical conditions under the natural disturbance regime, when only 3 to 7 
percent of stands were likely in such condition at any given time (68 FR 40094). Current timber 
harvest and management on State and private lands in Maine are governed by the Maine 
Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 

                                                 
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
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of Unit 1) in northern Maine is under conservation easement10, but easements do not require 
management prescriptions or commitments for lynx. In the past Maine private forest landowners 
have expressed interest in long-term commitments to lynx management plans, but to our 
knowledge, there are no private landowners in Maine who have committed to long-term or 
permanent protection and creation of lynx habitat according to the Service’s lynx management 
guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 

                                                 
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices


 

64 
 

management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
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private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61oC (1.1oF; range = -0.53 to +2.50oC [-
0.95 to +4.5oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Peters et al. 2013, entire; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 
2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). Analysis of paleoclimate data indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4o - 2.6oC 
(0.7o - 4.7oF) by mid-century and 0.3o - 4.8oC (0.5o - 8.6oF) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
percent probability of increasing more than 1.5oC (2.7oF), a 76 percent probability of increasing 
2 o - 4.5oC (3.6o - 8oF) and a 14 percent probability of exceeding 4.5oC (8oF). 
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In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
                                                 
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf


 

68 
 

lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
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climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
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have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
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13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over potential competitors and predators. However, climate warming is diminishing snow 
conditions (depth, quality, persistence) throughout the DPS range. Warmer winter temperatures 
are reducing snow cover extent  and duration and altering snow structure via a combination of a 
higher proportion of precipitation falling as rain, more winter thaw-freeze events, higher rates of 
snowmelt during winter, and earlier spring melt and runoff (Hamlet and Lettenmaier 1999, p. 
1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; Christensen et al. 
2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; Pierce et al. 2008, 
entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; Georgakakos et al. 2014, pp. 
71-85). These trends are expected to continue with projected future climate warming (Hamlet 
and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; 
Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; IPCC 2014b, p. 62). The 
IPCC projects that spring snow cover in the Northern Hemisphere is likely to decrease by 7-25 
percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow season length and snow 
depth are very likely to decrease in most of North America except in the northernmost part of 
Canada where maximum snow depth is likely to increase’’ (Christensen et al. 2007, p. 850). 
Because lynx occurrence is correlated with prolonged periods of deep, fluffy snow, current lynx 
habitats would be expected to decline in value for lynx with decreases in snow condition and 
duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
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47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Snowpack losses have been documented and will likely continue and could even accelerate in 
the future (Hamlet and Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 
2011, entire; Kapnick and Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-
971), with faster losses likely in milder climates like the Cascades and the slowest losses in the 
high peaks of the Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in 
temperature, snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 
2016, p. 106). In the West, areas of contiguous spring snow cover are projected to become 
smaller and more isolated throughout the Columbia, Upper Missouri, and Upper Colorado 
Basins, with greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). 
Snow accumulation and duration are also expected to continue to decline generally in the 
central and eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 
2009, p. 31; Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow 
resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential 
future snow cover under a range of IPCC climate scenarios suggests that snow conditions 
correlated with historical lynx occurrence records could decline by 10-20 percent across the 
continental U.S. and Canada and by 46-84 percent in the contiguous United States by the end 
of the century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
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and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
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mediate competition between the 2 species. Because of their higher foot-loading, bobcats likely 
hunt less efficiently than lynx in deep, unconsolidated snows (Hoving et al. 2005, entire; Krohn 
et al. 2005, pp. 122-129), and they experience high mortality in deep-snow winters (Litvaitis et 
al. 1986, p. 116). Considering recent and projected future changes in snow conditions described 
above, stable or increasing bobcat populations in the DPS range (Roberts and Crimmins 2010, 
p. 170), and the predicted northward expansion of bobcats into areas currently occupied by lynx 
(Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 
2010, p. 172), lynx may experience increased competition and displacement by bobcats, which 
could influence lynx distribution and persistence at the southern edge of their range (in all DPS 
geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
 
Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
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warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change will likely affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 



 

76 
 

Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 
Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
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events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
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860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
                                                 
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
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genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
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analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
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Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
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and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
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Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
 

● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
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Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
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Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
 
Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under climate change, total United States timber inventories will increase, timber harvest will 
increase, and product prices will decrease relative to an assumed stable climate. Some models 
predict that consumers will gain from climate change while landowners in some regions will 
lose. The forest industry will likely adapt to climate change in many ways including using 
alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
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recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
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There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
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In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
 
Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University of Maine, pers. comm.).  As much as 30 to 40 percent of the advanced regeneration 
may be damaged from repeated entries by machinery to remove the overstory (R. Seymour, 
Department of Forestry, University of Maine, pers. comm.).  Finally, because subsequent 
overstory removal occurs about 15 years after the initial entry, some of the dense understory is 
damaged just as the stand develops conditions to support higher hare densities. The damage to 
the understory not only reduces the quality of the habitat for hares, but also cuts short the 
duration that the stand produces high quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
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important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events(Kilgore and 
Heinselman 1990, Heinselman 1996, Veblen et al. 1994, Agee 2000, Seymour et al. 2002, 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
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landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
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history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
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Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
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or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
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northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 
(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
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selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
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eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
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As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
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Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
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more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
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al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
 



 

103 
 

Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
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to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
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and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
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of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
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(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous United States. Because there are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, we find that the current level of representation does not appear to represent a decrease 
from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
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less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger population that also occupies southern Quebec 
(where trapping is legal) and northern New Brunswick (where lynx are a provincially-
endangered species and harvest is prohibited). There are no reliable estimates of current or 
historical resident lynx numbers in this unit. However, based on estimates of habitat distribution 
and lynx home range sizes, the MDIFW believes this unit currently may be capable of 
supporting 750-1,000 lynx (Vashon et al. 2012, pp. 87-91), which would make it the largest 
population in the DPS. This is many more resident lynx than likely occurred historically and 
many more than were suspected to occur in this unit when the DPS was listed, and it is the 
result of extensive clearcutting and herbicide application to salvage spruce-fir and encourage 
softwood regeneration following a severe spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments 
have created the current extensive distribution of young, regenerating softwood stands that 
provide optimal hare foraging habitat. Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and the highest densities documented in the DPS. 
Historically, under a more natural disturbance regime, Maine typically had a greater proportion 
of mature forest and, therefore a patchier distribution of high-quality habitat that likely supported 
a smaller lynx population that may have been more dependent on immigration from Canada. 
State forestry regulations passed in 1989 caused landowners to shift to various forms of partial 
harvesting that have resulted in lower landscape hare densities across much of the unit. Hare 
populations do not seem to cycle in this region, but hare density estimates from 2008-2015 
declined by over 50 percent compared to estimates from 2001-2006. Reproduction and survival 
rates in the low-hare environment after 2006 suggest a slightly declining lynx population, 
although kitten survival remained high. Unlike other DPS units, lynx habitat in northern Maine 
occurs nearly entirely on private, industrial forest lands, most of which lack long-term 
commitments to lynx management. The majority of private lands in this unit are now owned by 
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investment companies seeking to diversify income from their investments, which could result in 
forest practices less likely to maintain or conserve hare and lynx habitat. Other potential 
stressors to lynx in this unit include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. Another spruce budworm outbreak may be 
imminent, and forestry response by investment landowners is uncertain. Climate change is a 
concern because average annual snowfall and duration are currently at the minimum thresholds 
believed necessary to give lynx a competitive advantage over bobcats and other 
mesocarnivores. Although lynx regularly occur outside this unit in southeastern and 
southwestern Maine, and small numbers of reproducing lynx have also been documented 
recently in northern New Hampshire and northern Vermont, the ability of some of these 
peripheral areas to support persistent breeding populations is questionable. However, recent 
telemetry data in Maine suggest that resident lynx are expanding both east and south of the 
Northern Maine Geographic Unit, with home range maintenance and reproduction documented 
in both areas, which previously were considered outside the area capable of supporting resident 
lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
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supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. There are no reliable estimates of historical or current resident lynx numbers in 
northern Washington, but recent habitat and home range analyses for the larger Okanogan LMZ 
(summarized in Lewis 2016) suggest that this unit may have been capable of supporting about 
50 lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). 
Those fires affected over a third of the LMZ, led to increased home range size, and may have 
reduced the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
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942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4).Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
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Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit, but CPW lynx biologists believe it may currently support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. This unit is not directly 
connected to lynx populations in Canada, and it does not appear to have received immigrant 
lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 1996, 2 
unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 mi2) of 
spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in this unit. 
Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) of lynx 
habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively impacted 
hares, and hare numbers may increase in affected areas as succession progresses; however, 
they have negatively impacted red squirrels, an important alternate prey species for lynx in this 
unit. Areas affected by beetles that contained multi-story stand conditions likely continue to 
provide habitat to support snowshoe hares and lynx. Areas affected by fire may require 20 years 
or more, and in some areas considerably longer, to recover to a point where the stands will 
again support snowshoe hares. Large-scale monitoring efforts in the San Juans documented 
continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is reasonably likely 
that lynx continue to occur in all national forests within the State of Colorado. Snowshoe hare 
habitat is patchily-distributed in this geographic unit, which limits hare abundance. Because the 
majority (90 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant impacts to lynx habitat 
within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, providing 
conservation through the SRLA. However, regulatory mechanisms for the conservation of lynx 
are lacking on approximately 3,159 km2 (1,220 mi2; over 12 percent) of this unit, including lynx 
habitats on some BLM and some non-Federal lands. 
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Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 
occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 
Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 

100% 83% (Purcells);            
61% (Seeley Lake)

100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares)

3.3 2.95 (Purcells);            
2.24 (Seeley Lake)

2.25 (2 females) 3.0 (1 female, 2 
years)

2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00

0.85 (Purcells);            
0.75 (Seeley Lake) 0.86 Few data

0.93 (in Core Release 
Area [CRA]);                   

0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.16 (high hares, 6 
yrs); 0.88 (low hares, 

4 yrs)
No estimate

1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08



 

114 
 

Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
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Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
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[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforces the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found 
the probability of lynx occurrence was > 50 percent where landscape hare densities were > 0.74 
hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx maintained 
home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by very recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). At a landscape scale, lynx habitat selection did not differ between sexes; however, 
at a home range scale, males tended to use more mature forest dominated by conifers than 
females, and both male and female lynx tended to avoid mature forests that had a high 
deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on these observations, 
Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining landscape hare densities 
of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-quality hare habitat within 
100-km2 areas to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
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forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, lynx 
habitat in northern Maine was probably typically much less abundant and less broadly-
distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, insect 
outbreaks) are rare (intervals of several hundred to several thousand years) and highly variable 
in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, 
spruce beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). Although, 
high-elevation boreal forests often exhibit dense, regenerating conifer (resulting from a wind-
throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare densities are believed to be 
low in these areas (Siren et al. 2015, entire). In this geographic area, wildfire is less significant 
as a natural agent of disturbance. The typical fire regime is infrequent surface fires in the 
dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately 50 percent of the 
designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 
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km2 (1,485 mi2; nearly 27 percent) of the forested landscape was comprised of spruce-fir in a 
young, regenerating stand condition that provide high quality hare habitat. This habitat is similar 
to, and contiguous with, forested areas in Quebec and New Brunswick that support lynx (Hoving 
et al. 2005, pp. 740-741). The current range of lynx in this unit is associated with areas of deep 
snowfall, extensive forested landscapes, and areas having a high proportion of regenerating 
conifer-dominated forest that had previously been clearcut and treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several estimates of 
hare densities in the highest-quality regenerating conifer or mixed forest averaged 1.9 to 2.1 
hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 1990, hare densities 
in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 hares/ac) at low and high 
elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. (2015) reported lower densities 
in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and lowland 
spruce-fir. Densities in high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont. 
 
Current habitat is likely at historically high levels, but this habitat has peaked and high-quality 
lynx habitat is projected to decline in the near future (Simons-Legaard et al. 2016, pp. 140-163, 
202-218). In response to the widespread clearcutting in the 1970s and 1980s, Maine passed the 
Forest Practices Act in 1989, which regulated clearcutting. Since then, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27). Over 95 percent of cutting that 
occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 2009, 
p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). This new cutting regime 
results in lower landscape densities of snowshoe hares (Fuller 1999; Homyack 2003; Robinson 
2006; Scott 2009). Another consequence of partial harvesting is that a much greater acreage 
needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 
harvest rates have increased from about 40,000 ha (100,000 acres) per year (before the Forest 
Practices Act) to over 200,000 ha (500,000 acres) per year (after the Act). Thus, 28 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
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Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 40,000 ha (100,000 ac) including the State, Federal government (White 
Mountain National Forest south of lynx range), a conservation group (The Nature Conservancy), 
2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx 
range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi were chosen as pilot States to receive funding through their 
respective Natural Resources Conservation Service (NRCS) State offices. Based on a 
successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 
2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending regulations 
for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS offered the 
HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to promote 
development of Canada lynx forest management plans. Since that time 4 private landowners, 
The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and Katahdin 
Forestlands successfully enrolled in the program. Collectively, these land ownerships comprised 
2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine in 
2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
 
Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 



 

120 
 

and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 
2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 



 

121 
 

Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals cross the river on the ice each generation to prevent genetic drift of this population 
(Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA 
Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area of 
high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the critical habitat area designated in 2014) in northern Maine could potentially support a 
population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) 
estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx, however, is unknown because there are no methods available 
to count individuals over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
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townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-00; 
Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 2 and 
3). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
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In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality ynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
 
Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
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5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where average annual snowfall 
typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx 
(to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et 
al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 cm (90-
104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 
2008). Thus, average annual snowfall in Maine is currently at or below depths associated 
historically with lynx presence, and further declines could reduce the likelihood that resident lynx 
will persist in this unit (Hoving et al. 2005). 
                                                 
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
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Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-tagged in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development16, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and western 
Maine and 5 projects are in operation; 2 have been proposed in northern New Hampshire and 2 
are in operation; and 3 have been proposed for northeast Vermont and 2 are in operation or 
under construction. Maine’s 2 largest wind projects (combined over 250 turbines covering 932 
km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. Although 
impacts of wind energy projects on lynx, hares, and their habitats have not been demonstrated, 
potential effects include loss and fragmentation of habitat from turbines, roads, and transmission 
lines, and disturbance or displacement of resident lynx. Road construction could further 
fragment habitat and increase access, potentially increasing vehicle collisions with lynx and 
other sources of mortality, including incidental trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Ippoliti and Nadeau-Drillen 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some of these new landowners are seeking 
diversified financial returns on their investment, including developing residential housing, 
second homes, and resorts. At various times in the past, 2 large residential and resort areas 
have been proposed on forestlands within designated lynx critical habitat in this unit. Both 
                                                 
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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projects, if eventually built as previously-planned, could result in the development of several 
thousand acres of potential lynx habitat, but would be mitigated by substantial (100,000s of 
acres) conservation easements on surrounding forestland. Also, a private landowner recently 
purchased and donated 354 km2 (137 mi2) within designated lynx critical habitat that was 
subsequently designated as the Katahdin Woods and Waters National Monument. This area 
currently has a legacy of young regenerating spruce-fir habitat from previous industrial forest 
landowners, but its new monument designation will limit future forest management activities 
(timber harvest or other vegetation management) that could benefit lynx. In addition, the Nature 
Conservancy continues forest management on about half of its 750-km2 (290-mi2) ownership in 
this unit, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx, although the 
actual population size is unknown. High-quality habitat created by extensive clearcutting 30 to 
40 years ago is peaking and is projected to decline by 50 percent in the next 15 to 20 years 
(Simons-Legaard 2016, pp. 10-18; also see section 5.2.1). Hare densities declined by 50 
percent in this unit starting in about 2006 and have remained at lower levels, and future hare 
fluctuations or cycles are uncertain. Recent history demonstrates that some forms of forest 
management have the potential to create or increase lynx habitat. However, forest practices 
have shifted to partial harvesting, which is less likely to create large areas of lynx habitat or 
maintain the current historically broad distribution of high-quality habitat generated by previous 
landscape-level clear-cutting. Additionally, private landowners who previously entered into 
commitments to manage for lynx conservation have not renewed those commitments (although 
the habitat will remain viable for lynx for some time). Land ownership has also changed in 
northern Maine, and the majority of lands are owned now by investment companies that often 
wish to diversify income from their investments, which could result in forest practices 
inconsistent with lynx habitat conservation. Without long-term, binding land management 
commitments in this unit, there is no guarantee that the current historically high amount of lynx 
habitat will be maintained by future forest managment practices on private lands. The greatest 
stressors to resident lynx in this unit are habitat loss (as a result of the shift in forest 
management from clearcutting to partial harvesting resulting in lower landscape hare densities), 



 

128 
 

lack of forest planning for lynx, and projected continued climate warming (diminishing snow 
depth, quality and duration; loss of spruce-fir to northern hardwoods; potential increased 
competition from bobcats and fishers; and increased future isolation of lynx in this unit and 
southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 1). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites 
were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) found 
snowshoe hare densities were highest in regenerating forests. Females selected large woody 
debris and dense horizontal cover in lowland conifer cover for denning in northern Minnesota 
(Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns were present 
(Moen and Burdett 2009, p. 5). 
 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
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Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 
current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
                                                 
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx. A more 
precise estimate of resident population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
 
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
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involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways.  
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
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Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
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In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
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relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
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availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 

                                                 
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
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Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
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to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
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A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
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management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distirubtution, it is very unlikey that this unit and surrounding areas were 
ever (recently or historically) capable of supporting 1,000 resident lynx. As described above, 
habitats capable of supporting resident lynx in this unit are (and aslo were historically) naturally 
patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 
191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; 
Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of resident lynx 
remains uncertain, this unit has a long and continuous history of lynx occurrence and evidence 
of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
structuring among lynx subpopulations in the southern (Garnet Mountains), central (Seeley 
Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction among 
lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires in Lynx 
SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
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female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detecteded 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
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intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
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In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above. The recent apparent absence 
of resident lynx in Garnet Mountains may indicate extirpation of a small resident population and 
a contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
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p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
 
Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
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winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
                                                 
19 https://inciweb.nwcg.gov/state/27/0/ 
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regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx populations 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
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et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
                                                 
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], and steep 
slopes (> 30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the 
Northern Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler 
et al. 2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major 
drivers of disturbance in this unit, but other factors, including wind and tree diseases, also 
contribute to natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North 
Cascades range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual 
snowfall is consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
                                                 
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 

https://snowfall.weatherdb.com/d/a/Washington
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perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21). 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. The Diamond Creek wildfire burned another large block of 
lynx habitat in the northern part of this unit in 2017. These burned areas are expected to 
regenerate back into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 
2016, p. 5; Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx 
population in this geographic unit will likely be at increased risk of stochastic demographic, 
genetic, and environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
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habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
 
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
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(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynxhabitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
 
From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
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persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
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WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
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3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place22. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 

                                                 
22 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 
increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
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developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
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unprecendentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
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historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
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probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
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development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-523). 

As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
                                                 
23 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx to many 
western states and to Canada have been documented. The Southern Rockies are separated 
from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern Wyoming 
and further north, by sagebrush and desert shrub communities in the Wyoming Basin and the 
Red Desert of southern and central Wyoming, and the arid Green and Colorado River plateaus 
of western Colorado and eastern Utah. Because of extreme topographic relief juxtaposed with 
highways, residential communities, and other human developments, lynx biologists have 
identified habitat connectivity as an important consideration for the Southern Rockies (ILBT 
2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit. 
 
Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
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In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
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All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific conservation planning guiding activities on non-Federal lands in this 
geographic unit. 
 
Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Ibid), the estimate of survival within the study area was higher than those reported for 
natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; Slough and Mowat 1996, 
entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories (0.90; Poole 1994, p. 
612). Successful reproduction, including by third- and fourth-generation offspring of translocated 
lynx, has been documented (Shenk 2008, p. 2); however, the average proportion of females that 
produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) and the kitten survival rate 
(0.23; Ivan 2016b, pers. comm.) were both lower in this geographic unit (during the period of 
intensive monitoring from 1999-2010) than rates reported for some other geographic units (table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
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also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
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A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce-fir forests 
could impact lynx habitat for a long time.  
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
 
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
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Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 
the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
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we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
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the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
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Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
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Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
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number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
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well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
climate warming is expected to exert the greatest influence on the resiliency of individual 
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populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape, perhaps more in line with likely historical conditions (Simons-Legaard 
2016, fig. 8, p. 10). High quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort land development, and unmanaged 
conservation lands) may compete with forest management as the primary future land use. 
Conservation easements will limit development pressures in some areas and keep some lands 
as working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not create new lynx habitat or maintain the current historically high amount of high-quality 
habitat. Climate change is expected to affect this unit more than some others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and beyond, snow quantity and quality will likely 
continue to deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
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the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices cleary have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which gives it a higher priority than 
other species for monitoring and management during that time. We also expect that MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
median “most likely” probabilities of persistence generated by lynx experts were high for the 
near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but declined to 35 
percent (with great uncertainty) by 2100. We concur with the expert panel that resident lynx are 
likely to persist in this unit at 2025 and 2050. However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
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of elevational refugia, and the potential for increased competition, disease, and insect 
outbreaks), some members of the  SSA Core Team were slightly less optimistic about the long-
term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded that the 
climate-mediated conversion of boreal forest to temperate forest and the loss of favorable snow 
conditions could occur at a rate and extent that would result in a lower likelihood of persistence 
than projected by experts, including the possibility that resident lynx could be extirpated from 
this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
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losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
unit will benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
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warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
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Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in habitat proected by 2032; 
habitat shift to the south edge of current 
range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 
2025: 80 
(60-95) 

 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 



 

179 
 

2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Adequacy of immigration from southern 

BC 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shoudl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
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breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the grey area 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and grey area 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
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scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would not respond to future budworm 
outbreaks like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the aging of past clearcuts beyond conditions that 
support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likely to reduce the likelihood that 
lynx will persist in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4o C/decade (0.8 o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0o C (3.6 o F; low 
emission) to 2.9o C (5.2 o F; high emission) by mid-century and 3.1o C (5.6 o F; low emissions) to 
5.3o C (9.5 o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5 to 2.8 o C (4.5 to 
5.0o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, increasing threats to high elevation and 
potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are currently at or falling 
below threshold values needed to support lynx in Maine. 
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios and predicted loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, the area capable of supporting resident lynx in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 
15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 
2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 
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Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
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quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
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an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
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et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
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However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
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period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201024), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
                                                 
24 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation


 

192 
 

habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
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likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
 



 

194 
 

Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 12-19) predicted loss snow conditions supportive of lynx but 
persistence of boreal forest in Minnesota by the end of the century, and suggested that the SNF 
could provide a potential refugium for lynx (Ibid., p. 8). Notaro et al. (2015, pp. 1668-1669) 
projected changes in lake effect snowfall using downscaled climate models (Abdus Salam 
International Centre for Theoretical Physics (ICTP) Regional Climate Model version 4 (RegCM4; 
Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for the Great Lakes 
Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show an increase in 
lake effect snow in the eastern Great Lakes until 2050, with a decline later in the century, with 
an overall decline in the amount and duration of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
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(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)25 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now. Although 
uncertainties remain, as elsewhere, about the timing and magnitude of future climate-driven 
impacts, lynx populations in Minnesota are expected to recede northward and decline over the 
next century (Lynx SSA Team 2016a, pp. 37-38). 
                                                 
25 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
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Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
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resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, potential for increased competition, disease, and insect outbreaks), some 
Core Team members were less optimistic about the future of lynx in Minnesota than the lynx 
expert panel. Depending on future emissions levels, the likelihood that this unit will continue to 
support resident lynx at the end of the century may be lower than the 35 percent (median most 
likely) estimate based on expert opinion. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Hybridization and competition with bobcat also may 
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increase with diminishing snow conditions because of continued climate warming, and it is 
uncertaint how insect outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is uncertain if lynx would become a 
legally trapped furbearer in Minnesota if the DPS was not listed (although a legal wolf hunt was 
reinstated after that species was delisted in Minnesota, so regulated trapping could also be 
considered for lynx if the DPS was not listed). Seven lynx have been illegally shot and reported 
or otherwise discovered since listing. Illegal shooting and non-reporting would likely increase 
without Federal protection. Education efforts by Federal and State agencies and law 
enforcement agents may have helped to reduce illegal shooting of lynx in this unit. With a 
diminished snow regime, populations of bobcats could increase and expand north and eastward 
into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping and hunting 
activities would likely increase without Federal listing. Similarly, fisher, fox, and coyote 
populations may increase in a diminished snow regime in northern Minnesota and trapping 
would be expected to occur there that could lead to greater incidental take of lynx. We believe 
that despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that could be substantially 
diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, we believe that climate change is a significant stressor to lynx in this unit; 
slightly more so than expressed by most of the experts. Snow depth and duration in the area 
currently supporting resident lynx are projected to decline significantly by the end of the century, 
likely to the detriment of both hare and lynx populations. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in the extreme northeastern corner of the unit. 
The boreal forest in this unit is already being replaced by northern hardwoods because of 
climate warming. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate models portend declining snow conditions under low- and high-emissions 
scenarios. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
mining developments. Although we expect resident lynx to persist in this unit through 2025 and 
2050, we conclude that the stressors described above, individually and cumulatively, could 
diminish lynx habitat and numbers in this unit. If these stressors are not abated, we believe that 
resident lynx in this unit will face a slightly greater risk of extirpation by the end of the century 
than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
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considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
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anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
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2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). There will likely be a lag 
time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see section 3.2), but 
continued warming is projected to convert much of the boreal forest in this unit to temperate 
conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and 
hare populations to persist during this lag and to adjust to future habitat distributions is 
uncertain, but habitat quality, quantity, distribution, and connectivity are expected to decline, 
likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality and 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
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detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 



 

211 
 

geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of immigration.  Additionally, as noted above, the lynx 
population in the Purcell Mountains in the northwestern part of this unit was estimated to be 
increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 years 
of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
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Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncerytainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
 
Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
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really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 

 
Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
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LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
 
Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
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affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
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similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currentlyoccur in 
the GYA. 
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Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS delisted in the future, the 
ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
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We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 



 

219 
 

Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
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magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
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potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
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After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future that it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 



 

226 
 

fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing available lynx habitat in the future. 
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Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in the contiguous United States are 
naturally less abundant and more patchily-distributed than in the core of the range (except 
during decadal lows in hare population cycles, when both hares and lynx occur temporarily in 
the north at densities lower than most in the range of the DPS). Maintaining connectivity with 
lynx populations in Canada is thought to be important to the persistence of DPS populations; 
however, whether, and if so to what extent, the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
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• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 

southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
confier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 
19).There is no information to suggest that this unit historically supported a larger 
resident population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
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in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.26 Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 
Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 

                                                 
26 https://inciweb.nwcg.gov/state/27/0/ 
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lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47).Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
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lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
has already altered) the timing and magnitude of lynx dispersal from Canada into the contiguous 
United States. If lynx populations in the DPS depend on immigration from Canada which is no 
longer occurring or has been substantially reduced relative to historical conditions, population 
declines and an increased likelihood of extirpation among resident DPS populations would be 
expected. However, whether, and if so to what extent, these climate-mediated factors have 
influenced current lynx numbers, other demographic parameters, and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units. Despite uncertainty regarding its influence over current conditions for lynx, 
climate modeling and expert opinion concur that continued climate warming will adversely 
impact lynx in the DPS at some point in the future (also see Future Conditions and Threats, 
below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
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Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
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loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 

 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 



 

234 
 

geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event. We recognize that a sequence of discrete but spatially-
clustered catastrophic events in lynx habitats over a short time could increase the potential for 
functional extirpation in 1 or more of the individual geographic units (especially the possibility of 
additional large wildfires in north-central Washington), thereby reducing redundancy within the 
DPS. However, as long as resident lynx remain geographically well-distributed in 1 or more 
units within the DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
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management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
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settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The lynx is a boreal forest carnivore whose populations are strongly tied to its primary prey, the 
snowshoe hare (Lepus americanus). Both species occur primarily in the extensive boreal 
spruce-fir forests of Canada and Alaskan; however, the southern margins of both their ranges 
extend into the northern contiguous United States. The Service designated lynx in the Lower 48 
States as a DPS because of differences in the management of lynx and lynx habitats across the 
international boundary with Canada and because of the climatic, vegetative, and ecological 
differences between lynx habitat at the southern extent of its range in the contiguous United 
States compared to the northern range in Canada and Alaska. The Service listed the DPS as 
threatened under the Endangered Species Act (ESA) in 2000 because of the inadequacy, at 
that time, of regulatory mechanisms on some Federal lands to provide for the conservation of 
lynx habitats and populations (see section 3.1.1). This SSA does not reconsider the designation 
of the DPS or its listing status under the ESA, which are Service policy decisions. Instead, it 
provides the scientific basis for the statutorily required 5-year status review for the DPS and 
other decisions the Service is required to make in accordance with the ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
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predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are naturally 
less abundant and generally more patchily-distributed than in the core of the species’ range in 
Canada and Alaska. Maintaining connectivity between the DPS and lynx populations in Canada 
is thought to be important. However, the extent to which DPS populations may depend on 
immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in future projections, particularly beyond 
mid-century. The output from this expert elicitation process (summarized below and presented 
in detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline in the future largely 
as a result of projected continued climate warming and associated impacts, which are likely to 
exacerbate the potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue in the future, although we do not anticipate that such 
events alone would cause the permanent loss of breeding lynx populations in any geographic 
unit. We are aware of no management actions that could be expected to abate the projected 
long-term retreat of boreal forests, declining hare populations, and diminished snow conditions 
expected under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically, and many more than was known or suspected at the time the DPS was 
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listed. This is due to the large amount and broad distribution of high-quality lynx and hare 
habitat that currently exists as a result of landscape-level clearcutting on private commercial 
timber lands in response to a major spruce budworm (Choristoneura fumiferana) outbreak in the 
1970s and 1980s. These dense young regenerating conifer stands are much more extensive 
than they are thought to have been historically under natural disturbance regimes. The State of 
Maine suggests that this unit currently may support 750-1,000 resident lynx. However, habitat 
extent probably peaked in the late 1990s and early 2000s, and habitat quality is projected to 
decline in these stands over the next few decades as they age beyond 35-40 years post-
harvest. Because a shift in forest management from clearcutting to partial harvesting that began 
in 1989 is unlikely to maintain or recreate this extensive high-quality habitat, we expect lynx 
habitat and numbers to decline in this unit over the next several decades, perhaps to levels 
more consistent with likely historical conditions. We concur with the expert panel that the 
resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the longer-
term (at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further reducing 
lynx numbers and likely decreasing the population’s resilience. Some climate models indicate 
substantial loss of boreal forest and favorable snow conditions under higher emissions 
scenarios, and this unit generally lacks potential elevational refugia that would support upslope 
movement of lynx habitats and populations. Therefore, we suggest that the likelihood that this 
unit will support a resident lynx population at 2100 may be somewhat lower than expert 
projections, although the timing and extent of future climate-mediated habitat decline is highly 
uncertain. This geographic unit may also be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington. Because of this, the 
number of resident lynx in this unit is likely lower than it was historically and when the DPS was 
listed. Based on estimates of lynx carrying capacity, this unit may have been capable of 
supporting roughly 50-60 resident lynx prior to large fires beginning in the early 1990s. Recent 
habitat evaluations suggest it currently may be capable of supporting only about 30-35 lynx, with 
the decline due to fire-driven habitat losses. Although these losses are expected to be 
temporary, additional fires in this unit before previously burned areas recover (10-40 years post-
burn) would further reduce lynx numbers and make this geographic unit more vulnerable to 
extirpation. Because of these habitat impacts and remaining stressors to lynx, the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. Nonetheless, 
we concur with the expert panel that the resident lynx population in this unit is very likely to 
persist at years 2025 and 2050. Over the longer-term (2100), we expect continued climate 
warming to reduce the amount and quality of lynx habitat in this unit, further reducing lynx 
numbers and likely decreasing the population’s resilience. Therefore, we concur with experts 
that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
 
Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 



9 
 

only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
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for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated lynx in the contiguous United States as a DPS because of differences 
in the management of lynx and lynx habitats across the international boundary with Canada and 
because of the climatic, vegetative, and ecological differences in lynx habitat compared to the 
northern parts of the species’ range in Canada and Alaska (62 FR 28654-28655). The Service 
listed the DPS as threatened under the ESA in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on some Federal lands to provide for the conservation of lynx 
habitats and populations (65 FR 16052-16086). On May 8, 2014, the United States District 
Court for the District of Montana ordered the Service to complete recovery planning for the lynx 
DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered the 
Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that such 
a plan will not promote the conservation of the [lynx]” (i.e., the DPS is recovered or no longer 
warrants ESA protections; U.S. District Court MT 2014b, p. 2). We completed this SSA (version 
1.0) to summarize the best available scientific information on the current status and likely future 
viability of the DPS. This SSA will inform a determination by Service decision makers of whether 
(1) the DPS continues to warrant protection under the ESA and (2) a recovery plan is needed to 
guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions. It 
is generally restricted to areas that receive deep and persistent unconsolidated (“fluffy”) snow, 
which is thought to allow lynx, with their proportionately longer limbs and very large feet, to 
outcompete other terrestrial hare predators that are less efficient in such conditions (McCord 
and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-
94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; 
Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 
25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are known or 
suspected to intermittently support resident lynx and occasional reproduction. Uncertainty 
remains as to whether resident lynx populations occurred historically in other areas not 
encompassed by the geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                 
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                 
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
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● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate conifer or deciduous) forests, non-snow-domintated climates, or to persist 
on alternate prey species where hare densities are or become inadequate. Therefore, we 
assume lynx populations in the DPS are vulnerable (sensitive, exposed, and with little 
capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 5) to the 
projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 

 
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
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stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
                                                 
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
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that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
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363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
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Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
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Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus  spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
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projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
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Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
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2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in northern and eastern Canada (McKelvey et al. 
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2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 

competition from other hare predators, and 
d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 

etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
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own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous United States), hare 
population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 
2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx 
SSA Team 2016a, pp. 16-17), and hare and lynx abundances and lynx demographic rates are 
typically like those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; 
Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern populations the 
likelihood is probably relatively low that an individual lynx will have its ecological requirements 
met sufficiently to replace itself in the breeding population. Also in the south, there are more 
diverse assemblages of potential competitors and predators, more natural patchiness and 
anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provision dependent kittens (Moen 
et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
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females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
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level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Historical lynx occurrence 
records in the contiguous United States were correlated with areas that received at least 4 
months (December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). 
Where snow conditions do not consistently favor lynx, increased potential for predation and 
competition would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely 
to survive, breed, and replace themselves in the breeding population if they occupy home 
ranges where trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, 
entire), high-speed/high-volume roadways are absent (ILBT 2013, pp. 77-78), and other 
potential anthropogenic causes of lynx mortality are absent or minimal. 
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
For a lynx population in the core of the species’ range in the southern Yukon, Slough and 
Mowat (1996, p. 952, table 4) calculated population growth rate (lambda, λ) = 2.03 (annual 



37 
 

doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx population. This 
period of rapid growth was followed by a rate of λ = 1.01 (stable) during the first year of a hare 
decline, and λ = 0.10 and λ = 0.46 (rapid decline) during the first 2 years of the lynx population 
decline when hares were scarce. However, the natural range in λ that would be expected 
among peripheral, isolated, or semi-isolated lynx populations where hares are non-cyclic or 
weakly-cyclic (i.e., in DPS and some southern Canadian populations), versus those that would 
signal long-term population decline or instability is unknown. Despite this, and the limitations 
noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) calculated population 
growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area (i.e., declining 
population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains (increasing trend, 
2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex 10, deterministic 
population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) to calculate 
finite growth rates during a period of high hare density (λ = 1.16; increasing trend) and during a 
period of low hare density (λ = 0.88; decreasing trend) for the lynx population in northern Maine 
(see also section 4.2.1). Neither the Montana nor Maine estimates incorporated rates of 
immigration/emigration (i.e., both assumed immigration and emigration rates of zero, which is 
very unlikely and contradicted by historical and recent evidence of lynx dispersal in both 
directions across the Canada-Unites States border across the DPS range). Schwartz (2017, p. 
4) noted that very low immigration rates (less than 1 female/year on average for a theoretical 
population of 100 lynx) could provide population stability or even growth, suggesting that the 
Seeley Lake population and perhaps other DPS populations are probably being bolstered by 
low levels of immigration, which may go undetected. Other efforts to model lynx population 
dynamics in the DPS range include those of Lyons et al. (2016, entire), who developed spatially-
explicit, individual-based population models to estimate reductions in potential lynx carrying 
capacity in Washington associated with recent large wildfires, and Licht et al. (2017, in press, 
entire), who conducted a PVA of a potential lynx reintroduction to Isle Royale in Lake Superior, 
about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
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years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
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risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
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The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarilyinto areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
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80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat. The 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, McKelvey et al. 
(2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 

2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
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the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because it is a habitat and prey specialist, lynx densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist. 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449) because they are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors and predators (Buskirk et al. 2000a, p. 90; Krohn 
et al. 2005, p. 123; also see section 2.2 above), although behavioral adaptations may offset 
morphological differences to some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
 
Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
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(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a detailed, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
 
In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
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state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontarior than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire)indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
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high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 



46 
 

has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecendentedly large irruptions of lynx from Canada into 
the northern contiguous United States, when dispersing/transient lynx occurred temporarily in 
many places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoning Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
                                                 
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 
In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
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recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
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recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Although the current population size in Maine is uncertain, 
habitat distribution and lynx home range data suggest this geographic unit could potentially 
support 750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016a, p. 18]). The current lynx 
population in Maine is supported by the broad distribution of high-quality hare habitat that 
resulted from extensive, large-scale clearcutting in the 1970s and 1980s in response to a 
massive spruce budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; 
also see section 4.2.1). As these regenerating clearcuts, which currently provide the dense 
horizontal structure preferred by hares, mature beyond about 35-40 years post-harvest, hare 
densities are expected to decline as cover and forage are reduced as a result of forest 
succession (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16). The 
current lynx population in Maine is probably substantially larger than typically occurred 
historically under the natural disturbance regime, when relatively small amounts of the spruce-fir 
forests in the state are thought to have been composed of the dense young stands that provode 
optimal hare (and, therefore, lynx foraging) habitat (Lorimer 1977, entire; 68 FR 40094; Vashon 
et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the proliferation of 
partial harvesting following enactment of the Maine Forest Practices Act of 1989, lynx densities 
in Maine are projected to decline by 55 to 65 percent by 2032 (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16), perhaps to levels more consistent with likely 
historical conditions. Lynx in Maine likely represent the southern periphery of a larger population 
that occurs in northern New Brunswick and southern Quebec south of the St. Lawrence 
Seaway/River, which appears to partially isolate lynx in this region, demographically and 
genetically, from populations in the core of the species’ range (Koen et al. 2015, entire). 
Whether lynx persistence in Maine relies on immigration from Canada, and if so to what extent, 
is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
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whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
there is no indication of substantial immigration from Canada after the 1980s (Squires in Lynx 
SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent evidence of 
reproduction have been documented in the Montana portion of the GYA where, as with the 
northwestern Wyoming part of the GYA (discussed above), uncertainty about whether this area 
consistently or only intermittently supported resident lynx historically makes it difficult to interpret 
their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As elsewhere in 
the West, recent research and habitat assessments suggest that habitats capable of supporting 
resident lynx in Montana are, and historically were, naturally patchier and less-broadly 
distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx therefore 
naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson in Lynx 
SSA Team 2016a, p. 12). 
 
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
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the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 
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3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
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management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
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movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
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incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2104, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
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to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
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the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are potentially capable of supporting them. They represent the agencies’ 
efforts, in collaboration with the Service, to address and ameliorate the singular threat for which 
the lynx DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it is clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous United 
States. Overall, Federal lands managed by the USFS, BLM, and NPS constitute nearly 64 
percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, and all but a tiny fraction of 
these lands are actively managed for lynx conservation. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
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resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
specifation of trap sizes and sets that may be used to legally harvest other furbearers and that 
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are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). In 2015, the 
                                                 
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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MNDNR issued emergency trapping rules in the LMZ mandating additional restrictions on the 
types of traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of 
incidentally trapping lynx. In response to a Federal court order, MDNR developed an incidental 
take plan designed to minimize the potential for lynx to be incidentally trapped during other legal 
furbearer trapping; the plan is currently under review by the Service. Like Maine, Minnesota has 
a State Endangered Species Statute (84.0895) which requires the MNDNR to adopt rules 
designating species meeting the statutory definitions of endangered, threatened, or species of 
special concern (State of Minnesota 2016, entire). The Statute also authorizes the MNDNR to 
adopt rules that regulate treatment of species designated as endangered and threatened. Also 
like Maine, however, Minnesota has not designated lynx as threatened or endangered under the 
statute. Instead it has designated the lynx a species of special concern, a designation for 
species that are extremely uncommon, have unique or highly specific habitat requirements, or 
occur on the periphery of their range in Minnesota and, therefore, deserve careful monitoring 
(MNDNR 2013, pp. 1-2). Thus, the MNDNR coordinates with the Service and other agencies to 
conduct research and monitor lynx populations and habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of reasonable restrictions on trapping in lynx 
habitat. Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
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10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming were offered full protection from trapping 
and hunting beginning in 1973, and they are designated by the State as a species of greatest 
conservation need (ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also 
participates in the CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
                                                 
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an 
early regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than typical historical conditions under the natural disturbance regime, when only 3 to 7 
percent of stands were likely in such condition at any given time (68 FR 40094). Current timber 
harvest and management on State and private lands in Maine are governed by the Maine 
Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 

                                                 
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
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of Unit 1) in northern Maine is under conservation easement10, but easements do not require 
management prescriptions or commitments for lynx. In the past Maine private forest landowners 
have expressed interest in long-term commitments to lynx management plans, but to our 
knowledge, there are no private landowners in Maine who have committed to long-term or 
permanent protection and creation of lynx habitat according to the Service’s lynx management 
guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 

                                                 
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
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private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61oC (1.1oF; range = -0.53 to +2.50oC [-
0.95 to +4.5oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Peters et al. 2013, entire; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 
2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). Analysis of paleoclimate data indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4o - 2.6oC 
(0.7o - 4.7oF) by mid-century and 0.3o - 4.8oC (0.5o - 8.6oF) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
percent probability of increasing more than 1.5oC (2.7oF), a 76 percent probability of increasing 
2 o - 4.5oC (3.6o - 8oF) and a 14 percent probability of exceeding 4.5oC (8oF). 
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In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
                                                 
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf
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lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
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climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
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have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
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13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over potential competitors and predators. However, climate warming is diminishing snow 
conditions (depth, quality, persistence) throughout the DPS range. Warmer winter temperatures 
are reducing snow cover extent  and duration and altering snow structure via a combination of a 
higher proportion of precipitation falling as rain, more winter thaw-freeze events, higher rates of 
snowmelt during winter, and earlier spring melt and runoff (Hamlet and Lettenmaier 1999, p. 
1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; Christensen et al. 
2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; Pierce et al. 2008, 
entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; Georgakakos et al. 2014, pp. 
71-85). These trends are expected to continue with projected future climate warming (Hamlet 
and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; 
Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; IPCC 2014b, p. 62). The 
IPCC projects that spring snow cover in the Northern Hemisphere is likely to decrease by 7-25 
percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow season length and snow 
depth are very likely to decrease in most of North America except in the northernmost part of 
Canada where maximum snow depth is likely to increase’’ (Christensen et al. 2007, p. 850). 
Because lynx occurrence is correlated with prolonged periods of deep, fluffy snow, current lynx 
habitats would be expected to decline in value for lynx with decreases in snow condition and 
duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
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47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Snowpack losses have been documented and will likely continue and could even accelerate in 
the future (Hamlet and Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 
2011, entire; Kapnick and Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-
971), with faster losses likely in milder climates like the Cascades and the slowest losses in the 
high peaks of the Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in 
temperature, snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 
2016, p. 106). In the West, areas of contiguous spring snow cover are projected to become 
smaller and more isolated throughout the Columbia, Upper Missouri, and Upper Colorado 
Basins, with greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). 
Snow accumulation and duration are also expected to continue to decline generally in the 
central and eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 
2009, p. 31; Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow 
resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential 
future snow cover under a range of IPCC climate scenarios suggests that snow conditions 
correlated with historical lynx occurrence records could decline by 10-20 percent across the 
continental U.S. and Canada and by 46-84 percent in the contiguous United States by the end 
of the century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
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and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
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mediate competition between the 2 species. Because of their higher foot-loading, bobcats likely 
hunt less efficiently than lynx in deep, unconsolidated snows (Hoving et al. 2005, entire; Krohn 
et al. 2005, pp. 122-129), and they experience high mortality in deep-snow winters (Litvaitis et 
al. 1986, p. 116). Considering recent and projected future changes in snow conditions described 
above, stable or increasing bobcat populations in the DPS range (Roberts and Crimmins 2010, 
p. 170), and the predicted northward expansion of bobcats into areas currently occupied by lynx 
(Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 
2010, p. 172), lynx may experience increased competition and displacement by bobcats, which 
could influence lynx distribution and persistence at the southern edge of their range (in all DPS 
geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
 
Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
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warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change will likely affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
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Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 
Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
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events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
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860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
                                                 
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
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genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
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analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
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Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
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and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
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Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
 

● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
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Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
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Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
 
Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under climate change, total United States timber inventories will increase, timber harvest will 
increase, and product prices will decrease relative to an assumed stable climate. Some models 
predict that consumers will gain from climate change while landowners in some regions will 
lose. The forest industry will likely adapt to climate change in many ways including using 
alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
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recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
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There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
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In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
 
Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University of Maine, pers. comm.).  As much as 30 to 40 percent of the advanced regeneration 
may be damaged from repeated entries by machinery to remove the overstory (R. Seymour, 
Department of Forestry, University of Maine, pers. comm.).  Finally, because subsequent 
overstory removal occurs about 15 years after the initial entry, some of the dense understory is 
damaged just as the stand develops conditions to support higher hare densities. The damage to 
the understory not only reduces the quality of the habitat for hares, but also cuts short the 
duration that the stand produces high quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
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important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events(Kilgore and 
Heinselman 1990, Heinselman 1996, Veblen et al. 1994, Agee 2000, Seymour et al. 2002, 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
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landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
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history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
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Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 



95 
 

or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
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northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 
(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
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eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
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As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
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Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 



101 
 

more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
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al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
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Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
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to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
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and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
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of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
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(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous United States. Because there are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, we find that the current level of representation does not appear to represent a decrease 
from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
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less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger population that also occupies southern Quebec 
(where trapping is legal) and northern New Brunswick (where lynx are a provincially-
endangered species and harvest is prohibited). There are no reliable estimates of current or 
historical resident lynx numbers in this unit. However, based on estimates of habitat distribution 
and lynx home range sizes, the MDIFW believes this unit currently may be capable of 
supporting 750-1,000 lynx (Vashon et al. 2012, pp. 87-91), which would make it the largest 
population in the DPS. This is many more resident lynx than likely occurred historically and 
many more than were suspected to occur in this unit when the DPS was listed, and it is the 
result of extensive clearcutting and herbicide application to salvage spruce-fir and encourage 
softwood regeneration following a severe spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments 
have created the current extensive distribution of young, regenerating softwood stands that 
provide optimal hare foraging habitat. Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and the highest densities documented in the DPS. 
Historically, under a more natural disturbance regime, Maine typically had a greater proportion 
of mature forest and, therefore a patchier distribution of high-quality habitat that likely supported 
a smaller lynx population that may have been more dependent on immigration from Canada. 
State forestry regulations passed in 1989 caused landowners to shift to various forms of partial 
harvesting that have resulted in lower landscape hare densities across much of the unit. Hare 
populations do not seem to cycle in this region, but hare density estimates from 2008-2015 
declined by over 50 percent compared to estimates from 2001-2006. Reproduction and survival 
rates in the low-hare environment after 2006 suggest a slightly declining lynx population, 
although kitten survival remained high. Unlike other DPS units, lynx habitat in northern Maine 
occurs nearly entirely on private, industrial forest lands, most of which lack long-term 
commitments to lynx management. The majority of private lands in this unit are now owned by 
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investment companies seeking to diversify income from their investments, which could result in 
forest practices less likely to maintain or conserve hare and lynx habitat. Other potential 
stressors to lynx in this unit include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. Another spruce budworm outbreak may be 
imminent, and forestry response by investment landowners is uncertain. Climate change is a 
concern because average annual snowfall and duration are currently at the minimum thresholds 
believed necessary to give lynx a competitive advantage over bobcats and other 
mesocarnivores. Although lynx regularly occur outside this unit in southeastern and 
southwestern Maine, and small numbers of reproducing lynx have also been documented 
recently in northern New Hampshire and northern Vermont, the ability of some of these 
peripheral areas to support persistent breeding populations is questionable. However, recent 
telemetry data in Maine suggest that resident lynx are expanding both east and south of the 
Northern Maine Geographic Unit, with home range maintenance and reproduction documented 
in both areas, which previously were considered outside the area capable of supporting resident 
lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 



110 
 

supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. There are no reliable estimates of historical or current resident lynx numbers in 
northern Washington, but recent habitat and home range analyses for the larger Okanogan LMZ 
(summarized in Lewis 2016) suggest that this unit may have been capable of supporting about 
50 lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). 
Those fires affected over a third of the LMZ, led to increased home range size, and may have 
reduced the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
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942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4).Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
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Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit, but CPW lynx biologists believe it may currently support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. This unit is not directly 
connected to lynx populations in Canada, and it does not appear to have received immigrant 
lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 1996, 2 
unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 mi2) of 
spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in this unit. 
Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) of lynx 
habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively impacted 
hares, and hare numbers may increase in affected areas as succession progresses; however, 
they have negatively impacted red squirrels, an important alternate prey species for lynx in this 
unit. Areas affected by beetles that contained multi-story stand conditions likely continue to 
provide habitat to support snowshoe hares and lynx. Areas affected by fire may require 20 years 
or more, and in some areas considerably longer, to recover to a point where the stands will 
again support snowshoe hares. Large-scale monitoring efforts in the San Juans documented 
continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is reasonably likely 
that lynx continue to occur in all national forests within the State of Colorado. Snowshoe hare 
habitat is patchily-distributed in this geographic unit, which limits hare abundance. Because the 
majority (90 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant impacts to lynx habitat 
within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, providing 
conservation through the SRLA. However, regulatory mechanisms for the conservation of lynx 
are lacking on approximately 3,159 km2 (1,220 mi2; over 12 percent) of this unit, including lynx 
habitats on some BLM and some non-Federal lands. 
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Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 
occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 
Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 

100% 83% (Purcells);            
61% (Seeley Lake)

100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares)

3.3 2.95 (Purcells);            
2.24 (Seeley Lake)

2.25 (2 females) 3.0 (1 female, 2 
years)

2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00

0.85 (Purcells);            
0.75 (Seeley Lake) 0.86 Few data

0.93 (in Core Release 
Area [CRA]);                   

0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.16 (high hares, 6 
yrs); 0.88 (low hares, 

4 yrs)
No estimate

1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 



115 
 

Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
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[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforces the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found 
the probability of lynx occurrence was > 50 percent where landscape hare densities were > 0.74 
hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx maintained 
home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by very recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). At a landscape scale, lynx habitat selection did not differ between sexes; however, 
at a home range scale, males tended to use more mature forest dominated by conifers than 
females, and both male and female lynx tended to avoid mature forests that had a high 
deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on these observations, 
Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining landscape hare densities 
of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-quality hare habitat within 
100-km2 areas to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 



117 
 

forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, lynx 
habitat in northern Maine was probably typically much less abundant and less broadly-
distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, insect 
outbreaks) are rare (intervals of several hundred to several thousand years) and highly variable 
in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, 
spruce beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). Although, 
high-elevation boreal forests often exhibit dense, regenerating conifer (resulting from a wind-
throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare densities are believed to be 
low in these areas (Siren et al. 2015, entire). In this geographic area, wildfire is less significant 
as a natural agent of disturbance. The typical fire regime is infrequent surface fires in the 
dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately 50 percent of the 
designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 
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km2 (1,485 mi2; nearly 27 percent) of the forested landscape was comprised of spruce-fir in a 
young, regenerating stand condition that provide high quality hare habitat. This habitat is similar 
to, and contiguous with, forested areas in Quebec and New Brunswick that support lynx (Hoving 
et al. 2005, pp. 740-741). The current range of lynx in this unit is associated with areas of deep 
snowfall, extensive forested landscapes, and areas having a high proportion of regenerating 
conifer-dominated forest that had previously been clearcut and treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several estimates of 
hare densities in the highest-quality regenerating conifer or mixed forest averaged 1.9 to 2.1 
hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 1990, hare densities 
in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 hares/ac) at low and high 
elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. (2015) reported lower densities 
in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and lowland 
spruce-fir. Densities in high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont. 
 
Current habitat is likely at historically high levels, but this habitat has peaked and high-quality 
lynx habitat is projected to decline in the near future (Simons-Legaard et al. 2016, pp. 140-163, 
202-218). In response to the widespread clearcutting in the 1970s and 1980s, Maine passed the 
Forest Practices Act in 1989, which regulated clearcutting. Since then, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27). Over 95 percent of cutting that 
occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 2009, 
p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). This new cutting regime 
results in lower landscape densities of snowshoe hares (Fuller 1999; Homyack 2003; Robinson 
2006; Scott 2009). Another consequence of partial harvesting is that a much greater acreage 
needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 
harvest rates have increased from about 40,000 ha (100,000 acres) per year (before the Forest 
Practices Act) to over 200,000 ha (500,000 acres) per year (after the Act). Thus, 28 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
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Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 40,000 ha (100,000 ac) including the State, Federal government (White 
Mountain National Forest south of lynx range), a conservation group (The Nature Conservancy), 
2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx 
range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi were chosen as pilot States to receive funding through their 
respective Natural Resources Conservation Service (NRCS) State offices. Based on a 
successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 
2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending regulations 
for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS offered the 
HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to promote 
development of Canada lynx forest management plans. Since that time 4 private landowners, 
The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and Katahdin 
Forestlands successfully enrolled in the program. Collectively, these land ownerships comprised 
2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine in 
2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
 
Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
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and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 
2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
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Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals cross the river on the ice each generation to prevent genetic drift of this population 
(Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA 
Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area of 
high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the critical habitat area designated in 2014) in northern Maine could potentially support a 
population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) 
estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx, however, is unknown because there are no methods available 
to count individuals over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
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townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-00; 
Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 2 and 
3). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
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In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality ynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
 
Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
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5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where average annual snowfall 
typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx 
(to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et 
al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 cm (90-
104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 
2008). Thus, average annual snowfall in Maine is currently at or below depths associated 
historically with lynx presence, and further declines could reduce the likelihood that resident lynx 
will persist in this unit (Hoving et al. 2005). 
                                                 
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
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Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-tagged in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development16, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and western 
Maine and 5 projects are in operation; 2 have been proposed in northern New Hampshire and 2 
are in operation; and 3 have been proposed for northeast Vermont and 2 are in operation or 
under construction. Maine’s 2 largest wind projects (combined over 250 turbines covering 932 
km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. Although 
impacts of wind energy projects on lynx, hares, and their habitats have not been demonstrated, 
potential effects include loss and fragmentation of habitat from turbines, roads, and transmission 
lines, and disturbance or displacement of resident lynx. Road construction could further 
fragment habitat and increase access, potentially increasing vehicle collisions with lynx and 
other sources of mortality, including incidental trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Ippoliti and Nadeau-Drillen 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some of these new landowners are seeking 
diversified financial returns on their investment, including developing residential housing, 
second homes, and resorts. At various times in the past, 2 large residential and resort areas 
have been proposed on forestlands within designated lynx critical habitat in this unit. Both 
                                                 
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser


127 
 

projects, if eventually built as previously-planned, could result in the development of several 
thousand acres of potential lynx habitat, but would be mitigated by substantial (100,000s of 
acres) conservation easements on surrounding forestland. Also, a private landowner recently 
purchased and donated 354 km2 (137 mi2) within designated lynx critical habitat that was 
subsequently designated as the Katahdin Woods and Waters National Monument. This area 
currently has a legacy of young regenerating spruce-fir habitat from previous industrial forest 
landowners, but its new monument designation will limit future forest management activities 
(timber harvest or other vegetation management) that could benefit lynx. In addition, the Nature 
Conservancy continues forest management on about half of its 750-km2 (290-mi2) ownership in 
this unit, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx, although the 
actual population size is unknown. High-quality habitat created by extensive clearcutting 30 to 
40 years ago is peaking and is projected to decline by 50 percent in the next 15 to 20 years 
(Simons-Legaard 2016, pp. 10-18; also see section 5.2.1). Hare densities declined by 50 
percent in this unit starting in about 2006 and have remained at lower levels, and future hare 
fluctuations or cycles are uncertain. Recent history demonstrates that some forms of forest 
management have the potential to create or increase lynx habitat. However, forest practices 
have shifted to partial harvesting, which is less likely to create large areas of lynx habitat or 
maintain the current historically broad distribution of high-quality habitat generated by previous 
landscape-level clear-cutting. Additionally, private landowners who previously entered into 
commitments to manage for lynx conservation have not renewed those commitments (although 
the habitat will remain viable for lynx for some time). Land ownership has also changed in 
northern Maine, and the majority of lands are owned now by investment companies that often 
wish to diversify income from their investments, which could result in forest practices 
inconsistent with lynx habitat conservation. Without long-term, binding land management 
commitments in this unit, there is no guarantee that the current historically high amount of lynx 
habitat will be maintained by future forest managment practices on private lands. The greatest 
stressors to resident lynx in this unit are habitat loss (as a result of the shift in forest 
management from clearcutting to partial harvesting resulting in lower landscape hare densities), 
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lack of forest planning for lynx, and projected continued climate warming (diminishing snow 
depth, quality and duration; loss of spruce-fir to northern hardwoods; potential increased 
competition from bobcats and fishers; and increased future isolation of lynx in this unit and 
southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 1). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites 
were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) found 
snowshoe hare densities were highest in regenerating forests. Females selected large woody 
debris and dense horizontal cover in lowland conifer cover for denning in northern Minnesota 
(Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns were present 
(Moen and Burdett 2009, p. 5). 
 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 



129 
 

Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 
current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
                                                 
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx. A more 
precise estimate of resident population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
 
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
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involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways.  
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
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Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
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In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
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relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
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availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 

                                                 
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
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Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
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to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
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A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
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management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distirubtution, it is very unlikey that this unit and surrounding areas were 
ever (recently or historically) capable of supporting 1,000 resident lynx. As described above, 
habitats capable of supporting resident lynx in this unit are (and aslo were historically) naturally 
patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 
191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; 
Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of resident lynx 
remains uncertain, this unit has a long and continuous history of lynx occurrence and evidence 
of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
structuring among lynx subpopulations in the southern (Garnet Mountains), central (Seeley 
Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction among 
lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires in Lynx 
SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
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female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detecteded 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
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intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
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In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above. The recent apparent absence 
of resident lynx in Garnet Mountains may indicate extirpation of a small resident population and 
a contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
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p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
 
Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 



145 
 

winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
                                                 
19 https://inciweb.nwcg.gov/state/27/0/ 
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regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx populations 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
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et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
                                                 
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], and steep 
slopes (> 30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the 
Northern Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler 
et al. 2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major 
drivers of disturbance in this unit, but other factors, including wind and tree diseases, also 
contribute to natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North 
Cascades range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual 
snowfall is consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
                                                 
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 

https://snowfall.weatherdb.com/d/a/Washington
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perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21). 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. The Diamond Creek wildfire burned another large block of 
lynx habitat in the northern part of this unit in 2017. These burned areas are expected to 
regenerate back into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 
2016, p. 5; Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx 
population in this geographic unit will likely be at increased risk of stochastic demographic, 
genetic, and environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
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habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
 
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
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(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynxhabitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
 
From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
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persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
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WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
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3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place22. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 

                                                 
22 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 
increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
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developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
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unprecendentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
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historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
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probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
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development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-523). 

As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
                                                 
23 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf


161 
 

we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx to many 
western states and to Canada have been documented. The Southern Rockies are separated 
from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern Wyoming 
and further north, by sagebrush and desert shrub communities in the Wyoming Basin and the 
Red Desert of southern and central Wyoming, and the arid Green and Colorado River plateaus 
of western Colorado and eastern Utah. Because of extreme topographic relief juxtaposed with 
highways, residential communities, and other human developments, lynx biologists have 
identified habitat connectivity as an important consideration for the Southern Rockies (ILBT 
2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit. 
 
Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
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In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
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All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific conservation planning guiding activities on non-Federal lands in this 
geographic unit. 
 
Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Ibid), the estimate of survival within the study area was higher than those reported for 
natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; Slough and Mowat 1996, 
entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories (0.90; Poole 1994, p. 
612). Successful reproduction, including by third- and fourth-generation offspring of translocated 
lynx, has been documented (Shenk 2008, p. 2); however, the average proportion of females that 
produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) and the kitten survival rate 
(0.23; Ivan 2016b, pers. comm.) were both lower in this geographic unit (during the period of 
intensive monitoring from 1999-2010) than rates reported for some other geographic units (table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
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also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
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A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce-fir forests 
could impact lynx habitat for a long time.  
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
 
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
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Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 
the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
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we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
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the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
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Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
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Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
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number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
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well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
climate warming is expected to exert the greatest influence on the resiliency of individual 
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populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape, perhaps more in line with likely historical conditions (Simons-Legaard 
2016, fig. 8, p. 10). High quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort land development, and unmanaged 
conservation lands) may compete with forest management as the primary future land use. 
Conservation easements will limit development pressures in some areas and keep some lands 
as working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not create new lynx habitat or maintain the current historically high amount of high-quality 
habitat. Climate change is expected to affect this unit more than some others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and beyond, snow quantity and quality will likely 
continue to deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
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the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices cleary have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which gives it a higher priority than 
other species for monitoring and management during that time. We also expect that MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
median “most likely” probabilities of persistence generated by lynx experts were high for the 
near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but declined to 35 
percent (with great uncertainty) by 2100. We concur with the expert panel that resident lynx are 
likely to persist in this unit at 2025 and 2050. However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
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of elevational refugia, and the potential for increased competition, disease, and insect 
outbreaks), some members of the  SSA Core Team were slightly less optimistic about the long-
term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded that the 
climate-mediated conversion of boreal forest to temperate forest and the loss of favorable snow 
conditions could occur at a rate and extent that would result in a lower likelihood of persistence 
than projected by experts, including the possibility that resident lynx could be extirpated from 
this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
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losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
unit will benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
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warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 



178 
 

Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in habitat proected by 2032; 
habitat shift to the south edge of current 
range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 
2025: 80 
(60-95) 

 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
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2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Adequacy of immigration from southern 

BC 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shoudl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
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breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the grey area 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and grey area 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
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scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would not respond to future budworm 
outbreaks like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the aging of past clearcuts beyond conditions that 
support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likely to reduce the likelihood that 
lynx will persist in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4o C/decade (0.8 o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0o C (3.6 o F; low 
emission) to 2.9o C (5.2 o F; high emission) by mid-century and 3.1o C (5.6 o F; low emissions) to 
5.3o C (9.5 o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5 to 2.8 o C (4.5 to 
5.0o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, increasing threats to high elevation and 
potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are currently at or falling 
below threshold values needed to support lynx in Maine. 
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios and predicted loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, the area capable of supporting resident lynx in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 
15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 
2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 



185 
 

 
Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
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quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
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an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
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et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
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However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
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period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201024), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
                                                 
24 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
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likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 12-19) predicted loss snow conditions supportive of lynx but 
persistence of boreal forest in Minnesota by the end of the century, and suggested that the SNF 
could provide a potential refugium for lynx (Ibid., p. 8). Notaro et al. (2015, pp. 1668-1669) 
projected changes in lake effect snowfall using downscaled climate models (Abdus Salam 
International Centre for Theoretical Physics (ICTP) Regional Climate Model version 4 (RegCM4; 
Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for the Great Lakes 
Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show an increase in 
lake effect snow in the eastern Great Lakes until 2050, with a decline later in the century, with 
an overall decline in the amount and duration of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
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(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)25 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now. Although 
uncertainties remain, as elsewhere, about the timing and magnitude of future climate-driven 
impacts, lynx populations in Minnesota are expected to recede northward and decline over the 
next century (Lynx SSA Team 2016a, pp. 37-38). 
                                                 
25 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
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Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
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resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, potential for increased competition, disease, and insect outbreaks), some 
Core Team members were less optimistic about the future of lynx in Minnesota than the lynx 
expert panel. Depending on future emissions levels, the likelihood that this unit will continue to 
support resident lynx at the end of the century may be lower than the 35 percent (median most 
likely) estimate based on expert opinion. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Hybridization and competition with bobcat also may 
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increase with diminishing snow conditions because of continued climate warming, and it is 
uncertaint how insect outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is uncertain if lynx would become a 
legally trapped furbearer in Minnesota if the DPS was not listed (although a legal wolf hunt was 
reinstated after that species was delisted in Minnesota, so regulated trapping could also be 
considered for lynx if the DPS was not listed). Seven lynx have been illegally shot and reported 
or otherwise discovered since listing. Illegal shooting and non-reporting would likely increase 
without Federal protection. Education efforts by Federal and State agencies and law 
enforcement agents may have helped to reduce illegal shooting of lynx in this unit. With a 
diminished snow regime, populations of bobcats could increase and expand north and eastward 
into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping and hunting 
activities would likely increase without Federal listing. Similarly, fisher, fox, and coyote 
populations may increase in a diminished snow regime in northern Minnesota and trapping 
would be expected to occur there that could lead to greater incidental take of lynx. We believe 
that despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that could be substantially 
diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, we believe that climate change is a significant stressor to lynx in this unit; 
slightly more so than expressed by most of the experts. Snow depth and duration in the area 
currently supporting resident lynx are projected to decline significantly by the end of the century, 
likely to the detriment of both hare and lynx populations. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in the extreme northeastern corner of the unit. 
The boreal forest in this unit is already being replaced by northern hardwoods because of 
climate warming. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate models portend declining snow conditions under low- and high-emissions 
scenarios. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
mining developments. Although we expect resident lynx to persist in this unit through 2025 and 
2050, we conclude that the stressors described above, individually and cumulatively, could 
diminish lynx habitat and numbers in this unit. If these stressors are not abated, we believe that 
resident lynx in this unit will face a slightly greater risk of extirpation by the end of the century 
than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
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considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
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anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
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2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). There will likely be a lag 
time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see section 3.2), but 
continued warming is projected to convert much of the boreal forest in this unit to temperate 
conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and 
hare populations to persist during this lag and to adjust to future habitat distributions is 
uncertain, but habitat quality, quantity, distribution, and connectivity are expected to decline, 
likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality and 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
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detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
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geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of immigration.  Additionally, as noted above, the lynx 
population in the Purcell Mountains in the northwestern part of this unit was estimated to be 
increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 years 
of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
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Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncerytainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
 
Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
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really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 

 
Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
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LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
 
Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
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affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
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similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currentlyoccur in 
the GYA. 
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Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS delisted in the future, the 
ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
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We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
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Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
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magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
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potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
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After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future that it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing available lynx habitat in the future. 
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Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in the contiguous United States are 
naturally less abundant and more patchily-distributed than in the core of the range (except 
during decadal lows in hare population cycles, when both hares and lynx occur temporarily in 
the north at densities lower than most in the range of the DPS). Maintaining connectivity with 
lynx populations in Canada is thought to be important to the persistence of DPS populations; 
however, whether, and if so to what extent, the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
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• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 

southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
confier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 
19).There is no information to suggest that this unit historically supported a larger 
resident population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
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in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.26 Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 
Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 

                                                 
26 https://inciweb.nwcg.gov/state/27/0/ 
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lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47).Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
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lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
has already altered) the timing and magnitude of lynx dispersal from Canada into the contiguous 
United States. If lynx populations in the DPS depend on immigration from Canada which is no 
longer occurring or has been substantially reduced relative to historical conditions, population 
declines and an increased likelihood of extirpation among resident DPS populations would be 
expected. However, whether, and if so to what extent, these climate-mediated factors have 
influenced current lynx numbers, other demographic parameters, and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units. Despite uncertainty regarding its influence over current conditions for lynx, 
climate modeling and expert opinion concur that continued climate warming will adversely 
impact lynx in the DPS at some point in the future (also see Future Conditions and Threats, 
below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
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Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
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loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 

 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
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geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event. We recognize that a sequence of discrete but spatially-
clustered catastrophic events in lynx habitats over a short time could increase the potential for 
functional extirpation in 1 or more of the individual geographic units (especially the possibility of 
additional large wildfires in north-central Washington), thereby reducing redundancy within the 
DPS. However, as long as resident lynx remain geographically well-distributed in 1 or more 
units within the DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
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management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
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settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The lynx is a boreal forest carnivore whose populations are strongly tied to its primary prey, the 
snowshoe hare (Lepus americanus). Both species occur primarily in the extensive boreal 
spruce-fir forests of Canada and Alaskan; however, the southern margins of both their ranges 
extend into the northern contiguous United States. The Service designated lynx in the Lower 48 
States as a DPS because of differences in the management of lynx and lynx habitats across the 
international boundary with Canada and because of the climatic, vegetative, and ecological 
differences between lynx habitat at the southern extent of its range in the contiguous United 
States compared to the northern range in Canada and Alaska. The Service listed the DPS as 
threatened under the Endangered Species Act (ESA) in 2000 because of the inadequacy, at 
that time, of regulatory mechanisms on some Federal lands to provide for the conservation of 
lynx habitats and populations (see section 3.1.1). This SSA does not reconsider the designation 
of the DPS or its listing status under the ESA, which are Service policy decisions. Instead, it 
provides the scientific basis for the statutorily required 5-year status review for the DPS and 
other decisions the Service is required to make in accordance with the ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
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predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are naturally 
less abundant and generally more patchily-distributed than in the core of the species’ range in 
Canada and Alaska. Maintaining connectivity between the DPS and lynx populations in Canada 
is thought to be important. However, the extent to which DPS populations may depend on 
immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in future projections, particularly beyond 
mid-century. The output from this expert elicitation process (summarized below and presented 
in detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline in the future largely 
as a result of projected continued climate warming and associated impacts, which are likely to 
exacerbate the potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue in the future, although we do not anticipate that such 
events alone would cause the permanent loss of breeding lynx populations in any geographic 
unit. We are aware of no management actions that could be expected to abate the projected 
long-term retreat of boreal forests, declining hare populations, and diminished snow conditions 
expected under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically, and many more than was known or suspected at the time the DPS was 
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listed. This is due to the large amount and broad distribution of high-quality lynx and hare 
habitat that currently exists as a result of landscape-level clearcutting on private commercial 
timber lands in response to a major spruce budworm (Choristoneura fumiferana) outbreak in the 
1970s and 1980s. These dense young regenerating conifer stands are much more extensive 
than they are thought to have been historically under natural disturbance regimes. The State of 
Maine suggests that this unit currently may support 750-1,000 resident lynx. However, habitat 
extent probably peaked in the late 1990s and early 2000s, and habitat quality is projected to 
decline in these stands over the next few decades as they age beyond 35-40 years post-
harvest. Because a shift in forest management from clearcutting to partial harvesting that began 
in 1989 is unlikely to maintain or recreate this extensive high-quality habitat, we expect lynx 
habitat and numbers to decline in this unit over the next several decades, perhaps to levels 
more consistent with likely historical conditions. We concur with the expert panel that the 
resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the longer-
term (at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further reducing 
lynx numbers and likely decreasing the population’s resilience. Some climate models indicate 
substantial loss of boreal forest and favorable snow conditions under higher emissions 
scenarios, and this unit generally lacks potential elevational refugia that would support upslope 
movement of lynx habitats and populations. Therefore, we suggest that the likelihood that this 
unit will support a resident lynx population at 2100 may be somewhat lower than expert 
projections, although the timing and extent of future climate-mediated habitat decline is highly 
uncertain. This geographic unit may also be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington. Because of this, the 
number of resident lynx in this unit is likely lower than it was historically and when the DPS was 
listed. Based on estimates of lynx carrying capacity, this unit may have been capable of 
supporting roughly 50-60 resident lynx prior to large fires beginning in the early 1990s. Recent 
habitat evaluations suggest it currently may be capable of supporting only about 30-35 lynx, with 
the decline due to fire-driven habitat losses. Although these losses are expected to be 
temporary, additional fires in this unit before previously burned areas recover (10-40 years post-
burn) would further reduce lynx numbers and make this geographic unit more vulnerable to 
extirpation. Because of these habitat impacts and remaining stressors to lynx, the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. Nonetheless, 
we concur with the expert panel that the resident lynx population in this unit is very likely to 
persist at years 2025 and 2050. Over the longer-term (2100), we expect continued climate 
warming to reduce the amount and quality of lynx habitat in this unit, further reducing lynx 
numbers and likely decreasing the population’s resilience. Therefore, we concur with experts 
that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
 
Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
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only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
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for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated lynx in the contiguous United States as a DPS because of differences 
in the management of lynx and lynx habitats across the international boundary with Canada and 
because of the climatic, vegetative, and ecological differences in lynx habitat compared to the 
northern parts of the species’ range in Canada and Alaska (62 FR 28654-28655). The Service 
listed the DPS as threatened under the ESA in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on some Federal lands to provide for the conservation of lynx 
habitats and populations (65 FR 16052-16086). On May 8, 2014, the United States District 
Court for the District of Montana ordered the Service to complete recovery planning for the lynx 
DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered the 
Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that such 
a plan will not promote the conservation of the [lynx]” (i.e., the DPS is recovered or no longer 
warrants ESA protections; U.S. District Court MT 2014b, p. 2). We completed this SSA (version 
1.0) to summarize the best available scientific information on the current status and likely future 
viability of the DPS. This SSA will inform a determination by Service decision makers of whether 
(1) the DPS continues to warrant protection under the ESA and (2) a recovery plan is needed to 
guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions. It 
is generally restricted to areas that receive deep and persistent unconsolidated (“fluffy”) snow, 
which is thought to allow lynx, with their proportionately longer limbs and very large feet, to 
outcompete other terrestrial hare predators that are less efficient in such conditions (McCord 
and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-
94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; 
Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 
25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are known or 
suspected to intermittently support resident lynx and occasional reproduction. Uncertainty 
remains as to whether resident lynx populations occurred historically in other areas not 
encompassed by the geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
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● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate conifer or deciduous) forests, non-snow-domintated climates, or to persist 
on alternate prey species where hare densities are or become inadequate. Therefore, we 
assume lynx populations in the DPS are vulnerable (sensitive, exposed, and with little 
capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 5) to the 
projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 

 
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
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stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
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that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
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363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
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Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
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Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus  spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
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projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
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Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
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2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in northern and eastern Canada (McKelvey et al. 
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2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 

competition from other hare predators, and 
d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 

etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
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own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous United States), hare 
population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 
2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx 
SSA Team 2016a, pp. 16-17), and hare and lynx abundances and lynx demographic rates are 
typically like those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; 
Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern populations the 
likelihood is probably relatively low that an individual lynx will have its ecological requirements 
met sufficiently to replace itself in the breeding population. Also in the south, there are more 
diverse assemblages of potential competitors and predators, more natural patchiness and 
anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provision dependent kittens (Moen 
et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
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females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
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level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Historical lynx occurrence 
records in the contiguous United States were correlated with areas that received at least 4 
months (December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). 
Where snow conditions do not consistently favor lynx, increased potential for predation and 
competition would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely 
to survive, breed, and replace themselves in the breeding population if they occupy home 
ranges where trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, 
entire), high-speed/high-volume roadways are absent (ILBT 2013, pp. 77-78), and other 
potential anthropogenic causes of lynx mortality are absent or minimal. 
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
For a lynx population in the core of the species’ range in the southern Yukon, Slough and 
Mowat (1996, p. 952, table 4) calculated population growth rate (lambda, λ) = 2.03 (annual 
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doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx population. This 
period of rapid growth was followed by a rate of λ = 1.01 (stable) during the first year of a hare 
decline, and λ = 0.10 and λ = 0.46 (rapid decline) during the first 2 years of the lynx population 
decline when hares were scarce. However, the natural range in λ that would be expected 
among peripheral, isolated, or semi-isolated lynx populations where hares are non-cyclic or 
weakly-cyclic (i.e., in DPS and some southern Canadian populations), versus those that would 
signal long-term population decline or instability is unknown. Despite this, and the limitations 
noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) calculated population 
growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area (i.e., declining 
population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains (increasing trend, 
2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex 10, deterministic 
population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) to calculate 
finite growth rates during a period of high hare density (λ = 1.16; increasing trend) and during a 
period of low hare density (λ = 0.88; decreasing trend) for the lynx population in northern Maine 
(see also section 4.2.1). Neither the Montana nor Maine estimates incorporated rates of 
immigration/emigration (i.e., both assumed immigration and emigration rates of zero, which is 
very unlikely and contradicted by historical and recent evidence of lynx dispersal in both 
directions across the Canada-Unites States border across the DPS range). Schwartz (2017, p. 
4) noted that very low immigration rates (less than 1 female/year on average for a theoretical 
population of 100 lynx) could provide population stability or even growth, suggesting that the 
Seeley Lake population and perhaps other DPS populations are probably being bolstered by 
low levels of immigration, which may go undetected. Other efforts to model lynx population 
dynamics in the DPS range include those of Lyons et al. (2016, entire), who developed spatially-
explicit, individual-based population models to estimate reductions in potential lynx carrying 
capacity in Washington associated with recent large wildfires, and Licht et al. (2017, in press, 
entire), who conducted a PVA of a potential lynx reintroduction to Isle Royale in Lake Superior, 
about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
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years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
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risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
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The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarilyinto areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
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80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat. The 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, McKelvey et al. 
(2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 

2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
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the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because it is a habitat and prey specialist, lynx densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist. 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449) because they are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors and predators (Buskirk et al. 2000a, p. 90; Krohn 
et al. 2005, p. 123; also see section 2.2 above), although behavioral adaptations may offset 
morphological differences to some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
 
Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
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(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a detailed, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
 
In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
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state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontarior than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire)indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
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high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
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has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecendentedly large irruptions of lynx from Canada into 
the northern contiguous United States, when dispersing/transient lynx occurred temporarily in 
many places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoning Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 
In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
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recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
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recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Although the current population size in Maine is uncertain, 
habitat distribution and lynx home range data suggest this geographic unit could potentially 
support 750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016a, p. 18]). The current lynx 
population in Maine is supported by the broad distribution of high-quality hare habitat that 
resulted from extensive, large-scale clearcutting in the 1970s and 1980s in response to a 
massive spruce budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; 
also see section 4.2.1). As these regenerating clearcuts, which currently provide the dense 
horizontal structure preferred by hares, mature beyond about 35-40 years post-harvest, hare 
densities are expected to decline as cover and forage are reduced as a result of forest 
succession (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16). The 
current lynx population in Maine is probably substantially larger than typically occurred 
historically under the natural disturbance regime, when relatively small amounts of the spruce-fir 
forests in the state are thought to have been composed of the dense young stands that provode 
optimal hare (and, therefore, lynx foraging) habitat (Lorimer 1977, entire; 68 FR 40094; Vashon 
et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the proliferation of 
partial harvesting following enactment of the Maine Forest Practices Act of 1989, lynx densities 
in Maine are projected to decline by 55 to 65 percent by 2032 (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16), perhaps to levels more consistent with likely 
historical conditions. Lynx in Maine likely represent the southern periphery of a larger population 
that occurs in northern New Brunswick and southern Quebec south of the St. Lawrence 
Seaway/River, which appears to partially isolate lynx in this region, demographically and 
genetically, from populations in the core of the species’ range (Koen et al. 2015, entire). 
Whether lynx persistence in Maine relies on immigration from Canada, and if so to what extent, 
is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
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whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
there is no indication of substantial immigration from Canada after the 1980s (Squires in Lynx 
SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent evidence of 
reproduction have been documented in the Montana portion of the GYA where, as with the 
northwestern Wyoming part of the GYA (discussed above), uncertainty about whether this area 
consistently or only intermittently supported resident lynx historically makes it difficult to interpret 
their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As elsewhere in 
the West, recent research and habitat assessments suggest that habitats capable of supporting 
resident lynx in Montana are, and historically were, naturally patchier and less-broadly 
distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx therefore 
naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson in Lynx 
SSA Team 2016a, p. 12). 
 
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
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the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 
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3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
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management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
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movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
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incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2104, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
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to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
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the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are potentially capable of supporting them. They represent the agencies’ 
efforts, in collaboration with the Service, to address and ameliorate the singular threat for which 
the lynx DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it is clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous United 
States. Overall, Federal lands managed by the USFS, BLM, and NPS constitute nearly 64 
percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, and all but a tiny fraction of 
these lands are actively managed for lynx conservation. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
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resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
specifation of trap sizes and sets that may be used to legally harvest other furbearers and that 
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are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). In 2015, the 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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MNDNR issued emergency trapping rules in the LMZ mandating additional restrictions on the 
types of traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of 
incidentally trapping lynx. In response to a Federal court order, MDNR developed an incidental 
take plan designed to minimize the potential for lynx to be incidentally trapped during other legal 
furbearer trapping; the plan is currently under review by the Service. Like Maine, Minnesota has 
a State Endangered Species Statute (84.0895) which requires the MNDNR to adopt rules 
designating species meeting the statutory definitions of endangered, threatened, or species of 
special concern (State of Minnesota 2016, entire). The Statute also authorizes the MNDNR to 
adopt rules that regulate treatment of species designated as endangered and threatened. Also 
like Maine, however, Minnesota has not designated lynx as threatened or endangered under the 
statute. Instead it has designated the lynx a species of special concern, a designation for 
species that are extremely uncommon, have unique or highly specific habitat requirements, or 
occur on the periphery of their range in Minnesota and, therefore, deserve careful monitoring 
(MNDNR 2013, pp. 1-2). Thus, the MNDNR coordinates with the Service and other agencies to 
conduct research and monitor lynx populations and habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of reasonable restrictions on trapping in lynx 
habitat. Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 



61 
 

10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming were offered full protection from trapping 
and hunting beginning in 1973, and they are designated by the State as a species of greatest 
conservation need (ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also 
participates in the CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an 
early regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than typical historical conditions under the natural disturbance regime, when only 3 to 7 
percent of stands were likely in such condition at any given time (68 FR 40094). Current timber 
harvest and management on State and private lands in Maine are governed by the Maine 
Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
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of Unit 1) in northern Maine is under conservation easement10, but easements do not require 
management prescriptions or commitments for lynx. In the past Maine private forest landowners 
have expressed interest in long-term commitments to lynx management plans, but to our 
knowledge, there are no private landowners in Maine who have committed to long-term or 
permanent protection and creation of lynx habitat according to the Service’s lynx management 
guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 

                                                
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
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private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61oC (1.1oF; range = -0.53 to +2.50oC [-
0.95 to +4.5oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Peters et al. 2013, entire; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 
2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). Analysis of paleoclimate data indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4o - 2.6oC 
(0.7o - 4.7oF) by mid-century and 0.3o - 4.8oC (0.5o - 8.6oF) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
percent probability of increasing more than 1.5oC (2.7oF), a 76 percent probability of increasing 
2 o - 4.5oC (3.6o - 8oF) and a 14 percent probability of exceeding 4.5oC (8oF). 
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In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf
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lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
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climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
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have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
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13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over potential competitors and predators. However, climate warming is diminishing snow 
conditions (depth, quality, persistence) throughout the DPS range. Warmer winter temperatures 
are reducing snow cover extent  and duration and altering snow structure via a combination of a 
higher proportion of precipitation falling as rain, more winter thaw-freeze events, higher rates of 
snowmelt during winter, and earlier spring melt and runoff (Hamlet and Lettenmaier 1999, p. 
1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; Christensen et al. 
2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; Pierce et al. 2008, 
entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; Georgakakos et al. 2014, pp. 
71-85). These trends are expected to continue with projected future climate warming (Hamlet 
and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; 
Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; IPCC 2014b, p. 62). The 
IPCC projects that spring snow cover in the Northern Hemisphere is likely to decrease by 7-25 
percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow season length and snow 
depth are very likely to decrease in most of North America except in the northernmost part of 
Canada where maximum snow depth is likely to increase’’ (Christensen et al. 2007, p. 850). 
Because lynx occurrence is correlated with prolonged periods of deep, fluffy snow, current lynx 
habitats would be expected to decline in value for lynx with decreases in snow condition and 
duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
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47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Snowpack losses have been documented and will likely continue and could even accelerate in 
the future (Hamlet and Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 
2011, entire; Kapnick and Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-
971), with faster losses likely in milder climates like the Cascades and the slowest losses in the 
high peaks of the Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in 
temperature, snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 
2016, p. 106). In the West, areas of contiguous spring snow cover are projected to become 
smaller and more isolated throughout the Columbia, Upper Missouri, and Upper Colorado 
Basins, with greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). 
Snow accumulation and duration are also expected to continue to decline generally in the 
central and eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 
2009, p. 31; Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow 
resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential 
future snow cover under a range of IPCC climate scenarios suggests that snow conditions 
correlated with historical lynx occurrence records could decline by 10-20 percent across the 
continental U.S. and Canada and by 46-84 percent in the contiguous United States by the end 
of the century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
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and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
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mediate competition between the 2 species. Because of their higher foot-loading, bobcats likely 
hunt less efficiently than lynx in deep, unconsolidated snows (Hoving et al. 2005, entire; Krohn 
et al. 2005, pp. 122-129), and they experience high mortality in deep-snow winters (Litvaitis et 
al. 1986, p. 116). Considering recent and projected future changes in snow conditions described 
above, stable or increasing bobcat populations in the DPS range (Roberts and Crimmins 2010, 
p. 170), and the predicted northward expansion of bobcats into areas currently occupied by lynx 
(Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 
2010, p. 172), lynx may experience increased competition and displacement by bobcats, which 
could influence lynx distribution and persistence at the southern edge of their range (in all DPS 
geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
 
Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
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warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change will likely affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
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Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 
Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 



77 
 

events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
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860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
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genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
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analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
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Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
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and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
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Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
 

● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
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Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
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Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
 
Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under climate change, total United States timber inventories will increase, timber harvest will 
increase, and product prices will decrease relative to an assumed stable climate. Some models 
predict that consumers will gain from climate change while landowners in some regions will 
lose. The forest industry will likely adapt to climate change in many ways including using 
alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
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recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
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There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
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In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
 
Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University of Maine, pers. comm.).  As much as 30 to 40 percent of the advanced regeneration 
may be damaged from repeated entries by machinery to remove the overstory (R. Seymour, 
Department of Forestry, University of Maine, pers. comm.).  Finally, because subsequent 
overstory removal occurs about 15 years after the initial entry, some of the dense understory is 
damaged just as the stand develops conditions to support higher hare densities. The damage to 
the understory not only reduces the quality of the habitat for hares, but also cuts short the 
duration that the stand produces high quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
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important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events(Kilgore and 
Heinselman 1990, Heinselman 1996, Veblen et al. 1994, Agee 2000, Seymour et al. 2002, 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
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landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
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history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
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Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
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or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
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northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 
(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47


97 
 

selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
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eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
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As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
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Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
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more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
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al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
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Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 



104 
 

to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 



105 
 

and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
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of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
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(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous United States. Because there are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, we find that the current level of representation does not appear to represent a decrease 
from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
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less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger population that also occupies southern Quebec 
(where trapping is legal) and northern New Brunswick (where lynx are a provincially-
endangered species and harvest is prohibited). There are no reliable estimates of current or 
historical resident lynx numbers in this unit. However, based on estimates of habitat distribution 
and lynx home range sizes, the MDIFW believes this unit currently may be capable of 
supporting 750-1,000 lynx (Vashon et al. 2012, pp. 87-91), which would make it the largest 
population in the DPS. This is many more resident lynx than likely occurred historically and 
many more than were suspected to occur in this unit when the DPS was listed, and it is the 
result of extensive clearcutting and herbicide application to salvage spruce-fir and encourage 
softwood regeneration following a severe spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments 
have created the current extensive distribution of young, regenerating softwood stands that 
provide optimal hare foraging habitat. Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and the highest densities documented in the DPS. 
Historically, under a more natural disturbance regime, Maine typically had a greater proportion 
of mature forest and, therefore a patchier distribution of high-quality habitat that likely supported 
a smaller lynx population that may have been more dependent on immigration from Canada. 
State forestry regulations passed in 1989 caused landowners to shift to various forms of partial 
harvesting that have resulted in lower landscape hare densities across much of the unit. Hare 
populations do not seem to cycle in this region, but hare density estimates from 2008-2015 
declined by over 50 percent compared to estimates from 2001-2006. Reproduction and survival 
rates in the low-hare environment after 2006 suggest a slightly declining lynx population, 
although kitten survival remained high. Unlike other DPS units, lynx habitat in northern Maine 
occurs nearly entirely on private, industrial forest lands, most of which lack long-term 
commitments to lynx management. The majority of private lands in this unit are now owned by 
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investment companies seeking to diversify income from their investments, which could result in 
forest practices less likely to maintain or conserve hare and lynx habitat. Other potential 
stressors to lynx in this unit include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. Another spruce budworm outbreak may be 
imminent, and forestry response by investment landowners is uncertain. Climate change is a 
concern because average annual snowfall and duration are currently at the minimum thresholds 
believed necessary to give lynx a competitive advantage over bobcats and other 
mesocarnivores. Although lynx regularly occur outside this unit in southeastern and 
southwestern Maine, and small numbers of reproducing lynx have also been documented 
recently in northern New Hampshire and northern Vermont, the ability of some of these 
peripheral areas to support persistent breeding populations is questionable. However, recent 
telemetry data in Maine suggest that resident lynx are expanding both east and south of the 
Northern Maine Geographic Unit, with home range maintenance and reproduction documented 
in both areas, which previously were considered outside the area capable of supporting resident 
lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
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supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. There are no reliable estimates of historical or current resident lynx numbers in 
northern Washington, but recent habitat and home range analyses for the larger Okanogan LMZ 
(summarized in Lewis 2016) suggest that this unit may have been capable of supporting about 
50 lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). 
Those fires affected over a third of the LMZ, led to increased home range size, and may have 
reduced the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
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942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4).Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
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Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit, but CPW lynx biologists believe it may currently support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. This unit is not directly 
connected to lynx populations in Canada, and it does not appear to have received immigrant 
lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 1996, 2 
unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 mi2) of 
spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in this unit. 
Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) of lynx 
habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively impacted 
hares, and hare numbers may increase in affected areas as succession progresses; however, 
they have negatively impacted red squirrels, an important alternate prey species for lynx in this 
unit. Areas affected by beetles that contained multi-story stand conditions likely continue to 
provide habitat to support snowshoe hares and lynx. Areas affected by fire may require 20 years 
or more, and in some areas considerably longer, to recover to a point where the stands will 
again support snowshoe hares. Large-scale monitoring efforts in the San Juans documented 
continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is reasonably likely 
that lynx continue to occur in all national forests within the State of Colorado. Snowshoe hare 
habitat is patchily-distributed in this geographic unit, which limits hare abundance. Because the 
majority (90 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant impacts to lynx habitat 
within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, providing 
conservation through the SRLA. However, regulatory mechanisms for the conservation of lynx 
are lacking on approximately 3,159 km2 (1,220 mi2; over 12 percent) of this unit, including lynx 
habitats on some BLM and some non-Federal lands. 
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Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 
occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 
Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 

100% 83% (Purcells);            
61% (Seeley Lake)

100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares)

3.3 2.95 (Purcells);            
2.24 (Seeley Lake)

2.25 (2 females) 3.0 (1 female, 2 
years)

2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00

0.85 (Purcells);            
0.75 (Seeley Lake) 0.86 Few data

0.93 (in Core Release 
Area [CRA]);                   

0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.16 (high hares, 6 
yrs); 0.88 (low hares, 

4 yrs)
No estimate

1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
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Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 



116 
 

[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforces the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found 
the probability of lynx occurrence was > 50 percent where landscape hare densities were > 0.74 
hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx maintained 
home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by very recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). At a landscape scale, lynx habitat selection did not differ between sexes; however, 
at a home range scale, males tended to use more mature forest dominated by conifers than 
females, and both male and female lynx tended to avoid mature forests that had a high 
deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on these observations, 
Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining landscape hare densities 
of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-quality hare habitat within 
100-km2 areas to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
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forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, lynx 
habitat in northern Maine was probably typically much less abundant and less broadly-
distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, insect 
outbreaks) are rare (intervals of several hundred to several thousand years) and highly variable 
in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, 
spruce beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). Although, 
high-elevation boreal forests often exhibit dense, regenerating conifer (resulting from a wind-
throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare densities are believed to be 
low in these areas (Siren et al. 2015, entire). In this geographic area, wildfire is less significant 
as a natural agent of disturbance. The typical fire regime is infrequent surface fires in the 
dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately 50 percent of the 
designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 
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km2 (1,485 mi2; nearly 27 percent) of the forested landscape was comprised of spruce-fir in a 
young, regenerating stand condition that provide high quality hare habitat. This habitat is similar 
to, and contiguous with, forested areas in Quebec and New Brunswick that support lynx (Hoving 
et al. 2005, pp. 740-741). The current range of lynx in this unit is associated with areas of deep 
snowfall, extensive forested landscapes, and areas having a high proportion of regenerating 
conifer-dominated forest that had previously been clearcut and treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several estimates of 
hare densities in the highest-quality regenerating conifer or mixed forest averaged 1.9 to 2.1 
hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 1990, hare densities 
in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 hares/ac) at low and high 
elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. (2015) reported lower densities 
in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and lowland 
spruce-fir. Densities in high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont. 
 
Current habitat is likely at historically high levels, but this habitat has peaked and high-quality 
lynx habitat is projected to decline in the near future (Simons-Legaard et al. 2016, pp. 140-163, 
202-218). In response to the widespread clearcutting in the 1970s and 1980s, Maine passed the 
Forest Practices Act in 1989, which regulated clearcutting. Since then, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27). Over 95 percent of cutting that 
occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 2009, 
p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). This new cutting regime 
results in lower landscape densities of snowshoe hares (Fuller 1999; Homyack 2003; Robinson 
2006; Scott 2009). Another consequence of partial harvesting is that a much greater acreage 
needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 
harvest rates have increased from about 40,000 ha (100,000 acres) per year (before the Forest 
Practices Act) to over 200,000 ha (500,000 acres) per year (after the Act). Thus, 28 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
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Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 40,000 ha (100,000 ac) including the State, Federal government (White 
Mountain National Forest south of lynx range), a conservation group (The Nature Conservancy), 
2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx 
range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi were chosen as pilot States to receive funding through their 
respective Natural Resources Conservation Service (NRCS) State offices. Based on a 
successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 
2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending regulations 
for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS offered the 
HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to promote 
development of Canada lynx forest management plans. Since that time 4 private landowners, 
The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and Katahdin 
Forestlands successfully enrolled in the program. Collectively, these land ownerships comprised 
2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine in 
2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
 
Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
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and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 
2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
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Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals cross the river on the ice each generation to prevent genetic drift of this population 
(Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA 
Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area of 
high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the critical habitat area designated in 2014) in northern Maine could potentially support a 
population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) 
estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx, however, is unknown because there are no methods available 
to count individuals over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
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townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-00; 
Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 2 and 
3). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
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In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality ynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
 
Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
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5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where average annual snowfall 
typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx 
(to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et 
al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 cm (90-
104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 
2008). Thus, average annual snowfall in Maine is currently at or below depths associated 
historically with lynx presence, and further declines could reduce the likelihood that resident lynx 
will persist in this unit (Hoving et al. 2005). 
                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
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Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-tagged in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development16, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and western 
Maine and 5 projects are in operation; 2 have been proposed in northern New Hampshire and 2 
are in operation; and 3 have been proposed for northeast Vermont and 2 are in operation or 
under construction. Maine’s 2 largest wind projects (combined over 250 turbines covering 932 
km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. Although 
impacts of wind energy projects on lynx, hares, and their habitats have not been demonstrated, 
potential effects include loss and fragmentation of habitat from turbines, roads, and transmission 
lines, and disturbance or displacement of resident lynx. Road construction could further 
fragment habitat and increase access, potentially increasing vehicle collisions with lynx and 
other sources of mortality, including incidental trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Ippoliti and Nadeau-Drillen 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some of these new landowners are seeking 
diversified financial returns on their investment, including developing residential housing, 
second homes, and resorts. At various times in the past, 2 large residential and resort areas 
have been proposed on forestlands within designated lynx critical habitat in this unit. Both 
                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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projects, if eventually built as previously-planned, could result in the development of several 
thousand acres of potential lynx habitat, but would be mitigated by substantial (100,000s of 
acres) conservation easements on surrounding forestland. Also, a private landowner recently 
purchased and donated 354 km2 (137 mi2) within designated lynx critical habitat that was 
subsequently designated as the Katahdin Woods and Waters National Monument. This area 
currently has a legacy of young regenerating spruce-fir habitat from previous industrial forest 
landowners, but its new monument designation will limit future forest management activities 
(timber harvest or other vegetation management) that could benefit lynx. In addition, the Nature 
Conservancy continues forest management on about half of its 750-km2 (290-mi2) ownership in 
this unit, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx, although the 
actual population size is unknown. High-quality habitat created by extensive clearcutting 30 to 
40 years ago is peaking and is projected to decline by 50 percent in the next 15 to 20 years 
(Simons-Legaard 2016, pp. 10-18; also see section 5.2.1). Hare densities declined by 50 
percent in this unit starting in about 2006 and have remained at lower levels, and future hare 
fluctuations or cycles are uncertain. Recent history demonstrates that some forms of forest 
management have the potential to create or increase lynx habitat. However, forest practices 
have shifted to partial harvesting, which is less likely to create large areas of lynx habitat or 
maintain the current historically broad distribution of high-quality habitat generated by previous 
landscape-level clear-cutting. Additionally, private landowners who previously entered into 
commitments to manage for lynx conservation have not renewed those commitments (although 
the habitat will remain viable for lynx for some time). Land ownership has also changed in 
northern Maine, and the majority of lands are owned now by investment companies that often 
wish to diversify income from their investments, which could result in forest practices 
inconsistent with lynx habitat conservation. Without long-term, binding land management 
commitments in this unit, there is no guarantee that the current historically high amount of lynx 
habitat will be maintained by future forest managment practices on private lands. The greatest 
stressors to resident lynx in this unit are habitat loss (as a result of the shift in forest 
management from clearcutting to partial harvesting resulting in lower landscape hare densities), 
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lack of forest planning for lynx, and projected continued climate warming (diminishing snow 
depth, quality and duration; loss of spruce-fir to northern hardwoods; potential increased 
competition from bobcats and fishers; and increased future isolation of lynx in this unit and 
southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 1). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites 
were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) found 
snowshoe hare densities were highest in regenerating forests. Females selected large woody 
debris and dense horizontal cover in lowland conifer cover for denning in northern Minnesota 
(Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns were present 
(Moen and Burdett 2009, p. 5). 
 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
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Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 
current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx. A more 
precise estimate of resident population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
 
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
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involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways.  
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
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Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
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In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
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relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
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availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 

                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
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Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
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to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
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A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
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management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distirubtution, it is very unlikey that this unit and surrounding areas were 
ever (recently or historically) capable of supporting 1,000 resident lynx. As described above, 
habitats capable of supporting resident lynx in this unit are (and aslo were historically) naturally 
patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 
191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; 
Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of resident lynx 
remains uncertain, this unit has a long and continuous history of lynx occurrence and evidence 
of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
structuring among lynx subpopulations in the southern (Garnet Mountains), central (Seeley 
Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction among 
lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires in Lynx 
SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
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female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detecteded 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
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intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
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In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above. The recent apparent absence 
of resident lynx in Garnet Mountains may indicate extirpation of a small resident population and 
a contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
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p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
 
Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
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winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
                                                
19 https://inciweb.nwcg.gov/state/27/0/ 
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regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx populations 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
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et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], and steep 
slopes (> 30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the 
Northern Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler 
et al. 2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major 
drivers of disturbance in this unit, but other factors, including wind and tree diseases, also 
contribute to natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North 
Cascades range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual 
snowfall is consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 

https://snowfall.weatherdb.com/d/a/Washington
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perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21). 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. The Diamond Creek wildfire burned another large block of 
lynx habitat in the northern part of this unit in 2017. These burned areas are expected to 
regenerate back into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 
2016, p. 5; Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx 
population in this geographic unit will likely be at increased risk of stochastic demographic, 
genetic, and environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
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habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
 
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
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(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynxhabitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
 
From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
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persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
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WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
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3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place22. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 

                                                
22 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 
increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
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developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
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unprecendentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
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historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
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probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 



160 
 

development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-523). 

As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
                                                
23 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx to many 
western states and to Canada have been documented. The Southern Rockies are separated 
from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern Wyoming 
and further north, by sagebrush and desert shrub communities in the Wyoming Basin and the 
Red Desert of southern and central Wyoming, and the arid Green and Colorado River plateaus 
of western Colorado and eastern Utah. Because of extreme topographic relief juxtaposed with 
highways, residential communities, and other human developments, lynx biologists have 
identified habitat connectivity as an important consideration for the Southern Rockies (ILBT 
2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit. 
 
Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
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In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
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All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific conservation planning guiding activities on non-Federal lands in this 
geographic unit. 
 
Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Ibid), the estimate of survival within the study area was higher than those reported for 
natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; Slough and Mowat 1996, 
entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories (0.90; Poole 1994, p. 
612). Successful reproduction, including by third- and fourth-generation offspring of translocated 
lynx, has been documented (Shenk 2008, p. 2); however, the average proportion of females that 
produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) and the kitten survival rate 
(0.23; Ivan 2016b, pers. comm.) were both lower in this geographic unit (during the period of 
intensive monitoring from 1999-2010) than rates reported for some other geographic units (table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
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also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
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A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce-fir forests 
could impact lynx habitat for a long time.  
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
 
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
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Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 
the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 



167 
 

we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
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the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
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Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
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Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
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number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
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well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
climate warming is expected to exert the greatest influence on the resiliency of individual 
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populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape, perhaps more in line with likely historical conditions (Simons-Legaard 
2016, fig. 8, p. 10). High quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort land development, and unmanaged 
conservation lands) may compete with forest management as the primary future land use. 
Conservation easements will limit development pressures in some areas and keep some lands 
as working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not create new lynx habitat or maintain the current historically high amount of high-quality 
habitat. Climate change is expected to affect this unit more than some others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and beyond, snow quantity and quality will likely 
continue to deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
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the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices cleary have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which gives it a higher priority than 
other species for monitoring and management during that time. We also expect that MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
median “most likely” probabilities of persistence generated by lynx experts were high for the 
near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but declined to 35 
percent (with great uncertainty) by 2100. We concur with the expert panel that resident lynx are 
likely to persist in this unit at 2025 and 2050. However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
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of elevational refugia, and the potential for increased competition, disease, and insect 
outbreaks), some members of the  SSA Core Team were slightly less optimistic about the long-
term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded that the 
climate-mediated conversion of boreal forest to temperate forest and the loss of favorable snow 
conditions could occur at a rate and extent that would result in a lower likelihood of persistence 
than projected by experts, including the possibility that resident lynx could be extirpated from 
this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
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losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
unit will benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
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warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
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Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in habitat proected by 2032; 
habitat shift to the south edge of current 
range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 
2025: 80 
(60-95) 

 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
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2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Adequacy of immigration from southern 

BC 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shoudl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
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breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the grey area 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and grey area 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
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scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would not respond to future budworm 
outbreaks like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the aging of past clearcuts beyond conditions that 
support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likely to reduce the likelihood that 
lynx will persist in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4o C/decade (0.8 o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0o C (3.6 o F; low 
emission) to 2.9o C (5.2 o F; high emission) by mid-century and 3.1o C (5.6 o F; low emissions) to 
5.3o C (9.5 o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5 to 2.8 o C (4.5 to 
5.0o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, increasing threats to high elevation and 
potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are currently at or falling 
below threshold values needed to support lynx in Maine. 
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios and predicted loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, the area capable of supporting resident lynx in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 
15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 
2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 
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Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
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quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
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an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 



189 
 

et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
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However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
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period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201024), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
                                                
24 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
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likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 12-19) predicted loss snow conditions supportive of lynx but 
persistence of boreal forest in Minnesota by the end of the century, and suggested that the SNF 
could provide a potential refugium for lynx (Ibid., p. 8). Notaro et al. (2015, pp. 1668-1669) 
projected changes in lake effect snowfall using downscaled climate models (Abdus Salam 
International Centre for Theoretical Physics (ICTP) Regional Climate Model version 4 (RegCM4; 
Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for the Great Lakes 
Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show an increase in 
lake effect snow in the eastern Great Lakes until 2050, with a decline later in the century, with 
an overall decline in the amount and duration of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 



199 
 

(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)25 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now. Although 
uncertainties remain, as elsewhere, about the timing and magnitude of future climate-driven 
impacts, lynx populations in Minnesota are expected to recede northward and decline over the 
next century (Lynx SSA Team 2016a, pp. 37-38). 
                                                
25 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
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Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
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resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, potential for increased competition, disease, and insect outbreaks), some 
Core Team members were less optimistic about the future of lynx in Minnesota than the lynx 
expert panel. Depending on future emissions levels, the likelihood that this unit will continue to 
support resident lynx at the end of the century may be lower than the 35 percent (median most 
likely) estimate based on expert opinion. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Hybridization and competition with bobcat also may 
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increase with diminishing snow conditions because of continued climate warming, and it is 
uncertaint how insect outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is uncertain if lynx would become a 
legally trapped furbearer in Minnesota if the DPS was not listed (although a legal wolf hunt was 
reinstated after that species was delisted in Minnesota, so regulated trapping could also be 
considered for lynx if the DPS was not listed). Seven lynx have been illegally shot and reported 
or otherwise discovered since listing. Illegal shooting and non-reporting would likely increase 
without Federal protection. Education efforts by Federal and State agencies and law 
enforcement agents may have helped to reduce illegal shooting of lynx in this unit. With a 
diminished snow regime, populations of bobcats could increase and expand north and eastward 
into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping and hunting 
activities would likely increase without Federal listing. Similarly, fisher, fox, and coyote 
populations may increase in a diminished snow regime in northern Minnesota and trapping 
would be expected to occur there that could lead to greater incidental take of lynx. We believe 
that despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that could be substantially 
diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, we believe that climate change is a significant stressor to lynx in this unit; 
slightly more so than expressed by most of the experts. Snow depth and duration in the area 
currently supporting resident lynx are projected to decline significantly by the end of the century, 
likely to the detriment of both hare and lynx populations. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in the extreme northeastern corner of the unit. 
The boreal forest in this unit is already being replaced by northern hardwoods because of 
climate warming. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate models portend declining snow conditions under low- and high-emissions 
scenarios. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
mining developments. Although we expect resident lynx to persist in this unit through 2025 and 
2050, we conclude that the stressors described above, individually and cumulatively, could 
diminish lynx habitat and numbers in this unit. If these stressors are not abated, we believe that 
resident lynx in this unit will face a slightly greater risk of extirpation by the end of the century 
than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
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considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
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anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
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2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). There will likely be a lag 
time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see section 3.2), but 
continued warming is projected to convert much of the boreal forest in this unit to temperate 
conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and 
hare populations to persist during this lag and to adjust to future habitat distributions is 
uncertain, but habitat quality, quantity, distribution, and connectivity are expected to decline, 
likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality and 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
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detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
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geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of immigration.  Additionally, as noted above, the lynx 
population in the Purcell Mountains in the northwestern part of this unit was estimated to be 
increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 years 
of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
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Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncerytainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
 
Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
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really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 

 
Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
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LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
 
Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
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affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
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similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currentlyoccur in 
the GYA. 
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Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS delisted in the future, the 
ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
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We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
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Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
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magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
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potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
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After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future that it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing available lynx habitat in the future. 
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Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in the contiguous United States are 
naturally less abundant and more patchily-distributed than in the core of the range (except 
during decadal lows in hare population cycles, when both hares and lynx occur temporarily in 
the north at densities lower than most in the range of the DPS). Maintaining connectivity with 
lynx populations in Canada is thought to be important to the persistence of DPS populations; 
however, whether, and if so to what extent, the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
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• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 

southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
confier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 
19).There is no information to suggest that this unit historically supported a larger 
resident population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
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in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.26 Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 
Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 

                                                
26 https://inciweb.nwcg.gov/state/27/0/ 
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lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47).Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
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lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
has already altered) the timing and magnitude of lynx dispersal from Canada into the contiguous 
United States. If lynx populations in the DPS depend on immigration from Canada which is no 
longer occurring or has been substantially reduced relative to historical conditions, population 
declines and an increased likelihood of extirpation among resident DPS populations would be 
expected. However, whether, and if so to what extent, these climate-mediated factors have 
influenced current lynx numbers, other demographic parameters, and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units. Despite uncertainty regarding its influence over current conditions for lynx, 
climate modeling and expert opinion concur that continued climate warming will adversely 
impact lynx in the DPS at some point in the future (also see Future Conditions and Threats, 
below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
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Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
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loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 

 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
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geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event. We recognize that a sequence of discrete but spatially-
clustered catastrophic events in lynx habitats over a short time could increase the potential for 
functional extirpation in 1 or more of the individual geographic units (especially the possibility of 
additional large wildfires in north-central Washington), thereby reducing redundancy within the 
DPS. However, as long as resident lynx remain geographically well-distributed in 1 or more 
units within the DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 



235 
 

management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
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settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The lynx is a boreal forest carnivore whose populations are strongly tied to its primary prey, the 
snowshoe hare (Lepus americanus). Both species occur primarily in the extensive boreal 
spruce-fir forests of Canada and Alaskan; however, the southern margins of both their ranges 
extend into the northern contiguous United States. The Service designated lynx in the Lower 48 
States as a DPS because of differences in the management of lynx and lynx habitats across the 
international boundary with Canada and because of the climatic, vegetative, and ecological 
differences between lynx habitat at the southern extent of its range in the contiguous United 
States compared to the northern range in Canada and Alaska. The Service listed the DPS as 
threatened under the Endangered Species Act (ESA) in 2000 because of the inadequacy, at 
that time, of regulatory mechanisms on some Federal lands to provide for the conservation of 
lynx habitats and populations (see section 3.1.1). This SSA does not reconsider the designation 
of the DPS or its listing status under the ESA, which are Service policy decisions. Instead, it 
provides the scientific basis for the statutorily required 5-year status review for the DPS and 
other decisions the Service is required to make in accordance with the ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
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predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are naturally 
less abundant and generally more patchily-distributed than in the core of the species’ range in 
Canada and Alaska. Maintaining connectivity between the DPS and lynx populations in Canada 
is thought to be important. However, the extent to which DPS populations may depend on 
immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in future projections, particularly beyond 
mid-century. The output from this expert elicitation process (summarized below and presented 
in detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline in the future largely 
as a result of projected continued climate warming and associated impacts, which are likely to 
exacerbate the potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue in the future, although we do not anticipate that such 
events alone would cause the permanent loss of breeding lynx populations in any geographic 
unit. We are aware of no management actions that could be expected to abate the projected 
long-term retreat of boreal forests, declining hare populations, and diminished snow conditions 
expected under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically, and many more than was known or suspected at the time the DPS was 
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listed. This is due to the large amount and broad distribution of high-quality lynx and hare 
habitat that currently exists as a result of landscape-level clearcutting on private commercial 
timber lands in response to a major spruce budworm (Choristoneura fumiferana) outbreak in the 
1970s and 1980s. These dense young regenerating conifer stands are much more extensive 
than they are thought to have been historically under natural disturbance regimes. The State of 
Maine suggests that this unit currently may support 750-1,000 resident lynx. However, habitat 
extent probably peaked in the late 1990s and early 2000s, and habitat quality is projected to 
decline in these stands over the next few decades as they age beyond 35-40 years post-
harvest. Because a shift in forest management from clearcutting to partial harvesting that began 
in 1989 is unlikely to maintain or recreate this extensive high-quality habitat, we expect lynx 
habitat and numbers to decline in this unit over the next several decades, perhaps to levels 
more consistent with likely historical conditions. We concur with the expert panel that the 
resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the longer-
term (at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further reducing 
lynx numbers and likely decreasing the population’s resilience. Some climate models indicate 
substantial loss of boreal forest and favorable snow conditions under higher emissions 
scenarios, and this unit generally lacks potential elevational refugia that would support upslope 
movement of lynx habitats and populations. Therefore, we suggest that the likelihood that this 
unit will support a resident lynx population at 2100 may be somewhat lower than expert 
projections, although the timing and extent of future climate-mediated habitat decline is highly 
uncertain. This geographic unit may also be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington. Because of this, the 
number of resident lynx in this unit is likely lower than it was historically and when the DPS was 
listed. Based on estimates of lynx carrying capacity, this unit may have been capable of 
supporting roughly 50-60 resident lynx prior to large fires beginning in the early 1990s. Recent 
habitat evaluations suggest it currently may be capable of supporting only about 30-35 lynx, with 
the decline due to fire-driven habitat losses. Although these losses are expected to be 
temporary, additional fires in this unit before previously burned areas recover (10-40 years post-
burn) would further reduce lynx numbers and make this geographic unit more vulnerable to 
extirpation. Because of these habitat impacts and remaining stressors to lynx, the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. Nonetheless, 
we concur with the expert panel that the resident lynx population in this unit is very likely to 
persist at years 2025 and 2050. Over the longer-term (2100), we expect continued climate 
warming to reduce the amount and quality of lynx habitat in this unit, further reducing lynx 
numbers and likely decreasing the population’s resilience. Therefore, we concur with experts 
that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
 
Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
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only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
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for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated lynx in the contiguous United States as a DPS because of differences 
in the management of lynx and lynx habitats across the international boundary with Canada and 
because of the climatic, vegetative, and ecological differences in lynx habitat compared to the 
northern parts of the species’ range in Canada and Alaska (62 FR 28654-28655). The Service 
listed the DPS as threatened under the ESA in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on some Federal lands to provide for the conservation of lynx 
habitats and populations (65 FR 16052-16086). On May 8, 2014, the United States District 
Court for the District of Montana ordered the Service to complete recovery planning for the lynx 
DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered the 
Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that such 
a plan will not promote the conservation of the [lynx]” (i.e., the DPS is recovered or no longer 
warrants ESA protections; U.S. District Court MT 2014b, p. 2). We completed this SSA (version 
1.0) to summarize the best available scientific information on the current status and likely future 
viability of the DPS. This SSA will inform a determination by Service decision makers of whether 
(1) the DPS continues to warrant protection under the ESA and (2) a recovery plan is needed to 
guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions. It 
is generally restricted to areas that receive deep and persistent unconsolidated (“fluffy”) snow, 
which is thought to allow lynx, with their proportionately longer limbs and very large feet, to 
outcompete other terrestrial hare predators that are less efficient in such conditions (McCord 
and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-
94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; 
Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 
25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 



13 
 

(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are known or 
suspected to intermittently support resident lynx and occasional reproduction. Uncertainty 
remains as to whether resident lynx populations occurred historically in other areas not 
encompassed by the geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php


14 
 

Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html


16 
 

1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
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● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate conifer or deciduous) forests, non-snow-domintated climates, or to persist 
on alternate prey species where hare densities are or become inadequate. Therefore, we 
assume lynx populations in the DPS are vulnerable (sensitive, exposed, and with little 
capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 5) to the 
projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 

 
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
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stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
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that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
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363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
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Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
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Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus  spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
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projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
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Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
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2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in northern and eastern Canada (McKelvey et al. 



32 
 

2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 

competition from other hare predators, and 
d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 

etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
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own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous United States), hare 
population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 
2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx 
SSA Team 2016a, pp. 16-17), and hare and lynx abundances and lynx demographic rates are 
typically like those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; 
Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern populations the 
likelihood is probably relatively low that an individual lynx will have its ecological requirements 
met sufficiently to replace itself in the breeding population. Also in the south, there are more 
diverse assemblages of potential competitors and predators, more natural patchiness and 
anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provision dependent kittens (Moen 
et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
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females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
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level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Historical lynx occurrence 
records in the contiguous United States were correlated with areas that received at least 4 
months (December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). 
Where snow conditions do not consistently favor lynx, increased potential for predation and 
competition would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely 
to survive, breed, and replace themselves in the breeding population if they occupy home 
ranges where trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, 
entire), high-speed/high-volume roadways are absent (ILBT 2013, pp. 77-78), and other 
potential anthropogenic causes of lynx mortality are absent or minimal. 
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
For a lynx population in the core of the species’ range in the southern Yukon, Slough and 
Mowat (1996, p. 952, table 4) calculated population growth rate (lambda, λ) = 2.03 (annual 
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doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx population. This 
period of rapid growth was followed by a rate of λ = 1.01 (stable) during the first year of a hare 
decline, and λ = 0.10 and λ = 0.46 (rapid decline) during the first 2 years of the lynx population 
decline when hares were scarce. However, the natural range in λ that would be expected 
among peripheral, isolated, or semi-isolated lynx populations where hares are non-cyclic or 
weakly-cyclic (i.e., in DPS and some southern Canadian populations), versus those that would 
signal long-term population decline or instability is unknown. Despite this, and the limitations 
noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) calculated population 
growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area (i.e., declining 
population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains (increasing trend, 
2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex 10, deterministic 
population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) to calculate 
finite growth rates during a period of high hare density (λ = 1.16; increasing trend) and during a 
period of low hare density (λ = 0.88; decreasing trend) for the lynx population in northern Maine 
(see also section 4.2.1). Neither the Montana nor Maine estimates incorporated rates of 
immigration/emigration (i.e., both assumed immigration and emigration rates of zero, which is 
very unlikely and contradicted by historical and recent evidence of lynx dispersal in both 
directions across the Canada-Unites States border across the DPS range). Schwartz (2017, p. 
4) noted that very low immigration rates (less than 1 female/year on average for a theoretical 
population of 100 lynx) could provide population stability or even growth, suggesting that the 
Seeley Lake population and perhaps other DPS populations are probably being bolstered by 
low levels of immigration, which may go undetected. Other efforts to model lynx population 
dynamics in the DPS range include those of Lyons et al. (2016, entire), who developed spatially-
explicit, individual-based population models to estimate reductions in potential lynx carrying 
capacity in Washington associated with recent large wildfires, and Licht et al. (2017, in press, 
entire), who conducted a PVA of a potential lynx reintroduction to Isle Royale in Lake Superior, 
about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
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years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
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risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
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The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarilyinto areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
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80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat. The 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, McKelvey et al. 
(2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 

2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
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the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because it is a habitat and prey specialist, lynx densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist. 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449) because they are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors and predators (Buskirk et al. 2000a, p. 90; Krohn 
et al. 2005, p. 123; also see section 2.2 above), although behavioral adaptations may offset 
morphological differences to some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
 
Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 



43 
 

(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a detailed, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
 
In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
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state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontarior than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire)indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
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high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
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has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecendentedly large irruptions of lynx from Canada into 
the northern contiguous United States, when dispersing/transient lynx occurred temporarily in 
many places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoning Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 
In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
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recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
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recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Although the current population size in Maine is uncertain, 
habitat distribution and lynx home range data suggest this geographic unit could potentially 
support 750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016a, p. 18]). The current lynx 
population in Maine is supported by the broad distribution of high-quality hare habitat that 
resulted from extensive, large-scale clearcutting in the 1970s and 1980s in response to a 
massive spruce budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; 
also see section 4.2.1). As these regenerating clearcuts, which currently provide the dense 
horizontal structure preferred by hares, mature beyond about 35-40 years post-harvest, hare 
densities are expected to decline as cover and forage are reduced as a result of forest 
succession (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16). The 
current lynx population in Maine is probably substantially larger than typically occurred 
historically under the natural disturbance regime, when relatively small amounts of the spruce-fir 
forests in the state are thought to have been composed of the dense young stands that provode 
optimal hare (and, therefore, lynx foraging) habitat (Lorimer 1977, entire; 68 FR 40094; Vashon 
et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the proliferation of 
partial harvesting following enactment of the Maine Forest Practices Act of 1989, lynx densities 
in Maine are projected to decline by 55 to 65 percent by 2032 (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16), perhaps to levels more consistent with likely 
historical conditions. Lynx in Maine likely represent the southern periphery of a larger population 
that occurs in northern New Brunswick and southern Quebec south of the St. Lawrence 
Seaway/River, which appears to partially isolate lynx in this region, demographically and 
genetically, from populations in the core of the species’ range (Koen et al. 2015, entire). 
Whether lynx persistence in Maine relies on immigration from Canada, and if so to what extent, 
is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
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whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
there is no indication of substantial immigration from Canada after the 1980s (Squires in Lynx 
SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent evidence of 
reproduction have been documented in the Montana portion of the GYA where, as with the 
northwestern Wyoming part of the GYA (discussed above), uncertainty about whether this area 
consistently or only intermittently supported resident lynx historically makes it difficult to interpret 
their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As elsewhere in 
the West, recent research and habitat assessments suggest that habitats capable of supporting 
resident lynx in Montana are, and historically were, naturally patchier and less-broadly 
distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx therefore 
naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson in Lynx 
SSA Team 2016a, p. 12). 
 
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
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the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 
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3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
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management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
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movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
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incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2104, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
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to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
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the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are potentially capable of supporting them. They represent the agencies’ 
efforts, in collaboration with the Service, to address and ameliorate the singular threat for which 
the lynx DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it is clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous United 
States. Overall, Federal lands managed by the USFS, BLM, and NPS constitute nearly 64 
percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, and all but a tiny fraction of 
these lands are actively managed for lynx conservation. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
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resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
specifation of trap sizes and sets that may be used to legally harvest other furbearers and that 
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are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). In 2015, the 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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MNDNR issued emergency trapping rules in the LMZ mandating additional restrictions on the 
types of traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of 
incidentally trapping lynx. In response to a Federal court order, MDNR developed an incidental 
take plan designed to minimize the potential for lynx to be incidentally trapped during other legal 
furbearer trapping; the plan is currently under review by the Service. Like Maine, Minnesota has 
a State Endangered Species Statute (84.0895) which requires the MNDNR to adopt rules 
designating species meeting the statutory definitions of endangered, threatened, or species of 
special concern (State of Minnesota 2016, entire). The Statute also authorizes the MNDNR to 
adopt rules that regulate treatment of species designated as endangered and threatened. Also 
like Maine, however, Minnesota has not designated lynx as threatened or endangered under the 
statute. Instead it has designated the lynx a species of special concern, a designation for 
species that are extremely uncommon, have unique or highly specific habitat requirements, or 
occur on the periphery of their range in Minnesota and, therefore, deserve careful monitoring 
(MNDNR 2013, pp. 1-2). Thus, the MNDNR coordinates with the Service and other agencies to 
conduct research and monitor lynx populations and habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of reasonable restrictions on trapping in lynx 
habitat. Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
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10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming were offered full protection from trapping 
and hunting beginning in 1973, and they are designated by the State as a species of greatest 
conservation need (ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also 
participates in the CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an 
early regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than typical historical conditions under the natural disturbance regime, when only 3 to 7 
percent of stands were likely in such condition at any given time (68 FR 40094). Current timber 
harvest and management on State and private lands in Maine are governed by the Maine 
Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
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of Unit 1) in northern Maine is under conservation easement10, but easements do not require 
management prescriptions or commitments for lynx. In the past Maine private forest landowners 
have expressed interest in long-term commitments to lynx management plans, but to our 
knowledge, there are no private landowners in Maine who have committed to long-term or 
permanent protection and creation of lynx habitat according to the Service’s lynx management 
guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 

                                                
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
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private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61oC (1.1oF; range = -0.53 to +2.50oC [-
0.95 to +4.5oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Peters et al. 2013, entire; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 
2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). Analysis of paleoclimate data indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4o - 2.6oC 
(0.7o - 4.7oF) by mid-century and 0.3o - 4.8oC (0.5o - 8.6oF) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
percent probability of increasing more than 1.5oC (2.7oF), a 76 percent probability of increasing 
2 o - 4.5oC (3.6o - 8oF) and a 14 percent probability of exceeding 4.5oC (8oF). 
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In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf
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lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 



69 
 

climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
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have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
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13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over potential competitors and predators. However, climate warming is diminishing snow 
conditions (depth, quality, persistence) throughout the DPS range. Warmer winter temperatures 
are reducing snow cover extent  and duration and altering snow structure via a combination of a 
higher proportion of precipitation falling as rain, more winter thaw-freeze events, higher rates of 
snowmelt during winter, and earlier spring melt and runoff (Hamlet and Lettenmaier 1999, p. 
1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; Christensen et al. 
2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; Pierce et al. 2008, 
entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; Georgakakos et al. 2014, pp. 
71-85). These trends are expected to continue with projected future climate warming (Hamlet 
and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; 
Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; IPCC 2014b, p. 62). The 
IPCC projects that spring snow cover in the Northern Hemisphere is likely to decrease by 7-25 
percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow season length and snow 
depth are very likely to decrease in most of North America except in the northernmost part of 
Canada where maximum snow depth is likely to increase’’ (Christensen et al. 2007, p. 850). 
Because lynx occurrence is correlated with prolonged periods of deep, fluffy snow, current lynx 
habitats would be expected to decline in value for lynx with decreases in snow condition and 
duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
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47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Snowpack losses have been documented and will likely continue and could even accelerate in 
the future (Hamlet and Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 
2011, entire; Kapnick and Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-
971), with faster losses likely in milder climates like the Cascades and the slowest losses in the 
high peaks of the Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in 
temperature, snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 
2016, p. 106). In the West, areas of contiguous spring snow cover are projected to become 
smaller and more isolated throughout the Columbia, Upper Missouri, and Upper Colorado 
Basins, with greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). 
Snow accumulation and duration are also expected to continue to decline generally in the 
central and eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 
2009, p. 31; Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow 
resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential 
future snow cover under a range of IPCC climate scenarios suggests that snow conditions 
correlated with historical lynx occurrence records could decline by 10-20 percent across the 
continental U.S. and Canada and by 46-84 percent in the contiguous United States by the end 
of the century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
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and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
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mediate competition between the 2 species. Because of their higher foot-loading, bobcats likely 
hunt less efficiently than lynx in deep, unconsolidated snows (Hoving et al. 2005, entire; Krohn 
et al. 2005, pp. 122-129), and they experience high mortality in deep-snow winters (Litvaitis et 
al. 1986, p. 116). Considering recent and projected future changes in snow conditions described 
above, stable or increasing bobcat populations in the DPS range (Roberts and Crimmins 2010, 
p. 170), and the predicted northward expansion of bobcats into areas currently occupied by lynx 
(Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 
2010, p. 172), lynx may experience increased competition and displacement by bobcats, which 
could influence lynx distribution and persistence at the southern edge of their range (in all DPS 
geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
 
Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
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warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change will likely affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
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Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 
Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
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events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
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860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
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genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
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analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
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Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
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and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
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Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
 

● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
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Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
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Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
 
Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under climate change, total United States timber inventories will increase, timber harvest will 
increase, and product prices will decrease relative to an assumed stable climate. Some models 
predict that consumers will gain from climate change while landowners in some regions will 
lose. The forest industry will likely adapt to climate change in many ways including using 
alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
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recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
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There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
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In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
 
Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University of Maine, pers. comm.).  As much as 30 to 40 percent of the advanced regeneration 
may be damaged from repeated entries by machinery to remove the overstory (R. Seymour, 
Department of Forestry, University of Maine, pers. comm.).  Finally, because subsequent 
overstory removal occurs about 15 years after the initial entry, some of the dense understory is 
damaged just as the stand develops conditions to support higher hare densities. The damage to 
the understory not only reduces the quality of the habitat for hares, but also cuts short the 
duration that the stand produces high quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
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important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events(Kilgore and 
Heinselman 1990, Heinselman 1996, Veblen et al. 1994, Agee 2000, Seymour et al. 2002, 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
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landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
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history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
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Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
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or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
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northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 
(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
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eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
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As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
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Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
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more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
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al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
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Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
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to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
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and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
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of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
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(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous United States. Because there are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, we find that the current level of representation does not appear to represent a decrease 
from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
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less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger population that also occupies southern Quebec 
(where trapping is legal) and northern New Brunswick (where lynx are a provincially-
endangered species and harvest is prohibited). There are no reliable estimates of current or 
historical resident lynx numbers in this unit. However, based on estimates of habitat distribution 
and lynx home range sizes, the MDIFW believes this unit currently may be capable of 
supporting 750-1,000 lynx (Vashon et al. 2012, pp. 87-91), which would make it the largest 
population in the DPS. This is many more resident lynx than likely occurred historically and 
many more than were suspected to occur in this unit when the DPS was listed, and it is the 
result of extensive clearcutting and herbicide application to salvage spruce-fir and encourage 
softwood regeneration following a severe spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments 
have created the current extensive distribution of young, regenerating softwood stands that 
provide optimal hare foraging habitat. Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and the highest densities documented in the DPS. 
Historically, under a more natural disturbance regime, Maine typically had a greater proportion 
of mature forest and, therefore a patchier distribution of high-quality habitat that likely supported 
a smaller lynx population that may have been more dependent on immigration from Canada. 
State forestry regulations passed in 1989 caused landowners to shift to various forms of partial 
harvesting that have resulted in lower landscape hare densities across much of the unit. Hare 
populations do not seem to cycle in this region, but hare density estimates from 2008-2015 
declined by over 50 percent compared to estimates from 2001-2006. Reproduction and survival 
rates in the low-hare environment after 2006 suggest a slightly declining lynx population, 
although kitten survival remained high. Unlike other DPS units, lynx habitat in northern Maine 
occurs nearly entirely on private, industrial forest lands, most of which lack long-term 
commitments to lynx management. The majority of private lands in this unit are now owned by 
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investment companies seeking to diversify income from their investments, which could result in 
forest practices less likely to maintain or conserve hare and lynx habitat. Other potential 
stressors to lynx in this unit include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. Another spruce budworm outbreak may be 
imminent, and forestry response by investment landowners is uncertain. Climate change is a 
concern because average annual snowfall and duration are currently at the minimum thresholds 
believed necessary to give lynx a competitive advantage over bobcats and other 
mesocarnivores. Although lynx regularly occur outside this unit in southeastern and 
southwestern Maine, and small numbers of reproducing lynx have also been documented 
recently in northern New Hampshire and northern Vermont, the ability of some of these 
peripheral areas to support persistent breeding populations is questionable. However, recent 
telemetry data in Maine suggest that resident lynx are expanding both east and south of the 
Northern Maine Geographic Unit, with home range maintenance and reproduction documented 
in both areas, which previously were considered outside the area capable of supporting resident 
lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
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supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. There are no reliable estimates of historical or current resident lynx numbers in 
northern Washington, but recent habitat and home range analyses for the larger Okanogan LMZ 
(summarized in Lewis 2016) suggest that this unit may have been capable of supporting about 
50 lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). 
Those fires affected over a third of the LMZ, led to increased home range size, and may have 
reduced the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
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942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4).Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
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Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit, but CPW lynx biologists believe it may currently support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. This unit is not directly 
connected to lynx populations in Canada, and it does not appear to have received immigrant 
lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 1996, 2 
unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 mi2) of 
spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in this unit. 
Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) of lynx 
habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively impacted 
hares, and hare numbers may increase in affected areas as succession progresses; however, 
they have negatively impacted red squirrels, an important alternate prey species for lynx in this 
unit. Areas affected by beetles that contained multi-story stand conditions likely continue to 
provide habitat to support snowshoe hares and lynx. Areas affected by fire may require 20 years 
or more, and in some areas considerably longer, to recover to a point where the stands will 
again support snowshoe hares. Large-scale monitoring efforts in the San Juans documented 
continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is reasonably likely 
that lynx continue to occur in all national forests within the State of Colorado. Snowshoe hare 
habitat is patchily-distributed in this geographic unit, which limits hare abundance. Because the 
majority (90 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant impacts to lynx habitat 
within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, providing 
conservation through the SRLA. However, regulatory mechanisms for the conservation of lynx 
are lacking on approximately 3,159 km2 (1,220 mi2; over 12 percent) of this unit, including lynx 
habitats on some BLM and some non-Federal lands. 
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Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 
occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 
Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 

100% 83% (Purcells);            
61% (Seeley Lake)

100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares)

3.3 2.95 (Purcells);            
2.24 (Seeley Lake)

2.25 (2 females) 3.0 (1 female, 2 
years)

2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00

0.85 (Purcells);            
0.75 (Seeley Lake) 0.86 Few data

0.93 (in Core Release 
Area [CRA]);                   

0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.16 (high hares, 6 
yrs); 0.88 (low hares, 

4 yrs)
No estimate

1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
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Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
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[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforces the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found 
the probability of lynx occurrence was > 50 percent where landscape hare densities were > 0.74 
hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx maintained 
home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by very recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). At a landscape scale, lynx habitat selection did not differ between sexes; however, 
at a home range scale, males tended to use more mature forest dominated by conifers than 
females, and both male and female lynx tended to avoid mature forests that had a high 
deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on these observations, 
Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining landscape hare densities 
of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-quality hare habitat within 
100-km2 areas to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
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forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, lynx 
habitat in northern Maine was probably typically much less abundant and less broadly-
distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, insect 
outbreaks) are rare (intervals of several hundred to several thousand years) and highly variable 
in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, 
spruce beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). Although, 
high-elevation boreal forests often exhibit dense, regenerating conifer (resulting from a wind-
throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare densities are believed to be 
low in these areas (Siren et al. 2015, entire). In this geographic area, wildfire is less significant 
as a natural agent of disturbance. The typical fire regime is infrequent surface fires in the 
dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately 50 percent of the 
designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 
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km2 (1,485 mi2; nearly 27 percent) of the forested landscape was comprised of spruce-fir in a 
young, regenerating stand condition that provide high quality hare habitat. This habitat is similar 
to, and contiguous with, forested areas in Quebec and New Brunswick that support lynx (Hoving 
et al. 2005, pp. 740-741). The current range of lynx in this unit is associated with areas of deep 
snowfall, extensive forested landscapes, and areas having a high proportion of regenerating 
conifer-dominated forest that had previously been clearcut and treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several estimates of 
hare densities in the highest-quality regenerating conifer or mixed forest averaged 1.9 to 2.1 
hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 1990, hare densities 
in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 hares/ac) at low and high 
elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. (2015) reported lower densities 
in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and lowland 
spruce-fir. Densities in high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont. 
 
Current habitat is likely at historically high levels, but this habitat has peaked and high-quality 
lynx habitat is projected to decline in the near future (Simons-Legaard et al. 2016, pp. 140-163, 
202-218). In response to the widespread clearcutting in the 1970s and 1980s, Maine passed the 
Forest Practices Act in 1989, which regulated clearcutting. Since then, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27). Over 95 percent of cutting that 
occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 2009, 
p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). This new cutting regime 
results in lower landscape densities of snowshoe hares (Fuller 1999; Homyack 2003; Robinson 
2006; Scott 2009). Another consequence of partial harvesting is that a much greater acreage 
needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 
harvest rates have increased from about 40,000 ha (100,000 acres) per year (before the Forest 
Practices Act) to over 200,000 ha (500,000 acres) per year (after the Act). Thus, 28 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
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Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 40,000 ha (100,000 ac) including the State, Federal government (White 
Mountain National Forest south of lynx range), a conservation group (The Nature Conservancy), 
2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx 
range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi were chosen as pilot States to receive funding through their 
respective Natural Resources Conservation Service (NRCS) State offices. Based on a 
successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 
2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending regulations 
for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS offered the 
HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to promote 
development of Canada lynx forest management plans. Since that time 4 private landowners, 
The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and Katahdin 
Forestlands successfully enrolled in the program. Collectively, these land ownerships comprised 
2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine in 
2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
 
Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
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and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 
2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
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Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals cross the river on the ice each generation to prevent genetic drift of this population 
(Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA 
Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area of 
high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the critical habitat area designated in 2014) in northern Maine could potentially support a 
population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) 
estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx, however, is unknown because there are no methods available 
to count individuals over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
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townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-00; 
Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 2 and 
3). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
 



123 
 

In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality ynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
 
Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
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5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where average annual snowfall 
typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx 
(to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et 
al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 cm (90-
104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 
2008). Thus, average annual snowfall in Maine is currently at or below depths associated 
historically with lynx presence, and further declines could reduce the likelihood that resident lynx 
will persist in this unit (Hoving et al. 2005). 
                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
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Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-tagged in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development16, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and western 
Maine and 5 projects are in operation; 2 have been proposed in northern New Hampshire and 2 
are in operation; and 3 have been proposed for northeast Vermont and 2 are in operation or 
under construction. Maine’s 2 largest wind projects (combined over 250 turbines covering 932 
km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. Although 
impacts of wind energy projects on lynx, hares, and their habitats have not been demonstrated, 
potential effects include loss and fragmentation of habitat from turbines, roads, and transmission 
lines, and disturbance or displacement of resident lynx. Road construction could further 
fragment habitat and increase access, potentially increasing vehicle collisions with lynx and 
other sources of mortality, including incidental trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Ippoliti and Nadeau-Drillen 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some of these new landowners are seeking 
diversified financial returns on their investment, including developing residential housing, 
second homes, and resorts. At various times in the past, 2 large residential and resort areas 
have been proposed on forestlands within designated lynx critical habitat in this unit. Both 
                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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projects, if eventually built as previously-planned, could result in the development of several 
thousand acres of potential lynx habitat, but would be mitigated by substantial (100,000s of 
acres) conservation easements on surrounding forestland. Also, a private landowner recently 
purchased and donated 354 km2 (137 mi2) within designated lynx critical habitat that was 
subsequently designated as the Katahdin Woods and Waters National Monument. This area 
currently has a legacy of young regenerating spruce-fir habitat from previous industrial forest 
landowners, but its new monument designation will limit future forest management activities 
(timber harvest or other vegetation management) that could benefit lynx. In addition, the Nature 
Conservancy continues forest management on about half of its 750-km2 (290-mi2) ownership in 
this unit, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx, although the 
actual population size is unknown. High-quality habitat created by extensive clearcutting 30 to 
40 years ago is peaking and is projected to decline by 50 percent in the next 15 to 20 years 
(Simons-Legaard 2016, pp. 10-18; also see section 5.2.1). Hare densities declined by 50 
percent in this unit starting in about 2006 and have remained at lower levels, and future hare 
fluctuations or cycles are uncertain. Recent history demonstrates that some forms of forest 
management have the potential to create or increase lynx habitat. However, forest practices 
have shifted to partial harvesting, which is less likely to create large areas of lynx habitat or 
maintain the current historically broad distribution of high-quality habitat generated by previous 
landscape-level clear-cutting. Additionally, private landowners who previously entered into 
commitments to manage for lynx conservation have not renewed those commitments (although 
the habitat will remain viable for lynx for some time). Land ownership has also changed in 
northern Maine, and the majority of lands are owned now by investment companies that often 
wish to diversify income from their investments, which could result in forest practices 
inconsistent with lynx habitat conservation. Without long-term, binding land management 
commitments in this unit, there is no guarantee that the current historically high amount of lynx 
habitat will be maintained by future forest managment practices on private lands. The greatest 
stressors to resident lynx in this unit are habitat loss (as a result of the shift in forest 
management from clearcutting to partial harvesting resulting in lower landscape hare densities), 
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lack of forest planning for lynx, and projected continued climate warming (diminishing snow 
depth, quality and duration; loss of spruce-fir to northern hardwoods; potential increased 
competition from bobcats and fishers; and increased future isolation of lynx in this unit and 
southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 1). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites 
were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) found 
snowshoe hare densities were highest in regenerating forests. Females selected large woody 
debris and dense horizontal cover in lowland conifer cover for denning in northern Minnesota 
(Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns were present 
(Moen and Burdett 2009, p. 5). 
 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
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Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 
current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx. A more 
precise estimate of resident population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
 
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
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involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways.  
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
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Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
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In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
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relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
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availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 

                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
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Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
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to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
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A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
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management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distirubtution, it is very unlikey that this unit and surrounding areas were 
ever (recently or historically) capable of supporting 1,000 resident lynx. As described above, 
habitats capable of supporting resident lynx in this unit are (and aslo were historically) naturally 
patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 
191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; 
Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of resident lynx 
remains uncertain, this unit has a long and continuous history of lynx occurrence and evidence 
of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
structuring among lynx subpopulations in the southern (Garnet Mountains), central (Seeley 
Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction among 
lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires in Lynx 
SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
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female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detecteded 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
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intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
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In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above. The recent apparent absence 
of resident lynx in Garnet Mountains may indicate extirpation of a small resident population and 
a contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
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p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
 
Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
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winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
                                                
19 https://inciweb.nwcg.gov/state/27/0/ 
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regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx populations 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
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et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], and steep 
slopes (> 30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the 
Northern Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler 
et al. 2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major 
drivers of disturbance in this unit, but other factors, including wind and tree diseases, also 
contribute to natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North 
Cascades range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual 
snowfall is consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 

https://snowfall.weatherdb.com/d/a/Washington


149 
 

perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21). 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. The Diamond Creek wildfire burned another large block of 
lynx habitat in the northern part of this unit in 2017. These burned areas are expected to 
regenerate back into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 
2016, p. 5; Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx 
population in this geographic unit will likely be at increased risk of stochastic demographic, 
genetic, and environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
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habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
 
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
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(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynxhabitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
 
From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
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persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
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WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
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3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place22. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 

                                                
22 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 
increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
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developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
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unprecendentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
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historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
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probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
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development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-523). 

As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
                                                
23 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx to many 
western states and to Canada have been documented. The Southern Rockies are separated 
from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern Wyoming 
and further north, by sagebrush and desert shrub communities in the Wyoming Basin and the 
Red Desert of southern and central Wyoming, and the arid Green and Colorado River plateaus 
of western Colorado and eastern Utah. Because of extreme topographic relief juxtaposed with 
highways, residential communities, and other human developments, lynx biologists have 
identified habitat connectivity as an important consideration for the Southern Rockies (ILBT 
2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit. 
 
Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
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In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
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All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific conservation planning guiding activities on non-Federal lands in this 
geographic unit. 
 
Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Ibid), the estimate of survival within the study area was higher than those reported for 
natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; Slough and Mowat 1996, 
entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories (0.90; Poole 1994, p. 
612). Successful reproduction, including by third- and fourth-generation offspring of translocated 
lynx, has been documented (Shenk 2008, p. 2); however, the average proportion of females that 
produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) and the kitten survival rate 
(0.23; Ivan 2016b, pers. comm.) were both lower in this geographic unit (during the period of 
intensive monitoring from 1999-2010) than rates reported for some other geographic units (table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
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also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
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A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce-fir forests 
could impact lynx habitat for a long time.  
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
 
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
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Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 
the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
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we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
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the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
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Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
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Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
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number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
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well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
climate warming is expected to exert the greatest influence on the resiliency of individual 
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populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape, perhaps more in line with likely historical conditions (Simons-Legaard 
2016, fig. 8, p. 10). High quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort land development, and unmanaged 
conservation lands) may compete with forest management as the primary future land use. 
Conservation easements will limit development pressures in some areas and keep some lands 
as working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not create new lynx habitat or maintain the current historically high amount of high-quality 
habitat. Climate change is expected to affect this unit more than some others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and beyond, snow quantity and quality will likely 
continue to deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 



174 
 

the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices cleary have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which gives it a higher priority than 
other species for monitoring and management during that time. We also expect that MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
median “most likely” probabilities of persistence generated by lynx experts were high for the 
near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but declined to 35 
percent (with great uncertainty) by 2100. We concur with the expert panel that resident lynx are 
likely to persist in this unit at 2025 and 2050. However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
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of elevational refugia, and the potential for increased competition, disease, and insect 
outbreaks), some members of the  SSA Core Team were slightly less optimistic about the long-
term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded that the 
climate-mediated conversion of boreal forest to temperate forest and the loss of favorable snow 
conditions could occur at a rate and extent that would result in a lower likelihood of persistence 
than projected by experts, including the possibility that resident lynx could be extirpated from 
this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
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losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
unit will benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
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warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 



178 
 

Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in habitat proected by 2032; 
habitat shift to the south edge of current 
range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 
2025: 80 
(60-95) 

 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
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2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Adequacy of immigration from southern 

BC 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shoudl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
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breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the grey area 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and grey area 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
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scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would not respond to future budworm 
outbreaks like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the aging of past clearcuts beyond conditions that 
support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likely to reduce the likelihood that 
lynx will persist in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4o C/decade (0.8 o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0o C (3.6 o F; low 
emission) to 2.9o C (5.2 o F; high emission) by mid-century and 3.1o C (5.6 o F; low emissions) to 
5.3o C (9.5 o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5 to 2.8 o C (4.5 to 
5.0o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, increasing threats to high elevation and 
potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are currently at or falling 
below threshold values needed to support lynx in Maine. 
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios and predicted loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, the area capable of supporting resident lynx in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 
15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 
2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 
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Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
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quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
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an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
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et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
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However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
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period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201024), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
                                                
24 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
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likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 12-19) predicted loss snow conditions supportive of lynx but 
persistence of boreal forest in Minnesota by the end of the century, and suggested that the SNF 
could provide a potential refugium for lynx (Ibid., p. 8). Notaro et al. (2015, pp. 1668-1669) 
projected changes in lake effect snowfall using downscaled climate models (Abdus Salam 
International Centre for Theoretical Physics (ICTP) Regional Climate Model version 4 (RegCM4; 
Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for the Great Lakes 
Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show an increase in 
lake effect snow in the eastern Great Lakes until 2050, with a decline later in the century, with 
an overall decline in the amount and duration of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
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(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)25 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now. Although 
uncertainties remain, as elsewhere, about the timing and magnitude of future climate-driven 
impacts, lynx populations in Minnesota are expected to recede northward and decline over the 
next century (Lynx SSA Team 2016a, pp. 37-38). 
                                                
25 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
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Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
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resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, potential for increased competition, disease, and insect outbreaks), some 
Core Team members were less optimistic about the future of lynx in Minnesota than the lynx 
expert panel. Depending on future emissions levels, the likelihood that this unit will continue to 
support resident lynx at the end of the century may be lower than the 35 percent (median most 
likely) estimate based on expert opinion. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Hybridization and competition with bobcat also may 
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increase with diminishing snow conditions because of continued climate warming, and it is 
uncertaint how insect outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is uncertain if lynx would become a 
legally trapped furbearer in Minnesota if the DPS was not listed (although a legal wolf hunt was 
reinstated after that species was delisted in Minnesota, so regulated trapping could also be 
considered for lynx if the DPS was not listed). Seven lynx have been illegally shot and reported 
or otherwise discovered since listing. Illegal shooting and non-reporting would likely increase 
without Federal protection. Education efforts by Federal and State agencies and law 
enforcement agents may have helped to reduce illegal shooting of lynx in this unit. With a 
diminished snow regime, populations of bobcats could increase and expand north and eastward 
into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping and hunting 
activities would likely increase without Federal listing. Similarly, fisher, fox, and coyote 
populations may increase in a diminished snow regime in northern Minnesota and trapping 
would be expected to occur there that could lead to greater incidental take of lynx. We believe 
that despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that could be substantially 
diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, we believe that climate change is a significant stressor to lynx in this unit; 
slightly more so than expressed by most of the experts. Snow depth and duration in the area 
currently supporting resident lynx are projected to decline significantly by the end of the century, 
likely to the detriment of both hare and lynx populations. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in the extreme northeastern corner of the unit. 
The boreal forest in this unit is already being replaced by northern hardwoods because of 
climate warming. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate models portend declining snow conditions under low- and high-emissions 
scenarios. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
mining developments. Although we expect resident lynx to persist in this unit through 2025 and 
2050, we conclude that the stressors described above, individually and cumulatively, could 
diminish lynx habitat and numbers in this unit. If these stressors are not abated, we believe that 
resident lynx in this unit will face a slightly greater risk of extirpation by the end of the century 
than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
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considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 



208 
 

anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
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2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). There will likely be a lag 
time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see section 3.2), but 
continued warming is projected to convert much of the boreal forest in this unit to temperate 
conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and 
hare populations to persist during this lag and to adjust to future habitat distributions is 
uncertain, but habitat quality, quantity, distribution, and connectivity are expected to decline, 
likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality and 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
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detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
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geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of immigration.  Additionally, as noted above, the lynx 
population in the Purcell Mountains in the northwestern part of this unit was estimated to be 
increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 years 
of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
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Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncerytainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
 
Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
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really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 

 
Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
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LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
 
Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
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affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
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similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currentlyoccur in 
the GYA. 
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Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS delisted in the future, the 
ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
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We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
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Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 



220 
 

magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
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potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
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After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future that it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing available lynx habitat in the future. 
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Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in the contiguous United States are 
naturally less abundant and more patchily-distributed than in the core of the range (except 
during decadal lows in hare population cycles, when both hares and lynx occur temporarily in 
the north at densities lower than most in the range of the DPS). Maintaining connectivity with 
lynx populations in Canada is thought to be important to the persistence of DPS populations; 
however, whether, and if so to what extent, the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
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• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 

southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
confier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 
19).There is no information to suggest that this unit historically supported a larger 
resident population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
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in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.26 Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 
Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 

                                                
26 https://inciweb.nwcg.gov/state/27/0/ 
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lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47).Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
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lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
has already altered) the timing and magnitude of lynx dispersal from Canada into the contiguous 
United States. If lynx populations in the DPS depend on immigration from Canada which is no 
longer occurring or has been substantially reduced relative to historical conditions, population 
declines and an increased likelihood of extirpation among resident DPS populations would be 
expected. However, whether, and if so to what extent, these climate-mediated factors have 
influenced current lynx numbers, other demographic parameters, and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units. Despite uncertainty regarding its influence over current conditions for lynx, 
climate modeling and expert opinion concur that continued climate warming will adversely 
impact lynx in the DPS at some point in the future (also see Future Conditions and Threats, 
below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
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Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
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loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 

 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
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geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event. We recognize that a sequence of discrete but spatially-
clustered catastrophic events in lynx habitats over a short time could increase the potential for 
functional extirpation in 1 or more of the individual geographic units (especially the possibility of 
additional large wildfires in north-central Washington), thereby reducing redundancy within the 
DPS. However, as long as resident lynx remain geographically well-distributed in 1 or more 
units within the DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
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management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 



236 
 

settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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From: McCollough, Mark
To: Harris, Anna
Subject: Re: Lynx talk, Cooperative Forestry Research Unit
Date: Tuesday, October 17, 2017 8:07:47 AM

Anna: 

I see on the Private Lands Day agenda that both the Maine Forest Products Council and CFRU
gave presentations.  I assume you would like to wait until November to meet with Brian Roth. 
We can probably meet with Dan Harrison at the same time.  Comparing our mutual calendars,
we both may have Nov 1 (PM), 3, 6, 17, 20 (PM), 21, and 27 open.  Are any of those days
preferable?  Let me know and I will run them by Brian and Dan for a meeting in Orono.

thanks,  Mark

On Mon, Oct 16, 2017 at 4:42 PM, Harris, Anna <anna_harris@fws.gov> wrote:
Thanks for providing the summary of talking points for next week,

I'm glad to hear you'd be willing to arrange a meeting with Brian Roth at UMaine. Brian gave a
presentation at the PLPD and mentioned that there was no critical habitat for lynx in the
state of Maine. That was the reason behind me wanting to initiate a meeting with him and
other members of the CFRU. I also haven't had an opportunity to meet this important partner
including Dan Harrison and thought following up after the PLPD would be a good
opportunity to set something up. 

We can discuss more of the presentation that Brian gave if you're interested. I might even be
able to get a copy from Alison Trusdale. I appreciate your help in introducing me to this
group as I understood our office worked and continues to work closely with CFRU. 

On Mon, Oct 16, 2017 at 3:57 PM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Anna:

Thank you for permission to participate in the UMaine Cooperative Forestry Research
Unit fall field tour next week.  The participants will all be foresters and land managers
who are members of the CFRU.  My presentation will be in the field (no powerpoint). 
The message will be the history of how we came to develop the SSA, the contents of an
SSA, and where we go from here with the SSA.  For my presentation, I will paraphrase
the following email from Jim Zelenak and Jody Bush's September 26 to state agencies:

Canada Lynx Update

In June 2014, the U.S. District Court for the District of Montana ordered the Service to initiate recovery planning for
the Canada lynx DPS.  In April 2015, the Service determined the need to complete a Species Status Assessment (SSA) to
inform its response to the court order, and in July 2015, it convened the Lynx SSA Team. In October 2015, the Team
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conducted an Expert Elicitation Workshop in Minnesota to gather the professional judgments and opinions of
recognized lynx experts and other subject matter experts regarding the current status, threats, and potential future
conditions for DPS lynx populations. After review by participating experts, we completed the workshop report in April
2016 (available here:

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/2016%2004%
2018%20FINAL%20Lynx%20SSA%20EE%20Workshop%20Report%202%20jzeds.pdf).

In January 2017, after reviewing the available scientific information and considering expert opinion, we provided the
draft SSA report to the AFWA for distribution to and coordination of review by the wildlife and natural resource
agencies of 15 states within the DPS range (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire,
New Mexico, New York, Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming). At the same time, we provided
the draft to 5 independent peer reviewers, other Federal agencies (BLM, National Park Service, and U.S. Forest
Service) and Tribal organizations throughout the DPS range.  By March 2017, we had received all peer reviews and
State and Federal agency reviews.

We continue working to finalize the SSA based on comments from 5 peer reviewers, 11 State agencies, and 3 other
federal agencies, as well as additional internal Service and solicitor reviews.  The Final SSA Report will form the basis
of the statutorily-required 5-year status review and determine our next steps, including recovery planning direction. We
hope to complete the final report and the 5-year review very soon and we plan to release both to our State (and AFWA),
Tribal, and federal partners, and to make them available to the public simultaneously.

As we have indicated in previous calls, there are 3 possible recommendations that could come from the 5-year review:
(1) the lynx DPS should remain threatened, (2) it should be uplisted to endangered, or (3) it no longer warrants listing. 
If the Service recommends either (1) or (2), we will proceed with recovery plan development.  The court ordered that we
complete a final recovery plan by Jan. 15, 2018, unless we determine one is not needed (listing no longer warranted). 

If the Service recommends that the lynx DPS no longer warrants listing (3), we will initiate a rule-making process that
would include a proposed rule to delist with public comment, hearings, peer and partner review, etc., followed by a final
rule determining listing status of the DPS.  Both the proposed and final rules would be published in the Federal
Register.  This means that even if the Service were to recommend delisting, the DPS would remain listed until 30 days
after the final rule to delist is published.  That is, even if the 5-year review recommended delisting, that would not
happen officially for a year or more, depending on the length and complexity of the rule-making process, and the DPS
would remain listed during that time.

I would be glad to arrange a meeting with Brian Roth at UMaine, but you may be
confusing the CFRU with the Maine Forest Products Council, who I believe presented at
the private lands meeting (Patrick Strauch, Barry Burguson and possibly Jen Vashon of
MDIFW?).  Patrick Strauch is head of the Maine Forest Products Council.  Let me know if
you want me to arrange a meeting with him.  I would like to know what was discussed at
the private lands meeting before I ask Patrick for a meeting so I can let him know why we
want to meet.  Or you can call Patrick directly.

The CFRU at UMaine has a very different role than the Maine Forest Products Council. 
CFRU was established 40 years ago to help provide forest and wildlife research to the
cooperating members who pool their moneys to fund research of mutual priority.  CFRU
joined USFWS (MEFO) in funding lynx and snowshoe hare research for several years,
sponsoring several graduate students.  Dan Harrison was the principle investigator and
member of CFRU.  He was not able to attend the fall field tour, thus the invitation for my
involvement.

The Maine Forest Products Council is an advocacy group that promotes forest products
industry issues in the state and Maine legislature.

Thanks,  Mark 
-- 
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From: Bush, Jodi
To: Zelenak, Jim
Cc: Shoemaker, Justin; Munoz, Anna; Marjorie Nelson
Subject: Re: Lynx call w/ SOL Today at 2:00 MT?
Date: Tuesday, October 17, 2017 9:42:08 AM

thats fine

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Oct 17, 2017 at 9:35 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Works for me. Thanks.

On Tue, Oct 17, 2017 at 9:32 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
To discuss lynx 5 yr review, outreach, etc. and timing w/ Dana and Kate.

If 2:00 today works, I'll set it up. Looks clear on your calendars.  It works for SOLs. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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5-YEAR REVIEW 

Canada lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
GENERAL INFORMATION 
 
Methodology used to complete the review: 

 
In accordance with section 4(c)(2) of the Endangered Species Act (ESA), Tthe purpose of a 5-
year review is to assess each threatened and endangered species to determine whether its status 
has changed since the time of its listing, or its last status review and whether it should be 
classified differently or removed from the list of threatened and endangered species.  The U.S. 
Fish and Wildlife Service (Service) evaluated the biology and status of the contiguous United 
States (U.S.) distinct population segment (DPS) of the Canada lynx as part of a Species Status 
Assessment (SSA) to inform this 5-year review and, if needed, recovery planning.  The SSA 
Report was written by the Canada Lynx Species Status Assessment Team (Lynx SSA Team), 
which consists of a Core Team of Service biologists who work on lynx issues across the DPS 
range and an SSA Framework Implementation Team of Service and U.S. Geological Survey staff 
who have developed and advanced the SSA framework.  The SSA Report represents the 
Service’s evaluation of the best available scientific information, including the formally-elicited 
professional judgments and opinions of recognized lynx experts.  The SSA Report underwent 
independent peer and partner review before being used as the scientific basis to support a 
decision making process involving Service Regions 1, 3, 5, and 6 regarding the recommendation 
presented in this 5-year review.   
 
Region 6 is the lead region for this action in coordination with Regions 1, 2, 3, and 5.  The lead 
field office (FO) is the Montana Ecological Services FO, with support from the Maine, 
Minnesota, Washington, and Western Colorado Ecological Services FOs.  
 
Background: 

 
Listing history 

 
The Service listed the lynx DPS as a threatened species under the Endangered Species Act (ESA) 
in 2000 because of the potential for impacts to lynx habitat conditions and the availability of 
snowshoe hare and other prey populations within the lynx DPS and existing regulatory 
mechanisms on Federal lands, at that time, did not provide sufficient guidance for the 
conservation of lynx habitats and populations or snowshoe hare habitat in light of potential 
threats (65 FR 16052-16086).  On May 8, 2014, the United States District Court for the District 
of Montana ordered the Service to complete recovery planning for the lynx DPS (U.S. District 
Court MT 2014a, p. 8).  On June 25, 2014, the same court ordered the Service to complete a 
recovery plan by January 15, 2018 “…unless the Service finds that such a plan will not promote 
the conservation of the [lynx]” (i.e., the DPS is recovered or no longer warrants ESA protections; 
U.S. District Court MT 2014b, p. 2).  We noticed the initiation of the 5-yr review in the Federal 
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Register on April 18, 2007 (72 FR 19549), and additionally published a news release announcing 
re-initiation of a 5-yr review on January 13, 2015.   
We completed the SSA Report to summarize the best available scientific information on the 
current status and likely future viability of the DPS.  SSA provides the scientific basis for this 5-
yr review.   
 
REVIEW ANALYSIS 
 
Application of the 1996 Distinct Population Segment (DPS) policy  

 
The Service designated lynx in the contiguous United States as a DPS because of differences in 
the management of lynx and lynx habitats across the international boundary with Canada 
(meeting discreteness criteria in the DPS policy) and because of the climatic, vegetative, and 
ecological differences in lynx habitat compared to the northern parts of the species’ range in 
Canada and Alaska (meeting significance criteria) (65 FR 16052; 68 FR 40076; 72 FR 1186).  
 
Updated Information and Current Species Status  
 
Summary of SSA Results:  
 
In the SSA, we describe the current and future viability of the lynx DPS in terms of resiliency, 
redundancy, and representation.  Resident lynx populations persisted historically and continued 
to persist in 4four of the 6six geographic units evaluated in the SSA (Units 1 (Northern Maine), 2 
(Northeastern Minnesota), 3 (Northwestern Montana/Northeastern Idaho), and 4 (North-central 
Washington)) (SSA Report, p. X).  Based on verified records, it is uncertain if the Greater 
Yellowstone Area (Unit 5) historically supported a persistent resident lynx population and it 
currently appears not to support resident lynx (SSA Report, p. X).  Available evidence also 
suggests that Colorado (Unit 6) did not historically support persistent lynx presence; however, a 
resident population has persisted there for more than a decade since the 1999-2006 release of 218 
Canadian and Alaskan lynx in the San Juan Mountains (SSA Report, p. X).   
 
Considering the available information, we found no reliable evidence that the current distribution 
and relative abundance of resident lynx in the contiguous United States are substantially reduced 
from historical conditions (SSA Report, p. X).  In fact, because of the introduction of lynx in 
Colorado and anthropogenically influenced lynx abundance in Maine, there may be more 
resident lynx currently in the DPS range than likely occurred historically (SSA Report, p. X).  
This suggests historical and current resiliency among lynx populations in the DPS.  The current 
broad distribution of resident lynx in large, geographically discrete areas (redundancy) makes the 
DPS invulnerable to extirpation caused by a single catastrophic event (SSA Report, p. X).  
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished from 
historical levels (SSA Report, p. X).  In fact, as a result of the current population in Colorado, 
redundancy in the DPS is likely greater, at least temporarily, now than it was historically (SSA 
Report, p. X).  Similarly, resident lynx remains broadly distributed across the range of habitats 
that have supported them historically, suggesting maintenance of the breadth and diversity of 
ecological settings occupied within the DPS range (representation) (SSA Report, p. X).   

Comment [MJM1]: Relative to what? 
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Additionally, observed high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the past 
and recent genetic health of lynx populations in the DPS (representation) (SSA Report, section 
2.1).  Because there are no indications of significant loss of, or current stressors too, the genetic 
health or adaptive capacity of lynx populations in the DPS, we find that the current level of 
representation within the DPS does not appear to indicate a decrease from historical conditions 
(SSA Report, p. X). 
 
We conclude that resident lynx populations are very likely to persist in all 5five units that 
currently support them (Units 1- to 4 and 6) in the near- term (2025) and likely to persist in those 
5five units at mid-century (2050) (SSA Report, p. X).  We and the experts we consulted have 
low confidence in predicting the likely conditions of assessing the risk to DPS populations 
beyond 2050 (SSA Report, p. X).  Therefore, we consider 2050 as the foreseeable future for this 
5-year review.  Nonetheless, we expect lynx populations in each geographic unit to become 
smaller and more patchily- distributed in the future due largely to projected climate-driven losses 
in habitat quality and quantity and related factors (SSA Report, p. X).  However, the timing, rate, 
and extent of habitat decline due to projected climate warming and corresponding effects to lynx 
populations all are highly uncertain (SSA Report, p. X).  That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation (SSA Report, p. X).  
Despite some reduced resiliency, we conclude that resident lynx populations are likely to persist 
through mid-century in the geographic units that supported them historically (uUnits 1- to 4); 
with the corresponding maintenance of redundancy and representation in the DPS over that time 
span (SSA Report, p. X).  Predictions out to 2100 are highly uncertain (SSA Report, p. X), and 
beyond what we consider to be reasonably foreseeable.  Nonetheless, although we expect some 
resident lynx to persist within the DPS at the end of the century, it is possible that populations in 
some units could be functionally extirpated by then (SSA Report, p. X).  Should future 
extirpations occur, this would indicate a loss of resiliency, reduced redundancy, and 
representation, and an increased risk of extirpation of the DPS. 
 
Consideration of the Five 4(a)(1) Factors: 
 
Through our SSA analysis, we have evaluated the effects of all factors identified in section 
4(a)(1) of the ESA.  In the SSA we focused on the influences identified as having the potential to 
exert population and DPS-level impacts on lynx and lynx habitats (SSA Report, chapter 3). 
Those anthropogenic influences include climate change (Factor E), vegetation management 
(Factor A), wildland fire management (Factor A), and habitat loss and fragmentation (Factor A).  
We also considered other potential stressors such as trapping (Factor B), and disease and 
predation (Factor C).  Additionally, we considered how each of the above influences is 
ameliorated or exacerbated by existing regulatory mechanisms (Factor D). 
 
In light of potential threats considered at the time of listing, lynx conservation measures and 
habitat management guidance adopted by the U. S. Forest Service (USFS) and the Bureau of 
Land Management (BLM), via formally amended or revised management plans or conservation 
agreements with the Service, have substantially addressed the conservation of lynx habitats and 
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populations or snowshoe hare habitat (SSA Report, p. X). 
   
Synthesis (Application of SSA Results to ESA Classification)  
 
As defined by the Endangered Species Act (Act)ESA, an endangered species is any species that 
is “in danger of extinction throughout all or a significant portion of its range.”  In the SSA 
Report, we evaluated the best available scientific information regarding the current and predicted 
future condition of the lynx DPS to describe its viability and how it may change over time (2025, 
2050, and 2100).  We assess the viability of the lynx DPS by evaluating its ability to maintain a 
sufficient number and distribution of viable populations to withstand environmental stochasticity 
(resiliency), catastrophes (redundancy), and changes in its environment (representation) into the 
future.  Ultimately, we compare our evaluation of the DPS’ risk of extinction against the 
definitions of an endangered or threatened species as defined by the ActESA.   
 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4four of the 6six geographic units (Units 1 -to 4), the current persistence of lynx in one of 
the units (Unit 6), and the absence of reliable information indicating that the current distribution 
and relative abundance of resident lynx are substantially reduced from historical conditions 
suggest the historical and recent resiliency to stochastic events of lynx populations in the DPS 
(SSA Report, p. X).  The large sizes and broad distributions of the geographic units occupied by 
resident lynx populations likewise indicate historical and current redundancy in the DPS 
sufficient to preclude the possibility of extirpation from catastrophic events (SSA Report, p. X).  
There are no indications of current threats to the genetic health or adaptive capacity of lynx 
populations in the DPS, and the current level of representation does not suggest a decrease from 
historical conditions (SSA Report, p. X).  Due to the current resiliency, redundancy, and 
representation of the lynx DPS, we conclude that the risk of extinction (in this case, extirpation 
of all resident lynx populations in the DPS) is low, such that the DPS currently is not in danger 
of extinction throughout all of its range and, therefore, does not meet the definition of an 
endangered species. 
 
Having determined that the lynx DPS is not endangered, we next compare the status of the DPS 
to the definition of a threatened species.  Under the ActESA, a threatened species is any species 
that is “likely to become an endangered species within the foreseeable future throughout all or a 
significant portion of its range.”  The foreseeable future refers to the extent to which the 
Secretary can reasonably rely on predictions about the future in making determinations about the 
future conservation status of the species (U.S. Department of Interior, Solicitor’s Memorandum, 
M-37021, and January 16, 2009).  The key statutory difference between a threatened species and 
an endangered species is the timing of when a species may be in danger of extinction, either now 
(endangered species) or in the foreseeable future (threatened species).  In the SSA, we 
considered the future condition of the lynx DPS out to 2025, 2050, and 2100 (SSA Report, p. X).  
It became apparent through discussions with lynx experts, in peer and partner reviews of the 
draft SSA Report, and among Service biologists and management that any future projections of 
lynx status beyond mid-century were complicated by a very high degree of uncertainty 
concerning the timing and extent of various stressors that may affect lynx and hare habitat and 
snow regimes, especially those related to projected future climate change (SSA Report, p. X).  
Therefore, in this evaluation, we focused onidentified mid-century (2050) as the foreseeable 
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future because this time horizon gives us a higher degree of certainty in reasonably projecting the 
future condition of the lynx DPS. 
  
As discussed in the SSA Report, resident lynx populations in all geographic units that currently 
support them are expected to be smaller and more fragmented and isolated in the future, and each 
geographic unit and the DPS as a whole will be less resilient in the future (SSA Report, p. X).  
However, all 5five geographic units that currently support resident lynx populations (all units 
except the GYA) are expected by lynx experts (with likelihoods of 70 to 90 percent) to continue 
to do so through mid-century (2050) (SSA Report, p. X).  Our analyses, andas informed by 
expert input, suggest that resiliency will likely be sufficient to foster persistence (i.e., preclude 
extirpation) of resident lynx through mid-century in all or most of the 5five geographic units that 
currently support them (SSA Report, p. X).  At mid-century, we expect lynx to retain a wide 
geographical distribution of populations, maintaining redundancy within the DPS (SSA Report, 
p. X).  Should lynx populations in each geographic unit to become smaller and more patchily- 
distributed, reduced genetic health and/or adaptive capacity would be expected; however, we 
have no evidence to suggest reduced representation would be a DPS-level concern at mid-
century (SSA Report, p. X).  Therefore, we conclude that the risk of extinction (extirpation of the 
DPS) by 2050 is sufficiently low, such that the lynx DPS is not likely to become endangered 
throughout all of its range within the foreseeable future and, therefore, does not meet the 
definition of a threatened species. 
 
Recovery Criteria  
 
Recovery Plan or Outline:  There is no recovery plan for the Canada lynx DPS, and, therefore, 
recovery criteria have not been developed.  However, the Service completed a Recovery Outline 
on September 14, 2005, which provided preliminary recovery objectives and actions based on 
our understanding, at that time, of current and historical lynx occurrence and lynx population 
dynamics in the contiguous United States DPS.  Even in the absence of a recovery plan, progress 
has been made on some components of the preliminary recovery strategy described in the 2005 
Recovery Outline (e.g., improved regulatory mechanisms on Federal and some State, Tribal, and 
private lands and related protections of important lynx and hare habitats), while other 
components have seen little or no progress or may no longer be appropriate.  Nonetheless, lynx 
conservation measures and habitat management guidance adopted by the USFS and the BLM 
have substantially addressed the potential threats considered at the time of listing to the 
maintenance of lynx DPS habitat conditions and the availability of snowshoe hare and other prey 
populations (SSA Report, p. X).  Furthermore, as described above, the lynx DPS no longer meets 
the definition of a threatened species.  
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present the experts’ opinions without explaining 
whether we agree or disagree and why.  We explain 
how we used expert elicitation in the References 
section below, so no need to mention it here. 

Comment [MJM10]: Expert opinion is part of 
our analysis (it informs our interpretation of the 
science); it’s not something in addition to our 
analysis.  However, recommend deleting reference to 
expert input here.  See comment above. 

Comment [MJM11]: But what is the risk that it 
does not? 

Comment [MJM12]: But what is the risk that the 
future will be not as expected? 
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RESULTS 
 
Recommended Classification: After assessing the best available information, we conclude that 
the Canada lynx DPS is not in danger of extinction throughout all of its range nor is it likely to 
become so in the foreseeable future,; i.e.that is, it is not an endangered species throughout all of 
its range or a threatened species throughout all of its range.  We recommend removing the 
Canada lynx DPS, currently listed as threatened, from the list of threatened and endangered 
species.  
 

____ Downlist to Threatened 
 ____ Uplist to Endangered 
 __x_ Delist (Indicate reasons for delisting per 50 CFR 424.11): 
  ____ Extinction 
  __x_ Recovery 
  ____ Original data for classification in error 
 ____ No change is needed 
 
New Recovery Priority Number (indicate if no change; see Appendix E): 

 
Brief Rationale:  

 
Listing and Reclassification Priority Number, if reclassification is recommended (see 
Appendix E)   

 
Reclassification (from Threatened to Endangered) Priority Number: ____ 
Reclassification (from Endangered to Threatened) Priority Number: ____ 
Delisting (Removal from list regardless of current classification) Priority Number: 

__x_ 
 
Brief Rationale:  
 

 
RECOMMENDATIONS FOR FUTURE ACTIONS – Proceed with a proposed rule to 
remove the Canada lynx DPS from the list of threatened and endangered species.  
  
REFERENCES – A large part of the lynx SSA involved seeking expert input on lynx biology, 
stressors, and current and future condition of the DPS.  We describe the expert elicitation process 
and the experts involved in our Canada Lynx Expert Elicitation Workshop Final Report (Service 
2016, entire).  A draft SSA Report went through an extensive review process with peer 
reviewers, tribes, State agencies, and Federal agencies within the range of the lynx DPS.  The 
final SSA Report has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 3 
other Federal agencies. 
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U.S. FISH AND WILDLIFE SERVICE 
5-YEAR REVIEW  

Canada Lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
Current Classification:  
   
Recommendation resulting from the 5-Year Review: 

 
____ Downlist to Threatened 

 ____ Uplist to Endangered 
 __x_ Delist 

  ____ No change needed 
 
Appropriate Listing/Reclassification Priority Number, if applicable: 
 
Review Conducted By: 
 
FIELD OFFICE APPROVAL: 
 
Lead Field Supervisor, U.S. Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
The lead Field Office must ensure that other offices within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  The 
lead field office should document this coordination in the agency record. 
 
REGIONAL OFFICE APPROVAL: 
 
The Regional Director or the Assistant Regional Director, if authority has been delegated to the 
Assistant Regional Director, must sign all 5-year reviews.   
 
Lead Regional Director, U.S. Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
 
The Lead Region must ensure that other regions within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  Written 
concurrence from other regions is required.  
 
Cooperating Regional Director, Region 1, U.S. Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   
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Cooperating Regional Director, Region 3, U.S. Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   
 
Cooperating Regional Director, Region 5, U.S. Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   



From: Paul Phifer
To: Marjorie Nelson; Michael Thabault
Cc: Martin Miller
Subject: Fwd: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23
Date: Tuesday, October 17, 2017 1:08:01 PM
Attachments: Untitled attachment 11441.htm

Tab 2. Canada Lynx draft 5-yrReview_09282017_MMiller.doc

Marj - R5 concurs.  Here are some suggestions from Marty.  I discussed these with Mike and
am available to discuss with you, if that would help.  I'm sure Marty is available as well.

On point one, Marty and I aren't in full alignment.  I am satisfied with how the FYR discusses
expert opinion as it says our decision is "informed" by such opinion.  I think, given the length
and nature of the FYR, we discuss the process sufficiently.  That said, look at Marty's
comments and see what you think.  

On point two, again given the length and nature of the FYR, I suggest adding language that
says we believe there is a "low level of risk" to lynx in our foreseeable future.  We do need to
be forward looking as to the risk to the species.  So, I think we do need to predict the future
risk situation. 

Paul

Sent from my iPad

Begin forwarded message:

From: "Miller, Martin" <martin_miller@fws.gov>
Date: October 12, 2017 at 11:02:09 AM PDT
To: "Phifer, Paul" <paul_phifer@fws.gov>
Cc: Anna Harris <anna_harris@fws.gov>, Krishna Gifford
<Krishna_Gifford@fws.gov>,  Mary Parkin <mary_parkin@fws.gov>
Subject: Re: Request for Concurrence for Canada Lynx 5 year status review:
DUE 10/23

Paul - I reviewed the 5-year review and made some suggested edits and
comments.  I have two main concerns:

1.  Expert opinion - As I commented on the SSA Report, expert opinion is not
something we consider in addition to the best available information; it helps us
interpret the information.  What counts is our conclusion, so we should be careful
in how we refer expert opinion.  Moreover, the References section describes how
expert elicitation was a part of the SSA methodology, so we don't need to be
mentioning expert opinion at all in the body of the review.  If we want to mention
expert opinion, we need to adequately explain how it influenced our conclusions.

2.  Predicting the future versus assessing risk - The document presents
conclusions in terms of what is the likely/expected future.  Our job is not to try to
predict THE future, but rather to assess risk.  A species can be likely/expected to

mailto:paul_phifer@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:michael_thabault@fws.gov
mailto:martin_miller@fws.gov
mailto:martin_miller@fws.gov
mailto:paul_phifer@fws.gov
mailto:anna_harris@fws.gov
mailto:Krishna_Gifford@fws.gov
mailto:mary_parkin@fws.gov


persist but still be endangered.  So, saying we conclude the species is likely to
persist does not tell me it's not endangered.

On Thu, Oct 12, 2017 at 11:56 AM, Phifer, Paul <paul_phifer@fws.gov> wrote:
Do any of you want to take a look?  
______________
Paul Phifer, PhD
Assistant Regional Director - Ecological Services
Northeast Region
Dept of the Interior
US Fish and Wildlife Service
413.253.8698 work
413.687.4764 cell

---------- Forwarded message ----------
From: Nelson, Marjorie <marjorie_nelson@fws.gov>
Date: Fri, Oct 6, 2017 at 4:06 PM
Subject: Request for Concurrence for Canada Lynx 5 year status review: DUE
10/23
To: Paul Phifer <Paul_Phifer@fws.gov>, Lori Nordstrom
<Lori_Nordstrom@fws.gov>, Rollie White <rollie_white@fws.gov>
Cc: Michael Thabault <Michael_Thabault@fws.gov>, Justin
Shoemaker/R6/FWS/DOI <justin_shoemaker@fws.gov>

Region 6 requesting your concurrence on the attached 5 year status review for the  contiguous
US DPS of the Canada lynx.  This review documents the recommendation and rationale from the
meeting on April and follow-up conference call on May 12th based on the SSA Report.  We
appreciate all of your regions' input and contributions to this effort. This one is the first 5 YSR
based off an SSA and I am happy to report that it is 6 pages plus cover (plus the form for
signatures).  

Given the various lawsuits associated with Canada lynx, we are working with the SOL on the
timing and nature of informing appropriate courts.  As such, we are not public about this pending
recommendation to the point that it did not get onto the delisting workplan posted by HQ last
week.

At present, we are addressing comments on the received from RSOL.  I will send you all a copy of that
SSA in about a week.  

In the meantime, I am requesting a concurrence via email by October 23rd.  If you have concerns,
questions or comments, feel free to contact me asap.  We can then incorporate any changes and circulate a
clean version for signature (though I think we could streamline concurrence to email as we do for
rulemakings).

thank you,
Marj

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

mailto:paul_phifer@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:Paul_Phifer@fws.gov
mailto:Lori_Nordstrom@fws.gov
mailto:rollie_white@fws.gov
mailto:Michael_Thabault@fws.gov
mailto:justin_shoemaker@fws.gov


-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S.
Fish and Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-
253-8615
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The lynx is a boreal forest carnivore whose populations are strongly tied to its primary prey, the 
snowshoe hare (Lepus americanus). Both species occur primarily in the extensive boreal 
spruce-fir forests of Canada and Alaskan; however, the southern margins of both their ranges 
extend into the northern contiguous United States. The Service designated lynx in the Lower 48 
States as a DPS because of differences in the management of lynx and lynx habitats across the 
international boundary with Canada and because of the climatic, vegetative, and ecological 
differences between lynx habitat at the southern extent of its range in the contiguous United 
States compared to the northern range in Canada and Alaska. The Service listed the DPS as 
threatened under the Endangered Species Act (ESA) in 2000 because of the inadequacy, at 
that time, of regulatory mechanisms on some Federal lands to provide for the conservation of 
lynx habitats and populations (see section 3.1.1). This SSA does not reconsider the designation 
of the DPS or its listing status under the ESA, which are Service policy decisions. Instead, it 
provides the scientific basis for the statutorily required 5-year status review for the DPS and 
other decisions the Service is required to make in accordance with the ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
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predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are naturally 
less abundant and generally more patchily-distributed than in the core of the species’ range in 
Canada and Alaska. Maintaining connectivity between the DPS and lynx populations in Canada 
is thought to be important. However, the extent to which DPS populations may depend on 
immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in future projections, particularly beyond 
mid-century. The output from this expert elicitation process (summarized below and presented 
in detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline in the future largely 
as a result of projected continued climate warming and associated impacts, which are likely to 
exacerbate the potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue in the future, although we do not anticipate that such 
events alone would cause the permanent loss of breeding lynx populations in any geographic 
unit. We are aware of no management actions that could be expected to abate the projected 
long-term retreat of boreal forests, declining hare populations, and diminished snow conditions 
expected under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically, and many more than was known or suspected at the time the DPS was 
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listed. This is due to the large amount and broad distribution of high-quality lynx and hare 
habitat that currently exists as a result of landscape-level clearcutting on private commercial 
timber lands in response to a major spruce budworm (Choristoneura fumiferana) outbreak in the 
1970s and 1980s. These dense young regenerating conifer stands are much more extensive 
than they are thought to have been historically under natural disturbance regimes. The State of 
Maine suggests that this unit currently may support 750-1,000 resident lynx. However, habitat 
extent probably peaked in the late 1990s and early 2000s, and habitat quality is projected to 
decline in these stands over the next few decades as they age beyond 35-40 years post-
harvest. Because a shift in forest management from clearcutting to partial harvesting that began 
in 1989 is unlikely to maintain or recreate this extensive high-quality habitat, we expect lynx 
habitat and numbers to decline in this unit over the next several decades, perhaps to levels 
more consistent with likely historical conditions. We concur with the expert panel that the 
resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the longer-
term (at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further reducing 
lynx numbers and likely decreasing the population’s resilience. Some climate models indicate 
substantial loss of boreal forest and favorable snow conditions under higher emissions 
scenarios, and this unit generally lacks potential elevational refugia that would support upslope 
movement of lynx habitats and populations. Therefore, we suggest that the likelihood that this 
unit will support a resident lynx population at 2100 may be somewhat lower than expert 
projections, although the timing and extent of future climate-mediated habitat decline is highly 
uncertain. This geographic unit may also be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington. Because of this, the 
number of resident lynx in this unit is likely lower than it was historically and when the DPS was 
listed. Based on estimates of lynx carrying capacity, this unit may have been capable of 
supporting roughly 50-60 resident lynx prior to large fires beginning in the early 1990s. Recent 
habitat evaluations suggest it currently may be capable of supporting only about 30-35 lynx, with 
the decline due to fire-driven habitat losses. Although these losses are expected to be 
temporary, additional fires in this unit before previously burned areas recover (10-40 years post-
burn) would further reduce lynx numbers and make this geographic unit more vulnerable to 
extirpation. Because of these habitat impacts and remaining stressors to lynx, the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. Nonetheless, 
we concur with the expert panel that the resident lynx population in this unit is very likely to 
persist at years 2025 and 2050. Over the longer-term (2100), we expect continued climate 
warming to reduce the amount and quality of lynx habitat in this unit, further reducing lynx 
numbers and likely decreasing the population’s resilience. Therefore, we concur with experts 
that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
 
Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
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only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
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for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated lynx in the contiguous United States as a DPS because of differences 
in the management of lynx and lynx habitats across the international boundary with Canada and 
because of the climatic, vegetative, and ecological differences in lynx habitat compared to the 
northern parts of the species’ range in Canada and Alaska (62 FR 28654-28655). The Service 
listed the DPS as threatened under the ESA in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on some Federal lands to provide for the conservation of lynx 
habitats and populations (65 FR 16052-16086). On May 8, 2014, the United States District 
Court for the District of Montana ordered the Service to complete recovery planning for the lynx 
DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered the 
Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that such 
a plan will not promote the conservation of the [lynx]” (i.e., the DPS is recovered or no longer 
warrants ESA protections; U.S. District Court MT 2014b, p. 2). We completed this SSA (version 
1.0) to summarize the best available scientific information on the current status and likely future 
viability of the DPS. This SSA will inform a determination by Service decision makers of whether 
(1) the DPS continues to warrant protection under the ESA and (2) a recovery plan is needed to 
guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions. It 
is generally restricted to areas that receive deep and persistent unconsolidated (“fluffy”) snow, 
which is thought to allow lynx, with their proportionately longer limbs and very large feet, to 
outcompete other terrestrial hare predators that are less efficient in such conditions (McCord 
and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-
94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; 
Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 
25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are known or 
suspected to intermittently support resident lynx and occasional reproduction. Uncertainty 
remains as to whether resident lynx populations occurred historically in other areas not 
encompassed by the geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
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● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate conifer or deciduous) forests, non-snow-domintated climates, or to persist 
on alternate prey species where hare densities are or become inadequate. Therefore, we 
assume lynx populations in the DPS are vulnerable (sensitive, exposed, and with little 
capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 5) to the 
projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 

 
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
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stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
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that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
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363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
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Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
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Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus  spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
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projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
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Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
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2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in northern and eastern Canada (McKelvey et al. 
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2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 

competition from other hare predators, and 
d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 

etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
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own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous United States), hare 
population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 
2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx 
SSA Team 2016a, pp. 16-17), and hare and lynx abundances and lynx demographic rates are 
typically like those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; 
Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern populations the 
likelihood is probably relatively low that an individual lynx will have its ecological requirements 
met sufficiently to replace itself in the breeding population. Also in the south, there are more 
diverse assemblages of potential competitors and predators, more natural patchiness and 
anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provision dependent kittens (Moen 
et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
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females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
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level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Historical lynx occurrence 
records in the contiguous United States were correlated with areas that received at least 4 
months (December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). 
Where snow conditions do not consistently favor lynx, increased potential for predation and 
competition would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely 
to survive, breed, and replace themselves in the breeding population if they occupy home 
ranges where trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, 
entire), high-speed/high-volume roadways are absent (ILBT 2013, pp. 77-78), and other 
potential anthropogenic causes of lynx mortality are absent or minimal. 
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
For a lynx population in the core of the species’ range in the southern Yukon, Slough and 
Mowat (1996, p. 952, table 4) calculated population growth rate (lambda, λ) = 2.03 (annual 
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doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx population. This 
period of rapid growth was followed by a rate of λ = 1.01 (stable) during the first year of a hare 
decline, and λ = 0.10 and λ = 0.46 (rapid decline) during the first 2 years of the lynx population 
decline when hares were scarce. However, the natural range in λ that would be expected 
among peripheral, isolated, or semi-isolated lynx populations where hares are non-cyclic or 
weakly-cyclic (i.e., in DPS and some southern Canadian populations), versus those that would 
signal long-term population decline or instability is unknown. Despite this, and the limitations 
noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) calculated population 
growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area (i.e., declining 
population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains (increasing trend, 
2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex 10, deterministic 
population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) to calculate 
finite growth rates during a period of high hare density (λ = 1.16; increasing trend) and during a 
period of low hare density (λ = 0.88; decreasing trend) for the lynx population in northern Maine 
(see also section 4.2.1). Neither the Montana nor Maine estimates incorporated rates of 
immigration/emigration (i.e., both assumed immigration and emigration rates of zero, which is 
very unlikely and contradicted by historical and recent evidence of lynx dispersal in both 
directions across the Canada-Unites States border across the DPS range). Schwartz (2017, p. 
4) noted that very low immigration rates (less than 1 female/year on average for a theoretical 
population of 100 lynx) could provide population stability or even growth, suggesting that the 
Seeley Lake population and perhaps other DPS populations are probably being bolstered by 
low levels of immigration, which may go undetected. Other efforts to model lynx population 
dynamics in the DPS range include those of Lyons et al. (2016, entire), who developed spatially-
explicit, individual-based population models to estimate reductions in potential lynx carrying 
capacity in Washington associated with recent large wildfires, and Licht et al. (2017, in press, 
entire), who conducted a PVA of a potential lynx reintroduction to Isle Royale in Lake Superior, 
about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
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years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
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risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
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The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarilyinto areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
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80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat. The 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, McKelvey et al. 
(2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 

2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
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the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because it is a habitat and prey specialist, lynx densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist. 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449) because they are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors and predators (Buskirk et al. 2000a, p. 90; Krohn 
et al. 2005, p. 123; also see section 2.2 above), although behavioral adaptations may offset 
morphological differences to some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
 
Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
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(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a detailed, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
 
In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
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state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontarior than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire)indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
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high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
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has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecendentedly large irruptions of lynx from Canada into 
the northern contiguous United States, when dispersing/transient lynx occurred temporarily in 
many places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoning Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 
In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
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recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
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recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Although the current population size in Maine is uncertain, 
habitat distribution and lynx home range data suggest this geographic unit could potentially 
support 750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016a, p. 18]). The current lynx 
population in Maine is supported by the broad distribution of high-quality hare habitat that 
resulted from extensive, large-scale clearcutting in the 1970s and 1980s in response to a 
massive spruce budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; 
also see section 4.2.1). As these regenerating clearcuts, which currently provide the dense 
horizontal structure preferred by hares, mature beyond about 35-40 years post-harvest, hare 
densities are expected to decline as cover and forage are reduced as a result of forest 
succession (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16). The 
current lynx population in Maine is probably substantially larger than typically occurred 
historically under the natural disturbance regime, when relatively small amounts of the spruce-fir 
forests in the state are thought to have been composed of the dense young stands that provode 
optimal hare (and, therefore, lynx foraging) habitat (Lorimer 1977, entire; 68 FR 40094; Vashon 
et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the proliferation of 
partial harvesting following enactment of the Maine Forest Practices Act of 1989, lynx densities 
in Maine are projected to decline by 55 to 65 percent by 2032 (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16), perhaps to levels more consistent with likely 
historical conditions. Lynx in Maine likely represent the southern periphery of a larger population 
that occurs in northern New Brunswick and southern Quebec south of the St. Lawrence 
Seaway/River, which appears to partially isolate lynx in this region, demographically and 
genetically, from populations in the core of the species’ range (Koen et al. 2015, entire). 
Whether lynx persistence in Maine relies on immigration from Canada, and if so to what extent, 
is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
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whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
there is no indication of substantial immigration from Canada after the 1980s (Squires in Lynx 
SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent evidence of 
reproduction have been documented in the Montana portion of the GYA where, as with the 
northwestern Wyoming part of the GYA (discussed above), uncertainty about whether this area 
consistently or only intermittently supported resident lynx historically makes it difficult to interpret 
their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As elsewhere in 
the West, recent research and habitat assessments suggest that habitats capable of supporting 
resident lynx in Montana are, and historically were, naturally patchier and less-broadly 
distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx therefore 
naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson in Lynx 
SSA Team 2016a, p. 12). 
 
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
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the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 
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3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
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management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
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movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
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incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2104, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
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to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
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the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are potentially capable of supporting them. They represent the agencies’ 
efforts, in collaboration with the Service, to address and ameliorate the singular threat for which 
the lynx DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it is clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous United 
States. Overall, Federal lands managed by the USFS, BLM, and NPS constitute nearly 64 
percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, and all but a tiny fraction of 
these lands are actively managed for lynx conservation. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
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resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
specifation of trap sizes and sets that may be used to legally harvest other furbearers and that 
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are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). In 2015, the 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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MNDNR issued emergency trapping rules in the LMZ mandating additional restrictions on the 
types of traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of 
incidentally trapping lynx. In response to a Federal court order, MDNR developed an incidental 
take plan designed to minimize the potential for lynx to be incidentally trapped during other legal 
furbearer trapping; the plan is currently under review by the Service. Like Maine, Minnesota has 
a State Endangered Species Statute (84.0895) which requires the MNDNR to adopt rules 
designating species meeting the statutory definitions of endangered, threatened, or species of 
special concern (State of Minnesota 2016, entire). The Statute also authorizes the MNDNR to 
adopt rules that regulate treatment of species designated as endangered and threatened. Also 
like Maine, however, Minnesota has not designated lynx as threatened or endangered under the 
statute. Instead it has designated the lynx a species of special concern, a designation for 
species that are extremely uncommon, have unique or highly specific habitat requirements, or 
occur on the periphery of their range in Minnesota and, therefore, deserve careful monitoring 
(MNDNR 2013, pp. 1-2). Thus, the MNDNR coordinates with the Service and other agencies to 
conduct research and monitor lynx populations and habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of reasonable restrictions on trapping in lynx 
habitat. Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
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10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming were offered full protection from trapping 
and hunting beginning in 1973, and they are designated by the State as a species of greatest 
conservation need (ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also 
participates in the CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an 
early regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than typical historical conditions under the natural disturbance regime, when only 3 to 7 
percent of stands were likely in such condition at any given time (68 FR 40094). Current timber 
harvest and management on State and private lands in Maine are governed by the Maine 
Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
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of Unit 1) in northern Maine is under conservation easement10, but easements do not require 
management prescriptions or commitments for lynx. In the past Maine private forest landowners 
have expressed interest in long-term commitments to lynx management plans, but to our 
knowledge, there are no private landowners in Maine who have committed to long-term or 
permanent protection and creation of lynx habitat according to the Service’s lynx management 
guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 

                                                
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
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private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61oC (1.1oF; range = -0.53 to +2.50oC [-
0.95 to +4.5oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Peters et al. 2013, entire; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 
2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). Analysis of paleoclimate data indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4o - 2.6oC 
(0.7o - 4.7oF) by mid-century and 0.3o - 4.8oC (0.5o - 8.6oF) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
percent probability of increasing more than 1.5oC (2.7oF), a 76 percent probability of increasing 
2 o - 4.5oC (3.6o - 8oF) and a 14 percent probability of exceeding 4.5oC (8oF). 
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In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf
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lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
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climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
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have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
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13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over potential competitors and predators. However, climate warming is diminishing snow 
conditions (depth, quality, persistence) throughout the DPS range. Warmer winter temperatures 
are reducing snow cover extent  and duration and altering snow structure via a combination of a 
higher proportion of precipitation falling as rain, more winter thaw-freeze events, higher rates of 
snowmelt during winter, and earlier spring melt and runoff (Hamlet and Lettenmaier 1999, p. 
1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; Christensen et al. 
2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; Pierce et al. 2008, 
entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; Georgakakos et al. 2014, pp. 
71-85). These trends are expected to continue with projected future climate warming (Hamlet 
and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; 
Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; IPCC 2014b, p. 62). The 
IPCC projects that spring snow cover in the Northern Hemisphere is likely to decrease by 7-25 
percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow season length and snow 
depth are very likely to decrease in most of North America except in the northernmost part of 
Canada where maximum snow depth is likely to increase’’ (Christensen et al. 2007, p. 850). 
Because lynx occurrence is correlated with prolonged periods of deep, fluffy snow, current lynx 
habitats would be expected to decline in value for lynx with decreases in snow condition and 
duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
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47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Snowpack losses have been documented and will likely continue and could even accelerate in 
the future (Hamlet and Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 
2011, entire; Kapnick and Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-
971), with faster losses likely in milder climates like the Cascades and the slowest losses in the 
high peaks of the Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in 
temperature, snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 
2016, p. 106). In the West, areas of contiguous spring snow cover are projected to become 
smaller and more isolated throughout the Columbia, Upper Missouri, and Upper Colorado 
Basins, with greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). 
Snow accumulation and duration are also expected to continue to decline generally in the 
central and eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 
2009, p. 31; Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow 
resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential 
future snow cover under a range of IPCC climate scenarios suggests that snow conditions 
correlated with historical lynx occurrence records could decline by 10-20 percent across the 
continental U.S. and Canada and by 46-84 percent in the contiguous United States by the end 
of the century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
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and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
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mediate competition between the 2 species. Because of their higher foot-loading, bobcats likely 
hunt less efficiently than lynx in deep, unconsolidated snows (Hoving et al. 2005, entire; Krohn 
et al. 2005, pp. 122-129), and they experience high mortality in deep-snow winters (Litvaitis et 
al. 1986, p. 116). Considering recent and projected future changes in snow conditions described 
above, stable or increasing bobcat populations in the DPS range (Roberts and Crimmins 2010, 
p. 170), and the predicted northward expansion of bobcats into areas currently occupied by lynx 
(Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 
2010, p. 172), lynx may experience increased competition and displacement by bobcats, which 
could influence lynx distribution and persistence at the southern edge of their range (in all DPS 
geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
 
Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
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warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change will likely affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
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Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 
Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
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events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
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860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
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genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
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analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
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Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
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and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
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Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
 

● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
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Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
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Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
 
Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under climate change, total United States timber inventories will increase, timber harvest will 
increase, and product prices will decrease relative to an assumed stable climate. Some models 
predict that consumers will gain from climate change while landowners in some regions will 
lose. The forest industry will likely adapt to climate change in many ways including using 
alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
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recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
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There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
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In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
 
Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University of Maine, pers. comm.).  As much as 30 to 40 percent of the advanced regeneration 
may be damaged from repeated entries by machinery to remove the overstory (R. Seymour, 
Department of Forestry, University of Maine, pers. comm.).  Finally, because subsequent 
overstory removal occurs about 15 years after the initial entry, some of the dense understory is 
damaged just as the stand develops conditions to support higher hare densities. The damage to 
the understory not only reduces the quality of the habitat for hares, but also cuts short the 
duration that the stand produces high quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
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important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events(Kilgore and 
Heinselman 1990, Heinselman 1996, Veblen et al. 1994, Agee 2000, Seymour et al. 2002, 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
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landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
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history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
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Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
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or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
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northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 
(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
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eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
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As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
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Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
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more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
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al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
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Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 



104 
 

to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
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and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
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of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
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(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous United States. Because there are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, we find that the current level of representation does not appear to represent a decrease 
from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
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less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger population that also occupies southern Quebec 
(where trapping is legal) and northern New Brunswick (where lynx are a provincially-
endangered species and harvest is prohibited). There are no reliable estimates of current or 
historical resident lynx numbers in this unit. However, based on estimates of habitat distribution 
and lynx home range sizes, the MDIFW believes this unit currently may be capable of 
supporting 750-1,000 lynx (Vashon et al. 2012, pp. 87-91), which would make it the largest 
population in the DPS. This is many more resident lynx than likely occurred historically and 
many more than were suspected to occur in this unit when the DPS was listed, and it is the 
result of extensive clearcutting and herbicide application to salvage spruce-fir and encourage 
softwood regeneration following a severe spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments 
have created the current extensive distribution of young, regenerating softwood stands that 
provide optimal hare foraging habitat. Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and the highest densities documented in the DPS. 
Historically, under a more natural disturbance regime, Maine typically had a greater proportion 
of mature forest and, therefore a patchier distribution of high-quality habitat that likely supported 
a smaller lynx population that may have been more dependent on immigration from Canada. 
State forestry regulations passed in 1989 caused landowners to shift to various forms of partial 
harvesting that have resulted in lower landscape hare densities across much of the unit. Hare 
populations do not seem to cycle in this region, but hare density estimates from 2008-2015 
declined by over 50 percent compared to estimates from 2001-2006. Reproduction and survival 
rates in the low-hare environment after 2006 suggest a slightly declining lynx population, 
although kitten survival remained high. Unlike other DPS units, lynx habitat in northern Maine 
occurs nearly entirely on private, industrial forest lands, most of which lack long-term 
commitments to lynx management. The majority of private lands in this unit are now owned by 
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investment companies seeking to diversify income from their investments, which could result in 
forest practices less likely to maintain or conserve hare and lynx habitat. Other potential 
stressors to lynx in this unit include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. Another spruce budworm outbreak may be 
imminent, and forestry response by investment landowners is uncertain. Climate change is a 
concern because average annual snowfall and duration are currently at the minimum thresholds 
believed necessary to give lynx a competitive advantage over bobcats and other 
mesocarnivores. Although lynx regularly occur outside this unit in southeastern and 
southwestern Maine, and small numbers of reproducing lynx have also been documented 
recently in northern New Hampshire and northern Vermont, the ability of some of these 
peripheral areas to support persistent breeding populations is questionable. However, recent 
telemetry data in Maine suggest that resident lynx are expanding both east and south of the 
Northern Maine Geographic Unit, with home range maintenance and reproduction documented 
in both areas, which previously were considered outside the area capable of supporting resident 
lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
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supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. There are no reliable estimates of historical or current resident lynx numbers in 
northern Washington, but recent habitat and home range analyses for the larger Okanogan LMZ 
(summarized in Lewis 2016) suggest that this unit may have been capable of supporting about 
50 lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). 
Those fires affected over a third of the LMZ, led to increased home range size, and may have 
reduced the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
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942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4).Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
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Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit, but CPW lynx biologists believe it may currently support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. This unit is not directly 
connected to lynx populations in Canada, and it does not appear to have received immigrant 
lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 1996, 2 
unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 mi2) of 
spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in this unit. 
Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) of lynx 
habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively impacted 
hares, and hare numbers may increase in affected areas as succession progresses; however, 
they have negatively impacted red squirrels, an important alternate prey species for lynx in this 
unit. Areas affected by beetles that contained multi-story stand conditions likely continue to 
provide habitat to support snowshoe hares and lynx. Areas affected by fire may require 20 years 
or more, and in some areas considerably longer, to recover to a point where the stands will 
again support snowshoe hares. Large-scale monitoring efforts in the San Juans documented 
continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is reasonably likely 
that lynx continue to occur in all national forests within the State of Colorado. Snowshoe hare 
habitat is patchily-distributed in this geographic unit, which limits hare abundance. Because the 
majority (90 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant impacts to lynx habitat 
within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, providing 
conservation through the SRLA. However, regulatory mechanisms for the conservation of lynx 
are lacking on approximately 3,159 km2 (1,220 mi2; over 12 percent) of this unit, including lynx 
habitats on some BLM and some non-Federal lands. 
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Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 
occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 
Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 

100% 83% (Purcells);            
61% (Seeley Lake)

100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares)

3.3 2.95 (Purcells);            
2.24 (Seeley Lake)

2.25 (2 females) 3.0 (1 female, 2 
years)

2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00

0.85 (Purcells);            
0.75 (Seeley Lake) 0.86 Few data

0.93 (in Core Release 
Area [CRA]);                   

0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.16 (high hares, 6 
yrs); 0.88 (low hares, 

4 yrs)
No estimate

1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
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Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
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[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforces the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found 
the probability of lynx occurrence was > 50 percent where landscape hare densities were > 0.74 
hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx maintained 
home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by very recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). At a landscape scale, lynx habitat selection did not differ between sexes; however, 
at a home range scale, males tended to use more mature forest dominated by conifers than 
females, and both male and female lynx tended to avoid mature forests that had a high 
deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on these observations, 
Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining landscape hare densities 
of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-quality hare habitat within 
100-km2 areas to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
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forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, lynx 
habitat in northern Maine was probably typically much less abundant and less broadly-
distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, insect 
outbreaks) are rare (intervals of several hundred to several thousand years) and highly variable 
in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, 
spruce beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). Although, 
high-elevation boreal forests often exhibit dense, regenerating conifer (resulting from a wind-
throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare densities are believed to be 
low in these areas (Siren et al. 2015, entire). In this geographic area, wildfire is less significant 
as a natural agent of disturbance. The typical fire regime is infrequent surface fires in the 
dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately 50 percent of the 
designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 
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km2 (1,485 mi2; nearly 27 percent) of the forested landscape was comprised of spruce-fir in a 
young, regenerating stand condition that provide high quality hare habitat. This habitat is similar 
to, and contiguous with, forested areas in Quebec and New Brunswick that support lynx (Hoving 
et al. 2005, pp. 740-741). The current range of lynx in this unit is associated with areas of deep 
snowfall, extensive forested landscapes, and areas having a high proportion of regenerating 
conifer-dominated forest that had previously been clearcut and treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several estimates of 
hare densities in the highest-quality regenerating conifer or mixed forest averaged 1.9 to 2.1 
hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 1990, hare densities 
in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 hares/ac) at low and high 
elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. (2015) reported lower densities 
in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and lowland 
spruce-fir. Densities in high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont. 
 
Current habitat is likely at historically high levels, but this habitat has peaked and high-quality 
lynx habitat is projected to decline in the near future (Simons-Legaard et al. 2016, pp. 140-163, 
202-218). In response to the widespread clearcutting in the 1970s and 1980s, Maine passed the 
Forest Practices Act in 1989, which regulated clearcutting. Since then, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27). Over 95 percent of cutting that 
occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 2009, 
p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). This new cutting regime 
results in lower landscape densities of snowshoe hares (Fuller 1999; Homyack 2003; Robinson 
2006; Scott 2009). Another consequence of partial harvesting is that a much greater acreage 
needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 
harvest rates have increased from about 40,000 ha (100,000 acres) per year (before the Forest 
Practices Act) to over 200,000 ha (500,000 acres) per year (after the Act). Thus, 28 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
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Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 40,000 ha (100,000 ac) including the State, Federal government (White 
Mountain National Forest south of lynx range), a conservation group (The Nature Conservancy), 
2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx 
range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi were chosen as pilot States to receive funding through their 
respective Natural Resources Conservation Service (NRCS) State offices. Based on a 
successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 
2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending regulations 
for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS offered the 
HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to promote 
development of Canada lynx forest management plans. Since that time 4 private landowners, 
The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and Katahdin 
Forestlands successfully enrolled in the program. Collectively, these land ownerships comprised 
2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine in 
2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
 
Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
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and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 
2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
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Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals cross the river on the ice each generation to prevent genetic drift of this population 
(Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA 
Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area of 
high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the critical habitat area designated in 2014) in northern Maine could potentially support a 
population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) 
estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx, however, is unknown because there are no methods available 
to count individuals over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
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townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-00; 
Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 2 and 
3). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
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In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality ynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
 
Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
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5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where average annual snowfall 
typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx 
(to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et 
al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 cm (90-
104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 
2008). Thus, average annual snowfall in Maine is currently at or below depths associated 
historically with lynx presence, and further declines could reduce the likelihood that resident lynx 
will persist in this unit (Hoving et al. 2005). 
                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
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Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-tagged in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development16, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and western 
Maine and 5 projects are in operation; 2 have been proposed in northern New Hampshire and 2 
are in operation; and 3 have been proposed for northeast Vermont and 2 are in operation or 
under construction. Maine’s 2 largest wind projects (combined over 250 turbines covering 932 
km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. Although 
impacts of wind energy projects on lynx, hares, and their habitats have not been demonstrated, 
potential effects include loss and fragmentation of habitat from turbines, roads, and transmission 
lines, and disturbance or displacement of resident lynx. Road construction could further 
fragment habitat and increase access, potentially increasing vehicle collisions with lynx and 
other sources of mortality, including incidental trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Ippoliti and Nadeau-Drillen 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some of these new landowners are seeking 
diversified financial returns on their investment, including developing residential housing, 
second homes, and resorts. At various times in the past, 2 large residential and resort areas 
have been proposed on forestlands within designated lynx critical habitat in this unit. Both 
                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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projects, if eventually built as previously-planned, could result in the development of several 
thousand acres of potential lynx habitat, but would be mitigated by substantial (100,000s of 
acres) conservation easements on surrounding forestland. Also, a private landowner recently 
purchased and donated 354 km2 (137 mi2) within designated lynx critical habitat that was 
subsequently designated as the Katahdin Woods and Waters National Monument. This area 
currently has a legacy of young regenerating spruce-fir habitat from previous industrial forest 
landowners, but its new monument designation will limit future forest management activities 
(timber harvest or other vegetation management) that could benefit lynx. In addition, the Nature 
Conservancy continues forest management on about half of its 750-km2 (290-mi2) ownership in 
this unit, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx, although the 
actual population size is unknown. High-quality habitat created by extensive clearcutting 30 to 
40 years ago is peaking and is projected to decline by 50 percent in the next 15 to 20 years 
(Simons-Legaard 2016, pp. 10-18; also see section 5.2.1). Hare densities declined by 50 
percent in this unit starting in about 2006 and have remained at lower levels, and future hare 
fluctuations or cycles are uncertain. Recent history demonstrates that some forms of forest 
management have the potential to create or increase lynx habitat. However, forest practices 
have shifted to partial harvesting, which is less likely to create large areas of lynx habitat or 
maintain the current historically broad distribution of high-quality habitat generated by previous 
landscape-level clear-cutting. Additionally, private landowners who previously entered into 
commitments to manage for lynx conservation have not renewed those commitments (although 
the habitat will remain viable for lynx for some time). Land ownership has also changed in 
northern Maine, and the majority of lands are owned now by investment companies that often 
wish to diversify income from their investments, which could result in forest practices 
inconsistent with lynx habitat conservation. Without long-term, binding land management 
commitments in this unit, there is no guarantee that the current historically high amount of lynx 
habitat will be maintained by future forest managment practices on private lands. The greatest 
stressors to resident lynx in this unit are habitat loss (as a result of the shift in forest 
management from clearcutting to partial harvesting resulting in lower landscape hare densities), 
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lack of forest planning for lynx, and projected continued climate warming (diminishing snow 
depth, quality and duration; loss of spruce-fir to northern hardwoods; potential increased 
competition from bobcats and fishers; and increased future isolation of lynx in this unit and 
southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 1). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites 
were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) found 
snowshoe hare densities were highest in regenerating forests. Females selected large woody 
debris and dense horizontal cover in lowland conifer cover for denning in northern Minnesota 
(Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns were present 
(Moen and Burdett 2009, p. 5). 
 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
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Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 
current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 



130 
 

appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx. A more 
precise estimate of resident population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
 
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
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involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways.  
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
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Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
 



133 
 

In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
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relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
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availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 

                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
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Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
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to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
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A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
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management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distirubtution, it is very unlikey that this unit and surrounding areas were 
ever (recently or historically) capable of supporting 1,000 resident lynx. As described above, 
habitats capable of supporting resident lynx in this unit are (and aslo were historically) naturally 
patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 
191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; 
Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of resident lynx 
remains uncertain, this unit has a long and continuous history of lynx occurrence and evidence 
of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
structuring among lynx subpopulations in the southern (Garnet Mountains), central (Seeley 
Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction among 
lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires in Lynx 
SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
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female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detecteded 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
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intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
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In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above. The recent apparent absence 
of resident lynx in Garnet Mountains may indicate extirpation of a small resident population and 
a contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
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p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
 
Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 



145 
 

winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
                                                
19 https://inciweb.nwcg.gov/state/27/0/ 
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regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx populations 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
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et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], and steep 
slopes (> 30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the 
Northern Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler 
et al. 2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major 
drivers of disturbance in this unit, but other factors, including wind and tree diseases, also 
contribute to natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North 
Cascades range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual 
snowfall is consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 

https://snowfall.weatherdb.com/d/a/Washington
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perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21). 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. The Diamond Creek wildfire burned another large block of 
lynx habitat in the northern part of this unit in 2017. These burned areas are expected to 
regenerate back into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 
2016, p. 5; Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx 
population in this geographic unit will likely be at increased risk of stochastic demographic, 
genetic, and environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
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habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
 
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
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(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynxhabitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
 
From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
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persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
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WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
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3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place22. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 

                                                
22 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 
increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
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developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
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unprecendentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
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historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
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probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
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development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-523). 

As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
                                                
23 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx to many 
western states and to Canada have been documented. The Southern Rockies are separated 
from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern Wyoming 
and further north, by sagebrush and desert shrub communities in the Wyoming Basin and the 
Red Desert of southern and central Wyoming, and the arid Green and Colorado River plateaus 
of western Colorado and eastern Utah. Because of extreme topographic relief juxtaposed with 
highways, residential communities, and other human developments, lynx biologists have 
identified habitat connectivity as an important consideration for the Southern Rockies (ILBT 
2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit. 
 
Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
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In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
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All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific conservation planning guiding activities on non-Federal lands in this 
geographic unit. 
 
Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Ibid), the estimate of survival within the study area was higher than those reported for 
natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; Slough and Mowat 1996, 
entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories (0.90; Poole 1994, p. 
612). Successful reproduction, including by third- and fourth-generation offspring of translocated 
lynx, has been documented (Shenk 2008, p. 2); however, the average proportion of females that 
produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) and the kitten survival rate 
(0.23; Ivan 2016b, pers. comm.) were both lower in this geographic unit (during the period of 
intensive monitoring from 1999-2010) than rates reported for some other geographic units (table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
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also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
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A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce-fir forests 
could impact lynx habitat for a long time.  
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
 
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
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Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 
the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
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we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
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the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
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Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
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Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
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number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
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well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
climate warming is expected to exert the greatest influence on the resiliency of individual 
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populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape, perhaps more in line with likely historical conditions (Simons-Legaard 
2016, fig. 8, p. 10). High quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort land development, and unmanaged 
conservation lands) may compete with forest management as the primary future land use. 
Conservation easements will limit development pressures in some areas and keep some lands 
as working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not create new lynx habitat or maintain the current historically high amount of high-quality 
habitat. Climate change is expected to affect this unit more than some others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and beyond, snow quantity and quality will likely 
continue to deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
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the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices cleary have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which gives it a higher priority than 
other species for monitoring and management during that time. We also expect that MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
median “most likely” probabilities of persistence generated by lynx experts were high for the 
near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but declined to 35 
percent (with great uncertainty) by 2100. We concur with the expert panel that resident lynx are 
likely to persist in this unit at 2025 and 2050. However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 



175 
 

of elevational refugia, and the potential for increased competition, disease, and insect 
outbreaks), some members of the  SSA Core Team were slightly less optimistic about the long-
term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded that the 
climate-mediated conversion of boreal forest to temperate forest and the loss of favorable snow 
conditions could occur at a rate and extent that would result in a lower likelihood of persistence 
than projected by experts, including the possibility that resident lynx could be extirpated from 
this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
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losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
unit will benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
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warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
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Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in habitat proected by 2032; 
habitat shift to the south edge of current 
range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 
2025: 80 
(60-95) 

 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
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2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Adequacy of immigration from southern 

BC 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shoudl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 



180 
 

breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the grey area 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and grey area 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
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scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would not respond to future budworm 
outbreaks like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the aging of past clearcuts beyond conditions that 
support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likely to reduce the likelihood that 
lynx will persist in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4o C/decade (0.8 o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0o C (3.6 o F; low 
emission) to 2.9o C (5.2 o F; high emission) by mid-century and 3.1o C (5.6 o F; low emissions) to 
5.3o C (9.5 o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5 to 2.8 o C (4.5 to 
5.0o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, increasing threats to high elevation and 
potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are currently at or falling 
below threshold values needed to support lynx in Maine. 
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios and predicted loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, the area capable of supporting resident lynx in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 
15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 
2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 
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Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
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quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
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an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
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et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
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However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
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period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201024), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
                                                
24 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
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likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 12-19) predicted loss snow conditions supportive of lynx but 
persistence of boreal forest in Minnesota by the end of the century, and suggested that the SNF 
could provide a potential refugium for lynx (Ibid., p. 8). Notaro et al. (2015, pp. 1668-1669) 
projected changes in lake effect snowfall using downscaled climate models (Abdus Salam 
International Centre for Theoretical Physics (ICTP) Regional Climate Model version 4 (RegCM4; 
Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for the Great Lakes 
Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show an increase in 
lake effect snow in the eastern Great Lakes until 2050, with a decline later in the century, with 
an overall decline in the amount and duration of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
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(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)25 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now. Although 
uncertainties remain, as elsewhere, about the timing and magnitude of future climate-driven 
impacts, lynx populations in Minnesota are expected to recede northward and decline over the 
next century (Lynx SSA Team 2016a, pp. 37-38). 
                                                
25 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
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Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
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resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, potential for increased competition, disease, and insect outbreaks), some 
Core Team members were less optimistic about the future of lynx in Minnesota than the lynx 
expert panel. Depending on future emissions levels, the likelihood that this unit will continue to 
support resident lynx at the end of the century may be lower than the 35 percent (median most 
likely) estimate based on expert opinion. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Hybridization and competition with bobcat also may 
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increase with diminishing snow conditions because of continued climate warming, and it is 
uncertaint how insect outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is uncertain if lynx would become a 
legally trapped furbearer in Minnesota if the DPS was not listed (although a legal wolf hunt was 
reinstated after that species was delisted in Minnesota, so regulated trapping could also be 
considered for lynx if the DPS was not listed). Seven lynx have been illegally shot and reported 
or otherwise discovered since listing. Illegal shooting and non-reporting would likely increase 
without Federal protection. Education efforts by Federal and State agencies and law 
enforcement agents may have helped to reduce illegal shooting of lynx in this unit. With a 
diminished snow regime, populations of bobcats could increase and expand north and eastward 
into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping and hunting 
activities would likely increase without Federal listing. Similarly, fisher, fox, and coyote 
populations may increase in a diminished snow regime in northern Minnesota and trapping 
would be expected to occur there that could lead to greater incidental take of lynx. We believe 
that despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that could be substantially 
diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, we believe that climate change is a significant stressor to lynx in this unit; 
slightly more so than expressed by most of the experts. Snow depth and duration in the area 
currently supporting resident lynx are projected to decline significantly by the end of the century, 
likely to the detriment of both hare and lynx populations. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in the extreme northeastern corner of the unit. 
The boreal forest in this unit is already being replaced by northern hardwoods because of 
climate warming. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate models portend declining snow conditions under low- and high-emissions 
scenarios. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
mining developments. Although we expect resident lynx to persist in this unit through 2025 and 
2050, we conclude that the stressors described above, individually and cumulatively, could 
diminish lynx habitat and numbers in this unit. If these stressors are not abated, we believe that 
resident lynx in this unit will face a slightly greater risk of extirpation by the end of the century 
than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
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considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
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anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
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2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). There will likely be a lag 
time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see section 3.2), but 
continued warming is projected to convert much of the boreal forest in this unit to temperate 
conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and 
hare populations to persist during this lag and to adjust to future habitat distributions is 
uncertain, but habitat quality, quantity, distribution, and connectivity are expected to decline, 
likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality and 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
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detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
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geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of immigration.  Additionally, as noted above, the lynx 
population in the Purcell Mountains in the northwestern part of this unit was estimated to be 
increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 years 
of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
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Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncerytainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
 
Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
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really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 

 
Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
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LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
 
Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
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affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
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similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currentlyoccur in 
the GYA. 
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Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS delisted in the future, the 
ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
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We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
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Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
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magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
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potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
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After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future that it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing available lynx habitat in the future. 
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Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in the contiguous United States are 
naturally less abundant and more patchily-distributed than in the core of the range (except 
during decadal lows in hare population cycles, when both hares and lynx occur temporarily in 
the north at densities lower than most in the range of the DPS). Maintaining connectivity with 
lynx populations in Canada is thought to be important to the persistence of DPS populations; 
however, whether, and if so to what extent, the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
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• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 

southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
confier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 
19).There is no information to suggest that this unit historically supported a larger 
resident population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
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in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.26 Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 
Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 

                                                
26 https://inciweb.nwcg.gov/state/27/0/ 
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lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47).Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
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lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
has already altered) the timing and magnitude of lynx dispersal from Canada into the contiguous 
United States. If lynx populations in the DPS depend on immigration from Canada which is no 
longer occurring or has been substantially reduced relative to historical conditions, population 
declines and an increased likelihood of extirpation among resident DPS populations would be 
expected. However, whether, and if so to what extent, these climate-mediated factors have 
influenced current lynx numbers, other demographic parameters, and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units. Despite uncertainty regarding its influence over current conditions for lynx, 
climate modeling and expert opinion concur that continued climate warming will adversely 
impact lynx in the DPS at some point in the future (also see Future Conditions and Threats, 
below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
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Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
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loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 

 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
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geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event. We recognize that a sequence of discrete but spatially-
clustered catastrophic events in lynx habitats over a short time could increase the potential for 
functional extirpation in 1 or more of the individual geographic units (especially the possibility of 
additional large wildfires in north-central Washington), thereby reducing redundancy within the 
DPS. However, as long as resident lynx remain geographically well-distributed in 1 or more 
units within the DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
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management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
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settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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From: Munoz, Anna
To: Bush, Jodi
Cc: Shoemaker, Justin; Marjorie Nelson
Subject: Re: Draft Tribal Email
Date: Thursday, October 19, 2017 2:04:28 PM

The other tribal liaisons want to send it out to their tribes themselves, they typically don't want
us reaching out directly to their tribes.  It makes things a little more difficult logistically, but I
sent them the heads up a few weeks ago so both 1 and 8 are aware that this is coming.  In
terms of next steps, if you could send me the email text and the documents you want
transmitted, I will share them with my colleagues in the other regions.  I will ask that they cc:
me on their emails so we have a record of when it was sent out and to who.  Sound like a
plan?  

We only have 2 tribes in CO and both are located along the SW boarder/Four Corners area,
which I'm assuming is outside of the wolverine range?  

Anna

Anna Muñoz
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service, Mountain-Prairie Region
Office: 303-236-4510
Cell: 720-648-2542

On Thu, Oct 19, 2017 at 1:50 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Anna.  The original email was a heads up that we were going to be sending out the SSA. 
Given the coordination workload, I decided to not send out a heads up but we do want to
send the SSA and the following email out to tribes next week.   No letter. 

I would like to get it out next week, Monday or Tuesday, if possible.  I was hoping for
assistance from the other tribal liasons in regards to who to send it to.  I can send it on the
MT folks.  I'm not sure any other States in Region 6 have tribes that it needs to go to. 
 Maybe Colorado? 

We should have the SSA ready to go on Monday.  If we could let the tribal liasons send it
out right after that.  I think it would be fine.  Thanks JB

  

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

mailto:anna_munoz@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:jodi_bush@fws.gov


On Thu, Oct 19, 2017 at 11:37 AM, Munoz, Anna <anna_munoz@fws.gov> wrote:
Where are we in terms of sending out tribal letters?  Should the text below be going out
tomorrow?

Anna

Anna Muñoz
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service, Mountain-Prairie Region
Office: 303-236-4510
Cell: 720-648-2542

On Thu, Oct 5, 2017 at 7:56 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Anna,

We're getting ready to give our State and Federal partners a heads up email that the draft
SSA report will be coming their way on Oct 20, and that they will have 30 days to
review.  Do you think we should do the same for our Tribal partners (R1, R6, R8).  

When we are ready to share the SSA report, can that go to Tribes via email, or should
we send a letter?  I'm concerned that a letter might not be fast enough given our
timeline. We need reviews/comments on the SSA report back by Nov. 22. 

Jodi has provided some language below we could use. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Wed, Oct 4, 2017 at 5:18 PM
Subject: Draft Tribal Email
To: Justin Shoemaker <justin_shoemaker@fws.gov>
Cc: Betty Grizzle <betty_grizzle@fws.gov>

Justin.  Below is a stab at a Tribal transmittal email for the Draft
Wolverine SSA Report.  (I stole it from work Jim did for Lynx).  After you talk to the
Tribal folks, perhaps we can share this or some version of it with prior to sending out the
SSA.  We will need the Regional Liaisons to send the email and the Draft SSA Report to
their Tribal partners in Regions 1, 2, and 6, so hopefully we can get this all lined up in
the next week or two.  JB

____________________________________

Dear Tribal Partners:

Attached please find the U.S. Fish and Wildlife Service's DRAFT Species Status Assessment (SSA) for the
Wolverine - Contiguous United States Distinct Population Segment (DPS).  The SSA is intended to provide the
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biological and scientific underpinnings for all decisions the Service must make in accordance with the Endangered
Species Act (Act). The draft report will undergo concurrent peer review and review by State Fish and Wildlife
Agencies and by Federal land management agencies (BLM, NPS, and USFS) within the DPS range.  

The Service jointly respects and values the significant role of Indian Tribes in past and ongoing species conservation. 
We also respect the sovereignty of Tribal governments and our collective Trust responsibility to Tribes.  Continuing
this effective relationship with interested Tribes and others is essential to achieving conservation of species including
wolverine.  Therefore, we are providing this draft for review by members of your organization with expert knowledge
of the species and its habitat.  That review will help us ensure that we have appropriately considered the best scientific
and commercial information when evaluating the current status and future viability of the wolverine DPS.

We request your organization's independent scientific perspectives on the comprehensiveness and logic of the
document, as well as how well the technical conclusions are supported by the data and analyses.  We ask that your
comments on the draft SSA report focus specifically on whether the best available information was used, the quality
of the scientific information, and our interpretation and analyses of the data with regard to the species’ viability in the
contiguous United States.  We request that you direct your review to the scientific issues and assumptions related to
your expertise.

We welcome consolidated comments from your organization by November 20?, 2017. Please send comments by that
date to betty_grizzle@fws.gov. Thank you for your interest and assistance.

This document is not intended to solicit public comment and will be revised after this scientific review. This
document does not predetermine any future agency decision under the Endangered Species Act.

General Information about SSAs:

The Species Status Assessment framework is a new tool the U.S. Fish and Wildlife Service is using to improve
transparency while conducting listing determinations and other actions in accordance with the Act, and peer review
of our analyses of the viability of species is part of that new process.  The attached draft SSA report is a rough draft;
we are seeking comments at this stage to ensure that we have time to incorporate any substantial comments as we
finalize the report.
 
In reviewing the document, please note that this draft SSA report does not result in or predetermine a decision by the
Service on whether the Canada lynx warrants protections of the Act.  This document is strictly a characterization of
the species’ viability in the contiguous United States.  As a reminder, all reviews and comments submitted to the
Service will become public documents and part of our administrative record for this document.

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

mailto:betty_grizzle@fws.gov


From: Bush, Jodi
To: Munoz, Anna
Cc: Shoemaker, Justin; Marjorie Nelson
Subject: Re: Draft Tribal Email
Date: Thursday, October 19, 2017 3:47:01 PM

Yes, that sounds good.  On Monday, I will send you the email and attachment and we can go
from there. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Thu, Oct 19, 2017 at 2:03 PM, Munoz, Anna <anna_munoz@fws.gov> wrote:
The other tribal liaisons want to send it out to their tribes themselves, they typically don't
want us reaching out directly to their tribes.  It makes things a little more difficult
logistically, but I sent them the heads up a few weeks ago so both 1 and 8 are aware that this
is coming.  In terms of next steps, if you could send me the email text and the documents
you want transmitted, I will share them with my colleagues in the other regions.  I will ask
that they cc: me on their emails so we have a record of when it was sent out and to who. 
Sound like a plan?  

We only have 2 tribes in CO and both are located along the SW boarder/Four Corners area,
which I'm assuming is outside of the wolverine range?  

Anna

Anna Muñoz
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service, Mountain-Prairie Region
Office: 303-236-4510
Cell: 720-648-2542

On Thu, Oct 19, 2017 at 1:50 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Anna.  The original email was a heads up that we were going to be sending out the SSA. 
Given the coordination workload, I decided to not send out a heads up but we do want to
send the SSA and the following email out to tribes next week.   No letter. 

I would like to get it out next week, Monday or Tuesday, if possible.  I was hoping for
assistance from the other tribal liasons in regards to who to send it to.  I can send it on the
MT folks.  I'm not sure any other States in Region 6 have tribes that it needs to go to. 
 Maybe Colorado? 

We should have the SSA ready to go on Monday.  If we could let the tribal liasons send it
out right after that.  I think it would be fine.  Thanks JB
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Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Thu, Oct 19, 2017 at 11:37 AM, Munoz, Anna <anna_munoz@fws.gov> wrote:
Where are we in terms of sending out tribal letters?  Should the text below be going out
tomorrow?

Anna

Anna Muñoz
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service, Mountain-Prairie Region
Office: 303-236-4510
Cell: 720-648-2542

On Thu, Oct 5, 2017 at 7:56 AM, Shoemaker, Justin <justin_shoemaker@fws.gov>
wrote:

Anna,

We're getting ready to give our State and Federal partners a heads up email that the
draft SSA report will be coming their way on Oct 20, and that they will have 30 days
to review.  Do you think we should do the same for our Tribal partners (R1, R6, R8).  

When we are ready to share the SSA report, can that go to Tribes via email, or should
we send a letter?  I'm concerned that a letter might not be fast enough given our
timeline. We need reviews/comments on the SSA report back by Nov. 22. 

Jodi has provided some language below we could use. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Wed, Oct 4, 2017 at 5:18 PM
Subject: Draft Tribal Email
To: Justin Shoemaker <justin_shoemaker@fws.gov>
Cc: Betty Grizzle <betty_grizzle@fws.gov>
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Justin.  Below is a stab at a Tribal transmittal email for the Draft
Wolverine SSA Report.  (I stole it from work Jim did for Lynx).  After you talk to the
Tribal folks, perhaps we can share this or some version of it with prior to sending out
the SSA.  We will need the Regional Liaisons to send the email and the
Draft SSA Report to their Tribal partners in Regions 1, 2, and 6, so hopefully we can
get this all lined up in the next week or two.  JB

____________________________________

Dear Tribal Partners:

Attached please find the U.S. Fish and Wildlife Service's DRAFT Species Status Assessment (SSA) for the
Wolverine - Contiguous United States Distinct Population Segment (DPS).  The SSA is intended to provide the
biological and scientific underpinnings for all decisions the Service must make in accordance with the Endangered
Species Act (Act). The draft report will undergo concurrent peer review and review by State Fish and Wildlife
Agencies and by Federal land management agencies (BLM, NPS, and USFS) within the DPS range.  

The Service jointly respects and values the significant role of Indian Tribes in past and ongoing
species conservation.  We also respect the sovereignty of Tribal governments and our collective Trust
responsibility to Tribes.  Continuing this effective relationship with interested Tribes and others is essential to
achieving conservation of species including wolverine.  Therefore, we are providing this draft for review by
members of your organization with expert knowledge of the species and its habitat.  That review will help us
ensure that we have appropriately considered the best scientific and commercial information when evaluating the
current status and future viability of the wolverine DPS.

We request your organization's independent scientific perspectives on the comprehensiveness and logic of the
document, as well as how well the technical conclusions are supported by the data and analyses.  We ask that your
comments on the draft SSA report focus specifically on whether the best available information was used, the
quality of the scientific information, and our interpretation and analyses of the data with regard to the species’
viability in the contiguous United States.  We request that you direct your review to the scientific issues and
assumptions related to your expertise.

We welcome consolidated comments from your organization by November 20?, 2017. Please send comments by
that date to betty_grizzle@fws.gov. Thank you for your interest and assistance.

This document is not intended to solicit public comment and will be revised after this scientific review. This
document does not predetermine any future agency decision under the Endangered Species Act.

General Information about SSAs:

The Species Status Assessment framework is a new tool the U.S. Fish and Wildlife Service is using to improve
transparency while conducting listing determinations and other actions in accordance with the Act, and peer
review of our analyses of the viability of species is part of that new process.  The attached draft SSA report is a
rough draft; we are seeking comments at this stage to ensure that we have time to incorporate any substantial
comments as we finalize the report.
 
In reviewing the document, please note that this draft SSA report does not result in or predetermine a decision by
the Service on whether the Canada lynx warrants protections of the Act.  This document is strictly a
characterization of the species’ viability in the contiguous United States.  As a reminder, all reviews and comments
submitted to the Service will become public documents and part of our administrative record for this document.

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
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Helena, MT  59601
(406) 449-5225, ext.205
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Conversation Contents
Lynx

Robert Segin <robert_segin@fws.gov>

From: Robert Segin <robert_segin@fws.gov>
Sent: Tue Oct 24 2017 12:47:40 GMT-0600 (MDT)

To:
Meagan Racey <meagan_racey@fws.gov>, Georgia Parham
<georgia_parham@fws.gov>, Sarah Levy <sarah_levy@fws.gov>,
Charles Traxler <charles_traxler@fws.gov>

CC: Roya Mogadam <roya_mogadam@fws.gov>
Subject: Lynx

Good Afternoon,
 
We are finalizing the Canada Lynx Outreach.  I am hoping you all have a few minutes tomorrow to have
a very brief call to discuss the changes and timeline?
 
Maybe 1:00 MTN time?
 

Also, can you please send me your CODEL lists so I can put them in the Comms plan.
 
Thank You
 
 
 
Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
303-236-4578 Desk
720-355-5042- Cell
 

"Parham, Georgia" <georgia_parham@fws.gov>

From: "Parham, Georgia" <georgia_parham@fws.gov>
Sent: Tue Oct 24 2017 12:50:28 GMT-0600 (MDT)
To: Robert Segin <robert_segin@fws.gov>

CC:
Meagan Racey <meagan_racey@fws.gov>, Sarah Levy
<sarah_levy@fws.gov>, Charles Traxler
<charles_traxler@fws.gov>, Roya Mogadam
<roya_mogadam@fws.gov>

Subject: Re: Lynx

Hi Steve,



I can be on at 1 MT. Checking with our Congressional liaison for contact list.

Thanks,
Georgia

Georgia Parham
U.S. Fish and Wildlife Service
Midwest Region External Affairs
620 South Walker Street
Bloomington, IN 47403
812-334-4261 x 203
Cell: 812-593-8501

<<^._.^>>   <<^._.^>>  <<^._.^>> 

On Tue, Oct 24, 2017 at 2:47 PM, Robert Segin <robert_segin@fws.gov> wrote:
Good Afternoon,
 
We are finalizing the Canada Lynx Outreach.  I am hoping you all have a few minutes tomorrow to
have a very brief call to discuss the changes and timeline?
 
Maybe 1:00 MTN time?
 

Also, can you please send me your CODEL lists so I can put them in the Comms plan.
 
Thank You
 
 
 
Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
303-236-4578 Desk
720-355-5042- Cell
 

Robert Segin <robert_segin@fws.gov>

From: Robert Segin <robert_segin@fws.gov>
Sent: Tue Oct 24 2017 13:04:10 GMT-0600 (MDT)
To: Georgia Parham <georgia_parham@fws.gov>

CC:
Meagan Racey <meagan_racey@fws.gov>, Sarah Levy
<sarah_levy@fws.gov>, Charles Traxler
<charles_traxler@fws.gov>, Roya Mogadam
<roya_mogadam@fws.gov>

Subject: RE: Lynx

Great….thanks.
 
From: Parham, Georgia [mailto:georgia_parham@fws.gov] 
Sent: Tuesday, October 24, 2017 12:50 PM
To: Robert Segin
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Cc: Meagan Racey; Sarah Levy; Charles Traxler; Roya Mogadam
Subject: Re: Lynx
 
Hi Steve,
I can be on at 1 MT. Checking with our Congressional liaison for contact list.
 
Thanks,
Georgia

Georgia Parham
U.S. Fish and Wildlife Service
Midwest Region External Affairs
620 South Walker Street
Bloomington, IN 47403
812-334-4261 x 203
Cell: 812-593-8501
 
<<^._.^>>   <<^._.^>>  <<^._.^>> 
 
On Tue, Oct 24, 2017 at 2:47 PM, Robert Segin <robert_segin@fws.gov> wrote:
Good Afternoon,
 
We are finalizing the Canada Lynx Outreach.  I am hoping you all have a few minutes tomorrow to have
a very brief call to discuss the changes and timeline?
 
Maybe 1:00 MTN time?
 

Also, can you please send me your CODEL lists so I can put them in the Comms plan.
 
Thank You
 
 
 
Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
303-236-4578 Desk
720-355-5042- Cell
 
 

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Tue Oct 24 2017 14:21:17 GMT-0600 (MDT)
To: Robert Segin <robert_segin@fws.gov>
Subject: Re: Lynx

Will do Steve, thanks!

On Tue, Oct 24, 2017 at 2:47 PM, Robert Segin <robert_segin@fws.gov> wrote:
Good Afternoon,
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We are finalizing the Canada Lynx Outreach.  I am hoping you all have a few minutes tomorrow to
have a very brief call to discuss the changes and timeline?
 
Maybe 1:00 MTN time?
 

Also, can you please send me your CODEL lists so I can put them in the Comms plan.
 
Thank You
 
 
 
Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
303-236-4578 Desk
720-355-5042- Cell
 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Wed Oct 25 2017 12:45:56 GMT-0600 (MDT)
To: Christine Eustis <christine_eustis@fws.gov>
Subject: Fwd: Lynx

Hey Christine! Welcome back! Would you be able to help with this? I assume we'd want to focus
on Maine but include NH and VT which have started to see lynx as a result of expanding
populations.
---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Tue, Oct 24, 2017 at 2:47 PM
Subject: Lynx
To: Meagan Racey <meagan_racey@fws.gov>, Georgia Parham <georgia_parham@fws.gov>,
Sarah Levy <sarah_levy@fws.gov>, Charles Traxler <charles_traxler@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

Good Afternoon,
 
We are finalizing the Canada Lynx Outreach.  I am hoping you all have a few minutes tomorrow to have
a very brief call to discuss the changes and timeline?
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mailto:robert_segin@fws.gov
mailto:meagan_racey@fws.gov
mailto:georgia_parham@fws.gov
mailto:sarah_levy@fws.gov
mailto:charles_traxler@fws.gov
mailto:roya_mogadam@fws.gov


 
Maybe 1:00 MTN time?
 

Also, can you please send me your CODEL lists so I can put them in the Comms plan.
 
Thank You
 
 
 
Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
303-236-4578 Desk
720-355-5042- Cell
 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Wed Oct 25 2017 12:47:53 GMT-0600 (MDT)

To: "Hastie, Kyla" <kyla_hastie@fws.gov>, Terri Edwards
<terri_edwards@fws.gov>

Subject: Fwd: Lynx

FYI
---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Tue, Oct 24, 2017 at 2:47 PM
Subject: Lynx
To: Meagan Racey <meagan_racey@fws.gov>, Georgia Parham <georgia_parham@fws.gov>,
Sarah Levy <sarah_levy@fws.gov>, Charles Traxler <charles_traxler@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

Good Afternoon,
 
We are finalizing the Canada Lynx Outreach.  I am hoping you all have a few minutes tomorrow to have
a very brief call to discuss the changes and timeline?
 
Maybe 1:00 MTN time?
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Also, can you please send me your CODEL lists so I can put them in the Comms plan.
 
Thank You
 
 
 
Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
303-236-4578 Desk
720-355-5042- Cell
 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Eustis, Christine" <christine_eustis@fws.gov>

From: "Eustis, Christine" <christine_eustis@fws.gov>
Sent: Wed Oct 25 2017 12:50:46 GMT-0600 (MDT)
To: "Racey, Meagan" <meagan_racey@fws.gov>
Subject: Re: Lynx

Thanks - sure.  I can send Steve our Congressional contacts.
Is it Northern NH only?

On Wed, Oct 25, 2017 at 2:45 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hey Christine! Welcome back! Would you be able to help with this? I assume we'd want to
focus on Maine but include NH and VT which have started to see lynx as a result of
expanding populations.
---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Tue, Oct 24, 2017 at 2:47 PM
Subject: Lynx
To: Meagan Racey <meagan_racey@fws.gov>, Georgia Parham
<georgia_parham@fws.gov>, Sarah Levy <sarah_levy@fws.gov>, Charles Traxler
<charles_traxler@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

Good Afternoon,
 
We are finalizing the Canada Lynx Outreach.  I am hoping you all have a few minutes tomorrow to
have a very brief call to discuss the changes and timeline?
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Maybe 1:00 MTN time?
 

Also, can you please send me your CODEL lists so I can put them in the Comms plan.
 
Thank You
 
 
 
Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
303-236-4578 Desk
720-355-5042- Cell
 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Christine Eustis
External Affairs, Northeast Region
U.S. Fish and Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: 413) 253-8321
christine_eustis@fws.gov

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Wed Oct 25 2017 12:52:05 GMT-0600 (MDT)
To: "Eustis, Christine" <christine_eustis@fws.gov>
Subject: Re: Lynx

yes, thanks!

On Wed, Oct 25, 2017 at 2:50 PM, Eustis, Christine <christine_eustis@fws.gov> wrote:
Thanks - sure.  I can send Steve our Congressional contacts.
Is it Northern NH only?

http://usfwsnortheast.wordpress.com/
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On Wed, Oct 25, 2017 at 2:45 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hey Christine! Welcome back! Would you be able to help with this? I assume we'd want to
focus on Maine but include NH and VT which have started to see lynx as a result of
expanding populations.
---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Tue, Oct 24, 2017 at 2:47 PM
Subject: Lynx
To: Meagan Racey <meagan_racey@fws.gov>, Georgia Parham
<georgia_parham@fws.gov>, Sarah Levy <sarah_levy@fws.gov>, Charles Traxler
<charles_traxler@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

Good Afternoon,
 
We are finalizing the Canada Lynx Outreach.  I am hoping you all have a few minutes tomorrow to
have a very brief call to discuss the changes and timeline?
 
Maybe 1:00 MTN time?
 

Also, can you please send me your CODEL lists so I can put them in the Comms plan.
 
Thank You
 
 
 
Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
303-236-4578 Desk
720-355-5042- Cell
 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Christine Eustis
External Affairs, Northeast Region
U.S. Fish and Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: 413) 253-8321
christine_eustis@fws.gov
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-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Eustis, Christine" <christine_eustis@fws.gov>

From: "Eustis, Christine" <christine_eustis@fws.gov>
Sent: Wed Oct 25 2017 14:47:56 GMT-0600 (MDT)
To: "Racey, Meagan" <meagan_racey@fws.gov>
Subject: Re: Lynx

You can pass long to Steve - 
for lynx - we'll schedule a call to talk with state/district staff for the following members:
Senator Susan Collins (ME)
Senator Angus King (ME)
Cong. Chellie Pingree (ME)
Cong. Bruce Poloquin (ME)
Senator Patrick Leahy (VT)
Senator Bernie Sanders (VT)
Cong. Peter Welch (VT)
Senator Jeanne Shaheen (NH)
Senator Maggie Hassan (NH)
Cong. Ann McLean Kuster (NH)

On Wed, Oct 25, 2017 at 2:45 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hey Christine! Welcome back! Would you be able to help with this? I assume we'd want to
focus on Maine but include NH and VT which have started to see lynx as a result of
expanding populations.
---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Tue, Oct 24, 2017 at 2:47 PM
Subject: Lynx
To: Meagan Racey <meagan_racey@fws.gov>, Georgia Parham
<georgia_parham@fws.gov>, Sarah Levy <sarah_levy@fws.gov>, Charles Traxler
<charles_traxler@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

Good Afternoon,
 
We are finalizing the Canada Lynx Outreach.  I am hoping you all have a few minutes tomorrow to
have a very brief call to discuss the changes and timeline?
 
Maybe 1:00 MTN time?

http://usfwsnortheast.wordpress.com/
mailto:meagan_racey@fws.gov
mailto:robert_segin@fws.gov
mailto:meagan_racey@fws.gov
mailto:georgia_parham@fws.gov
mailto:sarah_levy@fws.gov
mailto:charles_traxler@fws.gov
mailto:roya_mogadam@fws.gov


 

Also, can you please send me your CODEL lists so I can put them in the Comms plan.
 
Thank You
 
 
 
Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
303-236-4578 Desk
720-355-5042- Cell
 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Christine Eustis
External Affairs, Northeast Region
U.S. Fish and Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: 413) 253-8321
christine_eustis@fws.gov

http://usfwsnortheast.wordpress.com/
mailto:christine_eustis@fws.gov


From: Mogadam, Roya
To: Robert Segin
Subject: Fwd: Lynx
Date: Tuesday, October 24, 2017 2:54:45 PM

Shoot, forgot to add Garrett Peterson as a congressional lead for R3
---------- Forwarded message ----------
From: Parham, Georgia <georgia_parham@fws.gov>
Date: Tue, Oct 24, 2017 at 12:50 PM
Subject: Re: Lynx
To: Robert Segin <robert_segin@fws.gov>
Cc: Meagan Racey <meagan_racey@fws.gov>, Sarah Levy <sarah_levy@fws.gov>, Charles
Traxler <charles_traxler@fws.gov>, Roya Mogadam <roya_mogadam@fws.gov>

Hi Steve,
I can be on at 1 MT. Checking with our Congressional liaison for contact list.

Thanks,
Georgia

Georgia Parham
U.S. Fish and Wildlife Service
Midwest Region External Affairs
620 South Walker Street
Bloomington, IN 47403
812-334-4261 x 203
Cell: 812-593-8501

<<^._.^>>   <<^._.^>>  <<^._.^>> 

On Tue, Oct 24, 2017 at 2:47 PM, Robert Segin <robert_segin@fws.gov> wrote:

Good Afternoon,

 

We are finalizing the Canada Lynx Outreach.  I am hoping you all have a few minutes
tomorrow to have a very brief call to discuss the changes and timeline?

 

Maybe 1:00 MTN time?

 

Also, can you please send me your CODEL lists so I can put them in the Comms plan.

 

mailto:roya_mogadam@fws.gov
mailto:robert_segin@fws.gov
mailto:georgia_parham@fws.gov
mailto:robert_segin@fws.gov
mailto:meagan_racey@fws.gov
mailto:sarah_levy@fws.gov
mailto:charles_traxler@fws.gov
mailto:roya_mogadam@fws.gov
https://maps.google.com/?q=620+South+Walker+StreetBloomington,+IN+47403+812&entry=gmail&source=g
https://maps.google.com/?q=620+South+Walker+StreetBloomington,+IN+47403+812&entry=gmail&source=g
https://maps.google.com/?q=620+South+Walker+StreetBloomington,+IN+47403+812&entry=gmail&source=g
mailto:robert_segin@fws.gov


Thank You

 

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

mailto:Roya_Mogadam@fws.gov
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The Canada lynx is a North American boreal forest carnivore whose populations are strongly 
tied to its primary prey, the snowshoe hare (Lepus americanus). Both species occur primarily in 
the extensive boreal spruce-fir forests of Canada and Alaskan; however, the southern margins 
of both their ranges extend into the northern contiguous United States. The Service designated 
lynx in the Lower 48 States as a DPS because of differences in the management of lynx and 
lynx habitats across the international boundary with Canada and because of the climatic, 
vegetative, and ecological differences between lynx habitat at the southern extent of its range in 
the contiguous United States compared to the northern range in Canada and Alaska. The 
Service listed the DPS as threatened under the Endangered Species Act (ESA) in 2000 
because of the inadequacy, at that time, of regulatory mechanisms on some Federal lands to 
provide for the conservation of lynx habitats and populations (see section 3.1.1). This SSA does 
not reconsider the designation of the DPS or its listing status under the ESA, which are Service 
policy decisions. Instead, it provides the scientific basis for the statutorily required 5-year status 
review for the DPS and other decisions the Service is required to make in accordance with the 
ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
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lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are, in most 
places, naturally less abundant and generally more patchily-distributed than in the core of the 
species’ range in Canada and Alaska. Maintaining connectivity between the DPS and lynx 
populations in Canada is thought to be important. However, the extent to which DPS 
populations may depend on immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in projections, particularly beyond mid-
century. The output from this expert elicitation process (summarized below and presented in 
detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline largely as a result of 
projected continued climate warming and associated impacts, which are likely to exacerbate the 
potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue, although we do not anticipate that such events alone 
would cause the permanent loss of breeding lynx populations in any geographic unit. We are 
aware of no management actions that could be expected to abate the projected long-term 
retreat of boreal forests, declining hare populations, and diminished snow conditions expected 
under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically and many more than was known or suspected at the time the DPS was 
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listed, and recent information suggests that resident lynx may be expanding to the south of the 
core population area. This is due to the large amount and broad distribution of high-quality lynx 
and hare habitat that currently exists as a result of landscape-level clearcutting on private 
commercial timber lands in response to a major spruce budworm (Choristoneura fumiferana) 
outbreak in the 1970s and 1980s. These dense regenerating conifer stands are much more 
extensive than they are thought to have been historically under natural disturbance regimes. 
The State of Maine suggests that this unit currently may support 750-1,000 or more resident 
lynx. However, the extent of these high-quality stands probably peaked by 2005, and habitat 
quality is projected to decline in these stands over the next few decades as they age beyond 35-
40 years post-harvest. Because a shift in forest management from clearcutting to partial 
harvesting that began in 1989 appears unlikely to maintain or recreate this extensive high-
quality habitat, we expect lynx habitat and numbers to decline in this unit over the next several 
decades, perhaps to levels more consistent with likely historical conditions. We concur with the 
expert panel that the resident lynx population in this unit is very likely to persist at 2025 and at 
2050. Over the longer-term (at 2100), we expect continued climate warming to reduce the 
amount and quality of lynx habitat in this unit and exacerbate other potential stressors 
(commercial and energy developments, changing forestry practices and land ownership 
patterns, etc.), further reducing lynx numbers and likely decreasing the population’s resilience. 
Some climate models indicate substantial loss of boreal forest and favorable snow conditions 
under higher emissions scenarios, and this unit generally lacks potential elevational refugia that 
would support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be somewhat 
lower than expert projections, although the timing and extent of climate-mediated habitat decline 
is highly uncertain. This geographic unit also may be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington, perhaps substantially more 
after additional fires in 2017. Because of this, the number of resident lynx in this unit is likely 
lower than it was historically and when the DPS was listed. Based on estimates of lynx carrying 
capacity, this unit may have been capable of supporting roughly 50-60 resident lynx prior to 
large fires beginning in the early 1990s. Recent habitat evaluations suggest it currently may be 
capable of supporting only about 30-35 lynx, with the decline due to fire-driven habitat losses. 
Although these losses are expected to be temporary, additional fires in this unit before 
previously burned areas recover (10-40 years post-burn) would further reduce lynx numbers 
and make this geographic unit more vulnerable to extirpation. Because of these habitat impacts, 
limited demographic information, and remaining uncertainties (e.g., immigration/emigration 
rates, changes in snowpack, disease, lynx population status and impacts of trapping in southern 
British Columbia, and habitat corridor stability between British Columbia and this unit), the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Nonetheless, we concur with the expert panel that the resident lynx population in this unit is very 
likely to persist at years 2025 and 2050. Over the longer-term (2100), we expect continued 
climate warming to reduce the amount and quality of lynx habitat in this unit, further reducing 
lynx numbers and likely decreasing the population’s resilience. Therefore, we concur with 
experts that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
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Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
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supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
We expect lynx populations in each geographic unit to become smaller and more patchily-
distributed due largely to projected climate-driven losses in habitat quality and quantity and 
related factors. However, the timing, rate, and extent of habitat decline due to projected climate 
warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should extirpations occur, this 
would indicate a loss of resiliency, reduced redundancy and representation, and an increased 
risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated Canada lynx in the contiguous United States as a DPS because of 
differences in the management of lynx and lynx habitats across the international boundary with 
Canada and because of the climatic, vegetative, and ecological differences in lynx habitat 
compared to the northern parts of the species’ range in Canada and Alaska (62 FR 28654-
28655). The Service listed the DPS as threatened under the ESA in 2000 because of the 
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to provide 
for the conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is 
recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We 
completed this SSA (version 1.0) to summarize the best available scientific information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions. It 
is generally restricted to areas that receive deep and persistent unconsolidated (“fluffy”) snow, 
which is thought to allow lynx, with their proportionately longer limbs and very large feet, to 
outcompete other terrestrial hare predators that are less efficient in such conditions (McCord 
and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-
94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; 
Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 
25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to these geographic units are known or suspected to 
intermittently support resident lynx and occasional reproduction. Uncertainty remains as to 
whether resident lynx populations occurred historically in other areas not encompassed by the 
geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164 100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                 
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                 
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 



18 
 

 
Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that the statuses of lynx populations in individual SSA geographic units are 
largely independent of those in the other geographic units. This is clearly true for Units 1 and 
2, and it is probably true of the western geographic units (3 – 6), despite likely historical 
north-to-south connectivity and dispersal from or through Unit 3 to Unit 5 and possibly Unit 
6, and recent evidence of south-to-north connectivity and dispersal from Unit 6 to and 
through Units 5 and 3. We are aware of no evidence of east-west connectivity or dispersal 
between Units 3 and 4. 
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● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
 

● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate warming and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate coniferous or deciduous) forests, non-snow-domintated climates, or to 
persist on alternate prey species where hare densities are or become inadequate. 
Therefore, we assume lynx populations in the DPS are vulnerable (sensitive, exposed, and 
with little capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 
5) to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 
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For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
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1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
                                                 
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
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northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
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litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
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winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90; Ivan et al. 2014, entire). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
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Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
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adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
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mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
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Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in northern and eastern Canada (McKelvey et al. 
2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
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c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, traps, vehicles, etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
At the southern periphery of the lynx’s range (southern Canada and the contiguous United 
States), hare population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; 
Hodges et al. 2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; 
Hodges in Lynx SSA Team 2016a, pp. 16-17), hare densities are typically on the lower end of 
densities reported for northern populations, and lynx abundances and  demographic rates in the 
south are typically like those of northern lynx populations during hare lows (Koehler and Aubry 
1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern 
populations the likelihood is probably relatively low that an individual lynx will have its ecological 
requirements met sufficiently to replace itself in the breeding population. Also in the south, there 
are more diverse assemblages of potential competitors and predators, more natural patchiness 
and anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
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nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provide for dependent kittens 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
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185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Although specific snow 
requirements for lynx (amount/depth, quality, persistence) have not been quantified throughout 
the DPS range, historical lynx occurrence records in the contiguous United States were 
correlated with areas that received at least 4 months (December through March) of continuous 
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snow coverage (Gonzalez et al. 2007, p. 7). Where snow conditions do not consistently favor 
lynx, increased potential for predation and competition would be expected (Peers et al. 2013, p. 
8). Finally, individual lynx are more likely to survive, breed, and replace themselves in the 
breeding population if they occupy home ranges where trapping is prohibited or trapping 
pressure is low (Slough and Mowat 1996, entire), high-speed/high-volume roadways are absent 
(ILBT 2013, pp. 77-78), and other potential anthropogenic causes of lynx mortality are absent or 
minimal. 
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
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study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
For a lynx population in the core of the species’ range in the southern Yukon, Slough and 
Mowat (1996, p. 952, table 4) calculated population growth rate (lambda, λ) = 2.03 (annual 
doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx population. This 
period of rapid growth was followed by a rate of λ = 1.01 (stable) during the first year of a hare 
decline, and λ = 0.10 and λ = 0.46 (rapid decline) during the first 2 years of the lynx population 
decline when hares were scarce. However, the natural range in λ that would be expected 
among peripheral, isolated, or semi-isolated lynx populations where hares are non-cyclic or 
weakly-cyclic (i.e., in DPS and some southern Canadian populations), versus those that would 
signal long-term population decline or instability is unknown. Despite this, and the limitations 
noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) calculated population 
growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area (i.e., declining 
population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains (increasing trend, 
2003-2007). Likewise, MDIFW in 2012 calculated an intrinsic rate of growth of 0.05 (λ = 1.05) 
for Maine’s lynx population based on demographic data from a radiotelemetry study collected 
over a 12-year period (Vashon et al. 2012, Appendix VI). Neither the Montana nor Maine 
estimates incorporated rates of immigration/emigration (i.e., both assumed immigration and 
emigration rates of zero, which is very unlikely and contradicted by historical and recent 
evidence of lynx dispersal in both directions across the Canada-Unites States border across the 
DPS range). Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 
female/year on average for a theoretical population of 100 lynx) could provide population 
stability or even growth, suggesting that the Seeley Lake population and perhaps other DPS 
populations are probably being bolstered by low levels of immigration, which may go 
undetected. Other efforts to model lynx population dynamics in the DPS range include those of 
Lyons et al. (2016, entire), who developed spatially-explicit, individual-based population models 
to estimate reductions in potential lynx carrying capacity in Washington associated with recent 
large wildfires, and Licht et al. (2017, in press, entire), who conducted a PVA of a potential lynx 
reintroduction to Isle Royale in Lake Superior, about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
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demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
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abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
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conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarilyinto areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
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either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat. The 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, McKelvey et al. 
(2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 
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2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because it is a habitat and prey specialist, lynx densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist. 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449) because they are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors and predators (Buskirk et al. 2000a, p. 90; Krohn 
et al. 2005, p. 123; also see section 2.2 above), although behavioral adaptations may offset 
morphological differences to some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
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Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a detailed, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
 
In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
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whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontarior than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire)indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
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the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
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and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecendentedly large irruptions of lynx from Canada into 
the northern contiguous United States, when dispersing/transient lynx occurred temporarily in 
many places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoning Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
                                                 
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 
In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
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New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
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detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Based on habitat distribution and lynx home range data, the 
MDIFW estimated that this geographic unit may have supported roughly 250-320 adult lynx in 
1995 and 750-1,000+ by 2003-06 (Vashon et al. 2012, p. 58; Vashon in Lynx SSA Team 2016a, 
p. 18]), and recent information suggests that resident lynx may be expanding to the south of the 
core population area (Vashon 2017, pers. comm.). The current lynx population in Maine is 
supported by the broad distribution of high-quality hare habitat that resulted from extensive, 
large-scale clearcutting in the 1970s and 1980s in response to a massive spruce budworm 
(Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 4.2.1). As 
these regenerating clearcuts, which currently provide the dense horizontal structure preferred by 
hares, mature beyond about 35-40 years post-harvest, hare densities are expected to decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16). The current lynx population in Maine is probably 
substantially larger than typically occurred historically under the natural disturbance regime, 
when relatively small amounts of the spruce-fir forests in the state are thought to have been 
composed of the dense young stands that provode optimal hare (and, therefore, lynx foraging) 
habitat (Lorimer 1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With 
the reduction in clearcutting and the proliferation of partial harvesting following enactment of the 
Maine Forest Practices Act of 1989, lynx densities in Maine are projected to decline by 55 to 65 
percent by 2032 (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16), 
perhaps to levels more consistent with likely historical conditions. Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). Whether lynx persistence in Maine relies on immigration from 
Canada, and if so to what extent, is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
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Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
trapping harvest data suggest declining immigration after the mid-1980s (McKelvey et al. 2000a, 
p. 225; Squires in Lynx SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent 
evidence of reproduction have been documented in the Montana portion of the GYA where, as 
with the northwestern Wyoming part of the GYA (discussed above), uncertainty about whether 
this area consistently or only intermittently supported resident lynx historically makes it difficult 
to interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As 
elsewhere in the West, recent research and habitat assessments suggest that habitats capable 
of supporting resident lynx in Montana are, and historically were, naturally patchier and less-
broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx 
therefore naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016a, p. 12). 
 
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
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Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
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management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
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ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
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completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
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concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2104, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
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units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
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hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units that encompass USFS and BLM lands, are 
currently managed in accordance with the specific conservation measures and considerations 
identified in the LCAS and implemented via the CAs or formally revised and amended 
management plans described above. These agreements and revised/amended plans constitute 
the regulatory framework and specific regulatory mechanisms adopted to conserve lynx habitats 
and populations on USFS and BLM lands that support or are potentially capable of supporting 
them. They represent the agencies’ efforts, in collaboration with the Service, to address and 
ameliorate the singular threat for which the lynx DPS was listed under the ESA. Although formal 
effectiveness monitoring has not been completed, it is clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous United States. Overall, Federal lands managed by the USFS, BLM, and 
NPS constitute nearly 64 percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, 
and all but a tiny fraction of these lands are actively managed for lynx conservation. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
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central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
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specifation of trap sizes and sets that may be used to legally harvest other furbearers and that 
are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
                                                 
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html


60 
 

lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). The MNDNR 
also distributed to trappers the interagency brochure How to Avoid Incidental Take of Lynx while 
Trapping or Hunting Bobcats and other Furbearers.In response to a Federal court order, MDNR 
developed an incidental take plan designed to minimize the potential for lynx to be incidentally 
trapped during other legal furbearer trapping; the plan is currently under review by the Service. 
Like Maine, Minnesota has a State Endangered Species Statute (84.0895) which requires the 
MNDNR to adopt rules designating species meeting the statutory definitions of endangered, 
threatened, or species of special concern (State of Minnesota 2016, entire). The Statute also 
authorizes the MNDNR to adopt rules that regulate treatment of species designated as 
endangered and threatened. Also like Maine, however, Minnesota has not designated lynx as 
threatened or endangered under the statute. Instead it has designated the lynx a species of 
special concern, a designation for species that are extremely uncommon, have unique or highly 
specific habitat requirements, or occur on the periphery of their range in Minnesota and, 
therefore, deserve careful monitoring (MNDNR 2013, pp. 1-2). Thus, the MNDNR coordinates 
with the Service and other agencies to conduct research and monitor lynx populations and 
habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of restrictions on trapping in lynx habitat. 
Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
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may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming are classified as nongame wildlife, a 
Species of Greatest Conservation Need, and a Protected Animal by Wyoming State Statute. A 
classification of "State Protected" status prohibits trapping or any intentional take in the state, 
and lynx in Wyoming were offered full protection from trapping and hunting beginning in 1973 
(ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also participates in the 
CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
                                                 
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/


62 
 

below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an 
early regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than typical historical conditions under the natural disturbance regime, when only 3 to 7 
percent of stands were likely in such condition at any given time (68 FR 40094). Current timber 
harvest and management on State and private lands in Maine are governed by the Maine 
Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
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than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 
of Unit 1) of private lands in northern Maine are under “working woodland” conservation 
easements10; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). In the past Maine private forest landowners have expressed 
interest in long-term commitments to lynx management plans, but to our knowledge, there are 
no private landowners in Maine who have committed to long-term or permanent protection and 
creation of lynx habitat according to the Service’s lynx management guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 

                                                 
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
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persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61oC (1.1oF; range = -0.53 to +2.50oC [-
0.95 to +4.5oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Peters et al. 2013, entire; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 
2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). Analysis of paleoclimate data indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4o - 2.6oC 
(0.7o - 4.7oF) by mid-century and 0.3o - 4.8oC (0.5o - 8.6oF) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
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percent probability of increasing more than 1.5oC (2.7oF), a 76 percent probability of increasing 
2 o - 4.5oC (3.6o - 8oF) and a 14 percent probability of exceeding 4.5oC (8oF). 
 
In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
                                                 
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 
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limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
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years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
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sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
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between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over terrestrial competitors and predators. Although specific snow requirements for lynx 
(amount/depth, quality, persistence) have not been quantified throughout the DPS range, 
climate warming is diminishing snow conditions in the contiguous United States. Warmer winter 
temperatures are reducing snow cover extent and duration and altering snow structure via a 
combination of a higher proportion of precipitation falling as rain, more winter thaw-freeze 
events, higher rates of snowmelt during winter, and earlier spring melt and runoff (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; 
Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; 
Pierce et al. 2008, entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; 
Georgakakos et al. 2014, pp. 71-85). These trends are expected to continue with projected 
future climate warming (Hamlet and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; 
Mote et al. 2005, p. 48; Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; 
IPCC 2014b, p. 62). The IPCC projects that spring snow cover in the Northern Hemisphere is 
likely to decrease by 7-25 percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow 
season length and snow depth are very likely to decrease in most of North America except in 
the northernmost part of Canada where maximum snow depth is likely to increase’’ (Christensen 
et al. 2007, p. 850). Because lynx occurrence is correlated with prolonged periods of deep, fluffy 
snow, current lynx habitats would be expected to decline in value for lynx with decreases in 
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snow condition and duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 
2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Estimating trends in snowpack is challenging because the high variability in snowpack dynamics 
and microsite variations due to canopy cover, aspect, and elevation are not well-reflected in 
observation records (Hubbart et al. 2015, pp. 885-892; Rasouli et al. 2015, pp. 3937-3938; 
Painter et al. 2016, p. 149; IDFG 2017a, p. 7). Nonetheless, snowpack losses have been 
documented and will likely continue and could even accelerate in the future (Hamlet and 
Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 2011, entire; Kapnick and 
Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-971), with faster losses 
likely in milder climates like the Cascades and the slowest losses in the high peaks of the 
Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in temperature, 
snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 2016, p. 
106). In the West, areas of contiguous spring snow cover are projected to become smaller and 
more isolated throughout the Columbia, Upper Missouri, and Upper Colorado Basins, with 
greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). Snow 
accumulation and duration are also expected to continue to decline generally in the central and 
eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 2009, p. 31; 
Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow resources, 
potential lynx habitat is diminishing in the northern Appalachians and small areas in the 
Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential future 
snow cover under a range of IPCC climate scenarios suggests that snow conditions correlated 
with historical lynx occurrence records could decline by 10-20 percent across the continental 
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U.S. and Canada and by 46-84 percent in the contiguous United States by the end of the 
century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
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would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
mediate competition between the 2 species. Because of their higher foot-loading, bobcats likely 
hunt less efficiently than lynx in deep, unconsolidated snows (Hoving et al. 2005, entire; Krohn 
et al. 2005, pp. 122-129), which appear to limit bobcat mobility and distribution (Litvaitis et al. 
1986, p. 116). Considering recent and projected future changes in snow conditions described 
above, stable or increasing bobcat populations in the DPS range (Roberts and Crimmins 2010, 
p. 170), and the predicted northward expansion of bobcats into areas currently occupied by lynx 
(Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 
2010, p. 172), lynx may experience increased competition and displacement by bobcats, which 
could influence lynx distribution and persistence at the southern edge of their range (in all DPS 
geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
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Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change also may affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
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Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 
Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
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interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
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the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
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Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
                                                 
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
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hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 



82 
 

appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
 
Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 



83 
 

the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
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Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
 

● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 
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● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
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markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
 
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
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Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under climate change, total United States timber inventories will increase, timber harvest will 
increase, and product prices will decrease relative to an assumed stable climate. Some models 
predict that consumers will gain from climate change while landowners in some regions will 
lose. The forest industry will likely adapt to climate change in many ways including using 
alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
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the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
 
There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
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habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
 
In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
 
Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
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problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University of Maine, pers. comm.).  As much as 30 to 40 percent of the advanced regeneration 
may be damaged from repeated entries by machinery to remove the overstory (R. Seymour, 
Department of Forestry, University of Maine, pers. comm.).  Finally, because subsequent 
overstory removal occurs about 15 years after the initial entry, some of the dense understory is 
damaged just as the stand develops conditions to support higher hare densities. The damage to 
the understory not only reduces the quality of the habitat for hares, but also cuts short the 
duration that the stand produces high quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
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of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
 
Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events(Kilgore and 
Heinselman 1990, Heinselman 1996, Veblen et al. 1994, Agee 2000, Seymour et al. 2002, 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
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thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
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2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
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whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 
selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
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generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
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most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
 
As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
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landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
 
Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
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2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
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potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
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areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
 
Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
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location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
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intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level negative 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
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potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
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supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx likely have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or primary prey 
species). However, although some small populations may have become extirpated recently, 
resident lynx in the DPS remain broadly distributed across the range of ecological settings that 
seems to have supported them historically in the contiguous United States. Because there are 
no indications of current threats to the genetic health or adaptive capacity of lynx populations in 
the DPS, we find that the current level of representation does not appear to represent a 
decrease from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
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record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger and highly resilient population (Harrison 2017, p. 3) 
that also occupies southern Quebec (where trapping is legal) and northern New Brunswick 
(where lynx are a provincially-endangered species and harvest is prohibited). Although the 
actual number of resident lynx in this unit is unknown, the MDIFW believes this unit currently 
may be capable of supporting 750-1,000 lynx based on estimates of habitat distribution and lynx 
home range sizes (Vashon et al. 2012, pp. 87-91), which would make it the largest population in 
the DPS. This is many more resident lynx than likely occurred historically and many more than 
were suspected to occur in this unit when the DPS was listed, and it is the result of extensive 
clearcutting and herbicide application to salvage spruce-fir and encourage softwood 
regeneration following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments have created 
the current extensive distribution of young, regenerating softwood stands that provide optimal 
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hare foraging habitat. Lynx responded to these conditions with high survival and reproduction, 
small home ranges, and the highest densities documented in the DPS. Historically, under a 
more natural disturbance regime, Maine typically had a greater proportion of mature forest and, 
therefore a patchier distribution of high-quality habitat that likely supported a smaller lynx 
population that may have been more dependent on immigration from Canada. State forestry 
regulations passed in 1989 caused landowners to shift to various forms of partial harvesting that 
have resulted in lower landscape hare densities across much of the unit. Hare populations do 
not seem to cycle in this region, but hare density estimates from 2008-2015 declined by over 50 
percent compared to estimates from 2001-2006. Reproduction and adult survival declined in the 
low-hare environment after 2006, although kitten survival remained high. Unlike other DPS 
units, lynx habitat in northern Maine occurs nearly entirely on private, industrial forest lands, 
most of which lack long-term commitments to lynx management. The majority of private lands in 
this unit are now owned by investment companies seeking to diversify income from their 
investments, which could result in forest practices less likely to maintain or conserve hare and 
lynx habitat. Other potential stressors to lynx in this unit include incidental trapping, road 
mortality, large-scale wind energy development, residential and resort development, and 
parcelization of forestlands from rapid turnover in investment company landowners. Another 
spruce budworm outbreak may be imminent, and forestry response by investment landowners is 
uncertain. Climate change is a concern because average annual snowfall and duration are 
currently at the minimum thresholds believed necessary to give lynx a competitive advantage 
over bobcats and other mesocarnivores. Although lynx regularly occur outside this unit in 
southeastern and southwestern Maine, and small numbers of reproducing lynx have also been 
documented recently in northern New Hampshire and northern Vermont, the ability of some of 
these peripheral areas to support persistent breeding populations is questionable. However, 
recent telemetry data in Maine suggest that resident lynx are expanding both east and south of 
the Northern Maine Geographic Unit, with home range maintenance and reproduction 
documented in both areas, which previously were considered outside the area capable of 
supporting resident lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
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management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  The historical and current sizes of the 
resident lynx population in this unit are unknown, but it is thought currently to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
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Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. Historical and current resident lynx numbers in northern Washington are unknown, 
but recent habitat and home range analyses for the larger Okanogan LMZ (summarized in 
Lewis 2016) suggest that this geographic unit may have been capable of supporting about 50 
lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). Those 
fires affected over a third of the LMZ, led to increased home range size, and may have reduced 
the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4).Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
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populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
 
Unit 6 - Western Colorado:  The current and historical numbers of resident lynx numbers in this 
unit are unknown, but CPW lynx biologists believe it currently could support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. Released lynx had high 
survival but the proportion of females producing kittens and kitten survival were low. This unit is 
not directly connected to lynx populations in Canada, and it does not appear to have received 
immigrant lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 
1996, 2 unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 
mi2) of spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in 
this unit. Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) 
of lynx habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively 
impacted hares, and hare numbers may increase in affected areas as succession progresses; 
however, they have negatively impacted red squirrels, an important alternate prey species for 
lynx in this unit. Areas affected by beetles that contained multi-story stand conditions likely 
continue to provide habitat to support snowshoe hares and lynx. Areas affected by fire may 
require 20 years or more, and in some areas considerably longer, to recover to a point where 
the stands will again support snowshoe hares. Large-scale monitoring efforts in the San Juans 
documented continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is 
reasonably likely that lynx continue to occur in all national forests within the State of Colorado. 
Snowshoe hare habitat is naturally patchily-distributed in this geographic unit, which limits hare 
abundance. Because the majority (90 percent) of potential lynx habitat in Colorado is under 
Federal land management, actions occurring on other ownerships are unlikely to result in 
significant impacts to lynx habitat within this unit. The USFS manages over 85 percent of the 
lynx habitat in this unit, providing conservation through the SRLA. However, regulatory 
mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
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Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 
occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 

100% 83% (Purcells);            
61% (Seeley Lake)

100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares)

3.3 2.95 (Purcells);            
2.24 (Seeley Lake)

2.25 (2 females) 3.0 (1 female, 2 
years)

2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00

0.85 (Purcells);            
0.75 (Seeley Lake) 0.86 Few data

0.93 (in Core Release 
Area [CRA]);                   

0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.05                              
(1.16, high hares, 6 

yrs; 0.88,low hares, 4 
yrs)

No estimate
1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 
Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 



115 
 

(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
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et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforces the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found 
the probability of lynx occurrence was > 50 percent where landscape hare densities were > 0.74 
hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx maintained 
home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by very recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). At a landscape scale, lynx habitat selection did not differ between sexes; however, 
at a home range scale, males tended to use more mature forest dominated by conifers than 
females, and both male and female lynx tended to avoid mature forests that had a high 
deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on these observations, 
Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining landscape hare densities 
of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-quality hare habitat within 
100-km2 areas to conserve lynx. 
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Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, lynx 
habitat in northern Maine was probably typically much less abundant and less broadly-
distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, insect 
outbreaks) are rare (intervals of several hundred to several thousand years) and highly variable 
in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, 
spruce beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). Although, 
high-elevation boreal forests often exhibit dense, regenerating conifer (resulting from a wind-
throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare densities are believed to be 
low in these areas (Siren et al. 2015, entire). In this geographic area, wildfire is less significant 
as a natural agent of disturbance. The typical fire regime is infrequent surface fires in the 
dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
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In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately 50 percent of the 
designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 
km2 (1,485 mi2; nearly 27 percent) of the forested landscape was comprised of spruce-fir in a 
young, regenerating stand condition that provide high quality hare habitat. This habitat is similar 
to, and contiguous with, forested areas in Quebec and New Brunswick that support lynx (Hoving 
et al. 2005, pp. 740-741). The current range of lynx in this unit is associated with areas of deep 
snowfall, extensive forested landscapes, and areas having a high proportion of regenerating 
conifer-dominated forest that had previously been clearcut and treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several estimates of 
hare densities in the highest-quality regenerating conifer or mixed forest averaged 1.9 to 2.1 
hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 1990, hare densities 
in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 hares/ac) at low and high 
elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. (2015) reported lower densities 
in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and lowland 
spruce-fir. Densities in high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont. 
 
Current habitat is likely at historically high levels, but this habitat has peaked and high-quality 
lynx habitat is projected to decline in the near future (Simons-Legaard et al. 2016, pp. 140-163, 
202-218). In response to the widespread clearcutting in the 1970s and 1980s, Maine passed the 
Forest Practices Act in 1989, which regulated clearcutting. Since then, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27). Over 95 percent of cutting that 
occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 2009, 
p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). This new cutting regime 
results in lower landscape densities of snowshoe hares (Fuller 1999; Homyack 2003; Robinson 
2006; Scott 2009). Another consequence of partial harvesting is that a much greater acreage 
needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 
harvest rates have increased from about 40,000 ha (100,000 acres) per year (before the Forest 
Practices Act) to over 200,000 ha (500,000 acres) per year (after the Act). Thus, 28 years after 
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the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 40,000 ha (100,000 ac) including the State, Federal government (White 
Mountain National Forest south of lynx range), a conservation group (The Nature Conservancy), 
2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx 
range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi were chosen as pilot States to receive funding through their 
respective Natural Resources Conservation Service (NRCS) State offices. Based on a 
successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 
2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending regulations 
for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS offered the 
HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to promote 
development of Canada lynx forest management plans. Since that time 4 private landowners, 
The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and Katahdin 
Forestlands successfully enrolled in the program. Collectively, these land ownerships comprised 
2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine in 
2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
 
Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
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assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 

Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. In 
addition, “working woodland” easements now encompass > 10,000 km2 (3,861 mi2) across 
northern Maine; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 
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2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals cross the river on the ice each generation to prevent genetic drift of this population 
(Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA 
Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area of 
high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the critical habitat area designated in 2014) in northern Maine could potentially support a 
population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) 
estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx, however, is unknown because there are no methods available 
to count individuals over such a large geographic area. 
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Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-00; 
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Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 2 and 
3). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
 
In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality ynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
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Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where average annual snowfall 
typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx 
(to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et 
al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 cm (90-
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104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 
2008). Thus, average annual snowfall in Maine is currently at or below depths associated 
historically with lynx presence, and further declines could reduce the likelihood that resident lynx 
will persist in this unit (Hoving et al. 2005). 
 
As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 

                                                 
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-tagged in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development16, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and western 
Maine and 5 projects are in operation; 2 have been proposed in northern New Hampshire and 2 
are in operation; and 3 have been proposed for northeast Vermont and 2 are in operation or 
under construction. Maine’s 2 largest wind projects (combined over 250 turbines covering 932 
km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. Although 
impacts of wind energy projects on lynx, hares, and their habitats have not been demonstrated, 
potential effects include loss and fragmentation of habitat from turbines, roads, and transmission 
lines, and disturbance or displacement of resident lynx. Road construction could further 
fragment habitat and increase access, potentially increasing vehicle collisions with lynx and 
other sources of mortality, including incidental trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
                                                 
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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ownership patterns have changed dramatically in the last 15 years (Ippoliti and Nadeau-Drillen 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some of these new landowners are seeking 
diversified financial returns on their investment, including developing residential housing, 
second homes, and resorts. At various times in the past, 2 large residential and resort areas 
have been proposed on forestlands within designated lynx critical habitat in this unit. Both 
projects, if eventually built as previously-planned, could result in the development of several 
thousand acres of potential lynx habitat, but would be mitigated by substantial (100,000s of 
acres) conservation easements on surrounding forestland. Also, a private landowner recently 
purchased and donated 354 km2 (137 mi2) within designated lynx critical habitat that was 
subsequently designated as the Katahdin Woods and Waters National Monument. This area 
currently has a legacy of young regenerating spruce-fir habitat from previous industrial forest 
landowners, but its new monument designation will limit future forest management activities 
(timber harvest or other vegetation management) that could benefit lynx. In addition, the Nature 
Conservancy continues forest management on about half of its 750-km2 (290-mi2) ownership in 
this unit, including managing part of the area for lynx. 
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx. High-quality 
habitat created by extensive clearcutting 30 to 40 years ago is peaking and is projected to 
decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, pp. 10-18; also see 
section 5.2.1). Hare densities declined by 50 percent in this unit starting in about 2006 and have 
remained at lower levels, and future hare fluctuations or cycles are uncertain. Recent history 
demonstrates that some forms of forest management have the potential to create or increase 
lynx habitat. However, forest practices have shifted to partial harvesting, which is less likely to 
create large areas of lynx habitat or maintain the current historically broad distribution of high-
quality habitat generated by previous landscape-level clear-cutting. Additionally, private 
landowners who previously entered into commitments to manage for lynx conservation have not 
renewed those commitments (although the habitat will remain viable for lynx for some time). 
Land ownership has also changed in northern Maine, and the majority of lands are owned now 
by investment companies that often wish to diversify income from their investments, which could 
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result in forest practices inconsistent with lynx habitat conservation. Without long-term, binding 
land management commitments in this unit, there is no guarantee that the current historically 
high amount of lynx habitat will be maintained by future forest managment practices on private 
lands. The greatest stressors to resident lynx in this unit are habitat loss (as a result of the shift 
in forest management from clearcutting to partial harvesting resulting in lower landscape hare 
densities), lack of forest planning for lynx, and projected continued climate warming (diminishing 
snow depth, quality and duration; loss of spruce-fir to northern hardwoods; potential increased 
competition from bobcats and fishers; and increased future isolation of lynx in this unit and 
southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 1). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites 
were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) found 
snowshoe hare densities were highest in regenerating forests. Females selected large woody 
debris and dense horizontal cover in lowland conifer cover for denning in northern Minnesota 
(Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns were present 
(Moen and Burdett 2009, p. 5). 
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Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 

                                                 
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx. A more 
precise estimate of resident population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
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Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways. 
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 



132 
 

minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
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According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
 
In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
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to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
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Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
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Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 
Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). 
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
                                                 
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats. 
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
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support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
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genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
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incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distirubtution, it is very unlikey that this unit and surrounding areas were 
ever (recently or historically) capable of supporting 1,000 resident lynx. As described above, 
habitats capable of supporting resident lynx in this unit are (and aslo were historically) naturally 
patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 
191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; 
Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of resident lynx 
remains uncertain, this unit has a long and continuous history of lynx occurrence and evidence 
of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
structuring among lynx subpopulations in the southern (Garnet Mountains), central (Seeley 
Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction among 
lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires in Lynx 
SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
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2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detecteded 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
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area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20), indicating recruitment of new individuals into this 
population, or immigration, or a combination of the 2. 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
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the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above.Genetic analyses and snow and 
camera surveys have verified continued reproduction and recruitment among lynx populations in 
this unit and also suggest some immigration may be occurring. The recent apparent absence of 
resident lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
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16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
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Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41). 
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
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the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
                                                 
19 https://inciweb.nwcg.gov/state/27/0/ 
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by lynx trapping records from Canada, which suggest that the magnitude of lynx population 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. However, Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being sustained by low levels of undetected immigration. 
The growth rate estimates presented above assumed no immigration 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
                                                 
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (< 10 percent), low elevations [less than 915 m (3,000 ft)], and steep slopes (> 
30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the Northern 
Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler et al. 
2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major drivers 
of disturbance in this unit, but other factors, including wind and tree diseases, also contribute to 
natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North Cascades 
range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
                                                 
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 

https://snowfall.weatherdb.com/d/a/Washington
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scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21), and the Diamond Creek fire burned 
another 393 km2 (152 mi2) in the northern part of this unit during July-October 2017, along with 
another 126 km2 (49 mi2) across the border in southern British Columbia22. 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. This estimate does not include impacts of the 2017 
Diamond Creek wildfire described above. These burned areas are expected to regenerate back 
into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 2016, p. 5; 
Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx population in this 
geographic unit will likely be at increased risk of stochastic demographic, genetic, and 
environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
                                                 
22 https://inciweb.nwcg.gov/incident/5409/, accessed 10/25/2017. 

https://inciweb.nwcg.gov/incident/5409/
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lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
 
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
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(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynxhabitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts, limited demographic information, and 
remaining uncertainties (e.g., immigration/emigration rates, changes in snowpack, disease, lynx 
population status and impacts of trapping in southern British Columbia, and habitat corridor 
stability between British Columbia and this unit; WADFW 2017, p. 3),the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. 
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From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
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Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
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southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place23. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

                                                 
23 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 
increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 
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Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
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monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
unprecendentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
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records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
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Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-524). 

As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
                                                 
24 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx to many 
western states and to Canada have been documented. The Southern Rockies are separated 
from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern Wyoming 
and further north, by sagebrush and desert shrub communities in the Wyoming Basin and the 
Red Desert of southern and central Wyoming, and the arid Green and Colorado River plateaus 
of western Colorado and eastern Utah. Because of extreme topographic relief juxtaposed with 
highways, residential communities, and other human developments, lynx biologists have 
identified habitat connectivity as an important consideration for the Southern Rockies (ILBT 
2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit. 
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Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
 
In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 



163 
 

units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
 
All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific conservation planning guiding activities on non-Federal lands in this 
geographic unit. 
 
Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
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Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Devineau et al. 2010, p. 5), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; 
Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories 
(0.90; Poole 1994, p. 612). Successful reproduction, including by third- and fourth-generation 
offspring of translocated lynx, has been documented (Shenk 2008, p. 2); however, the average 
proportion of females that produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) 
and the kitten survival rate (0.23; Ivan 2016b, pers. comm.) were both lower in this geographic 
unit (during the period of intensive monitoring from 1999-2010) than rates reported for other 
geographic units where estimates were based on adequate sample sizes (Units 1 and 3; table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 
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In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares, widespread mortality of mature spruce-fir forests could impact lynx habitat for 
a long time. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
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As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
 
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

 
In summary, there are currently many more resident lynx in this unit than likely occurred 
historically, and many more than were known or suspected at the time the DPS was listed. 
There were even fewer verified records in this unit during the last century than in the GYA, and 
no reliable evidence of a resident breeding population. However, from 1999-2006, 218 
Canadian and Alaskan lynx were released into the San Juan Mountains of southwestern 
Colorado. As a result of the subsequent reproduction of some of the released lynx and some of 
their offspring over several generations, resident lynx currently occupy this unit. When the DPS 
was listed in 2000, 27 of 41 radio-marked lynx released in 1999 were still alive. The State of 
Colorado has concluded that its efforts have established a viable lynx population, and the 
State’s lynx experts suggest this unit may currently support 100-250 resident lynx (Ivan in Lynx 
SSA Team 2016a, p. 47). Recent (2010-2016) snow-tracking and camera surveys in the San 
Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 
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the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
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in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
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those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
 
Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
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will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
 

 
Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
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effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
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extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
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snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
climate warming is expected to exert the greatest influence on the resiliency of individual 
populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape, perhaps more in line with likely historical conditions (Simons-Legaard 
2016, fig. 8, p. 10). High quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort land development, and unmanaged 
conservation lands) may compete with forest management as the primary future land use. 
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Conservation easements will limit development pressures in some areas and keep some lands 
as working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not create new lynx habitat or maintain the current historically high amount of high-quality 
habitat. Climate change is expected to affect this unit more than some others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and beyond, snow quantity and quality will likely 
continue to deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices cleary have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which gives it a higher priority than 
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other species for monitoring and management during that time. We also expect that MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
median “most likely” probabilities of persistence generated by lynx experts were high for the 
near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but declined to 35 
percent (with great uncertainty) by 2100. We concur with the expert panel that resident lynx are 
likely to persist in this unit at 2025 and 2050. However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, and the potential for increased competition, disease, and insect 
outbreaks), some members of the  SSA Core Team were slightly less optimistic about the long-
term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded that the 
climate-mediated conversion of boreal forest to temperate forest and the loss of favorable snow 
conditions could occur at a rate and extent that would result in a lower likelihood of persistence 
than projected by experts, including the possibility that resident lynx could be extirpated from 
this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
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century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
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unit will benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
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paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in habitat proected by 2032; 
habitat shift to the south edge of current 
range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 
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● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 

2025: 80 
(60-95) 

 
2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shoudl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
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2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the grey area 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and grey area 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
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2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would not respond to future budworm 
outbreaks like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the aging of past clearcuts beyond conditions that 
support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likely to reduce the likelihood that 
lynx will persist in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4o C/decade (0.8 o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0o C (3.6 o F; low 
emission) to 2.9o C (5.2 o F; high emission) by mid-century and 3.1o C (5.6 o F; low emissions) to 
5.3o C (9.5 o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5 to 2.8 o C (4.5 to 
5.0o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, increasing threats to high elevation and 
potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are currently at or falling 
below threshold values needed to support lynx in Maine. 
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios and predicted loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, the area capable of supporting resident lynx in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 
15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 
2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 
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Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
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quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
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an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
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et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
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However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
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period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201025), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
                                                 
25 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
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likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 



197 
 

direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 12-19) predicted loss snow conditions supportive of lynx but 
persistence of boreal forest in Minnesota by the end of the century, and suggested that the SNF 
could provide a potential refugium for lynx (Gonzalez et al. 2007, p. 8). Notaro et al. (2015, pp. 
1668-1669) projected changes in lake effect snowfall using downscaled climate models (Abdus 
Salam International Centre for Theoretical Physics (ICTP) Regional Climate Model version 4 
(RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for the Great 
Lakes Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show an 
increase in lake effect snow in the eastern Great Lakes until 2050, with a decline later in the 
century, with an overall decline in the amount and duration of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
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(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)26 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now. Although 
uncertainties remain, as elsewhere, about the timing and magnitude of future climate-driven 
impacts, lynx populations in Minnesota are expected to recede northward and decline over the 
next century (Lynx SSA Team 2016a, pp. 37-38). 
                                                 
26 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
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Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
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resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, potential for increased competition, disease, and insect outbreaks), some 
Core Team members were less optimistic about the future of lynx in Minnesota than the lynx 
expert panel. Depending on future emissions levels, the likelihood that this unit will continue to 
support resident lynx at the end of the century may be lower than the 35 percent (median most 
likely) estimate based on expert opinion. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Hybridization and competition with bobcat also may 
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increase with diminishing snow conditions because of continued climate warming, and it is 
uncertaint how insect outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is uncertain if lynx would become a 
legally trapped furbearer in Minnesota if the DPS was not listed (although a legal wolf hunt was 
reinstated after that species was delisted in Minnesota, so regulated trapping could also be 
considered for lynx if the DPS was not listed). Seven lynx have been illegally shot and reported 
or otherwise discovered since listing. Illegal shooting and non-reporting would likely increase 
without Federal protection. Education efforts by Federal and State agencies and law 
enforcement agents may have helped to reduce illegal shooting of lynx in this unit. With a 
diminished snow regime, populations of bobcats could increase and expand north and eastward 
into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping and hunting 
activities would likely increase without Federal listing. Similarly, fisher, fox, and coyote 
populations may increase in a diminished snow regime in northern Minnesota and trapping 
would be expected to occur there that could lead to greater incidental take of lynx. We believe 
that despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that could be substantially 
diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, we believe that climate change is a significant stressor to lynx in this unit; 
slightly more so than expressed by most of the experts. Snow depth and duration in the area 
currently supporting resident lynx are projected to decline significantly by the end of the century, 
likely to the detriment of both hare and lynx populations. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in the extreme northeastern corner of the unit. 
The boreal forest in this unit is already being replaced by northern hardwoods because of 
climate warming. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate models portend declining snow conditions under low- and high-emissions 
scenarios. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
mining developments. Although we expect resident lynx to persist in this unit through 2025 and 
2050, we conclude that the stressors described above, individually and cumulatively, could 
diminish lynx habitat and numbers in this unit. If these stressors are not abated, we believe that 
resident lynx in this unit will face a slightly greater risk of extirpation by the end of the century 
than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
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considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
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anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
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2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). Tennant et al. (2015, pp. 
2818-2820) simulated snowpack loss in the Northern Rockies (ID, MT, WY) and predicted that 
watersheds between 1,000 - 2,000 m (3,281 – 6,562 ft) elevation would experienced the 
greatest snowpack losses, while those > 2000 m (6,562 ft) would be more resilient to significant 
warming. Given the greater predicted snowpack persistence at some elevations used by lynx in 
this unit and the considerable area of potential climate refugia in mountainous terrain 
(Dobrowski 2011, pp. 1027-1029; Curtis et al. 2014, entire; Holden et al. 2015, entire; Morelli et 
al. 2016, entire), at least a portion of lynx distribution in this unit is likely resilient to climate-
driven losses in snowpack (IDFG 2017a, p. 7). 
 
There will likely be a lag time between the loss of favorable snow conditions and an eventual 
shift or contraction in vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 
section 3.2), but continued warming is projected to convert much of the boreal forest in this unit 
to temperate conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The 
ability of lynx and hare populations to persist during this lag and to adjust to future habitat 
distributions is uncertain, but habitat quality, quantity, distribution, and connectivity are expected 
to decline, likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will likely 
reduce this geographic unit’s ability to continue to support resident lynx into the future. The 
timing and magnitude of climate-driven impacts are uncertain; however, all are anticipated to 
adversely affect, and none are expected to benefit, lynx populations in this geographic unit. 
Climate model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
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that continued climate warming will reduce future habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
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most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
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on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of undetected immigration. Additionally, as noted above, 
the lynx population in the Purcell Mountains in the northwestern part of this unit was estimated 
to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 
years of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncertainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
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Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 

 
Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
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Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
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like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
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currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currentlyoccur in 
the GYA. 

 
Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS is delisted in the future, the 
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ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
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Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
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Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
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patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
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unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future than it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing available lynx habitat in the future. 
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Chapter 6: Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in the contiguous United States are 
naturally less abundant and more patchily-distributed than in the core of the range (except 
during decadal lows in hare population cycles, when both hares and lynx occur temporarily in 
the north at densities lower than most in the range of the DPS). Maintaining connectivity with 
lynx populations in Canada is thought to be important to the persistence of DPS populations; 
however, whether, and if so to what extent, the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
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• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 

southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
confier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 
19).There is no information to suggest that this unit historically supported a larger 
resident population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
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in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.27 Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 
Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 

                                                 
27 https://inciweb.nwcg.gov/state/27/0/ 
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lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47).Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
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lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
has already altered) the timing and magnitude of lynx dispersal from Canada into the contiguous 
United States. If lynx populations in the DPS depend on immigration from Canada which is no 
longer occurring or has been substantially reduced relative to historical conditions, population 
declines and an increased likelihood of extirpation among resident DPS populations would be 
expected. However, whether, and if so to what extent, these climate-mediated factors have 
influenced current lynx numbers, other demographic parameters, and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units. Despite uncertainty regarding its influence over current conditions for lynx, 
climate modeling and expert opinion concur that continued climate warming will adversely 
impact lynx in the DPS at some point in the future (also see Future Conditions and Threats, 
below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
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Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
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loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 

 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
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geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event. We recognize that a sequence of discrete but spatially-
clustered catastrophic events in lynx habitats over a short time could increase the potential for 
functional extirpation in 1 or more of the individual geographic units (especially the possibility of 
additional large wildfires in north-central Washington), thereby reducing redundancy within the 
DPS. However, as long as resident lynx remain geographically well-distributed in 1 or more 
units within the DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
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management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Resident lynx populations persisted historically and continue to persist in 4 geographic units 
(Units 1-4). It is uncertain whether Unit 5 (the GYA) historically supported a small persistent 
population or if lynx residency was ephemeral; currently, it appears not to support resident lynx. 
Available evidence suggests that Unit 6 (Colorado) did not historically support persistent lynx 
presence; however, a resident population has persisted there for more than a decade since the 
1999-2006 releases described above. Considering the available information, we find no reliable 
evidence that the current distribution and relative abundance of resident lynx in the contiguous 
United States are substantially reduced from historical conditions. This suggests historical and 
current resiliency among lynx populations in the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
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most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The Canada lynx is a North American boreal forest carnivore whose populations are strongly 
tied to its primary prey, the snowshoe hare (Lepus americanus). Both species occur primarily in 
the extensive boreal spruce-fir forests of Canada and Alaskan; however, the southern margins 
of both their ranges extend into the northern contiguous United States. The Service designated 
lynx in the Lower 48 States as a DPS because of differences in the management of lynx and 
lynx habitats across the international boundary with Canada and because of the climatic, 
vegetative, and ecological differences between lynx habitat at the southern extent of its range in 
the contiguous United States compared to the northern range in Canada and Alaska. The 
Service listed the DPS as threatened under the Endangered Species Act (ESA) in 2000 
because of the inadequacy, at that time, of regulatory mechanisms on some Federal lands to 
provide for the conservation of lynx habitats and populations (see section 3.1.1). This SSA does 
not reconsider the designation of the DPS or its listing status under the ESA, which are Service 
policy decisions. Instead, it provides the scientific basis for the statutorily required 5-year status 
review for the DPS and other decisions the Service is required to make in accordance with the 
ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
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lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are, in most 
places, naturally less abundant and generally more patchily-distributed than in the core of the 
species’ range in Canada and Alaska. Maintaining connectivity between the DPS and lynx 
populations in Canada is thought to be important. However, the extent to which DPS 
populations may depend on immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in future projections, particularly beyond 
mid-century. The output from this expert elicitation process (summarized below and presented 
in detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline in the future largely 
as a result of projected continued climate warming and associated impacts, which are likely to 
exacerbate the potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue in the future, although we do not anticipate that such 
events alone would cause the permanent loss of breeding lynx populations in any geographic 
unit. We are aware of no management actions that could be expected to abate the projected 
long-term retreat of boreal forests, declining hare populations, and diminished snow conditions 
expected under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically, and many more than was known or suspected at the time the DPS was 
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listed, and recent information suggests that resident lynx may be expanding to the south of the 
core population area. This is due to the large amount and broad distribution of high-quality lynx 
and hare habitat that currently exists as a result of landscape-level clearcutting on private 
commercial timber lands in response to a major spruce budworm (Choristoneura fumiferana) 
outbreak in the 1970s and 1980s. These dense young regenerating conifer stands are much 
more extensive than they are thought to have been historically under natural disturbance 
regimes. The State of Maine suggests that this unit currently may support 750-1,000 or more 
resident lynx. However, habitat the extent of these high-quality stands probably peaked in the 
late 1990s and early 2000sby 2005, and habitat quality is projected to decline in these stands 
over the next few decades as they age beyond 35-40 years post-harvest. Because a shift in 
forest management from clearcutting to partial harvesting that began in 1989 is appears unlikely 
to maintain or recreate this extensive high-quality habitat, we expect lynx habitat and numbers 
to decline in this unit over the next several decades, perhaps to levels more consistent with 
likely historical conditions. We concur with the expert panel that the resident lynx population in 
this unit is very likely to persist at 2025 and at 2050. Over the longer-term (at 2100), we expect 
continued climate warming to reduce the amount and quality of lynx habitat in this unit and 
exacerbate other potential stressors (commercial and energy developments, changing forestry 
practices and land ownership patterns, etc.), further reducing lynx numbers and likely 
decreasing the population’s resilience. Some climate models indicate substantial loss of boreal 
forest and favorable snow conditions under higher emissions scenarios, and this unit generally 
lacks potential elevational refugia that would support upslope movement of lynx habitats and 
populations. Therefore, we suggest that the likelihood that this unit will support a resident lynx 
population at 2100 may be somewhat lower than expert projections, although the timing and 
extent of future climate-mediated habitat decline is highly uncertain. This geographic unit may 
also be the source of dispersing lynx that recently recolonized northern New Hampshire as well 
as several that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was listed, 
and resident lynx were thought to have been extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington, perhaps substantially more 
after additional fires in 2017. Because of this, the number of resident lynx in this unit is likely 
lower than it was historically and when the DPS was listed. Based on estimates of lynx carrying 
capacity, this unit may have been capable of supporting roughly 50-60 resident lynx prior to 
large fires beginning in the early 1990s. Recent habitat evaluations suggest it currently may be 
capable of supporting only about 30-35 lynx, with the decline due to fire-driven habitat losses. 
Although these losses are expected to be temporary, additional fires in this unit before 
previously burned areas recover (10-40 years post-burn) would further reduce lynx numbers 
and make this geographic unit more vulnerable to extirpation. Because of these habitat impacts, 
limited demographic information, and remaining stressors to lynxuncertainties (e.g., 
immigration/emigration rates, changes in snowpack, disease, lynx population status and 
impacts of trapping in southern British Columbia, and habitat corridor stability between British 
Columbia and this unit), the Washington Department of Fish and Wildlife recently submitted, 
and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx from threatened 
to endangered within the State. Nonetheless, we concur with the expert panel that the resident 
lynx population in this unit is very likely to persist at years 2025 and 2050. Over the longer-term 
(2100), we expect continued climate warming to reduce the amount and quality of lynx habitat in 
this unit, further reducing lynx numbers and likely decreasing the population’s resilience. 
Therefore, we concur with experts that this unit has a relatively lower likelihood of supporting a 
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resident population at 2100, although the timing and extent of climate-mediated habitat decline 
is highly uncertain. 
 
Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
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In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, wWe expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated Canada lynx in the contiguous United States as a DPS because of 
differences in the management of lynx and lynx habitats across the international boundary with 
Canada and because of the climatic, vegetative, and ecological differences in lynx habitat 
compared to the northern parts of the species’ range in Canada and Alaska (62 FR 28654-
28655). The Service listed the DPS as threatened under the ESA in 2000 because of the 
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to provide 
for the conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is 
recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We 
completed this SSA (version 1.0) to summarize the best available scientific information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions. It 
is generally restricted to areas that receive deep and persistent unconsolidated (“fluffy”) snow, 
which is thought to allow lynx, with their proportionately longer limbs and very large feet, to 
outcompete other terrestrial hare predators that are less efficient in such conditions (McCord 
and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-
94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; 
Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 
25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are known or 
suspected to intermittently support resident lynx and occasional reproduction. Uncertainty 
remains as to whether resident lynx populations occurred historically in other areas not 
encompassed by the geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                 
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                 
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that the statuses of lynx populations in individual SSA geographic units are 
largely independent of those in the other geographic units. This is clearly true for Units 1 and 
2, and it is probably true of the western geographic units (3 – 6), despite likely historical 
north-to-south connectivity and dispersal from or through Unit 3 to Unit 5 and possibly Unit 
6, and recent evidence of south-to-north connectivity and dispersal from Unit 6 to and 
through Units 5 and 3. We are aware of no evidence of east-west connectivity or dispersal 
between Units 3 and 4. 
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● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
 

● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate change warming and has limited 
adaptive capacity to respond to it. That is, despite some level of behavioral plasticity 
suggested by differences in snow conditions and specific vegetation communities and stand 
conditions across the DPS range, we expect that lynx lack the adaptive capacity to shift to 
non-boreal (e.g., temperate coniferous or deciduous) forests, non-snow-domintated 
climates, or to persist on alternate prey species where hare densities are or become 
inadequate. Therefore, we assume lynx populations in the DPS are vulnerable (sensitive, 
exposed, and with little capacity to adapt; therefore, predisposed to be adversely affected; 
IPCC 2014a, p. 5) to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 
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For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
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1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
                                                 
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
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northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
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litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
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winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90; Ivan et al. 2014, entire). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus  spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
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Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
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adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
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mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
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Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in northern and eastern Canada (McKelvey et al. 
2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
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c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 
etc.); 

 
2) its mother’s home range occurs within a larger landscape that also contains adequate hare 

abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
In At the southern periphery of the lynx’s populations range (southern Canada and the 
contiguous United States), hare population cycles are of lower amplitude or absent (Hodges 
2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment 
Canada 2014, p. 1; Hodges in Lynx SSA Team 2016a, pp. 16-17), and hare densities are 
typically on the lower end of densities reported for northern populations, and lynx abundances 
and lynx demographic rates in the south are typically like those of northern lynx populations 
during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 
362-367). Therefore, in southern populations the likelihood is probably relatively low that an 
individual lynx will have its ecological requirements met sufficiently to replace itself in the 
breeding population. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have 1 or more offspring recruited into the resident 
breeding population. 
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Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately providesion for dependent kittens 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
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Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Although specific snow 
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requirements for lynx (amount/depth, quality, persistence) have not been quantified throughout 
the DPS range, Hhistorical lynx occurrence records in the contiguous United States were 
correlated with areas that received at least 4 months (December through March) of continuous 
snow coverage (Gonzalez et al. 2007, p. 7). Where snow conditions do not consistently favor 
lynx, increased potential for predation and competition would be expected (Peers et al. 2013, p. 
8). Finally, individual lynx are more likely to survive, breed, and replace themselves in the 
breeding population if they occupy home ranges where trapping is prohibited or trapping 
pressure is low (Slough and Mowat 1996, entire), high-speed/high-volume roadways are absent 
(ILBT 2013, pp. 77-78), and other potential anthropogenic causes of lynx mortality are absent or 
minimal. 
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 



37 
 

DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
For a lynx population in the core of the species’ range in the southern Yukon, Slough and 
Mowat (1996, p. 952, table 4) calculated population growth rate (lambda, λ) = 2.03 (annual 
doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx population. This 
period of rapid growth was followed by a rate of λ = 1.01 (stable) during the first year of a hare 
decline, and λ = 0.10 and λ = 0.46 (rapid decline) during the first 2 years of the lynx population 
decline when hares were scarce. However, the natural range in λ that would be expected 
among peripheral, isolated, or semi-isolated lynx populations where hares are non-cyclic or 
weakly-cyclic (i.e., in DPS and some southern Canadian populations), versus those that would 
signal long-term population decline or instability is unknown. Despite this, and the limitations 
noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) calculated population 
growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area (i.e., declining 
population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains (increasing trend, 
2003-2007). Likewise, MDIFW in 2012 calculated an intrinsic rate of growth of 0.05 (λ = 1.05) 
for Maine’s lynx population based on demographic data from a radiotelemetry study collected 
over a 12-year period (Vashon et al. 2012, Appendix VI). McCollough (2016 unpubl. data; 
USFWS, Vortex 10, deterministic population simulation) used demographic data from Vashon et 
al. 2012 (pp. 17-21) to calculate finite growth rates during a period of high hare density (λ = 
1.16; increasing trend) and during a period of low hare density (λ = 0.88; decreasing trend) for 
the lynx population in northern Maine (see also section 4.2.1). Neither the Montana nor Maine 
estimates incorporated rates of immigration/emigration (i.e., both assumed immigration and 
emigration rates of zero, which is very unlikely and contradicted by historical and recent 
evidence of lynx dispersal in both directions across the Canada-Unites States border across the 
DPS range). Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 
female/year on average for a theoretical population of 100 lynx) could provide population 
stability or even growth, suggesting that the Seeley Lake population and perhaps other DPS 
populations are probably being bolstered by low levels of immigration, which may go 
undetected. Other efforts to model lynx population dynamics in the DPS range include those of 
Lyons et al. (2016, entire), who developed spatially-explicit, individual-based population models 
to estimate reductions in potential lynx carrying capacity in Washington associated with recent 
large wildfires, and Licht et al. (2017, in press, entire), who conducted a PVA of a potential lynx 
reintroduction to Isle Royale in Lake Superior, about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
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favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
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of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
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Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarilyinto areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
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occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat. The 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, McKelvey et al. 
(2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
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While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 

2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because it is a habitat and prey specialist, lynx densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist. 
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Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449) because they are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors and predators (Buskirk et al. 2000a, p. 90; Krohn 
et al. 2005, p. 123; also see section 2.2 above), although behavioral adaptations may offset 
morphological differences to some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
 
Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a detailed, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
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populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
 
In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontarior than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire)indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
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rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
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In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecendentedly large irruptions of lynx from Canada into 
the northern contiguous United States, when dispersing/transient lynx occurred temporarily in 
many places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
                                                 
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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several settling temporarily into parts of the Wyoning Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
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favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 
In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
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227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Although the current population size in Maine is uncertain, 
hBased on habitat distribution and lynx home range data, the MDIFW suggest estimated that 
this geographic unit could potentiallymay have supported roughly 250-320 adult lynx in 1995 
and 750-1,000+ resident lynxby 2003-06 (Vashon et al. 2012, p. 58; Vashon in Lynx SSA Team 
2016a, p. 18]), and recent information suggests that resident lynx may be expanding to the 
south of the core population area (Vashon 2017, pers. comm.). The current lynx population in 
Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.2.1). As these regenerating clearcuts, which currently provide the dense horizontal structure 
preferred by hares, mature beyond about 35-40 years post-harvest, hare densities are expected 
to decline as cover and forage are reduced as a result of forest succession (Simons 2009, p. 
217; Simons-Legaard in Lynx SSA Team 2016a, p. 16). The current lynx population in Maine is 
probably substantially larger than typically occurred historically under the natural disturbance 
regime, when relatively small amounts of the spruce-fir forests in the state are thought to have 
been composed of the dense young stands that provode optimal hare (and, therefore, lynx 
foraging) habitat (Lorimer 1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 
54792). With the reduction in clearcutting and the proliferation of partial harvesting following 
enactment of the Maine Forest Practices Act of 1989, lynx densities in Maine are projected to 
decline by 55 to 65 percent by 2032 (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 
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2016a, p. 16), perhaps to levels more consistent with likely historical conditions. Lynx in Maine 
likely represent the southern periphery of a larger population that occurs in northern New 
Brunswick and southern Quebec south of the St. Lawrence Seaway/River, which appears to 
partially isolate lynx in this region, demographically and genetically, from populations in the core 
of the species’ range (Koen et al. 2015, entire). Whether lynx persistence in Maine relies on 
immigration from Canada, and if so to what extent, is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
there is no indication of substantial immigration from Canadatrapping harvest data suggest 
declining immigration after the mid-1980s (McKelvey et al. 2000a, p. 225; Squires in Lynx SSA 
Team 2016a, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction 
have been documented in the Montana portion of the GYA where, as with the northwestern 
Wyoming part of the GYA (discussed above), uncertainty about whether this area consistently 
or only intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016a, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
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lynx in Montana are, and historically were, naturally patchier and less-broadly distributed 
(Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, 
than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson in Lynx SSA Team 
2016a, p. 12). 
 
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 
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Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
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habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
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In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
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committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2104, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
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km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
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available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units that encompass USFS and BLM lands, are 
currently managed in accordance with the specific conservation measures and considerations 
identified in the LCAS and implemented via the CAs or formally revised and amended 
management plans described above. These agreements and revised/amended plans constitute 
the regulatory framework and specific regulatory mechanisms adopted to conserve lynx habitats 
and populations on USFS and BLM lands that support or are potentially capable of supporting 
them. They represent the agencies’ efforts, in collaboration with the Service, to address and 
ameliorate the singular threat for which the lynx DPS was listed under the ESA. Although formal 
effectiveness monitoring has not been completed, it is clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous United States. Overall, Federal lands managed by the USFS, BLM, and 
NPS constitute nearly 64 percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, 
and all but a tiny fraction of these lands are actively managed for lynx conservation. 
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3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
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enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
specifation of trap sizes and sets that may be used to legally harvest other furbearers and that 
are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
                                                 
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). The MNDNR 
also distributed to trappers the interagency brochure How to Avoid Incidental Take of Lynx while 
Trapping or Hunting Bobcats and other Furbearers.In 2015, the MNDNR issued emergency 
trapping rules in the LMZ mandating additional restrictions on the types of traps that may be 
used (MNDNR 2015, entire) to further reduce the likelihood of incidentally trapping lynx. In 
response to a Federal court order, MDNR developed an incidental take plan designed to 
minimize the potential for lynx to be incidentally trapped during other legal furbearer trapping; 
the plan is currently under review by the Service. Like Maine, Minnesota has a State 
Endangered Species Statute (84.0895) which requires the MNDNR to adopt rules designating 
species meeting the statutory definitions of endangered, threatened, or species of special 
concern (State of Minnesota 2016, entire). The Statute also authorizes the MNDNR to adopt 
rules that regulate treatment of species designated as endangered and threatened. Also like 
Maine, however, Minnesota has not designated lynx as threatened or endangered under the 
statute. Instead it has designated the lynx a species of special concern, a designation for 
species that are extremely uncommon, have unique or highly specific habitat requirements, or 
occur on the periphery of their range in Minnesota and, therefore, deserve careful monitoring 
(MNDNR 2013, pp. 1-2). Thus, the MNDNR coordinates with the Service and other agencies to 
conduct research and monitor lynx populations and habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
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trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of reasonable restrictions on trapping in lynx 
habitat. Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming are classified as nongame wildlife, a 
Species of Greatest Conservation Need, and a Protected Animal by Wyoming State Statute. A 
classification of "State Protected" status prohibits trapping or any intentional take in the state, 
and Llynx in Wyoming were offered full protection from trapping and hunting beginning in 1973, 
and they are designated by the State as a species of greatest conservation need (ILBT 2013, p. 
57). The Wyoming Game and Fish Department (WGFD) also participates in the CITES Export 
Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
                                                 
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an 
early regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than typical historical conditions under the natural disturbance regime, when only 3 to 7 
percent of stands were likely in such condition at any given time (68 FR 40094). Current timber 
harvest and management on State and private lands in Maine are governed by the Maine 
Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
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manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 
of Unit 1) of private lands in northern Maine areis under “working woodland” conservation 
easements10; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2)but easements do not require management prescriptions or 
commitments for lynx. In the past Maine private forest landowners have expressed interest in 
long-term commitments to lynx management plans, but to our knowledge, there are no private 
landowners in Maine who have committed to long-term or permanent protection and creation of 
lynx habitat according to the Service’s lynx management guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 

                                                 
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
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are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
                                                 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
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continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
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Globally, annual average temperature increased by 0.61oC (1.1oF; range = -0.53 to +2.50oC [-
0.95 to +4.5oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Peters et al. 2013, entire; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 
2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). Analysis of paleoclimate data indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4o - 2.6oC 
(0.7o - 4.7oF) by mid-century and 0.3o - 4.8oC (0.5o - 8.6oF) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
percent probability of increasing more than 1.5oC (2.7oF), a 76 percent probability of increasing 
2 o - 4.5oC (3.6o - 8oF) and a 14 percent probability of exceeding 4.5oC (8oF). 
 
In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
                                                 
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf
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acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
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hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
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cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
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upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over potential terrestrial competitors and predators. Although specific snow requirements for 
lynx (amount/depth, quality, persistence) have not been quantified throughout the DPS 
rangeHowever, climate warming is diminishing snow conditions (depth, quality, persistence) 
throughout the DPS rangein the contiguous United States. Warmer winter temperatures are 
reducing snow cover extent  and duration and altering snow structure via a combination of a 
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higher proportion of precipitation falling as rain, more winter thaw-freeze events, higher rates of 
snowmelt during winter, and earlier spring melt and runoff (Hamlet and Lettenmaier 1999, p. 
1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; Christensen et al. 
2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; Pierce et al. 2008, 
entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; Georgakakos et al. 2014, pp. 
71-85). These trends are expected to continue with projected future climate warming (Hamlet 
and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; 
Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; IPCC 2014b, p. 62). The 
IPCC projects that spring snow cover in the Northern Hemisphere is likely to decrease by 7-25 
percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow season length and snow 
depth are very likely to decrease in most of North America except in the northernmost part of 
Canada where maximum snow depth is likely to increase’’ (Christensen et al. 2007, p. 850). 
Because lynx occurrence is correlated with prolonged periods of deep, fluffy snow, current lynx 
habitats would be expected to decline in value for lynx with decreases in snow condition and 
duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Estimating trends in snowpack is challenging because the high variability in snowpack dynamics 
and microsite variations due to canopy cover, aspect, and elevation are not well-reflected in 
observation records (Hubbart et al. 2015, pp. 885-892; Rasouli et al. 2015, pp. 3937-3938; 
Painter et al. 2016, p. 149; IDFG 2017a, p. 7). Nonetheless, Ssnowpack losses have been 
documented and will likely continue and could even accelerate in the future (Hamlet and 
Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 2011, entire; Kapnick and 
Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-971), with faster losses 
likely in milder climates like the Cascades and the slowest losses in the high peaks of the 
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Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in temperature, 
snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 2016, p. 
106). In the West, areas of contiguous spring snow cover are projected to become smaller and 
more isolated throughout the Columbia, Upper Missouri, and Upper Colorado Basins, with 
greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). Snow 
accumulation and duration are also expected to continue to decline generally in the central and 
eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 2009, p. 31; 
Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow resources, 
potential lynx habitat is diminishing in the northern Appalachians and small areas in the 
Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential future 
snow cover under a range of IPCC climate scenarios suggests that snow conditions correlated 
with historical lynx occurrence records could decline by 10-20 percent across the continental 
U.S. and Canada and by 46-84 percent in the contiguous United States by the end of the 
century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
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These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
mediate competition between the 2 species. Because of their higher foot-loading, bobcats likely 
hunt less efficiently than lynx in deep, unconsolidated snows (Hoving et al. 2005, entire; Krohn 
et al. 2005, pp. 122-129), and they experience high mortality in deep-snow winterswhich appear 
to limit bobcat mobility and distribution (Litvaitis et al. 1986, p. 116). Considering recent and 
projected future changes in snow conditions described above, stable or increasing bobcat 
populations in the DPS range (Roberts and Crimmins 2010, p. 170), and the predicted 
northward expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 
2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172), lynx may 
experience increased competition and displacement by bobcats, which could influence lynx 
distribution and persistence at the southern edge of their range (in all DPS geographic units and 
in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
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is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
 
Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change will likelyalso may affect hare populations in other ways, especially at the 
southern extent of its range in the DPS and in parts of southern Canada. As described above, 
changing snow conditions may influence lynx hunting behavior and effectiveness. For example, 
hard-packed snow is reported to be associated with a higher kill rate of hares by lynx and 
coyotes compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). 
Consistently higher kill rates could generate numeric responses (population increases) by lynx 
and other hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower 
levels (Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at 
the southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and 
snow conditions that are projected to decreasingly favor lynx and increasingly favor less 
specialized predators (i.e., those with lower foot-loading) would be expected to result in 
increased predation on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
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have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
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Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 
Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
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Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
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2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
                                                 
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
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Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
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Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
 
Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
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stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
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p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
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crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
 

● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
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Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
 
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
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The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
 
Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under climate change, total United States timber inventories will increase, timber harvest will 
increase, and product prices will decrease relative to an assumed stable climate. Some models 
predict that consumers will gain from climate change while landowners in some regions will 
lose. The forest industry will likely adapt to climate change in many ways including using 
alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
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extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
 
There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
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complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
 
In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
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supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
 
Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University of Maine, pers. comm.).  As much as 30 to 40 percent of the advanced regeneration 
may be damaged from repeated entries by machinery to remove the overstory (R. Seymour, 
Department of Forestry, University of Maine, pers. comm.).  Finally, because subsequent 
overstory removal occurs about 15 years after the initial entry, some of the dense understory is 
damaged just as the stand develops conditions to support higher hare densities. The damage to 
the understory not only reduces the quality of the habitat for hares, but also cuts short the 
duration that the stand produces high quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
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sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
 
Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
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of the lynx were wildfire, insect and disease outbreaks, and wind events(Kilgore and 
Heinselman 1990, Heinselman 1996, Veblen et al. 1994, Agee 2000, Seymour et al. 2002, 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
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other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
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In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
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threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
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fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
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2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 
(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 
selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
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was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
 
As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
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between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
 
Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 



101 
 

to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
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years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
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surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
 
Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
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clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
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from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 
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4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 



107 
 

has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally likely have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or primary prey 
species). However, although some small populations may have become extirpated recently, 
resident lynx in the DPS remain broadly distributed across the range of ecological settings that 
seems to have supported them historically in the contiguous United States. Because there are 
no indications of current threats to the genetic health or adaptive capacity of lynx populations in 
the DPS, we find that the current level of representation does not appear to represent a 
decrease from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
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the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger and highly resilient population (Harrison 2017, p. 3) 
that also occupies southern Quebec (where trapping is legal) and northern New Brunswick 
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(where lynx are a provincially-endangered species and harvest is prohibited). There are no 
reliable estimates of current or historical resident lynx numbers in this unit. HoweverAlthough 
the actual number of resident lynx in this unit is unknown, based on estimates of habitat 
distribution and lynx home range sizes, the MDIFW believes this unit currently may be capable 
of supporting 750-1,000 lynx based on estimates of habitat distribution and lynx home range 
sizes (Vashon et al. 2012, pp. 87-91), which would make it the largest population in the DPS. 
This is many more resident lynx than likely occurred historically and many more than were 
suspected to occur in this unit when the DPS was listed, and it is the result of extensive 
clearcutting and herbicide application to salvage spruce-fir and encourage softwood 
regeneration following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments have created 
the current extensive distribution of young, regenerating softwood stands that provide optimal 
hare foraging habitat. Lynx responded to these conditions with high survival and reproduction, 
small home ranges, and the highest densities documented in the DPS. Historically, under a 
more natural disturbance regime, Maine typically had a greater proportion of mature forest and, 
therefore a patchier distribution of high-quality habitat that likely supported a smaller lynx 
population that may have been more dependent on immigration from Canada. State forestry 
regulations passed in 1989 caused landowners to shift to various forms of partial harvesting that 
have resulted in lower landscape hare densities across much of the unit. Hare populations do 
not seem to cycle in this region, but hare density estimates from 2008-2015 declined by over 50 
percent compared to estimates from 2001-2006. Reproduction and adult survival rates declined 
in the low-hare environment after 2006 suggest a slightly declining lynx population, although 
kitten survival remained high. Unlike other DPS units, lynx habitat in northern Maine occurs 
nearly entirely on private, industrial forest lands, most of which lack long-term commitments to 
lynx management. The majority of private lands in this unit are now owned by investment 
companies seeking to diversify income from their investments, which could result in forest 
practices less likely to maintain or conserve hare and lynx habitat. Other potential stressors to 
lynx in this unit include incidental trapping, road mortality, large-scale wind energy development, 
residential and resort development, and parcelization of forestlands from rapid turnover in 
investment company landowners. Another spruce budworm outbreak may be imminent, and 
forestry response by investment landowners is uncertain. Climate change is a concern because 
average annual snowfall and duration are currently at the minimum thresholds believed 
necessary to give lynx a competitive advantage over bobcats and other mesocarnivores. 
Although lynx regularly occur outside this unit in southeastern and southwestern Maine, and 
small numbers of reproducing lynx have also been documented recently in northern New 
Hampshire and northern Vermont, the ability of some of these peripheral areas to support 
persistent breeding populations is questionable. However, recent telemetry data in Maine 
suggest that resident lynx are expanding both east and south of the Northern Maine Geographic 
Unit, with home range maintenance and reproduction documented in both areas, which 
previously were considered outside the area capable of supporting resident lynx (Vashon 2017, 
pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 

Commented [ZJ2]: Maine strongly disagrees. 
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swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  The historical and current sizes of the 
resident lynx population in this unit are unknownre are no reliable estimates of current or 
historical resident lynx numbers in this geographic unit, but it is thought currently to be capable 
of supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this 
unit are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires 
et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was 
listed (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences 
suggest 3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and 
southern (Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 
2011 to 2015, prompting concerns about the potential loss of the small resident population 
(perhaps 7-10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. 
However, whether this absence indicates the extirpation of a previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. A single 
lynx was verified in the Garnet Range in February 2016, indicating that natural recolonization of 
the area is possible; however, subsequent surveys have failed to detect that lynx or other lynx, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and 
hare habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest 
and associated management (e.g., thinning, road construction, fire suppression) appear to have 
had localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
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and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. There are no reliable estimates of hHistorical or and current resident lynx numbers 
in northern Washington are unknown, but recent habitat and home range analyses for the larger 
Okanogan LMZ (summarized in Lewis 2016) suggest that this geographic unit may have been 
capable of supporting about 50 lynx prior to extensive wildfires over the past 2-3 decades (85-
90 lynx in the entire LMZ). Those fires affected over a third of the LMZ, led to increased home 
range size, and may have reduced the carrying capacity of this unit to perhaps 30 lynx currently 
(50-55 in the entire LMZ). Additional extensive wildfire activity in the northern part of this unit in 
2017 may result in further reduction of carrying capacity. The recent increases in wildfire 
frequency, size, and intensity in lynx habitat in this unit may have been influenced by climate 
change (Westerling et al. 2006, pp. 942-943). Burned habitats are expected to regenerate back 
into suitable lynx habitat, but this may take 10-40 years. However, additional wildfire activity in 
this unit before previously burned areas recover could substantially reduce the viability of the 
lynx population in this geographic unit (see section 5.2.4).Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently submitted, 
and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx from threatened 
to endangered within the State. Hare densities in Washington are generally at the low end of the 
range thought necessary to support lynx persistence. The Okanogan-Wenatchee and Colville 
National Forests, which administer more than 90 percent of lynx habitat in Washington, continue 
to manage in accordance with the LCAS. Additionally, the WADNR, which manages 
approximately 4 percent of lynx habitat in Washington, developed a Lynx Habitat Management 
Plan in 1996, which was updated in 2006 and is also largely based on the LCAS. The Kettle 
Range to the east of this unit was suspected to have supported a small (likely fewer than 20 
individuals) resident population until about 30 years ago when over-trapping compounded by 
habitat changes may have resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, 
p.1523). Potential impediments to lynx movement between the Kettle Range and the Cascades 
and British Columbia may make natural recolonization of the Kettle Range unlikely. 
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Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or and historical numbers 
of resident lynx numbers in this unit are unknown, but CPW lynx biologists believe it may 
currently could support 100-250 lynx as a result of the 1999-2006 release of 218 lynx from 
Canada and Alaska. Released lynx had high survival but the proportion of females producing 
kittens and kitten survival were low. This unit is not directly connected to lynx populations in 
Canada, and it does not appear to have received immigrant lynx during the historicaly large 
irruptions of the early 1960s and early 1970s. Since 1996, 2 unprecedentledly large bark beetle 
epidemics have affected about 16,200 km2 (6,255 mi2) of spruce-fir and lodgepole pine forests 
in Colorado, including much of the lynx habitat in this unit. Additionally, the 2013 West Fork 
Complex fire impacted more than 400 km2 (154 mi2) of lynx habitat in the San Juan Mountains. 
Beetle outbreaks do not appear to have negatively impacted hares, and hare numbers may 
increase in affected areas as succession progresses; however, they have negatively impacted 
red squirrels, an important alternate prey species for lynx in this unit. Areas affected by beetles 
that contained multi-story stand conditions likely continue to provide habitat to support 
snowshoe hares and lynx. Areas affected by fire may require 20 years or more, and in some 
areas considerably longer, to recover to a point where the stands will again support snowshoe 
hares. Large-scale monitoring efforts in the San Juans documented continued lynx occupancy 
during 2010-11, 2014-15, and 2015-2016, and it is reasonably likely that lynx continue to occur 
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in all national forests within the State of Colorado. Snowshoe hare habitat is naturally patchily-
distributed in this geographic unit, which limits hare abundance. Because the majority (90 
percent) of potential lynx habitat in Colorado is under Federal land management, actions 
occurring on other ownerships are unlikely to result in significant impacts to lynx habitat within 
this unit. The USFS manages over 85 percent of the lynx habitat in this unit, providing 
conservation through the SRLA. However, regulatory mechanisms for the conservation of lynx 
are lacking on approximately 3,159 km2 (1,220 mi2; over 12 percent) of this unit, including lynx 
habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 

100% 83% (Purcells);            
61% (Seeley Lake)

100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares)

3.3 2.95 (Purcells);            
2.24 (Seeley Lake)

2.25 (2 females) 3.0 (1 female, 2 
years)

2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00

0.85 (Purcells);            
0.75 (Seeley Lake) 0.86 Few data

0.93 (in Core Release 
Area [CRA]);                   

0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.16 (high hares, 6 
yrs); 0.88 (low hares, 

4 yrs)
No estimate

1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 
occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 
Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 
Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
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component of deciduous forest and insufficient snow conditions in New Hampshire make it 
unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
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1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforces the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found 
the probability of lynx occurrence was > 50 percent where landscape hare densities were > 0.74 
hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx maintained 
home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by very recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). At a landscape scale, lynx habitat selection did not differ between sexes; however, 
at a home range scale, males tended to use more mature forest dominated by conifers than 
females, and both male and female lynx tended to avoid mature forests that had a high 
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deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on these observations, 
Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining landscape hare densities 
of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-quality hare habitat within 
100-km2 areas to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, lynx 
habitat in northern Maine was probably typically much less abundant and less broadly-
distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, insect 
outbreaks) are rare (intervals of several hundred to several thousand years) and highly variable 
in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, 
spruce beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). Although, 
high-elevation boreal forests often exhibit dense, regenerating conifer (resulting from a wind-
throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare densities are believed to be 
low in these areas (Siren et al. 2015, entire). In this geographic area, wildfire is less significant 
as a natural agent of disturbance. The typical fire regime is infrequent surface fires in the 
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dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately 50 percent of the 
designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 
km2 (1,485 mi2; nearly 27 percent) of the forested landscape was comprised of spruce-fir in a 
young, regenerating stand condition that provide high quality hare habitat. This habitat is similar 
to, and contiguous with, forested areas in Quebec and New Brunswick that support lynx (Hoving 
et al. 2005, pp. 740-741). The current range of lynx in this unit is associated with areas of deep 
snowfall, extensive forested landscapes, and areas having a high proportion of regenerating 
conifer-dominated forest that had previously been clearcut and treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several estimates of 
hare densities in the highest-quality regenerating conifer or mixed forest averaged 1.9 to 2.1 
hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 1990, hare densities 
in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 hares/ac) at low and high 
elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. (2015) reported lower densities 
in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and lowland 
spruce-fir. Densities in high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont. 
 
Current habitat is likely at historically high levels, but this habitat has peaked and high-quality 
lynx habitat is projected to decline in the near future (Simons-Legaard et al. 2016, pp. 140-163, 
202-218). In response to the widespread clearcutting in the 1970s and 1980s, Maine passed the 
Forest Practices Act in 1989, which regulated clearcutting. Since then, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27). Over 95 percent of cutting that 
occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 2009, 
p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). This new cutting regime 
results in lower landscape densities of snowshoe hares (Fuller 1999; Homyack 2003; Robinson 
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2006; Scott 2009). Another consequence of partial harvesting is that a much greater acreage 
needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 
harvest rates have increased from about 40,000 ha (100,000 acres) per year (before the Forest 
Practices Act) to over 200,000 ha (500,000 acres) per year (after the Act). Thus, 28 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 40,000 ha (100,000 ac) including the State, Federal government (White 
Mountain National Forest south of lynx range), a conservation group (The Nature Conservancy), 
2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx 
range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi were chosen as pilot States to receive funding through their 
respective Natural Resources Conservation Service (NRCS) State offices. Based on a 
successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 
2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending regulations 
for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS offered the 
HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to promote 
development of Canada lynx forest management plans. Since that time 4 private landowners, 
The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and Katahdin 
Forestlands successfully enrolled in the program. Collectively, these land ownerships comprised 
2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine in 
2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
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Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 

Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. In 
addition, “working woodland” easements now encompass > 10,000 km2 (3,861 mi2) across 
northern Maine; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
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Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 
2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals cross the river on the ice each generation to prevent genetic drift of this population 
(Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA 
Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area of 
high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the critical habitat area designated in 2014) in northern Maine could potentially support a 
population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) 
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estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx, however, is unknown because there are no methods available 
to count individuals over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
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survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-00; 
Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 2 and 
3). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
 
In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality ynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 



124 
 

wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
 
Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
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Lynx in the Northeast United States and eastern Canada occur where average annual snowfall 
typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx 
(to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et 
al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 cm (90-
104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 
2008). Thus, average annual snowfall in Maine is currently at or below depths associated 
historically with lynx presence, and further declines could reduce the likelihood that resident lynx 
will persist in this unit (Hoving et al. 2005). 
 
As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
                                                 
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-tagged in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development16, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and western 
Maine and 5 projects are in operation; 2 have been proposed in northern New Hampshire and 2 
are in operation; and 3 have been proposed for northeast Vermont and 2 are in operation or 
under construction. Maine’s 2 largest wind projects (combined over 250 turbines covering 932 
km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. Although 
impacts of wind energy projects on lynx, hares, and their habitats have not been demonstrated, 
potential effects include loss and fragmentation of habitat from turbines, roads, and transmission 
lines, and disturbance or displacement of resident lynx. Road construction could further 

                                                 
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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fragment habitat and increase access, potentially increasing vehicle collisions with lynx and 
other sources of mortality, including incidental trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Ippoliti and Nadeau-Drillen 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some of these new landowners are seeking 
diversified financial returns on their investment, including developing residential housing, 
second homes, and resorts. At various times in the past, 2 large residential and resort areas 
have been proposed on forestlands within designated lynx critical habitat in this unit. Both 
projects, if eventually built as previously-planned, could result in the development of several 
thousand acres of potential lynx habitat, but would be mitigated by substantial (100,000s of 
acres) conservation easements on surrounding forestland. Also, a private landowner recently 
purchased and donated 354 km2 (137 mi2) within designated lynx critical habitat that was 
subsequently designated as the Katahdin Woods and Waters National Monument. This area 
currently has a legacy of young regenerating spruce-fir habitat from previous industrial forest 
landowners, but its new monument designation will limit future forest management activities 
(timber harvest or other vegetation management) that could benefit lynx. In addition, the Nature 
Conservancy continues forest management on about half of its 750-km2 (290-mi2) ownership in 
this unit, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx, although the 
actual population size is unknown. High-quality habitat created by extensive clearcutting 30 to 
40 years ago is peaking and is projected to decline by 50 percent in the next 15 to 20 years 
(Simons-Legaard 2016, pp. 10-18; also see section 5.2.1). Hare densities declined by 50 
percent in this unit starting in about 2006 and have remained at lower levels, and future hare 
fluctuations or cycles are uncertain. Recent history demonstrates that some forms of forest 
management have the potential to create or increase lynx habitat. However, forest practices 
have shifted to partial harvesting, which is less likely to create large areas of lynx habitat or 
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maintain the current historically broad distribution of high-quality habitat generated by previous 
landscape-level clear-cutting. Additionally, private landowners who previously entered into 
commitments to manage for lynx conservation have not renewed those commitments (although 
the habitat will remain viable for lynx for some time). Land ownership has also changed in 
northern Maine, and the majority of lands are owned now by investment companies that often 
wish to diversify income from their investments, which could result in forest practices 
inconsistent with lynx habitat conservation. Without long-term, binding land management 
commitments in this unit, there is no guarantee that the current historically high amount of lynx 
habitat will be maintained by future forest managment practices on private lands. The greatest 
stressors to resident lynx in this unit are habitat loss (as a result of the shift in forest 
management from clearcutting to partial harvesting resulting in lower landscape hare densities), 
lack of forest planning for lynx, and projected continued climate warming (diminishing snow 
depth, quality and duration; loss of spruce-fir to northern hardwoods; potential increased 
competition from bobcats and fishers; and increased future isolation of lynx in this unit and 
southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 1). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites 
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were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) found 
snowshoe hare densities were highest in regenerating forests. Females selected large woody 
debris and dense horizontal cover in lowland conifer cover for denning in northern Minnesota 
(Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns were present 
(Moen and Burdett 2009, p. 5). 
 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
                                                 
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 
current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx. A more 
precise estimate of resident population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
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genotypes (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
 
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways.  
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
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reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
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(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
 
In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
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Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
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separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
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Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 
Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 

                                                 
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
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The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 



139 
 

 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
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In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distirubtution, it is very unlikey that this unit and surrounding areas were 
ever (recently or historically) capable of supporting 1,000 resident lynx. As described above, 
habitats capable of supporting resident lynx in this unit are (and aslo were historically) naturally 
patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 
191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; 
Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of resident lynx 
remains uncertain, this unit has a long and continuous history of lynx occurrence and evidence 
of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
structuring among lynx subpopulations in the southern (Garnet Mountains), central (Seeley 
Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction among 
lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires in Lynx 
SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
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indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detecteded 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
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any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20), indicating recruitment of new individuals into this 
population, or immigration, or a combination of the 2. 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
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detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above.Genetic analyses and snow and 
camera surveys have verified continued reproduction and recruitment among lynx populations in 
this unit and also suggest some immigration may be occurring. The recent apparent absence of 
resident lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
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management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
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population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
 
Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41). 
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
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Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
                                                 
19 https://inciweb.nwcg.gov/state/27/0/ 
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geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx populations 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. However, Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being sustained by low levels of undetected immigration. 
The growth rate estimates presented above assumed no immigration 
 
4.2.4 Unit 4 - North-central Washington 
 

                                                 
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (less than< 10 percent), low elevations [less than 915 m (3,000 ft)], and steep 
slopes (> 30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the 
Northern Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler 
et al. 2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major 
drivers of disturbance in this unit, but other factors, including wind and tree diseases, also 
contribute to natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North 
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Cascades range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual 
snowfall is consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21), and the Diamond Creek fire burned 
another 393 km2 (152 mi2) in the northern part of this unit during July-October 2017, along with 
another 126 km2 (49 mi2) across the border in southern British Columbia22. 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. This estimate does not include impacts of the 2017 
Diamond Creek wildfire burned another large block of lynx habitat in the northern part of this unit 
                                                 
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 
22 https://inciweb.nwcg.gov/incident/5409/, accessed 10/25/2017. 

https://snowfall.weatherdb.com/d/a/Washington
https://inciweb.nwcg.gov/incident/5409/
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in 2017described above. These burned areas are expected to regenerate back into suitable lynx 
habitat, but it may take 10 to 40 years for that to occur (Lewis 2016, p. 5; Maletzke in Lynx SSA 
Team 2016a, p. 21), during which time the resident lynx population in this geographic unit will 
likely be at increased risk of stochastic demographic, genetic, and environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
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protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
 
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynxhabitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
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total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts, limited demographic information, and 
remaining uncertainties (e.g., immigration/emigration rates, changes in snowpack, disease, lynx 
population status and impacts of trapping in southern British Columbia, and habitat corridor 
stability between British Columbia and this unit; WADFW 2017, p. 3),the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. 
 
From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
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standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
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NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 
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Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place23. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 

                                                 
23 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 
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areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 
increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
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reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
unprecendentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 



158 
 

confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
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hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 



160 
 

40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
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1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-524). 

As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 

                                                 
24 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 
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https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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into the area historically, and long-distance dispersal (emigration) of translocated lynx to many 
western states and to Canada have been documented. The Southern Rockies are separated 
from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern Wyoming 
and further north, by sagebrush and desert shrub communities in the Wyoming Basin and the 
Red Desert of southern and central Wyoming, and the arid Green and Colorado River plateaus 
of western Colorado and eastern Utah. Because of extreme topographic relief juxtaposed with 
highways, residential communities, and other human developments, lynx biologists have 
identified habitat connectivity as an important consideration for the Southern Rockies (ILBT 
2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit. 
 
Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
 
In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
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hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
 
All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
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geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific conservation planning guiding activities on non-Federal lands in this 
geographic unit. 
 
Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Devineau et al. 2010, p. 5Ibid), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; 
Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories 
(0.90; Poole 1994, p. 612). Successful reproduction, including by third- and fourth-generation 
offspring of translocated lynx, has been documented (Shenk 2008, p. 2); however, the average 
proportion of females that produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) 
and the kitten survival rate (0.23; Ivan 2016b, pers. comm.) were both lower in this geographic 
unit (during the period of intensive monitoring from 1999-2010) than rates reported for some 
other geographic units where estimates were based on adequate sample sizes (Units 1 and 3; 
table 4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
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recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce-fir forests 
could impact lynx habitat for a long time. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
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Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
 
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
 
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

 
In summary, there are currently many more resident lynx in this unit than likely occurred 
historically, and many more than were known or suspected at the time the DPS was listed. 
There were even fewer verified records in this unit during the last century than in the GYA, and 
no reliable evidence of a resident breeding population. However, from 1999-2006, 218 
Canadian and Alaskan lynx were released into the San Juan Mountains of southwestern 
Colorado. As a result of the subsequent reproduction of some of the released lynx and some of 
their offspring over several generations, resident lynx currently occupy this unit. When the DPS 
was listed in 2000, 27 of 41 radio-marked lynx released in 1999 were still alive. The State of 
Colorado has concluded that its efforts have established a viable lynx population, and the 
State’s lynx experts suggest this unit may currently support 100-250 resident lynx (Ivan in Lynx 
SSA Team 2016a, p. 47). Recent (2010-2016) snow-tracking and camera surveys in the San 
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Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 
the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
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After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
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potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
 
Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
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century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
 

 
Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
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at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
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lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
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How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
climate warming is expected to exert the greatest influence on the resiliency of individual 
populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape, perhaps more in line with likely historical conditions (Simons-Legaard 
2016, fig. 8, p. 10). High quality habitat patches will likely become more fragmented, smaller, 
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and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort land development, and unmanaged 
conservation lands) may compete with forest management as the primary future land use. 
Conservation easements will limit development pressures in some areas and keep some lands 
as working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not create new lynx habitat or maintain the current historically high amount of high-quality 
habitat. Climate change is expected to affect this unit more than some others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and beyond, snow quantity and quality will likely 
continue to deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices cleary have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
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contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which gives it a higher priority than 
other species for monitoring and management during that time. We also expect that MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
median “most likely” probabilities of persistence generated by lynx experts were high for the 
near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but declined to 35 
percent (with great uncertainty) by 2100. We concur with the expert panel that resident lynx are 
likely to persist in this unit at 2025 and 2050. However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, and the potential for increased competition, disease, and insect 
outbreaks), some members of the  SSA Core Team were slightly less optimistic about the long-
term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded that the 
climate-mediated conversion of boreal forest to temperate forest and the loss of favorable snow 
conditions could occur at a rate and extent that would result in a lower likelihood of persistence 
than projected by experts, including the possibility that resident lynx could be extirpated from 
this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
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above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
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potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
unit will benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
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conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in habitat proected by 2032; 
habitat shift to the south edge of current 
range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 
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snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 

2025: 80 
(60-95) 

 
2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shoudl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 
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reintroduced lynx population ● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the grey area 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and grey area 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
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outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would not respond to future budworm 
outbreaks like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the aging of past clearcuts beyond conditions that 
support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likely to reduce the likelihood that 
lynx will persist in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
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percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 

Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
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by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
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Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4o C/decade (0.8 o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0o C (3.6 o F; low 
emission) to 2.9o C (5.2 o F; high emission) by mid-century and 3.1o C (5.6 o F; low emissions) to 
5.3o C (9.5 o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5 to 2.8 o C (4.5 to 
5.0o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, increasing threats to high elevation and 
potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are currently at or falling 
below threshold values needed to support lynx in Maine. 
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios and predicted loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, the area capable of supporting resident lynx in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 
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15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 
2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 
 
Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
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Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
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northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
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Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
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variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
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hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
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Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201025), and wind development in the lynx critical habitat are likely to 
                                                 
25 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
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increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
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result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
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interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
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an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 

Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
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of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
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harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 12-19) predicted loss snow conditions supportive of lynx but 
persistence of boreal forest in Minnesota by the end of the century, and suggested that the SNF 
could provide a potential refugium for lynx (Gonzalez et al. 2007Ibid., p. 8). Notaro et al. (2015, 
pp. 1668-1669) projected changes in lake effect snowfall using downscaled climate models 
(Abdus Salam International Centre for Theoretical Physics (ICTP) Regional Climate Model 
version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for 
the Great Lakes Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show 
an increase in lake effect snow in the eastern Great Lakes until 2050, with a decline later in the 
century, with an overall decline in the amount and duration of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
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days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)26 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now. Although 
uncertainties remain, as elsewhere, about the timing and magnitude of future climate-driven 
                                                 
26 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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impacts, lynx populations in Minnesota are expected to recede northward and decline over the 
next century (Lynx SSA Team 2016a, pp. 37-38). 
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
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percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 



202 
 

exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, potential for increased competition, disease, and insect outbreaks), some 
Core Team members were less optimistic about the future of lynx in Minnesota than the lynx 
expert panel. Depending on future emissions levels, the likelihood that this unit will continue to 
support resident lynx at the end of the century may be lower than the 35 percent (median most 
likely) estimate based on expert opinion. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
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is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Hybridization and competition with bobcat also may 
increase with diminishing snow conditions because of continued climate warming, and it is 
uncertaint how insect outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is uncertain if lynx would become a 
legally trapped furbearer in Minnesota if the DPS was not listed (although a legal wolf hunt was 
reinstated after that species was delisted in Minnesota, so regulated trapping could also be 
considered for lynx if the DPS was not listed). Seven lynx have been illegally shot and reported 
or otherwise discovered since listing. Illegal shooting and non-reporting would likely increase 
without Federal protection. Education efforts by Federal and State agencies and law 
enforcement agents may have helped to reduce illegal shooting of lynx in this unit. With a 
diminished snow regime, populations of bobcats could increase and expand north and eastward 
into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping and hunting 
activities would likely increase without Federal listing. Similarly, fisher, fox, and coyote 
populations may increase in a diminished snow regime in northern Minnesota and trapping 
would be expected to occur there that could lead to greater incidental take of lynx. We believe 
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that despite a closed hunting and trapping season, incidental take would continue and possibly 
increase and could become a significant threat to a population of lynx that could be substantially 
diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, we believe that climate change is a significant stressor to lynx in this unit; 
slightly more so than expressed by most of the experts. Snow depth and duration in the area 
currently supporting resident lynx are projected to decline significantly by the end of the century, 
likely to the detriment of both hare and lynx populations. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in the extreme northeastern corner of the unit. 
The boreal forest in this unit is already being replaced by northern hardwoods because of 
climate warming. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate models portend declining snow conditions under low- and high-emissions 
scenarios. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
mining developments. Although we expect resident lynx to persist in this unit through 2025 and 
2050, we conclude that the stressors described above, individually and cumulatively, could 
diminish lynx habitat and numbers in this unit. If these stressors are not abated, we believe that 
resident lynx in this unit will face a slightly greater risk of extirpation by the end of the century 
than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
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occupy public lands, which are actively managed for lynx into the future. Experts also 
considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
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change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
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from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). Tennant et al. (2015, pp. 
2818-2820) simulated snowpack loss in the Northern Rockies (ID, MT, WY) and predicted that 
watersheds between 1,000 - 2,000 m (3,281 – 6,562 ft) elevation would experienced the 
greatest snowpack losses, while those > 2000 m (6,562 ft) would be more resilient to significant 
warming. Given the greater predicted snowpack persistence at some elevations used by lynx in 
this unit and the considerable area of potential climate refugia in mountainous terrain 
(Dobrowski 2011, pp. 1027-1029; Curtis et al. 20140, entire; Holden et al. 2015, entire; Morelli 
et al. 2016, entire), at least a portion of lynx distribution in this unit is likely resilient to climate-
driven losses in snowpack (IDFG 2017a, p. 7). 
 
 There will likely be a lag time between the loss of favorable snow conditions and an eventual 
shift or contraction in vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 
section 3.2), but continued warming is projected to convert much of the boreal forest in this unit 
to temperate conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The 
ability of lynx and hare populations to persist during this lag and to adjust to future habitat 
distributions is uncertain, but habitat quality, quantity, distribution, and connectivity are expected 
to decline, likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will likely 
reduce this geographic unit’s ability to continue to support resident lynx into the future. The 
timing and magnitude of climate-driven impacts are uncertain; however, all are anticipated to 
adversely affect, and none are expected to benefit, lynx populations in this geographic unit. 
Climate model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
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quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will reduce future habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
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Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
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probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of undetected immigration.  Additionally, as noted above, 
the lynx population in the Purcell Mountains in the northwestern part of this unit was estimated 
to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 
years of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncerytainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
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habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
 
Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 
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Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
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the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
 
Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
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temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
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Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currentlyoccur in 
the GYA. 
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Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS is delisted in the future, the 
ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
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We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
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Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
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magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
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potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
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After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future thant it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing available lynx habitat in the future. 
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Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in the contiguous United States are 
naturally less abundant and more patchily-distributed than in the core of the range (except 
during decadal lows in hare population cycles, when both hares and lynx occur temporarily in 
the north at densities lower than most in the range of the DPS). Maintaining connectivity with 
lynx populations in Canada is thought to be important to the persistence of DPS populations; 
however, whether, and if so to what extent, the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
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• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 

southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
confier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 
19).There is no information to suggest that this unit historically supported a larger 
resident population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
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in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.27 Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 
Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 

                                                 
27 https://inciweb.nwcg.gov/state/27/0/ 
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lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47).Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
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lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
has already altered) the timing and magnitude of lynx dispersal from Canada into the contiguous 
United States. If lynx populations in the DPS depend on immigration from Canada which is no 
longer occurring or has been substantially reduced relative to historical conditions, population 
declines and an increased likelihood of extirpation among resident DPS populations would be 
expected. However, whether, and if so to what extent, these climate-mediated factors have 
influenced current lynx numbers, other demographic parameters, and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units. Despite uncertainty regarding its influence over current conditions for lynx, 
climate modeling and expert opinion concur that continued climate warming will adversely 
impact lynx in the DPS at some point in the future (also see Future Conditions and Threats, 
below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
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Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
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loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 

 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
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geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event. We recognize that a sequence of discrete but spatially-
clustered catastrophic events in lynx habitats over a short time could increase the potential for 
functional extirpation in 1 or more of the individual geographic units (especially the possibility of 
additional large wildfires in north-central Washington), thereby reducing redundancy within the 
DPS. However, as long as resident lynx remain geographically well-distributed in 1 or more 
units within the DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
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management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
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settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/2016%2004%2018%20FINAL%20Lynx%20SSA%20EE%20Workshop%20Report%202%20jzeds.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/2016%2004%2018%20FINAL%20Lynx%20SSA%20EE%20Workshop%20Report%202%20jzeds.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/2016%2004%2018%20FINAL%20Lynx%20SSA%20EE%20Workshop%20Report%202%20jzeds.pdf
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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This report also relies heavily on the Interagency Lynx Biology Team’s Canada Lynx 
Conservation Assessment and Strategy, 3rd Edition, August 2013: 
 
Interagency Lynx Biology Team. 2013. Canada lynx conservation assessment and strategy. 3rd 

edition. USDA Forest Service, USDI Fish and Wildlife Service, USDI Bureau of Land 
Management, and USDI National Park Service. Forest Service Publication R1-13-19, 
Missoula, MT. 128 pp. 
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf. 

 
All Lynx SSA Core Team members participated in development and review of the revised 
LCAS.  

http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The Canada lynx is a North American boreal forest carnivore whose populations are strongly 
tied to its primary prey, the snowshoe hare (Lepus americanus). Both species occur primarily in 
the extensive boreal spruce-fir forests of Canada and Alaskan; however, the southern margins 
of both their ranges extend into the northern contiguous United States. The Service designated 
lynx in the Lower 48 States as a DPS because of differences in the management of lynx and 
lynx habitats across the international boundary with Canada and because of the climatic, 
vegetative, and ecological differences between lynx habitat at the southern extent of its range in 
the contiguous United States compared to the northern range in Canada and Alaska. The 
Service listed the DPS as threatened under the Endangered Species Act (ESA) in 2000 
because of the inadequacy, at that time, of regulatory mechanisms on some Federal lands to 
provide for the conservation of lynx habitats and populations (see section 3.1.1). This SSA does 
not reconsider the designation of the DPS or its listing status under the ESA, which are Service 
policy decisions. Instead, it provides the scientific basis for the statutorily required 5-year status 
review for the DPS and other decisions the Service is required to make in accordance with the 
ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
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lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are, in most 
places, naturally less abundant and generally more patchily-distributed than in the core of the 
species’ range in Canada and Alaska. Maintaining connectivity between the DPS and lynx 
populations in Canada is thought to be important. However, the extent to which DPS 
populations may depend on immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in projections, particularly beyond mid-
century. The output from this expert elicitation process (summarized below and presented in 
detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline largely as a result of 
projected continued climate warming and associated impacts, which are likely to exacerbate the 
potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue, although we do not anticipate that such events alone 
would cause the permanent loss of breeding lynx populations in any geographic unit. We are 
aware of no management actions that could be expected to abate the projected long-term 
retreat of boreal forests, declining hare populations, and diminished snow conditions expected 
under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically and many more than was known or suspected at the time the DPS was 
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listed, and recent information suggests that resident lynx may be expanding to the south of the 
core population area. This is due to the large amount and broad distribution of high-quality lynx 
and hare habitat that currently exists as a result of landscape-level clearcutting on private 
commercial timber lands in response to a major spruce budworm (Choristoneura fumiferana) 
outbreak in the 1970s and 1980s. These dense regenerating conifer stands are much more 
extensive than they are thought to have been historically under natural disturbance regimes. 
The State of Maine suggests that this unit currently may support 750-1,000 or more resident 
lynx. However, the extent of these high-quality stands probably peaked by 2005, and habitat 
quality is projected to decline in these stands over the next few decades as they age beyond 35-
40 years post-harvest. Because a shift in forest management from clearcutting to partial 
harvesting that began in 1989 appears unlikely to maintain or recreate this extensive high-
quality habitat, we expect lynx habitat and numbers to decline in this unit over the next several 
decades, perhaps to levels more consistent with likely historical conditions. We concur with the 
expert panel that the resident lynx population in this unit is very likely to persist at 2025 and at 
2050. Over the longer-term (at 2100), we expect continued climate warming to reduce the 
amount and quality of lynx habitat in this unit and exacerbate other potential stressors 
(commercial and energy developments, changing forestry practices and land ownership 
patterns, etc.), further reducing lynx numbers and likely decreasing the population’s resilience. 
Some climate models indicate substantial loss of boreal forest and favorable snow conditions 
under higher emissions scenarios, and this unit generally lacks potential elevational refugia that 
would support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be somewhat 
lower than expert projections, although the timing and extent of climate-mediated habitat decline 
is highly uncertain. This geographic unit also may be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington, perhaps substantially more 
after additional fires in 2017. Because of this, the number of resident lynx in this unit is likely 
lower than it was historically and when the DPS was listed. Based on estimates of lynx carrying 
capacity, this unit may have been capable of supporting roughly 50-60 resident lynx prior to 
large fires beginning in the early 1990s. Recent habitat evaluations suggest it currently may be 
capable of supporting only about 30-35 lynx, with the decline due to fire-driven habitat losses. 
Although these losses are expected to be temporary, additional fires in this unit before 
previously burned areas recover (10-40 years post-burn) would further reduce lynx numbers 
and make this geographic unit more vulnerable to extirpation. Because of these habitat impacts, 
limited demographic information, and remaining uncertainties (e.g., immigration/emigration 
rates, changes in snowpack, disease, lynx population status and impacts of trapping in southern 
British Columbia, and habitat corridor stability between British Columbia and this unit), the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Nonetheless, we concur with the expert panel that the resident lynx population in this unit is very 
likely to persist at years 2025 and 2050. Over the longer-term (2100), we expect continued 
climate warming to reduce the amount and quality of lynx habitat in this unit, further reducing 
lynx numbers and likely decreasing the population’s resilience. Therefore, we concur with 
experts that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
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Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
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supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
We expect lynx populations in each geographic unit to become smaller and more patchily-
distributed due largely to projected climate-driven losses in habitat quality and quantity and 
related factors. However, the timing, rate, and extent of habitat decline due to projected climate 
warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should extirpations occur, this 
would indicate a loss of resiliency, reduced redundancy and representation, and an increased 
risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated Canada lynx in the contiguous United States as a DPS because of 
differences in the management of lynx and lynx habitats across the international boundary with 
Canada and because of the climatic, vegetative, and ecological differences in lynx habitat 
compared to the northern parts of the species’ range in Canada and Alaska (62 FR 28654-
28655). The Service listed the DPS as threatened under the ESA in 2000 because of the 
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to provide 
for the conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is 
recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We 
completed this SSA (version 1.0) to summarize the best available scientific information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions. It 
is generally restricted to areas that receive deep and persistent unconsolidated (“fluffy”) snow, 
which is thought to allow lynx, with their proportionately longer limbs and very large feet, to 
outcompete other terrestrial hare predators that are less efficient in such conditions (McCord 
and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-
94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; 
Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 
25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to these geographic units are known or suspected to 
intermittently support resident lynx and occasional reproduction. Uncertainty remains as to 
whether resident lynx populations occurred historically in other areas not encompassed by the 
geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164 100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that the statuses of lynx populations in individual SSA geographic units are 
largely independent of those in the other geographic units. This is clearly true for Units 1 and 
2, and it is probably true of the western geographic units (3 – 6), despite likely historical 
north-to-south connectivity and dispersal from or through Unit 3 to Unit 5 and possibly Unit 
6, and recent evidence of south-to-north connectivity and dispersal from Unit 6 to and 
through Units 5 and 3. We are aware of no evidence of east-west connectivity or dispersal 
between Units 3 and 4. 
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● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
 

● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate warming and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate coniferous or deciduous) forests, non-snow-domintated climates, or to 
persist on alternate prey species where hare densities are or become inadequate. 
Therefore, we assume lynx populations in the DPS are vulnerable (sensitive, exposed, and 
with little capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 
5) to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 
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For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
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1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
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northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 



27 
 

litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
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winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90; Ivan et al. 2014, entire). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
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Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
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adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
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mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
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Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in northern and eastern Canada (McKelvey et al. 
2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
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c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, traps, vehicles, etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
At the southern periphery of the lynx’s range (southern Canada and the contiguous United 
States), hare population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; 
Hodges et al. 2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; 
Hodges in Lynx SSA Team 2016a, pp. 16-17), hare densities are typically on the lower end of 
densities reported for northern populations, and lynx abundances and  demographic rates in the 
south are typically like those of northern lynx populations during hare lows (Koehler and Aubry 
1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern 
populations the likelihood is probably relatively low that an individual lynx will have its ecological 
requirements met sufficiently to replace itself in the breeding population. Also in the south, there 
are more diverse assemblages of potential competitors and predators, more natural patchiness 
and anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
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nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provide for dependent kittens 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
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185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Although specific snow 
requirements for lynx (amount/depth, quality, persistence) have not been quantified throughout 
the DPS range, historical lynx occurrence records in the contiguous United States were 
correlated with areas that received at least 4 months (December through March) of continuous 
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snow coverage (Gonzalez et al. 2007, p. 7). Where snow conditions do not consistently favor 
lynx, increased potential for predation and competition would be expected (Peers et al. 2013, p. 
8). Finally, individual lynx are more likely to survive, breed, and replace themselves in the 
breeding population if they occupy home ranges where trapping is prohibited or trapping 
pressure is low (Slough and Mowat 1996, entire), high-speed/high-volume roadways are absent 
(ILBT 2013, pp. 77-78), and other potential anthropogenic causes of lynx mortality are absent or 
minimal. 
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
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study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
For a lynx population in the core of the species’ range in the southern Yukon, Slough and 
Mowat (1996, p. 952, table 4) calculated population growth rate (lambda, λ) = 2.03 (annual 
doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx population. This 
period of rapid growth was followed by a rate of λ = 1.01 (stable) during the first year of a hare 
decline, and λ = 0.10 and λ = 0.46 (rapid decline) during the first 2 years of the lynx population 
decline when hares were scarce. However, the natural range in λ that would be expected 
among peripheral, isolated, or semi-isolated lynx populations where hares are non-cyclic or 
weakly-cyclic (i.e., in DPS and some southern Canadian populations), versus those that would 
signal long-term population decline or instability is unknown. Despite this, and the limitations 
noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) calculated population 
growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area (i.e., declining 
population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains (increasing trend, 
2003-2007). Likewise, MDIFW in 2012 calculated an intrinsic rate of growth of 0.05 (λ = 1.05) 
for Maine’s lynx population based on demographic data from a radiotelemetry study collected 
over a 12-year period (Vashon et al. 2012, Appendix VI). Neither the Montana nor Maine 
estimates incorporated rates of immigration/emigration (i.e., both assumed immigration and 
emigration rates of zero, which is very unlikely and contradicted by historical and recent 
evidence of lynx dispersal in both directions across the Canada-Unites States border across the 
DPS range). Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 
female/year on average for a theoretical population of 100 lynx) could provide population 
stability or even growth, suggesting that the Seeley Lake population and perhaps other DPS 
populations are probably being bolstered by low levels of immigration, which may go 
undetected. Other efforts to model lynx population dynamics in the DPS range include those of 
Lyons et al. (2016, entire), who developed spatially-explicit, individual-based population models 
to estimate reductions in potential lynx carrying capacity in Washington associated with recent 
large wildfires, and Licht et al. (2017, in press, entire), who conducted a PVA of a potential lynx 
reintroduction to Isle Royale in Lake Superior, about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
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demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
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abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
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conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarilyinto areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
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either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat. The 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, McKelvey et al. 
(2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 
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2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because it is a habitat and prey specialist, lynx densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist. 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449) because they are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors and predators (Buskirk et al. 2000a, p. 90; Krohn 
et al. 2005, p. 123; also see section 2.2 above), although behavioral adaptations may offset 
morphological differences to some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
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Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a detailed, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
 
In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
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whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontarior than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire)indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
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the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
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and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecendentedly large irruptions of lynx from Canada into 
the northern contiguous United States, when dispersing/transient lynx occurred temporarily in 
many places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoning Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 
In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
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New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
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detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Based on habitat distribution and lynx home range data, the 
MDIFW estimated that this geographic unit may have supported roughly 250-320 adult lynx in 
1995 and 750-1,000+ by 2003-06 (Vashon et al. 2012, p. 58; Vashon in Lynx SSA Team 2016a, 
p. 18]), and recent information suggests that resident lynx may be expanding to the south of the 
core population area (Vashon 2017, pers. comm.). The current lynx population in Maine is 
supported by the broad distribution of high-quality hare habitat that resulted from extensive, 
large-scale clearcutting in the 1970s and 1980s in response to a massive spruce budworm 
(Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 4.2.1). As 
these regenerating clearcuts, which currently provide the dense horizontal structure preferred by 
hares, mature beyond about 35-40 years post-harvest, hare densities are expected to decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16). The current lynx population in Maine is probably 
substantially larger than typically occurred historically under the natural disturbance regime, 
when relatively small amounts of the spruce-fir forests in the state are thought to have been 
composed of the dense young stands that provode optimal hare (and, therefore, lynx foraging) 
habitat (Lorimer 1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With 
the reduction in clearcutting and the proliferation of partial harvesting following enactment of the 
Maine Forest Practices Act of 1989, lynx densities in Maine are projected to decline by 55 to 65 
percent by 2032 (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16), 
perhaps to levels more consistent with likely historical conditions. Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). Whether lynx persistence in Maine relies on immigration from 
Canada, and if so to what extent, is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
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Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
trapping harvest data suggest declining immigration after the mid-1980s (McKelvey et al. 2000a, 
p. 225; Squires in Lynx SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent 
evidence of reproduction have been documented in the Montana portion of the GYA where, as 
with the northwestern Wyoming part of the GYA (discussed above), uncertainty about whether 
this area consistently or only intermittently supported resident lynx historically makes it difficult 
to interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As 
elsewhere in the West, recent research and habitat assessments suggest that habitats capable 
of supporting resident lynx in Montana are, and historically were, naturally patchier and less-
broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx 
therefore naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016a, p. 12). 
 
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
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Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
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management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 



53 
 

ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
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completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
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concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2104, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
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units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
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hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units that encompass USFS and BLM lands, are 
currently managed in accordance with the specific conservation measures and considerations 
identified in the LCAS and implemented via the CAs or formally revised and amended 
management plans described above. These agreements and revised/amended plans constitute 
the regulatory framework and specific regulatory mechanisms adopted to conserve lynx habitats 
and populations on USFS and BLM lands that support or are potentially capable of supporting 
them. They represent the agencies’ efforts, in collaboration with the Service, to address and 
ameliorate the singular threat for which the lynx DPS was listed under the ESA. Although formal 
effectiveness monitoring has not been completed, it is clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous United States. Overall, Federal lands managed by the USFS, BLM, and 
NPS constitute nearly 64 percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, 
and all but a tiny fraction of these lands are actively managed for lynx conservation. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
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central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
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specifation of trap sizes and sets that may be used to legally harvest other furbearers and that 
are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). The MNDNR 
also distributed to trappers the interagency brochure How to Avoid Incidental Take of Lynx while 
Trapping or Hunting Bobcats and other Furbearers.In response to a Federal court order, MDNR 
developed an incidental take plan designed to minimize the potential for lynx to be incidentally 
trapped during other legal furbearer trapping; the plan is currently under review by the Service. 
Like Maine, Minnesota has a State Endangered Species Statute (84.0895) which requires the 
MNDNR to adopt rules designating species meeting the statutory definitions of endangered, 
threatened, or species of special concern (State of Minnesota 2016, entire). The Statute also 
authorizes the MNDNR to adopt rules that regulate treatment of species designated as 
endangered and threatened. Also like Maine, however, Minnesota has not designated lynx as 
threatened or endangered under the statute. Instead it has designated the lynx a species of 
special concern, a designation for species that are extremely uncommon, have unique or highly 
specific habitat requirements, or occur on the periphery of their range in Minnesota and, 
therefore, deserve careful monitoring (MNDNR 2013, pp. 1-2). Thus, the MNDNR coordinates 
with the Service and other agencies to conduct research and monitor lynx populations and 
habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of restrictions on trapping in lynx habitat. 
Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
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may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming are classified as nongame wildlife, a 
Species of Greatest Conservation Need, and a Protected Animal by Wyoming State Statute. A 
classification of "State Protected" status prohibits trapping or any intentional take in the state, 
and lynx in Wyoming were offered full protection from trapping and hunting beginning in 1973 
(ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also participates in the 
CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an 
early regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than typical historical conditions under the natural disturbance regime, when only 3 to 7 
percent of stands were likely in such condition at any given time (68 FR 40094). Current timber 
harvest and management on State and private lands in Maine are governed by the Maine 
Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
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than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 
of Unit 1) of private lands in northern Maine are under “working woodland” conservation 
easements10; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). In the past Maine private forest landowners have expressed 
interest in long-term commitments to lynx management plans, but to our knowledge, there are 
no private landowners in Maine who have committed to long-term or permanent protection and 
creation of lynx habitat according to the Service’s lynx management guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
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persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61oC (1.1oF; range = -0.53 to +2.50oC [-
0.95 to +4.5oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Peters et al. 2013, entire; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 
2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). Analysis of paleoclimate data indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4o - 2.6oC 
(0.7o - 4.7oF) by mid-century and 0.3o - 4.8oC (0.5o - 8.6oF) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
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percent probability of increasing more than 1.5oC (2.7oF), a 76 percent probability of increasing 
2 o - 4.5oC (3.6o - 8oF) and a 14 percent probability of exceeding 4.5oC (8oF). 
 
In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf
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limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
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years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
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sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
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between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over terrestrial competitors and predators. Although specific snow requirements for lynx 
(amount/depth, quality, persistence) have not been quantified throughout the DPS range, 
climate warming is diminishing snow conditions in the contiguous United States. Warmer winter 
temperatures are reducing snow cover extent and duration and altering snow structure via a 
combination of a higher proportion of precipitation falling as rain, more winter thaw-freeze 
events, higher rates of snowmelt during winter, and earlier spring melt and runoff (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; 
Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; 
Pierce et al. 2008, entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; 
Georgakakos et al. 2014, pp. 71-85). These trends are expected to continue with projected 
future climate warming (Hamlet and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; 
Mote et al. 2005, p. 48; Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; 
IPCC 2014b, p. 62). The IPCC projects that spring snow cover in the Northern Hemisphere is 
likely to decrease by 7-25 percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow 
season length and snow depth are very likely to decrease in most of North America except in 
the northernmost part of Canada where maximum snow depth is likely to increase’’ (Christensen 
et al. 2007, p. 850). Because lynx occurrence is correlated with prolonged periods of deep, fluffy 
snow, current lynx habitats would be expected to decline in value for lynx with decreases in 
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snow condition and duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 
2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Estimating trends in snowpack is challenging because the high variability in snowpack dynamics 
and microsite variations due to canopy cover, aspect, and elevation are not well-reflected in 
observation records (Hubbart et al. 2015, pp. 885-892; Rasouli et al. 2015, pp. 3937-3938; 
Painter et al. 2016, p. 149; IDFG 2017a, p. 7). Nonetheless, snowpack losses have been 
documented and will likely continue and could even accelerate in the future (Hamlet and 
Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 2011, entire; Kapnick and 
Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-971), with faster losses 
likely in milder climates like the Cascades and the slowest losses in the high peaks of the 
Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in temperature, 
snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 2016, p. 
106). In the West, areas of contiguous spring snow cover are projected to become smaller and 
more isolated throughout the Columbia, Upper Missouri, and Upper Colorado Basins, with 
greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). Snow 
accumulation and duration are also expected to continue to decline generally in the central and 
eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 2009, p. 31; 
Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow resources, 
potential lynx habitat is diminishing in the northern Appalachians and small areas in the 
Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential future 
snow cover under a range of IPCC climate scenarios suggests that snow conditions correlated 
with historical lynx occurrence records could decline by 10-20 percent across the continental 
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U.S. and Canada and by 46-84 percent in the contiguous United States by the end of the 
century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
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would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
mediate competition between the 2 species. Because of their higher foot-loading, bobcats likely 
hunt less efficiently than lynx in deep, unconsolidated snows (Hoving et al. 2005, entire; Krohn 
et al. 2005, pp. 122-129), which appear to limit bobcat mobility and distribution (Litvaitis et al. 
1986, p. 116). Considering recent and projected future changes in snow conditions described 
above, stable or increasing bobcat populations in the DPS range (Roberts and Crimmins 2010, 
p. 170), and the predicted northward expansion of bobcats into areas currently occupied by lynx 
(Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 
2010, p. 172), lynx may experience increased competition and displacement by bobcats, which 
could influence lynx distribution and persistence at the southern edge of their range (in all DPS 
geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
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Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change also may affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
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Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 
Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
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interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
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the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
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Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
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hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 



82 
 

appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
 
Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
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the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
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Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
 

● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 
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● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
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markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
 
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
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Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under climate change, total United States timber inventories will increase, timber harvest will 
increase, and product prices will decrease relative to an assumed stable climate. Some models 
predict that consumers will gain from climate change while landowners in some regions will 
lose. The forest industry will likely adapt to climate change in many ways including using 
alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
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the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
 
There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
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habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
 
In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
 
Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
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problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University of Maine, pers. comm.).  As much as 30 to 40 percent of the advanced regeneration 
may be damaged from repeated entries by machinery to remove the overstory (R. Seymour, 
Department of Forestry, University of Maine, pers. comm.).  Finally, because subsequent 
overstory removal occurs about 15 years after the initial entry, some of the dense understory is 
damaged just as the stand develops conditions to support higher hare densities. The damage to 
the understory not only reduces the quality of the habitat for hares, but also cuts short the 
duration that the stand produces high quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
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of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
 
Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events(Kilgore and 
Heinselman 1990, Heinselman 1996, Veblen et al. 1994, Agee 2000, Seymour et al. 2002, 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
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thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
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2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
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whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 
selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 



98 
 

generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
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most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
 
As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
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landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
 
Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
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2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
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potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
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areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
 
Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
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location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
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intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level negative 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
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potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
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supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx likely have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or primary prey 
species). However, although some small populations may have become extirpated recently, 
resident lynx in the DPS remain broadly distributed across the range of ecological settings that 
seems to have supported them historically in the contiguous United States. Because there are 
no indications of current threats to the genetic health or adaptive capacity of lynx populations in 
the DPS, we find that the current level of representation does not appear to represent a 
decrease from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
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record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger and highly resilient population (Harrison 2017, p. 3) 
that also occupies southern Quebec (where trapping is legal) and northern New Brunswick 
(where lynx are a provincially-endangered species and harvest is prohibited). Although the 
actual number of resident lynx in this unit is unknown, the MDIFW believes this unit currently 
may be capable of supporting 750-1,000 lynx based on estimates of habitat distribution and lynx 
home range sizes (Vashon et al. 2012, pp. 87-91), which would make it the largest population in 
the DPS. This is many more resident lynx than likely occurred historically and many more than 
were suspected to occur in this unit when the DPS was listed, and it is the result of extensive 
clearcutting and herbicide application to salvage spruce-fir and encourage softwood 
regeneration following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments have created 
the current extensive distribution of young, regenerating softwood stands that provide optimal 
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hare foraging habitat. Lynx responded to these conditions with high survival and reproduction, 
small home ranges, and the highest densities documented in the DPS. Historically, under a 
more natural disturbance regime, Maine typically had a greater proportion of mature forest and, 
therefore a patchier distribution of high-quality habitat that likely supported a smaller lynx 
population that may have been more dependent on immigration from Canada. State forestry 
regulations passed in 1989 caused landowners to shift to various forms of partial harvesting that 
have resulted in lower landscape hare densities across much of the unit. Hare populations do 
not seem to cycle in this region, but hare density estimates from 2008-2015 declined by over 50 
percent compared to estimates from 2001-2006. Reproduction and adult survival declined in the 
low-hare environment after 2006, although kitten survival remained high. Unlike other DPS 
units, lynx habitat in northern Maine occurs nearly entirely on private, industrial forest lands, 
most of which lack long-term commitments to lynx management. The majority of private lands in 
this unit are now owned by investment companies seeking to diversify income from their 
investments, which could result in forest practices less likely to maintain or conserve hare and 
lynx habitat. Other potential stressors to lynx in this unit include incidental trapping, road 
mortality, large-scale wind energy development, residential and resort development, and 
parcelization of forestlands from rapid turnover in investment company landowners. Another 
spruce budworm outbreak may be imminent, and forestry response by investment landowners is 
uncertain. Climate change is a concern because average annual snowfall and duration are 
currently at the minimum thresholds believed necessary to give lynx a competitive advantage 
over bobcats and other mesocarnivores. Although lynx regularly occur outside this unit in 
southeastern and southwestern Maine, and small numbers of reproducing lynx have also been 
documented recently in northern New Hampshire and northern Vermont, the ability of some of 
these peripheral areas to support persistent breeding populations is questionable. However, 
recent telemetry data in Maine suggest that resident lynx are expanding both east and south of 
the Northern Maine Geographic Unit, with home range maintenance and reproduction 
documented in both areas, which previously were considered outside the area capable of 
supporting resident lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
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management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  The historical and current sizes of the 
resident lynx population in this unit are unknown, but it is thought currently to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
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Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. Historical and current resident lynx numbers in northern Washington are unknown, 
but recent habitat and home range analyses for the larger Okanogan LMZ (summarized in 
Lewis 2016) suggest that this geographic unit may have been capable of supporting about 50 
lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). Those 
fires affected over a third of the LMZ, led to increased home range size, and may have reduced 
the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4).Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
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populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
 
Unit 6 - Western Colorado:  The current and historical numbers of resident lynx numbers in this 
unit are unknown, but CPW lynx biologists believe it currently could support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. Released lynx had high 
survival but the proportion of females producing kittens and kitten survival were low. This unit is 
not directly connected to lynx populations in Canada, and it does not appear to have received 
immigrant lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 
1996, 2 unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 
mi2) of spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in 
this unit. Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) 
of lynx habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively 
impacted hares, and hare numbers may increase in affected areas as succession progresses; 
however, they have negatively impacted red squirrels, an important alternate prey species for 
lynx in this unit. Areas affected by beetles that contained multi-story stand conditions likely 
continue to provide habitat to support snowshoe hares and lynx. Areas affected by fire may 
require 20 years or more, and in some areas considerably longer, to recover to a point where 
the stands will again support snowshoe hares. Large-scale monitoring efforts in the San Juans 
documented continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is 
reasonably likely that lynx continue to occur in all national forests within the State of Colorado. 
Snowshoe hare habitat is naturally patchily-distributed in this geographic unit, which limits hare 
abundance. Because the majority (90 percent) of potential lynx habitat in Colorado is under 
Federal land management, actions occurring on other ownerships are unlikely to result in 
significant impacts to lynx habitat within this unit. The USFS manages over 85 percent of the 
lynx habitat in this unit, providing conservation through the SRLA. However, regulatory 
mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
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Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 
occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 

100% 83% (Purcells);            
61% (Seeley Lake)

100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares)

3.3 2.95 (Purcells);            
2.24 (Seeley Lake)

2.25 (2 females) 3.0 (1 female, 2 
years)

2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00

0.85 (Purcells);            
0.75 (Seeley Lake) 0.86 Few data

0.93 (in Core Release 
Area [CRA]);                   

0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.05                              
(1.16, high hares, 6 

yrs; 0.88,low hares, 4 
yrs)

No estimate
1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 
Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
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(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
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et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforces the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found 
the probability of lynx occurrence was > 50 percent where landscape hare densities were > 0.74 
hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx maintained 
home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by very recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). At a landscape scale, lynx habitat selection did not differ between sexes; however, 
at a home range scale, males tended to use more mature forest dominated by conifers than 
females, and both male and female lynx tended to avoid mature forests that had a high 
deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on these observations, 
Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining landscape hare densities 
of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-quality hare habitat within 
100-km2 areas to conserve lynx. 
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Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, lynx 
habitat in northern Maine was probably typically much less abundant and less broadly-
distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, insect 
outbreaks) are rare (intervals of several hundred to several thousand years) and highly variable 
in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, 
spruce beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). Although, 
high-elevation boreal forests often exhibit dense, regenerating conifer (resulting from a wind-
throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare densities are believed to be 
low in these areas (Siren et al. 2015, entire). In this geographic area, wildfire is less significant 
as a natural agent of disturbance. The typical fire regime is infrequent surface fires in the 
dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
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In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately 50 percent of the 
designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 
km2 (1,485 mi2; nearly 27 percent) of the forested landscape was comprised of spruce-fir in a 
young, regenerating stand condition that provide high quality hare habitat. This habitat is similar 
to, and contiguous with, forested areas in Quebec and New Brunswick that support lynx (Hoving 
et al. 2005, pp. 740-741). The current range of lynx in this unit is associated with areas of deep 
snowfall, extensive forested landscapes, and areas having a high proportion of regenerating 
conifer-dominated forest that had previously been clearcut and treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several estimates of 
hare densities in the highest-quality regenerating conifer or mixed forest averaged 1.9 to 2.1 
hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 1990, hare densities 
in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 hares/ac) at low and high 
elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. (2015) reported lower densities 
in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and lowland 
spruce-fir. Densities in high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont. 
 
Current habitat is likely at historically high levels, but this habitat has peaked and high-quality 
lynx habitat is projected to decline in the near future (Simons-Legaard et al. 2016, pp. 140-163, 
202-218). In response to the widespread clearcutting in the 1970s and 1980s, Maine passed the 
Forest Practices Act in 1989, which regulated clearcutting. Since then, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27). Over 95 percent of cutting that 
occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 2009, 
p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). This new cutting regime 
results in lower landscape densities of snowshoe hares (Fuller 1999; Homyack 2003; Robinson 
2006; Scott 2009). Another consequence of partial harvesting is that a much greater acreage 
needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 
harvest rates have increased from about 40,000 ha (100,000 acres) per year (before the Forest 
Practices Act) to over 200,000 ha (500,000 acres) per year (after the Act). Thus, 28 years after 
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the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 40,000 ha (100,000 ac) including the State, Federal government (White 
Mountain National Forest south of lynx range), a conservation group (The Nature Conservancy), 
2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx 
range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi were chosen as pilot States to receive funding through their 
respective Natural Resources Conservation Service (NRCS) State offices. Based on a 
successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 
2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending regulations 
for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS offered the 
HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to promote 
development of Canada lynx forest management plans. Since that time 4 private landowners, 
The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and Katahdin 
Forestlands successfully enrolled in the program. Collectively, these land ownerships comprised 
2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine in 
2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
 
Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
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assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 

Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. In 
addition, “working woodland” easements now encompass > 10,000 km2 (3,861 mi2) across 
northern Maine; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 



121 
 

2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals cross the river on the ice each generation to prevent genetic drift of this population 
(Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA 
Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area of 
high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the critical habitat area designated in 2014) in northern Maine could potentially support a 
population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) 
estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx, however, is unknown because there are no methods available 
to count individuals over such a large geographic area. 
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Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-00; 
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Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 2 and 
3). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
 
In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality ynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
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Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where average annual snowfall 
typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx 
(to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et 
al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 cm (90-
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104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 
2008). Thus, average annual snowfall in Maine is currently at or below depths associated 
historically with lynx presence, and further declines could reduce the likelihood that resident lynx 
will persist in this unit (Hoving et al. 2005). 
 
As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 

                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-tagged in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development16, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and western 
Maine and 5 projects are in operation; 2 have been proposed in northern New Hampshire and 2 
are in operation; and 3 have been proposed for northeast Vermont and 2 are in operation or 
under construction. Maine’s 2 largest wind projects (combined over 250 turbines covering 932 
km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. Although 
impacts of wind energy projects on lynx, hares, and their habitats have not been demonstrated, 
potential effects include loss and fragmentation of habitat from turbines, roads, and transmission 
lines, and disturbance or displacement of resident lynx. Road construction could further 
fragment habitat and increase access, potentially increasing vehicle collisions with lynx and 
other sources of mortality, including incidental trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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ownership patterns have changed dramatically in the last 15 years (Ippoliti and Nadeau-Drillen 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some of these new landowners are seeking 
diversified financial returns on their investment, including developing residential housing, 
second homes, and resorts. At various times in the past, 2 large residential and resort areas 
have been proposed on forestlands within designated lynx critical habitat in this unit. Both 
projects, if eventually built as previously-planned, could result in the development of several 
thousand acres of potential lynx habitat, but would be mitigated by substantial (100,000s of 
acres) conservation easements on surrounding forestland. Also, a private landowner recently 
purchased and donated 354 km2 (137 mi2) within designated lynx critical habitat that was 
subsequently designated as the Katahdin Woods and Waters National Monument. This area 
currently has a legacy of young regenerating spruce-fir habitat from previous industrial forest 
landowners, but its new monument designation will limit future forest management activities 
(timber harvest or other vegetation management) that could benefit lynx. In addition, the Nature 
Conservancy continues forest management on about half of its 750-km2 (290-mi2) ownership in 
this unit, including managing part of the area for lynx. 
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx. High-quality 
habitat created by extensive clearcutting 30 to 40 years ago is peaking and is projected to 
decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, pp. 10-18; also see 
section 5.2.1). Hare densities declined by 50 percent in this unit starting in about 2006 and have 
remained at lower levels, and future hare fluctuations or cycles are uncertain. Recent history 
demonstrates that some forms of forest management have the potential to create or increase 
lynx habitat. However, forest practices have shifted to partial harvesting, which is less likely to 
create large areas of lynx habitat or maintain the current historically broad distribution of high-
quality habitat generated by previous landscape-level clear-cutting. Additionally, private 
landowners who previously entered into commitments to manage for lynx conservation have not 
renewed those commitments (although the habitat will remain viable for lynx for some time). 
Land ownership has also changed in northern Maine, and the majority of lands are owned now 
by investment companies that often wish to diversify income from their investments, which could 
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result in forest practices inconsistent with lynx habitat conservation. Without long-term, binding 
land management commitments in this unit, there is no guarantee that the current historically 
high amount of lynx habitat will be maintained by future forest managment practices on private 
lands. The greatest stressors to resident lynx in this unit are habitat loss (as a result of the shift 
in forest management from clearcutting to partial harvesting resulting in lower landscape hare 
densities), lack of forest planning for lynx, and projected continued climate warming (diminishing 
snow depth, quality and duration; loss of spruce-fir to northern hardwoods; potential increased 
competition from bobcats and fishers; and increased future isolation of lynx in this unit and 
southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 1). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites 
were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) found 
snowshoe hare densities were highest in regenerating forests. Females selected large woody 
debris and dense horizontal cover in lowland conifer cover for denning in northern Minnesota 
(Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns were present 
(Moen and Burdett 2009, p. 5). 
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Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 

                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx. A more 
precise estimate of resident population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
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Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways. 
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
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minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
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According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
 
In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
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to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
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Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
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Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 
Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). 
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats. 
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
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support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
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genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
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incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distirubtution, it is very unlikey that this unit and surrounding areas were 
ever (recently or historically) capable of supporting 1,000 resident lynx. As described above, 
habitats capable of supporting resident lynx in this unit are (and aslo were historically) naturally 
patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 
191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; 
Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of resident lynx 
remains uncertain, this unit has a long and continuous history of lynx occurrence and evidence 
of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
structuring among lynx subpopulations in the southern (Garnet Mountains), central (Seeley 
Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction among 
lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires in Lynx 
SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
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2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detecteded 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
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area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20), indicating recruitment of new individuals into this 
population, or immigration, or a combination of the 2. 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
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the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above.Genetic analyses and snow and 
camera surveys have verified continued reproduction and recruitment among lynx populations in 
this unit and also suggest some immigration may be occurring. The recent apparent absence of 
resident lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
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16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
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Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41). 
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
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the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
                                                
19 https://inciweb.nwcg.gov/state/27/0/ 
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by lynx trapping records from Canada, which suggest that the magnitude of lynx population 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. However, Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being sustained by low levels of undetected immigration. 
The growth rate estimates presented above assumed no immigration 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (< 10 percent), low elevations [less than 915 m (3,000 ft)], and steep slopes (> 
30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the Northern 
Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler et al. 
2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major drivers 
of disturbance in this unit, but other factors, including wind and tree diseases, also contribute to 
natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North Cascades 
range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 

https://snowfall.weatherdb.com/d/a/Washington
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scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21), and the Diamond Creek fire burned 
another 393 km2 (152 mi2) in the northern part of this unit during July-October 2017, along with 
another 126 km2 (49 mi2) across the border in southern British Columbia22. 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. This estimate does not include impacts of the 2017 
Diamond Creek wildfire described above. These burned areas are expected to regenerate back 
into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 2016, p. 5; 
Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx population in this 
geographic unit will likely be at increased risk of stochastic demographic, genetic, and 
environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
                                                
22 https://inciweb.nwcg.gov/incident/5409/, accessed 10/25/2017. 

https://inciweb.nwcg.gov/incident/5409/
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lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
 
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
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(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynxhabitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts, limited demographic information, and 
remaining uncertainties (e.g., immigration/emigration rates, changes in snowpack, disease, lynx 
population status and impacts of trapping in southern British Columbia, and habitat corridor 
stability between British Columbia and this unit; WADFW 2017, p. 3),the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. 
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From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
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Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
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southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place23. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

                                                
23 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 
increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 
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Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
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monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
unprecendentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
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records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
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Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-524). 

As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
                                                
24 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx to many 
western states and to Canada have been documented. The Southern Rockies are separated 
from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern Wyoming 
and further north, by sagebrush and desert shrub communities in the Wyoming Basin and the 
Red Desert of southern and central Wyoming, and the arid Green and Colorado River plateaus 
of western Colorado and eastern Utah. Because of extreme topographic relief juxtaposed with 
highways, residential communities, and other human developments, lynx biologists have 
identified habitat connectivity as an important consideration for the Southern Rockies (ILBT 
2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit. 
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Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
 
In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
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units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
 
All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific conservation planning guiding activities on non-Federal lands in this 
geographic unit. 
 
Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
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Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Devineau et al. 2010, p. 5), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; 
Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories 
(0.90; Poole 1994, p. 612). Successful reproduction, including by third- and fourth-generation 
offspring of translocated lynx, has been documented (Shenk 2008, p. 2); however, the average 
proportion of females that produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) 
and the kitten survival rate (0.23; Ivan 2016b, pers. comm.) were both lower in this geographic 
unit (during the period of intensive monitoring from 1999-2010) than rates reported for other 
geographic units where estimates were based on adequate sample sizes (Units 1 and 3; table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 
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In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares, widespread mortality of mature spruce-fir forests could impact lynx habitat for 
a long time. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
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As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
 
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

 
In summary, there are currently many more resident lynx in this unit than likely occurred 
historically, and many more than were known or suspected at the time the DPS was listed. 
There were even fewer verified records in this unit during the last century than in the GYA, and 
no reliable evidence of a resident breeding population. However, from 1999-2006, 218 
Canadian and Alaskan lynx were released into the San Juan Mountains of southwestern 
Colorado. As a result of the subsequent reproduction of some of the released lynx and some of 
their offspring over several generations, resident lynx currently occupy this unit. When the DPS 
was listed in 2000, 27 of 41 radio-marked lynx released in 1999 were still alive. The State of 
Colorado has concluded that its efforts have established a viable lynx population, and the 
State’s lynx experts suggest this unit may currently support 100-250 resident lynx (Ivan in Lynx 
SSA Team 2016a, p. 47). Recent (2010-2016) snow-tracking and camera surveys in the San 
Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 
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the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
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in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
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those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
 
Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
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will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
 

 
Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 



171 
 

effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
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extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
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snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
climate warming is expected to exert the greatest influence on the resiliency of individual 
populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape, perhaps more in line with likely historical conditions (Simons-Legaard 
2016, fig. 8, p. 10). High quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort land development, and unmanaged 
conservation lands) may compete with forest management as the primary future land use. 
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Conservation easements will limit development pressures in some areas and keep some lands 
as working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not create new lynx habitat or maintain the current historically high amount of high-quality 
habitat. Climate change is expected to affect this unit more than some others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and beyond, snow quantity and quality will likely 
continue to deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices cleary have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which gives it a higher priority than 
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other species for monitoring and management during that time. We also expect that MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
median “most likely” probabilities of persistence generated by lynx experts were high for the 
near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but declined to 35 
percent (with great uncertainty) by 2100. We concur with the expert panel that resident lynx are 
likely to persist in this unit at 2025 and 2050. However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, and the potential for increased competition, disease, and insect 
outbreaks), some members of the  SSA Core Team were slightly less optimistic about the long-
term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded that the 
climate-mediated conversion of boreal forest to temperate forest and the loss of favorable snow 
conditions could occur at a rate and extent that would result in a lower likelihood of persistence 
than projected by experts, including the possibility that resident lynx could be extirpated from 
this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
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century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 



177 
 

unit will benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
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paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in habitat proected by 2032; 
habitat shift to the south edge of current 
range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 
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● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 

2025: 80 
(60-95) 

 
2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shoudl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
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2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the grey area 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and grey area 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
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2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would not respond to future budworm 
outbreaks like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the aging of past clearcuts beyond conditions that 
support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likely to reduce the likelihood that 
lynx will persist in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4o C/decade (0.8 o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0o C (3.6 o F; low 
emission) to 2.9o C (5.2 o F; high emission) by mid-century and 3.1o C (5.6 o F; low emissions) to 
5.3o C (9.5 o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5 to 2.8 o C (4.5 to 
5.0o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, increasing threats to high elevation and 
potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are currently at or falling 
below threshold values needed to support lynx in Maine. 
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios and predicted loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, the area capable of supporting resident lynx in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 
15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 
2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 
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Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
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quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
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an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
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et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
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However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
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period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201025), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
                                                
25 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
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likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 12-19) predicted loss snow conditions supportive of lynx but 
persistence of boreal forest in Minnesota by the end of the century, and suggested that the SNF 
could provide a potential refugium for lynx (Gonzalez et al. 2007, p. 8). Notaro et al. (2015, pp. 
1668-1669) projected changes in lake effect snowfall using downscaled climate models (Abdus 
Salam International Centre for Theoretical Physics (ICTP) Regional Climate Model version 4 
(RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for the Great 
Lakes Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show an 
increase in lake effect snow in the eastern Great Lakes until 2050, with a decline later in the 
century, with an overall decline in the amount and duration of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
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(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)26 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now. Although 
uncertainties remain, as elsewhere, about the timing and magnitude of future climate-driven 
impacts, lynx populations in Minnesota are expected to recede northward and decline over the 
next century (Lynx SSA Team 2016a, pp. 37-38). 
                                                
26 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
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Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
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resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, potential for increased competition, disease, and insect outbreaks), some 
Core Team members were less optimistic about the future of lynx in Minnesota than the lynx 
expert panel. Depending on future emissions levels, the likelihood that this unit will continue to 
support resident lynx at the end of the century may be lower than the 35 percent (median most 
likely) estimate based on expert opinion. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Hybridization and competition with bobcat also may 
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increase with diminishing snow conditions because of continued climate warming, and it is 
uncertaint how insect outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is uncertain if lynx would become a 
legally trapped furbearer in Minnesota if the DPS was not listed (although a legal wolf hunt was 
reinstated after that species was delisted in Minnesota, so regulated trapping could also be 
considered for lynx if the DPS was not listed). Seven lynx have been illegally shot and reported 
or otherwise discovered since listing. Illegal shooting and non-reporting would likely increase 
without Federal protection. Education efforts by Federal and State agencies and law 
enforcement agents may have helped to reduce illegal shooting of lynx in this unit. With a 
diminished snow regime, populations of bobcats could increase and expand north and eastward 
into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping and hunting 
activities would likely increase without Federal listing. Similarly, fisher, fox, and coyote 
populations may increase in a diminished snow regime in northern Minnesota and trapping 
would be expected to occur there that could lead to greater incidental take of lynx. We believe 
that despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that could be substantially 
diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, we believe that climate change is a significant stressor to lynx in this unit; 
slightly more so than expressed by most of the experts. Snow depth and duration in the area 
currently supporting resident lynx are projected to decline significantly by the end of the century, 
likely to the detriment of both hare and lynx populations. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in the extreme northeastern corner of the unit. 
The boreal forest in this unit is already being replaced by northern hardwoods because of 
climate warming. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate models portend declining snow conditions under low- and high-emissions 
scenarios. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
mining developments. Although we expect resident lynx to persist in this unit through 2025 and 
2050, we conclude that the stressors described above, individually and cumulatively, could 
diminish lynx habitat and numbers in this unit. If these stressors are not abated, we believe that 
resident lynx in this unit will face a slightly greater risk of extirpation by the end of the century 
than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
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considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
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anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
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2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). Tennant et al. (2015, pp. 
2818-2820) simulated snowpack loss in the Northern Rockies (ID, MT, WY) and predicted that 
watersheds between 1,000 - 2,000 m (3,281 – 6,562 ft) elevation would experienced the 
greatest snowpack losses, while those > 2000 m (6,562 ft) would be more resilient to significant 
warming. Given the greater predicted snowpack persistence at some elevations used by lynx in 
this unit and the considerable area of potential climate refugia in mountainous terrain 
(Dobrowski 2011, pp. 1027-1029; Curtis et al. 2014, entire; Holden et al. 2015, entire; Morelli et 
al. 2016, entire), at least a portion of lynx distribution in this unit is likely resilient to climate-
driven losses in snowpack (IDFG 2017a, p. 7). 
 
There will likely be a lag time between the loss of favorable snow conditions and an eventual 
shift or contraction in vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 
section 3.2), but continued warming is projected to convert much of the boreal forest in this unit 
to temperate conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The 
ability of lynx and hare populations to persist during this lag and to adjust to future habitat 
distributions is uncertain, but habitat quality, quantity, distribution, and connectivity are expected 
to decline, likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will likely 
reduce this geographic unit’s ability to continue to support resident lynx into the future. The 
timing and magnitude of climate-driven impacts are uncertain; however, all are anticipated to 
adversely affect, and none are expected to benefit, lynx populations in this geographic unit. 
Climate model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
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that continued climate warming will reduce future habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
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most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
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on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of undetected immigration. Additionally, as noted above, 
the lynx population in the Purcell Mountains in the northwestern part of this unit was estimated 
to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 
years of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncertainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
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Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 

 
Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
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Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
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like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
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currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currentlyoccur in 
the GYA. 

 
Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS is delisted in the future, the 
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ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
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Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
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Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
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patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
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unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future than it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 



226 
 

fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing available lynx habitat in the future. 
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Chapter 6: Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in the contiguous United States are 
naturally less abundant and more patchily-distributed than in the core of the range (except 
during decadal lows in hare population cycles, when both hares and lynx occur temporarily in 
the north at densities lower than most in the range of the DPS). Maintaining connectivity with 
lynx populations in Canada is thought to be important to the persistence of DPS populations; 
however, whether, and if so to what extent, the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
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• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 

southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
confier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 
19).There is no information to suggest that this unit historically supported a larger 
resident population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
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in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.27 Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 
Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 

                                                
27 https://inciweb.nwcg.gov/state/27/0/ 
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lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47).Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
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lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
has already altered) the timing and magnitude of lynx dispersal from Canada into the contiguous 
United States. If lynx populations in the DPS depend on immigration from Canada which is no 
longer occurring or has been substantially reduced relative to historical conditions, population 
declines and an increased likelihood of extirpation among resident DPS populations would be 
expected. However, whether, and if so to what extent, these climate-mediated factors have 
influenced current lynx numbers, other demographic parameters, and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units. Despite uncertainty regarding its influence over current conditions for lynx, 
climate modeling and expert opinion concur that continued climate warming will adversely 
impact lynx in the DPS at some point in the future (also see Future Conditions and Threats, 
below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
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Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
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loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 

 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
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geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event. We recognize that a sequence of discrete but spatially-
clustered catastrophic events in lynx habitats over a short time could increase the potential for 
functional extirpation in 1 or more of the individual geographic units (especially the possibility of 
additional large wildfires in north-central Washington), thereby reducing redundancy within the 
DPS. However, as long as resident lynx remain geographically well-distributed in 1 or more 
units within the DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
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management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Resident lynx populations persisted historically and continue to persist in 4 geographic units 
(Units 1-4). It is uncertain whether Unit 5 (the GYA) historically supported a small persistent 
population or if lynx residency was ephemeral; currently, it appears not to support resident lynx. 
Available evidence suggests that Unit 6 (Colorado) did not historically support persistent lynx 
presence; however, a resident population has persisted there for more than a decade since the 
1999-2006 releases described above. Considering the available information, we find no reliable 
evidence that the current distribution and relative abundance of resident lynx in the contiguous 
United States are substantially reduced from historical conditions. This suggests historical and 
current resiliency among lynx populations in the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
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most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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thanks Scott.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Thu, Oct 26, 2017 at 4:39 PM, Jackson, Scott -FS <sjackson03@fs.fed.us> wrote:

Hi Jodi,

 

I guess I’d call this a lynx science review discussion.  The meeting will
be here in R1 RO in Missoula Nov. 6-7 and we would like to start a
discussion about new lynx science, focusing on lynx in the Rockies and
Cascades.   The initial invitees are primarily USFS and USFWS Lynx Bio-
Team members from this area and we’ll be discussing how we want to
proceed with a review of new lynx habitat information and what it
means for us.  Besides developing our review process and beginning
to discuss existing recent science, we’ll also talk about ideas for future
research needs.  This initial meeting will frame up our process and
some of the science review, but I envision that additional meetings
may also be needed to get “into the weeds.”  We’ll likely also want to
expand our group to include others as we progress in these
discussions.

 

Hope this helps.  I am really glad Jim will be able to participate and
that the SSA may be finalized by about that time.  Please let me know

mailto:jodi_bush@fws.gov
mailto:sjackson03@fs.fed.us
mailto:sjackson03@fs.fed.us


if you need more info.

 

Scott Jackson 
National Carnivore Program Leader
Forest Service

Northern Regional Office

p: 406-329-3664 
f: 406-329-3171 
sjackson03@fs.fed.us

26 Fort Missoula Road
Missoula, MT 59804
www.fs.fed.us 

Caring for the land and serving people

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Thursday, October 26, 2017 8:25 AM
To: Jackson, Scott -FS <sjackson03@fs.fed.us>
Subject: Lynx meeting

 

Morning Scott.  

 

Jim is out on Leave or I'd ask him but can you give me a title and a rundown (briefly) on
what the lynx meeting is about next week?  Thanks. JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205
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This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender
and delete the email immediately.
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Cc: Robert Segin; Anna Munoz
Subject: Idaho State Journal: Congressman Simpson’s alternative facts on lynx
Date: Tuesday, October 31, 2017 10:12:18 AM

https://idahostatejournal.com/opinion/columns/congressman-simpson-s-alternative-facts-on-
lynx/article_bae798e7-2857-51e0-876c-e0da47e11a8a.html

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572
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5-YEAR REVIEW 

Canada lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
GENERAL INFORMATION 
 
Methodology Used to Complete the Review: 

 
In accordance with section 4(c)(2) of the Endangered Species Act (ESA), the purpose of a 5-year 
review is to assess each threatened and endangered species to determine whether its status has 
changed since the time of its listing, or its last status review and whether it should be classified 
differently or removed from the list of threatened and endangered species.  The U.S. Fish and 
Wildlife Service (Service) evaluated the biology and status of the contiguous United States 
(U.S.) distinct population segment (DPS) of the Canada lynx as part of a Species Status 
Assessment (SSA) to inform this 5-year review and, if needed, recovery planning.  The SSA 
Report was written by the Canada Lynx Species Status Assessment Team (Lynx SSA Team), 
which consists of a Core Team of Service biologists who work on lynx issues across the DPS 
range and an SSA Framework Implementation Team of Service and U.S. Geological Survey staff 
who have developed and advanced the SSA framework.  The SSA Report represents the 
Service’s evaluation of the best available scientific information, including the formally-elicited 
professional judgments and opinions of recognized lynx experts.  The SSA Report underwent 
independent peer and partner review before being used as the scientific basis to support a 
decision making process involving Service Regions 1, 3, 5, and 6 regarding the recommendation 
presented in this 5-year review.   
 
Region 6 is the lead region for this action in coordination with Regions 1, 2, 3, and 5.  The lead 
field office (FO) is the Montana Ecological Services FO, with support from the Maine, 
Minnesota, Washington, and Western Colorado Ecological Services FOs.  
 
Background: 

 
Listing History 

 
The Service listed the lynx DPS as a threatened species under the ESA in 2000 because of the 
potential for impacts to lynx habitat conditions and the availability of snowshoe hare and other 
prey populations within the lynx DPS and existing regulatory mechanisms on Federal lands, at 
that time, did not provide sufficient guidance for the conservation of lynx habitats and 
populations or snowshoe hare habitat in light of potential threats (65 FR 16052-16086).  On May 
8, 2014, the United States District Court for the District of Montana ordered the Service to 
complete recovery planning for the lynx DPS (U.S. District Court MT 2014a, p. 8).  On June 25, 
2014, the same court ordered the Service to complete a recovery plan by January 15, 2018 
“…unless the Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., 
the DPS is recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 
2).  We published the initiation of the 5-year review in the Federal Register on April 18, 2007 
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(72 FR 19549), and additionally published a news release announcing initiation of a 5-yr review 
on January 13, 2015.   
 
We completed the SSA Report to summarize the best available scientific information on the 
current status and likely future viability of the DPS.  The SSA provides the scientific basis for 
this 5-year review.   
 
REVIEW ANALYSIS 
 
Application of the 1996 Distinct Population Segment (DPS) Policy in the 2000 Listing  

 
The Service listed lynx in the contiguous United States as a DPS because of differences in the 
management of lynx and lynx habitats across the international boundary with Canada (meeting 
discreteness criteria in the DPS policy) and because of the climatic, vegetative, and ecological 
differences in lynx habitat compared to the northern parts of the species’ range in Canada and 
Alaska (meeting significance criteria) (65 FR 16052; 68 FR 40076; 72 FR 1186).  
 
Updated Information and Current Species Status  
 
Summary of SSA Results:  
 
In the SSA, we describe the current and future viability of the lynx DPS in terms of resiliency, 
redundancy, and representation.  Resident lynx populations persisted historically and continued 
to persist in four of the six geographic units evaluated in the SSA (Unit 1 (Northern Maine), Unit 
2 (Northeastern Minnesota), Unit 3 (Northwestern Montana/Northeastern Idaho), and Unit 4 
(North-central Washington)) (SSA Report, p. 235).  Based on verified records, it is uncertain if 
the Greater Yellowstone Area (Unit 5) historically supported a persistent resident lynx 
population and it currently appears not to support resident lynx (SSA Report, p. 235).  Available 
information also suggests that Colorado (Unit 6) did not historically support persistent lynx 
presence; however, a resident population has persisted there for more than a decade since the 
1999-2006 release of 218 Canadian and Alaskan lynx in the San Juan Mountains (SSA Report, p. 
235).   
 
Considering the available information, we found no reliable information that the current 
distribution and abundance of resident lynx in the contiguous United States are substantially 
reduced from historical conditions (SSA Report, p. 235).  In fact, because of the introduction of 
lynx in Colorado and anthropogenically influenced lynx abundance in Maine, there may be more 
resident lynx currently in the DPS range than occurred historically (SSA Report, p. 228, 229).  
This suggests historical and current resiliency among lynx populations in the DPS.  The current 
broad distribution of resident lynx in large, geographically discrete areas (redundancy) makes the 
DPS invulnerable to extirpation caused by a single catastrophic event (SSA Report, p. 106, 235).  
Because we lack information that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished from 
historical levels (SSA Report, p. 106, 235).  As a result of the current population in Colorado, 
redundancy in the DPS is likely greater, at least temporarily, now than it was historically (SSA 
Report, p. 235).  Similarly, resident lynx remain broadly distributed across the range of habitats 
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that have supported them historically, suggesting maintenance of the breadth and diversity of 
ecological settings occupied within the DPS range (representation) (SSA Report, p. 235).   
 
Additionally, observed high rates of dispersal and gene flow and therefore generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the past 
and recent genetic health of lynx populations in the DPS (representation) (SSA Report, section 
2.1).  Because there are no indications of significant loss of, or current stressors to, the genetic 
health or adaptive capacity of lynx populations in the DPS, we find that the current level of 
representation within the DPS does not appear to indicate a decrease from historical conditions 
(SSA Report, p. 107, 230). 
 
We conclude that resident lynx populations are very likely to persist in all five units that 
currently support them (Units 1 to 4 and 6) in the near term (2025) and likely to persist in those 
five units at mid-century (2050) (SSA Report, p. 236).  We have low confidence in assessing the 
risk to DPS populations beyond 2050 (SSA Report, p. 236).  Therefore, we consider 2050 as the 
foreseeable future for this 5-year review.  Nonetheless, we expect lynx populations in each 
geographic unit to become smaller and more patchily distributed in the future (2050 and beyond) 
due largely to projected climate-driven losses in habitat quality and quantity and related factors 
(SSA Report, p. 236).  However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations all are highly uncertain (SSA 
Report, p. 236).  That said, smaller, more isolated populations would be less resilient and more 
vulnerable to demographic and environmental stochasticity and genetic drift and therefore at 
higher risk of extirpation (SSA Report, p. 236).  Despite some reduced resiliency, we conclude 
that resident lynx populations are likely to persist through mid-century in the geographic units 
that supported them historically (Units 1 to 4); with the corresponding maintenance of 
redundancy and representation in the DPS over that time span (SSA Report, p. 236).  Although 
the SSA report also discusses the future out to 2100, predictions that far into the future are highly 
uncertain (SSA Report, p. 236), and beyond what we consider to be reasonably foreseeable.   
 
Consideration of the Five 4(a)(1) Factors: 
 
Through our SSA analysis, we have evaluated the effects of all factors identified in section 
4(a)(1) of the ESA.  In the SSA we focused on the influences identified as having the potential to 
exert population and DPS-level impacts on lynx and lynx habitats (SSA Report, chapter 3). 
Those anthropogenic influences include climate change (Factor E), vegetation management 
(Factor A), wildland fire management (Factor A), and habitat loss and fragmentation (Factor A).  
We also considered other potential stressors such as trapping (Factor B), and disease and 
predation (Factor C).  Additionally, we considered how each of the above influences is 
ameliorated or exacerbated by existing regulatory mechanisms (Factor D). 
 
In using the SSA framework to analyze the scientific information, as documented in the SSA 
Report, we fully assess not only individual effects on the Canada lynx, but also their potential 
cumulative impacts.  Specifically, we incorporate cumulative effects into our analysis when we 
characterize the current and future conditions for each population, which we do both individually 
and cumulatively.  Our analysis described the ways in which anthropogenic and natural factors 
singly and collectively affect the habitat and/or demographics needed by individuals and 
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populations.  Because the SSA framework considers not just the presence of the factors but also 
the degree to which they collectively influence the species’ viability, our assessment integrates 
the cumulative impacts of stressors. 
 
In light of potential threats considered at the time of listing, lynx conservation measures and 
habitat management guidance adopted by the U. S. Forest Service (USFS) and the Bureau of 
Land Management (BLM), via formally amended or revised management plans or conservation 
agreements with the Service, have substantially addressed the conservation of lynx habitats and 
populations or snowshoe hare habitat (SSA Report, p. 4). 
   
Synthesis (Application of SSA Results to ESA Classification)  
 
As defined by the ESA, an endangered species is any species that is “in danger of extinction 
throughout all or a significant portion of its range.”  In the SSA Report, we evaluated the best 
available scientific information regarding the current and predicted future condition of the lynx 
DPS to describe its viability and how it may change over time (2025, 2050, and 2100).  We 
assess the viability of the lynx DPS by evaluating its ability to maintain a sufficient number and 
distribution of viable populations to withstand environmental stochasticity (resiliency), 
catastrophes (redundancy), and changes in its environment (representation) into the future.  
Ultimately, we compare our evaluation of the DPS’ risk of extinction against the definitions of 
an endangered or threatened species as defined by the ESA.   
 
As stated above. the Service listed the lynx DPS as threatened in 2000 because of the potential 
for impacts to lynx habitat conditions and the availability of prey populations within the lynx 
DPS and existing regulatory mechanisms on Federal lands, at that time, did not provide 
sufficient guidance for the conservation of lynx habitats and populations or prey habitat in light 
of potential threats (65 FR 16052-16086).  Federal lands management plans, at that time, 
allowed for forest management practices that could potentially reduce lynx habitat on a 
population level scale, thereby creating a future risk to the species existence in the DPS.  Nearly 
all Federal land management plans throughout the DPS have since been revised to include 
measures and management practices consistent with lynx conservation, thereby greatly reducing 
the risk of future population scale habitat deterioration on Federal lands.   
 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least four of the six geographic units (Units 1 to 4), the current persistence of lynx in one of the 
units (Unit 6), and the absence of reliable information indicating that the current distribution and 
relative abundance of resident lynx are substantially reduced from historical conditions suggest 
the historical and recent resiliency to stochastic events of lynx populations in the DPS (SSA 
Report, p. 107, 230).  The large sizes and broad distributions of the geographic units occupied by 
resident lynx populations likewise indicate historical and current redundancy in the DPS 
sufficient to reduce the possibility of extirpation from catastrophic events (SSA Report, p. 230, 
235).  There are no indications of current threats to the genetic health or adaptive capacity of 
lynx populations in the DPS, and the current level of representation does not suggest a decrease 
from historical conditions (SSA Report, p.230).  Due to the current resiliency, redundancy, and 
representation of the lynx DPS, we conclude that the risk of extinction (in this case, extirpation 
of all resident lynx populations in the DPS) is low, such that the DPS currently is not in danger 
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of extinction throughout all of its range and, therefore, does not meet the definition of an 
endangered species. 
 
Having determined that the lynx DPS is not endangered, we next compare the status of the DPS 
to the definition of a threatened species.  Under the ESA, a threatened species is any species that 
is “likely to become an endangered species within the foreseeable future throughout all or a 
significant portion of its range.”  The foreseeable future refers to the extent to which the 
Secretary can reasonably rely on predictions about the future in making determinations about the 
future conservation status of the species (U.S. Department of Interior, Solicitor’s Memorandum, 
M-37021, and January 16, 2009).  The key statutory difference between a threatened species and 
an endangered species is the timing of when a species may be in danger of extinction, either now 
(endangered species) or in the foreseeable future (threatened species).  In the SSA, we 
considered the future condition of the lynx DPS out to 2025, 2050, and 2100 (SSA Report, p. 
chapter 5).  It became apparent through discussions with lynx experts, in peer and partner 
reviews of the draft SSA Report, and among Service biologists and management that any future 
projections of lynx status beyond mid-century were complicated by a very high degree of 
uncertainty concerning the timing and extent of various stressors that may affect lynx and hare 
habitat and snow regimes, especially those related to projected future climate change (SSA 
Report, p. chapter 5.1).  Therefore, in this evaluation, we identified mid-century (2050) as the 
foreseeable future because this time horizon gives us a higher degree of certainty in reasonably 
projecting the future condition of the lynx DPS. 
  
As discussed in the SSA Report, resident lynx populations in all geographic units that currently 
support them are expected to be smaller and more fragmented and isolated in the future, and each 
geographic unit and the DPS as a whole will be less resilient in the future (SSA Report, p. 173, 
236).  However, all five geographic units that currently support resident lynx populations (all 
units except the GYA) are expected to continue to do so through mid-century (2050) (SSA 
Report, p. 236).  Our analyses, as informed by expert input, suggest that resiliency will likely be 
sufficient to foster persistence (i.e., preclude extirpation) of resident lynx through mid-century in 
all or most of the five geographic units that currently support them (SSA Report, p. 236).  At 
mid-century, we expect lynx to retain a wide geographical distribution of populations, 
maintaining redundancy within the DPS (SSA Report, p. 236).  Should lynx populations in each 
geographic unit become smaller and more patchily distributed, reduced genetic health and/or 
adaptive capacity would be expected; however, we have no information to suggest reduced 
representation would be a DPS-level concern at mid-century (SSA Report, p. chapter 6).  
Therefore, we conclude that the risk of extinction (extirpation of the DPS) by 2050 is sufficiently 
low that the lynx DPS is not likely to become endangered throughout all of its range within the 
foreseeable future and therefore does not meet the definition of a threatened species. 
 
Recovery Criteria  
 
Recovery Plan or Outline:  There is no recovery plan for the Canada lynx DPS, and therefore 
recovery criteria have not been developed.  The Service completed a Recovery Outline on 
September 14, 2005, which provided preliminary recovery objectives and actions based on our 
understanding, at that time, of current and historical lynx occurrence and lynx population 
dynamics in the contiguous United States DPS.  Lynx conservation measures and habitat 
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management guidance adopted by the USFS and the BLM have substantially addressed the 
potential threats considered at the time of listing (and the time of the recovery outline) to the 
maintenance of lynx DPS habitat conditions and the availability of snowshoe hare and other prey 
populations (SSA Report, p. 4).  Additionally, our understanding of lynx biology, ecology, 
effects of stressors into the foreseeable future, and historic and current occupancy in the 
contiguous United States has improved in the 12 years since the Recovery Outline was drafted, 
rendering the preliminary recovery objectives and actions in the 2005 Recovery Outline obsolete.  
Finally, described above, the lynx DPS no longer meets the definition of a threatened species; 
therefore, recovery criteria are not necessary.   
 
RESULTS 
 
Recommended Classification: After assessing the best available information, we conclude that 
the Canada lynx DPS is not in danger of extinction throughout all of its range or likely to become 
so in the foreseeable future; that is, it is not an endangered species throughout all of its range or a 
threatened species throughout all of its range.  We recommend removing the Canada lynx DPS, 
currently listed as threatened, from the list of threatened and endangered species.  
 

____ Downlist to Threatened 
 ____ Uplist to Endangered 
 __x_ Delist (Indicate reasons for delisting per 50 CFR 424.11): 
  ____ Extinction 
  __x_ Recovery 
  ____ Original data for classification in error 
 ____ No change is needed 
 
New Recovery Priority Number (indicate if no change; see Appendix E): 

 
Brief Rationale:  

 
Listing and Reclassification Priority Number, if reclassification is recommended (see 
Appendix E)   

 
Reclassification (from Threatened to Endangered) Priority Number: ____ 
Reclassification (from Endangered to Threatened) Priority Number: ____ 
Delisting (Removal from list regardless of current classification) Priority Number: 

__x_ 
 
Brief Rationale:  
 

 
RECOMMENDATIONS FOR FUTURE ACTIONS – Proceed with a proposed rule to 
remove the Canada lynx DPS from the list of threatened and endangered species.  
  
REFERENCES – A large part of the lynx SSA involved seeking expert input on lynx biology, 
stressors, and current and future condition of the DPS.  We describe the expert elicitation process 
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and the experts involved in our Canada Lynx Expert Elicitation Workshop Final Report (Service 
2016, entire).  A draft SSA Report went through an extensive review process with peer 
reviewers, tribes, State agencies, and Federal agencies within the range of the lynx DPS.  The 
final SSA Report has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 3 
other Federal agencies. 
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U.S. FISH AND WILDLIFE SERVICE 
5-YEAR REVIEW  

Canada Lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
Current Classification:  
   
Recommendation resulting from the 5-Year Review: 

 
____ Downlist to Threatened 

 ____ Uplist to Endangered 
 __x_ Delist 

  ____ No change needed 
 
Appropriate Listing/Reclassification Priority Number, if applicable: 
 
Review Conducted By: 
 
REGIONAL OFFICE APPROVAL: 
 
The Regional Director or the Assistant Regional Director, if authority has been delegated to the 
Assistant Regional Director, must sign all 5-year reviews.   
 
Lead Regional Director, U.S. Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
 
The Lead Region must ensure that other regions within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  Written 
concurrence from other regions is required.  
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5-YEAR REVIEW 

Canada lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
GENERAL INFORMATION 
 
Methodology Used to Complete the Review: 

 
In accordance with section 4(c)(2) of the Endangered Species Act (ESA), the purpose of a 5-year 
review is to assess each threatened and endangered species to determine whether its status has 
changed since the time of its listing, or its last status review and whether it should be classified 
differently or removed from the list of threatened and endangered species.  The U.S. Fish and 
Wildlife Service (Service) evaluated the biology and status of the contiguous United States 
(U.S.) distinct population segment (DPS) of the Canada lynx as part of a Species Status 
Assessment (SSA) to inform this 5-year review and, if needed, recovery planning.  The SSA 
Report was written by the Canada Lynx Species Status Assessment Team (Lynx SSA Team), 
which consists of a Core Team of Service biologists who work on lynx issues across the DPS 
range and an SSA Framework Implementation Team of Service and U.S. Geological Survey staff 
who have developed and advanced the SSA framework.  The SSA Report represents the 
Service’s evaluation of the best available scientific information, including the formally-elicited 
professional judgments and opinions of recognized lynx experts.  The SSA Report underwent 
independent peer and partner review before being used as the scientific basis to support a 
decision making process involving Service Regions 1, 3, 5, and 6 regarding the recommendation 
presented in this 5-year review.   
 
Region 6 is the lead region for this action in coordination with Regions 1, 2, 3, and 5.  The lead 
field office (FO) is the Montana Ecological Services FO, with support from the Maine, 
Minnesota, Washington, and Western Colorado Ecological Services FOs.  
 
Background: 

 
Listing History 

 
The Service listed the lynx DPS as a threatened species under the ESA in 2000 because of the 
potential for impacts to lynx habitat conditions and the availability of snowshoe hare and other 
prey populations within the lynx DPS and existing regulatory mechanisms on Federal lands, at 
that time, did not provide sufficient guidance for the conservation of lynx habitats and 
populations or snowshoe hare habitat in light of potential threats (65 FR 16052-16086).  On May 
8, 2014, the United States District Court for the District of Montana ordered the Service to 
complete recovery planning for the lynx DPS (U.S. District Court MT 2014a, p. 8).  On June 25, 
2014, the same court ordered the Service to complete a recovery plan by January 15, 2018 
“…unless the Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., 
the DPS is recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 
2).  We published the initiation of the 5-year review in the Federal Register on April 18, 2007 
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(72 FR 19549), and additionally published a news release announcing initiation of a 5-yr review 
on January 13, 2015.   
 
We completed the SSA Report to summarize the best available scientific information on the 
current status and likely future viability of the DPS.  The SSA provides the scientific basis for 
this 5-year review.   
 
REVIEW ANALYSIS 
 
Application of the 1996 Distinct Population Segment (DPS) Policy in the 2000 Listing  

 
The Service listed lynx in the contiguous United States as a DPS because of differences in the 
management of lynx and lynx habitats across the international boundary with Canada (meeting 
discreteness criteria in the DPS policy) and because of the climatic, vegetative, and ecological 
differences in lynx habitat compared to the northern parts of the species’ range in Canada and 
Alaska (meeting significance criteria) (65 FR 16052; 68 FR 40076; 72 FR 1186).  
 
Updated Information and Current Species Status  
 
Summary of SSA Results:  
 
In the SSA, we describe the current and future viability of the lynx DPS in terms of resiliency, 
redundancy, and representation.  Resident lynx populations persisted historically and continued 
to persist in four of the six geographic units evaluated in the SSA (Unit 1 (Northern Maine), Unit 
2 (Northeastern Minnesota), Unit 3 (Northwestern Montana/Northeastern Idaho), and Unit 4 
(North-central Washington)) (SSA Report, p. 235).  Based on verified records, it is uncertain if 
the Greater Yellowstone Area (Unit 5) historically supported a persistent resident lynx 
population and it currently appears not to support resident lynx (SSA Report, p. 235).  Available 
information also suggests that Colorado (Unit 6) did not historically support persistent lynx 
presence; however, a resident population has persisted there for more than a decade since the 
1999-2006 release of 218 Canadian and Alaskan lynx in the San Juan Mountains (SSA Report, p. 
235).   
 
Considering the available information, we found no reliable information that the current 
distribution and abundance of resident lynx in the contiguous United States are substantially 
reduced from historical conditions (SSA Report, p. 235).  In fact, because of the introduction of 
lynx in Colorado and anthropogenically influenced lynx abundance in Maine, there may be more 
resident lynx currently in the DPS range than occurred historically (SSA Report, p. 228, 229).  
This suggests historical and current resiliency among lynx populations in the DPS.  The current 
broad distribution of resident lynx in large, geographically discrete areas (redundancy) makes the 
DPS invulnerable to extirpation caused by a single catastrophic event (SSA Report, p. 106, 235).  
Because we lack information that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished from 
historical levels (SSA Report, p. 106, 235).  As a result of the current population in Colorado, 
redundancy in the DPS is likely greater, at least temporarily, now than it was historically (SSA 
Report, p. 235).  Similarly, resident lynx remain broadly distributed across the range of habitats 
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that have supported them historically, suggesting maintenance of the breadth and diversity of 
ecological settings occupied within the DPS range (representation) (SSA Report, p. 235).   
 
Additionally, observed high rates of dispersal and gene flow and therefore generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the past 
and recent genetic health of lynx populations in the DPS (representation) (SSA Report, section 
2.1).  Because there are no indications of significant loss of, or current stressors to, the genetic 
health or adaptive capacity of lynx populations in the DPS, we find that the current level of 
representation within the DPS does not appear to indicate a decrease from historical conditions 
(SSA Report, p. 107, 230). 
 
We conclude that resident lynx populations are very likely to persist in all five units that 
currently support them (Units 1 to 4 and 6) in the near term (2025) and likely to persist in those 
five units at mid-century (2050) (SSA Report, p. 236).  We have low confidence in assessing the 
risk to DPS populations beyond 2050 (SSA Report, p. 236).  Therefore, we consider 2050 as the 
foreseeable future for this 5-year review.  Nonetheless, we expect lynx populations in each 
geographic unit to become smaller and more patchily distributed in the future (2050 and beyond) 
due largely to projected climate-driven losses in habitat quality and quantity and related factors 
(SSA Report, p. 236).  However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations all are highly uncertain (SSA 
Report, p. 236).  That said, smaller, more isolated populations would be less resilient and more 
vulnerable to demographic and environmental stochasticity and genetic drift and therefore at 
higher risk of extirpation (SSA Report, p. 236).  Despite some reduced resiliency, we conclude 
that resident lynx populations are likely to persist through mid-century in the geographic units 
that supported them historically (Units 1 to 4); with the corresponding maintenance of 
redundancy and representation in the DPS over that time span (SSA Report, p. 236).  Although 
the SSA report also discusses the future out to 2100, predictions that far into the future are highly 
uncertain (SSA Report, p. 236), and beyond what we consider to be reasonably foreseeable.   
 
Consideration of the Five 4(a)(1) Factors: 
 
Through our SSA analysis, we have evaluated the effects of all factors identified in section 
4(a)(1) of the ESA.  In the SSA we focused on the influences identified as having the potential to 
exert population and DPS-level impacts on lynx and lynx habitats (SSA Report, chapter 3). 
Those anthropogenic influences include climate change (Factor E), vegetation management 
(Factor A), wildland fire management (Factor A), and habitat loss and fragmentation (Factor A).  
We also considered other potential stressors such as trapping (Factor B), and disease and 
predation (Factor C).  Additionally, we considered how each of the above influences is 
ameliorated or exacerbated by existing regulatory mechanisms (Factor D). 
 
In using the SSA framework to analyze the scientific information, as documented in the SSA 
Report, we fully assess not only individual effects on the Canada lynx, but also their potential 
cumulative impacts.  Specifically, we incorporate cumulative effects into our analysis when we 
characterize the current and future conditions for each population, which we do both individually 
and cumulatively.  Our analysis described the ways in which anthropogenic and natural factors 
singly and collectively affect the habitat and/or demographics needed by individuals and 
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populations.  Because the SSA framework considers not just the presence of the factors but also 
the degree to which they collectively influence the species’ viability, our assessment integrates 
the cumulative impacts of stressors. 
 
In light of potential threats considered at the time of listing, lynx conservation measures and 
habitat management guidance adopted by the U. S. Forest Service (USFS) and the Bureau of 
Land Management (BLM), via formally amended or revised management plans or conservation 
agreements with the Service, have substantially addressed the conservation of lynx habitats and 
populations or snowshoe hare habitat (SSA Report, p. 4). 
   
Synthesis (Application of SSA Results to ESA Classification)  
 
As defined by the ESA, an endangered species is any species that is “in danger of extinction 
throughout all or a significant portion of its range.”  In the SSA Report, we evaluated the best 
available scientific information regarding the current and predicted future condition of the lynx 
DPS to describe its viability and how it may change over time (2025, 2050, and 2100).  We 
assess the viability of the lynx DPS by evaluating its ability to maintain a sufficient number and 
distribution of viable populations to withstand environmental stochasticity (resiliency), 
catastrophes (redundancy), and changes in its environment (representation) into the future.  
Ultimately, we compare our evaluation of the DPS’ risk of extinction against the definitions of 
an endangered or threatened species as defined by the ESA.   
 
As stated above. the Service listed the lynx DPS as threatened in 2000 because of the potential 
for impacts to lynx habitat conditions and the availability of prey populations within the lynx 
DPS and existing regulatory mechanisms on Federal lands, at that time, did not provide 
sufficient guidance for the conservation of lynx habitats and populations or prey habitat in light 
of potential threats (65 FR 16052-16086).  Federal lands management plans, at that time, 
allowed for forest management practices that could potentially reduce lynx habitat on a 
population level scale, thereby creating a future risk to the species existence in the DPS.  Nearly 
all Federal land management plans throughout the DPS have since been revised to include 
measures and management practices consistent with lynx conservation, thereby greatly reducing 
the risk of future population scale habitat deterioration on Federal lands.   
 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least four of the six geographic units (Units 1 to 4), the current persistence of lynx in one of the 
units (Unit 6), and the absence of reliable information indicating that the current distribution and 
relative abundance of resident lynx are substantially reduced from historical conditions suggest 
the historical and recent resiliency to stochastic events of lynx populations in the DPS (SSA 
Report, p. 107, 230).  The large sizes and broad distributions of the geographic units occupied by 
resident lynx populations likewise indicate historical and current redundancy in the DPS 
sufficient to reduce the possibility of extirpation from catastrophic events (SSA Report, p. 230, 
235).  There are no indications of current threats to the genetic health or adaptive capacity of 
lynx populations in the DPS, and the current level of representation does not suggest a decrease 
from historical conditions (SSA Report, p.230).  Due to the current resiliency, redundancy, and 
representation of the lynx DPS, we conclude that the risk of extinction (in this case, extirpation 
of all resident lynx populations in the DPS) is low, such that the DPS currently is not in danger 
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of extinction throughout all of its range and, therefore, does not meet the definition of an 
endangered species. 
 
Having determined that the lynx DPS is not endangered, we next compare the status of the DPS 
to the definition of a threatened species.  Under the ESA, a threatened species is any species that 
is “likely to become an endangered species within the foreseeable future throughout all or a 
significant portion of its range.”  The foreseeable future refers to the extent to which the 
Secretary can reasonably rely on predictions about the future in making determinations about the 
future conservation status of the species (U.S. Department of Interior, Solicitor’s Memorandum, 
M-37021, and January 16, 2009).  The key statutory difference between a threatened species and 
an endangered species is the timing of when a species may be in danger of extinction, either now 
(endangered species) or in the foreseeable future (threatened species).  In the SSA, we 
considered the future condition of the lynx DPS out to 2025, 2050, and 2100 (SSA Report, p. 
chapter 5).  It became apparent through discussions with lynx experts, in peer and partner 
reviews of the draft SSA Report, and among Service biologists and management that any future 
projections of lynx status beyond mid-century were complicated by a very high degree of 
uncertainty concerning the timing and extent of various stressors that may affect lynx and hare 
habitat and snow regimes, especially those related to projected future climate change (SSA 
Report, p. chapter 5.1).  Therefore, in this evaluation, we identified mid-century (2050) as the 
foreseeable future because this time horizon gives us a higher degree of certainty in reasonably 
projecting the future condition of the lynx DPS. 
  
As discussed in the SSA Report, resident lynx populations in all geographic units that currently 
support them are expected to be smaller and more fragmented and isolated in the future, and each 
geographic unit and the DPS as a whole will be less resilient in the future (SSA Report, p. 173, 
236).  However, all five geographic units that currently support resident lynx populations (all 
units except the GYA) are expected to continue to do so through mid-century (2050) (SSA 
Report, p. 236).  Our analyses, as informed by expert input, suggest that resiliency will likely be 
sufficient to foster persistence (i.e., preclude extirpation) of resident lynx through mid-century in 
all or most of the five geographic units that currently support them (SSA Report, p. 236).  At 
mid-century, we expect lynx to retain a wide geographical distribution of populations, 
maintaining redundancy within the DPS (SSA Report, p. 236).  Should lynx populations in each 
geographic unit become smaller and more patchily distributed, reduced genetic health and/or 
adaptive capacity would be expected; however, we have no information to suggest reduced 
representation would be a DPS-level concern at mid-century (SSA Report, p. chapter 6).  
Therefore, we conclude that the risk of extinction (extirpation of the DPS) by 2050 is sufficiently 
low that the lynx DPS is not likely to become endangered throughout all of its range within the 
foreseeable future and therefore does not meet the definition of a threatened species. 
 
Recovery Criteria  
 
Recovery Plan or Outline:  There is no recovery plan for the Canada lynx DPS, and therefore 
recovery criteria have not been developed.  The Service completed a Recovery Outline on 
September 14, 2005, which provided preliminary recovery objectives and actions based on our 
understanding, at that time, of current and historical lynx occurrence and lynx population 
dynamics in the contiguous United States DPS.  Lynx conservation measures and habitat 
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management guidance adopted by the USFS and the BLM have substantially addressed the 
potential threats considered at the time of listing (and the time of the recovery outline) to the 
maintenance of lynx DPS habitat conditions and the availability of snowshoe hare and other prey 
populations (SSA Report, p. 4).  Additionally, our understanding of lynx biology, ecology, 
effects of stressors into the foreseeable future, and historic and current occupancy in the 
contiguous United States has improved in the 12 years since the Recovery Outline was drafted, 
rendering the preliminary recovery objectives and actions in the 2005 Recovery Outline obsolete.  
Finally, described above, the lynx DPS no longer meets the definition of a threatened species; 
therefore, recovery criteria are not necessary.   
 
RESULTS 
 
Recommended Classification: After assessing the best available information, we conclude that 
the Canada lynx DPS is not in danger of extinction throughout all of its range or likely to become 
so in the foreseeable future; that is, it is not an endangered species throughout all of its range or a 
threatened species throughout all of its range.  We recommend removing the Canada lynx DPS, 
currently listed as threatened, from the list of threatened and endangered species.  
 

____ Downlist to Threatened 
 ____ Uplist to Endangered 
 __x_ Delist (Indicate reasons for delisting per 50 CFR 424.11): 
  ____ Extinction 
  __x_ Recovery 
  ____ Original data for classification in error 
 ____ No change is needed 
 
New Recovery Priority Number (indicate if no change; see Appendix E): 

 
Brief Rationale:  

 
Listing and Reclassification Priority Number, if reclassification is recommended (see 
Appendix E)   

 
Reclassification (from Threatened to Endangered) Priority Number: ____ 
Reclassification (from Endangered to Threatened) Priority Number: ____ 
Delisting (Removal from list regardless of current classification) Priority Number: 

__x_ 
 
Brief Rationale:  
 

 
RECOMMENDATIONS FOR FUTURE ACTIONS – Proceed with a proposed rule to 
remove the Canada lynx DPS from the list of threatened and endangered species.  
  
REFERENCES – A large part of the lynx SSA involved seeking expert input on lynx biology, 
stressors, and current and future condition of the DPS.  We describe the expert elicitation process 
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and the experts involved in our Canada Lynx Expert Elicitation Workshop Final Report (Service 
2016, entire).  A draft SSA Report went through an extensive review process with peer 
reviewers, tribes, State agencies, and Federal agencies within the range of the lynx DPS.  The 
final SSA Report has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 3 
other Federal agencies. 
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U.S. FISH AND WILDLIFE SERVICE 
5-YEAR REVIEW  

Canada Lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
Current Classification:  
   
Recommendation resulting from the 5-Year Review: 

 
____ Downlist to Threatened 

 ____ Uplist to Endangered 
 __x_ Delist 

  ____ No change needed 
 
Appropriate Listing/Reclassification Priority Number, if applicable: 
 
Review Conducted By: 
 
REGIONAL OFFICE APPROVAL: 
 
The Regional Director or the Assistant Regional Director, if authority has been delegated to the 
Assistant Regional Director, must sign all 5-year reviews.   
 
Lead Regional Director, U.S. Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
 
The Lead Region must ensure that other regions within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  Written 
concurrence from other regions is required.  
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5-YEAR REVIEW 

Canada lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
GENERAL INFORMATION 
 
Methodology Used to Complete the Review: 

 
In accordance with section 4(c)(2) of the Endangered Species Act (ESA), the purpose of a 5-year 
review is to assess each threatened and endangered species to determine whether its status has 
changed since the time of its listing, or its last status review and whether it should be classified 
differently or removed from the list of threatened and endangered species.  The U.S. Fish and 
Wildlife Service (Service) evaluated the biology and status of the contiguous United States 
(U.S.) distinct population segment (DPS) of the Canada lynx as part of a Species Status 
Assessment (SSA) to inform this 5-year review and, if needed, recovery planning.  The SSA 
Report was written by the Canada Lynx Species Status Assessment Team (Lynx SSA Team), 
which consists of a Core Team of Service biologists who work on lynx issues across the DPS 
range and an SSA Framework Implementation Team of Service and U.S. Geological Survey staff 
who have developed and advanced the SSA framework.  The SSA Report represents the 
Service’s evaluation of the best available scientific information, including the formally-elicited 
professional judgments and opinions of recognized lynx experts.  The SSA Report underwent 
independent peer and partner review before being used as the scientific basis to support a 
decision making process involving Service Regions 1, 3, 5, and 6 regarding the recommendation 
presented in this 5-year review.   
 
Region 6 is the lead region for this action in coordination with Regions 1, 2, 3, and 5.  The lead 
field office (FO) is the Montana Ecological Services FO, with support from the Maine, 
Minnesota, Washington, and Western Colorado Ecological Services FOs.  
 
Background: 

 
Listing History 

 
The Service listed the lynx DPS as a threatened species under the ESA in 2000 because of the 
potential for impacts to lynx habitat conditions and the availability of snowshoe hare and other 
prey populations within the lynx DPS and existing regulatory mechanisms on Federal lands, at 
that time, did not provide sufficient guidance for the conservation of lynx habitats and 
populations or snowshoe hare habitat in light of potential threats (65 FR 16052-16086).  On May 
8, 2014, the United States District Court for the District of Montana ordered the Service to 
complete recovery planning for the lynx DPS (U.S. District Court MT 2014a, p. 8).  On June 25, 
2014, the same court ordered the Service to complete a recovery plan by January 15, 2018 
“…unless the Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., 
the DPS is recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 
2).  We published the initiation of the 5-year review in the Federal Register on April 18, 2007 
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(72 FR 19549), and additionally published a news release announcing initiation of a 5-yr review 
on January 13, 2015.   
 
We completed the SSA Report to summarize the best available scientific information on the 
current status and likely future viability of the DPS.  The SSA provides the scientific basis for 
this 5-year review.   
 
REVIEW ANALYSIS 
 
Application of the 1996 Distinct Population Segment (DPS) Policy in the 2000 Listing  

 
The Service listed lynx in the contiguous United States as a DPS because of differences in the 
management of lynx and lynx habitats across the international boundary with Canada (meeting 
discreteness criteria in the DPS policy) and because of the climatic, vegetative, and ecological 
differences in lynx habitat compared to the northern parts of the species’ range in Canada and 
Alaska (meeting significance criteria) (65 FR 16052; 68 FR 40076; 72 FR 1186).  
 
Updated Information and Current Species Status  
 
Summary of SSA Results:  
 
In the SSA, we describe the current and future viability of the lynx DPS in terms of resiliency, 
redundancy, and representation.  Resident lynx populations persisted historically and continued 
to persist in four of the six geographic units evaluated in the SSA (Unit 1 (Northern Maine), Unit 
2 (Northeastern Minnesota), Unit 3 (Northwestern Montana/Northeastern Idaho), and Unit 4 
(North-central Washington)) (SSA Report, p. 235).  Based on verified records, it is uncertain if 
the Greater Yellowstone Area (Unit 5) historically supported a persistent resident lynx 
population and it currently appears not to support resident lynx (SSA Report, p. 235).  Available 
information also suggests that Colorado (Unit 6) did not historically support persistent lynx 
presence; however, a resident population has persisted there for more than a decade since the 
1999-2006 release of 218 Canadian and Alaskan lynx in the San Juan Mountains (SSA Report, p. 
235).   
 
Considering the available information, we found no reliable information that the current 
distribution and abundance of resident lynx in the contiguous United States are substantially 
reduced from historical conditions (SSA Report, p. 235).  In fact, because of the introduction of 
lynx in Colorado and anthropogenically influenced lynx abundance in Maine, there may be more 
resident lynx currently in the DPS range than occurred historically (SSA Report, pp. 228, 229).  
This suggests historical and current resiliency among lynx populations in the DPS.  The current 
broad distribution of resident lynx in large, geographically discrete areas (redundancy) makes the 
DPS invulnerable to extirpation caused by a single catastrophic event (SSA Report, pp. 106, 
235).  Because we lack information that formerly persistent lynx populations have been lost from 
any large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels (SSA Report, pp. 106, 235).  As a result of the current population in 
Colorado, redundancy in the DPS is likely greater, at least temporarily, now than it was 
historically (SSA Report, p. 235).  Similarly, resident lynx remain broadly distributed across the 
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range of habitats that have supported them historically, suggesting maintenance of the breadth 
and diversity of ecological settings occupied within the DPS range (representation) (SSA Report, 
p. 235).   
 
Additionally, observed high rates of dispersal and gene flow and therefore generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the past 
and recent genetic health of lynx populations in the DPS (representation) (SSA Report, section 
2.1).  Because there are no indications of significant loss of, or current stressors to, the genetic 
health or adaptive capacity of lynx populations in the DPS, we find that the current level of 
representation within the DPS does not appear to indicate a decrease from historical conditions 
(SSA Report, pp. 107, 230). 
 
We conclude that resident lynx populations are very likely to persist in all five units that 
currently support them (Units 1 to 4 and 6) in the near term (2025) and likely to persist in those 
five units at mid-century (2050) (SSA Report, p. 236).  We have low confidence in assessing the 
risk to DPS populations beyond 2050 (SSA Report, p. 236).  Therefore, we consider 2050 as the 
foreseeable future for this 5-year review.  Nonetheless, we expect lynx populations in each 
geographic unit to become smaller and more patchily distributed in the future (2050 and beyond) 
due largely to projected climate-driven losses in habitat quality and quantity and related factors 
(SSA Report, p. 236).  However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations all are highly uncertain (SSA 
Report, p. 236).  That said, smaller, more isolated populations would be less resilient and more 
vulnerable to demographic and environmental stochasticity and genetic drift and therefore at 
higher risk of extirpation (SSA Report, p. 236).  Despite some reduced resiliency, we conclude 
that resident lynx populations are likely to persist through mid-century in the geographic units 
that supported them historically (Units 1 to 4); with the corresponding maintenance of 
redundancy and representation in the DPS over that time span (SSA Report, p. 236).  Although 
the SSA report also discusses the future out to 2100, predictions that far into the future are highly 
uncertain (SSA Report, p. 236), and beyond what we consider to be reasonably foreseeable.   
 
Consideration of the Five 4(a)(1) Factors: 
 
Through our SSA analysis, we have evaluated the effects of all factors identified in section 
4(a)(1) of the ESA.  In the SSA we focused on the influences identified as having the potential to 
exert population and DPS-level impacts on lynx and lynx habitats (SSA Report, chapter 3). 
Those anthropogenic influences include climate change (Factor E), vegetation management 
(Factor A), wildland fire management (Factor A), and habitat loss and fragmentation (Factor A).  
We also considered other potential stressors such as trapping (Factor B), and disease and 
predation (Factor C).  Additionally, we considered how each of the above influences is 
ameliorated or exacerbated by existing regulatory mechanisms (Factor D). 
 
In using the SSA framework to analyze the scientific information, as documented in the SSA 
Report, we fully assess not only individual effects on the Canada lynx, but also their potential 
cumulative impacts.  Specifically, we incorporate cumulative effects into our analysis when we 
characterize the current and future conditions for each population, which we do both individually 
and cumulatively.  Our analysis described the ways in which anthropogenic and natural factors 
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singly and collectively affect the habitat and/or demographics needed by individuals and 
populations.  Because the SSA framework considers not just the presence of the factors but also 
the degree to which they collectively influence the species’ viability, our assessment integrates 
the cumulative impacts of stressors. 
 
In light of potential threats considered at the time of listing, lynx conservation measures and 
habitat management guidance adopted by the U. S. Forest Service (USFS) and the Bureau of 
Land Management (BLM), via formally amended or revised management plans or conservation 
agreements with the Service, have substantially addressed the conservation of lynx habitats and 
populations or and snowshoe hare habitat (SSA Report, p. 4). 
   
Synthesis (Application of SSA Results to ESA Classification)  
 
As defined by the ESA, an endangered species is any species that is “in danger of extinction 
throughout all or a significant portion of its range.”  In the SSA Report, we evaluated the best 
available scientific information regarding the current and predicted future condition of the lynx 
DPS to describe its viability and how it may change over time (2025, 2050, and 2100).  We 
assess the viability of the lynx DPS by evaluating its ability to maintain a sufficient number and 
distribution of viable populations to withstand environmental stochasticity (resiliency), 
catastrophes (redundancy), and changes in its environment (representation) into the future.  
Ultimately, we compare our evaluation of the DPS’ risk of extinction against the definitions of 
an endangered or threatened species as defined by the ESA.   
 
As stated above. the Service listed the lynx DPS as threatened in 2000 because of the potential 
for impacts to lynx habitat conditions and the availability of prey populations within the lynx 
DPS and existing regulatory mechanisms on Federal lands, at that time, did not provide 
sufficient guidance for the conservation of lynx habitats and populations or prey habitat in light 
of potential threats (65 FR 16052-16086).  Federal lands management plans, at that time, 
allowed for forest management practices that could potentially reduce lynx habitat on a 
population level scale, thereby creating a future risk to the species existence in the DPS.  Nearly 
all Federal land management plans throughout the DPS have since been revised to include 
science- and research-based measures and management practices consistent with lynx 
conservation, thereby greatly reducing the risk of future population scale habitat deterioration on 
Federal lands.   
 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least four of the six geographic units (Units 1 to 4), the current persistence of lynx in one of the 
units (Unit 6), and the absence of reliable information indicating that the current distribution and 
relative abundance of resident lynx are substantially reduced from historical conditions suggest 
the historical and recent resiliency to stochastic events of lynx populations in the DPS (SSA 
Report, pp. 107, 230).  The large sizes and broad distributions of the geographic units occupied 
by resident lynx populations likewise indicate historical and current redundancy in the DPS 
sufficient to reduce the possibility of extirpation from catastrophic events (SSA Report, pp. 230, 
235).  There are no indications of current threats to the genetic health or adaptive capacity of 
lynx populations in the DPS, and the current level of representation does not suggest a decrease 
from historical conditions (SSA Report, p. 230).  Due to the current resiliency, redundancy, and 
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representation of the lynx DPS, we conclude that the risk of extinction (in this case, extirpation 
of all resident lynx populations in the DPS) is low, such that the DPS currently is not in danger 
of extinction throughout all of its range and, therefore, does not meet the definition of an 
endangered species. 
 
Having determined that the lynx DPS is not endangered, we next compare the status of the DPS 
to the definition of a threatened species.  Under the ESA, a threatened species is any species that 
is “likely to become an endangered species within the foreseeable future throughout all or a 
significant portion of its range.”  The foreseeable future refers to the extent to which the 
Secretary can reasonably rely on predictions about the future in making determinations about the 
future conservation status of the species (U.S. Department of Interior, Solicitor’s Memorandum, 
M-37021, and January 16, 2009).  The key statutory difference between a threatened species and 
an endangered species is the timing of when a species may be in danger of extinction, either now 
(endangered species) or in the foreseeable future (threatened species).  In the SSA, we 
considered the future condition of the lynx DPS out to 2025, 2050, and 2100 (SSA Report, p. 
chapter 5).  It became apparent through discussions with lynx experts, in peer and partner 
reviews of the draft SSA Report, and among Service biologists and management that any future 
projections of lynx status beyond mid-century were complicated by a very high degree of 
uncertainty concerning the timing and extent of various stressors that may affect lynx and hare 
habitat and snow regimes, especially those related to projected future climate change (SSA 
Report, p. chapter 5.1).  Therefore, in this evaluation, we identified mid-century (2050) as the 
foreseeable future because this time horizon gives us a higher degree of certainty in reasonably 
projecting the future condition of the lynx DPS. 
  
As discussed in the SSA Report, resident lynx populations in all geographic units that currently 
support them are expected to be smaller and more fragmented and isolated in the future, and each 
geographic unit and the DPS as a whole will be less resilient in the future (SSA Report, pp. 173, 
236).  However, all five geographic units that currently support resident lynx populations (all 
units except the GYA) are expected to continue to do so through mid-century (2050) (SSA 
Report, p. 236).  Our analyses, as informed by expert input, suggest that resiliency will likely be 
sufficient to foster persistence (i.e., preclude extirpation) of resident lynx through mid-century in 
all or most of the five geographic units that currently support them (SSA Report, p. 236).  At 
mid-century, we expect lynx to retain a wide geographical distribution of populations, 
maintaining redundancy within the DPS (SSA Report, p. 236).  Should lynx populations in each 
geographic unit become smaller and more patchily distributed, reduced genetic health and/or 
adaptive capacity would be expected; however, we have no information to suggest reduced 
representation would be a DPS-level concern at mid-century (SSA Report, p. chapter 6).  
Therefore, we conclude that the risk of extinction (extirpation of the DPS) by 2050 is sufficiently 
low that the lynx DPS is not likely to become endangered throughout all of its range within the 
foreseeable future and therefore does not meet the definition of a threatened species. 
 
Recovery Criteria  
 
Recovery Plan or Outline:  There is no recovery plan for the Canada lynx DPS, and therefore 
recovery criteria have not been developed.  The Service completed a Recovery Outline on 
September 14, 2005, which provided preliminary recovery objectives and actions based on our 
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understanding, at that time, of current and historical lynx occurrence and lynx population 
dynamics in the contiguous United States DPS.  Lynx conservation measures and habitat 
management guidance adopted by the USFS and the BLM have substantially addressed the 
potential threats considered at the time of listing (and the time of the recovery outline) to the 
maintenance of lynx DPS habitat conditions and the availability of snowshoe hare and other prey 
populations (SSA Report, p. 4).  Additionally, our understanding of lynx biology, ecology, 
effects of stressors into the foreseeable future, and historic and current occupancy in the 
contiguous United States has improved in the 12 years since the Recovery Outline was drafted, 
rendering some of the preliminary recovery objectives and actions in the 2005 Recovery Outline 
obsolete.  Finally, as described above, the lynx DPS no longer meets the definition of a 
threatened species; therefore, recovery criteria are not necessary.   
 
RESULTS 
 
Recommended Classification: After assessing the best available information, we conclude that 
the Canada lynx DPS is not in danger of extinction throughout all of its range or likely to become 
so in the foreseeable future; that is, it is not an endangered species throughout all of its range or a 
threatened species throughout all of its range.  We recommend removing the Canada lynx DPS, 
currently listed as threatened, from the list of threatened and endangered species.  
 

____ Downlist to Threatened 
 ____ Uplist to Endangered 
 __x_ Delist (Indicate reasons for delisting per 50 CFR 424.11): 
  ____ Extinction 
  __x_ Recovery 
  ____ Original data for classification in error 
 ____ No change is needed 
 
New Recovery Priority Number (indicate if no change; see Appendix E): 

 
Brief Rationale:  

 
Listing and Reclassification Priority Number, if reclassification is recommended (see 
Appendix E)   

 
Reclassification (from Threatened to Endangered) Priority Number: ____ 
Reclassification (from Endangered to Threatened) Priority Number: ____ 
Delisting (Removal from list regardless of current classification) Priority Number: 

__x_ 
 
Brief Rationale:  
 

 
RECOMMENDATIONS FOR FUTURE ACTIONS – Proceed with a proposed rule to 
remove the Canada lynx DPS from the list of threatened and endangered species.  
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REFERENCES – A large part of the lynx SSA involved seeking expert input on lynx biology, 
stressors, and current and future condition of the DPS.  We describe the expert elicitation process 
and the experts involved in our Canada Lynx Expert Elicitation Workshop Final Report (Service 
2016, entire).  A draft SSA Report went through an extensive review process with peer 
reviewers, tribes, State agencies, and Federal agencies within the range of the lynx DPS.  The 
final SSA Report has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 3 
other Federal agencies. 
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U.S. FISH AND WILDLIFE SERVICE 
5-YEAR REVIEW  

Canada Lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
Current Classification:  
   
Recommendation resulting from the 5-Year Review: 

 
____ Downlist to Threatened 

 ____ Uplist to Endangered 
 __x_ Delist 

  ____ No change needed 
 
Appropriate Listing/Reclassification Priority Number, if applicable: 
 
Review Conducted By: 
 
REGIONAL OFFICE APPROVAL: 
 
The Regional Director or the Assistant Regional Director, if authority has been delegated to the 
Assistant Regional Director, must sign all 5-year reviews.   
 
Lead Regional Director, U.S. Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
 
The Lead Region must ensure that other regions within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  Written 
concurrence from other regions is required.  
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5-YEAR REVIEW 

Canada lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
GENERAL INFORMATION 
 
Methodology Used to Complete the Review: 

 
In accordance with section 4(c)(2) of the Endangered Species Act (ESA), the purpose of a 5-year 
review is to assess each threatened and endangered species to determine whether its status has 
changed since the time of its listing, or its last status review and whether it should be classified 
differently or removed from the list of threatened and endangered species.  The U.S. Fish and 
Wildlife Service (Service) evaluated the biology and status of the contiguous United States 
(U.S.) distinct population segment (DPS) of the Canada lynx as part of a Species Status 
Assessment (SSA) to inform this 5-year review and, if needed, recovery planning.  The SSA 
Report was written by the Canada Lynx Species Status Assessment Team (Lynx SSA Team), 
which consists of a Core Team of Service biologists who work on lynx issues across the DPS 
range and an SSA Framework Implementation Team of Service and U.S. Geological Survey staff 
who have developed and advanced the SSA framework.  The SSA Report represents the 
Service’s evaluation of the best available scientific information, including the formally-elicited 
professional judgments and opinions of recognized lynx experts.  The SSA Report underwent 
independent peer and partner review before being used as the scientific basis to support a 
decision making process involving Service Regions 1, 3, 5, and 6 regarding the recommendation 
presented in this 5-year review.   
 
Region 6 is the lead region for this action in coordination with Regions 1, 2, 3, and 5.  The lead 
field office (FO) is the Montana Ecological Services FO, with support from the Maine, 
Minnesota, Washington, and Western Colorado Ecological Services FOs.  
 
Background: 

 
Listing History 

 
The Service listed the lynx DPS as a threatened species under the ESA in 2000 because of the 
potential for impacts to lynx habitat conditions and the availability of snowshoe hare and other 
prey populations within the lynx DPS and existing regulatory mechanisms on Federal lands, at 
that time, did not provide sufficient guidance for the conservation of lynx habitats and 
populations or snowshoe hare habitat in light of potential threats (65 FR 16052-16086).  On May 
8, 2014, the United States District Court for the District of Montana ordered the Service to 
complete recovery planning for the lynx DPS (U.S. District Court MT 2014a, p. 8).  On June 25, 
2014, the same court ordered the Service to complete a recovery plan by January 15, 2018 
“…unless the Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., 
the DPS is recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 
2).  We published the initiation of the 5-year review in the Federal Register on April 18, 2007 

Commented [ZJ1]: This should be the Northern Idaho Field 
Office – that’s where Bryon is, and he was lead for R1 on this effort. 



 

 3 

(72 FR 19549), and additionally published a news release announcing initiation of a 5-yr review 
on January 13, 2015.   
 
We completed the SSA Report to summarize the best available scientific information on the 
current status and likely future viability of the DPS.  The SSA provides the scientific basis for 
this 5-year review.   
 
REVIEW ANALYSIS 
 
Application of the 1996 Distinct Population Segment (DPS) Policy in the 2000 Listing  

 
The Service listed lynx in the contiguous United States as a DPS because of differences in the 
management of lynx and lynx habitats across the international boundary with Canada (meeting 
discreteness criteria in the DPS policy) and because of the climatic, vegetative, and ecological 
differences in lynx habitat compared to the northern parts of the species’ range in Canada and 
Alaska (meeting significance criteria) (65 FR 16052; 68 FR 40076; 72 FR 1186).  
 
Updated Information and Current Species Status  
 
Summary of SSA Results:  
 
In the SSA, we describe the current and future viability of the lynx DPS in terms of resiliency, 
redundancy, and representation.  Resident lynx populations persisted historically and continued 
to persist in four of the six geographic units evaluated in the SSA (Unit 1 (Northern Maine), Unit 
2 (Northeastern Minnesota), Unit 3 (Northwestern Montana/Northeastern Idaho), and Unit 4 
(North-central Washington)) (SSA Report, p. 235).  Based on verified records, it is uncertain if 
the Greater Yellowstone Area (Unit 5) historically supported a persistent resident lynx 
population and it currently appears not to support resident lynx (SSA Report, p. 235).  Available 
information also suggests that Colorado (Unit 6) did not historically support persistent lynx 
presence; however, a resident population has persisted there for more than a decade since the 
1999-2006 release of 218 Canadian and Alaskan lynx in the San Juan Mountains (SSA Report, p. 
235).   
 
Considering the available information, we found no reliable information that the current 
distribution and abundance of resident lynx in the contiguous United States are substantially 
reduced from historical conditions (SSA Report, p. 235).  In fact, because of the introduction of 
lynx in Colorado and anthropogenically influenced lynx abundance in Maine, there may be more 
resident lynx currently in the DPS range than occurred historically (SSA Report, pp. 228, 229).  
This suggests historical and current resiliency among lynx populations in the DPS.  The current 
broad distribution of resident lynx in large, geographically discrete areas (redundancy) makes the 
DPS invulnerable to extirpation caused by a single catastrophic event (SSA Report, pp. 106, 
235).  Because we lack information that formerly persistent lynx populations have been lost from 
any large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels (SSA Report, pp. 106, 235).  As a result of the current population in 
Colorado, redundancy in the DPS is likely greater, at least temporarily, now than it was 
historically (SSA Report, p. 235).  Similarly, resident lynx remain broadly distributed across the 
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range of habitats that have supported them historically, suggesting maintenance of the breadth 
and diversity of ecological settings occupied within the DPS range (representation) (SSA Report, 
p. 235).   
 
Additionally, observed high rates of dispersal and gene flow and therefore generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the past 
and recent genetic health of lynx populations in the DPS (representation) (SSA Report, section 
2.1).  Because there are no indications of significant loss of, or current stressors to, the genetic 
health or adaptive capacity of lynx populations in the DPS, we find that the current level of 
representation within the DPS does not appear to indicate a decrease from historical conditions 
(SSA Report, pp. 107, 230). 
 
We conclude that resident lynx populations are very likely to persist in all five units that 
currently support them (Units 1 to 4 and 6) in the near term (2025) and likely to persist in those 
five units at mid-century (2050) (SSA Report, p. 236).  We have low confidence in assessing the 
risk to DPS populations beyond 2050 (SSA Report, p. 236).  Therefore, we consider 2050 as the 
foreseeable future for this 5-year review.  Nonetheless, we expect lynx populations in each 
geographic unit to become smaller and more patchily distributed in the future (2050 and beyond) 
due largely to projected climate-driven losses in habitat quality and quantity and related factors 
(SSA Report, p. 236).  However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations all are highly uncertain (SSA 
Report, p. 236).  That said, smaller, more isolated populations would be less resilient and more 
vulnerable to demographic and environmental stochasticity and genetic drift and therefore at 
higher risk of extirpation (SSA Report, p. 236).  Despite some reduced resiliency, we conclude 
that resident lynx populations are likely to persist through mid-century in the geographic units 
that supported them historically (Units 1 to 4); with the corresponding maintenance of 
redundancy and representation in the DPS over that time span (SSA Report, p. 236).  Although 
the SSA report also discusses the future out to 2100, predictions that far into the future are highly 
uncertain (SSA Report, p. 236), and beyond what we consider to be reasonably foreseeable.   
 
Consideration of the Five 4(a)(1) Factors: 
 
Through our SSA analysis, we have evaluated the effects of all factors identified in section 
4(a)(1) of the ESA.  In the SSA we focused on the influences identified as having the potential to 
exert population and DPS-level impacts on lynx and lynx habitats (SSA Report, chapter 3). 
Those anthropogenic influences include climate change (Factor E), vegetation management 
(Factor A), wildland fire management (Factor A), and habitat loss and fragmentation (Factor A).  
We also considered other potential stressors such as trapping (Factor B), and disease and 
predation (Factor C).  Additionally, we considered how each of the above influences is 
ameliorated or exacerbated by existing regulatory mechanisms (Factor D). 
 
In using the SSA framework to analyze the scientific information, as documented in the SSA 
Report, we fully assess not only individual effects on the Canada lynx, but also their potential 
cumulative impacts.  Specifically, we incorporate cumulative effects into our analysis when we 
characterize the current and future conditions for each population, which we do both individually 
and cumulatively.  Our analysis described the ways in which anthropogenic and natural factors 
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singly and collectively affect the habitat and/or demographics needed by individuals and 
populations.  Because the SSA framework considers not just the presence of the factors but also 
the degree to which they collectively influence the species’ viability, our assessment integrates 
the cumulative impacts of stressors. 
 
In light of potential threats considered at the time of listing, lynx conservation measures and 
habitat management guidance adopted by the U. S. Forest Service (USFS) and the Bureau of 
Land Management (BLM), via formally amended or revised management plans or conservation 
agreements with the Service, have substantially addressed the conservation of lynx habitats and 
populations or and snowshoe hare habitat (SSA Report, p. 4). 
   
Synthesis (Application of SSA Results to ESA Classification)  
 
As defined by the ESA, an endangered species is any species that is “in danger of extinction 
throughout all or a significant portion of its range.”  In the SSA Report, we evaluated the best 
available scientific information regarding the current and predicted future condition of the lynx 
DPS to describe its viability and how it may change over time (2025, 2050, and 2100).  We 
assess the viability of the lynx DPS by evaluating its ability to maintain a sufficient number and 
distribution of viable populations to withstand environmental stochasticity (resiliency), 
catastrophes (redundancy), and changes in its environment (representation) into the future.  
Ultimately, we compare our evaluation of the DPS’ risk of extinction against the definitions of 
an endangered or threatened species as defined by the ESA.   
 
As stated above. the Service listed the lynx DPS as threatened in 2000 because of the potential 
for impacts to lynx habitat conditions and the availability of prey populations within the lynx 
DPS and existing regulatory mechanisms on Federal lands, at that time, did not provide 
sufficient guidance for the conservation of lynx habitats and populations or prey habitat in light 
of potential threats (65 FR 16052-16086).  Federal lands management plans, at that time, 
allowed for forest management practices that could potentially reduce lynx habitat on a 
population level scale, thereby creating a future risk to the species existence in the DPS.  Nearly 
all Federal land management plans throughout the DPS have since been revised to include 
science- and research-based measures and management practices consistent with lynx 
conservation, thereby greatly reducing the risk of future population scale habitat deterioration on 
Federal lands.   
 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least four of the six geographic units (Units 1 to 4), the current persistence of lynx in one of the 
units (Unit 6), and the absence of reliable information indicating that the current distribution and 
relative abundance of resident lynx are substantially reduced from historical conditions suggest 
the historical and recent resiliency to stochastic events of lynx populations in the DPS (SSA 
Report, pp. 107, 230).  The large sizes and broad distributions of the geographic units occupied 
by resident lynx populations likewise indicate historical and current redundancy in the DPS 
sufficient to reduce the possibility of extirpation from catastrophic events (SSA Report, pp. 230, 
235).  There are no indications of current threats to the genetic health or adaptive capacity of 
lynx populations in the DPS, and the current level of representation does not suggest a decrease 
from historical conditions (SSA Report, p. 230).  Due to the current resiliency, redundancy, and 
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representation of the lynx DPS, we conclude that the risk of extinction (in this case, extirpation 
of all resident lynx populations in the DPS) is low, such that the DPS currently is not in danger 
of extinction throughout all of its range and, therefore, does not meet the definition of an 
endangered species. 
 
Having determined that the lynx DPS is not endangered, we next compare the status of the DPS 
to the definition of a threatened species.  Under the ESA, a threatened species is any species that 
is “likely to become an endangered species within the foreseeable future throughout all or a 
significant portion of its range.”  The foreseeable future refers to the extent to which the 
Secretary can reasonably rely on predictions about the future in making determinations about the 
future conservation status of the species (U.S. Department of Interior, Solicitor’s Memorandum, 
M-37021, and January 16, 2009).  The key statutory difference between a threatened species and 
an endangered species is the timing of when a species may be in danger of extinction, either now 
(endangered species) or in the foreseeable future (threatened species).  In the SSA, we 
considered the future condition of the lynx DPS out to 2025, 2050, and 2100 (SSA Report, p. 
chapter 5).  It became apparent through discussions with lynx experts, in peer and partner 
reviews of the draft SSA Report, and among Service biologists and management that any future 
projections of lynx status beyond mid-century were complicated by a very high degree of 
uncertainty concerning the timing and extent of various stressors that may affect lynx and hare 
habitat and snow regimes, especially those related to projected future climate change (SSA 
Report, p. chapter 5.1).  Therefore, in this evaluation, we identified mid-century (2050) as the 
foreseeable future because this time horizon gives us a higher degree of certainty in reasonably 
projecting the future condition of the lynx DPS. 
  
As discussed in the SSA Report, resident lynx populations in all geographic units that currently 
support them are expected to be smaller and more fragmented and isolated in the future, and each 
geographic unit and the DPS as a whole will be less resilient in the future (SSA Report, pp. 173, 
236).  However, all five geographic units that currently support resident lynx populations (all 
units except the GYA) are expected to continue to do so through mid-century (2050) (SSA 
Report, p. 236).  Our analyses, as informed by expert input, suggest that resiliency will likely be 
sufficient to foster persistence (i.e., preclude extirpation) of resident lynx through mid-century in 
all or most of the five geographic units that currently support them (SSA Report, p. 236).  At 
mid-century, we expect lynx to retain a wide geographical distribution of populations, 
maintaining redundancy within the DPS (SSA Report, p. 236).  Should lynx populations in each 
geographic unit become smaller and more patchily distributed, reduced genetic health and/or 
adaptive capacity would be expected; however, we have no information to suggest reduced 
representation would be a DPS-level concern at mid-century (SSA Report, p. chapter 6).  
Therefore, we conclude that the risk of extinction (extirpation of the DPS) by 2050 is sufficiently 
low that the lynx DPS is not likely to become endangered throughout all of its range within the 
foreseeable future and therefore does not meet the definition of a threatened species. 
 
Recovery Criteria  
 
Recovery Plan or Outline:  There is no recovery plan for the Canada lynx DPS, and therefore 
recovery criteria have not been developed.  The Service completed a Recovery Outline on 
September 14, 2005, which provided preliminary recovery objectives and actions based on our 
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understanding, at that time, of current and historical lynx occurrence and lynx population 
dynamics in the contiguous United States DPS.  Lynx conservation measures and habitat 
management guidance adopted by the USFS and the BLM have substantially addressed the 
potential threats considered at the time of listing (and the time of the recovery outline) to the 
maintenance of lynx DPS habitat conditions and the availability of snowshoe hare and other prey 
populations (SSA Report, p. 4).  Additionally, our understanding of lynx biology, ecology, 
effects of stressors into the foreseeable future, and historic and current occupancy in the 
contiguous United States has improved in the 12 years since the Recovery Outline was drafted, 
rendering some of the preliminary recovery objectives and actions in the 2005 Recovery Outline 
obsolete.  Finally, as described above, the lynx DPS no longer meets the definition of a 
threatened species; therefore, recovery criteria are not necessary.   
 
RESULTS 
 
Recommended Classification: After assessing the best available information, we conclude that 
the Canada lynx DPS is not in danger of extinction throughout all of its range or likely to become 
so in the foreseeable future; that is, it is not an endangered species throughout all of its range or a 
threatened species throughout all of its range.  We recommend removing the Canada lynx DPS, 
currently listed as threatened, from the list of threatened and endangered species.  
 

____ Downlist to Threatened 
 ____ Uplist to Endangered 
 __x_ Delist (Indicate reasons for delisting per 50 CFR 424.11): 
  ____ Extinction 
  __x_ Recovery 
  ____ Original data for classification in error 
 ____ No change is needed 
 
New Recovery Priority Number (indicate if no change; see Appendix E): 

 
Brief Rationale:  

 
Listing and Reclassification Priority Number, if reclassification is recommended (see 
Appendix E)   

 
Reclassification (from Threatened to Endangered) Priority Number: ____ 
Reclassification (from Endangered to Threatened) Priority Number: ____ 
Delisting (Removal from list regardless of current classification) Priority Number: 

__x_ 
 
Brief Rationale:  
 

 
RECOMMENDATIONS FOR FUTURE ACTIONS – Proceed with a proposed rule to 
remove the Canada lynx DPS from the list of threatened and endangered species.  
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REFERENCES – A large part of the lynx SSA involved seeking expert input on lynx biology, 
stressors, and current and future condition of the DPS.  We describe the expert elicitation process 
and the experts involved in our Canada Lynx Expert Elicitation Workshop Final Report (Service 
2016, entire).  A draft SSA Report went through an extensive review process with peer 
reviewers, tribes, State agencies, and Federal agencies within the range of the lynx DPS.  The 
final SSA Report has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 3 
other Federal agencies. 

Commented [ZJ4]: None responded, though the opportunity to 
review was offered. Not sure if this is accurate, though the following 
sentence clarifies. 
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U.S. FISH AND WILDLIFE SERVICE 
5-YEAR REVIEW  

Canada Lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
Current Classification:  
   
Recommendation resulting from the 5-Year Review: 

 
____ Downlist to Threatened 

 ____ Uplist to Endangered 
 __x_ Delist 

  ____ No change needed 
 
Appropriate Listing/Reclassification Priority Number, if applicable: 
 
Review Conducted By: 
 
REGIONAL OFFICE APPROVAL: 
 
The Regional Director or the Assistant Regional Director, if authority has been delegated to the 
Assistant Regional Director, must sign all 5-year reviews.   
 
Lead Regional Director, U.S. Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
 
The Lead Region must ensure that other regions within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  Written 
concurrence from other regions is required.  
 
 



From: Bush, Jodi
To: Eric Rickerson; Paul Henson; Larry Crist; Abbott, Tyler; Gregory Hughes; Anna Harris; Peter Fasbender;

rollie_white@fws.gov; Lori Nordstrom; Paul Phifer; DeBerry, Drue; Susan Millsap
Cc: Bryon Holt; Jim Zelenak; Tom McDowell; Kathleen Hendricks; Jeffrey Dillon; Mark McCollough; Tamara Smith;

Thabault, Michael; Kurt Broderdorp; Gregg Kurz; Nathan Darnall; Marjorie Nelson; Justin Shoemaker
Subject: Re: talking points for discussion with State
Date: Thursday, November 02, 2017 6:54:26 PM

Folks.  You may have heard that we were trying to have the Lynx 5 year review signed by
tomorrow (Nov. 3). Unfortunately that is not going to happen. This has been delayed due to
some issues beyond our control.   

Once we have the documents (5 year review and final SSA) ready to go we will let you know,
supply a new release and communication plan and will allow planning for as much time as we
can for contact to your State, Tribal and Federal partners.  

In the meantime if you are having discussions with these same folks - you can use some of the
following for your talking points.  I would tell our partners that the document is on the RD
desk and could be signed at any time.  Feel free to give me or Jim a call if you have any
questions.  JB

·         the 5-year review will be signed by the Regional director for
the mt prairie region with concurrence from all affected regions. 
this concurrence has already been received. 

·         The SSA and 5 year Review are in response to a court
settlement agreement and decision on May 8, 2014.  At that time,
the United States District Court for the District of Montana ordered
the Service to complete recovery planning for the Canada lynx DPS
by January 15, 2018 “…unless the Service finds that such a plan
will not promote the conservation of the [lynx].  The 5-year review
and SSA report responds to this order. 

·         both courts involved in lynx issues (recovery and Critical
habitat) will be notified preceding the public notification on
November 3, 2017, by Solicitors. 

·         a news release and communication plan to reach out to
state, tribal and federal partners will precede the notification.

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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Created: 01-03-2018 at 07:38 AM



Conversation Contents
Fwd: talking points for discussion with State

Paul Phifer <paul_phifer@fws.gov>

From: Paul Phifer <paul_phifer@fws.gov>
Sent: Fri Nov 03 2017 06:44:26 GMT-0600 (MDT)

To:
Meagan Racey <Meagan_Racey@fws.gov>, Anna Harris
<anna_harris@fws.gov>, Spencer Simon
<Spencer_Simon@fws.gov>, Mary Parkin
<mary_parkin@fws.gov>, Martin Miller <Martin_Miller@fws.gov>

Subject: Fwd: talking points for discussion with State

FYI - Meagan, can you please update me on our plan for rollout and involving the state? 
Thanks

Sent from my iPhone

Begin forwarded message:

From: "Bush, Jodi" <jodi_bush@fws.gov>
Date: November 2, 2017 at 6:54:01 PM EDT
To: Eric Rickerson <eric_rickerson@fws.gov>, Paul Henson
<paul_henson@fws.gov>,  Larry Crist <Larry_Crist@fws.gov>, "Abbott, Tyler"
<tyler_abbott@fws.gov>,  Gregory Hughes <greg_m_hughes@fws.gov>, Anna
Harris <anna_harris@fws.gov>,  Peter Fasbender <peter_fasbender@fws.gov>,
"rollie_white@fws.gov" <rollie_white@fws.gov>,  Lori Nordstrom
<lori_nordstrom@fws.gov>, Paul Phifer <paul_phifer@fws.gov>,  "DeBerry, Drue"
<drue_deberry@fws.gov>, Susan Millsap <susan_millsap@fws.gov>
Cc: Bryon Holt <Bryon_Holt@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>,  Tom
McDowell <Tom_McDowell@fws.gov>, Kathleen Hendricks
<kathleen_hendricks@fws.gov>,  Jeffrey Dillon <jeffrey_dillon@fws.gov>, Mark
McCollough <Mark_McCollough@fws.gov>,  Tamara Smith
<Tamara_Smith@fws.gov>, "Thabault, Michael" <michael_thabault@fws.gov>,  Kurt
Broderdorp <Kurt_Broderdorp@fws.gov>, Gregg Kurz <Gregg_Kurz@fws.gov>, 
Nathan Darnall <nathan_darnall@fws.gov>, Marjorie Nelson
<Marjorie_Nelson@fws.gov>,  Justin Shoemaker <justin_shoemaker@fws.gov>
Subject: Re: talking points for discussion with State

Folks.  You may have heard that we were trying to have the Lynx 5 year review
signed by tomorrow (Nov. 3). Unfortunately that is not going to happen. This has
been delayed due to some issues beyond our control.   

Once we have the documents (5 year review and final SSA) ready to go we will let
you know, supply a new release and communication plan and will allow planning for
as much time as we can for contact to your State, Tribal and Federal partners.  
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In the meantime if you are having discussions with these same folks - you can use
some of the following for your talking points.  I would tell our partners that the
document is on the RD desk and could be signed at any time.  Feel free to give me
or Jim a call if you have any questions.  JB

·         the 5-year review will be signed by the Regional director for

the mt prairie region with concurrence from all affected regions. 

this concurrence has already been received. 

·         The SSA and 5 year Review are in response to a court

settlement agreement and decision on May 8, 2014.  At that time,

the United States District Court for the District of Montana

ordered the Service to complete recovery planning for the Canada

lynx DPS by January 15, 2018 “…unless the Service finds that

such a plan will not promote the conservation of the [lynx].  The 5-

year review and SSA report responds to this order. 

·         both courts involved in lynx issues (recovery and Critical

habitat) will be notified preceding the public notification on

November 3, 2017, by Solicitors. 

·         a news release and communication plan to reach out to

state, tribal and federal partners will precede the notification.

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Fri Nov 03 2017 07:15:03 GMT-0600 (MDT)
To: Paul Phifer <paul_phifer@fws.gov>

CC:
Anna Harris <anna_harris@fws.gov>, Spencer Simon
<Spencer_Simon@fws.gov>, Mary Parkin
<mary_parkin@fws.gov>, Martin Miller <Martin_Miller@fws.gov>,
Ken Elowe <ken_elowe@fws.gov>

Subject: Re: talking points for discussion with State

Thanks Paul! Getting ready to chat via phone with Anna and Ken about this at 10. Feel free to
join - 
877-783-6037, 5463853 - 



or let me know if we should gather somewhere together.

On Fri, Nov 3, 2017 at 8:44 AM, Paul Phifer <paul_phifer@fws.gov> wrote:
FYI - Meagan, can you please update me on our plan for rollout and involving the state? 
Thanks

Sent from my iPhone

Begin forwarded message:

From: "Bush, Jodi" <jodi_bush@fws.gov>
Date: November 2, 2017 at 6:54:01 PM EDT
To: Eric Rickerson <eric_rickerson@fws.gov>, Paul Henson
<paul_henson@fws.gov>,  Larry Crist <Larry_Crist@fws.gov>, "Abbott, Tyler"
<tyler_abbott@fws.gov>,  Gregory Hughes <greg_m_hughes@fws.gov>, Anna
Harris <anna_harris@fws.gov>,  Peter Fasbender <peter_fasbender@fws.gov>,
"rollie_white@fws.gov" <rollie_white@fws.gov>,  Lori Nordstrom
<lori_nordstrom@fws.gov>, Paul Phifer <paul_phifer@fws.gov>,  "DeBerry, Drue"
<drue_deberry@fws.gov>, Susan Millsap <susan_millsap@fws.gov>
Cc: Bryon Holt <Bryon_Holt@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, 
Tom McDowell <Tom_McDowell@fws.gov>, Kathleen Hendricks
<kathleen_hendricks@fws.gov>,  Jeffrey Dillon <jeffrey_dillon@fws.gov>, Mark
McCollough <Mark_McCollough@fws.gov>,  Tamara Smith
<Tamara_Smith@fws.gov>, "Thabault, Michael" <michael_thabault@fws.gov>, 
Kurt Broderdorp <Kurt_Broderdorp@fws.gov>, Gregg Kurz
<Gregg_Kurz@fws.gov>,  Nathan Darnall <nathan_darnall@fws.gov>, Marjorie
Nelson <Marjorie_Nelson@fws.gov>,  Justin Shoemaker
<justin_shoemaker@fws.gov>
Subject: Re: talking points for discussion with State

Folks.  You may have heard that we were trying to have the Lynx 5 year review
signed by tomorrow (Nov. 3). Unfortunately that is not going to happen. This has
been delayed due to some issues beyond our control.   

Once we have the documents (5 year review and final SSA) ready to go we will let
you know, supply a new release and communication plan and will allow planning
for as much time as we can for contact to your State, Tribal and Federal partners.  

In the meantime if you are having discussions with these same folks - you can use
some of the following for your talking points.  I would tell our partners that the
document is on the RD desk and could be signed at any time.  Feel free to give
me or Jim a call if you have any questions.  JB

·         the 5-year review will be signed by the Regional director

for the mt prairie region with concurrence from all affected

regions.  this concurrence has already been received. 

·         The SSA and 5 year Review are in response to a court

settlement agreement and decision on May 8, 2014.  At that

time, the United States District Court for the District of Montana

ordered the Service to complete recovery planning for the

Canada lynx DPS by January 15, 2018 “…unless the Service finds
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that such a plan will not promote the conservation of the [lynx]. 

The 5-year review and SSA report responds to this order. 

·         both courts involved in lynx issues (recovery and Critical

habitat) will be notified preceding the public notification on

November 3, 2017, by Solicitors. 

·         a news release and communication plan to reach out to

state, tribal and federal partners will precede the notification.

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Fri Nov 03 2017 08:53:15 GMT-0600 (MDT)
To: Paul Phifer <paul_phifer@fws.gov>

CC:
Anna Harris <anna_harris@fws.gov>, Spencer Simon
<Spencer_Simon@fws.gov>, Mary Parkin
<mary_parkin@fws.gov>, Martin Miller <Martin_Miller@fws.gov>,
Ken Elowe <ken_elowe@fws.gov>

Subject: Re: talking points for discussion with State

Just got off w/ Ken & Anna. We're hoping to scheduled a call with IFW in the next couple weeks.
They have some technical questions about the SSA (what does this really mean for them, etc),
and we should go over talking points and invite them to add a quote to the R5 regionalized
version of the lynx announcement. We're assuming we're looking at an early December timeline
for the announcement.

On Fri, Nov 3, 2017 at 9:15 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:

http://usfwsnortheast.wordpress.com/
mailto:meagan_racey@fws.gov


Thanks Paul! Getting ready to chat via phone with Anna and Ken about this at 10. Feel free to
join - 
877-783-6037, 5463853 - 
or let me know if we should gather somewhere together.

On Fri, Nov 3, 2017 at 8:44 AM, Paul Phifer <paul_phifer@fws.gov> wrote:
FYI - Meagan, can you please update me on our plan for rollout and involving the state? 
Thanks

Sent from my iPhone

Begin forwarded message:

From: "Bush, Jodi" <jodi_bush@fws.gov>
Date: November 2, 2017 at 6:54:01 PM EDT
To: Eric Rickerson <eric_rickerson@fws.gov>, Paul Henson
<paul_henson@fws.gov>,  Larry Crist <Larry_Crist@fws.gov>, "Abbott, Tyler"
<tyler_abbott@fws.gov>,  Gregory Hughes <greg_m_hughes@fws.gov>, Anna
Harris <anna_harris@fws.gov>,  Peter Fasbender <peter_fasbender@fws.gov>,
"rollie_white@fws.gov" <rollie_white@fws.gov>,  Lori Nordstrom
<lori_nordstrom@fws.gov>, Paul Phifer <paul_phifer@fws.gov>,  "DeBerry,
Drue" <drue_deberry@fws.gov>, Susan Millsap <susan_millsap@fws.gov>
Cc: Bryon Holt <Bryon_Holt@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, 
Tom McDowell <Tom_McDowell@fws.gov>, Kathleen Hendricks
<kathleen_hendricks@fws.gov>,  Jeffrey Dillon <jeffrey_dillon@fws.gov>, Mark
McCollough <Mark_McCollough@fws.gov>,  Tamara Smith
<Tamara_Smith@fws.gov>, "Thabault, Michael" <michael_thabault@fws.gov>, 
Kurt Broderdorp <Kurt_Broderdorp@fws.gov>, Gregg Kurz
<Gregg_Kurz@fws.gov>,  Nathan Darnall <nathan_darnall@fws.gov>, Marjorie
Nelson <Marjorie_Nelson@fws.gov>,  Justin Shoemaker
<justin_shoemaker@fws.gov>
Subject: Re: talking points for discussion with State

Folks.  You may have heard that we were trying to have the Lynx 5 year review
signed by tomorrow (Nov. 3). Unfortunately that is not going to happen. This has
been delayed due to some issues beyond our control.   

Once we have the documents (5 year review and final SSA) ready to go we will
let you know, supply a new release and communication plan and will allow
planning for as much time as we can for contact to your State, Tribal and
Federal partners.  

In the meantime if you are having discussions with these same folks - you can
use some of the following for your talking points.  I would tell our partners that
the document is on the RD desk and could be signed at any time.  Feel free to
give me or Jim a call if you have any questions.  JB

·         the 5-year review will be signed by the Regional director

for the mt prairie region with concurrence from all affected

regions.  this concurrence has already been received. 

·         The SSA and 5 year Review are in response to a court
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settlement agreement and decision on May 8, 2014.  At that

time, the United States District Court for the District of

Montana ordered the Service to complete recovery planning

for the Canada lynx DPS by January 15, 2018 “…unless the

Service finds that such a plan will not promote the

conservation of the [lynx].  The 5-year review and SSA report

responds to this order. 

·         both courts involved in lynx issues (recovery and Critical

habitat) will be notified preceding the public notification on

November 3, 2017, by Solicitors. 

·         a news release and communication plan to reach out to

state, tribal and federal partners will precede the notification.

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

http://usfwsnortheast.wordpress.com/
http://usfwsnortheast.wordpress.com/
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The Canada lynx is a North American boreal forest carnivore whose populations are strongly 
tied to its primary prey, the snowshoe hare (Lepus americanus). Both species occur primarily in 
the extensive boreal spruce-fir forests of Canada and Alaskan; however, the southern margins 
of both their ranges extend into the northern contiguous United States. The Service designated 
lynx in the Lower 48 States as a DPS because of differences in the management of lynx and 
lynx habitats across the international boundary with Canada and because of the climatic, 
vegetative, and ecological differences between lynx habitat at the southern extent of its range in 
the contiguous United States compared to the northern range in Canada and Alaska. The 
Service listed the DPS as threatened under the Endangered Species Act (ESA) in 2000 
because of the inadequacy, at that time, of regulatory mechanisms on some Federal lands to 
provide for the conservation of lynx habitats and populations (see section 3.1.1). This SSA does 
not reconsider the designation of the DPS or its listing status under the ESA, which are Service 
policy decisions. Instead, it provides the scientific basis for the statutorily required 5-year status 
review for the DPS and other decisions the Service is required to make in accordance with the 
ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 



2 
 

lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are, in most 
places, naturally less abundant and generally more patchily-distributed than in the core of the 
species’ range in Canada and Alaska. Maintaining connectivity between the DPS and lynx 
populations in Canada is thought to be important. However, the extent to which DPS 
populations may depend on immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in projections, particularly beyond mid-
century. The output from this expert elicitation process (summarized below and presented in 
detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline largely as a result of 
projected continued climate warming and associated impacts, which are likely to exacerbate the 
potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue, although we do not anticipate that such events alone 
would cause the permanent loss of breeding lynx populations in any geographic unit. We are 
aware of no management actions that could be expected to abate the projected long-term 
retreat of boreal forests, declining hare populations, and diminished snow conditions expected 
under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically and many more than was known or suspected at the time the DPS was 
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listed, and recent information suggests that resident lynx may be expanding to the south of the 
core population area. This is due to the large amount and broad distribution of high-quality lynx 
and hare habitat that currently exists as a result of landscape-level clearcutting on private 
commercial timber lands in response to a major spruce budworm (Choristoneura fumiferana) 
outbreak in the 1970s and 1980s. These dense regenerating conifer stands are much more 
extensive than they are thought to have been historically under natural disturbance regimes. 
The State of Maine suggests that this unit currently may support 750-1,000 or more resident 
lynx. However, the extent of these high-quality stands probably peaked by 2005, and habitat 
quality is projected to decline in these stands over the next few decades as they age beyond 35-
40 years post-harvest. Because a shift in forest management from clearcutting to partial 
harvesting that began in 1989 appears unlikely to maintain or recreate this extensive high-
quality habitat, we expect lynx habitat and numbers to decline in this unit over the next several 
decades, perhaps to levels more consistent with likely historical conditions. We concur with the 
expert panel that the resident lynx population in this unit is very likely to persist at 2025 and at 
2050. Over the longer-term (at 2100), we expect continued climate warming to reduce the 
amount and quality of lynx habitat in this unit and exacerbate other potential stressors 
(commercial and energy developments, changing forestry practices and land ownership 
patterns, etc.), further reducing lynx numbers and likely decreasing the population’s resilience. 
Some climate models indicate substantial loss of boreal forest and favorable snow conditions 
under higher emissions scenarios, and this unit generally lacks potential elevational refugia that 
would support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be somewhat 
lower than expert projections, although the timing and extent of climate-mediated habitat decline 
is highly uncertain. This geographic unit also may be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington, perhaps substantially more 
after additional fires in 2017. Because of this, the number of resident lynx in this unit is likely 
lower than it was historically and when the DPS was listed. Based on estimates of lynx carrying 
capacity, this unit may have been capable of supporting roughly 50-60 resident lynx prior to 
large fires beginning in the early 1990s. Recent habitat evaluations suggest it currently may be 
capable of supporting only about 30-35 lynx, with the decline due to fire-driven habitat losses. 
Although these losses are expected to be temporary, additional fires in this unit before 
previously burned areas recover (10-40 years post-burn) would further reduce lynx numbers 
and make this geographic unit more vulnerable to extirpation. Because of these habitat impacts, 
limited demographic information, and remaining uncertainties (e.g., immigration/emigration 
rates, changes in snowpack, disease, lynx population status and impacts of trapping in southern 
British Columbia, and habitat corridor stability between British Columbia and this unit), the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Nonetheless, we concur with the expert panel that the resident lynx population in this unit is very 
likely to persist at years 2025 and 2050. Over the longer-term (2100), we expect continued 
climate warming to reduce the amount and quality of lynx habitat in this unit, further reducing 
lynx numbers and likely decreasing the population’s resilience. Therefore, we concur with 
experts that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
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Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
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supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
We expect lynx populations in each geographic unit to become smaller and more patchily-
distributed due largely to projected climate-driven losses in habitat quality and quantity and 
related factors. However, the timing, rate, and extent of habitat decline due to projected climate 
warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should extirpations occur, this 
would indicate a loss of resiliency, reduced redundancy and representation, and an increased 
risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated Canada lynx in the contiguous United States as a DPS because of 
differences in the management of lynx and lynx habitats across the international boundary with 
Canada and because of the climatic, vegetative, and ecological differences in lynx habitat 
compared to the northern parts of the species’ range in Canada and Alaska (62 FR 28654-
28655). The Service listed the DPS as threatened under the ESA in 2000 because of the 
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to provide 
for the conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is 
recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We 
completed this SSA (version 1.0) to summarize the best available scientific information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions. It 
is generally restricted to areas that receive deep and persistent unconsolidated (“fluffy”) snow, 
which is thought to allow lynx, with their proportionately longer limbs and very large feet, to 
outcompete other terrestrial hare predators that are less efficient in such conditions (McCord 
and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-
94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; 
Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 
25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to these geographic units are known or suspected to 
intermittently support resident lynx and occasional reproduction. Uncertainty remains as to 
whether resident lynx populations occurred historically in other areas not encompassed by the 
geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164 100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that the statuses of lynx populations in individual SSA geographic units are 
largely independent of those in the other geographic units. This is clearly true for Units 1 and 
2, and it is probably true of the western geographic units (3 – 6), despite likely historical 
north-to-south connectivity and dispersal from or through Unit 3 to Unit 5 and possibly Unit 
6, and recent evidence of south-to-north connectivity and dispersal from Unit 6 to and 
through Units 5 and 3. We are aware of no evidence of east-west connectivity or dispersal 
between Units 3 and 4. 
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● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
 

● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate warming and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate coniferous or deciduous) forests, non-snow-domintated climates, or to 
persist on alternate prey species where hare densities are or become inadequate. 
Therefore, we assume lynx populations in the DPS are vulnerable (sensitive, exposed, and 
with little capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 
5) to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 
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For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
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1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/


25 
 

compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
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northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
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litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
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winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90; Ivan et al. 2014, entire). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
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Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
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adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
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mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
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Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in northern and eastern Canada (McKelvey et al. 
2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
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c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, traps, vehicles, etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
At the southern periphery of the lynx’s range (southern Canada and the contiguous United 
States), hare population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; 
Hodges et al. 2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; 
Hodges in Lynx SSA Team 2016a, pp. 16-17), hare densities are typically on the lower end of 
densities reported for northern populations, and lynx abundances and  demographic rates in the 
south are typically like those of northern lynx populations during hare lows (Koehler and Aubry 
1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern 
populations the likelihood is probably relatively low that an individual lynx will have its ecological 
requirements met sufficiently to replace itself in the breeding population. Also in the south, there 
are more diverse assemblages of potential competitors and predators, more natural patchiness 
and anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
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nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provide for dependent kittens 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
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185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Although specific snow 
requirements for lynx (amount/depth, quality, persistence) have not been quantified throughout 
the DPS range, historical lynx occurrence records in the contiguous United States were 
correlated with areas that received at least 4 months (December through March) of continuous 
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snow coverage (Gonzalez et al. 2007, p. 7). Where snow conditions do not consistently favor 
lynx, increased potential for predation and competition would be expected (Peers et al. 2013, p. 
8). Finally, individual lynx are more likely to survive, breed, and replace themselves in the 
breeding population if they occupy home ranges where trapping is prohibited or trapping 
pressure is low (Slough and Mowat 1996, entire), high-speed/high-volume roadways are absent 
(ILBT 2013, pp. 77-78), and other potential anthropogenic causes of lynx mortality are absent or 
minimal. 
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
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study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
For a lynx population in the core of the species’ range in the southern Yukon, Slough and 
Mowat (1996, p. 952, table 4) calculated population growth rate (lambda, λ) = 2.03 (annual 
doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx population. This 
period of rapid growth was followed by a rate of λ = 1.01 (stable) during the first year of a hare 
decline, and λ = 0.10 and λ = 0.46 (rapid decline) during the first 2 years of the lynx population 
decline when hares were scarce. However, the natural range in λ that would be expected 
among peripheral, isolated, or semi-isolated lynx populations where hares are non-cyclic or 
weakly-cyclic (i.e., in DPS and some southern Canadian populations), versus those that would 
signal long-term population decline or instability is unknown. Despite this, and the limitations 
noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) calculated population 
growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area (i.e., declining 
population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains (increasing trend, 
2003-2007). Likewise, MDIFW in 2012 calculated an intrinsic rate of growth of 0.05 (λ = 1.05) 
for Maine’s lynx population based on demographic data from a radiotelemetry study collected 
over a 12-year period (Vashon et al. 2012, Appendix VI). Neither the Montana nor Maine 
estimates incorporated rates of immigration/emigration (i.e., both assumed immigration and 
emigration rates of zero, which is very unlikely and contradicted by historical and recent 
evidence of lynx dispersal in both directions across the Canada-Unites States border across the 
DPS range). Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 
female/year on average for a theoretical population of 100 lynx) could provide population 
stability or even growth, suggesting that the Seeley Lake population and perhaps other DPS 
populations are probably being bolstered by low levels of immigration, which may go 
undetected. Other efforts to model lynx population dynamics in the DPS range include those of 
Lyons et al. (2016, entire), who developed spatially-explicit, individual-based population models 
to estimate reductions in potential lynx carrying capacity in Washington associated with recent 
large wildfires, and Licht et al. (2017, in press, entire), who conducted a PVA of a potential lynx 
reintroduction to Isle Royale in Lake Superior, about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
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demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
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abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
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conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarilyinto areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
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either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat. The 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, McKelvey et al. 
(2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 
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2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because it is a habitat and prey specialist, lynx densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist. 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449) because they are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors and predators (Buskirk et al. 2000a, p. 90; Krohn 
et al. 2005, p. 123; also see section 2.2 above), although behavioral adaptations may offset 
morphological differences to some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
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Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a detailed, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
 
In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
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whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontarior than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire)indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
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the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
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and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecendentedly large irruptions of lynx from Canada into 
the northern contiguous United States, when dispersing/transient lynx occurred temporarily in 
many places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoning Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 
In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
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New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
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detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Based on habitat distribution and lynx home range data, the 
MDIFW estimated that this geographic unit may have supported roughly 250-320 adult lynx in 
1995 and 750-1,000+ by 2003-06 (Vashon et al. 2012, p. 58; Vashon in Lynx SSA Team 2016a, 
p. 18]), and recent information suggests that resident lynx may be expanding to the south of the 
core population area (Vashon 2017, pers. comm.). The current lynx population in Maine is 
supported by the broad distribution of high-quality hare habitat that resulted from extensive, 
large-scale clearcutting in the 1970s and 1980s in response to a massive spruce budworm 
(Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 4.2.1). As 
these regenerating clearcuts, which currently provide the dense horizontal structure preferred by 
hares, mature beyond about 35-40 years post-harvest, hare densities are expected to decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16). The current lynx population in Maine is probably 
substantially larger than typically occurred historically under the natural disturbance regime, 
when relatively small amounts of the spruce-fir forests in the state are thought to have been 
composed of the dense young stands that provode optimal hare (and, therefore, lynx foraging) 
habitat (Lorimer 1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With 
the reduction in clearcutting and the proliferation of partial harvesting following enactment of the 
Maine Forest Practices Act of 1989, lynx densities in Maine are projected to decline by 55 to 65 
percent by 2032 (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16), 
perhaps to levels more consistent with likely historical conditions. Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). Whether lynx persistence in Maine relies on immigration from 
Canada, and if so to what extent, is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
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Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
trapping harvest data suggest declining immigration after the mid-1980s (McKelvey et al. 2000a, 
p. 225; Squires in Lynx SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent 
evidence of reproduction have been documented in the Montana portion of the GYA where, as 
with the northwestern Wyoming part of the GYA (discussed above), uncertainty about whether 
this area consistently or only intermittently supported resident lynx historically makes it difficult 
to interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As 
elsewhere in the West, recent research and habitat assessments suggest that habitats capable 
of supporting resident lynx in Montana are, and historically were, naturally patchier and less-
broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx 
therefore naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016a, p. 12). 
 
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
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Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
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management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
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ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
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completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
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concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2104, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
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units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 



57 
 

hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units that encompass USFS and BLM lands, are 
currently managed in accordance with the specific conservation measures and considerations 
identified in the LCAS and implemented via the CAs or formally revised and amended 
management plans described above. These agreements and revised/amended plans constitute 
the regulatory framework and specific regulatory mechanisms adopted to conserve lynx habitats 
and populations on USFS and BLM lands that support or are potentially capable of supporting 
them. They represent the agencies’ efforts, in collaboration with the Service, to address and 
ameliorate the singular threat for which the lynx DPS was listed under the ESA. Although formal 
effectiveness monitoring has not been completed, it is clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous United States. Overall, Federal lands managed by the USFS, BLM, and 
NPS constitute nearly 64 percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, 
and all but a tiny fraction of these lands are actively managed for lynx conservation. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
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central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
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specifation of trap sizes and sets that may be used to legally harvest other furbearers and that 
are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). The MNDNR 
also distributed to trappers the interagency brochure How to Avoid Incidental Take of Lynx while 
Trapping or Hunting Bobcats and other Furbearers.In response to a Federal court order, MDNR 
developed an incidental take plan designed to minimize the potential for lynx to be incidentally 
trapped during other legal furbearer trapping; the plan is currently under review by the Service. 
Like Maine, Minnesota has a State Endangered Species Statute (84.0895) which requires the 
MNDNR to adopt rules designating species meeting the statutory definitions of endangered, 
threatened, or species of special concern (State of Minnesota 2016, entire). The Statute also 
authorizes the MNDNR to adopt rules that regulate treatment of species designated as 
endangered and threatened. Also like Maine, however, Minnesota has not designated lynx as 
threatened or endangered under the statute. Instead it has designated the lynx a species of 
special concern, a designation for species that are extremely uncommon, have unique or highly 
specific habitat requirements, or occur on the periphery of their range in Minnesota and, 
therefore, deserve careful monitoring (MNDNR 2013, pp. 1-2). Thus, the MNDNR coordinates 
with the Service and other agencies to conduct research and monitor lynx populations and 
habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of restrictions on trapping in lynx habitat. 
Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
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may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming are classified as nongame wildlife, a 
Species of Greatest Conservation Need, and a Protected Animal by Wyoming State Statute. A 
classification of "State Protected" status prohibits trapping or any intentional take in the state, 
and lynx in Wyoming were offered full protection from trapping and hunting beginning in 1973 
(ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also participates in the 
CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an 
early regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than typical historical conditions under the natural disturbance regime, when only 3 to 7 
percent of stands were likely in such condition at any given time (68 FR 40094). Current timber 
harvest and management on State and private lands in Maine are governed by the Maine 
Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
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than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 
of Unit 1) of private lands in northern Maine are under “working woodland” conservation 
easements10; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). In the past Maine private forest landowners have expressed 
interest in long-term commitments to lynx management plans, but to our knowledge, there are 
no private landowners in Maine who have committed to long-term or permanent protection and 
creation of lynx habitat according to the Service’s lynx management guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices


65 
 

Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
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persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61oC (1.1oF; range = -0.53 to +2.50oC [-
0.95 to +4.5oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Peters et al. 2013, entire; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 
2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). Analysis of paleoclimate data indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4o - 2.6oC 
(0.7o - 4.7oF) by mid-century and 0.3o - 4.8oC (0.5o - 8.6oF) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
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percent probability of increasing more than 1.5oC (2.7oF), a 76 percent probability of increasing 
2 o - 4.5oC (3.6o - 8oF) and a 14 percent probability of exceeding 4.5oC (8oF). 
 
In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 
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limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
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years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
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sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
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between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over terrestrial competitors and predators. Although specific snow requirements for lynx 
(amount/depth, quality, persistence) have not been quantified throughout the DPS range, 
climate warming is diminishing snow conditions in the contiguous United States. Warmer winter 
temperatures are reducing snow cover extent and duration and altering snow structure via a 
combination of a higher proportion of precipitation falling as rain, more winter thaw-freeze 
events, higher rates of snowmelt during winter, and earlier spring melt and runoff (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; 
Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; 
Pierce et al. 2008, entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; 
Georgakakos et al. 2014, pp. 71-85). These trends are expected to continue with projected 
future climate warming (Hamlet and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; 
Mote et al. 2005, p. 48; Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; 
IPCC 2014b, p. 62). The IPCC projects that spring snow cover in the Northern Hemisphere is 
likely to decrease by 7-25 percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow 
season length and snow depth are very likely to decrease in most of North America except in 
the northernmost part of Canada where maximum snow depth is likely to increase’’ (Christensen 
et al. 2007, p. 850). Because lynx occurrence is correlated with prolonged periods of deep, fluffy 
snow, current lynx habitats would be expected to decline in value for lynx with decreases in 
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snow condition and duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 
2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Estimating trends in snowpack is challenging because the high variability in snowpack dynamics 
and microsite variations due to canopy cover, aspect, and elevation are not well-reflected in 
observation records (Hubbart et al. 2015, pp. 885-892; Rasouli et al. 2015, pp. 3937-3938; 
Painter et al. 2016, p. 149; IDFG 2017a, p. 7). Nonetheless, snowpack losses have been 
documented and will likely continue and could even accelerate in the future (Hamlet and 
Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 2011, entire; Kapnick and 
Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-971), with faster losses 
likely in milder climates like the Cascades and the slowest losses in the high peaks of the 
Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in temperature, 
snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 2016, p. 
106). In the West, areas of contiguous spring snow cover are projected to become smaller and 
more isolated throughout the Columbia, Upper Missouri, and Upper Colorado Basins, with 
greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). Snow 
accumulation and duration are also expected to continue to decline generally in the central and 
eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 2009, p. 31; 
Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow resources, 
potential lynx habitat is diminishing in the northern Appalachians and small areas in the 
Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential future 
snow cover under a range of IPCC climate scenarios suggests that snow conditions correlated 
with historical lynx occurrence records could decline by 10-20 percent across the continental 
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U.S. and Canada and by 46-84 percent in the contiguous United States by the end of the 
century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
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would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
mediate competition between the 2 species. Because of their higher foot-loading, bobcats likely 
hunt less efficiently than lynx in deep, unconsolidated snows (Hoving et al. 2005, entire; Krohn 
et al. 2005, pp. 122-129), which appear to limit bobcat mobility and distribution (Litvaitis et al. 
1986, p. 116). Considering recent and projected future changes in snow conditions described 
above, stable or increasing bobcat populations in the DPS range (Roberts and Crimmins 2010, 
p. 170), and the predicted northward expansion of bobcats into areas currently occupied by lynx 
(Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 
2010, p. 172), lynx may experience increased competition and displacement by bobcats, which 
could influence lynx distribution and persistence at the southern edge of their range (in all DPS 
geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
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Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change also may affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
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Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 
Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
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interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
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the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
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Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 



81 
 

hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
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appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
 
Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
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the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
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Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
 

● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 
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● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
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markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
 
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
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Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under climate change, total United States timber inventories will increase, timber harvest will 
increase, and product prices will decrease relative to an assumed stable climate. Some models 
predict that consumers will gain from climate change while landowners in some regions will 
lose. The forest industry will likely adapt to climate change in many ways including using 
alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
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the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
 
There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
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habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
 
In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
 
Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
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problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University of Maine, pers. comm.).  As much as 30 to 40 percent of the advanced regeneration 
may be damaged from repeated entries by machinery to remove the overstory (R. Seymour, 
Department of Forestry, University of Maine, pers. comm.).  Finally, because subsequent 
overstory removal occurs about 15 years after the initial entry, some of the dense understory is 
damaged just as the stand develops conditions to support higher hare densities. The damage to 
the understory not only reduces the quality of the habitat for hares, but also cuts short the 
duration that the stand produces high quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
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of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
 
Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events(Kilgore and 
Heinselman 1990, Heinselman 1996, Veblen et al. 1994, Agee 2000, Seymour et al. 2002, 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
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thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
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2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
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whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 
selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
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generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
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most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
 
As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
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landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
 
Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
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2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
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potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
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areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
 
Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
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location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
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intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level negative 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
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potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
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supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx likely have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or primary prey 
species). However, although some small populations may have become extirpated recently, 
resident lynx in the DPS remain broadly distributed across the range of ecological settings that 
seems to have supported them historically in the contiguous United States. Because there are 
no indications of current threats to the genetic health or adaptive capacity of lynx populations in 
the DPS, we find that the current level of representation does not appear to represent a 
decrease from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
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record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger and highly resilient population (Harrison 2017, p. 3) 
that also occupies southern Quebec (where trapping is legal) and northern New Brunswick 
(where lynx are a provincially-endangered species and harvest is prohibited). Although the 
actual number of resident lynx in this unit is unknown, the MDIFW believes this unit currently 
may be capable of supporting 750-1,000 lynx based on estimates of habitat distribution and lynx 
home range sizes (Vashon et al. 2012, pp. 87-91), which would make it the largest population in 
the DPS. This is many more resident lynx than likely occurred historically and many more than 
were suspected to occur in this unit when the DPS was listed, and it is the result of extensive 
clearcutting and herbicide application to salvage spruce-fir and encourage softwood 
regeneration following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments have created 
the current extensive distribution of young, regenerating softwood stands that provide optimal 
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hare foraging habitat. Lynx responded to these conditions with high survival and reproduction, 
small home ranges, and the highest densities documented in the DPS. Historically, under a 
more natural disturbance regime, Maine typically had a greater proportion of mature forest and, 
therefore a patchier distribution of high-quality habitat that likely supported a smaller lynx 
population that may have been more dependent on immigration from Canada. State forestry 
regulations passed in 1989 caused landowners to shift to various forms of partial harvesting that 
have resulted in lower landscape hare densities across much of the unit. Hare populations do 
not seem to cycle in this region, but hare density estimates from 2008-2015 declined by over 50 
percent compared to estimates from 2001-2006. Reproduction and adult survival declined in the 
low-hare environment after 2006, although kitten survival remained high. Unlike other DPS 
units, lynx habitat in northern Maine occurs nearly entirely on private, industrial forest lands, 
most of which lack long-term commitments to lynx management. The majority of private lands in 
this unit are now owned by investment companies seeking to diversify income from their 
investments, which could result in forest practices less likely to maintain or conserve hare and 
lynx habitat. Other potential stressors to lynx in this unit include incidental trapping, road 
mortality, large-scale wind energy development, residential and resort development, and 
parcelization of forestlands from rapid turnover in investment company landowners. Another 
spruce budworm outbreak may be imminent, and forestry response by investment landowners is 
uncertain. Climate change is a concern because average annual snowfall and duration are 
currently at the minimum thresholds believed necessary to give lynx a competitive advantage 
over bobcats and other mesocarnivores. Although lynx regularly occur outside this unit in 
southeastern and southwestern Maine, and small numbers of reproducing lynx have also been 
documented recently in northern New Hampshire and northern Vermont, the ability of some of 
these peripheral areas to support persistent breeding populations is questionable. However, 
recent telemetry data in Maine suggest that resident lynx are expanding both east and south of 
the Northern Maine Geographic Unit, with home range maintenance and reproduction 
documented in both areas, which previously were considered outside the area capable of 
supporting resident lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
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management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  The historical and current sizes of the 
resident lynx population in this unit are unknown, but it is thought currently to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 



111 
 

Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. Historical and current resident lynx numbers in northern Washington are unknown, 
but recent habitat and home range analyses for the larger Okanogan LMZ (summarized in 
Lewis 2016) suggest that this geographic unit may have been capable of supporting about 50 
lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). Those 
fires affected over a third of the LMZ, led to increased home range size, and may have reduced 
the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4).Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
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populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
 
Unit 6 - Western Colorado:  The current and historical numbers of resident lynx numbers in this 
unit are unknown, but CPW lynx biologists believe it currently could support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. Released lynx had high 
survival but the proportion of females producing kittens and kitten survival were low. This unit is 
not directly connected to lynx populations in Canada, and it does not appear to have received 
immigrant lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 
1996, 2 unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 
mi2) of spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in 
this unit. Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) 
of lynx habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively 
impacted hares, and hare numbers may increase in affected areas as succession progresses; 
however, they have negatively impacted red squirrels, an important alternate prey species for 
lynx in this unit. Areas affected by beetles that contained multi-story stand conditions likely 
continue to provide habitat to support snowshoe hares and lynx. Areas affected by fire may 
require 20 years or more, and in some areas considerably longer, to recover to a point where 
the stands will again support snowshoe hares. Large-scale monitoring efforts in the San Juans 
documented continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is 
reasonably likely that lynx continue to occur in all national forests within the State of Colorado. 
Snowshoe hare habitat is naturally patchily-distributed in this geographic unit, which limits hare 
abundance. Because the majority (90 percent) of potential lynx habitat in Colorado is under 
Federal land management, actions occurring on other ownerships are unlikely to result in 
significant impacts to lynx habitat within this unit. The USFS manages over 85 percent of the 
lynx habitat in this unit, providing conservation through the SRLA. However, regulatory 
mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
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Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 
occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 

100% 83% (Purcells);            
61% (Seeley Lake)

100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares)

3.3 2.95 (Purcells);            
2.24 (Seeley Lake)

2.25 (2 females) 3.0 (1 female, 2 
years)

2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00

0.85 (Purcells);            
0.75 (Seeley Lake) 0.86 Few data

0.93 (in Core Release 
Area [CRA]);                   

0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.05                              
(1.16, high hares, 6 

yrs; 0.88,low hares, 4 
yrs)

No estimate
1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 
Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
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(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
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et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforces the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found 
the probability of lynx occurrence was > 50 percent where landscape hare densities were > 0.74 
hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx maintained 
home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by very recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). At a landscape scale, lynx habitat selection did not differ between sexes; however, 
at a home range scale, males tended to use more mature forest dominated by conifers than 
females, and both male and female lynx tended to avoid mature forests that had a high 
deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on these observations, 
Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining landscape hare densities 
of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-quality hare habitat within 
100-km2 areas to conserve lynx. 
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Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, lynx 
habitat in northern Maine was probably typically much less abundant and less broadly-
distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, insect 
outbreaks) are rare (intervals of several hundred to several thousand years) and highly variable 
in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, 
spruce beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). Although, 
high-elevation boreal forests often exhibit dense, regenerating conifer (resulting from a wind-
throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare densities are believed to be 
low in these areas (Siren et al. 2015, entire). In this geographic area, wildfire is less significant 
as a natural agent of disturbance. The typical fire regime is infrequent surface fires in the 
dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
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In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately 50 percent of the 
designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 
km2 (1,485 mi2; nearly 27 percent) of the forested landscape was comprised of spruce-fir in a 
young, regenerating stand condition that provide high quality hare habitat. This habitat is similar 
to, and contiguous with, forested areas in Quebec and New Brunswick that support lynx (Hoving 
et al. 2005, pp. 740-741). The current range of lynx in this unit is associated with areas of deep 
snowfall, extensive forested landscapes, and areas having a high proportion of regenerating 
conifer-dominated forest that had previously been clearcut and treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several estimates of 
hare densities in the highest-quality regenerating conifer or mixed forest averaged 1.9 to 2.1 
hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 1990, hare densities 
in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 hares/ac) at low and high 
elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. (2015) reported lower densities 
in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and lowland 
spruce-fir. Densities in high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont. 
 
Current habitat is likely at historically high levels, but this habitat has peaked and high-quality 
lynx habitat is projected to decline in the near future (Simons-Legaard et al. 2016, pp. 140-163, 
202-218). In response to the widespread clearcutting in the 1970s and 1980s, Maine passed the 
Forest Practices Act in 1989, which regulated clearcutting. Since then, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27). Over 95 percent of cutting that 
occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 2009, 
p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). This new cutting regime 
results in lower landscape densities of snowshoe hares (Fuller 1999; Homyack 2003; Robinson 
2006; Scott 2009). Another consequence of partial harvesting is that a much greater acreage 
needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 
harvest rates have increased from about 40,000 ha (100,000 acres) per year (before the Forest 
Practices Act) to over 200,000 ha (500,000 acres) per year (after the Act). Thus, 28 years after 
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the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 40,000 ha (100,000 ac) including the State, Federal government (White 
Mountain National Forest south of lynx range), a conservation group (The Nature Conservancy), 
2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx 
range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi were chosen as pilot States to receive funding through their 
respective Natural Resources Conservation Service (NRCS) State offices. Based on a 
successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 
2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending regulations 
for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS offered the 
HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to promote 
development of Canada lynx forest management plans. Since that time 4 private landowners, 
The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and Katahdin 
Forestlands successfully enrolled in the program. Collectively, these land ownerships comprised 
2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine in 
2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
 
Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
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assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 

Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. In 
addition, “working woodland” easements now encompass > 10,000 km2 (3,861 mi2) across 
northern Maine; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 
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2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals cross the river on the ice each generation to prevent genetic drift of this population 
(Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA 
Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area of 
high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the critical habitat area designated in 2014) in northern Maine could potentially support a 
population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) 
estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx, however, is unknown because there are no methods available 
to count individuals over such a large geographic area. 
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Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-00; 
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Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 2 and 
3). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
 
In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality ynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
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Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where average annual snowfall 
typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx 
(to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et 
al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 cm (90-
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104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 
2008). Thus, average annual snowfall in Maine is currently at or below depths associated 
historically with lynx presence, and further declines could reduce the likelihood that resident lynx 
will persist in this unit (Hoving et al. 2005). 
 
As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 

                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-tagged in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development16, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and western 
Maine and 5 projects are in operation; 2 have been proposed in northern New Hampshire and 2 
are in operation; and 3 have been proposed for northeast Vermont and 2 are in operation or 
under construction. Maine’s 2 largest wind projects (combined over 250 turbines covering 932 
km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. Although 
impacts of wind energy projects on lynx, hares, and their habitats have not been demonstrated, 
potential effects include loss and fragmentation of habitat from turbines, roads, and transmission 
lines, and disturbance or displacement of resident lynx. Road construction could further 
fragment habitat and increase access, potentially increasing vehicle collisions with lynx and 
other sources of mortality, including incidental trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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ownership patterns have changed dramatically in the last 15 years (Ippoliti and Nadeau-Drillen 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some of these new landowners are seeking 
diversified financial returns on their investment, including developing residential housing, 
second homes, and resorts. At various times in the past, 2 large residential and resort areas 
have been proposed on forestlands within designated lynx critical habitat in this unit. Both 
projects, if eventually built as previously-planned, could result in the development of several 
thousand acres of potential lynx habitat, but would be mitigated by substantial (100,000s of 
acres) conservation easements on surrounding forestland. Also, a private landowner recently 
purchased and donated 354 km2 (137 mi2) within designated lynx critical habitat that was 
subsequently designated as the Katahdin Woods and Waters National Monument. This area 
currently has a legacy of young regenerating spruce-fir habitat from previous industrial forest 
landowners, but its new monument designation will limit future forest management activities 
(timber harvest or other vegetation management) that could benefit lynx. In addition, the Nature 
Conservancy continues forest management on about half of its 750-km2 (290-mi2) ownership in 
this unit, including managing part of the area for lynx. 
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx. High-quality 
habitat created by extensive clearcutting 30 to 40 years ago is peaking and is projected to 
decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, pp. 10-18; also see 
section 5.2.1). Hare densities declined by 50 percent in this unit starting in about 2006 and have 
remained at lower levels, and future hare fluctuations or cycles are uncertain. Recent history 
demonstrates that some forms of forest management have the potential to create or increase 
lynx habitat. However, forest practices have shifted to partial harvesting, which is less likely to 
create large areas of lynx habitat or maintain the current historically broad distribution of high-
quality habitat generated by previous landscape-level clear-cutting. Additionally, private 
landowners who previously entered into commitments to manage for lynx conservation have not 
renewed those commitments (although the habitat will remain viable for lynx for some time). 
Land ownership has also changed in northern Maine, and the majority of lands are owned now 
by investment companies that often wish to diversify income from their investments, which could 
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result in forest practices inconsistent with lynx habitat conservation. Without long-term, binding 
land management commitments in this unit, there is no guarantee that the current historically 
high amount of lynx habitat will be maintained by future forest managment practices on private 
lands. The greatest stressors to resident lynx in this unit are habitat loss (as a result of the shift 
in forest management from clearcutting to partial harvesting resulting in lower landscape hare 
densities), lack of forest planning for lynx, and projected continued climate warming (diminishing 
snow depth, quality and duration; loss of spruce-fir to northern hardwoods; potential increased 
competition from bobcats and fishers; and increased future isolation of lynx in this unit and 
southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 1). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites 
were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) found 
snowshoe hare densities were highest in regenerating forests. Females selected large woody 
debris and dense horizontal cover in lowland conifer cover for denning in northern Minnesota 
(Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns were present 
(Moen and Burdett 2009, p. 5). 
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Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 

                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx. A more 
precise estimate of resident population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
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Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways. 
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
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minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
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According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
 
In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
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to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
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Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
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Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 
Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). 
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats. 
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
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support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
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genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
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incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distirubtution, it is very unlikey that this unit and surrounding areas were 
ever (recently or historically) capable of supporting 1,000 resident lynx. As described above, 
habitats capable of supporting resident lynx in this unit are (and aslo were historically) naturally 
patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 
191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; 
Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of resident lynx 
remains uncertain, this unit has a long and continuous history of lynx occurrence and evidence 
of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
structuring among lynx subpopulations in the southern (Garnet Mountains), central (Seeley 
Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction among 
lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires in Lynx 
SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
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2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detecteded 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
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area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20), indicating recruitment of new individuals into this 
population, or immigration, or a combination of the 2. 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
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the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above.Genetic analyses and snow and 
camera surveys have verified continued reproduction and recruitment among lynx populations in 
this unit and also suggest some immigration may be occurring. The recent apparent absence of 
resident lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
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16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
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Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41). 
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
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the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
                                                
19 https://inciweb.nwcg.gov/state/27/0/ 
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by lynx trapping records from Canada, which suggest that the magnitude of lynx population 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. However, Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being sustained by low levels of undetected immigration. 
The growth rate estimates presented above assumed no immigration 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (< 10 percent), low elevations [less than 915 m (3,000 ft)], and steep slopes (> 
30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the Northern 
Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler et al. 
2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major drivers 
of disturbance in this unit, but other factors, including wind and tree diseases, also contribute to 
natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North Cascades 
range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 

https://snowfall.weatherdb.com/d/a/Washington


149 
 

scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21), and the Diamond Creek fire burned 
another 393 km2 (152 mi2) in the northern part of this unit during July-October 2017, along with 
another 126 km2 (49 mi2) across the border in southern British Columbia22. 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. This estimate does not include impacts of the 2017 
Diamond Creek wildfire described above. These burned areas are expected to regenerate back 
into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 2016, p. 5; 
Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx population in this 
geographic unit will likely be at increased risk of stochastic demographic, genetic, and 
environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
                                                
22 https://inciweb.nwcg.gov/incident/5409/, accessed 10/25/2017. 

https://inciweb.nwcg.gov/incident/5409/
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lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
 
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
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(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynxhabitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts, limited demographic information, and 
remaining uncertainties (e.g., immigration/emigration rates, changes in snowpack, disease, lynx 
population status and impacts of trapping in southern British Columbia, and habitat corridor 
stability between British Columbia and this unit; WADFW 2017, p. 3),the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. 
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From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
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Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
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southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place23. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

                                                
23 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 
increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 
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Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
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monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
unprecendentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
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records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
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Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-524). 

As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
                                                
24 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx to many 
western states and to Canada have been documented. The Southern Rockies are separated 
from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern Wyoming 
and further north, by sagebrush and desert shrub communities in the Wyoming Basin and the 
Red Desert of southern and central Wyoming, and the arid Green and Colorado River plateaus 
of western Colorado and eastern Utah. Because of extreme topographic relief juxtaposed with 
highways, residential communities, and other human developments, lynx biologists have 
identified habitat connectivity as an important consideration for the Southern Rockies (ILBT 
2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit. 
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Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
 
In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
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units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
 
All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific conservation planning guiding activities on non-Federal lands in this 
geographic unit. 
 
Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
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Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Devineau et al. 2010, p. 5), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; 
Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories 
(0.90; Poole 1994, p. 612). Successful reproduction, including by third- and fourth-generation 
offspring of translocated lynx, has been documented (Shenk 2008, p. 2); however, the average 
proportion of females that produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) 
and the kitten survival rate (0.23; Ivan 2016b, pers. comm.) were both lower in this geographic 
unit (during the period of intensive monitoring from 1999-2010) than rates reported for other 
geographic units where estimates were based on adequate sample sizes (Units 1 and 3; table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 
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In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares, widespread mortality of mature spruce-fir forests could impact lynx habitat for 
a long time. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
 



166 
 

As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
 
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

 
In summary, there are currently many more resident lynx in this unit than likely occurred 
historically, and many more than were known or suspected at the time the DPS was listed. 
There were even fewer verified records in this unit during the last century than in the GYA, and 
no reliable evidence of a resident breeding population. However, from 1999-2006, 218 
Canadian and Alaskan lynx were released into the San Juan Mountains of southwestern 
Colorado. As a result of the subsequent reproduction of some of the released lynx and some of 
their offspring over several generations, resident lynx currently occupy this unit. When the DPS 
was listed in 2000, 27 of 41 radio-marked lynx released in 1999 were still alive. The State of 
Colorado has concluded that its efforts have established a viable lynx population, and the 
State’s lynx experts suggest this unit may currently support 100-250 resident lynx (Ivan in Lynx 
SSA Team 2016a, p. 47). Recent (2010-2016) snow-tracking and camera surveys in the San 
Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 
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the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
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in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
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those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
 
Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
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will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
 

 
Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
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effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
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extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
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snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
climate warming is expected to exert the greatest influence on the resiliency of individual 
populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape, perhaps more in line with likely historical conditions (Simons-Legaard 
2016, fig. 8, p. 10). High quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort land development, and unmanaged 
conservation lands) may compete with forest management as the primary future land use. 
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Conservation easements will limit development pressures in some areas and keep some lands 
as working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not create new lynx habitat or maintain the current historically high amount of high-quality 
habitat. Climate change is expected to affect this unit more than some others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and beyond, snow quantity and quality will likely 
continue to deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices cleary have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which gives it a higher priority than 
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other species for monitoring and management during that time. We also expect that MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
median “most likely” probabilities of persistence generated by lynx experts were high for the 
near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but declined to 35 
percent (with great uncertainty) by 2100. We concur with the expert panel that resident lynx are 
likely to persist in this unit at 2025 and 2050. However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, and the potential for increased competition, disease, and insect 
outbreaks), some members of the  SSA Core Team were slightly less optimistic about the long-
term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded that the 
climate-mediated conversion of boreal forest to temperate forest and the loss of favorable snow 
conditions could occur at a rate and extent that would result in a lower likelihood of persistence 
than projected by experts, including the possibility that resident lynx could be extirpated from 
this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
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century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 



177 
 

unit will benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
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paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in habitat proected by 2032; 
habitat shift to the south edge of current 
range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 
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● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 

2025: 80 
(60-95) 

 
2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shoudl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
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2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the grey area 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and grey area 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
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2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would not respond to future budworm 
outbreaks like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the aging of past clearcuts beyond conditions that 
support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likely to reduce the likelihood that 
lynx will persist in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4o C/decade (0.8 o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0o C (3.6 o F; low 
emission) to 2.9o C (5.2 o F; high emission) by mid-century and 3.1o C (5.6 o F; low emissions) to 
5.3o C (9.5 o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5 to 2.8 o C (4.5 to 
5.0o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, increasing threats to high elevation and 
potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are currently at or falling 
below threshold values needed to support lynx in Maine. 
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios and predicted loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, the area capable of supporting resident lynx in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 
15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 
2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 
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Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
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quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
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an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
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et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
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However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
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period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201025), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
                                                
25 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
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likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 12-19) predicted loss snow conditions supportive of lynx but 
persistence of boreal forest in Minnesota by the end of the century, and suggested that the SNF 
could provide a potential refugium for lynx (Gonzalez et al. 2007, p. 8). Notaro et al. (2015, pp. 
1668-1669) projected changes in lake effect snowfall using downscaled climate models (Abdus 
Salam International Centre for Theoretical Physics (ICTP) Regional Climate Model version 4 
(RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for the Great 
Lakes Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show an 
increase in lake effect snow in the eastern Great Lakes until 2050, with a decline later in the 
century, with an overall decline in the amount and duration of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
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(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)26 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now. Although 
uncertainties remain, as elsewhere, about the timing and magnitude of future climate-driven 
impacts, lynx populations in Minnesota are expected to recede northward and decline over the 
next century (Lynx SSA Team 2016a, pp. 37-38). 
                                                
26 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
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Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
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resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, potential for increased competition, disease, and insect outbreaks), some 
Core Team members were less optimistic about the future of lynx in Minnesota than the lynx 
expert panel. Depending on future emissions levels, the likelihood that this unit will continue to 
support resident lynx at the end of the century may be lower than the 35 percent (median most 
likely) estimate based on expert opinion. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Hybridization and competition with bobcat also may 
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increase with diminishing snow conditions because of continued climate warming, and it is 
uncertaint how insect outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is uncertain if lynx would become a 
legally trapped furbearer in Minnesota if the DPS was not listed (although a legal wolf hunt was 
reinstated after that species was delisted in Minnesota, so regulated trapping could also be 
considered for lynx if the DPS was not listed). Seven lynx have been illegally shot and reported 
or otherwise discovered since listing. Illegal shooting and non-reporting would likely increase 
without Federal protection. Education efforts by Federal and State agencies and law 
enforcement agents may have helped to reduce illegal shooting of lynx in this unit. With a 
diminished snow regime, populations of bobcats could increase and expand north and eastward 
into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping and hunting 
activities would likely increase without Federal listing. Similarly, fisher, fox, and coyote 
populations may increase in a diminished snow regime in northern Minnesota and trapping 
would be expected to occur there that could lead to greater incidental take of lynx. We believe 
that despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that could be substantially 
diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, we believe that climate change is a significant stressor to lynx in this unit; 
slightly more so than expressed by most of the experts. Snow depth and duration in the area 
currently supporting resident lynx are projected to decline significantly by the end of the century, 
likely to the detriment of both hare and lynx populations. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in the extreme northeastern corner of the unit. 
The boreal forest in this unit is already being replaced by northern hardwoods because of 
climate warming. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate models portend declining snow conditions under low- and high-emissions 
scenarios. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
mining developments. Although we expect resident lynx to persist in this unit through 2025 and 
2050, we conclude that the stressors described above, individually and cumulatively, could 
diminish lynx habitat and numbers in this unit. If these stressors are not abated, we believe that 
resident lynx in this unit will face a slightly greater risk of extirpation by the end of the century 
than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
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considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
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anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
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2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). Tennant et al. (2015, pp. 
2818-2820) simulated snowpack loss in the Northern Rockies (ID, MT, WY) and predicted that 
watersheds between 1,000 - 2,000 m (3,281 – 6,562 ft) elevation would experienced the 
greatest snowpack losses, while those > 2000 m (6,562 ft) would be more resilient to significant 
warming. Given the greater predicted snowpack persistence at some elevations used by lynx in 
this unit and the considerable area of potential climate refugia in mountainous terrain 
(Dobrowski 2011, pp. 1027-1029; Curtis et al. 2014, entire; Holden et al. 2015, entire; Morelli et 
al. 2016, entire), at least a portion of lynx distribution in this unit is likely resilient to climate-
driven losses in snowpack (IDFG 2017a, p. 7). 
 
There will likely be a lag time between the loss of favorable snow conditions and an eventual 
shift or contraction in vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 
section 3.2), but continued warming is projected to convert much of the boreal forest in this unit 
to temperate conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The 
ability of lynx and hare populations to persist during this lag and to adjust to future habitat 
distributions is uncertain, but habitat quality, quantity, distribution, and connectivity are expected 
to decline, likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will likely 
reduce this geographic unit’s ability to continue to support resident lynx into the future. The 
timing and magnitude of climate-driven impacts are uncertain; however, all are anticipated to 
adversely affect, and none are expected to benefit, lynx populations in this geographic unit. 
Climate model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
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that continued climate warming will reduce future habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
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most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
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on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of undetected immigration. Additionally, as noted above, 
the lynx population in the Purcell Mountains in the northwestern part of this unit was estimated 
to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 
years of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncertainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
 



213 
 

Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 

 
Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
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Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
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like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
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currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currentlyoccur in 
the GYA. 

 
Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS is delisted in the future, the 
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ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
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Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
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Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
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patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
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unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future than it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing available lynx habitat in the future. 
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Chapter 6: Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in the contiguous United States are 
naturally less abundant and more patchily-distributed than in the core of the range (except 
during decadal lows in hare population cycles, when both hares and lynx occur temporarily in 
the north at densities lower than most in the range of the DPS). Maintaining connectivity with 
lynx populations in Canada is thought to be important to the persistence of DPS populations; 
however, whether, and if so to what extent, the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
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• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 

southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
confier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 
19).There is no information to suggest that this unit historically supported a larger 
resident population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
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in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.27 Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 
Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 

                                                
27 https://inciweb.nwcg.gov/state/27/0/ 
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lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47).Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
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lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
has already altered) the timing and magnitude of lynx dispersal from Canada into the contiguous 
United States. If lynx populations in the DPS depend on immigration from Canada which is no 
longer occurring or has been substantially reduced relative to historical conditions, population 
declines and an increased likelihood of extirpation among resident DPS populations would be 
expected. However, whether, and if so to what extent, these climate-mediated factors have 
influenced current lynx numbers, other demographic parameters, and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units. Despite uncertainty regarding its influence over current conditions for lynx, 
climate modeling and expert opinion concur that continued climate warming will adversely 
impact lynx in the DPS at some point in the future (also see Future Conditions and Threats, 
below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
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Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
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loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 

 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
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geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event. We recognize that a sequence of discrete but spatially-
clustered catastrophic events in lynx habitats over a short time could increase the potential for 
functional extirpation in 1 or more of the individual geographic units (especially the possibility of 
additional large wildfires in north-central Washington), thereby reducing redundancy within the 
DPS. However, as long as resident lynx remain geographically well-distributed in 1 or more 
units within the DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
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management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Resident lynx populations persisted historically and continue to persist in 4 geographic units 
(Units 1-4). It is uncertain whether Unit 5 (the GYA) historically supported a small persistent 
population or if lynx residency was ephemeral; currently, it appears not to support resident lynx. 
Available evidence suggests that Unit 6 (Colorado) did not historically support persistent lynx 
presence; however, a resident population has persisted there for more than a decade since the 
1999-2006 releases described above. Considering the available information, we find no reliable 
evidence that the current distribution and relative abundance of resident lynx in the contiguous 
United States are substantially reduced from historical conditions. This suggests historical and 
current resiliency among lynx populations in the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
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most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
  



237 
 

Literature Cited 
16 USC 1. National Park Service Organic Act Section 1, NPS Mission, as Amended. 5 pp. 

16 USC 1131-1136. (1964). Wilderness Act. 6 pp. 

16 USC 1600. National Forest Management Act of 1976. 13 pp. 

36 CFR 219.22. The overall role of science in planning. http://www.gpo.gov/fdsys/pkg/CFR-
2011-title36-vol2/pdf/CFR-2011-title36-vol2-sec219-22.pdf. 

62 FR 28653. Endangered and Threatened Wildlife and Plants; 12-Month Finding for a Petition 
to List the Contiguous U.S. Distinct Population Segment of the Canada Lynx. May 27, 
1997. https://ecos.fws.gov/docs/federal_register/fr3075.pdf. 

65 FR 16052. Endangered and Threatened Wildlife and Plants; Determination of Threatened 
Status for the Contiguous U.S. Distinct Population Segment of the Canada Lynx and 
Related Rule. March 24, 2000. http://www.gpo.gov/fdsys/pkg/FR-2000-03-24/pdf/00-
7145.pdf. 

68 FR 40076. Endangered and Threatened Wildlife and Plants; Notice of Remanded 
Determination of Status for the Contiguous United States Distinct Population Segment of 
the Canada Lynx. July 3, 2003. http://www.gpo.gov/fdsys/pkg/FR-2003-07-03/pdf/03-
16664.pdf. 

71 FR 66008. Endangered and Threatened Wildlife and Plants; Designation of Critical Habitat 
for the Contiguous United States Distinct Population Segment of the Canada Lynx. 
November 9, 2006. Revised September 12, 2014. https://www.gpo.gov/fdsys/pkg/FR-
2014-09-12/pdf/2014-21013.pdf. 

72 FR 1186. Endangered and Threatened Wildlife and Plants; Clarification of Significant Portion 
of the Range for the Contiguous United States Distinct Population Segment of the 
Canada Lynx. January 10, 2007. Revised September 12, 2014. 
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/201-21013.pdf 4. 

72 FR 19549. Endangered and Threatened Wildlife and Plants; Initiation of 5-Year Reviews of 
Seven Wildlife Species and Two Plant Species in the Mountain-Prairie Region. Notice of 
review; request for comments. April 18, 2007. https://www.gpo.gov/fdsys/pkg/FR-2009-
02-25/pdf/E9-3512.pdf#page=2. 

74 FR 8616. Endangered and Threatened Wildlife and Plants; Revised Designation of Critical 
Habitat for the Contiguous United States Distinct Population Segment of the Canada 
Lynx; Final Rule. February 25, 2009. Revised September 12, 2014.  
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf. 

74 FR 66937. Endangered and Threatened Wildlife and Plants; 12-month Finding on a Petition 
To Change the Final Listing of the Distinct Population Segment of the Canada Lynx To 

http://www.gpo.gov/fdsys/pkg/CFR-2011-title36-vol2/pdf/CFR-2011-title36-vol2-sec219-22.pdf
http://www.gpo.gov/fdsys/pkg/CFR-2011-title36-vol2/pdf/CFR-2011-title36-vol2-sec219-22.pdf
https://ecos.fws.gov/docs/federal_register/fr3075.pdf
http://www.gpo.gov/fdsys/pkg/FR-2000-03-24/pdf/00-7145.pdf
http://www.gpo.gov/fdsys/pkg/FR-2000-03-24/pdf/00-7145.pdf
http://www.gpo.gov/fdsys/pkg/FR-2003-07-03/pdf/03-16664.pdf
http://www.gpo.gov/fdsys/pkg/FR-2003-07-03/pdf/03-16664.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/201-21013.pdf%204.
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/201-21013.pdf%204.
https://www.gpo.gov/fdsys/pkg/FR-2009-02-25/pdf/E9-3512.pdf#page=2
https://www.gpo.gov/fdsys/pkg/FR-2009-02-25/pdf/E9-3512.pdf#page=2
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf


238 
 

Include New Mexico. December 17, 2009. https://www.gpo.gov/fdsys/pkg/FR-2014-09-
12/pdf/2014-21013.pdf. 

75 FR 6539. Healthy Forest Reserve Program. February 10, 2010. 
http://www.gpo.gov/fdsys/pkg/FR-2010-02-10/pdf/2010-2812.pdf 
http://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/easements/forests/.  

78 FR 59430. Endangered and Threatened Wildlife and Plants; Revised Designation of Critical 
Habitat for the Contiguous U.S. Distinct Population Segment of the Canada Lynx and 
Revised Distinct Population Segment Boundary; Proposed Rule. September 26, 2013. 
http://www.fws.gov/mountain-prairie/species/mammals/lynx/09112013LynxTempFR.pdf. 

78 Stat. 890. (1964). Wilderness Act. 7 pp. 

79 FR 54782. Endangered and Threatened Wildlife and Plants; Revised Designation of Critical 
Habitat for the Contiguous United States Distinct Population Segment of the Canada 
Lynx and Revised Distinct Population Segment Boundary; Final Rule. September 12, 
2104. https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf. 

Abatzoglou, J. T. 2011.  Influence of the PNA on declining mountain snowpack in the Western 
United States. International Journal of Climatology 31:1135-1142. 

Abatzoglou, J. T. and C. A. Kolden. 2013. Relationships between climate and macroscale area 
burned in the western United States. International Journal of Wildland Fire 22:1003–
1020. 

Agee, J. K. 2000. Disturbance ecology of North American boreal forests and associated 
northern mixed/subalpine forests. Pages 39-82 in Ruggiero, L. F., K. B. Aubry, S. W. 
Buskirk, G. M. Koehler, C. J. Krebs, K. S. McKelvey, and J. R. Squires, (eds.). Ecology 
and conservation of lynx in the contiguous United States. University Press of Colorado, 
Boulder, Colorado. 

Ahn, S., W. B. Krohn, A. J. Platinga, and T. J. Dalton. 2002 Agricultural land changes in Maine: 
A compilation and brief analysis of Census of Agriculture data, 1850-1997. Maine 
Agricultural and Forest Experiment Station Technical Bulletin 182. 
http://digitalcommons.library.umaine.edu/aes_techbulletin/26/. 

Alaska Natural Heritage Program. 2008. Conservation status report. Lynx canadensis. 7 pp. 

Albrecht, N. M., and C. L. Heusser. 2009. Detecting the presence of fishers and lynx on the 
ceded territory of the Coeur d'Alene Tribe. Coeur d'Alene Tribe, Plummer, Idaho, USA. 

Alexander, S. M., N. M. Waters, and P. C. Paquet. 2005. Traffic volume and highway 
permeability for a mammalian community in the Canadian Rocky Mountains. Canadian 
Geographer 49:321–331. 

Allen, C. D., A. K. Macalady, H. Chenchouni, D. Bachelet, N. Mcdowell, M. Vennetier, T. 
Kitzberger, A. Rigling, D. D. Breshears, E. H. Hogg. 2010. A global overview of drought 
and heat-induced tree mortality reveals emerging climate change risks for forests. Forest 
Ecology and Management 259:660-684. 

https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf.
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf.
http://www.gpo.gov/fdsys/pkg/FR-2010-02-10/pdf/2010-2812.pdf
http://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/easements/forests/
http://www.fws.gov/mountain-prairie/species/mammals/lynx/09112013LynxTempFR.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
https://www.gpo.gov/fdsys/pkg/FR-2014-09-12/pdf/2014-21013.pdf
http://digitalcommons.library.umaine.edu/aes_techbulletin/26/


239 
 

Amiro, B. D., A. L. Orchansky, A. G. Barr, T. A. Black, S. D. Chambers, F. S. Chapin III, M. L. 
Goulden, M. Litvak, H. P. Liu, J. H. McCaughley, A. McMillan, and J. T. Randerson. 
2006. The effect of post-fire stand age on the boreal forest energy balance. Agricultural 
and Forest Meteorology 140:41-50. 

Anderson, E.M. and M.J. Lovallo. 2003. Bobcat and Lynx. Pages 758-786 in G.A. Feldhamer, 
B.C. Thompson, and J.A. Chapman, eds. Wild Mammals of North America: Biology, 
Management, and Conservation. Johns Hopkins University Press. 

Andrews, C. 2016. Modeling and forecasting the influence of current and future climate on 
eastern North American spruce-fir (Picea abies) forests. M.S. Thesis, University of 
Maine, Orono, Maine. http://digitalcommons.library.umaine.edu/etd/2562.  

Apps, C. D. 2000. Space-use, diet, demographics, and topographic associations of lynx in the 
southern Canadian Rocky Mountains: a study. Pages 351-371 in Ruggiero, L. F., K. B. 
Aubry, S. W. Buskirk, G. M. Koehler, C. J. Krebs, K. S. McKelvey, and J. R. Squires, 
(eds.). Ecology and conservation of lynx in the contiguous United States. University 
Press of Colorado, Boulder, Colorado. 

Apps, C. D. 2007. Ecology and conservation of Canada lynx in the Southern Canadian Rocky 
Mountains. Ph.D. Dissertation, University of Calgary, Calgary, Alberta, Canada. xvi + 
242 pp. 

Apps, C. D., J. L. Weaver, P. C. Paquet, B. Bateman, and B. N. McLellan. 2007. Carnivores in 
the southern Canadian Rockies: core areas and connectivity across the Crowsnest 
Highway. Wildlife Conservation Society Canada Conservation Report No 3. Toronto, 
Ontario, Canada. 
http://www.wcscanada.org/LinkClick.aspx?fileticket=bLGCcLWSCY%3d&tabid=2561. 

Ashfaq, M., S. Ghosh, S.-C. Kao, L. C. Bowling, P. Mote, D. Touma, S. A. Rauscher, and N. S. 
Diffenbaugh. 2013. Near-term acceleration of hydroclimatic change in the western U.S. 
J. Geophys. Res. Atmos. 118:10,676–10,693, doi:10.1002/jgrd.50816. 

Assells, A., H. Boulanger, B. Martin and M. C. Pelletier-Leclerc. 2007. Suivi de l’abondance du 
lievere d’Amerique (Lepus americanus), de 2000 a 2006 dans sept regions du Quebec. 
Page 38 Ministere des Ressources naturelles et de la Faune. Direction de 
l’amenagement de la faune, Gaspesie-iles-del-la-Madeleine. 

Aubry, K.B. 2006. Peer review of USFWS 2006 proposed rule to designate critical habitat for the 
contiguous U.S. distinct population segment of Canada lynx. May 2, 2006, letter to 
USFWS. 3 pp. 

Aubry, K. B., G. M. Koehler, and J. R. Squires. 2000. Ecology of Canada lynx in southern boreal 
forests. Pages 373-396 in Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. 
J. Krebs, K. S. McKelvey, and J. R. Squires, (eds.). Ecology and conservation of lynx in 
the contiguous United States. University Press of Colorado, Boulder, Colorado. 

Auclair, A., W. Heilman, and B. Brinkman. 2010. Predicting forest dieback in Maine, USA: a 
simple model based on soil frost and drought. Can. J. For. Res. 40: 687–702. 

http://digitalcommons.library.umaine.edu/etd/2562
http://www.wcscanada.org/LinkClick.aspx?fileticket=bLGCcLWSCY%3d&tabid=2561


240 
 

Ausband, D. E. and G. R. Baty. 2005. Effects of precommercial thinning on snowshoe hare 
habitat use during winter in low-elevation montane forests. Canadian Journal of Forest 
Research 35:206-210. 

Baigas, P. E., J. R. Squires, L. E. Olson, J. S. Ivan, and E. K Roberts. 2017. Using 
environmental features to model highway crossing behavior of Canada lynx in the 
Southern Rocky Mountains.  Landscape and Urban Planning 157:200–213. 

Bailey, T. N., E. E. Bangs, M. F. Portner, J. C. Malloy, and R. J. McAvinchey. 1986. An apparent 
overexploited lynx population on the Kenai Peninsula, Alaska. Journal of Wildlife 
Management 50:279–290. 

Baldwin, E. D., L. S. Kenefic, and W. F. LaPage. 2007. Alternative large-scale conservation 
visions for Northern Maine: Interviews with decision leaders in Maine.” Maine Policy 
Review 16(2): 78–91. 

Barbero, R., J. T. Abatzoglou, E. A. Steel, and N. K. Larkin. 2014. Modeling very large-fire 
occurrences over the continental United States from weather and climate forcing. 
Environmental Research Letters 9:124009. 

Barbero, R., J. T. Abatzoglou, N. K. Larkin, C. A. Kolden, and B. Stocks. 2015. Climate change 
presents increased potential for very large fires in the contiguous United States. 
International Journal of Wildland Fire. http://dx.doi.org/10.1071/WF15083. 

Barbour and Litvaitis 1993 Niche dimensions of New England cottontails in relation to habitat 
patch size. Oecologia 93:321-327. 

Basille, M., I. Herfindal, H. Santin-Janin, J. D. C. Linnell, J. Odden, R. Andersen, K. A. Hogda, 
and J. M. Gaillard. 2009. What shapes Eurasian lynx distribution in human dominated 
landscapes: selecting prey or avoiding people?  Ecography 32:683-691. 

Baumgartner, D. M., R. G. Krebill, J. T. Arnott, and G. F. Weetman, editors. 1984. Lodgepole 
pine: the species and its management. Symposium proceedings;May 8–10, 1984; 
Spokane, WA; May 14–16, 1984; Vancouver, British Columbia. 

Bayne, E. M., S. Boutin, and R. A. Moses. 2008. Ecological factors influencing the spatial 
pattern of Canada lynx relative to its southern range edge in Alberta, Canada. The 
Canadian Journal of Zoology 86:1189-1197.  

Beck, G, G. Keesler, and L. Maxwell.  2012. State of large landscape conservation in Maine 
2012.  Colby College, Waterville, Maine http://web.colby.edu/stateofmaine2012/state-of-
large-landscape-conservation-in-maine/. 

Beckage, B., B. Osborne, D. G. Gavin, C. Pucko, T. Siccama, and T. Perkins. 2008. A rapid 
upward shift of a forest ecotone during 40 years of warming in the Green Mountains of 
Vermont. Proceedings of the National Academy of Sciences 105:4197-4202. 

Bellefeuille, S., L. Belanger, J. Huot, and A. Cimon. 2001. Clear-cutting and regeneration 
practices in Quebec boreal balsam fir forest: effects on snowshoe hare.  Canadian 
Journal of Forest Research 31:41-51. 

http://dx.doi.org/10.1071/WF15083
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/


241 
 

Beniston, M. 2016. Environmental changes in mountains and uplands. Routledge, Taylor and 
Francis Group. London and New York. 

Benjamin, J., R. J. Lilleholm, and D. Damery. 2009. Challenges and opportunities for the 
Northeastern forest bioindustry.  Journal of Forestry 107:125-131. 

Bentz, B. J., editor. 2009. Bark beetle outbreaks in western North America: causes and 
consequences. Bark Beetle Symposium, Snowbird, Utah, November 2005. 42pp. 
http://www.fs.fed.us/rm/pubs_other/rmrs_2009_bentz_b001.pdf. 

Bentz, B. J., J. Regniere, C. J. Fettig, E. M. Hansen, J. L. Hayes, J. A. Hicke, R. G. Kelsey, J. F. 
Negron, and S. J. Seybold. 2010. Climate change and bark beetles of the western 
United States and Canada: direct and indirect effects. BioScience 60:602-613. 

Berg, N. D. 2009. Beaverhead-Deerlodge National Forest Canada lynx and snowshoe hare 
habitat and track surveys. Unpubl. report, USDA Forest Service, Beaverhead-Deerlodge 
National Forest, Dillon, Montana. 22 pp. 

Berg, N. D. 2010. Snowshoe hare and forest structure relationships in western Wyoming. M. S. 
Thesis, Utah State University, Logan, Utah. 86 pp. 

Berg, N. D. 2016. Personal communication re: Lynx Expert Elicitation Workshop Report; 
electronic mail to J. Zelenak, USFWS, Helena, MT, May 31, 2016. 

Berg, N. D. and E. M. Gese. 2010. Relationship between fecal pellet counts and snowshoe hare 
density in western Wyoming. The Journal of Wildlife Management 74:1745-1751. 

Berg, N. D. and R. M. Inman. 2010. Uinta Mountain lynx and wolverine survey report. Unpubl. 
report,  USDA Forest Service, Uinta-Wasatch-Cache and Ashley National Forests, Utah. 
44 pp. 

Berg, N. D., E. M. Gese, J. R. Squires, and L. M. Aubry. 2012. Influence of forest structure on 
the abundance of snowshoe hares in western Wyoming. Journal of Wildlife Management 
76:1480-1488. 

Bergeron, Y. and M. D. Flannigan. 1995. Predicting the effects of climate change on fire 
frequency in the southeastern Canadian boreal forest. Water Air Soil Pollution 82:437-
444. 

Bergeron, Y., S. Gauthier, V. Kafta, P. Lefort, and D. Lesieur. 2001. Natural fire frequency for 
the eastern Canadian boreal forest: consequences for sustainable forestry. Canadian 
Journal of Forestry Research 31:384-391. 

Bergeron, Y., D. Cyr, M. P. Girardin, and C. Carcaillet. 2010. Will climate change drive 21st 
century burn rates in Canadian boreal forest outside of its natural variability: collating 
global climate model experiments with sedimentary charcoal data.  International Journal 
of Wildland Fire 19:1127-1139. 

Bernier, C. 2015. Untitled. Response to U.S. Fish and Wildlife Service request for information on 
Canada lynx. Vermont Fish & Wildlife Department, Montpelier, VT. 7 pp. 

http://www.fs.fed.us/rm/pubs_other/rmrs_2009_bentz_b001.pdf


242 
 

Bernier, C. 2016. Personal communication re: Request for update about lynx in VT from 
USFWS; electronic mail reply to J. Zelenak, USFWS, Helena, MT, June 6, 2016.  

Biek, R., R. L. Zarnke, C. Gillin, M. Wild, J. R. Squires, and M. Poss. 2002. Serologic survey for 
viral and bacterial infections in western populations of Canada lynx (Lynx canadensis). 
Journal of Wildlife Diseases 38:840-845. 

Bittner, S. L. and O. J. Rongstad. 1982. Snowshoe hare and allies. Pages 146-163 in J. A. 
Chapman and G. A. Feldhamer (eds.). Wild mammals of North America biology, 
management and economics. Johns Hopkins University Press, Baltimore, MD. 

Bjornlie, N. 2016. Personal communication re: WY/GYA lynx questions; electronic mail reply to 
J. Zelenak, USFWS, Helena, MT, Feb. 10, 2016. 

Blais, J. R. 1983. Trends in the frequency, extent, and severity of spruce budworm outbreaks in 
eastern Canada. Canadian Journal of Forest Research 13:539-547. 

BLM. 2004a. Environmental Assessment: Canada Lynx Amendment to the Garnet Resource 
Management Plan (RMP). Missoula Field Office. 11 pp. 

BLM. 2004b. Biological Assessment: Canada Lynx Amendment,Garnet Resource Management 
Plan (RMP). Missoula Field Office. 12 pp. 

BLM. 2008. Record of Decision and Approved Pinedale Resource Management Plan, Appendix 
18 - Threatened, Endangered and BLM Sensitive Species with the Potential to Occur in 
the Pinedale Planning Area. 42 pp.  

BLM. 2010. Record of Decision and Approved Kemmerer Resource Management Plan, 
Appendix A - Conservation Measures for Threatened or Endangered Species; 
Conservation Agreements, and BLM-Endorsed Management Strategies for Special 
Status Species. 17 pp. 

BLM and USFWS. 2000. Canada Lynx Conservation Agreement. 12 pp. 

Borrecco, J. E. 1976. Controlling damage by forest rodents and lagomorphs through habitat 
manipulation. In Proceed-ings: Seventh Vertebrate Pest Conference, C. S. Siebe, editor. 
March 9–11, 1976, Monterey, California, USA. 

Brainerd, S. M. 1985. Reproductive ecology of bobcats and lynx in western Montana. M. S. 
Thesis, Univ. of Montana, Missoula. 85 pp.  

Brand, C. J. and L. B. Keith. 1979. Lynx demography during a snowshoe hare decline in 
Alberta. Journal of Wildlife Management 43:827-849. 

Brand, C. J., L. B. Keith, and C. A. Fischer. 1976. Lynx responses to changing snowshoe hare 
densities in central Alberta. Journal of Wildlife Management 40:416-428. 

Breitenmoser, U., B. G. Slough, and C. Breitenmoser-Würsten. 1993. Predators of cyclic prey: 
Is the Canada lynx victim or profiteer of the snowshoe hare cycle? Oikos 66:551-554. 



243 
 

British Columbia Wildlife Accident Reporting System. 2012. B.C. Ministry of Transportation and 
Infrastructure, Victoria, B.C. as cited on p. 78 in: Interagency Lynx Biology Team (ILBT). 
2013. Canada lynx conservation assessment and strategy. 3rd edition. USDA Forest 
Service, USDI Fish and Wildlife Service, USDI Bureau of Land Management, and USDI 
National Park Service. Forest Service Publication #R1-13-19, Missoula, MT. 128 pp. 

Brocke, R. H., K. A. Gustafson, and L. B. Fox. 1991. Restoration of large predators: potentials 
and problems. Pages 303-315 in Challenges in the conservation of biological resources. 
A practitioner’s guide. D. J. Decker, M. E. Krasny, G. R. Goff, C. R. Smith, and D. W. 
Gross, eds. Westview Press, Boulder, CO. Brocke, R. H., K. A. Gustafson, and L. B. 
Fox. 1992. Restoration of large predators: Potentials and problems.   

Brocke, R. H., J. L. Belant, and K. A. Gustafson. 1993. Lynx population and habitat survey in the 
White Mountain National Forest, New Hampshire. State University of New York, 
Syracuse. 96 pp. + App. 

Brooks, D. R. and E. P. Hoberg. 2007. How will global climate change affect parasite-host 
assemblages? Trends in Parasitology 23: 571-574. 

Brown, R. D. 2000. Northern hemisphere snow cover variability and change, 1915-97. Journal 
of Climate 13:2339-2355. 

Brown, R. D. and R. O. Braaten. 1998.  Spatial and temporal variability of Canadian monthly 
snow depths, 1946–1995. Atmosphere-Ocean 36:37-54. 

Buehler, D. A. and L. B. Keith. 1982. Snowshoe hare distribution and habitat use in Wisconsin. 
Canadian Field-Naturalist 96:19-29. 

Bull, E. L., T. W. Heater, A. A. Clark, J. F. Shepherd, and A. K. Blumton. 2005. Influence of 
precommercial thinning on snowshoe hares. USDA Forest Service, Pacific Northwest 
Research Station, Research Paper PNW-RP-562. 

Burakowski, E. A., C. P. Wake, B. Braswell, and D. P. Brown. 2008. Trends in wintertime 
climate in the northeastern United States: 1965–2005. Journal of Geophysical Research: 
Atmospheres, 113(D20). 

Burdett, C. L. 2008. Hierarchical structure of Canada lynx space use and habitat selection in 
Northeastern Minnesota. PhD Dissertation. University of Minnesota. 

Burdett, C. L., R. A. Moen, G. J. Niemi, and L. D. Mech. 2007. Defining space use and 
movements of Canada lynx with global positioning system telemetry. Journal of 
Mammalogy 88:457-467. 

Burns, C., M. Hunter, P. deMaynadier, L. Incze, W. Krohn, P. Vaux, and B. Vickery. 2009. 
Biodiversity. Pages 30-36 in Jacobson, G. L., I. J. Fernandez, P. A. Mayewski, and C. V. 
Schmitt (editors). 2009. Maine’s Climate Future: An Initial Assessment. Orono, ME: 
University of Maine. http://climatechange.umaine.edu/files/Maines_Climate_Future.pdf. 

Burton, D. M., B. A. McCarl, C. N. M. deSousa, D. M. Adams, R. J. Alig, and S. M. Winnett. 
1998. Economic dimensions of climate change on southern forests.  Chapter 42 in R. A. 

http://climatechange.umaine.edu/files/Maines_Climate_Future.pdf


244 
 

Mickler et al. 1998. The productivity and sustainability of southern forest ecosystems in a 
changing environment. Springer-Verlag, New York, New York, USA. 

Buskirk, S. W., L. F. Ruggiero, and C. J. Krebs. 2000a. Habitat fragmentation and interspecific 
competition: implications for lynx conservation. Pages 83-100 in Ruggiero, L. F., K. B. 
Aubry, S. W. Buskirk, G. M. Koehler, C. J. Krebs, K. S. McKelvey, and J. R. Squires, 
(eds.). Ecology and conservation of lynx in the contiguous United States. University 
Press of Colorado, Boulder, Colorado. 

Buskirk, S. W., L. F. Ruggiero, K. B. Aubry, D. E. Pearson, J. R. Squires, and K. S. McKelvey. 
2000b. Comparative ecology of lynx in North America. Pages 397-417 in Ruggiero, L. F., 
K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. J. Krebs, K. S. McKelvey, and J. R. 
Squires, (eds.). Ecology and conservation of lynx in the contiguous United States. 
University Press of Colorado, Boulder, Colorado. 

Calkin, D. E., M. P. Thompson, and M. A. Finney. 2015.  Negative consequences of positive 
feedbacks in U. S. wildfire management. Forest Ecosystems 2:1-10. 

Callaghan, M., M. Johansson, R. D. Brown, P. Y. Groisman, N. Labba, V. Radionov, R. G. 
Barry, O. N. Bulygina, R. L. H. Essery, D. M. Frolov, V. N. Golubev, T. C. Greenfell, M. 
N. Petrushina, V. N. Razuvaev, D. A. Robinson, P. Romanov, D. Shindell, A. B. 
Shmakin, S. A. Sokratov, S. Warren, and D. Yang. 2011. The changing face of arctic 
snow cover: a synthesis of observed and projected changes. AMBIO 40:17-31. 

Carroll, C. 2007. Interacting effects of climate change, landscape conversion, and harvest on 
carnivore populations at the range margin: marten and lynx in the Northern 
Appalachians. Conservation Biology 21:1092-1104. 

Carroll, C., R. F. Noss, and P. C. Paquet. 2001. Carnivores as focal species for conservation 
planning in the Rocky Mountain region. Ecological Applications 11:961-980. 

Carter, T. R. 1996.  Assessing climate change adaptations: The IPCC guidelines. In Adapting to 
Climate Change: An International Perspective, ed. J.B.Smith, N. Bhatti, G.V. Menshulin, 
R. Benioff, M. Campos, B. Jallow, F.Rijsberman, M.I. Budyko and R.K. Dixon, Springer, 
Berlin. 

Catton, T. J., D. Ryan, and D. Grosshuesch. 2015. Summary of the Superior National Forest’s 
2015 Canada lynx (Lynx Canadensis) DNA database. October 28. 6pp. 

Cayan, D. R., S. A. Kammerdiener, M. D. Dettinger, J. M. Caprio, and D. H. Peterson. 2001. 
Changes in the onset of spring in the western United States. Bulletin of the American 
Meteorological Society 82:399-415. 

Christensen, N. S., A. W. Wood, N. Voisin, D. P. Lettenmaier, and R. N. Palmer. 2004: Effects 
of climate change on the hydrology and water resources of the Colorado River Basin. 
Climatic Change 62:337-363. 

Christensen, J. H., B. Hewitson, A. Busuioc, A. Chen, X. Gao, I. Held, R. Jones, R. K. Kolli, W.-
T. Kwon, R. Laprise, V. Magaña Rueda, L. Mearns, C. G. Menéndez, J. Räisänen, A. 
Rinke, A. Sarr and P. Whetton, 2007: Regional Climate Projections. Pages 847-940 in: 
Climate Change 2007: The Physical Science Basis. Contribution of Working Group I to 



245 
 

the Fourth Assessment Report of the Intergovernmental Panel on Climate Change 
[Solomon, S., D. Qin, M. Manning, Z. Chen, M. Marquis, K. B. Averyt, M. Tignor, and H. 
L. Miller (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New 
York, NY, USA. http://www.ipcc.ch/publications_and_data/ar4/wg1/en/contents.html. 

Clevenger, A. P. and N. Waltho. 2005. Performance indices to identify attributes of highway 
crossing structures facilitating movement of large mammals. Biological Conservation 
121:453-464. 

Clevenger, A. P., B. Chruszcz, and K. E. Gunson. 2001. Highway mitigation fencing reduces 
wildlife-vehicle collisions. Wildlife Society Bulletin 29:646-653. 

Cogbill, C. V. 1985. Dynamics of the boreal forests of the Laurentian Highlands, Canada. 
Canadian Journal of Forest Research 15:252-261. 

Colorado Division of Wildlife. 2000. Colorado lynx recovery project: 2000 progress report to the 
U.S. Fish and Wildlife Service. Glenwood Springs, CO. 16 pp.    

C. R. S. 33-2-105. Colorado Revised Statutes Title 33-2-105. 

C. R. S. 33-6-205. Colorado Revised Statutes Title 33-6-205. 

C. R. S. 33-6-207. Colorado Revised Statutes Title 33-6-207. 

Confederated Salish and Kootenai Tribes. 2000. Flathead Indian Reservation Forest 
Management Plan. 308 pp. 

Confederated Salish and Kootenai Tribes. 2014a. Tribal Natural Resources Department, 
Division of Fish, Wildlife, Recreation, Conservation.  

Confederated Salish and Kootenai Tribes. 2014b. Tribal Wildlife Management Program Plan 
Fiscal Year 2014. 10 pp.  

Conroy, M. J., L. W. Gysel, and G. R. Dudderar. 1979. Habitat components of clear-cut areas 
for snowshoe hares in Michigan. Journal of Wildlife Management 43:680-690. 

Cornulier, T., N. G. Yoccoz, V. Bretagnolle, J. E. Brommer, A. Butet, F. ecke, D. A. Elston, E. 
Framstad, H. Hentonen, B. Hornfeldt, O. Huitu, C. Imholt, R. A. Ims, J Jacob, B. 
Jedrzejewska, A. Million, S. J. Petty, H. Pietiainen, E. Tkadlec, K. Zub, and X. Lambin. 
2013. Europe-wide dampening of population cycles in keystone herbivores. Science 
340:63-66. 

Courville, S. 2014. Personal communication:  telephone call between S. Courville, Wildlife 
Biologist, Confederated Salish and Kootenai Tribes (CSKT) of the Flathead Nation - 
Flathead Reservation, and J. Zelenak, USFWS, Helena, MT, April 30, 2014. 

Cox, E. W., R. A. Garrott, and J. R. Cary. 1997. Effect of supplemental cover on survival of 
snowshoe hares and cottontail rabbits in patchy habitat. Canadian Journal of Zoology 
75:1357-1363. 

CPW. 2015. 2015 Colorado Small Game. Colorado Parks and Wildlife, Denver, CO. 16 pp. 

http://www.ipcc.ch/publications_and_data/ar4/wg1/en/contents.html


246 
 

Crooks, K. R. 2002. Relative sensitivities of mammalian carnivores to habitat fragmentation. 
Conservation Biology 16:488-502. 

Cummings, J. 2016. Lynx EE (Expert Elicitation) figures. U.S. Geological Survey, Patuxent 
Wildlife Research Center. 20 pp. 

Daggett, R. H. 2003. Long-term effects of herbicide and precommercial thinning treatments on 
species composition, stand structure, and net present value in spruce–fir stands in 
Maine: The Austin Pond Study. M. S. Thesis, University of Maine, Orono. 136 pp. 

Dale, V. H., L. A. Joyce, S. McNulty, R. P. Neilson, M. P. Ayres, M. D. Flannigan, P. J. Hanson, 
L. C. Irland, A. E. Lugo, C. J. Peterson, D. Simberloff, F. J. Swanson, B. J. Stocks, and 
B. M. Wotton. 2001. Climate change and forest disturbances. BioScience 51:723-734. 

Dalquest, W. W. 1942. Geographic variation in northwestern snowshoe hares. Journal of 
Mammalogy 23:166-183. 

Danby, R. K. and D. S. Hik. 2007. Variability, contingency, and rapid change in recent subarctic 
alpine tree line dynamics. Journal of Ecology 95:352-363. 

Daniel, T. W., Helms, J. A. and Baker, F. S. 1979. Principles of Silviculture. McGraw-Hill, New 
York, New York, USA. 500 pp. 

Daszak, P., A. A. Cunningham, A. D. Hyatt. 2000. Emerging infectious diseases of wildlife - 
threats to biodiversity and human health. Science 287:443-449. 

Davidson, R., M. Simard, S. J. Kutz, C. M. O. Kapel, I. S. Hamnes, and L. J. Robertson. 2011.  
Arctic parasitology: why should we care?  Trends in Parasitology 27:239-245. 

Decker, K and M. Fink. 2014. Colorado Wildlife Action Plan Enhancement: Climate Change 
Vulnerability Assessment. Colorado Natural Heritage Program, Colorado State 
University, Fort Collins. 129 pp. 

deGooyer, K. and D. E. Capen. 2004. An analysis of conservation easements and forest 
management in New York, Vermont, New Hampshire, and Maine. Prepared for the 
Northeast States Foresters Association. 
http://www.nefainfo.org/uploads/2/7/4/5/27453461/nefa_final_report_7.2004.pdf. 

DeHayes, D. H., G. L. Jacobson, P. G. Schaber, B. bongarten, L. R. Iverson, and A. 
Dieffenbacker-Krall. 2000. Forest responses to changing climates: lessons from the past 
and uncertainty for the future. In Responses of northern forests to environmental 
change. Ecological Studies 139. Edited by R. A. Mickler, R. A. Birdsey, and J. L. Horn. 
Springer-Verlag, New York, Perline, Heidelberg. pp. 495-540. 

Dennison, P. E., S. C. Brewer, J. D. Arnold, and M. A. Moritz. 2014. Large wildfire trends in the 
western United States, 1984–2011. Geophysical Research Letters 41:928–2933. 
doi:10.1002/2014GL059576. 

Deschampe, N. W. 2008. Letter Re: Critical habitat designation for lynx. Grand Portage 
Reservation Tribal Council. 3 pp. 

http://www.nefainfo.org/uploads/2/7/4/5/27453461/nefa_final_report_7.2004.pdf


247 
 

Deser, C., A. S. Phillips, M. A. Alexander, and B. V. Smoliak. 2014. Projecting North American 
climate over the next 50 years: Uncertainty due to internal variability. Journal of Climate 
27:2271–2296. 

Devineau, O., T. M. Shenk, G. C. White, P. F. Doherty, Jr., P. M. Lukacs, and R. H. Kahn. 2010. 
Evaluating the Canada lynx reintroduction programme in Colorado: patterns in mortality. 
Journal of Applied Ecology 47:524-531. 

Diaz, H. F. and J. K. Eischeid. 2007. Disappearing “alpine tundra” Koppen climatic type in the 
western United States. Geophysical Research Letters 34:L18707. 

Diefenbach, D. R., S. L. Rathbun, J. K. Vreeland, D. Grove, and Wl J. Kanapaux. 2016. 
Evidence for range contraction of snowshoe hare in Pennsylvania. Northeastern 
Naturalist 23:229-248.Dolbeer, R. A. and W. R. Clark. 1975. Population ecology of 
snowshoe hares in the central Rocky Mountains. Journal of Wildlife Management 
39:535-549. 

Dobrowski, S. Z. 2011. A review basis for microrefugia: the influence of terrain on climate. 
Global Change Biology 17:1022-1035. 

Dudley, R. W. and G. A. Hodgkins. 2002. Trends in streamflow, river ice, and snowpack for 
coastal river basins in Maine during the 20th century (No. 2002-4245). Geological 
Survey (US). 

Dunning, J. B.,B. J. Danielson, and H. R. Pulliam. 1992. Ecological processes that affect 
populations in complex landscapes. Oikos 65:169-175. 

Dyer, J. L. and T. L. Mote. 2006. Spatial variability and trends in observed snow depth over 
North America. Geophysical Research Letters 33:L16503. 

Eagar, C. and M. B. Adams. 2012. Ecology and decline of red spruce in the eastern United 
States. Springer-Verlag, New York, New York, U. S. A. 

Elliot-Fisk, D. L. 1988. The boreal forest. Pages 33-62 in Barbour, M.G. and W.D. Billings (eds.). 
North American terrestrial vegetation. Cambridge Univ. Press, Cambridge. 

Ellsworth, E. 2009. Snowshoe hare nutrition in a conifer forest: effects of winter food on energy 
use, activity, and demography in a low-density population.  Ph.D. Dissertation, University 
of Idaho, Moscow. xv + 107 pp. 

Elton, C. and M. Nicholson. 1942. The ten-year cycle in numbers of the lynx in Canada. Journal 
of Animal Ecology 11:215-244. 

Endeavor Wildlife Research. 2008. Endeavor Wildlife Research Foundation Greater 
Yellowstone lynx study Canada lynx track locations. Unpublished data. 2pp.  

Endeavor Wildlife Research. 2009. Greater Yellowstone Ecosystem Lynx Study. Unpublished 
Report. 30 pp. 

Environment Canada 2014. Non-detriment finding for Canada lynx. Publ. 2007-10-25; revised 
2014-02-17. 4 pp.  



248 
 

Erb, J. 2012. Registered furbearer harvest statistics. 2011-2012 Report. Grand Rapids, MN. 30 
pp.  

Erb, J. 2014. Furbearer winter track survey summary, 2014. Pp. 39-46 in Carnivore scent 
station survey and winter track indices. Forest Wildlife Populations and Research Group, 
Grand Rapids, MN. 18 pp. (pp. 29-46). 

Etheridge, D. A., D. A. MacLean, R. G. Wagner, and J. S. Wilson. 2005. Changes in landscape 
composition and stand structure from 1945 2002 on an industrial forest in New 
Brunswick, Canada. Canadian Journal of Forest Research 35:1965-1977. 

Fagre, D. B. 2005. Adapting to the reality of climate change at Glacier national Park, Montana, 
USA. Proceedings I Conferencia Cambio Climático, Bogotá 2005. 14 pp. 

Farrell, L. E. 2012. Northeastern meso-mammals: landscape use and detection. Doctoral 
dissertation, University of Vermont. 

Farrell, L. E. 2013. Personal communication; telephone call between Farrell, primary author and 
former University of Vermont PhD student, and A. Tur, Endangered Species Biologist, 
USFWS, New England Field Office, April 30, 2013. 

Feierabend, D. and K. Kielland. 2014. Multiple crossings of a large glacial river by Canada lynx 
(Lynx canadensis). The Canadian Field Naturalist 128:80-83.  

Feng, S. and Q. Hu. 2007. Changes in winter snowfall/precipitation ratio in the contiguous 
United States. Journal of Geophysical Research 112:D15109, 
doi:10.1029/2007JD008397. 

Ferreras, P. 2001. Landscape structure and asymmetrical inter-patch connectivity in a 
metapopulation of the endangered Iberian lynx. Biological Conservation 100: 125-136. 

Ferron, J. and J. P. Ouellet. 1992. Daily partitioning of summer habitat and use of space by the 
snowshoe hare in southern boreal forest. Canadian Journal of Zoology 70:2178-2183. 

Fernandez, I.J., C. Schmitt, E. Stancioff, S.D. Birkel, and A. Pershing. 2015. Maine’s Climate 
Future: 2015 Update. Climate Change Institute Faculty Scholarship. Paper 5. 
http://digitalcommons.library.umaine.edu/climate_facpub/5. 

Flannigan, M. D., Y. Bergeron, O. Engelmark, and B. M. Wotton. 1998. Future wildfire in 
circumboreal forests in relation to global warming. Journal of Vegetation Science 9:469-
476. 

Flannigan, M., I. Campbell, M. Wotton, C. Carcaillet, P. Richard, and Y. Bergeron. 2001. Future 
fire in Canada’s boreal forest: paleoecologyresults and general circulation model – 
regional climate model simulations. Canadian Journal of Forest Resources 31:854-864. 

Flannigan, M., B. Stocks, M. Turetsky, and M. Wotton. 2009. Impacts of climate change on fire 
activity and fire management in the circumboreal forest. Global Change Biology 15:549-
560. 

http://digitalcommons.library.umaine.edu/climate_facpub/5


249 
 

Folland,C.K.,T.R. Karl, J.R. Christy, R.A. Clarke, G.V. Gruza, J. Jouzel, ... P. Zhaiet al. 2001. 
Observed climate variability and change, in Climate Change. The Scientific Basis  edited 
by J.T. Houghton, et al., pp. 99-181, Cambridge Univ. Press, New York, 2001. 

Forest Stewardship Council. FSC-US Forest Management Standard (v1.0). https://us.fsc.org/en-
us/certification/forest-management-certification. 

Forman, R. T. and L. E. Alexander. 1998. Roads and their major ecological effects. Annual 
Review of Ecology and Systematics 29:207-231. 

Fox, J. F. 1978. Forest fires and the snowshoe hare-Canada lynx cycle. Oecologia 31:349-374. 

Frelich, L. E. and P. B. Reich. 1995. Spatial patterns and succession in a Minnesota southern-
boreal forest. Ecological Monographs 65:325-346. 

Friedlingstein, R., R. M. Andrew, J. Rogelj, G. P. Peters, J. G. Canadell, R. Knutti, G. Luderer, 
M. R. Raupach, M. Schaeffer, D. P. van Vuuren, and C. LeQuere. 2014. Persistent 
growth of Co2 emissions and implications for reaching climate targets. Nature 
Geoscience 7:709-715. 

Friedman, S. K. and P. B. Reich. 2005. Regional legacies of logging: Departure from 
presettlement forest conditions in northern Minnesota. Ecological Applications. 15:726-
744. 

Fuller, A. K. 1999. Influence of partial harvesting on American marten and their primary prey in 
northcentral Maine. M.Sc. thesis, University of Maine, Orono, Maine. 141pp. 

Fuller, T. K., and D. M. Heisey. 1986. Density-related changes in winter distribution of snowshoe 
hares in northcentral Minnesota. Journal of Wildlife Management 50:261-264. 

Fuller, A. K. and D. J. Harrison. 2005. Influence of partial timber harvesting on American 
martens in north-central Maine. Journal of Wildlife Management 69:710-722. 

Fuller, A. K. and D. J. Harrison. 2010. Movement paths reveal scale-dependent habitat 
decisions by Canada lynx. Journal of Mammalogy 91:1269–1279. 

Fuller, A. K. and D. J. Harrison. 2013. Modeling the influence of forest structure on microsite 
habitat use by snowshoe hares. Journal of Forestry Research 2013:1-7. 

Fuller, A. K., D. J. Harrison, and H. J. Lachowski. 2004. Stand scale effects of partial harvesting 
and clearcutting on small mammals and forest structure. Forest Ecology and 
Management 191:373-386. 

Fuller, A. K., D. J. Harrison, and J. H. Vashon. 2007. Winter habitat selection by Canada lynx in 
Maine: prey abundance or accessibility? Journal of Wildlife Management 71:1980-1986. 

Fuss, S., J. G. Canadell, G. P. Peters, M. Tavonni, R. M. Andrew, P. Ciais, R. B. Jackson, C. D. 
Jones, F. Kraxner, N. Nakicenovic, C. LeQuere, M. R. Raupach, A. Sharifi, P. Smith, and 
Y. Yamagata. 2014. Betting on negative emissions. Nature Climate Science 4:850-853. 

https://us.fsc.org/en-us/certification/forest-management-certification
https://us.fsc.org/en-us/certification/forest-management-certification


250 
 

Galatowitsch, S., L. Frelich, and L. Phillips-Mao. 2009. Regional climate change adaptation 
strategies for biodiversity conservation in a midcontinental region of North America. 
Biological Conservation 142:2012-2022. 

Garfin, G., G. Franco, H. Blanco, A. Comrie, P. Gonzalez, T. Piechota, R. Smyth, and R. 
Waskom. 2014. Ch. 20: Southwest. Climate Change Impacts in the United States: The 
Third National Climate Assessment, J. M. Melillo, Terese (T.C.) Richmond, and G. W. 
Yohe, Eds., U.S. Global Change Research Program, 462-486. doi:10.7930/J08G8HMN. 
http://nca2014.globalchange.gov/report/regions/southwest. 

Gehman, S., A. Edmonds, and B. Robinson. 2004. Snowtracking surveys for lynx and other 
carnivores in the North and Middle Forks Flathead River System – Glacier National Park 
and Flathead National Forest winter 2003-2004. Unpubl. Report, Wild Things Unlimited, 
Bozeman, Montana. 56 pp. 

Gehman, S., M. Porco, and B. Robinson. 2010. Rare carnivore surveys on the Gallatin National 
Forest: Year thirteen annual project report, June 2010. Unpubl. Report, Wild Things 
Unlimited, Bozeman, Montana, 12 pp. 

Gehman, S., B. Robinson, G. Treinish, and K. Baughan. 2011. Snow-tracking surveys on the 
Helena National Forest, December 2010-April 2011. Unpubl. Report, Wild Things 
Unlimited, Bozeman, Montana, 21 pp. + tables and maps. 

Georgakakos, A., P. Fleming, M. Dettinger, C. Peters-Lidard, Terese (T.C.) Richmond, K. 
Reckhow, K. White, and D. Yates. 2014: Ch. 3: Water Resources. Climate Change 
Impacts in the United States: The Third National Climate Assessment, J. M. Melillo, 
Terese (T.C.) Richmond, and G. W. Yohe, Eds., U.S. Global Change Research 
Program, 69-112. doi:10.7930/J0G44N6T. 
http://nca2014.globalchange.gov/report/sectors/water. 

Gibeau, M. L. and K. Heuer. 1996. Effects of transportation corridors on large carnivores in the 
Bow River Valley, Alberta. Pages 67-79 In Proc. Florida Department of Transportation/ 
Federal Highway Administration Transportation-Related Wildlife Mortality Seminar. 
Orlando, Florida. https://trid.trb.org/view.aspx?id=475850. 

Gigliotti, L. C. 2016. Ecology, habitat use, and winter thermal dynamics of snowshoe hares in 
Pennsylvania. M. S. Thesis, The Pennsylvania State University College of Agricultural 
Sciences, State College, PA. xi + 89 pp. 

Gillett, N. P., A. J. Weaver, F. W. Zwiers, and M. D. Flannigan. 2004. Detecting the effect of 
climate changeon Canadian forest fires. Geophysical Research Letters 31:L18211. 

Glick, P., B. A. Stein, and N. A. Edelson, editors. 2011. Scanning the Conservation Horizon: A 
Guide to Climate Change Vulnerability Assessment. National Wildlife Federation, 
Washington, D.C. 168 pp. 

Goldblum, D. and L. S. Rigg. 2005. Tree growth response to climate change at the deciduous–
boreal forest ecotone, Ontario, Canada. Canadian Journal of Forest Research 35:2709-
2718. 

http://nca2014.globalchange.gov/report/regions/southwest
http://nca2014.globalchange.gov/report/sectors/water
https://trid.trb.org/view.aspx?id=475850


251 
 

Gompper, M. E. 2002. Top carnivores in the suburbs? Ecological and conservation issues 
raised by colonization of Northeastern North America by coyotes. Bioscience 52(2):185-
190.    

Gonzalez, P., R. P. Neilson, K. S. McKelvey, J. M. Lenihan, and R. J. Drapek. 2007. Potential 
impacts of climate change on habitat and conservation priority areas for Lynx 
canadensis (Canada lynx). Report to the Forest Service, U.S. Department of Agriculture, 
Washington D.C., and NatureServe, Arlington, Virginia. 19 pp. 

Gonzales, P., R. P. Neilson, J. M. Linihan, and R. J. Drapek. 2010. Global patterns in the 
vulnerability of ecosystems to vegetation shifts due to climate change. Global Ecology 
and Biogeography 19:755-768. 

Goodrich, J. M. and S. W. Buskirk. 1995. Control of abundant native vertebrates for 
conservation of endangered species. Conserv. Bio. 9:1357-1364. 

Grafius, D.R., G.P. Malanson, and D. Weiss. 2012. Secondary controls of alpine treeline 
elevations in the western USA. Physical Geography 33:146‐164. 

Gray, D. R. 2008. The relationship between climate and outbreak characteristics of the spruce 
budworm in eastern Canada. Climate Change 87:361-383. 

Gregory, J. M. and J. F. B. Mitchell. 1995. Simulation of daily variability of surface temperature 
and precipitation in the current and 2xCO2 climates of the UKMO climate model. Q. J. R. 
Meteorol. Soc. 121:1451–1476. 

Gregory, J. M., J. F. B.Mitchell, and A. J. Brady. 1997. Summer drought in northern midlatitudes 
in a time-dependent CO2 climate experiment. Journal of Climate 10:662-686. 

Griffin, P. C. 2004. Landscape ecology of snowshoe hares in Montana. Ph.D. dissertation, 
University of Montana, Missoula. 160 pp. 

Griffin, P. C. and L. S. Mills. 2004. Snowshoe hares (Lepus americanus) in the western United 
States: movement in a dynamic landscape. Pages 438–449 in H.R. Akcakaya, M.A. 
Burgman, O. Kindvall, C.C. Wood, P. Sjogren-Gulve, J.S. Hatfield, and M.A. McCarthy, 
editors. Species conservation and management: Case studies. Oxford University Press, 
New York, New York, USA. 

Griffin, P. C. and L. S. Mills. 2007. Precommercial thinning reduces snowshoe hare abundance 
in the short term. Journal of Wildlife Management 71:559-564. 

Griffin, P. C. and L. S. Mills. 2009. Sinks without borders: snowshoe hare dynamics in a 
complex landscape. Oikos 118:1487-1498. 

Grilo, C., J. A. Bissonette, and M. Santos-Reis. 2009. Spatial–temporal patterns in 
Mediterranean carnivore road casualties: consequences for mitigation. Biological 
Conservation 142:301-313. 

Groffman, P. M., P. Kareiva, S. Carter, N. B. Grimm, J. Lawler, M. Mack, V. Matzek, and H. 
Tallis, 2014: Ch. 8: Ecosystems, Biodiversity, and Ecosystem Services. Climate Change 
Impacts in the United States: The Third National Climate Assessment, J. M. Melillo, 



252 
 

Terese (T.C.) Richmond, and G. W. Yohe, Eds., U.S. Global Change Research 
Program, 195-219. doi:10.7930/J0TD9V7H. 
http://nca2014.globalchange.gov/report/sectors/ecosystems. 

Groisman, P. Y., T. R. Karl, and R. W. Knight. 1994a. Changes in snow cover, temperature, and 
radiative heat balance over the Northern Hemisphere. Journal of Climate 7:1633-1656. 

Groisman, P. Y., T. R. Karl, and R. W. Knight. 1994b. Observed impact of snow cover on the 
heat balance and rise of continental spring temperatures. Science 263:198-200. 

Gunderson 1978. A mid-continent irruption of Canada lynx, 1962-63. Prairie Naturalist 10:71-80. 

Hagan, J. M., L. C. Irland, and A. A. Whitman. 2005. Changing timberland ownership in the 
northern forest and implications for biodiversity.  Manomet Center for Conservation 
Sciences, Forest Conservation Program, Report #MCCS-FCP-2005-1.  

Halfpenny, J. C. and G. C. Miller. 1980. History and status of Canada lynx in Colorado. 
Colorado Div. of Wildlife. 1980 Wildlife Research Report. 11 pp. 

Halfpenny, J. C. and G. C. Miller. 1981. History and status of Canada lynx in Colorado. 
Colorado Div. of Wildlife. 1981 Wildlife Research Report. 11 pp. 

Halfpenny, J. C., S. J. Bissell and D. M. Nead. 1982. Lynx verification program: history and 
status of the lynx in Colorado and its distributional ecology for western North America. 
Unpubl. Man. 23 pp. 

Hall, M. H. P. and D. B. Fagre. 2003. Modeled climate-induced glacier change in Glacier 
National Park, 1850-2100. Bioscience 53:131-140. 

Hamlet, A. F. and D. P. Lettenmaier. 1999. Effects of climate change on hydrology and water 
resources in the Columbia River Basin. Journal of the American Water Resources 
Association 35:1597-1623. 

Hansen, A.J., R. Rasker, B. Maxwell, J. J. Rotella,  A. Wright, U. Langner, W. Cohen, R. 
Lawrence, and J. Johnson. 2002. Ecology and socioeconomics in the new west: a case 
study from Greater Yellowstone. BioScience 52:151–168. 

Hansen, J., M. Sato, R. Ruedy, K. Lo, D. W. Lea, and M. Medina-Elzade. 2006. Global 
temperature change. PNAS 103:14288-14293. 

Hanski, I. and M. Gilpin. 1991. Metapopulation dynamics: brief history and conceptual domain. 
Biological Journal of the Linnean Society 42:3-16. 

Hanson, K., and R. Moen. 2008. Diet of Canada Lynx in Minnesota Estimated from Scat 
Analysis. Department of Biology University of Minnesota Duluth. NRRI, Duluth, MN. 

Hanvey, G. 2016. Personal communication re: WY/GYA lynx questions; electronic mail to J. 
Zelenak, USFWS, Helena, MT, Feb. 11, 2016. 

Harper, S. C., L. L. Falk, and E. W. Rankin. 1990. The northern forest lands study of New 
England and New York. USDA Forest Service. Rutland, Vermont, USA. 

http://nca2014.globalchange.gov/report/sectors/ecosystems


253 
 

Harrison, D. J. 2017. External peer review of: Species status assessment for the Canada lynx 
(Lynx canadensis) contiguous United States Distinct Population Segment, Version 1.0 – 
Draft. 29 pp. 

Harrison, D. J., S. Morano, and S. Olson. 2016. Relationships among forest harvesting, 
snowshoe hares, and Canada lynx in Maine. Pages 51-56 In Roth, B.E. (Editor). 2016. 
Cooperative Forestry Research Unit: 2015 Annual Report. University of Maine. Orono. 
83 pp.  http://umaine.edu/cfru/files/2016/08/2015-CFRU-Annual-Report.pdf. 

Hartmann, D.L., A.M.G. Klein Tank, M. Rusticucci, L.V. Alexander, S. Brönnimann, Y. Charabi, 
F.J. Dentener, E.J. Dlugokencky, D.R. Easterling, A. Kaplan, B.J. Soden, P.W. Thorne, 
M. Wild and P.M. Zhai, 2013: Observations: Atmosphere and Surface. In: Climate 
Change 2013: The Physical Science Basis. Contribution of Working Group I to the Fifth 
Assessment Report of the Intergovernmental Panel on Climate Change [Stocker, T.F., 
D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and 
P.M. Midgley (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New 
York, NY, USA. http://www.ipcc.ch/pdf/assessment-
report/ar5/wg1/WG1AR5_Chapter02_FINAL.pdf. 

Harvell, C. D., C. E. Mitchell, J. R. Ward, S. Altizer, A. P. Dobson, R. S. Ostfeld, and M. D. 
Samuel. 2002. Climate warming and disease risks for terrestrial and marine biota. 
Neuroscience 296:2158-2162. 

Harvel, D., S. Altizer, I. M. Cattadori, L. Harrington, and E. Weil. 2009. Climate change and 
wildlife diseases: when does the host matter the most?  Ecology 90:912-920. 

Harvey, B. J., D. C. Donato, and M. G. Turner. 2016. Drivers and trends in landscape patterns 
of stand-replacing fire in forests of the US Northern Rocky Mountains (1984–2010). 
Landscape Ecol. DOI 10.1007/s10980-016-0408-4. 

Hatler, D. F. and A. M. M. Beal. 2003. British Columbia furbearer management guidelines, Lynx 
(Lynx canadensis). 11 pp. 

Hayhoe, K., C. P. Wake, T. G. Huntington, L. Luo, M. D. Schwartz, J., S. Sheffield, E. Wood, B. 
Anderson, J. Bradbury, A. DeGaetano, T. J. Troy, and D. Wolfe. 2006. Past and future 
changes in climate and hydrological indicators in the U.S. Northeast. 2006 Climate 
Dynamics DOI 10.1007/s00382-006-0187-8. 32 pp. 

Haynes, R.H., tech. coord. 2003. An analysis of the timber situation in the United States: 1952 
to 2050. Gen. Tech. Rep. PNW-560. Portland, OR: U.S. Department of Agriculture, 
Forest Service, Pacific Northwest Research Station. 254 pp. 

Heilman, G. E., J. R. Strittholt, N. C. Slosser, and D. A. Dellasala. 2002. Forest fragmentation of 
the conterminous United States: Assessing forest intactness through road density and 
spatial characteristics. Bioscience 52:411-422. 

Heinselman, M. 1996. The Boundary Waters wilderness ecosystem. University of Minnesota 
Press, Minneapolis. 

http://umaine.edu/cfru/files/2016/08/2015-CFRU-Annual-Report.pdf
http://www.ipcc.ch/pdf/assessment-report/ar5/wg1/WG1AR5_Chapter02_FINAL.pdf
http://www.ipcc.ch/pdf/assessment-report/ar5/wg1/WG1AR5_Chapter02_FINAL.pdf


254 
 

Hessburg, P. F., J. K. Agee, and J. F. Franklin. 2005. Dry forests and wildland fires of the inland 
Northwest USA: Con-trasting the landscape ecology of the pre-settlement and modern 
eras. Forest Ecology and Management. 211:117–139. 

Hjeljord, O., V. Sahlgaard, E. Enge, M. Eggestad, and S. Gronwold.  1988. Glyphosate 
application in forest- ecological aspects. VII. The effect on mountain hare (Lepus 
timidus) use of a forest plantation. Scandinavian Journal of Forest Research 3:123-127. 

Hodges, K. E. 2000a. Ecology of snowshoe hares in southern boreal and montane forests. 
Pages 163-206 in Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. J. 
Krebs, K. S. McKelvey, and J. R. Squires, (eds.). Ecology and conservation of lynx in the 
contiguous United States. University Press of Colorado, Boulder, Colorado. 

Hodges, K. E. 2000b. Ecology of snowshoe hares in northern boreal forests. Pages 117-162 in 
Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. J. Krebs, K. S. McKelvey, 
and J. R. Squires, (eds.). Ecology and conservation of lynx in the contiguous United 
States. University Press of Colorado, Boulder, Colorado. 

Hodges, K. E., L. S. Mills, and K. M. Murphy. 2009. Distribution and abundance of snowshoe 
hares in Yellowstone National Park. Journal of Mammalogy 90:870-878. 

Hodgkins, G. A. and R. W. Dudley. 2006. Changes in late-winter snowpack, depth, water 
equivalent and density in Maine, 1926-2004. Hydrological Processes 20:741-751. 

Hogg, E. H. 1994. Climate and the southern limit of the western Canadian boreal forest. 
Canadian Journal of Forest Research 24:1835-1845. 

Holbrook, J. D., J. R. Squires, L. E. Olson, N. J. DeCesare, and R. L. Lawrence. 2017. 
Understanding and prediting habitat for wildlife conservation: the case of Canada lynx at 
the range periphery. Ecosphere 8(9):1-25. e01939.10.1002/ecs2.1939. 
http://onlinelibrary.wiley.com/doi/10.1002/ecs2.1939/full. 

Homyack, J. A. 2003. Effects of precommercial thinning on snowshoe hares, small mammals, 
and forest structure in northern Maine. M.S. Thesis, University of Maine, Orono. 196 pp. 

Homyack, J. A., D. J. Harrison, and W. B. Krohn. 2004. Structural differences between 
precommercially thinned and unthinned conifer stands. Forest Ecology and Management 
194:131-141. 

Homyack, J. A., D. J. Harrison, and W. B. Krohn. 2005. Long-term effects of precommercial 
thinning on small mammals in northern Maine. Forest Ecology and Management 
205:43–57. 

Homyack, J. A., D. J. Harrison, J. A. Litvaitis, and W. B. Krohn. 2006. Quantifying densities of 
snowshoe hares in Maine using pellet plots. Wildlife Society Bulletin 34:74-80. 

Homyack, J. A., D. J.Harrison, and W. B. Krohn. 2007. Effects of precommercial thinning on 
snowshoe hares in Maine. Journal of Wildlife Management 71:4-13. 

Homyack, J. A., J. H. Vashon, C. Libby, E. L. Lindquist, S. Loch, D. F. McAlpine, K. L. Pilgrim, 
and M. K. Schwartz. 2008. Canada lynx-bobcat (Lynx canadensis × L. rufus) hybrids at 

http://onlinelibrary.wiley.com/doi/10.1002/ecs2.1939/full


255 
 

the southern periphery of lynx range in Maine, Minnesota and New Brunswick. The 
American Midland Naturalist 159:504-508. 

Hone, J., C. J. Krebs, and M. O’Donaghue. 2011. Is the relationship between predator and prey 
abundances related to climate for lynx and snowshoe hares. Wildlife research 38:419-
425. 

Hornseth, M. L., A. A. Walpole, L. R. Walton, J. Bowman, J. C. Ray, M. J. Fortin, and D. L. 
Murray. 2014. Habitat loss, not fragmentation, drives occurrence patterns of Canada 
lynx at the southern range periphery. PloS one, 9(11), e113511. 

Horton, R., G. Yohe, W. Easterling, R. Kates, M. Ruth, E. Sussman, A. Whelchel, D. Wolfe, and 
F. Lipschultz. 2014. Ch. 16: Northeast. Climate Change Impacts in the United States: 
The Third National Climate Assessment, J. M. Melillo, Terese (T.C.) Richmond, and G. 
W. Yohe, Eds., U.S. Global Change Research Program, 16-1-nn. 
http://nca2014.globalchange.gov/report/regions/northeast. 

Hoving, C. L. 2001. Historical occurrence and habitat ecology of Canada lynx (Lynx canadensis) 
in eastern North America. M.S. Thesis, University of Maine, Orono. 200 pp. 

Hoving, C. L., R. A. Joseph, and W. B. Krohn. 2003. Recent and historical distributions of 
Canada lynx in Maine and the Northeast. Northeastern Naturalist 10:363-382. 

Hoving, C. L., D. J. Harrison, W. B. Krohn, W. B. Jakubas, and M. A. McCollough. 2004. 
Canada lynx Lynx canadensis habitat and forest succession in northern Maine, USA. 
Wildlife Biology 10:285-294. 

Hoving, C. L., D. J. Harrison, W. B. Krohn, R. A. Joseph, and M. O’Brien. 2005. Broad-scale 
predictors of Canada lynx occurrence in eastern North America. Journal of Wildlife 
Management 69:739-751. 

Hubbart, J. A., T. E. Link, and J. A. Gravelle. 2015. Forest canopy reduction and snowpack 
dynamics in a northern Idaho watershed of the Continental-Maritime region, United 
States. Forest Science 61:882-894. 

Huntington, T.G. 2005. Assessment of calcium status in Maine forests; review and future 
projections. Can. J. For. Res. 35:1109-1121. Doi:10.1139/x05-034.  

Huntington, T. G., G. A. Hodgkins, B. D. Keim, and R. W. Dudley. 2004. Changes in the 
proportion of precipitation occurring as snow in New England (1949-2000). Journal of 
Climate 17:2626-2636. 

IDFG. 2017a. Idaho Department of Fish and Game comments re: Species Status Assessment 
for the Canada lynx (Lynx canadensis) – Draft Report Version 1.0. 

IDFG. 2017b. Idaho Department of Fish and Game, Upland Game, Furbearer & Turkey 2016-
2017 Seasons and Rules. https://idfg.idaho.gov/rules. 

Ims, R. A., J.-A. Henden, and S. T. Killengreen. 2008. Collapsing population cycles. Trends in 
Ecology and Evolution 23:79-86. 

http://nca2014.globalchange.gov/report/regions/northeast
https://idfg.idaho.gov/rules


256 
 

Interagency Lynx Biology Team (ILBT). 2013. Canada lynx conservation assessment and 
strategy. 3rd edition. USDA Forest Service, USDI Fish and Wildlife Service, USDI 
Bureau of Land Management, and USDI National Park Service. Forest Service 
Publication #R1-13-19, Missoula, MT. 128 pp.  

Intergovernmental Panel on Climate Change (IPCC). 2007. Climate Change 2007: Synthesis 
Report. Contribution of Working Groups I, II and III to the Fourth Assessment Report of 
the Intergovernmental Panel on Climate Change [Core Writing Team, Pachauri, R. K., 
and A. Reisinger (eds.)]. IPCC, Geneva, Switzerland, 104 pp. 
http://www.ipcc.ch/pdf/assessment-report/ar4/syr/ar4_syr_full_report.pdf. 

IPCC. 2014a. Summary for policymakers. In: Climate Change 2014: Impacts, Adaptation, and 
Vulnerability. Part A: Global and Sectoral Aspects. Contribution of Working Group II to 
the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Field, 
C. B., V. R. Barros, D .J. Dokken, K. J. Mach, M. D. Mastrandrea, T. E. Bilir, M. 
Chatterjee, K. L. Ebi, Y. O. Estrada, R. C. Genova, B. Girma, E. S. Kissel, A. N. Levy, S. 
MacCracken, P. R. Mastrandrea, and L. L. White (eds.)]. Cambridge University Press, 
Cambridge, United Kingdom and New York, NY, USA, pp. 1-32. http://ipcc-
wg2.gov/AR5/images/uploads/WG2AR5_SPM_FINAL.pdf. 

IPCC. 2014b. Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II and 
III to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change 
[Core Writing Team, R.K. Pachauri and L.A. Meyer (eds.)]. IPCC, Geneva, Switzerland, 
151 pp. http://www.ipcc.ch/pdf/assessment-
report/ar5/syr/SYR_AR5_FINAL_full_wcover.pdf. 

Ippoliti, J. and K. Nadeau-Drillen. 2006.  Maine Office of Policy and Legal Analysis staff study of 
forest ownership trends and issues. Maine State Legislature; Office of Policy and Legal 
Analysis, Augusta, Maine. Office of Policy and Legal Analysis. Paper 153. 
http://digitalmaine.com/opla_docs/153. 

Irland, L. C. 2000. Ice storms and forest impacts. The Science of the total Environment 262:231-
242. 

Irland, L. C., D. Adams, R. Alig, C. J. Betz, C. C. Chen, M. Hutchins, B. McCarl, K. Skog, and B. 
L. Sohngen. 2001. Assessing socioeconomic impacts of climate change on US forests, 
wood-product markets, and forest recreation. BioScience 51:753-764. 

ITIS. 2016. Integrated Taxonomic Information System online database, http://www.itis.gov. 

Ivan, J. S. 2011a. Density, demography, and seasonal movements of snowshoe hares in central 
Colorado. Ph.D. dissertation, Colorado State University, Fort Collins. 141 pp. 

Ivan, J. S. 2011b. Monitoring Canada lynx in Colorado using occupancy estimation: Initial 
implementation in the Core Lynx Release Area. Pages 11-20 in: Wildlife research 
reports July 2010-June 2011. Colorado Division of Parks and Wildlife, Fort Collins, 
Colorado. 296 pp. 

Ivan, J. S. 2011c. Putative Canada lynx (Lynx canadensis) movements across Hwy 50 near 
Monarch Ski Area. Colorado Division of Wildlife, Fort Collins. 6 pp. 

http://www.ipcc.ch/pdf/assessment-report/ar4/syr/ar4_syr_full_report.pdf
http://ipcc-wg2.gov/AR5/images/uploads/WG2AR5_SPM_FINAL.pdf
http://ipcc-wg2.gov/AR5/images/uploads/WG2AR5_SPM_FINAL.pdf
http://www.ipcc.ch/pdf/assessment-report/ar5/syr/SYR_AR5_FINAL_full_wcover.pdf
http://www.ipcc.ch/pdf/assessment-report/ar5/syr/SYR_AR5_FINAL_full_wcover.pdf
http://digitalmaine.com/opla_docs/153
http://www.itis.gov/
http://www.itis.gov/


257 
 

Ivan, J. S. 2011d. Putative Canada lynx (Lynx canadensis) movements across Hwy 114 near 
North Pass, Colorado. Colorado Division of Wildlife, Fort Collins. 6 pp. 

Ivan, J. S. 2011e. Predicted lynx habitat in Colorado. Pages 21-35 in: Wildlife research reports 
July 2010-June 2011. Colorado Division of Parks and Wildlife, Fort Collins, Colorado. 
296 pp. 

Ivan, J. S. 2012. Putative Canada lynx (Lynx canadensis) movements across Hwy 40 near 
Berthoud Pass, Colorado. Colorado Division of Wildlife, Fort Collins. 5 pp. 

Ivan, J. S. 2016a. Personal communication re: WY/GYA lynx questions; electronic mail reply to 
J. Zelenak, USFWS, Helena, MT, February 10, 2016. 

Ivan, J. S. 2016b. Personal communication re: Information on lynx kitten survival; electronic mail 
reply to K. Broderdorp, USFWS, Grand Junction, CO, March 9, 2016. 

Ivan, J. S. 2017. Summary of movements of Colorado lynx in Wyoming. Colorado Parks and 
Wildlife, Fort Collins, CO. 36 pp. 

Ivan, J. S., M. Rice, P.M. Lukacs, T. M. Shenk, D. M. Theobald, and E. Odell. 2011. Predicted 
lynx habitat in Colorado. Pages 21-35 in Wildlife Research Report - Mammals. Fort 
Collins, CO, USA. Colorado Parks and Wildlife. 

Ivan, J. S., G. C. White, and T. M. Schenk. 2014. Density and demography of snowshoe hares 
in central Colorado. The Journal of Wildlife Management 78:580-594. 

Ivan, J. S., E. Odell, and S. Wait. 2015. Wildlife research project summary: Canada lynx 
monitoring in Colorado. Colorado Parks and Wildlife, Fort Collins, CO. 4 pp. 

Iverson, L. R. and A. M. Prasad. 2001. Potential changes in tree species richness and forest 
community types following climate change. Ecosystems 4:186-199. 

Iverson, L. R., A. M. Prasad, B. J Hale, and E. K. Sutherland. 1999. An atlas of current and 
potential future distributions of common trees of the eastern United States. General 
Technical Report NE- 265, Northeastern Research Station, USDA Forest Service, 
Newtown Square, PA. 

Iverson, L. R., A. M. Prasad, S. N. Matthews, and M. Peters. 2008. Estimating potential habitat 
for 134 eastern US tree species under six climate scenarios. Forest Ecology and 
Management 254:390-406. 

Jacobson, G. L., I. J. Fernandez, P. A. Mayewski, and C. V. Schmitt (editors). 2009. Maine’s 
Climate Future: An Initial Assessment. Orono, ME: University of Maine. Revised April 
2009. http://climatechange.umaine.edu/files/Maines_Climate_Future.pdf. 

Jin, S. and S. A. Sader. 2006. Effects of forest ownership and change on forest harvest rates, 
types and trends in northern Maine.  Forest Ecology and Management 228:177-186.  

Johnson, A. H., E. R. Cook, and T. G. Siccama. 1988. Climate and red spruce growth and 
decline in the northern Appalachians. Proceedings of the National Academy of Science 
85:5369-5373. 

http://climatechange.umaine.edu/files/Maines_Climate_Future.pdf


258 
 

Johnston, D. W., A. S. Friedlander, L. G. Torres, and D. M. Lavigne. 2005. Variation in sea ice 
cover on the east coast of Canada from 1969 to 2002: climate variability and implications 
for harp and hooded seals. Climate Research 29:209-222. 

Johnston, K. M., K. A. Freund, and O. J. Schmitz. 2012. Projected range shifting by montane 
mammals under climate change: implications for Cascadia’s National Parks. Ecosphere 
3(11):97. 17 pp. http://dx.doi.org/10.1890/ES12-00077.1. 

Jolly, W. M., M. A. Cochrane, P. H. Freeborn, Z. A. Holden, T. J. Brown, G. J. Williamson, and 
D. M. J. S. Bowman. 2015. Climate-induced variations in global wildfire danger from 
1979 to 2013. Nature Communications 6:7537. DOI: 10.1038/ncomms8537. 
http://www.nature.com/naturecommunications.  

Jones, K.R., and N.D. Mulhern. 1998. An evaluation of the severity of the January 1998 ice 
storm in northern New England. US Army Corps of Engineers. Cold Regions Research 
and Engineering Laboratory Report for FEMA, Region 1. 66 p. 

Joos, F., I. C. Prentice, S. sitch, R. Meyer, G. Hooss, G. K. Plattner, S. Gerber, and K. 
Hasselmann. 2001. Global warming feedbacks on terrestrial carbon uptake under the 
Intergovernmental Panel on climate change (IPCC) emission scenarios. Global 
Biogeochemical cycles 4:891-907. 

Joyce, L. A., J. R. Mills, L. S. Heath, A. D. McGuire, R. W. Haynes, and R. A Birdsey. 1995. 
Forest sector impacts from changes in forest productivity under climate change. Journal 
of Biogeography 22:703-713. 

Joyce, L. A., S. W. Running, D. D. Breshears, V. H. Dale, R. W. Malmsheimer, R. N. Sampson, 
B. Sohngen, and C. W. Woodall. 2014. Ch. 7: Forests. Climate Change Impacts in the 
United States: The Third National Climate Assessment, J. M. Melillo, Terese (T.C.) 
Richmond, and G. W. Yohe, Eds., U.S. Global Change Research Program, 175-194. 
doi:10.7930/J0Z60KZC. http://nca2014.globalchange.gov/report/sectors/forests. 

Judd, R. W. 2007. The Maine Woods: A Legacy of Controversy. Maine Policy Review 16.2:8-10. 
http://digitalcommons.library.umaine.edu/mpr/vol16/iss2/3. 

Kapfer, P. M. 2012. Bobcat (Lynx rufus) spatial ecology and harvest in Minnesota. Dissertation. 
University of Minnesota. 107pp. 

Kapnick, S., and A. Hall. 2012. Causes of recent changes in western North American snowpack. 
Climate Dynamics 38(9–10), 1885–1899, doi: 10.1007/s00382-011-1089-y. 

Karl, T. R., R. W. Knight, K. P. Gallo, T. C. Peterson, P. D. Jones, G. Kukla, N. Plummer, V. 
Razuvayev, J. Lindseay, and R. J. Charlson. 1993. A new perspective on recent global 
warming: asymmetric trends of daily maximum and minimum temperature. Bull. Am. 
Meteorol Soc. 74:1007-1023. 

Kart, J., R. Regan, S. R. Darling, C. Alexander, K. Cox, M. Ferguson, S. Parren, K. Royar, and 
B. Popp, editors. 2005. Vermont's Wildlife Action Plan. Vermont Fish & Wildlife 
Department. Waterbury, Vermont. www.vtfishandwildlife.com. 

http://dx.doi.org/10.1890/ES12-00077.1
http://nca2014.globalchange.gov/report/sectors/forests
http://digitalcommons.library.umaine.edu/mpr/vol16/iss2/3
http://www.vtfishandwildlife.com/


259 
 

Kasischke, E. S. and M. R. Turetsky. 2006. Recent changes in the fire regime across the North 
American boreal region – Spatial and temporal patterns of burning across Canada and 
Alaska. Geophysical Research Letters 33:L09703. 

Keith, L. B. and D. C. Surrendi. 1971. Effects of fire on a snowshoe hare population. The 
Journal of Wildlife Management 35:16-26. 

Keith, J. S., D. J. Smith, and J. K. Morris. 1993. Dynamics of snowshoe hare population in 
fragmented habitat. Can. J. Zool. 71:1385–1392. 

Keane, R.E., M. F. Mahalovich, B. L. Bollenbacher, M. E. Manning, R. A. Loehman, T. B. Jain, 
L. M. Holsinger, A. J. Larson, and M. M. Webster. In press. Climate change effects on 
forest vegetation in the Northern Rocky Mountains. Ch. 6 in Halofsky et al., eds., Climate 
change vulnerability and adaptation in the Northern Rocky Mountains. Gen. Tech. Rep. 
RMRS-GTR-xxx. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, 
Rocky Mountain Research Station. 881 pp. 

Kearney, M. S. and R. H. Luckmann. 1983. Post-glacial vegetational history of Tonquin Pass, 
British Columbia. Canadian Journal of Earth Sciences 20:776-786. 

Keegan, C. E., C. B. Sorenson, T. A. Morgan, S. W. Hayes, and J. M. Daniels. 2011. Impact of 
the great recession and housing collapse on the forest products industry in the western 
United States. Forest Products Journal 61:625-634. 

Khidas, K., J. Duhaime, and H. M. Huynh. 2013. Morphological divergence of continental and 
island populations of Canada lynx. Northeastern Naturalist, 20(4):587-608. 

Kiehl, J. T. and P. R. Gent. 2004. The Community Climate System Model, Version 2. Journal of 
Climate 17:3666-3682. 

Kilborn, J. 2015. Canada lynx (Lynx canadensis) in New Hampshire Wildlife Action Plan. New 
Hampshire Fish and Wildlife. http://www.wildlife.state.nh.us/wildlife/wap.html. 

Kilgore, B. M. and M. L. Heinselman.1990. Fire in wilderness ecosystems. Pages 297–335 in 
Hendee, J. C., G. H. Stankey, and R. C. Lucas editors. Wilderness management. 2nd 
Edition. North American Press, Golden, Colorado, USA. 

Klos, P. Z., T. E. Link, and J. T. Abatzoglou. 2014. Extent of the rain-snow transition zone in the 
western U.S. under historic and projected climate. Geophysical Research Letters 
41:4560-4568. 

Knowles, N., M. D. Dettinger, and D. R. Cayan. 2006. Trends in snowfall versus rainfall in the 
western United States. Journal of Climate 19:4545-4559. 

Koch, P. 1996. Lodgepole pine commercial forests: An essay comparing the natural cycle of 
insect kill and subsequent wildfire with management for utilization and wildlife. Forest 
Service general technical report PB--97-104236/XAB; FSGTR/INT--342 TRN: 63172348 

Koehler, G. M. 1990a. Population and habitat characteristics of lynx and snowshoe hares in 
north central Washington. Canadian Journal of Zoology 68:845-851. 

http://www.wildlife.state.nh.us/wildlife/wap.html


260 
 

Koehler, G. M. 1990b. Snowshoe hare, Lepus americanus, us of forest successional stages and 
population changes during 1985-1989 in north-central Washington. Canadian Field 
Naturalist 105:291-293. 

Koehler, G. M. and J. D. Brittell. 1990. Managing spruce-fir habitats for lynx and snowshoe 
hares. Journal of Forestry 88:10-14. 

Koehler, G. M. and K. B. Aubry. 1994. Lynx. Pages 74-98 in Ruggiero, L. F., K. B. Aubry, S. W. 
Buskirk, L. J. Lyon, and W. J. Zielinski, (eds.). The scientific basis for conserving forest 
carnivores: American marten, fisher, lynx, and wolverine in the Western United States. 
USDA Forest Service Gen. Tech. Rep. RM-254. 

Koehler, G. M. and B. T. Maletzke. 2006.  Lynx in the state of Washington. Wild Cat News 2:1-
4. 

Koehler, G. M., M. G. Hornocker, and H. S. Hash. 1979. Lynx movements and habitat use in 
Montana. Canadian Field-Naturalist 93:441-442. 

Koehler, G. M., B. T. Maletzke, J. A. Von Kienast, K. B. Aubry, R. B. Wielgus, and R. H. Naney. 
2008. Habitat fragmentation and the persistence of lynx populations in Washington state. 
Journal of Wildlife Management 72:1518-1524. 

Koen, E. L., J. Bowman, D. L. Murray, and P. J. Wilson. 2014a. Climate change reduces genetic 
diversity of Canada lynx at the trailing range edge. Ecography 37:754–762. 

Koen, E. L., J. Bowman, J. L. Lalor, and P. J. Wilson. 2014b. Continental-scale assessment of 
the hybrid zone between bobcat and Canada lynx. Biological Conservation 178:107–
115. 

Koen, E. L., J. Bowman, and P. J. Wilson. 2015. Isolation of peripheral populations of Canada 
lynx (Lynx canadensis). Canadian Journal of Zoology 93:521-530. 

Kolbe, J. A. and J. R. Squires. 2006. A longevity record for Canada lynx, Lynx canadensis, in 
western Montana. Western North American Naturalist 66:535-536. 

Kolbe, J. A., J. R. Squires, D. H. Pletscher, and L. F. Ruggiero. 2007. The effect of snowmobile 
trails on coyote movements within lynx home ranges. Journal of Wildlife Management 
71:1409-1418. 

Kosterman, M. K. 2014. Correlates of Canada lynx reproductive success in northwestern 
Montana. M.S. Thesis, University of Montana, Missoula. ix + 69 pp.   

Kramer-Schadt, S., E. Revilla, and T. Wiegand. 2005. Lynx reintroductions in fragmented 
landscapes of Germany: Projects with a future or misunderstood wildlife conservation? 
Biological Conservation 125:169-182. 

Krawchuk, M. A., S. G. Cumming, and M. D. Flannigan. 2009. Predicted changes in fire weather 
suggest increases in lightning fire initiation and future areas burned in the mixedwood 
boreal forest. Climatic Change 92:83-97. 



261 
 

Krebs, C. J. R. Boonstra, S. Boutine, and A. R. E. Sinclair. 2001. What drives the 10-year cycle 
of snowshoe hares? BioScience 25:25-35.  

Krebs, C. J. 2011. Of lemmings and snowshoe hares: the ecology of northern Canada. 
Proceedings of the Royal Society of London B 278:481-489. 

Krebs, C. J., K. Kielland, J. Bryant, M. O’Donaghue, F. Doyle, C, McIntyre, D. DiFolco, N. Berg, 
S. Carriere, R. Boonstra, S. Boutin, A. J. Kenney, D. G. Reid, K. Bodony, J. Putera, H. K. 
Timm, and T. Burke. 2013. Synchrony in the snowshoe hare (Lepus americanus) cycle 
in northwestern North America, 1970–2012. Canadian Journal of Zoology 91:562-572. 

Krebs, C. J., J. Bryant, K. Kielland, M. O’Donaghue, F. Doyle, S. Carriere, D. DiFolco, N. Berg, 
R. Boonstra, S. Boutin, A. J. Kenney, D. G. Reid, K. Bodony, J. Putera, H. K. Timm, T. 
Burke, J. A. K. Maier, and H. Golden. 2014. What factors determine cyclic amplitude in 
the snowshoe hare (Lepus americanus) cycle?  Canadian Journal of Zoology 92:1039-
1048. 

Kreyling, J., A. Schmiedinge, E. Macdonald, and C. Beierkuhnlein. 2008. Slow understory 
redevelopment after clearcutting in high mountain forests. Biodiversity Conservation 
17:2339-2355. DOI 10.1007/s10531-008-9385-5. 

Krohn, W. B. and C. L. Hoving. 2010. Early Maine wildlife. Historical accounts of Canada lynx, 
moose, mountain lion, white-tailed deer, wolverine, wolves, and woodland caribou 1603 - 
1930. The University of Maine Press, Orono, Maine. 

Krohn, W., C. Hoving, D. Harrison, D. Phillips, and H Frost. 2005. Martes foot-loading and 
snowfall patterns in eastern North America. Pages 115-131 in Harrison, D. J., A. K. 
Fuller, and G. Proulx (editors). Martens and Fishers (Martes) in Human-Altered 
Environments: An international perspective. Springer, U.S.A.  

Küchler, V. J. 1964. Potential natural vegetation of the conterminous United States. American 
Geog. Soc. Special Publication No. 36. 

Kuehnast, E. L., D. G. Baker, and J. A. Zandlo. 1982. Climate of Minnesota: Part X111 - 
Duration and depth of snow cover. Technical Bulletin 333-1982. University of Minnesota. 
24 pp. 

Kullman, L. 1990. Dynamics of altitudinal tree limits in Sweden: a review. Norwegian Jounal of 
Geography 44:103-116. 

Kumar, V., J. Mortelmans, J. Vercruysse, and F. Ceulemans. 1974. Chemotherapy of 
helminthasis among wild animals, lung worm infestation of Felis (Lynx) canadensis. Acta 
Zoologica et Pathologica Antverpiensia. (61):85-89.  

Kupfer, J. A. and D. M. Cairns. 1996. The suitability of montane ecotones as indicators of global 
climatic change. Progress in Physical Geography 20:253-272. 

Lavoie, M., P. Y. Collin, F. Lemieux, H. Jolicoeur, P. Canac-Marquis, and S. Lariviere. 2009. 
Understanding fluctuations in bobcat harvest at the northern limit of their range. The 
Journal of wildlife Management 73:870-875. 



262 
 

Le Goff, H., M. D. Flannigan, and Y. Bergeron. 2009. Potential changes in monthly fire risk in 
the eastern Canadian boreal forest under future climate change. Canadian Journal of 
Forest Resources 39:2369-2380. 

Legaard, K. 2016.  Kasey Legaard, School of Forest Resources, University of Maine, Personal 
communication to Mark McCollough, U. S. Fish and Wildlife Service, Orland, Maine. 

Legaard, K., E. Simons-Legaard, S. Sader, and J. Wilson. 2013. Evaluating the interacting 
effects of forest management practices and periodic spruce budworm infestation on 
broad-scale, long term forest productivity. Final report to the Northeastern States 
Research Cooperative, U.S. Department of Agriculture. Unpubl. report. School of Forest 
Resources, University of Maine, Orono. 17 pp. 
http://nsrcforest.org/sites/default/files/uploads/legaard10full.pdf. 

Legg, T. E. and R. G. Baker. 1980. Palynology of Pinedale sediments, Devlins Park, Boulder 
County, Colorado. Arctic and Alpine Research 12:319-333. 

Lenton, T. M., H. Held, E. Kriegler, J. W. Hall, W. Lucht, S. Rahmstorf, and H. J. Schellnhuber. 
2008. Tipping elements in the Earth’s climate system. PNAS 105:1786-1793. 

Lewis, J.C. 2016. Periodic Status Review for the Lynx. Washington Department of Fish and 
Wildlife, Olympia, Washington. 17 + iii pp. 

Lewis, C. W., K. E. Hodges, G. M. Koehler, and L. S. Mills. 2011. Influence of stand and 
landscape features on snowshoe hare abundance in fragmented forests. Journal of 
Mammalogy 92:561-567. 

Licht, D. S., R. A. Moen, D. P. Brown, M. C. Romanski, and R. A. Gitzen. 2015. The Canada 
lynx (Lynx canadensis) of Isle Royale: Over-harvest, climate change, and the extirpation 
of an island population. Canadian Fieldnaturalist 129:139–151.  

Licht, D. S., R. A. Moen, and M. Romanski. 2017. Modeling viability of a potential Canada lynx 
reintroduction to Isle Royale National Park. Unpubl. Proof. Natural Areas Journal 37: 
500-507. 

Lieberg, A. 2017. Personal communication re: Garnets Lynx; electronic mail from Adam Lieberg, 
Conservation Practitioner, Swan Valley Connections, Condon, MT, to J. Zelenak, 
USFWS, Helena, MT, Feb. 5, 2017.   

Lienard, J., J. Harrison, and N. Strigul. 2016. US forest response to projected climate-related 
stress: a tolerance perspective. Global Change Biology 22:2875-2886. 

Lilieholm, R. J., L. C. Irland, and J. M. Hagan. 2010.  Changing socio-economic conditions for 
private woodland protection. Pages 67-98 (Chapter 5) in S. C. Trombulak and R. F. 
Baldwind, eds.  Landscape-scale conservation planning.  Springer-Verlag, New York, 
New York, USA. 427 pp. 

Linden, D. W. 2006. Modeling current and historic habitat for Canada lynx (Lynx canadensis) in 
the Upper Peninsula of Michigan. M.S. Thesis, Michigan State University, East Lansing, 
MI. 153 pp. 

http://nsrcforest.org/sites/default/files/uploads/legaard10full.pdf


263 
 

Littell, J. S., D. L. Peterson, K. L. Riley, Y. Liu, and C. H. Luce. 2016. A review of the 
relationships between drought and forest fire in the United States. Global Change 
Biology, doi: 10.1111/gcb.13275. 17 pp. 

Litvaitis, J. A. and J. P. Tash. 2005. Species profile: Canada lynx Lynx canadensis. Pages A-
296 – A-302 in New Hampshire Wildlife Action Plan. New Hampshire Fish and Game 
Department, Concord. http://www.wildlife.state.nh.us/nongame/documents/canada-
lynx.pdf. 

Litvaitis, J. A., J. A. Sherburne, and J. A. Bissonette. 1985. Influence of understory 
characteristics on snowshoe hare habitat use and density. Journal of Wildlife 
Management 49:866-873. 

Litvaitis, J. A., J. A. Sherburne, and J. A. Bissonette. 1986. Bobcat habitat use and home range 
size in relation to prey density. The Journal of Wildlife Management 50:110-117. 

Litvaitis, J. A., D. Kingman, Jr., J. Lanier, and E. Orff. 1991. Status of lynx in New Hampshire. 
Transactions of the Northeast Section of the Wildlife Society 48:70-75. 

Livingston, W. H. 2000.  Maine’s spruce-fir forest after the spruce budworm epidemic. 4th Annual 
Munsungan Conference Proceedings: Forest Health.  Maine Agricultural Experiment 
Station Publication Number 742. 

Lorimer, C. G. 1977. The presettlement forest and natural disturbance cycle of northeastern 
Maine. Ecology 58:139-148. 

Lorimer, C. G. and A. S. White. 2003. Scale and frequency of natural disturbance in the 
northeastern US: implications for early successional forest habitats and regional age 
distributions. Forest Ecology and Management 185:41-64. 

Lucht, W., S. Schaphoff, T. Erbrecht, U. Heyder, and W. Cramer. 2006. Terrestrial vegetation 
redistriution and carbon balance under climate change. Carbon Balance and 
Management 1:6. 

Lucid, M. K., L. Robinson, and S. Ehlers. 2016. Multi-species Baseline Initiative Project Report: 
2010-2014. Idaho Department of Fish and Game, Coeur d’Alene, Idaho, USA. pp. 148-
203. 

Lukas J., J. Barsugli, N. Doesken, I. Rangwala, K. Wolter. 2014. Climate Change in Colorado, A 
Synthesis to Support Water Resources Management and Adaptation, second edition. 
114 pp. 

Lute, A. C., J. T. Abatzoglou, and K. C. Hegewisch. 2015. Projected changes in snowfall 
extremes and interannual variability of snowfall in the western United States. Water 
Resources Research 51:960-972.  

Lyons, A. L., W. L. Gaines, J. Begley, P. H. Singleton, J. C. Lewis, B. T. Maletezke. 2016. 
Canada Lynx Carrying Capacity in Washington. Final Report submitted to Washington 
Department of Fish and Wildlife. Olympia, Washington. 31 pp. 

http://www.wildlife.state.nh.us/nongame/documents/canada-lynx.pdf
http://www.wildlife.state.nh.us/nongame/documents/canada-lynx.pdf


264 
 

Lynx SSA Team 2016a. Canada Lynx Expert Elicitation Workshop - Final Report. April 18, 
2016. 64 pp. 

Lynx SSA Team 2016b. Canada Lynx Expert Elicitation Workshop – Notes. Bloomington, Minn., 
Oct. 13-15, 2015. 19 pp. 

MacLean, D. A. and M. G. Morgan. 1983. Long term growth and yield response of young fir to 
manual and chemical release from shrub competition. The Forestry Chronicle  59:177-
183. 

Maine Department of Transportation (Maine State Planning Office; Maine Department of 
Transportation; and RKG Associates, Inc.). 1999. Maine East-West Highway: Economic 
Impact Analysis-Phase I Technical Report, Baseline Conditions, 1999. State Planning 
Office. Paper 28. 
http://digitalmaine.com/cgi/viewcontent.cgi?article=1027&context=spo_docs. 

Maine Forest Service. 1995. 1994 Silvicultural Activities Report. Maine Forest Service, 
Department of Conservation, Augusta, Maine. 

Maine Forest Service. 2003. 2002 Silvicultural Activities Report. Maine Forest Service, 
Department of Conservation, Augusta, Maine. 6 pp. 
http://www.maine.gov/dacf/mfs/publications/annual_reports.html#silvi. 

Maine Forest Service. 2005. 2004 Silvicultural Activities Report. Maine Forest Service, 
Department of Conservation, Augusta, Maine. 6 pp. 
http://www.maine.gov/dacf/mfs/publications/annual_reports.html#silvi. 

Maine Forest Service. 2007. 2006 Silvicultural Activities Report. Maine Forest Service, 
Department of Conservation, Augusta, Maine. 6 pp. 
http://www.maine.gov/dacf/mfs/publications/annual_reports.html#silvi. 

Maine Forest Service. 2016. 2015 Silvicultural Activities Report.  Department of Agriculture, 
Conservation, and Forestry, Augusta, Maine. 8 pp. 
http://www.maine.gov/dacf/mfs/publications/annual_reports.html. 

Maine Land Use Regulation Commission. 2010. Comprehensive Land Use Plan for areas within 
the jurisdiction of the Maine Land Use Regulation Commission. Maine Land Use 
Regulation Commission, Department of Conservation, Augusta, Maine. 447 pp. 
http://www.maine.gov/dacf/lupc/plans_maps_data/clup/2010_CLUP.pdf. 

Maletzke, B. T. 2004. Winter habitat selection of lynx (Lynx canadensis) in northern 
Washington. M.S. Thesis, Washington State University, Pullman. 39 pp. 

Maletzke, B. T., G. M. Koehler, R. B. Wielgus, K. B. Aubry, and M. A. Evans. 2008. Habitat 
conditions associated with lynx hunting behavior during winter in northern Washington. 
Journal of Wildlife Management 72:1473-1478. 

Mallet, D. G. 2014. Spatial and habitat responses of Canada lynx in Maine to a decline in 
snowshoe hare density. M.S. Thesis, University of Maine, Orono, Maine. 170pp. 

http://digitalmaine.com/cgi/viewcontent.cgi?article=1027&context=spo_docs
http://www.maine.gov/dacf/mfs/publications/annual_reports.html#silvi
http://www.maine.gov/dacf/mfs/publications/annual_reports.html#silvi
http://www.maine.gov/dacf/mfs/publications/annual_reports.html#silvi
http://www.maine.gov/dacf/mfs/publications/annual_reports.html
http://www.maine.gov/dacf/lupc/plans_maps_data/clup/2010_CLUP.pdf


265 
 

McAllister, K.A., R. Morgenweck, and C. Jauhola. 2000. Lynx habitat mapping direction. 
Interagency Lynx Steering Committee. 4 pp. 

McCann, N. P. 2006. Using pellet counts to predict snowshoe hare density, snowshoe hare 
habitat-use, and Canada lynx habitat-use in Minnesota. M.S. Thesis, University of 
Minnesota. 64 pp. 

McCann, N. P. and R. A. Moen. 2011. Mapping potential core areas for lynx (Lynx canadensis) 
using pellet counts from snowshoe hares (Lepus americanus) and satellite imagery. 
Canadian Journal of Zoology 89:509-516. 

McCaskill, G., W. McWilliams, C. Barnett, B. Butler, M. Hatfield, C. Kurtz, R. Morin, W. Moser, 
C. Perry, and C. Woodall. 2011. Maine’s Forest 2008. Resour. Bull. NRS-48. Newtown 
Square, PA: U.S. Department of Agriculture, Forest Service, Northern Research Station. 
62 pp. 

McCaskill, G. L., T. Albright, C. J. Barnett, B. J. Butler, S. J. Crocker, C. M. Kurtz, W. H. 
McWilliams, P. D. Miles, R. S. Morin, M. D. Nelson, R. H. Widmann, and C. W. Woodall. 
2016. Maine Forests, 2013. Resource Bulletin NRS-103. Newtown Square, PA: U.S. 
Department of Agriculture, Forest Service, Northern Research Station. 62 pp. 

McCollough, M. A. 2007. Canada lynx habitat management guidelines for Maine. U. S. Fish and 
Wildlife Service Maine Field Office, Old Town, Maine. 44 pp. 

McCollough, M. A. 2016. Deterministic population simulation of the Maine Canada lynx 
population. Vortex 10. 

McCord, C. M. 1974. Selection of winter habitat by bobcats (Lynx rufus) on the Quabbin 
Reservation, Massachusetts. Journal of Mammalogy 55:428-437. 

McCord, C. M. and J. E. Cardoza. 1982. Bobcat and lynx. Pages 728-766 in J. A. Chapman and 
G. A. Feldhamer (eds.). Wild mammals of North America biology, management and 
economics. Johns Hopkins University Press, Baltimore, MD. 

McDonald, P. 2016. Personal communication; electronic mail exchange with Kurt Broderdorp, 
USFWS, Grand Junction, CO. 

McDonald, K. A. and J. H. Brown. 1992. Using montane mammals to model extinctions due to 
global change. Conservation Biology 6:409-415. 

McKelvey, K. S., K. B. Aubry, and Y. K. Ortega. 2000a. History and distribution of lynx in the 
contiguous United States. Pages 207-264 in Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, 
G. M. Koehler, C. J. Krebs, K. S. McKelvey, and J. R. Squires, (eds.). Ecology and 
conservation of lynx in the contiguous United States. University Press of Colorado, 
Boulder, Colorado. 

McKelvey, K. S., S. W. Buskirk, and C. J. Krebs. 2000b. Theoretical insights into the population 
viability of lynx. Pages 21-37 in Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. 
Koehler, C. J. Krebs, K. S. McKelvey, and J. R. Squires, (eds.). Ecology and 
conservation of lynx in the contiguous United States. University Press of Colorado, 
Boulder, Colorado. 



266 
 

McKelvey, K. S., K. B. Aubry, J. K. Agee, S. W. Buskirk, L. F. Ruggiero, and G. M. Koehler. 
2000c. Lynx conservation in an ecosystem management context. Pages 419-441 in 
Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. J. Krebs, K. S. McKelvey, 
and J. R. Squires, (eds.). Ecology and conservation of lynx in the contiguous United 
States. University Press of Colorado, Boulder, Colorado. 

McKelvey, K. S., Y. K. Ortega, G. Koehler, K. Aubry, and D. Brittell. 2000d. Canada lynx habitat 
and topographic use patterns in north central Washington: a reanalysis. Pages 307-336 
in Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. J. Krebs, K. S. 
McKelvey, and J. R. Squires, (eds.). Ecology and conservation of lynx in the contiguous 
United States. University Press of Colorado, Boulder, Colorado. 

McKelvey, K. S., K. B. Aubry, and M. K. Schwartz. 2008. Using anecdotal occurrence data for 
rare or elusive species: The illusion of reality and a call for evidentiary standards. 
Bioscience 58:549-555. 

McKelvey, K. S., Copeland, J. P., Schwartz, M. K., Littell, J. S., Aubry, K. B., Squires, J. R., 
Parks, S. A., Elsner, M. M. and Mauger, G. S. 2011. Climate change predicted to shift 
wolverine distributions, connectivity, and dispersal corridors. Ecological Applications, 21: 
2882–2897. doi:10.1890/10-2206.1 

McKenney, D. W., J. H. Pedlar, K. Lawrence, K. Campbell, and M. F. Hutchinson. 2007. 
Potential impacts of climate change on the distribution of North American trees. 
bioScience 57:939-948. 

McKenzie, D. Z. Gedalof, D. L. Peterson, and P. Mote. 2004. Climatic change, wildfire, and 
conservation. Conservation Biology 18:890-902. 

McLaughlin, S. B., D. J. Downing, T. J. Blasing, E. R. Cook, and H. S. Adams. 1987. An 
analysis of climate and competition as contributors to decline of red spruce in high 
elevation Appalachian forests of the eastern United States. Oecologia 72:487-501. 

McNab, W. H. and P. E. Avers. 1994. Ecological subregions of the United States: Section 
descriptions. Admin. Publication WO-WSA-5. USDA Forest Service, Washington, D.C. 
267 pp. 

McNab, W. H., D. T. Cleland, J. A. Freeouf, J. Keys, J.E., G. J. Nowacki, and C. A. Carpenter, 
comps. 2007. Description of ecological subregions: sections of the conterminous United 
States. U.S. Department of Agriculture, Forest Service, Washington, DC. 

McWilliams, W. H., B. J. Butler, L. E. Caldwell, D. M. Griffith, M. L. Hoppus, K. M. Laustsen, A. 
J. Lister, T. W. Lister, J. W. Metzler, R. S. Morin, S. A. Sader, L. B. Stewart, J. R. 
Steinman, J. A. Westfall, D. A. Williams, A. Whitman, and C. W. Woodall. 2005. The 
forests of Maine: 2003. Resource Bulletin NE-164. Newtown Square, PA: U.S. 
Department of Agriculture, Forest Service, Northeastern Research Station. 188p. 

MDIFW. 2009. Maine endangered and threatened species listing handbook; a guide for 
implementing the Maine Endangered Species Act. Maine Department of Inland Fisheries 
and Wildlife, Augusta, Maine. 47 pp. 



267 
 

MDIFW. 2011. Federally Threatened: Canada Lynx (Lynx canadensis). Maine Department of 
Inland Fisheries and Wildlife, Augusta, Maine. 3 pp. 

MDIFW. 2012. Lynx incidental capture reports (10). Unpubl. data. Maine Department of Inland 
Fisheries and Wildlife, Augusta, Maine. 70 pp. 

MDIFW. 2014. Incidental Take Plan for Maine’s Trapping Program. 
https://www.fws.gov/mainefieldoffice/PDFs/20141028_Maines_Incidental_Take_Plan_for
Lynx_submitted_to_USFWS_on_10_28_14.pdf. 

MDIFW. 2015a. Maine Department of Inland Fisheries and Wildlife. 2015a. 2015 research and 
management report. Maine Department of Inland Fisheries and Wildlife, Bangor, Maine. 
http://www.maine.gov/ifw/docs/reports_research_2015.pdf. 

MDIFW. 2015b. How to avoid incidental take of lynx while trapping other furbearers; updated 
September 2015. Maine Department of Inland Fisheries and Wildlife, Augusta, Maine. 

MDIFW. 2016a. Summary of trapping laws, Maine 2016-17. Maine Department of Inland 
Fisheries and Wildlife, Augusta, Maine. 25 pp. 

MDIFW. 2016b. Compliance with Maine’s Incidental Take Permit -TE48539B: 2016 Annual 
Report. Maine Department of Inland Fisheries and Wildlife, Augusta, Maine. 55 pp. 

MDIFW. 2017. Maine Department of Inland Fisheries and Wildlife. Review and Comments on 
the Draft Species Status Assessment for Canada Lynx (Lynx canadensis) Contiguous 
United States Distinct Population Segment. U.S. Fish & Wildlife Service. February 10, 
2017, 20 pp. 

Meaney, C. 2002. A review of Canada lynx (Lynx canadensis) abundance records from 
Colorado in the first quarter of the 20th Century. Report to the Colorado Department of 
Transportation. 10 pp. 

Mech, L. D. 1973. Canadian lynx invasion of Minnesota. Biol. Conserv. 5:151-152. 

Mech, L. D. 1980. Age, sex, reproduction, and spatial organization of lynxes colonizing 
northeastern Minnesota. Journal of Mammalogy 61:261-267. 

MEDACF. 2014. The Forestry Rules of Maine 2014: A practical guide for foresters, loggers and 
woodlot owners. Maine Department of Agriculture, Conservation and Forestry, Maine 
Forest Service, Augusta, ME. 130 pp. 

Melillo, Jerry M., Terese (T.C.) Richmond, and Gary W. Yohe, Eds., 2014: Climate Change 
Impacts in the United States: The Third National Climate Assessment. U.S. Global 
Change Research Program, 841 pp. doi:10.7930/J0Z31WJ2.  

Meslow E. C. and L. B. Keith. 1971. A correlation analysis of weather versus snowshoe hare 
population parameters. The Journal of Wildlife Management 35:1-15. 

Miles, P.D., K. Jacobson, G. J. Brand,  E. Jepsen, D. Meneguzzo, M. E. Mielke, C. Olson, C. H. 
Perry, R. Piva, B. T. Wilson, and C. Woodall. 2007. Minnesota’s forests 1999-2003: Part 

https://www.fws.gov/mainefieldoffice/PDFs/20141028_Maines_Incidental_Take_Plan_forLynx_submitted_to_USFWS_on_10_28_14.pdf
https://www.fws.gov/mainefieldoffice/PDFs/20141028_Maines_Incidental_Take_Plan_forLynx_submitted_to_USFWS_on_10_28_14.pdf
http://www.maine.gov/ifw/docs/reports_research_2015.pdf


268 
 

A. Resour. Bull. NRS-12A. Newtown Square, PA: U.S. Department of Agriculture, Forest 
Service, Northern Research Station. 92 pp. 

Mills, L. S., M. Zimova, J. Oyler, S. Running, J. T. Abatzoglou, and P. M. Kukacs. 2013. 
Camouflage mismatch in seasonal coat color due to decreased snow duration. PNAS 
110:7360-7365. 

Millward, A. A. and C. E. Kraft. 2004. Physical influences of landscape on a large-extent 
ecological disturbance: the northeastern North American ice storm of 1998. Landscape 
Ecology 19:99-111. 

MNDNR. 2013. Minnesota’s list of endangered, threateded, and special concern species.  Minn. 
Dept. Natural Resources, St. Paul, Minnesota. 18 pp. 

MNDNR. 2015. Adopted Expedited Emergency Game and Fish Rules: 6234, Lynx Management 
Zone. Minn. Dept. Natural Resources, St. Paul, Minnesota. 3 pp. 

MNDNR. 2016a. 2016 Minnesota Hunting and Trapping Regulations Handbook. Minn. Dept. of 
Natural Resources, St. Paul, Minnesota. 132 pp.  

MNDNR. 2016b. Minnesota’s Forest Resources 2015. Minn. Dept. of Natural Resources, Div. of 
Forestry, St. Paul, Minnesota. 73 pp. 

MNDNR. 2016c. Mines & Advanced Projects of Iron Ore, Metallic Minerals, Industrial Minerals, 
and Selected Construction Aggregates. Minn. Dept. Natural Resources, St. Paul, 
Minnesota. January 2016. 1 p. 

MNFRC. 2012. Sustaining Minnesota Forest Resources: Voluntary Site-Level Forest 
Management Guidelines for Landowners, Loggers and Resource Managers. Minnesota 
Forest Resource Council, St. Paul, Minnesota. 590pp. 

MNFRC. 2013. Sustaining Minnesota Forest Resources: Voluntary Site-Level Forest 
Management Guidelines for Landowners, Loggers and Resource Managers. Minnesota 
Forest Resource Council, St. Paul, Minnesota. 590pp. 

MNFRC. 2014. Minnesota's Forest Management Guidelines - Quick Reference Field Guide. 
Minnesota Department of Natural Resources. Minnesota Forest Resource Council, St. 
Paul, Minnesota. 84 pp. 

Moen, R. 2009. Canada lynx in the Great Lakes Region - 2009 Annual Report. Center for Water 
and Environment, Natural Resources Research Institute, Duluth, Minnesota. iii + 17 pp. 

Moen, R. 2017. Peer review for the U.S. Fish and Wildlife Service’s Draft Species Status 
Assessment for the Canada lynx. Natural Resources Research Institute, University of 
Minnesota Duluth. 10 pp. 

Moen, R. and C. L. Burdett. 2009. Den sites of radiocollared Canada lynx in Minnesota 2004-
2007. Natural Resource Research Institute, NRRI Technical Report No. NRRI/TR-
2009/07. 19 pp. 



269 
 

Moen, R., G. Niemi, C. L. Burdett, and L. D. Mech. 2005. Canada lynx in the Great Lakes 
Region. Natural Resource Research Institute, NRRI Tech. Rep. NRRI/TR-2006-16. 

Moen, R., C. L. Burdett, and G. Niemi. 2008a. Movement and habitat use of Canada lynx during 
denning in Minnesota. Journal of Wildlife Management 72:1507-1513.  

Moen, R., G. Niemi, and C. L. Burdett. 2008b. Canada lynx in the Great Lakes Region. Natural 
Resource Research Institute, NRRI Tech. Rep. NRRI/TR-2008-14 Release 1.1. 48 pp. 

Moen, R., J. M. Rasmussen, C. L. Burdett, and K. M. Pelican. 2010a. Hematology, serum 
chemistry, and body mass of free-ranging and captive Canada lynx in Minnesota. 
Journal of Wildlife Diseases 46:13-22. 

Moen, R., L. Terwilliger, A. R. Dohmen, and S. C. Catton. 2010b. Habitat and road use by 
Canada lynx making long-distance movements. Natural Resource Research Institute, 
NRRI TR-2010/02 University of Minnesota, Duluth, USA. 26 pp.  

Moen, R., S. K. Windels, and B. Hansen. 2012. Lynx habitat suitability in and near Voyageurs 
National Park. Natural Areas Journal 32:348-355. 

Mohan, J. E., R. M. Cox, and L. R. Iverson. 2009. Composition and carbon dynamics of forests 
in northeastern North America in a future, warmer world. Canadian Journal of Forestry 
Research 39:213-230. 

Monthey, R. W. 1986. Responses of snowshoe hares, Lepus americanus, to timber harvesting 
in northern Maine. Canadian Field-Naturalist 100:568–570. 

Morris, K. I. 1986. Bobcat assessment. Maine Department of Inland Fisheries and Wildlife, 
Bangor, Maine, United States. 

Mote, P. W. 2003a. Trends in snow water equivalent in the Pacific Northwest and their climatic 
causes. Geophysical Research Letters 30:3-1 – 3-4. 

Mote, P.W. 2003b. Trends in temperature and precipitation in the Pacific Northwest during the 
twentieth century. Northwest Science 77(4):271-282.    

Mote, P., A. Hamlet, M. Clark, and D. Lettenmaier. 2005. Declining mountain snowpack in 
western North America. Bulletin of the American Meteorological Society 86:39-49. 

Mote, P., A. Hamlet, and E. Salathe. 2008. Has spring snowpack declined in the Washington 
Cascades? Hydrology and Earth System Science 12:193–206. 

Mote, P., A. K. Snover, S. Capalbo, S. D. Eigenbrode, P. Glick, J. Littell, R. Raymondi, and S. 
Reeder. 2014. Ch. 21: North-west. Climate Change Impacts in the United States: The 
Third National Climate Assessment, J. M. Melillo, Terese (T.C.) Rich-mond, and G. W. 
Yohe, Eds., U.S. Global Change Research Program, 487-513. doi:10.7930/J04Q7RWX. 
http://nca2014.globalchange.gov/report/regions/northwest. 

Mowat, G., K. G. Poole, and M. O'Donoghue. 2000. Ecology of lynx in northern Canada and 
Alaska. Pages 265-306 in Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. 

http://nca2014.globalchange.gov/report/regions/northwest


270 
 

J. Krebs, K. S. McKelvey, and J. R. Squires, (eds.). Ecology and conservation of lynx in 
the contiguous United States. University Press of Colorado, Boulder, Colorado. 

MTDNRC and USFWS. 2010a. Montana Department of Natural Resources and Conservation 
Forested State Trust Lands Habitat Conservation Plan (MDNRC HCP), Final 
Environmental Impact Statement (FEIS), Vol. I. 802 pp. 
http://www.fws.gov/montanafieldoffice/Endangered_Species/Habitat_Conservation_Plan
s/DNRC_HCP.html. 

MTDNRC and USFWS. 2010b. MDNRC HCP, FEIS, Vol. II. 527 pp. 
http://www.fws.gov/montanafieldoffice/Endangered_Species/Habitat_Conservation_Plan
s/DNRC_HCP.html. 

MTDNRC and USFWS. 2010c. MDNRC HCP, FEIS, Vol. III. 399 pp. 
http://www.fws.gov/montanafieldoffice/Endangered_Species/Habitat_Conservation_Plan
s/DNRC_HCP.html. 

MTFWP. 2015. Montana’s State Wildlife Action Plan. 2015. Montana Fish, Wildlife & Parks, 
1420 East Sixth Avenue, Helena, MT 59620. 441 pp. 

MTFWP. 2016. Lynx Conservation in Montana. Montana Fish, Wildlife & Parks, 1420 East Sixth 
Avenue, Helena, MT 59620. 10 pp. 

Murphy, K. M. 2016. Personal communication re: WY/GYA lynx questions; electronic mail to J. 
Zelenak, USFWS, Helena, MT, Feb. 8, 2016. 

Murphy, K. M., T. M. Potter, J. C. Halfpenny, K. A. Gunther, M. T. Jones, P. A. Lundberg, and N. 
D. Berg. 2006. Distribution of Canada lynx in Yellowstone National Park. Northwest 
Science 80:199-206. 

Murray, D. L. and S. Boutin. 1991. The influence of snow on lynx and coyote movements: does 
morphology affect behavior?  Oecologia 88:463-469. 

Murray, D. L., S. Boutin, and M. O'Donoghue. 1994. Winter habitat selection by lynx and 
coyotes in relation to snowshoe hare abundance. Can. Journal of Zool. 72: 1444-1451. 

Murray, D. L., S. Boutin, M. O'Donoghue, and V. O. Nams. 1995. Hunting behavior of a 
sympatric felid and canid in relation to vegetative cover. Anim. Behav. 50:1203-1210. 

Murray, D. L., T. D. Steury, and J. D. Roth. 2008. Assessment of Canada Lynx research and 
conservation needs in the southern range: another kick at the cat. Journal of Wildlife 
Management 72:1463-1472. 

Nagorsen, D. W. 1983. Winter pelage colour in snowshoe hares (Lepus americanus) from the 
Pacific Northwest. Canadian Journal of Zoology 61:2313-2318. 

National Park Service. 2002. General Management Plan - Voyageurs National Park. U.S. Dept. 
of the Interior, National Park Service. 

Nellis, C. H., S. P. Wetmore, and L. B. Keith. 1972. Lynx-prey interactions in central Alberta. 
Journal of Wildlife Management 36:320-328. 

http://www.fws.gov/montanafieldoffice/Endangered_Species/Habitat_Conservation_Plans/DNRC_HCP.html
http://www.fws.gov/montanafieldoffice/Endangered_Species/Habitat_Conservation_Plans/DNRC_HCP.html
http://www.fws.gov/montanafieldoffice/Endangered_Species/Habitat_Conservation_Plans/DNRC_HCP.html
http://www.fws.gov/montanafieldoffice/Endangered_Species/Habitat_Conservation_Plans/DNRC_HCP.html
http://www.fws.gov/montanafieldoffice/Endangered_Species/Habitat_Conservation_Plans/DNRC_HCP.html
http://www.fws.gov/montanafieldoffice/Endangered_Species/Habitat_Conservation_Plans/DNRC_HCP.html


271 
 

NHFGD. 2017. New Hampshire Fish and Game Department comments on the Draft Canada 
Lynx Species Status Assessment. 2 pp. 

Ning, L. and R. S. Bradley. 2015.  Winter climate extremes over the northeastern United States 
and southeastern Canada and teleconnections with large-scale modes of climate 
variability. Journal of Climate 28.6:2475-2493. 

NOAA (National Oceanic and Atmospheric Administration). 2007.  Patterns of greenhouse 
warming. https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-
change/gfdlhighlight_vol1n6.pdf. 

Norton, M.R., S. J. Hannon, and F. K. A. Schmiegelow. 2000. Fragments are not islands: patch 
vs landscape perspectives on songbird presence and abundance in a harvested boreal 
forest. Ecography 23.2:209-223. 

Notaro, M., D. Lorenz, C. Hoving, and M. Schummer. 2014 Twenty-first-century projections of 
snowfall and winter severity across central-eastern North America. Journal of Climate 
27:6526-6550. 

Notaro, M., V. Bennington, and S. Vavrus. 2015. Dynamically downscaled projections of lake-
effect snow in the Great Lakes Basin. American Meteorological Society 28:1661-1684. 

O'Donoghue, M., S. Boutin, C. J. Krebs, and E. J. Hofer. 1997. Numerical responses of coyotes 
and lynx to the snowshoe hare cycle. Oikos 80:150-162. 

O'Donoghue, M., S. Boutin, C. J. Krebs, D. L. Murray, and E. J. Hofer. 1998. Behavioural 
responses of coyotes and lynx to the snowshoe hare cycle. Oikos 82:169-183. 

Oehler, J. D. and J. A. Litvaitis. 1996. The role of spatial scales in understanding responses of 
mediumsized carnivores to forest fragmentation. Can. J. Zool. 74:2070-2079. 

Oliver, C. D. 1980. Forest development in North America following major disturbances. Forest 
Ecology and Management 3:153-168. 

Oliver, C.D., and B. C. Larson. 1996. Forest stand dynamics. Updated ed. John Wiley & Sons, 
New York. 

Ollinger, S. V., C. L. Goodale, K. Hayhoe, and J. P. Jenkins. 2008. Potential effects of climate 
change and rising CO2 on ecosystem processes in Northeastern U.S. Forests. 
Mitigation and Adaptation Strategies for Global Change 31:467-485. 

Olson, L. E., J. R. Squires, N. J. DeCesare, and J. A. Kolbe. 2011. Den use and activity patterns 
in female Canada lynx (Lynx canadensis) in the Northern Rocky Mountains. Northwest 
Science 85:455-462.   

Olson, S. J. 2015. Seasonal influences on habitat use by snowshoe hares: Implications for 
Canada lynx in northern Maine. M. S. Thesis, Univ. of Maine, Orono. 153 pp. 

Olson, R., R. Sriver, W. Chang, M. Haran, N. M. Urban, and K. Keller. 2013. What is the 
effect of unresolved internal climate variability on climate sensitivity estimates? J. 
Geophys. Res. Atmos. 118:4348–4358. doi:10.1002/jgrd.50390. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf
https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf
http://dx.doi.org/10.1002/jgrd.50390


272 
 

Organ, J. F., J. H. Vashon, J. E. McDonald, Jr., A. D. Vashon, S. M. Crowley, W. J. Jakubas, G. 
J. Matula, Jr., and A. L. Meehan. 2008. Within-stand selection of Canada lynx natal dens 
in northwest Maine, USA. Journal of Wildlife Management 72:1514-1517. 

Oyler, J. W., S. Z. Dobrowski, A. P. Ballantyne, A. E. Klene, and S. W. Running. 2015. Artificial 
amplification of warming trends across the mountains of the western United States. 
Geophysical Research Letters 42:153-161. 

Painter, T. H., A. P. Barrett, C. C. Landry, J. C. Neff, M. P. Cassidy, C. R. Lawrence, K. E. 
McBride, and G. L. Farmer. 2007. Impact of disturbed desert soils on duration of 
mountain snow cover. Geophysical Research Letters 34:L12502. 

Painter, T. H., D. F. Berisford, J. W. Boardman, K. J. Bormann, J. S. Deems, F. Gehrke, A. 
Hedrick, M. Joyce, R. Laidlaw, D. Marks, C. Mattmann, B. McGurk, P. Ramirez, M. 
Richardson, S. M. Skiles, F. C. Seidel, and A. Winstral. 2016. The Airborne Snow 
Observatory: Fusion of scanning lidar, imaging spectrometer, and physically-based 
modeling for mapping snow water equivalent and snow albedo. Remote Sensing of 
Environment 184:139-152. 

Parker, G. R. 1984. Use of spruce plantations by snowshoe hares in New Brunswick. The 
Forestry Chronicle 60:162-166. 

Parker, G. R. 1986. The importance of cover on use of conifer plantations by snowshoe hares in 
northern New Brunswick.  The Forestry Chronicle 62:159-163. 

Parker, G. R., J. W. Maxwell, and L. D. Morton. 1983. The ecology of lynx (Lynx canadensis) on 
Cape Breton Island. Canadian Journal of Zoology 61:770-786. 

Passamaquoddy Tribe. 2014. Environment. http://www.passamaquoddy.com/?page_id=134. 

Patton, G. 2006. Idaho snow-track survey, Winter 2006. Unpubl. report, Idaho Department of 
Fish and Game, Nampa, Idaho. 31 pp. 

Payne, J. T., A. W. Wood, A. F. Hamlet, R. N. Palmer, and D. P. Lettenmaier, 2004: Mitigating 
the effects of climate change on the water resources of the Columbia River basin. 
Climatic Change 62:233-256. 

Pederson, G. T., S. T. Gray, C. A. Woodhouse, J. L. Betancourt, D. B. Fagre, J. S. Littell, E. 
Watson, B. H. Luckman, and L. J. Graumlich. 2011. The unusual nature of recent 
snowpack declines in the North American cordillera. Science 333:332-335. 

Pederson, G. T., J. L. Betancourt, and G. J. McCabe. 2013. Regional patterns and proximal 
causes of the recent snowpack decline in the Rocky Mountains, U.S. Geophysical 
Research Letters 40:1811-1816.  

Peers, M. J. L., D. H. Thornton, and D. L. Murray. 2013. Evidence for large-scale effects of 
competition: niche displacement in Canada lynx and bobcat. Proc R Soc B 280: 
20132495. http://rspb.royalsocietypublishing.org/content/280/1773/20132495. 

http://www.passamaquoddy.com/?page_id=134
http://rspb.royalsocietypublishing.org/content/280/1773/20132495


273 
 

Peers, M. J. L., M. Wehtje, D. H. Thornton, and D. L. Murray. 2014. Prey switching as a means 
of enhancing persistence in predators at the trailing southern edge. Global Change 
Biology 20:1126–1135. 

Peng, C., Z. Ma, X. Lei, Q Zhu, H. Chen, W. Wang, S. Liu, W. Li, X Fang, and X. Zhou. 2011. A 
drought-induced pervasive increase in tree mortality across Canada’s boreal forests. 
Nature Climate Change 1:467-471. 

Penobscot Indian Nation. 2012. Chapter VII Inland Fish and Game Regulations. Approved by 
Chief and Council, June 13, 2012. 34 pp. Accessed May 15, 2014. Revised June 4, 
2016. http://www.narf.org/nill/codes/penobscot/ch07.PDF. 

Penobscot Indian Nation. 2014. Department of Natural Resources. Accessed May 15, 2014. 
Revised 2016. https://www.penobscotnation.org/departments/natural-resourcesNatural 
Resources.  

Perez-Garcia, J., L. Joyce, L., A. D. McGuire, and X. Xiao. 2002.  Impacts  of climate change on 
the global forest sector. Climatic Change 54:439-461. 

Peters, G. P., R. M. Andrew, T. Boden, J. G. Canadell, P. C. Ciais, C. LeQuere, G. Marland, M. 
R. Raupach, and C. Wilson. 2013. The challenge to keep global warming below 2oC. 
Nature Climate Change 3.1:4-6. 

Pidot, J. 2011. Conservation easement reform: As Maine goes should the nation follow? Law 
and Contemporary Problems 74:1-27. 

Pierce, D. W., T. P. Barnett, H. G. Hidalgo, T. Das, C. Bonfils, B. D. Santer, G. Bala, M. D. 
Dettinger, D. R. Cayan, A. Mirin, A. W. Wood, and T. Nozawa. 2008. Attribution of 
declining western U.S. snowpack to human effects. Journal of Climate 21:6425-6444. 

Pilgrim, K. 2016. Personal communication re: DNA-verified lynx in Wyoming; electronic mail 
reply to J. Zelenak, USFWS, Helena, MT, Sept. 8, 2016. 

Pitt, D. and L. Lanteigne. 2008.  Long-term outcome of precommercial thinning in northwestern 
New Brunswick:growth and yield of balsam fir and red spruce.  Canadian Journal of 
Forest Research 38:592-610. 

Poole, K. G. 1994. Characteristics of an unharvested lynx population during a snowshoe hare 
decline. Journal of Wildlife Management 58:608-618. 

Poole, K. G. 1997. Dispersal patterns of lynx in the Northwest Territories. Journal of Wildlife 
Management 61:497-505. 

Poole, K. G. 2003. A review of the Canada lynx, Lynx canadensis, in Canada. The Canadian 
Field Naturalist 117:360-376. 

Poole, K. G. and G. Mowat. 2001. Alberta furbearer harvest data analysis. Alberta Sustainable 
Resource Development, Fish and Wildlife Division, Alberta Species at Risk Report No. 
31. Edmonton, AB. 51 pp. 

http://www.narf.org/nill/codes/penobscot/ch07.PDF.
http://www.narf.org/nill/codes/penobscot/ch07.PDF.
https://www.penobscotnation.org/departments/natural-resourcesNatural%20Resources.
https://www.penobscotnation.org/departments/natural-resourcesNatural%20Resources.


274 
 

Pothier D. and M. Prevost. 2008. Regeneration development under shelterwoods in a lowland 
red spruce – balsam fir stand.  Canadian Journal of Forest Research 38:31-39. 

Pozzanghera, C. B., K. J. Sivy, M. S. Lindberg, and L. R. Prugh. 2016.  Variable effects of snow 
conditions across boreal mesocarnivore species.  Can. Journal of Zoology 94:697-705. 

Prasad, A. M., L. R. Iverson., S. Matthews., M. Peters. 2007-ongoing. A Climate Change Atlas 
for 134 Forest Tree Species of the Eastern United States [database]. 
http://www.nrs.fs.fed.us/atlas/tree, Northern Research Station, USDA Forest Service, 
Delaware, Ohio. 

Prentice, M. B., J. Bowman, K. Khidas, E. L. Koen, J. R. Row, D. L. Murray, and P. J. Wilson. 
2017. Selection and drift influence genetic differentiation of insular Canada lynx (Lynx 
Canadensis) on Newfoundland and Cape Breton Island.  Ecology and Evolution 
2017:3281-3294. 

Price, D. T., R. I. Alfaro, K. J. Brown, M. D. Flannigan, R. A. Fleming, E. H. Hogg, M. P. 
Girardin, T. Lakusta, M. Johnston, D. W. McKenney, J. H. Pedlar, T. Stratton, R. N. 
Sturrock, I. D. Thompson, J. A. Trofymow, and L. A. Venier. 2013. Anticipating the 
consequences of climate change for Canada’s boreal forest ecosystems. Environmental 
Review 21:322-365. 

Pryor, S. C., D. Scavia, C. Downer, M. Gaden, L. Iverson, R. Nordstrom, J. Patz, and G. P. 
Robertson. 2014. Ch. 18: Midwest. Climate Change Impacts in the United States: The 
Third National Climate Assessment, J. M. Melillo, Terese (T.C.) Richmond, and G. W. 
Yohe, Eds., U.S. Global Change Research Program, 418-440. doi:10.7930/J0J1012N. 
http://nca2014.globalchange.gov/report/regions/midwest. 

Publicover, D. 2013. High-elevation spruce-fir forest in the northern forest: an assessment of 
ecological value and conservation priorities. Appalachian Mountain Club, Gorham, New 
Hampshire. https://nsrcforest.org/sites/default/files/uploads/publicoverfull11.pdf. 

Public Law 95-625. (1978). National Parks and Recreation Act of 1978. 84 pp. 

Pulliam, H. R. 1988. Sources, Sinks, and Population Regulation. The American Naturalist 
132:652-661. 

Qian, Y., W. I. gustafson, L. R. Leung, and S. J. Ghan. 2009. Effects of soot-induced snow 
albedo change on snowpack and hydrological cycle in western United States based on 
weather research and forecasting chemistry and regional climate simulations. Journal of 
Geophysical Research 114:D03108. 

Quinn, N. W. S. and G. Parker. 1987. Lynx. Pages 683-694 in M. Novak, J.A. Barber, M.E. 
Obbard, B. Malloch (eds.). Wild furbearer management and conservation in North 
America. Ontario Ministry of Natural Resources. 

Raffa, K. F., B. H. Aukema, B. J. Bentz, A. L. Carroll, J. A. Hicke, M. G. Turner, and W. H. 
Romme. 2008. Cross-scale drivers of natural disturbances prone to anthropogenic 
amplification: the dynamics of bark beetle eruptions. Bioscience 58:501-517. 

http://nca2014.globalchange.gov/report/regions/midwest
https://nsrcforest.org/sites/default/files/uploads/publicoverfull11.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf
http://www.nrc.gov/public-involve/info-quality/pl106-554.pdf


275 
 

Rangwala, I. and J. R. Miller. 2012. Climate change in mountains: a review of elevation-
dependant warming and its possible causes. Climate Change 114:527-547. 

Rangwala, I., E Sinsky, and J. R. Miller. 2013. Amplified warming projections for high altitude 
regions of the northern hemisphere mid-latitudes from CMIP5 models. 10 pp. 

Rasouli, K., J. W. Pomeroy, and D. G. Marks. 2015. Snowpack sensitivity to perturbed climate in 
a cool midlatitude mountain catchment. Hydrological Processes 29:3925-3940. 

Ravenscroft, C., R. M. Scheller, D.J. Mladenoff, and M. A. White. 2010. Forest restoration in a 
mixed ownership landscape. Ecological Applications 20:327–346. 

Rawlins, M. A., R. S. Bradley, and H. F. Diaz. 2012. Assessment of regional climate model 
simulation estimates over the northeast United States, J. Geophys. Res., 117, D23112, 
doi:10.1029/2012JD018137. 

Ray, J. C., J. E. Organ, and M. S. O’Brien. 2002. Canada lynx (Lynx canadensis) in the northern 
Appalachians: current knowledge, research priorities, and a call for regional cooperation 
and action. Report of a meeting held in Portland, Maine April, 2002. Wildlife 
Conservation Society, Toronto, Ontario, Canada. 
http://carnivorecology.free.fr/pdf/WCSlynx.pdf. 

Reeve, A., F. Lindzey, and S. Buskirk. 1986a. Historic and recent distribution of the lynx in 
Wyoming: Tables, figures, and appendices A-D. Wyoming Cooperative Fishery and 
Wildlife Research Unit, Laramie. Pp. 25-76. 

Reeve, A., F. Lindzey, and S. Buskirk. 1986b. Historic and recent distribution of the lynx in 
Wyoming. Wyoming Cooperative Fishery and Wildlife Research Unit, Laramie. 21 
pp.Regniere, J., R. St-Amant, and P. Duval. 2012. Predicting insect distributions under 
climate change from physiological responses: spruce budworm as an example. 
Biological Invasions 14:1571-1586. 

Reichard, M. V., D. L. Caudell, and A. A. Kocan. 2004. Survey of Helminth lung parasites of 
bobcats (Lynx rufus) from Alabama, Kansas, New Mexico, Oklahoma, and Virginia, 
U.S.A. Comparative Parasitology 71:88-90. 

Reimer, J. P. 2016. Personal communication re: Lynx range - area request; electronic mail reply 
to J. Zelenak, USFWS, Helena, MT, May 5, 2016. 

Richardson, A.D. and A.J. Friedland. 2009. A review of the theories to explain arctic and alpine 
treelines around the world. Journal of Sustainable Forestry 28:218‐242. 

Riley, K. L., J. T. Abatzoglou, I. C. Grenfell, A. E. Klene, and F. A. Heinsch. 2013. The 
relationship of large fire occurrence with drought and fire danger indices in the western 
USA, 1984–2008: the role of temporal scale. International Journal of Wildland Fire 22: 
894–909. http://dx.doi.org/10.1071/WF12149. 

Rizzo, B. and E. Wiken. 1992. Assessing the sensitivity of Canada’s ecosystems to climatic 
change. Climatic Change 21:37-55. 

http://dx.doi.org/10.1029/2012JD018137
http://carnivorecology.free.fr/pdf/WCSlynx.pdf
http://dx.doi.org/10.1071/WF12149


276 
 

Roberts, N. M. and S. M. Crimmins. 2010. Bobcat population status and management in North 
America: evidence of large-scale population increase. Journal of Fish and Wildlife 
Management 1:169-174. 

Robinson, L. 2006. Ecological relationships among partial harvesting, vegetation, snowshoe 
hares, and Canada lynx in Maine. M. S. Thesis, University of Maine, Orono, Maine, 
USA. 184 pp. 

Rodriguez, A. and M. Delibes. 2003. Population fragmentation and extinction in the Iberian lynx. 
Biological Conservation 109:321-331. 

Rojelj, J., M. Meinshausen, and R. Knutti. 2012. Global warming under old and new scenarios 
using IPCC climate sensitivity range estimates. Nature Climate Change 2:248-253. 

Rolek, B. 2016., Maine Cooperative Fish and Wildlife Research Unit, University of Maine, 
Orono.  Unpublished data from doctoral dissertation shared by Dan Harrison with Mark 
McCollough, USFWS, Maine Field Office on 2.29.2016. 

Rolstad, J. 1991. Consequences of forest fragmentation for the dynamics of bird populations: 
conceptual issues and the evidence. Biol. Journal of the Linnean Soc. 42.1-2:149-163. 

Romero-Lankao, P., J.B. Smith, D.J. Davidson, N.S. Diffenbaugh, P.L. Kinney, P. Kirshen, P. 
Kovacs, and L. Villers Ruiz, 2014: North America. In: Climate Change 2014: Impacts, 
Adaptation, and Vulnerability. Part B: Regional Aspects. Contribution of Working Group 
II to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change 
[Barros, V.R., C.B. Field, D.J. Dokken, M.D. Mastrandrea, K.J. Mach, T.E. Bilir, M. 
Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S. 
MacCracken, P.R. Mastrandrea, and L.L. White (eds.)]. Cambridge University Press, 
Cambridge, United Kingdom and New York, NY, USA, pp. 1439-1498. http://ipcc-
wg2.gov/AR5/report/graphics/Ch26. 

Roth, J. D., J. D. Marshall, D. L. Murray, D. m. Nickerson, and T. D. Steury. 2007. Geographical 
gradients in diet affect population dynamics of Canada lynx. Ecology 88:2736–2743.  

Row, J. R., C. Gomez, E. L. Koen, J. Bowman, D. L. Murray, and P. J. Wilson. 2012. Dispersal 
promotes high gene flow among Canada lynx populations across mainland North 
America. Conservation Genetics 13:1259-1268. 

Rowe, J. S. 1972. Forest regions of Canada. Canadian Forestry Service, Publication 1300, 
Ottawa, Canada. 

Roy, C., L. Imbeau, and M. J. Mazerole. 2010. Transformation of abandoned farm fields into 
coniferous plantations: is there enough vegetation structure left to maintain winter habitat 
for snowshoe hares?  Canadian Journal of Zoology 88:579-588. 

Ruediger, B., J. Claar, S. Gniadek, B. Holt, L. Lewis, S. Mighton, B. Naney, G. Patton, T. 
Rinaldi, J. Trick, A. Vandehey, F. Wahl, N. Warren, D. Wenger, and A. Williams. 2000. 
Canada lynx conservation assessment and strategy, second edition. USDA Forest 
Service, USDI Fish and Wildlife Service, USDI Bureau of Land Management, USDI 
National Park Service. Forest Service Publication #R1-00-53, Missoula, MT. 

http://ipcc-wg2.gov/AR5/report/graphics/Ch26
http://ipcc-wg2.gov/AR5/report/graphics/Ch26


277 
 

Ruggiero, L. F., M. K. Schwartz, K. B. Aubry, C. J. Krebs, A. Stanley, S. W. Buskirk. 2000a. 
Species conservation and and natural variation among populations. Pages 101-116 in 
Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. J. Krebs, K. S. McKelvey, 
and J. R. Squires, (eds.). Ecology and conservation of lynx in the contiguous United 
States. University Press of Colorado, Boulder, Colorado. 

Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. J. Krebs, K. S. McKelvey, and J. 
R. Squires. 2000b. The scientific basis for lynx conservation: qualified insights. Pages 
443-454 in Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. J. Krebs, K. S. 
McKelvey, and J. R. Squires, (eds.). Ecology and conservation of lynx in the contiguous 
United States. University Press of Colorado, Boulder, Colorado. 

Rupp, T. S., F. S. Chapin III, and A. M. Starfield. 2000. Response of subarctic vegetation to 
transient climatic change on the Seward Peninsula in north-west Alaska. Global Change 
Biology 6:541-555. 

Russell, M. and M. Albers. 2016. Eastern spruce budworm: Management approaches in 
Minnesota’s forests. University of Minnesota Extension center for Agriculture, Food and 
Natural Resources - Forestry. University of Minnesota, Twin Cities. 4 pp. 

Rustad, L., J. Campbell, J. S. Dukes, T. Huntington, K. F. Lambert, J. Mohan, and N. 
Rodenhouse. 2012. Changing climate, changing forests: the impacts of climate change 
on forests of the Northeastern United States and Eastern Canada. General Technical 
Report NRS-99. Newtown Square, Pennsylvania: U. S. Department of Agriculture, 
Forest Service, Northern Research Station. 48pp. 

Sader, S. A., M. Bertrand, and E. H. Wilson. 2003.  Satellite change detection of forest harvest 
patterns on an industrial forest landscape. Forest Science 49:341-353. 

Salathe, E. P., Jr., L. R. Leung, Y. Qian, and Y. Zhang. 2010. Regional climate model 
projections for the State of Washington. Climatic Change 102:51-75. 

Sarmiento, L. and B. D. Stough. 1956. Troglostrongylus wilsoni (Stough, 1953) n. comb. 
(Nematoda: Metastrongylidae) from the lungs of bobcat, Lynx rufus rufus. The Journal of 
Parasitology 42:45-48. 

Saunders, J. K., Jr. 1963. Food habits of the lynx in Newfoundland. Journal of Wildlife 
Management 27:384–390. 

Scalzitti, J., C. Strong, and A. Kochanski. 2016. Climate change impact on the roles of 
temperature and precipitation in western U.S. snowpack variability. Geophysical 
Research Letters 43:5361-5369. 

SCCMT. 2014. Southwestern Crown Carnivore Monitoring Team. Forest carnivore monitoring in 
the Southwestern Crown of the Continent: Progress Report 2012-2014. 48 pp.  

Schauffler, M. and G. L. Jacobson. 2002. Persistence of coastal spruce refugia during the 
Holocene in northern New England, USA, detected by stand-scale pollen stratigraphies. 
Journal of Ecology 90:235-250. 



278 
 

Scheller, R. M. and D. J. Mladenoff. 2005. A spatially interactive simulation of climate change, 
harvesting, wind, and tree species migration and projected changes to forest 
composition and biomass in northern Wisconsin, USA. Global Chan. Biol. 11.2:307-321. 

Schindler, D. W. and P. G. Lee. 2010. Comprehensive conservation planning to protect 
biodiversity and ecosystem services in Canadian boreal regions under a warming 
climate and increasing exploitation. Biological Conservation 143:1571-1586.                        

Schmitz, O. J., E. Post, C. E. Burns, and K. M. Johnston. 2003. Ecosystem responses to global 
climate change: moving beyond color mapping. BioScience 53:1200-1205. 

Schwartz. M. K. 2017. Peer review for the U.S. Fish and Wildlife Service’s Draft Species Status 
Assessment for the Canada lynx. USDA Forest Service Rocky Mountain Research 
Station, Missoula, MT. 5 pp.   

Schwartz, M. K., L. S. Mills, K. S. McKelvey, L. F. Ruggerio, and F. W. Allendorf. 2002. DNA 
reveals high dispersal synchronizing the population dynamics of Canada lynx. Nature 
415:520-522. 

Schwartz, M. K., L. S. Mills, Y. Ortega, L. F. Ruggerio, and F. W. Allendorf. 2003. Landscape 
location affects genetic variation of Canada lynx (Lynx canadensis). Molecular Ecology 
12:1807-1816. 

Schwartz, M. K., K. L. Pilgrim, K. S. McKelvey, E. L. Lindquist, J. J. Clarr, S. Loch, and L. F. 
Ruggerio. 2004. Hybridization between Canada lynx and bobcats: genetic results and 
management implications. Conservation Genetics 5:349-355. 

Scott, S. A. 2009. Spatio-temporal dynamics of snowshoe hare density and relationships to 
Canada lynx occurrence in northern Maine. M.S. thesis. University of Maine at Orono. 
190 pp. 

Settele, J., R. Scholes, R. Betts, S. Bunn, P. Leadley, D. Nepstad, J.T. Overpeck, and M.A. 
Taboada, 2014: Terrestrial and inland water systems. In: Climate Change 2014: 
Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects. Contribution 
of Working Group II to the Fifth Assessment Report of the Intergovernmental Panel on 
Climate Change [Field, C.B., V.R. Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea, 
T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, 
A.N. Levy, S. MacCracken, P.R. Mastrandrea, and L.L. White (eds.)]. Cambridge 
University Press, Cambridge, United Kingdom and New York, NY, USA, pp. 271-359. 

Seymour, R. S. 1992. The red spruce-balsam fir forest of Maine: Evolution of silvicultural 
practice in response to stand development patterns and disturbances. Pages 217-244 in 
The Ecology and Silviculture of Mixed-Species Forests: A Festschrift for David M. Smith. 
Kelty, M.J., B.C. Larson, and C.D. Oliver (eds.). Kluwer Academic Publishers, 
Netherlands. 308pp. 

Seymour, R. S. and M. L. Hunter, Jr. 1992. New forestry in eastern spruce-fir forests: principles 
and applications in Maine. Maine Agricultural and Forest Experiment Station, University 
of Maine, Miscellaneous Publication 716, Orono, Maine, USA. 36 pp. 



279 
 

Seymour, R. S., A. S. White, and P. G. deMaynadier. 2002. Natural disturbance regimes in 
northeastern North America - evaluating silvicultural systems using natural scales and 
frequencies. Forest Ecology and Management 155:357-367. 

Shafer, M., D. Ojima, J. M. Antle, D. Kluck, R. A. McPherson, S. Petersen, B. Scanlon, and K. 
Sherman. 2014. Ch. 19: Great Plains. Climate Change Impacts in the United States: The 
Third National Climate Assessment, J. M. Melillo, Terese (T.C.) Richmond, and G. W. 
Yohe, Eds., U.S. Global Change Research Program, 441-461. doi:10.7930/J0D798BC. 
http://nca2014.globalchange.gov/report/regions/great-plains. 

Shenk, T. M. 2008. Post-release monitoring of lynx reintroduced to Colorado. Wildlife research 
report, July 2007–June 2008. Colorado Division of Wildlife, Fort Collins, Colorado. 25 pp. 

Shenk, T. M. 2009. Post-release monitoring of lynx reintroduced to Colorado. Wildlife research 
report, July 2008–August 2009. Colorado Division of Wildlife, Fort Collins, Colorado. 28 
pp. + Appendices. 

Shenk, T. M. 2010. Post-release monitoring of lynx reintroduced to Colorado. Wildlife research 
report, July 2009–June 2010. Colorado Division of Wildlife, Fort Collins, Colorado. 26 pp. 

Siegler, H. R. and S. E. Jorgensen. 1971. The Status of wildcats in New Hampshire” 
Proceedings of the Symposium on Native Cats of North America. U.S. Bureau of Sport, 
Fish, and Wildlife. Portland. 139 pp. 

Sievert, P. R. and L. B. Keith. 1985. Survival of snowshoe hares at a geographic range 
boundary. J. Wildl. Manage. 49:854-866. 

Silver, H. 1957. A history of New Hampshire game and furbearers. New Hampshire Fish and 
Game Department, Concord. 

Silver, H. 1974. A history of New Hampshire game and furbearers. No. 6, New Hampshire Fish 
and Game Dept. Concord. 466 pp. 

Simons, E. M. 2009. Influences of past and future forest management on the spatiotemporal 
dynamics of habitat supply for Canada lynx and American martens in northern Maine. 
Ph.D. dissertation, University of Maine at Orono. 247 pp. 

Simons-Legaard, E.M. 2015. Erin Simons-Legaard, Assistant Research Professor in Forest 
Landscape Modeling, School of Forest Resources, University of Maine, Orono, Maine to 
Mark McCollough, U. S. Fish and Wildlife Service, Maine Field Office, Orland, Maine. 

Simons-Legaard, E. M. 2016. Modeling timber harvest and habitat uncertainty: landscape trends 
(2010-2060) for Canada lynx and American marten in Maine. University of Maine Report 
to U. S. Fish and Wildlife Service, Maine Field Office. 19 pp. 

Simons-Legaard, E. M., D. J. Harrison, and K. R. Legaard. 2016. Habitat monitoring and 
projections for Canada lynx: linking the Landsat archive with carnivore occurrence and 
prey density. Journal of Applied Ecology 53:1260-1269. 

http://nca2014.globalchange.gov/report/regions/great-plains


280 
 

Simons-Legaard, E. M., D. J. Harrison, W. B. Krohn, and J. H. Vashon. 2013. Canada lynx 
occurrence and forest management in the Acadian Forest. Journal of Wildlife 
Management 77:567-578. 

Singleton, P.H., W.L.Gaines, and J.F. Lehmkuhl. 2002. Landscape permeability for large 
carnivores in Washington: a geographic information system weighted-distance and least-
cost corridor assessment. Res. Pap. PNW-RP-549. Portland, OR: U.S. Department of 
Agriculture, Forest Service, Pacific Northwest Research Station. 89 pp. 

Siren, A. P. K. 2014a. 2012-2014 New Hampshire Fish and Game Canada Lynx Summary 
Report. 44 pp. 

Siren, A. P. K. 2016a. Winter 2014–2015 New Hampshire Canada lynx snow track and camera 
surveys. 2 pp. 

Siren, A. P. K. 2014b. A comparison of snow-track and camera surveys for detecting Canada 
lynx (Lynx canadensis) and sympatric carnivores in northcentral New England. 
Unpublished report emailed to Mark McCollough, USFWS on 12.23.2014. 

Siren, A. P. K. 2016b. Personal communication re: additional question or two about climate 
change citations; electronic mail reply to J. Zelenak, USFWS, Helena, MT, June 9, 2016. 

Siren, A., P. K. 2017.  Assessing potential impacts of climate change on carnivore occupancy 
and snowshoe hare demography along elevational and latitudinal gradients in New 
England.  Unpublished Report provided to the U. S. Fish and Wildlife Service, electronic 
maile to M. McCollough dated June 21, 2017. 33pp. 

Siren, A.P. K., A. Newell, J. R. Killborn. 2015. Influence of stand and landscape composition on 
snowshoe hare density and population fluctuations in the White Mountain National 
Forest. Unpublished Report, University of Massachusetts, Amherst, Massachusetts. 

Slough, B. G. 1999. Characteristics of Canada lynx, Lynx canadensis, maternal dens and 
denning habitat. Canadian Field-Naturalist 113:605-608. 

Slough, B. G. and G. Mowat. 1996. Population dynamics of lynx in a refuge and interactions 
between harvested and unharvested populations. Journal of Wildlife Management 
60:946-961. 

Smith, W.K., M.J. Germino, T.E. Hancock, and D.M. Johnson. 2003. Another perspective on 
altitudinal limits of alpine timberlines. Tree Physiology 23:1101‐1112. 

Sohngen, B. R. Mendelsohn, and R. Sedjo. 1998. A global model of climate change impacts on 
timber markets.  Journal of Agricultural and Resource Economics 26:326-343. 

Soja, A. J., N. M. Tchebakova, N. H. F. French, M. D. Flannigan, H. H. Shugart, B. J. Stocks, A. 
I. Sukhinin, E. I. Parfenova, F. S. Chapin III, and P. W. Stackhouse Jr. 2007. Climate-
induced boreal forest change: predictions versus current observations. National 
Aeronautic and Space Administration Report.  
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20080007122.pdf. 

https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20080007122.pdf


281 
 

Sparks, J. 2016a. Personal communication re: Garnet Questions; electronic mail reply to J. 
Zelenak, USFWS, Helena, MT, Feb. 3, 2016. 

Sparks, J. 2016b. Personal communication re: BLM Mgmt Plans and Lynx; electronic mail reply 
to J. Zelenak, USFWS, Helena, MT, June 29, 2016. 

Sprugel, D. G. 1976. Dynamic structure of wave-regenerated Abies balsamea forests in the 
north-eastern United States. The Journal of Ecology 64:889-911. 

Squires, J. R. 2014. Peer review of proposed critical habitat designation for the Canada lynx. 
January 15, 2014. 11 pp. 

Squires, J. R. 2016. Personal communication re: Garnet lynx; electronic mail reply to J. Zelenak, 
USFWS, Helena, MT, May 23, 2016. 

Squires, J. R. and T. Laurion. 2000. Lynx home range and movements in Montana and 
Wyoming: preliminary results. Pages 337-349 in Ruggiero, L. F., K. B. Aubry, S. W. 
Buskirk, G. M. Koehler, C. J. Krebs, K. S. McKelvey, and J. R. Squires, (eds.). Ecology 
and conservation of lynx in the contiguous United States. University Press of Colorado, 
Boulder, Colorado. 

Squires, J. R. and R. Oakleaf. 2005. Movements of a male Canada lynx crossing the Greater 
Yellowstone Area, including highways. Northwest Science 79:196-2001. 

Squires, J. R. and L. F. Ruggiero. 2007. Winter prey selection of Canada lynx in northwestern 
Montana. Journal of Wildlife Management 71:310-315. 

Squires, J. R., S. Tomson, L. F. Ruggiero, and B. Oakleaf. 2001. Distribution of lynx and other 
forest carnivores in the Wyoming Range, southcentral Wyoming. Progress report: 
winters 2000 and 2001. Unpubl. report, USDA Forest Service, Rocky Mountain 
Research Station, Missoula, Montana. 42 pp. 

Squires, J. R., N. J. DeCesare, S. Tomson, L. F. Ruggiero, and B. Oakleaf. 2003. Distribution of 
lynx and other forest carnivores in the Wyoming Range, southcentral Wyoming. Final 
Report. USDA Forest Service, Rocky Mountain Research Station, Missoula, Montana, 
and the Wyoming Game and Fish Department. 46 pp. 

Squires, J. R., L. F. Ruggiero, and J. A. Kolbe. 2004a. Ecology of lynx in western Montana, 
including Seeley Lake. Progress report - January 2003-September 2004. Unpubl. report, 
USDA Forest Service, Rocky Mountain Research Station, Missoula, Montana. 21 pp. 

Squires, J. R., K. S. McKelvey, and L. F. Ruggiero. 2004b. A snow-tracking protocol used to 
delineate local lynx, Lynx canadensis, distributions. Can. Field-Naturalist 118:583-589. 

Squires, J. R., N. J. DeCesare, J. A. Kolbe, and L. F. Ruggiero. 2004c. Movements of lynx 
relative to landscape features, including transportation corridors. 2004 progress report. 
Unpubl. report. USDA Forest Service, Rocky Mountain Research Station, Missoula, 
Montana. 32 pp. 



282 
 

Squires, J. R., L. F. Ruggiero, J. A. Kolbe, and N. J. DeCesare. 2006a. Lynx ecology in the 
intermountain west. Unpubl. report. USDA Forest Service, Rocky Mountain Research 
Station, Missoula, Montana. 51 pp.  

Squires, J. R., D. H. Pletscher, T. J. Ulizio, and L. F. Ruggiero. 2006b. The association between 
landscape features and transportation corridors on movements and habitat-use patterns 
of wolverines. Final report, June 2006. Unpubl. report. USDA Forest Service, Rocky 
Mountain Research Station, Missoula, Montana. 53 pp. 

Squires, J. R., N. J. DeCesare, J. A. Kolbe, and L. F. Ruggiero. 2008. Hierarchical den selection 
of Canada lynx in western Montana. Journal of Wildlife Management 72:1497-1506.  

Squires, J. R., N. J. DeCesare, J. A. Kolbe, and L. F. Ruggiero. 2010. Seasonal resource 
selection of Canada lynx in managed forests of the Northern Rocky Mountains. Journal 
of Wildlife Management 74:1648-1660. 

Squires, J. R., L. E. Olson, D. L. Turner, N. J. DeCesare, and J. A. Kolbe. 2012. Estimating 
detection probability for Canada lynx Lynx Canadensis using snow-track surveys in the 
Northern Rocky Mountains, Montana, USA. Wildlife Biology 18:215-224. 

Squires, J. R., N. J. DeCesare , L. E. Olson , J. A. Kolbe, M. Hebblewhite, and S. A. Parks. 
2013. Combining resource selection and movement behavior to predict corridors for 
Canada lynx at their southern range periphery. Biological Conservation 157:187-195. 

Squires J., J. Ivan, and R. Ghormley. 2016. Canada Lynx and Snowshoe Hare Response to 
Spruce-Beetle Tree Mortality, April 2016 Update. Unpublished. 5pp. 

Staples, W. R. 1995. Lynx and coyote diet and habitat relationships during a low hare 
population on the Kenai peninsula, Alaska. - M. S. Thesis, University of Alaska, 
Fairbanks, Alaska, USA, 150 pp. 

Starfield, A. M. and F. S. Chapin, III. 1996. Model of transient changes in arctic and boreal 
vegetation in response to climate and land use change. Ecol. Applications 6:842-864. 

State of Minnesota. 2016. 84.0895 Protection of threatened and endangered species. 

Stenseth, N. C., Kung-Sik Chan, H. Tong, R. Boonstra, S. Boutin, C. J. Krebs, E. Post, M. 
O’Donague, H. G. Yoccoz, M. C. Forchhammer, and J. W. Hurell. 1999. Common 
dynamic structure of Canada lynx populations within three climatic regions. Science 
285:1071-1073. 

Stenseth, N. C,  G. Ottersen, J. W. Hurrell, A. Mysterud, M. Lima, Kung-Sik Chan, H. G. 
Yoccoz, and B. Adlandsvik. 2003. Studying climate effects on ecology through the use of 
climate indices: the North Atlantic Oscillation, El Nino Southern Oscillation and beyond. 
The Royal Society of London B 270:2087-2096. 

Stenseth, N. C., A. Shabbar, K. S. Chan, S. Boutin, E. K. Rueness, D. Ehrich, J. W. Hurrell, O. 
C. Lingjaerde, and K. S. Jakobsen. 2004. Snow conditions may create an invisible 
barrier for lynx. Proceedings of the National Academy of Sciences 101:10632-10634. 



283 
 

Steury, T. D. and D. L. Murray. 2004. Modeling the reintroduction of lynx to the southern portion 
of its range. Biological Conservation 117:127-141. 

Stinson, D. W. 2001. Washington State recovery plan for the lynx. Washington Department of 
Fish and Wildlife, Olympia, Washington. 78 pp. + 5 maps. 

Stocks, B. J. 1987. Fire behavior in immature jack pine. Canadian Journal of Forest Research 
17.1: 80-86. 

Stocks, B. J., M. A. Fosberg, T. J. Lynham, L. Mearns, B. M. Wotton, Q. Yang, J-Z Jin, K. 
Lawrence, G. R. Hartley, J. A. Mason, and D. W. McKenney. 1998. Climate change and 
fores fire potential in Russian and Canadian boreal forests. Climatic Change 38:1-13. 

Stoelinga, M.T., M.D. Albright, and C.F. Mass. 2010. A new look at snowpack trends in the 
Cascade Mountains. American Meteorological Society. 23:2473-2491. 

Strohm, S. and R. Tyson 2009. The effect of habitat fragmentation on cyclic population 
dynamics: a numerical study. Bulletin of Mathematical Biology 71.6:1323-1348. 

Sturm, M. S., J. P. McFadden, G. E. Liston, F. S. Chapin III, C. H. Racine, and J. Holmgren. 
2001. Snow-shrub interactions in the arctic tundra: a hypothesis with climatic 
implications. Journal of Climate 14:336-344. 

Sturtevant, B. R., B. R. Miranda, D. J. Shinneman, E.J. Gustafson, and P. T. Wolter. 2012. 
Comparing modern and presettlement forest dynamics of a subboreal wilderness: Does 
spruce budworm enhance fire risk? Ecological Applications 22:1278-1296. 

Sullivan, T. P. 1996. Influence of forest herbicide on snowshoe hare population dynamics; 
reproduction, growth, and survival.  Canadian Journal of Forest Research  26:112-119. 

Sullivan, T. P. and D. S. Sullivan. 1988. Influence of stand thinning on snowshoe hare 
population dynamics and feeding damage in lodgepole pine forest. Journal of Applied 
Ecology 25:791-805. 

Sultaire, S. M., J. N. Pauli, K. J. Martin, M. W. Meyer, M. Notaro, and B. Zuckerberg. 2016a. 
Climate change surpasses land-use change in contracting range boundary of a winter-
adapted mammal. Proceedings of the Royal society B 283:20153104. 

Sultaire, S. M., J. N. Pauli, K. J. Martin, M. W. Meyer, B. Zuckerberg. 2016b. Extensive forests 
and persistent snow cover momote snowshoe hare occupancy in Wisconsin. The 
Journal of Wildlife Management 80:894-905. 

Sustainable Forestry Initiative. 2015. SFI 2015-2019 Standards and rules. 
http://www.sfiprogram.org/files/pdf/2015-2019-standardsandrules-web-lr-pdf/ 

Swanson C. S. and J. B. Loomis. 1996. Role of nonmarket economic values in benefit-cost 
analysis of public forest management. Portland (OR): USDA Forest Service. General 
Technical Report PNW-GTR-361. 

Tang, G. and B. Beckage. 2010. Projecting the distrubition of forests in New England in 
response to climate change. Diversity and Distributions 16:144-158. 

http://www.sfiprogram.org/files/pdf/2015-2019-standardsandrules-web-lr-pdf/


284 
 

Tebaldi, C., D. Adams-Smith, and A. Kenward. 2013. Warming winters: U. S. temperature 
trends. Climate Central. http://www.climatecentral.org/wgts/warming-
winters/WarmingWinters.pdf. 

Tennant, C. J., B. T. Crosby, S. E. Godsey, R. W. VanKirk, and D. R. Derryberry. 2015. A 
simple framework for assessing the sensitivity of mountain watersheds to warming-
driven snowpack loss. Geophysical Research Letters 42:2814-2822. 

Thiel, R. P. 1987. The status of Canada lynx in Wisconsin, 1865-1980. Wisconsin Academy of 
Sciences, Arts and Letters. pp. 90-96. 

Thomas, J. A., J. G. Hallett, and M. A. O’Connell. 1997. Habitat use by snowshoe hares in 
managed landscapes of northeastern Washington. Report submitted to Washington 
Department of Fish and Wildlife, USDA Forest Service. 

Thompson, I. D., J. A. Baker, and M. Ter-Mikaelian. 2003. A review of the long-term effects of 
post-harvest silviculture on vertebrate wildlife, and predictive models, with an emphasis 
on boreal forests in Ontario, Canada. Forest Ecology and Management 177:441–469. 

Thompson, R. W. and J. C. Halfpenny. 1989. Canada lynx presence on the Vail ski area and 
proposed expansion areas. Unpubl. Rep., Western Ecosystems, Inc., Lafayette, CO. 

Thompson, R. W. and J. C. Halfpenny. 1991. Canada lynx presence on the proposed East Fork 
ski area. Unpubl. Rep., Western Ecosystems, Inc., Boulder, CO. 35 pp. 

TNC. 2016a. Clearwater Blackfoot Project: Erasing the great western checkerboard. The Nature 
Conservancy. 3 pp. 

TNC. 2016b. The Montana legacy project: Frequently asked questions. The Nature 
Conservancy. 3 pp. 

TNC. 2016c. The Montana Legacy Project – a new era for conservation. The Nature 
Conservancy in Montana. 6 pp. 

Trani, M. K., R. T. Brooks, T. L. Schmidt, V. A. Rudis, and C. M. Gabbard. 2001. Patterns and 
trends of early successional forests in the eastern United States.  Wildlife Society 
Bulletin 28:413-424. 

Trenberth, K. E., A. Dai, G. van der Schrieer, P. D. Jones, J. Barichivich, K. R. Briffa, and J. 
Sheffield . 2014. Global warming and changes in drought. Nat. Climate Change 4:17-22. 

USDA and USDI. 2003. Interagency strategy for the implementation of Federal wildland fire 
management policy (June 20, 2003). U.S. Department of Agriculture and U.S. 
Department of Interior. 57 pp.  

USDA and USDI. 2009. Guidance for implementation of Federal Wildland Fire Management 
Policy (February, 2009). U.S. Department of Agriculture and U.S. Department of Interior. 

USDI, USDA, DOE, DOD, DOC, USEPA, FEMA, and NASF. 2001. Review and update of the 
1995 Federal wildland fire management policy. iv + 78 pp.     

http://www.climatecentral.org/wgts/warming-winters/WarmingWinters.pdf
http://www.climatecentral.org/wgts/warming-winters/WarmingWinters.pdf


285 
 

U.S. District Court, Montana. 2014a. Order, CV 13-57-M-DWM, Friends of the Wild Swan, et al. 
vs. Daniel Ashe, et al. May 8, 2014. 9 pp.  

U.S. District Court, Montana. 2014b. Order, CV 13-57-M-DWM, Friends of the Wild Swan, et al. 
vs. Daniel Ashe, et al. June 25, 2014. 2 pp. 

U.S. District Court, Montana. 2016. Order, CV 14-270-M-DLC (Consolidated with Case No. 14-
272-M-DLC), WildEarth Guardians et al. vs. U.S. Dept. of the Interior et al. September 7, 
2016. 30 pp. 

USEPA. 2015. Climate change indicators in the United States: Snowpack. Updated June 2015. 
www.epa.gov/climatechange/indicators. 3 pp. 

USFS. 2004a. Land and Resource Management Plan, Superior National Forest. USDA Forest 
Service, Eastern Region, Milwaukee, Wisconsin. July 2004. 
https://www.fs.usda.gov/detail/superior/landmanagement/planning/?cid=fsm91_049716 

USFS. 2004b. Land and Resource Management Plan, Chippewa National Forest. USDA Forest 
Service, Eastern Region, Milwaukee, Wisconsin. July 2004. 
https://www.fs.usda.gov/detail/chippewa/landmanagement/planning/?cid=fsm9_016569 

USFS. 2004c. 2004 Land and Resource Management Plan, Chequamegon-Nicolet National 
Forests. April 2004. 
https://www.fs.usda.gov/detail/cnnf/landmanagement/planning/?cid=stelprdb5117262 

USFS. 2007. Northern Rockies Lynx Management Direction Record of Decision. USDA Forest 
Service, National Forests in Montana, and parts of Idaho, Wyoming and Utah. March 
2007. 71 pp. 

USFS. 2008a. Southern Rockies Lynx Amendment Record of Decision. USDA Forest Service, 
Rocky Mountain Region. October 2008. 78 pp. 

USFS. 2008b. Biological Assessment of the Southern Rockies Lynx Amendment on 
Threatened, Endangered and Proposed Species. U.S. Forest Service Rocky Mountain 
Region. 132 pp. 

USFS. 2009. Preliminary assessment of environmental attributes necessary to support a viable 
lynx population on National Forest System lands in northern New Mexico. USDA Forest 
Service, Southwestern Region, Albuquerque, New Mexico. 30 pp. 

USFS. 2011a. Programmatic Biological Assessment for Federally Listed Species. Superior 
National Forest. Duluth, Minnesota. 171 pp. 

USFS. 2011b. USDA Forest Service. Western bark beetle strategy: Human safety, recovery and 
resiliency. Unpublished Report. 24 pp. 
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5337222.pdf 

USFS. 2015a. USDA Forest Service, Region 1. Canada lynx 5-year status review: Lynx 
documentation 2000 to 2014. March 2015. 40 pp. 

http://www.epa.gov/climatechange/indicators
https://www.fs.usda.gov/detail/superior/landmanagement/planning/?cid=fsm91_049716
https://www.fs.usda.gov/detail/chippewa/landmanagement/planning/?cid=fsm9_016569
https://www.fs.usda.gov/detail/cnnf/landmanagement/planning/?cid=stelprdb5117262
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5337222.pdf


286 
 

USFS. 2015b. USDA Forest Service. Aerial Survey Highlights for Colorado for 2014. 
Unpublished Report. 8 pp.  

USFS and BLM. 1999. Biological Assessment of the Effects of National Forest Land and 
Resource Management Plans and Bureau of Land Management Land Use Plans on 
Canada Lynx. 165 pp. 

USFS and Colorado State Forest Service. 2014. Aerial survey highlights for Colorado 2014 
(insect damage). 8 pp. 

USFS and USFWS. 2000. Canada Lynx Conservation Agreement. Missoula, Montana. 12 pp. 

USFS and USFWS. 2006. Canada Lynx Conservation Agreement.  Missoula, Montana. 17 pp. 

USFWS. 2000. Biological opinion on the effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada lynx 
(Lynx canadensis) in the contiguous United States. USDI Fish and Wildlife Service, 
Denver, Colorado. October 25, 2000. 82 pp. 

USFWS. 2001. Biological opinion on the effects of the CITES Export Program for Appendix-II 
furbearer species on the contiguous United States Distinct Population Segment of the 
Canada lynx. USDI Fish and Wildlife Service, Washington, D.C. September 24, 2001. 21 
pp.   

USFWS. 2005. Draft recovery outline for the contiguous United States distinct population 
segment of the Canada lynx. Unpublished draft. USDI Fish and Wildlife Service, Region 
6, Denver, Colorado. 21 pp. 

USFWS. 2007. Biological opinion on the effects of the Northern Rocky Mountains Lynx 
Amendment on the Distinct Population Segment (DPS) of Canada lynx (Lynx 
canadensis) (lynx) in the contiguous United States. USDI Fish and Wildlife Service, 
Helena, Montana. March 23, 2007. 125 pp. 

USFWS. 2008a.  Revised critical habitat for the contiguous United States distinct population 
segment of the Canada lynx relative to the Kettle Range in Washington 
State.  Memorandum, Region 1 to Region 6.  USDI Fish and Wildlife Service, Spokane, 
Washington. June 5, 2008. 7 pp. 

USFWS. 2008b. Biological opinion on the effects of the Southern Rockies Lynx Amendment 
(SRLA) on the Distinct Population Segment (DPS) of Canada lynx (Lynx canadensis) 
(lynx) in the contiguous United States.  USDI Fish and Wildlife Service, Denver, 
Colorado. July 25, 2008. 93 pp. 

USFWS. 2011a. Eastern puma (=cougar) (Puma concolor couguar) 5-YEAR REVIEW: 
Summary and Evaluation. USDI Fish and Wildlife Service, Orono, Maine. March, 2011. 
107 pp. 

USFWS. 2011b. Biological opinion on the revised Land and Resource Management Plan 
(Forest Plan) for the Superior National Forest and its effects on the gray wolf (Canis 
lupus), gray wolf critical habitat, Canada lynx (Lynx canadensis), and Canada lynx 



287 
 

critical habitat. USDI Fish and Wildlife Service, Bloomington, Minnesota. September 16, 
2011. 82 pp. 

USFWS. 2014. Incremental Effects Memorandum for the Economic Analysis for the Proposed 
Rule to Revise the Designation of Critical Habitat for the Contiguous United States 
Distinct Population Segment of the Canada Lynx. 50 pp. 

USFWS. 2015a. News release: Service conducting five-year review for Canada lynx in 
preparation of recovery Planning. https://www.fws.gov/mountain-
prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php 

USFWS. 2016a. USFWS Species Status Assessment Framework. Version 3.4. August 2016. 21 
pp. https://www.fws.gov/endangered/improving_ESA/pdf/SSA_Fact_Sheet-
August_2016.pdf  

USFWS. 2016b. Canada lynx incidental take database, Minnesota. Unpul. data. USDI Fish and 
Wildlife Service, Bloomington, Minnesota. 

USFWS. 2016c. Lynx vehicle mortalities update, February 24, 2016. Unpubl. data. Compiled by 
K. Broderdorp, USDI Fish and Wildlife Service, Grand Junction, Colorado. 7 pp. 

United States National Assessment Team (2000) Climate change impacts on the United States: 
The potential consequences of climate variability and change. US Global Change 
Research Program. Cambridge University Press, New York, USA 

University of Alaska Center for Conservation Science. 2016. Canadian lynx annual distribution. 
1 pp. http://akgap.uaa.alaska.edu/species-data/canadian-lynx-annual-distribution/,   
Accessed 4/28/2016. 

University of Minnesota. 2013. Mean annual snowfall statistics for Minnesota. 
http://www.climate.umn.edu/snow_fence/Components/SFF/MeanSF/aveannual1971-
2000.htm. Accessed May 15, 2013. 

Vail, D. 2007. Tourism strategy for the Maine Woods: A big push to world class. Maine Policy 
Review 16.2: 104-115. 
http://digitalcommons.library.umaine.edu/cgi/viewcontent.cgi?article=1167&context=mpr. 

Vanbianchi, C. M., M. A. Murphy, and K. E. Hodges. 2015. Canada lynx use of burned areas: 
Conservation implications of changing fire regimes. Ecol Evol. 2017;00:1–13. 
https://doi.org/10.1002/ece3.2824. 

van Mantgem, P.J., Stephenson, N.L., Byrne, J.C., Daniels, L.D., Franklin, J.F., Fule´ , P.Z., 
Harmon, M.E., Larson, A.J., Smith, J.M., Taylor, A.H., Veblen, T.T., 2009. Widespread 
increase of tree mortality rates in the western United States. Science 323:521–524. 

van Oort, H., B. Mclellan, and R. Serrouya. 2011. Fragmentation, dispersal and metapopulation 
function in remnant populations of endangered mountain caribou. Animal Conservancy. 
14:215-224. van Zyll de Jong, C. G. 1966. Parasites of the Canada lynx Felis (Lynx) 
canadensis (Kerr). Canadian Journal of Zoology 44:499-509. 

https://www.fws.gov/mountain-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
https://www.fws.gov/mountain-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
https://www.fws.gov/endangered/improving_ESA/pdf/SSA_Fact_Sheet-August_2016.pdf
https://www.fws.gov/endangered/improving_ESA/pdf/SSA_Fact_Sheet-August_2016.pdf
http://www.fws.gov/mountain-prairie/species/mammals/lynx/20140606DraftEnvironmentalAssessment.pdf
http://www.fws.gov/mountain-prairie/species/mammals/lynx/20140606DraftEnvironmentalAssessment.pdf
http://akgap.uaa.alaska.edu/species-data/canadian-lynx-annual-distribution/
http://www.climate.umn.edu/snow_fence/Components/SFF/MeanSF/aveannual1971-2000.htm
http://www.climate.umn.edu/snow_fence/Components/SFF/MeanSF/aveannual1971-2000.htm
http://digitalcommons.library.umaine.edu/cgi/viewcontent.cgi?article=1167&context=mpr
https://doi.org/10.1002/ece3.2824


288 
 

van Zyll de Jong, C. G. 1971. The status and management of the Canada lynx in Canada. Pp. 
16-19 in Jorgensen, S. E. and L. D. Mech (eds.). Proceedings of a symposium on the 
native cats of North America: Their status and management. U.S. Dept. of Interior Fish 
and Wildlife Service, Twin Cities, MN, September 1971. 

Vashon, J. Maine Department of Inland Fisheries and Wildlife, Unpublished data. 

Vashon, J. 2017. Personal communication re: Lynx Maine Update; electronic mail to J. Zelenak, 
USFWS, Helena, MT, October 11, 2017. 

Vashon, J. 2015. Lynx canadensis. The IUCN Red List of Threatened Species 2015: 
e.T12518A50655041. http://dx.doi.org/10.2305/IUCN.UK.2015-
4.RLTS.T12518A50655041.en 

Vashon, J. H., A. L. Meehan, W. J. Jakubas, J. F. Organ, A. D. Vashon, C. R. McLaughlin, and 
G. J. Matula, Jr. 2005a. Preliminary diurnal home range and habitat use by Canada lynx 
(Lynx canadensis) in northern Maine. Unpubl. report, Maine Department of Inland 
Fisheries and Wildlife, Bangor, Maine. 29 pp. 

Vashon, J. H., J. F Organ, W. J. Jakubas, A. D. Vashon, G. J. Matula Jr., C. R. McLaughlin, and 
S. M. Crowley. 2005b. Reproduction and mortality of Canada lynx (Lynx canadensis) in 
northern Maine. Unpubl. report, Maine Department of Inland Fisheries and Wildlife, 
Bangor, Maine. 15 pp. 

Vashon, J. H., A. L. Meehan, W. J. Jakubas, J. F. Organ, A. D. Vashon, C. R. McLaughlin, G. J. 
Matula, Jr., and S. M. Crowley. 2008a. Spatial ecology of a Canada lynx population in 
northern Maine. Journal of Wildlife Management 72:1479–1487. 

Vashon, J. H., A. L. Meehan, J. F. Organ, W. J. Jakubas, C. R. McLaughlin, A. D. Vashon, and 
S. M. Crowley. 2008b. Diurnal habitat relationships of Canada lynx in an intensively 
managed private forest landscape in northern Maine. Journal of Wildlife Management 
72:1488–1496. 

Vashon, J., S. McLellan, S. Crowley, A. Meehan, and K. Laustsen. 2012. Canada lynx 
assessment. Maine Dept. Inland Fisheries and Wildlife, Research and Assessment 
Section, Bangor, Maine. 107 pp. 

Vaughan, D.G., J.C. Comiso, I. Allison, J. Carrasco, G. Kaser, R. Kwok, P. Mote, T. Murray, F. 
Paul, J. Ren, E. Rignot, O. Solomina, K. Steffen and T. Zhang, 2013: Observations: 
Cryosphere. In: Climate Change 2013: The Physical Science Basis. Contribution of 
Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on 
Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. 
Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge University 
Press, Cambridge, United Kingdom and New York, NY, USA. 

Veblen, T. T., K. S. Hadley, E. M. Nel, T. Kitzenberger, M. Reid, and R. Villalba. 1994. 
Disturbance regime and disturbance interactions in a Rocky Mountain subalpine forest. 
Journal of Ecology 82:125-135. 

Vermont Wildlife Action Plan Team. 2015. Vermont Wildlife Action Plan 2015. Vermont Fish & 
Wildlife Department. Montpelier, VT. http://www.vtfishandwildlife.com. 

http://www.vtfishandwildlife.com/


289 
 

Volney, W. J. A. and R. A. Fleming. 2000. Climate change and impacts of boreal forest insects.  
Agricultural Ecosystems and Environment 82:283-294. 

von Kienast, J. A. 2003. Winter habitat selection and food habits of lynx on the Okanogan 
Plateau, Washington. M.S. Thesis, University of Washington, Seattle. 57 pp. 

Wade, A. A., A. P. Ballantyne, A. J. Larson, and W. M. Jolly. 2017. Forests and climate change 
in Montana. Ch 4 in Whitlock, C., Cross, W., Maxwell, B., Silverman, N., and Wade, A. 
A. 2017. 2017 Montana Climate Assessment. Bozeman and Missoula MT: Montana 
State University and University of Montana, Montana Institute on Ecosystems. 318 p. 
doi:10.15788/m2ww8w. http://montanaclimate.org/chapter/forests. 

WADFW. 2016. DNS 16-038: Uplisting lynx from a state threatened species to a state 
endangered species. Washington Department of Fish and Wildlife, Olympia, 
Washington. 2pp. 

WADNR. 2006. Lynx habitat management plan for DNR-managed lands. State of Washington 
Department of Natural Resources, Olympia, Washington. 166 pp. 
http://www.dnr.wa.gov/Publications/lm_ess_lynx_plan_final.pdf. 

WAFWC. 2016. Minutes, Washington Fish and Wildlife Commission Meeting, December 9-10, 
2016. 5 pp. 

Wagner, S., S. Nocentini, F. Huth, and M. Hoogstra-Klein. 2014. Forest management 
approaches for coping with the uncertainty of climate change: trade-offs in service 
provisioning and adaptability. Ecology and Society 19(1):32. 

Wagner, R.G., J. Bryant, B. Burgason, M. Doty, B.E. Roth, P. Strauch, D. Struble, and D. 
Denico. 2015. Coming Spruce Budworm Outbreak: Initial Risk Assessment and 
Preparation & Response Recommendations for Maine’s Forestry Community. 
Cooperative Forestry Research Unit, University of Maine, Orono. 77p. 
http://www.sprucebudwormmaine.org/docs/SBW_full_report_web.pdf. 

Wake, C. 2005. Indicators of Climate Change in the Northeast over the Past 100 Years. 

Walker, C. J. 2005. Influences of landscape structure on snowshoe hare populations in 
fragmented forests. M.S. Thesis, University of Montana, Missoula. 95 pp. 

Walpole, A. A., J. Bowman, D. L. Murray, and P. J. Wilson. 2012, Functional connectivity of lynx 
at the southern range periphery in Ontario, Canada. Landscape Ecology 27:761-773. 

Walsh, J., D. Wuebbles, K. Hayhoe, J. Kossin, K. Kunkel, G. Stephens, P. Thorne, R. Vose, M. 
Wehner, J. Willis, D. Anderson, S. Doney, R. Feely, P. Hennon, V. Kharin, T. Knutson, 
F. Landerer, T. Lenton, J. Kennedy, and R. Somerville. 2014. Ch. 2: Our Changing 
Climate. Climate Change Impacts in the United States: The Third National Climate 
Assessment, J. M. Melillo, Terese (T.C.) Richmond, and G. W. Yohe, Eds., U.S. Global 
Change Research Program, 19-67. doi:10.7930/J0KW5CXT. 
http://nca2014.globalchange.gov/report/our-changing-climate/introduction. 

Ward, R. M. P. and C. J. Krebs. 1985. Behavioral responses of lynx to declining snowshoe hare 
abundance. Canadian Journal of Zoology 63:2817-2824. 

http://montanaclimate.org/chapter/forests
http://www.dnr.wa.gov/Publications/lm_ess_lynx_plan_final.pdf
http://www.sprucebudwormmaine.org/docs/SBW_full_report_web.pdf
http://nca2014.globalchange.gov/report/our-changing-climate/introduction


290 
 

WADFW. 2017. Washington Department of Fish and Wildlife Comments: Species status 
assessment for the Canada lynx (Lynx canadensis) contiguous United States distinct 
population segment, Version 1.0 – Draft – December 2016. 

Watry, M.K. 2016. Personal communication; email to Kurt Broderdorp, USFWS, Grand Junction, 
CO. 

Weber, M. G. and M. D. Flannigan. 1997. Canadian boreal forest ecosystem structure and 
function in a changing climate: impact on fire regimes. Environmental Review 5:145-166. 

Werdelin, L. 1981. The evolution of lynxes. Annales Zoologici Fenneci 18(1):37-71. 

Westerling, A. L. 2016. Increasing western US forest wildfire activity: sensitivity to changes in 
the timing of spring. Phil. Trans. R. Soc. B 371:20150178. 
http://dx.doi.org/10.1098/rstb.2015.0178. 

Westerling, A.L., H.G. Hidalgo, D.R. Cayan, and T.W. Swetnam. 2006. Warming and earlier 
spring increase western U.S. forest wildfire activity. Science. 313:940-943. 

Whitman, A., A. Cutko, P. deMaynadier, S. Walker, B. Vickery, S. Stockwell, and R. Houston. 
2013. Climate Change and Biodiversity in Maine: Vulnerability of Habitats and Priority 
Species. Manomet Center for Conservation Sciences (in collaboration with Maine 
Beginning with Habitat Climate Change Working Group) Report SEI-2013-03. 96 pp. 
Brunswick, Maine. 

Wild, M. A., T. M. Shenk, and R. R. Spraker. 2006. Plague as a mortality factor in Canada lynx 
(Lynx canadensis) reintroduced to Colorado. Journal of Wildlife diseases 42:646-650. 

Williams, D. W. and A. M. Liebhold 1997. Latitudinal shifts in spruce budworm (Lepidoptera: 
Tortricidae) outbreaks and spruce-fir forest distrbutions with climate change. Acta 
Phytopathologica et Entomologica Hungarica 32:205-215. 

Wirsing, A. J., T. D. Steury, and D. L. Murray. 2002. A demographic analysis of a southern 
snowshoe hare population in a fragmented habitat: evaluating the refugium model. 
Canadian Journal of Zoology 80:169-177. 

Wrigley, M. 2016. Personal communication; email to Kurt Broderdorp, USFWS, Grand Junction, 
CO. 

Wolfe, M. L., N. V. Debyle, C. S. Winchell, and T. R. McCabe. 1982. Snowshoe hare cover 
relationships in northern Utah. Journal of Wildlife Management 49:662-670. 

Wolff, J. O. 1980. The role of habitat patchiness in the population dynamics of snowshoe hares. 
Ecological Monographs 50:111-130. 

Wolff, J. O. 1981. Refugia, dispersal, predation, and geographical baritation in snowshoe hare 
cycles. In: Meyers K, MacInnes CD (eds) Proceedings of the world largomorph 
conference. University of Guelph, Guelph, pp. 441-448. 



291 
 

Woodall, C. W., P. J. Ince, K. E. Skog, F. X. Aguilar, C. E. Keegan, C. B. Sorenson, D. G. 
Hodges, and W. B. Smith. 2011. An overview of the forest products sector downturn in 
the United States. Forest Product Journal 61:595-603. 

Yan, C., N. C. Stenseth, C. J. Krebs, and Z. Zhang. 2013. Linking climate change to population 
cycles of hares and lynx. Global Change Biology 19:3263-3271. 

Zahratka, J. L. and T. M. Shenk. 2008. Population estimates of snowshoe hares in the Southern 
Rocky Mountains. Journal of Wildlife Management 72:906-912. 

Zhu Z, C. E. Woodcock, and P. Olofsson. 2012. Continuous monitoring of forest disturbance 
using all available Landsat imagery. Remote Sensing of Environment 122:75-91. 

Zimmerman, G. T. and D. L. Bunnell. 2000. The Federal wildland fire policy: Opportunities for 
wilderness fire management. Pp. 288-297 in USDA Forest Service Proceedings, RMRS-
P-15-VOL-5. 

Zimova, M. 2013. Camouflage mismatch in seasonal coat color due to decreased snow 
duration: will snowshoe hares keep up with climate change?  M. S. thesis. University of 
Montana, Missoula, Montana. 105pp. 

Zimova, M., L. S. Mills, P. M. Lukacs, and M. S. Mitchell. 2014. Snowshoe hares display limited 
phenotypic plasticity to mismatch in seasonal camouflage. Proceedings of the Royal 
Society B 281:20140029. 

Zimova, M., L. S. Mills, and J. Joshua Nowak. 2016. High fitness costs of climate change-
induced camouflage mismatch. Ecology Letters 19:299-307. 



Label: "Meagan Racey Lynx SSA Emails"

Created by:meagan_racey@fws.gov

Total Messages in label:193 (37 conversations)

Created: 01-03-2018 at 07:38 AM



Conversation Contents
Fwd: PDF

Attachments:

/16. Fwd: PDF/1.1 2017 10 13 FINAL Lynx SSA Report Corrections 2017 10 25 CLEAN
(1).pdf
/16. Fwd: PDF/2.1 2017 10 13 FINAL Lynx SSA Report Corrections 2017 10 25 CLEAN
(1).pdf

"Harris, Anna" <anna_harris@fws.gov>

From: "Harris, Anna" <anna_harris@fws.gov>
Sent: Fri Nov 03 2017 13:35:16 GMT-0600 (MDT)

To: Meagan Racey <meagan_racey@fws.gov>, "Elowe, Ken"
<ken_elowe@fws.gov>

Subject: Fwd: PDF

Attachments: 2017 10 13 FINAL Lynx SSA Report Corrections 2017 10 25
CLEAN (1).pdf

Thanks for a great call today,

the Final SSA is attached-

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Fri, Nov 3, 2017 at 3:18 PM
Subject: Fwd: PDF
To: Anna Harris <anna_harris@fws.gov>, Paul Phifer <paul_phifer@fws.gov>

Anna.  As requested.  My apologies,  I had assumed this had been passed on the Regions by
our RO.  The 5-year Review is finished but we have some issues with our SOL and DOJ that we
are trying to work out before we can make available for public release.  All regions have
provided their concurrence.  JB

Some messages for you...

We have completed the 5-year Review of the Canada lynx in the contiguous United States
(Lower 48 States) distinct population segment (DPS) and recommend that the DPS be
delisted.
Most lynx populations in the DPS are larger and more secure than we thought when we
listed the DPS, and the threat for which the DPS was listed (the inadequacy of Federal
regulations at the time of listing) has been substantially addressed since then.
Improvement in our understanding of lynx habitat requirements and thus lynx distribution
in the DPS has led us to conclude that although lynx are naturally rare in the DPS, the
available information does not suggest broad-scale habitat loss or population declines
relative to historical conditions. 

mailto:jodi_bush@fws.gov
mailto:anna_harris@fws.gov
mailto:paul_phifer@fws.gov


The efforts of Federal, State, and Tribal agencies and other conservation partners to
identify and protect lynx habitats and populations throughout the DPS range have been
critical to the conservation of lynx.
Although we remain concerned about climate in the future, at this time we can not
accurately predict, model or estimate potential effects to the DPS to be such that lynx
warrants listing. 

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Anna Harris

ES Project Leader

Maine Field Office

Maine Fish and Wildlife Service Complex

(207) 902-1567

(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex

 

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Fri Nov 03 2017 14:41:47 GMT-0600 (MDT)

To: Martin Miller <Martin_Miller@fws.gov>, Paul Phifer
<paul_phifer@fws.gov>

Subject: Fwd: PDF

Attachments: 2017 10 13 FINAL Lynx SSA Report Corrections 2017 10 25
CLEAN (1).pdf

FYI - we're looking to schedule time with IFW Nov 13 - i'll put a hold on your calendars.
---------- Forwarded message ----------
From: Harris, Anna <anna_harris@fws.gov>
Date: Fri, Nov 3, 2017 at 3:35 PM
Subject: Fwd: PDF
To: Meagan Racey <meagan_racey@fws.gov>, "Elowe, Ken" <ken_elowe@fws.gov>

Thanks for a great call today,

the Final SSA is attached-

https://www.fws.gov/northeast/mainecomplex/
mailto:anna_harris@fws.gov
mailto:meagan_racey@fws.gov
mailto:ken_elowe@fws.gov


---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Fri, Nov 3, 2017 at 3:18 PM
Subject: Fwd: PDF
To: Anna Harris <anna_harris@fws.gov>, Paul Phifer <paul_phifer@fws.gov>

Anna.  As requested.  My apologies,  I had assumed this had been passed on the Regions by
our RO.  The 5-year Review is finished but we have some issues with our SOL and DOJ that we
are trying to work out before we can make available for public release.  All regions have
provided their concurrence.  JB

Some messages for you...

We have completed the 5-year Review of the Canada lynx in the contiguous United States
(Lower 48 States) distinct population segment (DPS) and recommend that the DPS be
delisted.
Most lynx populations in the DPS are larger and more secure than we thought when we
listed the DPS, and the threat for which the DPS was listed (the inadequacy of Federal
regulations at the time of listing) has been substantially addressed since then.
Improvement in our understanding of lynx habitat requirements and thus lynx distribution
in the DPS has led us to conclude that although lynx are naturally rare in the DPS, the
available information does not suggest broad-scale habitat loss or population declines
relative to historical conditions. 
The efforts of Federal, State, and Tribal agencies and other conservation partners to
identify and protect lynx habitats and populations throughout the DPS range have been
critical to the conservation of lynx.
Although we remain concerned about climate in the future, at this time we can not
accurately predict, model or estimate potential effects to the DPS to be such that lynx
warrants listing. 

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Anna Harris

ES Project Leader

Maine Field Office

Maine Fish and Wildlife Service Complex

(207) 902-1567

(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex

 

mailto:jodi_bush@fws.gov
mailto:anna_harris@fws.gov
mailto:paul_phifer@fws.gov
https://www.fws.gov/northeast/mainecomplex/


-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

http://usfwsnortheast.wordpress.com/


From: Harris, Anna
To: Bush, Jodi
Cc: Paul Phifer
Subject: Re: PDF
Date: Friday, November 03, 2017 2:04:47 PM

Thank you for sending Jodi,
I also really appreciate the messages.

Have a great weekend,
Anna

On Fri, Nov 3, 2017 at 3:18 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Anna.  As requested.  My apologies,  I had assumed this had been passed on the Regions by
our RO.  The 5-year Review is finished but we have some issues with our SOL and DOJ that
we are trying to work out before we can make available for public release.  All regions have
provided their concurrence.  JB

Some messages for you...

We have completed the 5-year Review of the Canada lynx in the contiguous United
States (Lower 48 States) distinct population segment (DPS) and recommend that the
DPS be delisted.
Most lynx populations in the DPS are larger and more secure than we thought when
we listed the DPS, and the threat for which the DPS was listed (the inadequacy of
Federal regulations at the time of listing) has been substantially addressed since then.
Improvement in our understanding of lynx habitat requirements and thus lynx
distribution in the DPS has led us to conclude that although lynx are naturally rare in
the DPS, the available information does not suggest broad-scale habitat loss or
population declines relative to historical conditions. 
The efforts of Federal, State, and Tribal agencies and other conservation partners to
identify and protect lynx habitats and populations throughout the DPS range have
been critical to the conservation of lynx.
Although we remain concerned about climate in the future, at this time we can not
accurately predict, model or estimate potential effects to the DPS to be such that lynx
warrants listing. 

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

mailto:anna_harris@fws.gov
mailto:jodi_bush@fws.gov
mailto:paul_phifer@fws.gov
mailto:jodi_bush@fws.gov


-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
 

https://www.fws.gov/northeast/mainecomplex/


From: Abbott, Tyler
To: Bush, Jodi
Subject: Re: talking points for discussion with State
Date: Friday, November 03, 2017 9:43:21 PM

Thanks for keeping us in the loop Jodi.

Tyler

Tyler Abbott, Wyoming Field Supervisor

U.S. Fish and Wildlife Service
Wyoming Ecological Services Field Office
5353 Yellowstone Road, Suite 308A
Cheyenne, WY  82009
Office: (307) 772-2374 x 231
Cell: (307) 286-7242
tyler_abbott@fws.gov

On Thu, Nov 2, 2017 at 4:54 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Folks.  You may have heard that we were trying to have the Lynx 5 year review signed by
tomorrow (Nov. 3). Unfortunately that is not going to happen. This has been delayed due to
some issues beyond our control.   

Once we have the documents (5 year review and final SSA) ready to go we will let you
know, supply a new release and communication plan and will allow planning for as much
time as we can for contact to your State, Tribal and Federal partners.  

In the meantime if you are having discussions with these same folks - you can use some of
the following for your talking points.  I would tell our partners that the document is on the
RD desk and could be signed at any time.  Feel free to give me or Jim a call if you have any
questions.  JB

·         the 5-year review will be signed by the Regional director for
the mt prairie region with concurrence from all affected regions. 
this concurrence has already been received. 

·         The SSA and 5 year Review are in response to a court
settlement agreement and decision on May 8, 2014.  At that time,
the United States District Court for the District of Montana
ordered the Service to complete recovery planning for the Canada
lynx DPS by January 15, 2018 “…unless the Service finds that
such a plan will not promote the conservation of the [lynx].  The
5-year review and SSA report responds to this order. 

·         both courts involved in lynx issues (recovery and Critical
habitat) will be notified preceding the public notification on
November 3, 2017, by Solicitors. 

mailto:tyler_abbott@fws.gov
mailto:jodi_bush@fws.gov
mailto:tyler_abbott@fws.gov
http://www.facebook.com/USFWSMountainPrairie
http://twitter.com/USFWSMtnPrairie
http://www.flickr.com/photos/usfwsmtnprairie/
mailto:jodi_bush@fws.gov


·         a news release and communication plan to reach out to
state, tribal and federal partners will precede the notification.

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205



From: Harris, Anna
To: McCollough, Mark
Subject: Re: talking points for discussion with State
Date: Monday, November 06, 2017 12:44:16 PM

Yes, Ken Elowe,

On Mon, Nov 6, 2017 at 12:41 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Ken Elowe?  I have no idea of the timeline other than what is in Jodi's email.

Mark

On Mon, Nov 6, 2017 at 12:37 PM, Harris, Anna <anna_harris@fws.gov> wrote:
Mark,

I spoke with Ken and Meagan on Friday as Paul sent a message asking for an update on our roll-out. 

I believe Meagan and Ken will update Paul and see if he has thoughts since he was out on Friday. The plan is to have a
call with IFW in the next couple weeks.  IFW has some technical questions about the SSA (what does this really mean
for them, etc), and we would like to go over talking points. Apparently R5 will also create a reagonlized version of the
announcement and the thought was to invite IFW to add a quote to the lynx announcement. 

We're assuming we're looking at an early December timeline for the announcement.

On Mon, Nov 6, 2017 at 11:19 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

This came in last week when I was out of the office.  I see that you were copied.  Please
let me know if you hear anything coming from our regional office.

thanks, Mark

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Thu, Nov 2, 2017 at 6:54 PM
Subject: Re: talking points for discussion with State
To: Eric Rickerson <eric_rickerson@fws.gov>, Paul Henson <paul_henson@fws.gov>,
Larry Crist <Larry_Crist@fws.gov>, "Abbott, Tyler" <tyler_abbott@fws.gov>, Gregory
Hughes <greg_m_hughes@fws.gov>, Anna Harris <anna_harris@fws.gov>, Peter
Fasbender <peter_fasbender@fws.gov>, "rollie_white@fws.gov"
<rollie_white@fws.gov>, Lori Nordstrom <lori_nordstrom@fws.gov>, Paul Phifer
<paul_phifer@fws.gov>, "DeBerry, Drue" <drue_deberry@fws.gov>, Susan Millsap
<susan_millsap@fws.gov>
Cc: Bryon Holt <Bryon_Holt@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Tom
McDowell <Tom_McDowell@fws.gov>, Kathleen Hendricks
<kathleen_hendricks@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>, Mark
McCollough <Mark_McCollough@fws.gov>, Tamara Smith
<Tamara_Smith@fws.gov>, "Thabault, Michael" <michael_thabault@fws.gov>, Kurt
Broderdorp <Kurt_Broderdorp@fws.gov>, Gregg Kurz <Gregg_Kurz@fws.gov>,
Nathan Darnall <nathan_darnall@fws.gov>, Marjorie Nelson
<Marjorie_Nelson@fws.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>
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mailto:Marjorie_Nelson@fws.gov
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Folks.  You may have heard that we were trying to have the Lynx 5 year review signed
by tomorrow (Nov. 3). Unfortunately that is not going to happen. This has been delayed
due to some issues beyond our control.   

Once we have the documents (5 year review and final SSA) ready to go we will let you
know, supply a new release and communication plan and will allow planning for as
much time as we can for contact to your State, Tribal and Federal partners.  

In the meantime if you are having discussions with these same folks - you can use some
of the following for your talking points.  I would tell our partners that the document is
on the RD desk and could be signed at any time.  Feel free to give me or Jim a call if
you have any questions.  JB

·         the 5-year review will be signed by the Regional director
for the mt prairie region with concurrence from all affected
regions.  this concurrence has already been received. 

·         The SSA and 5 year Review are in response to a court
settlement agreement and decision on May 8, 2014.  At that
time, the United States District Court for the District of
Montana ordered the Service to complete recovery planning for
the Canada lynx DPS by January 15, 2018 “…unless the Service
finds that such a plan will not promote the conservation of the
[lynx].  The 5-year review and SSA report responds to this
order. 

·         both courts involved in lynx issues (recovery and Critical
habitat) will be notified preceding the public notification on
November 3, 2017, by Solicitors. 

·         a news release and communication plan to reach out to
state, tribal and federal partners will precede the notification.

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE



CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
 

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Anna Harris
ES Project Leader

https://maps.google.com/?q=306+Hatchery+Road&entry=gmail&source=g
mailto:mark_mccollough@fws.gov
https://www.fws.gov/northeast/mainecomplex/
https://maps.google.com/?q=306+Hatchery+Road&entry=gmail&source=g
mailto:mark_mccollough@fws.gov


Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
 

https://www.fws.gov/northeast/mainecomplex/


 
United States Department of the Interior 

 
FISH AND WILDLIFE SERVICE 

Mountain-Prairie Region 
IN REPLY REFER TO: 

FWS/R6/ES MAILING ADDRESS: STREET LOCATION: 
 Post Office Box 25486 134 Union Boulevard 
 Denver Federal Center Lakewood, Colorado 80228-1807 
 Denver, Colorado 80225-0486 
 
 
 
Memorandum 
 
To:  Director (AES) 
 
From:  Regional Director, Region 6 
 
Subject: 4(f)(1) Determination Regarding Recovery Planning for the Canada Lynx (Lynx 

Canadensis) 
 
Region 6 is currently the lead Region for the contiguous United States (U.S.) distinct population 
segment (DPS) of the Canada lynx under the Endangered Species Act (Act).  By this 
memorandum, I am requesting that the U.S. Fish and Wildlife Service (Service) make a 
determination under 16 USC § 1533(f)(1) that development of a formal recovery plan at this time 
would not promote the conservation of the lynx DPS.  Your approval signature is requested at 
the end of this memorandum. 
 
The Service listed the lynx DPS as a threatened species under the Act in 2000 (65 FR 16052-
16086).  On May 8, 2014, the United States District Court for the District of Montana ordered 
the Service to complete recovery planning for the lynx DPS (U.S. District Court MT 2014a, p. 
8).  On June 25, 2014, the same court ordered the Service to complete a recovery plan by January 
15, 2018 “…unless the Service finds that such a plan will not promote the conservation of the 
[lynx]” (i.e., the DPS is recovered or no longer warrants ESA protections; U.S. District Court 
MT 2014b, p. 2).   
 
The Service listed the lynx DPS as threatened in 2000 because of the potential for impacts to 
lynx habitat conditions and the availability of prey populations within the lynx DPS and existing 
regulatory mechanisms on Federal lands, at that time, did not provide sufficient guidance for the 
conservation of lynx habitats and populations or prey habitat in light of potential threats (65 FR 
16052-16086).  Federal lands management plans, at that time, allowed for forest management 
practices that could potentially reduce lynx habitat on a population level scale, thereby creating a 
future risk to the species existence in the DPS.  Nearly all Federal land management plans 
throughout the DPS have since been revised to include science- and research-based measures and 
management practices consistent with lynx conservation, thereby greatly reducing the risk of 
future population scale habitat deterioration on Federal lands (Service 2017, p. 5).   
 
We recently completed a 5-year status review that recommends delisting the lynx DPS (Canada 
Lynx 5-Year Review 2017, entire).  Our status review was informed by a comprehensive Species 



 

2 
 

Status Assessment (SSA) Report that summarizes the best available scientific information on the 
current status and likely future viability of the DPS (SSA Report, entire).  The peer and partner 
reviewed SSA Report provides the scientific basis for the 5-year review.   
 
Under the ESA, a threatened species is any species that is “likely to become an endangered 
species within the foreseeable future throughout all or a significant portion of its range.”  The 
foreseeable future refers to the extent to which the Secretary can reasonably rely on predictions 
about the future in making determinations about the future conservation status of the species 
(U.S. Department of Interior, Solicitor’s Memorandum, M-37021, and January 16, 2009).  The 
key statutory difference between a threatened species and an endangered species is the timing of 
when a species may be in danger of extinction, either now (endangered species) or in the 
foreseeable future (threatened species).  In the SSA, we considered the future condition of the 
lynx DPS out to 2025, 2050, and 2100 (SSA Report, chapter 5).  It became apparent through 
discussions with lynx experts, in peer and partner reviews of the draft SSA Report, and among 
Service biologists and management that any future projections of lynx status beyond mid-century 
were complicated by a very high degree of uncertainty concerning the timing and extent of 
various stressors that may affect lynx and hare habitat and snow regimes, especially those related 
to projected future climate change (SSA Report, chapter 5.1).  Therefore, in our 5-year review 
evaluation, we identified mid-century (2050) as the foreseeable future because this time horizon 
gives us a higher degree of certainty in reasonably projecting the future condition of the lynx 
DPS (Canada Lynx 5-Year Review 2017, p. 6). 
  
As discussed in the SSA Report, resident lynx populations in all geographic units that currently 
support them are expected to be smaller and more fragmented and isolated in the future, and each 
geographic unit and the DPS as a whole will be less resilient in the future (SSA Report, pp. 173, 
236).  However, all five geographic units that currently support resident lynx populations (all 
units except the Greater Yellowstone Area) are expected to continue to do so through mid-
century (2050) (SSA Report, p. 236).  Our analyses, as informed by expert input, suggest that 
resiliency will likely be sufficient to foster persistence (i.e., preclude extirpation) of resident lynx 
through mid-century in all or most of the five geographic units that currently support them (SSA 
Report, p. 236).  At mid-century, we expect lynx to retain a wide geographical distribution of 
populations, maintaining redundancy within the DPS (SSA Report, p. 236).  Should lynx 
populations in each geographic unit become smaller and more patchily distributed, reduced 
genetic health and/or adaptive capacity would be expected; however, we have no information to 
suggest reduced representation would be a DPS-level concern at mid-century (SSA Report, 
chapter 6).  Therefore, we conclude that the risk of extinction (extirpation of the DPS) by 2050 is 
sufficiently low that the lynx DPS is not likely to become endangered throughout all of its range 
within the foreseeable future and therefore does not meet the definition of a threatened species 
(Canada Lynx 5-Year Review 2017, p. 6). 
 
Section 4(f)(l) of the Act requires the Service to develop and implement recovery plans for 
species listed as endangered or threatened, "unless [the Service] finds such a plan will not 
promote the conservation of the species. "  The definition of conservation, in Section 3(3) of the 
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Act means" ... all methods and procedures which are necessary to bring any endangered or 
threatened species to the point at which the measures provided pursuant to the Act are no longer 
necessary". 
 
According to the 2004 draft revised Recovery Planning Guidance jointly developed by the 
Service and the National Marine Fisheries Service, acceptable justifications for an exemption 
from having a recovery plan include: (1) delisting is anticipated due to extinction or listing error; 
(2) the species historic and current ranges occur entirely under the jurisdiction of other countries; 
and, (3) "other circumstances not easily foreseen, but in which the species would not benefit 
from a recovery plan."  We believe that preparation of a recovery plan will not contribute to the 
conservation of the lynx DPS as defined by the Act, and that exemption from recovery planning 
efforts for the lynx DPS is warranted under reasons (3) above.  The “other circumstance” in this 
case is our recommendation to delist the lynx DPS due to recovery as described in the lynx DPS 
5-year review (Canada Lynx 5-Year Review 2017, entire).  The lynx DPS no longer meets the 
definition of a threatened species; therefore, I am requesting that the Service make a 
determination under 16 USC § 1533(f)(1) that development of a formal recovery plan at this time 
would not promote the conservation of the lynx DPS.  This determination will fulfill the 
Service’s obligations under the 2014 Court Order (U.S. District Court MT 2014b, p. 2).  
 
 
 
APPROVED BY _________________________________________ DATE _________ 
      Director, U.S. Fish & Wildlife Service 
 
 
 
 
 
 
 
 



From: Bush, Jodi
To: Jim Zelenak
Subject: Fwd: Canada lynx 4(f)(1) determination
Date: Wednesday, November 15, 2017 12:59:19 PM
Attachments: Canada Lynx 4(f)(1) determination_11152017.docx

take a look.  I havent reviewed yet.  

You did fine responding directly to Matt.  but please dont make promises :)   JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Shoemaker, Justin <justin_shoemaker@fws.gov>
Date: Wed, Nov 15, 2017 at 9:21 AM
Subject: Canada lynx 4(f)(1) determination
To: Marjorie Nelson <marjorie_nelson@fws.gov>, Jodi Bush <jodi_bush@fws.gov>

After talking w/ Maricela at HQ, it appears we need to do a 4(f)(1) determination (see attached
draft) to be square w/ our Recovery Planning guidance and the Act.  The Service has done
very few of these over the years, and to our knowledge, never in a situation like we have for
lynx.  The attached determination memo has in the past been signed at the Director level, and I
have it drafted as such. 

I know we're waiting to hear from Dana and DOJ on the necessity for some kind of memo to
the court regarding the 2014 Order, but if we have to do this determination memo anyway,
maybe this can serve that purpose as well?  

Please take a look.  And let me know if I should share w/ RSOL now.

And if a call to discuss is desired, I can try and set that up, but availability for everyone is tight
this week. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov
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United States Department of the Interior 

 
FISH AND WILDLIFE SERVICE 

Mountain-Prairie Region 
IN REPLY REFER TO: 

FWS/R6/ES MAILING ADDRESS: STREET LOCATION: 
 Post Office Box 25486 134 Union Boulevard 
 Denver Federal Center Lakewood, Colorado 80228-1807 
 Denver, Colorado 80225-0486 
 
 
 
Memorandum 
 
To:  Director (AES) 
 
From:  Regional Director, Region 6 
 
Subject: 4(f)(1) Determination Regarding Recovery Planning for the Canada Lynx (Lynx 

Ccanadensis) 
 
Region 6 is currently the lead Region for the contiguous United States (U.S.) distinct population 
segment (DPS) of the Canada lynx under the Endangered Species Act (Act).  By this 
memorandum, I am requesting that the U.S. Fish and Wildlife Service (Service) make a 
determination under 16 USC § 1533(f)(1) that development of a formal recovery plan at this time 
would not promote the conservation of the lynx DPS.  Your approval signature is requested at 
the end of this memorandum. 
 
The Service listed the lynx DPS as a threatened species under the Act in 2000 (65 FR 16052-
16086).  On May 8, 2014, the United States District Court for the District of Montana ordered 
the Service to complete recovery planning for the lynx DPS (U.S. District Court MT 2014a, p. 
8).  On June 25, 2014, the same court ordered the Service to complete a recovery plan by January 
15, 2018 “…unless the Service finds that such a plan will not promote the conservation of the 
[lynx]” (i.e., the DPS is recovered or no longer warrants ESA protections; U.S. District Court 
MT 2014b, p. 2).   
 
The Service listed the lynx DPS as threatened in 2000 because of the potential for impacts to 
lynx habitat conditions and the availability of prey populations within the lynx DPS and because 
existing regulatory mechanisms on Federal lands, at that time, did not provide sufficient 
guidance for the conservation of lynx habitats and populations or prey habitat in light of 
potential threats (65 FR 16052-16086).  Federal lands management plans, at that time, allowed 
for forest management practices that could potentially reduce lynx habitat on a population level 
scale, thereby creating a future risk to the species existence in the DPS.  Nearly all Federal land 
management plans throughout the DPS have since been revised to include science- and research-
based measures and management practices consistent with lynx conservation, thereby greatly 
reducing the risk of future population scale habitat deterioration on Federal lands (Service 2017, 
p. 5).   
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We recently completed a 5-year status review that recommends delisting the lynx DPS (Canada 
Lynx 5-Year Review 2017, entire).  Our status review was informed by a comprehensive Species 
Status Assessment (SSA) Report that summarizes the best available scientific information on the 
current status and likely future viability of the DPS (SSA Report, entire).  The peer and partner 
reviewed SSA Report provides the scientific basis for the 5-year review.   
 
Under the ESA, a threatened species is any species that is “likely to become an endangered 
species within the foreseeable future throughout all or a significant portion of its range.”  The 
foreseeable future refers to the extent to which the Secretary can reasonably rely on predictions 
about the future in making determinations about the future conservation status of the species 
(U.S. Department of Interior, Solicitor’s Memorandum, M-37021, and January 16, 2009).  The 
key statutory difference between a threatened species and an endangered species is the timing of 
when a species may be in danger of extinction, either now (endangered species) or in the 
foreseeable future (threatened species).  In the SSA, we considered the future condition of the 
lynx DPS out to 2025, 2050, and 2100 (SSA Report, chapter 5).  It became apparent through 
discussions with lynx experts, in peer and partner reviews of the draft SSA Report, and among 
Service biologists and management that any future projections of lynx status beyond mid-century 
were complicated by a very high degree of uncertainty concerning the timing and extent of 
various stressors that may affect lynx and hare habitat and snow regimes, especially those related 
to projected future climate change (SSA Report, chapter 5.1).  Therefore, in our 5-year review 
evaluation, we identified mid-century (2050) as the foreseeable future because this time horizon 
gives us a higher degree of certainty in reasonably projecting the future condition of the lynx 
DPS (Canada Lynx 5-Year Review 2017, p. 6). 
  
As discussed in the SSA Report, resident lynx populations in all geographic units that currently 
support them are expected to be smaller and more fragmented and isolated in the future, and each 
geographic unit and the DPS as a whole will be less resilient in the future (SSA Report, pp. 173, 
236).  However, all five geographic units that currently support resident lynx populations (all 
units except the Greater Yellowstone Area) are expected to continue to do so through mid-
century (2050) (SSA Report, p. 236).  Our analyses, as informed by expert input, suggest that 
resiliency will likely be sufficient to foster persistence (i.e., preclude extirpation) of resident lynx 
through mid-century in all or most of the five geographic units that currently support them (SSA 
Report, p. 236).  At mid-century, we expect lynx to retain a wide geographical distribution of 
populations, maintaining redundancy within the DPS (SSA Report, p. 236).  Should lynx 
populations in each geographic unit become smaller and more patchily distributed, reduced 
genetic health and/or adaptive capacity would be expected; however, we have no information to 
suggest reduced representation would be a DPS-level concern at mid-century (SSA Report, 
chapter 6).  Therefore, we conclude that the risk of extinction (extirpation of the DPS) by 2050 is 
sufficiently low that the lynx DPS is not likely to become endangered throughout all of its range 
within the foreseeable future and therefore does not meet the definition of a threatened species 
(Canada Lynx 5-Year Review 2017, p. 6). 
 



 

3 
 

Section 4(f)(l) of the Act requires the Service to develop and implement recovery plans for 
species listed as endangered or threatened, "unless [the Service] finds such a plan will not 
promote the conservation of the species. "  The definition of conservation, in Section 3(3) of the 
Act means" ... all methods and procedures which are necessary to bring any endangered or 
threatened species to the point at which the measures provided pursuant to the Act are no longer 
necessary". 
 
According to the 2004 draft revised Recovery Planning Guidance jointly developed by the 
Service and the National Marine Fisheries Service, acceptable justifications for an exemption 
from having a recovery plan include: (1) delisting is anticipated due to extinction or listing error; 
(2) the species historic and current ranges occur entirely under the jurisdiction of other countries; 
and, (3) "other circumstances not easily foreseen, but in which the species would not benefit 
from a recovery plan."  We believe that preparation of a recovery plan will not contribute to the 
conservation of the lynx DPS as defined by the Act, and that exemption from recovery planning 
efforts for the lynx DPS is warranted under reasons (3) above.  The “other circumstance” in this 
case is our recommendation to delist the lynx DPS due to recovery as described in the lynx DPS 
5-year review (Canada Lynx 5-Year Review 2017, entire).  The lynx DPS no longer meets the 
definition of a threatened species; therefore, I am requesting that the Service make a 
determination under 16 USC § 1533(f)(1) that development of a formal recovery plan at this time 
would not promote the conservation of the lynx DPS.  This determination will fulfill the 
Service’s obligations under the 2014 Court Order (U.S. District Court MT 2014b, p. 2).  
 
 
 
APPROVED BY _________________________________________ DATE _________ 
      Director, U.S. Fish & Wildlife Service 
 
 
 
 
 
 
 
 



From: Zelenak, Jim
To: Bush, Jodi
Cc: Justin Shoemaker
Subject: Re: Canada lynx 4(f)(1) determination
Date: Wednesday, November 15, 2017 1:44:53 PM
Attachments: 2017 11 15 DRAFT Canada Lynx 4(f)(1) determination_JS-jzcomments.docx

Caught a couple typos and had a couple thoughts/comments - attached, in TRACK CHANGES.

Thanks.

On Wed, Nov 15, 2017 at 12:59 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
take a look.  I havent reviewed yet.  

You did fine responding directly to Matt.  but please dont make promises :)   JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Shoemaker, Justin <justin_shoemaker@fws.gov>
Date: Wed, Nov 15, 2017 at 9:21 AM
Subject: Canada lynx 4(f)(1) determination
To: Marjorie Nelson <marjorie_nelson@fws.gov>, Jodi Bush <jodi_bush@fws.gov>

After talking w/ Maricela at HQ, it appears we need to do a 4(f)(1) determination (see
attached draft) to be square w/ our Recovery Planning guidance and the Act.  The Service
has done very few of these over the years, and to our knowledge, never in a situation like we
have for lynx.  The attached determination memo has in the past been signed at the Director
level, and I have it drafted as such. 

I know we're waiting to hear from Dana and DOJ on the necessity for some kind of memo to
the court regarding the 2014 Order, but if we have to do this determination memo anyway,
maybe this can serve that purpose as well?  

Please take a look.  And let me know if I should share w/ RSOL now.

And if a call to discuss is desired, I can try and set that up, but availability for everyone is
tight this week. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jodi_bush@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


 
United States Department of the Interior 

 
FISH AND WILDLIFE SERVICE 

Mountain-Prairie Region 
IN REPLY REFER TO: 

FWS/R6/ES MAILING ADDRESS: STREET LOCATION: 
 Post Office Box 25486 134 Union Boulevard 
 Denver Federal Center Lakewood, Colorado 80228-1807 
 Denver, Colorado 80225-0486 
 
 
 
Memorandum 
 
To:  Director (AES) 
 
From:  Regional Director, Region 6 
 
Subject: 4(f)(1) Determination Regarding Recovery Planning for the Canada Lynx (Lynx 

Ccanadensis) 
 
Region 6 is currently the lead Region for the contiguous United States (U.S.) distinct population 
segment (DPS) of the Canada lynx under the Endangered Species Act (Act).  By this 
memorandum, I am requesting that the U.S. Fish and Wildlife Service (Service) make a 
determination under 16 USC § 1533(f)(1) that development of a formal recovery plan at this time 
would not promote the conservation of the lynx DPS.  Your approval signature is requested at 
the end of this memorandum. 
 
The Service listed the lynx DPS as a threatened species under the Act in 2000 (65 FR 16052-
16086).  On May 8, 2014, the United States District Court for the District of Montana ordered 
the Service to complete recovery planning for the lynx DPS (U.S. District Court MT 2014a, p. 
8).  On June 25, 2014, the same court ordered the Service to complete a recovery plan by January 
15, 2018 “…unless the Service finds that such a plan will not promote the conservation of the 
[lynx]” (i.e., the DPS is recovered or no longer warrants ESA protections; U.S. District Court 
MT 2014b, p. 2).   
 
The Service listed the lynx DPS as threatened in 2000 because of the potential for impacts to 
lynx habitat conditions and the availability of prey populations within the lynx DPS and because 
existing regulatory mechanisms on Federal lands, at that time, did not provide sufficient 
guidance for the conservation of lynx habitats and populations or prey habitat in light of these 
potential threats (65 FR 16052-16086).  Federal lands management plans, at that time, allowed 
for forest management practices that could potentially reduce lynx habitat on a population level 
scale, thereby creating a future risk to the species existence in the DPS.  Nearly all Federal land 
management plans throughout the DPS have since been revised to include science- and research-
based measures and management practices consistent with lynx conservation, thereby greatly 
reducing the risk of future population scale habitat deterioration on Federal lands (Service 2017, 
p. 5).   
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I think Yes.  JB 
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We recently completed a 5-year status review that recommends delisting the lynx DPS (Canada 
Lynx 5-Year Review 2017, entire).  Our status review was informed by a comprehensive Species 
Status Assessment (SSA) Report that summarizes the best available scientific information on the 
current status and likely future viability of the DPS (SSA Report, entire).  The peer and partner 
reviewed SSA Report provides the scientific basis for the 5-year review.   
 
Under the ESA, a threatened species is any species that is “likely to become an endangered 
species within the foreseeable future throughout all or a significant portion of its range.”  The 
foreseeable future refers to the extent to which the Secretary can reasonably rely on predictions 
about the future in making determinations about the future conservation status of the species 
(U.S. Department of Interior, Solicitor’s Memorandum, M-37021, and January 16, 2009).  The 
key statutory difference between a threatened species and an endangered species is the timing of 
when a species may be in danger of extinction, either now (endangered species) or in the 
foreseeable future (threatened species).  In the SSA, we considered the future condition of the 
lynx DPS out to 2025, 2050, and 2100 (SSA Report, chapter 5).  It became apparent through 
discussions with lynx experts, in peer and partner reviews of the draft SSA Report, and among 
Service biologists and management that any future projections of lynx status beyond mid-century 
were complicated by a very high degree of uncertainty concerning the timing and extent of 
various stressors that may affect lynx and hare habitat and snow regimes, especially those related 
to projected future climate change (SSA Report, chapter 5.1).  Therefore, in our 5-year review 
evaluation, we identified mid-century (2050) as the foreseeable future because this time horizon 
gives us a higher degree of certainty in reasonably projecting the future condition of the lynx 
DPS (Canada Lynx 5-Year Review 2017, p. 6). 
  
As discussed in the SSA Report, resident lynx populations in all geographic units that currently 
support them are expected to be smaller and more fragmented and isolated in the future, and each 
geographic unit and the DPS as a whole will be less resilient in the future (SSA Report, pp. 173, 
236).  However, all five geographic units that currently support resident lynx populations (all 
units except the Greater Yellowstone Area) are expected to continue to do so through mid-
century (2050) (SSA Report, p. 236).  Our analyses, as informed by expert input, suggest that 
resiliency will likely be sufficient to foster persistence (i.e., preclude extirpation) of resident lynx 
through mid-century in all or most of the five geographic units that currently support them (SSA 
Report, p. 236).  At mid-century, we expect lynx to retain a wide geographical distribution of 
populations, maintaining redundancy within the DPS (SSA Report, p. 236).  Should lynx 
populations in each geographic unit become smaller and more patchily distributed, reduced 
genetic health and/or adaptive capacity would be expected; however, we have no information to 
suggest reduced representation would be a DPS-level concern at mid-century (SSA Report, 
chapter 6).  Therefore, we conclude that the risk of extinction (extirpation of the DPS) by 2050 is 
sufficiently low that the lynx DPS is not likely to become endangered throughout all of its range 
within the foreseeable future and therefore does not meet the definition of a threatened species 
(Canada Lynx 5-Year Review 2017, p. 6). 
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Section 4(f)(l) of the Act requires the Service to develop and implement recovery plans for 
species listed as endangered or threatened, "unless [the Service] finds such a plan will not 
promote the conservation of the species. "  The definition of conservation, in Section 3(3) of the 
Act means" ... all methods and procedures which are necessary to bring any endangered or 
threatened species to the point at which the measures provided pursuant to the Act are no longer 
necessary". 
 
According to the 2004 draft revised Recovery Planning Guidance jointly developed by the  
Service and the National Marine Fisheries Service, acceptable justifications for an exemption 
from having a recovery plan include: (1) delisting is anticipated due to extinction or listing error; 
(2) the species historic and current ranges occur entirely under the jurisdiction of other countries; 
and, (3) "other circumstances not easily foreseen, but in which the species would not benefit 
from a recovery plan."  We believe that preparation of a recovery plan will not contribute to the 
conservation of the lynx DPS as defined by the Act, and that exemption from recovery planning 
efforts for the lynx DPS is warranted under reasons (3) above.  The “other circumstance” in this 
case is our recommendation to delist the lynx DPS due to recovery as described in the lynx DPS 
5-year review (Canada Lynx 5-Year Review 2017, entire).  The lynx DPS no longer meets the 
definition of a threatened species; therefore, I am requesting that the Service make a 
determination under 16 USC § 1533(f)(1) that development of a formal recovery plan at this time 
would not promote the conservation of the lynx DPS.  This determination will fulfill the 
Service’s obligations under the 2014 Court Order (U.S. District Court MT 2014b, p. 2).  
 
 
 
APPROVED BY _________________________________________ DATE _________ 
      Director, U.S. Fish & Wildlife Service 
 
 
 
 
 
 
 
 



From: Bush, Jodi
To: Shoemaker, Justin
Cc: Marjorie Nelson
Subject: Re: Canada lynx 4(f)(1) determination
Date: Wednesday, November 15, 2017 3:24:30 PM
Attachments: 2017 11 15 DRAFT Canada Lynx 4(f)(1) determination_JS-MTESO comments.docx

comments. 

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Nov 15, 2017 at 9:21 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
After talking w/ Maricela at HQ, it appears we need to do a 4(f)(1) determination (see
attached draft) to be square w/ our Recovery Planning guidance and the Act.  The Service
has done very few of these over the years, and to our knowledge, never in a situation like we
have for lynx.  The attached determination memo has in the past been signed at the Director
level, and I have it drafted as such. 

I know we're waiting to hear from Dana and DOJ on the necessity for some kind of memo to
the court regarding the 2014 Order, but if we have to do this determination memo anyway,
maybe this can serve that purpose as well?  

Please take a look.  And let me know if I should share w/ RSOL now.

And if a call to discuss is desired, I can try and set that up, but availability for everyone is
tight this week. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

mailto:jodi_bush@fws.gov
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From: Bush, Jodi
To: Zelenak, Jim
Subject: Re: Canada lynx 4(f)(1) determination
Date: Wednesday, November 15, 2017 8:27:48 PM

thanks Jim. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Nov 15, 2017 at 1:44 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Caught a couple typos and had a couple thoughts/comments - attached, in TRACK CHANGES.

Thanks.

On Wed, Nov 15, 2017 at 12:59 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
take a look.  I havent reviewed yet.  

You did fine responding directly to Matt.  but please dont make promises :)   JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Shoemaker, Justin <justin_shoemaker@fws.gov>
Date: Wed, Nov 15, 2017 at 9:21 AM
Subject: Canada lynx 4(f)(1) determination
To: Marjorie Nelson <marjorie_nelson@fws.gov>, Jodi Bush <jodi_bush@fws.gov>

After talking w/ Maricela at HQ, it appears we need to do a 4(f)(1) determination (see
attached draft) to be square w/ our Recovery Planning guidance and the Act.  The Service
has done very few of these over the years, and to our knowledge, never in a situation like
we have for lynx.  The attached determination memo has in the past been signed at the
Director level, and I have it drafted as such. 

I know we're waiting to hear from Dana and DOJ on the necessity for some kind of memo
to the court regarding the 2014 Order, but if we have to do this determination memo
anyway, maybe this can serve that purpose as well?  

Please take a look.  And let me know if I should share w/ RSOL now.
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mailto:jodi_bush@fws.gov
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And if a call to discuss is desired, I can try and set that up, but availability for everyone is
tight this week. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Smith, Tamara
Cc: McCollough, Mark; Bryon Holt; Kurt Broderdorp
Subject: Re: Lynx SSA
Date: Monday, November 20, 2017 3:55:25 PM

Or we can wait until everyone's had a chance to look it over.  Maybe next week is better.  I'm in the office today and
tomorrow then out the rest of the week as Abby is off school. I really just wanted you all to have a chance to take a
look and discuss it if you want.

I have asked several times about outreach and communication with Tribes to the point that I've essentially been
asked to back off. I've been assured that once outreach stuff passes HQ review, that External Affairs folks from each
of the regions will be coordinating to get out a consistent message, and that regional Tribal Liaisons are working to
communicate appropriately with affected tribes. 

I was a little disappointed that the direction/time line I got for trying to wrap it up precluded sharing later (after late
June) drafts of it with the Core and FIT teams. We received detailed comments/edits from R6, with Justin agreeing
to do detailed technical review and recommended revisions, while I focused on addressing peer review and partner
comments, including reviewing a lot of additional literature that was included in some of the comments.  We also
had some concerns from R6 RSOL to deal with as well as substantial comments from R5 and its Regional Solicitor.

I have to spend time with the comment-tracking matrix on the drive to make sure that is tidied up and ready for
release, get all the PDFs from the final lit cited list in one place (may need to hit some of you up for a few docs that I
don't have yet), and get ready for the inevitable FOIA request that I suspect will be coming soon.

Hope you all are doing well and hanging in there.

 

On Mon, Nov 20, 2017 at 12:48 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim -  I have not had time to read the latest version of the SSA or 5 yr review.  I was
forwarded the outreach plans awhile ago.  I will be out tomorrow morning morning, but the
afternoon may work for a phone call, if that works for you and others. 

Happy Thanksgiving, everyone!
-Tam

On Mon, Nov 20, 2017 at 1:42 PM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:  I haven't had time to read the SSA or the 5-year review.  It would be helpful if you
could point out where significant changes were made in the SSA.

I discussed the pending announcement with my supervisor today.  We haven't seen any
talking points, outreach plans, etc.  Are those forthcoming?

I would like to catch up with the core team, but have a busy day tomorrow.  Perhaps later
in the afternoon would work for me (1:00 or 2:00 your time?)

Mark

On Mon, Nov 20, 2017 at 11:48 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Now that you have all received the final SSA and the 5-year review from Jodi, I was wondering if there is
interest in a Core Team call to discuss it or any of the additional review that led to some of the changes from
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draft to final SSA.

I did my best to address the big-ticket items from peer, State, and Federal reviews, as well as from several
additional layers of internal review, and to address as many of the more minor issues as I could.  I think it is
much improved over the draft, but still not as tight as I wish it were, and some partners, maybe particularly
some states, may not feel like we've addressed all their concerns.

Hope you all also feel it is in better shape than the draft.

Please let me know if you think a team call, probably sometime tomorrow, would be helpful.  Alternatively,
if you have questions or concerns, you can always call or email me separately.

Thanks again for your help in getting this challenging project across the finish line.

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
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952-646-2873 (fax)
612-600-1599 cell

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 

1. Plan title: Canada lynx 5-year Review 

  

2. DTS number  
 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 States) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicates 
that the Canada lynx has persistent resident populations in northern Maine, northeastern 
Minnesota, northwestern Montana/northeastern Idaho, and north-central Washington; a 
resident introduced population in western Colorado; and occasional lynx residency in some 
neighboring states and adjacent areas. Based on the health of this lynx population and the 
conservation efforts of Federal, State, and Tribal agencies, the Service’s 5-year Status 
Review recommends that the removal of the lynx DPS from the list of endangered and 
threatened species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

Autumn of 2017 is the proposed time frame for 5-year review and SSA to be made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is lead; R1, R2, R3, R5, and HQ involved. 

 

 

SECTION II: GOALS 
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6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to attain healthy and 
sustainable populations that no longer require federal protection under the ESA. 

The Service relies on the best available science when conducting our 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.   

Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our Federal, State, Tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species.  The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  The recommendation to delist is a 
success story for the lynx and a testament to how working with our partners can move ESA 
listed species towards recovery.  If it is determined that the Canada Lynx should be delisted 
then the Service will  publish a proposed rule in the Federal Register seeking review and 
comment by other Federal agencies, State biologists, and the public, as well as the advice of 
independent species experts. After analyzing the comments, we respond to 
them and announce our final decision in the Federal Register, either completing 
the final rule or withdrawing the action and maintaining the current species’ 
status. 
 

 

 

SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 
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The interested public; Congress; State, Tribal, and local governments; Federal Partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  

DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., Wild Earth Guardians, Earth justice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the Lower 48 States at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 

● The State of Washington (or its Fish and Wildlife and/or Natural Resources departments 
may oppose because Federal delisting is at odds with their recent uplisting of lynx at the 
State level from threatened to endangered. 

 

11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, State wildlife and 
natural resources management agencies, AFWA, WAFWA, State governments (especially 
Maine, Montana, Idaho, and Wyoming). 
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SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of 
facts, which should be placed in the appendix. List no more than three!) 

This is a success story for the Canada lynx DPS.  Efforts by the Service and our partners 
have resulted in the species becoming more secure to the point where it could be removed 
from the list of threatened and endangered species.   

The ESA and subsequent conservation efforts of our federal, state and private land 
management  partners have been successful in identifying and protecting habitats and 
populations of Canada lynx DPS. 

Our partnerships with other Federal agencies; State, local, and Tribal governments, and 
conservations organizations have been critical to the successful conservation of the Canada 
lynx DPS. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by State, Federal, and Tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 

The Canada lynx’s population within the DPS is steady, but naturally fluctuates as opposed 
to the non-endangered populations in Alaska and Canada. This can result in changes to the 
overall DPS populations as external natural and manmade forces affect habitats and food 
sources.  

Continued climate warming is regarded as the biggest long-term threat to the viability and 
persistence of the lynx DPS in the future. Climate change could result in shifts in the lynx’s 
boreal habitat and main food source, the snowshoe hare. How vulnerable lynx populations 
to these shifts will be is unknown and undeterminable at this time. The most likely potential 
stressor to the Canada lynx within the DPS is climate change which could affect their boreal 
sub-alpine habitat and main food source, the snowshoe hare.  
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SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization web sites and news feeds, local and national television and radio, print media, 
web based news sites, social media including Facebook, and Twitter. 

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS web site 

Pop-Up 

Internal email to employees 

Internal news web pages and newsletters 

Social media posts to FB and Twitter 

 

16. Which communications tools are needed to support these strategies and tactics? (Be as 
specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press Release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 Internet page Rob Mansheim TBD 

   

 

 

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 
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Date and Time Tactic Responsible 

All times are in the Select time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD review  R6 EA 

TBD  SSA/Review delivered to court HQ-Sol 

Day Before the 
announcement 

Congressional Notification HQ/Regional CLA 

Day Before the 
announcement 

State Wildlife Agencies Regional ES 

Day of the 
announcement 

Tribal Notification Regional NALs 

Day of 
Announcement 

Release to media in  regions (6, 5, 3, 1) R6 EA,  R5 EA,  
R3 EA, R1 EA 

Day of 
Announcement 

Posting to R6 and FWS national web sites and 
social media platforms 

R6 EA Digital 
Media 

TBD/fall-winter 
2017 and early 
2018 

Response to all subsequent media requests and 
inquiries 

R6 EA,  R5 EA,  
R3 EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 

19. Stakeholder contacts (For each, paste in a table that provides organization name, contact person, 
contact information as appropriate, and the name of the person responsible for making contact) 
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Stakeholder Contact Information Contact By 

FWS Region 5 Meagan Racey (413) 253-8558 EA-Segin 

FWS Region 3, Georgia Parham (812) 334-4261 X1203 EA-Segin 

FWS Region 1, Sarah Levy (503)-231-2264 EA-Segin 
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 Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 R6 DRD 

Wyoming Game and Fish Department, Director, 
Scott Talbot 

(307) 777-4600 R6 DRD 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 DRD 

Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R1 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leslie Weldon 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 
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U.S. Forest Service Pacific Northwest Regional 
Forester, Jim Pena 

(503) 808-2468 R1 DRD 

U.S. Forest Service US Forest Service Eastern 
Regional Forester, Kathleen Atkinson 

(414) 297-3600 R3 DRD 

Bureau of Land Management Montana State 
Director, Jon Raby 

(406) 896-5000 

 

R6 DRD 

Bureau of Land Management Wyoming State 
Director, Mary Jo Rugwell 

(307) 775-6001 

 

R6 DRD 

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R5 DRD 

Bureau of Land Management Colorado State 
Director, Greg Shoop 

(303)-239-3700 R6 DRD 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 RD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James Ogsbury (303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt Melcher 

208-331-9431 R1 DRD 
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Stakeholder***  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie Rappaport 
Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, Director 
Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, Board 
President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

 
 

 
***Will all litigants be notified by the solicitor of our SSA/Review 

 
 
23. Congressional Contacts 

mailto:cchavers@boisforte-nsn.gov
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Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate.gov HQ-
CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.senate.gov  HQ-
CLA 

Sen. Michael Bennet – Rosemary Rodriguez rosemary_rodriguez@bennet.senate.gov R6-
EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.gov  HQ-
CLA 

Rep. Diana DeGette – Matthew Mengesha Mathew.mengesha@mail.house.gov R6-
EA 

Rep. Jared Polis –   HQ-
CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-Wiwchar@mail.house.gov R6-
EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.gov  HQ-
CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.gov R6-
EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.gov   HQ-
CLA 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.gov R6-
EA 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.gov  HQ-
CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.gov R6-
EA 

mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:james.thomas@mail.house.gov
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Rep. Mike Coffman – Steve Linton-Smith steve.linton-smith@mail.house.gov  HQ-
CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.gov R6-
EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-
CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.house.gov R6-
EA 

Member Wyoming   

Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.senate.gov  HQ-
CLA 

Sen. John Barrasso –  R6-
EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.gov  HQ-
CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.senate.gov R6-
EA 

Rep. Liz Cheney –  Holly Heussner Holly.Heussner@mail.house.gov HQ-
CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.gov  HQ-
CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.senate.gov R6-
EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.senate.gov  HQ-
CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.gov R6-

mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:meghan_thacker@daines.senate.gov
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EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.house.gov HQ-
CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.gov  R6-
EA 

Member Washington   

TBD by Region 1 EA   

 
 

Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

 
Committees 

mailto:lesley.robinson@mail.house.gov
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Stakeholder Contact Information Contact By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

 
 

 

SECTION VI: SOCIAL MEDIA PLAN 

 

24. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a large 
swath of the general public across a number of age demographics. 

 

Lead accounts to be used:  Facebook, Twitter. 

 

Secondary accounts to share messaging: We assume that there will be collateral inquiries 

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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associated with images for the Canada lynx so Flickr may also play an important role in this 
rollout. 
 

Hashtags: #lynx #conservation 

 

Photos: https://www.flickr.com/search/?text=Canada%20lynx  
 

Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News 
; https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates populations in Lower 48 States are no longer in 

danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 5-year 

review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 

Facebook messages:  
Read more at xxxxx 

Other platform messages:  
 

 

 

SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve  Segin - robert_segin@fws.gov - 303-236-4578 

Sarah Levy, sarah_levey@fws.gov -503-231-6208 

Georgia Parham, , Georgia_Parham@fws.gov-812-334-4261 x 1203 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
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Meagan Racey, Meagan_racey@fws.gov -413-253-8558 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov 

Roya Mogadam - roya_mogadam@fws.gov - 303-236-4572 (R6) 

Sarah Levy, sarah_levey@fws.gov 503-231-6208 

Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 

Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Steve Segin - robert_segin@fws.gov - 303-236-4578 

 
26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 

HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 

mailto:Meagan_racey@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 
email and phone) 

No 

 

 

 

 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

R.Mogadam 10-24-17 

S.Segin 11-2-17 

  

 

APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 
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Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 

1. Plan title: Canada lynx 5-year Review 

  

2. DTS number  
 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 States) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicates 
that the Canada lynx has persistent resident populations in northern Maine, northeastern 
Minnesota, northwestern Montana/northeastern Idaho, and north-central Washington; a 
resident introduced population in western Colorado; and occasional lynx residency in some 
neighboring states and adjacent areas. Based on the health of this lynx population and the 
conservation efforts of Federal, State, and Tribal agencies, the Service’s 5-year Status 
Review recommends that the removal of the lynx DPS from the list of endangered and 
threatened species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

Autumn of 2017 is the proposed time frame for 5-year review and SSA to be made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is lead; R1, R2, R3, R5, and HQ involved. 

 

 

SECTION II: GOALS 
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6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to attain healthy and 
sustainable populations that no longer require federal protection under the ESA. 

The Service relies on the best available science when conducting our 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.   

Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our Federal, State, Tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species.  The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  The recommendation to delist is a 
success story for the lynx and a testament to how working with our partners can move ESA 
listed species towards recovery.  If it is determined that the Canada Lynx should be delisted 
then the Service will  publish a proposed rule in the Federal Register seeking review and 
comment by other Federal agencies, State biologists, and the public, as well as the advice of 
independent species experts. After analyzing the comments, we respond to 
them and announce our final decision in the Federal Register, either completing 
the final rule or withdrawing the action and maintaining the current species’ 
status. 
 

 

 

SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 
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The interested public; Congress; State, Tribal, and local governments; Federal Partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  

DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., Wild Earth Guardians, Earth justice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the Lower 48 States at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 

● The State of Washington (or its Fish and Wildlife and/or Natural Resources departments 
may oppose because Federal delisting is at odds with their recent uplisting of lynx at the 
State level from threatened to endangered. 

 

11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, State wildlife and 
natural resources management agencies, AFWA, WAFWA, State governments (especially 
Maine, Montana, Idaho, and Wyoming). 
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SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of 
facts, which should be placed in the appendix. List no more than three!) 

This is a success story for the Canada lynx DPS.  Efforts by the Service and our partners 
have resulted in the species becoming more secure to the point where it could be removed 
from the list of threatened and endangered species.   

The ESA and subsequent conservation efforts of our federal, state and private land 
management  partners have been successful in identifying and protecting habitats and 
populations of Canada lynx DPS. 

Our partnerships with other Federal agencies; State, local, and Tribal governments, and 
conservations organizations have been critical to the successful conservation of the Canada 
lynx DPS. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by State, Federal, and Tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 

The Canada lynx’s population within the DPS is steady, but naturally fluctuates as opposed 
to the non-endangered populations in Alaska and Canada. This can result in changes to the 
overall DPS populations as external natural and manmade forces affect habitats and food 
sources.  

Continued climate warming is regarded as the biggest long-term threat to the viability and 
persistence of the lynx DPS in the future. Climate change could result in shifts in the lynx’s 
boreal habitat and main food source, the snowshoe hare. How vulnerable lynx populations 
to these shifts will be is unknown and undeterminable at this time. The most likely potential 
stressor to the Canada lynx within the DPS is climate change which could affect their boreal 
sub-alpine habitat and main food source, the snowshoe hare.  
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SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization web sites and news feeds, local and national television and radio, print media, 
web based news sites, social media including Facebook, and Twitter. 

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS web site 

Pop-Up 

Internal email to employees 

Internal news web pages and newsletters 

Social media posts to FB and Twitter 

 

16. Which communications tools are needed to support these strategies and tactics? (Be as 
specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press Release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 Internet page Rob Mansheim TBD 

   

 

 

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 
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Date and Time Tactic Responsible 

All times are in the Select time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD review  R6 EA 

TBD  SSA/Review delivered to court HQ-Sol 

Day Before the 
announcement 

Congressional Notification HQ/Regional CLA 

Day Before the 
announcement 

State Wildlife Agencies Regional ES 

Day of the 
announcement 

Tribal Notification Regional NALs 

Day of 
Announcement 

Release to media in  regions (6, 5, 3, 1) R6 EA,  R5 EA,  
R3 EA, R1 EA 

Day of 
Announcement 

Posting to R6 and FWS national web sites and 
social media platforms 

R6 EA Digital 
Media 

TBD/fall-winter 
2017 and early 
2018 

Response to all subsequent media requests and 
inquiries 

R6 EA,  R5 EA,  
R3 EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 

19. Stakeholder contacts (For each, paste in a table that provides organization name, contact person, 
contact information as appropriate, and the name of the person responsible for making contact) 
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Stakeholder Contact Information Contact By 

FWS Region 5 Meagan Racey (413) 253-8558 EA-Segin 

FWS Region 3, Georgia Parham (812) 334-4261 X1203 EA-Segin 

FWS Region 1, Sarah Levy (503)-231-2264 EA-Segin 
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 Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 R6 DRD 

Wyoming Game and Fish Department, Director, 
Scott Talbot 

(307) 777-4600 R6 DRD 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 DRD 

Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R1 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leslie Weldon 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 
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U.S. Forest Service Pacific Northwest Regional 
Forester, Jim Pena 

(503) 808-2468 R1 DRD 

U.S. Forest Service US Forest Service Eastern 
Regional Forester, Kathleen Atkinson 

(414) 297-3600 R3 DRD 

Bureau of Land Management Montana State 
Director, Jon Raby 

(406) 896-5000 

 

R6 DRD 

Bureau of Land Management Wyoming State 
Director, Mary Jo Rugwell 

(307) 775-6001 

 

R6 DRD 

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R5 DRD 

Bureau of Land Management Colorado State 
Director, Greg Shoop 

(303)-239-3700 R6 DRD 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 RD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James Ogsbury (303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt Melcher 

208-331-9431 R1 DRD 
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Stakeholder***  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie Rappaport 
Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, Director 
Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, Board 
President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

 
 

 
***Will all litigants be notified by the solicitor of our SSA/Review 

 
 
23. Congressional Contacts 

mailto:cchavers@boisforte-nsn.gov
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Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate.gov HQ-
CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.senate.gov  HQ-
CLA 

Sen. Michael Bennet – Rosemary Rodriguez rosemary_rodriguez@bennet.senate.gov R6-
EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.gov  HQ-
CLA 

Rep. Diana DeGette – Matthew Mengesha Mathew.mengesha@mail.house.gov R6-
EA 

Rep. Jared Polis –   HQ-
CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-Wiwchar@mail.house.gov R6-
EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.gov  HQ-
CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.gov R6-
EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.gov   HQ-
CLA 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.gov R6-
EA 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.gov  HQ-
CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.gov R6-
EA 

mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:james.thomas@mail.house.gov
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Rep. Mike Coffman – Steve Linton-Smith steve.linton-smith@mail.house.gov  HQ-
CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.gov R6-
EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-
CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.house.gov R6-
EA 

Member Wyoming   

Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.senate.gov  HQ-
CLA 

Sen. John Barrasso –  R6-
EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.gov  HQ-
CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.senate.gov R6-
EA 

Rep. Liz Cheney –  Holly Heussner Holly.Heussner@mail.house.gov HQ-
CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.gov  HQ-
CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.senate.gov R6-
EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.senate.gov  HQ-
CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.gov R6-

mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:meghan_thacker@daines.senate.gov
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EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.house.gov HQ-
CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.gov  R6-
EA 

Member Washington   

TBD by Region 1 EA   

 
 

Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

 
Committees 

mailto:lesley.robinson@mail.house.gov


Page 14 of 18 

Stakeholder Contact Information Contact By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

 
 

 

SECTION VI: SOCIAL MEDIA PLAN 

 

24. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a large 
swath of the general public across a number of age demographics. 

 

Lead accounts to be used:  Facebook, Twitter. 

 

Secondary accounts to share messaging: We assume that there will be collateral inquiries 

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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associated with images for the Canada lynx so Flickr may also play an important role in this 
rollout. 
 

Hashtags: #lynx #conservation 

 

Photos: https://www.flickr.com/search/?text=Canada%20lynx  
 

Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News 
; https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates populations in Lower 48 States are no longer in 

danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 5-year 

review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 

Facebook messages:  
Read more at xxxxx 

Other platform messages:  
 

 

 

SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve  Segin - robert_segin@fws.gov - 303-236-4578 

Sarah Levy, sarah_levey@fws.gov -503-231-6208 

Georgia Parham, , Georgia_Parham@fws.gov-812-334-4261 x 1203 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
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Meagan Racey, Meagan_racey@fws.gov -413-253-8558 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov 

Roya Mogadam - roya_mogadam@fws.gov - 303-236-4572 (R6) 

Sarah Levy, sarah_levey@fws.gov 503-231-6208 

Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 

Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Steve Segin - robert_segin@fws.gov - 303-236-4578 

 
26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 

HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 

mailto:Meagan_racey@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 
email and phone) 

No 

 

 

 

 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

R.Mogadam 10-24-17 

S.Segin 11-2-17 

  

 

APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 
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Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 

1. Plan title: Canada lynx 5-year Review 

  

2. DTS number  
 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 States) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicates 
that the Canada lynx has persistent resident populations in northern Maine, northeastern 
Minnesota, northwestern Montana/northeastern Idaho, and north-central Washington; a 
resident introduced population in western Colorado; and occasional lynx residency in some 
neighboring states and adjacent areas. Based on the health of this lynx population and the 
conservation efforts of Federal, State, and Tribal agencies, the Service’s 5-year Status 
Review recommends that the removal of the lynx DPS from the list of endangered and 
threatened species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

Autumn of 2017 is the proposed time frame for 5-year review and SSA to be made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is lead; R1, R2, R3, R5, and HQ involved. 

 

 

SECTION II: GOALS 
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6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to attain healthy and 
sustainable populations that no longer require federal protection under the ESA. 

The Service relies on the best available science when conducting our 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.   

Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our Federal, State, Tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species.  The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  The recommendation to delist is a 
success story for the lynx and a testament to how working with our partners can move ESA 
listed species towards recovery.  If it is determined that the Canada Lynx should be delisted 
then the Service will  publish a proposed rule in the Federal Register seeking review and 
comment by other Federal agencies, State biologists, and the public, as well as the advice of 
independent species experts. After analyzing the comments, we respond to 
them and announce our final decision in the Federal Register, either completing 
the final rule or withdrawing the action and maintaining the current species’ 
status. 
 

 

 

SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 
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The interested public; Congress; State, Tribal, and local governments; Federal Partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  

DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., Wild Earth Guardians, Earth justice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the Lower 48 States at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 

● The State of Washington (or its Fish and Wildlife and/or Natural Resources departments 
may oppose because Federal delisting is at odds with their recent uplisting of lynx at the 
State level from threatened to endangered. 

 

11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, State wildlife and 
natural resources management agencies, AFWA, WAFWA, State governments (especially 
Maine, Montana, Idaho, and Wyoming). 
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SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of 
facts, which should be placed in the appendix. List no more than three!) 

This is a success story for the Canada lynx DPS.  Efforts by the Service and our partners 
have resulted in the species becoming more secure to the point where it could be removed 
from the list of threatened and endangered species.   

The ESA and subsequent conservation efforts of our federal, state and private land 
management  partners have been successful in identifying and protecting habitats and 
populations of Canada lynx DPS. 

Our partnerships with other Federal agencies; State, local, and Tribal governments, and 
conservations organizations have been critical to the successful conservation of the Canada 
lynx DPS. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by State, Federal, and Tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 

The Canada lynx’s population within the DPS is steady, but naturally fluctuates as opposed 
to the non-endangered populations in Alaska and Canada. This can result in changes to the 
overall DPS populations as external natural and manmade forces affect habitats and food 
sources.  

Continued climate warming is regarded as the biggest long-term threat to the viability and 
persistence of the lynx DPS in the future. Climate change could result in shifts in the lynx’s 
boreal habitat and main food source, the snowshoe hare. How vulnerable lynx populations 
to these shifts will be is unknown and undeterminable at this time. The most likely potential 
stressor to the Canada lynx within the DPS is climate change which could affect their boreal 
sub-alpine habitat and main food source, the snowshoe hare.  
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SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization web sites and news feeds, local and national television and radio, print media, 
web based news sites, social media including Facebook, and Twitter. 

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS web site 

Pop-Up 

Internal email to employees 

Internal news web pages and newsletters 

Social media posts to FB and Twitter 

 

16. Which communications tools are needed to support these strategies and tactics? (Be as 
specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press Release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 Internet page Rob Mansheim TBD 

   

 

 

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 
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Date and Time Tactic Responsible 

All times are in the Select time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD review  R6 EA 

TBD  SSA/Review delivered to court HQ-Sol 

Day Before the 
announcement 

Congressional Notification HQ/Regional CLA 

Day Before the 
announcement 

State Wildlife Agencies Regional ES 

Day of the 
announcement 

Tribal Notification Regional NALs 

Day of 
Announcement 

Release to media in  regions (6, 5, 3, 1) R6 EA,  R5 EA,  
R3 EA, R1 EA 

Day of 
Announcement 

Posting to R6 and FWS national web sites and 
social media platforms 

R6 EA Digital 
Media 

TBD/fall-winter 
2017 and early 
2018 

Response to all subsequent media requests and 
inquiries 

R6 EA,  R5 EA,  
R3 EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 

19. Stakeholder contacts (For each, paste in a table that provides organization name, contact person, 
contact information as appropriate, and the name of the person responsible for making contact) 
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Stakeholder Contact Information Contact By 

FWS Region 5 Meagan Racey (413) 253-8558 EA-Segin 

FWS Region 3, Georgia Parham (812) 334-4261 X1203 EA-Segin 

FWS Region 1, Sarah Levy (503)-231-2264 EA-Segin 
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 Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 R6 DRD 

Wyoming Game and Fish Department, Director, 
Scott Talbot 

(307) 777-4600 R6 DRD 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 DRD 

Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R1 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leslie Weldon 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 
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U.S. Forest Service Pacific Northwest Regional 
Forester, Jim Pena 

(503) 808-2468 R1 DRD 

U.S. Forest Service US Forest Service Eastern 
Regional Forester, Kathleen Atkinson 

(414) 297-3600 R3 DRD 

Bureau of Land Management Montana State 
Director, Jon Raby 

(406) 896-5000 

 

R6 DRD 

Bureau of Land Management Wyoming State 
Director, Mary Jo Rugwell 

(307) 775-6001 

 

R6 DRD 

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R5 DRD 

Bureau of Land Management Colorado State 
Director, Greg Shoop 

(303)-239-3700 R6 DRD 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 RD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James Ogsbury (303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt Melcher 

208-331-9431 R1 DRD 
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Stakeholder***  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie Rappaport 
Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, Director 
Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, Board 
President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

 
 

 
***Will all litigants be notified by the solicitor of our SSA/Review 

 
 
23. Congressional Contacts 

mailto:cchavers@boisforte-nsn.gov
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Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate.gov HQ-
CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.senate.gov  HQ-
CLA 

Sen. Michael Bennet – Rosemary Rodriguez rosemary_rodriguez@bennet.senate.gov R6-
EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.gov  HQ-
CLA 

Rep. Diana DeGette – Matthew Mengesha Mathew.mengesha@mail.house.gov R6-
EA 

Rep. Jared Polis –   HQ-
CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-Wiwchar@mail.house.gov R6-
EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.gov  HQ-
CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.gov R6-
EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.gov   HQ-
CLA 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.gov R6-
EA 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.gov  HQ-
CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.gov R6-
EA 

mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:james.thomas@mail.house.gov
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Rep. Mike Coffman – Steve Linton-Smith steve.linton-smith@mail.house.gov  HQ-
CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.gov R6-
EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-
CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.house.gov R6-
EA 

Member Wyoming   

Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.senate.gov  HQ-
CLA 

Sen. John Barrasso –  R6-
EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.gov  HQ-
CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.senate.gov R6-
EA 

Rep. Liz Cheney –  Holly Heussner Holly.Heussner@mail.house.gov HQ-
CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.gov  HQ-
CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.senate.gov R6-
EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.senate.gov  HQ-
CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.gov R6-

mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:meghan_thacker@daines.senate.gov
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EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.house.gov HQ-
CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.gov  R6-
EA 

Member Washington   

TBD by Region 1 EA   

 
 

Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

 
Committees 

mailto:lesley.robinson@mail.house.gov
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Stakeholder Contact Information Contact By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

 
 

 

SECTION VI: SOCIAL MEDIA PLAN 

 

24. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a large 
swath of the general public across a number of age demographics. 

 

Lead accounts to be used:  Facebook, Twitter. 

 

Secondary accounts to share messaging: We assume that there will be collateral inquiries 

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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associated with images for the Canada lynx so Flickr may also play an important role in this 
rollout. 
 

Hashtags: #lynx #conservation 

 

Photos: https://www.flickr.com/search/?text=Canada%20lynx  
 

Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News 
; https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates populations in Lower 48 States are no longer in 

danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 5-year 

review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 

Facebook messages:  
Read more at xxxxx 

Other platform messages:  
 

 

 

SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve  Segin - robert_segin@fws.gov - 303-236-4578 

Sarah Levy, sarah_levey@fws.gov -503-231-6208 

Georgia Parham, , Georgia_Parham@fws.gov-812-334-4261 x 1203 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
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Meagan Racey, Meagan_racey@fws.gov -413-253-8558 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov 

Roya Mogadam - roya_mogadam@fws.gov - 303-236-4572 (R6) 

Sarah Levy, sarah_levey@fws.gov 503-231-6208 

Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 

Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Steve Segin - robert_segin@fws.gov - 303-236-4578 

 
26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 

HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 

mailto:Meagan_racey@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 
email and phone) 

No 

 

 

 

 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

R.Mogadam 10-24-17 

S.Segin 11-2-17 

  

 

APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The Canada lynx is a North American boreal forest carnivore whose populations are strongly 
tied to its primary prey, the snowshoe hare (Lepus americanus). Both species occur primarily in 
the extensive boreal spruce-fir forests of Canada and Alaskan; however, the southern margins 
of both their ranges extend into the northern contiguous United States. The Service designated 
lynx in the Lower 48 States as a DPS because of differences in the management of lynx and 
lynx habitats across the international boundary with Canada and because of the climatic, 
vegetative, and ecological differences between lynx habitat at the southern extent of its range in 
the contiguous United States compared to the northern range in Canada and Alaska. The 
Service listed the DPS as threatened under the Endangered Species Act (ESA) in 2000 
because of the inadequacy, at that time, of regulatory mechanisms on some Federal lands to 
provide for the conservation of lynx habitats and populations (see section 3.1.1). This SSA does 
not reconsider the designation of the DPS or its listing status under the ESA, which are Service 
policy decisions. Instead, it provides the scientific basis for the statutorily required 5-year status 
review for the DPS and other decisions the Service is required to make in accordance with the 
ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
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lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are, in most 
places, naturally less abundant and generally more patchily-distributed than in the core of the 
species’ range in Canada and Alaska. Maintaining connectivity between the DPS and lynx 
populations in Canada is thought to be important. However, the extent to which DPS 
populations may depend on immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in projections, particularly beyond mid-
century. The output from this expert elicitation process (summarized below and presented in 
detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline largely as a result of 
projected continued climate warming and associated impacts, which are likely to exacerbate the 
potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue, although we do not anticipate that such events alone 
would cause the permanent loss of breeding lynx populations in any geographic unit. We are 
aware of no management actions that could be expected to abate the projected long-term 
retreat of boreal forests, declining hare populations, and diminished snow conditions expected 
under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically and many more than was known or suspected at the time the DPS was 
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listed, and recent information suggests that resident lynx may be expanding to the south of the 
core population area. This is due to the large amount and broad distribution of high-quality lynx 
and hare habitat that currently exists as a result of landscape-level clearcutting on private 
commercial timber lands in response to a major spruce budworm (Choristoneura fumiferana) 
outbreak in the 1970s and 1980s. These dense regenerating conifer stands are much more 
extensive than they are thought to have been historically under natural disturbance regimes. 
The State of Maine suggests that this unit currently may support 750-1,000 or more resident 
lynx. However, the extent of these high-quality stands probably peaked by 2005, and habitat 
quality is projected to decline in these stands over the next few decades as they age beyond 35-
40 years post-harvest. Because a shift in forest management from clearcutting to partial 
harvesting that began in 1989 appears unlikely to maintain or recreate this extensive high-
quality habitat, we expect lynx habitat and numbers to decline in this unit over the next several 
decades, perhaps to levels more consistent with likely historical conditions. We concur with the 
expert panel that the resident lynx population in this unit is very likely to persist at 2025 and at 
2050. Over the longer-term (at 2100), we expect continued climate warming to reduce the 
amount and quality of lynx habitat in this unit and exacerbate other potential stressors 
(commercial and energy developments, changing forestry practices and land ownership 
patterns, etc.), further reducing lynx numbers and likely decreasing the population’s resilience. 
Some climate models indicate substantial loss of boreal forest and favorable snow conditions 
under higher emissions scenarios, and this unit generally lacks potential elevational refugia that 
would support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be somewhat 
lower than expert projections, although the timing and extent of climate-mediated habitat decline 
is highly uncertain. This geographic unit also may be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington, perhaps substantially more 
after additional fires in 2017. Because of this, the number of resident lynx in this unit is likely 
lower than it was historically and when the DPS was listed. Based on estimates of lynx carrying 
capacity, this unit may have been capable of supporting roughly 50-60 resident lynx prior to 
large fires beginning in the early 1990s. Recent habitat evaluations suggest it currently may be 
capable of supporting only about 30-35 lynx, with the decline due to fire-driven habitat losses. 
Although these losses are expected to be temporary, additional fires in this unit before 
previously burned areas recover (10-40 years post-burn) would further reduce lynx numbers 
and make this geographic unit more vulnerable to extirpation. Because of these habitat impacts, 
limited demographic information, and remaining uncertainties (e.g., immigration/emigration 
rates, changes in snowpack, disease, lynx population status and impacts of trapping in southern 
British Columbia, and habitat corridor stability between British Columbia and this unit), the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Nonetheless, we concur with the expert panel that the resident lynx population in this unit is very 
likely to persist at years 2025 and 2050. Over the longer-term (2100), we expect continued 
climate warming to reduce the amount and quality of lynx habitat in this unit, further reducing 
lynx numbers and likely decreasing the population’s resilience. Therefore, we concur with 
experts that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
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Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 



10 
 

supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
We expect lynx populations in each geographic unit to become smaller and more patchily-
distributed due largely to projected climate-driven losses in habitat quality and quantity and 
related factors. However, the timing, rate, and extent of habitat decline due to projected climate 
warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should extirpations occur, this 
would indicate a loss of resiliency, reduced redundancy and representation, and an increased 
risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated Canada lynx in the contiguous United States as a DPS because of 
differences in the management of lynx and lynx habitats across the international boundary with 
Canada and because of the climatic, vegetative, and ecological differences in lynx habitat 
compared to the northern parts of the species’ range in Canada and Alaska (62 FR 28654-
28655). The Service listed the DPS as threatened under the ESA in 2000 because of the 
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to provide 
for the conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is 
recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We 
completed this SSA (version 1.0) to summarize the best available scientific information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions. It 
is generally restricted to areas that receive deep and persistent unconsolidated (“fluffy”) snow, 
which is thought to allow lynx, with their proportionately longer limbs and very large feet, to 
outcompete other terrestrial hare predators that are less efficient in such conditions (McCord 
and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-
94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; 
Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 
25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to these geographic units are known or suspected to 
intermittently support resident lynx and occasional reproduction. Uncertainty remains as to 
whether resident lynx populations occurred historically in other areas not encompassed by the 
geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164 100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that the statuses of lynx populations in individual SSA geographic units are 
largely independent of those in the other geographic units. This is clearly true for Units 1 and 
2, and it is probably true of the western geographic units (3 – 6), despite likely historical 
north-to-south connectivity and dispersal from or through Unit 3 to Unit 5 and possibly Unit 
6, and recent evidence of south-to-north connectivity and dispersal from Unit 6 to and 
through Units 5 and 3. We are aware of no evidence of east-west connectivity or dispersal 
between Units 3 and 4. 
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● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
 

● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate warming and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate coniferous or deciduous) forests, non-snow-domintated climates, or to 
persist on alternate prey species where hare densities are or become inadequate. 
Therefore, we assume lynx populations in the DPS are vulnerable (sensitive, exposed, and 
with little capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 
5) to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 
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For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
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1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
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northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
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litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
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winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90; Ivan et al. 2014, entire). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
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Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 



30 
 

adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
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mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
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Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in southern and eastern Canada (McKelvey et al. 
2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
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c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, traps, vehicles, etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
At the southern periphery of the lynx’s range (southern Canada and the contiguous United 
States), hare population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; 
Hodges et al. 2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; 
Hodges in Lynx SSA Team 2016a, pp. 16-17), hare densities are typically on the lower end of 
densities reported for northern populations, and lynx abundances and demographic rates in the 
south are typically like those of northern lynx populations during hare lows (Koehler and Aubry 
1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern 
populations the likelihood is probably relatively low that an individual lynx will have its ecological 
requirements met sufficiently to replace itself in the breeding population. Also in the south, there 
are more diverse assemblages of potential competitors and predators, more natural patchiness 
and anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
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nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provide for dependent kittens 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 



35 
 

185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Although specific snow 
requirements for lynx (amount/depth, quality, persistence) have not been quantified throughout 
the DPS range, historical lynx occurrence records in the contiguous United States were 
correlated with areas that received at least 4 months (December through March) of continuous 
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snow coverage (Gonzalez et al. 2007, p. 7). Where snow conditions do not consistently favor 
lynx, increased potential for predation and competition would be expected (Peers et al. 2013, p. 
8). Finally, individual lynx are more likely to survive, breed, and replace themselves in the 
breeding population if they occupy home ranges where trapping is prohibited or trapping 
pressure is low (Slough and Mowat 1996, entire), high-speed/high-volume roadways are absent 
(ILBT 2013, pp. 77-78), and other potential anthropogenic causes of lynx mortality are absent or 
minimal. 
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
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study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
In the core of the species’ range in the southern Yukon, Slough and Mowat (1996, p. 952, table 
4) calculated a lynx population growth rate (lambda, λ) = 2.03 (annual doubling) during the 4-
year increase-to-peak phase of the hare cycle. This period of rapid growth was followed by a 
rate of λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid 
decline) during the first 2 years of the lynx population decline when hares were scarce. 
However, the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated lynx populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS and some 
southern Canadian populations), versus those that would signal long-term population decline or 
instability is unknown. Despite this, and the limitations noted above, Squires (unpubl. data in 
Lynx SSA Team 2016a, p. 20) calculated population growth rates in northwestern Montana of λ 
= 0.92 for lynx in the Seeley Lake area (i.e., declining population trend, 1999-2007) and λ = 1.16 
for lynx in the Purcell Mountains (increasing trend, 2003-2007). Likewise, MDIFW in 2012 
calculated an intrinsic rate of growth of 0.05 (λ = 1.05) for Maine’s lynx population based on 
demographic data from a radiotelemetry study collected over a 12-year period (Vashon et al. 
2012, Appendix VI). Neither the Montana nor Maine estimates incorporated rates of 
immigration/emigration (i.e., both assumed immigration and emigration rates of zero, which is 
very unlikely and contradicted by historical and recent evidence of lynx dispersal in both 
directions across the Canada-Unites States border across the DPS range). Schwartz (2017, p. 
4) noted that very low immigration rates (less than 1 female/year on average for a theoretical 
population of 100 lynx) could provide population stability or even growth, suggesting that the 
Seeley Lake population and perhaps other DPS populations are probably being bolstered by 
low levels of immigration, which may go undetected. Other efforts to model lynx population 
dynamics in the DPS range include those of Lyons et al. (2016, entire), who developed spatially-
explicit, individual-based population models to estimate reductions in potential lynx carrying 
capacity in Washington associated with recent large wildfires, and Licht et al. (2017, in press, 
entire), who conducted a PVA of a potential lynx reintroduction to Isle Royale in Lake Superior, 
about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
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demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
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abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
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conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarilyinto areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
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either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat. The 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, McKelvey et al. 
(2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 
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2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because the lynx is a habitat and prey specialist, its densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist. 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449) because they are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors and predators (Buskirk et al. 2000a, p. 90; Krohn 
et al. 2005, p. 123; also see section 2.2 above), although behavioral adaptations may offset 
morphological differences to some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
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Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a comprenhensive, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
 
In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
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whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontario than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire) indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
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the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 



46 
 

and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecedentedly large irruptions of lynx from Canada into the 
northern contiguous United States, when dispersing/transient lynx occurred temporarily in many 
places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoming Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 
In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
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New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
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detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of a long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Based on habitat distribution and lynx home range data, the 
MDIFW estimated that this geographic unit may have supported roughly 250-320 adult lynx in 
1995 and 750-1,000+ by 2003-06 (Vashon et al. 2012, p. 58; Vashon in Lynx SSA Team 2016a, 
p. 18]), and recent information suggests that resident lynx may be expanding to the south of the 
core population area (Vashon 2017, pers. comm.). The current lynx population in Maine is 
supported by the broad distribution of high-quality hare habitat that resulted from extensive, 
large-scale clearcutting in the 1970s and 1980s in response to a massive spruce budworm 
(Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 4.2.1). As 
these regenerating clearcuts, which currently provide the dense horizontal structure preferred by 
hares, mature beyond about 35-40 years post-harvest, hare densities are expected to decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16). The current lynx population in Maine is probably 
substantially larger than typically occurred historically under the natural disturbance regime, 
when relatively small amounts of the spruce-fir forests in the state are thought to have been 
composed of the dense young stands that provode optimal hare (and, therefore, lynx foraging) 
habitat (Lorimer 1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With 
the reduction in clearcutting and the proliferation of partial harvesting following enactment of the 
Maine Forest Practices Act of 1989, lynx densities in Maine are projected to decline by 55 to 65 
percent by 2032 (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16), 
perhaps to levels more consistent with likely historical conditions. Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). Whether lynx persistence in Maine relies on immigration from 
Canada, and if so to what extent, is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
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Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
trapping harvest data suggest declining immigration after the mid-1980s (McKelvey et al. 2000a, 
p. 225; Squires in Lynx SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent 
evidence of reproduction have been documented in the Montana portion of the GYA where, as 
with the northwestern Wyoming part of the GYA (discussed above), uncertainty about whether 
this area consistently or only intermittently supported resident lynx historically makes it difficult 
to interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As 
elsewhere in the West, recent research and habitat assessments suggest that habitats capable 
of supporting resident lynx in Montana are, and historically were, naturally patchier and less-
broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx 
therefore naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016a, p. 12). 
 
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
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Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
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management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
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ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
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completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
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concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2104, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
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units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
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hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units that encompass USFS and BLM lands, are 
currently managed in accordance with the specific conservation measures and considerations 
identified in the LCAS and implemented via the CAs or formally revised and amended 
management plans described above. These agreements and revised/amended plans constitute 
the regulatory framework and specific regulatory mechanisms adopted to conserve lynx habitats 
and populations on USFS and BLM lands that support or are potentially capable of supporting 
them. They represent the agencies’ efforts, in collaboration with the Service, to address and 
ameliorate the singular threat for which the lynx DPS was listed under the ESA. Although formal 
effectiveness monitoring has not been completed, it is clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous United States. Overall, Federal lands managed by the USFS, BLM, and 
NPS constitute nearly 64 percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, 
and all but a tiny fraction of these lands are actively managed for lynx conservation. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
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central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
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specifation of trap sizes and sets that may be used to legally harvest other furbearers and that 
are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). The MNDNR 
also distributed to trappers the interagency brochure How to Avoid Incidental Take of Lynx while 
Trapping or Hunting Bobcats and other Furbearers.In response to a Federal court order, MDNR 
developed an incidental take plan designed to minimize the potential for lynx to be incidentally 
trapped during other legal furbearer trapping; the plan is currently under review by the Service. 
Like Maine, Minnesota has a State Endangered Species Statute (84.0895) which requires the 
MNDNR to adopt rules designating species meeting the statutory definitions of endangered, 
threatened, or species of special concern (State of Minnesota 2016, entire). The Statute also 
authorizes the MNDNR to adopt rules that regulate treatment of species designated as 
endangered and threatened. Also like Maine, however, Minnesota has not designated lynx as 
threatened or endangered under the statute. Instead it has designated the lynx a species of 
special concern, a designation for species that are extremely uncommon, have unique or highly 
specific habitat requirements, or occur on the periphery of their range in Minnesota and, 
therefore, deserve careful monitoring (MNDNR 2013, pp. 1-2). Thus, the MNDNR coordinates 
with the Service and other agencies to conduct research and monitor lynx populations and 
habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of restrictions on trapping in lynx habitat. 
Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
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may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming are classified as nongame wildlife, a 
Species of Greatest Conservation Need, and a Protected Animal by Wyoming State Statute. A 
classification of "State Protected" status prohibits trapping or any intentional take in the state, 
and lynx in Wyoming were offered full protection from trapping and hunting beginning in 1973 
(ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also participates in the 
CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an 
early regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than typical historical conditions under the natural disturbance regime, when only 3 to 7 
percent of stands were likely in such condition at any given time (68 FR 40094). Current timber 
harvest and management on State and private lands in Maine are governed by the Maine 
Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
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than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 
of Unit 1) of private lands in northern Maine are under “working woodland” conservation 
easements10; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). In the past Maine private forest landowners have expressed 
interest in long-term commitments to lynx management plans, but to our knowledge, there are 
no private landowners in Maine who have committed to long-term or permanent protection and 
creation of lynx habitat according to the Service’s lynx management guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
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persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61oC (1.1oF; range = -0.53 to +2.50oC [-
0.95 to +4.5oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Peters et al. 2013, entire; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 
2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). Analysis of paleoclimate data indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4o - 2.6oC 
(0.7o - 4.7oF) by mid-century and 0.3o - 4.8oC (0.5o - 8.6oF) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
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percent probability of increasing more than 1.5oC (2.7oF), a 76 percent probability of increasing 
2 o - 4.5oC (3.6o - 8oF) and a 14 percent probability of exceeding 4.5oC (8oF). 
 
In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf
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limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
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years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 



70 
 

sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
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between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over terrestrial competitors and predators. Although specific snow requirements for lynx 
(amount/depth, quality, persistence) have not been quantified throughout the DPS range, 
climate warming is diminishing snow conditions in the contiguous United States. Warmer winter 
temperatures are reducing snow cover extent and duration and altering snow structure via a 
combination of a higher proportion of precipitation falling as rain, more winter thaw-freeze 
events, higher rates of snowmelt during winter, and earlier spring melt and runoff (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; 
Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; 
Pierce et al. 2008, entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; 
Georgakakos et al. 2014, pp. 71-85). These trends are expected to continue with projected 
future climate warming (Hamlet and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; 
Mote et al. 2005, p. 48; Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; 
IPCC 2014b, p. 62). The IPCC projects that spring snow cover in the Northern Hemisphere is 
likely to decrease by 7-25 percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow 
season length and snow depth are very likely to decrease in most of North America except in 
the northernmost part of Canada where maximum snow depth is likely to increase’’ (Christensen 
et al. 2007, p. 850). Because lynx occurrence is correlated with prolonged periods of deep, fluffy 
snow, current lynx habitats would be expected to decline in value for lynx with decreases in 
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snow condition and duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 
2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Estimating trends in snowpack is challenging because the high variability in snowpack dynamics 
and microsite variations due to canopy cover, aspect, and elevation are not well-reflected in 
observation records (Hubbart et al. 2015, pp. 885-892; Rasouli et al. 2015, pp. 3937-3938; 
Painter et al. 2016, p. 149; IDFG 2017a, p. 7). Nonetheless, snowpack losses have been 
documented and will likely continue and could even accelerate in the future (Hamlet and 
Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 2011, entire; Kapnick and 
Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-971), with faster losses 
likely in milder climates like the Cascades and the slowest losses in the high peaks of the 
Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in temperature, 
snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 2016, p. 
106). In the West, areas of contiguous spring snow cover are projected to become smaller and 
more isolated throughout the Columbia, Upper Missouri, and Upper Colorado Basins, with 
greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). Snow 
accumulation and duration are also expected to continue to decline generally in the central and 
eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 2009, p. 31; 
Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow resources, 
potential lynx habitat is diminishing in the northern Appalachians and small areas in the 
Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential future 
snow cover under a range of IPCC climate scenarios suggests that snow conditions correlated 
with historical lynx occurrence records could decline by 10-20 percent across the continental 
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U.S. and Canada and by 46-84 percent in the contiguous United States by the end of the 
century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
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would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
mediate competition between the 2 species. Because of their higher foot-loading, bobcats likely 
hunt less efficiently than lynx in deep, unconsolidated snows (Hoving et al. 2005, entire; Krohn 
et al. 2005, pp. 122-129), which appear to limit bobcat mobility and distribution (Litvaitis et al. 
1986, p. 116). Considering recent and projected future changes in snow conditions described 
above, stable or increasing bobcat populations in the DPS range (Roberts and Crimmins 2010, 
p. 170), and the predicted northward expansion of bobcats into areas currently occupied by lynx 
(Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 
2010, p. 172), lynx may experience increased competition and displacement by bobcats, which 
could influence lynx distribution and persistence at the southern edge of their range (in all DPS 
geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
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Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change also may affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
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Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 
Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
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interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
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the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
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Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
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hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
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appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
 
Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
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the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
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Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
 

● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 
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● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
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markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
 
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
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Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under climate change, total United States timber inventories will increase, timber harvest will 
increase, and product prices will decrease relative to an assumed stable climate. Some models 
predict that consumers will gain from climate change while landowners in some regions will 
lose. The forest industry will likely adapt to climate change in many ways including using 
alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
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the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
 
There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
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habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
 
In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
 
Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
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problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University of Maine, pers. comm.).  As much as 30 to 40 percent of the advanced regeneration 
may be damaged from repeated entries by machinery to remove the overstory (R. Seymour, 
Department of Forestry, University of Maine, pers. comm.).  Finally, because subsequent 
overstory removal occurs about 15 years after the initial entry, some of the dense understory is 
damaged just as the stand develops conditions to support higher hare densities. The damage to 
the understory not only reduces the quality of the habitat for hares, but also cuts short the 
duration that the stand produces high quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
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of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
 
Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events(Kilgore and 
Heinselman 1990, Heinselman 1996, Veblen et al. 1994, Agee 2000, Seymour et al. 2002, 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
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thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
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2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
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whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 
selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
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generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
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most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
 
As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
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landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
 
Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
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2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
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potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
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areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
 
Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
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location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
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intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level negative 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 



106 
 

potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
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supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx likely have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or primary prey 
species). However, although some small populations may have become extirpated recently, 
resident lynx in the DPS remain broadly distributed across the range of ecological settings that 
seems to have supported them historically in the contiguous United States. Because there are 
no indications of current threats to the genetic health or adaptive capacity of lynx populations in 
the DPS, we find that the current level of representation does not appear to represent a 
decrease from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
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record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger and highly resilient population (Harrison 2017, p. 3) 
that also occupies southern Quebec (where trapping is legal) and northern New Brunswick 
(where lynx are a provincially-endangered species and harvest is prohibited). Although the 
actual number of resident lynx in this unit is unknown, the MDIFW believes this unit currently 
may be capable of supporting 750-1,000 lynx based on estimates of habitat distribution and lynx 
home range sizes (Vashon et al. 2012, pp. 87-91), which would make it the largest population in 
the DPS. This is many more resident lynx than likely occurred historically and many more than 
were suspected to occur in this unit when the DPS was listed, and it is the result of extensive 
clearcutting and herbicide application to salvage spruce-fir and encourage softwood 
regeneration following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments have created 
the current extensive distribution of young, regenerating softwood stands that provide optimal 
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hare foraging habitat. Lynx responded to these conditions with high survival and reproduction, 
small home ranges, and the highest densities documented in the DPS. Historically, under a 
more natural disturbance regime, Maine typically had a greater proportion of mature forest and, 
therefore a patchier distribution of high-quality habitat that likely supported a smaller lynx 
population that may have been more dependent on immigration from Canada. State forestry 
regulations passed in 1989 caused landowners to shift to various forms of partial harvesting that 
have resulted in lower landscape hare densities across much of the unit. Hare populations do 
not seem to cycle in this region, but hare density estimates from 2008-2015 declined by over 50 
percent compared to estimates from 2001-2006. Reproduction and adult survival declined in the 
low-hare environment after 2006, although kitten survival remained high. Unlike other DPS 
units, lynx habitat in northern Maine occurs nearly entirely on private, industrial forest lands, 
most of which lack long-term commitments to lynx management. The majority of private lands in 
this unit are now owned by investment companies seeking to diversify income from their 
investments, which could result in forest practices less likely to maintain or conserve hare and 
lynx habitat. Other potential stressors to lynx in this unit include incidental trapping, road 
mortality, large-scale wind energy development, residential and resort development, and 
parcelization of forestlands from rapid turnover in investment company landowners. Another 
spruce budworm outbreak may be imminent, and forestry response by investment landowners is 
uncertain. Climate change is a concern because average annual snowfall and duration are 
currently at the minimum thresholds believed necessary to give lynx a competitive advantage 
over bobcats and other mesocarnivores. Although lynx regularly occur outside this unit in 
southeastern and southwestern Maine, and small numbers of reproducing lynx have also been 
documented recently in northern New Hampshire and northern Vermont, the ability of some of 
these peripheral areas to support persistent breeding populations is questionable. However, 
recent telemetry data in Maine suggest that resident lynx are expanding both east and south of 
the Northern Maine Geographic Unit, with home range maintenance and reproduction 
documented in both areas, which previously were considered outside the area capable of 
supporting resident lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
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management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  The historical and current sizes of the 
resident lynx population in this unit are unknown, but it is thought currently to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
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Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. Historical and current resident lynx numbers in northern Washington are unknown, 
but recent habitat and home range analyses for the larger Okanogan LMZ (summarized in 
Lewis 2016) suggest that this geographic unit may have been capable of supporting about 50 
lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). Those 
fires affected over a third of the LMZ, led to increased home range size, and may have reduced 
the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4).Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
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populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
 
Unit 6 - Western Colorado:  The current and historical numbers of resident lynx numbers in this 
unit are unknown, but CPW lynx biologists believe it currently could support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. Released lynx had high 
survival but the proportion of females producing kittens and kitten survival were low. This unit is 
not directly connected to lynx populations in Canada, and it does not appear to have received 
immigrant lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 
1996, 2 unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 
mi2) of spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in 
this unit. Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) 
of lynx habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively 
impacted hares, and hare numbers may increase in affected areas as succession progresses; 
however, they have negatively impacted red squirrels, an important alternate prey species for 
lynx in this unit. Areas affected by beetles that contained multi-story stand conditions likely 
continue to provide habitat to support snowshoe hares and lynx. Areas affected by fire may 
require 20 years or more, and in some areas considerably longer, to recover to a point where 
the stands will again support snowshoe hares. Large-scale monitoring efforts in the San Juans 
documented continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is 
reasonably likely that lynx continue to occur in all national forests within the State of Colorado. 
Snowshoe hare habitat is naturally patchily-distributed in this geographic unit, which limits hare 
abundance. Because the majority (90 percent) of potential lynx habitat in Colorado is under 
Federal land management, actions occurring on other ownerships are unlikely to result in 
significant impacts to lynx habitat within this unit. The USFS manages over 85 percent of the 
lynx habitat in this unit, providing conservation through the SRLA. However, regulatory 
mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
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Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 
occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 

100% 83% (Purcells);            
61% (Seeley Lake)

100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares)

3.3 2.95 (Purcells);            
2.24 (Seeley Lake)

2.25 (2 females) 3.0 (1 female, 2 
years)

2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00

0.85 (Purcells);            
0.75 (Seeley Lake) 0.86 Few data

0.93 (in Core Release 
Area [CRA]);                   

0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.05                              
(1.16, high hares, 6 

yrs; 0.88,low hares, 4 
yrs)

No estimate
1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 
Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
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(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 



116 
 

et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforces the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found 
the probability of lynx occurrence was > 50 percent where landscape hare densities were > 0.74 
hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx maintained 
home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by very recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). At a landscape scale, lynx habitat selection did not differ between sexes; however, 
at a home range scale, males tended to use more mature forest dominated by conifers than 
females, and both male and female lynx tended to avoid mature forests that had a high 
deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on these observations, 
Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining landscape hare densities 
of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-quality hare habitat within 
100-km2 areas to conserve lynx. 
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Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, lynx 
habitat in northern Maine was probably typically much less abundant and less broadly-
distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, insect 
outbreaks) are rare (intervals of several hundred to several thousand years) and highly variable 
in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, 
spruce beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). Although, 
high-elevation boreal forests often exhibit dense, regenerating conifer (resulting from a wind-
throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare densities are believed to be 
low in these areas (Siren et al. 2015, entire). In this geographic area, wildfire is less significant 
as a natural agent of disturbance. The typical fire regime is infrequent surface fires in the 
dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
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In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately 50 percent of the 
designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 
km2 (1,485 mi2; nearly 27 percent) of the forested landscape was comprised of spruce-fir in a 
young, regenerating stand condition that provide high quality hare habitat. This habitat is similar 
to, and contiguous with, forested areas in Quebec and New Brunswick that support lynx (Hoving 
et al. 2005, pp. 740-741). The current range of lynx in this unit is associated with areas of deep 
snowfall, extensive forested landscapes, and areas having a high proportion of regenerating 
conifer-dominated forest that had previously been clearcut and treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several estimates of 
hare densities in the highest-quality regenerating conifer or mixed forest averaged 1.9 to 2.1 
hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 1990, hare densities 
in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 hares/ac) at low and high 
elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. (2015) reported lower densities 
in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and lowland 
spruce-fir. Densities in high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont. 
 
Current habitat is likely at historically high levels, but this habitat has peaked and high-quality 
lynx habitat is projected to decline in the near future (Simons-Legaard et al. 2016, pp. 140-163, 
202-218). In response to the widespread clearcutting in the 1970s and 1980s, Maine passed the 
Forest Practices Act in 1989, which regulated clearcutting. Since then, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27). Over 95 percent of cutting that 
occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 2009, 
p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). This new cutting regime 
results in lower landscape densities of snowshoe hares (Fuller 1999; Homyack 2003; Robinson 
2006; Scott 2009). Another consequence of partial harvesting is that a much greater acreage 
needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 
harvest rates have increased from about 40,000 ha (100,000 acres) per year (before the Forest 
Practices Act) to over 200,000 ha (500,000 acres) per year (after the Act). Thus, 28 years after 
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the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 40,000 ha (100,000 ac) including the State, Federal government (White 
Mountain National Forest south of lynx range), a conservation group (The Nature Conservancy), 
2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx 
range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi were chosen as pilot States to receive funding through their 
respective Natural Resources Conservation Service (NRCS) State offices. Based on a 
successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 
2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending regulations 
for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS offered the 
HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to promote 
development of Canada lynx forest management plans. Since that time 4 private landowners, 
The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and Katahdin 
Forestlands successfully enrolled in the program. Collectively, these land ownerships comprised 
2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine in 
2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
 
Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
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assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 

Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. In 
addition, “working woodland” easements now encompass > 10,000 km2 (3,861 mi2) across 
northern Maine; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 
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2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals cross the river on the ice each generation to prevent genetic drift of this population 
(Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA 
Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area of 
high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the critical habitat area designated in 2014) in northern Maine could potentially support a 
population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) 
estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx, however, is unknown because there are no methods available 
to count individuals over such a large geographic area. 
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Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-00; 
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Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 2 and 
3). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
 
In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality ynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
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Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where average annual snowfall 
typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx 
(to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et 
al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 cm (90-
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104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 
2008). Thus, average annual snowfall in Maine is currently at or below depths associated 
historically with lynx presence, and further declines could reduce the likelihood that resident lynx 
will persist in this unit (Hoving et al. 2005). 
 
As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 

                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-tagged in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development16, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and western 
Maine and 5 projects are in operation; 2 have been proposed in northern New Hampshire and 2 
are in operation; and 3 have been proposed for northeast Vermont and 2 are in operation or 
under construction. Maine’s 2 largest wind projects (combined over 250 turbines covering 932 
km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. Although 
impacts of wind energy projects on lynx, hares, and their habitats have not been demonstrated, 
potential effects include loss and fragmentation of habitat from turbines, roads, and transmission 
lines, and disturbance or displacement of resident lynx. Road construction could further 
fragment habitat and increase access, potentially increasing vehicle collisions with lynx and 
other sources of mortality, including incidental trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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ownership patterns have changed dramatically in the last 15 years (Ippoliti and Nadeau-Drillen 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some of these new landowners are seeking 
diversified financial returns on their investment, including developing residential housing, 
second homes, and resorts. At various times in the past, 2 large residential and resort areas 
have been proposed on forestlands within designated lynx critical habitat in this unit. Both 
projects, if eventually built as previously-planned, could result in the development of several 
thousand acres of potential lynx habitat, but would be mitigated by substantial (100,000s of 
acres) conservation easements on surrounding forestland. Also, a private landowner recently 
purchased and donated 354 km2 (137 mi2) within designated lynx critical habitat that was 
subsequently designated as the Katahdin Woods and Waters National Monument. This area 
currently has a legacy of young regenerating spruce-fir habitat from previous industrial forest 
landowners, but its new monument designation will limit future forest management activities 
(timber harvest or other vegetation management) that could benefit lynx. In addition, the Nature 
Conservancy continues forest management on about half of its 750-km2 (290-mi2) ownership in 
this unit, including managing part of the area for lynx. 
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx. High-quality 
habitat created by extensive clearcutting 30 to 40 years ago is peaking and is projected to 
decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, pp. 10-18; also see 
section 5.2.1). Hare densities declined by 50 percent in this unit starting in about 2006 and have 
remained at lower levels, and future hare fluctuations or cycles are uncertain. Recent history 
demonstrates that some forms of forest management have the potential to create or increase 
lynx habitat. However, forest practices have shifted to partial harvesting, which is less likely to 
create large areas of lynx habitat or maintain the current historically broad distribution of high-
quality habitat generated by previous landscape-level clear-cutting. Additionally, private 
landowners who previously entered into commitments to manage for lynx conservation have not 
renewed those commitments (although the habitat will remain viable for lynx for some time). 
Land ownership has also changed in northern Maine, and the majority of lands are owned now 
by investment companies that often wish to diversify income from their investments, which could 
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result in forest practices inconsistent with lynx habitat conservation. Without long-term, binding 
land management commitments in this unit, there is no guarantee that the current historically 
high amount of lynx habitat will be maintained by future forest managment practices on private 
lands. The greatest stressors to resident lynx in this unit are habitat loss (as a result of the shift 
in forest management from clearcutting to partial harvesting resulting in lower landscape hare 
densities), lack of forest planning for lynx, and projected continued climate warming (diminishing 
snow depth, quality and duration; loss of spruce-fir to northern hardwoods; potential increased 
competition from bobcats and fishers; and increased future isolation of lynx in this unit and 
southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 1). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites 
were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) found 
snowshoe hare densities were highest in regenerating forests. Females selected large woody 
debris and dense horizontal cover in lowland conifer cover for denning in northern Minnesota 
(Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns were present 
(Moen and Burdett 2009, p. 5). 
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Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 

                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx. A more 
precise estimate of resident population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
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Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways. 
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
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minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
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According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
 
In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
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to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
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Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
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Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 
Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). 
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats. 
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
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support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
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genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
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incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distriubtution, it is very unlikely that this unit and surrounding areas 
were ever (recently or historically) capable of supporting 1,000 resident lynx. As described 
above, habitats capable of supporting resident lynx in this unit are (and also were historically) 
naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of 
resident lynx remains uncertain, this unit has a long and continuous history of lynx occurrence 
and evidence of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, 
pp. 346-348; Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 
16058; 68 FR 40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale 
genetic sub-structuring among lynx subpopulations in the southern (Garnet Mountains), central 
(Seeley Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction 
among lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires 
in Lynx SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a 
larger population in southwestern Alberta and southeastern British Columbia, but the extent to 
which lynx persistence in this area may rely on immigration from Canada is unknown, and there 
is no indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-



141 
 

2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detected 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 



142 
 

area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20), indicating recruitment of new individuals into this 
population, or immigration, or a combination of the 2. 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
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the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above. Genetic analyses and snow 
and camera surveys have verified continued reproduction and recruitment among lynx 
populations in this unit and also suggest some immigration may be occurring. The recent 
apparent absence of resident lynx in Garnet Mountains may indicate extirpation of a small 
resident population and a contraction in lynx distribution in the southern part of the unit, or it 
may reflect natural source-sink dynamics of a naturally ephemeral peripheral population in a 
mainland-island metapopulation structure. Lynx are rarely detected on surveys on other national 
forests (or parts of those above) that are outside but adjacent to this geographic unit (Patton 
2006, entire; USFS 2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features 
and/or landscape-level hare densities necessary to support resident lynx populations (79 FR 
54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
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Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
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Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
 
Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41). 
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
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about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 

                                                
19 https://inciweb.nwcg.gov/state/27/0/ 
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Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx population 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. However, Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being sustained by low levels of undetected immigration. 
The growth rate estimates presented above assumed no immigration 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (< 10 percent), low elevations [less than 915 m (3,000 ft)], and steep slopes (> 
30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the Northern 
Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler et al. 
2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major drivers 
of disturbance in this unit, but other factors, including wind and tree diseases, also contribute to 
natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North Cascades 
range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 

https://snowfall.weatherdb.com/d/a/Washington
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The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21), and the Diamond Creek fire burned 
another 393 km2 (152 mi2) in the northern part of this unit during July-October 2017, along with 
another 126 km2 (49 mi2) across the border in southern British Columbia22. 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. This estimate does not include impacts of the 2017 
Diamond Creek wildfire described above. These burned areas are expected to regenerate back 
into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 2016, p. 5; 
Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx population in this 
geographic unit will likely be at increased risk of stochastic demographic, genetic, and 
environmental effects. 
 

                                                
22 https://inciweb.nwcg.gov/incident/5409/, accessed 10/25/2017. 

https://inciweb.nwcg.gov/incident/5409/
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As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
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As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynx habitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts, limited demographic information, and 
remaining uncertainties (e.g., immigration/emigration rates, changes in snowpack, disease, lynx 
population status and impacts of trapping in southern British Columbia, and habitat corridor 
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stability between British Columbia and this unit; WADFW 2017, p. 3),the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. 
 
From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
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For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
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populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
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place23. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 

                                                
23 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
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and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
unprecedentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occupied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
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previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 



159 
 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
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replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-524). 

                                                
24 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx to many 
western states and to Canada have been documented. The Southern Rockies are separated 
from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern Wyoming 
and further north, by sagebrush and desert shrub communities in the Wyoming Basin and the 
Red Desert of southern and central Wyoming, and the arid Green and Colorado River plateaus 
of western Colorado and eastern Utah. Because of extreme topographic relief juxtaposed with 
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highways, residential communities, and other human developments, lynx biologists have 
identified habitat connectivity as an important consideration for the Southern Rockies (ILBT 
2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit. 
 
Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
 
In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
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lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
 
All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific conservation planning guiding activities on non-Federal lands in this 
geographic unit. 
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Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Devineau et al. 2010, p. 5), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; 
Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories 
(0.90; Poole 1994, p. 612). Successful reproduction, including by third- and fourth-generation 
offspring of translocated lynx, has been documented (Shenk 2008, p. 2); however, the average 
proportion of females that produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) 
and the kitten survival rate (0.23; Ivan 2016b, pers. comm.) were both lower in this geographic 
unit (during the period of intensive monitoring from 1999-2010) than rates reported for other 
geographic units where estimates were based on adequate sample sizes (Units 1 and 3; table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
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fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares, widespread mortality of mature spruce-fir forests could impact lynx habitat for 
a long time. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
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documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
 
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
 
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

 
In summary, there are currently many more resident lynx in this unit than likely occurred 
historically, and many more than were known or suspected at the time the DPS was listed. 
There were even fewer verified records in this unit during the last century than in the GYA, and 
no reliable evidence of a resident breeding population. However, from 1999-2006, 218 
Canadian and Alaskan lynx were released into the San Juan Mountains of southwestern 
Colorado. As a result of the subsequent reproduction of some of the released lynx and some of 
their offspring over several generations, resident lynx currently occupy this unit. When the DPS 
was listed in 2000, 27 of 41 radio-marked lynx released in 1999 were still alive. The State of 
Colorado has concluded that its efforts have established a viable lynx population, and the 
State’s lynx experts suggest this unit may currently support 100-250 resident lynx (Ivan in Lynx 
SSA Team 2016a, p. 47). Recent (2010-2016) snow-tracking and camera surveys in the San 
Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
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reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 
the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
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see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
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populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
 
Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
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GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
 

 
Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
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Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
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redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
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resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
climate warming is expected to exert the greatest influence on the resiliency of individual 
populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape, perhaps more in line with likely historical conditions (Simons-Legaard 
2016, fig. 8, p. 10). High quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
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subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort land development, and unmanaged 
conservation lands) may compete with forest management as the primary future land use. 
Conservation easements will limit development pressures in some areas and keep some lands 
as working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not create new lynx habitat or maintain the current historically high amount of high-quality 
habitat. Climate change is expected to affect this unit more than some others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and beyond, snow quantity and quality will likely 
continue to deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices cleary have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
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its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which gives it a higher priority than 
other species for monitoring and management during that time. We also expect that MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
median “most likely” probabilities of persistence generated by lynx experts were high for the 
near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but declined to 35 
percent (with great uncertainty) by 2100. We concur with the expert panel that resident lynx are 
likely to persist in this unit at 2025 and 2050. However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, and the potential for increased competition, disease, and insect 
outbreaks), some members of the  SSA Core Team were slightly less optimistic about the long-
term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded that the 
climate-mediated conversion of boreal forest to temperate forest and the loss of favorable snow 
conditions could occur at a rate and extent that would result in a lower likelihood of persistence 
than projected by experts, including the possibility that resident lynx could be extirpated from 
this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
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amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
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other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
unit will benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
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occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in habitat proected by 2032; 
habitat shift to the south edge of current 
range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 
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2100: 78 
(50-90) 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 

2025: 80 
(60-95) 

 
2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shoudl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
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1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the grey area 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and grey area 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
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All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would not respond to future budworm 
outbreaks like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the aging of past clearcuts beyond conditions that 
support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likely to reduce the likelihood that 
lynx will persist in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4o C/decade (0.8 o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0o C (3.6 o F; low 
emission) to 2.9o C (5.2 o F; high emission) by mid-century and 3.1o C (5.6 o F; low emissions) to 
5.3o C (9.5 o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5 to 2.8 o C (4.5 to 
5.0o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, increasing threats to high elevation and 
potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are currently at or falling 
below threshold values needed to support lynx in Maine. 
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios and predicted loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, the area capable of supporting resident lynx in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 
15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 
2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 
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Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
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quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
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an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
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et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
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However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 



191 
 

period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201025), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
                                                
25 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
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likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 12-19) predicted loss snow conditions supportive of lynx but 
persistence of boreal forest in Minnesota by the end of the century, and suggested that the SNF 
could provide a potential refugium for lynx (Gonzalez et al. 2007, p. 8). Notaro et al. (2015, pp. 
1668-1669) projected changes in lake effect snowfall using downscaled climate models (Abdus 
Salam International Centre for Theoretical Physics (ICTP) Regional Climate Model version 4 
(RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for the Great 
Lakes Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show an 
increase in lake effect snow in the eastern Great Lakes until 2050, with a decline later in the 
century, with an overall decline in the amount and duration of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
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(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)26 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now. Although 
uncertainties remain, as elsewhere, about the timing and magnitude of future climate-driven 
impacts, lynx populations in Minnesota are expected to recede northward and decline over the 
next century (Lynx SSA Team 2016a, pp. 37-38). 
                                                
26 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
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Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
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resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, potential for increased competition, disease, and insect outbreaks), some 
Core Team members were less optimistic about the future of lynx in Minnesota than the lynx 
expert panel. Depending on future emissions levels, the likelihood that this unit will continue to 
support resident lynx at the end of the century may be lower than the 35 percent (median most 
likely) estimate based on expert opinion. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Hybridization and competition with bobcat also may 
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increase with diminishing snow conditions because of continued climate warming, and it is 
uncertaint how insect outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is uncertain if lynx would become a 
legally trapped furbearer in Minnesota if the DPS was not listed (although a legal wolf hunt was 
reinstated after that species was delisted in Minnesota, so regulated trapping could also be 
considered for lynx if the DPS was not listed). Seven lynx have been illegally shot and reported 
or otherwise discovered since listing. Illegal shooting and non-reporting would likely increase 
without Federal protection. Education efforts by Federal and State agencies and law 
enforcement agents may have helped to reduce illegal shooting of lynx in this unit. With a 
diminished snow regime, populations of bobcats could increase and expand north and eastward 
into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping and hunting 
activities would likely increase without Federal listing. Similarly, fisher, fox, and coyote 
populations may increase in a diminished snow regime in northern Minnesota and trapping 
would be expected to occur there that could lead to greater incidental take of lynx. We believe 
that despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that could be substantially 
diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, we believe that climate change is a significant stressor to lynx in this unit; 
slightly more so than expressed by most of the experts. Snow depth and duration in the area 
currently supporting resident lynx are projected to decline significantly by the end of the century, 
likely to the detriment of both hare and lynx populations. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in the extreme northeastern corner of the unit. 
The boreal forest in this unit is already being replaced by northern hardwoods because of 
climate warming. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate models portend declining snow conditions under low- and high-emissions 
scenarios. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
mining developments. Although we expect resident lynx to persist in this unit through 2025 and 
2050, we conclude that the stressors described above, individually and cumulatively, could 
diminish lynx habitat and numbers in this unit. If these stressors are not abated, we believe that 
resident lynx in this unit will face a slightly greater risk of extirpation by the end of the century 
than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
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considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
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anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
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2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). Tennant et al. (2015, pp. 
2818-2820) simulated snowpack loss in the Northern Rockies (ID, MT, WY) and predicted that 
watersheds between 1,000 - 2,000 m (3,281 – 6,562 ft) elevation would experienced the 
greatest snowpack losses, while those > 2000 m (6,562 ft) would be more resilient to significant 
warming. Given the greater predicted snowpack persistence at some elevations used by lynx in 
this unit and the considerable area of potential climate refugia in mountainous terrain 
(Dobrowski 2011, pp. 1027-1029; Curtis et al. 2014, entire; Holden et al. 2015, entire; Morelli et 
al. 2016, entire), at least a portion of lynx distribution in this unit is likely resilient to climate-
driven losses in snowpack (IDFG 2017a, p. 7). 
 
There will likely be a lag time between the loss of favorable snow conditions and an eventual 
shift or contraction in vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 
section 3.2), but continued warming is projected to convert much of the boreal forest in this unit 
to temperate conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The 
ability of lynx and hare populations to persist during this lag and to adjust to future habitat 
distributions is uncertain, but habitat quality, quantity, distribution, and connectivity are expected 
to decline, likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will likely 
reduce this geographic unit’s ability to continue to support resident lynx into the future. The 
timing and magnitude of climate-driven impacts are uncertain; however, all are anticipated to 
adversely affect, and none are expected to benefit, lynx populations in this geographic unit. 
Climate model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
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that continued climate warming will reduce future habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
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most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
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on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of undetected immigration. Additionally, as noted above, 
the lynx population in the Purcell Mountains in the northwestern part of this unit was estimated 
to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 
years of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncertainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
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Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 

 
Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
 



215 
 

Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
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like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
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currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currentlyoccur in 
the GYA. 

 
Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS is delisted in the future, the 
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ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
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Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
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Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
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patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
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unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future than it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 



226 
 

fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing available lynx habitat in the future. 
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Chapter 6: Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in the contiguous United States are 
naturally less abundant and more patchily-distributed than in the core of the range (except 
during decadal lows in hare population cycles, when both hares and lynx occur temporarily in 
the north at densities lower than most in the range of the DPS). Maintaining connectivity with 
lynx populations in Canada is thought to be important to the persistence of DPS populations; 
however, whether, and if so to what extent, the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
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• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 

southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
confier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 
19).There is no information to suggest that this unit historically supported a larger 
resident population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
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in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.27 Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 
Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 

                                                
27 https://inciweb.nwcg.gov/state/27/0/ 
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lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47). Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
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lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
has already altered) the timing and magnitude of lynx dispersal from Canada into the contiguous 
United States. If lynx populations in the DPS depend on immigration from Canada which is no 
longer occurring or has been substantially reduced relative to historical conditions, population 
declines and an increased likelihood of extirpation among resident DPS populations would be 
expected. However, whether, and if so to what extent, these climate-mediated factors have 
influenced current lynx numbers, other demographic parameters, and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units. Despite uncertainty regarding its influence over current conditions for lynx, 
climate modeling and expert opinion concur that continued climate warming will adversely 
impact lynx in the DPS at some point in the future (also see Future Conditions and Threats, 
below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
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Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
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loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 

 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
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geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event. We recognize that a sequence of discrete but spatially-
clustered catastrophic events in lynx habitats over a short time could increase the potential for 
functional extirpation in 1 or more of the individual geographic units (especially the possibility of 
additional large wildfires in north-central Washington), thereby reducing redundancy within the 
DPS. However, as long as resident lynx remain geographically well-distributed in 1 or more 
units within the DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 



235 
 

management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Resident lynx populations persisted historically and continue to persist in 4 geographic units 
(Units 1-4). It is uncertain whether Unit 5 (the GYA) historically supported a small persistent 
population or if lynx residency was ephemeral; currently, it appears not to support resident lynx. 
Available evidence suggests that Unit 6 (Colorado) did not historically support persistent lynx 
presence; however, a resident population has persisted there for more than a decade since the 
1999-2006 releases described above. Considering the available information, we find no reliable 
evidence that the current distribution and relative abundance of resident lynx in the contiguous 
United States are substantially reduced from historical conditions. This suggests historical and 
current resiliency among lynx populations in the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
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most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The Canada lynx is a North American boreal forest carnivore whose populations are strongly 
tied to its primary prey, the snowshoe hare (Lepus americanus). Both species occur primarily in 
the extensive boreal spruce-fir forests of Canada and Alaskan; however, the southern margins 
of both their ranges extend into the northern contiguous United States. The Service designated 
lynx in the Lower 48 States as a DPS because of differences in the management of lynx and 
lynx habitats across the international boundary with Canada and because of the climatic, 
vegetative, and ecological differences between lynx habitat at the southern extent of its range in 
the contiguous United States compared to the northern range in Canada and Alaska. The 
Service listed the DPS as threatened under the Endangered Species Act (ESA) in 2000 
because of the inadequacy, at that time, of regulatory mechanisms on some Federal lands to 
provide for the conservation of lynx habitats and populations (see section 3.1.1). This SSA does 
not reconsider the designation of the DPS or its listing status under the ESA, which are Service 
policy decisions. Instead, it provides the scientific basis for the statutorily required 5-year status 
review for the DPS and other decisions the Service is required to make in accordance with the 
ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
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lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are, in most 
places, naturally less abundant and generally more patchily-distributed than in the core of the 
species’ range in Canada and Alaska. Maintaining connectivity between the DPS and lynx 
populations in Canada is thought to be important. However, the extent to which DPS 
populations may depend on immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in projections, particularly beyond mid-
century. The output from this expert elicitation process (summarized below and presented in 
detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline largely as a result of 
projected continued climate warming and associated impacts, which are likely to exacerbate the 
potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue, although we do not anticipate that such events alone 
would cause the permanent loss of breeding lynx populations in any geographic unit. We are 
aware of no management actions that could be expected to abate the projected long-term 
retreat of boreal forests, declining hare populations, and diminished snow conditions expected 
under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically and many more than was known or suspected at the time the DPS was 
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listed, and recent information suggests that resident lynx may be expanding to the south of the 
core population area. This is due to the large amount and broad distribution of high-quality lynx 
and hare habitat that currently exists as a result of landscape-level clearcutting on private 
commercial timber lands in response to a major spruce budworm (Choristoneura fumiferana) 
outbreak in the 1970s and 1980s. These dense regenerating conifer stands are much more 
extensive than they are thought to have been historically under natural disturbance regimes. 
The State of Maine suggests that this unit currently may support 750-1,000 or more resident 
lynx. However, the extent of these high-quality stands probably peaked by 2005, and habitat 
quality is projected to decline in these stands over the next few decades as they age beyond 35-
40 years post-harvest. Because a shift in forest management from clearcutting to partial 
harvesting that began in 1989 appears unlikely to maintain or recreate this extensive high-
quality habitat, we expect lynx habitat and numbers to decline in this unit over the next several 
decades, perhaps to levels more consistent with likely historical conditions. We concur with the 
expert panel that the resident lynx population in this unit is very likely to persist at 2025 and at 
2050. Over the longer-term (at 2100), we expect continued climate warming to reduce the 
amount and quality of lynx habitat in this unit and exacerbate other potential stressors 
(commercial and energy developments, changing forestry practices and land ownership 
patterns, etc.), further reducing lynx numbers and likely decreasing the population’s resilience. 
Some climate models indicate substantial loss of boreal forest and favorable snow conditions 
under higher emissions scenarios, and this unit generally lacks potential elevational refugia that 
would support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be somewhat 
lower than expert projections, although the timing and extent of climate-mediated habitat decline 
is highly uncertain. This geographic unit also may be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington, perhaps substantially more 
after additional fires in 2017. Because of this, the number of resident lynx in this unit is likely 
lower than it was historically and when the DPS was listed. Based on estimates of lynx carrying 
capacity, this unit may have been capable of supporting roughly 50-60 resident lynx prior to 
large fires beginning in the early 1990s. Recent habitat evaluations suggest it currently may be 
capable of supporting only about 30-35 lynx, with the decline due to fire-driven habitat losses. 
Although these losses are expected to be temporary, additional fires in this unit before 
previously burned areas recover (10-40 years post-burn) would further reduce lynx numbers 
and make this geographic unit more vulnerable to extirpation. Because of these habitat impacts, 
limited demographic information, and remaining uncertainties (e.g., immigration/emigration 
rates, changes in snowpack, disease, lynx population status and impacts of trapping in southern 
British Columbia, and habitat corridor stability between British Columbia and this unit), the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Nonetheless, we concur with the expert panel that the resident lynx population in this unit is very 
likely to persist at years 2025 and 2050. Over the longer-term (2100), we expect continued 
climate warming to reduce the amount and quality of lynx habitat in this unit, further reducing 
lynx numbers and likely decreasing the population’s resilience. Therefore, we concur with 
experts that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
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Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
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supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
We expect lynx populations in each geographic unit to become smaller and more patchily-
distributed due largely to projected climate-driven losses in habitat quality and quantity and 
related factors. However, the timing, rate, and extent of habitat decline due to projected climate 
warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should extirpations occur, this 
would indicate a loss of resiliency, reduced redundancy and representation, and an increased 
risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated Canada lynx in the contiguous United States as a DPS because of 
differences in the management of lynx and lynx habitats across the international boundary with 
Canada and because of the climatic, vegetative, and ecological differences in lynx habitat 
compared to the northern parts of the species’ range in Canada and Alaska (62 FR 28654-
28655). The Service listed the DPS as threatened under the ESA in 2000 because of the 
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to provide 
for the conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is 
recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We 
completed this SSA (version 1.0) to summarize the best available scientific information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions. It 
is generally restricted to areas that receive deep and persistent unconsolidated (“fluffy”) snow, 
which is thought to allow lynx, with their proportionately longer limbs and very large feet, to 
outcompete other terrestrial hare predators that are less efficient in such conditions (McCord 
and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-
94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; 
Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 
25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to these geographic units are known or suspected to 
intermittently support resident lynx and occasional reproduction. Uncertainty remains as to 
whether resident lynx populations occurred historically in other areas not encompassed by the 
geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164 100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                 
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                 
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that the statuses of lynx populations in individual SSA geographic units are 
largely independent of those in the other geographic units. This is clearly true for Units 1 and 
2, and it is probably true of the western geographic units (3 – 6), despite likely historical 
north-to-south connectivity and dispersal from or through Unit 3 to Unit 5 and possibly Unit 
6, and recent evidence of south-to-north connectivity and dispersal from Unit 6 to and 
through Units 5 and 3. We are aware of no evidence of east-west connectivity or dispersal 
between Units 3 and 4. 
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● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
 

● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate warming and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate coniferous or deciduous) forests, non-snow-domintated climates, or to 
persist on alternate prey species where hare densities are or become inadequate. 
Therefore, we assume lynx populations in the DPS are vulnerable (sensitive, exposed, and 
with little capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 
5) to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 
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For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
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1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
                                                 
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
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northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
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litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
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winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90; Ivan et al. 2014, entire). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
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Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
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adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
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mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
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Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in norsouthern and eastern Canada (McKelvey et al. 
2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
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c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, traps, vehicles, etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
At the southern periphery of the lynx’s range (southern Canada and the contiguous United 
States), hare population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; 
Hodges et al. 2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; 
Hodges in Lynx SSA Team 2016a, pp. 16-17), hare densities are typically on the lower end of 
densities reported for northern populations, and lynx abundances and  demographic rates in the 
south are typically like those of northern lynx populations during hare lows (Koehler and Aubry 
1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern 
populations the likelihood is probably relatively low that an individual lynx will have its ecological 
requirements met sufficiently to replace itself in the breeding population. Also in the south, there 
are more diverse assemblages of potential competitors and predators, more natural patchiness 
and anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
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nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provide for dependent kittens 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
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185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Although specific snow 
requirements for lynx (amount/depth, quality, persistence) have not been quantified throughout 
the DPS range, historical lynx occurrence records in the contiguous United States were 
correlated with areas that received at least 4 months (December through March) of continuous 
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snow coverage (Gonzalez et al. 2007, p. 7). Where snow conditions do not consistently favor 
lynx, increased potential for predation and competition would be expected (Peers et al. 2013, p. 
8). Finally, individual lynx are more likely to survive, breed, and replace themselves in the 
breeding population if they occupy home ranges where trapping is prohibited or trapping 
pressure is low (Slough and Mowat 1996, entire), high-speed/high-volume roadways are absent 
(ILBT 2013, pp. 77-78), and other potential anthropogenic causes of lynx mortality are absent or 
minimal. 
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
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study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
For a lynx population iIn the core of the species’ range in the southern Yukon, Slough and 
Mowat (1996, p. 952, table 4) calculated a lynx population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx 
population. This period of rapid growth was followed by a rate of λ = 1.01 (stable) during the first 
year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) during the first 2 years of the 
lynx population decline when hares were scarce. However, the natural range in λ that would be 
expected among peripheral, isolated, or semi-isolated lynx populations where hares are non-
cyclic or weakly-cyclic (i.e., in DPS and some southern Canadian populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, MDIFW in 2012 calculated an intrinsic rate of growth of 
0.05 (λ = 1.05) for Maine’s lynx population based on demographic data from a radiotelemetry 
study collected over a 12-year period (Vashon et al. 2012, Appendix VI). Neither the Montana 
nor Maine estimates incorporated rates of immigration/emigration (i.e., both assumed 
immigration and emigration rates of zero, which is very unlikely and contradicted by historical 
and recent evidence of lynx dispersal in both directions across the Canada-Unites States border 
across the DPS range). Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 
female/year on average for a theoretical population of 100 lynx) could provide population 
stability or even growth, suggesting that the Seeley Lake population and perhaps other DPS 
populations are probably being bolstered by low levels of immigration, which may go 
undetected. Other efforts to model lynx population dynamics in the DPS range include those of 
Lyons et al. (2016, entire), who developed spatially-explicit, individual-based population models 
to estimate reductions in potential lynx carrying capacity in Washington associated with recent 
large wildfires, and Licht et al. (2017, in press, entire), who conducted a PVA of a potential lynx 
reintroduction to Isle Royale in Lake Superior, about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
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demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
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abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
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conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarilyinto areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
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either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat. The 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, McKelvey et al. 
(2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 



42 
 

2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because it the lynx is a habitat and prey specialist, lynx its densities in the DPS range are 
also typically lower than those of the bobcat, which is a habitat and prey generalist. 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449) because they are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors and predators (Buskirk et al. 2000a, p. 90; Krohn 
et al. 2005, p. 123; also see section 2.2 above), although behavioral adaptations may offset 
morphological differences to some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
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Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a detailedcomprenhensive, peer-reviewed analysis of verified historical lynx records 
that was published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on 
research and monitoring that have occurred since then, it seems likely that lynx occurred 
historically in some states (New York, Vermont, Wisconsin, Oregon, and Utah) only 
intermittently as dispersers or as small, naturally ephemeral populations; not as persistent 
resident breeding populations. In other states (New Hampshire, Michigan, Colorado, and 
Wyoming), it remains uncertain whether resident lynx occurred historically as small but 
persistent breeding populations or only ephemerally. Parts of the remaining states (Idaho, 
Maine, Minnesota, Montana, and Washington) show the strongest evidence of historical and 
recent (at the time of listing and since then) persistent resident populations. 
 
In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
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whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontarior than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire) indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
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the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
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and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecendentedly large irruptions of lynx from Canada into 
the northern contiguous United States, when dispersing/transient lynx occurred temporarily in 
many places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyomning Range previously occupied by native 
lynx (Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related 
trapping efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 
FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
                                                 
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 
In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
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New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
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detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of a long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Based on habitat distribution and lynx home range data, the 
MDIFW estimated that this geographic unit may have supported roughly 250-320 adult lynx in 
1995 and 750-1,000+ by 2003-06 (Vashon et al. 2012, p. 58; Vashon in Lynx SSA Team 2016a, 
p. 18]), and recent information suggests that resident lynx may be expanding to the south of the 
core population area (Vashon 2017, pers. comm.). The current lynx population in Maine is 
supported by the broad distribution of high-quality hare habitat that resulted from extensive, 
large-scale clearcutting in the 1970s and 1980s in response to a massive spruce budworm 
(Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 4.2.1). As 
these regenerating clearcuts, which currently provide the dense horizontal structure preferred by 
hares, mature beyond about 35-40 years post-harvest, hare densities are expected to decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16). The current lynx population in Maine is probably 
substantially larger than typically occurred historically under the natural disturbance regime, 
when relatively small amounts of the spruce-fir forests in the state are thought to have been 
composed of the dense young stands that provode optimal hare (and, therefore, lynx foraging) 
habitat (Lorimer 1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With 
the reduction in clearcutting and the proliferation of partial harvesting following enactment of the 
Maine Forest Practices Act of 1989, lynx densities in Maine are projected to decline by 55 to 65 
percent by 2032 (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16), 
perhaps to levels more consistent with likely historical conditions. Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). Whether lynx persistence in Maine relies on immigration from 
Canada, and if so to what extent, is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
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Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
trapping harvest data suggest declining immigration after the mid-1980s (McKelvey et al. 2000a, 
p. 225; Squires in Lynx SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent 
evidence of reproduction have been documented in the Montana portion of the GYA where, as 
with the northwestern Wyoming part of the GYA (discussed above), uncertainty about whether 
this area consistently or only intermittently supported resident lynx historically makes it difficult 
to interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As 
elsewhere in the West, recent research and habitat assessments suggest that habitats capable 
of supporting resident lynx in Montana are, and historically were, naturally patchier and less-
broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx 
therefore naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016a, p. 12). 
 
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
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Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
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management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
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ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
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completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
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concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2104, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
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units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
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hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units that encompass USFS and BLM lands, are 
currently managed in accordance with the specific conservation measures and considerations 
identified in the LCAS and implemented via the CAs or formally revised and amended 
management plans described above. These agreements and revised/amended plans constitute 
the regulatory framework and specific regulatory mechanisms adopted to conserve lynx habitats 
and populations on USFS and BLM lands that support or are potentially capable of supporting 
them. They represent the agencies’ efforts, in collaboration with the Service, to address and 
ameliorate the singular threat for which the lynx DPS was listed under the ESA. Although formal 
effectiveness monitoring has not been completed, it is clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous United States. Overall, Federal lands managed by the USFS, BLM, and 
NPS constitute nearly 64 percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, 
and all but a tiny fraction of these lands are actively managed for lynx conservation. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
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central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
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specifation of trap sizes and sets that may be used to legally harvest other furbearers and that 
are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
                                                 
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). The MNDNR 
also distributed to trappers the interagency brochure How to Avoid Incidental Take of Lynx while 
Trapping or Hunting Bobcats and other Furbearers.In response to a Federal court order, MDNR 
developed an incidental take plan designed to minimize the potential for lynx to be incidentally 
trapped during other legal furbearer trapping; the plan is currently under review by the Service. 
Like Maine, Minnesota has a State Endangered Species Statute (84.0895) which requires the 
MNDNR to adopt rules designating species meeting the statutory definitions of endangered, 
threatened, or species of special concern (State of Minnesota 2016, entire). The Statute also 
authorizes the MNDNR to adopt rules that regulate treatment of species designated as 
endangered and threatened. Also like Maine, however, Minnesota has not designated lynx as 
threatened or endangered under the statute. Instead it has designated the lynx a species of 
special concern, a designation for species that are extremely uncommon, have unique or highly 
specific habitat requirements, or occur on the periphery of their range in Minnesota and, 
therefore, deserve careful monitoring (MNDNR 2013, pp. 1-2). Thus, the MNDNR coordinates 
with the Service and other agencies to conduct research and monitor lynx populations and 
habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of restrictions on trapping in lynx habitat. 
Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
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may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming are classified as nongame wildlife, a 
Species of Greatest Conservation Need, and a Protected Animal by Wyoming State Statute. A 
classification of "State Protected" status prohibits trapping or any intentional take in the state, 
and lynx in Wyoming were offered full protection from trapping and hunting beginning in 1973 
(ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also participates in the 
CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
                                                 
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an 
early regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than typical historical conditions under the natural disturbance regime, when only 3 to 7 
percent of stands were likely in such condition at any given time (68 FR 40094). Current timber 
harvest and management on State and private lands in Maine are governed by the Maine 
Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
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than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 
of Unit 1) of private lands in northern Maine are under “working woodland” conservation 
easements10; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). In the past Maine private forest landowners have expressed 
interest in long-term commitments to lynx management plans, but to our knowledge, there are 
no private landowners in Maine who have committed to long-term or permanent protection and 
creation of lynx habitat according to the Service’s lynx management guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 

                                                 
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
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persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61oC (1.1oF; range = -0.53 to +2.50oC [-
0.95 to +4.5oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Peters et al. 2013, entire; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 
2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). Analysis of paleoclimate data indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4o - 2.6oC 
(0.7o - 4.7oF) by mid-century and 0.3o - 4.8oC (0.5o - 8.6oF) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
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percent probability of increasing more than 1.5oC (2.7oF), a 76 percent probability of increasing 
2 o - 4.5oC (3.6o - 8oF) and a 14 percent probability of exceeding 4.5oC (8oF). 
 
In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
                                                 
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf
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limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
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years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
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sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
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between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over terrestrial competitors and predators. Although specific snow requirements for lynx 
(amount/depth, quality, persistence) have not been quantified throughout the DPS range, 
climate warming is diminishing snow conditions in the contiguous United States. Warmer winter 
temperatures are reducing snow cover extent and duration and altering snow structure via a 
combination of a higher proportion of precipitation falling as rain, more winter thaw-freeze 
events, higher rates of snowmelt during winter, and earlier spring melt and runoff (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; 
Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; 
Pierce et al. 2008, entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; 
Georgakakos et al. 2014, pp. 71-85). These trends are expected to continue with projected 
future climate warming (Hamlet and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; 
Mote et al. 2005, p. 48; Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; 
IPCC 2014b, p. 62). The IPCC projects that spring snow cover in the Northern Hemisphere is 
likely to decrease by 7-25 percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow 
season length and snow depth are very likely to decrease in most of North America except in 
the northernmost part of Canada where maximum snow depth is likely to increase’’ (Christensen 
et al. 2007, p. 850). Because lynx occurrence is correlated with prolonged periods of deep, fluffy 
snow, current lynx habitats would be expected to decline in value for lynx with decreases in 
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snow condition and duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 
2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Estimating trends in snowpack is challenging because the high variability in snowpack dynamics 
and microsite variations due to canopy cover, aspect, and elevation are not well-reflected in 
observation records (Hubbart et al. 2015, pp. 885-892; Rasouli et al. 2015, pp. 3937-3938; 
Painter et al. 2016, p. 149; IDFG 2017a, p. 7). Nonetheless, snowpack losses have been 
documented and will likely continue and could even accelerate in the future (Hamlet and 
Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 2011, entire; Kapnick and 
Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-971), with faster losses 
likely in milder climates like the Cascades and the slowest losses in the high peaks of the 
Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in temperature, 
snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 2016, p. 
106). In the West, areas of contiguous spring snow cover are projected to become smaller and 
more isolated throughout the Columbia, Upper Missouri, and Upper Colorado Basins, with 
greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). Snow 
accumulation and duration are also expected to continue to decline generally in the central and 
eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 2009, p. 31; 
Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow resources, 
potential lynx habitat is diminishing in the northern Appalachians and small areas in the 
Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential future 
snow cover under a range of IPCC climate scenarios suggests that snow conditions correlated 
with historical lynx occurrence records could decline by 10-20 percent across the continental 
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U.S. and Canada and by 46-84 percent in the contiguous United States by the end of the 
century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
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would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
mediate competition between the 2 species. Because of their higher foot-loading, bobcats likely 
hunt less efficiently than lynx in deep, unconsolidated snows (Hoving et al. 2005, entire; Krohn 
et al. 2005, pp. 122-129), which appear to limit bobcat mobility and distribution (Litvaitis et al. 
1986, p. 116). Considering recent and projected future changes in snow conditions described 
above, stable or increasing bobcat populations in the DPS range (Roberts and Crimmins 2010, 
p. 170), and the predicted northward expansion of bobcats into areas currently occupied by lynx 
(Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 
2010, p. 172), lynx may experience increased competition and displacement by bobcats, which 
could influence lynx distribution and persistence at the southern edge of their range (in all DPS 
geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
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Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change also may affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
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Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 
Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
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interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
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the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
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Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
                                                 
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
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hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
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appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
 
Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
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the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
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Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
 

● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 
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● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
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markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
 
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
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Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under climate change, total United States timber inventories will increase, timber harvest will 
increase, and product prices will decrease relative to an assumed stable climate. Some models 
predict that consumers will gain from climate change while landowners in some regions will 
lose. The forest industry will likely adapt to climate change in many ways including using 
alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
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the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
 
There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
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habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
 
In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
 
Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
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problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University of Maine, pers. comm.).  As much as 30 to 40 percent of the advanced regeneration 
may be damaged from repeated entries by machinery to remove the overstory (R. Seymour, 
Department of Forestry, University of Maine, pers. comm.).  Finally, because subsequent 
overstory removal occurs about 15 years after the initial entry, some of the dense understory is 
damaged just as the stand develops conditions to support higher hare densities. The damage to 
the understory not only reduces the quality of the habitat for hares, but also cuts short the 
duration that the stand produces high quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
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of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
 
Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events(Kilgore and 
Heinselman 1990, Heinselman 1996, Veblen et al. 1994, Agee 2000, Seymour et al. 2002, 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
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thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
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2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
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whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 
selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
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generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
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most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
 
As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
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landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
 
Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
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2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
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potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
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areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
 
Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 



104 
 

location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
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intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level negative 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
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potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
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supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx likely have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or primary prey 
species). However, although some small populations may have become extirpated recently, 
resident lynx in the DPS remain broadly distributed across the range of ecological settings that 
seems to have supported them historically in the contiguous United States. Because there are 
no indications of current threats to the genetic health or adaptive capacity of lynx populations in 
the DPS, we find that the current level of representation does not appear to represent a 
decrease from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
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record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger and highly resilient population (Harrison 2017, p. 3) 
that also occupies southern Quebec (where trapping is legal) and northern New Brunswick 
(where lynx are a provincially-endangered species and harvest is prohibited). Although the 
actual number of resident lynx in this unit is unknown, the MDIFW believes this unit currently 
may be capable of supporting 750-1,000 lynx based on estimates of habitat distribution and lynx 
home range sizes (Vashon et al. 2012, pp. 87-91), which would make it the largest population in 
the DPS. This is many more resident lynx than likely occurred historically and many more than 
were suspected to occur in this unit when the DPS was listed, and it is the result of extensive 
clearcutting and herbicide application to salvage spruce-fir and encourage softwood 
regeneration following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments have created 
the current extensive distribution of young, regenerating softwood stands that provide optimal 



109 
 

hare foraging habitat. Lynx responded to these conditions with high survival and reproduction, 
small home ranges, and the highest densities documented in the DPS. Historically, under a 
more natural disturbance regime, Maine typically had a greater proportion of mature forest and, 
therefore a patchier distribution of high-quality habitat that likely supported a smaller lynx 
population that may have been more dependent on immigration from Canada. State forestry 
regulations passed in 1989 caused landowners to shift to various forms of partial harvesting that 
have resulted in lower landscape hare densities across much of the unit. Hare populations do 
not seem to cycle in this region, but hare density estimates from 2008-2015 declined by over 50 
percent compared to estimates from 2001-2006. Reproduction and adult survival declined in the 
low-hare environment after 2006, although kitten survival remained high. Unlike other DPS 
units, lynx habitat in northern Maine occurs nearly entirely on private, industrial forest lands, 
most of which lack long-term commitments to lynx management. The majority of private lands in 
this unit are now owned by investment companies seeking to diversify income from their 
investments, which could result in forest practices less likely to maintain or conserve hare and 
lynx habitat. Other potential stressors to lynx in this unit include incidental trapping, road 
mortality, large-scale wind energy development, residential and resort development, and 
parcelization of forestlands from rapid turnover in investment company landowners. Another 
spruce budworm outbreak may be imminent, and forestry response by investment landowners is 
uncertain. Climate change is a concern because average annual snowfall and duration are 
currently at the minimum thresholds believed necessary to give lynx a competitive advantage 
over bobcats and other mesocarnivores. Although lynx regularly occur outside this unit in 
southeastern and southwestern Maine, and small numbers of reproducing lynx have also been 
documented recently in northern New Hampshire and northern Vermont, the ability of some of 
these peripheral areas to support persistent breeding populations is questionable. However, 
recent telemetry data in Maine suggest that resident lynx are expanding both east and south of 
the Northern Maine Geographic Unit, with home range maintenance and reproduction 
documented in both areas, which previously were considered outside the area capable of 
supporting resident lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
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management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  The historical and current sizes of the 
resident lynx population in this unit are unknown, but it is thought currently to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
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Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. Historical and current resident lynx numbers in northern Washington are unknown, 
but recent habitat and home range analyses for the larger Okanogan LMZ (summarized in 
Lewis 2016) suggest that this geographic unit may have been capable of supporting about 50 
lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). Those 
fires affected over a third of the LMZ, led to increased home range size, and may have reduced 
the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4).Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
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populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
 
Unit 6 - Western Colorado:  The current and historical numbers of resident lynx numbers in this 
unit are unknown, but CPW lynx biologists believe it currently could support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. Released lynx had high 
survival but the proportion of females producing kittens and kitten survival were low. This unit is 
not directly connected to lynx populations in Canada, and it does not appear to have received 
immigrant lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 
1996, 2 unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 
mi2) of spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in 
this unit. Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) 
of lynx habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively 
impacted hares, and hare numbers may increase in affected areas as succession progresses; 
however, they have negatively impacted red squirrels, an important alternate prey species for 
lynx in this unit. Areas affected by beetles that contained multi-story stand conditions likely 
continue to provide habitat to support snowshoe hares and lynx. Areas affected by fire may 
require 20 years or more, and in some areas considerably longer, to recover to a point where 
the stands will again support snowshoe hares. Large-scale monitoring efforts in the San Juans 
documented continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is 
reasonably likely that lynx continue to occur in all national forests within the State of Colorado. 
Snowshoe hare habitat is naturally patchily-distributed in this geographic unit, which limits hare 
abundance. Because the majority (90 percent) of potential lynx habitat in Colorado is under 
Federal land management, actions occurring on other ownerships are unlikely to result in 
significant impacts to lynx habitat within this unit. The USFS manages over 85 percent of the 
lynx habitat in this unit, providing conservation through the SRLA. However, regulatory 
mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
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Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 
occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 

100% 83% (Purcells);            
61% (Seeley Lake)

100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares)

3.3 2.95 (Purcells);            
2.24 (Seeley Lake)

2.25 (2 females) 3.0 (1 female, 2 
years)

2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00

0.85 (Purcells);            
0.75 (Seeley Lake) 0.86 Few data

0.93 (in Core Release 
Area [CRA]);                   

0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.05                              
(1.16, high hares, 6 

yrs; 0.88,low hares, 4 
yrs)

No estimate
1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 
Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
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(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
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et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforces the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found 
the probability of lynx occurrence was > 50 percent where landscape hare densities were > 0.74 
hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx maintained 
home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by very recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). At a landscape scale, lynx habitat selection did not differ between sexes; however, 
at a home range scale, males tended to use more mature forest dominated by conifers than 
females, and both male and female lynx tended to avoid mature forests that had a high 
deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on these observations, 
Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining landscape hare densities 
of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-quality hare habitat within 
100-km2 areas to conserve lynx. 
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Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, lynx 
habitat in northern Maine was probably typically much less abundant and less broadly-
distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, insect 
outbreaks) are rare (intervals of several hundred to several thousand years) and highly variable 
in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, 
spruce beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). Although, 
high-elevation boreal forests often exhibit dense, regenerating conifer (resulting from a wind-
throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare densities are believed to be 
low in these areas (Siren et al. 2015, entire). In this geographic area, wildfire is less significant 
as a natural agent of disturbance. The typical fire regime is infrequent surface fires in the 
dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 



118 
 

 
In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately 50 percent of the 
designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 
km2 (1,485 mi2; nearly 27 percent) of the forested landscape was comprised of spruce-fir in a 
young, regenerating stand condition that provide high quality hare habitat. This habitat is similar 
to, and contiguous with, forested areas in Quebec and New Brunswick that support lynx (Hoving 
et al. 2005, pp. 740-741). The current range of lynx in this unit is associated with areas of deep 
snowfall, extensive forested landscapes, and areas having a high proportion of regenerating 
conifer-dominated forest that had previously been clearcut and treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several estimates of 
hare densities in the highest-quality regenerating conifer or mixed forest averaged 1.9 to 2.1 
hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 1990, hare densities 
in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 hares/ac) at low and high 
elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. (2015) reported lower densities 
in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and lowland 
spruce-fir. Densities in high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont. 
 
Current habitat is likely at historically high levels, but this habitat has peaked and high-quality 
lynx habitat is projected to decline in the near future (Simons-Legaard et al. 2016, pp. 140-163, 
202-218). In response to the widespread clearcutting in the 1970s and 1980s, Maine passed the 
Forest Practices Act in 1989, which regulated clearcutting. Since then, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27). Over 95 percent of cutting that 
occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 2009, 
p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). This new cutting regime 
results in lower landscape densities of snowshoe hares (Fuller 1999; Homyack 2003; Robinson 
2006; Scott 2009). Another consequence of partial harvesting is that a much greater acreage 
needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 
harvest rates have increased from about 40,000 ha (100,000 acres) per year (before the Forest 
Practices Act) to over 200,000 ha (500,000 acres) per year (after the Act). Thus, 28 years after 
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the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 40,000 ha (100,000 ac) including the State, Federal government (White 
Mountain National Forest south of lynx range), a conservation group (The Nature Conservancy), 
2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx 
range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi were chosen as pilot States to receive funding through their 
respective Natural Resources Conservation Service (NRCS) State offices. Based on a 
successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 
2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending regulations 
for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS offered the 
HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to promote 
development of Canada lynx forest management plans. Since that time 4 private landowners, 
The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and Katahdin 
Forestlands successfully enrolled in the program. Collectively, these land ownerships comprised 
2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine in 
2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
 
Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
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assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 

Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. In 
addition, “working woodland” easements now encompass > 10,000 km2 (3,861 mi2) across 
northern Maine; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 
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2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals cross the river on the ice each generation to prevent genetic drift of this population 
(Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA 
Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area of 
high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the critical habitat area designated in 2014) in northern Maine could potentially support a 
population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) 
estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx, however, is unknown because there are no methods available 
to count individuals over such a large geographic area. 
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Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-00; 
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Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 2 and 
3). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
 
In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality ynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
 



124 
 

Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where average annual snowfall 
typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx 
(to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et 
al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 cm (90-
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104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 
2008). Thus, average annual snowfall in Maine is currently at or below depths associated 
historically with lynx presence, and further declines could reduce the likelihood that resident lynx 
will persist in this unit (Hoving et al. 2005). 
 
As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 

                                                 
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-tagged in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development16, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and western 
Maine and 5 projects are in operation; 2 have been proposed in northern New Hampshire and 2 
are in operation; and 3 have been proposed for northeast Vermont and 2 are in operation or 
under construction. Maine’s 2 largest wind projects (combined over 250 turbines covering 932 
km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. Although 
impacts of wind energy projects on lynx, hares, and their habitats have not been demonstrated, 
potential effects include loss and fragmentation of habitat from turbines, roads, and transmission 
lines, and disturbance or displacement of resident lynx. Road construction could further 
fragment habitat and increase access, potentially increasing vehicle collisions with lynx and 
other sources of mortality, including incidental trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
                                                 
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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ownership patterns have changed dramatically in the last 15 years (Ippoliti and Nadeau-Drillen 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some of these new landowners are seeking 
diversified financial returns on their investment, including developing residential housing, 
second homes, and resorts. At various times in the past, 2 large residential and resort areas 
have been proposed on forestlands within designated lynx critical habitat in this unit. Both 
projects, if eventually built as previously-planned, could result in the development of several 
thousand acres of potential lynx habitat, but would be mitigated by substantial (100,000s of 
acres) conservation easements on surrounding forestland. Also, a private landowner recently 
purchased and donated 354 km2 (137 mi2) within designated lynx critical habitat that was 
subsequently designated as the Katahdin Woods and Waters National Monument. This area 
currently has a legacy of young regenerating spruce-fir habitat from previous industrial forest 
landowners, but its new monument designation will limit future forest management activities 
(timber harvest or other vegetation management) that could benefit lynx. In addition, the Nature 
Conservancy continues forest management on about half of its 750-km2 (290-mi2) ownership in 
this unit, including managing part of the area for lynx. 
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx. High-quality 
habitat created by extensive clearcutting 30 to 40 years ago is peaking and is projected to 
decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, pp. 10-18; also see 
section 5.2.1). Hare densities declined by 50 percent in this unit starting in about 2006 and have 
remained at lower levels, and future hare fluctuations or cycles are uncertain. Recent history 
demonstrates that some forms of forest management have the potential to create or increase 
lynx habitat. However, forest practices have shifted to partial harvesting, which is less likely to 
create large areas of lynx habitat or maintain the current historically broad distribution of high-
quality habitat generated by previous landscape-level clear-cutting. Additionally, private 
landowners who previously entered into commitments to manage for lynx conservation have not 
renewed those commitments (although the habitat will remain viable for lynx for some time). 
Land ownership has also changed in northern Maine, and the majority of lands are owned now 
by investment companies that often wish to diversify income from their investments, which could 
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result in forest practices inconsistent with lynx habitat conservation. Without long-term, binding 
land management commitments in this unit, there is no guarantee that the current historically 
high amount of lynx habitat will be maintained by future forest managment practices on private 
lands. The greatest stressors to resident lynx in this unit are habitat loss (as a result of the shift 
in forest management from clearcutting to partial harvesting resulting in lower landscape hare 
densities), lack of forest planning for lynx, and projected continued climate warming (diminishing 
snow depth, quality and duration; loss of spruce-fir to northern hardwoods; potential increased 
competition from bobcats and fishers; and increased future isolation of lynx in this unit and 
southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 1). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites 
were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) found 
snowshoe hare densities were highest in regenerating forests. Females selected large woody 
debris and dense horizontal cover in lowland conifer cover for denning in northern Minnesota 
(Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns were present 
(Moen and Burdett 2009, p. 5). 
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Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 

                                                 
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx. A more 
precise estimate of resident population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
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Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways. 
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 



132 
 

minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
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According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
 
In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
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to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
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Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
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Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 
Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). 
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
                                                 
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats. 
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
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support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
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genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
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incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distrirubtution, it is very unlikely that this unit and surrounding areas 
were ever (recently or historically) capable of supporting 1,000 resident lynx. As described 
above, habitats capable of supporting resident lynx in this unit are (and alslo were historically) 
naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of 
resident lynx remains uncertain, this unit has a long and continuous history of lynx occurrence 
and evidence of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, 
pp. 346-348; Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 
16058; 68 FR 40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale 
genetic sub-structuring among lynx subpopulations in the southern (Garnet Mountains), central 
(Seeley Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction 
among lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires 
in Lynx SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a 
larger population in southwestern Alberta and southeastern British Columbia, but the extent to 
which lynx persistence in this area may rely on immigration from Canada is unknown, and there 
is no indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
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2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detecteded 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
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area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20), indicating recruitment of new individuals into this 
population, or immigration, or a combination of the 2. 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
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the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above. Genetic analyses and snow 
and camera surveys have verified continued reproduction and recruitment among lynx 
populations in this unit and also suggest some immigration may be occurring. The recent 
apparent absence of resident lynx in Garnet Mountains may indicate extirpation of a small 
resident population and a contraction in lynx distribution in the southern part of the unit, or it 
may reflect natural source-sink dynamics of a naturally ephemeral peripheral population in a 
mainland-island metapopulation structure. Lynx are rarely detected on surveys on other national 
forests (or parts of those above) that are outside but adjacent to this geographic unit (Patton 
2006, entire; USFS 2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features 
and/or landscape-level hare densities necessary to support resident lynx populations (79 FR 
54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
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Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
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Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
 
Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41). 
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
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about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 

                                                 
19 https://inciweb.nwcg.gov/state/27/0/ 
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Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx population 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. However, Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being sustained by low levels of undetected immigration. 
The growth rate estimates presented above assumed no immigration 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
                                                 
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (< 10 percent), low elevations [less than 915 m (3,000 ft)], and steep slopes (> 
30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the Northern 
Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler et al. 
2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major drivers 
of disturbance in this unit, but other factors, including wind and tree diseases, also contribute to 
natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North Cascades 
range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
                                                 
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 

https://snowfall.weatherdb.com/d/a/Washington
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The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21), and the Diamond Creek fire burned 
another 393 km2 (152 mi2) in the northern part of this unit during July-October 2017, along with 
another 126 km2 (49 mi2) across the border in southern British Columbia22. 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. This estimate does not include impacts of the 2017 
Diamond Creek wildfire described above. These burned areas are expected to regenerate back 
into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 2016, p. 5; 
Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx population in this 
geographic unit will likely be at increased risk of stochastic demographic, genetic, and 
environmental effects. 
 

                                                 
22 https://inciweb.nwcg.gov/incident/5409/, accessed 10/25/2017. 

https://inciweb.nwcg.gov/incident/5409/
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As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
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As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynx habitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts, limited demographic information, and 
remaining uncertainties (e.g., immigration/emigration rates, changes in snowpack, disease, lynx 
population status and impacts of trapping in southern British Columbia, and habitat corridor 
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stability between British Columbia and this unit; WADFW 2017, p. 3),the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. 
 
From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 



153 
 

For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 



154 
 

populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
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place23. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 

                                                 
23 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
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and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
unprecendentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
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previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
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replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-524). 

                                                 
24 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx to many 
western states and to Canada have been documented. The Southern Rockies are separated 
from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern Wyoming 
and further north, by sagebrush and desert shrub communities in the Wyoming Basin and the 
Red Desert of southern and central Wyoming, and the arid Green and Colorado River plateaus 
of western Colorado and eastern Utah. Because of extreme topographic relief juxtaposed with 
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highways, residential communities, and other human developments, lynx biologists have 
identified habitat connectivity as an important consideration for the Southern Rockies (ILBT 
2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit. 
 
Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
 
In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
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lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
 
All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific conservation planning guiding activities on non-Federal lands in this 
geographic unit. 
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Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Devineau et al. 2010, p. 5), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; 
Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories 
(0.90; Poole 1994, p. 612). Successful reproduction, including by third- and fourth-generation 
offspring of translocated lynx, has been documented (Shenk 2008, p. 2); however, the average 
proportion of females that produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) 
and the kitten survival rate (0.23; Ivan 2016b, pers. comm.) were both lower in this geographic 
unit (during the period of intensive monitoring from 1999-2010) than rates reported for other 
geographic units where estimates were based on adequate sample sizes (Units 1 and 3; table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
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fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares, widespread mortality of mature spruce-fir forests could impact lynx habitat for 
a long time. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
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documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
 
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
 
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

 
In summary, there are currently many more resident lynx in this unit than likely occurred 
historically, and many more than were known or suspected at the time the DPS was listed. 
There were even fewer verified records in this unit during the last century than in the GYA, and 
no reliable evidence of a resident breeding population. However, from 1999-2006, 218 
Canadian and Alaskan lynx were released into the San Juan Mountains of southwestern 
Colorado. As a result of the subsequent reproduction of some of the released lynx and some of 
their offspring over several generations, resident lynx currently occupy this unit. When the DPS 
was listed in 2000, 27 of 41 radio-marked lynx released in 1999 were still alive. The State of 
Colorado has concluded that its efforts have established a viable lynx population, and the 
State’s lynx experts suggest this unit may currently support 100-250 resident lynx (Ivan in Lynx 
SSA Team 2016a, p. 47). Recent (2010-2016) snow-tracking and camera surveys in the San 
Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
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reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 
the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
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see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
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populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
 
Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
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GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
 

 
Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
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Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
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redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
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resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
climate warming is expected to exert the greatest influence on the resiliency of individual 
populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape, perhaps more in line with likely historical conditions (Simons-Legaard 
2016, fig. 8, p. 10). High quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
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subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort land development, and unmanaged 
conservation lands) may compete with forest management as the primary future land use. 
Conservation easements will limit development pressures in some areas and keep some lands 
as working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not create new lynx habitat or maintain the current historically high amount of high-quality 
habitat. Climate change is expected to affect this unit more than some others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and beyond, snow quantity and quality will likely 
continue to deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices cleary have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
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its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which gives it a higher priority than 
other species for monitoring and management during that time. We also expect that MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
median “most likely” probabilities of persistence generated by lynx experts were high for the 
near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but declined to 35 
percent (with great uncertainty) by 2100. We concur with the expert panel that resident lynx are 
likely to persist in this unit at 2025 and 2050. However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, and the potential for increased competition, disease, and insect 
outbreaks), some members of the  SSA Core Team were slightly less optimistic about the long-
term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded that the 
climate-mediated conversion of boreal forest to temperate forest and the loss of favorable snow 
conditions could occur at a rate and extent that would result in a lower likelihood of persistence 
than projected by experts, including the possibility that resident lynx could be extirpated from 
this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
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amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
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other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
unit will benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
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occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in habitat proected by 2032; 
habitat shift to the south edge of current 
range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 
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2100: 78 
(50-90) 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 

2025: 80 
(60-95) 

 
2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shoudl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 



180 
 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the grey area 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and grey area 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
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All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would not respond to future budworm 
outbreaks like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the aging of past clearcuts beyond conditions that 
support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likely to reduce the likelihood that 
lynx will persist in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4o C/decade (0.8 o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0o C (3.6 o F; low 
emission) to 2.9o C (5.2 o F; high emission) by mid-century and 3.1o C (5.6 o F; low emissions) to 
5.3o C (9.5 o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5 to 2.8 o C (4.5 to 
5.0o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, increasing threats to high elevation and 
potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are currently at or falling 
below threshold values needed to support lynx in Maine. 
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios and predicted loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, the area capable of supporting resident lynx in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 
15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 
2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 
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Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
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quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
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an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
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et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
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However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
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period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201025), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
                                                 
25 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
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likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 12-19) predicted loss snow conditions supportive of lynx but 
persistence of boreal forest in Minnesota by the end of the century, and suggested that the SNF 
could provide a potential refugium for lynx (Gonzalez et al. 2007, p. 8). Notaro et al. (2015, pp. 
1668-1669) projected changes in lake effect snowfall using downscaled climate models (Abdus 
Salam International Centre for Theoretical Physics (ICTP) Regional Climate Model version 4 
(RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for the Great 
Lakes Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show an 
increase in lake effect snow in the eastern Great Lakes until 2050, with a decline later in the 
century, with an overall decline in the amount and duration of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
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(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)26 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now. Although 
uncertainties remain, as elsewhere, about the timing and magnitude of future climate-driven 
impacts, lynx populations in Minnesota are expected to recede northward and decline over the 
next century (Lynx SSA Team 2016a, pp. 37-38). 
                                                 
26 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
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Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 



202 
 

resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, potential for increased competition, disease, and insect outbreaks), some 
Core Team members were less optimistic about the future of lynx in Minnesota than the lynx 
expert panel. Depending on future emissions levels, the likelihood that this unit will continue to 
support resident lynx at the end of the century may be lower than the 35 percent (median most 
likely) estimate based on expert opinion. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Hybridization and competition with bobcat also may 
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increase with diminishing snow conditions because of continued climate warming, and it is 
uncertaint how insect outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is uncertain if lynx would become a 
legally trapped furbearer in Minnesota if the DPS was not listed (although a legal wolf hunt was 
reinstated after that species was delisted in Minnesota, so regulated trapping could also be 
considered for lynx if the DPS was not listed). Seven lynx have been illegally shot and reported 
or otherwise discovered since listing. Illegal shooting and non-reporting would likely increase 
without Federal protection. Education efforts by Federal and State agencies and law 
enforcement agents may have helped to reduce illegal shooting of lynx in this unit. With a 
diminished snow regime, populations of bobcats could increase and expand north and eastward 
into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping and hunting 
activities would likely increase without Federal listing. Similarly, fisher, fox, and coyote 
populations may increase in a diminished snow regime in northern Minnesota and trapping 
would be expected to occur there that could lead to greater incidental take of lynx. We believe 
that despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that could be substantially 
diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, we believe that climate change is a significant stressor to lynx in this unit; 
slightly more so than expressed by most of the experts. Snow depth and duration in the area 
currently supporting resident lynx are projected to decline significantly by the end of the century, 
likely to the detriment of both hare and lynx populations. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in the extreme northeastern corner of the unit. 
The boreal forest in this unit is already being replaced by northern hardwoods because of 
climate warming. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate models portend declining snow conditions under low- and high-emissions 
scenarios. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
mining developments. Although we expect resident lynx to persist in this unit through 2025 and 
2050, we conclude that the stressors described above, individually and cumulatively, could 
diminish lynx habitat and numbers in this unit. If these stressors are not abated, we believe that 
resident lynx in this unit will face a slightly greater risk of extirpation by the end of the century 
than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 



205 
 

considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 



207 
 

Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
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anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
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2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). Tennant et al. (2015, pp. 
2818-2820) simulated snowpack loss in the Northern Rockies (ID, MT, WY) and predicted that 
watersheds between 1,000 - 2,000 m (3,281 – 6,562 ft) elevation would experienced the 
greatest snowpack losses, while those > 2000 m (6,562 ft) would be more resilient to significant 
warming. Given the greater predicted snowpack persistence at some elevations used by lynx in 
this unit and the considerable area of potential climate refugia in mountainous terrain 
(Dobrowski 2011, pp. 1027-1029; Curtis et al. 2014, entire; Holden et al. 2015, entire; Morelli et 
al. 2016, entire), at least a portion of lynx distribution in this unit is likely resilient to climate-
driven losses in snowpack (IDFG 2017a, p. 7). 
 
There will likely be a lag time between the loss of favorable snow conditions and an eventual 
shift or contraction in vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 
section 3.2), but continued warming is projected to convert much of the boreal forest in this unit 
to temperate conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The 
ability of lynx and hare populations to persist during this lag and to adjust to future habitat 
distributions is uncertain, but habitat quality, quantity, distribution, and connectivity are expected 
to decline, likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will likely 
reduce this geographic unit’s ability to continue to support resident lynx into the future. The 
timing and magnitude of climate-driven impacts are uncertain; however, all are anticipated to 
adversely affect, and none are expected to benefit, lynx populations in this geographic unit. 
Climate model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
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that continued climate warming will reduce future habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
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most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
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on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of undetected immigration. Additionally, as noted above, 
the lynx population in the Purcell Mountains in the northwestern part of this unit was estimated 
to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 
years of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncertainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
 



213 
 

Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 

 
Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
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Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
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like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
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currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currentlyoccur in 
the GYA. 

 
Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS is delisted in the future, the 
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ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
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Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
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Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
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patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
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unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future than it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing available lynx habitat in the future. 
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Chapter 6: Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in the contiguous United States are 
naturally less abundant and more patchily-distributed than in the core of the range (except 
during decadal lows in hare population cycles, when both hares and lynx occur temporarily in 
the north at densities lower than most in the range of the DPS). Maintaining connectivity with 
lynx populations in Canada is thought to be important to the persistence of DPS populations; 
however, whether, and if so to what extent, the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
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• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 

southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
confier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 
19).There is no information to suggest that this unit historically supported a larger 
resident population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
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in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.27 Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 
Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 

                                                 
27 https://inciweb.nwcg.gov/state/27/0/ 
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lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47). Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
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lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
has already altered) the timing and magnitude of lynx dispersal from Canada into the contiguous 
United States. If lynx populations in the DPS depend on immigration from Canada which is no 
longer occurring or has been substantially reduced relative to historical conditions, population 
declines and an increased likelihood of extirpation among resident DPS populations would be 
expected. However, whether, and if so to what extent, these climate-mediated factors have 
influenced current lynx numbers, other demographic parameters, and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units. Despite uncertainty regarding its influence over current conditions for lynx, 
climate modeling and expert opinion concur that continued climate warming will adversely 
impact lynx in the DPS at some point in the future (also see Future Conditions and Threats, 
below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
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Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
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loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 

 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
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geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event. We recognize that a sequence of discrete but spatially-
clustered catastrophic events in lynx habitats over a short time could increase the potential for 
functional extirpation in 1 or more of the individual geographic units (especially the possibility of 
additional large wildfires in north-central Washington), thereby reducing redundancy within the 
DPS. However, as long as resident lynx remain geographically well-distributed in 1 or more 
units within the DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
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management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Resident lynx populations persisted historically and continue to persist in 4 geographic units 
(Units 1-4). It is uncertain whether Unit 5 (the GYA) historically supported a small persistent 
population or if lynx residency was ephemeral; currently, it appears not to support resident lynx. 
Available evidence suggests that Unit 6 (Colorado) did not historically support persistent lynx 
presence; however, a resident population has persisted there for more than a decade since the 
1999-2006 releases described above. Considering the available information, we find no reliable 
evidence that the current distribution and relative abundance of resident lynx in the contiguous 
United States are substantially reduced from historical conditions. This suggests historical and 
current resiliency among lynx populations in the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
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most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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From: Zelenak, Jim
To: Jodi Bush
Subject: FWS Lynx SSA AR contacts/recipients
Date: Tuesday, November 28, 2017 10:10:56 AM

Core Team: Kurt Broderdorp, Bryon Holt, Mark McCollough, Tamara Smith, Jim Zelenak

FIT Team: Heather Bell, Mary Parkin, Justin Shoemaker

Decision/Recommendation Team/Meeting: Noreen Walsh, Mike Thabault, Rollie White, Lori Nordstrom, Paul
Phifer, Jennifer Szymanski, Marj Nelson, Craig Hansen, Sarah Fierce

RSOL: Dana Jacobsen, Kathryn Williams-Shuck

Former R6RO: Seth Willey, Bridget Fahey

FWS Monthly Coordination Call Participants:

Anna Harris, Brady McGee, Jeffrey Dillon, Lisa Solberg Schwab,  Ann Timberman, Brad
Thompson, Chris Mensing, David Stilwell , David Simmons, Drue DeBerry, Eric Rickerson,
Grant Canterbury, Jeff Krupka, Karen Cathey, Karl Halupka, Kate Novak, Kathleen
Hendricks, Larry Crist,  Leslie Ellwood, Mark Maghini, Martin Miller, Megan Kosterman,
Michelle Eames, Paul Casey, Paul Henson, Peter Fasbender, Sarah Hall, Scott Hicks, Sue
Livingston, Tom Chapman, Tom McDowell, Tyler Abbott, Gregg Kurz, Steve Agius

Others/Former/Project Plan recipients: Tara Nicolaysen, Anthony Tur, Eric Hein, Mark
Sattleberg, Ben Conard, Gary Miller, Jessica Hogrefe, Krishna Gifford, Rebecca Toland,
Shawn Sartorius (?)

Retired (?): Laura Ragan, Laury Zicari,  Dennis Mackey, Michael Carrier, Ann Belleman

Deceased: Patricia Zenone

Let me know if I missed anyone....

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
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From: Nelson, Marjorie
To: Justin Shoemaker/R6/FWS/DOI; Jodi Bush
Subject: Fwd: Lynx Update
Date: Thursday, November 30, 2017 9:53:29 AM

keeping you in loop.  DOJ is looking at 4(f) letter.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

---------- Forwarded message ----------
From: Morgan, Don <don_morgan@fws.gov>
Date: Thu, Nov 30, 2017 at 9:50 AM
Subject: Re: Lynx Update
To: "Nelson, Marjorie" <marjorie_nelson@fws.gov>
Cc: Michael Thabault <Michael_Thabault@fws.gov>, Jeff Newman
<jeff_newman@fws.gov>, Maricela Constantino <Maricela_Constantino@fws.gov>

Thank you Marj,

Please keep us posted.

Don

___________________________
Don R. Morgan
U.S. Fish and Wildlife Service
Chief, Branch of Recovery and State Grants
5275 Leesburg Pike
Falls Church, VA 22041-3803
Phone (703) 358-2444  
Fax      (703) 358-1800

On Thu, Nov 30, 2017 at 11:27 AM, Nelson, Marjorie <marjorie_nelson@fws.gov> wrote:
Dana had reported that SOL is done but DOJ is taking a look.  I did not yet receive
the full breadth of the SOL comments.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

On Thu, Nov 30, 2017 at 9:12 AM, Morgan, Don <don_morgan@fws.gov> wrote:
Marj,

Any update?
___________________________
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Don R. Morgan
U.S. Fish and Wildlife Service
Chief, Branch of Recovery and State Grants
5275 Leesburg Pike
Falls Church, VA 22041-3803
Phone (703) 358-2444  
Fax      (703) 358-1800

---------- Forwarded message ----------
From: Michael Thabault <michael_thabault@fws.gov>
Date: Wed, Nov 22, 2017 at 6:22 PM
Subject: Re: Lynx Update
To: "Frazer, Gary" <gary_frazer@fws.gov>
Cc: "Morgan, Don" <don_morgan@fws.gov>, Gina Shultz <Gina_Shultz@fws.gov>, Jeff
Newman <jeff_newman@fws.gov>, Maricela Constantino
<Maricela_Constantino@fws.gov>, Marjorie Nelson <Marjorie_Nelson@fws.gov>, Anna
Munoz <Anna_Munoz@fws.gov>, Noreen Walsh <Noreen_Walsh@fws.gov>

I spoke with Dana today. It appears the attorneys were not done with their review. Grrr. I
have asked Marj to hold what Noreen signed today and we will see what they come back
with. I emphasized the sense of urgency with her. Sorry for extra work. 

Michael Thabault
Assistant Regional Director
Ecological Services
Mountain Prairie Region

On Nov 22, 2017, at 2:23 PM, Frazer, Gary <gary_frazer@fws.gov> wrote:

I talked to Thabault today, and he sent me a bp on the 5 year review.  Now I
see the big picture. 

I recommended that the Region provide a briefing paper and schedule a
briefing for Greg regarding the 4(f) memo, with the bp tying together the
recovery plan litigation and court ordered deadline, the 5 year review
recommendation, the 4(f) memo, and the nature and timing of DOJ's motion
for relief.  He's still trying to determine from SOL/DOJ whether this is
something that needs to be brought to closure by the end of the year or
whether it can roll into January.  (I encouraged the latter.)

Also recommended that they develop, if they have not already done so, a
comms plan that addresses all the pieces of this, cause the rollout will be
driven by when DOJ files their motion, and once that happens there will be a
lot of parties that will need to be notified quick.  -- GDF

Gary Frazer
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Assistant Director -- Ecological Services
U.S. Fish and Wildlife Service
(202) 208-4646

On Wed, Nov 22, 2017 at 11:18 AM, Morgan, Don <don_morgan@fws.gov>
wrote:

Gary,

At the meeting yesterday you asked that we look into the status of Lynx to
determine what the schedule is and if a briefing is scheduled.  I did reach
out to the Region and they are seeking further direction.

As I understand it the Region has forwarded briefing materials to you?  They also have the
4(f) memo drafted and going though surname.  They would like to know what else is
needed?  Should they be scheduling a briefing for you or others?  If so, who should be in
attendance?

I have also been informed that they have a communications plan that has been signed by
Noreen.  They would like to announce as soon as possible as partners are asking.   The
Region informs me that we cannot announce before we tell the court and we have to be
ready to announce simultaneous to telling the court.  The only drop dead date is January for
the court.

Please advise with regard to a briefing and any additional information you may need.  

Thanks,

Don
___________________________
Don R. Morgan
U.S. Fish and Wildlife Service
Chief, Branch of Recovery and State Grants
5275 Leesburg Pike
Falls Church, VA 22041-3803
Phone (703) 358-2444  
Fax      (703) 358-1800

mailto:don_morgan@fws.gov
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Executive Summary 
 
The North American wolverine (Gulo gulo luscus; wolverine) is a medium-sized carnivore found 
across the west-northwestern contiguous United States, Alaska, and Canada. The most recent 
estimate of wolverine populations in the contiguous United States based on resource function 
modeling is 318 individuals, with a range from 249 to 949; however, systematic monitoring 
across the wolverine’s North American range has not been conducted given the difficulty in 
surveying this highly mobile species, and its occupation across large and remote areas. A multi-
state effort to determine wolverine occupancy in Montana, Idaho, and Washington was 
conducted in winter of 2016–2017 and in Wyoming for the winters of 2015 and 2016–2017. 
Results from this study are still being analyzed, but photographic detections of wolverines were 
found across all States, including areas where wolverines have not recently been observed. In 
Canada, the population is estimated to exceed 10,000 mature individuals and has been stable 
over the last two decades. Recent density estimates indicate no declining trend for wolverines in 
Alaska. Wolverine populations in Alaska are considered to be continuous with populations in the 
Yukon and British Columbia provinces of Canada. Wolverines that occupy the North Cascades 
region are known to move from Washington into British Columbia.  
 
Wolverines are highly mobile, capable of moving and dispersing over great distances over short 
periods of time. Wolverine populations are also characterized by naturally low densities in North 
America. The species is highly territorial, with very little overlap between same-sex adults. 
Wolverines occupy a variety of habitats, but are generally found in remote locations, away from 
human settlements. Wolverines consume a variety of food resources and seasonal switching of 
prey likely allows for adjustment for nutritional needs throughout their life history. As observed 
in other arctic mammals, wolverines have the ability to dissipate body heat to balance the heat 
loss from 30°C to −40°C (86°F to −40°F), due in large part to vasodilatation and rise of skin 
temperature, and rapid and seasonal adjustments in fur insulation. Wolverines can also adapt to 
both cold and warm temperatures by movement and, relatedly, micro- and macro-habitat 
selection. Further, wolverines have been observed near and in lakes and other water bodies. 
 
Wolverine reproduction includes the following characteristics: polygamous behavior (i.e., male 
mates with more than one female each year), delayed implantation (up to 6 months), a short 
gestation period (30–40 days), denning behavior, and an extended period of maternal care (3.5 
months). The reproductive behavior in wolverines is temporally adapted to take advantage of the 
availability of food resources, limited interspecific competition, and snow cover in the winter. 
 
Since the publication of the Service’s 2013 proposed rule to list the distinct population segment 
of the North American wolverine in the contiguous United States (78 FR 7864; February 4, 
2013), several new wolverine studies have been published, which has added to our understanding 
of wolverine biology while also highlighting new insights into identifying key species’ needs and 
their interactions with both abiotic and biotic factors. In particular, wolverine populations and 
wolverine dens have been observed outside previously modeled projections of spring snow 
cover. Our evaluation of snow cover at previously recorded natal den site locations in the 
western United States indicated that ‘melt-out’ dates at these locations extend well past the May 
15 date used in persistent spring snow cover models. 
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Overall, the best available information indicates that within the contiguous United States the 
wolverine’s physical and ecological needs include:  

(1) large territories in remote landscapes; at high elevation (1,800 to 3,500 meters (5,906 
to 11,483 feet));  
(2) access to a variety of food resources, that varies with seasons; and 
(3) physical/structural features (e.g., talus slopes, rugged terrain) linked to reproductive 
behavioral patterns. 

 
In this Species Status Assessment (SSA) Report, we provide a discussion of the ecological needs 
of the wolverine, its current conditions, and projected future conditions. We evaluate potential 
stressors to the species, with a particular focus on the impacts associated with projected effects of 
climate change.  
 
In our analysis, we applied the conservation biology principles of redundancy, resiliency, and 
representation (collectively known as the “3Rs”) to evaluate the current and projected future 
condition of the wolverine and its ability to sustain itself (as one or more populations) in the wild 
over time (Carroll et al. 1996, entire; Wolf et al. 2015, entire). This evaluation considers the 
unique demographic, distribution, and diversity characteristics unique to the species. After 
applying the framework of the 3Rs, we determined the following: 
 

(1) Redundancy: The wolverine occurs across the contiguous United States within a 
metapopulation structure. The best available information indicates that the species 
continues to expand into historical, previously occupied areas in the contiguous 
United States following decades of hunting and trapping. 

(2) Representation: The wolverine is currently found across the west-northwestern 
United States, as well as much of Canada, and Alaska. The best available information 
indicates that the species is found across a wide range of habitats. Modeled primary 
habitat for the wolverine in the contiguous United States has been estimated at 
164,125 square kilometers (km2) (63,369 square miles (mi2). 

(3) Resiliency: The wolverine appears resilient within its contiguous United States range. 
The species exhibits physiological (e.g., seasonal changes in fur) and behavioral 
plasticity in its life history (e.g., reproduction, feeding, movement and use of habitat). 
Estimated population size and growth rates across its North American range are 
uncertain, but the best available information does not suggest that abundance is 
declining in the contiguous United States, or in North America. The most significant 
stressor currently and in the future appears to be the effects of climate change, such as 
warming temperatures and loss of snowpack. However, based on the best available 
information, we have no indication that this species is unable to adapt or adjust to 
changing conditions. 

 
Demographic risks to the species from either known or most likely potential stressors (i.e., 
effects from roads, disturbance due to winter recreational activities, effects of wildland fire, and 
overutilization) are low based on our evaluation of the best available information as it applies to 
current and potential future conditions for the wolverine and in the context of the attributes that 
affect its viability. We analyzed the potential effects of climate change to wolverine habitat, 
including snow persistence in the Northern and Southern Rocky Mountains. The future 
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timeframe evaluated in this analysis is approximately 40 to 50 years, which captures the range of 
time periods for proposed projects within the species range, as well as our best professional 
judgment of the projected future conditions related to climate change, wildland fire conditions, 
or other potential cumulative impacts. While population information is lacking for this 
subspecies in some parts of its range, the best available information does not indicate that, winter 
recreational activities, infrastructure features, mortality from road crossings or trapping 
(authorized and incidental), currently or in the future will result in a decline in the subspecies 
across its range. Our evaluation of climate change indicates that snow cover is projected to 
decline in response to warming temperatures and changing precipitation patterns, but this varies 
by elevation, topography, and by geographic region. In general, models indicate higher 
elevations will retain more snow cover than lower elevations, particularly in early spring (April 
30/May1). Further, significant snow persistence (greater than 0.5 meters (20 inches)) is projected 
at high elevations. 
 
Legal protections include State listing in California and Oregon (as threatened), as endangered in 
Colorado, as a candidate species in Washington, and protection as a non-game species in Idaho 
and Wyoming. In Canada, provincial designations range from endangered to threatened in 
eastern provinces, and sensitive/special concern to no ranking in other provinces. Legal trapping 
or hunting of wolverines is currently prohibited in the contiguous United States. Trapping effort 
along the U.S.–Canada border does not represent a significant barrier to wolverine movement 
and dispersal along the international border.   
 
Within the contiguous United States, approximately 96 percent of modeled wolverine primary 
habitat is located on Federal lands, with 41 percent located in designated wilderness areas. 
Management actions, including State Wildlife Action Plans, the Idaho Wolverine Conservation 
Plan, and USDA Forest Service Land and Resource Management Plans, and other Federal and 
Tribal partners, include winter road closures, fire management, land acquisition or conservation 
easements. 
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Abbreviations and Acronyms Used 
 
ADF&G = Alaska Department of Fish and Game 
BLM = Bureau of Land Management 
°C = degrees Celsius 
CDFW = California Department of Fish and Wildlife 
CNDDB = California Natural Diversity Database 
COSEWIC = Committee on the Status of Endangered Wildlife in Canada  
cm = centimeter 
DNA = deoxyribonucleic acid 
EIS = Environmental Impact Statement 
EPA = U.S. Environmental Protection Agency 
°F = degrees Fahrenheit 
ft = feet 
GCMs = Global Climate Models 
GHG = Greenhouse gas 
GPS = Global Positioning System 
IDFG = Idaho Department of Fish and Game 
in = inch 
IPCC = Intergovernmental Panel on Climate Change 
IUCN = International Union for Conservation of Nature and Natural Resources 
kg = kilogram 
km = kilometer 
lb = pound 
m = meter 
mi = mile 
MODIS = Moderate-Resolution Imaging Spectroradiometer 
Montana FWP = Montana Fish, Wildlife, & Parks 
NRC = National Research Council  
NRIS = Natural Resource Information System 
ODFW = Oregon Department of Fish and Wildlife 
RCPs = Representative Concentration Pathways 
Service = U.S. Fish and Wildlife Service 
SSA = Species Status Assessment 
SCA = Snow Covered Area 
SGCN = Species of Greatest Conservation Need 
SWCC = Southwestern Crown of the Continent  
SWE = Snow Water Equivalent 
WAFWA = Western Association of Fish and Wildlife Agencies 
WDFW = Washington Department of Fish and Wildlife 
WGFD = Wyoming Game and Fish Department 
WRCC = Western Regional Climate Center 
WSWCP = Western States Wolverine Conservation Project 
YBP = Years Before Present
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Introduction 
 
The wolverine (Gulo gulo) is the largest member of the Mustelidae family (weasels, mink, 
marten, and others) and resembles a small bear with a bushy tail (Hash 1987, p. 575). Wolverines 
have a Holarctic distribution that includes the northern portions of Europe, Asia, and North 
America. In North America, they are found in Alaska, much of Canada, and the western-
northwestern United States. The wolverine is important to the culture of Native Americans and 
Aboriginal Peoples in North America, as is its conservation status in aboriginal territory 
(Cardinal 2004, p. iv; Edmo 2016; pers. comm.; Miles 2017, pers. comm.). 
   
Wolverines possess a number of morphological and physiological adaptations that allow them to 
travel long distances and they maintain large territories in remote areas (Pasitschniak-Arts and 
Larivière 1995, p. 6). They have been described as curious, intelligent, and playful, but cautious 
animals (e.g., Krott 1958, p. 241; Krott 1960, pp. 25–26; Magoun 1985, p. 94; Cardinal 2004, p. 
7–8; Woodford 2014; entire), though their social behavior and social organization has not been 
well-studied. 
 
During the late 1800s and early 1900s, the wolverine population declined or was extirpated in 
much of the conterminous United States (lower 48 States), which has been attributed to over-
trapping and habitat degradation (Hash 1987, p. 583). Similar range reductions and extirpations 
of some wolverine populations were observed in parts of Canada during this time period (van 
Zyll de Jong 1975, entire; Committee on the Status of Endangered Wildlife in Canada 
(COSEWIC) 2014, p. iv), attributed largely to human exploitation and availability of food (e.g., 
decline in caribou (Rangifer tarandus)), not climate or habitat changes (van Zyll de Jong 1975, 
pp. 434, 436). Habitat loss (historic vs. current range) for the North American wolverine (i.e., 
Canada and United States) has been estimated at 37 percent (Laliberte and Ripple 2004, p. 126). 
Wolverine numbers have recovered to some extent from this decline; in the United States, 
wolverines are currently found in parts of Washington, Oregon, Idaho, Montana, Wyoming, and 
California, and, as recently as 2012 in Colorado and 2016 in Utah, though not all of these areas 
contain resident, reproductive populations.  
 
Species Status Assessment Methodology 
 
In preparing the Species Status Assessment (SSA) Report for the wolverine, we reviewed 
available reports and peer-reviewed literature, incorporated survey information, and contacted 
species experts to collect additional unpublished information for the North American subspecies 
(Gulo gulo luscus), including Canada and Alaska. We identified uncertainties and data gaps in 
our assessment of the current and future status of the species. We also evaluated the appropriate 
analytical tools to address these gaps and conducted discussions with species experts and 
prepared updated maps of the known species’ range and denning areas across North America. In 
some instances, we used publications and other reports (primarily from Fenno-Scandinavia) of 
the Eurasian subspecies (Gulo gulo gulo) in completing this assessment.  
 
Importantly, we note here that, since the publication of the 2013 proposed listing rule (78 FR 
7864; February 4, 2013), many new wolverine studies have been published, which has added to 
our understanding of wolverine biology while also highlighting new insights into identifying key 
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species’ needs and their interactions with both abiotic and biotic factors. This is particularly 
relevant for a difficult to study animal like the wolverine. 
 
Using the species, individual, and population needs identified for the wolverine and location 
results from surveys and studies, we conducted a geospatial analysis to estimate the North 
American wolverine’s current range. We then evaluated this range and previous estimates of 
potentially suitable habitat in the west-northwestern United States to assess the species’ current 
conditions within that region. Our future condition analysis includes the potential conditions that 
the species or its habitat may face, that is, the most probable scenario if those conditions are 
realized in the future. This most probable scenario includes consideration of the sources that 
have the potential to most likely impact the species at the population or rangewide scales in the 
future, including potential cumulative impacts. Potential future impacts associated with climate 
change (probabilistic estimates for temperature and precipitation) were based on downscaled 
climate model projections, including a detailed study of two regions in the western United States 
(Glacier National Park and Rocky Mountain National Park).   
 
For the purpose of this assessment, we generally define viability as “consisting of self-sustaining 
populations that are well distributed throughout the species’ range,” and where “[s]elf-sustaining 
populations are those that are sufficiently abundant and have sufficient genetic diversity to 
display the array of life history strategies and forms that will provide for their persistence and 
adaptability in the planning area over time” (Committee of Scientists 1999, p. 38). We use a 
timeframe of approximately 40 to 50 years because it is within the range of the available 
modeling efforts related to climate change. We believe this is a reasonable timeframe to consider 
as it includes the potential for observing these effects over several generations of the wolverine.   
 
Using the SSA framework (Figure 1), we consider 
what the species needs to maintain viability by 
characterizing the status of the species in terms of 
resiliency, redundancy, and representation (Wolf et 
al. 2015, entire). 
 

• Resiliency is having sufficiently large 
populations for the species to withstand 
stochastic events (arising from random 
factors). We can measure resiliency based on 
metrics of population health; for example, 
birth versus death rates and population size. 
Resilient populations are better able to 
withstand disturbances such as random 
fluctuations in birth rates (demographic 
stochasticity), variations in rainfall 
(environmental stochasticity), or the effects 
of anthropogenic activities. 

• Redundancy is having a sufficient number of populations for the species to withstand 
catastrophic events (such as a rare destructive natural event or episode involving many 
populations). Redundancy is about spreading the risk and can be measured through the 

 
 
Figure 1. Species Status Assessment 
Framework. 
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duplication and distribution of populations across the range of the species. The greater the 
number of populations a species has distributed over a larger landscape, the better it can 
withstand catastrophic events. 

• Representation is having the breadth of genetic makeup of the species to adapt to 
changing environmental conditions. Representation can be measured through the genetic 
diversity within and among populations and the ecological diversity (also called 
environmental variation or diversity) of populations across the species’ range. The more 
representation, or diversity, a species has, the more it is capable of adapting to changes 
(natural or human caused) in its environment. In the absence of species-specific genetic 
and ecological diversity information, we evaluate representation based on the extent and 
variability of habitat characteristics within the geographical range. 
 

Species Description 
 
Taxonomy 
 
The taxonomic relationship between North American and Eurasian wolverines has been a 
debated topic (Pasitschniak-Arts and Larivière 1995, p. 1). Most authorities consider all 
wolverines to belong to a single species, Gulo gulo (Rausch 1953, p. 114; Kurten and Rausch 
1959, p. 19; Wozencraft 2008 [in Wilson and Reeder’s Mammal Species of the World, online 
publication]). Some also further consider the New World and Old World wolverines to be two 
subspecies, Gulo gulo luscus and G. g. gulo, respectively, based on morphological 
measurements. Degerbøl (1935, pp. 35–43) noted slight color differences and very slight, if any, 
cranium differences, based on 10 North American (Hudson Bay) specimens examined, and 
regarded the North American and Old World wolverines as conspecific, but identified two 
subspecies. This reference also cites Coues (1877, p. 43), who, based on observations of a slight 
similar cranium difference, had posited that the wolverines of the Old World and New World 
were the same species (Degerbøl 1935, p. 35).  
 
In their Checklist of Palaearctic and Indian Mammals (1st and 2nd editions) Ellerman and 
Morrison-Scott (1951, p. 251; 1966, p. 251) identified one species of wolverine, but listed 
several subspecies. A comparative analysis of various measurements from 1 wolverine skull 
collected from the northern Ural Mountains to 41 Alaskan skulls by Rausch (1953, entire)  
reported “no appreciable differences,” noting the highly variable skull characteristics for the 
Alaskan specimens. Additionally, Krott (1960, p. 20) found no distinct differences between Old 
World and New World wolverines, and that pelt size and quality were not distinguishable. 
However, using biometric measurements of both newly collected and previously published 
cranial measurements (e.g., Degerbøl 1935; Rausch 1953), Kurtén and Rausch (1959, p. 19) 
reported that the North American and European wolverine were significantly different in several 
quantitative characters related to the size and shape of the skull size and teeth size. They 
concluded that the two wolverine populations represented two distinct subspecies, but were the 
same species, Gulo gulo.  
 
The International Union for Conservation of Nature and Natural Resources (IUCN) states that 
“Most recent accounts [citing Jones et al. 1992, Pasitschniak-Arts and Larivière 1995, 
Wozencraft 2005] treat luscus as a subspecies of Gulo gulo, following Degerbøl (1935) and 
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Kurtén and Rausch (1959)” (Abramov 2016, p. 1). We reviewed the references cited by IUCN. 
Jones et al. (1992, p. 17) only considers Gulo gulo. Pasitschniak-Arts and Larivière (1995, p. 1) 
state there are differences in the taxonomic treatment, and that, while Gulo gulo is now 
considered by most to be the extant species, others (including the above-cited Kurtén and Rausch 
(1959) and Rausch (1953)) have considered two subspecies. The Wozencraft (2005) citation is 
from Wilson and Reeder’s previous 2005 publication, which was updated as of 2008. That 
account lists several “offspring” of Gulo gulo, but does not provide citations for the subspecies 
identified there, and at least two of those listed are not considered to be subspecific entities (e.g., 
G. g. vancouverensis and G. g. luteus (see Banci 1982, p. ii; Banci 1994, p. 104)). Finally, the 
COSEWIC Assessment and Status Report on the Wolverine (Gulo gulo) in Canada indicated that 
taxonomists recognize only a single subspecies (Gulo gulo luscus) in North America or consider 
G. gulo as single Holarctic taxon (COSEWIC 2014, p. 4). 
 
Genetic analyses for the North American wolverine populations have primarily focused on 
genetic structure and variation of wolverine populations or subpopulations (see Kyle and 
Strobeck 2001; Kyle and Strobeck 2002; Zigouris et al. 2012, Zigouris et al. 2013). However, 
Frances’ (2008, pp. 20–21) assessment of wolverine spatial genetic structure and demographic 
history (using mitochondrial DNA) indicated incomplete lineage sorting between North 
American and Eurasian populations, though comprehensive sampling has not been conducted for 
some areas (e.g., eastern Asia). A study by Tomasik and Cook (2005, entire) also concluded that 
reciprocal monophyly (i.e., distinct species) had not been attained between Eurasian and North 
American wolverine populations. Until additional studies are published, including robust genetic 
analyses in conjunction with additional sampling, the Service recognizes the North American 
wolverine as G. g. luscus. 
 
Physical Appearance 
 
Detailed descriptions of the wolverine are described in Novikov (1962, pp. 196–202), Hash 
(1987, p. 575), Pasitschniak-Arts and Larivière (1995, pp. 1–2), and Wilson (1982, pp. 644–646), 
among others. Key distinguishing features are summarized here. 
 
Wolverines are a medium-sized (about 1 meter (m) (3.3 feet (ft)) in length) carnivore, with a 
large head, broad forehead, and short neck (Pasitschniak-Arts and Larivière 1995, p. 1). Males 
are larger than females (Hall 1981, p. 1,007; Banci 1987, p. 35). Wolverines have heavy 
musculature and relatively short legs, and large feet with strong, curved claws for digging and 
climbing (Hash 1987, p. 575). Their feet are well-adapted for travel through deep snow and, 
during the winter, dense, stiff, bristle-type hairs are found between the toes and around the foot 
pad (Grinnell et al. 1937, pp. 265–266; Hash 1987, p. 575); this characteristic becomes 
diminished in the summer (Hash 1987, p. 575).  
 
Adult wolverines are sexually dimorphic, with females weighing from 7 to 13 kilogram (kg) 
(15.4 to 29 pounds (lbs)) and males weighing between 10 to 18 kg (22 to 40 lbs) (North 
America) (Rausch and Pearson 1972, p. 264; Magoun 1985, pp. 19–21; Banci 1994, p. 99; 
Copeland 1996, p. 20; Cardinal 2004, p. 8; Lofroth 2001, p. 11; Inman 2013, pers. comm.; 
Magoun 2013, pers. comm.; Aubry et al. 2016, pp. 17–18). The skulls of wolverine are large and 
heavy, and the strong jaw structure allows animals to feed on frozen flesh and crush bone 
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(Haglund 1966, p. 269; Hash 1987, p. 575). Some geographic variation and sexual differences in 
skull morphology have been reported (Pasitschniak-Arts and Larivière 1995, p. 2). Wolverines 
have small, wide-set eyes, and are reported to have excellent hearing (Grinnell et al. 1937, p. 
265; Krott 1960, p. 25; Bevanger 1992, p. 8).  
 
Wolverine fur is short, thick, and uniform in thickness on the head and becomes longer towards 
the rear of the body (Hash 1987, p. 1). The coat consists of dense, woolly underfur (2-3 
centimeters (cm) (0.8-1.2 inches (in) long) and coarse, stiff guard hairs, 6-10 cm (2.4-4 in) in 
length (Hash 1987, p. 1). The rich glossy coat can vary from medium brown to black (Banci 
1994, p. 99; Pasitschniak-Arts and Larivière 1995, p. 1). Seasonal and individual variation in pelt 
color has been described (Degerbøl 1935, pp. 38–42; Grinnell et al. 1937, p. 252). In general, the 
head, tail and legs are darker than the face (Pasitschniak-Arts and Larivière 1995, p. 1). An upper 
body stripe, which varies from creamy, pale buff to light brown or reddish in color (Pasitschniak-
Arts and Larivière 1995, p. 1), extends from the nape of the neck, along the sides of the body, to 
the base of the bushy tail (Banci 1994, p. 99). White or orange patches are commonly found on 
the throat or chest (Pasitschniak-Arts and Larivière 1995, p. 1; Magoun et al. 2008, p. 24; Figure 
14). The unique property of wolverine fur to shed frost (Hardy 1948, p. 330; Quick 1952, pp. 
492–493), along with its rarity, has made wolverine pelts valuable for trade (Hash 1987, p. 575). 
 
Various accounts state that wolverines have a strong sense of smell (Grinnell et al. 1937, p. 265; 
Bevanger 1992, p. 8) that allows them to locate carrion from great distances (Hornocker and 
Hash 1981, p. 1,297; in litt. Bevanger 1992, p. 8, citing Røskaft 1990; Copeland 1996, p. 100; 
Cardinal 2004, p. 8); however, experiments with young wolverines indicated a poor sense of 
smell, and that wolverines may locate food (areas where previously located or cached) based on 
their memory skills (Magoun 2013, pers. comm.) or learning abilities (e.g., Krott 1958, p. 241).  
 
Scent-marking is used by mammalian carnivores for chemical communication (Hutchings and 
White 2000, p. 160). For wolverines, this behavior commonly includes urination (e.g., trees, 
stumps, snow) (Copeland 1996, p. 115; Magoun 1985, p. 105), but also includes scat, and 
scratches and bites on trees (Haglund 1966, pp. 225, 277; Copeland 1996, p. 115). Scent rubbing 
(see review by Rieger 1979) of the ventral (abdomen/stomach) area and anal rubbing have also 
been observed in wolverines (Pulliainen and Oyaskainen 1975, pp. 268–269; Rieger 1979, p. 22, 
in litt. Goethe 1964; Magoun 1985, p. 105). Scent marking by wolverines may also be an 
important chemical communication signal for potential wolverine prey. Field experiments 
conducted by Sullivan et al. (1985, pp. 928, 930) and Sullivan (1986, p. 388) found that black-
tailed deer (Odocoileus hemionus columbianus) and snowshoe hares (Lepus americanus) avoided 
feeding on seedlings that were marked with wolverine urine. 
 
Life History and Ecology 
 
In this section we provide a summary of the individual and population needs (collective, species 
needs), including its life history, physiology and behavior, resource functions necessary for each 
life stage (i.e., breeding, feeding, sheltering, dispersal), demographic information (abundance 
and distribution) and ecological setting. 
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Overview 
 
Wolverines are active year-round and have been considered as primarily nocturnal (Iversen 
1972b, p. 319; Pasitschniak-Arts and Larivière 1995, p. 7, and references cited therein). In his 
observational studies, Krott (1958, p. 168; 1960, p. 25) described periods of 3-4 hours of activity 
followed by 3-4 hours of sleep for wolverines in Scandinavia, a pattern also observed in Idaho 
(Copeland 1996, p. 77).  
 
A study of body temperatures of caged wolverines, along with direct observations of animals 
obtained from Alaska and Sweden and previous studied animals (Alaska), suggested that 
wolverines were a day-active species, being very active in the morning, with periods of sleep 
during the night, a pattern that persisted in both winter and summer (Folk et al. 1977, p. 233). 
However, crepuscular activity (period just after dawn and just before sunset) may be a more 
accurate description for wolverine behavior (McCue et al. 2007, pp. 98–99). Others have 
remarked that wolverines exhibit a plasticity in their behavior (i.e., different behavior under 
different conditions) (Krott 1960, p. 26), a result attributed, in part, to their being a scavenging 
carnivore covering large areas (Stewart et al. 2016, pp. 1,495, 1,497). Several aspects of this 
plasticity are described below.  
 
Wolverines are wide-ranging animals and known for traveling great distances in a short period of 
time (Krott 1960, p. 21; Gardner et al. 1986, p. 603; Woodford 2014, entire ) (see Movement 
section below). This is due, in part, to their unique body structure. As described by Krott (1960, 
p. 20), they are “lumbrosacrally overbuilt” with heavy musculature and legs that are acutely 
angled when walking. Wolverine gait is characterized as either a 2X pattern (when patterns of 
two footprints repeat), used primarily in deep snow, and the more common 3X lopes (patterns of 
three footprints), for covering long distances over more compacted snow (Halfpenny et al. 1995, 
p. 104). The latter is described as a bouncing gait where all four feet may leave the ground at the 
same time (Halfpenny et al. 1995, p. 104).  
 
As noted in our Species Description section above, in winter, the dense hairs on the foot pad and 
its body structure supports a low foot load, which has been estimated at 22 gram/cm2 (Knorre 
1959, p. 26) and 27–35 gram/cm2 (Novikov 1962, pp. 22–23 (citing Dulkeit 1953)). This foot 
loading is believed to provide an advantage for wolverines preying on ungulates and other large 
mammals whose movements become restricted in deep snow (Knorre 1959, p. 26; Formozov 
1963, pp. 40–41; van Zyll de Jong 1975, p. 435; Banci 1994, p. 113). However, a study of 
wolverines in boreal forest habitat in Canada present a differing interpretation of the wolverine 
foot adaptation based on tracking wolverines in snow over three winters (Wright and Ernst 
2004a, pp. 58–59), in which they observed wolverines in their study area continuously selected 
for a path of least snow cover, where practicable, and only traveled in upland areas (Wright and 
Ernst 2004a, p. 59). They concluded that the low foot load is advantageous when snow crusts 
form, but, in deep snow, wolverines shift to an inefficient walking gait, which increases energy 
demand (Wright and Ernst 2004a, p. 59). They hypothesized that traveling in deep snow during 
winter in search of food may increase the risk of starvation due to the greater energy expenditure 
(Wright and Ernst 2004a, p. 59). 
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Physiology 
 
The wolverine is a snow-adapted, cold climate animal in its physiology, morphology (Telfer and 
Kelsall 1984, p. 1,830), behavior, and habits. The wolverine was considered by Formozov (1963, 
p. 65) as one of several “chioneuphores,” or those vertebrates who tolerate snow but have no 
special adaptations; however, wolverines could also be considered as a “chionphile” or those 
animals with adaptations for snow (e.g., increased surface area on feet, pelt characteristics) (see 
definitions in Pruitt 1959, p. 172; Cathcart 2014, p. 22).  
 
In general, mustelids weighing more than 1 kilogram (kg) (2.2 pounds (lbs)) have a basal 
metabolism (defined as the minimum metabolic rate for maintaining a comfortable warm 
temperature; Irving 1972, p. 121) that is about 20 percent higher than other mammals (Iversen 
1972a, p. 343). For the wolverine, Young et al. (2012, p. 222) estimated a basal metabolic rate 
for a 15 kg (33 lbs) adult at 669.4 kcal/day, using Iversen’s derived equation [Metabolic rate 
(M)=84.6*Weight (W, in kg)(0.78) ± 0.15] (Iversen 1972a, p. 343). By comparison, the estimated 
basal metabolic rate for a 53 g (1.9 ounce (oz)) least weasel (Mustela nivalis) is about 40 
kcal/day, and approximately 250 kcal/day for a 3.8–5.5 kg (8.4–12 lbs) Arctic fox (Vulpes 
lagopus) (both sampled from Barrow, Alaska) (Irving 1972, p. 115; Figure 9.1).  
 
Experimental studies by Iversen (1972, pp. 320–321; Figure 4) found that during their first 2½ 
months, the basal metabolic rate for young wolverines was substantially higher than rates 
reported for other mammals (W1.41 vs. W1.0), then declined after 3 months, and declined again 
after 8 months. Because the early period coincides with weaning, Wilson (1982, p. 646) 
suggested that the observed peak may be related to changes in food consumed as well as 
improved thermoregulation since the mother is leaving the young for longer periods of time.  
 
Energy expenditure during pregnancy is relatively low for mustelids (Oftedal and Gittleman 
1989, p. 374); however, energy requirements for lactation in mammals can be over 4 to 7 times 
basal metabolic rates (Allen and Ullrey 2004, p. 478). Thus, estimates of energetic requirements 
(e.g., less than 1 kg prey/day annually) may be too low to support reproductive activity (Young 
et al. 2012, p. 226). Wolverines are known to consume a variety of food resources and seasonal 
switching of prey likely allows for adjustment for nutritional needs throughout their life history 
(Krebs et al. 2007, p. 2,187 (Canada); Koskela et al. 2013a, pp. 103–104 (Finland); Yates and 
Copeland in prep (Montana)). Additional details on diet and feeding behavior for wolverines are 
provided below.  
 
Relatedly, Casey et al. (1979, p. 335) evaluated metabolic and respiratory responses of eight 
terrestrial Arctic mammals to ambient temperature during summer months. For wolverines, they 
found that the frequency of respiration was generally constant (15-20 per minute), but their tidal 
volume (air moved per breath) increased nearly constantly with decreasing ambient temperature, 
unlike Canada lynx (Lynx canadiensis), which is similar in body mass (Casey et al. 1979, p. 
335). The researchers inferred that the increased ventilation of wolverines at low ambient 
temperatures was the result of an increased energy metabolism (Casey et al. 1979, p. 336).  
 
Thermal neutrality (or thermoneutrality) is the temperature range at which resting metabolism 
is at minimum (Barnett and Mount 1967, p. 468) and animals produce heat at a minimum rate in 
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a thermal neutral environment (Barnett and Mount 1967, p. 413). For a resting mammal at 
thermal neutrality, body temperature is primarily maintained by “physical thermoregulation,” 
that is, control of circulation in the skin and by sweating (Barnett and Mount 1967, p. 413). The 
body temperature of wolverine (measured by an implanted temperature transducer) at 
thermoneutrality has been reported at 38°C (100.4°F) (Folk et al; 1977, p. 231; Casey et al. 
1979, pp. 332–333). The critical temperature is the point at which the metabolic rate starts to 
rise; thus, animals with lower critical temperatures are able to better conserve their energy 
expenditure (Barnett and Mount 1967, p. 413). Studies of arctic mammals defined a zone of 
thermoneutrality in Eskimo dogs (Canis lupus familiaris) and Arctic foxes that extended to at 
least −40°C (−40°F), with an estimated critical temperature between −45°C (−49°F) and −50°C 
(−58°F) (Scholander et al. 1950a, p. 254).  
 
Arctic mammals, including wolverine, Arctic fox, and wolf (Canis lupus), have a threshold of 
thermoneutrality of between −30°C to −40°C (–22°F to –40°F) (Iversen 1972b, p. 322; citing 
studies by Scholander et al. (1950b) and Hart (1956)). Relatedly, Casey et al. (1979, p. 340) 
estimated a critical temperature for wolverine (14 kg (31 lb)) in summer pelage of 5°C (41°F) 
based on an observed increase in oxygen uptake at air temperatures below this temperature. For 
comparison, measurements of metabolic rates for the red fox (Vulpes vulpes alascensis) (Alaska) 
observed critical temperatures of 8°C (46°F) in summer (Irving et al. 1955, p. 184). These Arctic 
mammals therefore have the ability to dissipate heat to balance the heat loss from 30°C to −40°C 
(86°F to −40°F), due in large part to vasodilatation and rise of skin temperature (Scholander et 
al. 1950a, p. 251). 
 
Arctic mammals, particularly small mammals, also adapt behaviorally to cold temperatures by 
creating burrows and building nest sites under the snow. Wolverines are known to dig holes in 
snow for shelter (Pruitt 2005, p. 120), and wolverine reproductive den sites located under deep 
snow may provide a thermoneutrality advantage for newborn cubs (Magoun and Copeland 1998, 
p. 1,313). This topic is discussed in more detail below under Use of Dens and Denning Behavior.  
 
Wolverines can also adapt to both cold and warm temperatures by movement and, relatedly, 
micro- and macro-habitat selection. Wolverines have been observed near and in lakes and other 
water bodies and are good swimmers, easily crossing lakes and rivers (Seton 1909, p. 950; Krott 
1960, p. 23; Magoun 2017, pers. comm.). They likely use these areas more frequently during 
warmer months both for cooling and hydration, or possibly for hygienic reasons (Krott 1960, p. 
23).  
 
Changes in endocrine (hormone) function can also represent a physiological adaptation to cold 
by acting on organs to generate energy (Barnett and Mount 1967, p. 428). The best available 
information does not indicate that these functions have been evaluated in wolverines. However, 
one veterinarian reported an enlarged thyroid in a wolverine during a necropsy procedure 
(Copeland 2017, pers. comm.), which is suggestive of a high metabolism.  
 
In addition to these physiological processes, rapid and seasonal adjustments of fur insulation 
provide an additional mechanism for mammals to overcome large seasonal changes in 
temperature (Casey et al. 1979, p. 340) and have been described for wolverine and other 
mammals in Alaska (Henshaw 1970, p. 522). The seasonal increase in fur depth for captive 
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wolverines was reported to be 65 percent (Henshaw 1970, p. 522). That study identified a metric 
termed seasonal insulative advantage (or SIA) as a measure of the degree to which insulative 
compensation changes seasonally in response to ambient temperature (Henshaw 1970, p. 522). 
For wolverines, this advantage was found to be less than unity; that is, the increase in fur did not 
fully compensate for average winter cold, and therefore other compensating mechanisms were 
needed (Henshaw 1970, p. 522). 
 
Similarly, an evaluation of the seasonal change in the insulation of fur of wolverine (pelts from 
Canada) found a 41.2 percent change in mean insulation values (measured as °C/cal/m2/hr) from 
winter to summer (Hart 1956, p. 56). A single annual molting (between August and December) 
was noted in Grinnell et al. (1937, p. 251) (California), but twice yearly was described by 
Novikov (1962, p. 201) (Russia). The large seasonal change in insulation observed for wolverine 
and other larger mammals is, in large part, due to changes in fur depth, and can be interpreted as 
an adaptation to both high summer temperatures and low winter temperatures (Hart 1956, p. 57). 
The reported seasonal decrease in wolverine fur thickness also correlates with experimental 
results of Casey et al. (1979, p. 337) who indicated that a seasonal shift in oxygen consumption 
below critical temperature was likely due to an increased rate of heat loss in summer. 
 
Range and Habitat Use 
 
Historical Range and Distribution 
 
Phylogeography/Phylogenetics 
 
Results from a molecular study of phylogenetic relationships of the Mustelidae family suggest at 
least six radiation episodes within this family since the Early Eocene Epoch (approximately 50 
million years before present (YBP)) (Marmi et al. 2004, pp. 488, 492). The split of the marten 
(Martes, Gulo) and weasel (Mustela) lineages occurred in the Early Middle Miocene Epoch (14 
to 11 million YBP), with the separation of Old World and New World lineages (Martes, Gulo) 
occurring in the Late Miocene Epoch (8.6 to 5.8 million YBP) (Marmi et al. 2004, p. 488). The 
Gulo genus appears in the fossil record in the mid-Pleistocene in both Europe and North America 
(Bryant 1987, p. 659). 
 
The dispersal of Gulo across Beringia (land mass that extended from Siberia into interior Alaska 
during the Pleistocene) is believed to have produced contemporaneous records for the species in 
Europe and North America (Bryant 1987, p. 659). Genomic data was examined using a 
molecular dating technique to estimate an approximate age of the G. gulo ancestor (Malyarchuk 
et al. 2015, entire). The researchers estimated a relatively recent origin of the species Gulo gulo 
at about 181,000 to 234,000 YBP (Malyarchuk et al. 2015, pp. 1,115–1,116). They note that this 
latter time period corresponds to the Riss glaciation period (187,000 to 230,000 YBP), a time of 
genetic divergence of amphi-Beringian (both sides of Beringia) species and speciation events 
(Hope et al. 2013, p. 426). Their results, along with fossil information, also indicate the 
divergence of the Gulo branch and the other Martes taxa occurred during the Late Miocene-Early 
Pliocene (5.6 million YBP), and lends support for strong evolutionary processes in the northern 
Siberian ecosystems in the Pliocene and Pleistocene Epochs (Malyarchuk et al. 2015, pp. 1,116–
1,117).  
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An evolutionary trend was described in which Gulo increased in size from the mid- to late-
Pleistocene, with a subsequent reduction in size post glaciation, as well as small changes in 
selected teeth, and a possible shift to colder habitats (Bryant 1987, p. 660). The Late Pleistocene 
and the Pleistocene-Holocene transition represent the end of prolonged period that was 
characterized by climate fluctuations followed by rapid warming (Post 2013, p. 28). This 
analysis also indicated that both the mid-Pleistocene European Gulo schlosseri and the early 
North American Gulo appear to be adapted to a warmer climatic environment, but are likely to 
have also occupied colder climates (Bryant 1987, p. 660). Other factors such as competition 
(Guilday 1971, p. 237), predator avoidance, and prey abundance may also have been important 
in creating significant shifts in geographic ranges for certain species during glacial cycles. 
 
Wolverines are believed to have migrated to North America during the late Pleistocene, although 
fossil evidence from the Pleistocene Epoch for wolverine is limited (Anderson 1977, p. 15; 
Bryant 1987, p. 660), and most fossil material is either cranial or dental fragments (Bryant 1987, 
p. 660). A summary of records for both Pleistocene and extant Gulo (Bryant 1987, p. 659; Table 
3) includes findings in the United States from Colorado, Idaho (e.g., White et al. 1984, p. 248 
(lava tubes)), Alaska, Maryland, and Pennsylvania, and Canada (primarily the Yukon region) 
ranging from the Irvingtonian Age (1.8–2.4 million YBP) to Late Wisconsinan-Holocene 
(15,000 YBP to present day).  
 
Genetic studies can provide an understanding of the postglacial recolonization of wolverines 
following the Last Glacial Maximum, a period of rapid cooling, and movement patterns due to 
changed climatic conditions (Frances 2008; Zigouris et al. 2013; McKelvey et al. 2014). 
Following the Last Glacial Maximum, beginning about 21,000 YBP, was a period of rapid 
warming, resulting in a second wave of extinction events, particularly of large mammalian 
megafauna that were cold-adapted (Post 2013, pp. 29, 31). 
 
During the late Wisconsin period (10,000 to 25,000 YBP), approximately 60 percent of North 
America was covered by glacial ice (Rogers et al. 1991, p. 624). However, several ice-free 
refugia existed at that time including the Beringian refugium, which included eastern Siberia, 
most of Alaska, areas of northwestern Canada, and areas of the Bering Sea shelf that were 
exposed by lower sea levels, and this refugium harbored a number of mammalian species 
including wolverine (Rogers et al. 1991, pp. 624, 626). Analyses by Frances (2008, entire) and 
Zigouris et al. (2013, entire) supported a wolverine colonization of North America in which 
individuals “followed retreating glaciers” (Zigouris et al. 2013, pp. 10–11), beginning about 
21,000 YBP, following the Last Glacial Maximum, when a period of rapid warming occurred 
that resulted in additional extinction events, particularly large mammalian megafauna (Post 
2013, p. 29) 
 
A phylogeographic analysis presented by McKelvey et al. (2014, p. 331) proposed that a unique 
haplotype (Cali 1) observed in historical wolverine samples from California was reflective of an 
independent evolutionary history resulting from isolation (i.e., southern ice-free refugium) of 
wolverines during glacial retreat. However, Zigouris et al. (2013, p. 10, Supplemental Table S5) 
found the Cali 1 haplotype described by Schwartz et al. (2007, p. 2,173; Tables 2 and 4) 
(relabeled as Haplotype 21) also occurred in historical wolverine samples from the eastern region 
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of Canada (Quebec-Labrador). In addition, as noted by Zigouris (2014, pp. 232–233) the 
historical samples analyzed by McKelvey et al. (2014, p. 327; Table 1) were primarily those 
from locations at the southwestern edge of the wolverine’s North American range (e.g., 
California, Colorado, Idaho, Montana, Wyoming, Utah, Washington). Without additional 
sampling, it is unclear if this particular haplotype distribution from two of the most peripheral 
North American wolverine populations is a reflection of a skewed dispersal after post-glacial 
colonization, or was a more widely distributed haplotype that declined or was lost due to hunting 
and trapping pressures (beginning in 18th century) or fragmentation (late-20th century) (Zigouris 
et al. 2013, p. 10).  
 
Additional discussion of our current understanding of wolverine genetic structure and diversity is 
provided in the Population Structure section below. 
 
Historical Range  
 
In North America, wolverines were historically distributed in much of the northern portion of the 
continent, extending southward to the northernmost region of the United States (Maine to 
Washington) or approximately north of the 38th parallel (Hash 1987, p. 576; Banci 1994, p. 
102). 
 
An estimate of wolverine observations and distribution in the contiguous United States was 
prepared by compiling 901 verifiable or documented records of wolverine occurrence dating 
from 1801 to 2005 from 24 states in the contiguous United States (Aubry et al. 2007, entire). 
This included a total of 809 verifiable or documented records for the Rocky Mountain and 
Pacific Coast mountains (west-northwestern United States) for this time period (Aubry et al. 
2007, p. 2,151).  
 
The historical population size of wolverines in Canada is not known (Fortin 2005, p. 4). Its 
historical distribution, as depicted by Seton (1909, p. 947; Map 51) and also later by van Zyll de 
Jong (1975, p. 435; Figure 9) shows a broad range across much of Canada. Examples of early 
descriptive accounts include de Puyjalon (1900, pp. 126–144), who described wolverines as 
inhabiting Labrador, Canada (de Puyjalon, p. 101), and extending in range to the 66th parallel and 
perhaps further (de Puyjalon 1900, p. 144); reports of both trapped and live wolverines in 
Labrador in the late 1700s (Townsend (ed.), 1911, pp. 73, 93, 228, 255); and reports of 
wolverines as “common” in Canada’s Nunavut Territory (Hudson Bay region) during a 1920s 
Danish excursion (the Fifth Thule Expedition) to Arctic North America (Freuchen 1935, p. 101). 
The 2014 COSEWIC report presents a historical range distribution for Canada based on personal 
accounts and interpretation of the fur trade (COSEWIC 2014, pp. 12–13; Figure 3).  
 
Current Range 
 
We created a map depicting wolverine observations for the west-northwestern United States by 
requesting all available wolverine records from State agencies (e.g., wildlife agencies, natural 
heritage programs) and the Forest Service Natural Resource Information System (NRIS) Wildlife 
Database. We found a total of 4,215 records (1800s to 2017) for this portion of the United States 
(cf. 809 records from Aubrey et al. 2007; Table 1). Figure 2 presents a map of these compiled 
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observations, overlaid with the habitat suitability model results presented by Inman et al. (2013, 
p. 281). We acknowledge that some of these records may be in error or inaccurately located, and 
although wolverines have been reported from the Central Great Plains, Great Lakes region, 
Upper Midwest, or Northeast (Wilson 1982, p. 650), we did not create a historical range for these 
regions given the very low number (92) reported by Aubry et al. (2007, p. 2,151) from the 1880s 
to 2005, and to present day, and an incomplete historical record of trapping. We also found a few 
additional historical records that do not appear in Aubry et al. (2007, p. 2,151). For example, 
Nead et al. (1985, entire) identified several positive and probable reports of wolverines in 
Colorado in the late 1970s. A wolverine was reported from the Squaw Valley region of 
California in the summer of 1953 (Ruth 1954, pp. 594–595). Our intent in creating this map was 
to present an overall geographical depiction of the wolverine’s estimated range only for the west-
northwestern United States, and is not intended to represent an estimate of population numbers.  
 
Using the best available information, we also created a current North American range based on 
results presented by COSEWIC (2014, p. 12) for Canada and Alaska, Forest Service NRIS data, 
and more recent observations (e.g., telemetry, camera traps, mortality reports) reported from 
California, Washington, Colorado, Wyoming, Utah, and North Dakota (e.g., California Natural 
Diversity Database (CNDDB); Forest Service NRIS; Idaho Department of Fish and Game; Utah 
Division of Wildlife; Wyoming Game and Fish Department). This range is illustrated in Figure 
3.   
 
We recognize that this depiction does not necessarily represent current areas where reproducing 
populations of wolverines are found, nor does it capture unverified accounts from New Mexico, 
described in Frey (2006, pp. 20–21) for the Sangre de Cristo Range, and visual observations 
reported by two individuals (2005 and 2016) in response to our Federal Register notice (81 
FR71670; October 18, 2016) requesting information for our status review. In addition, we did 
not incorporate the Central Great Plains, Great Lakes region, Upper Midwest, or Northeast. 
However, we note here that a female wolverine was observed over several years (2004–2010) in 
the lower peninsula of Michigan, and genetic testing after her death in 2010 suggested she was 
more closely associated with eastern Canada wolverine populations (i.e., Manitoba and Ontario) 
(in litt Zigouris 2013, pers. comm.). It’s unclear how this individual came to occupy this region, 
but given the long distant movements reported for this species (e.g., male wolverine that traveled 
from Wyoming into Colorado and then back to North Dakota), dispersal from Canada is 
plausible. Wilson (1982, p. 650) reported that wolverines on occasion may enter Minnesota from 
Canada. Jackson (1961, pp. 359–360) also reported several authentic records of wolverine in 
Wisconsin and in areas in Minnesota, along the Wisconsin-Minnesota border. However, the 
wolverine was likely never abundant in Wisconsin, even before trapping and hunting in the late 
19th and early 20th centuries (Jackson 1961, p. 359). 
 
We provide a discussion of wolverine population abundance and distribution in more detail in 
the Biological Status–Current Condition section below. 
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Figure 2. North America wolverine observations within the west-northwestern United States (1800s to 2017); shown with Inman et al. (2013) modeled 
habitat. 
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Figure 3. Current range of North American wolverine.  Adapted from COSEWIC (2014), EPA (2010), Inman 
et al. (2013), records from CNDDB; Forest Service NRIS; Idaho Department of Fish and Game; Utah 
Division of Wildlife; Wyoming Game and Fish Department, and den records from CNDDB, Inman, and 
Copeland.  
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Habitat Use 
 
Wolverines occupy a variety of habitats within their current range, including Arctic tundra, 
subarctic-alpine tundra, boreal forest, mixed forest, redwood forest, and coniferous forest (Banci 
1994, p. 114). However, these broad, landscape-scale vegetation associations can obscure other 
habitat variables important for wolverines, including features found within peripherally occupied 
areas or areas of high elevation (Banci 1994, p. 114). In Canada, wolverines use a wide variety 
of forested and tundra vegetation, at all elevations (COSEWIC 2014, p. 18).  
 
When viewed by ecoregion (U.S. Environmental Protection Agency (EPA) 2010), in general, 
wolverine observations in the contiguous United States are most commonly found in the 
Northwestern Forested Mountains ecoregion. In Canada, our estimate of current range includes 
Northwestern Forested Mountains, Northern Forests, Marine West Coast Forest, Hudson Plain, 
Taiga (Boreal Forest), Tundra, and parts of the Arctic Cordillera (northeastern fringe of Nunavut 
and northern Labrador); in Alaska, Marine West Coast Forest, Northwestern Forested 
Mountains, Taiga, and Tundra are represented. Appendix A provides an illustration of these 
ecoregions of North America in relationship to our Current Range map presented in Figure 3. 
 
Studies of wolverines in central Idaho found that montane coniferous forests comprised two-
thirds of available habitat (Copeland 1996, p. 120). Wolverines in this region also exhibited a 
seasonal preference, with subalpine rock habitats used in summer and montane coniferous forests 
used most often in winter (Copeland 1996, p. 120). In addition, individuals within this study 
population commonly crossed natural openings and those areas with little cover, including burn 
areas, meadows, or open mountain-top areas (Copeland 1996, p. 124). 
 
Observations of summer movements of wolverines in northwestern Montana indicated that both 
males and females moved to higher, cooler elevations and remained there throughout the summer 
(Hornocker and Hash 1981, p. 1,299). In the Greater Yellowstone Ecosystem, wolverines 
selected areas that contained steep terrain with tree cover, high elevation meadows, boulder or 
talus fields, and avalanche chutes (Inman et al. 2012a, p. 785). In this region, wolverines selected 
elevations at and above the treeline during summer, moved slightly lower during winter, but 
avoided low-elevation winter ranges occupied by potential prey (e.g., elk) or areas with little 
human activity (Inman et al. 2012a, p. 785). The avoidance of these areas may be the result of 
lack of tree or talus field cover at these low elevations, in combination with presence of potential 
predators (e.g., wolf, mountain lion (Puma concolor) or competitors (e.g., coyote (Canis 
latrans), bobcat (Lynx rufus) (Inman et al. 2012a, p. 785). 
 
Several habitat association-type models have been developed for both North American and 
European wolverines. In the northern Rockies (including Canada and the United States), Carroll 
et al. (2001, p. 975) found that elevation and north-facing cirque habitat variables (i.e., alpine 
areas), when incorporated into empirical habitat models, were significantly correlated with 
wolverine occurrence; however, results from multiple regression analyses of these and other 
habitat variables indicated a high degree of unexplained variance for predicting wolverine habitat 
relationships, and underscores the inherent difficulty in identifying appropriate metrics to 
represent difficult to measure underlying factors, or other unrecognized limiting variables 
(Carroll et al. 2001, pp. 971, 973–974). Copeland et al. (2007, entire) also evaluated habitat 



North American Wolverine Species Status Assessment Report October 23, 2017 

19 
 

associations for wolverines in central Idaho. Wolverines were found to be associated with high 
elevations (2,200 to 2,600 m (7,218 to 8,530 ft)) with a slight downward shift in summer 
(Copeland et al. 2007, p. 2,207). These movements correspond with a shift in cover types, from 
high-elevation whitebark pine (Pinus albicaulis) communities in summer to mid-elevation 
Douglas fir (Pseudotsuga menziezii) and lodgepole pine (Pinus contorta) in winter (Copeland et 
al. 2007, pp. 2,207–2,208). Results from a study of wolverines in Scandinavia suggested that 
topography may be important in providing refugia from predators and may therefore facilitate 
the co-existence of wolverines with larger carnivores such as wolves (Khalil et al. 2014, p. 636). 
 
In interior Alaska, wolverines were also found to be positively associated with high elevations 
(Gardner et al. 2010, p. 1,901). The authors concluded that wolverines avoided human influences 
based on observations that both elevation and human influence were found to have significant 
effects on wolverine occurrence probabilities, but were not correlated (Gardner et al. 2010, p. 
1,901). However, they indicate that their sampling design was not able to determine which 
human activities influenced wolverine behaviors; a combination of intensity of development and 
harvest activities was suggested (Gardner et al. 2010, p. 1,901). Current studies are underway in 
the North Slope region of Alaska to evaluate fine-scale habitat selection of wolverines related to 
denning, caching, day bed use, and snow holes (Dorendorf 2016, p. 6). Day beds were also 
described by Haglund (1966, p. 268) for wolverines studied in Sweden. 
 
A study also found that habitat associations, at least for females, are more complex, and include 
combinations of several modeled variables that supported hypotheses related to food (prey 
distribution), predation risk (based on a ruggedness index), or human disturbance (winter 
recreation activity, roads, and forest harvesting) for both summer and winter in two study areas 
located in northcentral and southeast British Columbia (Krebs et al. 2007, pp. 2,186–2,187). 
Wolverines in the Rocky Mountains of Alberta, Canada, were found to more likely occupy areas 
with increasingly rugged terrain (Fisher et al. (2013, pp. 710–712).  
 
Camera trapping was used to study wolverine behavior in varying habitat in the Rocky 
Mountains of Alberta, Canada (Stewart et al. 2016, entire). That study found that wolverine 
behavior differed in landscapes that had been significantly modified by human activities as 
compared to those with light modifications or in protected areas (Stewart et al. 2016, p. 1,499). 
They concluded that wolverine occurrence in their study areas varied more strongly with linear 
features (seismic lines created from oil and gas exploration, pipelines, transmission lines, roads, 
and rail lines) than with the degree of snowpack, and supports the idea that human “footprint” as 
a driver of habitat suitability for wolverines; that is, if snowpack conditions was the only driver 
for suitable habitat, then a behavioral signal would not be expected (Stewart et al. 2016, p. 
1,501).  
 
Aboriginal knowledge holders (the knowledge Aboriginal Peoples have accumulated about 
wildlife species and their environment) in Canada have reported that while wolverines appear to 
avoid human habitation and developed areas, some wolverine will visit these areas if they do not 
appear to be threatened or if development activities cease (Cardinal 2004, p. 22). Wolverines 
have also been described as occupying deserted snow huts (Nunavut Territory, Canada) during 
winter months (Freuchen 1935, p. 98). 
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A negative association with roads and wolverine (and caribou) occurrence in boreal forest habitat 
was reported in northwestern Ontario, Canada, and wolverines in that study area avoided 
deciduous forests (Bowman et al. 2010, p. 464). However, a study of wolverines in upland boreal 
forests of Canada found that wolverines followed open linear corridors that offered compact 
snow conditions, including winter roads, recent seismic lines, snowmobile trails, and all-terrain 
vehicle tire tracks for travel of distances up to 3 kilometers (km) (1.86 miles (mi)) (Wright and 
Ernst 2004b, p. 59). In central Idaho, wolverines were reported using snowmobile winter access 
(unmaintained) roads for travel (Copeland et al. 2007, p. 2,210).  
 
A study of wolverine selection patterns in boreal forests in northwestern Alberta using resource 
selection function (RSF) modeling techniques1 and data from telemetered wolverines found that, 
for the winter season, both male and female wolverines selected for streams, forested areas 
(broadleaf, coniferous, and mixed) and bogs or fens, while avoiding active oil and gas well sites 
and low-traffic winter roads (Scrafford et al. 2017, pp. 31, 32). That study also found that 
wolverines did not avoid older seismic lines, likely due to the intermediate stage of regeneration 
found in their study area as well as availability of small prey in conjunction with minimal risk of 
human or wolf presence (Scrafford et al. 2017, p. 34). 
 
RSF-based modeling was used to quantify the relationship between the observed distribution of 
the wolverine and variables representative of habitats and human disturbance in the taiga and 
tundra ecoregions (shown in Appendix A) of the Canadian central Arctic (Nunavut and 
Northwest Territories) (Johnson et al. 2005, p. 10). Using a range defined by previous studies of 
collared wolverines, researchers identified two seasons for wolverines, based on presence or 
absence of barren-ground caribou (Rangifer tarandus groenlandicus) (Johnson et al. 2005, p. 8). 
They found that, in winter, the occurrence of wolverines was correlated with patches of heath 
rock and rock association, and areas dominated by sedge (Johnson et al. 2005, pp. 23–25). 
Results for models for summer season were less clear, but models that included grizzly bear 
(Ursus arctos), caribou, and wolf were found to be positively associated with wolverine, likely 
due to the scavenging opportunities and hunting of caribou provided by these other carnivores 
(Johnson et al. 2005, p. 24). In Finland, the presence of wolves was found to be one of the most 
important variables influencing habitat selection of wolverines (Koskela 2013, p. 35) likely due 
to the increased scavenging opportunities provide by wolf kills (Koskela 2013, p. 36). 
 
A RSF model was also used to develop a predictive map of wolverine habitat for the western 
United States (Inman et al. (2013, p. 281), as shown in the background of our Figure 3. Their 
best fit model found that, in general, wolverine were most likely to be distributed at high 
elevations, with steeper terrain, more snow, fewer roads, and reduced human activity, but also in 
proximity to high elevation talus, tree cover, and areas that had snow cover on April 1 (Inman et 
al. 2013, pp. 280–281). Primary habitat for the wolverine in the western United States was 
estimated at 164,125 km2 (63,369 mi2) (Inman et al. 2013, p. 281). Additional information 

                                                 
1 RSF is any mathematical function that is proportional to the probability of use of a resource unit (Manly et al. 
2002, p. 15). A RSF contains several coefficients that quantify the selection for or avoidance of an environmental 
feature, and the sign/strength of those coefficients represents a differential variation in the distribution of each 
environmental feature measured at a sample of locations to a comparable set of random sites. Thus, when an 
animal's observed use of a resource is greater than those random sites, selection of that feature is inferred (Johnson 
et al. 2005, p. 10). 
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related to the results of this modeling effort is discussed in the Population Distribution and 
Abundance section below. 
 
Movement 
 
Wolverine movements are related to both territoriality (within home ranges) and dispersal (adults 
and young). Movement within home ranges by adult male and female wolverines is extensive. 
For example, wolverines monitored in the Greater Yellowstone Ecosystem traveled a distance 
that was equivalent to their average home range diameter in less than 2 days, which is also about 
the size of their home range circumference in less than 1 week (Inman et al. 2012a, pp. 782–
783). This study also found that, for a 24-hour period, the average minimum distance traveled 
was 15.5 (km) (9.63 (mi) for males and 7.5 km (4.66 mi) for females (Inman et al. 2012a, p. 
783). Telemetry studies of wolverines in south-central Alaska indicate an average distance 
traveled per day of approximately 12 km (7.46 mi) for females and 8–21 km (4.97–13 mi) for 
males (Woodford 2014, no page number). Observations from snow tracking studies have found 
instances where two individual wolverines traveled together (Wright and Ernst 2004b, p. 63). 
 
A study of female Fennoscandinavian wolverines found that most (86 percent) females remained 
stationary in their established territories, with 8 percent vacating and 6 percent expanding their 
territory (Aronsson 2017, p. 40). In addition, this study of 42 female wolverines in 122 territories 
reported that females with established territories only moved to available territories that were 
higher than average in quality (Aronsson 2017, p. 41). In central Norway, a study of spatial and 
temporal patterns in wolverines using noninvasive genetic sampling methods also found that 
individuals tended to stay in the same general area from one year to the next (Bischof et al.’s 
2016, p. 1,533). 
 
A number of factors can affect wolverine movements within territories, such as availability of 
food, temperature, and breeding activity. Seasonal shifts in elevation have also been observed for 
wolverines in the contiguous United States. An ecological study of wolverines in southcentral 
Alaska found significant movement up in elevation during late winter and early spring as well as 
significant movement down in elevation during the late fall and winter (Gardner 1985, p. 21). 
Wolverines were also observed moving to and occupying higher and presumably cooler 
elevations in summer months in northwestern Montana (Hornocker and Hash 1981, p. 1,299). In 
Central Idaho, wolverines exhibited a preference for higher elevation areas containing rock and 
talus cover in summer months, but moved to lower elevations in winter; this was likely the result 
of an increase in availability of carrion related to the fall hunting season (Copeland 1996, p. iv). 
Two aboriginal knowledge holders in the Kivalliq region (Nunavut, Canada) reported that 
wolverines will move closer to communities during caribou migration in the fall, likely attracted 
by the large number of caribou carcasses left by hunters (Cardinal 2004, p. 22). 
 
A study of wolverine movement in boreal forest habitat in Canada (northwestern Alberta and 
northeastern British Columbia) during winter months found that wolverines chose the most direct 
travel route with the least snow cover (Wright and Ernst 2004a, pp. 58–59). Woodford’s (2014, 
no page number) account of wolverine observations from studies in Alaska indicated that, when 
pursued, wolverines will run uphill, which may represent a predator-avoidance adaptive 
behavior. 
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As discussed in more detail below (Diet and Feeding), several studies have shown that 
wolverines exhibit a seasonal shift in diet, and Hornocker and Hash (1981, p. 1298) concluded 
that food availability was the primary factor determining both movements and home ranges for 
wolverines studied in northwestern Montana. Movement patterns of adult males during the 
summer months are also likely influenced by breeding activity (Magoun 1985, p. 66).  
 
Males and females maintain large territories with very little overlap between same-sex adults 
(Magoun 1985, p. 38; Banci 1994, p. 118; Inman et al. 2012a, p. 783; Bischof et al. 2016, pp. 
1,532–1,533; Regehr and Lacroix 2016, p. 249), but breeding pairs have overlapping territories 
(Copeland 1996, pp. 55–61; Hedmark et al. 2007, p. 19; Dawson et al. 2010, p. 413; Persson 
2010, p. 52; Inman et al. 2012a, p. 787). However, ranges of young males, who have not yet 
dispersed, can overlap with resident adult male home ranges (Alaska) (Magoun 1985, p. 64). 
Studies of wolverines in the Greater Yellowstone Ecosystem found a mean percent overlap of 
12.7 percent for same sex, adult–sub-adult pairs and about 24 percent for opposite sex, adult–
sub-adult pairs (Inman et al. 2012a, p. 787). In addition, Inman et al. (2012a, p. 783) found that 
when a resident adult wolverine died, same-sex adults (not known to be located within the dead 
wolverine’s home range) would begin using (within 3–7 weeks) areas of the unoccupied home 
range, or same-sex subadults would expand into and then occupy most or all of the dead 
wolverine’s former home range. A study of territoriality of wolverines in central Norway (using 
scat analysis) indicated that within their study population, wolverines were also more likely to 
choose a home range area that was previously used by a neighboring same sex individual after 
that individual’s death (Bischof et al. 2016, p. 1,533). 
 
Table 1 below presents a summary of annual home ranges of resident wolverines.  
 
Table 1. Home Range Size for Adult, Resident Wolverines. 

Region Female, km2 (mi2) Male, km2 (mi2) Reference 

Central Idaho 384 (148) 1,582 (610) Copeland 1996 

Central Idaho / Yellowstone 
Region 

357 (138) 1,138 (439) Heinemeyer and Squires 
2015 

Greater Yellowstone Ecosystem 303 (117) 797 (308) Inman et al. 2012a 

Glacier National Park (MT) 139 (54) 521 (201) Copeland and Yates 
2008 

Alaska (Northwestern) 53-232 (20-89.6) 488-917 (188-354) Magoun 1985 

Canada 
Northwest Ontario 

50-400 (19-154) 
423 (163) 

230-1,580 (89-610) 
2,563 (990) 

COSEWIC 2014 
Dawson et al. 2010 

Central Norway 331 (128) 757 (292) Bischof et al. 2016 
Southern Norway 274 (106) 663 (256) Landa et al. 1998 

Northern Sweden 170 (66) 669 (258) Persson et al. 2010 
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Home range use is smaller for female wolverines during the reproductive period. For a parturient 
(about to bear young) female, estimates of home range size in the Greater Yellowstone region 
were significantly smaller, with a minimum of 100–150 km2 (39–58 mi2) (i.e., during year 
raising young) (Inman et al. 2012a, p. 782). The average home range size for lactating females 
rearing young was estimated at 70 km2 (27 mi2) from March through August (Alaska) (Magoun 
1985, p. 36). In northwestern Ontario, researchers reported a home range of 262 km2 (101 mi2) 
for a lactating female (Dawson et al. 2010, pp. 141–142). In general, the distance traveled by 
female wolverines depends on the location of the reproductive den site within the home range, 
the areas used for locating food/prey, and the territory border (Myhr 2017, no page number). 
 
In summary, habitat diversity, food availability, and competition for resources can collectively or 
individually influence home range sizes of wolverines (Magoun 1985, p. 63; Inman et al. 2012a, 
p. 785), which affects wolverine densities and population structure. Home range sizes of male 
wolverines are likely influenced by the density and reproductive condition of female wolverines 
(Magoun 1985, p. 63).  
 
Dispersal relates to the successful establishment of a breeding territory, generally by juveniles, 
at a location removed from the natal denning area, and can be confused with long-range 
movements of wolverines and other carnivores (Ruggiero et al. 1994, pp. 4–5).  
 
Based on telemetry studies, wolverines have been observed to disperse over very long distances.  
Both male and females can move long distances (Flagstad et al. 2004, pp. 684–686), but young 
(yearling) females tend to establish home ranges closer to their natal ranges than do young males 
(COSEWIC 2014, p. 24), which supports a male-biased dispersal pattern (from natal range) for 
wolverine populations. Vangen et al. (2001, p. 1,647) indicated that dispersal patterns of females 
were likely determined by competition for resources (that is, high quality territories) while male 
dispersal patterns were likely determined by competition for mates. 
 
As noted above, wolverines readily cross water bodies such as rivers, and can cross rugged 
terrain (COSEWIC 2014, p. 24; Woodford 2014, entire). Dispersing wolverines in Idaho traveled 
over 200 km (124 mi) following routes across isolated subalpine habitat (Copeland 1996, p. 
130). Inman et al. (2012a, p. 784) recorded dispersal-related movements of wolverines in the 
Greater Yellowstone Ecosystem and found that the maximum dispersal distance of subadults 
from the home range of their mothers was 170 km (106 mi) for males and 173 km (108 mi) for 
females, with an average maximum distance per dispersal movement of 102 km (63 mi) for 
males and 57 km (35 mi) for females (Inman et al. 2012a, p. 784). In the Ontario, Canada, region 
a juvenile male reportedly dispersed 100 km (62 mi) (COSEWIC 2014, p. 24, citing unpublished 
data from Dawson et al. 2013). 
 
Two recent examples illustrate the extensive dispersal capability of wolverines. A male 
wolverine apparently dispersed (2008 or earlier) from the western edge of the Rocky Mountain 
region to the Sierra Nevada region of California (Moriarty et al. 2009, p. 160). Another male 
wolverine (designated as M56), whose natal area was the Greater Yellowstone Ecosystem 
(northwest Wyoming), moved south to Colorado (about 500 miles), where it remained for about 
3 years (2009–2012), when its tracking signal was lost. In April 2016, M56 was legally shot and 
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killed by a rancher in western North Dakota, about 1126.5 km (700 mi) from where it was last 
seen (Wyoming Game and Fish Department (WGFD) 2016, pers. comm).  
 
Additional discussion of population distribution and density estimates is provided below (see 
Biological Status–Current Conditions). 
 
Reproduction and Growth 
 
Wolverine reproduction includes the following characteristics: polygamous behavior (i.e., a male 
mates with more than one female each year), delayed implantation (up to 6 months), short 
gestation period (30–40 days), denning behavior, and an extended period of maternal care 
(Rausch and Pearson 1972, pp. 255–256; Pasitschniak-Arts and Larivière 1995, p. 5; Magoun 
and Copeland 1998, pp. 1,315–1,316; Hedmark et al. 2007, p. 19; Persson et al. 2017 in prep).  
 
Table 2 below presents a summary of wolverine reproductive chronology (extent and peak of 
reproductive events) based on a review of the literature and personal knowledge from field 
studies (Inman et al. 2012b, entire), and studies from Scandinavia (Aronsson 2017; Persson et al. 
2017 in prep). 
 
Table 2. Chronology of wolverine reproductive events (adapted from Inman et al. 2012b). 

Reproductive Biology Event Time Interval 
Mating Season May – August; peak in June 
Nidation (implantation of embryo) November – March; peak in late December–early February 
Gestation (45 days) November – April; peak in January–mid-March 
Parturition (birth of young) late January – mid-April; peak in February–mid-March 

(Sweden: peak in mid-February, range from end of January to 
early March)a 

Reproductive Den Use late January – end of June; most commonly, early February–mid-
May 

Lactation About 10 weeks; generally February–June 
Weaning April – June; most commonly, late April–May 
Rendezvous Sites April – June; peak in early May 
Independence August – January; peak in September–December 
Dispersal  Peak period at 10–15 months of age; February–mid-April 

a Persson et al. (2017, in prep). 
 
Wolverine mating is generally assumed to occur in May, June, and July (Pulliainen 1968, p. 341; 
Rausch and Pearson 1972, p. 249). A review of both the literature and personal observations by 
Inman et al. (2012, p. 636) indicated that June represented the peak in a wolverine mating 
season, but began in at least May and extended into early August. Female wolverines have been 
reported as not breeding in their first summer (under 1 year of age) based on examination of 
reproductive tracts from wolverine carcasses obtained from trappers (Yukon) (Banci and 
Harestad 1988, p. 268) and ages of pregnant female wolverines were estimated at 1 to 11-plus 
years of age (Banci and Harestad 1988, p. 266). In another study of wolverine carcasses (also in 
Yukon), some female wolverines were said to be mature at about 1 year (about 15 months), but 
first litters were not produced until 2 years of age (Rausch and Pearson 1972, p. 253). In 
Scandinavia, the mean age of first reproduction for female wolverines was 3.4 years, based on 

richardeyates02
Sticky Note
This should probably be July instead of June since independence can begin as early as August; rendezvous sites are used right up to independence .  Might want to check with Jens on this.



North American Wolverine Species Status Assessment Report October 23, 2017 

25 
 

monitoring of telemetered animals (Persson et al. 2006, p. 76). Breeding ages were reported at 2 
to 13 years of age for wolverines in Sweden (mean age of first birth was 3.4, range of 2 to 5 
years), based on monitoring/observations of female wolverines (Rauset et al. 2015, p. 3,157).  
 
A genetic-based wolverine study in Scandinavia found that “females often reproduced with the 
same male in subsequent breeding years” (Hedmark et al. 2007, p. 18). However, this study also 
found (with some assumptions regarding sampling and paternity) that 8 of 13 female wolverines 
bred with different males, and, based on telemetry results, 2 females bred with a new male even 
though their previous breeding partner was still alive (Hedmark et al. 2007, p. 18). This shift in 
partners may have resulted from a change in the resident male wolverine in the area (Hedmark et 
al. 2007, p. 19). 
 
The reproductive rate of wolverines is relatively low. An early study of 31 wolverine dens in 
Finland, as reported by hunters, found an average of 2 young per den (range 1–4) (Pulliainen 
1968, pp. 338–341). Average litter size for northern Europe (161 litters) was 2.5 (range 1–4) 
(Pulliainen 1968, p. 343). In Alaska, average litter size was reported as 1.75 young, with a 
reproductive rate of 0.69 young per adult female per year (Magoun 1985, p. 28). A summary of 
average litter size for earlier studies of New World and Old World wolverines, based on method 
of determination, was presented in Magoun (1985, p. 29), indicating a range of 2.2 to 3.5. 
Anderson and Aune (2008, entire) evaluated pregnancy rates based on presence of corpora lutea 
(CL) and fetuses in trapper-harvested wolverines from western Montana. That study found 
median CL counts for pregnant adults ranging from 1.6 to 3.0, depending on the subpopulation 
(Anderson and Aune 2008, p. 22), with a mean litter size based on number of fetuses for 
pregnant adult females of 2.6 (Anderson and Aune 2008, p. 23). Studies of telemetered female 
wolverine in Scandinavia, from 1993 to 2002, reported a mean litter size of 1.88, with a range of 
1 to 4 young, with a mean annual birth rate of 0.74 young per female (Persson et al. 2006, pp. 
76–77). More recently, the average number of young per female per year reported for wolverines 
in Sweden was 0.84 (range 0–3); however, for those animals with recorded denning behavior, 
this value increased to 1.38 (range 0–3) (Rauset et al. 2015, p. 3,157).  
 
Results from studies of telemetered female wolverines indicate that studies of wolverine 
reproductive tracts are likely to overestimate wolverine productivity (Persson et al. 2006, p. 77). 
Their findings suggest that young are either lost during pregnancy and/or shortly after birth, and 
are not likely to occur before implantation due, in part, to presumed delayed implantation 
(Persson 2006, p. 77). Delayed implantation (or reabsorption) of fetuses has been observed in 
other mustelids, including mink (Hansson 1947, p. 62; and references cited therein, pp. 65–66). 
However, the factors that contribute to the observations that female wolverines do not give birth 
during some years are not well understood, and could be due to failure to breed, pseudo-
pregnancy (as demonstrated by Mead et al. 1993, entire), failure of a fetus to implant, absorption 
of implanted fetus, stillbirth, or mortality before emerging from den (e.g. infanticide, etc.) 
(Magoun 2013, pers. comm.).  
 
Carnivorous mammals generally have altricial young (poorly developed and dependent young 
(Derrickson 1992, p. 58)), and prepare shelter in dens where the mother can feed their young and 
keep them warm (Irving 1972, p. 174). Young wolverines (kits or cubs) weigh about 0.1 kg (3.5 
oz) at birth and are blind until about 4 weeks of age (Krott 1960, p. 23). Newborns are covered 
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with whitish to yellow hair (Krott 1958, p. 87; Mehrer 1976, p. 570), 4.5 millimeters (mm) (0.18 
in) in length (Shilo and Tamarovskaya 1981, p. 147), with unerupted teeth (Mehrer 1976, p. 570; 
Pasitschniak-Arts and Larivière 1995, p. 5) and closed ear canals (Shilo and Tamarovskaya 1981, 
p. 147). They are generally not left alone at the den during the first 3-4 weeks (Krott 1958, pp. 
88, 108). A study of telemetered wolverines in Scandinavia found that, on average, a female 
wolverine spends most of her time within 1,000 m (3,281 ft) of the reproductive den during the 
denning period (Myhr 2017, no page number).   
 
Mustelids, in general, have a short period of growth (Iversen 1972b, p. 317). As noted above, the 
metabolism of young wolverines is highest during the first 2.5 months, and individuals are 
almost two-thirds grown by the fall (at about 6 months) (Krott 1960, p. 25). As described by 
Shilo and Tamarovskaya (1981, p. 146), 45-50 day old cubs (Norway) have woolly coats, are 
muddy grey in color, with teeth beginning to erupt at this age. At about 150 days, all permanent 
teeth have been established (Shilo and Tamaovskaya 1981, p. 147). After 2.5 months, young 
wolverines replace their juvenile coat with the adult summer coat (Shilo and Tamarovskaya 
1981, p. 147). With growth ending at about 8 months (Iversen 1972b, p. 320; Magoun 1985, p. 
23), cubs are generally full grown by October or November.  
 
Use of Dens and Denning Behavior 
 
Dens and breeding burrows of animals are, in general, carefully constructed, well-camouflaged, 
and located in areas not easily accessible (Novikov 1962, p. 25). Wolverines use both natal dens 
(used for birthing) and maternal dens (used subsequent to natal den and before weaning) for 
rearing young (Magoun and Copeland 1998, p. 1,314). The average relocation distance to 
maternal den sites for active wolverine den sites studied in Norway was 268 m (879 ft) (95% 
confidence interval: 40–497 m (131–1,631 ft)) (May et al. 2012, p. 199). The young remain at 
the natal den site for 6 to 8 weeks (Krott 1960, p. 24), and are weaned at 9 to 10 weeks 
(Copeland 1996, p. iv (Central Idaho); Koskela et al. 2013a, p. 101 (Finland)) (cf. 7 to 8 weeks 
reported by Myhre and Myrberget, 1975, p. 754 (Norway)). After weaning, the young are 
dependent on the mother and begin to travel with her by late April (Koskela et al. 2013a, p. 101 
(Finland)). Observations of wolverines in central Idaho reported that females traveled up to 17.9 
km (11 mi) from maternal dens to forage (Copeland 1996, p. 97). 
 
The exact timing of when females abandon natal dens and begin using maternal dens is difficult 
to establish (Inman et al. 2012b, p. 638). In general, studies have found that den abandonment 
(natal) occurs before May (Magoun and Copeland 1998, p. 1,315; Table 1; Inman et al. 2012b, p. 
637; Figure 2). A study by Aubry et al. (2016, p. 24) reported that a female wolverine moved her 
single young (estimated to be at least 9 weeks old) from a natal den in late April in the North 
Cascades region of Washington. More recently, a comprehensive study of wolverines in 
Scandinavia found that females begin to shift den locations more frequently beginning in late 
April as young are more mobile and are more reliant on solid food brought to them by the mother 
(Aronsson 2017, p. 46). Natal den abandonment in Alaska and Idaho reportedly “coincided with 
a period when maximum daily temperatures rose above freezing for a number of days for the 
first time since denning commenced” (Magoun and Copeland 1998, p. 1,316). Factors other than 
temperature can influence shifts in the locations of these den, including intraspecific predation, 
parasites, or other disturbances (Inman et al. 2012b, p. 638). In central Idaho, Copeland (1996, p. 

richardeyates02
Highlight

richardeyates02
Sticky Note
dens



North American Wolverine Species Status Assessment Report October 23, 2017 

27 
 

iv) concluded that human disturbance at maternal den sites resulted in den abandonment, but not 
abandonment of young. 
 
Rendezvous sites are locations in which the female leaves young while she hunts for food, and 
from which they will not leave without her (Magoun 1985, pp. 16, 77). These areas provide 
security to young (Copeland 1996, p. 94) and serve as locations at which females bring food to 
the young, or from which she will guide them to a food source (Inman et al. 2012b, p. 638). 
Rendezvous sites of wolverines studied in central Idaho consisted of large boulder talus or 
riparian areas associated with mature overstory and dense timber deadfall (Copeland 1996, p. iv). 
Magoun (1985, p. 76) reported that rock caves and hilltops containing boulders without large 
snowdrifts were used as rendezvous sites in Alaska. Females may move their young to new 
rendezvous sites several times over a two month period (Magoun 1985, p. 73), and distances 
between consecutives sites have been reported as far away as 8.5 km (5.3 mi) (Magoun 1985, p. 
76). 
 
Studies of adult female wolverines in Scandinavia (northern Sweden) have provided additional 
details regarding the temporal patterns of reproductive behavior and den site use. Aronsson 
(2017, p. 45) (see also Persson et al. 2017, in prep) found that, in general, most births occurred in 
mid-February. Females spend very little time outside the natal den for the first 2 weeks 
(Aronsson 2017, p. 45). During the first period of den site use, or approximately 2 to 2.5 months 
from mid-February (when females generally give birth and are lactating), females will move 
short distances and do not need to bring food to young (Aronsson 2017, p. 46). This time period 
generally coincides with snow cover and favorable conditions for food caching, and dens offer 
protection from predators and the environment (Aronsson 2017, p. 46). In addition, during the 
first 1.5 months of the denning period, females rarely changed den sites, but begin to move 
outside the den in early March (Aronsson 2017, p. 45). In the later denning period (after April 
15), females begin to move more frequently and at greater distances between den sites (Aronsson 
2017, p. 45). By late April, the young are more active and also begin to rely more on solid food 
that is brought back to them by their mother (Aronsson 2017, p. 46). This also corresponds to a 
time period when prey are more available (reindeer migration and calving period in Sweden) and 
expected shorter distance movements by the mother back to denning or rendezvous sites 
(Aronsson 2017, p. 46). These observations are consistent with Inman et al.’s (2012b, entire) 
proposed cold, low productivity niche for wolverines based on studies of wolverines in the 
Greater Yellowstone Ecosystem. That is, reproductive chronology in wolverines is considered to 
be adapted to take advantage of the availability of food resources, limited interspecific 
competition, and snow cover in the winter (Inman et al. 2012b, p. 635).  
 
In summary, as described by Inman et al. (2012b, entire) and Persson et al. (2017, in prep), 
reproductive behavior of wolverines reflect seasonal shifts in resource abundance within the 
wolverine’s range; that is, adaptation that matches the time of birth and development of young to 
changes in the availability of resources and foraging strategies (Persson et al. 2017, in prep). We 
present in Figure 4 a visual summary of wolverine feeding strategies relative to resource 
availability from time of birth to post-weaning. 
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Figure 4. Wolverine feeding strategies relative to resource availability. Adapted from Persson et al. 2017, in 
prep.  

 
Denning Habitat  
 
Given the wolverine’s observed association with snow, we provide in Box 1 a summary of the 
importance of snow, in general, for ecological systems. This summary provides a detailed 
perspective of how various physical properties of snow can influence ecological systems 
occupied by snow-adapted wildlife, including insulating properties, differences in snow cover in 
mountainous vs. forested habitat, and changes in snow cover due to wind and slope/aspect. 
However, we also emphasize here that there have been limited comprehensive studies of 
wolverine behavior, or its physical and ecological requirements outside of the winter months in 
North America (cf. Banci 1987 (Yukon); Hornocker and Hash 1981 (Montana); Gardner 1985 
(Alaska); Magoun 1985 (Alaska); Copeland 1996 (Idaho); Krebs et al. 2007 (Canada); Inman et 
al. 2013 (Greater Yellowstone Ecosystem)) due, in part, to the difficulty in tracking animals 
when snow cover is absent and their ability to move great distances across rugged terrain. In 
addition, den site locations for North America reported in the past have been biased to tundra 
regions where dens are more readily observed and located (Banci 1994, p. 110). In Scandinavia, 
snow cover has also been found to be a poor technique for tracking female wolverines during the 
time when they give birth and initiate denning (Aronsson and Persson 2016, p. 266). 
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Box 1. Snow Cover in an Ecological Context 

Formozov (1961; 1963) prepared comprehensive reviews of the unique properties of snow in the 
context of its role in the ecology of animals and plants in Russia. In his 1963 review (translated 
from the 1946 original), he identified two important factors attributed to snow cover — 
nastization (the thickness of the crust on the surface of mature snow cover) and firnization 
(process of snow compaction) — relative to its ecological influence (Formozov 1963, p. 8). Snow 
cover provides not only a substrate that allows some animals to move across the landscape, it also 
provides a matrix within which other animals can create tunnels and build nests (Formozov 1963, 
p. 8). Additional fundamental concepts described in this study are provided below: 
 

• Snow has very low thermal conductivity which promotes cooling at the surface while at 
the same time protects the deeper layers from chilling; but this property varies by region, 
by depth, by season, and by year (e.g., the more continuous the snow cover during winter, 
the greater the warming effect); as snow changes to ice (through compaction and melting), 
the thermal conductivity decreases (Formozov 1963, pp. 7, 8, 108) 

• Snow therefore creates a thermo-insulating layer, which allows for a unique temperature 
regime on the surface and underneath; as an example, soil temperatures measured in 
January (near Saint Petersburg, Russia) averaged 15°C higher with snow cover than 
without snow cover, with up to a 32°C difference, depending on the day and depth 
measured (Formozov 1963, p. 109) 

• Snow cover in mountains: 
o Depth of snow cover and its duration increases with elevation; even minor 

elevation differences are noticeable (Formozov 1963, p. 123) 
o This spotty distribution is also affected by unequal distribution of snow 

precipitation on slopes with different exposures, transport of snow by wind, 
melting of snow on sun-exposed slopes, avalanche or rolling down of snow from 
steeper areas, and vegetation (Formozov 1963, p. 123)  

o Snow cover areas near Arctic limits and at treeline in mountain regions is more 
strongly influenced by wind (which compacts and re-works snow cover) 
(Formozov 1963, p. 29) 

• Snow cover in forests: 
o The maximum depth, density, duration and date of melting, thickness of snow 

surface crust are all much different in forested areas as compared to open 
treeless areas (Formozov 1963, p. 19) 

o Snow accumulates slowly under trees and is generally thicker the further away 
from the forest than within the forest; thus, the compaction and settling of snow 
under a forest canopy is less than tundra or open fields (with a less icy crust), so 
for some vertebrates, forested areas can provide a more preferable place to 
winter or migrate (Formozov 1963, pp. 24, 26) 

o Snow cover in forested areas also melts slower than open fields and clearings 
(Formozov 1963, p. 28) 

• Snow cover also plays an important role in the overwintering conditions for insect eggs, 
caterpillars, pupae, and adult insects in litter and soil, and some plants (Formozov 1963, 
p. 121) 
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Although it has been assumed that wolverines have an obligate relationship with snow for natal 
denning, including persistent spring snow cover, the key elements or combination of elements 
that define this relationship have not been empirically analyzed. As noted above, adult 
wolverines have a wide range of thermoneutrality. However, newborns, who are born with 
lighter, less dense fur are likely to have a more limited ability to control their internal 
temperature, though huddling (a thermotactic behavior) of small mammals in dens can conserve 
heat (Barnett and Mount 1967, p. 439). Relatedly, basal metabolic production of heat is the 
source of heat that maintains bodily warmth, and is not easily modifiable unlike the flexibility of 
insulation (Irving 1972, p. 121). However, metabolic heat above an animal’s basal rate for 
preservation of warmth is restricted by its limited capacity for metabolic production of heat, but 
also by food availability and the time and opportunity for nourishment (Irving 1972, p. 121). In 
general, metabolic production of heat is costly to animals, but variable insulation represents a 
conservative strategy (Irving 1972, p. 121).  
 
Another key element related to den location is the protection that dens provide to a nursing 
female and her young. Because wolverines are known to den in a variety of structures, it is 
unclear if the apparent relationship to snow cover is based on selecting den locations in remote, 
high elevation areas to avoid predators. Bare rock and boulders at den sites can offer dry and 
secure cavities and enhance the ruggedness of the landscape (May et al. 2012, p. 198).  
“Ruggedness,” a measure derived from elevational changes and irregularity of land surface 
(density of contour lines) traversing a given area (Beasom et al. 1983, p. 1,163) has been found 
to be an important variable (i.e., secure habitat from predation risk) for female wolverines in 
winter (British Columbia, Canada) (Krebs et al. 2007, p. 2,188) and for den site selection at site-
specific, home range, and landscape scales (southcentral Norway) (May et al. 2012, pp. 200–
201).   
 
Wolverine denning habitat varies across its Holarctic range. For example, in southcentral 
Norway, wolverine dens were snow tunnels dug into deep snow at the tree line (elevation 1,100 
m (3,609 ft)), but most of the tunnel systems extended down to boulder fields, talus slopes, or 
rock crevices such that young could crawl around within these structures (May et al. 2012, p. 
201). Snow tunnels are also reported for wolverine natal dens in Alaska (Magoun 1985, pp. 84, 
185, 190). However, reproductive dens are not always excavated in deep snow. In Canada, 
female wolverines are said to give birth in dens where snow cover persists at least until April, 
and can den under snow-covered rocks, logs, or within snow tunnels (COSEWIC 2014, p. v). As 
an example, in northwestern Ontario, den site habitat for a female in lower Boreal Forest habitat 
(elevation 250 to 500 m (820 to 1,640 ft), 51°N) included large boulders and downed trees, 
similar to dens described for wolverines in montane ecosystems (Dawson et al. 2010, p. 139). In 
Finland, Pulliainen (1968, p. 340) reported a den site (January) at the base of a tree and not 
covered in snow, and also described other structural features such as rocks, fallen trees, and deep 
ravines as denning habitat (likely both natal and maternal dens) (Pullianinen 1968, pp. 338–341). 
In Russia, where wolverine habitat has been described as located far from human-inhabited areas 
within boreal forests and, to some extent, tundra, and taiga (Novikov 1962, pp. 199, 200), den 
locations were described as “clefts in rocks, among stones, and under roots of upturned trees” 
(Novikov 1962, p. 200). A study from northwestern Ontario noted that, because lowland boreal 
forest habitat in this region does not support deep, wind-hardened snowdrifts, other structural 
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elements within snow layers such as trees and boulders can be important components of 
wolverine denning habitat (Dawson et al. 2010, p. 142).  
 
Limited studies to date have evaluated the importance of denning habitat to reproductive success, 
or the key physiological and ecological characteristics, including avoidance and/or protection 
from predators, prey availability, availability of caching habitat, that define denning behavior 
and den site selection. Population density, trapping pressure, population genetics, and other 
measures of habitat quality may also influence wolverine fecundity (Anderson and Aune 2008, p. 
28). In addition, studies of wolverine denning activity have not reported the condition of the 
natal or maternal den location following abandonment; that is, what is the persistence and/or 
depth of snow at the natal den at the end of the denning season and how does this affect survival 
of young?  
 
A bioclimatic model was used by Copeland et al. (2010, p. 234) to test the following hypothesis: 
“…wolverine distribution at the broadest spatial scale is constrained within a climatic envelope 
defined by an obligate association with persistent spring snow cover and by an upper limit of 
thermoneutrality.”  However, this hypothesis was based on the premise “If persistence of 
wolverine populations is linked to the availability of suitable reproductive den sites ([citing] 
Banci 1994), snow cover that persists throughout the denning period may be a critical habitat 
component that limits the wolverine’s geographic distribution” (Copeland et al. 2010, p. 234). 
The authors tested this hypothesis by “comparing and correlating the locations of wolverine 
reproductive dens from throughout their circumboreal range, and telemetry locations from 10 
recent wolverine studies in western North America and Scandinavia, with spatial models 
representing the distribution of spring snow cover and average maximum August temperatures” 
(Copeland et al. 2010, p. 234) (emphasis added). 
 
Bioclimatic models “use associations between aspects of climate and known occurrences of 
species across landscapes of interest to define sets of conditions under which species are likely to 
maintain viable populations” (Araújo and Peterson 2012, p. 1,527). They are correlational by 
nature and are often applied to study a variety of conservation issues, including forecasting 
potential climate change effects on species’ distributions (Araújo and Peterson 2012, p. 1,527). 
However, these types of correlational models have received some criticisms and require careful 
framing to avoid misapplication (Sieck et al. 2011, p. 6; review by Araújo and Peterson 2012, 
entire). They generally represent a first step for evaluating current and future species 
distributions, and, when coupled with climate change scenarios, results are presented at a coarse 
scale that may not accurately project shifts in species distribution at a smaller scale (Sieck et al. 
2011, p. 6). In particular, when used to estimate extinction risk, these types of models provide 
only an estimate of the empirical relationships between a species’ current distribution and 
climate variables and then use inferred relationships to identify potential areas where the species 
is distributed under future climate scenarios (Araújo and Peterson 2012, p. 1,553). Extinction 
risk is not represented in the model’s input data and therefore is not the targeted parameter of the 
model; thus, a bioclimatic model’s usefulness may be limited in these types of applications given 
that it only offers partial explanatory evidence for reasons for potential extinction related to the 
shifts in climate suitability within the time frame being modeled (Araújo and Peterson 2012, p. 
1,533 and citations therein). In addition, climate niche projections generally do not incorporate 
factors such as competition, dispersal, and evolutionary capacity, which also influence range 

richardeyates02
Sticky Note
As mentioned earlier, GLAC had 14 documented natal and maternal den sites with an average of 2.6m of snow depth at the time of use in early May.  Copeland and Yates unpublished data.   

richardeyates02
Sticky Note
Check out Mattsing 2008.



North American Wolverine Species Status Assessment Report October 23, 2017 

32 
 

boundaries (Michalak et al. 2017, p. 370). Thus, these types of models are more applicable at 
broad scales in which the effects of fine-scaled topography and biological interactions play a 
more limited role (Michalak et al. 2017, p. 370); however, both of those factors are important for 
wolverine, particularly at the den-site scale.  
 
Finally, Post (2013, p. 50) suggested that the niche conservatism approach may not be 
appropriate in predicting changes to species’ distributions under future climate change scenarios. 
He concluded that, based on redistribution patterns of flora and fauna throughout the Pleistocene 
epoch, but particularly the Late Pleistocene period of rapid warming, species movement is not 
always predictable in directions or rates based simply on their association with the more 
predictably changing environmental/abiotic measures.  
 
As noted above, Copeland et al. (2010, entire), used a bioclimatic model to evaluate an assumed 
association not at the den site scale, but at a broad scale. The results presented in Copeland et al. 
(2010, entire) were based not on the condition of snow cover at a particular den site at the time of 
denning, but rather their evaluation of snow persistence (April 24 to May 15) was based on 
satellite images summed over a 7-year period (2000 to 2006) for the den locations. The spatial 
resolution of the snow measurement used to detect daily snow cover was 500 m (1,640 ft), using 
Moderate-Resolution Imaging Spectroradiometer (MODIS). If persistent snow cover was 
observed in any one year, it was included in the bioclimatic model regardless of whether denning 
occurred during that particular year.  
 
In addition, although the study found that 69 percent of dens for North American wolverines 
were located within satellite images (pixels) in areas that had snow cover for 6–7 years, just over 
one-third (31 percent) of the identified den locations were located in areas that were identified as 
having spring snow cover 5 years or less out of 7 years. Also, the den location attributes (e.g., 
den structure, how long it was used) were not recorded relative to the observed persistent snow 
cover and some of the 560 dens (e.g., Norway) were identified by snow tracking rather than 
direct observation. In essence, the results presented by Copeland et al. (2010, entire) provided a 
fairly accurate, though preliminary, assessment of where wolverine populations are expected to 
be observed, but did not evaluate (model) snow persistence at the den site scale based on location 
and denning period (emphasis added).  
 
We also note here that results from group scoring exercises using modified (no consensus) 
Delphi techniques (i.e., group discussions followed by group scoring exercises with points 
allocated for beliefs on wolverine habitat needs and behavior, as well as uncertainty in allocation 
of points) of a panel of scientists convened by the Service in April 2014 (Wolverine Science 
Panel Workshop), indicated that most panelists allocated points to an obligate relationship of 
wolverines with deep snow at the den-site scale, but there was a wide range of scores from the 
panel as to whether contiguous snow was limiting at the home-range or species-range scales 
(Wolverine Science Panel Workshop Report 2014, pp. 9–11).  
 
Since the 2013 (78 FR 7864; February 4, 2013) and 2014 (79 FR 47522; August 13, 2014) 
proposed rules for the wolverine, several publications have presented additional study results 
related to wolverine distribution and snow cover. In Alberta, Canada, Webb et al. (2016, entire) 
found that, based on wolverine harvest data, wolverine occurrence relative to spring snow cover 
(percent of area covered, with greater than 75 percent snow coverage, on April 1 and 15) varied 
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based on the different regions of Alberta. This study used meterological data from 2009 to 2015, 
in northern Alberta (north of 54°N) and differentiated between spring snow cover that persisted 
in ≥ 1 of 7 years and more frequently (≥4 of 7 yr) (Webb et al. 2016, pp. 1462–1464). Although 
the study found an overall positive trend of more frequent wolverine harvests in those areas 
expected to have spring snow cover, the study did not find consistent large differences between 
these areas, and did not typically detect significant relationships with frequent spring snow cover 
(4–7 years) in all regions (Webb et al. 2016, p. 6). The Rocky Mountains region was the only 
region in which wolverines were reported in areas with more frequent spring snow cover (4–7 
years) (Webb et al. 2016, p. 5). This region, which is located along the western border of 
Alberta, contains montane, subalpine and alpine habitat, with elevations from 1,000 m (3,281 ft) 
to 3,700 m (12,139 ft) (Webb et al. 2016, p. 9). Conversely, the study found that in the Boreal 
Forest region of Alberta (i.e., wetland habitat interspersed with coniferous, mixed wood, and 
deciduous forests, with elevations between 1,500 m (4,921 ft) to 1,100 m (3,609 ft)), a female 
wolverine denned under large boulders and downed trees (Webb et al. 2016, p. 8). The authors 
noted that wolverine den locations within low elevation, forest habitats have not been well-
described (Webb et al. 2016, p. 8). As noted above (Novikov 1962, p. 200), in boreal forested 
habitat, wolverines den in rock areas and in tree root structures. A similar finding was reported in 
Sweden, where a majority of dens (n=49) were in boulder areas located within mature, mixed 
coniferous forests (i.e., not alpine or tundra habitat) (Makkonen 2015, p. 14); all den sites 
provided cover for young without snow (Makkonen 2015, p. 17). A recently published study 
reported two wolverine natal dens in logged areas (cutblocks) in northern Alberta, Canada; 
specifically, within a slash pile and log deck (Scrafford et al. 2017, p. 35). 
 
A study of wolverine populations and distribution in Sweden observed that wolverine 
populations were found outside areas with persistent spring snow cover (mean snow depth and 
proportion of years with snow cover on March 15; 1961–1990) and expanding into boreal forest 
habitat located to the east and south of alpine areas (Aronsson and Persson 2016, p. 266). This 
southern and eastern expansion (from 1996 to 2014) indicates recolonization of their historical 
distribution in Sweden, and is thought to be the result of an increase in population, with more 
dispersers colonizing forest habitat, and an increase in year-round scavenging opportunities due 
to an increase in Scandinavian wolf packs (Aronsson and Persson 2016, p. 266; Aronsson 2017, 
pp. 43–44). As of the spring of 2017, over 80 reproductive dens have been observed outside the 
boundary of the snow model presented in Copeland et al. (2010) (Persson 2017, pers. comm.). 
Similarly, in Finland, Koskela (2013, p. 38) found that 10 observed wolverine dens observed 
were determined to be “snow dens,” but 8 of the 10 dens were located in areas outside the 
Copeland et al. (2010) modeled, satellite-based spring snow cover area.  
 
Snow depth can be affected at a local level by terrain, ruggedness, slope and aspect; slope and 
aspect together will affect the exposure to snow accumulation (May et al. 2012, p. 198). In an 
effort to document and compare snow persistence at the wolverine den-site scale, Magoun et al. 
(2017, entire) evaluated the use of low-altitude aerial photography during late May 2016 in areas 
within the Rocky Mountains (Idaho and Montana) and northwestern Alaska. In Idaho and 
Montana, flight lines were established along transects through the long axis of previously 
documented home ranges of denning female wolverines and, in Alaska, known den sites (from 
2016) were visited by helicopter and remaining snow was photographed (Magoun et al. 2017, p. 
383). Transect segments in the Rocky Mountain study areas documented snow on May 31 in all 
but one segment, with 82 percent classified in low to heavy snow retention categories, and 58 
percent considered as moderate to heavy (Magoun et al. 2017, p. 383). In the Alaska study area, 
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photographs documented widely scattered patches of snow on May 29, with remnant snowdrifts 
observed at all four wolverine den sites (Magoun et al. 2017, p. 383). The documentation of the 
existence of scattered patches of snow in the Rocky Mountains persisting into late May in areas 
previously detected to be bare of snow on May 29 (MODIS persistent spring snow cover, 
McKelvey et al. 2011, p. 2,889, Figure 4D; Magoun et al. 2017, p. 384, Figures 2b and 2d) 
suggests that persistent spring cover may not always be detectable at the den-site scale using 
remote sensing methods (Magoun et al. 2017, p. 384), and is affected by terrain, ruggedness, 
slope, and aspect.  
 
To evaluate snow cover at previously recorded den site locations in the western United States, 
we reviewed natal, maternal, and known den sites relative to derived ‘melt-out’ dates using 
MODIS/Terra Snow Cover, 8-day series (Hall and Riggs 2016). Melt-out dates represent the first 
day of the 8-day composite series when the cell in which the den was located switches from 
“snow” to “no snow.” The spatial resolution for these data is 500 m by 500 m (1,640 ft by 1,640 
ft). Because MODIS data was only available from the years 2000 to present, we were only able 
to evaluate 21 of the 34 den sites documented in our records. As shown in Table 3, the earliest 
melt-out date was May 14 (2006) and the latest was July 12 (2002).  
 
Table 3. Wolverine Den Site Melt-Out Dates, 2002–2008. 

Den # Den Type Melt-out Date Elevation, meters (feet) Structure State 
1 Unknown 7/12/2002 1,814 m (5,951 ft) None Listed WA 
2 Natal 5/25/2003 1,928 m (6,326 ft) Log Complex MT 
3 Maternal 5/25/2003 1,995 m (6,545 ft) Log Complex MT 
4 Natal 6/4/2004 1,807 m (5,923 ft) Log Complex MT 
5 Natal 6/9/2004 2,399 m (7,871 ft) None Listed WY 
6 Natal 6/17/2004 2,487 m (8,160 ft) None Listed MT 
7 Maternal 6/29/2004 1,823 m (5,981 ft) Downed Log MT 
8 Maternal 6/29/2004 1,893 m (6,211 ft) Log/Boulder MT 
9 Maternal 6/11/2005 1,912 m (6,273 ft) Spider Tree MT 

10 Maternal 6/11/2005 1,973 m (6,473 ft) Spider Tree MT 
11 Natal 6/11/2005 1,977 m (6,486 ft) Spider Tree MT 
12 Natal 7/12/2005 2,693 m (8,835 ft) None Listed MT 
13 Unknown 5/14/2006 1,514 m (4,967 ft) Log Complex MT 
14 Unknown 5/25/2006 2,093 m (6,867 ft) None Listed MT 
15 Maternal 5/31/2006 1,851 m (6,073 ft) Log Complex MT 
16 Natal 5/31/2006 1,843 m (6,047 ft) Log Complex MT 
17 Unknown 6/7/2006 2,252 m (7,389 ft) None Listed MT 
18 Natal 6/18/2006 2,695 m (8,842 ft) None Listed MT 
19 Natal 5/25/2007 2,820 m (9,252 ft) None Listed MT 
20 Natal 6/4/2007 1,922 m (6,306 ft) Log/Boulder MT 
21 Unknown 7/3/2008 2,505 m (8,219 ft) None Listed ID 
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For natal den sites only, the range for melt-out dates was May 25 to July 12. All of these sites 
indicate a melt-out date that is past the May 15 date used for the persistent spring snow cover 
model presented in Copeland et al. (2010), which suggests that snow is persistent at these 
locations past the time when young begin moving out of natal dens (i.e., late April; see Use of 
Dens and Denning Behavior section). Additional studies are needed to further document 
wolverine den structure, snow conditions at dens, and how long dens are used, particularly for 
those locations outside of areas expected to have spring snow cover, to better understand the 
relationship of wolverines and snow cover (Webb et al. 2016, p. 8; Magoun et al. 2017, pp. 6–7). 
 
Other physical or biotic variables are also likely to be important for wolverine den site locations. 
Elevation affects snow depth and persistence at the landscape scale (May et al. 2012, p. 198). 
Inman et al. (2012a, p. 782) found that wolverines (12 females and 6 males) monitored in the 
Greater Yellowstone Ecosystem selected, on an annual basis, areas above 2,600 m (8,530 ft) 
latitude-adjusted elevation. In central Idaho, natal dens were also found in secluded, high 
elevation (above 2,500 m (8,202 ft)) cirque basins (Copeland 1996, p. 94).  
 
We evaluated 34 den sites in the lower United States using a linear regression model to evaluate 
whether the elevation of wolverine den sites is related to latitude. We note here that not all of 
these dens were characterized as to whether they were natal or maternal dens and a few records 
were not verified through tracking of females or direct observations. Given these caveats, our 
examination of these records indicated that, in general, wolverine dens at lower latitudes (36 to 
38°N) occur at higher elevations (range: 2,688 to 3,562 m) (8,819 to 11,686 ft) while the 
converse is seen for those dens at higher latitudes, or approximately 44 to 49°N (range: 1,514 to 
2,820 m) (4,967 to 9,252 ft). Given our assumptions (small sample size, test of normality (i.e., 
Shapiro test for elevation is just met)) we used linear regression (R Software; R Development 
Core Team, 2014) to test this association. We found a significant association with elevation and 
latitude [adjusted R2 = 0.76, F = 108.1, df=32; p-value = 8.24 x10-12], such that dens found at 
lower elevation were associated with higher latitudes. However, the results of this simple model 
indicate that 76 percent of the elevation for this sample is explained by latitude; thus, other 
potential explanatory variables or interactions between variables should be considered using 
multiple regression techniques. 
 
The steep slopes found at higher elevations also provide conditions conducive to avalanches, 
which result in debris and talus/boulder piles that provide structure for dens (Inman 2013, pers. 
comm.). Steep slopes and the availability of rocks were found to be important to wolverine den 
site selection for wolverines studied in Norway (May et al. 2012, p. 200). These areas also offer 
either exclusive or higher frequencies of maternal food sources during the high energy demands 
for reproducing females, such as marmot emerging from hibernation and neonatal ungulates 
(Inman 2013, pers. comm.) (see Diet and Feeding discussion below). 
 
In summary, wolverines select den sites for different characteristics depending on location. Dens 
located under snow cover may be related to wolverine distribution based on other life history 
traits, including morphological, demographic, and behavioral adaptations that allow them to 
successfully compete for food resources (Inman 2013, pers. comm.). Structure (e.g., uprooted 
trees, boulders and talus fields) appears to be essential for natal den sites with or without snow 
cover. Sensitivity to human disturbance and predator avoidance are also likely important factors 
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in selecting both natal and maternal den sites. However, reproductive success of wolverines has 
not been evaluated relative to the depth and persistence of snow cover, or in combination with 
these or other important characteristics, including prey availability and predator avoidance.  
 
Demography 
 
The lifespan of the wolverine is variable. Jackson (1961, p. 361) reported an upper range of 8–10 
years in the wild and potentially up to 18 years in captivity. Based on trapper-submitted 
carcasses from the Yukon, an upper age of 11.9 years for a male wolverine and 12.9 years for 
(pregnant) female was reported (Jung and Kukka 2013, pp. 8, 12). Inman et al. (2012a, p. 781) 
classified wolverines less than 1 year old as juveniles (or cub), those 1 to 2 years old as 
subadults, and those at least 3 years old as adults. Generation time for wolverines has been 
estimated at 7.5 years (COSEWIC 2014, p. 23). 
 
Survival of adult female wolverines is considered to be an important demographic parameter in 
the wolverine’s life history (Sæther et al. 2005, entire). As noted by Aronsson (2017, p. 13), 
because most polygamous species display a dispersal pattern that is sex-based, their population 
distribution is generally limited by the dispersal behavior of the sex that is more philopatric (the 
tendency of a species to remain within or return to its birth area). Thus, the distribution of 
wolverine populations and colonization is generally limited by dispersal of female wolverines 
(Aronsson et al. 2017, p. 2).  
 
Stochastic factors (both demographic and environmental) also strongly influence the population 
dynamics of the wolverine (Sæther et al. 2005, p. 1,011–1,012). Given the rapid maturity of 
young wolverines, survival of female wolverines with young is likely dependent on the 
availability and distribution of food sources during the “snow-free season” (late spring and 
summer) (Banci 1994, p. 114). For example, a study of wolverines in Norway found that survival 
of young was primarily influenced by the abundance of small rodents (Landa et al. 1997, p. 
1,293).  
 
Evaluating how variations in demographic rates are influenced by the interactions between costs 
of reproduction, individual quality (e.g., breeding status), and environmental factors can provide 
a better understanding of the dynamics and viability of animal populations (Robert et al. 2012; p. 
entire; Rauset et al. 2015, entire). The interactions between individual age, environmental 
resources, and reproductive costs of wolverines in Sweden were recently examined (Rauset et al. 
2015, entire). The results of this study provide important details regarding the influences on 
wolverine reproduction productivity. The study found that age-related variation in reproductive 
output for female wolverines is driven by the interactions between age, reproductive costs, and 
availability of resources (Rauset et al. 2015, p. 3,160). As an example, female wolverines were 
found to be more likely to give birth and nurse young in home ranges with greater food resource 
abundance at the time of fetal development (Rauset et al. 2015, p. 3,158). The study also 
concluded that a favorable reproductive strategy for female wolverines is a conservative one, 
wherein older female wolverines do not “trade” current reproduction against their own survival 
(Rauset et al. 2015, p. 3,161). 
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Intraspecific predation of wolverines is another important influence on wolverine population 
dynamics (Persson et al. 2003, p. 26). The altricial life history stage (early May to end of July) is 
likely a period of high juvenile mortality in solitary carnivores, such as the wolverine, since 
females are balancing the energetic demands of lactation (Sadleir 1984, pp. 179–180) and 
providing protection to young (Persson et al. 2003, p. 22). Young (juveniles) wolverines are 
vulnerable to predation during the time period when left unattended in the natal den (generally 
March-April) and when they first exit the natal den and are left at rendezvous sites, or around 
May-June (Magoun 1985, pp. 49, 73, 77). An additional vulnerability occurs when juvenile 
wolverines are required to become nutritionally independent and begin exploratory movements 
away from their mother’s protection, generally August-September (Vangen et al. 2001, p. 1,644).  
 
Mortality 
 
There are a few natural predators of wolverines, but interactions with wolves can lead to severe 
injury and death (Burkholder 1962, p. 264; Banci 1987, pp. 81, 91; White et al. 2002, p. 132). 
Mountain lions are suspected of killing wolverines (Copeland 1996, p. 46; Krebs et al. 2004, p. 
497; Aubry et al. 2016, pp. 27, 32). Starvation has also been identified as a cause of mortality in 
wolverines (Hornocker and Hash 1981, p. 1,296; Banci 1987, pp. 91, 110; Krebs et al. 2004, p. 
497). Intraspecific predation also contributes to wolverine deaths. Persson et al. (2003, p. 25) 
found that juvenile survival rate tended to be lower during the altricial period (May–July), and 
intraspecific predation was the most common cause of mortality, occurring either as infanticide 
or after independence. Avalanches have also been documented as a cause of wolverine deaths 
(Inman et al. 2007, p. 89). 
 
In North America, anthropogenic causes of mortality for wolverine populations include hunting, 
trapping, and road kill. Discussion of the effects of hunting, trapping, and human development is 
provided below (see Biological Status–Current Condition section).  
 
Diet and Feeding 
 
Wolverines have been described as opportunistic foragers (Inman et al. 2012b, p. 639) and as a 
“seasonal scavenger on the fringe of the food web” (Larsen 1980, p. 399). They are both 
scavengers and predators, with a diet that varies between seasons and years, and switching 
between food sources depending on availability (Magoun 1987, p. 396; Cardinal 2004, pp. 19–
22; Mattisson et al. 2016, p. 9). The term “polyphagous” was used by Landa et al. (1997, p. 
1,292) to describe the switching of food sources depending on prey availability by wolverines. 
Regional variations in diet have also been observed for wolverine populations (Nunavut, 
Canada) (Awan and Szor 2012, p. 9). The availability of ungulate carrion is believed to be more 
important than a particular habitat type for wolverines (Cardinal 2004, p. 20). 
 
Early studies from northwestern Montana using scat analysis found that carrion (deer or elk) was 
an important component of wolverine diet (Hornocker and Hash 1981, p. 1,297). However, 
during winter, hoary marmots (Marmota caligata) were also important food items consumed 
and, in the spring, Columbian ground squirrels (Urocitellus columbianus) were heavily preyed 
upon (Hornocker and Hash 1981, p. 1,298). As reported by Cardinal (2004, pp. 20–21), 
wolverines in Canada have a large and varying diet based on reports from aboriginal traditional 
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knowledge holders; in addition to large animals as prey or carrion, wolverine diet includes 
rabbits and ptarmigans (Lagopus sp.), porcupine (Erethizon dorsatum), mice, beaver (Castor 
canadensis), fish, ducks, seals, gulls and gull eggs, and lemmings, as well as antlers, bones, and 
skulls. Native mountain goats (Oreamnos americanus) and bighorn sheep (Ovis canadensis), that  
occupy high elevation winter ranges in portions of North America, have also been suggested as 
important components of wolverine winter diet, particularly during the reproductive denning 
period (Buell Environmental 2016, pers. comm.). Snowshoe hares may also be an important food 
item for wolverines in parts of Canada (Jung and Kukka 2013, p. 20). 
 
In northwestern Alaska, analyses of wolverine winter diet using carcasses collected from hunters 
(1996–2002) within the migratory range of the Western Arctic Caribou Herd found that caribou 
represented the most common food item, likely through scavenging behavior, followed by moose 
(Alces alces), and to a lesser degree, microtine rodents, Arctic ground squirrels (Spermophilus 
parryii), porcupines, wolverines, red fox (Vulpes vulpes), sheep and ptarmigan (Dalerum et al. 
2009, p. 249). One study year found stomach contents contained a large portion of muskoxen 
(Ovibos moschatus) and Dall’s sheep (Ovis dalli) (Dalerum et al. 2009, p. 249). Wolverines were 
found to be the main predator of caribou calves (less than 14 days of age) in northern British 
Columbia, Canada (Gustine et al. (2006, pp. 13–14). Wolverine diets in winter (scat analysis) 
and summer (primarily direct observation) were evaluated by Magoun (1987, entire) in 
northwestern Alaska. Results from that study indicate a large number of Arctic ground squirrels 
were eaten in summer, while the winter diet consisted primarily of caribou and Arctic ground 
squirrels (Magoun 1987, p. 393). Scavenging was found to be an important feeding strategy in 
winter, including remnants of buried caribou carcasses or bone/hide in the tundra (Magoun 1987, 
p. 396). 
 
Food habits of wolverines from 2002 to 2007 in Glacier National Park were evaluated by Yates 
and Copeland (in prep) by reviewing prey remains and scat samples, or direct observations of 
feeding behavior. Their scat analysis found that 72 percent of samples contained more than one 
prey species, and 89 percent contained plant material, primarily conifer needles (Yates and 
Copeland, in prep). The latter may be related to scent-marking behavior of territories, either by 
defecation after chewing on twigs/shrubs or terpenes released during urination, or the result of 
stomach contents found within their consumed herbivorous prey (Yates and Copeland, in prep). 
Overall, deer and elk represented the most frequent prey item (37 percent), but hibernating 
rodents were also common in scats (36 percent).  Other prey items included mice, voles, 
lemmings, bovids (e.g., bighorn sheep, mountain goat), birds, and hares (Yates and Copeland, in 
prep). Temporal differences in the occurrence of prey were also observed. 
 
Snow tracking in Montana found that wolverines hunted in brush piles, log jams, and heavy 
cover, and routinely entered "tree wells," areas immediately under dense, low growing conifers 
where snow does not accumulate, that provide easy access to small, ground-dwelling mammals 
(Hornocker and Hash 1981, p. 1298). Wolverines have been described as moving and lifting 
large stones in order to access human-cached meat (Freuchen 1935, p. 98). 
 
Several foraging strategies have been described for wolverines. Predation behavior on reindeer 
(Sweden) was detailed by Haglund (1966, p. 275). A study of elk in Siberia, Russia, noted that, 
in most instances, wolverines will attack young, pregnant females, young of the year, and 
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wounded or sick animals (Knorre 1959, p. 27). Elk were chased, sometimes by two wolverines 
during periods of heavy snow (Knorre 1959, pp. 10, 27) and wolverines have been observed 
feeding in groups on large animal carcasses (Cardinal 2004, p.21). However, wolverines have 
been described as neither an effective predator of large game animals, nor a serious competitor 
with other predators (Cardinal 2004, p. 21).  
 
Based on studies in Alaska, Dalerum et al. (2009, p. 251) suggested that wolverines occupying 
this region are large ungulate specialists, but use a generalist feeding strategy by switching 
between ungulate food sources (e.g., caribou and moose) depending on their availability. Thus, 
during periods of low caribou abundance, wolverines can switch from caribou (migratory) to 
moose (non-migratory) while still maintaining their ecological role as a scavenger on ungulate 
carcasses (Dalerum et al. 2009, p. 251).  
 
A study of wolverine diet using scat samples in Finland found that breeding female wolverines 
opportunistically used carrion and hunted less on small prey as compared to males and non-
breeding females (Koskela 2013, p. 35). In addition, in areas with low densities of mid-size 
ungulates, smaller prey and carcasses may be important in the wolverine diet (Koskela 2013, p. 
35). These results supported an optimal foraging theory; that is, wolverines will opportunistically 
use foods that are the most energy-efficiently available (Koskela 2013, p. 41). In other words, 
hunting ungulates or smaller prey (rabbits, birds) may incur greater energetic costs than 
scavenging for food, but searching for wolf- or human-killed carcasses will take more time 
(Koskela 2013, p. 41).  
 
Finally, diet and feeding strategies of wolverines were evaluated in Scandinavia (Mattisson et al. 
2016, entire). Wolverine feeding strategies were found to be flexible and temporarily shifted 
from scavenging to predation and heavily influenced by seasonal dependent responses to 
availability of prey and the supply of carrion (Mattisson et al. 2016, p. 9). Predictable 
anthropogenic food sources (i.e., remains from hunted ungulates) also influenced wolverine 
feeding strategies in their study area by increasing scavenging behavior relative to predation 
(Mattisson et al. 2016, p. 10). 
 
Aboriginal traditional knowledge holders in Canada have reported wolverines as being largely 
dependent on wolves or another large predator to obtain large mammal carrion such as caribou, 
but also scavenge off polar bear (Ursus maritimus) and grizzly bear (summer) kills (Cardinal 
2004, p. 20). Wolverines were observed following the tracks of Eurasian lynx (Lynx lynx) and 
then scavenging on prey left behind from lynx kills (Haglund 1966, pp. 272–273). Myhre and 
Myrberget (1975, p. 756) noted that the hunting abilities of wolverine and Eurasian lynx are not 
the same and that the two animals use the meat of their prey differently, which, together, may 
allow the two carnivores to coexist in the same environment.  
  
In Sweden, Mattisson et al.’s (2011b, p. 1,326) study of Global Positioning System (GPS)-
collared wolverines found that they spent three times longer scavenging ungulate carrion as 
compared to feeding on wolverine-killed prey, and more than half of the reindeer carcasses 
scavenged by wolverines were killed by Eurasian lynx. That study concluded that lynx can 
increase the availability of food for wolverines and other scavengers and that lynx behavior 
around kill sites minimizes potential encounter conflicts (Mattisson et al. 2011b, p. 1,328). In 
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their study area, Eurasian lynx do not appear to pose a significant threat to wolverines, neither by 
exclusion in space or time (Mattisson et al. 2011a, p. 79) nor from mortality (Persson et al. 2009, 
p. 327). We are not aware of similar evaluations for North American populations of wolverines 
and Canada lynx. This lack of study on interspecific processes in the more predator-diverse 
North American landscape is an important gap in our understanding of wolverine distribution 
(Fisher et al. 2013, p. 712). 
 
Large carnivores can act as “sympatric ungulate predators” (Dalerum et al. 2009, p. 251), 
generating carrion at kill sites, particularly during winter months, but also as competitors and 
potential sources of mortality (White et al. 2002, p. 132; Krebs et al. 2004, p. 497; Koskela et al. 
2013b, p. 221). Wolverines apparently balance their exposure to the risk of predation with 
foraging opportunities (Scrafford et al. (2017, p. 32). Thus, even though wolverines may not be 
dependent on lynx or other sympatric predators for their survival or reproduction, an increase in 
the availability of carrion likely has a positive influence on the reproductive rate (e.g., number of 
offspring) in wolverine populations (Mattisson et al. 2011b, p. 1,328). 
 
Caching of food is an important behavior of wolverines and is a key component of wolverine 
population dynamics (Hornocker and Hash 1981, p. 1,297; Inman et al. 2012b, p. 640). Food is 
cached in both summer and winter, by both sexes, and allows for food to be available past the 
peak periods of mortality and predation (Inman et al. 2012b, p. 639). Wolverines will typically 
move between carcasses and cache sites and are able to remove large parts of a carcass in a short 
time (Mattisson et al. 2011b, p. 1,327). Caching behavior in Sweden was reported most 
commonly in snow, as well as crevices in rock piles, and found that wolverines carried food to 
cache sites over long distances (8 and 10 km (5 and 6 mi)) (Haglund 1966, p. 274). As an 
example, Bjӓrvall (1982, p. 319) reported a female wolverine carried a reindeer head (with 
antlers) about 22 km (13.67 mi) back to a den site in Sweden. In northwestern Alaska, 
wolverines fed on cached ground squirrels during winter (Magoun 1987, p. 395).  
 
A study of wolverine caching behavior in boreal forest habitat in Canada reported that cache 
sites varied from simple caches, a single feeding site or excavation, to cache complexes, which 
included feeding stations, latrines, resting sites, and climbing trees dispersed over varying spatial 
landscapes (Wright and Ernst 2004b, pp. 61–62). All cache sites included bones and hides of 
moose, which were likely scavenged from wolf kills (Wright and Ernst 2004b, p. 62). Cache 
sites were often excavated in snow, but also in the ground under boughs of large spruce (Picea 
spp.) trees (Wright and Ernst, 2004b, p. 62). Wolverines also appeared to select cache sites and 
resting areas that offered good visibility of approaching competitors or predators (Wright and 
Ernst 2004b, pp. 63–64). 
 
Wolverine energetic demands and food requirements are related to their foraging strategies. 
Caching provides important energy for female wolverines during the lactation period and helps 
ensure survival of newborns (Inman et al. 2012b, p. 640). Wolverines were found to have high 
energetic needs compared to other mammalian carnivores (Young et al. (2012, p. 2,252), similar 
to results previously presented by Iversen (1972a, p. 343), who concluded the basal metabolism 
of mustelids weighing over 1 kg (2.2 lbs) is approximately 20 percent higher than for other 
mammals. A study by Andrén et al. (2011, p. 36) estimated a 1.2 kg/day (2.65 lbs/day) (range: 
1.0–1.4 kg/day (2.2–3 lbs/day)) food requirement for wolverines, while Young et al. (2012, p. 
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223) estimated a male wolverine would require an average of 0.85 kg (1.87 lb) of prey/day in 
winter and 0.95 kg/day (2.1 lbs/day) in “snow-free” periods.” Based on energy equivalent value 
of various prey sources, Young et al. (2012, pp. 223, 225) estimated that a winter diet for a male 
wolverine would include the equivalent of 1.8 ungulates, 70.7 sciurids (squirrels), 20.6 
lagomorphs (rabbits), and 832.7 small mammals, while in snow free season this would include 
the equivalent of 0.9 ungulates, 122.9 sciurids, and 3362.1 small mammals. 
 
The study by Young et al. (2012, p. 225) concluded that wolverines consume 0.1 kg (0.22 lb) of 
prey per day more outside winter season, but that prey expected to be consumed in winter had a 
higher caloric content than other seasons; thus, the mass requirement is lower. As an example, 
they cite the higher proportion of ungulates consumed in winter, which provide about 1.3 times 
more energy (kilojoules per kilogram) than squirrels (Young et al. 2012, p. 225). Other 
researchers have also noted that food during the summer is just as important as the availability of 
cached ungulate food in the winter (e.g., during the energy demanding lactation period) (Inman 
et al. 2012b, pp. 640–642). The post-weaning growth period (May–August) was identified as a 
high energetic demand for food by a wolverine family group (Inman et al. 2012b, p. 640). Taken 
together with the lactation period, the calories available to wolverines therefore likely reaches a 
maximum from March to April (Inman et al. 2012b, p. 640).  
 
Population Structure 
 
As discussed above, wolverines recolonized much of North America after periods of glaciation 
and then experienced heavy human persecution in much of their range. As shown in our current 
range map (Figure 3) and described below in our Population Abundance and Distribution 
section, wolverines occur across a broad expanse of North America, where the contiguous 
United States represents the southern extent of the species’ range. A number of biological factors 
can affect wolverine populations, including the species’ low intrinsic rate of population increase, 
naturally low densities, and need for large, intra-sexual home ranges (Banci and Proulx 1999, p. 
180). Their extensive dispersal abilities make possible the recolonization of individuals into 
vacant habitats (Vangen et al. 2001, p; 1,647; Aronsson 2017, p. 43). As noted above (Diet and 
Feeding), interactions with sympatric predators and the availability of prey and carrion can also 
directly and indirectly affect wolverine populations.  
 
Wolverines in the contiguous United States are considered to represent a metapopulation (set of 
local or subpopulations within a larger area and where migration is possible between patches 
(Hanski and Simberloff 1997, p. 11)) (Inman et al. 2013, p. 277) and occupy habitat in high 
alpine patches at low densities, dispersing into suitable areas (Inman et al. 2012a, pp. 782–784). 
Wolverines in Canada are considered to occur as a single large group as they are easily able to 
move between areas of good habitat and because wolverine habitat is relatively contiguous 
(Harrower 2017, pers. comm.).Wolverine populations in Alaska are considered to be continuous 
with populations in the Yukon and British Columbia provinces of Canada based on genetic 
studies (COSEWIC 2014, p. 37).  
 
Studies of wolverines in the North Cascades region have documented movement of wolverines 
from Washington into British Columbia (Aubry et al. 2016, pp. 16, 20). The 2014 COSEWIC 
Report indicated that rescue (immigration from another population) of Canadian wolverine 
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populations along the Canada-Alaska international boundary was likely (based on nuclear DNA 
evidence), but was negligible from the contiguous United States (COSEWIC 2014, p. 37). Based 
on mitochondrial DNA studies, Tomasik and Cook (2005, p. 390) concluded the gene flow in 
wolverines in northwestern North America is likely male-mediated, and is primarily due to long 
distance dispersal between low-density populations. Genetic studies of North American 
wolverines conducted by Kyle and Strobeck (2002, entire) found high levels of gene flow across 
northern populations (Canada and Alaska).  
 
Genetics 
 
Evaluation of genetic material can provide an understanding of population dynamics (Cegelski et 
al. 2006, p. 209). The geographical genetic structure of wolverines is believed to be largely 
structured around the strong female philopatry characteristic of this species (Rico et al. 2015, p. 
2), and, given the species polygamous behavior, wolverine population distributions (at least in 
Scandinavia) are considered to be primarily limited by dispersal of the more philopatric sex 
(females) (Aronsson 2017, p. 13). However, the extensive and often asymmetrical movement of 
male wolverines from core populations to the periphery of their range can result in the addition 
of nuclear genetic material to these edges (Zigouris et al. 2012, p. 1,553). Thus, the dispersal 
pattern for male wolverines may help explain why allelic richness (i.e., nuclear DNA) can be 
similar across regions, but haplotype richness (mitochondria DNA) is lower at the periphery of 
the species’ range (Zigouris et al. 2012, p. 1,553). Additionally, the extensive dispersal 
movements of both male and female wolverines can produce gene flow among diverged 
populations, making it difficult to distinguish, without additional sampling and analysis, between 
long-distance dispersal and fragmentation based on the patchy distribution of some haplotypes 
(Zigouris et al. 2013, p.10).  
 
Studies evaluating the genetic structure of wolverines, primarily within its core range in North 
America, were presented in Chappell et al. (2004) and Kyle and Strobeck (2001, 2002). Using 
microsatellite markers, Kyle and Strobeck (2002) and Zigouris et al. (2012) found a greater 
genetic structure of wolverines toward their eastern and southern peripheries of their North 
American distribution, likely due to a west-to-east recolonization during the Holocene (Zigouris 
et al. 2013, p. 9). Similarly, based on mitochondria DNA, McKelvey et al. (2014, p. 330) 
concluded that modern wolverine populations in the contiguous United States are the result of 
recolonization (following persecution from hunting and trapping) from the north.   
 
Genetic diversity and population genetic structure of a larger sample size of wolverines were 
examined by Cegelski et al. (2006, entire) for the southern extent of their North American range 
using both microsatellite markers and mitochondrial DNA. They concluded that the wolverine 
populations in the contiguous United States were not sources for dispersing individuals into 
Canada (Cegelski et al. 2006, p. 208). They found that there was significant differentiation 
between most of the populations in Canada and the United States (Cegelski et al. 2006, p. 208). 
However, they cautioned that their statistical analysis may not have been able to detect “effective 
migrants” and that sample size can affect the detection of dispersers (Cegelski et al. 2006, p. 
208). They concluded that some migration of wolverines was occurring between the Rocky 
Mountain Front region (northwestern Montana) and Canada as well as among wolverine 
populations in the United States, with the exception of Idaho (Cegelski et al. 2006, p. 208). In 
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addition, results from testing of allelic differences among the populations were interpreted by the 
authors as likely inadequate to counter the effects of genetic drift due to low numbers of migrants 
(Cegelski et al. 2006, p. 208). They estimated that, based on genetic diversity observed at that 
time, two effective migrants from either Canada or Wyoming into the Rocky Mountain Front 
population would be needed to maintain the levels of genetic diversity in that population, and 
one effective migrant was needed to maintain levels of diversity in the Gallatin, Crazybelt, or 
Idaho populations (Cegelski et al. 2006, p. 209). The authors concluded that migration is 
essential for maintaining diversity in wolverine populations in the contiguous United States since 
effective population size may never be reached due to the naturally low population densities of 
wolverines (Cegelski et al. 2006, p. 209). 
 
Effective population size (Ne) (see Box 2) is defined as “the size of an idealized population that 
would experience the same amount of genetic drift and inbreeding as the population of interest. 
In popular terms, Ne is the number of individuals in a population that contribute offspring to the 
next generation” (Hoffman et al. 2017, p. 507). It represents a metric for quantifying rates of 
inbreeding and genetic drift and is often used in conservation management to set genetic viability 
targets (Olsson et al. 2017, p. 1). It is not the same as the more commonly used metric, census 
population size (N), but is often assumed to represent the genetically effective population size.  
 
An effective population size analysis for wolverines in the contiguous United States was 
presented in Schwartz et al. (2009, p. 3,225) using wolverine samples from the main part of the 
Rocky Mountains populations (e.g., central and eastern Idaho, Montana, northwestern 
Wyoming). Excluded in this analysis, were subpopulations from Crazy and Belt Mountains in 
Montana (based on suggestion by Cegelski et al. (2003) that they represented separate groups) 
(Schwartz et al. 2009, p. 3,225). Samples were divided into three time frames and the computer 
program ONeSAMP was used to estimate effective population size in each time frame [sample 
size appears to be between 142 and 210]. The summed effective population size was estimated at 
35, with credible limits from 28–52, and the summed values for the three time frames was 
reported as follows: Ne 1989–1994 = 33, credible limits 27–43; Ne 1995–2000 = 35, credible limits 28–
57; Ne 2001–2006 = 38, credible limits 33–59 (Schwartz et al. 2009, p. 3,226).  
 
However, Cegelski et al.’s (2006, p. 203) evaluation of nuclear DNA population structure in 
wolverines in Canada (sample size of 101) and the contiguous United States (sample size of 
116), as depicted by a principle component analysis plot and dendrogram, found that all of the 
Canadian wolverine populations clustered together. In the contiguous United States, the Rocky 
Mountain Front subpopulation clustered with the Wyoming subpopulation, the Crazybelt 
Mountains' area subpopulation clustered with the Gallatin (Montana) population, and the Idaho 
population was highly differentiated (Cegelski et al. 2006, p. 203). That study concluded that 
some exchange of migrants is occurring between the Gallatin and Crazybelt wolverine 
populations (Cegelski et al. 2006, p. 207), but noted that this grouping is more genetically 
differentiated and isolated from the other populations they sampled when compared to the Rocky 
Mountain Front population (Cegelski et al. 2003).  
 
In addition, the map presented in Schwartz et al. (2009, p. 3,223) depicting the locations of the 
wolverine samples used in preparing their effective population size estimate shows significant 
gaps within the wolverine’s range in Idaho and parts of Montana (e.g., interior of the Bob 
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Marshall Wilderness area). Thus, other wolverine subpopulations and/or individuals were likely 
missed for this analysis. Studies within the Southwestern Crown of the Continent (SWCC) in 
northwestern Montana have detected cross-valley movements of wolverines, which researchers 
believe is an indication of good connectivity in this region (SWCC Wildlife Working Group 
2016, pers. comm.). Current efforts to collect additional wolverine hair samples for genetic 
analyses are underway through a multi-state occupancy survey project (see Population 
Abundance and Distribution section below). 
 
Another evaluation of mitochondria DNA was conducted by Francis (2008), who found an 
overall lack of regional (geographic) genetic structure for North American wolverines, but noted 
that a few populations  (Crazybelts (Montana), Southeast Alaska, Nunavut  (Canada), and Kenai 
Peninsula) appeared to be isolated from the others (Francis 2008, p. 12). However, statistical 
testing did not identify any genetically defined sampling localities (Francis 2008, p. 13). Minimal 
differences were found between core and peripheral wolverine populations, as grouped in that 
analysis (Francis 2008, p. 21; Table 4). Conversely, the study by Zigouris et al. (2012, p. 1,554; 
Table 5) did find support for genetic clusters for wolverine populations in Canada, and Zigouris 
et al. (2013, p. 5; Table 3) identified several worldwide regional genetic groups. In addition, an 
analysis of estimated population growth found signals of population expansion in several 
wolverine populations (Francis 2008, p. 13; Table 5) including Rocky Mountain Front, 
Wyoming, Central, South, and Northwestern Alaska, British Columbia, Northwest Territories, 
and Nunavut. 
 

 
 

Box 2. Effective Population Size and Genetic Variation 

The concept of effective population size (Ne) (see review by Wang et al. 2016) and, relatedly, minimum 
viable population, has been a topic of debate, particularly the 50/500 rule, which was developed over 30 
years ago. As noted by Laikre et al. (2016, p. 280), the concept and guidelines for genetically effective 
population size were developed for single, isolated populations, but it’s unclear which of the various Ne 
metrics was referenced in the original concept proposed by Franklin (1980) (i.e., inbreeding effective size, 
realized effective size, total inbreeding effective size of a metapopulation, or eigenvalue effective size 
(Laikre et al. 2016, p. 288)). 
 
There are differing interpretations of the values proposed for effective population size. For example, 
should the minimum viable effective population size be derived genetically to set a threshold for a 
minimum viable population? Here, the rule is interpreted as 50 being the short-term number (for 
inbreeding depression) and 500 as the long-term number (for retention of genetic variation). Or should the 
Ne value of 500 be interpreted as a long-term goal for maintaining a healthy, genetically robust population, 
and not a threshold trigger that predicts extinction risk? In addition, some view the 500 value to be a 
global reference value rather than a local value, and that it may not be necessary to maintain a local Ne of 
500 as long as there is some gene flow into a population (Jamieson and Allendorf 2012, p. 580).  
 
Finally, others have recommended changes to the 50/500 rule. Laikre et al. (2016, entire) presented an 
analysis of the metapopulation effective size for the Fennoscandian wolf population and recommended 
that long-term conservation genetic target for metapopulations (NeMeta) ≥ 500, but also a realized effective 
size of each subpopulation (NeRx) ≥ 500. Frankham et al. (2014, p. 59) have recommended modifying the 
50/500 rule to 100/1000. 
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It can be difficult to make inferences about the relationship between population size and point 
estimates of genetic diversity without continued genetic monitoring and an understanding of the 
demographic history of a species’ population (Hoffman et al. 2017, p. 507), including factors 
that have influenced movement patterns and connectivity. It’s also important to note that genetic 
diversity can be a reflection of favorable adaptations (natural selection) and is necessary for 
species to locally adapt to environmental stressors or to facilitate range shifts (Zigouris et al. 
2012, p. 1,544). Genetic distinctiveness in peripheral populations may play a role in both 
maintaining and generating biological diversity for a species (Zigouris et al. 2012, p. 1,544; 
citing results presented in Channell and Lomolino 2000, p. 84). Genetic variation that is adaptive 
is a better predictor of the long-term success of populations as compared to overall genetic 
variation (Hoffman et al. 2017, p. 510). The challenge is to be able to determine whether genetic 
variation is adaptive and is a reflection of remnants of high genetic diversity from ancestral 
populations, or whether that variation is a reflection of accumulated deleterious, nonadaptive 
genes due to genetic drift in small populations (Hoffman et al. 2017, p. 509).  
 
In summary, the currently known spatial distribution of genetic variability in wolverines in North 
America appears to be a reflection of a complex history where population abundance has 
fluctuated since the time of the last glaciation, and insufficient time has passed since human 
persecution for a full recovery of wolverine densities (Cardinal 2004, pp. 23–24; Zigouris et al. 
2012, p. 1,554). Zigouris et al. (2012, p.1,545) noted that the genetic diversity reported in 
Cegelski et al. (2006) and Kyle and Strobeck (2001, 2002) for the southwestern edge of the 
North American range represented only part of the diversity in the northern populations of 
wolverines. Zigouris et al. (2012, p. 1,545) posit that the irregular distribution of wolverines in 
the southwestern periphery and the genetic diversity observed in those analyses is a result of 
population bottlenecks that were caused by range contractions from a panmictic (random mating) 
northern core population approximately 150 years ago coinciding with human persecution. 
Demographic studies as well as additional genetic analyses from contemporaneous wolverines 
currently occupying the contiguous United States are needed to evaluate the current status of 
wolverine populations in North America. In addition, ecological, phenotypical, and 
environmental information should be used to complement genomic data when interpreting the 
strength of conclusions or inferences of spatial patterns of adaptation or for adaptively divergent 
populations (Jamieson and Allendorf 2012, p. 492). 
 
Summary 
 
In this SSA report, we have incorporated information from several new studies related to the 
wolverine published since our 2013 proposed rule and previous studies that were not considered 
(e.g., Magoun et al. 2017). We have also reviewed new publications and publications in 
preparation from wolverine researchers in Scandinavia (e.g., Aronsson 2017; Bischof et al. 2016; 
Makkonen 2015; Mattisson et al. 2016; Myhr 2015; Persson et al. 2017, in prep). This 
information informs our assessment of the most current information regarding the description of 
the wolverine and its life history and ecology across its North American range. We have included 
in this SSA Report detailed discussions of wolverine physiology, and spatial and temporal 
patterns and trends related to reproduction and diet/feeding. We also prepared a revised current 
range map (see Figure 3) based on information we received from Federal, State, and others, 
including Canada. 
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A species’ current and future conditions and overall viability (in terms of resiliency, redundancy, 
and representation), are largely impacted by the availability of what the species needs at the 
individual, population, and species level. The needs described below are necessary for 
wolverines to have resources for the basic requirements of life (breeding, feeding, and sheltering) 
at all levels. Overall, the best available information indicates that within the contiguous United 
States the wolverine’s physical and ecological needs include:  

(1) large territories in remote landscapes; at high elevation (1,800 to 3,500 meters (5,906 
to 11,483 feet))  
(2) access to a variety of food resources, that varies with seasons; and 
(3) physical/structural features (e.g., talus slopes, rugged terrain) linked to reproductive 
behavioral patterns. 

 
Biological Status – Current Condition 
 
This section provides an overview of the wolverine’s current condition, including those stressors 
that may be impacting the species or its habitat. In this SSA Report, we have identified stressors 
based on impacts that may negatively affect the physical and ecological needs of the species, 
including temporary or permanent impacts to habitat features that the species relies on for 
survival and reproduction. 
 
Population Abundance and Distribution 
 
Since our 2013 proposed rule, we have received additional reports of wolverine observations 
including Utah, Colorado, and Oregon, and an updated Canadian status review for the wolverine 
has been prepared (COSEWIC 2014, entire). Additional studies have also been published related 
to wolverine populations in British Columbia and Alberta (e.g., Regehr and Lacroix 2016; 
Stewart et al. 2016; Webb et al. 2016). As noted above, we developed a Current Range map for 
the North American wolverine (see Figure 3). For the conterminous United States, this map was 
based on several resources, including the primary habitat model developed by Inman et al. 
(2013), EPA Ecoregion mapping (2010), Forest Service NRIS data, and information received 
from State agencies. We used the 2014 COSEWIC Assessment and Status Report’s current range 
map for Canada and Alaska. For Canada, the range of occurrence includes the Yukon, Northwest 
Territories, Nunavut, British Columbia, Alberta, Saskatchewan, Manitoba, Ontario, Québec, 
Newfoundland, and Labrador (COSEWIC 2014, p. vii).  
 
Contiguous United States 
 
Areas in the western contiguous United States were identified by Inman et al. (2013, entire) as 
suitable for wolverine survival (long-term survival; used by resident adults), or primary habitat 
(Inman et al. 2013, p. 279), reproduction (used by reproductive females), and dispersal (female 
and male) of wolverines (see methodology in Inman et al. 2013, pp. 279–280; Figure 2). From 
these results, the researchers estimated potential and current distribution and abundance of 
wolverines in the western contiguous United States (Inman et al. 2013, p. 282). They estimated 
current population size of wolverines to be 318 (range 249–626) located within the Northern 
Continental Divide (Montana) and areas within the following ecoregions: Salmon-Selway 
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(Idaho, portion of eastern Oregon), Central Linkage (primarily Idaho, Montana), Greater 
Yellowstone (Montana, Idaho, Wyoming), and Northern Cascades (Washington) (Inman et al. 
2013, p. 282). Potential wolverine population capacity based on their RSF habitat modeling was 
estimated to be 644 (range: 506–1881) (Inman et al. 2013, p. 282). However, these estimates did 
not consider spatial characteristics related to behavior, such as territoriality, of wolverine 
populations. The discussion below provides a summary of recent studies of wolverine detections 
and observations in the western United States; however, no comprehensive surveys have been 
conducted across the species’ entire range. 
 
In the northern Cascades region of Washington and Canada, researchers tracked activity areas for 
14 wolverines via satellite telemetry from 2007 through 2015 (Aubry et al. 2016, entire). This 
study demonstrated that the region supports a resident population, with 9 of 11 study animals 
documented primarily within Washington (Aubry et al. 2016, p. 40). 
 
The Oregon Department of Fish and Wildlife (ODFW) reports that wolverines have been found 
in the Oregon Cascades on Three-fingered Jack (glaciated volcano) in Linn County, on the 
Steens Mountain in Harney County, and Broken Top Mountain in Deschutes County, in the 
Eagle Cap Wilderness Area in the Wallowa Mountains of northeastern Oregon, and, more 
recently (2012), in Wallowa County, northeast Oregon (ODFW 2017, no page number). 
 
In California, camera trap data indicate the continued presence of a single male wolverine in the 
Truckee area, as of March 2017 (Shufelberger 2017, pers. comm .). The California Department 
of Fish and Wildlife (CDFW) has received reports of wolverine detections from the public over 
past several years, particularly the region near Carson Pass, as well as near Meeks Bay, Lake 
Tahoe (Stermer 2017, pers. comm.). CDFW researchers are conducting multi-species predator 
surveys, targeting the potential occurrence of Sierra Nevada red fox and wolverine using camera 
trapping with hair snares in an effort to determine occupancy, detection probability, distribution, 
and habitat associations (Stermer 2017, pers. comm.). 
 
A pilot study to evaluate wolverine occupancy was conducted in Wyoming from February 
through June in 2015 (Inman et al. 2015, entire). Results from that survey (hair snares and 
camera traps in 18 stations across 5 mountain ranges) indicated at least three individual 
wolverines (at five stations) with at least one individual in the Gros Ventre and Wind River 
mountain ranges, and at least two individuals in the Southern Absaroka mountain range (Inman 
et al. 2015, p. 9). Occupancy modeling estimated a probability of occupancy for sampled sites of 
62.9 percent (Inman et al. 2015, p. 8). 
 
In an effort to assess wolverine occupancy in the western United States, the Western Association 
of Fish and Wildlife Agencies (WAFWA), in coordination with Tribal partners, have formed a 
multi-state, multi-agency working group (Western States Wolverine Working Group) to design 
and implement the Western States Wolverine Conservation Project (WSWCP)–Coordinated 
Occupancy Survey (see Bjornlie et al. 2017 for details of protocol). The primary objectives of 
the WSWCP include: 1) implement a monitoring program to define a baseline wolverine 
distribution and genetic characteristics of the metapopulation across Montana, Idaho, Wyoming, 
and Washington, 2) model and maintain the connectivity of the wolverine metapopulation in 
western United States, and 3) develop policies to address socio-political needs to assist wolverine 
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population expansion as a conservation tool, including translocation of wolverines (IDFG 2016, 
pers. comm.; Montana Fish, Wildlife, & Parks (FWP) 2016, pers. comm.; WGFD 2016, pers. 
comm.).  
The WGFD began implementation of the survey in Wyoming in the Greater Yellowstone 
Ecosystem region and the Bighorn Mountains (25 grid cells) in the winter of 2015–2016 (WGFD 
2016, pers. comm.). That initial survey detected, based on unique fur markings, at least two 
unique wolverines in the Wind River and southern Absaroka Mountain Ranges (WGFD 2016, 
pers. comm.). The WGFD reported 26 independent wolverine visits, and detections at least once 
within their study area during each of the four sampling periods (December 2015 through March 
2016) (Bjornlie et al. 2017, pp. 4–5). Genetic analyses of collected hair samples, including sex 
and individual identification, are underway. 
 
The monitoring effort was expanded in the winter of 2016–2017 to 187 cells (cell area of 225 
km2 (87 mi2)) across four states (Washington, Idaho, Montana, and Wyoming). Preliminary 
results for the 2016–2017 winter detected wolverines in 85 survey cells (WAFWA 2017). 
Photographic detections of wolverine include 18 from Idaho, 48 in Montana (including detection 
of wolverines in all 10 cells surveyed in the SWCC region (Davis 2017, pers. comm.)), 10 in 
Washington, including detections south of Interstate 90 (Davis 2017, pers. comm.), and 9 in 
Wyoming; genetic analyses, to date, have reported a total of 157 wolverine samples (WAFWA 
2017). It has not yet been determined from the camera-trap images and hair samples how many 
of these detections are the same individual. Appendix B contains a map illustrating these 
preliminary detections (as of July 2017).  
 
Based on a 6-year study of monitoring resident wolverines (live trapping and camera stations) in 
central Idaho (Centennial, Smoky, and Salmon Mountains) and the western Yellowstone region 
(Teton Mountains), Heinemeyer (2016, pers. comm.) suggested that subpopulations of the 
species at this southern periphery of their North American range are still unstable with low rates 
of recruitment. We therefore requested additional information from State and Federal agencies 
regarding the most recent wolverine detections in the Winter Recreation Project study areas of 
Idaho and Wyoming. In the Teton Mountains region, two wolverines were detected in March 
2017, in two different areas (Dewey 2017, pers. comm.). In addition, at least one wolverine was 
detected on the east side of the Teton Mountains during the winter of 2016-2017, as part of the 
Western States Wolverine Conservation Project–Coordinated Occupancy Survey monitoring and 
occupancy study, and a member of the public reported wolverine tracks within Grand Teton 
National Park in March 2017, while skiing (Walker 2017, pers. comm.). In Idaho, IDFG reported 
5 wolverine detections in the Salmon Mountains in Central Idaho in the winter of 2016 (Mack 
2017a and 2017b, pers. comm.). These recent detections are displayed in Appendix C relative to 
the study areas of the Winter Recreation Project study areas for the McCall, Idaho, and Teton 
Mountains. A wolverine was also detected in the winter of 2016-2017 in the Gravelly Range in 
southwestern Montana about 25 km (15.5 mi) north of the Centennial Mountains area surveyed 
during the winter recreation project (Inman 2017b, pers. comm.).  
 
Alaska 
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The ADF&G Trapper Questionnaire Annual Reports include estimates of relative abundance and 
trends of wolverines and other furbearers as reported by trappers (Parr 2016, p. 38). Table 4 
below provides a summary of abundance and trends from 2010–2016 of those reports by region. 
 
Table 4.  Relative Abundance and Trend of Wolverine Populations, Alaska (as reported by 
trappers), 2010-2016.*  For Trend, + indicates increase, − indicates declining/decrease, and 
n/c indicates no change. Sources: ADF&G 2012, 2013a, 2013b; Parr 2016. 

Region Relative Abundance Trend 

 2010-
2011 

2011-
2012 

2012-
2013 

2015-
2016 

2010-
2011 

2011-
2012 

2012-
2013 

2015-
2016 

Region I – Southeast 
Alaska scarce scarce scarce scarce n/c n/c n/c − 

Region II – 
Southcentral Alaska scarce scarce scarce scarce n/c n/c n/c − 

Region III – Interior 
Alaska scarce scarce scarce scarce n/c n/c n/c − 

Region IV – Central 
and Southwest Alaska N/A N/A N/A scarce N/A N/A N/A − 

Region V - Northwest N/A N/A N/A scarce N/A N/A N/A − 
Southwest common scarce scarce N/A n/c − n/c N/A 
Arctic and Western common common scarce N/A n/c n/c n/c N/A 

*No reports written for years 2009-2010, 2013-2015. 
 
However, relying exclusively on trapping reports is likely to present an incomplete assessment of 
wolverine populations. The accuracy of information provided in the most recent report is 
dependent on how many trappers reply to the annual survey; for 2016 the response rate was only 
11.7 percent (Parr 2016, p. 3). Trapping effort was reported to have increased by some trappers 
(45 percent of those reporting) during the 2015–2016 season, and 80 percent of those who 
increased their efforts reported an increase in their overall catch (Parr 2016, p. 15). However, this 
assessment does not consider how this increased trapper effort relates to harvest levels for 
wolverine, nor does it account for an unknown and unreported number of wolverines taken for 
subsistence purposes (Gardner et al. 2010, p. 1,894). Estimates of density, described below, 
provide a better depiction of wolverine population status in Alaska. 
 
Canada 
 
Similar to Alaska, determining wolverine population abundance and trends in Canada is difficult 
as numbers are developed from harvest activity (COSEWIC 2014, p. 25). Wolverine harvest 
trends are also difficult to estimate given the temporal and spatial variability in trapping effort 
and reporting of harvest, and not all regions use mandatory pelt sealing, compulsory reporting, or 
fur export permits/fur dealer records (COSEWIC 2014, p. 26).  
 
According to the most recent COSEWIC Assessment and Status Report on the Wolverine, Gulo 
gulo in Canada (COSEWIC 2014, entire), Canada’s western subpopulation has been estimated at 
15,688 to 23,830 adults, though this value is based on several assumptions (consistent trapping 
effort and uniform densities across the species’ range); the eastern population is estimated at less 
than 100 individuals or may be extirpated (COSEWIC 2014, p. 36). Population trends across all 
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of Canada are not known, but wolverine populations have been stable over areas within the 
country’s northern range for the last three generations (22.5 years) (COSEWIC 2014, p. v). 
 
In northern Manitoba and Ontario, wolverines may be increasing in number as aerial surveys in 
northern Ontario have indicated an eastward reoccupation of its former range (towards James 
Bay and Québec) (COSEWIC 2014, p. v). However, although observations of wolverines 
continue to be reported within Québec and Labrador (the eastern sub-population), there have 
been no verifiable observations since 1978, and wolverines are likely extirpated from much of 
southeastern Canada (COSEWIC 2014, p. v). In addition, declines in the southern regions 
(within parts of British Columbia and Alberta) may be occurring (COSEWIC 2014, p. 36). Table 
5 presents a more detailed summary of wolverine populations in Canada. 
 
Table 5. Wolverine Population Estimates for Canadian Territories. Source: COSEWIC, 2014. 

Territory Number of wolverines 
Yukon Territory 3,500–4,500 
Northwest Territories 3,430–7,325 (with an additional 220–470 juveniles) 
Nunavut Estimated at 2,000–2,500 
British Columbia 2,700–4,760 
Alberta  Estimated at 1,500–2,000 
Saskatchewan Less than 1,000 
Manitoba 1,100–1,600 
Ontario 458–645 
Québec Very rare, at non-detectable level, or extirpated 
Labrador (including mainland Newfoundland) Very rare or extirpated 
 
In addition to the 2014 COSEWIC summary, Cardinal 2004 (entire) prepared a complimentary 
summary report of wolverine trends in Canada based on Aboriginal traditional knowledge. 
Trends reported indicate: (1) high, relatively stable levels of wolverines in the Yukon; (2) high 
levels of wolverines in the North Slave region of the Northwest Territories, though  population 
levels are estimated to be stable to decreasing; (3) high levels of wolverine along forested areas 
in the northern portions of the mainland within the Inuvialuit Settlement Region (ISR) (located in 
the northwest corner of the Northwest Territories) and Kitikmeot region of Nunavut; (4) an 
increase in wolverines in the Kivalliq region of Nunavut, but at lower levels than populations in 
the Boreal and North Mountain ecological areas; and (5) least abundant in the northeastern 
corner of Nunavut and the Arctic Islands (Cardinal 2004, pp. 22–29). In sum, the majority of 
traditional knowledge holders in Nunavut, Northwest Territory, and Yukon Territory describe 
wolverine populations as either stable or increasing in northern Canada and is now found in areas 
where they occurred in the past; however, they are still considered naturally uncommon; only in 
Yellowknife did people report that wolverines might be decreasing (Cardinal 2004, pp. iii– iv, 
10,  23).  
 
Other inventory and occupancy studies include an inventory of wolverines conducted by Regehr 
and Lacroix (2016, entire) in the winter of 2012 on the east side of the Coast Mountains in 
British Columbia using a multi-method approach. They identified six individuals using genetic 
analysis, and one additional individual by photography, which was higher than expected as 
compared to model predictions of density and habitat quality (Regehr and Lacroix 2016, pp. 
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248–249). Estimates of wolverine occupancy were also evaluated for the Canadian Crown of the 
Continent ecosystem (central and southern Canadian Rockies) (Clevenger et al. 2016, entire). 
Occupancy estimates were found to vary from year-to-year and exhibited a north-south gradient, 
likely due to the differences in habitat quality among areas that were sampled by year (Clevenger 
et al. 2016, p. 4). For 2016, estimated wolverine occupancy probability was 0.40 for their British 
Columbia Rockies study area, with a declining pattern from north to south (Clevenger et al. 
2016, p. 4). In general, their research has found that wolverines are more abundant in rugged, 
remote areas that have minimal human activity and landscape disturbance (Clevenger et al. 2016, 
p. 5). This study projected an expected number of wolverines in their study area of about 28 
(Clevenger et al. (2017, p. 6). To the south, in the Southwestern Crown of the Continent 
(SWCC) region (northwestern Montana, approximately 1.5 million acres), wolverine surveys 
(snow tracking, bait stations/hair snares) have been conducted since 2012 (SWCC Wildlife 
Working Group 2016, pers. comm.). These survey efforts have detected 22 unique wolverines 
(11 males, 11 females) across three U.S. Forest Service districts, and they reported an increase in 
the frequency of detections from 2012 to 2015 (SWCC Wildlife Working Group 2016, pers. 
comm.). 
 
The 2014 COSEWIC report indicates that trends in wolverine populations in the northern range, 
while uncertain, appear to be stable or increasing, but also notes that there is some concern for 
populations in the southern areas of British Columbia and parts of the northern United States 
(COSEWIC 2014, p. 22, and references cited therein). In British Columbia, researchers are 
currently conducting a multi-phase project using landscape genetic analyses to identify and 
delineate functional populations of wolverines and provide an estimate of size and sustainable 
harvest within each functional population (Weir 2017, pers. comm.). 
 
Estimates of Density 
 
Wolverine densities vary across North America, and have been described as “naturally low” (van 
Zyll de Jong 1975, p. 434) and “naturally uncommon” (Cardinal 2004, p. iii) given the species’ 
large home range, wide-ranging movements, and solitary characteristics. The most recent 
estimates (at that time) of density (number of wolverines per 1,000 km2 (386 mi2)) for North 
America were prepared by Inman et al. (2012a, p. 789; Table 5). In the contiguous United States, 
density estimates ranged from 3.5 for the Greater Yellowstone region (2001–2008) (areas above 
2,150 m (7,054 ft) (latitude-adjusted elevation), 4.5 for central Idaho (1992–1995), to 15.4 for 
northwestern Montana (1972–1977).  
 
In Alaska and Yukon, density estimates presented by Inman et al. (2012a, p. 789) range from 3 
to about 14 wolverines per 1000 km2 (386 mi2), using a number of methods. For example, Royle 
et al. (2011, p. 609) estimated wolverine densities for southeastern Alaska (Tongass National 
Forest; 2008) from 8.2 to 9.7 per 1000 km2 (386 mi2) (using mark-recapture), where the higher 
estimate incorporates a positive, trap-specific behavioral response. Density of wolverines were 
recently reported as an estimated 5–10 wolverines per 1000 km2 (386 mi2) (based on snow 
tracking) for southcentral Alaska, and approximately 10 per 1000 km2 (386 mi2) (based on DNA 
mark-recapture methods) for southeast Alaska (Golden 2017, pers. comm.). A wolverine 
occupancy study in 2015 within an area of central Alaska reported a density estimate of 9.48 
wolverines per 1,000 km2 (386 mi2) (ADF&G 2015a, p. 7).  
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Wolverine density estimates for Canada varies across regions, from 5 to 10 per 1000 km2 (386 
mi2) in northern mountain and boreal regions to 1 to 4 per 1000 km2 (386 mi2) in southern boreal 
areas (COSEWIC 2014, p. 27). More recently, Clevenger et al. (2017, entire) presented a density 
estimate (using spatial capture/recapture models) for the Kootenay region of British Columbia of 
0.78 wolverines per 1000 km2 (386 mi2), for 3 study years (2014–2016), which they reported as 
lower than expected (Clevenger et al. 2017, p. 6).  
 
Stressors – Causes and Effects 
 
We reviewed the best available information to identify current conditions and potential stressors 
that may be affecting wolverine populations or its habitat. These include roads and other 
infrastructure, recreational activity and other human disturbances, wildland fire, disease or 
predation, and overutilization for commercial, recreational, scientific, or educational purposes. 
Because wolverines in North America move between both borders of Canada (i.e., contiguous 
United States, Alaska), we included in our evaluation stressors identified for wolverines in 
Canada and Alaska that are also relevant for wolverine populations in the contiguous United 
States. 
 
As an initial step, we reviewed the land ownership of the area defined as primary habitat by 
Inman et al. (2013, entire) in the contiguous United States, and determined that 96 percent of that 
modeled habitat is located on Federal land (see Appendix D). Lands managed by the Forest 
Service represent the largest portion of Federal lands (89 percent) within this modeled primary 
habitat. 
 
Effects from Roads 
 
Roads and rail lines can be a cause of mortality to wolverines and habitat models have identified 
road density as an important association (avoidance) for selection of habitat (e.g., Rowland et al. 
2003; Bowman et al. 2010; Inman et al. 2013). Road density has been listed as a threat to 
wolverines occupying the boreal/western mountain regions of Canada (Canadian Boreal Forest 
Agreement 2014, p. 2). In the wolverine’s southern Canadian range, roads may be facilitating 
direct mortality by improving motorized access of hunters, trappers, and recreational users into 
remote areas (COSEWIC 2014, p. 21).  
 
In their review of 12 radio-telemetry studies (1972 to 2001) of wolverines in North America, 
Krebs et al. (2004, p. 497) reported 3 mortalities of wolverines from road-rail kills. More 
recently, road mortalities have been recorded in Idaho (1 confirmed in 2014) (IDFG 2017a) and 
2 in Montana (2004) (Kociolek et al. 2016, p. 68); one in Utah (2016) (Hersey 2017, pers. 
comm.); and two other wolverine road-rail fatalities in Montana were reported in 2015 (Inman 
2017a, pers. comm.). In Canada, anthropogenic causes of mortality for wolverine populations 
also include road kill (COSEWSIC 2014, p. v). One road mortality of a male wolverine was 
reported in a lowland boreal forest region of Ontario, Canada (Dawson et al. (2010, p. 142). 
More recently, Scrafford et al. (2017, p. 34) described a report in which 9 wolverines were struck 
and killed by vehicles in the Hay-Zama region of northwestern Alberta, Canada (2013–2015), 
and 1 road mortality occurred within the town of Rainbow Lake in Alberta. 
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Roads may also affect den site selection (May et al. 2012, p. 202), particularly areas within their 
range where they cannot select for high elevation habitat (e.g., central lowland forests of Canada) 
(Dawson et al. 2010, p. 143). In Norway, May et al. (2012, p 202) found that wolverine dens 
were generally located far from infrastructure (public roads and private roads and/or recreational 
cabins). The authors reported a minimum threshold in den site selection relative to infrastructure 
of 1.4 km (0.87 mi) from private roads and 7.5 km (4.7 mi) from public roads (May et al. 2012, 
p. 202). However, they found that wolverines in their study area had a wide tolerance range at 
the home-range scale (1.0–2.75 km (0.62–1.7 mi) for private roads and 6.0–11.0 (3.7–6.8 mi) for 
public roads) (May et al. 2012, p. 201; Figure 4), supporting conclusions from other studies that 
have found that, once a general area is used, it appears to be re-used in subsequent years 
including by successive individuals colonizing the sites (May et al. 2012, p. 202). 
 
Wolverine road crossings were evaluated in the western Greater Yellowstone region through 
telemetered animals and visual observations of snow tracks, direct observations of crossings, and 
road-kill mortality (Packila et al. 2007, entire). That study documented 43 crossings of U.S. and 
State highways by 12 wolverines (Packila et al. 2007, p. 105). Within the Big Sky, Montana, 
area, they documented 67 crossings of MT64/Jack Creek Road by 4 wolverines (Packila et al. 
2007, p. 105). Most (76%) road crossings were made by subadult wolverines, dispersing or 
otherwise exploring new areas (Packila et al. 2007, p. 105). One road-caused mortality was 
observed and the authors report two others from additional sources during their study period 
(Inman et al. 2007, p. 89). The study results indicate that roads do not act as absolute barriers to 
movement by wolverines, but they can directly affect individuals (road kill) and may have 
secondary effects at the population level (Packila et al. 2007, p. 105). 
 
In an effort to evaluate the potential impact of major roads to wolverine (individuals and 
populations), we conducted a spatial analysis of roads2 found within Inman et al.’s (2013, p. 
281) primary wolverine habitat and female wolverine dispersal habitat in the western United 
States, as measured by number of kilometers (miles). In our analysis, we identified four road 
classes: Interstate Highway, U.S. Highway, State Highway, and secondary roads. Secondary 
roads encompassed all roads not included in any of the first three categories and include paved 
and unpaved roads, including Forest Service roads, and are generally likely to have less traffic 
volume than major highways in the regions evaluated. Our analysis found that secondary roads 
represented 97 percent (29,892 km (18,574 mi)) of all roads (30,805 km (19,141 mi)) within 
modeled primary habitat, and 97.5 percent (144,279 km (89,650 mi)) of all roads (148,029 km 
(91,980 mi)) within modeled female dispersal habitat.  
 
We then evaluated the type of roads at high elevation within our estimated Current Range 
(shown in Figure 3). Using the 2,300 m (7,546 ft) elevation as a benchmark (based on its use as a 
predictor variable for wolverine occurrence in Inman et al. 2013, and results from predictive 
models presented in Copeland et al. 2007, p. 2,205), we evaluated the length of roads above and 
below this elevation, and also the type of roads at or above 2,300 m (7,546 ft). The results are 
illustrated in Appendix E. Overall, we found that approximately 85 percent of all roads were 

                                                 
2 Using U.S. Geological Survey National Transportation Dataset Downloadable Data Collection based on 
TIGER/Line data provided through U.S. Census Bureau and supplemented with ‘HERE’ road data to create tile 
cache base maps. 
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below 2,300 m (7,546 ft). Of the roads located at or above 2,300 m (7,546 ft), 95 percent are 
secondary roads (see charts in Appendix E). 
 
Using the same dataset, we evaluated road density (km/km2) based on regional blocks of primary 
wolverine habitat in the western United States delineated by Inman et al. (2013; Figure 3). Those 
results are shown in Table 6. With the exception of the Southern Rockies (at 0.47 km/km2), the 
mean road densities at elevations equal to or greater than 2,300 m (7,546 ft) are very low. 
 
Table 6. Mean Road Density in Wolverine Primary Habitat. 

Geographic Region‡ Mean density (km/km2), 
all roads 

Mean density (km/km2),  
all roads ≥ 2,300 m (7,546 ft) 

Northern Cascade 0.54 0.00 
North Continental Divide 0.54 0.00 
Salmon-Selway 0.70 0.03 
Central Linkage 0.84 0.06 
Greater Yellowstone 0.24 0.06 
Southern Rockies 0.55 0.47 
Sierra Nevada 0.09 0.03 
Uinta 0.15 0.12 
Bighorn 0.00 0.00 
Great Basin 0.06 0.03 
Oregon Cascade 0.72 0.00 
‡Regions defined in Inman et al. (2013; Figure 3). 
 
We also reviewed den site locations (natal, maternal, or unknown dens) within our database 
relative to roads (see map in Appendix E). Our results indicate that wolverine dens are located 
in areas with minimal roads, including secondary roads; however, we caution that this analysis is 
based on a limited den site dataset and should be viewed in the context of other abiotic and biotic 
variables including landscape features at the den site scale and availability of food. Additionally, 
most den locations in much of the wolverine’s range in the contiguous United States are at high 
elevations and roads in these areas would likely be impassable or closed entirely to vehicles 
during the time of denning (January–March). 
 
In summary, wolverines are associated with habitat found in high elevation areas, but are known 
to disperse across great distances. Major highways can present mortality risks to dispersing 
individuals and affect immigration to open territories, but roads do not represent absolute barriers 
to wolverine movements. Wolverines den during winter months in remote locations that are often 
inaccessible or restricted to motorized vehicles, though, secondary roads and trails are used for 
winter recreational activity. Although we recognize there are likely additional events that have 
not been reported, we estimated the total number of wolverine mortalities due to roads from 1972 
to 2016 (44 years) in North America was 20, at least 11 of which are from Canada (see citations 
above). As discussed above, we calculated a low proportion of major highways in both modeled 
primary habitat and female dispersal habitat, and a low mean density of roads at high elevations 
where wolverines have been observed, with the exception of the southern Rocky Mountains. 
Roads present a low stressor to wolverines at the individual and population level in most of its 
current contiguous United States range. 
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Disturbance due to Winter Recreational Activity 
 
Wolverine behavior patterns, such as denning, rearing of young, movement and dispersal, and 
foraging/scavenging, may be affected by recreational activities (COSEWIC 2014, p. 42). As 
noted above, in Norway, May et al. (2012, p. 201) found, at the home range scale, a minimal 
threshold distance of approximately 1.5 km (0.93 mi) for wolverine den sites from private roads 
and/or recreational cabins. Krebs et al. (2007, entire) evaluated habitat use associations for 
wolverines in two multiple use areas in British Columbia, Canada. Using logistic regression 
models, the authors found that in an area of active recreation (Columbia Mountains), female 
wolverines were negatively associated with helicopter and backcountry skiing in their winter 
models (Krebs et al. 2007, pp. 2,187–2,188). However, in summer months, Copeland et al. 
(2007, p. 2,210) reported that wolverines in their study area of central Idaho were not 
uncommonly found near maintained trails and active campgrounds.  
 
The Wolverine–Winter Recreation Study represents an on-going project to evaluate the potential 
effects of backcountry winter recreation (e.g., backcountry skiers, heli-skiers, cat-skiers, 
snowmobilers) on wolverines (Heinemeyer 2016, pers. comm.). The multiyear study areas 
include central Idaho and areas in the western Yellowstone region (‘Island Park’ and Teton 
Mountains) (Heinemeyer and Squires 2015, p. 3). The study has been monitoring wolverines 
using GPS collars using movement rates and percent of time active (vs. resting) as indicators of 
potential responses of wolverines to winter recreation activities (Heinemeyer 2013, pers. 
comm.). Backcountry winter recreation activities are monitored through GPS units voluntarily 
carried by recreationists (Heinemeyer 2016, pers. comm.). Early analysis of the data suggest that 
wolverines demonstrate a behavioral response to recreation activities, such as increased 
movement rates and a reduction in resting periods in areas of high recreation activity, especially 
high recreation days (Saturday and Sunday) (Heinemeyer and Squires 2013, pp. 5, 7–8). 
 
However, this research has also found that wolverines maintained their home ranges within areas 
with relatively high winter recreation activity over several years of monitoring, including some 
areas found to contain the highest recreational activities (Heimemeyer 2016, pers. comm.). The 
study has not been able to determine whether these resident wolverines are reproductively 
successful due to the limited monitoring information available for reproductive females 
(Heinemeyer 2016, pers. comm.).  
 
Conservation measures currently being implemented that address the effects of roads in the 
Teton Mountains include winter closures in certain areas (generally from November 1 through 
May 1), including road closures in the Bridger-Teton and Caribou-Targhee National Forests and 
in Grand Teton National Park as shown in Appendix F (additional details for Grand Teton 
National Park are described in Superintendent’s Compendium (National Park Service (NPS) 
2017; pp. 8–9); see also maps at https://jhalliance.org/campaigns/dont-poach-the-powder/ 
Jackson Hole Conservation Alliance 2017). These closures are being implemented to help 
minimize disturbance to wildlife (e.g., migration pathways).  
 
State Wildlife Action Plans prepared for individual western States identify recreation 
management strategies within wolverine habitats. For example, in the State of Oregon, the 
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ODFW Conservation Strategy identifies management of winter recreation use in order to avoid 
impacts to wolverines (ODFW 2016). In Montana’s State Wildlife Action Plan, conservation 
actions are identified for addressing potential impacts from recreation, such as consideration of 
seasonal closures during breeding season (Montana FWP 2015, p. 63). The IDFG Management 
Plan for the Conservation of Wolverines in Idaho also includes conservation strategies related to 
winter recreation (e.g., characterizing wolverine response to recreational activities (IDFG 2014, 
p. 35)), and the State continues to support the Wolverine-Winter Recreation Study. Appendix F 
provides additional details on individual State conservation strategies. 
 
In summary, wolverine behavior (movement) can be affected by winter recreational activity. 
Results from one long-term study in parts of the wolverine’s range in the contiguous United 
States have found that wolverines can maintain residency in high winter recreational use areas. 
Wolverines have recently been detected in areas that experience winter recreational activity. 
Conservation strategies and actions have been identified in several western States’ Wildlife 
Action Plan to address potential impacts of this stressor to wolverines. Based on the best 
available scientific and commercial information, the effect of winter recreational activity 
represents a low stressor to wolverines in the contiguous United States at the individual and 
population level. 
 
Other Human Disturbance 
 
Infrastructure, such as pipelines, active logging or clearcuts, seismic lines, and activities 
associated with mining (e.g., producing mines, mines under development, mineral exploration 
areas), may also affect individual wolverine behavior (e.g., avoidance) or loss or modification of 
wolverine habitat. As discussed above (see Habitat Use section), Johnson et al. (2005, entire) 
evaluated habitat relationships for the wolverine and other arctic wildlife, including the 
cumulative effects of human activities and associated infrastructure on the distribution of 
wolverines in the Canadian central Arctic using RSF modeling. However, because human 
disturbance factors (i.e., major developments, mineral explorations, seasonal outfitter camps) 
were mostly absent from the range of monitored wolverines, the researchers were not able to 
reliably model their effects (Johnson et al. 2005, p. 23). 
 
The 2014 COSEWIC status review identified several potential stressors to wolverines and their 
habitat in Canadian territories. They indicated potential permanent, temporary, and functional 
losses to wolverine habitat from forestry; oil, gas and mineral exploration and development; and 
large hydroelectric reservoirs (COSEWIC 2014, p. 21). As discussed above, Scrafford et al. 
(2017, entire) evaluated habitat selection of wolverines in response to human disturbance in the 
western Canadian boreal forest in both winter and summer months. Their analysis found that 
wolverines were attracted to some industrial infrastructure (older seismic lines exhibiting latter 
stages of regeneration) and disturbance (areas of active logging), likely related to foraging 
opportunities (e.g., small prey), but avoided interior areas of intermediate-aged cutblocks (areas 
authorized for logging) (Scrafford et al. 2017, pp. 32–34). Their results found evidence of road 
avoidance, but wolverines were attracted to all-season road sections with borrow pits, which they 
suggest was related to foraging opportunities at these pits (e.g., presence of beavers in water-
filled pits) and less predation risk, since wolves avoid these roads (Scrafford et al. 2017, p. 34). 
In sum, these authors concluded that wolverine selection patterns relative to industrial activity 

richardeyates02
Sticky Note
This may be the case at the moment.  However, as available snow for recreation and wolverine denning decreases through the decades, the demand for recreation sites will have more of an influence/impact on wolverine habitat.  



North American Wolverine Species Status Assessment Report October 23, 2017 

57 
 

and infrastructure in their study area represent a balance between exposure to predators and 
foraging opportunities (Scrafford et al. 2017, p. 32).  
 
Additional studies of wolverine behaviors related to the effects of disturbance due to 
infrastructure and other human activities are needed. Based on the best available scientific and 
commercial information, these effects are small or narrow in scope and scale and appear to 
represent a trade-off between foraging opportunities in areas that provide minimal risk of 
predation and avoidance of open areas and/or higher predation risk (Scrafford et al. 2017, pp. 
33–34). 
 
Effects from Wildland Fire 
 
Wildland fire can produce both direct and indirect effects to wildlife. Direct effects include 
injury and mortality as well as escape or emigration movement away from fires (Lyon et al. 
2000, pp. 17–21). Small mammals will generally find refuge underground or within sheltered 
places within the burning area, while larger mammals will move to safe areas in unburned 
patches or outside the burn (Lyon et al. 2000, p. 18). For animals that emigrate during fire 
events, the length of time before they return is dependent on the degree to which fire has altered 
habitat structure and food supply (Lyon et al. 2000, p. 20). 
 
We are unaware of any studies evaluating direct effects of wildland fire to wolverines. Wildland 
fire is likely to temporarily displace wolverines, which could affect home range dynamics.  
Given that wolverines can travel long distances in a short period of time, individuals would be 
expected to move away from fire and smoke (Luensmann 2008, p. 14). In addition, because 
young are born during winter months, fire risk at that critical life stage is very low (Luensmann 
2008, p. 14). 
 
Indirect effects of wildland fire can include habitat-related effects or effects to prey and 
competitors/predators; however, we are unaware of empirical studies evaluating these potential 
effects as they relate to wolverines. In a study area within the Yukon (Canada), wolverines were 
reported occupying regenerating forested habitat that contained remnants of mature timber which 
had burned 30 years prior (Slough and Mowat 1996, p. 948). Additionally, fire suppression in 
conjunction with logging activities in boreal forests (northwestern Ontario) can increase the 
prevalence of deciduous tree habitats, at least at a regional level, which is negatively associated 
with wolverine occurrence (Bowman et al. 2010, p. 464).  
 
A study in northern Idaho of the effects of multiple wildland fires over several years, including 
very large fires, to forest habitat occupied by another mustelid, the American marten (Martes 
americana) found that fire events had created a mosaic of vegetation that supported a diverse 
assemblage of cover and food resources that was favorable to this species (Koehler and 
Hornocker 1977, p. 503). Similar to wolverines, the summer and fall diet of the American marten 
is represented by diverse prey, and wildland fire events can create and maintain forest openings 
for ground squirrels and voles (Koehler and Hornocker 1977, p. 504). The development of these 
types of mosaic forest communities following certain wildland fire events also provides 
discontinuous fuel loads, which in turn should result in smaller and cooler wildland fires, with 
less replacement of marten habitat (Koehler and Hornocker 1977, p. 504). However, large, 
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uniform burns would be expected to result in more severe impacts to American marten habitat 
(Lyon et al. 2000, p. 21).  
 
Studies of the effects of wildland fire to a key prey species for the wolverine in parts of its North 
American range, the caribou, was reviewed by Klein (1982, entire). This review highlighted the 
importance of separating short-term effects of wildland fire in boreal forests to caribou ecology 
from long-term effects (Klein 1982, p. 393). Given that long-term benefits to the species’ 
ecology can be disproportionate to the short-term detrimental effects on populations and herds, 
(including the species’ lack of reproductive plasticity), caribou may be more appropriately 
considered as fire-influenced, rather than fire-adapted (Klein 1982, p. 393). Other ungulate prey 
species respond more positively to fire. An increase in spring and summer grasses following fall 
burns can provide forage for elk and deer, and sprouting of deciduous trees, such as aspen, birch 
and willow, following burns provides forage for moose (Luensmann 2008, p. 18). 
 
Management measures to address this potential stressor are identified in USDA Forest Service 
National Forest Land Management Plans. Examples of these goals and objectives are described 
in Appendix G. In addition, the Idaho State Wildlife Action Plan includes measures to address 
fire threats to the wolverine and its habitat, including removal of perceived barriers to allow 
more prescribed natural fire on State and private forest lands and promoting/facilitating the use 
of prescribed fire as a habitat restoration tool, on both public and private lands where 
appropriate, and leaving fire-killed trees standing as wildlife habitat if they pose no safety 
hazard, all in an effort to restore a more natural fire interval that allows for return to historical 
forest conditions (IDFG 2017b, pp. 91, 134, 180).  
 
Given the diversity of habitats occupied by wolverines, their occupancy of high elevations, and 
extensive mobility, wildland fire represents a limited stressor, in scope and scale, to wolverine 
habitat and its prey in the contiguous United States range.  
 
Disease or Predation 
 
Disease 
 
We are unaware of comprehensive surveys evaluating the prevalence of diseases in wolverines in 
the contiguous United States. Early accounts of endoparasites species and their prevalence in 
wolverines include a review by Erickson (1946, p. 503), and a report by Rausch (1959, entire), 
who documented 7 species of helminth parasites in 86 percent of wolverines examined from 
trapper-supplied carcasses in Alaska. In 1994, Copeland (1996, p. 26) collected a single 
specimen of the parasite Toxascaris sp. from wolverine scat in Idaho. In Alaska, carcasses 
sampled (during necropsy or predator control activities) in 2012–2014 to determine the 
prevalence of Trichinella and its genotypes reported one wolverine with Trichinella T6 genotype 
in that single sample (ADF&G 2015b, p. 8). Results from Alaska trapper questionnaires for the 
prevalence of ectoparasites on wolverines were either scarce or not present across all reporting 
regions in 2015–2016 (Parr 2016, p. 21). 
 
Rabies is endemic to Alaska in Arctic and red fox along north and west coasts of Alaska 
(ADF&G 2013c). Under the ADF&G enhanced rabies surveillance program, the agency 
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confirmed rabies in one wolverine (out of 49 sampled) in 2012, a female found dead in the North 
Slope region (Woodford and Beckman 2012). This was the first confirmed case of rabies in 
wolverines in North America (Woodford and Beckham 2012).  
 
The 2014 COSEWIC Assessment and Status Report for the wolverine presented a summary of 
reported parasitic species observed in wolverines in Canada (COSEWIC 2014, p. 25). These 
observations included: parasitic nematode roundworms (Trichinella spp.) in 88 percent of 
wolverine samples tested from Nunavut and 26 percent from the lower MacKenzie region; 
helminth parasites (trematodes, cestodes and nematodes) in wolverine digestive tracts from the 
lower Mackenzie River valley; and, from the Nunavut region, protozoan parasites infections 
including Sacrosystis spp. (80 percent) and Toxoplasma gondii (41 percent) (citations omitted). 
Banci (1987, pp. 81, 110) reported parasitic pneumonia as a cause of mortality in southwest 
Yukon Territory, a female thought be nutritionally-stressed following the raising of young.  
 
An evaluation of trapper-submitted wolverine carcasses harvested was conducted for the Yukon 
Territory in the fur trapping seasons 2005–2006 through 2011–2012 (Jung and Kukka 2013, 
entire). No samples tested positive for rabies (Jung and Kukka 2013, p. 17). Another study of 
intestinal parasites of wolverine carcasses from both the Yukon and Northwest Territories 
reported Trichinella spp. in 74 percent of carcasses and several intestinal parasites, including 
cestodes (parasitic flatworms) such as Taenia spp. (Luck et al. 2016, no page number). 
 
In summary, other than a parasitic pneumonia mortality event and the single rabies case, we are 
not aware of any other studies documenting impacts of disease to wolverines in North America. 
At this time, based on the best available scientific and commercial information, we do not find 
that disease is a population or species level stressor to the wolverine in the contiguous United 
States. 
 
Predation 
 
As discussed above (Diet and Feeding section), a number of potential natural predators have 
been identified for wolverines across its North American range, including intraspecific predation. 
However, we have no information that suggests this predation represents a significant stressor to 
the wolverine at either an individual or population level.  
 
In summary, the best scientific and commercial information available indicates that disease or 
predation is not a stressor the wolverine. We are unaware of any management or conservation 
measures currently in place to reduce potential impacts associated with disease or predation. 
 
Overutilization for Commercial, Recreational, Scientific, or Educational Purposes 
 
There is currently no allowable trapping or harvesting of wolverines in the contiguous United 
States, though incidental trapping mortalities have been documented as we reported in our 
proposed rule (78 FR 7881; February 4, 2013). Two mortality events from shootings of 
wolverines were documented in Idaho (2001, 2007) (Idaho Department of Fish and Game 
(IDFG) 2014, p. 26).  
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In Montana, wolverines were a legally harvested furbearer in Montana up until 2012; however, 
the trapping season is currently suspended with a zero statewide quota (Montana Natural 
Heritage Program and Montana FWP 2017). Unlike populations in Eurasia, wolverines rarely 
prey on livestock in North America (cf. domestic sheep predation in Wyoming reported (Mead 
2013, pers. comm.)) and therefore they are not directly targeted for predator control (COSEWIC 
2014, p. 41). However, incidental trapping can result in the capture of non-target species such as 
wolverine. In Idaho, the IDFG has a mandatory furtaker harvest report that requests all live 
incidental catches be reported by species and any wolverine catch that results in mortality is 
required to be reported (IDFG 2013, pers. comm.). Since 1965, over a period of just over 50 
years, 16 incidentally-trapped wolverines were reported during the State’s furbearing seasons, 
with 6 animals known to be released alive and 6 mortalities (IDFG 2013, pers. comm.; IDFG 
2016, pers. comm.). This total includes four wolverines caught during the 2013-2014 furbearer 
season, with three released alive and one mortality (IDFG 2014, p. 26). Within the State of 
Wyoming, there are two confirmed reports of incidental take, one in 1996 (Mead 2013, pers. 
comm.) one in 2006. The 2006 animal was released unharmed (Inman 2012, pers. comm.). In 
Montana, since the closing of the trapping season for wolverine in 2013 (2013 through 2016), 
four wolverines have been incidentally trapped, one in 2013 and three in 2014 (Inman 2017c, 
pers. comm.). The 2013 capture was released unharmed and the three caught in 2014 were all 
mortalities (Inman 2017c, pers. comm.). 
 
Predator control programs targeting wolves, including poison and incidental trapping, can result 
in incidental losses of wolverines (COSEWIC 2014, p. 41). Specific to wolf control for livestock 
protection in Idaho, three wolverines have been trapped incidental to authorized wolf control 
activities since 1995, with two released alive and one animal euthanized (IDFG 2014, p. 26). 
Preventive measures have been adopted to reduce these incidental captures, including 
implementation of educational programs to minimize incidental capture of wolverines during 
trapping seasons (IDFG 2014, p. 27). Licensed wolf trappers are required to complete a Wolf 
Trapper Education course with specific instruction for reducing incidental trapping of wolverine, 
Canada lynx, and other non-target species (IDFG 2014, p. 27). In addition, the U.S. Department 
of Agriculture Wildlife Services (Wildlife Services) agency has also temporarily stopped (as of 
April 2017) using cyanide predator control devices in the State of Idaho (Moeller 2017). 
 
In Alaska, wolverine trapping and hunting is controlled by seasons and bag limits, with about 
550 animals harvested each year (Alaska Department of Fish and Game (ADF&G) 2017a). For 
the 2015–2016 reporting period, wolverine harvest, based on furbearer sealing records,3 totaled 
527 animals (Parr 2016, p. 42). This level of harvest has been fairly consistent since 2010, as 
shown in Table 7 below. 
  

                                                 
3 Wolverines taken in Alaska are required to be sealed by an authorized department representative 
before pelts are shipped to an out-of-state buyer or auction house (Parr 2016, p. 44). For those 
species that require sealing, the number of animals sealed represents the best information regarding 
the statewide harvest (Parr 2016, p. 41). 
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Table 7. Number of wolverines harvested in Alaska, as reported from regulatory year 
sealing records, 2010–2015. Adapted from Parr (2016, p. 42; Table 10). 

Alaska 
Region 2010 2011 2012 2013 2014 2015 

I 25 20 25 31 14 15 
II  25 29 50 31 16 37 
III  233 235 261 358 268 214 
IV  180 160 170 158 99 150 
V  140 110 135 133 109 111 
Total 603 554 641 711 506 527 

 
Trapping and harvesting of wolverines occurs over much of the range in Canada, as summarized 
in the 2014 COSEWIC wolverine status review (COSEWIC 2014, pp. 10, 29–35). Specifically, 
wolverines are harvested in the northern and western territories–Manitoba, Saskatchewan, 
Alberta, British Columbia, Yukon, Northwest Territories, and Nunavut (COSEWIC 2014, p. 43). 
Non-aboriginal harvest of wolverines has not been permitted since 2001–2002 in Québec and 
Labrador (COSEWIC 2014, p. 43). Trapping is closed in Ontario (except through treaty rights), 
though incidental trapping results in 1 to 4 mortalities per year (Bowman et al. 2010, p. 465). 
Harvest levels in western provinces have remained relatively stable since 1992 (COSEWIC 
2014, p. 38; Table 1). 
 
The management of wolverine harvest in Canada incorporates spatial and temporal elements 
such as season length, quotas, limited entry, and trapline management by trappers (reviewed by 
Slough et al. 1987). Wolverine harvest levels in Canada are monitored using mandatory pelt 
sealing, annual harvest reporting, or through monitoring of fur exports (COSEWIC 2014, p. 43). 
In some northern communities, wolverine pelts are used locally and harvests are monitored 
through carcass collection programs (COSEWIC 2014, p. 43).  
 
The COSEWIC Assessment and Status Report for the wolverine also noted that range 
contraction and habitat trends of wolverines in Canada are not solely the result of habitat or 
trapping pressure (COSEWIC 2014, p. 20). Reductions in ungulate (e.g., caribou) populations, 
which provide an important winter food resource, were also likely an important factor in range 
contractions of wolverines in its northern range (COSEWIC 2014, p. 20), and likely continue to 
influence populations today. Snowmobiles have allowed for better access for hunters and 
trappers and may be increasing the number of wolverine harvested in its northern North America 
range; however, the areas of exploitation are still relatively small concentrated areas, and large 
areas of refugia continue to be found (Cardinal 2004, p. 31).  
 
Population growth rate scenarios for North American wolverines were modeled by Krebs et al. 
(2004, p. 499), including trapped and untrapped populations. Of note, at the time of this study, 
wolverines were considered furbearer or game animals and trapped or hunted in 8 of their 12 
study areas in North America, including Montana (Krebs et al. 2004, p. 495; Table 1). Estimated 
(logistic) rates of population growth (λ) were found to be lower for trapped populations (λ = 
0.878) as compared to untrapped populations (λ = 1.064) (Krebs et al. 2004, p. 499). Based on 
their analysis, harvesting was considered to be an “additive mortality” in the populations studied 
and is likely sustained by dispersal from untrapped areas that provide refugia (Krebs et al. 2004, 
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pp. 499–500). However, as described in the 2014 COSEWIC report, trends in wolverine 
populations in the northern range, while uncertain, appear to be stable or increasing, with some 
concern for populations in the southern areas of British Columbia and parts of the northern 
United States (COSEWIC 2014, p. 22, and references cited therein). Similarly, in Alaska, over 
the past 6 years, on average, 590 wolverines are taken each year (see Table 7). The consistent 
harvest levels in these regions suggest relatively stable wolverine populations.  
 
We evaluated trapping of wolverines in British Columbia and Alberta regions of Canada in an 
effort to document potential impacts to dispersing wolverines along the U.S.–Canada border. As 
described above (Population Abundance and Distribution), the population of wolverines in British 
Columbia is estimated to be 2,700–4,760 and 1,500–2,000 animals in Alberta (COSEWIC 2014, p 
36). We obtained 9 years (2007-2015) of harvest data for southern BC wildlife management units 
from the British Columbia Ministry of Environment, Ecosystems Branch for our analysis. Twenty 
seven years (1989–2015) of harvest data was obtained for Alberta in addition to locations of 
wolverines from a 2012–2015 study and other sources (Webb et al. 2016, p. 1,465; Webb 2017, 
pers. comm.). 
 
Figure 5 presents the results from our spatial analysis and indicates a total of 77 wolverines were 
trapped in British Columbia wildlife management units within 110 km (68.35 mi) of the U.S.–
Canada border from 2007–2015 (average of 8.5 animals per year). We used this distance since it’s 
similar to both the average maximum distance per dispersal movement of 102 km (63 mi) for 
male wolverines reported by Inman et al. (2012a, p. 784) for the Greater Yellowstone region of 
Montana, and a reported 100 km (62 mi) dispersal distance for a juvenile male for Ontario, 
Canada (COSEWIC 2014, p. 24, citing unpublished data from Dawson et al. 2013). As shown 
below, one management area contains nearly one-third (23 individuals) of this total number. The 
other management units along the international border indicate very few animals harvested over 
this 8-year period (i.e., areas on map identified as zero). There is no open trapping season or 
hunting season on wolverines in the management units in the Okanagan (Region 8) (north of 
Washington State) or South Coast (Region 2) (southwest corner of British Columbia) with a 
trapping season for wolverines only in the Kootenay (Region 4, the eastern half of the southern 
part of the province) (Weir 2017b, pers. comm.). In addition, there has not been an open trapping 
season in Region 2 since at least 1985 and since 1993 in the Okanagan region (Weir 2017c, pers. 
comm.). For Alberta, we identified a total of 15 wolverines harvested by trappers and data 
presented in other studies within 110 km (68.35 mi) of the U.S.–Canada border from 1989–2014 
(average of less than 1.0 animal per year). Researchers in Canada are currently conducting a 
landscape level analysis to estimate the size and sustainable harvest for wolverine populations 
within British Columbia (Weir 2017a, pers. comm.). 
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Figure 5. Numbers of wolverines harvested in British Columbia and Alberta, Canada. Sources: British 
Columbia Ministry of Environment; Webb et al. 2016; Webb 2017, pers. comm. 

Based on this analysis, trapping effort along the U.S.–Canada border does not represent a 
significant barrier to wolverine movement and dispersal along the international border. As noted 
above, Regehr and Lacroix’s (2016, entire) multi-method inventory of wolverines within an area 
located in the eastern side of the Coast Mountains of British Columbia (see black star in Figure 5 
above) found unexpectedly high numbers of wolverines, which may have been the result of the 
rugged landscape features in this mountainous area and abundant food resources (both winter 
and summer) (Regehr and Lacroix 2016, pp. 249–250).   
 
Legal Status/Protection 
 
In the western United States, the wolverine status is as follows: a state-threatened species in 
Oregon (ODFW 2016) and California (CDFW 2017a); state-endangered species in Colorado 
(Colorado Parks and Wildlife 2015a) ; a candidate species in Washington (Washington 
Department of Fish and Wildlife (WDFW) 2013); a protected nongame species and species of 
greatest conservation need in Idaho (IDFG 2014); a protected animal and species of greatest 
conservation need in Wyoming (WGFD 2017); a species of greatest conservation need in Utah 
(Utah Wildlife Action Plan Joint Team 2015); a furbearer and species of concern in Montana 
(Montana Natural Heritage Program and Montana FWP 2017); and, in Nevada, the Nevada 
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Administrative Code lists wolverines as a protected mammal (NAC 503.030), which provides 
full legal protection. There is no protected status for wolverines in the State of Alaska. The State 
of New Mexico Department of Game and Fish does not recognize the wolverine as a native 
mammal. Additional discussion regarding State regulatory mechanisms that provide protections 
for wolverines is provided in Appendix G. 
 
The Idaho Department of Fish and Game issues permits allowing live capture, handling, and 
release of wolverines for scientific studies, which usually involved log box-traps that do not 
cause physical injury to the captured animals (IDFG 2014, p. 27). The agency also issues 
scientific collection permits to various agencies and organizations and to IDFG biologists that 
can include the capture, chemical immobilization, and placement of radio-collars/radio-markers 
on wolverines (IDFG 2014, p. 27). These permittees (and IDFG staff) are required to comply 
with animal trapping and handling protocols approved by IDFG’s Wildlife Health/Forensic 
Laboratory and other animal welfare and research institutions. Over the past 20 years, there have 
been two documented wolverine deaths due to live capture activities in Idaho (IDFG 2014, p. 
27). 
 
In Wyoming, the Wyoming Game and Fish Commission (Commission) Regulation Chapter 52, 
Nongame Wildlife, authorizes take of wolverine only for scientific or educational purposes as 
regulated by Commission Regulation Chapter 33 (Regulation Governing Issuance of Scientific, 
Research, Educational, or Special Purpose Permits). We received information from the State of 
Wyoming indicating that a search of electronic records of Chapter 33 permits (issued since 1997) 
found (as of May 2013) three permits have been issued for scientific purposes to further 
understanding of wolverine ecology in Wyoming (Mead 2013, pers. comm.). 
 
In California, research permits for State-listed, State-candidate, and fully protected species in 
California are issued as a Memorandum of Understanding (MOU). Currently, there are no active 
MOUs for research on wolverine in California (Burkett 2017, pers. comm.). 
 
In Canada, provincial designations for the wolverine include Endangered in Labrador, and 
Threatened in Ontario and Québec (‘Threatened’ is equivalent to Endangered in Québec), with 
the remaining provincial designations ranging from no ranking to Sensitive or Special Concern 
and the Vancouver Island population designated as Imperilled (COSEWIC 2014, p. 44).  
Recovery planning for the wolverine is focused on the eastern population (Canadian Boreal 
Forest Agreement Secretariat 2015, p. 3). 
 
In summary, overutilization does not represent a stressor to the wolverine the contiguous United 
States at the individual, population, or species level. Wolverine populations in the contiguous 
United States are currently protected under several State laws and regulations. Hunting and 
trapping activities for wolverines are currently suspended or closed entirely for animals within 
the contiguous United States, though occasional incidental trapping can occur. Trapping in 
Alaska and Canada has been and appears to be sustainable given large areas of available refugia 
in these regions. Trapping or harvesting of wolverines along the contiguous U.S.–Canada border 
does not represent a stressor to wolverines migrating into the contiguous United States at the 
individual or population level. In addition, wolverine populations along the Alaska–Canada 
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border are continuous with the Yukon region of Canada, which suggests a rescue effect for 
Canadian populations along this international boundary (COSEWIC 2014, p. 37). 
 
Summary of Current Conditions 
 
Wolverine populations in much of North America are still recovering from large losses of 
individuals from intensive hunting and persecution pressures in the late 1880s into the mid-20th 
century. Although there is limited rangewide survey information, based on the best available 
information, wolverines continue to be detected across suitable habitat within the contiguous 
United States. Studies are currently underway to estimate the species’ current distribution and 
genetic characteristics of the metapopulation across Montana, Idaho, Wyoming, and Washington. 
In Canada, the total wolverine population is estimated at over 10,000 adults (COSEWIC 2014, p. 
47). In Alaska, estimates of populations are not available and are best evaluated based on density 
(Parr 2017, pers.comm.), which are naturally low for this species. Recent density estimates range 
from 5 to 10 wolverines per 1000 km2 (386 mi2) for Alaska (Parr 2017, pers. comm).  
 
Based on our collection of observations and detections of wolverines in the contiguous United 
States and the 2014 status review for Canada, we prepared a Current Range map to illustrate the 
species’ North American range (Figure 3). We estimated that the proportion of the current North 
American range of the wolverine encompassed within the contiguous United States is 
approximately 6 percent.  
 
We determined that 96 percent of the previously modeled primary habitat (Inman et al. 2013) in 
the lower United States is considered to be lands owned or managed by the Federal government 
(see Appendix D). We also estimated that 41 percent of this modeled primary habitat is located 
in designated wilderness areas. Appendix G, Regulatory Mechanisms and Conservation 
Measures, provides a more detailed summary of management actions. 
 
We evaluated several potential stressors that may be affecting wolverine populations or its 
habitat, including effects from roads, disturbance due to winter recreation and other activities, 
effects from wildland fire, disease and predation, and overutilization for (primarily) commercial 
purposes. We determined that the effects of roads (evaluated by number of miles, density, and 
location) and disturbance represent low level stressors to the wolverine in the contiguous United 
States. Wildland fire was determined to be a short-term stressor to wolverine habitat and its prey. 
Disease and predation are not considered stressors to the wolverine. 
 
Legal trapping or hunting of wolverines is currently prohibited in the contiguous United States. 
Incidental trapping of wolverines is infrequent in the contiguous United States, and, in Idaho, 
education programs are being implemented to reduce this stressor. In Alaska, the level of harvest 
of wolverines has been fairly consistent since 2010, and, as noted above, density estimates 
indicate no declining trend in wolverine populations.  
 
Wolverines are harvested in several Canadian provinces with management and monitoring 
oversight based on spatial and temporal elements. We reviewed trapping information from 
Canada (within 110 km (68.35 mi) of the contiguous U.S.–Canada border) to assess potential 
impacts to dispersing wolverines into the United States. We found that, in Alberta, 15 wolverines 
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were harvest over a 25 year period (average of less than 1.0 animal per year), and, for British 
Columbia, we found an average of 8.5 animals per year, though one management area contained 
nearly one-third (23 individuals) of this total. Researchers in Canada are currently conducting a 
landscape level analysis to estimate the size and sustainable harvest for wolverine populations 
within British Columbia (Weir 2017, pers. comm.). Based on the best available commercial and 
scientific information, overutilization does not represent a stressor to the wolverine in the 
contiguous United States. 
 
Status – Future Conditions  
 
The future timeframe evaluated in our analysis is approximately 40 to 50 years, which captures 
the range of time periods for proposed projects within the species’ range, as well as our best 
professional judgment of the projected future conditions related to trapping/harvesting, climate 
change, or other potential cumulative impacts. 
 
After considering the current conditions for the wolverine and its habitat, we describe here the 
most likely future scenario to potentially have an effect on wolverine at the population level in 
the contiguous United States:    

• Climate change effects (i.e., significantly elevated temperatures resulting in decline in 
snowpack) may modify suitable habitat, which could also change the scope of the 
wildland fire stressor. 
 

Based on our review of the best available information, we determined that there were no other 
plausible scenarios that were likely to have population level impacts to wolverine in the 
contiguous United States. We expect that the effects of trapping and roads, human disturbance, 
effects of wildland fire to continue to be at low levels in the future. We have no information that 
indicates that mortality from roads or disease would increase within the range of wolverine in the 
contiguous United States in the future. 
 
Climate Change Effects 
 
In this section, we consider climate changes that may affect environmental conditions that the 
wolverine relies on. As defined by the Intergovernmental Panel on Climate Change (IPCC), the 
term “climate” refers to the mean and variability of different types of weather conditions over 
time, with 30 years being a typical period for such measurements, although shorter or longer 
periods also may be used (IPCC 2013a, p. 1450). The term “climate change” thus refers to a 
change in the mean or the variability of relevant properties, which persists for an extended 
period, typically decades or longer, due to natural conditions (e.g., solar cycles) or human-caused 
changes in the composition of atmosphere or in land use (IPCC 2013a, p. 1,450).  
 
Scientific measurements spanning several decades demonstrate that changes in climate are 
occurring. In particular, warming of the climate system is unequivocal and many of the observed 
changes in the last 60 years are unprecedented over decades to millennia (IPCC 2013b, p. 4). The 
change in temperature reported in the Northern Hemisphere in recent history (past 150 years) at 
+0.6°C (1.08°F) is twice the change reported for the Southern Hemisphere (+0.3°C (0.54°F)) and 
there is much year-to-year variation (Post 2013, p. 4). With regard to precipitation over land, 
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there has been a decline in global total annual precipitation, but the variability between years in 
total precipitation has increased since about the 1970s (Post 2013, p. 9). The Palmer Drought 
Severity Index (PDSI) compares the actual amount of precipitation received in an area during a 
certain time period with the normal or average amount expected during that same period 
(National Weather Service (NWS) 2015) and is generally used as a measure of water stress. 
Time series analysis of the PDSI indicates worsening persistent drought-like or drought-potential 
conditions across the globe since 1980, a reflection of the influence of temperature on 
atmospheric dynamics (Post 2013, pp. 10–11).  
 
Comprehensive assessments of other observed and projected changes in climate and associated 
effects and risks, and the basis for them, are provided for global and regional scales in recent 
reports issued by the IPCC (2013c, 2014), and similar types of information for the United States 
and regions within it can be found in the National Climate Assessment (Melillo et al. 2014, 
entire). Results of scientific analyses presented by the IPCC show that most of the observed 
increase in global average temperature since the mid-20th century cannot be explained by natural 
variability in climate and is “extremely likely” (defined by the IPCC as 95 to 100 percent 
likelihood) due to the observed increase in greenhouse gas (GHG) concentrations in the 
atmosphere as a result of human activities, particularly carbon dioxide emissions from fossil fuel 
use (IPCC 2013b, p. 17 and related citations).   
 
Scientists use a variety of climate models, which include consideration of natural processes and 
variability, as well as various scenarios of potential levels and timing of GHG emissions, to 
evaluate the causes of changes already observed and to project future changes in temperature and 
other climate conditions. Model results yield very similar projections of average global warming 
until about 2030, and thereafter the magnitude and rate of warming vary through the end of the 
century depending on the assumptions about human population levels, emissions of GHGs, and 
other factors that influence climate change. Thus, absent extremely rapid stabilization of GHGs 
at a global level, there is strong scientific support for projections that warming will continue 
through the 21st century, and that the magnitude and rate of change will be influenced 
substantially by human actions regarding GHG emissions (IPCC 2013b, 2014; entire).  
 
Global climate projections are informative, and, in some cases, the only or the best scientific 
information available. However, projected changes in climate and related impacts can vary 
substantially across and, as noted above, within different regions and hemispheres (e.g., IPCC 
2013c, 2014; entire) and within the United States (Melillo et al. 2014, entire). Therefore, we use 
“downscaled” projections when they are available and have been developed through appropriate 
scientific procedures, because such projections provide higher resolution information that is 
more relevant to spatial scales used for analyses of a given species (see Glick et al. 2011, pp. 58–
61, for a discussion of downscaling). We note here that multiple lines of evidence, not just 
projections derived from quantitative models, should be examined when conducting climate 
vulnerability assessments (Michalak et al. 2017, entire). Thus, we provide below projected 
effects from climate change in the western United States relative to both abiotic (e.g., 
temperature, precipitation, snow cover) and biotic (e.g., phenology, behavior) factors.  
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Abiotic Factors 
 
California 
 
Regional temperature and precipitation observations for assessing climate change are often used 
as an indicator of how climate is changing. For evaluating climate trends in California, the 
Western Regional Climate Center (WRCC) has defined 11 climate regions (Abatzoglou et al. 
2009, p. 1,535). The relevant region for our assessment is the north/north-central Sierra Nevada 
region (Tahoe National Forest), currently occupied by a male wolverine, or the northeast region 
as defined in Abatzoglou et al. (2009, p. 1,535) . 
 
Two indicators of temperature, the increase in mean temperature and the increase in maximum 
temperature, are important for evaluating trends in climate change in California. For the climate 
region that encompasses the Tahoe National Forest region, the 100-year linear trends provided 
by the WRCC indicate an increase in mean temperatures (Jan–Dec) of approximately 0.92°C/100 
yr (± 0.29°C/100 yr) (1.66°F ± 0.53°F/100 yr) since 1895 from present day; 1.55°C/100 yr (± 
0.67°C/100 yr ) (2.79°F ± 1.21°F/100 yr) since 1949 to present day; and 2.41°C/100 yr 
(±1.54°C/100 yr ) (4.33°F ± 2.78°F/100 yr) since 1975 to present day (WRCC 2017). Thus, the 
increase in mean temperature has not been constant—the rate of increase over the past 42 years 
in this region has been 2.6 times higher than the past 122 years. We assume the rate of 
temperature increase for this region is higher for the second and third time periods (since 1949 
and 1975, respectively) than for the first time period (since 1895) due to the increased use of 
fossil fuels in the later part of the 20th and early 21st century. 
 
Although these observed trends provide information as to how climate has changed in the past, 
climate models can be used to simulate and develop future climate projections. Both state-wide 
and regional probabilistic estimates of temperature and precipitation changes for California (by 
the 2060s) using downscaled data from 16 global circulation models and 3 nested regional 
climate models were presented by Pierce et al. (2013, entire). The study looked at a historical 
(1985–1994) and a future (2060–2069) time period using the IPCC Special Report on Emission 
Scenarios A2 (Pierce et al. 2013, p. 841), which is an IPCC-defined scenario used for the IPCCs 
Third and Fourth Assessment reports, and is based on a global population growth scenario and 
economic conditions that result in a relatively high level of atmospheric GHGs by 2100 (IPCC 
2000, pp. 4–5; see Stocker et al. 2013, pp. 60–68, and Walsh et al. 2014, pp. 25–28, for 
discussions and comparisons of the prior and current IPCC approaches and outcomes). 
Importantly, the projections by Pierce et al. (2013, pp. 852–853) include daily distributions and 
natural internal climate variability.  
 
Simulations using these downscaling methods project an increase in yearly temperature for the 
area that encompasses the Tahoe National Forest (Sierra Nevada) ranging from 2.1°C (3.78°F) to 
3.2°C (5.76°F) by the 2060s time period (Pierce et al. 2013, p. 844), compared to 1985–1994. 
The simulations indicated a yearly upper temperature increase of 2.5°C (4.5°F) from 1985–1994 
to 2060–2069 (averaged across models) for this area, and an increase of 1.9°C (3.42°F ) for the 
December–February period (Pierce et al. 2013, p. 842).  
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Beginning in 2012 and continuing into 2016, California experienced a severe drought throughout 
most of the state (Griffin and Anchukaitis 2014, p. 9,020). Although three-year droughts in 
California are not unusual when evaluated over the past 1000 years, the severity of these 
drought conditions during this period was demonstrated in the 2014 summer PDSI, which was 
estimated to be the lowest on record (1901–2014) (Williams et al. 2015, p. 6,823). An evaluation 
of how unusual this drought event was in the context of the last millennium using blue oak 
(Quercus douglasii) tree ring data from four sampling sites (with additional tree sampling 
following the 2014 growth season) was conducted by Griffin and Anchukaitis (2014, entire). 
Their paleoclimate drought and precipitation reconstructions for Central and Southern California 
show that, although the precipitation during this drought has not been anomalously low, it was 
not outside the range of variability (Griffin and Anchukaitis 2014, p. 9,017). However, the 2014 
drought was the worst single drought year of at least the last 1,200 years in California and the 
2012–2014 drought was the most severe of three consecutive drought years, based on three 
events found in the record for the last 1,200 years (Griffin and Anchukaitis 2014, pp. 9,020–
9,021). The study concluded that low precipitation combined with high temperatures was 
responsible for creating this worst short-term drought episode (Griffin and Anchukaitis 2014, pp. 
9,021–9,022). 
  
A study by Williams et al. (2015, entire) estimated the anthropogenic contribution to California’s 
drought during 2012–2014. They found that the intensifying effect of high potential 
evapotranspiration on this drought event (measured by summer PDSI) was almost entirely the 
result of high temperatures (18–27 percent in 2012–2014; 20–26 percent in 2014) (Williams et 
al. 2015, p. 6,825). Another study evaluating the influence of temperature on the drought in 
water year 2014 in California found that, although the low level of precipitation was the 
primary driver for the drought conditions, temperature was an important factor in exacerbating 
the drought, noting that the water year 2014 was the third year of the multiyear drought event 
and therefore conditions were drier than normal at the beginning of the water year (Shukla et al. 
2015, p. 4,392).  
 
In sum, these projections indicate that increased temperatures are likely to occur in the Tahoe 
National Forest region by the 2060s due to the effects of climate change. 
 
Precipitation patterns can also be used as an indicator of potential climate change. We obtained 
yearly snowfall data for the Tahoe City station located in the northern Sierra Nevada region from 
the WRCC (https://wrcc.dri.edu/cgi-bin/cliMAIN.pl?ca8758) since that dataset was the most 
complete for the area. We then conducted a nonparametric correlation test, the Mann-Kendall 
statistical test (Hipel and McLeod 1994, pp. 63–64, 856–858), which is commonly used for 
analyzing climatic time series (e.g., Ahmad et al. 2015, entire), to evaluate trends in snowfall 
over time. This analysis was conducted using the R and R Studio software programs (Version 
3.1.2; R Development Core Team, 2014) with the “Kendall” package (Version 2.2) (McLeod 
2011). We found that annual snowfall amounts showed no statistically significant trend 
(increasing or decreasing) from 1909–2017 (tau = –0.0289, two-sided p-value of 0.6705) for 
the Tahoe City station.  
 
State-wide and regional probabilistic estimates of precipitation changes for California were also 
evaluated by Pierce et al. (2013, entire). When averaged across all models and downscaling 
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methods, small annual mean decreases in precipitation were found for the Sierra Nevada region 
of California, but that study also found an increase in precipitation for the December through 
February period (wetter winters) (Pierce et al. 2013, pp. 849, 855). There was significant 
disagreement across the models, with percent changes ranging from a12 percent decrease to a 9 
percent increase (Pierce et al. 2013, p. 851), and the projected changes in seasonal-mean 
precipitation were generally small when compared to natural internal climate variability (Pierce 
et al. 2013, p. 850; Figure 9). 
 
Columbia River Basin Region  
 
This region covers a large area within Washington, Oregon, and Idaho, and parts of British 
Columbia, Canada, and includes portions of the current range of the wolverine. Rupp et al. 
(2017, entire) used simulations from 35 Global Climate Models (GCMs) to provide projections 
of climate in the Columbia River Basin into the 2080s under two emissions scenarios, 
Representative Concentration Pathways (RCP) (RCP 4.5, which represents moderate reduction in 
GHG emissions (“intermediate emissions”), and RCP 8.5, which represents a continued increase 
in GHG emission “high emission”). The results of their multi-model ensemble for the RCP 4.5 
scenario indicate mean annual temperature increases (above Bonneville Dam), above the 1970–
1999 baseline average, of 1.3°C (2.34°F) for the 2010–2039 period, 2.3°C (4.14°F) for the 2040–
2069 period, and 2.8°C (5.04°F), for the 2070–2099 future period (Rupp et al. 2017, p. 1,788). 
By season, the winter period (December–February) mean change result indicates an increase of 
1.1°C (2.52°F) for 2010–2039, 2.2°C (3.96°F) for 2040-2069, and 2.7°C (4.86°F) for 2070–
2099, as compared to the 1970–1999 baseline average (Rupp et al. 2017, p. 1,788).  
 
For the RCP 8.5 scenario, the multi-model ensemble projections indicate mean annual 
temperature increases, above the 1970–1999 baseline average, of 1.4°C (2.34°F) for the 2010–
2039 period, 3.1°C (5.58°F) for the 2040–2069 period, and 5.0°C (9.0°F), for the 2070–2099 
period (Rupp et al. 2017, p. 1,788). For the winter season (December–February) mean change 
increase of 1.4°C (2.34 °F) for 2010–2039, 2.9°C (5.22°F) for 2040-2069, and 4.7°C (8.46°F) for 
2070–2099, as compared to the 1970–1999 baseline average (Rupp et al. 2017, p. 1,788). The 
anthropogenic-forced (human caused or influenced) change for these projections is higher than 
the annual variability; thus, by the year 2050, it is very unlikely that the temperature for this year 
or any year following during this century would be as low as the historical average (Rupp et al. 
2017, p. 1,788). 
 
Precipitation projections were much less robust; the multi-model ensemble mean precipitation 
projections indicate an increase above baseline of up to 8 percent by 2099 for RCP 8.5 and 
slightly less for RCP 4.5 (Rupp et al. 2017, p. 1,788). When viewed seasonally, for the winter 
season, the ensemble projections indicate increases in precipitation for all three future time 
periods for both the RCP 4.5 and RCP 8.5 scenarios (ranging from 3 to 14 percent) as compared 
to the baseline period (1970–1999) (Rupp et al. 2017, p. 1,788). The projections of 
anthropogenic-forced increases in precipitation are lower than the interannual variability; 
however, despite these increases, the authors indicate that years of anomalously low precipitation 
relative to baseline would be expected with high frequency throughout the 21st century (Rupp et 
al. 2017, p. 1,788). 
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Within three subregions of the Pacific Northwest within the current range of the wolverine, 
Sheehan et al. (2015, p. 20; Table 4) also found that, when compared to a historical baseline 
(1971–2000), all future climate projections (RCP scenarios 4.5 and 8.5; 2036–2066, 2071–2100) 
indicate a rise in both minimum and maximum monthly temperatures, and a generally positive 
change in mean annual precipitation, though the latter results varied across projections.  
 
Upper Snake River Basin 
 
The Upper Snake River Tribe Foundation and its Tribal members prepared a climate change 
vulnerability assessment for the Upper Snake River Watershed (Petersen et al. 2017, entire). The 
assessment covers large areas of southern Idaho and eastern Oregon, and small areas of northern 
Nevada, northern Utah, and western Wyoming (Petersen et al. 2017, p. 15). Within three 
geographic/model domains of this larger region, downscaled climate projections were created 
from 20 GCMs run with two emissions scenarios (RCPs 4.5 and 8.5) and these outputs were then 
used to calculate potential future changes in temperature and precipitation (Petersen et al. 2017, 
pp. 15–16). The projections were analyzed in reference to a baseline period (1950-2005) for 
three future time periods—the 2030s (2020–2049), the 2050s (2040–2069), and the 2080s 
(2070–2099) (Petersen et al. 2017, p. 16). 
 
For temperature, their projections indicated an increase in average annual temperatures in both 
future emission scenarios and across all time periods. Under RCP 8.5 (high emissions scenario), 
the ensemble mean temperature increase was about 6.11°C (11ºF), and 2.78°C (5ºF) under the 
RCP 4.5 intermediate emissions scenario across all three geographic/model domains (Petersen et 
al. 2017, Appendix A, p. 2). For the North and East domains (areas with greater topographical 
variability), there was some indication of a small increase in total annual precipitation by the end 
of the century, though there was less agreement among the models (Petersen et al. 2017, 
Appendix A, p. 2). 
 
For all geographic/model domains, the average temperature is projected to increase under both 
emissions scenarios for all seasons (Petersen et al. 2017, Appendix A, p. 2). For the winter 
months (December, January, February), for RCP 4.5, the average seasonal temperature is 
projected to increase by 3.89 to 5°C (7 to 9ºF) by the end of the century, and an increase of 
approximately 2.22 to 3.33°C (4 to 6ºF) for the other seasons (Petersen et al. 2017, Appendix A, 
pp. 2, 6). The winter season projections for RCP 8.5 add an additional 1.67 to 2.22°C (3 to 4ºF) 
by the end of the century (Petersen et al. 2017, Appendix A, pp. 2, 6).  
 
Rocky Mountain Region (Colorado) 
 
A report by Lukas et al. (2014, entire) presented an assessment of observed and future 
projections of climate change effects for Colorado. They reported that, statewide, annual average 
temperatures have increased by 1.1°C (2.0°F) over the past 30 years, and 1.4°C (2.5°F) over the 
past 50 years (Lukas et al. 2014, p. 11). These warming trends have been observed in much of 
the State (Lukas et al. 2014, p. 11). They report no significant long-term trends in annual 
precipitation (30-, 50-, and 100-year trends) through 2012, but they indicate an observed trend 
towards more severe soil-moisture drought conditions in Colorado, based on the PDSI, over the 
past 30 years (Lukas et al. 2014, pp. 12, 21).  
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This report also presents results from climate change modeling using an ensemble of CMIP5 
model projections, run with RCP 4.5 and 8.5 scenarios (Lukas et al. 2014; Section 5). The results 
indicate future warming in Colorado for all of the climate model projections (Lukas et al. 2014, 
p. 59). By 2050, for the RCP 4.5 (intermediate) emissions scenario, the statewide average annual 
temperatures are projected to increase by 1.4 to 2.8°C (2.5 to 5°F) (relative to a 1971–2000 
baseline), and increase by 1.9 to 3.6°C (3.5 to 6.5°F) under the RCP 8.5 (high) emissions 
scenario (Lukas et al. 2014, p. 59). For precipitation, they report that climate model projections 
show less agreement regarding future precipitation change for Colorado, but most projections 
indicate increasing winter precipitation by 2050 (Lukas et al. 2014, p. 59). 
 
Summary 
 
Observed trends and future climate model projections indicate warming temperatures for much 
of the western United States, including areas within the current range of the wolverine. The 
degree of future warming varies by region and is dependent upon the future emission scenario 
used during the modeling process. Future precipitation trends are less certain for many regions, 
in part, due to naturally high, inter-annual variability; some regions are projected to experience 
greater winter precipitation. Wolverines have been found to have a wide range in critical 
temperature depending on season, and undergo seasonal changes in fur insulation to adapt to 
warmer temperatures in summer. Wolverines also exhibit changes in behavior, such as moving to 
water bodies or higher elevations in summer months. These physiological and behavioral 
adaptations allow wolverines to adapt to warming temperatures. 
 
Biotic Factors 
 
In addition to evaluating changes in these abiotic factors, biotic interactions should be considered 
in evaluating species’ response to climate change (reviewed by Post 2013). Although abiotic 
changes drive ecological processes, the alterations in biotic interactions (e.g., competition among 
conspecifics, interactions with competitors, resources, and predators) represent the ecological 
responses that result from those changes (Post 2013, p 1). Changes in certain abiotic factors, such 
as snow and ice cover, should also be considered in an ecological context since they represent 
habitat for many species (Post 2013, p. 11). 
 
Ecological studies evaluating the effects of climate change often evaluate phenology, the timing 
of life history events and how they vary in space and time, generally at the population or site-
specific level, though phenological variation at the individual level may also be important (Post 
2013, p. 54). Previous meta-analyses of the rate of phenological advancement have suggested 
advances of between 2–5 days per decade, across taxa, and between low-mid to mid-high 
latitudes (Post 2013, p. 59). A more recent meta-analysis from Cohen et al. (2017, p. 4) found, 
on average, significant advancement in the phenology of animals since 1950, advancing by about 
2.88 days per decade and 3.08 days per degree Celsius.  
 
Within the Pacific Northwest region, Ford et al. 2016 (entire) modeled the timing of growth 
initiation in coast Douglas-fir trees (Pseudotsuga menziezii var. menziezii) within the species’ 
range in Washington and Oregon to evaluate its ability to track changes in climate with changes 
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in phenology. This study found that, for high latitudes and elevations, growth initiation was 
predicted to occur earlier in the year, which allows trees to track the beginning of favorable 
growing conditions, without exposure to frost risk (i.e., adaptive phenological response) (Ford et 
al. 2016, pp. 3718, 3,721). Conversely, their model predicted that at lower latitudes and 
elevations, growth initiation will lag behind climate change shifts due to reduced chilling with 
lower productivity, which suggested that coast Douglas-fir has an obligate chilling requirement 
for height (but not diameter growth initiation) (Ford et al. 2016, pp. 3,717–3,719). 
 
Another study reported on the effects of encroachment of woody plants (willows (Salix sp.)) in 
alpine environments to alpine wildflowers and their pollinators due to temporal overlap in 
flowering phenology, which may result in establishment of plant species with broader 
environmental tolerance in high alpine ecosystems (Kettenbach et al. 2017, p. 6,969). Similarly, 
in Sweden, Wilson and Nilsson (2009, entire) reported on encroachment of woody vegetation in 
arctic-mountain habitat, though primarily at lower elevations in response to observed 
temperature increase of 2.0°C (3.6°F) over 20 years, though this increase in cover was observed 
primarily at lower elevations (Wilson and Nilsson 2009, p. 1,682). 
 
A high-latitude, North American study evaluated the effect of weather and broad-scale climate 
variables and vegetation productivity on the timing of spring and fall migrations of migratory 
caribou herds in northern Québec and Labrador, Canada (Le Corre et al. 2017, entire). That 
study found that, since 2000, except for the spring arrival, migrations occurred earlier, and were 
affected by resource availability, likely through intraspecific competition factors (Le Corre et al. 
2017, p. 266).  
 
In addition to phenological changes related to habitat variables or reproduction patterns, the 
effects of climate change may affect food resources important to wolverine, either directly (e.g., 
survival) or indirectly (e.g., effects to their habitat). An early study by Wang et al. (2002, p. 217) 
projected a potential increase in ungulate populations in Rocky Mountain National Park 
(Colorado) under future climate scenarios due to enhanced survival and recruitment of juvenile 
animals in response to less severe winters. The authors note that their results should be 
interpreted qualitatively given the uncertainties in applying climate change scenarios based on 
global models to ecological systems at the local scale (Wang et al. 2002, p. 217). In addition, 
they report that vegetation response (e.g., succession) to climate change effects may result in 
changes to ungulate habitat (Wang et al. 2002, p. 219). Overall, the study concluded that their 
results were consistent with those reported in other studies that have evaluated the relationships 
between the effect of weather and density dependence and ungulate population dynamics (Wang 
et al. 2002, p. 219). 
 
Summary 
 
The results presented above indicate biotic effects resulting from climate change, varying from 
phenological changes to shifts in vegetation and vegetation succession. We are unaware of 
studies that have directly evaluated these types of effects to the North American wolverine or its 
habitat. Given the extensive range and varied habitats occupied by wolverines in the contiguous 
United States, the shifts in vegetation are likely to be relatively narrow in scope and scale.  
Furthermore, we have no information to suggest that wolverines selectively use any specific 
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vegetation type and some changes in vegetation may actually be advantageous for wolverine 
prey.  
 
Climate Change and Potential for Cumulative Effects  
 
Threats can work in concert with one another to cumulatively create conditions that may impact 
the wolverine or its habitat beyond the scope of each individual threat. Given an expected 
increase in temperature in the western United States, the best available information indicates 
that, if there are any cumulative impacts in the future, the most likely to have population level 
effects on wolverine in the contiguous United States could be: 1) changes in snowpack from the 
combination of increased temperature and changes in precipitation patterns, or 2) changes in 
snowpack and increase in wildland fire potential. 
 
Snowpack/Snow Cover 
 
Upper Snake River Watershed (Pacific Northwest region) 
 
The Upper Snake River Tribal Foundation assessment (discussed above) included projected 
changes in snowpack for three locations in the Upper Snake River watershed, including areas 
located within our estimated Current Range of the wolverine (from Climate Impacts Group 
Pacific Northwest (PNW) Hydroclimate Scenarios Project (2860); 
http://warm.atmos.washington.edu/2860/products/sites/). Model results, based on snow water 
equivalent (SWE) (the water content of snowpack, expressed as depth), indicate a projected loss 
in April 1st snowpack of 36 percent for the 2030–2059 period and 64 percent for the 2070–2099 
period for the Salmon River at White Bird location (average of percent change across all models 
relative to the long-term average for 1916–2006 (“historical period”)). For the Snake River at 
Brownlee Dam location, the projected loss is 37 percent for the 2030–2059 period and 64 percent 
for the 2070–2099 period (summary presented in Petersen et al. 2017, p. 20). These projected 
changes were found to be consistent with overall changes projected for the Columbia River 
Basin snowpack in an earlier study. Hamlet et al. (2013, p. 404; Figure 7) found that, relative to 
the long-term average for 1916 to 2006, the April 1st snowpack in the Columbia River Basin is 
projected to decline by 29% for the 30-year period spanning 2030-2059 and decline by 52% for 
the period spanning 2070-2099 for the A1B emissions scenario. [Note: the A1B emission 
scenario represents a more balanced energy portfolio than RCP 8.5, with GHG emissions 
leveling off by the middle of the 21st century]. 
 
Sierra Nevada 
 
Walton et al. (2017, entire) developed snow cover projections for the Sierra Nevada region in 
California, incorporating snow albedo feedback using a hybrid downscaling approach to develop 
future climate projections. This feedback loop is known to be important for regional climate 
change (Thackeray and Fletcher 2016, p. 395) and occurs when warming causes snow pack to 
shrink at margins and the exposed ground absorbs more sunlight than snow, which enhances the 
warming, resulting in more melting of snow (Walton et al. 2017, p. 1,417). This study (using 3 
km (1.86 mi) resolution) found that, by the end of the 21st century (2081–2100), warming and 
loss of snow cover is expected to occur, though the degree varies depending on the GHG 
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scenario (Walton et al. 2017, p. 1,430). Under the RCP 8.5 (high emissions) scenario, the study 
found that the total area covered by snow during the typical month of April decreases by 48 
percent, as compared to historical average (1981–2000) (using ensemble mean) (Walton et al. 
2017, p. 1,432). Under the RCP 4.5 (moderate emissions) scenario, snow cover losses were 
projected at about half of those for RCP 8.5 (Walton et al. 2017, p. 1,434; Figure 13). The effects 
of warming were more pronounced at lower elevations and were most severe in May and June 
(Walton et al. 2017, p. 1,431; Figure 12). For the months of March and April, the highest 
elevations were found to have nearly complete snow cover (measured as snow covered fraction) 
for all GCM simulations (Walton et al. 2017, p. 1,431; Figure 12).  
 
Northern and Southern Rocky Mountains–Glacier and Rocky Mountain National Parks 
 
The effects of climate change on snow persistence has been suggested as an important negative 
impact on wolverine habitat and populations by the mid-21st century (McKelvey et al., 2011, 
entire). The Service therefore pursued a refined methodology to provide insights into the 
potential impacts of climate change on snow persistence. 
 
The Service engaged the National Oceanic and Atmospheric Administration (NOAA) 
laboratories and University of Colorado in Boulder, Colorado (CU) to evaluate and model fine 
scale persistence of snow in occupied and potential wolverine habitat in the contiguous United 
States. Those discussions revealed significant progress in fine scale modeling approaches since 
the early 2000s. The Service provided funding for an assessment of snow extent and depth to 
assess the effects of climate change on snow persistence in two areas of the western United 
States, Rocky Mountain and Glacier National Parks (Ray et al. 2017, entire). The primary 
objective of this study was to refine the spatial and temporal scale of snow modeling efforts and 
improve the scientific understanding of the extent of spring snow retention currently and into the 
future under a changing climate (Ray et al. 2017, p. 9). The objectives of the study included (Ray 
et al. 2017, p. 10): 
 

• Use of fine-scale models to analyze the topographic effects of snow, including slope and 
aspect (compass direction that slope faces)  

• Use of a range of plausible future climate change scenarios to assess snow persistence 
• Analysis of extremes and year-to-year variability by selecting representative wet, dry, 

and near normal years (using observed conditions) and then modeling changes for those 
base years under several future climate scenarios 

• Assessment of changes in snow persistence by elevation 
 
The study was designed to parallel as much as possible and thereby refine the previous 
assessment of snow cover persistence in the western United States presented in McKelvey et al. 
(2011). However, an exact replication of the McKelvey et al (2011) study was not possible given 
the time, funding, and computational constraints needed to develop a fine-scale assessment. The 
current study was limited to two study areas (approximately 1,500 to 3,000 km2 (579 to 1,158 
mi2) each) in the northern and southern Rocky Mountains (see Appendix H for maps). The two 
study areas were selected because they encompass the latitude and elevational range of 
wolverines within the contiguous United States. Glacier National Park (GLAC) is representative 
of a high latitude and relatively low elevation area currently occupied by wolverines. The Rocky 
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Mountain National Park region (ROMO) is a lower latitude and higher elevation area within the 
wolverine’s historical range, which was recently occupied by a wolverine from 2009 to at least 
2012. 
 
Methods: We provide here a brief summary of the methods used in this study. Additional details 
are contained in the full report authored by Ray et al. (2017). The initial step of the analysis was 
a review of the observed climate and variability to provide context for trends and year-to-year 
variability. Next, historical snow cover extent and variability were analyzed using satellite 
remote sensing (MODIS) data from 2000 to 2016 to calculate a snow disappearance date for 
each year at each pixel. Summary statistics include total snow covered area (total area covered 
by snow), representation of snow pack by aspect (percent of land areas covered by snow for each 
of the 17 years in the historical record by topographic aspect based on compass direction that the 
slope faces), and elevation dependence for wet, near-normal, and dry years (with median of all 
years used as reference). Future snow pack projections were then generated using the Distributed 
Hydrology Soil Vegetation Model (DHSVM), for the historic period 1998-2013, and then 
validated against SNOTEL observing stations and MODIS satellite data.  

Both Ray et al. (2017) and McKelvey et al. (2011) used the delta method to estimate future snow 
persistence. The NOAA-DHSVM delta method uses historical observed weather (1998–2013) as 
the baseline and applies future changes in temperature and precipitation from the chosen GCMs 
(approximately Year 2055) to estimate future snow persistence on the landscape. Five future 
scenarios (GCMs) were selected from CMIP5 global climate model projections to capture 
variability in temperature and precipitation, using the RCP 4.5 (moderate) and RCP 8.5 (high) 
emissions scenarios. Representative wet, near normal, and dry years were analyzed for the 
historical simulations and evaluated for the five future scenarios. The number of years (out of 16) 
with snow depth greater than 0.5 m (20 in) was also analyzed as was the change in Snowcovered 
Area (SCA) (area with depth greater than 0.5 m (20 in)). This snow depth was selected based on 
an analysis of the depth of snow at documented wolverine den sites in Glacier National Park 
(Ray et al. 2017; Table 5-2). Results were reported for “light snow cover” (snow depth greater 
than 1.25 cm (0.5 in)) and “significant” snow (snow depth > 0.5 m (20 in)) for April 15, May 1, 
and May 15 for previously defined representative years. These dates were selected based on 
studies indicating den site abandonment generally occurs before May 1 (see Use of Dens and 
Denning Behavior discussion above in Reproduction and Growth section). The term “light snow 
cover” was incorporated as the most directly comparable parameter to McKelvey et al.’s “light” 
snow cover. The average change in SCA and SWE was analyzed as a function for both study 
areas of elevation and was overlaid with the elevations of documented wolverine den sites 
(2003–2007) in GLAC.  

Comparison with McKelvey et al. (2011): Although the methods used in this study have 
similarities with those presented in McKelvey et al. (2011), there are several key differences. 
Ray et al. (2017) used a finer spatial resolution model (DHSVM) than McKelvey et al. (2011) 
(0.0625 km2 vs. 35 km2) that incorporated slope and aspect. The grid cells represented in 
McKelvey et al. (2011) were assumed to be flat (i.e., north-facing slopes treated as identical to 
south-facing slopes). McKelvey et al. (2011) focused on May 1st snow depth as a proxy for May 
15th snow disappearance, while Ray et al. (2017) focused directly on May 15th snow 
disappearance and produced results for the presence or absence of deeper snow (nominally 
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greater than or equal to 0.5 m (20 in) depth) on May 1st and April 15th.4 Because of the increased 
resolution of this study, Ray et al. (2017) were able to consider whether any areas of snow with 
depth greater than 0.5 m (20 in) will persist in these areas. Additional comparisons are outlined 
below in Table 8 and in Ray et al. (2017, p. 6). 
 
Table 8. Comparison of Methods, Ray et al. (2017) vs. Copeland et al. (2010) and McKelvey 
et al. (2011) 

Feature Ray et al. (2017) Copeland et al. (2010)  
and McKelvey et al. (2011) 

Spatial Resolution 250 m x 250 m = 62,500 m2 or 0.0625 km2  

(0.24 mi2) 
0.125 degrees (~5 km x 7 km; 37 km2  

(14.29 mi2)) 
Geographic Area Glacier and Rocky Mountain National Parks, 

300 m below treeline and above 
Western United States, except 
California and Great Basin 

Topography Slope, aspect, and shading were used Slope and aspect were not used 
Validation SNOTEL (in-situ observations) and MODIS 

(satellite remote sensing) 
None specific to the snow dataset used 

Future Scenario 
Method 

Delta Method, used to project 2000-2013 
conditions out to Year 2055 (average of 2041–
2070) 

Delta Method (Years: 2045 (2030–
2059), 2085 (2070-2099) 

Future Scenarios 
(GCMs) 

miroc, giss, fio, cnrm (both study areas); 
canesm (Glacier National Park only) 
hadgem2 (Rocky Mountain National Park only) 

Ensemble mean of 10 GCMs, pcm1, 
and miroc 3.2 

Time-related Results Long-term means and year-to-year variability 
(i.e., wet, near normal, and dry years)  

Changes in long-term mean snowpack 
only 

Snow Detection and 
Measurements 

Snow presence: 1.25 cm (0.5 in) snow depth 
threshold on May 15.   
“Significant snow”: snow depth (0.5 meter (20 
in) threshold. Snow depth determined by 
conversion from Snow Water Equivalent using 
bulk snow density.  

Snow presence (13 cm (5.12 in) snow 
depth threshold on May 1). Snow depth 
determined by VIC model. 

Number of Years of 
MODIS Data 

17 (2000-2016) 7 (2000-2006) 

Snow Model DHSVM (University of Washington) VIC (University of Washington) 
Snow Cover Dates 
Analyzed 

April 15, May 1, and May 15 May 15 (derived from May 1), May 29 
(derived from May 1) 

 
Results: While there are challenges in comparing the results from McKelvey et al. (2011) 
directly to the Ray et al. (2017) study due to differences in methodology and focus, the 
qualitative picture can be summarized as follows: projected warming has a larger effect at lower 
elevations whereas projected precipitation changes may dominate the springtime snowpack in 
the high country. We present below a summary of the main results from Ray et al. (2017). 
 
 
 
 

                                                 
4 Ray et al. (2017) originally focused on May 15th to compare to the McKelvey et al. (2011) study, and June 1st to 
bracket the snowmelt season. However, April 15 and April 30 dates were added to the evaluation of snowcovered 
areas to align with temporal reproductive patterns of the wolverine (see Use of Dens and Denning Behavior 
discussion in Reproduction and Growth section above).   

richardeyates02
Highlight

richardeyates02
Sticky Note
Reproductive den sites in GLAC in early May had snow depths averaging 2.6m.  I am not convinced that 0.5m of snow on 15 April is adequate to provide effective wolverine denning habitat.  On 15 April kits may only be 6 weeks old.  



North American Wolverine Species Status Assessment Report October 23, 2017 

78 
 

MODIS Observed Historic Snowpack Variability Analysis:   
 

• In GLAC, SCA varies considerably by year, including wet years such as 2011 with very 
persistent snow, years with strong melt in early May, such as 2012, or in late May (2009, 
2001), and dry years (2004, 2005) (Ray et al. 2017, Section 4.3).  

• Even in dry years, northeast-facing slopes in GLAC tend to hold more snow and melt 
later in the season.  

• More than 80 percent of the GLAC study area above approximately 2,000 m (6,562 ft) 
elevation on May 1 has snow cover during dry years, and more than 95 percent has snow 
cover above approximately 1,200 m (3,937 ft) during wet years.  

• In ROMO, the SCA also varies considerably by year. 
• The northwest-facing slopes in ROMO tend to hold more snow even during dry years. In 

very dry years, snow cover peaks at intermediate elevations, suggesting that the high-
altitude snowpack may be particularly vulnerable in this region under warm/dry 
conditions. 

 
Future Snowpack Projections: The area-wide SCA results include snow cover changes in both 
forested and above-treeline (alpine) terrain, which may have different implications for wolverine 
biology. 
 
Glacier National Park (GLAC): 
 

• Projections for April 15th, May 1st, and May 15th SCA and area with snow depth greater 
than 0.5 m (20 in) show declines on average in all scenarios, compared to the 2000–2013 
historic average, except for small increases in the Warm/Wet scenario and for almost all 
years.  

o For April 15th, light SCA area is reduced by 3–23 percent and significant snow 
cover (greater than 0.5 m (20 in)) declines by 7–44 percent.  

o For May 15th, light SCA is reduced by 10–36 percent, and the area with 
significant snow cover declines by 13–50 percent. 

• All projections show declines in the number of years with significant snow (equal to or 
greater than 0.5 m (20 in)), which varies by scenario (e.g., Figure 5-14 in Ray et al. 
2017). Areas with frequent availability (at least 14 out of 16 years) of significant snow 
become concentrated in smaller high elevation areas. Lower elevation areas had the 
largest decreases in the number of years with significant snow cover.  

• Most of the known den sites are located between 1,800 m (5,906 ft) and 2,000 m (6,562 
ft) in GLAC. Below that elevation band, large snow losses are predicted (40 to 70 percent 
decrease for two of the scenarios, 16–20 percent for the other three). Above that elevation 
band, there is little change in SCA for four of the five scenarios (2–8 percent) except in 
maximum warming scenario (decline of 40 percent (Ray et al. 2017; Figure 5-22). In the 
1,800–2,000 m (5,906–6,562 ft) band, the snowpack change is sensitive to elevation and 
to the future climate scenario used. 

• For representative wet years, for May 15th, the higher elevations of the study areas 
experience only 2–7 percent loss of snowpack under the scenarios with “least” change 
and the “moderate” change, although for the dry years, losses range from 18–57 percent. 
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o The implication is that the wet, cold climate of the GLAC study area could act as 
a “buffer” to change in areas with of 0.5 m (20 in) of deep snow on May 1st, at 
least for elevations above 1,800 m (5,906 ft). 

 
Rocky Mountain National Park (ROMO):  
 

• Projections of May 15th SCA in ROMO decline on average in all scenarios, except for 
small increases in the Warm/Wet scenario, and for almost all years. 
o For April 15th, light SCA (depth ≥ 5 mm (0.2 in)) declines by 3–18 percent and 

significant SCA (depth > 0.5 m (20 in)) changes from −1– +16 percent for the five 
scenarios considered (compared to the 2000-2013 historical average).  

o For May 15th, the area with light snow cover declines 8–35 percent and the area with 
significant snow cover declines 6–38 percent. 

• All projections show declines in the number of years with significant snow (equal to or 
greater than 0.5 (20 in), which varies by scenario (e.g., Figure 5-21in Ray et al. 2017). 
The areas with frequent availability (at least 14 out of 16 years) of significant snow 
become concentrated in smaller high elevation areas. In contrast, lower elevation areas 
had the largest decreases in the number of years with significant snow cover.  

• Although no dens have been documented in ROMO, the elevation band for denning, 
modeled by regression analysis, is estimated at 2,700 to 3,600 m (8,858 to 11,811 ft). On 
May 1st, modest declines in SWE of about 15 percent and less for areas at 3,400 m 
(11,155 ft) or above result in losses of only about 10 percent snow cover.  
o The implication is that the wet, cold climate of the higher parts of the ROMO study 

area could also act as a “buffer” to change in the area of 0.5 m (20 in) deep snow on 
May 1st.  

 
Elevation Dependence of Change: In general, and supported by the literature, the snowpack in 
the higher elevations of both areas is more responsive to precipitation change, while lower 
elevations are more responsive to temperature change. For GLAC, most of the observed den sites 
are located within the zone where temperature dominates the future effects of change. For the 
elevation of den sites in GLAC (i.e., above 1800 m (5,906 ft)), loss of SCA on May 1st spans the 
range of 5–40 percent, with a 70 percent decrease for the Hot/Wet (miroc GCM) scenario. Above 
2,200 m (7,218 ft), the losses are less than 5 percent for all but the Hot/Wet scenario.  
 
Current results may be a reasonable estimate for the high mountain ranges within the Rockies 
that lie between GLAC and ROMO. However, without further study, we cannot reasonably 
extend these results to say whether or not snow refugia will persist in the Central Rockies below 
our study elevations (approximately 1,000 m (3,281 ft)). These lower elevations are where 
McKelvey et al. (2011) predicted the greatest losses in snowpack. The NOAA/CU results also 
cannot be extrapolated to mountain ranges outside of the Rockies (i.e. the Cascade Range) that 
have different climates (temperature and precipitation). We note here that we have no 
documented wolverine den sites in the contiguous United States below 1,500 m (4,921 ft) 
elevation; that is, no documented den locations in the areas where McKelvey et al. (2011) 
predicted the greatest loss in snowpack. 
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Interpretation and additional analysis relative to wolverine den site scale: The Service was 
interested in exploring the question, “If snow cover is required for wolverine denning, will there 
be a sufficient amount of significant snow cover in the future in areas wolverines have 
historically used for denning in the contiguous United States?” The Service integrated future 
DHSVM projections (2000–2013 averages) of snow covered area (greater than 0.5 m (20 in) 
depth) on May 1st for GLAC and ROMO with new information obtained from a spatial analysis 
of documented den sites in the contiguous United States. This spatial analysis indicated 31 of 34 
documented den sites in the contiguous United States were located in areas with slope less than 
25 degrees. Avalanche risk increases significantly in areas with slope greater than 25 degrees 
(Scott 2017, pers. comm.) and wolverines may avoid these areas for denning due to this risk.  
 
Using the projections prepared by Ray et al. (2017), we present in Figures 6–13 the spatial 
distribution of significant snow covered area with slopes less than 25 degrees and within the 
elevation bands indicated above for three future scenarios in each study area. The three scenarios 
for GLAC (miroc, cnrm, and giss) and for ROMO (hadgem2, fio, and giss) were chosen to span 
the range of GCM uncertainty regarding temperature and precipitation, and by extension 
significant SCA (see Figure 6 and Figure 7). We found that large portions of the study areas meet 
all three criteria—greater than 0.5 m (20 in) snow depth on May 1st, at elevation 1,514–2,252 m 
(4,967–7,389 ft) for GLAC or 2,700 to 3,600 m (8,858 to 11,811 ft) for ROMO, and with a slope 
less than 25 degrees—across both study sites in the future.   
 
The GLAC miroc simulation shows the greatest decrease in future snow covered area in the 
elevation band historically used for denning (orange line in Figure 6). Figure 8 shows the spatial 
distribution of significant SCA with slope less than 25 degrees and elevation of 1,514–2,252 m 
(4,967–7,389 ft) for the miroc simulation on May 1st (approximately Year 2055). Approximately 
494 km2 (191 mi2) of area meet the three criteria with an additional 803 km2 (310 mi2) of area 
retaining significant snow covered area, primarily at higher elevations. Moreover, we determined 
that large tracts of significant SCA are projected in close proximity to documented historical den 
sites across all three scenarios (Figures 8–10). As shown in Table 9, wolverines would not have 
to travel far, or at all, relative to either distance or elevation to reach areas with significant snow 
covered area in the future.  
 
A similar analysis was performed for the ROMO study area and the results indicate that large 
portions of the study area meet all three criteria identified above. The hadgem2 (Figure 11) and 
cnrm scenarios were found to have the greatest decrease in significant snow covered area of the 
five scenarios analyzed. Figure 11 (hadgem2 simulation) shows the spatial distribution of 
significant SCA (greater than 0.5 m (20 in) depth), elevation of 2,700–3,600 m (8,858–11,811 
ft), and slopes less than 25 degrees where denning would be expected to occur. Total area 
meeting these three criteria was 339 km2 (131 mi2) (dark blue in Figure 11), with an additional 
446 km2 (172 mi2) with snow depth greater than 0.5 m (20 in) (light blue in Figure 11), mostly at 
higher elevations. Figures 12 (fio scenario) and Figure 13 (giss scenario) show a similar 
distribution, albeit larger areas of significant snow retention in the future (see map legends in 
Figures 12 and 13 for area estimates). 
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Table 9. Distance of historical GLAC dens (Years 2003–2007) from projected significant 
snow covered area in the future (approximately Year 2055) (using 2000–2013 average).  

A 0 (zero) value indicates the den site location meets all three criteria in the future (greater 
than 0.5 m (20 in) snow depth on May 1st, at elevation 1,514–2,252 m (4,967–7,389 ft), and 
with a slope less than 25 degrees). 

Den Site Elevation, m 
(ft) 

Distance from den site to nearest model cell, m (ft) 
GCM scenario 

miroc cnrm giss 
1 2,252 (7,389 ft) 0 0 0 
2 2,093 (6,867 ft) 0 0 0 
3 1,995 (6,545 ft) 0 0 0 
4 1,977 (6,486 ft) 210 (689 ft) 0 0 
5 1,973 (6,473 ft) 208 (682 ft) 0 0 
6 1,928 (6,326 ft) 0 0 0 
7 1,922 (6,306 ft) 9 (29.5 ft) 8 (26 ft) 8 (26 ft) 
8 1,912 (6,273 ft) 170 (558 ft) 0 0 
9 1,893 (6,211 ft) 110 (361 ft) 0 0 
10 1,851 (6,073 ft) 87 (285 ft) 0 0 
11 1,843 (6,047 ft) 74 (243 ft) 0 0 
12 1,823 (5,981 ft) 56 (184 ft) 0 0 
13 1,807 (5,929 ft) 0 0 0 
14 1,514 (4,967 ft) 574 (1,883 ft) 571(1,873 ft) 296 (971 ft) 
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Figure 6. Average Snow Covered Area (depth ≥ 0.5 m (20 in)) percent change at elevation bands for GLAC for 
five future scenarios on May 1.  

 
Figure 7. Average Snow Covered Area (depth ≥ 0.5 m (20 in)) percent change at elevation bands for ROMO for five 
future scenarios on May 1. 
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Figure 8. Spatial distribution of averaged (2000-2013) projected snow covered area (depth ≥ 0.5 m (20 in)) for 
May 1 under the miroc (Hot/Wet) scenario in Glacier National Park study area. Map legend shows where 
slopes are less than 25 degrees and elevations of 1,514–2,252 m (4,968–7,389 ft) (where dens have been 
documented). 

 
Figure 9. Spatial distribution of averaged (2000-2013) projected snow covered area (depth ≥ 0.5 m (20 in)) for 
May 1 under the cnrm (Central) scenario in Glacier National Park study area.  Map legend shows where 
slopes are less than 25 degrees and elevations 1514–2252 m (4,968–7,389 ft) (where dens have been 
documented). 
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Figure 10. Spatial distribution of averaged (2000-2013) projected snow covered area (depth ≥ 0.5 m (20 in)) 
for May 1 under the giss (Warm/Wet) scenario in Glacier National Park study area.  Map legend shows 
where slopes are less than 25 degrees and elevations 1,514–2,252 m (4,968–7,389 ft) (where dens have been 
documented). 
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Figure 11. Spatial distribution of averaged (2000-2013) projected snow covered area (depth ≥ 0.5 m (20 in)) 
for May 1 under the hadgem2 (Hot/Dry) scenario in Rocky Mountain National Park study area.  Map legend 
shows where slopes are less than 25 degrees and elevations 2,700–3,600 m (8,858–11,811 ft) (inferred 
elevations where dens would be expected if occupied). 
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Figure 12. Spatial distribution of averaged (2000-2013) projected snow covered area (depth ≥ 0.5 m (20 in)) 
for May 1 under the fio (Warm/Dry) scenario in Rocky Mountain National Park study area.  Map legend 
shows where slopes are less than 25 degrees and elevations 2,700-3,600 m (8,858–11,811 ft) (inferred 
elevations where dens would be expected if occupied). 
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Figure 13. Spatial distribution of averaged (2000-2013) projected snow covered area (depth ≥ 0.5 m (20 in)) 
for May 1 under the giss (Warm/Wet) scenario in Rocky Mountain National Park study area.  Map legend 
shows where slopes are less than 25 degrees and elevations 2,700-3,600 m (8,858–11,811 ft) (inferred 
elevations where dens would be expected if occupied). 
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Montana Climate Assessment 
 
Another recent assessment of snowpack was conducted for the State of Montana (Whitlock et al. 
2017, no page number). The report analyzed recent climate trends in Montana and assessed how 
climate is projected to change in the future (2040–2069). The study found that snowpack that 
accumulates at high elevations tends to be more stable and persists longer than at low elevations, 
due largely to the colder temperatures at high elevations. The largest projected changes in 
snowpack appear to be in areas located west of the Continental Divide, given their exposure to 
relatively warm Pacific air masses. Overall, the assessment found that declines in snowpack 
volume are likely in the future in the basins studied.  
 
Wildland Fire  
 
California 
 
Keeley and Syphard (2016, entire) analyzed fire-climate relationships relative to predicting 
future fire regimes in California. Their review concluded that: (1) Climate is not a major 
determinant of fire activity across all landscapes; (2) hotter and drier conditions for areas at 
lower elevations and lower latitude were found to have little or no increase in fire activity as 
vegetation types in these regions are ignition limited; (3) increasing annual temperatures by 
themselves are not good predictors of increased fire activity; seasonality, especially spring and 
summer temperatures, are more important; and (4) fire-climate models need to be scaled to 
vegetation types; broad-scale models may produce over-predictions of the total increase in future 
fire regimes (Keeley and Syphard 2016, pp. 1, 10). Additionally, drought is a key factor in 
defining fire regimes and annual precipitation is the primary driver of drought variability 
(Williams et al. 2015, p. 6,819), but, at the present time, it is difficult to separate current 
droughts in California from natural cycles of drought (Keeley and Syphard 2016, p. 6). 
 
Pacific Northwest 
 
Sheehan et al. (2015, entire) used downscaled CMIP5 projections to model vegetation and fire 
changes, with and without fire suppression, within three subregions of the Pacific Northwest. 
Emission scenarios RCP 4.5 and 8.5 were used for future climate projections (2011–2100). The 
resulting trends varied by geographic region. In the Western Northwest subregion (from the crest 
of the Cascade Mountains west), the mean fire interval (MFI) averaged over all climate 
projections decreased by up to 48 percent, an increase in annual percent area burned (PAB), and 
the predominant conifer forest is replaced by mixed forest under future climate under both RCP 
scenarios, with and without fire suppression; thus, climate, rather than fire was found to be the 
primary influence in this subregion (Sheehan et al. 2015, pp. 22–26). In the Eastern Northwest 
Mountains (ENWM) subregion (mountainous areas east of the Cascade Mountains), the MFI 
(averaged across all climate projections) decreased by up to 81 percent, there was a projected 
increase in mean annual PAB, and, while subalpine communities are projected to be lost, conifer 
forests were projected to continue to dominate this subregion (Sheehan et al. 2015, pp. 22–24). 
When modeled using a without fire suppression regime, the future projections for ENWM 
indicated a lower MFI and higher mean annual PAB as compared to the with fire suppression 
regime (Sheehan et al. 2015, p. 22; Table 5). However, the eastern portion of the ENWM 
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subregion was found to show a differing response based on elevation; that is, higher elevations 
were found to have a higher MFI and a lower mean annual PAB during the 20th century as 
compared to lower elevations (Sheehan et al. 2015, p. 23). 
 
Gergel et al. (2017, entire) evaluated the effects of climate change on snowpack, and soil 
moisture and fuel moisture (fire potential) in the western United States. This study used a 
statistical downscaling approach, using an ensemble of 10 GCMs across several mountainous 
regions known to be occupied by wolverines, with a 6.25 km (3.88 mi) spatial resolution 
hydrologic model. Simulations were run for three future periods: 2020s (2010–2039), 2050s 
(2040–2069), and 2080s (2070–2099) (Gergel et al. 2017, p. 291). The authors report significant 
declines in snowpack (measured as SWE) in all mountain ranges for all future scenarios (using 
RCPs 4.5 and 8.5) and GCMs (Gergel et al. 2017, p. 295). This study found that spring 
snowpack in mountains along the Pacific Coast is quite sensitive to warmer temperatures, but in 
the continental mountain ranges (Northern and Southern Rocky Mountains) spring snowpack is 
more sensitive to changes in precipitation (Gergel et al. 2017, p. 295). Differences were observed 
based on elevation (Gergel et al. 2017, p. 292). The study reported on future projected declines 
of summer soil moisture in forested areas (e.g., Northern Rockies) and the likelihood of 
increased risk of drought and therefore an increase in wildland fire risk for forested areas (e.g., 
Northern Rocky Mountains), though they recognize there is significant uncertainty in these 
future projections in high-elevation areas (Gergel et al. 2017, pp. 295–296). 
 
In summary, based on these projections, wildland fire risk is likely to increase across the western 
United States, but future patterns and trends of wildland fire are dependent on several factors 
(e.g., degree of warming and drought conditions, fuel and soil moisture, wildland fire 
management practices, elevation) and geographic region. 
 
Other Cumulative Effects 
 
Finally, we note here that the effects of climate change on snowpack are projected to negatively 
affect the season lengths for winter recreational activities, such as skiing and snowmobiling 
(Wobus et al. 2017, entire), thus, potentially reducing this stressor to the wolverine in the future. 
Wobus et al. (2017) modeled potential changes in snowpack at locations across the contiguous 
United States using output from five GCMs, two representative pathways (RCPs) that represent a 
future scenario with continued high emissions growth with limited efforts to reduce GHGs (RCP 
8.5) and a future scenario with global GHG mitigation (RCP 4.5), and two future time periods 
(2050 and 2090) (Wobus et al. 2017, pp. 2, 5). Although there was some inter-annual variability 
in 2050 for some model projections, in general, the Rocky Mountains and Sierra Nevada regions 
had smaller reductions in season length than other locations due to higher elevation, though for 
the RCP 8.5 scenario coupled with the 2090 future time period, the smallest projected reduction 
in season length was 15 percent (Wobus et al. 2017, p. 9). 
 
Summary of Future Conditions  
 
Models represent tools to describe basic physical and biological behaviors using the best 
available science, and, by presenting a range of plausible future outcomes, they can help generate 
hypotheses while also identifying knowledge gaps where greater accuracy is needed (Batchelet et 
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al. 2016, p. 23). Detecting a species’ response to climate change in a single population, and 
sometimes multiple populations, may not always indicate the response throughout its range given 
the variation in annual mean surface temperatures over the past century (Post 2013, p. 5). In 
addition, inter-annual variability in temperature can be as important to a species’ ecological 
needs as the actual temperature itself (Post 2013, p. 7). 
 
Climate change model projections for the range of the wolverine within the contiguous United 
States indicate increases in temperature by the mid-21st century as compared to early to mid-20th 
century values. Precipitation patterns into the future are less clear as the climate models show 
significant disagreement in their many regional projections. Although drought conditions in the 
western United States are not unusual, drought duration and intensity have the potential to be 
exacerbated by projected temperature increases. Projected temperature and precipitation changes 
will affect future snow cover and the persistence of snow on the landscape. 
 
Snow cover is projected to decline in response to warming temperatures and changing 
precipitation patterns, but this varies by elevation, topography, and by geographic region. 
Simulations of natural snow accumulation at winter recreation locations have found that, overall, 
higher elevation areas (e.g., Rocky Mountains, Sierra Nevada Mountains) are more resilient to 
projected changes in temperature and precipitation as compared to lower elevations (Wobus et 
al. 2017, p. 12). In general, models indicate higher elevations will retain more snow cover than 
lower elevations, particularly in early spring (April 30/May1).We present results (above) from 
several recent climate models projecting snowpack declines in the western United States. More 
specifically, we reviewed a new analysis from NOAA/CU that modeled future snow persistence 
for Glacier and Rocky Mountain National Parks (areas that encompass the latitudinal and 
elevational range of the wolverine in the contiguous United States) at high spatial resolution 
(Ray et al. 2017, entire). Their results indicate significant areas (several hundred square 
kilometers (miles) for each site) of future snow (greater than 0.5 m (20 in) in depth) will persist 
on May 1st at elevations currently used by wolverines for denning. This is true, on average, 
across the range of climate models used out to approximately Year 2055. 
 
Although it has been assumed that wolverines have an obligate relationship with snow for natal 
denning, the key variables or combination of variables, that defined this relationship have not 
been empirically analyzed. As discussed above (Box 1), depth of snow cover and its duration 
increases with elevation; even minor elevation differences are noticeable (Formozov 1963, p. 
123). The spotty distribution of snow cover is also affected by unequal distribution of snow 
precipitation on slopes with different exposures, transport of snow by wind, melting of snow on 
sun-exposed slopes, avalanche or rolling down of snow from steeper areas, and vegetation 
(Formozov 1963, p. 123). As discussed above (Denning Habitat), wolverines select den sites for 
differing characteristics depending on location, and wolverine (natal) dens have been observed 
outside of the boundary of the snow model presented in Copeland et al. (2010). In addition, very 
few studies to date have evaluated the importance of denning habitat to reproductive success, or 
the key physiological and ecological characteristics, including avoidance and/or protection from 
predators, prey availability, availability of food caching habitat, that define denning behavior and 
den site selection.   
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We also considered temperature and precipitation projections from climate change models in 
conjunction with wildland fire risk. This risk is likely to increase across the western United 
States, but patterns and trends are dependent on several factors (e.g., degree of warming and 
drought conditions, fuel and soil moisture) and geographic region. 
 
As described above (see Life History and Ecology section), across their North American range, 
wolverines are found in a number of habitats, and exhibit wide-ranging movements. In 
conjunction with behavioral responses (e.g., dispersal over great distances, prey switching), 
physiological adaptations, including observed seasonal changes in the insulative capacity of fur, 
allow wolverines to occupy a variety of habitats throughout the year. Physiological adaptations at 
the cellular and biochemical level are also important in adapting to projected increases in 
temperature due to climate changes, though we are unaware of studies evaluating these types of 
responses in wolverines. 
 
Overall Assessment 
 
The wolverine’s current range extends across the west-northwestern United States, large areas of 
Canada, and Alaska. In the contiguous United States, potentially suitable habitat (i.e., primary 
habitat), as determined by the physical and ecological features and the ecological needs of the 
wolverine, has been estimated at 164,125 km2 (63,369 mi2) (Inman et al. 2013, p. 281). The 
species is found in a variety of habitats, but generally occurs in remote locations.  
 
In the contiguous United States, the structure of the wolverine population is represented as a 
metapopulation, although its genetic structure relative to its entire North American range has not 
been comprehensively evaluated. Wolverine populations in Alaska are considered to be 
continuous with populations in the Yukon and British Columbia provinces of Canada based on 
genetic studies (COSEWIC 2014, p. 37). Similarly, studies of wolverines in the North Cascades 
region have documented movement of wolverines from Washington into British Columbia 
(Aubry et al. 2016, pp. 16, 20). 
 
Based on the best available information, wolverines select den sites for different characteristics 
depending on location. Dens located under snow cover may be related to wolverine distribution 
based on other life history traits, including morphological, demographic, and behavioral 
adaptations that allow them to successfully compete for food resources (Inman 2013, pers. 
comm.). Structure (e.g., uprooted trees, boulders and talus fields) appears to be essential for natal 
den sites. However, reproductive success of wolverines has not been evaluated relative to the 
depth and persistence of snow cover, or in combination with these or other important 
characteristics, including prey availability and predator avoidance. Recent studies of wolverine 
populations and distribution in Sweden have observed wolverine populations and reproductive 
den sites outside areas with persistent spring snow cover (Aronsson and Persson 2016; Persson 
2017, pers. comm.). 
 
We identified several potential stressors that may be affecting the species’ and its habitat 
currently or in the future, including impacts associated with climate change effects. We 
recognize there is limited information available for the wolverine, including population estimates 
and abundance trends. Based on the best available information, demographic risks to the species 
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from either known or most likely potential stressors (i.e., effects from roads, disturbance due to 
winter recreational activities, effects of wildland fire, and overutilization) are low based on our 
evaluation of the best available information as it applies to current and potential future conditions 
for the wolverine and in the context of the attributes that affect the needs of the species.  
 
Climate change model projections for the range of the wolverine within the contiguous United 
States indicate increases in temperature by the mid-21st century as compared to early to mid-20th 
century values. Our evaluation of climate change indicates that snow cover is projected to 
decline in response to warming temperatures and changing precipitation patterns, but this varies 
by elevation, topography, and by geographic region. In general, models indicate higher 
elevations will retain more snow cover than lower elevations, particularly in early spring (April 
30/May1). Although the persistence of spring snow has not yet been evaluated as critical to 
wolverine survival in North America, our review of projected snow persistence (to 
approximately Year 2055) within the Northern and Southern Rocky Mountains, indicates that 
several hundred kilometers (miles) of deep snow will persist on May 1st at elevations used by the 
wolverine for denning. 
 
Legal protections include State listing in California and Oregon (as threatened), endangered in 
Colorado, as a candidate species in Washington, and protection as a non-game species in Idaho 
and Wyoming. In Canada, provincial designations range from endangered to threatened in 
eastern provinces, and sensitive/special concern to no ranking in other provinces. Legal trapping 
or hunting of wolverines is currently prohibited in the contiguous United States. Trapping effort 
along the U.S.–Canada border does not represent a significant barrier to wolverine movement 
and dispersal along the international border.   
 
Approximately 96 percent of modeled wolverine primary habitat in the contiguous United States 
is located on Federal lands, with 41 percent located in designated wilderness areas. Management 
actions for conservation of the wolverine and its habitat are included within State Wildlife 
Action Plans, the Idaho Wolverine Conservation Plan, and USDA Forest Service Land and 
Resource Management Plans (see Appendix G). Various provisions of these plans include, but 
are not limited to, winter road closures, fire management, and land acquisition or conservation 
easements. These management measures, currently and in the future, will alleviate effects 
associated with potential impacts related to stressors discussed in this report.   
 
Based on our review of available relevant literature for similar species, we identified the physical 
and ecological needs of the species as follows: large territories in remote landscapes; at high 
elevation (1,800 to 3,500 meters (5,906 to 11,483 feet)) within the contiguous United States; 
access to a variety of food resources, that varies with seasons; and reproductive behavior linked 
to both temporal and physical features. These needs are currently met for wolverines in the 
contiguous United States and are expected to be met in the future. 
 
Risk Assessment  
 
In order to characterize a species’ viability and demographic risks, we consider the concepts of 
resilience, representation, and redundancy. We also consider known and potential stressors that 
may negatively impact the physical and biological features that the species needs for survival and 

richardeyates02
Sticky Note
And here the implication is that "deep snow" is 0.5m; yes?  I do not agree that 20" of snow is deep or persistent where wolverine denning is concerned.  It is not unusual for snow pack to melt 12" on one hot  day in May.   

richardeyates02
Sticky Note
Although, in Figure 5, it sure looks like there is some mortality associated with trapping along the NW border of GLAC.  GLAC wolverines were tracked into BC in 2007.  

richardeyates02
Highlight

richardeyates02
Sticky Note
except for the whole snow component part of the equation.  Plus you should define the future here; 40-50 years?



North American Wolverine Species Status Assessment Report October 23, 2017 

93 
 

reproduction. Stressors are expressed as risks to its demographic features such as abundance, 
population and spatial structure, and genetic or ecological diversity. We consider the level of 
impact a stressor may have on a species along with the consideration of demographic factors 
(e.g., whether a species has stable, increasing, or decreasing trends in abundance, population 
growth rates, diversity of populations, and loss or degradation of habitat). 
 
Wolverine populations in much of North America are still recovering from large losses of 
individuals from intensively hunting and persecution pressures in the late 1880s into the mid-20th 
century. Surveys conducted in the winter of 2015, and 2016–2017 continue to document its 
presence across its range in the contiguous United States. These surveys have recorded 85 
observations, including in locations where they have not been recently detected (e.g., south of 
Interstate 90 in Washington, Teton Mountain Range/Grand Teton National Park). Thus, based on 
the best available information, wolverines continue to be detected across suitable habitat within 
the contiguous United States. Redundancy, the ability to withstand catastrophic events, can be 
characterized by the distribution and connectivity of populations.  In considering wolverine in 
the contiguous United States, individuals are spread across a wide range of locations and 
connected habitats, affording protection to withstand catastrophic events. Additionally, 
wolverines in the contiguous United States appear to be connected to wolverine populations in 
Canada, also contributing to current and future redundancy.  
 
Resiliency, the ability to withstand stochastic events, can be characterized by numbers of 
individuals and abundance trends. As indicated above, population size, growth rate, and current 
population trends are unknown for the wolverine due to the lack of abundance information. The 
range of the wolverine occurs within a large area of northern North America (see Figure 3). The 
most recent estimate for Canada indicates over 10,000 adult wolverines, as well as expansion of 
wolverines into historically occupied areas in both Canada and the contiguous United States with 
movement across both international borders. The 2014 COSEWIC report concluded that a 
climate-driven decline in wolverine populations in North America is not evident at this time in 
much of its range (COSEWIC 2014, p. 22). Wolverine populations in Canada are considered 
stable. Density estimates indicate no declining trend in wolverine populations in Alaska. We 
recognize that there is limited information on population sizes for the wolverine in the 
contiguous United States, and no comprehensive studies to indicate what a viable (or minimal) 
wolverine population size should be across its North American range. However, the best 
available information does not indicate either increasing or declining numbers of the wolverine 
in North America, including the contiguous United States. Further, at this time, the best available 
information does not indicate that the species’ abundance is significantly impacted by human-
caused stressors and this is unlikely to change in the future, supporting current and future 
resiliency.  
 
As discussed above (Status–Future Conditions), both direct and cumulative effects of climate 
change (e.g., higher temperatures, loss of snow cover, wildland fire) may affect the resilience of 
the wolverine by creating an environment that is less favorable to its physiological and 
ecological needs. We are unaware of studies of the wolverine that have formally evaluated the 
species’ responses (e.g., reproductive success) to warming temperatures or other climate change 
effects. However, a recent evaluation of behavioral plasticity, as an adaptive response to climate 
change effects, was presented for another mammal considered to be sensitive to climate change 
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effects—the American pika (Ochotona princeps; pika) (Beever et al. 2017, entire). As with the 
wolverine, this species is known to use several behavioral responses to variability in climate 
including changes in foraging strategies, use of habitat, and thermoregulation (Beever et al. 
2017, p. 302). The pika was recently detected in heavily shaded rainforest habitat adjacent to 
talus patches at lower elevation (Columbia River Gorge) not typical of the talus-type habitats 
commonly used in many alpine areas of the western United States (Beever et al. 2017, p. 302). 
The authors suggest that, in the Columbia River Gorge region, this species is selecting 
microclimates in nearby shaded forests that provide insulation from warm summer temperatures 
(Beever et al. 2017, p. 302).This study also included results from a review of available literature 
related to behavior as a response to changing environmental conditions for several taxonomic 
groups. They found that behavioral responses to climate change effects were most commonly 
observed in longer-lived species, and the most common response, across all taxa, was a change 
in reproductive behavior, followed by dispersal or migration (Beever et al. 2017, p. 300). Most 
of the studies they evaluated identified temperature as the climate metric that was responsible 
for, or correlated with, changes in behavior; however, about 14 percent of the examined literature 
included responses to indirect (biotic) factors, such as changes in food resources (Beever et al. 
2017, p. 300).  
 
The authors also note that there are tradeoffs (e.g., reduction in time for foraging due to 
sheltering) that may impact long-term persistence and population viability (Beever et al. 2017, 
pp. 301–302), and the pika’s flexibility in habitat selection has not been observed in populations 
in the Great Basin (Beever et al. 2017, p. 302), where some populations have been extirpated 
(Beever et al. 2016, p. 1,498; Table 1). A recent study concluded that the pika has been 
extirpated from an interior portion of its geographic distribution in the Sierra Nevada region 
(California) due to climate effects (i.e., increase in temperature, decline in snowpack), and 
although sites surrounding this core area still harbor the species, the net effect has been 
fragmentation of habitat and species distribution (Stewart et al., 2017, entire).  
 
However, the pika continues to be found at sites that are outside of areas contained within 
bioclimatic envelop models (Jeffress et al. p. 253). The study found previously undocumented 
extant populations of the American pika in a region of the Great Basin (northwestern Nevada) 
that has been described as extirpated (Jeffress et al. 2017, entire). Relative to wolverine, the 
authors note that these results highlight the need for monitoring programs, particularly at remote 
and isolated locations, and the importance of evaluating occupancy at multiple scales (Jeffress et 
al. 2017, p. 266). In addition, the study noted the inconsistency of modeled climate factors in 
explaining occupied/unoccupied sites, and the likely importance of the pika’s talus (micro) 
habitat as well as the scale in which environmental variables are examined (Jeffress et al. 2017, 
p, 264). Resilience of pika populations is therefore likely related to these types of landforms, 
which act to decouple surface temperatures, with the talus rock habitat providing cool refugia 
(Jeffress et al. 2017, pp. 253, 264–265), but additional microsite data is needed as well as 
analyses of physiological variables to develop predictions of persistence (Jeffress et al. 2017, pp. 
265–266). In sum, these studies indicate that small mammals exhibit adaptive responses to 
changing climate provided that refugia are available to support life history requirements. These 
studies also highlight the importance of continued monitoring and surveillance for difficult to 
study animals such as the wolverine, who are found in remote areas in naturally low densities, as 
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well as the potential for geographical variation and habitat structure in adaptation to climate 
change effects. 
 
As described in this SSA Report, the best available information indicates confirmed observations 
of wolverines denning in areas with patchy snow cover in Alaska, Canada, and Scandinavia. 
Given their high rate of movement, large dispersal, and other observed life history traits (e.g., 
behavioral plasticity) observed in wolverines, we do not predict a significant loss of individual 
and population resiliency to the species in the future within its North America range, including 
the contiguous United States. 
 
Currently, we are unaware of any documented specific risks for the wolverine related to a 
substantial change or loss of diversity in life history traits, population demographics, 
morphology, behavior, or genetic characteristics which can be used to characterize species 
representation (the ability to adapt to change). Rates of dispersal or gene flow are not known to 
have changed. Additionally, there is no currently available information to indicate that the 
current abundance of the wolverine across its current range is at a level that is causing inbreeding 
depression or loss of genetic variation that would affect representation. Nor is there any 
information to indicate that this species is unable to adapt or adjust to changing conditions (e.g., 
potential reduction in snow cover). We do not expect a reduction in representation of the 
wolverines in the contiguous United States in the future.   
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Appendix A – Ecoregions of North American within Estimated Current Range of North 
American Wolverine 
(Adapted from EPA 2010)  
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Appendix B – Wolverine Detections, Winter 2016–2017 (as of July 2017)   
Source: Inman 2017b, pers. comm. 
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Appendix C – Recent Wolverine Detections, Idaho and Wyoming  
Sources: Dewey 2017, pers. comm.; Evans Mack 2017a and 2017b, pers. comm.; Walker 2017, pers. comm. 
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Appendix D – Land Ownership of Modeled Wolverine Primary Habitat in Contiguous United 
States 
(based on model from Inman et al. 2013) 

 
Ownership  
(% of total) 

Agency or other Entity Total  
(acres) 

Total 
(hectares) 

Federal Lands Bureau of Indian Affairs 453,866 183,673  
 Bureau of Land Management 498,977 201,929  
 Bureau of Reclamation 1,868 756  
 Forest Service 34,331,515 13,893,471  
 U.S. Fish and Wildlife Service 5,528 2,237  
 National Park Service 3,791,491 1,534,362  
 Other U.S. Department of Agriculture 13,312 5,387  
 Other Federal 0.05 0.02  
Total Federal  
 (96.4%) 

 39,096,557 15,821,815 

State Lands  
(0.68%) 

Arizona, California, Colorado, Idaho, 
Montana, Nevada, New Mexico, Oregon, 
Utah, Washington, Wyoming 

277,181 112,171 

Local 
Government 
(0.12%) 

 49,464 20,017 

Private Lands 
(2.63%) 

 1,064,858 430,933 

No Code (“99”) 
(0.15%) 

 60,380 24,435 

Undetermined 
(0.02%) 

 7,598 3,075 

Total (100%)  40,556,038 16,412,446 
 
Note: Numbers may not total to 100 percent due to rounding. 
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Appendix E – Results from Spatial Analysis of Roads within Current Range of Wolverine 
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Appendix F – Road Closure Map, Grand Teton National Park 
Retrieved from:  https://2v9usu38jb9t3l8big1ialsn-wpengine.netdna-ssl.com/wp-
content/uploads/2015/11/GTNP-closure-map.pdf  

 
  

https://2v9usu38jb9t3l8big1ialsn-wpengine.netdna-ssl.com/wp-content/uploads/2015/11/GTNP-closure-map.pdf
https://2v9usu38jb9t3l8big1ialsn-wpengine.netdna-ssl.com/wp-content/uploads/2015/11/GTNP-closure-map.pdf
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Appendix G – Existing Regulatory Mechanisms and Voluntary Conservation Measures 
 
Federal Mechanisms 
 
Organic Administration Act of 1897 and the Multiple–Use, Sustained–Yield Act of 1960 
 
The USFS Organic Act of 1897 (16 U.S.C. § 475–482) established general guidelines for 
administration of timber on USFS lands, which was followed by the Multiple–Use, Sustained–
Yield Act (MUSY) of 1960 (16 U.S.C. § 528–531), which broadened the management of USFS 
lands to include outdoor recreation, range, watershed, and wildlife and fish purposes. 
 
National Forest Management Act 
 
The National Forest Management Act (NFMA) (16 U.S.C. § 1600 et seq.) requires the Forest 
Service to develop a planning rule under the principles of the MUSY of 1960 (16 U.S.C. § 528–
531). The NFMA outlines the process for the development and revision of the land management 
plans and their guidelines and standards (16 U.S.C. § 1604(g)). 
 
A new National Forest System (NFS) land management planning rule (Planning Rule) was 
adopted by the U.S. Department of Agriculture Forest Service (Forest Service) in 2012 (77 FR 
21162; April 9, 2012). The new Planning Rule guides the development, amendment, and revision 
of land management plans for all units of the NFS to maintain and restore NFS land and water 
ecosystems while providing for ecosystem services and multiple uses. Land management plans 
(also called Forest Plans) are designed to: (1) Provide for the sustainability of ecosystems and 
resources; (2) meet the need for forest restoration and conservation, watershed protection, and 
species diversity and conservation; and (3) assist the Forest Service in providing a sustainable 
flow of benefits, services, and uses of NFS lands that provide jobs and contribute to the 
economic and social sustainability of communities (77 FR 21261, April 9, 2012). A land 
management plan does not authorize projects or activities, but projects and activities must be 
consistent with the plan (77 FR 21261; April 9, 2012). The plan must provide for the diversity of 
plant and animal communities including species-specific plan components in which a 
determination is made as to whether the plan provides the “ecological conditions necessary 
to…contribute to the recovery of federally listed threatened and endangered species…” (77 FR 
21265; April 9, 2012). 
 
The Record of Decision for the final Planning Rule was based on the analyses presented in the 
Final Programmatic Environmental Impact Statement, National Forest System Land 
Management Planning (77 FR 21162–21276; April 9, 2012), which was prepared in accordance 
with the requirements of the National Environmental Policy Act (NEPA) (discussed below). In 
addition, the NFMA requires land management plans to be developed in accordance with the 
procedural requirements of NEPA, with a similar effect as zoning requirements or regulations as 
these plans control activities on the national forests and are judicially enforceable until properly 
revised (Coggins et al. 2001, p. 720). 
 
A Species of Conservation Concern (SCC) is defined in the 2012 Planning Rule and in 
regulation (36 CFR 219.9(c)), as “a species, other than federally recognized threatened, 
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endangered, proposed, or candidate species, that is known to occur in the plan area and for which 
the regional forester has determined that the best available scientific information indicates 
substantial concern about the species' capability to persist over the long-term in the plan area.” 
The 2012 Planning Rule requires Regional Foresters to identify SCC for plan revision, and, when 
identified for a National Forest, monitoring plans are changed as needed (77 FR 21250, 21267; 
April 9, 2012). Wolverine is considered a SCC in the Rocky Mountain Region (Region 2). It is 
considered a Sensitive Species in the Intermountain Region (Region 4) and Northern Region 
(Region 1). 
 
Within our estimated Current Range of the wolverine (see Figure 3), we identified 49 National 
Forests or Scenic Recreation Areas in the contiguous United States, and 2 within the State of 
Alaska. These areas are contained within 6 Forest Service Regions across the western United 
States and Alaska.  
 
National Forest Land Management Plans (Forest Plans) 
 
We reviewed several Forest Plans or related planning documents in an effort to describe how 
these plans provide conservation management for the wolverine and its habitat, including 
wildland fire management practices. The sections below are, in most cases, taken directly from 
relevant documents. However, this discussion is not intended to be inclusive of all NFS 
management strategies and activities across the entire Current Range of the wolverine in the 
contiguous United States. 
 
Sierra Nevada Forest Plan Implementation 
 
The 2004 Sierra Nevada Forest Plan Amendment (referred to as the Sierra Nevada Framework) 
amended the Land and Resource Management Plans (LRMP) for the eleven National Forests in 
the Sierra Nevada range to improve protection of old forests, wildlife habitats, watersheds and 
communities in the Sierra Nevada Mountains and Modoc Plateau. This amendment applies to the 
Tahoe National Forest, which has been occupied by a single male wolverine since at least 2008 
(Moriarty et al. 2009, p. 150). The emphasis of the 2004 Sierra Nevada Framework is to adopt an 
integrated strategy for vegetation management that is aggressive enough to reduce the risk of 
wildfire to communities in the wildland urban interface, while modifying fire behavior over the 
broader landscape. Direction is provided as management goals and strategies, desired conditions, 
management intents and objectives, and management standards and guidelines. The 2004 
Framework addressed five problem areas: old forest ecosystems and associated species; aquatic, 
riparian and meadow ecosystems and associated species; fire and fuels management; noxious 
weeds; and lower west side hardwood ecosystems (Forest Service 2013, p. 2–3).  
 
Kootenai National Forest 
 
The Kootenai National Forest is located in the northwest corner of Montana along the Canadian 
border and includes about 2.2 million acres of public land (Forest Service 2015, p. 7). The Forest 
Service published a Revised Land Management Plan for the Kootenai National Forest in 2015 
that identifies forestwide direction, including goals, desired conditions, objectives, standards, and 
guidelines for physical and biological elements including wildlife such as management activities 
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that promote connectivity and avoiding or minimizing disturbance at known active denning sites 
for sensitive, proposed, threatened, or endangered species not covered under other forestwide 
guidelines. It also outlines objectives and guidelines related to the use of fire to maintain or 
improve habitat and maintaining unlogged conditions in some portions of areas burned by 
wildfires for 5 years post-fire (Forest Service 2015, pp. 28–32).  
 
The Kootenai National Forest Land Management Plan also identifies proposed or possible 
actions for wildlife management that includes establishing and maintaining the vegetation 
diversity necessary to provide food, cover, and security for wildlife species native to the 
Kootenai National Forest in cooperation with federal, state, and other organizations. For 
wolverine, those management activities might include maintaining, managing, and protecting 
lands known or suspected to contribute to landscape linkages for wolverine (and other 
carnivores) in order to promote genetic dispersal and healthy populations (Forest Service 2015, 
p. 128). 
 
Beaverhead-Deerlodge National Forest 
 
The Beaverhead-Deerlodge National Forest covers 3.38 million acres in southwest Montana 
(Forest Service 2009, p. 2). The Beaverhead-Deerlodge National Forest Land and Resource 
Management Plan identifies goals, objectives, and standards for wildlife management (Forest 
Service 2009, pp. 45–49). Of relevance to the wolverine, wildlife security management goals 
include securing areas and connectivity for ungulates and large carnivores and managing the 
density of open motorized roads and trails by landscape region (Forest Service 2009, p. 45). 
Objectives include management of habitat conditions for elk security and winter habitat integrity 
for wolverine and mountain goat relative to changes in abundance of these Management 
Indicator Species (Forest Service 2009, p. 47). Monitoring elements are defined in the Land and 
Resource Management Plan that link goals and objectives to elements of the National 
Monitoring and Evaluation Framework (Forest Service 2009, pp. 273–280). For wildlife 
security, three performance measures relative to determining whether management activities are 
effectively protecting high elevation winter habitats for wolverines and mountain goats are 
defined: (1) presence or absence of wolverines in high elevation habitats, (2) populations of 
mountain goats (from Montana Fish Wildlife & Parks), and (3) number of snowmobile entries 
into non-motorized high elevation units protected for wolverines and mountain goats (Forest 
Service 2009, p. 277). In addition, in order to evaluate objectives related to road and trail 
densities, a performance measure related to changes in open motorized road and trail density for 
both seasons by landscape is included (Forest Service 2009, p. 277). 
 
The Forest Service is monitoring the Mount Jefferson Recommended Wilderness boundary for 
illegal snowmobile intrusions into the wolverine habitat closure; that is, illegal use will be 
monitored and recorded (number and distance of intrusions) during the period open to 
snowmobiles December 2 to May 15 and any other time of the year snow conditions make 
snowmobiling possible (Forest Service 2009, p. 277). A reassessment of the decision to allow 
snowmobile use will be triggered if: (1) illegal intrusions are documented throughout the closure 
period; (2) illegal intrusions into the closed area, or (3) illegal intrusions that extend as far as the 
Bureau of Land Management (BLM) Wilderness Study Area (Forest Service 2009, p. 277). 
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Flathead National Forest 
 
The Flathead National Forest is located in the northern Rocky Mountains in western Montana 
and includes approximately 2.4 million acres of public land (Forest Service 2016a, p. 3). This 
National Forest is surrounded by the Kootenai, Lewis and Clark, and Lolo National Forests, 
Glacier National Park, and Canada and includes large areas of designated wilderness (e.g., Bob 
Marshall Wilderness Complex, Mission Mountains Wilderness), Crown of the Continent 
Ecosystem, and wild and scenic river systems (Forest Service 2016a, pp. 3–4).  
 
A Draft Revised Forest Plan was prepared for the Flathead National Forest in 2016 (Forest 
Service 2016b, entire). The Draft Revised Forest Plan identifies components to guide future 
projects and activities and the plan monitoring program, though these components are not 
commitments or final decisions approving projects or activities (Forest Service 2016b, p. 3). 
These components include desired conditions, objectives, standards, guidelines, suitability, and 
monitoring questions and monitoring indicators (Forest Service 2016b, p. 3). [A desired 
condition is a description of specific social, economic, and/or ecological characteristics of the 
plan area, or a portion of the plan area, toward which management of the land and resources 
should be directed, while an objective a concise, measurable, and time-specific statement of a 
desired rate of progress toward a desired condition or conditions (Forest Service 2016b, p. 4). A 
standard is a mandatory constraint on project and activity decision making, established to help 
achieve or maintain the desired condition or conditions, and a guideline is a constraint on project 
and activity decision-making that allows for departure from its terms, and are established to help 
achieve or maintain a desired condition or conditions, to avoid or mitigate undesirable effects, or 
to meet applicable legal requirements (Forest Service 2016b, pp. 4–5).] 
 
Relative to wolverine, plan components for the revised forest plan include two guidelines that are 
protective of wolverine habitat; one that would protect modeled wolverine maternal denning 
habitat with respect to new projects or activity authorizations involving helicopter use and one 
that stipulates no net increase in the percentage of modeled wolverine maternal denning habitat 
where motorized over-snow vehicle use would be suitable on National Forest System lands. 
Additionally, as described in the Final EIS, management area allocations for Alternatives A, B 
modified and C include recommended wilderness areas that would add to existing wilderness. 
Desired conditions related to maintaining connectivity for wolverine and other wildlife are also 
identified within several geographic areas (Kuennen 2017, pers. comm.). 
 
Federal Land Policy and Management Act (FLPMA) of 1976 
 
FLMPA (43 U.S.C. 1711-1712) represents the BLM’s “organic act” for public lands 
management under the principles of multiple use and sustained yield. Its implementing 
regulations give BLM regulatory authority over activities for protection of the environment, 
including mining claims. Under FLPMA and BLM policy, public lands must be managed so as 
to protect the quality of scientific, scenic, historical, ecological, environmental, air and 
atmospheric, water resource, and archaeological values (BLM 2005, p. 1). 
 
Land Use and Resource Management Plans  
 



North American Wolverine Species Status Assessment Report October 23, 2017 

142 
 

BLM land use planning requirements are established by Sections 201 and 202 of FLMPA and 
regulations at 43 CFR 1600 (BLM 2005, p. 1). A Land Use Planning Handbook (BLM 2005, 
entire) provides guidance for implementing land use planning requirements established under 
FLMPA and implementing regulations. Land use plans prepared by BLM include resource 
management plans (RMPs) and management framework plans (BLM 2005, p. 1). The RMPs 
establish the basis for actions and approved uses on the public lands and are prepared for areas of 
public lands, called planning areas (BLM 2005, pp. 1, 14). These plans are periodically evaluated 
and revised in response to changed conditions and resource demands (BLM 2005, pp. 33–34).  
 
National Environmental Policy Act (NEPA) 
 
All Federal agencies are required to adhere to the NEPA of 1970 (42 U.S.C. 4321 et seq.) for 
projects they fund, authorize, or carry out. Prior to implementation of such projects with a 
Federal nexus, NEPA requires the agency to analyze the project for potential impacts to the 
human environment, including natural resources. The Council on Environmental Quality’s 
regulations for implementing NEPA state that agencies shall include a discussion on the 
environmental impacts of the various project alternatives (including the proposed action), any 
adverse environmental effects that cannot be avoided, and any irreversible or irretrievable 
commitments of resources involved (40 CFR part 1502). The public notice provisions of NEPA 
provide an opportunity for the Service and other interested parties to review proposed actions 
and provide recommendations to the implementing agency. NEPA does not impose substantive 
environmental obligations on Federal agencies—it merely prohibits an uninformed agency 
action. However, if an Environmental Impact Statement is prepared for an agency action, the 
agency must take a “hard look” at the consequences of this action and must consider all 
potentially significant environmental impacts. Federal agencies may include mitigation measures 
in the final Environmental Impact Statement as a result of the NEPA process that may help to 
conserve the wolverine and its habitat.   
 
Although NEPA requires full evaluation and disclosure of information regarding the effects of 
contemplated Federal actions on sensitive species and their habitats, it does not by itself regulate 
activities that might affect the wolverine; that is, effects to the subspecies and its habitat would 
receive the same scrutiny as other plant and wildlife resources during the NEPA process and 
associated analyses of a project’s potential impacts to the human environment. The Service 
receives notification letters for Draft and Final Environmental Impact Statements prepared by the 
Forest Service, BLM and other Federal agencies pursuant to NEPA for specific proposed 
projects including those within National Forests or National Parks, and preparation of Forest 
Service Land and Resource Management Plans, as discussed above.   
 
Wilderness Act 
 
The Wilderness Act of 1964 (16 U.S.C. 1131–1136) provides protection of habitat from most 
forms of development, though no single agency is responsible for administration of lands 
provided this designation, which are designated (or modified) by Congress. The Wilderness Act 
prohibits commercial enterprises and permanent roads within wilderness area and restricts 
temporary roads, motorized and mechanical transport, and structures, but does not prohibit all 
commercial uses (e.g., grazing). Within the portion of our estimated Current Range of the 
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wolverine in the contiguous United States and Alaska, approximately 15 percent is designated as 
wilderness areas under the Wilderness Act. We also evaluated wilderness contained within 
modeled wolverine primary habitat from Inman et al. (2013). We found 41 percent of this 
suitable habitat was designated as wilderness areas. 
 
State Mechanisms 
 
California  
 
As noted above, the wolverine is a threatened species under the California Endangered Species 
Act or CESA, which prohibits the take of any species of wildlife designated by the California 
Fish and Game Commission as endangered, threatened, or candidate species (CDFW 2017b). 
CDFW may authorize the take of any such species if certain conditions are met through the 
issuance of permits (e.g., Incidental Take Permits) (CDFW 2017b). The wolverine is also a 
Species of Greatest Conservation Need (SGCN) in the State’s Wildlife Action Plan5 and is a 
focal species of conservation strategies for conservation targets in the Southern Cascades and 
Sierra Nevada Ecoregions, and in the Mono Ecoregion of the Deserts Province section (Big 
Sagebrush Scrub (CDFW 2015, pp. 5.2-16, 5.4-23, 5.6-19). 
 
In 2011, the CDFW (formerly California Department of Fish and Game) prepared an 
assessment/briefing document, California Wolverine Population Augmentation Considerations, 
in response to a Feasibility Assessment and Implementation Plan for Population Augmentation of 
Wolverines in California (November 2010) submitted to the Department by the Institute for 
Wildlife Studies (California Department of Fish and Game (CDFG) 2011). As of August 2017, 
no action has been taken by CDFW toward implementation of augmentation of wolverines in 
California. 
 
Oregon 
 
The wolverine has been listed as threatened species in Oregon since 1975, under the Oregon 
Endangered Species Act, and is fully protected under management authority of the ODFW 
(Anglin 2013, pers. comm.).  
 
A Conservation Strategy for conserving the State’s fish and wildlife has been prepared by the 
ODFW. The Conservation Strategy identifies 294 Strategy Species, which are Oregon’s SGCN, 
(including wolverine) and are defined as those species having small or declining populations, are 
at-risk, and/or are of management concern (ODFW 2016). For each of the Strategy Species, the 
Conservation Strategy identifies information on the special needs, limiting factors, data gaps, and 
conservation actions. For wolverine, conservation actions include management of recreational 
use to avoid impacts to the species (ODFW 2016). Other Strategy Species identified in the 
                                                 
5 The U.S. Congress created the State Wildlife Grant (SWG) funding program in 2000 (Title IX, Public Law 106-
553 and Title 1, Public Law 107-63). SWG funds are to be used "…for the planning and implementation of [States 
and territories] wildlife conservation and restoration program and wildlife conservation strategy, including wildlife 
conservation, wildlife conservation education, and wildlife-associated recreation projects.” Congress stipulated that 
each State or territory applying for this funding program must develop a wildlife conservation strategy (State 
Wildlife Action Plan (SWAP)) by October 1, 2005. All 56 states and territories submitted SWAPs by 2005 and 
made commitments to review and/or revise their SWAP at least every 10 years. 
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State’s Conservation Strategy are prey species important to wolverine, including the Rocky 
Mountain bighorn sheep and Columbian white-tailed deer (ODFW 2016). 
 
Washington 
 
The wolverine is a candidate species for listing in the State of Washington and, since 2006, the 
Washington Department of Fish and Wildlife (WDFW) has been collaborating with wolverine 
researchers in the Cascades of northern Washington and southern British Columbia to better 
understand the status, distribution, and general ecology of wolverines in this region (WDFW 
2013). It is also considered a SGCN, and is identified as a species whose population is in critical 
condition (WDFW 2013, pp. 3-7). 
 
Washington’s State Wildlife Action Plan (updated in 2015) identifies several major conservation 
strategies to address the conservation of fish and wildlife habitat and biodiversity in Washington, 
on both public and private lands (WDFW 2015, pp. 2-12–2-28). The wolverine is included in 
several identified ecological systems of concern such as alpine scrub, forb meadow, and 
grassland vegetation, cliff, scree and rock vegetation, and temperate forests (WDFW 2015, pp. 4-
19, 4-27, 4-98). The State’s Wildlife Action Plan identifies major stressors and key actions 
needed to maintain habitat quality for each of these ecological systems. 
 
Of relevance to wolverine, the WDFW and its partners have been targeting land acquisition and 
conservation easements with high habitat or biodiversity values such as mixed-conifer forests as 
well as areas that support winter range and connectivity for wolverine and other carnivores (e.g., 
Methow River and Okanogan River Watersheds projects) (WDFW 2015, pp. 2-15–2-17). Other 
landscape conservation efforts highlighted in the State’s Wildlife Action Plan include a Federal-
State partnership with Washington’s Department of Transportation to implement the Interstate-
90 Snoqualmie Pass East Project to enhance wildlife connectivity that includes wildlife 
underpasses under the highway along creeks and rivers and two 150-foot wide wildlife bridges 
over the highway (WDFW 2015, p. 2-26). 
 
Idaho 
 
In Idaho, the wolverine is a protected nongame species and SGCN in Idaho (IDFG 2014). The 
Idaho State Wildlife Action Plan, 2015 is a statewide plan for conserving and managing Idaho’s 
fish and wildlife and their habitats, and provides a framework for conserving Idaho’s 205 SGCN 
and their habitats, which includes the wolverine (IDFG 2017b, pp. xv–xviii). The wolverine is 
identified as a Tier 1 SGCN, which indicates it represents a species of most critical conservation 
need (IDFG 2017b, p. xvi). The statewide plan presents a species assessment for each SGCN and 
ecological section plans. Each of the ecological section plans presents a conservation target (e.g., 
habitat, species assemblage) that summarizes its viability as well as prioritized threats and 
strategies (IDFG 2017b, p. xv). A section outlining species designation, planning, and 
monitoring is also provided. The wolverine is included in three of the defined conservation 
targets—forested lowlands, subalpine-high montane conifer forest, and low density forest 
carnivores (IDFG 2017b, p. 76). Along with objectives and strategies, these summaries identify 
actions for the SGCNs included in the defined conservation targets. Examples include: develop 
and implement a long-term multi-taxa monitoring program; determine high risk areas for wildlife 
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crossings; construct highway over- and underpasses; promote and/or facilitate the use of 
prescribed fire as a habitat restoration tool, on both public and private lands where appropriate; 
determine best management practices to maintain cool microsites and benefit cool air associated 
species; and implement strategies to minimize disturbance from winter recreation activities as 
outlined in the Management Plan for the Conservation of Wolverines in Idaho, 2014–2019 
(IDFG 2017b, pp. 79, 80, 91, 94, 110). 
 
The Management Plan for the Conservation of Wolverines in Idaho, 2014–2019 (Management 
Plan) (IDFG 2014, entire) represents a framework for proactive efforts to ensure the long-term 
persistence and viability of wolverine populations in Idaho (IDFG 2016, pers. comm.). The 
Management Plan is described as a voluntary guidance document to lead conservation efforts at 
the State and local level, as well as to facilitate communication and collaboration efforts among 
wildlife and land managers (IDFG 2014, p. v). 
 
Conservation issues and management actions are described in the Management Plan and the 
appropriate section plans of the Idaho State Wildlife Action Plan. The recommended strategies 
include development of finer-scale climate projections, research regarding wolverine-snow 
relationships, characterizing wolverine response to recreational activities, developing predictions 
of the potential overlap of wolverine and high levels of snow-sports recreation, and educating 
trappers to minimize incidental trapping of nontarget species, including the wolverine (IDFG 
2014, pp. 32–39; IDFG 2017b, p. 1058). Seven conservation and management objectives are 
outlined in the Management Plan (IDFG 2014, pp. 32–39) and, as outlined in a November 2016 
response letter, there has been progress on all of these objectives (IDFG 2016, pers. comm.). As 
an example, the agency (under the Multi-species Baseline Initiative) has developed and 
implemented a baseline micro-climate monitoring protocol for collecting environmental 
parameters in an effort to identify areas that serve as cool-air refugia (IDFG 2016, pers. comm.). 
As described above (Overutilization for Commercial, Recreational, Scientific, or Educational 
Purposes), the IDFG has prepared educational materials to promote best management practices 
for minimizing non-target wolverine captures and continues to educate trappers under a 
legislative mandate passed in 2016 (State of Idaho House Bill 378) (IDFG 2016, pers. comm.).  
 
In addition, management of prey species important to the wolverine diet is outlined in the Idaho 
Elk Management Plan 2014-2024 (IDFG 2014a), the Mule Deer Management Plan 2008-2017 
(2008) and the Bighorn Sheep Management Plan (2010). 
 
Montana 
 
In the State of Montana, the wolverine is classified as a furbearer and species of concern. Since 
2013, there has been a zero quota for trapping or harvest of wolverine and trappers that capture a 
wolverine must notify a designated Montana FWP employee within the relevant trapping district 
within 24 hours for collection if the animal cannot be released uninjured (Montana FWP 2016, 
pers. comm.).  
 
There are two broad-scale wildlife conservation efforts that provide conservation benefits to the 
wolverine. Montana’s State Wildlife Action Plan (updated and revised in 2015) identifies the 
wolverine as one of 128 SGCN (Montana FWP 2015, Appendix N). The State’s Wildlife Action 
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Plan identifies priority community types, focal Areas, and species to help informing Montana 
FWP’s priorities and decisions and to assist other agencies and organizations in making 
decisions as to where to focus their conservation efforts (Montana FWP 2015, p. 2). Community 
types and focal areas are designed to identify and direct attention to specific geographical areas 
in the State that have the greatest conservation need (Montana FWP 2015, p. 5). For the 
wolverine, Montana’s State Wildlife Action Plan identifies wolverine habitats in seven 
community types, all designate Tier I (or those with greatest conservation need), and in all focal 
areas (also Tier I) within those community types (Montana FWP 2016, pers. comm.). For each 
community type, impacts, threats, and corresponding conservation actions are identified, as well 
as specific impacts and threats such as habitat fragmentation (e.g., prioritize land acquisition, 
provide wildlife under- and overpasses), land management (e.g., management to address altered 
fire regimes), recreation (e.g., consider seasonal closures during breeding season), and climate 
change (e.g., collection of baseline data to document shifting range limits of SGCN and 
Community Types of Greatest Conservation Need) (Montana FWP 2015, pp. 59–63). 
 
The second conservation effort in the State of Montana is a Crucial Area Assessment to identify 
crucial areas and fish and wildlife corridors, and development of a Crucial Areas Planning 
System (URL: http://fwp.mt.gov/fishAndWildlife/conservationInAction/crucialAreas.html). This 
is a Montana FWP mapping application and planning tool designed to assist in future planning of 
development and conservation (Montana FWP 2016, pers. comm.). 
 
The State of Montana is also conserving wildlife habitat through land acquisition and 
conservation easements (Montana FWP 2016, pers. comm.). In western Montana, including areas 
known to be occupied by the wolverine, 425 properties for a total 310,523 ha (767,320 ac) have 
been either acquired (e.g., State Parks, Wildlife Management Areas) or protected by conservation 
easements, as of November 2016, as shown in figure below (Montana FWP 2016, pers. comm.). 

 

http://fwp.mt.gov/fishAndWildlife/conservationInAction/crucialAreas.html
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Wyoming 
 
The wolverine is a protected animal and SGCN in Wyoming (WGFD 2017). The Wyoming 
Game and Fish Department State Wildlife Action Plan directs the activities of the WGFD and 
serves to guide in conserving Wyoming’s SGCN through the combined efforts of government 
agencies, conservation organizations, academia, tribes, and others (WGFD 2017, p. I–1-1). As 
noted above, the wolverine is identified as a SGCN, a designation intended to identify species 
whose conservation status warrants increased management attention and funding, and 
consideration in conservation, land use, and development planning in the State (WGFD 2017, p. 
IV– i-1). The State Wildlife Action Plan incorporates the wolverine as a SGCN in several 
terrestrial habitat types or ecological systems, including cliffs, canyons, and rock outcrops, 
montane and subalpine forests, and mountain grasslands and alpine tundra (WGFD 2017, pp. III–
2-5, III–5-7, III–6-5).  
 
In 2015, Wyoming funded a pilot project (through The Wolverine Initiative) to evaluate 
wolverine detection and monitoring of the species in the State and is a contributing collaborator 
in the Multistate Wolverine Working Group implementing a monitoring strategy (the WSWCP) 
in the winter of 2016–2017 across four western states (WGFD 2017, p. IV–5-357). Results of 
those studies (e.g., Inman et al. 2015) are summarized above (Population Abundance and 
Distribution). The WSWCP is also updating and refining connectivity models for the wolverine 
in an effort to focus and prioritize habitat conservation and management (WGFD 2016, pers. 
comm.). 
 
Colorado 
 
The wolverine is a state-endangered species in Colorado (Colorado Parks and Wildlife 2015a); 
however, there is no known current resident or reproducing wolverine population.  
 
The Colorado State Action Plan (Colorado Parks and Wildlife 2015b) provides a blueprint for a 
collaborative effort to conserve Colorado’s at-risk wildlife and their habitats, with a primary goal 
for securing wildlife populations in order to avoid protections implemented so that they do not 
require protection via federal or state listing regulations (Colorado Parks and Wildlife 2015b, p. 
1). The wolverine is designated as a Tier 1 (highest conservation priority; up from Tier 2) SGCN 
(Colorado Parks and Wildlife 2015b, p. 19). The primary conservation action for wolverine 
described in the 2015 State Action Plan is to continue discussions among wildlife managers, 
conservation partners and stakeholders of the social and political aspects regarding 
reintroduction of wolverine populations into the southern Rocky Mountains (Colorado Parks and 
Wildlife 2015b, p. 186). The State has not yet prepared a potential restoration program for the 
species (Broscheid 2016, pers. comm.). 
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Other Conservation Mechanisms 
 
Tribes 
 
Nez Perce Tribe 
 
Wolverines are found within the aboriginal territory of the Nez Perce Tribe in north-central 
Idaho, and conservation and restoration of the species within the Nez Perce homeland is 
important to the Nez Perce Tribe (Miles 2017, pers. comm.). The Nez Perce Tribe is currently 
preparing an Integrated Resource Management Plan (IRMP), a Plant and Wildlife Conservation 
Strategy, and a Forest Management plan with the wolverine defined as a species of conservation 
concern in all three draft plans (Miles 2017, pers. comm.). The planning area for the IRMP, 
which is being prepared in partnership with the Bureau of Indian Affairs, incorporates the 
approximately 311,608 ha (770,000 ac) Nez Perce Reservation, located within portions of Nez 
Perce, Lewis, Clearwater, Latah, and Idaho Counties in north-central Idaho 
(http://www.nezperce.org/irmp/; accessed August 24, 2017). The preparation of the IRMP is 
currently at the scoping stage in the NEPA process for development of a Programmatic 
Environmental Impact Statement (http://www.nezperce.org/irmp/; accessed August 24, 2017). 
 
The Shoshone-Bannock Tribes 
 
The Shoshone-Bannock Tribes are currently conducting climate change modeling for the 
Northern Rocky Mountains as part of its preparation of a Climate Change Adaptation Plan 
(Edmo 2016, pers. comm.). The Upper Snake River Tribes Foundation (USRT), which is 
comprised of four member tribes—the Burns Paiute Tribe, Fort McDermitt Paiute-Shoshone 
Tribe, Shoshone-Bannock Tribes of the Fort Hall Reservation, and Shoshone-Paiute Tribes of the 
Duck Valley Reservation—within the Upper Snake River Watershed region, prepared a Climate 
Change Vulnerability Assessment in February 2017 (Petersen et al. 2017, entire). The assessment 
is the first of three steps the USRT and its member tribes plan activities over the next several 
years as part of a comprehensive climate change effort, and will include an Adaptation Plan 
(expected to be completed in 2017–2018), and, depending on future funding, a process for 
development of Implementing Adaptation Actions and Monitoring (Petersen et al. 2017, p. 7). 
 
 
 
  

http://www.nezperce.org/irmp/
http://www.nezperce.org/irmp/
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Appendix H–NOAA/CU Study Areas Used to Evaluate Future Snow Persistence  
(from Ray et al., 2017)   
 
Glacier National Park Study Area 
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Rocky Mountain National Park Study Area 
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Hi Betty,
 
Please accept this email as the USFS comments on the FWS’s draft
Species Status Assessment for the North American Wolverine (v. 1.0,
Oct. 23, 2017).  I’ve attached a Word document that provides
comments primarily pertaining to the North Cascades, and a pdf of the
draft SSA that includes comments in track changes, with a focus more
on the Northern Rockies.
 
In addition, I’ve included the following from a USFS commenter, which
summarizes some of the comments in the attached pdf file.
 

Attached are my comments on the Wolverine SSA.  I appreciate the opportunity to
comment and I do hope my comments are helpful in perpetuating the conservation of
wolverines in the lower 48 states.
 
As you are aware, much of the SSA climate change discussion was based on specific
data from our Glacier National Park wolverine study between 2002 and 2007.  I feel it
is my obligation as a wildlife biologist to provide comments on the proper use and
interpretation of those data, and once again, I appreciate the opportunity to do so.  I
made comments throughout the document, including editions for grammatical errors. 
However the Glacier Climate Change analysis, as it relates to den site habitat and
persistent snow cover, is the section of the document I had the most comments on. 
The other issue was how Copeland et al. 2010 was presented.  Here are a few
summary highlights.
 
Snow pack at active wolverine den sites in Glacier averaged 2.6m in depth at the end
of April and in to early May.  I know this because I visited these sites and did the
measurements.  This metric is not based on a model.  For some reason, the depth used

mailto:sjackson03@fs.fed.us
mailto:betty_grizzle@fws.gov
mailto:jodi_bush@fws.gov


as the standard for the SSA models was 0.5m.  If snow depth diminishes from an
average of 2.6m to 0.5m and we call that “no change”, because it is still “snow cover”,
it is not the same thing where a wolverine is concerned.   Not all snow cover is the
same, ask any hydrologist.  Our den sites had a deep snow pack at the time of use.  A
half meter is not deep.
 
The model for the changes in snow cover in Glacier used years 2000 to 2013 as the
“historic average”.  I have a real problem with this.  2012 was the hottest year ever
recorded, and 13 of the 14 hottest years occurred during this supposed “historic”
period.  Using this average and projecting 40 years into the future produced little
change in the snow cover in Glacier.   I believe this is a misrepresentation of what is
occurring on the ground.
 
Finally, Copeland et al. 2010 was a seminal work that correlated persistent spring snow
cover with wolverine den sites (n=562), across the Northern Hemisphere.  It was not
intended to be the final word on wolverine reproductive denning habitat or
temperature conditions.  The model Copeland used explained 96% of the relationship
between wolverine dens and persistent spring snow.  There are, of course,
exceptions/outliers.  That is not surprising.  However, the SSA goes to great lengths to
suggest that wolverines can den in areas that do not show persistent spring snow as a
habitat feature.  There may be reasons for this that are explained by the limitations of
the models.  But, to use a sample size of 8, at a different scale, to refute a hemispheric
model of 562 den sites seems rather capricious.  There is no doubt that wolverine
reproductive denning ecology is in need of further study.  Perhaps wolverines can
adapt to increases in temperature and to losses of snow cover (den substrate),
perhaps not.

 

Thank you, Betty, for providing the USFS the opportunity to review and
comment.  You’ve done a nice job of assembling a lot of good
information and I very much appreciate the effort that went into this
document.  As managers of the majority of wolverine habitat in the
lower 48, the USFS very much supports the use of the best science
available, in the most accurate way possible, to help conserve this rare
species and its habitat.
 

Scott Jackson 
National Carnivore Program Leader
Forest Service
Northern Regional Office
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From: Grizzle, Betty [mailto:betty_grizzle@fws.gov] 
Sent: Wednesday, November 29, 2017 5:00 PM
To: Jackson, Scott -FS <sjackson03@fs.fed.us>
Subject: Re: draft wolverine SSA comments
 
Hi Scott - As much as it would make it easier to have everything in one document, given our
time constraints, it's probably best just to send everything and we will sort through them.
Thanks to you and others for your review,
Betty
 
On Wed, Nov 29, 2017 at 3:54 PM, Jackson, Scott -FS <sjackson03@fs.fed.us> wrote:

Hi Betty,
 
I’ve collected some USFS comments on the draft wolverine SSA and
would like to provide them to you.  Do you have a preference for the
format?  Some of what I’ve received are written out in a Word doc
and some are in track changes within the document.  Would it work
for you if I just forward them to you?  Or do you need a summary of
comments?
 
Thank you for the chance to comment.  I appreciate the work that
went into the draft SSA report. 
 

Scott Jackson 
National Carnivore Program Leader
Forest Service
Northern Regional Office
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Dear Wolverine Conservation Partners:
 
Attached please find the DRAFT Species Status Assessment (SSA) for the North American
Wolverine.  As you may be aware, the draft report is currently undergoing peer review.  
 
We are providing this draft to your agency for review by members of your organization with expert knowledge of
the species and its habitat.  Your review will help us ensure that we have appropriately considered the best
scientific and commercial information when evaluating the current status and future viability of the North
American wolverine.  We request your independent scientific perspectives on the comprehensiveness and logic of
the document, as well as how well the technical conclusions are supported by the data and analyses.
 
As the literature cited is lengthy, if you need a copy of any document cited in the draft
report, please contact Betty Grizzle at the email address below.
 
The Draft SSA is not intended to solicit public comment and will be revised after this scientific review. The SSA
does not predetermine any future agency decision under the Endangered Species Act.
 
In general we ask that your comments on the Draft SSA report focus specifically on whether the best available
information was used, the quality of the scientific information, and our interpretation and analyses of the data
with regard to the species’ viability in the contiguous United States.  We request that you direct your review to
the scientific issues and assumptions related to your expertise.
 
General Information about SSAs:
 
The Species Status Assessment framework is a new tool the U.S. Fish and Wildlife Service is using to improve
transparency while conducting listing determinations and other Act actions, and peer review of our analyses of
the viability of species is part of that new process.  The attached draft SSA report is a rough draft; we are seeking
comments at this stage to ensure that we have time to incorporate any substantial comments as we finalize the
report.
 
In reviewing the document, please note that this draft SSA report does not result in or predetermine a decision by
the Service on whether the Canada lynx warrants protections of the Act.  This document is strictly a
characterization of the viability species’ viability in the contiguous United States. As a reminder, all reviews and
comments submitted to the Service will become public documents and part of our administrative record for this
document.  
 
We welcome consolidated comments from your organization by November 30, 2017.  Please send
comments by that date to Betty_Grizzle@fws.gov. Thank you for your interest and assistance.  JB
 
 
Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 

mailto:Betty_Grizzle@fws.gov


This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or
criminal penalties. If you believe you have received this message in error, please notify the
sender and delete the email immediately.

 
--
 
Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax



From: Bell, Heather
To: Bush, Jodi
Cc: Zelenak, Jim; Justin Shoemaker; Mary Parkin
Subject: Re: SSAs and States
Date: Tuesday, December 05, 2017 12:11:46 PM

Hello! yes, it is or will be implemented and yes we are still trying to figure out what it means! 
certainly for a wide ranging species this will be a challenge.  (and yes i am soo soo soo glad
you chose to figure out a way to incorporate the states as best as you did!).  
I can tell you that there is a requirement to "ask" (but no requirement that the SSA cannot
move forward if the states decline),and that it will be clear that state involvement is not to hold
up progress on the SSA (although certainly said more nicely than that).  
I had heard it might be coming in october but was surprised at the quickness of the memo and
the fact that we haven't really had time to think through its implementation.  I assume
Justin/Marj will be best for further information.  

Heather Bell
Ecological Services HQ
Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff
at https://sites.google.com/a/fws.gov/ssa/ and  the Recovery Planning and Implementation (RPI)  Google
Site: https://sites.google.com/a/fws.gov/recovery-planning-and-implementation/ For audiences outside FWS
visit http://www.fws.gov/endangered/improving_ESA/SSA.html.

On Tue, Dec 5, 2017 at 8:55 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
This was shared with us  a couple of weeks ago at the PL meeting and I don't think has been
widely disseminated.  As it happens this memo (attached)  just came in my inbox today.   JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Dec 5, 2017 at 8:33 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

A colleague passed this along today from E&E News about a FWS memo re: SSAs and State representation.

https://www.eenews.net/assets/2017/12/05/document_cw_01.pdf

“Each SSA team will request one member from the respective state fish and wildlife management agency(s) and one as
designated by the respective Governor’s office(s).”

mailto:heather_bell@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:mary_parkin@fws.gov
https://sites.google.com/a/fws.gov/ssa/
https://sites.google.com/a/fws.gov/recovery-planning-and-implementation/
http://www.fws.gov/endangered/improving_ESA/SSA.html
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
https://www.eenews.net/assets/2017/12/05/document_cw_01.pdf


Not that it applies to lynx, because we started it so long ago - and we also have worked hard to engage States,
both as members of the expert panel and in soliciting review of the draft SSA report and participation in
monthly (for the most part) coordination calls - but is this new policy being implemented?  Folks here were
surprised that this hasn't been broadly disseminated - or if it has, many of us have not seen it before.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


 
 
 
 
 

Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 

1. Plan title: Canada Lynx 5-year Review 

 

2.  DTS number: 067057 

 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service will publish a 5five-year review of the distinct population segment (DPS) of 
the Canada lynx, a species currently listed as threatened under the Endangered Species Act 
(ESA). The review concludes that, thanks to the conservation actions of a variety of 
partners, the Canada lynx DPS may no longer require protection under the ESA. 

The Service’s recommendation does not remove or negate the ESA protections currently in 
place for the species. To delist a species, the Service must follow a process similar to what 
is used in considering whether to list, which includes publication of a proposed rule in the 
Federal Register, a public comment period and peer review prior to a final decision being 
made. 

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

December 2017. This is the proposed time frame for the 5five-year review and species 
status assessment (SSA) to be made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is the lead. R1, R2, R3, R5 and HQ are also involved. 
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SECTION II: GOALS 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for audiences to understand that in implementing the 
ESA, the Service works with partners to better understand, manage and conserve species 
and their habitats to the point in which they no longer need federal protection.  

The Service relies on the best available science when conducting 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.  

Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

Any time we can remove a species from the ESA due to recovery, it is a victory. The 
recommendation to delist is a testament to the importance of working with partners to 
recover imperiled species. This recommendation does not automatically remove federal 
protections for the Canada lynx DPS and the Service must follow a process similar to what 
is used in considering whether to list a species under the ESA.  

 

SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The interested public; Congress; state, tribal and local governments; federal partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director; HQ Ecological Services; Regional leadership and 
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interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  

DOI: Departmental leadership, BLM and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., Wild Earth Guardians, Earth Justice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or even be uplisted to 
endangered) under the ESA due to accelerating threats of climate change. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and their belief possibility that lynx may disappear from the lower 48 states at 
some point in the more distant future. 

● Some tribal governments may oppose; others may support. 

● Washington State Fish and Wildlife and/or Natural Resources Departments may oppose 
because federal delisting is at odds with their recent uplisting of lynx at the state level 
from threatened to endangered. 

 

11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, state wildlife and 
natural resources management agencies, AFWA, WAFWA, state governments (especially 
Maine, Montana, Idaho and Wyoming). 

 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of 
facts, which should be placed in the appendix. List no more than three!) 

This is a positive ESA story; an iconic animal once moving towards extinction, now 
Comment [GGS1]: Is this the only topline 
message? 
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showing signs of recovery thanks to collaborative conservation efforts by states, tribes, 
federal agencies and other partners. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

The species was listed as threatened in 2000 largely due to a lack of regulatory mechanisms 
on federal public lands, which is prime habitat for Canada lynx populations. However, since 
receiving ESA protection, most federal land managers throughout the lynx’s range have 
formally amended their management plans and instituted conservation measures to 
conserve the species.   

The Service relies on the best available science to inform all decisions. The five-year 
review was informed by a recently completed Species Status Assessment (SSA) for the lynx 
DPS, which compiled all available scientific information on the historical, current and 
possible future conditions for the DPS.  

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by state, federal and tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics and potential stressors throughout the DPS 
range.  

 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. This includes, but is not limited to, Service and partner government 
organization websites and news feeds; local and national television and radio networks; 
print media, web based news sites and social media pages.  

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS website 

Internal email to employees 

Comment [GGS2]: I think we should 
consider a message (that would also be in 
the NR) that acknowledges that there are 
still threats to the lynx, they just don’t rise 
to the level that we believe puts the species 
in danger of extinction or at risk of 
becoming so in the foreseeable future. 
Otherwise I think we play into the hands of 
the opposition who will say we are looking 
at this through rose-colored glasses. 
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Internal news web pages and newsletters 

Social media posts to Facebook and Twitter 

 

16. Which communications tools are needed to support these strategies and tactics? (Be as 
specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press release Steve Segin Draft 

Tribal letter ?  

Social media (Facebook, Twitter, Snapchat, 
Instagram) 

Michael D’agostino TBD 

R6 internet page Rob Mansheim TBD 

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Mountain time zone 

9/20/17 Finalizes and submits communications package to 
R5, 3 and 1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD for review  R6 EA 

TBD  SSA/Review delivered to court HQ-Sol 

Day Before the 
Announcement 

Congressional notification HQ/Regional CLA 

Day Before the 
Announcement 

State Wildlife Agencies notification  Regional ES 

Day of the 
Announcement 

Tribal notification Regional NALs 

Day of 
Announcement 

Release to media in Regions 6, 5, 3 and 1 R6 EA, R5 EA, R3 
EA, R1 EA 

Day of Posting to R6 and FWS national websites and R6 EA, HQ EA 
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Announcement social media platforms 

Ongoing Response to all subsequent media requests and 
inquiries 

R6 EA, R5 EA, R3 
EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 

 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 R6 DRD 

Wyoming Game and Fish Department, 
Director, Scott Talbot 

(307) 777-4600 R6 DRD 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 DRD 

Washington Department of Fish and 
Wildlife Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Minnesota Department of Natural 
Resources,  Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and 
Wildlife Commissioner, Chandler E. 
Woodcock  

(207) 287-8000 R5 DRD 

19.  Stakeholder contacts (For each, paste in a table that provides organization name, contact  
person, contact information as appropriate, and the name of the person responsible for making 
contact) 
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National Park Service Pacific West 
Regional Director, Laura Joss 

(330) 289-1493   R1 DRD 

National Park Service Intermountain 
Regional Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain 
Regional Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region 
Regional Forester, Leslie Weldon 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora 
Rasure 

(801) 625-5605 R6 DRD 

U.S. Forest Service Pacific Northwest 
Regional Forester, Jim Pena 

(503) 808-2468 R1 DRD 

U.S. Forest Service US Forest Service 
Eastern Regional Forester, Kathleen 
Atkinson 

(414) 297-3600 R3 DRD 

Bureau of Land Management Montana 
State Director, Jon Raby 

(406) 896-5000 

 

R6 DRD 

Bureau of Land Management Wyoming 
State Director, Mary Jo Rugwell 

(307) 775-6001 

 

R6 DRD 

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R5 DRD 

Bureau of Land Management Colorado (303)-239-3700 R6 DRD 
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State Director, Greg Shoop 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 RD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James 
Ogsbury 

(303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt 
Melcher 

208-331-9431 R1 DRD 
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Stakeholder***  Contact Information Contact By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie 
Rappaport Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, 
Director Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, 
Board President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

 
***litigants be notified by the solicitor of our SSA/Review 

 
 
 

Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate
.gov 

HQ-CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.se
nate.gov  

HQ-CLA 

Sen. Michael Bennet – Rosemary 
Rodriguez 

rosemary_rodriguez@benn
et.senate.gov 

R6-EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.g
ov  

HQ-CLA 

Rep. Diana DeGette – Matthew Mengesha Mathew.mengesha@mail.h R6-EA 

23. Congressional Contacts 

mailto:cchavers@boisforte-nsn.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:tommy.walker@mail.house.gov
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ouse.gov 

Rep. Jared Polis –   HQ-CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-
Wiwchar@mail.house.gov 

R6-EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.go
v  

HQ-CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.g
ov 

R6-EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.g
ov  

 HQ-CLA 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.go
v 

R6-EA 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.g
ov  

HQ-CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.
gov 

R6-EA 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-
smith@mail.house.gov  

HQ-CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.go
v 

R6-EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.hous
e.gov 

R6-EA 

Member Wyoming   

Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.se
nate.gov  

HQ-CLA 

mailto:dustin.sherer@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:kaitlynn_glover@barrasso.senate.gov
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Sen. John Barrasso –  R6-EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.
gov  

HQ-CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.sena
te.gov 

R6-EA 

Rep. Liz Cheney – Holly Heussner Holly.Heussner@mail.house.
gov 

HQ-CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.go
v  

HQ-CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.sen
ate.gov 

R6-EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.sen
ate.gov  

HQ-CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.
gov 

R6-EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.hous
e.gov 

HQ-CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.
gov  

R6-EA 

Member Washington   

TBD by Region 1 EA   

mailto:alison_mcguire@enzi.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

 

 
 
 
 
 
 
 
 

Stakeholder Contact Information Contact By 

House Natural Resources – 
Majority 

 

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – 
Minority 

Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

Committees  

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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SECTION VI: SOCIAL MEDIA PLAN 

 

24. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a 
large swath of the general public across a number of age demographics. 

 

Lead accounts to be used: Facebook, Twitter. 

Secondary accounts to share messaging: We assume that there will be collateral inquiries 
associated with images for the Canada lynx so Flickr may also play an important role in this 
rollout. 

Hashtags: #lynx #conservation 

Photos: https://www.flickr.com/search/?text=Canada%20lynx  

Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News 
; https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  

Twitter messages:  
● 5-year review of Canada lynx indicates populations in lower 48 states are no longer 

in danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 5-

year review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 

Facebook messages:  
●    Canada lynx more numerous and broadly-distributed than when listed according to 5-

year    review. Learn more at xxxxx.  

Other platform messages: N/A 

 

 

 

 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve Segin, robert_segin@fws.gov, 303-236-4578 

Sarah Levy, sarah_levey@fws.gov, 503-231-6208 

Georgia Parham, , Georgia_Parham@fws.gov, 812-334-4261 x 1203 

Meagan Racey, Meagan_racey@fws.gov, 413-253-8558 

Christina Meister, Christina_Meister@fws.gov, 703-358-2284 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov,  703-358-2275 

Roya Mogadam - roya_mogadam@fws.gov, 303-236-4572 (R6) 

Sarah Levy, sarah_levey@fws.gov,  503-231-6208 

Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 

Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Steve Segin - robert_segin@fws.gov - 303-236-4578 

 

mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:Christina_Meister@fws.gov
mailto:Alyssa_Hausman@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
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26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 
HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

R.Mogadam 10-24-17 

S.Segin 11-2-17 

Gavin Shire 12/21/2017 

 

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The Canada lynx is a North American boreal forest carnivore whose populations are strongly 
tied to its primary prey, the snowshoe hare (Lepus americanus). Both species occur primarily in 
the extensive boreal spruce-fir forests of Canada and Alaskan; however, the southern margins 
of both their ranges extend into the northern contiguous United States. The Service designated 
lynx in the Lower 48 States as a DPS because of differences in the management of lynx and 
lynx habitats across the international boundary with Canada and because of the climatic, 
vegetative, and ecological differences between lynx habitat at the southern extent of its range in 
the contiguous United States compared to the northern range in Canada and Alaska. The 
Service listed the DPS as threatened under the Endangered Species Act (ESA) in 2000 
because of the inadequacy, at that time, of regulatory mechanisms on some Federal lands to 
provide for the conservation of lynx habitats and populations (see section 3.1.1). This SSA does 
not reconsider the designation of the DPS or its listing status under the ESA, which are Service 
policy decisions. Instead, it provides the scientific basis for the statutorily required 5-year status 
review for the DPS and other decisions the Service is required to make in accordance with the 
ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
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lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are, in most 
places, naturally less abundant and generally more patchily-distributed than in the core of the 
species’ range in Canada and Alaska. Maintaining connectivity between the DPS and lynx 
populations in Canada is thought to be important. However, the extent to which DPS 
populations may depend on immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in projections, particularly beyond mid-
century. The output from this expert elicitation process (summarized below and presented in 
detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline largely as a result of 
projected continued climate warming and associated impacts, which are likely to exacerbate the 
potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue, although we do not anticipate that such events alone 
would cause the permanent loss of breeding lynx populations in any geographic unit. We are 
aware of no management actions that could be expected to abate the projected long-term 
retreat of boreal forests, declining hare populations, and diminished snow conditions expected 
under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically and many more than was known or suspected at the time the DPS was 
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listed, and recent information suggests that resident lynx may be expanding to the south of the 
core population area. This is due to the large amount and broad distribution of high-quality lynx 
and hare habitat that currently exists as a result of landscape-level clearcutting on private 
commercial timber lands in response to a major spruce budworm (Choristoneura fumiferana) 
outbreak in the 1970s and 1980s. These dense regenerating conifer stands are much more 
extensive than they are thought to have been historically under natural disturbance regimes. 
The State of Maine suggests that this unit currently may support 750-1,000 or more resident 
lynx. However, the extent of these high-quality stands probably peaked by 2005, and habitat 
quality is projected to decline in these stands over the next few decades as they age beyond 35-
40 years post-harvest. Because a shift in forest management from clearcutting to partial 
harvesting that began in 1989 appears unlikely to maintain or recreate this extensive high-
quality habitat, we expect lynx habitat and numbers to decline in this unit over the next several 
decades, perhaps to levels more consistent with likely historical conditions. We concur with the 
expert panel that the resident lynx population in this unit is very likely to persist at 2025 and at 
2050. Over the longer-term (at 2100), we expect continued climate warming to reduce the 
amount and quality of lynx habitat in this unit and exacerbate other potential stressors 
(commercial and energy developments, changing forestry practices and land ownership 
patterns, etc.), further reducing lynx numbers and likely decreasing the population’s resilience. 
Some climate models indicate substantial loss of boreal forest and favorable snow conditions 
under higher emissions scenarios, and this unit generally lacks potential elevational refugia that 
would support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be somewhat 
lower than expert projections, although the timing and extent of climate-mediated habitat decline 
is highly uncertain. This geographic unit also may be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington, perhaps substantially more 
after additional fires in 2017. Because of this, the number of resident lynx in this unit is likely 
lower than it was historically and when the DPS was listed. Based on estimates of lynx carrying 
capacity, this unit may have been capable of supporting roughly 50-60 resident lynx prior to 
large fires beginning in the early 1990s. Recent habitat evaluations suggest it currently may be 
capable of supporting only about 30-35 lynx, with the decline due to fire-driven habitat losses. 
Although these losses are expected to be temporary, additional fires in this unit before 
previously burned areas recover (10-40 years post-burn) would further reduce lynx numbers 
and make this geographic unit more vulnerable to extirpation. Because of these habitat impacts, 
limited demographic information, and remaining uncertainties (e.g., immigration/emigration 
rates, changes in snowpack, disease, lynx population status and impacts of trapping in southern 
British Columbia, and habitat corridor stability between British Columbia and this unit), the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Nonetheless, we concur with the expert panel that the resident lynx population in this unit is very 
likely to persist at years 2025 and 2050. Over the longer-term (2100), we expect continued 
climate warming to reduce the amount and quality of lynx habitat in this unit, further reducing 
lynx numbers and likely decreasing the population’s resilience. Therefore, we concur with 
experts that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
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Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
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supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
We expect lynx populations in each geographic unit to become smaller and more patchily-
distributed due largely to projected climate-driven losses in habitat quality and quantity and 
related factors. However, the timing, rate, and extent of habitat decline due to projected climate 
warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should extirpations occur, this 
would indicate a loss of resiliency, reduced redundancy and representation, and an increased 
risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated Canada lynx in the contiguous United States as a DPS because of 
differences in the management of lynx and lynx habitats across the international boundary with 
Canada and because of the climatic, vegetative, and ecological differences in lynx habitat 
compared to the northern parts of the species’ range in Canada and Alaska (62 FR 28654-
28655). The Service listed the DPS as threatened under the ESA in 2000 because of the 
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to provide 
for the conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is 
recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We 
completed this SSA (version 1.0) to summarize the best available scientific information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions. It 
is generally restricted to areas that receive deep and persistent unconsolidated (“fluffy”) snow, 
which is thought to allow lynx, with their proportionately longer limbs and very large feet, to 
outcompete other terrestrial hare predators that are less efficient in such conditions (McCord 
and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-
94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; 
Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 
25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 



12 
 

McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to these geographic units are known or suspected to 
intermittently support resident lynx and occasional reproduction. Uncertainty remains as to 
whether resident lynx populations occurred historically in other areas not encompassed by the 
geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164 100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 



17 
 

consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that the statuses of lynx populations in individual SSA geographic units are 
largely independent of those in the other geographic units. This is clearly true for Units 1 and 
2, and it is probably true of the western geographic units (3 – 6), despite likely historical 
north-to-south connectivity and dispersal from or through Unit 3 to Unit 5 and possibly Unit 
6, and recent evidence of south-to-north connectivity and dispersal from Unit 6 to and 
through Units 5 and 3. We are aware of no evidence of east-west connectivity or dispersal 
between Units 3 and 4. 
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● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
 

● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate warming and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate coniferous or deciduous) forests, non-snow-domintated climates, or to 
persist on alternate prey species where hare densities are or become inadequate. 
Therefore, we assume lynx populations in the DPS are vulnerable (sensitive, exposed, and 
with little capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 
5) to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 
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For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
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1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
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northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
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litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
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winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90; Ivan et al. 2014, entire). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
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Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 



30 
 

adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
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mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
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Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in northern and eastern Canada (McKelvey et al. 
2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
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c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, traps, vehicles, etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
At the southern periphery of the lynx’s range (southern Canada and the contiguous United 
States), hare population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; 
Hodges et al. 2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; 
Hodges in Lynx SSA Team 2016a, pp. 16-17), hare densities are typically on the lower end of 
densities reported for northern populations, and lynx abundances and  demographic rates in the 
south are typically like those of northern lynx populations during hare lows (Koehler and Aubry 
1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern 
populations the likelihood is probably relatively low that an individual lynx will have its ecological 
requirements met sufficiently to replace itself in the breeding population. Also in the south, there 
are more diverse assemblages of potential competitors and predators, more natural patchiness 
and anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
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nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provide for dependent kittens 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
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185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Although specific snow 
requirements for lynx (amount/depth, quality, persistence) have not been quantified throughout 
the DPS range, historical lynx occurrence records in the contiguous United States were 
correlated with areas that received at least 4 months (December through March) of continuous 
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snow coverage (Gonzalez et al. 2007, p. 7). Where snow conditions do not consistently favor 
lynx, increased potential for predation and competition would be expected (Peers et al. 2013, p. 
8). Finally, individual lynx are more likely to survive, breed, and replace themselves in the 
breeding population if they occupy home ranges where trapping is prohibited or trapping 
pressure is low (Slough and Mowat 1996, entire), high-speed/high-volume roadways are absent 
(ILBT 2013, pp. 77-78), and other potential anthropogenic causes of lynx mortality are absent or 
minimal. 
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
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study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
For a lynx population in the core of the species’ range in the southern Yukon, Slough and 
Mowat (1996, p. 952, table 4) calculated population growth rate (lambda, λ) = 2.03 (annual 
doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx population. This 
period of rapid growth was followed by a rate of λ = 1.01 (stable) during the first year of a hare 
decline, and λ = 0.10 and λ = 0.46 (rapid decline) during the first 2 years of the lynx population 
decline when hares were scarce. However, the natural range in λ that would be expected 
among peripheral, isolated, or semi-isolated lynx populations where hares are non-cyclic or 
weakly-cyclic (i.e., in DPS and some southern Canadian populations), versus those that would 
signal long-term population decline or instability is unknown. Despite this, and the limitations 
noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) calculated population 
growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area (i.e., declining 
population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains (increasing trend, 
2003-2007). Likewise, MDIFW in 2012 calculated an intrinsic rate of growth of 0.05 (λ = 1.05) 
for Maine’s lynx population based on demographic data from a radiotelemetry study collected 
over a 12-year period (Vashon et al. 2012, Appendix VI). Neither the Montana nor Maine 
estimates incorporated rates of immigration/emigration (i.e., both assumed immigration and 
emigration rates of zero, which is very unlikely and contradicted by historical and recent 
evidence of lynx dispersal in both directions across the Canada-Unites States border across the 
DPS range). Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 
female/year on average for a theoretical population of 100 lynx) could provide population 
stability or even growth, suggesting that the Seeley Lake population and perhaps other DPS 
populations are probably being bolstered by low levels of immigration, which may go 
undetected. Other efforts to model lynx population dynamics in the DPS range include those of 
Lyons et al. (2016, entire), who developed spatially-explicit, individual-based population models 
to estimate reductions in potential lynx carrying capacity in Washington associated with recent 
large wildfires, and Licht et al. (2017, in press, entire), who conducted a PVA of a potential lynx 
reintroduction to Isle Royale in Lake Superior, about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
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demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
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abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
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conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarilyinto areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
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either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat. The 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, McKelvey et al. 
(2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 
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2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because it is a habitat and prey specialist, lynx densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist. 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449) because they are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors and predators (Buskirk et al. 2000a, p. 90; Krohn 
et al. 2005, p. 123; also see section 2.2 above), although behavioral adaptations may offset 
morphological differences to some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
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Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a detailed, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
 
In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
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whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontarior than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire)indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
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the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
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and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecendentedly large irruptions of lynx from Canada into 
the northern contiguous United States, when dispersing/transient lynx occurred temporarily in 
many places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoning Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 
In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
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New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
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detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Based on habitat distribution and lynx home range data, the 
MDIFW estimated that this geographic unit may have supported roughly 250-320 adult lynx in 
1995 and 750-1,000+ by 2003-06 (Vashon et al. 2012, p. 58; Vashon in Lynx SSA Team 2016a, 
p. 18]), and recent information suggests that resident lynx may be expanding to the south of the 
core population area (Vashon 2017, pers. comm.). The current lynx population in Maine is 
supported by the broad distribution of high-quality hare habitat that resulted from extensive, 
large-scale clearcutting in the 1970s and 1980s in response to a massive spruce budworm 
(Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 4.2.1). As 
these regenerating clearcuts, which currently provide the dense horizontal structure preferred by 
hares, mature beyond about 35-40 years post-harvest, hare densities are expected to decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16). The current lynx population in Maine is probably 
substantially larger than typically occurred historically under the natural disturbance regime, 
when relatively small amounts of the spruce-fir forests in the state are thought to have been 
composed of the dense young stands that provode optimal hare (and, therefore, lynx foraging) 
habitat (Lorimer 1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With 
the reduction in clearcutting and the proliferation of partial harvesting following enactment of the 
Maine Forest Practices Act of 1989, lynx densities in Maine are projected to decline by 55 to 65 
percent by 2032 (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16), 
perhaps to levels more consistent with likely historical conditions. Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). Whether lynx persistence in Maine relies on immigration from 
Canada, and if so to what extent, is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
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Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
trapping harvest data suggest declining immigration after the mid-1980s (McKelvey et al. 2000a, 
p. 225; Squires in Lynx SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent 
evidence of reproduction have been documented in the Montana portion of the GYA where, as 
with the northwestern Wyoming part of the GYA (discussed above), uncertainty about whether 
this area consistently or only intermittently supported resident lynx historically makes it difficult 
to interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As 
elsewhere in the West, recent research and habitat assessments suggest that habitats capable 
of supporting resident lynx in Montana are, and historically were, naturally patchier and less-
broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx 
therefore naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016a, p. 12). 
 
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 



51 
 

Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
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management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
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ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
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completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
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concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2104, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
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units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
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hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units that encompass USFS and BLM lands, are 
currently managed in accordance with the specific conservation measures and considerations 
identified in the LCAS and implemented via the CAs or formally revised and amended 
management plans described above. These agreements and revised/amended plans constitute 
the regulatory framework and specific regulatory mechanisms adopted to conserve lynx habitats 
and populations on USFS and BLM lands that support or are potentially capable of supporting 
them. They represent the agencies’ efforts, in collaboration with the Service, to address and 
ameliorate the singular threat for which the lynx DPS was listed under the ESA. Although formal 
effectiveness monitoring has not been completed, it is clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous United States. Overall, Federal lands managed by the USFS, BLM, and 
NPS constitute nearly 64 percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, 
and all but a tiny fraction of these lands are actively managed for lynx conservation. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
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central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
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specifation of trap sizes and sets that may be used to legally harvest other furbearers and that 
are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). The MNDNR 
also distributed to trappers the interagency brochure How to Avoid Incidental Take of Lynx while 
Trapping or Hunting Bobcats and other Furbearers.In response to a Federal court order, MDNR 
developed an incidental take plan designed to minimize the potential for lynx to be incidentally 
trapped during other legal furbearer trapping; the plan is currently under review by the Service. 
Like Maine, Minnesota has a State Endangered Species Statute (84.0895) which requires the 
MNDNR to adopt rules designating species meeting the statutory definitions of endangered, 
threatened, or species of special concern (State of Minnesota 2016, entire). The Statute also 
authorizes the MNDNR to adopt rules that regulate treatment of species designated as 
endangered and threatened. Also like Maine, however, Minnesota has not designated lynx as 
threatened or endangered under the statute. Instead it has designated the lynx a species of 
special concern, a designation for species that are extremely uncommon, have unique or highly 
specific habitat requirements, or occur on the periphery of their range in Minnesota and, 
therefore, deserve careful monitoring (MNDNR 2013, pp. 1-2). Thus, the MNDNR coordinates 
with the Service and other agencies to conduct research and monitor lynx populations and 
habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of restrictions on trapping in lynx habitat. 
Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
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may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming are classified as nongame wildlife, a 
Species of Greatest Conservation Need, and a Protected Animal by Wyoming State Statute. A 
classification of "State Protected" status prohibits trapping or any intentional take in the state, 
and lynx in Wyoming were offered full protection from trapping and hunting beginning in 1973 
(ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also participates in the 
CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/


62 
 

below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an 
early regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than typical historical conditions under the natural disturbance regime, when only 3 to 7 
percent of stands were likely in such condition at any given time (68 FR 40094). Current timber 
harvest and management on State and private lands in Maine are governed by the Maine 
Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
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than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 
of Unit 1) of private lands in northern Maine are under “working woodland” conservation 
easements10; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). In the past Maine private forest landowners have expressed 
interest in long-term commitments to lynx management plans, but to our knowledge, there are 
no private landowners in Maine who have committed to long-term or permanent protection and 
creation of lynx habitat according to the Service’s lynx management guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
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persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61oC (1.1oF; range = -0.53 to +2.50oC [-
0.95 to +4.5oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Peters et al. 2013, entire; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 
2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). Analysis of paleoclimate data indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4o - 2.6oC 
(0.7o - 4.7oF) by mid-century and 0.3o - 4.8oC (0.5o - 8.6oF) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
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percent probability of increasing more than 1.5oC (2.7oF), a 76 percent probability of increasing 
2 o - 4.5oC (3.6o - 8oF) and a 14 percent probability of exceeding 4.5oC (8oF). 
 
In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 
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limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
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years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
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sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
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between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over terrestrial competitors and predators. Although specific snow requirements for lynx 
(amount/depth, quality, persistence) have not been quantified throughout the DPS range, 
climate warming is diminishing snow conditions in the contiguous United States. Warmer winter 
temperatures are reducing snow cover extent and duration and altering snow structure via a 
combination of a higher proportion of precipitation falling as rain, more winter thaw-freeze 
events, higher rates of snowmelt during winter, and earlier spring melt and runoff (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; 
Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; 
Pierce et al. 2008, entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; 
Georgakakos et al. 2014, pp. 71-85). These trends are expected to continue with projected 
future climate warming (Hamlet and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; 
Mote et al. 2005, p. 48; Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; 
IPCC 2014b, p. 62). The IPCC projects that spring snow cover in the Northern Hemisphere is 
likely to decrease by 7-25 percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow 
season length and snow depth are very likely to decrease in most of North America except in 
the northernmost part of Canada where maximum snow depth is likely to increase’’ (Christensen 
et al. 2007, p. 850). Because lynx occurrence is correlated with prolonged periods of deep, fluffy 
snow, current lynx habitats would be expected to decline in value for lynx with decreases in 
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snow condition and duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 
2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Estimating trends in snowpack is challenging because the high variability in snowpack dynamics 
and microsite variations due to canopy cover, aspect, and elevation are not well-reflected in 
observation records (Hubbart et al. 2015, pp. 885-892; Rasouli et al. 2015, pp. 3937-3938; 
Painter et al. 2016, p. 149; IDFG 2017a, p. 7). Nonetheless, snowpack losses have been 
documented and will likely continue and could even accelerate in the future (Hamlet and 
Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 2011, entire; Kapnick and 
Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-971), with faster losses 
likely in milder climates like the Cascades and the slowest losses in the high peaks of the 
Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in temperature, 
snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 2016, p. 
106). In the West, areas of contiguous spring snow cover are projected to become smaller and 
more isolated throughout the Columbia, Upper Missouri, and Upper Colorado Basins, with 
greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). Snow 
accumulation and duration are also expected to continue to decline generally in the central and 
eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 2009, p. 31; 
Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow resources, 
potential lynx habitat is diminishing in the northern Appalachians and small areas in the 
Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential future 
snow cover under a range of IPCC climate scenarios suggests that snow conditions correlated 
with historical lynx occurrence records could decline by 10-20 percent across the continental 
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U.S. and Canada and by 46-84 percent in the contiguous United States by the end of the 
century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
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would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
mediate competition between the 2 species. Because of their higher foot-loading, bobcats likely 
hunt less efficiently than lynx in deep, unconsolidated snows (Hoving et al. 2005, entire; Krohn 
et al. 2005, pp. 122-129), which appear to limit bobcat mobility and distribution (Litvaitis et al. 
1986, p. 116). Considering recent and projected future changes in snow conditions described 
above, stable or increasing bobcat populations in the DPS range (Roberts and Crimmins 2010, 
p. 170), and the predicted northward expansion of bobcats into areas currently occupied by lynx 
(Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 
2010, p. 172), lynx may experience increased competition and displacement by bobcats, which 
could influence lynx distribution and persistence at the southern edge of their range (in all DPS 
geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
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Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change also may affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
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Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 
Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
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interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
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the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
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Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
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hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
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appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
 
Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
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the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
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Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
 

● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 
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● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
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markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
 
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
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Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under climate change, total United States timber inventories will increase, timber harvest will 
increase, and product prices will decrease relative to an assumed stable climate. Some models 
predict that consumers will gain from climate change while landowners in some regions will 
lose. The forest industry will likely adapt to climate change in many ways including using 
alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
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the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
 
There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
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habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
 
In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
 
Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
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problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University of Maine, pers. comm.).  As much as 30 to 40 percent of the advanced regeneration 
may be damaged from repeated entries by machinery to remove the overstory (R. Seymour, 
Department of Forestry, University of Maine, pers. comm.).  Finally, because subsequent 
overstory removal occurs about 15 years after the initial entry, some of the dense understory is 
damaged just as the stand develops conditions to support higher hare densities. The damage to 
the understory not only reduces the quality of the habitat for hares, but also cuts short the 
duration that the stand produces high quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
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of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
 
Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events(Kilgore and 
Heinselman 1990, Heinselman 1996, Veblen et al. 1994, Agee 2000, Seymour et al. 2002, 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 



92 
 

thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
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2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
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whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 
selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 



98 
 

generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
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most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
 
As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
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landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
 
Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
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2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
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potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
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areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
 
Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
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location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
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intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level negative 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 



106 
 

potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
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supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx likely have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or primary prey 
species). However, although some small populations may have become extirpated recently, 
resident lynx in the DPS remain broadly distributed across the range of ecological settings that 
seems to have supported them historically in the contiguous United States. Because there are 
no indications of current threats to the genetic health or adaptive capacity of lynx populations in 
the DPS, we find that the current level of representation does not appear to represent a 
decrease from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
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record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger and highly resilient population (Harrison 2017, p. 3) 
that also occupies southern Quebec (where trapping is legal) and northern New Brunswick 
(where lynx are a provincially-endangered species and harvest is prohibited). Although the 
actual number of resident lynx in this unit is unknown, the MDIFW believes this unit currently 
may be capable of supporting 750-1,000 lynx based on estimates of habitat distribution and lynx 
home range sizes (Vashon et al. 2012, pp. 87-91), which would make it the largest population in 
the DPS. This is many more resident lynx than likely occurred historically and many more than 
were suspected to occur in this unit when the DPS was listed, and it is the result of extensive 
clearcutting and herbicide application to salvage spruce-fir and encourage softwood 
regeneration following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments have created 
the current extensive distribution of young, regenerating softwood stands that provide optimal 
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hare foraging habitat. Lynx responded to these conditions with high survival and reproduction, 
small home ranges, and the highest densities documented in the DPS. Historically, under a 
more natural disturbance regime, Maine typically had a greater proportion of mature forest and, 
therefore a patchier distribution of high-quality habitat that likely supported a smaller lynx 
population that may have been more dependent on immigration from Canada. State forestry 
regulations passed in 1989 caused landowners to shift to various forms of partial harvesting that 
have resulted in lower landscape hare densities across much of the unit. Hare populations do 
not seem to cycle in this region, but hare density estimates from 2008-2015 declined by over 50 
percent compared to estimates from 2001-2006. Reproduction and adult survival declined in the 
low-hare environment after 2006, although kitten survival remained high. Unlike other DPS 
units, lynx habitat in northern Maine occurs nearly entirely on private, industrial forest lands, 
most of which lack long-term commitments to lynx management. The majority of private lands in 
this unit are now owned by investment companies seeking to diversify income from their 
investments, which could result in forest practices less likely to maintain or conserve hare and 
lynx habitat. Other potential stressors to lynx in this unit include incidental trapping, road 
mortality, large-scale wind energy development, residential and resort development, and 
parcelization of forestlands from rapid turnover in investment company landowners. Another 
spruce budworm outbreak may be imminent, and forestry response by investment landowners is 
uncertain. Climate change is a concern because average annual snowfall and duration are 
currently at the minimum thresholds believed necessary to give lynx a competitive advantage 
over bobcats and other mesocarnivores. Although lynx regularly occur outside this unit in 
southeastern and southwestern Maine, and small numbers of reproducing lynx have also been 
documented recently in northern New Hampshire and northern Vermont, the ability of some of 
these peripheral areas to support persistent breeding populations is questionable. However, 
recent telemetry data in Maine suggest that resident lynx are expanding both east and south of 
the Northern Maine Geographic Unit, with home range maintenance and reproduction 
documented in both areas, which previously were considered outside the area capable of 
supporting resident lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
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management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  The historical and current sizes of the 
resident lynx population in this unit are unknown, but it is thought currently to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
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Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. Historical and current resident lynx numbers in northern Washington are unknown, 
but recent habitat and home range analyses for the larger Okanogan LMZ (summarized in 
Lewis 2016) suggest that this geographic unit may have been capable of supporting about 50 
lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). Those 
fires affected over a third of the LMZ, led to increased home range size, and may have reduced 
the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4).Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
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populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
 
Unit 6 - Western Colorado:  The current and historical numbers of resident lynx numbers in this 
unit are unknown, but CPW lynx biologists believe it currently could support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. Released lynx had high 
survival but the proportion of females producing kittens and kitten survival were low. This unit is 
not directly connected to lynx populations in Canada, and it does not appear to have received 
immigrant lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 
1996, 2 unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 
mi2) of spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in 
this unit. Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) 
of lynx habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively 
impacted hares, and hare numbers may increase in affected areas as succession progresses; 
however, they have negatively impacted red squirrels, an important alternate prey species for 
lynx in this unit. Areas affected by beetles that contained multi-story stand conditions likely 
continue to provide habitat to support snowshoe hares and lynx. Areas affected by fire may 
require 20 years or more, and in some areas considerably longer, to recover to a point where 
the stands will again support snowshoe hares. Large-scale monitoring efforts in the San Juans 
documented continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is 
reasonably likely that lynx continue to occur in all national forests within the State of Colorado. 
Snowshoe hare habitat is naturally patchily-distributed in this geographic unit, which limits hare 
abundance. Because the majority (90 percent) of potential lynx habitat in Colorado is under 
Federal land management, actions occurring on other ownerships are unlikely to result in 
significant impacts to lynx habitat within this unit. The USFS manages over 85 percent of the 
lynx habitat in this unit, providing conservation through the SRLA. However, regulatory 
mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
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Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 
occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 

100% 83% (Purcells);            
61% (Seeley Lake)

100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares)

3.3 2.95 (Purcells);            
2.24 (Seeley Lake)

2.25 (2 females) 3.0 (1 female, 2 
years)

2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00

0.85 (Purcells);            
0.75 (Seeley Lake) 0.86 Few data

0.93 (in Core Release 
Area [CRA]);                   

0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.05                              
(1.16, high hares, 6 

yrs; 0.88,low hares, 4 
yrs)

No estimate
1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 
Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
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(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
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et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforces the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found 
the probability of lynx occurrence was > 50 percent where landscape hare densities were > 0.74 
hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx maintained 
home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by very recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). At a landscape scale, lynx habitat selection did not differ between sexes; however, 
at a home range scale, males tended to use more mature forest dominated by conifers than 
females, and both male and female lynx tended to avoid mature forests that had a high 
deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on these observations, 
Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining landscape hare densities 
of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-quality hare habitat within 
100-km2 areas to conserve lynx. 
 



117 
 

Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, lynx 
habitat in northern Maine was probably typically much less abundant and less broadly-
distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, insect 
outbreaks) are rare (intervals of several hundred to several thousand years) and highly variable 
in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, 
spruce beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). Although, 
high-elevation boreal forests often exhibit dense, regenerating conifer (resulting from a wind-
throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare densities are believed to be 
low in these areas (Siren et al. 2015, entire). In this geographic area, wildfire is less significant 
as a natural agent of disturbance. The typical fire regime is infrequent surface fires in the 
dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
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In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately 50 percent of the 
designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 
km2 (1,485 mi2; nearly 27 percent) of the forested landscape was comprised of spruce-fir in a 
young, regenerating stand condition that provide high quality hare habitat. This habitat is similar 
to, and contiguous with, forested areas in Quebec and New Brunswick that support lynx (Hoving 
et al. 2005, pp. 740-741). The current range of lynx in this unit is associated with areas of deep 
snowfall, extensive forested landscapes, and areas having a high proportion of regenerating 
conifer-dominated forest that had previously been clearcut and treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several estimates of 
hare densities in the highest-quality regenerating conifer or mixed forest averaged 1.9 to 2.1 
hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 1990, hare densities 
in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 hares/ac) at low and high 
elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. (2015) reported lower densities 
in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and lowland 
spruce-fir. Densities in high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont. 
 
Current habitat is likely at historically high levels, but this habitat has peaked and high-quality 
lynx habitat is projected to decline in the near future (Simons-Legaard et al. 2016, pp. 140-163, 
202-218). In response to the widespread clearcutting in the 1970s and 1980s, Maine passed the 
Forest Practices Act in 1989, which regulated clearcutting. Since then, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27). Over 95 percent of cutting that 
occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 2009, 
p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). This new cutting regime 
results in lower landscape densities of snowshoe hares (Fuller 1999; Homyack 2003; Robinson 
2006; Scott 2009). Another consequence of partial harvesting is that a much greater acreage 
needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 
harvest rates have increased from about 40,000 ha (100,000 acres) per year (before the Forest 
Practices Act) to over 200,000 ha (500,000 acres) per year (after the Act). Thus, 28 years after 
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the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 40,000 ha (100,000 ac) including the State, Federal government (White 
Mountain National Forest south of lynx range), a conservation group (The Nature Conservancy), 
2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx 
range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi were chosen as pilot States to receive funding through their 
respective Natural Resources Conservation Service (NRCS) State offices. Based on a 
successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 
2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending regulations 
for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS offered the 
HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to promote 
development of Canada lynx forest management plans. Since that time 4 private landowners, 
The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and Katahdin 
Forestlands successfully enrolled in the program. Collectively, these land ownerships comprised 
2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine in 
2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
 
Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
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assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 

Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. In 
addition, “working woodland” easements now encompass > 10,000 km2 (3,861 mi2) across 
northern Maine; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 
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2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals cross the river on the ice each generation to prevent genetic drift of this population 
(Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA 
Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area of 
high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the critical habitat area designated in 2014) in northern Maine could potentially support a 
population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) 
estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx, however, is unknown because there are no methods available 
to count individuals over such a large geographic area. 
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Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-00; 
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Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 2 and 
3). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
 
In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality ynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
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Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where average annual snowfall 
typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx 
(to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et 
al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 cm (90-
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104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 
2008). Thus, average annual snowfall in Maine is currently at or below depths associated 
historically with lynx presence, and further declines could reduce the likelihood that resident lynx 
will persist in this unit (Hoving et al. 2005). 
 
As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 

                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-tagged in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development16, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and western 
Maine and 5 projects are in operation; 2 have been proposed in northern New Hampshire and 2 
are in operation; and 3 have been proposed for northeast Vermont and 2 are in operation or 
under construction. Maine’s 2 largest wind projects (combined over 250 turbines covering 932 
km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. Although 
impacts of wind energy projects on lynx, hares, and their habitats have not been demonstrated, 
potential effects include loss and fragmentation of habitat from turbines, roads, and transmission 
lines, and disturbance or displacement of resident lynx. Road construction could further 
fragment habitat and increase access, potentially increasing vehicle collisions with lynx and 
other sources of mortality, including incidental trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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ownership patterns have changed dramatically in the last 15 years (Ippoliti and Nadeau-Drillen 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some of these new landowners are seeking 
diversified financial returns on their investment, including developing residential housing, 
second homes, and resorts. At various times in the past, 2 large residential and resort areas 
have been proposed on forestlands within designated lynx critical habitat in this unit. Both 
projects, if eventually built as previously-planned, could result in the development of several 
thousand acres of potential lynx habitat, but would be mitigated by substantial (100,000s of 
acres) conservation easements on surrounding forestland. Also, a private landowner recently 
purchased and donated 354 km2 (137 mi2) within designated lynx critical habitat that was 
subsequently designated as the Katahdin Woods and Waters National Monument. This area 
currently has a legacy of young regenerating spruce-fir habitat from previous industrial forest 
landowners, but its new monument designation will limit future forest management activities 
(timber harvest or other vegetation management) that could benefit lynx. In addition, the Nature 
Conservancy continues forest management on about half of its 750-km2 (290-mi2) ownership in 
this unit, including managing part of the area for lynx. 
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx. High-quality 
habitat created by extensive clearcutting 30 to 40 years ago is peaking and is projected to 
decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, pp. 10-18; also see 
section 5.2.1). Hare densities declined by 50 percent in this unit starting in about 2006 and have 
remained at lower levels, and future hare fluctuations or cycles are uncertain. Recent history 
demonstrates that some forms of forest management have the potential to create or increase 
lynx habitat. However, forest practices have shifted to partial harvesting, which is less likely to 
create large areas of lynx habitat or maintain the current historically broad distribution of high-
quality habitat generated by previous landscape-level clear-cutting. Additionally, private 
landowners who previously entered into commitments to manage for lynx conservation have not 
renewed those commitments (although the habitat will remain viable for lynx for some time). 
Land ownership has also changed in northern Maine, and the majority of lands are owned now 
by investment companies that often wish to diversify income from their investments, which could 
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result in forest practices inconsistent with lynx habitat conservation. Without long-term, binding 
land management commitments in this unit, there is no guarantee that the current historically 
high amount of lynx habitat will be maintained by future forest managment practices on private 
lands. The greatest stressors to resident lynx in this unit are habitat loss (as a result of the shift 
in forest management from clearcutting to partial harvesting resulting in lower landscape hare 
densities), lack of forest planning for lynx, and projected continued climate warming (diminishing 
snow depth, quality and duration; loss of spruce-fir to northern hardwoods; potential increased 
competition from bobcats and fishers; and increased future isolation of lynx in this unit and 
southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 1). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites 
were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) found 
snowshoe hare densities were highest in regenerating forests. Females selected large woody 
debris and dense horizontal cover in lowland conifer cover for denning in northern Minnesota 
(Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns were present 
(Moen and Burdett 2009, p. 5). 
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Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 

                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx. A more 
precise estimate of resident population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
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Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways. 
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
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minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 



133 
 

According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
 
In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
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to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
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Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
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Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 
Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). 
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats. 
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
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support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
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genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
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incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distirubtution, it is very unlikey that this unit and surrounding areas were 
ever (recently or historically) capable of supporting 1,000 resident lynx. As described above, 
habitats capable of supporting resident lynx in this unit are (and aslo were historically) naturally 
patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 
191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; 
Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of resident lynx 
remains uncertain, this unit has a long and continuous history of lynx occurrence and evidence 
of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
structuring among lynx subpopulations in the southern (Garnet Mountains), central (Seeley 
Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction among 
lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires in Lynx 
SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
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2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detecteded 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
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area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20), indicating recruitment of new individuals into this 
population, or immigration, or a combination of the 2. 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
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the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above.Genetic analyses and snow and 
camera surveys have verified continued reproduction and recruitment among lynx populations in 
this unit and also suggest some immigration may be occurring. The recent apparent absence of 
resident lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
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16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
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Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41). 
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
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the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
                                                
19 https://inciweb.nwcg.gov/state/27/0/ 
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by lynx trapping records from Canada, which suggest that the magnitude of lynx population 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. However, Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being sustained by low levels of undetected immigration. 
The growth rate estimates presented above assumed no immigration 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (< 10 percent), low elevations [less than 915 m (3,000 ft)], and steep slopes (> 
30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the Northern 
Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler et al. 
2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major drivers 
of disturbance in this unit, but other factors, including wind and tree diseases, also contribute to 
natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North Cascades 
range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 
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scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21), and the Diamond Creek fire burned 
another 393 km2 (152 mi2) in the northern part of this unit during July-October 2017, along with 
another 126 km2 (49 mi2) across the border in southern British Columbia22. 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. This estimate does not include impacts of the 2017 
Diamond Creek wildfire described above. These burned areas are expected to regenerate back 
into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 2016, p. 5; 
Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx population in this 
geographic unit will likely be at increased risk of stochastic demographic, genetic, and 
environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
                                                
22 https://inciweb.nwcg.gov/incident/5409/, accessed 10/25/2017. 
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lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
 
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
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(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynxhabitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts, limited demographic information, and 
remaining uncertainties (e.g., immigration/emigration rates, changes in snowpack, disease, lynx 
population status and impacts of trapping in southern British Columbia, and habitat corridor 
stability between British Columbia and this unit; WADFW 2017, p. 3),the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. 
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From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
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Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
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southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place23. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

                                                
23 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 
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Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 
increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 
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Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
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monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
unprecendentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
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records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
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Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-524). 

As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
                                                
24 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx to many 
western states and to Canada have been documented. The Southern Rockies are separated 
from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern Wyoming 
and further north, by sagebrush and desert shrub communities in the Wyoming Basin and the 
Red Desert of southern and central Wyoming, and the arid Green and Colorado River plateaus 
of western Colorado and eastern Utah. Because of extreme topographic relief juxtaposed with 
highways, residential communities, and other human developments, lynx biologists have 
identified habitat connectivity as an important consideration for the Southern Rockies (ILBT 
2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit. 
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Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
 
In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
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units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
 
All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific conservation planning guiding activities on non-Federal lands in this 
geographic unit. 
 
Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
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Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Devineau et al. 2010, p. 5), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; 
Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories 
(0.90; Poole 1994, p. 612). Successful reproduction, including by third- and fourth-generation 
offspring of translocated lynx, has been documented (Shenk 2008, p. 2); however, the average 
proportion of females that produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) 
and the kitten survival rate (0.23; Ivan 2016b, pers. comm.) were both lower in this geographic 
unit (during the period of intensive monitoring from 1999-2010) than rates reported for other 
geographic units where estimates were based on adequate sample sizes (Units 1 and 3; table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 
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In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares, widespread mortality of mature spruce-fir forests could impact lynx habitat for 
a long time. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
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As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
 
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

 
In summary, there are currently many more resident lynx in this unit than likely occurred 
historically, and many more than were known or suspected at the time the DPS was listed. 
There were even fewer verified records in this unit during the last century than in the GYA, and 
no reliable evidence of a resident breeding population. However, from 1999-2006, 218 
Canadian and Alaskan lynx were released into the San Juan Mountains of southwestern 
Colorado. As a result of the subsequent reproduction of some of the released lynx and some of 
their offspring over several generations, resident lynx currently occupy this unit. When the DPS 
was listed in 2000, 27 of 41 radio-marked lynx released in 1999 were still alive. The State of 
Colorado has concluded that its efforts have established a viable lynx population, and the 
State’s lynx experts suggest this unit may currently support 100-250 resident lynx (Ivan in Lynx 
SSA Team 2016a, p. 47). Recent (2010-2016) snow-tracking and camera surveys in the San 
Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 
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the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
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in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
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those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
 
Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
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will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
 

 
Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 



171 
 

effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
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extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
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snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
climate warming is expected to exert the greatest influence on the resiliency of individual 
populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape, perhaps more in line with likely historical conditions (Simons-Legaard 
2016, fig. 8, p. 10). High quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort land development, and unmanaged 
conservation lands) may compete with forest management as the primary future land use. 
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Conservation easements will limit development pressures in some areas and keep some lands 
as working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not create new lynx habitat or maintain the current historically high amount of high-quality 
habitat. Climate change is expected to affect this unit more than some others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and beyond, snow quantity and quality will likely 
continue to deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices cleary have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which gives it a higher priority than 
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other species for monitoring and management during that time. We also expect that MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
median “most likely” probabilities of persistence generated by lynx experts were high for the 
near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but declined to 35 
percent (with great uncertainty) by 2100. We concur with the expert panel that resident lynx are 
likely to persist in this unit at 2025 and 2050. However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, and the potential for increased competition, disease, and insect 
outbreaks), some members of the  SSA Core Team were slightly less optimistic about the long-
term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded that the 
climate-mediated conversion of boreal forest to temperate forest and the loss of favorable snow 
conditions could occur at a rate and extent that would result in a lower likelihood of persistence 
than projected by experts, including the possibility that resident lynx could be extirpated from 
this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
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century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
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unit will benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
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paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in habitat proected by 2032; 
habitat shift to the south edge of current 
range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 
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● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 

2025: 80 
(60-95) 

 
2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shoudl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
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2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the grey area 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and grey area 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
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2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would not respond to future budworm 
outbreaks like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the aging of past clearcuts beyond conditions that 
support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likely to reduce the likelihood that 
lynx will persist in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4o C/decade (0.8 o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0o C (3.6 o F; low 
emission) to 2.9o C (5.2 o F; high emission) by mid-century and 3.1o C (5.6 o F; low emissions) to 
5.3o C (9.5 o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5 to 2.8 o C (4.5 to 
5.0o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, increasing threats to high elevation and 
potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are currently at or falling 
below threshold values needed to support lynx in Maine. 
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios and predicted loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, the area capable of supporting resident lynx in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 
15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 
2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 
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Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
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quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
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an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
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et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
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However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
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period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201025), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
                                                
25 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
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likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 12-19) predicted loss snow conditions supportive of lynx but 
persistence of boreal forest in Minnesota by the end of the century, and suggested that the SNF 
could provide a potential refugium for lynx (Gonzalez et al. 2007, p. 8). Notaro et al. (2015, pp. 
1668-1669) projected changes in lake effect snowfall using downscaled climate models (Abdus 
Salam International Centre for Theoretical Physics (ICTP) Regional Climate Model version 4 
(RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for the Great 
Lakes Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show an 
increase in lake effect snow in the eastern Great Lakes until 2050, with a decline later in the 
century, with an overall decline in the amount and duration of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
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(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)26 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now. Although 
uncertainties remain, as elsewhere, about the timing and magnitude of future climate-driven 
impacts, lynx populations in Minnesota are expected to recede northward and decline over the 
next century (Lynx SSA Team 2016a, pp. 37-38). 
                                                
26 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
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Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
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resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, potential for increased competition, disease, and insect outbreaks), some 
Core Team members were less optimistic about the future of lynx in Minnesota than the lynx 
expert panel. Depending on future emissions levels, the likelihood that this unit will continue to 
support resident lynx at the end of the century may be lower than the 35 percent (median most 
likely) estimate based on expert opinion. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Hybridization and competition with bobcat also may 
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increase with diminishing snow conditions because of continued climate warming, and it is 
uncertaint how insect outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is uncertain if lynx would become a 
legally trapped furbearer in Minnesota if the DPS was not listed (although a legal wolf hunt was 
reinstated after that species was delisted in Minnesota, so regulated trapping could also be 
considered for lynx if the DPS was not listed). Seven lynx have been illegally shot and reported 
or otherwise discovered since listing. Illegal shooting and non-reporting would likely increase 
without Federal protection. Education efforts by Federal and State agencies and law 
enforcement agents may have helped to reduce illegal shooting of lynx in this unit. With a 
diminished snow regime, populations of bobcats could increase and expand north and eastward 
into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping and hunting 
activities would likely increase without Federal listing. Similarly, fisher, fox, and coyote 
populations may increase in a diminished snow regime in northern Minnesota and trapping 
would be expected to occur there that could lead to greater incidental take of lynx. We believe 
that despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that could be substantially 
diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, we believe that climate change is a significant stressor to lynx in this unit; 
slightly more so than expressed by most of the experts. Snow depth and duration in the area 
currently supporting resident lynx are projected to decline significantly by the end of the century, 
likely to the detriment of both hare and lynx populations. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in the extreme northeastern corner of the unit. 
The boreal forest in this unit is already being replaced by northern hardwoods because of 
climate warming. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate models portend declining snow conditions under low- and high-emissions 
scenarios. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
mining developments. Although we expect resident lynx to persist in this unit through 2025 and 
2050, we conclude that the stressors described above, individually and cumulatively, could 
diminish lynx habitat and numbers in this unit. If these stressors are not abated, we believe that 
resident lynx in this unit will face a slightly greater risk of extirpation by the end of the century 
than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
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considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 



207 
 

Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
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anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
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2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). Tennant et al. (2015, pp. 
2818-2820) simulated snowpack loss in the Northern Rockies (ID, MT, WY) and predicted that 
watersheds between 1,000 - 2,000 m (3,281 – 6,562 ft) elevation would experienced the 
greatest snowpack losses, while those > 2000 m (6,562 ft) would be more resilient to significant 
warming. Given the greater predicted snowpack persistence at some elevations used by lynx in 
this unit and the considerable area of potential climate refugia in mountainous terrain 
(Dobrowski 2011, pp. 1027-1029; Curtis et al. 2014, entire; Holden et al. 2015, entire; Morelli et 
al. 2016, entire), at least a portion of lynx distribution in this unit is likely resilient to climate-
driven losses in snowpack (IDFG 2017a, p. 7). 
 
There will likely be a lag time between the loss of favorable snow conditions and an eventual 
shift or contraction in vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 
section 3.2), but continued warming is projected to convert much of the boreal forest in this unit 
to temperate conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The 
ability of lynx and hare populations to persist during this lag and to adjust to future habitat 
distributions is uncertain, but habitat quality, quantity, distribution, and connectivity are expected 
to decline, likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will likely 
reduce this geographic unit’s ability to continue to support resident lynx into the future. The 
timing and magnitude of climate-driven impacts are uncertain; however, all are anticipated to 
adversely affect, and none are expected to benefit, lynx populations in this geographic unit. 
Climate model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
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that continued climate warming will reduce future habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
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most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
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on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of undetected immigration. Additionally, as noted above, 
the lynx population in the Purcell Mountains in the northwestern part of this unit was estimated 
to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 
years of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncertainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
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Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 

 
Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
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Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
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like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
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currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currentlyoccur in 
the GYA. 

 
Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS is delisted in the future, the 
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ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
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Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
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Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
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patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
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unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future than it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing available lynx habitat in the future. 
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Chapter 6: Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in the contiguous United States are 
naturally less abundant and more patchily-distributed than in the core of the range (except 
during decadal lows in hare population cycles, when both hares and lynx occur temporarily in 
the north at densities lower than most in the range of the DPS). Maintaining connectivity with 
lynx populations in Canada is thought to be important to the persistence of DPS populations; 
however, whether, and if so to what extent, the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
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• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 

southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
confier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 
19).There is no information to suggest that this unit historically supported a larger 
resident population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
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in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.27 Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 
Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 

                                                
27 https://inciweb.nwcg.gov/state/27/0/ 
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lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47).Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
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lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
has already altered) the timing and magnitude of lynx dispersal from Canada into the contiguous 
United States. If lynx populations in the DPS depend on immigration from Canada which is no 
longer occurring or has been substantially reduced relative to historical conditions, population 
declines and an increased likelihood of extirpation among resident DPS populations would be 
expected. However, whether, and if so to what extent, these climate-mediated factors have 
influenced current lynx numbers, other demographic parameters, and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units. Despite uncertainty regarding its influence over current conditions for lynx, 
climate modeling and expert opinion concur that continued climate warming will adversely 
impact lynx in the DPS at some point in the future (also see Future Conditions and Threats, 
below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
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Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
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loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 

 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
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geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event. We recognize that a sequence of discrete but spatially-
clustered catastrophic events in lynx habitats over a short time could increase the potential for 
functional extirpation in 1 or more of the individual geographic units (especially the possibility of 
additional large wildfires in north-central Washington), thereby reducing redundancy within the 
DPS. However, as long as resident lynx remain geographically well-distributed in 1 or more 
units within the DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
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management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Resident lynx populations persisted historically and continue to persist in 4 geographic units 
(Units 1-4). It is uncertain whether Unit 5 (the GYA) historically supported a small persistent 
population or if lynx residency was ephemeral; currently, it appears not to support resident lynx. 
Available evidence suggests that Unit 6 (Colorado) did not historically support persistent lynx 
presence; however, a resident population has persisted there for more than a decade since the 
1999-2006 releases described above. Considering the available information, we find no reliable 
evidence that the current distribution and relative abundance of resident lynx in the contiguous 
United States are substantially reduced from historical conditions. This suggests historical and 
current resiliency among lynx populations in the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
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most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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From: Mogadam, Roya
To: Howe, Marian
Cc: Peterson, Garrett; Miel Corbett; Christine Eustis; Tincher, Chris; Hausman, Alyssa
Subject: Re: Canada Lynx 5-yr Review: Congressional Contacts
Date: Wednesday, December 13, 2017 4:21:44 PM
Attachments: 2017 10 13 FINAL Lynx SSA Report Corrections 2017 10 25 CLEAN.pdf

Hi Merra-

We should only be notifying the members in the SSA map's range (which is attached and on
page 10). I would pull off Utah, Michigan, Wisconsin, and New Mexico.

-Roya

On Wed, Dec 13, 2017 at 2:34 PM, Howe, Marian <marian_howe@fws.gov> wrote:
Hi all, 
As part of a 5yr review, we will soon be announcing that the Canada lynx DPS may no
longer need ESA protections. I'm currently reviewing the communications plan for this
announcement (attached here), and while going through the congressional contacts, I noticed
that many states/districts weren't included that are part of the lynx range based on ECOS
range maps. 

Below, I've listed the contacts from the comms plan as well as others that fall in the lynx
range (starred*), could you let me know if you think the contacts in your region are correct
or if I should include/exclude certain offices? Thank you for your help!

Cheers, 
Merra

R1
Washington:

Sen. Cantwell (D-WA)*
Sen. Murray (D-WA)*
Rep. DelBene (D-WA-1)*
Rep. Newhouse (R-WA-4)*
Rep. McMorris Rogers (R-WA-5)*
Rep. Reichert (R-WA-8)*

Idaho:

Sen. Risch (R-ID)*
Sen. Crapo (R-ID)*
Rep. Labrador (R-ID-1)*
Rep. Simpson (R-ID-2)*

R2
New Mexico:

Sen. Heinrich (D-NM)*

mailto:roya_mogadam@fws.gov
mailto:marian_howe@fws.gov
mailto:garrett_peterson@fws.gov
mailto:miel_corbett@fws.gov
mailto:christine_eustis@fws.gov
mailto:chris_tincher@fws.gov
mailto:alyssa_hausman@fws.gov
mailto:marian_howe@fws.gov


Sen. Udall (D-NM)*
Rep. Lujan (D-NM-3)*

R3
Minnesota:

Sen. Smith (D-MN) (?)*
Sen. Klobuchar (D-MN)*
Rep. Peterson (D-MN-7)*
Rep. Nolan (D-MN-8)*

Wisconsin:

Sen. Baldwin (D-WI)*
Sen. Johnson (R-WI)*
Rep. Duffy (R-WI-7)*
Rep. Gallagher (R-WI-8)*

Michigan:

Sen. Stabenow (D-MI)*
Sen. Peters (D-MI)*
Rep. Bergman (R-MI-1)*

R5 
Maine: 

Sen. Collins (R-ME)*
Sen. King (I-ME)*
Rep. Poliquin (R-ME-2)*

R6:
Colorado:

Sen. Bennet (D-CO)
Sen. Gardner (R-CO)
Rep. DeGette (D-CO-1)
Rep. Polis (D-CO-2)
Rep. Tipton (R-CO-3)
Rep. Buck (R-CO-4)
Rep. Lamborn (R-CO-5)
Rep. Coffman (R-CO-6)
Rep. Perlmutter (D-CO-7)

Montana:

Sen. Tester (D-MT)
Sen. Daines (R-MT)
Rep. Gianforte (R-MT-AL)



Wyoming:

Sen. Barrasso (R-WY)
Sen. Enzi (R-WY)
Rep. Cheney (R-WY-AL)

Utah: 

Sen. Hatch (R-UT)*
Sen. Lee (R-UT)*
Rep. Bishop (R-UT-1)*
Rep. Stewart (R-UT-2)*
Rep. Curtis (R-UT-3)*
Rep. Love (R-UT-4)*

-- 
Merra Howe
Sea Grant Knauss Fellow
Division of Congressional and Legislative Affairs
U.S. Fish and Wildlife Service
Office: 703-358-2225
Cell:617-680-9848
marian_howe@fws.gov

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

mailto:marian_howe@fws.gov
mailto:Roya_Mogadam@fws.gov
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The Canada lynx is a North American boreal forest carnivore whose populations are strongly 
tied to its primary prey, the snowshoe hare (Lepus americanus). Both species occur primarily in 
the extensive boreal spruce-fir forests of Canada and Alaskan; however, the southern margins 
of both their ranges extend into the northern contiguous United States. The Service designated 
lynx in the Lower 48 States as a DPS because of differences in the management of lynx and 
lynx habitats across the international boundary with Canada and because of the climatic, 
vegetative, and ecological differences between lynx habitat at the southern extent of its range in 
the contiguous United States compared to the northern range in Canada and Alaska. The 
Service listed the DPS as threatened under the Endangered Species Act (ESA) in 2000 
because of the inadequacy, at that time, of regulatory mechanisms on some Federal lands to 
provide for the conservation of lynx habitats and populations (see section 3.1.1). This SSA does 
not reconsider the designation of the DPS or its listing status under the ESA, which are Service 
policy decisions. Instead, it provides the scientific basis for the statutorily required 5-year status 
review for the DPS and other decisions the Service is required to make in accordance with the 
ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
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lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are, in most 
places, naturally less abundant and generally more patchily-distributed than in the core of the 
species’ range in Canada and Alaska. Maintaining connectivity between the DPS and lynx 
populations in Canada is thought to be important. However, the extent to which DPS 
populations may depend on immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in projections, particularly beyond mid-
century. The output from this expert elicitation process (summarized below and presented in 
detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline largely as a result of 
projected continued climate warming and associated impacts, which are likely to exacerbate the 
potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue, although we do not anticipate that such events alone 
would cause the permanent loss of breeding lynx populations in any geographic unit. We are 
aware of no management actions that could be expected to abate the projected long-term 
retreat of boreal forests, declining hare populations, and diminished snow conditions expected 
under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically and many more than was known or suspected at the time the DPS was 
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listed, and recent information suggests that resident lynx may be expanding to the south of the 
core population area. This is due to the large amount and broad distribution of high-quality lynx 
and hare habitat that currently exists as a result of landscape-level clearcutting on private 
commercial timber lands in response to a major spruce budworm (Choristoneura fumiferana) 
outbreak in the 1970s and 1980s. These dense regenerating conifer stands are much more 
extensive than they are thought to have been historically under natural disturbance regimes. 
The State of Maine suggests that this unit currently may support 750-1,000 or more resident 
lynx. However, the extent of these high-quality stands probably peaked by 2005, and habitat 
quality is projected to decline in these stands over the next few decades as they age beyond 35-
40 years post-harvest. Because a shift in forest management from clearcutting to partial 
harvesting that began in 1989 appears unlikely to maintain or recreate this extensive high-
quality habitat, we expect lynx habitat and numbers to decline in this unit over the next several 
decades, perhaps to levels more consistent with likely historical conditions. We concur with the 
expert panel that the resident lynx population in this unit is very likely to persist at 2025 and at 
2050. Over the longer-term (at 2100), we expect continued climate warming to reduce the 
amount and quality of lynx habitat in this unit and exacerbate other potential stressors 
(commercial and energy developments, changing forestry practices and land ownership 
patterns, etc.), further reducing lynx numbers and likely decreasing the population’s resilience. 
Some climate models indicate substantial loss of boreal forest and favorable snow conditions 
under higher emissions scenarios, and this unit generally lacks potential elevational refugia that 
would support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be somewhat 
lower than expert projections, although the timing and extent of climate-mediated habitat decline 
is highly uncertain. This geographic unit also may be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington, perhaps substantially more 
after additional fires in 2017. Because of this, the number of resident lynx in this unit is likely 
lower than it was historically and when the DPS was listed. Based on estimates of lynx carrying 
capacity, this unit may have been capable of supporting roughly 50-60 resident lynx prior to 
large fires beginning in the early 1990s. Recent habitat evaluations suggest it currently may be 
capable of supporting only about 30-35 lynx, with the decline due to fire-driven habitat losses. 
Although these losses are expected to be temporary, additional fires in this unit before 
previously burned areas recover (10-40 years post-burn) would further reduce lynx numbers 
and make this geographic unit more vulnerable to extirpation. Because of these habitat impacts, 
limited demographic information, and remaining uncertainties (e.g., immigration/emigration 
rates, changes in snowpack, disease, lynx population status and impacts of trapping in southern 
British Columbia, and habitat corridor stability between British Columbia and this unit), the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Nonetheless, we concur with the expert panel that the resident lynx population in this unit is very 
likely to persist at years 2025 and 2050. Over the longer-term (2100), we expect continued 
climate warming to reduce the amount and quality of lynx habitat in this unit, further reducing 
lynx numbers and likely decreasing the population’s resilience. Therefore, we concur with 
experts that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
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Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
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supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
We expect lynx populations in each geographic unit to become smaller and more patchily-
distributed due largely to projected climate-driven losses in habitat quality and quantity and 
related factors. However, the timing, rate, and extent of habitat decline due to projected climate 
warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should extirpations occur, this 
would indicate a loss of resiliency, reduced redundancy and representation, and an increased 
risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated Canada lynx in the contiguous United States as a DPS because of 
differences in the management of lynx and lynx habitats across the international boundary with 
Canada and because of the climatic, vegetative, and ecological differences in lynx habitat 
compared to the northern parts of the species’ range in Canada and Alaska (62 FR 28654-
28655). The Service listed the DPS as threatened under the ESA in 2000 because of the 
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to provide 
for the conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is 
recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We 
completed this SSA (version 1.0) to summarize the best available scientific information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions. It 
is generally restricted to areas that receive deep and persistent unconsolidated (“fluffy”) snow, 
which is thought to allow lynx, with their proportionately longer limbs and very large feet, to 
outcompete other terrestrial hare predators that are less efficient in such conditions (McCord 
and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-
94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; 
Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 
25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to these geographic units are known or suspected to 
intermittently support resident lynx and occasional reproduction. Uncertainty remains as to 
whether resident lynx populations occurred historically in other areas not encompassed by the 
geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164 100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 



17 
 

consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that the statuses of lynx populations in individual SSA geographic units are 
largely independent of those in the other geographic units. This is clearly true for Units 1 and 
2, and it is probably true of the western geographic units (3 – 6), despite likely historical 
north-to-south connectivity and dispersal from or through Unit 3 to Unit 5 and possibly Unit 
6, and recent evidence of south-to-north connectivity and dispersal from Unit 6 to and 
through Units 5 and 3. We are aware of no evidence of east-west connectivity or dispersal 
between Units 3 and 4. 
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● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
 

● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate warming and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate coniferous or deciduous) forests, non-snow-domintated climates, or to 
persist on alternate prey species where hare densities are or become inadequate. 
Therefore, we assume lynx populations in the DPS are vulnerable (sensitive, exposed, and 
with little capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 
5) to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 
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For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
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1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
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northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
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litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
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winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90; Ivan et al. 2014, entire). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
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Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 



30 
 

adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
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mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
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Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in northern and eastern Canada (McKelvey et al. 
2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
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c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, traps, vehicles, etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
At the southern periphery of the lynx’s range (southern Canada and the contiguous United 
States), hare population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; 
Hodges et al. 2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; 
Hodges in Lynx SSA Team 2016a, pp. 16-17), hare densities are typically on the lower end of 
densities reported for northern populations, and lynx abundances and  demographic rates in the 
south are typically like those of northern lynx populations during hare lows (Koehler and Aubry 
1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern 
populations the likelihood is probably relatively low that an individual lynx will have its ecological 
requirements met sufficiently to replace itself in the breeding population. Also in the south, there 
are more diverse assemblages of potential competitors and predators, more natural patchiness 
and anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
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nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provide for dependent kittens 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
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185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Although specific snow 
requirements for lynx (amount/depth, quality, persistence) have not been quantified throughout 
the DPS range, historical lynx occurrence records in the contiguous United States were 
correlated with areas that received at least 4 months (December through March) of continuous 
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snow coverage (Gonzalez et al. 2007, p. 7). Where snow conditions do not consistently favor 
lynx, increased potential for predation and competition would be expected (Peers et al. 2013, p. 
8). Finally, individual lynx are more likely to survive, breed, and replace themselves in the 
breeding population if they occupy home ranges where trapping is prohibited or trapping 
pressure is low (Slough and Mowat 1996, entire), high-speed/high-volume roadways are absent 
(ILBT 2013, pp. 77-78), and other potential anthropogenic causes of lynx mortality are absent or 
minimal. 
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
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study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
For a lynx population in the core of the species’ range in the southern Yukon, Slough and 
Mowat (1996, p. 952, table 4) calculated population growth rate (lambda, λ) = 2.03 (annual 
doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx population. This 
period of rapid growth was followed by a rate of λ = 1.01 (stable) during the first year of a hare 
decline, and λ = 0.10 and λ = 0.46 (rapid decline) during the first 2 years of the lynx population 
decline when hares were scarce. However, the natural range in λ that would be expected 
among peripheral, isolated, or semi-isolated lynx populations where hares are non-cyclic or 
weakly-cyclic (i.e., in DPS and some southern Canadian populations), versus those that would 
signal long-term population decline or instability is unknown. Despite this, and the limitations 
noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) calculated population 
growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area (i.e., declining 
population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains (increasing trend, 
2003-2007). Likewise, MDIFW in 2012 calculated an intrinsic rate of growth of 0.05 (λ = 1.05) 
for Maine’s lynx population based on demographic data from a radiotelemetry study collected 
over a 12-year period (Vashon et al. 2012, Appendix VI). Neither the Montana nor Maine 
estimates incorporated rates of immigration/emigration (i.e., both assumed immigration and 
emigration rates of zero, which is very unlikely and contradicted by historical and recent 
evidence of lynx dispersal in both directions across the Canada-Unites States border across the 
DPS range). Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 
female/year on average for a theoretical population of 100 lynx) could provide population 
stability or even growth, suggesting that the Seeley Lake population and perhaps other DPS 
populations are probably being bolstered by low levels of immigration, which may go 
undetected. Other efforts to model lynx population dynamics in the DPS range include those of 
Lyons et al. (2016, entire), who developed spatially-explicit, individual-based population models 
to estimate reductions in potential lynx carrying capacity in Washington associated with recent 
large wildfires, and Licht et al. (2017, in press, entire), who conducted a PVA of a potential lynx 
reintroduction to Isle Royale in Lake Superior, about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
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demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
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abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 



40 
 

conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarilyinto areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
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either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat. The 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, McKelvey et al. 
(2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 
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2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because it is a habitat and prey specialist, lynx densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist. 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449) because they are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors and predators (Buskirk et al. 2000a, p. 90; Krohn 
et al. 2005, p. 123; also see section 2.2 above), although behavioral adaptations may offset 
morphological differences to some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
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Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a detailed, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
 
In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
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whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontarior than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire)indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
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the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
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and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecendentedly large irruptions of lynx from Canada into 
the northern contiguous United States, when dispersing/transient lynx occurred temporarily in 
many places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoning Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 
In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 



48 
 

 
New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
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detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Based on habitat distribution and lynx home range data, the 
MDIFW estimated that this geographic unit may have supported roughly 250-320 adult lynx in 
1995 and 750-1,000+ by 2003-06 (Vashon et al. 2012, p. 58; Vashon in Lynx SSA Team 2016a, 
p. 18]), and recent information suggests that resident lynx may be expanding to the south of the 
core population area (Vashon 2017, pers. comm.). The current lynx population in Maine is 
supported by the broad distribution of high-quality hare habitat that resulted from extensive, 
large-scale clearcutting in the 1970s and 1980s in response to a massive spruce budworm 
(Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 4.2.1). As 
these regenerating clearcuts, which currently provide the dense horizontal structure preferred by 
hares, mature beyond about 35-40 years post-harvest, hare densities are expected to decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16). The current lynx population in Maine is probably 
substantially larger than typically occurred historically under the natural disturbance regime, 
when relatively small amounts of the spruce-fir forests in the state are thought to have been 
composed of the dense young stands that provode optimal hare (and, therefore, lynx foraging) 
habitat (Lorimer 1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With 
the reduction in clearcutting and the proliferation of partial harvesting following enactment of the 
Maine Forest Practices Act of 1989, lynx densities in Maine are projected to decline by 55 to 65 
percent by 2032 (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16), 
perhaps to levels more consistent with likely historical conditions. Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). Whether lynx persistence in Maine relies on immigration from 
Canada, and if so to what extent, is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
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Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
trapping harvest data suggest declining immigration after the mid-1980s (McKelvey et al. 2000a, 
p. 225; Squires in Lynx SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent 
evidence of reproduction have been documented in the Montana portion of the GYA where, as 
with the northwestern Wyoming part of the GYA (discussed above), uncertainty about whether 
this area consistently or only intermittently supported resident lynx historically makes it difficult 
to interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As 
elsewhere in the West, recent research and habitat assessments suggest that habitats capable 
of supporting resident lynx in Montana are, and historically were, naturally patchier and less-
broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx 
therefore naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016a, p. 12). 
 
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
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Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 



52 
 

management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
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ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
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completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
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concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2104, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
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units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
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hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units that encompass USFS and BLM lands, are 
currently managed in accordance with the specific conservation measures and considerations 
identified in the LCAS and implemented via the CAs or formally revised and amended 
management plans described above. These agreements and revised/amended plans constitute 
the regulatory framework and specific regulatory mechanisms adopted to conserve lynx habitats 
and populations on USFS and BLM lands that support or are potentially capable of supporting 
them. They represent the agencies’ efforts, in collaboration with the Service, to address and 
ameliorate the singular threat for which the lynx DPS was listed under the ESA. Although formal 
effectiveness monitoring has not been completed, it is clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous United States. Overall, Federal lands managed by the USFS, BLM, and 
NPS constitute nearly 64 percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, 
and all but a tiny fraction of these lands are actively managed for lynx conservation. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
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central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
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specifation of trap sizes and sets that may be used to legally harvest other furbearers and that 
are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). The MNDNR 
also distributed to trappers the interagency brochure How to Avoid Incidental Take of Lynx while 
Trapping or Hunting Bobcats and other Furbearers.In response to a Federal court order, MDNR 
developed an incidental take plan designed to minimize the potential for lynx to be incidentally 
trapped during other legal furbearer trapping; the plan is currently under review by the Service. 
Like Maine, Minnesota has a State Endangered Species Statute (84.0895) which requires the 
MNDNR to adopt rules designating species meeting the statutory definitions of endangered, 
threatened, or species of special concern (State of Minnesota 2016, entire). The Statute also 
authorizes the MNDNR to adopt rules that regulate treatment of species designated as 
endangered and threatened. Also like Maine, however, Minnesota has not designated lynx as 
threatened or endangered under the statute. Instead it has designated the lynx a species of 
special concern, a designation for species that are extremely uncommon, have unique or highly 
specific habitat requirements, or occur on the periphery of their range in Minnesota and, 
therefore, deserve careful monitoring (MNDNR 2013, pp. 1-2). Thus, the MNDNR coordinates 
with the Service and other agencies to conduct research and monitor lynx populations and 
habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of restrictions on trapping in lynx habitat. 
Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
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may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming are classified as nongame wildlife, a 
Species of Greatest Conservation Need, and a Protected Animal by Wyoming State Statute. A 
classification of "State Protected" status prohibits trapping or any intentional take in the state, 
and lynx in Wyoming were offered full protection from trapping and hunting beginning in 1973 
(ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also participates in the 
CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an 
early regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than typical historical conditions under the natural disturbance regime, when only 3 to 7 
percent of stands were likely in such condition at any given time (68 FR 40094). Current timber 
harvest and management on State and private lands in Maine are governed by the Maine 
Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
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than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 
of Unit 1) of private lands in northern Maine are under “working woodland” conservation 
easements10; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). In the past Maine private forest landowners have expressed 
interest in long-term commitments to lynx management plans, but to our knowledge, there are 
no private landowners in Maine who have committed to long-term or permanent protection and 
creation of lynx habitat according to the Service’s lynx management guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
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persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61oC (1.1oF; range = -0.53 to +2.50oC [-
0.95 to +4.5oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Peters et al. 2013, entire; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 
2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). Analysis of paleoclimate data indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4o - 2.6oC 
(0.7o - 4.7oF) by mid-century and 0.3o - 4.8oC (0.5o - 8.6oF) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
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percent probability of increasing more than 1.5oC (2.7oF), a 76 percent probability of increasing 
2 o - 4.5oC (3.6o - 8oF) and a 14 percent probability of exceeding 4.5oC (8oF). 
 
In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf


68 
 

limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
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years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
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sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
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between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over terrestrial competitors and predators. Although specific snow requirements for lynx 
(amount/depth, quality, persistence) have not been quantified throughout the DPS range, 
climate warming is diminishing snow conditions in the contiguous United States. Warmer winter 
temperatures are reducing snow cover extent and duration and altering snow structure via a 
combination of a higher proportion of precipitation falling as rain, more winter thaw-freeze 
events, higher rates of snowmelt during winter, and earlier spring melt and runoff (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; 
Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; 
Pierce et al. 2008, entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; 
Georgakakos et al. 2014, pp. 71-85). These trends are expected to continue with projected 
future climate warming (Hamlet and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; 
Mote et al. 2005, p. 48; Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; 
IPCC 2014b, p. 62). The IPCC projects that spring snow cover in the Northern Hemisphere is 
likely to decrease by 7-25 percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow 
season length and snow depth are very likely to decrease in most of North America except in 
the northernmost part of Canada where maximum snow depth is likely to increase’’ (Christensen 
et al. 2007, p. 850). Because lynx occurrence is correlated with prolonged periods of deep, fluffy 
snow, current lynx habitats would be expected to decline in value for lynx with decreases in 
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snow condition and duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 
2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Estimating trends in snowpack is challenging because the high variability in snowpack dynamics 
and microsite variations due to canopy cover, aspect, and elevation are not well-reflected in 
observation records (Hubbart et al. 2015, pp. 885-892; Rasouli et al. 2015, pp. 3937-3938; 
Painter et al. 2016, p. 149; IDFG 2017a, p. 7). Nonetheless, snowpack losses have been 
documented and will likely continue and could even accelerate in the future (Hamlet and 
Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 2011, entire; Kapnick and 
Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-971), with faster losses 
likely in milder climates like the Cascades and the slowest losses in the high peaks of the 
Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in temperature, 
snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 2016, p. 
106). In the West, areas of contiguous spring snow cover are projected to become smaller and 
more isolated throughout the Columbia, Upper Missouri, and Upper Colorado Basins, with 
greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). Snow 
accumulation and duration are also expected to continue to decline generally in the central and 
eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 2009, p. 31; 
Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow resources, 
potential lynx habitat is diminishing in the northern Appalachians and small areas in the 
Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential future 
snow cover under a range of IPCC climate scenarios suggests that snow conditions correlated 
with historical lynx occurrence records could decline by 10-20 percent across the continental 
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U.S. and Canada and by 46-84 percent in the contiguous United States by the end of the 
century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
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would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
mediate competition between the 2 species. Because of their higher foot-loading, bobcats likely 
hunt less efficiently than lynx in deep, unconsolidated snows (Hoving et al. 2005, entire; Krohn 
et al. 2005, pp. 122-129), which appear to limit bobcat mobility and distribution (Litvaitis et al. 
1986, p. 116). Considering recent and projected future changes in snow conditions described 
above, stable or increasing bobcat populations in the DPS range (Roberts and Crimmins 2010, 
p. 170), and the predicted northward expansion of bobcats into areas currently occupied by lynx 
(Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 
2010, p. 172), lynx may experience increased competition and displacement by bobcats, which 
could influence lynx distribution and persistence at the southern edge of their range (in all DPS 
geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 



75 
 

 
Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change also may affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
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Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 
Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
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interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
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the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 



79 
 

Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
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hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
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appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
 
Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
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the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
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Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
 

● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 



85 
 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
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markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
 
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
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Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under climate change, total United States timber inventories will increase, timber harvest will 
increase, and product prices will decrease relative to an assumed stable climate. Some models 
predict that consumers will gain from climate change while landowners in some regions will 
lose. The forest industry will likely adapt to climate change in many ways including using 
alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
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the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
 
There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
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habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
 
In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
 
Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
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problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University of Maine, pers. comm.).  As much as 30 to 40 percent of the advanced regeneration 
may be damaged from repeated entries by machinery to remove the overstory (R. Seymour, 
Department of Forestry, University of Maine, pers. comm.).  Finally, because subsequent 
overstory removal occurs about 15 years after the initial entry, some of the dense understory is 
damaged just as the stand develops conditions to support higher hare densities. The damage to 
the understory not only reduces the quality of the habitat for hares, but also cuts short the 
duration that the stand produces high quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
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of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
 
Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events(Kilgore and 
Heinselman 1990, Heinselman 1996, Veblen et al. 1994, Agee 2000, Seymour et al. 2002, 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
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thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 



95 
 

2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
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whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 
selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
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generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
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most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
 
As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
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landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
 
Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
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2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
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potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
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areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
 
Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
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location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
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intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level negative 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
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potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
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supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx likely have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or primary prey 
species). However, although some small populations may have become extirpated recently, 
resident lynx in the DPS remain broadly distributed across the range of ecological settings that 
seems to have supported them historically in the contiguous United States. Because there are 
no indications of current threats to the genetic health or adaptive capacity of lynx populations in 
the DPS, we find that the current level of representation does not appear to represent a 
decrease from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
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record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger and highly resilient population (Harrison 2017, p. 3) 
that also occupies southern Quebec (where trapping is legal) and northern New Brunswick 
(where lynx are a provincially-endangered species and harvest is prohibited). Although the 
actual number of resident lynx in this unit is unknown, the MDIFW believes this unit currently 
may be capable of supporting 750-1,000 lynx based on estimates of habitat distribution and lynx 
home range sizes (Vashon et al. 2012, pp. 87-91), which would make it the largest population in 
the DPS. This is many more resident lynx than likely occurred historically and many more than 
were suspected to occur in this unit when the DPS was listed, and it is the result of extensive 
clearcutting and herbicide application to salvage spruce-fir and encourage softwood 
regeneration following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments have created 
the current extensive distribution of young, regenerating softwood stands that provide optimal 
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hare foraging habitat. Lynx responded to these conditions with high survival and reproduction, 
small home ranges, and the highest densities documented in the DPS. Historically, under a 
more natural disturbance regime, Maine typically had a greater proportion of mature forest and, 
therefore a patchier distribution of high-quality habitat that likely supported a smaller lynx 
population that may have been more dependent on immigration from Canada. State forestry 
regulations passed in 1989 caused landowners to shift to various forms of partial harvesting that 
have resulted in lower landscape hare densities across much of the unit. Hare populations do 
not seem to cycle in this region, but hare density estimates from 2008-2015 declined by over 50 
percent compared to estimates from 2001-2006. Reproduction and adult survival declined in the 
low-hare environment after 2006, although kitten survival remained high. Unlike other DPS 
units, lynx habitat in northern Maine occurs nearly entirely on private, industrial forest lands, 
most of which lack long-term commitments to lynx management. The majority of private lands in 
this unit are now owned by investment companies seeking to diversify income from their 
investments, which could result in forest practices less likely to maintain or conserve hare and 
lynx habitat. Other potential stressors to lynx in this unit include incidental trapping, road 
mortality, large-scale wind energy development, residential and resort development, and 
parcelization of forestlands from rapid turnover in investment company landowners. Another 
spruce budworm outbreak may be imminent, and forestry response by investment landowners is 
uncertain. Climate change is a concern because average annual snowfall and duration are 
currently at the minimum thresholds believed necessary to give lynx a competitive advantage 
over bobcats and other mesocarnivores. Although lynx regularly occur outside this unit in 
southeastern and southwestern Maine, and small numbers of reproducing lynx have also been 
documented recently in northern New Hampshire and northern Vermont, the ability of some of 
these peripheral areas to support persistent breeding populations is questionable. However, 
recent telemetry data in Maine suggest that resident lynx are expanding both east and south of 
the Northern Maine Geographic Unit, with home range maintenance and reproduction 
documented in both areas, which previously were considered outside the area capable of 
supporting resident lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
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management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  The historical and current sizes of the 
resident lynx population in this unit are unknown, but it is thought currently to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
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Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. Historical and current resident lynx numbers in northern Washington are unknown, 
but recent habitat and home range analyses for the larger Okanogan LMZ (summarized in 
Lewis 2016) suggest that this geographic unit may have been capable of supporting about 50 
lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). Those 
fires affected over a third of the LMZ, led to increased home range size, and may have reduced 
the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4).Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
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populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
 
Unit 6 - Western Colorado:  The current and historical numbers of resident lynx numbers in this 
unit are unknown, but CPW lynx biologists believe it currently could support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. Released lynx had high 
survival but the proportion of females producing kittens and kitten survival were low. This unit is 
not directly connected to lynx populations in Canada, and it does not appear to have received 
immigrant lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 
1996, 2 unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 
mi2) of spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in 
this unit. Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) 
of lynx habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively 
impacted hares, and hare numbers may increase in affected areas as succession progresses; 
however, they have negatively impacted red squirrels, an important alternate prey species for 
lynx in this unit. Areas affected by beetles that contained multi-story stand conditions likely 
continue to provide habitat to support snowshoe hares and lynx. Areas affected by fire may 
require 20 years or more, and in some areas considerably longer, to recover to a point where 
the stands will again support snowshoe hares. Large-scale monitoring efforts in the San Juans 
documented continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is 
reasonably likely that lynx continue to occur in all national forests within the State of Colorado. 
Snowshoe hare habitat is naturally patchily-distributed in this geographic unit, which limits hare 
abundance. Because the majority (90 percent) of potential lynx habitat in Colorado is under 
Federal land management, actions occurring on other ownerships are unlikely to result in 
significant impacts to lynx habitat within this unit. The USFS manages over 85 percent of the 
lynx habitat in this unit, providing conservation through the SRLA. However, regulatory 
mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
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Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 
occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 

100% 83% (Purcells);            
61% (Seeley Lake)

100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares)

3.3 2.95 (Purcells);            
2.24 (Seeley Lake)

2.25 (2 females) 3.0 (1 female, 2 
years)

2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00

0.85 (Purcells);            
0.75 (Seeley Lake) 0.86 Few data

0.93 (in Core Release 
Area [CRA]);                   

0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.05                              
(1.16, high hares, 6 

yrs; 0.88,low hares, 4 
yrs)

No estimate
1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 
Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
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(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
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et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforces the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found 
the probability of lynx occurrence was > 50 percent where landscape hare densities were > 0.74 
hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx maintained 
home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by very recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). At a landscape scale, lynx habitat selection did not differ between sexes; however, 
at a home range scale, males tended to use more mature forest dominated by conifers than 
females, and both male and female lynx tended to avoid mature forests that had a high 
deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on these observations, 
Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining landscape hare densities 
of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-quality hare habitat within 
100-km2 areas to conserve lynx. 
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Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, lynx 
habitat in northern Maine was probably typically much less abundant and less broadly-
distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, insect 
outbreaks) are rare (intervals of several hundred to several thousand years) and highly variable 
in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, 
spruce beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). Although, 
high-elevation boreal forests often exhibit dense, regenerating conifer (resulting from a wind-
throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare densities are believed to be 
low in these areas (Siren et al. 2015, entire). In this geographic area, wildfire is less significant 
as a natural agent of disturbance. The typical fire regime is infrequent surface fires in the 
dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
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In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately 50 percent of the 
designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 
km2 (1,485 mi2; nearly 27 percent) of the forested landscape was comprised of spruce-fir in a 
young, regenerating stand condition that provide high quality hare habitat. This habitat is similar 
to, and contiguous with, forested areas in Quebec and New Brunswick that support lynx (Hoving 
et al. 2005, pp. 740-741). The current range of lynx in this unit is associated with areas of deep 
snowfall, extensive forested landscapes, and areas having a high proportion of regenerating 
conifer-dominated forest that had previously been clearcut and treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several estimates of 
hare densities in the highest-quality regenerating conifer or mixed forest averaged 1.9 to 2.1 
hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 1990, hare densities 
in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 hares/ac) at low and high 
elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. (2015) reported lower densities 
in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and lowland 
spruce-fir. Densities in high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont. 
 
Current habitat is likely at historically high levels, but this habitat has peaked and high-quality 
lynx habitat is projected to decline in the near future (Simons-Legaard et al. 2016, pp. 140-163, 
202-218). In response to the widespread clearcutting in the 1970s and 1980s, Maine passed the 
Forest Practices Act in 1989, which regulated clearcutting. Since then, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27). Over 95 percent of cutting that 
occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 2009, 
p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). This new cutting regime 
results in lower landscape densities of snowshoe hares (Fuller 1999; Homyack 2003; Robinson 
2006; Scott 2009). Another consequence of partial harvesting is that a much greater acreage 
needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 
harvest rates have increased from about 40,000 ha (100,000 acres) per year (before the Forest 
Practices Act) to over 200,000 ha (500,000 acres) per year (after the Act). Thus, 28 years after 
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the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 40,000 ha (100,000 ac) including the State, Federal government (White 
Mountain National Forest south of lynx range), a conservation group (The Nature Conservancy), 
2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx 
range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi were chosen as pilot States to receive funding through their 
respective Natural Resources Conservation Service (NRCS) State offices. Based on a 
successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 
2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending regulations 
for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS offered the 
HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to promote 
development of Canada lynx forest management plans. Since that time 4 private landowners, 
The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and Katahdin 
Forestlands successfully enrolled in the program. Collectively, these land ownerships comprised 
2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine in 
2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
 
Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
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assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 

Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. In 
addition, “working woodland” easements now encompass > 10,000 km2 (3,861 mi2) across 
northern Maine; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 
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2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals cross the river on the ice each generation to prevent genetic drift of this population 
(Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA 
Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area of 
high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the critical habitat area designated in 2014) in northern Maine could potentially support a 
population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) 
estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx, however, is unknown because there are no methods available 
to count individuals over such a large geographic area. 
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Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-00; 
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Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 2 and 
3). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
 
In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality ynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
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Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where average annual snowfall 
typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx 
(to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et 
al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 cm (90-
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104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 
2008). Thus, average annual snowfall in Maine is currently at or below depths associated 
historically with lynx presence, and further declines could reduce the likelihood that resident lynx 
will persist in this unit (Hoving et al. 2005). 
 
As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 

                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-tagged in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development16, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and western 
Maine and 5 projects are in operation; 2 have been proposed in northern New Hampshire and 2 
are in operation; and 3 have been proposed for northeast Vermont and 2 are in operation or 
under construction. Maine’s 2 largest wind projects (combined over 250 turbines covering 932 
km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. Although 
impacts of wind energy projects on lynx, hares, and their habitats have not been demonstrated, 
potential effects include loss and fragmentation of habitat from turbines, roads, and transmission 
lines, and disturbance or displacement of resident lynx. Road construction could further 
fragment habitat and increase access, potentially increasing vehicle collisions with lynx and 
other sources of mortality, including incidental trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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ownership patterns have changed dramatically in the last 15 years (Ippoliti and Nadeau-Drillen 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some of these new landowners are seeking 
diversified financial returns on their investment, including developing residential housing, 
second homes, and resorts. At various times in the past, 2 large residential and resort areas 
have been proposed on forestlands within designated lynx critical habitat in this unit. Both 
projects, if eventually built as previously-planned, could result in the development of several 
thousand acres of potential lynx habitat, but would be mitigated by substantial (100,000s of 
acres) conservation easements on surrounding forestland. Also, a private landowner recently 
purchased and donated 354 km2 (137 mi2) within designated lynx critical habitat that was 
subsequently designated as the Katahdin Woods and Waters National Monument. This area 
currently has a legacy of young regenerating spruce-fir habitat from previous industrial forest 
landowners, but its new monument designation will limit future forest management activities 
(timber harvest or other vegetation management) that could benefit lynx. In addition, the Nature 
Conservancy continues forest management on about half of its 750-km2 (290-mi2) ownership in 
this unit, including managing part of the area for lynx. 
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx. High-quality 
habitat created by extensive clearcutting 30 to 40 years ago is peaking and is projected to 
decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, pp. 10-18; also see 
section 5.2.1). Hare densities declined by 50 percent in this unit starting in about 2006 and have 
remained at lower levels, and future hare fluctuations or cycles are uncertain. Recent history 
demonstrates that some forms of forest management have the potential to create or increase 
lynx habitat. However, forest practices have shifted to partial harvesting, which is less likely to 
create large areas of lynx habitat or maintain the current historically broad distribution of high-
quality habitat generated by previous landscape-level clear-cutting. Additionally, private 
landowners who previously entered into commitments to manage for lynx conservation have not 
renewed those commitments (although the habitat will remain viable for lynx for some time). 
Land ownership has also changed in northern Maine, and the majority of lands are owned now 
by investment companies that often wish to diversify income from their investments, which could 
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result in forest practices inconsistent with lynx habitat conservation. Without long-term, binding 
land management commitments in this unit, there is no guarantee that the current historically 
high amount of lynx habitat will be maintained by future forest managment practices on private 
lands. The greatest stressors to resident lynx in this unit are habitat loss (as a result of the shift 
in forest management from clearcutting to partial harvesting resulting in lower landscape hare 
densities), lack of forest planning for lynx, and projected continued climate warming (diminishing 
snow depth, quality and duration; loss of spruce-fir to northern hardwoods; potential increased 
competition from bobcats and fishers; and increased future isolation of lynx in this unit and 
southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 1). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites 
were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) found 
snowshoe hare densities were highest in regenerating forests. Females selected large woody 
debris and dense horizontal cover in lowland conifer cover for denning in northern Minnesota 
(Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns were present 
(Moen and Burdett 2009, p. 5). 
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Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 

                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx. A more 
precise estimate of resident population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
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Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways. 
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
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minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
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According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
 
In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
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to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
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Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
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Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 
Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). 
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats. 
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
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support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
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genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
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incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distirubtution, it is very unlikey that this unit and surrounding areas were 
ever (recently or historically) capable of supporting 1,000 resident lynx. As described above, 
habitats capable of supporting resident lynx in this unit are (and aslo were historically) naturally 
patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 
191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; 
Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of resident lynx 
remains uncertain, this unit has a long and continuous history of lynx occurrence and evidence 
of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
structuring among lynx subpopulations in the southern (Garnet Mountains), central (Seeley 
Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction among 
lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires in Lynx 
SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
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2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detecteded 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
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area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20), indicating recruitment of new individuals into this 
population, or immigration, or a combination of the 2. 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
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the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above.Genetic analyses and snow and 
camera surveys have verified continued reproduction and recruitment among lynx populations in 
this unit and also suggest some immigration may be occurring. The recent apparent absence of 
resident lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
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16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
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Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41). 
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
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the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
                                                
19 https://inciweb.nwcg.gov/state/27/0/ 
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by lynx trapping records from Canada, which suggest that the magnitude of lynx population 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. However, Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being sustained by low levels of undetected immigration. 
The growth rate estimates presented above assumed no immigration 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (< 10 percent), low elevations [less than 915 m (3,000 ft)], and steep slopes (> 
30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the Northern 
Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler et al. 
2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major drivers 
of disturbance in this unit, but other factors, including wind and tree diseases, also contribute to 
natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North Cascades 
range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 
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scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21), and the Diamond Creek fire burned 
another 393 km2 (152 mi2) in the northern part of this unit during July-October 2017, along with 
another 126 km2 (49 mi2) across the border in southern British Columbia22. 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. This estimate does not include impacts of the 2017 
Diamond Creek wildfire described above. These burned areas are expected to regenerate back 
into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 2016, p. 5; 
Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx population in this 
geographic unit will likely be at increased risk of stochastic demographic, genetic, and 
environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
                                                
22 https://inciweb.nwcg.gov/incident/5409/, accessed 10/25/2017. 
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lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
 
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
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(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynxhabitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts, limited demographic information, and 
remaining uncertainties (e.g., immigration/emigration rates, changes in snowpack, disease, lynx 
population status and impacts of trapping in southern British Columbia, and habitat corridor 
stability between British Columbia and this unit; WADFW 2017, p. 3),the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. 
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From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
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Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
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southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place23. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

                                                
23 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 
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Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 
increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 



156 
 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 



157 
 

monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
unprecendentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
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records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
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Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-524). 

As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
                                                
24 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx to many 
western states and to Canada have been documented. The Southern Rockies are separated 
from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern Wyoming 
and further north, by sagebrush and desert shrub communities in the Wyoming Basin and the 
Red Desert of southern and central Wyoming, and the arid Green and Colorado River plateaus 
of western Colorado and eastern Utah. Because of extreme topographic relief juxtaposed with 
highways, residential communities, and other human developments, lynx biologists have 
identified habitat connectivity as an important consideration for the Southern Rockies (ILBT 
2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit. 
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Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
 
In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
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units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
 
All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific conservation planning guiding activities on non-Federal lands in this 
geographic unit. 
 
Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
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Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Devineau et al. 2010, p. 5), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; 
Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories 
(0.90; Poole 1994, p. 612). Successful reproduction, including by third- and fourth-generation 
offspring of translocated lynx, has been documented (Shenk 2008, p. 2); however, the average 
proportion of females that produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) 
and the kitten survival rate (0.23; Ivan 2016b, pers. comm.) were both lower in this geographic 
unit (during the period of intensive monitoring from 1999-2010) than rates reported for other 
geographic units where estimates were based on adequate sample sizes (Units 1 and 3; table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 
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In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares, widespread mortality of mature spruce-fir forests could impact lynx habitat for 
a long time. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
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As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
 
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

 
In summary, there are currently many more resident lynx in this unit than likely occurred 
historically, and many more than were known or suspected at the time the DPS was listed. 
There were even fewer verified records in this unit during the last century than in the GYA, and 
no reliable evidence of a resident breeding population. However, from 1999-2006, 218 
Canadian and Alaskan lynx were released into the San Juan Mountains of southwestern 
Colorado. As a result of the subsequent reproduction of some of the released lynx and some of 
their offspring over several generations, resident lynx currently occupy this unit. When the DPS 
was listed in 2000, 27 of 41 radio-marked lynx released in 1999 were still alive. The State of 
Colorado has concluded that its efforts have established a viable lynx population, and the 
State’s lynx experts suggest this unit may currently support 100-250 resident lynx (Ivan in Lynx 
SSA Team 2016a, p. 47). Recent (2010-2016) snow-tracking and camera surveys in the San 
Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 
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the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
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in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
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those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
 
Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
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will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
 

 
Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
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effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
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extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
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snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
climate warming is expected to exert the greatest influence on the resiliency of individual 
populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape, perhaps more in line with likely historical conditions (Simons-Legaard 
2016, fig. 8, p. 10). High quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort land development, and unmanaged 
conservation lands) may compete with forest management as the primary future land use. 
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Conservation easements will limit development pressures in some areas and keep some lands 
as working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not create new lynx habitat or maintain the current historically high amount of high-quality 
habitat. Climate change is expected to affect this unit more than some others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and beyond, snow quantity and quality will likely 
continue to deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices cleary have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which gives it a higher priority than 
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other species for monitoring and management during that time. We also expect that MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
median “most likely” probabilities of persistence generated by lynx experts were high for the 
near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but declined to 35 
percent (with great uncertainty) by 2100. We concur with the expert panel that resident lynx are 
likely to persist in this unit at 2025 and 2050. However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, and the potential for increased competition, disease, and insect 
outbreaks), some members of the  SSA Core Team were slightly less optimistic about the long-
term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded that the 
climate-mediated conversion of boreal forest to temperate forest and the loss of favorable snow 
conditions could occur at a rate and extent that would result in a lower likelihood of persistence 
than projected by experts, including the possibility that resident lynx could be extirpated from 
this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
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century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
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unit will benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 



178 
 

paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in habitat proected by 2032; 
habitat shift to the south edge of current 
range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 
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● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 

2025: 80 
(60-95) 

 
2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shoudl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
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2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the grey area 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and grey area 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
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2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would not respond to future budworm 
outbreaks like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the aging of past clearcuts beyond conditions that 
support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likely to reduce the likelihood that 
lynx will persist in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4o C/decade (0.8 o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0o C (3.6 o F; low 
emission) to 2.9o C (5.2 o F; high emission) by mid-century and 3.1o C (5.6 o F; low emissions) to 
5.3o C (9.5 o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5 to 2.8 o C (4.5 to 
5.0o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, increasing threats to high elevation and 
potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are currently at or falling 
below threshold values needed to support lynx in Maine. 
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios and predicted loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, the area capable of supporting resident lynx in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 
15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 
2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 
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Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
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quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
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an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
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et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
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However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 



191 
 

period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201025), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
                                                
25 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
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likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 12-19) predicted loss snow conditions supportive of lynx but 
persistence of boreal forest in Minnesota by the end of the century, and suggested that the SNF 
could provide a potential refugium for lynx (Gonzalez et al. 2007, p. 8). Notaro et al. (2015, pp. 
1668-1669) projected changes in lake effect snowfall using downscaled climate models (Abdus 
Salam International Centre for Theoretical Physics (ICTP) Regional Climate Model version 4 
(RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for the Great 
Lakes Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show an 
increase in lake effect snow in the eastern Great Lakes until 2050, with a decline later in the 
century, with an overall decline in the amount and duration of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
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(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)26 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now. Although 
uncertainties remain, as elsewhere, about the timing and magnitude of future climate-driven 
impacts, lynx populations in Minnesota are expected to recede northward and decline over the 
next century (Lynx SSA Team 2016a, pp. 37-38). 
                                                
26 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
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Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
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resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, potential for increased competition, disease, and insect outbreaks), some 
Core Team members were less optimistic about the future of lynx in Minnesota than the lynx 
expert panel. Depending on future emissions levels, the likelihood that this unit will continue to 
support resident lynx at the end of the century may be lower than the 35 percent (median most 
likely) estimate based on expert opinion. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Hybridization and competition with bobcat also may 
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increase with diminishing snow conditions because of continued climate warming, and it is 
uncertaint how insect outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is uncertain if lynx would become a 
legally trapped furbearer in Minnesota if the DPS was not listed (although a legal wolf hunt was 
reinstated after that species was delisted in Minnesota, so regulated trapping could also be 
considered for lynx if the DPS was not listed). Seven lynx have been illegally shot and reported 
or otherwise discovered since listing. Illegal shooting and non-reporting would likely increase 
without Federal protection. Education efforts by Federal and State agencies and law 
enforcement agents may have helped to reduce illegal shooting of lynx in this unit. With a 
diminished snow regime, populations of bobcats could increase and expand north and eastward 
into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping and hunting 
activities would likely increase without Federal listing. Similarly, fisher, fox, and coyote 
populations may increase in a diminished snow regime in northern Minnesota and trapping 
would be expected to occur there that could lead to greater incidental take of lynx. We believe 
that despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that could be substantially 
diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, we believe that climate change is a significant stressor to lynx in this unit; 
slightly more so than expressed by most of the experts. Snow depth and duration in the area 
currently supporting resident lynx are projected to decline significantly by the end of the century, 
likely to the detriment of both hare and lynx populations. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in the extreme northeastern corner of the unit. 
The boreal forest in this unit is already being replaced by northern hardwoods because of 
climate warming. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate models portend declining snow conditions under low- and high-emissions 
scenarios. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
mining developments. Although we expect resident lynx to persist in this unit through 2025 and 
2050, we conclude that the stressors described above, individually and cumulatively, could 
diminish lynx habitat and numbers in this unit. If these stressors are not abated, we believe that 
resident lynx in this unit will face a slightly greater risk of extirpation by the end of the century 
than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
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considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
 



206 
 

Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
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anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
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2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). Tennant et al. (2015, pp. 
2818-2820) simulated snowpack loss in the Northern Rockies (ID, MT, WY) and predicted that 
watersheds between 1,000 - 2,000 m (3,281 – 6,562 ft) elevation would experienced the 
greatest snowpack losses, while those > 2000 m (6,562 ft) would be more resilient to significant 
warming. Given the greater predicted snowpack persistence at some elevations used by lynx in 
this unit and the considerable area of potential climate refugia in mountainous terrain 
(Dobrowski 2011, pp. 1027-1029; Curtis et al. 2014, entire; Holden et al. 2015, entire; Morelli et 
al. 2016, entire), at least a portion of lynx distribution in this unit is likely resilient to climate-
driven losses in snowpack (IDFG 2017a, p. 7). 
 
There will likely be a lag time between the loss of favorable snow conditions and an eventual 
shift or contraction in vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 
section 3.2), but continued warming is projected to convert much of the boreal forest in this unit 
to temperate conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The 
ability of lynx and hare populations to persist during this lag and to adjust to future habitat 
distributions is uncertain, but habitat quality, quantity, distribution, and connectivity are expected 
to decline, likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will likely 
reduce this geographic unit’s ability to continue to support resident lynx into the future. The 
timing and magnitude of climate-driven impacts are uncertain; however, all are anticipated to 
adversely affect, and none are expected to benefit, lynx populations in this geographic unit. 
Climate model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
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that continued climate warming will reduce future habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
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most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
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on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of undetected immigration. Additionally, as noted above, 
the lynx population in the Purcell Mountains in the northwestern part of this unit was estimated 
to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 
years of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncertainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
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Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 

 
Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
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Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
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like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
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currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currentlyoccur in 
the GYA. 

 
Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS is delisted in the future, the 
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ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
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Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
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Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
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patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
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unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future than it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing available lynx habitat in the future. 
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Chapter 6: Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in the contiguous United States are 
naturally less abundant and more patchily-distributed than in the core of the range (except 
during decadal lows in hare population cycles, when both hares and lynx occur temporarily in 
the north at densities lower than most in the range of the DPS). Maintaining connectivity with 
lynx populations in Canada is thought to be important to the persistence of DPS populations; 
however, whether, and if so to what extent, the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
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• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 

southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
confier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 
19).There is no information to suggest that this unit historically supported a larger 
resident population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
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in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.27 Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 
Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 

                                                
27 https://inciweb.nwcg.gov/state/27/0/ 
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lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47).Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
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lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
has already altered) the timing and magnitude of lynx dispersal from Canada into the contiguous 
United States. If lynx populations in the DPS depend on immigration from Canada which is no 
longer occurring or has been substantially reduced relative to historical conditions, population 
declines and an increased likelihood of extirpation among resident DPS populations would be 
expected. However, whether, and if so to what extent, these climate-mediated factors have 
influenced current lynx numbers, other demographic parameters, and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units. Despite uncertainty regarding its influence over current conditions for lynx, 
climate modeling and expert opinion concur that continued climate warming will adversely 
impact lynx in the DPS at some point in the future (also see Future Conditions and Threats, 
below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
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Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
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loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 

 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
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geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event. We recognize that a sequence of discrete but spatially-
clustered catastrophic events in lynx habitats over a short time could increase the potential for 
functional extirpation in 1 or more of the individual geographic units (especially the possibility of 
additional large wildfires in north-central Washington), thereby reducing redundancy within the 
DPS. However, as long as resident lynx remain geographically well-distributed in 1 or more 
units within the DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
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management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Resident lynx populations persisted historically and continue to persist in 4 geographic units 
(Units 1-4). It is uncertain whether Unit 5 (the GYA) historically supported a small persistent 
population or if lynx residency was ephemeral; currently, it appears not to support resident lynx. 
Available evidence suggests that Unit 6 (Colorado) did not historically support persistent lynx 
presence; however, a resident population has persisted there for more than a decade since the 
1999-2006 releases described above. Considering the available information, we find no reliable 
evidence that the current distribution and relative abundance of resident lynx in the contiguous 
United States are substantially reduced from historical conditions. This suggests historical and 
current resiliency among lynx populations in the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
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most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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From: Mogadam, Roya
To: Howe, Marian
Cc: Peterson, Garrett; Miel Corbett; Christine Eustis; Tincher, Chris; Hausman, Alyssa
Subject: Re: Canada Lynx 5-yr Review: Congressional Contacts
Date: Wednesday, December 13, 2017 4:21:44 PM
Attachments: 2017 10 13 FINAL Lynx SSA Report Corrections 2017 10 25 CLEAN.pdf

Hi Merra-

We should only be notifying the members in the SSA map's range (which is attached and on
page 10). I would pull off Utah, Michigan, Wisconsin, and New Mexico.

-Roya

On Wed, Dec 13, 2017 at 2:34 PM, Howe, Marian <marian_howe@fws.gov> wrote:
Hi all, 
As part of a 5yr review, we will soon be announcing that the Canada lynx DPS may no
longer need ESA protections. I'm currently reviewing the communications plan for this
announcement (attached here), and while going through the congressional contacts, I noticed
that many states/districts weren't included that are part of the lynx range based on ECOS
range maps. 

Below, I've listed the contacts from the comms plan as well as others that fall in the lynx
range (starred*), could you let me know if you think the contacts in your region are correct
or if I should include/exclude certain offices? Thank you for your help!

Cheers, 
Merra

R1
Washington:

Sen. Cantwell (D-WA)*
Sen. Murray (D-WA)*
Rep. DelBene (D-WA-1)*
Rep. Newhouse (R-WA-4)*
Rep. McMorris Rogers (R-WA-5)*
Rep. Reichert (R-WA-8)*

Idaho:

Sen. Risch (R-ID)*
Sen. Crapo (R-ID)*
Rep. Labrador (R-ID-1)*
Rep. Simpson (R-ID-2)*

R2
New Mexico:

Sen. Heinrich (D-NM)*

mailto:roya_mogadam@fws.gov
mailto:marian_howe@fws.gov
mailto:garrett_peterson@fws.gov
mailto:miel_corbett@fws.gov
mailto:christine_eustis@fws.gov
mailto:chris_tincher@fws.gov
mailto:alyssa_hausman@fws.gov
mailto:marian_howe@fws.gov


Sen. Udall (D-NM)*
Rep. Lujan (D-NM-3)*

R3
Minnesota:

Sen. Smith (D-MN) (?)*
Sen. Klobuchar (D-MN)*
Rep. Peterson (D-MN-7)*
Rep. Nolan (D-MN-8)*

Wisconsin:

Sen. Baldwin (D-WI)*
Sen. Johnson (R-WI)*
Rep. Duffy (R-WI-7)*
Rep. Gallagher (R-WI-8)*

Michigan:

Sen. Stabenow (D-MI)*
Sen. Peters (D-MI)*
Rep. Bergman (R-MI-1)*

R5 
Maine: 

Sen. Collins (R-ME)*
Sen. King (I-ME)*
Rep. Poliquin (R-ME-2)*

R6:
Colorado:

Sen. Bennet (D-CO)
Sen. Gardner (R-CO)
Rep. DeGette (D-CO-1)
Rep. Polis (D-CO-2)
Rep. Tipton (R-CO-3)
Rep. Buck (R-CO-4)
Rep. Lamborn (R-CO-5)
Rep. Coffman (R-CO-6)
Rep. Perlmutter (D-CO-7)

Montana:

Sen. Tester (D-MT)
Sen. Daines (R-MT)
Rep. Gianforte (R-MT-AL)



Wyoming:

Sen. Barrasso (R-WY)
Sen. Enzi (R-WY)
Rep. Cheney (R-WY-AL)

Utah: 

Sen. Hatch (R-UT)*
Sen. Lee (R-UT)*
Rep. Bishop (R-UT-1)*
Rep. Stewart (R-UT-2)*
Rep. Curtis (R-UT-3)*
Rep. Love (R-UT-4)*

-- 
Merra Howe
Sea Grant Knauss Fellow
Division of Congressional and Legislative Affairs
U.S. Fish and Wildlife Service
Office: 703-358-2225
Cell:617-680-9848
marian_howe@fws.gov

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572
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FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 

1. Plan title: Canada lynx 5-year Review 

 

2.  DTS number: 067057 

 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 states) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicates 
that the Canada lynx has persistent resident populations in Maine, northeastern Minnesota, 
northwestern Montana, northeastern Idaho, and north-central Washington. There is also a 
resident introduced population in western Colorado and occasional lynx residency in some 
neighboring states and adjacent areas. Based on the health of this lynx population and the 
conservation efforts of federal, state, and tribal agencies, the Service’s 5-year status review 
recommends the removal of the lynx DPS from the list of endangered and threatened 
species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

December 2017. This is the proposed time frame for the 5-year review and SSA to be 
made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is the lead. R1, R2, R3, R5 and HQ are also involved. 
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SECTION II: GOALS 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to the point in which they no 
longer need federal protection.  

The Service relies on the best available science when conducting 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.  

Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our federal, state, tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species. The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  
 
The recommendation to delist is a success story for the lynx and a testament to how 
working with our partners can move ESA listed species towards recovery. If it is 
determined that the Canada Lynx should be delisted then the Service will publish a 
proposed rule in the Federal Register seeking review and comment by other federal 
agencies, state biologists, and the public, as well as the advice of independent species 
experts. After analyzing the comments, we will announce our final decision in the Federal 
Register, either completing the final rule or withdrawing the action and maintaining the 
current species’ status. 
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SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The interested public; Congress; state, tribal, and local governments; federal partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  

DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., Wild Earth Guardians, Earth Justice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the lower 48 states at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 

● Washington State Fish and Wildlife and/or Natural Resources Departments may oppose 
because federal delisting is at odds with their recent uplisting of lynx at the state level 
from threatened to endangered. 
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11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, state wildlife and 
natural resources management agencies, AFWA, WAFWA, state governments (especially 
Maine, Montana, Idaho, and Wyoming). 

 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of 
facts, which should be placed in the appendix. List no more than three!) 

This is a positive ESA story; an iconic animal once moving towards extinction, now 
showing signs of recovery thanks to collaborative conservation efforts by states, tribes, 
federal agencies and other partners. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by state, federal, and tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 

 

Given our recommendation to delist the lynx DPS due to recovery, a recovery plan would 
not promote the conservation of the species, and therefore at this time, we will not be 
completing a recovery plan for Canada lynx. If, during the rulemaking process, we 
determine that the Canada lynx should remain listed, the Service would reconsider the need 
to complete a recovery plan. 

 

Section 4(f)(I) of the Act requires the Service to develop and implement recovery plans for  
species listed as endangered or threatened, unless such a plan will not  
promote the conservation of the species.  For the lynx DPS, we are seeking concurrence that 
preparation of a recovery plan will not contribute to the conservation of the lynx DPS as 
defined by the ESA, and that exemption from recovery planning efforts for the lynx DPS.  

Formatted: Font: (Default) Times New
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In this case, our recommendation to delist the lynx DPS due to recovery as described in the 
lynx DPS 5-year review (Canada Lynx 5-Year Review 2017, entire). The lynx DPS may no 
longer meet the definition of a threatened species and proposed delisting rule should be 
prepared by the Service negating a recovery plan. 
 

The Canada lynx’s population within the DPS is steady, but naturally fluctuates as opposed 
to the non-endangered populations in Alaska and Canada. This can result in changes to the 
overall DPS populations as external natural and manmade forces affect habitats and food 
sources.  

Continued climate warming is regarded as the biggest long-term threat to the viability and 
persistence of the lynx DPS in the future. Climate change could result in shifts in the lynx’s 
boreal habitat and main food source, the snowshoe hare. How vulnerable lynx populations 
are to these shifts is unknown and undeterminable at this time.  

 

 

 

 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization websites and news feeds, local and national television and radio, print media, 
web based news sites and social media including Facebook and Twitter. 

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS website 

R6 Internal Pop-Up 

Internal email to employees 

Internal news web pages and newsletters 

Social media posts to FB and Twitter 

Formatted: Don't add space between
paragraphs of the same style
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16. Which communications tools are needed to support these strategies and tactics? (Be as 
specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 internet page Rob Mansheim TBD 

   

 

 

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Mountain time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD review  R6 EA 

TBD  SSA/Review delivered to court HQ-Sol 

Day Before the 
Announcement 

Congressional Notification HQ/Regional CLA 

Day Before the 
Announcement 

State Wildlife Agencies Regional ES 

Day of the 
Announcement 

Tribal Notification Regional NALs 

Day of 
Announcement 

Release to media in Regions 6, 5, 3 and 1 R6 EA, R5 EA, R3 
EA, R1 EA 

Day of 
Announcement 

Posting to R6 and FWS national websites and 
social media platforms 

R6 EA, HQ EA 
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Ongoing Response to all subsequent media requests and 
inquiries 

R6 EA, R5 EA, R3 
EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 
 
 
 
 

 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 R6 DRD 

Wyoming Game and Fish Department, Director, 
Scott Talbot 

(307) 777-4600 R6 DRD 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 DRD 

Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

19.  Stakeholder contacts (For each, paste in a table that provides organization name, contact  
person, contact information as appropriate, and the name of the person responsible for making 
contact) 
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Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R1 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leslie Weldon 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 

U.S. Forest Service Pacific Northwest Regional 
Forester, Jim Pena 

(503) 808-2468 R1 DRD 

U.S. Forest Service US Forest Service Eastern 
Regional Forester, Kathleen Atkinson 

(414) 297-3600 R3 DRD 

Bureau of Land Management Montana State 
Director, Jon Raby 

(406) 896-5000 

 

R6 DRD 

Bureau of Land Management Wyoming State 
Director, Mary Jo Rugwell 

(307) 775-6001 

 

R6 DRD 

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R5 DRD 
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Bureau of Land Management Colorado State 
Director, Greg Shoop 

(303)-239-3700 R6 DRD 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 RD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James Ogsbury (303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt Melcher 

208-331-9431 R1 DRD 
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Stakeholder***  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie Rappaport 
Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, Director 
Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, Board 
President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

 
***litigants be notified by the solicitor of our SSA/Review 

 
 
 

Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate
.gov 

HQ-
CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.se
nate.gov  

HQ-
CLA 

Sen. Michael Bennet – Rosemary Rodriguez rosemary_rodriguez@benn
et.senate.gov 

R6-EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.g
ov  

HQ-
CLA 

23. Congressional Contacts 

mailto:cchavers@boisforte-nsn.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:tommy.walker@mail.house.gov
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Rep. Diana DeGette – Matthew Mengesha Mathew.mengesha@mail.h
ouse.gov 

R6-EA 

Rep. Jared Polis –   HQ-
CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-
Wiwchar@mail.house.gov 

R6-EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.go
v  

HQ-
CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.g
ov 

R6-EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.g
ov  

 HQ-
CLA 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.go
v 

R6-EA 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.g
ov  

HQ-
CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.
gov 

R6-EA 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-
smith@mail.house.gov  

HQ-
CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.go
v 

R6-EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-
CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.hous
e.gov 

R6-EA 

Member Wyoming   

mailto:dustin.sherer@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
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Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.se
nate.gov  

HQ-
CLA 

Sen. John Barrasso –  R6-EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.
gov  

HQ-
CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.sena
te.gov 

R6-EA 

Rep. Liz Cheney – Holly Heussner Holly.Heussner@mail.house.
gov 

HQ-
CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.go
v  

HQ-
CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.sen
ate.gov 

R6-EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.sen
ate.gov  

HQ-
CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.
gov 

R6-EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.hous
e.gov 

HQ-
CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.
gov  

R6-EA 

Member Washington   

TBD by Region 1 EA   

mailto:kaitlynn_glover@barrasso.senate.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

 

 
 
 
 
 
 
 
 

Stakeholder Contact Information Contact By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

Committees  

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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SECTION VI: SOCIAL MEDIA PLAN 

 

24. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a large 
swath of the general public across a number of age demographics. 

 

Lead accounts to be used: Facebook, Twitter. 

Secondary accounts to share messaging: We assume that there will be collateral inquiries 
associated with images for the Canada lynx so Flickr may also play an important role in this 
rollout. 

Hashtags: #lynx #conservation 

Photos: https://www.flickr.com/search/?text=Canada%20lynx  

Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News 
; https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates populations in Lower 48 States are no longer in 

danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 5-year 

review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 

 

Facebook messages:  
Read more at xxxxx 

Other platform messages: N/A 

 

 

 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve Segin, robert_segin@fws.gov, 303-236-4578 

Sarah Levy, sarah_levey@fws.gov, 503-231-6208 

Georgia Parham, , Georgia_Parham@fws.gov, 812-334-4261 x 1203 

Meagan Racey, Meagan_racey@fws.gov, 413-253-8558 

Christina Meister, Christina_Meister@fws.gov, 703-358-2284 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov,  703-358-2275 

Roya Mogadam - roya_mogadam@fws.gov, 303-236-4572 (R6) 

Sarah Levy, sarah_levey@fws.gov,  503-231-6208 

Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 

Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Steve Segin - robert_segin@fws.gov - 303-236-4578 

 

mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:Christina_Meister@fws.gov
mailto:Alyssa_Hausman@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
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26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 
HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

R.Mogadam 10-24-17 

S.Segin 11-2-17 

  

 

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 

 



 
 
 
 
 

Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 

1. Plan title: Canada Lynx 5-year Review 

 

2.  DTS number: 067057 

 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service will publish a 5five-year review of the distinct population segment (DPS) of 
the Canada lynx, a species currently listed as threatened under the Endangered Species Act 
(ESA). The review concludes that, thanks to the conservation actions of a variety of 
partners, the Canada lynx DPS may no longer require protection under the ESA. 

The Service’s recommendation does not remove or negate the ESA protections currently in 
place for the species. To delist a species, the Service must follow a process similar to what 
is used in considering whether to list, which includes publication of a proposed rule in the 
Federal Register, a public comment period and peer review prior to a final decision being 
made. 

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

December 2017. This is the proposed time frame for the 5five-year review and species 
status assessment (SSA) to be made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is the lead. R1, R2, R3, R5 and HQ are also involved. 
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SECTION II: GOALS 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for audiences to understand that in implementing the 
ESA, the Service works with partners to better understand, manage and conserve species 
and their habitats to the point in which they no longer need federal protection.  

The Service relies on the best available science when conducting 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.  

Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

Any time we can remove a species from the ESA due to recovery, it is a victory. The 
recommendation to delist is a testament to the importance of working with partners to 
recover imperiled species. This recommendation does not automatically remove federal 
protections for the Canada lynx DPS and the Service must follow a process similar to what 
is used in considering whether to list a species under the ESA.  

 

SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The interested public; Congress; state, tribal and local governments; federal partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director; HQ Ecological Services; Regional leadership and 
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interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  

DOI: Departmental leadership, BLM and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., Wild Earth Guardians, Earth Justice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or even be uplisted to 
endangered) under the ESA due to accelerating threats of climate change. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and their belief possibility that lynx may disappear from the lower 48 states at 
some point in the more distant future. 

● Some tribal governments may oppose; others may support. 

● Washington State Fish and Wildlife and/or Natural Resources Departments may oppose 
because federal delisting is at odds with their recent uplisting of lynx at the state level 
from threatened to endangered. 

 

11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, state wildlife and 
natural resources management agencies, AFWA, WAFWA, state governments (especially 
Maine, Montana, Idaho and Wyoming). 

 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of 
facts, which should be placed in the appendix. List no more than three!) 

This is a positive ESA story; an iconic animal once moving towards extinction, now 
Comment [GGS1]: Is this the only topline 
message? 
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showing signs of recovery thanks to collaborative conservation efforts by states, tribes, 
federal agencies and other partners. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

The species was listed as threatened in 2000 largely due to a lack of regulatory mechanisms 
on federal public lands, which is prime habitat for Canada lynx populations. However, since 
receiving ESA protection, most federal land managers throughout the lynx’s range have 
formally amended their management plans and instituted conservation measures to 
conserve the species.   

The Service relies on the best available science to inform all decisions. The five-year 
review was informed by a recently completed Species Status Assessment (SSA) for the lynx 
DPS, which compiled all available scientific information on the historical, current and 
possible future conditions for the DPS.  

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by state, federal and tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics and potential stressors throughout the DPS 
range.  

 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. This includes, but is not limited to, Service and partner government 
organization websites and news feeds; local and national television and radio networks; 
print media, web based news sites and social media pages.  

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS website 

Internal email to employees 

Comment [GGS2]: I think we should 
consider a message (that would also be in 
the NR) that acknowledges that there are 
still threats to the lynx, they just don’t rise 
to the level that we believe puts the species 
in danger of extinction or at risk of 
becoming so in the foreseeable future. 
Otherwise I think we play into the hands of 
the opposition who will say we are looking 
at this through rose-colored glasses. 
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Internal news web pages and newsletters 

Social media posts to Facebook and Twitter 

 

16. Which communications tools are needed to support these strategies and tactics? (Be as 
specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press release Steve Segin Draft 

Tribal letter ?  

Social media (Facebook, Twitter, Snapchat, 
Instagram) 

Michael D’agostino TBD 

R6 internet page Rob Mansheim TBD 

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Mountain time zone 

9/20/17 Finalizes and submits communications package to 
R5, 3 and 1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD for review  R6 EA 

TBD  SSA/Review delivered to court HQ-Sol 

Day Before the 
Announcement 

Congressional notification HQ/Regional CLA 

Day Before the 
Announcement 

State Wildlife Agencies notification  Regional ES 

Day of the 
Announcement 

Tribal notification Regional NALs 

Day of 
Announcement 

Release to media in Regions 6, 5, 3 and 1 R6 EA, R5 EA, R3 
EA, R1 EA 

Day of Posting to R6 and FWS national websites and R6 EA, HQ EA 
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Announcement social media platforms 

Ongoing Response to all subsequent media requests and 
inquiries 

R6 EA, R5 EA, R3 
EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 

 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 R6 DRD 

Wyoming Game and Fish Department, 
Director, Scott Talbot 

(307) 777-4600 R6 DRD 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 DRD 

Washington Department of Fish and 
Wildlife Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Minnesota Department of Natural 
Resources,  Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and 
Wildlife Commissioner, Chandler E. 
Woodcock  

(207) 287-8000 R5 DRD 

19.  Stakeholder contacts (For each, paste in a table that provides organization name, contact  
person, contact information as appropriate, and the name of the person responsible for making 
contact) 
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National Park Service Pacific West 
Regional Director, Laura Joss 

(330) 289-1493   R1 DRD 

National Park Service Intermountain 
Regional Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain 
Regional Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region 
Regional Forester, Leslie Weldon 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora 
Rasure 

(801) 625-5605 R6 DRD 

U.S. Forest Service Pacific Northwest 
Regional Forester, Jim Pena 

(503) 808-2468 R1 DRD 

U.S. Forest Service US Forest Service 
Eastern Regional Forester, Kathleen 
Atkinson 

(414) 297-3600 R3 DRD 

Bureau of Land Management Montana 
State Director, Jon Raby 

(406) 896-5000 

 

R6 DRD 

Bureau of Land Management Wyoming 
State Director, Mary Jo Rugwell 

(307) 775-6001 

 

R6 DRD 

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R5 DRD 

Bureau of Land Management Colorado (303)-239-3700 R6 DRD 
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State Director, Greg Shoop 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 RD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James 
Ogsbury 

(303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt 
Melcher 

208-331-9431 R1 DRD 
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Stakeholder***  Contact Information Contact By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie 
Rappaport Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, 
Director Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, 
Board President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

 
***litigants be notified by the solicitor of our SSA/Review 

 
 
 

Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate
.gov 

HQ-CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.se
nate.gov  

HQ-CLA 

Sen. Michael Bennet – Rosemary 
Rodriguez 

rosemary_rodriguez@benn
et.senate.gov 

R6-EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.g
ov  

HQ-CLA 

Rep. Diana DeGette – Matthew Mengesha Mathew.mengesha@mail.h R6-EA 

23. Congressional Contacts 

mailto:cchavers@boisforte-nsn.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:tommy.walker@mail.house.gov
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ouse.gov 

Rep. Jared Polis –   HQ-CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-
Wiwchar@mail.house.gov 

R6-EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.go
v  

HQ-CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.g
ov 

R6-EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.g
ov  

 HQ-CLA 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.go
v 

R6-EA 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.g
ov  

HQ-CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.
gov 

R6-EA 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-
smith@mail.house.gov  

HQ-CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.go
v 

R6-EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.hous
e.gov 

R6-EA 

Member Wyoming   

Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.se
nate.gov  

HQ-CLA 

mailto:dustin.sherer@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:kaitlynn_glover@barrasso.senate.gov


Page 11 of 16 

 

Sen. John Barrasso –  R6-EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.
gov  

HQ-CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.sena
te.gov 

R6-EA 

Rep. Liz Cheney – Holly Heussner Holly.Heussner@mail.house.
gov 

HQ-CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.go
v  

HQ-CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.sen
ate.gov 

R6-EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.sen
ate.gov  

HQ-CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.
gov 

R6-EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.hous
e.gov 

HQ-CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.
gov  

R6-EA 

Member Washington   

TBD by Region 1 EA   

mailto:alison_mcguire@enzi.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

 

 
 
 
 
 
 
 
 

Stakeholder Contact Information Contact By 

House Natural Resources – 
Majority 

 

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – 
Minority 

Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

Committees  

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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SECTION VI: SOCIAL MEDIA PLAN 

 

24. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a 
large swath of the general public across a number of age demographics. 

 

Lead accounts to be used: Facebook, Twitter. 

Secondary accounts to share messaging: We assume that there will be collateral inquiries 
associated with images for the Canada lynx so Flickr may also play an important role in this 
rollout. 

Hashtags: #lynx #conservation 

Photos: https://www.flickr.com/search/?text=Canada%20lynx  

Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News 
; https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  

Twitter messages:  
● 5-year review of Canada lynx indicates populations in lower 48 states are no longer 

in danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 5-

year review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 

Facebook messages:  
●    Canada lynx more numerous and broadly-distributed than when listed according to 5-

year    review. Learn more at xxxxx.  

Other platform messages: N/A 

 

 

 

 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve Segin, robert_segin@fws.gov, 303-236-4578 

Sarah Levy, sarah_levey@fws.gov, 503-231-6208 

Georgia Parham, , Georgia_Parham@fws.gov, 812-334-4261 x 1203 

Meagan Racey, Meagan_racey@fws.gov, 413-253-8558 

Christina Meister, Christina_Meister@fws.gov, 703-358-2284 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov,  703-358-2275 

Roya Mogadam - roya_mogadam@fws.gov, 303-236-4572 (R6) 

Sarah Levy, sarah_levey@fws.gov,  503-231-6208 

Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 

Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Steve Segin - robert_segin@fws.gov - 303-236-4578 

 

mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:Christina_Meister@fws.gov
mailto:Alyssa_Hausman@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
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26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 
HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

R.Mogadam 10-24-17 

S.Segin 11-2-17 

Gavin Shire 12/21/2017 

 

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 

 



 
 
 
 
 

Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 

1. Plan title: Canada Lynx 5-year Review 

 

2.  DTS number: 067057 

 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service will publish a five-year review of the distinct population segment (DPS) of the 
Canada lynx, a species currently listed as threatened under the Endangered Species Act 
(ESA). The review concludes that, thanks to the conservation actions of a variety of 
partners, the Canada lynx DPS may no longer require protection under the ESA. 

The Service’s recommendation does not remove or negate the ESA protections currently in 
place for the species. To delist a species, the Service must follow a process similar to what 
is used in considering whether to list, which includes publication of a proposed rule in the 
Federal Register, a public comment period and peer review prior to a final decision being 
made. 

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

December 2017. This is the proposed time frame for the 5five-year review and species 
status assessment (SSA) to be made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is the lead. R1, R2, R3, R5 and HQ are also involved. 
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SECTION II: GOALS 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for audiences to understand that in implementing the 
ESA, the Service works with partners to better understand, manage and conserve species 
and their habitats to the point in which they no longer need federal protection.  

The Service relies on the best available science when conducting 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.  

Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

The recommendation to delist is a testament to our 20 year partnership the importance of 
working with partners to recover imperiled species. This recommendation does not 
automatically remove federal protections for the Canada lynx DPS and the Service must 
follow a process similar to what is used in considering whether to list a species under the 
ESA.  

 

SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The interested public; Congress; state, tribal and local governments; federal partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director; HQ Ecological Services; Regional leadership and 

Comment [RCM1]: Is this accurate? 
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interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  

DOI: Departmental leadership, BLM and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., Wild Earth Guardians, Earth Justice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or even be uplisted to 
endangered) under the ESA due to accelerating threats of climate change. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and their belief that lynx may disappear from the lower 48 states at some point 
in the more distant future. 

● Some tribal governments may oppose; others may support. 

● Washington State Fish and Wildlife and/or Natural Resources Departments may oppose 
because federal delisting is at odds with their recent uplisting of lynx at the state level 
from threatened to endangered. 

 

11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, state wildlife and 
natural resources management agencies, AFWA, WAFWA, state governments (especially 
Maine, Montana, Idaho and Wyoming). 

 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of 
facts, which should be placed in the appendix. List no more than three!) 

This is a positive ESA story; an iconic animal once moving towards extinction, now 
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showing signs of recovery thanks to collaborative conservation efforts by states, tribes, 
federal agencies and other partners. 

The success of our recovery efforts are a result of a 20 year partnership working with state, 
federal, tribal, and other land managers on the conservation of this species. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

The species was listed as threatened in 2000 largely due to a lack of regulatory mechanisms 
on federal public lands, which is prime habitat for Canada lynx populations. However, since 
receiving ESA protection, most federal land managers throughout the lynx’s range have 
formally amended their management plans and instituted conservation measures to 
conserve the species.   

The Service relies on the best available science to inform all decisions. The five-year 
review was informed by a recently completed Species Status Assessment (SSA) for the lynx 
DPS, which compiled all available scientific information on the historical, current and 
possible future conditions for the DPS.  

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by state, federal and tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics and potential stressors throughout the DPS 
range.  

Given our recommendation to delist the lynx DPS due to recovery, a recovery plan would 
not promote the conservation of the species, and therefore at this time, we will not be 
completing a recovery plan for Canada lynx. If, during the rulemaking process, we 
determine that the Canada lynx should remain listed, the Service would reconsider the need 
to complete a recovery plan. 

 

 

 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 

Comment [RCM2]: Is this accurate? 

Comment [GGS3]: I think we should 
consider a message (that would also be in 
the NR) that acknowledges that there are 
still threats to the lynx, they just don’t rise 
to the level that we believe puts the species 
in danger of extinction or at risk of 
becoming so in the foreseeable future. 
Otherwise I think we play into the hands of 
the opposition who will say we are looking 
at this through rose-colored glasses. 

Comment [SRS4]: Can add this in once the 
climate change TP is complete 
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interested parties. This includes, but is not limited to, Service and partner government 
organization websites and news feeds; local and national television and radio networks; 
print media, web based news sites and social media pages.  

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS website 

Internal email to employees 

Internal news web pages and newsletters 

Social media posts to Facebook and Twitter 

 

16. Which communications tools are needed to support these strategies and tactics? (Be as 
specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press release Steve Segin Draft 

Tribal letter Anna Munoz Draft 

Social media (Facebook, Twitter, Snapchat, 
Instagram) 

Michael D’agostino TBD 

R6 internet page Rob Mansheim TBD 

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Mountain time zone 

9/20/17 Finalizes and submits communications package to 
R5, 3 and 1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD for review  R6 EA 

TBD  SSA/Review delivered to court HQ-Sol 
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Day Before the 
Announcement 

Congressional notification HQ/Regional CLA 

Day Before the 
Announcement 

State Wildlife Agencies notification  Regional ES 

Day of the 
Announcement 

Tribal notification Regional NALs 

Day of 
Announcement 

Release to media in Regions 6, 5, 3 and 1 R6 EA, R5 EA, R3 
EA, R1 EA 

Day of 
Announcement 

Posting to R6 and FWS national websites and 
social media platforms 

R6 EA, HQ EA 

Ongoing Response to all subsequent media requests and 
inquiries 

R6 EA, R5 EA, R3 
EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 

 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 R6 DRD 

Wyoming Game and Fish Department, 
Director, Scott Talbot 

(307) 777-4600 R6 DRD 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 DRD 

19.  Stakeholder contacts (For each, paste in a table that provides organization name, contact  
person, contact information as appropriate, and the name of the person responsible for making 
contact) 
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Washington Department of Fish and 
Wildlife Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Minnesota Department of Natural 
Resources,  Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and 
Wildlife Commissioner, Chandler E. 
Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West 
Regional Director, Laura Joss 

(330) 289-1493   R1 DRD 

National Park Service Intermountain 
Regional Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain 
Regional Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region 
Regional Forester, Leslie Weldon 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora 
Rasure 

(801) 625-5605 R6 DRD 

U.S. Forest Service Pacific Northwest 
Regional Forester, Jim Pena 

(503) 808-2468 R1 DRD 

U.S. Forest Service US Forest Service 
Eastern Regional Forester, Kathleen 
Atkinson 

(414) 297-3600 R3 DRD 

Bureau of Land Management Montana (406) 896-5000 R6 DRD 
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State Director, Jon Raby  

Bureau of Land Management Wyoming 
State Director, Mary Jo Rugwell 

(307) 775-6001 

 

R6 DRD 

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R5 DRD 

Bureau of Land Management Colorado 
State Director, Greg Shoop 

(303)-239-3700 R6 DRD 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 RD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James 
Ogsbury 

(303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt 
Melcher 

208-331-9431 R1 DRD 
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Stakeholder***  Contact Information Contact By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie 
Rappaport Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, 
Director Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, 
Board President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

 
***litigants be notified by the solicitor of our SSA/Review 

 
 
 

Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate
.gov 

HQ-CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.se
nate.gov  

HQ-CLA 

Sen. Michael Bennet – Rosemary 
Rodriguez 

rosemary_rodriguez@benn
et.senate.gov 

R6-EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.g
ov  

HQ-CLA 

Rep. Diana DeGette – Matthew Mengesha Mathew.mengesha@mail.h R6-EA 

23. Congressional Contacts 

mailto:cchavers@boisforte-nsn.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:tommy.walker@mail.house.gov
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ouse.gov 

Rep. Jared Polis –   HQ-CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-
Wiwchar@mail.house.gov 

R6-EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.go
v  

HQ-CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.g
ov 

R6-EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.g
ov  

 HQ-CLA 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.go
v 

R6-EA 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.g
ov  

HQ-CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.
gov 

R6-EA 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-
smith@mail.house.gov  

HQ-CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.go
v 

R6-EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.hous
e.gov 

R6-EA 

Member Wyoming   

Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.se
nate.gov  

HQ-CLA 

mailto:dustin.sherer@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:kaitlynn_glover@barrasso.senate.gov
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Sen. John Barrasso –  R6-EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.
gov  

HQ-CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.sena
te.gov 

R6-EA 

Rep. Liz Cheney – Holly Heussner Holly.Heussner@mail.house.
gov 

HQ-CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.go
v  

HQ-CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.sen
ate.gov 

R6-EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.sen
ate.gov  

HQ-CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.
gov 

R6-EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.hous
e.gov 

HQ-CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.
gov  

R6-EA 

Member Washington   

TBD by Region 1 EA   

mailto:alison_mcguire@enzi.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

 

 
 
 
 
 
 
 
 

Stakeholder Contact Information Contact By 

House Natural Resources – 
Majority 

 

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – 
Minority 

Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

Committees  

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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SECTION VI: SOCIAL MEDIA PLAN 

 

24. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a 
large swath of the general public across a number of age demographics. 

 

Lead accounts to be used: Facebook, Twitter. 

Secondary accounts to share messaging: We assume that there will be collateral inquiries 
associated with images for the Canada lynx so Flickr may also play an important role in this 
rollout. 

Hashtags: #lynx #conservation 

Photos: https://www.flickr.com/search/?text=Canada%20lynx  

Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News 
; https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  

Twitter messages:  
● 5-year review of Canada lynx indicates populations in lower 48 states are no longer 

in danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 5-

year review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 

Facebook messages:  
●    Canada lynx more numerous and broadly-distributed than when listed according to 5-

year    review. Learn more at xxxxx.  

Other platform messages: N/A 

 

 

 

 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php


Page 14 of 16 

SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve Segin, robert_segin@fws.gov, 303-236-4578 

Sarah Levy, sarah_levey@fws.gov, 503-231-6208 

Georgia Parham, , Georgia_Parham@fws.gov, 812-334-4261 x 1203 

Meagan Racey, Meagan_racey@fws.gov, 413-253-8558 

Christina Meister, Christina_Meister@fws.gov, 703-358-2284 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov,  703-358-2275 

Roya Mogadam - roya_mogadam@fws.gov, 303-236-4572 (R6) 

Sarah Levy, sarah_levey@fws.gov,  503-231-6208 

Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 

Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Steve Segin - robert_segin@fws.gov - 303-236-4578 

 

mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:Christina_Meister@fws.gov
mailto:Alyssa_Hausman@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
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26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 
HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

R.Mogadam 10-24-17 

S.Segin 11-2-17 

Gavin Shire 12/21/2017 

 

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 

 



 
 
 
 
 
 
 
 

 
Q.  Why does the Service believe listing is no longer warranted for the Canada lynx?   
 
A.  We listed the lynx distinct population segment (DPS) as threatened because Federal land 
management regulations at that time (in the year 2000) were not adequate to ensure the 
conservation of lynx habitats and populations.  Since then, Federal land managers have adopted 
and implemented, through formal and binding amendments or revisions to land management 
plans or in accordance with formal conservation agreements with the Service, science-based 
conservation measures, standards and guidelines, and best management practices (BMPs) to 
conserve lynx.  We believe these commitments have largely addressed the threat for which the 
DPS was listed.  Additionally, many State and Tribal agencies and academic partners have 
worked with the Service to identify and protect important lynx habitats and monitor and enhance 
lynx populations.  Based on these efforts, we believe there are many more resident lynx in Maine 
(due to the beneficial effects of past timber management on private lands) and Colorado (due to 
the establishment of a resident population via releases of lynx from Canada and Alaska) than 
there likely were historically, and many more in Minnesota than we suspected when we listed the 
DPS.  Thus, we no longer believe that lynx in the Lower 48 States are at risk of extinction 
throughout their range now or in the reasonably foreseeable future.  Therefore, the DPS does not 
meet the Endangered Species Act’s definition of an endangered or a threatened species. Federal 
land management changes have adequately protected the species habitat against the primary 
threats that led to listing and will ensure that the species will remain resilient in the foreseeable 
future, even in the face of climate change.  We’ve also learned that land management changes in 
ME have led to historically high numbers of the species.  Those numbers may moderate with 
forest succession but our analysis suggests resiliency for the species. 

 
Q. What is a five-year review? 
 
A. A five-year review is a periodic review of the status of species listed under the Endangered   
Species Act (Act).  Its purpose is to ensure that listed species have the appropriate level of 
protection under the law.  
 
Q.  Why was the Canada lynx distinct population segment (DPS) originally listed? 
 
A.  When we listed the DPS as threatened in 2000, we were concerned about the potential for 
Federal forest management activities to adversely affect lynx habitats and perhaps populations.  
We determined, as described above, that existing regulatory mechanisms at that time were not 
adequate to ensure the conservation of lynx habitats and populations on Federal lands, which 
contain the majority of lynx habitats in the contiguous United States. At the time, the existing 
regulatory mechanisms on federal lands, which constitute the majority of the lynx DPS range, 
did not provide sufficient guidance for the ongoing conservation of lynx habitat. The species was 
thereby listed as threatened in 2000. 

Frequently Asked Questions 
Canada Lynx 5-Year Review 

 



 
Q. What has changed in regards to existing regulatory mechanisms? 
 
A. Since the DPS was listed, Federal land managers have worked with the Service to identify, 
map, and monitor conditions in potential lynx habitats and, as described above, to develop and 
implement standards and guidelines and BMPs to avoid or minimize impacts to important lynx 
and hare habitats.  The SSA found that conservation measures and habitat management guidance 
adopted by the U. S. Forest Service (USFS) and the Bureau of Land Management (BLM), via 
formally amended or revised management plans or conservation agreements with the Service, 
have substantially addressed the threats to the maintenance of lynx DPS habitat conditions and 
the availability of snowshoe hare and other prey populations for which the DPS was listed.   
 
Q.  Who else did the Service consult with in producing this 5-year review? 
 
A. When we announced (via a news release in January 2015) our intention to complete a 5-year 
review, we solicited relevant information from the public as well as States, Tribes, other Federal 
agencies, and academic partners.  In developing the species status assessment (SSA), which 
provides the scientific basis for the 5-year review, wWe consulted a panel of 10 recognized lynx 
experts from State and Federal agencies and academic institutions regarding potential threats and 
the likelihood that resident populations will be able to be sustained in the future.  

 
Q.  What are the anticipated effects of cClimate cChange on the lynx DPS? 
 
A. The lynx is a snow-adapted boreal forest species, and the DPS range occurs at the southern 
periphery of the species range, where boreal forests, favorable snow conditions, and snowshoe 
hare populations all become naturally marginal and patchily-distributed compared to the core of 
the species range in Canada and Alaska.  With continued warming, the boreal forests, snow 
conditions, and hare populations that support lynx in the DPS range are expected to contract 
northward and upslope, resulting in increased fragmentation and isolation of habitats and 
populations and, over the long-term, in reduced population resiliency and increasing 
vulnerability to extirpation.  The Service and lynx expert panelists agree, although minimal, that 
the projected effects of a warming climate now pose the most significant threat to the long-term 
persistence of the lynx DPS.  Although there is great uncertainty about the timing and extent of 
climate-driven impacts, neither the Service nor the experts we consulted conclude that the DPS is 
at risk of extirpation from climate change continued warming is projected to cause the boreal 
forest habitats and snow conditions that support populations of lynx and its primary food source, 
the snowshoe hare, to contract northward and to higher elevations in the future.  However, even 
considering climate change and its potential impacts, the Service and lynx experts concluded that 
the best available science indicates it will not have a significant effect on the DPS in the lower 48 
within the foreseeable future. 
 
Q. Do lynx population numbers normally fluctuate? 
 
A. In the core of the species’ range, lynx populations fluctuate dramatically as they closely track 
10-year cycles in hare populations.  At the southern edge of both species’ ranges, including the 
DPS range, hare population cycles are much less pronounced, and some may not cycle at all.  
Therefore, lynx populations in the DPS do not undergo the dramatic swings seen in more 
northern populations, though they likely respond to changes in hare abundance with less 
dramatic population fluctuations.  In general, lynx populations in the DPS typically occur at 



densities similar to those in the north when hare numbers are low.The fact that the DPS 
represents the southern edge of the Canada Lynx range and that these populations have always 
ebbed and waned based on habitat conditions.  NEED A BIT MORE 
 
Q. When would the lynx be delisted? 
 
A.  The Service strives to complete proposed rules within a year of making a recommendation to 
change the status of a listed species and to complete final rules within a year of publishing the 
proposed rule.  In this case, we would try to complete a proposed rule in January, 2019, and a 
final rule, after public comment and peer review, by January of 2020.  There are no immediate 
plans to delist the lynx.  However, based on this recommendation, in the future the Service will 
promulgate a proposed rule to delist the lynx DPS and, based on peer and public review, may 
move forward with a final rule to delist the DPS.  However, delisting would not occur until 30 
days after publication of a final rule if one is proposedto delist.  Until then, the DPS remains 
listed as threatened under the Act, and the protections and prohibitions of the Act remain in 
force.       
 
Q. Why has the Service determined that a recovery plan for Canada lynx is not needed? 

 
A.  Section 4(f)(l) of the Act requires the Service to develop and implement recovery plans for 
species listed as endangered or threatened, “unless [the Service] finds such a plan will not 
promote the conservation of the species.” According to the 2004 draft revised Recovery Planning 
Guidance jointly developed by the Service and the National Marine Fisheries Service, acceptable 
justifications for an exemption from having a recovery plan include: (1) delisting is anticipated 
due to extinction or listing error; (2) the species’ historic and current ranges occur entirely under 
the jurisdiction of other countries; and, (3) other circumstances not easily foreseen, but in which 
the species would not benefit from a recovery plan.  Because we have determined, based on the 
results of the SSA, that the lynx DPSmay no longer meets the definition of a threatened species , 
and therefore a recovery plan would not promote the conservation of the species, we will not be 
completing a recovery plan for Canada lynx. 

 
  
 
 



 
 
 
 
 

Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 

1. Plan title: Canada lynx 5-year Review 

 

2.  DTS number: 067057 

 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 states) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicates 
that the Canada lynx has persistent resident populations in Maine, northeastern Minnesota, 
northwestern Montana, northeastern Idaho, and north-central Washington. There is also a 
resident introduced population in western Colorado and occasional lynx residency in some 
neighboring states and adjacent areas. Based on the health of this lynx population and the 
conservation efforts of federal, state, and tribal agencies, the Service’s 5-year status review 
recommends the removal of the lynx DPS from the list of endangered and threatened 
species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

December 2017. This is the proposed time frame for the 5-year review and SSA to be 
made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is the lead. R1, R2, R3, R5 and HQ are also involved. 

 

 

 



Page 2 of 17 

SECTION II: GOALS 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to the point in which they no 
longer need federal protection.  

The Service relies on the best available science when conducting 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.  

Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our federal, state, tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species. The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  
 
The recommendation to delist is a success story for the lynx and a testament to how 
working with our partners can move ESA listed species towards recovery. If it is 
determined that the Canada Lynx should be delisted then the Service will publish a 
proposed rule in the Federal Register seeking review and comment by other federal 
agencies, state biologists, and the public, as well as the advice of independent species 
experts. After analyzing the comments, we will announce our final decision in the Federal 
Register, either completing the final rule or withdrawing the action and maintaining the 
current species’ status. 
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SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The interested public; Congress; state, tribal, and local governments; federal partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  

DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., Wild Earth Guardians, Earth Justice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the lower 48 states at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 

● Washington State Fish and Wildlife and/or Natural Resources Departments may oppose 
because federal delisting is at odds with their recent uplisting of lynx at the state level 
from threatened to endangered. 
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11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, state wildlife and 
natural resources management agencies, AFWA, WAFWA, state governments (especially 
Maine, Montana, Idaho, and Wyoming). 

 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of 
facts, which should be placed in the appendix. List no more than three!) 

This is a positive ESA story; an iconic animal once moving towards extinction, now 
showing signs of recovery thanks to collaborative conservation efforts by states, tribes, 
federal agencies and other partners. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by state, federal, and tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 

 

Given our recommendation to delist the lynx DPS due to recovery, a recovery plan would 
not promote the conservation of the species, and therefore at this time, we will not be 
completing a recovery plan for Canada lynx. If, during the rulemaking process, we 
determine that the Canada lynx should remain listed, the Service would reconsider the need 
to complete a recovery plan. 

 

Section 4(f)(I) of the Act requires the Service to develop and implement recovery plans for  
species listed as endangered or threatened, unless such a plan will not  
promote the conservation of the species.  For the lynx DPS, we are seeking concurrence that 
preparation of a recovery plan will not contribute to the conservation of the lynx DPS as 
defined by the ESA, and that exemption from recovery planning efforts for the lynx DPS.  

Formatted: Font: (Default) Times New
Roman
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In this case, our recommendation to delist the lynx DPS due to recovery as described in the 
lynx DPS 5-year review (Canada Lynx 5-Year Review 2017, entire). The lynx DPS may no 
longer meet the definition of a threatened species and proposed delisting rule should be 
prepared by the Service negating a recovery plan. 
 

The Canada lynx’s population within the DPS is steady, but naturally fluctuates as opposed 
to the non-endangered populations in Alaska and Canada. This can result in changes to the 
overall DPS populations as external natural and manmade forces affect habitats and food 
sources.  

Continued climate warming is regarded as the biggest long-term threat to the viability and 
persistence of the lynx DPS in the future. Climate change could result in shifts in the lynx’s 
boreal habitat and main food source, the snowshoe hare. How vulnerable lynx populations 
are to these shifts is unknown and undeterminable at this time.  

 

ADD TIMELINE TP please 

 

 

 

 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization websites and news feeds, local and national television and radio, print media, 
web based news sites and social media including Facebook and Twitter. 

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS website 

R6 Internal Pop-Up 

Internal email to employees 

Comment [RCM1]: Add language about 
the southern-most range and the link to 
fluctuations – Marj can help (back up is Jodi 
and Jim) 

Comment [RCM2]: Please make plain 
language. 

Comment [RCM3]: Please add timeline TP 

Formatted: Don't add space between
paragraphs of the same style
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Internal news web pages and newsletters 

Social media posts to FB and Twitter 

 

16. Which communications tools are needed to support these strategies and tactics? (Be as 
specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 internet page Rob Mansheim TBD 

   

 

 

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Mountain time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD review  R6 EA 

TBD  SSA/Review delivered to court HQ-Sol 

Day Before the 
Announcement 

Congressional Notification HQ/Regional CLA 

Day Before the 
Announcement 

State Wildlife Agencies Regional ES 

Day of the 
Announcement 

Tribal Notification Regional NALs 

Day of 
Announcement 

Release to media in Regions 6, 5, 3 and 1 R6 EA, R5 EA, R3 
EA, R1 EA 
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Day of 
Announcement 

Posting to R6 and FWS national websites and 
social media platforms 

R6 EA, HQ EA 

Ongoing Response to all subsequent media requests and 
inquiries 

R6 EA, R5 EA, R3 
EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 
 
 
 
 

 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 R6 DRD 

Wyoming Game and Fish Department, Director, 
Scott Talbot 

(307) 777-4600 R6 DRD 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 DRD 

Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

19.  Stakeholder contacts (For each, paste in a table that provides organization name, contact  
person, contact information as appropriate, and the name of the person responsible for making 
contact) 
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Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R1 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leslie Weldon 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 

U.S. Forest Service Pacific Northwest Regional 
Forester, Jim Pena 

(503) 808-2468 R1 DRD 

U.S. Forest Service US Forest Service Eastern 
Regional Forester, Kathleen Atkinson 

(414) 297-3600 R3 DRD 

Bureau of Land Management Montana State 
Director, Jon Raby 

(406) 896-5000 

 

R6 DRD 

Bureau of Land Management Wyoming State 
Director, Mary Jo Rugwell 

(307) 775-6001 

 

R6 DRD 
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Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R5 DRD 

Bureau of Land Management Colorado State 
Director, Greg Shoop 

(303)-239-3700 R6 DRD 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 RD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James Ogsbury (303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt Melcher 

208-331-9431 R1 DRD 
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Stakeholder***  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie Rappaport 
Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, Director 
Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, Board 
President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

 
***litigants be notified by the solicitor of our SSA/Review 

 
 
 

Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate
.gov 

HQ-
CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.se
nate.gov  

HQ-
CLA 

Sen. Michael Bennet – Rosemary Rodriguez rosemary_rodriguez@benn
et.senate.gov 

R6-EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.g
ov  

HQ-
CLA 

23. Congressional Contacts 

mailto:cchavers@boisforte-nsn.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:tommy.walker@mail.house.gov
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Rep. Diana DeGette – Matthew Mengesha Mathew.mengesha@mail.h
ouse.gov 

R6-EA 

Rep. Jared Polis –   HQ-
CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-
Wiwchar@mail.house.gov 

R6-EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.go
v  

HQ-
CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.g
ov 

R6-EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.g
ov  

 HQ-
CLA 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.go
v 

R6-EA 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.g
ov  

HQ-
CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.
gov 

R6-EA 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-
smith@mail.house.gov  

HQ-
CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.go
v 

R6-EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-
CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.hous
e.gov 

R6-EA 

Member Wyoming   

mailto:dustin.sherer@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
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Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.se
nate.gov  

HQ-
CLA 

Sen. John Barrasso –  R6-EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.
gov  

HQ-
CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.sena
te.gov 

R6-EA 

Rep. Liz Cheney – Holly Heussner Holly.Heussner@mail.house.
gov 

HQ-
CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.go
v  

HQ-
CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.sen
ate.gov 

R6-EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.sen
ate.gov  

HQ-
CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.
gov 

R6-EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.hous
e.gov 

HQ-
CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.
gov  

R6-EA 

Member Washington   

TBD by Region 1 EA   

mailto:kaitlynn_glover@barrasso.senate.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

 

 
 
 
 
 
 
 
 

Stakeholder Contact Information Contact By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

Committees  

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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SECTION VI: SOCIAL MEDIA PLAN 

 

24. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a large 
swath of the general public across a number of age demographics. 

 

Lead accounts to be used: Facebook, Twitter. 

Secondary accounts to share messaging: We assume that there will be collateral inquiries 
associated with images for the Canada lynx so Flickr may also play an important role in this 
rollout. 

Hashtags: #lynx #conservation 

Photos: https://www.flickr.com/search/?text=Canada%20lynx  

Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News 
; https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates populations in Lower 48 States are no longer in 

danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 5-year 

review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 

 

Facebook messages:  
Read more at xxxxx 

Other platform messages: N/A 

 

 

 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve Segin, robert_segin@fws.gov, 303-236-4578 

Sarah Levy, sarah_levey@fws.gov, 503-231-6208 

Georgia Parham, , Georgia_Parham@fws.gov, 812-334-4261 x 1203 

Meagan Racey, Meagan_racey@fws.gov, 413-253-8558 

Christina Meister, Christina_Meister@fws.gov, 703-358-2284 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov,  703-358-2275 

Roya Mogadam - roya_mogadam@fws.gov, 303-236-4572 (R6) 

Sarah Levy, sarah_levey@fws.gov,  503-231-6208 

Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 

Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Steve Segin - robert_segin@fws.gov - 303-236-4578 

 

mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:Christina_Meister@fws.gov
mailto:Alyssa_Hausman@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
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26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 
HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

R.Mogadam 10-24-17 

S.Segin 11-2-17 

  

 

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 

 



From: Zelenak, Jim
To: Robert Segin
Cc: Jodi Bush; Justin Shoemaker
Subject: Re: More stuff for Q &A"s
Date: Monday, December 18, 2017 10:21:22 AM

Q. What conservation efforts have been undertaken since 2000?  Maybe just some general
things?

Steve - in previous message, you grabbed the following from my edits to the previous FAQs.

A. Since listing in 2000, Federal land managers have adopted and implemented, through
formal and binding amendments or revisions to land management plans or in accordance with
formal conservation agreements with the Service, science-based conservation measures,
standards and guidelines, and best management practices (BMPs) to conserve lynx.  We
believe these commitments have largely addressed the threat for which the DPS was listed. 
Additionally, many State and Tribal agencies and academic partners have worked with the
Service to identify and protect important lynx habitats and monitor and enhance lynx
populations.

Do you need more?  E.g., specifics on the measures adopted/implemented by Forest Service
and BLM? How many national forests amended plans and where?, etc.  If so, I can provide
additional details from the SSA.

States - Washington - WA DNR developed it's own lynx habitat mgmt plan (1996, revised
2006); WA DFW developed a lynx recovery plan (2001)

Maine - conducted long-term study of lynx; developed, with USFWS, an HCP/ITP to
minimize incidental capture of lynx during legal trapping of other furbearers (many (most)
states have also adopted special trapping regs to minimize incidental take of lynx, and Minn.
also has begun work on a trapping HCP/ITP.).

Montana - DNRC with USFWS developed an HCP for forest management on State lands in
Montana to avoid/minimize impacts to lynx.

Colorado - translocated 218 lynx from Canada and Alaska to establish the current resident
population there.

More details on state efforts also in the SSA if needed.

Q. How did the Service consider the best available science in the recommendation

A. The Service always considers the best available science in managing Threatened and Endangered species. Since 20XX, we
have been engaged in a SSA process, where we worked with XXXX partners, XXX university partners, XXXX.

A. The Service convened the Lynx SSA Core Team made up of 5 USFWS biologists who do lynx work throughout the DPS
range, and an SSA Framework Implementation Team (FIT) made of or 3 USFWS and 1 USGS personnel to guide
development of the SSA.  The Core Team reviewed all the available science related to lynx ecology, historical and recent
distribution and current potential threats.

Because reliable empirical data were lacking for many lynx demographic parameters (e.g., no good estimates of historical or

mailto:jim_zelenak@fws.gov
mailto:robert_segin@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov


current population sizes, no estimates of immigration/emigration rates, often only short-term data on home range size,
productivity, etc.), the SSA Team convened a panel of 10 State, Federal, and Academic lynx experts and formally-elicited
their opinions and professional judgments regarding lynx distribution and population sizes, past and current stressors and
threats, and the likelihood that resident lynx populations in the DPS will continue to persist (will not be extirpated) in the
future (2025, 2050, and 2100).

The SSA documents our findings from our review of best available information and it summarizes the information solicited
from the lynx expert panel to provide our conclusions regarding the current health and likely future viability/persistence of
lynx populations with 6 geographic areas (all those that seem most likely to have historically and/or recently supported
resident lynx populations) in the DPS range.

Based on this assessment, we believe there are currently many more resident lynx in Maine and Colorado than there probably
were historically, and many more in those places and in Minnesota that we suspected when we listed the DPS in 2000 (i.e., the
DPS in is better shape than we thought it was when we listed it).  We also concluded that the conservation measures adopted
by Federal land managers have largely addressed the regulatory threat for which the DPS was listed.

Considering all factors, we and expert panel believe lynx populations in the DPS are likely to persist at least through mid-
century and perhaps longer.  Over the long-term, continued climate warming is the biggest threat, and it is likely to reduce
lynx habitats and populations in the DPS range, with some likely being extirpated in the future. However, there is much
uncertainty regarding the timing and extent of future climate-driven impacts and lynx responses to them, and we and the
experts felt the uncertainty was too great to make meaningful predictions about persistence beyond mid-century.

Please let me know if you need any other specific information.

 

On Mon, Dec 18, 2017 at 8:45 AM, Robert Segin <robert_segin@fws.gov> wrote:

 

Good Morning,

 

Still adding to the pile.

 

A few “new” questions have been added.

 

Q. What conservation efforts have been undertaken since 2000?  Maybe just some general
things?

 

A. Federal management plans, others with states?

 

Q. How did the Service consider the best available science in the recommendation

 

mailto:robert_segin@fws.gov


A. The Service always considers the best available science in managing Threatened and
Endangered species. Since 20XX, we have been engaged in a SSA process, where we
worked with XXXX partners, XXX university partners, XXXX.

 

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


 
 
 
 
 

Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 

1. Plan title: Canada lynx 5-year Review 

 

2.  DTS number: 067057 

 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 states) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicates 
that the Canada lynx has persistent resident populations in Maine, northeastern Minnesota, 
northwestern Montana, northeastern Idaho, and north-central Washington. There is also a 
resident introduced population in western Colorado and occasional lynx residency in some 
neighboring states and adjacent areas. Based on the health of this lynx population and the 
conservation efforts of federal, state, and tribal agencies, the Service’s 5-year status review 
recommends the removal of the lynx DPS from the list of endangered and threatened 
species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

December 2017. This is the proposed time frame for the 5-year review and SSA to be 
made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is the lead. R1, R2, R3, R5 and HQ are also involved. 
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SECTION II: GOALS 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to the point in which they no 
longer need federal protection.  

The Service relies on the best available science when conducting 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.  

Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our federal, state, tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species. The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  
 
The recommendation to delist is a success story for the lynx and a testament to how 
working with our partners can move ESA listed species towards recovery. If it is 
determined that the Canada Lynx should be delisted then the Service will publish a 
proposed rule in the Federal Register seeking review and comment by other federal 
agencies, state biologists, and the public, as well as the advice of independent species 
experts. After analyzing the comments, we will announce our final decision in the Federal 
Register, either completing the final rule or withdrawing the action and maintaining the 
current species’ status. 
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SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The interested public; Congress; state, tribal, and local governments; federal partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  

DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., Wild Earth Guardians, Earth Justice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the lower 48 states at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 

● Washington State Fish and Wildlife and/or Natural Resources Departments may oppose 
because federal delisting is at odds with their recent uplisting of lynx at the state level 
from threatened to endangered. 
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11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, state wildlife and 
natural resources management agencies, AFWA, WAFWA, state governments (especially 
Maine, Montana, Idaho, and Wyoming). 

 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of 
facts, which should be placed in the appendix. List no more than three!) 

This is a positive ESA story; an iconic animal once moving towards extinction, now 
showing signs of recovery thanks to collaborative conservation efforts by states, tribes, 
federal agencies and other partners. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by state, federal, and tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 

 

Given our recommendation to delist the lynx DPS due to recovery, a recovery plan would 
not promote the conservation of the species, and therefore at this time, we will not be 
completing a recovery plan for Canada lynx. If, during the rulemaking process, we 
determine that the Canada lynx should remain listed, the Service would reconsider the need 
to complete a recovery plan. 

 

In the core of the species’ range, lynx populations fluctuate dramatically as they closely 
track 10-year cycles in hare populations.  At the southern edge of both species’ ranges, 
including the DPS range, hare population cycles are much less pronounced, and some may 
not cycle at all.  Therefore, lynx populations in the DPS do not undergo the dramatic swings 
seen in more northern populations, though they likely respond to changes in hare abundance 
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with less dramatic population fluctuations.  In general, lynx populations in the DPS 
typically occur at densities similar to those in the north when hare numbers are low.  

Continued climate warming is regarded as the biggest long-term threat to the lynx DPS in 
the future. Climate change could result in shifts in the boreal forests, snow conditions and 
main food source, the snowshoe hare. How vulnerable lynx populations are to these shifts is 
unknown and undeterminable at this time. However, neither the Service nor the experts we 
consulted conclude that the lynx is at risk of extinction from climate change within the 
foreseeable future.  

After more than 2 years of close coordination with State and Federal agencies, Tribes, and 
academic partners to evaluate the current status and future viability of Canada lynx (lynx 
canadensis) populations in the Contiguous United States Distinct Population Segment 
(DPS), the U.S. Fish and Wildlife Service has completed a detailed species status 
assessment (SSA) for the DPS.  The SSA compiles and evaluates the best available 
scientific information, including the professional opinions of a panel of 10 recognized lynx 
experts, to understand the DPS's current status and future viability in the context of 
historical conditions and what was known when the DPS was listed as threatened under the 
Endangered Species Act (Act) and considering current and potential future stressors to its 
viability. 

 

 

 

 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization websites and news feeds, local and national television and radio, print media, 
web based news sites and social media including Facebook and Twitter. 

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS website 
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R6 Internal Pop-Up 

Internal email to employees 

Internal news web pages and newsletters 

Social media posts to FB and Twitter 

 

16. Which communications tools are needed to support these strategies and tactics? (Be as 
specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 internet page Rob Mansheim TBD 

   

 

 

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Mountain time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD review  R6 EA 

TBD  SSA/Review delivered to court HQ-Sol 

Day Before the 
Announcement 

Congressional Notification HQ/Regional CLA 

Day Before the 
Announcement 

State Wildlife Agencies Regional ES 

Day of the 
Announcement 

Tribal Notification Regional NALs 
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Day of 
Announcement 

Release to media in Regions 6, 5, 3 and 1 R6 EA, R5 EA, R3 
EA, R1 EA 

Day of 
Announcement 

Posting to R6 and FWS national websites and 
social media platforms 

R6 EA, HQ EA 

Ongoing Response to all subsequent media requests and 
inquiries 

R6 EA, R5 EA, R3 
EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 
 
 
 
 

 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 R6 DRD 

Wyoming Game and Fish Department, Director, 
Scott Talbot 

(307) 777-4600 R6 DRD 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 DRD 

19.  Stakeholder contacts (For each, paste in a table that provides organization name, contact  
person, contact information as appropriate, and the name of the person responsible for making 
contact) 
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Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R1 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leslie Weldon 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 

U.S. Forest Service Pacific Northwest Regional 
Forester, Jim Pena 

(503) 808-2468 R1 DRD 

U.S. Forest Service US Forest Service Eastern 
Regional Forester, Kathleen Atkinson 

(414) 297-3600 R3 DRD 

Bureau of Land Management Montana State 
Director, Jon Raby 

(406) 896-5000 

 

R6 DRD 

Bureau of Land Management Wyoming State (307) 775-6001 R6 DRD 
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Director, Mary Jo Rugwell  

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R5 DRD 

Bureau of Land Management Colorado State 
Director, Greg Shoop 

(303)-239-3700 R6 DRD 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 RD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James Ogsbury (303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt Melcher 

208-331-9431 R1 DRD 
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Stakeholder***  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie Rappaport 
Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, Director 
Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, Board 
President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

 
***litigants be notified by the solicitor of our SSA/Review 

 
 
 

Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate
.gov 

HQ-
CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.se
nate.gov  

HQ-
CLA 

Sen. Michael Bennet – Rosemary Rodriguez rosemary_rodriguez@benn
et.senate.gov 

R6-EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.g
ov  

HQ-
CLA 

23. Congressional Contacts 

mailto:cchavers@boisforte-nsn.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:tommy.walker@mail.house.gov
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Rep. Diana DeGette – Matthew Mengesha Mathew.mengesha@mail.h
ouse.gov 

R6-EA 

Rep. Jared Polis –   HQ-
CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-
Wiwchar@mail.house.gov 

R6-EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.go
v  

HQ-
CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.g
ov 

R6-EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.g
ov  

 HQ-
CLA 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.go
v 

R6-EA 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.g
ov  

HQ-
CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.
gov 

R6-EA 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-
smith@mail.house.gov  

HQ-
CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.go
v 

R6-EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-
CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.hous
e.gov 

R6-EA 

Member Wyoming   

mailto:dustin.sherer@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
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Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.se
nate.gov  

HQ-
CLA 

Sen. John Barrasso –  R6-EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.
gov  

HQ-
CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.sena
te.gov 

R6-EA 

Rep. Liz Cheney – Holly Heussner Holly.Heussner@mail.house.
gov 

HQ-
CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.go
v  

HQ-
CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.sen
ate.gov 

R6-EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.sen
ate.gov  

HQ-
CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.
gov 

R6-EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.hous
e.gov 

HQ-
CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.
gov  

R6-EA 

Member Washington   

TBD by Region 1 EA   

mailto:kaitlynn_glover@barrasso.senate.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

 

 
 
 
 
 
 
 
 

Stakeholder Contact Information Contact By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

Committees  

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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SECTION VI: SOCIAL MEDIA PLAN 

 

24. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a large 
swath of the general public across a number of age demographics. 

 

Lead accounts to be used: Facebook, Twitter. 

Secondary accounts to share messaging: We assume that there will be collateral inquiries 
associated with images for the Canada lynx so Flickr may also play an important role in this 
rollout. 

Hashtags: #lynx #conservation 

Photos: https://www.flickr.com/search/?text=Canada%20lynx  

Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News 
; https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates populations in Lower 48 States are no longer in 

danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 5-year 

review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 

 

Facebook messages:  
Read more at xxxxx 

Other platform messages: N/A 

 

 

 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve Segin, robert_segin@fws.gov, 303-236-4578 

Sarah Levy, sarah_levey@fws.gov, 503-231-6208 

Georgia Parham, , Georgia_Parham@fws.gov, 812-334-4261 x 1203 

Meagan Racey, Meagan_racey@fws.gov, 413-253-8558 

Christina Meister, Christina_Meister@fws.gov, 703-358-2284 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov,  703-358-2275 

Roya Mogadam - roya_mogadam@fws.gov, 303-236-4572 (R6) 

Sarah Levy, sarah_levey@fws.gov,  503-231-6208 

Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 

Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Steve Segin - robert_segin@fws.gov - 303-236-4578 

 

mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:Christina_Meister@fws.gov
mailto:Alyssa_Hausman@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
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26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 
HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

R.Mogadam 10-24-17 

S.Segin 11-2-17 

  

 

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 

 



 
 
 
 
 

Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 

1. Plan title: Canada lynx 5-year Review 

 

2.  DTS number: 067057 

 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 states) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicates 
that the Canada lynx has persistent resident populations in Maine, northeastern Minnesota, 
northwestern Montana, northeastern Idaho, and north-central Washington. There is also a 
resident introduced population in western Colorado and occasional lynx residency in some 
neighboring states and adjacent areas. Based on the health of this lynx population and the 
conservation efforts of federal, state, and tribal agencies, the Service’s 5-year status review 
recommends the removal of the lynx DPS from the list of endangered and threatened 
species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

December 2017. This is the proposed time frame for the 5-year review and SSA to be 
made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is the lead. R1, R2, R3, R5 and HQ are also involved. 
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SECTION II: GOALS 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to the point in which they no 
longer need federal protection.  

The Service relies on the best available science when conducting 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.  

Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our federal, state, tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species. The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  
 
The recommendation to delist is a success story for the lynx and a testament to how 
working with our partners can move ESA listed species towards recovery. If it is 
determined that the Canada Lynx should be delisted then the Service will publish a 
proposed rule in the Federal Register seeking review and comment by other federal 
agencies, state biologists, and the public, as well as the advice of independent species 
experts. After analyzing the comments, we will announce our final decision in the Federal 
Register, either completing the final rule or withdrawing the action and maintaining the 
current species’ status. 
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SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The interested public; Congress; state, tribal, and local governments; federal partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  

DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., Wild Earth Guardians, Earth Justice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the lower 48 states at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 

● Washington State Fish and Wildlife and/or Natural Resources Departments may oppose 
because federal delisting is at odds with their recent uplisting of lynx at the state level 
from threatened to endangered. 
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11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, state wildlife and 
natural resources management agencies, AFWA, WAFWA, state governments (especially 
Maine, Montana, Idaho, and Wyoming). 

 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of 
facts, which should be placed in the appendix. List no more than three!) 

This is a positive ESA story; an iconic animal once moving towards extinction, now 
showing signs of recovery thanks to collaborative conservation efforts by states, tribes, 
federal agencies and other partners. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by state, federal, and tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 

 

Given our recommendation to delist the lynx DPS due to recovery, a recovery plan would 
not promote the conservation of the species, and therefore at this time, we will not be 
completing a recovery plan for Canada lynx. If, during the rulemaking process, we 
determine that the Canada lynx should remain listed, the Service would reconsider the need 
to complete a recovery plan. 

 

In the core of the species’ range, lynx populations fluctuate dramatically as they closely 
track 10-year cycles in hare populations.  At the southern edge of both species’ ranges, 
including the DPS range, hare population cycles are much less pronounced, and some may 
not cycle at all.  Therefore, lynx populations in the DPS do not undergo the dramatic swings 
seen in more northern populations, though they likely respond to changes in hare abundance 
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with less dramatic population fluctuations.  In general, lynx populations in the DPS 
typically occur at densities similar to those in the north when hare numbers are low.  

Continued climate warming is regarded as the biggest long-term threat to the lynx DPS in 
the future. Climate change could result in shifts in the boreal forests, snow conditions and 
main food source, the snowshoe hare. How vulnerable lynx populations are to these shifts is 
unknown and undeterminable at this time. However, neither the Service nor the experts we 
consulted conclude that the lynx is at risk of extinction from climate change within the 
foreseeable future.  

After more than 2 years of close coordination with State and Federal agencies, Tribes, and 
academic partners to evaluate the current status and future viability of Canada lynx (lynx 
canadensis) populations in the Contiguous United States Distinct Population Segment 
(DPS), the U.S. Fish and Wildlife Service has completed a detailed species status 
assessment (SSA) for the DPS.  The SSA compiles and evaluates the best available 
scientific information, including the professional opinions of a panel of 10 recognized lynx 
experts, to understand the DPS's current status and future viability in the context of 
historical conditions and what was known when the DPS was listed as threatened under the 
Endangered Species Act (Act) and considering current and potential future stressors to its 
viability. 

 

 

 

 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization websites and news feeds, local and national television and radio, print media, 
web based news sites and social media including Facebook and Twitter. 

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS website 
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R6 Internal Pop-Up 

Internal email to employees 

Internal news web pages and newsletters 

Social media posts to FB and Twitter 

 

16. Which communications tools are needed to support these strategies and tactics? (Be as 
specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 internet page Rob Mansheim TBD 

   

 

 

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Mountain time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD review  R6 EA 

TBD  SSA/Review delivered to court HQ-Sol 

Day Before the 
Announcement 

Congressional Notification HQ/Regional CLA 

Day Before the 
Announcement 

State Wildlife Agencies Regional ES 

Day of the 
Announcement 

Tribal Notification Regional NALs 



Page 7 of 17 

Day of 
Announcement 

Release to media in Regions 6, 5, 3 and 1 R6 EA, R5 EA, R3 
EA, R1 EA 

Day of 
Announcement 

Posting to R6 and FWS national websites and 
social media platforms 

R6 EA, HQ EA 

Ongoing Response to all subsequent media requests and 
inquiries 

R6 EA, R5 EA, R3 
EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 
 
 
 
 

 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 R6 DRD 

Wyoming Game and Fish Department, Director, 
Scott Talbot 

(307) 777-4600 R6 DRD 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 DRD 

19.  Stakeholder contacts (For each, paste in a table that provides organization name, contact  
person, contact information as appropriate, and the name of the person responsible for making 
contact) 
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Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R1 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leslie Weldon 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 

U.S. Forest Service Pacific Northwest Regional 
Forester, Jim Pena 

(503) 808-2468 R1 DRD 

U.S. Forest Service US Forest Service Eastern 
Regional Forester, Kathleen Atkinson 

(414) 297-3600 R3 DRD 

Bureau of Land Management Montana State 
Director, Jon Raby 

(406) 896-5000 

 

R6 DRD 

Bureau of Land Management Wyoming State (307) 775-6001 R6 DRD 
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Director, Mary Jo Rugwell  

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R5 DRD 

Bureau of Land Management Colorado State 
Director, Greg Shoop 

(303)-239-3700 R6 DRD 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 RD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James Ogsbury (303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt Melcher 

208-331-9431 R1 DRD 
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Stakeholder***  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie Rappaport 
Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, Director 
Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, Board 
President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

 
***litigants be notified by the solicitor of our SSA/Review 

 
 
 

Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate
.gov 

HQ-
CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.se
nate.gov  

HQ-
CLA 

Sen. Michael Bennet – Rosemary Rodriguez rosemary_rodriguez@benn
et.senate.gov 

R6-EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.g
ov  

HQ-
CLA 

23. Congressional Contacts 

mailto:cchavers@boisforte-nsn.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:tommy.walker@mail.house.gov
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Rep. Diana DeGette – Matthew Mengesha Mathew.mengesha@mail.h
ouse.gov 

R6-EA 

Rep. Jared Polis –   HQ-
CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-
Wiwchar@mail.house.gov 

R6-EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.go
v  

HQ-
CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.g
ov 

R6-EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.g
ov  

 HQ-
CLA 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.go
v 

R6-EA 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.g
ov  

HQ-
CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.
gov 

R6-EA 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-
smith@mail.house.gov  

HQ-
CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.go
v 

R6-EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-
CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.hous
e.gov 

R6-EA 

Member Wyoming   

mailto:dustin.sherer@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
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Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.se
nate.gov  

HQ-
CLA 

Sen. John Barrasso –  R6-EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.
gov  

HQ-
CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.sena
te.gov 

R6-EA 

Rep. Liz Cheney – Holly Heussner Holly.Heussner@mail.house.
gov 

HQ-
CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.go
v  

HQ-
CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.sen
ate.gov 

R6-EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.sen
ate.gov  

HQ-
CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.
gov 

R6-EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.hous
e.gov 

HQ-
CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.
gov  

R6-EA 

Member Washington   

TBD by Region 1 EA   

mailto:kaitlynn_glover@barrasso.senate.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

 

 
 
 
 
 
 
 
 

Stakeholder Contact Information Contact By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

Committees  

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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SECTION VI: SOCIAL MEDIA PLAN 

 

24. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a large 
swath of the general public across a number of age demographics. 

 

Lead accounts to be used: Facebook, Twitter. 

Secondary accounts to share messaging: We assume that there will be collateral inquiries 
associated with images for the Canada lynx so Flickr may also play an important role in this 
rollout. 

Hashtags: #lynx #conservation 

Photos: https://www.flickr.com/search/?text=Canada%20lynx  

Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News 
; https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates populations in Lower 48 States are no longer in 

danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 5-year 

review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 

 

Facebook messages:  
Read more at xxxxx 

Other platform messages: N/A 

 

 

 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve Segin, robert_segin@fws.gov, 303-236-4578 

Sarah Levy, sarah_levey@fws.gov, 503-231-6208 

Georgia Parham, , Georgia_Parham@fws.gov, 812-334-4261 x 1203 

Meagan Racey, Meagan_racey@fws.gov, 413-253-8558 

Christina Meister, Christina_Meister@fws.gov, 703-358-2284 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov,  703-358-2275 

Roya Mogadam - roya_mogadam@fws.gov, 303-236-4572 (R6) 

Sarah Levy, sarah_levey@fws.gov,  503-231-6208 

Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 

Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Steve Segin - robert_segin@fws.gov - 303-236-4578 

 

mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:Christina_Meister@fws.gov
mailto:Alyssa_Hausman@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
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26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 
HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

R.Mogadam 10-24-17 

S.Segin 11-2-17 

  

 

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov


Page 17 of 17 

APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 

 



 
 
 
 
 

Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 

1. Plan title: Canada lynx 5-year Review 

 

2.  DTS number: 067057 

 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 states) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicates 
that the Canada lynx has persistent resident populations in Maine, northeastern Minnesota, 
northwestern Montana, northeastern Idaho, and north-central Washington. There is also a 
resident introduced population in western Colorado and occasional lynx residency in some 
neighboring states and adjacent areas. Based on the health of this lynx population and the 
conservation efforts of federal, state, and tribal agencies, the Service’s 5-year status review 
recommends the removal of the lynx DPS from the list of endangered and threatened 
species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

December 2017. This is the proposed time frame for the 5-year review and SSA to be 
made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is the lead. R1, R2, R3, R5 and HQ are also involved. 
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SECTION II: GOALS 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to the point in which they no 
longer need federal protection.  

The Service relies on the best available science when conducting 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.  

Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our federal, state, tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species. The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  
 
The recommendation to delist is a success story for the lynx and a testament to how 
working with our partners can move ESA listed species towards recovery. If it is 
determined that the Canada Lynx should be delisted then the Service will publish a 
proposed rule in the Federal Register seeking review and comment by other federal 
agencies, state biologists, and the public, as well as the advice of independent species 
experts. After analyzing the comments, we will announce our final decision in the Federal 
Register, either completing the final rule or withdrawing the action and maintaining the 
current species’ status. 
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SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The interested public; Congress; state, tribal, and local governments; federal partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  

DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., Wild Earth Guardians, Earth Justice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the lower 48 states at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 

● Washington State Fish and Wildlife and/or Natural Resources Departments may oppose 
because federal delisting is at odds with their recent uplisting of lynx at the state level 
from threatened to endangered. 
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11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, state wildlife and 
natural resources management agencies, AFWA, WAFWA, state governments (especially 
Maine, Montana, Idaho, and Wyoming). 

 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of 
facts, which should be placed in the appendix. List no more than three!) 

This is a positive ESA story; an iconic animal once moving towards extinction, now 
showing signs of recovery thanks to collaborative conservation efforts by states, tribes, 
federal agencies and other partners. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by state, federal, and tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 

 

Given our recommendation to delist the lynx DPS due to recovery, a recovery plan would 
not promote the conservation of the species, and therefore at this time, we will not be 
completing a recovery plan for Canada lynx. If, during the rulemaking process, we 
determine that the Canada lynx should remain listed, the Service would reconsider the need 
to complete a recovery plan. 

 

In the core of the species’ range, lynx populations fluctuate dramatically as they closely 
track 10-year cycles in hare populations.  At the southern edge of both species’ ranges, 
including the DPS range, hare population cycles are much less pronounced, and some may 
not cycle at all.  Therefore, lynx populations in the DPS do not undergo the dramatic swings 
seen in more northern populations, though they likely respond to changes in hare abundance 
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with less dramatic population fluctuations.  In general, lynx populations in the DPS 
typically occur at densities similar to those in the north when hare numbers are low.  

Continued climate warming is regarded as the biggest long-term threat to the lynx DPS in 
the future. Climate change could result in shifts in the boreal forests, snow conditions and 
main food source, the snowshoe hare. How vulnerable lynx populations are to these shifts is 
unknown and undeterminable at this time. However, neither the Service nor the experts we 
consulted conclude that the lynx is at risk of extinction from climate change within the 
foreseeable future.  

After more than 2 years of close coordination with State and Federal agencies, Tribes, and 
academic partners to evaluate the current status and future viability of Canada lynx (lynx 
canadensis) populations in the Contiguous United States Distinct Population Segment 
(DPS), the U.S. Fish and Wildlife Service has completed a detailed species status 
assessment (SSA) for the DPS.  The SSA compiles and evaluates the best available 
scientific information, including the professional opinions of a panel of 10 recognized lynx 
experts, to understand the DPS's current status and future viability in the context of 
historical conditions and what was known when the DPS was listed as threatened under the 
Endangered Species Act (Act) and considering current and potential future stressors to its 
viability. 

 

 

 

 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization websites and news feeds, local and national television and radio, print media, 
web based news sites and social media including Facebook and Twitter. 

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS website 
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R6 Internal Pop-Up 

Internal email to employees 

Internal news web pages and newsletters 

Social media posts to FB and Twitter 

 

16. Which communications tools are needed to support these strategies and tactics? (Be as 
specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 internet page Rob Mansheim TBD 

   

 

 

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Mountain time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD review  R6 EA 

TBD  SSA/Review delivered to court HQ-Sol 

Day Before the 
Announcement 

Congressional Notification HQ/Regional CLA 

Day Before the 
Announcement 

State Wildlife Agencies Regional ES 

Day of the 
Announcement 

Tribal Notification Regional NALs 
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Day of 
Announcement 

Release to media in Regions 6, 5, 3 and 1 R6 EA, R5 EA, R3 
EA, R1 EA 

Day of 
Announcement 

Posting to R6 and FWS national websites and 
social media platforms 

R6 EA, HQ EA 

Ongoing Response to all subsequent media requests and 
inquiries 

R6 EA, R5 EA, R3 
EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 
 
 
 
 

 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 R6 DRD 

Wyoming Game and Fish Department, Director, 
Scott Talbot 

(307) 777-4600 R6 DRD 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 DRD 

19.  Stakeholder contacts (For each, paste in a table that provides organization name, contact  
person, contact information as appropriate, and the name of the person responsible for making 
contact) 
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Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R1 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leslie Weldon 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 

U.S. Forest Service Pacific Northwest Regional 
Forester, Jim Pena 

(503) 808-2468 R1 DRD 

U.S. Forest Service US Forest Service Eastern 
Regional Forester, Kathleen Atkinson 

(414) 297-3600 R3 DRD 

Bureau of Land Management Montana State 
Director, Jon Raby 

(406) 896-5000 

 

R6 DRD 

Bureau of Land Management Wyoming State (307) 775-6001 R6 DRD 
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Director, Mary Jo Rugwell  

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R5 DRD 

Bureau of Land Management Colorado State 
Director, Greg Shoop 

(303)-239-3700 R6 DRD 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 RD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James Ogsbury (303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt Melcher 

208-331-9431 R1 DRD 
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Stakeholder***  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie Rappaport 
Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, Director 
Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, Board 
President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

 
***litigants be notified by the solicitor of our SSA/Review 

 
 
 

Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate
.gov 

HQ-
CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.se
nate.gov  

HQ-
CLA 

Sen. Michael Bennet – Rosemary Rodriguez rosemary_rodriguez@benn
et.senate.gov 

R6-EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.g
ov  

HQ-
CLA 

23. Congressional Contacts 

mailto:cchavers@boisforte-nsn.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:tommy.walker@mail.house.gov
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Rep. Diana DeGette – Matthew Mengesha Mathew.mengesha@mail.h
ouse.gov 

R6-EA 

Rep. Jared Polis –   HQ-
CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-
Wiwchar@mail.house.gov 

R6-EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.go
v  

HQ-
CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.g
ov 

R6-EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.g
ov  

 HQ-
CLA 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.go
v 

R6-EA 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.g
ov  

HQ-
CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.
gov 

R6-EA 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-
smith@mail.house.gov  

HQ-
CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.go
v 

R6-EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-
CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.hous
e.gov 

R6-EA 

Member Wyoming   

mailto:dustin.sherer@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov


Page 12 of 17 

 

Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.se
nate.gov  

HQ-
CLA 

Sen. John Barrasso –  R6-EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.
gov  

HQ-
CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.sena
te.gov 

R6-EA 

Rep. Liz Cheney – Holly Heussner Holly.Heussner@mail.house.
gov 

HQ-
CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.go
v  

HQ-
CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.sen
ate.gov 

R6-EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.sen
ate.gov  

HQ-
CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.
gov 

R6-EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.hous
e.gov 

HQ-
CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.
gov  

R6-EA 

Member Washington   

TBD by Region 1 EA   

mailto:kaitlynn_glover@barrasso.senate.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

 

 
 
 
 
 
 
 
 

Stakeholder Contact Information Contact By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

Committees  

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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SECTION VI: SOCIAL MEDIA PLAN 

 

24. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a large 
swath of the general public across a number of age demographics. 

 

Lead accounts to be used: Facebook, Twitter. 

Secondary accounts to share messaging: We assume that there will be collateral inquiries 
associated with images for the Canada lynx so Flickr may also play an important role in this 
rollout. 

Hashtags: #lynx #conservation 

Photos: https://www.flickr.com/search/?text=Canada%20lynx  

Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News 
; https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates populations in Lower 48 States are no longer in 

danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 5-year 

review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 

 

Facebook messages:  
Read more at xxxxx 

Other platform messages: N/A 

 

 

 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve Segin, robert_segin@fws.gov, 303-236-4578 

Sarah Levy, sarah_levey@fws.gov, 503-231-6208 

Georgia Parham, , Georgia_Parham@fws.gov, 812-334-4261 x 1203 

Meagan Racey, Meagan_racey@fws.gov, 413-253-8558 

Christina Meister, Christina_Meister@fws.gov, 703-358-2284 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov,  703-358-2275 

Roya Mogadam - roya_mogadam@fws.gov, 303-236-4572 (R6) 

Sarah Levy, sarah_levey@fws.gov,  503-231-6208 

Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 

Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Steve Segin - robert_segin@fws.gov - 303-236-4578 

 

mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:Christina_Meister@fws.gov
mailto:Alyssa_Hausman@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
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26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 
HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

R.Mogadam 10-24-17 

S.Segin 11-2-17 

  

 

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 

 



 
 
 
 
 

Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 

1. Plan title: Canada lynx 5-year Review 

 

2.  DTS number: 067057 

 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 states) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicates 
that the Canada lynx has persistent resident populations in Maine, northeastern Minnesota, 
northwestern Montana, northeastern Idaho, and north-central Washington. There is also a 
resident introduced population in western Colorado and occasional lynx residency in some 
neighboring states and adjacent areas. Based on the health of this lynx population and the 
conservation efforts of federal, state, and tribal agencies, the Service’s 5-year status review 
recommends the removal of the lynx DPS from the list of endangered and threatened 
species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

December 2017. This is the proposed time frame for the 5-year review and SSA to be 
made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is the lead. R1, R2, R3, R5 and HQ are also involved. 
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SECTION II: GOALS 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to the point in which they no 
longer need federal protection.  

The Service relies on the best available science when conducting 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.  

Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our federal, state, tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species. The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  
 
The recommendation to delist is a success story for the lynx and a testament to how 
working with our partners can move ESA listed species towards recovery. If it is 
determined that the Canada Lynx should be delisted then the Service will publish a 
proposed rule in the Federal Register seeking review and comment by other federal 
agencies, state biologists, and the public, as well as the advice of independent species 
experts. After analyzing the comments, we will announce our final decision in the Federal 
Register, either completing the final rule or withdrawing the action and maintaining the 
current species’ status. 
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SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The interested public; Congress; state, tribal, and local governments; federal partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  

DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., Wild Earth Guardians, Earth Justice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the lower 48 states at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 

● Washington State Fish and Wildlife and/or Natural Resources Departments may oppose 
because federal delisting is at odds with their recent uplisting of lynx at the state level 
from threatened to endangered. 
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11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, state wildlife and 
natural resources management agencies, AFWA, WAFWA, state governments (especially 
Maine, Montana, Idaho, and Wyoming). 

 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of 
facts, which should be placed in the appendix. List no more than three!) 

This is a positive ESA story; an iconic animal once moving towards extinction, now 
showing signs of recovery thanks to collaborative conservation efforts by states, tribes, 
federal agencies and other partners. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by state, federal, and tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 

 

Given our recommendation to delist the lynx DPS due to recovery, a recovery plan would 
not promote the conservation of the species, and therefore at this time, we will not be 
completing a recovery plan for Canada lynx. If, during the rulemaking process, we 
determine that the Canada lynx should remain listed, the Service would reconsider the need 
to complete a recovery plan. 

 

In the core of the species’ range, lynx populations fluctuate dramatically as they closely 
track 10-year cycles in hare populations.  At the southern edge of both species’ ranges, 
including the DPS range, hare population cycles are much less pronounced, and some may 
not cycle at all.  Therefore, lynx populations in the DPS do not undergo the dramatic swings 
seen in more northern populations, though they likely respond to changes in hare abundance 
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with less dramatic population fluctuations.  In general, lynx populations in the DPS 
typically occur at densities similar to those in the north when hare numbers are low.  

Continued climate warming is regarded as the biggest long-term threat to the lynx DPS in 
the future. Climate change could result in shifts in the boreal forests, snow conditions and 
main food source, the snowshoe hare. How vulnerable lynx populations are to these shifts is 
unknown and undeterminable at this time. However, neither the Service nor the experts we 
consulted conclude that the lynx is at risk of extinction from climate change within the 
foreseeable future.  

After more than 2 years of close coordination with State and Federal agencies, Tribes, and 
academic partners to evaluate the current status and future viability of Canada lynx (lynx 
canadensis) populations in the Contiguous United States Distinct Population Segment 
(DPS), the U.S. Fish and Wildlife Service has completed a detailed species status 
assessment (SSA) for the DPS.  The SSA compiles and evaluates the best available 
scientific information, including the professional opinions of a panel of 10 recognized lynx 
experts, to understand the DPS's current status and future viability in the context of 
historical conditions and what was known when the DPS was listed as threatened under the 
Endangered Species Act (Act) and considering current and potential future stressors to its 
viability. 

 

 

 

 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization websites and news feeds, local and national television and radio, print media, 
web based news sites and social media including Facebook and Twitter. 

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS website 
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R6 Internal Pop-Up 

Internal email to employees 

Internal news web pages and newsletters 

Social media posts to FB and Twitter 

 

16. Which communications tools are needed to support these strategies and tactics? (Be as 
specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 internet page Rob Mansheim TBD 

   

 

 

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Mountain time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD review  R6 EA 

TBD  SSA/Review delivered to court HQ-Sol 

Day Before the 
Announcement 

Congressional Notification HQ/Regional CLA 

Day Before the 
Announcement 

State Wildlife Agencies Regional ES 

Day of the 
Announcement 

Tribal Notification Regional NALs 
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Day of 
Announcement 

Release to media in Regions 6, 5, 3 and 1 R6 EA, R5 EA, R3 
EA, R1 EA 

Day of 
Announcement 

Posting to R6 and FWS national websites and 
social media platforms 

R6 EA, HQ EA 

Ongoing Response to all subsequent media requests and 
inquiries 

R6 EA, R5 EA, R3 
EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 
 
 
 
 

 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 R6 DRD 

Wyoming Game and Fish Department, Director, 
Scott Talbot 

(307) 777-4600 R6 DRD 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 DRD 

19.  Stakeholder contacts (For each, paste in a table that provides organization name, contact  
person, contact information as appropriate, and the name of the person responsible for making 
contact) 
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Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R1 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leslie Weldon 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 

U.S. Forest Service Pacific Northwest Regional 
Forester, Jim Pena 

(503) 808-2468 R1 DRD 

U.S. Forest Service US Forest Service Eastern 
Regional Forester, Kathleen Atkinson 

(414) 297-3600 R3 DRD 

Bureau of Land Management Montana State 
Director, Jon Raby 

(406) 896-5000 

 

R6 DRD 

Bureau of Land Management Wyoming State (307) 775-6001 R6 DRD 
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Director, Mary Jo Rugwell  

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R5 DRD 

Bureau of Land Management Colorado State 
Director, Greg Shoop 

(303)-239-3700 R6 DRD 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 RD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James Ogsbury (303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt Melcher 

208-331-9431 R1 DRD 
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Stakeholder***  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie Rappaport 
Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, Director 
Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, Board 
President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

 
***litigants be notified by the solicitor of our SSA/Review 

 
 
 

Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate
.gov 

HQ-
CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.se
nate.gov  

HQ-
CLA 

Sen. Michael Bennet – Rosemary Rodriguez rosemary_rodriguez@benn
et.senate.gov 

R6-EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.g
ov  

HQ-
CLA 

23. Congressional Contacts 

mailto:cchavers@boisforte-nsn.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:tommy.walker@mail.house.gov
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Rep. Diana DeGette – Matthew Mengesha Mathew.mengesha@mail.h
ouse.gov 

R6-EA 

Rep. Jared Polis –   HQ-
CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-
Wiwchar@mail.house.gov 

R6-EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.go
v  

HQ-
CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.g
ov 

R6-EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.g
ov  

 HQ-
CLA 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.go
v 

R6-EA 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.g
ov  

HQ-
CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.
gov 

R6-EA 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-
smith@mail.house.gov  

HQ-
CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.go
v 

R6-EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-
CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.hous
e.gov 

R6-EA 

Member Wyoming   

mailto:dustin.sherer@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
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Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.se
nate.gov  

HQ-
CLA 

Sen. John Barrasso –  R6-EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.
gov  

HQ-
CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.sena
te.gov 

R6-EA 

Rep. Liz Cheney – Holly Heussner Holly.Heussner@mail.house.
gov 

HQ-
CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.go
v  

HQ-
CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.sen
ate.gov 

R6-EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.sen
ate.gov  

HQ-
CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.
gov 

R6-EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.hous
e.gov 

HQ-
CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.
gov  

R6-EA 

Member Washington   

TBD by Region 1 EA   

mailto:kaitlynn_glover@barrasso.senate.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

 

 
 
 
 
 
 
 
 

Stakeholder Contact Information Contact By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

Committees  

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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SECTION VI: SOCIAL MEDIA PLAN 

 

24. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a large 
swath of the general public across a number of age demographics. 

 

Lead accounts to be used: Facebook, Twitter. 

Secondary accounts to share messaging: We assume that there will be collateral inquiries 
associated with images for the Canada lynx so Flickr may also play an important role in this 
rollout. 

Hashtags: #lynx #conservation 

Photos: https://www.flickr.com/search/?text=Canada%20lynx  

Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News 
; https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates populations in Lower 48 States are no longer in 

danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 5-year 

review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 

 

Facebook messages:  
Read more at xxxxx 

Other platform messages: N/A 

 

 

 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve Segin, robert_segin@fws.gov, 303-236-4578 

Sarah Levy, sarah_levey@fws.gov, 503-231-6208 

Georgia Parham, , Georgia_Parham@fws.gov, 812-334-4261 x 1203 

Meagan Racey, Meagan_racey@fws.gov, 413-253-8558 

Christina Meister, Christina_Meister@fws.gov, 703-358-2284 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov,  703-358-2275 

Roya Mogadam - roya_mogadam@fws.gov, 303-236-4572 (R6) 

Sarah Levy, sarah_levey@fws.gov,  503-231-6208 

Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 

Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Steve Segin - robert_segin@fws.gov - 303-236-4578 

 

mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:Christina_Meister@fws.gov
mailto:Alyssa_Hausman@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
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26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 
HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

R.Mogadam 10-24-17 

S.Segin 11-2-17 

  

 

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 
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R6_HQ edit merged121817 Draft rm edits clean_MR.docx
/3. DUE 12:00MT Tuesday - Draft Lynx Materials/6.1 Canada Lynx Newsrelease
R6_HQ edit merged121817 Draft rm edits clean.docx
/3. DUE 12:00MT Tuesday - Draft Lynx Materials/6.2 Lynx FAQ121817 rmedits
clean.docx
/3. DUE 12:00MT Tuesday - Draft Lynx Materials/6.3 Canada Lynx 5-Year Review
Communications Plan -Recoveryplaninfo_121817 (2).docx
/3. DUE 12:00MT Tuesday - Draft Lynx Materials/9.1 Canada Lynx Newsrelease
R6_HQ edit merged121817 Draft v2.docx
/3. DUE 12:00MT Tuesday - Draft Lynx Materials/15.1 Canada Lynx Newsrelease
R6_HQ edit merged121817 Draft rm edits clean.docx
/3. DUE 12:00MT Tuesday - Draft Lynx Materials/15.2 Lynx FAQ121817 rmedits
clean.docx
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12_19_17_OP_CanadaLynx.docx
/3. DUE 12:00MT Tuesday - Draft Lynx Materials/16.2
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12_19_17_NR_CanadaLynx_v2.docx

"Mogadam, Roya" <roya_mogadam@fws.gov>

From: "Mogadam, Roya" <roya_mogadam@fws.gov>
Sent: Mon Dec 18 2017 12:54:06 GMT-0700 (MST)

To:

Charles Traxler <charles_traxler@fws.gov>, Tim Patronski
<Tim_Patronski@fws.gov>, Georgia Parham
<georgia_parham@fws.gov>, Kyla Hastie
<Kyla_Hastie@fws.gov>, Christine Eustis
<christine_eustis@fws.gov>, Meagan Racey
<meagan_racey@fws.gov>, Jason Holm <jason_holm@fws.gov>,



Miel Corbett <Miel_Corbett@fws.gov>

CC: Anna Munoz <anna_munoz@fws.gov>, Robert Segin
<robert_segin@fws.gov>

Subject: DUE 12:00MT Tuesday - Draft Lynx Materials

Attachments:
Canada Lynx Newsrelease R6_HQ edit merged121817 Draft rm
edits clean.docx Lynx FAQ121817 rmedits clean.docx Canada
Lynx 5-Year Review Communications Plan -
Recoveryplaninfo_121817 (2).docx

Hi Everyone-

Thank you all for joining the call today.

Please see attached for our draft materials which include a press release, comms plan, and
FAQs. If possible, please review and send any edits to Steve by 11:00AM PT/12:00pm
MT/1:00PM CT/2:00pm ET tomorrow so we can incorporate edits and get to Noreen and Matt
for their review.

-Roya

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

"Eustis, Christine" <christine_eustis@fws.gov>

From: "Eustis, Christine" <christine_eustis@fws.gov>
Sent: Mon Dec 18 2017 13:08:29 GMT-0700 (MST)

To:
Terri Edwards <terri_edwards@fws.gov>, Kyla Hastie
<Kyla_Hastie@fws.gov>, Timothy Binzen
<timothy_binzen@fws.gov>

CC: Meagan Racey <Meagan_Racey@fws.gov>, Zintkala Eiring
<Zintkala_Eiring@fws.gov>

Subject: Fwd: DUE 12:00MT Tuesday - Draft Lynx Materials

Attachments:
Canada Lynx Newsrelease R6_HQ edit merged121817 Draft rm
edits clean.docx Lynx FAQ121817 rmedits clean.docx Canada
Lynx 5-Year Review Communications Plan -
Recoveryplaninfo_121817 (2).docx

FYI - Meagan and I joined the lynx coordination call today.  Here are some notes.  Meagan - let
me know
if I missed anything.
Roya provided a few updates after R6 briefed Greg Sheehan about the decision.
1) Greg wanted to see the news release and talking points address climate change and how

mailto:Roya_Mogadam@fws.gov


impacts to cc were not
a factor in this decision.
2) R6 is working with HQ to identify a possible proposed delisting timeline and may add at the
last minute
to the outreach materials (may be within a year but not sure yet).
3) Gavin is working on a possible embargoed story (I assume with a national news outlet but
Roya didn't say).

R6 doesn't know when the rollout will take place, but expects early January 2018 at the earliest.

Tim - could you contact Anna Harris at the Maine ESFO and try to learn Tribal interest/reaction
to this announcement?
I'd like to better understand the Maine Tribes' interests and reaction before the rollout and
suspect Anna has a good pulse
on their interests.  R6 drafted a dear Tribal letter. I'll share it with you for review and to tailor to
our Tribes.

Thanks
Christine
---------- Forwarded message ----------
From: Mogadam, Roya <roya_mogadam@fws.gov>
Date: Mon, Dec 18, 2017 at 2:54 PM
Subject: DUE 12:00MT Tuesday - Draft Lynx Materials
To: Charles Traxler <charles_traxler@fws.gov>, Tim Patronski <Tim_Patronski@fws.gov>,
Georgia Parham <georgia_parham@fws.gov>, Kyla Hastie <Kyla_Hastie@fws.gov>, Christine
Eustis <christine_eustis@fws.gov>, Meagan Racey <meagan_racey@fws.gov>, Jason Holm
<jason_holm@fws.gov>, Miel Corbett <Miel_Corbett@fws.gov>
Cc: Anna Munoz <anna_munoz@fws.gov>, Robert Segin <robert_segin@fws.gov>

Hi Everyone-

Thank you all for joining the call today.

Please see attached for our draft materials which include a press release, comms plan, and
FAQs. If possible, please review and send any edits to Steve by 11:00AM PT/12:00pm
MT/1:00PM CT/2:00pm ET tomorrow so we can incorporate edits and get to Noreen and Matt
for their review.

-Roya

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Christine Eustis

mailto:roya_mogadam@fws.gov
mailto:charles_traxler@fws.gov
mailto:Tim_Patronski@fws.gov
mailto:georgia_parham@fws.gov
mailto:Kyla_Hastie@fws.gov
mailto:christine_eustis@fws.gov
mailto:meagan_racey@fws.gov
mailto:jason_holm@fws.gov
mailto:Miel_Corbett@fws.gov
mailto:anna_munoz@fws.gov
mailto:robert_segin@fws.gov
mailto:Roya_Mogadam@fws.gov


External Affairs, Northeast Region
U.S. Fish and Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: 413) 253-8321
christine_eustis@fws.gov

"Binzen, Timothy" <timothy_binzen@fws.gov>

From: "Binzen, Timothy" <timothy_binzen@fws.gov>
Sent: Mon Dec 18 2017 14:07:13 GMT-0700 (MST)
To: "Eustis, Christine" <christine_eustis@fws.gov>

CC:
Terri Edwards <terri_edwards@fws.gov>, Kyla Hastie
<Kyla_Hastie@fws.gov>, Meagan Racey
<Meagan_Racey@fws.gov>, Zintkala Eiring
<Zintkala_Eiring@fws.gov>

Subject: Re: DUE 12:00MT Tuesday - Draft Lynx Materials

Hi Christine, 

I will touch base with Anna and report back.  I can start tailoring R6's letter to Tribes as soon as
you provide it.  

Thanks,
--Tim

On Mon, Dec 18, 2017 at 3:08 PM, Eustis, Christine <christine_eustis@fws.gov> wrote:
FYI - Meagan and I joined the lynx coordination call today.  Here are some notes.  Meagan -
let me know
if I missed anything.
Roya provided a few updates after R6 briefed Greg Sheehan about the decision.
1) Greg wanted to see the news release and talking points address climate change and how
impacts to cc were not
a factor in this decision.
2) R6 is working with HQ to identify a possible proposed delisting timeline and may add at the
last minute
to the outreach materials (may be within a year but not sure yet).
3) Gavin is working on a possible embargoed story (I assume with a national news outlet but
Roya didn't say).

R6 doesn't know when the rollout will take place, but expects early January 2018 at the
earliest.

Tim - could you contact Anna Harris at the Maine ESFO and try to learn Tribal
interest/reaction to this announcement?
I'd like to better understand the Maine Tribes' interests and reaction before the rollout and
suspect Anna has a good pulse
on their interests.  R6 drafted a dear Tribal letter. I'll share it with you for review and to tailor to
our Tribes.

Thanks

mailto:christine_eustis@fws.gov
mailto:christine_eustis@fws.gov


Christine
---------- Forwarded message ----------
From: Mogadam, Roya <roya_mogadam@fws.gov>
Date: Mon, Dec 18, 2017 at 2:54 PM
Subject: DUE 12:00MT Tuesday - Draft Lynx Materials
To: Charles Traxler <charles_traxler@fws.gov>, Tim Patronski <Tim_Patronski@fws.gov>,
Georgia Parham <georgia_parham@fws.gov>, Kyla Hastie <Kyla_Hastie@fws.gov>,
Christine Eustis <christine_eustis@fws.gov>, Meagan Racey <meagan_racey@fws.gov>,
Jason Holm <jason_holm@fws.gov>, Miel Corbett <Miel_Corbett@fws.gov>
Cc: Anna Munoz <anna_munoz@fws.gov>, Robert Segin <robert_segin@fws.gov>

Hi Everyone-

Thank you all for joining the call today.

Please see attached for our draft materials which include a press release, comms plan, and
FAQs. If possible, please review and send any edits to Steve by 11:00AM PT/12:00pm
MT/1:00PM CT/2:00pm ET tomorrow so we can incorporate edits and get to Noreen and Matt
for their review.

-Roya

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Christine Eustis
External Affairs, Northeast Region
U.S. Fish and Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: 413) 253-8321
christine_eustis@fws.gov

-- 
Timothy Binzen
Native American Liaison (Northeast & Southeast Regions)
U.S. Fish and Wildlife Service
External Affairs
300 Westgate Center Drive
Hadley, MA 01035
Office: (413) 253-8731

mailto:roya_mogadam@fws.gov
mailto:charles_traxler@fws.gov
mailto:Tim_Patronski@fws.gov
mailto:georgia_parham@fws.gov
mailto:Kyla_Hastie@fws.gov
mailto:christine_eustis@fws.gov
mailto:meagan_racey@fws.gov
mailto:jason_holm@fws.gov
mailto:Miel_Corbett@fws.gov
mailto:anna_munoz@fws.gov
mailto:robert_segin@fws.gov
mailto:Roya_Mogadam@fws.gov
mailto:christine_eustis@fws.gov


Mobile: (413) 800-2071

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Mon Dec 18 2017 14:40:44 GMT-0700 (MST)
To: "Mogadam, Roya" <roya_mogadam@fws.gov>
Subject: Re: DUE 12:00MT Tuesday - Draft Lynx Materials

Attachments: Canada Lynx Newsrelease R6_HQ edit merged121817 Draft rm
edits clean_MR.docx

Hi Roya! Here are some thoughts for the sole purpose of reducing redundancy and shortening
the press release. Don't feel the need to get back to me on any of it, I just did it because you
voiced a concern about those issues! I didn't even justify in comments, just did track changes. 

If I get more substantive edits I'll pass them along separately by your deadline.

On Mon, Dec 18, 2017 at 2:54 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
Hi Everyone-

Thank you all for joining the call today.

Please see attached for our draft materials which include a press release, comms plan, and
FAQs. If possible, please review and send any edits to Steve by 11:00AM PT/12:00pm
MT/1:00PM CT/2:00pm ET tomorrow so we can incorporate edits and get to Noreen and Matt
for their review.

-Roya

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast
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mailto:Roya_Mogadam@fws.gov
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"Holm, Jason" <jason_holm@fws.gov>

From: "Holm, Jason" <jason_holm@fws.gov>
Sent: Mon Dec 18 2017 14:41:47 GMT-0700 (MST)
To: "Mogadam, Roya" <roya_mogadam@fws.gov>

CC:

Charles Traxler <charles_traxler@fws.gov>, Tim Patronski
<Tim_Patronski@fws.gov>, Georgia Parham
<georgia_parham@fws.gov>, Kyla Hastie
<Kyla_Hastie@fws.gov>, Christine Eustis
<christine_eustis@fws.gov>, Meagan Racey
<meagan_racey@fws.gov>, Miel Corbett
<Miel_Corbett@fws.gov>, Anna Munoz <anna_munoz@fws.gov>,
Robert Segin <robert_segin@fws.gov>, "Levy, Sarah"
<sarah_levy@fws.gov>

Subject: Re: DUE 12:00MT Tuesday - Draft Lynx Materials

Thanks Roya,
   We're looking through these here, and will meet tomorrow's comment deadline.  One
thing......it's a huge departure to have region specific media contacts for media queries.  The
agency typically does issue-based media contacts for multi-regional or national issues.    Media
aren't necessarily specific about regional boundaries, so if (for example) there was a query from
a reporter in Puerto Rico, would we have R4 handle it?     I do agree that Regional leads should
make the state/NGO notifications, and we certainly can do our own tribal notifications, but I'm
not sure I see the value of having a media point of contact on a R6 led issue from each region.
It's likely our PAO won't have the depth of knowledge, and even more likely different messages
would go out through different voices.     If we have a R1 led issue that crosses regional
boundaries, we would not want other regional PAO's commenting or fielding queries.   I think
most other regions operate that same way.
   If this isn't clear, I'm happy to have more discussion, but am very curious on the 'why.'
Thanks,
Jason

Jason Holm
Assistant Regional Director--External Affairs
U.S. Fish and Wildlife Service, Pacific Region
(503) 231-2264
www.fws.gov/pacific

On Mon, Dec 18, 2017 at 11:54 AM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
Hi Everyone-

Thank you all for joining the call today.

Please see attached for our draft materials which include a press release, comms plan, and
FAQs. If possible, please review and send any edits to Steve by 11:00AM PT/12:00pm
MT/1:00PM CT/2:00pm ET tomorrow so we can incorporate edits and get to Noreen and Matt
for their review.

http://www.fws.gov/pacific
mailto:roya_mogadam@fws.gov


-Roya

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Mon Dec 18 2017 14:42:53 GMT-0700 (MST)

To:
Ken Elowe <ken_elowe@fws.gov>, Paul Phifer
<paul_phifer@fws.gov>, Martin Miller <Martin_Miller@fws.gov>,
"Smith, Glenn" <glenn_s_smith@fws.gov>, Anna Harris
<anna_harris@fws.gov>

Subject: Fwd: DUE 12:00MT Tuesday - Draft Lynx Materials

Attachments:
Canada Lynx Newsrelease R6_HQ edit merged121817 Draft rm
edits clean.docx Lynx FAQ121817 rmedits clean.docx Canada
Lynx 5-Year Review Communications Plan -
Recoveryplaninfo_121817 (2).docx

FYI the latest on the lynx timeline and national outreach - A reminder, we would be adding the
following to the attached press release: 
In Maine beginning in 1999, IFW began a 12-year telemetry study in northern Aroostook County to
assess lynx population status, survival and reproductive rates, and behavior. Information gathered from
this study was instrumental in providing information on lynx biology, habitat needs, range, and the ability
of Maine’s lynx population to expand. “Working closely with a number of partners, Maine’s research
concerning Canada lynx shows that the population in Maine is growing and expanding,” said Chandler
Woodcock, Commissioner, Maine Department of Inland Fisheries and Wildlife. “And the research
conducted by our biologists in conjunction with the USFWS showed modern forest management practices
are compatible with lynx conservation.”

Lynx research in Maine continues today with the IFW currently tracking radio-collared Canada lynx as
well as entering the third year of three-year track survey. Preliminary results from the current survey
effort show that the lynx are occupying a greater percentage of the available habitat in Maine. “Through
the stewardship of our partners such as the Maine Forest Products Council and many other private
landowners, our extensive monitoring of lynx indicates that Maine’s lynx population in northern Maine
has been expanding into eastern and western Maine,” said Woodcock. “Not only are lynx found in more
places, but signs of lynx are found more frequently during our surveys.”

“After nearly 2 decades of monitoring and research, Maine’s lynx population continues to grow in
response to an abundance of forested habitat and prey,” said IFW lynx biologist Jen Vashon. “We are
committed to continued protection and monitoring of lynx in Maine, and sharing information with private
forest managers.”

mailto:Roya_Mogadam@fws.gov


---------- Forwarded message ----------
From: Eustis, Christine <christine_eustis@fws.gov>
Date: Mon, Dec 18, 2017 at 3:08 PM
Subject: Fwd: DUE 12:00MT Tuesday - Draft Lynx Materials
To: Terri Edwards <terri_edwards@fws.gov>, Kyla Hastie <Kyla_Hastie@fws.gov>, Timothy
Binzen <timothy_binzen@fws.gov>
Cc: Meagan Racey <Meagan_Racey@fws.gov>, Zintkala Eiring <Zintkala_Eiring@fws.gov>

FYI - Meagan and I joined the lynx coordination call today.  Here are some notes.  Meagan - let
me know
if I missed anything.
Roya provided a few updates after R6 briefed Greg Sheehan about the decision.
1) Greg wanted to see the news release and talking points address climate change and how
impacts to cc were not
a factor in this decision.
2) R6 is working with HQ to identify a possible proposed delisting timeline and may add at the
last minute
to the outreach materials (may be within a year but not sure yet).
3) Gavin is working on a possible embargoed story (I assume with a national news outlet but
Roya didn't say).

R6 doesn't know when the rollout will take place, but expects early January 2018 at the earliest.

Tim - could you contact Anna Harris at the Maine ESFO and try to learn Tribal interest/reaction
to this announcement?
I'd like to better understand the Maine Tribes' interests and reaction before the rollout and
suspect Anna has a good pulse
on their interests.  R6 drafted a dear Tribal letter. I'll share it with you for review and to tailor to
our Tribes.

Thanks
Christine

---------- Forwarded message ----------
From: Mogadam, Roya <roya_mogadam@fws.gov>
Date: Mon, Dec 18, 2017 at 2:54 PM
Subject: DUE 12:00MT Tuesday - Draft Lynx Materials
To: Charles Traxler <charles_traxler@fws.gov>, Tim Patronski <Tim_Patronski@fws.gov>,
Georgia Parham <georgia_parham@fws.gov>, Kyla Hastie <Kyla_Hastie@fws.gov>, Christine
Eustis <christine_eustis@fws.gov>, Meagan Racey <meagan_racey@fws.gov>, Jason Holm
<jason_holm@fws.gov>, Miel Corbett <Miel_Corbett@fws.gov>
Cc: Anna Munoz <anna_munoz@fws.gov>, Robert Segin <robert_segin@fws.gov>

Hi Everyone-

Thank you all for joining the call today.

Please see attached for our draft materials which include a press release, comms plan, and
FAQs. If possible, please review and send any edits to Steve by 11:00AM PT/12:00pm
MT/1:00PM CT/2:00pm ET tomorrow so we can incorporate edits and get to Noreen and Matt
for their review.

-Roya

-- 
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Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Christine Eustis
External Affairs, Northeast Region
U.S. Fish and Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: 413) 253-8321
christine_eustis@fws.gov

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Mogadam, Roya" <roya_mogadam@fws.gov>

From: "Mogadam, Roya" <roya_mogadam@fws.gov>
Sent: Mon Dec 18 2017 14:43:22 GMT-0700 (MST)
To: "Racey, Meagan" <meagan_racey@fws.gov>
Subject: Re: DUE 12:00MT Tuesday - Draft Lynx Materials

thank you!!! accepted all the edits, i will send back out to the team

On Mon, Dec 18, 2017 at 2:40 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi Roya! Here are some thoughts for the sole purpose of reducing redundancy and
shortening the press release. Don't feel the need to get back to me on any of it, I just did it
because you voiced a concern about those issues! I didn't even justify in comments, just did
track changes. 

If I get more substantive edits I'll pass them along separately by your deadline.
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On Mon, Dec 18, 2017 at 2:54 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
Hi Everyone-

Thank you all for joining the call today.

Please see attached for our draft materials which include a press release, comms plan, and
FAQs. If possible, please review and send any edits to Steve by 11:00AM PT/12:00pm
MT/1:00PM CT/2:00pm ET tomorrow so we can incorporate edits and get to Noreen and
Matt for their review.

-Roya

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Mon Dec 18 2017 14:47:46 GMT-0700 (MST)
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To:
"Hastie, Kyla" <kyla_hastie@fws.gov>, Christine Eustis
<christine_eustis@fws.gov>, Terri Edwards
<terri_edwards@fws.gov>

Subject: Fwd: DUE 12:00MT Tuesday - Draft Lynx Materials

Interesting perspective - I'm not sure if this is how we operate out of R5? On previous TE issues
I support other regions taking the lead for media queries in their regions, and support them as
needed. We usually get on the same page in advance if there are any concerns. I also offer to
be the media contact if they prefer, and vice versa for other issues if I don't feel qualified. I don't
have strong feelings about R6 managing the New England queries, but I'm not sure it will save
time because we'll need to get them up to speed on the regional history.

---------- Forwarded message ----------
From: Holm, Jason <jason_holm@fws.gov>
Date: Mon, Dec 18, 2017 at 4:41 PM
Subject: Re: DUE 12:00MT Tuesday - Draft Lynx Materials
To: "Mogadam, Roya" <roya_mogadam@fws.gov>
Cc: Charles Traxler <charles_traxler@fws.gov>, Tim Patronski <Tim_Patronski@fws.gov>,
Georgia Parham <georgia_parham@fws.gov>, Kyla Hastie <Kyla_Hastie@fws.gov>, Christine
Eustis <christine_eustis@fws.gov>, Meagan Racey <meagan_racey@fws.gov>, Miel Corbett
<Miel_Corbett@fws.gov>, Anna Munoz <anna_munoz@fws.gov>, Robert Segin
<robert_segin@fws.gov>, "Levy, Sarah" <sarah_levy@fws.gov>

Thanks Roya,
   We're looking through these here, and will meet tomorrow's comment deadline.  One
thing......it's a huge departure to have region specific media contacts for media queries.  The
agency typically does issue-based media contacts for multi-regional or national issues.    Media
aren't necessarily specific about regional boundaries, so if (for example) there was a query from
a reporter in Puerto Rico, would we have R4 handle it?     I do agree that Regional leads should
make the state/NGO notifications, and we certainly can do our own tribal notifications, but I'm
not sure I see the value of having a media point of contact on a R6 led issue from each region.
It's likely our PAO won't have the depth of knowledge, and even more likely different messages
would go out through different voices.     If we have a R1 led issue that crosses regional
boundaries, we would not want other regional PAO's commenting or fielding queries.   I think
most other regions operate that same way.
   If this isn't clear, I'm happy to have more discussion, but am very curious on the 'why.'
Thanks,
Jason

Jason Holm
Assistant Regional Director--External Affairs
U.S. Fish and Wildlife Service, Pacific Region
(503) 231-2264
www.fws.gov/pacific

On Mon, Dec 18, 2017 at 11:54 AM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
Hi Everyone-

Thank you all for joining the call today.

Please see attached for our draft materials which include a press release, comms plan, and
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FAQs. If possible, please review and send any edits to Steve by 11:00AM PT/12:00pm
MT/1:00PM CT/2:00pm ET tomorrow so we can incorporate edits and get to Noreen and Matt
for their review.

-Roya

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Mogadam, Roya" <roya_mogadam@fws.gov>

From: "Mogadam, Roya" <roya_mogadam@fws.gov>
Sent: Mon Dec 18 2017 14:48:31 GMT-0700 (MST)

To:

Charles Traxler <charles_traxler@fws.gov>, Tim Patronski
<Tim_Patronski@fws.gov>, Georgia Parham
<georgia_parham@fws.gov>, Kyla Hastie
<Kyla_Hastie@fws.gov>, Christine Eustis
<christine_eustis@fws.gov>, Meagan Racey
<meagan_racey@fws.gov>, Jason Holm <jason_holm@fws.gov>,
Miel Corbett <Miel_Corbett@fws.gov>

CC: Anna Munoz <anna_munoz@fws.gov>, Robert Segin
<robert_segin@fws.gov>

Subject: Re: DUE 12:00MT Tuesday - Draft Lynx Materials

Attachments: Canada Lynx Newsrelease R6_HQ edit merged121817 Draft
v2.docx

Hi Folks-

Please use the attached News Release for your review. Huge kudos to Meagan Racey for
helping cut this down a little.

https://maps.google.com/?q=134+Union&entry=gmail&source=g
mailto:Roya_Mogadam@fws.gov
http://usfwsnortheast.wordpress.com/


-Roya

On Mon, Dec 18, 2017 at 12:54 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
Hi Everyone-

Thank you all for joining the call today.

Please see attached for our draft materials which include a press release, comms plan, and
FAQs. If possible, please review and send any edits to Steve by 11:00AM PT/12:00pm
MT/1:00PM CT/2:00pm ET tomorrow so we can incorporate edits and get to Noreen and Matt
for their review.

-Roya

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

"Eustis, Christine" <christine_eustis@fws.gov>

From: "Eustis, Christine" <christine_eustis@fws.gov>
Sent: Mon Dec 18 2017 14:55:25 GMT-0700 (MST)
To: "Racey, Meagan" <meagan_racey@fws.gov>

CC: "Hastie, Kyla" <kyla_hastie@fws.gov>, Terri Edwards
<terri_edwards@fws.gov>

Subject: Re: DUE 12:00MT Tuesday - Draft Lynx Materials

Jason IMed me separately asking if I concurred with his email - and I said that not really, that we
defer to the lead
region for national and sometimes regional media but since our folks have such good media
contacts, we often
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handle local and regional media.  I think in the lynx case - he hasn't dealt with the species and
they don't
have any media contacts specifically - but I think we have a much different situation in Maine.  
Is interesting - doesn't seem like a one size fits all approach works.  

On Mon, Dec 18, 2017 at 4:47 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Interesting perspective - I'm not sure if this is how we operate out of R5? On previous TE
issues I support other regions taking the lead for media queries in their regions, and support
them as needed. We usually get on the same page in advance if there are any concerns. I
also offer to be the media contact if they prefer, and vice versa for other issues if I don't feel
qualified. I don't have strong feelings about R6 managing the New England queries, but I'm
not sure it will save time because we'll need to get them up to speed on the regional history.

---------- Forwarded message ----------
From: Holm, Jason <jason_holm@fws.gov>
Date: Mon, Dec 18, 2017 at 4:41 PM
Subject: Re: DUE 12:00MT Tuesday - Draft Lynx Materials
To: "Mogadam, Roya" <roya_mogadam@fws.gov>
Cc: Charles Traxler <charles_traxler@fws.gov>, Tim Patronski <Tim_Patronski@fws.gov>,
Georgia Parham <georgia_parham@fws.gov>, Kyla Hastie <Kyla_Hastie@fws.gov>,
Christine Eustis <christine_eustis@fws.gov>, Meagan Racey <meagan_racey@fws.gov>,
Miel Corbett <Miel_Corbett@fws.gov>, Anna Munoz <anna_munoz@fws.gov>, Robert Segin
<robert_segin@fws.gov>, "Levy, Sarah" <sarah_levy@fws.gov>

Thanks Roya,
   We're looking through these here, and will meet tomorrow's comment deadline.  One
thing......it's a huge departure to have region specific media contacts for media queries.  The
agency typically does issue-based media contacts for multi-regional or national issues.   
Media aren't necessarily specific about regional boundaries, so if (for example) there was a
query from a reporter in Puerto Rico, would we have R4 handle it?     I do agree that Regional
leads should make the state/NGO notifications, and we certainly can do our own tribal
notifications, but I'm not sure I see the value of having a media point of contact on a R6 led
issue from each region. It's likely our PAO won't have the depth of knowledge, and even more
likely different messages would go out through different voices.     If we have a R1 led issue
that crosses regional boundaries, we would not want other regional PAO's commenting or
fielding queries.   I think most other regions operate that same way.
   If this isn't clear, I'm happy to have more discussion, but am very curious on the 'why.'
Thanks,
Jason

Jason Holm
Assistant Regional Director--External Affairs
U.S. Fish and Wildlife Service, Pacific Region
(503) 231-2264
www.fws.gov/pacific

On Mon, Dec 18, 2017 at 11:54 AM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
Hi Everyone-

Thank you all for joining the call today.

Please see attached for our draft materials which include a press release, comms plan, and
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FAQs. If possible, please review and send any edits to Steve by 11:00AM PT/12:00pm
MT/1:00PM CT/2:00pm ET tomorrow so we can incorporate edits and get to Noreen and
Matt for their review.

-Roya

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Christine Eustis
External Affairs, Northeast Region
U.S. Fish and Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: 413) 253-8321
christine_eustis@fws.gov

"Mogadam, Roya" <roya_mogadam@fws.gov>

From: "Mogadam, Roya" <roya_mogadam@fws.gov>
Sent: Mon Dec 18 2017 16:33:24 GMT-0700 (MST)
To: "Holm, Jason" <jason_holm@fws.gov>

CC:

Charles Traxler <charles_traxler@fws.gov>, Tim Patronski
<Tim_Patronski@fws.gov>, Georgia Parham
<georgia_parham@fws.gov>, Kyla Hastie
<Kyla_Hastie@fws.gov>, Christine Eustis
<christine_eustis@fws.gov>, Meagan Racey
<meagan_racey@fws.gov>, Miel Corbett

https://maps.google.com/?q=134+Union&entry=gmail&source=g
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<Miel_Corbett@fws.gov>, Anna Munoz <anna_munoz@fws.gov>,
Robert Segin <robert_segin@fws.gov>, "Levy, Sarah"
<sarah_levy@fws.gov>

Subject: Re: DUE 12:00MT Tuesday - Draft Lynx Materials

Thanks Jason that is a good point, this is a bit of a different "beast" if you will (pun definitely
intended). While we are the main POC there are some Region-specific issues tied to this
announcement that we would not be the lead for. Eg. in Washington State, they uplisted the lynx
as endangered, that would be a R1 specific question we would defer to you. In Maine, there are
additional complexities and so we would defer to Meagan. Does that make sense? If not, lets
catch up tomorrow AM.

On Mon, Dec 18, 2017 at 2:41 PM, Holm, Jason <jason_holm@fws.gov> wrote:
Thanks Roya,
   We're looking through these here, and will meet tomorrow's comment deadline.  One
thing......it's a huge departure to have region specific media contacts for media queries.  The
agency typically does issue-based media contacts for multi-regional or national issues.   
Media aren't necessarily specific about regional boundaries, so if (for example) there was a
query from a reporter in Puerto Rico, would we have R4 handle it?     I do agree that Regional
leads should make the state/NGO notifications, and we certainly can do our own tribal
notifications, but I'm not sure I see the value of having a media point of contact on a R6 led
issue from each region. It's likely our PAO won't have the depth of knowledge, and even more
likely different messages would go out through different voices.     If we have a R1 led issue
that crosses regional boundaries, we would not want other regional PAO's commenting or
fielding queries.   I think most other regions operate that same way.
   If this isn't clear, I'm happy to have more discussion, but am very curious on the 'why.'
Thanks,
Jason

Jason Holm
Assistant Regional Director--External Affairs
U.S. Fish and Wildlife Service, Pacific Region
(503) 231-2264
www.fws.gov/pacific

On Mon, Dec 18, 2017 at 11:54 AM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
Hi Everyone-

Thank you all for joining the call today.

Please see attached for our draft materials which include a press release, comms plan, and
FAQs. If possible, please review and send any edits to Steve by 11:00AM PT/12:00pm
MT/1:00PM CT/2:00pm ET tomorrow so we can incorporate edits and get to Noreen and
Matt for their review.

-Roya

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
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Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

"Hastie, Kyla" <kyla_hastie@fws.gov>

From: "Hastie, Kyla" <kyla_hastie@fws.gov>
Sent: Tue Dec 19 2017 06:45:05 GMT-0700 (MST)

To:
Meagan Racey <meagan_racey@fws.gov>, Christine Eustis
<christine_eustis@fws.gov>, Terri Edwards
<terri_edwards@fws.gov>

Subject: Fwd: DUE 12:00MT Tuesday - Draft Lynx Materials

i'm not planning to jump in right now but will if you think i should.....
---------- Forwarded message ----------
From: Mogadam, Roya <roya_mogadam@fws.gov>
Date: Mon, Dec 18, 2017 at 6:33 PM
Subject: Re: DUE 12:00MT Tuesday - Draft Lynx Materials
To: "Holm, Jason" <jason_holm@fws.gov>
Cc: Charles Traxler <charles_traxler@fws.gov>, Tim Patronski <Tim_Patronski@fws.gov>,
Georgia Parham <georgia_parham@fws.gov>, Kyla Hastie <Kyla_Hastie@fws.gov>, Christine
Eustis <christine_eustis@fws.gov>, Meagan Racey <meagan_racey@fws.gov>, Miel Corbett
<Miel_Corbett@fws.gov>, Anna Munoz <anna_munoz@fws.gov>, Robert Segin
<robert_segin@fws.gov>, "Levy, Sarah" <sarah_levy@fws.gov>

Thanks Jason that is a good point, this is a bit of a different "beast" if you will (pun definitely
intended). While we are the main POC there are some Region-specific issues tied to this
announcement that we would not be the lead for. Eg. in Washington State, they uplisted the lynx
as endangered, that would be a R1 specific question we would defer to you. In Maine, there are
additional complexities and so we would defer to Meagan. Does that make sense? If not, lets
catch up tomorrow AM.

On Mon, Dec 18, 2017 at 2:41 PM, Holm, Jason <jason_holm@fws.gov> wrote:
Thanks Roya,
   We're looking through these here, and will meet tomorrow's comment deadline.  One
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thing......it's a huge departure to have region specific media contacts for media queries.  The
agency typically does issue-based media contacts for multi-regional or national issues.   
Media aren't necessarily specific about regional boundaries, so if (for example) there was a
query from a reporter in Puerto Rico, would we have R4 handle it?     I do agree that Regional
leads should make the state/NGO notifications, and we certainly can do our own tribal
notifications, but I'm not sure I see the value of having a media point of contact on a R6 led
issue from each region. It's likely our PAO won't have the depth of knowledge, and even more
likely different messages would go out through different voices.     If we have a R1 led issue
that crosses regional boundaries, we would not want other regional PAO's commenting or
fielding queries.   I think most other regions operate that same way.
   If this isn't clear, I'm happy to have more discussion, but am very curious on the 'why.'
Thanks,
Jason

Jason Holm
Assistant Regional Director--External Affairs
U.S. Fish and Wildlife Service, Pacific Region
(503) 231-2264
www.fws.gov/pacific

On Mon, Dec 18, 2017 at 11:54 AM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
Hi Everyone-

Thank you all for joining the call today.

Please see attached for our draft materials which include a press release, comms plan, and
FAQs. If possible, please review and send any edits to Steve by 11:00AM PT/12:00pm
MT/1:00PM CT/2:00pm ET tomorrow so we can incorporate edits and get to Noreen and
Matt for their review.

-Roya

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228
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Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Kyla Hastie
Assistant Regional Director-External Affairs
Northeast Region
U.S. Fish & Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: (413) 253-8325
cell:  (413) 262-3667

"Hastie, Kyla" <kyla_hastie@fws.gov>

From: "Hastie, Kyla" <kyla_hastie@fws.gov>
Sent: Tue Dec 19 2017 06:49:40 GMT-0700 (MST)
To: "Eustis, Christine" <christine_eustis@fws.gov>

CC: "Racey, Meagan" <meagan_racey@fws.gov>, Terri Edwards
<terri_edwards@fws.gov>

Subject: Re: DUE 12:00MT Tuesday - Draft Lynx Materials

sorry I didn't read this email earlier before I sent you other email - thanks 

On Mon, Dec 18, 2017 at 4:55 PM, Eustis, Christine <christine_eustis@fws.gov> wrote:
Jason IMed me separately asking if I concurred with his email - and I said that not really, that
we defer to the lead
region for national and sometimes regional media but since our folks have such good media
contacts, we often
handle local and regional media.  I think in the lynx case - he hasn't dealt with the species and
they don't
have any media contacts specifically - but I think we have a much different situation in
Maine.  
Is interesting - doesn't seem like a one size fits all approach works.  

On Mon, Dec 18, 2017 at 4:47 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Interesting perspective - I'm not sure if this is how we operate out of R5? On previous TE
issues I support other regions taking the lead for media queries in their regions, and
support them as needed. We usually get on the same page in advance if there are any
concerns. I also offer to be the media contact if they prefer, and vice versa for other issues
if I don't feel qualified. I don't have strong feelings about R6 managing the New England
queries, but I'm not sure it will save time because we'll need to get them up to speed on the
regional history.

---------- Forwarded message ----------
From: Holm, Jason <jason_holm@fws.gov>
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Date: Mon, Dec 18, 2017 at 4:41 PM
Subject: Re: DUE 12:00MT Tuesday - Draft Lynx Materials
To: "Mogadam, Roya" <roya_mogadam@fws.gov>
Cc: Charles Traxler <charles_traxler@fws.gov>, Tim Patronski <Tim_Patronski@fws.gov>,
Georgia Parham <georgia_parham@fws.gov>, Kyla Hastie <Kyla_Hastie@fws.gov>,
Christine Eustis <christine_eustis@fws.gov>, Meagan Racey <meagan_racey@fws.gov>,
Miel Corbett <Miel_Corbett@fws.gov>, Anna Munoz <anna_munoz@fws.gov>, Robert
Segin <robert_segin@fws.gov>, "Levy, Sarah" <sarah_levy@fws.gov>

Thanks Roya,
   We're looking through these here, and will meet tomorrow's comment deadline.  One
thing......it's a huge departure to have region specific media contacts for media queries. 
The agency typically does issue-based media contacts for multi-regional or national issues. 
  Media aren't necessarily specific about regional boundaries, so if (for example) there was
a query from a reporter in Puerto Rico, would we have R4 handle it?     I do agree that
Regional leads should make the state/NGO notifications, and we certainly can do our own
tribal notifications, but I'm not sure I see the value of having a media point of contact on a
R6 led issue from each region. It's likely our PAO won't have the depth of knowledge, and
even more likely different messages would go out through different voices.     If we have a
R1 led issue that crosses regional boundaries, we would not want other regional PAO's
commenting or fielding queries.   I think most other regions operate that same way.
   If this isn't clear, I'm happy to have more discussion, but am very curious on the 'why.'
Thanks,
Jason

Jason Holm
Assistant Regional Director--External Affairs
U.S. Fish and Wildlife Service, Pacific Region
(503) 231-2264
www.fws.gov/pacific

On Mon, Dec 18, 2017 at 11:54 AM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
Hi Everyone-

Thank you all for joining the call today.

Please see attached for our draft materials which include a press release, comms plan,
and FAQs. If possible, please review and send any edits to Steve by 11:00AM
PT/12:00pm MT/1:00PM CT/2:00pm ET tomorrow so we can incorporate edits and get
to Noreen and Matt for their review.

-Roya

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572
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-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Christine Eustis
External Affairs, Northeast Region
U.S. Fish and Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: 413) 253-8321
christine_eustis@fws.gov

-- 
Kyla Hastie
Assistant Regional Director-External Affairs
Northeast Region
U.S. Fish & Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: (413) 253-8325
cell:  (413) 262-3667

"Edwards, Terri" <terri_edwards@fws.gov>

From: "Edwards, Terri" <terri_edwards@fws.gov>
Sent: Tue Dec 19 2017 07:29:01 GMT-0700 (MST)
To: "Hastie, Kyla" <kyla_hastie@fws.gov>

CC: "Eustis, Christine" <christine_eustis@fws.gov>, "Racey, Meagan"
<meagan_racey@fws.gov>

Subject: Re: DUE 12:00MT Tuesday - Draft Lynx Materials

I'd add that if the conversation about media/public affairs approach continues, or there's a

subsequent discussion to inform ARDs, I'd like to be a part of it.  
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On Tue, Dec 19, 2017 at 8:49 AM, Hastie, Kyla <kyla_hastie@fws.gov> wrote:
sorry I didn't read this email earlier before I sent you other email - thanks 

On Mon, Dec 18, 2017 at 4:55 PM, Eustis, Christine <christine_eustis@fws.gov> wrote:
Jason IMed me separately asking if I concurred with his email - and I said that not really,
that we defer to the lead
region for national and sometimes regional media but since our folks have such good
media contacts, we often
handle local and regional media.  I think in the lynx case - he hasn't dealt with the species
and they don't
have any media contacts specifically - but I think we have a much different situation in
Maine.  
Is interesting - doesn't seem like a one size fits all approach works.  

On Mon, Dec 18, 2017 at 4:47 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Interesting perspective - I'm not sure if this is how we operate out of R5? On previous TE
issues I support other regions taking the lead for media queries in their regions, and
support them as needed. We usually get on the same page in advance if there are any
concerns. I also offer to be the media contact if they prefer, and vice versa for other
issues if I don't feel qualified. I don't have strong feelings about R6 managing the New
England queries, but I'm not sure it will save time because we'll need to get them up to
speed on the regional history.

---------- Forwarded message ----------
From: Holm, Jason <jason_holm@fws.gov>
Date: Mon, Dec 18, 2017 at 4:41 PM
Subject: Re: DUE 12:00MT Tuesday - Draft Lynx Materials
To: "Mogadam, Roya" <roya_mogadam@fws.gov>
Cc: Charles Traxler <charles_traxler@fws.gov>, Tim Patronski
<Tim_Patronski@fws.gov>, Georgia Parham <georgia_parham@fws.gov>, Kyla Hastie
<Kyla_Hastie@fws.gov>, Christine Eustis <christine_eustis@fws.gov>, Meagan Racey
<meagan_racey@fws.gov>, Miel Corbett <Miel_Corbett@fws.gov>, Anna Munoz
<anna_munoz@fws.gov>, Robert Segin <robert_segin@fws.gov>, "Levy, Sarah"
<sarah_levy@fws.gov>

Thanks Roya,
   We're looking through these here, and will meet tomorrow's comment deadline.  One
thing......it's a huge departure to have region specific media contacts for media queries. 
The agency typically does issue-based media contacts for multi-regional or national
issues.    Media aren't necessarily specific about regional boundaries, so if (for example)
there was a query from a reporter in Puerto Rico, would we have R4 handle it?     I do
agree that Regional leads should make the state/NGO notifications, and we certainly can
do our own tribal notifications, but I'm not sure I see the value of having a media point of
contact on a R6 led issue from each region. It's likely our PAO won't have the depth of
knowledge, and even more likely different messages would go out through different
voices.     If we have a R1 led issue that crosses regional boundaries, we would not want
other regional PAO's commenting or fielding queries.   I think most other regions operate
that same way.
   If this isn't clear, I'm happy to have more discussion, but am very curious on the 'why.'
Thanks,
Jason
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Jason Holm
Assistant Regional Director--External Affairs
U.S. Fish and Wildlife Service, Pacific Region
(503) 231-2264
www.fws.gov/pacific

On Mon, Dec 18, 2017 at 11:54 AM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
Hi Everyone-

Thank you all for joining the call today.

Please see attached for our draft materials which include a press release, comms plan,
and FAQs. If possible, please review and send any edits to Steve by 11:00AM
PT/12:00pm MT/1:00PM CT/2:00pm ET tomorrow so we can incorporate edits and get
to Noreen and Matt for their review.

-Roya

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Christine Eustis
External Affairs, Northeast Region
U.S. Fish and Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: 413) 253-8321
christine_eustis@fws.gov
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-- 
Kyla Hastie
Assistant Regional Director-External Affairs
Northeast Region
U.S. Fish & Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: (413) 253-8325
cell:  (413) 262-3667

-- 
Terri Edwards

Chief of Public Affairs

U.S. Fish and Wildlife Service, Northeast Region

413/253-8324 or 413/244-4235 mobile

www.fws.gov/northeast

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Tue Dec 19 2017 11:56:35 GMT-0700 (MST)
To: Anna Harris <anna_harris@fws.gov>
Subject: Fwd: DUE 12:00MT Tuesday - Draft Lynx Materials

Attachments:
Canada Lynx Newsrelease R6_HQ edit merged121817 Draft rm
edits clean.docx Lynx FAQ121817 rmedits clean.docx Canada
Lynx 5-Year Review Communications Plan -
Recoveryplaninfo_121817 (2).docx

Sentence from FAQ: We’ve also learned that land management changes in ME and CO have led to
historically high numbers of the species.  

We OK with that? Re: my VM

Thx!
---------- Forwarded message ----------
From: Racey, Meagan <meagan_racey@fws.gov>
Date: Mon, Dec 18, 2017 at 4:42 PM
Subject: Fwd: DUE 12:00MT Tuesday - Draft Lynx Materials
To: Ken Elowe <ken_elowe@fws.gov>, Paul Phifer <paul_phifer@fws.gov>, Martin Miller
<Martin_Miller@fws.gov>, "Smith, Glenn" <glenn_s_smith@fws.gov>, Anna Harris
<anna_harris@fws.gov>

FYI the latest on the lynx timeline and national outreach - A reminder, we would be adding the
following to the attached press release: 
In Maine beginning in 1999, IFW began a 12-year telemetry study in northern Aroostook County to
assess lynx population status, survival and reproductive rates, and behavior. Information gathered from
this study was instrumental in providing information on lynx biology, habitat needs, range, and the ability
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of Maine’s lynx population to expand. “Working closely with a number of partners, Maine’s research
concerning Canada lynx shows that the population in Maine is growing and expanding,” said Chandler
Woodcock, Commissioner, Maine Department of Inland Fisheries and Wildlife. “And the research
conducted by our biologists in conjunction with the USFWS showed modern forest management practices
are compatible with lynx conservation.”

Lynx research in Maine continues today with the IFW currently tracking radio-collared Canada lynx as
well as entering the third year of three-year track survey. Preliminary results from the current survey
effort show that the lynx are occupying a greater percentage of the available habitat in Maine. “Through
the stewardship of our partners such as the Maine Forest Products Council and many other private
landowners, our extensive monitoring of lynx indicates that Maine’s lynx population in northern Maine
has been expanding into eastern and western Maine,” said Woodcock. “Not only are lynx found in more
places, but signs of lynx are found more frequently during our surveys.”

“After nearly 2 decades of monitoring and research, Maine’s lynx population continues to grow in
response to an abundance of forested habitat and prey,” said IFW lynx biologist Jen Vashon. “We are
committed to continued protection and monitoring of lynx in Maine, and sharing information with private
forest managers.”
---------- Forwarded message ----------
From: Eustis, Christine <christine_eustis@fws.gov>
Date: Mon, Dec 18, 2017 at 3:08 PM
Subject: Fwd: DUE 12:00MT Tuesday - Draft Lynx Materials
To: Terri Edwards <terri_edwards@fws.gov>, Kyla Hastie <Kyla_Hastie@fws.gov>, Timothy
Binzen <timothy_binzen@fws.gov>
Cc: Meagan Racey <Meagan_Racey@fws.gov>, Zintkala Eiring <Zintkala_Eiring@fws.gov>

FYI - Meagan and I joined the lynx coordination call today.  Here are some notes.  Meagan - let
me know
if I missed anything.
Roya provided a few updates after R6 briefed Greg Sheehan about the decision.
1) Greg wanted to see the news release and talking points address climate change and how
impacts to cc were not
a factor in this decision.
2) R6 is working with HQ to identify a possible proposed delisting timeline and may add at the
last minute
to the outreach materials (may be within a year but not sure yet).
3) Gavin is working on a possible embargoed story (I assume with a national news outlet but
Roya didn't say).

R6 doesn't know when the rollout will take place, but expects early January 2018 at the earliest.

Tim - could you contact Anna Harris at the Maine ESFO and try to learn Tribal interest/reaction
to this announcement?
I'd like to better understand the Maine Tribes' interests and reaction before the rollout and
suspect Anna has a good pulse
on their interests.  R6 drafted a dear Tribal letter. I'll share it with you for review and to tailor to
our Tribes.

Thanks
Christine

---------- Forwarded message ----------
From: Mogadam, Roya <roya_mogadam@fws.gov>
Date: Mon, Dec 18, 2017 at 2:54 PM
Subject: DUE 12:00MT Tuesday - Draft Lynx Materials
To: Charles Traxler <charles_traxler@fws.gov>, Tim Patronski <Tim_Patronski@fws.gov>,
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Georgia Parham <georgia_parham@fws.gov>, Kyla Hastie <Kyla_Hastie@fws.gov>, Christine
Eustis <christine_eustis@fws.gov>, Meagan Racey <meagan_racey@fws.gov>, Jason Holm
<jason_holm@fws.gov>, Miel Corbett <Miel_Corbett@fws.gov>
Cc: Anna Munoz <anna_munoz@fws.gov>, Robert Segin <robert_segin@fws.gov>

Hi Everyone-

Thank you all for joining the call today.

Please see attached for our draft materials which include a press release, comms plan, and
FAQs. If possible, please review and send any edits to Steve by 11:00AM PT/12:00pm
MT/1:00PM CT/2:00pm ET tomorrow so we can incorporate edits and get to Noreen and Matt
for their review.

-Roya

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Christine Eustis
External Affairs, Northeast Region
U.S. Fish and Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: 413) 253-8321
christine_eustis@fws.gov

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
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Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Mogadam, Roya" <roya_mogadam@fws.gov>

From: "Mogadam, Roya" <roya_mogadam@fws.gov>
Sent: Tue Dec 19 2017 12:19:35 GMT-0700 (MST)

To:

Charles Traxler <charles_traxler@fws.gov>, Tim Patronski
<Tim_Patronski@fws.gov>, Georgia Parham
<georgia_parham@fws.gov>, Kyla Hastie
<Kyla_Hastie@fws.gov>, Christine Eustis
<christine_eustis@fws.gov>, Meagan Racey
<meagan_racey@fws.gov>, Jason Holm <jason_holm@fws.gov>,
Miel Corbett <Miel_Corbett@fws.gov>

CC: Anna Munoz <anna_munoz@fws.gov>, Robert Segin
<robert_segin@fws.gov>

Subject: Re: DUE 12:00MT Tuesday - Draft Lynx Materials

Attachments:
12_19_17_OP_CanadaLynx.docx
12_19_17_FAQ_CanadaLynx.docx
12_19_17_NR_CanadaLynx_v2.docx

Thank you to folks for reviewing the outreach materials. Attached are the revised materials that
we will be sharing with our Regional Leadership today.

Please note we are going to check in with ES about the comment in the news release.

-Roya

On Mon, Dec 18, 2017 at 2:48 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
Hi Folks-

Please use the attached News Release for your review. Huge kudos to Meagan Racey for
helping cut this down a little.

-Roya

On Mon, Dec 18, 2017 at 12:54 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
Hi Everyone-

Thank you all for joining the call today.

Please see attached for our draft materials which include a press release, comms plan, and
FAQs. If possible, please review and send any edits to Steve by 11:00AM PT/12:00pm
MT/1:00PM CT/2:00pm ET tomorrow so we can incorporate edits and get to Noreen and
Matt for their review.

-Roya
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-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

"Harris, Anna" <anna_harris@fws.gov>

From: "Harris, Anna" <anna_harris@fws.gov>
Sent: Tue Dec 19 2017 13:43:50 GMT-0700 (MST)
To: "Racey, Meagan" <meagan_racey@fws.gov>
Subject: Re: DUE 12:00MT Tuesday - Draft Lynx Materials

I think so,

as a result of the spruce budworm we've seen historic highs in the lynx population. We seem
quick to say that then there will be a decline in the future bc of the Forest Practices Act but
focusing on the first part of the sentence in the Q/A makes sense, and we now know we have
the largest population in the lower 48, which is something we did not know at the time of listing-
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On Tue, Dec 19, 2017 at 1:56 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Sentence from FAQ: We’ve also learned that land management changes in ME and CO have led to
historically high numbers of the species.  

We OK with that? Re: my VM

Thx!
---------- Forwarded message ----------
From: Racey, Meagan <meagan_racey@fws.gov>
Date: Mon, Dec 18, 2017 at 4:42 PM
Subject: Fwd: DUE 12:00MT Tuesday - Draft Lynx Materials
To: Ken Elowe <ken_elowe@fws.gov>, Paul Phifer <paul_phifer@fws.gov>, Martin Miller
<Martin_Miller@fws.gov>, "Smith, Glenn" <glenn_s_smith@fws.gov>, Anna Harris
<anna_harris@fws.gov>

FYI the latest on the lynx timeline and national outreach - A reminder, we would be adding the
following to the attached press release: 
In Maine beginning in 1999, IFW began a 12-year telemetry study in northern Aroostook County to
assess lynx population status, survival and reproductive rates, and behavior. Information gathered from
this study was instrumental in providing information on lynx biology, habitat needs, range, and the
ability of Maine’s lynx population to expand. “Working closely with a number of partners, Maine’s
research concerning Canada lynx shows that the population in Maine is growing and expanding,” said
Chandler Woodcock, Commissioner, Maine Department of Inland Fisheries and Wildlife. “And the
research conducted by our biologists in conjunction with the USFWS showed modern forest
management practices are compatible with lynx conservation.”

Lynx research in Maine continues today with the IFW currently tracking radio-collared Canada lynx as
well as entering the third year of three-year track survey. Preliminary results from the current survey
effort show that the lynx are occupying a greater percentage of the available habitat in
Maine. “Through the stewardship of our partners such as the Maine Forest Products Council and many
other private landowners, our extensive monitoring of lynx indicates that Maine’s lynx population in
northern Maine has been expanding into eastern and western Maine,” said Woodcock. “Not only are
lynx found in more places, but signs of lynx are found more frequently during our surveys.”

“After nearly 2 decades of monitoring and research, Maine’s lynx population continues to grow in
response to an abundance of forested habitat and prey,” said IFW lynx biologist Jen Vashon. “We are
committed to continued protection and monitoring of lynx in Maine, and sharing information with
private forest managers.”
---------- Forwarded message ----------
From: Eustis, Christine <christine_eustis@fws.gov>
Date: Mon, Dec 18, 2017 at 3:08 PM
Subject: Fwd: DUE 12:00MT Tuesday - Draft Lynx Materials
To: Terri Edwards <terri_edwards@fws.gov>, Kyla Hastie <Kyla_Hastie@fws.gov>, Timothy
Binzen <timothy_binzen@fws.gov>
Cc: Meagan Racey <Meagan_Racey@fws.gov>, Zintkala Eiring <Zintkala_Eiring@fws.gov>

FYI - Meagan and I joined the lynx coordination call today.  Here are some notes.  Meagan -
let me know
if I missed anything.
Roya provided a few updates after R6 briefed Greg Sheehan about the decision.
1) Greg wanted to see the news release and talking points address climate change and how
impacts to cc were not
a factor in this decision.
2) R6 is working with HQ to identify a possible proposed delisting timeline and may add at the
last minute
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to the outreach materials (may be within a year but not sure yet).
3) Gavin is working on a possible embargoed story (I assume with a national news outlet but
Roya didn't say).

R6 doesn't know when the rollout will take place, but expects early January 2018 at the
earliest.

Tim - could you contact Anna Harris at the Maine ESFO and try to learn Tribal
interest/reaction to this announcement?
I'd like to better understand the Maine Tribes' interests and reaction before the rollout and
suspect Anna has a good pulse
on their interests.  R6 drafted a dear Tribal letter. I'll share it with you for review and to tailor to
our Tribes.

Thanks
Christine

---------- Forwarded message ----------
From: Mogadam, Roya <roya_mogadam@fws.gov>
Date: Mon, Dec 18, 2017 at 2:54 PM
Subject: DUE 12:00MT Tuesday - Draft Lynx Materials
To: Charles Traxler <charles_traxler@fws.gov>, Tim Patronski <Tim_Patronski@fws.gov>,
Georgia Parham <georgia_parham@fws.gov>, Kyla Hastie <Kyla_Hastie@fws.gov>,
Christine Eustis <christine_eustis@fws.gov>, Meagan Racey <meagan_racey@fws.gov>,
Jason Holm <jason_holm@fws.gov>, Miel Corbett <Miel_Corbett@fws.gov>
Cc: Anna Munoz <anna_munoz@fws.gov>, Robert Segin <robert_segin@fws.gov>

Hi Everyone-

Thank you all for joining the call today.

Please see attached for our draft materials which include a press release, comms plan, and
FAQs. If possible, please review and send any edits to Steve by 11:00AM PT/12:00pm
MT/1:00PM CT/2:00pm ET tomorrow so we can incorporate edits and get to Noreen and Matt
for their review.

-Roya

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Christine Eustis
External Affairs, Northeast Region
U.S. Fish and Wildlife Service
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300 Westgate Center Drive
Hadley, MA 01035
office: 413) 253-8321
christine_eustis@fws.gov

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Anna Harris

ES Project Leader

Maine Field Office

Maine Fish and Wildlife Service Complex

(207) 902-1567

(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex

 

Meagan Racey <meagan_racey@fws.gov>

From: Meagan Racey <meagan_racey@fws.gov>
Sent: Tue Dec 19 2017 14:18:33 GMT-0700 (MST)
To: "Harris, Anna" <anna_harris@fws.gov>
Subject: Re: DUE 12:00MT Tuesday - Draft Lynx Materials

Ok  sounds like no changes are needed - thank you! Did you get a chance to bring up the lynx
storytelling with jim 

Sent from my iPhone
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On Dec 19, 2017, at 3:44 PM, Harris, Anna <anna_harris@fws.gov> wrote:

I think so,

as a result of the spruce budworm we've seen historic highs in the lynx population.
We seem quick to say that then there will be a decline in the future bc of the Forest
Practices Act but focusing on the first part of the sentence in the Q/A makes sense,
and we now know we have the largest population in the lower 48, which is
something we did not know at the time of listing-

On Tue, Dec 19, 2017 at 1:56 PM, Racey, Meagan <meagan_racey@fws.gov>
wrote:

Sentence from FAQ: We’ve also learned that land management changes in ME and CO
have led to historically high numbers of the species.  

We OK with that? Re: my VM

Thx!
---------- Forwarded message ----------
From: Racey, Meagan <meagan_racey@fws.gov>
Date: Mon, Dec 18, 2017 at 4:42 PM
Subject: Fwd: DUE 12:00MT Tuesday - Draft Lynx Materials
To: Ken Elowe <ken_elowe@fws.gov>, Paul Phifer <paul_phifer@fws.gov>,
Martin Miller <Martin_Miller@fws.gov>, "Smith, Glenn"
<glenn_s_smith@fws.gov>, Anna Harris <anna_harris@fws.gov>

FYI the latest on the lynx timeline and national outreach - A reminder, we would be
adding the following to the attached press release: 
In Maine beginning in 1999, IFW began a 12-year telemetry study in northern Aroostook
County to assess lynx population status, survival and reproductive rates, and behavior.
Information gathered from this study was instrumental in providing information on lynx
biology, habitat needs, range, and the ability of Maine’s lynx population to
expand. “Working closely with a number of partners, Maine’s research concerning Canada
lynx shows that the population in Maine is growing and expanding,” said Chandler
Woodcock, Commissioner, Maine Department of Inland Fisheries and Wildlife. “And the
research conducted by our biologists in conjunction with the USFWS showed modern
forest management practices are compatible with lynx conservation.”

Lynx research in Maine continues today with the IFW currently tracking radio-collared
Canada lynx as well as entering the third year of three-year track survey. Preliminary
results from the current survey effort show that the lynx are occupying a greater percentage
of the available habitat in Maine. “Through the stewardship of our partners such as the
Maine Forest Products Council and many other private landowners, our extensive
monitoring of lynx indicates that Maine’s lynx population in northern Maine has been
expanding into eastern and western Maine,” said Woodcock. “Not only are lynx found in
more places, but signs of lynx are found more frequently during our surveys.”

“After nearly 2 decades of monitoring and research, Maine’s lynx population continues to
grow in response to an abundance of forested habitat and prey,” said IFW lynx biologist
Jen Vashon. “We are committed to continued protection and monitoring of lynx in Maine,
and sharing information with private forest managers.”
---------- Forwarded message ----------
From: Eustis, Christine <christine_eustis@fws.gov>
Date: Mon, Dec 18, 2017 at 3:08 PM
Subject: Fwd: DUE 12:00MT Tuesday - Draft Lynx Materials
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To: Terri Edwards <terri_edwards@fws.gov>, Kyla Hastie
<Kyla_Hastie@fws.gov>, Timothy Binzen <timothy_binzen@fws.gov>
Cc: Meagan Racey <Meagan_Racey@fws.gov>, Zintkala Eiring
<Zintkala_Eiring@fws.gov>

FYI - Meagan and I joined the lynx coordination call today.  Here are some notes. 
Meagan - let me know
if I missed anything.
Roya provided a few updates after R6 briefed Greg Sheehan about the decision.
1) Greg wanted to see the news release and talking points address climate
change and how impacts to cc were not
a factor in this decision.
2) R6 is working with HQ to identify a possible proposed delisting timeline and
may add at the last minute
to the outreach materials (may be within a year but not sure yet).
3) Gavin is working on a possible embargoed story (I assume with a national news
outlet but Roya didn't say).

R6 doesn't know when the rollout will take place, but expects early January 2018
at the earliest.

Tim - could you contact Anna Harris at the Maine ESFO and try to learn Tribal
interest/reaction to this announcement?
I'd like to better understand the Maine Tribes' interests and reaction before the
rollout and suspect Anna has a good pulse
on their interests.  R6 drafted a dear Tribal letter. I'll share it with you for review
and to tailor to our Tribes.

Thanks
Christine

---------- Forwarded message ----------
From: Mogadam, Roya <roya_mogadam@fws.gov>
Date: Mon, Dec 18, 2017 at 2:54 PM
Subject: DUE 12:00MT Tuesday - Draft Lynx Materials
To: Charles Traxler <charles_traxler@fws.gov>, Tim Patronski
<Tim_Patronski@fws.gov>, Georgia Parham <georgia_parham@fws.gov>, Kyla
Hastie <Kyla_Hastie@fws.gov>, Christine Eustis <christine_eustis@fws.gov>,
Meagan Racey <meagan_racey@fws.gov>, Jason Holm <jason_holm@fws.gov>,
Miel Corbett <Miel_Corbett@fws.gov>
Cc: Anna Munoz <anna_munoz@fws.gov>, Robert Segin
<robert_segin@fws.gov>

Hi Everyone-

Thank you all for joining the call today.

Please see attached for our draft materials which include a press release, comms
plan, and FAQs. If possible, please review and send any edits to Steve by
11:00AM PT/12:00pm MT/1:00PM CT/2:00pm ET tomorrow so we can
incorporate edits and get to Noreen and Matt for their review.

-Roya

-- 
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Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Christine Eustis
External Affairs, Northeast Region
U.S. Fish and Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: 413) 253-8321
christine_eustis@fws.gov

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Anna Harris

ES Project Leader

Maine Field Office

Maine Fish and Wildlife Service Complex

(207) 902-1567

(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
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Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 

1. Plan title: Canada lynx 5-year Review 

 

2.  DTS number: 067057 

 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 states) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicates 
that the Canada lynx has persistent resident populations in Maine, northeastern Minnesota, 
northwestern Montana, northeastern Idaho, and north-central Washington. There is also a 
resident introduced population in western Colorado and occasional lynx residency in some 
neighboring states and adjacent areas. Based on the health of this lynx population and the 
conservation efforts of federal, state, and tribal agencies, the Service’s 5-year status review 
recommends the removal of the lynx DPS from the list of endangered and threatened 
species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

December 2017. This is the proposed time frame for the 5-year review and SSA to be 
made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is the lead. R1, R2, R3, R5 and HQ are also involved. 
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SECTION II: GOALS 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to the point in which they no 
longer need federal protection.  

The Service relies on the best available science when conducting 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.  

Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our federal, state, tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species. The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  
 
The recommendation to delist is a success story for the lynx and a testament to how 
working with our partners can move ESA listed species towards recovery. If it is 
determined that the Canada Lynx should be delisted then the Service will publish a 
proposed rule in the Federal Register seeking review and comment by other federal 
agencies, state biologists, and the public, as well as the advice of independent species 
experts. After analyzing the comments, we will announce our final decision in the Federal 
Register, either completing the final rule or withdrawing the action and maintaining the 
current species’ status. 
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SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The interested public; Congress; state, tribal, and local governments; federal partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  

DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., Wild Earth Guardians, Earth Justice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the lower 48 states at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 

● Washington State Fish and Wildlife and/or Natural Resources Departments may oppose 
because federal delisting is at odds with their recent uplisting of lynx at the state level 
from threatened to endangered. 
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11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, state wildlife and 
natural resources management agencies, AFWA, WAFWA, state governments (especially 
Maine, Montana, Idaho, and Wyoming). 

 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of 
facts, which should be placed in the appendix. List no more than three!) 

This is a positive ESA story; an iconic animal once moving towards extinction, now 
showing signs of recovery thanks to collaborative conservation efforts by states, tribes, 
federal agencies and other partners. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by state, federal, and tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 

 

Given our recommendation to delist the lynx DPS due to recovery, a recovery plan would 
not promote the conservation of the species, and therefore at this time, we will not be 
completing a recovery plan for Canada lynx. If, during the rulemaking process, we 
determine that the Canada lynx should remain listed, the Service would reconsider the need 
to complete a recovery plan. 

 

In the core of the species’ range, lynx populations fluctuate dramatically as they closely 
track 10-year cycles in hare populations.  At the southern edge of both species’ ranges, 
including the DPS range, hare population cycles are much less pronounced, and some may 
not cycle at all.  Therefore, lynx populations in the DPS do not undergo the dramatic swings 
seen in more northern populations, though they likely respond to changes in hare abundance 
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with less dramatic population fluctuations.  In general, lynx populations in the DPS 
typically occur at densities similar to those in the north when hare numbers are low.  

Continued climate warming is regarded as the biggest long-term threat to the lynx DPS in 
the future. Climate change could result in shifts in the boreal forests, snow conditions and 
main food source, the snowshoe hare. How vulnerable lynx populations are to these shifts is 
unknown and undeterminable at this time. However, neither the Service nor the experts we 
consulted conclude that the lynx is at risk of extinction from climate change within the 
foreseeable future.  

After more than 2 years of close coordination with State and Federal agencies, Tribes, and 
academic partners to evaluate the current status and future viability of Canada lynx (lynx 
canadensis) populations in the Contiguous United States Distinct Population Segment 
(DPS), the U.S. Fish and Wildlife Service has completed a detailed species status 
assessment (SSA) for the DPS.  The SSA compiles and evaluates the best available 
scientific information, including the professional opinions of a panel of 10 recognized lynx 
experts, to understand the DPS's current status and future viability in the context of 
historical conditions and what was known when the DPS was listed as threatened under the 
Endangered Species Act (Act) and considering current and potential future stressors to its 
viability. 

 

 

 

 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization websites and news feeds, local and national television and radio, print media, 
web based news sites and social media including Facebook and Twitter. 

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS website 
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R6 Internal Pop-Up 

Internal email to employees 

Internal news web pages and newsletters 

Social media posts to FB and Twitter 

 

16. Which communications tools are needed to support these strategies and tactics? (Be as 
specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 internet page Rob Mansheim TBD 

   

 

 

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Mountain time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD review  R6 EA 

TBD  SSA/Review delivered to court HQ-Sol 

Day Before the 
Announcement 

Congressional Notification HQ/Regional CLA 

Day Before the 
Announcement 

State Wildlife Agencies Regional ES 

Day of the 
Announcement 

Tribal Notification Regional NALs 
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Day of 
Announcement 

Release to media in Regions 6, 5, 3 and 1 R6 EA, R5 EA, R3 
EA, R1 EA 

Day of 
Announcement 

Posting to R6 and FWS national websites and 
social media platforms 

R6 EA, HQ EA 

Ongoing Response to all subsequent media requests and 
inquiries 

R6 EA, R5 EA, R3 
EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 
 
 
 
 

 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 R6 DRD 

Wyoming Game and Fish Department, Director, 
Scott Talbot 

(307) 777-4600 R6 DRD 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 DRD 

19.  Stakeholder contacts (For each, paste in a table that provides organization name, contact  
person, contact information as appropriate, and the name of the person responsible for making 
contact) 
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Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R1 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leslie Weldon 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 

U.S. Forest Service Pacific Northwest Regional 
Forester, Jim Pena 

(503) 808-2468 R1 DRD 

U.S. Forest Service US Forest Service Eastern 
Regional Forester, Kathleen Atkinson 

(414) 297-3600 R3 DRD 

Bureau of Land Management Montana State 
Director, Jon Raby 

(406) 896-5000 

 

R6 DRD 

Bureau of Land Management Wyoming State (307) 775-6001 R6 DRD 



Page 9 of 17 

 

Director, Mary Jo Rugwell  

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R5 DRD 

Bureau of Land Management Colorado State 
Director, Greg Shoop 

(303)-239-3700 R6 DRD 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 RD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James Ogsbury (303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt Melcher 

208-331-9431 R1 DRD 
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Stakeholder***  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie Rappaport 
Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, Director 
Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, Board 
President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

 
***litigants be notified by the solicitor of our SSA/Review 

 
 
 

Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate
.gov 

HQ-
CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.se
nate.gov  

HQ-
CLA 

Sen. Michael Bennet – Rosemary Rodriguez rosemary_rodriguez@benn
et.senate.gov 

R6-EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.g
ov  

HQ-
CLA 

23. Congressional Contacts 

mailto:cchavers@boisforte-nsn.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:tommy.walker@mail.house.gov
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Rep. Diana DeGette – Matthew Mengesha Mathew.mengesha@mail.h
ouse.gov 

R6-EA 

Rep. Jared Polis –   HQ-
CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-
Wiwchar@mail.house.gov 

R6-EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.go
v  

HQ-
CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.g
ov 

R6-EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.g
ov  

 HQ-
CLA 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.go
v 

R6-EA 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.g
ov  

HQ-
CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.
gov 

R6-EA 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-
smith@mail.house.gov  

HQ-
CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.go
v 

R6-EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-
CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.hous
e.gov 

R6-EA 

Member Wyoming   

mailto:dustin.sherer@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
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Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.se
nate.gov  

HQ-
CLA 

Sen. John Barrasso –  R6-EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.
gov  

HQ-
CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.sena
te.gov 

R6-EA 

Rep. Liz Cheney – Holly Heussner Holly.Heussner@mail.house.
gov 

HQ-
CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.go
v  

HQ-
CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.sen
ate.gov 

R6-EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.sen
ate.gov  

HQ-
CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.
gov 

R6-EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.hous
e.gov 

HQ-
CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.
gov  

R6-EA 

Member Washington   

TBD by Region 1 EA   

mailto:kaitlynn_glover@barrasso.senate.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
mailto:lesley.robinson@mail.house.gov


Page 13 of 17 

Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

 

 
 
 
 
 
 
 
 

Stakeholder Contact Information Contact By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

Committees  

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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SECTION VI: SOCIAL MEDIA PLAN 

 

24. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a large 
swath of the general public across a number of age demographics. 

 

Lead accounts to be used: Facebook, Twitter. 

Secondary accounts to share messaging: We assume that there will be collateral inquiries 
associated with images for the Canada lynx so Flickr may also play an important role in this 
rollout. 

Hashtags: #lynx #conservation 

Photos: https://www.flickr.com/search/?text=Canada%20lynx  

Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News 
; https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates populations in Lower 48 States are no longer in 

danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 5-year 

review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 

 

Facebook messages:  
Read more at xxxxx 

Other platform messages: N/A 

 

 

 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve Segin, robert_segin@fws.gov, 303-236-4578 

Sarah Levy, sarah_levey@fws.gov, 503-231-6208 

Georgia Parham, , Georgia_Parham@fws.gov, 812-334-4261 x 1203 

Meagan Racey, Meagan_racey@fws.gov, 413-253-8558 

Christina Meister, Christina_Meister@fws.gov, 703-358-2284 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov,  703-358-2275 

Roya Mogadam - roya_mogadam@fws.gov, 303-236-4572 (R6) 

Sarah Levy, sarah_levey@fws.gov,  503-231-6208 

Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 

Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Steve Segin - robert_segin@fws.gov - 303-236-4578 

 

mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:Christina_Meister@fws.gov
mailto:Alyssa_Hausman@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
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26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 
HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

R.Mogadam 10-24-17 

S.Segin 11-2-17 

  

 

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 

 



 
 
 
 
 

Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 

1. Plan title: Canada lynx 5-year Review 

 

2.  DTS number: 067057 

 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 states) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicates 
that the Canada lynx has persistent resident populations in Maine, northeastern Minnesota, 
northwestern Montana, northeastern Idaho, and north-central Washington. There is also a 
resident introduced population in western Colorado and occasional lynx residency in some 
neighboring states and adjacent areas. Based on the health of this lynx population and the 
conservation efforts of federal, state, and tribal agencies, the Service’s 5-year status review 
recommends the removal of the lynx DPS from the list of endangered and threatened 
species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

December 2017. This is the proposed time frame for the 5-year review and SSA to be 
made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is the lead. R1, R2, R3, R5 and HQ are also involved. 
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SECTION II: GOALS 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to the point in which they no 
longer need federal protection.  

The Service relies on the best available science when conducting 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.  

Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our federal, state, tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species. The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  
 
The recommendation to delist is a success story for the lynx and a testament to how 
working with our partners can move ESA listed species towards recovery. If it is 
determined that the Canada Lynx should be delisted then the Service will publish a 
proposed rule in the Federal Register seeking review and comment by other federal 
agencies, state biologists, and the public, as well as the advice of independent species 
experts. After analyzing the comments, we will announce our final decision in the Federal 
Register, either completing the final rule or withdrawing the action and maintaining the 
current species’ status. 
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SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The interested public; Congress; state, tribal, and local governments; federal partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  

DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., Wild Earth Guardians, Earth Justice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the lower 48 states at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 

● Washington State Fish and Wildlife and/or Natural Resources Departments may oppose 
because federal delisting is at odds with their recent uplisting of lynx at the state level 
from threatened to endangered. 
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11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, state wildlife and 
natural resources management agencies, AFWA, WAFWA, state governments (especially 
Maine, Montana, Idaho, and Wyoming). 

 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of 
facts, which should be placed in the appendix. List no more than three!) 

This is a positive ESA story; an iconic animal once moving towards extinction, now 
showing signs of recovery thanks to collaborative conservation efforts by states, tribes, 
federal agencies and other partners. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by state, federal, and tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 

 

Given our recommendation to delist the lynx DPS due to recovery, a recovery plan would 
not promote the conservation of the species, and therefore at this time, we will not be 
completing a recovery plan for Canada lynx. If, during the rulemaking process, we 
determine that the Canada lynx should remain listed, the Service would reconsider the need 
to complete a recovery plan. 

 

In the core of the species’ range, lynx populations fluctuate dramatically as they closely 
track 10-year cycles in hare populations.  At the southern edge of both species’ ranges, 
including the DPS range, hare population cycles are much less pronounced, and some may 
not cycle at all.  Therefore, lynx populations in the DPS do not undergo the dramatic swings 
seen in more northern populations, though they likely respond to changes in hare abundance 



Page 5 of 17 

with less dramatic population fluctuations.  In general, lynx populations in the DPS 
typically occur at densities similar to those in the north when hare numbers are low.  

Continued climate warming is regarded as the biggest long-term threat to the lynx DPS in 
the future. Climate change could result in shifts in the boreal forests, snow conditions and 
main food source, the snowshoe hare. How vulnerable lynx populations are to these shifts is 
unknown and undeterminable at this time. However, neither the Service nor the experts we 
consulted conclude that the lynx is at risk of extinction from climate change within the 
foreseeable future.  

After more than 2 years of close coordination with State and Federal agencies, Tribes, and 
academic partners to evaluate the current status and future viability of Canada lynx (lynx 
canadensis) populations in the Contiguous United States Distinct Population Segment 
(DPS), the U.S. Fish and Wildlife Service has completed a detailed species status 
assessment (SSA) for the DPS.  The SSA compiles and evaluates the best available 
scientific information, including the professional opinions of a panel of 10 recognized lynx 
experts, to understand the DPS's current status and future viability in the context of 
historical conditions and what was known when the DPS was listed as threatened under the 
Endangered Species Act (Act) and considering current and potential future stressors to its 
viability. 

 

 

 

 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization websites and news feeds, local and national television and radio, print media, 
web based news sites and social media including Facebook and Twitter. 

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS website 
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R6 Internal Pop-Up 

Internal email to employees 

Internal news web pages and newsletters 

Social media posts to FB and Twitter 

 

16. Which communications tools are needed to support these strategies and tactics? (Be as 
specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 internet page Rob Mansheim TBD 

   

 

 

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Mountain time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD review  R6 EA 

TBD  SSA/Review delivered to court HQ-Sol 

Day Before the 
Announcement 

Congressional Notification HQ/Regional CLA 

Day Before the 
Announcement 

State Wildlife Agencies Regional ES 

Day of the 
Announcement 

Tribal Notification Regional NALs 
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Day of 
Announcement 

Release to media in Regions 6, 5, 3 and 1 R6 EA, R5 EA, R3 
EA, R1 EA 

Day of 
Announcement 

Posting to R6 and FWS national websites and 
social media platforms 

R6 EA, HQ EA 

Ongoing Response to all subsequent media requests and 
inquiries 

R6 EA, R5 EA, R3 
EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 
 
 
 
 

 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 R6 DRD 

Wyoming Game and Fish Department, Director, 
Scott Talbot 

(307) 777-4600 R6 DRD 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 DRD 

19.  Stakeholder contacts (For each, paste in a table that provides organization name, contact  
person, contact information as appropriate, and the name of the person responsible for making 
contact) 
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Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R1 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leslie Weldon 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 

U.S. Forest Service Pacific Northwest Regional 
Forester, Jim Pena 

(503) 808-2468 R1 DRD 

U.S. Forest Service US Forest Service Eastern 
Regional Forester, Kathleen Atkinson 

(414) 297-3600 R3 DRD 

Bureau of Land Management Montana State 
Director, Jon Raby 

(406) 896-5000 

 

R6 DRD 

Bureau of Land Management Wyoming State (307) 775-6001 R6 DRD 
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Director, Mary Jo Rugwell  

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R5 DRD 

Bureau of Land Management Colorado State 
Director, Greg Shoop 

(303)-239-3700 R6 DRD 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 RD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James Ogsbury (303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt Melcher 

208-331-9431 R1 DRD 
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Stakeholder***  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie Rappaport 
Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, Director 
Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, Board 
President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

 
***litigants be notified by the solicitor of our SSA/Review 

 
 
 

Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate
.gov 

HQ-
CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.se
nate.gov  

HQ-
CLA 

Sen. Michael Bennet – Rosemary Rodriguez rosemary_rodriguez@benn
et.senate.gov 

R6-EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.g
ov  

HQ-
CLA 

23. Congressional Contacts 

mailto:cchavers@boisforte-nsn.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:tommy.walker@mail.house.gov
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Rep. Diana DeGette – Matthew Mengesha Mathew.mengesha@mail.h
ouse.gov 

R6-EA 

Rep. Jared Polis –   HQ-
CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-
Wiwchar@mail.house.gov 

R6-EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.go
v  

HQ-
CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.g
ov 

R6-EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.g
ov  

 HQ-
CLA 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.go
v 

R6-EA 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.g
ov  

HQ-
CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.
gov 

R6-EA 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-
smith@mail.house.gov  

HQ-
CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.go
v 

R6-EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-
CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.hous
e.gov 

R6-EA 

Member Wyoming   

mailto:dustin.sherer@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
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Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.se
nate.gov  

HQ-
CLA 

Sen. John Barrasso –  R6-EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.
gov  

HQ-
CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.sena
te.gov 

R6-EA 

Rep. Liz Cheney – Holly Heussner Holly.Heussner@mail.house.
gov 

HQ-
CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.go
v  

HQ-
CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.sen
ate.gov 

R6-EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.sen
ate.gov  

HQ-
CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.
gov 

R6-EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.hous
e.gov 

HQ-
CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.
gov  

R6-EA 

Member Washington   

TBD by Region 1 EA   

mailto:kaitlynn_glover@barrasso.senate.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

 

 
 
 
 
 
 
 
 

Stakeholder Contact Information Contact By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

Committees  

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov


Page 14 of 17 

SECTION VI: SOCIAL MEDIA PLAN 

 

24. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a large 
swath of the general public across a number of age demographics. 

 

Lead accounts to be used: Facebook, Twitter. 

Secondary accounts to share messaging: We assume that there will be collateral inquiries 
associated with images for the Canada lynx so Flickr may also play an important role in this 
rollout. 

Hashtags: #lynx #conservation 

Photos: https://www.flickr.com/search/?text=Canada%20lynx  

Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News 
; https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates populations in Lower 48 States are no longer in 

danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 5-year 

review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 

 

Facebook messages:  
Read more at xxxxx 

Other platform messages: N/A 

 

 

 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve Segin, robert_segin@fws.gov, 303-236-4578 

Sarah Levy, sarah_levey@fws.gov, 503-231-6208 

Georgia Parham, , Georgia_Parham@fws.gov, 812-334-4261 x 1203 

Meagan Racey, Meagan_racey@fws.gov, 413-253-8558 

Christina Meister, Christina_Meister@fws.gov, 703-358-2284 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov,  703-358-2275 

Roya Mogadam - roya_mogadam@fws.gov, 303-236-4572 (R6) 

Sarah Levy, sarah_levey@fws.gov,  503-231-6208 

Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 

Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Steve Segin - robert_segin@fws.gov - 303-236-4578 

 

mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:Christina_Meister@fws.gov
mailto:Alyssa_Hausman@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
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26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 
HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

R.Mogadam 10-24-17 

S.Segin 11-2-17 

  

 

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 

 



From: Nelson, Marjorie
To: Bush, Jodi
Subject: Re: lynx call with atty"s?
Date: Tuesday, December 19, 2017 11:51:04 AM

I'll see what I can do.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

On Tue, Dec 19, 2017 at 11:49 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
yes.  I'm pretty tied up today but you can look at my calendar for other times.  Even when on
leave I can call in (not going anywhere).  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Dec 19, 2017 at 10:46 AM, Nelson, Marjorie <marjorie_nelson@fws.gov> wrote:
It seems we should have a lynx coordination call with SOL and DOJ so we're on
the same page.
sound okay to you?

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

mailto:marjorie_nelson@fws.gov
mailto:jodi_bush@fws.gov
mailto:jodi_bush@fws.gov
mailto:marjorie_nelson@fws.gov


 
 
 
 
 

Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 

1. Plan title: Canada lynx 5-year Review 

 

2.  DTS number: 067057 

 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 states) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicates 
that the Canada lynx has persistent resident populations in Maine, northeastern Minnesota, 
northwestern Montana, northeastern Idaho, and north-central Washington. There is also a 
resident introduced population in western Colorado and occasional lynx residency in some 
neighboring states and adjacent areas. Based on the health of this lynx population and the 
conservation efforts of federal, state, and tribal agencies, the Service’s 5-year status review 
recommends the removal of the lynx DPS from the list of endangered and threatened 
species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

December 2017. This is the proposed time frame for the 5-year review and SSA to be 
made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is the lead. R1, R2, R3, R5 and HQ are also involved. 
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SECTION II: GOALS 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to the point in which they no 
longer need federal protection.  

The Service relies on the best available science when conducting 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.  

Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our federal, state, tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species. The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  
 
The recommendation to delist is a success story for the lynx and a testament to how 
working with our partners can move ESA listed species towards recovery. If it is 
determined that the Canada Lynx should be delisted then the Service will publish a 
proposed rule in the Federal Register seeking review and comment by other federal 
agencies, state biologists, and the public, as well as the advice of independent species 
experts. After analyzing the comments, we will announce our final decision in the Federal 
Register, either completing the final rule or withdrawing the action and maintaining the 
current species’ status. 
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SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The interested public; Congress; state, tribal, and local governments; federal partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  

DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., Wild Earth Guardians, Earth Justice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the lower 48 states at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 

● Washington State Fish and Wildlife and/or Natural Resources Departments may oppose 
because federal delisting is at odds with their recent uplisting of lynx at the state level 
from threatened to endangered. 
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11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, state wildlife and 
natural resources management agencies, AFWA, WAFWA, state governments (especially 
Maine, Montana, Idaho, and Wyoming). 

 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of facts, 
which should be placed in the appendix. List no more than three!) 

This is a positive ESA story; an iconic animal once moving towards extinction, now 
showing signs of recovery thanks to collaborative conservation efforts by states, tribes, 
federal agencies and other partners. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by state, federal, and tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 

 

Given our recommendation to delist the lynx DPS due to recovery, a recovery plan would 
not promote the conservation of the species, and therefore at this time, we will not be 
completing a recovery plan for Canada lynx. If, during the rulemaking process, we 
determine that the Canada lynx should remain listed, the Service would reconsider the need 
to complete a recovery plan. 

 

In the core of the species’ range, lynx populations fluctuate dramatically as they closely 
track 10-year cycles in hare populations.  At the southern edge of both species’ ranges, 
including the DPS range, hare population cycles are much less pronounced, and some may 
not cycle at all.  Therefore, lynx populations in the DPS do not undergo the dramatic swings 
seen in more northern populations, though they likely respond to changes in hare abundance 
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with less dramatic population fluctuations.  In general, lynx populations in the DPS 
typically occur at densities similar to those in the north when hare numbers are low.  

Continued climate warming is regarded as the biggest long-term threat to the lynx DPS in 
the future. Climate change could result in shifts in the boreal forests, snow conditions and 
main food source, the snowshoe hare. How vulnerable lynx populations are to these shifts is 
unknown and undeterminable at this time. However, neither the Service nor the experts we 
consulted conclude that the lynx is at risk of extinction from climate change within the 
foreseeable future.  

After more than 2 years of close coordination with State and Federal agencies, Tribes, and 
academic partners to evaluate the current status and future viability of Canada lynx (lynx 
canadensis) populations in the Contiguous United States Distinct Population Segment 
(DPS), the U.S. Fish and Wildlife Service has completed a detailed species status 
assessment (SSA) for the DPS.  The SSA compiles and evaluates the best available 
scientific information, including the professional opinions of a panel of 10 recognized lynx 
experts, to understand the DPS's current status and future viability in the context of 
historical conditions and what was known when the DPS was listed as threatened under the 
Endangered Species Act (Act) and considering current and potential future stressors to its 
viability. 

 

 

 

 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization websites and news feeds, local and national television and radio, print media, 
web based news sites and social media including Facebook and Twitter. 

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS website 
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R6 Internal Pop-Up 

Internal email to employees 

Internal news web pages and newsletters 

Social media posts to FB and Twitter 

 

16. Which communications tools are needed to support these strategies and tactics? (Be as 
specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 internet page Rob Mansheim TBD 

   

 

 

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Mountain time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD review  R6 EA 

TBD  SSA/Review delivered to court HQ-Sol 

Day Before the 
Announcement 

Congressional Notification HQ/Regional CLA 

Day Before the 
Announcement 

State Wildlife Agencies Regional ES 

Day of the 
Announcement 

Tribal Notification Regional NALs 
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Day of 
Announcement 

Release to media in Regions 6, 5, 3 and 1 R6 EA, R5 EA, R3 
EA, R1 EA 

Day of 
Announcement 

Posting to R6 and FWS national websites and 
social media platforms 

R6 EA, HQ EA 

Ongoing Response to all subsequent media requests and 
inquiries 

R6 EA, R5 EA, R3 
EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 
 
 
 
 

 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 R6 DRD 

Wyoming Game and Fish Department, Director, 
Scott Talbot 

(307) 777-4600 R6 DRD 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 DRD 

19.  Stakeholder contacts (For each, paste in a table that provides organization name, contact  
person, contact information as appropriate, and the name of the person responsible for making 
contact) 
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Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R1 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leslie Weldon 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 

U.S. Forest Service Pacific Northwest Regional 
Forester, Jim Pena 

(503) 808-2468 R1 DRD 

U.S. Forest Service US Forest Service Eastern 
Regional Forester, Kathleen Atkinson 

(414) 297-3600 R3 DRD 

Bureau of Land Management Montana State 
Director, Jon Raby 

(406) 896-5000 

 

R6 DRD 

Bureau of Land Management Wyoming State (307) 775-6001 R6 DRD 
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Director, Mary Jo Rugwell  

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R5 DRD 

Bureau of Land Management Colorado State 
Director, Greg Shoop 

(303)-239-3700 R6 DRD 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 RD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James Ogsbury (303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt Melcher 

208-331-9431 R1 DRD 
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Stakeholder***  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie Rappaport 
Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, Director 
Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, Board 
President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

 
***litigants be notified by the solicitor of our SSA/Review 

 
 
 

Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate
.gov 

HQ-
CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.se
nate.gov  

HQ-
CLA 

Sen. Michael Bennet – Rosemary Rodriguez rosemary_rodriguez@benn
et.senate.gov 

R6-EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.g
ov  

HQ-
CLA 

23. Congressional Contacts 

mailto:cchavers@boisforte-nsn.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:tommy.walker@mail.house.gov
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Rep. Diana DeGette – Matthew Mengesha Mathew.mengesha@mail.h
ouse.gov 

R6-EA 

Rep. Jared Polis –   HQ-
CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-
Wiwchar@mail.house.gov 

R6-EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.go
v  

HQ-
CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.g
ov 

R6-EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.g
ov  

 HQ-
CLA 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.go
v 

R6-EA 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.g
ov  

HQ-
CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.
gov 

R6-EA 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-
smith@mail.house.gov  

HQ-
CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.go
v 

R6-EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-
CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.hous
e.gov 

R6-EA 

Member Wyoming   

mailto:dustin.sherer@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov


Page 12 of 17 

 

Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.se
nate.gov  

HQ-
CLA 

Sen. John Barrasso –  R6-EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.
gov  

HQ-
CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.sena
te.gov 

R6-EA 

Rep. Liz Cheney – Holly Heussner Holly.Heussner@mail.house.
gov 

HQ-
CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.go
v  

HQ-
CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.sen
ate.gov 

R6-EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.sen
ate.gov  

HQ-
CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.
gov 

R6-EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.hous
e.gov 

HQ-
CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.
gov  

R6-EA 

Member Washington   

TBD by Region 1 EA   

mailto:kaitlynn_glover@barrasso.senate.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

 

 
 
 
 
 
 
 
 

Stakeholder Contact Information Contact By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

Committees  

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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SECTION VI: SOCIAL MEDIA PLAN 

 

24. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a large 
swath of the general public across a number of age demographics. 

 

Lead accounts to be used: Facebook, Twitter. 

Secondary accounts to share messaging: We assume that there will be collateral inquiries 
associated with images for the Canada lynx so Flickr may also play an important role in this 
rollout. 

Hashtags: #lynx #conservation 

Photos: https://www.flickr.com/search/?text=Canada%20lynx  

Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News ; 
https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates populations in Lower 48 States are no longer in 

danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 5-year 

review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 

 

Facebook messages:  
Read more at xxxxx 

Other platform messages: N/A 

 

 

 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve Segin, robert_segin@fws.gov, 303-236-4578 

Sarah Levy, sarah_levey@fws.gov, 503-231-6208 

Georgia Parham, , Georgia_Parham@fws.gov, 812-334-4261 x 1203 

Meagan Racey, Meagan_racey@fws.gov, 413-253-8558 

Christina Meister, Christina_Meister@fws.gov, 703-358-2284 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov,  703-358-2275 

Roya Mogadam - roya_mogadam@fws.gov, 303-236-4572 (R6) 

Sarah Levy, sarah_levey@fws.gov,  503-231-6208 

Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 

Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Steve Segin - robert_segin@fws.gov - 303-236-4578 

 

mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:Christina_Meister@fws.gov
mailto:Alyssa_Hausman@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
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26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 
HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

R.Mogadam 10-24-17 

S.Segin 11-2-17 

  

 

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 

 



 
 
 
 
 

Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 

1. Plan title: Canada lynx 5-year Review 

 

2.  DTS number: 067057 

 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 states) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicates 
that the Canada lynx has persistent resident populations in Maine, northeastern Minnesota, 
northwestern Montana, northeastern Idaho, and north-central Washington. There is also a 
resident introduced population in western Colorado and occasional lynx residency in some 
neighboring states and adjacent areas. Based on the health of this lynx population and the 
conservation efforts of federal, state, and tribal agencies, the Service’s 5-year status review 
recommends the removal of the lynx DPS from the list of endangered and threatened 
species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

December 2017. This is the proposed time frame for the 5-year review and SSA to be 
made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is the lead. R1, R2, R3, R5 and HQ are also involved. 
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SECTION II: GOALS 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to the point in which they no 
longer need federal protection.  

The Service relies on the best available science when conducting 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.  

Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our federal, state, tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species. The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  
 
The recommendation to delist is a success story for the lynx and a testament to how 
working with our partners can move ESA listed species towards recovery. If it is 
determined that the Canada Lynx should be delisted then the Service will publish a 
proposed rule in the Federal Register seeking review and comment by other federal 
agencies, state biologists, and the public, as well as the advice of independent species 
experts. After analyzing the comments, we will announce our final decision in the Federal 
Register, either completing the final rule or withdrawing the action and maintaining the 
current species’ status. 
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SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The interested public; Congress; state, tribal, and local governments; federal partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  

DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., Wild Earth Guardians, Earth Justice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the lower 48 states at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 

● Washington State Fish and Wildlife and/or Natural Resources Departments may oppose 
because federal delisting is at odds with their recent uplisting of lynx at the state level 
from threatened to endangered. 
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11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, state wildlife and 
natural resources management agencies, AFWA, WAFWA, state governments (especially 
Maine, Montana, Idaho, and Wyoming). 

 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of facts, 
which should be placed in the appendix. List no more than three!) 

This is a positive ESA story; an iconic animal once moving towards extinction, now 
showing signs of recovery thanks to collaborative conservation efforts by states, tribes, 
federal agencies and other partners. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by state, federal, and tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 

 

Given our recommendation to delist the lynx DPS due to recovery, a recovery plan would 
not promote the conservation of the species, and therefore at this time, we will not be 
completing a recovery plan for Canada lynx. If, during the rulemaking process, we 
determine that the Canada lynx should remain listed, the Service would reconsider the need 
to complete a recovery plan. 

 

In the core of the species’ range, lynx populations fluctuate dramatically as they closely 
track 10-year cycles in hare populations.  At the southern edge of both species’ ranges, 
including the DPS range, hare population cycles are much less pronounced, and some may 
not cycle at all.  Therefore, lynx populations in the DPS do not undergo the dramatic swings 
seen in more northern populations, though they likely respond to changes in hare abundance 
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with less dramatic population fluctuations.  In general, lynx populations in the DPS 
typically occur at densities similar to those in the north when hare numbers are low.  

Continued climate warming is regarded as the biggest long-term threat to the lynx DPS in 
the future. Climate change could result in shifts in the boreal forests, snow conditions and 
main food source, the snowshoe hare. How vulnerable lynx populations are to these shifts is 
unknown and undeterminable at this time. However, neither the Service nor the experts we 
consulted conclude that the lynx is at risk of extinction from climate change within the 
foreseeable future.  

After more than 2 years of close coordination with State and Federal agencies, Tribes, and 
academic partners to evaluate the current status and future viability of Canada lynx (lynx 
canadensis) populations in the Contiguous United States Distinct Population Segment 
(DPS), the U.S. Fish and Wildlife Service has completed a detailed species status 
assessment (SSA) for the DPS.  The SSA compiles and evaluates the best available 
scientific information, including the professional opinions of a panel of 10 recognized lynx 
experts, to understand the DPS's current status and future viability in the context of 
historical conditions and what was known when the DPS was listed as threatened under the 
Endangered Species Act (Act) and considering current and potential future stressors to its 
viability. 

 

 

 

 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization websites and news feeds, local and national television and radio, print media, 
web based news sites and social media including Facebook and Twitter. 

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS website 
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R6 Internal Pop-Up 

Internal email to employees 

Internal news web pages and newsletters 

Social media posts to FB and Twitter 

 

16. Which communications tools are needed to support these strategies and tactics? (Be as 
specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 internet page Rob Mansheim TBD 

   

 

 

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Mountain time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD review  R6 EA 

TBD  SSA/Review delivered to court HQ-Sol 

Day Before the 
Announcement 

Congressional Notification HQ/Regional CLA 

Day Before the 
Announcement 

State Wildlife Agencies Regional ES 

Day of the 
Announcement 

Tribal Notification Regional NALs 
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Day of 
Announcement 

Release to media in Regions 6, 5, 3 and 1 R6 EA, R5 EA, R3 
EA, R1 EA 

Day of 
Announcement 

Posting to R6 and FWS national websites and 
social media platforms 

R6 EA, HQ EA 

Ongoing Response to all subsequent media requests and 
inquiries 

R6 EA, R5 EA, R3 
EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 
 
 
 
 

 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 R6 DRD 

Wyoming Game and Fish Department, Director, 
Scott Talbot 

(307) 777-4600 R6 DRD 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 DRD 

19.  Stakeholder contacts (For each, paste in a table that provides organization name, contact  
person, contact information as appropriate, and the name of the person responsible for making 
contact) 
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Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R1 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leslie Weldon 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 

U.S. Forest Service Pacific Northwest Regional 
Forester, Jim Pena 

(503) 808-2468 R1 DRD 

U.S. Forest Service US Forest Service Eastern 
Regional Forester, Kathleen Atkinson 

(414) 297-3600 R3 DRD 

Bureau of Land Management Montana State 
Director, Jon Raby 

(406) 896-5000 

 

R6 DRD 

Bureau of Land Management Wyoming State (307) 775-6001 R6 DRD 
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Director, Mary Jo Rugwell  

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R5 DRD 

Bureau of Land Management Colorado State 
Director, Greg Shoop 

(303)-239-3700 R6 DRD 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 RD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James Ogsbury (303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt Melcher 

208-331-9431 R1 DRD 
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Stakeholder***  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie Rappaport 
Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, Director 
Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, Board 
President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

 
***litigants be notified by the solicitor of our SSA/Review 

 
 
 

Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate
.gov 

HQ-
CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.se
nate.gov  

HQ-
CLA 

Sen. Michael Bennet – Rosemary Rodriguez rosemary_rodriguez@benn
et.senate.gov 

R6-EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.g
ov  

HQ-
CLA 

23. Congressional Contacts 

mailto:cchavers@boisforte-nsn.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:tommy.walker@mail.house.gov
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Rep. Diana DeGette – Matthew Mengesha Mathew.mengesha@mail.h
ouse.gov 

R6-EA 

Rep. Jared Polis –   HQ-
CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-
Wiwchar@mail.house.gov 

R6-EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.go
v  

HQ-
CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.g
ov 

R6-EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.g
ov  

 HQ-
CLA 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.go
v 

R6-EA 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.g
ov  

HQ-
CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.
gov 

R6-EA 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-
smith@mail.house.gov  

HQ-
CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.go
v 

R6-EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-
CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.hous
e.gov 

R6-EA 

Member Wyoming   

mailto:dustin.sherer@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
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Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.se
nate.gov  

HQ-
CLA 

Sen. John Barrasso –  R6-EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.
gov  

HQ-
CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.sena
te.gov 

R6-EA 

Rep. Liz Cheney – Holly Heussner Holly.Heussner@mail.house.
gov 

HQ-
CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.go
v  

HQ-
CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.sen
ate.gov 

R6-EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.sen
ate.gov  

HQ-
CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.
gov 

R6-EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.hous
e.gov 

HQ-
CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.
gov  

R6-EA 

Member Washington   

TBD by Region 1 EA   

mailto:kaitlynn_glover@barrasso.senate.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

 

 
 
 
 
 
 
 
 

Stakeholder Contact Information Contact By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

Committees  

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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SECTION VI: SOCIAL MEDIA PLAN 

 

24. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a large 
swath of the general public across a number of age demographics. 

 

Lead accounts to be used: Facebook, Twitter. 

Secondary accounts to share messaging: We assume that there will be collateral inquiries 
associated with images for the Canada lynx so Flickr may also play an important role in this 
rollout. 

Hashtags: #lynx #conservation 

Photos: https://www.flickr.com/search/?text=Canada%20lynx  

Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News ; 
https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates populations in Lower 48 States are no longer in 

danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 5-year 

review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 

 

Facebook messages:  
Read more at xxxxx 

Other platform messages: N/A 

 

 

 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve Segin, robert_segin@fws.gov, 303-236-4578 

Sarah Levy, sarah_levey@fws.gov, 503-231-6208 

Georgia Parham, , Georgia_Parham@fws.gov, 812-334-4261 x 1203 

Meagan Racey, Meagan_racey@fws.gov, 413-253-8558 

Christina Meister, Christina_Meister@fws.gov, 703-358-2284 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov,  703-358-2275 

Roya Mogadam - roya_mogadam@fws.gov, 303-236-4572 (R6) 

Sarah Levy, sarah_levey@fws.gov,  503-231-6208 

Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 

Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Steve Segin - robert_segin@fws.gov - 303-236-4578 

 

mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:Christina_Meister@fws.gov
mailto:Alyssa_Hausman@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
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26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 
HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

R.Mogadam 10-24-17 

S.Segin 11-2-17 

  

 

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 

 



 
 
 
 
 

Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 

1. Plan title: Canada lynx 5-year Review 

 

2.  DTS number: 067057 

 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 states) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicates 
that the Canada lynx has persistent resident populations in Maine, northeastern Minnesota, 
northwestern Montana, northeastern Idaho, and north-central Washington. There is also a 
resident introduced population in western Colorado and occasional lynx residency in some 
neighboring states and adjacent areas. Based on the health of this lynx population and the 
conservation efforts of federal, state, and tribal agencies, the Service’s 5-year status review 
recommends the removal of the lynx DPS from the list of endangered and threatened 
species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

December 2017. This is the proposed time frame for the 5-year review and SSA to be 
made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is the lead. R1, R2, R3, R5 and HQ are also involved. 
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SECTION II: GOALS 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to the point in which they no 
longer need federal protection.  

The Service relies on the best available science when conducting 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.  

Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our federal, state, tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species. The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  
 
The recommendation to delist is a success story for the lynx and a testament to how 
working with our partners can move ESA listed species towards recovery. If it is 
determined that the Canada Lynx should be delisted then the Service will publish a 
proposed rule in the Federal Register seeking review and comment by other federal 
agencies, state biologists, and the public, as well as the advice of independent species 
experts. After analyzing the comments, we will announce our final decision in the Federal 
Register, either completing the final rule or withdrawing the action and maintaining the 
current species’ status. 
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SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The interested public; Congress; state, tribal, and local governments; federal partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  

DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., Wild Earth Guardians, Earth Justice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the lower 48 states at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 

● Washington State Fish and Wildlife and/or Natural Resources Departments may oppose 
because federal delisting is at odds with their recent uplisting of lynx at the state level 
from threatened to endangered. 
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11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, state wildlife and 
natural resources management agencies, AFWA, WAFWA, state governments (especially 
Maine, Montana, Idaho, and Wyoming). 

 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of facts, 
which should be placed in the appendix. List no more than three!) 

This is a positive ESA story; an iconic animal once moving towards extinction, now 
showing signs of recovery thanks to collaborative conservation efforts by states, tribes, 
federal agencies and other partners. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by state, federal, and tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 

 

Given our recommendation to delist the lynx DPS due to recovery, a recovery plan would 
not promote the conservation of the species, and therefore at this time, we will not be 
completing a recovery plan for Canada lynx. If, during the rulemaking process, we 
determine that the Canada lynx should remain listed, the Service would reconsider the need 
to complete a recovery plan. 

 

In the core of the species’ range, lynx populations fluctuate dramatically as they closely 
track 10-year cycles in hare populations.  At the southern edge of both species’ ranges, 
including the DPS range, hare population cycles are much less pronounced, and some may 
not cycle at all.  Therefore, lynx populations in the DPS do not undergo the dramatic swings 
seen in more northern populations, though they likely respond to changes in hare abundance 
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with less dramatic population fluctuations.  In general, lynx populations in the DPS 
typically occur at densities similar to those in the north when hare numbers are low.  

Continued climate warming is regarded as the biggest long-term threat to the lynx DPS in 
the future. Climate change could result in shifts in the boreal forests, snow conditions and 
main food source, the snowshoe hare. How vulnerable lynx populations are to these shifts is 
unknown and undeterminable at this time. However, neither the Service nor the experts we 
consulted conclude that the lynx is at risk of extinction from climate change within the 
foreseeable future.  

After more than 2 years of close coordination with State and Federal agencies, Tribes, and 
academic partners to evaluate the current status and future viability of Canada lynx (lynx 
canadensis) populations in the Contiguous United States Distinct Population Segment 
(DPS), the U.S. Fish and Wildlife Service has completed a detailed species status 
assessment (SSA) for the DPS.  The SSA compiles and evaluates the best available 
scientific information, including the professional opinions of a panel of 10 recognized lynx 
experts, to understand the DPS's current status and future viability in the context of 
historical conditions and what was known when the DPS was listed as threatened under the 
Endangered Species Act (Act) and considering current and potential future stressors to its 
viability. 

 

 

 

 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization websites and news feeds, local and national television and radio, print media, 
web based news sites and social media including Facebook and Twitter. 

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS website 
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R6 Internal Pop-Up 

Internal email to employees 

Internal news web pages and newsletters 

Social media posts to FB and Twitter 

 

16. Which communications tools are needed to support these strategies and tactics? (Be as 
specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 internet page Rob Mansheim TBD 

   

 

 

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Mountain time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD review  R6 EA 

TBD  SSA/Review delivered to court HQ-Sol 

Day Before the 
Announcement 

Congressional Notification HQ/Regional CLA 

Day Before the 
Announcement 

State Wildlife Agencies Regional ES 

Day of the 
Announcement 

Tribal Notification Regional NALs 
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Day of 
Announcement 

Release to media in Regions 6, 5, 3 and 1 R6 EA, R5 EA, R3 
EA, R1 EA 

Day of 
Announcement 

Posting to R6 and FWS national websites and 
social media platforms 

R6 EA, HQ EA 

Ongoing Response to all subsequent media requests and 
inquiries 

R6 EA, R5 EA, R3 
EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 
 
 
 
 

 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 R6 DRD 

Wyoming Game and Fish Department, Director, 
Scott Talbot 

(307) 777-4600 R6 DRD 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 DRD 

19.  Stakeholder contacts (For each, paste in a table that provides organization name, contact  
person, contact information as appropriate, and the name of the person responsible for making 
contact) 
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Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R1 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leslie Weldon 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 

U.S. Forest Service Pacific Northwest Regional 
Forester, Jim Pena 

(503) 808-2468 R1 DRD 

U.S. Forest Service US Forest Service Eastern 
Regional Forester, Kathleen Atkinson 

(414) 297-3600 R3 DRD 

Bureau of Land Management Montana State 
Director, Jon Raby 

(406) 896-5000 

 

R6 DRD 

Bureau of Land Management Wyoming State (307) 775-6001 R6 DRD 
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Director, Mary Jo Rugwell  

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R5 DRD 

Bureau of Land Management Colorado State 
Director, Greg Shoop 

(303)-239-3700 R6 DRD 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 RD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James Ogsbury (303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt Melcher 

208-331-9431 R1 DRD 



Page 10 of 17 

Stakeholder***  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie Rappaport 
Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, Director 
Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, Board 
President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

 
***litigants be notified by the solicitor of our SSA/Review 

 
 
 

Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate
.gov 

HQ-
CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.se
nate.gov  

HQ-
CLA 

Sen. Michael Bennet – Rosemary Rodriguez rosemary_rodriguez@benn
et.senate.gov 

R6-EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.g
ov  

HQ-
CLA 

23. Congressional Contacts 

mailto:cchavers@boisforte-nsn.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:tommy.walker@mail.house.gov
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Rep. Diana DeGette – Matthew Mengesha Mathew.mengesha@mail.h
ouse.gov 

R6-EA 

Rep. Jared Polis –   HQ-
CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-
Wiwchar@mail.house.gov 

R6-EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.go
v  

HQ-
CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.g
ov 

R6-EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.g
ov  

 HQ-
CLA 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.go
v 

R6-EA 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.g
ov  

HQ-
CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.
gov 

R6-EA 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-
smith@mail.house.gov  

HQ-
CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.go
v 

R6-EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-
CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.hous
e.gov 

R6-EA 

Member Wyoming   

mailto:dustin.sherer@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
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Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.se
nate.gov  

HQ-
CLA 

Sen. John Barrasso –  R6-EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.
gov  

HQ-
CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.sena
te.gov 

R6-EA 

Rep. Liz Cheney – Holly Heussner Holly.Heussner@mail.house.
gov 

HQ-
CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.go
v  

HQ-
CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.sen
ate.gov 

R6-EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.sen
ate.gov  

HQ-
CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.
gov 

R6-EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.hous
e.gov 

HQ-
CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.
gov  

R6-EA 

Member Washington   

TBD by Region 1 EA   

mailto:kaitlynn_glover@barrasso.senate.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

 

 
 
 
 
 
 
 
 

Stakeholder Contact Information Contact By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

Committees  

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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SECTION VI: SOCIAL MEDIA PLAN 

 

24. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a large 
swath of the general public across a number of age demographics. 

 

Lead accounts to be used: Facebook, Twitter. 

Secondary accounts to share messaging: We assume that there will be collateral inquiries 
associated with images for the Canada lynx so Flickr may also play an important role in this 
rollout. 

Hashtags: #lynx #conservation 

Photos: https://www.flickr.com/search/?text=Canada%20lynx  

Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News ; 
https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates populations in Lower 48 States are no longer in 

danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 5-year 

review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 

 

Facebook messages:  
Read more at xxxxx 

Other platform messages: N/A 

 

 

 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve Segin, robert_segin@fws.gov, 303-236-4578 

Sarah Levy, sarah_levey@fws.gov, 503-231-6208 

Georgia Parham, , Georgia_Parham@fws.gov, 812-334-4261 x 1203 

Meagan Racey, Meagan_racey@fws.gov, 413-253-8558 

Christina Meister, Christina_Meister@fws.gov, 703-358-2284 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov,  703-358-2275 

Roya Mogadam - roya_mogadam@fws.gov, 303-236-4572 (R6) 

Sarah Levy, sarah_levey@fws.gov,  503-231-6208 

Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 

Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Steve Segin - robert_segin@fws.gov - 303-236-4578 

 

mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:Christina_Meister@fws.gov
mailto:Alyssa_Hausman@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
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26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 
HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

R.Mogadam 10-24-17 

S.Segin 11-2-17 

  

 

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 

 



 
 
 
 
 

Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 

1. Plan title: Canada lynx 5-year Review 

 

2.  DTS number: 067057 

 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 states) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicates 
that the Canada lynx has persistent resident populations in Maine, northeastern Minnesota, 
northwestern Montana/, northeastern Idaho, and north-central Washington. There is also a 
resident introduced population in western Colorado and occasional lynx residency in some 
neighboring states and adjacent areas. Based on the health of theseis lynx populations and 
the conservation efforts of federal, state, and tribal agencies, the Service’s 5-year status 
review recommends the removal of the lynx DPS from the list of endangered and 
threatened species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

December 2017. This is the proposed time frame for the 5-year review and SSA to be 
made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is the lead. R1, R2, R3, R5 and HQ are also involved. 

 

 

 

Commented [ZJ1]: This is really one pop., 99.5% of 
which occurs in northwest MT, with the other tiny 
portion spilling over into extreme northeastern Idaho. 
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SECTION II: GOALS 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to the point in which they no 
longer need federal protection.  

The Service relies on the best available science when conducting 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.  

Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our federal, state, tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species. The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  
 
The recommendation to delist is a success story for the lynx and a testament to how 
working with our partners can move ESA listed species towards recovery. If it is 
determined that the Canada Lynx should be delisted then the Service will publish a 
proposed rule in the Federal Register seeking review and comment by other federal 
agencies, state biologists, and the public, as well as the advice of independent species 
experts. After analyzing the comments, we will announce our final decision in the Federal 
Register, either completing the final rule or withdrawing the action and maintaining the 
current species’ status. 
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SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The interested public; Congress; state, tribal, and local governments; federal partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  

DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., Wild Earth Guardians, Earth Justice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the lower 48 states at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 

● Washington State Fish and Wildlife and/or Natural Resources Departments may oppose 
because federal delisting is at odds with their recent uplisting of lynx at the state level 
from threatened to endangered. 
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11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, state wildlife and 
natural resources management agencies, AFWA, WAFWA, state governments (especially 
Maine, Montana, Idaho, and Wyoming). 

 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of facts, 
which should be placed in the appendix. List no more than three!) 

This is a positive ESA story; an iconic animal once moving towards extinction, now 
showing signs of recovery thanks to collaborative conservation efforts by states, tribes, 
federal agencies and other partners. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by state, federal, and tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 

 

Given our recommendation to delist the lynx DPS due to recovery, a recovery plan would 
not promote the conservation of the species, and therefore at this time, we will not be 
completing a recovery plan for Canada lynx. If, during the rulemaking process, we 
determine that the Canada lynx should remain listed, the Service would reconsider the need 
to complete a recovery plan. 

 

In the core of the species’ range, lynx populations fluctuate dramatically as they closely 
track 10-year cycles in hare populations.  At the southern edge of both species’ ranges, 
including the DPS range, hare population cycles are much less pronounced, and some may 
not cycle at all.  Therefore, lynx populations in the DPS do not undergo the dramatic swings 
seen in more northern populations, though they likely respond to changes in hare abundance 

Commented [ZJ2]: No. No evidence it was once “moving 
toward extinction.” The species as a whole – the taxon – 
is widespread and abundant in Canada and Alaska and 
has thus been designated (IUCN Red List) as a species of 
LEAST Conservation Concern. In Lower 48 – southern 
edge of range, always rare, lots of uncertainty about 
status at time of listing, but we now understand past 
statements suggesting “moving toward extinction” 
(extirpation) are not supported by reliable information.  
It was not listed because of population decline or range 
contraction – i.e., not because it was moving toward 
extinction – but because there was the potential for 
adverse consequences of federal land management 
(primarily timber harvest/silviculture). 
 
The positive story is that the regulatory void for which 
the DPS was listed has been filled by responsible federal 
agencies, in coordination with the Service, revising land 
management plans and committing to conserve lynx 
populations and habitats. Also lots of work by some state 
and some tribal resource agencies, some private 
landowners (Maine).  It was once largely unprotected; 
now it is largely protected. 
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with less dramatic population fluctuations.  In general, lynx populations in the DPS 
typically occur at densities similar to those in the north when hare numbers are low.  

Continued climate warming is regarded as the biggest long-term threat to the lynx DPS in 
the future. Climate change could result in shifts in the boreal forests, snow conditions and 
main food source, the snowshoe hare. How vulnerable lynx populations are to these shifts is 
unknown and undeterminable at this time. However, neither the Service nor the experts we 
consulted conclude that the lynx is at risk of extinction from climate change within the 
foreseeable future.  

After more than 2 years of close coordination with State and Federal agencies, Tribes, and 
academic partners to evaluate the current status and future viability of Canada lynx (Llynx 
canadensis) populations in the Contiguous United States Distinct Population Segment 
(DPS), the U.S. Fish and Wildlife Service has completed a detailed species status 
assessment (SSA) for the DPS.  The SSA compiles and evaluates the best available 
scientific information, including the professional opinions of a panel of 10 recognized lynx 
experts, to understand the DPS's current status and future viability in the context of 
historical conditions and what was known when the DPS was listed as threatened under the 
Endangered Species Act (Act) and considering current and potential future stressors to its 
viability. 

 

 

 

 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization websites and news feeds, local and national television and radio, print media, 
web based news sites and social media including Facebook and Twitter. 

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS website 

Formatted: Font: Italic
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R6 Internal Pop-Up 

Internal email to employees 

Internal news web pages and newsletters 

Social media posts to FB and Twitter 

 

16. Which communications tools are needed to support these strategies and tactics? (Be as 
specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 internet page Rob Mansheim TBD 

   

 

 

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Mountain time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD review  R6 EA 

TBD  SSA/Review delivered to court HQ-Sol 

Day Before the 
Announcement 

Congressional Notification HQ/Regional CLA 

Day Before the 
Announcement 

State Wildlife Agencies Regional ES 

Day of the 
Announcement 

Tribal Notification Regional NALs 
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Day of 
Announcement 

Release to media in Regions 6, 5, 3 and 1 R6 EA, R5 EA, R3 
EA, R1 EA 

Day of 
Announcement 

Posting to R6 and FWS national websites and 
social media platforms 

R6 EA, HQ EA 

Ongoing Response to all subsequent media requests and 
inquiries 

R6 EA, R5 EA, R3 
EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 
 
 
 
 

 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 R6 DRD 

Wyoming Game and Fish Department, Director, 
Scott Talbot 

(307) 777-4600 R6 DRD 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 DRD 

19.  Stakeholder contacts (For each, paste in a table that provides organization name, contact  
person, contact information as appropriate, and the name of the person responsible for making 
contact) 
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Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R1 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leslie Weldon 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 

U.S. Forest Service Pacific Northwest Regional 
Forester, Jim Pena 

(503) 808-2468 R1 DRD 

U.S. Forest Service US Forest Service Eastern 
Regional Forester, Kathleen Atkinson 

(414) 297-3600 R3 DRD 

Bureau of Land Management Montana State 
Director, Jon Raby 

(406) 896-5000 

 

R6 DRD 

Bureau of Land Management Wyoming State (307) 775-6001 R6 DRD 
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Director, Mary Jo Rugwell  

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R5 DRD 

Bureau of Land Management Colorado State 
Director, Greg Shoop 

(303)-239-3700 R6 DRD 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 RD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James Ogsbury (303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt Melcher 

208-331-9431 R1 DRD 
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Stakeholder***  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie Rappaport 
Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, Director 
Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, Board 
President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

 
***litigants be notified by the solicitor of our SSA/Review 

 
 
 

Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate
.gov 

HQ-
CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.se
nate.gov  

HQ-
CLA 

Sen. Michael Bennet – Rosemary Rodriguez rosemary_rodriguez@benn
et.senate.gov 

R6-EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.g
ov  

HQ-
CLA 

23. Congressional Contacts 

mailto:cchavers@boisforte-nsn.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:tommy.walker@mail.house.gov
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Rep. Diana DeGette – Matthew Mengesha Mathew.mengesha@mail.h
ouse.gov 

R6-EA 

Rep. Jared Polis –   HQ-
CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-
Wiwchar@mail.house.gov 

R6-EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.go
v  

HQ-
CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.g
ov 

R6-EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.g
ov  

 HQ-
CLA 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.go
v 

R6-EA 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.g
ov  

HQ-
CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.
gov 

R6-EA 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-
smith@mail.house.gov  

HQ-
CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.go
v 

R6-EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-
CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.hous
e.gov 

R6-EA 

Member Wyoming   

mailto:dustin.sherer@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
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Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.se
nate.gov  

HQ-
CLA 

Sen. John Barrasso –  R6-EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.
gov  

HQ-
CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.sena
te.gov 

R6-EA 

Rep. Liz Cheney – Holly Heussner Holly.Heussner@mail.house.
gov 

HQ-
CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.go
v  

HQ-
CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.sen
ate.gov 

R6-EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.sen
ate.gov  

HQ-
CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.
gov 

R6-EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.hous
e.gov 

HQ-
CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.
gov  

R6-EA 

Member Washington   

TBD by Region 1 EA   

mailto:kaitlynn_glover@barrasso.senate.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

 

 
 
 
 
 
 
 
 

Stakeholder Contact Information Contact By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

Committees  

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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SECTION VI: SOCIAL MEDIA PLAN 

 

24. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a large 
swath of the general public across a number of age demographics. 

 

Lead accounts to be used: Facebook, Twitter. 

Secondary accounts to share messaging: We assume that there will be collateral inquiries 
associated with images for the Canada lynx so Flickr may also play an important role in this 
rollout. 

Hashtags: #lynx #conservation 

Photos: https://www.flickr.com/search/?text=Canada%20lynx  

Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News ; 
https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates populations in Lower 48 States are no longer in 

danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 5-year 

review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 

 

Facebook messages:  
Read more at xxxxx 

Other platform messages: N/A 

 

 

 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve Segin, robert_segin@fws.gov, 303-236-4578 

Sarah Levy, sarah_levey@fws.gov, 503-231-6208 

Georgia Parham, , Georgia_Parham@fws.gov, 812-334-4261 x 1203 

Meagan Racey, Meagan_racey@fws.gov, 413-253-8558 

Christina Meister, Christina_Meister@fws.gov, 703-358-2284 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov,  703-358-2275 

Roya Mogadam - roya_mogadam@fws.gov, 303-236-4572 (R6) 

Sarah Levy, sarah_levey@fws.gov,  503-231-6208 

Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 

Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Steve Segin - robert_segin@fws.gov - 303-236-4578 

 

mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:Christina_Meister@fws.gov
mailto:Alyssa_Hausman@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
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26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 
HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

R.Mogadam 10-24-17 

S.Segin 11-2-17 

  

 

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 

 



From: Mogadam, Roya
To: Howe, Marian
Subject: Re: Canada Lynx 5-yr Review: Congressional Contacts
Date: Tuesday, December 19, 2017 3:13:38 PM

Hi Merra-

Thanks for this. 

We will have the plan and the other materials to HQ tomorrow. This list is not in the comms plan format so can you all put that in, we
included our district folks but dont have info from the other regions? We already included congressional contacts and I am not 100% sure we
are going to have the capacity to go through and re-edit that at this point.

-Roya

On Tue, Dec 19, 2017 at 2:52 PM, Howe, Marian <marian_howe@fws.gov> wrote:
Hi all, 
Based on your input, here's a table for lynx with revised DC member contacts and some district contacts that were provided in the original
outreach package. I've heard that this package is currently back with region 6, so please use these contacts as you continue to revise the
communications plan. Thanks!

Cheers, 
Merra

Title Last Name State District Staff Title DC Contact District Contact
Senator Risch ID Environment LA tim_petty@risch.senate.gov
Senator Crapo ID Environment LA andrew_earl@crapo.senate.gov
Representative Labrador ID 1 Environment LA aaron.calkins@mail.house.gov
Representative Simpson ID 2 Environment LA james.neill@mail.house.gov
Senator King ME Legislative Director chad_metzler@king.senate.gov
Senator Collins ME Environment LA cameron_obrien@collins.senate.gov
Representative Pingree ME 1 Environment LA kimber.colton@mail.house.gov
Representative Poliquin ME 2 Environment LA dennis.cakert@mail.house.gov

Senator Cantwell WA Environment LA
megan_thompson@cantwell.
senate.gov

Senator Murray WA Legislative Director Livia_Lam@murray.senate.gov
Representative DelBene WA 1 Environment LA Shantanu.Tata@mail.house.gov
Representative Larson WA 2 Environment LA brandon.kaufman@mail.house.gov
Representative Herrera Butler WA 3 Environment LA anna.schartner@mail.house.gov
Representative Newhouse WA 4 Environment LA seanV.Obrien@mail.house.gov

Representative
McMorris
Rodgers WA 5 Environment LA andrew.neill@mail.house.gov

Representative Kilmer WA 6 Environment LA katie.r.allen@mail.house.gov
Representative Jayapal WA 7 Environment LA danielle.fulfs@mail.house.gov
Representative Reichert WA 8 Environment LA colin.swanson@mail.house.gov
Senator Gardner CO Environment LA dustin_sherer@gardner.senate.gov
Senator Bennet CO Environment LA candace_vahlsing@bennet.senate.gov rosemary_rodriguez@bennet.senate.gov
Representative DeGette CO 1 Environment LA tommy.walker@mail.house.gov Mathew.mengesha@mail.house.gov
Representative Polis CO 2 Environment LA blaine.miller-mcfeeley@mail.house.gov Mara.Brosy-Wiwchar@mail.house.gov
Representative Tipton CO 3 Legislative Director liz.payne@mail.house.gov brian.mccain@mail.house.gov
Representative Buck CO 4 Environment LA jake.bornstein@mail.house.gov Luke.O'Dell@mail.house.gov
Representative Lamborn CO 5 Environment LA james.thomas@mail.house.gov dale.anderson@mail.house.gov
Representative Coffman CO 6 Environment LA steve.linton-smith@mail.house.gov aurora.ogg@mail.house.gov
Representative Perlmutter CO 7 Environment LA jeff.oneil@mail.house.gov Hannah.Mullen@mail.house.gov
Senator Tester MT Environment LA henry_ring@tester.senate.gov dayna_swanson@tester.senate.gov
Senator Daines MT Environment LA meghan_thacker@daines.senate.gov liz_scanlon@daines.senate.gov
Representative Gianforte MT AL Animal Welfare LA tripp.mckemey@mail.house.gov lesley.robinson@mail.house.gov
Senator Barrasso WY Environment LA kaitlynn_glover@barrasso.senate.gov
Senator Enzi WY Environment LA aniela_butler@enzi.senate.gov karen_mccreery@enzi.senate.gov
Representative Cheney WY AL Environment LA holly.heussner@mail.house.gov

On Thu, Dec 14, 2017 at 11:15 AM, Howe, Marian <marian_howe@fws.gov> wrote:
Thanks Roya, that' clarifies things.

On Wed, Dec 13, 2017 at 6:21 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
Hi Merra-

We should only be notifying the members in the SSA map's range (which is attached and on page 10). I would pull off Utah, Michigan,
Wisconsin, and New Mexico.

mailto:roya_mogadam@fws.gov
mailto:marian_howe@fws.gov
mailto:marian_howe@fws.gov
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mailto:dennis.cakert@mail.house.gov
mailto:megan_thompson@cantwell.senate.gov
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-Roya

On Wed, Dec 13, 2017 at 2:34 PM, Howe, Marian <marian_howe@fws.gov> wrote:
Hi all, 
As part of a 5yr review, we will soon be announcing that the Canada lynx DPS may no longer need ESA protections. I'm currently
reviewing the communications plan for this announcement (attached here), and while going through the congressional contacts, I
noticed that many states/districts weren't included that are part of the lynx range based on ECOS range maps. 

Below, I've listed the contacts from the comms plan as well as others that fall in the lynx range (starred*), could you let me know if
you think the contacts in your region are correct or if I should include/exclude certain offices? Thank you for your help!

Cheers, 
Merra

R1
Washington:

Sen. Cantwell (D-WA)*
Sen. Murray (D-WA)*
Rep. DelBene (D-WA-1)*
Rep. Newhouse (R-WA-4)*
Rep. McMorris Rogers (R-WA-5)*
Rep. Reichert (R-WA-8)*

Idaho:

Sen. Risch (R-ID)*
Sen. Crapo (R-ID)*
Rep. Labrador (R-ID-1)*
Rep. Simpson (R-ID-2)*

R2
New Mexico:

Sen. Heinrich (D-NM)*
Sen. Udall (D-NM)*
Rep. Lujan (D-NM-3)*

R3
Minnesota:

Sen. Smith (D-MN) (?)*
Sen. Klobuchar (D-MN)*
Rep. Peterson (D-MN-7)*
Rep. Nolan (D-MN-8)*

Wisconsin:

Sen. Baldwin (D-WI)*
Sen. Johnson (R-WI)*
Rep. Duffy (R-WI-7)*
Rep. Gallagher (R-WI-8)*

Michigan:

Sen. Stabenow (D-MI)*
Sen. Peters (D-MI)*
Rep. Bergman (R-MI-1)*

R5 
Maine: 

Sen. Collins (R-ME)*
Sen. King (I-ME)*
Rep. Poliquin (R-ME-2)*

R6:
Colorado:

Sen. Bennet (D-CO)
Sen. Gardner (R-CO)
Rep. DeGette (D-CO-1)
Rep. Polis (D-CO-2)

mailto:marian_howe@fws.gov


Rep. Tipton (R-CO-3)
Rep. Buck (R-CO-4)
Rep. Lamborn (R-CO-5)
Rep. Coffman (R-CO-6)
Rep. Perlmutter (D-CO-7)

Montana:

Sen. Tester (D-MT)
Sen. Daines (R-MT)
Rep. Gianforte (R-MT-AL)

Wyoming:

Sen. Barrasso (R-WY)
Sen. Enzi (R-WY)
Rep. Cheney (R-WY-AL)

Utah: 

Sen. Hatch (R-UT)*
Sen. Lee (R-UT)*
Rep. Bishop (R-UT-1)*
Rep. Stewart (R-UT-2)*
Rep. Curtis (R-UT-3)*
Rep. Love (R-UT-4)*

-- 
Merra Howe
Sea Grant Knauss Fellow
Division of Congressional and Legislative Affairs
U.S. Fish and Wildlife Service
Office: 703-358-2225
Cell:617-680-9848
marian_howe@fws.gov

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Merra Howe
Sea Grant Knauss Fellow
Division of Congressional and Legislative Affairs
U.S. Fish and Wildlife Service
Office: 703-358-2225
Cell:617-680-9848
marian_howe@fws.gov

-- 
Merra Howe
Sea Grant Knauss Fellow
Division of Congressional and Legislative Affairs
U.S. Fish and Wildlife Service
Office: 703-358-2225
Cell:617-680-9848
marian_howe@fws.gov

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs

mailto:marian_howe@fws.gov
https://maps.google.com/?q=134+Union&entry=gmail&source=g
mailto:Roya_Mogadam@fws.gov
mailto:marian_howe@fws.gov
mailto:marian_howe@fws.gov


Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

mailto:Roya_Mogadam@fws.gov


From: Mogadam, Roya
To: Howe, Marian
Subject: Re: Canada Lynx 5-yr Review: Congressional Contacts
Date: Tuesday, December 19, 2017 3:13:38 PM

Hi Merra-

Thanks for this. 

We will have the plan and the other materials to HQ tomorrow. This list is not in the comms plan format so can you all put that in, we
included our district folks but dont have info from the other regions? We already included congressional contacts and I am not 100% sure we
are going to have the capacity to go through and re-edit that at this point.

-Roya

On Tue, Dec 19, 2017 at 2:52 PM, Howe, Marian <marian_howe@fws.gov> wrote:
Hi all, 
Based on your input, here's a table for lynx with revised DC member contacts and some district contacts that were provided in the original
outreach package. I've heard that this package is currently back with region 6, so please use these contacts as you continue to revise the
communications plan. Thanks!

Cheers, 
Merra

Title Last Name State District Staff Title DC Contact District Contact
Senator Risch ID Environment LA tim_petty@risch.senate.gov
Senator Crapo ID Environment LA andrew_earl@crapo.senate.gov
Representative Labrador ID 1 Environment LA aaron.calkins@mail.house.gov
Representative Simpson ID 2 Environment LA james.neill@mail.house.gov
Senator King ME Legislative Director chad_metzler@king.senate.gov
Senator Collins ME Environment LA cameron_obrien@collins.senate.gov
Representative Pingree ME 1 Environment LA kimber.colton@mail.house.gov
Representative Poliquin ME 2 Environment LA dennis.cakert@mail.house.gov

Senator Cantwell WA Environment LA
megan_thompson@cantwell.
senate.gov

Senator Murray WA Legislative Director Livia_Lam@murray.senate.gov
Representative DelBene WA 1 Environment LA Shantanu.Tata@mail.house.gov
Representative Larson WA 2 Environment LA brandon.kaufman@mail.house.gov
Representative Herrera Butler WA 3 Environment LA anna.schartner@mail.house.gov
Representative Newhouse WA 4 Environment LA seanV.Obrien@mail.house.gov

Representative
McMorris
Rodgers WA 5 Environment LA andrew.neill@mail.house.gov

Representative Kilmer WA 6 Environment LA katie.r.allen@mail.house.gov
Representative Jayapal WA 7 Environment LA danielle.fulfs@mail.house.gov
Representative Reichert WA 8 Environment LA colin.swanson@mail.house.gov
Senator Gardner CO Environment LA dustin_sherer@gardner.senate.gov
Senator Bennet CO Environment LA candace_vahlsing@bennet.senate.gov rosemary_rodriguez@bennet.senate.gov
Representative DeGette CO 1 Environment LA tommy.walker@mail.house.gov Mathew.mengesha@mail.house.gov
Representative Polis CO 2 Environment LA blaine.miller-mcfeeley@mail.house.gov Mara.Brosy-Wiwchar@mail.house.gov
Representative Tipton CO 3 Legislative Director liz.payne@mail.house.gov brian.mccain@mail.house.gov
Representative Buck CO 4 Environment LA jake.bornstein@mail.house.gov Luke.O'Dell@mail.house.gov
Representative Lamborn CO 5 Environment LA james.thomas@mail.house.gov dale.anderson@mail.house.gov
Representative Coffman CO 6 Environment LA steve.linton-smith@mail.house.gov aurora.ogg@mail.house.gov
Representative Perlmutter CO 7 Environment LA jeff.oneil@mail.house.gov Hannah.Mullen@mail.house.gov
Senator Tester MT Environment LA henry_ring@tester.senate.gov dayna_swanson@tester.senate.gov
Senator Daines MT Environment LA meghan_thacker@daines.senate.gov liz_scanlon@daines.senate.gov
Representative Gianforte MT AL Animal Welfare LA tripp.mckemey@mail.house.gov lesley.robinson@mail.house.gov
Senator Barrasso WY Environment LA kaitlynn_glover@barrasso.senate.gov
Senator Enzi WY Environment LA aniela_butler@enzi.senate.gov karen_mccreery@enzi.senate.gov
Representative Cheney WY AL Environment LA holly.heussner@mail.house.gov

On Thu, Dec 14, 2017 at 11:15 AM, Howe, Marian <marian_howe@fws.gov> wrote:
Thanks Roya, that' clarifies things.

On Wed, Dec 13, 2017 at 6:21 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
Hi Merra-

We should only be notifying the members in the SSA map's range (which is attached and on page 10). I would pull off Utah, Michigan,
Wisconsin, and New Mexico.
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-Roya

On Wed, Dec 13, 2017 at 2:34 PM, Howe, Marian <marian_howe@fws.gov> wrote:
Hi all, 
As part of a 5yr review, we will soon be announcing that the Canada lynx DPS may no longer need ESA protections. I'm currently
reviewing the communications plan for this announcement (attached here), and while going through the congressional contacts, I
noticed that many states/districts weren't included that are part of the lynx range based on ECOS range maps. 

Below, I've listed the contacts from the comms plan as well as others that fall in the lynx range (starred*), could you let me know if
you think the contacts in your region are correct or if I should include/exclude certain offices? Thank you for your help!

Cheers, 
Merra

R1
Washington:

Sen. Cantwell (D-WA)*
Sen. Murray (D-WA)*
Rep. DelBene (D-WA-1)*
Rep. Newhouse (R-WA-4)*
Rep. McMorris Rogers (R-WA-5)*
Rep. Reichert (R-WA-8)*

Idaho:

Sen. Risch (R-ID)*
Sen. Crapo (R-ID)*
Rep. Labrador (R-ID-1)*
Rep. Simpson (R-ID-2)*

R2
New Mexico:

Sen. Heinrich (D-NM)*
Sen. Udall (D-NM)*
Rep. Lujan (D-NM-3)*

R3
Minnesota:

Sen. Smith (D-MN) (?)*
Sen. Klobuchar (D-MN)*
Rep. Peterson (D-MN-7)*
Rep. Nolan (D-MN-8)*

Wisconsin:

Sen. Baldwin (D-WI)*
Sen. Johnson (R-WI)*
Rep. Duffy (R-WI-7)*
Rep. Gallagher (R-WI-8)*

Michigan:

Sen. Stabenow (D-MI)*
Sen. Peters (D-MI)*
Rep. Bergman (R-MI-1)*

R5 
Maine: 

Sen. Collins (R-ME)*
Sen. King (I-ME)*
Rep. Poliquin (R-ME-2)*

R6:
Colorado:

Sen. Bennet (D-CO)
Sen. Gardner (R-CO)
Rep. DeGette (D-CO-1)
Rep. Polis (D-CO-2)

mailto:marian_howe@fws.gov


Rep. Tipton (R-CO-3)
Rep. Buck (R-CO-4)
Rep. Lamborn (R-CO-5)
Rep. Coffman (R-CO-6)
Rep. Perlmutter (D-CO-7)

Montana:

Sen. Tester (D-MT)
Sen. Daines (R-MT)
Rep. Gianforte (R-MT-AL)

Wyoming:

Sen. Barrasso (R-WY)
Sen. Enzi (R-WY)
Rep. Cheney (R-WY-AL)

Utah: 

Sen. Hatch (R-UT)*
Sen. Lee (R-UT)*
Rep. Bishop (R-UT-1)*
Rep. Stewart (R-UT-2)*
Rep. Curtis (R-UT-3)*
Rep. Love (R-UT-4)*

-- 
Merra Howe
Sea Grant Knauss Fellow
Division of Congressional and Legislative Affairs
U.S. Fish and Wildlife Service
Office: 703-358-2225
Cell:617-680-9848
marian_howe@fws.gov

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Merra Howe
Sea Grant Knauss Fellow
Division of Congressional and Legislative Affairs
U.S. Fish and Wildlife Service
Office: 703-358-2225
Cell:617-680-9848
marian_howe@fws.gov

-- 
Merra Howe
Sea Grant Knauss Fellow
Division of Congressional and Legislative Affairs
U.S. Fish and Wildlife Service
Office: 703-358-2225
Cell:617-680-9848
marian_howe@fws.gov

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs

mailto:marian_howe@fws.gov
https://maps.google.com/?q=134+Union&entry=gmail&source=g
mailto:Roya_Mogadam@fws.gov
mailto:marian_howe@fws.gov
mailto:marian_howe@fws.gov


Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

mailto:Roya_Mogadam@fws.gov


 
 
 
 
 

Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 

1. Plan title: Canada lynx 5-year Review 

 

2.  DTS number: 067057 

 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 states) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicates 
that the Canada lynx has persistent resident populations in Maine, northeastern Minnesota, 
northwestern Montana, northeastern Idaho, and north-central Washington. There is also a 
resident introduced population in western Colorado and occasional lynx residency in some 
neighboring states and adjacent areas. Based on the health of this lynx population and the 
conservation efforts of federal, state, and tribal agencies, the Service’s 5-year status review 
recommends the removal of the lynx DPS from the list of endangered and threatened 
species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

December 2017. This is the proposed time frame for the 5-year review and SSA to be 
made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is the lead. R1, R2, R3, R5 and HQ are also involved. 
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SECTION II: GOALS 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to the point in which they no 
longer need federal protection.  

The Service relies on the best available science when conducting 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.  

Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our federal, state, tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species. The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  
 
The recommendation to delist is a success story for the lynx and a testament to how 
working with our partners can move ESA listed species towards recovery. If it is 
determined that the Canada Lynx should be delisted then the Service will publish a 
proposed rule in the Federal Register seeking review and comment by other federal 
agencies, state biologists, and the public, as well as the advice of independent species 
experts. After analyzing the comments, we will announce our final decision in the Federal 
Register, either completing the final rule or withdrawing the action and maintaining the 
current species’ status. 
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SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The interested public; Congress; state, tribal, and local governments; federal partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  

DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., Wild Earth Guardians, Earth Justice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the lower 48 states at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 

● Washington State Fish and Wildlife and/or Natural Resources Departments may oppose 
because federal delisting is at odds with their recent uplisting of lynx at the state level 
from threatened to endangered. 
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11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, state wildlife and 
natural resources management agencies, AFWA, WAFWA, state governments (especially 
Maine, Montana, Idaho, and Wyoming). 

 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of facts, 
which should be placed in the appendix. List no more than three!) 

This is a positive ESA story; an iconic animal once moving towards extinction, now 
showing signs of recovery Tthanks to collaborative conservation efforts by states, tribes, 
federal agencies and other partners. , to revise ing land management plans and committing 
to conservinge lynx populations and habitats, the Canada lynx, which was.  It was once 
largely unprotected; now it is largely protected. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by state, federal, and tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 

 

Given our recommendation to delist the lynx DPS due to recovery, a recovery plan would 
not promote the conservation of the species, and therefore at this time, we will not be 
completing a recovery plan for Canada lynx. If, during the rulemaking process, we 
determine that the Canada lynx should remain listed, the Service would reconsider the need 
to complete a recovery plan. 

 

In the core of the species’ range, lynx populations fluctuate dramatically as they closely 
track 10-year cycles in hare populations.  At the southern edge of both species’ ranges, 
including the DPS range, hare population cycles are much less pronounced, and some may 

Commented [JB1]: We feel strongly that this is not the 
correct big picture message.  We were NOT moving 
towards extinction.  It was not listed because of 
population decline or range contraction –– but because 
there was the potential for adverse consequences of 
federal land management (primarily timber 
harvest/silviculture). 
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not cycle at all.  Therefore, lynx populations in the DPS do not undergo the dramatic swings 
seen in more northern populations, though they likely respond to changes in hare abundance 
with less dramatic population fluctuations.  In general, lynx populations in the DPS 
typically occur at densities similar to those in the north when hare numbers are low.  

Continued climate warming is regarded as the biggest long-term threat to the lynx DPS in 
the future. Climate change could result in shifts in the boreal forests, snow conditions and 
main food source, the snowshoe hare. How vulnerable lynx populations are to these shifts is 
unknown and undeterminable at this time. However, neither the Service nor the experts we 
consulted conclude that the lynx is at risk of extinction from climate change within the 
foreseeable future.  

After more than 2 years of close coordination with State and Federal agencies, Tribes, and 
academic partners to evaluate the current status and future viability of Canada lynx (lynx 
canadensis) populations in the Contiguous United States Distinct Population Segment 
(DPS), the U.S. Fish and Wildlife Service has completed a detailed species status 
assessment (SSA) for the DPS.  The SSA compiles and evaluates the best available 
scientific information, including the professional opinions of a panel of 10 recognized lynx 
experts, to understand the DPS's current status and future viability in the context of 
historical conditions and what was known when the DPS was listed as threatened under the 
Endangered Species Act (Act) and considering current and potential future stressors to its 
viability. 

 

 

 

 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization websites and news feeds, local and national television and radio, print media, 
web based news sites and social media including Facebook and Twitter. 

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 
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FWS website 

R6 Internal Pop-Up 

Internal email to employees 

Internal news web pages and newsletters 

Social media posts to FB and Twitter 

 

16. Which communications tools are needed to support these strategies and tactics? (Be as 
specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 internet page Rob Mansheim TBD 

   

 

 

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Mountain time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD review  R6 EA 

TBD  SSA/Review delivered to court HQ-Sol 

Day Before the 
Announcement 

Congressional Notification HQ/Regional CLA 

Day Before the 
Announcement 

State Wildlife Agencies Regional ES 
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Day of the 
Announcement 

Tribal Notification Regional NALs 

Day of 
Announcement 

Release to media in Regions 6, 5, 3 and 1 R6 EA, R5 EA, R3 
EA, R1 EA 

Day of 
Announcement 

Posting to R6 and FWS national websites and 
social media platforms 

R6 EA, HQ EA 

Ongoing Response to all subsequent media requests and 
inquiries 

R6 EA, R5 EA, R3 
EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 
 
 
 
 

 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 R6 DRD 

Wyoming Game and Fish Department, Director, 
Scott Talbot 

(307) 777-4600 R6 DRD 

Colorado Parks and Wildlife Director, Bob (303)-297-1192 R6 DRD 

19.  Stakeholder contacts (For each, paste in a table that provides organization name, contact  
person, contact information as appropriate, and the name of the person responsible for making 
contact) 
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Broscheid 

Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R1 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leslie Weldon 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 

U.S. Forest Service Pacific Northwest Regional 
Forester, Jim Pena 

(503) 808-2468 R1 DRD 

U.S. Forest Service US Forest Service Eastern 
Regional Forester, Kathleen Atkinson 

(414) 297-3600 R3 DRD 

Bureau of Land Management Montana State 
Director, Jon Raby 

(406) 896-5000 

 

R6 DRD 
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Bureau of Land Management Wyoming State 
Director, Mary Jo Rugwell 

(307) 775-6001 

 

R6 DRD 

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R5 DRD 

Bureau of Land Management Colorado State 
Director, Greg Shoop 

(303)-239-3700 R6 DRD 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 RD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James Ogsbury (303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt Melcher 

208-331-9431 R1 DRD 
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Stakeholder***  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie Rappaport 
Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, Director 
Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, Board 
President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

 
***litigants be notified by the solicitor of our SSA/Review 

 
 
 

Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate
.gov 

HQ-
CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.se
nate.gov  

HQ-
CLA 

Sen. Michael Bennet – Rosemary Rodriguez rosemary_rodriguez@benn
et.senate.gov 

R6-EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.g
ov  

HQ-
CLA 

23. Congressional Contacts 

mailto:cchavers@boisforte-nsn.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:tommy.walker@mail.house.gov
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Rep. Diana DeGette – Matthew Mengesha Mathew.mengesha@mail.h
ouse.gov 

R6-EA 

Rep. Jared Polis –   HQ-
CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-
Wiwchar@mail.house.gov 

R6-EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.go
v  

HQ-
CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.g
ov 

R6-EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.g
ov  

 HQ-
CLA 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.go
v 

R6-EA 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.g
ov  

HQ-
CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.
gov 

R6-EA 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-
smith@mail.house.gov  

HQ-
CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.go
v 

R6-EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-
CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.hous
e.gov 

R6-EA 

Member Wyoming   

mailto:dustin.sherer@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
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Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.se
nate.gov  

HQ-
CLA 

Sen. John Barrasso –  R6-EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.
gov  

HQ-
CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.sena
te.gov 

R6-EA 

Rep. Liz Cheney – Holly Heussner Holly.Heussner@mail.house.
gov 

HQ-
CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.go
v  

HQ-
CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.sen
ate.gov 

R6-EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.sen
ate.gov  

HQ-
CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.
gov 

R6-EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.hous
e.gov 

HQ-
CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.
gov  

R6-EA 

Member Washington   

TBD by Region 1 EA   

mailto:kaitlynn_glover@barrasso.senate.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

 

 
 
 
 
 
 
 
 

Stakeholder Contact Information Contact By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

Committees  

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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SECTION VI: SOCIAL MEDIA PLAN 

 

24. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a large 
swath of the general public across a number of age demographics. 

 

Lead accounts to be used: Facebook, Twitter. 

Secondary accounts to share messaging: We assume that there will be collateral inquiries 
associated with images for the Canada lynx so Flickr may also play an important role in this 
rollout. 

Hashtags: #lynx #conservation 

Photos: https://www.flickr.com/search/?text=Canada%20lynx  

Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News ; 
https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates populations in Lower 48 States are no longer in 

danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 5-year 

review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 

 

Facebook messages:  
Read more at xxxxx 

Other platform messages: N/A 

 

 

 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve Segin, robert_segin@fws.gov, 303-236-4578 

Sarah Levy, sarah_levey@fws.gov, 503-231-6208 

Georgia Parham, , Georgia_Parham@fws.gov, 812-334-4261 x 1203 

Meagan Racey, Meagan_racey@fws.gov, 413-253-8558 

Christina Meister, Christina_Meister@fws.gov, 703-358-2284 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov,  703-358-2275 

Roya Mogadam - roya_mogadam@fws.gov, 303-236-4572 (R6) 

Sarah Levy, sarah_levey@fws.gov,  503-231-6208 

Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 

Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Steve Segin - robert_segin@fws.gov - 303-236-4578 

 

mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:Christina_Meister@fws.gov
mailto:Alyssa_Hausman@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
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26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 
HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

R.Mogadam 10-24-17 

S.Segin 11-2-17 

  

 

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 

 



 
 
 
 
 

Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 

1. Plan title: Canada lynx 5-year Review 

 

2.  DTS number: 067057 

 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 states) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicates 
that the Canada lynx has persistent resident populations in Maine, northeastern Minnesota, 
northwestern Montana, northeastern Idaho, and north-central Washington. There is also a 
resident introduced population in western Colorado and occasional lynx residency in some 
neighboring states and adjacent areas. Based on the health of this lynx population and the 
conservation efforts of federal, state, and tribal agencies, the Service’s 5-year status review 
recommends the removal of the lynx DPS from the list of endangered and threatened 
species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

December 2017. This is the proposed time frame for the 5-year review and SSA to be 
made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is the lead. R1, R2, R3, R5 and HQ are also involved. 
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SECTION II: GOALS 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to the point in which they no 
longer need federal protection.  

The Service relies on the best available science when conducting 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.  

Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our federal, state, tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species. The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  
 
The recommendation to delist is a success story for the lynx and a testament to how 
working with our partners can move ESA listed species towards recovery. If it is 
determined that the Canada Lynx should be delisted then the Service will publish a 
proposed rule in the Federal Register seeking review and comment by other federal 
agencies, state biologists, and the public, as well as the advice of independent species 
experts. After analyzing the comments, we will announce our final decision in the Federal 
Register, either completing the final rule or withdrawing the action and maintaining the 
current species’ status. 
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SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The interested public; Congress; state, tribal, and local governments; federal partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  

DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., Wild Earth Guardians, Earth Justice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the lower 48 states at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 

● Washington State Fish and Wildlife and/or Natural Resources Departments may oppose 
because federal delisting is at odds with their recent uplisting of lynx at the state level 
from threatened to endangered. 
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11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, state wildlife and 
natural resources management agencies, AFWA, WAFWA, state governments (especially 
Maine, Montana, Idaho, and Wyoming). 

 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of facts, 
which should be placed in the appendix. List no more than three!) 

This is a positive ESA story; an iconic animal once moving towards extinction, now 
showing signs of recovery Tthanks to collaborative conservation efforts by states, tribes, 
federal agencies and other partners. , to revise ing land management plans and committing 
to conservinge lynx populations and habitats, the Canada lynx, which was.  It was once 
largely unprotected; now it is largely protected. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by state, federal, and tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 

 

Given our recommendation to delist the lynx DPS due to recovery, a recovery plan would 
not promote the conservation of the species, and therefore at this time, we will not be 
completing a recovery plan for Canada lynx. If, during the rulemaking process, we 
determine that the Canada lynx should remain listed, the Service would reconsider the need 
to complete a recovery plan. 

 

In the core of the species’ range, lynx populations fluctuate dramatically as they closely 
track 10-year cycles in hare populations.  At the southern edge of both species’ ranges, 
including the DPS range, hare population cycles are much less pronounced, and some may 

Commented [JB1]: We feel strongly that this is not the 
correct big picture message.  We were NOT moving 
towards extinction.  It was not listed because of 
population decline or range contraction –– but because 
there was the potential for adverse consequences of 
federal land management (primarily timber 
harvest/silviculture). 
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not cycle at all.  Therefore, lynx populations in the DPS do not undergo the dramatic swings 
seen in more northern populations, though they likely respond to changes in hare abundance 
with less dramatic population fluctuations.  In general, lynx populations in the DPS 
typically occur at densities similar to those in the north when hare numbers are low.  

Continued climate warming is regarded as the biggest long-term threat to the lynx DPS in 
the future. Climate change could result in shifts in the boreal forests, snow conditions and 
main food source, the snowshoe hare. How vulnerable lynx populations are to these shifts is 
unknown and undeterminable at this time. However, neither the Service nor the experts we 
consulted conclude that the lynx is at risk of extinction from climate change within the 
foreseeable future.  

After more than 2 years of close coordination with State and Federal agencies, Tribes, and 
academic partners to evaluate the current status and future viability of Canada lynx (lynx 
canadensis) populations in the Contiguous United States Distinct Population Segment 
(DPS), the U.S. Fish and Wildlife Service has completed a detailed species status 
assessment (SSA) for the DPS.  The SSA compiles and evaluates the best available 
scientific information, including the professional opinions of a panel of 10 recognized lynx 
experts, to understand the DPS's current status and future viability in the context of 
historical conditions and what was known when the DPS was listed as threatened under the 
Endangered Species Act (Act) and considering current and potential future stressors to its 
viability. 

 

 

 

 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization websites and news feeds, local and national television and radio, print media, 
web based news sites and social media including Facebook and Twitter. 

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 
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FWS website 

R6 Internal Pop-Up 

Internal email to employees 

Internal news web pages and newsletters 

Social media posts to FB and Twitter 

 

16. Which communications tools are needed to support these strategies and tactics? (Be as 
specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 internet page Rob Mansheim TBD 

   

 

 

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Mountain time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD review  R6 EA 

TBD  SSA/Review delivered to court HQ-Sol 

Day Before the 
Announcement 

Congressional Notification HQ/Regional CLA 

Day Before the 
Announcement 

State Wildlife Agencies Regional ES 
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Day of the 
Announcement 

Tribal Notification Regional NALs 

Day of 
Announcement 

Release to media in Regions 6, 5, 3 and 1 R6 EA, R5 EA, R3 
EA, R1 EA 

Day of 
Announcement 

Posting to R6 and FWS national websites and 
social media platforms 

R6 EA, HQ EA 

Ongoing Response to all subsequent media requests and 
inquiries 

R6 EA, R5 EA, R3 
EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 
 
 
 
 

 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 R6 DRD 

Wyoming Game and Fish Department, Director, 
Scott Talbot 

(307) 777-4600 R6 DRD 

Colorado Parks and Wildlife Director, Bob (303)-297-1192 R6 DRD 

19.  Stakeholder contacts (For each, paste in a table that provides organization name, contact  
person, contact information as appropriate, and the name of the person responsible for making 
contact) 
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Broscheid 

Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R1 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leslie Weldon 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 

U.S. Forest Service Pacific Northwest Regional 
Forester, Jim Pena 

(503) 808-2468 R1 DRD 

U.S. Forest Service US Forest Service Eastern 
Regional Forester, Kathleen Atkinson 

(414) 297-3600 R3 DRD 

Bureau of Land Management Montana State 
Director, Jon Raby 

(406) 896-5000 

 

R6 DRD 
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Bureau of Land Management Wyoming State 
Director, Mary Jo Rugwell 

(307) 775-6001 

 

R6 DRD 

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R5 DRD 

Bureau of Land Management Colorado State 
Director, Greg Shoop 

(303)-239-3700 R6 DRD 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 RD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James Ogsbury (303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt Melcher 

208-331-9431 R1 DRD 
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Stakeholder***  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie Rappaport 
Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, Director 
Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, Board 
President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

 
***litigants be notified by the solicitor of our SSA/Review 

 
 
 

Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate
.gov 

HQ-
CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.se
nate.gov  

HQ-
CLA 

Sen. Michael Bennet – Rosemary Rodriguez rosemary_rodriguez@benn
et.senate.gov 

R6-EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.g
ov  

HQ-
CLA 

23. Congressional Contacts 

mailto:cchavers@boisforte-nsn.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:tommy.walker@mail.house.gov
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Rep. Diana DeGette – Matthew Mengesha Mathew.mengesha@mail.h
ouse.gov 

R6-EA 

Rep. Jared Polis –   HQ-
CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-
Wiwchar@mail.house.gov 

R6-EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.go
v  

HQ-
CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.g
ov 

R6-EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.g
ov  

 HQ-
CLA 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.go
v 

R6-EA 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.g
ov  

HQ-
CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.
gov 

R6-EA 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-
smith@mail.house.gov  

HQ-
CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.go
v 

R6-EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-
CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.hous
e.gov 

R6-EA 

Member Wyoming   

mailto:dustin.sherer@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
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Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.se
nate.gov  

HQ-
CLA 

Sen. John Barrasso –  R6-EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.
gov  

HQ-
CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.sena
te.gov 

R6-EA 

Rep. Liz Cheney – Holly Heussner Holly.Heussner@mail.house.
gov 

HQ-
CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.go
v  

HQ-
CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.sen
ate.gov 

R6-EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.sen
ate.gov  

HQ-
CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.
gov 

R6-EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.hous
e.gov 

HQ-
CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.
gov  

R6-EA 

Member Washington   

TBD by Region 1 EA   

mailto:kaitlynn_glover@barrasso.senate.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

 

 
 
 
 
 
 
 
 

Stakeholder Contact Information Contact By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

Committees  

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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SECTION VI: SOCIAL MEDIA PLAN 

 

24. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a large 
swath of the general public across a number of age demographics. 

 

Lead accounts to be used: Facebook, Twitter. 

Secondary accounts to share messaging: We assume that there will be collateral inquiries 
associated with images for the Canada lynx so Flickr may also play an important role in this 
rollout. 

Hashtags: #lynx #conservation 

Photos: https://www.flickr.com/search/?text=Canada%20lynx  

Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News ; 
https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates populations in Lower 48 States are no longer in 

danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 5-year 

review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 

 

Facebook messages:  
Read more at xxxxx 

Other platform messages: N/A 

 

 

 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve Segin, robert_segin@fws.gov, 303-236-4578 

Sarah Levy, sarah_levey@fws.gov, 503-231-6208 

Georgia Parham, , Georgia_Parham@fws.gov, 812-334-4261 x 1203 

Meagan Racey, Meagan_racey@fws.gov, 413-253-8558 

Christina Meister, Christina_Meister@fws.gov, 703-358-2284 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov,  703-358-2275 

Roya Mogadam - roya_mogadam@fws.gov, 303-236-4572 (R6) 

Sarah Levy, sarah_levey@fws.gov,  503-231-6208 

Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 

Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Steve Segin - robert_segin@fws.gov - 303-236-4578 

 

mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:Christina_Meister@fws.gov
mailto:Alyssa_Hausman@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
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26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 
HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

R.Mogadam 10-24-17 

S.Segin 11-2-17 

  

 

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 

 



 
 
 
 
 

Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 

1. Plan title: Canada lynx 5-year Review 

 

2.  DTS number: 067057 

 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 states) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicates 
that the Canada lynx has persistent resident populations in Maine, northeastern Minnesota, 
northwestern Montana, northeastern Idaho, and north-central Washington. There is also a 
resident introduced population in western Colorado and occasional lynx residency in some 
neighboring states and adjacent areas. Based on the health of this lynx population and the 
conservation efforts of federal, state, and tribal agencies, the Service’s 5-year status review 
recommends the removal of the lynx DPS from the list of endangered and threatened 
species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

December 2017. This is the proposed time frame for the 5-year review and SSA to be 
made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is the lead. R1, R2, R3, R5 and HQ are also involved. 
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SECTION II: GOALS 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to the point in which they no 
longer need federal protection.  

The Service relies on the best available science when conducting 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.  

Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our federal, state, tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species. The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  
 
The recommendation to delist is a success story for the lynx and a testament to how 
working with our partners can move ESA listed species towards recovery. If it is 
determined that the Canada lynx should be delisted then the Service will publish a proposed 
rule in the Federal Register seeking review and comment by other federal agencies, state 
biologists, and the public, as well as the advice of independent species experts. After 
analyzing the comments, we will announce our final decision in the Federal Register, either 
completing the final rule or withdrawing the action and maintaining the current species’ 
status. 
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SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The interested public; Congress; state, tribal, and local governments; federal partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  

DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., Wild Earth Guardians, Earth Justice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the lower 48 states at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 

● Washington State Fish and Wildlife and/or Natural Resources Departments may oppose 
because federal delisting is at odds with their recent uplisting of lynx at the state level 
from threatened to endangered. 
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11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, state wildlife and 
natural resources management agencies, AFWA, WAFWA, state governments (especially 
Maine, Montana, Idaho, and Wyoming). 

 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of 
facts, which should be placed in the appendix. List no more than three!) 

A five-year status review for the Canada lynx DPS concludes that lynx in the contiguous 
United States may no longer warrant protection under the Endangered Species Act (ESA) 
and should be considered for delisting due to recovery.   
 
This recommendation is based on a rigorous review of the best available science, as 
outlined in a peer-reviewed Species Status Assessment, and almost 20 years of working in 
partnership with state, federal, tribal, industry, and other land managers to implement 
conservation measures for this species. 
 
This is a positive ESA story; an iconic animal once moving towards extinction, now 
showing signs of recovery thanks to collaborative conservation efforts by states, tribes, 
federal agencies, industry and other partners. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by state, federal, and tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 
 
After more than 2 years of close coordination with state, federal, tribes, and academic 
partners to evaluate the current status and future viability of Canada lynx DPS, Service has 
completed a detailed species status assessment (SSA) that compiles and evaluates the best 
available scientific information, including the professional opinions of a panel of 10 
recognized lynx experts, and concludes that the Canada lynx may no longer be a threatened 
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species. 
 
Given our recommendation to delist the lynx DPS due to recovery, a recovery plan would 
not promote the conservation of the species, and therefore at this time, we will not be 
completing a recovery plan for Canada lynx. If, during the rulemaking process, we 
determine that the Canada lynx should remain listed, the Service would reconsider the need 
to complete a recovery plan. 
 
The Canada lynx DPS represents the southern extent of the species’ range and naturally 
expands and contracts based on snowshoe hare abundance that fluctuates at varying degrees 
thought the range.  Canada lynx in the contiguous United States comprises 2% of the 
species’ entire range. 
 
Climate change remains an important factor for the conservation of the Canada lynx DPS 
and could result in future shifts in their habitat, which may affect their population numbers 
and distribution. How vulnerable lynx populations are to these shifts is unknown and 
undeterminable at this time. However, neither the Service nor the experts we consulted 
conclude that the lynx DPS is at risk of extinction from climate change within the 
foreseeable future.  
 
 

 

 

 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization websites and news feeds, local and national television and radio, print media, 
web based news sites and social media including Facebook and Twitter. 

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS website 
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R6 Internal Pop-Up 

Internal email to employees 

Internal news web pages and newsletters 

Social media posts to FB and Twitter 

 

16. Which communications tools are needed to support these strategies and tactics? (Be as 
specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 internet page Rob Mansheim TBD 

   

 

 

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Mountain time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD review  R6 EA 

TBD  SSA/Review delivered to court HQ-Sol 

Day Before the 
Announcement 

Congressional Notification HQ/Regional CLA 

Day Before the 
Announcement 

State Wildlife Agencies Regional ES 

Day of the 
Announcement 

Tribal Notification Regional NALs 
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Day of 
Announcement 

Release to media in Regions 6, 5, 3 and 1 R6 EA, R5 EA, R3 
EA, R1 EA 

Day of 
Announcement 

Posting to R6 and FWS national websites and 
social media platforms 

R6 EA, HQ EA 

Ongoing Response to all subsequent media requests and 
inquiries 

R6 EA, R5 EA, R3 
EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 
 
 
 
 

 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 R6 ES 

Wyoming Game and Fish Department, Director, 
Scott Talbott 

(307) 777-4600 R6 ES 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 ES 

19.  Stakeholder contacts (For each, paste in a table that provides organization name, contact  
person, contact information as appropriate, and the name of the person responsible for making 
contact) 
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Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R1 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leanne Martin 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 

U.S. Forest Service Pacific Northwest Regional 
Forester, Jim Pena 

(503) 808-2468 R1 DRD 

U.S. Forest Service US Forest Service Eastern 
Regional Forester, Kathleen Atkinson 

(414) 297-3600 R3 DRD 

Bureau of Land Management Montana State 
Director, Jon Raby 

(406) 896-5000 

 

R6 ES 

Bureau of Land Management Wyoming State (307) 775-6001 R6 ES 
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Director, Mary Jo Rugwell  

Bureau of Land Management Colorado State 
Director, Greg Shoop 

(303)-239-3700 R6 ES 

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R5 DRD 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 RD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James Ogsbury (303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt Melcher 

208-331-9431 R1 DRD 
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Stakeholder***  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie Rappaport 
Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, Director 
Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, Board 
President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

 
***litigants be notified by the solicitor of our SSA/Review 

 
 
 

Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate
.gov 

HQ-
CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.se
nate.gov  

HQ-
CLA 

Sen. Michael Bennet – Rosemary Rodriguez rosemary_rodriguez@benn
et.senate.gov 

R6-EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.g
ov  

HQ-
CLA 

23. Congressional Contacts 

mailto:cchavers@boisforte-nsn.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:tommy.walker@mail.house.gov
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Rep. Diana DeGette – Matthew Mengesha Mathew.mengesha@mail.h
ouse.gov 

R6-EA 

Rep. Jared Polis –   HQ-
CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-
Wiwchar@mail.house.gov 

R6-EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.go
v  

HQ-
CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.g
ov 

R6-EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.g
ov  

 HQ-
CLA 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.go
v 

R6-EA 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.g
ov  

HQ-
CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.
gov 

R6-EA 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-
smith@mail.house.gov  

HQ-
CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.go
v 

R6-EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-
CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.hous
e.gov 

R6-EA 

Member Wyoming   

mailto:dustin.sherer@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
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Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.se
nate.gov  

HQ-
CLA 

Sen. John Barrasso –  R6-EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.
gov  

HQ-
CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.sena
te.gov 

R6-EA 

Rep. Liz Cheney – Holly Heussner Holly.Heussner@mail.house.
gov 

HQ-
CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.go
v  

HQ-
CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.sen
ate.gov 

R6-EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.sen
ate.gov  

HQ-
CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.
gov 

R6-EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.hous
e.gov 

HQ-
CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.
gov  

R6-EA 

Member Washington   

TBD by Region 1 EA   

mailto:kaitlynn_glover@barrasso.senate.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

 

 
 
 
 
 
 
 
 

Stakeholder Contact Information Contact By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

Committees  

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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SECTION VI: SOCIAL MEDIA PLAN 

 

24. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a large 
swath of the general public across a number of age demographics. 

 

Lead accounts to be used: Facebook, Twitter. 

Secondary accounts to share messaging: We assume that there will be collateral inquiries 
associated with images for the Canada lynx so Flickr may also play an important role in this 
rollout. 

Hashtags: #lynx #conservation 

Photos: https://www.flickr.com/search/?text=Canada%20lynx  

Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News 
; https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates populations in Lower 48 States are no longer in 

danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 5-year 

review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 

 

Facebook messages:  
Read more at xxxxx 

Other platform messages: N/A 

 

 

 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve Segin, robert_segin@fws.gov, 303-236-4578 

Sarah Levy, sarah_levey@fws.gov, 503-231-6208 

Georgia Parham, , Georgia_Parham@fws.gov, 812-334-4261 x 1203 

Meagan Racey, Meagan_racey@fws.gov, 413-253-8558 

Christina Meister, Christina_Meister@fws.gov, 703-358-2284 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov,  703-358-2275 

Roya Mogadam - roya_mogadam@fws.gov, 303-236-4572 (R6) 

Sarah Levy, sarah_levey@fws.gov,  503-231-6208 

Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 

Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Steve Segin - robert_segin@fws.gov - 303-236-4578 

 

mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:Christina_Meister@fws.gov
mailto:Alyssa_Hausman@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
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26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 
HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

R.Mogadam 10-24-17 

S.Segin 11-2-17 

  

 

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 

 



 
 
 
 
 

Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 

1. Plan title: Canada lynx 5-year Review 

 

2.  DTS number: 067057 

 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 states) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicates 
that the Canada lynx has persistent resident populations in Maine, northeastern Minnesota, 
northwestern Montana, northeastern Idaho, and north-central Washington. There is also a 
resident introduced population in western Colorado and occasional lynx residency in some 
neighboring states and adjacent areas. Based on the health of this lynx population and the 
conservation efforts of federal, state, and tribal agencies, the Service’s 5-year status review 
recommends the removal of the lynx DPS from the list of endangered and threatened 
species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

December 2017. This is the proposed time frame for the 5-year review and SSA to be 
made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is the lead. R1, R2, R3, R5 and HQ are also involved. 
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SECTION II: GOALS 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to the point in which they no 
longer need federal protection.  

The Service relies on the best available science when conducting 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.  

Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our federal, state, tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species. The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  
 
The recommendation to delist is a success story for the lynx and a testament to how 
working with our partners can move ESA listed species towards recovery. If it is 
determined that the Canada Lynx should be delisted then the Service will publish a 
proposed rule in the Federal Register seeking review and comment by other federal 
agencies, state biologists, and the public, as well as the advice of independent species 
experts. After analyzing the comments, we will announce our final decision in the Federal 
Register, either completing the final rule or withdrawing the action and maintaining the 
current species’ status. 
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SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The interested public; Congress; state, tribal, and local governments; federal partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  

DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., Wild Earth Guardians, Earth Justice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the lower 48 states at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 

● Washington State Fish and Wildlife and/or Natural Resources Departments may oppose 
because federal delisting is at odds with their recent uplisting of lynx at the state level 
from threatened to endangered. 
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11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, state wildlife and 
natural resources management agencies, AFWA, WAFWA, state governments (especially 
Maine, Montana, Idaho, and Wyoming). 

 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of 
facts, which should be placed in the appendix. List no more than three!) 

This is a positive ESA story; an iconic animal once moving towards extinction, now 
showing signs of recovery thanks to collaborative conservation efforts by states, tribes, 
federal agencies and other partners. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by state, federal, and tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 

 

Given our recommendation to delist the lynx DPS due to recovery, a recovery plan would 
not promote the conservation of the species, and therefore at this time, we will not be 
completing a recovery plan for Canada lynx. If, during the rulemaking process, we 
determine that the Canada lynx should remain listed, the Service would reconsider the need 
to complete a recovery plan. 

 

In the core of the species’ range, lynx populations fluctuate dramatically as they closely 
track 10-year cycles in hare populations.  At the southern edge of both species’ ranges, 
including the DPS range, hare population cycles are much less pronounced, and some may 
not cycle at all.  Therefore, lynx populations in the DPS do not undergo the dramatic swings 
seen in more northern populations, though they likely respond to changes in hare abundance 
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with less dramatic population fluctuations.  In general, lynx populations in the DPS 
typically occur at densities similar to those in the north when hare numbers are low.  

Continued climate warming is regarded as the biggest long-term threat to the lynx DPS in 
the future. Climate change could result in shifts in the boreal forests, snow conditions and 
main food source, the snowshoe hare. How vulnerable lynx populations are to these shifts is 
unknown and undeterminable at this time. However, neither the Service nor the experts we 
consulted conclude that the lynx is at risk of extinction from climate change within the 
foreseeable future.  

After more than 2 years of close coordination with State and Federal agencies, Tribes, and 
academic partners to evaluate the current status and future viability of Canada lynx (lynx 
canadensis) populations in the Contiguous United States Distinct Population Segment 
(DPS), the U.S. Fish and Wildlife Service has completed a detailed species status 
assessment (SSA) for the DPS.  The SSA compiles and evaluates the best available 
scientific information, including the professional opinions of a panel of 10 recognized lynx 
experts, to understand the DPS's current status and future viability in the context of 
historical conditions and what was known when the DPS was listed as threatened under the 
Endangered Species Act (Act) and considering current and potential future stressors to its 
viability. 

 

 

 

 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization websites and news feeds, local and national television and radio, print media, 
web based news sites and social media including Facebook and Twitter. 

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS website 



Page 6 of 17 

R6 Internal Pop-Up 

Internal email to employees 

Internal news web pages and newsletters 

Social media posts to FB and Twitter 

 

16. Which communications tools are needed to support these strategies and tactics? (Be as 
specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 internet page Rob Mansheim TBD 

   

 

 

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Mountain time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD review  R6 EA 

TBD  SSA/Review delivered to court HQ-Sol 

Day Before the 
Announcement 

Congressional Notification HQ/Regional CLA 

Day Before the 
Announcement 

State Wildlife Agencies Regional ES 

Day of the 
Announcement 

Tribal Notification Regional NALs 
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Day of 
Announcement 

Release to media in Regions 6, 5, 3 and 1 R6 EA, R5 EA, R3 
EA, R1 EA 

Day of 
Announcement 

Posting to R6 and FWS national websites and 
social media platforms 

R6 EA, HQ EA 

Ongoing Response to all subsequent media requests and 
inquiries 

R6 EA, R5 EA, R3 
EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 
 
 
 
 

 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 R6 DRD 

Wyoming Game and Fish Department, Director, 
Scott Talbot 

(307) 777-4600 R6 DRD 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 DRD 

19.  Stakeholder contacts (For each, paste in a table that provides organization name, contact  
person, contact information as appropriate, and the name of the person responsible for making 
contact) 
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Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R1 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leslie Weldon 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 

U.S. Forest Service Pacific Northwest Regional 
Forester, Jim Pena 

(503) 808-2468 R1 DRD 

U.S. Forest Service US Forest Service Eastern 
Regional Forester, Kathleen Atkinson 

(414) 297-3600 R3 DRD 

Bureau of Land Management Montana State 
Director, Jon Raby 

(406) 896-5000 

 

R6 DRD 

Bureau of Land Management Wyoming State (307) 775-6001 R6 DRD 
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Director, Mary Jo Rugwell  

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R5 DRD 

Bureau of Land Management Colorado State 
Director, Greg Shoop 

(303)-239-3700 R6 DRD 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 RD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James Ogsbury (303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt Melcher 

208-331-9431 R1 DRD 
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Stakeholder***  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie Rappaport 
Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, Director 
Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, Board 
President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

 
***litigants be notified by the solicitor of our SSA/Review 

 
 
 

Member Colorado Contact Information  

Sen. Cory Gardner – Dustin Sherer dustin_sherer@gardner.senate.g
ov 

HQ-
CLA 

Sen. Cory Gardner – Andrew Dunkley Andrew_Dunkley@gardner.senat
e.gov 

R6-EA 

Sen. Cory Gardner – Jared Soncrant Jared_Soncrant@gardner.senate
.gov 

R6-EA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.se
nate.gov  

HQ-
CLA 

Sen. Michael Bennet – Rosemary Rodriguez rosemary_rodriguez@benn R6-EA 

23. Congressional Contacts 

mailto:cchavers@boisforte-nsn.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:candace_vahlsing@bennet.senate.gov
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et.senate.gov 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.g
ov  

HQ-
CLA 

Rep. Diana DeGette – Matthew Mengesha Mathew.mengesha@mail.h
ouse.gov 

R6-EA 

Rep. Jared Polis – Blaine Miller-McFeeley blaine.miller-
mcfeeley@mail.house.gov 

HQ-
CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-
Wiwchar@mail.house.gov 

R6-EA 

Rep. Scott Tipton – Liz Payne liz.payne@mail.house.gov HQ-
CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.g
ov 

R6-EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.g
ov  

 HQ-
CLA 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.go
v 

R6-EA 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.g
ov  

HQ-
CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.
gov 

R6-EA 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-
smith@mail.house.gov  

HQ-
CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.go
v 

R6-EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-
CLA 

mailto:tommy.walker@mail.house.gov
mailto:tommy.walker@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
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Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.hous
e.gov 

R6-EA 

Member Wyoming   

Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.se
nate.gov  

HQ-
CLA 

Sen. John Barrasso – Travis McNiven Travis_McNiven@barrasso.
senate.gov 

R6-EA 

Sen. Michael Enzi – Aniela Butler aniela_butler@enzi.senate.
gov 

HQ-
CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.sena
te.gov 

R6-EA 

Rep. Liz Cheney – Holly Heussner Holly.Heussner@mail.house.
gov 

HQ-
CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.go
v  

HQ-
CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.sen
ate.gov 

R6-EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.sen
ate.gov  

HQ-
CLA 

Sen. Steve Daines – Liz Dellwo liz_dellwo@daines.senate.g
ov 

R6-EA 

Rep. Greg Gianforte – Tripp McKerney tripp.mckerney@mail.hous
e.gov 

HQ-
CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.
gov  

R6-EA 

mailto:kaitlynn_glover@barrasso.senate.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

 

 
 
 

Member Washington   

TBD by Region 1 EA   

Stakeholder Contact Information Contact By 

House Natural Resources – Majority mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

Committees  

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov


Page 14 of 17 

 
 
 
 
 

SECTION VI: SOCIAL MEDIA PLAN 

 

24. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a large 
swath of the general public across a number of age demographics. 

 

Lead accounts to be used: Facebook, Twitter. 

Secondary accounts to share messaging: We assume that there will be collateral inquiries 
associated with images for the Canada lynx so Flickr may also play an important role in this 
rollout. 

Hashtags: #lynx #conservation 

Photos: https://www.flickr.com/search/?text=Canada%20lynx  

Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News 
; https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates populations in Lower 48 States are no longer in 

danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 5-year 

review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 

 

Facebook messages:  
Read more at xxxxx 

Other platform messages: N/A 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve Segin, robert_segin@fws.gov, 303-236-4578 

Sarah Levy, sarah_levey@fws.gov, 503-231-6208 

Georgia Parham, , Georgia_Parham@fws.gov, 812-334-4261 x 1203 

Meagan Racey, Meagan_racey@fws.gov, 413-253-8558 

Christina Meister, Christina_Meister@fws.gov, 703-358-2284 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov,  703-358-2275 

Roya Mogadam - roya_mogadam@fws.gov, 303-236-4572 (R6) 

Sarah Levy, sarah_levey@fws.gov,  503-231-6208 

Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 

Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:Christina_Meister@fws.gov
mailto:Alyssa_Hausman@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
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Steve Segin - robert_segin@fws.gov - 303-236-4578 

 
26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 

HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

R.Mogadam 10-24-17 

S.Segin 11-2-17 

  

mailto:robert_segin@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 

 



 
 
 
 
 

Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 

1. Plan title: Canada lynx 5-year Review 

 

2.  DTS number: 067057 

 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 states) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicates 
that the Canada lynx has persistent resident populations in Maine, northeastern Minnesota, 
northwestern Montana, northeastern Idaho, and north-central Washington. There is also a 
resident introduced population in western Colorado and occasional lynx residency in some 
neighboring states and adjacent areas. Based on the health of this lynx population and the 
conservation efforts of federal, state, and tribal agencies, the Service’s 5-year status review 
recommends the removal of the lynx DPS from the list of endangered and threatened 
species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

December 2017. This is the proposed time frame for the 5-year review and SSA to be 
made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is the lead. R1, R2, R3, R5 and HQ are also involved. 
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SECTION II: GOALS 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to the point in which they no 
longer need federal protection.  

The Service relies on the best available science when conducting 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.  

Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our federal, state, tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species. The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  
 
The recommendation to delist is a success story for the lynx and a testament to how 
working with our partners can move ESA listed species towards recovery. If it is 
determined that the Canada lynx should be delisted then the Service will publish a proposed 
rule in the Federal Register seeking review and comment by other federal agencies, state 
biologists, and the public, as well as the advice of independent species experts. After 
analyzing the comments, we will announce our final decision in the Federal Register, either 
completing the final rule or withdrawing the action and maintaining the current species’ 
status. 
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SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The interested public; Congress; state, tribal, and local governments; federal partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  

DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., Wild Earth Guardians, Earth Justice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the lower 48 states at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 

● Washington State Fish and Wildlife and/or Natural Resources Departments may oppose 
because federal delisting is at odds with their recent uplisting of lynx at the state level 
from threatened to endangered. 
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11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, state wildlife and 
natural resources management agencies, AFWA, WAFWA, state governments (especially 
Maine, Montana, Idaho, and Wyoming). 

 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of 
facts, which should be placed in the appendix. List no more than three!) 

A five-year status review for the Canada lynx DPS concludes that lynx in the contiguous 
United States may no longer warrant protection under the Endangered Species Act (ESA) 
and should be considered for delisting due to recovery.   
 
This recommendation is based on a rigorous review of the best available science, as 
outlined in a peer-reviewed Species Status Assessment, and almost 20 years of working in 
partnership with state, federal, tribal, industry, and other land managers to implement 
conservation measures for this species. 
 
This is a positive ESA story. Thanks to collaborative conservation efforts by federal, state, 
tribal, industry and other partners to revise land management plans and commit to 
conserving lynx populations and habitats, the Canada lynx DPS, which was once largely 
unprotected, is now largely protected. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by state, federal, and tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 
 
After more than 2 years of close coordination with state, federal, tribes, and academic 
partners to evaluate the current status and future viability of Canada lynx DPS, Service has 
completed a detailed species status assessment (SSA) that compiles and evaluates the best 
available scientific information, including the professional opinions of a panel of 10 
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recognized lynx experts, and concludes that the Canada lynx may no longer be a threatened 
species. 
 
Given our recommendation to delist the lynx DPS due to recovery, a recovery plan would 
not promote the conservation of the species, and therefore at this time, we will not be 
completing a recovery plan for Canada lynx. If, during the rulemaking process, we 
determine that the Canada lynx should remain listed, the Service would reconsider the need 
to complete a recovery plan. 
 
The Canada lynx DPS represents the southern extent of the species’ range and naturally 
expands and contracts based on snowshoe hare abundance that fluctuates at varying degrees 
thought the range.  Canada lynx in the contiguous United States comprises 2% of the 
species’ entire range. 
 
Climate change remains an important factor for the conservation of the Canada lynx DPS 
and could result in future shifts in their habitat, which may affect their population numbers 
and distribution. How vulnerable lynx populations are to these shifts is unknown and 
undeterminable at this time. However, neither the Service nor the experts we consulted 
conclude that the lynx DPS is at risk of extinction from climate change within the 
foreseeable future.  
 
 

 

 

 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization websites and news feeds, local and national television and radio, print media, 
web based news sites and social media including Facebook and Twitter. 

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 
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FWS website 

R6 Internal Pop-Up 

Internal email to employees 

Internal news web pages and newsletters 

Social media posts to FB and Twitter 

 

16. Which communications tools are needed to support these strategies and tactics? (Be as 
specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 internet page Rob Mansheim TBD 

   

 

 

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Mountain time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD review  R6 EA 

TBD  SSA/Review delivered to court HQ-Sol 

Day Before the 
Announcement 

Congressional Notification HQ/Regional CLA 

Day Before the 
Announcement 

State Wildlife Agencies Regional ES 
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Day of the 
Announcement 

Tribal Notification Regional NALs 

Day of 
Announcement 

Release to media in Regions 6, 5, 3 and 1 R6 EA, R5 EA, R3 
EA, R1 EA 

Day of 
Announcement 

Posting to R6 and FWS national websites and 
social media platforms 

R6 EA, HQ EA 

Ongoing Response to all subsequent media requests and 
inquiries 

R6 EA, R5 EA, R3 
EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 
 
 
 
 

 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 R6 ES 

Wyoming Game and Fish Department, Director, 
Scott Talbott 

(307) 777-4600 R6 ES 

Colorado Parks and Wildlife Director, Bob (303)-297-1192 R6 ES 

19.  Stakeholder contacts (For each, paste in a table that provides organization name, contact  
person, contact information as appropriate, and the name of the person responsible for making 
contact) 
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Broscheid 

Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R1 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leanne Martin 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 

U.S. Forest Service Pacific Northwest Regional 
Forester, Jim Pena 

(503) 808-2468 R1 DRD 

U.S. Forest Service US Forest Service Eastern 
Regional Forester, Kathleen Atkinson 

(414) 297-3600 R3 DRD 

Bureau of Land Management Montana State 
Director, Jon Raby 

(406) 896-5000 

 

R6 ES 
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Bureau of Land Management Wyoming State 
Director, Mary Jo Rugwell 

(307) 775-6001 

 

R6 ES 

Bureau of Land Management Colorado State 
Director, Greg Shoop 

(303)-239-3700 R6 ES 

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R5 DRD 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 RD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James Ogsbury (303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt Melcher 

208-331-9431 R1 DRD 
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Stakeholder***  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie Rappaport 
Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, Director 
Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, Board 
President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

 
***litigants be notified by the solicitor of our SSA/Review 

 
 
 

Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate
.gov 

HQ-
CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.se
nate.gov  

HQ-
CLA 

Sen. Michael Bennet – Rosemary Rodriguez rosemary_rodriguez@benn
et.senate.gov 

R6-EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.g
ov  

HQ-
CLA 

23. Congressional Contacts 

mailto:cchavers@boisforte-nsn.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:tommy.walker@mail.house.gov
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Rep. Diana DeGette – Matthew Mengesha Mathew.mengesha@mail.h
ouse.gov 

R6-EA 

Rep. Jared Polis –   HQ-
CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-
Wiwchar@mail.house.gov 

R6-EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.go
v  

HQ-
CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.g
ov 

R6-EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.g
ov  

 HQ-
CLA 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.go
v 

R6-EA 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.g
ov  

HQ-
CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.
gov 

R6-EA 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-
smith@mail.house.gov  

HQ-
CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.go
v 

R6-EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-
CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.hous
e.gov 

R6-EA 

Member Wyoming   

mailto:dustin.sherer@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
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Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.se
nate.gov  

HQ-
CLA 

Sen. John Barrasso –  R6-EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.
gov  

HQ-
CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.sena
te.gov 

R6-EA 

Rep. Liz Cheney – Holly Heussner Holly.Heussner@mail.house.
gov 

HQ-
CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.go
v  

HQ-
CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.sen
ate.gov 

R6-EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.sen
ate.gov  

HQ-
CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.
gov 

R6-EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.hous
e.gov 

HQ-
CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.
gov  

R6-EA 

Member Washington   

TBD by Region 1 EA   

mailto:kaitlynn_glover@barrasso.senate.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:henry_ring@tester.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

 

 
 
 
 
 
 
 
 

Stakeholder Contact Information Contact By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

Committees  

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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SECTION VI: SOCIAL MEDIA PLAN 

 

24. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a large 
swath of the general public across a number of age demographics. 

 

Lead accounts to be used: Facebook, Twitter. 

Secondary accounts to share messaging: We assume that there will be collateral inquiries 
associated with images for the Canada lynx so Flickr may also play an important role in this 
rollout. 

Hashtags: #lynx #conservation 

Photos: https://www.flickr.com/search/?text=Canada%20lynx  

Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News 
; https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates populations in Lower 48 States are no longer in 

danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 5-year 

review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 

 

Facebook messages:  
Read more at xxxxx 

Other platform messages: N/A 

 

 

 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve Segin, robert_segin@fws.gov, 303-236-4578 

Sarah Levy, sarah_levey@fws.gov, 503-231-6208 

Georgia Parham, , Georgia_Parham@fws.gov, 812-334-4261 x 1203 

Meagan Racey, Meagan_racey@fws.gov, 413-253-8558 

Christina Meister, Christina_Meister@fws.gov, 703-358-2284 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov,  703-358-2275 

Roya Mogadam - roya_mogadam@fws.gov, 303-236-4572 (R6) 

Sarah Levy, sarah_levey@fws.gov,  503-231-6208 

Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 

Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Steve Segin - robert_segin@fws.gov - 303-236-4578 

 

mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:Christina_Meister@fws.gov
mailto:Alyssa_Hausman@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
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26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 
HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

R.Mogadam 10-24-17 

S.Segin 11-2-17 

  

 

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The Canada lynx is a North American boreal forest carnivore whose populations are strongly 
tied to its primary prey, the snowshoe hare (Lepus americanus). Both species occur primarily in 
the extensive boreal spruce-fir forests of Canada and Alaskan; however, the southern margins 
of both their ranges extend into the northern contiguous United States. The Service designated 
lynx in the Lower 48 States as a DPS because of differences in the management of lynx and 
lynx habitats across the international boundary with Canada and because of the climatic, 
vegetative, and ecological differences between lynx habitat at the southern extent of its range in 
the contiguous United States compared to the northern range in Canada and Alaska. The 
Service listed the DPS as threatened under the Endangered Species Act (ESA) in 2000 
because of the inadequacy, at that time, of regulatory mechanisms on some Federal lands to 
provide for the conservation of lynx habitats and populations (see section 3.1.1). This SSA does 
not reconsider the designation of the DPS or its listing status under the ESA, which are Service 
policy decisions. Instead, it provides the scientific basis for the statutorily required 5-year status 
review for the DPS and other decisions the Service is required to make in accordance with the 
ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
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lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are, in most 
places, naturally less abundant and generally more patchily-distributed than in the core of the 
species’ range in Canada and Alaska. Maintaining connectivity between the DPS and lynx 
populations in Canada is thought to be important. However, the extent to which DPS 
populations may depend on immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in projections, particularly beyond mid-
century. The output from this expert elicitation process (summarized below and presented in 
detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U.S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline largely as a result of 
projected continued climate warming and associated impacts, which are likely to exacerbate the 
potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue, although we do not anticipate that such events alone 
would cause the permanent loss of breeding lynx populations in any geographic unit. We are 
aware of no management actions that could be expected to abate the projected long-term 
retreat of boreal forests, declining hare populations, and diminished snow conditions expected 
under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically and many more than was known or suspected at the time the DPS was 
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listed, and recent information suggests that resident lynx may be expanding to the south of the 
core population area. This is due to the large amount and broad distribution of high-quality lynx 
and hare habitat that currently exists as a result of landscape-level clearcutting on private 
commercial timber lands in response to a major spruce budworm (Choristoneura fumiferana) 
outbreak in the 1970s and 1980s. These dense regenerating conifer stands are much more 
extensive than they are thought to have been historically under natural disturbance regimes. 
The State of Maine suggests that this unit currently may support 750-1,000 or more resident 
lynx. However, the extent of these high-quality stands probably peaked by 2010, and habitat 
quality is projected to decline in these stands over the next few decades as they age beyond 35-
40 years post-harvest. Because a shift in forest management from clearcutting to partial 
harvesting that began in 1989 appears unlikely to maintain or recreate this extensive high-
quality habitat, we expect lynx habitat and numbers to decline in this unit over the next several 
decades, perhaps to levels more consistent with likely historical conditions. We concur with the 
expert panel that the resident lynx population in this unit is very likely to persist at 2025 and at 
2050. Over the longer-term (at 2100), we expect continued climate warming to reduce the 
amount and quality of lynx habitat in this unit and exacerbate other potential stressors 
(commercial and energy developments, changing forestry practices and land ownership 
patterns, etc.), further reducing lynx numbers and likely decreasing the population’s resilience. 
Some climate models indicate substantial loss of boreal forest and favorable snow conditions 
under higher emissions scenarios, and this unit generally lacks potential elevational refugia that 
would support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be somewhat 
lower than expert projections, although the timing and extent of climate-mediated habitat decline 
is highly uncertain. This geographic unit also may be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington, perhaps substantially more 
after additional fires in 2017. Because of this, the number of resident lynx in this unit is likely 
lower than it was historically and when the DPS was listed. Based on estimates of lynx carrying 
capacity, this unit may have been capable of supporting roughly 50-60 resident lynx prior to 
large fires beginning in the early 1990s. Recent habitat evaluations suggest it currently may be 
capable of supporting only about 30-35 lynx, with the decline due to fire-driven habitat losses. 
Although these losses are expected to be temporary, additional fires in this unit before 
previously burned areas recover (10-40 years post-burn) would further reduce lynx numbers 
and make this geographic unit more vulnerable to extirpation. Because of these habitat impacts, 
limited demographic information, and remaining uncertainties (e.g., immigration/emigration 
rates, changes in snowpack, disease, lynx population status and impacts of trapping in southern 
British Columbia, and habitat corridor stability between British Columbia and this unit), the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Nonetheless, we concur with the expert panel that the resident lynx population in this unit is very 
likely to persist at years 2025 and 2050. Over the longer-term (2100), we expect continued 
climate warming to reduce the amount and quality of lynx habitat in this unit, further reducing 
lynx numbers and likely decreasing the population’s resilience. Therefore, we concur with 
experts that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
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Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 



10 
 

supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
We expect lynx populations in each geographic unit to become smaller and more patchily-
distributed due largely to projected climate-driven losses in habitat quality and quantity and 
related factors. However, the timing, rate, and extent of habitat decline due to projected climate 
warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should extirpations occur, this 
would indicate a loss of resiliency, reduced redundancy and representation, and an increased 
risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated Canada lynx in the contiguous United States as a DPS because of 
differences in the management of lynx and lynx habitats across the international boundary with 
Canada and because of the climatic, vegetative, and ecological differences in lynx habitat 
compared to the northern parts of the species’ range in Canada and Alaska (62 FR 28654-
28655). The Service listed the DPS as threatened under the ESA in 2000 because of the 
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to provide 
for the conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is 
recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We 
completed this SSA (version 1.0) to summarize the best available scientific information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions 
(e.g., Peers et al. 2012, pp. 4-9). It is generally restricted to areas that receive deep and 
persistent unconsolidated (“fluffy”) snow, which is thought to allow lynx, with their 
proportionately longer limbs and very large feet, to outcompete other terrestrial hare predators 
that are less efficient in such conditions (McCord and Cardoza 1982, pp. 748-749; Quinn and 
Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et al. 2000b, pp. 400-401; 
Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 2005, p. 744-749; Carroll 
2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (Univ. of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to these geographic units are known or suspected to 
intermittently support resident lynx and occasional reproduction. Uncertainty remains as to 
whether resident lynx populations occurred historically in other areas not encompassed by the 
geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164 100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that the statuses of lynx populations in individual SSA geographic units are 
largely independent of those in the other geographic units. This is clearly true for Units 1 and 
2, and it is probably true of the western geographic units (3 – 6), despite likely historical 
north-to-south connectivity and dispersal from or through Unit 3 to Unit 5 and possibly Unit 
6, and recent evidence of south-to-north connectivity and dispersal from Unit 6 to and 
through Units 5 and 3. We are aware of no evidence of east-west connectivity or dispersal 
between Units 3 and 4. 
 



22 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
 

● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate warming and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate coniferous or deciduous) forests, non-snow-domintated climates, or to 
persist on alternate prey species where hare densities are or become inadequate. 
Therefore, we assume lynx populations in the DPS are vulnerable (sensitive, exposed, and 
with little capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 
5) to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 
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For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
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1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 



26 
 

northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
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litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
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winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90; Ivan et al. 2014, entire). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
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Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
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adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
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mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
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Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in southern and eastern Canada (McKelvey et al. 
2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
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c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, traps, vehicles, etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
At the southern periphery of the lynx’s range (southern Canada and the contiguous United 
States), hare population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; 
Hodges et al. 2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; 
Hodges in Lynx SSA Team 2016a, pp. 16-17), hare densities are typically on the lower end of 
densities reported for northern populations, and lynx abundances and demographic rates in the 
south are typically like those of northern lynx populations during hare lows (Koehler and Aubry 
1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern 
populations the likelihood is probably relatively low that an individual lynx will have its ecological 
requirements met sufficiently to replace itself in the breeding population. Also in the south, there 
are more diverse assemblages of potential competitors and predators, more natural patchiness 
and anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
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nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provide for dependent kittens 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
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185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 95% fixed kernel; 
5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Although specific snow 
requirements for lynx (amount/depth, quality, persistence) have not been quantified throughout 
the DPS range, historical lynx occurrence records in the contiguous United States were 
correlated with areas that received at least 4 months (December through March) of continuous 
snow coverage (Gonzalez et al. 2007, p. 7). Where snow conditions do not consistently favor 
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lynx, increased potential for predation and competition would be expected (Peers et al. 2013, p. 
8). Finally, individual lynx are more likely to survive, breed, and replace themselves in the 
breeding population if they occupy home ranges where trapping is prohibited or trapping 
pressure is low (Slough and Mowat 1996, entire), high-speed/high-volume roadways are absent 
(ILBT 2013, pp. 77-78), and other potential anthropogenic causes of lynx mortality are absent or 
minimal. 
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
study areas or relatively short durations. There remains uncertainty about whether, and if so to 
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what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
In the core of the species’ range in the southern Yukon, Slough and Mowat (1996, p. 952, table 
4) calculated a lynx population growth rate (lambda, λ) = 2.03 (annual doubling) during the 4-
year increase-to-peak phase of the hare cycle. This period of rapid growth was followed by a 
rate of λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid 
decline) during the first 2 years of the lynx population decline when hares were scarce. 
However, the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated lynx populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS and some 
southern Canadian populations; Murray 2000, pp. 1210-1215; Murray 2003, pp 152-155), 
versus those that would signal long-term population decline or instability is unknown. Despite 
this, and the limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) 
calculated population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley 
Lake area (i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell 
Mountains (increasing trend, 2003-2007). Likewise, MDIFW in 2012 calculated an intrinsic rate 
of growth of 0.05 (λ = 1.05) for Maine’s lynx population based on demographic data from a 
radiotelemetry study collected over a 12-year period (Vashon et al. 2012, Appendix VI). Neither 
the Montana nor Maine estimates incorporated rates of immigration/emigration (i.e., both 
assumed immigration and emigration rates of zero, which is very unlikely and contradicted by 
historical and recent evidence of lynx dispersal in both directions across the Canada-Unites 
States border across the DPS range). Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being bolstered by low levels of immigration, which may go 
undetected. Other efforts to model lynx population dynamics in the DPS range include those of 
Lyons et al. (2016, entire), who developed spatially-explicit, individual-based population models 
to estimate reductions in potential lynx carrying capacity in Washington associated with recent 
large wildfires, and Licht et al. (2017, in press, entire), who conducted a PVA of a potential lynx 
reintroduction to Isle Royale in Lake Superior, about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
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concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada are believed to be important to the persistence of lynx populations in the DPS 
(McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 
2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; Univ. of 
Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the expansive, 
continuous boreal forests of those areas, and its range largely overlaps that of its primary prey, 
the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 146; Mowat et 
al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to occupy about 
5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their historical range in that 
country (Environment Canada 2014, p. 2), and over 89 percent of the species’ entire 
distribution. Nationally in Canada, lynx are classified as secure, widespread, and abundant; they 
are managed for long-term population stability, with a conservative estimate of 110,000 



39 
 

individuals during cyclic lows; and no acute, widespread threats to lynx have been identified 
(Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest (Univ. 
of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. comm.), which 
represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska are apparently 
secure, with low to moderate threats, and populations appear stable statewide, although total 
abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
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Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarily into areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
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and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat (Peers et al. 2012, pp. 4-5). The 
2 species are difficult to distinguish in the field, they often were not reliably differentiated in 
historical trapping records (McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of 
lynx distribution based on anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 
3-8; Meaney 2002, pp. 3-5, Hoving et al. 2003, pp. 366-367). Because of the large effect that 
relatively few errors in identification can have on assessments of the distribution of rare animals, 
McKelvey et al. (2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should 
be interpreted with caution, and only verified occurrence data should be used to assess 
historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 
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2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because the lynx is a habitat and prey specialist, its densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist (Peers et al. 
2012, pp. 4-9). 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449; Peers et al. 2012, pp. 4-9) because they are morphologically and physiologically well-
adapted for hunting snowshoe hares and surviving in areas that have cold winters with deep 
and persistent unconsolidated snow (Murray and Boutin 1991, p. 463). Long-term snow 
conditions also presumably limit the winter distribution of potential lynx competitors and 
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predators (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, p. 123; Peers et al. 2012, entire; also 
see section 2.2 above), although behavioral adaptations may offset morphological differences to 
some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
 
Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a comprenhensive, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
 



44 
 

In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontario than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire) indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
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(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecedentedly large irruptions of lynx from Canada into the 
northern contiguous United States, when dispersing/transient lynx occurred temporarily in many 
places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoming Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 

                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
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In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
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be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of a long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Based on habitat distribution and lynx home range data, the 
MDIFW estimated that this geographic unit may have supported roughly 250-320 adult lynx in 
1995 and 750-1,000+ by 2003-06 (Vashon et al. 2012, p. 58; Vashon in Lynx SSA Team 2016a, 
p. 18]), and recent information suggests that resident lynx may be expanding to the south of the 
core population area (Vashon 2017, pers. comm.). The current lynx population in Maine is 
supported by the broad distribution of high-quality hare habitat that resulted from extensive, 
large-scale clearcutting in the 1970s and 1980s in response to a massive spruce budworm 
(Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 4.2.1). As 
these regenerating clearcuts, which currently provide the dense horizontal structure preferred by 
hares, mature beyond about 35-40 years post-harvest, hare densities are expected to decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16). The current lynx population in Maine is probably 
substantially larger than typically occurred historically under the natural disturbance regime, 
when relatively small amounts of the spruce-fir forests in the state are thought to have been 
composed of the dense young stands that provode optimal hare (and, therefore, lynx foraging) 
habitat (Lorimer 1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With 
the reduction in clearcutting and the proliferation of partial harvesting following enactment of the 
Maine Forest Practices Act of 1989, lynx densities in Maine are projected to decline by 55 to 65 
percent by 2032 (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16), 
perhaps to levels more consistent with likely historical conditions. Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
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range (Koen et al. 2015, entire). Whether lynx persistence in Maine relies on immigration from 
Canada, and if so to what extent, is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
trapping harvest data suggest declining immigration after the mid-1980s (McKelvey et al. 2000a, 
p. 225; Squires in Lynx SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent 
evidence of reproduction have been documented in the Montana portion of the GYA where, as 
with the northwestern Wyoming part of the GYA (discussed above), uncertainty about whether 
this area consistently or only intermittently supported resident lynx historically makes it difficult 
to interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As 
elsewhere in the West, recent research and habitat assessments suggest that habitats capable 
of supporting resident lynx in Montana are, and historically were, naturally patchier and less-
broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx 
therefore naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016a, p. 12). 
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In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
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influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 



53 
 

recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
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consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 



55 
 

 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2014, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
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plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
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promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units that encompass USFS and BLM lands, are 
currently managed in accordance with the specific conservation measures and considerations 
identified in the LCAS and implemented via the CAs or formally revised and amended 
management plans described above. These agreements and revised/amended plans constitute 
the regulatory framework and specific regulatory mechanisms adopted to conserve lynx habitats 
and populations on USFS and BLM lands that support or are potentially capable of supporting 
them. They represent the agencies’ efforts, in collaboration with the Service, to address and 
ameliorate the singular threat for which the lynx DPS was listed under the ESA. Although formal 
effectiveness monitoring has not been completed, it is clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous United States. Overall, Federal lands managed by the USFS, BLM, and 
NPS constitute nearly 64 percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, 
and all but a tiny fraction of these lands are actively managed for lynx conservation. 
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3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 2). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
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enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
specification of trap sizes and sets that may be used to legally harvest other furbearers and that 
are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (65 FR 16077; Moen in Lynx SSA Team 2016a, p. 19). Overlapping the 
Northeastern Minnesota SSA unit, the Minnesota Department of Natural Resources (MNDNR) 
has identified a specific “Lynx Management Zone” (LMZ) for which it has promulgated and 
enforces special trapping regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). 
The MNDNR has modified trapping regulations within the LMZ to minimize the incidental take of 
lynx during the legal trapping of other furbearers. The regulations address specific trap types 
and sets, prohibit the use of certain baits and visual attractants, and require reporting of any 
incidentally trapped lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-
55). The MNDNR also distributed to trappers the interagency brochure How to Avoid Incidental 
Take of Lynx while Trapping or Hunting Bobcats and other Furbearers. In response to a Federal 
court order, MDNR developed an incidental take plan designed to minimize the potential for lynx 
to be incidentally trapped during other legal furbearer trapping; the plan is currently under 
review by the Service. Like Maine, Minnesota has a State Endangered Species Statute 
(84.0895) which requires the MNDNR to adopt rules designating species meeting the statutory 
definitions of endangered, threatened, or species of special concern (State of Minnesota 2016, 
entire). The Statute also authorizes the MNDNR to adopt rules that regulate treatment of 
species designated as endangered and threatened. Also like Maine, however, Minnesota has 
not designated lynx as threatened or endangered under the statute. Instead it has designated 
the lynx a species of special concern, a designation for species that are extremely uncommon, 
have unique or highly specific habitat requirements, or occur on the periphery of their range in 
Minnesota and, therefore, deserve careful monitoring (MNDNR 2013, pp. 1-2). Thus, the 
MNDNR coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
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(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of restrictions on trapping in lynx habitat. 
Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming are classified as nongame wildlife, a 
Species of Greatest Conservation Need, and a Protected Animal by Wyoming State Statute. A 
classification of "State Protected" status prohibits trapping or any intentional take in the state, 
and lynx in Wyoming were offered full protection from trapping and hunting beginning in 1973 
(ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also participates in the 
CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 

                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s to early 2000s, when 20-25 percent of the forest in Maine 
was in an early regeneration stage. The amount of young, regenerating forest at that time was 3 
to 8 times higher than typical historical conditions under the natural disturbance regime, when 
only 3 to 7 percent of stands were likely in such condition at any given time (68 FR 40094). 
Current timber harvest and management on State and private lands in Maine are governed by 
the Maine Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
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percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 
of Unit 1) of private lands in northern Maine are under “working woodland” conservation 
easements10; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). In the past Maine private forest landowners have expressed 
interest in long-term commitments to lynx management plans, but to our knowledge, there are 
no private landowners in Maine who have committed to long-term or permanent protection and 
creation of lynx habitat according to the Service’s lynx management guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
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Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
                                                
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
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with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61°C (1.1°F; range = -0.53° to +2.50°C [-
0.95° to +4.5°F]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
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emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Hartmann et al. 2013, p. 180, 187-189; Peters et al. 2013, entire; Friedlingstein 
et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851). Analysis of paleoclimate data indicates 20th 
century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4° - 2.6°C 
(0.7° - 4.7°F) by mid-century and 0.3° - 4.8°C (0.5° - 8.6°F) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
percent probability of increasing more than 1.5°C (2.7°F), a 76 percent probability of increasing 
2° - 4.5°C (3.6° - 8°F), and a 14 percent probability of exceeding 4.5°C (8°F). 
 
In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf
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elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
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predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western United States that has remained relatively stable for 
the past 3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more 
contiguous areas of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
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consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Joos et al. 2001, entire; Lucht et al. 2006, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
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migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over terrestrial competitors and predators. Although specific snow requirements for lynx 
(amount/depth, quality, persistence) have not been quantified throughout the DPS range, 
climate warming is diminishing snow conditions in the contiguous United States. Warmer winter 
temperatures are reducing snow cover extent and duration and altering snow structure via a 
combination of a higher proportion of precipitation falling as rain, more winter thaw-freeze 
events, higher rates of snowmelt during winter, and earlier spring melt and runoff (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; 
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Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; 
Pierce et al. 2008, entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; 
Georgakakos et al. 2014, pp. 71-85). These trends are expected to continue with projected 
future climate warming (Hamlet and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; 
Mote et al. 2005, p. 48; Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; 
IPCC 2014b, p. 62). The IPCC projects that spring snow cover in the Northern Hemisphere is 
likely to decrease by 7-25 percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow 
season length and snow depth are very likely to decrease in most of North America except in 
the northernmost part of Canada where maximum snow depth is likely to increase’’ (Christensen 
et al. 2007, p. 850). Because lynx occurrence is correlated with prolonged periods of deep, fluffy 
snow, current lynx habitats would be expected to decline in value for lynx with decreases in 
snow condition and duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 
2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Estimating trends in snowpack is challenging because the high variability in snowpack dynamics 
and microsite variations due to canopy cover, aspect, and elevation are not well-reflected in 
observation records (Hubbart et al. 2015, pp. 885-892; Rasouli et al. 2015, pp. 3937-3938; 
Painter et al. 2016, p. 149; IDFG 2017a, p. 7). Nonetheless, snowpack losses have been 
documented and will likely continue and could even accelerate in the future (Hamlet and 
Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 2011, entire; Kapnick and 
Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-971), with faster losses 
likely in milder climates like the Cascades and the slowest losses in the high peaks of the 
Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in temperature, 
snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 2016, p. 
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106). In the West, areas of contiguous spring snow cover are projected to become smaller and 
more isolated throughout the Columbia, Upper Missouri, and Upper Colorado Basins, with 
greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). Snow 
accumulation and duration are also expected to continue to decline generally in the central and 
eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 2009, p. 31; 
Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow resources, 
potential lynx habitat is diminishing in the northern Appalachians and small areas in the 
Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential future 
snow cover under a range of IPCC climate scenarios suggests that snow conditions correlated 
with historical lynx occurrence records could decline by 10-20 percent across the continental 
United States and Canada and by 46-84 percent in the contiguous United States by the end of 
the century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
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rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
mediate competition between the 2 species (Peers et al. 2012, pp. 4-9). Because of their higher 
foot-loading, bobcats likely hunt less efficiently than lynx in deep, unconsolidated snows (Hoving 
et al. 2005, entire; Krohn et al. 2005, pp. 122-129), which appear to limit bobcat mobility and 
distribution (Litvaitis et al. 1986, p. 116). Considering recent and projected future changes in 
snow conditions described above, stable or increasing bobcat populations in the DPS range 
(Roberts and Crimmins 2010, p. 170), and the predicted northward expansion of bobcats into 
areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 
873-874; Roberts and Crimmins 2010, p. 172), lynx may experience increased competition and 
displacement by bobcats, which could influence lynx distribution and persistence at the southern 
edge of their range (in all DPS geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
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Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
 
Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change also may affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
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2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. Conversely, in dry western forests, increased precipitation may result in 
more herbaceous forage and cover, which may promote hare survival and reproduction (Ivan et 
al. 2014, p. 590). Thus, climate change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
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Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
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and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
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these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and more northern 
populations in Canada depends on an ice bridge for dispersal across the St. Lawrence River. 
Although some lynx currently cross the river, Koen et al. (2014a, entire) found genetic 
structuring on either side of the river. Thus, the river already restricts gene flow. Climate-
induced deteriorating ice conditions on the St. Lawrence River could further restrict gene flow 
between lynx populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 
and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the 
Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, reduced ice on the St. 
Lawrence may prevent bobcats from dispersing northward into lynx areas in central Quebec 
(Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
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(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
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insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough 1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
 
Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
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connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
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provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
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● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
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the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
 
Although management of State and Federal forest lands has been relatively stable in recent 
decades, management and ownership of private forest lands have been comparatively unstable. 
This has resulted in substantial shifts in forest management strategies, outcomes, and products. 
For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is on 
private land, about 96,315 km2 (37,187 mi2; 80 percent) of commercial timber lands in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and their 
management objectives differ from traditional commercial timber operations, resulting in 
changes to traditional harvest practices. Whereas the previous large commercial timber 
landowners focused on the forest land base as a supply for their manufacturing facilities, the 
new Timber Investment Management Organizations (TIMOs) and Real Estate Investment Trusts 
(REITs) focus on maximizing return on their investment (Jin and Sader 2006, p. 178). Initially, 
the effects of ownership changes were uncertain (McWilliams et al. 2005), but an evaluation of 
harvesting in the last decade indicates these landowners increased harvest rates, shortened 
rotation times, and shifted to managing and harvesting hardwood tree species (Jin and Sader 
2006, p. 183-185). On one hand, these trends in private lands management in Maine may make 
lynx conservation more difficult to achieve because short-term landowners may be less 
interested in long-term commitments. On the other hand, some easement owners may have an 
incentive to manage for lynx to meet forest certification requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
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species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
 
Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
with continued climate warming, total United States timber inventories will increase, timber 
harvest will increase, and product prices will decrease relative to an assumed stable climate. 
Some models predict that consumers will gain from climate change while landowners in some 
regions will lose. The forest industry will likely adapt to climate change in many ways including 
using alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
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removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
 
There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
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patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Abele et al. (2013, entire) also found that precommercial thinning reduced hare abundance in 
western Oregon but did not affect individual hare survival or activity patterns. Because of 
documented adverse effects of precommercial thinning to snowshoe hares and lynx, in 2007 
and 2008 the USFS amended Forest Plans to incorporate management that would conserve 
lynx, including direction that prohibited precommercial thinning in most lynx foraging habitat 
(USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial thinning 
is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
 
In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands in 
Maine supported about 50 percent of the hare densities observed in regenerating clearcuts 
(Robinson 2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
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Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, Univ. Maine, pers. comm. and unpubl. data; Harrison et 
al. 2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
problems with windthrow, especially in wet soils (D. Harrison, Univ. Maine, pers. comm.). As 
much as 30 to 40 percent of the advanced regeneration may be damaged from repeated entries 
by machinery to remove the overstory (R. Seymour, Univ.Maine, pers. comm.). Finally, because 
subsequent overstory removal occurs about 15 years after the initial entry, some of the dense 
understory is damaged just as the stand develops conditions to support higher hare densities. 
The damage to the understory not only reduces the quality of the habitat for hares, but also cuts 
short the duration that the stand produces high-quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
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Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
 
Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). Fragmentation of the already naturally patchy pattern of lynx habitat in 
much of the contiguous United States can affect lynx by reducing their prey base and increasing 
the energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified 
direct effects of fragmentation on lynx to include creation of openings that potentially increase 
access by competing carnivores, increasing the edge between early-successional habitat and 
other habitats, and changes in the structural complexities and amounts of seral forests within 
the landscape. At some point, landscape-scale fragmentation from forest management can 
make patches of foraging habitat too small and too distant from each other to be effectively 
accessed by lynx as part of their home range. For example, in Maine the proliferation of partial 
harvesting will actually increase the patches of high-quality hare habitat by 57 percent, but the 
average size of patches will be diminished by 87 percent, and patches will become more 
isolated (Simons-Legaard et al. 2016, pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events (Kilgore and 
Heinselman 1990; Veblen et al. 1994; Heinselman 1996; Agee 2000; Seymour et al. 2002; 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
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contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
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Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
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indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
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and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4, large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
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favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 
(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 
selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
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other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
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rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
 
As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
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fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
 
Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
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Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
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528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
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Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
 
Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
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habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
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Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level negative 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 
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4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 2 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
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has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx likely have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or primary prey 
species). However, although some small populations may have become extirpated recently, 
resident lynx in the DPS remain broadly distributed across the range of ecological settings that 
seems to have supported them historically in the contiguous United States. Because there are 
no indications of current threats to the genetic health or adaptive capacity of lynx populations in 
the DPS, we find that the current level of representation does not appear to represent a 
decrease from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
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the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic area to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger and highly resilient population (Harrison 2017, p. 3) 
that also occupies southern Quebec (where trapping is legal) and northern New Brunswick 
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(where lynx are a provincially-endangered species and harvest is prohibited). Although the 
actual number of resident lynx in this unit is unknown, the MDIFW believes this unit currently 
may be capable of supporting 750-1,000 lynx based on estimates of habitat distribution and lynx 
home range sizes (Vashon et al. 2012, pp. 87-91), which would make it the largest population in 
the DPS. This is many more resident lynx than likely occurred historically and many more than 
were suspected to occur in this unit when the DPS was listed, and it is the result of extensive 
clearcutting and herbicide application to salvage spruce-fir and encourage softwood 
regeneration following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments have created 
the current extensive distribution of young, regenerating softwood stands that provide optimal 
hare foraging habitat. Lynx responded to these conditions with high survival and reproduction, 
small home ranges, and the highest densities documented in the DPS. Historically, under a 
more natural disturbance regime, Maine typically had a greater proportion of mature forest and, 
therefore a patchier distribution of high-quality habitat that likely supported a smaller lynx 
population that may have been more dependent on immigration from Canada. State forestry 
regulations passed in 1989 caused landowners to shift to various forms of partial harvesting that 
have resulted in lower landscape hare densities across much of the unit. Hare populations do 
not seem to cycle in this region, but hare density estimates from 2008-2015 declined by over 50 
percent compared to estimates from 2001-2006. Reproduction and adult survival declined in the 
low-hare environment after 2006, although kitten survival remained high. Unlike other DPS 
units, lynx habitat in northern Maine occurs nearly entirely on private, industrial forest lands, 
most of which lack long-term commitments to lynx management. The majority of private lands in 
this unit are now owned by investment companies seeking to diversify income from their 
investments, which could result in forest practices less likely to maintain or conserve hare and 
lynx habitat. Other potential stressors to lynx in this unit include incidental trapping, road 
mortality, large-scale wind energy development, residential and resort development, and 
parcelization of forestlands from rapid turnover in investment company landowners. Another 
spruce budworm outbreak may be imminent, and forestry response by investment landowners is 
uncertain. Climate change is a concern because average annual snowfall and duration are 
currently at the minimum thresholds believed necessary to give lynx a competitive advantage 
over bobcats and other mesocarnivores. Although lynx regularly occur outside this unit in 
southeastern and southwestern Maine, and small numbers of reproducing lynx have also been 
documented recently in northern New Hampshire and northern Vermont, the ability of some of 
these peripheral areas to support persistent breeding populations is questionable. However, 
recent telemetry data in Maine suggest that resident lynx are expanding both east and south of 
the Northern Maine Geographic Unit, with home range maintenance and reproduction 
documented in both areas, which previously were considered outside the area capable of 
supporting resident lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
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connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  The historical and current sizes of the 
resident lynx population in this unit are unknown, but it is thought currently to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
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trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. Historical and current resident lynx numbers in northern Washington are unknown, 
but recent habitat and home range analyses for the larger Okanogan LMZ (summarized in 
Lewis 2016) suggest that this geographic unit may have been capable of supporting about 50 
lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). Those 
fires affected over a third of the LMZ, led to increased home range size, and may have reduced 
the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4). Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
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ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
 
Unit 6 - Western Colorado:  The current and historical numbers of resident lynx numbers in this 
unit are unknown, but CPW lynx biologists believe it currently could support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. Released lynx had high 
survival but the proportion of females producing kittens and kitten survival were low. This unit is 
not directly connected to lynx populations in Canada, and it does not appear to have received 
immigrant lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 
1996, 2 unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 
mi2) of spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in 
this unit. Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) 
of lynx habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively 
impacted hares, and hare numbers may increase in affected areas as succession progresses; 
however, they have negatively impacted red squirrels, an important alternate prey species for 
lynx in this unit. Areas affected by beetles that contained multi-story stand conditions likely 
continue to provide habitat to support snowshoe hares and lynx. Areas affected by fire may 
require 20 years or more, and in some areas considerably longer, to recover to a point where 
the stands will again support snowshoe hares. Large-scale monitoring efforts in the San Juans 
documented continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is 
reasonably likely that lynx continue to occur in all national forests within the State of Colorado. 
Snowshoe hare habitat is naturally patchily-distributed in this geographic unit, which limits hare 
abundance. Because the majority (90 percent) of potential lynx habitat in Colorado is under 
Federal land management, actions occurring on other ownerships are unlikely to result in 
significant impacts to lynx habitat within this unit. The USFS manages over 85 percent of the 
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lynx habitat in this unit, providing conservation through the SRLA. However, regulatory 
mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 

100% 83% (Purcells);            
61% (Seeley Lake)

100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares)

3.3 2.95 (Purcells);            
2.24 (Seeley Lake)

2.25 (2 females) 3.0 (1 female, 2 
years)

2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00

0.85 (Purcells);            
0.75 (Seeley Lake) 0.86 Few data

0.93 (in Core Release 
Area [CRA]);                   

0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.05                              
(1.16, high hares, 6 

yrs; 0.88,low hares, 4 
yrs)

No estimate
1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 
Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 
Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
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unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
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1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris including blowdown, deadfalls, 
and root wads. In northern Maine, nearly half (12 of 26) of natal dens occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on commercial 
forest lands reinforces the importance of dense regenerating conifer forest along with a 
component of mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495; 
Simons 2009, pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 
573) found the probability of lynx occurrence was > 50 percent where landscape hare densities 
were > 0.74 hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx 
maintained home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). Based on these observations, Simons-Legaard et al. 
(2013, pp. 574-576) recommended maintaining landscape hare densities of > 0.5 hares/ha (0.2 
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hares/ac) and a minimum of 27 percent high-quality hare habitat within 100-km2 areas to 
conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, high-
quality lynx foraging habitat in northern Maine was probably typically much less abundant and 
less broadly-distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, 
insect outbreaks) are rare (intervals of several hundred to several thousand years) and highly 
variable in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce 
budworm, spruce beetle, beech bark disease, and sugar maple defoliators have been important 
influences affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The 
frequency and intensity of spruce budworm outbreaks, the most likely insect to affect lynx 
habitat, have been highly variable in Maine and eastern Canada in recent centuries (Blais 1983, 
entire). Although, high-elevation boreal forests often exhibit dense, regenerating conifer 
(resulting from a wind-throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare 
densities are believed to be low in these areas (Siren et al. 2015, entire). In this geographic 
area, wildfire is less significant as a natural agent of disturbance. The typical fire regime is 
infrequent surface fires in the dormant season in the hardwood forests, and slightly more 
frequent but long-interval fires in conifer forests (Kilgore and Heinselman 1990, entire; Seymour 
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et al. 2002, pp. 359-365, Lorimer and White 2003, p. 59). For the past several decades, early 
successional forests and lynx habitat in northern Maine, New Brunswick, and southern Quebec 
have been created almost exclusively by forest management (Lorimer and White 2003, pp. 42-
43). 
 
In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (about half of the Northern Maine 
geographic unit), Simons-Legaard (2016, p. 9-10) estimated that 3,845 km2 (1,485 mi2; nearly 
27 percent) of the forested landscape was comprised of spruce-fir in a young, regenerating 
stand condition that provide high-quality hare habitat. This habitat is similar to, and contiguous 
with, forested areas in Quebec and New Brunswick that support lynx (Hoving et al. 2005, pp. 
740-741). The current range of lynx in this unit is associated with areas of deep snowfall, 
extensive forested landscapes, and areas having a high proportion of regenerating conifer-
dominated forest that had previously been clearcut and treated with herbicides to suppress 
hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of higher (1995-2005) and lower (2006 to present) densities (Scott 2009, 
pp. 1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several 
estimates of hare densities in the highest-quality regenerating conifer or mixed forest averaged 
1.9 to 2.1 hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 
2006, hare densities declined by about half in all stand types and have remained at these lower 
levels (Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were 
observed in the Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 
1990, hare densities in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 
hares/ac) at low and high elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. 
(2015) reported lower densities in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) 
that are unlikely to support lynx persistence in both montane and lowland spruce-fir. Densities in 
high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha (0.08 to 
0.11 hares/ac), also unlikely to support lynx persistence. Comparable hare density data are not 
available for Vermont. 
 
Currently, the amount and distribution of high-quality habitat are likely at historically high levels, 
but this habitat has peaked and high-quality lynx habitat is projected to decline in the near future 
(Simons-Legaard et al. 2016, pp. 140-163, 202-218). In response to the widespread clearcutting 
in the 1970s and 1980s, Maine passed the Forest Practices Act in 1989, which regulated 
clearcutting. Since then, various forms of partial harvesting have replaced clearcutting as the 
predominant form of forest management in northern Maine. Partially harvested stands (e.g., 
selection harvest, shelterwood harvest, overstory removal) have a wide range of residual stand 
conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006, p. 29). On average, partially harvested stands support 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006, p. 
26-27). Over 95 percent of cutting that occurs now in northern Maine is partial harvesting 
compared to 59 percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-
Legaard et al. 2013). This new cutting regime results in lower landscape densities of snowshoe 
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hares (Fuller 1999; Homyack 2003; Robinson 2006; Scott 2009). Another consequence of 
partial harvesting is that a much greater acreage needs to be cut annually to attain similar 
harvest volume (as compared to clearcutting). Annual harvest rates have increased from about 
40,000 ha (100,000 acres) per year (before the Forest Practices Act) to over 200,000 ha 
(500,000 acres) per year (after the Act). Thus, 28 years after the Maine Forest Practices Act, 
much of the forested landscape in northern Maine has been partially harvested. 
 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects rarely exists. 
Furthermore, there continues to be high turnover in forest land ownership (Hagan et al. 2005; 
Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work with private 
landowners. As of 2005, there were 23 landowners in northern Maine with land holdings in 
excess of 40,000 ha (100,000 ac) including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), 2 tribes 
(Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) and 
18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
was 1 of several pilot States to receive funding through its Natural Resources Conservation 
Service (NRCS) State office. Based on a successful pilot program, in 2008, the HFRP was 
reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in the Federal 
Register (75 FR 6539) amending regulations for the HFRP based on provisions amended by the 
bill. In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time 4 private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
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Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, after which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 

Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. In 
addition, “working woodland” easements now encompass > 10,000 km2 (3,861 mi2) across 
northern Maine; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
When the DPS was listed, lynx were known to be present in northern Maine but little was known 
about their distribution, population size and trend, snowshoe hare populations, and relationships 
to forest management. Since then, research from the MDIFW (Vashon et al. 2008a, entire; 
2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, entire; Hoving 
et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; Homyack et al. 2007, 
entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and 
Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) 
have greatly increased our knowledge. Snow track surveys and confirmed occurrence records 
document that lynx occur throughout northern Maine and in small, isolated pockets in western 
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and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and small numbers of lynx have also 
been documented recently in northern New Hampshire (Siren 2014b, pp. 7-16), and Vermont 
(Bernier 2015, entire). Population size and trend are still uncertain in northern Maine, and 
persistence in New Hampshire and Vermont remain questionable. 
 
This geographic unit is part of a larger, contiguous lynx population that extends into northern 
New Brunswick and the Gaspe region of southern Quebec. Extensive areas of contiguous 
forestland in this region provide high connectivity between populations in Maine and Canada. 
Lynx populations in adjacent southern Quebec may exhibit cyclic populations (Ray et al. 2002, 
entire), but obvious immigration of large numbers of lynx into Maine associated with hare cycles 
(if they occur) has not been documented (Hoving et al. 2003, pp. 373-374). Although potential 
lynx habitat in New Hampshire and Vermont is fragmented, there is near contiguous forest and 
connectivity for lynx movement between these areas and habitats in northern Maine (Farrell 
2013, pers. comm.; 79 FR 54821). Areas of recent lynx breeding in New Hampshire and 
Vermont are not directly connected to Canadian populations, but they are connected to the 
larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals apparently cross the river on the ice each generation to prevent genetic drift of this 
population (Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
When the DPS was listed, the Northern Maine Unit was not believed to contribute significantly to 
its persistence. However, we now believe that the extensive young, regenerating spruce-fir 
habitat created by large-scale clearcutting in the 1970s and 1980s may currently support the 
largest lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx 
SSA Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area 
of high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the geographic unit) in northern Maine could potentially support a population of 236 to 355 
adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) estimated the potential for a 
population of 750 to 1,000 adult lynx in all of northern Maine in 2006. The actual number of lynx, 
however, is unknown because there are no methods available to count individuals over such a 
large geographic area. 
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Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-2005; 
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Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 3 and 
4). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
 
In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality lynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
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Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42° - 0.46°C/decade (0.76° - 0.83 °F/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7° - 7.8°C (12° - 14°F) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, records of lynx occurrence are 
correlated with areas that regularly have at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). Snow cover days in northern New England (1965-2005) 
ranged from 60-121 days and declined an average of 3.6 days/decade from 1965-2005 
(Burakowski et al. 2008). Snow duration declined by 16 days in the Northeast from 1970 to 2001 
(Wake 2005) and is expected to diminish another 2 weeks in Maine by mid-century (Fernandez 
et al. 2015). Thus, average conditions in Maine are currently at or below the snow cover 
duration correlated with historical lynx occurrence records. Similarly, the largest decreases in 
snow depth observed in Canada in the last 6 decades have occurred in the lower St. Lawrence 
Valley, immediately north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the northeastern United States and eastern Canada occur where average annual 
snowfall typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the 
distribution of lynx (to the north) and bobcat (to the south) in this region (Hoving et al. 2005; 
Carroll 2007; Peers et al. 2013). Average annual snow depth at all 5 NOAA weather stations 
within the range of the lynx in northern Maine (1981-2010) was below this threshold and ranged 
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from 228-263 cm (90-104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites 
in and near Maine experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow 
depth in New England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; 
Burakowski et al. 2008). Thus, average annual snowfall in Maine is currently at or below depths 
associated historically with lynx presence, and further declines could reduce the likelihood that 
resident lynx will persist in this unit (Hoving et al. 2005). 
 
As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high-
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 

                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-marked in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, and such development could impact high- and low-elevation spruce-fir habitats 
(Whitman et al. 2013). Maine has experienced a rapid increase in wind energy development16, 
and there is increased interest in placing developments on private lands in unpopulated areas in 
northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing 
source of income for investment companies and other landowners who own forestland in the 
northern Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and 
western Maine and 5 projects are in operation; 2 have been proposed in northern New 
Hampshire and 2 are in operation; and 3 have been proposed for northeast Vermont and 2 are 
in operation or under construction. Maine’s 2 largest wind projects (combined over 250 turbines 
covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. 
Although impacts of wind energy projects on lynx, hares, and their habitats have not been 
demonstrated, potential effects include loss and fragmentation of habitat from turbines, roads, 
and transmission lines, and disturbance or displacement of resident lynx. Road construction 
could further fragment habitat and increase access, potentially increasing vehicle collisions with 
lynx and other sources of mortality, including incidental trapping or illegal shooting (also see 
5.2.1). 
 

                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned primarily by about a dozen large, commercial timber interests, 
but land ownership patterns have changed dramatically in the last 15 years (Ippoliti and 
Nadeau-Drillen 2006). Large tracts of land have been sold, lumber and pulp mills shut down, 
and much of the area has been sold to investment-oriented owners. Some of these new 
landowners are seeking diversified financial returns on their investment, including developing 
residential housing, second homes, and resorts. At various times in the past, 2 large residential 
and resort areas have been proposed on forestlands within designated lynx critical habitat in 
this unit. Both projects, if eventually built as previously-planned, could result in the development 
of several thousand acres of potential lynx habitat, but would be mitigated by substantial 
(100,000s of acres) conservation easements on surrounding forestland. Also, a private 
landowner recently purchased and donated 354 km2 (137 mi2) within designated lynx critical 
habitat that was subsequently designated as the Katahdin Woods and Waters National 
Monument. This area currently has a legacy of young regenerating spruce-fir habitat from 
previous commercial timber harvest, but its new monument designation will limit future forest 
management activities (timber harvest or other vegetation management) that could benefit lynx. 
In addition, the Nature Conservancy continues forest management on about half of its 750-km2 
(290-mi2) ownership in this unit, including managing part of the area for lynx. 
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high-quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx. High-quality 
habitat created by extensive clearcutting 30 to 40 years ago is peaking and is projected to 
decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, pp. 10-18; also see 
section 5.2.1). Hare densities declined by 50 percent in this unit starting in about 2006 and have 
remained at lower levels, and future hare fluctuations or cycles are uncertain. Recent history 
demonstrates that some forms of forest management have the potential to create or increase 
lynx habitat. However, forest practices have shifted to partial harvesting, which is less likely to 
create large areas of lynx habitat or maintain the current historically broad distribution of high-
quality habitat generated by previous landscape-level clear-cutting. Additionally, private 
landowners who previously entered into commitments to manage for lynx conservation have not 
renewed those commitments (although the habitat will remain viable for lynx for some time). 
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Land ownership has also changed in northern Maine, and the majority of lands are owned now 
by investment companies that often wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. Without long-term, binding 
land management commitments in this unit, there is no guarantee that the current historically 
high amount of lynx habitat will be maintained by future forest managment practices on private 
lands. The greatest stressors to resident lynx in this unit are habitat loss (as a result of the shift 
in forest management from clearcutting to partial harvesting resulting in lower landscape hare 
densities), lack of forest planning for lynx, and projected continued climate warming (diminishing 
snow depth, quality and duration; transition from spruce-fir to northern hardwood forests; 
potential increased competition from bobcats and fishers; and increased future isolation of lynx 
in this unit and southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 2). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge, and that lynx beds (resting and hunting) and 
kill sites were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) 
found snowshoe hare densities were highest in regenerating forests. Female lynx selected large 
woody debris and dense horizontal cover in lowland conifer cover for denning in northern 
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Minnesota (Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns 
were present (Moen and Burdett 2009, p. 5). 
 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during declines in hare abundance by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. In northeastern Minnesota, edge habitats and regenerating conifer stands appeared to 
be important for snowshoe hare populations (Burdett 2008, p. 58; McCann 2006, p. 45), as were 
dense habitats containing balsam fir, white spruce, and cedar (Fuller and Heisey 1986, p. 263). 
Recent research indicates that the red squirrel is not an important prey species for lynx in 
northeastern Minnesota (Burdett 2008, p. 62; Hanson and Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Plan includes many objectives, 
standards, and guidelines for the protection of lynx and enhancement of lynx habitat (USFS 
2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et al. 
2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 
                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 



130 
 

current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  When the DPS was listed, it was uncertain whether a resident lynx population 
occurred in Minnesota. However, we now know that a reproducing resident population has 
persisted in Unit 2 since the DPS was listed. Moen et al. (2008b, p. 30) estimated a likely 
maximum (all available habitat occupied) number of 190-250 resident lynx in this unit, and Moen 
(in Lynx SSA Team 2016a, p. 39) recently suggested that the resident population likely 
fluctuates from about 50 to 200 lynx. A more precise estimate of resident population size is not 
available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, females 
tended to move 100-200 km (62-124 mi) and did not return to their original home ranges in 
Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario and 
Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
hybrids (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
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Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways. 
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
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Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
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2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
 
In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
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(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
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Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
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Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 
Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land. This includes (in addition to Glacier National Park) 
the 6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests; the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest; 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest; and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). 
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats. 
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
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support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
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genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
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incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distriubtution, it is very unlikely that this unit and surrounding areas 
were ever (recently or historically) capable of supporting 1,000 resident lynx. As described 
above, habitats capable of supporting resident lynx in this unit are (and also were historically) 
naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of 
resident lynx remains uncertain, this unit has a long and continuous history of lynx occurrence 
and evidence of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, 
pp. 346-348; Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 
16058; 68 FR 40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale 
genetic sub-structuring among lynx subpopulations in the southern (Garnet Mountains), central 
(Seeley Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction 
among lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires 
in Lynx SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a 
larger population in southwestern Alberta and southeastern British Columbia, but the extent to 
which lynx persistence in this area may rely on immigration from Canada is unknown, and there 
is no indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
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2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown. On February 2, 2016, a single lynx was detected via snow-track survey and 
verified via DNA analysis in the Garnet Range in the area previously occupied by resident lynx, 
demonstrating that natural recolonization of this area by dispersing lynx is possible. However, 
this recent record appears to have been of a dispersing/transient individual because subsequent 
surveys have not revealed additional detections of that lynx or any other lynx in the area, and 
there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
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area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20), indicating recruitment of new individuals into this 
population, or immigration, or a combination of the 2. 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
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the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above. Genetic analyses and snow 
and camera surveys have verified continued reproduction and recruitment among lynx 
populations in this unit and also suggest some immigration may be occurring. The recent 
apparent absence of resident lynx in Garnet Mountains may indicate extirpation of a small 
resident population and a contraction in lynx distribution in the southern part of the unit, or it 
may reflect natural source-sink dynamics of a naturally ephemeral peripheral population in a 
mainland-island metapopulation structure. Lynx are rarely detected on surveys on other national 
forests (or parts of those above) that are outside but adjacent to this geographic unit (Patton 
2006, entire; USFS 2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features 
and/or landscape-level hare densities necessary to support resident lynx populations (79 FR 
54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
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Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
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Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
 
Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41). 
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
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about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 

                                                
19 https://inciweb.nwcg.gov/state/27/0/ 
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Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx population 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. However, Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being sustained by low levels of undetected immigration. 
The growth rate estimates presented above assumed no immigration. 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf


148 
 

designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (< 10 percent), low elevations [less than 915 m (3,000 ft)], and steep slopes (> 
30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the Northern 
Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler et al. 
2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major drivers 
of disturbance in this unit, but other factors, including wind and tree diseases, also contribute to 
natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North Cascades 
range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 

https://snowfall.weatherdb.com/d/a/Washington
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The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21), and the Diamond Creek fire burned 
another 393 km2 (152 mi2) in the northern part of this unit during July-October 2017, along with 
another 126 km2 (49 mi2) across the border in southern British Columbia22. 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. This estimate does not include impacts of the 2017 
Diamond Creek wildfire described above. These burned areas are expected to regenerate back 
into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 2016, p. 5; 
Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx population in this 
geographic unit will likely be at increased risk of stochastic demographic, genetic, and 
environmental effects. 
 

                                                
22 https://inciweb.nwcg.gov/incident/5409/, accessed 10/25/2017. 

https://inciweb.nwcg.gov/incident/5409/
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As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons for lynx in Washington were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
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As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynx habitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts, limited demographic information, and 
remaining uncertainties (e.g., immigration/emigration rates, changes in snowpack, disease, lynx 
population status and impacts of trapping in southern British Columbia, and habitat corridor 
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stability between British Columbia and this unit; WADFW 2017, p. 3),the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. 
 
From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of Federal regulatory mechanisms) has largely 
been addressed through the development of the LCAS, and CA between the USFS and 
Service, which commits the USFS, specifically for Washington the OWNF and CNF, to use the 
LCAS in the management of lynx habitat on National Forest System lands and when designing 
and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades within the Okanogan LMZ. In 1996, the WADNR 
developed and implemented a Lynx Habitat Management Plan (1996 Lynx Plan) in response to 
listing of the lynx as a State threatened species by Washington State (WADNR 1996, entire). 
After the DPS was Federally listed as threatened, the WADNR in 2006 modified its Lynx Habitat 
Management Plan to incorporate new science and management standards and guidelines to 
avoid the incidental take of lynx in accordance with the ESA (WADNR 2006, entire). These 
standards and guidelines address maintenance of lynx denning and foraging habitat, as well as 
habitat connectivity within and between LAUs and lynx populations within Washington (i.e., 
LMZs) and Canada. 
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For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the  
2014 final revised critical habitat designation, we determined that the benefits of excluding lands 
managed in accordance with the WADNR 2006 Lynx Plan outweighed the benefits of including 
them in the designation, and that doing so would not result in extinction of the species 
(extirpation of the DPS; 79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
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populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
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place23. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 

                                                
23 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
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and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
unprecedentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occupied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the 4 winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
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previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-



160 
 

replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest and road 
construction, and have been modified much less than other drier forests (65 FR 16073). These 
activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-524). 

                                                
24 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx from this 
unit to many western states and to Canada have been documented. The Southern Rockies are 
separated from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern 
Wyoming and further north, by sagebrush and desert shrub communities in the Wyoming Basin 
and the Red Desert of southern and central Wyoming, and the arid Green and Colorado River 
plateaus of western Colorado and eastern Utah. Because of extreme topographic relief 
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juxtaposed with highways, residential communities, and other human developments, lynx 
biologists have identified habitat connectivity as an important consideration for the Southern 
Rockies (ILBT 2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km 
(250 mi) southeast of the GYA geographic unit. 
 
Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
 
In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
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lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
 
All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific lynx conservation strategies guiding activities on non-Federal lands in 
this geographic unit. 
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Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Devineau et al. 2010, p. 5), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; 
Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories 
(0.90; Poole 1994, p. 612). Successful reproduction, including by third- and fourth-generation 
offspring of translocated lynx, has been documented (Shenk 2008, p. 2); however, the average 
proportion of females that produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) 
and the kitten survival rate (0.23; Ivan 2016b, pers. comm.) were both lower in this geographic 
unit (during the period of intensive monitoring from 1999-2010) than rates reported for other 
geographic units where estimates were based on adequate sample sizes (Units 1 and 3; table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
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fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares, widespread mortality of mature spruce-fir forests could impact lynx habitat for 
a long time. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
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documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
 
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
 
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

 
In summary, there are currently many more resident lynx in this unit than likely occurred 
historically, and many more than were known or suspected at the time the DPS was listed. 
There were even fewer verified records in this unit during the last century than in the GYA, and 
no reliable evidence of a resident breeding population. However, from 1999-2006, 218 
Canadian and Alaskan lynx were released into the San Juan Mountains of southwestern 
Colorado. As a result of the subsequent reproduction of some of the released lynx and some of 
their offspring over several generations, resident lynx currently occupy this unit. When the DPS 
was listed in 2000, 27 of 41 radio-marked lynx released in 1999 were still alive. The State of 
Colorado has concluded that its efforts have established a viable lynx population, and the 
State’s lynx experts suggest this unit may currently support 100-250 resident lynx (Ivan in Lynx 
SSA Team 2016a, p. 47). Recent (2010-2016) snow-tracking and camera surveys in the San 
Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the uncertainty about the historical 
distribution of resident lynx in the contiguous United States and the current lack of reliable 
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estimates of the sizes, trends, and many demographic parameters for most DPS populations, it 
is difficult to confidently predict the future condition of the DPS or the likelihood that any given 
geographic unit will support resident lynx in the future. We lack data to build rigorous empirical 
population models for lynx across the DPS range, and uncertainty regarding the timing and 
magnitude of potential impacts to lynx from continued climate warming also limits our ability to 
predict the future condition of the DPS. Therefore, our assessment of the future condition of the 
DPS is based on our evaluation of the available scientific information regarding the factors 
identified by the ILBT as the most likely to have population-level impact to lynx in the DPS (ILBT 
2013, pp. 68-78) and on the best professional judgments and opinions of lynx experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
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Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
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we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and would likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
 
Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
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similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
 

 
Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
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Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
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redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, the amount of snow that seems to demarcate a boundary between lynx and bobcat 
occupancy in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 
cm/yr [55 in/yr]), and lynx in some parts of the West select mature forest stands, particularly in 
winter, while in other parts of the DPS, younger regenerating stands are most important. The 
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loss of resident lynx from any of the geographic units could result in the loss of behavioral and 
potential future genetic adaptations to the climate-mediated changes now occurring and likely to 
continue into the future at the southern edge of the lynx range. Such potential adaptability to 
diminished snow conditions, increasingly patchy and isolated boreal forests, and reduced hare 
abundance may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to become smaller and more fragmented and isolated, each geographic unit and the 
DPS as a whole will be less resilient in the future. Our analyses and expert input suggest that 
resiliency will likely be sufficient to foster persistence of resident lynx in most units through mid-
century but that its declining trajectory over time could result in extirpation of resident 
populations from 2 to 3 (of 5) units by the end of the century. Projected continued climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
and lynx reproductive and survival rates are likely to decrease, resulting in population declines 
in both species. As snow conditions become less favorable, competitors (e.g., coyotes and 
bobcats) may outcompete and displace lynx. This in turn would reduce lynx abundance and 
density within populations, making populations more susceptible (i.e., less resilient) to 
stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high-quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape (Simons-Legaard 2016, fig. 8, p. 10), perhaps more in line with likely 
historical conditions. High-quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
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subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort development, and unmanaged conservation 
lands) may compete with forest management as the primary future land use. Conservation 
easements will limit development pressures in some areas and keep some lands as working 
forest, but forest practices (e.g., partial harvesting, northern hardwood management) may not 
create new lynx habitat or maintain the current historically high amount of high-quality habitat. 
Climate change is expected to affect this unit more than some others in the DPS because snow 
amount and duration already seem to be at thresholds for lynx and there are few potential 
elevational refugia. In the near term and beyond, snow quantity and quality will likely continue to 
deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices clearly have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
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its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which would give it a higher priority 
than other species for monitoring and management during that time. We also expect that 
MNFRC guidelines will remain in place into the future and that voluntary actions will continue on 
State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking these factors into 
consideration, median “most likely” probabilities of persistence generated by lynx experts were 
high for the near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but 
declined to 35 percent (with great uncertainty) by 2100. We concur with the expert panel that 
resident lynx are likely to persist in this unit at 2025 and 2050. However, after reviewing the 
scientific literature concerning climate change projections (diminishing snow conditions, loss of 
boreal forest, lack of elevational refugia, and the potential for increased competition, disease, 
and insect outbreaks), some members of the SSA Core Team were slightly less optimistic about 
the long-term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded 
that the climate-mediated conversion of boreal forest to temperate forest and the loss of 
favorable snow conditions could occur at a rate and extent that would result in a lower likelihood 
of persistence than projected by experts, including the possibility that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions of favorable snow and forest vegetation conditions. This 
would result in increased fragmentation and isolation of habitats and smaller and more isolated 
lynx populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit would benefit resident lynx in the future, though it is unlikely 
to offset the projected adverse consequences of continued climate warming. Lynx experts felt 
that future extirpation of lynx from this unit from reduced genetic health or a catastrophic event 
is unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
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amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands would benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts, the Core Team 
is generally in agreement with experts regarding the likelihood of long-term persistence of 
Canada lynx in this geographic unit. We expect this unit will continue to support a small resident 
lynx population through mid-century but that its ability to do so beyond then is questionable, and 
that functional extirpation of lynx from this unit by the end of the century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions of favorable snow and forest vegetation conditions. This would result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
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that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
unit would benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
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generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline from current habitat projected 
by 2032; habitat shift to the south edge of 
current range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 
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Garnet Range 
● Increasing fire frequency 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 

2025: 80 
(60-95) 

 
2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat should remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
introduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
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2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the gray areas 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and gray areas 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
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2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast, 
and several experts noted that an increase in northern hardwood composition of the forest is 
already occurring. One expert provided information that suggests that balsam fir could actually 
increase in the short-term (over the next few decades), but that the long-term prognosis is not 
favorable for natural spruce-fir regeneration. Decline or loss of spruce-fir could be accelerated 
by forest disturbance (e.g., budworm outbreaks or forest management affecting large acreages 
of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners are unlikely to respond to future 
budworm outbreaks as they did in the 1970s-80s (extensive clearcuts, herbicide application). 
Experts also acknowledged concerns about the effects of the aging of past clearcuts beyond 
conditions that support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats would be expected to reduce the 
likelihood that lynx will persist in this unit. Experts also were uncertain about whether hare 
numbers would rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4°C/decade (0.8°F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0°C (3.6°F; low 
emission) to 2.9°C (5.2°F; high emission) by mid-century and 3.1°C (5.6°F; low emissions) to 
5.3°C (9.5°F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5° to 2.8°C (4.5° to 
5.0°F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, which has the potential to impact high-
elevation habitats and potential spruce-fir refugia (Publicover 2013, p. 2). 
 
Gonzalez et al. (2007, pp. 12-13 and 15-18) modeled distribution of boreal forest and future 
snow conditions under 9 different low, medium, and high emission scenarios and predicted 
reduced probablility of suitable snow (from 95 percent during 1961-1990, to 90 percent 
predicted for 2071-2100) and very minor changes in forest cover type in Maine by the end of the 
century. Although there are uncertainties about future climate warming, if projections are 
accurate, the area capable of supporting resident lynx in Maine could be expected to recede 
northward and lynx populations to decline substantially in this unit over the next 100 years 
(Vashon et al. (2012, p. 60). If future trends in increasing temperature and decreasing snow 
occur as projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, p. 
7). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) 
and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 2015, 
p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high emissions) 
from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). Similarly, 
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Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) to 47 
days of snow cover (high emissions) by the end of the century. 
 
Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 



186 
 

would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
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Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high-quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high-quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high-
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
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cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
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may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
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unorganized townships, increasing the number of residences by 66 percent during this time 
period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201025), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
                                                
25 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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in this unit, but a large mining operation is being considered within designated lynx critical 
habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
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bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high-quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change will be a 
significant stressor to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 8, 12-19) predicted the persistence of boreal forest and historical 
(1961-1990) snow suitability for lynx (95 percent historical and future probability of suitable 
snow) in this unit through 2071-2100, and suggested that the SNF could provide a potential 
refugium for lynx. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall 
using downscaled climate models (Abdus Salam International Centre for Theoretical Physics 
(ICTP) Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 
as cited in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016a, p. 
15) stated that climate models show an increase in lake effect snow in the eastern Great Lakes 
until 2050, with a decline later in the century, with an overall decline in the amount and duration 
of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
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130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)26 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18), with some potential loss of habitat at the southern 
portion of lynx habitat in the State but persistence of boreal forest in this geographic unit 
(Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 13) also projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than the 
area currently occupied by lynx in Minnesota. Moen presented preliminary snow modeling 
results that project snow conditions suitable for lynx could shrink significantly by 2055, be limited 
to extreme northeastern Minnesota by 2070, and could be entirely absent from the state by 
2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 2016, p. 14), 
concluded that Minnesota could lose the boreal biome completely, possibly within the next 60 to 
70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, pp. 2015-2016) 
concluded that the boreal forest of the Northern Superior Uplands (which encompass this 
geographic unit) will likely be lost by 2069 as a result of warmer summers and more frequent 
and longer droughts associated with climate change. If a refugium for lynx does persist in this 
unit in the future, it would likely only consist of the small area in Cook County (the extreme 
northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 ft) than 
the majority of the area that is now considered lynx core habitat and would, therefore, support a 
much smaller number of resident lynx than likely occur in the unit now. Although uncertainties 
remain, as elsewhere, about the timing and magnitude of future climate-driven impacts, lynx 
                                                
26 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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populations in Minnesota are expected to recede northward and decline over the next century 
(Lynx SSA Team 2016a, pp. 37-38). 
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
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percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
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exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, northward contraction of 
boreal forest, lack of elevational refugia, potential for increased competition, disease, and insect 
outbreaks), some Core Team members were less optimistic about the future of lynx in 
Minnesota than the lynx expert panel. Depending on future emissions levels, the likelihood that 
this unit will continue to support resident lynx at the end of the century may be lower than the 35 
percent (median most likely) estimate based on expert opinion. The threat for which the lynx 
was listed, lack of specific conservation direction, associated regulations, and lynx forest 
management planning has not been addressed on private lands in Minnesota, except through 
voluntary guidance. There is some uncertainty about the future of forest management and future 
development on private forest lands in Minnesota and in adjacent lands in Ontario, although 
there are some basic voluntary management guidelines for private lands in Minnesota. Further, 
if the DPS is de-listed, there is uncertainty whether the lynx direction on Forest lands would 
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continue into the future. It is projected that habitat will diminish and recede northward over the 
mid- to longer-term because of continued climate warming. Hybridization and competition with 
bobcat also may increase with diminishing snow conditions because of continued climate 
warming, and it is uncertaint how insect outbreaks or disease may affect habitat and lynx in this 
unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to consider measures to help conserve listed species in the future. 
Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced incentive for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts) for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and reduced incentive for 
habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. Even with these prohibitions and protections, incidental 
trapping of 16 lynx has been reported in Minnesota since listing, resulting in at least 6 
mortalities. It is uncertain if lynx would become a legally trapped furbearer in Minnesota if the 
DPS was not listed (although a legal wolf hunt was reinstated after that species was delisted in 
Minnesota, so regulated trapping could also be considered for lynx if the DPS was not listed). 
Seven lynx have been illegally shot and reported or otherwise discovered since listing. Illegal 
shooting and non-reporting could increase without Federal protection. Education efforts by 
Federal and State agencies and law enforcement agents may have helped to reduce illegal 
shooting of lynx in this unit. With a diminished snow regime, populations of bobcats could 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
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northern Minnesota and trapping would be expected to occur there that could lead to greater 
incidental take of lynx. We believe that despite a closed hunting and trapping season, incidental 
take would continue and possibly increase and could become a significant stressor to a 
population of lynx that could be substantially diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. We also believe that climate change 
will be a significant stressor to lynx in this unit; slightly more so than expressed by most of the 
experts. Snow depth and duration in the area currently supporting resident lynx are projected to 
decline significantly by the end of the century, likely to the detriment of both hare and lynx 
populations. Unlike most other units, as snow condition decline there is little potential for 
elevational refugia for lynx in Minnesota except, perhaps, a small area of slightly higher 
elevation in the extreme northeastern corner of the unit. The boreal forest in this unit is already 
being replaced by northern hardwoods because of climate warming. Frequent forest cutting and 
disturbance, including a potential insect outbreak, could accelerate conversion to northern 
hardwoods. We acknowledge that the rate of boreal decline is uncertain, but note that some of 
the modeling we reviewed suggests that the spruce-fir forest type could nearly disappear from 
Minnesota by late-century under both low and high emissions scenarios. Climate models also 
portend declining snow conditions under low- and high-emissions scenarios. Because increases 
in temperature are thus far tracking high emissions scenarios, we are less optimistic for snow 
conditions that favor lynx by mid- to late-century. In the past decade, interest in development 
has increased in lynx critical habitat, especially proposals for large-scale mining developments. 
Although we expect resident lynx to persist in this unit through 2025 and 2050, we conclude that 
the stressors described above, individually and cumulatively, could diminish lynx habitat and 
numbers in this unit. If these stressors are not abated, we believe that resident lynx in this unit 
will face a slightly greater risk of extirpation by the end of the century than was predicted by lynx 
experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
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some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher likelihood of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this unit. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
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that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
 
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 



207 
 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS could be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
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pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
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associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). Tennant et al. (2015, pp. 
2818-2820) simulated snowpack loss in the Northern Rockies (ID, MT, WY) and predicted that 
watersheds between 1,000 - 2,000 m (3,281 – 6,562 ft) elevation would experienced the 
greatest snowpack losses, while those > 2000 m (6,562 ft) would be more resilient to significant 
warming. Given the greater predicted snowpack persistence at some elevations used by lynx in 
this unit and the considerable area of potential climate refugia in mountainous terrain 
(Dobrowski 2011, pp. 1027-1029; Curtis et al. 2014, entire; Holden et al. 2015, entire; Morelli et 
al. 2016, entire), at least a portion of lynx distribution in this unit is likely resilient to climate-
driven losses in snowpack (IDFG 2017a, p. 7). 
 
There will likely be a lag time between the loss of favorable snow conditions and an eventual 
shift or contraction in vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 
section 3.2), but continued warming is projected to convert much of the boreal forest in this unit 
to temperate conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The 
ability of lynx and hare populations to persist during this lag and to adjust to future habitat 
distributions is uncertain, but habitat quality, quantity, distribution, and connectivity are expected 
to decline, likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will likely 
reduce this geographic unit’s ability to continue to support resident lynx into the future. The 
timing and magnitude of climate-driven impacts are uncertain; however, all are anticipated to 
adversely affect, and none are expected to benefit, lynx populations in this geographic unit. 
Climate model uncertainties and resolution limits, combined with our imperfect understanding of 
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historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will reduce future habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
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Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
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probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of undetected immigration. Additionally, as noted above, 
the lynx population in the Purcell Mountains in the northwestern part of this unit was estimated 
to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 
years of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncertainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
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habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
 
Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 
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Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
LRMPs that have been implemented on all other national forests in the DPS range (see section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
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the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
 
Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high-quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest and more precipitation fell in 
the spring and summer months, especially at elevations below 1,800 m (5,900 ft). Additionally, 
Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation trend from 
1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent in the 
Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
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temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 
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5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currently occur 
in the GYA. 
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Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS is delisted in the future, the 
ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS could be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
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We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
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Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will likely further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
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magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high-quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
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potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
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Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future than it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing USFS plans retain their current conservation framework, USFS 
lands should continue to provide sufficient habitat for lynx through the end of the century. 
Vegetation management on the small amount of non-Federal ownerships within lynx habitat is 
unlikely to cause significant concern for lynx conservation in Colorado through the remainder of 
the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high-quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also cast doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
exploit the available habitat despite gaps between functional habitat blocks. Colorado is isolated 
from source populations in the northern part of the range relative to the other units, which likely 
increases the possibility of genetic drift in this unit. Expert elicitation revealed some uncertainty 
whether ski areas or other development may affect connectivity within the unit. However, the 
Core Team is less concerned about this particular issue because we cannot foresee the 
development of barriers that would prevent lynx from accessing available lynx habitat in the 
future. 
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Chapter 6: Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in much of the DPS range are 
naturally less abundant and more patchily-distributed than in the core of the species’ range 
(except during decadal lows in hare population cycles, when both hares and lynx occur 
temporarily in the north at densities lower than most in the range of the DPS). Maintaining 
connectivity with lynx populations in Canada is thought to be important to the persistence of 
DPS populations; however, whether, and if so to what extent, the demographic and/or genetic 
health of DPS populations relies on periodic immigration from Canadian populations remains 
uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
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current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
 

• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 
southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
conifer regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 19). 
There is no information to suggest that this unit historically supported a larger resident 
population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 



230 
 

and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat27. Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and have 
likely caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There currently are many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 

                                                
27 https://inciweb.nwcg.gov/state/27/0/ 
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Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 
lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47). Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
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Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
have already altered) the timing and magnitude of lynx dispersal from Canada into the 
contiguous United States. If lynx populations in the DPS depend on immigration from Canada 
which is no longer occurring or has been reduced substantially relative to historical conditions, 
population declines and an increased likelihood of extirpation among resident DPS populations 
would be expected. However, whether, and if so to what extent, these climate-mediated factors 
have influenced current lynx numbers, other demographic parameters, and/or habitat quality 
and distribution is uncertain and has not been quantified across the range of the DPS or in 
individual geographic units. Despite uncertainty regarding its influence over current conditions 
for lynx, climate modeling and expert opinion concur that continued climate warming will 
adversely impact lynx in the DPS at some point in the future (also see Future Conditions and 
Threats, below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
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boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
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habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 
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The loss of resident lynx populations in any geographic units would also reduce the level of 
redundancy and could diminish representation within the DPS. With regard to redundancy, 
however, we find that none of the 5 geographic units that currently support resident lynx is 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in 1 or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in 1 or more units within the DPS, extirpation of the DPS 
from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
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the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Resident lynx populations persisted historically and continue to persist in 4 geographic units 
(Units 1-4). It is uncertain whether Unit 5 (the GYA) historically supported a small persistent 
population or if lynx residency was ephemeral; currently, it appears not to support resident lynx. 
Available evidence suggests that Unit 6 (Colorado) did not historically support persistent lynx 
presence; however, a resident population has persisted there for more than a decade since the 
1999-2006 releases described above. Considering the available information, we find no reliable 
evidence that the current distribution and relative abundance of resident lynx in the contiguous 
United States are substantially reduced from historical conditions. This suggests historical and 
current resiliency among lynx populations in the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
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Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The Canada lynx is a North American boreal forest carnivore whose populations are strongly 
tied to its primary prey, the snowshoe hare (Lepus americanus). Both species occur primarily in 
the extensive boreal spruce-fir forests of Canada and Alaskan; however, the southern margins 
of both their ranges extend into the northern contiguous United States. The Service designated 
lynx in the Lower 48 States as a DPS because of differences in the management of lynx and 
lynx habitats across the international boundary with Canada and because of the climatic, 
vegetative, and ecological differences between lynx habitat at the southern extent of its range in 
the contiguous United States compared to the northern range in Canada and Alaska. The 
Service listed the DPS as threatened under the Endangered Species Act (ESA) in 2000 
because of the inadequacy, at that time, of regulatory mechanisms on some Federal lands to 
provide for the conservation of lynx habitats and populations (see section 3.1.1). This SSA does 
not reconsider the designation of the DPS or its listing status under the ESA, which are Service 
policy decisions. Instead, it provides the scientific basis for the statutorily required 5-year status 
review for the DPS and other decisions the Service is required to make in accordance with the 
ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
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lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are, in most 
places, naturally less abundant and generally more patchily-distributed than in the core of the 
species’ range in Canada and Alaska. Maintaining connectivity between the DPS and lynx 
populations in Canada is thought to be important. However, the extent to which DPS 
populations may depend on immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in projections, particularly beyond mid-
century. The output from this expert elicitation process (summarized below and presented in 
detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline largely as a result of 
projected continued climate warming and associated impacts, which are likely to exacerbate the 
potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue, although we do not anticipate that such events alone 
would cause the permanent loss of breeding lynx populations in any geographic unit. We are 
aware of no management actions that could be expected to abate the projected long-term 
retreat of boreal forests, declining hare populations, and diminished snow conditions expected 
under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically and many more than was known or suspected at the time the DPS was 
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listed, and recent information suggests that resident lynx may be expanding to the south of the 
core population area. This is due to the large amount and broad distribution of high-quality lynx 
and hare habitat that currently exists as a result of landscape-level clearcutting on private 
commercial timber lands in response to a major spruce budworm (Choristoneura fumiferana) 
outbreak in the 1970s and 1980s. These dense regenerating conifer stands are much more 
extensive than they are thought to have been historically under natural disturbance regimes. 
The State of Maine suggests that this unit currently may support 750-1,000 or more resident 
lynx. However, the extent of these high-quality stands probably peaked by 20052010, and 
habitat quality is projected to decline in these stands over the next few decades as they age 
beyond 35-40 years post-harvest. Because a shift in forest management from clearcutting to 
partial harvesting that began in 1989 appears unlikely to maintain or recreate this extensive 
high-quality habitat, we expect lynx habitat and numbers to decline in this unit over the next 
several decades, perhaps to levels more consistent with likely historical conditions. We concur 
with the expert panel that the resident lynx population in this unit is very likely to persist at 2025 
and at 2050. Over the longer-term (at 2100), we expect continued climate warming to reduce 
the amount and quality of lynx habitat in this unit and exacerbate other potential stressors 
(commercial and energy developments, changing forestry practices and land ownership 
patterns, etc.), further reducing lynx numbers and likely decreasing the population’s resilience. 
Some climate models indicate substantial loss of boreal forest and favorable snow conditions 
under higher emissions scenarios, and this unit generally lacks potential elevational refugia that 
would support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be somewhat 
lower than expert projections, although the timing and extent of climate-mediated habitat decline 
is highly uncertain. This geographic unit also may be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington, perhaps substantially more 
after additional fires in 2017. Because of this, the number of resident lynx in this unit is likely 
lower than it was historically and when the DPS was listed. Based on estimates of lynx carrying 
capacity, this unit may have been capable of supporting roughly 50-60 resident lynx prior to 
large fires beginning in the early 1990s. Recent habitat evaluations suggest it currently may be 
capable of supporting only about 30-35 lynx, with the decline due to fire-driven habitat losses. 
Although these losses are expected to be temporary, additional fires in this unit before 
previously burned areas recover (10-40 years post-burn) would further reduce lynx numbers 
and make this geographic unit more vulnerable to extirpation. Because of these habitat impacts, 
limited demographic information, and remaining uncertainties (e.g., immigration/emigration 
rates, changes in snowpack, disease, lynx population status and impacts of trapping in southern 
British Columbia, and habitat corridor stability between British Columbia and this unit), the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Nonetheless, we concur with the expert panel that the resident lynx population in this unit is very 
likely to persist at years 2025 and 2050. Over the longer-term (2100), we expect continued 
climate warming to reduce the amount and quality of lynx habitat in this unit, further reducing 
lynx numbers and likely decreasing the population’s resilience. Therefore, we concur with 
experts that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
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Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
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supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
We expect lynx populations in each geographic unit to become smaller and more patchily-
distributed due largely to projected climate-driven losses in habitat quality and quantity and 
related factors. However, the timing, rate, and extent of habitat decline due to projected climate 
warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should extirpations occur, this 
would indicate a loss of resiliency, reduced redundancy and representation, and an increased 
risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated Canada lynx in the contiguous United States as a DPS because of 
differences in the management of lynx and lynx habitats across the international boundary with 
Canada and because of the climatic, vegetative, and ecological differences in lynx habitat 
compared to the northern parts of the species’ range in Canada and Alaska (62 FR 28654-
28655). The Service listed the DPS as threatened under the ESA in 2000 because of the 
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to provide 
for the conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is 
recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We 
completed this SSA (version 1.0) to summarize the best available scientific information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions 
(e.g., Peers et al. 2012, pp. 4-9). It is generally restricted to areas that receive deep and 
persistent unconsolidated (“fluffy”) snow, which is thought to allow lynx, with their 
proportionately longer limbs and very large feet, to outcompete other terrestrial hare predators 
that are less efficient in such conditions (McCord and Cardoza 1982, pp. 748-749; Quinn and 
Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et al. 2000b, pp. 400-401; 
Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 2005, p. 744-749; Carroll 
2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to these geographic units are known or suspected to 
intermittently support resident lynx and occasional reproduction. Uncertainty remains as to 
whether resident lynx populations occurred historically in other areas not encompassed by the 
geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164 100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                 
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                 
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that the statuses of lynx populations in individual SSA geographic units are 
largely independent of those in the other geographic units. This is clearly true for Units 1 and 
2, and it is probably true of the western geographic units (3 – 6), despite likely historical 
north-to-south connectivity and dispersal from or through Unit 3 to Unit 5 and possibly Unit 
6, and recent evidence of south-to-north connectivity and dispersal from Unit 6 to and 
through Units 5 and 3. We are aware of no evidence of east-west connectivity or dispersal 
between Units 3 and 4. 
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● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
 

● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate warming and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate coniferous or deciduous) forests, non-snow-domintated climates, or to 
persist on alternate prey species where hare densities are or become inadequate. 
Therefore, we assume lynx populations in the DPS are vulnerable (sensitive, exposed, and 
with little capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 
5) to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 
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For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
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1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
                                                 
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
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northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
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litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
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winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90; Ivan et al. 2014, entire). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
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Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
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adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
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mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
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Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in southern and eastern Canada (McKelvey et al. 
2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
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c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, traps, vehicles, etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
At the southern periphery of the lynx’s range (southern Canada and the contiguous United 
States), hare population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; 
Hodges et al. 2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; 
Hodges in Lynx SSA Team 2016a, pp. 16-17), hare densities are typically on the lower end of 
densities reported for northern populations, and lynx abundances and demographic rates in the 
south are typically like those of northern lynx populations during hare lows (Koehler and Aubry 
1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern 
populations the likelihood is probably relatively low that an individual lynx will have its ecological 
requirements met sufficiently to replace itself in the breeding population. Also in the south, there 
are more diverse assemblages of potential competitors and predators, more natural patchiness 
and anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 



34 
 

nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provide for dependent kittens 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
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185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Although specific snow 
requirements for lynx (amount/depth, quality, persistence) have not been quantified throughout 
the DPS range, historical lynx occurrence records in the contiguous United States were 
correlated with areas that received at least 4 months (December through March) of continuous 
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snow coverage (Gonzalez et al. 2007, p. 7). Where snow conditions do not consistently favor 
lynx, increased potential for predation and competition would be expected (Peers et al. 2013, p. 
8). Finally, individual lynx are more likely to survive, breed, and replace themselves in the 
breeding population if they occupy home ranges where trapping is prohibited or trapping 
pressure is low (Slough and Mowat 1996, entire), high-speed/high-volume roadways are absent 
(ILBT 2013, pp. 77-78), and other potential anthropogenic causes of lynx mortality are absent or 
minimal. 
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
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study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
In the core of the species’ range in the southern Yukon, Slough and Mowat (1996, p. 952, table 
4) calculated a lynx population growth rate (lambda, λ) = 2.03 (annual doubling) during the 4-
year increase-to-peak phase of the hare cycle. This period of rapid growth was followed by a 
rate of λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid 
decline) during the first 2 years of the lynx population decline when hares were scarce. 
However, the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated lynx populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS and some 
southern Canadian populations; Murray 2000, pp. 1210-1215; Murray 2003, pp 152-155), 
versus those that would signal long-term population decline or instability is unknown. Despite 
this, and the limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) 
calculated population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley 
Lake area (i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell 
Mountains (increasing trend, 2003-2007). Likewise, MDIFW in 2012 calculated an intrinsic rate 
of growth of 0.05 (λ = 1.05) for Maine’s lynx population based on demographic data from a 
radiotelemetry study collected over a 12-year period (Vashon et al. 2012, Appendix VI). Neither 
the Montana nor Maine estimates incorporated rates of immigration/emigration (i.e., both 
assumed immigration and emigration rates of zero, which is very unlikely and contradicted by 
historical and recent evidence of lynx dispersal in both directions across the Canada-Unites 
States border across the DPS range). Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being bolstered by low levels of immigration, which may go 
undetected. Other efforts to model lynx population dynamics in the DPS range include those of 
Lyons et al. (2016, entire), who developed spatially-explicit, individual-based population models 
to estimate reductions in potential lynx carrying capacity in Washington associated with recent 
large wildfires, and Licht et al. (2017, in press, entire), who conducted a PVA of a potential lynx 
reintroduction to Isle Royale in Lake Superior, about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
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demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is are believed to be important to the persistence of lynx populations in the DPS 
(McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 
2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
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abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
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conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarily into areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
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either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat (Peers et al. 2012, pp. 4-5). The 
2 species are difficult to distinguish in the field, they often were not reliably differentiated in 
historical trapping records (McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of 
lynx distribution based on anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 
3-8; Meaney 2002, pp. 3-5, Hoving et al. 2003, pp. 366-367). Because of the large effect that 
relatively few errors in identification can have on assessments of the distribution of rare animals, 
McKelvey et al. (2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should 
be interpreted with caution, and only verified occurrence data should be used to assess 
historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 



42 
 

2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because the lynx is a habitat and prey specialist, its densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist (Peers et al. 
2012, pp. 4-9). 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449; Peers et al. 2012, pp. 4-9)) because they are morphologically and physiologically well-
adapted for hunting snowshoe hares and surviving in areas that have cold winters with deep 
and persistent unconsolidated snow (Murray and Boutin 1991, p. 463). Long-term snow 
conditions also presumably limit the winter distribution of potential lynx competitors and 
predators (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, p. 123; Peers et al. 2012, entire; also 
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see section 2.2 above), although behavioral adaptations may offset morphological differences to 
some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
 
Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a comprenhensive, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
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In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontario than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire) indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
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(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecedentedly large irruptions of lynx from Canada into the 
northern contiguous United States, when dispersing/transient lynx occurred temporarily in many 
places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoming Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 

                                                 
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 



48 
 

In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
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be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of a long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Based on habitat distribution and lynx home range data, the 
MDIFW estimated that this geographic unit may have supported roughly 250-320 adult lynx in 
1995 and 750-1,000+ by 2003-06 (Vashon et al. 2012, p. 58; Vashon in Lynx SSA Team 2016a, 
p. 18]), and recent information suggests that resident lynx may be expanding to the south of the 
core population area (Vashon 2017, pers. comm.). The current lynx population in Maine is 
supported by the broad distribution of high-quality hare habitat that resulted from extensive, 
large-scale clearcutting in the 1970s and 1980s in response to a massive spruce budworm 
(Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 4.2.1). As 
these regenerating clearcuts, which currently provide the dense horizontal structure preferred by 
hares, mature beyond about 35-40 years post-harvest, hare densities are expected to decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16). The current lynx population in Maine is probably 
substantially larger than typically occurred historically under the natural disturbance regime, 
when relatively small amounts of the spruce-fir forests in the state are thought to have been 
composed of the dense young stands that provode optimal hare (and, therefore, lynx foraging) 
habitat (Lorimer 1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With 
the reduction in clearcutting and the proliferation of partial harvesting following enactment of the 
Maine Forest Practices Act of 1989, lynx densities in Maine are projected to decline by 55 to 65 
percent by 2032 (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16), 
perhaps to levels more consistent with likely historical conditions. Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
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range (Koen et al. 2015, entire). Whether lynx persistence in Maine relies on immigration from 
Canada, and if so to what extent, is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
trapping harvest data suggest declining immigration after the mid-1980s (McKelvey et al. 2000a, 
p. 225; Squires in Lynx SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent 
evidence of reproduction have been documented in the Montana portion of the GYA where, as 
with the northwestern Wyoming part of the GYA (discussed above), uncertainty about whether 
this area consistently or only intermittently supported resident lynx historically makes it difficult 
to interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As 
elsewhere in the West, recent research and habitat assessments suggest that habitats capable 
of supporting resident lynx in Montana are, and historically were, naturally patchier and less-
broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx 
therefore naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016a, p. 12). 
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In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
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influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
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recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
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consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
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Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 21014, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
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plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
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promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units that encompass USFS and BLM lands, are 
currently managed in accordance with the specific conservation measures and considerations 
identified in the LCAS and implemented via the CAs or formally revised and amended 
management plans described above. These agreements and revised/amended plans constitute 
the regulatory framework and specific regulatory mechanisms adopted to conserve lynx habitats 
and populations on USFS and BLM lands that support or are potentially capable of supporting 
them. They represent the agencies’ efforts, in collaboration with the Service, to address and 
ameliorate the singular threat for which the lynx DPS was listed under the ESA. Although formal 
effectiveness monitoring has not been completed, it is clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous United States. Overall, Federal lands managed by the USFS, BLM, and 
NPS constitute nearly 64 percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, 
and all but a tiny fraction of these lands are actively managed for lynx conservation. 
 
3.1.2 State Regulations and Tribal Management 
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Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 21). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
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there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
specification of trap sizes and sets that may be used to legally harvest other furbearers and that 
are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
 
                                                 
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (65 FR 16077; Moen in Lynx SSA Team 2016a, p. 19). Overlapping the 
Northeastern Minnesota SSA unit, the Minnesota Department of Natural Resources (MNDNR) 
has identified a specific “Lynx Management Zone” (LMZ) for which it has promulgated and 
enforces special trapping regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). 
The MNDNR has modified trapping regulations within the LMZ to minimize the incidental take of 
lynx during the legal trapping of other furbearers. The regulations address specific trap types 
and sets, prohibit the use of certain baits and visual attractants, and require reporting of any 
incidentally trapped lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-
55). The MNDNR also distributed to trappers the interagency brochure How to Avoid Incidental 
Take of Lynx while Trapping or Hunting Bobcats and other Furbearers. In response to a Federal 
court order, MDNR developed an incidental take plan designed to minimize the potential for lynx 
to be incidentally trapped during other legal furbearer trapping; the plan is currently under 
review by the Service. Like Maine, Minnesota has a State Endangered Species Statute 
(84.0895) which requires the MNDNR to adopt rules designating species meeting the statutory 
definitions of endangered, threatened, or species of special concern (State of Minnesota 2016, 
entire). The Statute also authorizes the MNDNR to adopt rules that regulate treatment of 
species designated as endangered and threatened. Also like Maine, however, Minnesota has 
not designated lynx as threatened or endangered under the statute. Instead it has designated 
the lynx a species of special concern, a designation for species that are extremely uncommon, 
have unique or highly specific habitat requirements, or occur on the periphery of their range in 
Minnesota and, therefore, deserve careful monitoring (MNDNR 2013, pp. 1-2). Thus, the 
MNDNR coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
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since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of restrictions on trapping in lynx habitat. 
Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming are classified as nongame wildlife, a 
Species of Greatest Conservation Need, and a Protected Animal by Wyoming State Statute. A 
classification of "State Protected" status prohibits trapping or any intentional take in the state, 
and lynx in Wyoming were offered full protection from trapping and hunting beginning in 1973 
(ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also participates in the 
CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
                                                 
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s to early 2000s, when 20-25 percent of the forest in Maine 
was in an early regeneration stage. The amount of young, regenerating forest at that time was 3 
to 8 times higher than typical historical conditions under the natural disturbance regime, when 
only 3 to 7 percent of stands were likely in such condition at any given time (68 FR 40094). 
Current timber harvest and management on State and private lands in Maine are governed by 
the Maine Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
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the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 
of Unit 1) of private lands in northern Maine are under “working woodland” conservation 
easements10; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). In the past Maine private forest landowners have expressed 
interest in long-term commitments to lynx management plans, but to our knowledge, there are 
no private landowners in Maine who have committed to long-term or permanent protection and 
creation of lynx habitat according to the Service’s lynx management guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 

                                                 
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
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administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 

                                                 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
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for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61°oC (1.1°oF; range = -0.53° to +2.50°oC 
[-0.95° to +4.5°oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Hartmann et al. 2013, p. 180, 187-189; Peters et al. 2013, entire; Friedlingstein 
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et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). 
Analysis of paleoclimate data indicates 20th century warming is likely to have been the largest of 
any century within the last 1,000 years (Folland et al. 2001, pp. 99-101). These changes are 
predicted to continue and accelerate under future climate scenarios (Hall and Fagre 2003, fig. 7; 
Peters et al. 2013, entire, fig. 1). The IPCC projects that mean surface temperature will likely 
increase globally by 0.4°o - 2.6°oC (0.7°o - 4.7°oF) by mid-century and 0.3°o - 4.8°oC (0.5°o - 
8.6°oF) by the end of this century relative to the 1986-2005 period (IPCC 2104b, p. 60). Rogelj 
et al. (2012, entire, table 1) concluded that the change in global mean surface temperature at 
equilibrium by 2100 has a greater than 95 percent probability of increasing more than 1.5°oC 
(2.7°oF), a 76 percent probability of increasing 2 °o - 4.5°oC (3.6°o - 8°oF), and a 14 percent 
probability of exceeding 4.5°oC (8°oF). 
 
In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
                                                 
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 
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2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
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and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
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Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Joos et al. 2001, entire; Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a 
temperature-increase threshold for boreal forest dieback of about 3°C (5.4°F), and some boreal 
forests are experiencing increases in tree mortality (Peng et al. 2011, entire). For example, 
widespread mortality and reduced growth in red spruce (Picea rubens; a component of lynx 
habitat in Unit 1) in the Northeastern United States in the 1960s to 1980s were believed to be 
linked to climate stress (McLaughlin et al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 



71 
 

northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over terrestrial competitors and predators. Although specific snow requirements for lynx 
(amount/depth, quality, persistence) have not been quantified throughout the DPS range, 
climate warming is diminishing snow conditions in the contiguous United States. Warmer winter 
temperatures are reducing snow cover extent and duration and altering snow structure via a 
combination of a higher proportion of precipitation falling as rain, more winter thaw-freeze 
events, higher rates of snowmelt during winter, and earlier spring melt and runoff (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; 
Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; 
Pierce et al. 2008, entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; 
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Georgakakos et al. 2014, pp. 71-85). These trends are expected to continue with projected 
future climate warming (Hamlet and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; 
Mote et al. 2005, p. 48; Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; 
IPCC 2014b, p. 62). The IPCC projects that spring snow cover in the Northern Hemisphere is 
likely to decrease by 7-25 percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow 
season length and snow depth are very likely to decrease in most of North America except in 
the northernmost part of Canada where maximum snow depth is likely to increase’’ (Christensen 
et al. 2007, p. 850). Because lynx occurrence is correlated with prolonged periods of deep, fluffy 
snow, current lynx habitats would be expected to decline in value for lynx with decreases in 
snow condition and duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 
2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Estimating trends in snowpack is challenging because the high variability in snowpack dynamics 
and microsite variations due to canopy cover, aspect, and elevation are not well-reflected in 
observation records (Hubbart et al. 2015, pp. 885-892; Rasouli et al. 2015, pp. 3937-3938; 
Painter et al. 2016, p. 149; IDFG 2017a, p. 7). Nonetheless, snowpack losses have been 
documented and will likely continue and could even accelerate in the future (Hamlet and 
Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 2011, entire; Kapnick and 
Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-971), with faster losses 
likely in milder climates like the Cascades and the slowest losses in the high peaks of the 
Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in temperature, 
snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 2016, p. 
106). In the West, areas of contiguous spring snow cover are projected to become smaller and 
more isolated throughout the Columbia, Upper Missouri, and Upper Colorado Basins, with 
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greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). Snow 
accumulation and duration are also expected to continue to decline generally in the central and 
eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 2009, p. 31; 
Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow resources, 
potential lynx habitat is diminishing in the northern Appalachians and small areas in the 
Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential future 
snow cover under a range of IPCC climate scenarios suggests that snow conditions correlated 
with historical lynx occurrence records could decline by 10-20 percent across the continental 
U.S. and Canada and by 46-84 percent in the contiguous United States by the end of the 
century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
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(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
mediate competition between the 2 species (Peers et al. 2012, pp. 4-9). Because of their higher 
foot-loading, bobcats likely hunt less efficiently than lynx in deep, unconsolidated snows (Hoving 
et al. 2005, entire; Krohn et al. 2005, pp. 122-129), which appear to limit bobcat mobility and 
distribution (Litvaitis et al. 1986, p. 116). Considering recent and projected future changes in 
snow conditions described above, stable or increasing bobcat populations in the DPS range 
(Roberts and Crimmins 2010, p. 170), and the predicted northward expansion of bobcats into 
areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 
873-874; Roberts and Crimmins 2010, p. 172), lynx may experience increased competition and 
displacement by bobcats, which could influence lynx distribution and persistence at the southern 
edge of their range (in all DPS geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
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be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
 
Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change also may affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
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because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 

Commented [ZJ1]: Having since re-read this document, I 
find no reference to dry conditions proposed as influencing 
hare densities in YNP as suggested by the author of this 
section of the SSA. Open conditions of regenerating lodgepole 
stands are hypothesized to contribute to generally very low 
hare densities, but not dry conditions.  The word “dry” does 
not appear in the manuscript. 
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Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
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and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
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these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
                                                 
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and more northern 
populations in Canada and Maine lynx populations depends on an ice bridge for dispersal 
across the St. Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, 
entire) found genetic structuring on either side of the river. Thus, the river already restricts gene 
flow. Climate-induced deteriorating ice conditions on the St. Lawrence River could further 
restrict gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 
528). Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during 
the spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
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(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
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insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough 1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
 
Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
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connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
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provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
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● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
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the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
 
Whereas Although management of State and Federal forest lands hasve been relatively stable 
in recent decades, management and ownership of private forest lands ownership haves been 
extremely comparatively unstable. This has resulted in major substantial shifts in forest 
management strategies, outcomes, and products. For example, in the last 2 decades in Maine, 
where nearly all the lynx critical habitat is on private land, about 96,315 km2 (37,187 mi2; 80 
percent) of industrial commercial timber lands ownerships in the “northern forest” (Adirondacks 
to northern Maine) were sold to many different kinds of  financial groups (Hagan et al. 2005). 
These groups have short-term investment goals and different their management objectives 
differ from traditional commercial timber operations, resulting in and have dramatically changesd 
to traditional harvest practices. Whereas the previous large industrial commercial timber 
landowners focused on the forest land base as a supply for their manufacturing facilities, the 
new Timber Investment Management Organizations (TIMOs) and Real Estate Investment Trusts 
(REITs) focus on maximizing return on their investment (Jin and Sader 2006, p. 178). Initially, 
the effects of ownership changes were uncertain (McWilliams et al. 2005), but an evaluation of 
harvesting in the last decade indicates these landowners increased harvest rates, shortened 
rotation ratestimes, and shifted to managing and harvesting hardwood tree species (Jin and 
Sader 2006, p. 183-185). On one hand, these trends in Maine private lands management in 
Maine may make lynx management conservation commitments more difficult to achieve 
because short-term landowners are notmay be less interested in long-term commitments. On 
the other hand, some easement owners may have an incentive to manage for lynx to meet 
forest certification requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
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2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
 
Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under with continued climate changewarming, total United States timber inventories will 
increase, timber harvest will increase, and product prices will decrease relative to an assumed 
stable climate. Some models predict that consumers will gain from climate change while 
landowners in some regions will lose. The forest industry will likely adapt to climate change in 
many ways including using alternate tree species in manufacturing, shifts to geographic regions 
of the country with economic advantages in timber growth, and increasing forest plantations with 
new species that are favorably adapted to the new climate and markets. Many strategies have 
been evaluated to increase the quantity of carbon stored in North American forests (Irland et al. 
2001) including discontinuing or greatly reducing harvest in some forests to build carbon 
reserves, increased recycling to reduce use of forest products, converting agricultural lands to 
forests, and substituting wood products for more energy-intensive products. Increased 
atmospheric carbon will increase forest growth slightly, except for softwood (Irland et al. 2001, 
p. 757-758). Sawtimber production, which sequesters more carbon, is expected to increase 
(Irland et al. 2001, p. 758). Expanding landscapes with older growth conifer forest to sequester 
carbon could benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
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Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
 
There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
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that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Abele et al. (2013, entire) also found that precommercial thinning reduced hare abundance in 
western Oregon but did not affect individual hare survival or activity patterns. Because of 
documented adverse effects of precommercial thinning to snowshoe hares and lynx, in 2007 
and 2008 the USFS amended Forest Plans to incorporate management that would conserve 
lynx, including direction that prohibited precommercial thinning in most lynx foraging habitat 
(USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial thinning 
is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
 
In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands in 
Maine supported about 50 percent of the hare densities observed in regenerating clearcuts 
(Robinson 2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
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Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University ofU. Maine, pers. comm.).  As much as 30 to 40 percent of the advanced 
regeneration may be damaged from repeated entries by machinery to remove the overstory (R. 
Seymour, Department of Forestry, University of U.Maine, pers. comm.).  Finally, because 
subsequent overstory removal occurs about 15 years after the initial entry, some of the dense 
understory is damaged just as the stand develops conditions to support higher hare densities. 
The damage to the understory not only reduces the quality of the habitat for hares, but also cuts 
short the duration that the stand produces high- quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
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regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
 
Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the already naturally patchy pattern of lynx habitat in much of the contiguous 
United States can affect lynx by reducing their prey base and increasing the energetic costs of 
using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation from forest management can make 
patches of foraging habitat too small and too distant from each other to be effectively accessed 
by lynx as part of their home range. For example, in Maine the proliferation of partial harvesting 
will actually increase the patches of high- quality hare habitat by 57 percent, but the average 
size of patches will be diminished by 87 percent, and patches will become more isolated 
(Simons-Legaard et al. 2016, pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events (Kilgore and 
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Heinselman 1990;, Heinselman 1996, Veblen et al. 1994;, Heinselman 1996; Agee 2000;, 
Seymour et al. 2002;, Lorimer and White 2003). In the DPS range, fire was more important in 
the West and Great Lakes areas and less a factor in the Northeast, where insects and wind 
events predominated. Today, natural disturbances, especially fire and insect outbreaks, remain 
the predominant forms of disturbance in boreal forests throughout much of the lynx’s range, 
including the western contiguous United States, where they also influence and interact with 
forest management. However, forest management (i.e., timber harvest) is an important 
disturbance agent in some boreal forest types in the DPS range and, in some instances has 
greatly altered the natural disturbance regime. For example, prior to logging, the Acadian forest 
in Maine and eastern Canada likely exhibited forest gap dynamics similar to some parts of the 
West today, and true stand-replacing disturbances were quite uncommon with recurrence 
intervals of hundreds to thousands of years. After several centuries of forest management, 
stand age structures in the Acadian forest have become simplified, and commercial timber 
rotations (harvesting schedules) are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red maple 
(Acer rubrum), paper birch (Betula papyrifera), aspen (big-toothed [Populus grandidentata] and 
quaking [P. tremuloides]), and balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
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lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
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In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
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threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
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fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
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2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 
(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 
selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
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was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
 
As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
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between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
 
Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
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to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
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years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
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surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
 
Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
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clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
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from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level negative 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 
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4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 2 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
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has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx likely have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or primary prey 
species). However, although some small populations may have become extirpated recently, 
resident lynx in the DPS remain broadly distributed across the range of ecological settings that 
seems to have supported them historically in the contiguous United States. Because there are 
no indications of current threats to the genetic health or adaptive capacity of lynx populations in 
the DPS, we find that the current level of representation does not appear to represent a 
decrease from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
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the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger and highly resilient population (Harrison 2017, p. 3) 
that also occupies southern Quebec (where trapping is legal) and northern New Brunswick 
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(where lynx are a provincially-endangered species and harvest is prohibited). Although the 
actual number of resident lynx in this unit is unknown, the MDIFW believes this unit currently 
may be capable of supporting 750-1,000 lynx based on estimates of habitat distribution and lynx 
home range sizes (Vashon et al. 2012, pp. 87-91), which would make it the largest population in 
the DPS. This is many more resident lynx than likely occurred historically and many more than 
were suspected to occur in this unit when the DPS was listed, and it is the result of extensive 
clearcutting and herbicide application to salvage spruce-fir and encourage softwood 
regeneration following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments have created 
the current extensive distribution of young, regenerating softwood stands that provide optimal 
hare foraging habitat. Lynx responded to these conditions with high survival and reproduction, 
small home ranges, and the highest densities documented in the DPS. Historically, under a 
more natural disturbance regime, Maine typically had a greater proportion of mature forest and, 
therefore a patchier distribution of high-quality habitat that likely supported a smaller lynx 
population that may have been more dependent on immigration from Canada. State forestry 
regulations passed in 1989 caused landowners to shift to various forms of partial harvesting that 
have resulted in lower landscape hare densities across much of the unit. Hare populations do 
not seem to cycle in this region, but hare density estimates from 2008-2015 declined by over 50 
percent compared to estimates from 2001-2006. Reproduction and adult survival declined in the 
low-hare environment after 2006, although kitten survival remained high. Unlike other DPS 
units, lynx habitat in northern Maine occurs nearly entirely on private, industrial forest lands, 
most of which lack long-term commitments to lynx management. The majority of private lands in 
this unit are now owned by investment companies seeking to diversify income from their 
investments, which could result in forest practices less likely to maintain or conserve hare and 
lynx habitat. Other potential stressors to lynx in this unit include incidental trapping, road 
mortality, large-scale wind energy development, residential and resort development, and 
parcelization of forestlands from rapid turnover in investment company landowners. Another 
spruce budworm outbreak may be imminent, and forestry response by investment landowners is 
uncertain. Climate change is a concern because average annual snowfall and duration are 
currently at the minimum thresholds believed necessary to give lynx a competitive advantage 
over bobcats and other mesocarnivores. Although lynx regularly occur outside this unit in 
southeastern and southwestern Maine, and small numbers of reproducing lynx have also been 
documented recently in northern New Hampshire and northern Vermont, the ability of some of 
these peripheral areas to support persistent breeding populations is questionable. However, 
recent telemetry data in Maine suggest that resident lynx are expanding both east and south of 
the Northern Maine Geographic Unit, with home range maintenance and reproduction 
documented in both areas, which previously were considered outside the area capable of 
supporting resident lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
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connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  The historical and current sizes of the 
resident lynx population in this unit are unknown, but it is thought currently to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 



111 
 

trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. Historical and current resident lynx numbers in northern Washington are unknown, 
but recent habitat and home range analyses for the larger Okanogan LMZ (summarized in 
Lewis 2016) suggest that this geographic unit may have been capable of supporting about 50 
lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). Those 
fires affected over a third of the LMZ, led to increased home range size, and may have reduced 
the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4). Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
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ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
 
Unit 6 - Western Colorado:  The current and historical numbers of resident lynx numbers in this 
unit are unknown, but CPW lynx biologists believe it currently could support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. Released lynx had high 
survival but the proportion of females producing kittens and kitten survival were low. This unit is 
not directly connected to lynx populations in Canada, and it does not appear to have received 
immigrant lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 
1996, 2 unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 
mi2) of spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in 
this unit. Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) 
of lynx habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively 
impacted hares, and hare numbers may increase in affected areas as succession progresses; 
however, they have negatively impacted red squirrels, an important alternate prey species for 
lynx in this unit. Areas affected by beetles that contained multi-story stand conditions likely 
continue to provide habitat to support snowshoe hares and lynx. Areas affected by fire may 
require 20 years or more, and in some areas considerably longer, to recover to a point where 
the stands will again support snowshoe hares. Large-scale monitoring efforts in the San Juans 
documented continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is 
reasonably likely that lynx continue to occur in all national forests within the State of Colorado. 
Snowshoe hare habitat is naturally patchily-distributed in this geographic unit, which limits hare 
abundance. Because the majority (90 percent) of potential lynx habitat in Colorado is under 
Federal land management, actions occurring on other ownerships are unlikely to result in 
significant impacts to lynx habitat within this unit. The USFS manages over 85 percent of the 
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lynx habitat in this unit, providing conservation through the SRLA. However, regulatory 
mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 

100% 83% (Purcells);            
61% (Seeley Lake)

100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares)

3.3 2.95 (Purcells);            
2.24 (Seeley Lake)

2.25 (2 females) 3.0 (1 female, 2 
years)

2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00

0.85 (Purcells);            
0.75 (Seeley Lake) 0.86 Few data

0.93 (in Core Release 
Area [CRA]);                   

0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.05                              
(1.16, high hares, 6 

yrs; 0.88,low hares, 4 
yrs)

No estimate
1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 
Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 
Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
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unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
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1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris including blowdown, deadfalls, 
and root wads. In northern Maine, nearly half (12 of 26)the majority of natal dens (12 of 26) 
occurred in conifer-dominated sapling stands, and 6 dens were found in mature or mixed multi-
story forest stands dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial 
commercial forest lands reinforces the importance of dense regenerating conifer forest along 
with a component of mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-
1495;, Simons 2009, pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. 
(2013, p. 573) found the probability of lynx occurrence was > 50 percent where landscape hare 
densities were > 0.74 hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer 
forest. No lynx maintained home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 
hares/ac). Lynx were more likely to occur in landscapes with abundant regenerating forest, and 
less likely to occur in landscapes dominated by very recent clearcut or partially harvested 
stands (Hoving et al. 2004, pp.289-292). At a landscape scale, lynx habitat selection did not 
differ between sexes; however, at a home range scale, males tended to use more mature forest 
dominated by conifers than females, and both male and female lynx tended to avoid mature 

Commented [ZJ3]: Redundant with above. 
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forests that had a high deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on 
these observations, Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining 
landscape hare densities of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-
quality hare habitat within 100-km2 areas to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, high-
quality lynx foraging habitat in northern Maine was probably typically much less abundant and 
less broadly-distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, 
insect outbreaks) are rare (intervals of several hundred to several thousand years) and highly 
variable in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce 
budworm, spruce beetle, beech bark disease, and sugar maple defoliators have been important 
influences affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The 
frequency and intensity of spruce budworm outbreaks, the most likely insect to affect lynx 
habitat, have been highly variable in Maine and eastern Canada in recent centuries (Blais 1983, 
entire). Although, high-elevation boreal forests often exhibit dense, regenerating conifer 
(resulting from a wind-throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare 
densities are believed to be low in these areas (Siren et al. 2015, entire). In this geographic 
area, wildfire is less significant as a natural agent of disturbance. The typical fire regime is 
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infrequent surface fires in the dormant season in the hardwood forests, and slightly more 
frequent but long-interval fires in conifer forests (Kilgore and Heinselman 1990, entire; Seymour 
et al. 2002, pp. 359-365, Lorimer and White 2003, p. 59). For the past several decades, early 
successional forests and lynx habitat in northern Maine, New Brunswick, and southern Quebec 
have been created almost exclusively by forest management (Lorimer and White 2003, pp. 42-
43). 
 
In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately about 50 percent of 
the designated critical habitathalf of the Northern Maine geographic unit), Simons-Legaard 
(2016, p. 9-10) estimated that approximately 3,845 km2 (1,485 mi2; nearly 27 percent) of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high- quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick that support lynx (Hoving et al. 2005, pp. 740-741). The current 
range of lynx in this unit is associated with areas of deep snowfall, extensive forested 
landscapes, and areas having a high proportion of regenerating conifer-dominated forest that 
had previously been clearcut and treated with herbicides to suppress hardwoods (Homyack 
2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of higher (1995-2005) and lower (2006 to present) densities (Scott 2009, 
pp. 1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several 
estimates of hare densities in the highest-quality regenerating conifer or mixed forest averaged 
1.9 to 2.1 hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 
2006, hare densities declined by about half in all stand types and have remained at these lower 
levels (Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were 
observed in the Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 
1990, hare densities in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 
hares/ac) at low and high elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. 
(2015) reported lower densities in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) 
that are unlikely to support lynx persistence in both montane and lowland spruce-fir. Densities in 
high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha (0.08 to 
0.11 hares/ac), also unlikely to support lynx persistence. Comparable hare density data are not 
available for Vermont. 
 
Currently, the amount and distribution of high-quality habitat is are likely at historically high 
levels, but this habitat has peaked and high-quality lynx habitat is projected to decline in the 
near future (Simons-Legaard et al. 2016, pp. 140-163, 202-218). In response to the widespread 
clearcutting in the 1970s and 1980s, Maine passed the Forest Practices Act in 1989, which 
regulated clearcutting. Since then, various forms of partial harvesting have replaced clearcutting 
as the predominant form of forest management in northern Maine. Partially harvested stands 
(e.g., selection harvest, shelterwood harvest, overstory removal) have a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006, p. 29). On average, partially harvested stands support 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006, p. 
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26-27). Over 95 percent of cutting that occurs now in northern Maine is partial harvesting 
compared to 59 percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-
Legaard et al. 2013). This new cutting regime results in lower landscape densities of snowshoe 
hares (Fuller 1999; Homyack 2003; Robinson 2006; Scott 2009). Another consequence of 
partial harvesting is that a much greater acreage needs to be cut annually to attain similar 
harvest volume (as compared to clearcutting). Annual harvest rates have increased from about 
40,000 ha (100,000 acres) per year (before the Forest Practices Act) to over 200,000 ha 
(500,000 acres) per year (after the Act). Thus, 28 years after the Maine Forest Practices Act, 
much of the forested landscape in northern Maine has been partially harvested. 
 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistentrarely exists. Furthermore, there continues to be high turnover in forest land 
ownership (Hagan et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide 
incentives or to work with private landowners. As of 2005, there were 23 landowners in northern 
Maine with land holdings in excess of 40,000 ha (100,000 ac) including the State, Federal 
government (White Mountain National Forest south of lynx range), a conservation group (The 
Nature Conservancy), 2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much 
land south of lynx range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 
13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi werewas chosen as one of several pilot States to receive funding 
through their respectiveits Natural Resources Conservation Service (NRCS) State offices. 
Based on a successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm 
Bill, and in 2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending 
regulations for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS 
offered the HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to 
promote development of Canada lynx forest management plans. Since that time 4 private 
landowners, The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and 
Katahdin Forestlands successfully enrolled in the program. Collectively, these land ownerships 
comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern 
Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
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for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
 
Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond after which longer-term commitments to lynx 
management are voluntary. Plans were prepared for a forest rotation (70 years) and include a 
decade-by-decade assessment of the location and anticipated condition of lynx habitat on the 
ownership. Some landowners developed plans exclusively for lynx, and others combined lynx 
management (umbrella species for young forest) with American marten (umbrella species for 
mature forest) and other biodiversity objectives. All 4 plans have been completed although 
contracts with NRCS expired as of 2017. Landowners have the option to convert HFRP 
contracts into Safe Harbor Agreements or other agreements to provide regulatory assurances, 
however, at this time this option has not been explored with landowners. 
 

Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. In 
addition, “working woodland” easements now encompass > 10,000 km2 (3,861 mi2) across 
northern Maine; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listingWhen the DPS was listed, lynx were known to be present in northern Maine 
but little was known about their distribution, population size, and trend, snowshoe hare 
populations, and relationships to forest management. Since then, research from the MDIFW 
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(Vashon et al. 2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine 
(Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 
2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; 
Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; 
Simons-Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys 
and confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 
2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Areas of recent 
lynx Bbreeding lynx in New Hampshire and Vermont are not directly connected to Canadian 
populations, but they are connected to the larger population in northern Maine via habitat 
corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals apparently cross the river on the ice each generation to prevent genetic drift of this 
population (Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listingWhen the DPS was listed, the Northern Maine Unit was not believed to 
contribute significantly to the DPSits persistence. However, we now believe that the extensive 
young, regenerating spruce-fir habitat created by large-scale clearcutting in the 1970s and 
1980s may currently support the largest lynx population in the DPS (Vashon et al. 2012, pp. 58-
59, Appendix IV; Vashon in Lynx SSA Team 2016a, p. 18). Habitat in northern Maine supported 
lynx densities in a localized area of high-quality habitat that was substantially greater than 
densities elsewhere in the DPS (ILBT 2013, p. 23). In 2003 when hare populations were high, 
lynx density (juveniles and adults) in one of Maine’s highest-quality habitats was estimated to be 
9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, Vashon et al. 2012, p. 15). At about the same time, 
the density of lynx in nearby Gaspe Peninsula, Quebec was estimated to be 10 lynx/100 km2 
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(Ray et al. 2002). These densities are intermediate to those in Canada during the high (17-
45/100 km2) and low periods (2.3-3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and 
Mowat 1996, O’Donaghue et al. 1997). Simons (2009, p. 102) estimated that habitat on a 
14,407-km2 (5,563-mi2) study area (about half of the critical habitat area designated in 
2014geographic unit) in northern Maine could potentially support a population of 236 to 355 
adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) estimated the potential for a 
population of 750 to 1,000 adult lynx in all of northern Maine in 2006. The actual number of lynx, 
however, is unknown because there are no methods available to count individuals over such a 
large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
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marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-2005; 
Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 23 and 
34). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
 
In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality lynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
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percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
 
Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42° - 0.46°oC/decade (0.76° - 0.83 °oF/decade) with the greatest warming occurring in the 
winter months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7° - 7.8°oC (12° to 14°oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, records of lynx occurrence are 
correlated where there iswith areas that regularly have at least 4 months (120 days) of 
continuous snow coverage (Gonzalez et al. 2007, p. 7). Snow cover days in northern New 
England (1965-2005) ranged from 60-121 days and declined an average of 3.6 days/decade 
from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 days in the Northeast 
from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 weeks in Maine by mid-
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century (Fernandez et al. 2015). Thus, average conditions in Maine are currently at or below the 
snow persistence thresholds believed to be needed to support lynxcover duration correlated 
with historical lynx occurrence records (Gonzalez et al. 2007). Similarly, the largest decreases in 
snow depth observed in Canada in the last 6 decades have occurred in the lower St. Lawrence 
Valley, immediately north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the nNortheastern United States and eastern Canada occur where average annual 
snowfall typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the 
distribution of lynx (to the north) and bobcat (to the south) in this region (Hoving et al. 2005;, 
Carroll 2007;, Peers et al. 2013). Average annual snow depth at all 5 NOAA weather stations 
within the range of the lynx in northern Maine (1981-2010) was below this threshold and ranged 
from 228-263 cm (90-104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites 
in and near Maine experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow 
depth in New England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; 
Burakowski et al. 2008). Thus, average annual snowfall in Maine is currently at or below depths 
associated historically with lynx presence, and further declines could reduce the likelihood that 
resident lynx will persist in this unit (Hoving et al. 2005). 
 
As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
                                                 
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 
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infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high- 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-
taggmarked in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat toand such development could impact high- and low-
elevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase in 
wind energy development16, and there is increased interest in placing developments on private 
lands in unpopulated areas in northern Maine, New Hampshire, and Vermont. Wind energy is 
an increasingly appealing source of income for investment companies and other landowners 
who own forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been 
proposed in northern and western Maine and 5 projects are in operation; 2 have been proposed 
                                                 
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 
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in northern New Hampshire and 2 are in operation; and 3 have been proposed for northeast 
Vermont and 2 are in operation or under construction. Maine’s 2 largest wind projects 
(combined over 250 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s 
designated lynx critical habitat. Although impacts of wind energy projects on lynx, hares, and 
their habitats have not been demonstrated, potential effects include loss and fragmentation of 
habitat from turbines, roads, and transmission lines, and disturbance or displacement of 
resident lynx. Road construction could further fragment habitat and increase access, potentially 
increasing vehicle collisions with lynx and other sources of mortality, including incidental 
trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned primarily by about a dozen large, industrial commercial 
forestland ownerstimber interests, but land ownership patterns have changed dramatically in the 
last 15 years (Ippoliti and Nadeau-Drillen 2006). Large tracts of land have been sold, lumber 
and pulp mills shut down, and much of the area has been sold to investment-oriented owners. 
Some of these new landowners are seeking diversified financial returns on their investment, 
including developing residential housing, second homes, and resorts. At various times in the 
past, 2 large residential and resort areas have been proposed on forestlands within designated 
lynx critical habitat in this unit. Both projects, if eventually built as previously-planned, could 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
Also, a private landowner recently purchased and donated 354 km2 (137 mi2) within designated 
lynx critical habitat that was subsequently designated as the Katahdin Woods and Waters 
National Monument. This area currently has a legacy of young regenerating spruce-fir habitat 
from previous industrial forest landownerscommercial timber harvest, but its new monument 
designation will limit future forest management activities (timber harvest or other vegetation 
management) that could benefit lynx. In addition, the Nature Conservancy continues forest 
management on about half of its 750-km2 (290-mi2) ownership in this unit, including managing 
part of the area for lynx. 
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high- quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
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northern Maine may currently support a potential population of 750 to 1,000 lynx. High-quality 
habitat created by extensive clearcutting 30 to 40 years ago is peaking and is projected to 
decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, pp. 10-18; also see 
section 5.2.1). Hare densities declined by 50 percent in this unit starting in about 2006 and have 
remained at lower levels, and future hare fluctuations or cycles are uncertain. Recent history 
demonstrates that some forms of forest management have the potential to create or increase 
lynx habitat. However, forest practices have shifted to partial harvesting, which is less likely to 
create large areas of lynx habitat or maintain the current historically broad distribution of high-
quality habitat generated by previous landscape-level clear-cutting. Additionally, private 
landowners who previously entered into commitments to manage for lynx conservation have not 
renewed those commitments (although the habitat will remain viable for lynx for some time). 
Land ownership has also changed in northern Maine, and the majority of lands are owned now 
by investment companies that often wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. Without long-term, binding 
land management commitments in this unit, there is no guarantee that the current historically 
high amount of lynx habitat will be maintained by future forest managment practices on private 
lands. The greatest stressors to resident lynx in this unit are habitat loss (as a result of the shift 
in forest management from clearcutting to partial harvesting resulting in lower landscape hare 
densities), lack of forest planning for lynx, and projected continued climate warming (diminishing 
snow depth, quality and duration; loss transition of from spruce-fir to northern hardwood forests; 
potential increased competition from bobcats and fishers; and increased future isolation of lynx 
in this unit and southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 12). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
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interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge,; and that lynx beds (resting and hunting) and 
kill sites were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) 
found snowshoe hare densities were highest in regenerating forests. Females lynx selected 
large woody debris and dense horizontal cover in lowland conifer cover for denning in northern 
Minnesota (Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns 
were present (Moen and Burdett 2009, p. 5). 
 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low pointsdeclines in hare cycles abundance by acting as refugia for 
hares. Early regenerating or pole-sized stands are not used as much as in other portions of their 
range, although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 
45). Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
and Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 

                                                 
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 
current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listingWhen the DPS was listed, it was uncertain whether a resident 
lynx population occurred in Minnesota. However, we now know that a reproducing resident 
population exists has persisted in Unit 2 since the DPS was listed. Moen et al. (2008b, p. 30) 
estimated a likely maximum (all available habitat occupied) number of 190-250 resident lynx in 
this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently suggested that the resident 
population likely fluctuates from about 50 to 200 lynx. A more precise estimate of resident 
population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
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female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
genotypes hybrids (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
 
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways. 
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 



132 
 

2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
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As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
 
In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
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intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
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naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
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level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 
Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land., This includesing (in addition to Glacier National 
                                                 
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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Park) the 6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, 
and Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests;, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest;, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest;, and the 371-
km2 (143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). 
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats. 
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
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In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
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areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
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hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distriubtution, it is very unlikely that this unit and surrounding areas 
were ever (recently or historically) capable of supporting 1,000 resident lynx. As described 
above, habitats capable of supporting resident lynx in this unit are (and also were historically) 
naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of 
resident lynx remains uncertain, this unit has a long and continuous history of lynx occurrence 
and evidence of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, 
pp. 346-348; Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 
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16058; 68 FR 40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale 
genetic sub-structuring among lynx subpopulations in the southern (Garnet Mountains), central 
(Seeley Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction 
among lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires 
in Lynx SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a 
larger population in southwestern Alberta and southeastern British Columbia, but the extent to 
which lynx persistence in this area may rely on immigration from Canada is unknown, and there 
is no indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
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temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detected 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20), indicating recruitment of new individuals into this 
population, or immigration, or a combination of the 2. 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
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portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above. Genetic analyses and snow 
and camera surveys have verified continued reproduction and recruitment among lynx 
populations in this unit and also suggest some immigration may be occurring. The recent 
apparent absence of resident lynx in Garnet Mountains may indicate extirpation of a small 
resident population and a contraction in lynx distribution in the southern part of the unit, or it 
may reflect natural source-sink dynamics of a naturally ephemeral peripheral population in a 
mainland-island metapopulation structure. Lynx are rarely detected on surveys on other national 
forests (or parts of those above) that are outside but adjacent to this geographic unit (Patton 
2006, entire; USFS 2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features 
and/or landscape-level hare densities necessary to support resident lynx populations (79 FR 
54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
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distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
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been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
 
Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41). 
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
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management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
                                                 
19 https://inciweb.nwcg.gov/state/27/0/ 
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to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx population 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. However, Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 

                                                 
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being sustained by low levels of undetected immigration. 
The growth rate estimates presented above assumed no immigration. 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (< 10 percent), low elevations [less than 915 m (3,000 ft)], and steep slopes (> 
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30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the Northern 
Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler et al. 
2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major drivers 
of disturbance in this unit, but other factors, including wind and tree diseases, also contribute to 
natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North Cascades 
range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21), and the Diamond Creek fire burned 
another 393 km2 (152 mi2) in the northern part of this unit during July-October 2017, along with 
another 126 km2 (49 mi2) across the border in southern British Columbia22. 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
                                                 
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 
22 https://inciweb.nwcg.gov/incident/5409/, accessed 10/25/2017. 

https://snowfall.weatherdb.com/d/a/Washington
https://inciweb.nwcg.gov/incident/5409/
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Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. This estimate does not include impacts of the 2017 
Diamond Creek wildfire described above. These burned areas are expected to regenerate back 
into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 2016, p. 5; 
Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx population in this 
geographic unit will likely be at increased risk of stochastic demographic, genetic, and 
environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons for lynx in Washington for lynx 
were reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
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Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
 
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynx habitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
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that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts, limited demographic information, and 
remaining uncertainties (e.g., immigration/emigration rates, changes in snowpack, disease, lynx 
population status and impacts of trapping in southern British Columbia, and habitat corridor 
stability between British Columbia and this unit; WADFW 2017, p. 3),the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. 
 
From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of Federal regulatory mechanisms) has largely 
been addressed through the development of the LCAS, and CA between the USFS and 
Service, which commits the USFS, specifically for Washington the OWNF and CNF, to use the 
LCAS in the management of lynx habitat on National Forest System lands and when designing 
and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
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that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the  
2014 final revised critical habitat designation, published in the Federal Register on September 
12, 2014, we determined that the benefits of excluding lands managed in accordance with the 
WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (extirpation of the DPS; 79 FR 54834–
54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
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4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
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abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place23. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 

                                                 
23 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 
increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
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Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
unprecedentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
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2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occupied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the 4 winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 
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Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
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resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, and road 
construction, and have been modified much less than other drier forests (65 FR 16073)., and  
tThese activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
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described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-524). 

As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 

                                                 
24 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx from this 
unit to many western states and to Canada have been documented. The Southern Rockies are 
separated from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern 
Wyoming and further north, by sagebrush and desert shrub communities in the Wyoming Basin 
and the Red Desert of southern and central Wyoming, and the arid Green and Colorado River 
plateaus of western Colorado and eastern Utah. Because of extreme topographic relief 
juxtaposed with highways, residential communities, and other human developments, lynx 
biologists have identified habitat connectivity as an important consideration for the Southern 
Rockies (ILBT 2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km 
(250 mi) southeast of the GYA geographic unit. 
 
Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
 
In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
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did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
 
All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
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LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific lynx conservation planning strategies guiding activities on non-Federal 
lands in this geographic unit. 
 
Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Devineau et al. 2010, p. 5), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; 
Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories 
(0.90; Poole 1994, p. 612). Successful reproduction, including by third- and fourth-generation 
offspring of translocated lynx, has been documented (Shenk 2008, p. 2); however, the average 
proportion of females that produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) 
and the kitten survival rate (0.23; Ivan 2016b, pers. comm.) were both lower in this geographic 
unit (during the period of intensive monitoring from 1999-2010) than rates reported for other 
geographic units where estimates were based on adequate sample sizes (Units 1 and 3; table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 
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Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares, widespread mortality of mature spruce-fir forests could impact lynx habitat for 
a long time. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
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Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
 
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
 
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

 
In summary, there are currently many more resident lynx in this unit than likely occurred 
historically, and many more than were known or suspected at the time the DPS was listed. 
There were even fewer verified records in this unit during the last century than in the GYA, and 
no reliable evidence of a resident breeding population. However, from 1999-2006, 218 
Canadian and Alaskan lynx were released into the San Juan Mountains of southwestern 
Colorado. As a result of the subsequent reproduction of some of the released lynx and some of 
their offspring over several generations, resident lynx currently occupy this unit. When the DPS 
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was listed in 2000, 27 of 41 radio-marked lynx released in 1999 were still alive. The State of 
Colorado has concluded that its efforts have established a viable lynx population, and the 
State’s lynx experts suggest this unit may currently support 100-250 resident lynx (Ivan in Lynx 
SSA Team 2016a, p. 47). Recent (2010-2016) snow-tracking and camera surveys in the San 
Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 
the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
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we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
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the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will would likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
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Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
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Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
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number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
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well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, the amount of snow depth that seems to demarcate a boundary between lynx and 
bobcat occupancy in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota 
(140 cm/yr [55 in/yr]), and lynx in some parts of the West select mature forest stands, 
particularly in winter, while in other parts of the DPS, younger regenerating stands are most 
important. The loss of resident lynx from any of the geographic units could result in the loss of 
behavioral and potential future genetic adaptations to the climate-mediated changes now 
occurring and likely to continue into the future at the southern edge of the lynx range. Such 
potential adaptability to diminished snow conditions, increasingly patchy and isolated boreal 
forests, and reduced hare abundance may be important to the taxon as a whole faced with a 
rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to become smaller and more fragmented and isolated in the future, each geographic 
unit and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
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climate warming is expected to exert the greatest influence on the resiliency of individual 
populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high- quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape (Simons-Legaard 2016, fig. 8, p. 10), perhaps more in line with likely 
historical conditions (Simons-Legaard 2016, fig. 8, p. 10). High- quality habitat patches will likely 
become more fragmented, smaller, and more isolated, thus making the landscape less suitable 
for lynx than it currently is. For the next few decades the best habitat (young regenerating 
stands) will occur in the southern portion of current lynx distribution, where effects of climate 
change and potential competition with bobcats are likely to be greatest (Simons-Legaard et al. 
2016, p. 1267). Absent long-term lynx management agreements, the future of lynx habitat in this 
unit is uncertain. Wood products markets will likely continue to change and could be affected by 
interest in carbon sequestration in response to climate change, with potential consequences for 
forest management in this unit. Recent rapid changes in private forest land ownership are likely 
to continue and could result in subdivision of large ownerships. Non-forestry land uses (wind 
energy development, transmission line corridors, residential and resort land development, and 
unmanaged conservation lands) may compete with forest management as the primary future 
land use. Conservation easements will limit development pressures in some areas and keep 
some lands as working forest, but forest practices (e.g., partial harvesting, northern hardwood 
management) may not create new lynx habitat or maintain the current historically high amount 
of high-quality habitat. Climate change is expected to affect this unit more than some others in 
the DPS because snow depth amount and duration already seem to be at thresholds for lynx 
and there are few potential elevational refugia. In the near term and beyond, snow quantity and 
quality will likely continue to deteriorate, which could cause lynx range to contract northward. 
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Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices clearly have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which would gives it a higher 
priority than other species for monitoring and management during that time. We also expect that 
MNFRC guidelines will remain in place into the future and that voluntary actions will continue on 
State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking these factors into 
consideration, median “most likely” probabilities of persistence generated by lynx experts were 
high for the near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but 
declined to 35 percent (with great uncertainty) by 2100. We concur with the expert panel that 
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resident lynx are likely to persist in this unit at 2025 and 2050. However, after reviewing the 
scientific literature concerning climate change projections (diminishing snow conditions, loss of 
boreal forest, lack of elevational refugia, and the potential for increased competition, disease, 
and insect outbreaks), some members of the  SSA Core Team were slightly less optimistic 
about the long-term future of lynx in Minnesota than the lynx expert panel. The Core Team 
concluded that the climate-mediated conversion of boreal forest to temperate forest and the loss 
of favorable snow conditions could occur at a rate and extent that would result in a lower 
likelihood of persistence than projected by experts, including the possibility that resident lynx 
could be extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in of favorable snow and forest vegetation conditions. This 
will would result in increased fragmentation and isolation of habitats and smaller and more 
isolated lynx populations. Increased wildfire frequency and extent and perhaps other climate-
mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles that may 
influence immigration into this unit) could also reduce future lynx habitats and populations in this 
unit. Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will would benefit resident lynx in the future, though it is 
unlikely to offset the projected adverse consequences of continued climate warming. Lynx 
experts felt that future extirpation of lynx from this unit from reduced genetic health or a 
catastrophic event is unlikely. However, the extent to which the future demographic and genetic 
health of lynx populations in this unit may be influenced by immigration is unknown. Considering 
the factors above, lynx experts felt this geographic unit has the highest likelihood of continuing 
to support resident lynx into the future in the near term (year 2025; median probability of 
persistence > 0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), 
despite a declining probability of persistence and greater uncertainty with increasing time from 
present, as in all units. After reviewing the scientific literature and evaluating the factors that 
may influence lynx persistence in this unit, we concur with the experts’ conclusion that this 
geographic unit is likely the most secure in the DPS. We conclude that it is very likely to 
continue to support resident lynx in the short term (through 2025) and through mid-century, 
although the number of lynx, the amount and distribution of high-quality habitat, and landscape-
level hare densities are all likely to decline by mid-century as a result of continued climate 
warming and associated impacts. We also agree that this unit is more likely than not to support 
some resident lynx at the end of this century, although at that time we expect lynx numbers and 
distribution would be substantially reduced from the current condition and would, therefore, be 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events, resulting in reduced resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
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geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will would benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in of favorable snow and forest vegetation conditions. This will would result in 
increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Because potential habitats in much of this unit already are naturally highly 
fragmented and perhaps only marginally capable of supporting resident lynx, and because it 
appears to have never supported more than a small number of residents, its ability to do so in 
the future is tenuous. Lynx experts felt that the small number of lynx this unit appears capable of 
supporting and its relative isolation from other lynx populations make it more vulnerable to 
genetic drift and extirpation from catastrophic events or demographic or environmental 
stochasticity. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Increased wildfire 
frequency and extent and perhaps other climate-mediated factors (forest insect outbreaks, 
changes in northern hare/lynx cycles that may influence immigration into this unit) could also 
reduce future lynx habitat in this unit. Continued forest management to conserve and maintain 
the vast majority of lynx habitats in this unit will would benefit resident lynx in the future, though 
it is unlikely to offset the projected adverse consequences of continued climate warming. 
Considering the factors above, lynx experts felt this geographic unit has the lowest likelihood of 
supporting resident lynx into the future in the near term (year 2025; median probability of 
persistence = 0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a 
declining likelihood of persistence and greater uncertainty with increasing time from present, as 
in all units. After reviewing the scientific literature and evaluating the factors that may influence 
lynx persistence in this unit, we concur with the experts’ conclusion that this geographic unit is 
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the least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, 
both its historical and current ability to support a persistent resident lynx population are 
questionable, and that continued climate warming and associated impacts are likely to further 
diminish its already limited ability to support resident lynx. We conclude, based on the protected 
status (national park, designated wilderness, and non-developmental land use allocations) of 
vast areas and climate models that project some areas of adequate vegetation and snow 
conditions through the end of the century, that this unit may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction throughout the 
remainder of the century. However, we conclude that it is very unlikely to support a persistent 
resident population over the short-term (through 2025), even less likely that it will do so at mid-
century, and it is highly improbable that this geographic unit will support resident lynx by the 
end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
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Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in from current habitat 
projected by 2032; habitat shift to the 
south edge of current range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 
2025: 80 
(60-95) 

 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
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2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Adequacy of immigration from southern 

BC 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shouldl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
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breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the graey areas 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and graey 
areas are provided as a summarizing visualization to aid comprehension of the experts’ 
responses and their range, and should not be viewed as a substitute for individual responses or 
presented outside the context of the accompanying discussion. The gray area between red and 
blue dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
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scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would notare unlikely to respond to 
future budworm outbreaks like as they did in the 1970s-80s (extensive clearcuts, herbicide 
application). Experts also acknowledged concerns about the effects of the aging of past 
clearcuts beyond conditions that support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likelywould be expected to reduce 
the likelihood that lynx will persist in this unit. Experts also were uncertain about whether hare 
numbers would rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4°o C/decade (0.8 °o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0°o C (3.6° o F; low 
emission) to 2.9°o C (5.2° o F; high emission) by mid-century and 3.1°o C (5.6 °o F; low 
emissions) to 5.3°o C (9.5° o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The 
largest increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 
2016a, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5° to 2.8° o C 
(4.5° to 5.0°o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in 
wind development has grown in northern and western Maine, increasing threatswhich has the 
potential to impact high- elevation habitats and potential spruce-fir refugia (Publicover 2013, p. 
2). Climate conditions are currently at or falling below threshold values needed to support lynx in 
Maine. 
 
Gonzalez et al. (2007, pp. 12-13 and 15-18entire) modeled distribution of boreal forest and 
future snow conditions under 9 different low, medium, and high emission scenarios and 
predicted reduced probablility of suitable snow (from 95 percent during 1961-1990, to 90 
percent predicted for 2071-2100) and very minor changes in forest cover type loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, if projections are accurate, the area capable of 
supporting resident lynx in Maine are could be expected to recede northward and lynx 
populations to decline substantially this centuryin this unit over the next 100 years (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entirep. 7). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, 
p. 15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et 

Commented [ZJ8]: What does this mean? And what 
support is provided for this statement? We do not know the 
climate condition thresholds because they have not been 
developed. 

Commented [ZJ9]: This is absolutely not what this paper 
concluded. They estimated (fig. on p. 12) that from 1961-
1990, this unit had a 95% probability of suitable snow (with 
suitability linked to historical lynx occurrence records, which 
were correlated with 4 months of continuous snow cover) – 
interestingly, lynx were apparently there 100% of that time… 
They next projected that for years 2071-2100, the probability 
of suitable snow in this unit would be 90% (p. 13). While this 
shows a projected reduction in the probability of suitable 
snow, it does not suggest or imply the complete loss of snow 
suitable for lynx presence in this unit by the end of the 
century. On the contrary, it suggests a rather minor reduction 
in suitable snow from 95% of the time to 90% of the time – 
from very likely to have suitable snow (95%) in the recent 
past, to slightly less likely but still very likely (90%) to have 
suitable snow into the distant future. Similarly, with regard to 
“boreal forest distribution,” they modeled northern Maine as 
predominantly “temperate mixed forest” from 1961-1990, and 
they projected no or minimal change in forest cover type for 
Maine for 2071-2100 (p. 15-18). This sort of taking liberties 
with (i.e., misconstruing) the results of the available (if 
imperfect) science diminishes our scientific credibility as an 
agency 
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al. 2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 
 
Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
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although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
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northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
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Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high- quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high- quality habitat patches is expected decline by 78 percent within lynx home 
ranges. Although lynx habitat in this geographic unit is currently peaking, fragmentation may 
diminish its future ability to support as many resident lynx as it does currently (Simons-Legaard 
et al. 2016, p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high- 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
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variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
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hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
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Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201025), and wind development in the lynx critical habitat are likely to 
                                                 
25 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
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increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
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result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high- quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is will be 
a significant threat stressor to lynx in the Maine unit; perhaps more so than expressed by 
experts. Unlike other units, as snow condition decline there is little potential for elevational 
refugia for lynx in Maine. Spruce-fir is being replaced by northern hardwoods because of climate 
change. Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
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interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
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an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 

Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
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of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
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harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 8, 12-19) predicted the persistence of boreal forest and historical 
(1961-1990) snow suitability for lynx (95 percent historical and future probability of suitable 
snow) in this unit through 2071-2100loss snow conditions supportive of lynx but persistence of 
boreal forest in Minnesota by the end of the century, and suggested that the SNF could provide 
a potential refugium for lynx (Gonzalez et al. 2007, p. 8). Notaro et al. (2015, pp. 1668-1669) 
projected changes in lake effect snowfall using downscaled climate models (Abdus Salam 
International Centre for Theoretical Physics (ICTP) Regional Climate Model version 4 (RegCM4; 
Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for the Great Lakes 
Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show an increase in 
lake effect snow in the eastern Great Lakes until 2050, with a decline later in the century, with 
an overall decline in the amount and duration of snowpack in the Midwest. 
 

Commented [ZJ10]: As with Maine unit above, this also is 
absolutely not what the authors presented in this paper. This 
is false. They modeled 95% probability of suitable snow for 
almost the entire state from 1961-1990, and that 95% 
probability held for the northern half of the state thru 2071-
2100, while it dropped to 90% in the southern half of the state 
(maps on pp. 12 & 13). In this SSA geographic unit, snow 
suitability did not change (remained high at 95%), and map on 
page 14 shows this unit almost entirely mapped as “potential 
suitable snow” thru 2100 minus some very small areas right 
on the shore of Lake Superior.  Similarly, on maps on pp. 15, 
16, and 18, they modeled this unit as “Boreal Confier Forest” 
in 1961-1990 and that it would remain the same thru 2100. 
They concluded this unit will remain boreal forest and may be 
a snow refugia for lynx. Later modeling (Galatowitsch et al 
2009, cited 2 paragraphs below) showed boreal forest 
migrating north out of the unit by 2060-2069. 
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Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)26 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18), with some potential loss of habitat at the southern 
portion of lynx habitat in the State but persistence of boreal forest in this geographic unit 
(Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 13) also projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than the 
area currently occupied by lynx in Minnesota. Moen presented preliminary snow modeling 
results that project snow conditions suitable for lynx will could shrink significantly by 2055, be 
limited to extreme northeastern Minnesota by 2070, and may could be entirely absent from the 
state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 2016, p. 
14), concluded that Minnesota could lose the boreal biome completely, possibly within the next 
60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, pp. 2015-
2016) concluded that the boreal forest of the Northern Superior Uplands (which encompass this 
geographic unit) will likely be lost by 2069 as a result of warmer summers and more frequent 
and longer droughts associated with climate change. If a refugium for lynx does persist in this 
unit in the future, it would likely only consist of the small area in Cook County (the extreme 
northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 ft) than 
                                                 
26 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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the majority of the area that is now considered lynx core habitat and would, therefore, support a 
much smaller number of resident lynx than likely occur in the unit now. Although uncertainties 
remain, as elsewhere, about the timing and magnitude of future climate-driven impacts, lynx 
populations in Minnesota are expected to recede northward and decline over the next century 
(Lynx SSA Team 2016a, pp. 37-38). 
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
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alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
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and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss northward contraction 
of boreal forest, lack of elevational refugia, potential for increased competition, disease, and 
insect outbreaks), some Core Team members were less optimistic about the future of lynx in 
Minnesota than the lynx expert panel. Depending on future emissions levels, the likelihood that 
this unit will continue to support resident lynx at the end of the century may be lower than the 35 
percent (median most likely) estimate based on expert opinion. The threat for which the lynx 
was listed, lack of specific conservation direction, associated regulations, and lynx forest 
management planning has not been addressed on private lands in Minnesota, except through 
voluntary guidance. There is some uncertainty about the future of forest management and future 
development on private forest lands in Minnesota and in adjacent lands in Ontario, although 
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there are some basic voluntary management guidelines for private lands in Minnesota. Further, 
if the DPS is de-listed, there is uncertainty whether the lynx direction on Forest lands would 
continue into the future. It is projected that habitat will diminish and recede northward over the 
mid- to longer-term because of continued climate warming. Hybridization and competition with 
bobcat also may increase with diminishing snow conditions because of continued climate 
warming, and it is uncertaint how insect outbreaks or disease may affect habitat and lynx in this 
unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by fFederal, tTribal, sState, 
and private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation incentive for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification incentive for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it isEven with these prohibitions and protections, incidental 
trapping of 16 lynx has been reported in Minnesota since listing, resulting in at least 6 
mortalities. It is uncertain if lynx would become a legally trapped furbearer in Minnesota if the 
DPS was not listed (although a legal wolf hunt was reinstated after that species was delisted in 
Minnesota, so regulated trapping could also be considered for lynx if the DPS was not listed). 
Seven lynx have been illegally shot and reported or otherwise discovered since listing. Illegal 
shooting and non-reporting would likelycould increase without Federal protection. Education 
efforts by Federal and State agencies and law enforcement agents may have helped to reduce 
illegal shooting of lynx in this unit. With a diminished snow regime, populations of bobcats could 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
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of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota and trapping would be expected to occur there that could lead to greater 
incidental take of lynx. We believe that despite a closed hunting and trapping season, incidental 
take would continue and possibly increase and could become a significant threat stressor to a 
population of lynx that could be substantially diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, wWe also believe that climate change is will be a significant stressor to 
lynx in this unit; slightly more so than expressed by most of the experts. Snow depth and 
duration in the area currently supporting resident lynx are projected to decline significantly by 
the end of the century, likely to the detriment of both hare and lynx populations. Unlike most 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Minnesota except, perhaps, a small area of slightly higher elevation in the extreme northeastern 
corner of the unit. The boreal forest in this unit is already being replaced by northern hardwoods 
because of climate warming. Frequent forest cutting and disturbance, including a potential 
insect outbreak, could accelerate conversion to northern hardwoods. We acknowledge that the 
rate of boreal decline is uncertain, but note that some of the science modeling we reviewed 
indicates suggests that the spruce-fir forest type could nearly disappear from Minnesota by late-
century under both low and high emissions scenarios. Climate models also portend declining 
snow conditions under low- and high-emissions scenarios. Because increases in temperature 
are thus far tracking high emissions scenarios, we are less optimistic for snow conditions that 
favor lynx by mid- to late-century. In the past decade, interest in development has increased in 
lynx critical habitat, especially proposals for large-scale mining developments. Although we 
expect resident lynx to persist in this unit through 2025 and 2050, we conclude that the 
stressors described above, individually and cumulatively, could diminish lynx habitat and 
numbers in this unit. If these stressors are not abated, we believe that resident lynx in this unit 
will face a slightly greater risk of extirpation by the end of the century than was predicted by lynx 
experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
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When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability likelihood of persistence in this unit compared to 
the other geographic units. Most lynx habitats in this unit occur on Federal lands that are 
managed for lynx conservation, but 1 expert noted that little has been done to document 
whether lynx are responding to this management. The recent sale of large tracts of private 
commercial timberlands in the central part of this unit to The Nature Conservancy has increased 
protection for lynx via conservation easements managed for lynx. Habitats in some areas should 
improve in the near future as previously cut or burned areas mature into dense stands. Unlike 
the Maine and Minnesota geographic units (but similar to most other western units), high 
elevations in this unit could buffer the effects of climate change by providing for the upslope 
migration of lynx habitats and snow conditions that climate models predict. However, this would 
result in even patchier and more isolated islands of habitat in high elevation areas that would be 
more prone to extirpation from catastrophic or stochastic events. Competition from coyotes and 
bobcats seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this areaunit. Increased 
fire extent and severity or other catastrophic events and small subpopulation effects in 
separated mountain ranges could affect lynx persistence in the future in some parts of this unit. 
Fire exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; 
however, this unit may have a reduced probability of a catastrophic fire over time because of 
recent changes in management and recent fires that may have reduced fuels. Out to the year 
2050 and beyond, some experts felt there may be more pressure on lynx populations in this unit 
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from continued increases in fire extent and severity. Other experts expressed a different opinion 
of the overall effect of fire in this unit, indicating that it may actually improve habitat over time, 
and that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
 
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
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stability, then the DPS may mcould be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
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conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). Tennant et al. (2015, pp. 
2818-2820) simulated snowpack loss in the Northern Rockies (ID, MT, WY) and predicted that 
watersheds between 1,000 - 2,000 m (3,281 – 6,562 ft) elevation would experienced the 
greatest snowpack losses, while those > 2000 m (6,562 ft) would be more resilient to significant 
warming. Given the greater predicted snowpack persistence at some elevations used by lynx in 
this unit and the considerable area of potential climate refugia in mountainous terrain 
(Dobrowski 2011, pp. 1027-1029; Curtis et al. 2014, entire; Holden et al. 2015, entire; Morelli et 
al. 2016, entire), at least a portion of lynx distribution in this unit is likely resilient to climate-
driven losses in snowpack (IDFG 2017a, p. 7). 
 
There will likely be a lag time between the loss of favorable snow conditions and an eventual 
shift or contraction in vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 
section 3.2), but continued warming is projected to convert much of the boreal forest in this unit 
to temperate conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The 



211 
 

ability of lynx and hare populations to persist during this lag and to adjust to future habitat 
distributions is uncertain, but habitat quality, quantity, distribution, and connectivity are expected 
to decline, likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will likely 
reduce this geographic unit’s ability to continue to support resident lynx into the future. The 
timing and magnitude of climate-driven impacts are uncertain; however, all are anticipated to 
adversely affect, and none are expected to benefit, lynx populations in this geographic unit. 
Climate model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will reduce future habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
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habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
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potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of undetected immigration. Additionally, as noted above, 
the lynx population in the Purcell Mountains in the northwestern part of this unit was estimated 
to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 
years of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
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lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncertainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
 
Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
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= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 

 
Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
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forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
 
Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high- quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
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in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
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connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currently occur 
in the GYA. 
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Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS is delisted in the future, the 
ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may could be relisted or the monitoring period extended. Given 
these requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
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We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
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Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will likely further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
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magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high- quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
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potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
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After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future than it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing USFS Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high- quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty aboutlikely increases the possibility of genetic drift 
from mid-century onwardin this unit. Our eExpert elicitation documented revealed some 
uncertainty whether ski areas or other development may affect connectivity within the unit. 
However, the Core Team is less concerned about this particular issue because we cannot 
foresee the development of barriers that would prevent lynx from accessing available lynx 
habitat in the future. 
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Chapter 6: Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in much of the contiguous United 
StatesDPS range are naturally less abundant and more patchily-distributed than in the core of 
the species’ range (except during decadal lows in hare population cycles, when both hares and 
lynx occur temporarily in the north at densities lower than most in the range of the DPS). 
Maintaining connectivity with lynx populations in Canada is thought to be important to the 
persistence of DPS populations; however, whether, and if so to what extent, the demographic 
and/or genetic health of DPS populations relies on periodic immigration from Canadian 
populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
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current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
 

• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 
southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
conifier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 19). 
There is no information to suggest that this unit historically supported a larger resident 
population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
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and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.27. Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have likely caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx 
(based on this unit’s proportional contribution to the larger Okanogan LMZ) before the 
large fires to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire 
burned another large block of lynx habitat in the northern part of this unit in 2017. 
Because of this, the current number of resident lynx in this unit is likely lower than it was 
historically and when the DPS was listed. Additional fires in this unit before previously 
burned areas recover (10-40 years post-burn) would further reduce lynx numbers and 
make this geographic unit more vulnerable to extirpation. Because of these habitat 
impacts and remaining stressors to lynx, the Washington Department of Fish and 
Wildlife recently submitted, and the State Fish and Wildlife Commission adopted, a 
proposal to uplist lynx from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently are many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 

                                                 
27 https://inciweb.nwcg.gov/state/27/0/ 
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Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 
lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47). Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
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Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
haves already altered) the timing and magnitude of lynx dispersal from Canada into the 
contiguous United States. If lynx populations in the DPS depend on immigration from Canada 
which is no longer occurring or has been reduced substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident DPS 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS at some point in the future (also see Future Conditions 
and Threats, below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
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boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
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habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 
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The loss of resident lynx populations in any geographic units would also reduce the level of 
redundancy and could diminish representation within the DPS. With regard to redundancy, 
however, we find that none of the 5 geographic units that currently support resident lynx is 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in 1 or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in 1 or more units within the DPS, extirpation of the DPS 
from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
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the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Resident lynx populations persisted historically and continue to persist in 4 geographic units 
(Units 1-4). It is uncertain whether Unit 5 (the GYA) historically supported a small persistent 
population or if lynx residency was ephemeral; currently, it appears not to support resident lynx. 
Available evidence suggests that Unit 6 (Colorado) did not historically support persistent lynx 
presence; however, a resident population has persisted there for more than a decade since the 
1999-2006 releases described above. Considering the available information, we find no reliable 
evidence that the current distribution and relative abundance of resident lynx in the contiguous 
United States are substantially reduced from historical conditions. This suggests historical and 
current resiliency among lynx populations in the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
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Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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«Chairperson» «First_Name» «Last_Name» 
«Tribe» 
«Address» 
«City», «State» «ZIP» 
 
Dear «Chairperson» «Last_Name»: 
 
The U.S. Fish and Wildlife Service (Service) is announcing the completion of a scientific review 
of the Canada lynx in the contiguous United States. The review concludes that the Canada lynx 
may no longer warrant protection under the Endangered Species Act (ESA) and should be 
considered for delisting due to recovery. This recommendation is the result of an extensive review 
of the best available scientific information and almost 20 years of working in partnership with 
state, federal, tribal, industry and other land managers on the conservation of this species.  As a 
result of this status review, the Service will begin development of a proposed rule to delist the 
species. 
 
The recommendation was informed by a recently completed, peer-reviewed Species Status 
Assessment for the lynx, which compiled and evaluated the best available scientific information on 
the historical, current and possible future conditions for the Canada lynx. Over a two-year process, 
the Service worked closely with federal, state and academic subject matter experts to evaluate 
relevant scientific information on snowshoe hare population dynamics, climate change, forest 
ecology and other issues. Although climate change remains an important factor for the 
conservation of the Canada lynx, neither the Service nor the experts we consulted conclude that the 
lynx is at risk of extinction from climate change within the foreseeable future. 
 
The Canada lynx was listed as threatened in 2000 largely due to a lack of regulatory mechanisms 
on federal public lands, which is where a majority of the habitat for Canada lynx was believed to 
be located in the lower 48 states. Since receiving ESA protection, federal land managers 
throughout the lynx’s range have formally amended their management plans and implemented 
conservation measures to conserve the species. In the contiguous U.S., Canada lynx populations 
are found in Maine, northeastern Minnesota, northwestern Montana, northeastern Idaho, north-
central Washington and western Colorado. 
 
 
Given the outcome of this analysis, the Service will not at this time be completing a recovery plan 
for the Canada lynx. The review recommendation does not remove or negate the Endangered 
Species Act protections currently in place for the Canada lynx. To delist a species, the Service 
must follow a process similar to what is used in considering whether to list species. The next step 
is for the Service to publish a proposed rule in the Federal Register, receive public comments, 
review and analyze those comments, conduct a peer review, and then announce a final decision.   
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For more information on the Canada lynx and to view a copy of the scientific review and Species 
Status Assessment, please visit https://www.fws.gov/mountain-prairie/es/canadaLynx.php. You 
can learn more about the delisting process by reviewing our “Delisting a Species” fact sheet at 
https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf. 
 
If you have any questions regarding this scientific review or would like to schedule a government-
to-government consultation regarding the potential delisting of the Canada lynx, please contact 
Anna Munoz, Assistant Regional Director for External Affairs, at anna_munoz@fws.gov or (303) 
236-4510. 
            

Sincerely, 
 
 
 
Regional Director 

mailto:anna_munoz@fws.gov
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For Immediate Release 
 
January 12, 2018 
 

Status Review Indicates Canada Lynx Recovery in the  
Lower 48-States  

Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Jennifer Strickland, 303-236-4574; Jennifer_strickland@fws.gov 
 
DENVER -The U.S. Fish and Wildlife Service (Service) is announcing the completion of a 
scientific review of the Canada lynx in the contiguous United States. The review concludes that 
the Canada lynx may no longer warrant protection under the Endangered Species Act (ESA) and 
should be considered for delisting due to recovery. This recommendation is the result of an 
extensive review of the best available scientific information and almost 20 years of working in 
partnership with state, federal, tribal, industry and other land managers on the conservation of 
this species.  As a result of this status review, the Service will begin development of a proposed 
rule to delist the species. 
 
The recommendation was informed by a recently completed, peer-reviewed Species Status 
Assessment for the lynx, which compiled and evaluated the best available scientific information 
on the historical, current and possible future conditions for the Canada lynx. Over a two-year 
process, the Service worked closely with federal, state and academic subject matter experts to 
evaluate relevant scientific information on snowshoe hare population dynamics, climate change, 
forest ecology and other issues. Although climate change remains an important factor for the 
conservation of the Canada lynx, neither the Service nor the experts we consulted conclude that 
the lynx is at risk of extinction from climate change within the foreseeable future. 
 
The Canada lynx was listed as threatened in 2000 largely due to a lack of regulatory mechanisms 
on federal public lands, which is where a majority of the habitat for Canada lynx was believed to 
be located in the lower 48 states. Since receiving ESA protection, federal land managers 
throughout the lynx’s range have formally amended their management plans and implemented 
conservation measures to conserve the species. For example, all U.S. Forest Service land 
management plans in the Rocky Mountain region have been amended to include conservation 
measures for the Canada lynx. In addition, in Maine, private landowners have voluntarily 
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supported working woodland easements that protect nearly 2.5 million acres of forest, benefitting 
the Canada lynx and other species. 
 
A cousin of the more common bobcat, the Canada lynx is similar in size but can be distinguished 
by its black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, 
furry paws for hunting snowshoe hares in deep snow. In the contiguous U.S., Canada lynx 
populations are found in Maine, northeastern Minnesota, northwestern Montana, northeastern 
Idaho, north-central Washington and western Colorado. 
 
Providing the Canada lynx protection under the ESA also prompted an increase in scientific 
understanding of lynx biology. Research, monitoring and conservation efforts conducted by state 
and federal agencies, tribes and academic institutions,  helped refine biologists’ understanding of 
habitat needs, distributions, population characteristics and potential stressors. 
 
Given the outcome of this analysis, the Service will not at this time be completing a recovery 
plan for the Canada lynx. Today’s recommendation does not remove or negate the Endangered 
Species Act protections currently in place for the Canada lynx. To delist a species, the Service 
must follow a process similar to what is used in considering whether to list species. The next step 
is for the Service to publish a proposed rule in the Federal Register, receive public comments, 
review and analyze those comments, conduct a peer review, and then announce a final decision. 
 
For more information on the Canada lynx, visit https://www.fws.gov/mountain-
prairie/es/canadaLynx.php. To learn more about the delisting process, review our “Delisting a 
Species” fact sheet. 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media channels: 
Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
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Q. Why does the Service believe the Canada lynx Distinct Population Segment (DPS) may no 
longer be threatened?  
 
A. Federal land management changes, as well as state, tribal, and other local conservation 
efforts, have adequately protected the species habitat against the primary threats that led to 
listing and will ensure that the species remains resilient in the foreseeable future, even in the face 
of climate change. We’ve also learned that land management changes in ME and CO have led to 
historically high numbers of the species that lynx populations are larger and more secure in 
Maine, Minnesota, and Colorado that we thought when we listed the Canada lynx. Those 
numbers may moderate with forest succession but our analysis suggests resiliency for the 
species.  

 
Q. What is a five-year status review? 
 
A. A five-year status review is a periodic review of the status of species listed under the 
Endangered Species Act (Act). Its purpose is to ensure that listed species have the appropriate 
level of protection under the law.  
 
Q. Why was the Canada lynx DPS originally listed? 
 
A. At the time, the existing regulatory mechanisms on federal lands, which constitute the 
majority of the lynx DPS range, did not provide sufficient guidance for the ongoing conservation 
of lynx habitat. The species was thereby listed as threatened in 2000. 
 
Q. What conservation efforts have been undertaken since 2000? 
 
A. Since listing in 2000, federal land managers have amended land management plans and 
implemented conservation agreements with the Service, which include science-based 
conservation measures, standards and guidelines, and best management practices to conserve 
lynx. We believe these commitments have largely addressed the threats for which the Canada 
lynx DPS was listed. Additionally, many state and tribal agencies and academic partners have 
worked with the Service to identify and protect important lynx habitats and monitor and enhance 
lynx populations. 
 
Q. How did the Service consider the best available science in the recommendation? 
 
A. The Service always considers the best available science in managing threatened and 
endangered species. Beginning in 2014, the Service reviewed available science related to lynx 
ecology, historical and recent distribution and current potential threats to develop the Species 
Status Assessment (SSA). The SSA review was also informed by the professional opinions of a 
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panel of 10 recognized lynx experts and other subject matter experts regarding a variety of 
potential threats to the species including: climate change, forest ecology and hare population 
dynamics. The SSA included input from recognized lynx experts in Canada and the United 
States, as well as a variety of experts in the fields of ecology, genetics, climate modeling and 
habitat management. This SSA was peer reviewed by independent experts and our federal and 
state agency partners.  
 
Q. What has changed in regards to existing regulatory mechanisms? 
 
A. The SSA found that conservation measures included in the land management plans adopted 
by the U. S. Forest Service and the Bureau of Land Management have substantially addressed 
the threats to the maintenance of lynx DPS habitat conditions and the availability of snowshoe 
hare and other prey populations for which the DPS was listed.  
 
Q. Who else did the Service consult with in producing this review? 
 
A. We consulted a panel of 10 recognized lynx experts regarding potential threats and the 
likelihood that resident populations will be able to be sustained in the future. We also sought 
relevant information from federal, state and tribal management agencies. 

 
Q. What are the potential effects of climate change on the lynx? 
 
A. With continued warming, the boreal forests, snow conditions, and hare populations that 
support lynx in the DPS range are expected to contract northward and upslope, resulting in 
increased fragmentation and isolation of habitats and populations and, over the long-term, in 
reduced population resiliency and increasing vulnerability to extirpation. Other effects of climate 
warming include increases in the size and intensity of wildfires and forest insect outbreaks, both 
of which may influence the future amount, distribution and quality of lynx and hare habitats.  
 
Climate change remains an important factor for the conservation of the Canada lynx DPS and 
could result in future shifts in their habitat, which may affect their population numbers and 
distribution. How vulnerable lynx populations are to these shifts is unknown and undeterminable 
at this time. However, neither the Service nor the experts we consulted conclude that the lynx 
DPS is at risk of extinction from climate change within the foreseeable future. 
 
Q. Do lynx population numbers normally fluctuate? 
 
A. The Canada lynx DPS represents the southern extent of the species’ range and naturally 
expands and contracts based on snowshoe hare abundance, which fluctuates at varying degrees 
within the DPS. Canada lynx in the contiguous United States comprises only 2% of the species’ 
entire range. 
 
Q. When would the lynx be delisted? 
 
A. Based on this recommendation, in the future the Service will promulgate a proposed rule to 
delist the lynx DPS and, based on peer and public review, may move forward with a final rule to 
delist the DPS. However, delisting would not occur until 30 days after publication of a final rule 
if one is proposed. Until then, the DPS remains listed as threatened under the Act, and the 
protections and prohibitions of the Act remain in force.  



 
Q. Why has the Service determined that a recovery plan for Canada lynx is not needed? 
 
A. Because the 5-year status review recommends delisting the Canada lynx, and therefore a 
recovery plan would not promote the conservation of the species, we will not be completing a 
recovery plan for Canada lynx. In the near future, the Service will begin development of a 
proposed rule to delist the Canada lynx. If during the rule-making process the Service determines 
that lynx should remain listed, the Service would reconsider the need to complete a recovery 
plan. 
 



 
 
 
 
 

Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 

1. Plan title: Canada lynx 5-year Review 

 

2.  DTS number: 067057 

 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the five-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 states) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicates 
that the Canada lynx has persistent resident populations in Maine, northeastern Minnesota, 
northwestern Montana, northeastern Idaho, and north-central Washington.  

There is also a resident introduced population in western Colorado and occasional lynx 
residency in some neighboring states and adjacent areas. Based on the health of this lynx 
population and the conservation efforts of federal, state and tribal agencies, the Service’s 
five-year status review recommends the removal of the lynx DPS from the list of 
endangered and threatened species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

January 2018. This is the proposed time frame for the five-year review and SSA to be 
made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is the lead. R1, R2, R3, R5 and HQ are also involved. 
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SECTION II: GOALS 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to the point in which they no 
longer need federal protection.  

The Service relies on the best available science when conducting five-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.  

Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our federal, state, tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species. The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  
 
The recommendation to delist is a success story for the lynx and a testament to how 
working with our partners can move ESA listed species towards recovery. Based on the 
recommendation in the status review, the Service will begin development of a proposed rule 
to delist the species. When completed, the proposed rule will be published in the Federal 
Register for review and comment by other federal agencies, state biologists, and the public, 
as well as the advice of independent species experts. After analyzing the comments, we will 
announce our final decision in the Federal Register, either completing the final rule or 
withdrawing the action and maintaining the current species’ status. 
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SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The interested public; Congress; state, tribal, and local governments; federal partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  

DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., Wild Earth Guardians, Earth Justice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the lower 48 states at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 

● Washington State Fish and Wildlife and/or Natural Resources Departments may oppose 
because federal delisting is at odds with their recent uplisting of lynx at the state level 
from threatened to endangered. 
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11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, state wildlife and 
natural resources management agencies, AFWA, WAFWA, state governments (especially 
Maine, Montana, Idaho, and Wyoming). 

 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of facts, 
which should be placed in the appendix. List no more than three!) 

A five-year status review for the Canada lynx DPS concludes that lynx in the contiguous 
United States may no longer warrant protection under the Endangered Species Act (ESA) 
and should be considered for delisting due to recovery.   
 
This recommendation is based on a rigorous review of the best available science, as 
outlined in a peer-reviewed Species Status Assessment, and almost 20 years of working in 
partnership with state, federal, tribal, industry, and other land managers to implement 
conservation measures for this species. 
 
This is an ESA success story. Thanks to collaborative conservation efforts by federal, state, 
tribal, industry and other partners to revise land management plans and commit to 
conserving lynx populations and habitats, the Canada lynx DPS, which was once largely 
unprotected, is now largely protected and is being recommended for delisting. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by state, federal, and tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 
 
After more than two years of close coordination with state, federal, tribes, and academic 
partners to evaluate the current status and future viability of Canada lynx DPS, the Service 
has completed a detailed species status assessment (SSA) that compiles and evaluates the 
best available scientific information, including the professional opinions of a panel of ten 
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recognized lynx experts, and concludes that the Canada lynx may no longer be a threatened 
species. 
 
Given our recommendation to delist the lynx DPS due to recovery, a recovery plan would 
not promote the conservation of the species, and therefore at this time, we will not be 
completing a recovery plan for Canada lynx. If, during the proposed delisting process, we 
determine that the Canada lynx should remain listed, the Service would reconsider the need 
to complete a recovery plan. 
 
The Canada lynx DPS represents the southern extent of the species’ range and naturally 
expands and contracts based on snowshoe hare abundance, which fluctuates at varying 
degrees within the DPS.  Canada lynx in the contiguous United States comprises only 2% 
of the species’ entire range. 
 
Climate change remains an important factor for the conservation of the Canada lynx DPS 
and could result in future shifts in their habitat, which may affect their population numbers 
and distribution. How vulnerable lynx populations are to these shifts is unknown and 
undeterminable at this time. However, neither the Service nor the experts we consulted 
conclude that the lynx DPS is at risk of extinction from climate change within the 
foreseeable future.  
 

 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization websites and news feeds, local and national television and radio, print media, 
web based news sites and social media including Facebook and Twitter. 

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS website 

R6 Internal Pop-Up 
Internal email to employees 
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Internal news web pages and newsletters 

Social media posts to FB and Twitter 

 

16. Which communications tools are needed to support these strategies and tactics? (Be as 
specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 internet page Rob Mansheim TBD 

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 
 

January 11, 2018 
3:00 pm ET 
2:00 pm CT 
1:00 pm MT 
12:00 pm PT 

SSA/Review delivered to court HQ-Sol 

January 10, 2018 
3:00 pm ET 
2:00 pm CT 
1:00 pm MT 
12:00 pm PT 

Congressional Notification HQ/Regional 
CLA 

January 10, 2018 
3:00 pm ET 
2:00 pm CT 
1:00 pm MT 
12:00 pm PT 

State Wildlife Agency Notification Regional ES 

January 10, 2018 
3:00 pm ET 
2:00 pm CT 
1:00 pm MT 
12:00 pm PT 

Federal Agency Notification Regional 
DRD or ES 
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January 11, 2018 
3:00 pm ET 
2:00 pm CT 
1:00 pm MT 
12:00 pm PT 

Tribal Notification Regional 
NALs 

January 11, 2018 
3:00 pm ET 
2:00 pm CT 
1:00 pm MT 
12:00 pm PT 

Release to media in Regions 6, 5, 3 and 1 R6 EA, R5 
EA, R3 EA, 
R1 EA 

January 11, 2018 
3:00 pm ET 
2:00 pm CT 
1:00 pm MT 
12:00 pm PT 

Posting to R6 and FWS national websites and 
social media platforms 

R6 EA, HQ 
EA 

Ongoing Response to all subsequent media requests and 
inquiries 

R6 EA, R5 
EA, R3 EA, 
R1 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 
 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 R6 ES 

Wyoming Game and Fish Department, Director, 
Scott Talbott 

(307) 777-4600 R6 ES 

Colorado Parks and Wildlife Director, Bob (303)-297-1192 R6 ES 

19.  Stakeholder contacts (For each, paste in a table that provides organization name, contact  
person, contact information as appropriate, and the name of the person responsible for making 
contact) 
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Broscheid 

Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 ES 

Idaho Department of Fish and Game Director, 
Virgil Moore 

(208) 334-3771 R1 ES 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R1 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leanne Martin 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 

U.S. Forest Service Pacific Northwest Regional 
Forester, Jim Pena 

(503) 808-2468 R1 DRD 

U.S. Forest Service US Forest Service Eastern 
Regional Forester, Kathleen Atkinson 

(414) 297-3600 R3 DRD 
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Bureau of Land Management Montana State 
Director, Jon Raby 

(406) 896-5000 

 

R6 ES 

Bureau of Land Management Wyoming State 
Director, Mary Jo Rugwell 

(307) 775-6001 

 

R6 ES 

Bureau of Land Management Colorado State 
Director, Greg Shoop 

(303)-239-3700 R6 ES 

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R5 DRD 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 DRD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James Ogsbury (303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt Melcher 

208-331-9431 R1 DRD 



Page 10 of 16 

Stakeholder***  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie Rappaport 
Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, Director 
Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, Board 
President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

***litigants be notified by the solicitor of our SSA/Review 

Organization: Name: Email: Contacted 
by: 

Association of Fish & 
Wildlife Agencies 

Jen Mock-
Schaeffer 

jenmock@fishwildlife.org DPIA 

Assoc. Zoos and 
Aquariums 

Steve Olson solson@aza.org DPIA 

Center for Biological 
Diversity 

Brett Hartl 
 

bhartl@biologicaldiversity.org 
 

DPIA 

Center for Int’l 
Environmental Law 

Scott Hajost Scotthajost@yahoo.com DPIA 

Congressional 
Sportsmen’s Fndn 

Jeff Crane jeff@sportsmenslink.org DPIA 

Conservation Int’l Justin Ward jward@conservation.org DPIA 
Defenders of Wildlife Bob Dreher 

Ya-Wei Li 
rdreher@defenders.org 
yli@defenders.org 

DPIA 

Endangered Species 
Coalition 

Leda Huta lhuta@stopextinction.org DPIA 

Env. Defense Fund Diane Regas dregas@edf.org DPIA 
Greenpeace   Annie Leondard info@wdc.greenpeace.org DPIA 
Humane Society  Nicole Paquette npaquette@hsus.org DPIA 

mailto:cchavers@boisforte-nsn.gov
mailto:solson@aza.org
mailto:bhartl@biologicaldiversity.org
mailto:Scotthajost@yahoo.com
mailto:jeff@sportsmenslink.org
mailto:jward@conservation.org
mailto:rdreher@defenders.org
mailto:yli@defenders.org
mailto:dregas@edf.org
mailto:npaquette@hsus.org


Page 11 of 16 

Int’l Fund for Animal 
Welfare 

Azzedine 
Downes 

kbranon@ifaw.org DPIA 

Jane Goodall Inst. Shawn Sweeney ssweeney@janegoodall.org DPIA 
Natural Resources 
Defense Council 

Andrew Wetzler 
 

awetzler@nrdc.org 
 

DPIA 

National Association 
of Counties  

Deborah Cox dcox@naco.org DPIA 

Nat’l Rifle Assoc. Susan Recce srecce@nrahq.org DPIA 
Nat’l Shooting Sports 
Fndn 

Larry Keane lkeane@nssf.org DPIA 

Safari Club Int’l Anna Seidman aseidman@safariclub.org DPIA 
Sierra Club Athan Manuel athan.manuel@sierraclub.org DPIA 
Wildlife Conservation 
Society 

Colin Sheldon csheldon@wcs.org DPIA 

World Wildlife Fund Will Gartshore Will.gartshore@wwfus.org DPIA 
Wildlife Management 
Inst. 

Steve Williams swilliams@wildlifemgt.org DPIA 

Wildlife Conservation 
Society 

Colin Sheldon csheldon@wcs.org DPIA 

 
20. Congressional Contacts 
 

Personal Office Contacts 
 

Title Last Name State DC Contact CLA 
Call? District Contact 

Sen. Risch ID darren_parker@risch.senate.gov     

Sen. Crapo ID andrew_earl@crapo.senate.gov     

Rep. Labrador ID aaron.calkins@mail.house.gov Yes   

Rep. Simpson ID james.neill@mail.house.gov Yes   

Sen. King ME chad_metzler@king.senate.gov     

Sen. Collins ME cameron_obrien@collins.senate.gov     

Rep. Pingree ME kimber.colton@mail.house.gov     

Rep. Poliquin ME dennis.cakert@mail.house.gov     

Sen. Cantwell WA megan_thompson@cantwell.senate.gov     

Sen. Murray WA Livia_Lam@murray.senate.gov     

Rep. DelBene WA Shantanu.Tata@mail.house.gov     

Rep. Larson WA brandon.kaufman@mail.house.gov     

Rep. Herrera Butler WA anna.schartner@mail.house.gov     

Rep. Newhouse WA seanV.Obrien@mail.house.gov     

Rep. McMorris Rodgers WA andrew.neill@mail.house.gov     

Rep. Kilmer WA katie.r.allen@mail.house.gov     

Rep. Jayapal WA danielle.fulfs@mail.house.gov     

mailto:kbranon@ifaw.org
mailto:ssweeney@janegoodall.org
mailto:awetzler@nrdc.org
mailto:dcox@naco.org
mailto:srecce@nrahq.org
mailto:lkeane@nssf.org
mailto:aseidman@safariclub.org
mailto:csheldon@wcs.org
mailto:Will.gartshore@wwfus.org
mailto:swilliams@wildlifemgt.org
mailto:csheldon@wcs.org


Page 12 of 16 

Rep. Reichert WA colin.swanson@mail.house.gov     

Sen. Gardner CO dustin_sherer@gardner.senate.gov Yes Andrew_Dunkley@gardner.senate.gov 
Jared_Soncrant@gardner.senate.gov 

Sen. Bennet CO candace_vahlsing@bennet.senate.gov   rosemary_rodriguez@bennet.senate.gov 

Rep. DeGette CO tommy.walker@mail.house.gov   Mathew.mengesha@mail.house.gov 

Rep. Polis CO blaine.miller-mcfeeley@mail.house.gov   Mara.Brosy-Wiwchar@mail.house.gov 

Rep. Tipton CO liz.payne@mail.house.gov   brian.mccain@mail.house.gov 

Rep. Buck CO jake.bornstein@mail.house.gov   Luke.O'Dell@mail.house.gov 

Rep. Lamborn CO james.thomas@mail.house.gov   dale.anderson@mail.house.gov 

Rep. Coffman CO steve.linton-smith@mail.house.gov   aurora.ogg@mail.house.gov 

Rep. Perlmutter CO jeff.oneil@mail.house.gov   Hannah.Mullen@mail.house.gov 

Sen. Tester MT henry_ring@tester.senate.gov Yes dayna_swanson@tester.senate.gov 

Sen. Daines MT meghan_thacker@daines.senate.gov Yes liz_scanlon@daines.senate.gov 

Rep. Gianforte MT tripp.mckemey@mail.house.gov Yes lesley.robinson@mail.house.gov  

Sen. Barrasso WY kaitlynn_glover@barrasso.senate.gov Yes Travis_McNiven@barrasso.senate.gov 

Sen. Enzi WY aniela_butler@enzi.senate.gov 
landon_stropko@enzi.senate.gov Yes karen_mccreery@enzi.senate.gov 

Rep. Cheney WY holly.heussner@mail.house.gov Yes   

 
Committee Contacts 

 
CLA will contact authorizing committee staff; Division of Budget will contact appropriations 
committee staff 
 

Senate Appropriations 
Interior S/C – Majority  

Chris_Tomassi@appro.senate.gov (202) 224-7233 

Senate Appropriations 
Interior S/C – Minority 

ryan_hunt@appro.senate.gov (202) 228-0774 

Senate EPW – Majority 
 

Matt_Leggett@epw.senate.gov 
Andrew_Harding@epw.senate.gov 
James_Willson@epw.senate.gov 

(202) 224-6176 
 

Senate EPW – Minority Gabrielle_Batkin@epw.senate.gov 
Christophe_Tulou@epw.senate.gov 
Elizabeth_Mabry@epw.senate.gov 

(202) 224-8832 

Senate EPW W&W S/C – 
Majority 

Joe_Brown@boozman.senate.gov (202) 224-4843 

Senate EPW W&W S/C – 
Minority  

Radha_Adhar@duckworth.senate.gov (202) 224-2854 

Senate ENR – Majority 
 

chuck_kleeschulte@energy.senate.gov 
lucy_murfitt@energy.senate.gov 
Colin_hayes@energy.senate.gov 

(202) 224-4971 

Senate ENR – Minority  david_brooks@energy.senate.gov (202) 224-4971 
House Appropriations 
Interior S/C – Majority 

darren.benjamin@mail.house.gov (202) 225-3081 

House Appropriations 
Interior S/C – Minority 

rita.culp@mail.house.gov 
Jocelyn_hunn@mail.house.gov 

(202) 225-3481 
 

mailto:chuck_kleeschulte@energy.senate.gov
mailto:lucy_murfitt@energy.senate.gov
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House Natural Resources 
– Majority 

erica.rhoad@mail.house.gov 
william.ball@mail.house.gov 
todd.ungerecht@mail.house.gov 
parish.braden@mail.house.gov 
Christopher.Santini@mail.house.gov 
Brandon.Miller@mail.house.gov 
Melissa.Beaumont@mail.house.gov 
SYi@mail.house.gov  
Steve.petersen@mail.house.gov 
Will.layden@mail.house.gov 
Bryson.wong@mail.house.gov 

(202) 225-2761 
 

House Natural Resources 
– Minority 

Matt.Strickler@mail.house.gov 
brandon.bragato@mail.house.gov 
sarah.lim@mail.house.gov 

(202) 225-6065 

 
 

SECTION VI: SOCIAL MEDIA PLAN 

 

24. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a large 
swath of the general public across a number of age demographics. 

 

Lead accounts to be used: Facebook, Twitter. 

Secondary accounts to share messaging: We assume that there will be collateral inquiries 
associated with images for the Canada lynx so Flickr may also play an important role in this 
rollout. 

Hashtags: #lynx #conservation 

Photos: https://www.flickr.com/search/?text=Canada%20lynx  

Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News ; 
https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  

Twitter messages:  
● Five-year review of Canada lynx indicates populations in lower 48 states are no longer in 

danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to five-

year review. 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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● Road to recovery: Status review for Canada lynx recommends delisting from the 
Endangered Species Act 
 

Facebook messages:  
Five-year review of Canada lynx indicates populations in lower 48 states are no longer in danger 
of extinction.  

Other platform messages: N/A 

 

SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve Segin, robert_segin@fws.gov, 303-236-4578 

Sarah Levy, sarah_levy@fws.gov, 503-231-6208 

Georgia Parham, , Georgia_Parham@fws.gov, 812-334-4261 x 1203 

Meagan Racey, Meagan_racey@fws.gov, 413-253-8558 

Christina Meister, Christina_Meister@fws.gov, 703-358-2284 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov,  703-358-2275 

Roya Mogadam - roya_mogadam@fws.gov, 303-236-4572 (R6) 

Miel Corbett, miel_corbett@fws.gov, 503-231-6211 

Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 

Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

mailto:robert_segin@fws.gov
mailto:sarah_levy@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:Christina_Meister@fws.gov
mailto:Alyssa_Hausman@fws.gov
mailto:roya_mogadam@fws.gov
mailto:miel_corbett@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
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25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Steve Segin - robert_segin@fws.gov - 303-236-4578 

 
26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 

HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 
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R.Mogadam 10-24-17 

S.Segin 12-22-17 

Vanessa Kauffman 12-28-17 

Alyssa Hausman 12/28/17 

D.J. Monette 1/3/18 

  

 

APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 

 



From: Zablan, Marilet
To: Eric Rickerson; Brad Thompson; Gregory Hughes; rollie white; Eric Hein; Kathi Moynan; Vicki Finn; Terry Rabot
Cc: Christopher Swanson
Subject: Fwd: DOJ filing Lynx docs w/ the Court at 1 PM MT TOMORROW - Advance Notifications Begin Today
Date: Wednesday, January 10, 2018 11:51:41 AM
Attachments: Canada Lynx Communications Plan Final_20180110.docx

Canada Lynx FAQ Final.docx
Canada Lynx News Release Final_DOI010918.docx
2018_01_05_Lynx Tribal Letter.docx

FYI w/ apologies for any duplication of emails
~MAZ

Marilet A. Zablan, Program Manager for Restoration & Endangered Species Classification
  US Fish & Wildlife Service, Pacific Regional Office - Ecological Services, 911 NE 11th Avenue, Portland, OR 97232
  503-231-6131 (general), 503-231-2345 (direct); email: marilet_zablan@fws.gov

PLEASE NOTE: This email correspondence, including any attachments to and from this sender, are subject to the Freedom of Information Act
(FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: Hall, Sarah <sarah_hall@fws.gov>
Date: Wed, Jan 10, 2018 at 10:57 AM
Subject: Fwd: DOJ filing Lynx docs w/ the Court at 1 PM MT TOMORROW - Advance
Notifications Begin Today
To: Marilet Zablan <marilet_zablan@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Tracy
Melbihess <tracy_melbihess@fws.gov>, Kathleen Hendricks
<kathleen_hendricks@fws.gov>, Jeffrey Dillon <Jeffrey_Dillon@fws.gov>, "McDowell,
Tom" <tom_mcdowell@fws.gov>
Cc: Sarah Levy <sarah_levy@fws.gov>

Hi folks, 

Please see the plan for Lynx announcements (and related attachments) below.

Thanks,
Sarah

Sarah Hall
Endangered Species Recovery Program Manager
USFWS Pacific Region
503-231-6868

---------- Forwarded message ----------
From: Levy, Sarah <sarah_levy@fws.gov>
Date: Wed, Jan 10, 2018 at 8:31 AM
Subject: Fwd: DOJ filing Lynx docs w/ the Court at 1 PM MT TOMORROW - Advance
Notifications Begin Today
To: Rollie White <rollie_white@fws.gov>, Sarah Hall <sarah_hall@fws.gov>

Good morning everyone,
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As Anna describes below, DOJ will be filing the Lynx documents with the Court tomorrow at 12pm PT (1pm MT).
Miel, Ann, Leith, Nathan and I had a good outreach coordination call yesterday, and we feel prepared to move
forward. 

 

Early notifications of congressionals and state and federal agencies start today. I've pulled out the important dates,
times, and POCs for our region from the outreach plan:

Wednesday, January 10, 12:00pm PT: Congressional notifications (state offices)

Wednesday, January 10, 12:00pm PT: State wildlife agency notifications (R1 ES)

Wednesday, January 10, 12:00pm PT: Regional federal agency notifications (R1 DRD)

Thursday, January 11, 12:00pm PT: Tribal notifications (Nathan will work with PAOs)

Thursday, January 11, 12:00pm PT: Press release (R1 RO)

Please let me know if you have any questions.

 

Thanks,

Sarah

---------- Forwarded message ----------
From: Munoz, Anna <anna_munoz@fws.gov>
Date: Wed, Jan 10, 2018 at 8:25 AM
Subject: DOJ filing Lynx docs w/ the Court at 1 PM MT TOMORROW - Advance
Notifications Begin Today
To: Jason Holm <Jason_Holm@fws.gov>, "Levy, Sarah" <sarah_levy@fws.gov>, Nathan
Dexter <nathan_dexter@fws.gov>, Miel Corbett <Miel_Corbett@fws.gov>, Beth Ullenberg
<beth_ullenberg@fws.gov>, Joe Early <Joe_Early@fws.gov>, Chuck Traxler
<chuck_traxler@fws.gov>, Georgia Parham <georgia_parham@fws.gov>, Garrett Peterson
<garrett_peterson@fws.gov>, "Hastie, Kyla" <kyla_hastie@fws.gov>, Meagan Racey
<meagan_racey@fws.gov>, Timothy Binzen <timothy_binzen@fws.gov>, Christine Eustis
<christine_eustis@fws.gov>
Cc: "Meister, Christina" <christina_meister@fws.gov>, Alyssa Hausman
<alyssa_hausman@fws.gov>, Marian Howe <marian_howe@fws.gov>, Marjorie Nelson
<Marjorie_Nelson@fws.gov>, Jodi Bush <jodi_bush@fws.gov>, "Strickland, Jennifer"
<jennifer_strickland@fws.gov>, Roya Mogadam <roya_mogadam@fws.gov>, Robert Segin
<robert_segin@fws.gov>

Hi All,

Just heard from ES that DOJ will be filing the lynx docs with the Court at 1 p.m. MT
tomorrow, January 11, 2018.  We have been told that we can proceed with our normal
protocol for announcements, so early notifications can begin today.  I have updated the tick-
tock in the Comms Plan to reflect the final dates and times for roll-out activities.  If you have
any questions regarding the roll-out or the attached documents, please let me know.
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As an FYI, the docs that we will be posting to our R6 Lynx Page listed in the NR and Tribal
letter will consist of the NR, FAQ, 5-year Review, SSA, and the 4(f) Memo.

Thanks,
Anna

Anna Muñoz
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service, Mountain-Prairie Region
Office: 303-236-4510
Cell: 720-648-2542

-- 
Sarah A. Levy
U.S. Fish and Wildlife Service, Pacific Region
External Affairs
Sage Grouse and Ecological Services
503-231-6208
sarah_levy@fws.gov
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